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NPEOMCNOBHE

Hacrosiast KHHra €OCTaBJeHa B COOTBETCTBHH € MPo-
IrpaMMoil Kypca 3JeKTPHUECKMX W3MEPEHHil, H3yUaeMoro
B 3/IEKTPOTEXHHUECKHX ¥ SHEPTETHYECKHX BRICIINX YYeOHBIX
3aBeJCHHAK.

B xudre paccMaTpEBAKICH OCHOBBI TEOPHH SJEKTpPHYe-
CKHX H3MEPEHHH, MeToIbl W3MEPEHHH 3JIeKTPHYECKHX,
MATUMTABX H HEeJIeKTPHYECKHX BEIHYHH W TeXHHUECKHE
CPEACTEA, HCHNOMb3YeMbIE IIPH SJIEKTPUUECKHX M3Mepe-
HUSX.

[IpunaTas B KHUTE CHCTEMATH3AUMSA MaTepHana HanGo-
Jiee ynobHA NPH HSNOXKEHHH Kypca 3JeKTPHYECKHX H3Mepe-
HUlH, OXBaTHBAOLLErO JIMIIE CaMble CYINECTEeHHBIE BONPOCH
NEKTPOUSMEPHTENLHON TexHuKH, OObeM cpejieHHil, NoMe-
LUIEHHBIX B KHUTE, HECKO/JBKO MPEBHILIACT CONEPKAHNE JIEK-
IHOHHOr 0 MaTepHadna, TaK Kak HMeeTcs B BHAY BOSMOXKHOCTD
HCNONB30BAHNS KHHTH CTYJAEHTaMM I/ CaMOCTOSTENLHON
TPopaboTKH OTHENbHLIX PA3/eNos NMpOrpaMMel U (B HEKOTO-
poii cTeneHy) AIsi NOATOTOBKH K BHIIONHEHHIO naGopartop-
HEIX pabor.

Jlas ycBOeHHsI COJepIKaHHS HACTOAMEell KHUTH HeoGxo-
JIHMO 3HaHie (PH3HKH, BRICHIEH MaTeMATHKH, TEOPeTHYecKoH
MEXaHHEKH, TEOPETHYECKHX OCHOB 3JIEKTPOTEXHHKH H .OCHOB
SMeKTPOHHKY B OOBeME TIPOrpaMM SJEKTPOTeXHHYECKHX H
SHEPTeTHYECKHX HHCTHTYTOB.

[lpu wsnmxenwn MaTepuana npuMeHeHa Mexnywapon-
nasi cucrema emuuui (CH).

Tlpennaraemas Kuura npeacTasnseT coGoil Tpya mpeno-
JIaBaTENILCKOr0 KOJIMIeKTHBa Ka(eIphl HHOPMALHOHHO-U3-
MepuTenpHOR TeXHHKH Jlenmmrpajckoro oppena Jlenuna
5JIEKTPOTEXHHYECKOr0 MucTHTyTa uvend B. H. VabsHosa
(Jlernina). B Hell HCIONE30BaH MHOPOJIETHHI ONEIT IIPHMEHe-
HHMSl B Iearorudeckoit paboTe NEpBBIX YETHIPEX H3JAHMii
yueOHHKa., YUTeHbl OTSLIBEL H IOMEJIaHMS, MONyYeHHbE
aBTOPCKHM KOJMIEKTHEOM mocsie Beixopa B 1973 r. yerpep-
TOTO W3[aHAs KHUIH.
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ApTOpHI BHIpa)atoT GnaronapHOCTh PeleH3eHTaM — Co-
TPYNHUKAM Kapeaps HHOOPMAIMOHHO-H3MEPUTe/LHOH Tex-
HMEN MOCKOBCKOro SHEPrerHyeckKoro MHCTHTYTa. 3a mepe-
paboTKy OTHE/BHLIX PA3esoB PYKONHCH TOC/e PEneHsHpo-
BaHUS ABTOpB!I MpUHOCAT Takxe Gaaronapuaocts E. M. Ap-
ToHioKy (rai. 9), WM. A. KapabGanory (ra1. 2) u E. A, Knce-
snesoit (§ 4.1—4.3).

Bee KpuTHYECKHE 3aMeyaHHA W noxkenannsa OyayT npu-
uaTLl ¢ OnaropapHocThio aBropaMu. OT3biBul clienyeT Ha-
npaeaaTh no anpecy: 191041, Jlenunrpap, I1-41, Mapcoso
none, a. 1, JIeHHHrpajCKoe OTAENEeHNE H3NATEIbCTBA «JHepP-
TUs,



BBEJIEHME

B 40-x ronax XVIII B. ocHOBONOMOKEMK pyccKol HayRy Maxau
Bacuasesiy JlomoHocoB u ero koasiera akajemuk I'. B. Puxman cos-
MECTHO TIPOBCIMIIH Padory No M3Y4eHHIo aTMOCep HOTO SMEKTPHUECTEA.
[puctynasl K CHCTEMATHYECKHM MCCIC/IOBAHUSIM TO 3JEKTPHYECTBY,
I'. B. Puxman cpasy e ofpartull BHHMAHHe HA HEOOXONHMOCTE H3Mepe-
nHit, 1 B CAMOM Hayale 5KCNepHMEeHTANbHBIX HCCIEIOBAHKE TIO aJ1eKTpu-
YeCTBY €My YAANoch CKOHCTPYHPOBATh HEPBEIl B MHDE 3JeKTPOV3MepH-
TeAbHEI npubop — «yKazaTess eNeKTPUYecKol cuipk. Brepseie 507
npubop Gt npepcranned I'. B. Puxmanom ofemy cobpanuio ITevep-
oyprckofi Axazemun Hayk 29 mapra 1745 r. '

B 1y smoxy HMKaKMX SJeKTPOH3MEPUTENBHBIX MPHOOpOB elle He
GELIO M MCCHIEIOBalis (PH3MKOB MO SJAEKTPHYECTBY ABMSIIHCH TONBKO
KAYECTBEHHEIMH. Brinaio-
muficss  SKCrepHMeHTarTop
I'. B. Puxman oforatun Hay-
Ky BecbMa Ba)<HEIM u3o0pe-
TEHUEM.

«YKazatenb  eJIeKTpHYe-
cKol cunwy (puc. B.1) npeg-
crapnal  coboli  JIBHSIHYIO
HUTBE [, YKpEILIeHHYIO Ha
MeTa/THYecKol  croiike 2.
Y ocHopamns CTOMKM TO- o
MEIayicst 1ePEBSHELIL KBAll-  pye, B.1, «Vkasatens eNeKTpHSecKoll CHbh
paHy & pemHOro OOJBILErO I. B. Puxwana — NEPBLIl SIEKTPOMETD
Pamiyca, yeM JJIHAA HUTH.

Ecnu crofixy 2 coepiaMTh € HAJMCKTPHSOBAHHLIM TEIOM, TO BCAE-
CTBHe OJHOMMEHHOI 3/MEKTPH3AUMH CTOHKH M HHTH TOCaenHss Oyner
OTTankupaThcsl or croiku. [lo Beanuuse OTKIOHEHHST HHTH, KOTOpOE
H3MepsieTest N0 LIKAJE HA JEPEBSIHHOM KBapauTe, MOMHO CYAHTH 06
CEJIKTPHUECKOI CHIIe», siBsionlefics BO BpeMeHa JIoMOHOCOBa Xapak-
TEPHCTHKO SMEKTPHUECKUX FIBJICHUHA.

Svor npubop, npenpasHageHnsil PHXMaHOM [T N3yYeHHS aTMOC-

PHOro 31€KTPUYECTBA, ABUJICS NEPBHN STEKTPOHIMEPHTENLHEIM IIPEH-

POM — POJOHAYANEHHKOM SJIEKTPOMETPOB, H3MEPSIOHUX PASHOCTH




NOTEHIHANOB, XOTSl HNOHATHE TOTEHNHana OhUI0 YCTAHOBJIEHO 3HAYN-
TENBHO TIC3JIHEE.

H3yuast rpossi, JIOMOHOCOB TIPEIJICKHI BeChMa OPUTMHANBHBIT [pH-
Gop sl ONpenesieHHa MaKCHMAIBHON «eleKTPHYECKON CHJIBD. IJTOT
npuGop COHEpXcaln OYeHb BAXKHYIO YaCTh — NPYMUHY JWIF CO3ZAHHS
NPOTHBOAEHCTBYIOMEr O MOMEHTA.

Bropas nonopnna XVIII B. XapakvepHa MHOTHMH OTKpPBITHSIME
B 0OG/MAcTH CTAaTHYECKOro sfeKTpmuecTBa. Jlns wHechefoBaHus KoJiv-
YeCTBEHHON cyopombl saekypudeckux spnennit 1. Kynor scren 3a
JloMoROCOBEIM 1 PHXMaHOM MOCTPOH/ H NPHMEHI H3Mep HTE/BHEII TP H-
60p — ¢KPYTHJbHBIE BECHD. '

Komey, XVIII n nagano XIX cronetms 03HaMeHOBaJHCh Kpym-
HEMH COOBITHSME B HCTOPHE H3YyyenHs silekrpuyectsa. Onbrret J1. [ans-
BaHY W Hcoaegopanua A. Bosmbra NpHBenH K OTKPBITHIO 3JCKTpHYE-
CKOro Toka. Benen 3a 5TuM MHOIHME HCC/EJOBATEISAMY GbUTH OTKPEITH!
XMMHYECKOR, CBETOBOE M TeIyOBOe AeficTBlSA TOKA, BAMSHHE KOHTYpA,
00TeKaeMOro TOKOM, Ha MarHHUTHYIO CTPENIKY, a TakKe B3anMopeilcTBHe
TPOBOIHMKOB ¢ TOKaMH M TIOCTOsTHHBLIMK Marantamu. PaspaboTka ponpo-
COB TEOPHH HJIEKTPHYECKOTO TOKa MpHBesa K HeoOXOAMMOCTH CO3Ianus
H3MEPUTENIBHOrO NPpUGopa Juia onpeiesenns CUbl ToKa, YTo U OLIIo cjie-
aago . C. Omom. Jlasi OTHOCHTENILHOTO OHPEUENEHHS CHIL TOKA
I'. C. Ov Bocnonb30Basics neficTBHEM NMPOBOJHHKA C TOKOM HA MarHuT-
uyo crpenky. [Ipn momomy rakoro npuGopa OM 3KCnepHMEHTANBHO
YCTaHOBHJ M3BeCTHHH 3aKOH, HOCSUIME erc wMs.

B 1831 r. M. ®apageit oTKpLw SIBACHNE SAEKTPOMArHHTHOH HHIYK-
win. B 1837 r. wseiinapexuit ¢usuk O. pe na PuB H3o6pen TE/OBON
SAEKTPOU3MEPHTENBHEI TTPHOOP.

Bropaa monosnna XIX B. Gbira mepuomoM pocTa HOEOH OTpaciu
8HAHNH — syekTporexunkn. Co3fdaHME TeHeparTopoB  SJIEKTPHYECKON
SHEPrHH M NpPHMEHeHHe HX JJIS PasiUYHBIX MMPAKTHYeCKHX [eseHd Io-
Gypuay KpyneeRumX s/eKTpOTeXHHKOB Bropoil nosopupsl XI1X B. 3a-
HSTHCH W300pereHreM ®W pa3paboTKoil PasiHyHBIX SJIEKTPOHZMEPH-
TeNBbHLIX NPHOOPOB, Ge3 KOTOPHIX CTAA0 HEMBICAUMO AajbHeflee pas-
BUTHE TEOPETHHECKO M TIPAKTHYECKOH SJOKTPOTEXHHKH.

B 1880—1881 rr. dparnysckue urxenep lenpe u ¢usuonor x’Ap-
COHB&JIh TIOCTPOMJTH Pl BEICOKOYYBCTBHTEBHBIX Ta/bBaHOMETPUB C 3€ep-
KaabHeM orcgeroM. B 1881 r. memenxuit urmenep @. YnnenGopH u3o-
Gpes1 SMEKTPOMArHMTHBOT NPUGOP € 3SAAMITHYECKHM CepIeYHHKOM,
a B 1886 r. om e npesNoKuA NEKTPOMArHUTHETH NpHOOP C KPYIJIoH
KaTyIKOH U ABYMS [MJIMHAPHYECKHMH Cep leunnKamy. B 1894 r. nemen-
kit nixkenep T. Bpyrep usobpen joromerp.

OcoGeHHO BeMKM 3aCHYTH B PasBHTHH 3JEKTPOH3MEPHTENbHOH
rexuuky Bropolt mosmopuasl XIX u mayayna XX B. BHAIOLIErOCH pyc-
croro snektporexunka Muxanina Ocunosnua Jonuso-ILo6p0BOABCKOTO,
KOTOPOMY TPHHAAMEXUT MHOrO paboT u u3oOpereHui, OTHOCSIHXCS
K DPasHpM 00sacTsM SJeKTPOTEXHHKH.

HNestenpuoers M. O. Jlonuso-Ilo6poBoiiscKoro B ofactd 31eKrpo-
U3MEPUTENLHOH TEXHHKH NPOTEKaNa B HECKOJNLKUX HAMPAB/ICHHSX.
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Bo-neperix, M. O. [lonuso-ILoGposonseiuni paspaGoran sackrpouar-
gUTHEIE AMTEPMETPE M BOJBTMETPLI, H300DEST ¥ M3TOTOBWA HHIyKILH-
OHHBI USMEPHTENbHBI MEXaHH3M C BPAIIAIOMMMCS MATHHTHBIM TIOJEM
| TOJBHYKHON ©acTbi0 B BHJE /MCKa ¥ NPHUMEHHN €r0 B BaTTMETpe H
(hasoM2Tpe, @ TaKMKe IPENIORWI H CKCHCTPYHpoBai (hepPofiuHamMuye-
ckie BarTMeTpel. OIHAKO BBHJY HM3KOTO YPOBHS SJEKTPOTeX HHUeCKOM
TPOMBEILLIIENHOCTH Toperomonnonselt Pocenn naventet M. O. Jlomupo-
J1oGpOBOMBCKOTO MepBOHAYAALHO OB HCNOMB30BaHLI 33 pPyGeKOM,
B YAaCTHOCTH TIO HAM BeIlyCcKasa npubopu HeMenkas cupma AST.

Bo-propeix, M. O. Jlonnso-/1o6poBonbeKuil BHmonHuI psi pador,
UMEIONIHX NPHHIMIHANBHOE 3HAYEHHE JUIS KOHCTPYHPOBAHUS 3JEKTPO-
H3MEPHTE/MLHBIX TIPUGOpoB. B pabore «O npuMeHeHIiH xe/e3a B SMeKTpHU-
YeCKHX M3MEPHTENBHLIX NPHOOPax» OH HE TONBKO NPENJIOMKHI HOBEHE
(eppoaMHAMHYECKHE TPHOOPLL, TOIYEPKHYB HX OCHOBHOE JJOCTOHHCTBO —-
cpasHuTeNbNC CONbIol BPAAOIII MOMEHT U He3aBHCHMOCTh TOKa-
3aHMil OT BIWSIHUSI BHEIIHHX MATHUTHBIX [OME, — HO B IPHBEa P
coobpaxernil 0 BrGOpe 3HAYCHHS MArHUTOIBIDKYIIEH CHIIE 7 BO3MLYIL-
HOTO 3a30pPa /151 TIOAYYEHHs JIHHERHON 3aBHCHMOCTH MEXAY Hanp sKeH-
HOCTBIO NOAA M MarHUTOJABIKYILEH CHION M MadblX TOTPELIHOCTE OT
ructepesuca. B cBonx crathix ¥ gokaagax M. O. Moauso-Ilo6porons-
CKWH TIONBL30BAJICS FePMMHOM «BPAIIAMOMIM MOMEHT» H JUIS XapaKTepH-
CTHKM upHGOPOB yKasbiBasl 3HAYEHMs BPaAOMEro MOMEHTa W peca
MOJBIKHON YaCTH, YTO B JafibHeleM npHBe/o K YCTAHOBJIEHHIO TIOHA-
TS «Koa(ipHUHEHT No0pOTHOCTHY,

B-tpetenx, M. O. lonuso-I106p 0BONECKHM GHUTH NP eI0KE b H OCY-
LECTBACHLL HOBBIE METOE! 2JEKTPHYEeCKHX H MATHUTHLIX H3MEpEeHHil.
Crenyer 0cof0 OTMETUTH €r0 NPEJUIOKEHHE M3MEpsTh NoTepH B (hep-
POMarHHTHBIX MATEPHaNaX NPU UX nepeMarHYHBAHKHA TPY IOMOIY BaTT- -
MeTpa.

Ko sropoii nonosyure XIX B. orHocaTes paGors B 06/1aCTH 3J1€KTpO-
H3MEPHTENEHOH TEXHHKHU OJIHOTO H3 BBUEIOIUXCS PYCCKHX (PH3UKOB
Anercannpa Ipuropsesuua Cronetosa. B coem «Mccaenosanuy dyHK-
LU HamarenynBapns Markoro genesay A. I'. CrosneroB H3JMOKHI OT- -
KPBITBI MM 38KOH H3MEHEHHS MAruATHOI [POHHIIaeMOCTH B 3aBHCHMO-
CTH OT HanpsKeHHOCTH noisd. BennyuHy, TOKa3BIBAIOUMYI0, KaK HM3Me-
HACTCS HAMATHHYEHHOCTH € H3MEHeHHEM HanpsizKeHHOCTH modd,
A. T. Croneroe HaswBan «pyHKIHEeH HaMarHUYeHUS» (TENepb OHA Hashl-
BaeTCA MarHWTHON BOCHPMUMYHBOCTHLIO). [l HeclenoBaHus «pyHKIHA
Havaranyenns» A. I'. CronetoB paspa®oran crienmanbHE Meron, KOTo-
PEili 3akaOYaNCs B TOM, YTO HCIBEITYEMOMY o6pasiy NpuaaBaiach KoJb-
neoOpasuas hopma, oOpasel, HaMarHHYUBAJICST TOKOM OGMOTKH KOJIbLE-

a3HOro CeplievHHKa, 8 3HaYeHHe HaMarHuyeHHOCTH €ro Oonpene/s-
JI0Ch 110 HHAYKTHPOBAHHOMY TOKY B APYroif KaTyilke, HAMOTaHHOH HA
TOM e ofpasue. STOT TOK M3Meps/ics Oaj/IHCTHYECKHM T a/lbBaHOMeT-
powm.

Hecmorps wa To, uto B cepeamne XIX B. yike MOB30BATHCH 3JIEK-
TPOM3MepUTENBLHEIME IPUGOPAaMH, OOUIETIPHHATONH CHCTEMBI SIEKTpHYE-
CKHX ¥ MarHWTHHIX eIWHHUIL ere He OhIIO.



Ilepebie MONLITEM BBECTH EAMHCTBO B H3MEPEHHSI 3JIEKTPHYECKHX
BeJIHUHH NPHHALJIEXAT PycCKOMy ydyeHomy, akageMuky DBopucy Ceme-
uopruy $1Ko6u. OH cospan paj NPHOOPOR IS H3MEPEHHS SJEKTpHYE-
CKOro CONpOTHBJIEHYs], HA3BAB WX (BOJLTArOMETPaMuy, H3TCTOBUI CBOMH
COGCTBeHHbI YCNOBHEL STA/IOH CONPOTHRIEHNA W3 MENHOH MPOBOJOKH
1 pasocsan ero psjy ¢usnkos. b. C. $1kobH ycosepleHCTBOBAN «BObTA-
MeTp» — TpHGop A/ U3MePeHHs CHIIBI TOKA TIO KOJIMYECTBY OCa)Iaro-
LIerocs. BEILeCTBA MPH SJEKTPOIM3e B CAMHHLY BpeMeHu. ITH padoTs!
B. C. SIko6H, BechMa BaXKHBIE [isi DASBHTHS SJEKTPOH3MEPHTEIbHOH
TEXHHKH, [PEIIIECTBOBANM CO3JAHHIO CHCTEMbI 3/JIEKTPHYECKHX €IHHHLL,
KOTOpasi YCTaHOBHJIACH 3HAYMTENLHO MNOIJHEE.

B 1880 r. umenu pacnpoctpanenne 15 efHHI SJAeKTPHYECKOTO CO-
TIPOTHBJIEHHS, 8 e/IMHHLL JeKTPOIBIKYIIEH CHiLl, O eJHHNL SJeKTpHYe-
CKOTO TOKa. BBuAy Takoro pasuxoobpasusi B eIMHHNAX BCAKOE CpaBHE-
HHE PE3Y/IbTATOB H3MEPEeHHH M PacyeToB PasfMUHLIX HCCemoBaTeneit
OLIIO NPAKTHYECKH HEBO3MOMHBIM.

Cucreny ssekspuyeckux epuuvy yeranosnn Ilepseifl Konrpece mo
sdekTpHYecTBy, coctosteumiics B Tapmxe B 1881 r. Poccwio Ha stom
konrpecce npencrasasit A. I'. Croneros. Ha xoHrpecce 6u1i npuHATHL
SJERTPOMArHUTHAS H 3AEKFPoCcTaTHYecKas! CHCTeMer eHHMLL. [lns npak-
THYECKHX Llestefi KonrpeccoM Obuta BBenena abCoOMIOTHASI CHCTEMa, efiH-
HHIILI KOTOPOH NOMygaiorcsl U3 cOOTBeTCTBYIomMMX erauLl cueremsl CI'C.
Ha panbreiiimix KoHrpeccax no saekTpPHYECTBY, NpoHcxomuBiux B 1889,
1900 rr. B nosnuee, crucreMa 5MeKTPHYECKHX €JIHHHIL NONOJHSANACH HO-
BHIME NPAKTHYCCKHMH €ITHHOAMH, OB yCTaHOBJEHE MarHUTHEIE €1~
HHIIEL,

I'lo nennyuaruse reanansioro yueroro Jvntpusg Meanopnua Menne-
Jieesa -Ha pyGerke Mpouwioro ¥ Hacrosnero BexoB B [napuofl manare
Mep u Beco B [lerepGypre Gbi10 OPranH30BaHo CelHalbHOE OTeNeHNe
IS TIOBEPKH SJIEKTPHYECKUX H3MepHTeNbHBIX mpubopos, B 1909 r.
B I'naBuoii nanare mep u secos A. H. l'eopruepcknii 1 M. @. Manukos
NPHCTYNHAN K CO3JaHHMI0 STAJOHOB OMa M BOJbTa (3TAJIOH BOJBTA —
B Bujie IPYTNLI HOPMATbHBIX 3NEMEHTOB).

Hecwotps na wsofperenys! pycCKHX YUeHHX B 0OJacTH sneKTpo-
H3MEPHTENBHOI TeXHWKH, B JIOPEBOMONHOHHON Poccnn mponsBoicTso
CPEJCTB H3MEpeHnH NPaKTHYECKH OTCYTCTEOBAJIO.

[Tocne Besnkoit OxT6phCKON cOUMANTHCTHYECKON DEBOIOUMH H3-
4anoch BCECTOPOHHEE PasBUTHE BCeX OTPac/efl HapOAHOro XO3sHCTBA,
KOTOPOE BEIABHHYJIO HOBHE 3a7ayyl B OOJIACTH SJEKTDOH3MEPHTeNLHON
TeXHHKH.

B 1927 r. sayan BuINyCKaTh 3MEKTPOH3MEPHTENbHLIE MPHOOP L HOBLI
3aBoy «nexrponputopy. B 1930 r. 6ewia opranusosana OtpensHas na-
Gopatopus usmepennii (OJTH3), corpyauuK KoTOpoi paspabotanu paj
npuGopoB ¥ MHOroe crenany B ofiacTn pacyera W KOHCTPYMPOBaHNS
SMEKTPON3MEPHTEALHEIX npHOopoB, OcobeHHO MIOLOTEOPHON B 3TOM Ha-
npapsenuyn Gewia pearensHocts H. H. Ionomapesa. Hayamn seinyc-
KarTbest npuOOps /15 H3MEPEHHI HENIEKTPHYECKHX BEIHYHH JEKTPHe-
crumH mMeronavi. B 30-x ropax B HayuHO-HCCHIENOBATENBCKHX HHCTHTY-



tax B OTPacieBHIX J1aG0paToOpHsX Hauanach paspalorka Tejensmepn-
pe/bHOM  annapaTyphl JUlst SHEPTeTHYECKHX CHCTEM NPOMBIINIEHHEIX
npeanpHATHIL. C 1949 r. 3aBop «ZnEKTPONYILTY HAuasa ee cepuiiHui
BRLITTYCK.

MisMepuTe/ibHas TEXHHKA, KAK COBOKYNHOCTE METOIOR M CPENICT AJis
TONYyYEHHS JOCTOBep HOH Komiqecmemioﬂ HHGOPMALHA O XapaKTepH-
CcTHKAX BEIECTB, MaTePHaIOB, H3JENHil, TEXHOMOrHYeCKUX MPOLECCOB
1 GU3HYECKUX SIBTECHHUIT, ABJSETCA OJHIM H3 PEIAIMX (PAKTOPOB TEX-
HHUECKOrO Mporpecca BO BCEX OTpaciifXx HapojHoro xo3siictea. B no-
CAEGBOSHHBIE TONBI TIPOWSOLNIH CYUIECTEEHHRIE KAYECTBCHHEIC CHBHTH
B TPeOOBaHUSIX K CPEICTBAM SJEKTPHUECKHX H3MepeHHi. DKcTpemaib-
uuill XapagTep YCIOBHIH MHOIHX obnacTell COBPEMEHHOTO NPeH3BOACTBA
U HayYHBIX HCCJIEIIOBAHHIT (BHICOKHE Y AH3KHE TeMNEPATYPhl H 1aB/ieHus,
arpecCHBHEIE CPebl, KpalHe Manble WiH, HaoGOopOT, OYEHB BLICOKHE
CKOPOCTH TNPOTEKAHMA NPOLECCOB, MIHPOKHH [HMANAa30H M3MEpPSIeMbIX
BEJHYMH H T. 1.) NoTpeGoBas IHPOKOH aBTOMATH3AIHH NPOLECCOB H3Me-
penns. [losiBriiics HoBEE TpeGOBAHES K CPElICTBAM H3MEPEHUH, Xapak-
TEPUIYIONIHECH MEPeXOolOM K HCHOAB3OBAHUIO PE3YJILTATOB HE OT/eib-
HEIX H3MepeHUil, a8 NOTOKOB U3MEPHTeNbHON HEopManlK, NpHMEeHeHIEM
Jnisi 06paloTKH PesyspTaToB M3MePEHHIT SMEKTPOHHBIX BBIYNCIHTENb-
wuiX Mawye. CTaZly WHTEHCHBHO PasBHBATECA Da3/HYHEIE BH/IEL H3Me-
pHTEMBHBIX HHPOPMALHOHHLIX CHCTEM.

B pesy/sibTate yCOEMIHOTO BHINOMHEHHH NATHIETHHX TJIAHOB Pas3BH-
Tus HaponHoro xoagilctea CCCP merynuiig B CTpoll snekTponpuopo-
CTPORTENBHLIE 3aBOMIE. JNMEKTPONpUOOPOCTPOEHHE B HACTOSILEE BPEMS
ABJISETCS PasBUTON OTpaclbio OTeYeCTBEHHOH npomputmenHocTH. Cpen-
CTBA 3MEKTPHYECKNX H3MePeHHil, BHINYCKAeMBiE 3aBOIAMY, MIHPOKO
HCTIOABL3YIOTCH B PA3NHYHKX OTPACASX HAPOAHOIO X03siHCTBA, 0COORHHO
B 2JIeKTPOSHEPTETHKE W 1.

