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BBEJIEHHUE

DJIeKTPOTeXHUYEeCKHEe  H3MepeHHsl  MNPEACTaBISIIOT  coOOoM
COBOKYMHOCTb JJIEKTPUUYECKUX M JJIEKTPOHHBIX H3MEPEHUN, KOTOPHIC
MOKHO pacCMaTpUBaTh KaK OJWH U3 pa3/i€I0B METPOJIOTHUH.

Hazpanue «meTposorus» o0pa3oBaHO OT JBYX I'PEUYECKHUX CIIOB:
metron — mepa u 10g0s — ci1oBo, yueHue; JOCIOBHO: yueHuUe 0 Mepe. B
COBPEMEHHOM TIOHHUMAaHMM METPOJIOTHeH Ha3bIBalOT HaykKy o0
U3MEpPEHHUAX, METOJaX M CpeJCTBaX OOCCIeUeHUs HX EIUHCTBA W
croco0ax JMOCTHKEHUS TpeOyeMOol TOUHOCTH.

ITo3HaHME YEIOBEKOM OKPYXKAIOIIET0 MUPA HEPA3PBIBHO CBSI3aHO C
HaOJIOJEHUSIMU M dKcrepuMeHTamu. l[lonydyenue wuHbopManuu B
mpoIecce HaOMIOACHUS W IKCIICPUMEHTOB 0a3upyeTcs Ha W3MEPEHHSX.
Ha npoTskeHur Bcel UCTOPUM Pa3BUTUSL HAYKH M TEXHUKH TEpe.l
YEJIOBEKOM BO3HMKAJIO M BO3HHMKAET MHOXKECTBO BOIIPOCOB M IPOOJIEM,
JJI. pelIeHUsT KOTOPBhIX HEOOXOJMMO pacroJjiaratbh KOJIMYECTBEHHOU
nHpoOpMaIued 0 TOM WM HMHOM CBOWMCTBE OOBEKTOB MAaTEPHUAIBLHOTO
MHpa (SBJISHHH, MPOIECCE, BEIICCTBE, U3ICIUH, Tele U Jp.). OCHOBHBIM
CIIOCOOOM TIOTYYCHHS TakoW WH(pOpMAIUK SIBISIOTCS HU3MEPEHUS, MPH
MIPAaBUJILHOM BBIMOJTHEHUU KOTOPBIX HAXOJAUTCS PE3YJIbTAT U3MEPEHMUS, C
OOJIbIIIEN WM MEHbBIIEH TOYHOCTHIO OTPAXKAIOIIUM HHTEPECYIOIINE
CBOMCTBA 0OBEKTA TTO3HAHUS.

B mepBoii mojgoBUHE BOCEMHAAIATOTO BEKa OJIUH W3 (PpaHITy3CKUX
yueHbIx [lapnb rode nzoopen npubop i U3ydeHus JIEKTPUUECTBA B
atMocdepe, U Ha3Bajl €ro 3JIEKTpocKom. CIycTs HECKOJbKO JIET, €To
JIEJI0 TIOJIXBAaTWJI POCCUMCKUUA €CTEeCTBOUCIBITATENL M.JIOMOHOCOB.
[IpoxomuT coBCEM HEMHOrO BpeMeHH U B cepeauHe 80-x TOHOB
BOCEMHA/IIIATOT0 BEKA TaKas HayKa, KaK dJICKTPOCTATHKA COBEPIIACT
phIBOK Brepen, mnocie u3zoopereHust II.KymnoHoMm ero 3HaMeHUTHIX
KPYTHJIBHBIX BECOB (DJICKTPOCTATHYECKOE YCTPOUCTBO).

ITocne wu300peTeHUs MEPBBIX DJICKTPOUIMEPHUTEIBHBIX MPUOOPOB
HayaJICsl TMEpHOJ HAKOIUICHWS 3HAaHUW. B 1eBATHaaaTOM BEKE OHHU
JOCTUTJIM TaKOro 00beMa, 4YTO HayKe 00 DJIEKTPUYECTBE IPHUIILIOCH
BBIICJISAITH ~ OTHEJBHBIC  OTpacid.  [akouW  OTpacibpl0  CcTaja
AIEKTPOJAMHAMUKA. B 3TO BpeMs MOSABISIOTCS MEPBHIC TAIBBAHOMETPHI —
npuOOpbl Il  W3MEPEHHUS TOCTOSHHOTO U TMEPEMEHHOI0 TOKa.
[IpuOIU3UTEILHO B ITOT K€ IMEPHOJ, YUYCHBIC BBIJICISAIOT €IIE OJIHY
OTpacib — OJJEKTPOTEXHHKY. DHU3MKH MO BCEMY MHPY HAYUHAIOT
pa3pabaTbiBaTh HOBBIE METOJIbI AJIEKTpou3MepeHuid. J.JIeHI| BbIaesIeT



oammuctudeckuit meron, Kpuctm — mocroBoit, a U. Ilorrenmopd —
KOMITCHCAlIHOHHBIN.

st m000ro U3MepeHusi, HEOOXOJIUMO OINEPUPOBATH KAKUMH-TO
STAJIOHHBIMU BEJIMYMHAMHU. YYEHbIE HAUYMHAIOT pa3paldaTbiBaTh CBOU
eauHuIbl u3Mepennit. Poccuiickuit ¢usuk b.C.SIlkobu mpennaraer 3a
OJIHY  €JIUHMILy  DJEKTPUYECKOTO  COMNPOTHUBJICHUS  MPUHSTH
COIIPOTHBJIEHUE MEIHOM NPOBOJIOKH, JJIMHA KOTOPOM COCTaBisiia 25
dbytoB (7,62 M), a Bec paBHsuics 345 rpan (22,5 r). OpaHily3cKuMu
aKaJieMUKaMU MPUHUMAETCS HECKOJIBKO Apyras €IUHUIA U3MEPEHUS —
equauna bpere. bpere paBHsAnach  CONPOTUMBIEHUK)  CTAIBHOU
IIPOBOJIOKM UIMHOM | kM. n nuamerpom 4 mMm. B I'epmanuu 3a enununy
COMPOTUBJICHUSI TPUHSIINA PTYTHBIN CTOJO U T.J.

DIIEKTPOTEXHUKA Hayaja CBOE€ aKTHMBHOE PA3BUTHE IOCJE CO3JaHUS
U TPUMEHEHHUS B Pa3HbIX OTpacisX 3JJEKTporeHeparopon. Jlydiue
ANIEKTPOTEXHUKH JICBATHAAIATOIO BEKa TPYIWIUCh HajJ CO3JIaHUEM
Pa3IUYHBIX MPUOOPOB AJIA AIEKTPOU3MEpeHH. be3 3ThX TeXHUYeCKux
CPEACTB JajJbHEHIIee pa3BUTHE 3TOU 00JACTH CTAIO OBl HEBO3MOXKHO.

B koHie 19-ro crosetus ABoe (PpaHIly3CKUX YUYEHBIX /I ApCOHBAJb
u Jlempe co3Mal0T MEPBBI BBICOKOUYBCTBUTEIIbHBIN TaJIbBAHOMETP.
CrycTtsa HECKOIBKO JieT poccuiickuil ¢puzuk M. JlomuBo-J1o06poBoiabCKHit
co3/laeT MPUOOPHI, KOTOPHIE MO3XKE JISITYT B OCHOBY COBPEMEHHBIX
BOJIbTMETPOB, aMIIEPMETPOB U BATTMETPOB.

OJEKTPOTEXHUYECKUE M3MEPEHUS IIHUPOKO HCIMOIB3YIOTCS  BO
MHOTHUX c(hepax KU3HU:

-MeUIIUHE (KOMIIbIOTepHAsT ToMorpadusi, kapauorpadbl U MHOTOE
Apyroe);

-TOproBiie (BecoBasi UBMEpPUTENIbHAs 0a3a, TEPMUHAIIbI);

-cny)k6e  I'MBJIJI  (ompeneneHue  CKOPOCTH — MEpPEMEICHUS
aBTOMOOWUJIs, OCHOBaHHOE Ha 3 dekTe [omnepa);

-CclIy»k0e BpeMeHH (pa3HooOpa3HbIe Yachl);

-ObITy (CUETUMKM ISl y4Y€Ta pacxo/ia BOJIbl, 3JIEKTPOIHEPTHH,
Tera).

[IInpokoe HCHOIB30BAHUE DIICKTPOTEXHUUYECKUX M3MEPEHUU B
CMEXKHBIX OTpacisiX, HaNpuUMEp B MHUKPOIICKTPOHUKE ISl OLECHKU
U3ICIMMA W TEXHOJOTUYECKHUX IMPOIECCOB, pemaeT mpoOJeMbl
MOBBIIIIEHNUS] KauyecTBa MPOAYKIIMHM, a KAa4YeCTBO B YCIIOBHUSX PBIHOYHOU
SKOHOMUKH SABJISICTCS BOKHEUIITUM MoKa3aTeyiemM
KOHKYPEHTOCIIOCOOHOCTH JII000T0 U3IEIHS.



