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MPEONCNOBUE

N3mepeHUs OCyLLECTBASIOTCA BO BCEX Chepax YenoBeveckoin ges-
TeNbHOCTU. OHM MPUMEHAKTCA B TEUEHWEe BCeR XMW3HW YefoBeka: OT
aHanM3a KpoBu Oyayuiein matepu, ynbTpasByKOBON fMarHOCTUKK Nno-
fa, nsmepeHns seca (macchbl), pocta (41MHbI) HOBOPOX/AEHHOIO U [0
peructpaumm 3NeKTpoKapamorpaMmbl, onpefefieHUs apTepuanbHoro
faBfeHuns.

TpyaHO npeacTaBuTh cebe Hally XU3Hb 6e3 camblX pasHo06pasHbIX
n3MepeHunini. BOoT HECKO/IbKO MPUMEPOB: «Y>ke 6e3 yeTBepT BOCEMb, a
Thbl ele He rotos!»; «B 3aToM mecque y Hac “Haropeno” 165 kunosatT-
yacoB»; «B3BecbTe MHe, noxanyiicta, 200 rpamMMoB 3TOro cbipa»; «Ce-
rofHA Ha ynuue MWHYC ABajuatb TP rpagyca»; «Y Hac Ha fadve Ha-
npsxeHne nopoli 6biBaeT HuXe 180 BOMbT»; «OT CTaHUMWM WATK eLle
LBa Kunometpa»; «Buepa y fefywku gasneHue 6bin10 220 Ha 100»; «3a
nonyaca Tbl BbINW NONTOPA INTPA COKax.

N3mepuTenbHaa TexXHWKa ABNAETCA ABUrateseM 06LLeCTBEHHOrO
nporpecca. JTiobble cepbe3Hble N3MEHEHUA ABNAKOTCA ClefCTBMEM 06-
CTOATENIbHbIX UCCef0BaHNIA, KOTOPble HEBO3MOXHbI 6e3 pasHoob6pas-
HbIX MHOTOYNC/IEHHbIX U3MepeHUii. IMEHHO TOUHbIe U3MEPEHNA He pa3
B MCTOPMM YenoBeyecTBa NO3BONANN AeNaTb PYHAAMEHTabHbIE OTKPbI-
TnA. Ponb n3MepeHuid B XXU3HU 06LecTBa 06bEKTUBHO U HEMpepbIBHO
MOBbILLIAETCHA, MO3TOMY WHTEPEC K WU3MEPUTENbHOW TEXHWKE BO BCEM
MUpe MOCTOAHHO pacTerT.

Mpo6nembl pasBMTUA HAYKW, TEXHUKW U MPOMbILLIIEHHOCTMW, BOM-
pocbl 3Hepro- u pecypcocbepexkeHns, aTOMHO 3HEepreTMku, 3Kono-
rmyeckoin 6e30nacHOCTM U rn06anbHOr0 U3MEHEHUS Kaumata 3emnu,
KOCMUWYECKMX WCCNefoBaHU, BMOTEXHONOTUiA, CBA3U, TpaHCMopTa,
MeLULMHbI He MOTYT pewaTtbca 6e3 NpuBneYeHUs U3MepuTeNibHOM Tex-
HUKMW.

EcTecTBEHHO, B Hallem CTPeMUTENbHO MEHAKOLWEeMCH MuUpe no-
CTOSIHHO NOSABNAKTCH HOBble WAewn, B3rNAAbl, NOAXOAbl, TEXHONOTUN
M 3anemeHTHasa 6a3a, CBeXMWe KOHCTPYKTUBHbIE, CTPYKTYpHble, anro-
PUTMUYECKUNE N CXEMOTEXHUYECKMNE pelleHmns. HenpepbiBHO pacTeT ne-
pevyeHb PU3NYECKUX BEAUYUH, LOCTYMHbIX L1 U3MEPEHUS, paclumn-
PAOTCHA AMana3oHbl UX n3MepeHus. C KaXblM LeCATUNETUEM OTKPbI-
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BAKOTCS M BCe LUIMPE MCMNOMb3YKTCA HOBble puanyeckne aphekTol 1
npuHUMNbl, paspabatbiBatloTcs ewe 6onee apHeKTUBHbIE U NPOU3BO-
OWTeNbHbIE MeTOAbl W anroOpuTMbl, OPUTMHA/IbHbIE MaTemMaTu4yeckue
nporpaMmmbi.

Bce 310 ob6ecneuynBaeT NOCTOAHHbIV MPOrPecc M3MepUTENbHOWR Tex-
HUKW 1 NpubopocTpoeHus. 3a nocnegHme 15—20 net 3aMeTHO caanm
CBOM MO3NLUN HEKOTOpble (CUMTABLLUMECH LONTOE BPEMSA K/1aCCUYECKU-
MU) NOAXOAbl K pelleHUt0 MpakTUYeCcKUX 3agady, 06bIYHO MPUMEHA-
eMble MeTofbl 1 cpeacTBa. CMecTMANCh TPagULMOHHbIE aKLEHThI, U3Me-
HUNCb Ka3aBLUMECA HEe3bl6NIEMbIMU MOMOXKEHUA, NOHATUA U NPUOPU-
TeTbl B U3MePUTeNbHOI TexHuKe. [oaBneHne u GbicTpoe pacnpocTpa-
HEeHue BO BTOPO NonoBMHE XX B. BbIYUCANTENbHOW TEXHUKNA, MUKPO-
3NeKTPOHUKU, fanbHelllee pa3BUTME TEOPETUYECKUX OCHOB WU3Mepu-
TeNbHON TEXHWKW MPUBENN K eCTECTBEHHOI PeBU3NW B3rNS40B Ha 06-
NacTu MPUMEHEHWUS U BO3MOXXHOCTU W3MEPUTENIbHOW TEXHWUKW, UHWU-
LMMPOBaNM MHOTOYUC/EHHble pa3paboTKM HOBO BbICOKOMPOW3BOAU-
TeNbHON n3MepuTenbHOM annapatypbl. CerofHsa cTaso BO3MOXHbIM TO,
4TO paHblle 6bII0 HEOCYLLeCTBMMbIM WM TpyAHOpeanusyembiM. Ha-
npumep, anropuTMbl paboTbl COBPEMEHHBIX MWKPOMPOLLECCOPHbIX NPU-
60poOB Nerko Moryt o6ecneynTb BbIMOMHEHME TakKMX 3afjay, KOTOpble
eLLe HeCKONbKO fieT Haszag 6bln HepewaemMbiMU.

OTeyecTBeEHHOEe NPMOBOPOCTPOEHME, K COXaleHUt, nepexusaeT
ceilyac He nyywue BpemeHa. OAHAKO BO BCEM MUPe U3MepUTeNbHas
TEXHMKa NO-MPEXHEMY pa3BUBAETCA MO 06bLEKTUBHLIM 3aKOHaM. B gaH-
HOM y4eOHWKe OonucaHbl B OCHOBHOM COBPEMEHHbIE MUPOBbIE JOCTU-
XKEHNA, peweHus, Noaxoabl.

HecmoTpsa Ha cepbe3Hble U3MEHEHUSA, NPOM3OLellne B U3MeEPH-
TeNbHOW TEXHWKe, B Hallel CTpaHe NPakTUYeCKN He BbiMYyCKanucb HOBble
n3fgaHus, oTpaxarwLwme aTm n3MeHeHns. B gaHHOM yuyebHUKe paccMOT-
PeHbl HecTapelLlme 0CHOBbI METPONOrMK, 6a3oBbie NOHATUA M3MepU-
TeNbHON TEXHUKWN, OCHOBHbIE BONPOCHI 06LEro Kypca 3/IeKTPUYecKmXx
M3MepeHnin, Knaccuyeckme, COBPEMEHHbIE, a TaKXKe MNEpPCNneKTUBHbIE
MeTOoAbl W CPeAcTBa W3MEPEHWA 3NEKTPUYUECKUX U HE3NeKTPUUYECKUX
BE/IMYMH. B Hem ropasgo MeHblle, YeM B APYTUX MNOAOGHbIX U3JaHUAX,
CNOXHbIX BbIK/aJ0K, FPOMO3AKMX (POPMYyn, CTPOrnx MOAXOAOB M pac-
CYX[JeHuW. [1oCTYyNHO OCBELUEHbl OCHOBHbIE BOMPOCHI 3/1EKTPUYECKUNX
N3MepeHNii.

Tak Kak faHHbIl y4yebHUK MpefHas3HayeH He A4na pa3paboTumKoB
CpeacTB M3MepeHuUid, a Ana nonb3oBaTenei (414 Tex, KTO MpuUMeHseT
CpefcTBa M3MEPEHUIT), TO B HEM He MPUBOAATCA MOAPOGHOCTW YCT-
poiicTBa 060pyfoBaHus, cneunduka n getann CXeMOTEXHUKU U anro-
pUTMOB paboTbl. MeHbLIe BHMUMaHWA YAENEHO yCTapeBaoLWnm MeToLam
M CpeAcTBaM M3MepeHMuii. 3HaunTeNbHas YacTb KHUTM MOCBALWEHa An-
HamMM4yeckMM MeToAam W cpeacTBam, UM(POBLIM MeTO4aM U CpeAcTBaM,
B YaCTHOCTU MEPCMNeKTUBHbIM LN(POBLIM U3MEPUTENbHBIM perucrpa-
TOpaMm U aHanu3aTtopam.
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CerofHsa poccuiicKMM creunanncTam JOCTYMHbI Nyylune AOCTUXe-
HWA 3apyBeXHbIX NPMBOPOCTPOUTENbHBIX (IMPM. BbICOKONPON3BOAUTENb-
HOe U HafjeXXHoe 3apybexHoe n3mepuTensHoe 060pyoBaHMe BCe LWKpe
MCNONb3YeTCs B OTEYECTBEHHOW HayKe, TEXHWKE, MPOMBbILLIEHHOCTH.
Takum o6pa3om, Heum36eXHO COBpPEMEHHas U3MepuTeNbHas TexXHUKa
HacbIlWaeTca aHrIMLM3MamMmu 1 CneymanucTbl B 061acTM N3MepUTeb-
HOI TeXHWKWN JO/DKHbI MOHUMATb OCHOBHbIE aHI1093bl4YHbIE TEPMUHDI.
B yuebHMKe NprBOAATCA M NOACHAKOTCA Hambosee YacTo BCTpeYaroLLymecs
aHrN0s3blYHbIE TEPMUHBLI N abbpeBnaTypbl.

YacTto MHOrme cneynannucTbl, 3aHMMalOLIMECH NPaKTUYECKUMMU U3-
MepeHUsMU, NPeHebPeXMTeNbHO UAW HELOCTAaTOYHO Cepbe3HO OTHO-
CATCA K METPONOruu, He YAensT LO/MKHOTO BHMMAaHUS BOMpocam
opraHm3aumy 3KCNepuMEHTOB, He YMET UAWN He MPUBLIKAN NpaBUfib-
HO OLeHMBaTb TOYHOCTb (JOCTOBEPHOCTb) Pe3ynbTaTOB W3MEPEHUA W
KOPPEKTHO MHTEPMpPEeTMPOBaTb MOMYYEHHbIE JaHHbIE, N0X0 OPUEHTU-
PYIOTCA B BO3MOXHOCTAX COBPEMEHHOr0 NpUBOPHOro apceHana. XoueT-
CS HafeATbCA, UYTO AaHHbIV Y4eOHUK NpobyauT y untatens MHTepec K
M3YYEHWIO 3NIEKTPOU3MEPUTENLHOI TEXHUKM, OCBOEHUIO METO0B MpakK-
TMYECKON MEeTPOoSornu, NOATONKHET K U3YUYEHUIO BO3MOXHOCTE nme-
lOLLEeroca M A4OCTYNHOr0 Napka COBpPeMeHHbIX CPeACTB n3mepeHuii. He-
KOTOpble MoApasfensl y4e6HMKa MOTYT 0Ka3aTbCs MOe3HbIMU HE TObKO
CTyJeHTaM CpeAHMX MpoeccroHanbHbIX y4eOHbIX 3aBeJeHUNIA, HO 1 CTy-
JeHTam BYy30B, a TakKxXe cneymanuctaMm pasinyHoro npoduns.



Hayka HauyuMHaeTCs... C TeX Mop, Kak Ha-
YMHAOT U3MepPATb, TOYHAA HayKa HEMbICIUN-
mMa 6e3 mepbl.

O. V. MeHgenees

BBEAEHUWE

Mporpecc o6uiecTBa NPsSMO ONPeAENseTcs YPOBHEM pPa3BUTUS TOY-
HbIX HayK, NpefiMeTOM KOTOPbIX SBNSIeTCSA YCTAHOBAEHNE 00 bEKTUBHbIX
3aKOHOMEPHOCTE MaTepnanbHOro Mupa U BblpaXKeHWe UX B Konnye-
CTBEHHOIi (hopMe C onpefesieHHO 4OCTOBEPHOCTLIO. B KayecTBe eAunH-
CTBEHHO BO3MOXHOI0 cnocoba JOCTUXXEHUA faHHbIX Leneli BbicTynaeT
N3MEPUTENbHbIA 3KCNEPUMEHT.

B Kakgoit o6nacTu 4YenoBevyeckKon aeAaTenbHOCTU (HayKe, TEXHUKE,
MPOMbILWINEHHOCTW, MefuuuHe, ObITY U T.M.) UCNONbL3YKTCA CBOWU
MeTOAbl U CPeAcTBa M3MEPEHMNIT KOHKPETHBIX (hU3MUYEeCKNX BeENUYMH. Ho
B COBPEMEHHOI MNpaKTMKe, Kak NpaBuio, B OCHOBE 3TUX MNOAXOA0B
nexaT 3NeKTPUYeckne U3MepeHus.

DNeKTPUYECKME U3MEPEHUSA INTEKTPUYECKUX N HEINEKTPUYECKUX Be-
NMUNH. CerogHs NOHSATUE «3NEKTPUUECKNE N3IMEPEHUS» TONKYyeTca 60-
nee WMWPOKO, YeM CTONeTUe Hasaj, W pacnpocTpaHseTcs Ha MeToAbl U
CpefCcTBa M3MEPEHMNS He TONbKO 3/IEKTPUUECKNX BETMUNH.
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HeanekTpuyeckue

HeanekTpnyeckne n3MepeHus
BE/INYNHbI
(TemnepaTtypa,
macca, AvHa,
B/IAXKHOCTb,
pacxog, Mpeobpa3oBaHue
AasreHve n ap.) HE3NEKTPUYECKNX
BE/INYNH B
3NeKTpuYeckue

AneKTpuyeckue
n3mepeHns

AnekTpuyeckue
BE/IMYMHbI
(HanpsxeHune, TOK
CONpPOTUB/EHMNE Y

AP)

Puc. B.1. neKTpuyeckne n3mMepeHns aNIeKTPUYECKMNX N HEINEKTPUYECKUX BEIUYUH
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Bce hmsmyeckne BENMUYMHBI MOXHO MOAPa3feuTb Ha HE3NeKTpu-
yeckme (Hanpumep, MexaHW4Yeckune, Tena0Bble, XUMUYECKNE) 1 3M1eK-
Tpuyeckme (Hampumep, TOK, Hanps>KeHWe, CONPOTUBEHWE, 3NEKTPU-
yeckas eMKOCTb). HeanekTpnyecknx u3nyeckmx BeIMYNH, KOHEYHO,
60/bLUe, 0fHAKO 3HAYMTENbHYHO MX 4aCTb MOXHO 1 LesiecoobpasHo name-
pATb METOA4AMM W CPeACcTBaMU 3eKTPUYECKUX n3MepeHunid (puc. B.1).

[nsa peannsauum 3TOro NoAxo4a MCNOAbL3YHOT pa3Hoo6pasHblie mep-
BMYHbIE M3MepuTeNbHble npeobpasoBateny (AaTYUKKN) HE3NEKTpuyec-
KUX BEIMYMH B MPOMOPLNOHANbHbLIA 3N1EKTPUYECKUA curHan. Hanpu-
Mep, TepMO3/leKTpUYecknii npeobpasosatesnb (Tepmonapa) npeob6pa-
3yeT U3MEeHEeHMe TemnepaTypbl B MPONOPLUOHANbHOE U3MEHEHUE Tep-
M03 [ C, KOTOpaa 3ateM M3MepsaeTcsa, Hanpumep, MUIIMBOIbTMETPOM.
CerofHs WMPOKO pacnpocTpaHeHbl pasinyHble NU3MEPUTENN HEINEeKT-
PUYECKMX BEIMYMH, OCHOBaHHbIE Ha 3/IEKTPMYECKNX MEeTofax npeoo6-
pasoBaHus MHGOpMaLUu: TEPMOMETPbI, pacxofoMepbl, razoaHannsa-
TOpPbI, aHEMOMETPbI, TAXOMETPbI, N3MEPUTENN MAcCbl, NepeMeLLeHUS,
CKOpPOCTU [ABVXKEHUS W YCKOPEHUS, OCBELEHHOCTW, OTHOCUTENbHOW
BN@XHOCTW BO34YyXa, KMCMOTHOCTM XMAKOCTM W Ap. B npakTuke pas-
JINYHBIX UCCNEf0BaHWIA aKTUBHO MCMOb3YKTCA U3MEPUTENM NapameT-
POB 3MEKTPUYECKMNX Lieneil N NpoLeccoB, perncTpaTopbl U aHanmM3ato-
pbl NapameTPOB 3/71eKTPoONoTpe6aeHus.

JNeKTpnYecKne M3MepPeHNs B COBPEMEHHOW WM3MepPUTENbHON Tex-
HWKe 3aHMMaloT BaKHOe MecTo. [MpuumnHa LWKUPOKOro pacnpocTpaHe-
HUS 3NEKTPUYECKMUX U3MepPeHUi i — npocToTa U yao6CcTBO NONyYeHus,
npeo6pa3oBaHus, nepefayn n XxpaHeHUs WHGpOpMaLMK, NpeacTaB/eH-
HOIi B anekTpunyeckoii opme. Mogasnatowiee 60MbWNHCTBO COBPEMEH-
HbIX CPeACTB U3MEPEHUIA OCHOBAHO Ha MPUHLMNAX 3/IEKTPUYECKUX W3-
MepeHuii. Takum 06pa3om, 3eKTPUYECKNe METOAblI 1 CpeacTBa M3Mme-
PEHUS 3NEKTPUYECKNX N HEINEKTPUYECKUX BEIMYUH UTpaloT BeLYLLYIO
ponb B Aene MOAYYEHWUA NEPBMUYHON UHDOpMaLUM 06 OKpyXKaloLiem
Hac Mupe, 0 Pas/IMYHbIX TEXHONOTNYECKMX 0OBEKTAX U mpoueccax.

VicTopuyecknii acnekT. Y poBeHb pa3BUTUS COBPEMEHHON HayKun He
NO3BOMISET, K COXaJeHWo, O4HO3HAYHO OTBETUTbL Ha BOMPOCHI: KOrga
cthopmmupoBanachb nnaHeta 3emns v Korga Ha Heli nosasmncsa Yenosek.
Mo pa3HbIM JaHHbIM BO3pacT Halleld MiaHeTbl — OT O4HOT0 40 AecATH
MuUnnMapgoB net. Cumtaetcs, 4To YUenoBek Kak pa3yMHOE CyLLeCTBO
(Homo Sapiens) xuBeT Ha 3emne 1. 10 MnH neT. B TeYeHMe MHOIMMx
BEKOB CYLL,eCTBOBaHMNSA Y€/10BEYECTBO MPOLLJIO HECKO/IbKO OCHOBHbIX 3Ta-
MOB CBOEr0 PasBMTUA, NPUYEM 3TO PasBUTUE MPOUCXOAUNO0 OYEHb He-
paBHOMepHO (puc. B.2). CumTaetcs, 4TO 3TOT MPOLECC HANOMMUHAeT
3KCMOHEHTY — C KaXAbIM HOBbIM ThiCSiYE/ETUEM, BEKOM, AecATune-
TUEeM Yefl0BeYeCTBO MporpeccupyeT Bce CTpemMuTenbHee. 3BECTHO, UTO
06BbEM Hay4YHbIX 3HaHWi, 06bLEM HAKOMMAEHHON WMHGOpMaLuu B Mupe
Kax/ble AecATb NeT yABanBaeTcs.

Ecnn B3sTb 3a OCHOBY fAaXe CaMblii CKPOMHbI BO3pacT 4YenoBeye-
CTBa — OfWH MWANNOH NeT — 1 NPeACTaBUTb ero IMHEeNHbIM 0TPE3KOM
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loabl (norapudmmnyeckas LIKana)

Puc. B.2. HepaBHOMEpHOCTb pa3BUTUSA YenoBeYecTBa (B 10rapudmMmnyeckom
macluTabe)

ONVMHOW OLWH METP, TO BCErO UL b HECKOJ/IbKO MOCAEAHUX MUNUMET-
poB (BO BpEMEHW —ThicAYeneTunii) 6yayT COOTBETCTBOBAaTb aKTUBHOMY
KYNbTYPHOMY, HayYHOMY U TEXHUUYECKOMY pa3BUTUIO. B TeueHue aTux
YeTbIpex-NATU ThICAYENETUA B OCHOBHOM CPOPMUPOBANCA YENOBEK Ky/b-
TYPHbIA. DTW HECKONbKO MUMMMETPOB BMECTWU/N B CebA poxaeHue u
pasBuTue naocopum, NCKYCcCTB U PESIUTUIA PasHbIX HAPOAO0B; MHOTO-
YUCNEHHbIe BOWHbI WU PEBONIOLUN; BenYaillne Hay4yHble OTKPbITUSA K
n3obpeteHnsa (co3faHue ermneTcKnux nupamug, m3obpeteHne Koneca,
lwaxmart, nopoxa, NMMCbMEHHOCTU W Ap.).

HeckonbKo nocnefHUX BEKOB (f0NM NOCNEAHEr0 MUMMETPA) 0CO-
6EHHO WHTEepecHbl A8 PacCMOTPeHUS, MOCKOJIbKY UMEHHO Ha 3TOM
WHTEpBase BPEMEHW MPOM3OLWIAM BaXHEWLWNe N3IMEHEHUS B Hayke,
TEXHUKE W MPOMBbILWIEHHOCTU, CBA3AHHbIE C U3YYEHUEM U MPUMEHE-
HWeM 3nekTpuyectsa. B 3T rofbl 3apoXjatoTca M 3aTeM MoayyaroT LWn-
pOKOe pacnpocTpaHeHue 3MeKTPOTEXHUKA W 31eKTpou3MepuTebHas
TeXHWKa. Ha 3TOM 3Tane UCTOPUYECKOro pa3BuUTMa CPOpMUpoBanca ye-
NOBEK 3NEeKTPOTEXHUYECKMNIA.

MposiBNeHna aneKTpuyecTBa U MarHeTM3ma B npupoge 6binm n3Bse-
CTHbl M3faBHa. YenoBek, KOHEYHO, 3aMeyas aTMOCHepPHble 3NEKTPU-
Yyeckue paspsafbl — MOHUK; Habnwgan ahdekTbl 3NeKTPUYECKUX 3a-
pPALOB B XXWUBOTHOM MMUpeE; OTMeyan, 4YTo TPEHUEM MOXXHO W3MEHATb
CBOIiCTBA HEKOTOPbIX NpeAMeTOB TakK, YTO OHW CTaHYT MPUTArUBaTb
Lpyrue; MHOrga HaxoAW/l eCTeCTBEHHble MarHUTbl, KOTOpble NPUTATK-
Ba/u Xene3o. OHAKO Cepbe3HOe U3YUYeHUe 1 NpakTU4ecKoe UCNONb30-
BaHWE 3N1EKTPUYECKMNX U MArHUTHBIX AB/IEHUIA Ha4yaloCb CPaBHUTENLHO
He4aBHO — HECKO/IbKO AECATbIX fOMe MUANUMETPaA TOMY Hasag,.

XVIII B. MOXeT 6bITb Ha3BaH BEKOM Hayaaa akKTUBHOrO WUHTepeca
nccnefoBarteneid MHOTUX CTPaH K PasfnYHbIM MPOSABAEHNAM 3/1EKTPU-
yecTBa M MarHeTuama W, Kak C/iefCTBUE, BEKOM OGYpHOro pasBuTus
HeobX0ANMbIX ANA UX U3YUYEeHUA MEeTOLO0B U CPeACTB U3mMepeHuii. OgnH
n3 BblJalLWwmxca geateneid pycckoih Hayku M. B.JIoMOHOCOB cuuTa-
€TCS OCHOBOMOMOXHWKOM W3YYeHUA 3NEKTPUYECKUX ABNEHUIA B Poc-
CuW, aBTOPOM NEPBOI TEOPWUW 3N1eKTpUUecTBa. INEKTPUUYECKNE U3Me-
peHunsa 6epyT cBoe Hayano ¢ cepegmHbl XVIII B. Poccnitcknin akagemuk



I. B. PuxmaH v ero konnera M. B.JTOMOHOCOB OblNN MNOHEPAMUN 3NEKT-
pruyecknx usmepeHuin. B 40-x rr. XVIII B. B pesynbTate nccnegoBaHuii B
061acTu aTMOC(EPHOro 3/1eKTPUYeCTBA OHU CO3Jann MepBble B MUpe
3NeKTPOU3MepuTeNbHbIe NPUGOPBI, KOTOPbIE AaBajii KOMYECTBEHHYIO
OMeHKY 3MeKTPUYEeCKol BeMYMHbI — 3apsfa aTMOCPEPHOro 3NeKTPU-
yecTBa. ATW NPMOOPbI HANOMUHANW CEFOAHALIHNE LUKOMbHbIE 3MEKT-
POCKOMbI, HO UMENM OTCYETHOE YCTPOMCTBO — LUKany v ykasatesb (Moj-
BUXKHbI/ 31€KTPOL4 — CTPenkKy).

C cepeauHbl XVIII go koHua XIX B. 66111 caenaHbl OCHOBHble OT-
KPbITUA Y KOHKPETHble pa3paboTKu B Aefie U3YyUYeHUa U NPaKTUYECKOro
NPUMEHEHNSA 3NEKTPUYECTBA U MAarHeTM3ma, 3a/10XeHbl OCHOBbI Oyay-
WMX 3/TEKTPOTEXHUKN U 3NEKTPUYECKUX M3MepeHnid. B koHue XVIII —
Hauyane XIX B. y4eHbIMU pasHbIX CTPaH OblIM BbIMO/IHEHbI 06CTOSATE b
Hble UcC/iefloBaHNA U MHOTOYUC/IEHHbIE 3KCNEPUMEHTbI. PaboTbl aHr-
nwuiickoro usmka [. M. Oxoynd, ¢ppaHuy3ckoro nHxeHepa L. O. Ky-
NOHa, UTanbsHCKOro npogeccopa aHatomuu J1. FanbBaHW, aHrNNRCKO-
ro yyeHoro M. ®apages No3BOAU/AN MOHATH BO3MOXHOCTU U OCHOBHbIE
3aKOHOMEPHOCTY B3aMMOAeNCcTBUS 31eKTpuYecTsa U MarHetusma. lMep-
BbIli ICTOYHUK HEMPEPLIBHOIO 3/1EKTPUYECKOT0 ToKa («BonbToB CT0N6»)
6611 co3gaH npodeccopom hursmky utanbaHuem A. Bonbta. ®paHuysc-
KU yueHblil A. M.AMnep BBeNn B NPaKTUKY WCCef0BaHWIi TEPMUWH
«3/IEKTPUYECKNIA TOK» N MOHATUE «HANPaBeHNE 31EKTPUYECKOTO TOKa».
Hemeukum usnkom . C. Omom B nepsoii Tpet XIX B. 6b11M 3KCNe-
pUMeHTaNbHO A0Ka3aHbl W TEOPETMYECKN 060CHOBAHbI OCHOBHbIE 3a-
KOHOMEPHOCTW 3M1eKTPUYECKON Lenn n 3aBUCUMOCTb Hanps>KeHUs oT
TOKa B LEenu v ee conpoTueieHuns. Mpodeccop bepnnHckoro yHueep-
cuteta . P. Kupxroth B 1845 r. chopmMynnpoBan 0CHOBHbIE 3aKOHbI A8
pa3BETB/IEHHbIX 3N1EKTPUUECKUX Lieneil.

HeoueHWMbIli BKa4 B MUPOBYIO HayKy 06 31eKTpMUecTBe U MarHe-
TU3ME, 3/1eKTPOTEXHUKY, CTAHOBMEHUE 3NeKTPUYECKUX W3MEepeHuil
BHEC/IN poccuiickme yyeHble. Akagemnk 3.X.JleHu caenan psfg 0CHOBO-
nonarawwWwmx OTKPbITWUIA B 061aCTU 3NEKTPOTEXHUKMN (ABMEHUE 3NEKT-
POMarHUTHOM WHAYKUAW, NPUHLWN 06paTUMOCTN 31eKTPUYECKUX Ma-
WWH, 3PeKT TeNN0BOIO NPOABNEHNSA TEKYLLEr0 Yepe3 NPOBOAHUK TOKa
nap.). TeopeTUyeckne N aKCNepuMeHTanbHble NCCNej0BaHNA 3aKOHO-
MEepPHOCTEN 3N1eKTPUYECKNX pa3pAafoB, BbINOMHEHHbIE NPodeccopoM
(hUn3nKN akagemmkom B. B.TMeTpoBbiM, NO3BONUAN BNEPBbIE MOKa3aTb
M f0Ka3aTb BO3MOXHOCTb NMPaKTUYECKOro NMPUMEHEHMA 3NeKTPUYecTaa
NS OCBELLEHUd, a TakXe 419 MJIaBKW U CBapKW MeTasios.

BTtopasa nonosuHa XIX B. 03HaMeHOBaHa pacTylWUM WHTepecoM K
MPOMbILLIEHHOMY MCMO/b30BaHUI0 3N1EKTPUYECKOW 3HEPrun, KOTOPbIi
npuBen K Heo6X04MMOCTM BCEPbE3 pa3BMBaTb METOAbI U CPefCcTBa 3/1eK-
TPUYECKNX N3MepeHniA. B aTo BpeMs M3BECTHbIM PYCCKUM 3M1eKTPOTeX-
HUKom M.O.[0nmBo-06p0BONLCKUM BblNM paspaboTaHbl U U3rOTOB-
NeHbl N3MepUTeNbHbIE MPUOOPbI 31EKTPOMArHUTHOM, 31eKTPOAUHAMN-
YeCKOl M MHAYKUMOHHOW cucTem, T.e. Obl 3an10XeH QpyHAaMeHT ans
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c03flaHMA OCHOBHbIX, Hambonee MacCoBbIX CerofHs, TUMNOB 3/IEKTPO-
MeXaHWYeCKNX aMMnepMeTpoB, BOSIbTMETPOB, BATTMETPOB, (Da30METPOB.
Bnarogaps M. O. 4onnBo-06p0BOILCKOMY LINPOKOE pacnpocTpaHe-
HUe B 3/IEKTPOTEXHMKE MOMYYM NepeMeHHbI TOK. OH e BBen B Npak-
TUKY TpexdasHble 3neKTpuyeckune Lenu, paspaboran nepsbiii Tpexdas-
Hblli anekTpoABuratens. PaboTbl Bbigatollerocs gusmka A. I'. Ctonetosa
B 06/1aCTM MarHWTHbIX U3MepeHuni, akagemuka b. C. Akobu (MHOCTpaH-
ua, OTAaBLUIEro pOCCUICKON Hayke MOYTWU COPOK NET XWU3HW) B 06nac-
TW U3MEPEHNA CONPOTUBNEHUS NEKTPUYECKUX Lieneli obecneymnu ganb-
Hellllee pa3BMTMe 3TOr0 HampaB/ieHUS.

B TeueHne XVIII B. B OCHOBHOM C(hOPMUPOBANOCH HarnpaBneHue anek-
TPOMEXAHUYECKUX U3MEPUTENbHBIX NPUOOPOB AN1A CTATUYECKUX U3Me-
peHunii. B XIX B. N0ABAAIOTCS MepBble CPeACTBA AMHAMUYECKNX U3Mepe-
HUIA — camonuwywune npubopsbl. C n306peTeHNEM 3NEKTPOHHOW BaKy-
YMHOI Namnbl U 3N1eKTPOHHO-N1y4YeBOl Tpybkn (KoHel XIX — Hauvano
XX B.) HauMHaeTca pa3BUTME 3NEKTPOHHOI TexHUKK. PaspabaTbiBaloT-
CS NepBble 3/1eEKTPOHHO-/Ty4YeBble ocuunnorpadbl, cTaBwme OCHOBHbIM
MHCTPYMEHTOM LUHAMMWUYECKUX U3MEPEHUI ANA MHOIMX uccnefosate-
neil Ha gonruve rogbl

BypHoe pa3BuTue 3N1eKTPOU3IMEPUTENIbHOW TEXHUKN 06BEKTUBHO U
HEen36eXHO MPUBENO K HEOOXOAMMOCTM pa3paboTKM METPONOrnYecKmnx
OCHOB 3TOr0 HamnpasneHus, obecnevyeHUs eAUHCTBA 3NEKTPUYECKUX
N3MEPEHNIA.

[o koHua XIX B. B pasHbIX CTpaHax Mupa n pasHbixX obacTax ges-
TENbHOCTU YenoBeKa MCNonb30BanoCb MHOXECTBO PasfIMUHbIX eanHNL
ONA OLUEHKM OOHUX WU TeX e (PU3NYEeCKUX BeIMYMH: BepcCTbl, MUK,
CaXXeHW, pasHoobpasHble (yTbl, APAbl, aplWWHbI; MHOTOYUC/EHHbIE
(yHTbI, Mepbl, YHLWUW, 30/10THUKHK; rpagycbl ®apeHreiiTa, Peomiopa u
Llenbcua u t.n. B EBpone B KoHue XVIII B. ncnonb3osannucb HECKOMb-
KO [EeCATKOB pas3/MyHbIX MO pasMepy PpyToB (eAWMHUL, L4UHbLI), Ae-
CATKW pPa3NYHbIX MWUNb, 60/Iee COTHU pasnYHbIX PYHTOB (eAnHMUL,
macchl). Kpome Toro, He 6b110 egMHO06pa3nsd B LONbHLIX U KPaTHbIX
efuHMLaxX.

AHanornyHaa cmTyaumus cnoXxunacb v B MOMOAON TOr4a 3N1eKTPOn3-
MepuTeNnbHOW TexHuke. TpyAHO NpefcTaBUTb cebe, UTO elle CpaBHM-
TeNbHO HefaBHO, B 1880 r., B MMPOBOIi NMPaKTUKe 3N1EKTPUYECKUX W3-
MEepPeHUn NPUMEHANNCHL NATb PasHbiX eAUHMUL, 3NeKTPUUYECKOro TOKa,
BOCEMb €AWHML, 3neKTpoaBumxkywein cunbl (3AC) n HanpsxeHus, a
eIMHUNL, 3NEKTPNYECKOro CONPOTUBNEHNA — NATHaALaTs. Bce aTo, ec-
TECTBEHHO, ObINO Cepbe3HbIM NPenATCTBMEM AN1F B3avMOMOHUMaHUS
MeXAy mnccnefoBaTensaiMu pasHbiX CTPaH W HanpaBneHWii HayKu, Tex-
HUKW, MPOMbILINEHHOCTUN; ABAANOCL NOMEXON HOpPManbHOMY pas3Bu-
TUIO 3MEKTPOTEXHUKN U 3NEKTPOU3MEPUTENbHON TexHUKW. Tpebosa-
NOCb CPOYHO MEPEXOANTb K eAUHON cCucTeMe eAUHUL, 3NEKTPUYECKUX
BE/IMYMH, YTO 1 6bI10 cgenaHo B 1881 r. Ha cocToABweMcs B Mapuxke
MepsomM MexAyHapOAHOM KOHIpecce Mo 3/IeKTPUYECTBY.
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Ha py6exe XIX n XX BB. yCUNUSIMW BbIAAKOLLETOCS PYCCKOr0 y4e-
HOro, OCHOBOMOJ/IOXHMKA OTe4YecTBeHHO meTponorum .. MeHge-
neesa npu naBHoli nanate mep u BecoB B CaHKT-MNeTepbypre 6bis10
C03[aH0 OTAeNleHne A4S MOBEPKM 3NEKTPOU3MEPUTENbHbBIX NPUOOPOB.
370 cobbITME NONOXKWUIO HAYANO OOCTOATENLHOMY Pa3BUTUIO CTaHAap-
TM3auuy M MeTpPOoOrun 3NeKTPUUECKUX M3MepeHuii B Poccun. Yxe B
camom Hauvasie XX B. POCCUNCKUE YUeHble Y UHXEHEPbI MPUCTYNUAN K
CO3flaH1I0 NepBbIX 3TaJIOHOB OMa W BOJbTA.

Ha puc. B.3 nokasaHbl OCHOBHblE TEXHONOTMYECKME [OCTUXEHUA
yenoseyectBa B XX B., KOTOpble pewarowmm obpa3oMm onpegennnu
Temnbl Pa3BUTUA 3NEKTPOUIMEPUTENIbHON TEXHUKN W e COBPEMEHHbIN
YPOBEHb.

Ewe B KoHue XIX B. NOABUANUCH NepBble 31€KTPOHHbIE BaKYYMHbIe
ycTpoiictBa —namnbl. B 1897 r. B Poccun M. A. LLIaTeneH nsobpen anek-
TPOHHO-/TyYeBYO TPYOKYy, YTO MO3BOJIN/IO CO34aTb 3/IEKTPOHHO-NyYe-
Boin ocumnnorpad. B Te xe rogbl M.A. LLlaTeneHOM 6b1710 HanKWcaHo
nepsoe yyeb6Hoe nocobue no 3NeKTPUYECKUM U3MEPEHUAM.

MepBas nonoBuHa XX B. 03HAMEHOBaHa aKTUBHbIMU pa3paboTkamu
3NEKTPOHHBIX U3MEPUTENbHBLIX NPUBOPOB. BbICTPO BHEAPAOTCA B Npak-
TUKY U3MEPEHU 3MEKTPOHHbIE BONLTMETPbI, ocuuanorpadbl, reHepa-
TOpbl. OTW e rofbl XapaKTepu3ytoTCA BO3pacTaHWeM UHTepeca K Lud-
pOBbLIM MeTOAam nNpeobpa3oBaHWs CUTHAMOB, MOABAEHWEM MePBbIX LU®-
POBbLIX U3MepUTEe/IbHbIX NPU60POoB. LinthpoBbie MeToL4bl NO3BOAUAN OT-
KasaTbCs OT MOABMXHbIX YacTeli B U3MepUTeNbHbIX Npubopax, a Takxke
Janu pag opyrux cepbesHbiX npeMmMmyuiecTs. VMizobpeteHune TpaH3ucCTo-
pa (1948 r.) n NnpuMeHeHne ero B pa3paboTkax MO3BOINAN PE3KO YMEHb-
WWTb pa3Mepbl, Maccy, MOLWHOCTb MOTPEBAEHNA N CTOUMOCTb CPEACTB
N3MepeHNii, 3aMeTHO MOBLICUTb UX OCHOBHblE XapaKTepucTUKM U Ha-
feXHocTb. [NepBasa MHTerpasbHag cxema (MMKpPOCXema) nosBunach B
1961 r. B 1971 r. 6bIn pa3paboTaH MepBbIl MMKpONpoueccop — 60bLuas
MHTerpanbHasg cxema c NporpaMMmnpyeMbiMn PyHKLUaMu. Mukponpo-
Lleccop ABnseTcs PyHAAMEHTOM COBPEMEHHO BbIYMCANTENBHON 1 13-
MepuTeNbHON TeXHWKMW, OCHOBON MHOXECTBA 3MEKTPOHHbLIX CUCTEM,

DNEKTPOHHbIE MepcoHabHbIA
U3MEPUTETbHbIE KOMMbOTEp
SneKTPOHHO- npneopsI Lindposble
nydesan U3MEPUTETbHbIE
npuéopsl
Mwukpo- L”®p°

B I
npoLieccop
MHTerpasibHasg NpoLeccop  curHasios

MMKpOCXeMa
TpaH3ucTop

«r lop
1900 1950 2000

Puc. B.3. OCHOBHble TeXHO/IOrMYeCKne AocTmxeHns XX B.
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CUCTEM YMpaBfieHNa N O6bITOBOM TeXHUKM MMUKponpoLeccopbl CUAbHO
M3MEHWIN BO3MOXHOCTU U3MEPUTE/NbHON annapartypbl, CAenann ee «uH-
TeNNeKTyanbHOM».

B 80-x rr. XX B. N0SiIBAAKOTCS N 6bICTPO pacnpoOCTPaHATCS N0 BCEMY
MUPY NEePCOHasibHble KOMMbIOTEPbI, CTaBLINE BaXXHbIM 3/1eMEHTOM pas-
NNYHBIX BbICOKOMPOM3BOAUTENbHbIX aBTOMATU3UPOBAHHbIX UH(OpMa-
LWOHHO-U3MEPUTENbHbIX YCTPONCTB, KOMMN/EKCOB, CUCTEM, a TaKxe
CUCTEM YMpaBfeHus.

BTopasd nonosuHa XX B. 03HaMeHOBaHa CTPEMUTE/IbHLIM PasBUTUEM
UM POBLIX, MUKPOMPOLECCOPHbIX, KOMMbIOTEPHbLIX CPeACTB uU3Mepe-
HWI, aKTUBHbLIM MPUMEHEHWEM KOMMbIOTEPHbIX TEXHONMOIWIA, pa3Ho-
00pa3HbIX anropuTMoB Npeobpa3oBaHns U NPeLCTABNEHUS U3MEPUTESb-
HOW MHGopMaumu.

TeHAeHUMN pa3BUTMSA 3EKTPOM3MEPUTENbHOM TexHUKWU. [porpecc
3M1eKTPOU3MEPUTENbHON TEXHUKW CErofHs, C OAHOIW CTOPOHLI, onpe-
fenseTcs MNOCTOAHHO pacTyLUMU Tpeb6oBaHUAMMN K PYHKLMOHANbHbLIM
BO3MOXHOCTAIM, METPOJIOrMYECKUM M 3KCNNyaTaLMOHHbIM XapakKTepu-
CTMKaM CpeAcTB M3MepeHWii, a C ApYyroii CTOpPOHbI, 06ecneymBaeTcs
CEPbEe3HbIMU JOCTMXKEHUAMU B 06/1aCTM MUKPO3INEKTPOHMKM, BblUKC-
NNTENbHOW TeXHWKW, NPUKNAAHOW maTeMaTuku, LudpoBOro aHanmsa
CUTHAN0B, METPONOruM.

OCHOBHas TeHAEHLUNA Pa3BUTUSA 3NEKTPOUIMEPUTENbHON TEXHUKN —
fanbHelilee COBepLIEHCTBOBaHWE METPOMOrMYECKUX XapaKTepuUCTMK
(Kak cTaTUYecknx, Tak 1 UHAMUYECKUX) CPeacTB M3mepeHuii. Beerga
aKTya/bHbl B 3afa4yax M3MepeHuiA NOBbILLIEHNE TOYHOCTM, YYBCTBUTEb-
HOCTU, pa3peLuatoLLeii CNOCO6HOCTU; paclupeHmne LMana3oH0B BO3MOX-
HOFO M3MEHEHNS U3MEPSEMbIX BEJIMUWH; YBENNYEHWE CTeNeHN nojasne-
HWA MOMeX; MOBblWeHWe ObICTPOAENCTBNA CPefCTB M3MepeHuii. B co-
BPEMEHHOW M3MepUTeNbHOI TEXHMKE BCe Yalle MPUMEHSAOTCA METOAbI
aBTOMaTMYeCKON KOMMEeHcauun CUCTEMATUYEeCKWX MOrpelwHocTell u
3 PEKTUBHOTO YMEHbLIEHNA CAYYalHbIX.

He MeHee BaXHbIM CerofiHa SiBAAeTCH U COBEpPLIEHCTBOBAHME 3KC-
nayaTauMOoHHbIX XapakKTePUCTUK: MOBbILEHWE HAfEeXHOCTU; paclinpe-
HVEe BO3MOXHbIX 4Mana3oHOoB BANAIOLLNX BENNUYNH; 06ecreyeHne MHOro-
(hYKLMOHANbHOCTMW; BHeLpeHMe aBTOMaTW4YeCKON AWArHOCTUKM BHYT-
PEHHUX Y3/10B annapaTtypbl; o6ecrnevyeHre JOCTAaTOMHO BbICOKMX YPOB-
Heli Mblne- W BNAro3aliMLeHHOCTM, 3alULLEeHHOCTN OT 3feKTpomar-
HUTHbIX NONeN; yMeHbLIeHe rabapuTHbIX pasMepoB ¥ Macchl; YMeHb-
LWeHNe MOLLHOCTU NOTPebNeHnsa n, Kak CneicTBue, yBeNMYEHNe Bpeme-
HW HenpepbiBHOI paboTbl OT OAHOIO0 KOMMN/eKTa BHYTPEHHEro nura-
HUA; obecneyeHme ynobcTea 1 NpocToThl paboTel ¢ NpMboOpoMm; co3ga-
HWe APY>XXECTBEHHOr0O K NOJib30BaTeNto UHTepdelica npubopa.

XapaKTepHOil TeHAEHLMER pa3BUTUA 3N1EKTPOU3IMEPUTENbHON Tex-
HUKW B NOCNefHMEe AecATUNeTUS CTano Bce 6o/ee WMPOKOe MpUMeEHe-
HUe LUdpPOoBbIX MeTOA0B Mpeobpa3oBaHUs, NU3MEPEHUS, perucTpaunu
M aHanu3a uHopMaLmm, NoBbiLEeHWe CTeNneHn aBToOMaTM3aLnum u nH-
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TeNNeKTyanu3aLum cpeacTs U3MepeHnin. 3aMeTHO U3MEHUTOCh COOTHO-
WeHne Mexgy obbemamum CTaTUUECKUX W AUHAMWUYECKUX U3MEPeHUA.
Jons gnHamuyeckux mopeneli 06bLEKTOB M MPOLECCOB HEMPEPbIBHO
pacTteT. Bcnefcteve aToro 3HauMTeNbHO BO3pacTaloT 06bEMbI Nonyya-
eMoii B MpoLecce 3KCMNEPUMEHTOB U 06pabaTbiBaeMOin MHGpOpMaLum.
Mo3aTomy Bce 4awle BO3HUKAeT He0O6XOAUMOCTb B aBTOMAaTM3MPOBaH-
HOM aHann3e 60/bLIMX MACCMBOB LaHHbIX, MPWYEM HEPEeAKOo B peasb-
HOM BPEMEHM X0fa Uccnefyemoro npouecca. Bce aTo TpebyeT NoOCTOAH-
HOFO yBEeNMYEeHUA 0O0BbEMOB BHYTPEHHEN MamMsATW LaHHbIX CPEACTB U3-
MepeHuii (LMPPOBbLIX PErncTpaTopoB, ocuuanorpaoB M aHanM3arto-
poB), MOBbIWEHNA MOLHOCTN BHYTPEHHEr0 WHTE//IeKTa U NPOU3BO-
LVNTENIbHOCTU MUKPOMPOL,ECCOPOB.

HenpepbiBHO BefyTcA MOUCKWU MepCneKTUBHbIX MeToL0B (Kak aHa-
NOTOBbIX, TaK W LUMDPOBLIX) Npeobpa3oBaHns, nepefaynm U XpaHeHUs
MH(opMaLUmM; NPoAcAXKAKTCA pa3paboTkm 60s1ee aPPHEeKTUBHBIX U MOLL, -
HbIX CPeCTB MCCeA0BaHNA ABNEHUI OKPYXalLLero mupa; pacuunps-
eTcA HOMEHKNaTypa CpeAcTB U3MepeHUin. XapakTepHbIM AN COBPEMEH-
HOro NpMOOpPOCTPOEHNS CTano U pPe3Koe COKpalleHuWe CPOKOB co3ja-
HWA HOBOW annmapaTypbl.

BaXHO/ 0COBEHHOCTLIO MOCNEeAHUX JECATUNETUIA SBAAETCA WNPO-
KOe pacnpocTpaHeHne NepcoHabHbIX KOMMNbIOTEPOB BO BCeX 06/1aCTAX
LeATeNbHOCTU YeNOBeKa W, KOHEYHO XK€, B U3MEPUTENbHON TeXHUKE.
Pa3paboTKol M MPUMEHEHWEM KOMMbIOTEPHbLIX W3MEPUTE/NbHbIX YCT-
POMCTB, KOMMAEKCOB 1 CUCTEM 3aHUMAETCH C KaX/blM FO4OM BCe 60/b-
LLee YyMcno crnewmanmctos. MNpu 3TOM aKTUBHO pPa3BMBalOTCA Pa3HO06-
pasHble (hOpMbl aHanusa v NpeAcTaBNeHns MHpopMaumu (B TOM yucne
N Hambonee HarnagHoe — rpanyeckoe npeacTaBieHne AaHHbIX).

HecomHeHHO, 4To XXI B. 4aCT MUPY MHOXECTBO HOBbLIX YANBUTEIb-
HbIX OTKpPbITWIA. CerofHsa TPYLHO faXe NpeAcTaBMTb cebe, KakMx BbICOT
OOCTUTHET K KOHLY 3TOro BekKa M3MepuTenbHas TEXHWKA, Kak un3me-
HUTCS ee POJib B XXU3HM 06LLECTBA U KAaK OHA U3MEHUT 06LLeCTBO.



FrMMABA 1

OCHOBblI METPOMOIN"
N USMEPUTENBbHOWM TEXHWKN

1.1. NSMEPEHUE

MeTponorus — 370 Hayka 06 M3MepeHUsAX, MeTofax U CpeacTBax
obecneyeHns nx eAMHCTBA, CNoco6ax JOCTVMKEHMSA TpebyeMoi TOUHO-
CTW. B METPONOrMmM pa3nnyatoT TpW HanpasieHUs: TeopeTuyeckoe (hyH-
[aMeHTaNlbHOE), 3aKOHOAATEeNbHOE U NpaKkTuyeckoe (MpUknagHoe). B gaH-
HOM W3/10KEHUU TNaBHOE BHUMaHUWE YAeNUM OCHOBHbLIM MOJSIOXEHUSM
NPaKTUYeCKOW MEeTPONorun.

Ba3oBbIMM MOHATUAMKU METPOSOTMN N NU3MEPUTENbHOW TEXHUKUN AB-
NATCA U3MEPEHWe, eNHCTBO U3MEPEHNIA, TOUHOCTb M3MepeHuii (puc. 1.1).

MeTponorusa n
13MepuTeNibHasa TeXHUKa

>IN 0 FoT
AP NI

Puc. 1.1. CTpykTypa 6a30BbIX MOHATUI METPONOTUN W U3MEPUTENLHON TEXHUKN
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I3mepeHMeEM Ha3biBaOT MPOLECC HAXOXAEHUS 3HAYEHUA pusndec-
KOV BENMYUHbLI OMbITHBIM NYTEM C MOMOLLbI CNeluanbHbIX TEXHUYEC-
KX cpeAcTB (CpeacTB M3MepeHuin).

1.1.1. dn3nyeckasa BesMYNHa

®unsmyeckan sennunHa (PB) — 370 CBOICTBO, B KAYECTBEHHOM OT-
HOWeHUN o6lee AN MHOTMMX (U3MYECKMX OBBLEKTOB, HO B KOMWYe-
CTBEHHOM OTHOLWEHUN — UHAUBULYANbHOE A9 KaXX40ro o6bekTa. Bee
MHOroo6pasme ®B MoXeT 6bITb KnaccuthunumMpoBaHO MO MHOXECTBY pas-
JINYHBIX Npu3HakoB. Bce @B nogpasgensoTca Ha 4Be rpynnbl: Heasek-
TPUYECKUE U 3NEKTPUYECKME BENNUYUHBLI. HeaneKTpUyecKnx BENUYUH
ropasfo 60/blle, YeM 3/1IEKTPUYECKUX. ITO, HanpuMep, AnHa, 06beMm,
macca, cuna, AaBneHue, CKOPOCTb MHENHOTO ABVKEHUS MW Bpalle-
HWA, pacxof BeuiecTsa, TemnepaTypa, OTHOCUTe/bHas BNaXHOCTb,
OCBELLEHHOCTb U MHOXeCTBO Apyrux. K anektpunyeckum ®B oTHOCAT-
CA, Hanpumep, 3NeKTPUYeCKWUi 3apsf, TOK, HanpshKeHue, 31eKTpu-
Yyeckue conpoTuBieHNe N eMKOCTb, NPOBOAUMOCTbL, aKTUBHAA U peak-
TUBHAaA MOLLHOCTU, 3NEKTPUYECKasa 3Heprna u gp.

3HayeHne ®B — 370 KOMIMYecTBEHHAA oueHKa ®B B BUAe KOHKpeT-
HOr0 Yncna NPUHATbIX ANA 3TON BEANYMHBLI eauHuL. Hanpumep, 3Ha-
YyeHMe CUbl TOKAa B 3neKkTpuyeckoin uenu /= 10,2 A

1.1.2. Buabl cpeacTB M3MepeHui

CpencTBo u3MepeHuii (CW) — TexHMyeckoe cpeacTso, UCMNOMb3Y-
eMOe MpW U3MEepeHMAX M MMeloLee HOPMUPOBaHHbIE MeTPOaOrunye-
CKue xapakTtepuctuku. Bce CA (B cootBetcTBUM ¢ PMT 29-99. TCW.
«MeTponorus. OCHOBHble TEPMUHbI W ONpeAeneHnsA») nogpasgens-
I0TCA Ha NATb BUAOB: MeEPbl, U3MepuTenbHble npeobpasoBatenu, u3-
MepuTeNbHble NPUOOPbI, U3MepUTeNbHble YCTAHOBKMW, WU3MEpPUTESb-
Hble CUCTEMBbI.

Mepa — ato CW, npefHa3HauyeHHOe A5 BOCNPOWU3BefeHUs huU3n-
YeCKOM BeNMYMHbBI 3aflaHHOro pa3mepa. Hanpumep, HOpManbHbIRA ranb-
BaHWYECKWNA 3neMeHT — mepa I C; 06pa3yoBbili (M3MEPUTENbHbIN)
pesucTop; 06pasuoBas KaTywkKa UHAYKTUBHOCTM U T.4.

M3mepnTenbHblii npeobpasosaTens — CW, npegHasHauyeHHoe Ans
BbIPabOTKM CUrHaNa N3MepuTenbHON MHGopmayumn B opmMe, yA00OHON
[na nanbHeliwero npeo6pasoBaHus, nepegayun, o6paboTkn, XpaHeHUs,
HO He NpefHa3HaYeHHON ANA HENOCPeLCTBEHHOI0 BOCNPUATUS Habo-
farenem. Hanpumep: n3amepuTenbHble TpAHCHOPMATOPbI TOKA U HANps-
XEHUA, N3MepUTE/bHble YCUNNTENN, LENTENN HAMNPSHKEHUN, WYHTHI,
[06aBOYHbIE pe3ncTopbl, LU(POBbie M3MEPUTENbHbIE PErUMcTPaTopsl
(norrepbl) 1 T.n. Mi3amepuTenbHblii Npeobpa3oBaTesib HE UMEET OTCYeT-
HOro YCTpOiiCcTBa, M NO3TOMY pe3ynbTaT MpPeobpa3oBaHWUA He MOXeT
ObITb HEMOCPEACTBEHHO BOCMPUHAT YENIOBEKOM.
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M3mepuTenbHblii npubop — 3ato CW, npegHasHavyeHHOe ANA Bbl
paboTKM curHana M3MepUTenbHOl WHGpopMauuu B Gopme, LOCTYN-
HOW LN HenoCPefCTBEHHOr0 BOCNPUATUSA Habnopartenem, T.e. UMe-
lollee OTCYETHOE YCTPOMCTBO WMAW WMHAMKATOpP. Hanpumep: 3anekTpo-
MarHWTHbI/ LW WTOBON BONbTMETP, camonmuuwyuMini npubop, ocumn-
norpad), UMGppPoOBOA MynbTUMETP, MHGPaKPACHbI TepMOMeTp, MaHo-
MEeTp 1 Ap. N3mepuTenbHblii Nnpnbop — Hambonee pacnpocTpaHeH-
Hbili Bug CU.

3MepuTenbHas ycTaHOoBKa — COBOKYMHOCTb PYHKLMOHANIbHO 06be-
AWHEHHbIX CW 1 BComoraTenbHbIX YCTPOWCTB, NpegHa3HauyeHHbIX Ans
BbIpabOTKM CUTHAN0B M3MepUTeNbHOW UHGOpMauum B opme, yao06-
HOI ANA HenocpefCTBEHHOro BOCNPUATUA Habngatenem, u pacnono-
XXeHHas B 0flHOM MecTe. Hanpumep: na6opatopHas ycTaHOBKa AN Uc-
CnefoBaHNA XapaKTepUCTUK 3NeKTPOABUraTeneid, CTeH 415 MOBEPKK
ANeKTPUYECKUX CHETUMKOB U T.M. OTANUYME U3MEPUTE/IbHOW YCTAHOB-
KN OT U3MEPUTE/IbHOW CUCTEMbI 3aKNHOYAETCA B €€ IOKASbHOCTU, KOM-
MaKTHOCTW pasMeLleHuns.

M3mepuTenbHas cucrema — COBOKYNnHocTb CU 1 BCcnomoraTtefibHbIX
YCTPOICTB, COeAMHEHHbIX MEXAY CO00/ KaHanamu cBSi3u, NpeAHasHa-
YyeHHas 415 BbipaboTKM CUTHAN0B U3MEPUTENbHOW MHBopMauun B op-
Mme, YAo6HOI Ana aBTOMaTM4YecKoin o6paboTku, mepegayum u (Mam) uc-
Monb30BaHWs B aBTOMATUYECKMUX CUCTEMAX YNpas/eHus. Hanpumep, MHO-
rokaHa/bHblii NPOCTPAHCTBEHHO pacnpefeneHHbll MHPOPMaLNOHHO-
N3MepuUTeNbHbI KOMMEKC B COCTaBe CUCTEMbl YNpaBieHUs Mpous-
BOACTBOM.

Hopmupyemble MeTponornyeckue xapakrepuctukm (HMX) CU
pernameHtupytotca FOCT 8.009—84 «Hopmupyemble MeTposiornye-
CKMe XapaKTepucTUKWU CPeAcTB M3MepeHUin». K ocHOBHbIM HMX oT-
HOCATCA, HanpuMmep, norpewHocT CU, HOMUHaNbHaA GyHKLNA npe-
06pa3oBaHNA MM KO3 PULMEHT npeobpasoBaHUA U3MEPUTENbHOTO
npeobpasoBartens, YyBCTBUTENbHOCTb, AMana3oH WU3MepeHuii, BXOA-
HOe COMpOoTUBJIEHME.

1.1.3. Bugbl n meTtofbl N3MepeHnii

Monyuatb 3HavyeHMa ®B (pe3ynbTaTbl U3MEPEHUIA) MOXHO pasnny-
HblMK cnoco6amu. B npakTuke aNeKTPUUECKUX U3MEPEHUA NPUMEHS-
I0TCA pasHoo6pasHble BUAbI U METOAbl M3MepeHuit. CyLLeCcTBYIOT clie-
aylouwmne BUAbl M3MepeHWiA: NpsMble, KOCBEHHble, COBOKYMHble W
COBMeCTHble. Hanbonee pacnpocTtpaHeHbl NpsAMble U KOCBEHHble W3-
MepeHus.

MpAMble U3MEPEHNS — U3MepPEeHWs, MPU KOTOPbIX MCKOMOE 3Haue-
HUe N3MEepPAEeMOli BeNIMYMHbI HaxXOAAT HenoCcpPefCTBEHHO W3 OMbITHbIX
faHHbIX. [pumep NpsAMOro M3MepeHus — M3MepPeHue AeNCTBYIOLLEro
3HAYEeHUs HaNpPAXeHUs 3NeKTPUYeCcKol ceT C NOMOLLbI LU(POBOro
MynbTuMeTpa (puc. 1.2, a).
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AN

KOCBEHHbIE M3MEPEHUA — U3MEpPeHus,
MpM KOTOPbIX UCKOMOE 3Ha4eHWe Benn-
YMHbI HaxoAsAT Ha OCHOBAHWWN U3BECTHOW
(DYHKLMOHANbHON 3aBUCUMOCTU MEXAY
3TON BENIMUYMHOWA N UCXOAHBIMU BeNNYU-
Hamu, OUEHMWBAEMbIMW MPAMbIMK WU3Me-
peHuaMnU. Mpumep KOCBEHHOrO U3Mepe-
HUS — U3MepeHne MouHocTn P Ha ak-
TMBHOWM Harpyske R ¢ nomouwbto amnep-
meTpa A n BonbTMmeTpa V (puc. 1.2, 6):

P =Ul,

rae U — HanpsxeHue Ha Harpyske R,

N3MepeHHoe BO/IbTMETPOM; / — TOK B

Harpy3ke, U3MepeHHbI/i aMnepMeTpoM.
COBOKYNHOCTbL MpYemMoB UCNonb30Ba-

Puc. 1.2. Bogbl n3MepeHuii:
a — npsmoe, 6 — KoCBeHHOe

HUA q)VI3VI‘-IeCKI/IX npuHUMNoB 1 CPeacTs I/I3MepeHI/Il7I Ha3blBalOT Me-
rogom I/I3M€peHI/II7I. PasnnyaroT meTopq HeHOCpeACTBEHHOﬁ OUEHKN K

MeTOo[ cpaBHeHus ¢ mepoli (puc. 1.3).

B MeTOo/e HenocpeACTBEHHOI OLLEHKM 3HaYeHUe U3MepseMoit Bemun-
Hbl onpegenseTcs NpsamMo (HEMOCPEACTBEHHO) MO OFCYETHOMY YCTPOiA-
Csl CTBY M3MepuTeNbHOro npubopa. Hanpumep, nsmepeHue TemnepaTypsbl

LMN(HPOBLIM TEPMOMETPOM.

Puc. 1.3. MeTogabl u3MepeHunit

BUBJTMOTEKA 17
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MeTOf cpaBHEHMS C MEPOA OCHOBaH Ha CPaBHEHUM U3MeEpPAEMOli Be-
NNYUHBI ¢ Mepoli. pouesypa CpaBHEHUS MOXET 6blTb BbIMOMHEHA
no-pasHoMy. 3TO MOXET ObITb OHOBPEMEHHOE WM Pa3HOBPEMEHHOE
CpaBHeHWe BeNMYUHbI ¢ Mepoli (cMm. puc. 1.3). B cBot ouepefb, METOA
O[HOBPEMEHHOTO CpaBHEHUA MnoApasfenseTcd Ha AuddepeHumans-
HbIA W HYNIEBOA.

B anddepeHymansHOM MeTode U3MepuUTeNb (Hanpumep, BOSbTMETP
V) oueHMBaeT pasHOCTb MeXAy u3mepsemol BennyuHoin I4C Ex u
M3BECTHON BennunHoli E$, BOCNPOM3BOAUMOI MepOiA.

B HyneBoM MeTOofe pasHuua Mexay nsmepsemoin Ex u ussectHoin EO
BE/IMYMHAMMN JOBOAUTCH A0 HYNA C NOMOLLbIO U3MEHEHWNS WU3BECTHON
BeNM4YnHbl EQ.

dakT gocTnxeHna paseHcTsa Ex = EO onpefensetca nokasaHnamu
Hynesoro nHagnkatopa (HW). TunuyHblii npuMmep peanusauum Hyne-
BOro MeTofia — U3MepeHune CoNnpoTUBJIEHUS YpPaBHOBELLINBaeMbIM MOC-
TOM MOCTOSHHOIO TOKa.

B meToze pa3HOBPEMEHHOTO CpPaBHEHUS CPaBHEHWE U3MEPSEMOIA Be-
NNUYNHOA EX M n3meHsemMOi n3BeCcTHON EOnponcxoauT B pexume no-
ouyepefiHOro u3mepeHuda. Ecnm nokasaHus wnsmeputensd (Hanpumep,
BO/IbTMETPA) APW W3MEpeHUN BennymHbl EX paBHbl VU TO, MOAK/O-
4YMB WU3BECTHYI ENM M3MeHsA ee 3HaYeHUe A0 LOCTUXKEHUS paBEHCTBa
pe3ynbTatoB BTOPOro W MepBOro mamepeHuin (V2= V]), nonyuum pa-
BEHCTBO Ex- £0-

1.2. EANHCTBO W3MEPEHWW

Mof efMHCTBOM M3MepeHUit MOHMMAKT TaKoe COCTOsHWE uU3Mepe-
HWIA, NP KOTOPOM WX Pe3y/bTaTbl BblpaXeHbl B Y3aKOHEHHbIX eAUHN-
Lax ¥ NOrpewHoCTN pe3ynbTaToOB M3MEPeHMUIA W3BECTHbI C M3BECTHONA
UNW 3afaHHOI BEPOSTHOCTbIO. EAMHCTBO M3MepeHUit NO3BONAET COMO-
CTaBMATb pe3ynbTaTbl M3MEpPEHUIi, BbIMOMHEHHbIE B pPa3HbIX MecTax, B
pasHOe BpPeMS, pasHbIMM CrielnanncTamm, ¢ MOMOLLbI0 PasHbIX CPeAcTB
N3MepPeHnin. EAMHCTBO M3MepeHMiA obecneynBaeTca MCNONb30BaHNEM
06WENPUHATON CUCTEMbI eAUHUL (DU3NYECKUX BENYUH, CTaHAApTU-
3auueit, MeTponormyeckum obecneyeHMeM, aTanoHaMu 1 06pasLoBbI-
MW CPeACTBaMWU WM3MepeHWid, COOTBETCTBYHOLLEA HOPMATUBHO-TEXHM-
YecKoli [OKYMeHTaLuen.

1.2.1. EanHmnybl thmsnyecknx
BEJ/INYNH

EavHuua usnyeckoil BeanUnHbl — 3TO Takasa (u3nyeckas Benmyu-
Ha, KOTOPOI No onpefeneHnto NPUCBOEHO YWNCNOBOE 3HAYeHWe, pas-
HOe efuHuLe.

B Haweli cTpaHe, KaKk 1 B 6ONbLINHCTBE APYrMX CTpaH, AeicTBYeT
MexayHapofHas cuctema eguuuy, (System International — S1). CucTe-
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Ma OCHOBaHa Ha BblbOpe HECKONbKMUX OCHOBHbIX eAUHUL, (hU3NYECKUX
BE/INYMH, HE3ABUCUMBbIX U LOCTATOYHbIX 419 06paszoBaHuns apyrux (npo-
M3BOAHbLIX) efUHUL, (DU3NYECKUX BESIUYMH.

OCHOBHbIe, [OMO/IHUTE/bHbIE U MPOU3BOAHbIE eAMHULbLI (U3NYECKNX
Be/iMUuH. B cootBetcTBun ¢ TOCT 8.417—81 I'CM «EguMHMubl husn-
YEeCKUX BE/IMUUH» BCE efUHULLbI (PU3NYECKMX BEIMUYUH NOLPAa3LenstoT-
CA Ha OCHOBHble (MX CeMb), fOMOMIHUTENbHbIE (MX ABe) W NPOU3BOA-
Hble (0k0s10 200 1 ux yucno pacteT). BTabn. 1.1 npnBeaeHbl OCHOBHbIE
N LONOSHUTENbHbIE eAUHNLbBI PU3NYECKUX BEUYUNH

OTMEeTUM, YTO KOHKPETHbIA pasMep OCHOBHOW eAMHMWUbLI husmnye-
CKOW BENMYMHbI HE MMeeT 3HavyeHusa. Hanpumep, B KauecTBe OCHOBHOW
eAVHULbLI 4NWHBI MOT 6bl BbICTYMaTh He METP, a (hyT UK apwunH. [nas-
Hoe, 4TO6bl eAMHMLA (DU3MYECKON BENMYMHBLI Oblna 06LLENPUHATA,
y3aKOHEHa W BbICTynana OCHOBOI Mpu ()OPMUPOBaHUMN MPOM3BOLHBIX
efuHuUL,.

Mpoun3BogHbIe egUHULbLI (DU3NYECKUX BENNYMH 06pasyoTca 13 oc-
HOBHbIX, JOMOJNIHUTENbHbIX W APYTUX MNPOU3BOAHLIX MyTeM pas-
HOO6pa3HbIX hYHKLUOHANbHbIX Npeobpa3oBaHuii. HanpuMep, Npous-

Ta6bnuua 11

OCHOBHbIe U AONO/HUTENbHbIE eANHULbI QJI/IS‘I/I'-IGCKI/IX BeIMYNH

HavmeHoBaHwe ObosHauetve
dur3nyeckas BennynHa e IHNLLbI

ANHALY pycckoe MeXyHapoaHoe

OCHOBHble
AOnnHa METp M m
Macca Kunorpamm Kr kg
Bpewms CeKyHfa c S
Cwuna 3aneKTpnyeckoro aMmnep A A
TOKa
TepmognHamunyeckas TeM-  KeNbBUH K K
nepatypa
KonuyecTso BelyecTsa MO/b MO/b mol
Cwuna cBeTa KaHaena Ko cd

LononHnTenbHbIe

Mnockwnid yron paguaH pag rad
TenecHbli yron cTepaguaH cp sr
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Mpou3BOAHbIE eANHULI

r n r n r n
ConpoTuBneHne MpoBoAUMOCTb EMKOCTb
Om=B/A Cm=1/Om & =Cwm/B
Vv \Y
K
K,
CBeTOBOI NMOTOK
NM =CPKA NK=nM/m
1
1
pag cp LJononHuTenbHble eauHULbI

Puc. 1.4. B3aMMOCBSi3b OCHOBHbIX, AOMNO/IHUTEbHbLIX U NPOU3BOAHbBIX eUHUL,

BOAHas eAMHMLA OM 06pa3oBaHa OTHOLIEHWEM MPOWU3BOAHON efnNHM-
Ubl BOMbT K OCHOBHOW efuHULe amnep. ®opMUPOBaAHME HEKOTOPbIX
MPON3BOAHBLIX €AUHUL PU3MYECKUX BEIMUMH MOKa3aHO Ha puc. 1.4.

Tabnuua 12
OTHOCUTENbHbIE eAUHULIbI
EavHnua O603HaueHve 3HaueHue Mpumepbl
MpoueHT % 1/100 wactb =0,01 +1 % o1 120"C =%1,2°C
Mpomwunne %0 1/1000 yvactb =0,001 5%ooT 100 n =0,5n
(1°/00 = 0,1 %)
ppm (part- ppm 1/K06 = 0,000001 20 ppmoT 100 B =2 mB

per-million)
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Tabnuuya 13

MHOXNTeNN n NpucTaBkn Ansa 06pa3OBaHI/IFI KpPaTHbIX U AO0/NIbHbIX eANHUL,

MHoXuTeNb

10'8
o5
1012
109
106
103
02
10
10-'
K02
103
106

o 2
10-'5
10-'8

EanHnua

ben

N NX HammeHoBaHuUA

Pycckoe MexayHapogHoe
HasBaHWe  OBO3HaueHue  HasBaHMe  0Go3HaueHue [ TPYIMEpbI
NPUCTaBKW  MPUCTABKW  MPUCTaBKU  MPUCTaBKM
JKca 3 exa E —
nera M peta P —
Tepa T tera T 2,5TOm
rura r giga G 1,2 Ty,
mera M mega M 1,44 M6aiit
Knno K kilo k 0,4 kB
reKkTo r hekto h 15ra
feka na deka da 10 gan
feumn il deci d 60 ab
caHTu c canti c 185 cm
MUNIN M milli m 20 MOm
MUKPO MK micro ink (L) 450 mMKA
HaHOo H nano n 100 HB
NuKo n pico P 50 n®
hemTO ) femto f 250 pA
aTTo atto a —
Tabnunuya 14
JNorapudmMuyeckmne eguHULbI
O603HayeHe 3HaveHue Mpumepbl
b 16 =\g(P,/P2 npnu

P\/Pr= 1O
1B = 2\%{FAF2) npu
FJF, = VIO
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OKoHyaHue Tabn. 1.4

EavHnua  O603HayeHve 3HayeHune Mpumepbl
Leunben ab 1a6 =\0\g(PJP2) P, = 100 kBT, P2= 1 kBT,
106 =01 B 1p6 =20Ig(/*//32) N=20 gb = 1000 B,
F2 = 10 B, ¥=40 ab

[Oekaga feK lpexk= 1g(/,//2, npu  [Aumanas3oH yacToT oT 10
[,/112=10 no 100 kI,

OkKTaBa OKT lokT =1log2(/,/12), [wnana3oH yactoT oT 10
npul/,/l:=2 no 20 kly,

MpumevaHue I\ n P2—du3nyeckne BeMUMHbI TUMa MOLHOCTU (paboTa, aHep-
ms); /| n R2—du3nyeckne BeMMUMHBI TUNA CUMbI (AaBNeHNe, HanpsXXeHue, ToK);/, 1
/ 2— (hn3nyeckne BENUYMHBLI TUNA YaCTOTBI.

PyHKUMA (Hanpumep,
KO3(hpUUMEHT yeuneHus Ky)

Puc. 15. Mpaduyeckas UnnoCTpaLus 0OTHOCUTENbHBIX U IOrapuMUUecKux
efMHUL,



OTHOCUTENbHbIE U NorapuMmuyeckue eguunibl. Ana OLeHKN OTHO-
WEeHUS WX OTHOCUTENbHOIO U3MeHEHUA (U3NYECKUX BEIMUYUH YA06-
HO UCMO/Mb30BaTb BCMNOMOraTebHblE eUHNLbI: OTHOCUTENbHbIE W N1O-
rapupmuyeckune (tabn. 1.2 n 1.4).

KpaTHble 1 foNbHble eanHMLbl. TOCKOAbKY AMana3oHbl 3HaYeHwui
N3MepsemMblX BEMUYNH CErOAHA OYEHb LUMPOKU, TO HEBO3MOXKHO 0601-
TUCb TONIbKO WCXOLHbIMW CUCTEMHbIMU (OCHOBHbLIMW, LOMNOAHWUTENb-
HbIMU U MPOU3BOAHBLIMUN) eANHULAMU PU3NYECKUX BENNYNH. Ana ya06-
cTBa paboTbl U 3anucy pe3ynbTaToB MCMONb3YHTCA BCNOMOraTesibHble
eAVHNLbI (PU3NYECKNX BEIMUNH — TaK Ha3biBaeMble KpaTHble (60nblume
eAVHNLbI) U [ONbHble (MeHblUMe efUHULbI), KOTOpble 06pa3oBaHbl
nyTeM BBEAEHUSA MPUCTABOK (KOI(PULMNEHTOB) K UCXOLHLIM CUCTEM-
HbIM efuHuLam (Tabn. 1.3).

Ha puc. 1.5 npusefeHa rpaduueckas unaocTpaLma HEKOTOPbIX OT-
HOCUTE/IbHbIX U NOTapuPMUUECKUX efUHNL.

NuHnga A Ha puc. 1.5 nnnocTpupyeT 3aBUCUMOCTb PYHKLUNUK (Ha-
npumep, KoaphuuneHTa ycuneHnsa Ky) ot aprymeHTta (Hanpumep, 4a-
CTOTbl/), COOTBETCTBYIOLLYIO HaknoHy 40 ob/aekaga, nuHua b — Ha-
KnoHy 20 ab/pgekana.

1.2.2. CtaHgapTusauua

VIHTepeCHO OTMETUTb, YTO BCEr0 HECKO/IbKO AecATWUNETUA Hasaf B
MUpe He ObINIO efMHOO06pa3ns eAnHUL, (U3UYECKUX BENUYNH. B pas-
HbIX CTpaHax, B pPa3HbIX OTpacnax HaykKu, TEXHWKW, NMPOMbILLEHHOIO
NpOU3BOACTBA, B CENbCKOM X03A/CTBE, B TOProB/ie WCMO/b30BanocCh
MHOXECTBO Pa3/INUHbIX eAUHUL, AN OLLeHKU OLHUX U TeX XXe BelIMUUH.
Takoe HauuoHanbHoe (TeppuTopuanbHOe), OTpacfeBoe U MexXoT-
pacneBoe pasHoobpasne e4MHUL, CUbHO 3aTPYAHANO COMOCTaBAEHNE
M UCNOMb30BaHNe pe3ynbTaTOB HayYHbIX UCCNEA0BaHWUI, TEXHNYECKUX
N3MepeHWii M pacyeToB, BbIMOMHEHHbIX Pa3HbIMU CReunanucTamu,
n/Mnn B pasHbIX HanpasNeHUAX, U/UNK B pasHbIX CTpaHax; co3fasano
ypesBblyaliHble TPYAHOCTU U CEepbe3HO TOPMO3W/I0 pa3BNUTME MUPOBOTO
coobLecTBa.

B cepegnHe XX B. MexXAyHapoAHbIA KOMUTET Mep M BECOB MOfA-
roToBU/A U MPWUHAN HOBYIKO CUCTEMY eAMHUL, KOoTopas Oblna Ha3BaHa
MexayHapogHoii cucTemoii egmHuy — System International (SI).
B 963 r. B CCCP 6bin BBegeH NOCT 9867—61, B COOTBETCTBUM C
KOTOpbIM 3Ta cucteMa 6blla peKOMeHJ0BaHa And WUCNOJ/Ib30BaHUA B
Hallei CTpaHe.

CerogHs cpeacTsa M3amepeHuii paspabaTbliBaloT M CEPUINHO BbiMyc-
KalT ThICAUN Pa3NMUYHbIX OTEYECTBEHHbIX U 3apyOeXHbIX OpraHu3ayui
1 hmpm, npoheccUoHaNbHO MPUMEHADT MUNJNOHBLI CNEeLnanncTos,
TakK WM UHa4ye NCNOoJb3yeT B CBOE MOBCEAHEBHOW feATeNIbHOCTU MpakK-
TUYECKM BCe B3pOCNoe HacefieHue 3eMnun. B HacTofwee Bpemsa A0N4
31tpat Ha M3MepuUTeNbHYK TeXHUKY, 06CnyXnBaHue M MeTPOsioru-



yeckoe obecrneyeHne B MPOMbILWIJEHHOM MPOU3BOLCTBE [OCTUTaeT
25—30% CTOMMOCTU OCHOBHbIX (JOHAO0B. Mpuyem, Yem BblLIE KYy/b-
Typa NpPOM3BOACTBA Ha NPEANPUATUM, TEM Bbllle 40NS TaKUX 3aTpar.
B 3TuX ycnoBmsax 4pes3BblyaiiHO BaXHO 06ecnevynTb eAUHCTBO M3Me-
PeHWniA.

3akoHofaTeNnbHOI OCHOBOW cTaHfapTu3auuu sensetca cuctema lMo-
CyfapcTBeHHbIX cTaHgaptoB (FOCT). B HacTofiwee Bpems B Hallei
CTpaHe AeACTBYeT AECATKU TbicAY [OCYyAapCTBEHHbIX CTaHAAPTOB. OHU
OTpaxaloT BaXHellne xapakTepucTUKM U CBOWCTBA pa3HOo6pasHoi
NpoayKLUn, O0COBEHHOCTM METOAWK W3MEPEHWUR, XapaKTepucTUKU
C/ nrT.n.

OCHOBHbIE Lenn 1 3agadyn ctaHgapTusayunu;

* OnpefeneHne egUHON CMCTEMbI TPeOOBaHUA N NOKa3aTesieid Kade-
CTBa MPOAYKLUW, XapaKTepUCTUK CbiPbS U PecypcoB; METOLOB U CPeACTB
KOHTPONS W UCNbITaAHWUIA;

e obecneyeHne eguHCTBA U HEOOXOAMMOW LOCTOBEPHOCTM M3MeEpe-
HWIA B CTpaHe M MUpe, CO3fjaHNe U COBEepPLUEHCTBOBaHWE 3TaIOHOB eAu-
HuYy ®B, MeTo0B ¥ CPeACcTB U3MEPEHUI BbICLLIEA TOYHOCTHU;

* pasBMTUE YHUPMKALUN NPOMbILLIJEHHOW NPOAYKLUMW, MOBbILIE-
HWe YPOBHSA B3aWMO3aMEHAEMOCTM, NOBbILIEeHNE 3PHEKTUBHOCTU IKC-
nayatauum M pemMoHTa, obecneyvyeHWe HeoOBXOAMMOrO YpPOBHA Ha-
BEXHOCTK;

* YCTAHOB/MEHWE PaLMOHaNbHOrO MHOroo6pa3us BMA0B, Mapok, TU-
nopasmepoB 060pyA0BaHUS;

* YCTAHOB/IEHWNE €ANHOI CUCTEMbI JOKYMEHTaLUN, eAUHON Tepmu-
Honormu, 0603HaYeHNi, METOLOB pacyeToB.

Ba30Boli coCTaBNAKOWEN cTaHAapTM3aLnmn ABAAETCA MeTPOnornye-
ckoe obecneveHue. Mo MeTponormueckum obecneyeHmeM NOHNMAaeTCs
HanM4ymMe M rpaMoTHOE MCMNOMb30BaHWe 3Ta/lOHOB, Mep, aTTecTOBaH-
HbIX 06pa3uoBbix CW, y3akOHEHHbIX MeTOA0B NMOBEPKW, Heobxomu-
MO/ HOpPMaTUBHO-TEXHWYECKOW AOKyMeHTauum (cTaHAapToB, MeTo-
LWYECKMX YKa3aHWi, WHCTPYKUMWIA), KBanU(pULMPOBaHHbLIX cneyna-
NINCTOB-METPO/IOTOB.

CTaHfapT — 3TO HOPMATUBHO-TEXHUYECKNIA LOKYMEHT, yCTaHaB-
NVBaO WM nepeyeHb HOpM, npasu/, TpeboBaHWi K 06beKTY (CTaH-
JapTusayun) v yTBEPXKAEHHbI YNOJHOMOYEHHbLIM OpraHom (Hanpu-
mep, locctaHgapTom Poccunm).

Mpumep 0603HaveHna MOCT:

OCT 8.401—80 N'C «Knaccbl TOUHOCTU CPeACTB M3MepeHuid. O6Lume TpeboBaHUs»

] ["ocypapcTBeHHas HassaHue
KauuMoHHaa  CTaHdapTa  YyTBEPXAEHUA cucTema obecneveHus cTaHgapTa
rpynna €MNHCTBA M3MEPEHNIA
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MeTponornyeckas aTTecrauma — 3to uccnegosaHve CU, Bbinon-
HAeMOe MeTPOJIOrMYEeCKMM OpPraHoM NS OnpejeneHns MeTposiornyec-
KX xapaktepuctuk CU v opopmaeHne COOTBETCTBYIOLLENO LOKYMEH-
Ta (cepTudmnkarta) ¢ yKasaHMeM MOJyYEHHbIX Pe3ynbTaToB.

Moeepka CUW — HaxoxfeHWe METPONOrMYecKMM opraHom (Cnyx-
60i1) norpewHocTten CU, ycTaHOBNEHWE COOTBETCTBUS 3HAYEHWIA MO-
rpewwHocTei knaccy TouHocTM CU n onpegeneHne ero NpurogHoCTM K
npuMeHeHuto. MoBepPKy, Kak NpPaBmao0, OCYLECTBAAT NYTEM CpaBHe-
HWA pe3ynbTaToB nNpeobpa3oBaHus ucneltyemMoro CW ¢ pesynbratamun
npeobpasoBaHusa ob6pa3yosoro (6onee ToyHoro) CW. [na yacTHOro,
HO BeCbMa pacnpoCTPaHeHHOro c/iyyas NOBEPKN U3MEPUTENBHOTO MpK-
6opa, NoKasaHMsA NOBEPSeMOro npubopa cAMyaloT ¢ nokasaHusMm 6onee
TO4HOro npuéopa. MorpewHocTs 06pasyosoro CY gonxHa 6biTb Mo
KpaHeih mMepe BTPOE MEHbLUE MOrpewHoOCTN ucnoityemoro CU npu
OfHUX U TeX Xe YC/IOBUAX IKCMepuMeHTa.

Mpouepypa nosepkn CW He akBMBaseHTHa npouegype Kannbpos-
kn. Kannbposka — cnocob yMeHbLUEeHUSA CUCTEMATUUYECKMX MOTPeLlHO-
cTein CU, T.e. KOppekumsa (ncnpaBfeHne) ero xapakTepucTnky npeob-
pasoBaHus. B yacTHOM cnyvae npu KannbpoBKe NoOYepesHO NOAAT Ha
BXxo4 CW 06pa3uoByto N3MepsemMyto BEMYMHY HYNeBOro 3Ha4YeHUs (Ha-
npumep, 3akopoTuB Bxof CW) n 3atem 06pa3LoBY0 M3MEPSEMYHO Be-
NNYNHY 3HAYeHMEM, paBHbIM BEPXHEMY npejeny AuanasoHa u3mepe-
HUA (C NOMOLWbIO cneunancHOW Mepbl, MHOrga BCTPOeHHON B CU).
3atmkcupoBas pe3ynbTaTbl Npeobpas3oBaHus (nokasaHmsa npubopa) 06-
pa3LoBbIX BEIMUYNH, MOXHO B Ja/ibHelLLIEeM KOPPeKTUPOBaTb pesy/bTa-
Tbl Npeo6pa3oBaHmMii B NPOLECCE BbIMOMHEHNA NU3MepeHUii. Takas npo-
Leaypa No3BONSeT YMEHbWMNTb KaK afAnuTUBHYIO, TaK ¥ MyabTUNANKA-
TUBHYIO NOrPeLLIHOCTHN.

1.2.3. 3Ta/10HbI

dTanoH — 3ato CU, obecneunBatoliee xpaHeHWe u/unm BOCnpo-
n3BEAEHNE eAMHULbI (PN3NYECKO BENNYUHbI C LEeNb0 nepefayn ee
pasmepa gpyrum CW (o6pas3yoBbiM Uan paboumm) M opuumnanbHoO yT-
BEPXAeHHOe. PeanbHO 3TanoH MOXeT MpeacTaBisTb CO60/ KOMMEKC,
COCTOAWMIA M3 HeCKONMbKMX pasnmuHblx CW. Ha puc. 1.6 npuBegeHa
cxema nepefaym pasmepa eguHMLbl (HU3NYECKON BENNYMNHBI.

B 3T0li METPOOrMYECKO Lenun BbICLUMM 3BEHOM ABNAETCA MEXK Y-
HapOAHbIA 3TaNoH. 3TW 3TanOHbl XpaHATCA B MexayHapogHoMm 6opo
mep u BecoB (PpaHums). FocysapcTBeHHbIE 3TaNOHbl — 3TO 3TaNIOHbI,
obecneynBaroLLMe HaNBbICLLYIO B AaHHOM CTPaHe TOYHOCTb. XpaHeHmne
3TaNOHOB — CNOXHENLWaa Hay4YHO-TEXHUYECKas 3afada, Nno3ToMy OHU
XPaHATCA B METPO/IOTMYECKMUX MHCTUTYTax.

OTanoHbl, BOCNPOM3BOAALLME OAHY U Ty Xe eanHuuy ®B, B 3aBu-
CMMOCTW OT TOYHOCTM BOCMPOM3BEAEHUA efWHULUbI JeNnATcA Ha nep-
BMYHbIE 3TasfoHbl (06ecnevynBalOLMe HaMBBLICLIYK B JaHHOI CTpaHe



Puc. 1.6. Cxema nepefaun pasmepa efnHNLbl U3NYECKON BENNYNHBI

TOYHOCTb) M BTOpPMUHble (06pa3oBaHHble CANYEHWEM C MEPBUYHBIM K
cnyxalue Ana opraHu3auum noBepoyHbiX paboT). MepBuuHbIii 3 TanoH
CNYXUT 4N BOCNPOWU3BeLEeHUS efWHWULbl C HauBbICLLIeA ANA AaHHOW
CTPaHbl TOUHOCTbIO. CneuuanbHblii 3TanoH NpegHasHayeH NS BOCNpPO-
n3BefeHNs eanHuLbl 1 0CO6bIX YCNOBUAX, KOrAa MepBUYHbIN 3TanoH
He MOXeT OblTb MCNOMb30BaH. [1epBUYHbIE U CMeLnanbHble 3TanoHbI
YTBEPXJAKOTCA B Ka4eCTBe rOCYJapCTBEHHbIX W ABASKOTCA UCXO4HbIMU
ONA KKLOW CTpaHbl.

BTOpuyHbIe 3TanoHbl HE06X0ANMbI A1 06ecneyeHns NOBEPOUHbIX pa-
60T M COXPAHHOCTW MEePBUYHBIX ITANIOHOB W [ENATCA Ha 3TanOHbl-CBU-
feTenu, 3TanoHbl-KOMUKW, 3TaNOHbl CpaBHeHUS W paboune 3TasOHbI.

3TanoHbI-cBUAETENM NpefHa3HauYeHbl 418 NOBEPKW rOCYyAapCTBEH-
HOro 3TafoHa W 3aMeHbl ero B Cnyvae yTpaTbl. Tal0HbI-KONWUKN 1 3T a-
NIOHbI CPABHEHNS UCMONb3YHTCA 418 B3aMMHOT0 canyveHmns. Paboune aTa-
NOHbI HEO6XOAMMBI A5 Nepejayn pasmepa egumHuLbl 06pa3uosbiM CU
BbICLWIEM TOYHOCTM (Hanpumep, 06pa3u0BbLIM Mepam).

O6pasyosble CU cnyxaT gns noBepku no HUM paboymx Mep-, KOTO-
pble, B CBOIO OYepefb, MpefHasHauyeHbl Kak gna nosepku CU, Tak u
4N M3MEpPeHUA B pasnnyHbIX 3agadax. Knaccbl TOUHOCTU 06pasL0BbiX
Mep 40CTaTO4YHO BbICOKM. Hanpumep, npegensHO AOMyCcTUMOe 3Hade-
HUE OTHOCMTENIbHON MOrpewHoCcTN 06pa3LoBO KaTylWw KM COMPOTUB-
NneHnsa Moxert cocTtasnats 0,0005 %.

Pa6oune CU npumeHsAOTCA ANs pasHOO6pasHbIX N3MEPEHUIA, He CBA-
3aHHbIX C MOBEPKON. B anekTpuyecknx n3sMepeHnsax ncnosb3yotcs pabo-
yne mepbl 34C, conpoTUBNEHUA, NHAYKTUBHOCTU, EMKOCTU U Ap.
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1.3. TOYHOCTb WN3MEPEHWI

TOYHOCTb M3MEpPEHNi — KauecTBO M3MEPEHUI, oTpaxkatollee 61u-
30CTb MX pPe3ynbTaToOB K MCTUHHOMY 3HauyeHU W3MepsemMoil Benu-
YUHBI.

KonnyecTBeHHbIM BbIPRXXEHWEM Ka4yeCTBEHHOIr0 MOHATUA «TOYHOCTb»
ABNSETCA NOrpewHocTb. CnefyeT pas3nyatb NOrPeLHOCTb pesybTara us-
mepeHusa (3To 60nee obLLee NOHATUE) M MOFPELHOCTb UHCTPYMEHTA.

1.3.1. TlorpewHOCTb pe3ysibTarta U3MepeHus

N cTUHHOE 3HayYeHMe M3MEPSEMON BENUYMHBI MPUHLUMNNANBHO He
MOXeT ObiTb HailgeHO (FPamMOTHbIN 3KCMepMMeHTaTOp, MOHMMas 3TO,
N He CTPEeMUTCA K 3TOMY). 03TOMY U peanbHoe (MCTUHHOE) 3HAYeHue
MOrpeLwHOCTN pe3ynbTaTa ONpesennTb He NPeAcTaB/AeTCs BOSMOXHbIM.
W atoro 06bI4HO He TpebyeTcs. BnonHe 4OCTaTOMHO ONEpUpoBaTh OLEH-
KO (NpUGAN3NTENbHBIM 3HAYEHMEM W3MEPSEMON BeNNYMHbLI) U gKa-
Ma3oHOM BO3MOXHbIX 3HaUYeHWIi norpewHocTN. B cnyyae npocTeiwero
LeTepMUHMPOBaAHHOTO noaxoda (MoAxofa NO HauxXyAlemy Caydvar)
NCMONb3YHT NpefesibHOe 3HaYeHe MOrPeLHOCTM B K&XKA0M KOHKpeT-
HOM Cnydvae, T.e. Takoe 3HauyeHue, NPeBbICUTb KOTOPOE peanbHas no-
FPELHOCTb rapaHTUPOBAHHO HE MOXeET.

lMorpewHoOCTb — 0BOJIbHO CNOXHOE U eMKOE NoHATUE. PaccmoTpum
OCHOBHbIE KNaCCU(PUKALNOHHbIE NMPU3HAKW MOrPELHOCTN pPesynbTaToB
N3MEpPEHWIA.

MepBbIi KNacCUUKALMOHHbIA NPU3HAK: 4TO (KTO) AIBNSIETCA NpU-
YMHOI oWwKn6KN? CymmMapHas MOrpewHoCTb pesyfbTara 1060ro nsme-
peHus B obLLeM cnyyae CKnadblBaeTCcs M3 TPeX COCTABAAKLWLMUX: UHCT-
PYMeHTanbHOM, MeTOANYECKON N CYyOBbEKTUBHON.

VHCTpyMeHTanbHas cocTaBnsAoLwas onpeLensieTcs OCHOBHbIMWU MeT-
PONOTMYECKUMWN XapaKTePUCTUKaMn COOGCTBEHHO WHCTPyMeHTa (T.e.
CW), ero oCHOBHOW ¥ AONOSHUTENbHOW MOrPeLIHOCTAMMU.

MeToguyeckas cOCTaBnAOLLaA MOrPeHOCT pe3ybTarta usmepe-
HUA 3aBUCUT OT UCMOJIb3YEMOr0 MeToda U3MEepeHUs U He 3aBUCUT OT
MOrpeLwHOCTM CaMOro MHCTPyMeHTa. MeTogmnyeckas NorpeLHocTb Mo-
XeT 6bITb 3HAYNTENbHON, 0HAKO 4acTO OHa MOXEeT ObITb OLEeHEeHa 1aun
Jlake CKOMMeHcupoBaHa (MHOrA4a MPaKTUYECKU MOSHOCTbHO).

CybbeKTMBHasA COCTaBAAOLW,AA HEe 3aBUCUT HU OT MOTPELIHOCTM NpU-
6opa, HX OT MeTofa M3MepeHUs, a B OCHOBHOM OMNpefensieTcs KBaau-
thunkayuei nonb3osarens (CybbekTa). STy NOTPELLIHOCTb HE BCErAa MOXHO
npeaBUAETb M 3apaHee OUEeHUTb. JTa COCTaBAAOLLAA MOXET NPUCYT-
CTBOBATb B pe3ynbTaTe l0O0r0 n3MepeHus.

BTOpoii KnaccupmnkaunoHHbI NPU3HAK — CMOCO6 BbIpaXXeHUs no-
rpewHoctn (Tabn. 1.5). AbconTHasa NorpewHocTs [ (genbta) — camas
npocTas U NOHATHAsA — 3TO PA3HOCTb MeXAY U3MepPeHHbIM X U UCTUH-
HbIM JILCT (MNU geCTBUTENbHBIM Xa, T.e. NOJlyYeHHbIM 60/1ee TOUHbIM
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Tabnuua i5
AGCOMOTHAs 1 OTHOCMTENIbHASH MOFPELLHOCTM

dopma npescTaBneHns dopmyna

AbOCONOTHas NnorpewHoOCTb A=X-Xn

OTbIHOCMTENbHASA MOrPELUHOCTb,
=— 100 =Alt00
*ﬂ *

MM prmeyvaHne. X — M3MePEHHOE 3HAYEHUE BENMUMHBI (Pe3y/bTaT UBMEPEHNS)
Xa —— [ieliCTBUTENIbHOE 3HAYEHWE U3MEPSIEMOl BESIMUUHI.

NPUMOOPOM) 3HAYEHUAMMN U3MepPAeMOi BeNNYMHbI. OTHOCUTeNbHas T\o-
rpeuwHocTb 6 (genbta Manas) — OTHOLWEHWe abCoOMIOTHON MOrpeLwwHo-
CTV K AeNCTBUTENbHOMY Xa (MM n3MepeHHOMY X) 3HauyeHuio, Bblpa-
XKEH MHOE B MpOLEeHTaXx.

TTpeTnit KnaccMUKaLMOHHbIA NPU3HAK — 3aBUCUMOCTb MOrpeL-
HocTeli (B abCONMOTHOM BMAE) OT 3HAYEHUSA N3MEPAEMOW BENMYUHBI X
MorpewHOCTM NOAPA3AENAOTCA HA aAAUTUBHbIE, MYNbTUMANKATUBHbIE
M NOOrpewHoCTn nuHenHocTu (puc. 1.7).

AN AN TUBHOM Ha3biBaeTCA NMOrPeWHOCTb [a, 3HaueHMa KoTopoi (by-
Ay4nmn npepcTaBieHHbIMU B a6CONOTHOW (hOpMe) He BbIXOAAT 32 pam-
KW HHEe3aBUCALWEro OT 3HAYEeHUA M3MepsemMOi BennumHbl X Kopugopa
(cm.  puc. 1.7, a). MyabTUNAMKATUBHON Ha3blBAETCA Takas MOrpeLwHoCTb
A,,, 30HaYeHMNA KOTOPOI He BbIXOAAT 33 PaMKMW IMHENHO 3aBUCALLErO OT
3HaY<HEHUA N3MepPseMOR BennMUuHbl X kKopugopa (cm. puc. 1.7, 6). Jlro6oe
Jpyre oe MoBejeHWe XapakTepHO A4NS MOrpewHoCTU AnHerHocTw An, ya-
CTO y/ynNpoLWeHHO Ha3blBaeMO HennHeHocTblo (cM. puc. 1.7, B).

Y-HeTBepTblii KnaccumMKaLMOHHbIA NpU3HAK — XapakTep nposBne-
HUS  norpewHocTu. lMorpewHoCcTN NOAPasAensaoTCa Ha cucTtemaTuye-
CKue “ 1 cnyyvaiiHble. CucTemaTunyeckas — 370 Takas MOrpeLHocTb, 3Ha-

Kopugop
3HAYEHUIA

Puc. 111.7. 3aBMCUMOCTb MOrPELIHOCTEA OT 3HAUYEHUS N3MEPAEMO BENNUYUHBI >

a —alloAMTUBHAS MOrPEHOCTb; 6 — MyNbTUN/IMKATMBHAS MOFPELLHOCTb; B — norpeii™”
HOCTb INMHENHOCTU
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,&6 KOTOpPON Npy NOBTOPEHWWN 3IKCNEPUMEHTOB HEU3IMEHHO WK
(CHseTcqd No M3BECTHOMY 3aKOHY. CuCTeMaTMUYEeCKMe NOrpelHoCTH,
*e MpaBuno, MOTyT ObiTb OLEHEHbl W, C/IeA0BaTE/IbHO, YUTEHbl MyTEM
NefleHUs NONPaBOK B pe3ynbTaT u3mepeHus. CnyvaiiHble — 3TO Takue
ATpeWwHOCTHU, 3HAYEHNA KOTOPbIX HenpefcKasyembl. K ciayyaliHbiM
N OTHOCATCHA W pasMyHble npoMaxu (c6oun), KOTOpble 06BACHAOTCSA
<11 rpy6oii ownbKon onepaTopa, UM KPaTKOBPEMEHHOW Heucnpas-
HOCTbIO annapaTtypbl, WUAW BAUSHWEM BHELWHUX 3M1eKTPOMArHUTHbIX
nolC+ B ciyyae MHOTOKpaTHbIX U3MEPEHUIA BAUAHUE CNY4YailHON no-
FPELHOCT MOXHO YMEHbWMNTb 00pabOTKON MNOMYYEHHbIX Pe3yb-
TaToB, HampuMep, HaxOXAEHWEM WX CpefHero apumMeTUMUHecKOro
3HaYeHus.

1.3.2. TIOrpeLlHOCT CPeacTB U3IMepPEHNIA

Kak npasuno (M 06bI4HO B rpamOTHO OPraHM30BaHHbIX 3KCMepu-
MeHTax), OnpefenatoLW e coCcTaBAOLWEA B CYMMapHO/A NOrPeLwHOCTM
pesy/nbTaTta U3MepeHUs SBNSETCA MNOrpewHocTb co6¢TBEHHO CU, T.e.
VHCTPYMeHTaNbHasA norpewHocTb. B cBOK oyepenb 3Ta cocTaBnfAoLL A
MOXeT OblITbKaccMuuMpoBaHa Tak, Kak nokasaHo Ha puc. 1.8. Heko-
TOpble KNnacCMPUKaLMOHHbIE NPU3HAKWU ABNAIOTCA 06W UMY 1 418 NOo-
rPewwHoCcTn pesynbTaTa U3mMepeHus, n agna norpewHoct CU. Cneun-
(hMyeckne NOrpeLHOCTMN, XapaKTepHble UMEHHO 19 CPeAcTB M3Mepe-
HWiA, BblgeNeHbl Ha puc. 1.8 poHOM.

Mo nepomy kfnaccuunKaLuMoOHHOMY Mpu3HaKy (Ccnocoby Bbipaxe-
Hus) norpewHoctn CW penAt Ha abCONOTHbIE, OTHOCUTE/bHbIE U
npvBegeHHble. MNepBble ABe pacCMOTpeHbl Bnogpass. 1.3.1. MNMpuseseHHas
MOrPELHOCTb Y — OTHOLW EHNE abCoMOTHON NOrpewHocTn [ K HopMu-
pyloLLemMy 3HauYeHunto X,, (4acTo 3TO BEPXHWI npefen AuanasoHa usme-
peHuns) npubopa, BbIpaXeHHOe B MpPoLeHTax.

BTopoil KnacCcM(UKaLMOHHbIN NPU3HAK TaKXXe pacCMOTPeH B Noj-
Pasg. 1.3.1.

OCHOBHaA NOrpewHoOCTb UMEET MECTO B HOPMa/ibHbIX YCNOBUAX 3KC-
nnyataumm CW (B uyacTHocTuM, npubopa), T.e. Korfja 3HauyeHus BcCeX
3MA0 WX BENUYNH HAXOAATCA B Npefenax 3apaHee OroBOPEHHbIX AU -
anasoHoB. [lonofHUTeNbHAA NOTrPeWHOCTb BO3HUKAET NPU U3MEHEHUN
B/IMAIOLWMX BENUYUH (HANpuMep, TEMMNepaTypbl OKpYXatLeh cpefbl)
33 nlcensl HopManbHbIX 3HAYEHWUIA.

A CTaTwudeckaa norpewHocts CA (npubopa) — MOrpewwHocTs npu

ANepPEHUMN 3HAYEHWA MOCTOAHHOW (MM OYEHb MEANIEHHO MEHSH L eil-

J Be/IMUUHBI, T.e. B CyyYae CTaTUYECKUX M3MePEHUIA (Npy NCNONb30-

Vi ctatudeckoii mogenn o6bekTa uccnegoBaHms).

T ) *Hamunyeckas NOrpelHOCTb BO3HMKAeT Npu UCCAefOBaHUN focTa-
® O 6biCTPO MeHsALWeERCcs BO BPEMEHW BeAMUYMHbI (TOYHEE WH-

geiic  TuBHOro napameTpa M3MepsemMoil BeMNYUHLI). Hanpumep, ecnu
BYioLLee 3HaYeHne (B 4aHHOM Cnyyae MH(OPMaTUBHBIM NnapameTp)
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Puc. 1.8. ¥YnpouweHHaa knaccugukaumns norpewHocTeid cpescTsa U3MepeHuii

NMepemMeHHOro HanpsHXKeHUs 3NeKTPUYECKON CETU HEM3MEHHO U U3Me-
pAeTCcs WMWTOBbIM 3/IEKTPOMarHUTHLIM BOJIbTMETPOM, TO OYAeT UMETb
MEeCTO TO/IbKO CTaTnyeckas MOrpewwHocTb, XO0TH cama BXOLHas Benyu-
Ha (Hanps)keHne — (PYHKLWS BPEMEHMW) MEHSAeTCA C 4acToToi npu-
mepHo 50 Iu.

CucrtemaTuMyeckme n cnyvaiHble norpewHocTn CY paccMoTpeHsbl B
nogpasg. 1.3.1.

1.3.3. Knnaccbl TOYHOCTU CpPeacTB N3MEPEHUiA

Knacc TOYHOCTM — 3T0 0606LieHHAass METPOIOTMYECKas XxapakTepu-
ctuka CW, onpegensiemMas NpeAenbHbIMU 3HAYEHUAMMW AOMNYCTUMbIX
OCHOBHOWi 1 JONONHUTENbHbLIX MOTPeLHOCTe. Knacchl TOUHOCTU pas-
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nnyHbix C MoryT 3afasatbCa no-pasHomMmy B cooteetcTBumn ¢ TOCT
8 401—80. «Knaccbl TOYHOCTU CpeacTB uamepeHuin. Ob6wume TpeboBa-
HusA». HacToswmiA ctaHgapT ycTtaHaBnmBaeT geneHme CW no knaccam
TOYHOCTM, CNOCOBLI HOPMUPOBAHNA METPOJIOTMYECKUX XapaKTepUcTuK,
KOMMeKc TpeboBaHWiA K KOTOPbIM 3aBUCUT OT Knacca TouHocTn CU,
a TakKe — 0603HayvYeHuns KNaccoB TOYHOCTU.

Mpegensl gonycTuMbix norpewHocTeir CU BbipaxatoTcs B hopme ab-
COJIIOTHOM, OTHOCUTENIbHOW 1 NPUBELEHHON norpewHocTei (Tabn. 1.6).

Ecnn norpewHocTs CA HOCWUT affuMTWMBHbLIA XapakTep, TO Knacc
TOYHOCTW 3a4aeTca Npefes oM OCHOBHOW abCoONOTHON AN NPUBEAEH-
HOM norpelwHocTeli (BapuaHTbl 11 2 B Tabn. 1.6). Ecnym norpewHocTb
CW HOCWT MyNbTUNINKATUBHbLIA XapakTep, TO Knacc TOYHOCTM 3ajaeTcs
npeienioM OCHOBHOV OTHOCUTENbHOM NOrpeLlHocTel (BapmaHT 3B Tabn. 1.6).
Ecnu e norpewHocTb UMeeT KakK afAuTUBHYIO, TaK U MYNbTUNNKA-
TVUBHYIO COCTaBNfAOLW e, TO KNacCc TOYHOCTU MOXKET 3afaBaTbCA npege-
Nom abCcoNTHOW norpewHocTy (BapuaHT 4 B Tabn. 1.6) unn npegenom
OCHOBHOI OTHOCWUTENbLHOW NorpewHocTn (BapnaHT 5B T1abn. 1.6).

Ha puc. 1.9 npusefieHa rpaguyeckas UNNKOCTpaLma pasHbIX CMo-
co60B 3afjaHna Knaccos TOYHoCcTU. Ha puc. 1.9, a npuBefeHbl BapUaHThl
1n 2, Ha puc. 1.9, 6 npmBefeH BapmnaHT 3, Ha puc. 1.9, B u puc. 1.9, r —
COOTBETCTBEHHO BapuaHThl 4 1 513 1abn. 1.6. Ans ynpow,eHus nsobpa-
XeHus Ha puc. 1.9 nokasaHbl He CUMMeTPUYHbIE KOPULOPLI Npejenb-
HbIX 3HAYEHWI MOrpPeLHOCTEN, a ML b UX MOAYN.

Ta6bn nuya 16
dopMbl 3ajaHNS K1aCcCOB TOYHOCTU

BapuaHT dopma npefcTaBneHns dopmyna
1 Mpenen OCHOBHOW abcoNOTHOW
nor An =xa
pewHocTn
2 Mpenen OCHOBHOW NpuUBeAEHHON
pe— 4 —
norpewHocTn, % Yh = "T+HO = +P
3 Mpegen OCHOBHOW OTHOCUTENbHOM

norpewHocTu, % 5M=T1r~100 = %q

4 Mpefen 0CHOBHOM abCcoONOTHOW

norpewHocTH An = (a + bX)
5 Mpenen OCHOBHOI OTHOCUTENbHOW r ( Y
MOrpeLHoCcTy 5I'I=t|-c+dUY -1 J\]

MpumeuaHune. XE—Hopmupyiolee sHaueHne CU; X—peiicTBuTeNsHOE 3Haue-
HUE U3MEePSEMOI BENNUNHBI; X — N3MepeHHOe 3HaueHne U3MepsemMoit BennumnHbl; XK—
KOHEeYHOe 3HaveHune ananasoHa namepenus CU; a, b, ¢, d,p, q—nNoCTOSHHbIE KOADDULN-
€HTbl — OTB/fIeYEHHbIE MOMOXKNUTENbHbIE YNC/A, Bblbupaemble u3 paga: 1-10"; 1,5-10";
(1,6-10"); 2-10»; 2,5-10"; (3-10"); 4- 10" 5-10", 6 10", rage n =1, 0, -1, -2 n T.4.
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Knaccbl TOYHOCTM MPOCTbIX M3MEPUTENbHLIX NMPUOBOPOB HEBbICO-
KO TOYHOCTU, HaANpuUMep WUTOBbLIX CTPEIOYHbLIX BONLTMETPOB, 3aja-
I0TCA NpesenomMm OCHOBHOW MPUBEAEHHOW MOrpewHoCTH (BapuaHT 2
n3 Tabn. 1.6). Ana camonuwyuwimx NnpnbopoB XxapaKTepHbIM ABAETCA
3aflaHne Knacca TOYHOCTM MNpeAenomMm OCHOBHON OTHOCUMTENbHOW MO-
rpewHoctn (BapuaHT 3 n3 T1abn. 1.6). Ana CW cpefHeli U BbICOKOW
TOYHOCTU NPUMEHSAITCA BapuaHThl 4 n 5 u3 t1abn. 1.6. Hanpumep, ans
MOCTOB, KOMMNEHCATOPOB, LMPPOBbLIX N3MEPUTENIbHbIX MPUOOPOB, Kak
npaswno, UCMNonb3yeTcs BapuaHT 513 1abn. 1.6. Hanbonee pacnpocT-
pPaHeHHON BO BCeM Mupe (M OQHOBPEMEHHO Hambonee MOHATHOI)
(hopMOi 3afaHMs NOFpPewHOoCTel Ans COBPEMEHHbIX LungpoBbix CU
ABNAeTCS BapuaHT 4 u3 tabn. 1.6.

Mpn 3ToM npegen OCHOBHO abCOMNTHOW norpewHocTn An co-
LEePXUT U agAuTUBHYK (*a), U MynbTUNAMKATUBHYH (xbX) cocTaB-
nawumne:

Nn==%(a +bX),

rge X — 3HauyeHue M3MepseMoii BEINYMHbI; @ U b — NOCTOAHHbIE KO-
APOUUNEHTHI.

Ha puc. 1.10, a npuBefeHa rpajuyeckas unnocrpauns aganTme-
HO, MYNbTUMNANKATUBHON COCTABAAKWMX U CyMMapPHON MOrpeLwHo-
CTW, NpefCcTaBeHHbIX B abCOMOTHOM Bufe, a Ha puc. 1.10, 6 — unnto-
CcTpaumsa 3TUX COCTaBAALWMUX U CYMMbl, MPeACTaB/AeHHbIX B OTHOCK-
TeNbHOM BUJe.

dopma 3agaHna knacca TOYHOCTY Mpeenom abCcontoTHOW MOrpeLIHo-
CTU, cofepxalleil afaAuTUBHYO U MYbTUNINKATUBHYIO COCTaBASIOLLME.



a 8

Prc. 1.10. ApanTUBHASA, MYNbTUNIMKATUBHAA U CyMMapHast NnorpeLuHocTy B ab-
COMOTHOM (8) U oTHOocUTensHOM (6) BUpax

MOXEeT UMeTb HECKO/IbKO BapMaHTOB 3anncu. Hanpumep, Knacc TOYHO-
CTU LM(POBOro TEPMOMETPA MOXET GbITh 3afjaH ClefyoLuM 06pasom:

An=£(0,5 % pesynbTaTa + 2 eguHuybl M3P),

roe M3P — mnagwiunii 3Havawnii paspag.

34ecb NepBoe cnaraemMoe — 3T0 MyNbTUNANKATUBHAA NOTPELLHOCTb,
a BTOpoe — aganTuBHas.

[pyroiA npumep — UMGBPOBOA MYNbTUMETP B PEXUME WU3MEPEHUS
MepeMeHHbIX HampsHXKeHU UMeeT Knacc TOYHOCTW, ONpefensemblii
BbIpa)XXeHUEM

An= (1,0 % pesynbTaTa + 0,5 % Anana3oHa n3MepeHus).

[ns 3apy6exHoli annapaTypbl (M 4NA aHTN0A3bIYHOW NMTEpaTypbl)
XapaKTepHa Takas (hopMa 3anucu Knacca TOYHOCTU:

A= %(aFS +bR),

rae FS (Full Scale) — BepxHee 3HauyeHWe AmanaszoHa M3MepeHuit; R
(Reading) — pesynbTaT n3mepeHus (0TcyeT); a, b — nocTosHHbLIE KO-
APPULNEHTDI.

1.3.4. OcHOBHasa 1 AOMOJIHUTE IbHasA
MnorpeLwHocTn

OCHOBHAA MHCTPYMeHTaNlbHas NOrpewwHOCTb HAX0A4MTCA N0 Knaccy
ToyHocTM CW. Hanpumep, npn HOPManbHbIX YCNOBUAX LLUTOBLIM 3/1€K-
TPOMarHUTHbIM BO/IbTMETPOM Knacca TOYHocTn 1.5 (T.e. MMetoWmMM npe-
[en OCHOBHOI NpUBEeAEHHON MOrpewHOoCTW Ym, He MpeBblWar L uii
1,5 %) ¢ guanasoHoOM M3MepsieMblx 3HavyeHuit 0...300 B (Hopmupyto-
wee 3HavyeHne Xn =300 B) nony4yeH pesynbTaT M3MEPEHUS AeACTBYO-
Lero 3HayeHuns HanpsxeHma U= 220 B. TpebyeTca onpegenntb npe-
fenbHble 3HavyeHUs abcontoTHON A M OTHOCUTENbHON 5 UHCTPYMEH-
TanbHbIX NOTpeLHoCcTel pesynbrata nsmepenns U.
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OueHMM npegenbHOe 3HA4YeHUEe OCHOBHOW abCoMTHOW norpeL-
HoCcTM A

A=YA, =%il5] 00 =
100 100

MpefenbHoe 3HAYeHNE OCHOBHOW OTHOCUMTENbHON MOrpPeLwHocTn 5:

A 45
6 = — 100 = #-117-100 m2,0
n 220

PacyeT CyMMapHO MOrpewHOoCTn pesynbTata U3MEPEHUS B 0OLLEM
cnyvae npepnosiaraet HaxoXeHWe MakKCUMMasbHO BO3MOXHOIMO 4ucna
cocTaBnalowmx (OCHOBHOW, LOMOJIHUTENBbHON, METOANYECKONW, B3au-
MOJeNncTBna 1 T.4.).

JononHuTenbHasd NorpewHoCcTs BO3HUKAeT npu pabote CU (B yacT-
HOCTW, npubopa) He B HOPMaNbHbIX, a B paboumx ycnosusx, Korpga
OflHa WU HECKONbKO BAMAIOLWMNX BENYMH BbIXOAAT 3a npegensl obna-
CTV HOpPMasbHbIX 3Ha4YeHUN (HO HaxoAATCA BHYTpPU AuanasoHa pabo-
YMX 3HAYEHUIA).

Bnanswowasn sennunHa (BB) — 3To Takas umsnMyeckas BennyumHa (3
KOoTOpas He M3MepseTcs B JaHHOM 3KCMEpPUMEHTe, HO BAUSAET Ha pe-
3ynbTaT n3MepeHus unu npeobpasosaHusa. Hanpumep, B IKCNepUMeH-
Te MO M3MepeHMI0 TOKa B 3MeKTPUYECKON LEenu HeKOoTopble Apyrue
(husmyeckme BennUUHbl (TemnepaTypa OKpyXXaloliei cpefbl, aTMocC-
(hepHOE faBneHue, OTHOCUTENbHAsA BN@XHOCTb BO3AyXa, 3NeKTpuyec-
KWe M MarHWTHble MoAs, HanpsxxeHne nutaHua CU) ABnatoTca BAMA-
OWMMKN BennymHamm. KoHeuyHo, ecniv Mbl M3MepsieM TemnepaTypy OK-
pyXatoLeii cpedbl, TO Temnepatypa B 4JaHHOM 3KCMepuMeHTe ecTb M3-
Mepsemas BemyunHa.

Baunstowme BenMynHbl B 006LLEM C/lyyae MOTYT MEHSATbCA B fOBO/b-
HO WKNPOKMX ananasoHax. Mpu oueHke paboTtocnocobHocTn CU B pas-
NINYHBIX YCIOBUAX BO3A4ENCTBUA OKPYXaloLWwel cpedbl pasnuyarT Tpu
061acTN BO3MOXHbIX 3Ha4YeHuli BB:

» 061acTb HOpMasbHbIX 3Ha4YeHnii BB (npu aTom 3HavyeHue BB Haxo-
LUTCS B Npefenax 3apaHee Or0OBOPEHHbIX — HOPMasibHbIX — 3HAYEHUA),

* 06nacTb paboumnx 3HaveHuii BB (npu 3Tom 3HaveHne BB HaxoauTcs
B Amanas3oHe CBOUX paboumx 3HaueHui);

* 06nacTb 3HauyeHUin BB, Npu KOTOPbIX BO3MOXHbl XpaHeHue uam
TpaHcnopTuposka CU.

C TOYKM 3peHUs OLEHKU MHCTPYMEHTaNbHbIX MOrPELHOCTEel Hac
MHTEPeCYIoT Wb nepBble age o6nactu (puc. 1.11). O6nacTb HOPMAbHbIX
3HayeHuii BB 06bIUHO 3afaeTca CUMMETPUYHBIM OTHOCUTEIbHO HOMU-
HanbHOro 3HauyeHus PO gnanasoHom P|...P2 B 3aTom Auana3oHe BO3-
MOXHbIX 3HauyeHuii BB ycnosus npumeHeHus CUW cumTaroTca Hop-
mManbHbiMU (HY) 1 npu 3TOM KMMeeT MEeCTO TO/IbKO OCHOBHas Mo-
rpewHocTb CU.
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pb * 1 *w S
3HaueHus O6nacTb pabounx O6nacTs O6nacTb pabounx
BANsIOLLEit 3HaueHNi HOPMATBHBIX 3HauEHMI
BENMYNHBI BAnsioLelt sHauCHI BANSAIOLLET

BENMYMHbI BE/IMUNHBI
ycnosus Pa6ouve ycnosust  HopmasbHble  Pa6ouwe ycnosus
"p”Mg;e"'”ﬂ npumeHenns CU ycnosus npumenexua CU
OcHOBHas 1 OCHOBHasa 1
MorpewHocTs LOMNOMHNTEN bHas noorm;?us:g;b JONONHUTENbHAS
cn NOrpeLHocTL P MOrpeLLHOCTM

Puc. 1.11. 3HayeHMUs BAUSIOLWEA BENNUYUHDI, YC/TOBMA MPUMEHEHNS U NOTpeLl-
HOCTU CPefCTB U3MEpPeHWUiA

O6nacTbio pabounx 3Ha4YeHMi Ha3biBaeTcAa 60nee WMPOKUI guana-
30H BO3MOXHbIX M3MeHeHuin BB, B KoTopoMm CUV MOXET HOPMasbHO
MCNonb30BaThCA. paHULbl 3TOro AuanasoHa 3afalTcd HUXHUM PH U
BEPXHUM PB npefenbHbIMU 3HavyeHUaMun BB, cOOTBETCTBEHHO. B 3aTom
fvana3oHe 3HavyeHuii BB ycnosus npumeHeHns CU HasbiBaloTCA pabo-
yumn (PY) 1 npu 3TOM UMEET MeCTO He TO/IbKO OCHOBHAaf, HO ele U
LONOMHWTENIbHAA NOrpewHoOCTb. Takum obpa3om, npu paboTte B npege-
nax paboumx ycnoBuii, HO 3a nNpegenamMmy HOpManbHbIX, 06Las UHCTPY-
MeHTa/ibHas NOrpelHOCTb CKNafAblBaeTCA YXe 13 OCHOBHON U Aonon-
HUTENbHOW COCTaBNANLWMX.

Hanpumep, Ans camoii BaXXHOW NPakTUYeCKU BO BCEX U3MepUTESb-
HbIX 3KcnepumMmeHTax BB — TemnepaTypbl OKpyxatouiein cpefbl — 06-
nacTb HOpMasnbHbIX (4na Poccum) 3HavyeHWid u, cnefoBaTenbHO, HOP-
MasibHbIX YC0BUIA NpuMeHeHUs CU B 60NbLINHCTBE 06bIYHbLIX TEXHN-
YecKUX U3MEepPUTENbHbIX 3KCNepuMeHToB cocTasnseT (20 + 5) °C wnu
(20 = 2) °C.

O6nacTu HoOpMasbHbIX 3HAYEHWIA He ABAAIOTCA MOCTOAHHbIMU, &
3aBMCAT OT OCOOGEHHOCTEN BbIMOMHSAEMbIX WU3MEPEHWUN, N3MepsemMblX
BE/IMYUNH, KnaccoB ToyHocTu CW. Hanpumep, yem TouHee CU, Tem
Pke TpebyeMblii fuana3oH HOpManbHbIX Temnepatyp. [na Mep aneKkT-
pyyeckoro conpoTMBIIEHUA BbiCLIEro knacca touHoctu (0.0005; 0,001;
0,002) ponycTuMOe OTK/IOHEHUE TemMnepaTtypbl OT HOMUHANLHOIO 3Ha-
YeHusa cocTas/fsieT, cooTBeTCcTBeHHO, 0,1 °C; +£0,2 °C; 0,5 °C. An4d 3a-
pybexHbIX NPpMHOPOB YACTO 3a HOMWUHAaNbHOE MPUHUMAETCA 3HAYEHUE
Temnepatypbl +23 °C. HOMUHaNbHbIE 3HAYEHNSA U AMana3oHbl HOPMab-
HbIX 3HAYEHWI HEKOTOPbIX OCHOBHbIX BB And 00bIYHbIX U3MEPEHWUN
npuBegeHbl B Tabn. 1.7.

O6nactn HopMasbHbIX 3Ha4YeHUin BB B cneynanbHbIX U3MEPEHUAX
oroeapuBaloTCca OTAeNbHO B onncaHuy CU unm B MeToguKax nposege-
HUA M3MEPEHNIA.
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Tabnuya 17
[vanasoHbl HOPMasbHbIX 3HAYEHWU BAUSIOLLUX BENNYUH

Brvaiowas sennyvHa 3HaueHue
TemnepaTypa OKpyxatoulein cpegbl, °C 20£5mnimn 20x2
OTHOCUTEeNbHAA BaXXHOCTbL BO34yXxa, % 55...60
ATmocthepHoe faBneHune, kla (Mm pt. CT.) 100+4 (750 £30)
[elicTBylollee 3HaYeHNE HaNpsHKeHUs 220+ 10%
nuTaroLwen cetn, B
YacToTa Hanpsh)keHusa nutatoweit cetun, Iy, 50+ 1%
MakcuManbHbll KOIPULNEHT HENNHE- 5
HbIX MCKaXXEHWU HanpsXXeHUs NuTaloLei
cetn, %

[wvana3oHbl paboumx ycnosuii akcnayatauum gna CU pasHoro Ha-
3HauyeHMa pa3nuyHbl. Ckaxem, and CV nabopaToOpHOro NpUMeHeHus
3TO MOXeT 6bITb Anana3oH Temnepatyp 0...+40 °C (puc. 1.12).

Ons CW npomblWNeHHOro NpuMMeHeHnUa obnactn paboumx 3Haue-
HUii BB ABnAlTCA 60Mee WMPOKUMU, YEM, CKaXKeM, Ans nabopatop-
Hbix CU. MN3meputenbHaa annapartypa BOEHHOr0 Ha3HayeHUd MMeeT
ewe 6onee WMPOKMe obnacTn paboymx 3HauveHuin BB.

Ycnoeua xpaHeHus ponyckaroT Hanbonee LWMPOKUE AUanasoHbl
3HayeHuii BB. Hanpumep, AN OCHOBHOrO napameTpa OKpyXXatoLiei
cpefbl — TeMnepaTypbl — B NacnopTte Ha NpnM6op MOXeT 6bITh 3anuca-
HO: «...Auanas3oH paboumx Temnepatyp: 0...+40 °C, gnana3oH Temmnepa-
Typ XpaHeHud: -10...+60°C».

3Has Kacc TOYHOCTU, KOI(MULNEHTBI BAUAHUA OKPYXaloLLeli cpe-
Abl (Hanpumep, TemnepaTypHbIi KO3PhULMEHT), a Takxke Koahhuyn-
EHTbl BANAHUSA HEMH(OPMATUBHbLIX NapaMeTPOB U3MePSAEMbIX CUTHANON
(HanpuMep, 4acToTbl NEPUOLMYECKOTO CUTHANa HanpsXXeHus npu us-
MepeHun LeNCTBYIOLLEr0 3HAYEHUS), MOXHO OLLeHUTb 3Ha4YeHue J0Non-
HUTENIbHON NOrpewwHoOCTU ¥ 3aTeM HaliTM CYMMapHYI WHCTPYMEHTalb-
HYI0, CNOXWB OCHOBHYIO W JOMNOMHUTENIbHYIO COCTaBNAOLLME.