SNEeKTPOHIMEPHTENbHASE TEXHHKA HMEET NHCKJIIUHTEIBbHO Gosplioe
8HayeHHe NI HAYYHO-UCCIENOBATENLCKOR pabothi, Uem copeplienmee
U TOUHEe 3/EKTPOU3MePHTENbHbIE TPHOOPE!, TeM Taytxe B NpaBRIbHEE
MOzKeT OBITB H3YUEHO Heoenyemoe apienne. PaipuTae smeKTpousmepH-
TeJILHOH TeXHHKH BecbMa 3JupeKTHBHO CnOCOGCTBYET YrJyGACHHIO 3HA-
HHil, HOBHIM OTKPBITHSM H ECECTOPOHHEMY MPOrpeccy BO BCEX OTPacisx
HayKy H TEXHHKH.

Inan paseutus maponsoro xossfictea CCCP ma 1976—1980 rr.

NpeflycmMaTpEBaeT yBealuenne Beimycka nprGopos Gonee uwem B 1,7
Pasa, [lnaner paspUTHI SME€ETPOHSMEPUTEILHOH TEXHHEH NPEAYCMATPH-
BAIOT ZHAYUTENBHOE PACIIMPEHNEe HOMEHKJATyPhl W yJjyyllenue Kaue-
CTBA CPEICTB H3MEPEHHH JMISl pelleHHA CaMbiX PasHooOpasublX 3afay
HAPOJHOro XO03gHCTRA.

B macrosiiee Bpemst SJEKTPOH3MEPHTENbHAA TEXHHKA HHTEHCHBHO
passupaeTcst BO BCEX HanpaBJeHHAX:

a. Iloprnaercst TOYHOCTS W CRICTPOREHCTBHS, PACUIHPAeTCa Yaeror-
HEI nuanasoH, YIyHIIAoTesl KOHCTPYKIEH SJIEKTP OM3MepHTe/TbHELK Npi-
Gopos. B psie npu6opoB HAPSLY C OTCYETHBIMH ¥ 3aNHCHIBAIOMIHMH YCT-
poiicTEaMH DpeAyCMaTPHBAIOTCH YCTPOICTBA TSl CHIHAJM3aluy Orpe-
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JenennslX SHAYEHHH H3MepsieMoll BeNHUMHEL i aBTOMATHYECKOrO Yrpas-
JICHHST TIPOUSBOLACTBEHHLIMH HPOIEccaMy. BBINYCKAKTCs SJEKTPOHHIE
¥ 1HpPOBEE NPHGOPL C BHICOKHME METPOJIOTHYCCKUME H SKCTNyaTatu-
OHHBIME CBOMCTBAMH.

6. PaciinpserTcs HOMEHEJATYPA W yJAYUILAIOTCH XapaKTepHCTHKH
pasHoobpasHelX H3MEPHTeNBHHX npeobpasopaTenell, IHPOKO MpHME-
HSEMBIX NPH H3MEDEHUAX SJEKTPUYECKUX, MATHUTHBIX M HE3NeKTpHye-
CKHX BeJIMYHH, & TAKXKe B CHCTEMaX aBTOMATHYECKOrO YTPAaBMleHHs.

B. PaspabateiBaiorcsl W BHITYCKAKTCsL PasiMYHLIE CHCIUAN3HPO-
BaHHEIE SJEKTPOHIMEPHTRJIBHBIE YCTAHOBKH, NpelHA3HAYCHHRE JIJIf 110
BEPEH JIEKTPONZMEPHTENbHLIX TPHGOPOR, HCIBITAHHUS (heppoMar HUTHEIX
MaTepHasoB u APYLHX nenell.

r. Bolnyckaiotes ¥ COBEPLIEHCTBYIOTCS H3MEPHTEIbHEE HHpOpMaTH-
oHHple cucTeMbl. [lonygaoT npruveHeHHe H3VMEPUTeNbHO-BLYHC/IHTENE-
neie kommyexcer (MBK), Herosbsyomie COBPEMEHHYIO BBIMHC/HTENb-
HYIO TeXHHKY.

A. PaspabaThiBaeTcsi H BEITYCKAETCsl arperaTRPOBaHHHI KOMIIERS
CpesieTs snekTponsMepuTe/bHON Texuuky (ACIT), Bxopsmpuil B l”ocy-
napcrBennyio crcremy npuGopos (I'CIT).

e. CoBepllIeHCTBYIOTCS H CO3JAK0TCS HOBHIE TOCYAAPCTBEHHBIE ITa-
JIOHBL €MHULL IEKTPHUECKNX BEJIHUHH, YTC ofecneyiBaeT NOBRIUEHHE
YPOBHSl TOYHOCTH 3/7eKTPHYECKHX H3MepeHuil,



FNABA TEPBAS

OBLWIME CBEAEHMA
OB 3NEKTPHMYECKMX M3MEPEHMAX

1.1. OnpepencHKa M KNaccUPHKALHS CPEeCcTE HIMEpPEHMH

JseKTpPHUECKHE H3MEPeHHS W eNMHKLb (H3HuecKHX BeJHdMH. 3a-
 paueil 3MEKTPHUECKHX H3MepeHMil SBJISIETCH HAXOKACHHE 3HaueHuil
(u3HYeCKHX BENHYMH ONBITHBIM MNYTEM C NOMOLIEI0 CHELHAABHLIX
3JIEKTPOTEXHHYECKUX CPEJICTE H BEIPAXKEHHE ITHX 3HAUEHHH B NpH-
HATHX €IHHANLAX.

DusiiyecKas Benyunna — CBOHCTBO, 00lLee B KAYECTBEHHOM OTHOLIE-
HEH MHOTEM (PH3HYecKHM o0BLeKTaM uny (pu3HYeckuM cuctemas, HX co-
CTOSHUAM H TIPOHCXOASLAM B HHX Ipoleccam. DJIeKTPHYECKee conpo-
THBJIEHIE TN, HANPSKEHHOCTD SMEKTPUYECKOrO NOJIs, Macca, Bpemst
H Jp. — Bce 3TO U3HYECKHE BEJHYHHLI,

Pasmep emHHIE BeNIHYHHB, BOQOIIE TOBOPS, MOMET OBIThH JH00OBM.
OnHako u3mepeHns JOMKHEL BEMONHATLCH B OOLENDHHATHX €IHHAIAX.
Taxkue eniHBEIE yCTAHARTHBAIOTCA B KXI0H cTpaHe oco0LmM 3aKoHona-
TEABCTBOM € YYETOM PEKOMEeHIALHNH MeH<IyHapOofHEIX OpraHusarnuii.

B CCCP c | suBaps 1963 r. BBEJIeHA Mexpynaponnas cucTeMa enm-
nury (CH) L

Ocnopubn enmmiuavy CH sinsiores: MeTp (M) — efuHENa AR,
KujiorpavMm (Kr) — €JiHHALA MAcChl, CeKynpa (C) — enHHHLA BPEeMEeHH,
amnep (A) — enuunna cubl Toka, kenpsin (K) — enunnna tepMmonina-
MH4HECKOH TeMrnepaTypsl, MOAb (MOJb) — €IVHHLA KOAHYECTBA Belle-
CTBa, Kaupena (Kn) — enMHHUA CHJBl cBeTa. JlonoAnHnTennHbie eau-
HULBL: pajmaH (pajl) — eHULA [JIOCKOro yria, crepanuan (cp) —
€[MHINA TEJECHOr O yraa.

[Tpousponubie empnuibl MexpynaponHoil cuetemel o0pasyroTes H3
OCHOBHBIX ¥ AOMOMHHTEABHHX ENHHUI, NPH TOMOMH ONpEAETAOUIHNX
YpagHenuii B cOOTBETCTBHE € NPHHLIRIIAMN TOCTPOEHHS CHCTEM €IIIHHLL,
Brecucremnpie eMHMIE], JONYCKAEMBIC K NpPHMEHEHHIO, YCTAHABJINBA-
W0TCs cTaHAAPTAMH HA €JHHHLE! 110 OTHEJBHLIM 061aCcTAM H3MepeHu#.

Mexpynaponmast cuctema eunmt (CH) siBnsiercs ynusepcanbHOH,
TaK Kak OXBATHBAeT Ece o6acTs u3Mepenufl, ¥ KOTePEHTHOI, T. €. Ta-
KO creteMoli, B KOTOPOH NpON3BONHEE €NHHHIEI BCEX BEJIUYUH MOLYT
GEITL rosyyeHB! ¢ MOMOMWBIO ONPEAETSIOMEX YPABHEHHI ¢ YHCAEHHBIMIT

1 Jlas o6osnaueHust MenqlyHapoanol CHereMEl ey null NpHustto coxpamenne CHA
OT Hawanpueix Gyss cnop Systeme International).
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kos(huunenTams, pasHuyy enudEue. Kpowe Toro, Kak OCHOBHLIE
eIUHHLB, TaK W [Ooapnfiomee GOAbIIHHCTRO NPOM3BOMHLIX €IMHHIL
cictemel CH no csoemy pasmepy yaoGHBI IJisi NIPpAKTHUECKOTO HX NpH-
MeHeHHs. 3HauuTenbHoe umcso enuuum, CH: merp, Kumorpavs, ce-
KYHI&, aMrep, BOJBT U Ip. NOAYYHIH LUHPOKOE pacnpocTpaHneHie 3a-
jonro o ee peepeHus. HeofxonwmocTs nepexopa k Mexaynaponnoi
CHCTEME eMHULL HKTOBANACh TpeOORalisIMH NOBLILEHHIS TOYHOCTH H3-
MepeHHi, YHU(UKALNY U YTOYHeHus eNHIUI QuU3HYECKHX BelTHylin.

Buppl cpepcrs anexTpuyeckux wamepennil. Cpencisamu SNneKTpH-
YECKHX H3MEpEHHH HASHIBAIOT TEXHHYECKHE CPENiCTBA, HCTIONb3YCMELIE
MpH BAEKTPHYECKUX H3MEPEHHSX M HMENIIEe HOPMHPOBAHHEE METPO-
JIOTHYeCKHE XapakTepuHCTHKH. Pasmuyalor caenytomme BHIBL CPEACTB
3JIeKTPUUECKIX M3MepeHni:

MEpH; ;

3JIEKTPOUSMEPHTENBHEE NPUOOPH;

u3mMepuTeNbHble Npeolpa3cBaTely;

SJIEKTPOU3MEPHTE/ILHLIE  YCTAHOBKH;

HaMepuTe/bHBE RHQOPMAINOHHLIE CHCTEME.

Mepamu na3uIBalOT CPECTEA U3MEPERUH, NpeIHa3HaYeHHLIe JI7Ist BOC-
npouseeen s (PH3NYECKOl BENHYUHLL 3aNaHHOTO pasvepd. Pasnuyaior
OIHO3HAYHHE MEpH, MHOTO3HAUHLIE Mephl M HabOpH Mep.

OfiHo3HaYHAST Mepa BOCTIPOM3BOIHT (PH3MYECKYI0 BENHYHHY OJHOI0
pa3Mepa; MHOrO3HAYHAs MEpa BOCTIPOM3BOIMT Psijl ONHOHMEHHBIX BeJIH-
YiiH pasHoro paamepa. IIpHMEpPOM MHOrOSHAUHLIX MEp MOXKET CNyYKHTb
KOHJIEHCATOP NepeMeHHOH e€MKOCTH, BAPHOMETp MJis NAaBHOTO H3MEne-
HUA uHRyKTHEHOCTH M Ap. HaGop mep mpenctabsiser co0o# Creima-
NBHO 10A00panHb KOMINIEKT MEp, NPHMEHSEMbIX HE TOMRKO TO O1-
JENLHOCTH, HO H B PA3JIHUHBIX COUETAHMAX C UENBI0 BOCTIPOH3BENEHNS
pia ONHOMMEHHBIX BesMumd pasyiunoro pasmepa. IlpuMepamu
HaGopa Mep ABNSIOTCS MArasHHEl CONpOTHBICHHI, eMKOCTER H Jp.

InexmpousmepumensHoimu npubopamu HasbiBAOT CPENCTEA STCKTPH-
YeCKHX H3MepeHuil, NpeiHa3Hayennsle 1Jis BEPaOOTKH CHIHAJIOB U3Me-
puTensHOl uHGOpMALY, T. €. CHIrHAJNOB, (YHKUHOHAJBHO CBA3AHHBIX
¢ W3MepAeMEIME (PE3UYCCKHMI BEJIHYUHAME, B (OopMe, noctynHoit s
HENOCPEICTBEHHOr0 BOCHPUSATHS Habmonatenem. Onn BeckMa pasHo-
o0pasubl Mo CEOEMY MPHHIEIY AeHCTBUST H KOHCTPYKTHBHOMY odopmae-
HUIO BCIENCTEHE PASTHYHBIX TpefoBanui, NpeABAB/IAEMBX K HIM. Snex-
TPONSMEPHTAIbHBE NPUOOPLI MOryT ObiTh KilacCH(pHUMPOBaNEL MO pas-
JIHYHEM [IPU3HAKAM.

SnekTpousMepuTeNblbie NprOOpL, NOKasaHis KOTOPHX ABAROTCA
HEerpepHBHbLIME (YHKLUEAMH H3MEHEHHH H3MepAeMbuX BETHYHH, HASHI-
BAIOTCH aHAJOropeiMH npubopami.

DneKTpousMEpHTENbHEE TPROOPE], ABTOMATHUCCKH BHpafaTHBAI0-
IHe JHCKPETHBIE CHPHAJbl H3MEPHTENbAGH HHEOPVALHH, MOKasanus
KOTOpHIX NpeAcTas/eHsl B UugpoBoll GopMe, HASLIBAIOTCS uHppoBLIMI
nprGopavH. - S

B 34BHCHMOCTH OT TOQ, NOYCKAET JIH 3VIEKTPOH3MEPUTEIbHBIH
npuGop TONLKO CUMTHIBAHHE TOKasauuil WK AONYCKAST CUNTRBANIE H
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pErHCTPAUMIo TOKA3aH|H B TOI WK niofl opMe Wit TONBKO perucrpa-
uto, Bee NpHOOPE! MOTYT GHITE pasfieleHbl Ha JBE TPYNNbl: NOKASLBA-
rore npHOOPE! H PErHCTpHpYIOILKe nprGOpLL.

Ecan perucTpHpYIOmHii HSMEPUTENIbHEN IPHOOP JA€T 3anich nokKa-
gapyil B QOpME [MarpaMMel, TO TakHe NpuGOpHl HASLIBAIOT CaMOnHILy-
UHMU.

PerucTpHpYIOWHE H3MEPHTEIbHE Npubop, B KOTOPOM NpenycMoT-
peHo neyaTante rnokasanui B uudpopoil Gopme, HASLIBAIOT NEYATAIOLIM
nprubopoM.

DneKTp ON3MEPHTENbHEIE NPROOPE!, NOKA3AHHSA KOTOPHX (BYHKLHO-
HAbHO CBA3AHEL € CYMMOH IBYX W/l HECKOJNbLKHX BEJHUHH, ITONBO-
AMMBIX K HHM TIO PasfiMYHEIM KaHaNaM, HasbIBAKOT CYMMMDYIOUMMH.
ITpumepoM CyMMHPYIOLWIETO NpHOOpa MOXKET C/TYXKHTh BATTMETD, TIPef-
HazHAYEHHBIH J15 H3MEPEeHns CyMMapHOH MOUHOCTH HECKOJNBKHX IeHe-
paTopon.

[lInpoKoe pacnpocTpaHeHHe NOMYYNIIH TaK HASEIBAEMHE HHTEIPHPYIO-
mue npubopbl, B KOTOPHIX H3MEpsieMas DENMYHHA WHTEIPHPYEICs 10
BPEMEHH WM TIO JIpyroil HesaBucuMoli nepevensoii. Ilpuvepom moxer
CNYIKHTL JEKTPHUECKHH CUETUHK SHEPIHH.

Jlns nofiyyeHMsl pe3ynbTaTa U3IMEpPeHHs (HIHYECKOH BeMHUNHLI
B NPHHSATHIX €IHHULAX OOS3ATENBHO NO/RKHA YYaCcTBOBATE Mepa. Diek-
Tpm-:a‘mpu're.nhnmfi npubop MOXeT OblTh 3apaHee IPagyHpOBaH B ej-
HUILAX M3MePsAEMOfi BeJINUNHEL, T. €. MEPa 3apaHee HCTIONB3YeTCs B mpo-
1ecce W3roToRNeHHUs npubopa.

CyttecteytoT npubopsl, INpelHa3HAaYeHHBle IS HENOCPENCTECHHOTO
CPABHEHMSI HU3MEPSEMOH BEHUHHBI € BeJMYHHOH, 3HAYEHHE KOTOPOI
u3BeCTHO. Takwe 3/eKTpONSMEpHTEeNbHEIE NPUGOPEl HA3BIEAIOT NpHEO-
pamu cpapHenus. ITpumepamu NpHOOPOB CpABHEHMS SIBJIAIOTCH MOCTHI,
NOTEHUKHOMETPH M Ap. (cM. ra. 5).

B npufopax cpapnenus 0 HEKOTOPBIX APYTHX N5 YCTAHOBJEHHS
OTCYTCTBUA TOKA B KAKOM-NHOO YUACTKE NENH HIIH PABEHCTBA HAND MaKe-
HHH Ha KaKux-HGO yuacTKaxX [EeNnd NpUMEHSIOTCH MpuGOpEl, Nolyqus-
HIHe HaspaHue HyJ/b-HHIHKATOpOB. IIpuMepaMu HYJIB-UHIHKATOPOB MO-
IyT GbITE ralbBAHOMETPH W/ SJEKTPOHHBIE YCTPOHCTBA, BHIAIOMHE
HMITYJILC TOKA (HJH NPEKPALIAIONHE BLIAYY WMIYJBCOB) NpH paBeh-
CTBE [IBYX HANpSIKEHWil, TOABOIMMEIX K UX BXOHAAM. '

Hanbuelinpe pasaesienus TIPHOOPOB NO KOHCTPYKTHBHBIM H (hyHK-
HHOHANBLHLIM NPH3HAKAM TIPEACTABSIOT 000l NapasieabHBle KAacCH-
dukanuy.

YKakeM HEeKOTOPHIe MPHMEPHL.

Ilo xapaxkTepy nNpuMEHEHHS PasiHYAIOT CJAEAYIOLIHE NPHOOPLI:

1) crannonapHeie, T. €. TakHe, KOPNyca KOTOPBIX NPHCNIOCOOJIEHLI
LS9 eCTKOro KpelvieHHsl HA MeCTe yCTaHOBKH;

2) nepedocHble, T. €. TAKHE, KOPNYCa KOTOPHIX HE NpeiHa3HAYEHE!
- IS JMeCTKOTO KpemNieHHs Ha MECTe YCTAHOBKH.

B 3apucumocTi oT cTeneny 3alHILeHHOCTH NPHGOpH GhIBAIOT OOBIK-
HOBEHHBIMHM, TIbLIE-, BOAC-, OPHI3rO3AMMHLIEHHBIMEH, TePMETHYECKUMI
M qp,
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Tlo pony u3mepsemoit Benuarubl nprOOPE AENSTCH HA aMIIepMeTpH—
JUis H3MEDEHWS TOKd; BOJNBTMETPH — JUifl M3MEPEHHS HATDSOKEHNS;
OMMETPEL — JUJid W3MEPEHHH CONPOTHBACHNS H T. TI.

Kpowe yKasanubix Knaccudukaguii, CymecTsyior i Ipyrue; ony Oy-
YT pPACCMOTPEHH HIDKE,

Hamepumensrbime npeobpasosamens sy HasplBalOT CPEICTER SMEKTPI-
YECKHX H3MEpenuil, npenHasHaueHHble [/1s BIpa0OTKH CHTHANA H3MEPH-
TelbHol nHpopMauuy B Gopme, yIOOHOR nAs nepenaun, HaMbHEHLIEro
npeofpasoBannst, o6paboTKy M (WiM) XpaHeHHS, HO HE NONAAIOIEHCS
HETOCPEJICTBEHHOMY BOCIPHATHIO HaGMIONATENEM.

B 3aBHCHMOCTH OT BIIa HSMEpAEMBIX BETHUNH H3MEPHTEbHEE Tpe-
o0pasoBaTe/ll JEAATCH HA JBE TPYNMBL

1) npeoGpasopartesy SNEKTPHUIECKHX BENHYHH B SJEKTPHUECKHE 3Ke
BETIYHHBL;

2) npeoGpasoBaTeNH HEIEKTPHYECKHX BEJHUYEH B SJCKTPHYECKHE,

K npec6pasosatesisiM SJEKTPHYECKHX EeNHUMH B SJEKTPHUECKHE
OTHOCHTCS WYHTHI, AENHTENN HAUPSIKENns, H3MEPHTENbHEE TpaHcdop-
MaTophl 1 apyrue ycrpoictea. Ilpuvenesnne npeoGpasosareneil no3po-
JISET U3TOTOBNATE NPHOOPHL HA pa3Hble NpeJlesbl H3MEPEHHHl, POU3BO-
INTH H3MEPEHHS OTHOCHTENBHO GONBIINX TOKOB W HalPsKeHHi nputo-
pauii, MMEIOIHME MEHbILNE Npefienst nsvepenud u T. 1. K npeofpaso-
BATENAM SJIEKTPHYECKHX BE/THYHH B SJIEKTPHUECKHE XK€ BEINYHHL OTHO-
CATCS MHOTOYHCJIEHHBIE NMpeofpasoRaTeny, NpensasHAYeHHEe s 1o-
JIyYensd CHIHAIOB H3MEPHTENLHOH HHGopManuu B (hopume, ynobroi pis
ee mepenauM, npeofpasosanus, oOpaCOTKH M XpaHeHus, Ilpumepamu
noaobnoro polia npecbpasopareneil ABASIOTCS NPeobpasopaTey HamMe-
pPSAEMBIX SJIEKTPHYECKHX BeHMHH B KOA (cM. Ti. 6), KOTOpHII MOKeT
OHTE HCIOME30BAH JUISL Nepefaud u3MepuTesbHOH MuGOpManuu no
Kanamzam CEfA3M MJM sl BBEJIEHHs] B SJIEKTPOHHBIE BhIUHCIHTEb-
HBE MaNIWHEL Y1t nocTeayoulelt o6paboTku no sanadHofi nporpamme
WM JiJisl NpeSCTaBieHus] HaMepuTenbHol uHbOPMAanuH B uH(pOBOH

Me.
qmpﬂpeoﬁpaaoaamu HEONMEeKTPIYECKUX BEJTAYHH B 9JIEKTPHYECKHE TIpes-
CTaBASIOT coOoil OBIIMPHYIO IPYIY NpeoOpasoBaTENeH, IPUMEHAEMBIX
FIPi SMEKTPHYECKHX U3MEPCHHSIX He3IeKTPHYECKUX Be/MynH. TIpumepom
MOTYT CJAYXNUTH PasiUyHLE TepMOPE3HCTOpPhl, HHAYKTHBHBIE IIpe-
o0pasoBaTei, NpH MNOMOUH KOTOPHIX HaMepseMas HENIEKTpHYecKas
BesIHAA (TeMneparypa, AaBlieHne M Jp.) OTOOpa)aercs sieKTpuye-
CKOIt BeIHYHHOM (3/IEKTPHUECKOE COND OTHBMEHHE, HHAYKTHBHOCTS U JIp.),
HaxopAmeiicsd B onpeneneHHoN QyHKIIHOHANBHON 3aBHCHMOCTH OT H3Me-
psenolt HesJIeKTpIYecKol BEFHIHHE (CM. 171, 8). )

Hexotopeie Bubl B3MePATEABHRIX NpeofpasoBaTe/iell HHOMJlA Hasbi-
BAIOT IATYNKAMHE *, 110]1 KOTOPLIMH NOHKHMAIOT KOHCTPYKTHBHYIO COBOKYII-
EOCTD OJIFOTO H/IH HECKOMBKHX H3MEPHTENBHLIX Npeobpasosatesell i co-

1 Cregyer oTMETHTS, UTO TEPMIHOMIOTHIO B 0G/1ACTH CPEJICTE 3NEKTPONIMEPHTEIBION
TeXHHKH B HACTOMIIEE BPeMS elle HENL3H CYHTATh OKOHUATENBHO YCTAHOBHBIIEHCS,
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Ny TCTBYIOIHX HM KOHCTPYKTHEHEIX SWIEMEHTOR, PASMEINAEMbIX HETIoCpe-
CTBEHHO Ha OOBEKTE H3MEDPCHHHA H YJ/eHHEX OT MecTa OToSpakeHus,
perucTpatyi WK o6paboTky n3mepHTesbHol uudopmaunn. [pumepann
MOIYT CIYXKHTb JATYHKHM KPOBSHOFO JAABJECHHSI KOCMOHABTA, NATYHKH
TeMnEpaTypBl KOHTPOIHDYEMOro OGBEKTa 1 JpyrHe.

INeKmPOUSHEPUMEAbHOL  YOMAHOBKOL HA3BIBATCH  COBOKYIHOCTH
Y HKIHOHANBHO H KOHCTPYKTHBHO O0BeIMHEHHBIX CPENCTB H3MEpPeHHi
{ BCIIOMOraTeIbHEIX YCTPOHCTE, MPENHASHAYEHHBIX /1S PAllHOHAILHON
opramMsaupy N3MepeHui. MsMepuTeNbHas YCTAHOBKA NOSBONAET Tpe-
JYCMOTPETH ONPENIENICHHEN METOJ M3MepeHHs! W 3apaHee OUEHUTL INo-
FPEILHOCTH H3MEpEHUii. )

Hamepumenvrvle uxgopmatjuonsse cucmesms: (MUC) npeacrasmisior
c00O0M COBOKYITHOCTh CPEICTB H3MepEHHH | BCIOMOT aTe/IbHBIX YCTp 0ficTs,
ApelHa3HAYEHHYI0 JUISl aBTOMATHYECKOrO ¢60pa W3MEpPUTENbHOH WH-
(GopMaiii OT psifia HCTOYHHKOB C MHOTOKPATHEIM (HanpHmep, nooye-
PEIHbIM) HCTIONBE30BAHHEM OLNHMX M TeX ke npeobpasopareielt CHrHA-
JIOB, HECYIIHX H3IMepuTeIbHyld WHGOPMAIHIO, mepenasy H3MepHuTesb-
HOil HHOOPMAUNY HA T€ H/IH HHBE DPACCTOAHHA MO KawajaM CEf3l U
NPEACTABACHHS €e B TOM MJIH HHOM BHJE.

Ilon kamafmoM CBSI3M TOHHMAETCH COBOKYIHOCTD —TEXHHHUECKHX
cpenicTs, o0eCeuHBaOIINX nepefady HHQOPMAauMy OT NepefaTyiKa HH-
dopMaLny K NPHEMHHUKY.