OnHO W3 TIVIAaBHBIX  HAIpPaBIICHUM  Pa3BUTHS  COBPEMEHHOM
U3MEPUTEIIBHOM TEXHUKHM — TIepexoJi Ha MUPPOBbIE METOIBI C
HCIOJIb30BAaHUEM MPHUOOPOB C IM(PPOBBIM OTCUETOM, aBTOMATH3AIUS
U3MEPEHUNA W JAJIbHEWIIEE Pa3BUTHE KOMIIBIOTEPHO-U3MEPUTEIBHBIX
cucteM (KHMC), B 4acTHOCTHM, WX pa3HOBUJAHOCTH — BUPTYAIbHBIX
U3MEPUTEIbHBIX TPUOOPOB.

OrpoMHO€ KOJMYECTBO H3MEPEHUU ITPOU3BOJIUTCA C IOMOIIBIO
pPa3HBIX II0 INPHUHUUILY JIEUCTBUSA M TOYHOCTHU CPEICTB H3MEPEHHS.
Pe3ynbTaThl M3MEpEeHU, MOJTYUYEHHbBIE 3KCHEPUMEHTATOPAMU B PA3HOE
BpeMs U B Pa3HbIX MECTaX, JOJDKHBI OBITh COMOCTABUMBI MEXKy COOOM.
HeobxoauMo Takke 0OecnedyuTh €AMHCTBO M3MEPEHH B MaciiTadax
KaXXJI0TO MPENPUITHS U BCETO rocyiapcTna B neiaoM. [loatomy opransl
METPOJIOTUUECKOTO HaJ30pa HaJICJICHBI 3aKOHOJATEIbHBIMU
GyHKIUSIMU. HopmatuBHO-TEXHUYECKAS JOKYMEHTAIUSI
pazpabaThIBa€TCs C YUETOM HOPM U MPaBUJ BBIMOJHEHUS U3MEPECHUH, a
Takke TpeOOBaHM, HAMNPaBICHHBIX HA JOCTIKCHHE €IMHCTBA
u3mepenuil. [lopsanok pa3pabOTKM U HCHOBITAHUW CPEACTB U3MEPEHUS,
TEPMUHBI, ONIPEETCHUsI, CAUHUIIBI (PU3NUECKUX BEJIWYMH U MpaBuia X
NpUMEHEeHUs]  yHU(QUIMPOBAHBI M Yy3aKOHEHBI  CTaHJAApTaMH
['ocynmapcTBeHHOM cucTtembl obecnieueHns: equacTBa usmepenuit (I'CH)
U JIpyruMU  0OsI3aTE€NIbHBIMH K  MNPUMEHEHUI0O  HOPMATUBHBIMU
JTOKYMEHTaMH.

DIIEKTPOTEXHUYECKAE U3MEPEHUSI UTPAOT CYLIECTBEHHYIO pOJIb B
Pa3BUTUHU COBPEMEHHOW TEXHUKU. OJTO KACAETCS HE TOJBKO TaKHUX
OTpacieu, KaK AJIEKTPOIHEPreTUKA, PaIMO3IIEKTPOHUKA,
BBIYMCIIUTENIbHAST TEXHUKA, HO W MHOTUX JPYTUX, TOCKOJBKY
AJNIEKTPOHHBIC U3MEPUTEIbHbIE MPUOOPHI IPUMEHSIOTCS [T U3MEPECHUS
JTOOBIX BJIEKTPUYECKUX U HEdJEKTpudeckux BenuunH. (Co3naHue
nH(pOpPMAaIMOHHO-U3MEPUTEIIHHBIX CUCTEM (KOMILJIEKCOB
WU3MEPUTEIFHOW amnmaparypbl, OOBEAMHEHHBIX ¢ OBM) M03BOIMIIO
aBTOMATU3UPOBATh  CIIOXKHBIE  TEXHOJIOTUYECKHE  MPOLECCHl U
(GYHKIIMOHUPOBAHUE PA3IUYHBIX CUCTEM. BHeIpeHne B U3MepUTEIIbHYIO
TEXHUKY MHKPOIPOIIECCOPOB 00JIerymiio JanbHEWIIee
COBEPIICHCTBOBAHUE CPEJICTB U3MEPEHUN, CO3JaHNE HOBOTO MOKOJCHUS
MPOTPAMMHUPYEMBIX HU3MEPUTENIBHBIX TPUOOPOB C  TOBBIIMICHHBIMU
METPOJIOTUYECKUMHU XaPAKTEPUCTUKAMMU.



PA3JAEJI 1. TOCYJAPCTBEHHASA CUCTEMA
OBECIIEYEHUSA EJUHCTBA U3MEPEHUH

Tema 1.1. OcHOBHBIE BUABI U METOAbI U3MEPEHUM, HX
KJIaccupuranus

OCHOBHBIE METPOJIOTMYECKHE IOHATHS, TEPMUHBI U OIPEIACICHUS
(bopMyIMPYIOTCA TOCY1apCTBEHHBIMU CTaHAAPTAMMU.

N3mepenne — 3TO IpoLECC HAXOXKJIECHUS 3HAYEHUS (PU3NYECKON
BEJIMYUHBI OIBITHBIM IIyTEM C IMOMOIIBIO CHELUAIbHBIX CpPEACTB. B
3aBUCUMOCTH OT crloco0a MOIyUYEHHUs pe3ysibTaTa U3MEPEHHUs IETIATCS Ha
IPSIMBIE U KOCBEHHBIE.

[Ipy npsAMBIX uU3MepeHMAX HCKOMas (u3uyeckas BeJIMYMHA
OTpeENsAeTCA HEMOCPEICTBEHHO MO0 UHANKATOPY NMpUOopa: HaMpPSKEHUE
- BOJBTMETpA, 4YAaCTOTAa - YacTOTOMEpa, CHJIa TOKa - amIepMmerpa.
[IpsiMble W3MeEpeHHs OYEHb pPACHpPOCTPAHEHBI B METPOJOTHUECKOM
paKTUKE.

[Ipy KOCBEHHBIX M3MEpPEeHHMSX HWHTEPECYIOIas Hac BEJIMYHMHA
HaXOJIUTCSI PACYETHBIM IIyTEM II0 pe3yJIbTaTaM H3MEPEHUN APYrux
BEJIMYUH, CBS3aHHBIX C HMCKOMOW BEJIMYMHON  OMNpe/eeHHON
(GyHKIMOHANBHON 3aBUCUMOCTBIO. Hampumep, u3aMepuB cuily TokKa U
HaNpsDKEHHE, HA OCHOBAHUU M3BECTHOM (POPMYJIbI MOKHO OIpPENEIUTh
MOIIIHOCTb:

P,=U"1 (1.1)

KocBeHHble  HM3MepeHHs]  TaKkKE  4YacTO  NPUMEHSIOTCA B
METPOJIOTUYECKON ITPAKTUKE.

Mepa (mpudop) — 3TO CPEACTBO M3MEPEHHs, NPEAHA3HAYEHHOE
JUISL BOCIIPOU3BENCHUS (DU3NYECKOW BEIMYMHBI 3aJaHHOTO pasmepa. Ilo
CBOEMY METPOJIOTMYECKOMY 3HAYEHUIO, N0 TOW POJIU, KOTOPYK OHHU
UTPAIOT B JieJie oOecreyeHns equHoo0pa3usi U BEPHOCTH, MEPBI IETATCS
Ha 00pa310BbIe U pabouue.

ITAJIOH — 3TO TEJIO WM YCTPOWCTBO CaMOW BBICOKOW TOYHOCTH,
CIIyXaliee i1 BOCIPOU3BEACHUS U XPAHEHHS] €IUHMIIBI (DU3NUECKOU
BEJIMYMHBI M TIEpeAauyd €€ pa3Mepa HUKECTOSALIUM [0 IOBEPOYHOM
cxeme. IIpuMepoM TOUYHOCTHM 3TAIOHA MOXKET CIYXUTh Poccuuckuii
rOCYJIapCTBEHHBIN 3TAJIOH BPEMEHH, MOTPEIIHOCTh KoToporo 3a 30 000
JeT He OyaeT mpeBbmaTh Ic.

Pusnyeckas BeJUYNHA — 3TO CBOMCTBO, 00Illee B KAUECTBEHHOM
OTHOILIEHUU JJIsI MHOXECTBa OOBEKTOB, (DU3UYECKUX CHUCTEM, UX
COCTOSIHUM M MPOUCXOJAIIMX B HUX MPOLECCOB, HO MHIWBUAYAJIbHOE B
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KOJIMYECTBEHHOM  OTHOIIEHMM  Ig  Kaxngoro w3  Hux. Ilo
NPUHAJICKHOCTU K Pa3IMYHBIM TpymnnaM (QU3NUECKUX ITPOIIECCOB
dbu3nyeckue BEIWYMHBI JICJISATCA Ha DJIEKTPUUYECKUE, MAarHUTHBIE,
MIPOCTPAHCTBEHHO-BPEMEHHBIE, TEIIOBBIE U TIP.