HopmarnbHble

Pa6ouune ycnosus yenosna Pabouue ycnosus
P i7 tmpov vl A oc
+20 '
0 +5 +10 +15 g 422 *25 +30 +35 +40

Puc. 1.12. lnana3oHbl BO3MOXHbIX 3HAYEHWNA BAUAIOLLEM BEMNUYNHBI — TeMne
patypbl OKpy>Xatoleli cpefbl
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PaccMOTpMM NpUMEP HAaxXOXAEHWS OLEHKW AOMONHWUTENbHON CO-
CTaBNAKOLWEN NHCTPYMEHTANbHOW MOrPewHoCT Ha NprUMepe BAUSHUS
TONbKO OJHOM (HO CamMOl BaXHOW W, K cyacTblo, Hanbosnee nerko on-
pesensemoil) BB — Temnepatypbl. JonycTum, nNocne BbINOJHEHUSA 3K-
CrnepMMeHTa MO Knaccy TOYHOCTM MWAMamnepmeTpa HaijeHa ero
OCHOBHAaA WMHCTpPYMeHTanbHasa norpewHocts A0 = £1,0 MA; Temnepa-
Typa B X0fle 3KCnepuMeHTa 6blna 3adukcmpoBaHa +28 °C. TemnepaTyp-
HbI KO3 pMuMeHT B nacnopTe Ha npubop onpegeneH Takum obpa-
30M: «...AONONHWUTENbHAA NOTPEWHOCTL Ha KaxAable 10 °C oTtnnyus ot
HOMMHanbHOI TemnepaTypbl +20 °C paBHa OCHOBHOI MOrPeWHOCTN B
npegenax N3MeHeHMs TemnepaTypbl OKpy>KatoLein cpegbl 0T 040 +50 °Cx.
Torga npegenbHOe 3Ha4YeHMe JONONHUTENbHON abCoNOTHON norpeLwu-
HocTu [n B faHHOM cny4yae onpejenserca cfefyowmnm obpasom:

M28-jO0)=jM :8
10 10

1.3.5. MeTogunyeckasa NOrpewHocTb

Kak 1M3BeCTHO, NMOrpeLwHoCcTb pesynbrata U3MepeHuns onpegensercs
He TO/NbKO KnaccoMm ToyHocTtu CU. NCTOYHMKamMW HeLOCTOBEPHOCTU
pesynbTata MOryT 6biTb U Apyrve npuyuHbl. PaccMOTpUM NpUMEpHI,
NOsICHAIOLLME MOSIBIEHME METOAMYECKON cocCTaBnswoLleli obuleli no-
rPeLHoOCTM pesynbTara.

MpeacTtaBUM 3KCMEPUMEHT MO KOCBEHHOMY M3MEPEHUIO MOLLHOCTK
Ha aKTWBHOW Harpyske R MeTo4oM amnepmeTpa M BOAbTMETpa
(puc. 1.13, a). B pe3ynbTaTe NpoCTOro nepeMHOXeHMs NokasaHuii BONbT-
metpa Uv n amnepmetpa 1A Mbl Mojiy4aem He COBCEM TO 3HauyeHwue,
KOTOpOe c/efoBano 6bl, MOCKOJIbKY B 3TOM 3KCMEPUMEHTE BO3HUKaeT
MOrpewWwHOCTb, OnpeaensemMas He Knaccamum TOYHOCTM npubopos, a
LPYTUMU KX XapaKTepucTukamu (Hanpumep, BHYTPEHHUMU COMpPO-
TUBNEHUSIMU) N METOAOM UX UCNONb30BaHUA (Hanpumep, CXemoli BK/IO-
YyeHuns).

BonbTMeTp B 3TOi cxeme pearupyeT Ha cymmy (UR+ UA), T.e. Ha
CYMMYy NajeHWi HanpshKeHWi Ha Harpyske R M Ha BHYTPEHHEM CO-
npoTuUB/ieHNUN amnepmeTpa /< [lokasaHusa BonbTMeTpa Uv, Bblyuc-
neHHoe P un gelicTBuTenbHOe PB 3HauyeHWS MOLWHOCTU, COOTBETCTBEH-
HO, paBHblI:

Uv = la (Ha +
P = UV1A\
Pao-i2R

Takum 06pa3om, B AaHHOM Ciyyae MpuWYMHA OWIMOGKW B HaIUumm
KOHEUYHOro (X0Tb U Manoro, Ho He Hy/neBOro) BHYTPEHHEro COnpoTuB-
neHus amnepmeTpa RA 3HayeHVe METOANYECKON MOTPELUHOCTM Pe3yb-
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Puc. 1.13. BO3HMKHOBEHWE METOA,"4eCKOli MOrPeHOCTM NPU Pa3IMyHOM NOA-
K/10Y, 4um npruobopos:

a — BO/MbTMETp—amnep MeTp; 6 — aMnepMeTp—BONbTMETP

TaTa M3MePEHNs MOLHOCTY BabCcoMOTHOM A 1M OTHOCUTENIbHOM 5 BU-
[ax B AaHHOM C/yyae MOXHO OLEHUTb CreayloL M o6pa3om:

A=P-Pg=1\Ra\

5=—100 - — 100.
n A

3Has 3HayeHue COMPOTMBIIEHMSA aMnepmeTpa RA MOXHO, BO-Mnep-
BblX, OLEHWUTb 3HA4YeHWe MeT AMYECKON MNOrpewHoCcTn ANA AaHHOro
cnyyas, a BO-BTOPbIX, MOXHO CKOPPEKTUPOBATb (MCNPaBUTL) pe3ysib-
TaT BbIYMNC/IEHUSA MOLLHOCTHU.

PaccmoTpumM Konu4vecTBeHWIi npumep. MNycTb B cxeme puc. 1.13, a
NCN0Nb30BaH aMMNepMeTp C BH TpeHHUM conpoTtusieHnem RA= 10 Owm.
[Mony4yeHbl NoKasaHMA BOALTM Tpa n amnepmeTpa: Uv =250 B, 1A=2 A.
BbluncneHHaa no 3aTum nokaswuam mowHocts P= UMA=500 BrT.

AbGCcoNoTHas MeTogmyeckas norpewHocTe A= PARA = 4«10 = 40 B,
yTo coctaBnfeT 8 % pesynbtat uamepeHus. lNpasga, B JaHHOM Chy-
Yyae, NpyY TOYHOM 3HaHWUMW COr30TUBNEHUA RA 3HAK W 3HAYeHue 3TOl
MOrPewHOCTM U3BECTHbI TOUN3. Takum 06pa3om, 3Ty COCTaB/SAIOLLYIO
B 3TOM NMPUMEPE MOXHO MPaKTUYECKM MOSHOCTbIO CKOMMEHCUMPOBaTh
(NPOCTbIM yMeHbLEHNEM BbIYUC/IEHHOIO pe3ynbrata P Ha 3HavyeHue
A =40 Br).

OTMeTUM, YTO U3MEHEHME :XEMbl BKIOYEHUA NPUMOOPOB (MepeHoc
amnepmetpa 6amxe K uctouHuky 34C E, puc. 1.13, 6) He ucknwovaet
METOAMYECKYIO MOrPELHOCTb, & MPOCTO HECKO/IbKO MEHAET ee Npupo-
fy. B aTOM cniyyae NpuMYmnHON i 3rpeliHocTy ByaeT KoHe4YHoe (He 6ecko-
HeYyHo 60/iblIoe) BHYTPEHHEE CONMPOTUB/IEHNE Ry BONbTMETpa U, Kak
cnefcTsme, TekyWniA yepes He 0 TOK | v, N0O3TOMY, HECKONbKO 3aBbl-
lWeHHoe nokasaHue amnepmetpa IA= IR+ lv.

UemM MeHblUe OTHOLIEHWE 3HaYeHWii COMPOTUB/IEHUA aMnepMmeTpa
Ra n Harpyskun R B cxeme puc 113, o, Tem nydule, T.e. TEM MeHbLUe
norpewHocTb. Ansa BTOpoi CKMbl (CM. puc. 1.13, 6), 4eM Bbille CO-
npoTueneHne BofbTMeTpa JI*N0O CpaBHEHUIO C COMPOTUBIEHWEM Ha-
rpyskn R, Tem nyuyule.

MOXHO 6b1710 6bl N0 OTAETBHOCTU W3MEPATb HaNpPsXKeHue N TOK,
nooyepesHO BK/IKOYAsA BOMbTMETP M amnepmeTp. Ho npu Takoii opra-
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HU3aLMKn 3KCnepuMmeHTa HeobX04MMO MMETb YBEPEHHOCTb, YTO U3Me-
psemMble BEIMYUHBI HE U3MEHSIOTCA B NPOLECCe aKCnepumeHTa. MHave
MOXET MNOABUTLCHA 3HAUYMTENbHAA AMHaMWYecKas MOrpewHocTb (CMm.
nogpasa. 1.3.7).

1.3.6. NorpewHOCTb B3auMoaencTBus

3Ta cocTaBnAlowWwan obuwieli NMOrpewHOCTU pe3ynbTata BO3HUKaeT
M3-3a KOHEeYHbIX COMPOTMBAEHWIA WCTOYHUKA curHana u npubopa.
Ha puc. 1.14 nokasaH BO/MIbTMETP, BXO4HOE CONPOTUB/IEHNE Rv KOTO-
poro xXoTb W BENNKO, HO He 6eCKOHEeYHO. Mpu NOAKAYEHUN BONbT-
MeTpa K uctouHuky 3C B Lenun noTeyeT TOK /, onpejensemblil 3Have-
Huem 3[C E,, a TakXke 3HaYeHUAMU BHYTPEHHEro COMPOTUB/EHUA
MCTOYHMKA RHW BXOLHOro CONpoTUBeHUs npubopa R . MoaTomy n3-
MepseMoe BO/IbTMETPOM Harnps>XeHne UvBcerga 6yfeT HeCKOMbKO MeHb-
Wwe 3HayeHua 3AC Ex, 4To U NpUBOAUT K MOSABMNEHWUIO MNOrPELUIHOCTH
B3aMmogeincTBms A MorpewHoCTL B3anmogelicTeua B BonbTMeTpa 1
MCTOYHUKA HaMpPAXeHNA ONpefeniaeTca crnefyroumM o6pasom:

u Ry\
R» + Rv y

=U-Er Ex R"
RH+ Ry

3= - A 5m=-]-1100.
Kn Ky

OueHMM 3HayeHMe MOrpeLlHOCTN B3aUMOLENCTBMA Ha MpUMepe.
Mpeanonoxum, K nctouHnky 34C Ex= 10 B, nmerowemy BHyTpeHHee
conpoTmeneHne Rn = 10 OM, NOAK/OYEH aHANOr0BbI BOMLTMETP C
BHYTPeHHUM conpoTusfieHMem Ry= 10 kOm. MpeHebperas Bcemu oc-
Ta/NbHbIMW MOrPeLHOCTAMU, onpedenM MokasaHue npubopa, 3Hade-
HWSA abCOMOTHOI M OTHOCUTENbHOI MOrPELHOCTER B3aUMOAEACTBUS.
B faHHOM cfiyyae nokasaHue Bo/ibTMETpPaA

Uy= 10 B+ 10 kOM/(KO KOm +
+ 0,01 kOm) = 9,99 B.

McTouHMK BonbTmeTp

norpewHocTn BSaI/IMO,IJ'EI\/’ICTBVIFI paBHbI COOT-
BETCTBEHHO:

As=-0,01 B; 588=-0,1 %.

|
AOGCONOTHOE N OTHOCUTENbHOE 3HAYEHMA K i/ 6 XKI'

Puc. 1.14. lMorpewHocTb

BO3HWKaeT NOorpewHoOCTb B33.V|M0,U'el7|CTBV|F| MeTpa U UCTOYHUKA Ha-
(Puc. 1.15). MpsHKEHNS
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VicTouHnK AmnepmeTtp McTouHuK

HanpsKeHus BonbTmeTp
n n =["B*
WD) B
Puc. 1.15. BnuaHue amnepmeTpa Puc. 1.16. MorpewwHoCcTb B3aMMOogei-
Ha TOK B Lenu CTBUA Npmbopa v NCTOYHUKAE NEPU-

04N4YeCKOro HanpsaXeHunAq

AMnNepMeTp UMeeT Manoe, HO He Hy/neBOe BHYTpPeHHee COMPOTUB-
neHue Ra, v Npu BKAKOYEHUUN €0 B LeMb TOK B HEli HECKO/IbKO YMEHb-
LaeTcs.

Ecnu npeHebpeyb ManbiM 3HAYE€HWEM BHYTPEHHEro conpoTuBe-
HUA MCTOYHMKA E, cumTad, u4To OHO ropasfo MeHblle CONpPOTUBIE-
HUsA Harpyskun Au {Rn« $u), TO MOXHO FOBOPUTL O TOM, YTO TOK / B
Lenu ¢ BKIKOYEHHbIM amnepMeTpoM OnpefenseTcs OTHOLWEHWEM 3Ha-
yeHuss 34C E kK cymme conpoTuBeHUiA Harpy3kn RHu amnepmeTtpa RA
A peiicTBUTENbHOE 3HAYEHUE TOKa /4 B 3aMKHYTOl uenu 6e3 amnep-
MeTpa OnpefensaeTcd TOo/bKO CONPOTUBJIEHUEM Harpys3kum RH

l=_ — i =]L

Ru + Ra A

PasHnua mexpay 3HavyeHMAMM TOKOB (1— 1) M ecTb MOrpPewHocCTb
B3aMMOAencTBuA A8 npubopa M 06beKTa MCCAeA0BaHUA B JaHHOM
cnyyae. AGCONOTHOE M OTHOCUTE/NIbHOE 3HAYEHWS MOTPeLLUHOCTH B3au-
MO/JEACTBMNA paBHbl COOTBETCTBEHHO:

Ag=h- haft ~pA7

683 100.
AH

Mpu paboTe C NEPEMEHHbLIMU HanpPsHKEHWAMW M TOKamu 3Ta co-
cTaBnstoWwas o6Lieli MOrpewHoOCT MOXeT BbITb 3aMeTHO 6o/blue. Pac-
CMOTpPMM, HanpuMep, B3auMogelicTBMe npnbopa n NCTOUYHMKA Mepuo-
LMYecKOoro HanpshkeHus. MOCKObKY BXOLHOE CONPOTUBEHME BOJbT-
meTpa (unu ocuumnnorpada) B obwem cnyyae ecTb KOMMJEKCHOE CO-
NpoTMBAEHME 2/, cOCTOsLLEe N3 aKTUBHOW YacTn RBXM eMKOCTHOI CBX
(puc. 1.16), To 06Lee BXOAHOE COMPOTUBAEHNE €CTb MapanienbHoe co-
eMHEHNE aKTUBHOTO M EMKOCTHOIO COMPOTUBEHWIA.

MorpewHoOCTb B3aMMOAeNCTBAA Npnbopa M MCTOUYHUKA NEepuoau-
YeCKOro HampshKeHUs onpegensieTca cnegyrowmm obpasom:
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MorpewHoOCTb B3aUMOAENCTBUA B 3TOM cfiyyae Tem 60/blue, 4em
MEHbLLIE KOMM/IEKCHOe BXO4HOE CONPOTUBEHNE ZBXT.e. UeM MeHbLIE
aKTMBHas cocTaBnsatouwas RB(u yem 60fblle 3Ha4YeHMe BXOAHON eM-
Koctn CT. C poCTOM 4acToTbl CUrHaNa eMKOCTHaa cocTtasnaouwas ZBK
CUJIbHO YMEHbLUAeTCs, YTO MPUBOAUT K YBE/IMYEHWNIO NOTPELIHOCTY B3a-
nMoaeincTeus.

MpaBaa, Ha HU3KWX YACTOTax CUITHANOB (a B 3MIEKTPUUYECKUX Lenax
MPOMbILLMIEHHOW YaCcTOTbl OHW CPaBHUTENbHO HW3KWE — BEPXHAS Tpa-
HULa CreKTpa OObIYHO He BbilIe COTEH repy — eAUHUL Kuaorepy)
eMKocTHaa cocTtaensouwas Cex (06bIYHO 3TO LeCATKU — COTHM MUKO-
thapafl) NpakTUYecKn He MPOSABAAETCHA U MOXHO TFOBOPUTH TONLKO 06
aKTMBHOW cocTaBnsowein RBXo6wero BXxogHOro conpoTusneHms ZBK
npubopa.

1.3.7. AnHaMmmnyeckasa NorpeLHocTb

[vHamunyeckas NOrpewHocTb — 3T0 MorpewHocte CU, BO3HUKAK-
Wwas npum M3MEpPeHMN M3MEHSAILWelncs B Npouecce U3MEpPeHUn Ghusn-
4ecKO BeNNYMNHBI.

MpesnonoXxeHne o cTaTUuyeckoin mogenn obbekTa (6€3 MMEL L MXCS
Ha TO OCHOBAHW) MOXET NPUBECTU K 60nbWMM owmnbKam. NHepumnoH-
HOCTb Npubopa Npu 6bICTPOMEHAIOLWMXCSA BXOAHbIX CUTHANaxX poxaaet
ONHAMUYECKYI0 NOTPeLHOCTb pesynbTarta USMepPeHus, a MHOr4a u npocTo
NPUBOAUT K HEBO3MOXXHOCTMW ONpPeaeNnTb pesy/bTat. Apkuii npumep: mar-
HUTO3MEeKTPUYECKMNIF aMNepMETP He B COCTOSAHMM 3aiKCMpPOBATb KpaT-
KOBPEMEHHbIWA (4NNTENbHOCTbLIO, Hanpumep, MeHee | ¢) MMNynbC TOKA.

Ha puc. 1.17 noka3aHO BO3HWKHOBEHMWE LMHAMWYECKOW MmorpeLu-
HOCTM AL Npu NPOTEKaHMM Yepe3 MarHWTO3NEKTPUYECKUA n3mepu-
Te/bHbI/ MexaHu3Mm O6bICTPO MeHstoWweroca Toka. Ha puc. 1.17 nsobpa-
XeHbl KpuBas nameHeHunsa Toka i(f), TekyuLero yepes mexaHusm, n Kpu-
Bas U3MeHeHMs nokasaHuii a (/)» MexaHnyeckas NHEPLUOHHOCTbL NOA-
BVMXKHOI 4acTu npubopa NPMBOAMT K HeM3BeXXHOMY OTCTaBaHMIO ee
peakuuy npu BbICTPbIX U3MEHEHMAX TOoka. Bo3HUKawowas npu atom
AVHamuyeckas norpewHocTs g
TeM 60/bLUe, YeM BbILE CKOPOCTb
N3MeHeHuns i(t) u yem 6onbLie mac-
ca MOABMXXHOI YacTu.

MeHAaloWwmecs wuccregyemble
CUTHanbl MOTYT NPUBOLAUTDL K 3Ha-

UNTENIbHBIM MOTPELHOCTAM pe-
3y/NbTaTOB KOCBEHHbIX U3MEpPEHWUA
BC/IeiCTBME HEOAHOBpPeMeHHoe™
BbIMO/IHEHNA Pa3NINYHbIX UCXO[-
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HbIX NPAMbIX U3MepPeHNi. P akTn-
YeCKM 3TO TOXE JMHAMMYeckas no-
rPewHoCTb, HO B JaHHOM Cry4ae
OHa onpegenseTcs He GbiCTpoOAEli-
CTBMEM OTAENbHbIX Npubopos, a
CKOPOCTbIO M3MEHeHUs uccnegye-
MbIX NnapameTpoB M 0CO6EHHOCTA-
MW OpraHusauum 3KCNepuMeHTa.
HecMHXPOHHOCTbL MONY4YeHUs oT-
L0eNbHbIX UCXOAHbIX pe3ynbTaToB
N3MepeHNs Kak cneacTeme BblObpaH-
Horo metoga (noaxopna) 3actaBns-
€T OTHOCUTb 3TY MOrPeLwHOCTb Tak-
Xe U K MeTogmyeckoi, moCKONb-
Ky OHa He 3aBUCUT OT XapakTepu-
CTUK (B 4aCTHOCTW, K1accoB TOY-
HOCTW) camMux nNpubopoB.

MponnnocTpupyem npupogy BO3HWKHOBEHWUS 3TOW NOrPeLIHOCTM
Ha NpYMepe KOCBEHHOr0 M3MepPEeHNs aKTUBHO MOLHOCTK B 04HO®DAa3-
HOM 3NeKTPUYECKON uenu ofHUM MpU6OPOM — UUGPPOBLIM MYybTU-
MeTpOM C TOKOBbIMM Knewamu. MNoovepeaHo (C HEKOTOPOW eCTeCTBeH-
HON BPEMEHHOW 3afepXXKoi At) M3MepsaOTCA TeKyuime feicTByHOLWLME
3HauYeHus HanpsxeHua U un Toka [, a 3aTeM BbIYUCAAETCA 3Ha4YeHue
aKTMBHOI MouiHocTh / ’(puc. 1.18).

MpeanonoXum, 4To B MOMEHT BpeMeHM /] n3MepeHo felicTByloLLee
3HaveHue HanpsxeHua t/(/[) = 220 B. 3aTeM, ckaxem 4yepe3 1 MUH, B
MOMEHT BPEMEHM /23TUM Xe NpnubopoM M3MepeHOo AelCTBYloLLee 3Ha-
yeHue Toka I(t2) = 3,0 A. Janee no pesynbrataM 3TUX UCXOAHbLIX Nps-
MbIX U3MEPEHN BbIYMCAAETCS 3HAYEHNE aKTUBHOW MOLLHOCTU (Harpysky
CUNTaeM YMNCTO aKTUBHOW):

P = U{ty1{t2 = 220 +3,0 = 660 BT.

Puc. 1.18. KocBeHHOE M3MeEpeHne MoLL-
HOCTW O4HUM NPUBOPOM

Mexay Tem, peasibHble 3HAYeHUSA aKTUBHO MOLHOCTM Pp B MO-
MEHTbl BPEMEHN t\ 1 t26b11K PaBHbl, COOTBETCTBEHHO!

Pph) = */(,) A',) = 220-3,3 = 726 Br,
Pp(h) = U(t2)r(t2) = 240-3,0 = 720 Br.

Takum o06pa3om, pasHuua Mexgy BblumcieHHbiM (660 BT) u pe-
anbHbIMKU (726 1 720 BT) 3Ha4YeHMAMMW aKTUBHOW MOLHOCTU B faH-
HOM cnyyae coctaBnsieT okono 10%. MNpuyem 3TO 6e3 ydyeTa MH-
CTPYMEHTaNIbHOM MOrpewHocTM npubéopa, NOrpewHoOCTU B3auMofeli-
CTBUA U ap.

Ecnn aHanornyHas MeToAuKa UCNOMb3yeTca A1 OLEHKU MOLHO-
CTV B Tpex®a3HOo 3NeKTPUYeCKOl Lenu, To ownbKa MOXET ObITb 3Ha-
YnTenbHee 3a cyeT 60/blIero o6l ero BpeMeHn 3agepXxku At.
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1.3.8. Cy6bekTuBHasA NOrpeLwHoCcTb

PasnunyaloT HopmanbHoe (WTaTHOe, 06bBACHMMOE, NpPefcKasyemoe)
nposiB/ieHNe Cy6beKTUBHOCTM OTCUUTLIBAHMA NPU PUKCaLUK pesy/bTa-
Ta n3MepeHuns (oTcyeTa) U HeHopManbHoe (Henpenckasyemoe). MNosBsne-
HMe cy6beKTUBHON MOrPeLHOCTY eCTECTBEHHO M TUNMYHO npu paboTe ¢
aHanoroBbIMU CTPENIOYHbIMM NpubopaMy B BUAE MOMPeLHOCTN OTCUU-
ThlBaHus. MOrpewHOCTb OTCYMTbIBAHUS B 06LLEM Cyyae CKnafblBaeTcs
13 [BYX COCTABNAOLWMX: NOrPELIHOCTN UHTEPMNONALUN W NOTPeLLIHOCTH
napannakca (puc. 1.19).

MepBas cocTaBnsAlWas — MNOrPeHOCTb UHTepnonsauuu (CM. puc.
1.19, a) — Hen36exHO BO3HMKAET npu 060l NONbITKE ONpeaennTb
nosoXeHue ykasatens (CTPeNKW) OTCUETHOrO YCTPOICTBA MEXAY ABYMS
COCeHVMW LeNeHUSMW Ha LKane, T.e. OLEHUTb 3HAYeHUe 4YacTu fe-
neunsa —ap. MNpu joCcTaToO4HOM HaBblKe OnepaTopa 3Ta COCTaBNANOLLL AN
MOXeT UMeTb 3HayeHue £(0,2...0,1) Beca 04HOTrO0 AeneHns d. Y undpo-
BbIX NPUOOPOB eCTb NOX0Xas MO NPUPOLE COCTaBAALWAaa — NorpeL-
HOCTb KBAHTOBAHWUA, HO TaM OHa HeCyb6bLEKTUBHA.

MorpewHoCcTb napannakca BO3HWKAET MPU HenepneHauKynspHoOM
B3rNf4e Ha LWKany B MOMEHT OnpeAeneHns MoA0XeHUsA CTpenkn (CM.
puc. 1.19, 6). Yem 60nblue pacCTOAHNE MeXLY LKanol npubopa u cTpen-
Koin L, Tem 6onblwe BO3MOXHas NMOrpewHoCTb Mapaniakca ], JTa
COCTaB/iAIOLWAA NPU TWaTe/IbHO BbIMOMHAEMOM 3KCMEepPUMEHTE TakxXe
MOXeT ObITb cBefleHa A0 3HauveHus +(0,2...0,1) Beca ogHOro fene-
HWUA (. B KOHCTPYKLMWW CPaBHUTENbHO TOUHBIX CTPENOYHbIX NPpM6OpPOB
(knacc TouHocTn 0,5 n 6onble) ANa yCcTpaHEHWS MOrpewwHoCcTM na-
pannakca B MJIOCKOCTW LWKafbl YCTaHaBNMBAalOT 3epkano. Takas 3ep-
KanbHas LWKana no3sonseT obecneynTb CTPOro NepPneHMKYNApHbINA
B3rNsaf4 Ha Wkany. OTCYMTbIBAHME MPU 3TOM HEOOXOAMMO NPOU3BOANUTD
TakuM 06pa3omM, 4To6bl CTPesiKa 3aKpbiBana CBOE OTPAXEHUE B 3epKane
(puc. 1.20).

Ha puc. 1.20, a n 6 mokasaHbl cuTyaLuu, NP KOTOPbLIX B 3epKane
HabnogaTento BUAHO OTPaXKeHWe CTPeNiku. ITO yKasblBaeT Ha Henpa-



a 8 B

Puc 1.20. YcTpaHeHuMe NOrpewHoCcTy napannakca:
an 6 — HenpaBW/IbHOE MOJIOXKEHWe FO0Bbl HAbN0AATENS; B — MPaBU/bHOE MOMIOXEHNE

CBeTOBOA
LLIkana /ykasatenb
0 1 3 4 5 6
111! ool

Puc. 1.21. OnTn4yeckunit oTcueT

BW/IbHOE MONOXEHMWE ro/I0Bbl HabngaTens npu oTcUMTbiBaHUN. CuTya-
uUus, nokasaHHaa Ha puc. 1.20, B, COOTBETCTBYET MpaBWU/IbHOMY pac-
MOMIOXKEHWIO TON0BLI Habnopatens (OTpaXxeHue CTPEKK B 3epKane 3a-
KPbITO CaMOil CTPENIKOWA).

Lpyrum peweHneMm, No3BOAAKOWNM NPUHUUNWANLHO WCKIOYNTH
MOrpewHOCTb Napannakca, ABAseTCA UCMONb30BaHUE BMECTO CTPENKK
ONTMYECKOr0 OTCYETHOIO YCTPOICTBA, B KOTOPOM MpPU M3MEHEHWUW 3Ha-
YeHMA N3MepAeMOoli BEIMYMHbBI MEHAETCA MOMOXEHME CBETOBOIO NATHA
Ha wkane (puc. 1.21).

MockonbKy mpu 3ToM paccTosHMe L = 0 (MATHO NeXUT Hemno-
CPefCTBEHHO HA MOBEPXHOCTW LWKanbl), TO pe3ynbTaT OTCYUTbIBAHWSA
He 3aBMCUT OT pacnonoXXeHna HabnogaTens No OTHOWEHUKO K Npu6o-
Py W, CNefoBaTenbHO, He COAEPXXUT NOTPELHOCTY napannakca. Y umg-
POBbIX MPUOOPOB MOFPELUHOCTMN OTCYMNTBIBAHUS MPUHLMUNNANBHO HET.

K Cy6bEKTUBHbLIM e OTHOCATCA WM HenpejCcKalyeMble 3apaHee no-
rPEWHOCTN, Bbi3BaHHbIE TPYyObIMU OWMbKamMm (npomaxamm), Kak cneg-
CTBME HW3KOW KBanudpukauum onepatopa u/Mam ero naoxoro camo-
YyBCTBUA. TUNMUYHBIM MPUMEPOM TaKOW CyOBLEKTUBHOI MOrPEHOCTM
ABnseTcA OowWmnbKa B oOTCYeTe W/MAM 3anucy pesynbTata npu paboTe ¢
MHOrogmanasoHHbIMKU Npubopamu, a Takke — npu paboTte ¢ npu6o-
pamMmun C HENVHEWHbIMK LLIKaNaMMm.

1.4. OBPABOTKA PE3Y/IbTATOB W3MEPEHWI

O[HO 3HaYeHNEe N3MePSEMOin BENMNYNHBI (OTAENbHbLIA pe3ynbTaT Nps-
MOF0 U3MepeHus), NofyvyaemMoe B NpoOLEcce U3MepUTeNnbHOro 3Kcne-
pPUMEHTA, Ha3blBaeTcs HabntoaeHneM. OKOHYaTeNbHbIA pe3ynbTaT u3me-
PeHNs B 0OLEM C/y4yae HaxofdAT, BbIMOAHAS 06paboTKy HECKOMbKUX
HabNOAEHNIA.
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Mpoueaypa 06paboTKy 3aKnto4aeTcs B 06LLEM CMyyae B BbIMOJHE-
HUN HECKOJIbKUX OMepauuii: UCKAYEeHUEe M3 psfa MOSYyYEHHbIX Ha-
6110 4eHNIT SBHO OWMOGOYHbLIX, OMpPeAeneHue 4YUCMOBOr0 3Ha4YeHUs
(oueHKKn) cobCTBEHHO pesynibTata M3MepeHus (419 KOCBEHHbIX U3Me-
PeHWIi — N0 YHKLMOHANbHOW 3aBUCMMOCTM UCKOMOR BEINYMHBI OT
MCXOAHbIX), MpPOBeAeHWEe CTaTUCTMYECKOW 06paboTKuM, HaxoxpaeHue
nokasaTteneid TOYHOCTM M3MepeHWs (OLEeHKU MOrpewHocTn), Bbibop
thopmbl NpeAcTaBNeHNA OKOHYaTeNbHOro pesynbTata. [pu ogHoOKpaT-
HbIX (O4MHOYHBIX) MPAMbIX U3MEPEHUAX pe3ynbTaT U3MepeHUs cosna-
[JaeT C HabNeHNEM.

3anucb OKOH4YaTe/bHOro (o6paboTaHHOro) pesynbTata N060ro N3-
MepeHUs [OMKHA COAEepXaTb YAC/NEHHOEe 3HauYeHue pe3ynbTarta, ONeH-
Ky CyMMapHO NOrpewHoCT! M3MePeHUs 1 3Ha4YeHUe LOBEPUTENbHON
BEPOATHOCTM paos, COOTBETCTBYIOLLEe 3TOW MorpewHocT. Hanpumep,
KOppeKTHasa 3anucb pesynbTata U3MepPeHUs COMPOTUBAEHUS R MOXET
BbIFNSAETb TaK:

R =106,2 Om; JT=+%25 Om; pTB =1

MorpewHoOCTb pe3ynbTaTta CAeayeT 3anucbiBaTb OAHOW WAM ABYMSA
3HavalWw MMy undpamu, NnpuyemM Bec MafLIero 3Havaliero paspsga B
yncne pesynbTata U3MEpPEHMs LO/KEeH COBNajaTb C BECOM MAafLlero
3Hayvallero paspaga B yncne norpewHocTn. CKaxem, HeNpaBsubHO 3a-
NUCbIBaTb OKOHYATE/bHbIA pe3ynbTaT U3MEPEHMWSA HaMPSAXeHWNA TakKum
obpasom: U=224,6 B; 1=+5 B; pau=1

1.4.1. O6paboTKa NPAMbIX U3MEPEHNIA

Pa3nnyaloT ofHOKpaTHble (OAMHOYHbIE) U MHOTOKpaTHble (MHOXe-
CTBEHHbIE) MpsAMble U3MEPEHUS.

OfHOKpaTHbIE U3MEPEHUS — 3TO CaMble MPOCTble NO BbIMO/HEHUIO U
06paboTke — Hanbonee pacnpocTpaHeHbl B NPaKTUKE TEXHUYECKUX U3-
MEPEHWI A — 1 03Ha4alT MOYyYEeHWEe OKOHYaTeNbHOr0 pesynbTaTta Mo
O4HOMY pa3oBOMY HabnogeHuto (OTCUeTY).

PaccmoTpuM BOMPOC OMpejeneHns OLEHOK OCHOBHON, gonon-
HUTENbHOW (BbI3BAHHO OfHON BB — TemnepaTypoil OKpy>KatoLei
cpefbl) N CyMMapHON WHCTPYMeHTanbHbIX NorpewHocTeli. Mpegno-
NOXUM, LUGPOBbIM MY/AbTUMETPOM C AMana3oHOM W3MEPEHUs rme-
pemMeHHbIX HanpsbkeHui 0...400 B nonyyeH pesynbTaT W3MEPEHUSA
[eicTBylolWero 3HauYeHNa HanpsXXeHWsa B 3fekTpuyeckoi uenm: U =
= 220,0 B. Knacc To4HOCTM npubopa (NpegenbHoe 3Ha4eHUe 0CHOBHOW
abCcoNoTHOW norpewHocTy [n) Ha 3TOM Amana3oHe 3afjaH Takum 06-
pasom:

An= +(0,n05/1; + 0,005/1T),

rae Xk — BepxHee 3HauyeHue AuanasoHa uU3MepeHusa (B Hawem cnyvae
Xk=400 B); X — n3MepeHHoe 3HayeHue (220,0 B).
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B nacnopTe Ha npnbop 3anncaHo «... 4OMNOJIHUTENIbHAA NOTPELHOCTb
Ha Kaxgble 10 °C oTn4mMsa OT HOMUHaNbLHOW TemnepaTtypbl +20 °C paBHa
MOJIOBUHE OCHOBHOW MOrpewwHOCTN B Npefenax gunanasoHa paboumx
TemnepaTyp oKpyxatuwei cpegbl o1 0 go +50 °C». TemnepaTtypa OKpy-
Xatouleli cpefbl BO BpeMs 3KCMepuMeHTa 6bina 3apuKcMpoBaHa paBs-
HoW +35°C. Bce ocTanbHble BB, gonyctum, Haxogunuchb B npegenax
CBOMX HOPMasibHbIX 3HAYEHWUIA.

[ns peweHna 3agayy BOCMNOJSib3yemcd Hanbosiee NpocTbiM (geTep-
MWHWPOBAHHbIM) NOAXOLOM — OLLEHKOI MO HauxygLlwemy cnyyato, T.e.
onpefenum MakCMManbHO BO3MOXHbIe 3HAYEHUA MOrpeLlHOoCTel npu
3aflaHHbIX YC/IOBUSAX C LOBEPUTENbHOW BEPOATHOCTbIO pams = 1 [Mpe-
[enbHOe 3HayeHWe OCHOBHOM abCOMOTHOW MOrPELHOCTH:

J10 = +(0,005 w100 + 0,005 m220) =
=+(2,0 + 1,1) =+3,1 B.

MpegenbHOe 3Ha4YeHMe LOMOMHUTENbHOW abCcoMOTHON NOrpeLwwHo-
ctu [n onpegensdercs Tak:

. (U2)0.(35-20)  (1/2)3M5  +2
10 10

CyMMapHble MHCTPYMeHTa/bHble abcontoTHas [, u 0THOCUTENbHAs 6
MOrpeLHOCTM pe3ynbTaTa M3MEpPEHUs:

N0=[0+0p-+(3,1+ 23) =54 B;
5=+7100 =+2,5%.

HanoMHKM, 4TO peafibHble MNOFPELHOCTN MOFYT UMETb t0Oble KOH-
KPETHble 3Ha4YeHWS, He MPEeBbILWIALLME 3TUX PAaCCYUTAHHbBIX Npeaenb-
HbIX 3HAUYEHWIA.

MpaBu/bHasA 3aNUCb OKOHYATENbHOTO pe3y/bTaTa 3TOro M3MEPEHMs
BbIFNAANT Tak:

X=220,0 B; =+54 B; pas= 1,

rge X — pesynbTat usmepeHus; [ —npegenbHoe 3Ha4eHWe CyMMapHOil
WHCTPYMEHTaNbHOW abCoNOTHON NOrpeLHOCTH; PBoB — LOBEPUTENb-
Haf BEPOATHOCTbL TOr0, YTO peanbHOe 3HaYeHWE MOrpeLHOCT He npe-
B30MAeT pacCUMTaHHOro 3HauveHus [ (peanbHas WHCTpPyMeHTa/lbHas
MOrpewHOCTb B JAHHOM 3KCMEPUMEHTE HU MPU Kakux 06CTOATeNbCTBAX
He MOXEeT MPeBbICUTbL N0 MOAYNO 3HayeHusa 5,4 B).

OTMeTMM, YTO pacyeT CyMMapHO NOrpewHOCTU pe3ynbrara M3-
MepeHus B 06LLeM cnyyae npejnosiaraeT HaxoXAeHne MakCUManbHO
BO3MOXHOIO 4YMcna cocTaBnarwmnx (OCHOBHOW UM AONONHUTENbHOMN
WHCTPYMEHTaNbHbIX, METOANYECKOI, B3auMOAeCcTBUA, Cy6bHEKTUB-
HOM).
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1.4.2. MHOTOKpaTHbIe MpsAMble U3MEPEHUA

B MHOroKpaTHbIX (MHOXeCTBEHHbIX) MPSAMbIX U3MEPEHUAX MOyYaloT
pag HabnogeHuin (B 06WeEM cnydae pas/iMyHbIX) OLHOW U TOW Xe pu-
3MYeCKOlM BeNUYMHbI. [1py 3TOM BO3MOXHbI [lBe MOCTAHOBKW 3adayl.

MepBas nocTaHOBKa 3afjayn: M3MepsemMas BeMYMHA HEU3MeEHHa, a
MHOXECTBO PasNnyYHbIX HabnofgeHuii (0TAeNbHbIX pe3ynbTaToB M3Me-
PEHNA) BbI3BaHbI, CKAXeEM, HaMUMEM Y MHCTPYMeEHTa 3aMeTHbIX Cay-
YaliHbIX norpewHocTell. W Toraa pewaroTcs BONPOCHI, YTO NPUHATL 3a
M3MepeHHOe 3HauyeHue (3a OKOHYaTeNbHbI/ pe3ynbTaT U3MepeHus) u
KaK OLeHUTb CyMMapHYyI MOrpewHoCTb pesynbTarta.

BTopas nocTaHOBKaA 3ajayun: cama u3mepsemMas BeluMymnHa cnyyaiHa
M TOrga peLlaeTca BOMPOC ONpeAeneHns OLeHKN MaTeMaTUYecKoro oXm-
faHna 3TON cny4yaliHOM BENMYMHBLI U OLEHKW ee CpeAHero KeagpaTu-
YeCKOro OTK/OHeHUs. MaTemaTuyecKuin annapar peleHus obenx 3a-
fay akTnyeckn o6LMil, 0AHAKO, CYLLECTBO MOCTAHOBKM NPUHLMMIN-
afbHO pasHoe.

PaccmMOTpMM TONbKO MepBblli Cnyyail, Kak 60nee pacnpocTpaHeH-
Hbll B NPaKTUKe TEXHUYECKUX U3MepeHUil. lonycTuM, UMeeM paj Ha-
6nogeHuin xb S, XT NOAY4YeHHbIX 0AHUM NpMbGOPOM Npu M3mepe-
HUW O[HOW Y TOW XKe HEM3MEHHON BennumnHbl X. Mpubop nmeeT TONbKO
C/yYaiHyt0 NOrpeLHoCTb (Ero CMCTEMaTNYECKOW NOrPeLlHOCTbH MOXHO
npeHebpeyb Ac=0). Torga oueHKoON JT* MICTUHHOTO 3HAYEHUS U3meps-
eMOoii BENMUYUHbI, T.€. pe3ynbTaToM M3MEPeHMWd, CnefyeT cumTaTh cpes-
Hee apuMeTMYeCKOe BCEX MCXOAHbLIX HABMHAEHNIA X~

Ecnu e cnctemMaTnyeckoi MOrpewHocTbio [c npeHebpeyb Henb3s
M ee 3HayeHuWe, NpefnNONIOXNM, U3BECTHO, TO HEOOXOAMMO CKOpPPEK-
TUPOBaTb MOJSYYEHHbI/ pe3ynbTar:

n

n

Ecnn 3HauveHMe cucTemMaTM4ecKoil norpewHocTu [ic HeW3BeCTHO,
3afjlaya He VIMeeT KOPPEKTHOro peLueHus.

Mepoii 4OCTOBEPHOCTW HaWAEHHON OLEeHKN X* CAY>XMWT OLeHKa cpej-
Hero KBagpaTuyeckoro OTK/IOHEeHUA a* (curma manas) 3TOro cpefHe-
ro apumMeTmnyeckoro X*:
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PaccmoTpum npumep. Mpeanonoxum, MoayyYeH psg HabnwgeHui
(pe3ynbTaTtoB OAMHOYHbBIX MPAMbIX U3MEPEHWIA) LEeNCTBYIOLLErO 3HaYe-
HUSA MEePEMEHHOro HanpsXXeHus U, B 3M1IeKTPUYECKO Lenn BONbTMET-
pOM, MMEILMM 3aMeTHYIO0 CAyYaiHyl0 MOrPeLHOCTb:

Homep otcyeta.. 1 2 3 4 5 6 7 8 9 100 11 12
U, B e 218 214 210 212 204 214 208 212 218 222 220 216

Mpeanonaras, 4YTo y BOAbTMETPa €CTb TOAbKO CAyyailHaa morpe-
HOCTb (cucTeMaTuyeckas oTcyTcTByeT, T.e. [c = 0), a usmepsemas Be-
NNYMHA 33 BPeMSA HabNOAeHUA He U3MEHANACh, MOXHO HANTW OLEHKY
OKOHYaTe/NbHOr o pe3ynbTaTa UsMepeHusa J1* n oUeHKY cpegHero Keaf-
paTUYecKoro OTK/IOHEHMA O* 3TOrO pesynbrara.

B cooTBeTCTBMU C NPUBELEHHBIMW Bbille BbIPaXXeHNAMMN BbIYUCIUM
NCKOMble 3HauveHusa: JT1* = 214,0 B; o* = 1,5 B. And cnyyasn, CKaxem,
HOpPMa/nbHOr0 3aKoHa pacnpefeneHns cayyaiHON MOrpelwHoCTH, 3a-
faBasicb KOHKPEeTHbIM 3HAa4YeHWEM [0BEpPUTEbHON BEPOATHOCTM PIOB,
MOXXHO NIEFKO HaiTW abCoNMTHYK NOrpewHocTs [, Hanpumep, npw
Tpebyemoil oBepuTENbLHOMW BEpOsiTHOCTU pams = 0,95 3HauyeHne abceo-
NOTHOW MorpewHocTn coctaenset [, =+2 «15 = +3,0 B, a gna sepo-
ATHOCTU pams = 0,997 3HauyeHne abCONOTHOI NOrPeLHOCTM CoCcTaBnA-
eT A=+315=+45 B.

1.4.3. O6paboTKa KOCBEHHbIX U3MepeHuii

KocBeHHble M3MepeHUs B NMpaKTUKe 3MEKTPUYECKUX W3MEepeHWi
BCTpeYatoTCa LOBOMLHO YacTo. Bonpoc OueHKM MOrpewHocTn pesysb-
TaTa M3MepeHns — OfMH U3 BaXXHeMLNX B TaKNX aKcnepumeHTax. Nmes
NoAPOOGHYO UCXOLHYIO MH(OPMALUI0 O NPUMEHAEMbIX CpeacTBax W3-
MepeHus, N3MepPSEMbIX BEIMYMHAX U YCNOBUAX MPOBEAEHUN 3KCMepu-
MeHTa, MOXHO A0CTaTOYHO CTPOro PeLnTb 3aavy OLEeHKN CyMMapHOii
MOrpewHocTH pesynbTaTa usMepeHus. Mpasga, TpebyeTcs YETKO Oro-
BapvBaTb BCe JOMNyLU,eHMA. BO3MOXHbI ABa NOAX0Aa K PELIEHUI0 3TOl
3ajayn: AeTepMUHUPOBAHHbIA M BEPOATHOCTHbIA, paccMOTpUM mnep-
Bbll MOAXOA.

JeTepMUHMpPOBaHHbIA Noaxod (MHOr4a Has3blBaeMblii MeTOLOM Hau-
XyALwero cnyyas) 6onee xapakTepeH 418 06bIYHbIX TEXHUYECKUX U3Me-
PEHUA N 3KCNPECcC-U3MEPEHNI € NX 0ObIYHO YMPOLEHHbIMWU MOLENs-
MW npoLeccoB U nogxopamu. Mepef pacCMOTPEHMEM 3TOr0 noaxoja
OroBOpPUM Heo6X0AMMbIE LONYLLEHUS:

a) UHCTPYMEHTbI UCMPaBHbl, UMEIT peanbHble MOTr0eLWHOCTH, COOT-
BETCTBYIOLLME CBOMM Knaccam TOYHOCTM. [puyeM UX MOrpewHocTy —
TOMbKO CMUCTEMaTUYecKue, T.e. He MeHAKOLWMeCs B TeYyeHWe JAHHOTO
akcnepumeHTa. CnyyaliHbiX MOrPeLHOCTEN HeT;

6) MCxogHble M3MepseMble BeNYMHbI XapaKTepusylTcs HEeU3MeH-
HbIMW (B TeYeHMe AaHHOro 3KCMepMMeHTa) 3HAYEeHWAMMW OCHOBHbIX
napameTpoB;
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B) ycnosus pabotel C — HOpManbHble unu paboune;

r) ¢yHKLMOHaNbHAasA 3aBUCMMOCTb UCKOMOW BeAMYMHBI Y OT wuc-
XO[HbIX BEIMYNH Xj N3BECTHA AOCTATOYHO TOYHO;

[) onepaTop MMeeT AOCTaTOYHYH KBanupukauuio.

Ecnv nHTepecytolas Hac BeNMYMHA Y CBA3aHa C UCXOLHbIMW Beun-
YnMHamm Xj N3BECTHON (DYHKLMOHANbHON 3aBMCMMOCTbIO F:

Y = F(XU Xb Xn)

W npefeNbHble 3HAYeHUS aGCOMIOTHLIX MOTpeLlHocTel J1,-onpeaeneHus
KaXX[JOW MCXOAHOW BeNMUUHBI Xt M3BECTHbI, TO MpefenbHOe 3HaYeHne
aBCoMOTHOI MorpelHocT Ar pesynbTaTa U3MepeHns NCKOMOW Benu-
UMHbI YB 06LIEM C/lyYae MOXHO ONpeAennTb Mo Tak HasbiBaemoii dop-
My/ie HaKOMJIEHUS YaCTHbIX MOTPELIHOCTEN:

fly =V akp,
&dX,
rhe  — YaCTHble MPOM3BOAHbIE (yHKUMOHaNa /N o Kaxaolh UcXoa-

HOli BeNM4YMHE B TOYKaX, COOTBETCTBYIOLIMX HaWAEHHbIM 3HAYeHUAM
BeAUYNH JI); [, — npefenbHble 3Ha4YeHUs abCoONOTHBLIX NOTrpeLHOCTe
onpeseneHns UCXOLHbIX BENNUYUH A).

PaccMOTpUM fBa YaCTHbIX, HO AOBOJ/IbHO PAacNPOCTPaHeHHbIX, Cay-
yas YHKUMOHaNbHOW 3aBucumocTu F.

MepBblii YaCTHbIA cnyyail — QYHKUMOHAN /uMeeT BUg CymMmbl. Ecnu
(hYHKLMOHaNbHAaa 3aBUCMMOCTb MMEET BUS

=i

roe a, — KoapuuuMeHTbl (YHKUMOHANLHON 3aBUCMMOCTM, TO Mpe-
LeNnbHOoe 3HavyeHMe abCOMKOTHOW norpewHocTn [y onpegensercs Mo

thopmyne

Ay =2>a -

OTHOCUTEeNbHAs NOrpewHocTs 8b %, NpyM 3TOM MOXET ObiTb Haii-
fieHa 06blYHbIM 06pa3om:

8Y=7100.
r y
Hanpumep, ecnu K= 57 + 2X2+ X}, o Ay=5[, + 22+ A3

BTopoil yacTHbIA cnyyail — hyHKLMOHAN / UMeeT BUS Npou3Befe-
HUA. Ecnm yHKLMOHaNbHas 3aBUCMMOCTb UMEET BUf

Y =LI|XF,
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rae M —3Hak NPOM3BeaeHUs N COMHOXNUTENeN; a-— KO3 (PULNEHTbI —
nokasaTenn CTeNeHn WCXOAHbLIX BENUYUH X,, TO NPeae/nbHOe 3HaueHue
OTHOCWUTENbHOI MOrpewHoCT 5yonpeaensetcs no popmyne

6Kk =5>/8,-,
=
rae 6-— npefenbHble 3HaYeHMs OTHOCUTENbHBIX MNOTPELWHOCTeNR onpe-
[eNeHns UCXOAHbIX BEMNYUH X,.
MpegenbHoe 3HaYeHWEe abCONOTHOW MOTPELIHOCTM 3aTeM Haxo-
AnTCA 06bIYHBIM 06pa3oM:

Hanpumep, ecnm gyHKUMoHan KumeeT BUj

y-BA
« *35 7
TO 3HaYeHUEe OTHOCUTENbHO norpewHoOCTHN
Gy =28, + 382+ 563,

N xoTa hopmManbHO TpeTbe cnaraemoe LO/KHO BXOAWTb B CyMMY CO
3HAKOM MWHYC, HO, MOCKOMbKY MNpefdefibHble 3HAaYeHUsA OTAe/bHbIX
MOrpewHoCTeld NPaKTMYeCKN BCErfa CUMMETPUYHbI (+), TO B XY[LUEM
cnyyae (camoe HebnaronpMATHOE COYETaHWe 3HAYEHUA U 3HAKOB BCEX
cocTaBnalWmMX) npegen obweid NOrpewHoOCT ecTb Cymma MOAynei
OTLENbHbIX COCTABAAOLUX.

1.4.4. PacyeT NorpewHoCcTn pesysibTata KOCBEHHOro
n3mepeHus

PaccMOTpMM NpuUMep pacuyeTa MOrpelHOCTM pe3yfibTaTa KOCBEHHO-
ro U3MepeHUs aKTUBHOW MOLLHOCTU C MOMOLLbIO amMnepMeTpa Ha Ha-
rpy3ke C W3BECTHbIM 3HAYeHWeM COMPOTMBMEHUS. pu WU3BECTHbLIX U
MOCTOSHHbIX 3HAYeHUAX ToKa / B Harpyske M COMPOTMBAEHUS R Ha-
rPY3Ku aKTWBHAs MOLLHOCTb P paBHa:

P = PR.

3HauyeHWs BeMUUH / U R n3MepsaloTCa pasiuyHbLIMKU NpuéopaMu co
CBOVMMW KOHKPETHbLIMW MOFPELUHOCTSMU, ONPEeAeNnsieMbIMU, B YaCTHO-
CTW, UX KNaccaMm TOYHOCTW. MOrpewHoCTM 3TUX UCXOAHBIX pe3ynbTa-
TOB MOrYT 6blTb HalieHbl HAa OCHOBE MACMOPTHbLIX JaHHbIX U MoKa3sa-
HWIA MCNONb3yeMbIX NMPUBOPOB (ammnepmeTpa U OMMETpA).

Kak noka3aHO paHee, A1 TaKOro YaCTHOrO c/y4as (yHKLMOHANb-
HOW 3aBMcMMOCTM (DYHKUMOHAN B BUAe MPOM3BEAEHUS) CyMMapHas
npegenbHas OTHOCMTENbHAS MOTPeLHOCTL 6 MOXET B6bITh HalieHa Kak
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CyMMa npeaenbHbIX OTHOCUTENbHbIX I'IOFpELIJHOCTE‘I‘/’I onpeaeneHna 3Ha-
yeHunsa Ka)K,DIOVI COCT&BI’IFHOLLLEI‘/JI C y4eToM ux BKnafga B (byHKU'I/IOHafIZ

6 = 26/ + 64

MpegnonoXum, 4to npepenbHble OTHOCUTESIbHbIE MOTPELHOCTH
onpegeneHns UCXOAHbIX BEIMYUH, HalAeHHble NO pe3ynbTaTam nps-
MbIX W3MEPEHUIT TOKA K CONPOTUBAEHMNA U NACMOPTHLIM AAHHLIM MpPW-
60poB, paBHbl, COOTBETCTBEHHO, 67= +1,5%; 5/1= 1 %. Torga cym-
MapHas npefesbHas OTHOCUTENbHAA MOrpewHocTs 6 pe3ynbTata Koc-
BEHHOr0 U3MepeHUs MOLLHOCTU 3anuLLeTcs B BuUie

6=+(2- 1,5 + 1) = +4%.

A6COM0THAsA CyMMapHas norpewHocTs J1 Npu yxe HailfeHHOM pe-
3ynbTaTe BbIYUCAEHWUA MOLWHOCTU P MOXeT 6biTb HalifieHa 06bIYHBIM
obpasom:

100

KoHeuHo, B 06LEM Cly4ae HEOBXOANMO YUUTLIBATb HE TOMBKO WH-
CTPYMEHTa/IbHbIE NOFPELIHOCTH (MOFPELIHOCTY COBCTBEHHO NPUGOPOB),
HO 1 BO3MOXHbIE METOANYECKNE.

KOHTpO/1bHbIE BOMPOCHI

1 [aliTe onpeAeneHuns cnefyroLMumM NorpewwHoCTAM:
e cucTeMaTU4eckas U cnyvaiHas;
W afAUTUBHAA U MYNbTUNINKATUBHAS;
e MOrpewwHoCTb B3aMMOLENCTBUS;
e Cy6beKTuBHas;
* [MHaMMYyecKas.
MpuBeanTe Npumepsl.
2. Kakomy COOTHOLIEHWIO [BYX BENUYMH (TUNa «CUna», «HanpsxeHue»)
COOTBETCTBYeT 3HayeHue 120 gb?
3. UTo 03HaualoT TEPMUHbI «JeKafa» U «OKTaBa» B U3MEPUTENbHOM TeXHUKe?
4. W nTOBLIM BO/ILTMETPOM C AnanasoHomMm usmepeHus 0...300 B n knaccom
TOYHOCTM 1,5 (T.e. C Npeaenom NpMBeAeHHON NOrpewHocTn £ 1,5 %) B Hopmasnb-
HbIX YCNOBUAX Nony4yeH pesynbtat usmepeHuns U = 200 B. Onpegennte npe-
[eNbHYI0 WHCTPYMEHTaNbHYI0 abCONOTHYIO Y OTHOCUTENIbHYIO MOTPELLHOCTH.
5. Kak Ha3blBaeTCA MOrpewHoOCTb, KOTOpas Bbl3BaHa W3MEHEHWEM BNUAIO-
WMX BEANYUH (Hanpumep, TeMnepaTypbl) 3a Npegefibl HOPMF MbHbIX 3HAYEHWIA?
6. Kak Ha3biBaeTcsl KpaTHas eauHuua (npuctaska), paBHaa 1012 u Kak Ha-
3blBaeTCA foNbHaA eauHuua (npucraeska), pasHaa 1012
7. CKOMIbKO OCHOBHbIX U JONOMIHNTENbHbIX €4MHUL, B MeXAyHapoAHON cun-
cTeme eguHuny (SJ)? MonbiTailTech nepeyncnmTb UX. Kakas u3 npuBefeHHbIX
HUXE eAUHUL ABNAeTCA OCHOBHOW B 3TOW CUCTeMe: HbIOTOH, KWNOrpamm,
nackanb WA fXxoyno?
8. Knacc TOYHOCTU KOHTaKTHOro uugposoro TepmomeTpa [ = +(0,01 /1 +
+ 0,01 °C. HaliguTte npefenbHble 3Ha4eHUs abCONOTHOW M OTHOCUTENb-
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HOIi norpewHoCTei, ecnn nokasaHusa npubopa 0 = +250 °C, gnana3oH u3me-
peHus 0...+J000'C, ycnosua nNpoBefeHNA IKCNepUMeHTa — HOPMasbHbIE.

9. Knacc TouHocTM (NpeAen OCHOBHOW MPUBEAEHHOW MOrpeLHocTn) LWn-
TOBOro amnepmeTpa 2,5. AnanasoH namepeHus 0...200 A. lMokasaHua amnep-
meTpa IX=50 A. OueHnTe npesfen OCHOBHOW MHCTPYMEHTaNbHOW OTHOCUTEb-
HOW NOrpewHocTH.

10. Kak onpefensetca OTHOCMTe/IbHaA NOrPELHOCTb B3aMOAEACTBMS NpK-
6opa M UCTOYHMKA CUTHANa NpyY U3MepeHUU BONLTMETPOM HAmnpsXeHus no-
CTOAHHOIO TOKa?

11. Y10 TaKoe KOCBeHHble U3MepeHuna? MNpuseante npumepsbl.

12. OueHnTe afANMTUBHYIO U MYNbTUNINKATUBHYIO COCTaBNAOLNE OCHOB-
HOM WHCTPYMEHTANbHON MOrPeLHOCTM, a TakXKe CyMMapHYyl OCHOBHYHO MO-
FPELHOCTb pesynbTaTta U3MepeHUs HanpsXXeHWUs, ecnm Knacc TOYHOCTU uud-
poBOro BOAbTMETpa 3ajaH Takum ob6bpasom: A = +(1,0% pesynbtata mmepe-
Husa +0,5 % ananasoHa n3mepeHuna); ananasoH nsmepeHusa 0... 100 B; noka3sa-
Hua npubopa — 50 B.



FMABA 2

OCHOBHbIE XAPAKTEPUCTUKUN 3NEKTPUYECKUNX
CUTHANIOB W LIEENEW

2.1. NAPAMETPUYECKOE MPEACTABAEHNE NMEPUOANYECKUX
CUrHANOB

Mepuoanyeckne cCUrHanbl 31eKTPUYECKUX HANPSXKEHW, TOKOB,
MoLjHOCTel (KaK U HEKOTOpble 3M1EMEHTbl U XapaKTEPUCTUKK 3/1eKT-
pUYecKUX Lenein) MOryT 6biTb BbIpaXeHbl YMCAOBBIMU 3HAYEHUAMMU
(napameTpuyeckoe npeactasieHne), a MOTyT 6bITb ONMCaHbl YHKLUU-
aMun (QyHKUMOHaNbHOe npeacTtaBneHne) Ha puc. 2.1, a nokasaH npu-
Mep napameTpMyecKoro npejcTaBfieHNs — MNOKasaHue WHAUKaTopa
LM(ppPOBOro MynbTUMETPa NPU U3MEPEHUUN [eACTBYIOLLEro 3Ha4yeHus
CETeBOr0 HampsHKeHus, a Ha puc. 2.1, 6 — npumep PYHKLMOHANLHOTO
npeAcTaB/NeHNs — N306paKeHne KPUBOW 3TOFO XKe CUTHana Hanpske-
HUS Ha 3KpaHe 3/N1eKTPOHHO-Yy4YeBOro ocumnnorpadga.

MapameTpuyeckoe npefcTaBfeHNe XapaKTepHO ANA CTaTUUYECKUX
(ynpouieHHbIX) Mopeneli 06bLEKTOB U MPOLECCOB, a PYHKLMOHaNbHOE
npeAcTaB/ieHNe, HAa0BOPOT, OTpPaXaeT AMHAMUYECKUE B3rNafbl U NoA-
XOAbl.

PaccmMOTpUM HEKOTOpPble OCHOBHbIe NMapaMeTpbl U XapaKTepPUCTUKK
NepuoMYecKnX 3NeKTPUYECKUX CUTHAMOB W Leneil.

Ha pwuc. 2.2 npefcTaBneHbl HEKOTOPble OCHOBHbIE NapaMeTpbl nepu-
OAMYECKMX CUTHaNoB. Meprnognyeckne CUrHaabl HampsHKeHUs, TOKa K
MOLLHOCTM XapakTepu3ylTCA BPEMEHHbIMW W aMNAUTYAHbIMU napa-
MeTpamMu (MapameTpamu YpOBHS).

K nepBoii rpynne (BpeMeHHbIX napaMeTpoB) OTHOCATCA nepuog T,
yactoTa curHana f asoBbIl CABUM O a TakXe CBA3aHHbIE C HUMMU
napameTpbl, Hanpumep, Kpyrosas
yacToTa W, a TakXe cos ¢ (ecnu
peyb NAET 0 ABYX CUHYCOUAANTbHbIX
CMUTHanax O4HOM 4acToThl).

Mepuog T curHana —AnnTeNb-

HOCTb OHOTO0 MOJIHOTO LMKNa U3-
MEHEHMWSA CUTHana, M3MepseTca B

efMHULAX BpeMeHU [cekyHpax (c), a 6

MUNINCEKYHAAX (MC), MUKpoce-

KyH#ax (Mkc) u T1.4.]. Puc. 2.1 MapameTpuueckoe (0) 1 QyH-
YacToTa/ curHana — uymcno  KuuoHanbHoe (6) npepctaBneHns

nepnuoaoB CUrHana B eAUHNLY Bpe- CUrHanos

53



[Nepuogunyeckune curHanbl
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Puc. 2.2. MapameTpnyeckoe npeacTaBieHne nepuognyecknx CUrHanos

MeHM (Yalye BCEro B CekyHay). Yactota — 310 Be/iiMumHa, obpartHas ne-
puoay/= 1/I'. OCHOBHas eAnHULA U3MepeHusa vyactoTbl — repy, (I'y):
1Ty = 1/c. Kpome ocHoBHOM eguHunubl (I'y) ncnonb3yTcs KpaT-
Hble eguHuLbl: Kunorepy (kly), merarepy, (MI'y) v gp. B Hawel cTpa-
He HOMMWHa/IbHOE 3HauYeHWe 4acToTbl 3NEKTPUYecKoin cetv m— 50 Iu.
Mpn 3TOM HOMWUHaNbHOE 3HauyeHue nepuoga T= 1//= 1/50 =0,02 ¢ =
=20 mc.

®a30BbIl CABUT PXapPaKTEPU3YET OTHOCUTE/bHBIV BPEMEHHON CABUT
[BYX CMHYCOMAANIbHbIX CUTHAN0B O4HOMN YacTOThbl U BbIPaXXaeTcs B rpa-
fycax (Hanpumep = 30°).

Kpyrosas (yrnosasi) yacToTa 0 CBA3aHa C YaCTOTON/ COOTHOLIEHU-
eMm: 0 = 2uf, namepserca B pagmaHax B cekyHpay (paa/c). Mepuog T
curHana npu atom T = 360° unum T = 2n paguaH (8 - 3,14).

[ns nepuoanyecknx CUrHanos, 6M3KMX MO GopMe K NPSAMOYrosb-
HOW, K BPEMEHHbIM MapameTpaM OTHOCAT TakKXe A/NTeNbHOCTb WMM-
nynbca J1/Mn CKBXXHOCTb Q, NPeACcTaBNAOLLYO COO0 OTHOLWEeHMNE ne-
puoga curHana T K ANMTENbHOCTM uMmnynbca A/w

Q = T/Atir

K napameTpam ypOBHS OTHOCATCA MakKCMManbHOoe (aMNAMTYAHOe,
NMUKOBOE), CpeaHee, CpefHee BbINPAMIEHHOe U CpejHee KBafgpaTuue-
CKoe (geicTBylollee, paHee MCMOMb30BanCcA TEPMUH 3DPEKTUBHOR)
3HayeHMa curHana. M3 HUX caMbiM BaXHbIM W MOME3HbIM LN5 OLEHKU
0Cc06eHHOCTEN 31eKTPUUYECKOTo curHana selseTca cpefHee KBagpatu-
yeckoe (geicTeytollee) 3HavyeHne — CK3 (Root Mean Square — RMS),
TaK KaKk MMEHHO OHO onpedenseT CNOCO6HOCTb COBepluaTb paboTy,
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[eicTBoBaTh (HarpeBaThb, ABUraTh, CBETUTbL U T. M.). MogasnstoLLee 60/b-
WWHCTBO M3MepUTeNbHbIX NPUBOPOB, NpefHa3HaYeHHbIX Ans paboTbl
C MNepMoaNYeCcKUMUN HaNPXXEeHNAMN U TOKaMU, rpagynpyroTcs B cpef-
HUX KBafpaTuyeckmx (L4eWCTBYHOLWMX) 3HAYEHUAX NPU CUHYCOUAANb-
HOM curHane.

K napameTpam ypOBHS OTHOCATCA TakXke KO3(ULMEHTbl aMNNnTYy-
Obl 1 hopMbl, KOIPHULMEHT rapMOHNYECKUX UCKA>KEHUI, KOI(PDNLUMEHT
MoLHocTH (cos ).

Mpn ncnonb3oBaHWKM CTaTUUYECKUX Mofenel npoueccos (B cTaTu-
YeCKUX U3MepeHnaX) BCe YKasaHHble napameTpbl CUTHANO0B Npeanona-
raloTcAd HEM3MEHHbIMWU BO BPEMEHN.

2.1.1. Hanps»eHusa u Toku

Ha puc. 2.3 nokasaHa pasHuua B OnpefeneHn HeKOoTOpbIX napa-
METPOB YPOBHS Ha npumepe nepuoguyeckoro HanpsxeHua u(() c ne-
puogom T.

CpepaHee 3HaueHune HanpsxxeHusa (Uc) onpepensetca no dopmyne

CpefHee 3HayeHMe NEpPUOSMYECKOro CUrHana, He MMELero no-
CTOSAHHOM cocTaBnatowelr (LOBOMLHO pacnpoOCTPaHEeHHbIN chnyyaii),
paBHO HY/O, MO3TOMY He WHTEPECHO.

CpefHee BbINpAMNEHHOe 3HauYeHne HanpsxxeHusa (t/CB) onpegensetcs
no gopmyne

Ecnn dyHkuMmn nepuogmyecknx (Heob6sA3aTenbHO CUHYycOMZanb-
HbIX) CUrHanNoB HanpsxeHua u(t) u Toka /'(/) n3BeCTHbI, TO ycpea-
HEHHble Ha nmepuode T cpedHue KBagpaTuuyeckune (aencTByoLWMe) 3HA-
yeHua HanpsxeHunsa UK 1 Toka /CK BbIYMCNAKTCA Chneaytowmnm o6-
pasom:

u(t)
U

puc. 2.3. Mepuoanyecknid curuan T
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2.1.2. KoadhpmymeHTbl amnamtyabl 1 oopmbl

XapakTep NepuMoany4eckoro curHana, ero opma, CTeneHb ero He-
CUHYCOMAaNbHOCTW MOTYT ObITb B MPOCTeillemM BUAe OLEHEHbl KO-
huuvernTamm amnamTyabl Kn dopmbl K

1 Mmex ./, _ UCK

flc.K o} tfc.B

Lna cnyyad cmHycoupansHoro curdana (puc. 2.4, o) 3HavyeHusa Ko-
3pPUUMEHTOB aMNAUTyAbl U (OPMbl paBHbl, COOTBETCTBEHHO,
Aa=n/2 =1,41; Jip= 1,11. CurHansl gpyrux ¢oopm MoryT UMeTb 3Haue-
HUA KOIPULMUEHTOB KA U K, CUABHO OT/IMYAIOLMECA OT yKasaHHbIX
4N CMHYCOMAANbHOrO curHana. Hanpumep, 4ns HeCUHYCOWAANbHOTO
curHana (puc. 2.4, 6) ka=2; kp= 1,2, a 419 NPAMOYroabHOro curHana
(puc. 24, B) kb =1, kp= 1

3HaHMe 0COBeHHOCTEN UccnefyeMoro curHana, cneynukKn 3neKT-
PUYECKON Lenu, BOSMOXHOCTEN N XapaKTepuCcTUK UCNOMb3YEMbIX MPU-
60poB NOMOXeT M3bexaTb Cepbe3HbIX OWMBOK Npu M3MepeHmsax. Ha-
NpYMeEpP, TUNWYHLIA aHa/IOrOBbI YHUBEPCANbHbIA N3MEPUTENbHBIA Npu-
60p (TecTep) COAEPXUT MaArHWTO3/IEKTPUYECKUIA N3MEPUTENbHBLIA Me-
XaHW3M 1 NONYNPOBOAHWUKOBLIA OfHO- WM ABYXMOAYNEPUOAHbIA Bbl-
NPAMUTENb, T.€. pearmpyeT Ha CpegHue BbINPSAM/IEHHbIE 3HAYEHUS nepe-
MEHHbIX HAMPSXXEHWA N TOKOB, a He Ha LEeACTBYHOLWMe, KaK 3TO Yalle
Bcero Tpebyetcs. Takoil nsMepuTens JaeT yA0BNETBOPUTESIbHbIE Pe3y/ib-
TaTbl U3MEPEHNA AeCTBYIOLLEro 3Ha4YeHUS TONbKO NpK (hOpMe CUTrHa-
noB, 6/1M3KOM K CMHYCOMAANbLHOW, a Hanpumep, B C/ly4vae CUTHana,
MOXO0Xero Ha NpAMOYronbHbIA (cMm. puc. 2.4, B), ownbkKa B onpegene-
HUW JEeNCTBYIOLLEr0 3HAYEHMA MOXET COCTaBuTb 0K010 10 %.

Ewe ogHOl BO3MOXHOCTbIO OXapaKTepn3oBaTb CTeMeHb HECUHYCO-
MOanbHOCTM (MM CTeMeHb UCKaXKEHUSA CUHYCOMAANbHOCTN) Nepuoan-
YEeCKMX CUTHANOB fAB/SETCA UCMOMNb30BaHUE MOHATUSA KoaduuneHTa
rapMOHUYECKUX UCKa>KEHWUI KPUBOW HaMPSAXEHUS UK ToKa. DTOT KO3 -
(huLMeHT NoKasbiBaeT, HACKObKO BE/INK BKNaf BbiCWMX (T.e. 4acCTOTHI,
60nblUE, YeM OCHOBHAs) rapMOHWK B WCKaKeHWe (hOpMbl, U Bblpa-
)KaeTcs B NpoueHTax. Yem MeHblUe 3HayeHMe 3TOro KoshpuumeHTa,

a 6 B

Puc. 2.4. CvHycouganbHblii (@), HeCUHycomganbHblin (6) U MPAMOYrOMbHbIN
(B) curHansl
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TeM Nyylle, TemM 6/1nxe hopMa curHana K CuHycongansHoi. 4nsg umcto
CUHYCOMJANbHOr0 CUrHana OCHOBHOM 4acTOThbl 3HaYeHMe 3TOro Koag-
(hnumeHTa 66110 GBI PABHO HYNIO.

2.1.3. KoathdunymeHT MoWwHOCTN KM Cos<p

[Ba nepnoanyeckux cCurHasa O4HON 4yacToTbl (Hanpumep, Hanps-
XEHNSA 1 TOKa B Lenun) MoryTt 6biTb CABUHYTHI BO BPEMEHU MO OTHOL e-
HWUKO 4pYT K ApYry Ha HeKOTopbliA uHTepBan At. Ecnim curHanbl CUHY-
comfanbHbl, TO MOXXHO roBopuTb 06 yrne casura a3 (dpasosom caBu-

re) ¢ (puc. 2.5).
dazoBblii caBUT ¢ n3MepseTca 00bIYHO B rpagycax,

®=y360,

roe At — BpeMeHHOR cABUT MexXay curHanamu; T — nepuog,.

MapameTpbl COS O M KO3 PULMeHT Mol HOCTH Kbl (Power Factor —
PF) onpegensoT ahpeKTUBHOCTL NpeobpasoBaHMs, nepejayn n uc-
N0Nb30BaHUA 3NEKTPUYECKOl aHeprun. Yem 6avmKe K efuHULE 3HaYe-
HWA 3TUX NapameTpoB, Tem nyyuwe (T.e. TeM Bblle 30(heKTUBHOCTb MC-
NONb30BaHNA 3NEKTPUUECKOWN aHeprum)

dopManbHO MOHATUE COS () MOXHO MCMO/b30BATL TOLKO A8 CUHY-
coupanbHblX curHanos. OgHAKoO Ha MPakTUKe UM 4acTo MOAb3yHTCA B
npesnonoXeHnmn, 4To opma peasnbHbIX CUTHAN0B A0CTaTOYHO 6aM3Ka
K CMHycomge.

Harpy3ska B peanbHOW 3/1eKTPUYECKON Lenun He ABNSETCA HU YUCTO
aKTUBHOWM, HW YNCTO pPeakTMBHOMN, a npefcTaBasieT coboil KOMMeKc-
HOe COnpoTMBAeHWe. Ecnn Harpy3ka uMeeT MHAYKTUBHbIV XapakTep (T.e.
KOMMN/IEKCHOE COMPOTUB/IEHUE HArpy3kyW COLEPXWUT aKTUBHYK W WH-
OYKTUBHYHO COCTaBMAIOLIME), TO CUHYCOMAA/bHbIA TOK B Llenu oTcTaeT
OT NPUNOXEHHOTO CUHYCOMAANbHOTO HAaNPAXEHNA HA HEKOTOPbINA yron
®, onpeAensieMblii COOTHOLWEHWEM aKTUBHOW W UHLYKIMBHOM COCTaB-
nawwmx. NMpy eMKOCTHOM XapakTepe Harpysku TOK B Lienu onepexaet
Hanps>XXxeHWe Ha yron, Take 3aBUCALLUA OT COOTHOLIEHUSA aKTUBHOW
M eMKOCTHO cocTaBasawwmux. IMeHHO yron ¢ onpegenseT COOTHOLe-
HUe MeXAy aKTMBHON W peaKTUBHOW
Mol HOCTAMMU. UeM 6avKe K Hy/0 3Ha-
yeHue ¢ (4em 61MXKe K elUHMLLEe 3HaYe-

Hue cos ), TeM nyulle.

[Ons 6onee obwero cnyyvas, T e. 4na
CUrHanoB Nto6bbix QopMm, NpUMeHseTCs
NOHATUE KOIPPULMEHTA MOLLHOCTM Kbl
KOTOPbI onpefenseTca OTHOLWEHWEM
aKTUBHOW MOUWIHOCTM P K MmonHon S.

KoapnumneHT Kbl HAXOANTCA Tak:

Kol=P/S =P/(UQ d.
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2.1.4. MOWHOCTb U 3Heprud

MonHas MOWHOCTL S onpefenseTcs Npon3BefeHNEM AeliCTBYOLWNX
3HauYeHMn HanpsxxeHnsa UCKKM ToKa /CK Y paBHa reOMeTpUYecKoin cymme
aKTUBHOI P 1 peakTUBHON Q MOLLHOCTEN:

N=zug an=Jp+ Q 2-

AKTMNBHAA MOWHOCTb — 3TO Ta NOMe3Has COCTaBAAlOLWAs NOMHOM
MOLLHOCTMK, KOoTopasa noTpeb6nsetca (6e3B03BpPaTHO) Harpy3Koi, B OT-
nnyune 0T peakTWBHON MOLHOCTM, KOTOpas He moTpebnsercsd, a (Kak
npaBmno) 6ecnofiesHo «rynseT» B uUenu. Hanpumep, B ciyvae 4McTO
peakTUBHON Harpysku (aKTMBHOW COCTaBAAKOLLEA NOMHOrO CONPOTMB-
NeHWA HeT, AOMNYCTUM, Harpyska 4ucTo WHAYKTUBHAA) B 3fleKTpuUye-
CKOIi Lenn TeyeT MepeMeHHbI# TOK, HO 3HepPrus nNpyu 3TOM He pacxo-
[yeTca Ha MOMe3HYl AeATeNbHOCTb, a nepuoguyeckn npeobpasyertcs
N3 3NeKTPUYECKON 3HEPruu B 3HEPrMi0 MarHUTHOTO Moas U 06paTHo.
3HauMTenbHaa peakTVBHAA MOWHOCTb TpebyeT 60MbLUIEro ce4eHUs nNpo-
BOAHWKOB, HarpeBaeT NPOBOAa WU KOHTaKTbl, CYLUNT N30NALUIO.

B 4aCTHOM clyyae HEM3MEHHbIX AeCTBYIOLWMX 3HAYEHUI CUHYCOM-
[JanbHbIX HanpsXeHua flcku Toka /ck nepuoga T, casura das ¢ mex
Ly KpuBbIMU HanpsbkeHusa u(t) n toka /(/) akTMBHAs MOLWHOCTb P 1
peakTUBHas MOWHOCTL Q (Kak mapameTpbl, T.e. KaK 3HayeHus, yuc-
na), COOTBETCTBEHHO, PaBHbI:

P= Ud ckosq; Q= t4.KASIn .

PeakTMBHad MOWHOCTb Q, eCny U3BECTHbI NMoJiHaa S 1 akTuBHas P
MOLLHOCTW, MOXET 6bITb HalifjeHa no gopmyse

Q=JS2- P2

AKTWUBHAs MOLWHOCTb P Npu HEN3MEHHbIX AeACTBYOLWMUX 3HAYEHNAX
HanpsXXeHns n Toka B oblem cnydae (4na cnyvas HeCcMHycoupasb-
HbIX, T. €. MOJINTAPMOHNYECKUX CUTHANO0B) HaX0AUTCA aHalOrMyHO, HO
C YUYETOM YXe He co5¢), a KoapduumeHTa MOLWHOCTA KM

P — WcKic Kkm

AkTuBHaA aHeprus W (Kak 3HayeHue, 4mcno), notpebieHHas Ha
HEKOTOPOM UHTepBane Al=12- tx ecTb ONpefeneHHblA UHTErpan yH-
Kuum moutHocTu p(t):

W =j p(t)dt.
h

B yacTHOM cny4vae NOCTOSIHHOW (T.e. HEN3MEHHOTO 3Ha‘-IEHI/IFI) Ha
HEb OTOPOM UHTEpBane At mowHocTh P I'IOTp66!'IeHHaFI dKTWBHAaA 3HEP-
rma )KOI'Ipe,CI,e]'IFIETCFI MNPOCTbIM MpPoOn3BeaeHNEM:

W= PAtL.
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2.2. PYHKUNOHAJIbBHOE MNMPEACTABJ/IEHME MNMEPNOAVNUECKUX
CUrHANOB

Mepuoaunyeckmnii curHan x(t) n60A HopPMbl MOXET ObITb YHK-
LIMOHaNLHO NpeACcTaBneH No-pasHoOMY, T.e. B pas/IMuHbIX obnacTax. Yalle
APpYrMx NpUMeHSIOT NpeAcTaB/ieHNe CUTHaN0B BO BPEMEHHOI (B KOTO-
poil curHan npefctaBneH QyHKUME BPEMEHM) N B YaCTOTHON (B KO-
TOPOW curHan npeactaBneH HyHKLMER 4acToTbl) 061acTsX.

n

Puc. 2.6. padhmnyeckoe npefctaBneHune
NepuoanyecKoro curHana Bo BpeMeHHOM
obnactu

B Kakaol 13 aTnx 06n1acTeil BO3MOXHbI aHaNMTUYECKOE UK rpadm-
yeckoe npegcrtaeneHne. Hanpumep, Bo BpeMeHHO obnactn (Hanbonee
NPMBbLIYHOM 1 NOTOMY Haubonee pacnpoCTPaHEHHOWR) YMCTO CUHYCO-
naanbHblil (MOHOrapMOHWUYECKWNA) CUMHAN HampsHXKeHUS MOXET ObITb
npeAcTaB/eH aHanMTudecku MYHKUUER u(t) cnegytowmm obpasom:

no = MexSinQ0,
roe Umex — amniuTygHoe (MakcumasbHOE) 3HavyeHue CurHana; o —
Kpyrosasi yactoTa curHana (co=2nf=2n/T)\ t — TeKyLlee BpeMS.

pathmueckoe NpefcTaB/ieHNe — 3TO U306paXKeHWe CUrHana B BUAe
rpadmka N3MeHeHUs ero MrHOBEHHbIX 3HAYEHWUI BO BpeMeHW (puc. 2.6).

2.2.1. Hanps>XXeHusa n TOKU

[ns cnyyas ABYX CUHYCOWAanbHbIX CUTHAN0B OAHOW 4acTOTbl, Ha-
NpUMep, HaMpsXeHUs 1 TOKa B 3/1eKTPUYECKOl Lenu, PyHKLUOHAb-
Hoe MpeAcTaBNeHNe BO BPEMEHHOW 061acTu BbIFNAAMT CNeayowmnm
o6pasom:

«(O = "mexSinC0,

KO = Juwax (CO/l+ o),

roe ¢ — ha3oBblii CABUT (DYHKLMM TOKA OTHOCUTENbHO PYHKLWUWN Ha-
NpsHKeHUs.

BpemeHHas u yacToTHas (cnekTpanbHasa) 06nacTu npefcTasieHUs
NepuoLMYecKoro curHana ceasaHbl NPsMbIM M 06paTHLIM Npeobpaso-
BaHMAMU Dypbe (MPD) — Fourier Transform. Mpamoe M® no3sonserT,
3Haa BpeMeHHY (hYHKLWUIO CurHana x{t), onpeaennTtb ero cnektp S (f).
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Ob6patHoe M®. HaobopoT, AaeT BO3MOXHOCTb, 3Has CeKTp curHana S{j),
HallTX BPeMeHHOe MnpeacTaBfieHne (PYHKLMIO) caMoro curHana x(t).
CneKTpanbHbIiA COCTaB HaNPSXKEHUA M TOKOB — OfHa U3 BaXHbIX
XapaKTepUCTMK CUFHana, Hampumep, MpU OLEHKe KayecTBa MOCTyna-
lOLLel 3NeKTPO3Heprum n/mnm ocob6eHHOCTeNn OTAeNbHbIX NoTpebuTe-
neii OH oTpaxkaeT Hanu4yue 1 BKnag (06bIYHO B AENCTBYHOLLMX 3HaYe-
HWAX) rapMOHMK 60/iee BBICOKO 4acTOTbl, YeM OCHOBHas — 50 Iu.

2.2.2. MOWHOCTb M 3HepPruA

MOLLHOCTb, TaK e KakK Hamnps>KeHue U TOK, MOXHO MNpeacTaBUTb
NM60 umcnom, nNmbo yHKuUMein BpemeHW. MOLLHOCTb, KaK (yHKUMA
BpPeMeHU p(t), ecTb Npom3BefeHMEe NEPUOANYECKUX PYHKLWUIA Hanps-
XeHusa «(/) n toka /'(/) ogHOM YacToThl:

pt) = «(/) /().

Mpn 3TOM YacToTa AAHHOM TaKXKe NEepPMOANYECKON (yHKUUKN p(t)
B[BOE BbILLE YaCTOThbl NCXOAHbIX CUTHaNOB (puc. 2.7).

B camom 06Lem cnyyae ycpefHeHHas Ha nepuofge T akTMBHasA MO
WHOCTb P (Kak 3HauyeHMWe, YMCNO) eCcTb MHTerpan 3a nepuogd T hyHK-
umm p(() UM nHTerpan NpovsBefeHns QYHKUUA HanpskeHusa «(/) u
ToKa i(t):

P =" \p(t)dt =~ Ju(b)i(dt).
lo 10

Mpathmueckas nnnocTpaums noBegeHms MowHoCTH p(t) (hyHKLum
BPEMeHU) B 3aBMCMMOCTU OT M3MeHeHUs (a3oBoro casura o (4na cu-
HycouanbHbIX CUTHaN0B) MOKa3aHa Ha puc. 2.8.

Mpy HyneBoM 3Ha4yeHUM ¢ (4TO COOTBETCTBOBANIO Obl MAeaNbHOMY
BapMaHTy — YMCTO aKTUBHOWM Harpyske) akTUBHas MOLLHOCTb P Mak-
CMMasibHa, a peakTMBHas MOLLHOCTb Q OTCYTCTBYET (CM. puc. 2.8, a). Uem
60nbLUe (ha3oBbIl CABUT (), TEM XYyXe CO-
OTHOLUEHUE MEeXAY aKTUBHOW M peak-1
TMBHOW COCTaBASOWMMK 06LLEA MoO-
LLHOCTK, TEM HMXKE 3P(HEKTUBHOCTb UC-
Nofib30BaHWs sHeprun. Hanpumep, ecnu
NpeAcTaBUTb YNCTO MHAYKTUBHYIO Ha-
rpy3sky (TOK OTCTaeT OT HanpshKeHus Ha|
o =90°), To B 3TOM cnyyae (puc. 2.8, B)
aKTWBHas MOLWHOCTL P =0, a peakTuB-
Hasd Q — MaKCUMaJ/lbHa.

AKTVBHasi MOLLHOCTb TOXE MOXeT
6bITb DYHKUMER BpemeHU P((). Hanpu-j
Mep, eCNN HECKONbKO noTpebutene»
3N1eKTpo3Heprun (0T OAHOr0 UCTOYHM -

Puc. 2.7. MowHOCTb — (PYyHKLMSA
BpemeHn />(/)
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max

a 0 B

Puc. 2.8. 3aBUCMMOCTb aKTUBHOW MOLLHOCTKN OT yrna casura tas:
a—®=0;5—d=60 8—=90°

Ka) nMepmoaMyeckn BKKYHarTca n (Man) oTkntovatoTea (puc. 2.9, a),
TO, €CTECTBEHHO, CyMMapHas aKTMBHAas MOLHOCTb OyAeT MeHsATbCH,
KaK nokasaHo Ha puc. 2.9, 6.

AKTUBHAs 3HEPrus, Kak 1 Apyrve pacCMOTPEHHbIE BE/IMUUHBI, TAKKe
MOXET ObITb MpefcTaBneHa PyHKUMen BpeMeHn w(t) (cm. puc. 2.9, 6).
Ecnn u3BecTHO, Kak BefeT cebs DyHKLMS aKTUBHON MOLWHOCTU P(t), u
Ha HEKOTOPbIX MHTepBa/iax BPEMEHU At) ee 3Ha4YEHMUS N3BECTHbI U MOCTO-
SIHHbI, TO aKTUBHYIO 3HEpPrn0 W, noTpebneHHyto Ha nHTepsane (/5.../,),
MOXXHO HalTK Kak cymmy npoussegeHuii (P, At) (cm. puc. 2.9, 6):

W = +P At,.
=

h —h h
h-h h+h
h-h I1+12+13

13

Puc. 2.9. MOLWHOCTb 1 3Heprus:
a — cxema; 6 — gyHKuMoHanbHble 3asucumocty fAt) n w(t)
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Puc. 2.10. N3meHeHUA KO3 MLMEHTA MOLLLHOCTH

B obuiem cnyyae, ecnm YHKUUSA aKTUBHON MOLLHOCTU P (t) u3Bec-
THa, TO 3Heprus W, notpebneHHas Ha HekoTopom uHTepBane (/]...t(),
onpefensercs Tak:

W = f P(t)clt.
kil

2.2.3. KosdpunymeHT mowHocTtn KMu coscp

B peasibHbIX TEXHOOrMYECKUX NpoLeccax Npu 06bIYHO N3MEHSOLLLelics
BO BpeMeHU Harpyske (BK/HOUEHMe M OTK/KUeHUe HECKOMbKUX pasnuny-
HbIX NOTpe6uTeNel 3NEKTPO3HEPTUN) KOIPPULUEHT MOLHOCTM (UK
COSCP) MEHSIETCA BO BPEMEHU W TOXE MOXET ObITh NpeAcTaB/eH (yHK-
uneli Bpemenm kjj). Ha puc. 2.10 npuBeaeH npumep peanbHol gnarpam-
Mbl, 3aperMcTpUpoBaHHON Ha BBOAHO-pacnpefennTebHOM YCTPONCTBe
MeXaHWYecKoro Lexa npoMbILLIEHHOr0 NPeAnpuUATUS B TEHEHNUE CYTOK.
3HaueHna YyHKUUU KO3 hULMEHTA MOLLHOCTM Kjt) MEHANUCL B A0-
BO/IbHO LUMPOKOM AmanasoHe, —oT 1,0 go 0,23.

OTMeTVM, 4TO OTpuULAaTe/IbHbIE 3HAYEHUSA KO3PULMEHTA MOLLHO-
CTM  03Hayann 6bl EMKOCTHOI XapaKTep Harpysku. Yem 6nmxe 3Ha-
YeHue KblK eauHuLe, Tem nydwe. MNpyu YNCTO aKTUBHBLIX NOTPeOUTENAX
(noeann3npoBaHHbI BapnaHT) 3HaYeHWe 3TOro KoapguumneHTa 6b110
6bl paBHO eAuHMLE.

2.3. TPEX®A3HbIE S/IEKTPUUECKWE LIEMA

B 0CHOBE COBPEMEHHOI 3/1eKTPOIHEPTeTUKM NEXAT NPUHLMMNbI TPEX-
(ha3HOro reHepmpoBaHus, nepegayn, npeobpasoBaHns ynotTpebneHns
3N1eKTPUYECKOW 3HEPTUMN.

2.3.1. HanpsixxeHus 1M TOKKU B TpexdgasHoi uenu

B TpexasHbIX Lensax UCnonb3yTca TPU NePUOSUYECKUX Hanpsxe-
HUS CUHYCOMAANBLHOTO XapakTepa OAHOM vacToThbl (B cTpaHax CHI
50 'y), KOTOpble CABMHYTLI APYT OTHOCMTENbHO Apyra Ha 1/3 nepuoga T,
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Puc. 2.11. BpeMeHHble gnarpammbl:
a — (asHbIx Hanpsxeruii ({/th); 6 — thasHbIX ToKoB (/d)

T.e. Ha 120°. BpeMeHHble gmarpaMMbl (hasHbIX HANPSXXEHWA U TOKOB
npueegeHbl Ha puc. 2.11. Mepgasa (haza —A; BTOpas — B; TpeTbd — C.

Hanbonee 06WKii cnyyail — YeTbIPEXNPOBOAHOE NOAK/OYEHNE TPEX-
(ha3HO Harpysku (Harpyska Tuna «3Be3fa») K TpexdasHoi cetn —
MokasaH Ha puc. 2.12.

HanpsykeHns mexgay HelTpasibHbIM MPOBOAOM N U IMHEHBIMU NPO-
Bogamun (UA UB Uc) Ha3blBatoT chasHbiMu (E/d), a HanpshKeHnsa mexay
NMHERHbIMX NpoBoAaMu UAB, UBC, UCA — nuHeiiHbivu (U,,). B cnydae
CUMMETPUYHBIX Lienei COOTHOLEHUA MeXAY STUMU HANPSXKEHUAMMN:

nn =73unds

=un/S.

B CUMMETPUYHOW CXemMe KOMMMEKCHbIE COMPOTUBEHNS Harpy3Ku
BCex (a3 ZA ZB Zc 04MHAKOBbl, BCe (ha3Hble HAMpPSHKEHUS OAMHAKO-
Bbl, BCE (ha3Hble TOKW OAMHAKOBbI, BCE CABUTM (a3 OfMHAKOBbI:

MA=nB =uc =u$ =nn>s,

| A=IB=1c= ~ Ufp/zfy.
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2.3.2. MOWHOCTb U 3HeEpPrusa B TpexmMasHon uenn

Ecnu uenb CUMMETPUYHA U HanpsXXeHUA CUHYCOUAANbHbI, TO CYyM-
MapHble aKTWBHasa P, peakTMBHas Q 1 MOJiHasA " MOLLHOCTW onpegens-
FOTCS YTPOEHHbIMU 3HAYEHUAMU COOTBETCTBYHOLLMUX (ha3HbIX (PaBHbIX)
MOLLHOCTEIA:

P = 3£/(l/(hcos<p = S u nlncoxy;
Q = 3*/h sin b = V3UnInsin ¢;

S=3£ip/p=Tanp -

Mpn 3TOM 3HayYeHWe COB( eCTb OTHOLUEHWE aKTUBHOMO COMpPOTUB-
neHus Jkp KOMNAEKCHOW (ha3HOM Harpysku K ee MOSHOMY CONpPOTUB-
neHuno Zg:

cos=dAd/rgp

B obLiem cnydae cyMMapHas akTUBHas MOLLHOCTbL P% noTpebneHus
Tpexa3HOoro NpUMeMHUKa, eCIM U3BECTHbI aKTUBHbIE MOLLHOCTU BCEX
(a3 Pu P2, P3, paBHa X CyMMe:;

P%= P\ + P2+ P3.

CyMMapHas aKTUBHasi sHeprus W notpe6/ieHHas Ha HeKOTOPOM
nHTepsane A/ = /(- (0, eCTb ONpPeAeneHHbIn nHTerpan QyHKLUN CyMm-
MapHOM MOLLHOCTK Px(t):

w1 =J Pz (t)dt.
K]

B yacTHOM c/ly4ae NOCTOAHHOW Ha HEKOTOPOM WMHTepBase At MOLL-
HocTun Pjfjf) noTpe6neHHas aKTMBHasa 3Heprus onpepensercs npo-
CTbIM NPOU3BEAEHMNEM:

W, =P&%bhl.

2.4. KOMIJIEKCHbBIE COTMNPOTUBIEHUNA

B 3nekTposHepreTuke, 31eKTPOTEXHUKE, 3MEKTPUYECKMNX U3Mepe-
HUAX BaXKHbIM ABMSETCA MOHATUE KOMM/IEKCHOrO CONpoTUBAeHUs Z.

PeanbHble Harpy3ku B 3/IEKTPUYECKMX Liensx NepemMeHHOro Toka He
ObIBAlOT YNCTO AKTUBHLIMU WM YUCTO PeakTUBHbIMU. [leTanbHas K-
BUBA/IEHTHas cxeMa N060ro peanbHOro 31eKTPUYECKOro ycTpoicTsa
COAEPXUT KaK aKTUBHbIe, TaK U peakTWBHbIe 3MeMeHTbl. Hanpumep,
06MOTKa 00bIYHOr0 TpaHcopmaTopa Kak MUHUMYM COCTOWUT M3 aK-
TUBHOW N WHAYKTUBHOW COCTaBASOLLUX.
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Puc. 2.13. I'padmueckoe npeacraBsieHne KOMM- +j
NeKCHOW BeNUYUHbI Z

*s Re (gencTBuTeNnbHasa ocb)

[ancHeiiwee nsnoxeHune 6yaeMm BeCTU NS CyYas CUHYCOUAANbHbIX
CUrHanoB. s 06LLeM ciiyyae N06as Harpyska Z MoxeT 6bITb NpeAcTaB-
NeHa 0TPEe3KOM HaK/TIOHHOW npamoli (puc. 2.13), NpoeKLns KOTOPOi Ha
peicTBuTenbHy ocb (Real —Re) ecTb aKTMBHasA COCTaBAstoWAas R KOM-
NMIEKCHOr0 CONPOTUBAEHUA. TPOEKUUSA 3TON NPAMOINA Ha MHUMYIO OCb
(Imaginary—Im) ecTb peakTuMBHasi cocTaBfsowan [X:

Z = Re + ylm
neiictButensHas MM M Al
4acTb 4yacTb
z = R + jx
41 !

aKTMBHas peaxTMBHas
COCTaBNsAOWAn  COCTAaBNAOLLANA

CkansipHOe 3HayeHMe KOMMIEKCHOro COnpoTUBAEHMS Z onpeaens-
eTCsl FeOMETPUYECKOI CYMMOI aKTUBHOW U PEaKTUBHOWM COCTaBAAOLNX:

z =Jr2+x2.

2.4.1. ®a3oBbI cABUT

KoMN/IeKCHOCTb COMPOTUBAEHNA HArpy3ku Z NpuBOAUT K (ha3oBo-
MYy CLBWUTY MeXay MepuofvyecKUMU HAMPSHXKeHUAMUN N TOKaMU B Ha-
rpy3Ke, 3HaYeHVe KOTOPOro 3aBUCUT OT KO/IMYECTBEHHOIO COOTHOLIE-
HUA MeXOy aKTUBHOW W peakTUBHOW COCTaBAOWMMU, a Takxe OT
YacTOTbl CUTHAOB.

Ha puc. 2.14 nprBefeHbl HEKOTOPbIe Hanbonee pacnpocTpaHeHHble
MpyYMepbl MPOCTbIX 3KBMBASIEHTHbIX CXeM KOMMJ/IEKCHbIX COMPOTUBE-
HWI: aKTUBHO-UHAYKTMBHOIO Xapaktepa (cM. puc. 2.14, a) n akTUBHO-
E€MKOCTHOro xapakrtepa (cMm. puc. 2.14, 6 n B). B nepsom cnyyae TokK /'(/)
B Harpy3ke OTCTaeT OT HanpsbkeHus «(/) Ha yron <g BO BTOPOM W
TPeTbEM C/lyyasaX TOK OMnepexkaeT Hanps>KeHue.

da3oBbIli CABUT (), °, CBSI3aH C BPEMEHHbIM cABMIoM At U Mepuo-
4OM T C/efyroLNM COOTHOLLIEHUEM:

= — 360.
T
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e n*

<HTr-c>1
Ir— J1

a 8 B

Puc. 2.14. ®a3oBble CABUTUN HaNPsSXXeHWU N TOKOB:

a — aKTUBHO-UHAYKTVMBHAaA Harpyska; 6 U B — aKTMBHO-eMKOCTHHasA Harpyska; U —
obLiee HanpskeHue; R, L, C — COOTBETCTBEHHO Pe3nNCTOp, KaTyllka WHAYKTUBHOCTU
N KOoHAeHcaTop, 06pasylolime akTUBHYO, UHAYKTUBHYIO U €MKOCTHYIO COCTaBnstoLLmne
06LLero KOMMNAeKCHOro conpotmeienuns; UK Ut Uc — HanpsXXeHns COOTBETCTBEHHO
Ha aKTMBHOW, WHAYKTUBHOW M EMKOCTHOM COCTaBAAOWMNX; 1 — 0OWNIA TOK, TeKyLnii
uepe3 KOMMEKCHOe compoTuBaeHue; /J1 /c — TOKM COOTBETCTBEHHO B aKTUBHOW W
E€MKOCTHOI COCTaBAALWMX; ¢ — (Pa30BbIli CABUT MeXAY TOKOM / U HanpshkeHnem W\
u(t), i(t) — yHKAMM COOTBETCTBEHHO HAMNPsXKeHWs W TOKa; At — BPEMEHHOW caBuT
MeXay TOKOM | 1 HanpsbkeHvem U, T — nepuog

Mepunog T ABnsieTca 06paTHOM BENMYMHOM YacToTe/ HanpsHXKeHUs
(Toka);

T= 1/

KpyroBas 4acToTa 0 CBsi3aHa C 4acToTOl / CneflytolM COOTHOLLe-
HUeM:

w=2nl

Ha puc. 2.14 UR= IR; UL= ljoL; Uc =1 —L ; IR= /e = Uj<oC.
jwC R
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2.4.2. JOBPOTHOCTbL U TaHreHc yrsa notepb

[ns oueHKN 6/1130CTU KOMMNIEKCHbIX CONPOTUBAEHU K «YUCTbIM»
PeaKTUBHOCTAM (YMCTON MHAYKTMBHOCTM UK YACTON EMKOCTH) UCMOSTb-
3yl T MOHATUA JOBPOTHOCTb Q M TaHreHc yrna notepb tgs. Yem 6onbluie
YMCNEHHOE 3HaYeHne A0OPOTHOE MM Q (MK Yem MeHbLUe tg5), Tem 6nunxe
KOMMN/IEKCHOE CONPOTMB/IEHME K UAeaNbHON peakTUBHOCTM. Hanpumep,
O/ SKBUBAIEHTHOW CXEMbl KOMM/IEKCHOTO COMPOTMBAEHNUS UHLYKTUB-
HOro xapakTtepa (CM. puc. 2.14, a), 4eM 60/bLUe 3HaAYEHME JOBPOTHOCTH
Q (MK, 4YTO TO XKE, YeM MEHbLUE 3HayeHue tg5), TeM 61MXKe KOMMNEK-
CHOE COMPOTMB/IEHNE K UAEaNbHOW UHAYKTUBHOCTMU.

[na nocnefoBatenbHbIX 3KBUBAMEHTHBLIX CXeM (Kak, HanpuMep, Ha
puc. 2.14, a n 6) [OBPOTHOCTbL Q ONpefensieTcs OTHOLEHNEM PeaKTUB-
HOI X COCTaBNAOLEN KOMMNIEKCHOIO0 COMPOTUBEHNSA K ero akTUBHOWA
R cocTaBnstoueii Q = X/R. MNpu 3TOM TaHreHc yrnia notepb ecTb 06paT-
Hasa BenmyuHa tgs = ¥Q = R/X.

HanomMHUM, 4YTO peakTUBHOE CONPOTUBEHNE UHAYKTUBHOCTU Xb =
=ju>L, a and emkoctu Xc = 1//coC.

[nsa napannenbHbIX 3KBUBANEHTHbIX CXeM (Kak, Hanpumep, Ha
puc. 2.14, B) JOBPOTHOCTL Q OMNPeAenseTcss OTHOLUEHWEM aAKTWUBHOI
COCTaBNAOLLE KOMMIEKCHOIO COMPOTMB/EHNS K ero peakTUBHOW co-
CTaBnAwoWen Q = R/X. lNpn 3TOM TaHreHC yrna noTepb TakXke ecTb
obpaTHas BenmMumMHa tg6 = 1/Q = X/R.

OTMeTMM, 4TO 3HaYeHus LOO6POTHOCTM Q WM TaHreHca yrna noTepb
tg5 He ABNAOTCA NOCTOAHHLIMU NapaMeTpamy KOMMJIEKCHOTO COonpo-
TUBNEHUSA, & 3aBUCAT OT YACTOTbl @ HanpPsHXKeHUs (UK TOKa).

2.5. HECMHYCONAOA/IBHOCTb ®OPMbl CUTHANA

PeanbHble (JOpMbl HanpsXKeHW M TOKOB He ABAAKOTCA CUMHYCO-
naanbHbIMKM, @ B TOW AU UHOW CTEMEHW UCKaXeHbI. ICKaxeHUs onpe-
LEensioTCA NPUCYTCTBUEM B CUTHANax rapMOHUK, T.e. APYrUX CUHYCOU-
JanbHbIX CMTHaNOB, YacTOTa KOTOPbIX Bbille OCHOBHOW. Yem 3Haum-
TenbHee aMNAUTYAbl 3TUX FTAPMOHMK, TeM CU/IbHEE UCKaXKeHMUs. KOHK-
peTHas (popma curHana onpegensercs CyMMON BCeEX rapMOHWUK C yue-
TOM UX (ha30BbIX CABUTOB.

WckaxeHne opMbl CUTHANOB TaKXXe MOXET XapaKTepun30BaTbCs UK
napameTpuyeckun (4ncnom), nnn QyHKUneld BpemMeHn 1 (Mn) YacToTbl.

2.5.1. MapameTpunyeckoe npencrasrieHne

[JelicTBylolee 3HaueHMe U NoanrapMoOHUYecKoro (T.e. COAepalle-
ro0 MHOFO OTAE/IbHbIX TAPMOHUK) CUTHaMa eCTb FeOMeTpMYecKas cymMmma
[LelicTBYIOLLMX 3HAYEHWIA BCeX FapMOHUK. Hanpumep, obuiee geiicTBY-
foLLee 3HaYeHMe HecHHYCOMAanbHOro CUrHana HamnpshkeHus onpege-
nsetca no gopmyne
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n =yjufi +d2+ui +... +n*,

roe U0 — 3HayeHMe MOCTOSIHHOW COCTaBAslOLLEe (ecnm oHa MpuUcyT-
CTBYeT); Uu U2, ..., Un— AeCTBYIOLLME 3HAYEHUS, COOTBETCTBEHHO,
nepBoii, BTOPOWA, ..., /7-A TApMOHUK.

KonnyecTBeHHO WMCKaXXeHUS MOryT ObiTb WMHTErpanbHO OLeHeHbI
KO3 (hMLIMEHTOM HeCUHycomaansHocT hOPMbl KpUBOW (KO3thduumeH-
TOM WCKaXeHMs CUHYCOMAANbHOCTU, KO3PhULMEHTOM 0B6LLMX rapmMo-
HUYECKNX NcKaxeHnin — Total Harmonic Distortion — THD). 9toT
KO3 (hMLUMNEHT BblpaXXaeTcsd HEeCKONbKO MO-pa3HOMY B PasHblX CTaH-
fapTax.

B mexgyHapogHom ctaHgapte |EC 555 v page HauMOHaIbHbIX CTaH-
[apToB 3HayeHne THD onpeAeneHo Kak OTHOLLIEHWE FeOMETPUYECKOWA
CYMMbI e/ACTBYIOLLMX 3HAYEHMI BCEX FapMOHUK (KpOMe nepBoii — 0C
HOBHOIA) 0 HEKOTOPOro Homepa n (Hanpumep, go 15-in nnn go 40-i)
K reoMeTpMyeckoih CymMme [eACTBYHOLWMX 3HAYEHWA BCEX FapMOHMK
(Bkntoyvas nepsyto). MIHOrga HecMHycomnaanbHOCTb (POPMbI OLEHMBAKOT
KoathpULMeHTOM rapmoHuyeckmnx uckakeHuii (KFA) — oTHoweHnem
reoMeTPUYEeCKOi CyMMbI AEMNCTBYIOLNX 3HAUYEHWIA BCEX FapMOHMK (Kpome
MepBO — OCHOBHOW) A0 HEKOTOPOro HOMepa n K AeiCTBYHOLLEMY 3Ha-
YEHWIO OCHOBHOIi (MepBOIA) FapMOHUKMN.

B cooTBetctBUM ¢ FTOCT 13 109—97 «Hopmbl KayecTBa 3/1€KTH)
PUYECKOI 3HEPTUN B CUCTEMAX 3/IEKTPOCHA6XeHMs 06Lero HasHauve-
HUA» [ONYCKaeTCA TakXe onpefenatb KO3PHULUEHT MCKaXKeHUs
CUHYCOMAANbHOCTN KPUBOM HampsKeHWs Kv OTHOLUEHMEM TFeoMeTpu-
YecKOW CyMMbl JeACTBYIOLWMX 3HAYEHWNIA BCEX FAPMOHUK, HauMHas Cco
BTOPOW, K HOMWUHANLHOMY [eiCTBYOLEMY 3HAUEHWUIO (ha3HOro Hanps-
XeHunsa u,,om

Mpu ntobom BapuaHTe 3a4aHUA HECUHYCOMAANBHOCTN KO3h(huLm-
EHTbl, XapaKTepusyloLne NCKaXXeHUs, BbIpaXatoTCA B MPOLEeHTax.

3aMeTuM, 4TO YMCNOBOE 3HAYEHNE KOIDPULMEHTA HECUHYCONASTb-
HOCTW KpuBOI (KO3(hdhMLUMEHTA FaApMOHNUYECKUX UCKaXKeHWI nnn THD)
He MO3BOJIAET CYANTb O KOHKPETHOI (hopMe CUrHana, a roBOpUT TO/b-
KO O KO/IMYECTBEHHOM BK/1af€e BbICLIMX FapMOHUK.

2.5.2. dyHKUMOHaNbHOE MnpeacTaB/eHne

KakK Mbl y)xe 0TMe4yanu, HeCMHYCcOMAanbHOCTb (POPMbl TOKA U Ha
NPsHKEHNSA 0OBACHAETCA TEM, YTO CUTHAMbI ABASAKOTCSH CYMMOMN HECKOJbH
KWX FapMOHUK (CMHYCOMA) Pa3MyHbIX YacToT M amnanTyg. Yem 60/b-
LLe 3TUX COCTaBASAOWMX 1 YeM 6ONbLLE UX aMNANUTYAA, TeM 3HAYUTESb-
Hee NCKaXeHws.

MpaeanbHblii (CMHYCOMAANbHbIA) CUrFHaN COCTOAN 6Obl TOMBKO W3
OfIHON FapMOHWKM — NepBOil (OCHOBHOIA).

Ha puc. 2.15, a npvBefeH nNpyuMep rapMoHMYecKoro coctaea (Habo
pa M3 NATU UCXOAHbIX FrAPMOHMK) CUTHaNa TOKa.
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Avnnntya,
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Amnutyga, A

250 Yacrora, 'y

Puc. 2.15 Habop rapMoHUVK (a) 1 aMNAUTYAHbIA CNEKTP curHana (6):

| — nepBaa rapmoHuka (50 y); 2 — BTOpas rapmoHuka (100 Iu); 3 — TpeTbs rap-
MOHMKa (150 y); 4 — yeTBepTasd rapmoHmka (200 'y); 5 — nataa rapmoHmka (250 I'u)

Puc. 2.16. CymmunpoBaHue NATu rapMoHunK

| — nepBas (0OCHOBHas) rapMoHMKa yacToToil 50 Iy n amnanTygoin 1,0 A; 2 — BTopas

rapmoHuka yactoton 100 My v amnantygoin 0,5 A; 3 — TpeTbA rapMOHMKa 4acToTOl

*50 'y n amnantygoii 0,3 A; 4 — yeTBepTas rapmMoHuKa yactotoin 200 'y n amMnanTy-

fon 0,2 A; 5 — nataa rapmMoHuka vactotoin 250 'y v amnautygon 0,1 A; 6 — cymma
NATU rapMOHUK
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Puc. 2.17. BapuaHTbl (a 1 6) cymMrUpoBaHUs ABYX (MepBoii 1 TPeTbeld) rapMoHUK:

] — nepBas (OCHOBHas) rapMoHuKa yactoToi 50 ry u amnantygoin 1,0 A; 2 — TpeTbs
rapmMoHuka yactotoin 150 'y u amnantygoin 0,3 A; 3 —cymMMa fABYX rapMOHUK

3Ha4YeHnsa YacToOT rapMOHUK, COOTBETCTBEHHO, paBHbI: nepsas (oc-
HoBHasi) — 50 Iy, BTopas — 100 Iy, TpeTba — 150 Ny, yeTBepTasd —
200 Tu, nataa — 250 'y, AMOAMTYAbl FAPMOHUK, COOTBETCTBEHHO,
paBHbl: nepsas (ocHoBHasf) — 1,0 A, BTopas — 0,5 A, TpeTba — 0,3 A,
yetBeptada — 0,2 A, natad — 0,1 A

Ha puc. 2.15, 6 n306paxeH amMnaUTYHbIA CNEKTP 3TOr0 CUrHana.
KoHkpeTHaa (hopma curHana onpegensercs NpocTbiM CYyMMMUPOBaHU-
€M CUHXPOHHBIX TEKYLLMX MIHOBEHHbIX 3HAYEHWN BCEX UCXOAHBIX rap-
MOHWK. B flaHHOM cnydae, T.e. NpY TaKOM Habope rapMOHUK U TaKOM
BapuaHTe MX (ha3oBbIX CABUroB, hopma CUrHana BbIFTNAAWUT Tak, Kak
nokasaHo Ha puc. 2.16.

[Mpumepbl CUTHANIOB TOKA, COAepXKalluMxX [Be rapMOHUKW: MEePBYIO
(ocHOBHY) —uyacToToi 50 'y n amnauTygoi 1,0 A u TpeTbio, YacTo-
Toi 150 'y m amnnauTypoli 0,3 A, npuBeaeHbl Ha puc. 2.17, a n 6.

Pa3nnunsa B popMax CyMmapHbIX CUTHAN0B, COCTOALLMX 13 COBEPLLIEH-
HO OZIMHAKOBbIX KOMIJIEKTOB rapMOHUYECKUX COCTaBNAOLWMNX (Hanpumep,
puc. 2.17) BbI3BaHbl pa3UYMeM HavaslbHbIX (Pa3 UCXOAHbLIX FTapMOHUK,
T.e. pasHbIM BPeMEHHbLIM PacrnofioXXeHNeM rapMOHUK.

TakuM 06pa3om, KOHKpeTHas HeCMHYCOMAANbHOCTb (MCKaXkeHue (op-
Mbl) CUTHANIOB OMpPefeNseTcs He TOMIbKO YMC/IOM UCXOAHbIX FapMOHMUK,
UX aMNANTYLaMWU 1 YacTOTamy, HO U HavasbHbIM (ha30BbIM CABUMOM, T €.
nX (ha3oBbIM CNEKTPOM.

70



2.6. KAYECTBO 3J/IEKTPO3HEPT U

KauyecTBO 3NeKTPO3HEPrnn onpeaensieT BO3MOXHOCTU TeXHONOIU-
yeckoro npouecca (0CO6eHHO, NPWU MPUMEHEHUN BbICOKUX TEXHOMO-
rMin), NPoM3BOAMTENBHOCTL 060PYAOBaHNSA, YCTOMYMBOCTb U HafeX-
HOCTb €ro paboThbl, 06LME NMOTEPN 3HEPTMM WU 3aTpaTbl, U B UTOre —
KayeCTBO M CTOMMOCTb MPOAYKLMN 00BbEKTA.

B HeKOTOpbIX Cyyasx Npu yXy[LIEHWN KayecTBa 3/M1EKTPO3Heprumn
BO3MOXHbl aBapuun W, Kak cnefcTBue, 3HaUUTeNbHbINA yuiepd npouns-
BOACTBY Mnn ob6bekTam XXKX.

PasnuuyHble BUAbl 3/IEKTPOOOOPY0BAHUS MO-Pa3HOMY pearvmpyroT
Ha MCKaXXEHWS HanpshKeHusa. Hanpumep, namnbl HaKaivWBaHUs, UK
3NeKTPUYECKME HarpeBaTe/In He pearnpytoT Ha 60/bLUIMHCTBO TUNUY-
HbIX NCKaXXEHWIA CETEBOrO HaNpPsXXeHUs. B TO ke Bpemsi HEKOTOpble Mo-
TpebuTenn JOBONLHO KanpusHbl U TPeOYIOT BbICOKOr0 KayecTBa 3/ekK-
TPUYECKOM 3HEepruu.

Cpean HMX, HanpuMep, CTaHKN C 3/IEKTPOHHbIM (4MCMOBLIM) MpoO-
rpaMMHbIM ynpaBfieHWeM, Po60TU3UPOBaHHbIE KOMMEKCHI, pas3finy-
Hble MUKPONPOLLECCOPHbIE KOHTPOMNEPbI, OPFTEXHMKA, MePCOHaNbHbIe
KOMMbOTEPbI 1 Ap. Mpuyem Yyncno Takux notpebuTeneli B 06LLEM CO-
CTaBe 3N1eKTP0o06opy40BaHNA HENPEPLIBHO PacTeT. Yem BblLLE TEXHONO-
rmyeckas KynbTypa Ha npegnpuaTumn, Tem 60/blie JONA Takux 4yBs-
CTBUTENbHBLIX K KaYeCTBY 3/1eKTPUYECKO 3Heprum 06bekToB [Ans no-
[OOHbIX NOTPebUTenen aaxke He3HaAUYUTENbHbIE UCKAXEHUS CeTU MOTyT
NPMBOANTbL K CEPbE3HBbIM MOC/EACTBUAM.

[ns onpeaeneHns M yCTpaHEHUS MPUYUH COOEB W HeLTaTHOWM
paboTbl Takoro poga obopyaoBaHWA, AN OUEHKW ero BOCNPUUM-
YMBOCTU K KOHKPETHbIM WMCKaXXeHMAM Heob6XogMmMo BnafjeTb MeTo-
faMy onpefenieHns OTAeNbHbIX NapaMeTpoB 3/€KTPUUYECKUX CUTHa-
NOB W Lienei, He06X0ANMO UMETb (M YMeTb MPUMEHATb) COBPEMEH-
HYH0 BbICOKOMPOU3BOAUTENILHYIO MUKPOMNPOLECCOPHYIO M KOMMbIO-
TEPHYIO PEFUCTPUPYIOLLYIO Y aHAIU3UPYIOLLYI0 U3MEPUTENLHYIO Tex-
HUKY.

B npouecce nepegauu, pacnpegeneHus, npeobpasoBaHus U no-
TPeONeHUss 3NeKTPUYECKO IHEPTUM B 3/TEKTPUUYECKMX CETAX U Le-
NAX OCHOBHblEe MapameTpbl NEePeMEHHOr0 CUrHana — HOCUTeNs 3Hep-
rmy — MOoryT (4TO BMOJIHE €CTECTBEHHO) MeHATbCSA. Hanpumep, dop-
Ma KPUBOW HanpshKeHWs, BblpabaTbiBAEMOrO 3/1eKTPUYECKUMM CTaH-
LUMAMKN, KaK MpaBuo, AOCTaTOMHO 6/M3Ka K CMHycouaanbHoOW (npak-
TUYECKN 3TO YMCTbIA rapMOHUYECKUIA CUTHAN), WU YacToTa CUrHana He
CuUNbHO oTnnyaetca ot 50 Ny Ho cneundmyecknin notpebutens (Ha-
NPUMep, MOLLHbIA 31eKTPONPMBOL TEXHOIOMMYECKOro 00bLEKTA C TU-
PUCTOPHbLIM YMpPaBfeHNEM) MOXET CU/IbHO M3MeHUTb (hopMy Hanpsi-
XeHus.

Hanb6onee BepOATHbIMW BUHOBHMKAMMN YXYALLIEHUS KayecTBa 3/1€K-
TPO3HEPrMM MOryT BbICTYMAaTh KakK 3HEProcHabyKatoL e opraHunsaumm,

71



Tak U NoTpebuTenn co Cneundmnyeckoii Harpyskoin. Hanpumep, B 3Ha-
YUTENbHOM OTK/IOHEHWUW YacTOTbl CETU OT HOMMWUHANA BUHOBAT NOCTaB-
WMWK 3HEPrUN, a B CU/IbHON HECMHYCOMAANbHOCTU — CKOpee BCEro
noTpebuTeslb C HEIMHENHOW Harpy3KoiA.

KauecTBO 3/1€KTPO3HEprumM B Halleil cTpaHe HopmupyeTtcs FTOCT
13109—97 «Hopmbl KayecTBa 3NeKTPUYECKO SHEPTUMN B CUCTEMAX 3NEK-
TpOCHabeHna 06LLero HasHavYeHUsA».

K OCHOBHbIM nokaszaTensiMm KadecTBa 3nekTposHeprum (MK3) oT-
HOCATCA: OTK/IOHEHWE HanpsXXeHWs; KonebaHus HanpsHKeHUs; He-
CUHYCOMAANbHOCTL HaNPsXXeHUs; HECUMMETPUS HanpsHXKEHUS; OTKIIO0-
HeHWe 4acToTbl; MPOBa HaMpPsHXKEHWUA; UMNYNbC HaMpsHXKEHUsA U Bpe-
MEHHOE MnepeHanpsXeHue.

YKasaHHbI CTaHAAPT yCTaHaBMBAeT TPebOBaHNS K OCHOBHbIM MK3.
Ecnn pexuMbl paboTbl 3N1EKTPUYECKOA CETU HOPMabHbI, TO 3HAYEHUS
MK3 He BbIXOAAT 3a Npefenbl HOPMa/bHbIX 3HAYEHWIA.

KOHTpO/IbHbIE BOMPOCH!

1 Yemy paBeH NMepuoj CMHYCOUAANbHOIO CUrHasa ¢ YactoTon 1 Kfy?

2. 3anuLinTe BbipaXkeHWe 4151 CPefHEr0 BbINPAM/IEHHOT0 3HAYeHUSA Mepuno-
[IMYECKOro cmrHana.

3. Uto Takoe Ko3athhULUMNEHTBI aMNANTYyAbl U (hOPMbl NEPUOJNYECKOTO CUT-
Hana? YemMy paBHbl 3HAYeHUSA 3TUX KOIPULMEHTOB AN CUTHAI0B CUHYCO-
NianbHOW 1 NPAMOYro/ibHOW hopm?

4. Kak cBfi3aHbl MakCUMaslbHOe W [eCTBYIOLLEe 3HAYEHUSA ANA CUHYCO-
niasbHOro curHana?

5. da3oBbIil CABUT MEXAY CMHYCOMAANbHBIMU CUTHA/IAMM TOKa WU Hanpshke-
HWS B 3N1eKTPMYECKOW Lienun cocTasnseT cp= 30°. CUrHa/bl UMeT OANHAKOBYHO
yacToTy, paBHyto 50 'y Uemy paBeH BpeMeHHOW CABUT MeXAY 3TUMWU CUTHa-
namu?

6. Kak HaliTu NOMHY0 MOLLHOCTb, €C/IN U3BECTHbI aKTMBHas U peaKkTUBHas
MOLLHOCTWN B OAHOMA3HON 3M1eKTPUYECKON Lenn?

7. Kak cBsi3aHbl Mexgy co60i nuHeliHble 1 (hasHble 3HAYEHWS CUHYCO-
naanbHbIX HANPSHKEHWA B CUMMETPUYHON TpexdasHon ceTn?

8. UT0o XapaKTepu3yroT MOHATUA «J06POTHOCTb» U «TaHreHC yrna notepb»?
3anuwunTe BblpaxeHne OOPOTHOCTM AN CyYas KOMMJIEKCHOIO COMpOTMBIe-

HWA NHOYKTUBHOIO XapakTepa (nocnefosartesnbHas
CXEMa).

9. Uemy paBHbI cpefiHee, cpefiHee BbINPAM/IEH-
HOe, cpefjHee KBajpaTUYecKoe 3HayeHnsa npsamo-
YrosbHOro curHana Toka, MoKasaHHOro Ha pu-
CyHKe? AMnnnTyga curHana +1 A, nepuog 20 mc.
OnpegennTe TakXe 3HAYEHUS KOIPMULUEHTOB
aMnaunTydbl U opMmbl.

10. Yem obycnoBfiieHa HeCUMHYCOMAaNbHOCTb
(hOpMbl CUFHaN0B HanpsHkeHWn n Tokos? [Mpu-
BeanTe npumepbl. MonpobyiiTe n3obpasuTb op-
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My CUrHana, COAep>Kallero ABe rapMOHWMKMW OQHOW amnauTydbl, OTAMUYal0-

uMecs mo yactoTe B 2 pasa.
1. HecrHyconganbHblii NepUoAMYECKUA CUTHAN HANPSHKeHWUs COCTOUT

M3 NocTosiHHOM cocTaBnsowen U0= 10 B, a Takxe AByX rapMOHWK, fei-
CTBYIOLLME 3HAYEHUS KOTOPbIX paBHbl, cooTBeTcTBeHHO, U\ = 10 B n U2=
=0,5 B. Uemy paBHO cymMMapHOe AeiicTBYyloLlee 3HaUeHNe 3TOr0 HEeCUMHYCO-

MAanbHOro curHana?



rMABA 3

AHANOTOBbIE SNTEKTPON3MEPUTEJIbHbIE
MPNBOPBHI

3.1. OBWMWE CBEAEHUA

M3mepuTensHblii npuéop (V1) —Hanbonee pacnpocTpaHeHHbI BUA
CpeacTB mamepeHunii. Bece VT MOXHO nogenvTb Ha ABe 60nblUMe rpyn-
Mbl: aHaNoroBble U LM(POBLIE.

AHanoroBble usmepuTenbHble npubopsl (AUIM) — 310 Takne npubo-
Pbl, MOKa3aHWS KOTOPbIX ABASAOTCA HEMPEPbIBHOW (hYHKLMERA n3MeHe-
HUS BXOAHON N3MEPSEMO BeNMUMUHbI (MOTYLLEA NpPUHUMAaTbL 6ecKo-
HEYHOE MHOXECTBO 3HAYEHWI B OnpefeneHHOM fuanasoHe). pynny
AWT MOXHO npeAcTaBUTb ABYMS MOArpynnamMun: npuoéopbl Ans cratum-
YEeCKUX M3MepeHuid (BONbTMETPbI, aMnepmMeTpbl, OMMETPbI U Ap.) U
npmbopbl ANa AUHAMUYECKUX U3MEPEHUIA.

Mpubopsl 4N LMHAMWYECKUX U3MEPEHWUIA, B CBOKD OYepelb, AensT-
cs Ha nokasblBatowme AV (Hanpumep, 3M1eKTPOHHO-yYeBbIE OCLUII-
norpadbl, aHanM3aTopbl CNEKTPa) U pernucTpupyolne npmbops! (Ha-
npuMMep, camonuywme npubéopsl, CBeTONyYeBble ocLunnorpadbl).

B paHHOW rnase paccmoTpuMm AW, npegHasHayeHHble NS CTaTu-
YECKNX U3MEPEeHUIA: 3IEKTPOMEXaHUYECKME N 31EeKTPOHHbIe WM.

AnekTpomMexaHuueckue MM oCHOBaHbI Ha Npeobpa3oBaHUMW 3MEKT-
pVYecKoW 3Hepruy BXOLHOrO CUTHAaNa B MEXaHWYECKYH 3HEepruw yr-
NoBOro (pexxe — NIMHERHOro) nepemMeLleHns NOABWMXKHOW YacTu oi-
CUETHOrO0 YCTpoiicTBa. KpoMe camMoCTOATENIbHOTO MPUMEHEHUS, 31EKT-
pomexaHuyeckue VT ncnonb3yoTca TakKe B KAYeCTBe BbIXOAHbIX YC-
TPOWCTB 6ONbLUNHCTBA 3N1EKTPOHHbLIX AUTT.

AnekTpoHHble T —3T0 Takne AW, B KOTOPLIX 3Heprua ana me-
XaHWYecKOoro nepemeLLeHmns yKasaTens 0TCHETHOr0 YCTPOiCTBa NOCTy-
naeT He OT UCTOYHMKA U3MEPSEMOrO cUrHana (Kak B 3/IeKTpOMeXaHu-
yeckux npubopax), a OT BCNOMOraTe/lbHOro UCTOYHUKA 3HEPTrun, Ha-
npuMep, OT 3M1eKTPUYECKOW CeTU, NuTatoleid npmbop. Vv

3.2. AIEKTPOMEXAHNYECKNE VW3MEPUTEJ/IbHbIE MPUBOPLI

BO/bLIMHCTBO MCMO/Mb3YEMbIX CErOAHS B TEXHOMOTMYECKUX MpoLiec-
cax CTauMOHapHbIX M3MEepPUTENbHbIX MPUBOPOB — 3TO KacCUyeckue
aHasIoroBble 3/1eKTPOMEXaHUYeckme Npubopbl. VX MeTponormueckme u
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JKcnnyataunoHHble XapakTepu-

CTUKW BMOSIHE AOCTATOYHbI A8

peLleHns OCHOBHbIX 3a/ja4 TeXHU-

YeCKMX n3mepeHunit. LLInpoko pac-

NpOCTpaHeHbl 3/1IEKTPOMEXaHNYe-

CKMe BOMbTMETPbI, aMnepMeTpbl,

OMMeTpbl, Pa3oMeTpbl, BaTTMET-

Pbl, CYETUMKN aKTUBHOW W peak-

TMBHOI 3Heprumn. B anekTpomexa-

HUYECKNX U3MEPUTENbHbIX NPM60-

pax peann3oBaHbl pasinyHble Hu-

31YecKMe NPUHLMMBI, NO3BONIAIO-

LMe npeobpa3oBaTb 3HAUEHUNE W3-

MepsieMOi BEIMYNHbI B MPONOPLU-

OHa/IbHOe OTKNOHeHue (BUAMMOE

nepemelLlgHne) ykasaTens (Hanpu- Puc. 3.1. Knaccutnkaumnsa afieKTpome-

Mep, CTPeNKW npuéopa). Ynpo- XaHWHECKUX USMEpUTENbHbIX npu6opos

LWeHHaa Knaccugukaumnsa anekT-

pOMeXaHWYeCcKUX U3MepUTENbHbLIX MPUOOPOB NpuBeseHa Ha puc. 3.1.
3 Bcero pasHoo6pasnsi KOHCTPYKUWIA (CUCTEM) M CXEM 31EKTPO-

MeXaHU4ecknx npnbopos pacCMOTPMM HeKOTOpble Hanbonee pacnpoc-

TpaHeHHble. ITU YCTPOICTBA NIeXKaT B OCHOBE M3MepuUTeNeld camblxX pas-

NINYHBIX 31IEKTPUYECKUX U HEINEKTPUYECKUX BENUYMH.