Kak cnenyer m3 onpenenepus FMHC, OCHOBHEIME HX OTIHYHSMIL
OT IpYTHX CPencTB H3MepeHul ARMAeTCs] ARTOMATHUECKHI cfop HanMepu-
TeNbHOH vH(OpMaUlH OT PAA HCTOYHHKOR M MHOTOKPATHOE HCTIONE3C-
BanHe npeoCpasopaTeniell curuanos. 3apaun, seimonHsevele WMHC,
MOCYT OHITE PellieHk! H MPHMEHEHHEM IPYTHX BHIOB CPELCTE H3MepPEeHHil,
HAMpHUMED H3MEPHTENBLHBIX TpHOOPOB, WHIMBHAYANLHBIX IR KasAoH
usmepsemoi pennunesl. OfHAKO HCNONBIOBAHNE OJHUX H TeX JKe h3me-
pHTeNLHEX npeoCpasopartencil B psne kananoe MHC, no cpasgnenmo
C pellleHveM 3ajayd NOCPEACTBOM NpHOOPOB, O0ECHEYHBAET CYLLECT-
BEHHbIE TeXHHKO-3KOHOMHYecKue npeumymectea MUC, yro ocobenno
BaXKHO NPH 3HAUHTENBEHOM yucsle usMepsemux pemnynn. Tomumo MG,
TPHMEHSEOT CAOXKHBIE KOMINIEKCEH, HanpHMep H3MEpPHTENbHO-BHYKCIH-
TelbHble (171, 9), H3MEePUTENBHO-YNPABASIOIMHEe H Ap.

WHC moryt GeiTh paspenessl Ha Ase DPYINbL

1. MsmepuTenbHEE CHCTEMEl — CHCTEMH, IPEAHA3HAYCHNLIC 17151 Bbl-
NONHEHHS YKa3aHHEIX BbILE PYHKIMHE ¢ MpeicTaBieHieM H3MepuTens-
Holi wHpopmauun B Qopme, yHoOHOH Ans HAGMIOAEHWUS HJIH PerHcTpa-
LMH,

2. CucreMbl aBTOMATHYECKOTO KOHTPOJIA (KOHTDPOJBHO-H3MEPHTEMb-
HBIE CHCTEMEI) — CHCTEMH, TIPeiHa3HaYeHHEIE LIS MOJNyYeHHst HHpopMa-
UHK 06 OTKJIOHEHHAX 3HAYCHHH KOHTPONHPYEMEIX BEIHUHH OT yCTAHOB-
JIEHHBIX HOMHHANBHBIX, Hanpuvep, OTK/IOHEHHA TemMmepaTyphl pasJiuy-
HBIX Touyek 0OBEKTA OT 3afalHblX 3HaueHul.

H3meputenbHble HHQOPMATHOHHBIE CHCTEMBI MOTYT IPUMEHATRCS KaK
Ha TeppuTOpHH Kakoro-nmn(o ofbekTa, T2k H C nepenayeil H3MepHTeNb-
HOH uH(QopMaHH ¢ O0BEKTa HA NPHHUEMAIOIINI MY HKT 0 KaHadaM CBASH:

15



BO3AYLIHBIM WY KaGeJbHBIM JIMHUSM CBA3H WM pajiiokananam. B sTux
Cay4qasiX M3MEPHTE/NbHEE CHCTEMBI HA3LIBAIOT TETEH3MEPHTENLHEIMU CH-
cremami. Bonee nofpo6HO M3MepuTENBHLIE HHPOPMAIHOHHBIE CHCTEMEL
PaccMOTPEHEL B IJ1. 9,

1.2. XapaKTepHMcTHKM CPEeACTB M3MepeHHH

~ Merponoruueckne Xapakrtepucruxu. [lop METPOJIOTHYCCKHMH  Xa-
PAKTEPHCTHKAMH MNOHHMMAIOT XapaKTepHCTHKH CBONCTB CpecTB M3Me-
PEHVH, OKa3blBAIOLINE BAHSHIE Ha Pe3yJbTaThl ¥ NOTPElHOCTH H3Me-
peHuii. 3Hanpe MeTPOJOTHYECKHX XAPAKTEPHCTHK HEOOXOmMMO s
BHIOOpA CPEJICTB H3MEPeHN I ¥ ONECHUBAHHS TOYHOCTH PE3YJLTATOB H3ME-
peHui.

Ilepevens MeTPOIOrHYECKHX XapaKTePHCTHK CPEACTB H3MepeHHii
- naetcs B 'OCT 8.009—72 «Hopmup yembie MeTposior nYecKue Xapaxkreph-
CTHKH CpelicTB H3MepeHHi». Jlnf CpemcTB uaMepeHH# 3JeKTpHYeCKHX
Be/IHYHH OOLIENPOMBIIICHHOI0 HAsHAYEHUS YCTAHABIHBAET OEPEUEHb
merposorpuecknx xapaktepuctik ['OCT 22261—76.,

Onnoit 13 OCHOBHBIX METPOJIOTHYECKHX XaPAKTEPHCTHK CPENCTB HaMe-
PeHHI] ABASETCH NOrpemHocTh, AGCONOTHON TOPPEITHOCTRIO MEPHl HA3kI-
BAETCHA PAasSHOCTb MEXIY HOMHHAJIBHEIM 3HAUCHHEM Mepbl H HCTHHHBIM
3HAUEHHEM BOCIPOM3BOAMMOI €10 BeinunHe, AGCOMOTHAS NOr PEIIHOCTD
SAEKTPOM3MEPHTENRHOTO TIPHGOPA €CTh PAasHOCTh MEXKAY NOoKazaHueM
npubopa ¥ HCTHHHEIM 3HAYEHREM H3MepseMON BeTMYHHEL AGCOMKTHOI
NorpetHoOCTEIO NpeoGpasoBaTens (N0 BXOAY) HASLIBAETCH PA3HOCTL MEXHK-
Jly 3HayeHHeM BEIHYHHB! Ha BXoje mpeobpasoBaTedls, ONpeneiseMbiM
110 HCTHHHOMY 3HAUEHUIO BEJIHYIHLL HA €0 BEIXOJE ¢ NOMOIBIO [PaXyH-
POBOYHON XapaKTepHCTHKH, NPUMHCAHHOH Npeobpa3oBaTesnio, H HCTHH-
HBIM 3HAY€HREM BEIHYMHBI HA BXone rnpeobpasoBaTens,

B cBs3H ¢ TeM uTO MCTHHHOE 3HAYEHME H3MepseMOH BEeJIHYHHBI
(BXOIHOIG CHTHA/MIA) OCTAETCH HEH3BECTHHIM, PEKOMEHIYeTCH MOAb30-
BATBCA TePMHHOM ¢IEHCTBHTENEHOE SHAUYCHHE», 38 KOTOPOe NPHHHMARTCH
TAKOE 3HAUEHHE, KOTOPOE MOXKET GbITh ONPEJE/IEHO NPH TNIOMOILM CPEICTB
usmepennii, MHoOrna B KauecTBe XApDaKTEPHCTHKH CPEJICTB M3MEpPEHHil
NOMB3YIOTCHA NOHATHEM TOUHOCTH CPEeACTB M3MepeHHil, noJi KoTopoil mo-
HHMAIOT KaYeCTBO CPEZCTB H3MepeHuii, oTpaxaromee OJAH30CTh K HY/IO
€ro MOrperyocTei.

B s3aBucHMOCTH OT M3MEHEHHH BO BPEMEHH H3MepseMOl BesHUMHH,
pasnuYaloTes CNEeYIONME MOrPeLIHOCTH CPENCTB H3MEepPeHH:

) cTatuueckas NOrpelIHOCTE — NOTPEIIHOCTE TIPH H3MEPeHHH no-
CTOSIHROI! BO BPEMEHM Be/HYHHBI

2) auHAMHYECKas NOTPENHOCTb — PasHOCTE MEXKNY NOrPEHIHOCTLIO
B IHHAMHTECKOM PEXKHME H CTATHYECKOH MOrPELIHOCTLIO, COOTBETCTBY-
101ell 3HAUEHHIO H3MEPHEMOI Be/IHUNHE! B JAHHBIH MOMEHT BpeMeHH,

B 3aBHCHMOCTH OT XapakTepa HSMEHEHHS MOTPeLIHOCTEH CPeNcTs
H3MEepeHHil pasnuyaoT: .

) cuctemMaTuyecKyld MNOrpeNTHOCTb — MOTPELIHOCTD, OCTAIOULYIOCH
HOCTOSHHOH W/IH 3a8KOHOMEPHO H3MEHAIOULYIOCH;
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2) cay4aiHyi0 NOTPEIIHOCTE — NOTPEIIHOCTE, H3MEHAIOILYIOCH cay-
yaiinsiM 06pasoM.

B 3aBHCHMOCTH OT YCJOBHH BOSHHKHOBEHHS MOTPEIHOCTEH pas/iu-
YaoT:

1) OCHOBHYIO TIOrPEIIHOCTE — NOTPEMHOCTS CPENCTBA UsMepeHui,
HCTIOJIB3YEMOro B HOPMaJIbHEIX YCJOBHSX;

2) RONONHHTENBHYH HOrPEMIHOCTD — MOrPENTHOCTL CPENCTBA H3Me-
penuiii, BRIBBAHHYIO OTKJIOHEHHEM OJHOH M3 BJINSIOIMX BEIHYUH OT
HOPMa/IbHOTO 3HAYEHHS WJIH BHIXOAOM 3a NPENENbl HOPMAaNbHLIX 3Ha-
yeHHi.

Y cpencTs H3MepeHHii YACTO BBIIENSAIOT TOTPEIIHOCTH, KOTOPHIE
BO3PACTAIOT NPONOPUHOHANBHO BXOAHOMY cHrHany (kpueke I w I' —
puc. 1.1). 3TH NOTPEIHOCTH HA3BIBAIOT MYJb-

TunAHKaTiBHEIME. Tlorpemnocty, BosmoOxuble AFA 1
3HAUEHHS KOTOPHIX He 3aBHMCHAT OT YPOBHA BHI- /
xofiHoro curuana (kpuskte 2 w 2° — puc. 1.1),
Ha3BIBaIOT A71HTHBHEIMH. i

Ba)kHoH XapaKTepHCTHMKOH sIBJSETCA Bapua- \2
K5 noKasaumil (BLIXOXHOIO CHTHana) npubopa -A 1
(npeofpasoBatens), IOJ KOTOPOH [OHHMAETCS
pPasHOCTb MEKY [OKasaHWAMM H3MEpHTeNbHOro Puce. L. Torpenmiocru
npufopa (3HAYEHHSMH BBIXOZHOTO CHTHAJa), npuGopa
COOTBETCTBYIOUHMH OfIHOMY H TOMY Ke BeliCTBH-

TeBHOMY 3HAYCHHIO H3MEPSAEMOH BeNHNUMHEI TPU JIBYX HANPABICHHAX
MeJIeHHHX M3MeHeHHH 3HaueHHs BXOJHOH BeJHYHUEL B NPOIECCe MOJ-
Xofia K Jlannoil ToYxke NHAna3oHa H3MepeHHi.

K MeTponormyecKkHm XapakTepHCTHKAM OTHOCSTCH THHAMHYECKHEe Xa-
PAKTEPHCTHKH CPEICTB H3MEPEHHH — XapaKTEePHCTHKH HHEPUHOHHEIX
CBOHICTB CPENCTB M3MepPEHHMH, ONpenefsioliie 3aBHCHMOCTh BHIXOIHOTO
CHI'HANA CPENCTBA H3MEepeHHil OT MEHSIOIUMXCH M0 BPEMEHH BEJIHYMH:
NapamMeTpoB BXO/HOTO CHIHA/la, BHEITHMX BIHSOIIMX BEJHYHH, Ha-
rpyski. JluHAMMYECKHE XAPAKTEDHCTHKHM CPEJICTE USMEpEHHH ompefe-
NS0T JIMHAMWYECKYIO NOrpemnocTs (eM. § 2.5). B 3aBUCHMOCTH OT nod-
HOTLL ONMCAHHS JHHAMHYECKHX CBOHCTB CPEICTB M3MEPEHHH Pas3sinyaiorT
NOMHEE ¥ 4acTHEIE AuHaMHuyeckue xapaktepueruku (TOCT 8.256—77).
K noiueiv XapakTepuCTHKaM OTHOCSHTCH: IH(hepeHuHanbHoe ypasHe-
HUe, HMOYJ/ILCHASs XapaKTepUCTHKE, NepeXoiHas XapaKTepPUeTHKa, rnepe-
NaTtounas (yHKIUA, COBOKYIHOCTE aMIANTYIHO- H ¢a30-yacTOTHOH Xa-
paxktepuctak. K 4acTHBIM JHHAMHYECKUM XAPAKTEPHCTHEAM OTHOCHT
OTHENbHEE NAPAMETPhl NOJHBIX IAHAMUYECKWX XapPaKTePHCTHK, HE OT-
paxaiomye NONHOCTBIO AMHAMHYECKHE CBOMCTBA CPENCTE H3MepeHH.
YacTHolt asnavuueckoli XapakTepHCTHKON SBASETCA BPEMs YCTaHOBJIe-
HHS [10Ka3aHMit.

Bpemsi, KoTopoe 3aHIMaeT NepeMeiieHne yRas3aTelst B pefenax Jo-
nyctaMoli norpeiinocTy nprbopa, ne npencTasaser uuTepeca. [To sToi
NpHYHHe NoJI0KEeHNe YKa3aTeasi NpHOOpOB CUHTAETCH YCTAHOBHBILHMCS,
€ClIM OH HE YAAJSeTCs OT OKOHUATEALHOTO MOJOXEHHd Ooflee yeMm Ha
=1 9% paume wkansl. [lpy 9KCHepUMEHTaNBHOM ONpeeTeHH BPEeMeH:H
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YCTaHOBJIEHHS NOKa3annil CKaykooOpasHoe W3MEHEHHEe 3HAUEHHS H3Me-
PAEMOIi BEeJINYMHB! BHIOHPAETCH TAKHM, YTOOB! NIpH BKJIOUEHHH npuGopa
ero yKasaTeib OTKJOHHICH NPHGAH3NTENBHO HA TeOMETPUYECKYIO cepe-
JMHY JUTHHBL [KanAbL. [l 6obimuncTBa NpHOOPOB € MOABHXHON YaACThIO
BpeMf YCTAHOBJEHHS NOKasauHii He npepwnuaer 4 c.

XapaxkTepHCTHKOH Nepexoanoro mnpouecca B npuGopax, HMEOUHX
NOABHIKHYIO 4acTh, ABAAETCH TaKKe OTHOIIEHHE MEPBOTO OTKIOHEHHS
yKasaTe/s K ero yCTAHOBUBILEMYCHA OTKIOHeHHI0. [Ip nOMIBKEeHHO MOXHO
CYNTAThb, YTO Y&M MEHLINE 5TO OTHOIIEHHE, TeM MeHbllee BpeMs Oyner
HMEeTb NepexoiHblii Npouecc NpH BHE3ANHOM W3MEHEHHH H3MepsieMofi
BENHYHHBI.

Benepcererie MHEDUHOHHOCTH TNPH H3MEHEHHH BXOJNHOH BENWUHHE!
B IpeofpasoBaresé BO3HHKAET IePeXOHbL] npouecc. X apaKTepHCTHROIT
NepexoiHOr O NPOLEeCed, TAK e KaK H B 3/JIEKTp OHSMEPUTETbHBIX NIPHEO-
pax, MoxeT ObiThb BpeMsi YCTAHOBJIEHHS BBIXOINHOIO CHTHANa (C 3ajaH-
HOH TOUHOCTBIO) NPH CKAYKOOOPasHOM H3MEHEHHH BXONHOTO CHTHAja.
Jlonyctumoe BpeMsl yCTAHOBJEHHS BBIXOJIHOrO CHIHA/la K METOIMKA
€ro OnpefieyieHH YCTAHABJIHBAIOTCS i Pas3/HUYHHX THIOB npeofpaso-
BaTeneit COOTBETCTBYIOIMMH CTAHIAapTaMH, HOPMANAMH WM TEXHHYE-
CKMMH YCJIOBHAMM,

K meTposniorHyeckuM XapakTepucTuKaM OTHOCST EXOHOE H BEIXO/IHOE
NIOJTHEIE CONPOTHBACHUS cpefictB H3mepenuii. I1pn Brmovennn cpenctsa
U3MEpeHHH B Uenk, HAXONMLLYIOCS I10J] HANPSDIKEHHEM, OHO NoTpeGaser
OT 5TOH UENW HEKOTOPYIO MOIMHOCTE. TIpH H3aMEpEeHusX B MaJOMOITHEIX
LenAxX CPENCTBO M3MEpEeHHH MOXKET H3MEHMTH PEKHM UErNH, 4TO npHEBe--
JIeT K YBeHYEHHIO Nor peliHocTh uamepenns. [Nostomy manoce norpeGae-
HH€ MOLHOCTH OT UenH SIBASETCH JOCTOMHCTBOM CPEICTRa H3MepeHui,

OT BEIXOHOT O NOJTHOTO CONPOTHRJIEHHST H3MEPHTEABHOTO nIpeopaso-
BATENIS 3aBHCUT JONYCTHMASA HAarpyska Ha npeofpasopatenb. B tex coy-
yadx Korja oT MOLWHOCTH, noTpebiseMoll Harpyskoil npecbpasosaTens,
3aBHCHT NOTPEITHOCTE peofpasoBaTtesisi, yKasbiBaloTCs JIONYCTHMBIE TIPe-
Jlensl notpedsseMoll oT npeolpa3oBaTe/si MOMIHOCTH.

Crioco6ul  BIpaERMs H HOPMHPOBAHUS TIPENENOB  JIOTYCKaeMbiX
norpewnocteil. B cooreercreun ¢ TOCT 13600—68, npepentt nomy-
CKAEMbIX OCHOBHOH M JNOTIOIHUTENBHBIX NOTpELIHOCTeH CPEICTB H3Me-
peHHil MOIyT YCTAHAB/IMBATECH B BHIe alCOMIOTHEIX, OTHOCHTENBLHBIX
HJIM NpPHBEJEHHBLIX NOrPEIIHOCTEH WM B BHIE ONPENENEHHONO YHCIa
JeNeHul LKaIbl.

A6comoTHas MOrpelIEoCTh CPENCTBA H3MEPeHUs! BHIPAMKAETCH B TeX
e eINHHLAX, YTO U u3Mepsevan BenuunHa. [penen nomyckaemoii abeo-
JIIOTHOM MOTPElHOCTH BHIPAXKAETCA:

@) OIHHM 3HAYEHHeM

A=gq, (1.1)

TJIe @ — MOCTOSTHHAS BENHUHHA;
6) B BHJie AHHEHHOR 3apucHMOCTH (NBYUNeHHON (GopMyJbI)

A= (a+bx), (1.2)
rne a 1 b — nocTosiHHbiE BeTHYHHEL
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B) B BUIE TAGANIE! NIPEENIOB IONYCKAEMBIX NOYPEILHOCTEN Ans pas-
HBIX TOMHHAMBHBIX 3HAYEHNH, NOKAa3anuil WM CHIHAJO0B.

OTHOCHTETBHAS TIOTPEIIHOCTE €CTh OTHOIIEHHE aGCOMOTHON Torpel-
HOCTH K 3HAUCHHIO M3mepsemol Beauunnel. Ilpemen ornGCHTENnLHOM
[OIPELIHOCTH B POUEHTAX BHIPAXKAETCST OLHOH H3 CENYIOnHX GopMyJL:

A
8="-100=2Fc (1.3)
HMH

b=tfota(S-1)] 1)

rpe ¢, d — NOCTOsIHHLIE YHCIA; X, — KOHEYHOE 3HAYCHHEe IHANa3oHa
p3MepeHIl WM IManasoHa suaseHyil cHruana Ha BXoge npeofpasosa-
TeJIA.

Jonyckaercss npumeneHne hopmyab

8=[c+d ”x—l]] (1.5)

[Ne X, — 3HaYeHUE B3MepHemMol NpuGOpOM BENHUYHHB HJIH CHIHAaNa HA
BXOZie NPeofpasoBartesis, NpH KOTOPOM OPENe] NCOYCKAEMOl norpeli-
HOCTH HMEeT HaHMEeHBIlIEe 3HaUeHHe,

3unauenust x, X, U X, npu npumenenus dopmya (1.4) u (1.5) npunu-
matotcs 6e3 yueta 3Haka,

IIpuBenennast NOrpeliHOCT €CTh OTHOILEHHE a6CONMIOTHON NOrpeLHo-
CTH K HOpMHDYIOLLeMY sHauyenH1o. Ona onpegensiercs: no gopmyine

A
=100, (1.6)

The Xy — HOPMHPYIOILge BHAYEHHE,

Hopurpyioniee sHaueHne NpHHUMAETCS! PABHEIM!

@) n1s CPefCTB M3MEPeHHi ¢ paBHOMEDHOIl NIy CTEeNeHHON LIKaNoi,
€CIH RyJieBasd OTMETKA HAXOAWTCH Ha KPaio MIAH BHE IIKaNbl, — KOHEY-
HOMY 3HAYEHHIO JAHANA30HA H3MEpeHHH;

0) ecnH HyneBas OTMETKa HAXOAWTCS BHYTPH AManasoHa Hamepe-
HHll — apu()MeTHUeCKOl CyMMe KOHEYHBIX 3HayeHu# Juanasona usme-
penuit, ;

IloMumo yKasaHHBEX, Hanbonee pacnpoCTpaHEHHBIX HOPMHPVIOUHX
8HAYEHMil, AMEIOTCS H IpYyrHe, yCTaHaBlnHBaeMbie CTAHIAPTAMH Ha OT-
JleJibHBIe THITHL CPEJICTB M3MEPEHHH.

OG606LIEHHON METPOJOTHYECKOH XapaKTepHCTHKON CPECTB H3Mepe-
HHH sBNsercs KJIACC TOYHOCTH, KOTOPHIl onpefenseT JMONyCKaeMule
npejiesinl BCeX MOrpPeliHOCTel, a Takke Bce ApyrHe cBoficTBa, BIHAIO-
1He Ha TOYHOCTH CPEICTB H3MEpPEeHHH.

Jlnst cpencTs n3MepeHnii, npeebl JONyCKaeMblX NorpeinHocTeit Ko-
TOPEIX BHIPAXKAIOT B BHJE OTHOCHTENBHBIX WJIH NPHBEJEHHEIX NOrpei-
Hocteli, B [OCT 13600—68 ycTaHOB/EH CJACAYIOULHE DAA YHCea s
BEIpay<CHUS TPENEJIOB JHONYCKAeMBIX NOrPELIHOCTE!l M NpPHMEHAeMbIX
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s ofo3HaueHus Kjaccoe tounocrn: 1-107% 1,6-107 2.107; 2,5-107
4.107; 5-10"; 610", rpe n=1; 0; —1; —2 u 1. ;.

C ucrione3oBaHHeM YMCeNl YKa3aHHOrO psifia paspaloTanbl yCJoB-
HBI€ OOO3HAYEHHS KNaccoB TOYHOCTH. Jlosi cpeicTB H3MepeHwuil, y Ko-
TOPHIX OCHOBHYIO NOIPEIIHOCTh HOPMUPYIOT B BUJIE MpeJiena NpHBeNeH-
HOIl NOrpPEelHOCTH, KJAACC TOYHOCTH YHC/JAEHHO PABEH 3TOMY mpeleny,
T. €. 7. Ecny npenen jponyckaemoil OCHOBHOH [IOTPELIHOCTH ONpEne-
nsercst gopmyaoit (1.4), To B oGo3HAYEHHE KJacca TOUHOCTH BBOASITCS
oba uncna — ¢ ¥ d, BoibUpaeMble U3 YKa3aHHOrO psNla, T. €. KJIacc ToY-
HOCTH BRIDAXKACTCH Kak c/d.

Psipnl k/accoB TOYHOCTH VYCTAHABAMBAIOICS B rOCYNApPCTBEHHBIX
CTaHAapTax Ha OTAENBbHBIE BHIB! CPELCTB H3MEPEHHH.

ITpenenel BCcex NOMOMHHTENBHBIX NOFPEIIHOCTEH W LPYrHe CEOHCTBA
CPeCTB M3MEpeHuH, BAMSAIOLLE HA TOYHOCTE PE3YILTATOB H3MepeHHil,
TaKIKe CBA3AHB C HX KJIACCOM TOYHOCTH. DTa CBS3b PACKPHIBAETCH B Yact-
HBEIX CTAHJAPTaX Ha OT/ENbHbLIE BHb! CPEJACTB H3IMEPEHHH.

HanGonee oflpm BONpocaM HOPMHPOBAHHS METPOJIOTHYECKHX Xa-
pPaKTEPUCTHK cpencTs uanmepennii nocssmen FOCT 8.009—72, xoropsiid
NpenycMaTpHBAaeT BOSMOXHOCTHE HOPMUDPOBAHHS MOTPEIHOCTH CPENCTB
H3MepeHHH HJH ee COCTABJSIOMIMX: CHCTEMATHHECKOH M CnydaiHoH.

ITo TOCT 8.009—72 xapakTepHCTHKH CHCTEMATHYECKOH COCTaBMAIO-
el NOrpelnHOCTH W3MEPEHHH NOMKHBI BRIOHPATLCSA M3 SUCHA CHefylo-
HiHX: ,

a) mpepen A, HONYCKAEMOro 3HAYEHHS CHCTEMATHUYECKOH COCTAB-
JISOMEH NOrpellHOCTH CPELCTB H3MEPEHUH JIAHHOTO THIA;

6) openen A., HONYCKaemoro 3HaYeHH#, MaTeMaTHUECKOe OXHjia-
e M [A.] v cpenwee KBampaTHYeCKOe OTKJIOHEHHE O (A,) cHcTeMaTH-
yecKoH cocTaBnisiiollied A, NOTPEUIHOCTH CPENCTB U3MEPEHHH TaHHOTO
THIIA. )

XapakrepuceTHKH cy¥ailHOH coCTaBNAIONEl A NOrpeIHoCTH CPEnCTB
H3Mepenuii NOMKNE BEIOMPATECS K3 YHC/IA CEYIOIHX:

a) npenen o, (A) HONycKaemoro SHAUEHHs CPENHEro KpanparTiue-
CKOr0O OTKJOHEHHs CAyyaiHoil cOCTABJSIONEH NOrPENIHOCTH CPENCTB
H3MepeHHH NaHHOTO THIIA;

6) HOpMaNu3OBaHHAS ABTOKOPPENAUHOHHAA (GyHRUuA rx (2) wnu
CHEKTPANBHAS TJI0THOCTE S 4 (») cayuaitHoll cocTaBJisitomel NOrpeliHo-
CTH CPEJICTB H3MepeHHil NaHHOrO THIIA,

XapakTepuCTHRH TOTPEIHOCTH A CPENCTB M3MEPeHHH NOMKHE! Bbl-
OupaTtbcd W3 UpCJa CACHYIOWHX:

a) npenen A, IONYCKaeMOro 3HAYEHHS TMOFPELINOCTH CPENCTE H3Me-
peHuii JaHHOTO THNA;

6) npenesi A, JONYCKAEMOrO SHAYEHHN, MATEMATHUECKOE OMKMAA-
uue M [A] v cpennee KpafipaTHYeCKoe OTKJIOHEHHe ¢ (A) norpemHocTs
CPENCTB H3MEPEHHH AAHHOIO THNA.