3HauyeHue (U3NYECKOH BeJIMYMHBI — O3TO OILICHKAa (PU3UUYECKOM
BEJIMUMHBI B MPUHSATHIX €IUHUIAX HU3MEpeHus (Hampumep, 5 MA —
3HAQYEHUE CUJIbI TOKA, IPUYEM 5 — ATO YMCIOBOE 3HadyeHue). MiMenHo
3TOT TEPMUH NPUMEHSAKOT UISI  BBIPAXKEHUS  KOJIMYECTBEHHOU
XapaKTEPUCTUKHU paccMaTpUBaEeMoro cBorcta. He cienyer roBoputh u
IACATh «BEJIMYMHA CWIbl TOKa», «BEIMYMHA HANPSIKECHUSD), ITOCKOIBKY
cuja TOKA M HalpsHhKEHUE camMu SBISIIOTCA BenumuuHamu. Cremyer
UCMOJIb30BaTh ~ TEPMUHBI  «3HAYEHUE CUJIbI  TOKAa», «3HAUYCHUE
HAMPSIKCHUSD).

Ennnnna ¢puznyeckoid BeJIMUYMHBI — 3TO (pU3HUECKas BEIUYHMHA,
KOTOPOM MO OIPEACICHUI0 NPUCBOCHO CTAHAAPTHOE YHCIIOBOE
3HaUYC€HHWE, paBHOE eAuHulle. EauHuNbl (QU3NUYEeCKuX  BEIUYHUH
MOAPAa3AEIAOTCS HA OCHOBHBIE I TPOU3BOHBIC.

N3-3a 0onbIIOro Juamna3oHa peabHbIX 3HAYEHUU OOJIBIIMHCTBA
U3MEPSAEMBIX (PU3MYECKHX BEIWYMH MPUMEHEHHE IEIbIX EIUHUI[ HE
BCETJa YyAOOHO, TMOCKOJIBKY B PE3yibTaTe H3MEPEHUH IOJIy4aroTCs
OoJibIlIME WK Majible ux 3HadueHus. [loatomy B cucreme usmepennit CU
(S| — cucreMa nHTEpHAIMOHANIbHAS ) YCTAHOBJICHBI JJOJBHBIC U KPaTHBIC
€IVHULIBI.

Tabn. 1.1. DnexTpuueckre eAMHUIIBI U3MEPEHHUS, UCTIOJIb3YEMbIE B JJIEKTPOHUKE

DJekTpuyecKasi BETHMIHHA Enuanupl n3mMepenust CooTtHolieHNe
OcHoBHas Kparnas unu nonpHas KpaTHBIX
E 2 2 (TOITBHBIX) H
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S
= : | e AN - 5 | g | %
< Jas] as) < =6 = jas] < = = JAUHUALL
g ) < s o = < Jast o =
= (@) M <o) (<% o] /m o 2, &}
© =} =} < = o Q < =
Q o & [t} oS | o= ls) oS
s o o) o) S E| 9 o S
§ o = ] 5 o S 3 g5 o
8 = ] XS | 5 S L Jts)
s = < = oo S 2 v 0o
S as 3 S T 3 =
O > >
A A
ConpoTuBieHue R, r oM Om Q MEraom MOM | MQ | 1 MOm=10° Om
KHJIOOM kOm | kQ 1 kOm=10° Om
Cwuuta Toka l,i | ammep A A | mwumamnep | MA mA 1 MA=103 A
MuKpoaMnep | MKA | pA 1 MkA=10"° A
Hanpspkenue u U,u | BOmbT B \Y KHJIOBOJIBT kB Q% 1 kB=10®B
94C E,e MWJJIMBOJIBT | MKB uv 1 MxkB=10°B
MHUKPOBOJIHT
MoinHocTs P BaTT Bt w ruraBaTT I'Br GW 1 I'BT=10° Bt
MeraBarT MBt | MW | 1MBt=10°Br
mukpoBart | MkBt | pW | 1 MxBr=10°Br




BHCKTpI/I‘-ICCKaH BCIINMYMHA E,[[I/IHI/ILILI HU3MCPCHUA CooTHoIIeHHE
OcHoOBHas KpaTHa}I WJIN JOJIbHAsA KpaTHBIX

(OTBHBIX) U

() (] L (&) L

= w| = o| € ol = ) S o OCHOBHBIX
T o

g = E| & o B = = 5 o B g = € IVHHII

Mm o o m o o e, (&) M o o a, Q

o m 7 o ¥ g < = o © o < =

T S | =z S e8| 28| E = SR

2 =5 g SE5| 2Rl 2 S5 | 2B
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: 2| 3 €| 58| 3 g 5¢

T T S e =

Emkocts C dapan o F mukpodapan | MkD puF 1 Mk®=10° @

nanogapa 5(0) nF 1 HO=10"° @

nukodapa n®d pF 1 n®=10"? @
WHAyKTUBHOCTH L TeHpH I'a H MWUTHTeHpH | MIH mH 1 M[e=10°THn
MUKporeHpu | MK H pH 1 Mx'5=10°T'n
Yacrora F,f repit I'm Hz rurarepit ITn GHz 1 ITn=10° T
Merarepil Ml | MHz | 1 MIi=10° 't
ITepuon T | cexynma c S MUJIMCEKYHAA | MC ms 1 Mmc=103¢
HAaHOCEKYHIa | HC ns 1 c=10"¢
JlnvHa BOJIHEI A METp M m MUJUIUMETP MM mm 1 MmM=103m
CaHTUMETP cM cm 1 cM=102% M
JELUMETP M dm 1 oMm=10"1m
Casur daz A¢ | paguaH | pan rad rpanyc ° ° 1° 7T

~ 180 pao

Kpatnas enumnuma ¢u3ndeckoil BeJUYHHBI Bcerjga OoJibiiie
OCHOBHOI (cMcTeMHOI) B Lenoe uucio pas. Hanpumep, meraom (10°
Owm), kunosogsT (10°B)

JonabHass exMHUA (PU3HYECKOH BeJIUYMHBI MEHBIIE OCHOBHOU
(cucTeMHOMN) B 1enoe uucno pas. Hanpumep, manodapan (10 ° @),
mukpoamnep (10° A).

[Ipu BbIOpaHHOW oOIleHKE (U3UUYECKONW BEIMYUHBI €€ MOXKHO
OXapaKTePU30BaTh HCTUHHBIM W JCHUCTBUTEIBHBIM (M3MEPECHHBIM)
3HAYEHUEM H3MEPSIeMOr (PU3NUECKON BETUYNHBI.

HNcrunHoOE (HeficTBUTENbHOE) 3HAYCHUE (PU3NYECKON BeJIUYMHbI
— 3TO 3HAUYE€HHUE, CBOOOHOE OT MOTPEIIHOCTH. HaxoxkAeHne HICTUHHOTO
3HAUEHUs SBJSETCS TJIABHOM TMpPOOJEMON METpPOJOTHHM, TaK Kak
MOTPEIIHOCTH MPU HM3MEPEHUU Heu30eKHbl. B CBsS3M C 3TUM Ha
MPAKTUKE 32 UCTUHHOE 3HAYCHHE MPUHHUMAIOT MOKa3aHWE 00pa3loBOM
Mepbl (Tpubopa), TMOTPEIIHOCTh KOTOPOM MPEHEOPEKUMO Malia IO
CPaBHEHHIO C MOTPEUTHOCTHIO MPUMEHSAEMBIX padouux Mep (IpudOpoB).

N3mepenHoe 3HaYyeHHe PU3NYECKON BEJIUYMHBI — 3TO 3HAYCHUE
BEJIMYMHBI, OTCUUTAHHOE MO paboueit Mepe (Ipudopy).

N3meputeabHbli mPUOOP — 3TO CPEICTBO H3MEPEHUSA, B
pe3yJibTaTe MPUMEHEHUSI KOTOPOro uaMepsieMasi (pu3nueckasi BeJIMurHa
CTaHOBUTCS ITOKA3aHHUEM.
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[To mpuHIUITY AEHCTBUS BCE U3MEPUTENbHBIE MPUOOPHI JIETATCA HA
JIBE TPYTIIbIL:

- DJIEKTPOMEXAHUYECKUE MPUOOPHI, MCIOIb3YEMbIE B  IEMAX
MOCTOSIHHOTO TOKA M HA HU3KHUX YaCTOTaX;

- DJICKTPOHHBIE TPHUOOPHI, HCMOJIb3yEeMble B IEMSAX IMMOCTOSHHOIO
TOKa U BO BCEM JIMalia30HE YacTOT.