3.2.1. Mpnb6opbl MarHNTO3/IEKTPNYUYECKOI CUCTEMBI

OfHOWN 13 cambIX NPOCTLIX (M UCTOPUYECKM, NOoXanyi, camblX paH-
HUX) CMCTEM, UCMOMb3YEMbIX MPU NOCTPOEHUU 3NIEKTPOMEXAHNYECKMX
npnbopoB ABNAETCA MarHuToanekTpuyeckas (M3).

KoHCcTpyKuusa v npyHumn geinctensa. Ha puc. 3.2 ynpouieHHo noka-
3aHa KOHCTPYKLUWS MexaHn3ma Takoi CUCTEMbI, KOTOpas COAEPXMT npe-
06pasoBaTesib 3NEKTPUYECKOI BENUUYUHBI (BXOAHOIO M3MEPSIEMOIO TOKA)
B MeXaHMYeCKyto (Yron OTKMOHEHWA) U OTCYETHOE YCTPOMCTBO (yKa-
3aTeslb U WKany).

MOCTOAHHbIA MarHUT 7, MarHUTOMNPOBOA, 2 N LWNHAPUYECKINA cep-
[LEYHUK 3 U3 MarHMTOMArKOro marepuana co3faloT paBHOMepPHOe pa-
AManbHOe MarHUTHOe MNosie B BO3/YLUHOM 3a30pe, B KOTOPOM pacnoso-
YKEHa 1 MOXKEeT NOBOPaYNBATLCA pamKa 4 C U3MepseMbIM TOKOM. PaMka
(HECKONbKO [eCATKOB BMTKOB MeLHOr0 MPOBOA) XXEeCTKO CBA3aHa C
OCbl0 5, Ha KOTOPOWA 3aKpensieHa cTpefika 7. 3TN 31eMeHTbl 06pasyoT
NOABWXHYH0 YacTb MeXaHW3Ma.

Kak 13BeCTHO, Ha MPOBOAHMK C TOKOM, HaxoAsLMACS B MarHUT-
HOM rone, AeicTByeT cuna. Mpu NPoOTEKaHUN U3MepseMOro Toka 7 B
Pamke, Haxoasawencs B MarHUTHOM NoJie 3a30pa, BO3HMKAeT BpaLlato-
LM MOMEHT M, paBHbI MPOM3BEAEHNIO NHAYKLMN B MAarHUTHOrO Moss
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B 3a30pe, aKTUBHOW (T.e. Haxopas-
wenca B MarHUTHOM rosne) nno-
WaaM pamku 5, yucny BUTKOB w
N TOKY / B pamKe:

M = BSwl.

OTCcUYeTHOE YCTpPOMCTBO —
CTpenka 7w WwKana 8 — npeobpa-
3yeT Yron OTKNOHeHMs (MOBOPO-
Ta) paMKK a B NoKasaHus (OTCYeT).
CnupanbHas Npy>XXuHa 6 CayxuT
Puc. 3.2. KOHCTPYKLMA MarHnToanek- [/ CO34aHUs MPen NBoAeiCTBYO-
TPUYECKOIro MexaHusma: |_|_|'er0 MOMEHTa |\/||-|p:
/ — NOCTOSIHHbIA MarHuT; 2 — MarHuTo-
npoBog; 3 — LWINHAPUYECKUI CepAeUHNK M,,»=aQ,
13 MarHATOMAIFKOro MaTepuana; 4 — pamka rfle a — yron noBopoTa MogBUX-
C U3MepsieMbIM TOKOM; 5 —ocb; 6 — cnu- " . S
parbHast pyxuHa; 7—cTpenka; 8 —wkana  HOW HacTy; Q — YAE/IbHbIN hdo-
TUBOAENCTBYOLW NN MOMEHT.
Bpalalowmnini MOMeHT 3acTaB-
NsieT paMKy noBopaymBaThbes. MMPOTMBOAENCTBYHOLWNIA MOMEHT Hanpas-
NeH HaBCTpeYy Bpallatolemy. B npouecce noBopoTa paMmKu nNpoTUBO-
[encTBYOWMA MOMEHT M, MPOMOPLMOHA/IbHO pacTeT. STO NPOUCXO-
AWUT B0 TexX nop, NokKa MOMEHTbI He CTaHyT paBHbIMWU. Mpn M = Mm

BSuil = aQ.
CnenoB™ TeflbHO, Yron NOBOPOTa a UMEET B/,
a=(BSwl)/Q.

Takum 06pa3oM, MOCKONbKY 3HavyeHUs napametpoB B, S, w. [l
NPaKTUYECKN MOCTOAHHbI, MOXHO FOBOPUTb O IMHEMHOWN 3aBUCMMOC-
TW yrna noBopoTa a (K, cnefoBaTeNlbHO, MOKasaHuii) M3 npnbopob oT
3Ha4YeHna M3MepSEMOR BenuYnHbl (B faHHOM Ciydae Toka /).

AMNepMeTpbl U BoNbTMETPbI. NS U3MepeHUs MasblX TOKOB (0
100 MA) MCNOMb3YOTCA HEMNOCPeACTBEHHO MarHUTO3/MeKTpUYeckue
N3MepPUTENbHbIE MeXaHM3Mbl. Ecnm TpebyeTcs n3mMepsaTb TOKU, NPEBOCXO-
AALW e TOK MOHOIO0 OTK/IOHEHUS MeXaHW3Ma, TO MPUMEHATCA LUYH-
Thbl (TOYHble PE3UCTOPbI C MajibiM COMNPOTUBMEHUEM: AeCATble — Thl-
CAYHble fonn oma) — puc. 3.3, a. Mpy 3TOM Yepe3 U3MepUTENbHbI
mexaHusMm (MM) TeueT TOK /M NpeAcTaBNAOLW KA COOOIA TOMbKO YacTb
M3MEPAEMOro Toka /. 3Has COOTHOLUEHWe MeXAy CONpPOTUBAEHUAMU
pamkn UM wn wyHTa /21 MOXHO neperpagyvnpoBaTh LKany npubopa
NN nepecynTaTh NOKasaHWA B pe3y/nbTaT U3MEpPEHUS.

Cxema MarHuMTO3/EKTPUYECKOT0 BONbTMETpa MpPUBELEHA Ha puc.
3.3, 6. lMocnegosatensHo ¢ VIM BKto4vaeTcs pesucTop Rv C focTa-
TOYHO 60MbLWIMM COMPOTHBAEHMEM. [J06aBOYHbIE Pe3NCTOPbl Rai U Ra2
obecrneynBalOT HECKO/bKO AMana3oHOB M3MEPEHUA HanpsXeHus U\
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Puc. 3.3. AmnepmeTp (a) n BonbTMeTp (6) MarHMTO3/1EKTPUYECKON CUCTEMbI

(UMI> U\2> UM). Tok | yepe3 VM Ha nto6om guanasoHe He LOSKeH
NPeBoOCX04UTb HOMUHAIBHOTO 3HAYeHUsA /HMAA MexaHU3Ma.

PaccmoTpum npuMep opraHusaumMy MHOronpeesibHoro BObTMET-
pa. Mpegnonoxum, umeetcs M3 mexaHMU3M € conpoTuBneHnem [?21IM=
= 10 OM 1 HOMWHanNbHbIM ToKOM /HoM= 0,001 A. Torga gna opraHusa-
UMK Ha 6a3e Takoro MexaHu3ma BONbTMETPA C Mana3oHoM U3MepeHUs
Ui = 1 B He06X04MMO BK/KOYMNTL MOC/e0BaTeNlbHO C MEXAHU3MOM pe-
31CTOP RV C TaKUM COMPOTUB/IEHUEM, KOTOpOe o0becneynTt npu nsme-
pseMoM HanpsXxeHun U\ = 1 B TOK uyepe3 mexaHu3m /Hm = 1,0 MA.
Halifiem 3HaueHWe 3TOro CONPOTUBNEHUS:

Rv= (BAowm) - Aum = (1:0,001) - 10 = 990 Om.

Ecnv Mbl Tenepb umeem MO BOJSILTMETP C AMANa30HOM U3MEPEHUS
@i = 1B 1 C BHYTPEHHUM COMNPOTUBAEHMEM Rv,, = RHM+ Rv = 1 KOM,
TO ANa paclwupeHuns npegena mamepeHns go U2 - 10 B Heo6xoaumo
BK/IOYNTL MOCNef0BaTEIbHO A06aBOYHbI/ PE3NCTOP CONPOTUBIEHUEM
20L=9 kKOm. [nd paclwunpeHunsa npegena nsamepenuns go t/3= 100 B (T.e.
opraHv3auumn elle O4HOro AManasoHa) Heo6Xo4MMO MOLKNHOYUTL MO-
CnefoBaTeNbHO C MMEIOLWMMCSA PesnucTopom /24l ewe ofuH fo6aBouy-
Hbli1 pe3ncTop Raz = 90 KOM. Takum 06pa3om, NonyyaeM cXemy MHOFO-
npeaenLHOro BONbTMETPa NOCTOSAHHOIO ToKa (CM. puc. 3.3, 6).

OC06EHHOCTU MarHUTO3/1eKTPUYECKUX NprbopoB. Mpubopsl M3 cu-
CTEMbI, N0 CPABHEHMWIO C APYTUMW 3/1eKTPOMEXaHnyeckuMmu npubopa-
MW, UMEIT paf NpeumyLlecTB. ITO 60/iee BbICOKME TOYHOCTb M UyB-
CTBUTE/NIbHOCTb; paBHOMEpHasa (MHElHas) LKana; CPaBHUTEIbHO Ma-
noe co6CTBEHHOEe NOTpebeHne 3Heprum oT UCTOYHUKA CUTHaNa; npak-
TMYeCKOe OTCYTCTBME BANSHWSA BHELUHUX MAarHWUTHbIX Nofei (Tak Kak
COOCTBEHHOE NOMe B 3a30pe 3HAUUTENbHO). ECTb M HegocTaTku. 3TO
BO3MOXHOCTb paboTbl MM TONbKO Ha NOCTOAHHOM TOKe; CPaBHUTE/IbHas
CMIOXHOCTb peasibHOW KOHCTPYKLUUK; 3aMeTHast YyBCTBUTENbHOCTb K Me-
perpyskam, MexaHW4eCcKuM BO3AeiCTBMAM, yaapam, BUbpayumn; nime-
HeHue Ynpyrux CBOMCTB NPY>XWHbI CO BPEMEHEM, & TakXKe 3aBUCUMOCTb
noKasaHWii 0T U3MEeHEeHUs TemnepaTypbl OKPYXatoLLel cpeabl.

CoBpemMeHHble peanbHble KOHCTPYKLWW, KOHEYHO, CNOXKHee pac-
CMOTPEHHOIA.

O603HayeHne MO cucTeMbl Ha LWKanax Npubopos:
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MprMep MarHUTO3/MEKTPMYecKoro npubopa. B kavecTse npumepa
COBpPeMeHHOro npuéopa M3 cucTembl pacCMOTPUM BOJIbTAMNEPMETP
M 2044, Bbinyckaembiii MO «dnekTpoTounpunbop» (r. Omck). OH npea-
Ha3HayeH 418 U3MepPEHMUs TOKAa WM HanpsXeHus B Lensx noCTOAHHOro
TOKa. OTOT MHOronpeAensHbIA Npubop obecneymBaeT N3MEPEHNS C Bbl-
COKOW TOUYHOCTBIO U YYBCTBUTENILHOCTLIO B LUMPOKUX AManasoHax n3-
MEHEHWIT TOKOB U HaNpsHKEHWIA.

TexHMYecKne xapaK TEPUCTUKN BoibTamnepmeTpa M 2044
[vnana3oHbl n3MepsiemMblX NOCTOSAH-
HbIX HAMPAXEHUMA e 0...15mB/30 mB/75 mB/0,15 B/
0,3B/0,75 B/1,5 B/3 B/7,5 B/15 B/
30 B/75 B/150 B/300 B/600 B
[vana3oHbl n3MepseMblX MOCTOSH-

HBIX TOKOB vttt 0...75 mMA/150 mA/300 mA/0,75 A/
15A/3 A/7,5 A/15 A/30 A
Knacc TOUHOCTU, %0 .coovvcvrneiciienns 0,2
LUKana nprboPa....ccoreenecerierieenns PaBHOMepHas, 3epKanbHas, 4YUCO
feneHwnii 150, gnnHa 150 mMm
FabapuTHble pasMepbl, MM............ 243x200x100

3.2.2. Mpnbopbl BbINPAMUTENBHO CUCTEMBbI

3 BbipaXeHUs ANs BpaljatoLiero MoMeHTa M cnefyeTt, 4To npu-
60pbl M3 CUCTEMbI HEMOCPEACTBEHHO MOTYT GbITb UCMO/b30BaHbI TO/b-
KO Ans paboTbl C NOCTOSHHLIMMW HaMpPsXXEHUAMU 1 TOKaMK, a Ans pabo-
Tbl B LieNsiX NepeMeHHOro Toka UM TpebytoTcs npeobpasoBaTenn nepe-
MEHHOr0 TOKa B NMOCTOSIHHbI — BbINPSMUTENN (A€TEKTOPbI). MoryT npu-
MEHSATbLCSA PasHble TUMbl 4eTEKTOPOB: aMMIMTYAHOTO 3HAYEHUSs, CPefHe-
ro BbINPSAMIEHHOI0 3HAYEHUS, CPeAHEro KBafpaTUuecKoro (feicTByto-
LLiero) 3HayeHus. Haunbonee pacnpocTpaHeHbl B MPOCTbIX aHaNOrOBbIX
3N1eKTPOMEXaHNYECKMX NPrGopax AeTEKTOPbI CPeAHEr0 BbINPSMIEHHOTO
3HAYeHUs KaK camble MPOCTble U AeLleBble.

Ha puc. 3.4, a nokasaH BapuvaHT CXeMbl BONbTMETPA NepeMEHHOro
HanpsXXeHWs ¢ ABYXMNONYNEPUOAHBLIM BbINPSAMUTENEM, a Ha puc. 3.4, 6 —

Puc. 3.4. Cxembl (a, B) BONbTMETpPA CPeHEr0 BbINPSMJIEHHOTO 3HAYeHUs, Bpe-
MeHHble gnarpammbl (6)
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BPEMEHHble fMarpaMMbl BXOLHOIO HanpsXeHWs u(t) U BbINPAMIEHHO-
ro Toka /B(r) 4yepes mMarHUTO3aneKTpuyecknin NM.

Bbinpsmutens o6pa3oBaH MOCTOM W3 YeTbIpex MOJYNPOBOSHU-
KOBbIX AnofoB VDI, VD2, VD3, VD4, BK/OYEHHbIX TaKUM 06pa3om,
YTO BbINPAMAEHHBIA TOK /,(/) yepes VM Bcerga TeyeT B OfHY CTO-
POHY, HE3AaBUCUMO OT MONSPHOCTU BXOAHOIO HanpshkeHus. Ecnm Ha
KakOM-TO WHTepBane BPEMEHW Ha BEPXHEM BXOLHOM 3axume (CM.
puc. 3.4, a) MOMOXUTENbHbIA NOTEHUMan, TO OTKPbIBAKOTCA AMOLbI
VD1 1 VD3, a guoabl VD2 n VD4 3aKpbiTbl, U TOK yepe3 VM Teuet
crnpaea Haneso. Ecnn NoNOXWUTENbHbIA NOTEHLMAN HA HUXHEM BXOA-
HOM 3aXWMe, TO OTKPbIBAKTCSH Anodbl VD2 U VD4 (Npu 3TOM AMOfbI
VD1 1 VD3 3aKpbITbl), 1 TOK Yepe3 MM Takxe Te4yeT crnpaBa Haneso.
N xoTs BpalialoLiMii MOMEHT ABASETCA MeHsLWeics QPyHKLMel Bbl-
NPAMIEHHOrO TOKAa, HO BC/IEACTBME 3HAYMTENbHON MEXaHW4YeCKol
MHEPLUOHHOCTM MOABMXHOA 4YacTu VIM nokasaHua npubopa npu
yactoTax Bbiwe 10 'y paBHbI cpefHEMY 3HAYEHUIO TEKYLLEero B pam-
Ke Toka /,(/), T.e. paBHbl cpefHeMYy BbiNpsiMieHHOMY 3HaueHuo /Cs.
[o6aBouHbIli pesncTop Ra, BO-MePBbIX, YCTaHaB/MBAET CBS3b MEXAY
BXOAHbIM HanpshXKeHWeM U HOMWHa/bHbIM TOKOM M3 MexaHu3ma u,
BO-BTOpbIX, 06ecrneymBaeT 4OCTATOYHO BbICOKOE BXO[HOE COMpPOTMB-
neHne BONbTMeTpa. Takum 06pa3oM, MOKasaHWA BONbTMETPa Mpo-
NOpLUMOHa/IbHbI CpeAHeMY BbINPSMIEHHOMY 3HaYEHWIO BXOAHOr0O Ha-
npshkeHns u(t). MoOMMUMO pacCMOTPEHHOW CXeMbl, NPUMEHSAIOTCS U 60-
Nee felleBble pelleHns ABYXMOAYNepPUOLHOro BbIMNPAMAEHUS, Ha-
npuMep Takue, Kak Ha puc. 3.4, B (CONPOTUBEHNS Pe3UCTOPOB R1 K
R2 paBHbI).

B HeKOTOpbIX NPOCTLIX NpUbopax peasnm3oBaHO U O4HONONMYNEepPUOL-
Hoe BbInpsAMneHue (puc. 3.5, a). Mpn 3TOM 3HaAYeHUe CONPOTUBIIEHUS
pesucTopa R BbIOMPaKOT paBHbIM CONPOTMBEHUIO pamKku VM.

MpaBaa, B 3TOM clyvae YyBCTBUTENLHOCTL NPUOOpPa 3aMETHO HUXKE,
MOCKO/bKY CpefiHee BbIMPAMIEHHOE 3HaUYeHMe TOKa B 3TON CXeMe BABOe
MeHbLUE, YeM MpuW ABYXMNONYNEPUOSHOM BbINpsMaeHumn (puc. 3.5, 6).

a §

Puc. 3.5. Cxema BONbTMETPa C 04HOMONYNEPUOAHBIM BbiNpsAMUTenem (0), Bpe-
MeHHble gnarpammbl (6)
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CxeMmbl, MoKasaHHble Ha puc. 3.4 n 3.5, nexaTr B OCHOBe 60/b-
LIMHCTBA aHaN0roBbIX MHOFOMYHKLMOHAMbHbIX U3MEPUTENbHBIX Mpu-
60poB —TecTepoB. PaclinpeHme gnana3oHoB U3MEPEHUs BONLTMETPOB
peann3yeTcs NofgknouveHnem (NepeknyeHmemM) pasNnyHbiX Ao6aBoy-
HbIX PE3NCTOPOB.

Ba)KHO He 3abblBaTb, UTO Takue BONLTMETPbI U aMmnepMeTpbl pearu-
PYtOT UMEHHO Ha CpefHee BbINPAMIEHHOE 3HAUYeHWe NepeMeHHOro cur-
Hana, a He Ha aeiicTBytoLlee (KOTOPOe Yalle Bcero Tpebyetcs). Mpagyw-
PYIOTCS XKe OHW 00bIYHO B LeMCTBYHOLLMX 3HAYEHUAX /1 HACTHOIO (XOTb
1 pacrnpocTpaHeHHOr0) ciyyas CUHYCOMAaNbHOro curHana. Moatomy npu
paboTe € 3aMeTHO HECUHYCOMAANbHbIMU CUTHaNamMu BO3MOXHbI 60/b-
LUVEe NOrpeLHOCTM n3mepeHns. Hanpumep, npu dopme curHana, 61ms-
KO K MPsSIMOYTO/bHOM, NOrPEHOCTb MOXET focTurats 10%.

O603Ha4eHne NpMbOPOB BbINPAMUTENIbHON CUCTEMbI Ha LUKanax:
-W-

3.2.3. Mpnbopbl TEPMO3NEKTPNYECKON CUCTEMBDI

TepmoanekTpuyeckme (T3) m3MepuTenbHble NPUBOPbI OCHOBaHbI
Ha Npeobpa3oBaHWK 3/IEKTPUYECKON SHEPTUM B TEM/IOBYIO M 3aTeM BHOBb
B 3M1IEKTPUYECKYH0. [pnbopbl 3TOM CUCTEMbI COCTOAT U3 TEPMO3NEKTPU-
yeckoro npeo6paszosatens (TIM) M MarHMTO3NEKTPUYECKOTO U3MEPU-
Te/IbHOr0 MexaHu3ma. TepMO3neKTPUYEeCcKnin NnpeobpasosaTesib NPeacTas-
nseT coboli 06begMHeHNe HarpeBaTens (TOHKas NPOBO/OKA U3 HUXPO-
Ma UM KOHCTaHTaHa) u Tepmonapbl (puc. 3.6, a). Tepmod4C Tepmo-
napbl €T 3aBUCUT OT TemnepaTypbl ee paboyero cnas, T.e. OT Temnepa-
TYpbl HarpeeaTens, KOTopas, B CBOK o4yepefb OnNpeaensercs LeicTBy-
IOLMM 3HAYEHMEM NpOTeKalwWwero no Hemy Toka /'(/).

MpoTekatownin no Harpesatento TI Tok /(/) (NepeMeHHbIA Wm
NOCTOSIHHbIW) HarpeBaeT paboumnii cnain Tepmonapsl 40 TemnepaTypsbl,
NPonopLMOHanbLHO KBaapaTty LeACTBYIOLEro 3HAYEHUS 3TOr0 TOKa.

a 6 B

Puc. 3.6. CxeMbl TEPMO3NEKTPUYECKNX NPUOOPOB:
a — T3 npeobpaszoBaTens; 6 — T3 amnepmeTpa; B — T BONbLTMETPA
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CB060OfHbIe KOHLbI TepMonapbl MOAKIHOYAKTCA K MarHUTO3/IEKTPU-
yeckomy VM (puc. 3.6, 6). Tok /M TeKywuii yepes M-

n,=

roe eT— 1epModAC Tepmonapbl; RE — cymMapHOe COMpOTUBIIEHME
Tepmonapbl N M.
lMoka3aHne npubopa a onpeaenseTcs No ceayoLen ghopmyne:

a=kKl!2

roe K — Ko3hpuuMeHT NponopuuoHanbLHOCTU, ONpeaenseMblii 0co-
6EHHOCTAMM KOHCTPYKUUKM TIM; / — geicTBytoLLee 3HAYEHME M3Meps-
eMOoro TokKa i(t).

Ha puc. 3.6, 6 npusegeHa cxema TO aMmnepmeTpa, a Ha puc. 3.6, 8 —
cxema TO BONbTMETpA.

[na n3mepeHns ManbiX TOKOB U HanpsHKeHUin (MOCKOJIbKY 3Haye-
HUs TepmMo3AC Tepmonapbl He3HAUUTENbHbl — eAUHULbI—AECATKN
MWNNNBO/LT) B CXeMy npubopa BBOAUTCA YCUAUTENb NMOCTOAHHOrO
TOKa, MOBbIWAKLW WA BbIXOLHON CUTHaN TepmMonapsbl (cM. nogpasg,. 3.3).
PaclwuimpeHne anMana3oHOB M3MepeHUs T amnepMeTpoB B CTOPOHY
YBEIMYEHNS 3HAUYEHUA OCYLLECTBAAETCA C MOMOLLbIO N3MEPUTENbHBIX
TpaHc(opMaTopoB ToOKa B cnydae pacwunpeHns npegenos TS BOMbT-
MeTpPOB NPUMEHAIOT A06aBOYHbIE Pe3NCTOPbl C pasfIUYHbIMKU COMNPO-
TUBJ/IEHUAMMN.

K poctonmHcTBam T3 NpnbBOPOB MOXXHO OTHECTM CleaytoLiue:;

* paboTa Kak C MOCTOSHHbIMUW, TaK U C NepeMeHHbIMU TOKamu K
HanpsHKeHNAMU;

* peakLus Ha UCTUHHOE cpefHee KBaApaTU4YeCKOe (JeicTBytoLLee)
3HaYeHne He3aBUCUMO OT (hOPMbl CUTHANg;

* LWWMPOKUIA fManas3oH 4acToT M3MEpPSeMbIX CUTHANO0B (A0 AECATKOB
merarepu);

* CPaBHUTE/IbHO BbICOKAs TOYHOCTb NPUGOPOB (TUNUYHBLIE KACChI
ToyHocTh 1,0... 1,5).

K HepgocTaTkam TO npuMbopoB OTHOCATCS.

* HEBbICOKOE BbICTPOAENCTBME B CMTY 3HAUYNTENBHOW TEMNOBOW NHEP-
uMoHHocTK TIT,

* 3aMeTHOe CO6CTBEHHOE NoTpebeHe NPUBOPOB OT UCTOYHMKA UC-
cleflyeMoro curHana;

* HEPaBHOMEPHOCTb (KBAApPaTUYHOCTb) LUKabl Npubopos;

* 3aBUCUMOCTb TOYHOCTM OT M3MeHeHUs TeMnepaTypbl CBOOOAHbLIX
KOHL,0B TEPMONapsl;

* Manas neperpysoyHas crnocobHOCTb.

O603HaveHNe TepPMO3NeKTPUYECKUX NPUBOPOB Ha LUKaax:
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3.2.4. Mpunbopbl 31EKTPOMArHUTHOW CUCTEMBbI

B WMTOBbLIX M3MePUTENIbHbLIX Npubopax, npefHasHauYeHHbIX 41 pa-
60Tbl B 3/1eKTPUYECKUX LeNsaX NepemMeHHOro ToKa NpoMbILLIEHHONM Ya-
CTOThI, LWUMPOKO NPUMEHSETCA 3NeKTpoMarHuTHas (OM) cuctema, Ko-
TOpas MMeET psif NpenmyLLecTB nepes MarHUTO31eKTPUYECKOA.

KOHCTPYKUUSI M MPUHUMN AeACcTBUSA. B OCHOBe camoli NPOCTON KOH-
cTpykuun (puc. 3.7) atoro MMM nonas KaTyllKa ¢ U3MepsieMbiM TOKOM
[ (M1 ¢ TOKOM, NPONOPLUOHANBHBLIM U3MEPSAEMOMY HanpsXXeHuo U
B C/ly4ae BOMbTMETPA).

MpoTeKaloLWKiA MO KaTyLlKe 1TOK CO34aeT MarHUTHbIA NOTOK, KOTO-
pbli NpUTArnBaeT (BTATMBAeT BHYTPb KAaTYLUKW) CepAevyHuK 4, BbIMOS-
HEeHHbI 13 MAarHUTOMATKOrO MaTepuana 1 3aKpeneHHbI Ha ocn 2.

Mpn 3TOM BO3HMKAET BpaljalWmWii MOMEHT M, paBHblA MPOU3-
BOZHOW 3Hepruy 3ToW 3N1eKTPOMeXaHUYeCKON CUCTEMbl MO Yray no-
BOpOTa a:

roe /| —AeicTBylOLLEe 3HAUEHME TOKa B KaTylKe; L — MHAYKTUBHOCTb
KaTyLLKKW; a — Yroi NoBopoTa CepAevHMKa.

CnupanbHas NpyXuHa 3 CNyXWT AN CO3[aHUS NPOTMBOAENCTBY-
tOLLLEro MOMeHTa Mup:

M,,p=0Q,

roe Q — yAenbHblA NPOTUBOAENCTBYIOLWMIA MOMEHT.
MoMeHTbl M 1 Mrp HanpaB/ieHbl HaBCcTpeuy Apyr apyry. C pocTom
yrfia noBopoTa a NPOTUBOAENCTBYIOLMIA MOMEHT MrpNpONopLMOHab-

Puc. 3.7. YCTpONCTBO 31EKTPOMAarHUTHOr0 MexaHu3ma:

1— KaTyLlKa C M3MepsieMbIM TOKOM; 2 — 0Cb; 3 — cnvpasibHas NpyXuHa; 4 —ceppey-
HWK M3 MarHUTOMAMKOro marepuana; 5 — cTpenka; 6 — wkana

82



HO pacTeT. 3TWU NPOUCXOAWUT A0 TeX MOp, MOKA MOMEHTbI He CTaHyT
paBHbIMU. [Tpn M= Mm

aqQ.
2 da Q
CneposaTtenbHO, Yrosn noesopota
P _dL
2Q. da

OTCcUeTHOe YCTPOICTBO — CTpesika 5 u wkana 6 — npeobpasyet
yron noBopoTa cepfeyvHnKa B nokasaHus (OTCYeT).

3 nocnegHero ypaBHeHua cnegyet, 4to OM npubopbl MOryT pa-
60TaTb KaK B Llensx NOCTOAHHOrO0, TaK M NEPEMEHHOrO TOKa; a TakKxe,
yTo WKana y M npnmbopoB — He/MHelHas (KBagpaTuyHas).

CyLLecTBYIOT U ApYrme KOHCTPYKUMM 3M U3MepuUTeSbHbIX Mexa-
HW3MOB, B YaCTHOCTM C 3aMKHYTbIM MarHMTOMPOBOAOM, KOTopas obec-
neynBaeT YUY 3alMILEHHOCTb OT BHELIHUX MarHUTHbIX MONei.

AMNepMeTpbl N BONIbTMETPLI. B OCHOBE KOHCTPYKLUUU aMNepMeTpPOoB
3M cucTeMbl NEXN T KaTyLLIKa, COCTOSLLLAs U3 HECKOIbKNX CEKLNA (puc.
3.8, a), NepeknoYeHMEM KOTOPbIX MOXHO U3MEHATb Mpesesbl u3mepe-
HUA TOKOB: Ix> 12> h-

B npocTeiillein cxeme BONbTMETPA NOC/MeA0BaTENbHO C KaTyLUKOI
BKNHOYaeTCs 06aBOUHbINA pe3ucTop Rv (puc. 3.8, 6). B Takoli cxeme ¢
POCTOM YacTOThbl HANPSAXeHUs  NUHEeAHO pacTeT UHAYKTUBHOE CO-
NpoTMBeHNe XL KaTyLIKN U3MEPUTENLHOTO MEXaHWU3Ma:

XL =ycoL.

Mpun 3TOM pacTeT cyMMapHoe COMpoTUB/IEHME LieNn, TOK B KaTyLu-
Ke nafjaeT, YToO MPUBOAUT K YMEHbLUEHWNIO MOKa3aHUin npubopa.

[na nogaep>xaHusi MOMHOTO KOMMIEKCHOTO COMPOTUB/IEHUA NpU-
MepHO NOCTOSIHHbIM B OCTATOYHO LUMPOKOM fMana3oHe 4acToT B CXe-
My BonbTMeTpa (puc. 3.8, B) BBOAWUTCS LeNb 4aCTOTHOW KOppeKLuuu
(koHpeHcaTop CK M pe3ncTop RK), COMPOTUBEHUE KOTOPOIi € poc-
TOM 4acTOTbl MajaeT, KOMMEHCUPYys BO3pacTaHWe COMPOTUBNIEHUA
KaTywkn. C nomowbio Aob6aBoYHbIX pe3ncTtopoB Ral m Rm2 obecne-

Rv RK R,i RR
0-"VYAYYYYYV o H dh

Q ojiy, Uy2 °Uyj

Puc. 3.8. CxeMbl aMnepmeTpoB (a) u BOSbTMETPOB (6, B) 3N1EKTPOMArHATHO
CUCTEMbI
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4yMBaeTCA BO3MOXHOCTb PaboTbl B HECKO/bKMX [Mana3oHax M3mepe-
HUS HanpsHKeHMs.

Oco6eHHocTn O M npubopos. Mprnbopbl 3N1eKTPOMarHMTHOW CUCTe-
Mbl MOTYT 6bITb UCMONbL30BaHbI 415 U3MEPEHUSA WU MOCTOAHHBIX, U Me-
PEMEHHbIX HaNpPsXXeHW 1 TOKOB. Fpn 3TOM OHW pearvpytoT Ha UCTUH-
HOe cpedHee KBafgpaTuyeckoe (feicTByloLLee) 3HaYeHe MepeMeHHOo-
ro cMrHana HesaBMcMMO OT ero opMmbl (npaBaa, B npegenax CBOEro
CPaBHWTENbHO HELLMPOKOro YaCcTOTHOrO AnanasoHa). Kpome Toro, Bax-
HbIM MPEUMYLLECTBOM SBMIAETCA TO, YTO NPUBOpPbLI 3TON CUCTEMBI Bbl-
[lepXXMBaKOT 3HAUNTEIbHbIE NEPErpy3kn (BO3MOXHbI ABYX- N TPEXKpaT-
Hble Meperpyskn), UMelT CPaBHUTENLHO MPOCTYH KOHCTPYKLUUIO U,
cnefoBaTeNlbHO, HafleXHbl U felleBbl. JOCTaTOYHO cKas3aTb, YTO 3M
nNpMoéopbl — 3TO CaMble pPacnpoCcTpaHeHHble WNTOBbIE NPUBOPHI.

Hepoctatkn npnb6opoB 3M CUCTEMbI CNefyHoLLnE:

e HeNMHeHaa (KBaApaTMYHas) LiKana;

* Y3KWUIA YaCTOTHBIA Anana3oH N3MepsemMbIX CUTHAN0B (COTHU repl, —
eANHULBI Kunorepu,);

* 3aMEeTHOE B/INAHWNE BHELIHWUX MAarHUTHbIX NOMe;

* HEBbLICOKWI Knacc ToOMHOCTM (TunnyHo — 1,5...2,5%).

O603HaveHne NpnéopoB OM cuUCTeEMbI Ha LUKanax:

3.2.5. MpnbopbI 31EKTPOANHAMNYECKOW CUCTEMBI

KoHCTpyKuMa 1 NpuHUMn geiicteus. Ha puc. 3.9 npueefeHa ynpo-
L eHHas KOHCTPYKUMS anekTpoguHamuyeckoro (394) mameputenbHo-
ro mexaHusma. HenofsuxHas Katywka / ¢ TOKOM 1{ pa3gefneHa Ha [Be
yacTu; NOABMXHAA KaTyLlKa 2 C TOKOM /23aKpen/ieHa Ha 0CU 3 BHYTpU
HenoABMXHOWM KaTywKu. CnupanbHas NpyXuHa 4 CAy>XWT ana cosfja-
HUS NPOTUBOAENCTBYIOLLEFO MOMEHTA.
MpuHUMN gelicTBUS OCHOBaH
Ha BS&VIMO,EI,GVICTBI/II/I MarHUTHbIX
MOTOKOB ABYX KaTyLlEK C TOKaMn
/, n /2 MpoTeKarowme No KatyLl
KaM TOKW CO03[al0T MarHuUTHbIE
NOTOKWN, KOTOPble CTPemMATCa Npu-
HATbL OAHO HanpaBneHue, Npu
3TOM NoABUMXXHaA KaTyllKa MoBO-
paynBaeTCs BHYTPU HEMOABMXHOIA.
Bpauwatowmii MOMeHT M ansa no-
Puc. 3.9. KoHCTpyKUUA aneKTpoguHamn-  CTOAHHBLIX TOKOB:
YECKOro U3MEPUTENBHOIO MexaHu3ma:
1— HenoABMXHAaA KaTyLLKa; 2 — MOABUX-
Had KaTylka; 3 — ocb; 4 — cnupasibHas
Npy>XuHa; 5 — cTpenka; 6 — LKana
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roe L]2 — B3auMHas WHAYKTUB-
HOCTb KaTyLlekK; a —Yros noBopo-
Ta MOABWXHOI YacTu.

JneKTpoaAnHaMn4yeckmne npnoo-
Pbl MOTYT ObITb WMCMOMb30BaHbl B
Lenax Kak MOCTOSHHOTO, TakK U
nepeMeHHOro Toka. Bo BTopom cny-
yae MpM CUHYCOMAANbHbIX TOKaX
BpallaloLLIniA MOMEHT onpeaensieT-
ca no opmyne

Puc. 3.10. CxeMbl amrnepMeTpa 3NeKT-
POANHAMMUYECKOW CUCTEMBbI:

a — C nocnegoBate/lbHbIM COEAVNHEHUNEM
KaTyLIEK; 6—c napasniesibHbIM

M
M = 11/2C05(" M-2,
aa

rge /b /2 — feicTByloWMe 3HAYEHNUS NMePeMEHHbIX TOKOB B KaTyLUKax;
® — Yron cAsura a3 Mexzay TokaMmy B KaTyLlUKax.

Ha 6a3e 3/[1 MexaHU3Ma BbIMyCKalOTCA aMrnepMeTpbl, BOMbTMETPbI,
BaTTMETPbI, (Ha30MeTpbI.

AMnepmMeTpbl 1 BONbTMETPbL. CXeMa ¢ NocnefoBaTe/IbHbIM COefuHe-
HMeM KaTyllek, npuBefeHHas Ha puc. 3.10, a, NPUMEHSAETCA B MUNN-
amnepmeTpax. Cxema puc. 3.10, 6 ¢ napanfenbHbIM COeAUHEHNEM KaTy-
LUEeK MCNoNb3yeTcs B amrnepmeTpax Ha Toku 6onee 0,5 A

B cxeme BofbTMETPA MCMO/MLb30BAHO NOC/e0BaTe/lbHOE COeJMHEHME
KaTywek (puc. 3.11).

Pe3nucTop Rv CNY>XWUT A9 MOBbILUEHWUA BXOAHOr0 COMPOTUBNEHUSA
npubopa. Job6aBouHble pe3ncTopbl Rnl 1 R,a 06ecneynBadT BO3MOX-
HOCTb paboTbl B HECKO/IbKMX finana3oHax (3HayeHUst HOMUHA/IbHbIX BXO[-
HbIX HANpXeHWii U\B> U\2> UM).

3[ecb, Kak 1 B BONbTMETPax 3/1EKTPOMAarHUTHOW CUCTEMBI, UHAYK-
TUBHOE COMPOTMB/IEHNE KaTyLleK pacTeT C POCTOM 4acToTbl M3Mepse-
MOro curHana. Noatomy And NOLLEPXKaHUSA MOJIHOrO0 KOMMIEKCHOr0O
COMPOTUBNEHUSA NPUMEPHO MOCTOAHHLIM B HEKOTOPOM JMana3oHe ya-
CTOT, Kak ¥ B cnyyae ¢ 3M npubopamu, MPUMEHSETCA 4acTOTHas
Koppekuusa (koHaeHcaTtop Cku pesuctop RK).

BatTmeTpbl, ha 6a3e 3/} MexaHn3ma BbIMyCKatOTCS pasNnyHbIe TUMbI
nprbopoB, HO OCHOBHOE NPUMEHEHMWE 3TOT MPUHLMM Hallen B BATTMETPaX.

MpousBefeHUe ABYX TOKOB B BbIP2XKEHUWN BpallaloLero MoMeHTa
ABNSAETCA OCHOBOW AN NOCTPOEHUS BaTTMETPOB Ha O0CHoBe I/l mexa-

Puc. 3.11. Cxema BO/IbTMeTpa 3/1EKTPOANHAMUYECKO CUCTEMbI
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Llenk HanpsxeHns HU3MOB. ECnu B 04HOIM KaTyLlKe TOK paBeH
Llenb Toka  TOKY, TEKYLLEMY B Harpysky, a BO BTOpOIA
KaTyLlKe TOK NMPONOpLUUOHANeH Hanpsxe-
HUKO Ha Harpyske, TO nokasaHus npubopa
OyfyT NponopLuOHanbHbl aKTUBHON MOLL-
HoCcTU. Cxema BKIOUYEHUS BaTTMeTpa npu-
BefeHa Ha puc. 3.12.
Llenb KaTyLIKW HanpsXXeHUs COAepXuT
3/1EMEHTbI YaCTOTHOM KOPpeKuumn (KoHAeH-
Puc. 3.12. Cxema BaTTMeTpa catop Cku pesuctop RJ
3NEKTPOAMHAMUYECKON CHC- OcobeHHocTn 3/[] npnbopos. K A0CTOUH-
TeMbl cTtBaM 3/, NpnbopoB OTHOCATCA CNedytoLLme:
BbICOKas TOYHOCTb (A0 0,1 %); BOSMOXKHOCTb
paboTbl Kak Ha MOCTOSHHOM, TaK W Ha ne-
PEMEHHOM TOKe; amrnepMeTpbl U BONLTMETPbI 3TOM CUCTEMbI pearupy-
0T Ha [eiCTBYIOLLEe 3HAUeHNe NePeEMEHHOr0 TOKa UM HanpsXXeHUs.
HepocTtaTkamu ABASKOTCA:
* CPaBHUTENbHO HEBbLICOKAs YYBCTBUTE/IbHOCTb;
* BO3MOXXHO€ BINSIHNE BHELUHUX MArHUTHbIX NOMei (4TO MOXET no-
TpeboBaTb 3KPaHWPOBAHUA MeXaHWU3ma);
* 3aMeTHOe B/IMAHME TemMnepaTypbl OKPY>XKatoLLlein cpefbl Ha conpo-
TUBNEHUWE KaTyLleK W, Kak CNeAcTBMe, Ha NokasaHua npubopa;
* 3HaUUTE/IbHasA COOCTBEHHAA MOLLHOCTL NOTPE6AEHUS 3HeNrum ot
NCTOYHMKA CUTHaNa;
* HeNMHeHasa (KBagpaTuyHas) LWKana;
* OrpaHUYeHHbI YacTOTHbIN gmnana3oH (1...5 kIu).

O603HaveHne [, cucTeMbl Ha LLIKanax NpMoopoB:
O603HavyeHne 3/, cucTembl C MarHUTHbIM 3KpPaHUPOBaHWEM MeXxa-

HU3Ma:

CyLiecTByeT pa3sHOBMAHOCTb KOHCTPYKLUUKN, B KOTOPO MarHUTHbIE
MOTOKM KaTyLUeK 3ambIKAKOTCA He N0 BO34yXY, KaK B K/1acCMYeCKOM
BapuaHTe, a N0 BCOMOraTe/lHbIM MarHUTONpPoBoaM. JTO TaK Ha3sbl-
Baemas (eppoanHamuyeckasa (P[) cuctema. bnarogapsi 3aMeTHOMY
YMEHbLLUEHUKO MarHUTHOrO COMPOTUB/IEHUS 3HAYMUTE/IbHO BO3pacTaeT
BpaLlatoL i MOMEHT MexaHu13Ma, NMO3TOMY MOXET ObITb CHUXEHA MOLL-
HOCTb COBGCTBEHHOro noTpebneHma npubopa n (MAK) NOBbILEHA €r0
YyBCTBUTENbHOCTL. KpOMe TOro, Hannume MarHMTonpoBogoB ocnabns-
€T B/IAHME BHELHUX MarHUTHbIX Mofel U NO3TOMY He TpebyeTca 3K-
paHupoBaHue MexaHu3Mma. Npasga, TouHocTb @[l NpnbOpPOB HMXKe, a
AvanasoH 4acTOT HECKONbKO Yyxe, ueM y 3/.

O603HayveHne @[] cucTeMbl Ha LLKanax npmoopos:
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FnaBHoe mpumeHeHue I3[ n [, npubopos — paboTa B 3neK-
TPUYECKNX LENSX MepPeMEHHOro TOKa MPOMbILWAEHHOW 4YacTOoTbl
(50 ).

3.2.6. AnekTpocTaTuyeckme BOJIbTMETPLI

anekTpocTtaTudeckmne (3C) BONbTMETPbl MPUMEHSAOTCA B OCHOB-
HOM A/ N3MEPEHNs HanpsXKeHWI B BbICOKOBOJIbTHBIX LENAX Kak no-
CTOAHHOrO, Tak U NepeMeHHOro ToKa.

KOHCTpYKUMST U NpuHUMN aeicTBuA. MpUHLMN JeincTBUS YCTPOIA-
CTBa 3/1EKTPOCTATNYECKOTO MeXaHW3Ma OCHOBaH Ha B3aMMOfEeNCcTBUM
3apPSXKEHHbIX 3/1EKTPOA0B. B 0CHOBE KOHCTPYKUMK aToro M (puc. 3.13)
[Ba anekTpofa (aMtOMUHMEBbLIE MNIACTUHbI, MEXAY KOTOPbIMU BO3AYLL-
HbIA 3a30p), 06pa3yloLLMX NePEMEHHYI0 EMKOCTb, V3mepsiemoe Hanps-
XeHue UnojaeTca Ha HEMOABWKHYK MAAcTUHY 7, 06pasyloLyto cBoe-
06pa3Hyto0 Kamepy, 1 MOABWXHYIO 2, 3aKpensieHHylo Ha ocu 3. Cnu-
pasibHas NPYXWHa 4 CAYXWT 415 CO34aHWs MPOTUBOAEACTBYIOLLErO
MoMeHTa Mm. CTpefnika 5 1 WKana 6 06pa3yroT 0TCHETHOE YCTPONCTBO.

MoaBefeHHOe K NaacTUHAM HanpshkeHue U co3faeT Mexay nnactu-
HaMu 3nekTpuyeckoe nosne. Mog feiicTBMEM 3/1IEKTPOCTATUYECKUX CUN
NPUTSHKEHUS NOABVKHAA NACTUHA BTATMBAETCA B KAMEpPY HemnonBuXK-
HOM MNacTWHbI, NOBOpaYMBas Npu 3TOM OCb CO CTPENKOR. Uem Bblille
NpuIoXeHHoe (M3MEPSEMOE) HanpsxeHue U, Tem rny6xe BXoauTt
NOABWXHaAsA NaacTUHA BHYTPb HEMOABWKHOW (YBEIMUMBAETCS NAOLLab
NepekpbITUA NNacTUH) U TeM 60/bLUE Yron noBopoTa. FeomeTpus nog-
BMXXHOW MNacTUHbI BblGUpaeTcs Takoi, YToObl NOBLICUTL IMHEWHOCTb
(paBHOMEPHOCTL) LWKanbl npubopa.

Bpauiatoumit MOMEHT M paBeH
NPON3BOAHON 3HEPTUMN 3TON 3NeK-

TPOMEXaHWYeCKON CUCTEMbI NO
yrny nosopoTa a:

2 da
roe U — HanpsbkeHue Ha naactu-
Hax; C —eMKOCTb MeXay niacTtu-
Hamu; a —Yyrosa NoBopoTa OCM Cep-
JeYvHmnKa.
MpoTNBOAEACTBYOLWNIA MOMEHT
onpegensieTcs no opmyne

Mmp = afl,
Puc. 3.13. ¥cTpolicTBO 3neKTpocTaTn-

Foe Q — yAenbHbIi NPOTMBOAENA-
CTBYHOLLNA MOMEHT.
MoMeHTbl M 1 M Hanpasne-

Hbl HaBCTPedy Apyr apyry. C poc-

YeCKOro mexaHusma:

1 — HenoABMXHas MnacTvHa; 2 — noj-
BUKHAA MiacTuHa; 3 —ochk; 4 —cnupass-
Has MpY>KMHa; 5 — cTpenika; 6 — LKana
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TOM yrna noBopoTa a NPOTVMBOLEACTBYIOLMIA MOMEHT Mmp MponopLuuo-
Ha/lbHO pacTeT. 3TO NPOUCXOAUT A0 TeX NOP, NOKa MOMEHTbI He CTaHyT
paBHbIMWU. Mpn M= MM

CnepoBartefibHO, ypaBHeHMe wWKanbl AC BONLTMETPA UMEET BUA

a=UurdC_
2Q da

3 nocnefHero ypaBHeHUs crefyet, BO-MnepBbiX, 4To 3C npubopb!
MOTYT U3MEPATb HanpsXKeHWe B LLensX U NOCTOSHHOrO, U NepeMeHHO-
ro T0Ka, a BO-BTOPbIX, YTO Wkanay 3C BObTMETPOB — HefMHelHas
(kBagpaTu4Has).

PacwiunpeHve anana3oHoB usmepeHuMss 3C BOMLTMETPOB MOXHO Bbl-
NONHATb HECKONbKMMK cnocobamu. Ha nocTosHHOM TOKe 3TO fena-
eTCA C NOMOLLbIO PE3NCTUBHOIO fenuTens HanpsxxeHus (puc. 3.14, a).
Ha nepemeHHOM TOKe MCMOMb3YIOT EMKOCTHOW AENUTENb HAMPSKEHUS
(puc. 3.14, 6) wnnu, B KpailHeM cnydvae, [06aBOYHbIN KOHAeHcaTop
(puc. 3.14, B), KOTOPbIA COBMECTHO C eMKOCTbIO camoro 3C MexaHun3ma
TakXe COo3JaeT AeNnTeSlb HanpsHXKeHUs.

Oco6eHHocTM 3C BonbTMETPOB. K gocTonHcTBaM 3C BO/IbTMETPOB
MOXHO OTHECTU ClieflytoLune:

* BbICOKOE BXOJHOEe CONpOTMBIEHNE (HA MOCTOSAHHOM HanpsXXeHun —
npakTM4eckn 6eCKOHEYHOe, a Ha HU3KUX U CPeflHMX 4acToTaxX cocTaB-
NseT JecaTKW Meraom U 60see), 4TO O3HAYaeT 4YpesBbluallHO Majoe
COOBCTBEHHOE MOTPebeHne IHEPTUN OT UCTOUYHUKA U3MEPAEMOrO Ha-
NPsHKEHNUS;

e peakUus Ha cpefHee KBagpaTu4yeckoe (AeACTBYIOLLEE) 3HAYeHMe
Hanps>XeHns He 3aBUCUT OT (hOPMbl CUTHanNa;

* WWPOKUA AManasoH 4acToT M3MePSeMbIX HanpsXeHUn (eguHu-
Ubl — AeCATKWU Merarepu,);

* CPaBHUTE/NbHO BbICOKAasA TOYHOCTb (TUMUYHbIE KNACChl TOUHOCTU
1,0... 1,5);

Puc. 3.14. Cnocobbl pacwinpeHns gnanasoHoB nsMmepeHnsa 3C BonbTMeETpa C
NOMOLLbIO:

a — Pe3CTUBHOIO feNnTensi; 6 — eMKOCTHOrO AeNnNTeNs; B —A06aBOYHONO Jiobaencatopa



* MpocTas KOHCTPYKLUWUW W, C/ef0BaTe/bHO, LOCTATOYHAA Hafex-
HOCTb.

Hepoctatkm 3C BONbTMETPOB:

* HeMIMHelHas LWKana;

* Manas 4yBCTBUTE/ILHOCTb;

* BO3MOXXHOE 3HAUNTENIbHOE B/INAHNE BHELLHUX 3N1eKTPUYECKMX MNO-
nen, Tpebytolee aKpaHMPOBaHMUA MexaHU3Ma.

OcHoBHOE npumeHeHue OC BONLTMETPOB — U3MEPEHUSA B BbICOKO-
BO/IbTHbIX LIeNAX, B Ma/lOMOLLHbIX Lensax, a Takke B Lensax ¢ BbICOKO-
YaCTOTHbIMW CUTHaNaAMW.

O603HayeHne BONbTMETPOB SC CUCTEMbI Ha LUKaiax:
r---%

O603HaveHne 3C BONLTMETPOB C 3KpaHUPOBaHHbIM VIM: F N !
- -»

3.2.7. Mpnbopbl NHAYKLUNOHHOW CUCTEMBI

KOHCTPYKUMSI U NpuHUMN feiicTeusA. MpuHLMN geicTBUsS MHAYKLUK-
OHHbIX NPU6GOPOB OCHOBAH Ha B3aUMOLENCTBMM ABYX UM HECKOMbKMX
MepPeMEHHbIX MarHWTHbIX MOTOKOB C TOKaMW, WHAYLMPOBAHHLIMU B
MOABMXXHOM NPOBOAHMKE (HampuMep, AMCKe). TUNUYHbLIM NpeAcTaBUTe-
NIEM 3TOI CUCTEMbI IB/IAETCA KNACCUUYECKUIA UHOYKLMOHHBIN CHETUYNK —
N3MepUTENb aKTUBHOWM 3HEPTUK.

PaccMOTpyM YCTPOIACTBO M NPUHLUN AEACTBUA MHAYKUUOHHOTO 0A-
HO(a3HOro cyeTUYMKa akTUBHON aHeprun. Ha puc. 3.15 nokasaHa ynpo-
L EHHas KOHCTPYKLUA Takoro npuéopa. OCHOBHbLIMW 3/1EMEHTAMU AIB-
NSTCA ABa MarHUTOMNPOBOAA CO CBOMMMW 0OMOTKaMy (HampshKeHus u
TOKOBOIA), BpallatoLMiAca ANCK N CYETHbI MexaHU3M. Kak 1 BaTTMETP,
CUETUMK COLEPXXUT 06MOTKM TOKA U HampsKeHWs. Bknwouaetcs cueT-
UMK B LeMNb TaK Xe, Kak 1 BaTTMETP.

Cxema (puc. 3.16) n BekTopHasa gmarpamma (puc. 3.17) nosicHAT
NPMHLMN AeiAcTBMS 3TOro npubopa.

PaccmoTpum paboTy cHeTUMKa Ha NpUMepe BXOLHbIX CUTHAN0B Ha-
NPSOYKEHNS 1 TOKA CUHYCOMUAANbHOW (hOpMbl C LeACTBYHOLLMMUN 3HaYe-
HUAMW, pPaBHbIMM, COOTBETCTBEHHO, n W /. BxogHoe HanpshkeHue U,
NPUNOXEHHOE K 0OMOTKE HaNpsXXeHWA 2, CO34aeT B Heil TOK 1u, UMe-
IOLWMIA MO OTHOLLEHMIO K HanpsbkeHWto U caBur no gase, 6/M3KUIA K
90° (u3-3a 601bWIOr0 MHAYKTUBHOIO COMNPOTMBAIEHNS 3TOW 0OMOTKM).
ToK /y poXxgaeT MarHMTHbIA NOTOK B CPeAHEM CepAeYHUKe MarHu-
TOMpoBOAa O6MOTKU HanmpsykeHUsa 1 3TOT MNOTOK ®u Aenutcs Ha ABa
noToKa: Hepabounii NOTOK ® Uh KOTOPLIA 3aMbIKaeTCA BHYTPU MarHu-
TonpoBoda /; M OCHOBHOM NOTOK ® u2, NnepeceKaroLwwmii AUCK 6, 3aKpen-
NEHHbIA Ha ocM 7 W BpaWAKLWMIACS BMECTe C Hel. DTOT OCHOBHOWA
MOTOK 3aMblKaeTca yepe3 NPOTUBOMONIOC 5.
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Puc. 3.15. ¥YnpoweHHass KOHCTPYKUNS MHAYKLNOHHOTO 04HO(a3Horo
cyeTyMKa

Puc. 3.16. Cxema, NosicHAOLWaa NPUHUNN AeACTBUS cUeTUYMKa:

/ — MarHMTONpOoBO/ 06MOTKM HaNpsKeHWs; 2 — 06MOTKa HanpsHXKeHUs; 3 — MarHuTo-
npoBoj 06MOTKW TOKa; 4 — 06MOTKa TOKa; 5 — MpOTUBOMONIOC; 6 — AUCK; 7 — OCb;
8 — uepBAYHas nepefaua; 9 — CUETHbI MeXaHW3M
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BxofHoli TOK /, TeKyw Wit B 06MOT-
Ke TOKa 4, CO3JaeT B MarHUTONpPoBoze 3
MarHUTHbIA NOTOK ®/, KOTOPbIA ABaX-
[bl nepecekaeT AUcK 6. Motok P/ oT-
CTaeT OT ToKa / Ha HebONbLIOK Yyron
noTepb a, (MOCKOMbKY COMPOTUBAEHUE
TOKOBOW OOMOTKM Mano).

Takmm 06pa3om, AUCK Mepeceka-
IOT jBa MarHWUTHbIX NOTOKa ®ur n o/,
He COBMajatoLMX B MPOCTPAHCTBE W
nmMeroLmx hasosblii casur \j/. Mpu 3ToM
B AWCKe BO3HMKAaeT Bpaliatolmnin Mo- on
MEHT M:

M=c/ond /by,

e ¢ — HeKas KOHCTaHTa;/ —u4acToTa HanpsKeHus.
Mpu paboTe Ha IMHENHOM y4yacTKe KPMBOW HaMarHM4MBaHus mate-
pUanoB MarHUTONPOBOAOB MOXHO CUMTATb, YTO

d/ = k\1\

Puc. 3.17. BekTopHas gnarpamma

by, K2m -

Zv

rage K\ u k2 — Ko3a(h@uumMeHTbl NPoNnopLnoHasbHOCTN; Zv — NOMHOE
KOMMNEeKCHOEe COMPOTMB/EHNE 0OMOTKN HaNpPsHXKeHUs.

YuunTbiBas, YTO peakTMBHas (MHAYKTMBHasA) cOCTaBasAOLWas conpo-
TUB/EHNS 0OMOTKM HaMpsXKeHWs Zv ropasfo 60/blle aKTUBHOMN, MOX-
HO 3anucaTtb

Zv ~ 2nfLy,
rae bu— MHAYKTUBHOCTb OOMOTKM HaNpshKeHUsa.
Torpa
k2u K,U
¢l
LU n /

rae ko= k2(2nLv).

CnepoBaTefnibHO, Bpallalowmii MOMEHT M B [JaHHOM 3neKTpomar-
HUTHOI MEXaHWYeCKO CMCTEME MOXXHO OMpeAenuTb CrefyoLuM 06-
pasom:

M = &E/lsimj/,

roe K — o6Wwmnii KoahruumneHT NPONOPLMOHANTBHOCTH.
[nsa Toro uto6bl BpawaLnii MOMEHT ObIT NPONOPLMOHANEH TeKY-
Lweli aKTUBHOW MOLLHOCTM, HEOOXOAUMO BbINOSIHEHWNE YCNOBUSA

sirnj/ = cos .
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A 3T0 B CBO ouvepefb OyAeT BbINOMHATLCA, ecnm y + ¢ = 90°, 310
PaBEHCTBO MOXET ObITb 06ecneyeHo n3meHeHem (PerynnpoBKoii) yrna
notepb a/. MI3MeHeHWe 3TOro yrna peainsyeTca ABYXCTYMNeHYATo: rpy-
60 — U3MEHEHMEM YMCNa KOPOTKO3aMKHYTbIX BUTKOB, HAETbIX Ha Mar-
HUTOMPOBOZA 3, a MNNaBHO — W3MEHEHWEM COMNPOTMB/IEHWUSA BCNOMOra-
TeNbHOW Uenun (3TW 371eMeHTbl KOHCTpYKUuMKM Ha puc. 3.15 n 3.16 He
nokKasaHbl).

Takum 06pa3oM o6ecnevmBaeTcs NPOMOPUMOHANLHOCTb BpaLlalo-
Lero MOMeHTa M TeKyLLEeMY 3HAUYEHWIO aKTUBHOM MOLLHOCTK. s no-
NydeHuns pesynbTaTa onpegeneHns noTpe6/ieHHONW aKTUBHOM 3HEPrum
[OCTATOYHO MPOMHTErpUpPOBaTh 3HAYEHUA TEKYLLEA MOLLHOCTW. ITO UH-
TErpupoBaHne peasin30BaHO CYETHbIM MeXaHW3MOM 9, CBA3aHHbLIM C
OCbl0 7 4epBAYHON Nepepayein 8.

MMOCTOAHHbLIA MArHUT CAYXUT 418 co34aHUa TOPMO3HOr0 MOMEHTA
1 06ecnevyeHmns yrioBoi CKOPOCTW BpalLeHWs, MPONOpLMOHanbLHON Te-
KyLeMy 3HaUYeHU aKTUBHOM MOLHOCTW. Kpome TOro, B peasibHOW
KOHCTPYKLWUWN eCTb 31eMeHTbl, obecneymnBaroLle LONOSHUTENbHbIN
MOMEHT, KOMMEHCMPYIOLWMIA MOMEHT TPEHUS, a TaKXKe 3/IEMEHTbI yCT-
paHeHus «camoxoga» (Ha puc. 3.15 1 3.16 He NpuBeAEHbI).

BkntoyeHve cyetumka. Ha puc. 3.18 npuBegeHa cxema BKIKOYEHNS
0fHO(ha3HOro CYETUMKA aKTUBHOMN 3HEPTUN.

Mpu Heo6XOAMMOCTUN PaboThl B LEMAX C HANPSHXKEHUAMU U/UAK TO-
Kamu, 60N1bLIUMMK, YEM HOMMWHaNbHblE A/ KOHKPETHOr0 CYETUMKA,
MCMONb3YIOTCA U3MEPUTENbHbIE TPAHCPOPMATOPbI HANPAXEHUSA N/unu
ToKa. Cxema NOAK/MOYEeHNS Takas e, Kak M B NOAOOGHOM cnydvae C
BaTTMETPamu.

LOns n3mepeHns peakTUBHOW 3HEPrUM TakXKe WUCMOJMb3YHTCA WH-
OYKLUMOHHbIE CUETUMKU. X MPUHLMN feACTBUS aHanornMyeH paccMoT-
PEHHOMY. HeKkoTopble pa3nnunMa B KOHCTPYKUWUW, OpraHu3auun noj-

Puc. 3.18. CxemMa BK/IOUYEHUS 0HO(A3HOT0 CUETUNKA AKTUBHOI 3Hepruu
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K/IOYEHUSA W, KaK CNeAcTBME B BEKTOPHbLIX Auarpammax, no3sofisoT
NOMYyYNUTb CKOPOCTb BpalLeHns ANCKa, NPONOPLUOHaNbHYI 3HAYEHUIO
TeKyLlein peakTUBHON MOLLHOCTH.

HoMu1HanbHas NocTosiHHas cyeTumka. Ymucno o60poToB Anucka, npu-
X0gsLleecs Ha efUHULY YUYMTbIBAEMOM CHETYMKOM 3HEpruu, HasblBa-
0T NepesaToyHbIM YMC/IOM CUeTUMKa. Hanpumep, B nacnopTe ckasaHo
«2000 060p0oTOB COOTBETCTBYHOT | KBT M». KOahthnUMEHT, 06paTHbIi
nepefaTouyHOMY YnCAy, T.e. IHEPrus, NPUXoaaLascs Ha oauH 060poT
LWCKa, Ha3blBaeTCH HOMMHaIbHOIM NOCTOsAHHON cyeTumka CHom Hanpu-
mep:

QH®l= 36001 kx) = 1800 BT'c/06-

3Has CHM M uMcno 060poToB N, MOXHO OMNpPeAennTb NoTpe6eH-
HYIO aKTUBHYIO 3HEPruIo:

W= HNg .

Mpumep. 3HaYeHNE HOMUHANIbHON NOCTOAHHOI CYETYMKA U3BECTHO
Qov= 1800 BT xc/06. 3a Bpemsi HabnwoaeHus 3aukcuporaHo 400 060-
poTtoB gncka (N = 400 06). Onpegenm 3HauyeHWe aKTUBHOW 3HEPTrUK
W. noTpe6aeHHON 3a Bpems HabMaeHNs:

W= 1800-400 = 720000 BT-c = 0,2 KBT-u.

Knaccbl TOYHOCTU WMHAYKUWOHHBIX
CYEeTUMKOB (3a4at0TCA OTHOCUTENIbHON
NoELHOCTLI0) 06bIYHO HeBbICOKK: 0,5;
1,0; 1,5; 2,0; 2,5; 4,0.

O603HavyeHe VHAYKUMOHHGA CuC-
TEeMbl Ha WKanax npnbopos: 6

TpexasHblie cyeTunkun. [nga ydyerta
CYMMapHO aKTUBHON W peaKTUBHO
3HEeprumn B TpexmasHbIX LEensx Ucnosib-
3yt0TCA ABYX3/IEMEHTHbIE U TPEX3NEMEH-
THbIE CUETUMKN. B Takmx cyeTumkax npu-
MEHSIOTCA Te K& KOHCTPYKTUBHbIE 3/1e-
MeHTbI (ABa UAWM TpWM MexaHwu3Mma), 4To
1 B 04HO(ha3HbIX Npubopax. Auckun (gsa
NN TpW) 3aKpenaeHbl Ha 06LLei ocw.
BpalyatoLme MOMEHTbI JUCKOB CKadbl-
BatOTCS, M CKOPOCTb BpaLleHUs ocu 3a-
BMCWT OT CYMMAapHOU TeKylLlein noTped-
nsemoi mouHoctn. Ha puc. 3.19 ynpo-

LLLEHHO MOKa3aHO YCTPOMCTBO ABYX3M1e-  Puc. 3.19. [BYyX3M1eMeHTHbIN Tpex-
MEHTHOrO TpexgasHoro cyetumka. Cko- (ha3HbIA cHETUNK
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pOCTb BpalleHWs B faHHOM C/y4yae onpejensieTcs CyMMO/A MOMEHTOB
M\ 1 M2 BKnwo4aroTca TpexjasHble CHETUMKN TaK XKe, KakK 1 Tpexdas-
Hble BaTTMETPbI.

CerofHsa B 3afja4yax M3MepeHUs aKTUBHOW 3HEpPrum Bce LWIMpe Mnpu-
MEHSOTCA LMppoBble (MUKPOMPOLLECCOPHbIE) CHETUMKM 3Heprun. B 3a-
flayax TeXHWYeCcKUX aKcnpecc-u3MepeHuii ana oueHKn notpedaeHHoM
3HEPrnN B KPATKOBPEMEHHbLIX 3KCMEPUMEHTAX UCMOb3YIOT aBTOHOM-
Hble ManorabapuTHble LN POBbIE U3MEPUTENbHbIE PErncTpaTopbl (aHa-
NN3aTOpbl), KOTOpble MMEKT PEXUM BbIYMCNEHUS aKTUBHOW U peak-
TUBHOW 3HEPTUMU WKW MO3BONAIOT HANTU 3TU BENUYMHBLI C MOMOLLbLIO
KOMMbOTEPA M CNEeLnanM3npoBaHHOro MPOrpaMMHOro obecrneyeHus.

3.3. 3NIEKTPOHHBbIE N3MEPUTEJ/IbHBLIE MPUBOPLI

AnekTpoHHble VM (3WT) npeactaBnsAoT coboit 60nee CNOXHbIE
YCTPOICTBa, YeM 3fieKTpoMexaHuyeckmne. OHUW cofepXaT HeCKOMbKO
pasnnyHbIX NpeobpasoBaTeneil, KOTOPbIe B 00LLEM Clyvae BbIMOMHAOT
(DYHKLUW JeneHuns, YCUeHWs, BbINPSAMAEHUA U (UNbTpaLunM CUrHa-
na, npeobpasoBaHUs OGHUX 3N1EKTPUUECKNX BEIMYMH B Apyrve. B kaue-
CTBE BbIXOAHbIX YCTPOACTB B 60/bINHCTBE 3T Mcnonb3yoTcs Mar-
HUTO3MEKTPUUECKME U3MEPUTENIbHbIE MEXAHWU3MbI C COOTBETCTBYHOLLENA
rpagynpoBKOi LIKanbl.

B 3ajauax 3feKTpMYeckmx U3MepeHmnin UCNob3yeTcs MHOXECTBO pas-
ANYHbIX TUNOB U (BONbTMETPbI MEPEMEHHONO M MOCTOSHHOTO Ha-
NPsHKEHUS, YacTOTOMEpPbl U (ha3oMeTpbl, OMMETPbI, U3MEPUTENIN UH-
AYKTUBHOCTEA N eMKOCTeil, pa3HOOOpasHble reHepaTopbl, OCLWUANo-
rpagbl 1 aHanu3aTopbl). Cpegn 3TOro MHOroo6pasns BeIAENMM Tpynny
3M1EKTPOHHBIX BOJIbTMETPOB, KaK [JOBONbHO PacnpoCTPaHEHHbIX Mpu-
60poB, 1 PacCCMOTPMM OCHOBHbLIE OCOGEHHOCTU MOCTPOEHNS U MpUMe-
HeHus DUT1 Ha npMMepe UMEHHO BOJIbTMETPOB.

3.3.1. ONeKTPOHHbIe BO/IbTMETPbLI NEePEMEHHOT0
HanpsXXeHns

O/IeKTPOHHbIE BO/LTMETPbI MEPEMEHHOI0 HAMPSXEHUS CTPOATCA
No OAHOI U3 ABYX CTPYKTYPHbIX CXEM, MPUBEAEHHbIX Ha puc. 3.20.
M3mepsemoe nepeMeHHOe HanpsXeHue £/ MocTynaeT Ha BXOA BOJbT-
meTpa. BxogHas uenb BLl npubopa MOXeT cogepxaTb AENUTENN Ha-
NpsXXeHUs, nepeknayaTenn, BcrnomoratefnbHble npeobpasoBaTenu,
UNbTPLI U Ap. YCUNuTeNnb HeoBXoauUM AN YCUNEeHUs CUIHaNoB [0
Heo6Xx04MMOro YpoBHA. [leTeKTop v B TOM, W B APYrOi CXeMe CyXuUT
ONS BbINPAMIEHUS MEPEMEHHOIO BXOLHOro (MAN YCWUIEHHOIO) CUT-
Hana; WM — BbIXOAHON M3MepuUTeNbHbIA Npubop (4Yalle BCEro mar-
HUTO3/IEKTPUYECKOIN CUCTEMbI), LLIKANa KOTOPOro rpagymnpyercs B Tpe-
6yeMbIX 3HaAUEHMSAX.
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Puc. 3.20. CTpyKTYypbl 31eKTPOHHbLIX BOJIbTMETPOB MEPEMEHHOTO HaMPSXKEHUS:
a — yCuAnTeNb—aeTeKTOp—npu6op; 6 — AeTeKTOp—yCUnuTens—npuéop

CxeMbl pas3nuyaroTcs noc/efoBaTeslbHOCTHI0 YepefoBaHUsA OCHOB-
HbIX 3TaNOB Npeobpa3oBaHWs NCCeLyemMoro curHana. B nepsom cryyae
(cm. puc. 3.20, a) BXOAHOE MEpPUOAMYECKOe HarnpshHKeHue CHavana
YCW/IMBAETCA C MOMOLLbI YCUANTENS MEPEMEHHOr0 HanpsXKeHus, a
3aTeM BbINPAMASeTCA LeTeKTOpoM. Mpubopbl, NOCTPOEHHbIE MO 3TOW
cxeme (ycunutenb—AaeTekTop —npubop), obnagatoT 60/ee BbICOKOIA
UyBCTBUTENILHOCTHIO (MOPOr YYBCTBUTENLHOCTM — AOAM MUKPOBO/Ib-
Ta), HO MMEKT 3aMeTHO MeHbLUWI AnanasoH 4YacToT M3MEepPSeMbIX Ha-
npskeHWid (npumepHo 20 MITu).

B npubopax, noCcTPoeHHbIX No cxeme puc. 3.20, 6 (AeTEKTOp —YyCu-
AnMTenb—npubop), BXOLHOI CUTHAN CHayana BbINPAMANAETCS feTeKTo-
pOM, a 3aTeM YCU/IMBAETCS YCUAMTENEM MOCTOSAHHOTO HanpskeHus. Ta-
KWe BOMIbTMETPLI, HanpoTuB, 061afat0T 6onee WMPOKUM Anana3oHoM
yactoT (0T 20 'y go 500 MIU), HO UMEIOT CYLLECTBEHHO MEHbLUYIO
(XyAawyto) 4yBCTBUTENLHOCTL (NOPOr YyBCTBMTENbHOCTM OT 0,5 B).

3.3.2. BbinpsamuTtenun (4eTekTopbl)

OfHUM 13 OCHOBHbIX 3/IEMEHTOB 3/IEKTPOHHOIO BO/ILTMETPa MNepe-
MEHHOr0 HanpsHKeHUs SBAAETCA BbINPsAMUTENDb (AeTeKTop) — npeobpa-
30BaTe/lb MEPEMEHHOTO HAMPSXKEHUS B MOCTOSIHHOE. VIMEHHO 0CO6EeHHO-
CTW AeTeKTOpa B 3HAYMTENbHON Mepe onpefenstoT PYHKLMOHaMbHbIE
BO3MOXXHOCTU M XapaKTePUCTUKM BONbTMETPa. B 3aBMCHMOCTU OT Ha3Ha-
UeHMs BOSIbTMETPA UCMOMb3YIOTCA pas/iyHble CXeMbl AE€TEKTOPOB:

* aMMNINTYLHOr0 3HaYeHus;

* CPEAHEr0 BbIMPSAMIEHHOIO 3HaYeHNs;

* CpefIHET0 KBafApaTUYeCcKoro ([eicTBYHOLLErO) 3HAYEHMSI.
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[leTeKTopbl aMNAUTYAHOr0 3HadeHUs (MAU amnnMTyLHble 4eTeKTo-
pbl — AL) penatca Ha ALl ¢ Tak HasblBaeMbIM OTKPbITbIM BXOAOM
(AAOB) n A c 3akpbiTbiM BxofoM (AA3B). AMNAUTYAHblE LeTek-
TOPbl MHOTAA Ha3blBAlOTCA MUKOBLIMW [JeTeKTopamu. PaccMoTpum
YCTPOMCTBO M paboTy TakuX AeTeKTopoB. lMpu paccmMoTpeHUU paboThbl
060MX BapMaHTOB AeTeKTOPOB OydeM nonaratb, YTO BbIXOAHOE CO-
npoTUBAeHMe Npedblayliero kackaga (BL, unm yeunutens — B 3aBUCHK-
MOCTW OT CTPYKTYpbl BOSIbTMETPA) NMPEHEBPEXMMO Masio U He onpe-
[Lenset 3HaYeHMs MOCTOAHHbLIX BPEMEHU 3apafa T3 1 paspsfa TP KOH-
feHcaTopa C.

Ha puc. 3.21, a npusefeHa ynpouweHHasa cxema AJOB, Ha puc.
3.21, 6 — BpeMeHHaa guarpamma U3mMeHeHuUs BXOAHOrO u(t) U BbIXOA-
HOro bBIX0 HanpsXKeHWn Takoro AeTekTopa.

Cxema cofiepXX1T NonynpoBOAHMKOBLIN Anofg VD, KoHAeHcaTop Cu
HarpysouHbIiA pe3ucTop R.

Mpu NocTynaeHn NONOXKUTENbHON MOMAYBOJIHBI BXOAHOrO Hamnps-
XeHus «(/) Ha BepXHWUIA BXOAHOI 3aKMM (TOYHee, MPU MOMOXNTENbHOW
pasHuLe NOTEHLMAN0B MEXJY BEPXHUM U HUXKHUM BXOAHLIMU 32XKMUMa-
Mu) Anof VD OTKpbIBaeTcs (NpW 3TOM €ro CornpoTMB/EHUE CTAHOBUTCA
MaslbiM — IC), U Yepe3 KoHAeHcaTop CTeueT TOK, 3apsikatoLinid ero. Mpu
OTPMLATENbHON pasHMLe TEKYLLEero BXOAHOr0 3Ha4YeHWs BXOAHOMO Ha-
MPSXKEHNA u(t) N HAMPSHXXEHNA Ha KOHAeHcaTope anof VD 3akpbiBaeTcs
(Mpwn aTOM €ero conpoTUB/IEHWE CTAHOBUTCS GOMLLUMM), U KOHAEHCATOP
C Mea1eHHO pa3pskaeTcs Ha o6nagarowmii 601bLLKMM CONPOTUBNEHNEM

Puc. 3.21. AMNANTYAHbI eTEKTOP C OTKPbITbIM BXOAOM:
a — CXema; 6 — BpeMeHHas guarpamma
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pe3ncTop R. MOCKONbKY NOCTOSIHHAA BPeMeHH 3apsa X3KoHaeHcaTopa C
ropasgo MeHblle MOCTOSHHOW BpemMeHU paspsaa Tp.

(13= Cr0) « (Tp= CR),

TO HanpshkKeHWe Ha KOHAEHCATOpe HerpepbiBHO pacTeT, M Yepe3 He-
CKO/IbKO MepUoA0B BXOLHOIO CUrHata HamnpshkKeHue Ha BbIXOAe AeTeK-
Topa uBiXt) CTAHOBUTCA MPAaKTUYECKN PaBHbIM aMMIMTYAHOMY 3Haue-
HUKO t/MBX BXOLHOr0 Hanps>XeHus u(t).

OTMeTVM, 4TO (hopMa BXOAHOr0 MEPUOANYECKOr0 CUrHana B 60/1b-
LUMHCTBE peanbHbIX Cy4yaeB 3HAYEHNS He UMeeT.

Ecnn ke BXOAHOe HampspkeHue u(t) npeAcTaBnsieT co6OiA CymMmy
NepeMeHHOoN (C aMnANTYyaoin £ffax) U MOCTOSSHHOM UO COCTaBMSHOLWMNX
(puc. 3.22), 10 peakums AOB No 0OKOHYaHUKN MEPEXOAHOro npotecca
OyJeT COOTBETCTBOBaTL CaMOMy 6O/bLUIOMY 3HAYEHWHK BXOAHOMO Ha-
NPsSHKEHNs, T.e. BbIXOAHOE HampshKeHUe CTaHeT paBHbIM cymme U0 +
+ \mex, U>cefoBaTesibHO, MOKa3aHWsA BbIXOLHOTO WM3MEPUTEIbHOrO
npubopa 6yayT onpeaenaTbCd UMEHHO 3TO CYMMOIA.

OTMeTMM, 4TO (hopMa MEPEMEHHON COCTaBANAIOLLEA BXOAHOrO Me-
PUOSMYECKOr0O CUrHana 1 B faHHOM C/y4vae MPaKTUYECKW He MMeeT
3HaueHus.

AMNAUTYAHBIA JETEKTOP C 3aKpbiTbiM BxogoMm (ALA3B), npeactas-
NEHHbIA Ha puc. 3.23, Ha MepeMEeHHbIn BXOAHOW curHan 6e3 nocTosH-
HOl COCTaBNAOLLE/ pearMpyeT, No CyTW, aHaNOMMYHO PacCMOTPEHHO-
my ALOB.

M B 3TOM BapuaHTe NpU NONOXKMUTENbHOW NOMYBOSIHE HANPSXKEHUS
Ha BEPXHEM BXO[HOM 3aXUMe, TOUHEE, NPpuW TeKyLleM 3HaYeHUn BXOf-
HOMO HanpsHXKeHMs u(t) 6oNbLUEM, YeM HaMps>KeHMWe Ha KOHAeHcaTope
Uc(t), OTKpbIBaeTca Anof VD, U KoHAeHcaTop C 6bICTPO 3apshKaeTcs
yepes ero Manoe conpoTuMBieHuWe. Ecnm Tekyllee 3Ha4YeHME BXOLHOrO
HanpsbkeHWs u(t) MeHblUe HaNpsXXeHWs Ha KOHAeHcaTope uc(t), TO
anog VD 3aKkpbIT, U KoHAeHcatop C MefneHHO paspsKaeTcs yepes
60nbLIOe conpoTuBieHne pesucTopa R. Mockonbky KoHfeHcatop C
ObICTPO 3apsSHKAETCA U MeASIEHHO pa3psikaeTcs, TO HaMPSXKEHNE Ha HEM
uc{t) 6yaeT nocTeneHHo pactu (N0 MOAYMKO) W Yepe3 HECKOMbKUX Me-
PUOAOB BXOAHOMO CUIHaNa NPakTUYeCKU JOCTUTHET aMMINTYAHOMO 3Ha-
yeHua -f/max (puc. 3.24).
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AMNANTYAHBIA AeTeKTop
C 3aKPbITbIM BXOfIOM

+C

®HY

u{t) MO ABbIX

Puc. 3.23. AMNAUTYAHBbINV JeTeKTOop C 3aKpbITbIM BX040M

HanpsxkeHne uR(t) Ha pe3ncTtope R npeAcTaBnseT co6oi pasHuLy
BXOAHOr0 HanpsXXeHus bi(f) 1 HaNpsXXeHUa Ha KoHAecaTope uc(t). 3To
Hanps>xeHWe B YCTaHOBMBLUEMCS peXumMe NOBTOPSieT No (hopme BXOA-
HOe U3MepsSeMOoe, HO CMELLEHO Ha aMnauUTyfHOe 3HadeHue -£/1ax. [a-
Nee HanpsXeHWe uR(j), COCTOsILLEE M3 CYMMbl MEPEMEHHOI COCTaBNS-
towel M NOCTOSHHOM -U mex, NOCTYNaeT Ha BXOL (PUAbTpa HUXHUX Ya-
ctoT (PHY), KoTOpbIA craaxueaeT hOpMy 3TOro curHana. BbixogHoe
HanpshkeHne unbTpa reX/) COOTBETCTBYET CPefHEMY 3HAYEHUIO ero
BXOZHOr0 HanpsxeHus, T.e. - f/max Takmm o6pa3om, BbIXOAHOE Hanps-
XeHune «BK/) yepes HeCKOMbKO NepuoaoB BXOAHOrO CUrHana CTaHeT
NpakTU4yeckn paBHbIM MaKCUMasbHOMY (aMnMTy4HOMY) 3HAYeHUIo
Unmix BXOAHOI0 M3MEPSEMOrO HanpsXXeHus.

Mpu BXOAHOM CUTHane, CoOAepXawemM noMUMO nepeMeHHol (¢ am-
NAMTYA0N £ffax) elle U NOCTOSHHYIO cocTaBnsowyo U0, AA3B BedeT
ce6a uHauye, yem AJOB. B 3TOM cnydvae 4yepe3 HECKONbKO NepuofoB
KoHpaeHcaTop C3apaguTcs 40 HanpsXXeHUs, paBHOro cymme £fimax+ U0,
T.e. KOHeHcaTop C He 6yAeT NpPoNyckaTb MOCTOSHHYIO COCTaBMAIOLLYIO,
1 BbIXOIHOE HanpsikeHune punbTpa «BX/) 6yneT onpeaensTbCs TONbKO
amnanTyaoi £frax nepemMeHHOW COCTaBNSOLWEA BXOLHOrO CUrHana.

[eTeKTopbl cpefHEro bbINpAMIeHHOro 3HadeHns (CB3) gendtcs Ha
OLHOMNONYNepUOLHbIE U ABYXNONYNEPUOSHbIE feTeKTOPbI. PaccMoTpyuM
BapuaHT ABYXMONynepnoaHoro getektopa CB3 Kak Hanbonee pacrnpo-
cTpaHeHHoro (puc. 3.25, a).
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Puc. 3.25. [leTeKTOp CPeAHEero BbINPSAM/IEHHOr0 3HaYeHNs:
a — cxema; 6 — BpemMeHHas avarpamma

B 0CcHOBe cxembl JeTeKTopa YeTbipe OANHAKOBBIX MOJYNPOBOLAHUKO-
BbIX Anofda (VDI, VD2, VD3, VD4), COeJMHEHHbLIX B MOCTOBYIO CXEMY.
Mpy NOCTYN/EHWM MOMOXWUTENbHOW MOMYBO/IHBI BXOLHOI0 Hanpsxe-
HUA «(/) Ha BEPXHUIA 3a>KMM OTKpbIBaKOTCS AnoAbl VD1wu VD3 (gpyrue
AMOoAbl 3aKpbIThl) M Yepe3 pe3ncTop R noteyeT TOK (cnpaBa Haneso).
Mpegnonaraem, yto ®HY nmeeT 60/bLLIOE BXOAHOE CONPOTUBAEHNE U
He BAUAET Ha paboTy CO6CTBEHHO BbIMpAMUTENS. Mpu oTpULaTebHOM
NosyBOJIHE u(t) Ha BepXHeM 3axuMme (T.e. NPU MONOXUTENLHOW Nony-
BO/IHE Ha HWXHEM 3aKUMe) OTKPOKTCA TONbKO Anodbl VD2 1 VD4 u
yepes pe3nCTOp R BHOBb MOTEYET TOK, NPUYEM B TOM Xe HanpaB/ieHUn
(cnpaBa Haneo). Taknum 06pa3oM, TOK Yepes pe3ncTop NPOTeKaeT BCe-
roa B Of4HY U Ty Xe CTOpPOHYy (puc. 3.25, 6). 970T TOK /JI/) co3paet
nafeHne HanpsXXeHns Ha pesncTope R. ITO 0AHOMNONSPHOE (YXKe Bbl-
NPsMIEHHOE) HanpsXeHue, cpefHee 3Ha4YeHWe KOTOPOro NponopLmo-
Ha/lbHO CpefHEMY BbIMPAMIEHHOMY 3HAYEHUIO BXOLHOI0 HanpsXeHus
u(t), mocTtynaet 3aTteM Ha Bxog ®HUY, c nomoLLb0 KOTOPOro BbIMOf-
HAeTCA crnaxusaHue curHana. B pesynbTaTe Ha BbiXofe (hUNbTpa BO3-
HWKaeT NOCTOAHHOE HanpsaXXeHne, NPoONopPLUOHaNbLHOe CpefHEMY Bbl-
NpAMJIEHHOMY 3HauYeHUt0 UCBBXOLHOTO Hanps>XeHus u(t).

[eTeKTopbl cpefHero KBagpaTuyeckoro 3HaveHus. [leTeKTopbl cpes-
Hero kBagpatnyeckoro 3HaveHus (CK3) — Root Mean Square (RMS)
[ensTca Ha annpoKCMMUPYHOLL e AeTeKTopbl (YCTPOMCTBa, UL b Npu-
6MMKEHHO falolme HYXHbIA pe3ynbTaT) U AeTEeKTOpbl TaK HasblBae-
mMoro uctuHHoro CK3 (True RMS — TRMS).

PaccMOoTpUM yCTpPOMCTBO annpoKcumupytoulero getektopa CK3
(puc. 3.26, a).

OCHOBHbIMW 3/IEMEHTAMW CXeMbl ABNAKOTCSA HA60P OLHOTUMHBIX pe-
3UCTUBHO-ANOAHBIX Lenoyek (R 1— VDI, R2— VD2, R3— VD3, ..., Rn—
VDn)\ geninTeNlb HanpsXeHus, obpasoBaHHbIn pesucTopamu rl, r2, r3,

/77, TO M UCTOYHNKOM CTabWUNbHOIO M3BECTHOrO HanpskeHusa Ua a
TaKKe QUNLTP HUXKHUX YacToT (PHUY). Jenutens HanpseHUs co3gaeT
Psg nocnegoBaTenbHO BO3pacTaloLMX OMNOPHbIX NOTeHUnanos (h5s g2
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s, ®,,). PUNLTP HMKHUX YACTOT NpefHa3HayeH ANA CrnaxuBaHua
KPUBOW BbLIXOAHOIrO HanNpsXeHwus.

MMpy nocTyn/ieHNN Ha BXOA AeTeKTopa HanpsXeHus u{t), Tekyliee
3HauyeHue £/ KoToporo 60nbLUe, YeM 3HayeHWe noTeHumana @ (Ho
MeHblle 3HaYeHUSA BCEX OCTa/lbHbIX NMOTEHLMAN0B), OTKPLIBAETCSA AN0L
VD1 1 no uenn R1— VDJ—r| noTeyeT TOK ix Ecnv BxogHoe Hanpsaxe-
Hue BygeT pacTu, TO NPONOpLMOHanbHO OyaeT pacTh u TOK /(A0 Tex
nop, noka Tekyllee 3HayeHWe UBKHe npesbiCUT noTeHuwan ¢2 Mpu
3TOM, Hapsgy € yXKe OTKPbITbIM ANM0A0M VD1, OTKPOETCS TakXe AMof
VD2 1 yepe3 pe3nctop rl noteyet cymma ToKoB (/, + /2 (puc. 3.26, 6).
Mpu ganbHelilemM YBENNYEHUWM BXOLHOrO HampsykeHwus 6ygyT nocne-
[l0BaTe/IbHO OTKPbIBATLCA W ApYrne pe3vCTUBHO-AUOLHbIE LENOYKM U
CYMMapHbIA TOK B pe3ncTope rl 6yaeT pacTh. Takum o6pa3om, yem
6onblle TeKyllee 3HaYeHNEe BXOLHOIO HanpskeHus Um, TeM 60nbluee
4MCNO PE3UCTUBHO-AMOAHBIX Lieneil OTKPOETCHA U TeM, CNefoBaTeNlbHO,
6onblle OyAeT CYMMapHbIA TOK, nNpoTeKkawowmnii B peaucTtope rl. Moa-
60poM uymcna U NapameTpoB PE3UCTUBHO-AMOLHBIX Lieneil MOXHO A0-
CTWYb XKENaeMoro KBajpaTnyecKoro xapakrepa 3aBMCMMOCTU CyMMap-
Horo Toka (U, cnefoBaTeslbHO, 3aBUCUMOCTU BbIXOAHOIO HanpsHKeHus
[eTeKTopa) OT TEKYLLero 3HayeHUs BXOLHOr0 HanpsxkeHus Um.

JeTtekTopbl ncTUHHOro CK3, B OT/IMYMEe OT PacCMOTPEHHLIX ann-
POKCUMUPYIOLLNX, pearmpyroT UMEHHO Ha AecTBUTeNbHOE (peasbHOoe)
CpefHee KBafpaTnyeckoe (AeicTByOLLee) 3HAYeHWe, He3aBUCUMO OT
(hOpMbl KPMBOI BXOAHOIO HanpsxeHus. Ha puc. 3.27, a npuBegeH npo-
CTeMWNA AeTeKTOp UCTUHHOrO CK3, B OCHOBE KOTOPOrO NEXUT Tep-
MO3N1EKTPUYECKUNIA Npeobpa3oBaTeib.

BxofHoe n3mepsaemoe Hanps>keHue u(t) C NOMOLLLI0 YCUIUTENA nepe-
MEHHOT0 HanpsXeHNs YC YCUINBAETCA W MOCTYMNaeT Ha TEPMO3/eKTpu-

Puc 3.26. ANNPOKCUMUPYHOLLNIA feTEKTOP CPefHEro KBaapaTn4yeckoro sHave-
HMUS (a) M ero xapakTepucTuka npeobpasoBaHusa (6)
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6

Puc. 3.27. BapuaHTbl (a 1 6) ycTpolicTBa TEPMO3/EKTPMUYECKOT0 AeTeKTopa

yeckuii npeo6pasosaTenb (TI), cogepXkallumii ABe YacTu: HarpesaTenb (H)
n Tepmonapy (T). MNepeMeHHbIli TOK, NpoTeKatoLMii Yepe3 H, HarpeBaeT
ero 10 TemnepaTypbl, MPONOPLNOHANBLHON KBaapaTy UMEHHO AelCTBYIO-
LLero 3HaYeHUs BXOLHOr0 M3MepsieMoro HanpskeHus u([). B Henocpeg-
CTBEHHOI 61M30CTU OT HarpeBaTens pacnonoXeH pabouwuii cnait Tep-
Monapbl, N0O3TOMY 3HayeHue ee TepMo3C ETOnpenenserca TeMmnepa-
Typoli Harpesatens W, cnefoBaTensbHo, 6yeT NPonopLUMOHaNbHO Aeit-
CTBYIOLLEMY 3HAUYEHMIO U3MEPSAEMOTO HanpshXKeHus u(t). YcunuTenb no-
CTOSIHHOTO HaMnpsHXeHWs YC_ yCUAMBAET BbIXOAHOW CUrHAN Manoro ypos-
HA Tepmonapbl. TakuM 06pa3oM, He3aBUCMMO OT (POPMbl BXOAHOMO
CUrHana BbIXOAHOE MOCTOSIHHOE HanpsXXeHwe £/BK TaKOro feTekTopa
NPONOPLUOHANBHO UMEHHO UCTUHHOMY [EACTBYHOLLEMY 3HAYEHUIO.

PaccmMoTpyM OfMH 13 BapMaHTOB YCTPOICTBA Takoro AetekTopa CK3
(puc. 3.27, 6). Mpsimoit KaHan Npeobpa3oBaHMA, KaK 1 B Y)Ke pacCMOT-
PEHHOW CTPYKTYpe, COo3faeTca ycunutenem Yc_ u TepmonpeobpasoBa-
Tenem TM1. Uem 6onbwe CK3 BXOAHOro HamnpsXXeHus, Tem 60nblue
Tepmod4C Tepmonapbl T 1 1 Tem 60/MblUe BbIXOAHON TOK [MbKYCUNU-
TeNs NOCTOAHHOTO HanpsHXKeHUa Y . OTUM TOKOM HarpeBaeTcs Harpe-
BaTeNlb BTOPOro Tepmonpeobpasosatens TM2 fo Temneparypsbl, co3ja-
towert Tepmo34C Tepmonapbl T2, npakTuyeckn paBHoin Tepmo3d4C
Tepmonapbl TIM 1 Tepmonapbl 060ux TI BKAKOUYEHbI BCTPEYHO. 03To-
My npu NH6bIX n3MeHeHUAX CK3 BXOAHOro HanpsXXeHUs m(l) CooTBeT-
CTBEHHO WM3MEHSETCH BbIXOAHOW TOK /B:K W, CnefoBaTesibHO, TepMo-
34C TN2.

Takum 06pa3oM, Ha BXOfe YCUUTeNns YC aBTOMaTWMYeCcKu Bcerpa
NnoALepPXMBaeTCa MUHUMaSIbHAA pasHOCTb AE aByx Tepmo34C: TI1 u
TM2. bnarogaps Takoi OTpULATENbHOK 0OPATHOW CBA3M 3aMETHO No-
BbILLIAKOTCS /IMHEAHOCTb M TOYHOCTbL Npeo6pa3oBaHus. BbixogHol TOK
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/BK, MpoTeKas No BCMOMOraTeslbHOMY pe3ucTopy R, C034aeT BbIXOA-
Hoe HanpsbkeHWe /MbK AeTeKTOpa, NPOMopLWOHanbHOE AeNCTBUTENb-
HOMY (MCTMHHOMY) CK3 M3mMepsaemMoro BXOAHOr0 HanpsXXeHUs u(t).

OCHOBHbIMMN LOCTOMHCTBAMW 3/MIEKTPOHHbLIX BO/IbTMETPOB C TEPMO-
3NEeKTPUYECKUMU AeTEKTOPAMK ABAAKOTCS BbICOKAs TOYHOCTbL Npeobpa-
30BaHmMA (go 0,1 %); WnpoKnii ananasoH yactoT (go 10 MI'y); n3me-
peHue nctnHHoro CK3 HanpshkeHus. Moxanyi, eqMHCTBEHHbIN Heao-
CTaTOK TaKMX BOJIbTMETPOB — CPaBHUTENIbHO HEBbLICOKOE GbICTpOAEit-
CTBME, T.€. ObICTPblE M3MeHeHNs CK3 BXOAHOr0 CUrHana He BOCMPUHU-
MalTCs cpa3y B Cuy TenjoBOW UHepLMOHHOCTK TT1.

3.3.3. OCO6EHHOCTU 3MEKTPOHHBLIX U3MEPUTESbHbIX
npuéopos

OCHOBHbIMU JOCTOMHCTBaAMU 3/1EKTPOHHbLIX BONLTMETPOB, MO CPaB-
HEHWIO C 3NEKTPOMEXAHWUYECKUMU, ABAAKOTCA CefytoLLme:

* Mafiasg MOLLHOCTb NOTpebneHus oT uccnegyemMoi Lenu (MCTOUYHK-
Ka CuUrHana), 4Yto obycnoBfieHo 60/bLUIMM BXOAHbIM COMPOTUBIEHNEM
npuéopos (105... 107 Om);

* WIMPOKWIA AnanasoH uccnegyembix HanpsxeHuii (ot 10 mkB fo
1000 B) 3a cueT NPUMEHEHUS yCUNUTENE W AenuTenei;

* BbicOKas 4vyBcTBMTENLHOCTL (0,1... 1,0 MKB);

* LUMPOKMIA Anana3oH YacToT BXOAHBIX NepuoAUYECKUX CUTHANO0B (Y
HeKoTOpbIX TMNoB — Ao 500 MI'L);

* 6onee WINPOKME PYHKLMOHANbHbIE BOSMOXHOCTW, BO3MOXHOCTb
N3MepeHUss O4HUM MPUOBOPOM HECKONbKUX Pa3finyHbIX NapaMeTpoB
(Hanpumep, NOCTOAHHOIO U MEPEMEHHOr0 HanpsXeHusa, ConpoTUB-
NeHUs NOCTOAHHOMY TOKY, MapaMeTpoB KOMM/EKCHOro COMnpoTuBe-
HUS).

K HepocTaTkaM 3TUX NPUGOPOB OTHOCATCA CheaytoLive:

* CpaBHUTENbHO 60/blIAA MHCTPYMEHTaNbHas MOrpeLHoCTb
(1,5...4%), 3a UCKNOYEHNEM TEPMO3SIEKTPUYECKMX BOMIbTMETPOB;

* C/IOXXHOCTb YCTPOWCTBA U, KaK CNefCcTBME, CPaBHUTENbHO HEBbLICO-
Kasi HafeXXHOCTb U BbICOKas CTOMMOCTb;

 TpeboBaHWe AONOMHUTE/ILHOTO UCTOYHUKA NUTaHWA (MW BHeL-
Hero — 3NeKTPUYECKO CeTW, UM BHYTPEHHEro — baTapen);

* CpaBHUTENIbHO 6Oo/bLIME rabapuTbl U Macca.

3.4. BIMAHVE ®OPMbl CUTHANA
HA TMOKA3AHNA NMPNBOPOB

Mpu paboTe ¢ NepnoOLUYECKMMU CUTHANAMU BaXKHO 3HATb OCOOEH-
HOCTW YCTPOWCTBA W rpagyvMpoBKM TOTO UM UHOTO TUMNa N3MEpPUTENb-
Horo npubopa. Kak npasuio, npmbopbl rpagyupytoTcs B CPeAHUX KBaj-
paTuyecknx (OeCTBYHOWNX) 3HAYEHMAX AN 4acTHOro (XoTs M pac-
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NPOCTPaHEHHOr0) cyyas CUHycouansHOW (MU — NPaKTUYECKU CU-
HycouaanbHoi) Gopmbl curHana. Takas rpagyvnpoBKa 06bACHSETCS TEM,
4YTO MMEHHO [elCTBYIOLLee 3HaUYeHUe ABNSeTCHS CaMblM BaXKHbIM A1
60/bLWINHCTBA U3MEPUTESIbHBLIX 3KCMEPUMEHTOB B 3/1EKTPOTEXHUKE U
3NeKTpo3HepreTuke. MNpubopbl PasfMYHbIX CUCTEM, MOLK/HOYEHHbIE
napannenbHo K OfHOMY WMCTOYHUKY CUHYCOUZANbHOTO HampsXeHus,
faBanu 6bl MOX0XWe NOoKasaHus, AOCTAaTOYHO 6/M3KUE K peasibHOMY
[elcTBYIOWEMY 3HAaYeHUNI0 (C YYETOM, KOHEYHO, UX WUHCTPYMeHTasb-
HbIX norpewHocTeld). OgHaKo B BblIbOpe KOHKPETHbIX Npu6opoB Ans
peasbHbIX 3KCNEepPUMEHTOB C 3aMeTHO HECUMHYCOUAANbHbIMU CUTHaNa-
MW crefyeT 6biTb OCTOPOXHbLIMU, MOCKO/IbKY BO3MOXHbI 3HQUUTE/b-
Hble OLWMOKM, TaK KaK He Bce TUMbl NPUBOPOB pearnpyoT UMeHHO Ha
[eACTBYIOLLEE 3HAYEHME.

PaccMOTpUM BOMPOCHI CMeLU(pUKA peakumm 1 rpagyvpoBku npu-
60pOB Ha NpYMepe pasIMYHbIX aHaN0roBbIX BO/IbTMETPOB NEpPeMeH-
HOro HanpsbkeHus. XoTs, BCe NOCNefytoL e pacCyXaeHuns cnpares-
NVBbLI N AN 3N1EKTPOMEXaHUYECKUX amnepMeTPOB COOTBETCTBYIOLWNUX
CUCTEM.

3.4.1. CurHan 6e3 NOoCTOSAHHOW coCcTaBAsOWEN

MpeanonoXnmM, K WCTOYHWKY MPSIMOYTO/IbHOTO HanpsXXeHus u(t)
amnauTtygoin +100 B, yactoTtoin 50 'y 1 ckBaXKHOCTLIO 2 (puc. 3.28, a)
NoAKMYeHbl NapannenbHo Aa BonbTMeTpa (puc. 3.28, 6): VI — anek-
TPOMEXaHUYECKUIA BbIMPAMUTE/IbHLIA BONLTMETP U V2 — 31EKTPOH-
Hbll/i BONLTMETP C TEPMO3/EKTPUYECKUM LeTeKTOPOM (T3 BONMLTMETP).

Haligem nokasaHus npu6opos, npeHebperas BCEMU COCTaBAAOLLUMU
norpewHocTel pesynbTaToB. [epBblid (BbINPAMUTENbLHbIR) BONLTMETP
VI, pearmpyowmin Ha cpefjHee BbINPsSM/IEHHOE 3HaYeHue (JCBBXOLHO-
ro HanpsXXeHus, oTrpafynpoBaH B AECTBYIOLMX 3HAYEHUAX ANS CNY-
yasd CMHYCOMAaNbHOrO CUrHana, T.e. ero nokasaHua UM CBfA3aHbl C
ero peakumnein KoapuuneHTOM GopMbl CUHYcoMabl (K])<r= 1,11):

Uuyj— ~cB™p.un'
n B n(0

+100 / VI \2
-~ r _~

0 S T3
t, mc BO/IbT-

KYY: MeTp

-100 = 1= = 1=

10 10

Puc. 3.28. Peakuuns v nokasaHus npm6opos:
a — BXOAHOW curHan, 6 — cxema BK/IHOYEHUsSI NMPU6GopoB
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B paHHOM 3KcnepuMeHTe BOMbTMeTp VI, oTpearuposaB Ha Ucn =
= 100 B, nokaxer UVl = 100- 1,11 = 111 B, 4TO He 6yaeT COOTBET-
CTBOBaTb peasbHOMY Ae/CTBYIOLLEMY 3HAYEHWNIO U3MEPSEMOro Hanps-
XEeHUA.

BTopoit BoNbTMETP V2 (3N1eKTPOHHbIA TEPMO3NEKTPUYECKMIA) pea-
rmpyeT Ha UCTUHHOe CK3 HanpsXeHWs 1 OTrpafyvnpoBaH, eCTECTBEHHO,
Toxe B CK3. MMo3Tomy ero nokasaHve U\2— npaBu/ibHOE feicTBYytoLLee
3HayeHne BXOLHOr0 CUrHana, KOTopoe B fJaHHOM cnyyae pasHo 100 B.

OTMeTMM, YTO pasHULA MeXay NokasaHUAMMW ABYX UCMPaBHbIX Npu-
60poB, MNOAKMOYEHHBLIX K O4HOMY UCTOYHUKY HanpsHKeHWs, AOBObHO
Be/IMKa 1 coctaBnseT 6onee 10 %. MpuunHa —peskast HecUHycomaasb-
HOCTb BXOAHOI0 Hanps>XeHusa uft).

PaccmoTpumM elle oavH npumep. [Ba BonbTMeTpa: VI — 3/1€KTPOH-
HbllA BO/IbTMETP C aMNIMTYAHbIM geTekTopoM (Al) U V2 — 3neKTpo-
MEXaHWYeCKNin BOMbTMETP 3N1EKTPOMArHWTHOW CMCTEMbI NapanieflbHo
MOAK/MOYEHbl K WUCTOYHWUKY HECUHYCOUAANbHOTO HanpsXeHus u(t)
(puc. 3.29, a). AMNANTYa M3MepseMOro HanpsxxeHus Unmsx = +100 B,
yactota — 50 'Y, KO3A(PUUMEHT aMAANTY bl KA = 2.

MpeHebperas BCEMW NOTPELUHOCTAMMK, NONPo6YeM HaiMTW MoKasa-
Hus npuoopos (puc. 3.29, 6). lMepBblii BONLTMETP VI pearvmpyeT Ha
aMnInTyHOe 3HauyeHue (4re* BXOLHOrO HanpshKeHus, a rpagympyercs
B leMCTBYIOLLUX 3HAUEHUNAX 418 Clydasd CUHYCOMAANBHOrO CUrHana, T.e.
ero nokasaHus Uvt CBA3aHbl C ero peakuueid KoapuumeHToM amnam-
TyAbl Ka CMHyconabl (Assin = 1,41):

Uyj —Unmex'k &\n.

B aTOM 3KcneprvmMeHTe BOALTMETP VI, 0Tpearnposas Ha amnanTygy
ax = 100 B, nokaxet UV] = 100: 1,41 =71 B, 4TO He paBHO peasibHO-
My LelCTBYIOLEMY 3HAYEHMIO U3MEPAEMOr0 HanpsxeHus. PeanbHoe
aencTeytollee (CpegHee KBagpaTuMyeckoe) 3HayeHWe UCKY gaHHOro
curHana:

*4K = tfmaxAa = 100 ;: 2 = 50 B.

Puc. 3.29. Peakumns n nokasaHus npmbopoB:
a — BXOAHOI CUrHan; 6 — cxema BK/IHOYEHUsI NMPUGopoB
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BTopoii BONbTMETP V2 (3M1EKTPOMArHUTHOW CUCTEMbI) pearmpyet
VMMEHHO Ha [IeCTBYIOLLEEe 3HAUYEHNE M3MEPSEMOrO HamnpPsXeHNUs 1 OT-
rpagympoBaH Toxe B CK3. M03ToMy OH MOKaXeT NpaBuabHOE AeiicTBY-
toLlee 3HaYeHMe BXOAHOTO CUrHana, KOTOpoe y AaHHOro CMrHana pas-
HO Uy2 = UCK= 50 B.

W B aTOM cnyyae cTonb 60Mbluas pasHuua (novty B nonTopa pasal)
B NOKa3aHWAX AByX NPMGOPOB, Ha BXOAE KOTOPbIX OAWH U TOT e CUr-
Han — CNeACTBUE 3HAYMTEIbHOW HECUHYCOMAANbHOCTU MUCCNeayeMOro
CUrHana v pasNnumnii B X NpuHUMNax AeicTBuS.

3.4.2. CurHan — cyMmma nepemMeHHoM 1 NOCTOSAHHOM
cocTaBnAWUX

PasbepemM HECKOMbKO 60nee CMOXHbIMA Cayyali curHana — 0fHOMNo-
NSIPHOTO NEepMOSMYECKOro CMrHana NpsaMoyrosibHOM GopMbl € aMnaun-
Tygon t/mex = +100 B, gnntenbHOCTb0 mmnynbca 10 mMc, ANUTENbHOC-
Tbto nay3bl 30 mc (puc. 3.30, a).

LonycTum, K UCTOYHMKY TaKOro HanpsHXKeHWUs NOAK/YEHbI OL4HO-
BPEMEHHO YeTblpe BOMbTMETPA pa3nyHbix cuctem (puc. 3.30, 6): VI —
MarHUTO3NEKTPUYECKNIA; V2 — BbINPSAMUTENbHbIA; V3 — 31EKTPOH-
HbIA BONLTMETP C aMNAUTYAHbIM AEeTEKTOPOM C OTKPbITbIM BXOAOM
(AAOB); V4 — 3neKTPOHHbI/ BOMbTMETP C aMMANTYAHbIM JETEKTOPOM
C 3aKkpbITbiM Bxogom (A3B)

Mpeanonoxwum, TpebyeTcs HalTu (NpeHebperas BCEMW MOrpPeLIHO-
CTAMMN):

* NOKa3aHWA BCeX BO/IbTMETPOB;

uft)
0 3 t M
a
VI V2 V3 V4
6

Puc. 3.30 Peakuusa n nokasaHus pasnmyHbiX NpnbopoB:
a — BXOAHOI CUrHan; 6 — cxemMa BKJIHOUEHWUS NMPU6GopoB
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* CpefjHee 3Ha4YeHMe BXOAHOrO curHana Uc)

s CpefjHee BbINPAM/IEHHOE 3HAYeHME cUrHana UG

 CpeAHee KBaApaTU4ecKoe (OeiCcTBYHOLLEE) 3HauyeHne ck

* KOSPULUNEHT amMnAUTYAbl K3 CUTHANg;

* KO3thpnumneHT opmbl /[ curHana.

BonbTmeTp VI (MarHMTO3NEKTPUYECKWIA) pearvpyeT Ha cpefHee
3HayeHue W, NOCKOJMIbKY He MpeAHasHayeH Ana paboTbl C NepemeH-
HbIMW CMTHaNaMy TaKOM 4YacTOThbl, TO U MOKaXXET CpefHEe 3HayeHue.
CpefHee 3HauyeHue Uc B 06LLEeM Cllyyae eCTb MHTerpan QyHKLUUU CUr-
Hana Ha nepuoge. 4ns yKasaHHOro curHana ¢ Takoi opmoli 3Have-
Hue Uc onpefensetcs OTHOLIEHWEM NOLWaAN UMNYbCa K Nepuogy v
nMeeT Buj

nc = (100- 10): 40 = 25 B.

CpefgHee BbINpsM/IIeHHOe 3HayeHMe UCBB AaHHOM C/lyyae COBMafa-
eT CO CpefHUM 3HayeHMeM Uc, TaK Kak CUrHaN O4HOMOJSAPHBINA:

UcB= Uc= 25 B.

CpenHee KBagpaTuuyeckoe (geicTByiOLLee) 3HavyeHWe UCK MOXET
ObITb BbIYMCNEHO B COOTBETCTBUM C M3BECTHLIM O6LLMM BblpaXXeHWEM
(cm. nogpasg. 2.1.1):

UcK= 50 B.

MocKoNbKY aMnNANTYAHOE 3HaYeHne BXOAHOMO CUrHana U3BecTHO M
paBHO t/nm= 100 B, TO Tenepb MOXHO HaTU 3HAYEHUSA KOIDPULLNEH-
TOB aMnAnTYAbl Ka ¥ (DOPMbl K AaHHOIO CUrHana:

Ka= ntax'n cK= 100:50 = 2;
kb= i/cKt/,B=50:25 = 2.

Tenepb, BCMOMHMWB, Ha YTO pearvpytoT U B KAKUX 3HAYEHUAX OTrpa-
OyVpOBaHbl MOAKMKOYEHHbIE Npubopbl (VI, V2, V3, V4), Nerko Hantm
M 3anucaTb UX nokasaHuma: UM =25 B; u\2=25-1,11 = 27,8 B; uM =
= 100: 1,41 =71 B; U\A= (100 - 25): 1,41 = 53,2 B.

OTMeTVM, UTO B peasibHbIX 3KCrepuMmeHTax (rge gopma curHana
00bI4YHO He M3BecTHa) Nofo6Has pasHMLA B MOKasaHWAX MCNpPaBHbIX
npm6opoB CBUAETENILCTBOBAMA Obl O 3HAUUTENILHOW HECUHYCOUAANbHO-
CTW U3MEPSEMOr0 CUTHana.

PaccmoTpum Tenepb 06paTHyto 3agady. JonycTUM, Ham W3BECTHbI
nokKasaHus yeTbipex BOAbTMETPOB (VI; V2\ V3\ V4) pasnnyHbIX NpPUH-
LUNOB AeNCcTBMA, MNOAKMOUYEHHbIX NapannesibHO K O4HOMY UCTOUHUKY
NeproanMyYeckoro HeCMHyCconaanbHOro HanpsHkKeHuns. MepBblii BONbLT
MeTp VI — MarHMTO3NeKTPMUYECKNIA — noKasan Uvt = 20 B; BTopoli
V2 — 31eKTPOHHbIA ¢ AJOB — nokasan UW = 21,3 B; Tpetuii v3 —
3NEKTPOHHbIN ¢ AA3B — U= 7,1 B; 4eTBepTbIA V4 — 3NEKTPOH-
Hblli C TEPMO3MeKTPUYECKUM AeTeKTopoM — Uv4 = 22,4 B. Cygs no
TOMY, YTO MOKa3aHWA NPMOOPOB 3aMETHO Pa3/MYaloTcs, U3MEepPSeMblii
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CUrHaN — HecuHycouganeH, a MoXeT ObITb 1 HECUMMETPUYEH MO OT-
HOLUEHNIO K OCW BPEMEHWU, T.e. MMEET HEHYNeBYK MOCTOSAHHYIO CO-
CTaBNAOLLYIO.

MpeHebperas BCEMU MOrpewHOCTAMMU, HEOOXOAMMO HalTW am-
nanTygHoe Umsx, cpegHee Uc u gelicTBytowiee UCK3HaYeHMSA BXOLHO-
ro CUrHana, a Takxxe amnanMTygy TOMIbKO NepemMeHHOW ero cocTaBasio-
wein t/max. Mepsbii npnéop VI (M3 BOAbTMETP) pearmpyeT Ha cpea-
Hee 3HaYeHue HanpsXXeHWs 1 NOKa3blBaEeT ero Xe, T. e. CPpefiHee 3Haue-
Hue (c= 20 B. 3T0 03HAYaeT HanMyme BO BXOLHOM CUTHaNe MOCTOSH-
HOW cocTaBnawowein U0 = 20 B. O6llee aMnanMTygHOe 3HavyeHue i/
MOXHO OnpefennTb No nokasaHuaMm Uv2 3N1eKTPOHHOM0 BOMIbTMETPA V2
¢ AJOB:

Linax = Uv2kasin = 21,3 1,41 = 30 B.

PeanbHoe UK (OelCTBYHOLLEE) 3HAYEHME BXOLHOrO0 CMrHana fgact
BO/IbTMETP C TEPMOMO3/IEKTPUUECKUM AETEKTOPOM:

fck= Uf4= 22,4 B.

MokasaHns Uv3 BonbTMeTpa V3 ¢ A3B Mo3BONAKT HalTu aM-
nanTygy Unex_ TOMbKO MepemMeHHOW cocTaBnsitoLlein (MOCKO/bKY Ta-
KOl Npubop NrHOPMPYET NOCTOSHHYHO COCTAaBMSIOLLYH BXOLHOIO CUT-
Hana):

“max_ = U ¥Y3kasin = 7,1 ! 1,41 = 10 B.

Ecnm curHan coaepXXuT 1 NOCTOSIHHYHO, 1 NMEePEMEHHYIO COCTaB/AO-
Lwne, To, 3Has WX OTAE/bHble AENCTBYIOLLNE 3HAYEHUS,, MOXXHO HaTK
o6LLee AeicTBYyHOLLEE 3HAYEHME KAaK UX FTEOMETPUYECKYHD CYyMMY.

KOHTpO/IbHbIE BOMPOCHI

1 Tok B uenu COAEPXMUT MOCTOSAHHYK cocTaBnstouwyt (100...200 mA) v
nepemMeHHyto (4actoToi npumepHo 100 My n amnAnTyAoi okono 150 MA). Mun-
nnamnepmMeTp Kakoi cucTeMbl cnefyeT BblbpaTb A1 U3MEPEHUSA 3HAYEHUS TOMb-
KO MOCTOSAHHOW cOCTaBNAOLLEN?

2. BHyTpeHHee conpoTMB/IEHWE MAarHMTO31eKTPUYECKOr0 BObTMETpa Rv =
= 10 kOm, gnanasoH m3mepeHna UH= 10 B. HaiguTe 3Ha4yeHune conpoTuBe-
HMA fo6aBoOYHOro pesucrtopa Ra, HE06X0AMMOr0 ANA pacliupeHns gmanasoHa
nsmepeHus go U= 100 B.

3. lnanasoH n3MepeHnsa TOKa MarHMTO31eKT-

puyeckoro amnepmetrpa /H= 100 MA, BHYTpeH-
Hee conpoTtuBneHne RApasHo 10 Om. Hangunte
3HayYeHue CONPOTMBIEHUA LWYyHTa Au Heobxo-
AVMOT0 ANA paclwupeHUs guanasoHa u3mepe-
HuA Toka go / = 1A

4. Hanpgnte cpefHee ilc, cpefHee BbINPAMIIEH-
Hoe UCBwu cpefiHee kBafpatuuyeckoe UCK3Haue-
HUA CMTHasna, MoKasaHHOro Ha PUCYHKe.
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5. MimeeTca MCTOYHMK MePUOLUYECKOTO HECUHYCOMAANbLHOI0 HanpsXXeHns
¢ yacTtoToli npumepHo 1 MI'y n amnnanTygoin okono 1000 B 3nekTpomexaHu-
YeCKWUii BONbTMETP Kakoil cucTemMbl Bbl BblbepeTe Ans onpefeneHus cpefjHero
KBajpaTn4yecKoro (4elicTBYHOL,Ero) 3Ha4YeHNsA 3TOr0 HanpsXKeHusa?

6. B yeM COCTOMT OCHOBHOE MPEVNMYLLECTBO MPUBOPOB TEPMO3NIEKTPUYECKOIA
cuctembl? Kakoli 0CHOBHOU HefoCTaTOK Yy Npu6GOpOB 3TOl CUCTEMbI?

7. Hangute 3Ha4yeHUs KoappuumMeHTOB amnanTyabl /can hopmbl KPCUrHa-
na, NoKasaHHOro Ha PUCYHKe.

u B 0
+50 Yy "

I, mc

-50
10 30

8. HecuMHycomganbHblli cUrHan, UMeKLWnn aMnanTygHoe 3HayveHme 100 B u
KO3 ULMNEHT aMNAnTyfbl Ka = 2, nofjaH Ha BOAbTMeTP 3MEKTPOAMHAMMYe-
CKOM cuctembl. MNpeHebperas BceMW MOTPeLIHOCTAMMW, HalijuTe NokasaHus
npubopa.

9. Tpu BONbTMETPA NOAK/OYEHbI MapasniefibHO K UCTOYHUKY Mepuoguye-
CKOro HanpsbxkeHusA. MonyyeHbl cnegyrolme NoKasaH1A: 31eKTPOHHbIA BOMbT-
MeTp ¢ AOB Uy/ = 90 B; anekTpoMarHuTHbIi UV2= 50 B; MarHMToaneKTpu-
yecknin Uyj = 0. HaiguTe amnnnTyaHOe, cpefjHee, cpefHee KBaapaTuyeckoe
3HaYeHNA BXOLHOMO CMrHana, a TakXe ero KoO3aQppuULMeHT aMnanTyabl.

10. KoahhmnumeHT amnanTyabl NEPUOANYECKOTO HANpPsXXeHUs Ka= 2, cpeg-
Hee KBagpaTuueckoe 3HayeHne UK = 40 B, cpegHee 3HauveHue i/c= 0 B. Yto
NOKaXeT 3NeKTPOHHbIW BoNbTMETp ¢ A3B, ecnn ero NoAKMUYUTL K UCTOY-
HWKY Takoro curHana?

11. KakoMy 3Ha4yeHU0 NepuoMUecKoro Hanps>XeHns NponopLuoHanbHbl
NoKasaHua 3N1eKTPOMarHUTHOro BO/MbTMETPA? 3anuwnTe BblpaXKeHWe Bpalla-
loLWero MoOMeHTa Ana atoro npubopa.

12. HagnTe nokasaHWs BO/bTMETPOB: MarHUTO3NEKTPUYECKOr0; BbINPS-
MUTENbHOro0; 3N1eKTpoHHOro ¢ A4OB u anekTpoHHOro ¢ A43B, NogKOYeH -
HbIX K UCTOYHUKY CUTHana, ¢popma KOTOpPOro nokasaHa Ha pUCYHKe.

13. 3neKTpoMexaHNYecKuii BONbTMETP KaKoW cucTeMbl crnefyeT BblbpaTb
4N M3MepeHUsa MOCTOSSHHOro HanpsbkeHna U = 1500...2000 B (noTeHuunana
aHofa 3/1eKTPOHHO-y4eBON Tpy6Kn)? BbIXofHOE COMPOTUBAEHNE UCTOYHUKA
HanpsbkeHma 100...200 kKOM. OcHOBHas nNpuBefeHHas MOrpewHoCcTb npubopa
He fo/KHa npesocxoguTb 1,0... 1,5 %.
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14. HalignTe nokasaHuWs BONIbTMETPOB: MarHUTO3/1IEKTPUYECKOTO0; BbINPAMU-
TeNbHOro; 3/1eKTPOHHOro ¢ AAOB; anekTpoHHOoro ¢ A3B, NogKNYeHHbIX K
WCTOYHUKY CUrHana, hopmMa KOTOporo rnokasaHa Ha PUCYHKe.

15. AnS oCHalleHMNs 3/1eKTPOIHEPreTMHecKoro obbekTa TpebyeTcss MHOXe-
CTBO OAAHOTUMHbBIX 3/IEKTPOMEXaHNYECKUX BONbTMeTpoB. KpuTepuun: gnanasoH
n3mMepseMbIX SeACTBYOLWNX 3HaYeHnn 150...250 B; npegen npuBefeHHON no-
rpewHoctn 1,5...2,0% ; HOMMHaNbHAasA 4acToTa W3MEPAEMOro HanpsXeHusa
50 'y, npubopbl JOMKHBI 6bITh YCTOWUYMBBLI K Neperpyskam (40 100 %) n nmeTb
CPaBHUTENBbHO HU3KYK CTOMMOCTb. BblbepuTe cuctemy BoNbTMETPA, OTBeYato-
LYyt 3TMM TpeboBaHUAM.



FMTABA 4
SNEKTPOHHO-NIYYEBOW OCLUMUNNOTPAD®

4.1. YCTPOWCTBO 3/IEKTPOHHO-/IYYEBOIO OCL/INIOTPADA

Knacc ocumnnorpadoB cerofHs MoXeT 6bITb NOfeNeH Ha AiBe CUMb-
HO pasnnyaroLLnecs rpynnbl: aHano0roBble (3/1eKTPOHHO-/Ty4YeBbIe U CBE-
ToNy4eBble) U UMppoBble. Kaxgas 13 aTux rpynn MMeeT CBOU QPyHKLN-
OHa/nbHbIE BO3MOXHOCTU, JOCTOMHCTBA U HEAOCTATKW, METPOOruyec-
KWe 1 3KChnyaTalMoHHble XapakTepucTUKK, CBOM 061acTu 1 cneuym-
(hUKY NpUMeHeHUS.

ANeKTPOHHO-Ny4YeBol ocuunnorpad (3/10) Kak 3aKOHUYEHHbI Npu-
60p LWMPOKOro HasHayeHUs Havan npuMeHsaTbes B 30-x Ir. XX B. (X0Ts
3N1EKTPOHHO-y4eBan Tpybka nosiBunach elle B KoHue XIX B.). [0 Ha-
crosiero BpeMeHn 3J1O sBAdeTcs, NOXanyi, OOHUM U3 OCHOBHbIX
MHCTPYMEHTOB U3YYEHUs Pa3NYHbIX JUHAMWYECKMX MPOLEeCcCOB BO Bpe-
MeHHOI o6nactu. Knaccnyecknii 3JTO — 3TO 3M1eKTPOHHbIA aHanoro-
Bblii M3MEPUTENbHbIA NPMOOP, KOTOPbIA MCMONb3yeTcs Ans UccneaoBsa-
HUS, KaK MpaBuio, NepuoguyYeckmnx NpoLeccoB B peasibHOM BpeMeHU.

YNpoLweHHO CTPYKTYpYy 3J/10 MOXHO MpefcTaBUTb TPEMS OCHOBHbI-
My vacTtamum (puc. 4.1): KaHan BepTUKanbHOro OTK/IOHEHMs nyda (Ka-
Han Y), KaHan ropu3oHTaNbHOTO0 OTKIOHeHUA (KaHan X) W 3/1eKT-
POHHO-Ny4YeBasa Tpybka (3/1T). Takoe Ha3BaHMe KaHanoB (Ku X) oT-
BeyaeT K/1aCCUYECKOMY ABYXKOOPAMHATHOMY NPeACTaBfeHNIO pasnny-
HbIX YHKLWIA (BEpPTMKanbHas 0Cb — OCb OpAMHAT Y, TOPU30HTaNbHas
0Cb — 0Cb abcumce X).

«SpKocTb» «POKYC»

Puc. 4.1. Ynpouw,eHHasa CTPYKTypa 3/IeKTPOHHO-/ly4eBOro ocumnaorpaga
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HasHaueHue kaHanoB Ku X — npeobpasoBaHue BXOAHbIX Uccnepy-
eMbIX M/UNK BCNOMOraTe/ibHbIX HaNpsXXeHWn L0 ypoBHel, Heobxoau-
MbIX ONS yrNpaBfeHWs MOTOKOM 3/1EKTPOHOB B 3/1eKTPOHHO-y4Y€eBOA
Tpybke. HasHaueHue 3TOW TPYOKM — hOPMUPOBaHME M300paKEHNS UC-
CNesflyeMoro curHana uim n3obpaxeHus, OTpaXKaroLLero pesynbTaT B3a-
MMOLENCTBUA ABYX UAN HECKONbKUX CUTHAMOB.

PaccMoTpuM nogpobHee YCTPOMCTBO M paboTy KaxAon U3 aTux 4a-
cTei.

4.1,1. KaHa/1bl BEPTUKa/IbHOTO N TOPU30OHTA/IBHOIO OTK/IOHEHUS

MakcuMManbHO ynpoLas paccmaTpuaeMyto CTpyKTypy 910 (cMm. puc.
4.1), npeacTaBnUM KaHa/ BepTUKa/bHOrO OTKNOHeHMA (kKaHan Y) co-
JepXalinuMm ToNbKo genuTenb HanpskeHus (), yewnutens (YY) u ne-
pekntoyatens SW1. Oenutens [ npegHasHayueH 4n1s yMeHbLUEHWS BXOL-
HbIX UCCMESYEMbIX CUTHAN0B 60OMbLINX YPOBHEW, NMpyU 3TOM MepPeKo-
yateslb SW1 Haxo4uTcs B MOMOXKEHUU 1. YCUNuUTeNb Yy CNYXUT Ans
YCUNEHNA Ma/ibiX BXOLHbIX CUMHA/0B, NpW 3TOM NepeknoyaTens SW1
HaxogmTca B NOMOXeHWUW 2. BbIXOAHOW curHan ycunuTens noctynaet
Ha nnacTuHbl Y3IJIT, a TakKe Ha BXOA KaHana X. Bce afiemeHThbl KaHa-
na Y o6nagatoT A4OCTAaTOYHO LUMPOKOIA MOMNOCOA 4acTOT MPONycKaHus
(BepxHAa rpaHMLa Noaockl y 06bI4HbIX Mogeneih 310 cocTaBnsaeT ean-
HULbI—AeCATKN MerarepL).