MetonuKa SKCIEPHMEHTAJILHOIO ONpEZieieHnst OLEHOK XapaKTep-
CTHK MOFPENHOCTeH CPefCTB H3MepeHuii /11 CpaBHeHHs ¢ HOPMHPOBaH-
HbIMM 3HayenuaMH npuseneHa B IOCT 8.009—72.
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XapakTepuCTHKY CBOHCTB CpeAcTs nameperyi. Kpowe merposoru-
yeCKHX XapaKTeDHCTHK CPEJICTB H3MepeHHil, 0T KOTOPHIX 3aBHCAT MX
[OrpelIHOCTH, AJIsi OUEHKH CBOKCTB CPECTB H3MepeHui, onpejlesenus
BOZMOMKHOCTH HMX TIPHMEHEHHS] B Te€X WJH MHBIX 3KCIJYaTalHOHHBIX
yeoBHSIX, HANEXKHOCTH M IIPYTHX NOKasaTeslefl MPHMEHSIOTCS CHEAy-
jolpe XapaKiepHCTHKH.

YyBCTBHTENBHOCTBIO S 3JEKTPOMSMEPHTENBHOTO NpHOopa K H3Me-
psieMOfi Be/IHYHHE X HASKIBAETCS NPOMSBOAHAS OT NEpeMellenns yKasa-
Teyrsl MO H3MepsieMoll BelHuMHe x. ¥ OCIUMPHOI TPyNNbl 3JeKTpOoHamMe-
pHTEJIBHBIX NPUGOPOB HCNOMB3YETCS YIVIOBOE NEPenerieHHe yKasaTels.
Jiast 51X NprGOPOB YYBCTBUTENBHOCTE ONPEJIEsIeTCs KaK MPOH3BOLHAs]
OT yIJla OTKJIOHEHHS 0. yKasatels [0 BeJIHUHEE X, T. €.

=2 _F. (1.7)

. Bupaxenue (1.7) npencrasasier coGoit 4yBCTEHTENBHOCTE NpHOOPA
B onpefiesienHoit Touke mkanel. Ecnn F (X) nocrosinea, 1. €. npuGop
pMeeT PABHOMEPHYIO LIKANY, TO YYBCTBHTEJBHOCTD PABHZ OTHOLUEHHIO
H3MEHEHHS NOJOXKEH!S YKa3aTe/ld K H3MEHEHHIO H3MEp IEMOF BeJTHUH HEL
H, B YacTHOCTH, OTHOIICHHIO MOJHOTC OTKJOHEHHS yKaszatels K mpe-
JIETLHOMY 3HAYCHHIO M3MepsieMol npuGopomM Bennunubl. Besnumnna, of-
paTHasi YYBCTBHTEILHOCTH, HASEIBACTCS [IOCTOSIHEOI nprbopa. 1o onpe-
JiefleHle UYBCTBHTELHOCTH He PACHPOCTPaHseTcsl Ha HHTeIPHPYIOIHe
rpuOOphl (CHETYHKH) H HA IHQpoBLIe TpHOOPEL. ECTH UyBCTBHTEIbHOCTD
npubopa He NOCTOSTHHA, T. €. NMPHOOP HMEET HEepaBHOMEPHYIO LIKany,
TO JUIs1 Takoro npuGopa MOXeT HOPMHPOBATECS JOITyCKaemasi norpeil-
HOCTb JUJISI HEKOTOPO# 00/1acTn 3HaUeHHH H3MEpAeMOH BeMHYHHbI, Haskl-
BaeMoll [HanasoHOM H3MEpEeHHI.

YyBeTBHTENLHOCTD NpuOcpa He CIeyeT CMelinBaTh C NOporoM Yys-
CTBHTE/LHOCTH, NMOJ KOTOPEIM MOHHMAIOT HAHMeHbLUee H3MEHEeHHE BXO/-
HOI1 BeTHYHHBI, CNIOCOOHOE BBI3BATH 3aMETHO® H3MEHeHHe MOKasaHHsl IPH-
Gopa. [TorsiTHe Nopora YyBCTBHTENBHOCTH PacnpOCTPAHSIETCsl TaKkKe Ha
uuQpoebie TPHOOPEL M CYETYHKH.

Kaxpaptii - naveputeleHblll npeofpasopaTelib  PacCYMTBIBAETCA TSt
BIIONIHE ONPENE/IEHHBIX NPELeTOB H3MEHeHHs] BXojHoro currana. Ilpu
TOM TMOJIYUAIOTCSl ONpejeNeHHbe 3HAUSHHs HPEeJeoB H3MEHEHHS Bbl-
Xonnoro cureana. OTHolleRre H3MEHEHHS! CHIHAJA Ha BhIXOJle ipeolpa-
80BATENs] K BHIBBIBAIOLIEMY €r0 H3MEHEHHIO CHIHAlla Ha BXoje npeobpa-
30BaTeNIAl HA3HEBAETCH KO3(gHIUHERTOM NpeobpasoBaris H3MEPUTENb-
HOro mpeoGpasosarensi. OUEBHIHO, YTO ITO ONpEJeJIeHHe ClPaBeTHBO
Jumb s npeofpasosateniell ¢ JuHelisoll QyHKnell npeobpasosanyis.

pH HeJmEelHoN (yHKIHH Ko3(huuEerT npeofpasoBanusl He 5B/ISETCH
NOCTOSTHHON BEJUMUMHHON H MOKET OHTh ONpejefen B Kakoh-1ubo Touke
FpazyMpoBOYEON XapaKTepHCTHKH KaK NpPOM3BOJAHAS OT BBIXOAHOrO
CHTHalla no BXofHoMY curHany.- Kos¢duupent npeofipasosanus npe-
00pasopartens o0LYHO YKA3LBAETCS MPH HOPMA/bHLIX YCIOBHAX €ro
NpHMeHeH S,
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Baxuoll xapakTepUCTHKOI! SIBNSIETCS HAafEXHOCTh CPELCTE H3Mepe-
Huii. I'loj Hagex HOCThIO CPEICTE H3MEPEHHIT NOHUMAIOT CHIOCOOHOCTE HX
COXpaHATh 3ajlaHpble XApaKTepHCTHKH [PH ONpPEIENeHHBIX YCIOBHIX
paboThl B TeyeHne 3ajanHoro Bpevery. OCHOBHBIM I0KA3aTeNIeM HaIeK-
HOCTH YCTaHOB/EeHa HapalOoTKa Ha OTKas, 3HAYEHHE KOTOPOH JOMKHO
BLIOHPATECS H3 ONpefelleHHoro psifa, ykasaenoro B FOCT 22261—76.

K xaparrepucTHKaMm CBOHCTB CPEJICTB H3MepEHHIl OTHOCHTCS TaKkKe
BpeMs yCTaHOBIeHHs] paboyero pexkuMa, JEKTPHYECKash MPOMHOCTH H
CONPOTHRIIEHHE H3OJISIIHH, CITOCOGHOCTL MEPEHOCHTD MEXAaHHUECKHEe BO3~
JeficTeua (BHOPO- M yAapONpOYHOCTL) M JipyTHe, yKasanusie B TOCT
22261—76, rpe Taxyke AaHbl METOMBI HCILITAHKI CPEICTB H3MEPEHHI,

1.3. CrpyKTypHibie CHEMEl CPEfCTR M3IMEePeHKi

Obue samesuanus. C 1esbio Hayuenys u 060GIIEHUS TEOPHH CPENICTB
H3MepeHHHl BBOJAUTCS TOHSITHE O SBEHE ¥ CTPYKTYpHO# cxeme. B cpep-
CTBE M3MEpeHHil CHTHAMN, HeCYLHH HHGOPMalUMIO O 3HAUYCHHH H3MEps-
eMOll BeJTHYKHE], OOLIYHO npeTeprieBaeT psifi MpeolpasoBaHKil C LETbIo
NOMYUEHHST HYXHOIO BBIXOAHOrO curmana. Kawmoe npeoGpasosanne
CHTHA/la MOXKHO NPeJICTABHTh cefe MPOMCXOAIAIINM KaK Obl B OTAETLHOM
yaile, HocsllleM HasBaiue «3peHoy. CoeflMHEHHE ITHX Y3/IOB-3HEHLER
B ONpellelleHHy0 1ellb NpeoOpasoBaHNll HOCHT Ha3BaHHE CTPYKTYP-
HOH CXEMbL.

PasCueka cpeicTea WsMepenuil Ha 3BeHEST MOXKeT GHITh MPOH3BeleHa
110 pa8NMyHbIM Npu3HaKam. I1pu aHanuse B CTaTHYECKOM pEXxHMe Cpell-
CTBO M3Mepentil OOHYHO pastHBalOT Ha 3BEHDS, KOTOphIE NPEICTABISIOT
HHTepecyioliine neclenosateNs GyHKiHE npeobpasosanus. [lpn ananuse
B IHHAMHUECKOM PEKHME BBeHBS BEIACISIONCS M0 KX JHHAMHYECKUM Xa-
pakrepucTHKam (1o Bujty nudhepeHnHalbHoro YPaBHEHHSI, OMHCLIBAIO-
LIEro HX MOBEHEHHE).

Otpenbubifi KOHCTPYKTHBHBIE y3eT H3MEpHTeNIBHOTO YCTPOHCTBA
He 00f3aTeILHO COBNEJlaeT €O 3BEHOM B CTPYKTYpPHOH cxeme. B ogxoM
KOHCTP YKTHBHOM y3JI€ MOXKET OCYIIECTRISITECS HECKOMLKO npeofpasosa-
HUH, 4 CAENOBATENBHO, OJHE KOHCTPYKTHBHEIH Y3€J MOMKeT COOTBETCTBO-
B4Tb HECKOJbKHM SBEHBSIM.

B 3aBucumocTH OT COSNMHERHS OTAGTBHBIX 3BEHLEB PAJHYANOT NBa
OCHOBHBIX BHJla CTPYKTYPHBIX CXeM:! NpsiMoro npeopasosanust (LeHcT-
BHSI) H KOMIeHCallmOHHOro npeoGpasosanus (nefictend). Ilocsepunii
BHJ HashiBalOT TakiKe CXeMmoii € OTpHLATeNbHOH oOpaTHON CBSISHIO.

Cpepcrsa usmepeHuil npamoro npeofpa3oBaHus B CTATHUECKOM pe-
mume. CTpykTypHas cXeMa CpelCTBa H3MepeHHH NpsaMOro npeobpa-
30BaHus nokasana ua puc. 1.2, rne [1, I, ..., I1, — 3BeHLA; X — BXOJ-
Holl curHan, secyumit undopmanmio o6 H3MEPSEMOH BEMHYHHE, Xy,
X9y -evy Xy_q — MPOMEKYTOYHBIE CHIHAJBI; X, — BBIXOAHOH CHrHAJ.

Kax pupno u3 puc. 1.2, BXONHOR CHIHAN X MOCNENOBATAIBHEO Npe-
TeprieBaeT HECKOJBKO NpecpasoBaHuil 1 B KOHEUHOAL HTOTe Ha BLIXOJle
MOMYUAeTCST CHIHAN X,.
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Jlnst u3vMepHTeILHOrO Npnbopa curHaln X, nojydaercs B Gopme, f0-
CTYNHOI [JISl HETIOCPEJICTBEHHOTO BOCTIP HSATHST Habmiofaresem, HanpuUMep
5 BHIE OTKJIOHEHHS yKasaTelsi OTCYETHOrC ycTpokicrsa.

J1Jist H3MEP HTeNIbHOTO NpeolpasoBaTesis CHIHAJ X, TloJTydaercs B op-
Me, yHOOHOH niisi nepejiaut, fanbHeiilero npeodpasoBans, oGpaborku
u (H7M) XpaHeHHs.

IIpHMepOM SJEKTP OMSMEPUTENLHOIO NPUGOPa, HMEIOMEro CTpyKTyp-
HYIO CXEMY MPSIMOTO NpeobpasoBanys, MOKeT ObITh aMnepmMeTp AJis ua-
mepernst GOMBbIINX HOCTOSTHHBIX
TokoB. B cxeme storo mpubopa z, o 2n
u3MepsieMEl TOK BHaYalle CNo- —i > M, | eei o> My f—>
MOLIBIO HIYHTa Tpeofpasyercs
B [ajeHHe HANPSOKEHHS HA  pye | 9. Crpywrypuas cxema cpeictRa H3-
LIYHTE, "33TEM B Maswil TOK, Mepernii npsmMoro npeoGpasoBakus
KOTOPBIH W3MEpsieTcs: H3MepH-

TeMLERM MEXAHH3MOM, T. €. mpeolpasyercs B OTKJOHEHHE YKasaTells,

Curnan, vecymyil uadopManuio o6 H3MepsueMoll BeqHyHHe, MOXKET
NEpHOAINYECKH W3MEHSITHCS BO BpeMerH (NEpeMEHHBIH TOK, NEpeMEeHHOEe
HaNpsi/KEHHE, NEPHOJIMHYCCKH H3MEHSIOMHACH MEXaHHUYeCKHil MOMEHT
uT. 7.). [To31OMY aHammH3 CTPYKTYPHBIX CXeM CliefIoBalio Obl BECTH C yue-
TOM NOHATHH: KOMIVIeKCHBIH Koa(uiHenT npeofpasoBaHms, KOMILIEKC-
Hasl YYBCTEHTENLHOCTB, KOMMJIeKCHasi morpeiiHocth. OfiHako jadnee
Jis yrpoulerus Oyjiem aHANM3HPOBATL CTPYKTYpHBIE CXeMBI TOJBKO
Juts HanGonee 4acTo BCTPeYarollerocs: CHrHalna, aMIHTya KOToporo —
HrQopMaTHERLIH napamMeTp.

YyBCTBHTEBHOCT (KO3(HIHEeHT NpeobpasoBanns) CPEACTBA HaMe-
PEHHSI, MMEIOIIEro CTPYKTYPHYIO CXeMmy TNpsIMOro npeofpasopamwsi,

- ax,, _— 6x1 ax:; ax_.., _
S-—‘a}‘—-_a?_‘axl ---m—klkg-..knt (1.8)
3 a
e k1=%; ks =T§2f Sy B== ait: — KoahpuenTH npeoGpasopa-

HHS OTJIELHBIX 3BEHbEB !,

My.JIBTHIVTHKaTHBHAS: (10T PEITHOCTh BOSHUKAET MPH H3MEHEHHH K03
duimentos npeobpasosanns. C TeueHHeM BPEMEHW d NOJ JieficTBHEM
BHEIHUX (haKTOpOB KO(QOUUHEHTH Ry, Kz, ..., Bn® MOTYT M3MEHATHCH
coorsercTBerH0 Ha ARy, Ak, ..., AR,. [Ipy 1OCTATOYHO MANBIX H3MEHE-
HHEX 5THX KOI(D(DUIMEHTOB MOXHO npeHe(peub 4JEHaMH BTOPOro H
GoabITero nopsiiKa MaJlocTH ¥ TOria OTHOCHTE/IbHO® H3MEHEHHE UyBCTEH-
TenbHocTH (Kos(punuenta mpeoGpasobatis)

AS _ Ay 4 Al Dy
. 5 T B + e + ot ko (1.9)

Mamenenne YyECTBHTRIbHOCTH (Koa(dmluenTa npeoGpasoBaHus)

OpuBoIHT K HSMEHEHHIO BBIXOJIHOrO CHIHala Ha 3HayueHHe AJC,, =

1 [lpy uesnumefHOH (yHKIHE npeofpa3opatiug TyBCTBHTCMEHOCTE B KOapdHIHeHT
NPeoSpazoparis 3ABHCAT OT BXOJIHOTO CHPHATA.
* Tlpupauesns MOryT GLITe TOMOMHTE/IBHLME # OTPHUATELHLIMH.
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= (S + . AS)x — Sx = ASx. DroMy WSMEHEHHIO BEIXOJHOIO CHTHAJa
COQTBETCTBYET a6COM0THAS NOT PENTHOCTL H3MEPEHUST EXOIHON BEJIHUNHEI

Axp AS

Kax Bupno u3 (1.10), norpeiiHocTs, BRISBAHEAs H3MEHEHHEM UyB-
CTBHTE/EHOCTH (Kos(dHiiHeHTa npeoCpasoBaHHs), FBJISETCH MYJLTH-
NAKKAaTUBHO# 1.

OTHOCHTENbHAS MYJILTHIIIHKATHBHAS NOCPEITHOCTD H3MepeHus Oy =
= AS§/S.

AjnTHBHAS NOTPELIHOCTL BhI3BIBaeTCH apeldioM «HYJs» 3BEHLEB,

HAJIOMKEHHMEM NOMEX HA NMOME3HBIH CUCHAT U 7. ., NMPHBOASUIHNX K CMe-
' meHuto rpaduka GysKUHH npeod-
25 y pasoBaeHst i-ro 3seHa Ha —=Axg,
s /7 ¥aK nokasado Ha puc. |1.3. 3Ha-
ueHye ajJIMTHBHOM TOrPelHOCTH
2 /7 MOKHO HalTy, BBelfl Ha CTPYK-
s /7 TYPHOI1 cxeme 1ocile COOTBETCTBY-
25, JOUWX 3BEHBEB JONONHHTCNBHBIE
i1

> BHELHHE CHTHANBL Axy,, Axgs, ...,
AXgn, paBHBIE CMEIIEHMSIM (QYHK-

it npeoGpasoBaHHs 3BEHLEB.
y: Jlns OHEeHKH BJAHSHES 3THX
v A d JIOMOJTHHTENEHEIX  CHTHAJIOB Nepe-
/L7 cupTaem (NpUBelleM) HX K BXOAy
Puc. 1.3, ®ywmxumsi npeoGpasonauns CTPYKTYpPHOI cxXembl. Pe3ynbTu-
apera pyiolliee feHCTBHE BCEX JOMOJ-
HUTENbHEIX CHI'HANOB Oyler pas-
HO JICHCTBHIO CJHEAYIOLErO JONMOJHNTENLHEONO CHIHANA Ha BXOJE:

Ax, Axy A.Iﬂ.
M=ttt e (111

+da':'g_;',
'\
N

~

\

/s

7
/
P&

"ﬁmgd

Pesynurupyiomas agiuTieHasi norpeirHocts pasia Ax,. Takum o6-
pasou, kak cienyet 13 (1.9) u (1.11), B CpefcTBax uavepeHuil, HMEIOIIHX
CTPYKTYPHYIO CXeMy NpsiMoro npeobpasoBaHHsi, NPOHCXOJHT CYyMMHPO-
BauHe MorpelHocTell, BHOCHMBIX OT/eJBHEIMH 3BEHBSIMH, 1T 3TO 3aTpy-
HSIET MRrOTOBJEHHE CPENCTB HAMeperHtil MpsiMoro nipeoGpasoBanusk C Bhl-
COKO#l TOYHOCTLIO.

Cpencra m3mepeHHH KOMNEHCALHOMHONO NpPeo0pa3oBaHHUS B CTATH-
yeckom pexcnme. CTPYKTypHasi CxeMa CpeficTBa W3MEpPEeHHi KOMIEeHCa-
UHOHHOrO npeofpasoBaHUsi NoKasaHa Ha puc. 1.4.

Jlns uenu obparuoro nmpeoGpasosanus (00patHol CBs3H)

Xim =XpfsBz - .- Pm=XnPs (1.12)

1 B grom naparpade GyyT paccMaTpHBaTBCS TOJNBKO CHCTeMaTHUeCK#le Iorpeni-
Hoetd, Ouenxa cayualinbx norpemnocTell JonmHua NPONSBOANTLCA € YIeTOM HX 3aKo-
HOB pacnpefiefienisd H KOPpeJHPOBZHHOCTH.
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e p— Ko3(runenT npeoSpazoBarua 1enu o6paTHoro npeofipasosa-
aus; Bus Bos ooor P — KOpPuLMenTH 1pecOpasopanns spernes oGpat-
ol CBSI3H.

Ha BXoje Uenu npsMoro npeolpasoBanist NPOHCXOIHT CPaBHEHHE
(Komnencamm) BXOJHOH H3Mep HEMOI‘? BEJIHUHHBI X H BbIXOAHOH BeTHUHHE]
el 06paTHOTO npeofpa3soBasus X, KoTopasi Io/oKHa GHITE OLHOPO/-
Aol ¢ BEJMHYHHOA X H HMETh NPH YCTAHOBHBINEMCS PEXXHME NP OTHBONO-
JOKHBIH 3HAK.

ljens npamoeo npecbpa3oeaHus

Z 225 n, S [/ M SECGRRE | S 2
r r r r
E10 10, | .2 n0C,, 2 1067 |

lens obpamrozo npeobpasosanun

Puc. 1.4, CIpyxTypHas cXewma CPeiCTRa W3MCpPenRil KOMIeNcauHoiHoro
npeofpasopanns

Ilpn nosave Ha BXOJ CUrHANA X BEIXOJHOH CHUTHAN X,, 4 ClelloBa-
TeNEHO, U X, OYAYT BO3PACTATH [0 TEX IMOP, MOKA CHIHAMNLl X H X;, He
cTanyT paBnu. [lpu 5ToM 110 3HAYECHHUIO X, MOXXHO CYIHTE 06 H3Mep sieMoil
BE/THUHHE X.

CpeyciBa uaMeperntl, HMEIOIHE TAKYIO CIPYKTYDHYIO CXeMy, MOTYT
paGoTaTh Kak ¢ IoJTHOH KoMrencaruedl (YeTpoifcTea ¢ acTaTHUeCKOH Xa-
PAKTEPHCTHKOI), TAK U C HENOIHOH KOMmencarHen (yCcTpoicTea co cTa-
THYECKOH XapaKTepHCTHKOIT).

Ilpu nonHoll KOMNEHCANHE B YCTAHOBHBLIEMCST peXxune

Ax=x—x,=0. (1.13)

270 BO3MOXKHO B TEX YCTPOICTEAX, Y KOTOPHIX B €M NPHMOro npe-
o0pa3oBarms NMPeAyCMOTPEHO HHTErpupyoliee 3BeH0 ¢ (PYHKLHel npe-
obpaszosanus x; — 1F (x;4). [IpumepoM Takoro 3seHa SIBJSETCSI 3MeK-
TPOIBHTATENID, IS KOTOPOro YroJl MOBOpPOTa Bajla ONpENensieTcs npu-
JIOMEHHBIM HAOPSKEHHEM H BpeMEeHeM. .

B stoum cayuae, yuntmsas (1.12) n (1.13), nonyunm

I 1
xn——-——-————ﬁ.ﬁa = Bm x——ﬁ—x. (114—)

Takum 06pa3oM, B MOMEHT KOMITEHCAIHH CHTHAJI Ha BEIXOJIE CPe/ICTBa
M3MEperHil NPONOpIHOHANeH BXONHOMY CHIHANY H He 3aBHCHT OT Kos(-
(unenToB npeobGpasoBaHHs 1enH OpsaMoro npeotpasosanus.

UysctenrensHocts (Koshduunent npeobpasopanus)

3 Oxp 1 _ _I_. _ =1
S-__—a‘x__ Bifz oo B B el
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MynbTHOMIKATHEHAS OTHOCHTENLHAS NMOTPEUIHOCTE H3MepeHns, ofy-
CHOBAEHHANA HeCTaGHILHOCTbI) KO3(pueHTOR npeobpa3cBarisa 3ECHD-
€B, NPH JOCTATOUHO MAMBIX H3MEHEHHAX STHX KO3(QHIHEHTOB

s (S TR

Kak eunro u3 (1.16), orHoCHTeNbHAS MYLTHTNTHKATHEHAS TTOrpeLtl-
HOCTE 0OYC/IOBNEHa TONBKO OTHOCHTENLHEIM H3MEHeHHeM Ko3(hduinenTa
npeofpasoBanus 1eny 06paTHOro NpecbpasoBakns, NpuYeM YBelnueHne
Kos(utienta i BHIBEIBACT OTpPH-
HaTeBHYIO  MYJBTHIIHEaTHBHYIO
NMOTPEIIHOCT.

AnguTHBHASL TOTPENHOCTL [
CpeIcTBAX H3MEPeHHH C TIOJHOI
KOoMreHcar el IpakThuecku ofiyc-
~Azi- JIOBJTHBAETCST MOPOroM YyBCTBH-
TENLHOCTH 3BEHBEB, PacloNoXKeH-
HBIX JIO HHTEPHPYIOLLErO 3BEHA,
M NOpCroM YYBCTBUTENBHOCTH Ca-
MOTO METElPHPYIONETO 3BeHa.

Iloz noporoM YyBCTBHTEIBHO-
CTd 3BEHA IOHHMaeTCsl TO Hau-
MEeHEIIee N3MEHEeHHE BXOJHOrO
Prc. 1.5. ®yukuns npeofpasosarma ¢ CHTCHala, KOTOPOE CroCoGHO BHI3-

NOPOroM 4y BCTEHTEHOCTH BaTh MOABJIEHHE CHTHAJa HA BR-

Xojie 3geHa., Ilopor YyBCTBHTENb-

HOCTH HMEIOT, HampHMep, SJeKTpOABHIaTesH, 4acTo IPHMEHSeMbe B
paccMaTpHBaeMbIX YCTPOHCTBAX.

Jlns peanbHBIX 3BeHbeB rpaduy QYHKIHH HNpeoGpasoBaHHs MOKET
MMeThb BHJ, TIOKa3aHHEI Ha puc. 1.5, rae =Ax;; — nopor YyBCTBHTEIL
HOCTH. )

[Topor 4yBCTBUTENBHOCTH CPEICTBA H3MEPEHHH € NOJIHOH KoMreHca-
ypeH 3aBHCHT OT NMOPOroB YYBCTBHTE/NBHOCTH 3BEHLEB, PACIIONOIKEHHbIX
B LENH NpsiMoro npeoGpasoBanus 0 HHTErPUPYIOLIEro sBeHa, H caMoro
JHTErPHPYIOLIETO 3BEHA CyenyoluM obpasoM:

AXp

A

¥<

Ay

Ax= ﬁx,—l~ + k1k= + .ee -}-}m (1.17)

rjie Ax; — MOpor YyBCTBUTEJIbHOCTH HHTETPHP YIOIIEr O 3BeHa,

Ilpu Hamuuun 3BEHLEB C noporom YyBCTBHTRIBLHOCTH COCTOSIHHE
KOMITEHCAIlHH HAcTynaeT IpH X — X, = —=Ax. Takum ofpasom, uame-
HEHHE BXOJIHOTO CUTHATA B npefenax —=Ax He BbI3bIBA€T H3MEHEeHHsI Bhl-
XO[HOTO CHTHafla, T. €. MOSIBAsieTcs: abCoIOTHASL AIIMTHBHAS TNOrpeli-
HocTh Ax,, Srauenme KOTOPOH MOxeT GHITh B npefenax ——Ax.

U3 (1.17) ouesnpmo, 9TO N5l YMEHbIUEHHS! AAJHTHBHON MOTPELIHO-
cri, 06YCIOBIEHHOH TOPOroM YYBCTBHTE/IbHOCTH 3BEHLEB, CIENyeT yBe-
JIMYHBATH KOI((pHIIHEHTH NIpeobpasopanus ky, ks, ..., k;_l. Ipenen yBe-
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JuueHHsl STHX KOS(pHUHEHTOB oGyc/TOBJIeH IMHAMHYECKON YCTONHYH-
BOCTBIO YCTPOICTBA (CM. flaiee).