[Io cmocoOy BblIauu pe3ysbTaTa U3MEPUTENIbHBIE TPUOOPHI
NOApPa3ICNA0TCA Ha!

- aHAJIOTOBBbIE (CO CTPEIOYHBIM HHIUKATOPOM, CAMOMUIIYIIHE),
MOKa3aHUsl KOTOPBIX SBJSIOTCS HENMPEPHIBHOW (DYHKIMEH MU3MEPEHUS U
U3MEPSEMON BEJINYUHBI;

- nudpoBble, MOKa3aHUS KOTOPHIX OOpa3yrwTCI B pe3yJbTaTe
aBTOMATUYECKOTO BbIpa0aThIBAHUSA JTUCKPETHBIX CUTHAJIOB
U3MEpPUTENIbHOU nHGOpMAIUH, TTPEACTaBICHHOM B 1] poBoii popme.

PaznuyaloT u3MepuTeNbHBIE NPUOOPHI MPSIMOTO JCUCTBUS U
pUOOPHI CpaBHEHUH.

IIpuGopsl mnpsiMoro JeiicTBUSL  OTOOpaXKAlOT HU3MEPSEMYIO
BEJIMUMHY HA WHAMKATOPE B EIUHUIIAX JTOM BEIWYUHBL. V3MeHeHus
poaa GpU3MYECKON BEIUYMHBI B TIpOLiecce U3MEpeHus He mpoucxoauT. K
TaKUM TPUOOpPaM OTHOCSITCSA aMIIEPMETPHI U BOJILTMETPHI.

IIpuGopbl cpaBHeHUs1 (KOMIAPATOPBI) CIYXXAT JJisi CpPaBHEHUS
U3MEPSAEMbBIX BEJIMYUH C BEJIMYMHAMM, 3HAYEHUSI KOTOPBIX U3BECTHHI. 110
Ha3HAYEHUIO PUOOPHI IENIAT HAa paboune U 00pa3oOBhIE.

PaGouyue npuOOpBLI TpeaHa3HAYCHBI TOJBKO JJII HW3MEPEHUS BO
BCEX 00J1aCTAX XO3SIMICTBEHHOM JAEATEIHbHOCTH.

OOpa3uoBbie NMPUOOPBI CIyX AT JUISI TOBEPKH M TPaLyUpPOBAHUA
pabouux mpuodbopos. [lorpemHocTh U3MepeHusi 00pa3OBHIX MPUOOPOB
Ha |—2 nopsijika MEHbIIIE IO CPABHEHUIO C padOYMMU TPUOOpaAMU.

CroumocTs Tmipubopa HaNpsAMYK CBsi3aHA C TOTPEITHOCTHIO
U3MEPEHUs: €CJIM MPUOOP MMEeT morpemHocTs B 10 pa3 MeHsble, TO
ctouT Takou mpubop B 10 pa3 mopoxke. Mcnonap3oBaTh 00pa3lioBbie
MPUOOPHI JISI MACCOBBIX U3MEPEHUM PKOHOMHYECKH HEIeJIecoo0pas3Ho,
MOATOMY B Ja0OpaTOpUsiX Y4YEOHBIX 3aBEJEHUM M Ha IPOU3BOJICTBE
MPUMEHSIIOTCSI B OCHOBHOM pabo4ue mpuoophl.

[Ilkanel  aHAJIOTOBBIX  W3MEPHUTENBHBIX  mpuOopoB  (AUII)
KJIACCU(DUITUPYIOTCS IO CJICAYIOITUM IMPU3HAKAM

1. Ilo mpu3HaKy paBHOMEPHOCTHU Pa3INYaIOT:

- paBHOMepHAasl KAaJla — 3TO IIKaJIa C JEJICHUSIMU MOCTOSHHOM
JUTMHBI U C TIOCTOSIHHOM TieHou neneHust (puc. 1.1, a). Takyrwo mkamy
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UMEOT AIEKTPOMEXAHUYECKHUE puOOpHI TOJIBKO
MAarHUTORJIEKTPUUECKOU CUCTEMBI;

- HepPaBHOMEpPHas IIKajJa — JTO I[IKajla C JCJICHUSIMHU
HETOCTOSSHHOM JUIMHBI U ¢ HETIOCTOSTHHOU 1IeHoW neneHus (puc. 1.1, 0).
Takyto KTy UMEIOT AJIEKTPOMEXAHUYECKHE pUOOPHI
BBIIIPSMUTEIBHOM, BJIEKTPOMArHUTHOW, AJIEKTPOIMHAMUYECKOM,
beppoIMHAMUYECKON,  DJIEKTPOCTATHUYECKOH,  TEPMOIIECKTPUUECKOM
CHUCTEM.

e e I8 e L=l | ] J
0 10 20 30 40 50 0 10 20 30 40 50
i_/ vV \. | V\\;

a €

..... J e |
0 L 100 « 3 e 0
(ma) [ k€2
B f
L s B I ) I R ]
o o 50 20 0 20
iV ) P
~—’ {mA)
A o
B
| S S—
45 —~ 55

Puc. 1.1. [lIxans! aHaIOTrOBBIX MPUOOPOB: paBHOMEPHAs (a), HepaBHOMEpHas (0), mpsimast (0),
oOpartHas (T), OMTHOCTOPOHHSIS (C)), IBYXCTOPOHHSIS (€), Oe3HyneBas (K)

2. I1o mpu3HaKky HampaBJjeHUS IPaayUpPOBAHUS PA3ITUYALOT:

- mpsAMasi IKajga TrpaJAyHpoBaHa CJEBa HANpaBo, T.€. HYJIb Ha
mkaiie pacrnoioxken ciesa (puc 1.1, B). Takas mkana sBisieTcs camoi
pacopoctpanenHor B AUILI;

- o0paTHasi WIKaJIa TpaJydpoBaHa COpaBa HaJIEBO, T.C. HYJb Ha
mIKkajie pacrnoioxeH copasa (puc. 1.1, r). Takas mkana ucnosb3yercs,
HalpuMep, B AHAJIOTOBBIX MYJIBTUMETpPAX MpPU OTCUETE 3HAYCHUS
COMPOTHUBIICHUS PE3UCTOPOB U EMKOCTH KOHJIEHCATOPOB.

3. Ilo mosokeHHWIO HyJsl Ha IKajle W HAMpaBICHUIO JABUKCHUS
CTPEJIKM MHANKATOPA Pa3IUYalOT:

- OJHOCTOPOHHSIAA WIKAJa — 3TO IIKaja, CTPEJKa HWHIWKATOpa
KOTOPOW IIPU U3MEPEHUN OTKIJIOHSIETCS TOJIBKO B OJIHY CTOPOHY OT HYJIS
(puc. 1.1, ). Takas mkana sBISIETCA CaMOM PacIpOCTPAHEHHOM;
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- ABYXCTOPOHHSS IIKAJA — 3TO IIKaJla, CTPEJIKAa UHIUKATOpa NpH
U3MEPEHUN KOTOPOM OTKIIOHAETCA KaK BJIEBO, TaK W BIPABO OT HYJI.
[IprdyemM OTKJIOHEHHE BJIEBO OT HYJS JAa€T OTPULATEIbHBIC 3HAUYCHUS
U3MEPSEMON BEIUYUHBI, @ OTKJIOHEHHUE BIPABO - MOJIOKHUTENbHBIE (PHC.
1.1, e). Takyro wmKaly HMEOT HWHIUKATOPbl  AHAJIOTOBBIX
U3MEPUTEIBbHBIX MOCTOB U TAIIbBAHOMETPHI;

- Oe3HyJseBasl IIKAJAa — 3TO IIKaja, HA KOTOPOW OTCYTCTBYET
HyneBas ormerka (puc. 1.1, k). Takyro mKanry HUMEIOT
AIEKTPOMEXAHUYECKNE YACTOTOMEPBI, TEHEPATOPHI, TPATyUPOBAHHBIE 110
4aCTOTE, JNINTEIBHOCTH UMITYJIbCOB, BDEMEHHOMY CIIBHUTY.

DnekTpomexanndeckue u anekrponHsie AUIT goctaTouHo mIMPOKO
pacrnpoCTpaHeHbl B METPOJIOrnueckol npaktuke. [Ipubopel U ux 1IKaibl
XapaKTEPU3YIOTCA PSIIOM OCHOBHBIX ITOKA3aTEIICH.

JeseHue MIKaJIbl — 3TO NPOMEKYTOK MEXIAY ABYMS COCEIHUMH
OTMETKAMU IIKaJbI.