KaHan ropusoHTanbHOro OTKAOHeHWS (KaHan X) B YMpPOLWEeHHOM
BUAe MOXHO NpefCcTaBUTb Tak: reHepatop passeptku (IP), ycunutenb
(¥*), aBa nepekntoyatens SW2 n SW3. Bxoa BHelLHER CUHXPOHM3aL MM
(BC) npepHasHayeH Ana 3anycka reHepatopa pa3BepTKU BHELUHUM
BCNOMOraTe/isHbIM CUrHaNoM. [FeHepaTop pa3BepTKM hopMUpyeT Nn-
HelHO M3MeHsaLWeecs (MMNoobpasHoe) HampsHXKeHUe, KOTOpoe Yepes
Y* noctynaeT Ha NAacTWHbl FOPU3OHTAILHOrO OTKNOHEHUA — nna-
CTUHbI X 3JIT. 3T0 HanNpsXXeHWe B TeYEHWNE UHTepBana BPEMEHU NpPs-
MOro xofa Kak Obl «pa3BopayuBaeT» WCCleAyeMblii CUrHan no ropu-
30HTanbHOI ocu (T.e. ocK X) C MOCTOSIHHO CKOPOCTbI0. Taknum obpa-
30M CO3JaeTCs aHaNorms pas3BepTKN B TEKYLLEM BPEMEHU. YCUuTeb Y*
npefjHasHayeH Ans ycuaeHUs BXOAHOro curHana L0 YPOBHSA, Heo6Xo-
OMMOTO 418 HOPMasbHOr0 OTK/IOHEHMA flyyda. B nonoxeHun 1 nepe-
Knoyatens SW2 Ha Bxog P nocTynaeTt curHan c BbIXoAa KaHana Y.
Takum obpa3oMm obecrneynBaeTCs PeXUM BHYTPEHHENO 3anycka reHe-
patopa pa3BepTKW WCCNefyeMbiM CUrHanoMm. B nonoxeHun 2 nepe-
Kntoyatens SW2 Ha Bxof P nocTynaeT curHan CUHXpoHU3auuu ot
BHELLUHEro UCTOYHMKA.

C nomoulblo nepekntoyvatens SIV3 BbIGUPaETCa peXxum pasBepTKu:
MONOXEHNE 1— PEXNM NNHERHOW pa3BepTKN (Y—/); NONOXeHNe 2 —
peXxum Y—X (B YaCTHOCTW KPYroBoli pa3BepTKM).

KoHeuHO, peanbHble cTpykTypa 3/10 u ycTpoicteo I/1T ropasgo
CNOXHee PacCMOTPEHHbIX Hamu
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4.1.2. ON1eKTPOHHO-y4YeBas Tpybka

KOHCTPYKTMBHO 3N1eKTPOHHO-NTy4yeBas Tpyoka (9/1T) — 0CHOBHOW
anemeHT /IO — npeacTaBnAeT coboi CTEKNSHHbIA 6afnoH ¢ rny6o-
KUM BakKyyMOM, B KOTOPbI/A BCTPOEHbl MeTan/IM4yecKue 3/eKTpoabl
(puc. 4.2). BHYTpeHHAA MNOBepXHOCTb sKpaHa 3J1T nokpbiTa NHOMU-
HO(hOpPOM — BELLLeCTBOM, KOTOPOE CBETUTCS B MeCTe yapa NnoToKa 3fek-
TPOHOB.

HuTb Hakana (HH), Haxogsdwasca BHyTpu uunmHgpa katoga (K),
HarpesaeT ero. C NOBEPXHOCTM HAarpeToro Katoja BblJETaloT 3/1IEKTPO-
Hbl, KOTOpPblE, CTPEMACHL K BbICOKOMY MOJI0XUTENbHOMY MOTEHLMany
aHofoB Al 1 A2, NpoxoAaT CKBO3b MOAYNATOP («CeTKy»). MogynsaTop
(M) umeeT oTpuuaTesibHbIA MO OTHOLIEHWIO K KaTtogy noTeHuuan,
N3MEHASA KOTOPbIA (CM. puc. 4.1), MOXHO MEHSTb YMCN0 NPOXOAALLUX
CKBO3b HEF0O 3/IEKTPOHOB U, TEM CaMbIM, PEryaMpoBaTb SpKOCTb M306-
paXeHna Ha akpaHe IJIT. AHoabl Al 1 A2 06pa3ytoT cBoeobpasHyto
3NEKTPOHHYI0 NNH3Y, 6narofaps KOTOpOl ocyuiecTsnsetcs Hokycu-
poBaHWe MOTOKa 3M1eKTPOHOB (M, CMefoBaTeNbHO — U300paxeHus).
Kpome TOro, aHofbl 06ecrneymBaloT 3HAUYUTE/IbHYH CKOPOCTb [BUXKe-
HWUA 371eKTPOHOB, AOCTAaTOYHYIO AN HOPMaSbHOrO CBeYEHUS NHOMUHO-
thopa 3KpaHa B MecTe yaapa.

PaccmoTpeHHble anekTpoabl (HH, K, M, Al n A2) o6pa3ytoT Tak
Ha3blBAaEMYH0 3M1eKTPOHHYI0 MyLIKY, Ha3HA4YeHWe KOTopol — (hopmMu-
poBaHWe Y3KOro nyyka neTawmx ¢ 601bLUIOA CKOPOCTHIO 3/1€KTPOHOB
(nyya). [lanee MOTOK 3N1EKTPOHOB MPOMETaeT MeXAy ABYMs napamu

Puc. 4.2. YcTpoiicTtso I/T:

HH — HnTb Hakana; K — katog;, M — moaynstop; Al, A2 —aHogbl; X, Y — nnacTu-
Hbl; | — MOTOK 3M1EKTPOHOB; 2 — 3KpaH
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Puc. 4.3. OTK/IOHEHNE NOTOKa 3/1eKTPOHOB B MoJ1e NAaCTUH:
1 — NOTOK 3N1eKTPOHOB; 2 — 3KpaH; 3 — NKMUHODOp

OTK/IOHAIOLLMX €ro NNacTuH (X 1 Y), pacnosfioXXeHHbIX B3auMHO-Nep-
neHANKYNAPHO.

MpUNoXeHHbIE K NaCTUHAM X1 Y HanpsXXeHNs OTKNOHAT NyY u,
KakK cnefcTBue, ONpPefenstoT NONOXKEHME CBETALLErocA NATHA Ha JKpa-
He. OTKNOHEHWEe MOTOKA 3M1eKTPOHOB B 3/IEKTPUYECKOM MOoJie NNacTuH
(Ha npumepe AencTBUS O4HOW Mapbl NAACTUH — MAACTUH Y) WUAM0-
cTpupyet puc. 4.3. Ecnn K nnacTMHam Y NPUI0XEHO HEKOTOpPOe Mo-
CTOSAHHOE HanpsXeHue Uy, TO MeXAy niacTUHaAMW BO3HWKaeT 3M1eKT-
pyvyeckoe rnose, HaNPSXXeHHOCTb KOTOPOro E NpsMo nponopuuoHanb-
Ha HanpshkeHMto UYW 06paTHO NponopLUoHaNbHa PacCTOSHUIO MeX-
4y nnacTuHamu.

IMOTOK 3N1eKTPOHOB, NpO/eTas B 3/NEKTPUYECKOM MOME MaCTUH,
NCNbITbIBaeT felCTBME cuAbl F. 3HayeHue 3Tol cuabl F nponop-
LWOHANBLHO HanpsHXKeHHOCTU E 3neKTpuyeckoro nons. Takum obpa-
30M, OTKJ/IOHEHME MOTOKA 3NEKTPOHOB W, ClefoBaTe/lbHO, BEPTUKAb-
HOe OTK/IOHEHME VCBETALLEeroca NATHa Ha 3KpaHe onpeensaTca Ha-
npskeHnem Ha nnacTuHax UY Ecnv HanpshkeHwe Ha nnacTuHax UY
MeHSieTCs, TO NPOMOpPLUOHANILHO MEHSETCA W OTK/IOHEHMWE NATHA Ha
aKpaHe fr.

[JeiicTBne gpyroi napbl NAacTMH — NIaCTUH X — Ha MOTOK 3/1eKT-
POHOB aHaNiorM4yHoO PacCMOTPEHHOMY, HO TOJIbKO OTK/IOHEHME NOTOKa
3M1EKTPOHOB MpU Nofjaye HanpsXeHus Ux MPOUCXOAUT B FOPU30HTa/b-
HOW MIOCKOCTU W, CNefoBaTe/lbHO, HA 3KpaHe B FOpPM30HTa/lbHOM Ha-
npasfeHuK, T.e. BAOb OCU X.

UyBCTBUTENLHOCTb COO6CTBEHHO IJIT HU3Ka, NO3ITOMY ANnd paboThl
C CMTHa/naMu 06blYHbIX YpOBHel (40N BONbTa — eAUHULIbI BOMbT)
Heo6X0AMMO NpeABapuTe/IbHOE YCUNEHWE UCCNeayeMbIX CUTHaNoB. Kpome
TOro, 418 OpraHM3aunn pasInYHbIX PeXUMOB pPaboTbl, BO3MOXHOCTM
N3MepeHNs CUrHanoB B AOCTATOYHO LUIMPOKMX AManasoHax N3MeHe-
HUSA UX aMNAUTYA U 4acTOT HeO6XOAMMbI [ONOMHUTENbHbIE Y3/bl. [nA
obecrneyeHns 3TUX BO3MOXHOCTEN W NpefHasHauyeHbl 31eMeHTbl Ka-
HanoB Y u X.
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4.1.3. AByXKaHalibHble 3/IEKTPOHHO-/y4YeBble ocuunorpagbl

[.0BONBLHO LIMPOKO pacnpocTpaHeHbl CeroHA AByXKaHalbHble (ABYX-
NnyyeBble) ocumnnorpadsl, KOTOpble MMEKT 60/1ee LNPOKME BO3SMOXHO-
CTW, TaK KaK Nno3BONIAOT O4HOBPEMEHHO MUCCNe0BaTh [1Ba pasHbIX NpoTe-
KaloLWux npouecca. Y Takmx npubopos Aga OTAe/bHbIX BX0Aa Y, OHU
COJepxxar ABa CamMmoCTOATE/IbHbIX KaHana BEPTUKAIbHOTO OTK/IOHEHNS Y,
aHaNOrMYHbIX PaCCMOTPEHHbLIM A5 06blYHbIX OfHOKaHanbHbIX 3J10.
DNIeKTPOHHO-Ny4YeBas Tpybka — obuas gns 060mMx KaHanoB U COCTOUT
13 ABYX OTAENbHbIX 3/IEKTPOHHbIX MYLUEK, KOTOpble POPMUPYIOT ABa
NMOTOKa 3M1EKTPOHOB (Nyya). Kaxablii U3 3TUX NOTOKOB YynpaBnseTcs
CBOMMM MNapamu nAacTuH Y u X. Takum 06pa3om, Ha O4HOM 3KpaHe
OJHOBPEMEHHO (hOPMUPYIOTCA N306PaKEHUS ABYX Pa3HbIX CUTHAMOB.

MocKonbKy, Kak npaBuio, pa3BepTka BO BPEMEHWN Y ABYX BXOAHbIX
CUrHanoB obLas, To NOABNAETCA BO3MOXHOCTb, HANPUMEP, aHann3un-
POBaTb CUHXPOHHOCTb NPOUCXOAALLMX MPOLLECCOB, OLEHUBATL 3a4epX-
KN unu asosble CABUTM MeXAy curHanamm. Oco6eHHO yA00OHbI Takue
[ABYyXKaHanbHble /IO npu nccnefoBaHWW, Hanafgke, peMOHTE penei-
HbIX CXEeM, Y3/10B UM(PPOBO/A CXEMOTEXHUKU (Hanpumep, 31eMEHTOB
3aMOMUHALLMUX YCTPOMCTB, MUKPOMPOLLECCOPHBLIX KOHTPO1epoB, 6/10-
KOB KOMMbIOTEPOB U T.T.).

MapameTpbl U METPONOrUYECKMNE XapaKTEPUCTUKN KAHAN0B 06bIYHO
MOEHTUYHbI. 3Ha4YeHUs KO3((ULMEHTOB OTK/IOHEHWA MO BEPTUKaNu
MOTyT MEHATLCA UHAUBUAYANbHO MO KaXAOMY KaHany, a Koahduun-
EHT OTK/IOHEHMWA MO FOPU30OHTaNN (KO3 ULMEHT pa3BepTKK) 06LLMNiA
N N3MeHSeTCA O4HOBPEMEHHO A1 060X BXOAHbLIX CUTHAMOB.

4.2. POPMUPOBAHVE U3OBPAXEHWA HA 3KPAHE
SNEKTPOHHO-NTYYEBOWN TPYBKW

Ecnv v Ha nnacTuHbl Y, U Ha NNaCTUHbLI X MOCTYNatOT U3MEHSAIOLLNe-
CA BO BPEMEHMW CUTHa/bl, TO TPAEKTOPUS ABUXXEHUS CBETALLErocs NATHa
Ha aKpaHe 6yfeT onpefensTbCa XapakTepoM MOBELEHWNS 3TUX CUTHASOB.

Ecnn HanpsXeHUs Ha nnacTMHax MeHSATCA 40CTaTOYHO HbICTPO (C
yactoToii 6onee 20...30 W), TO TPAeKTOpPUS NATHA Ha 3KpaHe npej-
CTaBNseTCA CNAOLIHOW NMUHMEN. Mpy ManbIX CKOPOCTAX (H4acTOThbl HUKE
1u) MOXHO HabnogaTh Ha 3KPaHe CBETALLYIOCSA TOUKY, Nepemellaro-
Lytoca no akpany 3J1T.

B 9710 ncnonb3ytoTces pasHble cnocobbl (pexXumbl) (hopmMmupoBaHns
N306paXKeHns.

4.2.1. PeXXm NIMHENHOI pa3BePTKM (pexnm Y—t)

PeXXMM NMHENHON pa3BepTKM Ha3blBAETCS TaKXKE PEXUMOM Y—t,
MOCKO/NbKY BXOAHOM CUrHan YKak 6bl pa3BopaunBaeTCs B TEKYLLEM Bpe-
MeHM t. ITO Hanbosee YacTo UCMOMb3YEMbIN PEXUM, B KOTOPOM MOXHO
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nccnefoBaTb U3MEHEHUSA BXOLHOIMO
CUrHana Bo BpemeHu. B aTom cny-
yaeHa NIacTUHbI Y NofaeTcs uc-
cnefyemblii CUTHas, a Ha nnacTu- t
Hbl X MofjaeTcs NunoobpasHoe Ha-
npsXkeHune. Ha puc. 4.4 nokasaH cny-
yaii CUHYCOMAaNLHOIO KCC/efyemo-
ro curHana Uy c nepuogom Tc u
NNHENHO M3MEHSOLLEerocs Hanps-
XXeHusa P Ux c nepuogom Tp = Tc.
NnHeliHaa pa3BepTKa MOXeT
6bITb peann3oBaHa B aBTOKONeba-
TENIbHOM peXumMe WU B pexume ;

XAyLleli pa3BepTKu. 1
ABTOKO/1E6ATENbHBIV PEXUM pa3-  pUC 44 PEXUM IMHEAHON pasBepTKY
BepTKM. B aTOM pexxume P Henpe- (pexm Y—1)

PbIBHO FEHepUpYeT NepUoLMYECcKoe
nunoobpasHoe HanpsKeHue. Ecnv nepuod curHana Tc OKaXeTcs pas-
HbIM MEepnogy HanpsHKeHUs reHepatopa passepTku Tp, TO TpaekTopus
OBUXXEHNSA CBETALLErocs NATHA Ha 3KpaHe GydeT MOBTOPATLCA OT LUK-
na K UMKy, T.e. B K&XAOM nepuoje passepTku Tp n3obpaxeHue 6yaert
OAHVMM ¥ TeM Xe. Takum o6pa3oM, n3obpaxeHne Ha sKpaHe 6yaeT yc-
ToumBbIM (puc. 4.5).

OTMeTuM, 4YTO n3obpaxkeHne ByAeT YCTONUMBBLIM TaKXe U Npu KpaT-
HOM OTHOWeEHUN (Tp/Tc=2; Tp/Tc=3; Tp/Tc=4; ...).

B 60nee obLem cnydyae, Korga nepuofbl UCCNefyeMoro curHana u
I'P He paBHbl (M He KpaTHbl), M300paXkeHNe Ha 3KpaHe OyeT HeYyCTOoi-
UMBLIM U/UNN HeYLOOHbIM, TaK KakK B KaXXA0M LMK/Ie pa3BepTKU fiyya
n3obpaxkeHne GyLeT 0TMYATLCA OT M306paXKEHU MpefblayLnX LUK-
nos. CymmapHoe nsobpaxeHune Kak 6bl 6eXKUT N0 3KpaHy. B HEKOTOPbIX
cyyasx n3obpaxeHne MoXeT OblTb YCTONYMBLIM, HO HeyAO6HbIM A5
aHanm3sa. MNpy 4OCTaTOYHO BbICOKMX YACTOTax CUMHANOB (4ECATKM repy,
N Bbille) OTAeNbHblE N300PAXEHUSA B KOXKAOM LMKe YepemyrtoTcs Tak
6bICTPO, UTO (13-3a MHEPLUOHHOCTU Y€/10BEYECKOTO I/1a3a U UMetoLLe-

nur>

Puc. 4.5. Cnyvait paBeHCTBa NepuoioB CMrHana U reHepaTopa passepTKu
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rocsa nocnecBeyvyeHMs NOMUHOGOPaA) Kak Obl HaknadblBalOTCA APYr Ha
[pyra, co3faBasi eAnHbIA 06pas. Ha puc. 4.6 npueeaeH npumep hopmu-
pOBaHMA N306paxKeHNs AN OTHOLWEHUSA nepuogoB Tp/T c= 3/4. B gaH-
HOM Cc/lyyae M300paKeHNe Ha 3KpaHe XOTb U YCTONYMBOE, HO Heyao6-
Hoe Ans paboTsl.

OfHW 1 Te XXe napbl CUTHAI0B MOryT CO37aBaTh pasHble U306paxe-
HUS Ha 3KpaHe B 3aBMCMMOCTY OT Haya/lbHbIX BPEMEHHbIX CABUTOB Ha-
NPsHKEHMIA Ha NnacTMHax. Ha puc. 4.7 npuBeaeHbl NpUMepbl N306paXxe-
HWIA ANA CUTHANOB C Pa3IMYHLIMU BPEMEHHbIMM caBuUramu. 3o6paxe-
HuWe 1 COOTBETCTBYET Nape HampskeHUin Uy n UXI. M306paxeHne 2
COOTBETCTBYET nape HanpskeHuii UYu UX2, n3obpaxeHue 3 cOOTBeET-
CTBYeT MNape HanpshkeHui Uy n UX3 u3obpaxeHue 4 COOTBETCTBYeT
nape HanpskeHuin Uy un UX

XKaywimii pexxum passepTku. B oTnMune oT aBToKone6aTeibHOro pe-
XUMa pasBepTKN PeXKUM XAYLLeiA pa3BepTKM NO3BOJIAET NOAYYUTH NO-
BTOPAIOLLEECH YCTONUMBOE N300paXKeHWEe MPU NepUOLNYECKOM CUTHa-
Ne Ha BX0fJe Y He3aBMCMMO OT COOTHOLUEHUS MEePUOS0B HamnpsXeHUs

\Y
Puc. 4.6. Cniyuail HepaBeHCTBA NepUOAOB CUTHAIA 1 reHepaTopa passepTKM
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Puc. 4.7. ®opmupoBaHMe N306paKEHNSA Ha IKpaHe

'P UiPn BxogHOro HanpshkeHns UY. Mpu aTom umkn paéotsbl I'P onpe-
fensetcs (3afaeTca) HEKUM YNpasBnsoWMM HaNpsHXXeHWeM, Hanpumep
BXO[HbIM MccnegyeMbiM curHanom Uy. 3anyck P (Havano ¢opmupo-
BaHUA «MNW/bI») NPOUCXOAMT NULLb NPU HaNMYUK 3afaHHbIX onepaTo-
poOM NpU3HaKOB, HaNnpUmep onpefeneHHOro YPOBHS BXOLHOIO CUTHa-
na v 3Haka ero nsmeHeHua (MpounssoaHoit). Ha puc. 4.8 nokasaH cny-
Yai, COOTBETCTBYHOLLNIA HY/IEBOMY YPOBHIO 3anycka (3Ha4eHW BXOA-
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HOro HanpskeHus Uy= 0) 1 NONOXNTE/IbHOMY M3MEHEHWNIO BXOLHOIO
curHana (T.e. Npy ero Bo3pactaHum).

Linkn pa6otbl P npyu 3TOM COCTOUT M3 MHTEPBaNOB paboyero Xo-
fa — [p 1 nHTepBana oXxuaaHusa — Tok 3HayeHne Tp He 3aBUCMUT OT
nepuoga BXO4HOTO CUTHaMa 1 33f1aeTcs ornepaTopoM. 3HaueHue Tox(Tou-
Hee — MOMEHT ero OKOH4YaHus) OMpejensieTcs CnefyrowuM MOMEHTOM
COBMaeHUs 3afaHHbIX NPU3HAKOB YNpaBAstoLLero curHana (cm. puc. 4.8).

B KauecTBe ynpas/soLLLero 3anyckom pasBepTku curHana (curHana
CUHXPOHM3ALUN) MOFYT MCMOMb30BaTbCS:

e BXO/JHOW Mccnefyemblii curHan (BHYTPEHHWIA 3aMycK);

e BHELLUHWIA BCMOMOraTeNbHbIA CUrHan (BHELWHWIA 3anycK);

* CUTHaN HanpsHKeHWs 3NeKTPUYecKoin cetm nutaHus 3J10.

Pexxum >XayLieid pasBepTKM yfobeH B OOMbLUMHCTBE Cy4yaes, Mo-
3TOMY OH Hambosiee 4acTO MCMOMb3YeTCs.

4.2.2. Pexum Y—X

B oTanune OT pexxmma NMHEAHO pa3BepTKM B 3TOM PeXUMe Ha
BXOAbl Y1 X MOryT NOCTynaTb UCCNeAYeMble CUTHASTbI Pa3fIMYHbIX POPM.
eHepaTop pa3BepTKM MPU 3TOM He UCMOJb3yeTcs.

MeTog annunca. B pexumMe KpyroBoit (3nnnMNTUYECKOI) pa3BepTKM
Ha BXogbl Y u X 3J10 nofarTca CUHYcOMAanbHble CUTHabl Of4HOM
4acTOTbl AW pasHbIX YacToT. Ha puc. 4.9 npusefeH npumep popmMmpo-
BaHWA M306paXeHns NPV NOLaHHbLIX Ha NAACTUHbI Y U AIBYX CUHYCO-
NAaNbHBIX HANPSXKEHWI OfHOI YacTOTbl, HO CABUHYTbIX APYr OTHOCK-
TeNlbHO gpyra Ha 90°.

Ecnn Ha nnacTuHbl Yu X MOCTYNalT ABa CUHYCOMAaNbHbIX CUTHana
O[JHOW 4acToThbl = }H— HO C HEKOTOPbIM CABWUIOM @as ¢=A/ﬂ) :
TO Ha 3kpaHe OJIT BO3HUKHET M306paXKeHNe HaKNOHEHHOro 3naunca,
Mo HEKOTOPbIM MapaMeTpaM KOTOPOro MOXHO HaWTu 3HaveHume (as3o-
BOro casura .

N3mepuB 0Tpe3kn a M b uam ¢ n d B M306paXKEHMN 3AMMCca Ha
3KpaHe, MOXKHO HaliTh asosblit casur ¢ (puc. 4.10).

Puc 4.9. PexxuM KpyroBoi pasBepTKu (pexum Y—X)
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Puc. 4.10 OnpegeneHune 3Ha4yeHUs (ha3oBoOro casura

MockonbKy sin(p = a/b, WU sincp = c/d, TO 3Ha4yeHWe (Pa3oBOro
casura ¢ onpegenseTca Takum ob6pasom:

® = arcsin(o/6) = arcsin(c/d).

Ha puc. 4.11 npuBeaeHbl NPUMEPbI N306paXXeHNA Ans pasHbIX 3Ha-
YeHWU ha3oBoro casura dq.

MeTog curyp Jiuccaxy. Ecnnm Ha nnacTuHbl Y U X NOCTynawT CU-
HycomAasibHble HanpsXXeHUs pasHbIX 4acToT/,- ufx, To Ha akpaHe DNT
BO3HMKaeT U300paxeHne 3aMKHYTOW Qurypbl —urypsl Sinccaxy. Ha
puc. 4.12 nokasaH cinyyaii POPMMPOBaHUS N306PaXKEHWSs, KOrAa YacTo-
Taf YBABOE 60NbLUE YACTOThI / X.

3Hasi 3HayeHWe OfIHOM M3 YacCTOT, MOXHO HalTX 3HauYeHWe ApPYroi.
3TOT MeToL MCNOMb3yeTcs 4N1A U3MEPEHNS HEeU3BECTHON 4acToTbl CU-
HycouganbHbIX cMrHanos. Ha oamH Bxog 9J10 (nto6oi), Hanpumep, Ha
BXOZ4 Y, NMOAaeTcs CMrHan HeW3BECTHOW YacTOTbl, Ha APYroli — BXOA4
X — NojaeTcs HanpskeHwe C BbIXO4a reHepaTopa CUHYCOMAANbHBIX
CUrHaNoB. 3MeHeHMeM 4acToTbl CUrHaNa reHepaTopa 4obumBaloTes yc-
TONYMBOr0 M306paXKeHUS1 Ha 3KpaHe OAHOM W3 MOHATHbIX (YAO0OHbIX)
thuryp Jlnccaxy. 3atem onpegenseTca YACo ToOUeK NnepecevyeHuns nony-
YEHHON (Urypbl FOPU30OHTaNbHON W BEPTUKANbHOW NUHUAMU
(puc. 4.13, a). s nonyyeHUs npaBuibHOrO pesynbTarta TIMHUK LOMXK-

a 6 B r il

Puc. 4.11 N306paxeHnsi Ha 3KpaHe B MeTOLE 3NuUnca g pasHbiX 3HAYEHWNA
(ha3oBoro casura:

a—d=0°6 —=30° B—d=60° I —h= 90" —= ISO"
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Puc. 4.12. MeTog uryp Jinccaxy

Hbl NPOX0ANTbL TaKMM 06pa3oM, YTOObI YMCNO TOUEK NepeceyeHmns obe-
UMW IMHAAMMN BbII0 MAKCUMASTbHBIM.

Mocne 3Toro OTCUMUTBLIBAETCA 3HAYeHWe YCTAHOB/IEHHON 4acTOTbl
curHana reHepatopa. OTHoLWeHWEe YacToT/N//* paBHO OTHOLLIEHMIO YKC-
Nna TOYEeK MepeceveHns MO ropus3oHTanu Nr v No BepTMKanm NB

fr/ifx = K /K

Ha puc. 4.13, a npuBegeH npumep Gurypbl JInccaxy ¢ COOTHOLLe-
HYeM TodeK nepeceveHns NTNB= 6/4. 3TO 3HAUYUT, YTO YacToTa CUT-
Hana Ha BXofe Y B mositopa pasa 60/iblie, YeM 4acToTa CUrHaia Ha
BXofe X. Hanpumep, ecniv 4acToTa CUrHana reHeparopa, nojaHHOro Ha
BX0f, X, OKa3zanacb paBHoW 12,4 kL, TO Npu Takoi (urype Ha akpaHe
3HayeHNe HeM3BECTHOW 4YacToThbl CUrHaNa, MOAAHHOro Ha BXof4 Y, pas-
Ho 18,6 KI'n.

MOXHO MCNoNb30BaTb W KacaTefibHble K (uUrype AMHUKU (CM.
puc. 4.13, 6), Torga HY>HO MCMO/Ib30BaTb aHa/lOTMYHOE COOTHOLe-
HUEe, HO TOYEK KacaHWs TOPU3OHTANbLHOW W BepTUKaNbHOW Kaca-
TeNbHOA.

Ha puc. 4.14 npusefeHbl NpUMepbl N306paXkKeHWid AN PasNYHbIX
COOTHOLUEHWUIA 3HaYeHui YacToTfYufx.

Puc. 4.13. OnpegeneHune ToyeK nepeceyeHns (0) nam kacaHus (6)
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HHHIIESSEii

Puc. 4.14. durypbl Jinccaxy npu cooTHoLweHun YvactoT fy/fX, paBHOM.
a—36—2,8—32;r—alg—12

O6wwnin cnydaid. B pexnme Y—X BO3MOXHa TakxXe paboTa ¢ CUrHa-
namm noo6bIX HopmM.

MoHMMaHWe NpuUHLUMNa yrnpasieHUs OTKIOHEHWUEM flyyda NO3BOSET
anpuopu onpefenuTb BO3MOXHYIO TPaeKTOPUIO ABVXKEHWUA NATHA Ha
3KpaHe Mpu U3BECTHbIX AMarpaMmmax CUrHasoB Ha nnactuHax. pu go-
CTaTOYHOM HaBblKe ANSi MOCTPOEHUS N306PaXKEHNS MOXHO 060MATUCH
CpaBHUTENIbLHO HeboNbWKUM YncnoM Toyek. Kpome Toro, ons cny4vaes
KYCOUYHO-/IMHEHbIX CUTHAN0B (MM XOTA Obl OAHOTO M3 HUX) MOXHO
YNPOCTUTb MPOLECC MOCTPOEHUSA, paccmaTpuBas WHTepBasibl Bpeme-
HW, COOTBETCTBYOWME O0AHOOBpPasHOMY (MOCTOSAHHOMY) MOBEAEHUI0
CUTHanoB, Hanpumep, NMOCTOSHHbLIM MPOW3BOAHbLIM, W faloLiue cpasy
Lienble pparMeHThbl TPAEKTOPUK, a He TOIbKO ToukK. Ha puc 4.15 noka-
3aH C/y4yail ABYX CUTHAM0B C MOCTOAHHbLIMWU NPOM3BOLHLIMU HA HEKO-
TOpbIX UHTEPBaax BpeMeHW. JIerko BUAETb, YTO Ha MHTepBanax 1, 2, 3,
4 Ha 3kpaHe OyfyT OTPe3KM MPAMbIX AUHWUIA, 4TO NpPU cMCTeMaTudec-
KOM W [OCTaTOYHO BbICTPOM NOBTOPeHUU 0bBpasyeT Ha IKpaHe MpsMo-
YyronbHuK (KBagpar).

B aTtom pexume 3J/10 MOXET UCMNO/Ib30BaTLCA B KAYECTBE xapaKTe-
puorpata — WHCTPYMeHTa WUCCNefoBaHUA XapaKTEPUCTUK 3NEKTPOH-
HbIX, 3NEKTPUYECKUX U 3NEKTPOMArHUTHbIX YCTpPoicTB. Hanpumep, ¢
nomoubio 3/10 MOXHO NOMYYUTb 3aBUCUMOCTb BBIXOLHOTO Hampsxe-
HWA YeTbIPEXNONOCHMUKA OT BXOLHOrO.

Puc. 4.15. ®opmupoBaHune n3obpaKeHNs Ha IKpaHe
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4.2.3. PacTpoBblii pexum (pexnm ¥Y—X—2Z)

B 3TOM pexkume Ha MacTUHbl Y 1 X NMOJAKTCA NEPUOSMNYECKN U3-
MeHAKLWKecs curHansl Uy n Ux, KOTOpPbIE 3aCTaBAOT Nyd nocneno-
BaTe/IbHO C 6O/bLIOI CKOPOCTbIO 06eratb MHOXECTBO CABUHYTLIX Na-
pannenbHbIX FTOPU30HTaNbHbIX CTPOK (puc. 4.16). Tak opmupyetcs
pacTp.

He Bcs TpaekTopusa nyya BMAHA Ha 3KpaHe. I3MeHeHuem Hanps-
XeHua Uz Ha mogynatope M 3JIT MOXHO ynpaBnsTb APKOCTbIO OT-
[eNbHbIX 3/1EMEHTOB TPAEKTOPUMU. Takum 06pa3oM MOXHO hOpMUpo-
BaTb pa3HoOoOpa3Hble U306paXKeHna (Kak rpaguyeckue, Tak U 3HaKo-
Bble) C MOMOLLbID MHOXEeCTBa CBETALLMXCA TOYEeK UM HebosbLunX
(hparMeHTOB.

OTpuuaTenibHOe 3HayYeHUe HanpskeHUd Uz, Kak roBOpAT, «3amnu-
paet» IJ1T, T.e. pe3Ko YMeHbLUAeT YNCN0 3NEKTPOHOB B MyUYKe, N CBe-
YeHMUA NATHA Ha 3KpaHe npu 3Tom He OyfeT. TMON0XUTENbHbIM UM-
NynbCOM HanpsXXeHns Uz 31T «OTKPbIBAETCA» U B COOTBETCTBYHOLLEM
MecTe 3KpaHa BO3HMKaeT CBeTAlleecs NATHO. B npumepe Ha puc. 4.16
CBETALLMECH B Hauasle Kax4oN CTPOKM NATHA 00pa3ytoT Kak Obl BEPTU-
KaJIbHYH JIMHUIO B IEBOM 4acTW 3KpaHa.

CKopocTb 06eraHus Bcero aKkpaHa fo/mkHa ObITb JOCTATOYHO BbICO-
KO C Tem, 4TOObl OOHOBNEHME BCEro Kagpa He 3ameyanocb rnasom,
T.e. He pexxe 25 pa3 B CEKYHAY.

Uuncno CcTPOK Takxe JOMKHO 6bITb 4OCTATOUYHO 60bWNM AN 0bpa-
30BaHWs YA0BMETBOPUTENBHOMO MO pa3peLuaroLleli CnocobHOCTM U3obpa-
XeHusi (obpasa).

OG6bIYHO YUCNIO CTPOK B 3TOM PEXMME — HE MEHEee HECKO/bKUX
coTeH. Yem 60/bLUE YMCNO CTPOK M YeM BbILLE CKOPOCTb M3MEHEHUS
KaZipoB, TeM Bbllle Ka4yeCTBO M306paxKeHus.

OTMETUM, UYTO MOAOOHBLIA PEXMM PEefKO MPUMEHSETCA B KiacCu-
YeCKUX 3N1eKTPOHHO-NYYEBbIX Ocumnnorpagax, Ho ABNSETCA OCHOBHbIM
B 3/IEKTPOHHO-yYeBbIX TPy6Kax LU(poBbIX ocuunnorpados, Tenesu-
30p0OB, MOHWTOPOB MEPCOHaNbHbLIX KOMMbLIOTEPOB.

Uy

uz

Puc. 4.16. PacTpoBblii pexxum (pexum Y—X—2Z)
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4.3. METPOJIOINA OCLMUNNOTPAD®UNYECKNX U3MEPEHUN

O6Las NOrpewHOCTb pe3ynbTata M3MepeHust, BbINOJIHEHHOTO C No-
MOLLbIO ocuunnorpada, COAEPXWUT Te XKe COCTaBNsIoLMUE, UYTO U NO-
rPeLHOCTb pe3y/bTaTta Nto60ro Apyroro U3MepeHus: NHCTPYMeHTab-
HYI0, METOMYECKYID U CYOBLEKTMBHYI. XOTS B NOAXOAAX K OLEHKam
OTAENbHbIX COCTAB/SALMX OTPAXKAETCA ONpPeAeeHHas cneuuduka oc-
LMANOrpagnuyecknx N3MepeHuii.

4.3.1. NHCTpyMeHTa/IbHasA NOrpewHoOCTb

WHCTpyMeHTanbHas NorpewwHocTb pesybTara ocLManorpaguyeckoro
N3MepPeHNs CK1aAbIBaeTCs U3 CTATUUECKONR (MPY MOCTOSHHOM WU HK3-
KOYaCTOTHOM BXOLHOM CUTHafe) Y SUHAMUYECKON COCTaBASHLLNX.

CTtaTuyeckas MorpewwHocTb. [1pn M3MEPEHUM KakK aMmiMTyLHbIX,
Tak U BPEMeHHbIX NapaMeTpPoB MOXHO MCMOAb30BaTh 06LNIA NOAXOA K
OLEeHKe norpewHocTe. MockobKy nogasnstolLee 601bLMHCTBO CYy-
yaeB NpuMeHeHns 3J10 OCHOBaHO Ha U3MEPEHUN L/INH NINHERHbIX OT-
pe3KoB (Hanpumep, NpWU M3MEPeHUN amnAuTYAbl U Nepuoja CurHana,
OANTENBHOCTU MMNYNbCa), TO HA/IMYME CUCTEMATUYECKUX afANTUBHbIX
NOrpeLHoCcTel KaHanoB Yu XHe NPUBOAUT K NOrPELUHOCTAM Pe3y/b-
TATOB, TakK Kak onpefensieT ULb CABUT M306paXeHUs Ha aKpaHe.

MynbTUNNNKATUBHbIE € MOrPeLHOCTN KaHanoB B GOJbLUMHCTBE
CNyYyaeB BAUAKOT Ha pe3y/nbTaT U3MEPEeHUs, TakK KaK WCKaXKeHUs fun-
HelHbIX NapaMeTPOB M300PaXKeHNS Ha 3KpaHe MpU 3TOM NUHERHO 3a-
BMCAT OT 3Ha4YeHUS BXOAHOW BenuuuHbl. Mpegenbl 4ONYCTUMbIX OTHO-
CUTENbHbIX MYNbTUNNKATUBHBIX MOrPELIHOCTEN KaHaoB Y W AHa3bl-
BatOTCHA NOrPeLIHOCTAMU KO3IP(HULNEHTOB OTK/IOHEHMS U 38Jat0TCs KO-
NINYEeCTBEHHO, Hanpumep, TakK: 8= +5%; 5* = +2%. DTN 3HayeHuA
XapaKTepU3yHoT TOIbKO CTaTUUECKYHO (MM HU3KOYACTOTHYHO) norpeLu-
HOCTb BOCNPOW3BELeHUS CUTHANIOB KaHalaMu.

OnHamnyeckan norpelHocTb. BxoaHble KaHanbl /10 He B coCTOf-
HUKM BOCMPMHMUMaATL («NPOMNYCKaTb») BbICOKOYACTOTHbIE CUTHaNbI B 6ec-
KOHEYHO LUMPOKOIA Mosoce 4acToT. ECTb eCTeCTBEHHbIE OrpaHUYEeHUS.
Monoca 4acToT, KOTOPYHO NponyckaeT KaHan 3J10 (T.e. MO3BONSET HOP-
MafibHO MUCCNefoBaTh), 3aBUCUT OT CXEMOTEXHUKN U 3N1eMEHTHOW 6a3bl
ero kaHanoB. MOHATHO, YTO YeM LUMpPE MOS0Ca YacToT, TeM nydwe. Ee
rpaHuuUa onpegensieTca BepxHeli 4acTOTOI/, NONOCLI NPONYCKaHWS.

K xapakTtepuctukam 3/10, onpefensaowmm gMHaMUYecKyo norpeL-
HOCTb, OTHOCATCA:

* aMNIUTYAHO-4aCTOTHasA xapakTepuctmka (AYX) n 3HauyeHne Bepx-
Heli rpaHuLUbl f BNONOCkl NPONYyCcKaHWA Mo KaHanam Y u X;

* BpeMs HapacTaHus TH MepexofHOW XapaKTepuUCcTUKM KaHana v,

* BPEMS YCTAHOB/IEHUA Ty,

* HepaBHOMepHoCTbL AUX kaHana F,

* (hasoyacToTHasA XapakTepuctuka (PYX) kaHana Y.
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["eHepaToOp Bbicoko-
CUHYCOM[ANbHOIN0  YaCTOTHBbIN
/ HanpskeHns BOJIbTMETP

A
1>

© CuHycouaanbHblii curHan

Wccnegyemblii
310

Puc. 4.17. SkcnepumeHTasibHoe onpegeneHne AYX kadana ¥Y3J/10

PaccMOTpMM OCHOBHbIe U3 3TUX XapaKTEPUCTUK Ha MPUMEpPe Ka-
Hana Y.

[Ona nydwero noHnMaHmna cyuwlectsa AUX paccMoTpuUM, Kak npak-
TUYecku onpegensierca peanbHas AUX kaHana Y (puc. 4.17).

Ha Bxog kaHana K 3J/10 nopgaeTtca CUHycOMAanbHbIA CUrHan ot
BbICOKOYACTOTHOrO reHeparopa, 4acToTa KOTOPOro MOXET perysnivpo-
BaTbCA B LUMPOKUX Npefenax (BepPXHAs rpaHuLa gnanasoHa U3mMeHeHuUs
4acTOThbl O/MHKHA ObITb HE MEHee BepXHei rpaHuubl f Bnoaockl nponyc-
KaHua uccnegyemoro 3J10). 3atem, nsaMeHsas (noodvepefHO 3ajaBas
HECKO/IbKO pa3HblX 3HAYeHWIi) 4YacTOTy CUrHana reHepatopa M nog-
aepxuBas (C MOMOLLbIO MOKa3aHWii LWMPOKOMOIOCHOIO 3/1eKTPOHHOI0
BO/IbTMETPA) amnauTydy CUrHana MoCTOSHHOW, (MKCUPYIOT aMmniun-
Tyfy M306paxxaemoro Ha aKkpaHe cuMrHana. Takmum 06pasomM, MOXHO Mo-
CTPOUTL MO HEKOTOPOMY MHOXECTBY ToueK KpuByto AYX KaHana. MNpu-
mep AYX kaHana K3J/10 nokasaH Ha puc. 4.18.

Mo ocu abcumce OTN0XEHbI 3HAYEHUS OTHOCUTENbHOM YacToTbIf/fB
CUrHana, T.e. OTHOLUEHME YacTOTbl BXOAHOIO CUTrHana/K BepxHel rpa-
HULe nonockl nponyckaHus f BKkaHana (rpaHule ero 4acToTHOro ua-
nasoHa). Mo ocu opauHat (cneea) OT/N0XKEHa OTHOCUTENbHAs amMnan-
Tyja v n30bpaxeHus curHana no ocumnnorpamme v = h/ho, rge h —
aMnanTyaa curHana no ocuunnorpamme (M306paKeHUI0) Ha KOHKpPeT-

Puc. 4.18. AMNINTYAHO-4aCTOTHasA XapaKTepnucTtmka KaHana Y
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Puc. 4.19. OnpefeneHne BpeMeHU HapacTaHus (1) 1 BPEMEHW yCTaHOB/e-
HUA (6)

HOM vacToTe, JD—aMnanMTyAa No ocumanorpaMme nNpu HU3KOM vacTo-
Te BXOLHOro CuMrHana (Uam npu NOCTOAHHOM HaNpPsXeHUn).

BepxHsisi rpaHuyafBnofockl NponyckaHus (418 KaHana ¢ OTKPbIThIM
BXOZOM — CM. Jafiee) OonpefensieTcqd no YpoBHIO YMEHbLUEHUS OTHO-
CUTENbHON amnAnTyabl Ha -3 b u 3agaetcs B macnopTe Ha /10 (Ha-
npuMep, Tak: /B= 10 MI'y). 3Haa AUX, MOXHO onpeAenuTb MorpeL-
HOCTb BOCMPOU3BELEHNA HA 3KpaHe aMMAnTyAbl CUHYCOUAANbHOMO CUT-
Hana M3BECTHOI YacToTbl. Hanpumep, Npu YacToTe BXOLHOrO CUrHana
/= 5 MI'y n 3Ha4yeHuun /B= 10 MIL NOrpewHOCTL BOCNPOM3BELEHNS
aMnanTyfbl CUHYCOMAANLHOIO CUTHaNAa Ha 3KpaHe COCTaBMT Npu6In-
3nTenbHO -10 % (cm. puc. 4.18).

Bpems HapacTaHus TH NEPEX04HON XapakTepuCTUKM KaHana u Bpe-
MS YCTaHOB/IEHWNS Ty XapaKTepusyroT peakuymio 9/10 Ha ckaukoobpas-
Hble (MMNYNbLCHOrO XapakTepa) U3MeHeHWUs BXOLHOro curHana. Bpems
HapacTaHus TH OnpefenseTca UHTEPBA/IOM BPEMEHU W3MEHEHUS CUr-
Hana Ha akpaHe oT 0,1 Unmaxgo 0,9L/LIJ aMnanMTy4HOTO 3HAYEHUSA CUTHa-
na Umex (puc. 4.19, a).

Bpemsi ycTaHoBneHus Ty onpegenserca uMHTepsasiom oT 0,1 Umn go
BXOXJEHUSI CMTHaNa B 3afjaHHyt0 30HY x[1 (Hanpumep, 5 % OT Un\d,
puc. 4.19, o).

Ha npakTuKe 3HaYeHuns BpemeH
HapacTaHUs TH W YCTAHOBIEHUSA Ty leHepaTop .
KaHana Y onpefensoTcs Tak, Kak ”pm%’,;"tf‘cggb'x Mcc“gf%“"b'"‘
nokasaHo Ha puc. 4.20.

Ha Bxog kaHana Y 3J10 nogja-
eTCs CUrHan oT reHeparopa nps- q)l/l
MOYTO/IbHbIX UMMY/NbCOB. ANunTesb-

HOCTb (DPOHTA BbIXOLAHOr0 CUTHA-

Na reHeparopa fo/KHa ObITb 3aMeT-

HO MeHbLUE 0XXNAAEMOro BPEMEHN MpsMOyrofibHble MMMy bChI
HapacTaHus W BpPemMeHW YyCTaHOB-

neHusa kaHana nccnegyemoro 3/10.  Puc. 4.20. SKCMNEPUMEHTATLHOE Orpe-
3aTem, U3MEpPMB yKa3aHHble napa  Je/eHre BpeMeHN HapacTaHWUs 1 Bpe-
METPbl OCLUNNOrpaMMbl CUrHana. MeHW YCTaHOB/IEHNA KaHana Y
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OnpegenstoT UCKOMble 3HAYEHUA BPeMeH HapacTaHws TH U YCTaHOB-
NIEHUA Ty.

HepaBHoMepHOCTb AYX KaHana u hazovacToTHas XapakTepUcTuka
(PYX) kaHana Y onpefensitoT B OCHOBHOM MCKaXXeHUs hopMbl Hecu-
HyCOMAa/IbHbIX BXOAHBLIX CUTHA/OB.

4.3.2. TlorpewHoOCTb B3aumMoaeicTBus

B ocuunnorpagmyeckux nsmMepeHnsax, Kak v B 4pyrux n3mMepeHusx,
NPUCYTCTBYET MOFPELIHOCTb B3aMMOENCTBUA Mpubopa C 0OBLEKTOM
nccnegosaHms (OH) — MCTOYHMKOM CUrHana, Kotopas onpegensercs
COOTHOLUEHNEM BbIXOAHOTO COMPOTUB/IEHUS UCTOYHUKA M KOMMJIEKC-
HOro BXOAHOro conpoTuefieHusa (MMmnefaHca) 3J10. Tak Kak ocuumn-
norpag SIBASETCA U3MEPUTENEM HanpsHXKeHWs, To, 4YeM 60fblue ero
BXO[HOE COMPOTUB/IEHNE MO CPABHEHUIO C BbIXOAHLIM COMPOTUBIEHM-
eM UCTOYHMKA CUTHana, Tem nydile. A nockonbky 310 nogknoyaertca
K WCTOYHMKY CUTHaNa C MNOMOLLbI BXOAHOIr0 COeLMHUTENbHOro Kabe-
Nf, TO HeOBXOAMMO YUMTbIBATb KakK BXOAHblE MapamMeTpbl CO6CTBEHHO
npubopa, Tak 1 NapameTpbl Kabensd. Mpu noagknoyeHnmn 310 K 06bek-
Ty UCCNEA0BAHUA BaXKHOE 3HAYEHME MMEIOT NPaBW/bHbIA BbIOOP BXOA-
HOro kabens, y4yeT M cornacoBaHue napaMeTpoB UCTOYHMKA CUTHanNa,
Kabens n cobCcTBEHHO ocumnnorpada.

BxogHble Kabenn (BK) no cBOMM BO3MOXHOCTAM AeNATCSA Ha nac-
CMBHbIE W aKTuBHble. ['pynna naccuBHbIX (HE COAepXalinX aKTUBHbIX
anemeHToB) BK — Hambosiee maccosas rpynna v feinTcs, B CBOIO
oyepefdb, Ha Kabenu 6es geneHusi (63 yMeHbLIEHUS) BXOAHOIO CUTHa-
na (1:1) n kabenn c geneHvem curHana (10:1; 100: 1).

Camblit npocToil naccuBHbIA BK 6e3 geneHnsa curHana (1:1) ato no
CyTW OTPEe30K 3KPaHUPOBAHHOIO KOAKCWanbHOrO (418 yMeHbLUeHUs
BAVNSHWA BHELUHUX 3/1EKTPOMArHWTHbIX MOl U co34aHnsA onpeaeneH-
HOro BOJIHOBOTO COMPOTUBIIEHNSA) Kabens ¢ pasbemMoM AN NOAKAOYe-
HUA KO BXxogy 9J10 — ¢ OfHOI CTOPOHbI, M KOHTaKTaMu-ynaMmu ans
noacoegmHeHnsa K OV —c apyroii. Takne BK ncnonb3ytoTcsa npu uc-
CnefjoBaHUN CPaBHUTENIbHO MasbIX MO amnuMTyAe CUrHanoB HeBbICO-
KOW 4acToTbl, T.e. B TEX C/y4yasX, KOrfja 3HaumteNnbHas BXOLHas eMm-
KOCTb (OrpaHuMuuBatoLas nonocy nponyckauusa) 310 He NpUBOANT K
CepbesHOl NOrpeLHoOCTN B3aMmogeincTemsa. Cxema nogknoyeHns BK
npusegeHa Ha puc. 4.21.

KoakcuasnbHbIl kKabenb NpeAcTaBaseT co60i pacnpeaeneHHy0 3neK-
TPMYECKYI0 eMKOCTb. Y iefibHas eMKOCTb KoakcmanbHoro Kabens o6biy-
Ho cocTtasnseT (50... 100) n® Ha 1 m, noaTtomy annHa BK nmeet cy-
LeCTBEHHOE 3HaueHue, TakK Kak onpefensieT eMKOCTHOE CONpoTuBIe-
Hue Kabens u, cnefoBaTenbHO, 0OLLYIO BXOAHYK eMKOCTb. Takum 06-
pa3oM, ob6uias BXofHas eMKOCTb (C TOYKM 3PEHUS UCTOYHMKA CUTHa-
na) Cex paBHa cymme emKocTel Kabens Cku ycunutensa Cy 3J10. Ak-
TWBHOE CONPOTMBEHNE Kabens NpeHebpeXxMMo Masio Mo CPaBHEHUIO C
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COMpOTMBI/IEHNEM BXOLHOTO ycunutensa 3J10, 1 ero MOXHO He yuuTbl-
BaTb. O6LUee BXOAHOe cONpOoTMBAeHME ¢ yyeToM BK onpegensercs na-
pannefibHbIM COeJUHEHUEM aKTMBHOIO COMPOTUB/IEHUSA BXOAHOIO YCU-
nnTens Ry 1 CyMMapHOI BXOAHOW emkocTM Cex CTporo rosops, Heob-
XOAMMO TakXe Y4UTbIBaTb U EMKOCTb COOCTBEHHO KOHTAKTOB LLYMNOB
(HakoHeYHMKOB), nogcoeanHaemMbix K OW. TunnyHoe 3HayeHue 3Tol
eMKocTn —2...5 n®. MOHATHO, YTO YeM MeHbLUe 06L1as BXOAHAs eM-
KOCTb M Yem 60/iblle BXOLHOE aKTUBHOE COMPOTUB/IEHUE, TEM NyYLLe,
TaK KakK TeM MeHblUle GyaeT MOrpelHoCTb B3aMMOAENCTBUS U, Cneso-
BaTe/IbHO, LUMPE M0Jioca YacToT MPOMyCKaHus.

MaccuBHble BK ¢ geneHvem (BK/[) curHana cogepyat 4OMNOMHU-
Te/IbHYI0 BHYTPEHHIOK PE3UCTUBHO-eMKOCTHYHO Lemnb (pe3ucTop R u
KoHfeHcaTop C), obecrneymBaloLLyo yBe/MYeHNe BXOLHOIMO aKTUBHO-
ro COMPOTMBNEHNS N OJHOBPEMEHHO YMEHbLLEHME BXOAHON eMKOCTH,
T. €. paclmpeHune Nosocbl YacToT UCCNeYyeMbIX CUTHaNoB. Cxema BK/IO-
yeHus BK/ nokasaHa Ha puc. 4.22.

Mpu coeguHeHun OW ¢ /10 Takum Kabenem BO3HUKAET fenu-
TeNb HaMpsHKeHUs, BEPXHee Nevo KOTOPOro o6pasoBaHO CyMMapHbIM
KOMMAEKCHbIM COMPOTUB/IEHNEM PE3NCTUBHO-EMKOCTHOW Lenu Kabe-
na (R un C), a HWKHee — napannefisHbiM COeAMHEHNEM eMKOCTel Ka-
6ens Ck ycunutens Cyun BXOAHOro conpotueneHns Ryycunutens 3J10.
Ha puc. 4.23 npuBefieHa 3KBMBANIeHTHad Cxema NOAK/IHYEHUSA TaKoro
fenvitens.

B 3TOM cflyyae BXOAHOE aKTUBHOE CONPOTUB/IEHE Rm (C TOUKM 3pe-
Hus OWN) unmeeT BUg

Rm= R + Ry.
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O6bekT BK[

Puc. 4.23. SKBMB&TEHTHasA cXema MOoAK/IYEHNA Kabensa ¢ geneHnem

BxogHas emkocTb CBxnpu 3ToM 06pa3oBaHa nocnefoBaTe/ibHbIM CO-
eAVHEHNEM eMKOCTU KoHAeHcaTtopa C pe3nCTUBHO-EMKOCTHOW Lenu
BK/[ u cymmapHOii eMKOCTX napanienbHOro COefMHEHUs eMKOCTei
kabena Cku emkocTun ycunutens Cy.

_ C(CK+Cy)
x" C+Ck+Cy'

Taknum o6pa3om, 04eBUAHO, YTO B JaHHOM Clyyae CyMMapHas BX0f-
Haf eMKOCTb CBX3aMeTHO YMeHbLLaeTcs.

PaccmoTpum npumep ans BK/[, ¢ koshpuumeHTom genenns 10:1.
M3BecTHbl napametpol 3/10 n BKA:

Ry=1MOwM; Cy=50 n®; Ck=50 n®d; R=9 MOm; C= 11no.
Cymma emKocTelh Kabens Cku ycunutens 9710 Cy.
Ck+ Cy= 100 nd.

OKOHuYaTeflbHble 3HaYeHUS CYMMapHbIX BXOAHOTO aKTUBHOMO COMPO-
TUBNEHMS RBXM eMKOCTU CBX (C TOYKM 3peHUs UCTOYHMKA CUrHana)
paBHbl COOTBETCTBEHHO:

RBX= 10 MOm; Csx= 10 noP.

Takum o06pa3om, B pesynibTate NpUMeHeHUs Takoro kKabens nosny-
Yyaem 3HAUUTENbHO NyYLlMe BXOAHbIe MapameTpbl Npubopa 1, Kak cnep-
CTBUeE, NyYLllne JUHAMUYECKME XapaKTepuCcTUKn. XoTs, Hao OTMETUTD,
4yTO Mcnosb3oBaHne BKJ, nponopunoHanbHO CHUXAET YYBCTBUTESb-
HOCTb M3MepeHus. HanpsxeHne U2, nocTynarollee Ha BXOL yCUUTENS
310, B KOIh(ULMEHT AeNleHns pa3 MeHblle, YeM U3MepsemMoe Ha-
npshxkeHne Qf. CkaxeM, B pacCCMOTPEHHOM Mpumepe npy NOCTOAHHOM
(M HM3KOYACTOTHOM) BXOAHOM HaNpPsXeHUW OTHOoWeHwe UJUi =
= 10, T.e. YYBCTBUTE/ILHOCTb YMEHbLUAeTCs B 10 pas.

3HauyeHue eMKOCTM KoHAeHcaTopa C BK[ MOXHO M3MEHATbL B He-
60MbWINX Npegenax AN HACTPOMKM YaCTOTHbLIX CBOMCTB AennTens.

Ecnu M3BeCTHbI 3HAYEHUS CyMMApHbIX (C YYETOM COeIMHUTENbHOr0
Kabensa No6oro Tmna) BXOAHOrO COMPOTUBIEHNSA W BXOAHO eMKOCTH,
TO NOrpeLlHOCTb B3auMofeicTBMA [ Ans ciyvas CUHYCOUAANbHOro
CUTHasa OLUeHMBaeTCs cnefyroLmmM o6pasom:
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h/ho

Bxog 3/10 10
30b
0,5
0 B /
a 6

Puc. 4.24. Pexum oTKpbITOro Bxoga (a) n ero AYX (6)

K,

roe U-—pesynbTaT U3MEpPEHUs amnanTyabl; /7, — CONpoTUBEHNE UC-
TOYHWKA CUrHana, RBX— cymMapHOe BXOAHOe conpoTtusneHune 3J10;
— KpYyrosas yactoTa curHana (10 =2n/;/—wuvactoTa BXOLHOIO CUTHa-
na); T =R, CB(Cex— cymmapHas BxogHas eMKocTb 3J10 ¢ kabenem).

MepBoOe cnaraeMoe B 3TOl CyMMe XapaKTepu3yeT 3HaueHue norpeLu-
HOCTW MpPU NMOCTOSAHHOM BXOAHOM Hamnps>XeHuu, a BTOPoe — npu ne-
PEMEHHOM HamnpsHKeHMM onpeAeneHHO YacToTbl @ = 2nf.

AkTuBHble BK cofepxaT ycunutenb, KOTOPbIA NO3BOJISET 3HAYMU-
Te/IbHO MOBLICUTL BXOAHOe conpoTuBieHune 310 1 TeM cambiM Pe3ko
YMEHbLIUTbL MNOrPeLHOCTL B3aUMOAENCTBUS.

OTKpPbITbIA 1 3aKpbITbIA BXoAbl J/10. B pexume Tak Ha3biBAEMOro
OTKPbLITOro BXOAa ycunuTenb KaHana Y 3J/10 BoCNpUHUMAET Nto6ol
CMIHaN NponopuMoHanbHO ero MrHOBEHHbIM 3HaYeHUAM.

Ha puc. 4.24, a npueefeHa 3KBMBafieHTHas cXema BXOLHOro Kacka-
fda ycunutena Y 3J10 B pexxume OTKPbLITOro BxoAa, a Ha puc. 4.24, 6
nokasaHa AYX KaHana Y B 3TOM pexume. B pexxnume OTKpbLITOro Bxoja
310 BoCnpMHMMaET curHanbl B nojaoce Yyactotr ot 0go/, Iu.

B pexxnme 3aKpbITOro BXofa yCUnuTenb KaHana Y nponyckaeT To/b-
KO NepemMeHHYH0 COCTaBAAIOLWYIO CUrHana u urHopupyet (He nponyc-
KaeT) NOCTOAHHYIO cocTaBnaoLwwyo. MpeactaBum cebe curHan u(t), Ko-

X0

a 6 B

Puc. 4.25. TMepexof K pexxnmy 3aKpbITOro BXofa:

a — BXO/HOW curHan; 6 —yBefniMyeHne NocTosHHON cocTaBnstoleii UB B —yBennyeHme
nepemeHHol cocTaBnstoLeid Un
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Bxog 3710

a 6

Puc. 4.26. Pexxum 3akpbIToro sxoga (a) u ero AUX (6)

TOPbIA COAEPXUT MOCTOSAHHYK £0 M NepeMeHHyK cocTaBnaswLue
(puc. 4.25, a).

MpeanonoXunm, Hac WUHTepecyeT TO/IbKO NepemMeHHas COCTaB/ifito-
wasa (ckaxem, ee amnantyaa [/,,,) BXOAHOro curHana. Ans T0ro 4Tobbl
06CTOATENbHO WUCCeA0BaTh XapakTep U3MEHEHNS U aMNAnTyLy TOJIbKO
nepemMeHHON coCTaBNAOLLER, He06X0AUMO NOBLICUTL YYBCTBUTENLHOCTb
KaHana. Ho B JaHHOM Cnyyae, B pexxviMe OTKPbITOro BXo4a npu consme-
PUMBbIX 3HAYEHMSAX aMNAUTY bl [/, MEPEMEHHON COCTaBASIOLLEN 1 NOCTO-
SAHHOI cocTaBnstoLleid U0, HEBO3MOXHO 06ecneynTb Tpebyemoe 13obpa-
XEeHVe, TaK KaK NpocToe YBeNMYeHWe YyBCTBUTENIbHOCTM KaHana npu
Takol CyMMe He [aeT XXenaemoro pesysnbTaTa — U300paxeHne BbIXOAUT
3a paMKu akpaHa (puc. 4.25, 6). Ho ecnn n36aBnTbCA OT NOCTOSHHOIMA
COCTaBAAOLLEA WD, TO MOXHO YBEMUUTL A0 HEOOXOAMMOrO pa3mepa To/lb-
KO NnepemMeHHYH (MHTEpecyloWyro Hac) cocTaBnsaowyto (puc. 4.25, B).
OTO BO3MOXHO B peXKuMMe TakK Ha3blBaeMOro 3aKpbITOro BX0Z4a.

B pexxume 3akpbIToro exoga (puc. 4.26, a) Ha BXofe ycuauTens noc-
nefoBaTeslbHO BKJ/OYAETCS pas3fenuTefibHblii KoHAeHcaTop Cp, KOTo-
PbI KakK pa3 U He NPONyCKaeT NOCTOSAHHYH0 COCTaB/AOLLYH BXOAHOMO
curHana. AMNINTYLHO-4aCTOTHAsA XapaKTepuCcTMKa yCUIMTensa YB aTom
pexkxMMe nokasaHa Ha puc. 4.26, 6. B pexxume 3akpbiToro Bxoga AYX
MMEEeT MOJIoCY YacTOT, HAYMHAIKLLYHCA He C Hyns, a C HEKOTOpPOU
HVKHEA 4acToThbl/,.

YCnoBHble 0603HAUYEHUSI PEXUMOB OTKPbLITOrO W 3aKPbITOro BXO-
[l0B, KOTOPble HAHOCATCA Ha NMLEeBbIe NaHenn NPubopoB, MOryT OTAU-
yathbCs 4N pasHblx npubopos (puc. 4.27). Ha puc. 4.27, a npuBejeHsl
0603Ha4YeHNA pexnma OTKPbITOro BXoga, a Ha puc. 4.27, 6 — pexuma
3aKpPbITOr0 BX0ZA.

2V DC Ac/DC "'o AC

a 6
Puc. 4.27. O603HaUYeHNA PEXUMOB OTKPbLITOro (a) M 3aKpbITOro BXofoB (6)
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AHrnoasbluHble abbpesnaTypbl DC 1 AC B 0603Ha4YEHUSAX pacKpbl-
BatoTcA Tak: DC — Direct Current — Hanpsi>xeHne NOCTOSAHHOIO TOKa,;
AC — Alternating Current — HanpsbkeHne MepemMeHHOro Toka.

4.3.3. CybbekTUBHas NorpeLHocTb

Kak 13BecTHO, CyObeKTMBHASA MOrPeLLIHOCTb MOXKET CKNafblBaTbCA B
06LLEM Ccnyyae 13 MOrPeLIHOCTI OTCYUTBLIBAHNA U FPy6Ooi owmnoKmM (Npo-
Maxa). [pomax Henpeackasyem W Mo3TOMy He MOXeT 6biTb 3apaHee
OLIEHEH.

MorpeLHOCTb OTCUMTbIBaHUA AOTCB cUCTEME LKana—CcTpenka (y cTpe-
NOYHbIX NpMBOPOB) M B cUCTEME CeTKa—NATHO (Y ocumnnorpados)
no Npupofe 04MHaKOBbI. [OrpewHOCTb OTCUUTLIBAHUSA COAEPXUT ABE
COCTaBNAOLWMX: UHTEPMONALUN U Napannakca. MorpellHOCTb UHTEpNo-
nAauMn HeM3beXXHO BO3HMKAET BCcerga, Korjga TpebyeTcs KOMYeCTBEHHO
BbIPa3nUTb MOMOXEHWE CTPENKW, TOUKW, FpaHuULbl 0TpesKa B J0NAX fde-
NeHns, B KoopauHaTax ceTKU (LiKasbl) 3kpaHa 3J10. TorpewHocTb
NHTepnonAunn onpeaensieTca KBanuguKkauuein onepaTtopa, pasmepa-
MW MATHA, PacCTOAHUEM MeXAy COCefAHUMU LeneHusMu LWKanbl. Mo-
rpewHocTh napannakca B 310 BbI3BaHa TEM, YTO MOTOK 3/1EKTPOHOB
BbI3bIBAET CBEYEHNE HA BHYTPEHHEN MOBEPXHOCTU 3KpaHa IJ/1T, a ceT-
Ka, KakK MnpaBuio, HaHeceHa Ha BHELUHE NOBEPXHOCTM 3aLLUTHOro
cTekna. ViIMeHHO TOMLWMHA CTeKNa 3KpaHa U 3aliMTHOro cTekna (aHanor
paccToAHUS MeXAY CTPefKOM W LIKanoi y CTPefoyHbIX Npubopos) u
POXAAET 3Ty NOrpelwHocTb. KonMyecTBeHHYHO OLEHKY 3TMX COCTaB/ifA-
IOLLMX B Pa3IMYHbIX U3aHNAX MpefaraeTcs OCyLLecTBAATL MNO-Pa3Ho-
my. Mpegnaraem Ans NPoCTOTbl WM NErkoCcTU 3anoMUHAHWUA OLEHUBaATb
3Ha4YeHMsa 3TUX COCTaBAAKLWMX 0AMHAKOBO (MO OfHOWN AecAToi Beca
O[IHOTO AeNeHNs CETKM 3KpaHa):

Jorc = +(0,1a + 0,1a) = £0,2a,

roe a — Bec OAHOrO AeNeHns LWKanbl 3KpaHa no ocu Y uam X.

KcTaTtun, 310 coBnagaeT ¢ NogxoA4oM K OLEHKe MOrpewHocT oT-
CUMTbIBAHWSA B aHAOr0BbIX CTPEMIOYHbIX U3MEPUTENbHbBIX Npubopax.

Y HekoTopbix Mogenei 310 ceTka HaHeCeHa Ha 06enMx NOBEPXHO-
CTAX (BHELWHEN 1 BHYTPEHHEI) 3alMTHOro cTekna. FpaMoTHOe MCMofb-
30BaHME 3TOW KOHCTPYKTUBHOI OCOBEHHOCTW MO3BONSAET YMEHbLUUTH
MOrpeLIHOCTb Napasnakca 40 NpeHebpeXxMMo MasbiX 3HavyeHuid. B aTom
Clyyae cfiefyeT yUnTbiBaTb TOSILKO NEPBYHO COCTABAIOLLYH — MOrpeLU-
HOCTb UHTEPNONALUN:

O*t =x0,1a.

Ecnmn B /10 MMeeTCa peXxum LUMPPOBOro oTcyeTa 3HaAYEHWn amn-
NUTYOHBIX U BPEMEHHbIX MapamMeTpoB, TO NOrPeLHOCTb OTCYUTbIBAHUS
BOOOGLLE OTCYTCTBYET.
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4.4. OLLEHKA MOrPELWIHOCTEN PE3Y/IbTATOB U3MEPEHWI

Hanbonee 4acTo MCNoONbL3YyHOTCA ABa peXXmMa popmMmpoBaHus n3o06-
paxeHns Y—t Y—X. PacCMOTpMM BOMPOCblI OLEHKWU MOrpeLUHOCTEl
pe3yfibTaTOB U3MEPEHUI B 3TUX PEXMMAX.

4.4.1. PexuM nvHeliHOW pa3BepTku (pexum Y—t)

B cnyuyae ocuunnorpagmyeckmx U3MepeHWin 3HaYeHUs amnauTyp-
HbIX N BPEMEHHbIX NapaMeTpoB CUrHaNa HaXoA4sAT Mo ero M306paxeHuto
Ha akpaHe (T.e. No ocuuniorpaMMe) nocpescTBOM ONpefeneHns pas-
MEpOB NIMHEHbIX OTPe3KOB. 103TOMy, BO M36eXaHWe 3HAYMTENbHbIX
MOrpewwHOCTeN, BaXXHO BbloMpaTb ONTUMaNbHble 3HaYeHUA Ko3agdu-
LMEHTOB OTKNOHEHWA MO KaHanam Y u X, T.e. Takue, Npu KOTOPbIX
WHTEPeCYIoLW i Hac napameTp NpeLCcTaBseTCs OTPE3KOM HaubobLei
BO3MOXHOW (B mpejenax CeTKU 3KpaHa) A/MHbl. Yem MeHblle pasmep
HY>XHOr0 napameTpa Ha ocLuAnorpamMmme, Tem XyXe, Tak Kak Tem 60/bLuUe
OTHOCUTE/IbHAs MOrPeLHOCTb ero onpeaeneHus.

MpounntocTpupyeMm 3To NPUMEPOM pacyeTa NpefenbHbIX UHCTPY-
MeHTa/IbHbIX U CYObLEKTUBHbLIX NOrPeLIHOCTeN pe3ynbTata UsMepeHus
BpeMeHHbIX napameTpoB. MycTb N0 M306paXxeHU0 NepuoLUYecKoro
CuUrHana Tpebyetcs onpefefnTb 3HAYEHUA AAUTENLHOCTU UMMYNbCa
TM U Nepuoja MOBTOPEHUA T MMMY/bCHOW MOCNEA0BaTENbHOCTU
(puc. 4.28, a), a TakKe OLEHUTb UHCTPYMEHTasibHble MOrpPeLlHOCTU
pe3ynbLTaTos.

3BeCTHbI 3HavyeHUe Ko3agpuumeHTa OTKIOHEHUSA Mo ocn X (CKo-
pocCTK pa3BepTkn) Kx/ = 200 mKc/gen. n ero oTHoCUTeNbHas norpew-
HOCTb &X1=+3%.

PesynbTaT nsmepeHuns nepuoga T (cm. puc. 4.28, a):

T=16,5paen.-200 mkc/gen. = 1300 MKc.

a 6

Puc. 4.28. Bblbop KO3ahPULMEHTA OTKIOHEHUSA N0 ocn ~(CKOPOCTU pasBepTKM):
a —200 mkc/gen.; 6 — 50 mkc/gen.
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WNHCcTpyMeHTanbHasA cTaTnyeckas Juun cybbekTuBHasa (0TCUUTbIBaA-
HMs) A, cocTasBnsaowme o6wweld norpewHocTn J1 pesynbTata u3mepe-
HWs nepuoga T paBHbl, COOTBETCTBEHHO:

.= (5"T)/100 = (£3-1300)/100 = +39 MKC;
Nc = +2(0,1 -pen.) = £2(0,1-200) = +40 mkc.

OKoHYaTeNlbHasa 3anucb pesynbTaTa M3MepeHus nepuoga T B 3TOM
3KCMEPUMEHTE BbIFNSAAUT CNEAYIOLMM 06pa3oM:

T = 1300 mKc; A=+79 MKC; pass= 1

Pe3ynbTaT U3MeEpPeHUs AAUTEIbHOCTU UMMyNnbca Tl Ha 3Ton (nmep-
BOHa4a/bHO BbIGpPaHHOI) CKOpOCTW pa3BepTKu (cMm. puc. 4.28, a) on-
pefenserca cnefyrowmm obpasom:

™ = 1,3-200 = 260 MKc.

NHcTpymeHTanbHasa /i v cybbekTuBHasA Jicl cocTaBnawoLLMe, a Tak-
e o6uiad abcontoTHas NOrpewHoCTb n3MepeHua [ B atom (nepeom)
M3MEPEHUN paBHbl, COOTBETCTBEHHO:

Al =(5"th1)/100 = (£3-260)/100 = £7,8 MKC;
Ol = £2(0,1-gen.) = +£2(0,1-200) = +40 MmKc;
A = 47,8 MKC.

MpeaenbHoe 3HaYeHMEe CYMMapHOWA OTHOCWMTE/IbHOM MOrpeLlHoCTH
N3MEPEHUNS AINTENILHOCTM MMMYybca 5, NPy 3TOM COCTaBWT:

5, = (A- 100)/TuL = +(47,8-100)/260 » +18,4 %.

Takoe 3Ha4yeHMe MOrPeLIHOCTM MOXET 0Kas3aTbCA HefoMmyCTUMO
60nbWwKNM. B aTOM cnyyae LenecoobpasHo 415 MOBbILLEHNSA TOYHOCTU
N3MepPeHUs ANUTEIbHOCTU MMNYbCa MepenTu Ha Apyron Koagpduum-
EHT OTK/OHEHMs (pa3BepTKu), Hanpumep, U3MEHUTb Ha KO3h(PULMEHT
Kx2 = 50 mkc/gen. (puc. 4.28, 6). MpeAnonoXXum, 4To NOrPeLiHOCTb B2
NpW 3TOM 3HAYEHUU KO3(PULMEHTA OTKIOHEHMSA (Ha 3TOM fuanasoHe
pas3BepTKM) OTAMYAeTCA OT NpedblAyLliero n paBHa bx2 =+4%. B aTtom
akcnepumMeHTe (CM. puc. 4.28, 6) pe3ynbTaT U3MEepPeHUs 4IMTENbHOCTU
MMNynbca T2 COCTaBUT, LOMYCTUM:

TH2 = 5,1 -50 = 255 mKc.

MpeaenbHble 3HAYEHUS UHCTPYMEHTaNbHOW [,,2 M CyObeKTUBHON 2
COCTaBNAIOLWMX, a TakkKe obuine abcontoTHaa [2 n oTHocuTenbHas 52
MOrpeLIHOCT U3MEPEHUS B 3TOM (BTOPOM) M3MEPEHUN COOTBETCTBEHHO
paBHbI:

Qv = (51?712)/100 = +(4 m255)/100 = £10,2 MKc;
O = +2(0,1 -gen.) = +2(0,1 -50) = +10 MKc;
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2 Blgen. 0,5 B/gen.
a 6

Puc. 4.29. N13mepeHne amnnuTyabl CUrHana:
a — HenpaBW/1bHO; 6 — npaBubHO

[2=+20,2 mKc; 52= (J2-100)/Tv2 = (20,2 m100)/255 « +7,9 %.

OKOHYaTeNlbHas 3aMnnch pPesysbTata U3MePEHUs AUTENbHOCTA UM-
nynbca T2 (BO BTOPOM 3KCMEPUMEHTE) BbIMMAAMT creayroLlmm obpa-
30M:

TR = 255 MKC; 02 =+20 wmkc; fpB= 1

HanomMHWUM, 4TO NpK U3MEPEHUN aMNIUTYAHbLIX U BPEMEHHbIX Ma-
paMeTpoB Hafo BCerfa CTpemMuTbCs BbIGMPAaTh TaKMe 3HaYeHUs Koad-
(PMLMEHTOB OTKNOHEHNA MO OCAM, NPU KOTOPbIX UCKOMble NapameT-
pbl 6bINN 6bl MpeAcTaBNeHbl BO3MOXHO 60/bUMMMK IMHERHBIMU OT-
pe3kaMu Ha 3kpaHe. Ha puc. 4.29...4.31 nokasaHbl NpuUMepbl Herpa-
BU/IbHOTO Y NPaBUALHOIO Bbi6opa 3Ha4YeHU KO3 PULUEHTOB OTK0-
HEeHUs MO OCAM B HEKOTOPbIX, Hanbosiee YacTO BCTPeYatLWmnXcs JKe-
nepvMeHTax.

OTMETUM, UYTO MPU HAXOXAEHWN HEKOTOPbLIX BPEMEHHbIX NMapameT-
poB (Hampumep, nepmofa CUrHana) AMHaMWYecKue XapakTepucTUKK
KaHana Y npakKTUYecKn He BAUSIOT Ha pe3y/bTar.

50 mkc/gen. 10 mkc/pen.
a 6

Puc. 4.30. N3mepeHne nepuoga curHana:
a — HenpasW/1bHO; 6 — npasuibHO



20 mKc/gen.
a

Puc. 4.31. iamepeHne 4AnTeIbHOCTU PPOHTA UMNYSIbCHOIO CUrHaa:
a — HenpasW/1bHO; 6 — npasuibHO

Ha puc. 4.32, a noka3aHO M306paXKeHWe BXOAHOIO CUrHana Ha ak-
paHe, KOTOpOe COOTBETCTBOBaNO 6bl uaeanbHoii AYX KaHana Y, a Ha
puc. 4.32, 6 — ocuunnorpamma npu peanbHoint AUX. lpu 3amMeTHbIX
aMMANTYLHbIX MOrPELHOCTAX BOCNPOU3BeAeHUSA U 3HAUNTENIbHbIX Bpe-
MeHHbIX 3aflepXKKax NIMHenHble 0TPe3ku, COOTBETCTBYIOLLME Nepuojam
B OCLM/II0rpamMmmax, O4UHAKOBbI, NO3TOMY pesynbTaTbl U3MEPEeHUs ne-
proja v B TOM, W B APYroM C/lyyasax MpakTUYyecku paBHbl: T\ = T2

B HEKOTOpPbIX 3KCMEPUMEHTAX MOXHO BbINOMHUTL KOppeKLuo (1c-
npaefeHne) pesynbtaTa. Hanpumep, npu nU3mepeHUU LAUTENbHOCTY
(hpoHTa Th MMNYNbCHLIX CUIHAM0B MOJMIE3HO BBECTW MOMpPaBKy B pe-
3yNbTaT U3MEPEeHNS:

roe T — CKOpPPEKTMPOBAHHbLIA (MCNpPaB/IEHHbIN) pe3ynbTaT UsMepe-
HUs; Th — 3HaYeHWe ONUTENbHOCTU (PPOHTA, HalgeHHoe Mo ocuwun-

Puc. 4.32. NsmepeHne BpeMeHHbIX napamMeTpoB A1s ciyyas:
a — ngeanbHoit AUX; 6 — peanbHoi AUX
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norpammMe; TH—BpeMs HapacTaHusi. Bpems HapacTaHus CBSi3aHO C BEpPX-
Hell rpaHuLei / B nonocbl NponyckaHWs KaHana Y COOTHOLLIEHUEM

T,, = 0,35//B.

Hanpumep, ecnn BepxHAA rpaHuua nonocbl NponyckaHua KaHa-
na Y/, = 10 MI'y n pesynbtat npeaBapuTe/ibHOro U3MEpPEHNs ANun-
TeNbHOCTU PpOoHTa Th= 75 He, TO OLEHUTbL 3HAYEHWe BPEMEHU Hapac-
TaHUS TH U 3aTEM HaWTW WMCNpPaBfieHHbIV pe3ynbTaT U3MepeHus Anu-
TENbHOCTWN (hPOHTA T MOXHO CnefytowmMmM 06pasom:

0,35 :
TH=T.in6= Hc, TpP" HC

4.4.2. Pexum Y—X

Moaxon K OLEHKe MOrpeLlHOCTM pe3yfibTaTta B 3TOM PeXMMe TakKxKe
MMeeT onpefieneHHyo crneununky. PaccMoTpuUM ee Ha npumMepax uc-
nosib30BaHUA MeToda uryp Jinccaxy n mMeToga afiaunca.

Mpn M3MepeHnmn YacToTbl MeTogoM curyp Jinccaxy (ofHON 13 pea-
nn3aunini metoga cpaBHeHnsa) 3J10 BbICTynaeT B HEOObIYHOM (Hexapak-
TEPHOI) ponn — B Ka4ecTBe HYNEBOr0 MHAMKATOpa, NMOKa3blBaKLLErO
y06HOe COOTHOLeHMe YacToT. MorpewHoCcT! Ko3hULUEeHTOB OTKO0-
HeHUsa (B TOM ymC/ie HEMHEWHOCTb) U NOrPELLHOCTU OTCUUTLIBAHUSA N0
06enM 0CAM Mpy 3TOM He UMEIOT 3HaUYeHMS, TaK KakK He MacluTabbl U He
nponopuun N306paxXeHNs onpeaenstoT pesynsTar, a COOTHOLIEHNe KOHeu-
HbIX ymncen (ToYeK MepeceyeHUs QPUrypbl MbICEHHbIMU CEKYLLUMN).

MorpewHocTy pesynbTata NpyM HeNnoABMXXHOM U306paxeHUn on-
pefenseTca TONbKO MOrpeLHOCTLI0 3aaHns M3BecTHOM (06pa3L,0BOiA)
4acTOTbl reHepatopa. Ecnv, HanpuMep, CUrHai HEW3BECTHOI 4YacTo-
Tbl NOAaH Ha BXog X 3J10, a BbIX0f reHepaTopa NOAK/IOYEH KO BXOLY
Y, 1 U3MEHEHUEM YacTOTbl €ro HanpsXXeHWs MoayyeHa yCcToiuuBas
thmrypa, To abCONOTHaA MOrPELHOCTbL pesy/ibTaTa N3MepeHns cBa3a-
Ha ¢ abCoNOTHOW MOrpelwHOCTbIO 3afaHns YacToTbl reHeparopa Tem
)K€ COOTHOLLUEHMEM, YTO U YacTOTbl. OTHOCUTENbHAA NOFPELLHOCTL ON-

pefeneHns HeM3BeCTHOW 4acTOTbl COBNajaet C

OTHOCMTENIbHOI MOrPELHOCTLI YacTOThl FeHe-

paTtopa. JonycTuMm, HenoaBuxHoe n3obpaxeHune

turypsl Sinccaxy (puc. 4.33) nonyyveHo npu Ya-

CTOTE CUTHana reHeparopa, NoAaHHOIO Ha BXOf

Y,fy= 1040 Iu. OTHOCUTENbHAA MOrpPeLHOCTb

K =6 3a/jaHna 3TON 4acToTbl 5= +1 %.

COOTHOLWEHNE YUCNa TOYEK MepecevyeHus

Puc. 4.33. Morpew- Urypbl BEPTUKANbHOW W FOPU3OHTANIbHON CEKY-
HOCTb onpedenieHns  junumMu NBNr = 6/4, T.e. 3HaYeHWE HEU3BECTHOW

HacToth! 4acToTbl  Ha BXofe X paBHO:
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fx = [/~ =1040" = 1560 I'u.
N 4

r

3HayeHUs abCONKOTHOM NOrpeLHOCT 4YacTOThbl reHepatopa Ay u
abCoNOTHOW NOrpeLlHOCTU Ax OMpeaeNeHns HeM3BECTHOM YacToThl fx
PaBHbl COOTBETCTBEHHO:

JIr= (5*/K)/H00 = (£1 « 1040)/100 = 10,4 I'Ly;
= &Y =+10.47 = 15,6 L.
Ar Nr 4 0 T

OTHOCUTENbHbIE MOrPELLIHOCTU YacToTbl reHepatopa fY U OUEeHKU
Hen3BeCTHON YacToTbl fx paBHbl: 5r= 8V= +1 %.
3anucb OKOHYaTeNbHOro pesynbrara AAHHOI0 3KCMEepUMEHTa Bbl-
rNAaUT Tak:
fx= 1560 Iy, J/’*=+16 ly; pre= 1

MorpewHocTs U3MepeHns casura a3 mMeToLoM 3/inunca, B OTIU-
Yue OT NpeablgyLLero cayyas, 3aBUCUT OT XapaKTepucTukK KaHanos 3J/10.
ALONTUBHBIE U MYNbTUNAWKATUBHbBIE COCTABAAKOLWME MOrPeLIHOCTel
KaHanoB ™~ 1M 1 B 3TOM pEeXWMe He BAUAIOT Ha pe3ynbTar, TaK Kak
ANVIHbI OTPE3KOB a U b (MM OTPe3KOoB ¢ U d) B BbipaXeHUM Ans onpe-
faeneHuns ¢ (cMm. nogpasg. 4.2):

o = arcsin (a/b) = arcsin(c/d)

He 3aBUCAT OT afAUTUBHOrO CMELLEHMUS, a NPONOpPLUNOHaNbLHOE U3Me-
HeHWe UX pa3MepoB He MeHSieT OTHOLWIEHUSA UX AauH (a/b nnm c/d).
Takum 06pa3oM, NOrpellHOCTb pe3y/bTaTa U3MEepeHus B MeToje
annunca onpeaensieTcs TONbKO MOrPELIHOCTAMMU NMHEAHOCTU U pas-
HOCTbIO (PA30BbIX CABUTOB Ad YCUNUTENEA KaHanoB Y u X.
PaccMOTpUM BAUSIHME Pa3HOCTM (ha30BbIX CABUTOB A Ha MOrpeLu-
HOCTb M3MepeHus. Ecnn 6bl y 060MX KaHanoB (ha3oBble CABUTU Bblnn
OVHAKOBbIMU (HEBAXHO KaKMMW KOHKPeTHO), To At 6bina 6bl paBHa
Hymto (O = 0) n npyn 0AHOBPEMEHHO Nodaye Ha 0b6a BXoda O4HOrO U
TOr0 e CUHYCOWUJANbHOro CUrHasa Ha 3KpaHe BO3HUKIO Obl M306pa-

a 3 B r

Puc. 4.34. MorpeLluHoCcTb onpefeneHnsa pasoBoro cAsura npy UX paBeHcTse y 060-
NX KaHasI0B U HepaBeHCTBe:

a, B, I — uaeasbHblli cnyyait; 6, 1 — peanbHblil ciyyaii
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YKEHMe oTpe3Ka NpsAMoin nuHun (puc. 4.34, a). Y peanbHoro »xe 3J10
MMeeT MecTO HepaBeHCTBO (ha30BbIX CABWUIOB, MO3TOMY B 3TOM Chy4ae
BMECTO OTpe3Ka NpsiMOi Ha 3KpaHe OyaeT Hebonblwoh (y3Kuin) an-
nunc (puc. 4.34, 6).

BcnefcTere 3TOro B peasbHOM M3MepUTENIbHOM 3KCMepuMeHTe Mo
oUeHKe (ha30BOro caura QMexay nuccnegyembiMy cUrHanaMmu Mol no-
Ny4UM Ha akpaHe annaunc (puc. 4.34, B), pasmepbl KOTOPOro He GyayT
COOTBETCTBOBATbL UAeaNbHbIM, a OyAyT OTpaXKaTb CYMMY MCKOMOrO (a-
30BOro casura ¢ 1 pasHoctu [ (T.e. BbITb HECKONLKO 60nbLLMMMK). AnHa
0Tpe3Ka Cp Ha peasnbHOl ocuunnorpamme 6yaet 6onblle, YeM B UAe-
afbHOM Ciy4yae CW, YTO WM MPUBELET K MOrpeLHocTU n3mepeHuns aso-
Boro casura ¢ (puc. 4.34, r). Ipun XenaHWM 3Ty NOrPELIHOCTb MOXHO
OLEHUTb Mepes 3KCMEePUMEHTOM 1 3aTeM CKOPPEKTMPOBaThb pe3ynbTar.

4.5. MPUMEP SN1EKTPOHHO-TYHYEBOIO OCUWINOIPA®A

PaccMOTpMM OCHOBHbIE TEXHNYECKME XaPaKTEPUCTUKMN YHUBEPCASTbHO-
ro agsyxkaHansHoro 3/10 CI-114/1. Mpu6op npegHasHayeH ana mcchne-
[,0BaHNA (POPMbI U U3MEPEHMUS NapaMeTPOoB 3/IEKTPUYECKMUX CUTHANOB.

OCHOBHbIe TEeXHUYECKMNe XxapakTepucTuku npubopa Cl-114/1

Monoca nponyckaHma, M T L.....cccoovvvieinninns 0., 50
KOMMUYECTBO KAHAMOB.......ecoivveeciieecree et 2
Paboyas 4acTb 3KPaHA, MM ...cccovcviers cvrieneaes 80 x 100
BxogHoe conpotuBieHne, MOM......cccceoenee. 1
BxogHass eMKOCTb, M@ ....cccovieiriiiiieienieine 25
[unanasoH 3HauyeHWin KoahduumeHTa 0TKIO0-

HEHUA (Y ) oo 0,5 mB/gen....2 Blgen.
[unanasoH 3Ha4yeHUn KoahhuuymeHTa pas-

BEPTKM (X ) et 5 Hc/gen....0,1 c/gen.
MorpelwHOCTU KO3P(ULNEHTOB OTK/IOHEHUS

N PA3BEPTKM, Y0 .o +3
Bpemsi HapacTaHuWsi NepexofHOI xapaKTepu-

(o L TR = =T 7
MoTpebnsemas mMowjHOCTb OT ceTn 220 B.

50 Ty, BT, 80
MabapuTHble pasMepbl, CM 35x20x50
Macca, KT .vvvvieeeiviienenn, 12

KOHTpO/IbHLIE BOMPOCHI

1 Kakoe n3obpaxeHune 6yaeT Ha akpaHe 310, ecnu:

a) Ha Bxofibl Y 1 X MojaH OAUH W TOT Xe CUHYCOMLAs/bHbIA CUrHan oT
reHepatopa B pexxvMe Kpyrosoi passepTkn (Y—X);

6) Ha BXof Y NogaHo CMHYCOMAAaNbHOe HanpshkeHue, a reHepaTop pasBepTKM
BbIK/1HO4EH;

B) Ha BX0f Y He nojaeTcss HMKaKoro curHana (Bxof Y — 3aMKHYT), a
reHepaTop pas3BepTKW BKJ/OYeH M paboTaeT B aBTOKO/ebaTe/IbHOM pexunume?
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2. N306paxkeHne CMHYCOMAanbHOro curHana Ha akpaHe 3J10 umeeT amn-
NNTYdy, COCTaBAAOLWYIO 4 feneHns, 1 nepuog — 8 geneHunii. 3HavyeHMA KO-
(OULMEHTOB OTKJ/IOHEHUA, COOTBETCTBEHHO: Mo BepTukanu 0,1 B/gen.; no ro-
pu3oHTann 50 mke/gen. MpeHebperas BCeMW MOrPeLLIHOCTAMM, ONPeaenTb am-
NANTYAY, NEpPUOL W YacToTy UCC/eAyemMoro curHana.

3. Ha n3obpaxkeHnun cnHyconganbHoro curHana aMnanTyaa coctasnseT 5 gen.,
nepvog — 10 gen. 3HavyeHNss KOIPULMEHTOB OTK/IOHEHUSA: MO BEPTUKAIN
0,2 B/gen.; no ropusoHTann 1,0 mke/aen. OnpefennTb NOrpeLHOCTb NU3Mepe-
HUA aMnANTYAbl CUTHaNa, ecnn, N3BECTHO CeytoLLee: BbIXOLHOe COMPOTUBIIE-
HMe UCTOYHMKA curHana /?,, <10 kOM; BXOAHOe CONpPOTUBEHUE yeunutena Y
ocumnnorpadga Ry = 1 MOM; BxogHaa eMKOCTb ycunutens Y ocuunnorpada
Cy =40 nd; emKoCTb BXxogHOro kabens Ck= 60 nd.

4. Pe3ynbTaT M3MePeHWs Mo ocumaiorpammMe ANMTeNbHOCTU PPoHTa Nps-
MOYrO/IbHOT0 MMMYbCca cocTaBu Th= 65 He. BepxHaa rpaHuua nonocsl npo-
nyckaHuna/= 10 MI'y. OueHNUTb peasibHYIO A/INTENbHOCTb (DpOHTa curHana T
Bcemy norpewtHocTAMU npeHebpeysb.

5. Bpemsa HapacTaHus ycunutenss Y TH = 10 He. HaiiTu npubnunsmTtesnbHO
BEPXHIOK rpaHULy Mo0Ckbl YacToT NponycKaHus/.

6. OnpefennTb pesynbTaT U3MepeHUs caBura a3 Q@ MeToAom aNaunca, ecnv
N3BECTHbI [/IMHbI 0TPe3KoB: a = 34,5 mm; b = 69 MM. BcemMy MOrpewHocTaMu
npeHe6peyb.

7. Ha skpaHe 3J10, npuBefeHHOM Ha PUCYHKe,

nokKasaHo HenoABWXHOE M306paxkeHue urypsl Jlnc-
caxy. HaiTn 3HauyeHne Hen3BeCTHOI 4acToTbl/ cuUr-
Hana, nogaHHoro Ha Bxog X npub6opa, 3HaveHus ab-
COMIOTHOI J1¥1 0THOCMTENbHOM 5AnorpewwHocTe on-
pefeneHns Hem3BecTHoOM 4vacToTbl fX. Ha Bxog Y 3710
nocTynaeT CUHycOMAanbHbIi CUrHa/T OT reHeparTopa c
yactoToi fr = 2 KMy M abCONMOTHON MOrpeLIHOCTbI0
&y=+20 Iy,

8. HalnTu pesynbTat usmepeHusi nepuoga T curHa-

Na, a TaKxe abCoNTHYI 47 U OTHOCUTENbLHYIO §7 MOrpeLHoCcTN pesyfbTaTa.
[OnunHa oTpeska, cOOTBeTCTBYIOLWero nepuogy, LT= 4,5 gen. 3HadyeHne KO-
huumeHTa pasBepTKn KaHana X Kx = 100 mke/gen.;

€ro norpewHocTb & -+2%.

9. Ha akpaHe 3J10, npuBeAeHHOM Ha PUCYHKE,
nokKasaHo HeNoABWXHOE n30bpaxeHue urypsl Jluc-
caxy. HainTu 3HauyeHne Hen3BECTHOW 4acToTbl/ CuUr-

Hana, nofaHHOro Ha Bxof X npubopa, 3HayeHUs ab-
COMOTHOWN [1¥1 OTHOCUTENIbHOW 5*NOrpewHocTein on-
peaeneHns HensBecTHOW 4vacToTbl fX. Ha Bxog Y 3/10
nocTynaeT CUHYCOMAANbHbIA CUrHaN ¢ yactoTon fY=
=6 KI'y 1 abconoTHOM norpewHocTbio A= +30 U,
10. BbibpaTb ONTMMa/IbHbI KO3PHULNEHT pasBepT-
K/ Kx va Bo3MOXHbIX (Kx = 100 mke/gen.; 50 mke/gen.;
20 mke/pen.; 10 mke/gen.) onNsa U3MepeHUs LNNTENbHOCTU UMMYybca TW Npwu-
MepHOe 3HaudeHMe KOTOpPOro m3BecTHO (T =400 MKc). Pa3mepbl akpaHa 3/10
YxX = (8x10) pen.

11. OnpefennTb 4acToTy / MMMYNbCHOrO CUrHanta, ecnv A/IMHa O0TPe3Ka,
COOTBETCTBYIOLLEro nepuogy T Ha ocuunnorpamme, LT= 8 gen. Haiitu Takxke
abcontoTHyo [y 1 OTHOCUTENIbHYIO 5/ NOrpewwHocTy pesynbTaTa U3MepeHus
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yacTtoTblf 3HaueHMe KoapduLmeHTa 0TKNOHEHUA KaHana X Kx= 100 mkc/gen.;
NOrpeLLIHOCTb 3TOro KoauumeHta 5*= +2 %
12, Uem onpepgenseTcs APKOCTb M306paXKeHNs Ha 3KpaHe U Kak ee MOXHO
n3MeHATb? Kak nponssogMTca POKycUpoBKa M306parkeHns?
13. Y10 03HayaeT NoHATME «ypPOBEHb
-3 pb»? Kakomy yMeHbLUeHUN0 curHana
B MpoLeHTax 3TO MPUMEPHO COOTBETCT-
BYeT?
t 14. B 4eM NpPeVMYLLECTBO XAYLLIero pe-
XMMa pasBepTKnN? B Kakux cnydaax uene-
coobpasHo ero ucnosnb3osaTb? MNpusean-
Te NpuUMepbI.
15. Kakoe n3obpaxeHue OyeT Ha K-
1 paHe 3J10, ec/im U3BECTHbI HaMNpPsAXeHUA
Ha nnactuHax Y un A'(cM. puCcyHOK)?



FrMTABA 5

AHAJIOTOBbLIE METOAblI N CPEAOCTBA
PETMCTPALNU

5.1. OBWIME CBEJEHUA

Moz nsMepuTeNnLHOW permcTpaumein 6yaem NoHMMaTh Npoueaypy 3a-
MOMMWHAHUA 1 XPaHEHMs B N06GOIW opme A0CTAaTOUHO 6ONbLUINX 06BEMOB
NH(OpMaLMKU. XOpOoLLO BCeM 3HAKOMbI MPUMEPbI ObITOBbIX PErUCTPUPYIO-
LMX CPeACTB M3MepPeHUIA: MEAULIMHCKNIA PTYTHbIA TEPMOMETP, UHAYKLN-
OHHbIA 3NEKTPUYECKMIA CYETUMK AKTMBHOI 3HEPTUKN, CMOPTUBHO-MEAN-
LUMHCKNIA IMHAMOMETP.

Ho 3T ycTpoiicTBa PErMCTPUPYIOT TONbKO 0AHO (06LIYHO NOCNeaHee)
3HaYeHUe M3MepsAeMOi BENNUYMHbI, T.e. SBAAKOTCA peructpaTopamu Ans
cTaTuWYecKux mogenein 06bekTa nccneaoBaHmsi. O6bIUHbIA GoToannapat
TaKXXe MOXeT ObITb OTHECEH K CTATUYEeCKUM peructparopam, npasfa, He
N3MEPUTE/bHbIM.

KunHemaTorpag), BULEOTEXHUKA — 3TO Y)XKe AUHaMMUecKas perncrpa-
ums (HO TOXe He M3MepuTeNbHas).

K rpynne aHanoroBbiXx AMHaMUYeCKNUX MeToaoB U CPeACTB mnmepu-
Te/bHOM perucTpaunm OTHOCATCS Takue, B KOTOPbIX 6ECKOHEYHOE MHO-
)KECTBO 3HAYEHWA BXOAHOTO0 HEMpPEepbIBHOTO (aHan0roBOro) CurHana
npeobpasyeTcs B Apyroe 6eCKOHeYHOEe MHOXECTBO 3HaYeHWUI BbIXOA-
HOro curHana-o6pasa (B 4aCTHOCTU, BUAMMOIro M306paxeHuns), npeg-
CTaB/IEHHOI0 B Pa3/IMyHbIX aHaN0roBbIX (hopmax (Anarpamma Ha dyma-
re, 3anNUCb Ha MarHUTHOM HOCUTeNe, U300pPaXKeHMe Ha 3KpaHe U T.M.)
C 3aflaHHO [OCTOBEPHOCTLIO.

K undpoBbiM MeTogam OTHECEM Takue, B KOTOPbIX 6GECKOHEeYHOoe
MHOXEeCTBO 3HAUYeHU BXOAHbLIX HEMpepbIBHbLIX CUTHANOB Mpeobpa-
3yeTcs B KOHEYHOE MHOXECTBO AUCKPETHbIX BO BPEMEHM U KBaHTO-
BaHHbIX MO YPOBHI 3HayeHW. pu 3TOM BbIXOAHAA MH(OpMaLua
MOXET OblTb MpeAcTaBneHa B aHanoroBoi (TOYHee NCeBA0AHaNoro-
BOW) chopme.

B HacTosiLLee Bpems B MPaKTUKe AUHAMUYECKUX UCCNeA0BaHMA Yallle
APYTUX UCNOJb3YKOTCA CefYyHOLLINE OCHOBHbIE MeTOfbl aHaI0r0BOW pern-
cTpauum (Analog Recording):

* BUAUMASA 3anuCb Ha NOBEPXHOCTU TBepaoro HocuTens (6Gymara,
nneHka);

* 3aMNUCb Ha MarHMTHOM HOCUTENE;

* XpaHeHMe 3NeKTPUYECKOro 3apsja B AN3NEKTPUKE.
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MepBblii METOZ pPeaIN3YeTCs B CAMOMULLYLLIUX MPUOOpax 1 CBETOMyYe-
BbIX ocuuinorpadax. BTopoii MeTO4 MpefcTaBieH MarHuTorpagamu,
KOTOpble SABMAKTCSA M3MEPUTENbHBIMI NpeobpasoBaTeNiiMu, a He npu-
6opamu; TpeTwuin —aHanoroBbIMU 3aMOMUHAKOLL UMK ocLmanorpadamm.

B HacTosiLee Bpems cpein CPeAcTB aHa/IOroBOM perncTpayumn Hav-
60/1ee LIMPOKO pacnpoCTpaHeHbl 3/1eKTPOHHbIE caMOoMuLyLline npu-
60pbl ANS perncTpayumn pasiMyHbIX CPaBHUTEIbHO MEAJIEHHO MEHSH-
WMXCA BENUYMH (TemmepaTypbl, OTHOCUTE/IbHON BAAXHOCTW, AaBfe-
HWA, 3NeKTPUYECKMX NapameTpoB U ap.). o cmux nop, ecnu TpebyeTcs
PerncTpupoBaTh AOCTATOMHO BbICOKOYACTOTHbIE npouecchl (nonoca
YacTOT COTHM repL, —eAnHNLbI KAI0TepL), NCMOMb3YHTCA CBETOMyYe-
Bble ocuumanorpadbl. B Tex cutyauusx, rae Tpebyercs AnunTensHas MHO-
roKaHa/ibHas permcTpayms, BO3MOXHOCTb paboThl B MOMEBLIX YCI0BU-
X, MPUMEHSIOTCS N3MEPUTE/IbHbIE MarHMTorpagsl.

AHanorosble CpefcTBa perucTpayun nNo CPaBHEHUIO C LMGPOBLIMU
MMEKT pPsif CepPbe3HbIX HEAOCTATKOB: CPABHUTENbHO HEBLICOKYH TOY-
HocTb (1,0...5%), He Bcerga AOCTaTOYHOE YMCNO BXOAHbIX KaHa/oB,
HeBbICOKOE ObICTPOAENCTBUE, HEBLICOKYH HaAeXHOCTb (BCnencTBume
HanMuna MexaHU4YecKux y3/oB), HEBO3MOXHOCTb aBTOMaTU3MPOBaHHOWA
06paboTKM pe3ynbTaToB 3anucu. Kpome TOro, Ux NpakTUYeCKn HeBO3-
MOXHO MCMO/b30BaTb B MHPOPMALMOHHO-U3MEPUTENIbHBIX CUCTEMAX,
cucTemax aBTOMaTU3MPOBAHHOIO YMpaBieHUSs.

OcCHOBHaa TeHAeHUWUS COBPEMEHHON W3MEepUTENbHON TEXHUKN —
peLleHne 3ajay U3MEepeHus, perncTpaymm, aHanmsa LnpoBsIMM Me-
Togamu u cpegcteamun. OAHO U3 BaXKHbIX MPENMYLLECTB LU(POBLIX U3-
MEpUTE/NbHbLIX PErMCTPATOPOB — IErKUI Mepexof OT Mpoueasypb! peru-
cTpaymu K npoueaype aBTOMaTM3MPOBaHHOIO LMpoBOro aHam3a. Ove-
BMAHO, YTO C JanbHEALINM pa3BUTMEM LMGPOBOIA U aHaNOroBO MUK-
PO3NIEKTPOHUKMN (CXEMOTEXHUKUN, TEXHONOTUN), BbIYUCINTE/IbHOW TeX-
HUKW CTOMMOCTb LM(POBLIX pPeLleHnii B Aene perncrpalmm npoLeccos
6yeT 6bICTPO CHMXKaTbCA, 061acTb NPUMEHEHUS LUGPOBbLIX METOAOB U
cpeacTB byaeT pacwimpaTbea. CnefoBaTesibHO, pPO/b aHa0r0BbIX peru-
CTpaToOpOB OYyAEeT M B MOC/MEAYIOWEM MOCTOAHHO YMEHbLUATbLCS.

5.2. CAMOMMWYLWWME MNMPUBOPLI

Kak 1 nokasbliBatoline, aHanorosble camonuuyuime npuodopbl (CM)
pa3fenatoTcs Ha 3/1IEKTPOMEXaHUYECKMNE U 3/IEKTPOHHbIE. ,,

B anekTpomexaHunuecknx CIM MOTyT MPUMEHATLCA Pa3IMYHbIE CUCTe-
Mbl Npeobpa3oBaTeneli 3aNeKTPUUECKON BEIMUMHBI B MEXaHUYECKy0. Ho
yalle BCero —3T0 MarHMTO3MIEKTPUYECKUIA N3MEPUTESIbHBIA MeXaHW3M.

MpuHUWN LelACTBUSA NPOCTEMLLEro 3NeKTpoMexaHmyeckoro (MarHu-
ToanekTpuyeckoro) CI ocHoBaH (puc. 5.1) Ha B3aMMOJENCTBMM MOA-
BMXKHOWM KaTyLWKK (pamMKmK) 3 ¢ TOKOM (NPOMOpLUOHaNbHbIM KUCCneay-
eMOMY CUTHa/y) € MnojieM NOCTOAHHOrO MarHuta 1.
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Puc. 5.1. ¥npouieHHOe YCTPONCTBO 3/1ieKTpomexaHnyeckoro Cr:
1 — MOCTOSAHHBIA MarHUT; 2 — 0Cb; 3 — KaTyluka; 4 — nepo; 5 — fBurarenb; 6 —
6ymara; 7 —CTpeska; 8 — Lukana

[BmxeHne — nosopoT Ha yron a(f) — kaTywku 3, 3akpenneHHown
Ha oCuW 2, MepefaeTcs OTCYETHOMY ycTpoiicTBy (OY), cocToslemy w3
CTPenKn 7 v WKabl 8, a TAKXKe perucTpupytowemy yctpoicTey (PY),
06pa3oBaHHOMY MepPOM 4 1 ABMXKYLLeca 6ymaroli 6. PasBepTka BO Bpe-
MeHW OCYLLEeCTBMSETCA PaBHOMEPHbLIM MepemelLleHneM AunarpammHOi
bymarn 6, 6narogaps BpalleHu0 Bana ABuratens 5.

O606uleHHas CTPYKTypa anekTpomexaHuyeckoro CIT nokasaHa
Ha puc. 5.2, a. BxogHoli curHan OO nocTynaeT B U3MEPUTENbHYHO
uenb ML, B KOTOpOi OCYLIECTBAAKOTCA BCMOMOrartesibHble npeobpa-
30BaHMs (MaclTabmpoBaHMe CUTHanoB, rnpeobpasoBaHUe PasNUYHbIX
BE/IMYUH B TOK), U panee, o6bl4HO B Buae Toka /(f), Ha mn3amepu-
TeNbHbIA MexaHu3Mm VM. BbixogHas BennumHa VIM — yron noBsopoTa
a(f) — onpepgenseT nokazaHna OY W NOMOXEHWEe MULIYLLEro opraHa
(nepa) PY.

Bce focTOMHCTBA 00LIYHOIO MArHWTO3/IEKTPUYECKOTO MexaHu3ma
coxpaHatoTca B CI, HO, Bcnefcteue 60/bLIero Heo6Xo4UMOro Bpa-
Wwakouiero MomMeHTa (NpMymMHa — 3amMeTHOe TPeHUe NULLYLLEro opraHa

a(f) au(t) i_[ oy

X(t) | oy W-1(\?}— yc — PO
718} MM -1
Py
no Py

Puc. 5.2. O606LeHHble CTPYKTYPbI 31EKTPOMEXAHUYECKOTO (@)
N 3n1eKTpoHHoro (6) CI
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0 bymary), notpe6nseTcs 60/bLIas MOLLHOCTb OT UCTOYHUKA MUCChedy-
eMOro curHasa. TUNMYHble 3HaYEHMA K/1acCOB TOYHOCTM 3/1eKTpOMexa-
Hunyeckux CI1 0,5...2,5 %. Nonoca 4acToT PerMcTpupyembiX CUrHaN0B
cpaBHUTENbHO y3kas —0...5 L.

AnekTpoHHble CI1 OT/INYAKOTCA OT 3/IEKTPOMEXAHUYECKMX KaK MO
CTPYKTYype (puc. 5.2, 6), TaK U NO KOHCTPYKUUKN. Knaccnyeckuin mar-
HUTO3NEKTPUYECKUIA N3MEPUTENbHBIA MeXaHW3M 3aMeHeH peBepcuB-
HbIM [BUraTenem, B CXeMe MPUCYTCTBYIOT Pas3/iMuHble aHa/IoroBble U3-
MepuTefbHble nNpeobpazoBatenu (Hanpumep, ycunutenu, npeobpaso-
BaTeNn NepeMeHHOro HarnpsXXeHUs B NOCTOAHHOe U Ap.).

Pa3BepTka BO BPeMeHW BbINOAHAETCS TaK Xe, KaK U B 3/IeKTpOMe-
xaHu4yeckux CI, T.e. 4ONOMHUTENbHbLIM ABUraTesieM, paBHOMepPHO ne-
pemeuialoLnum bymary.

B ocHOBY pab0Tbl 371eKTPOHHbLIX CI1 NOMOXEH NPUHLMN ypaBHOBe-
WwuBatowero (KoMneHcupytowero) npeobpasoBaHns, B COOTBETCTBUM
C KOTOPbIM 3/1eKTPOMEXaHN4YecKaa oTpuuaTenbHas obpaTHas cBsisb (OC)
obecrneynBaeT ypaBHOBELUMBAHME BXOLHOIO CWUrHana, Hanpumep Ha-
npsXkeHnsa Uy(t), MEHAIOLLMMCSA KOMMEHCUPYIOLWMM HanpshkeHnem UKt).

PasHuua AU(t) BxogHoro UY(t) n KomneHcupytowero £k(/) cur-
HafloB NOCTYMNaeT Ha YCUANTENb YC, BbIXOLHOE HanpsHXXeHUe KOTOpPOro
ynpasnseT peBepCuBHbLIM aguratenem PJ. O6pa3oBaHHbI yron noso-
poTa a (/) onpegensieT nokasaHus OY u PY. KomneHcupytolee Hanps-
xeHne £0 hopmmpyeTcst yanom OC 1 MeHseTcst TakKuM 06pa3om, 4To
YMEHbLUAET pasHuLy noTeHumanos J1£/(0 Ha BXofe yCUAUTENs 40 M-
HUMasIbHOT0, Pa3/IMyaeMoro yCcuanTesiem, 3HaueHus.

Y3en OC MoXeT 6bITb peann3oBaH, HanpuMep PeoxopaoM, LBMKOK
KOTOpOoro nepemetyaetcsa sasom PA. dopmupyemoe npu 3TOM KOMMNEH-
cupylollee Hanps>keHune UKt) ypaBHOBELUMBAeT BXOLHOE HamnpsXeHue
UY(t), KoTopoe onpedenseT nonoXeHue ctpenkn OY u nepa PY no
ocu opauHaT K(puc. 5.3).

KayecTBO ypaBHOBELUMBAHUA W, ClefoBaTe/IbHO, METPOIOTUYECKME
(cTaTuyeckue) xapakTepucTUKKU B GOMbLUEI Mepe onpefenstoTca ycu-
NNTENEM YC 1 y310M OTpULaTENbHON 06paTHO CBA3W. [JMHaMMKa 3NeK-
TPOHHbIX CI XapaKTepu3yeTcs BePXHUMW 4acTOTaMU UCCNeAyeMbIX CUT-
HanoB Ao 3HaveHuin 0,5...2 Ty,

Puc. 5.3. Peanunsauus oTpuuaTenbHoNn 06paTHON cBA3M
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B 3aBMcMMOCTM OT HaszHayeHWs npubopa CTPYKTypa M, OCOBEHHO,
BXO/HbIE Lenu MoryT CUibHO pasnnyatecd. Ha puc. 5.4 nokasaHo ynpo-
LLEeHHOe YCTPOWCTBO aBTOMATUYECKOr0 MOCTa AN perucTpanmm nsmMe-
HAKLWMXCA CONPOTMBAIEHWIA (Hanpumep, 4NA 3anucyu TemnepaTypsl C
NMOMOLLbIO TEPMOMETPOB COMPOTUB/EHNS).

Pe3nCTMBHbIA AaTYMK Rx BK/OYEH B MOCTOBYH CxeMy (ypaBHOBe-
LUEHHbIA MOCT), BbIXOLHOE HaNpsXXeHWe KOTOPOW Npu U3MEHEHWUU CO-
MPOTMBMEHUS RxCO34aeT HEKOTOPYH pPasHOCTb MOTEHLManoB AU. Ycu-
NUTeNb YC yCunBaeT 3Ty PasHOCTb M NOJAeT Ha PEBEPCUBHbIN ABUra-
Tenb P[l, KOTOPbIA O4HOBPEMEHHO YNpaBAsieT MOMOXEHUEM CTPesku
OTCYETHOro ycTpoiictea OY, nepa perncTpupyrowero yctpolictea PY
1 NOMOXeHNeM ABUXKKA peoxopia R2. Pa3BepTKy AuarpaMMHON Gymaru
BO BPEMEHM OCYLLEeCTBASET ABurarenu Ar.

Takum 06pa3oM, 6n1arogaps 3NeKTPOMEXaHUYECKON OTpULLATENbHO
06paTHOM cBA3W, pasHMUa noTeHuManoB AU yCTpeMaseTcs, K Hyo,
MOCT aBTOMAaTU4YeCKU ypaBHOBELUMBAETCH, NokasaHus Ha OY un PY
NponopLUOHanbHbl CONPOTUBAEHUIO RX U, CNefoBaTeNbHO, M3Mepse-
MOV Benn4mnHe.

CyuwecTByeT 60onbluoli knacc CI, cogepxallmx npeobpasoBaTenu
BXOZHbIX NEPUOANYECKUX HANPSAXKEHUA N TOKOB B NOCTOSIHHbLIE 3HaYe-
HMA (YacTO — B CpeAHMe KBagpaTuyeckne). He cnegyet nyTaTb 4acToT-
Hble CBOWCTBa BXOAHbIX npeobpa3oBateneit Takmx CIT (06bIMHO — A0
eAVHUL, — [eCATKOB Kuaorepy) ¢ AMHaMUYECKUMU BO3MOXHOCTAMU
COBCTBEHHO MexaHu3Ma (00bIYHO — efMHULbI repL).

AHTN0A3bIYHbIE TEPMUHBI 3TOr0 Knacca permctpatopos: Recorder,
Paper Recorder, Y— T Recorder.

B HekoTopbix Mogensx CI npumeHseTcsa TepMmuyeckas (TennoBas)
peructpauus. MNpu aTom PY npefctaBnseT co60M HarpeTblid CTEPXXEHb
(TennoBoe nepo), KOTOPbI/A, MepemMeLlascb, BO3[ENCTBYeT Ha repmo-
YyBCTBUTENbHbIA HOCUTENb (TepMoGyMary), ocTaBnsas BUAMMbIA cnep,.

BbicTpogelicTBytoWwme camonuwyime npubopbl (BCI) B oTanume
0T 06bI4HbIX CI1, nmeloT 60nee BbICOKOE ObicTpogelicTBMe. HegocTa-
TOYHO XOpoLas AMHaMuKa 06bl4HbIX CI 3acTaBmMna NCKaTb KOHCTPYK-
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TUBHbIE U TEXHONIOTMYECKME peLleHuns, obecrneyunsatowme 6onee wWun-
POKYH MOM0CY 4acToT. B OCHOBE 3TWX peLLeHmnii iexar UCnoib30BaHue
YBE/IMYEHHOT0 NPOTUBOLEWCTBYIOLLErO MOMEHTA U CO3HATENbHOE YMEHb-
LeHMe pasmaxa (amnauTydbl) KofebaHUn MOoABMXKHOI YacTu. Juana-
30HbI YacToT uccnegyembix curHanos B BCIT 0... 150 My. CyuwectByet
pasHoBuAHOCTb BCIT, 0OCHOBaHHas Ha CTPYIAHON 3anuncy (OTKNOHEHME
MEHSAIOLLUMCS 31eKTPUYECKUM MOJIEM 3aPSXKEHHOM CTPyM Kpacku). Ta-
Kne npubopbl 0becrneymBatoT elle 60M1ee BbICOKME AMHAMMYECKME Xa-
pakTepucTukm (Ao 2 ky), 6narogaps MeHbLUER, YEM B MeXaHWYECKOW
CMCTeMe, Macce NOABWMXHOW YacTh (CTpymn). OA4HaKO 13-3a CBOEI CNOX-
HOM KOHCTPYKUMWU W cneuupukn o6Cny>KMBaHUSA OHW pacnpocTpaHe-
Hbl He TaK LUMPOKO.

[ByxKoopanHaTHble camonuwywime npubopsl (4CIM) npefHasHaye-
Hbl B OCHOBHOM [N151 MOCTPOEHUA (hYHKLMOHAMbHbLIX 3aBUCUMOCTEN Me-
HAKLWNXCA CMTHaMOB X(t) U Y(t). Takoid NpmbOpP MOXET BbICTynaTb B
ponu xapaktepuorpada, WHCTPYMeHTa A/ MOCTPOEHUs, Hanpumep,
3aBUCUMOCTW BXOL—BbIX0[, Pa3/INHbIX YeTbIPEXNOIOCHUKOB.

KoHcTpykumsa ACIM (puc. 5.5) obecneynBaeT nepemeLLeHme nepa He-
3aBMCKUMO MO0 ABYM KoopAauHatam (Yu X). KapeTka 7, Ha KOTOpOIA 3akpen-
NeHo nepo (thnomacTep, CTEKAAHHbLIA Kanunnap, KapaHgaw u 1.n.) 6,
6narofaps peBepcUBHOMY ABUraTeNto 3 U HepacTSXKUMOW HUTK, ABU-
XETCS Mo peiike 2. 3TO onpefenseT MNOMOXEHMe Mepa N0 OCU OpAUHAT
(ocy Y). Peiika 2 ¢ pacrnonoXeHHOW Ha Heil KapeTKOW 1 MOXET nepe-
MeLLaTbCa napan/ienbHO-MocTynaTensHO Npy BpaLleHUn Basa BTOPOro
PEBEPCUBHOIO fBUraTens 4', 4To onpefenseT NosoXeHWe nepa no ocu
abcumcc (ocm X). Jluct 6ymarn 5 B 3TOI KOHCTPYKLUMUW HEMNOABVKEH K
MO OKOHYaHWW perucTpaLmm HeceT [BYXKOOPAUHATHOe N306parkeHue.

CtpykTypa ACI copepXuT ABa 06bIYHO MAEHTUYHbIX KaHana ypas-
HOBeLLMBatoLLLero npeobpasosaHna Y(1) u X(t), KoTopble 06ecneynBaroT
OTK/IOHEHMA, COOTBETCTBEHHO, N0 OCAM opaunHat u abeyumcce (puc. 5.6).

[OunHamunueckune xapakTepuctu-
ku ACI1 aHanornyHbl xapaxktepu-
CTUKaM 3NeKTPOHHbIX CIT.

CyuiectByer pasHOBUAHOCTb
KOHCTpyKummn A,CI1, B KOTOpOi no
O/lHOW M3 OCeli NepeMeLLaeTcs MUCT
6ymaru (puc. 5.7)

Mpn 3TOM peilka 2 C 3akpen-
NEHHbIM Ha Heli peBepCUBHbLIM [1BU-
ratenem 3 HenoaswxHa. o pelike

Puc. 5.5. KOHCTpyKLUma aByxkoopau-  MEPEMELLaeTcs Kapetka 1 ¢ nepom 6

HaTHOrO caMonuLLyLLEero mpubopa: (Kak v B MmpefplaylieM BapuaHTe),
| — kaperka: 2 — pefika: 3 — pesepcus-  YTO OMPE/ENAET MONOXeHMe Mnepa

HbIil gBUraTens ocu K 4 —pesepeuBHblii M0 OCKM Y. A MOJI0OXKEHMEe nepa oT-
ABuratens ocu X; 5 — Gymara; 6 —nepo  HOCUTENbHO iucTa Bymaru 5 no ocu
(bnomactep) X onpegensieTcs nepemelieHneM
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Puc. 5.6. Ctpyktypa 4CT1

CO6CTBEHHO NincTa 5. ATy (hYHKLMIO BLINOSHAOT PEBEPCUBHBIN ABUTa-
TeNb 4 ¥ NPUXUMHbIE POAUKK 7. OKOHYaTeNIbHbIA pe3ynbTaT pernucT-
pauunn TOT e — ABYXKOOpANHATHOe m3obpaxeHne (Y—X). HekoTo-
poe NPeMMyLLEeCTBO MOLOOHOW KOHCTPYKLUN 3aKNHYAETCH B MEHbLLEN
MeXaHWYeCKON MHEPLUMOHHOCTM TpakTa X, MOCKO/IbKY Macca nepeme-
LaemMoro nucta 6ymarn MeHblle CYMMapHOWM MacCbl peiku, 3a-
KPEenjeHHOro Ha Hell ABuUraTtens M KapeTky C Nnepom.

[BYyXKOOpPAWHATHBIA caMonUWyLWUin Nnpubop MOXKeT ObiTb UC-
nonb3oBaH U B pexume obblyHOro CI (pexum Y—T). Ona aToro
BMECTO KaHana (06blY4HO CMEHHOro 6510ka) X{t) MCMoAb3yeTCa KaHan
(cMeHHbIV 610K) pa3BepTbIBAOLLEr0 NIMHENHO WU3MEHSIOLWEerocs Ha-
NPSOXKEHUS.

Mpumepom oTeyecTBeHHOro ACI MoOXeT cnyuTtb npuéop H-306,
BbINycKaBLUMWiica cepuitHo MO «KpacHogapckuii 3UM».

OcHoBHble xapakTepucTukm ,CIMN H-306

PEXUM PABOTBI ..ottt Y—X, Y—T
Pa3smep padoyero MOSA, MM .....ccoiriirrienenenieneeesie e 200x300
Pabounii gnanasoH YacTOT, T L. 0.1
UyBCTBUTENTBHOCTb, B/CM .ot 0,05... 10
KoapdnumeHT passepTkn (pexxum Y—T), C/CM ............ 0,25...50
MakcmmanbHass CKOpOoCTb MepemeLleHus nepa, MMm/c..... 750
CTaTnyecKas MOrPELUHOCTD, Y0..ccciiiiiiireeeeeneee e +(0,5... 1,5)

Yncno CMeHHbIX PYHKLNOHANbHBLIX 610K0B 6

CyLiebTBYIOT YCTPOCTBA, BHelHe noxoxue Ha A CI, Tak Ha3biBa-
eMble nnbTTepbl (Plotters), BXOAHbIMW CUTHaNamu Anas KOTOpPbIX Cny-
XaT undposble (foruyeckue) curHansl. MNoTTep He ABASETCA B NOJ-
HOM CMbIC/le U3MepuUTe/IbHbIM NPUOOPOM, a BbICTYMNaeT B KaYecTBe ne-
puthepnitHoro YCTPOCTBA rpaguueckoro BbiBOAa ANt CPEACTB BblUMC-
NUTENbHON TEXHUKM.

B HacToALLlee BpeMa LLMPOKO pacnpocTpaHeH ellie 0gMH CaMoCTOosA-
TeNbHbIA Kflacc nNpubopoB, KOTOPble MOTYT BblfaBaTb pe3y/bTaT peru-
cTpauuun B Buie AvarpaMmMbl CUrHana Ha 6ymare — LngpoBble N3MepU-
TeNbHble peructpatopbl (Transient Memory Recorder, ADC Recorder).
Ho BHYyTpeHHee cofiep>kaHue Takux npubopos coBepLUeHHO apyroe. Oc-
HOBHbIMW y3/1aMU KX ABAAKOTCA aHanoro-uugpoBoii npeobpasoBaTesb
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Puc. 5.7. BapuaHT KOHCTPYKLUNN ABYX-
KoopauHaTtHoro CrI1:

| — KapeTka; 2 — peiika; 3 — peBepcuB-

HbIli ABUraTenb ocn K 4 — peBepCUBHBbIN

agurartens ocu X; 5 — 6ymara; 6 — nepo

(dnomacTep); 7 — NPUKUMHBbIE PONUKU

(ALM) n goctaTtouHOo 60/1bLIOI0 06beMa 3anoMUHaloLLee YCTPOUCTBO.
Monoca 4yacToT NccrefyeMblX CUTHaI0B Y TaKMX PErncTpaTopoB onpeje-
nsietcs obicTpogeicTenem ALLM 1 3HaUMTeNbHO LWnpe (MOXET JOCTMraTb
e4NHNL—OeCcATKOB Merarepl,). 3apermcTpupoBaHHbIil MacCuB KOAOB 3a-
Tem npeobpasyeTcsi B rpauuecknii 06pas BXOAHOr0 CUrHana Ha Gymare.

5.3. CBETOJIYYEBbIE OCUWMI/IOITPA®bI

[dnHamuka ceeTonyuesblx ocuunnorpagos (CJ/10) cyLlecTBEHHO NyY-
e, YeM y camonuuwyumnx npuéopos CIM, NOCKONbKY Macca NoABuX-
HOW YacTu (paMKn) ocumnnorpadgumyeckoro ranbeaHometpa CJ10 cyule-
CTBEHHO MeHblUe Macchl KaTywku unn poTtopa gsuratens CI. MoHAT-
HO, YTO OTK/IOHATbL MOTOK CBETA flerye, YeM NOBOpayYnBath CTpenky OY
1 Tem 6oniee NULWIYLLKIA opraH (HanpuMep, CTEKNSHHbLIA Kanunnsp) PY.
B ocHoBe CJ10 (puc. 5.8) NeXKWT KNacCUYECKNA NPUHLUM MarHUTO3/EK-

Puc. 5.8. YCcTpoiicTBO CBETOTYHEBOr0 ocLuiorpada:

| — VUCTOYHMK cBeTa; 2 — KOHAeHcop; 3 — anagparma; 4 — 3epKaso; 5 — MOCTOSAHHbIN
MarHuT; 6 — pamka; 7 — nonynpospayvHoe 3epkKano; 8 — cotonseHka (poTobymara);
9 — 3epKasibHbIii MHOFOrpaHHUK; 10 — maToBbIli 3KpaH
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TPMYECKOr0 MexaHu3ma — B3aMMOAENCTBME TOKAa paMKu 6 raibBaHo-
MeTpa C MoJfieM MOCTOAHHOr0 MarHuTa 5. Pamka BUCWUT Ha HaTAHYTbIX
YMPYrKX pacTsHKKax, Ha O4HOM 13 KOTOPbIX 3aKPEMNIEHO KPOLLEYHOE 3ep-
Kano 4 (06bI4HO Kycouek honbrun). MoBopoT paMKn (K, cnefoBaTeNbHO,
3epKanblia) NPUBOAUT K OTKNOHEHMIO NOTOKa CBeTa, Majatollero Ha
3epKasible, U K OTK/IOHEHUIO CBETOBOr0 MATHA HA CBETOYYBCTBUTE/b-
HOM HocuTene (thoTobymare unn QOTONIeHKe) 8 U/MAM MaTOBOM 3Kpa-
He 10. Pa3BepTKa BO BpeMEHMW OCYLLECTB/ISETCA PaBHOMEPHbLIM [BUXe-
Huem HocuTens (bymaru, NieHKW) W BpalleHUeM 3epKa/ibHOro MHOro-
rpaHHuMKa 9. NoToK cBeTa (CNEKTP KOTOPOro 00bIYHO CMELLEH B y/bTpa-
thronetoByto 061acTb) POPMMPYETCHA UCTOYHMKOM 7, KOHAEHCOPOM 2
(3agava KoTOpOro — (hopMUpoBaHMe napannensHoOro NoToka U3 pacxo-
Jswerocs) u guagparmont 3 (npefHasHauYeHHOWN A9 «BbIPe3aHNs» Y3KOro
nyyka 4N KaKAoro oTAeNbHOro raibBaHOMeTpa — KaHasna).