TIpH HEnoJHON KOMIIEHCAUMU B CPelicTBAX M3MepeHHil HHTerpHpYIo=
ero 3BeHa HeT v OOBIYHO BRIMONHseTcs: yenosue (1.12), a Takke

X, =kAx, (1.18)
rne k= kyks ... ky — wo3durinenT npeoGpa3oBaHusi uenu NPsIMOTo
npeobpazoBanmys.

B 3ToM cliyyae yCTaHOBHBLUHNCA peMM HACTYNAET NPH HEKOTOopOoil
PasHOCTH:
Ax=x—x,. (1.19)
PasHocTs Ax HEOOXOIMMa /A NOJNAepIKaHHs CHI'HAJA X, HA TpeOye-
MOM YPOBHE.

3aBUCHMOCTL MEX/Y BBIXOAHBIM CHTHAJIOM H BXOJHEIM, HAXOAMMast
nyTeM peltenusi ypasnenuit (1.12), (1.18) u (1.19),

I
X = T % (1.20)

Kax Bunuo w3 (1.20), npu ycTanoBuBILEMCST peXXEME BEIXOZHON CHI-
HAJl TPONOPLUHOHATEH BXOJHOMY H 3aBHCHT OT Koy(puunenTos npeotpa-
30BaHus [enu Kak o0paTHOro, TaK W MpsiMoro npeo0pasoBanmus.

Ecmi umoneaercs ycionte Rf > 1, to ypasnerue (1.20) nepexo-
Jut B (1.14) u npu sToM HectTabUIbHOCTE KO3(xpuinenTa npeobpasoea-
HHUS TIEIH NMpsiMOro NpeoOpasoBanks He BIMsieT Ha paGoTy ycrpoiicTea.
IlpaxkTuueckn yem phitte ki, Tem Menbine Biausuue k. llpenen ypennue-
uust kf oOycioBlien JuHaMiYeCKoH YCTOHUHBOCTBIO CPENCTBAa H3Mepe-
Huii (cM. janee).

HyBcTBUTENBHOCTD (Ko3(ipuIlHeHT IpeoOpasoBaHus) CPeICTBa HaMe-
penmfi ¢ HenoJHOI KoMIeHcarmeii

Oxy, k

Otciofia BHAHO, YTO JIJIS MONYYEHHS BLICOKOH YYBCTBHTEILHOCTH CJle-
JLYET CHIXATh [, HO V1 BuINONHEHus yerosusi & > | neoGxoiumo yBe-
JHYUBATL K.

MynbTHNIMKAaTHBHAS MOCPEIHOCTh, OOYCTOBJeHHAST H3MEHEeHHEM
Kos(pdunpenToB Npeobpasosanns SBEHbEB NPH JOCTATOUHO MAJIBIX H3Me-
HEHUAX STHX KOI(PHIIEnTOB,

_AS 1 kp
= —<= ﬁk-l—m—ag—l—m, (1.22)
A
Ine ﬁk= -i—k-; 65=-—ﬁp—-
Ecmmn £f > 1, 10 .
PO (1.23)

kef

Cnenopatensno, npu kf > 1 (uto 0OBIYHO HMEET MECTO) COCTABIISIO-
Olasi, ofycloB/enHas H3MEHEHHeM Koa(duuHenta £, menukoM BXOZUT
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B pE3Y/ILTHPYIOULYIO NMOrPEIIHOCTh, a4 COCTABIAIOULAs, OOYCIOBIEHHAs
HSMEHEHHEM KOospuLmenTa k, BXOIMT B Pe3y/bTHPYIOULYIO NOrpell-
HOCTE ocsatiienHoll B kp pas.

Henmueiinocts Qy HKiny npeoGpazosanmst nenn Np AMOro npeotpazo-
BAHNS MOXHO paCCMATPMBATE Kak Pe3yJILTAT BIHSHHS H3MEHCHHS KO3(-
(unventa npeoGpasosaHusi k£ OTHOCHTENBHO HEKOTOPOFO HAUAMILHOLO
sHaueHns npu ¥ = 0. Tlonyyennble ypasreHns NOKasbiBAIOT, YTO HEJH-
HEHHOCTb QYHKIMK NPeo0pasoBaHusi yMeHbIIaeTes JelicTsHeM OTpHIa-
TeJbHOH ofpatfoii cBsisn B kf pas.

AnnuTHEHAsT MOrPemHOCTh MOXET GbiTh NpoaHanusvpoBana mnyTem
BBC/ICHUST B CTPYKTYPHYIO CXE€MY JIOTONHHTENbHEIX CHTHANOB Axgy,

20 -ony DXon, Axor, Axgg, ..., AXyn, PaBHBIX CMEIEHMAM dyHKUMIT
1peofpa3oBasks COOTBETCTBYIOIIHX SBEHDLEB,

Tpunensisi METOUKY, pACCMOTPeHHYIO paHee, NONYyYHAM aGCOMOTHYIO
AAJIMTUBHYIO HOTPEIIHOCTD
Axﬂz(ﬂxﬂ "I" Axgy L +T!E_k£.\_r"_’?___)—.

1

Tk T Rk 2 <o Fin
— (Bbs - PBrAxia + oy - - PmBxigt- ... - Axiy).  (1.24)

Citenyer ormeTnTh, YTO CPEACTBA U3MEPEHUE MOTYT HMETh KOMOHHH-
POBaHHBIE CTPYKTYPHBIE CXeMbl, KaK, HANDHMeP, NOKa3aHo Ha puc. 1.6.

-ih- .ﬁr} ﬂ2 > ﬁJ }—)..._).. M, _‘fﬁ_.;..

noe

Puc. 1.6. KomGuinpoBanuas ctpykTypras cXemz cpe/icTBa nsmepenuit

TIpHHUAN NOCTPOEHHS CTPYKTYPHOH CXeMbl CPEACTEa H3MepeHuii BJH-
SIET HE TONLKO HA PACCMOTPEHHBIE XaPAKTEePHCTHKY (YJYBCTBHTENLHOCT,
MOrPEIHOCTD), HO TAKXKE Ha BXO[HEE ¥ BHIXOJHEIE CONPOTHBIEHUS, 11~
HaMHYecKHe CBOHCTEA M JIp.

NeTonw ymenbwenun norpeurnocteil. Cratiyeckasl AOTPENIHOCTE CPEICTB Ha3Me-
penpii B peAnbHWK YCJAOBMSIX SKCOIYATALME €CTh PasHOCTE MEMIY CTaTutdeckofl
peantuoll Qyuximell npeofpazopanHs CpeJicTBa H3MePeHHH B MOMEHT M3MepeHHa H
HoMHHaNLHoll XapakrtepHeTHkol npeofpazopanns (MpH HOMHHAILHWX YCIOBHSIK)
TOro e CpPeicTBa HiMepenws. 3afaya YMEHLIIEGHHS NOTrPENIHOCTH CBOJHTCA K npo-
JeMe MHHHMPSALIH 9Toi PA3HOCTH, UT0 MoKer OLITh BHIIONHEHO JBYMS HYTSMH.

Iepeetil nyTh COCTONT B TOM, YTO TeM WIH HHEIM ChocofoM ofecneupBaeTca Hens-
MEHNIOCTL DO BPeMEin peafbHON (yHKUME npeofpasobatiuisi CPeACTBA H3MEPEHHT»
€e HE3ZBHCHMOCTL OT M3MeHelusl BEeInHHX (akTopos H GIH30CTDL K HOMWHANLHOH Xa-
pakrtepucTuke npeoGpazopans. D1or Myt ofecneupaercs MeTONAMU CTAOHIHIBLME
peancoi QynkuEr npeofpasoBais CPELCTBA H3IMEPEHHIL.

Bropoit nyTe 3akmouaercs B T0M, 4TO B MPOLECCE SKCIMYATALHE CPENCTBA H3Me-
pennll kaguM-u6o crocofoM OlENERAETCA OTIHYHE €70 cTaTi¥eckoll peanbHolf HyHK-
LHH npeofpaioBaHus oF NOMHHANLHON XapaxkTepHCTHKH npeo0pas’oBauHst 0 peanb-
hasi Gynxuns npeoGpa3oBayis pIMeHseTes TaK, 4106Ll OHA Bee Bpenms G2 ﬁnuaxa
K HOMHHAJNLHOH XapakTepucTHKe npecfpasonaiusi. 3TOMY NYTH COOTBETCTBYIOT Lie-
TCAL ABTOMATHYECKON KOPPeKILMH norpelmnocteli cpelicTB A3MEpenmil,
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Crabunusauys peassnoi GyNKURE npeobpa3opanusa JOCTHT2eTCA KaK KOHCTPYK-
FABHEIME H TEXHOJOTHUECKHME, TEK H CTPYKTYPHEMH MeTOiaMH. KOHCTPYKTHBLLIE H
eXHONOPHYECKHE METONE NPEJNoNEraloT: H3TOTORIENUE CPEJCTB H3MEPEHHH H3 TCU-
HpX, CTACHITBHEIX S7EMEeNTOR, NAPAMeTPhl KOTOPLIX Mano NOABEPMEHL! PasTHUHEM
pAHSHHUSAN; NpAMereHHe cTaCUibILIX MatepHanos; TEpMOCTATHPOBAHRE; MarmHtioe
g SNEKTPHUECKOE SKpPAHHpPOBAHHE; cTa6HIM3aImMIo HCTOUIHKOB NHTaHHS M T. I,

K riepsoil rpynne eTpyETYPHBIX METOAOB CTAGHIH3AUMH CTATHYECKOH peanbhol
XapaKTEePHCTHKH OTHOCAT MeTOlibl OTpHIAaTeNbHOl ofpatnoll ceasu. Kax Gemno noka-
aaHo, NpHMEHEHHE OTPHIATENBHON O6parHOl CeA3K (KOMneHcATHOHHOIO Npeobpa3zo-
paHHA) CHHMKACT ‘MYJBTHINTHKATHBERIE, A NPH HEKOTOPBIX YCJOBHAX, H afHTUBIEE
FOrpelrHOCTH. ¥ MeHLILAeT sl TAKKe [OTPEILHOCTh HesTHIellHoeTH.

Ko BTOpONM Ipynne CTPYKTYPHBIX METOJIOB OTROCAT TAK HA3HBACMEE MeTOb!
cOCTABHEIX NapameTpoB. CyTh STHX METOJIOB B TOM, 9TO BBOJAATCH JONOJHHTE/NbELE

_ smeMeHTH, Yepe3 KOTOpHie BJHFOMMI fakTop (Bo3MyllleHHe) Bo3JeHCTBYET HA Peasi-
nyio ¢yHEIHIO npeoGpazoBanks B cropony, 00paTHyo BOsfelicTBHIO TOrD Me hakropa
yepes OCHOBHbIE 3MeMenTs!, [IpHMEpaMi METOJIOB COCTABHLIX NAPaMeTPOB SIBISIOTCH
meronst Tevnepatyproi (§ 3.4) w uactorroft (§ 3.5 u 3.6) KoMDeHcauMK SNEKTPOHSE«
MEPHTEJIEHEIX NpHOOpPOB. .

OTAHYATENRHBIM TIPH3HAKOM MeTO/I0B ABTOMATHUECKOH KOPPEKUMN norpeiikocTed
sBasiercs ofecneuenre My GIM30cTH peansroit QynKLEE npeofpazoBanus cpeicTsa
uSMEpeHHi K noMHHanbHOil ¢YHKUHH nyTeM H3MEHeWHs peanbmoll (Qyuxkuny nof
£03IeHCTBHEM KODPERTHDPYICNIEre CHIHANA, COOTBETCTBYIOLUETO PA3HOCTH MEXOy pe-
albHON ¥ HOMHHAMBHOH (YHKUMSIME npeofpajioBanis.

Pue, 1.7. Crpykryprsle cXembl, NoAcHsOmEe cnocolbt amo-
MATHUECKOH KOPPEKIHR NOorpeilHocTeH

Ha puc. 1.7, @ noxasane cTpyxkTypuan cxeMa, nosicHsOMas MeTO, 00paslOBRX
carnanos, rie CH — cpegereo niMepennit; OIIN] — obpasuosuil npsMoil npeotpa-
3osdTenb, uMelOIHH (YHRUNIO npeofpasoBanusl, ParHyld HOMHHAMBHON (yHKLIHA
npeobpasosanus CH; BY — suuwramnge yerpoBerso.

[lpu nogave ta Bropo# BXop CH wW3pectHOro curHana X, Ha Beixope BY ofpa-
Syercsi CHIHAN KOPPEKUHH 2y = i — Y, OnpefeisieMufl pasHoCThIO Peantuofl #
HOMHHaNEBHOH (yHEUHI npeofpa’csaniia OpH ¥ — X,. Kax mupuo, B s10M cayyae
NpoLect BHJIGTEHHS CHIHANA zx H mpoliece npeofpasopanis MaMepseMOl PeHYHHbL
paspessioTes BO BpeMeHH ¢ NOMOLLBLID nepexniouarteneit By # B;.

Ha pue. 1.7, 6 npupenena cIpyKTypuas cXeMa, NOSICHIIONAS METDj, oGpathoro
npeobpazopanmns, rje OOIT — ofipasuopsd! ofparnptl npeofpasopatenb, HMEOUHIL
QyHEuHI0 npecbpasoBanns, oO0OpaTHY0 HOMHEHanukoH xapaxrepucruke CH. Pas-
HOCTE 2 = Xy — X BBIEIAETCS BHUETAIOWHN yeTpoRcTtBoM BY u npelicrasiser coboi
KOppeETHpyoiuli curtan, B srom cayvae KoppekTHpPyIOIHH CUTHAM BBEAETCA He-
TPEPHIBHO.

Koppexkititsi NOrpemiHOCTE NPH HCNONB3OBAHKH JIBYX PECCMOTPEHHLIX MeTOloB
BBISIBIEHHS] KOPPeKTHPYIOIEro CHIHANA MOXKeT OCYLIeCTBASTBCS KakK [OyTeM camo-
HAcTPOHKH, TaK H BBEleNHeM NONpAaBOK.

B nepsom ciydae KOppeRTHPYIHE CHIEAN PHIBBIBAET TAKOC H3MEHeHue mapa-
Metpos cxennt CH, npe KotopoM peantuas (yHKuus npeofGpazopanus CH nprGau-
WAeTCH K HOMHHaJLHOW XapaKkTePHCTHKE Npeobpasonakis,

Bo BTOpOM Clyy2e KOPPEKTHPYIOIHE curean (opmMupyeT NQUpaBKY K BLIXOA-
HOMY CHTHaAy, aBTOMATHYECKH BEOJIEMYIO Ha Bmxol CH BMeCTe C BLIXOJAHBIM CHI'Ha-
nom CH, :
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Pacenvotpentnie cnocofbl aBTOMaTHuECKOR Koppexnuil norpemmocrell waxopat
NpaKTHIeCKOe NpHMEHenHe B PA3/IHYHBIX CPEICTBAX H3Meperni.

CpepcTea kavepesndl s gunammuecxoM pexume. [Ipn HCCAEZOBAHMH JiHHAMMYe-
CKROFO PEXKHMA CPeJicTha H3MepeHHH ero CTPyRTypHas cXema pazGHBaeTes Ha 3BeHbs,
Kak 60 yiasaro B Hagane naparpaga. Teopernyeckoe ucc/ e 0BaHNE IHEAMUYECKOrO
pentuma OOLMHO Npecsie/iyeT JBe 1eNi: HeCAeopatie NepexofHoro npouecca, Xapak-
TEPHCTHKON KOTOPOro SiBjfercsl Bpems YCTAHOBIENMS BHXOJHOTO CHTHANA, M Onpe-
JlesieHHe [RHAME4ECKOM norpemnoctd. B macrosuem naparpade paccMaTpupaiTed
HEKOTOPE:€ BONPOCHL NEePEXOAIOre NPoIecca B cpefieTse HaMepei il 1 B npenonokenuy,
Y10 BCE 3BEHbA ABJSIOTCA JHHEHHBIMH, T. €. nepexofinit NPOLECC B 3BEHbAX ONHCH-
Baercs Jinnelineing grddeperinanbipve YPARHEHAMH ¢ NOCTOSHHEIMG Kos(duiien-
TamMu. Kpome toro, ypaEneHHsi KaKHOro 3peHa — E?Bom HAH BTOPOTQ 1I0PAHKE.

PaccMoTpiM CTPYKTYpHYIO cXeMmy npasoro npecbpaszopanus (puc. 1.2). Cocra-
BNsist pEddepeniialbibe YPasHeHHA VISt Ka@XA0I0 3BeHa OpPH cKaukoofpasHoM H3-
MEHEHHI BXOJHOTO CHITATA OT HyAA JI0 3HAYeHHsl X, NONYYHM, HAnpHMep, CHCTEMY
DudubepeHUHATBIRIX ypasneunii:

ayh] Xy = Ryic;
X + gk Xy = ks
L 4 ==
A%y 03 ﬂn—i—i“’n. -+ Xa= knxr:--l'
B 3TUX VPABHEHNSAX 4y, Oy, ..., Guprs kiy By, 200 B — NOCTORHUER KO3PDULHEHTLI
(f; — xoadeiinienTol npeobpasosatns).
Peman copmectHo cucreny ypapnensii (1.25) oTHocuTenbHO BBIXOAHOTO CHIHANA
H €ro NPOH3SBOJIHEX, N0y

(1.25)

b b V=0 p ok 1, (1.26)
rpe by, by, ..., by — noctoannme kosdduuvenTsl, sapHcsiude ot kosddmMuKmenTOB,

BXOAALMX B cheremy ypannennd (1.25) w ot anaverms x.. Pemennen ypapnenns (1.26)-
UK HcclieflopaEHeM ero NPy NoMowl MaTeMaTHUeCKOl MOZens fNsl pelleHHs ypaBHe-
HHII MOMCHO OnpefienyTh Bpens YCTAHOBJNEHHS BLIXOJHOrO CHTHANa M BIHSHHE Ha ero
ZHAUEHHE OTAETLHLIX JBEHLeR H MX MapamMeTpob.

B rn. 3 paccvoTpednl XapakKTePHCTHKH NepeXOAHOTO mpouecta Aaf HeKOTOPLIX
nputopos. TIpH HCCNE[OBAHHHM CPEJCTE HIMEPEHHH KOMIEHCAUMOMHOTO npeoGpaao-
Banus (3aMKHYTOH CTPYETypHL), HANPUMEP B COOTBETCTEBMHM co cxXemoil puc. 1.4, weos-
XOTHMO AMATOrHYHEIM 1yTeM cocTaBuTh Auddepenusanbhoe ypaBHeHHE Jid BLIXOA-
HOro cursaga. Eciw uenb ofpatoro npeofpazosadns ofiajlaeT Takme HHEpPUHOH-
HOCTBIO, TO NOpsARoK AunddepeHIHaTbHOIO YpaBHeHHA MOBLULACTCA H 3HAUeHHS no-
CTOFHHEIE KOAPPHIUEHTOB u3MEHSIOTCA, JTO 037auzeT, HTO XapakTep NepexomHoro
npouecca OT BEEeHHA uenw ofpaTHoro npeofpasoBavHs MOMET CYMWECTBeHHO H3Me-
ReThcA., Orasbiaercsi, ¥T0 B HEKOTOPLIX CAy4adX B 3AMEHYTHX CTPYKTypax MOryt
BOSHUKHYTh He3aTyXaiowHe KOMeOauWs, T. €. CPelcTBO uaMepeHuii He Gyper ycroii-
BBV B paGoTe W NOABI0BATLCA HM GyneT reibsd. [loTepsa yCTOHMHBOCTH onipefelider
TPAHULY MAKCHMAJNEHOrO 3HaYeHHs TIYOHEBL 06paTHOl cBA3K. YeroRuHBOCTE PaboTH
3AMEHYTLIX CTPYKTYD (KPUTepHH yCTOHUMBOCTH) PacCMaTpPHBAETCA B TEOPWH 2BTOMA-
THYECKOFO PEry/HpOBAKHS, MOJHOCTRIO MPHAOKHMON K KOMIEHCALMOMHLIM Cped-
CcTBaM H3MepeHHil,

1.4. 3ranousl, o6pasioesie H pabouse mepsi

Dranonpl. DTAJOHOM €IMHHLEBI (M3MUECKOll BeJTHUMHBE HA3HIBAIOT
CPeficTBO u3Mepenwil (MM KOMINIEKC CPEACTB H3Meperwii), ofecre-
UHBAWOILEEe BOCIPOH3BENlEHUE H (usni) XpaHEHHE eJIRHHIIE C LEbIO Mepe-
Jlaus ee pasMepa HHKECTOAIHM 110 IOBEPOYHOH CXeMe CpeJCcTBaM H3Me-
pernit. B 3aBucHMOCTH OT TOYHOCTH BOCIPOHU3BEIEHHA EIHHHIB! H3Me-

1 JlMHaMHYecKas] NOTPEIIHOCTL paccMaTpHBAeTcs B L, 24



1 HASHAYCHHS STAJOHLI EIUHUIL PasfeNsiiorcsi Ha CJAeLYIouie:
nepBﬂqumﬁ TaJoH — 5TaloH, ofecneyupaloliyit BOCIPOM3BELEHHE €114~
guuEl € HARBEICIIEN B CTpaHe TOYHOCTLIO; BTOPHYHLIN 3TaN0H — 3TaJloH,
spayeHsie KOTOPOro YCTAHABJIMBAETCA NO NEPBHYHOMY STajOHY; roCy-
Jlapc*naemihlﬁ 9Tan0oH — NEPBHYHLIH HJHM CleHaNbHBIA 3TanoH, yTBEp-
SkJEHHEIN AJIs CTpaHbl B KayecTBe HCXOIHOTO; paGouuii 3TanoH —
oTaJION, JPHMEHsIeMeill JJIsi nepelaun pasvepa eIHHALEL obpa3uopbiM
cpeaCTEaM HM3MepeHHHl BLICILEH TOYHOCTH, H B OTZENBHHX CaydasX —
yambomnee TOYHEIM paboYnM CpecTBaM H3aMepeHsil.

Pa6oTH, CBASAHELIE € OCYIECTBJIEHHEM STANOE0B alcOMIOTHRX enuEuL (PR3NIECKHX
pemiuy 1, 66N BEauaTe! B0 Beecolo3HOM HaYYHO-HCCIeNI0BATedhCKOM HHCTHTYTE METPO-
sporun (BHHHM) um, JI. 1. Mengeneesa B 1938 r. Tlpaxtnka nokasana, 410
sapbosiee YROOHENME JIA5i XPaHEeEHS M NEPeJadd 3HAYeHHIl SMEKTPHYECKHX eJMHHI
aEAIOTCS DTANOHE OM2 B BOJLTA B BHJE TPYINN KaTyiek COMPOTHBIEEHS H HOpMasnib-
ELIX 37€MEHTOB, KOTOPhLe NPEMEHANNCH B KAYeCTBE STAIOHOB JI0 BBEIeHHS CHCTEME! CH.
Jlns nepexofia K BOCIPOM3BENEHNI0 A0COMIOTHEIX JEKTPHYECKHX eIHENIL TpeGopanoch
onpefieTHTE 3HAYEHHA CYMECTEOBABUIHX patee ITANOHOB MeTORaMH, NPH KOTOPHX
BenOC]JEJICTﬂCHHO HSMCPREMI:IMH peiHUNHaMK  SBJAKOTCH JJTHHE, Macca W BpeMs,
a cnpene.nﬁemn B&INYHHE BRMHCIAETCH MO {I)OpM)’Jiam, CBH3EEBaIOIHY €2 € OCHOB-
HEIMH BeIHYHEAMH,

AGcomornbie W3MePeHNHs CMJILI TOKA BHIMCJHSIOTCS NPH  NOMGIIH
TOKOBLIX BecoB. AMNED eCThb CHlla HeHsMEHSIICIIErocs TOKa, KOTOPLIf,
NpoXofsi HO NBYM HapajfiefbHbIM INPSMOJAHHEHEIM —IPOBOAHAKAM
GeckoHeUHO! JJAMHEL I IHUTOXHO Majoro
CeyeHUsl, PACMNOJIOXKEeHHKIM Ha PacttTofHHI o
1 M OOuH OT JPYroro 8 BaKyyMe, BEISDI-
BaeT MEKAY 3THMH NPOBCAHMKAMH CHAY,
pasuyio 2-1077 H Ba Kagubiil METP JTHHEL

B cooteercTBHN € onpefeleHHeM am-
Nepa sTaJlOH TOKA BHINOJHAETCA € HCHOMb-
SOBaHHEM WNIEKTPOAMHAMHYECKOro B3anMo-
Ielicteus AByX ToKoB. Cujia 1010 B3aUMO-
JeliCTEHsA H3MEePSIeTCsl ¢ NOMOHIBIO BECOE, i
HASHIBAEMEIX TOKOBEIMH. W & bz

TokoBrie BECHI, CXEMaTHYECKH NOKa3aH- #
HBle Ha puc. 1.8, ocHOBaHLI Ha H3MEpPeHHH
CHNEl 3JIEKTPOIHHAMHUECKOTO B3aHMoeft-
CIBHS JIBYX COEJMHEeHHRIX HoCJeloBaTeslb-
HO coseHonmoB K, u K., obrexaemux TokoM. Jlas mo6oit kondurypa-
UM B3anMONCHCTBYIONMX KORTYPOB, o6TeKkaeMblx Tokamu [y M [z, cuna
B3aumoneficteust F eeipaxkaercs QopmyJoi:

oM
F:-'?]_Iz %

1it

Puc, 1,8, Toxosrie Becnl

Ilpn J, = I, = ] n npy paBHOBECHH BECOB

1/ _ V 1.9
== l/ amjax = V aMox (1.27)
L AGeontoTHee e (JHIMECKUX BENYHE 1 a6COMOTELE CHCTEME EJNTHAL —

Wﬂﬂuh}  cHcTeMEl €IMBEYL, OCHOBAEHLIE Ha enLMIAY JUTHEL, MacChi H BDEMEHH,
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Ije m — macca ypaBHOBELIMBAIOUlEll THpM; @ — YCKOpeHMe CHJIH TS-
wectH; M — B3aMMBHas HBAYKTHEHOCTH COJICHOWJIOB;, X — TEKyllas
KoopzuHara — nmepemelleHne conenonia K. ) 5
Tax kak M 3aBucuT NHIL OT reoMeTprHyecKol (OPMEL, pPasMepoB
CONEHOMAOB M HX B3aMMHOTO pAacroflOXKeHHsi, SHaYeHHe CHJIbI TOKa
C MOMOUIBI0 TOKOBBLIX BECOB ONpejeNsiercs Yepes OCHOBHBIE €JHHHIL
OJPHBL, Macchl M BpeMeHn. TOKopbe Bechl, cosfadHpe o BHHMM
um. II. M. Mernieneepa, BocnpoyMsBOJAT eHHMALLY CHJILI TOKA CO CpEIIHe-
KBa}lprIl'ISEEKHM OTKJIOHEHHeM pe3yJ/bTaTa MSMepeHNs, He [pephLIalo-
muEM 4- 107° '

[Mpaxruka snektponpunfopoctpoerns Tpefver NOBBINEHHS TOMHOCTH BOCTPOH3-
BeleHHs eNUHHIIL T0Ka WIH 5. O. ¢. Mcnonrzopalne (inHJIBMEHTaJIhIlhIX ¢H31illeCK]iK
KOHCTAHT H COOTBETCTBYIOIHX ABJMEEHH 1ng NOCTROEHHA 3TANOHOB SJIQKT]JH‘IECKHX
BEJIHYHE MOKET MPHBECTH K CYIIECTBeHHO NyuliwM pesynbraram. Ceftuac nsyuaercsa
BO3MOMKHOCTD [OCTPOSHHS STANOHa elHHMIL! 3. JI. C. BONBTA Ha ocnose abexra JDKo-
sepcona. IHHEKT ITOT COCTOHT B TOM, YTO B Y3Je CBePXNPOBOAHAK — INSNEKTPHK —
CBEPXNPOBOLLNK, EassaHBOM yanoM Ilwoze(pcona, npH obyueHHH €ro BHCOKOYACTOT-
HEIM SMEKTPOMAFHUTHEIM TOJIEM YACTOTOH @ M MPH NMPOXONCIEHHH UYEPes Herc ToKa
BO3HHKAET HEKOTOPOE NAJEHHE HANPAKEHWA u. an YEEJAHMEHHH TOKa 370 nale-
HHe HENPHAMEHNS PacTeT CRaukaMH, onpellenenHbIMH KBAHTOM MarHEHTHOTO NOTOKa,
papELM oTHOWeEmo h/(2¢), rae h — nocrosnuHas TlnaHKa; e — 3apajl SAEKTPOHA.