Iena nesenus mKajgbl (MOCTOAHHAsA npudopa), C, yka3blBaeT
YUCIIO E€OWHUIl H3MEPSIEMOM BEIIMYMHBI, NPUXOIAIICECS HA OJHO
neneHue mkaisl (puc.1.2):

r
)

A1 AZ
1 | ] J

" O "

Puc. 1.2. Onpenenenue 1eHbI A€IEHUS Kb

A>,—A
c=—=— (1.2),

n
rae A1, A2 — coceaHue onu@ppoBaHHbIC JETICHHUS;

N — KOJIMYECTBO JACICHUN MEXKIY IBYyMS U paMu.

Ha npumepe (cM. puc. 1.2) neHa nesieHust mKajibl COCTABIISET
(20—-10)B 5 B
C — —

5 nen neJ

B HepaBHOMEpHOI IKaje II€HY JEJICHUS HaxOJsIT Ha Y4yacTKe
mKanbel  (TOABKO HE B Hayajae) MEXIy [JBYMS COCEIHUMU
OlU(POBAHHBIMU JICTICHUSIMH.

Hlar mkaabl — 3TO UHTEPBAJ OUU(PPOBAHHBIX ACJICHUI HA HIKAJE
npubopa. Hampumep, ecnmu Ha MmKajge WHAUKATOPA HAHECCHBI
omudppoBanueie naeneHus 0—10—20—30—40—50, To mar mkamsl
paseH 10.
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PaGounii y4acTOK IIKAaJbl — 3TO YYaCTOK, B MPEAEIaX KOTOPOTro
MOTPEUTHOCTh MPUOOPA HE BBIXOAUT 33 YKa3aHHBIN KJIacC TOUHOCTH. J1Jis
IIKaJIbl MWUIMAMIIEpMETpa, TOKa3aHHOW Ha puc. 1.3, a, pabouum
y4acTKOM siBiigeTcss y4yacTok or 10 go 50 MA (oH ke sABiseTcA
JMANa30HOM H3MEpPEHUs B OJHOMpenesbHOM mpubope). g mrkanbl
BOJILTMETpA, MOKa3aHHOM Ha puc. 1.3 06, pabouuM y4acTKOM SIBIISIETCS
ydgactok or 3 nmo 10 B. Ha paGouem ywacTke 3aBOJ-M3TOTOBUTEIH
npuOOpPOB TapaHTUPYET 3asBJICHHBIA KJIAcC TOYHOCTU C TEPBOTO
oK (POBAHHOTO JENEHHUS MIKAJIbl aHAJOTOBOIO MHAUKATOPA.

| L | | | \ | | | S| i i ] | 1 1 |
0 10 20 30 40 5 0 3456 7 8 910
a 6

Puc. 1.3. IlIkansl aHAIOTOBBIX TPHOOPOB C Pa3HBIMU PaOOYMMH y4acTKaMH: MUJUTHAMIIEpMETpa
(a), u BoabTMETpA (0)

YyBCTBUTEJIBHOCTh, S, NMpubopa MO HU3MEPSEMOMY IapaMmeTpy
MOKAa3bIBACT YMUCJIO JCICHUN IIKaJbl, MPUXOJAIICECS Ha E€IUHUILY
U3MEPSEMOM BEIMYHUHBI, T.C. SBISICTCS BEIMYMHOM, OOpaTHOM IIcHE

JCIICHUS .
1 n

S=-—=— (1.3).
c  A,—A,

YyBCTBUTEIBHOCTh MHOTOMPEIEIBHOTO MPUOOpa OMpPEeAesaioT Ha
caMOM MaJioM Tpejielie U3MEPEHUS.

YacToTHBIN  Ouama3oH mpubopa  HEOOXOAMMO  3HATh A
MPAaBWIBHOTO €ro MCIOJb30BaHUSI W IS TOJIYyYEHUST HaWMEHbIIEH
NOTPEUIHOCTH u3MepeHus. YacTOTHBIM AuMama3oH — 3TO I[oJjoca
4acToT, B Mpejenax KOTOPOM MOrpemHoCTh Nprudopa, molydeHHas Mpu
W3MEHEHUHU YacTOThl CUTHAJa, HE MPEBBIIMIAET JIOMYCTHUMOTO Mpeiaena.
Paznuuaror npuOopel s pabOThl B IHENSAX MOCTOSHHOTO TOKa,
NEPEMEHHOI0 TOKa U YHUBEpCaIbHbIE (UCHOJB3YEMbIE B LEMIX
HNOCTOSIHHOTO ¥ IEPEMEHHOTO TOKA).

Jlist mpubopoB, paboTaroUMX B IENSAX MOCTOSHHOTO TOKA, 4YacToTa
paBHa MyJo; ISl MpUOOPOB, pabOTAIOLIMX B LEMAX MEPEMEHHOTO TOKa,
U YHHMBEpCAJIbHBIX MPUOOPOB Ha WIIKAJIE WHAUMKATOPA W B MACIOPTE
OOBIYHO YKa3bIBAETCS YaCTOTHBIN AUAIa30H.

BuyTpennee compoTuBieHue npubopa (ammepMmerpa, BOILTMETPA)
OOBIYHO YKa3bIBAE€TCS B MACIOPTE WM HA JUIUEBOW MaHENH (MpSAMO WIIU
KOCBEHHO). [[1s1 aMImiepMeTpoB XapakTepHO Majoe COMpPOTUBIEHUE Ra,
JUIs1 BOJIBTMETPOB — OOJIBIIOE COMPOTUBIICHHE Rp.
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[Totpebasiemass  mpuOOPOM  MOIMHOCTH  OMPEAENSIETCS MO
CJIeIyIOMUM popMyiam:

JUTSL aMIiepMeTpa P, =1%-R, (1.4),
2

a JI1 BOJIbTMETPOB Pg = Z—H (1.5).
B

Yem notpebasieMast MOIITHOCTh MEHBIIIE, TEM TOYHEE U3MEPEHUE.
[ToTpebiisiemMblif BOIBTMETPOM TOK BBIpaXKaeTcsi PopMyJIoit:

=24 (1.6).
Rp
[Tanenue HanpspkeHUs Ha aMmriepMeTpe HopMyIoit:
UA =IH'RA (17)

Pabouee nosoxkenne mpubopa MOKET ObITh Pa3HBIM:

- TOPU3OHTAIBHBIM (Ha IIKajae 0003HAaYaeTCsi CUMBOJIAMU b

«—r> );

0)0%1

- BepTHKAIBHBIM (Ha WIKane 00o03HauaeTcs cumBomamu <> mmm
<<T$.~);

- HaKJOHHBIM (Ha IIKajge o0O003HAYAaETCd CHMBOJIOM <&L» ¢
yKa3aHWEM yTIJIa HaKJIOHA).

Ecnu nmomyckaercst nroboe pabouee MOIOKEHHE, TO O0003HAUYCHHE
OTCYTCTBYIOT.

PacmndpoBka 3HaKOB U CUMBOJIOB, YKa3aHHBIX Ha JIMIICBOU IMaHEH

npubopa nmpuBeeHa B Tabdim. 1.2.
Tabn. 1.2. YcnoBHble 0003HaYSHHSI HA IIKATAX DJIEKTPOU3MEPUTENBHBIX TPHOOPOB

HaumenoBanue YcaoBHoe o603HaueHne | BykBeHHBIN
mudp
ITpuGop MAarHUTO3JIEKTPUYECKOU T

CHUCTEMBI C ITOABUKHOM PAMKOM ‘ M

[Tpubop 371eKTPOMarHUTHOM CUCTEMBbI <

CUCTEMBI ?I i

J

4 7
[Tpubop AIEKTPOAUHAMHUYECKOU

[TpuGop peppoanHaMUIECKON CHUCTEMBI A
—

=) I

1

-

[TpuGop 2MEKTPOCTATUUECKON CUCTEMBI
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HaumeHnoBanue VYcnoBHoe o6o3HaueHne | bykBeHHBIN
mudp

[TpuGOp BBINPSIMHUTEILHOH CHCTEMBI C /
BBITIPSIMUTEIIEM (BBIMPSIMUTEITBHBIN 1 ‘ B
npuoop) .