Ocuunnorpadgmyeckuin ranbeaHometp (OI') — Oscillographic Galva-
nometer — COAEepPXNUT paMKy, pPacTsXKW, TOKONOLBOAbI, 3epKable. OH
BbIMOMIHEH B BUAE Hepa3bopHOW KOHCTPYKUWMW W NpeAcTaenseT coGoii
MUHWATIOPHBIA LMAMHAP AnnHOR 60...90 MM 1 gnaMeTpoMm 4. .6 MM, B
KOTOPOM MMeeTCs Npo3payHOe OKHO 4715 Y3KOro rnotoka ceeta. Kopnyc
Ol BbINO/IHEH U3 HEMArHUTHOrO MaTtepuana, Ho B HEr0 BCTPOEHbLI afe-
MeHTbl 06LLEero MarHUTonpoBsoga. B cnyyae ncnonb30BaHUA XULKOCTHO-
ro ycrniokoeHus kopnyc OI" 3anonHeH HeopraHWYecKol NPo3payvHon Xua-
KOCTbHO, 06nagatoLLeil onpegeneHHON BSA3KOCTbIO.

CseTonyyeBble ocuMINOrpafbl — MHOroOKaHa/bHble NpUoopsl, Mo-
3aToMy cofepxXaT Heckonbko OI (Hanpumep, 12).

KoHCTpyKTMBHO BCe Ol 06beAMHEHbI 06L MM MarHMTONpoBoaoM. Pac-
nonoxexve Ol B 06wwem marHuTonposoge CJ/1IO nokasaHo Ha puc. 5.9.

BaxHOI xapakTtepuctukoit O fBNSeTCSH ero 4YyBCTBUTENLHOCTH S,
KOTOpas onpefensercsd OTHOLEHMEM OTK/IOHEHUS NATHA HA POTOMN/IEHKe
(bymare) wnm Ha sKpaHe K TOKY, BbI3blBalOWEMY 3TO OTK/IOHEHMeE.
OTK/NOHEHWE NATHA 3aBUCUT He TOMbKO OT Tekyulero B O TOKa, HO U
OT «A/IUHbI fly4ya», T.e. OT PacCTOAHWA OT 3epKasbla 40 naeHkn (byma-
rn)'mnu go skpaHa. NMoaToMy NPUHATO NPUBOAUTL 3HAYEHUWE YYBCTBU-

Puc. 5.9. Pacnonoxe-
HU1e ralbBaHOMETPOB B
MarH1TOonpoBoge
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Puc. 5.10. NMpumep 3anucu curHana

TENbHOCTM K A4/IMHE fiyda L = 1 M. [03ToOMy pasmepHOCTb YyBCTBUTE b-
HOCTU BbIFNAAUT, Hanpumep, Tak: S = 20 mm/(MA-M). NHorga B nac-
NOPTHbIX AaHHbIX OF 3agaeTcd obpaTHas YyBCTBMTE/IbHOCTU BENNYU-
Ha — nocTosiHHaa Ol. 3Has 3HauYeHne YyBCTBUTENbHOCTU U UMes pe-
3ynbTaT perucTpaunmn, MOXHO OrnpefennTb TeKyllue 3HaYeHUs TOKa,
npotekaswero B O BO BpeMa akcnepumeHTa. Ecnm ¢ nomowbio C/10
3aperucTpmpoBaH HeKWi CUTHasn, W3BECTHbl 3HAYEHWS YyBCTBUTE/b-
HocTn Ol 1 ckopocTu ABMXEeHUS (oTonneHkn (6ymaru), TO MOXHO
HaTW ero OCHOBHble MapameTpbl. Ha puc. 5.10 npuBefeH npumep 3a-
M1UCU HEKOTOPOTrO NepexofHOro npouecca M3MeHeHUs ToKa.

MpeanonoXKmMM, YTO HaC UHTEPECYIOT aMnIUTYHOe 3HadeHue /,, u
nepuog T KonebaHWn 3T0ro curHana. JInHenHble pasMepbl 3TUX Napa-
METPOB Ha fmarpaMme paBHbl, COOTBETCTBEHHO, 40 n 100 mm. Yys-
cTBUTeNbHOCTL OI mM3BecTHa: S= 20 MM/(MA-M), CKOPOCTb ABUXEHUS
thotonneHkn v = 500 mm/c, gnnHa nyda L = 1 m. MNpeHebperas BceMM
MOrpewwHOCTAMM, HalijeM UHTepecytoLLue Hac napaMeTpbl. AMAANTYA-
Hoe 3HauyeHue Toka Im= 40 MM-MA M/(20 Mmm -1 M) = 2 MA. Mepuog
konebaHuin curHana paseH T = 100 mm-c/500 mm = 0,2 c.

XapakTepucTUKN HEKOTOPbIX Mogenelt cepuitHbix O

TUN TaNIbBAHOMETPA. .eceiieieienieierie e M 004-7 M 042-30
Cob6cTBeHHas vactota FO, Ml 7000 45 000
Pa6ounin ananasoH 4acTtoT, [ L .....cceveennen, 0...5000 0...30000
UyBCTBUTENBHOCTL S, MM/(MA-M) ..o 20 0,2
BHyTpeHHee conpoTuBfieHne, OM.......ccc..... 16 200
MakcMasibHbI/ fONYCTUMBIA TOK, MA......... 130 30

Bbi6upas OI 415 3KCnepuMeHTa, Npexae BCero cneayeT pyKOBOACTBO-
BaTbCA €ro aMNNTYAHO-4aCTOTHOI XapaKTepUCTUKOA. ITO 0COBEHHO BAXKHO
MpW MCCnefoBaHUM HECUHYCOMAAbHBIX MPOLLECCOB C BbICLUIMMI FapMo-
HUKamMun. 3aTeM ONpeAensitoT HEOOXOANMYHO YyBCTBUTENLHOCTb ANS NONY-
YeHWs Ha fuarpamme amMmnanTyAHbIX NapaMeTpoB JOCTAaTOYHOIO pasMepa.
Ha 3ToM 3Tane MOXeT BO3HWKHYTb MOTPeGHOCTb MPUMEHEHUS LYHTOB
1M J06aBOYHbLIX COMPOTUBNEHNIA. W, HaKOHeLl,, 3a/iatoT TaKyt CKOpPOCTb
ABVDKEHMS| HOCUTENs, KoTopas 06ecrneynmT HOpMaslbHOe BOCMpPOW3Bese-
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HVe BPEMeHHbIX NapameTPoB U B TO XKe YpeMsi MO3BONUT 3anucatb gpar-
MEHT mpoLiecca LOCTaTO4YHOW NMPOAOMKUTENBHOCTH.

OcHoBHbIe gocTomnHcTBa CJIO:

* MHOFOKaHanbHOCTh (0 30 CMrHaoB MOrYT PerMcTpupoBaThes 0f-
HOBPEMEHHO);

* BO3MOXHOCTb MOMYYeHUS TBEPAOIN KONUM UCCNeAyeMbIX CUTHAO0B;

e wunpokasa (no cpaBHeHuto ¢ CI1) nosoca 4acToT UcciegyembiX
curHanos (go 30 kIu);

* OTCYTCTBME MEXaHWYEeCKOro KOHTaKTa PerucTpupyroLLero opraHa
1 HoCUTENs.

OcHoBHble HegocTaTku CJTO:

* C/IOXKHOCTb ONTUKO-MEXaHUYeCKON KOHCTPYKUUY U, cnefoBaTe lb-
HO, CpaBHUTE/IbHO HEBbLICOKAA HaJEXHOCTb U BbICOKAs CTOMMOCTS;

* HeBbICOKasi TOYHOCTb MOJyYaeMbIX pPe3ynbTaToB (e4MHULbI MPO-
LIeHTOB);

* y3Kas (N0 CpaBHEHWIO C 3/IEKTPOHHO-MYyY€eBLIMU Ocuuanorpaga-
MW M MarHutorpaamu) nonoca 4acToT CUTHA/OB;

* HEO6X0AUMOCTb CreunanbHbIX PacXoAHbIX MaTepuanos (hoTobyma-
M UAN NNeHKn) n (MOXET ObITb) AOMONHUTENBHOW UX 00PabOTKY;

* CpPaBHUTENbHO 6ONbLUAS MOLLHOCTb MOTPE6AeHNS OT NCTOYHUKA
nccnegyemMoro curHana.

AHrnossblvyHas tepmuHonorua CJIO — Oscillographic Recorder,
Ultra-Violett (U-V) Recorder.

5.4. NBMEPUTE/IbHBIE MATHUTOIPA®bI

B oTnnume oT npefblLyWinX pernctpaTtopos, U3MepPUTENbHbIE Mar-
HuTorpathel — MMTI™ (Magnet Tape Recorder, Tape Recorder) — sB-
NAKTCA He npubopamu, a M3MepuTeNibHbIMU Npeobpa3oBaTensamm, no-
CKOJ/IbKY HE UMEIT OTCYETHbIX YCTPONCTB (MHAMKATOPOB).

MpUHUUN MarHWTHOW 3anucK (puc. 5.11) oCHOBaH Ha BO3[ENCTBUN
MarHUTHOro nons (06pa3oBaHHOr0 MepeMeHHbIM TOKOM) Ha MOMoXe-
HMe MarHUTHbIX JOMEHOB B MaTepuane HocuTens (fieHTe, MPOBO/OKe).

OCHOBHbIM 3/1EMEHTOM MAarHUTHOW rOMIOBKW ABAAETCA MAarHUTONpPO-
BOJ, C HAMOTaHHOM Ha Hero KatyLwkoi (cM. puc. 5.11, a). Mpu npoTeka-
HUKN nepemeHHoOro Toka /(/) B KaTyllKe B MarHMTOMNPOBOAE BO3HMKAET
MarHuWTHbIA NoToK (0- MarHMTONpoBOA4 MMeeT He6OMbLIOK BO3AYLL-
HbI1 3a30p, B KOTOPOM 3aMbIKQlOTCSi MarHUTHbIE CU/I0BbIE IMHUW MNO-
TOoKa (/). TOT BO3AYLUHBIN 3a30p CONPUKACAETCA C MAarHUTHLIM HOCU-
Tefem, JOMeHbl KOTOPOr0 pearupytoT Ha MarHUTHbIA NOTOK M MEHSOT
(» 3aTeM cOXpaHsAT) CBOE MofoXKeHWe. TakuM 06pa3om, ec/in HoCU-
Te/flb PABHOMEPHO NepeMeLLaeTcs, Ha HeM 3anoOMUHaKOTCA BCE M3MeHe-
HWUA BO BPEMEHW MarHUTHOrO Nons B 3a3ope. M0CKOJ/IbKY COBPEMEHHbIE
MMI, Kak npaBunno, MHOroKaHafbHbl, TO MarHUTHbIE TO/IOBKW 3anu-
cn (I3) copepxar HeCKOMbKO OTAE/bHbIX CAMOCTOATE/IbHbIX 3/IEMEH-

151



["onoBKa

Puc. 5.11. MarHuTHas 3anuchb:
a — NPUHUMN [eicTBYS; 6 — peanmsaums

TOn (MarHMTONPOBOAOB C KaTylkKamu) — puc. 5.11,6. Mo3ToMy Ha HO-
cutene (MarHMTHOW NleHTe) NpW 3anucu uccniefyemoro npouecca op-
MUPYIOTCA HECKOJ/IbKO HEe3aBUCUMbIX JOPOXEK C CUHXPOHHO 3anucaH-
HbIMW BXOZHbIMU CUTHAMaMMU.

FonoBkn BocnpousBefeHus (FB) Mo KOHCTPYKUWMW aHaNOrn4Hbl
ro/loBKaM 3anucu, HO WX 3ajadya BOCMPUHATL MHMOpMaLMI0, coxpa-
HeHHYI0 Ha HocuTene. PacnonoXeHne MarHUTHbIX JOMEHOB Ha HocuTe-
Ne XpaHWT 3anucaHHyl0 UHGOPMaLUIo, KoTopas U BOCMPUHMMAETCA
'B. i3MeHeHMA BbIXOAHOro curHana B nponopuMoHanbHbl U3MeHe-
HUAM paHee 3anmcaHHbIX BXOAHbIX TOKOB /(/).

B aHanorosbix MM npuMeHAOTCA ABa crnocoba MarHUTHOM 3anucu:
npsmMas 3anuce (Direct Recording — DR) 1 3anucb MOAY/IMPOBaHHbIM
(vawe yacToTHO-MOAyNMpoBaHHbIM — YM, Frequency Modulation —
FM) curHanom.

Mepsbiit cnoco6 (NpsMas 3anuck) ob6ecneynBaeT NPOCTOE YCTPOMCT-
BO (puc. 5.12, a), HO MMeEeT HeKOTOPbI/i HeLOCTaTOK — Mo/0ca YacToT
nccnefyemMbiX CUTHa/IOB HAYUMHAETCH He C HY/s, a C HECKOJIbKMX COTeH

/,, s

Puc. 5.12. MarHuTorpade nNpsiMoi 3anuceHo:
a — YNpPOLLEHHasA CTPYKTYpa; 6 — XapaKTepucTVKa npeobpasosaHus
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Puc. 5.13. MarHuTorpad ¢ 4acTOTHO-MOZY/IMPOBaHHON 3anuChHO:
a — ynpouieHHasa CTpyKTypa; 6 — xapakTepuctuka npeobpasoBaHus

repy (puc. 5.12, 6), NOCKONbLKY Npon3BoaHas (T.e. U3MEHEHME BO Bpe-
MeHW) MarHMTHOro MOTOKA Ha HU3KMX Y4acToTaxX HeA0CTAaTOUYHO BeNnKa
N5 BO3AEWCTBUSA Ha MAarHUTHbIE LOMEHbI HOCUTENS.

BTopoit cnoco6 (4aCTOTHO-MOAY/IMPOBaHHAaA 3anmcb) OCHOBaH Ha
nepeHoce CnekTpa BXOAHOro CUrHana B 06nacTb 60/1ee BbICOKMX Yac-
TOT, noatomy MI ¢ UM-3anucbo MOryT perucTpupoBats MefsieHHO
MeHsAwWwmecs (M gaxe NOCTOSHHbIE) CMTHanbl (puc. 5.13).

BepxHss rpaHuua nosiockl 4acToT B 060MX BapuaHTax NpPUMepHO
O[lMHAKOBa W COCTaBNAeT AeCATKM — COTHU KWOrepL, unu fgaxe eiu-
HULbI Merarepl,.

XapaKTepPUCTUKN MPUMEHSIEMbIX B HbIHELLHEN NpakTuke MMI BeCb-
Ma pa3Hoo6pasHbl. CKOPOCTb ABMXKEHUS NIEHTbLI: OT e4MHUL, MUIIUMET-
POB B CEKYHAY [0 eAMHUL, MeTpOoB B CeKyHAy. LLImpuHa neHTbl (guma-
MeTp MPOBOMIOKMW): OT fJONel MWUANUMETPa A0 eAVHWL, CaHTUMETPOB.
Bpems BO3MOXHO perncrpauun: oT LONIe CeKYHAbl A0 HECKOJSIbKMX
CYTOK. Macca yCTpOoiCTB OT COTEH rpaMMOB 0 eAVHUL, KNIOrpaMmMOoB.

OcCHOBHbIe focTONHCTBA VIMI™:

e MHOTOKaHanbHOCTb (A0 40 KaHanoB OJHOBPEMEHHO 3anucu);

* BO3MOXHOCTb PaboTbl B MOJSIEBbLIX YC0BUSX;

* CPaBHUTENLHO LUMPOKWUIA AMana3oH 4acTorT;

* ANNTENbHbIE UHTEPBA/bLI perucTpauuu;

* 60NbLUME 06BbEMbI PEFUCTPUPYEMOI MHOPMALWN;

* ANNTENbHOE 3HEeproHe3aBUCUMOE XpaHeHWe 3anucaHHol UHMop-
Mauuu.

OcHoBHbIe HegocTaTku VIMI:

* CPaBHUTE/IbHO HEBbLICOKAsA HALEXHOCTb BCELCTBME HaIMuua Me-
XaHWYeCKnX y3/oB.;

* HEBO3MOXXHOCTb HEMOCPEACTBEHHOI0O HabMIOAeHNA 3aperncTpupo-
BaHHbIX CUTHaN0B (OTCYTCTBME BMAUMOIO M306paXKeHNS CUTHANOoB);

* CPaBHUTENLHO HEBLICOKAs TOYHOCTb.
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OCHOBHble TexHUYeCKune xapakTepucTukn marHuTorpada M 046,
CepuitHO BbiMycKasLuerocs B Poccum

PEXUM BAMUCU oo Mpamvas; YM-3anucb
LLIMprHa MarHUTHOM NEHTbI, MM .oceeerrerieerenne 12,7
Pa6ounii suanas3oH 4acToT (MpsiMasi 3arnuchb),

KL e 0,3..64
Pa6ounii gnanasoH yactoT (UM-3anucs). Kru 0...16
CKOpOCTb ABUXXEHUS NIEHTbI, CM /C 9.5; 19; 38; 76

UNCNO KAHAMOB.....ecectiieeiee ettt 7

OTMeTUM, YTO Hapsigy C YMCTO M3MEepUTebHbIMK 3agadamun UM T
NCMOMb3YKTCA TaKKe B KAUECTBE TaK Ha3blBa€MbIX YEPHbIX ALWMKOB Ha
60pTy cam0/1eTOB 1 Kopabnei. Mpu 3TOM OHW PErMCTPUPYIOT Pa3HOOo6-
pasHyl MHGOPMaLMo 0 COCTOSSHUM OCHOBHbIX arperatoB, Bce KOMaH-
[bl 1 MeperoBopbl 3KMNnaxa ¢ 0OCHOBHOI 6a3oii.

CyuiecTByeT pasHOBUAHOCTb MarHUTHbIX PErMCTPaTopoB, WUCMOfb-
3yHOLWMX MPOMEXYTOYHOE aHanoro-unppoBoe npeobpasoBaHME WUC-
CNneflyeMoro curHana v nocneayowyo LMGpoBy0 MarHUTHYHO 3anuch.
B aTux annapaTax MeTpONOrus onpeaensieTcs He TOMbKO aHa0r0BbIMM
npeobpa3oBaHMAMMN CUTHaNa, HO U XapakTepucTukamm ALLM, nosTo-
MYy OHW 6AMXKE K LU(POBLIM U3MEPUTENIbHbIM PerncTpaTopam.

5.5. AHA/TIOFOBBIE 3ANOMUHAIOLLVE
OCLMNNOrPADbI

Mo npusHakaM BBeLEHHOr0 paHee MOHATUA «PerucTpauus» aHa-
norosble 3anomuHarowme ocuyunnorpagbl (A30) OTHOCATCS K peru-
CTPUPYIOLWMM CpeacTBaM W3MEpPEHUs, XOTA 3TO U HeobLenpusHaHo,
BUAMMO, MOTOMY, YTO AAUTENBHOCTb XPaHEeHUs UHGOpMaLun Hepo-
CTaTO4YHO BenMKa. [1Ba NpocTbIX PU3NYECKUX MPMHLMNA NIEXKAT B OCHO-
Be geictBus A30; fiBNeHNE BTOPUYHON 3MUCCUUN 3/IEKTPOHOB U3 AU-
3NeKTPUKa «MULLIEHM» W AOCTATOYHO ANUTE/NIbHOE XpaHeHWe 3apsja B
AN3NEKTPUKeE.

Mo ycTpoWcTBY 3anOMMHalOLaa 3/eKTPOHHO-y4YeBas Tpyoka
(39/1T) — Storage X-Ray Tube — oTnnyaetcsa ot 0bbiyHol /1T Ha-
Anyvem (NOMUMO OCHOBHOI) AONOSIHUTENbHbBIX 3NEKTPOHHO-YYeBbIX
nywek ((POpMUPYIOLWMX paccesiHHble MOTOKN MeA/IEHHbIX 31EKTPOHOB),
a Takke AOMOSIHUTENbHbIX 3/1IEKTPOAOB — «MULLEHW» U KONMEKTOopa.
«MuLleHb» pa3melleHa MeXay BHYTPEHHel MOBEPXHOCTbIO (TIFOMUHO-
(hopom) 3KpaHa M KONMEKTOPOM W NpeAcTaBnsieT cob60lii MeNKoCTpyK-
TYpHYtO (A4elikun pasmepom 0,1...0,2 MM) MeTaN/IMYECKYHO CETKY, MOo-
KPbITYI CMOEM AM3neKTpuka. MoTeHUMan MULWEHN OTpULATeNbHbIA 1
COCTaB/ISI€T HECKO/TbKO COTEeH BO/bT. KonnekTop Takxke npeacTaBnsier
coboii MeTanIMYeCKyto ceTKy (war 1...2 MM), KOTopasi UMeeT Heb60o/b-
WOW (COTHW BOALT) MOMOXWUTENbHbIA NOTEHLMAn.
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Paboty 33/1T ygo6HO npefcTaBUTb ABYMS (hasaMu: nepeas — hasa
3anomMuHaHus (COGCTBEHHO perucTpauusa), BTopas — asa cUMTbiBa-
Hus. B nepBoitl (hase, HanoMuHalowWel felicteue o6blyHONM AT, co-
KYCUPOBAHHbIA MOTOK 3/1EKTPOHOB (OCHOBHOWN MOTOK) C 60/bLUIONA
CKOPOCTbIO MonajaeT Ha MULIEHb W BbIGUBAET B MecTax yjapa BTO-
pyYHbIe 3NEKTPOHbI, KOTOPble cOGUPAIOTCSH KONMNEKTOpOM. Yuncno Bbl-
OUTbIX 3NEKTPOHOB 3HAYMTE/IbHO 60MbLUe, YeM ynaBwux (Koadpuum-
EHT BTOPWUYHOW 3MUCCUM ropas3fo 6onblie efuHULbI), NO3TOMY Ha
MULIEHN B TOYKax MOMajaHusa 0CTaeTcsi MOMOXUTENbHbIA 3apsad. Cneg
OCHOBHOIO MOTOKA 3NEKTPOHOB 006pa3yeT TPaeKTOPWUIO MOMOXUTEb-
HbIX 3apAf0B Ha MOBEPXHOCTU MULLEHW, HecyLlylo WHGpopMauunio o
nccnesyemom curHane.

Bo BTOpOi1 (hase MuLLEeHb 06/TyHaeTCs pacCesHHbIMU NOTOKaMUN Mef-
NEHHbIX 3M1EKTPOHOB, ANS KOTOPbIX TPAEKTOPUSA Ha MULLEHWN SAB/SETCS
Npo3payYyHoii, a BCA MULIEHb (OTpMLIATENbHO 3apsiXKeHHas) Hemnpo-
3payHa. Takum ob6pa3oM, Ha NHOMUHOMOpPE 3KpaHa BO3HMKaeT (M noa-
[LepXNBAETCA B TeYeHMEe BPEMEHU MOLCBETKM) KOMUA TpaekTopuw,
T.e. 06pa3 nuccnefyemoro curHana. AantenbHOCTb BPEMEHU XPaHEeHUs
3apsafa — OT HECKONbKMUX 4acoB A0 HECKONbKWUX HefeNb, HO BPeMs
BOCMPOU3BEAEHUS (CUMTbLIBAHUA) MeHbLUe: eAUHULbLI MUHYT — eaun-
HULbl YacoB. ITO 0OBLACHAETCSA YCKOpeHMeM paccacbiBaHua (auddy-
3UM) XPaHMMOro MULLEHbIO 3apsja Npu MOACBETKE B NpoLecce cyu-
TbIBaHMA.

OcHoBHble XapakTepucTukm A30 NpakTUYECKU He oTan4varoTca oT
COOTBETCTBYIOLLMX XapaKTepPUCTUK 0ObIYHbIX aHANOroBbIX (3/IEKTPOH-
HO-/Ty4eBbIX) ocuumnorpagos. Mpu cpaBHUTENIbHO BbICOKUX AUHAMU-
yeckmx xapakrtepuctukax A30 (L0 COTeH Merarepy, — efuMHUL, rura-
repy) TOYHOCTb Pe3y/nbTaTOB U3MEPEHUA aMMIUTYLHbIX U BPEMEHHbIX
napamMeTpoB HeBbICOKA (EAMHULbI MPOLEHTOB NMPU KBaNU(ULNPOBAH-
Hom onepatope). CTonMmocTb A30 3HaYMTeNIbHO BbiLle CTOMMOCTM 00bIY-
Horo 3J10 3a cuyeT cneunanu3MpoBaHHOW TPYOKKW, HALEXHOCTb HUXeE,
CPOK CNy>6bl MeHbLUe, Macca ¥ rabapuTHble pasmepbl 60/bLLE.

OCHOBHble XapaK TepUCTUKN ABYX MOJAeneil oTeuecTBeHHbIX A30

TUN OCLLUNTIOTPAP A e C8-9A C8-12
CKOPOCTb 3aMUCU, KM/C ..o 100 4000
BpemMs BOCMPOU3BEACHUSA . ...cccocerieierie e 1 MuH 40 ¢
BpeMsa XPAHEHUA, Y ..cocooiviiniiiiiiie e 16 40
[Monoca 4actoT, MI L.ccoieveiicinecee e, 0...2 0...50
[orpewHoCcTb N3MepPeHNs aMNINTYAHbIX

N BPEMEHHbIX NapameTpoB, %0 .......ccocveeeee. +(5... 10) %(5... 10)

AHINosA3bIYHbIE CMHOHMMbI: Analog Storage Oscilloscope, Storage Scope.

C NOSIBNEHMEM W LUMPOKMM pacnpocTpaHeHNem LUPPOBbIX OCLUN-
norpagos (Digital Storage Scopes) ponb u 3HavyeHne A30 cTpemu-
TeNbHO YMEHbLLIAKTCS.
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5.6. CPABHEHVNE BO3MOXHOCTEW AHAJ/IOMOBbIX
PETMCTPATOPOB

CpaBHeHMe COOTHOLWEHUS «BbICTPOAEHCTBME—TOYHOCTbY, T.€. OC-
HOBHbIX XapakTepPUCTUK perncTpaTopos, MNoKasaHo Ha puc. 5.14.

O6Lwmnii xapakTep gnarpaMmMbl XOpOLIO OTBEYaeT M3BECTHOMY npa-
BUY U3MEPUTENTIbHOM TEXHUKMN «BbIMFPaellb B TOYHOCTM — NOTepseLlb
B CKOPOCTW» (@HANOrMUYHOMY «30/10TOMY MpaBuny MeXaHWKu») 1 no-
3BONISIET MpeLBapuUTe/ibHO BblIGpaTh MHCTPYMEHT A48 3KCepuMeHTa Mo
perncTpaymm.

OTMETM OJHO BaXKHOE 06CTOATENbCTBO. BO3MOXHOCTU pa3BuTUA
aHafIoroBbIX PermcTpaTtopoB (hakTUYeCcKM ucyepnaHbl; TeXHOI0rnyec-
KUMWU 1N KOHCTPYKTUBHBIMU CNOCO6aMU COBEPLUEHCTBOBAHUS XapaKTe-
PUCTUK «BblOpPaHbI», MO CYTW, BCe pe3epBbl. Pa3BnTMe 3TOIN (aHanoro-
BOM) rpynnbl MAET B OCHOBHOM MO MYTU HEKOTOPOrO Y/YULLEHUA 3KC-
NayaTaunOHHbIX XapakKTepUCTUK. MOoN0XeHHbIE B OCHOBY MPUHLUMBI
[ecTBAA MpY HbIHELLHEM YPOBHE Pa3BUTUSA TEXHOMOTMMW, TOYHOW Me-
XaHWKU peasin3oBaHbl MPakTUYeCKM NOAHOCTLI0. B 3TOM CMbIC/ie aHasno-
rOBble METOZbl U CPEeACTBA HEMb3S CUMTaTh NEPCNEeKTUBHLIM Hamnpas/e-
HWEM Pa3BUTUA PErUCTPUPYIOLLEil TeEXHUKU. OfHAKO NoKa cyLlecTByeT
3KOHOMMWYECKN OnpaBfaHHasa HuLa, B KOTOPOW OHW HaxoAAaT Lefieco-
obpa3Hoe NpuMeHeHNe.

KOHTpO/bHbIE BOMpPOCHI

1 BblbepuTe cpeacTBa M3MepeHUiA, HEOOX0AUMbIe ANA CAeAYHLIMX AUHa-
MUYECKUX 3KCMEPUMEHTOB:

* nofydeHwe TBepgoi (6ymaxkHOli) KonMumM npouecca B Mojoce 4acToT
0... I 'y c OTHOCUTENbHOI MOrpeLHOCTbI0 He xyxe +(0,5... 1,0) % n gnutens-
HocTblo 30 C;

* MoJlyyeHne TBEPAON KOMUU MNSATU curHanoB B nonoce yactoT (0...2) Ky,

C MOrpeLHoCcTbI0 He Xyxe + (4. 5) % 1 gnnuTenbHOCTbIO 40 5 C;

Puc. 5.14. Anarpamma «6bICTPOAENCTBME—TOUYHOCTb» [/19 aHa/I0roBbIX Peru-

cTpartopos. o ocx abumcc B norapupmMmMyeckom maclutabe — rosioca 4acToT

(BepxHsA rpaHMLa). o ocv opauHaT, Takke B lorapupmuyeckoMm maclutabe, —
OTHOCUTEefIbHaA MOrpeLlHOCTb
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* CMHXPOHHAaA perucTpayust BOCbMMU
npoueccoB B nonoce yactot 1... 100 kl'y ¢
NOrpeLIHoCcTbI0 Ao +5 %

* NoslyYeHvie TBEPAOI KoMUY XapakTepu-
CTUKM YeTbIPexXmnosIoCHNKa (K =
Monockl YacToT HanpsHkeHUn BxogHoro UBK
uBbIxogHoro GBkHanpsbkeHwid (0...0,5) Ty;

* CUHXPOHHAaA perncTpauymns 4yetbipex
Cny4YariHbIX MPOL,ECCOB B MOMEBbIX YC/10BM-

AX. T1os10Cbl YacTOT MUcCnefyeMbixX MpoLiec-
coB 0,5...120 kl'y. ANuTenbHOCTb peru-
cTpaunm — go 10 muH. JonycTtumasa rno-
rpewwHoCcTb — He Xyxe +4%.
2. ABTOMaTUYECKMM CaMOMULLYLLIUM MO-
CTOM 3aperncTpupoBaHa Kpusas M3MeHe-
HWA TemrepaTypbl 06beKTa (CM. pUCYHOK). OnpesennTe BpeMsl HarpeBaHuUsa 06bek-
Ta oT 20 go 80 °C. CKOpOCTb ABUXXEHUS AnarpaMMHoi NeHTbl paBHa 100 Mm/u.

3. HasoBuTe OCHOBHOE NPeVMYLLECTBO M OCHOBHOI HefocTaTOK aHasioro-
BOr0 3arnoMuHaloLLLero ocuunnorpada nepeg ApyruMu cpefcTBaMu aHasoro-
BOI permcrpauuu.

4. N3secTHa AYX ranbBaHoOMeTpa CBeTo-

ny4yeBoro ocumnanorpada (cM. pucyHok). On-
pegennTe norpewHocTn 3anucu 3, 5, 7, 8
M 9- rapMOHUK HECUHYCOMAANbHOIO CUT-
Hana, nepuofg kotoporo T= 50 mc. Onpe-
fenuTe Takxke paboume rnosiocbl YacToT ANs
[oNyCcTUMbIX MopcLuHocTelr +5; £10; +15 %.
(Mo ocu opanHaT Ha rpajpuke AYX — oT-
HocUTeNbHaa amnanTyga v.)

5. BblbepuTe ranbBaHOMeTp ANA ONTUMa/IbHOW perncrTpaumm ¢ noMoLLbio
CJ10 nepemMeHHOro Toka amnanTyaoin 450 MKA. 3Ha4eHUs1 YyBCTBUTE/bHOC-
™M nmeroumxesa yetblpex Or: 5, = 0,05 MMAMKA- M); 52= 0,1 MMOMKA -M);
Si=0,2 MmOMKA mv); X = 0,5 MmAMKA mv); AnvHa nyda 1wm; wnpuHa gua-
rpaMMHoi potobymarn — 100 MM. JMHaMMNYeCKOA NOrpeLLHOCTbI0O MOXHO npe-
Hebpeyb.



FMABA 6
LUNDPPOBbLIE NSMEPUTE/IbHBIE MPUNBOPLI

6.1. LWPPOBbIE METOAbl W CPEACTBA U3MEPEHWM

B npakTWKe 3/IEKTPUYECKUX M3MEPEHUI BCe LUUPE UCMO/b3yHTCA
unppoBble MeTOAblI U cpeacTBa NpeobpasoBaHUsA, XxpaHeHuMs, o6paboT-
KU1, Nepefayn n NpeacTaBfieHUsa nHpopmayun. LinpoBbie MHCTPYMEHTHI
aKTWBHO BbITECHAKT aHaNOroBble CPeACTBA NPU N3MEPEHMUN CaMbIX pas-
HbIX PU3NYecknx BennuuH. CerogHs B MUpe B pas/INYHbIX 06/1acTaAX
Ye/I0BEYECKOW AesiTeNbHOCTU (B TOM 4ucne U B 6bITy) YCNEWHO MUC-
nonb3yTca munnuapabl () undpoBbIX CPeacTB M3MEPEHUI, pellato-
LWKUX camble pa3Hoo6pa3Hble 3ajavyn CTaTUYECKUX N AMHAMUYECKNX UN3-
MepeHU’ pasNNUHbIX PU3NYECKUX BENNYUH (KaK 3/IEKTPUYUYECKNX, TaK
N HeanekTpuyecknx). LLUMpoKo NpuMeHATCS LU POBbIe BOIbTMETPbI,
MY/NbTUMETPbI, YaCTOTOMEPbI, OMMETPbI, BaTTMETPbl, KOHTAKTHble U
6eCKOHTaKTHble TEPMOMETPbI, PacxoAoMepbl, TaxoOMeTpbl, MaHOMET-
pbl, aHEMOMETPbI, N3MEPUTESIN OTHOCUTENbHOM BMAXHOCTU, OCBELLEH-
HOCTM, LN POBbIE perncTpaTtopbl, ocuunnorpadbl, aHann3aTopbl pas-
NINYHbIX MapamMeTpoB, KOMMbITEPHbIE M3MEpPUTEe/bHble YCTPOMCTBA,
KOMMJIEKCbI, CUCTEMbBI U Ap.

C pasBUTUEM MUKPO3NEKTPOHHbIX TEXHOMOTUWN, BbIYUCANTENBHON
TEXHUKW, C YBEIMYEHUEM CEPUMHOCTU BbIMycKa LWGPOBOro U3Mepu-
Te/IbHOro 060pyfOBaHMA LEHbl Ha HEero, eCTeCTBEHHO, CHMXakTcCH,
4TO NMPUBOAUT K BCe 60nblIell AOCTYMHOCTU U pPacnpoCTPaHEHHOCTU
LNPPOBbLIX CPEACTB CTATUUYECKUX U AUHAMUYECKUX M3MepeHUi, K 60-
Nlee WNPOKOMY MPUMEHEHWIO CMOXHBIX AMHAMMYECKUX MOofeneil 06bek-
TOB MCC/eJ0BaHNA M NPOLLECCOB, UCNONb30BaHWIO BCe 60Mee NPOnN3BO-
AVUTENbHbIX aNTOPUTMOB aBTOMaTMYeCKOro npeobpasoBaHus, nepegayn
N NpeAcTaBNeHNA UHGOPMaL UK.

Bo BceM MHoOroo6pasuu unpoBbIX CPEACTB M3MEPEHUIA Hanmbonb-
WNA MHTepec NS Hac NPeAcTaBAAT ABe 60nbline rpynnbl (4Ba Buga
CW): nameputenbHble Npubopbl U N3MepuTe/bHble NpeobpasoBaTesnn.
MepBy0 rpynny cocTaBNSAOT aBTOHOMHbIE, CPaBHUTENbHO MEANEHHO
pelicTBytouLMe LMUGPOBble N3MEPUTENIbHbIE NMPUGOPbLI, NpefjHa3HaAYEeH-
Hble B OCHOBHOM JA/11 CTaTUYeCKUX OAHOKPAaTHbIX M3MEPEHWNIA, BbIMNOM-
HAeMbIX BPY4YHYH onepaTtopoM (monb3oBaTenem). BTopas rpynna — 3To
pasfnMyHblie LU(PPOBbIe U3MEPUTENbHbIE Mpeobpa3oBaTenu, npeaHas-
HayeHHble ANa paboTbl B cOCTaBe MH(POPMaLUOHHO-U3MEPUTENbHbIX
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CUCTEM, W3MepPUTENbHO-BbIYNCANTENbHLIX KOMMIEKCOB, aBTOMAaTu3u-
POBaHHbIX U3MEPUTENbHbLIX YCTaHOBOK. OHM 001afaloT, Kak npaBuio
BbICOKMM ObICTPOAENCTBMEM WM UMEHT Apyrue crnelmanbHble Xapak-
TEPUCTUKN N (PYHKLNOHANbHbBIE BO3MOXHOCTMW.

[l0BO/IbHO LUIMPOKO pacnpocTpaHeHbl LUMPOBbIE perucTpupytoLine
n3MepuTenbHbIE MPUBOPBI U NpeobpasoBaTenn, obecneyvmnsaroLine Bo3-
MOXHOCTU ANUTENIbHON perncrpauum npoLeccos (0T HECKONbKUX Cy-
TOK 0 MECALEB ¥ fiaxke fIeT), nocnefytoLLeli nepenmcu 6onbLUKX 3ape-
rMCTPUPOBaHHbLIX MAaCCUBOB B MaMsATb NEPCOHA/ILHONO KOMMbIOTEPA AN
aBTOMAaTUYeCKOn 06paboTKM C MOMOLLbLIO CMeuunanbHOro nporpaMmm-
HOro obecneveHus (CM. HIXKe).

B gaHHOM nofpasfene pacCMOTPUM BapuaHTbl OpraHu3aLum oCHOB-
Hol (o6wel ana Bcex umdposbix CU) npouesypbl — aHanoro-yug-
pOBOro npeobpa3oBaHuUs; a TakKe 0COBEHHOCTW MOCTPOEHNSA U NpUMe-
HeHWs NpefAcTaBuUTeNeil NepBoli rpynnbl — LMGPOBbLIX N3MEPUTENbHbIX
npubopos (HNW), KoTopble, B OTANYME OT U3MEPUTESIbHBLIX Npeobpa-
30BaTefeid, npefHasHaueHbl B OCHOBHOM AN paboTbl ¢ YenoBekoMm. o
BCEM OCHOBHbIM nokasatensam MW npeBocxoaAT aHanorosble n3me-
puTefbHble NPUM6OpPbI, Y HUX ropa3fo 60siee BbICOKME METPOSioruyec-
KWe 1 3KCnyaTalMoHHble XapakTepucTuku. Mpasaa, CTOMMOCTb 60/1b-
wwuHctBa LM noka Bblle, YemM aHanoroBbix Npubopos.

CoBpemeHHble LI npeacTtaBnsatoT cob60ii BbICOKONPOU3BOANTENb-
Hble UHTeNNeKTya bHble CPefCcTBa UCCeA0BaHNS 06LEKTOB 1 NPOLLECCOoB,
MOCKOJIbKY CTPOSATCA HA OCHOBE MUKPOMNPOLLECCOPHOI TeEXHUKUN. CTPYKTY-
pbl LLWT, npegHazHauYeHHbIX 418 U3MepPeHUst pasfiMyHbIX PU3NYECKUX
BE/IMYMH, BO MHOTOM CXOXW. Pasnnuuna mMexay HUMWU COCPefoTOYEHbI B
OCHOBHOM BO BXO[HbIX Y3/1ax NpMOopoB, T.e. TaM, rfe NpomMcxoasT npe-
06pa3oBaHNs KOHKPETHbIX BEVYUH B YHUPULMPOBAHHLI/ CUTHAN.

6.1.1. XapakTepuCTUKN aHanoro-umdpoBbIX
npeo6pasoBartesiei

Hanbonee BaXHbIM M OTBETCTBEHHbLIM Y3/10M N060r0 UMPPOBOro
CpescTBa M3MepeHuid ABAAETCA aHanoro-uvgpoBoli npeobpasoBaTens
(ALM) — Analog-to-Digital Converter (ADC), NOCKO/IbKY WMEHHO
OH onpefenseT OCHOBHbIE METPOSIOrMYECKNE XapaKTePUCTUKN U BbICT-
pofelicTBMe Bcero npubopa. 3agayva AL — aBTOMaTMYecKn TpaHc-
(hopMunpoBaTh 6ECKOHEYHOE MHOXECTBO BO3MOXHbIX 3HAYEHWIA BXOA-
HOI aHanoroBoi BeIMYUHbLI B KOHEYHOE MHOXECTBO (B OrpaHUYEHHbIN
Habop UU(POBbLIX 3KBMBANEHTOB, KOAOB). PaspagHocTb ALLM, ero no-
FPELIHOCTMN, YyBCTBUTE/ILHOCTb, ObICTPOAENACTBUE, HAAEXKHOCTb B 3HA-
YnNTeNbHOW Mepe OnpeaenstoT OKOHYATENbHYH0 LOCTOBEPHOCTb Pe3y/ib-
TAaTOB M3MEPEHUA W perucTpauum, BO3MOXHOCTM W XapaKTepuUCTUKU
UMPPOBOI U3MEPUTENLHOWK annapaTypbl B Le/IOM.

PaccmoTpmM OCHOBHble XapakTepucTtuku AL, 3HaHWe KOoTopbIX
Heo6X04MMO 418 NPaBULHOrO CpaBHEHWUS BO3MOXHOCTEN PasfnyHbIX
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npeobpasosaTeneii (1, cnegosaTenbHO, FPaMOTHOrO BbiGopa npubopa
ona akcnepumeHTa). [na onpegeneHHocTy 6yaemM nonarath B fasibHEN-
LUIMX paccyXAeHUsAX, YTO BXOAHbIM curHanom AL sBnseTca Hanps-
YXEHWE MOCTOAHHOr0 TOKa.

OnuHa wkanbl L (Length of Scale) xapakTepn3yeT 4MCNO BO3MOX-
HbIX YPOBHEN Npeobpa3oBaHMsA (CTYMEHeN XapaKTePUCTUKM npeobpa-
30BaHuA) ALIM. 3TOT TepMUH BO3HMK Ha 3ape LupPOBOA N3MEPUTESTb-
HO TEXHWUKWN NO aHanornm ¢ ANIMHONA WKanbl (YACIOM [eneHunin) aHa-
NOTOBbIX CTPENIOYHBIX U3MEPUTESbHBIX NPMO0POB. AnHa wkans! L LA
onpefenserca paspagHocTbio ALLM.

PaspsgHOCTb M — 3TO YMC/0 ABOUYHBLIX pa3psgos (6ut) — Number
of Bits nnu gecatuuHbix paspsagos — Number of Digits. Ecnv paspsag-
HocTb AL — n gBOMYHbIX pa3pagos (6MT), TO gnMHa WKanbl L = 2™
Hanpumep, npu n - 11 6uT 3HavyeHme L = 2048. Ecnm pa3psagHOCTb
AU —n gecatnyHbix pa3psagos, To L = 10" Hanpumep, npu n, paBHOM
YeTbIPEM MONHbLIM AECATUYHbIM pa3pagam, 3HadeHne L = 9999 (kak
roBOPAT MPU 3TOM — «YeTbIpe AEBATKU»), UM OKpYraeHHo L = 10000.

Lingposble cpefcTBa M3MeEpPeEHUs, NpefHasHavyeHHble A8 paboThbl
C YenoBekOM (a He B COCTaBe U3MepPUTeSNIbHbIX CUCTEM), UMEIOT Aecs-
TUYHblE LU(POBbIE OTCYETHbIE YCTPOICTBA, T.€. UHAMKATOPbLI, OTpa-
KawowmMe ymcna B 4ecaTUYHON (NPUBLIYHON HaM) CUCTEME CUUCNIEHNA
N COCTOALLME M3 HECKONIbKMX AEeCATUUHbLIX paspsfoB. XapaKTepu3o-
BaTb OTCYETHOE YCTPOWCTBO (MHAMKaTOp) LI npu 3TOM MOXHO
Nno-pasHoMmy.

OfvH 13 cnocoboB — 3afjaHne MaKCMMasbHOI0 YMCIa BO3MOXHbIX
3HAYeHUn BLIXOAHOIO LMGPOBOro Koga (TOYEK) Ha OTCYETHOM YCT-
PONCTBE, T.€. YKaszaHMe ANWHbI WKanbl L. Hanpumep, L = 999 Touek
(MM OKpYrneHHO — 1000 ToYek).

Lpyroii cnoco6 — 3agaHne yncna AecaTUYHbIX pa3pagos n. Mpu-
YeM UMCNO JeCATUYHbIX PaspsoB N MOXET ObITh Kak LenbiM (Hanpumvep,

4 pecATUYHbIX paspsaga), Tak u 4pobHbIM (Hanpumep, n= 3" pa3paga).

B nepBom cyyae B KXKAOM paspsje MHAMKATOpa B MpoLecce UsmepeHus
MOryT nosBATLEA Nobble Ludpbl oT 0 go 9. Hanpumep, ecan makcu-
Ma/ibHO BO3MOXXHOE UHAMUMpYyemoe yucio L = 999, To roBoputcd, 4Tto
paspsgHOCTL N paBHa TPEM MOMHbLIM AeCATUYHbLIM pa3psgaM. Bo BTo-
pom cnyvae (4pobHOe 3afaHue paspsgHOCTM) B CTaplleM AecATUUYHOM
paspsge MoryT 6biTb, Hanpumep, ToNbKO Uugpbl 0 nan 1 (370 He non-
HbIA paspsgd, a NoMoBUHA pa3psifa), a B OCTaNbHbIX, CKAXEM, Tpex pas-
pagax — yudpbl o1 0 go 9 (370 nosnHble paspsagbl) MakcumanbHoe
4yucno Ha mHaukartope Takoro LI moxeT 6biTb 1999. Mpu aTOM pas-

1
pAAHOCTL N onpedenseTcs Kak 3~ paspsga.

Paspewatoltas cnoco6HocTh R (Resolution) —3T0o BennumHa, obpat-
Has 4MHe WKanbl L (R = 1: L) 1 XapakTepu3yroLas YyBCTBUTE/TbHOCTb
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ALM. Yem 6onblie AnvHa WKanbl L, TeM Nyylle paspeluatolias cno-
COBHOCTb R 1 TeMm, CnefoBaTe/lbHO, Bbllle KayeCTBO Npeobpa3oBaHus.

3HaveHMe kBaHTa q (quant) —eAMHMLUbI MAaALIEro 3Havallero pas-
paga (M3P) onpegensieTcsi OTHOWEHWEM HOMWHanbHOro (MM3Haue-
HUS BXOLHOIO HANpPSXXeHus (MM BepXHero 3HayeHUs guanasoHa U3-
MepeHusa) K AUHe WKanbl L.

A~ ~wm// -

[Ons gBonyHbixX ALLM 3HaveHne KBaHTa g MHorga o6o3Havaetcs Least
Significant Bit (LSB), gnsa gecatuuHbix AL — Least Significant Digit
(LSD).

Hanpumep, ecnn gnnHa wkanbl LMHpoBOro mMynbtumerpa L= 1999
ToYeK (MW OKpPYrieHHO 2000 ToYeK) 1 BbI6GpaH AMana3oH N3mepseMblX
HanpskeHUn UHM= 2 B, To Bec kBaHTa (efuHuUubl M3P) B aTOM pexu-
Me g = 1 MB. Yem MeHbLUe 3HayeHWe g, TEM Bblllie YYBCTBUTE/IbHOCTb
npeo6pa3oBaHnsa W, Kak NpaBuo, Bbille TOYHOCTb. 3HAYEHWE KBaHTa g
onpegenseTt YyBCTBUTENbHOCTL ALLM 1 npmbopa B Leom.

MorpewHocTh KBaHToBaHus JIK1— BaXXHOE NMOHATUE LUGPOBOIA 13-
MepUTENbHON TeXHUKW. OLHUM M3 OCHOBHbIX WCTOYHWKOB HEAO0CTO-
BepHOCTM Npeobpa3oBaHMs aHANO0roBOro CUrHana B LMPPOBOIA Kog AB-
NAeTcA npouefypa KBaHTOBaHWA, T.e. aBTOMATUYECKOro OKPYraeHus.
Mpeobpa3oBaHne 6ECKOHEYHOrO0 MHOXECTBA BO3MOXHbIX 3HAYEHUN
BXOAHOI0 HanpsikeHns U B KOHEYHOE YMC0 BO3MOXHbIX YPOBHEN Bbl-
XO[HOTO KOfa HEN36EeXHO NPUBOAUT K NOABMEHWIO MOTPELLHOCTM KBaH-
TOBaHMA kB 3Ta MOrpewwHocTb NPUHUMNMaNLHO HeucTpebuma, HO
MOXET BObITb 06ecneyeHa y/0BNeTBOPUTENbHO Manoii.

PYyHKLMA NOrpeHOCTM KBaHTOBaHMA [k, — 3TO pasHuua Mexay
peanbHOW CTYMeHYaTo XapaKTepuCTMKON Npeobpa3oBaHUs U uaeanb-
HOIA NHenHoR (puc. 6.1).

Puc. 6.1. CBs3b paspsAgHOCTU, A/IVHbI LUIKa/bl U MOFPELLIHOCTY KBaHTOBaHMS

a—n=16ut, L=2"=2, R=\.2; 6 —n=26uTa, L=22=4, R=1:4; B8—n =3 06UTa,
Z=23=8 r=18
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KOHKpeTHOe 3HauyeHne norpeHocT KB KaX4oM OTAENbHOM pe-
3ynbTate npeobpasoBaHUs — 3TO CAyYailHas BeMYMHa, PaBHOMEPHO
pacnpefefieHHas Ha WHTepBane KBaHTa g. Bce BO3MOXHble 3HaYeHWA
3TON NOrpewHOCTN NexaT B AnanasoHe +q/ 2 (M1H0C—MUHYC NOM0BU-
Ha KBaHTa). MakcumanbHoe 3HavyeHme norpewHocT JKecocTaBnseTt no
moaynto & 2. KoHeuHo, cymMmmapHasa norpewHoctb ALLM onpegensetcs
He TO/MIbKO NOheLIHOCTbI0 KBAHTOBaHWA. PeanbHas cymmapHasa nogeLw-
HOCTb cOBpeMeHHbIX ALLM 06bIYHO HaXxoaMTCs B guanasoHe 2... 5 eau-
HUL, MNnajLlero 3Havauwero paspsaga (7.e. 2q...5q).

Puc. 6.1 nnnocTpupyeTt 3aBUCMMOCTb BbIXOAHOTO Koga AL ot
3HAYEHNA BXOAHOIrO HanpsKeHus U, a TakKe CBA3b OCHOBHbIX MOHSA-
TUIA: paspsgHOCTY N, AIMHBI LWKabl L, paspeLlatoLleil cnocobHocTu R,
Beca KBaHTa q M 3Ha4YeHUs MOrpeLHOCTU KBAHTOBaHWA k8 Ha npumMepe
ABouYHbIX ALM (T.e. ALLM, paboTatowmux B ABOMYHOI CUCTEME CUKCe-
HUS), BXOAHOW CUTHAN KOTOPbIX — HanpsKeHne NoCTOSAHHOro Toka U.
Cnyuain paspagHoct n = 16uT (cM. puc. 6.1, a) COOTBETCTBYET Npo-
cTewemy ALIM ¢ oByMS BO3MOXHbIMK COCTOAHUAMKM — 0 nan 1

Cnyuyaii paspsgHocTh n=2 6uTa (CM. puc. 6.1, 6) cootBeTcTByeT ALIM
C ANMHOIM wkKanbl L = 4. Cayyaii n = 3 6uta (cM. puc. 6.1, 8) COOTBET-
CTBYeT AvHe wWkanbl ALIM L = 8. YeM 60/bLLe YMCO ABOUYHLIX pa3ps-
[l0B n, TeM 60/bLUe ANMHA WKanbl L (60/bLIe YNC0 BO3SMOXHBIX YPOB-
Hell KBaHTOBaHMS Nm), TeM MeHbLUe MOrpPeLHOCTb KBAHTOBaHMA AKB

BTabn. 6.1 npuBeLeHbl HEKOTOPbIE KONNYECTBEHHbIE 3HAYEHUS ANN-
Hbl LWKa/bl L 1 paspeLuatoLein cnoco6HOCTN R, COOTBETCTBYIOLLMNE pas-
JIMYHBIM 3HAYEHUAM Pa3psAHOCTY N COBPEMEHHbIX A4BOMYHbIX ALLM.

Ta6bnuuya 6.1
COOTHOLLEHUSA MeXay paspsagHocTbio ALLM, A4AMHONM LIKa/bl U paspeLuaroLLei

CNOCO6HOCTLIO
n, 6ut L, uncno Touek R

6 64 0,016 (1,6 %

8 256 0,0039 (0,39 %)

10 1024 0,00098 (0,098 %)

12 4096 0,00024 (0,024 %)

14 16 384 0,000061 (61 ppm)

16 65 536 0,000015 (15 ppm)

18 262144 0,0000038 (3,8 ppm)

20 1048 576 0,95 ppm

22 4 194 304 0,24 ppm

24 16 777216 0,060 ppm
Mpumeyvanune 1ppm (part per million) — ogHa MUNNNOHHAR YacTb.
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Mo 3HayeHWI0 paspeLlaroLel crnoco6HOCTM R MOXHO KOCBEHHO
CYAUTb O METPO/IOTMYECKMX XapaKTEPUCTUKAX KOHKPeTHOro tuna AL
(ero BO3MOXXHOW 4YyBCTBUTE/IbHOCTU W TOYHOCTK).

YacToTa AuckpeTusaumn Fa — OfHa U3 BaXKHEMLINX XapaKTepu-
cTuk ALM, no3sonaooLas oLeHUTL ero AMHamMmn4eckmne CBOMCTBa (CKO-
poCTb Npeobpa3oBaHKs), T.e. BOSMOXHOCTb €ro paboTbl C 6bICTPO Me-
HAKLLUMUCA CUTHANAMM, YTO OCOOEHHO BaXKHO A8 CUCTEMHbIX LG po-
BbIX BO/IbTMETPOB. 3HaUeHMe FaMOXET BblpaXkaTbCA YMC/IOM pesy/bTa-
TOB Npeobpa3oBaHNsi B CEKYHAY — OTCYETOB B ceKyHAay (Samples/s),
unu cnos/c, unu B repyax. Hanpmmep, ecnu ckasaHo, 4Yto Fa= 1 MIy
(vnn Fa= 1 Mcnos/c, unn Fa= 1 MSamples/s), TO 3TO 03Ha4aeT, YTo
npy U3MEHSAIOLLEMCA BXOLHOM HanpsKeHUU npeobpas3oBaTenb B Teue-
HMe 1C MOXET BblgaTb 1 M/IH pasfinyHbIX pe3ynbTaToB, COOTBETCTBYIO-
WMX TEKYLLMM (MFHOBEHHbLIM) 3HAYEeHUAM BXOLHOrO CUrHana.

ONuTenbHOCTL LMKNa npeobpasoBaHus (War guckpetusauum) Tn
ALIM — 370 BennMumHa, obpaTtHasa 4acToTe AMCKpeTu3auum Fa, 03Ha-
yalLllas MHTepBan BpeMeHW, HeOOXOANMbIW 415 BbIMOMHEHUS OA4HOMO
MOMIHOTO LMKNa npeobpa3oBaHnsA. 3HaYeHWe Tn BblpaXKaeTcs B eUHU-
Lax BPEMEHU: C, MC, MKC M T.4. Ecnn M3BeCTHO 3HAYeHMe 4acToThl,
Hanpumep, Fn= 1 MIl'u, To 3HayeHne Tn= 1 MKC.

6.1.2. MeToAbl aHan0ro-uMpPoOBOro nNpeobpasoBaHUs

Mpu NOCTPOEHUM LMPPOBOro N3MEPUTENLHOTO 060pYA0BaHNA NPU-
MEHSIOTCS pa3NUyYHble MeTOAbl U CpefCcTBa Npeobpa3oBaHUs aHanoro-
BOW MHOpMaL MK B LU(POBYIO, OTAMYAIOLLIMECS METPONOruei, nome-
X03aLULLEHHOCTHI, AMHAMUKON. PaccMOTpPUM 1 CPaBHUM BO3MOXHO-
CTW W OCHOBHbIE XapaKTepUCTUKM HEKOTOPbLIX U3 HWUX, Hambonee pac-
NPOCTPaHEHHbIX.

B unpoBoil N3MepuTENbHOW TEXHUKE LOCTATOUHO LMPOKO NpuMe-
HSIeTCA npeo6pasoBaTens (CUnTarOWmMiAica Knaccmyeckum tunom ALLM)
rMocnefoBaTeNbHOTO NPUGMdKeHNs (MOPa3psAHOro ypaBHOBeLLMBAHUA) —
Successive Approximation ADC —c¢ yCTpOiCTBOM BbIGOPKM U XpaHe-
Hus (YBX) Ha BXofe. Y CTPONCTBO BbIOOPKM 1 XpaHEHUs obecneynBaeT
BbINO/IHEHWNE ANCKPETN3AL MU BXOLHOTO CUTHAN], T. €. MEPEXOL K ANCKpPeT-
HOMY BpPEMEHM.

OavH umnkn npeobpa3oBaHUs BXOLHOIO U3MEPSEMOr0 HanpsXXeHUs
Wx B 3TOM METO[e COCTOMT M3 HECKONbKMX TaKTOB. YpaBHOBELUMBaHMWE
BbIMO/IHAETCA C MOMOLLbI0 aBTOMATUYECKN U3MEHSAIOLLErocs KOMMEH-
cupylowero HanpsxxeHuns. lMpouecc npeobpa3oBaHMA 3aknO4aeTcs B
NnooYepesHOM CPABHEHUU W3MEHSAKOLLErocs Mo onpefefieHHOMY anro-
PUTMY KOMMEHCUPYIOLLEro HanpsXkeHus UKc namepsiembim Ux. B cooT-
BETCTBUM C aITOPUTMOM, HanpsbkeHne UKLeneHanpas/ieHHO CTPEMUTCS
CTaTb paBHbIM U, T.€. ypaBHOBECUTL €ro. B TeueHre HECKOMbKNX TaKTOB
Hanps>keHne UKCTaHOBMTCA MPaKTUYECKM PaBHbIM 3HaueHuto Ux Ta-
Koe npeobpasoBaHWe HaNOMUHAET MpoLeaypy B3BelMBaHWA, KoOrpja
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MCNONb3ysS HECKOMbKO pa3HbIX TMpb U nogbupas (ycTaHaBnvBas wau
CHMMas) rupy, HauyMHas CcOo CTaplueid, T.e. ypaBHOBeELUMBaAsA, MOXHO
[OCTUYbL Y10BNETBOPUTE/ILHOTO PABHOBECUA. DTOT METOL Npeobpa3osa-
HUA 0b6ecrneynBaeT cpefHre METPONOrNYeCKMEe XapaKTePUCTUKN 1 [OCTa-
TOYHO BbICOKOe ObICTpOAecTBME. [103TOMY B OCHOBHOM MMEHHO OH U
NpMMeHseTcs B LMPOBbLIX CPEACTBAX AMHAMMNYECKUX M3MepeHuii (Lmnd-
POBbIX U3MEPUTESIbHBLIX PerncTpaTopax, LUQposbix ocuuaiorpadax u
aHanusatopax).

TunuuyHble napameTpsl Takux ALM: n = (10... 16) 6uT; Fa =
= (0,02... 100) Mr w.

Cpeav gpyrmx MeTo4oB, UCMO/b3YEMbIX B CPEACTBaX AMHAMUYECKUX
N3MepeHnin —meTog napannensHoro npeo6pasosarus (Flash ADC), ko-
TOpbIVi obecneymBaeT Hanbonee BbICOKOE ObicTpogelicTBne (nNpasaa, €
Manoin paspsaHOCTbI0 U HEBLICOKO TOYHOCTLHO).

BxofHO curHan npy NOMOLLM MHOXECTBa O4HOTUMHBLIX KOMMapa-
TOPOB CpPaBHMBAETCA OAHOBPEMEHHO C PSLAOM OMOPHbLIX HanpsHXKeHWH,
hopmupyemMmbiX TOYHbIM AEIUTENEM HAMPSKEHUA. 3aTeM C MOMOLLbIO
Jelwngpatopa BbISBASETCA rpaHuLa Mexay ABYMS rpynnamu Komna-
paTopoB C OANHAKOBLIMMW COCTOSHUSIMM («0» 1 «1») U pe3y/bTaT CpaBHe-
HMA NpeobpasyeTcs B MPUBbIYHLIA ABOMYHBIA Kog. Mpu ynicne koMmnapa-
TOpoB m = 256 06pa3yeTcs BbIXOAHOE C/I0BO C PaspsigHOCTbIO n = 8 6UT.
Mpwn uucne komnapatopoB m = 1024 o6pa3yeTcsi BbIXOAHOE CNOBO C
paspsgHOCTbIO N = 10 6uT.

TUNNYHbIE XapaKTepUCTMKKN napannenbHbix ALM: n= (6... 10) 6uT,
CKOpoCTb nNpeobpasosaHus 20... 1000 My,

B aBTOHOMHbIX LU(PPOBbIX BOIbTMETPAX U My/bTUMETPax, NpesfHas-
HaYeHHbIX A4/19 CTaTUYECKUX U3MEPEHUI, a TaKKe B HEKOTOPbIX peruc-
TpaTopax/aHanusaTopax, forrepax, 0Co6eHHO B TeX, KOTopble Mpef-
Ha3HaueHbl A1 paboTsbl C MeANeHHOMEHALWMMUCSA NpoLeccamu, nNpu-
meHsATca ALM nuTerpupyrowero Tuna (Integrating ADC). NHTerpu-
pytoLL e MeToabl NpeobpasoBaHns 06ecnevnBaloT camMble BbICOKME TOY-
HOCTb, YyBCTBUTE/IbHOCTb, pa3peLlatoLyo CnoCoBHOCTb, a TakXKe Bbl-
COKOe MofaB/fieHne NepruogMyecKnx NoMex ceTeBol 4acTtoTbl (4TO 0CO-
6EHHO BaXHO B 3KCMEPUMEHTax, BbIMO/HAEMbIX B MPOMbILLIEHHbIX
YCNOBUAX M Npu paboTe C CUrHanaMyM Manoro yposHs). Mpasfa, atu
AU cpaBHUTENbHO MeA/IeHHO AeiAcTByOLME (AMTENBHOCTL LMKMA
npeobpasoBaHunsa, Kak MpaBuio, LECATKN MWTMCEKYHA — eAUHMWLb
CeKyHf), HO ANf aBTOHOMHbIX NpM6OPOB U He TpebyeTcs BbICOKOro
6bICTpOAeNCTBUS (TaK KaK OMepaTop He B COCTOSHUM 6bla 6bl BOCMPU-
HMMaTb pasHble LM(POBbIe OTCYETLI, MEHAKOLWMECS BbicTpee, Yem 1 pa3
B CEKYHAY).

B HacTosLee BpeMsi MPUMEHSIIOT 4BE Pa3HOBULHOCTM UHTETPUPYHO-
Lero aHanoro-LuMpoBoro npeobpasoBaHna: BPeMSUMNY/bCHbIA 1 Ya-
CTOTHO MMMY/bCHBIA METOAbI.

Mpn NCNONb30BAHWUMW BpeMAMMIYIbCHOr<>MeT04a BXOLHOE Hanpse-
Hve npeobpasyeTca B NPOMOPLUOHANbHBLIA MO AAUTENbHOCTU MHTEp-
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Ba/1 BPEMEHMW, KOTOPLIA 3aTeM 3amMO/IHAETCA UMMY/bCamMmy CTabubHON
N3BECTHOM YacToTbl FO. ChopMUpOBaHHasA TakMM 06pasoM cepusi UM-
NyNbCOB MOACYUTBLIBAETCSA CYETUMKOM, COAEPXKUMOE KOTOPOro N0 OKOH-
YaHUK cYeTa M oNpefenseT 3Ha4YeHNe U3MepPsAeMOro HanpskeHns. Liukn
npeo6pa3oBaHMs COCTOUT U3 [BYX OCHOBHbIX TakTOB. OCHOBHO Yy3en
Takoro AL — uHTerpaTop, KOTOpbIA B TeYeHWe NepBOro Takra Tx
(4NMTeNbHOCTL KOTOPOro BCerga NoCTOSHHA) WHTErpupyeT BXOLHOM
CUrHa/, a ecAM K CUrHajily mpumellaHa Mepuojuyeckas nomexa, TO
WHTErpupyeT CyMMY CMTHana 1 noMexn. Ha 3TOM TakTe eMKOCTb UHTEr-
paTopa NMHerNHO 3apsxkaeTcs. NMpu paBeHCTBe (UM KPATHOCTU) WH-
TepBasa MepBOro TakTa Nepuogy MOMeXW pesynbTaT UHTErpuMpoBaHUs
He 6yfeT 3aBUCETb OT NOMexn. Bo BTOPOM TakTe T2 Ha BXOf MHTErparo-
pa noctynaeT onopHoe (CTabunbHOe, 06pa3LOBOE) HanpsHXKeHue, No-
NSPHOCTb KOTOPOro NPOTWBOMOJIOXKHA NOASAPHOCTUA U3MEPSEMOr0 Ha-
npsxeHus. Mpu 3TOM eMKOCTb UHTEerpaTopa IMHenHo paspskaetcs. Kom-
napaTop (UKCUpPYeT MOMEHT MOJIHOrO pa3psja eMKocTh. Takum o6pa-
30M, 4/INTE/IbHOCTb BTOPOr0 TakTa NponopLuMoHanbHa 3HaYeHU0 BXOA-
HOro MOCTOSHHOIO HaNpPsXKeHUs. 3aTeM 3Ha4yeHWe AMTEeNbHOCTU BTO-
pOro TakTa C MOMOLLbK reHepatopa TaKTOBOW 4aCTOTbl M CYeTUMKa
MMNY/bCOB NpeobpasyeTcsa B NPOMNOPLMOHanbHbIA LdpoBoit koa. Oin-
Te/IbHOCTb WHTepBasia NepBoro takta T, 3afaeTcs pa3paboTynMKoM pas-
HbIM WM KpaTHbIM Mepuogy nepuognyeckoii nomexu (B Poccum Ho-
MWHaNbHOe 3Ha4YeHWe 4acTOTbl CETU U, CeA0BaTENbHO, YacTOTbl MO-
mexun 50 I'u, a ee nepuog 20 mc).

CTeneHb ocnabneHns BAMAHUSA NOMEXW XapaKTepusyeTcs Koapdu-
LUMEHTOM NOAaBNeHns Kn, KOTOPbI/ BblpaxaeTcs B Aeuubenax u onpe-
fensetca no qopmyne

Kn= 2018 (£/r £/,

rae UM — aMnauTyaHoe 3HadeHue Nepmoauyeckoii noMexm Ha BXofe
AUMM; AUn — un3meHeHUWe pesynbTata npeobpa3oBaHus, Bbl3BaHHOE
[NeNCTBMEM MOMEXMN.

Hanpumep, ecnn B nacnopte Ha Npubop 3anmMcaHo: «Koahpuum-
€HT nofasfieHUs Kn MOMexXu HOPMasbHOro BWAa 4acTOTbl CETU
50 Ty £ 1% He xyxe 40 agb», To 3TO 03HA4aeT, YTO Nomexa TaKoW
4yacToTbl ocnabnserca He MeHee, Yyem B 100 pa3. 3HayeHue Koadhdu-
uMeHTa Kn= 60 gb 03HayaeT yMeHbLUEHWe BAUAHUA MOMEXU Ha pe-
3ynbTat n3mepeHus B 1000 pa3. UeM 6obLUe 3HaUYeHUE KO3hhULmeH-
Ta Kn, TeM Bbille NOJaB/eHMNE MEPUOANYECKOA MOMEXM, U Tem, chne-
[0BaTeNbHO, Nyylle.

YacTOTHO-MMMNY/bCHBI MeTo4 OCHOBAH Ha MpeABapuTelbHOM npe-
06pa3oBaHWM BXOAHOr0O CUrHana B NPOMNOPLMOHANIbHYO YacToTy Cle-
[OBaHUS UMMY/LCOB. AT UMMY/bCbl B TeYeHMe CTabuabHOro UHTepBa-
Na BpeMeHW T(NOoCTynatT Ha CHETUMK, KOTOPbIA 1 MNOACUUTLIBAET YMCI0
UMMYNbCOB B cepun. TakuM 06pa3oM, COLEPXKMMOE CHETUMKA OTpaXKaeT
3HaYeHMe BXOAHOr0 HanpsHKeHUs.
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TunnyHble napameTpbl UHTerpupytowmnx ALM: n = (12...20) 6ur;
ANNTENbHOCTb OAHOrO UuKna npeobpasosaHus Tn= (0,1... 10) ¢; Kn=
=(40...60) gb.

CyLuecTByeT 06bEKTUBHASA 06paTHO MPONOPLMOHAbHASA 3aBUCMMOCTb
Mexay paspsgHOCTbHO (TOYHOCTbIO/YYBCTBMTENLHOCTLIO) Mpeobpaso-
BaHWA 1 GbicTpofelicTBrEM (CKOpOCTbi0) ALLM. 3Ta 3aBUCUMOCTb BMOJHE
NOTUYHA 1 MO CMbIC/Y NOA06HA «30/10TOMY» NPaBUNY MeXaHWUKN: «Bbl-
nrpaelb B Cuie — NPoOUrpaelllb B pacCTOAHUW». [11S N3MepuTebHOM
TEXHWKWM 3TO MPaBUI0 MOXHO CHOPMYNMpPOBaTh TakK: «Bblurpaewb B
TOYHOCTU — Mpourpaellb B GLICTPOLEACTBUMU» WM, HA06OPOT: «Bbl-
nrpaeLwb B CKOPOCTM — MPOMTPaeLlb B TOYHOCTU».

Puc. 6.2 ynpoLweHHO WMANKOCTPUPYET 3Ty CBA3b A/19 COBPEMEHHOTO
YPOBHS Pa3BUTMA TEXHWKU aHanoro-umgpoBoro npeobpasoBaHms.

MacwTab no ocu abcuymcc (4actoTa gMCKpeTU3auum Fa) norapud-
Muyeckuidi. Mpu nuHeliHoM MacwTabe Mo ocu abcumcc ata 3aBUCKU-
MOCTb HOCKAna 6bl TMNep6boInyecKnii XxapakTep.

6.2. UNPPOBbBIE YACTOTOMEPBGI

HaunHaTb n3yyeHue LUGPPOBLIX N3MepPUTENbHBLIX NPUOG0POB YA06HO
M IOFTUYHO C PacCMOTPEHMUSA YCTPOICTBA M NPUHLLMNA AeNCTBUA caMo-
ro NPoCTOro W NOHATHOIO MO CTPYKTYPEe M HAabopy OCHOBHbIX MpoLe-
Ayp npeobpasoBaHua npeactasutens LM — unudpoBoro yactotome-
pa (LLY). MHoruve dopmbl npeobpa3oBaHus, BbiMoaHAeMble B LY, ne-
)KaT B OCHOBe 60/MbIMHCTBA Apyrux LW,

LingppoBble yacToTOMEPbl — [OBO/ILHO pacnpocTpaHeHHble M3Me-
puTenbHble NPUOOPLI, UCMOMb3YEMble B CaMbIX Pas/IMYHbIX OTPACNAX
HayKW, TEXHUKW, NPOMbLLLLI HHOCTU AN OLEHKN YAaCTOTHO-BPEMEHHbIX
napaMeTpoB 3/IEKTPUYECKUX cUrHanos. OHKM paboTatloT B O4eHb LIMPO-
KOM AunanasoHe 3HayeHuii N3MepsieMblX YacTOT NMEPUOANYECKMX CUTHA-
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nos (nnn ux nepuopa). CospemeHHble LY obecrneymBatoT caMble BbICO-
KWe MeTposiormyeckue XapakTepuCTUKU (TOYHOCTb WM paspeLuaoLLyto
cnocobHOCTL) cpean Bcex npouunx LW, oTanvaoTcs 4OCTaTOYHO Bbl-
COKMM ObICTPOAENCTBUEM, LUMPOKUMU (PYHKLWOHANbHBIMU BO3MOX-
HOCTSIMU, MPOCTOTON 3KCNyaTauun, BbICOKON HAAEXHOCThLIO.

MoMMMO N3MepeHnsa YaCTOTHO-BPEMEHHbIX NapaMeTpoB NepUoam-
YeCKMUX CUTHanNoB, COBpeMeHHble LIY npumeHsaoTca n ona usmepe-
HUSA Pa3MUHbIX PUINYECKMUX BENNYMH. [ N8 3TOro Heo6xoaMMo nog-
Knoyatb K LUY BcnomoraTesibHble nepBUYHbIE U3MepUTeNibHbIe Mpe-
obpasoBartenu (faTunKm), MMetoLe BbIXOAHbLIE CUTHAMbI, YacTOTa UK
nepuofg (LNUTENbHOCTb) KOTOPbLIX MPOMOPLMOHANbHBI N3MepseMoi
BennynHe. Hanpumep, LY MOXXHO MCnonbL30BaTh ANA U3MEPEHUA CKO-
pocT BpalleHus Bana ABuraTens, WM pacxoja XuAKocTu B Tpybo-
NpoBOJe, WM CKOpPOCTW NOTOKa BO3gyxa. LimdpoBble yacTtoTOMepbI
HaxoLAT TakXKe MPUMeHeHWe B KayeCTBE MEHEpaTopoB CTabWU/bHbIX
4acTOT M TaliMepoB NOCTOAHHbIX UM NPOrPaMMUPYEMbIX MHTEPBAIOB
BpemeHu. Kpome TOro, ¢ nomouibo LY nerko MoXHo opraHu3oBaTthb
MOACYET Yncna MMNynbLCcoB (Ymcna cobbITUIA).

MpakTuyeckun Bce LLY obecneumnBatoT gBa OCHOBHbIX pexuma pabo-
Tbl: U3MEPEHUS YacTOTbl U M3MepeHus nepuofda (LANTENbHOCTU WH-
TepBasa BpPeMeHu). PaccMOTpMM CTPYKTYpbl, MPUHLUMUMLI EACTBUS W
norpewHocTn LY B 3TUX pexxumax.

6.2.1. PeXm n3mepeHnsa 4acTtoTbl

YnpouweHHasa cTpyKTtypa LY, peanusyrowas pexuMm KU3MepeHus
4acTOThbl, NOKa3aHa Ha puc. 6.3, a, a BpeMeHHble gnarpamMmmsl paboTbl B
3TOM peXkume MpuBeaeHbl Ha puc. 6.3, 6.

Wccnepyemblii nepuoguyuecknii curHan 7 (COOTBETCTBEHHO fuar-
pamMma /) mogaeTcs Ha BXOA ycunuTens-orpaHuuntens YO, rge npe-
obpasyeTcsa B MOC/NeA0BaTe/IbHOCTb NPSAMOYTObHbIX UMMY/LCOB 2 (guna-

VW nnn. nun

a 8

Puc. 6.3. PeXxnM 13MepeHUs 4acToTbl:
a — ynpoleHHas cTpykTypa LY; 6 — BpeMeHHble guarpaMmMbl paboTbl
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rpamma 2) (hMKCUPOBaHHOM aMNANTYbl, YACTOTa KOTOPbIX paBHa 4acTo-
Te”N BXOAHOTO cUrHana. [lanee aToT CMrHaa nocTynaeT Ha BXOZ 3/1eKTPOH-
HOrO K/HoYa, KOTOPbIM YMpaBAseT Taimep, NepuoguYeckn 3aMblKaroLnii
ero Ha NOCTOSAHHbIVA CTabWIbHLIA MHTEPBaN BPeMeHU 3 (guarpamma 3),
HanpumMep TO= 1c. CchopMmpoBaHHaa Takum o06pas3om cepus MMMy b-
coB 4 (guarpaMma 4) MOCTynaeT Ha BX0A cyeTymka Cu, cogepxmmoe
KOTOpPOro 5 B Havase UHTepBana To paBHO HY/H, a B KOHLEe MHTepBaia
CyeTa paBHO 4YMcny NOCTYMUBLUMX MMMNY/bCOB NX. STO YMCA0 NPsSIMO
NPONOPLNOHANBHO U3MEPSEMOI YacToTe/, BXOAHOIO CUTHana:

Nx= Ent[TO/TY = E,,t[TOFX,

roe Ent [...] — onepatop onpeaeneHns LMo YacTu BblpaxkeHus [..];
Tx — nepuof BXof4HOro curHana (Tx = Vfx); fx — yactota BXOAHOro
curHana.

Coaep>Xnmoe cyeTumnka 5 3anoMunHaeTca B 6yepHOM 3anoMuUHato-
Lem yCTpoiicTBe 3Y U XpaHUTCA TaM A0 OKOHYAHUWA CNeAyHOLEero Luk-
Na U3MepeHuns 1 nepenncy HoBOro pesynbrata. O4HOBPEMEHHO pe3ynbTar
nocTynaeT Ha LU(POBOe O0TCYETHOE YCTPOCTBO (MHAMKaTOp WH). Ecnn,
HanpumMep, B TedeHWe nHTepBana Tob= 1C Ha BXOf CYETUYMKA MOCTYMU-
no 254 nmMnynbca, TO, CnefoBaTe/lbHO, YacTOTa BXOLHOIO curHana fx =
=254 T'u, Mpubop paboTaeT LMKANYECKM, T.e. B HaYane KaxXaoro HoBo-
ro yMKna CHeTUMK «0bHynseTcs». TakmMm obpa3om, pesynbTaT uamepe-
HUA nepuogmyeckn obHoBnseTcs. OTMeTUM, YTO (hopMa nepuogmyec-
KOro curHana 3HauyeHus He UMeeT.

B peanbHbix LIY nMeeTcA HECKO/ILKO AMana3oH0oB M3MepeHuns YyacTo-
Thbl, T.€. (POPMUPYETCA HECKOMIBKO Pa3/INYHbIX N0 ANUTENBLHOCTU CTabWb-
HbIX MHTepBanoB TO (Hanpumep, T0 =0,1 c¢; T® = 1,0c; Tio = 10 ¢).
Mpw paboTte ¢ LLY B pexume M3mMepeHUs 4acTOTbl BaXHbIM SBASETCA
npaBu/ibHbLIA BbIGOP AManasoHa, T.e. BbIGOP MHTepBana TO, B TeUeHue
KOTOPOro NPOMCXOAMT NOACYET UMNYNLCOB. YeM 60/bLie UMMYbCOB Nx
NOCTYNWUT B CYeTUMK (B npefenax, KOHEYHO, MAKCMManbHO BO3MOX-
HOro) Ha uHTepBane To, TeM 60nblUe ByAeT 3HaYaLWMX LUhp pesynbTa-
Ta U3MEPEHUs Ha UHAMKATope, TeM, C/ef0BaTe/IbHO, NyYlle.

O6Las norpelwHocTh [/ pe3ynbTaTa U3MepeHns 4acToThl fx CKNagbl-
BaeTCA M3 [BYX COCTaBAAKOLIMX MOrPeLHoCT! AUCKPeTHOCTU On
norpewHocTM AR2, BbI3BAHHOW HETOYHOCTLIO (HEMAeanbHOCTbIO) 3a-
fLaHus nHTepBana BpemMeHn TO.

MorpewHoCTb AMCKpeTHOCTU AN HEU3B6eXHO MPUCYTCTBYET B /tO-
60M aHanoro-unhpoBom npeobpasoBaHUn. PaccMoTpyum npupoay BO3-
HWKHOBEHUS 3TOW MorpewwHocTn. OTHOWeHMe TO/T x MOXKeT 6bITb f1t0-
6bIM, TaK Kak 4yacToTafx BXOAHOIO CUrHana MoXeT UMeTb BECKOHEUYHOe
MHOXECTBO Pa3/IMYHbIX 3HA4YeHWA. MTOHATHO, YTO B 06LLEM Cnydae OT-
HoweHue TO/Tx—Apo6HOoe Yncno. A NOCKOAbKY YMACI0 UMMYLCOB Nx
NOACYUTBLIBAEMbIX CHETUYUKOM, MOXET 6bITb TOMLKO LefbiM, TO B Npo-
Llecce Takoro aBTOMAaTUYECKOro OKPYr/ieHWUs eCTECTBEHHO U Heusbex-
HO BO3HMKAEeT MOrpewHocTb (NOrpewHoCTb AUCKPETHOCTHK).
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OUueHVMM BO3MOXHOE 3HauyeHue 3TOi norpelwHocTu. Mpu ogHOM U
TOM )K€ MOCTOSIHHOM 3Ha4YeHMM UHTepBana TO, B 3aBUCMMOCTM OT pac-
MOM0XeHNs (CNy4aliHOro) BO BPEMEHM BXOAHOIO CUrHana U UHTepBa-
na o, Yucno UMNYNbLCOB, NMPUXOAALLMXCS Ha WHTepBan TO, MOXET
OT/IMYaTbCS B Ty WM APYTYK CTOPOHY Ha efuHuuy. Ha puc. 6.4, a
nokasaHbl Be pasHble CUTyauuu Npy COBEPLUEHHO OfMHAKOBbIX WUC-
XO[HbIX yCnoBuaAx (0O4HA W Ta Xe BXOAHas 4yacToTa fx, O4UH W TOT Xe
nHTepean 70: B NMepBOM C/lyyae (gmarpamma 1) YUCAO MMMY/bCOB,
MOCTYMUBLUMX B CYETYMK, PaBHO MATW, a BO BTOPOM (Auarpamma 2)
CNyyae YnCNo UMMYNbCOB PaBHO LUECTM.

MorpewHocTs 4", — cnyyvaiiHas BefMYMHA, NOCKONbKY BXOLHOA
CUTHaM W CUTHaN TailiMepa B 06LLEM C/lyYae HUKaK He CBA3aHbl Mexay
cob60oii. MakCcMManbHO BO3MOXHOE 3HAUYEHWE 3TOW MOrPELHOCTM Heuns-
MEHHO 1 COCTaBMISET O4HY eAVHULY MIaALIero paspsga — Of4WNH KBaHT:

Ar, = £1 umnynsc = £UTO.

Taknm 06pa3oM, Al —3T0 afAMTUBHASA MOrPELIHOCTb, T.€. He
3aBucAWas OT 3HAYeHWs WU3MepsAeMoli BeIMYUHbI — 4YacToThbl fx
(puc. 6.4, 6).

MorpewHocTb Afl Bbl3BaHA HeTOYHOCTHIO (HEWAEANLHOCTLIO) 3aja-
HUS MHTepBana TO (puc. 6.5, a).

Ecnn 6bl 4nnTeNbHOCTb MHTEPBana TO MMena CTPOro HOMWUHabHOe
3HayeHue, TO YMCNO0 UMMYLCOB, NOCTYMNUBLLUX B CYETUMK, 6bINO Obl
paBHO (cm. puc. 6.5, a). Ecnu xe nHTepBan TO OygeT, Hanpumep,
HECKONbKO 60/blUe HOMWHA/ILHOTO M cocTaBUT TO +ATO, ro Npu TOWN
Xe M3MepseMoil yactoTe fx B CYETUMK MOCTYNUT 60MbLUE MMNYNLCOB
N2> N\ (cM puc. 6.5, o).

HeTouHocTb [TO3agaHNa 3TOr0 MHTEpBana NPUBOAUT K NOSBIEHUIO
MYNbTUNNUKATUBHOIM, T.e. TMHENHO 3aBUCSALLENA OT 3HAYEHNS U3-
MEPSIEMOI 4acTOoThbI/”, COCTaBMAOLLEN:

ATqg
2 = +fx
TO
Afl
1

1 To
2 Ta

V 1

K

Puc. 6.4. AgaAMTUBHAA MOrPELLHOCTb B PeXXUMe U3MepPeHNsa YacToTbl:
a — BO3HUKHOBeHMe; 6 — abconoTHass U OTHOCUTe/bHas norpeLwHoCcTn
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Puc. 6.5. MyﬂbTI/II'II'IVIKaTI/IBHaﬂ NOrpewHoOCTb B PEXNUME U3SMEPEHNA HaCTOTbI:
a — BO3HMKHOBeHMe; 6 — abcontoTHasA M OTHOCUTEIbHAA norpewHocTn

CymmapHasi a6contoTHas norpelwHocTh Af pesynbTaTa M3MepeHus
4yacToTbl / W cymmapHasi oTHocuTesbHas morpewiHocTs 5f, %, paBHbI,
COOTBETCTBEHHO:

on+4, =+ L +f AL

R
5r —si +§fe—— L+ AT0 100,
TOf x

padnyeckas MNAOCTPaLUA MOBEAEHMS COCTABAAIOWMX U CYMMap-
HbIX abCONKOTHON M OTHOCUTENIbHOW NOrpPeLUHOCTEl pe3ynbTara uame-
peHunsa yacToTbl/,, NpUBEAEHA Ha pUC. 6.6, a U 6, COOTBETCTBEHHO.

BnaHo, 4YTO YeM MEHbLLE 3HAYEHME N3MEPSAEMOIN YaCcTOTbl/, B 3TOM
pexxume, TeM (NpyM MOCTOAHHOM WHTepBane TO) XyXe, TaK KaK Tem
60/blLLe OTHOCMTENbHAA MOrpPewWwHoCcTb SF [ANa yMeHbLUEHNS 3TOW Mo-
rpeHoCcTN Heo6X0AMMO YBeNnuMBaTh MHTepBan TO, HO HeLenecoob-
pas3Ho ero genatb CAUWKOM 60nblInM. Tak, Hanpumep, AIMTeNIbHOCTb

Puc. 6.6. CymmapHble abcontoTHasa (a) U oTHocuTenbHasa (6) NorpewHocTr
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nHTepsana TO= 10 ¢ yxe Heyfo6Ha ana paboTbl, TaK Kak 3Ha4YUTeSb-
HOe Bpems OXWIaHWUsA NOABEHUS KaXAOro HoBoro pesynstara (HOc)
MOXeT BbI3BaTb Y oneparopa pasgpaxeHue. [na n3mepeHusa cpaBHU-
TeNIbHO HU3KMX 4acToT yAo6Hee UCNONb30BaTb BTOPOW pexum Ll —
PEXUM M3MepeHUs nepuofa (CM. HUXKE) UCCNefyeMOro BXOAHOIO CUr-
Hana Tx= \/fx

PaccMOoTpyUM npuMep onpeAeneHns MOrpeLHOCTei pesynbrara us-
MepeHUs YacToThl. MpeanonoXuM, NU3BECTHbI 3HaUYeHWe nHTepBana T0=
= 1c 1 BO3MOXHaa MOrpewwHocTs ero 3agaHna Aro=+2 mc. NMonyyeH
pesynbTat usmepeHus yactoTel f k= 1 ku. OueHUM 3HaYeHns COCTaBs-
NAWMUX U CyMMapHOI/ NOrpeLHOCTH pesynbTaTa.

3HayeHUs abCoMOTHbLIX aaAUTMBHOW AR U MynbTUNAUKATUBHON AR
NOrpewwHocTed, COOTBETCTBEHHO PaBHbI:

Afi = +1/7q = +1 Ty,

M 7L=+1000-2-10-3 =
T0 1

3Ha4YeHUs OTHOCUTENbHBIX aaaANTUBHOW 5F [ M MynbTUNAMKATUBHOM
5R2 norpewHocTen onpeaenum 06bI4HbIM 06pa3oM:

81 = (An //v) KOO = +(1/1000) 100 = +0,1 %;
Sf2 = (Jln/fx) KOO = +(2/ 1000) 100 = +0,2 %.

CyMMapHble abcontoTHast AFM OTHOCUTE/IbHAs — MOFPELIHOCTM pe-
3ynbTaTa M3MEPEHMs YacToTbl fX COOTBETCTBEHHO PaBHbI:

Ap= Afi + Af2—=3 'y,
6/r= 5/ + 5f2 = £3 %.

6.2.2. Pexxuum namepeHuna nepuoga

YnpouleHHaa cTpyktypa LIY B pexxume nsMmepeHus nepuoja npuse-
[leHa Ha puc. 6.7, a, @ BpEMEHHble AnarpammMmbl — Ha puc. 6.7, 6. B aTom
peXxume BXOAHON Nepuoauyveckunii curHan 7 (COOTBETCTBEHHO AMa-
rpamma 7) no60oi hopmbl NOAAETCS Ha BXOA (hOopMmMpoBaTens nepuoga
@, roe npeobpasyeTca B NPAMOYTO/bHbLIA CUTHAN 2 (guarpamma 2)
(hMKCMPOBAHHOW amMNAUTYAbl, ANUTEIbHOCTb KOTOPOro Tx paBHa nepu-
04y BXOAHOr0 CurHasna.

[anee 3ToT curHan nocTynaet Ha ynpaBAslOWUA BXOL 3/IEKTPOH-
HOrO K/to4a W 3amblKaeT ero Ha Bpemsi Tx. Ha Bxofe 3/1eKTPOHHOro
K/toYa — NPSAMOYrobHble UMMYMbCbl 3 (Auarpamma 3) cTabuiibHOM
HEeM3BECTHOW 4acTOTbl FO, MOCTOSIHHO MMCTyMawlyme ¢ BbiXoga reHe-
patopa TakToBbIX MMNYAbCOB ' TW. Takum 06pa3om, Ha BbIXOe Koya
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wna LU

Puc. b 7, Pexxum n3mepeHus nepuo-
fJa (WHTepBana BPeMeHW):
a — ynpolleHHaa cTpykTypa U4Y; 6 —
BpPeMeHHbIE AnarpamMmmbl

(hopMupyeTcs cepusi NPsAMOYrO/bHBIX UMMY/bCOB 4 (anarpamma 4),
4MCNO MMNYNLCOB Nx B KOTOPOI NPOMOPLMOHANLHO ANNTENBHOCTU Tx

Nx = Ent[Tx/T 0] = Ent[TJFO\,

roe Ent [...] — onepatop onpefeneHns L0 YyacTu BbipaxeHns [...];
7)) — nepuog TakKTOBbIX UMMNYNbCOB, T(= I/FO; FO — YacToTa TaKTOBbIX
nmnynscos 'MU.

CueTumk CY NOACYUTBLIBAET NpULLEALLINE UMNYNLChI U 3aTEM COfep-
XUMOe cyeTumKa 5 nepenncbiBaeTcs B 3anoMUHatoLLee yCTpoicTeo 3Y,
rie v XpaHUTCA 40 OKOHYaHWA CnefytloLlero LMKna v nepennucm HoBso-
ro pesynotara. HgmMkatop IH No3BOMAET CUNTLIBATL PE3y/bTaT U3Me-
peHusi. Ecnun, Hanpumep, YactoTa MMnynscoB F'TU 6bina ycTaHOBIe-
Ha FO= | KI'U, a cogepxxumoe cyetumka Cy B KOHLIe MHTepBana cyeta
0Kasanocb paBHbIM Nx= 1520, TO nepnoj BXOAHOr0 CUrHana, cnefosa-
TeflbHO, paBeH Tx= 1,52 c.

W B 3aTom pexxume LIU paboTaeT LMKAUYECKHU, T.€. B HaYasle KaXKJo-
ro HOBOrO LiMK/a npeobpa3oBaHms CHETUNK 06HYNsieTcs. Takmm ob6pa-
30M, pe3ynbTaT U3MEepPEeHUs MepuoMuyeckm o6HOBNAETCA.

OO6bIYHbI LJH MmeeT BbICOKOYACTOTHbI cTabunbHblil F'TU 1 und-
poBOI AenuTenb 4acToTbl, C MOMOLLbLIO KOTOPOro (hopMupyeTcs He-
CKOMIbKO pasHbIX TaKTOBbIX 4acTtoT FO (Hanpumep, fd = 1,0 klu;
Fe = 10 klMy; FB = 100 kly; FM = 1,0 MI'y), 4TO O3HAYaeT Hannune
HECKONbKNX BO3MOXHbIX AMana3oHOB M3MepeHUsa nepuoga. BaxHbiM,
Nno3ToMy, SIBNSETCS BONPOC NPaBMNbLHOr0 Bbi6opa fuMana3oHa u3mepe-
HWUS, B KOTOPOM 06ecrneymBaeTcs MUHUMASbHAs MOrPELIHOCTb.

MorpewHocTh ATpe3ynbTaTa UsMepeHust nepuoja (MHTepBana Bpe-
MeHU) T\, KaK 1 B pexXxMme WU3MEpPeHWUs 4acTOTbl, COLEPXUT [Be CO-
CTaBNAKOLLME: MOrPeLHOCTb AUCKPETHOCTU An W MOrpewHocTs Ar2,
BbI3BAHHYIO HETOYHOCTbIO (HEWeanbHOCTbIO) 3HavyeHWs FO 4acToThl
'T. MorpewHocTb anckpeTHocTM ATL NO NPUPOLE aHanornyHa pac-
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CMOTPEHHO B MEPBOM peXMMe W MpefcTaBnseT cO60i afAuTUBHYHO
norpewHocTb (puc. 6.8, a). MosBneHMe BTOPOI COCTaBAAOLLEA — no-
rpewHocTN AN WITIOCTPUPYET puUc. 6.8, 6.

Ecnn 6bl yacToTa curHana ' 6blna CTPOro paBHa HOMUHaNbHOM
FO, TO YNCNO MMMY/IbCOB, NOCTYMUBLLMX B CHETUMK B TEUEHWE UHTEPBAsIA
Tx, 661710 661 paBHO AV Ecnn e yactoTa curHana T 6yaet, Hanpu-
Mep, HECKONbKO 60Mblle HOMWHANbHOW M cocTaBUT FO + AFIh TO Ha
TOM >Xe MHTepBasie TXB CYETUMK NOCTYNMUT 60JIbLIEe UMMNYNLCOB N2> N|.
3Ta cocTaBNAoLLas NOrpelHOCT MybTUNAMKATUBHA, T. €. ee 3Haue-
Hve Tem 60nblUe, YemM Gofblle ANUMTENIbHOCTL U3MEPAEMOro nepuoja
(nHTepBana) Tr (puc. 6.8, B).

CymmapHasa abconoTHasa norpewHocTb [17 pesynbtata M3MepeHus
nepmuoga TX N cymMmapHas OTHOCUTENbHAsA MorpewHocTs BT, %, paBHblI,
COOTBETCTBEHHO:

an +Anr |

m |, AFO
FT Fn

100.

Ha puc. 6.9 rpadmyeckn npeacTaBneHbl OTAe/bHbIE COCTABAAKOLLLME
M CyMMapHble NOrpeLHOCTM pesy/bTaTa M3MepeHns nepuoga TxB ab-
CO/MIIOTHOM W OTHOCUTE/IbHOM BUAaX, COOTBETCTBEHHO.

Takum 06pa3om BUAHO, YTO B 3TOM PEXMME, YeM MeHbLLE N3Meps-
eMblii nepuop Tx (4em 6OMblUe 3HAYEHME YacTOTbl fX), TEM XyxXe, Tak
Kak Tem 60/blle OTHOCUTENIbHaA NOrpewwHocTb. s u3MepeHuns cpas-
HUTENIbHO MasfbIX 3HaYeHUi nepuofa Tx (MU CPaBHUTENLHO BbICOKUX
4acToT) cnefyeT UCMOob30BaTh MepBbld pexum LY —pe>kum unsmepe-
HUS YacToThbl fXx

Juuuumuuuuuuuuuuy

1 fnnnnanmnann

Nr

Punc. 6.8. CocTaBnawL,me norpewHoCTN B pexxumMe U3MepeHna nepuoja:

a — afanTuBHas COCTaBAAOLWAnA; 6 — NOsB/IeHVe BTOPOI COCTaBAAIOLWEl; B — My/bTU-
NAMKaTUBHAsA COCTaB/sALLas
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Puc. 6.9. CymmapHble abcontoTHas (a) 1 oTHOCUTe/bHast (0) NOrpPeLlHOCTY

PaccMOTpuM MpumMep onpefeneHus NOrpeLlHocTeld pesynbTata us-
MepeHnsa nepuoga. MNpegnonoxXum, U3BECTHO 3HayeHne yactotel T
FO= 100 kl'y £ 10 Iy, Mony4yeH pesynbTaT U3MEPEHUSA nepuoga Tx=
= 1,0 c. Haligem 3HauYeHMs COCTaBASAOLWMX 1 CYMMapHOI MOrpeLtHoCTH
pesynbTara.

3HaueHus abCoMOTHBIX aAAMTUBHON AN U MyNbTUMINKATUBHOK AT2
MOrpeLIHOCTen COOTBETCTBEHHO PaBHbI:

Ar, = +1/F0- +1/(100 -103) = +0,01 mc;
AM2=7;7- =+bl 03(100-103) =+0,1 MmC.

3HayYeHNsa OTHOCUTENbHbIX aAAMTUBHOW 811 U MYbTUNANKATUBHOW
8T2 NorpeLHocTeld onpeaenum 06blYHbIM 06pa3oMm:

5M = Ar|_ 10° =+0,01 -100/1 = 0,001 %;
L

82 = AT12'100 =+0,1-100/1 = £0,01 %.
Tx

CymMMapHble abcontoTHas Ar v OTHOCUTENbHas bT MOrpewHoCTy
pesy/nbTaTa M3MEpPeHus nepuoaa Tx paBHbl, COOTBETCTBEHHO:

dy= 0 + Qy2=—6,11 wmc;
bt = bT\ + &T2 = £0,011 %.

6.2.3. BbI6op pexunma paboThbl

Mpwu paboTe B WINPOKMX AMana3oHax 3Ha4YeHuid 4acToT (Mnm nepuo-
Ja CMrHana) ecTeCTBEHHO BO3HMKAET BOMPOC, KakKol pexum (U3 aByx
PacCMOTPEHHbIX) Lenecoo6pasHo Bbl6paTb AN MUHUMMK3ALUU OTHO-
CUTENbHON MOrpeLHOCTN pesynbTaTa U3MepeHns. PaccmMoTpum 3ToT
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BOMPOC Ha OCHOBE CPaBHEHUS (DYHKLUMIA CYMMapHbIX MOrpeLIHoCcTen B
060UX pexmnmax.

Ha puc. 6.10, a npuBeaeH rpadmk yHKLUN CyMMapHO OTHOCK-
Te/IbHOM MOrpeLHOCTM B PeXUMe M3MEPEHNS YacToTbl fx.

B uUensx ynpouweHns puUCyHKa CUMMETPUYHbIA NO OTHOLLUEHUIO K
ocn abeuwnce rpadmk 3geck npeacTtaBneH moayneMm (TOMbKO MOMIOXM-
TeNbHOI YacTbio). [15 NpaBOMEPHOro CPaBHEHMS MOrPeLLIHOCTEN B 060MX
peXnmax Heo6xo04MMO X MPeacTaBMTb 3aBUCUMOCTAMI OT 06LLIEr0 apry-
MeHTa, HanpuMep, OT M3MepPsSEMO YacToThl fx. MOCKONMbKY nepuog Tx
CUrHana ecTb obpaTHas YacToTe fx BeNMUNHA:

x=1/f,,

TO BbIPaXeHWe 415 CYMMapPHO OTHOCMTENbHOW MOrpewHocTn 5T, %,
pe3ynbTata U3MEPEeHNs nepnuoga Tx MOXHO MpPeACTaBUTb TakK:

8t-=+(A/FO+ ABA)100.

pagmueckn 3Ta 3aBUCMMOCTb MOKaszaHa (CBOMM MOAYNeM) Ha
puc. 6.10, 6.

Tenepb, MMes 3aBUCMMOCTU CYMMapHbIX MOrpewHocTel (8/irn 87),
%, 060MX PEXMMOB OT OAHOrO M TOro XKe aprymeHta (M3MepsieMoid
4acToThl fX):

gr=+ <+ T,
TO/ x
fX A "o 100,
F F

MOXXHO CpaBHMBaTb UX 3HAYEHUS NMPU KOHKPETHOW 13MepsieMoii 4acTo-
Te U, CNiefjoBaTeNbHO, BbIGMPATb ONTUMAbHbIA pexkum. MoBeaeHne oT-
HOCMTE/bHbIX CYMMapHbIX MOrPeLIHOCTel B 3aBUCUMOCTI OT 3HAYEH U
M3MepseMoli YacToTbl fx B 060MX PeXMMax NokasaHo Ha puc. 6.10, .

Puc 6.10. K Bonpocy Bbibopa pexuma LiY:

a — SfC/x) B pexxvme M3MeHeHUsA 4acToTbl; 6 — 6r(/V) B peXXume U3MeHEHWUS Mepuoja;
B — CpaBHeHMe OTHOCUTENbHbIX CyMMapHbIX MOTPeLHOCTeN
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Touka nepeceyeHus rpauKoB CyMMAapHbIX MOrpewHoOCTeNn Ha
puc. 6.10, B 03Ha4YaeT PaBEHCTBO OTHOCUTE/bHBIX MOTPeLLHOCTelN n3me-
peHus 8F= 8l 4TO COOTBETCTBYET rPaHNYHOMY 3HAYEHMWIO U3MEPSEMON
yacToTbl/ vp. s o6ecnevyeHns MUHUMasbHbIX NOTPeLLHOCTel pesynb-
TAaTOB NPU WU3MEPEHUM 4YaCTOT, MeHbLUUX fxvp, CrefyeT WUCMO/b30BaThb
peXum nsMepeHus nepuogda Tx, a 4aa 4acToT, 60NbWNX./[N — pexnm
N3MepPeHnsa YacToThbl fx.

O6bI4YHO B CTpyKType LY ana ¢gopmumpoBaHus wmHTepana TO uUc-
Nnosb3yeTcsd TOT XKe reHepaTop TaKTOBbIX MMMYNbLCOB, YTO U NpU 3aja-
HUM 06pa3sLoBOli TaKTOBOI YacToTbl FO. M03TOMY OTHOCUTENbHbIE OT-
KNOHeHUs ATO/T 0 AFO/FOpaBHbI, T.e. OTHOCUTE/IbHbIE MOrPeLLIHOCTH
3afjaHna nHTepeana T{ 1 06pasyoBoii YacToTbl FOofMHaKoBbI. Cnepo-
BaTeNbHO, CPaBHEHWE CYMMApPHbIX OTHOCUTE/IbHbIX MNOrPeLIHOCTeRn Mo-
XET BbIMONHATLCA 6e3 yyeTa 3TUX MYNbTUMAUKATUBHBLIX COCTaBMA0-
Wwux. B pesynbTate MOXHO ONpefensTb 3HaYeHWe rpaHUYHO YacToThl
fXIp NPOCTLIM BblpaXKEHUEM

Arp = JfWTo-

Ecnu 3HauyeHue BXOAHOW M3MepseMOi 4acTOTbl 60/blUe 3HAYEHMS
fxIp, TO LenecoobpasHO BbIGPATh PEXUM U3MEPEHUS YacTOThl fx, ec/un
MeHblle — TO, HA0BOpOT, PeXUM M3MEpPeHUs nepuoga Tx

Knaccbl TouyHocTn LY 3agatotcs (Kak My 6onbliunHcTBa LIAM)
npegenbHbIM 3HaYeHUWEeM OCHOBHOW abConoTHOW norpewHocty An,
COZep>KalLein aBe coCTaBNAOWMe: afANTUBHYIO U MYNbTUNINKATUBHYHO.
Hanpumep, knacc TovHocTu LU B peXxume m3MepeHUs 4acToTbl MO-
XeT 6bITb 3adaH Tak: An=+(0,1 % pesynbTaTa uamepeHus + 0,1 % Bepx-
Heil rpaHWLbl AnanasoHa nsmepeHns). Ecav gnanasoH nsmepeHus ya-
CTOTbI MU3BecTeH FK= 100 kI, W, JOoNycTUM, B HOPMa/IbHbIX YCNOBUAX
NPOBefEHNSA 3KCNEPUMEHTA MOMYYeH pe3ynbTaT U3MepeHUs 4acToThbl
fx= 50 KI'LL, TO MOXHO HaWTW 3HAYeHUe OCHOBHOI abCOMOTHON UHCT-
PYMEHTa/IbHOI MOrpewwHoCTN pesy/bTata:

An=+(0,1 % o1 50 kI'y + 0,1 % o1 100 Kl'y) =
=+(50 + 100) 'y = +150 Iy,
OKoHYaTenbHas 3anncb pesynbTaTa U3MEPEHUs B 3TOM NpUMepe Ans
[LeTepMUHMPOBAHHOIO NOAXo4a Bbirnagena Obl Tak:
fx=150,00 kl'y; An=£0,15 K'Y C BepOATHOCTbIO pm = 1

f
6.2.4. Mpumep UMGPPOBOro YacTtoToMepa

CoBpeMeHHble LY MCnonb3ytoTcs He TONbKO A5 U3MEPEHUs ya-
CTOTbl ¥ Mepuoga, HO M ANs U3MEPEHUS B LUMPOKMX AMana3oHax WH-
TepBasioB BPEMEHMW, ANs MoAcyeTa uyucia MMMyAbCOB HEKOTOPOW No-
CNefoBaTeNlbHOCTU, ONPEeAENeHUs OTHOLLEHNSA YacToT ABYX Nepuogm-
UECKMX CUTHAOB.
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OCHOBHble TeXHUYeCcKMe XxapakTepPUCTUNKN 0Te4ecTBEHHOrO LgpoBoro
yacToTomepa 43-38

Anana3oH U3MEPEHUA YACTOTbl.ccercieririeeieseesieseeseeie e 10 MNy...50 MTy,
[Onana3oH namepeHns ANNTeNbHOCTU Nepuoja/vH-

TEPBANIOB BPEMEH M ittt s 10 mkc... 10 ¢
Paspelwiatowiass cnocobHOCTb N3MEPEHUSA WUHTepBanoB

BPEMEHM, H € oottt s 100
Anana3oH M3MepeHUA OTHOLUEHUA YaCTOT..ocovererennen. 10. . 107
OTHOCUTEeNbHAA HeCTabuNbHOCTb YacTOTbl reHepaTopa

38 24 U e 5-10~9
BxogHoe Hanps)eHue No BXoAy A, B ..., 0,1... 100
BxofHOe HanpsxkeHWe 1o BXogy B, B ..., 0,1...10
BxofHOe CONPOTUBNEHUNE, KO M ..o 10
BxogHasg eMKOCTb, M® ..o 50

MprumeuaHue. Bxog A npegHasHayeH ANa U3MEPEHUs YacTOTbl BXOAHOIO
CWTHana U noAcyeTa UMMYMbLCOB; BX0A4 B McMonb3yeTcss B peXxumax U3MepeHust
nepuoja 1 WHTEPBA/IOB BPEMEHU; B PEXMME WU3MEPeHWs OTHOLUEHUSI 4YacToT
3afieiicTBoBaHbl 06a BXofa.

3Ta mogenb LIY MOXeT Takxe BbICTynaTb B POAM UCTOYHMKA CTa-
6UnbHbLIX (06pa3LLoBbIX) YacToT.

6.3. UNDPPOBbBIE BOJIbTMETPbI V| MYJIbTMETPbI

PaccMOTpUM YCTPOICTBO M HEKOTOPble OCOGEHHOCTU NpeacTaBu-
Teneli 4OBOMLHO pacnpocTpaHeHHoro cemelictea MM — undpoBbIx
Bo/IbTMETPOB (LUB) n mynbTtumeTtpos (LM).

6.3.1. CTpyKTypa umdpoBOro BosibTMeETpa

YnpouleHHasi cTpykTypa L|B nokasaHa Ha puc. 6.11 Ha Bxog npun6opa
nojaetcsa M3MepsemMoe Hanps>keHue U (MOCTOSAHHOE WY NepemMeHHOE,
B YaCTHOCTW, NEPUOLUYECKOE).

BxogHble uenu LIB npegHasHayeHbl 4n1a npeob6pasoBaHua BXOLHO-
ro HanpsHKeHWs B YHUMPULMUPOBAHHLIA CUTHaN, 0ObIYHO — B He-
60/bLLIOe HanpsXeHWe MOCTOAHHOrO TOKa, NPOMopuUUOHaNbHOE 3Ha-
YEeHWI0 MH(OPMAaTMBHOIO MNapameTpa U3MepseMOW BeINYMHbI (Ha-
npumep, AeMCTBYIOLLEMY 3HAYEHUIO MEPMOAUYECKOrO HampsHKeHUs).
B 06uiem cnyyvae Bo BXOAHbIX Lenax LIB BbINOAHATCS (YHKLUK yCU-
NeHusa, ocnabneHus, BbiNpAMAeHUS, UNbTPaLUnU, KOMMYTaLUN CUT-
Hafa, 3aluTbl OT Neperpysku v Ap. Hanpumep, BXOLHOe Mepuogu-
4ecKoe HanpsKeHWe C MOMOLLbIO BbINpAMUTENs npeobpasyeTtcs B Mo-
CTOSIHHOE HarnpshKeHue, CUrHaj Masoro YpoBHS YCU/IMBAeTCA, CUTHa
60MbLIOr0 ypoBHA ocnabnsetrca un T.4. OCHOBHOW y3en npubopa —
aHanoro-ungposoit npeo6pasosaTens (ALIM), KoTopblii aBTOMaTUye-
CKM peann3yeT Mepexof OT aHasoroBoli hOpMbl BXOLHON BeIMUUHBI K
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Puc. 6.11 YnpouieHHas CTPyKTypa undpoBOro BosbTMETpa

LN poBOI (hopMe BbIXOAHON BenMuUMHbI (T.e. K MPOMOPLMNOHANbHOMY
kogy). B LIB ans cTaTMYeCcKnX M3MEPEHNI MPUMEHSIOTCS, Kak MpaBuno,
uHTerpupytowme ALM. PesynbTaT 3T0ro npeobpasoBaHWs BPEMEHHO
XpaHUTCA B 3anomMuHaloLem perucTpe. KoHTposnnep ynpasnser pa-
60TOI BCex y3n0B Npubopa. B3ammoaeiicTBne yenoBeka (onepaTtopa)
C NpuBopoM OCYLLECTBNAETCA C MOMOLLbIO KNnaBuMaTypbl WU MHAMKA-
Topa. KnaBnatypa no3BonsieT 3agaBaTb pexxumbl paboTsl LIB. Ling-
pOBOI MHAMKATOP MOKa3blBaeT pe3ynbTaTbl U3MepeHus. B cTpykType
npnbopa MoXeT ObITb NPeAYCMOTPEH NHTepdelic, NO3BONAOLWMIA NPU-
60py 06LWaTbCa C BHEWHUMMW YCTPONCTBAMM, B HACTHOCTU C KOMMbHO-
TEpoMm.

CTpyKTypa MunKponpoLieccopHoro LIB cnoXxHee, HO 1 BO3MOXHOCTU
ero 6oraye. B oT/iMune ot npefblayLLeil CTPYKTYpPbl, KOHTPOIIEP 34eCh
6onee CnoXHbIn. OH coaepXXuT mukponpoteccop (MI1), aBnawoLwmincs
OCHOBHbIM 3/IEMEHTOM YNpaBNEHUA; NOCTOAHHOE 3anOMUHatoLLee yCT -
poiicTeo (M3Y), B KOTOPOM XpaHATCS NporpaMmmbl paboTbl npubopa, K
onepaTwBHoe 3anomuHaroulee ycTpoiicTeo (O3Y), B KOTOPOM XpaHATCS
faHHble. Tako KOHTpOAep ABNAETCA CBOEOOPa3HbIM UCKYCCTBEHHbIM
WNHTENNEKTOM, obecneymBalolnMmM pasHoo6pasHble PYHKUMOHANbHbIE
BO3MOXHOCTU M0 Npeobpa3oBaHmio, XpaHEHUIO, Nepejade 1 NpeacTaB-
NEHNIO MHopmaLlmu.

MWKpPONpOLECCOPHLI/i MPM6OpP B COCTOSHUU, Hanpumep, 3anoM-
HWB HECKO/IbKO COTEeH pe3y/nbTaToB (KOAOB) OTAENbHbIX M3MEPEHUN
BXOAHOr0 HanpseHus, BbIYUCNUTbL CPefHee, CpefHee KBajpartuuye-
CKOe 3HauyeHus, HaWTU MakKcUMasbHOe U MUHUMa/IbHOE 3HaYeHUs 3a
BPeMS NPOAC/MKUTENLHOTO 3KCNEepPUMEHTa, HalTM HeobXoanMMble Npo-
N3BOAHbIe BeNMYMHbLI U T.N. B LUB, nmerowem HeCKoNbKO AMana3oHOB
n3mepeHuin, MM MoxeT ynpaBnsaTb aBTOMaTUYeCKMM BbIOOPOM fua-
Na3oHOB U3MepeHuns (He roBopsi y>ke 06 aBTOMaTU4eCKOM Bblbope Mo-
NAPHOCTM BXOAHOr0 NOCTOAHHOIO HanpsXkeHus). Kak npasuio, Muk-
ponpoueccopHblie NPUOOPbLI UMEKT y3en CTaHAAPTHOro WHTepdelnic-
HOro obmeHa WHopMaunein ¢ gpyrumu ycTpoicTBamu, 4TO MO3BO-
NAeT BKOYATb UX B COCTaB PasNIMYHbIX U3MEPUTENIbHbLIX U YNPaBsto-
LWMX CUCTEM.
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6.3.2. CTpyKTypa yucpoBOoro mysnbtnmerpa

Linthposble mynbtumeTpbl (LLM) — Digital MultiMeter (DMM) —
3TO MHOTFO(YHKUUWOHaNbHbIE U3MEPUTENbHbIE NPUBOPBI, CheunanbHo
npegHasHayeHHble B OCHOBHOM [/ CTAaTUYECKMUX U3MEPEHUI HECKO/b-
KUX 3/IEKTPUYECKMX (HanpuMep, NepeMeHHbIX U NOCTOAHHbLIX Hanps-
XKEeHWU W TOKOB, COMPOTMB/IEHNS, YaCTOTbl) U HEINEKTPUYECKUX (Ha-
npuMep, TeMnepaTypbl) BeMUUH.

ABTOHOMHbI MUHMATIOPHBIA LIM B HacTosllee Bpems, MOXanyi,
Camblil pacNpOCTPaHEeHHbI (M MOGUMBIA U3MEPUTENAMWN) UHCTPYMEHT,
LUMPOKO MPUMEHSEMbI B Pa3fIMUHbIX N3MEPUTENbHbLIX I3KCMEPUMEH-
Tax B 3MIEKTPUYECKMX LIeNAX U yCTaHOBKax HM3Koro (go 1000 B) Ha-
npsHKeHns.

Ctpyktypa LUM nogo6Ha cTpyktype nto6oro LIAM. OTanune nuwb
B Ha/IM4uKM Ha BXofde Npubopa HECKObKMX creunanbHbIX npeobpaso-
BaTe/neil KOHKPETHbIX BXOAHbIX (PU3MUECKUX BeNUYMH. Ha puc. 6.12 no-
KasaHa yrnpoleHHasa cTpyktypa UM ¢ MMHUManbHbIM HabopoM n3mMe-
PAEMbIX BEIMUMH: NOCTOAHHbLIX (DC — Direct Current) n nepemMeHHbIX
(AC — Alternating Current) HanpsXeHWin U TOKOB, a TakKXe CONpo-
TUBNEHUSA R. BXogHble n3MepsieMble BENUMYMHbLI B /IIO60M Clyyae CHadva-
na npeobpasytoTca B NPOMOPUMOHANbHOE HANPSXXeHWEe MOCTOAHHOro
TOKa, KOTopoe nocTtynaet Ha Bxod AL, rge n npeobpasyetcs B KOA.

CTpyKTypa COAEPXMUT yXKe 3HaKOMble Ham y3bl: ALLM (kak npasu-
No, UHTErpupytoLwero tTnna), MukpokoHTponnep (MK), knasuatypy u
NHAMKaTop. Bo BXOAHBIX LLENAX CTOAT cefytoLme aHanorosble npeo6-
pasoBartenu:

e [/_/E/_ — NOCTOAHHOIO HanpsHXKeHUsi B MOCTOAHHOE (YCUInTeNb
N 0eNnTenb);

e £/~/C/~ — nepemMeHHOro Hanps>XeHns B nepemeHHoe (YCUNUTeNb,
TpaHcgopmMaTop, YacTOTOHE3aBUCUMbIWA AeNUTEND);

e U~/U_ — NepeMeHHOro HanpshKeHns B MOCTOSAHHOE (BbIMPAMM-
Tenb);
* R/U_ — CONPOTUB/EHNA B MOCTOSSHHOE HaMpsKeHMe.

Puc. 6.12. ¥npoueHHas cTpykTypa LM
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KOHKpPEeTHbIN peXxxum U3MepeHuns onpeaensieTcs NonoXKeHUsMuU ne-
pekntoyateneid: SW1, SW2 u SIV3. MNpu U3MepeHUn HanpsxeHuii ne-
peknwoyatenb SIV3 pa3soMKHYT, a nepekntoyarenn SW1 m SW2 ycra-
HaB/MMBatOTCA B BepxHee (NpW MOCTOSHHOM BXOLHOM HanpsHKeHUK)
nnun B cpegHee (MpU NepeMEHHOM BXOAHOM HanpsHXXeHWn) MonoxeHue.
[ns namepeHns conpoTMBEHNA BKIOYaeTCs NpeobpasosaTenb CONPO-
TUB/IEHUSA B MOCTOSHHOE HanpskeHue R/U _ (nepekntoyarenn SW1 u
SW2 yCcTaHOB/MEHbl B HWXHEM MOJMIOXKEHUN, a MepeknyaTens SIV3
Pa30MKHYT).

B pexuvmMe n3MepeHnsa ToKa UCNO/b3YeTCA BHYTPEHHUIA WYHT (TOY-
HblA Pe3ncTop Manoro conpotuMeaeHus Yi). MNpu aTom nepekntoya-
TeNb SIV3 3aMKHYT M M3MepsieMblii TOK, NpOoTeKas Mo pesucTopy /Ay
co3faeT NPonNopLUMoHanbHOe TOKY NajeHue HanpsxeHusa. Ecnu Bxop-
HOM TOK NOCTOSIHHbLINA, TO nepekntoyatenn SW1 n SW2 ycrtaHaBnu-
BalOTCS B BEpPXHee MO0XeHMe. Ecnu ke BXOAHOW TOK NEpPeMEHHbI,
TO nepeknoyvatenn SWI n SW2 ycTaHaBNMBaKOTCA B CpefHee Mo-
NOXeHNe.

Ctpyktypa LUIM MOXeT cogepXaTb Yy3en WHTep(deicHOW CBA3M C
BHELUHWMW YCTPOCTBAMMU.

Kak n mHorue gpyrue LTI, coBpemeHHble LIM MOXHO pa3fenuTb
Ha ABe rpynnbl (KOIMYECTBEHHO U KAYeCTBEHHO CUNLHO pa3nyaloLm-
ecs):

* aBTOHOMHbIe — CPaBHUTE/IbHO MPOCThIe, feLleBble, MaorabapuT-
Hble M MaccoBble MPUGOPLI AN SKCMPECC-U3MEPEHNIA;

* CUCTEMHbIE — C/IOXHbIE, MPELM3NOHHbIE, NN BbICTPOAECTBYIO-
Wme, fjoporocroAalLue npubopsl, NpefgHasHayeHHble A8 paboTbl B CO-
CTaBe pas/INyHbIX U3MEPUTENbHO-BLIYUCANTENIbHBLIX CUCTEM U (UK) CU-
CTEM YMpaB/ieHus.

B HacTosiLLee BpeMS B NPaKTUKe TEXHNUYECKUX U3MepeHuiA Hanbornee
pacnpocTpaHeHbl LM nepBoii rpynnsl — KoMnakTHele (Hand-Held —
yaep>XmBaeMble B NagoHn) n muHuatiopHble (Pocket Size — kapmaH-
HOro qopmarta) MyfnbTUMETPbI, KOTOPbIE OYEHb XOPOLLO OTBEYalT Tpe-
60BaHMAM, MpeabABNSEMbIM K NEPEHOCHLIM Npubopam A/ aKcnpecc-
n3MepeHnin. OHM NMEeT Manble rabapuTHble pasmepbl U mMaccy; obecne-
YMBatOT BO3MOXHOCTb U3MEPEHUS HECKONIbKUX PasfINyHbIX BeIMUUH B
LUMPOKUX AMana3oHax UX UMEHEHWUIA; UMEHOT BMOJSTHE Y0BNETBOPUTE Tb-
Hble TOYHOCTb U YYBCTBUTEILHOCTb. Y 3TUX NPMOOPOB XOPOLUME 3KCNY-
aTalMOHHble XapakTePUCTUKN, aBTOHOMHOe MUTaHWe, OHU HAAEXHbI,
YA06HbI M NPOCTbI B 06palleHnn. bonbLINHCTBO COBPEMEHHbIX LIM o6ec-
neymBaeT aBTOMaTUYEeCKMI BbIGOP NONSPHOCTU U fMana3oHa U3MepeHus.

TuUNU4YHbIA Habop M3MepsSEMbIX MYyNbTUMETPaMK LUMPOKOro Mpwu-
MEHEHUS BENUYMH BK/OYAET MOCTOSAHHbIE W MepeMeHHble Hanpsxe-
HUS, NOCTOSIHHbIE U MepeMeHHbIe TOKW, CONPOTUB/IEHNE MOCTOSHHO-
MY TOKY. [lnana3oHbl OCHOBHbIX U3MepPSeMbIX BE/IMUUH TAKOBbI:

* HanpsXeHUs (MOCTOSIHHOTO W MEPEMEHHOro TOoKa) — OT fJ0Mei
MWNANBONLTA A0 KUNOBO/LTA;
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* TOKM (6€3 BHELUHWUX LUYHTOB WK TpaHC(hopMaToOpOB TOKOB) — OT
[ecAaTKOB Munanamnep Lo AecATH amnep;

* CONPOTUB/IEHNA — OT A0JIeil OMa [0 AECATKOB Meraom.

HekoTopble MOAenn WMeloT AONOJIHUTENbHbIE BO3MOXHOCTU, Ha-
npuMep, U3MepeHue TemnepaTtypbl C MOMOLLbLIO CTaHAAPTHbLIX TEPMO-
nap; U3MepeHue 3NEKTPUYECKON eMKOCTU; U3MEPEHME YaCTOThl U CKBAX-
HOCTU NEPUOSNYECKOTO CUTHANA; PEXMUM NPOBEPKN NONYNPOBOAHUKO-
BbIX MPUBOPOB; PEXUM «MPO3BOHKW» Lienei v ap.

Knaccel TOYHOCTM pasHbix mogeneii LUIM (kak u gpyrux LLM) B
obuem cnyyae MOryT 6biTb 3afaHbl Mo-pasHOMy. Kak npasuno, umc-
NoMb3yTCA MpefenbHble 3HAYEHUS OCHOBHbLIX ab6COMOTHBIX U OTHO-
CUTENbHbIX NMOrpewHocTelr. Knaccbl TOYHOCTM 00bIYHBbIX LIM nexart
B gnanasoHe ot 0,1 go 5,0% (B 3aBUCMMOCTU OT BO3MOXHOCTEW, U3-
MepseMbIX MapamMeTpoB, AuMana3oHoB, CTOMMOCTWU npubopa). Paspe-
Wwatowasa cnocobHocTb R: oT 1:200 go 1:20 COQ Macca npunbopos:
100 r... 1 Kr.

6.4. OCOBEHHOCTW/ BbIEOPA TMNMPNBEOPOB

"paMOTHbIV BbIGOP CpeAcTBa U3MepeHUs (B YaCTHOCTW U3MEPUTESb-
Horo npubopa) M3 HEKOTOPOr0 MHOXECTBa C Pas/IMYHbLIMU XapakTe-
PUCTUKaMU — BaXKHbIA BONPOC, OT NPaBW/IbHOIO PeLleHns KOTOporo B
3HAUNTENbHON Mepe 3aBUCAT AOCTOBEPHOCTb PE3yNbTaToB M3MEPEHNUS
(peructpauun), apheKTUBHOCTL PaboThl CMELManuCcToB-U3MepUTene,
o6Lme 3aTpaTbl Ha NPOBEAEHME IKCNEPMMEHTOB.

6.4.1. Bbi6op npmMbopoB rNo MeTPO/IOTNMYECKNM
XapakTepucTtnkam

Ecnu ecTb BO3MOXHOCTb BblOpaTh 0AMH NPUOOP M3 HECKONIbKUX Of-
HOTUMHBIX, MOAXOAAWMX MO AMana3oHaM W3MEpPeHWin U OCHOBHbIM
3KCMN/yaTalMOHHbIM XapaKTepucTukKam, To, Mpexie BCero, cnegyet
PYKOBOACTBOBATLCA METPOJIONMYECKUMU XapaKTePUCTMKaMu Npubopos.
Bo3mo)kHa anpuopHas oLeHKa NorpewwHocTen pe3ynbTaTtoB. Ecnmn npu-
MEpPHOE 3Ha4YeHWe U3MepPsSeMOl BENNYMHBI M3BECTHO, YCMI0BUA NpoBe-
[LeHNs 3KCreprvMeHTa JOCTATOYHO OMpefenieHbl, TO MOXHO U HYXHO
OLEeHUTb (T.e. onpeAennTb XoTs 6bl NPpM6AN3NTENLHO) anpuopm (T.e. Ao
NpoBefAeHNs 3KCNePUMeHTa) MHCTPYMEHTA/IbHbIE 0XMUAAEMbIe MOrpeLL-
HOCTW BCEX CPaBHMBaeMbIX NPMOOPOB.