Cymmaproe najienne HanpsukeEns Ha yane Jxosedcona pasuo

U= n;; ®, (1.28)

rjie 11 — YHCNO CRAYKOB HaNpPsKeHHs.

HcenenioBanie norpeinsocTH BOCTIPON3REEERS MK 9. [, c. BOJLTa, Ha OC-
nopanfl ypapueHus (1.28), noka3zamy, uTO 3naveHHe NOTPELIHOCTH MOXET COCTa-
BuTh (1 = 2)- 1077, 7. e. Gosee yeM Ba nOPAJAOK MEHLILE MOrPellHOCTH TOKCBEIX BECOB.

STanoHL — ITO BALMOBANLBOE JOCTOSEHE CTPaEH, Tpebylolulee NOCTOSHHOIO CO-
pepmercTropanng. Copetcknit Colo3 pacnonaraeT KOMIMIEKCOM TOCYJAPCTBERHEIX
TEPBHYHLIX ¥ CTMEMHANbELX 5TalOHOB JJisi BCEX OCHOBHEIX BHIOB H3Meperuil. 310
STANOHE COMEUL MAcCH, JJHEE, BPEMEHH, TeMUeDaTYphl, JaBJeHus, SAeKTPHYeCKHX
¥ MarENTHEX Be/JNuYHE, HOHH3MPYIOILMX M3JTyuYeHuil 0 MEOTHe [Ipyrie.

OTaNoOHHLE YCTAHOBKH, KaK TIPABAAO, NpelcTapisior cofof ChomEne HHMme-
HEPHO-TEXHHYECKHE HOMIVIEKCE, B KOTOPEIX HCMOJIL3OBaHE! Cambe nocjleinne Hayy-
HEIE M TEXBUNECKNE JOCTHMEHHH.

O6pasuoesie W padoune mepbl. OBPasSUOBLIMK MEpavi  SBISIOTCH
Mepbi, CayMKamue Aisi TOBEPKH M0 HUM JAPYTMX CPEACTB H3MEpPeHHH H
yTBepKeHHble B Kauyectse oOpasuoenix. O6pasuosoil Mepoil 5. A. C.
SBISETCst HopMaJbHuH sjemedt. Ero 3. 4. ¢. ominyaercs oT 1 B, Ho
Toyno uapectHa. [locoensee moctrraercsi noaGopoM COCTABHEIX YacTel
3JIeMEHTA }3 CTPOTO ONpeleJeHHbIX N0 XMMHUYECKOMY COCTaBy BELUECTB,
TOYHON HX JO3MPOBKOH # CTPOro 0fHOOGPaA3HON KOHCTPYKUHEH. JTHM
NpH OPaBUIBHOM HCIONb3OBAHWM 3JEMEHTa O0CCIICUHBACTCS BeChMa
Gonblioe NOCTOSHCTBO €ro 9. I. C. W TOYHO H3BECTHAA 3aBHCHMOCTD
ee OT TeMIepaTyphl.

Hopmanbibie 571eMeHTH NOAPA3NeNsIoTes: Ha SJeMeHTHl ¢ PAaCTBOPOM
CEPHOKMCIOr0 KafiMusi, HACHIIEHHLIM NPH TeMOepatypax NpHMEHEHNs
sneMenTa, M SJAEMeHTHl ¢ PacTBOPOM CEePHOKHCIIOrO Ka/|MHsl, He Hachl-
ueHHEM npu TemmepatypaX bune —+4 °C.
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VeToHYMBOCTD IJEMEHTa ¢ HEHACHILECHHBIM PACTBOPOM SHAYHTENBHO
JisKe YCTOMUHBOCTH HOPMATLHOTO SMENEHTA C HaCHIECHHL PACTBOPOM,
rag Kak OF ACHICTBAR SNEKTPHYECKOTO TOKa M3MEHSIETCs KOHIEHTPALHs!
ero MEKTPOJINTA, a C/IefIoBaTebHO, | 3. A. . IpenmyuiecTeo sieventa
¢ HCHACHILEHHBIM PaCTBOPOM 3aKJIIOYAETCH B MEHbIIEM BHYTPEHHEM
conporaeaennn (0ko70 300 Om) # 0YeHb MANOM TEMIEPATYPHOM KO-

(IieHTe, KOTOPHA NPH H3MeHeHMy TemmepaTypu B npefenax ot 10
7o 40 °C se rpepbiuaer 15 MkB na 1 K; remnepatypusii kosdruyent
gieMeHTa C HaCHIEHHLIM PacTBOPOM NPUOAH3HTENBHO B YEThIpE pasa
gonpiue. HaweHeHWe 5. [I. C. HOPMAJBHOIO 3J€MEHTA C HACHILEHHLIM
pacTBopoM B SaBHCHMOCTH OT KoJeGanmil OKPYMAIOUEH TeMneparypr

MOHO Y4YeCTh MO SMIHpHYecKod opmyae

Ey = Ego— 40,6+ 1075 ({ — 20) — 0,95 - 10-% (£ — 20)2 -
4-0,01-10-6 (£ —20)%, (1.29)

roe E; — 5. I. €. HOpMaJbHOIO 3JeMeHTa B BOJAbTaX MPH TeMneparype
t °C; Egp — 9. . €. HOPMABHOTO 3JIeMEHTa B BOALTAX NPH TeMIeparype
20 °C.

B 3aBMCHMOCTH OT TOTHOCTH ONpefefeHust 9. . C. H ee CTA0UILHOCTH
HOPMAJBHBIE 3/IeMeHThl NOZPasieNsiloTcs Ha KJacChl.

Ilpy mpuMeHEHHH HOPMAJNBHLIX SJEMEHTOB Cellyer cobmonate psij
IPESOCTOPOKHOCTE ! NOPMAJLHEIE JIEMEHTH HEJb3st TPSCTH H ONPOKH-
IeIBaTh, OHH AOMHBI ChITh 3allUIIEHL OT COMHeYHHX Jayuyefl, or JeH-
CTBHS CHJBHEIX MCTOUHMKOB CBETA M TEIWIOTHl. XPaHHTE UX HeoOXo-
AMMO_ TP BO3MOMXKHO Goflee NOCTOSIHHOH TEMneparype.

Hopmanetee 3snemeBTsl 061afalor PAIOM BelOCTATKOB, K KOTOPHM OTHOCATCA
MaNEl TOK HAIPY3KH, HEBO3MOMKHOCTE PaGOTH B YCJIOBHSX BHOpaIH, BeoOXOIHMOCTS
BHECEHHS PACYETHHIX NONMPABOK Ha TeMNepaTypy okpyaiomeli cpennl. B macrosmee

“BpeMSl YerenHo NPHMEBSIOTCs BhMPAMATEAN TEPEMEHHOTO TOKA ¢ MONYNPOBOIHHKO-
BBHIMI CTAOMNMZATOPAMH NOCTOANHOIO HANPMKENNs, KOTOPHE MOIYT BO MHOIHX CJy-
HAAX HIpath Posb O6PasLUOBLIX NCTOYHMKOB NOCTORHHOIO HATIPSIKEHHS.

[pumepor TeXHHYECKOH DPEATHAaLHH cTaOWANSHPOBANEOTO HCTOYHRKA Hanps-
MEHHs SRJASeTCH CepHiine Bhnyckaemmil werounuk MCIT-20, y koroporo mpr Kome-
GaHuax nuTAlolero HanpshieHns -wa 209 BHIXO[EOE HanpsUKeHHWe Ha Barpysre
400 Om ocraercs nocrosHEEM B npeesnax (2,00 == 0,01) B. CrabGuinsaropsl yxaza-
HOTO THIA HCMNONBIYIOTCS, B UACTHOCTH, B CXeMaX aBTOMaTHYECKHX NOTeHINOMETpOn
B KaYeCTBe HCTOUIMKaA 00pPA3NOBOre HaNpfykenns, MPH 5ToM 01najaer HeoOXOIHMOCTh

. IpHMEeHeHHs HOPMANLHOTO 3JIEMEHTA.

B npakture m3MepeHHi, a TakmKe OpPH [OBEPKE H TPagyHMpOBKe
HaMepuTenbAbX Npubopus noab3yTcs 06pasLOBLIMM MEpPaMH COMpo-
THBnenusi. OBGpasnoBbie MePhl CONPOTHBJIEHHS! BLINOJHANTCS B BHIE
Karylek Ba OJHO 3sHaueHme conporuprenns 10%* Om, tme n —
Lienoe  yucJio.

O6pa3suoBele KaTylIKp CHa0XKaloTca [BYMS [apaMp 3a:MMOB, ABa
M3 KOTOPLIX HA3LIBAIOTCS TOKOBBIMM H MpENHA3HAYCHL JU1A BKIIOYCHAS
06pasiopoil KaTyIlkd B leNb TOKa, JBa APYrAX HasbBAIOTCH IOTEH-
JaansHeivH. ConpoTHBNEHAE MEXLY NOTEeHIMANbHBIMH 3a:KHMaMH PABHO
HOMERATBHOMY CONpOTHBAeHHIO 06pasuosoil Katyky. K noresimans-

9 nox. ped. ®peuke A, B, Hyumna E. M. 33



HBIM 3axKHMaM NpPHCOSNMHSIOTCS MPOBOJIA, HAVIUHE K H3MEPHTENLHOM
cxene.
K marepmany, ¥s KOTOPOrO H3TOTOBJASIOTCH OOMOTKH, NpPELbSABIs-
oTea cnepyomne TpeGopanun:
1) BosmoxHO GOsBILIEE YAENBHOE CONPOTHBJIEHHE;
2) BauMeHDBIUH{l TeMTIePaTyPHBIH KOPHIHEHT W TepMo-3. I. C.
B mape ¢ IPYrHMH MeTaJjgaMi (B OCOOEHHOCTH C MEMIBHO);
3) ycToHYHBOCTE METalsa NPOBONA NPOTHE OKHCJIEHHS.
IruM TpeGoBaHusiM Jyvllle BCEro yHAOBJIeTBOpSeT MaHTaHWH,
Ob6pasuopre karymkn conporaeienns or 0,01 zo 0,001 Om mnsro-
TOBJSIIOTCS M3 MAHTAHHHOBOH JIeHTHl MAHM H3 miactuH, a 0,0001 Om —
H3 ITHPOKHX B CPABHUTENBHO TOHKHX JIEHT (LIS JYUILero OXIasIeHnAs);
Katymku conporuenenns sonue 0,01 Om penawores’ #3 NPOBOJOKH.
BricokoomHEIe MaHTaHHHOBEIE 0GpPasnoBbe CONPOTHEACHAS Ie/aroTCs
Ha spavenust 10 107 OM ¢ morpemwmocrerio == 0,0003% (10° Om) u
=+ 0,001% (107 Owm). Ha 6déapmne conporseaennst (107 — 10'° Om)
MepLl CONPOTHRIEHHS JENalorcst HA OCHOBE MAHIZHMHOBOTO MAKDPOMpO-
BOfA B CTEKARHHEON nsonsuuu (norpemmnocrs ot == 0,02 no == 0,05%).
B saencumocTH 0T morpemHocTH O0PasUOBEIX Mep CONPOTHBJACHHIH
M APYrHX XapakTepHCTHK (H3MeHeHHs! CONMPOTHBJACHNS C TEYEHHEM Bpe-
MeHH, JOIYCTHMOM MOLIHOCTH M Ip.) 06pasioBbie MEPH CONPOTHBICHHS
P B IENATCS Ha KJacChl TOYHOCTH, s
g AP —of  KOTOPHIX NOTPEIIHOCTH M APYTHE Xa-
g PAKTEPHCTHEHN YCTAHABJIMBAIOTCH CO-
it OTBETCTBYIOLIMMH CTAHJapTaMH,
1l

Puc. 1.9, JxsuBanenTHas s1eKTpHye-
CKafl CXeMa KaTVLIKH CONpOTHBJICHHUS

Ecnn KATYIUKH COTIPOTHEAeHHS MNpef-
Ha3Ba4YeHE IS anMEl—i&BﬂSI B Kauectee
00pasloBEIX  MEp COLUPCGIMBIEHHA B H3Me-
PHTEBHEX CXeMax TNepeMeHHoro ToKa, H
ocoleBHO MpPH NOBHILEHEOH HactoTe, TO JAA TOTO yToChi SHAUYeHHe CONPOTHBJEHHSN
EATVLIEE Be H3MEHHNOCh C H3MEHEHHEM 4YaCTOTH TOKa, COOCTBEHEAST EMKOCTE H CaMo-
HHAYKIHS UX JIOMKHED Obith HAUTORHEO Maiknd. B nepBoM npuOmwKeHWH SKBRBa-
JIEHTHYIO CXEMY KATYLIEK COMPOTHEJIEEHS MOXHO TMPEICTABHTL B BHIE cXemul puc. 1.9.
TlosEOE CONPOTHBIEHEHE KATYIUKH ¢ YY€TOM HHAYKTHBHOCTH Ly W PACrpelenenHoi em-
KoctH Cp Jisi cxXemsl puc. 1.9

. R 4 jo = RC—LCo
(1 — " LCyP +w?CiR? (1 —@*LCo)*+0*CIR?

Ouwuo spavenns Ly n Cp OveHb Maflk, TaK YTO Jlayke TPH 3BYKOBEIX 4YacroTaX
unent, conepxatiie LyCo ¥ C§ OCTAIOTCH MATLIMN 1O CPaBHenyio ¢ equEnuei. [ostomy
NpuGAMMKeHHO TIONHoe conpoTHBieEne Z MomeT GuTh Bripameno GopMysoi:

Z == R+jo (Lo— R*Cy).

Crenesn Ge3apeaktHBHOCTH KaTYIEH OOLNHO XaPaKTCPU3YETCH Tak BaskBaeMoil
NOCTOSEHON BpeMEHM, TOJ, KOTOPOIl HOHUMAETCH BEJNYHEA

' Ly—

a0 (1.30)
R

Hanmverbieit nocrosuiol spemeny (npumepeo --0,5-1078 ¢) ofaanaor ofpas-

LOBLIE KATYLIKK COMPOTHEJICHNS HA HOMMEANbHHe snayenns go 10 Om. ¥V obpasuo-

BHX KATYLEK COMPOTHBIEHHS Ba nomuranpnoe spauvemne 100 000 Om mocTosEHAN
BpenMenn cocraBasier npuMepHo —2,5-1078 ¢,
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B na6opatopHLIX YCIOBHSX IMOJYYHIH QOnbLuoe pacnpocTpasesue -
pax HasbBaeyble Marasuibl COTIDOTHBJIEHHEI, KOTOPbIE NPH MOMOLLH
HepexTIoualOAX YCTPOHCTE NO3BOSIOY nonyunTs CONPOTHBIICHAS pa3-
JIMYHOTO SHAYEHHS. B zaeucumocty OT KOHCTPYKIMH NePEKJIOYaoNLero
yeTpoiicTBa MarasHHbl CONPOTHBIEHU ACMATCS Ha WITENCENbHbIE H Phi-
yaKHbIE.

B pacmopTaX MAT4aSHHOB COOPOTHBJAeHMH OCBIYHO VKasbiBaloTes
JONYCTHMEIE MOFPEIIHOCTH MArasWua, JOMYCTHMBIH TOK, Harpyska
B BartaX Ha KaTyllKy (o6bryeo 1 BT) m wactoTHbifi Iuanasom.

O6pasioebie KaTYIIKH HHAYKTHEHOCTH H B3aHMHON HHLYKTHBHOCTH
oGBLIYHO HSTOTOBJAIONCS B BHIE KaTylleK M3 H30/IMPOBAHHOH TOHKOH

OBOJIOKH, HaMOTAHHOM Ha Kapxac. X

Katyurku BOMKHL 00danath MoCTOSHCTBOM HHAYKTHBHOCTH, MAThIM
AKTHEHLIM CONPOTHBJICHHEM, HE3ABHCHMOCTBI0 MHAYKTHBHOCTH OT TOKa
¥ BO3MOXKHO MaJloH 3aBHCHMOCTBI) HMHIYKTHEHOCTH OT YaCTOTH! TOKA.

Opuoit ¥z XapakTEPHCTHK KATYHIER ABJSETCS NOCTOSIHHAR BPEMEHH, DhIPamacn
MaS OTHOLIEHHEM HHIYRTHBHOCTH KATYIUKE K AKTWBHOMY CONPOTHEJAEERI0 OOMOTKH.
Uep GosibIe NOCTOAWRANA BPEMEHH, TeM KaTYLIKa2 MHIYVKTHBHOCTH JIOOpOKAUECTBeHEeE.
O6LYHO NOCTOSHNAS BPeMEHH KaTyLrek JIewAT B mpejernax or 1 jgo 10 me.

MameputeibHLE EATYIIKH HHEIYKTHBHOCTE BHIYCKAIOTCS N#TH HBOMHBANEHBIX
suaenni (1; 0,1; 0,01; 0,001; 0,0001 ') w npefnasHaveHs: Aast paGoTsl B LENAX
nepeMenHOro ToKa uacroroli fo 10 000 I

Karyikn B3auMHOH WHJIYKTHBHOCTH COCTOST M3 ABYX OOMOTOK, MECTHO yKpen-
aeHiEX Ha olwey Ksprace, Ofpolt U3 XapaKTepHCiHR KaTyHeK BaanMHOR WHAYKTHB-
HOCTH SBASETCH (JA30BAN NMOTPENBOCTD, XapaKTepHsyeMas yIJIOM, HA KOTOphil casnar
(a3 MemIOy HHAYKTHPOEaHROR 3. A. €. M TOKOM oTimuaeTcs of 90", daszopas norpewi-
HOCTL OORuHO We npeswinaer 10'.

Karymkn B2aiMuol WHIYETRBHOCTR JEJ210TCA AH JBYX HOMHHANBHBIX 3Hale-
muit (0,01 u 0,001 I'n) » npeadasvavenbl pis paGoibl B LENsX NepeMEMHOrO TOKa
¢ gactoroit go 10 000 Tu.

Haxopar npumenenne KaTYIIKH nepeMeHOl HHYKTHBHOCTH M B3aUMHON HHIYK-

_muerocTd. Ouedb YAOCHBI L5 HAMEPHTENBHBIX CXEM MATAsWHLl HHAYETHBHOCTEH,
KOTOprie mpejcTaBisiorT cofol raGop Karyuiek WHIVETHBHOCTH.

O6pasuoBbie Mephl €MKOCTel NOMMKHB 00/afaTh MOCTOSTHCTBOM eM-
KOCTH H MaJbiM TeMnepatTypHeIM KOos(pOQHIHeHToM, BecbMa MaJbIMH
OOTEPSMM SHEPIHH B JH3JEKTPHKe, He3aBHCHMOCTBIO €MKOCTH OT 4a-
CTOTHI ¥ (POpMBI KPHBOM TOKA H BEICOKHMH COMPOTHBJIEHHEM H IPOYHOCTBIO
H3oAsnuE. JTHM TpeGoBaHuAM B HanOoJblliell Mepe oTBeYarOT KOHICH-
CATOPbI, y KOTOPHIX AHSJIEKTPHKOM CJIYKHT BOSHLYX MM KakOH-JHGO
ras. Onpaxko BO3AyLUHBEIE KOHACHCATOPH HMEOT OOMBINHE pPasMephl
H MIpakTHYecKH NPHMEHSIOTCS JHILb B TeX CIyvasx, Korpa Tpefyercs
SHavenue emkoctd He Gonee 11 000 n®. KonpeHcaTophl ¢ BO3RYILIHBIM
AM3JeKTPHKOM BRHITYCKAIOTCS Ha pa3jiMypble HOMIHANB B Ipefe/ax
or 50 no 4000 n®.

Onmnontizie KOHIEHCATOPE! € TASOBHIM JHSNEKTPHKOM NPHMENSIOT TR H3Mepe-
it B nensx BLICOKOYO HATPSKEEHs. B KauecTee 2anoOJHAKIIEro rasa OBLMHO NpH-
' YIIEKHCARI ras Wid a30T (HEOT/ia MPUMERSIoT (PPECE U o7eras, OT/IHYaIOIKECs
NOBbLeHEo) npofEBEONL NPOYHOCTEIO) TIOJ IABeNHeM TPUMEepPRo 10¢ Ta. TTpu Takkx
AABleRnax npofuBHAT TIPOYHOCTH A33 BeNHKAa. ITO NOSBONAET CO3JaPaTh KOHIEN-
C2TOPEI Mafpx PasMEPOR A1 PaGoTel TIPH BHICOKHX BaNPHECHUSX (IECATKH W COTEH
moﬂﬂfib’r}.
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Kpome BOSIYILIELIX KOHACHCATOPOB, NPHMEHSAEMBIX KaK Mephl MaJbIX
3HAYEHHH €MKOCTH, B KauvecTBe 0Opa3MOBLIX M pafounx Mep eMKOCTH
OonbIIMX 3HAYEHMH YacTO OPHMEHSIOTCH CAIOASHLE KOHJEHCATOPHL
Taurenc yrna noreph CMONSHBIX KOHUeHcaTopos mpxmepro 1074,
TeMnepaTypHuii KoaphumedT emroctn npumepao 5-107% K1 Cmons-
Hble KOHJEHCATOPH! BBRITYCKAIOTCA B BYJE OTJENBHBIX MEP € IOCTOSIH-
HBIM SHAYEHHEM eMKOCTH WM B BMJe MarasuHoB eMKocrte#. MarazamHbl
eMKOCTell NPUMEHSAIOTCS JBYX THIOB: IUTENCENBHBE H PLIYarKHEE.

1.5. Knaccutbmnauus uamepermii

O0mue sameqannd. DNeKTPHYECKUE H3MEPEHHsl BechbMa pasHoob-
passbl. J710 OOBACHSNETCS MHOMNECTBOM H3MEPSEMbIX HIEKTPHYECKHX H
HENeKTPHYECKUX BEJUYMH, Pa3JHUHBEIM XapaKTepoM HX H3MEHEHHS
BO BPEMEHH, pasMyHEIMH TpeGoBanusMH K TOYHOCTH W3MEpEeHMI, pas-
JUYHALMM crioco6amii MOJIyYeHHs: PE3y/bTarta MSMEPeHHsT M JpyTHMH
paxropamn.

Paccmorpum knacenduEauuio uamepeHnil, Hanbonee BaKHYIO ATS
TEOPHH H UPAKTHKH 3JIeKTpHYecKuX uamepennit. K takoit Knaceudmuka-
LIHH MOXKHO OTHeCTH KJacCH(MOMKalMIo M3MEPEHMil C MeTOHONOTHYECKOo
TOYKHA 3peHHs, T.€. B 3aBHCHMOCTH OT OOMMX NpPHEMOB MOOMYYEHMSH
Pe3yIbTATOB H3MepeHMH (BHIOBI MM KJAcChl HM3MepeHMi), Kaaccudu-
Kalluio HaMepeHHit B 3aBHCHMOCTH OT HCMOJL30BAHHS NPUHLHIOB H
CpencTB MamMepeHHH (MeToll Ma3MepeHHH) W KaacCu(pUKaLMIO U3MepenHH
B 3aBHCHMOCTA OT OMHAMHKH H3MEPSICMLIX BEJHMUMH.

Biael anekTpruecknx usmeperuit. B saBucumocTy ot ofMX nprueMoB
HONYYeHHU pe3yJIETaTa HSMEepeHHs [elATCs Ha CAefylonye BHOBL
npsMEle, KOCBEHHBIE H COBMECTHEIE.

K npssMB M H3MEpEHHAM OTHOCSTCS T€, PE3YJbTaT KOTOPLIX
NOJMYYaeTCsl HeNOCPENICTBEHHO M3 ONBITHRIX nasHuiX. Ilpsmoe Hsmepe-
HHe YCNOBHO MOMKHO BRIPa3uTh GopMyJioi

Y =X, (1.31)

rie Y — nckoMoe 3HaueHHe HM3MEpseMoil BeJnuWHBl X — 3Hauenwme,
HENOCPENCTBEHHO TOJAYYAEMOe M3 OMBITHLIX NAHHBIX.

K stoMy BHAY M38MepeHHII OTHOCATCH M3MepeHMsi PasIHYHLIX (PH3H-
YeCKHX BeJIMYMH TIPH Tomolp mpuGopoe, rpalyHpPOBaHHLIX B yCTa-
HOBJIEHHEIX efnHMIax. Hanpumep, u3Mepenusi cHJbl TOKa amiiepmer-
pOM, TeMneparypbi — TepMOMETPOM H T. K. K SToMY BHILY #aMepeHHI
OTHOCSITCA M M3MepPeHHs, IPH KOTOPHIX MCKOMOe 3HAYEHHe BeJIHYHHEI
ONPEJIeISETCsl HENOCPEJCTREHHLIM CPAaBHEHHEM ee C Mepoil.

IpumenseMble CpefiCTBa M TNPOCTOTAa (MM CIOXKHOCTB) SKCHEPH-
MEHTa DNP¥ OTHECEHHH H3MEPEHHS K NPSMOMY He YYHTHIBAMOTCS.