[Ipubop  MarHUTOPNEKTPUYECKUN  C
AIIEKTPOHHBIM  mpeolOpa3oBaTesieM B l ‘
U3MEPUTEIBHON 1enu  (3JIEKTPOHHBIN | i
npuoop) 4)

[Tpubop TEpMOINEKTPUUECKONU CUCTEMBI

[Tpubop BUOpaLIMOHHON CHCTEMBI \

ToK MOCTOSTHHBIHM — -

Tox nepemeHHbIN (01HOGhA3HBIN) Y -

TOK TIOCTOSIHHBII W TIEPEMEHHBIN TN
(yHUBepcabHBIN prubop)

Tok Tpex(a3zHblil epemMeHHbIl (001IEe N
0003HaYEHNE) N

[Tpubop NpUMEHSTH NPU BEPTUKAITBHOM | T
ITOJIO’KEHHH IIKAJIbI | |

[Tpubop IIPUMEHSATH pu T
TOPU30HTAJILHOM I1OJIOKEHUH IIKAJIbI

Haxnonnoe (¢ yrimom 60°) A 60 -

Knacc Tounoctn mnpubopa, Hampumep 15 1
1,5 TN N

Hanpsoxenue UCIIBITATENLHOE, I
Hanpumep 2 kB

[Ipubop  3amuiieH  OT  BIUSHUSA I
BHEIIHETO  MarHutHoro  mons (1 —— -
KaTeropus 3alIUIIICHHOCTH)

[Ipubop  3ammiieH  OT  BIUSHUSA . I [
BHEILIHEr0 3JieKTpuyeckoro mons (1 , | -
KaTeropusi 3alUIIEHHOCTH)

Buumanne! CMoTpu  ykazaHusi B FAN
WHCTPYKITUH TI0 SKCIUTyaTaIuu npubdopa '

Ilpenen wu3mepeHuii mnapamerpa, Amax — 3TO HauOoJIblIEe
3HAYCHUE JUana3oHa U3MEpPEHUM.
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JInana3oH H3MepeHHMiIl mapamMerpa — 3TO 00JacTh 3HAYCHUU
U3MEPSIEMON BEJIMYMHBI, UISI KOTOPOM HOPMHUPOBAHBI JIOIYyCKAEMBIE
norpemHocty AUIL.

MeToabl U3MepeHMi.

B 3aBucumoctu oT cnocoba 00pabOTKH 3KCIEPUMEHTAIbHBIX
JAHHBIX U3MEPEHUM JIJIs TOTYUYEHHUSI pe3yJIbTaTa Pa3inyaioT CIeAYOIIHEe
BHUJIbl UBMEPEHUN — MPAMBIE, KOCBEHHBIE, COBMECTHBIE, COBOKYIHBIE H
U3MEPEHUS KOPPEISIIUOHHO CBSI3aHHBIX BEJIUUUH.

IIpsimoe m3MepeHHe — 5TO HU3MEPEHHUE, MPU KOTOPOM 3HAUYECHUE
BEJIMYUHBI HAXOASAT HENOCPEACTBEHHO W3 OMNbBITHBIX JAHHBIX B
pe3yJibTaTe BBINOJHEHUS HU3MepeHus. [Ipumep mpsiMoro u3MepeHus: —
U3MEPEHUE BOJIbTMETPOM HAMPSIKEHUS] UCTOYHHUKA.

KocBeHHOe M3MepeHHe — 3TO W3MEpPEHUE, P KOTOPOM HCKOMOE
3HAYCHUE BEJIWYMHBI HAXOJAT HA OCHOBAHUU M3BECTHOW 3aBUCHUMOCTHU
MEXJy STOM BEJIMYMHON M BEIMYMHAMHM, IOJBEPracMbIMU MPSIMbIM
u3MepeHusiM. [Ipy KOCBEHHOM W3MEPEHUM 3HAYEHUE U3MEPSIEMON
BEJIMYMHBI ITOJIyYarOT IyTeM perieHus ypaBHeHus Y = F(X1 ,X2 ,X3 ,...,Xn),
rae Xi ,X2 ,X3 ,...,Xn — 3HAUEHMs BEJIMYMH, MOJIYUYCHHBIE B pE3yjbTare
MPSAMBIX U3MEPECHUMN.

[IpuMep KOCBEHHOTO HW3MEPEHHS — COIPOTHUBICHHUE PE3UCTOpa

U
HaxodsT H3 BbIPAXKCHUA R = 7, B KOTOPOC IMOACTABJIAKOT PC3YJIbTAT

NpsIMBIX W3MEpPEHMI TmajieHust HanpsbkeHus U U mpoTekaromero uyepes
pesucrtop Toka l.

CoBMecTHBIE U3MEPEHNsI — OJHOBPEMEHHBIE U3MEPEHUS 3HAYCHU
HECKOJIBKAX HEOJHOMMEHHBIX BEJIWYUH TSI ONPENCICHUS 3aBUCUMOCTH
MeXIy HuMU. Hamnpumep, TpeOyeTcs oOmpeAeiauTh TPalydpOBOUYHYIO
XapaKTEPUCTUKY TEPMOCOIPOTUBIICHUS.

CoBOKyNHbBIC HM3MEpeHHs1 — OJHOBPEMEHHBICE HW3MEpPECHUSA
HECKOJIbKUX 3HAYCHUW OJITHOMMEHHBIX BEIIMYMH, MPU KOTOPBIX UCKOMOE
3HAYEHHE HAXOIAT PEIICHUEM CUCTEMbl YPABHEHUW, COCTABICHHBIX IO
pe3yibTaTaM IPsMbIX HU3MEPEHUN Pa3IMYHBIX COYETAHUM 3HAYECHUUN
ATHUX BEJIWYHH.

N3MepeHne KOPpPeJAUUOHHO CBA3AHHBIX BEJUYMH — U3MEPCHUE
3HaueHui cemerictBa QyHkmit xk(t) u y«(t), ABIsrommxcs peanrnzausaMu
npoueccoB Py u P, ¢ IeNb0 YCTAHOBJICHUS B3aUMOCBSA3U MEXY HUMU.
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Hannune B3aMMOCBA3M BBIPAXAETCS B TOM, YTO B ONPEAECIEHHBIN
MOMEHT BpEMEHHM 1o CylIECTBYeT TakOW mHapaMmeTp, NP KOTOPOM
peanu3anuu npoueccos Py u P, COBMEIIAIOTCS HAUIYUIIUM CIIOCOOOM.

Metoapl U3MEpPEHMS BBIACHAKOTCS B  3aBUCHMOCTH OT MX
B3aUMOJICHCTBUSI C MEPOH, WX Kiaccuukaius nokasaHa Ha puc. 1.4.

METOJbI H3MEPEHHWI

HenocpencteenHo# oneHKH CpaBHeHHS ¢ Mepoit

JuddepeHnnanbHbIHR CoBnageHus Hynesoii 3aMemeHns

Puc. 1.4. Knnaccuduxanus METOI0B U3MEPEHUS

Mertoa u3MepeHHsl - COBOKYIHOCTb IIPUEMOB HCIIOJIb30BAaHUS
IIPUHIUIIOB U CPEACTB U3MEPEHUN. M3MepeHus Tponu3BOIATCSA OJJHUM U3
IBYX METOJOB: METOAOM HEINOCPEACTBEHHOW OLEHKHA WM METOJIOM
CpPaBHEHUSI C MEPOM.

Metoa HENOCPEACTBEHHOM OLEHKHM - METOX, IIpU KOTOPOM
3HAYEHUE MCKOMOW BEJIWYMHBI ONPEAECIAIOT HENOCPEACTBEHHO 10
OTCUETHOMY YCTPOWCTBY H3MepuTeabHOro npubdopa. Ilpumep metona
HEIOCPEACTBEHHON OLICHKH - U3MEPEHUE TOKA aMIIEPMETPOM.

MeTtoa cpaBHeHHMsI ¢ MEpPOMl - METOJ WU3MEPEHHs, IIPU KOTOPOM
U3MEPSIEMYI0 MCKOMYK) BEJIMYMHY CpPaBHHUBAOT C OJHOPOIHOU
BEJIMYUHOM, BOCIPOU3BOAMMOM Mepou. Meron cpaBHEHHUS C MEpOU
VMMEET Pl Pa3HOBUIHOCTEM:

- i pepeHnanbHbI METO,

- HyJIEBOM METO/,

- METOJI 3aMEILEHNS],

-COBITA/ICHUS.

HyaeBo Merox — 3TO METOA, B KOTOPOM pPa3HOCTb MEXKIY
U3MEPSEMON BETMYNHOW U BOCITPOM3BOAUMOM Mepou cBOAUTCSA K 0.
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Puc. 1.5. CtpykTypHas cxema HyJI€BOro METO/a,

rae HU — nynb-unaukarop; Ex — 00bekT usmepenusi; U, — mepa.

[TosstpHOCTE BaXKHaA: 3J€Ch YCTPOMCTBA BKJIIOYEHBI BCTPEYHO; MBI
noadupaeM TaKyl MEpy, BBIXOJHON CHUTHall KOTOPOM paBEH CHUTHAIY
o0bekTa m3MepeHus (T.e. izz=0). Pa3HOCTh M3MepseMOl BEIMUYMHBI 1
BEJIMYHUHBI BOCITPOU3BOAMMON MEPOU B MPOLECCE U3MEPEHUS CBOJIUTCS K
HYJIIO, 4TO (UKCUPYETCS C TMOMOIIBIO HYJIb-UHAMKATOpa. Pe3ymbTaT
M3MEPEHUS PABEH 3HAYEHUIO MEPHL.