CyulecTBylOT fBa MOAXOAa K OLleHKe MOrpelHoCTell pesynbTaToB
N3MEPEHNI [eTePMUHMPOBAHHbIN N BEpOSTHOCTHBIV (CTAaTUCTUYECKNIA).
MepBbI MOAXOA MpOLLe, HO AaeT B 06LEeM C/yyae 3aBblLLEHHYIO OLIEH-
Ky NOrpeLHoCTU, TaK KaK B HEM paccMaTpuBaeTCs HauxyaLwuid cnyyai
coyeTaHMs BCeX coCTaBnAoWMX. OH MHOrAa Tak U Ha3blBaeTCs — MeTo[,
HauxygLero cny4as.
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PaccMOTpuMM feTepMUHMPOBaHHLIA NOAX0[ Ha Mpumepe Bblbopa
npubopa NS CTaTMYeCKOro M3MepeHus AeNCTBYHOLLEro 3Ha4YeHUs ne-
PUOLMYECKOT0 HANPsHXKEHUA 3NeKTpUYeckoi cetn. Jlonyctum, npeano-
naraemblii franasoH n3Mepsaemblx AeACTBYIOLLUX 3HAYEHUI cocTaBnseT
170...260 B. HoMMHanbHaa yactoTa U3MepseMoro Hanps>KeHusa paBHa
50 lu. Temnepartypa B 3KCNEPUMEHTE npeanonaraeTca He Bbiwe +35 °C.
CyMMapHas MHCTPYMEHTa/lbHAA OTHOCUTE/IbHAA MOTPeLIHOCTb LO/MKHA
6bITb 06ecrneveHa Ha ypoBHe He Xyxe 3...4 %.

MpeanonoXuM, 4YTO B Hallem pacnopsHKeHUW ecTb fABa LUGpo-
BbIX MyfnbTumMeTpa: UM 1un UM 2. IX OCHOBHbIe XapaKTepucTuku
TaKOBbl.

LM 1. MuHwnaTiopHblit (Pocket-Size) npocToid u gewesblit Lngpo-
BO/ My/IbTUMETP C NOAXOAALLMM AMana3oHOM WM3MEpPEHWUn nepemMeH-
HbiX HanpsbkeHuii 0...500 B. Knacc TouHocTu npubopa (NpeaenbHoe
3HayeHne OTHOCUTENIbHON norpewHocTh 5MBoO BCceM Ananas3oHe pabo-
ynx Temnepatyp 0...45°C) onpefeneH kak 5M= +5,0%.

LLM 2. LinchpoBoii komnakTHbIl (Hand-Held) mynbTumMeTp ¢ nogxo-
AAWMM AMana3oHoOM M3MepeHns nepemMeHHbIX HanpshkeHuii 0...400 B.
Knacc ToyHocTV npubopa (npegenbHoe 3HaYeHne 0CHOBHOM abcontoT-
HOW MOrpewHocTn Ar) Ha 3TOM AManasoHe:

[An = +(0,005** + 0.005X),

rge Xk — BepxHee 3HauyeHWe AmnanasoHa U3mepeHus (B HalleMm cry4ae
Xk = 400 B); X — npegnonaraeMoe M3MepeHHOe 3Ha4yeHune, B JaHHOM
cnyyae X= 170...260 B.

[ononHutenbHas NOrpewHoCTL OnpejesnieHa Kak nosioBMHa OCHOB-
HOW Ha Kaxgble 10°C oTAnums 0T HOMMHanNbHOM Temnepatypbl 20 °C B
npefenax U3MeHeHMs TeMnepaTypbl OKpyXKatoLleid cpegbl oT 0 go 50 °C.

Kak BuauMMm, Knaccbl TOMHOCTM NPUMGOPOB 3aaHbl No-pasHoMy (rpa-
(hryeckune 3aBUCUMOCTMN 3HAYEHWI abCONOTHBIX U OTHOCUTE/IbHBIX NO-
rpeLHoCTen 0T 3HaYeHNS U3MePSAEMOi BENUYKHBI X NpeAcTaBNeHbl Ha
puc. 6.13 1 6.14). MoaTomy Ans NPaBMALHOIO CPaBHEHUS METPONOrn-

5=const

||

K
X KR Xk X

a

Puc. 6.13. 3aBMCMMOCTb OTHOCUTE/IbHOW (&) 1 abCOMOTHOM (6) MOrpewHocTei
LIM | oT 3Ha4yeHMA M3MepseMOin BeUYMHBI X
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Puc. 6.14. 3aBMCMMOCTb aBCO/MOTHOM (a) 1 OTHOCUTESNBHO (6) MOrpeLIHOCTEN
LIM 2 oT 3HauYeHns1 13MepPsieMOoii BEMMUMHBI X

YeCKMX BO3MOXHOCTE HeobX0AMMO NpMBECTU MOrpeHocT! npubo-
POB K eflMHON hopme.

OueHNM KONMYECTBEHHO ANsi 060MX NPUOOPOB 3HAYeHMA abcontoT-
HbIX [, 1 OTHOCUTENbHbIX 8 MHCTPYMEHTaNbHbIX NOrpeLIHocTel npea-
nonaraeMbiX pe3yfbTaTOB M3MEPEHUs Hanps>KeHus oboumu npubo-
paMmu, MpuyeM BOCMO/b3YEMCA Haubosee NPoCTbIM (AeTEPMUHUPO-
BaHHbIM) MOAXOLAOM — MeTOLOM HauxyfLlero cnyyas, T.e. onpefje-
UM MaKCMMasibHO BO3MOXHbIE 3HAUYEHWS MOTrPELIHOCTeR npu 3ajaH-
HbIX YCNOBUSAX.

LIM 1. MpegensHoe 3Ha4eHUe cyMMapHoli (T.e. CYMMbl OCHOBHOW K
[OMONHNUTENbHON COCTaBASAOWMNX) WMHCTPYMEHTaNbHOM abCoNOTHOIA
norpewHoct Ob B, gns nepsoro npubopa:

p'l o’

rge X — nM3Mepsiemoe 3HaueHue.
bonblemy 3HauyeHMto X (X = 260 B) cooTBeTcTBYyeT 60MblUaA No-
rPeLwHoCTb:
_ 57260 _ js B
1 100

OTHOCUTENbHas NOrpeLHOCTL 8, 3TOro Nprbéopa NOCTOSHHA BO BCEM
fmana3oHe n3MepsemMblX HanpsHXKeHW, M3BECTHA W paBHa 15 %.

LIM 2. MpefenbHoe 3Ha4yeHMEe OCHOBHOW abCoMOTHONM MOrpeLlHo-
cm 20, B:

[20 = +(0,005/TTK+ 0,005%*),

roe Xk — BepxHee 3HayeHWe gmanasoHa M3mepeHus (B Hallem crnyyae
Xk = 400 B); X — npegnonaraeMoe M3MepeHHOe 3HayeHWe B Hallem
BapuaHTe — fuanasoH 3HadyeHuii X = 170...260 B.

MeHbLUeMY 3HAYEHUIO U3MEPSEMOTO HaMpPsHXXeHUs X COOTBETCTBYET
norpeLHocTs [d2am:

[2om = +(0,005 w00 + 0,005 m170) = +(2,0 + 0,85) = +2,85 B.
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BonblueMy 3HaueHM0 X COOTBETCTBYET MOrpPeLHoCTs [206:
206 = £(0,005 <400 + 0,005 «260) = +(2,0 + 1,3) = +3,3 B.

[lononHuTeNbHas a6CoMTHAsA NOrPeLHOCTb A2 0NpesenseTcs ans
rpaHuL, AvanasoHa BO3MOXHbIX 3HAYEHUIA X Tak:

noam . £[12aM(35-20) /10 = 72,815 |/10 =+2,1 B;

Aon6 - :206(35- 20) /KO =| £73,3-15 /10 =+2,48 B.

CymMMapHble MHCTPYMeHTa/bHble abCONKOTHbIE MOrpewwHocTy v (ans
MEHbLUEro 3HavyeHusa X) n 0D (ana 60nbLIero 3HayeHnUs X), paBHbI:

roam—[o| + Aam= +(2,8 + 2,1) = +4,9 B,

26 - A6+ Anb- +(3,3 +2,48) - +5,78 =58 B.
MpefenbHble 3HaYEHNA CYyMMapHO OTHOCUTENbHON MOrPELLHOCTH
52 ona rpaHuny gmanasoHa 3HadeHuin X - (170...260) B cocTaBnstoT,
COOTBETCTBEHHO:

53u= +(4.9: 170) 100 = +2,88 = +2,9 %;
556 = +(5,78: 260) 100 = +2,22 = +2,2 %,

HalifeHHble OLEHKN MpefefibHbIX 3HAYeHUA CyMMapHbIX abCconoT-
HbIX [l 1 OTHOCUTE/bHbIX 5 MHCTPYMEHTa/IbHbIX NOrpeLlHoCcTel cBefe-
Hbl B Tabn. 6.2.

CnepyeT OTMETUTb, UYTO peasbHble MOrPEeHOCTM pe3ynbTaToB U3-
MepeHUiA MOryT UMeTb 1l00ble KOHKPETHbIE 3HAYeHUSs, He NpPeBbIWalo-
LMe pacCcUMTaHHbIX MPefeSibHbIX 3HaYeHUI.

Takmm 06pa3oM, MOXHO cfieNaTb CefyoLWwmnia BoiBog. B gaHHOM npu-
Mepe Ans 3KCNepUMEHTa CneayeT BblopaTk BTOpOl mpub6op (nMpubop
LIM 2), Tak KaKk OH OTBeYaeT BCEM MOCTaBNEHHbIM TpeboBaHUAM, B
TOM u4ucne obecneynBaeT Tpebyemoe 3HauyeHWe MNpefesbHON OTHOCK-
TeNbHOI norpewHocTn (2,9...2,2% npu Tpebyembix 3...4%) BO BCeM
fmana3oHe BO3MOXHbIX 3HAYEHUU M3MepsSeMOro HanpshKeHUs U Tem-
nepatypbl OKpY>aloLLlein cpefbl.

Tabnuuya 6.2
OueHKN (OKPYTNEHHO) CYMMapHbIX MHCTPYMEHTa/IbHbIX MOrPeLUHOCTel

Mpunbop a, B 5 %
um 1 +13 +5,0
UM 2 +4.9/45,8 +2.9/+22
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6.4.2. Bbi6op gnana3soHa UamMmepeHus

OT npaBuAbLHOro BbIGOpa AManasoHa U3MepeHUs B 3HAYMTE/IbHOM
Mepe 3aBWUCAT JOCTOBEPHOCTbL Pe3yNbTAaTOB M3MEpeHUs (perncrpawmun)
N 3 (PeKTUBHOCTbL PaboThl B IKCNepuMeHTe. BblGoOp HYXHOro gmanaso-
Ha MOXET BbINOJIHATLCA BpyuHyto (CaMWM MOJib30BaTE/NIEM) WM aBTo-
mMaTuuecku, 6narogaps noruke pabotbl npubéopa (MUKPONPOLECCOPY).
Ecnn HUYero He M3BECTHO O BO3MOXHOM 3HAYEHUN U3MEpPSEeMOro na-
pamMeTpa, He06XOAMMO, HauyMHas M3MEPATb CO cTapllero («rpy6oro»)
fAmanasoHa, W, MOCTeNeHHO nepexoas Ha 60/ee YyBCTBUTENbHbINA, NC-
KaTb MOAXOAAWMIA. Bcerga HY>KHO CTPeMUTLCS BblIGpaTh Takol gmana-
30H, Ha KOTOpPOM MOKas3aHUs WMHAMKaTopa cojepxaT MakcumasibHOoe
4MCNO 3HaYaLWMX Luop.

PaccMoTpum BOMpoC BbiGOpa AuMana3oHa M3MepeHust Ha npumepe
CTaTMYecKoro n3mMepeHuns AefNCTBYIOLLEr0 3HAYEHWS CUJbl NEPEMEHHO-
ro (nepuoamyeckoro) Toka MHoronpegenbHeiM LIM. OeicTBytollee
3HayeHWe TOKa Ha MHTepBase 3KCMEPUMEHTOB CUUTAEM HEU3MEHHbIM.
MpeHebperas METOANYECKUMU NOTPELUHOCTAMMU, MOTPeLIHOCTAMM B3a-
MMOJENCTBUSA, CYOBEKTUBHLIMU MOFPELIHOCTAMMU, OLEHUM KOoauue-
CTBEHHO abCoNOTHbIE [l U OTHOCUTE/IbHbIE 5 UHCTPYMEHTa/bHbIE NO-
FPELUHOCTM pe3y/bTaTOB M3MEPEHUSt TOKA Ha BCex guanasoHax. lMpwu
3TOM BOCMO/b3yeMcsl Hanboee NPOCTbIM — AeTEPMUHUPOBAHHbLIM MOA-
X0foM (METOA4OM Hauxyfulero ciydas), T.e. Onpejesium MakcumanbHO
BO3MOXHbIE€ 3HAYEHUS MOrPELIHOCTEN NPU 3aaHHbIX YCNOBUSIX.

Jonyctum, nMeem My/bTUMETP C TPeMs AManasoHaMu U3MepeHus
NMepeMeHHOro ToKa: nepBblil gnanasoH 0... 10 A; sTopoli 0... 1,0 A; Tpe-
Tnin 0... 100 MA. AnnHa wkanbl npnbopa L =999 Touyek (T.e. paBHa TPeEM
NOMHbIM LECATUYHBIM paspsajam) Ha BCex AuanasoHax. [1peanonoxum
419 MPOCTOTHI, YTO K/1acC TOMHOCTM Mpubopa Ha BCex Auana3oHax 04u-
HaKoB 1 onpefenseTcs npefesibHbIM 3HA4YeHMEeM OCHOBHOW abcontoT-
HOW MOrpeLIHOCTU:

[n=+(0,005%+0,01*K),

rae X — n3MepeHHoe 3HavyeHue (pesynbTat u3mepeHus); Ji* —sepxHee
3HaUeHMe KOHKPETHOro AmanasoHa MU3MepeHus.

MpeanonoXxum Takxe, 4TO YCNOBUA 3KCNayaTauuu npubopa B Te-
YeHne BPeMEHWN 3KCNEPUMEHTOB HOPMaslbHble, T.e. UMEEeT MECTO TOJib-
KO OCHOBHasi MHCTPYMeHTa/IbHas NorpewwHocTb. (Ecnm 66l 370 6bI10 He
Tak, TO CeAoBano Obl OLEHNTbL AONONHUTEbHYIO MOTPELLHOCT U Hald-
TWU CyMMapHyto MOrpPewHoCTb.)

JonycTnm, BbINOMHEHO TPU 3KCMEPUMEHTA — U3MEPEHbI 3HAYEH WS
TOKa /4B nccrefyemMoi Lenu noovepeaHo Ha KakaoM 13 Tpex guanaso-
HOB ¥ NOAYYeHbl cnefytolme pesynbtaTsbl (puc. 6.15):

0,06 A Ha gnanasoHe 0... 10 A;

0,062 A Ha BTOpom guanasoHe —O0... 1,0 A;

62,4 MA Ha TpeTbeM gnanasoHe — 0... 100 MA.
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a 0 B

Puc. 6.15. PesynbTaTbl U3MEPEHWUI Ha TPeX AnanasoHax:
a- 0.10A,6—0..1,0 A; 8- 0... 100 mA

MpefenbHoe 3HayeHWe OCHOBHOM abCOMOTHOW morpewHocTn [
NepBOro pesynbrata M3MEPeHNn MOXEeT ObITb HaLEHO MO Knaccy Tou-
HocTu LM:

N, = £(0,005-0,06 + 0,01 «10) = +0,1003 A « £100 mMA.

MpefenbHble 3HaUYeHWs OCHOBHbIX aBCOMIOTHBLIX MOrpewHocTel 12,
[13 BTOPOro 1 TPETbero pesy/nbTaToB M3MePeHMWA MOryT GbiTb HalgeHbl
COOTBETCTBEHHO:

[ = +(0,005 +62 + 0,01 +1000) = 10,31 MA « +10 MA;
J13= (0,005 -62,4 + 0,01 -100) = +1,312 MA«+1,3 MA.

MpefensHble 3HaYeHUA COOTBETCTBYHOLMX OCHOBHbLIX OTHOCUTE/b-
HbIX MOrpelHocTen 5,, 52 53 Ha KaXA0M M3 Tpex AuMana3oHOB pPaBHbl,
COOTBETCTBEHHO: 5, = 167 %; 52=+6 %; 53~ +2,1 %.

OueBMAHO, YTO B JAHHOM C/yyae AN U3MEPEHMUS TAKOr0 3HAYEHUA
TOKa npasubHee BbibpaTb TpeTuid gnanasoH (0... 100 MA), Tak Kak OH
06ecrneynBaeT 3HaYMTENIbHO MeHbLUYIK MOrpPeLlHOCTb, YeM Ha BTOPOM
n TeM 60nee Ha nepsoM (no4ytn B 80 pa3) gnanasoHax.

KoppekTHasa 3anucb OKOHYaTe/IbHOro pe3y/nbrata U3MepeHus 1X B
aTom npumepe (ans guanasoHa 0... 100 MA) BbIFASANT Tak:

X= 62,4 vA; 4 =%1,3 MA C BEPOATHOCTbLIO pae = 1

CTtporo roBopsi, HEO6XOAMMO YUUTbIBaTb WU APYrMe BO3MOXHbIE
cocTaBnsAoWmMe 06LEA NOrpewHOCTN pesynbTaTa, Hanpumep, no-
rPeHOCTb B3aMMOAENCTBNSA, KOTOpas MOXeT ObiTb Bbi3BaHa Hejo-
CTATOMHO ManblM BXOAHbIM COMPOTUBAEHMEM LIM B pexwume nsme-
puTens Toka.

BONbLINHCTBO COBPEMEHHBIX Mofenieilt LIM MMetoT pexuMbl Kak pyu-
HOTo, TaK W aBTOMaTwWyeckoro BbiGopa AmanasoHa (ABL) usamepeHus
(Autoranging DMM). Pexxum ABJL no3BonsieT onepaTopy He 3a60TUTb-
cA 0 NepekntoyeHNn Amana3oHoB. OCOBEHHO 3TO BaXKHO, KOrja 0 BX0j-
HOM M3MepseMOM napamMeTpe He W3BECTHO HWYero, Wnw, ecnu M3me-
pseMblii MapameTp B npoLecce HabNOAEHUA MOXET CUIbHO MEHATLCA
(Hanpumep, B 2... 5 pa3). NMomMumo o4yeBMAHOrO yao6¢cTBa paboThl 1 yn-
pOLLEeHNs UCnonb3oBaHUs npubopa, pexxum ABJ, o6ecrneynsaeT nony-
yeHue pesynbTaTa C MaKCUMalbHO AOCTMKMMbIMU TOYHOCTbIO W pas-
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pelwlaroweri cnocobHocToio. MpaBga, AB/, Kak npaBmno, CHUXAET Obl-
cTpojeiicTene npmbopa.

B npocTeiiem BapuaHTe, Npu AVHE LWIKa/bl, PABHOW LeIoMY YnCTy
JecaTUyHbIX pa3pagos, anroputv AB/ TakoB. PaboTa npu6opa HaumHa-
eTCA C BK/tOYEHUS camoro crtapwero (rpyboro) gvanasoHa, Ha KOTO-
POM BbIMOHAETCA 06bIYHOE aHaNoro-uMppoBoe npeobpasoBaHue. 3a-
TeM KOHTposnnep (MuKponpoueccop) npubopa aBTOMaTUYECKU aHau-
3UpYeT COAEePXMNMOe CTapLIEro AecAaTUYHOro paspsja noslyyeHHoro pe-
3ynbTata. ECnm oHO paBHO Hy/HO, TO BKJTOYAETCA GAMKAALINA MNaaLLInia
(6bonee 4yBCTBUTENbHbIN) AMaNa3oH W BbIMOMHAETCS HOBOE Mpeobpaso-
BaHuWe. I BHOBb KOHTPO/EP OnpesenseT COAePXXMMOe CTapLLUero pasps-
Ja. Ecnn, npefnonoXum, oH oNAaTb PaBeH HYJt0, TO BK/KOYAETCA cnemy-
Iowmii Mnagwnii (ewe 6onee YyBCTBUTENbHbIN) Anana3oH. Takum obpa-
30M, KOHTpOnep npubopa ¢ AB/ B 3TOM a/IropMTMe HaunHas co cTapLue-
ro AnanasoHa aBTOMaTU4ecKu nepebupaeT nooyepesHO HECKOLKO Ana-
Na3oHOB (MOXET OblTb BCE) W OCTAaHAB/AMBAETCA Ha TOM, rae pesynbTar
npeobpasoBaHns BydeT cofdepaTb 3HavalMe Lugpbl BO BCeX paspsagax
(MK Ha caMOM MnafLUemM npu BXOAHOM CUTHaNe Manoro YPOBHS).

Ecnu curHan B npouecce LUKNMYecKOn paboTbl OyaeT 3aMeTHO yBe-
NMYMBaThLCA, Tak, YTO MOTpebyeTcs Nepexof Ha coceaHuii 6onee cTap-
LKA AMana3oH, TO 3TO NPOM30IAET NO CUTHANY Neperpyskun, KOTopblii
thopmmpyeTca npu nepenonHeHun cyetumka ALM. Ans obecneyeHus
YCTOAYMBOCTM paboTbl Npubopa BOM3N FpaHWL, AMana3oHOB B anro-
putmMe paboTbl NpefycMOTpeH 06bIYHO HEKOTOPbIA rucTepesnc
(10...20%) npu nepexojax M3 OAHOro AManasoHa B Apyroil.

B kayecTBe npumepa-aHanornum paccMoTpum puc. 6.15. B nepsom nsme-
peHumn (cMm. puc. 6.15, 0) 6bin nonyyeH pesynstar «0.06 A», T.e. B ca-
MOM cTapliem (nesom) paspsge pesynbtata — 0. Nocne aBToMaTuye-
CKOro MepekntoYeHns Ha cnegyowmin Maagwnin (6onee 4yBCTBUTENb-
HbIiA) AUana3oH MoyyeH HOBbIN pesynbTaT — «.062 A» (cm. puc. 6.15, 6).
I B 3TOM C/yyae B camoOM cTapluem (neBom) paspsge pesynbtata — 0.
Nnwb nocne cnegytowlero nepexoja K ewe 6onee YyBCTBUTE/IbHOMY
[ManasoHy nofiyyvaeTcs pesy/nbTaT, B KOTOPOM BCe LU(pbl 3Havalme:
«62.4 MA» (cM. puc. 6.15, B). I MMeHHO Ha 3TOM AnanasoHe 6yAyT Bbl-
NONHATLCA BCE Ceayloline N3MepeHns, noka n3aMepseMblii napameTp
He M3MEeHUTCS AOCTATOYHO CUJIbHO.

B HekoTOpbIX Mofensax LIM peann3oBaH 60/iee 1OrMYHBIR anropuTMm,
NP1 KOTOPOM KOHTPOJIIEp aHaIM3MPYET BCe paspsdbl pe3ynbTaTa npe-
o6pa3oBaHuA M Cpa3y onpefenseT, Ha Kakoii auanasoH cregyeT nepe-
Knounts LM.

KOHTponbHbIe BOMPOCHI

1 Kakoi u3 yeTbipex ALLM nmeeT camyto 60bLIYIO ANNHY WKanbl L, ecnn
N3BECTHbI MX Pa3pafHOCTM: 4, = 11 ABOUYHbLIX pa3psagos (6uT); n2= 3 gecaTunu-
HbIX pa3psagos; n3= 3! gecATMYHbIX paspafos; wd= 10 6UT?

2
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2. B yem COCTOUT OCHOBHOE MPENMYLLECTBO UHTErPUPYIOLLETO LU(HPOBOro
BO/IbTMETPA? A KaKoii 0OCHOBHOIW HegocTaTok y LIB aToro tuna?

3. ALM umeeT fnana3oH U3MepeHMs BXOAHbIX HanpsbkeHuii 0...+5.12 B.
PaspsgHocTb ALLM n = 10 6UT (ABOMYHBLIX paspsgos). OnpefenvTe BeC KBaHTa (
(egnHUUBI MNafLlero 3Havallero paspsja).

4. B macnopTe Ha LM(POBOIA BONbTMETP 3anncaHo: «3HaveHne Koahhuum-
eHTa MnofasfieHNsA NEPUOJNYECKUX NMOMEX YacToTbl CETU He MeHee 60 gb». Bo
CKOJIbKO pa3 6yAeT ocnabnatbca nomexa’?

5. HazoBMTe OCHOBHOE MPEMMYLLECTBO U OCHOBHOWM HegocTaTtok ALLIM na-
pannensLHoOro npeotpasoBaHuUs.

6. LY B pexume U3MepeHWst 4acToTbl MUMeeT 3HaueHue UHTepBana T0 =
= 100 mc + 1 mKc. OueHUTE BO3MOXHbIe abCOMIOTHbIE U OTHOCUTE/bHbIE 3HA-
YeHVsa afAVMTMBHON W MYNbTUMIMKATUBHOW MOrpeLlHOoCTe A1 BXOAHOW Ya-
cToTbl fX= 2 MIL,

7. Knacc TouyHocTn LY B pexume usmepeHus nepuoga A = +(0,001 Tx +
+ 0,001 INY; ananasoH nsMepeHus Nk= 100 mc. HainguTe abcontoTHOE N OTHOCHK-
TeNIbHOE 3HAYEHNA CyMMapPHOW MOrpeLuHoOCcT A5 CnyYas N3MePeHns nepruoga
Tx= 35 Mc. 3anuwunTe pesynbTaT U3MePEHMNS 415 0BEPUTE/IbHOW BEPOATHOCTU
Ppos = 1m

8. MN3BeCTHbI XapaKTepucTUKM ABYyX LY B pexxumax M3MepeHUst 4acToTbl:
LYl nmeet mHTepBan ML= 0,1 ¢ + 0,001%; LY2 nmeeT nutepsan 7b=1,0c+
+ 0,002 %. Bbibepute LLU, obecneumBatowimii MMHAMaNbHY NOFPELIHOCTb 13-
MepeHust yactoTblfxa 0,5 MITu.

9. BblbepuTe pexum paboTbl LIY, o6ecneuynBaroLinii MUHUMANbHY OTHO-
CUTE/IbHYI0 MOTPELIHOCTb M3MePeHMs YacToTbl X~ 20 KIMU. XapakTepucTuku
LIY: vHTepBan B pexume usmepeHus vactotbl: T0= 0,1 ¢ + 0,01 %; TakTOBas
yacToTa B pexume nsmepeHmsa nepuoga FO= 10 MIy + 0,01 %.

10. BblbepuTe LU, o6ecneyumBaronini MMHUMaNbHYO NPeaenbHY NorpeLu-
HOCTb M3MepeHUsa UHTepBana TxX 0,01 c. XapakTepnCTUKN YacTOTOMEPOB TaKo-
Bbl: LIM1 MMmeeT TaKTOBYO 4acToTy = 10 Ml = 100 Iu; Y2 nvmeeT TakTo-
Byt0 yactoty F2= 1 MI'y, + 10 IMu. 3anuwnTe Takxke npefefbHble 3HAYEHUA
OTHOCWUTENbHOM 1 abCcoNOTHOW NorpewlHocTen Ana Bbi6paHHoro LY.



FrMMABA 7
UNPPOBAA PETMCTPALNA N AHANTN3 CUTHANOB

7.1. OBWME CBEAEHNA

B npakTnuecKkunx 3afavax 3NEKTPUUECKMX U3MepEeHNIA BCe Yallle uc-
NoNb3ylTCA AMHAMUYECKME MOLENN MPOLLECCOB N 0OHEKTOB.

ABTOHOMHbIE U3MepUTeNbHble NpUbOpbl (Kak aHanoroBble, Tak U
LU pPoBbIE), NPefHAa3HAYEHHble ANS CTAaTUYECKMX M3MEPeHUn (BOMbT-
MEeTpbl, aMnNepMeTpbl, BaTTMeTPbl, TEPMOMETPbI, MaHOMETpPbI 1 T.4.),
He NO3BONSAKOT OCYLLECTBAATL AINTENLHYIO aBTOMATUYECKYIO perncrpa-
LMIO CMTHAMOB, BbIMOMHATL NOC/eAYOWMNA 06CTOATENbHbIN aHaIn3 no-
BeLEHUA nccnefyemMblX NPOLECCOB M 06BLEKTOB, HE Ja0T BO3MOXHOCTU
onpefensTb HEKOTOPbIE KNOYeBbIe MapaMeTpbl Mogenu npouecca/o6bek-
Ta B AMHaMUMKe, 4OCTAaTOYHO MO/IHO U NOAPO6HO OLEHMBATbL 0COGEHHO-
CTWU npouecca unm obbekTa.

AHanorosble permcTpaTopbl (camonuiiyuine npubopbl, CBeToNyYe-
Bble ocuumanorpadsl, MarHUTOrpadsbl, 3anoMmHaroLLMe 3M1eKTPOHHO-
nyyeBble ocuuanorpadsl) MMeT pAj CYLWEeCTBEHHbIX HefOCTaTKOB:
CPaBHUTENIbHO HEBBLICOKYKD TOYHOCTb, He BCerfja JoCTaTO4HOe 4YUCNo
BXO/[HbIX KaHa/0B, HEBbLICOKYHO HaAEeXHOCTb (BCeACTBME HANNYNSA Me-
XaHNYeCKUX Y3/10B UKW CIOXHOCTU YCTPONCTBA), 3HaYMTeNbHble raba-
pUTHbIE pasmepbl U Maccy, CO34al0T Cepbe3Hble TPYLHOCTU OpraHu3a-
UMM aBTOMaTU3MPOBaHHOW 06paboTKy pe3ynbTaToB 3anucu. Kpome Toro,
MX NPaKTUYECKN HEBO3MOXHO WMCNOMb30BaTh B MH(OPMALMOHHO-N3-
MepUTeNbHbIX CUCTEMAX, CUCTEMAaX aBTOMATU3MPOBAHHOIO YNpaBeHNs.

[na pelweHns 3agay gMHaMUYecKUX U3MepeHuid, AnnTenbHON aBTo-
MaTMYeCKO perncTpaunm B HacTosLLee BPEMS LUMPOKO MPUMEHSKOTCS
unpoBbIe MeTOAb! U cpefcTBa. Bce akTMBHEE MCMOMb3YOTCA Masora-
GapuTHbIE N3MepUTENbHbIE LMDPOBLIE PerncTpaTopbl U aHann3aTopsl,
MUKPOMNPOLECCOPHbIE U KOMMbLIOTEPHbIE CPEACTBA U3MEPEHWNIA U pern-
cTpauuu. Mocnefyowmin uMdpoBoi aHanM3 CUrHaIoB 6asnpyeTCs UMEH-
HO Ha 3aperncTpMpoBaHHbIX MaccuBax LMGPOBLIX AaHHbLIX 4OCTATOYHO
601bLWOro o6bema. OAHO U3 BaXKHbLIX MPenMYLLECTB LM(pPOBLIX U3Me-
PUTENbHbLIX PEerncTpaTopoB — NErkuin n ecTeCTBEHHbIA Nepexosd oT
npoueaypbl perucTpayuu K npoleaype aBToMaTU3MPOBaHHOTO LMgpo-
BOro aHanm3a.

CoBpeMEHHbIA YPOBEHb Pa3BUTUA WU3MEPUTENbHON TeXHUKU faeTt
6oraTble BO3MOXHOCTM MO OpraHu3aumy CAOXKHbIX 3KCMNEepPUMEHTOB.
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LincpoBble cpeacTBa permcrpaumm 1 aHanmsa CUrHanoB XapakTepusy-
I0TCA [LOBO/SIBHO BbICOKMMW 3HAYEHWUAMU TOYHOCTWU (MOTPeLUHOCTU
1,0...0,01 %), paspelsatolleir cnocobHoctn (1 :200... 1:65000), cTa-
O6UNBHOCTM Mpeobpa3oBaHUs, BbICTPOAENCTBUS, HAAEXHOCTW; 60Mb-
WMMK 06bemMamy NnamsATh gaHHbIX (100 K6aiT... 10 M6aiAT); npu 3TOM
NCNONb3YOTCA pa3HOO6pasHble C0XHbIe anropuTMbl 06paboTKK.

7.2. UN®POBAA NSMEPUTE/IbHAA PETMCTPALNA

B 0CHOBE MHOTMX COBPEMEHHBIX CPEACTB AUHAMUYECKNX U3MEPEHNI
neXxat MPUHLMMbI LU(POBOI M3MepuTenwHOW peructpauuu. Knacc
CPeLCTB LM(pPOBO N3MEPUTENLHON pPerncTpaLmn NpeacTaB/ieH Ceroa-
HA Pa3NMYHbIMU TUNAMU YCTPOICTB: CPABHUTENLHO MPOCTHIMU U «Mef-
NEeHHbIMU» HaKOMUTEeNAMU faHHbIX —norrepamu (Data Logger); peru-
cTpaTopamy 6bicTponpoTekatowmx npoueccos (Transient Memory);
ungposbiMu ocumnnorpaamm (Digital Storage Oscilloscope - DSO);
aHanM3aTopaMu CUTrHanoB BO BpeMeHHoW o6nactu (Digital Signal
Analyzer, Time-Domain Analyzer); aHanu3atopamu CUrHan0B B Ya-
CTOTHoI o6nactu (Frequency-Domain Analyzer); pa3Hoo6pa3HbIMI KOM-
NbOTEPHLIMU U3MepUTENbHBIMK YeTpolicTBamu (Computer-Based Instru-
mentation). OCHOBHbIe (hopMbl NpeobpasoBaHns MHDopMaL K, Nono-
YKEHHbIE B OCHOBY BCEX 3TMX CPeACTB, 3TO aHan0ro-unpoBoe npeood-
pa3oBaHWe BXOAHbIX CUFHaN0B, XpaHeHWe, LMpoBOli aHanM3 1 nepe-
faya 60/bLLINX MAcCUBOB LM(POBbLIX 3KBUBANEHTOB.

LindppoBble n3MepuTeNbHbIE PErUCTPATOPbI HE UMEKOT HeLOCTaTKOB,
NPUCYLLMX aHanoroBbIM, W YCMELWHO WCMNOMb3YTCA B COBPEMEHHONA
N3MepuUTeNbHOM TeXHUKe. B HacToslee Bpems B MUPE BbIMyCKaeTcA
MHOX€ECTBO CaMbIX pasHO06pa3HbIX aBTOHOMHbIX (ManorabapuTHbIX) K
cneunann3npoBaHHbIX (NPELU3NOHHBIX WMAN BbICTPOAEACTBYHOLLMNX)
PErncTPaTopoB, KOMMbIOTEPHLIX U3MEPUTENbHBLIX YCTPOWCTB A1 pe-
LIEHMWS Pa3/IMYHbIX 3afa4y AUHAMUYECKNX U3MEPEHUA.

7.2.1. YCTpPOWCTBO LNGPOBOro N3MepuUTENbHOro
pernctpartopa

LincdpoBble n3MepuTenbHble perucTpaTopbl (LLWP) — 3Tto n3me-
puTenbHble npeobpasoBaTtenu (UAN U3MepUTeNbHbIe NpUbOpPBLI), cne-
UManbHO npefHasHayeHHble ANA AMHAMUYECKUX W3MEPEHWI W peru-
CTpauMy MEHSILNXCH 3NEKTPUYECKUX U HEINEKTPUYECKUX BENINYMH
B TeYeHUWe AINTENbHOrO UHTepBana BpeMeHn. O6bem NamaTu faHHbIX
B LUMP 3HaunTenbHo 6Gonblie, Yem B LW gns ctaTuyecknx msme-
peHwnit. Kpome Toro, aHanoro-undpoBoii npeobpasosatesb LLNP 06blu-
HO ropasgo 60nee GbICTPOAENCTBYIOWMIA, YeM B CTPYKTYpe 0ObIYHOIO

mn.

Ha puc. 7.1 npuBefeHa ynpowieHHasa cTpyktypa LIAP.
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BxogHble curHasibi AHanorosble Avickpetnsauma XpaHe- WHAun-
npeobpasosaHns N KBaHTOBaHue Hue Kauusa
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Puc. 7.1. CTpyKTypa LM(poBOro n3mepuTeibHOro perncrparopa

Ecnn LLMP MHOrokaHafbHbIM, TO Ha BXoge cToUT KommyTatop K,
KOTOPbIA nocnefoBaTensHO (MAU NO OnpefesieHHOW nporpaMmMe) Bbl-
6upaet («onpawmBaeT») uccnegyemble curHansl X\(/), x20), ..., n,()
NepBUYHbIX N3MepUTeNIbHbIX NpeobpasoBaTteneld (4aT4nkos). [anee Bbl-
O6paHHbI CMIHaN NoABepraeTcs aHanoroBbiM npeobpasoBaHusiM (B 06-
em cnyyae 3TO MOryT ObITb MaclwTabupoBaHue, T.e. YCUNEHWe WUau
[eneHne curHana, gunbTpaumsa, nuHeapmsaumns). Ha cxeme puc. 7.1,
Harnpumep, cUrHan ¢ Bbixoga KoMmmyTaTopa K ycunmeaeTca yeunutenem
Yc n noctynaerganee Ha GuabTp HWXKHUX YyacToT PHY, rge nogasns-
OTCS BbICOKOYACTOTHbIE NMOMEXM Y LUYMbI. 3aTEM, C MOMOLLLIO YCTPONCT-
Ba BbI6GOPKM/XpaHeHNs YBX Nponcxoant AUcKpeTmsauma curHana (ne-
PEXOA, K AUCKPETHOMY BpPeMeHMW) U KBaHTOBaHWE C NMOMOLLbIO aHasoro-
ungposoro npeobpasosatensa ALLM. MocnefosatesibHO NonyYaemMble B
pe3ynbTare nNpeobpaszoBaHUA MHOTOUYNCIEHHbIe pe3y bTaTbl (KOAbl) 3a-
NMOMUHAKOTCA U XPaHATCS B ONepaTMBHOM 3aroMUHaloLLEM YCTPOACTBE
O3Y focTaTouHO 60nbLION eMKOCTU. 10 OKOHYaHMKW MpOoLeaypbl peru-
cTpauun (unn B npouecce ee BbIMOSHEHWNS) 3TU AaHHble MOTYT ObiTb
BblBefleHbl Ha uHAuKatop WHA wunu nepefaHbl Apyrum (BHELUHUM)
yCTpoiCcTBaM No MHTepdeiicy.

Y3/bl, OTMEYEHHbIE Ha pUC. 7.1 NYHKTUPHOW pamMKOW, MOryT OTCYT-
CTBOBaTb B ApYyrmx BapmaHtax cTpyktyp LLWP (koHTponnep Ha puc. 7.1
He MoKasaH).

LincpoBble M3MepuTe/bHbIE PErUCTPATOPbl YBEPEHHO BbLITECHAOT
K/f1iacCUYecKme aHan0roBble CPeACcTBa AMHAMUYECKUX N3MepeHuiA/peru-
cTpauuu. CerofjHs OHU LUMPOKO NPUMEHAIOTCA B 3afiadax MOHUTOPUHTa
(LNMTeNnbHOro HabMAeHNS) NapaMeTPoOB TEXHOMOMMYECKNX NPOLIECCOB,
OKpY>KatoLLell cpefbl; NpY pasnnYHbIX SHEPreTUYecKUX 06cne[0BaHUNAX.

7.2.2. Anckpetunsaumns, KBaHTOBaHMEe 1N BOCCTaHOBJIEHME
curHana

TepMUHbI «aMcKpeTU3aLma» N «kBaH TOBaHMe» — M0 CYLLECTBY CUHO-
HUMbI, HO TaK CNOXWOCb (M 3TO O6LLENPUHATO), YTO MUCMOMb3YHOTCA
OHMN MO-pasHOMY TepMUH «auUCcKpeTur3aums» NPUMEHSeTCS 00bIYHO ANs
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0003HauYeHuns NpoLesypbl 3aMeHbl HEMPEPLIBHOTO aplyMeHTa (Tekylue-
ro BpeMeHW) OrpaHUYeHHON NOC/ef0BaTe/IbHOCTLH) MIHOBEHHbIX 3Ha-
YeHWUR, T.e. nepexofa K JUCKPETHOMY BpeMeHW. TepMUH «KBaHT OBa-
HUe» 03HaYaeT 3aMeHy 6ECKOHEYHOr0 MHOXECTBA 3HAUYEHWIA HenpepbIB-
HOM (YHKUUKM (YPOBHA CUrHana) KOHEYHbIMW 3HAYEHUAMU U3 Orpa-
HUYEHHOrO0 MHOXECTBa LM(POBLIX 3KBMBANEHTOB. AucKpeTusayus u
KBaHTOBaHWe peann3yloT aHanoro-uugposoe npeobpasoBaHne, KOTO-
poe fiBNSeTCA OCHOBOW LU(MPOBOI M3MEPUTENbHOM perucTpaumm n nMeet
CBOEN LeNblo U pe3ynbTaToM npeAcTaBneHve gpparmeHTa HenpepbIBHO-
ro BO BPEMEHW W MO YPOBHIO BXOLHOMO CUrHana KOHEeYHbIM YMUCIOM
LUMPPOBBLIX 3KBMBANIEHTOB (KOAOB).

Mo pasHbIM NpuYnHamM o6paboTka noctynarowmnx ot ALM yudpo-
BbIX [aHHbIX He BCerfja BbIMOMHAETCA B peasbHOM BpPeMeHU (B Temne
NOCTYN/IEHNS UCXOAHBLIX AaHHbLIX), MO3TOMY HE0BXO0AMMO MPOMEXY-
TOYHOE 3aNOMUHAHME U XpaHeHWe MaccuBa KOAO0B B HEKOTOPOM 3ano-
MUHatloLLeM YCTpoicTBe. Takas nocnefoBaTeNbHOCTL Npouesyp AUCK-
peTu3aLun N KBAHTOBAHUS BXOAHOrO CUrHana, 3anoMWHaHUs U Xpa-
HEeHVS KOAO0B U ABMAETCA LuMdpoBoi perucTpauneid. A NOCKOAbKY B 13-
MepuTENbHbLIX 3KCNepuMeHTax TpebyeTca BMOJIHE OnpejeneHHas foc-
TOBEPHOCTb BCEX Npeobpa3oBaHUil, TO HEOOXOAUMO 3HaHWe MeTPono-
rMYecKUX XapakKTePUCTUK OCHOBHbIX 3/1eMEHTOB CTPYKTYpbl WU BCEro
yCTpolicTBa. B 3TOM CMbIC/E peyb MAET O LMGPOBOI N3MePUTENLHON peru-
cTpauuu.

B pesynbTarte npouenyp AUCKpeTU3aLuy 1N KBAHTOBAHUS ()parMeHT
HenpepbiBHOro (BO BPEMEHM W NO YPOBHIK) BXogHoro curHana n(/)
TpaHchopMupyeTCca B MacCUB LMGPOBLIX 3KBMBaNeHTOB (KOAOB N,),
COOTBETCTBYHOLUNX AUCKPETHLIM OTCHETaM B MOMEHTbI BpemeHu /0,
t2, 13.., B3ATble C LWIAroM guckpetusayum Tn (puc. 7.2).

LLlar anckpeTumsaummn 1 nHTepBan peructpauum. KoHkpeTHas gopmMa
BbINOJIHEHWNA OUCKPETM3ALNN OnpefensieTca XapakTepoMm CUrHana, ero
CreKTpanbHbIM COCTaBOM, Tpebyemoit TOYHOCTbIO NOCNeAyOLWEro ung-
poBOro npeobpa3oBaHUs U/MNM BOCCTAHOBMEHUS B aHANOroByk Qop-

N,

lo h h >j U h Iq t\ i2 13
a 6
Puc. 7.2. AvckpeTmsauymnsa (a) U KBaHTOBaHMe (6) curHana
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Puc. 7.3. NnnocTpauus NoHATUA LWara juckpetusauum (a) n nHTepBana peru-
cTpauun (6)

My, 3afjadamMu 1 anropuTmamm nocneayowen LuppoBoin 06paboTKu
MH(OopMaLun, npeacTaBneHns n ap. Hanbonee npocToid Bug AncKpe-
TM3aLUUN — paBHOMeEpHas AUCKpeTuM3auus, NPU KOTOPOA MPOMEXYTOK
BPEMEHN MEeXJy COCefHMMU oTcyeTamy (Lar guckpetusaunm Ts) no-
CTOSIHHbIW B TeYEHUe UHTepBana pernctpaymm p. PaBHOMepHas uUCK-
peTusaums ABNSETCA B TEXHUYECKOW peanmsauuu Hambosee NpocToi,
No3TOMY W NPUMEHSeTCA B BOMbLUMHCTBE CNy4aes.

B HEKOTOPbIX CAyyasx UCNOMb3YeTCS U HepaBHOMepHast AUCKpeTH3a-
umMs, B KOTOPOW Llar AUCKpeTu3aumny B npoLecce perucrpauuy He no-
CTOSIHEH, a onpefenseTcs 0CO6eHHOCTAMU curHana (Hanpumep, CKo-
POCTbI0 M3MEHEHUSA CUTHana, T.e. TEKYLLUM 3HaYeHUeM NpPOU3BOLHOW
curHana).

Puc. 7.3 nanocTpupyeT NOHATUSA Wara guckpetusauum Ta (Npome-
XYTKa BPEMEHU MeXAY COCeAHUMU OTCYeTaMu — pe3ynbTaTaMu aHa-
Noro-untpoBoro nNpeobpasoBaHns) 1 MHTepBana peructpaymm Tp (06-
LLLEro BPEMEHM 3amnucm).

MocKonbKy 3HaueHWe wara TRMNepes 3KCNepUMEHTOM MOXET 3afa-
BaTbCA (MpPOrpamMmMmMpoBaThCs MOMb30BaTENEM) B HEKOTOPOM Auanaso-
He, TO BO3HMKaeT BOMPOC Bbl6Opa KOHKPETHOrO 3HayeHus Lwara Tn
(wnw YACTOTbl Fn= \/T B) ANCKpeTM3aLnmM. STOT BOMNPOC ABMSETCA LOC-
TATOYHO BaXKHbIM. YeM MeHblue war Tn (UK, 4To TO Xe, YeM 60/bLue
yactoTa Fn), TeM Nydlle C TOYKKU 3peHUs nocnegyroLiein 06paboTkm u
BOCCTaHOB/IEHMS curHana. Ho, ¢ gpyroii CTOpPOHbI, BbICOKas 4acToTa
AMCKpeTM3aLMm 03HavyaeT BbICOKYH) CKOPOCTb 3aMoIHEHWUS NamaTu pe-
rmcTpaTopa, 06beM KOTOPOM OrpaHmyeH. [ns Kaxgoro oTAeNbHOro aKe-
MepyuMeHTa 3Ha4yeHue 4acToTbl Fa OmnpedensieTcs MaKCMManbHO BO3-
MOXHOWM CKOpPOCTbIO M3MEHEHWS BXOAHOIO CWUrHana; cnocobom fab-
HelLLero Ucnonb3oBaHUa UNGPOBOI MHMOpPMaLUK; anropuTMom 06-
paboTKM AaHHbIX; LensMun 1 3afadaMm BOCCTaHOB/IEHWNS BXOAHOIO CUT-
Hana Mo ero UU(pPoBbLIM 3KBMBANEHTaM; CNeLU(PUKOA NpeacTaBieHUs
rpaduyeckoli MHgopmaunn; TpebyeMoil OKOHYATENbHON MOrpeLlHo-
CTblO; 06BLEMOM NaMSATHU.
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B npakTnKe 3NeKTPUYECKMX U3MEPEHUIA eCTb 3adaun, rae Tpebyetcs
BbICOKAA YacToTa AUCKpeTu3aLmm FaBXOAHbLIX CUTHaNoB (BbICOKOe Obl-
cTpoaeiicteme ALLM). Hanpumep, npu aHanm3e cnekTpasbHOro cocTa-
Ba 3/IEKTPUYECKOr0 CUTHaNa Hanps>XeHns ceTu MOXKET noTpeboBaTbCs
yactoTta guckpetusaunm N\, = (100...200) kI'y (war guckpetusauum g
[IO/MKEH COCTaBNATb, COOTBETCTBEHHO, 10...5 MKC). B TO e Bpemsi eCTb
3aflaun, rge 4oCTaTOUHbI CPABHUTENBHO HW3KMe Y4acToTbl AUCKpeTn3a-
unn (T.e. gonyctumbl GonblUMe 3HAYEHMA Lwwara Tn gUCKpeTu3auum).
MpakKTU4eckn Bce TEMNOBbIE NPOLECChl — 3TO MeAJ/1IEHHO MEHSOLLKe-
CA npouecchl, MpU M3y4YeHUM KOTOPbIX BO3MOXHA HU3Kas vacTtoTa Auc-
KpeTusaumm Fn. Hanpumep, 418 nccnefoBaHus xapaktepa U3MeHeHus
TemnepaTtypbl B MOMELLEHUN B TeYeHWe Tpex CyToK (T.e. obwias npo-
[LOMKMTENBHOCTL 3anNnucy — MHTEPBan perucTpauum Tp = 72 4) Lud-
POBbLIM PErMCTPaTopoM Lar AuckKpeTusauum Tn MOXeT ObITb BblbpaH
paBHbIM 15 MWUH. 3TO 03Ha4aeT, YTO N0 OKOHYAHUW 3anucK ByfeT 3ape-
rMCTPUPOBaHO (COXPaHeHO B NaMATK) 06LLee YMCIO OTCUETOB (pe3ysb-
TatoB) N = 72 -60/15 = 288. B HEKOTOPbIX Cly4asaX MOXeT oKasaTbCs
[OCTaTOMHO MH(OPMATMBHBLIM faXe Lar guckpetnsaymm Ta= 1u.

BoccTaHOBMeHME U MpeacTaBneHne curHanoBs. MpeacTasneHme ung-
POBbIX AaHHbIX O 3apErmcTpMpPoBaHHOM BXO4HOM aHa/loroBOM CUrHasne
x(t) (puc. 7.4, a) B rpaduyeckoii hopme BO3MOXHO NoO-pasHoMy (puc.
7.4, 6...1). OHO onpegenseTca TpeboBaHUAMU 3afadun IKCNEpPUMEHTa,
KBanugukayueli onepatopa, BO3IMOXHOCTAMMW annapatypbl v ap.

BoccTaHoBEHE MOXET NPOUCXOANTL B CAMOM permctpatope/aHa-
Nn3aTope WM B KOMMbIOTEPE, KOTOPbIA BbIMNOMHAET 06paboTKy v npej-
CTaB/IeHe 3aperncTpupoBaHHbIX AaHHbIX. Hanbonee npocTbiM U He
TPebyoLWMM LONONHUTENIbHBIX 3aTpaT ABMAeTCA TaK Ha3blBaeMOe To-
yeyHoe NpeacTasneHmne (puc. 7.4, 6), NPUMEHAEMOE B OCHOBHOM B Lin®-
POBbIX Ocuuanorpagax u aHanmsaTopax ¢ MaTpMUHbIMKU UHAMKATOPa-
MW 1 NpuHTepaMun. OCHOBaHHbIA Ha CMOCOOHOCTM Ye/I0BEYECKOro Ma-
3a Crnaxwusartb MoC/ef0BaTeIbHOCTb MHOXECTBA TOUEK Npu HeGONbLLNX
PacCTOAHMAX MeXAy HWMW, 3TOT Cnocob AaeT yAOBNETBOPUTENbHOE
KayecTBO M300paXKeHUs yXKe Npu paspeLuaoLleil cnocobHOCTU 3KpaHa
1,5...2 TOUKN/MMm.

Puc. 7.4. Cnoco6bl BOCCTAHOB/IEHMNA U NpeacTaB/ieHUsA cunuia:

a — BXO[HOM CWUTHan; 6 — To4Ye4yHoe MnpejcTaBieHNe; B — CTyneHyaTas annpokcuma-
una; r — NnHelHasn NHTEpnonaunAa
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HeckonbKo CcnoXxHee peasn3yetcd cTyneH4YaTas annpokcumauums
(c™m. puc. 7.4, B), 04HAKO MpPWU HEBLICOKMX paspeLuatoLinx CnocobHOCTAX
AL no BpeMeHW M amnanTyae MOXeT C03[aBaTbCa UCKaXKeHHOe Nnpes-
CTaB/leHMEe O BXOAHOM curHane. Mexay Tem, 3To Hanbonee pacnpoct-
paHeHHbI CNOCO6 BOCCTAHOBEHUS U MpPeLCcTaBNeHUs 3aperncTpupo-
BaHHbIX CUTHaOB.

B HeKOTOpbIX cryyasx NPMMEHSETCS Cnocob NMHeiHo (BeKTOPHOIA)
UHTepnonsuuu (BOCCTaHOBNEHUE (hOPMbI CUMHANIa OTpe3Kamy MpAambIX
NVHWRA), Tpebyowmnii, npasga, onpeaeNeHHbIX 3aTpaT Ha hopMuMpoBa-
HMe OTpe3KOB (BEKTOPOB), HO Jatlolmnii 6onee rnagkyt Kpuylko
(cm. puc. 7.4, 1).

B nto6om cnydyae, yem Bbllle 4acToTa AMCKPeTMU3aLuMu B npouecce
perncTpauum n 4yem 60nblle paspsgHOCTL aHaNoro-uMMpoBoro npe-
obpa3oBaHWs, TeEM TOYHEe BMOCMEACTBUM MOXET OblTb BOCCTAHOB/EH
CUrHaN No MaccuBy 3aperucTpupoBaHHbIX LUPPOBLIX LaHHbIX.

7.2.3. 3apjaHVe nHTepBasa permcrpayum

Hapsgy c BbIOOpOM Liara AUCKpeTU3auumn T He MEHee CEepbe3HbIM
ABNAETCA W BONPOC onpefeneHnss HeobxoanmMon (M/mnn BO3MOXHON)
AnnTensHocTM MBblI6opa cnocoba 3afaHns MHTepBana perucrpauuu Tp.
MpaBunbHas opraHu3auus 3afjaHUs MOMEHTOB Hadana M OKOHYaHUS
MHTepBasa perucrpaunm Tp — BaXHas COCTaBHas 4aCTb MOArOTOBKM
3KCNEepUMeHTa MO U3MepUTENIbHOW perucTpaumm.

3anyck B UnpoBbIX peructparopax. 3anyck (Trigger) o3HayaeT npo-
Lefypy aBTOMAaTUYeCcKOro OonpefefieHns MOMeHTa Hayana MHTepBana
perucTpalmm rno HEKOTOpPbIM KpUTepusM (YCNOBUAM), 3aaHHbIM One-
paTopoM. B cpeacTeax LUMpoBOIi M3MePUTENbHOI perncTpaumm npume-
HAIOTCA pasnnyHble cnocobbl (pexumbl) 3anycka. CyLlecTByeT gene-
HME BO3MOXHbIX PEXWMOB 3anyCKa Ha [Be Fpynrbl: BHYTPEHHEro U
BHELUHEro 3anycka.

BHYTpeHHWiA 3anyck B CBOKO O4yepefb AeNMTCA Ha 3anyCK Mo 3afaH-
HOMY MOMEHTY' BpEMEHMU; 3aNyCK MO HEKOTOPbLIM MapameTpam BXOALHO-
ro curHana (HanpumMep, MO YPOBHIO MM MO CKOPOCTU WM3MEHEHWS) K
KOMOUHMPOBaHHbIM 3anyck. Camblil MPOCTOA WM NOHATHLIA U3 HUX —
3anyck Mo 3aflaHHOMYy acTPOHOMMWYECKOMY BpPEMEHM, KOTOpPbIA BO3MO-
XeH 6narofaps BHYTPEHHEMY 3HEproHe3aBMCUMMOMY TaiMepy peru-
cTpatopa. Mpu 3TOM NoBefeHMe BXOLHOIO CUrHana He UMeeT 3HaYeHus.
B 3apaHee 3anporpamMMmnpoBaHHbI 0NepaTopoM AeHb 1 Yac (4ONyCTUM:
«CTapt: 29.09.03 B 06:30:00») aBTOMATM4YECKN HauyMHaeTcs npouecc
perucTpalmm curHana.

Lindposoii 3anyck (Digital Trigger) no ypoBH nogobeH Knaccu-
YeCKOMY 3arycKy pa3BepTKW aHanoroBoro (31eKTPOHHO-/yYeBoro)
ocumnnorpaga. PasHuua ToNbKO B TOM, YTO B JaHHOM C/lydae npouc-
XO4WUT CpaBHeHMe LG POBbLIX KOAOB (& He aHanoroBbIX YpoBHel). 3aja-
HVe YPOBHS MOXET ObiTh peasin30BaHO B eAUHULAX KOHKPETHOI M3Me-
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psiemMoii (hM3MYecKoii BENMUNHBI (Hanpumep, B BOMbTax), B MPOLEHTAX
fnanasoHa M3MepeHus, MHOr4a — B 3HAYEHUSAX KofAa.

B psage cnyvaeB yA06GHbI PeXXMMbl 3amycka MO HEKOTOPbIM ApYrum
napameTpaM WCCMeAyeMOro CUrHana, HarnpuMep, Mo 3HAYEHUIO ero

nepBOi NPOM3BOLHONA At (T. e. CKOpPOCTK ero usMeHeHus). Hanpumep,
a

MOMEHT Ha4dana perucrpauun onpegensercsa ycnoBnem «d— > 1 B/MuH»,
t

T.€. MPeBbILEHNEM CKOPOCTU U3MEHEHNS BXOLHOIO HANpPsXeHns 3Ha-
yeHusa | B/MuH.

BO3MOXHbI TaK)Xe PeXKMMbl 3aMycKa, B KOTOPbIX UCMO/b3YHTCA KOM-
6UHaLMN HECKONbKMUX YCNOBUIA (NPU3HAKOB) 3anycka. Hanpumep, 3a-
MUCb HAYMHAETCS NPV OJHOBPEMEHHOM BbIMOSHEHUMN TakKuX YCA0BUIA:
acTPOHOMUYECKOe BpeMsi — He paHee 12:00; 3HayYeHWe amnauTygbl
CUrHana — nosioXnTeIbHOE; NPOM3BOAHAaA CUrHana — oTpuLaTensbHas
M NpeBbIaeT N0 MOAY/O 3HavyeHUe 100 MB/MUH.

Pexxum BHewHero 3anycka (External Trigger) peanusyetca noctyn-
NeHWeM Ha creumnanbHblil BXOL perncTpaTopa CUrHana Ha Havano pe-
rmcTpaunn n3sHe (0T BHELIHMX UCTOYHUKYH, OT onepaTtopa, OT Apyrux
ycTpoiicTe/npn6opoB). Mpn 3TOM NoBeAeHNe BXOAHOIO UCCNEAYEMOro
CUrHana ne NMeeT 3HaueHus. Horga Takol peXxxmMm HasblBaeTcs 3anyc-
KOM MO0 HeKoTopomy cobbiTuio (Event Trigger). 9TOT BHELIHWIA CUTHAN
00bIYHO ABNAETCA YHUPULMPOBAHHLIM CUTHANOM, HanpuMep, UMELO-
MM YPOBEHb TPaH3WCTOPHO-TPaH3NCTOpPHO normkn (TT/1 — TTL).
TakoW pexuMMm aHanornyeH pexuMy BHELLIHEero 3amycka 00bl4HOro oc-
uunnorpadga.

LinchpoBoit 3anyck no ypoBHI. BHYTpeHHWIA 3anmycK Mo 3afaHHOMY
YPOBHIO B LM(PPOBBIX perncrparopax/aHanmsaTopax UMeeT psajg 0CO6eH-
HocTel. LinthpoBoii 3anyck Havana perucrpauumn peannsyercs 06b614HO
Taknum obpasom (puc. 7.5).

Jonyctum, TpebyeTcs HayaTb 3annChb NPU BbIMONHEHUN ClieaytoLLe-
ro YCNoBuWsi: ypOBEHb BXOAHOI0 CUrHaia TakoB, YTO COOTBETCTBYIOLLNIA
eMy Koj npeBblllaeT 3aflaHHOe 3HavyeHue Kopa 3anycka Nw, (Hanpu-
mep, 70 % BepxHei rpaHuMubl YCTAaHOBMIEHHOMO gManasoHa M3MepeHus
Ara). Onepatop 3afaeT 3HadyeHWe koga ALn= 0,7 \MMx, nNpeBbIeHne
KOTOPOro 1 AO/MKHO onpeAennTb MOMEHT 3anycka.

AHanoro-undpoBoil NnpeobpazoBaTenb perncTpatopa pabortaeT no-
CTOSAHHO B 3aflaHHOM Temne (T.e. C 3afaHHbIM LUaroM AMCKpeTM3auum
Ts), HO pe3ynbTaTbl Npeobpa3oBaHna He 3aHocATCA B O3Y. Ha kaxaom
HOBOM LLlare TYBHOBb MO/MYYeHHbI Kof (OTcYeT, pesynbTaT npeobpa-
30BaHUA) CpaBHMBaeTCA C YCTAHOB/IEHHbIM KOAOM 3anycka JE* no-
CpeAcTBOM LMU(POBOro CpaBHUBAKLLErO YCTpoicTBa (KoMMapaTtopa
KOL0B).

Ecnu 3agaHHoe ycnosue JYY/,+) >  nHakoHel, BbINOMHWUAOCH (T.€.
NOCTYNWA KOf, PaBHbI WAWM MNpeBblWaKWniA N3r), TO KomnapaTop
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Puc. 7.5. LindpoBoli 3anycK no ypoBHIO

KOZLOB (hOPMMPYET CUrHAN Hayana perucrtpaumu. W nocne atoro Bce
BHOBb nocTynatowme ot ALM Kogbl (OTCUeTbl) 3aNOMUHAOTCA B Na-
MATW perucrparopa.

WHTepBan pervctpaumu n o6bem namstu. Konnuyectso otcyetos (0OT-
[eNbHbIX pe3ynbTaToB aHanoro-unhpoBoro npeobpasoBaHUs, CMoOB),
KOTOpblE 3aMOMWHAKTCA B MaMATW perncrparopa, onpefensierca or-
HoleHneM Tp/Ta. OTUM Xe OTHOLUeHWeM, eCTeCTBEHHO, OnpefenseTcs
1 06beM NamsTK V (B OTCYeTax), KOTOPYH 3aiiMeT MacCuB 3apermcTpu-
POBAHHbIX AaHHbLIX M0 OKOHYaHWK 3anucu. OKOHYaHWe NHTepBana pe-
rucTpaumy Tp (KaK U ero Hayano) Takxe MOXET OblTb OpraH1M30BaHO
no-pasHoMy. MOHATHBIA cnocob — 3afaHne acTPOHOMMYECKOTro Bpe-
MEHU OKOH4YaHMA 3anucu. MNpaBga, Npu 3TOM HEOOXOAMMO BCAKMIA pa3
y6eXaaTbCca B TOM, YTO COOTHOLLEHME 3aflaHHbIX 00Lell ANMTeNbHOCTH
WHTepBana permcTpauum Tpu wara TufUCKpeTU3aLMmM He NpoTUBOpe-
YT BO3MOXHOCTAM (MakcUMalbHOMY 06beMY Mu) NaMsATW pernctpa m
Topa. B npoTMBHOM cnyyae HeM36eXHbl NOTepu MHDopMaL K.

MakcnmManbHO BO3MOXHOE Bpemsi perucrpauyuu (MakcumasnbHas
ONNTeNbHOCTb MHTepBana perncrpauum Tp) onpefensercd npocTbiM
cooTHoweHnem Tp= FO'M rae KM — MakcMManbHbIAi 06bEM NaMsTK
[aHHbIX B OTcYeTax, cnoBax (a He B 6aliTax, TaK Kak OA4WH OTCYET YacTo
He paBeH 6aiTy, a 6onbwe). Hanpumep, npn 06beMe NaMATU AaHHbIX
W= 1000 oTcyeToB (CNOB) M 3a4aHHOM Llare guckpeTusauumn g, pas-
HOM 1 MWH, HEBO3MOXHa CyTO4YHasa 3anuch (T.e. Tp= 24 4) uccnepye-
MOr0 npouecca, Tak Kak namstb GyaeT BCA 3anofiHeHa YXXe NPUMepHO
yepes 16 4. MNpn 3TOM (PUHanNbHas YacTb npolecca, eCTECTBEHHO, He
6yOeT 3apermcTpupoBaHa.

Puc. 7.6 nnnoctTpupyeT B3aUMOCBA3b YacToThl AnckpeTusaymm (/\, =
= |/l p), nHTepBana peructpayum Tpu obbema namaTy V Apu pasnuu-
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a 0

Puc. 7.6. CBSi3b 3HAYEHWIA YaCTOTbI ANCKPETM3ALIMM, MHTEPBANA PEFMCTPaLMNA (a)
1 o6bema NamaTu (6)

HbIX 3Ha4YeHMAX 3TUX NapaMeTpoB. Ha puc. 7.6, a nokasaHa ob6paTHO
NPONopLMOHanbHas 3aBUCMMOCTb BO3MOXHbLIX 3HAUYeHWi MHTepBana
peructpauuy Tp OT 3HAYEHMIA YacTOThl AMCKpeTU3aLumM N npm nocTo-
AHHOM MakcuManbHOM 06beme nMamaTn WM Ha puc. 7.6, 6 nokasaHbl
BapMaHTbl pa3HOl CKOPOCTW 3aN0/IHEHNS MOMHOIo 06bema namaTn (Kv)
Mpy pasfiMYHbIX BO3MOXHbIX 3HAYEHWAX 4acTOTbl AUCKpeTM3auun FB
(Fal < Ral < F3).

Ecnu 3HayeHue Lwara gnuckpeTnsaumm Ta (MNW 4acTOTbl AUCKPETU-
3aumnmn Fr) yxxe onpefeneHo no Kaknum-1o KpUTepusm (Hanpumep, uc-
X0 U3 MaKCUMaNIbHOW CKOPOCTWM W3MEHEHUS MUCCneayeMoro npotec-
ca), 06beM namATn peructpatopa KMU3BECTEH, TO ONpPefennTb MakCu-
Ma/flbHO BO3MOXXHOE BpEMS perucrpaumyv Tp MOXKHO, WCMO/b3ys Mpo-
CTble COOTHOLLEHMA:

T =M=V IR

OTMeTMM, 4TO COBCEM He0bA3aTe/IbHO CTPEMUTLCA 3aNOSIHUTL BCHO
NamMsTb PErucTpaTopa, ecnu A5 3afay SKCrnepumeHTa JOCTaTOUYHO TO/b-
KO HEKOTOPOW ee 4acTw.

Mpepg3anyck n nocnesanyck. Mpegsanyck (Pretrigger) — BaXHas K
nonesHas 0COGEHHOCTb, MPUCYLLAs TOMbKO LU(POBLIM perucTparo-
pam, ocuunnorpadam, aHaamsaTopam U MPUHLUMNWANIBHO He peanun-
3yemasi B aHa/l0roBbIX peructparopax. Npegsanyck o3HavyaeT npegnyc-
KOBYIO permcrpauuio, obecrneunBaroLLyo BO3MOXHOCTb 3anucu B na-
MATb U UCCNefoBaHWA (hparMeHTa CUMrHana, npejiLlecTBoBaBLLEro MO-
MEHTY 3anycka. 3TOT PeXXMM NO3BOAAET 3anucatb NPeSbICTOPUIO NHTE-
pecyloLlero parmMeHTa, yBEpeHHO 3aMKCUpoBaTb Hayano M NOHATb
NPUYMHBbI NOSABMIEHUS, HANpVMMep, aBapuHON CUMTyauum.

Peanusaums pexxumMa npefsanycka BO3MOXHa 6narofjaps HenpepbiBHO-
My NPUEMY U XPaHEHMIO B ONepaTUBHOM 3anOMMHAOLEM YCTPOCTBE
(O3Y) peructpatopa f4OCTaTOMHO 60/bLLIOT0 MaccuBa LMMPPOBbLIX AaHHbIX
0 CMTHane. 3anucb NpW 3TOM OpraHN30BaHa Tak, Kak nokasaHo Ha puc. 7.7.
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OnepaTVBHOE 3aNOMUHalOLLee YCTPOCTBO 34eCb NrpaeT ponb peru-
CTpa caura 06bemMom T cnoB (0TCUYETOB), Hanpumep, T = 512. Kaxpaoe
BHOBb MocTynueLlee oT AL 3Ha4yeHWe o4epesHOro LMGPoBOro sKBu-
BasieHTa (oTcyeTa) 3anucbiBaetcs B O3Y. lNpu aTOM BCe npeablayLume
3anMcaHHble 0TCYeThbl CABUrAKTCA Ha OAUH HOMEP, a CaMblii paHHWIA
(cTapblil) U3 XpaHUMbIX OTCYETOB N] mncuesaeT (Kak Obl «BbITaNKMBAET-
ca»), Takum obpa3om, B 3TOM PerucTpe casura MHgpopmaymns, nocTo-
AHHO OBGHOBNAACL, COAEPXUT T MOCNEAHUX (KCBEXMX») OTCYETOB.

Tak MOXeT NpoAo/mMKaTbCs 40 TeX Nop, NOKa He BbINOAHATCA YCNO-
BMA 3anycka (Hanpumep, 3afiaHHOE NpeBbllIEeHWE YPOBHS 3anycka).
KomnapaTop Ko4oB cpaBHWBaeT nocTtynawowme ot ALLM Tekylwme pe-
3ynbTathl (KOAbl) C 3afjlaHHbIM OMepaTopoM KoAoM 3anycka Jiun. Eciu
BHOBb MpULLEAW A oTcUeT N,,+i YA0BNETBOPSET YCNOBUIO 3amnycka (Ha-
npumep, Nm+160/bLie JT:ul), To MHOXECTBO BCex Mpeablgywmx (npeg-
LLIeCTBOBABLUMX 3TOMY HOBOMY Nm#l) OTCUETOB, fieXalux B NamsTu,
Kak pa3 u npeAcTaBnseT NpeabICTOPUI0 Pa3BUTUA PErUCTPUPYEMOrO Npo-
Liecca, 4TO O3HayaeT 3anuch [0 MOMEHTA 3anycka. Ecnv ocTtaHOBUTH
npoLecc 3anncy He cpasy, a C HEKOTOPOI 3aflePXXKOM, TO MOXHO no-
NyyYyaTb pPas/IMYHbIE COOTHOLUEHUS ANNTENbHOCTE 3aperucTpupoBaH-
HbIX (hparMeHTOB 0 X MOcne MOMeHTa 3anycka. Takum o6pasom, Tpe-
6yemyto rny6uHy npefsanycka MOXHO MeHATb. B 3aBMCMMOCTM OT yCTa-
HOB/IEHHOrO ONepaTopoM Kofa rnybuHbl npefsanycka Komnaparop
BblZaeT C TOW WMAM MHOM 3aflep>KKOM CUMrHan Ha npekpalieHue 3anucu
B O3Y.

Uucnooe BblpakeHMe rny6uHbl npeasanycka (npegbictopun) no-
Ka3blBaeT 3HauyeHue caura (OTPMLATENbHOrO BO BPEMEHM) BblGpaH-
HOro (hparmeHTa Nno OTHOLLUEHWUIO K MOMEHTY 3anycka (puc. 7.8).

O6bI4HO rnybuHa npefsanycka 3agaeTca B NpoueHTax o6bema O3Y
WK B NpoLeHTax YyacT o6bema O3Y, COOTBETCTBYIOLLEN OAHOMY 3K-
paHHOMY M306paxkeHnto (AN LMMPOBLIX ocuunnorpagos/aHanmsaTo-
poB). 'nybuHa npegsanycka MOXKET 3aaBaTbCsA 1 B aOCONHOTHbLIX UHTEP-
Banax BpemeHun. Hanpumep — 100%-HbliA NpeA3anyCcK O3Ha4yaeT, 4To

O6bem O3Y = T 0TCYETOB

HoBblii oTcueT Nm+

.

=c

YcTapesLuu

O CurHan Casur
YcTaHoBKa -0CTaHoBKa ABHHbIX
rny6uHsbl, % perucTpauum

Puc. 7.7. OpraHunsaumus npegsanycka
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YpoBeHb 3arnycKa

Puc. 7.8. MinntocTpaums NoHATMA rny6uHbl Npeasanycka 1 nocesanycka

6yeT 3amKcMpoBaH (hparMeHT NpegbICTopumK curHana (06LemMom, cooT-
BETCTBYIOLLMM NOSIHOMY 06bEMY MaMATW UK LiesIOMY 3KpaHHOMY 1306pa-
YKEHUI0) BM/IOTb ;0 MOMEHTA 3anycka (CM. puc. 7.8). MakcumanbHas rny-
6uHa 3TOi npeabicTOpuM onpegenseTca o6bemom O3Y (T 0TCYETOB).
MoHsTUe nocnesanycka 03Ha4yaeT 3annchb (hparMeHTa cUrHana, 3a-
[ep>KaHHOro NO OTHOLLEHMIO K MOMEHTY 3amycka Ha 3afjaHHblii UHTep-
Ba/, BblpaXKaeMblii KOIMUECTBEHHO TaK Xe, Kak U B Cllyyae npejasanyc-
Ka (CM. puc. 7.8). ITO TaKXXe NONE3HbIA PEXUM, KOTOPbIA NO3BONSET B
psAfe 3KCMEepPUMEHTOB «3KOHOMWUTb» OOGbEM MaMATW, eCN U3BECTHbI
0COGEHHOCTV MOBEAEHUS CUFHaNa M WHTEPECYOLWUA Hac dparmeHT
3aKOHOMEPHO 3afepXKaH Mo OTHOLEHUD K MOMEHTY 3anycka.

7.3. UM®OPOBON AHA/IN3 CUTHAMNOB

Mop aHanusoMm cnefyeT NOHUMaTb t06oe npeobpasoBaHMe UCXOS-
HbIX JaHHbIX B LefX NOy4YeHUs HOBOW MHGopMaLmm.

LLinpokoe pacnpocTpaHeHWe AMHAMUYECKUX Mogeneli 06bLeKTOoB
nccnefoBaHns MPUBENIO K PE3KOMY YBEe/IMYEHUI0 MOTOKOB MH(OpMa-
UMK, 4TO B CBOK O4Yepedb NoTpeboBano aBTOMATM3MPOBAHHOW 06pa-
60TKU. B HacTosLLee Bpems JOCTATOYHO BbICOKOMPOU3BOAUTE/IbHASA 06-
paboTka (aHanu3) CUrHano0B BO3MOXHA TOJIbKO LMMDPOBLIMUA MeTOfa-
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MU 1 cpeacTBamu. O6GBEKTUBHLIMI NPeANOChIIKAMU PasBUTUSA W LWIN-
POKOro MpYMEeHeHMs LM(POBOro aHannsa NOCAYXWUN yCnexm MUKpO-
3NIEKTPOHMKK, B YaCTHOCTU B ieN1e CO34aHNsA N PacnpoCTpaHeHMs MUK-
PONPOLECCOPHON N KOMMbIOTEPHON TEXHUKN U UAEONOTUN.

MeToAbl W CpeAcTBa aHanm3a BCE LUMPE MCMONb3YHT NepcoHallb-
HbI/i KOMMbIOTEP B KaYeCTBE O4HOI0 13 OCHOBHbIX 3/1EMEHTOB M3MepU-
TeMbHO-BbIYNCANTE/IbHBIX KOMIMIEKCOB.

7.3.1. ObnacTn aHanmsa

3aperncTpupoBaHHble MacCuBbl AaHHbIX MOrYT ObiTb NOABEPTHYTHI
pa3HO06pa3HOMY LMGPOBOMY aHanM3y —o6paboTke (C NOMOLLbIO BHYT-
PEHHEro MUKponpoueccopa npuéopa n/Mnm BHELHEro NepcoHanbHO-
ro KOMMboTEpa). B NpakTUKe sNeKTPUYECKUX M3MEPEHMNI NCNOMb3YyeT-
CA HECKO/IbKO pas3nnyHbIX PopM npeAcTaBneHUs 06paboTaHHbIX faH-
HbIX. OBbIYHO ONpPeaenatoT TPU OCHOBHbIE 06n1acT 06paboTkM (aHanu-
3a) CUrHanoB, KOTOPbIE pa3NnyalTca MNpeAcTaBNeHWEM BbIXOLHOW
NH(opMaLnK, T.e. pesynbTaToB aHaIn3a:

* BpemeHHas (Time-Domain Analysis), rae MacCuBbl U BXOAHbIX, W
BbIXOJHbIX JaHHbIX MPefcTaBneHbl (DYHKLMERA BpEMEHM;

* yacToTHas (cnekTpanbHas, Frequency-Domain Analysis), rae mac-
CUB BbIXOAHbIX faHHbIX €CTb (DYHKLMA YACTOThI;

e amnanTygHaa (Amplitude-Domain Analysis), rae MacCuB BbIXOAHbIX
AaHHbIX eCTb PYHKUMUSA YPOBHS (amMnanTyfAbl) curHana.

Puc. 7.9 nnniocTpupyeT CyLecTBO KaXKAoli 13 TPeX YKasaHHbIX 06/1a-
CTell Ha MpyMMepax CUrHan0B NPOCTbIX (POPM: CUHYCOUAANBHOIO CUTMHa-
Na ¥ CUTHAN0B TPEYrofibHON 1 NPSAMOYTrOALHOW (POpM.

MepBble aBe 06nacTV LWKWPOKO pacnpocTpaHeHbl W peasn30BaHbl B
MHOTOUYMCNEHHBIX aBTOHOMHbIX 1 KOMMbIOTEPHbIX LUDPOBLIX aHanu3a-
Topax. AHasnn3 BO BPEMEHHOM 061acTy NO3BOJISET U3BMEYL N3 MacCMBa
BXO/LHbIX 3aperncTpupoBaHHbIX AaHHbIX AOMOMHUTENLHYIO WUH(OpPMa-
LMIO U NPeACTaBUTL ee (DYHKLMEN BpeMeHU. AHaNN3 B YACTOTHO (cnek-
TpasibHOI) 061acTU NoApa3yMeBaeT NEPeXos OT MPUBLIYHOIO BPEMEH-
HOro npeAcTaBneHUs curHana (CUrHan — (yHKUMA BPeMeHU) K vac-
TOTHOMY NMpeACTaBNeHUI0 (CUrHan — (YHKLUSA 4acToTbl). ITa 061acTb
aHann3a 0OCHOBaHa Ha UCMOob30BaHUKN M3BECTHOMO NpeobpasoBaHus Py-
pbe, CBA3bIBAIOLLEr0 BPEMEHHOE Y YAaCTOTHOE MpeACTaBNEHUS CUTHANA.
B coBpemMeHHbIX cpeAcTBax aHa/n3a UCNoNb3yeTcs anropuTM AUCKpeT-
Horo npeo6bpasoBaHna ®ypbe (AMP), nocpeaCTBOM KOTOPOro maccus
[AVNCKPETHbIX OTCYETOB cUrHana (BpemeHHasi o6nacTb) npeobpasyercs B
OUCKPETHbIN crnekTp. KOHKpeTHbIe YCTPOIACTBA CErO4HS Pean3ytoT, Kak
npasuio, pasHoBMUAHOCTb AM® —anroputm 6bICTpOro npeobpasosa-
Hus dypbe (BM®P), KoTOpbIi 06ecnevmBaeT 60/1€e BbICOKOE GbICTPO-
JlencTeue.

CnekTpanbHOe npeAcTaBfieHNe UCNONb3YETCA B Pa3NUYHbIX 3afadax.
[loBonbHO yacTo TpebyeTcs onpefensiTb rapMoHUYeCKuidA coctas (T.e.
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Puc. 7.9. Mpumepbl NPeAcTaBNeHWS CUrHAN0B B Pas/iMyHbIX 061acTsX:
BO BpeMeHHO6I 06nacTu; 6 — B 4aCTOTHOW 0611acT; B — B aMNIUTYAHOI 06nactu

CMeKTP) CMTHA/IOB B 3/1EKTPO3HEPreTUYECKMNX YCTaHOBKAX, B LIEMAX MOLL-
HbIX NOTPebuTenein. TunuyHasa 3aga4ya COBPEMEHHON NPaKTUKN —onpe-
AeneHmne (Mo pesynbTaTaM PerucTpauumn curHana aneKkTpUYeckoro ToKa)
3HAYEHWIN MOLLHOCTY OMNpeAenieHHbIX rapMOHMK.

AHann3 B aMnNanTyAHON 06nacTu faeT BO3MOXHOCTb HailTK BepoAT-
HOCTb MonajaHnsa 3Ha4YeHWin BXOAHOrO CUrHana B 3afaHHble AnManaso-
Hbl, OLEHUTb BPeMeHa HaX0XAeHMS CUrHana «B 30He» (MM «BHE 30HbI»).
3JTa 06nacTb NpeAcTaB/eHNs CpaBHUTEILHO MaJslo pacrnpocTpaHeHa. B pe-
3ynbTaTe TaKOro aHasn3a MaccmBa KOJ0B BXOAHOIO CMrHana CTpoOUTCs
rmcTorpaMma pacnpefeneHus ypoBHs (MFHOBEHHbIX 3HAYEHWIA amnn-
Tyd) WUCCNeAyeMoro CUrHana, M3 KOTOPOi MOXHO W3B/ieYb AOMOMHU-
Te/bHY0 MOMe3Hy UHGopmaumto. Mogo6HbIe TMCTOrpamMMbl HacTo MC-
No/b3ykTCA B CTATUCTUYECKUX UCCef0BaHUAX npoueccoB (0CO6eHHO
CNyyvaiHbIX) N 0OBLEKTOB.

7.3.2. AHann3 BO BPEMEHHOW o6nacTu

AHann3 BO BPeMEHHOI 061aCcTU AaeT BO3MOXHOCTb HaliTK Kak na-
pameTpbl, Tak U PYHKLNOHANbHbIE 3aBUCMMOCTM BXOAHOMO CUrHana,
npeacTaBneHHOro QyHKLUMeli BpemeHn. MNepBoe HanpasfieHNe HasblBa-
eTcqd napaMeTpuyecKMM aHain3oM, BTOPOE, COOTBETCTBEHHO, (YHK-
UMOHA/TbHbIM.
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B nepBom ciyyae peanunsyroTcs anropuTMbl BbIYUCIEHNS Pa3/IMYHbIX
napameTpoB (OTAeNbHbLIX 3HAYEHWUI) BXOLHOr0 MaccuBa [aHHbIX, Ha-
npumep, onpegeneHne MakCUManbHOro, MUHWMaNbHOrO, CpPefHero,
CPEeAHEro BbINPAM/IEHHOrO, CPefHEero KBafpaTM4ecKoro 3HayeHuid Ha
3afjaHHbIX MHTepBanax. MpMMepomM napaMeTpMyecKoro aHanm3a MoXeT
TaKXXe CMY>XUTb aifTOPUTM HaxXOXAEeHNS OLEeHKN MaTeMaTUYeCKOro 0Xu-
faHuns (cpefHero 3Ha4yeHus) MO MaccuBy LMMDPOBbIX 3KBMBANEHTOB
MIHOBEHHbIX 3HAYEeHWIA CTyYailHOro curHana.

BTopoe HanpasneHne (hYHKUMOHANbHbIV aHanu3) no3BonseT no-
NyyaTb Ha OCHOBe BXOAHbIX (UCXOLHbIX) MACCUBOB JaHHbIX Pa3/inyHbIe
(hYHKLUMOHa/bHbIE 3aBUCUMOCTU, HaNpUMep, BbIYNCAATbL (DYHKLMIO NpPo-
N3BEAEHUS OBYX WCXOLHbIX MacCUBOB HampshKeHUs M TOKa npyu on-
pefeneHnn KpMBOin MFHOBEHHOW MOLLHOCTMW.

ABTOMaTUYECKME N3MEPEHNA MapaMeTpPOB. Ha ocHoBe aHasnn3a mac-
CMBa 3aperncTpupoBaHHbIX LMGPOBLIX AaHHbIX 4OBOMLHO NIEFKO peanu-
3yH0TCA aBTOMAaTUYeCKue U3MepeHns napameTpoB BXOLHbLIX CUMHA/OB,
MOCKO/IbKY LU(PPOBbIE 3KBUBANEHTbI MIHOBEHHbIX 3HAYEHWI yXKe fe-
aT roToBbIMM KOAamMu B namaTu npubopa. Mpu 3TOM Ha Aucniee aHa-
nusatopa (MM Ha MOHWUTOPE NepcoHanbHOro KoMMbioTepa) MOMUMO
rpagmyeckoro obpasa curHana MoXXHo HabnaaTb YNC/IOBbIE XapaKTe-
pucTUKK (napameTpbl). C NOMOLLLK KypcopoB (BCMOMOraTe/ibHbIX N11-
HUIA Ha 3KPAHHOM M300paXKEHUU, MONOXKEHMEM KOTOPbIX ynpaBnseT
OMepaTop) MOXHO BbI3BaTb COOTBETCTBYIOLLME YUC/IOBbIE 3HAYEHUS
napameTpoB. MOXHO TakXe U3MepATb pa3HULLY BblAeNeHHbIX Kypcopa-
MW TOYEK MO YPOBHIO 1 BpemeHu (puc. 7.10). L, KOHeYHO Xe, focTa-
TOYHO MPOCTO U3MEPUTbL Nepuog T W 4YacToTy/ NOBTOPAKOLLMXCA Me-
pPUOAMYECKUX CUFHANMOB, AMTeNbHOCTM (hpoHTa [t 1 cpesa UMMynb-
COB, pasHuuy amnauTyg AU 1 T.0.

J0CTOBEPHOCTb pe3ybTaToB TaKUX U3MEPEHUA 06bIYHO LOBO/b-
HO BbICOKa, TaK KaK OMpefensieTcs MOrpelHoCTb0 aHanoro-uud-
pPOBOro KaHana npuéopa. Tunuu-

Hble 3HaYeHUs NpeaenbHbIX OTHO-
CUTENIbHbIX MOrpeLlHOCTel paBHbl
+(0,1... 1,0) %.

MN3MeHeHne maciTaboB M30-
6paxeHnsi. NHTepecHOW u no-
Ne3HO 0COBEHHOCTbH LMPpPO-
BbIX aHanu3aTtopoB W OCLMUNO-
rpatoB, He peanusyemMmoil B aHa-
NOTOBbIX perucTparopax W aHa-
nusaTtopax, SBAAETCA BO3MOX-
HOCTb pacTsaxku (Zoom) n3obpa-
YKEeHUS y>Ke 3aperucTprpoBaHHOro
curHana (B TOM yucne Of4HOKpaT-

HOI'O) no o'quﬁ UM 00emm ocsim Puc. 7.10. ABTOMaTN4YECKNE N3MEPEHNSA
(pvic. 7.11). M MHAWKAaLMA napameTpoB curHana
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a 6
Puc. 7.11. PeXXnMbl U3MEHEHWSI MacLUTaboB M306padKeHNs M0 O0caM X (a) U Y(6)

YcTaHOBUB Kypcop (Mnv napy KypcopoB) Ha MHTepecyrowuin dpar-
MEHT CMrHana U COBMeLLLas PeXXMMbI PacTsHXKKKW MO OCAM U CABUTaM, MOX-
HO MpeACTaBMTb MHOPMATUBHbIA Y4acTOK M306paXKeHMs B Tpebyemom
macwTabe. Ha puc. 7.11, a noKasaH pexuM yBenndeHus maclitaba no
ocu X (ocu BpemeHu), a Ha puc. 7.11,6—pexkum pacTsHKKM no ocn Y

MpocmoTp n306paxeHns. Kpome pacCMOTPEHHBIX PEXUMOB, 06bIY-
HO UMeeTCA peXxum npocmoTpa («npokpyTKu» — Scrolling Mode) gnunH-
HOI 3anucuK npouecca ¢ NOMOLLbI0 OKHA 06bIYHOr0 pasmepa 3KpaHHO-
ro n3obpaxeHus (puc. 7.12, a). 9T0T PeXUM 0YeHb YL06EH NpK Moucke
NH(OPMATUBHbLIX (PParMeHTOB Ha A/NTeNbHbIX (MHOrOYacoBbIX WK
MHOTFO[JHEBHbIX) 3anmncsX.

Ecnn o6bem namATy JaHHbIX ropas3go 6onblie o6bema OAHOr0 K-
paHHOro M306paxeHUs (Hanpumep, Takue 3HA4YeHWUs, COOTBETCTBEH-
Ho, 1 MenoB 1 256 cnos), To BCcA 3anucb npegctasnma 4000 «akpaHa-
Mu». Tpy 3TOM NPOCMOTP BCER Anarpammbl NpeacTaBfseT onpefeneH-
HYt0 Npo6ieMy, KOTOpaa peLuaeTcs B COBPeMEHHbIX aHanm3aTopax inbo
NNaBHbIM CKONbXeHWeM, 60 AUCKPETHLIM MepemMeLLeHNeM OKHa.

AHanornyHas BO3MOXHOCTb NPefyCMOTPEHA B HEKOTOPbIX CNOXHbIX
MOZeNax u A4ng npocMoTpa n3obpaxkeHna oAb ocny (puc. 7.12, 6).

n1'Aa AIAI'N

Puc. 7.12. Pexxum npocmoTpa:
a — BO BPeMeHW; 6 — Mo YpPoBHIO
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CrnaxusaHue yHKUMA. PaccMOTPMM BO3MOXHOCTU aHa/iM3aTopoB
no PyHKLMOHaLHOMY aHanu3y Ha NpuMepe pexmnmMa LupoBoro cria-
xunBaHua (Digital Smoothing Mode) KprBoi 1uccnegyeMoro npotecca.
Mpouenypa ocHoBaHa Ha UugpoBoM ycpeaHeHun (Digital Averaging)
pe3ynbTaToB aHanoro-UngppoBoro npeobpasoBaHus. ITOT PEXMM MO-
3BONSIET YCNELHO 60POTLCS C HEXenaTelbHbIMU LYMOBbIMK NpOLec-
caMm (BbICOKOYACTOTHLIMWU NEPUOAUYECKUMU U CAyYaliHBIMU NOMeXa-
mu). Kpome TOro, OH no3BonsieT U36aBUTLCA HE TOJIbKO OT BbICOKOYa-
CTOTHbIX MOCTOPOHHUX LUYMOB, Ha/IOXKEHHbIX Ha MCCegyemblid npo-
LLeCC, HO M OT HEMHTEPECHbIX (4N KOHKPETHOro MHTepBana perucrpa-
LK1KN) BLICTPLIX U3MEHEHUI UCCNeLyeMOro curHana.

PaccmMOTpuM JeiicTBUE 3TOr0 pexxmma Ans cnydas NOBTOPAOLLMXCA
(B 4aCTHOCTM, NEPUOLNYECKMX) CUTHANOB. py MOBTOPSAIOLWEMCS CUT-
Hane yCcpeaHSATCA CUHXPOHHbIE (COOTBETCTBYIOLME O4UHAKOBLIM YC-
NOBMAM 3anycka) peanmsauuu (pparmeHTbl 0AMHAKOBOM ANUTENbHOC-
TH) nccnegyemoro npouecca. Ha puc. 7.13 nokasaH Nepumognyeckuii
curHan xit). Mpu 3agaHHOM ypoBHe (Koge) 3anycka N3 BblAenstoTcs
nooyepeHO MacCUBbl KOAOB HECKO/IbKUX MepuofoB curHana (Hanpu-
Mep, BocbMW) 74... 7’8

Ecnn nooyepefHO ycpefHUTb (CNOXUTL U pa3feNinTb Ha 8) Kofbl,
COOTBETCTBYIOLLME OAHUM U TEM e pa3aM CUrHana B KaKA0M U3 BOCb-
MW MepuoaoB, TO CPOPMUPYETCH HOBbIA MAaccuB, COCTOALLMIA U3 YyC-
peAHEHHbIX 3HAYeHWNA KOAOB B KaXXA0W (hase. MOCKONMbKY 3HAYEHUS Bbl-
COKOYaCTOTHbIX LUYMOB C/ly4YaliHbl B K&XA0M OTCUETE KaXAO0ro nepuoja,
a 3HaYeHUs MOJSIE3HOrO CUrHaMa He ciyYaliHbl, TOo (hopMa yCpeaHEHHO-
ro curHana 6yget 6onee rnagkoid. Ha puc. 7.14 nokasaHbl M306paxkeHns
CTN@KEHHbIX TaKUM 06pa3oM KpUBbIX, COOTBETCTBYIOLLME PA3UYHBIM
o6bemam BbIGOPKN (pa3HOMY YMCAY YCPEAHEHHbIX M MepuogoB).

OuyeBMHO, YTO YeM 6obLLe 06bEM BbIOOPKM M, TEM MeHbLLE BAU-
AHMe wymoB. OQHaKo He cnedyeT 310ynoTpebnsTb 601bWNMM 06beMa-
MU BbIGOPKU, NMOCKO/bKY B 3TOM cfyyae OyJeT MMeTb MeCTO He TO/bKO
XOpOLLEe CcrinauBaHve LYMOB, HO 1 3aMETHOe CrnaXunsBaHue U3MeHe-
HWI MOME3HOr0 CUrHana (gUHaMnyeckas MOrpeLwHocTb). YUem Bbilwe
CKOPOCTb M3MEHEHMWA CUrHana, TeM 60MblUe AMHaMWUYecKasa norpew-

Puc. 7.13. 3allyMIeHHbIN BXOAHOW cuUrHan
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Puc. 7.14. CrnaxuBaHune Npu pasinyHbIX 3Ha4YeHnsax M
a—M=16—M=8B—M- 64

HOCTb. Hafo NOMHUTL, YTO NPUMEHEHWE PEXUMA CrIaXUBAHUA 3KBU-
BA/IEHTHO MCMNONb30BaHMIO (PUNLTPA HYXKHUX YacToT. [pu aToM yBenu-
yeHue 06bemMa BbIGOPKM M COOTBETCTBYET YBE/IMYEHUIO MHEPLIMOHHO-
CTW perucTpaTopa/aHanunsartopa.

Bbi6bMpass KOHKPETHbI 00beM BbIOOPKM CMHXPOHHOTO LM(POBOro
ycpegHeHns (B 3aBUCMMOCTU OT COOTHOLLEHWS YPOBHEl CuUrHana u
LyMa, UX CNeKTPasibHOro CoCTaBa, TPebyeMbIX MeTpPONOrMYecKnx xa-
pakTepucTUK, MTOrOBOro ObICTPOAENCTBUSA), MOXHO LOCTUYL MPUEM-
NemMoro nojasfieHNsa LWYyMa, He YBe/numBas 3HauuTeSlbHO UHEPLUOH-
HOCTK aHanm3a.

Peanusauusa npouegyp aHanun3a. C TOUKM 3pEHUS TEXHUYECKON pea-
nu3auun MeTodbl U cpeacTsa LM(PoBOro aHanusa Lenatcs Ha anmna-
paTHble, NPOrpamMmmHbie U KOMOUHUPOBaHHbIE. MpUMeHeHUe Tex Uu
MHbIX pelleHnin onpegenseTcs TEMNOM NOCTYN/IeHNUs BXOAHOW MHGOp-
Mauum (NONOCOIN 4acTOT UCCNEeAYEMOr0O CUrHana, TOYHee COOTHOLLE-
HVeM BEepXHel 4acTOTbl CMEKTPa CUrHana W 4acToTbl AUCKpPeTU3aLum
ALLM), Tpe6boBaHUAMU MO CKOPOCTU 06pPaboTKM, JOCTYMHLIMU Cpef-
cTBamMu u T.4.

Mpu cpaBHUTENIbHO HEBLICOKMX 4acTOTax BXOAHOro curHana (go
1... 10 kl'y) uenecoobpasHa nporpammHas 06paboTKa, Hanpumep uUc-
No/Ib30BaHMEe BO3MOXHOCTEN YHMBEPCANLHOIO (MEPCOHANIbHOI0) KOM-
nbtoTepa. B aToM cnyyae MOXHO NPAMO MCMNONb30BaTh 60/bLLIME 06be-
Mbl NaMATU KOMMbIOTEPA AN 3aNUCU O0TCYETOB UCCNeLyeMoro npouec-
ca (MOXeT 6bITb B PeXKMMe NPAMOro goctyna K namsatu, Direct Memory
Access — DMA); 3HaUUTeSIbHYH0 BbIYUCIUTE/IbHYO MOLLHOCTb U pa3Ho-
o6pa3ne BO3MOXHbIX JOpM NpeAcTaBfeHUs rpamyeckoii 1 3HaKoBOW
BXOAHON MHGOpMaLUy 1 pe3ynbTaToB aHann3a; pasfiMyHble CTaHAapThl
nepefayn faHHbIX.

B cnyyae He6onbW KX 06bEMOB, HU3KOr0O TEMNA MOCTYMN/EHUS WH-
thopmMaumm, HeCNOXHbIX TpebyeMbIX anropuTMoB 06paboTKM BO3MOXKEH
aHanu3 faHHbIX C NOMOLLbLI0 BHYTPEHHero mukponpoueccopa (Unu
MUKpPOMpoLLeccopoB) aHanusaTopa. Mpu 60nee BbICOKOYACTOTHBIX MPO-
Lleccax uam npu Heo6XoAUMOCTU BbIMOJIHEHUSA TPOMO3AKMX BblYUCU-
TefbHbIX Mpoueayp aHanusa Ucnonb3ytTes OydepHble 3anoMuHatoLLme
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ycTpoiicta (3Y), OCyLLeCTBASAOLME BCOMOraTe/lbHYK Perncrpauuio
BXO[HbIX AaHHbIX (M/M1M NPOMEXYTOUHBIX pe3y/bTaToB). B aTom cnyyae
06beM 1 6bicTpogeiicTBMe 3Y onpeaenstoT BO3MOXHOCTA BCEro KOMM-
nekca.

AnnapaTHas 06paboTKa, OCHOBaHHas Ha NPUMeHeHUU creunanu-
31poBaHHbIX npoueccopos curHanos (Digital Signal Processor — DSP),
06ecneynBaeT 3Ha4YMTeNbHO 6OMee BbICOKOe ObICTpoAeicTBUE. CKOPOCTb
BbIMOMIHEHMS NpPeobpa3oBaHuii MpyU 3TOM MOXET ObITb YBENNYEHA Ha
2...3 nopAagka.

KoM6VHMpoBaHHble (annapaTHO-NPOrpamMmHble) PeLleHUst 3a4acTyio
MO3BONAIOT MOMYYUTb ONTUMaNbHY KOHPUrypaumnio Komniekca ans
3KCMEPUMEHTOB C LUMPOKOMONOCHLIMWU CUTHaNnaMu n/unu npu 60/b-
LLIOM Ymcne perucTpupyemblX CUrHaO0B.

Pexxum peanibHOro BpemeHu. CyLiecTBYeT OTAeNbHbIN Knace 3ajad, B
KOTOpbIX TpebyeTcs NonyyYeHWe pesynbTaTtoB aHanM3a B Temre nocTyn-
NEHNS BXOAHbIX [aHHbIX, B TaK Ha3blBAEMOM PEXWMME peasibHOro Bpe-
meHn (On-Line Mode). 310, Hanpumep, Cnyyaun, rae BaXXHO He gony-
CTUTb NOTEPU UHMOPMALMM HA NPOTAXEHUN BCEro 3KCNepumeHTa o
perucTpayum v aHanusy, Uau caydaum ynpaBneHUs peasibHbIMWU Npo-
LieccaMu 1 06beKTaMK, rae BaXXHO 06ecneynTb ONepaTUBHYIO peakLmio
Ha M3MeHeHNs BXOAHbIX CUTHANOB.

CyLLecTBYIOT fiBa MOHUMaHUA (TONKOBaHUSA) pexkxuma peansHoro Bpe-
meHn (PPB). MepBoe TonkoBaHwe PPB — cTporuii («KecTkuii») —
03HayaeT MoslyyYeHne HOBOrO OKOHYaTeNIbHOro pesynbTaTta 06paboTKu
[0 npuxofa o4yepefHOro otcyeTa (LMPPOBOro IKBUBANEHTA MIHOBEH-
HOro 3HayeHus) nccnegyemoro curHana (puc. 7.15).

B atom cnydae Temn 06paboTKM AO/MKEH COOTBETCTBOBATb TEMMY
noctynneHna pgaHHbiX oT AL u, cnegosatensHo, NpuM BbiCOKOYac-
TOTHbIX BXOZHbIX MpOLeccax MOXeT NoTpe6oBaTbCs NPUMEHEHWE CPeACTB
ObICTPOI annmapaTHO 06paboTku. Ecnu Bpems, TpebyemMoe Ha o6pa-
60TKY (aHanm3) AaHHbIX OAHON peanu3auumn (Hanpumep, 71), He npe-
BOCXOAUT ANUTENIbHOCTM OJHOrO Lara AuckpeTtusauuu 7/1 To 310 OT-
BeYaeT MOHMMaHWI0 >KecTKoro PPB.
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BTopoe TonkoBaHue PPB — «msrknii» — npeanonaraet Haanyue
OyhepHbIX 3anOMMUHAKOLWMX YCTPONCTB (AOCTATOYHO GONbLLOA eMKO-
CTW), B KOTOPbIX XPaHATCSA NOOYepedHO 3anucbiBaemble 1 obpabaTbiBae-
Mble hparMeHTbl peasin3auun BXOAHOTO curHana. Bpems, 3aTpaunBaemoe
Ha aHa/M3 o4YepesHOro parmeHTa peanusaluu, BO M3bexaHue notepu
NH(OPMALMN He JO/MKHO MPEBOCXOAUTL ANTENbHOCTM 3anucu B 3Y
HOBOro thparmeHTa (puc. 7.16). STOT peXXnm ropasgo nerye 06ecnevmnTs,
M OH 4acTO MOXeT ObITb peasm30BaH NPOrpamMMHbLIMU PELLIEHUAMNA.

B 06bI4HOIi MOBCEAHEBHON NPaKTNKe TEXHUUYECKNX N3MEPEHWIA Yallle
BCEro BCTPeYaloTCs 3afauyun, B KOTOPbIX He TpebyeTcs CPOYHON (cuto-
MWHYTHOW) 06paboTKM MaccmBa BXOAHbIX AaHHbIX, 4OCTATOYHO 60/ib-
LIoro no o6bLemy, T.e. NPU 3TOM He MPeAbsBAAETCS XECTKUX TpeboBa-
HUA K MOMEHTY MONYYEHUS pe3y/ibTaTa aHanmsa. 3TO PeXUM Hepeasb-
HOT0, OTHOCUTENbHOTO MMM TpPaHCPOPMUPOBAHHOIO BPEMEHW, CaMblii
NPOCTON 1 Nerknii ana peanusauuu. TUNUYHBIA NPUMEP — ANUTENb-
Has permcTpauus NoBefeHUs TemnepaTypbl ¥ OTHOCMTENbHON Bhax-
HOCTW BO3JyXa B CKMafCKOM MOMELLEHUM B TeyeHue, Hanpumep, He-
Jennm 1 nocnegyowas obctoaTeNbHas 06paboTka M npefcTaBneHve
[aHHbIX 3KCMEepUMEHTa B TeUYeHUe [BYX-TPEX AHEN.

7.3.3. AHanNM3 B 4YaCTOTHOW (CnekTpasnbHOIA) o6nacTtun

OnpegennTb aMNAUTYAHbIA CNEKTP BXOAHOr0 aHafioroBoro curHana
MOXHO HECKO/IbKUMUN pPas3fiMyHbiMKU cnocobamum, Hanpumep € NOMo-
b0 HECKONIbKUX MONOCOBbIX (PUALTPOB UM C MOMOLLbK OAHOrO ne-
pecTpaMBaemoro uabTpa; BO3MOXXHO WCNOMb30BaHMe Npeobpa3oBa-
HUsA ®ypbe, 04HO3HAYHO CBA3bIBAIOLLENO0 BPEMEHHOE 1 YacTOTHOE Nnpej-
CTaBfeHNs PYHKLMK (CUrHana).

CyulecTByeT npsamoe n obpaTHoe npeobpasoBaHus dypbe (M)
ANA HenpepbiBHbIX (aHaNOroBbiX) cUrHanos. Mpsamoe M® No3BONSET,
3Haa PYHKLMIO curHana x(t), onpegennTs ero cnekTp S{f). O6paTHoe
Md, Hao60opoT, 4AaET BO3MOXHOCTb, 3Has CMNEKTP curHana S{f), HaiiTu
BpeMeHHOe npefcTaBneHne (PyHKUMIO) camoro curHana x(t).
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MoHMMas, 4YTO NOSIHOLEHHOE CMEeKTpasbHOe MpefcTaB/ieHne Cur-
Hafa coAepXUT aMnNAUTYAHbIA U ha3oBblid CNEKTPbI, 34eCh U fanee 6y-
[leM roBOpPUTb TO/IbKO 06 aMMANTYAHOM CEeKTpe.

CyuwiectByeT MNP 1 ana AMCKPETHbIX (LMKPOBbLIX) CMrHaNoB. Mpu aToM
CMEKTP CUMHana TaKkxe ABASETCA ANCKPETHLIM (MHelYaTbiM). B coBpe-
MeHHbIX LUPPOBbIX CPeACTBaX aHann3a WCMonb3yeTcs alroputm Au-
CKpeTHoro npeobpasoBaHusa dypbe (AMP) — Discret Fourier Trans-
form (DFT), nocpe4cTBOM KOTOPOro MacCvB 3apermcTpupoBaHHbIX BO
BPEMEHHOM 06N1acT! AUCKPETHbLIX OTCYETOB CMIrHana npeobpasyercsa B
OVCKPEeTHbIN crnekTp. K coxaneHuto, npakTuyeckas peanvsauus M e
TpebyeT 60NbLLIOr0 YMCa FPOMO3AKUX aputhMeTnyecKmx npoueayp. Ecnn
4YMCNO OTCYETOB HAa WHTepBane perucTpauuuM Tp paBHO N, TO 4uCnO
HeobX04MMBIX onepauuii YMHOXeHNS 1 cnoxeHnsa B AMN® paBHo N2
MocKo/IbKy CKOPOCTbL paboTbl MUKpoOMpoLeccopa (MUKPONPOLLECCOPOB),
€CTECTBEHHO, OrpaHWYeHa, TO 3TO MOXET NPUBECTU B HEKOTOPLIX MPU-
MeHeHMAX K npobnemMam C BbICTPOAENCTBUEM.

CyuwecTByeT pasHoBuaHocTb [MNC) — 6bICTpoe npeobpas3oBaHue Py-
pbe (BM®) — Fast Fourier Transform (FFT). B aTom anroputme onpe-
[eNeHHbIM BbIGOPOM umMcna OTCYETOB N ObICTPOAENACTBME MOXET ObITb
obecreyeHO ropasfao Bbilwe. Ecnv BbIbpaTh UMCIO OTCHETOB A'He Cryyaii-
HbIM, @ paBHbIM Le/I0i CTeneHn Yucna 2, To 4YMcio TpebyembixX npoLe-
AYP YMHOXEHMSA W CNOXEHMA MOXET ObITb YMeHbLEHO A0 (N\og7N).
BbIMrpbIlw B CKOPOCTU MOXHO MPOAEMOHCTPMPOBATL TaKUM MPUMEPOM.
Ecnn yncno 3apernctpupoBaHHbIX oTcyeToB N = 1024, To peannsauus
06bl4HOro anroputma AM® Tpebyer N2 ~ 106 npoueayp, a B cnyvae
npumeHeHus b ® a1o umcno N\og2N = 1024-10 ~ 104, T. e. MPMMEpPHO B
100 pa3 MeHbLUe W, CnefoBaTe/lbHO, MPMMEPHO B 100 pa3 GbicTpee 6yaeT
OCYLLECTBNATLCA NEPexos U3 BPEMEHHOM 06/1acTK B 4aCTOTHY0. Mpuyem
3TOT BbIMIPbILL BO3PACTAET MO Mepe YBENMYEHNUA Yncna 0TcHeToB N.

Tak e Kak 1 npu aHanuse BO BPpeMeHHOW 06/1acTu, B cNeKTpasb-
HOM aHa/in3e CyLeCTBYOT MOHATUA pe>XXUMOB peasibHOro U HepeanbHOro
BPEMEHM 06paboTKN.

7.3.4. BbluncneHmne napameTpoB a/1eKTponoTpebeHus

B cnyyae LuuMhpoBol M3MEpPUTENLHOW perncTpauun BXoAHbIe aHano-
rosble (HenpepbIBHbIE) CUTHaNblI NPEACTaBNSAIOTCA UMGPPOBbIMU KOfa-
MU, T.€. QUCKPETHbIMM BO BPEMEHU U KBAHTOBAHHbLIMW MO YPOBHIO 3Ha-
yeHusAMM (0TcueTamm). PacCMOTPUM BbIYUCIIEHME Pa3/INYHbBIX NapameT-
POB U (YHKLMIA Ha MpUMepe HanpsyXKeHW W TOKOB B 3M1EKTPUYECKNX
Lensx.

Jlto60l aHanoroBblii cUrHan x{t) MOXHO npeacTaBuUTbL (C TON KK
WHOM [OCTOBEPHOCTLIO) NOCNEeA0BATENbHOCTLIO LIM(POBLIX SKBUBASIEH-
ToB (KOJ0B) MFHOBEHHbIX 3HAYEHUN X, (puc. 7.17).

Uem 60bLLEE YNCIO KOAOB (OTCHETOB) MOMTYYEHO Ha OAHOM Mepuoge
curHana T (4em MeHblUe Liar Auckpetusauum Tn) U Yem Bbille pas-
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x(t)

T
a 6

Puc. 7.17. MNpeAcTaBfeHNe NepuUOLMYECKOr0o aHanoroBoro curHana (a) uugpo-
BbIMW 3KBUBaneHTamu (6)

PAAHOCTb aHanoro-ungpoBoro npeobpasoBaHUsA, TeM TOYHee OyadeT
npeLCcTaBfeH caM CUrHan B LU(POBOM BuAe M TeM TOYHee ByayT pe-
3yNbTaTbl BCEX MOCNEAYHOLWNX BblUMCIEHNIA. B COBPEMEHHbIX perucTpa-
Topax/aHanusaTtopax TUMWYHOE 4YMC0 OTCUETOB Ha OAHOM nNepuoje
curHana (7°=20 mc) pasHo 100...200. Pa3psigHOCTb aHanoro-ungposo-
ro npeo6bpasoBaHnsa 10... 16 6UT (4BOMYHBLIX Pa3psLoB).

Ecnn npeo6pa3oBaTh B KOAbl LOCTATOMHO A/UTENIbHYHO peann3anunio
BXOAHOr0 curHana (He MeHee OfHOro mepuoga T), TO MOMYYEHHbIi
MacCuB LM(POBLIX 3KBUBANEHTOB MOXET ObITb MCMNONb30BAH ANS Ha-
XOXAEHWA Pa3fInyHbIX NapameTpoB U PYHKLMWIA. 10 HEMY MOXHO Haii-
TU YNC/OBbIE 3HAYEHNS HEKOTOPbIX BEJIMUMH, a TakKXXe MOCTPOUTL pas-
NNYHblEe PYHKLNOHA/bHbBIE 3aBUCUMOCTHN.

Mbl y>Ke 3Haem, 4YTO UCTUHHOE CcpefHee KBagpaTuyeckoe (LencTBy-
toulee) 3HadyeHme (CK3) noboro aHanoroBoro nepmoamMyveckoro Cur-
Hana x(t) ¢ nepuofom T onpeaensdeTca BblpaXKeHNEM

Ha ocHOBe MaccMBOB KOZOB, MOMTYYEHHbIX B pesy/ibTaTe GbICTpOaeit-
CTBYIOLLEr0 aHanoro-uudpoBoro npeobpasoBaHns BXOLHLIX NEPUOAM-
YECKMX CUTHA/IOB HaMpsKeHUs 1 TOKa, MuKponpoueccop (UM KOMMb-
toTep) BbluncnseT CK3 HanmpskeHus 1 Toka Ha nepuoge T. Mpouenypsbl
BbluncneHmss CK3 no oThenbHbIM LMGPOBLIM OTCHETAM aHaNorMUHbI
BbIPQXXEHMAM /19 HENPEPbIBHLIX YHKUMIA. Hanpumep, Ans ciydas Bbl-
yucneHus CK3 nepuogmnyeckoro Hanps>xkeHus u(t) No nosiyyeHHsIM N
pe3ynbTaTaMm aHanoro-uugpoBoro npeobpasosaHusa (Kogam) u, BXOAHO-
ro NepuoauyYeckoro CMrHana npoueaypa BblUMCNEHNS TaKoBa:
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MHOXeCTBO TaKMX MOCNef0BaTe/IbHO BblUMCNEHHbIX 3HAUYEHWI AaeT
BO3MOXHOCTb MOCTPOUTb Fpatimk U3MeHeHUs ((hYHKLMIO) AelCTBYIO-
LLero 3HayeHUs uCK(t) BO BpemMeHWU. AHaNOrMYyHO MOryT 6bITh Moyye-
Hbl CK3 Toka ICKu yHKuMA /ck(/). Ha 0CHOBE BbIYUC/IEHHbIX 3HAYEHWI
HanpsHKeHUs U TOKa MOXHO HalTW TakXKe 3Ha4YeHUs U PYHKUUN apy-
MMX BaXHbIX MapameTpPoB 3/IEKTPUYECKUX CUTHAMNO0B, TaKMX Kak MOL-
HOCTb (aKTMBHasi N peakTUBHas), aHeprusa (aKTUMBHas U peakTUBHas),
KO3PPMLMEHT MOLLHOCTM 1 ap. POpMy/ibl, MO KOTOPbIM BbIYNCAKOTCA
3TV 3HAYeHWs, HAMOMMHAKT (MO CYTWM MOBTOPSOT) BbIPAXEHUS ANA
aHanoroBbIX (HeNpPepbIBHbIX) CUMIHAMOB.

PerncTpatopbl/aHanu3atopsbl, NpejHa3HauyeHHble 415 paboTbl B Tpex-
(hasHbIX 3NEKTPUYECKNX CETAX, BbluMcnaT CK3 HanpshkeHuin n To-
KOB, a TaKXXe MOLLHOCTEel OTAeNbHO MO KaXKAolh (hase. 3aTeM MOXHO
HaliTW camble pas3NnyHbie LOMOMHWUTEbHbIE MapaMeTpbl TpexgasHow
CeTu, Hanpumep, cpefHuMe no Tpem asam 3HauyeHnsa CK3 HanpskeHWi
(“c.K)c 1 ToKoB (/cK)c> 06LLYI0 (CYMMapHY) aKTUBHYIO MOLLHOCTb MO
BCeM TpeM (basam PE, cpefHee 3HayeHWe KO3PhUuMeHTa MOLLHOCTH
KMC M0 Tpem (hasam 1 ap. (CM. BblLLE).

PaccmoTpuM nogpobHee BONpoc PopmMUpoBaHns yHKLMOHaNbHbIX
MaccmMBOB KOAoB. Ha puc. 7.18 npueefeHa ynpoLweHHas CTPYKTYPHO-
anropMTMmMyecKas cxema permcrparopa/aHanmsatopa B pexxume peruc-
Tpauum HanpsKeHWs, TOKa, BbIYUCIEHUA (DYHKLUUW MOLLHOCTU U aK-
TUBHOIA 3Heprun (TONbKO ANs 0AHOW (asbl).

(O 001011101 011000110
011000110 001011101
101100001 101100001

NHgn-
Katop
Knasu-
atypa
NHTep-
theiic

101100001
(011000110
001011101
Puc. 7.18. YnipolieHHas CTPyKTypa perucrpartopa/aHanmsaropa
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CTpyKTypa MMeeT [Ba BXOAHbIX KaHana, Ha KOTOpble OT ucche-
oyeMoro obbekTa MOCTYnatoT, COOTBETCTBEHHO, HanpshkeHue «(/) u
ToK /'(/) ogHOM ha3bl. BXoAHbIE CUTHA/MbI YMEHbLIAKTCA (C MOMOLLbIO
TpaHC(OpPMaTOPOB HaNpPsHXKeHWs, AeNUTENeR, LYHTOB UK ApYruX npe-
obpasoBateneli HanpsHKeHWs ¥ TOKa) B MPOMOPLUMOHAbHbIE Hamps-
XeHus Hebonbwmx amnantyg (2 ... 10 B). 3atemM ¢ 4OCTATOYHO BbICO-
KON uvactoTor gmckpeTtusauum (5... 20 klL) OHM CMHXPOHHO npe-
06pasyroTcA OTAeNbHbIMU aHanoro-uuMpoBbIMM MNpeobpasoBaTeniMu
AL B MaccmBbl KOAOB HamnpsH>KeHMs WM Toka. OTW MacCuBbl ynops-
[LOYEHHO CKNaAblBaOTCA U XPaHATCA B OMepaTMBHbLIX 3aNOMUHAIOLLLNX
ycTpoiicTBax HanpshkeHns (O3Y U) n toka (O3Y /). Ecnu nonyyeHHble
Ha MHTepBane, HanpuMep, OAHOro nepuoja oAHOMMeHHbIe (T.e. nony-
UEHHblE B OAHW W T XXe MOMEHTbI) KOAbl 3TUX MacCMBOB MEPEMHO-
XUTb C MOMOLLbLI0 MUKPOMNPOLECCOPHOro KoHTponnepa MK, To MoX-
HO NONY4YUTb TPETUIN MAcCMB — MacCuUB KOAOB (hYHKLMW MOLLHOCTU
(03Y P).

MpomnTe! pupoBaB 3TOT HOBbIA MAacCWB, MOXHO NOAYyYUTh YeTBEp-
Thbili MaccuB — MacCcuB KOLOB, XapaKTepusyowmnx QyHKLUID n3MeHe-
HUS aKTUBHOI 3Heprum (O3Y W). JTto60oii 13 cthopMUPOBaHHbIX Mac-
CUBOB MOXET OblTb BOCCTAHOB/MIEH W B rpagMyeckom (ncesgoaHanoro-
BOM) BMAe MpeAcTaBneH Ha MHAuMKaTope (Aucnnee) wan nepefaH ¢
MOMOLLbI0 MHTepMeiica Apyrum yCcTpoicTBam.

TpexdasHble pernucTparopbl/aHann3aTopbl UMEKOT Kak MUHUMYM TpU
NOA06HbLIX BXOAHBIX KaHana HanpsXeHUs U TpU BXOAHbIX KaHana Toka
N CUHXPOHHO PErucTPUPYIOT CUMHaAbl MO BCEM 3TUM KaHanaM.

7.4. XAPAKTEPUCTUKN TUNNYHbBIX PETMCTPATOPOB/
AHAJIN3ATOPOB

CyLLecTBYeT HECKO/IbKO BapWaHTOB peanM3auyuu npoueayp peru-
cTpaumMu ¥ aHanusa. Hambonee LIMPOKO pacnpocTpaHeHbl Masoraba-
PUTHbIE aBTOHOMHbIE PErMCTPATOPbI/aHaNN3aTOPbI Pa3NYHbIX PU3NYe-
CKMX BenMuYMH (MPOLECCOB), a TakXKe KOMMbIOTEPHble CPEACTBa peru-
CTpaLumn 1 aHann3a. PacCMOTPUM MX OCHOBHble BO3MOXHOCTM M XapakK-
TEPUCTUKN.

7.4.1. Pernctpatopsbl/aHann3aTopbl NapaMmeTpoB
anekTponoTpebneHns

CoBpeMeHHbIe MWUKPOMPOLLECCOPHbIE PerncTpatopbl/aHann3aTopsl
napamMeTpoB 31eKTPONOTPE6NEHNS B 3NEKTPUYECKUX Liensax — 3To ne-
PEHOCHbIe ManorabapuTHele NpM6opbl. OCHOBHbIE XapaKTEPUCTUKN TH-
MUYHBIX NPeAcTaBMTENed 3TOM0 Knacca TakoBbl:

*  BO3MOXHOCTb paboTbl C 0AHO(A3HbIMK U TpexXMasHbIMU LEensamu
(B TOM 4yncne HECUMMETPUUHBIMU);
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* BepPXHWIA Npegen AnanasoHoOB U3MEPEHNS BXOAHbIX HAMPSXKEHN —
NuHelHbIX go 600... 1000 B, thasHbix go 500...600 B;

* BepXHWIl npefen gnanasoHa U3MepPeHUs BXOAHbIX TOKOB (C npu-
MEHEHMEM TOKOBbIX K/elleid, o6ecrneynBalowwmx n3mMepeHms 6es pas-
pbiBa Lenu uccnegyemoro Toka) — o 2000...5000 A (B 3aBUCUMOCTM
0T TMNa UCMOMb3YeMbIX KieLein);

* BbIXOAHAasA MH(OpMaLmMa — cpefHUe KBagpaTuueckue (geiicTByto-
LME) 3HAYEHUNA HaMPSHXKEHUA N TOKOB, 3HAYEHUS MOLLHOCTEN (aKTWB-
HOM N pPeaKTUBHON — WHAYKTUBHOTO M eMKOCTHOrO XapakTtepa), KO-
3hPMUNEHTOB MOLLHOCTM (COS<P) MO KaXKAoW (hase, 4aCTOThbl CETH,
3Heprun (aKTUBHOW U PeakTUBHOM KaK UHAYKTUBHOIO, TaK U EMKOCT-
HOro XxapakTepa);

* MPOrpaMMUPYeEMble PEXUMbI PaboTbl U AMana3oHbl M3MEPEHMNIA;

* NpejCcTaB/feHNEe 3aperucTPUPOBaHHbLIX CUTHAN0B HamnpsXXeHU |
TOKOB BO BPEMEHHOI M 4acTOTHON 06M1acTsaX, YMCNOBOe W rpaduyec-
KOoe npefcTaBieHne CNeKTPasibHOro COCTaBa HanpsHKeHU 1 TOKOB (Npw
NoAJepXKe CneLmanu3MpoBaHHOro NPorpaMmmHoro obecneyeHmns);

* BO3MOXHas AAUTENIbHOCTb PerucTpaumm — A0 HECKONbKUX Me-
cALes;

* 06beM BHYTPEHHE NaMATK JaHHbIX — 128 K6aiiT... 1 M6aiT (B03-
MOXHO TaKXe MCMo/b30BaHWE LONOMHUTE/IbHbIX KapT NamaTu);

* pas3fiMyHble pexumsl 3anycka (Mo 3afaHHOMY TeKYLLEeMY BPeMeHM
WA MO 3ajaHHOMY YPOBHIO BXOAHbIX BEMNUWH);

* BHYTPEHHWI 3HepProHe3aBUCKUMbIA Taiimep (TeKyLLMe aata 1 Bpems);

* Ha/sM4yKe cneynanmu3npoBaHHOro0 NPOrpamMMHOro obecrneyeHus, Ko-
TOpOe MO3BOMSAET OCYLLECTBAATb 06CTOATENbHbIA aHann3 3aperncTpu-
POBaHHbIX AaHHbLIX HA NMepCOHa/IbLHOM KOMMbIOTEpE;

* MOrPELHOCTN M3MEPEHNA W PerucTpauuy HanpsHkKeHwuid M TOKOB
(6e3 yuyeta M3MepuUTENbHbLIX TpPaHCHOpMaTOpPOB) BO BCEM pabouem
avnanasoHe Temnepatyp —£(0,5 % 3HauyeHUs pesynbTaTa U3MEPEHUs +
+ 2 eAUHULBLI MNafLlero 3Havallero paspsga);

* MOrPeLwHOCTN N3MEPEHUIA aKTUBHON W peakTUBHOW MOLLHOCTU
(6e3 yyeta U3MepuTeNbHbIX TpaHchopmaTopoB) — + (1,0 % 3HayeHus
pesy/bTata N3MepeHns + 2 eAUHMLbI MAAALLEr0 3HAYaLLero paspaga);

* yacToTa gnuckpetmsauum AL —po 100 kIu,

» Ananas3oH pabounx Temnepatyp —0...50°C;

» Macca — 1... 3 Kr.

Takne npubopbl (COBMECTHO CO Creunain3MpoBaHHbIM Nporpamm-
HbIM 0b6ecrneyeHWEM) MO3BOASKOT U3MEPSTb, PerucTpupoBatb W Bbl-
YUCNATH:

* TeKyLiNe CpefjHUe KBafpaTuyeckme (AeNCTBYHOLME) 3HAYEHNS Ha-
NPSOKEHWIA U TOKOB; MaKCUMaJibHble, YCPeLHEHHbIE U MUHUMA/bHbIE
3HaYeHUs Hanps>KeHW’ U TOKOB BO BCeX (hasax Ha BCEM WHTepBasie
perucTpaymu;

e TeKyllne 3Ha4YeHUs akKTUBHOW U peakKTUBHOMN (KakK UHAYKTUBHO-
ro, Tak M eMKOCTHOr0 XapakTepa) MOLHOCTe; MaKCUManbHble U MU-
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HUManbHble 3HAYEHNSA aKTUBHOW N PEaKTUBHOIN MOLLHOCTE Ha BCEM
WHTepBane perucrpayuu, CyMMapHyt MOLLHOCTb MO BCEM (haszam;

* MOTPe6NEHHYO Ha MHTEpBase PerncTpaLun akTUBHYHK U peakTuB-
HYI0 3HEPruIo;

* TeKyLlee 3HaYeHNe YacTOTbl INEKTPUYECKON CeTu;

* TEKYLLME W 3KCTPEMaJIbHbIE 3HAYEHUS KO3I((DULNEHTOB MOLLHO-
cTun (coscp);

* (DOPMbl KPUBbIX CUTHA/IOB HAMPSXKEHWI U TOKOB BO BCex (haszax;
3HaYeHNa KO3MPUUMEHTOB OOLINMX FapMOHUYECKUX WCKaXKEHWA Ha-
NPSHKEHUA N TOKOB B KaXKAOM (hase; NMPOLEHTHbIA COCTaB rapMoHuYe-
CKMX COCTaBAAKLMX HaNpsHKeHUA M TOKOB B KaXgoW (hase ¢ rpadu-
YeCcKMM MpeACcTaBfeHNEM B CNEKTPanbHOW 06/1acTh, a Takxke B Tabnuu-
Holi hopme.

PaccMOTpUM HEKOTOPbLIE TUMNYHLIE 0COBEHHOCTU MPUMEHEHUS Ta-
KX npnubopos.