KocpeHnHL M HasnpBaelCa Takoe H3MepeHHe, TMPH KOTOPOM
HCKOMOe 3HA4eHWe BeJINYMHLl HaXOIAT HA OCHOBAHHH M3BECTHOH 3aBH-
CHMOCTH My 9Toll BeJMYHHOM H BeJHYHHAMH, TIOJBEPraeMLIMH Ipsi-
MBIM H3MepeHHAM. 1IpM KOCBEHHLIX M3MEPeHHSIX YHC/IOBOE 3HaYeHHe
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yamepAeMOil BETHURHBI ONPEACSETCst MyTeM BHMUCACHHS N0 (popmyJe
Y =F(Xp Xgi .cis Xa)s (1.32)

e Y — HCKOMOE 3HAYCHHE H3MepsieMoli Beinunuby; Xy, X, ..., X, —
spAYCHHS H3NMEPEHHBIX BEJINYHA,

B KayecTBe MPHNMepa KOCBEHHBIX M3MepeHHil MOMKHO YKasaTk Ha W3-
MepeHHe MOLIHOCTH B UeNsiX NOCTOSHHOIO TOKa aMNepMeTpoM i BOJBT-

METPOM.-

' CoBMECTHEMH H3MEPEHUAMH HA3LIBAIOTCS Takwe, NpH KOTo-
PEIX MCKOMBIC BHAYCHHST Da3HOMMEHHBIX BEIHYUH ONPEeNRIOTCS MyTem
pellicHHsI CHCTEMBI YPaBHEHHH, CBA3LIBAIOIMK 3HAYCHHS HCKOMBIX
BEJIAYHH C HETOCPEACTBEHHO H3MEPEHHLIMH BENMYMHAMH, T. €. [yTeMm
pellients CHCTeMbl yPaBHEHHI:

PV Yoo ¥yoooes X X, X}, o) =65
FE.(Y].» £ Y3) raal X:I' X;l' X"I!I' "')_:"0;

. . S R I e T T

(1.33)

B ypapuennsax (1.33) Yy, Y, Y, ... — HCKOMbie BeqMYHHEL X,
Xz, Xs ... — HENOCPEACTBEHHO HM3MEPEHHBE BEJHYMHLL

B KauecTBe TPHMEpa COBMECTHHIX W3MEpPeHH{l MOMHO NPHBECTH Onpelenenue
Kos(puiierTOB B GOpmyJie, CBA3LIBAIOIENH CONPOTHBIEEHE DE2HCTOPA C €ro TeM-

aTypoil:
4 Ry =Ry [ o (f — 20)4-P (£ —20)%],

riie Ry — conporuBierye pesuctopa mpn  Temmepatype { °C; Rgy — CONPOTHBJCEHE
pesncropa mpm Temnepatype 20 °C; @, P B Ry, — MCKOMEIE BeIHYMHLL

Hamepnasn conporeBieHHe Pe3NCIOpa MPH PasinuHBIX remnepatypax (fy, I v 1),
orpele/IfeMEX N0 TePMOMETPY, NOJYYHM CHCTEMY YPaBHEHWI:

R} =Ry, [1 +o (t,—20)4-B (¢, —20)’]:
Ry =Ry [1 e (f,—20)+8 (6, — 20}
RIM =Ry [1+a (t,—20) 4B (t,— 20)*]-
Pemas a1y cueremy ypapueHni, HaliieM 3HaueUnsT HCKOMBIX BelHUHE: Rgg, ¢ 1 fi.

Meronp! ssekTpHuecKHX w3MepeHNil. B 3aBUCMMOCTH OT COBOKYII-
HOCTH MPHEMOB HCIOJIB30BAHUSA NPHHLUHIOB H CPEJCTB M3MEPEHMH BCE
METOMILI JeNISITCSl Ha MeTOZ HelloCpelCTEeHHOH ONeHKH M METONhl Cpab-
HeHnus.

Cyiisocte MeToa HeNOoOCpPeACTBEeHHON ONeHKH
SaKMoYyaeTcs B TOM, YTO O 3HAYCHMH HaMepsieMOH BeJAHYHHLI CYHAT 110
TOKa3aHKIG ORHOTO (MPSIMEIE H3MEpeHHUs!) H/IH HECKOJALKHX (KOCBeHHBe
H3Mepenunsi) npuGopoB, 3apaHee MpOrpajyHPOBaHHLIX B eNUHHNAX
H3Mepsiemoii BeNMYHHL WM B eJMHHLAX JIPYTHX BEJHYHH, OT KOTO-
PHIX 3apuceT M3MepsieMasi BesnuMHa. Ilpoctefimm NpHMepOM MeTopa
HenocpencTeeHHON OLEHKH MOMKET CHYKHThL H3MepeHHe KaKOH-n6o
BefIUuHET OfHMUM npuGOpOM, IIKala KOTOPOre nporpanyspoeada
B coorpercTRyIOlHX €MMHHLAX.

Bropasi Gompas rpynna MeTofioB 5IeKTPHYECKHX M3MEPEHHi 06b-
€lHunena noy o0MM BasBaHHEM M e TO L OB cpaBHeH H s, Il Him
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OTHOCHITCS BCE T€ METOMbl BJEKTPHUECKHX H3MEpeHuii, NPH KOTOpPhIX
naMepsievas BeJMYHHA CPABHHBACTCS ¢ BEJHYHHON, BOCNPOH3BOIHMON
mepofi, Taxmum oOpasoM, OTAHUHTENBHON yepTOl METOJOB CPaBHEHHS
SIBJISIETCS HENOCPECTBEHHOE yYacTHEe Mep B HpoLecce H3MEPeHHs.

Meronp cpaBHEHWS JIENSTCS Ha CJIemyoliue: HyJeBoH, mudipeper-
LHalbHbil, 3aMelleHHs H COBNAJIeHHs.

Hynesotl memod — 570 METON CPaBHEHHSI W3MEPsieMOH BeJMYHHBL
€ Mepoit, NpH KOTOPOM PesyAbTHPYIOMHH 3(ipeKT Bo3feiicTBHS BeJIHH
Ha HHIMKaTOp JOBONMTCS A0 HyNA. Taxmm ofpasoM, HpH JOCTHZKCHUH
paBHOBecHst HaOmoflaeTcs WCYESHOBEeHHE ONpefeNeHHOr0 SBIEHUSA,
HaOpHMEP TOKAa B YUYACTKe IENH MJH HanpsXeHHs Ha HeM, YyT0o MOXET
6bTh 3a(HKCHPOBAHO NPH MOMOLM CAYIKAWMK Ads 3Toft uean npufo-
POB — HyJb-HHJKKATOPOB. Besenctere BHICOKON UyBCTBHTENHHOCTH
HyJb-HHAHKATOPOB, @ TAKIKE TIOTOMY, YTO Mephl MOT'YT GEITh BRINOMHEHD!
¢ Gonboil TOYHOCTEIO, MoJyyaeTcsi W GOJbINAR TOYHOCTH HSMEPEHHH.
Tlprmepom npuMeHeHHsT HYJIEBOrO METOAA MoeT OBITH H3MEPEHHE 3MEK-
TPHYECKOI'O CONPOTHEJIEHNS MOCTOM C NOJHLIM €0 YPaBHOBCIIHBAHHEM.

Ypn Oughpeperyuansrion memode, Tak e KaK W [PH HYJEBOM,
H3MepsiemMas BEJIMYMHA CPABHHEBZETCH HeNoCpejCcTBeHHO WK KOCBEHHO
C Mepoit, a O 3HaYeHHH H3MeDsIeMoit BEIHYAHL B PesysibTare CpaBHeHHs
CYJIAT 0O PA3HOCTH OJHOBPEMEHHO NPOH3BOJMMBLIX STHMH BEJHUHHAMH
a(peKTOR H MO M3BECTHOH BEIHYKHE, BOCNPOM3BORHMON Mepoit. Taknm
obpasom, B audipepeHUHaNBEHOM METOe MPOHCXOMUT HelOIHOe YpaBHO-
BELHBAHAe M3MEPSIEMOH BEJHMYMHEL, H B STOM B3aKIOUaeTCs OTJIM4YHe
JudpepentuanbHoOro Merona o1 uysesoro. JudxpepenupaleHbil METOR
coyeraeT B cefe YacTh NPHSHAKOB METOAA HEMNOCPeJCTBEHHON OUEHKH
M "acTh NPH3HAKOB HyJeBoro Metoga. OH MoKer JlaTh BeChbMa TOUHEBLH
pe3yJabpTar H3Mepennsi, eclii TO/LKO H3MepAeMas BeJIMYNHA ¥ MEPa MAI0
oTIHyaloTest APYT or gpyra. Hanpumep, eciin pasnocTb 5THX JABYX BEJIH-
uns passa 1% n n3MepsieTcst ¢ MOrpellHOCTRIO 10 1%, T0 TeM cambiM
NOTPeIHOCTE M3MeperHs HCKoMOft BenunHel ymenbinaercs 1o 0,01%,
€C/TH He YUMTLIBaTh HOrpeilHOCTH Mephl IIpuMepoM npuMenennst aud-
(bepennuaNIbHOTO MeToa MOXKeT CIIY2KUTh H3MepeHHe BOJbLTMETPOM pas-
HOCTH JBYX HanpsyKeHuil, N3 KOTOPHIX OJHO u3BecTHO ¢ GoJbInol TOY-
HOCTBIO, 4 IPYroe ABJSETCS MCKOMOH BeInunHOMH.

Memod samewjerus 3akIOYaeTCs B NOOYepeHOM H3MePeHHH HCKO-
MOH BeJMuMHLI NPHOGOPOM M H3MePeHHH 5TuM ke npubopoM mepbl,
BOCTIPOH3BOJIsiIIeH ONHOPOAHYIO ¢ HM3MepsieMOfl BelHYHHY. Ilo pesyan-
TaTam ABYX HM3MepeHnfl MoxKeT ORITb BLMMCJIEHA HCKOMas BeIHYHHA.
Benenctene Toro uto 06a HaMepeHHs fIGNAIOTCA OLHHM H TeM 2Ke IpH-
60poM B OLMHAKOBHIX BHEILHHX YCJOBHSX, a HCKOMasi BEJIHYHHA OTIpe-
Jensielcsl o OTHOLIEHHMIO NOKa3aHuil mpu6opa, B 3HAYHTEILHOH Mepe
yMelbInaeTcsl MOTPelliHOCTL PesysbTaTta uamepenys. Tak Kak morpen-
HOCTh NprGopa ofmYHO HEeOJHHAKOBA B PAa3/IHYHEIX TOYKaX WIKAJbI,
HauOOMbIAs TOYHOCTH HM3MEPEHHS HONYyYaeTCs [PH OJHHAKOBBIX MO~
Kasauusax npubopa. [IpumMepom npHMeHeHHs: METOJ@ 3aMEIeHIs MOXET
ObITh  M3MepeHHe CPaBHHTENLHO GOMBLIOrO 3JeKTPUYECKOro Cornpo-
THBJIEHUS HA HOCTOSIHHOM TOKE MyTeM MOOYEpEIHOroc H3MepeHus: CHIIBI
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20Kd, NPOTEKAIOIIErc uepes KOHTPOJHPYEMBIF Pe3UCTOp ¥ 00Pa3noBbiil.
[lyrasne LEMy MPH H3MEPEHURX HOMMHO MPOM3BONMTLCS OT OJHOTO
§ TOTO € HCTOYHHKA TOKa. ConporiBnense HCTOYHNKa TOKa ¥ TipuGopa,
LEMEPSIOLIErO TOK, JOMIKHO GLITh OYeHb Malio [0 CPABHEHHIO C M3Me-
preMBIM 11 06pazuoBRIM  COMNPOTHBICHAAMH.

Memod cosnaderull — 510 TakoH METON, MPH KOTOPOM PasHoCTh
MEHLY pamMepsienoll BEIHYHHOH H BEIHYMHON, BOCHPOM3BOAMMON Me-
poif, H3MEPSIIOT, HCNOJL3YS COBNAACHHE OTMETOK KA WM MePHONH-
weCKHX CHFHANOB. JTOT METO MHPOKO NPUMEHSEeTCH B MNPaKTHKE
HEEKTPHYCCKUK H3MepeHui. TlpumMepoM MoXKeT cly:KHTh MaMepeHue
JUHHB! LITAHTEHUMPKYJIEM ¢ HOHMYCOM. B siiekTpryecKHX HaMepeHHsX
B KaueCcTBe MpPUMEPa MOIKHO NPHBECTH H3MepeHHe YaCTOTHl BPAIEHHS
Tena CTpoBocKononm.

Vkaen elle KIacCH(QHKALMH H3MepeHnfi N0 MpU3HAKY H3MEeHeHHN
BO BpEMEHH H3MEPSEMOil BENHYHHEL,

B 3aBHCHMOCTH OT TOro, M3MeHSIeTCS JIH H3MepsieMas BeJHYHHA
BO BPCMEHH @JIM OCTaeTCs B NpoLecce H3MepelMs HemaMeHHOH, pas-
JMYAIOTC CTATHYECKHEe H IHHaMAdecKne nu3Mepernusi. CraTHYecKHMu
HA3LIBAIOTCS H3MEpPeHHA NOCTOSHHLIX WIH YCTAHOBMBILMXCH 3HAYEHMMH.
K muM OTHOCATCS M H3MEpeHHs! JeHCTBYIOWHX M aMIVINTYIHBIX 3Ha-
ueHUH BENHYHH, HO B YCTAHOBHEILIEMCS perKHME.

Eciu n3MepsioTcsi MIHOBEHHLIE SHAYEHHS M3MEHSIIOUIMXCS BO Bpe-
MeHH BEJHYHH, TO H3MEPEHHUS HA3LIBAKOTCS NuHaMupueckuMH. Ecnu nopmr
AUHAMHYECKHX MH3MePeHHsX CpelcTBa H3MePeHHi NO3BONAIOT Hempe-
PHIBHO ClEIHThL 32 3HAYeHHAMHM H3MePsSieMOH BEJIHYMHBI, TaKHe H3Me-
peHisi HA3HBATCH HENPePLIBHLIMA.

MoHO oCyUmeCTEHTh H3MePeHHsl KaKoH-MO0 BeAWUYMHBEI MyTeM
H3MEPEHMUIT e 3HAYEHHI B HEKOTOPEIE MOMEHTH BpemMewu by, f u T. J.
B pesynstate OKAXKYTCSH H3BECTHHIMH He BCE 3HAYCHUS H3MepseMofl
BeMYMHLI, a JIMIIb 3HAaUeHHs B BLIOpAHHBIE MOMeHTh Bpemenn. Takue
H3MepeHHs] Ha3BIBAIOTCH JHCKPETHRIMK.

rﬂABA- BTOPASR

MOTPELLIHOCTU M3MEPEHUH
M OBPABEOTKA PE3YNbTATOB M3MEPEHUH

2.4. OcHoBHbiE NOHATHA

Onpesenenne ¥ BUAb norpemmnoctedi, PesayabTaTsl H3MEPEHHS TOH
HIH MHoft (u3nueckol BeJHYHMHBI JAIOT Juib NPUGIHKEHHOE ee SHa-
Yetine. OrxsoneHne pesysibTaTa M3MepeHHS OT HCTHHHOIO 3HAYCHUSA
H3MepsieMoli Be/IHYMHBI HASHBAIOT TIOTPeLIHOCTEIO Hamepenus. OfHAKO
NOCKO/IbKY nCTHHHOE SHaueHie H3MepPSeMOil BEHTHHbI OCTaeTCs He-
M3BeCTHH, p3aMeH MCTHHHOIO 3HAYEHHs NPHHIMAIOT TAK HashiBaemMoe
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fiefiCTBUTENLHOE 3HAYEHHE, M0J KOTOPHIM. JIOHHMAIOT. 3HAYeHHe H3Me-
psieMOH BeJInYuHbI, HalileHHoe SKCMepUMEeHTANbHLIM ITyTeM H HACTONLKO
npuOMHKAIOIeecs: K MCTHHHOMY SHaY€HMIO, YTO MOMET OLITh HCNOJb-
30BaHO BMecTO Hero. Ilo stofi npuuMHe Ha OPAKTHKE MOXKHO HalTH
JHIDb OPHOIHKEHHYIO OIEHKY MNOTPEIHOCTH M3MepeHHs.

WHorga iis XapaKTePHCTHKN pe3ysbTaTa H3MepeHHs MoJb3yIoTcH
TEPMHHOM «TOYHOCTH HM3MEPEHHH», MOf KOTOPLIM NOHMMAIOT KAaYeCTBO
M3MepeHus, oTpazkaiolliee GIM30CTH €ro Pesy abTaTa K JeHCTBUTENBHOMY
3HAUEHHIO W3MepseMoil BeauuyHHE. DBLICOKas TOUHOCTE H3MepeHHiH
COOTBETCTBYeT Ma/JOoN MOCPeIHOCTH HaMepeHMHs.

Tlorpemmuoctb, BLIpaKeHHAR B eIHHHLIAX H3MepsieMOH BeJNHYMHEL,
HaskBaeTcs abCoMIOTHON MOrpelHoCTRI0, a oTHomenre abComoTHOM
NOrPEelIHOCTH H3MepeHHsl K HCTHHHOMY 3HAYEHHIO H3MepsieMoil Belli-
YHHBl — OTHOCHTEJILHOM MNOIrPeIIHOCTBI); OTHOCHTeIbHAS MOTPEITHOCTD
MOKeT ObTh BLIpAXKEHa B NPOLEHTaX.

Ilpaktryecku oCbMNHO OOJMB3YIOTCH MPHOMMKEHHLIM 3HAYEHHEM
OTHOCUTEJILHON MorpeliHocTy, Gepsi oTHOIIEHHe abCOMOTHON norpeil-
HOCTH K JIefICTBHTENbHOMY WIIH  M3MepeHuOMY  sHayenmio. [lo-
TPEMIHOCTH CYMTAIOTCS MOJNOMKHTENBHBIMH, eCJIM PesyJibTaT HsMepeHHs
NPeBbIlIaeT AeHCTBHTENbHOE 3HadeHHe. B mpoTHBHOM Ciydae morpeli-
HOCTH SIBASIIOTCS OTPHUATENLHBIMH.

B saBucuMocTH OT Xapakrepa M3MEHEHHST HOMPEIIHOCTH PasyiiyaioT:

1) creTemaTyecKye NOrPeIlHOCTH — MNOCPEHOCTH, OCTAIONIHECH 10~
CTOSHABIME MJIH 3aKOHOMEPHO H3MEHAIOIMECS NPU TIOBTOPHLIX H3Mepe-
HMIX OfiHOfi H TOfl e BeJHYHMHBL

2) cayyaltBre MorpeliHOCTH — NOCPEIIHOCTH, M3MeHSIOmuecs: Cay-
yaHHeM o6pa3oM npH nonmpma M3MEepPEHHsIX O/IHOH M TOH e BesH-
UYHHBL.

Kpome mepeunc/ieHHEIX NOTPeInHOCTel H3Mepenus, BCTPEeYaerca Tak
- HaseBaemas rpy6as NOTPELIHOCTE H3MEDeHHs, CYLIECTBEHHO MPEBbl-
malollias OKMIacMylo NPH JaHHLIX YCAOBHAX norpelusocrs. Mueorna
rpy6ylo NOTpelHocTs H3MEPEHHsT HASEBalOT Taioke NpomaxoM. [lpu-
MepOM NPOMAXOB MOryT OLITh HENPABMJBHLIE OTCYETH MOKasaHHH
cpesicTe uamepennil ¥ ap. I'py6bie norpeIHocTH HaMepeHusl BLIABIAIOTCA
npu obpabGoTke METONaMH TEOPUM BepOSITHOCTEH NOBTOPHBIX H3Mepe-
HA# ¥ JO/DKHLI OLITE OTOPOLIeHbl KaK He 3aciy:kHBalOlfe NOBEPHS.

Cucmemamuueckue noepewriocmy, Halnyme cucTeMaTHYeCKnX IO-
rpelHocTelt Moxer Guith OCHAPYIEEHO MyTeM aHalH3a yCJoBHi npo-
BeIEHNs] SKCTIePHMEeHTa HJH NOBTOPHBIMH H3MePeHHsIMH OHON U TOH Ke
BEJMUMHEI PASHBIMM MeTollami MJM npubopamy. CrcreMarHyeckue
TMOrPELIHOCTH PASACNSIONCs HA NOCTOSHHLIE, T. €. NOTPEHOCTH, COXPE-
HsiIOllHe MPH TMOBTOPHLIX M3MePEHUAX CBOW 3HAK H 3HAYeHHe, H nepe-
MEHHBEIE TOTPELIHOCTH, H3MeHSMINHeCs M0 ONpeieseHHOMY 3aKOHY.
IlpumepoM nocTOAHHOM CHCTEMATHYECKOH MOTPEIHOCTH MOMET OBITh
HOTPeIHOCTh, 00yCIOBIEHHas HECOOTBETCTBHEM AefCTBHTENLHOrO 3Ha-
YeHHS Mepbl, C MOMOILBIO KOTOPOMH NPOH3BOIMTCHA H3MepeHHE, ee HOMH-
HaJpHOMY 3Havenuto. IIpHMEpOM HEpeMeHHOH cHCTeMarHyecko Io-
TpelllHOCTH MOXKeT GhiTh TOrPelHOCTh OT MOCTOSHHOrO H3MEenenHMsa Ha-
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sHeHHs BCTIOMOTATEILHOTO HCTOYHHKA TIHTAHNST (PAspsil AKKYMYJisi-
Topa'pmu SJIEMEHTA), €C/IH PE3YJIbTAT HAMEPEHHS 3aBUCHT OT 3HAYEHUS
ZrOrQ HAnpsoKeHns. Jlast yueTa M UCKIICUEHH# CHCTEMATHYECKHX T10-
FpemyHoCTeH HEOOXOAUMO PpacnoJarars BOSMOMCHO TIOJHBIMY  [AHHBLIMH
© HANUYHH OTAEJILHBIX BHJOB OIPELIHOCTEN i O PHYHHAX HX BOSHHK-
popennst. CHCTEMATHYECKHE TOFPEHOCTH MOTYT ObiTb B 3HAYNTENIb-
Woii CTENeHH HCKIIOYEHB! WM YMEHbINEHbl YCTPAHEHHEM HCTOYHHKOB
norpemHOCTei’: HJIH BBEJIEHHEM TOTPABOK, YCTAaHABIMBAEMBIX HA OCHO-
paHEN TPEIBAPHTENTbHOTO H3YYEHHs TOrpemHOCTel, nyTeM NOBEpKH
Mep W TMPHOOPOB, HCTIONBL3YEMBIX TIPH H3MEpEeHHH, BEEJEHHEeM nonpa-
poYnBIX (OpMYJ] H KPHBLIX, BBIP@XKAIOLUHX 3aBHCHMOCTb MOKA3aHUi
npuGOpoB OT BHEIIHHX YCJIOBHI (HanpumMep, TeMTEpaType)) W T. A.
CucTEMaTHUECKHE TIOTPELIHOCTH MOI'YT ObiTh TaKIKe HCKJIIOUEHB! MyTeM
HECKOJIBLKHX TIPOBEJIEHHBIX OnpefenenHsM obpasoM namepeHuit. Opuum
13 TAKHX TPHEMOB SIBJISETCH MeTol samewennsi. BoamoxHbl u npyrue
npHeMbl ACKJIOYEHUsT CHCTEMATHYeCKuX morpemHocteil. llpuvenenne
TOI'O WJIH WHOTO CTocofa YCTPaHEeHHS CHCTEMATHYECKHX TOrpelHocTei
3aBHCHT OT Tpebyemoil TOUHOCTH, YCNOBHIl TIPOBELeHHs JKCTIEPUMEeNTa,
HAMHYHST NONPaBOYHBIX (OPMYJl M APYIMX TPHYHH.

PaccmoTpuM NPHMEP, HAMOCTPHPYIOWNIT NPAKTHYECKHE MPHEMEl YHETA H YMEHE-
IeHAS CHCIEMaTHYECKHX morpetiHocrefi namepemms. Ilonyctum, 4910 AeoOxoaumo
H3MEPUTL ¢ BOZMOMNO Gobmeil TOYROCTLIO 9. fi. €. HEKOTOPOro HCTOYHHKE [NOCTOSH-
HOrO TOKa, HMEIOWEero BHYTpeukee conporusienne oxono 20 Ow, Ilns nsmepenus
HMeeTCH BOJBTMETP NOCTOAHKOTO TOKa Knacca tounccrd 0.5, umeowrit npefenk
vanveperns 0 — 1,5—15—150—1500 B. Illkana nprGopa mmeet 150 pasHOMEPHEIX
Jehennil ¢ sepKalibHEM orcyeToM. TOK AONHOTO OTKIOUERHS ykasaTens mpubopa pa-
e 3 MA., Mamepenne nponsBOJHTCS B [OMEUEHHH € HOPMANBHHEME W18 PaGoThl
npubopa ycnopnsvA. JONycTun, YTO PeaysIETATOM RaMeperns SIBUIOCH HanpsKeHnne,
pasroe 0,975 B, xoropos maGmofamowmit samican no wxane 1,6 B, ¢ TousocTsio A0
HONOBUNLL lleHEl jefleHAs wmxane, passoit 0,01 B. ) '
| AHanuappys BOZMOKHLIE TNPHYHHE! TIOSBJEHHS COCTZBJIMOIMHX TMOFPEITHOCTH

H3MEPeHHs!, MOXHO ycTanoBHThb ciefytowee. HMmeercs chrerTeMaTHUeCKas COCTABNAND-
- A nof PRITHOCTH METONA H3MepelHs, BhIABAaHHAS noTpeljeHHeM MOLIHOCTH BOJLT-
merpom. Tak kak mpu nokasanun nprGopa 0,975 B ok yepes npnop npuMepHo paBeH
2 mA, T0 cocraBafioman ITON TOTPEHHOCTH MOWeT OHTh NPHOANAHTENLHO paBHa
—0,04 B. IorpemnocTs pe3y/ibTata HaMEpeHHsl MomeT GEITh 3HAYATENLHO yMeHb-
_IeHa BBejleHHeM TOHpaBKH, pasHO# -1-0,04 B, T.e, sa 3nauenye 3. [I. ¢, SJeMenTa
enetyet npunate 1,015 B,

- Coayuatinoe nozpewurocmu. Ciydaiigple NOrpewHocTy 66HapyKuBa-
WTCsl Npy MHOTOKPATHOM H3MepeHHH HCKOMOH BeJIHYuHBI, KOrjia nos-
TOPHLIE N3MepeHHsl NIPOBOAATCH OfIMHAKOBO TINATE/LHO H, Ka3azock Ol
IPH OfHHX M TeX e ycaoBuax. Bimsiaue cayyailHEIX NOTpeLIHOCTEH
HA pPesy/bTaT MSMEPEHHs! MOXKHO YMEHBIUNTL NyTeM o0paboTKu pe3ynib-
TaToOB H3MepeHnH METONAMH TEOPHH BEpPOSTHOCTEH.