Meron obecneunBaeT BBICOKYIO TOYHOCTb, €CIM Mepa o0naaaer
BBICOKOM TOYHOCTHIO, @ HU — BBICOKO# 4yBCTBUTEIBLHOCTHIO. OOBIYHO

Eifl%

[TogoOHBINE METOJ JIS)KUT B OCHOBE MOCTPOCHUS H3MEPUTETBHBIX
MOCTOB. JIOCTOMHCTBO METOAA — TOYHOCTb.

IIpun aud¢epeHuuaIbLHOM MeTOAE, TAK K€ KaK U IMPU HYJIEBOM,
U3MepsieMas BEJIMYMHA HAXOAUTCS IyTEM U3MEPEHUS PA3HULIBI MEKIY
MCKOMOM BEJIMYMHOU U HEMOCPEACTBEHHO MJIM KOCBEHHO C MEPOM.

v @

¥

Puc 1.6. CtpykTypHas cxema n1u¢depeHInaibHOro METoAa.

Pa3zHocTh M3MeEpAEMON BEIUYUHBI U BEJIWYUHBI BOCIPOU3BOJIUMOU
MEpPOH U3MEPSAETCS C IMMOMOINBIO CPEACTBA H3MEPEHHS — BOJIbTMETpa (Ha
puc. 1.6.). Pe3ynprar ompeaenseTcss Kak cymMma TMOKa3aHHUS CPEJICTBa
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U3MEpPEHUS U BEJIIMYUHBI BocnpouszBoaumont mepou E, = AU + U,. Hud
3TOr0 METOJIa
A A
== %001%.
E, AU+U,
Metoa 3amMelieHus1 — METO/I, IPU KOTOPOM H3MeEpsieMas BEIWYNHA
3aMENIAeTCs BOCIPOU3BEAECHHON MEPOH.

1 R,

—K./’ R

]

®)

g ————

Puc 1.7. CtpyktypHas cxema METO/1a 3aMEIlCHHS,

rae Rx— o0bekT u3mepenus; Ro — mepa.
B 3aBucuMocTH OT TmoOJOKEeHUs Kiaoya K MOXKHO 3amucarh
ypaBHEHHUE:
IxRx=Umur, 10Ro=Umr.
Otkyna ixRx=1oRo,

iO'RO

17| R, =

. (1.8)

[IpumepoM mnpUMEHEHUS METOJla 3aMEIICHUSI MOXET OBITh
U3MEPEHUE CPABHUTEIBHO OOJBIIOTO 3JIEKTPUUYECKOTO COMPOTHUBIICHUS
HAa TOCTOSIHHOM TOKE IyTE€M IIOOYEPENHOTO HM3MEPEHUsI CHJIBI TOKA,
MPOTEKAIOIIETO Yepe3 KOHTPOJHUPYEMBIM PE3UCTOP U 0OpPa3lOBBIi.
[IuTtanue nenu npu U3MEPEeHUAX HOJHKHO NMPOU3BOAUTCSA OT OAHOIO U
TOTO K€ UCTOYHHKA ToKa. CONMpOTUBIIEHNE UCTOYHHMKA TOKa U Mpudopa,
U3MEPSIONIET0 TOK, JOJKHO OBITh OYE€Hh Majo MO CpPaBHEHUIO C
U3MEHSEMBIM U 00Pa3IOBBIM COMTPOTUBICHUEM.

MeToa coBmageHU — 3TO TAKOW METOI, TPA KOTOPOM U3MeEpsiemMas
BCJIMUMHA  ONPENEISICTCs MO0  MNEPUOJUYECKHM  CUTHAJIAM  WIIH
CliequabHbIM MIKaiaM. Purypa Jluccaxy — KIACCUYECKHUM NPUMED
METO/1a COBITaJCHUN.

Knaccudukaius u3mMepuTeIbHBIX TPUOOPOB.

DIEKTPOU3MEPUTEIBHBIE TPUOOPHI PAZTUYAIOTCA MO CIETYIOIINM
MPU3HAKAM:

20



- 110 POJIy U3MEPSIEMON BEITUUHNHBI;

- 110 POAY TOKQ;

- 110 CTETIEHU TOYHOCTH;

- 110 NIPUHIIUITY AEUCTBUS;

- 110 c1OCO0y MOTyYEHHUs OTCUETA;

- 110 XapakTepy NPUMEHECHUS.

KpoMe 3Tux nmpu3HaAKOB, 3JIEKTPOU3IMEPUTEIbHBIE TPUOOPHI MOKHO
TaKXe OTJINYATh:

- 110 C0CO0y MOHTHPOBAHUS,

- 10 CIOCO0Y 3aIMUThl OT BHEITHUX MAarHUTHBIX WM JJIEKTPUYECKUX
MoJieH;

- 110 BBIHOCJIMBOCTHU B OTHOIIICHUU MIEPETPY30K;

- 110 IPUTOJHOCTY K MPUMEHEHUIO TIPU PA3IMYHbBIX TEMIIEPATYPaAX;

- 110 Ta0APUTHBIM pa3zMepam U APYTUM IMPU3HAKAM.

JI71s1 u3MEpeHUst DIICKTPUUECKUX BEJIMUMH MTPUMEHSIOTCS pa3IuyHbIe
AIEKTPOU3MEPUTENIbHBIE TPUOOPHI, 3 UMEHHO:

- TOKa — aMIepMeTp;

- HAIPSIKEHUST — BOJIBTMETP;

- DJIEKTPUYECKOrO0  CONPOTUBIECHUS —  OMMETpP, MOCTHI
CONPOTUBJICHHS;

- MOIIIHOCTH — BaTTMETP;

- BJIEKTPUYECKON SHEPTUU — CUETUHK;

- 4aCTOTHI IEPEMEHHOT0 TOKA — YaCTOTOMED;

- k03 purreHTa MOITHOCTH — dazoMeTp.

[To pony Toka mpuOOpHl JENATCS HA OPUOOPHI MOCTOSTHHOTO TOKA,
NpuOOpPHI MEPEMEHHOTO TOKA U MPUOOPHI MOCTOSTHHOTO U MEPEMEHHOTO
TOKA.

[To crenenn TOYHOCTH MPHOOPHI JAenATcsS Ha AeBiITh Kiaccor:0,02;
0,05; 0,1; 0,2; 0,5; 1; 1,5; 2,5 u 4. I{udpsl yka3pIBalOT 3HAYCHUE
JOTYCTUMOMW MPUBEJICHHOW MOTPEUTHOCTH B IIPOIICHTAX.

[lo npuHUMDy JO€UCTBHS  TPUOOPHI  MOAPA3ACIAIOTCS  Ha:
MAarHUTORJIEKTPUUYECKHUE; DJIECKTPOMArHUTHBIC, DSJICKTPOAMHAMHYECCKUEC
(beppoMaruuTHbIC); MHIYKIIMOHHBIEC U IPYTHE.

[To cnocoOy monydeHuss oOTCYeTa NPUOOPBI MOTYT OBITH C
HETOCPEICTBEHHBIM OTCUETOM M CaMO3alUChIBAIOIINE.

[To xapakTepy nmpuMEHEHHUs MPHUOOPHI JENATCS Ha CTallMOHApPHBIC,
MIEPEHOCHBIC U JIJIS TIOJIBUKHBIX YCTAHOBOK.
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Tema 1.2. MeTpoJioru4eckue mMoKa3aTejm CPpeacTB U3MEePEeHMI.

OO0muMH  XapakKTepUCTUKAMU AJICKTPOUZMEPUTEIBHBIX TMPUOOPOB
ABJISIOTCS UX MOTPEITHOCTH, BApUALIAS IOKA3aHUM, YyBCTBUTEIBHOCTD K

U3MEpPSIEMO  BEJIMYHHE, norpedssieMas ~ MOIIHOCTb, BpeMs
YCTAHOBJICHUS MOKAa3aHUM U HAJEHKHOCTD.
Bapuauus noka3zaHuii mpubéopa — 5TO HauOoJsbIIas Pa3HOCTH

MOKa3aHUM mpubopa MpH OJHOM MU TOM K€ 3HAUYCHUHM H3MEpsIeMOM
BeMunHbl. OHa onpeaensieTcs IpHU IUIABHOM MOAXOAE CTPEIKUH K
WCOBITYEMOM OTMETKE IIKajdbl IIPU JABMXKCHUHW €€ OJWH pa3 oOT
HA4YaJIbHOW, a BTOPOM pa3 OT KOHEYHOM OTMETOK IIKaIbl. Bapuanus
MOKAa3aHUI XapaKTepU3yeT CTENEeHb YCTOMYMBOCTH MOKa3aHUM mpudopa
IIPU OJIHUX U TEX K€ YCIOBUSX MU3MEPEHUS OJTHOM M TOU K€ BEIUYUHBI.
OnHa npuOIMKEHHO paBHA YJIBOCHHON MOTPENTHOCTH OT TPEHUSI, TaK Kak
IIPUYMHOM BapUallUM B OCHOBHOM SBJISIETCA TPEHHUE B OIOpax
MOJIBUKHOM YACTH.