B 3aBMCcMMOCTM OT cneyndpurkn TpexdasHon 31eKTPUYECKON ceTn 1
Harpysku MoAgK/UYeHNe NPMOOPOB MOXET OCYLLECTBAATLCSA MO-Pa3Ho-
My. B cny4ae YeTbIpeXNpPOBOAHON CETU C HeATPasbo (CXema TuMa «3Be3-
fa») Hambosiee 4acTo MPUMEHSETCA BapuaHT MoAKA4YeHUsa npubo-
POB, NOKa3aHHbIN Ha puc. 7.19. pu 3TOM U3MEPAIOTCA U PErUCTpUpy-
I0TCA OTAeNbHO BCe (ha3Hble HANPSXKEHUA U TOKWU.

Mpy MCNOMb30BaHMM AONOMHUTENIbLHON KapThl NaMATK NepeHoc 3a-
PErncTpPUPOBaHHbIX NPUGOPOM AaHHbLIX B MEPCOHaNbHBIA KOMMbIOTEP

TokoBble

Puc. 7.19. MoakntoueHne npubopa v MepeHoOC 3aperucTpUpoBaHHbIX JaHHbIX
B KOMMblOTEP
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MO0 OKOHYaHUWU PerncTpauum OCyLLEeCTB/AETCA C MOMOLLbI CYMTbIBA-
Tens AaHHbIX KapTbl M0 NocneAoBaTeNbHOMY MHTepdeiicy RS-232. Kom-
MblOTep 3aTeM MNpy NoggepXKke NporpaMMHOro obecneyeHUs BbINOS-
HAET OKOHYaTeNlbHbI aHainM3 1 npeActaBieHne MHGopmauMm B Tab-
NINYHOM n/nnun B rpaMyeckom BuUae.

MockoNbKy pecypcbl MamsaTy NpubopoB OrpaHuyeHsl, TO TUMUYHOM
4151 BceX LnPOBbIX M3MEPUTE/bHBIX PErMcTPaTOpPOB ABSETCS HE0OX0AM-
MOCTb BbI60pa ONTUMA/IbHOr0 COOTHOLLEHNA MEXAY LLIaroM AnCKpeTu3a-
uMn Tnu o6LLei NPOAO/HKUTENILHOCTLIO (MHTEPBAIOM) perucTpaunm Tp.

B03MO>KHble MHTepBasbl PperucTpaummn 7pnpy pasinyHbIX 3HaUEHUAX Liara
78 (06bem namaTun 512 Kb6aidT)

LWar guckpeTtmsaymm TC ..... | Mu 5 mMuH 15 MUH 1y 44
O6wunin nHTepsan Mp. .. 854 426 4y 53cyr 21 3cyt 853 cyT

MporpaMMnpoBaTb 00bIYHO MOXHO /1t00bIe 3HAYEHUNS Llara perucr-
pauuun B npegenax BO3MOXHOMO AuanasoHa C paspeLuaroLLlein cnocob-
HOCTbiO 1 MuH. Tpn 6onblueM 06beMe BHYTPEHHEN namsaTu (MAn npu
NCMNO/b30BaHUWN KapTbl MaMATK ¢ 601bWNM 06EMOM) BO3MOXHas Npo-
LOMKNTENbHOCTL PErncTpaLuy NponopLroHanbHO BO3pacTaeT.

MporpaMMHbI NakKeT TakUX perncTpaTtopos/aHann3aTopos obecne-
UMBaeT pasNnyHble anropuTMmbl 06paboTKM (aHanm3a) U npeacrasfe-
HUS MHGpopmaymn. Bo3moxHoe rpagumyeckoe u TabnnyHoe npegcras-
NeHWe pesynbTaToB perucTpauumn v aHanmsa BecbMa pasHoobpasHo.

7.4.2. MUHU-Norreps.l

13 MHOXeCTBa pasHoo6pasHbiX LLP Bbigenmm rpynny cpaBHUTeNIbHO
NPOCTbIX, HEBbLICOKOW TOUHOCTU, MUHMNATIOPHbLIX, UMEHOLLMX aBTOHOM-
HOe NuTaHue, feLleBblX, NPefHa3HaYeHHbIX AN peweHns 60MbLINH-
CTBa Hambosee 4acTo BCTpevarowmuxes 3agady. TUNMUYHbLIMU NpeacTaBu-
TENAMU 3TON TPynnbl SBAAOTCA MUHMaTIOpHbIE LIVIP (3a py6ekom
HasblBaeMble MUHU-Norrepamn — Mini Datal.ogger), KOTOpble B HacTo-
slee BPeEMSA YCNELIHO pewalnT MHOTOUYMUC/EHHbIE 3aJaumM 3neKTpuyec-
KUX U3MEPEHWNIA 1 perncTpauny Kak sneKTpU4eckmnx, Tak U HeanekT-
pUYECKNX BENUYMH. Takne MUHKU-norrepbl (MJT) umetoT YypesBblvaiiHO
Manble rabaputbl U Maccy; o6ecrneymBaloT BO3MOXHOCTb MPOLOSXU-
TeNbHOI UMDPOBOI aBTOMATUYECKO perncTpaumm ogHoM nm HeCKob-
KUX Pa3NYHbIX BE/IMYMH B OCTATOYHO LUMPOKMX AManasoHax Ux usmMe-
HEHWIA; UMEIOT BNOJIHE YL,0BNETBOPUTENbHbIE METPOSOrMYecKme n oT-
NUYHbIE 3KCMyaTalMOHHbIE XapaKTEPUCTUKK, COLEPXAT BHYTPEHHWI
MCTOYHMK NUTaHUs, 06ecneynBaroLmii AAUTEIbHYH aBTOHOMHYHO pa-
60Ty. OHM YAO06HbLI M NPOCTbl B 06palieHnn. MaccmB HaKOMAeHHbIX
LUUPPOBBIX faHHbIX M0 OKOHYAHWUMW 3KCNEepUMeHTa nepesaeTcs B KOM-
nblOTEP, FAe MOXeT OblTb MOABEPrHYT pasHOO6pasHbIM Npeobpas3oBa-
HUSM U/Mnn npeacTaBfieH B pas/IMYHbIX Popmax.
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Haubonee pacnpocTpaHeHbl MJ1 gnsa perucrpayvmmM napameTpos
OKpY>KaloLLeli cpefdbl: TeMMnepaTypbl, OTHOCUTEIbHOW BNaXHOCTU BO3-
fyxa, faBfeHus, CKOPOCTM MOTOKAa BO34yXa, OCBELLEHHOCTW, Mapa-
MeTpOB 3/1eKTPonoTpebneHus. EcTb Takke yHMBepcanbHble MJ1, cno-
CO6Hble perncTpupoBaTb pasfinuHble PU3NYECKUE BeIMUUHBI NpU yC-
NOBUW MOAKMKOYEHUS K UX BXOAAM COOTBETCTBYHOLLMX MEPBUYHBIX W3-
MepuTefbHbIX npeobpasoBaTteneil (4aT4MKOB) C YHUPULUPOBAHHBLIM
BbIXOAHbLIM CUTHA/IOM.

TUNMYHbIE XapaK TepUCTUKM Hanbosee pacnpocTpaHeHHbIX M /1

YUNCNO BXOAHBIX KAHATOB .o ceiiieeieie sttt s e see e l1...2
PaspagHOCTh ALLTT, BU T o 8... 12
O6beM BHYTPEHHEN NaMATW AaHHbIX, KBANT....cccvrrercrrennne 8...64
MpofoOMKNTENBHOCTD PETUCTPALUM, JTET woeerererieereeieieieenreieieenieens po 1

Macca, r

7.4.3. KoMnblOTEPHbIE CcpeacTBa perucrtpaynm u aHanamsa

CyluecTByeT pasHOBMAHOCTbL (CpaBHUTENbHO MOM0Aas) LMGpPOBbLIX
CPeACTB M3MEPEHUIA U perucTpaumm, OCHOBaHHas Ha UCMO/b30BaHUK
B KQUeCTBe 3/IEMEHTa UCKYCCTBEHHOMO MHTENNEKTa NEPCOHANIbHONO KOM-
netotepa (MK). Ana atoro Heobxogmmo MK AONOAHWUTL YCTPONCTBOM
npeobpa3oBaHMs aHaIOroOBbIX CUTHAMNOB B LMMPOBbIE AaHHbIe, T.6. MO-
Jynem aHanoro-uupposoro npeobpasosaTens. Takue npeobpasosarteni,
B 3aBUCMMOCTM OT BO3MOXXHOCTEN, Anana3oHOB U3MepPEHUS, METPOO-
TMYECKUX U 3KCMIyaTaLUOHHbIX XapaKTePUCTUK, BbIMOMHAOTCSA B pas-
NINYHBIX KOHCTPYKTUBHBLIX UCMOJIHEHUSIX — OT MasiorabapuTHbIX MaT,
BCTpamBaeMbIX (BCTaBnsieMblx) B kopnyc MK, A0 CMOXHbIX MHOFOKa-
Ha/lbHbIX MOAY/NbHbIX KOMNAEKCOB. CerofHs 3T0 0JHO 13 NepcrneKkTuB-
HbIX HanpaBneHWi Pa3BUTUS N3MEPUTENIbHOM TEXHUKK, NPUYEM KOMMb-
IOTEPHbIE PELLEHUs SABAAKTCS JOBO/bHO MOLHBIMA U OfLHOBPEMEHHO
He cambIMV LOPOrMMMW NPU YCNOBUK Hannuuns y nonb3osatens MK. Kowm-
NbOTEPHble CPeACTBa U3MEPEHMSA U pPerucTpauny AatoT BO3MOXHOCTb
He TONbKO M3MepsiTb U/UAWN PerucTpupoBaTh BXOAHbIE BEIMUMHBI, HO W

* XpaHUTb apXxmBbl OY€Hb 6ONLLIOFO 06bema, MepefaBaTb 3Ty WH-
thopmaumio B pasniMyHbIX opmaTax U ¢ 60/blLIOK CKOPOCTLIO;

» 06pabaTbiBaTh COOTBETCTBYHOLLME MACCHBbI LM(POBLIX AaHHbIX MO
CNOXHbIM CNeLManM3npoBaHHbIM anropmTmam;

* NPeACTaBNATb MOJYYEHHbIe AaHHbIE B Pa3NYHLIX" (hopMax, B TOM
yucne hopMmnpoBaTh pazHoobpa3Hble rpanuyeckne 0opassbi;

* IETKO NOMTyYaTb BYMaXkKHble KOMUW Pe3ynbTaToB M3MEPEHWS, Peru-
cTpauun n obpaboTKu;

* popMupoBaTh (CUHTE3MPOBATL) BCNOMOraTe/ibHble YrpaBnsoLLme
CUTHaJbl Pa3fINUHbIX XapaKTEPUCTUK AN COXHbBIX CUCTEM;

* OPraH130BbLIBaTb CIOXHbIE MHGHOPMAaLMOHHO-N3MEPUTENbHbIE ©
ynpaBnsoLLne CUCTEMbI.
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7.5. MPNUMEPbI PE3YNIbTATOB PEMMCTPALNN
N AHAJT3A

PaccMOTpUM HeKOTOpbIe NpUMepbl pe3ynbTaToB permcTpaymm u 06-
paboTKy AaHHbIX peanbHbIX 3KCNEPUMEHTOB B TpeX(asHbIX 3MeKTpu-
YeCKMX Lensax. SKCNePUMEHTbI BbINMOSHANNCHL B Pa3HOe BPeMs, Ha pas-
HbIX 00bEKTax, C pa3HbIMU 3HAYEHUAMM Llara JUCKpeTU3aLum 1 ¢ pas-
NNYHBIMU ONUTENIbHOCTAMU WHTEPBASIOB PErncTpaLumn.

Ha puc. 7.20 npmBefeH nNpumep CyTOUYHOI perncrpauuun aeicTeyio-
WMX 3HAYEHUIN HanpsHKeHUs, TOKa U aKTUBHON MOLLHOCTU OAHON U3
tha3 TpexdasHoN ceTn, No ocM abcuMcc — BPeMs MOCKOBCKOe. YeTko
BMAHbI HOYHbIE YMeHbLUEHWUS TOKa, MOLLHOCTM W COOTBETCTBYHOLLEE
HEKOTOPOE MOBLILEHNE HANPSXKEHWS.

Ha puc. 7.21 nokasaHbl pe3ynbTaTbl 60nee AnNTeNbHOW (B TeUYeHME
4 cyT) 3anucu cpegHero (Mo Bcem Tpem (hasam) AeincTeyroLlero gas-
HOro HanpshKeHUs B TPex(asHON 3NeKTPUYECKOWA CeTu, CyMMapHOW
aKTUBHOW MOLLHOCTU 1 0OLLel aKTUBHOI 3Heprun. Takue M3MeHeHUs
anarpaMM HanpsyKeHuii U TOKOB XapaKTepHbl Ans 06beKTOB, paboTa-
IOLMX He KPYr/ble CYTKM.

Voltage L1 230 UNITS: V A kW kWh PAN_7

Date: 19/10/93 M:02:33

M¢c1 MO

Mak S. 241. Min S: 22i

Current L1 130
Date. 1S/10/99 11:02:33
Maic-1. Mm: 0.

Mak S: 160. MmS:0.

Act. P LI 21
AKTVBHasA MOLLHOCTb (pasbl LI

Date: 19/10/93 11:02:33

Mak -1. Mvn: 0.

Mak S:29. MinS:0.

11 12 14 16 18 19 21 23 01 02 04 06 08 09 11 13 15 16

Puc 7.20. Mpumep peructpaymm dasHbiX HanpsiKeHWs, TOKa U MOLLHOCTK
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UNITS: V W KWh PANFO02
Voltage Ill 225 V

n3 L[ CpeaHee pasHoe HanpshkeHue
Dale: 18/10/33 12:0000
Man: 228. Min: 222
Mak S: 228. Min S: 222.

15 21 02 07 12 18 23 04 03 15 20 01 06 12 17 22 03 09 14
Acl. P 153224 W

Dale: 18/10/33 12.00.00 LLI E LLI.
CymMMapHasi aKTuBHas
MOLLIHOCTb

Masi: 53224. Min: 4813. " s

Man S:53224. Min S: 4819,

15 21 02 07 12 18 23 04 09 15 20 01 O 12 17 22 03 03 14

Acl. P.Meter 2058 9 kW h 2200 i
i O6Lan akTuBHas
Dale: 18/10/39 12:00:00 1543 3Heprua
1325
1106
Mak: 2200 Min: 12 887
668
449
Maks; 2200 Mins; 12 231

12
15 21 02 07 12 18 23 04 03 15 20 01 Os 12 17 22 03 03 14

-14.10.99 -)K— 15.10.99 — 16.10.99 — 17.10.99 —>|<-18.10.99-

Puc. 7.21. Mpumep 4NNTeNbHON perncTpaunm napameTpoB TpexdasHoi 3NeKT-
puyeckoii cetn

MpeacTaBneHne CUTrHaN0B BCeX (Pas3HbIX HaMpsOKeHWd U TOKOB BO
BPEMEHHOI 06/1aCTW NPMBEAEHO Ha puc. 7.22 [dwnarpaMMmbl HarnsgHo
WNOCTPUPYIOT XapakTep POPMbl CUTHANOB HANPSHXXEHUA 1 TOKOB BCEX
(ha3. XopoLo BUAHbI 3aMETHbIE UCKaXKEHUSA (POPMbI CUTHANOB (ha3HbIX
TOKOB.

MpencTaBneHe rapMOHNYECKOr0 COCTaBa HECUHYCOUAANBLHOTO CUT-
Ha/fla BO3MOXXHO B BUAe 160 ctonbyatoro rpaguka (Bar Graph), nnéo
Tabnmubl uncen (Numerical) geiicTBytOLWNX 3HAYEHWIA OTAENbHBIX rap-
MOHUK. MpumMep rpadnyeckoro npeacTaBneHns peanbHbIX amnanTya-
HbIX CMEKTPOB CMTHANOB HaMpsHKeHUs W TOKa B TpexdasHoi Luenw,
NOMyYeHHbIX C MOMOLLb0 MUKPOMPOLLECCOPHOIo perucrparopal/aHa-
nusartopa v cnewmannm3upoBaHHOro NporpaMMHoOro obecneyeHus, npu-
BefeH Ha puc. 7.23. Mo ocm abecumce yKaszaHbl HOMepa rapmMoHUK (Hauu-
Has co BTopoi — 100 Iy u go 15-n — 750 l'u), Mo ocu opauHaAT —
NPOLEHTHbLIV BKMaj rapMoHWK B 06LLee [eACTBYIOLLEe 3HAYEHUE CUT-
Hana. BuaHoO cnnbHOe BMSIHWE HEYETHbIX rapMoHnK — 3, 5, 7-ii (oco-
6eHHO B CNeKTpe (PasHbIX TOKOB).

Ha puc. 7.24 npuBefeH npumep TabAnMYHOro npeacTaBneHnst CnekT-
pasbHOro cocTaBa, 3aperucTpupoBaHHbIX CUrHANI0B HANPSXKEHUSA Y TOKa
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Waveform: 19/03/01 19:55:44
L1 Voltage: V

UNITS: VA
L2 Voltage: V

326 S 325 A
0 \ / 0
-326. V/ -326

THD: 2.07 % THD: 1.82 %

LI Current: A L2 Current: A

1708 Ixn 180C
[o] \ u/ 0.
-1720 wo/ a82B |

THD: 951 % THD: 9.56 %

D\PANFI_D\CIRCUTOR
I L3 Voltage: V

2
26 \
THD: 223 %
L3 Current: A

-1 B83-

THD:9.37 %

Puc. 7.22. OueHKa HECUHYCOUAANBLHOCTM (hasHbIX HanpsXKeHWU 1 TOKOB

[ata Bpems (MOCKOBCKOE)

Bergraph: 19/03/02 1955:44 UNITS. V A
VI LI:223. L2:224. L3222

OrEKTpbl di38HbIX

% Vn harmonic |

11L11224 L2.1227. L3:1243.
% In harmonic

G

CnekTpbl ha3HbIX TOKOB

Nmsa dalina

CnekTp (asHbIX
HanpsHKeHWiA

Homepa rapmoHuK
HanpsiKeHW

CnekTp (asHbIX
TOKOB

Homepa rapmMoHuK
TOKOB

Puc. 7.23. 'pathmkn aMnAnTYAHbIX CEKTPOB HaNPSXKEHU 1 TOKOB



[arta Bpemsi (MOCKOBCKOE) Homepa rapmMoHuk

Numerical tables:  17/13/01 D94C:48 DAPANFI_D\CIR HaNpsXkeHni
Vrims 229 VI 229 Vrms 229. VI 229
THD(V) 0 98% THD(V): 061% OTHocuTeNbHbIe
i A A e
7 oo 4 oos \ 3HaYeHNs1 TapMOHUK
5
s 00 8 o0 \ HanpskeHWs
7 013 7 011
8 009 s 003
% 9% 9, 009 /HomMmepa rapMoHuK
010 1 005 (hasHbIX TOKOB
12 004 12 003
13 013 13 009
14 004 14 003
5 o006 5 009 | OTHOCUTENbHbIE
Irms:498. 11 498 Irms:438  11-437 (B npoueHTax)
THD(l) 246 % ,*___ THD(1): 2.11% 3HayeHNA rapMoHNK
2 066
3 206 3 un — TOKa
4 036 4 005
5 080 5 101
6 .
S oe S e KoahuumeHTbl
6 013 8
s on 5 8.11? rapMOHVI‘-I(iCKVIX
0 00 10 010 nckaxeHuii (THD)
12 o012 oo hasHbIX
@ 005 o0 HanpsHKeHWNiA
15 010 15 003 1N TOKOB

Puc. 7.24. Ta6nuuyHoe NpefCcTaBfieHNe CMEeKTPaNbHOro COCTaBa HanpsXXeHWUi
1 TOKOB

TpexhasHoro notpebutens. B Tabnuue npeactaBneHbl AelCTBYHOLWME
3HAYeHUN OTAENbHbIX FAPMOHUK B MPOLIEHTaX 06LLero AeCTBYHOLLENO
3HAYeHMNs1 HeCUHyconaanbHOro (CyMMapHOro) curHana.

KOHTpPO/IbHbIE BOMPOCHI

1 Ha3oBUTe OCHOBHble MpeuMMyLLecTBa LWUMPOBbIX permcTtpaTtopoB nepes
aHanoroBbiMun. EcTb NN HepgocTaTKuU y UMdpoBbIX pernctpatopos? Ecnu ga, 10
chopmynupyiite umx.

2. YTo 03HayalT TEPMUHBI «AUCKPeTU3aLnA» N «KBaHTOBaHMe»? Kak pea-
NIN3YIOTCA 3TU NpoLueaypbl B COBPEMEHHbIX LU(MPOBbIX CPEACTBAX U3IMEPEHUSA U
perucTpaymn?

3. Kakylo ponb urpaet aHanoro-unposoin npeobpasoBaTenib B CTPYKTYpe
LMHPOBOro N3MepuUTENbLHONO perncTpaTopa? B yem 0CHOBHOe OT/IMYME TAKOrO
AL ot npeobpasoBaTesneil, NPUMeEHAEMbIX B @aBTOHOMHbIX LU(PPOBbIX MY/b-
TumeTpax?

4. YTo Takoe MuHunorrep9 KakoBbl OCHOBHbIE XapaKTEPUCTUKN TUMNYHBIX
MWHUNOITepPoB?

5. O6beM NaMATH AaHHbIX LUGPOBOro nameputensHoro peructparopa 1000
oTcuyeToB. LWar guckpetmsaumm Tn= 15c. KakoBa moxeT CyTb MaKcuMMasbHas
NPOAO/HKNTENBHOCTL perucTpauynmn 7p?

6. YUncno BXOAHbIX KaHanoB UUKMPOBOro M3MEPUTENLHOrO perucrTparopa
paBHO 4. O6wWMin 06bem NamMaATM AaHHbIX — 8000 oTcyeToB. KakoBa MOXeT
6bITb MaKCcManbHas NPOAOC/DKUTENBHOCTL peructpauumn /pnpu paBHOMepHOM
LVMCKpeTM3aumMm No BCEM KaHanam C waroMm guckpetusauuy Tn= 1 MUH?

7. O6bem NaMATK faHHbIX LU POBOro N3MepUTEeNbHOro permcrpatopa 2048
cnoB. Kakoli MMHMManbHO BO3MOXHbIV war guckpetumsaumn - cnegyet Bbl-
6paTb N8 peructpaunmn AByXHeAesibHOro rpagrka n3MeHeHMUs npouecca?
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8. Kakolii 06beM namaTW faHHbIX NoTpebyeTca ANS perncrpauum BOCbMU
NpoLLECCOB B TeYEHME CYTOK C LWarom guckpetusauuu Tii= 1 MUH?

9 MakcrmManbHO BO3MOXHasA CKOPOCTb M3MEHEHWA TeMMepaTypbl TEXHOMO-
rmyeckoro 06bLeKkTa, perucTpupyemMon LUGPoOBbLIM M3MEPUTENbHLIM perucrpa-
TOopoM, paBHa £5 "C/MuMH. Kakoii MmakcMManbHO BO3MOXKHbIN War guckpetumsa-
umn TacnegyeT BbI6paTb, UT06bI 06eCneyYnTb AJUHAMUYECKYIO NOTrPeLHOCTb He
6onee £1,0°C?

10. MakcmanbHO BO3MOXXHAsA CKOPOCTb U3MEHEHWNA AelCTBYOLLEro 3HaYe-
HUA NEPEMEHHOr0 HanpsXeHWUs, PerncTpupyeMoro UnppoBbIM U3MEpPUTENb-
HbIM permcTpaTopom, pasHa +0,5 B/c. LLar guckpetunsauymm TnsagaH paBHbIM 5 C.
OueHMTE MaKCMManbHO BO3MOXXHYIO AUHAMWYECKYI MOrpeLHoCTb.

11. KakoBa MOXeT 6bITb fonycTMmMasa (MakKcMMasbHas) CKOPOCTb M3MEHe-
HUA felicTBYIOLLEro 3HAYEHNSI MepeMeHHOro ToKa, PerucTpupyeMoro Ludgpo-
BbIM M3MEPUTENbHbIM PerncTpaTtopom, ecnu war guckpetmsaunm Ta = 30 c,
jonyctnmasn fuHammyeckas MOrpelHOCTb He JO/DKHA npesBblwath 1 A?



rMABA 8

SQNEKTPNYECKWNE M3SMEPEHWA HE3JIEKTPUYECKWNX
BE/TIN4YNH

8.1. USBMEPEHWME TEMIEPATYPbI

B OKpy»katoLLlem Hac MUpe CYLLEeCTBYET BE/IMKOe MHOXECTBO Heaslek-
TPUYECKUX BEIMUMH W ANS OLLEHKM MX 3HAYeHWI B HACTosLLee Bpems
LIMPOKO MCMOMb3YIOTCH 3M1EKTPUYECKME METOAbl 1 CPeAcTBa M3mepe-
HWiA. s TOro, 4To6bl MCMOMb30BaTh BCE LOCTOMHCTBA 3N1EKTPUYECKNX
hopm npeobpa3oBaHusa UHMOPMaLMKU, HEOOXOAUMO MNpeLBapuUTEeNbHO
npeobpa3oBaTb HEINEKTPUYECKYIO (DU3NYECKYIO BENIUUUHY B 3NEKTPU-
YeCKYI0 (3/1EKTPUYECKOE HaNpsXXeHWe, TOK, 3N1eKTPUYECKOEe CONPOTMB-
NEHVE U/ eMKOCTb, YacTOTy C/iefloBaHWUA UMMY/bCOB, MHAYKTUBHOCTb,
3apsg unm gp.).

PaccMOTpUM MpUMeHeHue 3TUX MOAXOA0B Ha MpPUMepe U3MepeHus
HEKOTOPbIX HEINEKTPUYECKMX BENTMYMH, HanMbOJee YacTo BCTPeyaroLwunx-
CA B MPaKTUYecKnUx 3agavax.

TemnepaTypa — OfiHa W3 BaXHEWLINX HU3NYECKUX BeSIMUMH, OLe-
HMBAEMbIX B 33Jayax Pas/IMYHbIX HAYUHbIX, TEXHWYECKUX, MPOMbILL-
NEHHbIX MCCnefoBaHU. TemnepaTypa — 3T0 CBOeobOpa3Has (manye-
CKasf Be/nYMHa, KoTopas npucylla BCem MnpeiMeTaM W BellecTBam,
Haxo4awWwmMcs B 1I060M COCTOAHUM (M TBEPALIM Tenam, U KMAKOCTAM,
M rasam, u BellecTBam B KOMOGUHUPOBAHHOM COCTOSHUK).

B ncTopnyeckoM nnaHe Temneparypa — 0fHa U3 CamblX CTapbIX W3-
MepseMbIX PU3NYECKUX BEMMUNH. Y)XKe COTHU fIeT YeI0BEYECTBO N3Me-
psAeT Temnepatypy. epBble cpeicTBa M3MepeHUs TemnepaTypbl (Kna-
KOCTHble TepMOMETpbI) nosisuauck B XVI B. ABTOPCTBO UX OTKPbITUA
NMPUHALNEXUT U3BECTHOMY UTANIbAHCKOMY ecTecTBoucnbiTaTento I [Ma-
nvneto. Bpa3suTre TePMOMETPUM Ha Pa3HbIX 3Tanax BHEC/IN 3HAYUTESTb-
HbI BKNag 3HaMeHUTble yueHble XVII—XIX BB. I. ®apeHreiiT, A. Lienb-
cuid, B.TomcoH (nopg KenbBuH), T.3eebek u ap.

3a nocnefHve fecaTUeTUs NOTPEOHOCTU MPAKTUKN IKCMNEpPUMEH-
TaNbHbIX UCCNEJ0BaHNIA 3HAYMTEIbHO BbIPOCAW, AMana30oHbl U3MEpeHus
TemnepaTypbl CU/IbHO pacLUUPUNCh, TPe60BaHNA K METPOJIOTMYECKUM
M 3KCM/yaTaLUVNOHHbIM XapaKTepUCTMKaM Pe3Ko noBbicuincb. OLHOBpe-
MEHHO BO3POC/IM BO3MOXHOCTU N3MEPUTEIbHOW TEXHUKN, MUKPO3eK-
TPOHWKW, KOMMbIOTEPHON TEXHUKW, MPUKNALHON MaTemMaTuKu.

MOCKOMbKY AMana3oH 3HaYeHUA n3mepsieMbiX TeMMepaTyp 40BO/b-
HO WKNPOK: 0T -270 °C 40 HECKONbKUX ThiCAY rpagycos Llenbcus, Tpc-
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60BaHMA K TOYHOCTW, YyBCTBUTENBLHOCTM, ObICTPOAENCTBUIO, DYHKLMO-
Ha/lbHbIM BO3MOXHOCTAM, 3KCM/yaTalMOHHbIM XapaKTepucTukam MH-
CTPYMEHTOB Pa3/IMYHbI, TO U NPUMEHSAEMbIE METOLbI 1 CPeACTBa AOCTa-
TOYHO pa3Ho06pa3Hbl. COBpeMeHHbIe METOAbl U CPeLcTBa U3MepeHus
TemmnepaTypbl OCHOBaHbI Ha TeX UK UHbIX (DU3NYECKMX OCOOEHHOCTAX
(MexaHMYecKnx, aNeKTPUYECKNX, ONTUUYECKNX CBOMNCTBAX) XULKOCTEN,
rasoB, TBEPAbIX T/, NPOSABASEMbIX MPU U3MEHEHUU TeMnepaTypbl.

B HacTosilee Bpems MCMOJb3YIOTCA KaK 3anekTpuueckue, TaK U He-
3NeKTpuUYeckne MeTOAbl U CPeACcTBa M3MepeHUs Temnepatypbl. Heanek-
TpUYecKne MeToAbl NpeAcTaBfeHbl, HaNpPUMep, 06bIYHLIMW XUAKOCTHbI-
MW TEepMOMeTpaMu. 3NeKTpuUyeckue MeToAbl (OCHOBa COBPEMEHHbIX
N3MEpPEHUIA) peasm30oBaHbl, Hanpumep, B TePMOMETpPaAX W PerucTparo-
pax Ha OCHOBe TepMO3/eKTPUYECKUX NpeobpasoBaTeneli. B 3Toii rnase
peyb MOMAET TO/IbKO 06 31EKTPUUECKNX METOAAX U CPefCcTBax.

Pa3fimyaloT cTaTuueckue (B KOTOPbLIX NpeAnonaraeTcs HeEUM3MeHHOCTb
3HaYeHua TemnepaTypbl B TeUeHWe BpeMEHU HabMOAEHUSA) U AuHAMU-
yeckne n3MepeHmns (Korga Mpouecc A0CTATOYHO ObICTPO MeHseTcs u
NPUHLUNNANBHO BAXHO 3HATb XapakTep NoBeAeHUs BeUUYUHBI U (UKn)
BXXHO OMepaTMBHO OTCNEXMBATb BCE M3MEHEHUS, Kak, Hanpumep, B
cucTeMe aBTOMaTUM3UPOBAHHOTO ynpasneHus). CyLlecTBYeT Takxe fe-
NeHne CpeficTB U3MepPeHMs TeMnepaTypbl Ha MoKasblBatolue u peru-
cTpupytowyme. Mepsble peann3ytoT cTaTUUecKne MOLeNu U UMEKT TONb-
KO LWKany WanM LugpoBoi MHAUKATOP 1A OTcUeTa TeKyLLero 3Haue-
Hus. BTOpbTe nNpefHasHauyeHbl Aa8 AUHAMWYECKUX MOAENei v no3eo-
NAT 3anucbiBaTb U3MEHEHMA TemnepaTypbl (Kak (YyHKLWUM BpeMeHN)
B TEYEHME HEeKOTOPOro, NOpPOi AOCTATOYHO ANUTENILHOrO, MHTepBana
BPEMEHMN.

Mo cnocobam npeo6pa3oBaHWs MHPOPMALMKM METOAbl U CpeAcTBa
n3MmepeHns (perucrpauun) AensaT Ha aHanorosble U undgposble. Llndpo-
Bble TEPMOMETPbI UMEIOT PAS U3BECTHLIX MPEMMYLLECTB Nepes aHano-
roBbiMM — 60fiee BbICOKME MEeTPONOrMYecKne u KCnayaTauuoHHbIe
XapaKTepuCcTUKKN, ObICTPOAECTBME, HALeXHOCTb. Kpome Toro, uug-
poBasi (hopma npefcTaBfneHMs MHGopmayun obecrneymBaeT NPOCTOTY
JanbHenwel aBTOMaTM3NPOBAHHON 06pabOTKM, XpaHeHUs, nepegaqu
M MPeLCTaBIEHUA AaHHbIX.

Mo mpuHUMNY B3aMMofelcTBUA Mpubopa € 0OLEKTOM METOAbl M
CpeAcTBa U3MepPEHMS TeMNepaTypbl AeNIATCA Ha KOHTaKTHbIE U GECKOH-
TakTHble. [1epBble NpoLle B MPUMEHEHUN U MOTyT obecrneymBaTh 6onee
BbICOKYHO TOYHOCTb. BTOpble yao6Hee B paboTe (a B HEKOTOPbIX 3adadax
MPOCTO He3aMEeHUMbI), MO3BONAT NOMYYUMTb Pe3ynbTaT ObiCTpee, XOTH,
MOXeT 6bITb, ¥ C 60JIbLUEA MOrPeLIHOCTbIO.

MHOrokaHasbHble U3MepuTenn (perucTpatopbl) TeMnepatypbl nNpea-
HasHauyeHbl 415 perucTpaLmm HeCKONbKUX NPOLECCOB U/MAN CUHXPOH-
HbIX U3MepPeHUI TemnepaTypbl B HECKO/IbKMX TOUKaX.

B HacTosilee BpeMs B NpakTWKe TeMMepaTypHbIX WU3MepeHui uc-
Nosb3ylTCA, Kak NpaBuio, UugpoBblie CpeAcTBa U3MEPEHUS TeMmepa-
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TYpbl, OCHOBaHHbIE Ha 31eKTPUYECKUX MeToAax npeobpasoBaHms. Mpu
3TOM MPUMEHAIOTCS KaK CcTaTUyeckue, Tak U JMHAMUYECKue mopenu
061eKTOB M npoueccoB. OAMHAKOBO LWMPOKO pacnpoCcTpaHeHbl Y KOH-
TaKTHblE, N 6ECKOHTAKTHble METOAbl U CpefcTBa.

OfHOKaHaNbHble U3MEPUTENN NMPUMEHSIOTCS Yallle MHOTOKaHa/bHbIX,
XOTS LUMPOKO MCMOMNb3YHTCS KOMGMHMPOBaHHbIe LIMGPOBLIE MPMOOPLI,
KOTOPble MOTYT U3MEPATH ABE WM HECKObKO Pa3/InyHbIX PU3NUYECKMX
BEMIMUYUH, Hanpumep, TeMMEePaTypy M OTHOCMTENbHYH BNAXKHOCTb BO3-
Ayxa unu TemnepaTypy M CKOPOCTb MOTOKa Bo3ayXa (TEpMOaHEMOMETP).
Cpefn permcTpaTopoB TemnepaTypbl MHOTOKaHa/ibIlOCTb BCTpeYaeTcs
yaile, 4eM B MOKa3sblBaKLMX npubopax.

OCHOBHbIMU TPeboBaHUAMMU, NPEAbABAAEMbIMU K CPEACTBAM U3Me-
PEHWA U permcTpauun TeMmnepatypbl (Kak, BMPoYeM, U K Apyrum cpej-
CTBaM TEXHUYECKMX M3MEPEHWIA), ABNAKOTCSA; HeobXoanmas 4OCTOBEp-
HOCTb pe3y/ibTaToB U3MEPEHUS, HALEXHOCTb Y BO3MOXHOCTb paboThbl B
XKECTKMX YCTOBUAX 3KCMyaTalumn, Manble rabapuTHble pasmMepbl U Mac-
ca, NpocToTa U yfo6¢cTBO paboThl, OTCYTCTBME BAUAHUSA (TOYHEe — npe-
HeOpeXXnMo Manioe BAWSAHWE) Ha X0 MCCnefyeMblX MPOLEeccoB, Ha-
rNAAHOCTb MPEeACcTaBNAeMON MHGOPMALMK, AOCTYMNHAs LieHa.

8.1.1. KOHTaKTHble MeTOAbl U CpeaCcTBa N3MEPEHWIA

Ecnn npeo6pa3oBaTb HE3NEKTPUYECKYHD (DU3NYECKYHD BEIMUMHY —
TemnepaTypy 0 — B KaKyt0-1160 NpPonopuUnOHanbHY 3M1EKTPUYECKYHO
BennunHy (34C E, HanpshkeHue t/, TOK /, CONpOTMBAEHNE S, YacToTy
curHana/ v T.n.) ¢ NOMOLLbI NEPBUYHLIX U3MepPUTENbHbLIX Npeobpa-
30BaTeneld, TO 3aTEM ee 3HaUYEHMe MOXHO NIerko onpefennTb CpeacTBa-
MW 3/TEKTPUYECKNX M3MEPEHWIA.

Mpy NOCTPOEHMM MepPBUYHLIX U3MEPUTENbHbLIX NpeobpasoBatesnel
(faTYMKOB) MCMONbL3YHOTCA Pa3HOO6pasHble uanyeckne spdekTol. B oc-
HOBHOM MPUMEHAKOTCA CNefytoLlme pasHOBULHOCTU TEPMO3eKTpuye-
CKMX [aTYMKOB:

e METaNINYecKne TepMoMeTpbl conpoTueneHus (TC);

* TepMo3neKTpuyeckne npeobpasosatenn (Tr) — Tepmonapsl;

* NONYMNPOBOAHWUKOBbIE TEPMOMETPbI COMPOTUBAEHUA (TEPMUCTOPSI);

* MOAYNPOBOLHMKOBbLIE MHTErpasibHble CEHCOPbI (AaTunKK);

* Nbe303/eKTpuYeckne (KBapLesblie) npeobpasoBaTe/in C 4acToT-
HbIM BbIXOAHbIM CUIHa/IOM.

OCHOBHbI€ aHr/1053bl4HbIE TEPMUHBI 3TOrO Knacca npeobpasoBare-
neli TakoBbl: Resistance Temperature Detector (RTD) — TepmomeTp
conpotusneHuns; Thermo-Couple (TC) — Tepmonapa; Thermistor —
Tepmuctop; Monolithic Linear Temperature Sensor — MOHO/NUTHbIA
NoNyNpPOBOLHUKOBLIN AaTymK (C NMHENHON XapaKTepuCTUKON npeob-
pa3oBaHus); Quartz Sensor — KBapLeBblli JaTUMK.

Prc. 8.1 KayeCTBEHHO WMHOCTPUPYET Pas/iMumsi B XapakTepucTuKax
npeobpa3oBaHns Hanbonee pacnpocTpaHeHHbIX TUMOB AaTUYMKOB.
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Puc. 8.1. Paznnumsa xapakTepucTUK faTUMKOB TeMMepaTypb!:

a — TepMOMeTp CONPOTUB/IEHUS; 6 — TepMonapa; B — TEPMUCTOP; I — WHTErpasibHble
NoNynpoBOAHVNKOBbIE JAaTUUKU, 4 — KBapLeBblii pe3oHaTop

MOXHO KpaTKO OXapakTepu3oBaTb OCHOBHble OCOGEHHOCTM 3TUX
NepBUYHBIX U3MepUTeNbHbIX NpecbpasoBaTeneid cneyoLwmmMm 06pasom.

MeTannunyeckme TC 06ecrneymBalOT BbICOKY TOYHOCTb, XOpoLUue
NMHEWHOCTb, CTabUNbHOCTL U MOBTOPSAEMOCTb XapakTepuctuk. Oc-
HOBHbl€ HefO0CTaTKM — BO3MOXKHOE 3HauMTeNbHOE BAUSHME (Ha pe-
3yNbTaT U3MEpPeHns) CONPOTUB/IEHUS MPOBOAHWUKOB NIMHUU CBA3MN,
Heo6X0ANMOCTb AONOIHUTENILHOTO UCTOYHMKA NUTaHUS (HanpshKeHus
nnu Toka). Kpome TOro, Bo3moxeH camopasorpes TC OT npoTekaro-
Lero rno Hemy TOKa, YTO MOXET MPUBECTU K AOMONHWUTENbHbIM NO-
rPeLLHOCTAM.

Tepmonapbl He TpebylT BCNOMOraTe/lbHOr0 WCTOYHMKA MUTaHWUS,
MMetoT LUMPOKUIA Arana3oH nsmepseMbix TemnepaTyp. OLHaKO UM npu-
Cylla 3aMeTHast HeMHEeMHOCTb XapaKTepucTky npeobpasoBaHus. He-
KOTOpble MpobnemMbl co3gaeT HeOO6XOAUMOCTb y4yeTa (MM KOMMEHca-
UMKn) BAUAHUA TemnepaTtypbl CBOGOAHbLIX KOHLOB Tl Ha pesynbTar
n3mepeHus. Kpome Toro, Manoe BbIXOAHOE HanpskeHwe (M CpaBHU-
Te/IbHO HeBbICOKas YyBCTBUTENbHOCTb) TPebyeT A40BO/IbLHO YYBCTBUTE Tb-
HbIX BTOPMYHBLIX NpeobpaszoBaTeneil (ycunuteneidr) nM/vnu BbIXOAHBIX
npn6opos.

TepMOMETPbI COMPOTUB/IEHUS Y TEPMONApbl OT/INYAKOTCA [0CTaTOU-
HO BbICOKUMMW TOYHOCTbH), CTAOUNLHOCTLIO Y NOBTOPSEMOCTLIO CBOUX
XapakKTepucTMK npeobpasoBaHms.

TepmucTOopbl (NOYNPOBOAHUKOBLIE COMPOTUB/EHNA), B CBOIO OYEPE/b,
MMeT BbICOKYH) YYBCTBUTE/IbHOCTb, NPOCTYIO ABYXMPOBOAHYHO CXEMY
BK/OUYEHUS (He TpebyIoLLY0 KOMMeHcaunmy TemnepaTypbl CBOOOAHBIX
KOHL0B, Kak y TT1), cpaBHUTENbHO BbICOKOe ObiCTpoaeicTBre. Ho npu
3TOM Y HUX eCTb Cepbe3Hble HeAOCTaTKN: Pe3KO HeNMHelHas xapakTte-
pUCTMKa Npeobpa3oBaHUs M Maoxas NOBTOPSEMOCTb XapaKTePUCTUKMN.
Kpome TOro, OHM UMEKT CPaBHUTENIbHO Y3KUIA ANana3oH U3MepsemMblX
TemnepaTyp.

MonynpoBoAHNKOBbLIE MHTeErpasibHble faTUnKN XapakTepm3ytoTcs BbiCO-
KO NMHENHOCTbI0 XapaKTepucTUKU MpeobpasoBaHus, OLHAKO UMELOT
OrpaHWYeHHbIN AnanasoH n3MepseMbix TemnepaTtyp (go 150... 200 °C)
W, KpOMe TOro, TpebyoT HaMUNUA BHELLIHEro MCTOYHUKA NMUTaHUS.
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Y [1aTYMKOB Ha OCHOBE KBApPLEBbIX PE30HATOPOB BbIXOAHOW BEINYM-
HOW ABNSETCA M3MEeHeHWe Pe30HAHCHOI YacTOTbl KonebaHuili npu us-
MeHeHMUM Temnepatypbl. Takue faTymku obecrneynBatoT Hanbonee Bbl-
COKYI0 TOUYHOCTb, NpaBaa, B Y3KOM Anana3oHe Temnepartyp. Kpome Toro,
4acTO OCHOBHbIE NapameTpbl XapakTePUCTUKN MPeobpasoBaHns Takux
[0ATUYMKOB W X TEMMepaTypHble KOIPHULMEHTbI He CTaHAapPTU30BaHbI
M nojpasymMeBatoT MHAMBUAYANLHYIO FPafyvpoBKY.

Bce ynomsaHyTble faTUMKM BbIMYCKAOTCH B Pa3IMYHOM KOHCTPYK-
TUBHOM WCMO/HEHUWN, YTO NO3BOASET pellaTb Camble pasHoobpasHble
3afaun (paboTatb C XUAKOCTAMM, rasamu, CbinyynMmu cpegamu, ¢ no-
BEPXHOCTAMW PasfMyHbIX Nponaei, B pasUYHbIX TeMnepaTypHbIX
AnanasoHax u gp.). ECTb gaTumku s NOBEPXHOCTHLIX W3MEPEHUA,
NOrpy>Hble, BO3AYLUHbIE, MAarHUTHbIE AaT4MKU (KOTOpble IErKo Kpe-
naTca Ha (heppoOMarHMTHLIX, Hanpumep, CTafibHbIX MOBEPXHOCTAX),
[0AaTUMKK, 3aKpensieHHble Ha «UMyyei» NeHTe, JaTYMKU Ha MOALIMM-
HUKax v ap.

KOHTaKTHbIe 9/IEKTpUYeckmne MeTofbl, peann3oBaHHble B pa3niny-
HbIX CPeLACTBax n3mepeHuUa/perncTpaLm Ha OCHOBe Takux npeobpaso-
BaTesieil, MO3BONAKOT paboTaTh B 4OCTATOYHO LUMPOKOM Anana3oHe Tem-
nepatyp (-200...+2000 °C). MNorpewHoCTb TaKUX KOHTaKTHbIX N3Mepw-
Tenel TeMnepaTypbl 3aBUCUT He TOIbKO OT KauecTBa MEPBUYHbLIX N3Me-
pUTENbHbIX MpeobpasoBaTeneid (4aTUNKOB), HO U OT OpraHu3aLun nun-
HWUW CBA3W AaTYUK — U3MEPUTENb, a TAKKe OT XapaKTepucTUK BTOPUY-
HbIX MpeobpasoBateneil. TUMWYHbIE 3HAYEHUS MOTPELUHOCTEN TaKuX
TepMoMeTpoB +(0,2... 1) %, XOTA B HEKOTOPbLIX MOLENAX AOCTUratoTCs
3HaueHus norpewtHoctein +(0,01 ...0,1) %. TunuyHaa YyBCTBUTENLHOCTb
pe3ynbTaToB U3MEpeHns — Aonm rpagyca Llenscus.

PaccmoTpum nogpobHee 0CO6EHHOCTM NPUMEHEHUSA Hanbonee pac-
MPOCTPaHEHHbIX TUMOB AaTYNKOB.

TepmomeTpbl conpoTusieHns. Mpubopbl 1 NnpeobpasosaTenn Ha Oc-
HoBe MeTannnmyeckux TC MCNONb3YHT 3aBUCUMOCTb 3/1EKTPUYECKOTO
COMPOTUBAEHNS METa/INIOB RTOT TemnepaTypbl 0. Y YNCTbIX MeTa/0B
3Ta 3aBUCUMOCTb MPAKTMYECKMN IUHERHA 1 KOTMYECTBEHHO BblpaXaeT-
cs cnegyrowum obpasom:

RT=/?20(1 + a0),
raoe RO—conpoTueneHne npu Temnepatype 0 °C; a —TemnepaTypHblii
KO3(P(hNLMEHT CONPOTUBAEHNS.
TemnepaTypHbIil KO3 duUumMeHT conpoTueneHusa a, 1/°C, onpege-

nseTcsa no gopmyne
a = (AR/R)/AQ,

roe AR/R —OTHOCMTE/IbHOE M3MEHEHMe COMPOTUBAEHNA JaTunKa npu
n3MeHeHUN TemnepaTypbl J16.
JTOT KO3P(ULMEHT MOXHO 3aaaTb MHauve, %/°C:

a=(or- 100/0)ge.
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3HauyeHua TemnepaTypHOro KoahuumeHTa CONPoOTUBIIEHNS a Yy CO-
BpemMeHHbIX TC nexat B gnanasoHe 0,003...0,006 1/°C, 4To cOOTBET-
CTBYET NpUpALLEHNIO CONPOTUBNEHNA NpuMepHOo Ha 0,3...0,6 % oT unc-
X0A4HOro (HoMMHanbHOro) 3HaveHus (npu 0°C) npu yBeINYEHUN TEM-
nepartypobl Ha 1°C.

Hanbonee yacto ncnonb3yemble Matepuansl: Medb (415 gnanasoHa
TemnepaTtyp -50...4200°C) u nnatuHa (gns AuanasoHa -250..
+1000 °C) — pwuc. 8.2. HoMMHanbHble 3Ha4YeHUs conpoTueneHus TC
ONpeAensTCa KOHCTPYKUMEA 1 MaTepuasioMm faTynKa, KOHKPETHOM
rpagynpoBKoi u nexar B gnana3oHe 10... 1000 Om (npwn 0 °C nnn npu
KOMHAaTHOI Temnepartype).

MegHble TC BbIMYCKAKOTCA C Pa3MUHbIMU HOMUHAbHBIMU 3HaYe-
HUAMMK conpoTmsneHna: 25... 1000 Om. Hanpumep, Ha puc. 8.2, a noka-
3aHa xapakTtepuctuka megHoro (Cu 53) TC ¢ HomuHanbHbIM (Npu 0 °C)
conpoTme/ieHMeM RO = 53 Owm.

MnaTuHosble 'C LOBO/ILHO LUMPOKO PacnpocTpaHeHbl B pas/inyHbIX
TEXHUYECKUX M3MEepPeHUsiX. OHU M3rOTOBASKOTCA M3 YUCTON MNATUHBI
(99,99 %). Yauye Bcero ncnonbsyrotcd TC ¢ HOMUHaNbHBIM COMPOTMB-
neHvem 100 Om (Pt 100) npu 0°C, xoTs cyuwiectBytoT TC v ¢ gpyrumu
3HaYeHMAMW HOMMHANbLHOro conpoTtmeneHna: 25, 500, 1000 Om. Ho-
MWHaNIbHble 3HaYeHUS TOKOB, NpoTekarowmnx no TC, 06bIYHO TAKOBbI:
1 mA (gns Pt 100) n 0,1 mA (ans Pt 1000). TemnepaTypHblli KO3dn-
LWeHT conpoTueneHns a nnatuHosbix (Pt 100) TC mnmeeT gBa 3Haue-
HUA: Mo esponelickoit Bepcun ae=0,00385 OmM/OM/°C 1 NO amepukaH-
ckoii Bepcun aa= 0,00392 Om/Om/°C (puc. 8.2, 6).

KoHCTpyKTMBHO TC COCTOAT U3 COBCTBEHHO YYBCTBUTE/ILHOIO 3/1€-
MeHTa, 3aLMUTHOr0 KOXYyXa (4exna) 1 aNeMeHTOB KpenjeHus. YyscTau-
TeNbHbIA 3/1EMEHT NPeAcTaBNseT CO60 HAaMOTKY M3 TOHKOW M30/1Mpo-
BAHHOW MPOBOMIOKM (AMAMeTPOM A0/ MUAIMMETPA) Ha AUANEKTPU-
4YeCKOM Kapkace (CTepXHe), BbIMO/HEHHOM W3 CMKOAbl, KepaMUKN Umn
cTekna. CyuecTBytoT Takxke TC honbrosoro (TOHKOMAeHo4YHoro —Thin
Film Detector — TFD) ncnonHeHus, obecneymBaroLLero MMHUManNb-
HYIO TENI0BY0 NHEPLIMOHHOCTL AaTunka. ®onsrosble (NaeHo4vHble) TC
numetoT B 5...10 pa3 MeHbLUee 3Ha4YeHNEe BPEMEHUN peakuumn (OTKIMKA),

a 6

Puc. 8.2. XapakTepucTtuky mefHbix (a) n nnatuHoBbix () TC
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Puc. 8.3. BktoueHne TC B MOCTOBYIO CXEMY:
a — NpUHUMN felicTBUSE MOCTa; 6 — ABYXMPOBOAHAsA Cxema MOAK/YEHUS

4yeM Yy MPOBOMOYHbLIX TC, UTO Ype3BblvaiHO BaXXHO Mpu paboTe ¢ MU-
HUATIOPHLIMW 06BLEKTAMU B AUHAMUYECKMX U3MEPEHMAX MpPU BbICTPO-
MEHALWMXCSA Temneparypax.

Kak npasuno, TC BKNOYaKOTCSA B MOCTOBbIE CXeMbl. PasnnyaroT ypas-
HOBeLLUEHHbIE N HeypaBHOBELLIEHHbIE MOCTOBbIE CXEMBbI. YpaBHOBeLIJeHHbIVI
MOCT UMEEeT Of4NH UMM HECKONIbKO Pe3NCTOpPOB, COMPOTUB/IEHNE KOTO-
PbIX MOXET LeneHanpaB/ieHHO U3MEHATLCS (BPYUHYHO MW aBTOMaTW-
yeckmn) ¢ Tem, 4To6bl AOOGMTLCA paBHOBEeCUs. PaBHOBecMe mocTa Xa-
pakTepu3yeTcs OTCYTCTBMEM Pa3HOCTW NOTeHUManoB (K, cnefoBaTesb-
HO, TOKAa) B U3MEPUTENbHON AnaroHann mocta (B Lenn YyBCTBUTENb-
HOro HyneBoro mHamkartopa W), 4Tto 03Ha4aeT paBeHCTBO NpowusBee-
HWI1 conpoTMBAeHUn Ru R2, R3, Rx pe3nctopoB RI, R2, R3, Rx npo-
TMBOMNOJIOXHBIX Mey MocTa (puc. 8.3, a):

RXRj = R\Ry

3Haa 3Ha4yeHwusd COI'IpOTI/IBI'IGHI/II7I Rx R2, R3, MOXHO OMpegennTb
3Ha4YeHne HEN3BECTHOIO CONPOTUBNEHNA:

Rx= RxR3 R2

Ecnu B posin RxBbicTynaeT TC ¢ conpoTusneHnem R, (puc. 8.3, 6),
TO MOXHO, 3Has XapakTepuctuky TC, OLEeHUTb 3HaYeHUe TemnepaTy-
pbl 0, KOTOpas AeicTBYeT Ha JaTyumk. B cnydae HeypaBHOBELLUEHHOrO
MocTa 3HayeHue RTconpoTtusneHus TC (1, cnefoBaTensHo, Temnepa-
Typbl 0) onpeensercs No 3HaYEHMO Pa3HOCTM NOTEHLMaN0B U3MepU-
TeNbHOW AnaroHann MocTa. Y paBHOBeLLEHHbIe MOCTbI 06n1adatoT 60nee
BbICOKOW TOYHOCTBH) B CPaBHEHWUW C HEYPaBHOBELLEHHbIMMU.

"naBHaa npob6nema npu paboTe ¢ gaTunkamm — TC — BAUSAHME Ha
pe3ynbTaT U3MepPEeHMNs CONPOTUBIEHNS NPOBOAHWUKOB TIMHWUMW CBA3M TIC.
He Bcerga moctoBasi cxemMa MOXET ObITb pacrosioXeHa B Henocpej-
CTBEHHON 61M30CTM OT 00bEKTa, Ha KOTOPOM YCTaHOBMEH AaT4uK,
NMoaToMy B O6LLEM C/lyyae MOXeT NoTpeboBaTbCA MHOrOMETPOBas Nn-
HMA CBA3U. B 3aBMCMMOCTM OT cneunUKN KOHKPETHbIX 3afay n3mepe-
HWIA NPUMEHSAIOTCA ABYXNPOBOAHOE, TPEXNPOBOAHOE UMK YETbIPEXMPO-
BOAHOe nofkntoveHme TC K M3MepUTeENto.
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[MpenmyLLLecTBO AByXNpOBOAHON CXEMbl B TOM, UTO ANA MOAKNOYe-
Hna TC TpebytoTcs BCEro ABa NPOBOAHUKA NMHMK CBA3W (UTO 0COBEH-
HO Ba&XHO B Cly4asX, KOrga NMHWA CBA3M 60/bLWOK AnnHbI). OaHaKo
npy ABYXMNPOBOAHOM NMHWM CBS3N (CM. puc. 8,3, 6) COMPOTMB/IEHNE X
COEfMHUTENIbHbIX NPOBOAHWUKOB (M €ro M3MeHeHWs MpU eCTeCTBEHHbIX
KonebaHuAX TeMMNepaTypbl OKpYy>XKatoLleid cpefbl) NpSMO BXOAMT B pe-
3ynbTaT U3mepeHus. MocKoNbKyY ANMHA TMHUKN CBA3M MOXET OblThb 3Ha-
UMTENbHON (LEeCATKM METPOB), TO M MOTPeLIHOCTb MOXEeT OKa3aTbCs
60/bLUIOMN.

CyLLECTBYHOT pa3/inyHble CNOCOObLI KOMMEeHcaUumn aTol noipenmo-
cTW. OfVH N3 HUX —UCMNONb30BaHNE TPEXMNPOBOAHON CXEMbI MOLKNOYE-
Hus TC (puc. 8.4, a).

B 3TOM cfiyyae npy paBHOBECMM MOCTOBOI CXeMbl BbINOSHAETCS CO-
OTHOLLEHME

(N1 + rn.c)r2 = N|(/?3 + 'n.c)-

Ecnu B cxeme mocta ™ = /221 COMPOTUBEHUSA r1c COBAUHNUTESBbHBIX
NPOBOAHMKOB OAWHAKOBbI (3TO eCTeCTBEHHOe MNpeano/ioXKEeHNE), TO
pe3ynbTaT n3MepeHus 6yaeT onpefenaTbes TONbKO TemnepaTypoli TC u
He 6yaeT 3aBUCETb OT 3HAYeHWS CONPOTUBAEHWIA rnc. OTMETUM, 4TO
COMPOTMBIIEHNE NPOBOLHWKA rnc B Lenu nHankatopa M He nmeet 3Ha-
YyeHuWs, TaK Kak B Clyyae paBHOBECWUS MOCTa B 3TOW LeNu TOKa HeT.

MpUMeHSOTCA TaKXe N yeTbIpexnpoBogHoe BKAOYeHue (puc. 8.4, 6).
MpaBga, 3TO y>Ke He MOCTOBas Cxema. B OcHOBe Takoro usmeputens
MCTOYHMK M3BECTHOFO MOCTOSHHOTO TOKa /0, KOTOPbI/ MpOTeKaeT ye-
pe3 conpoTueneHne TC R,. I1pn 3TOM CONPOTUBIEHNUA COEAUHUTENb-
HbIX MPOBOAHWKOB MIC U UX U3MEHEHWA MPAKTUYECKM He BAUAIOT Ha
3HauveHue Toka /( u, cnefoBaTelbHO, Ha pe3ynbTaT u3MepeHns. BonbT-
MeTpoM V (C 60MbLINM BXOAHbLIM COMPOTUBAEHMEM) U3MEPSETCS Na-
[eHne HanpsXxeHUs co6CTBEHHO Ha conpoTusBiaeHun TC Ry.

OfHUM 13 NPOSABNEHNA METOAUYECKO NOrPELHOCTU SBASAETCA BO3-
MOXHOe MCKaXKeHne pe3yfibTara BC/eAcTeme Harpesa TC npoTekarowmm
Mo HEMY TOKOM. Y MeHbLLeHWe Hanps>KeHns nuTaHna Mocta E0Mo3Bons-
eT YMeHbllaTb 3TOT TOK, HO B TO Xe Bpems MPUBOANT K CHUKEHUIO

Puc. 8.4. TpexnpoBofHOE (a) W YeTbIpexnpoBogHoe (6) BKNoYeHne TC
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4yBCTBUTENBHOCTW. MM03TOMY MHOrAa AN 4OCTUXXEHMS BICOKOI YyBCTBY-
TENIbHOCTWM W O4HOBPEMEHHO COXPaHEHUS AOMNYCTUMOrO CpefHero 3Ha-
YeHMWS TOKa B Pe3ncTopax NPUMEHSAIOT A5 NMUTAHUSA MOCTa He NOCTOSAH-
HOe HanpsKeHue, a UMMYbCHOE JOCTATOYHO GOMbLUIOA amMMIANTYabl.

Tepmonapbl. Mpubopbl 1 npeobpasoBaTe/in Ha OCHOBE TepMonap
LWMPOKO pacnpocTpaHeHbl. KoMNakTHble UU(POBLIE TEPMOMETPbI Ha
OCHOBE Tepmonap ABMAKTCA B HACTOsLLEe BPEMSA OCHOBHbLIM U CaMbIM
MacCOBbIM MHCTPYMEHTOM B TeMrepaTypHbIX U3MEPEHUSX.

BbIX0AHOW cMrHan TepMonapbl — NOCTOSHHOE HanpsXeHne — A0-
BO/IbHO NIETKO MOXET 6bITb NPeobpa3oBaH B LMDPOBOIA KOA UK M3Me-
PeH NpoCTbIMU cpefcTBaMu (Hanpumep, ManorabapuMTHbIM LMKPOBbLIM
My/bTUMETPOM). Tepmonapbl MOryT GbiTb MOAKIOUEHbI ANA AaNbHEN-
wero npeobpa3oBaHUs K Pas3/iMyHbIM BTOPUYHBLIM U3MEPUTESbHbLIM
npeo6pasosartensm (npubopam) Kak aHanoroBbiM, Tak U LUGPOBbIM,
ANA CTaTUYECKMX U JUHAMUYECKNX N3MEPEHWIA.

[Onana3oH Temnepatyp, U3mepsemMbiX ¢ nomowbio TI1, AOBOMLHO
Wnpok: ot -200 go +2000 °C. N3mepuTenu Ha ocHose TI1 oTnmyaroTcs
BbICOKOW TOYHOCTbKO WM YYBCTBUTE/IbHOCTHID, XOPOLLEA MOBTOPSEMO-
CTbH0 XapaKTepucTukn npeobpa3oBaHus. OObIYHBIA fMana3oH Bbl-
XOAHbIX HanpshkeHuid cocTtasnset 0..50 mMB (B 3aBUCMMOCTU OT UC-
nonb3yembiX B Tl maTepunanos), TUMNUYHbIA TemnepaTypHbIA KO3M-
hununeHT npeobpasoBaHus (YyBCTBUTENLHOCTL TI1) NeXnT B Ananaso-
He 10...50 mkB/°C.

B ocHoBe TIT NeXnUT TepMO3NEKTPUYECKMIA 3hPEKT, CyTb KOTOPO-
ro 3aknwoyaeTcs B cnefytowem. Ecnv fBa NpoBOAHUKA U3 PasfNYHbIX
MeTannoB (CnnaBoB) COeAUHEHbI B 3aMKHYTYIO LieMb, Npuyem Temre-
patypa OfHOro coefiMHeHuns (craa) 3aMeTHO OT/IMYAETCH OT TeMMepa-
TYpbl ApYyroro, 10 BO3HMKaeT TepMo3AC ET (M B 3aMKHYTOW Lenu
byfeT npoTekaTb TOK), 3Ha4YeHNe KOTOPOIi 3aBMCUT OT Pa3HOCTW TeM-
nepaTyp cnaeB W XapakTepucTUK MaTepuasoB NpoBOAHWMKOB. Ecnu B
paspbiB CBOOOAHLIX KOHLOB BK/OYeH u3Mmeputens 34C uam BONbT-
MeTp V, TO ero mokasaHus 6yayT onpefenaTbca pasHuLUel Temnepa-
Typ (0, - 02 (puc. 8.5, a).

3aBucumocTtb TepMoI4C 0T pasHOCTM TeMMNepaTyp CNaeB HeNMHEN-
Ha, HO A4N1f HebOoMbLUMX ANana3oHoB TeMMNepaTyp, NPU HEBbICOKUX TOY-
HOCTHbIX TpeboBaHUAX (MK ynpoLlias B3rnsg Ha XapakTepuctuky TIT)
€e MOXXHO cuMTaTh IMHERHONW. N Torga 3HaueHune Tepmo3AC Tepmona-
pbl ETONpegenseTca (B NepBoM MPUGAMKEHUMN) CnefyloW MM 06pa3om:

£7=5TO, - 02,

raoe ST— uyBcTBUTENBHOCTL TI (KOshdmumeHT npeobpasoBaHus); 0, —
TemnepaTypa pabo4yero (Tak Ha3blBaEMOr0 «rOpPAYero») cnas; 02—Tem-
nepatypa cBO60HbIX (Tak Ha3blBaeMbIX «XONOAHbIX») KOHLOB.

[ns obecneyeHns 0QHO3HAYHON 3aBMCMMOCTM TepMoIAC oT Tem-
nepatypbl 01 He06X04MMO NOAAEPXKMBATb MOCTOSHHOW W WM3BECTHOM
TemnepaTypy 02 O6bI4HO 370 0 uam +20 °C. Takmm 06pa3oM, 3Has 3Ha-

230



enNTT €2
X
%M
e|g J ro e2 BARLTIML %
ek A TNANe2 eEc*tn2"o2
= (&>
6

Puc. 8.5. TepmoaneKTpuyeckve npeobpasosateny (Tepmonapbl):

a — BO3HMKHOBeHMe TepMoJ/AC; 6 — TepmobaTapesi; B — anddepeHymanbHas TepMo-
napa; 6, — Temnepartypa paboyero cnas; 02— TemnepaTypa CBOGOLHbIX KOHLOB; V —
n3mepuTenib 3AC 1n Hanps>KeHUs

yeHue 5T n3mepus 3HayeHne Tepmo3C Tepmonapbl, MOXXHO orpe-
fenutb Temnepatypy O[. KoHeuHo, aAng paboTbl B LWMPOKMX Temnepa-
TYPHbIX fManasoHax Heo6Xxo4MMO NoJib30BaThCsA 60/1ee TOUHbIMY Bblpa-
XEHUAMU —MNONNHOMUANIbHLIMW annpPOKCMMaLMAMMN HeIMHENHON 3a-
BMCMMOCTWM ETOT pasHOCTU TemnepaTyp. B coBpeMeHHbIX LUMPOBbIX
TepMOMeTpax NPUMeHSEeTCs aBToOMaTMyecKas nMHeapu3aLuns Xpakrepu-
CTUMK npeobpasoBaHma TI1.

B HacToslLee Bpems, Kak NpaBn/io, BMECTO METOA0B U CPeACTB MoJ-
[ep>aHus NOCTOAHCTBA 3HAYeHMs 02 NPUMEHAKTCSA Cnocobbl U yCT-
pOiCTBa aBTOMATMYECKON KOMMNEeHcaLuy BANAHUS TeMnepaTypbl OKpY-
Xawoulen cpegbl Ha cBo60Hble KOHUbI TT1.

[ns noBblWeHUS YyBCTBUTENILHOCTU TakUX TEPMOMETPOB MHOrAa
00beIMHAIOT MOCNe0BaTe/lbHO HECKO/IbKO TepMONap B TepmMobaTapero
(puc. 8.5, 6). Mpn aTom paboure KOHLbI BCeX TepMOnap HaxoaaTcs npu
TemnepaType uccnegyemoro o6bvekra 0], a cB060gHbIE — NpK NOCTO-
AHHON (Unn n3BecTHON) Temnepatype 02 CymMMapHas BbiXogHas Tep-
MO3/[C, ecTecTBEHHO, OyeT paBHa cymme TepMod4C oTAenbHbIX TT1.

[ns HaxoxaeHWs pasHOCTWU TeMnepaTtyp ABYX 00bEKTOB MPUMEHS-
l0TCA TaK Ha3blBaemble auddepeHumanbHble Tepmonapsl, KOTOPbIE CO-
CTOAT 13 ABYX BCTPEUHO BKAOUeHHbIX TT1 (puc. 8.5, B). Paboume KOHLbI
TN nmetoT pasnyto TemnepaTypy (0OAmn 0B, a cBo604HbIE — OANHAKO-
Byto 02 B pesynbTare BbIXOAHOE HanpsXeHue NponopuuoHanbHO pas-
HOCTU TemnepaTtyp.

B cooTBeTCTBUMN C O6LLENPUHATON MeXAYHapOAHOW Knaccugumka-
LMein TepMO3neKTpuyeckne npeobpasosaTenn (Tepmonapbl) pasgensi-
I0TCA HA HECKOJ/IbKO TUMOB B 3aBUCMMOCTU OT NPUMEHSeMbIX MaTepua-
NOB W XapaKTepuUcTUK. XapakTePUCTUKN HEKOTOPbIX OCHOBHbIX TUMOB
TN npueefeHbl B Tabn. 8.1.
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Ta6bnuua 8.1

OCHOBHble XapaKTEPUCTUKM HEKOTOPbIX TUMoB Tl

Tvn ™ Martepuan TI1

E Xpomenb —
KOHCTaHTaH

J Xeneso —
KOHCTaHTaH

K (TXA) Xpomenb —

aslloMesib

MnatnHa —
nnaTuHopoanii
(13 % pogus)

[2(Tnn)

MnatnHa —
NNaTUHOPOANIA
(10% pogusn)

S(Tnm)

M(TMK) Mepgb —

KOHCTaHTaH

pransos s et
(kpaTkOBPEMEHHO), *C )\ peC npn 20°C
-270...+1000 62
-210...+1000 51
(1200)
-200...+1000 40
(1372)
-50...+1500 7
(1700)
-50...+1600 7
(1768)
2270 .+400 40

OTMeTUM, YTO B Halleli cTpaHe MpMOOPOCTPOUTENbHBIMU PUupma-
mMu TTT Tuna E 1 J He BbiNycCKaloTcA.

Puc. 8.6. XapakKTepucTUKM HEKOTO-
pbIX TUnos TTI1:

E — Xpomenb—KoHCTaHTaH; J — Xene-
30 — KOHCTaHTaH; K — Xpomesnb—arnto-
Mefb; R — nnatvHa—nnatuHopoauii (13 %
ponusa); 5 — nnatnHa—nNNaTUHOPOANIA
(10% poaus); T — MeAb—KOHCTaHTaH
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"paduyeckas nnacTpauus xa-
PaKTEPUCTUK OCHOBHbLIX TUNOB TT1
npueejeHa Ha puc. 8.6. HarnagHo
BMAHO, Kakue TuMnbl obecneunBsa-
10T HanboNbLINIA Ananas3oH M3me-
PeHUs, MaKCUMa/lbHYIO0 YYBCTBU-
TENbHOCTb WM HAUYULLYIO IMHE-
HOCTb.

B npakTunke TUNOBbLIX TeMMNepa-
TYPHbIX N3MEPEHUIA Yallle BCEro nc-
nons3ytorca TI1 Tpex TMNOB: Y, K,
T. Tepmonapbl TUNaJ AMEKOT MUHK-
MaJ/lbHYH0 CTOMMOCTb, BbICOKYHO YyB-
CTBUTENbHOCTb, YMEPEHHYI0 TOu-
HOCTb, HO He MOryT (He AO0/XHbI)
ncnonb3oBaTbCa ANUTENLHOE Bpe-
M MPU 3KCTPEMasbHbIX Temnepa-
Typax (Bbiwwe 1000 °C), Tak Kak Ha-
pyLlaeTca ux rpagympoBoyHan xa-
paKkTepucTuKa. Tepmonapbl Tuna K
XapaKTepusyoTcs cpefHein cToumo-



CTbIO, CpeaHei TOUHOCTbHO, XOPOLLEIA YYBCTBUTE/IbHOCTHIO U LUMPOKUM
OvanasoHom TemnepaTtyp (4o 1300 "C). ImeHHo aToT Tvn TT1 aBnseTca
Hanbosiee pacnpocTpaHeHHbIM. Tepmonapbl TUNa T UMEKOT CpeaHIo
CTOMMOCTb, CPeAHIO YyBCTBUTESIbHOCTb, BbICOKYH) TOYHOCTb. OHU
YO00HbI 4519 paboThbl C HEBBLICOKUMU TemMnepaTypamu.

[ns paboTbl NMpy BbICOKMX TemrepaTtypax W/wnv B yCrioBUsX Jeth
CTBUA arpeccrBHbIX cpef, npumeHsaTea T tmnoB Ru S.

Tepmuctopbl. CyluecTByeT 0c00blA K/lacC AATUMKOB — MOJTYMpo-
BOAHWKOBbIE TEPMOMETPbI COMPOTUB/IEHUS, UMEIOLME 3HAUUNTESTBHO
60/1bLLMIA, YeM 00bluHbIe TC, TemnepaTypHbIi/ KO3h(ULUEHT CoNpo-
TMBMNeHWs, paBHbiiA 1...20 1/°C, mpuvyem 3HaK 3TOro KoaggpuumeHTa
MOXET ObITb Kak MosIoKUTE bHBLIM (Y MO3UCTOPOB), Tak 1 OTPULIATES 1b-
HbIM (Y TEPMUCTOPOB). 3TO 06ecrneumBaeT 3HauUTesIbHO 60/1ee BbICO-
KYI0 YyBCTBUTE/IbHOCTb TEPMOMETPOB Ha MX 0cHoBe. OCHOBHbIE Mpe-
MMyLLIECTBA. Masible rabapuTbl M Macca (U, crienoBaTesibHo, Masias Ter-
J10eMKOCTb M TervioBast MHEepPLUYVOHHOCTb), MPOCTOTa KOHCTPYKLUU WU,
c/1le0BaTes1IbHO, XOPOoLUVE HAOEXHOCTb U MeXaHM4YecKas MpoyHoCcTb, a
Takke — HU3Kas ueHa. OCHOBHble HeoCTaTKN 3TUX MpeobpasoBaTe-
JEV CpaBHUTE/IBHO Y3KUIA AMana3oH V3MepsieMbIX TemnepaTyp (TUMMYHO
-50...+150°C), 3HaunTesIbHas HEJIMHELAHOCTL Npeobpa3oBaHms (COMpo-
TVB/IEH/E TEPMUCTOPOB C POCTOM TemrepaTypbl YMeHbLUaeTcs Mpu-
MEPHO MO 3KCMOHEHUUVa/TbHOMY 3aK0HY), TU10Xas MoBTOPAeMOCTb Xa-
PaKTEePUCTMKM Mpeobpa3oBaHUs 0T 3K3eMnsapa K 3K3emrispy (4To
03Ha4YaeT HeO6XO0ANMOCTb HAOMBUAYaSIbHOIA MPaayVpOBKU U 3aTpyaHS-
€T 3aMeHy JAaTUMKOB Aa@xe O4HOro Tuna), 3HaunTesibHasd BpemMeHHas
HECTaOW/IbHOCTb XapaKTEepUCTUKM, 0COBEHHO MpU L/MTesbHOA paboTe
Ha BbICOKMX TemrepaTypax.

WHTerpanbHble Mo/yNpoBOAHNKOBbIE JaTUnKK. VIHTerpasibHble oar-
UMKMN MOABUINCL CPaBHUTESIbHO HeJaBHO 6/1arofdapsa ycnexam MMKpo-
3NEKTPOHMKU. ITY JaTUMKM 06eCreyunBatoT BbIXOOHOMA CUMHas1 (Hanpsbke-
HVEe WM TOK), NPaKTUYeCKN JIMHEIAHO 3aBUCALLMIA OT TemrnepaTypbl O.
CxeMbl NOAK/THOYEHNS 3TUX JATUMKOB K COBCTBEHHO M3MEPUTESIO MO-
Ka3aHbl Ha puc. 8.7.

Ha puc. 8.7, a npmBeaeHa cxema rnoaKIYeHNS NHTErpasibHoOro JaT-
ymKa HanpsbkeHus. BbixogHoe HanpsbkeHne U =/(0) paTumka yepes

S0— f—*-K

J 1

a 6

Puc. 8.7. MoAK/OYEHNE MHTErpasibHbIX NMosyNpoBOAHUKOBbLIX AATHMKOB!

a — HanpsbkeHus; 6 — Toka
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YCUNNTESb-TOBTOPUTESTb MOAAETCA Ha BXOA, LiUpoBoro BosibTMETpa LIB
W aHas1oro-umgposoro npeobpasosatensd AL, npeobpasytoLlero
3TO HanpsbkeHwWe, NMPoMNopLMOHasIbHOe TeMMepaType, B LIM(POBOIA Koa.
UyBCTBUTESIbHOCTb TaKMX AaTUMKOB 06b14HO 10 mB/°C.

Puc. 8.7, 6 nnnocTpypyeT NoAK/IIOHEHVE NHTErPas1bHOM0 AaTUMKa
Toka. BbixogHoia Tok / =/(0) paTtumka mpeobpasyeTcs MocpeacTBoOM
pe3ncTopa R B NporopumoHasibHOe HanpsKeHue 1 Takke rnoaaeTes Ha
BxoA4 LUB nnu Ha Bxog, AL, npeobpasytoLlero ganee 3To HarpshkeHne
B LMpoBoia kod. TUnmnyHas YyBCTBUTESTbHOCTb TakMX JaTUNKOB 00bIY-
HO cocTaB/iseT 1 MKA/°C.

CpaBHeHMe BO3MOXKHOCTEA pa3/INyHbIX JaTUMKOB. CpaBHUTL BO3MOX-
HOCTU Pa3/INYHbIX AaTUMKOB TemrepaTypbl Mo3BOJISET AuarpaMmMa Ha
puc. 8.8, rae rnokasaHbl OPUEHTUPOBOYHbIE AMarna3oHbl MpUMeHeHVs
Hanbonee pacnpocTpaHeHHbIX MEPBUYHbLIX N3MepPUTESbHBLIX Mpeobpa-
30BaTes e TemrepaTypbl: TEPMOMETPOB COMPOTUB/IEHNSA — M/IATUHO-
BbX (TCI) n megHbix (TCM); TepM0O3IeKTPUHECKNX MpeobpasoBaTe-
JEIA — Tepmonap pa3/INyHbIX TUMOB; TEPMUCTOPOB; NHTErpasibHbIX MO-
JIYNPOBOAHUKOBLIX AATUMKOB U KBapLIEBbIX PE30HATOPOB.

[ANna guHaMnyecKmx M3MEPEHNIA TeMMepaTypbl U perncTpaumm obic—
TPOMEHSIOLUXCA TErvIoBbIX MPOL,ECCOB BaXKHbLIM MapamMeTpoM ABSISET-
CS TervioBast MHEPLOHHOCTb TEPMO3/IEKTPUUECKUX MpeobpasoBaTesiein,
KOTOpas B OCHOBHOM OMpeAesifeTcs KOHCTPYKUMeA JaTUMKa U 0CO6eH-
HO — YCTPOIACTBOM €ro 3alLMTHOA apMaTypbl. B akcnepnmeHTax ¢ 6bic-
TPOMEHSIOLLEIACA TEMMNEPaTypoiA, ec/iM He YU UTbIBATb 3TO 06CTOATE Ib—
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CTBO, BO3MOXHbI 3HauMTESIbHbIE AVHAMUYECKME MOrpeLHocTu. 3T0
0C06EHHO BaXKHO /19 PErMCTPaTopoB U M3MEpUTESIeiA TemrepaTypbl,
paboTaroLLmMX B COCTaBe CUCTEM YMpaB/ieHUs, IO, Kak npaBusio, Heo6-
X04MMO obecreveHne peXkrma Tak Ha3blBaeMoro peasibHoOro BpeMeHMU.
3HaueHMe BpeMeHW peaKuuM AaTUMKOB Ha CKauKoobpasHoe m3MeHe-
HVe TemnepaTypbl (BpeMeHU OO0CTWKEHUS YPoBHA 99 % acuMMTOTU-
YECKOro 3Ha4YeHUs1) JIOKUT B Ayanas3oHe 0T eOVHWL, CeKyHA, [0 AecAT-
KOB MVHYT. B oTAenbHbIX creuparibHbIX pa3paboTKax KOHCTPYKUMIA Tep-
MOMETPOB COMPOTUB/IEHUSA (M/IEHOYHBIX) U TEPMUCTOPOB MOMYT ObITb
JOCTUIHYTbI BpeMeHa peakuny TePMUCTOPOB B AeCATbIE A0/ CeKYHAbL.

YCTPOMACTBO M XapaKTepuUcTUKN LM(PPoBOro TepmomeTpa. PaccmoT-
pVM O0OVH 13 Hanbosiee pacnpocTpPaHEHHbIX BapyaHTOB YCTPOLACTBA Lg-
poBoro TepmomeTpa (LIT), BXoAHbIM AATYMKOM KOTOPOro sessieTcs TI.

Ha puc. 8.9 npuBeneHa ynpoLweHHasa CTPyKTypa KOHTakTHoro LT,
KOTOpasd, ecTeCTBEHHO, HarnoMUHaeT CTPYKTypy J1o6oro umgpoBoro
M3MepnTesibHOro nNpmbopa.

Tepmorapa NOAK/HOHAETCA KO BXo4Y YCWIUTESS, Ha3HaYeHNe KOoTo-
poro NoAHATbL YPOBEHb BXOAHOI0 CUMHasa ¢ eANHUL-AECATKOB MWUIU-
BO/IbT 0 €4QVHWL, BO/IbT. AHasoro-umgpoBoia npeobpasoBaTtesib AL
npeobpasyeT YCWTeHHbIMA curHast TI B LMGpoBOIA Kog, MnponopLmo-
Ha/TbHBIA YPOoBHIO'TEpMO3/AC U, crieaoBaTesibHO, 3Ha4YEHUIO M3Mepsie-
MOLA TeMnepatypbl. B aBTOHOMHbIX LT, Kak mpaBwsio, MpUMEHSIOTCA
ALLM, mncnonb3yowpye VHTErpypyowpye MetToabl npeobpasoBaHUs,
obecneurBaloLLme BbICOKME TOYHOCTb, YyBCTBUTE/IbHOCTb, paspeLuato-
LY CMOCOBHOCTb, BLICOKOE MOAAB/IEHWE MEPUOANYECKNX MOMeEX 06-
LLEero 1 HOPMasibHOI0 BUAR, YPOBEHb KOTOPbIX MOXET 6bITb 3HaUMTE 1b-
HbIM. BbixogHotd kog, ALLIM 3anommHaeTcs (M 3aTeM HEKOTOpPOE BpeMs
XpaHUTCS) B PEMUCTPE M BbIBOOUTCA Ha LMPPOBOIA nHamkKaTop (Lud-
poBOE 0TCYETHOE YCTPOLACTBO). MUKPOMNPOLLECCOPHBIIA KOHTPOS1SIEP Y-
paBnseT paboToii BCex y3/10B Npmbopa. OH >ke BbIMO/HAET DyHKLMIO
JMHeapu3aunmn xapakTepncTtuku TO. C NoMoLLbIo K/iaBuaTypbl orepa-
TOp 330a€T peXXnMbl paboTbl. B cTpyKType npubopa MOXeT MpUCY TCTBO-
BaTb MHTepelAC /11 06MeHa MH(opMaLmeii ¢ BHELUHUMU LIN(POBbIMMA

VHTepderic
Puc. 8.9. CTpyKTypa KOHTaKTHOro L4nppoBoro TepMmomeTpa
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yCTpolACTBaMM (Hanpumep, 419 nepegayun pesy/ibTaroB perucrpauymn B
MEePCOHasTbHbLIA KOMMbIOTEP W/ B CUCTEMY aBTOMATU3VIPOBAHHOIO
yrpaB/iEHNS).

M3BeCTHbI MoAe/ M MHOrokaHasibHbIX LT (Yalle ABYyXKaHas1bHbIX).
OTumre 3TuUx NpMGopPoB — Ha/IMUME KOMMYyTaTopa BXoAHbIX TI1, Ko-
TOpb I/l MO3BO/ISET MOOYEPEHO MOAK/IOYATL JATUNKA KO BXoAy YCUn-
TenA. [AByxkaHasibHble LIT 06bIYHO VMEIOT PEXMM U3MEPEHUST pPasHo-
CTK TeMnepaTyp. Takue nprnbopbl HasbIBakTCA AddepeHUMa/TIbHbIMA
TepMoMeTpamu.

CoBpeMeHHble LT oT/myaiotcd masibimm rabapytamu (Hand-
held — «ynepxmBaemble B NMaaoHW») 1 Maccoid (100...500 r), cpaBHU-
TeNIbHO HUBKOMA CTOMMOCTbLIO, A0CTaTOYHO BbICOKAMW METPOsIornye-
CKUMU W 3KCM/1yaTaUMOHHBIMWN XapaKTepucTUKamu.

OCHOBHbIE TEXHNYECKME XapaKTEPUCTUKN TUMUYHOro LT

Avana3oH n3mepsemblx TemnepaTyp (479 Hau-
60s1ee pacrpocTpaHeHHbIX Tepmonap Tuna K),
T b -200... +1000
VIHCTpyMeHTasibHasA ocHOBHasA abcostoTHas no-
rpewHocTb (6€e3 yyeTa NOrpewHoOCTN KOHKpeT-
HOIA TEPMOMAPBI ) ceiiiiiieeaiiiiaaaiiieeesaieeeeeiieeaaaens +(0,2 % pe3synbTaTa
nsmepeHunsa + 0,5 °C)
AononHnTeNbHaA MOrpewHoCcTb MpyY 0TK/O0-
HEeHUN TemrnepaTypbl OKpY>KaloLleli cpefbl 0T
HOMWHaNbLHOA 20 °C (unun 23 °C ans HeKoTopbIX
3aPYOEXHBIX MOLAEIIEIA)..ceviiiiiiieeiiieeeaeiieaa e +(0,01 % pe3ynbTaTa
n3mepeHusa +0,05 °C)
Ha Kaxgpitd 1'C oT/m-
4MS 0T HOMUHANTbHOIA

TemnepaTypbl
YyBCTBUTENBHOCTb, °C . 0,1...10
PaspagHocTb AL, OUT ..o 10... 12
Anana3oH pa6oumnx TemnepaTyp, °C ...ccccernnen. 0...+50
TTNTAHUE e BaTtapea 9 B
MpoJo/MHKNTENbHOCTL HEMPEPbIBHOM paboThbl
0T O[,HOr0 KOMMJIEKTa UCTOYHUKOB NUTa-

HUSA, Y it 30

UKMCNO0 BXOAHBIX KAHATOB ..euviiieiiiiaieeeneeeeeeeeeeeeees 1.2

Bo3moxkHa paboTa npmbopa ¢ TepmonapamMm pas/inudHbIX TUMoB (Ha-
npumep, K J, T). MNpubop mmeeT LMPPOBOIA XNOKOKpUCTaINYe-
CKUIA MHOWKATOP, MPOCTYHO MOHATHYHO K/aBMaTypy, pasMeLLeH B Mblie—-
B/1aro3allmLLeHHOM MPOTUBOYAAPHOM Kopryce. YKOMMN/1IeKTOBaH He-
CKOJIbKMMUM TepmorapamMu passIM4yHOro KOHCTPYKTUBHOIO WCMOJSTHE-
HUS (019 NMOBEPXHOCTHOINO WM3MEpPeHUs, BO3AYLUHbIE, MOFPYXHbIe,
MarHWTHble 1 ap.).

Crieundrka KOHTaKTHbIX U3MEPEHUIA TemrepaTypbl. Jaxe npy o4eHb
TOYHOM M3MepuTesie (PEFUCTPATOPE) TeMIepaTypbl MOXHO MOSTyYUTb
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60MbLUYIO MOMPELUHOCTb pesysibTara M3-3a HemnpaBWILHOIA opraHusa-
UMM SKCMEPUMEHTA, Heyda4HOIA (HErpaMoTHOLA) YCTaHOBKM OATHMKOB
Ha 06beKTe. MNpn KOHTaKTHbLIX U3MEPEHUSIX TEMIMEPATYPbI MOBEPXHOCTU
HE06X0AVMO YUMTLIBATD C/IEAYyHOLLME BaXKHbIE 06CTOATETLCTBA.

1 EC/n KOHTaKT [aTumKa ¢ 00beKTOM HeoCTaTOYHO XOpoLl, Masia
rsowaab CONpUKOCHOBEHMS, TO MOXXET UMETb MeCTO criabas Tensione-
pefaya 0T 06beKTa K AaTuUMKy. [py 3ToM B 06LLEM C/TyHae MOryT Takoke
BO3HMKATb HeXesiaTesibHble TersioBble MOTOKM BAO/b Kopryca 30HA4a
(3aWUTHOro0 Yexsa), KOTopble Takke UCKaXKAOT pe3ysibTaT U3MepeHus.

2. [JaTumk, yCTaHOB/IEHHbIA Ha MOBEPXHOCTU 00beKTa, B 06LLEM
C/lyYae UCMbITbIBAET HE TO/TbKO B/IVSTHME MHTEPECYHOLLIEIA 3KCMEPUMEH-
TaTopa TemrepaTypbl, HO 1 TemMnepaTypbl OKPY>KatoLLEeiA cpedbl. Yem
60sibLUEe pa3HMLA 3TUX TemnepaTtyp, TeM CU/lbHee MOXET OT/MYaThCA
pe3y/ibTar M3MEPEHUS 0T OXKUAAEMOIro (0T UCTUHHOIO) 3Ha4veHus. Kpome
TOro, MOXET CKa3bIBaTbCs ECTECTBEHHAs KOHBEKLMS BO34yXa BOKpYT
JaTyvka.

3. Ecnm Tens1oeMKocTb 06beKkTa Masia (Macca 1 rabaputbl HEBESTVKA
KaK, Hanpvmep, B C/lydae MCC/1edoBaHWs TeMMepaTypbl MOBEPXHOCTYU
KOHTaKTHOIA K/1EMMbI HM3KOBO/IbTHOMO0 MaJIOMOLLIHOFO 3/1EKTPONPUBO-
[a), TO BO3MOXHO CUJ/IbHOE B/IMsSHME OaTunka (0CO6EHHO MacCMBHO-
ro) Ha TemnepaTypy mccrielyeMoro o6bekTa (MCKaXKeHVe pexkrma 0o bek-
Ta). 3TO NPUBOANT K MOSB/IEHNIO 3HAYUTESTbHOLA MOFPELLHOCTM B3au-
MOAEMACTBUA B CTATUYECKUX U3MEPEHUSIX U K 3aMETHOIA OAVHAMNYECKOLA
MOrPeLUHOCTM MY N3MEHEHMAX TeMnepaTypbl 06beKTa.

4. Ecnn nHTepecyeT TemMrepaTypa ropsveii BoAbl, TEKYLLEA BHYTpU
TpybonpoBoAa, N ecTb pesy/ibTaT U3MepeHUs TeMrepaTypbl BHELLHeiA
MOBEPXHOCTW 3TOro TpybonpoBoaa, To He06XoAMMO 0TAaBaTh cebe oT-
YeT B TOM, YTO 3TO He O4HO M TO Xke. PasHOCTb pe3ysibTara U3MepPeHMs
M (haKTUYECKOMA TemnepaTypbl BoAbl MOXET ObIMb BECbMa 3HaYNTeSIb-
Hoi/1 (HECKOJ/IbKO IpafycoB).

KraccnmyeckuMm NprvMepoM MposiB/IeHUS 3TUX IPMEKTOB MOXKET C1y-
XUTb 3KCMEPUMEHT MO OMNpeaesieHNio TemrnepaTypbl 04 NOToKa BeLLe-
cTBa (Hanpvmep, ropsYeii BoAbl), TeKyLLero BHyTpu Tpy6orpoBoaa,
no pesysibTataM KOHTaKTHOro M3MepeHns Temnepatypbl 0240CTyMHOA
BHELLHELA MOBEPXHOCTU TPyObl Mpy TeMMepaType OKPY>KatoLEA cpefbl
oL (pwc. 8.10).

MockonbKy AaTumk (Tepmonapa, TEPMOMETP COMPOTUB/IEHMA WA
TEPMUCTOP) B 06LLUEM C/Tydae UCMbITbIBAET B/IMSHNE 3HAYMTESIbHO pas-
nnyarwmxes TemnepaTyp (TemnepaTypbl BHELLHEIA MOBEPXHOCTU TPYy-
6b1 02 N TemnepaTypbl OKpy>KatoLlero Bo3gyxa 0,), To B pesysibTare
M3MepeHNs MOXHO MOo/ly4uUTb HekKoe ycpeAHeHHoe (MHTerpasibHoe)
3HayeHue, CUIbHO OT/INYaoLLEeecs OT UCTUHHOIO 3HaYeHNs Temrepa-
Typbl 02 W coBcemM He GyAeT MOXOX 3TOT pe3ysibTaT Ha (haKTUYecKoe
3Ha4eHVe TemnepaTypbl 04Cc06CTBEHHO NOTOKA cpedbl, UHTEPECYIOLLEA
crneyyamcTa. OCHOBHbIE MPUYMHBbI TaKOr0 UCKaDXKEHUS pesysibTata —
Ha/IMuMe 3HAYMTE IbHOM0 FpaameHTa (pasHuLbl) TeMMepaTyp BHELLHEIA
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PaccTosiHne

Puc. 8.10. PacnpeneneHve TemnepaTypbl B NpoCcTpaHCTBE:

0] — TemnepaTypa OkpyxatoLleii cpegbl; 02 — TemrnepaTypa BHeELUHEA MOBEPXHOCTU
Tpy6bl; 0] — TemnepaTypa BHyTpPeHHeA MoBepxXHOCTY Tpy6bl; 04— TemrnepaTypa NnoTokKa;
1— paTuuk; 2 — Tpyb6onpoBos; 3 — 30HbI BbICOKOI0 rpagueHTa TemnepaTyp

CTEHKW U OKPY>KatOLLIEA cpefibl U 3aMETHBIMA MpaaveHT TeMrepaTyp Mexay
BHELLHEIA 1 BHYTPEHHEIA cTeHKaMy Tpy6onpoBoda.

MOHATHO, YTO 4/15 MOSTyYeHU JOCTaTOYHO TOUHbIX pPe3yibTaToB Mnpu
OpraHM3aLnmy 3KCNepUMeHTOB N0 KOHTaKTHOMY M3MEPEHUIO TeMrepa-
Typbl HEOOXO0AVMO TLUATESbHO MPOAYMbIBaTb YCTAHOBKY AAaTUMKOB Ha
MOBEPXHOCTU 00bEKTA, MPeACTaBNATL BO3MOXKHOE pacrpeesieHre TeM-
nepaTyp. MoXHO chopMy/IMpoBaTb HEKOTOPbIE TUMOBbIE peKOMeHa-
LM No opraHmsaunm NofobHbIX 3KCMEPUMEHTOB. BaxkHO obecneunTb
XOpOLUMIA TErvioBOA KOHTaKT JaTunKa ¢ 06bekToM. MoBepxHocTb (Ms10-
Waab) COMPUKOCHOBEHUS AaTyuMKa C 06BbEKTOM O0/DKHA ObMb MaKcu-
Ma/1bHO BO3MOXHOIA. YKesiaTesIbHO MCMos1b30BaTh TersIornpoBoAsLLme nac-
Thl, Y/lyyLlaowe Tensonepedady oT 06bekTa K AaTunky. Heobxoammo
no3aboTUTbCA 0 Terviouso/IAUMM AaTunka B LEeSIsSX MaKCUMasibHOro
YMEHbLLEHNSA B/INSIHVS OKpY>XXatoLLei cpeapl. [NprmeHeHre aaxe npo-
CTbIX MOAPYYHbIX CPEACTB MOXET [aTb XOPOLLMIA 3(h(eKT (CTEK/I0BaTA,
06bI4HasA cyxast TKaHb, pe3vHa 1 T.n.). MNpn cTaTnyeckuxM3amepeHnsx
MnosiIe3Ho OOKAATHLCA YCTAHOBMBLLEIOCH peXxxuma, T.e. He TOpornuTbCA
thrkcupoBaTb pe3ynbTar. Mpu nccnegoBaHUM 06LEKTOB C MO Mac-
COIA WM ObICTPOMPOTEKAIOLLMX MPOLLECCOB HEOOXOAMMO MCMOSb30BATH
[aTUMKU C Ma/oiA COBCTBEHHOIA MaccoiA, 0CO6EHHO B 3KCMNepuUMeHTaXx,
rJe BaXkHa Masias ANHAMUYECKas MOrpeLUHoCTb.

KoHe4Ho, TeMnepaTypy BHELLHElA (A0CTYrNHOIA) MOBEpPXHOCTU Tpy-
60MpoBoAa MOXHO U3MEPUTb C BbICOKOIA TOYHOCTbLIO, HO YCTaHOBUTb
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CBSA3b ee C TeMMEPaTypoiA COAEPKMMOro ropasao BaxHee (M ofHOBpe-
MeHHO c/iokHee). CrieayeT NonbITaTbes onpefesvTh 3Ty CBSA3b TeopeTU-
Yyecku (C MOMOLLbIO XOTA Obl FPYGOA MOOENN) WM SKCNEepUMEHTa Tb-
HO, Hanpumep, 1crosb3ysa (Tam, rOe 3TO BO3MOXHO) CTalMOHapHble
TEepMOMETPbI, MOrPY>XeHHbIe B MOTOK.

8.1.2. BeCKOHTaKTHble MeTOAbl U CpeACcTBa N3MEPEHMWIA

BeckoHTakTHble (Non-Contact) n3mepeHUs TemnepaTypbl Hesa-
MEHVMbI B TeX C/ly4asiX, KorJa HexesiaTeslbHO, HeBO3MOXHO, CJI0XHO,
W1 onacHo 06ecnevnTb MeXaHUYECKMIA KOHTaKT AaTunka ¢ 06bek-
TOM U3MEPEHUS.

He Tak fierko onpeaennTb TeMnepaTypy Haxo4sLLerocs B ABVKEHNN
00beKTa, Harmpumep, ObICTPo ABWKYLLEIACA OYMaXHOIA JIeHTbl, Wn
BpaLuatoLerocs 6apabaHa 6eTOHOMELLIAJTIKA, WM MOTOKAa Fopsiyuero ac-
(hanbTa. IHOr4a noBepxHOCTb 06bEKTa, TeMepaTypa KOTOpPOro UHTe-
pecyeT, HedocTyrnHa n/vnn HebesonacHa (Hampumep, Npuy OLLEHKeE re-
perpeBa KOHTaKTHOI0 COeAVHEHUS BO3AYLUHOMA JSIMHUW 3/ieKTporepe-
Jayus WM BbICOKOBOJ/ITHOIO TpaHciopmaTopa).

Jpyras cutyauus: 06beKT 1UcC/efoBaHNSA UMEET Masible rabapuTbl U
Maccy (M, cnefoBaTesibHO, Maslyl0 Tersi0eMKOCTb) W MCMOs1b30BaHMe
KOHTaKTHbIX TEPMOMETPOB MpuBesIo Obl K 04eHb GO/bLLIOA MeToaMYec-
KO NOrpewHocTr (MorpeLuHocTV B3aMMOAEIACTBIUS) 3a CHET 3HaAYU-
TeSIbHOro0 KOJSIMYecTBa Tervia, OTHMMaemMoro JaTuvMkoMm npubopa oT
00beKTa W, Kak CneacTsue, HeOOMYCTUMOI0 UCKEKEHUS peXumma ero
paboTbl W, ecTeCTBEHHO, pe3ysibTaTa uamepeHuss. OCO6eHHO CUSIbHO
3TO NPOABSIAMOCL Obl MPU HEOBXOAUMOCTU UCCNeN0BaHUA OOCTaTOYHO
ObICTPbIX MBMEHEHUIA TeMIepaTypbl UCC/1eQyeMoro 06beKTa MasoiA Mac-
Cbl, HaNpumep, B C/ly4vae OLEHKM TeMrepaTypbl MUHMETIOPHbIX 3/1eKT-
POHHbIX Y3/10B.

BecKkoHTaKTHbIe METOAbI M CPeACcTBa U3MEPEHUS TeMIepaTypbl AB-
NAKTCA TakK HasblBaeMbIMU HEVHBa3VBHbBIMU, T.€. He TpebyloT BMeLLa-
Tes/bCTBA B X04, TEXHOSIOMMYECKOr0 MNpoLecca, He co3gatoT rpobsiem ¢
YCTaHOBKO [AAaTUMKOB, He TPebYHOT KOHTaKTa ¢ 06beEKTOM McC/ieaoBa-
HUA, He MOpoXXAAKT MOrpeLLHOCTEIA B3aMMOAEACTBUSA MHCTPYMEHTA C
06BEKTOM U HEKOTOPbIX APYTrVX HEMPUATHOCTEIA.

ELle oauH Knace 3a4a4, rae Mcrosib3oBaHue 6eCKOHTAKTHbIX METO-
[0B U CPeAcTB He TOJIbKO Lies1ecoobpasHo, HO U Hem3beXkHo (Tak Kak
He UMEET a/lbTepHaTVBbI) — M3MEpeHVEe CBEPXBLICOKUX Temrnepatyp
(Hanpumep, n3mMepeHme TemMrepaTypbl pacr/1aB/IEHHbIX METa/U10B). Bo3-
MOXKHasi BEpXHSA rpaHMLa KOHTaKTHO M3MepsieMbIX TemnepaTtyp COo-
ctaBnseT +2000...+2500 °C, rnoaToMy mnsmepeHus 6051ee BbICOKUX TeM-
nepaTyp MNpom3BoAAT TO/IbKO 6ECKOHTaKTHbIMU MeTOOaMN.

BecKkoHTaKTHble METOAbl VU3MEPEHUs peasin3oBaHbl B Pas/INYHbIX
nHppakpacHbIX (MK) cpeactBax usmepeHus (InfraRed Instrumenta-
tion) — TepMoMETpax U N3MEPUTESIbHBIX Npeobpas3oBaTesisxX, a Takke B
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ontuyeckmnx (Optical) TepmomeTpax — nupomMmeTpax. MHgpakpacHble
N3MepUTE/IN 06eCNeUMBaIOT MU3MEpPEeHVE TeMMNepPaTyp B LLUMPOKOM Ana-
nasoHe TemnepaTtyp: -50...+5000 °C. OnTunyeckue TepMoMeTpbI (MUpPo-
METPbI) MPUHLMMUNAIBHO MPUIroAHbI STLLL 4719 USMEPEHUSA O0YEHb Bbl-
COKMX TemMrepaTyp, Mpu KOTOPbIX MOBEPXHOCTb 00BbEKTA YXKe BUAMMO
cBeTuTca (+600 °C u Bbiwe). Kpome TOro, TOYHOCTb W YyBCTBUTESIb-
HOCTb M3MEPEeHUs OMTUYECKUMMN TEPMOMETPAMN HEBBLICOKMU.

BaxkHbIiMU gocTonHcTBaMy VK-TepMOMETPOB ABJIAKOTCA LLUMPOKUE
[varasoHbl N3MepsieMbIX TeMMepaTyp, JOCTAaTOYHO BbICOKME TOYHOCTb,
YYBCTBUTE/IbHOCTb U ObICTPOAEIACTBME, XOPOLUME 3KCr/lyaTauyoHHble
XapaKTepUCTUKU, CPaBHUTESIbHO HEBLICOKAsA CTOMMOCTb. OIHAKO He TaK
MpocTO peasM30BaTb OCHOBHblE rMpeumyllecTBa MK-TepmomeTpoB —
[/19 [,OCTOBEPHOI0 pe3ysibTaTa UsMepeHus TpebyroTca J0CTaTOYHO Bbh
COKas KB U(MKALMA MoSb30oBaTesis, 3HaHve crieungukmn K-mnsme-
PEHNIA, ONpenesieHHbIMA OMNbIT NPaKTUYECKUX 06C/ieA0BaHMIA.

OnTuyeckoe manydeHve. JIlo6oe Teslo, 061agaloLLEee TemMrepaTypoii
BblILLE abCo/TIOTHOIO Hyis (-273 °C), MEEeT TernsioBoe mastydeHve. C po-
CTOM TemriepaTypbl YBE/IMUMBAOTCA aMIVIMTYa U YacToTa KosebaHnia
MOJIEKY/1 BELLIECTBA Teria. YesioBeK CBOMMU opraHaMuy 4yBCTB BOCMPU-
HUMaeT Tervio (oca3aHveM) U CBeT (3peHuem). Pmn3nyeckas npupoaa
konebaHniA ofHa 1 Ta ke (TersioBasl), HO YacToTa KosiebaHUEA pasind-
Ha 1 3aBUCUT OT KOHKPETHOM CTerneHW HarpeTocTy 06bekToB. [py Tem-
nepatype 600... 1000 “C n Bbie (B 3aBUCUMOCTU OT MaTepmasia 06 bek-
Ta) HEKOTOpPOe KOJIMYECTBO 3HEPIrUK Tesia U3sTyyaeTcs B BUAVMOIA I/ia-
30M 4acTu CnekTpa.

B hm3nke 1cnosib3yeTcs MOHATUE «OMTUYECKOE U3JSTyYEHME», CO0T-
BETCTBYIOLLEE 3/IEKTPOMArHUTHOMY U3/TyYeHU0 C O/IMHaMU BOSH X
pacrnosioKeHHbIMY B AnariasoHe 1HMm...1 MM. 3TOT Ananas3oH Ae/TcA
Ha Tpy YacTtn. Puc. 8.11 nnmocTpypyeT COOTHOLLEHME noaavarasoHoB
NK-u3nyyveHuns, suammoro B, ynbTpaduoneTosoro Y® u cocegHUX
V3/TyHeHIA. BepxHsst ocb abCLMCC MoKasbIBaeT 3HaYeHUs HacToT F, HVDK—

F, My,
R R e S e bt Ak e _Y(—
109 KO0 101 1012 1013 104 105 106 107 1018 109 w0 w2
(1 ru) (1 Tru) (1 Mru) @ 3ruw)
X, M
*_ * * * * * *

Kri 102 10 3 104 105 t0O'6 107 108 109 O 1010 1110 1210 13
1 mm) 1 MKMm) 1 Hm) (1 nm)

Puc. 8.11. Anana3oHbl YacToT Fu gnnH BonH XpasnuuHbix nanyyeHuii (B nora-
pudmMmrnyYeckoM MacliTabe)
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HAA — COOTBETCTBYIOLIME YacToTaM 3HaveHus OJmH BOMH J1 (B siora-
pUHMMUYECKOM MacLLITabe).

[Avana3oH anmH BosH X yribTpadmosieToBOro M3slyv4eHnss cocTas-
naet 1,0 HM...0,38 MKM. [mana3oH A/iMH BOSIH X BUAWMOIO U3Syde-
Hua — 0,38...0,76 mMkwMm. [mnana3oH gwmH BosH K MK-m3nyyeHuns —
0,76... 1000 MKM.

YcTpoticteo IK-TepmomeTpa. MeTodbl 1 Mpnbopbl 6ECKOHTAKTHONO
VIK-1n3mepeHust 0CHOBaHbI Ha KO/IMYECTBEHHOIA OLIeHKe MH(paKpacHo-
ro (TeruioBoro) nsslyveHms 06beKTa. Tersiosoe nsstyueHve 06/1aa3eT npak-
TUYECKN TEMM XXe CBOMACTBaMM, YTO U BAVIMBLIA YesI0BEKOM CBET: pac-
MpoCcTpaHsAeTCa MPSAMOSIMHEIAHO, CMOCOBHO OTpaXKaTbCs, MpesioM/IATb-
CH, NMPOHMKATb CKBO3b HEKOTOpbIle Teria, MOXET ObITb CHOKYCUPOBAHO
OMTUYECKOIA CUCTEMOIA SIMH3 (He 06513aTesIbHO Mpo3paydHbIX) U T. M

Ha puc. 8.12 nokasaHa ynpouwleHHasa cTpykTypa VIK-TepmomeTpa.

TensioBoe M3sy4veHVe MOBEPXHOCTU 06beKTa 06bEeKTMBOM Mprbopa
(hoKycupyeTCcs Ha NMPUEMHMK, B POSIM KOTOPOIo YacTo BbICTYMaeT Tep-
monapa. Tepmo3/4C Tepmonapbl YCUWIMBaETCHA yCwuUTesileM Y¢, nNpeoo-
pa3yeTcs aHas10ro-umdpoBbIM rnpeobpasoBaTesiem ALLIM B umdposoii
KOZ, KOTOPbIA HEKOTOPOE BpeMs XPaHUTCS B 3arOMMHAIOLLEM PErnCT-
pe Pr v npeacTaB/isieTcd Ha MHAMKATOPE pe3y/ibTaroM M3mepeHus. O6bek-
TVB NK-13MepUTENS 04HOBPEMEHHO BbIMOMHAET (YHKLMIO M0/10CO-
BOro msibTpa YacToT.

VIH(pakpacHbIA n3MepnTe/lb MOXKET Takke codepXaTb Y3/lbl CBA3N
(aHas10roBoOLA WM UMPOBOIA) C BHELUHMMM YCTpolAcTBamn. Ha puc. 8.12
MoKasaHbl aHas10roBbIdA AB 1 umdiposoia LIB Bbixoabl. Hannuve y VK-
TepMOMETpa BbIX0Aa aHa/l0roBoro CUrHasia, NporopLyoHasIbHOro Te-
KyLLEMY 3Ha4eHMI0 U3MEepSeMOIA TemnepaTypbl, M03BOMSET MOAK/IO-
YATL NPUBOP K BHELLHEMY aHas10r0BOMY CaMomuLLYyLLEMY MPUGopY wWin
K ULM(POBOMY U3MEPUTESNIBHOMY PEFMUCTPATOPY.

Ana 38034 4NTeNIbHOro MOHUTOPUHIA NPUMEHSoTEA Takke VK
v3MepUTesibHbIE Npeobpa3oBaTesniv. TU YCTPOIACTBA HE MMEKT NHAN-
KaTopa, UX BbIXOAHOIA aHa/1I0roBbliA CUrHas1 NpeacTassieH MpornopLmo-—
HaTbHbIM W3MEPSIEMOIA TemriepaType ToKom (Hanpumep, 4...20 MA)
Wnn HanpsbkeHwem (Hanpumep, 0...5 B). OHM npegHa3sHaveHb! O/1a pa—

Puc. 8.12. ¥YnpoweHHas cTpykTypa MK-TepmomeTpa:

/ — 06beKT; 2 — 06beKkTMB; 3 — MPUEMHUK
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60Tbl COBMECTHO C MOKasbIBALWVIMU NpMbopamMm WM permcrparopa-
MM B COCTaBe M3MEPUTESIbHbIX YCTAaHOBOK, KOMIMJIEKCOB WM CUCTEM.

Crneundurka npumeHeHns WUNK-msmeputeneiid. MNpy 6eCKOHTaKTHbIX
M3MEpPEHUAX TEMIEPaTYpbl ¢ MoMoL b0 NK-TepMoMeTpoB Wi npeo6-
pasoBaTesiei1n HeobxoANMO UMETH B BULY HEKOTOPblE BaXXHble 0COOEH-
HOCTW.

MocKo/IbKY KO/IMYECTBO W3/Ty4aeMOLA 00BEKTOM 3HEPIMU 3aBUCUT
He TO/IbKO OT TeMrepaTypbl, HO Takke M 0T KadecTBa MOBEPXHOCTU
Tesia, TO 4/19 06ecneyeHNs A0CTOBEPHBbIX Pe3ysIbTaToB HEOOX0AMMO 3HATh
(W 3apaHee aKCNepUMEHTa/IbHO OMPEAe/INTL) 3HaUeHne KoahpuLm-
eHTa usnydeHus (Emission) MoBepxXHOCTU KOHKPETHOro o6bekTa e
ABCOMOTHO YepHoe Tes1o (e = 1) ropasgo Jiyulle «OTAaeT» TErVioTy, Yem
06beKTE GFIECTHALLIEIA ITIBOKOIA MOBEPXHOCTLIO. Mepe, Hayasiom uamepe-
HMA HEOOXOAMMO BBECTU B MPUOOP 3HAYEHVe MOorpaBKW, COOTBETCTBY-
HOLLELA CBOIACTBaM MaTepuasia MoBEePXHOCTU 00beKTa, U Torda npmoéop
aBTOMaTUYeCKN BydeT KOPPEKTMPOBaTb MOKa3aHMs, KOMMEHCUPYS He-
[0CTaTO4YHYH M3/1yHaoLLLYIO CMOCOOHOCTb MCC/IeQyeMOA MOBEPXHOCTM.
Takme nonpaBKM (TaK Ha3bIBaeMbIe MOMPaBKM Ha «HEMOJSTHYIO YepHO-
Ty») 00bIYHO MpUBOAATCA B WMHCTPYKUMM MO 3Kcrslyataum wim B
nacnopTe MK-npunbopa.

Ecnn maTeprian noBepxXHOCTU KOHKPETHOIO UCC/1elyeMoro oobeKkTa
He onwucaH B Tabsme nornpaBokK (KO3hMULIMEHTOB MU3/TyYEHUS €) Mpu-
60opa, TO MOXXHO OLEHUTb 3HAa4YEHNE HEOOXOAMMOIA MOMpaBKWU 3Kcre-
PUMEHTA/TLHO, HanMpUMep crieaQyowmM 06pa3oM. B Tex criyyasx, Korga
3TO BO3MOXHO, HY>XXHO U3MEpUTb TeMrepaTypy Ucc/iedyeMoiA noBepx-
HOCTM KOHTaKTHbIM TEPMOMETPOM. 3aTeM, rnepebupas pasHble 3Hade-
HUA nonpaBkn VIK-TepmomeTpa, crieayeTt AobuTbea 04MHAKOBbIX MO-
KazaHniA 060MX Mpru6opoB.

VIH(paKpacHble TEPMOMETPbI HE PEKOMEHAYETCA VUCMO/1b30BaTh Mpn
nccnefoBaHUM 6/1eCTAWMX, MOSIMPOBaHHbIX MOBEPXHOCTEIA, HEOKUC-
JIEHHbIX MET/UI0B TUMa XpoMa, a/IIOMUHWS, HepXaBeloLei CTasu,
natyHn 1 T. N. Ecnv rccnenyemast NoBepxHOCTb 06/1842eT MayobA U3/Ty-
YaroLLelA CMOCOOHOCTBIO, LIes1eco06pa3Ho MOKPbITbL €e TOHKUM CJI0EM
MAaTOBOIA YEPHOIA KpacKu WM CadKN. 3TO He MOB/ISET Ha PaKTUYECKYH
TemMnepaTypy MoBepXHOCTU, O4HAKO MO3BOSIUT MOBbLICUTL A0CTOBEp-
HOCTb pe3y/IbTaToB, TakK KaK YBE/TMUMT U3/TyHatoLLyt0 CMOCO6HOCTL A0
e=0,9...0,96.

CnenyeT MOMHWTb, YTO 3HayeHVe KoahpuureHTa M3/yyaTesbHOA
CMOCOGHOCTWN 3aBUCUT He TOSIbKO OT KayecTBa MOBEPXHOCTW, HO U OT
TemnepaTypbl 06beKTA.

OTHoLLEHWEe paccTosiHMEe/anamMmeTp MuULLeHN. ONTUYECKOe B3aMOAEA-
ctBre MK-TepmomeTpa (Npeobpa3oBaTesis) C MOBEPXHOCTLH 06beKTa
onpeaensieTcs 0CHoBaHVEM KoHyca. Yem 60/1bLue paccTossHMe L 4o 06bek-
Ta, TeM 6onblie pasmepbl (B HacTHOM c/lydae AgviameTp D) v niowaab
30HbI (MULLEHW), C KOTOPOLA BOCAPUHMMAETCH U3/sTyyeHve. Bo3MOXKHO-
CTW OMTUKN KOHKpeTHoro NK-nprnbopa onpeaesnsoTcs 0THOLLEHVEM
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pacctosaHve/anaveTp (L/D) anqa MoBepxHOCTh 06beKTa
MJI0CKOCTU MULLIEHW, MEPreHanKy-
JIFIpHOA 0cn 06beKTMBa (puc. 8.13).
MHorpga sTta xapakTepucTuka Ha-
3bIBaeTCA «MOKasaTesIeM BU3MPO-
BaHVA».
Ana paznmuHbix K-yCcTpoliacTs
rnpy 04HOM W TOM e YAasieH 0T
06beKTa AMaMeTpbl MULLIEHN Ha Mo-
BEPXHOCTU OyayT pasnunyHbl. Ha-
npumep, Npy paccTosaHuM L= 1m
L7189 M3MepUTesia C OTHOLLEHMEM
L/D= 100/1 AgmameTp MMLLEHN Puc. 8.13. OTHoLLEHMWE paccTosiHUe/
D\= 1,0 cm; ga npubopa ¢ oT- AnameTp
HoweHnem L/D = 40/1 pguameTp
MueHn D2= 25 cm; g/is npmbopa ¢ oTHoweHnem L/D= 8/1 guameTp
MuweHn D} = 125 cm. Uem 6osblue 3TO OTHOLLEHWE, TeM 6osiee Mest
Kve parMeHTbl NMOBEPXHOCTU MOXHO 06c/1Ie40BaTb aBTOHOMHO.
MHTerpasibHaa TemrepaTypa. Heo6xoAnMmMo yunTbIBaTb, YTo VIK-m3-
MepUTeslb BOCMIPUHUMAET HEKYIO VHTErPasibHYH0 U3/TyqaeMyto SHEPI IO,
T.€. OLIeHVBaeT UHTErpasibHyto (YcpedHeHHYI0) TemrepaTypy, Xapak-
TEPM3YHLLLYH BCHO MJ/10WWaAb 30HbI KOHTPOIS (MULLEHW). V1 ecriv 06beKT
MeHbLLIE pa3MePOB MULLIEHIW, TO pe3y/IbTaT U3MePEHUS MOXET ObITb CU/1b-
HO WUCKa&DKEH 3a CYET B/NSAHMA TemrepaTypbl (hoHa (KOTopas MOXeT
ObITb KaK ropasfo 60siblle, Tak M 3aMETHO MeHbLLIE TemrepaTypbl UH-
TepecyoLero 06bekTa). Ha puc. 8.14 nokasaH NprMep BO3MOXKHOIA CU-
Tyauun, pesysibTaT U3MepeHUs B KOTOPOA OyAeT CU/IbHO OT/INYaThLCA
0T oxmgaemoro (MpaBMsIbHONO) 3HAYeHUA TemrepaTypbl.
Hanpumep, nokasaHusa VIK-TepmomeTpa, HanpassieHHOro Ha tpy-
60MnpoBoA, CUCTEMbI FOpsSYero BogocHabkeHus, coctaBuim 0 = 40°C,
X0Ts Temnepatypa Tpybonposoga (Ta, YTO COGCTBEHHO U UHTEpECYeT

Pe3ynbTaT
40°C

VK-
TepMomeTp

Puc. 8.14. BnusiHne TemnepaTypbl (hoHa
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Hac BAaHHOM 3KCrepUMEHTe) paB-
Ha +85°C, a Temnepatypa (poHa
(cteHbl) +15°C.

Ecnv ecTb BO3MOXHOCTb BbIOU-
paTb 13 HECKOSTbKUX VK-MHCTpY-
MEHTOB, TO HEOOXO0AMMO WUCTOSIb-
30BaTb TaKoiA, COOTHOLLIEHME pac-

Puc. 8.15. CooTHOLLEHME pasmepos CTOAHWE/AMamMeTp KoToporo mo-
00BEKTOB 1 MVLLEH: 3BOSISET M36aBUTLCA OT B/INSAHUS

1— VK-TepmomeTp; 2 — obbext 1N\ —  HEHYXKHbIX thparmeHTOB (0T UHTE-

0BBEKT 2 4 — 0GbEKT 3 rpasibHoiA TeMNepaTypbl), T.e. U3-
MepsiTb TOSIbKO TemnepaTypy WH-

TepecyloLlero Hac (parmeHTa.
Ecnin vmeeTca TosIbKO 04AMH NpU6eop, To HE0OXO0AMMO BbIGUpaTh Takoe
paccTosiHMeE [0 ccrieayemMoro 06beKTa, YTobbl pasMepbl MULLEHW GbUn
He 6osibLLe pasMepPoB MHTEPECYHOLLEro Hac (parmeHTa oobekTa. Ha
puc. 8.15 nokasaHbl HEKOTOPble BO3MOXHbIE BapuaHTbl COOTHOLLEHWS
pa3mepoB 0OBHLEKTOB N MULLIEHU.

OueBMgHO, 4YTO BTOPOIA C/ly4Haia (paccTosiHMe A0 obbekTa L2 —
npuMep HeyJa4yHoro BbI6opa pacCcToAHNSA, TaK Kak 30Ha KOHTpons (Mu-
LWeHb) Nnpy 3TOM UMEET 60/bLUYIO M/I0Waab, YemM 06beKT, 1 npuéop
HEN36eXXHO 0TpearvipyeT U Ha OKpy>KatoLmia oH MepBbiia crydaia (pac-
CTOsIHME A0 06bekTa LN — npvmep npeaesibHOro pacrosiokeHus, T.e.
MaKCMMasIbHO BO3MOXHOI0 pacCTOosAHWUSA, Heobxoammoro 4sim obecrie-
YeHUSA KOPPEKTHOro pesysibTaTa 419 JaHHbIX pa3mepoB obbekTa. Tpe-
A cyvaiin (L3 — Hambosiee npeanoqTuTesibHbIA BapyaHT. O6uias
peKoMeHOALMA: eC/i BO3MOXKHO, TO CrieflyeT BbIOMpaTb Takoe paccTos-
HVe [0 uccnedyemMoro 06bekTa, Npyu KOTOopoM pa3mepbl 06bekTa 6bun
6bl NprMepHO BABOE 60/bLUe MULLEHWN (30HbI KOHTPOSIA).

CymMmapHoe m3stydeHue. B o6Liem criydae BocripyHumaemoe VK-Tep-
MOMETPOM M3/TyHeHMe CKIaabIBAETCA U3 TPEX COCTAB/IAIOLLMX: COBCTBEHHO
VB/TyHeHA MOBEPXHOCTU 06 beKTa, OTPKEHHOI0 M3/ TyHeHA ApYT X 06 beK-
TOB (UICTOYHWUKOB), @ TakoKe MPOHMKAIOLLIEr0 M3/TyHeHs UICTOYHUKOB, pac-
MNOSIOKEHHbIX 38 06BEKTOM (pUc. 8.16).

Mo BO3MOXHOCTW, crieayeT n3-

6erarb BINAHUA 3TUX HEXeaTeslb-

HbIX UCTOYHNKOB (WM YMEHbLLATH

Nerounuk X TaK KakK OHW MOTYT CU/IbHO
nanyuenms  NOB/ISITb Ha PE3y/ibTaT N3MEPEHUS.
Mpwn paboTe ¢ rnagkuvim (LWngo-

BaHHbIMMW) MOBEPXHOCTAMU (Ha-

npvMep, MOSIMPOBaHHbIMA MeTa/,

Puvc. 8.16. BrwsHve EOﬁO‘-IHbIX WaIly-  CTEeK/10, BOAA) A/l YMEHbLLUEHUS
Heit B/ISHNA OTPaXXEHHbLIX TEry10BbIX

1— VNK-TepMomeTp; 2— uccneayemast o~ VI3/TlyHEHUIA OPYT X UCTOYHNKOB He-
BEPXHOCTb 06x04MMO HanpaeiATb VIK-Tepmo-

NCTOUYHUK
N3yyYeHuns



METP TaK, 4ToObl ero onTuyeckas ocb Obuia MepneHanKysIspHa uc-
crielyeMOoA MOBEPXHOCTW.

NHepumoHHocTb IK-n3mepuTeneid. B 60/IbLUMHCTBE CrlydaeB M3Me-
peHns VIK-nprnbopamu MOXXHO BbIMOSHATB CYLLECTBEHHO ObICTpee, Yem
KOHTaKTHbIMW, MOCKOJIbKY HET 3aTpaT BpeMeHW Ha YCTaHOBKY JAT4u-
KOB, Ha OX1daHve YCTaHOB/IeHVS MpoLiecca Tersio06mMeHa Mexay 06 bek-
TOM 1 AaTUMKOM.

TVNMYHBIA BbIUIPbILL B ObICTPOAEIACTBUN — OECATKU—COTHU pas.
Hanpumep, ycTaHoBKa Tepmonapbl Ha TpyborpoBog, obecriedeHme Tern-
710130158UMN, OOCTKEHME YCTaHOBMBLUMXCA MOKazaHUA npmbopa Mo-
XeT noTpeboBatb 10...20 MUH, a 4s1a noslydeHns pesysibtata MK-mns-
MepeHus goctartodHo 5 ... 10c.

Oco06eHHO SApPKO 3TO MPEeUMYLLIECTBO MPOSAB/SETCS B 3KCNEPUMEH-
Tax, rae TpebyeTcs BbIMOSTHUTL MHOXECTBO OAHOTUMHbLIX VU3MEPEHMIA,
Hanpumep npu 06criefoBaHNM CUCTEMbI TEMJ10CHAOKEHNSA MHOI03TaXK-
HOro 4oMa, Korda Heo6Xo4MMO onpeaeniATh 3HaUeHUss TemrepaTypbl B
[ECATKaX—COTHSAX TOYEK.

OfHaKo HeobxoAMMO MOMHUTb, YTO Y BXOAHOMO AaTymka (rnpuem-
HuKa) NK-TepmomeTpa TOXe CyLUeCTBYeT onpeAesieHHas TeruioBas
VIHEPLMOHHOCTb, 1 MOXeT MoTpeboBaTbC HECKO/IbKO CeKyHZ, (& Mo-
XET ObITb U AECATKOB CEKYHA) O/17 YCTaHOB/IEHUS MOKa3aHUEA nNpu ne-
pexode OT MOBEPXHOCTU C BbICOKOMA (Hanpumep, 6/M3KOLA K MaKcu-
MasIbHO BO3MOXKHOIA) TEMMepaTypoii K MOBEPXHOCTU C HU3KOIA Temre-
paTypoiA.

Oco6eHHO BaXKHO 3HaTb MHEPLIMOHHOCTb U3MEPUTESIA NPU PermncT-
pauun 6bICTPOMEHSIOLLMXCA TemMrnepaTyp.

NaszepHble ykazaTenu. PaboTasd ¢ 00bIYHbIM MPOCTbIM (OeLleBbLIM)
NK-TepmoMeTpoM (He MMELLMM fla3epHoro ykasaresia — puc. 8.17,
a), He BCErJa MOXHO YETKO MpeacTaBUTb cebe KOHTYpP U pacnosioxe-
HUe 30HbI M3TydYeHNss (MULLIEHN).

B aTOM crlydae BO3MOXXHa 3HauuTeslbHas owMbKa B onpeaesieHnn
TemnepaTypbl

Puvic. 8.17. BapriaHTb1 OpraH/3aLIn Jia3epHbIX YKasaTe et

a — 6e3 ykasaTens; 6 — oaAuH Ny4y; B — ABa Niyya; I — 8 sydeti
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[na yBepeHHOro onpeneneHns LEeHTpa, rpaHuvy, pasMepoB 3TOA
30HbI NpeaHa3HaYeHbl /1a3epHble yKasaTesin (MHOr4a HasbIBaeMble Npu-
Leniamu).