Peaynutar usMepenns BCErfa COAEPIKMT KaK CHCTEMATHYECKYIO,
TaK y cnywaimyio norpemnoctn. Ilosromy norpemnoctb pesysbTata
H3Mepennn B oOlieM cayuae HYIKHO PaccMaTpHBaTh KaK CHy4YaxHHyo
B&JIyupy, Toraa CHCTEMATHUECKAsl NOTPEINHOCTh €CTh MaTeMaTHYeCKoe
ONunlanne 37T0H BENWYMHBL, a CAyYalHAs NOrpeliHoCTh — UEeHTPHPO-
BaHHas cnyuaiinasi BeJTHYRHA.
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2.2. BeposTtHotTHBIE OLEHKM pafa HabniogenHwi

3axonbl pacnpepenenns. TIpn BENOAHEHWH TIOBTOPHEIX HAMEPEHUIl
OLHOH W TOH K& H3MepsieMOH BeJMUNHBE! JIEMKO ybenutecsa, uto pe-
SyJIbTATEl OTAEVIBHEIX W3MEPEHHI OTIMYAOTCs APYr OF Apyra. 310
OTAHYUHE OOBSCHSIETC JeHCTBUEM TNOIpelHOCTeH, SBMSOUINXCH, Kak
ObLIO OTMEUEHO, CIyYaiHpMK BesmuunaMu. [ToMHbIM onucaHuenM cay-
YaiiHoil BEJUYHHBL, & CJIIOBATE/IBHO M NOIPEIIHOCTH, SBJIAETCH e
3aKOH pacTipejiesiesusi. DTUM 3aKOHOM paCTpeenenns: M Onpefessiercs
XapaKTep TOSBJAEHHS PAXTHVHLIX PE3YJLTATOB OTHENbHBIX H3MEpeHHE
B paay Habmopenuil.

B npakTuke snexTpHUeCKHX M3MEpEHMIl BCTPEYAIOTCS pasIHUHbE
3aKoHbl pacnpenenenus. OguuM U3 HanGosee pacnpoOCTPAHEHHBIX 3aK0-
HOB pacnpeeJIeHHs NorperinocTeil saisiercst HopMmasibhei 3akon (Maye-
ca), KOTOpEIl GasupyeTcst Ha [eHTPAIbHON NPENeTsHOM Teopeme TEOPHU
BeposTHOCTEH 1,

MatevaTHUeCKH HOpMalbHOe pacrpefesieHHe Cayyaiubix norpet-
HOCTEH MOXeT ObITh NMPEACTABIEHO (POPMYJIOH

_o
= =, (@.1)

rae w (6) — nnorHoeTe  BeposITHOCTH  ciyuabmofi  norpemmocty 8
G — CpeflHee  KBaapaTtuye-

w (0) =

CKOE OTKJIOHEeHUe.
Xapakrep KpHBBIX, ONH-
ChiBaeMbIX ypasHennen (2.1)

Aw(b)

3 [
59 007 Goz G0 0 GOf GOz 40F 004 -4 0 +4
Prc. Z.1. 3aKOH HOPManbHOIO pachpejiefenis Puc, 2.2. 3axon paesromepnoii
cnyuaitHEX norpemeocTed IVIOTHOCTA

ISl OBYX 3Havenudl o, nokasau ua puc. 2.1. M3 s1ux KPUBBIX BHJIHO,
YTO YeM MeHbllle G, TeM Yalle BCTPEYAIOTCS Madible ClyuaiiHble 1o-
TPEUTHOCTH, T. €. TEM TOUHEE BHITIONHEHLI H3MEPEHHS.

Kpome nopMa/IbHOTO 3aKOHA pacnpefeseHs norpeiHocrell B npax-
THKE 3JIEKTPHYECKHX N3MePeHH | CPaBHUTENIBHO YacTo BCTPeUAeTCs 3aKOH

1 31y Teopemy Jif CAY4an ONHCAHNS NOCPEUIHOCTEHl MOMHO TPAKTOBATh TaK:
eCnH HMEETCH JOCTATOMHO OOABIMOE YHCAO He3ABHCHMEX NpHYAH BOSHHKHOBEHHA
norpeinocTeli, To pe3yNbTaToM JeficTBMa STHX npHuun OyleT NOTpeilHocTs, pac-
npeleneEHaa no HOpMAanNbsHOMY 2a8KOHY, €CiH HH OHA H3 3THX NPHYHH He ABASCTCH
cyuwecTeenHo npecOnafatomeli Haji OCTANLHBIMK,
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paBHOMEPHOI  TIOTHOCTH. ITpn U3MEePEeHHUH KaKoi-mHO0 BEJHYHHLI
6opOM BCET/1a CYLIECTBYIOT HEKOTOPHIE I'PAHMLBE] HEOTPENENEHHOCTH,
ganpuMEp, ONpelensieMbie OCHOBHOH norpemuocTsio npuGopa. B npe-
jlenax 3THX TPAHMIl HEBOIMOXKHO YCTAaHOBHTb 3HAUEHHE H3MEpsieMoil
Be,m;quﬂbl, KOTOPOE B TNpeaenax TpaHull MOMer ObTb pasiHyHbM,
HyeM STH 3HAUEHHST MOTYT OKA3ATHCsl PABHOBEPOSI THEIMH.
Ha puc. 2.2 nokasaH SaKOH pPaBHOMEPHOH NJOTHOCTH. AHAIHTH-
yecKky OH MOXKET ObIThb 3amHCaH Tak:

w®=L mn —d <o d,
A A (2.2)
w@®=0 npy d<—% n 6>+

e @ (8) — naoTHOCTE pacripenesiennss NOIPEIIHOCTY B HHTEPBATE
or — 2 g0+,

B npaktuke usmMepennii BCTPeYaoTest # APYTHE 3AKOHE! pacripejiene-
HH$, KOTOPLIE MOTI'YT ObITh YCTAHOBJIEHEL HA OCHOBAHWH CTATHCTHYECKOH
o0paboTky onbITHEIX AanHbiX. Hexoroprie u3 nanGonee dacto BCTpe-
YAOIUXCA 3aKOHOB pacnpenenennst nmpusefiensl B TOCT 8.011—72
«ITokasaTe/ TOMHOCTH M3Mepennii # GOPMBI NIPEICTABIEHHS PE3YJIbTax
OB naMepenuin,

OcHoBHBIE XapakTepHCTHKW 3aKoHOB pacupejiesiedns. OCHOBHBIMH
XapaKTepuCTHKAMYE 3aKOHOB DPaChpefesieHus SIBJSIIOTCS MaTeMaTige-
CKOE OxKujaHue U gucnepcrsi. MaTemaTnyeckoe OKuaHHe psiia Habmo-
Jenuii ecTh BEMHYHHA, OTHOCHTENLHO KOTOPOH PaCCeHBANOTCH PE3YJlb-
TaThl OTAENbHBIX u3MepenHil. Ecam cucremaTHueckas norpemHoCTsb
OTCYTCTBYET, H pa3bpoC pesysbTaToB OTAENbHEX H3MepeHHil 00ycaos-
JieH TONBKO CJAY4YalHOil NOTPelnocTbio, T0 MaTEMATHUECKHM OKIja-
HHEM Takoro psjia Habnwonennii Gyfer HCTHHHOE 3HAYEHHe H3MepsTeMoi
BeJiunpl. Ecin 2Ke pesy/nbTaThl OTAENLHBIX H3MEDEHHH Kpome cay-
YailHOH TNOTPEITHOCTH CONEPIKAT TNOCTOSTHHYIO CHCTEMATHYECKYH) No-
TPEUIHOCTE, TO MaTeMaTHUECKOe OXujaune psja Habuawopenud OGyaer
CMELIEHO 0T HCTHHHOTO 3HAYEHHS H3MEPSeMOH BeJIMYMHBEI Ha 3HaueHue
CHCTEMATHYECCKOH T10TPEeniHOCTH.

Jlucniepcnst psina natmonennii XxapaKTepn3yeT CTerenb PacceHBaHNs
(pasbpoca) pesysbTaToB OTAE/BELIX HAGMOAEHHET BOKpYT MaTeMaT-
Heckoro oxkHpaHus. Uewm MeHbIe AHCTEPCHS, TeM MeHbmle pastpoc
OTJENbHEIX PE3YJILTATOB, TeM TOYHEe BEMOJHeHbl nsmepenusi. Ciepo-
BatellbHO, AWCIIEPCHST MOMKET CIYKHTH XapakTepHCTHKOH TOYHOCTH
npoBenenubx namepennii. OfHAKO JHCTIEPCHST BHIPAXKAETCSI B €IHHH-
bax B ksajpare namepaemoii Bennunnel. IlostoMmy B KavecTse Xapak-
TepucTHKH TOYHOCTH psiia HabuojeHni Hanbojee YacTO TIPHMEHSIOT
Cpellnee kBaaparTHuecKoe OTKIOHEHHE O, PaBHOE KOPHIO KBAJ|paTHOMY
H3 NucnepcHil € NMOJOKUTEIBHBIM SHAKOM H BhIpaXKaeMoe B €JiHHULAX
Hamepstemoii pesnunHel. CpEeHee KBAApAaTHYECKOE OTKJOHEHHE, OTHe-
CeHHOe K 3HAYEHUIO W3MepsIeMOH BEJHUYMHEI, MOMET ObIThb BBEIPAXKEHO
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B, OTHOCHTE/ILHBIX €UINHIAX Uu B nponentax. Ecau pesynbTathi OT-
JENBHEIX M3MEPEHHH COJEpIKaT MOCTOSIHHYIO CHCTEMaTHUYEeCKYyIo Mo-
TPEIHOCTh (B 4aCTHOM ¢Jiyuyae paBHylo HYJIi), TO pasbpoc OTHETbHEIX
pE3yJbTATOB OTHOCHTEILHO MATEMATHUECKOTO OMCHAAHMS TPOHCXOIUT
TONBLKO MOA JeicTBueM cayuaiinoii norpemHocT. B 310oM cnyyae auc-
nepcust psiaa Hatuofenuil paBHa Jucnepcuy CAy4aiiHoil NOTrpetHocTH.

OueHKH OCHOBHBIX XaPAKTEPUCTHK psaa nabmonennii. O6biuso mate-
MATHYECKOE OKUJAHHE M CpEHeE KBAaApPATHUECKOE OTKIOHEHWE DpeAna
HaOmoneHnfl HeusBecTHEL. B 3TOM cllygae uX TIPUXOAHTCS OlEHHBATH
No pesyibTatan MoNyYeHHoro psina HaGmoneHuit.

Oyenrka mamemamuteckoeo oxcudanus paoa Habaodenutd. Kak cre-
JIyeT 13 TeOPUH BEPOSTHOCTEH, OUEHKOH MATeMaTHUECKOrO OMHAaHHHA
psna HaGmodeHH il MOXEeT CITYKNTh cpejiiee apu(MeTHYeCKOe pesysbTa-
TOB OTAEIbLHBIX HaGMoAeH i

Da

A . ﬂ!‘i_ﬂﬂ_l_ W ‘i—aﬂ - n (2'3)

cp n n !

rhe ty, @, ..., O, — Pe3YJbTaThl OTAGNbHLIX HaGMIOAeHHH; N — YKCIo
Hab/moneHu .

OrkioHenne MEXRY KaXIbIM 113 OTAEIbHBIX 3Ha4eHUl H Cpelnum
apudmerHueckum (pasHocTh py = Gy — Ay p2 =0 — Ay -5 P =
= @p — A.;) HasLIBAEICS CNYuAHHLIM OTKJOHEHWEM pesysibrata Ha-
Oaonenust (MM OCTATOUHOH NOTPEIIHOCTBIO) M MOFKeT HMeTh Kak NoJo-
KUTENILHEIH, TaK H OTPHIATENbHLIH 3HAK.

OpuuyM u3 CBOICTB CpPENHEro apudMETHUECKOTo SIBJISIETCS TO, YTO
anrebpamyeckass CyMMa OCTaTOYHBLIX TNOrpELiHOCTeH papHa HYJNO,
T. €. Zp; = (; 3THM cyeayeT nofb30BaThCa IVIA KOHTPOJIS NpPABHIb-
Hoctn mojicuera A, [Ipu Heorpannyenno GovibwoM uucie HaGone-
HUll A, CTpEMUTCH K MATEMATHYECKOMY OXUAAHMIO Psifia nabmo/ieHy .

Ouenxa Oucnepcun psada nabmwodedudl, COraCHO TEOPHH BEPOAT-
HOCTEl, MOMeT GHITh BLIP@WEHA Uepe3 OCTATOURKje MOTpeHocTH (op-

MyJI0i
ety _ 2

n—1 n—1

S2

! (2.4)

OueHKoil Cpefinero KBajpaTHuecKoro OTKAOHEeHHs psiia Habmone-
nuit Gyper 1/ S% 1. €. S € NONOMHTEIBHEM 3HAKOM.

[Ipu weorpaHuyenno GoabLIOM gnce HaGmopenuil (MPaKTHUECKH
npu 1> 30) onenrn S* # S coBNAfaloT COOTBETCTBEHHO C JIHCNIEPCHEN
H CPEJIHMM KBaJPaTHYECKUM OTKJIOHEHHEM pPsia HaGIIONeHHH.

2.3. BepoaTHOCTHBEIE OLE€HKH NOFPEWIHOCTH

pesynbrara W3IMepeHHi Ha OCHOBAHMM PAAa Habmo geHKH

HMamepenusi usuueCKnX BEMMUHH MOTYT ObIThb TNPOUSBENEHL C pa3-
JIMYHOI TouHOCTBIO. MHOTMa OKa3bBaeTcs BOJHE AOCTATOUHEIM 3HAHUE
NpUGIMKEHHOr0 3HAYEHIS H3MepsieMOH BeJHYMHBI, MOJTYUEHHOTO, Ha-
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yumep, 1o NOKasanuio npu6opa HeBblcOKoil TounocTH. OfHAKO BO MHO-
X HAYMHBIX HCCHEIOBAHMSX NPH H3MEPEHUSIX NpECTIENyeicst meib
OnpENEIEHHsT  M3MEPSIEMOH  BEJHYHHEl ¢ BRICOKO! TOUHOCTBIO, A/
gero HEOOXOMMO AaTb OUEHKY TNOTPEIHOCTH pPe3yMbTata M3MEpeHHst
JJiH YCTAHOBHTH TPAHMII HCKOMOFO napamerpa. Ity ONEHKY MOXKHO
[OIY4UTh H2 OCHOBAHMM oOpaboTku peayabTaTon Ha0JoJIe ! .

[lesio 06paboTKH Pe3yJIBTATOB Haﬁmo.gemm SIBJISIETCST YCTAHOBJIE-
HHe ACHCTBUTELHOTO 3HAUEHHST H3MEPSIEMOT! BEHUMNHLI, KOTOPO® MOXET
GerTh NPUHSTO BMECTO HCTHHHOTO SHAUEHUS H3MEPSIEMONl BeWUuHEL,
i creneny GH30CTH AEACTBHTENLHOTO SHAYEHUST K WUCTUHHOMY.

Jle#CTBNTEILHOE 3HAYEHHE, KaK pesyabraT oOpaCoTKy OTAENBHEIX
nabarofennil, COAEpXKAINX cJydaiinble MOrpelwHocTy, camo no cebe
Hen30eMHO COIPIKUT Cayyuaiinylo norpemnuocts. [losTomMy crenenn
6U30CTH AEHCTBHTENLHOTO B HCTHHHOTO 3HAYEHHST M3MEpsieMO BesH-
YHHE HYXKHO OIEHHBaTh € nosummi Teopum BepositHoctedl. Takoit
OLEHKON fIBJSETCS AOBEPHTENBHBIH MHTEPBA.

JloBepuTeNbHBIH HHTEPBAA M JOBEPHTENbHAS BeposiTHoCTh., Ecan
JI3BeCTeH 3AKOH paclpelie/ieHHsi NOTPeIHOCTeH, MOXKHO ONPEAENUTD
BEPOSITHOCTL TIOABJAEHHST NOTPeIHOCTH O, He BRIXONIsIIEN 32 HEKOTOpHIE
HPHHSITEIE TPAHUIBL. JTOT MHTEPBAJ HASLIBAOT AOBEPHTEMLHLIM HHTEp-
‘BAJIOM, 4 XapaKTepH3YIUYI0 er0 BepOsITHOCTh — JOBEPHTENbHON Be-
poATHOCTbEO. B TmpakTuke M3MepeHHH DNPHMEHSIOT pasiuuHbE 3HAYE-
HIS J0BEpUTENbHOR BepoaTHocTH, Hanpumep: 0,90; 0,95; 0,98; 0,99;
0,9973 n 0,999. IoseputesbHbil HHTEPBAJ H HOBEPHTEIBHYIO BEPOST-
HOCTL BHIOHPAIOT B 3aBMCHMOCTH 07 KOHKPETHHIX YCJIGBHI H3Mepenwii,
Tax, nanpumep, npu HOPMATBHOM 3aKOHE PACTIPENENEHHST CJyUYailHBIX
NOTPEIHOCTell CO CpeiHUM KBaJpaTHUeCKUM OTKJIOHEHHEM G HYACTO
TIONBL3YHOTCS A0BEPHTENLHLIM HHTEpBAIOM oT -+ 30 1o —3a, AJIs KOTO-
poro jaoeepurensHasi BepositHocTe pasna 0,9973. Takas noeepurenb-
Has BEpOSITHOCTL O3Hauaer, 4To B cpepnem uz 370 cnyuafinkiX norpeu-
~ HOCTEH TOJILKO OJH2 TNOTPELIHOCTD 1o abCOMICTHOMY 3HZUEHUIO Gyner
Gonbine 30. Tak Kak Ha NPAaKTHKE YHCJIO OTAEIbHBIX H3MEPEHHil pelko
NPEBEINAET HECKOJNLKO JIECSITKOB, MNMOsiB/IeHHe Aaxe ool cayuaiuoil
Horpemnoctu, Oonbluel, uem 30, Oyaer MaJoBEPOSITHLIM COOLITHEM,
HANTWYHE 1Ke ABYX NOAOOHBIX NOTPEWHOCTER MOYTH HEBO3MOXHO. 3710
T03BOJIAET C JOCTATOUHBIM OCHOBAHHEM YTBEpX/JaTh, UTO BCE BO3MOM-
HEl€ clyualiHbie MOrpelllHOCTH H3Mepenlsi, pacrpeielenlble No HopMaib-
HOMY 3akoHY, TPaKTHUYECKH HE NpPEBREINAtoT Mo abCOMIOTHOMY 3Hade-
HHO 30 (NpaBHJIO «TPEX CHIMY).

Hoeepurenpnpiit unteppan (FOCT 8.011—72) sipasiercst  opnON
U3 OCHOBHEIX (JOPM°BHIpaKEHHsT TOUHOCTH H3mepenuil. Onny u3 dopm
HpeacTapnenus pesynbtara uamepenusi stor [OCT ycranaeimnpaer

B crenyromem Bujie:
A: Aot A, no A P,

e A — peaynbraT maMepennsi (AEACTBHTENLHOE 3HAUEHHE) B €AHHU-
13X usmepsiemoit ennunnes; A, Ay, Ay — COOTBETCTBEHHO TIOFPENTHOCTD
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H3MEPEHHS C HIDKHEH W Bepxueil ee rpaHuIaMH B TeX XKe euHHnax ';
P — ycranoBjieHHas BEPOSITHOCTb, € KOTOPOI MOrPelHocTh usMepe-
HUA HAXOAWTCS B 3THX TPaHHMIAX.

I'OCT 8.011—72 nonyckaer u Apyrue (QOpMBI NPEACTaBlIeHHs pe-
ayJIbTaTa HAMEPEHHs!, OHAKO Mobasi M3 STHX (QOPM JIO/KHA COAEPIKATD
HeOGXONMBIE IAHHEE, HA OCHOBAHHH KOTODHIX MOXET OBITB ONpenefeH
JIOBEPUTENBHBIH HHTEPBAN JJisl NOTPEIIHOCTH PEe3yJ/bTata H3MepeHHd.

B ofmem ciydae JOBEPHTENILHBIH HHTEPBAN MOKeT OblTh YCTAHOB-
JIeH, €c/IH M3BECTEH BHJL 3aKOHA PACTIPEJIETIEHNS! TOTPELIHOCTH H OCHOB-
HEIE XapaKTepHCTHKH 3TOTO 3aKOHa.

Ouenka mNOrpeliHOCTH pesyabTata Hamepenuil. [Ins npasuabHON
OLEHKH PE3YJLTATA U3MEPEHHH K erc NnorpetHocTH HeoGX0HMO IpoH3-
B0NTh 00paboTKy pesaynbTATOB OTAENBHLIX HaGmoneHui psya B che-
LYIOIIeM TopsiiKe.

1. Ouennte W MCKIIOYHTb CHCTEMATHYECKYIO MOTPEIIHOCTL M3 KaXK-
ZOTO OTHEJNBHOTO pesysbTaTa psifia HaGmonennii, nony4ss TakuM oGpa-
30M HCNpaBJIeHHLI pal naOmofeHn i, He CONEPALUNI CHCTeMATHYECKIX
110 FPELIHOCTEH.

2. Ins ucopapieHHOro psifa HabAofeHHH OLeHNTh OCHOBHEIE €50
XapaKkTepUCTHKH (MATEMATHYECKOE OMWAAHME M CPENHee KBajparHye-
CKO& OTKJIOHEHHE %),

3. Haiiry pesysnbTat uaMepenns (LeHCTBHTENBHOE 3HAYEHWE HaMe-
PAEMOil BETHUMHE) W OIEHKY CPEeHErQ KBaJAPATHUYECKOTO OTKJIOHEHHA
NOr PELTHOCTH  PE3YJIbTaTa H3MEpeHus.

4. OnpepenuTs BHJ 3aKOHA pACTIPEAESEHHST OLEHKH MOrpPEeIHOCTH
pes3ynbTata H3MepeHus M HaHTH ACBEPHTENbHEIN HHTEpBajd AJsi 3TOH
NOrPeLHOCTH. :

PaccmorpuM nanbonee XapaktepHble caydan oO6pafoTku pesyJbTa-
TOB HabmioaeHHH NpH pasIHYHEIX BHAAX H3MepeHHui.

I panse usseperys. TIpeanomoxnM, 9T0 OpH MHOTOKPATHOM H3Mes
PEHHM MHTEpecyIOHell HaC BeqHUMHBI NOJYUHIN #i OTACAbLHEX pe3yilb-
tatoB HaGmonenwil. lMexmoune cHereMaTHyeckyro noOrpemmHocTb M3
KaXKI0ro Halbuirofenns, NoJyuaeM HCTPaBJIEHHBIA PAJ 3HaYeHuit ai,
Qo, ..., @y, MATEMATHYECKNMM OMUIAHHEM KOTOPOTQ SIBJISIETCS] WCTHH-
HOE 3HAuYeHHe uamepsieMofi pennunnsl A,. 3a peficTBuTENbHOC 3HAYE-
Hile WaMepsieMOH BEeJWUMHLE OPUHHMaeM cpejnee apH(METHYeCKOe,
onpepensiemoe 1o dopmyne (2.3), B KOTOpOil ¢ — 3HAUGHHE HCMIPaB-
JIEHHOTO psijia.

W3 reopuu BeposiTHOCTEll W3BECTHO, UTO AWCNEPCHS cpefiHero apud-
METHYECKOro B 1 Pa3 MeHbIle JUCnepcHH psifa Habmonenui, no KOTo-
pomy ono noayueno. CreopartensHo,

a2

01!4= 0’ (25)

1 Ay u Ag NOMKHE GHITH YKASaHE O CRORMH suakamm, B ofmem cnyuze | Aql
MONeT GHITE He pabBra | Ag |. EcaR rpannis NorpemsocTs cCHMMETPRYHEL T. €. | Ay | =
= | Ag | = A, 10 pesynpTaT H3Mepennst Mower Gtk sanmean Tak: A o A; P.

2 Cpenitee  KpafpaTHueCKOe OTKIOHEHHE B HEKOTOpPHX CHYy4YasX MOMeT OlThb
HZBECTHO H3 NPEBIYIHX SKCHEPUMEHTOB RN HS TEXHHYECKOH JOKYMEHTAUHH a
NpPHMeHsAEMble CPE/iCTBA H3MEPEHH,
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pie 6° — AMCTIEPCHS HCTPABJIEHHOTO psijia naGmonennil; 07 — Aucnep-
cHst CPENHETO apH(METHIECKOTO STOTO psina.

Ecin JMCNEPCHs PAA HEHSBECTHA, TO €€ HYMKHO OLEHHTH 10 ¢op-
myae (2.4), B KOTOPO#t p; — OCTATOUHKIE NOIPEIIHOCTH HCTIPABIEHHOTO
psiaa pabmonenui. i

B 3TOM CAyyYae 33 OLEHKY JHCTepcHH JeHCTBUTENBHOTO 3HAYeHHs

(VAKHO NPUHSTTL BEJHUYHHY
e S%=S/n. (2.6)

Jlns HAXOXKIEHWS] OBEPUTEIBHOIO MHTEPBAla HeOOXOIMMO HaNTH
3aKOH PaCNpefenenus JJis BeTHUHHB!

Acp— Ay

ppH U3BECTHOH JIMCTEPCHH WM TSI BeJTHYHHED
Acp— Ay
- (2.8)

npA HEH3BECTHOM JMCTIEPCHH.

B reopun BeposiTHOCTEH N0Ka3aHo, YTO [JI51 HOPMAJILHOTO 3aKOHa
pacnpelesiennst CNy4afinoil norpemtoctTy psiia HaG/uoAeHHH BhIpae-
wie (2.7) ecth cayvaiiHas BeJMYHHA 2, pacnpellelenHast no HOpMalb-
HOMY 3aKOHY ¢ MaTeMaTHUEeCKHM OXKH/@HHEM, paBHEIM HYJO, H AHCIEp-
cuelf, papHOH efnHule, a Bpipaxkenue (2.8) — ciyuafinas BesmunHa 7,
pacnpenenennast no sakony Creionenta *. Iast 2 u { cymectsytor Tab-
JIHIIE!, TI0 KOTOPHIM MOXKHO HaiiTu snauenns zp ¥ Ip (f), onpenensiomue
C JIOBEPUTEIBLHON BeposiTHOCTLIO P rpaHuilel JOBEPHTENLHOIO WHTEp-
Bana Ji/1sl BEJHUHH 2 W § COOTBETCTBEHHO. Uncao [ HasblBaeTCst YMCIOM
creneneli cBOGOALL, /I paccmaTpupaeMoro caydast f=n — 1.

Yem Gospine umcao usmepenuii B psiay HaGmosiennii, Tem OGamxe
ouelka Sy COBNafiaeT ¢ AEHCTBHTENBHBIM CpEJHHM KBaApATHYECKHM
OTK/IOHeHHEM G 4. ClieflopaTenbHo, C yBeJIuUeHHeM ducia HabmofeHni
3akon pacnpepenennst Creiofienta npubamKaeTcss K HOpMaIbHOMY
sakony. Ilpakridecku npu n > 30 2zp = 1p (]).

3uas zp win tp (), na ocnopanur (2.7) u (2.8) ¢ yuerom (2.5) u
(2.6), pesynbtar nameperus ¢ OBEPHTENBHON BEPOSTHOCTEIO P MOXKHO
sanyucarb B BHJE

A,=Aqp*2pop=A,t2p %; (2.9)
HPH H3BeCTHON JLHCHE[JCBH HJIH B BH]E
, s
Au= A tp () Sa= At 1o () 77~ (2.10)

TP HeusBeCTHOH JIHCHEpCHH.

! Paguuna B 3akomax pacnpepenenns supawennii (2.7) u (2.8) o0BsICHAETCH
TeM, yro B spamenartene Bupamenns (2.7) CTOMT cpefiHee KBaJpaTAveckKoe OTKnOke-
HHEe — pecoyuafinas BeAHYNAA, 4 B SHaMenarele BEpakenns (2,8) CTONT ero ouenka —

SIyuaiiHag BeaHunEa,
AT