3T1 Nprcnocobs1eHNsA 3aMeTHO 06/1eryaloT TOHHOe HaBeaeH e 06beK-
TMBa Npubopa Ha Tpebyembli/ y4acTOK MOBEPXHOCTW, MO3BOJIAOT Mpa-
BW/IbHO BbIGpaTh paccTosiHME [0 06beKTa, B HEKOTOPbIX C/1yYasx Moka-
3bIBAlOT AKE KOHTYP 30HbI.

B coBpeMeHHbIx Mogensax MK-TepmMoMeTpoB MUCMO/Ib3YHOTCA pasHble
BapyiaHTbl OpraHu3aLmn /asepHbIX yKazaTesieia (NpuLesnoB).

MpocTeiAwmia cryvaia (puc. 8.17, 6) — oAWH J1a3epHbILA Sy, MoKa-
3bIBAIOLLIMIA Ha VMCC/ieyeMOLA MOBEPXHOCTU cepedyuHy (pexke — Bepx-
HAA KpaiA) MULLIEHW.

BTopoii BapmaHT (puc. 8.17, B) — 6osiee yao6HbI/I — ABa pacxoas-
LLMXCA STyYa, NOKa3bIBAIOLLMX Ha U3Y4aeMOoLA MOBEPXHOCTU KOHLLbI Ana-
MeTpa Kpyra MULLEHMW.

Tpetuthn BapmaHT (puc. 8.17, I) — MHOFO/Ty4eBOIA (KOHEYHO, ca-
MbIA YAOGHBIMA, HO 1 CaMbliA A0poroii). B aTom BapyiaHTe MHOXKECTBO
pacxoAalmxcs SiyqeiA (Hanpumep, 8) CBETALLMMMUCSA TOYKaMU OfHO-
3HA4YHO 0TOGpaKaOT Ha MOBEPXHOCTU KPYroBOKA 06pa3 MULLEHU.

Heobxo4MMo 3HaTb, YTO BKJ/IHOUEHME J1a3epHbIX MpULLESIOB 3HAUU-
Te/IbHO YBE/INUMBAET MOLLHOCTb MoTpebneHus npmbopa (MpyMepHo B
5... 10 pa3), noaToMy Les1ecoobpa3HO OTK/IIOHaTb 3TOT PEXUM BCAKULA
pas, Korga B ero Mcrosib3oBaHUM HET HeobxoaumocTu. Kpome Toro,
rnpu Bblibope 1 Mokyrnke NK-n3mepnTens nosie3Ho MoMHUTb, YTO Ha-
JINume Na3epHOro ykKasaTesis 3aMeTHO YBE/IMUMBAET CTOMMOCTb Mpubo-
pa, 0cO6eHHO, ecnn 3TUX YyKazaTesielA HeCKosibKo. CreayeT MOMHUTb
TaKoKe, YTO Jla3epHbliA LierieyKasaTeslb ABSETCS UCTOYHUKOM OMacHoro
0719 T/183 N3/Ty4eHVSE U M03TOMY TpebyeT co6/IH0AEeHMSA 0COObIX MpaBUsl
3KCrTyaTauun.

PeX1Mbl 3arMoMMHaHWA 3HaueHWiA. MHoOrve coBpeMeHHble Moaem
VIK-TepmMOMETPOB MMEOT Mos1e3HbIe PEXMMbI OnpeaesieHus 1 hmkca-
LM MaKCUMasTbHOI0, MUHUMa/IbHOIO U CpeaHero 3Ha4eHiA Temnepa-
Typbl, KOTOpPble UMESIN MECTO 3a BpeMs 3KCMEePUMEHTa, C BO3MOXXHO-
CTbIO MOC/IEAYIOLLENO MPOCMOTPA.

Kpome Toro, ectb npubopbl C peXxxMmamMmn OnpeaesieHns 3Ha4eHNIA
TemnepaTypbl, MpeBbILLAOLLMX 3HAUEHVE 3a4aHHOI0 OMepaTopom Mo-
pora (ycTaBKn).

3T0 MO3BOJISET, BbIMNOSIHAA CKaHMPOBaHME WCC/eayeMoiA MoBepX-
HOCTW, JIErKO HALATU y4aCTKU MOBEPXHOCTU C TeMrnepaTypoii, Bbillie
331aHHOIA.

AHaN0rMyHbIM 06pa3oM MOXHO 06ecrnedunTb MOUCK YYacTKOB C
TeMrepaTypoiA HYDKe 3arporpaMMMPOBaHHOLA YCTaBKW. puy aTom 06bI4-
HO MOsIB/IEHNE Pe3y/IbTaToB U3MEPEHMS, KOTOPbIE BbiLLIe WM HKE YC-
TaBkU (B 3aBMCUMOCTM OT 3a4aHHOI0 PeXXMma), COMpoBOXAAeTCsA 3BY-
KOBbIM CUIHa/10M, A0MO/IHUTENIbHO 06pallaloLM BHUMaHNE Ha CO-
CTOsABLUMECH COObITUS.
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Mpumepbl NpumMmeHeHna NK-us-

mvepuTeneid. IK-TepmomeTp ya06-

HO 1CNosb30BaTb Npu 06crieaoBa-

HUSAX COCTOAHUA 3/IEKTPUYECKNX

KOHTaKTOB, IJ/1aBKMX BCTaBOK, CO-

eOVHNTENbHbIX MPOBOAHUKOB B

Pa3/fINYHBIX 3JIEKTPUYECKUX CUSIO-

BbIX pacripefesimTesibHbIX YCTPOIA-

CTBax U T. . Ha puic. 8.18 nokasan PYC- 8.18. Vismeperivie Temreparypb
npyYMep onpeAenieHns TemnepaTy- KOHTAKTHB X COEAYHEHNIAL

Pbl KOHTaKTHbIX COGp,I/IHGHI/IVI, Ha- /— VIK-TepmomeTp; 2 — KOHTaKTHbIe CO-
XOAALLMXCA M0/, BbICOKUM Harpsi- CANHERWA

YXeHneM. Taknm crioco6oM MOXXHO

6bICTPO W, rryiaBHoe, 6€30MacHO MNPOBEPUTb MHOXXECTBO KOHTaKTOB, Bbl-
ABUTL CPefi HUX MeperpesaroLLmecs CoegUHEHNS U NPeaoTBpaTUTb TeM
caMbIM aBapuiAHble CUTYaLN.

MK-TexHMKa No3BO/ISET JIEFKO 06C/1e0BaThb a/1eKTponpueog,. Mepe-
rpes Apuraresieid, TemnepaTypy NoAWNMHUKOB YA06HO U3MEPSATb C Mo-
moLbo MIK-nprbopos v npeobpazosaTesneta (pmc. 8.19). B aTom criydae,
KaK 1 B npedblayuem npumepe, VIK-TepMoMeETp MOXXHO Takke uc-
Mos1b30BaTh /19 OLEHKN TeMIepaTypbl 3/1EKTPUYHECKUX COEANHEHMIA.

B uensax nonyyeHWs 06LLeiA KapTyHbl TeMMepaTypHOro rosis MOXHO
rcrnonb3oBaTb VIK-TepMOMETp /1 CKAHMPOBaHUSA KaK HEMoABUXKHbIX,
Tak U OBWDKYLLMXCA MOBEPXHOCTEA 1 npegmveTos (puc. 8.20).

VNK-TepmMomMeTPOM MOXXHO 13MepsaTb 1 TemMrepaTypbl Huxke 0 °C. EcTb
MOZAE N, CrocobHble M3MepATb TeMrepatypbl 0T -50 °C. Ho npu aTom
criegyeT MOMHUTb, YTOo caM Npuobop (Kak 1 60/IbLUMHCTBO MUHMATIOP-
HbIX MPUOOPOB C MaOMOTPESIAOLLMM KUOKOKPUCTAT/TUYECKUM UNH-
[OMKaTOopoM) 06bIYHO MMEET AnanasoH paboumx Temnepatyp O...+40 °C.
MoaTomy 4/19 HOPMasIbHOA paboThbl HEO6X0AMMO He A0MNycKaTb nepe-
OXJ1KAEHMA camoro rnpuéopa.

Puc. 8.19. OueHka cocToAHUA IrekT—  Puc. 820, CkaHvpoBaHVe ABVRYLLYIX
pONpUIBOLAA: Cs1 MOBEPXHOCTELA
1— VK-TepmomeTp; 2 — apuratesib 1— VK-TepMomeTp 2 — /leHTa
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Bce mogerm MK-npeobpasoBa-

Tereia n MHorvie mogenm IK-Tep-

MOMETPOB UMEIOT BbIX0[, aHas10ro-

BOI0 CUIHaUs1a, MPonopLyoOHas1IbHO-

ro pesysibTary n3mepeHus. MNoaro-

My MOXHO JIerko OpraHu3oBaTb

Puc. 821. AHasiorosas pervcTpalMl  nayiresibHyl0 perucTpaLvio M3Me-

TeMrepaTypbL HsoLLEeica TemnepaTypbl NMoBepx-

| — VK-TepmomeTp; ?’—aHanorOBbu‘/’l ca-  HOCTW 06beKTa C MOMOLLIbIO aHa-

MOMMLLYLWIA NpuGop JI0rOBbIX W LIM(POBLIX M3MEPU-
TesIbHbIX PErVCTPaTOPOB.

AHa0roBbliA curHast VMIK-TepmomeTpa win nNpeobpasoBaTesist MOXeT
6bITb MOAaH Ha BX04, camonuwyLiero npubopa (puc. 8.21). BHelwHMiA
npméop, K KoTopoMy rnoaksodaeTca K-m3mepuTesib (BbIXOOHLIM CUT -
HaUTOM KOTOPOro SABJIAETCA HarpshkeHue), O0/DKEH MMETb A0CTaTO4YHO
BbICOKOE BX04HOe conpoTmssieHne (00bI4HO He MeHee 100 kOwm).

MoxeT 6bMb UCMOSIb30BaH U LGPOBOIA U3MEPUTESBHBIA peru-
cTpaTtop (sorrep) (puc. 8.22). B aTom criyyae (B OT/M4UMe OT UCMO0S1b30-
BaHWs1 aHasI0roBbIX CaMOrmCLEB) MO OKOHYaHWW 3KCMepuMeHTa Mac-
CUB LN(POBbIX AaHHbIX NEePenmcbIBaeTCA B MEPCOHasIbHbIMA KOMIMbIOTEP
OJ17 nocneayrolweii aBTOMaTU3NPOBaHHOMA 00paboTKM W MnpeacTassie-
HUA MHpopMaLnn.

HekoTopble TUMbl U3MEPUTENEIA UMEIKOT AaKe BbIX04, LMGPOBOIro
curHasia (Koga TeKyLUero pesysistarta M3MepeHus), YTo rNo3BosISET cpasy
repeasaTb MHMOPMAaLLMIO B NMEPCOHasIbHbIA KOMIMbIOTEP 419 aHaim3a
M npeacTassieHns JaHHbIX.

Mpu pervcTpaumn B6bICTPOMEHSIOLLIMXCA TeMMepaTyp BaXKHO yuu-
TbIBaTb MHEPLMOHHOCTb U3MepuTena. TUNUYHOE BPEMS YCTaHOB/IEHUA
rnokazaHnia VIK-mameputeneti coctaenset 1. 10 c.

MHTepecHbIM 1 MepcrneKTVBHLIM Harpas/ieHVWEM PasBUTUA UHGpa-
KpacHOIA TEPMOMETPUN SABMSETCA TervioBuaeHue (Wiv TepMOBUAEHME,
wnu Tepmorpadus). TenoBU3MOHHAA TEXHUKA MO3BOSET MOSTyUnTb
pacTpoBoe N306pakeHMe MOBEPXHOCTU 00beKTa — TepmorpamMmy, o
KOTOPOIA, Kak Mo (poTorpapum, MOXHO OLIEHUTb 3HaYeHUs Temrepa-
Typbl OTAEMbHBLIX PparMeHToB MOBEPXHOCTH.

Puc. 8.22. LindpoBast pervcTpaLysi TemreparypbL

1— NK-npeob6pasoBaTesib; 2 — LUGPPOBOIA permcTpatop; 3 — KoMMbloTep
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8.2. USBMEPEHVE OABJIEHNA

Hapsgy ¢ TemnepaTypoiA 1 pacxoZioM AaBrieHVe SIB/SIETCSH OAHOLA
U3 BXKHEMLLNX PU3NYECKNX BESTUYNH, N3MEPSIEMOIA B Pa3/INYHbIX 06-
NacTAX Yesi0BEHECKO AeaTesnlbHocTU. MeToabl 1 cpeacTBa U3MepeEHNS
[ABMEHVS OCHOBaHbI Ha MCMO/1b30BaHUM Pa3/IMYHbIX (IU3UYECKUX SIB-
JIEHVIA, KaK [aBHO U3BECTHbIX, TaK U OTKPbITbIX CPAaBHUTESIbHO He-
[aBHO.

8.2.1. OCHOBHbIe NMOHATUA

JaBneHne ecTb OTHOLLUEHWE CWUMbI K M1owaan. Hanbonee NoHATHoe
MposiB/IEHNE (PM3UNYECKOIA CWIbl — 3TO Bec Tesla. Kak M3BecTHO, Bec
Tena, T.e. cunia F, ¢ KOTOpOIA Tesio CTPEMUTCA BHU3 (0aBUT Ha MOBEPX-
HOCTb), OripefesisieTcs He TO/IbKO ero Maccoli T, HO U YCKOPEHWEM
CBOOOAHOI0 NMageHus g:

F= mg.

Ha noBepxHocTM 3eM/n B 06bIYHBIX YC/I0BUSX 3HA4YEHWE YCKOPEHUS
g=981 m/c2

Ha pasHbIX 3Tanax UCTopuyYecKoro pasBmUTUA YesioBevecTsa (hn3u-
yecKas Be/iMyMHa — cusa (BeC) BblpaXXasiacb pas3/IMYHbIMU eANHNLIAMW.
HekoTopble 13 HUX COXPaHW/IUCL A0 CUX MOopP: KUIorpaMm cusibl (Krc,
paHee 0603HauaBLLMCA KIM), anHa. CerogHsi OCHOBHOIA €OVHULIEIA Bbl
paxkeHns cusbl B cucTeMe Sl aBnseTcs HelOToH (H):

1H = 1kr-m/c2

PaccmoTpmM nposiBfieHve JassieHVa B npupode. Bosayx, okpy»kato-
WA ruiaHeTy 3emis (aTmocdepa), X0Tb M KaKETCSH HEBECOMbIM, MMe-
€T Bro/sIHe onpeaesieHHyIo Maccy. Bereacrsume cusibl NPUTSXEHNS BECH
06beM BO3/yxa CO34aeT ornpeaesieHHoe aTMoc(epHoe AaBrieHve.

B cOOTBETCTBUM C MEXAYHAPOAHOLA CUCTEMOA (hU3NYECKNX EONHNLY,
3a eavHVLY AaBrieHns NMPUHAT nackasib (MMa), KOTopbliA paBeH OaBrie-
HWIO, co3aaBaeMoMy cwioii B 1 HbtoToH (H), paBHOMepHO pacnpe-
JeneHHo Ha ruowlaam B 1 M2 T.e. 1 Ma = 1 H/mM2 OaHako 06bI4HO
aTMociepHoe faBrieHMe umnamepseTcd B mMusnunbapax [L mbap =
=0,001 6ap = 103r/(cmc3], MwuImMMeTpax pTyTHOIO cTosi6a (MM pT. CT.)
wwm B rektonackanax (rfla). Mpun atom 1 mbap = 1 rlfla = 100 13
1mm pT. cT. = 1,33 mb6ap= 133,3 Na.

MA0THOCTL BO34yXa P HE MOCTOAHHA, a 3aBUCUT OT HECKOSIbKUX
(haKTOpOB, B YaCTHOCTM OT TeMrepaTypbl, OTHOCUTESIbHOLA BJ1&XKHO-
CTW, A3BrieHns. B 3aBMCKMMOCTU OT YC/I0BUIA 3HAYEHVE P MOXET Me-
HATbCA BAManasoHe 1,1... 1,3 r/n. 4519 npocToThbl Byaem cumMTaThb rmoT-
HOCTb BO34yXa B HOPMas1bHbIX YC/I0BUAX paBHOLA 1 r/n.

Takmm o6pa3om, macca 1s1B034yxa CoCTaB/AEeT NMpumMepHo 1. Ecan
npeacTaBUTb 3TOT 06bem Bozayxa (1 /1) B BUAE cT0s16a BbicoToA 10 M 1
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IO m 10m

in in

BO34yXa BoAb!

P*1 />=1

mbap 6ap
lcm 4 lcm \7

Puc. 823 [darreHvie Bo3ayxa (a)
v Bogpl (0)

nsiowaapio B ocHoBaHMKM 1em2(puc.
8.23, a), To co3daBaemMoe UM [aB-
neHvie

p=mg/lcm2=
= (1 r-98 m/ca/1 cm2=
= 980 r/(c2ecm) = 1 mbap.

Bopa nmeet B 1000 pa3 60s1b-
LYy MJI0THOCTb — 11 BoAbl NMe-
€T MPY HOPMaSTbHbIX YC/I0BUSX Mac-
cy npumepHo 1kr. CTonb Boabl Bbr
cotoii 10 M 1 N/oWaapo B OCHO-
BaHUM 1 cm2 co3gaeT gasrieHue
(puc. 8.23, 6):

p=mg/lcm2= (1 kKr-98 m/c3/1 cm2= 980 Kr/(c2-cm) ~ 1 6ap.

CyLLECTBYIOT Ba UCXOAHbIX MOHATUSA (U3NHECKOIA Be/TMUNHBI «13B-
JIEHVEY, OT/INYAIOLLIMECS TOYKOIA 0TcUeTa 3HaueHUsi: abCcoMTHOE U 0T-
HocuTesbHoe (amddepeHumaribHoe). AGCOIOTHOE JaB/ieHe — 3TOo aB-
NeHne, OTCUNTbIBaeMoe OT abCosIloTHOro Hyna (Bakyyma). Odudde-
PEHLMasIbHOE aB/ieHVe MpeacTaB/seT cob0iA pa3HocTb (nepenasn) Aas-

JTIEHVIA.

ABcoMtoTHOE AasrieHve paaTMocepHoro Bo3ayxa Ha ypoBHe Mopst
coctaenseT 1 6ap. Ha BbicoTe 1000 M Hag, YpoBHEM MOpPSA OaBsieHVe
aTmocgepbl MeHbLUe Ha 100 m6ap v cocTasnseT 900 mbap (puc. 8.24).

Puc. 8.24. NaBneHve B npupoae
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MoA, BoOOIA faB/ieHMe pacTeT ropasao 6bicTpee: Ha 16ap Ha Kaxable
10 m. Ha ry6uHe 100 M HDKE YPOBHSI MOpSt aBCOSTIOTHOE AaBrieHvie /&
coctaBnseT 116ap (10 6ap — gasrieHve cO6CTBEHHO Bogbl nuitoc 16ap —
aTmocepHoe OaBrieHVe Bo3ayxa). OTHOCUTEesIbHOe aaBsieHne patH (Mo
OTHOLLUEHWIO K [aBJ/IEHVIO Y MOBEPXHOCTU BoAbl) paBHO 10 Gap. Ha
ryorHe 1000 M aGCo/IlOTHOE UM OTHOCUTESIbHOE AaBJIEHUS, COOTBET-
CTBeHHo, 101 n 100 6ap.

8.2.2. CpepcTBa U3MepeHna gaBseHuns

B HacTosiLee BpeMsi UCMO/Ib3YHOTCSA pa3HO0bpasHble METOAbI U Cpea-
CTBa U3mMepeHus gasrieHns. CpeacTsa U3MepeHus gasrieHus (MaHOMEeT-
Pbl, BaKyyMMETPbI, 6apoMeTpbl) Mo PU3NYECKUM 3dhiheKTam, MosIoKeH-
HbIM B OCHOBY MpUHLUMMNA AEMACTBYA MEPBUYHOIO U3MEPUTESTLHOIO Mpe-
obpasoBaTesia (AaTUMKa), AeNATCA Ha HECKO/IbKO rpynn. Hambonbluee
pacrnpocTpaHeHme MosTyYW I XXUOKOCTHbIE (B KOTOPbIX M3MepsieMoe JaB-
JIEHVE YpaBHOBELUMBAETCS AaB/IEHMEM CT0s10a XXUAKOCTY); Aetopmauy-
OHHble (B KOTOPbIX 3Ha4YeHVe geopMaumn yrpyroro 4yBCTBUTESTbHOIO
3/1IeMeHTa MPONOPLMOHaSIbLHO N3MEPSEMOMY OABJIEHNIO); TEH30METPU—
yeckve (OCHOBaHHbIe Ha TEH30METPUYECKOM 3heKTe MaTepmasioB)
cpeacTsa n3MepeHus. Hac, KoHe4vHo, ByayT NHTepecoBaTb TO/IbKO 3/1eK-
TpUYecKne MeToabl U CpeacTBa U3MepPeHNs daBsieHns. B cBoo ovepeab,
3/IEKTPUYECKME MaHOMETPbI AESIATCA Ha aHas10roBble 1 umdposble. MNep-
Bble — MpOCTbIe, AOCTATOYHO HadeXHble, AellieBbie Npmnbopbl 1 MNoTo-
My LLIMPOKO pacrpocTpaHeHbl B 334a4ax CTaLMOHapHbIX M3MEPEHMIA Ha
MPOMbILLIEHHbIX 06beKTax. LingpoBble MaHOMETPbI Ja0T BO3MOXHOCTb
opraHu3auuy aBToOMaTU3MPOBaHHbLIX U3MEPEHMIA, MO3BOJSISAIOT peLLaTb
KaK 33434 O/MTesIbHOA perncTpaummn, Tak 1 3a4a4m yrnpaBsieHus Tex-
HO/10rMYECKMMU MPOLLECCAMM.

Mepexon, K 3/1eKTPUYECKVM BbIXOAHBbIM CUMHa/1aM MePBUYHbLIX Mpe-
obpasoBaTesiei/i MOXKET ObITb OpraHn30BaH Mo-pasHomy. [15 npeobpa-
30BaHUs MEpPEMELLEHNS YIPYroro a/ileMeHTa B 3/IEKTPUYECKULA CUMHaUT
MCMOSIb3YHOTCA pa3/iNyHbIe BTOPUYHBbIE U3MEPUTESTbHBbIE NpeobpasoBaTe-
JW: IHOYKTUBHbIE/HOYKLUMOHHBbIE (MEHSETCH MHOYKTUBHOCTb KaTyLLKA
W B3aMHasi HAYKTUBHOCTb [BYX KaTyLLleK), TpaHchopMaTopHble (Me-
HSIETCA BbIXOAHOE HanpshkeHme TpaHchopMaTopa), pe3sucTUBHbIE (MEHS-
€TCH COMNpOTUB/IEHVE, HANMpUMep, TEH304aTUNKA), EMKOCTHbIE (MeHSeTCA
€MKOCTb JaTuuKa) 1 ap. PaccMoTpyM HEKOTOPbIE 13 BO3MOXHbIX Bapu-
aHTOB Npeobpa3oBaHUA OAB/IEHNS B 3/IEKTPUMECKUIA CUTHaUT.

TpaHchopmaTopHble mnpeobpasoBaTenn. OOMH U3 BapuaHTOB Mepe-
X042 K 3/1EKTPUYECKOMY BbIXO4HOMY CUIMHaUTy MpeAcTassieH Ha puc. 8.25.

B 0CHOBE KOHCTPYKLMW MEXaHUYECKOIA YacTn — MeMbpaHHas Ko-
pobka /, repMeETUYHO pa3desieHHast Ha ABe YacTu yrpyroii MeMopaHoiA 2.
Moa, BO3AELACTBMEM Pa3HOCTU BXOAHbLIX AaBrieHniA p{ 1 pb MocTynako-
WmX B 06e 4acTu Kopobku 1, membpaHa 2 mpormbaeTcs, nepemellas
npu 3ToM cepaeyvHMK 3 anddepeHumMasibHOro TpaHCHopMaTopHOro
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Puc. 8.25. MaHOMETP C 3/IEKTPUYECKM Bb XOAHLIM CUMHaUI0M:

1— membpaHHas Kopobka; 2 — mMembpaHa; 3 — cepAeyHuK; 4 — audhepeHuanibHbIA
TpaHchopMaTopHbIIA npeobpasoBaTesib

npeobpasoBaTesna 4. MNepemMelleHVe cepaevHUKa U3MEHSET UCXO4HOE
paBHOBECME MOCTOBOIA CXEMbI, 06pa30BaHHOLA ABYMS 04VHAKOBbIMU
rnosioBMHamMu L BTOPMYHOA 06MOTKW TpaHchopmMaTopa v ABYMS paB-
HbIMK pe3ncTopamu R. Mpy 3TOM BbIXOOHOM CUrHas1 MocTa Jesx nsmve-
HAETCA MPOMopLVOHaSIbHO MepemMeLLeHNIO CepaeyHMKa 1, criefoBaTeslb-
HO, M3MepseMOMYy [OaB/IEHMI0 WX PasHOCTW AABMEHUIA pX U p2 3T0
BbIXogHoe HanpshkeHne GEBIXMOXHO MpPocTo M3MEPUTL BOSILTMETPOM
rnepemMeHHoOro HaripsXkeHus.

TeH3omeTpuyeckme npeobpazoBaTesin. CerogHsa Bce 60sibLUee pac-
MpocTpaHeHVe Haxo4AT MaHOMETPbl C TEH30METPUYECKUMU YYBCTBU-
TeNIbHbIMW 3/1eMeHTaMK, KOTopble 3akperieHbl Ha AehopMUpyeMbIX Mo/,
BO3JEACTB/EM VU3MEPSIEMOI0 AaB/1eHNS MOBEPXHOCTAX.

TeH3oMeTpUYecKMiA a(eKT MPOSBISETCA B UBMEHEHUW 3/1EKTPU-
YEeCKOro COrMpoTUBJIEHUS NPOBOAHUKOB (W1 MOSTyNpoBOAHNKOB) Mpy
U3MEHEHUN reoMeTpun (Hanpumep, rnpu nsrnbe) npoBogHmMKa. TeH30-
pe3ncTopbl 4acTO BbIMO/IHAKTCA U3 TOHKOMA META/UIMHECKOIA (hosibrn

Puic. 8.26. TeH30METPUHECKVIA AIpeKT:

1— ynpyraa nnactuHa; 2 — 1-ATeH3opesucTop (Ra+ AR\ 3 — 2-i4 TeH30pe3ncTop
(Ko - AN)
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(Hanpumep, MeOHOLA) U MpeacTaB/IioT COO0LA A0CTaTOYHO /MHHBIA
MPOBOAHUK, KOMMAKTHO Y/IOKEHHbIMA B MJ/I0CKOCTU MOBEPXHOCTU YIi-
PYroiA M1acTVHbI W MembpaHbl (puc. 8.26).

O6bIYHO (/19 MNOBbILWEHNS YYBCTBUTESIbHOCTU WU3MEPEHWNS) YCTa-
HaB/IMBAIOT [Ba TeH30pe3ncTopa — Ha NPOTMBOMOSIOKHbIE MOBEPXHOC-
TV MIaCTUHbL. 3TN JATUMKN XKECTKO KpenATca (MpUKIeMBaloTes) K
nnacTvHe 1 n3rnbatoTcs BMECTE C HeiA

Ecnn mnccnenyemoe gaBneHvie p M3rmbaeT ynpyry niacTuHy BHUS,
TO [/IMHa BEPXHEr0 TEH30PE3UCTOpa YBE/IMUMBAETCS, €0 CeYeHVe YMeHb-
LaeTca m conpoTmssieHre ero pacteT: RO+AR. Y pacrnosioXeHHOro Ha
HVDKHEEA MOBEPXHOCTU M/1aCTUHbI JaTUMKa — BCe HaobopoT, B pe3ysibTarte
[LEACTBUS OaBJIEHNS P ero CornpoTmB/ieHMe ymeHbllaeTcs: RO - [R.
3TN M3MEHEHWNS COMPOTUBJ/IEHUS JIEFKO MOMyT ObIMb MpeacTaBrieHbl
SNIEKTPUYECKMM CUMHASIOM TOKa WM HanpsbkeHus. OObIYHO TeH30-
pesncTopbl BK/IKOHYAHOTCA B MOCTOBbIE CXeMbI (HeypaBHOBELLEHHbIE MO-
CTbl) — puc. 8.27.

BbixogHoe HanpshkeHVe HeypaBHOBeELLEeHHOro mocTta f£/alX3aBucnT
0T M3MEHEHMUS COMPOTMB/IEHNIA TUied MocTa. [ocTaTouHO MMETb XOTH
6bl 0AVH TeH30pe3ncTop, HO 419 obecneyeHns SIMHEMAHOCTU npeobpa-
30BaHWSA Les1ecoo6pa3Ho BK/IKOHaTb B COCEHME /1eun MocTa ABa 0aum-
HaKoBbIX (CM. puc.'8.27, a), HO C pPa3/INYHLIMMN 3HaKaMu U3MeHeHUs
COMPOTUBIIEHUA MPU U3IMBe M/1IaCTUHBI (COMPOTUBIIEHWE pe3uncTopa R1+
YBENMUMBAETCA, a R2- ymMeHbLUaeTcs). [15 NMoBbIWEHWSA YyBCTBUTE Ib-
HOCTW 4acTO UCMOMb3YIOT YeTbIpe TeH3ope3ucTopa (cMm. puc. 8.27, 6).
BK/TIOYAOT MX TaknMMm 06pa3oM, YToObl B COCEAHUX My1edax MocTa CTo-
ANN JATHUKN C MPOTMBOMOSIOKHBIMU U3MEHEHUSAMWN 3HAYEHUIEA COMpo-
TVB/EHNIA. Ecnin B MOCTOBOIA cxeme BCe JATUMKU OANHAKOBbI, UMET
paBHble HOMWHaSTbHbIE 3HAYEHWS COMPOTUBIIEHUIA R 1 paBHble Moay /v
n3mMeHeHVs1 AR npy BO3OEACTBUM AaBfiEHWSA, TO BbIXOAHOE Harpske-
HMEe MOCTa VIBsXMOXKHO BbIpasvTb C/iedytoLwmm 06pa3om:

UBX= UnAR/R),

roe Un— HanpsbkeHne nnTaHnA mMocTa.

Puc. 8.27. BapnaHTbl MOCTOBbIX CXEM:

a — C OABYyMsA TeH3o04aT4ynKamu, 6—c YeTbIPpbMA TeH3o4aT4YMnKamun
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Puc. 8.28. YcTpolAcTBO MUKPO3/TIEKTPOHHOI0 Pe3UCTUBHONO AaTuMKa:
1— KpemMHueBass nacTuHa; 2 — MembpaHa

Janee aT0 HanpshXXeHMe MOXEeT ObITb M3MepPeHo aHas10roBbIMN N3-
MepUTENAMN WM NpeobpasoBaHo B LUGPOBOLA Ko, KOTOPbIiA, B CBOO
oyepenb, MOXKET ObIMb BbIBEAEH Ha LMGPOBOIA NHANKATOP, COXPaHEH
WM nepenaH apyrmm yctpoiiacTBam. CTpyKTypa CO6CTBEHHO LIKPOBOI0
MaHOMeTpa MPaKTMYECKN He OT/INYAETCHA OT CTPYKTYpPbI APYrnx Lndpo-
BbIX NP1OOpPOB.

TeH30MeTPUYECKMIA MPUHLMN YCMELLHO WCMO/b3YeTCd U OJ1A Mo-
CTpoeHUs anddepeHLnaribHbIX MaHOMETPOB. Mpy 3TOM Takke MOXeT
6bITb NCM0/Ib30BaHa TPaAVLIMOHHAA MeXaHMYecKas KOHCTPYKLUMSA: MeM-
OpaHHas KopobKa M3 OBYyX FepMeTUYHO M30/IMPOBaHHbIX YacTeid (Ka-
Mep), nporubatowasacs MembpaHa MeXdy HUMMK, Ha KOTOPOIA YKEeCTKO
3aKpervieHbl (Hanpumep, MNpPUKIeeHbl) TeH30pe3nCTopbl.

CoBpeMeHHble MWUKPO3/IEKTPOHHbIE TEXHOSIOMMN 06ecreynBaoT
LUIMPOKME BO3MOXHOCTU CO34aHUA MUHMUATIOPHbIX YyBCTBUTE/IbHBIX
3/1eMeHTOB (0aTUMKOB) MaHOMETPOB. YTMpOLLEeHHOe YCTPOLACTBO MUK-
PO3/TIEKTPOHHOI0 PE3UCTMBHOI0 TEH30METPUYECKOI0 AaTUMKa NoKa3a-
HO Ha puc. 8.28.

Ha ToHKOMA n/iacTvHe KpeMHUs cpopMMpoBaHbl TEH30PE3NCTOpbI
(M0 TOHKO- WM TOMCTOM/IEHOUHOA TexHosoruv) RI, R2, R3, R4 n
coeaViHUTE bHbIE MPOBOAHMKNW. [1acTyHa 3aKpersieHa Ha Yrpyroii Mem-
6paHe n gedopmmpyeTcsa (MpornbaeTcs) BMeCTe C Heil

ConpoTuBrieHVe pe3ncTopoB R2 n R4 npu gedopmaumm 3Hauu-
TenbHO yBenmumBaeTes (8o 20...50%), a conpoTuBIIEHNE Pe3nCTOPoB
RI1, R3 mpakTunyeckn He MeHsieTcs. Bce pesncTopbl 06pasytoT MOCTO-
BYIO CXeMy, BbIX0AHOE HanpshkKeHne KOTOopoia onpedenseTcs aedopma-
Weia n, criegoBaTesibHO, 3HaYeHEM VU3MEPSEMOro AaB/IeHNs .

Ha puc. 8.29 cxemMaTUYHO MokKasaHbl BapyaHTbl KOHCTPYKTUBHOIO
VCMOJ/THEHUS MEMOPaHHOIA KOPOOKWM OATUMKOB 419 U3MepeHnst abco-
JIIOTHOr0, 0THOCUTE/TbHOIO 1 ANthhePEHLMaNTbHOIO OAB/IEHNIA.

Ha puc. 8.29, a npuBeaeH BapviaHT MeMOpaHHOEA KOPOOGKU O/1A 13-
MepeHUss abcosIIOTHOro AassieHNsa (Hanpumep, aTMOC(epHOro pam).
BapuaHT Ha puc. 8.29, 6 npeagHasHa4veH 4519 U3MEPEHNS OTHOCUTESTb-
Horo (auddepeHUUaIbHOr0) AaBMEHNS Kak pasHOCTI MeXIy ar \kK>ohep—
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a 6 B

Puc. 8.29. PasznunyHble BapuaHTbl KOHCTPYKLUWU MeMbpaHHOU KOpob6KwW aaT-
YNKOB:

a — Ana u3MepeHust abcosloTHOro AaBrieHus (Hanpumep, A4,™); 6 — ona n3mMepeHust

O0THOCUTENBbHOrO (AnthepeHLManbHOro) AaBfeHUa KakK pasHOCTU Mexay aTmochep-

HbIM U M3MepsieMbIM; B — /19 M3MepeHus aAndhepeHLMaibHOro AaBsieHns Kak pa3Ho-
CTU Mexay ABYMS M3MepsieMbIMU AaBNEHVSMU P, N Pr

HbIM 1N N3MepseMbIM. VI3mepeHne auddepeHumanbHoro /ot Kak pas-
HOCTU MeXay ABYMS M3MepseMbIMU JasrieHusaMu p {1 p 2 nnncTpupy-
eTca Ha puc. 8.29, B.

CyLlecTBYeT MoHsATMe TpaHcMmuTTepa (Transmitter), 4To 03HadYaeT
Takoi/A Mo/HbIA Npeobpa3oBaTesib, KOTOPbIA COAEPKUT U OaTUUK, U
Lenm HopMMpoBaHUA (KOHAULMOHUPOBAHNSA) CUIMHa/a, T.€. BbINOSIHSA-
€T U NMEPBMNYHOE, N BTOPMYHOE Mpeobpa3oBaHue BXOAHOA BETMHMHbI —
OasrieHns. Ha BbIxode TpaHCMUTTEpa — YHUPULIMPOBAHHLIA CUMHaUT:
0... 100 mB, wwm 0... 10 B, wwm 4...20 MA, W1 VHble, MPUHATLIE CTaH-
JAapTHbIMW, YPOBHW. [MorpeluHocTn npeobpa3oBaHUsA (TUMUYHBIE) —
05..2,5X

EMKOCTHbIe npeobpasoBaTenv. [MOMUMO Pe3NUCTUBHbLIX MPUMEHSOT-
CA U eMKOCTHbIE JaTUUKU JaBsieHVs. B eMKOCTHBIX AaTUMKax MemMopaHa
BbICTYMa€eT B pO/IV OAHOIA M3 M/1acTUH KoHAeHcaTopa (puc. 8.30). N3me-
HeHVe ee MOJIOKEHUSA MNPUBOAUT K U3MEHEHMI0O eMKOCTU JaTumka Wy
3aTeM, Hanpumep, K M3MEeHEHUIO BbIXOAHOr0 HarpshkeHMs MocTa re-
peMeHHOro Toka.

Brarogaps OOCTWKEHUSIM MMKPO3/IEKTPOHHOIA TEXHO/IOMUM Fa-
GapUTHbIE pa3Mepbl TaKMX JAaTUMKOB MOIyT ObITb Ype3BbIHalAHO Ma-
NbIMn (EONHULBI — OECATKN KBaApaTHbIX MWIMMeTpoB). Kpome Toro,
Ha KPEMHMEBOIA MJ1aCTUHE MOMYT pa3MeLLaThbCs U HEKOTOpbIE 3/1EMEH-
Tbl BTOPUYHOIO Mpeobpa3oBaHnsl, HarnpumMep, MOCTOBbIE CXEMbI, YCU-
niTenu.

M3meHeHne
eMKoCcTH
Bakyym

Puc. 8.30. EMKOCTHOIA TeH30MeTpU-
UYECKNIA AaTUnK
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8.3. lamepeHue CKOpoOCTU ABUXEHMNS MOTOKa BelecTBa
M ero pacxoga

PaccMOTpMM [0BOJSIbHO PacrpocTpaHeHHble 33434 — U3MEPEHUS
CKOPOCTU ABWKEHNSA MOTOKa BELLECTBA U ero pacxoaa. 3T pusnyeckue
BE/IMUYMHbI HaCcTO CBA3aHbI MeXAay CO60IA 1 paccMaTpmBaTb UX 0TAESTbHO
HeLe/1ecoobpasHo.

Mpu BbIGOPEe M3MEPUTENA pacxoda /MM CKOPoCTU ABWXKEHUA OJ14
KOHKPETHOI0 3KCMepuMeHTa, NMOMMMO 06LLNX OJ1A9 BCEX CPeACTB U3Me-
peHniA KpuTepneB (METPO/IONMYECKNE W IKCMJTyaTalMOHHbIE XapakTe-
PUCTUKN, HadasibHasA LieHa U CTOMMOCTb 06C/TY>KMBaHWA U ap.), Heoo6-
XOANMO YUMTbIBaTb U cneuuduyeckre GaKTopbl U3MepSIEMOIA BENTNYM-
Hbl. 3TO — XapaKTep COCTOSHUA BellecTBa (KUAKME, rasoobpasHble
BelLlecTBa, Nap, MHorogasHble cpedbl, Cbinyyne BELLeCTBa, KpyrHble
TBepAble NpeaMeTbl 1 Ap.), CBOIACTBa mcc/iefyemMoi cpedbl (MSI0THOCTb,
BA3KOCTb, CKMMAaEMOCTb, XUMUYECKUIA COCTaB, 3/1eKTPOMNPOBOAHOCTb,
arpeccnMBHOCTb, abpasvBHOCTb, CMasblBaloLLMe CrocobHOCTU U Ap.),
ee TeKylLe XapaKTepUCTUKN (TeMrepaTypa, JaBsieHre, MHOrogha3HOCTb
COCTOAAHUSA, BJIXKHOCTb — 0COB6EHHO /14 Chiny4dnx cpel). HemanoBax-
HbIMW SIBNAIOTCS BblOpaHHbIE MOAENN MPOMCXOAALLMX MPOLLECCOB —
cTaTndeckue wiv anHammyeckmne. Kpome Toro, creflyeTt yunTbIBaTh YC-
JI0BUS N BO3MOXHOCTU MOHT&Ka CPeAcTBa U3MEPEHUs, BO3MOXKHbIE
pasmMepbl, reoMeTpUio 1N MaTepyan Tpybonposoaa, YC/ioBUSA MNpoBeae-
HUS 9KCNEPUMEHTa, TpeboBaHWA A0MOSTHUTENIBHOIO 060pyA0BaHWS, He-
06X0AMMOCTb BHELLHEN0 MCTOYHMKA MUTaHUS, BPEMS HenpepbIBHOIA
paboTbl, TpebyemMyo MepuoaMYHOCTb MOBEPKU M T.4. OYeBUAHO, 4TO
rnpy TakOM 4mcsie pa3/iNyHbIX KpUTEpUeB MpobsiemMa Bbibopa CTaHOBUT-
CS AOCTaTOYHO CEPLE3HOIA, TPEOYIOLLEIA KBa/TM(ULMPOBAHHOIO 1 MpPo-
(heccmoHanbHOro noaxoaa.

B aTOoM nogpasgene B OCHOBHOM Oy[eM roBopuTb 06 M3MepeHumn
CKOPOCTU OBWXEHUA U pacxoda Ha npuMepe TeKyLuyx B Tpy6onpoBo-
JaX UOKOCTE U ra3oB. [MoCcKo/IbKY pacxo, XXUOKOCTelA 1 rasoB cerog-
HS MOYTW BCErga HaxoOAT Y e3 CKOPOCTb ABWXKEHWS BELLEeCTBa, B AaH-
HOM naparpade napasisiesibHO pacCMaTpUBaOTCA MEeToAb! U cpeacTsa
M3MEpPEHU KakK CKOpoCTU, Tak U pacxopa. lMog, pacxogom B JAHHOM
cnydae 6yfieM MOHMMAaTb KOJIMYECTBO BELLECTBa, MpoxoAsuiee yepes
ceyeHVe NOTOKa B eOVHULLYY BPEMEHMW.

AHI1083bI4HbIE TEPMUHBLI N3MepUTensa ckopocTu  Velocity Meter,

m3mepuTenis pacxoaa — Flowmeter. I

8.3.1. OCHOBHbIE NOHATUSA

PaccMOTpUM CBSi3b CKOPOCTU M pacxoda Ha npvmMepe Tpy6omnpoBo-
03, B KOTOPOM TeYeT XXUAKOCTb. pu BbIMO/HEHWW OrpeaesieHHbIX YC-
70BUiA (Tpyb0MnpoBoA, Ha AOCTaTOYMHOA O/IMHE MPSMOA U MOSTHOCTBIO
3ano/IHEH XWOKOCTBIO, ABWKEHWE ee paBHOMEPHOE, BHYTPEHHee ce-
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yeHne TPy6OMpPoBoAa Ha AOCTATOUHOMA A/IMHE MOCTOSIHHO U T. M.) 3Ha-
yeHMe TEKYLLEro pacxoda Q paccuMTbIBaeTcs Mo opmysie

Q:p/\ =

rge p — 3HayeHne TMJI0THOCTU XXNAKOCTU; V — CKOPOCTb OBVPKEHWUSA
noToka; 5 — rn/owaap BHYTPEHHEro ceyeHms Tpy6onposoaa; d — BHyT-
pPeHHMIA avameTp TpybonpoBoaa.

CyLLECTBYIOT MOHATUA TeKyLlero (MrHoBeHHoro) q(t) v nHTerpasibHoro
(cymmapHoro) G pacxofoB 3a orpeaesieHHbIA nHTepBasl BpeMeHn At. VH-
Terpa/ibHbIA pacxoq, G B 00LeM crlydae ecTb UHTErpas PyHKLUUM MIHO-
BEHHOro (Tekyllero) pacxoaa q(t) Ha nHTepsasie At. B yacTHOM crlydae
MOCTOAHHOI0 3HaYeHNs TeKyLlero pacxoga Q Ha vHTepBasie At VHTer-
pasibHbIA pacxoq, G onpeaensieTca NpocTbIM Mpov3BeSeHVEM:

G = QAL

MpnbopbI /19 U3MEpPEHU UHTENPasIbHON0 3Ha4YeHMS YacTo HasblIBa-
toTCA cueTUMKamu kosimdectsa (Flow Totalizer). CoBpeMeHHbIe Npubo-
pbl 06bIYHO 06ecnevmnBaloT 06a pexkxmma paboTbl.

PazninyaloT 0GEeVHLIA pacxos, (BbipaXkaeMblia eguHULEAMM 06bema —
n/c, m34 1 T.N.) N MaCcCOBbIA (BbIPKAEMbIIA eAVHMLAMN MacCbl —
Kr/MUH, T/4 n T.n.). O6beMHbIA Qv MaccoBbIA Qmpacxofbl CBA3aHbI
MJIOTHOCTBLIO P Cpefdbl MUCC/IeEAyeMOro MoToKa:

Qm= PQr-
8.3.2. MeToA4bl N cpencTBa N3MepeHnA

B HacTosLLee BpeMa NPUMEHSAIOTCA HECKO/IbKO AECATKOB Pas/INYHbIX
croco60B M3MEPEeHNs CKOPOCTU ABWKEHUS 1 pacxoda BellecTsa. B 3a-
BUCMMOCTW OT BM3, COCTaBa U CBOMACTB UCC/iedyeMoiA cpeabl npume-
HAIOT pas3/iNyHbIe METOAbI U CPeACTBa M3MEPEHUA CKOPOCTU W pacxoda.

Hanbonee pacnpocTpaHeHbl CerogHsa criegyroe npuHuynbl (1
npmobopbl Ha KX OCHOBE): MaHOMeTpuyeckue (paboTalroLime Ha nepe-
MEHHbIX WM MOCTOSAHHBIX Mepenafax OaBfeHns, co3faBaeMblIX MoTo-
KOM M3MepsieMOoiA cpefbl); TaxoMmeTpuyeckue (TypOuHHbIE, Kpblibya—
Tble, LLAPMKOBbIE); 3/IEKTPOMAar HATHble (MHOYKLUMOHHbIE, OCHOBaHHbIE
Ha 3deKTe MEKTPOMarHUTHOIA MHOYKLUMN); Y/bTPpa3ByKoBble (OCHO-
BaHHble Ha M3MEPEHUU pasHULbI BpeMeH MPOXOKAEHNSA 3BYKOBOIO
CUrHaa B OBWKYLLEIACA cpefie WM Ha U3MEPEHUN U3MEHEHMWS YacTOTbl
OTPaXEHHOIr0 Y/1IbTPa3BYyKOBOIO CUIrHas1a); BUXpeBble (OCHOBaHHbIE Ha
OLlEHKEe 4acTOTbl KO/1e6aHNIA 3aBUXPEHUEA MOTOKa); TervioBble (OCHO-
BaHHbIE Ha N3MEHeHUN TemrepaTypbl JaTyMKa, 06TEKAeMOoro ABUXY-
LLEACA cpeapiA).

PaccMOTpUM HeKOTOpble 3/IEKTPUYECKMe METoAbI U CpeacTBa U3me-
PEHUA CKOPOCTU M pacxoa M3 3TuX Hanbosiee pacnpocTpaHEHHbIX.
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TaxomMeTpuUeckne pacxoaomMepbl. B 06LLIEIA Macce pa3/INyHbIX pacXo-
[omepos ponsa npmoéopos aToro Tuna (Turbine Flowmeter) coctaBnseT
0K0/10 10%. TaxomeTprnyecKne pacxoaomMepbl OeSIATCA Ha ABa TUna: po-
TOpHbIEe 1 6e3p0TOpHbIe. PaboTa YCTPOLACTB MepBoro Tuna ocHoBaHa Ha
M3MEPEHMN YaCcTOTbI BpaLLleHUs1 POTOPHOI0 YCTPoACTBa (TYPOUHKU Wi
KpbU1bYaTKM), MOMELLLEHHOI0 B MOTOK BeLUecTBa. BTopoia Tvin ocHoBaH
Ha M3MepeHUN CKOPOCTM KPYrOBOIro ABVDKEHUS LLIAPUKA B UCKYCCTBEH-
HO 3aKpPy4eHHOM MOTOKE M3MEepSeMoia cpedpl.

MpUHUMN OEIACTBUA Hanbosiee MPOCTOro M pacnpocTpaHEHHOro Ba-
pyaHTa pacxo4oMepoB MepBoro TMMa 0OCHOBaH Ha MporopLyYoHasIbHOA
3aBMCUMMOCTW 4aCcTOTbI BpaleHNst TyporHKM (BCTPOEHHOIA B Tpy60mnpo-
BOA) OT JIMHELAHOLA CKOPOCTUW ABMKEHMS MOTOKA, T.€. 0T 3Ha4YeHUs pac-
xo4a. MexaHmnyeckas BesiMy1Ha — yrsioBasi CKOpoCTb Ba/ia TYPOUHKU —
MOXKET ObITb 3MeEpPEeHa TaxoMeTPoM (aHas/10roBbIM WM LIMGPOBbIM) Wn
npeobpasoBaHa C MOMOLLbIO TaxoreHepaTopa B 3/IEKTPUYECKUIA CUT -
HaJ1, KOTOPbIA /1erKo MoAARETCA M3MEPEHMIO. BO3MOXKEH M 4aCTOTHO-
VMIMY/IbCHBLIA BbIX0A. TakoiA CUMHa/1 TakKe 0YEHb MPOCTO MOXET ObMb
npeobpasoBaH B LMJPOBOIA Kog,

Ha puc. 831 nokasaHa yrnpoLweHHass KOHCTPYKUUA TaxoMeTpuye-—
CKOro 6e3poTopHoro (W, criegoBaTesibHO, GecroALLINMHUKOBOIO0) Lia-
PMKOBOI0 pacxogomepa.

MoaBYKHBIM 3/1EMEHTOM SIB/ISETCH LWApUK (COEMaHHBLILA 13 heppo-
MarHWTHOIO0 MaTepuasia, HarmpumMep CTasiv, ¢ MOSIMMEPHBLIM WM (hTOpPOo-
M/1acTOBbIM MOKPbITUEM), KOTOPbILA MOA4, ASACTBYEM 3aKPYYEHHOI0 Mo-
TOKa M3MEPSIEMOIA cpedbl coBepLUaeT BpallaTesibHOe OBVDKEHME BOKPYT
ocy Tpy6omnpoBoAa. 3aKpy4rBaHMe NOTOKa 06eCreynBaeT XKeCTKO 3aKpen-
JEHHBIA BAO/b OCY TPY60MpoBoAa HEMOABWKHBLILA MHOIFOX0A0BOIA BUHT.
OrpaHn4ymBatoLLiee KOJIbLIO YOEPKU-
Ba€ET LLAPUK. YTJ10Basi CKOPOCTb ABU-
YKEHMS LIapyKa MponopumoHasib-
Ha JIHEIAHOLA CKOPOCTU ABVKEHMA
rnoToka (1, creaoBaresibHo, 06 beM-
Homy pacxoay). lMepuognyeckoe
MPOXOXKAEHME LLapuKa B6/M3N NH-
[OyKTVBHOIO NpeobpasoBaTesis Me-
HSET MarHUTHOE COMpOTUB/IEHNE
MarHMTonpoBoga rnpeobpasoBaTte-
4. Mpy 3ToM Ha BbIXode npeobpa-
30BaTesIs BO3HUKAET UMY/ IbCHas
roc/ieaoBaTesIbHOCTh. Takmm 06pa-
30M, MHAOYKTVIBHbIZ Npeobpa3oBa-
Terb npeobpasyeT MexaHUYecKoe
OBWKEHVE LIapmKa B YacToTy UM-

Puc. 8.31 TaxoMeTpuyeckuiA LWapuko-
BbI1 pacxogomep

1— noToK; 2— 3aKpensieHHbIIA BUHT; 3 —

VHAYKTUBHbLIMA npeobpa3oBaTesib; 4 —
KonbLo; 5 — wWwapuk; 6 — 3aKpyyeHHbIA
noToK; 7 — Tpy6onpoBos

My/IbCHOIO 3/1EKTPUYECKOI0 CUTHa-
J1a, MporopuUMOHA/IbHYHO YacToTe
BpaLLeHWS.



MogobHble pacxogomepbl pa-
6oTaloT B gmamnasoHax pacxoga
0,025...400 M34 npu gnameTpax
Tpy6onposoga 20... 150 mm. Knac-
Cbl TouyHocTn — 1,0...2,5%, Tem-
rnepaTypa WM3MepsieMoiA cpeabl —
5... OO°C.

ANEeKTPOMarHUTHble (MHAYKUM-
OHHbIE) pacxodomepbl. 3TO Takke
OOMH U3 CaMbIX pacrpocTpaHeH-
HbIX TUMOB B NPaKTVKE MPOMbIL- Py 830 SreKTPOVErHATHL A (VHIYK-
JIEHHbIX v3mMepeHniA. Okono 15% LI.VK)HHbII7I) pacxodoMep:
BCEX CTaLMOHapHbIX PacXOA0Me-  ; _ i6uorka: 2 — marHuTonposog: 3 —
POB B MVpE — 3/IEKTPOMArHUTHBIE  snexrpoas!; 4 — Tpy6Gonposog; 5— name-
(Electromagnetic Inductance Flow- puTens 34,C
meter).

DMEKTPOMarHATHbIA (MHAYKUMOHHBIEA) pacxofoMep MpUMEHSIETCS
[/19 371EKTPOMNPOBOAHbIX XXULOKOCTELA U OCHOBaH Ha aeKTe a/IeKTpo-
MarHUTHOA mHOyKumn. [pyu OBYDKEHMM MOTOKAa 3/1eKTPOMPOBOAHOLA
XXMOKOCTU B MarHUTHOM rosie B Hem HasoguTca SA4C. YnpolieHHas
KOHCTPYKUUA TaKoro pacxogomepa rokasaHa Ha puc. 8.32.

B Tpy6onpoBoae 13 HEMarHWTHOFO MaTepuasia TeyeT 3/1EKTPONpo-
BOAHasA XXUAKOCTb, KOTOpas MPOHU3bIBAETCA MEPEMEHHbLIM MarHUTHbLIM
rnosiem, Co34aBaeMbIM 3/1IEKTPOMarHMTOM (06MOTKa Ha MarHMTOMNpoBO—
[e). OneKTpoabl MPoXo4AaT CKBO3b CTEHKM TPyO60MNpoBoAa 1 HaxoasaTes B
KOHTaKTe C >XUAKOCTbO. [0 3aKOHY 3/IEKTPOMarHATHOMA MHAYKUMU B
MOTOKE >XUAKOCTY (KaK BJ1H060M MepemMeLLatoLLeMC B MarHATHOM [osie
MpPoBOAHMKE) BO3HMKaeT nepemeHHas 3C, KOTOPYyHO OLLeHNBAaET U3-
MepuTesib. 3HadeHne 30,C onpeaenseTcs YacToToA U MHAYKUVEIA Mar-
HUTHOIO MO/, BHYTPEHHUM OVMaMeTPoOM TpyObl U, eCTECTBEHHO, CKO-
POCTbHO ABWMKEHUS YXUAKOCTU. TakMM 06pa3om, HalAads CKOPOCTb U 3Has
ceyeHme Tpybbl, MOXXHO OLIEHUTL pacxop,

MorpewHOCTbL TakMX pacxoaoMepoB JIeXXUT B auanasoHe 1...2%.
Pacxogomepbl 3TOro Ksacca MasloMHepLMOHHbI, T.e. obecneymBaloT
[0CTaTO4YHO BbICOKOE ObICTPOAEIACTBME, UTO 0COOEHHO BaXKHO /151 OM-
peneneHns TekKylwmx (MrHOBEHHbIX) 3HAYEHMIA CPaBHUTESTbHO ObICT-
po MeHsweroca pacxoga. lMpemmywiecTBaMn 3TUX PacxogoMepoB
ABMIAETCA TaKKe U TO, YTO OHM HE U3MEHSIIOT MPOXO4HOr0 cevyeHus
TpybonpoBoAa, He cofepXaT OBVDKYLLMXCA YacTeid, MoryT paboTaTb ¢
3arpsA3HEHHbIMW M MHOFOha3HbIMM cpefamMmn, arpeccUBHbIMU XXNa-
KOCTAMM.

MoxeT bbb eAVHCTBEHHbI NX HeAOCTaToK — TpeboBaHWe onpe-
[EeNeHHOLA 3/1eKTPOMNPOBOLAHOCTM XUOKOCTU, 00bIYHO — HE MeHee
10-8Cm/m (CM — cMMeHC — eauHMLR, obpaTHasa omy).

OueHKa pacxoga TBepablx BellecTB. JJ15 CbiMyymMx MesiKoamcnep-
CHbIX BELLECTB, HaxXO4ALMXCA B BEPTUKa/IbHbIX pe3epByapax, YA06HO
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MCM0JIb30BaTh /19 OLLEHKWN Kak Te-
KyLLEr0. TaK U UHTErpasibHoro pac-
X0[0B VIBMEPUTESIEIA YPOBHS, KOTO-
pble, B CBOO o4vepepb, MOryT CTPO-
WUTbCA Ha pa3/INYHbIX MPUHLMMNAX.
B OCHOBHOM MNPUMEHSAIOTCA Y/IbT-
pa3BykoBble (¥3) U eMKOCTHble
nsmMepuTenn yposHs (puc. 8.33).
B nepBom criyyae (cm. puc. 8.33,
a) Mo 3Ha4YeHWI0 33ePXKKU Mo-
CTYIVIEHVSA OTPAXKEHHOI0 Y3-cur-
HaJ1a ornpefesifAeTca paccTosaHMe 0T
JaTumKa [0 NMoBepXHOCTU BeLLECTBa
Puc. 8.33. Pacxodomepbl Ha OCHOBE  (rpaHuLibl cpefl). 3ToT crioco6 Mo-
VBMEPEHNA YPOBHA: YKET MPUMEHSATLCA He TOJSIbKO /i
A — c nomowbio yNbTPa3ByKoBOro cur-  CbIMyYMX cpen, HO U A1 XXULKO-
Hana; 6 — ¢ MoMOLLbIo EMKOCTHOr0 AaT- CTeiA Pa3/INUHbIX BA3KOCTEIA.
umka ypOBHs.:l; / — ynbTpasByKoBOA AaT- Bo BTOPOM C/lyuae (CM. puc.
UMK YpPOBHS; 2 — BYyHKep, 3 — eMKoCT- o
ol AETUMK YPOBHS 8.33, 6) 1CMo/Ib3yeTCA EMKOCTHOMA
[AaTUMK YPOBHS, KOTOpbIIA npes-
CTaB/iIeT CoO0LA ABe M30/1MpOBaH-
Hble Apyr OT Apyra A0CTaTO4YHO O/IMHHbIE METa/UVINYECKME M/1aCTUHBL.
Bnarogaps pasiMuHbIM AN3NEKTPUHECKMM MPOHULLAEMOCTSAM BO3AyXa
1 3arnosiHALWero 6yHKep BewecTBa MOXHO, U3Mepss eMKOCTb JATuu-
Ka, OLIeHUTb TEKYLLYHO 3aro/IHeHHOCTb OYHKepa W, cnefoBaTesibHO, pac-
X044, BellecTBa. 3TOT METO4, MPUrodeH, eCTeCTBEeHHO, b A1 An-
anekTpuyeckmx cpel,. K cepbe3HbIM HeaocTaTKam 3TUX YCTPOLACTB Tak-
Xe crieflyeT OTHECTU 3HaunTesIbHOe BSIMSHUE BSI2XKHOCTU M3MEpSeMOIA
cpeabl Ha pesysibTaT U3MepeHUs.

TaxomeTpbl. /19 sMepeHns yuncsia 060poToB (HacToTbl BpalLieHUs)
W JIMHEAHOIA CKOpPOCTU MPUMEHSIIOTCA B OCHOBHOM LM(POBble Taxo-
METPbl, 06ecrevnBatoLLiMe pPeXXMMbl KOHTaKTHOM0 U 6eCKOHTaKTHOMo
n3MepeHus.

V3mepuTenn 4acToTbl BpalleHNs B aHI/IMACKOM A3blKe YacTo Hasbl-
BatoTca RPM Measurement Instrument (RPM — Rotation—per—Minute).
Mo NpuHLUMNY AeACTBYA W pexxmMy paboTbl Bce TaXOMETPbl MOXHO
pa3genvTb Ha ABe TPyMibl KOHTaKTHble (MexaHW4ecKne) 1 6GecKoH-
TakTHble (OMTUYecKMe, CTPOBOCKOMUYECcKUe, WHAYKTUBHbIE) U3Me-
puTenu. ,

Mpn NOCTPOEHNN TaxOMETPOB UCMOSIb3YHOTCH B OCHOBHOM TpU MPUH-
umna: MexaHUYeCKMIA — KOHTaKTHbIA; onTudeckuia (hoto) — bec-
KOHTaKTHbIIA; CTPOBOCKOMNYECKNIA — BECKOHTAKTHBIIA.

MepBblia crioco6 (Mechanical RPM Method) — kJiaccuyeckuniA, 0CHoO-
BaH Ha MeXaHWYeCKOM B3aIMOLELACTBUM BpaLLaloLLEerocs Basia ¢ npu-
EeMHOIA YaCTbi0 TaxoMeTpa — TaxOMeTPUYECKUM npecbpasoBaTesieM. VH-
CTPYMEHTbI 3TOM Mpynibl UCMOSb3YIOT, Kak MpaBusio, LMdpoBble Tex-
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HOJI0rMM N 06ECMEUVBAOT U3MEPEHME HacTOThbI BpalweHNsa B Ayanaso-
He Ao 10000...20000 06/MUH.

BTopoin cnocob (Optical/Photo RPM Method) ocHoBaH Ha noA-
CUETE YMC/Ia OTPAKEHHbIX OBVIKYLLMMCS 06 bEKTOM VMITY/15COB CBETO-
BOro notoka. Mpmbopbl 3T0MA rpynnbl MO3BOISIT M3MEPSTb 3HAYEHUS
YacTOTbI BpalLleHNS B O4YeHb LUMPOKOM AuarasoHe (go | 00000006/ MUH).
M Kpome TOro, 4acTto OHW 6osiee yAO6HbI B MPUMEHEHUU, YEM KOH-
TaKTHble.

B TpeTbem cnocobe (Stroboscopic RPM Principle) wvcrnonb3oBaH
CTPOBOCKOMUYECKMIA 3EKT, 3aK/THOHAOLMIACA B CrieAytoleM. Takoia
npmobop MepUoaVYECKN U3/TyYaeT KOPOTKME BCMbILWKW CBETA, YacToTa
KOTOpbIX MOXET PerysiMpoBaTbCad B A0CTATOYHO LUMPOKUX Mpedgesiax.
Monb3oBaTesib pery/IMpoBaHMEM 4acToTbl A0OMBAETCS CUHXPOHHOCTU
BCMbILLEK C X 0TpayXKeHMEM OT BpaLLatoLLEerocs UccsielyemMoro 06beKTa.
Ecnu yacToTa BchbIWweK coBMagaeT (paBHa WM KpaTHa) C YacToTolA
BpaLLlleHWs 06beKTa, TO HabsoaaTesto ByaeT KasaTbCs, UTO 0ObEKT He-
nogpwkeH. MakcnmasibHast 3 BceX NMOAOOHbIX HacToT 1 BydeT XapakTe-
pV30BaTb YacToTy BpalleHUs. CTpo60ocKomnbl 06ecnevnBatoT N3MepeHne
YacToThbI BpaweHus B auanasoHe oT 100 go 20 000 06/MUH. 3TOT MeTOZ,
B HaCTOsILLIEE BPEMSI HE MOXET CUMNTATBCH MEPCMEKTVBHbLIM.

PaccMmoTpyM MpUHLMN AEACTBUS TUMNYHOFO COBPEMEHHOIO MNpun-
60pa — UMGPOBOro KOHTAKTHOI0/6eCKOHTaKTHOro TaxomeTpa. Haun-
60siee pacrpocTpaHeHHbIM CerodHs CNoco60M M3MEPeHUs YacToTbl
BpalleHNs N JIMHEMAHOIA CKOPOCTU ABWDKYLLIMXCA 0O0BHEKTOB SB/SIETCA
TpaHchopMaymsa 3TUX BESIMYUH B YacToTy C/ieAoBaHUS UMY/ 1bCOB,
KOoTopasi 3aTeM JIErKo npeobpasyeTcs B UUGPOBOIA SKBUBA/IEHT (KOA).
B 0CHOBY MO/IOXKEH WMBBECTHLIMA MPUHLUMM LMGPOBOr0 YacToToMepa.
ANEKTPUYECKUIA CUMHUT MMIMYJIbCHOMO XapaKTepa 0T BXO4HOI0 Taxo-
MeTpMYECKOro rpeobpasoBaTesia MocTynaeT Ha BX04, 3/1IEKTPOHHOIO
K/llo4a, KOTOpbIM YMpaB/isgeT TalAMEP, NEPUOAUNYECKN 3aMbIKaOLMLA
€ro Ha MOCTOSIHHBIA CTabWIbHBLILA UHTEPBa/T BpeMeHU (Harmpumep,
TO= 1c). CchopMmmpoBaHHas TakM 06pa3oM cepusi UMMNYsIbCOB MOCTY
MaeT Ha BX0, CHETUMKA, COAEPXKMMOE KOTOPOro B KOHLE MHTepBasia
cyeTta TOpaBHO 4MC/ly MOCTYMUBLLMX UMMY/SIbCOB. OTO YMC/I0 MPSAMO
MPOMOPLMOHASIBHO YacToTe BXOAHbIX MMMY/1bCoB. CoaepkMoe CUeT-
yuMKa 3arnomMmHaeTcsa B Oy(hepHOM 3arnoMMHalLEM YCTPOLACTBE M Xpa-
HUTCA TaMm OAHOBPEMEHHO 3TOT Ko, MoCcTyMaeT Ha LndpoBoe oTcUET—
HOe YCTPOIACTBO (MHAMKaTop). Hanmpumep, ec/iv nNpy M3MepeHnn yac-
TOTbI BpalLleHMs Bas1a 3/1EKTpoABUraTesis B TedeHvie nHTepBasia TO= 1c
B CYETUMK MocTynuso 40 MMMysibCoB, a TpebyeTcsa 3HayYeHWe C pas-
MEPHOCTbLH «060POThI B MUHYTY», TO MPMO0P aBTOMaTUYECKM MPOnN3-
BeAET MacluTabupoBaHMe U pesysbl. * ya "aTope oyac! BbIrs-
[eTb Tak: «2400 06/MUH».

CoBpeMEHHbIE TaxoMeTPbI, KaK MpaBW/10, Peasin3ytoT OBa pexxmma
M3MEPEHMS: KOHTaKTHBLIA U 6ECKOHTAKTHBIA. [MepBbIi/i OCHOBaH Ha Me-
XaHUYECKOM B3aMMOoAEIICTBMM (KOHTaKTE) ABWXKYLLErocs 06bekTa n

261



KOHTaKTHbIVI
pexum

CenuBoiA —————-—
noToK

BecKOHTaKTHbI
pexum

Puc. 8.34. KoHTaKTHbIA 1 6ECKOHTAKTHBIA PeXXVIMbI MBMEPEHVST YaCTOThI Bpa-
LLEHWS:

1— peuraTesnb; 2 — CBETOOTpaXawow|as MeTKa; 3 — TaxoMeTp

JaTumka npmbopa, BTOPOMA — Ha ONTUYeCcKMX athtekTax (MpsAMosIMHELA-
HOe pacrpocTpaHeHMe CBeTa, 0TPadKeHVe W MOrJI0LWEeHVe pas3INyHbIMMN
rnoBepxHocTAMN). V3nydaTesb cBeTa M (hoTONpMEMHMK nprubopa B3an-
MOZEACTBYIOT ApYr C ApYroM 4Yepe3 MeHSIIOLLMIA MOsoXKeHWe vccrienye-
MbEA 06beKT. BeCKOHTaKTHble MeTOAbl U CPeAcTBa, KOHeYHo, yaobHee,
TaK Kak 06ecreyvBaloT HEBMELLIATE TLCTBO B PaboTy UCC/IEAyeMOro 00beKTa
M JA0T orepaTopy 60s1bLUyI0 CBO60AY B NpoLecce IKCNepuMeHTa.

B0O3MOXHOCTY 3TUX PEXXMMOB (KOHTAaKTHOIO M 6ECKOHTaKTHOr0) Ha
npriMepe U3MEPEHNs YacTOTbl BpallleHUs Basia (Harpumep, ABUraTesis
3/1eKTPONpMBOAA) WITIOCTPUPYET puc. 8.34.

B KOHTaKTHOM peXXrMe MPUMEHSIETCS HEC/TOXKHAsA MexaHN4ecKasi Ha-
cafKa, KoTopasi M/I0THO MPYDKMMaeTCA K TOpLYy Basia BAO/Tb OCU BpalLie-
Hus. Tpy 3TOM U3MepsemMasn BesinyvHa (YacToTa BpallleHUs Basia) nepe-
[aeTca BHYTPeHHEMY TaxOMeTpMUYeCKOMY NpeobpasoBaTesio LnpoBo-
ro U3MepuTesIbHOro NMprubopa, KOTOPbIA U BbIAAET OKOHYATES TbHbIA pe-
3y/IbTar B BAAE AECATMYHOIO KOoAa Ha Li)pOBOM OTCHETHOM YCTPOLACTBE.

BEeCKOHTaKTHBIIA PEXXVM peayM3yeTcs CriefyHoLLymM 06pa3om. B kopryce
nprnbopa pacrosioXkeHbl V3/lydaresb HEMpepbIBHOMO Y3KOHAMNpPaBIEHHOI0
MoToka ceeTa (W /1a3epHOro M3slydeHns) U POTONPUEMHUK, KOTOpbIA
BOCMPUHUMAET OTPaXXEHHBIA OT 06bEKTA CBETOBOIA (WM /1a3epHbILA) Mo-
TOK. EC/n OTpaKeHHbIA MOTOK MepUoguHeckn npepbiBaeTcs, To NoacqeT
yKMca MMMY/IbCOB CBETOBOIO MOTOKA AAET OLEHKY YacTOThbl C/ieA0BaHMA
UMIMY/1bCOB. EC/M CBETOBbIE MMIMY/ILCHI (POPMUPYIOTCA G1arofaps oTpake-
HUWIO NOTOKA OT MepeMeLLAIOLLIELACA CBETOOTpaXKAOLLIEA (KOHTPacTHOA Wi
6/1ECTALLELA) METKW, HaK/IEEHHOMA Ha BpaLLaloLLeMcs Basly, TO YMC/I0 Ta-
KX MMMYSIbCOB B €OMHVLY BPEMEHM MPSIMO FOBOPUT O YacToTe BpaLle-
HUSA BaTa. PaccTosiHMe OT nMpubopa 40 Basia Mpy 3TOM MOXET' MEHSTLCA B
3HaUMTE bHBLIX Mpeaenax (Hanpumep, 4o 1 m).

C MNOMOLLIbIO COBPEMEHHbIX TAXOMETPOB, KaK MpaBuio, MOXKHO M3Me-
PATb U JIMHEAHYI0 CKOPOCTb ABVDKEHMA HEKOTOPbIX 06beKTOB. [pn aToM
peasI3yeTcs KOHTaKTHBLILA PEXUM U3MEPEHUs. HaKOHEeYHUK HacagKm
M/I0THO MPYDKMMAETCA K ABVDKYLLIEIACA MOBEPXHOCTU (Harpumep, KJieH-
Te TpaHCropTepa), M BXoAHas JIMHEIAHaA CKOPOCThb MpeobpasyeTcs B Mpo-
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MOPLMOHaSTbHYH YaCTOTYy BpPalLEHUs] HAKOHEYHWKA HacafKW, KoTopas
3aTem (MCrosib3ys M3BECTHOE 3HAYEHVE AMaMeTpa HaKOHEUHMKa Haca-
K1) aBTOMATUYECKU MEPECUMTBLIBAETCA B TpebyeMble 3HaUeHWs JIMHeLA
HOIA CKOPOCTU ABVOKEHWSI 06beKTa. Bo3MOXKHbI U HEKOTOpbIe Apyrie npu-
MEHEHMVsI TaxoMeTpa B GECKOHTAKTHOM pPeXVMe, Haripymep, MoacyeT
OZIHOPOAHbIX MepeMeLLIAtOLLMXCS HEernpo3payHbIX NpeameToB (KOpOGoK,
MaKkeToB); M3MEPEHVE WHTEPBASIOB BpPEMEHM; OLIEHKA YacTOoTbl BpaLle-
HWS I0MAaCcTElA BEHTWISITOPA; MOACHET umcsia BCrbILEK CBETA U Ap.

OCHOBHble XapaKTePUCTMKN TUMNYHOIO NPpeAcTaBUTE s COBPEMEHHBIX
MpUBopPoB KOHTAKTHOI0 M GECKOHTAKTHOI0 M3MEPEHS
YacTOTbl BpaLLEHMS N JVHEIAHDIA CKOPOCTU

UacToTa BpaleHus, 06/MUH........ccceeeeeeeeeeeenn., 1...99999
JWHEAHaA CKOPOCTb, M/MWH...........cccevveeeeeeanans 1... 19999
BPEMEHHOIA VIHTEPBAST, C .uvvveeeeeeeeeeeeeeeeeaenaean 0,01 .99999
Umco cobbmita (B pexxvvie CHETUMIKA) [...99999
[vanasoH padourx Temrepatyp, °C..........eeeee. 0..+50
MATAHVIE TTPUBOPA. .....ceeeeeveeiiieeeeiieiiiiiii e Batapes 9 B

(WM aKKymysISITOD)

OCHOBHbIMW JOCTOMHCTBaMM TakuX NPMB0POB ABMIAKOTCA Maslble ra-
6apuThbl U Macca (Hand Held), npocToTa 1 yao6CcTBO BbIMO/IHEHUSA U3-
MepeHWiA, UMGPOBOLA OTCHET pe3y/IbTaToB (HYeTbIpeX—, NATUPa3psaHbIA
vcrneid), Haimuve pas/inyHbIX PeXXMMOoB paboTbl, BO3MOXKHOCTb 3a-
MOMWHAHWA MNOC/IeAHErO pe3ysibTaTa U3MepeHWs, aBTOHOMHOE NTaHVe.

YnbTpasByKoBble MeTOAbI U CpeCTBa U3MepeHUsi. B HacToslLLee Bpe-
M )19 M3MEPEHMUS CKOPOCTU U Pacxoa XXMOKOCTU LLUNPOKO MPUMEHSI-
IOTCA Y/IbTPasBYKOBble METOAbI U cpeacTBa. JJonsa ynbTpa3ByKOBbIX pac-
xopomepoB (Ultrasonic Flowmeter) Kak cTauuoHapHbIX, TakK M1 nepe-
HOCHBbIX, B 06LLEIA Macce pacxo4oMepoB COCTaB/ISAET npumepHo 10%.
YnbTpa3BykoBble (¥3) MeToabl M CpeacTBa M3MEPEHUS CKOPOCTU U
pacxofa X0opoLlo 0TBEeYaloT crieumpuieckmm TpeboBaHNSAM 3KCrpecc—
o6criei0BaHNEA, MOCKOSIbKY OHU He TPebyloT «Bpe3Kun» B TPy6OrnpoBoa,
OCTaHOBKW TEXHOJI0MMYECKUX NPOLLECCOB, NEPEKPbITUA BEHTWIEIA, CHSA-
TV Harpysku v T.n. MoaTomMy 3Tu MeToabl U CPpeAcTBa ABSIAIOTCA He-
VHBa3VBHbIMU. JaTunKy aBTOHOMHbIX MEepeHOCHbIX MPUO0poB — Ha-
KnaaHble. OHM NIErKO YCTaHaB/IMBAKOTCH Ha BHELLHEIA MOBEPXHOCTY TPpy-
60MpoBOAa M CHUMAKOTCSH, MO3TOMY BCHA MOAFOTOBKA K 9KCNEPUMEHTY
33aHMMAET BCEr0 HECKOSIbKO MUHYT.

Vicnonb3oBaHve Y3-m3mepuTesnieii CKOPOCTU W pacxoda OaeT psaf,
Cepbe3HbIX MPEMYLLIECTB:

* He BO3HWKaeT YMeHbLUeHVs OaBsieHns B TpybornpoBoae M oTcyT-
CTBYET Kakoe—-/imbo B/MsHME Npmbopa Ha MOTOK;

* OTCYTCTBYET BO3MOXHasA KOppo3ns AeTarei/ CobCTBEHHO nMpubopa;

* OTCYTCTBYIOT ABWDKYLUMECA YacTu (M KaK C/ie[icTBME OTCYTCTBYHOT
M3HalLMBaeMble AeTas M, ob6ecrneyeHbl BbICOKas HaAeXHOCTb U 3HaUM-
TesbHbIA CPOK CykObl NpMBOpPOB);
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* rnpocToTa paboTbl C aBTOHOMHbIMWU MpubopamMmun (yCcTaHOBKa, Me-
peHoC, 3aMeHa).

Kpome Toro, BaXHbIMW A0CTOMHCTBaMWU Y3-MNpMOOpoB SAB/AIOTCHA
LIMPOKME AMana3oHbl M3MEPEHUS CKOPOCTU M pacxoda, LUMPOKUEA On-
anasoH BO3MOXXHbIX AMaMeTpoB TpybornpoBoa4oB, AOCTATOYHO BbICOKas
TOYHOCTb, XOpOLUME 3IKCMJTyaTauVOHHbIE XapaKTepUCTUKWN. [aBHbIA
HEe[OCTaTOK Y3-pacxo[0MepoB — CPaBHUTESIbHO BbICOKask CTOMMOCTb
(Kak creacTBye CIIOKHOCTU VX YCTPOLACTBA).

B coBpemMeHHbIX Y3-pacxogomepax MpUMeHsoTCa Asa MeToda, 0cC-
HOBaHHble Ha ABYX Pa3/IMYHbIX MPUHLMNAX U3MepeHNs CKOpocTU Mo-
Toka (puc. 8.35):

* Y3MepeHVEe pasHULLbl BpEMEH 334ePKKU pacrpocTpaHeHns Y3-cur—
Hana (Transit Time Technology) B ABWkyLLEeACA cpeag;

* N3MepeHe U3MEHEHWS 4acTOTbl Y3-CUIHas1a, OTPaKEHHOro oT
OBKYLLIMXCA YacTuL, OCHOBaHHoe Ha addekTe Jdonnsiepa (Doppler
Effect Technology).

B rmepeom mMeToae M3MepPSeTCa MHTepPBasT BPEMEHU 330epXKKM pac-
NpocTpaHeHMsT Y3-CcUrHasia B OBWKYLLEIACS cpede. JTa 3a4epkKa 3a-
BUCUT OT HanpaBJ/IEHUS W CKOPOCTU ABWKeHUS cpedbl (MoToka). Ha
puc. 8.35, a npuBeaeHa WTIOCTpaLLMsA BapmaHTa 3TOro MeToda.

Ha Tpy6onpoBofe ycTaHaB/MBaOTCA ABa AaTUMKa—MNpueMHuKa (rno-
o4yepeHO BbICTYMAIOLWMX B POSIN M3/lyHaTesisa U NpUeEMHUKa CUrHama).

VexoaHbIA Y3-curHan

MV R
n NnoToKa

T 1/ M»
* /
{/ \ {}/I /l I}I- Mo
At MoToKYy I al

Puc. 8.35. MprHUMINbI Y3-13MepeHnst CKOPOCTU MOTOKa:
a — BpeMeHHoIA; 6 — YacToTHbINA; / — gaTumk
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YNbTpasByKOBOI cUrHas1 (H4acToTa KoToporo 06biyHo 0,1... 1 MI'y), ms-
JTy4aeMbliA JIeBbIM JATUMKOM U MPOXOAALLMIA CKBO3b Cpefly B Hanpas/ie-
HUN OBWKEHUS MOTOKa (Mo MOTOKY), AOCTUraeT mpuemMHoro (npaso-
ro) JaTyuMKa vepe3 MeHbllee BpeMs 3a[ePKKU, YeM CUrHas, Uoyupia
0T MNpaBoro AaTumMka HaBCTpeuyy MOTOKY (MPOTWB MOTOKA), KOTOpbIA
J0XoOUT [0 NpUEMHMKA 4Yepe3 6osibluee BpeMsa 3alepkKkn. /3mepums
pasHULLy 3TUX UHTEPBA/I0B BPEMEHUN 33[EMKKU MPOXOKAEHUA CUMHa-
0B, T.e. At, MOXXHO OLIEHNTb CKOPOCTb ABWKEHWS Cpedbl U 3aTeM, 3Has
BHYTPEHHee ceveHne Tpy6bornpoBoaa, BbIMUC/IUTE Pacxos,

ONeKTPOHHAsA HauMHKa annapaTypbl B 3TOM MeToAe, eCTECTBEHHO,
[0/TKHa 6bITb A0CTaTOUHO ObICTPOAEIACTBYIOLLEIA, TaK Kak Heobxoanma
BbICOKas paspeLuaroLlas CrnocobHOCTb MpU U3MEPEHUN OYEHb MaslbIX
VHTEPBa/10B BpeMeHN At — eanHULUBI HaHocekyHA (I He = 10 9c). Pac-
X0[, pacCUNTbIBAETCA Kak Npon3BeeHne CKOPOCTU Ha BHYTPEHHee ce-
YeHve TpybonpoBoaa B MeCTe YCTaHOBKUW AaTUMKOB. MeTon, nsmepeHns
BpEMEHUN 334EPXKKN XOPOLU /1 YNCTbIX YXUOKOCTEIA, 6e3 MpuMecetA,
T.€. FOMOreHHbIX (04HOPOAHbLIX).

BT1opoia meTog (cm. puc. 8.35, 6) ocHOBaH Ha U3BECTHOM B (hU3UKe
apdekTe Odonnepa — ahekTe U3MEHEHUSA YacTOTbl CUrHasIa, oTpa-
YKEHHOr0 0T ABWXYLLIErocs 06beKTa. B HacTosiLee BpeMs LUMPOKO Npu-
MEHSAI0TCA LMdpoBbIe A0MNM/IepoBCKUe Y3-u3meputenv pacxoga (Digital
Doppler Ultrasonic Flowmeter). CUrHas n3BeCcTHOIA 4aCTOTbI pacnpoc-
TpaHAeTCA B XMAKOM cpede, OTPaKaeTcs OT ABVDKYLLUMXCA B MOTOKe
TBEpAbIX YaCcTULL, My3bIPbKOB BO3AYXa, JIOK&/IbHbIX Pas/MuMiA B M/10T-
HOCTAX cpeabl U T. M. OTpaXkeHHbIIA 0T ABWXKYLLUMXCA YacTuL, Y3—-curHas
C nomoLublo npeobpaszoBaHna Pypbe (Fourier Transform) TpaHcdop-
MUPYETCA U3 BPEMEHHOA 06/1aCTV B 4aCTOTHYH. MOCKO/IbKY CreKTp
OTPaKEHHOI0 CUIHaU1a A0CTATOUHO LUMPOK, TO HaXoAUTCA ycpeaHeH-
Hasa 4JacToTa. Jasee BbMUCASETCA pasHMLA YacTOTbl UCXOAHOI0 CUrHa-
na (cvrHana nepefaTyunka) M roslyyYeHHOIA YCpeaHEHHOIA YacToTbl 0T-
PaXXeHHbIX CUrHa/10B. 3Ta pasHMLA YacToT B Aa/TbHEALLEM U UCMOS1b3Y-
eTcA /19 onpeaesieHNss CKOPOCTU ABVDKEHMA MOTOKa W 3aTeM /19 Bbk
yUMCIEHUA pacxoda.

TUNUYHBIA COBPEMEHHDBIA MUKPOMPOLLECCOPHbIA  Y3-Un3mepuTesb
CKOPOCTM M pacxoa ABMNAETCA NopTaTUBHBIM NMpubopom. OH Mo3BosiseT
N3MEPSATb KaK MIHOBEHHBIA (TEKYLLWIA), Tak 1 CyMMapHbILA pacxom, XXua-
KOCTW 33 HEKOTOpPbIA Mepunog, BpeMeHW. HakraaHble AaT4vKn npmbopa
JIErKo yCTaHaB/IMBAOTCA Ha MOBEPXHOCTM Tpybonposoaa. MoaroToBka
K U3MEPEHUI0 3aHMMaET 3... 5 MUH.

OCHOBHblE XapaKTEPUCTUKM TUMNHHOIO Y3-M3MepUTeESs

BHYTpeHHUIA AvamMeTp Tpy6o-

MNPOBOAA, MM ..coooeeeeeeeeennnne

MaTepuan cTeHKu TpyObl

Ao 2000

CTanb, HepxkaBelolllas CTaslb, YYryH,
mMegb, nnacTmacca, 6eToH
CKOpPOCTb MOTOKA, M/C..uvvveeenen. Ao 10 (B 3aBUCUMOCTU OT pasmepa

TpyObl)
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MorpewHoCcTb, % .ooevveiiiieieeeenn. 3...5;
AnanasoH paboynx TemnepaTyp,

°C:
[aTyYNKoB -30...+200
npubopa. 0...+50
MuTtaHwne..... AKKYyMynaTop emkocTbio 1,0 A-y
(10 4 HenpepbIBHOA paboTbl) U/nnun
apanTep oT ceTtn 220 B
Macca, Kr........ 2..3
BbiBOA, AaHHbIX XnakokpucTanamyecknii LMhposoiAa

MHAOWNKAaTOpP; BbIX0A aHa/0roBoro cur-
Hana 4...20 MA w1 UNPpPoBOLA Bbl-
Xxo04,— nocsiefoBaTesIbHbIMA MHTepheLAc

RS-232
EAnvHMLbl pacxopa:
TeKyLWero.......... n/MmunH, n/c, m3d4 n ap.
CYMMapHOro..... n, m3

YnbTpa3ByKOBOA TOSLLMHOMED. B akcneprmeHTax No U3MepeHUIo pac-
X043 peasibHbIIA BHYTPEHHWIA graveTp (BL) TpyGbl Ao/HKeH 6bImb goc-
TaTOYHO XOPOLLO M3BECTEH (WM MO BO3MOXHOCTY TOYHO oripeesieH),
TaK KaK pacxof, BbIUMC/ISETCA Yes10BEKOM WM MUKPOMPOLLECCOPOM Mpu-
60pa Ha 0CHOBaHMKM aBTOMATUYECKOro U3MEPEHNSI CKOPOCTU 1 BBEOEH-
HOro onepaTopom 3HadyeHus B, MoaTomy owimbka B onpeaeneHun B,
MOXET CTaTb UCTOYHUKOM 3HaU4MTesIbHbIX MOFPELLHOCTEIA B Haxoxae-
HUW pacxoga. Mpuyem B CyMMapHYK OTHOCUTESIbHYIO MOrpeLLHOCTb
ornpeaeneHns pacxoaa BXOAUT YABOEHHAsA OTHOCUTESIbHas MOrpeLLHOCTb
3apaHna B, (cm. npusioxkeHve 6)

N3mepnTb ToNwmHy 06bekTa (TpybonpoBoda, pe3epByapa, CTEHKM
KOT/1a U T.1.), A0CTYN K KOTOPbIM BO3MOXEH TOJIbKO C OOHOIA CTOpO-
Hbl, WM CTEHOK EMKOCTEIA, HaX04AWMXCA Mo, AaBfEHVEM, WM eMKO-
CTei/ C OMacHOIA (arpeccmBHOIA) CPeadpiA, MOXKHO C MOMOLLbLIO Y/lbTpa-
3BYKOBOI0 TOSILUMHOMEpA.

MpUHUMN U3MePEeHNs TO/LWWHBI L 3aK/1H04aeTcs B U3MepeHnn Bpe-
MEHW MPOXOXKAEHUS YNbTpasByKa At B MccrielyeMoM 06beKTe 1 nocrie-
AyoLeM YMHOXKEeHUN 3TOro MHTepBasia BpeMeHN Ha CKOPOCTb V Mpo-
XOXKAEHWNS yNbTpasByKa B JaHHOM MaTtepuasie (puc. 8.36):

L = Atv.

JaHHbIA NPYHUMA WMPOKO MPUMEHSIETCS B MeToga” 1 npmbopax
HepaspyLualoLero KoHTpos.

Mpy nocTpoeHUn ¥Y3-ToNLNHOMEPOB 00bIYHO UCMOMb3YHTCA Mbe-
303/1EKTPUYECKUE OATUMKMN, KOTOpble Mpy nofadvye Ha HUX KOPOTKOro
3/IEKTPUYECKOr0 UMIMY/IbCa U3J/Ty4aloT 3BYKOBbIE BOJSIHbI C 4YaCTOTOIA,
3HaUNTE/IbHO MPEBbILLIAILLIEIA BEPXHIOD MpaHULYy AuarasoHa, Bocnpu-
HUMaeMOro HesioBeyecKnM yxom (T.e. ¥3). UacToTa curHana, nssydae-
MOI0 JaTUMKOM, MOXET cocTass/iAaTb 1...20 M,
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Puc. 8.36. MpuHLuMN getacTBua Y3-TonwmHomepa:
1— ynbTpasByKoBOA ToNWWHOMEp; 2— Tpy6onposog,; 3 — AaTtumnk; 4 — resib (racta)

YNbTpa3ByKOBble CUMHa/TbI, POPMUPYEMbIE FEHEepaTopoM, MOCTY-
NalT B Mbe303/IeKTPUYECKNIA M3fyYaTeslb, Jdasiee MNpoxXoasT uepes
BHELLHIOK MOBEPXHOCTb 06bEKTA, PacrpocTPaHAKTCA B Tesie 06bekTa
MU OTpaXalTca 0T ero BHyTpeHHel/ MOBEpPXHOCTM (0T rpaHuLbl 3Ha-
UMTEbHOA pa3HuLbl MUI0THOCTEM MeTayu1 — cpeda). JaTumk nprem-
HMKa BOCMIPUHNMAET OTPaXKEHHBbILA Y3—CUIrHas1, MpeobpasyeT ero B a/ieK-
TPUYECKNIA CUMHaT 1 NepeaaeT ero B M3MepuTesib, B KOTOPOM Mpouc-
X0OUT rpeobpas3oBaHMe NHTepBas1a BpeMeHu At B pesysibTar U3MepPeHUs
TOMWWHBI L.

OCHOBHble TEXHUNYECKUE XapaKTeEPUCTUKN TUINMNYHHOI0 Y/1bTPa3ByKOBOIO

TO/ILLMHOMEPA

AnanasoHbl n3mepsemMbIx
TOSNMLMH, MM eiiiiiiiieaeeiiiiiieieeeee e e s eeieeeeees 0,5...200 (c warom 0,02 mMm)
Avnana3oH pabounx Temnepatyp, °C:

MPUOOPA i +10...+50

OATUMKOB ...oooieeeeeeeeeeeeeeeeeeee e Ao +200
TTNTAHUE oo BaTapes 9B (50 u HenpepbIB-

HOLA paboThbl)

Macca Mprmbopa, I ....ccoccviriiiiieeiiiieeenine 500
BbIBOA, AaHHDBIX ..eveiiiiiiiiieiiiieeeieee e LintpoBoia xnakokpucTan-

JIMYECKMIA MHOUKATOP

KOHTpO/1bHbIE BOMPOCHI

1 Kak BbIrnaguT (NpubaunsnTesibHO) XapakKTepucTuka TepMossieKTpuye-
CKOro npeob6pasoBaTens (Tepmonapbl)? A KaK BbIrnsguT (KayecTBEHHO) Xa-
pakTepucTuka MefHoro TepMomeTpa COnpoTUBIIEHNA?

2. Knacc TouHocTu Lugposoro TepmomeTpa a = +(0,2 % X+ 1°C), roe X —
pesynbTaT usmepeHus. AmnanasoH namepeHunsa: -100...+500 °C. lNoka3saHnA nNpu-
6opa JT=+200°C. OueHUTe NpeesibHYI0 0OCHOBHY UNHCTPYMEHTASIbHYI0 OTHO-
CUTENIbHYIO MOrpeLwHoCcTb pe3ysbTaTa N3MepeHus.
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3. YKaXnTe 0CHOBHOIA HeAocTaToK MoslynpoBOAHNKOBbLIX TEPMOMETPOB CO -
npoTmeBneHUs (TepMUCTOPOB).

4. TepMmonapy Kakoro Tuna crieqyeT Bbl6paTb /19 KOHTAKTHOr0 U3MepeHus
TemnepaTypbl B gnanasoHe Ao +1400°C?

5. HaszoBuTe npeumyLecTBa MHMpaKpacHbIX TEPMOMETPOB repes, KOHTaKT-
HbiMU. puBeanTe NpUMepbl NPUMEHEHNA NHPPAKPACHbIX TEPMOMETPOB.

6. IamepeHHasa B rpagycax Lenbcma TemnepaTtypa pasHa +150°C. Onpege-
NTe 3HaYeHne TemrepaTypbl B KesibBUHaXx.

7. TemnepaTypa KUNeHUs BOAbl B HOpMasibHbIX yc/ioBUAX paBHa +100 °C.
OnpegenuTe 3HavyeHMe 3TOA TemnepaTypbl B rpagycax ®apenreiiTta (°F).

8. C nomoLbio MH(MpaKpacHOro TepMomMeTpa HE06X0A4UMO U3MEPUTL Temne-
paTypy N/10CKOA MOBEPXHOCTU MPAMOYTFosibHOM opMbl ¢ pasmepamu 0,3 x 0,1 m.
OnpegennTe MakcMMasibHO BO3MOXXHOe paccTosHue oT WK-TepmomeTpa Ao
3TOro 06beKTa A/191 KOPPEKTHOro U3MepeHUs TemnepaTypbl, ec/iM CoOOTHoLWe-
Hue paccTosaHue/anameTp paBHo 8:1.

9. Kakumu, Ha Baw B3rsisg, oCHOBHbIMW NpemmyLiecTBamMn o6iagalT na-
TWUHOBblE TEPMOMETPbLI COMPOTUBJ/IEHUA repes MeAHbIMW TepMomMeTpamMu COo-
npoTnBAeHUA?

10. Kak onpefensaeTca eAvHUUA U3MEPEHUA AaBfieHNAa — nackasib? Kak
cBfi3aHbl MexAay coboti eAnHULbI Mackasb U 6ap?

11. AaBneHne Ha HEKOTOPOM YpoBHe Mof BofolA paBHO 10 6ap. Kakotd rny-
6uHe B MeTpax (MpUMeEpPHO) 3TO COOTBETCTBYET?

12. Yemy paBHO 3Ha4YeHME YCKOPEHUSA CBOBOAHOMO0 NMajeHnsa g Ha NoBepxHo-
CTW Hawel nniaHeTbl B 00bIYHbIX YC/10BUSAX?

13. KakoBa macca 1mM3BoAbl B HOPMasIbHbIX YC/10BUAX (MPUMEPHO)?

14. TosiCHNTE NPUHLUMN OELACTBUA TeH30MeTpuyeckoro npeobpasoBaTesnis
DaBneHuns.

15. MepeyncnnTe OCHOBHbIE MpenMyLLecTBa U He4OCTAaTKU Y/1IbTPasByKOBbIX
pacxoomMepoB.

16. O6BACHMTE NPUHLLMMN AEVACTBUS TaxomeTpa B 6ECKOHTaKTHOM pexunme.

17. BHYTpeHHUIA anameTp Tpy6onpoBoda cucTeMbl BogocHabxeHusa D =
= 100 MM, CKOpPOCTb ABWXEHWUA MOTOKa MOCTOSAHHAa U cocTaBsisieT V= 0,2 Mm/c.
OnpefennTe 3HauYeHMe TeKyLlero 06bemMHOro pacxoga.
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Mpuno>keHne 2

LUKANbI TEMIMEPATYP

[0 cMX Nop B MMpe MCMNOMb3YIOT HECKO/TbKO eQUHNL, (DN3NYECKOIA BeNUYN-
Hbl — TemnepaTypbl. Hapaay ¢ kenbBuHOM (K), Y3aKOHEHHBLIM MeXAyHapos-
HOU cuctemobid SI (System International) v oTpaxawWwmm abCoMOTHY TeM-
rnepaTypy, a TakXe MNpuBbIYHbIM A1 Hac rpagycom Uenbcusa (°C) A0BO/IbHO
WMPOKO pacnpocTpaHeHa (oco6eHHO B EBpone un CeBepHOMi AMepuke) eaun-
Huua rpagyc ®apeHretita (°F).

CBfA3b WKan rpagycoB Llenbcusa n ®apeHreita nokasaHa Ha puc. M2.1.

MepeBoAnTL TemnepaTypy, BbIPaXXEHHYIO B OAHUX eAuHULaX, B APYryto
MOXXHO C MOMOLLbI BbIPXXEHWNIA, MPUBEAEHHbIX HUXE:

°C = (°F - 32)/1,8;
*F="C-1,8 + 32.

Hanpumep, ecnu Temnepatypa no ®apeH-
retaty 0,: = +257 *F, To ee 3HauyeHuWe B rpagycax

100 212 Lenbcua coctaBuTt 6C = +125 °C.
80 ————— 178 / Mo pasmepy rpaayc Uenbcua ("C) paBeH
60-= = =_140 KkenbBuHy (K). PasHocTu TemnepaTyp, 3Ha4YeHUs
40 104 pas/IMYHbIX TeMNepaTypHbIX KO3IPHULLMEHTOB 1
20 -8 T. M. BbIpaXkatoTCcsA KOSIMYECTBEHHO 04MHAKOBO B
0 - TOA 1 Apyrobi cuctemax. COOTHOLIEHUEe 3Haye-
-17,8- « o =4 HWIA TemnepaTypbl, BbIpaXeHHbIX B rpagycax
LUenbcusa (°C) n kenbBuHax (K):
Y °C=K-To
Punc. M2.1. CooTHoWweHNe K= ‘C+ To,
wkKan Lienbcna v dapeH-
reiAata roe T0= 273,15 K* 273 K.
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MpunnoxxeHne 3

CBA3b MEXAY PA3/INYHbIMWN EANHNLAMU N3MEPEHNA
DPUSNYECKNX BETNYNH

Tabnuuya M3.1

COOTHOLWEHUA HEKOTOPbIX HaUMOHa/IbHLIX U METPUYECKUX eavHNLY,

EonHuua
Pu3nyeckas HavumoHasibHasA KOS_(ﬁd))(I?I;I,VI_eHT METPVHECKODA
Be/INHVHA eavHuLa CVCTEMbI
Aoim 25,4 MM
oyT 0,305 M
OnnHa
Apa 0,914 M
Mwunsa 1609
KBaapaTHbIA OoAM 6,452 cm2
KBagpaTHbIVA yT 0,093 M2
Mnowaab
KBagpaTHas mMuns 2,590 KM2
AKp 4047 M2
CannoH 3,785 n (amld
KBapTa 0,946 n (am3)
O06bem MuHTa 0,473 n (am3
XXnpkasa yHuus 29,573 M (cm3)
Ky6uuecknia aoiam 16,387 Mmn (cm3
ToHHa (CWWA) 0,907 T (MeTpuyeckas)
Macca OYHT 0,454 Kr
YHuuA 28,35 r

Ans npeobpa3oBaHUsA 3HAYEHUA BEINYMHDbI, BbIPa)XKEHHOI0 B HaLlMOHa/IbHbIX
eAnHNUAax, B METPUYECKYIO CUCTEMY HEO06X0AMMO YMHOXUTL NepBoe Ha CooT-
BETCTBYHOLLNIA KO3hULMeHT. s o6paTHOro npeo6pasoBaHUs — U3 MeTpu-
YeCKO CUCTEMbI B HaLWOHA/IbHY0 — HEo6X04MMO 3Ha4yeHVe BesINYMHbI, Bbl-
paXXeHHoe B MeTPUYECKNX eAnHULEX, pa3fe/InTb Ha COOTBETCTBYIOWMIA KO3 -
huymneHT. Hanpumep, 3KBMBa/IEHT 3HayeHU ob6bema 2,5 nuHTbl (CWA) B
MeTpPUYECKOM cucTeme paBeH 2,5 m,473 = 1,1825 n.
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Tabnuua MN3.2
COOTHOLLEHNS MeXAy HaUuMOHa/IbHbIMU eANHLAMN
du3nyeckan BesiIMUMHa EanHuupl
1muna = 1760 apaos
Onuna 1apa = 3yTa = 36 grotimos
1oyt = 12 arotimos
1 rannon = 4 keapTel = 231 grotAm3
06bem 1keapTa = 2 nnuHTbLI = 32 yHUUN
Ixunakaa ynuma = 1,804 groiim3
1t (CWA) =2000 gyHTOB
Macca 1oynt= 16 yHumia
1yHuwnsa = 0,9115 Tpotickoth yHLMUK
Ta6nuuya MNM3.3
MNepeBoa, HEKOTOPbIX PacrpocTpaHEHHbIX eanHULY
(pacLunchpoBKy abbpeBraTyp cM. B mpw 4)
dunsmnyeckas EMHILA M3MepeHMs KoathpmumeHT EanHuua
BE/IMYNHA -» X/«- n3mepeHus
cm/c 0,03281 pyT/C
CKopocThb Mune/4 (MPH) 8 pyT/MNH
yT/C 0,3048 m/c
Pacxop, rasifioH/MuH 0,0631 nlc
MOLLHOCT nowagnHasa cuia 0,746 KBT
(HP)
aTmocmpepa 1,013 6ap
[HaBneHne 6ap 14,504 hyHT/ orotam2
hyHT/aroAm2 703,07 Kr/m2
MNoTHOCTb r/cm3 1000 Kr/m3
yHT/PyT3 1728 thyHT/Ar0tAM3
hyHT/aotim3 27,68 r/cm3

Ta6nunuya 3.4

COOTHOLLEHUSA MeXAY pas/INYHbIMU eaAUHNLIAMN U3MEPEHUS CW/b

EanHuugi
Fem/c2
H

1kre
9810
9,81

1amHa
1
10"5

" 1n
1000
1

B COOTBETCTBUN C MEXAYHAPOAHOA CUCTEMOIA (hU3NYECKUX eANHML, 33 ean-
HULLY [aBrfieHUs NPUHAT Nackanb (Ma), 04HAKO B NMPakKTUKe TeXHUYecKuUx us-
MepeHNiA UCMonb3yTea U Apyrvue eauHULbI AaB/1eHWs, B YacTHOCTU, MeTpu-
YECKOIA cUCTeMbl: Kre/M2, MM pT. CT., 6ap. KpomMe Toro, MMMopTHbIE NpUGopbI
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VMHOrga oTrpagymposaHbl He B CUCTEMHbIX, a B HaLMOHa/IbHbIX eUHNLAX, Ha-
npumMep B hyHTax Ha KBagpaTHbItA awiim (PS|I — Pound/Square Inch) v B
(hyHTax Ha kBagpaTHbItd ¢yT (PSF — Pound/Square Feet)

COOTHOWEHUA MeXay nackaieM n ApyrumMn eguHuLLaMmm, Ucnosib3yemMmbiMm
npu U3MepeHUn AasrieHUs, npueeneHbl B Tabn. M3.5.

Ta6bnunuya M35
COoOTHOLLEHUA MeXAY pa3/IMYHbIMU eQVHNLIAMAN N3MEPEHNS AaB/1IeHUA

EanHuua 1krc/cm2 lkre/m2 1wmmpt.ct. 16ap 1PSI 1PSF
Ma 98 066,5 * 9,8065 133,322 103 6896,38 47,837
«0,1 MMNa

OTmcTuUM, 4To 1 MNa oTpaxkaeT A0BOJ/IbHO Masioe 3HayeHue gasnieHusa. Ona
N3MepeHusa cpegHUNX 1 60MbLIMNX AaBNEHUIA NCMOMb3YTCA KpaTHble eauHULbI:
Kmnnonackasib — kla (103 Ma) n meranackasib — MTa (106 MNa).

CBfi3b Mexay eAnHULAaMK ccTeMbl S1 M MeTpUYecKoiA cUCTEMbI [,0BO/IbHO
rnpocTa:

16ap = 106anH/cm2= 106 (r mm/c2)/cm2= 105kr/c2m = 105Ma;
1 mbap = 102 MNa.

Ta6bnwnya MN3.6
COOTHOLLEHUS MeXAy pa3/IMYHbIMU eOVHMLAMU M3MEPEHUST AaB/1eHUA

EovHALLI PSI KTa mb6ap MM BOZ, CT. MM pT. CT.
(HD) (Hg)
PSI 1,000 6,895 68,95 703,1 51,72
KMa 0,1450 1,000 10,00 101,97 7,501
m6ap 0,0145 0,1000 1,000 10,197 0,7501
mMm H 20 0,1422 0,009806 0,09806 1,000 0,07355
MM Hg 0,01934 0,1333 1,333 13,595 1,000

Hanpumep: 1kMa = 7,501 mm pT. CT. oM 1 mm pT. cT. = 0,1333 Kla.

Ta6bnunya MN3.7

CoOTHOLEHUSA MeXAY pa3/IMYHbIMU eAVHNLAMWN N3MEPEHUS CKOPOCTU

EanHnupl FPM KM/Y FPS MPH m/c
FPM 1,000 0,018 0,0167 0,01136 0,00508
KM/Y 54,7 1,000 0,911 0,621 0,277
FPS 60,0 1,097 1,000 0,68 0,3
MPH 88,0 1,61 1,46 1,000 0,447

m/c 196,85 3,6 3,28 2,236 1,000

Hanpumep: 1 km/4 - 0,621 MPH (Munb/d) wam 1 MPH = 1,61 Km/u.
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Tabnwnya N3.8,

COOTHOLLEHUS MEX[y Pas/IMYHbIMU eMHMLAMU M3MEPEHUst pacxoia

EanHnupi yTY N/MUH M3y pyTIMUH nl/c m3c
pyTIY 1,000 0,472 0,028 0,017 0,00787 7,87-10-6
n/MuH 2,119 1,000 0,06 0,035 0,0167 1,67-10"5

M3y 35,31 16,67 1,000 0,589 0,277 2,78-10"4
hyTIMUN 60,0 28,32 1,699 1,000 0,472  4,72-10"4
nl/c 127,13 60,0 3,6 2,119 1,000 0,001
m3c 127 133 6 000 3600 2 119 1000 1,000

Hanpumep: | n/c = 0,001 m3c wam | m3c = 1000 n/c.
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Mpuno>xeHwne 4

AHIMNOA3bIYHBbIE COKPALWLEHNA HEKOTOPbBIX EAVHNL,

M3MEPEHNA
S| — si — Square Inch — KBagpaTHbIIA AONM;
SF — sf— Square Feet — KBagpaTHbIA GyT;
Cl — ci — Cubic Inch — kybuuecknin apoiam;

CF — cf— Cubic Feet — Kybuuecknia gyT;

FPM — fpm — Feet per Minute — yTbl B MUHYTY;

FPS — fps — Feet per Second — ¢yTbl B ceKyHAY;

LPM — 1pm — Liter per Minute — NUTpbl B MUHYTY;
LPS — Ips — Liter per Second — nnTpbl B CEKYHAY;

GPM — gpm — Gallon per Minute — rasfioHbl B MUHYTY;
GPS — gps — Gallon per Second — ra/loHbl B CEKYHAY;
HP — hp — Horse Power — nowagnHaa cuna,

RPM — rpm — Rotation per Minute — 060p0Tbl B MUHYTY;

PSI — psi — Pound / Square Inch — ¢yHTbI Ha KBaZpaTHbIIA AONM;
PSF — psf— Pound / Square Feet — (pyHTbI Ha KBagpaTHbIIA QyT;
MPH — mph — Mile per Hour — Mwunun B y4ac;

In. WC — Inch of Water Column — AlobimMbl BogsiHOT 0 cT0/16a;

cm WC — Centimeter of Water Column — caHTUMeTpbl BOAAHOr0 CT0M16a;
mm WC — MillimcteY of Water Column — mMunnumeTpbl BOAAHOI0 CT0168;
ppm — Part-per-Million — ogHa MWNJINOHHAA YacTb.
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Mpunno>xkeHne 5

SKCMNNYATAUMOHHBIE XAPAKTEPUCTUKN
CPEACTB W3MEPEHWI

HepocTaTouHo Tpe6oBaTb OT CPeACTBa M3MEPEHUs TOMbKO OMpeaesieHHbIX
MeTpOSIOrNYECKUX XapaKTepucTK. HeobxXoanmMo MMeTb YyBEPeHHOCTb, YTOo Mpu
BbLIMO/THEHUMN 3KCMEPUMEHTOB annapaTypa 6yAeT coxpaHATb pab6oTocnoco6-
HOCTb U obecneunBaTb YAOB/ETBOPUTENbHbIE XapaKTEePUCTUKM. [OCKONbKY B
HEKOTOpbIX 3afaYax yc/loBUS NpoBeAeHUs 3KCMEepUMEHTOB MOFYT 6bITh CaMbl-
MW pa3Ho06pasHbIMU (MOPOA HAMOMMUHAOWMUMMK NOMEBbIE YCA0BUA), TO 3KC-
NAyaTalLMOHHbIE XapaKTepUCTUKN MCMOMb3yeMbIX U3MepUTesieii MHoraa Bax-
Hee MeTposiornyeckmx. Mpu NAaHWMPOBAHUN KOHKPETHbIX W3MEpPeHUiA Heob-
X0AMMO YeTKO NpeAcTaBNATb BO3MOXHbIE YC/10BUSA MPOBEAEHUs 3KCMepuMeH-
TOB 1 BbI6UpaTL 060pyA0BaHME C YUETOM ero MNacnopTHLIX 3KCM/yaTalNnoHHbIX
XapaKTepucTuK.

Nio60oe 3M1eKTPOTEXHNUECKOE WK 3M1EKTPOHHOE (B YaCTHOCTU, U3MEPUTE b-
Hoe) YCTPOMACTBO [0/IKHO 0TBEeYaTb HeKOTOPbIM BrOSIHE JIOFUYHLIM Tpe6oBa-
HUAM M0 HOPMasibHOMA 3KcnyaTauun. OCHOBHbIE M3 HUX MOFYT 6bITb CBEAEHbI
B ABe rpynnbl Tpe6osaHniA. [epBasi rpyna — xapakTepucTUKN BAUSHUA cpeabl
Ha YCTpOMAcTBO (ero sawmTa OT BO3AEPACTBUA TemnepaTypbl, OTHOCUMTE/ILHOMA
BNaXHOCTW BO3AyXa, aTMOChHEpPHOro AaBneHus, MbIAW, Brarn, 3fieKTpomar-
HUTHOIO M3Ny4YeHns 1 ap.). BTopas rpynna — snausHue camMoro ycTpobicTea Ha
OKpYXXalLyto cpefly U 6€30MacHOCTb pa6oThl ¢ HUM YesloBeka (3/1eKTpo6e3o—-
nacHocrb MepcoHasa, Noxapobe3onacHocTb, B3pbiB06€30MacHOCTb, YPOBEHb
3/1EKTPOMArHUTHOrO M3/TydeHna 1 ap.).

3allMLLEeHHOCTb CPeACTBa M3MepeHUs 0T Bo3AeACTBUA OKpyXaloLleid cpedpbl
MOXET XapaKTepn30BaThCsA CTEMEHbI0 B/IMAHWA Pas/IMyHbIX NapaMeTpoB Ha pa-
60TOCNOCOGHOCTL YCTPOMACTBA U pesy/ibTaTbl 3KCMepMMeHTOoB. Cpean MHoXe-
CTBa BO3MOXHbIX BAIMSIOLMX GaKTOPOB Hallle BCEro YUUThIBAOTCA Ceaytoume:

TemnepaTypa OKpYXalolebi cpeabl;

* OTHOCUTC/.bHAA BIAKHOCTbL BO3AYXa;

* NbISb, BNara (Bofa), BO3MOXKHOCTbL pa6oThl 060py0BaHUA Ha onpedeneH-
HOlA rnybuHe nop, BOLAOMA;

« aTmoctepHoe faenieHne (BO3MOXHOCTb paboThl Npu6opa Ha onpedeneH-
HOUA BbICOTE Haf YPOBHEM MOpS);

« BM6pauua, yaapHoe BO3OEPACTBUE;

« MarHUTHbIE U 3/1eKTpUYecKue Mons;

+ pagnaLnoHHOE N3/TyUYEHUE;

« KauecTBO NUTaOLLIEA 3/1eKTPUYECKOLA CceTu.

ViHorga orosapuBaroTCca Takxke CTerNeHMN 3aliuieHHOCTY 0T nomMex o6Liero
M HOPMasIbHOIO BUA, OT arpeccUBHbIX Cpef, CTeneHb MCKpobesprnacHocru (Bos-
MOXHOCTb paboThbl YCTPOMACTBA BO B3pbIBOOMACHbLIX Cpeaax).

PacCMOTPMM HEKOTOpble OCHOBHbIE 3KCM/lyaTaLMOHHbIE XapaKTepucTUKM
N3MepUTENbHOMA annapaTypbl. Y)Ke MHOF0 AeCATUIETUNA CyLecTBYeT MexXayHa-
POAHLIMA HOpMaTWB, OMpeAensolNiA HEKOTOopble OCHOBHbLIE 3KCM/lyaTaLWoH-
Hble XapaKTepUCTUKIM 3/1IeKTPUYECKNX U 3/1eKTPOHHbIX ycTpolicTs: International
Protection (IP) Rating — vHaekc 3awmuieHHOCTM yCTPOlACTBA OT MbUM U Ba-
v oKpyXawuleii cpefibl, a TaKe 3/1eKTpo6e30nacHoCTM nepcoHana npm pa6o-
Te c yCTpoiACTBOM. HopMaTMB MpU3HaH 1 YCMeLWHo UCMosib3yeTcs BO BCEM MUpe.
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Tabnuuya nMN5.1

3allMLLEHHOCTb YCTPORACTBA 0T TBEP/bIX YacTuLL U 3/1eKTPO6e30MacHoCTb

nepcoHasna
Lindpa YpoBeHb3aWNTbI XapakTepucTuKa 3amThbl

0 HeT 3awuTbl Hukakoli 3aWumThbl YCTpPoACTBa OT Nbln. HeT
3alMThl rMepcoHasia 0T BO3MOXXHOIM0 KOHTaKTa
C onacHbIMW TOKOBeAYLLMMW MPOBOAHUKAMM

1  3awmnTa oT KpynHbIX 3auwumTa oT NMPOHMKHOBEHUS B YCTPOLACTBO

yacTtuy (NpegmeToB) NpeamMeToB AvamMeTpom 6onee 50 mm. 3awim-
Ta 0T KacaHusa /1afoHbl0 TOKOBeAYLUX Mpo-
BOAHWNKOB
2 3awmTa oT yacTuy, 3awmMTa nepcoHasia OT NPUKOCHOBEHUSA K TO-
(npegmeToB) KOBeAyLMM YacTaMm. 3awmTta OT MPOHMKHO-
cpefHero pasmepa BEHWS1 B YCTPOIACTBO NpeaMeTOB AMaMeTpoM
6onee 12 mm (Hanpumep, NasbLa pykKu)

3 3alimTa oT MesiIKnx 3awmTa nepcoHasia oT NMPUKOCHOBEHUSA K TO-

yacTuy, (NpegMeToB) KoBeAyLMM HacTAM MHCTPYMEHTOM wuan
nanbuamun. 3awmTa oT NPOHUKHOBEHUS B
YCTPOIACTBO NpeAMeTOB AnameTpom 6osee
2,5 MM (Hanpumep, O0TBEPTKU)

4 3awmTa 0T necka 3awmTa nepcoHasna OT MPUKOCHOBEHUA K TO-
KOBeAYLLMM 4acTAM UHCTPYMEHTOM W
nasnbLamn. B ycTpolACTBO He MOryT nornacTb
npegMmeTbl AnameTpom 6osee 1,0 Mm

5 3awmTa oT Nbn MblNb MOXeT nonafaTh BHYTPb YCTPOLACTBA,
HO B KO/IMYecTBe, He Hapyllallem pabo-
TOCMOCOBHOCTU YCTPOLACTBA

6 MonHaAa 3awuTa oT BHYTpb YCTPOLACTBa HE MPOHUKAET HUKaKas

Nbun

Nbl/1b

Ero Tpe6oBaHMA COOTBETCTBYIOT pAAY CTaHAapTOB pPasBUTbLIX CTpaH N MexXAy-
HapoaHbIX cTaHgapToB, Hanpumep DIN 400 50, BS 5490, NF C 20—010,
1EC 529, NEMA, 1 pacnpocTpaHsTCA Ha YCTPOLACTBA C HanpsXXeHUsaMun ne-
pemMeHHOro Toka Ao 1000 B 1 nocTossHHOTo Toka A0 1500 B. B Haweli cTpaHe
Takxke geticteyeT FTOCT 14 254— 80 — aHasior 3Toro HopmaTusa. HopmaTtus IP
He oroBapmBaeT 3alMTy 0T arpeccuBHbIX cpef, OaBrfieHus, BUbpaLnmn, 3eKT-
POMarHUTHbIX MONeiA, paguaumn u T.M., a XxapaKTepusyeT TO/bKO Mbule- Bfia-
ro3alMLeHHOCTb YCTPOMACTBA M 3/1eKTPo6e30MacHOCTb paboTbl ¢ HUM. KOHK-
peTHasi KaTeropus 3aliMLLeHHOCTU 3afdaeTcs AByms uudpamm — IP XX, [lep-
Basd LUpdpa B 0603HaueHnmn IP XX — zawmTa oT TBepApIX YacTuy, (Tabn. M5.1).

Puc. M5.1unnocTpmpyeT pas/inyHble CTEMEHU 3alMTbl 0T TBEPAbIX YacTuLy
M 3/1eKTpo6e3ornacHoCTb nepcoHasna npu pabore ¢ NpnodOPOM.



Puc. M5.1. UnnwcTpayus cTeneHeid 3aWmTbl 0T TBepAbIX YacTUL, U 3/1EKTPO-
6e3onacHoCcTU

BTopasa uudpa B o6o3HauyeHun IP XX — sawuTa OT AeACTBUS Bfaru
(tabn 15.2)

Puc. M5.2 nnnwctTpupyeT pa3/sindHble cTeneHn 3aWmnTbl OT Bfaru (Boabl).

HekoTopble coBpeMeHHble cpeAcTBa M3MepeHusa/perncTpauLmm TemnepaTy-
pbl pa3paboTaHbl C 0O4EHb BbICOKMM YPOBHEM 3alMTbl. Hanpumep, cyLlecTBy-
10T MUHUATIOPHbIE LUMPOBbIe MN3MepUTesIbHbIe PernucTpaTopbl TemrepaTypbl
(Data Logger), npegHasHavyeHHble ANS A/IMTENbHOM perncrpaynum Temnepary-

1(IP XI) 3(TP X3) 4(IP X4)
/
/
5(IP X5) 6 (IP X6) 7 (P X7) 8 (IP X8)
N\ 17/7/

P! A4 o

Puc. M5.2. nncTpaynsa pasfinyHbIX cCTeneHel 3amTbl 0T wWrarn (BoAbl)



Tab6bnuuya M5.2

3alMLLLEHHOCTb YCTPOIACTBa OT B/laru (BoAbl)

Lndpa YpoBeHb 3alLmnTbI XapaKTepucTuKa 3amTbl
0 HeT 3awuThbl HvKakol 3awmThbl YyCTpOACTBa OT 6pbI3r
Blarv
1 3awwmTa oT BEPTU- BepTuKasibHO Magalolime Karsim He Bbl3blBa-
Kas/IbHO najaroLmnx 10T HapylleHua paboTocrnoco6HOCTU YCTPOIA-
Kanesib cTBa
2 3awmTa OT Kanensb, Kannuv Bogbl, nagatouime nog yrsom ao 15°,
nagarwmx nog yr/ioMm He Bbi3bIBalOT HapyLleHus paboTocnoco6-
HOCTMW YCTPOLACTBA
3 3awmTa 0T Kanesb, YCTPOLACTBO 3alMLLeH0 0T Kanesb Boapl,
najarowmx noA yrsoMm nagarwowmx nog yrsom ao 60°
4 3awmTa oT 6pbI3r YCTPOMACTBO 3al4ULLEeHO Or 6pbI3r BoAbl,
BOAbl, Najarowunx B KOTOpble MOryT 6bITb HarpassieHbl CO BCeX
nobom HanpaaleHUM CTOPOH
5 3awmTa oT cTpyii CTpys BoAbl (Hanpumep, U3 WWlaHra) He
BOAbI HapyLlaeT paboToCcnoco6HOCTUN YCTPOLACTBA
6 3awnTa OT 3a/IMBaHNA  3asMBaHWe ycTpolAcTBa BoAoMA (Hanpumep,
BOAOLA Ha nany6e kKopabnfa) He HapyliaeT paboTo-
CMNOCOGHOCTM YCTPOIACTBA
7 3awmTa oT YCTPOIACTBO MOXET ObITb MO/THOCTHLIO MO-
rnorpy>xeHus B Boay rpy>XeHo B Boly, 0OcTaBasCb rnpu 3Tom pabo-
TOCMOCOBHbIM
8 3awmTa oT YCTPOIACTBO cOXpaHsieT paboTocnoco6HOCTb

Morpy>eHus B BoAy
Ha ornpeAesneHHyo
rnyoeuHy

npv Norpy>eHnu B BoAy Ha onpeaesieHHyo
rny6buny (3HavyeHne BblAEpXUBAEMOro AaB-
NleHUs1 yKasbiBaeTcs 0TAe 1bHO)

pbl, CTeMNeHb 3alNLLEeHHOCTUN KOTOPbIX XapaKTepusyeTtca nHaekcom IP 67. EcTb
[axe Moaesin YCTPOMACTB ¢ npeaesibHbIM ypoBHEM — [P 68. 3T0 03HauyaeT, 4To
OHM COBepLIEeHHO He 60ATCA NbIIM U MOFyT paboTaTbk AaXe Nog BoAOLMA Ha 60/1b-
WwoiA rnybuHe. Hanpumep, HeKoTopble BblAEPXMBaOT AaBsieHne 20 6ap, 4To
COOTBETCTBYET r/ly6uHe npumepHo 200 m.

279



Mpuno>keHne 6

MPUMEP PACYETA NOINrPEWLIHOCTW PE3Y/NIbTATA
KOCBEHHOI'O USMEPEHNA PACXOOA

PaccMoTpMM MnpuMep pacyeTa MOrpewHocTN pesysibTaTa KOCBEHHOro W3-
MepeHUs TeKyLLEero pacxoa XMaKocTu (AeTepMUHUPoOBaHHbIA noaxon). Cdop-
MyJ/IMpYyeM HeKoTopble creuuduyeckme Ass 3TOA 3a4aum A0NyLeHs.

A. Mpun BbINOHEHUN OMpeAesieHHbIX YCr0BUIEA (Tpy6onpoBoj Ha [0CTaTOu-
HOA ANUHE NpsSIMOEA M MOJSIHOCTbIO 3aM0JIHEH XWUAKOCTbIO, ABUMXEHMEe ee paB-
HOMepHOe, BHYTpeHHee ceyeHue Tpy6onpoBoJa Ha AOCTATOYHOUA ASIMHe Mo-
CTOAHHO U T.M.) 3HaYeHme Tekylero pacxoga Q paccuMTbiBaeTca no gopmyse

" nd2
Q=pPV8=pv——o,
4
rge p — 3HadeHue MJ0THOCTY XUAKOCTU; 5 — nnowaab BHYTPEHHEr0 ceYeHus
Tpy6onpoeoaa; d — BHyTpeHHWPA anameTp Tpy6onposoaa; V— CKOPOCTb ABU-
XeHUSA NoToKa.

B. NHTepBan HabnoaeHNs TaK HEBEIMK, YTO MOXHO CUNTaTb BCe BesINYU-
Hbl HEM3MEHHbIMU: p = const; V= const; d = const, T.e. ucnonb3yeTca cTaTu-
yeckas mogesib namepeHus. MoCcKoNbKy Bce BXoAsLLME B BblpaXXeHMe BesInyu-
Hbl MOCTOAHHBI, TO 1 3HadyeHue pacxoga Q mocTosHHO.

B. 3HaueHusa BennumH p, V, d B 06uiem cryyae nsmepsoTea pasfiNHHbIMA
npnéopaMmm Co CBOMMWU KOHKPETHbIMW MOrpeLHoCTAMMN, onpefenisemMmbiMn nx
Knaccamm TOYHOCTU. MOrpewHoCTN 3TUX NPOMEXYTOYHbIX pe3y/ibTaToB MOryT
6bITb HalifeHbl Ha 0OCHOBE MAacMopPTHbIX AaHHbIX M MOKa3aHUIA MUCN0/b3yeMbIX
npnbopos.

Kak n3BecTHO, A/19 TaKoro ciy4vas yHKLUMOHaNIbHOIA 3aBUCUMOCTU (PYHK-
LWOHaN BuAa «Mpom3BefleHne») cyMmapHaa npegesibHas O0THoCUTeslbHas Mo-
rpeLHOCTb MOXeT ObITb HalifeHa KakK cyMMa npefesibHbIX OTHOCUTESIbHbIX MOo-
rpeLHOCTe onpeAesieHNs 3HaYeHUS KaXKA0A COCTaB/IAIOWEMA NCXOA4HOMA Benu-
YMHbI (MOrpewHoOCTbI0 onpedesieHNsa 3HaYeHUA 4Ymcna A NpeHebpexem):

Sc = 5p + 5,, + 25if

Mpeanonoxum, 4To rnpefesibHble 0THOCUTESIbHbIE MOrpewHocTn ornpege-
NEHNA UCXOAHbIX BEe/IMYUH, HalAfEHHble Mo pe3ysibTaTaM MCX0AHbIX U3mepe-
HUEA 1 NacrnopTHbIM AaHHLIM MPU60POB, paBHbI, COOTBETCTBEHHO, SP= 31 %,
6,,= +2 %, 5if= +1,5%. Torga cymmapHas norpelHocTb 60 pesynbTaTa nsmepe-
Hus pacxoga Q

80=#(1 +2 +2-15) = +6 %.

Ecnn oTHocMTeNbHbIE MOMELWHOCTN HEU3BeCTHbl, a MU3BECTHbI Mpedesibl
abCoMOTHBIX norpetiHocTetd AX M3MepeHUs UCXOAHbIX BESMUUH U CO6CTBEH-
HO pe3y/ibTaTbl 3TUX U3MepeHuiA X,, To npeaesibHble 3HaYeHUss 0THOCUTESIbHbIX
nogewHocTedi 57, %, /1erko Haxo4ATcs crieAyoWwmnm o6pas3om:
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