YyBCTBUTEJIBHOCTh  DJICKTPOM3MEPUTENILHOTO  mpubopa K
W3MEPSIEMOM BEJIIMYMHE X HA3bIBACTCS IMPOM3BOAHAS OT MEPEMEUICHUS
yKazaTels a 1no uamepsaeMon BennuuHe X. [lepememenue ykaszarens a,
KOTOPOE€ BBIPAXKACTCA B JCJICHUAX WM MWUIAMETpPax IIKaabl, JJIs
OOIIMPHOM TPYIIIBI MPUOOPOB OMPEEIACTCS, B IEPBYIO OUEPE/ib, YTIIOM
OTKJIOHEHMS TOJIB)KHOW YacTH U3MEPUTEIILHOTO MexaHu3ma. Kpome
TOrO, OHO 3aBUCHAT OT THUIA OTCYETHOIO YCTPOWCTBA H €ro
XapPaKTEPUCTUK (CTPEJIOYHBIN WJIM CBETOBOM yKaszaTellb, JUIMHA IIKaJbI,
YHCJIO JICJICHUH MIKAJIbI U JIp.).

UyBCTBUTEIHLHOCTh COOCTBEHHO MEXaHHU3Ma MPUOOPOB ATOU TPYIIIIHI
(HEe3aBUCHMO OT MPUMEHSIEMOI'0 OTCYETHOI'O YCTPONCTBA) paBHA:

s =da/, (1.9)

BripaxkeHneM omnpeaensieTcss 4yBCTBUTEILHOCTH MpUOOpa B JaHHOM
TOUYKE MIKAIbI. ECIIM 4yBCTBUTEIBHOCTh MOCTOSIHHA, T.€. HE 3aBUCUT OT
U3MEPSEMOU BEJIMYUHBI, TO €€ MOKHO ONPEEIIUTh U3 BHIPAXKEHUS

s=4 X (1.9)

B »TOoM ciyyae 4YyBCTBUTEIBHOCTH MNpHOOpa YHMCICHHO paBHA
MIEPEMEIIEHUIO YKA3aTelsl, COOTBETCTBYIOIIEMY €IUHUIIE HU3MEPIEMOU
BEJIMYMHBL. Y  TpUOOpPOB C TMOCTOSHHOM  YYBCTBUTEIBHOCTHIO
IIEPEMEIICHUE YyKa3aTessd MPONMOPIUOHAIBHO H3MEPSIEMON BEJIUYUHE,
T.€. IIIKaJIa mpubopa paBHOMEPHA.

UyBCTBUTENBHOCTh MPUOOpPA MMEET Pa3MEPHOCTh, 3aBUCSIIYIO OT
XapakTepa U3MEPSIEMOM BEJIWYHHBI, MO3TOMY, KOTAA TOJIb3YIOTCS
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TEPMHUHOM «UYBCTBUTEIHHOCTBY, TOBOPST «UyBCTBUTEIHBHOCTh IIPHOOpPa
K TOKY», «UYyBCTBUTEIBHOCTh TMpHOOpa K HAMPSHKCHUIO» M T.1.
Hanpumep, 4yBCTBUTEIBHOCTh BOJIBTMETpa K HampspKeHUIO paBHa 10
nen./B.

Bennmumna, oOpaTHass dYyBCTBHTEIBHOCTH, HA3bIBACTCS LEHOM
aeJieHus1 (MOCTOsiHHOM) mpubopa. OHa paBHA YHCITYy €IMHUII

HSMGPHCMOﬁ BCIIMYUHBI, IPUXOAAIIUXCA HA OJHO JICJICHUC NIKaAJIbI.
1

c=- (1.10)

S

Hanpumep, ecau S=10 gen./B, to C—0,1 B/gen.

[Ipr BKIIOYECHUU DJICKTPOM3MEPHUTEIBHOTO IpuOopa B IICMb,
HaXOAAIIYIOCS TI0J] HampsoKeHHUEM, TPHOOp MOTpeOsIsIeT OT 3TOW Ienu
HEKOTOPYIO MOIIIHOCTh. B OOJBIIMHCTBE CydaeB 3Ta MOITHOCTh Maja C
TOYKH 3pCHHMS SKOHOMHUH JJICKTpodHepruu. Ho mpu m3MepeHHU B
MaJIOMOIITHBIX IEIISIX B Pe3yJIbTaTe MOTPEOICHUS IPHUOOpaMu MOIITHOCTH
MOKET U3MEHUTHCS PEKUM PaOOTHI IETH, YTO MPUBEICT K YBEIUICHUIO
norpemHocTy u3Mmepenus. [loatomy Maioe noTpedaeHue MOIHOCTH OT
IIeTIH, B KOTOPOU OCYIIECTBIISICTCS NU3MEPEHHE, SIBISCTCS JOCTOMHCTBOM
pudopa.

MomHocTh, mOTpeOnsieMas mnpuOOpaMH B 3aBHCHMOCTH  OT
NpUHIKIA JACHCTBUSA, Ha3HAYeHHWs NpHOOpa W Tpeseia H3MEPEHHs,
UMEET caMble pa3JW4yHbIC 3HAYCHUS M JI1 OOJIBIIMHCTBA MNPHOOPOB
nexut B rpeaenax ot 1072 no 15 Br.

[Tocme  BKIIOYEHHUS  DJICKTPOM3MEPHUTEIBLHOTO  mpubopa B
ANIEKTPUUECKYIO IEbh JO MOMEHTa YCTAHOBJICHUS MOKa3aHUM mpuoopa,
KOTJJa MOYKHO IMPOU3BECTH OTCYET, MPOXOJUT HEKOTOPBIA MPOMEKYTOK
BpeMeHH (Bpems ycmokoeHus). Ilom BpemMeHeM  yCTaHOBJICHUS
MOKa3aHUW clleoBajlo Obl TOHMMAaTh TOT IPOMEXKYTOK BpPEMEHH,
KOTOPBIA MPOXOAUT C MOMEHTA M3MCHECHHS M3MEPSIEMOUN BEIMYUHBI 10
MOMEHTa, KOTJa YyKa3zaTeldb 3alMeT II0J0KEHHWE, COOTBETCTBYIOIIECE
HOBOMY 3HAUYCHHUIO M3MepsieMol BeauduHbl. OJHAKO €CIId y4ecThb, YTO
BCEM MpHUOOpaM MPUCYIIIA HEKOTOPasi MOTPEIIHOCTh, TO BpEeMsi, KOTOPOE
3aHUMAaeT TIepeMEIICHNEe yKa3aTrelslt B Ipeaeiax  JOMyCTHMOM
MOTPEITHOCTH IPUOOpa, HE MPEACTABIISICT HHTEpeca.

Ilon BpeMeHeM YCTAHOBJICHHSI NMOKAa3aHU
AIEKTPOM3MEPUTEIIFHOTO IPHUOOpa IMTOHUMAETCS MTPOMEKYTOK BPEMEHH,
IPOIICAITUNA ¢ MOMEHTA TMOJKIFOYCHUS WM HW3MEHCHHS H3MEpPSIeMOM
BEIMYMHBI IO MOMEGHTa, KOTrJa OTKIOHCHHWE yKa3aTedas  OT
YCTaHOBUBIIETOCS 3Hauye€HUs He TpeBbimaer 1,5% JIIMHBI IIKabI.
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Bpemst  ycTaHOBIeHUS  TOKa3aHWW  JJisi  OOJIBIIMHCTBA  THIIOB
MOKa3bIBAIOIIUX TPUOOPOB HE MPEBLIIIACT 4 C.

HudpoBbie mpuOOPHl XapaKTEpU3yIOTCS BpeMeHeM HW3MepeHMs,
oJ, KOTOPbIM IMOHMMAIOT BPEMS C MOMEHTAa MU3MEHEHHS U3MEPSIEMOU
BEJIMYMHBl WM Hadala UUKJIAa HM3MEPEHUS 10 MOMEHTa IMOJy4YeHUs
HOBOI'O pe3yJibTara Ha OTCYETHOM YCTPOMCTBE C HOPMHUPOBAHHOU
IIOTPEIIHOCTBIO.

[Ton  HaAEKHOCTHI)  JIJIEKTPOM3MEPHUTEIbLHBIX  NPUOOPOB
MOHUMAIOT CIIOCOOHOCTh MX COXPAHUTh 3aJaHHBbIE XapaKTEPUCTUKU TIPU
OTIPEICTICHHBIX YCIOBUSAX PabOTHl B TEUCHHUE 3aJaHHOTO BpeMeHu. Ecnu
3HAYECHHUE OJHOU MJIM HECKOJIbKHUX XapaKTePUCTUK MprOOpa BHIXOAUT U3
3aIaHHBIX MPEIEIBbHBIX 3HAYEHUW, TO TOBOPST, YTO UMEET MECTO OTKA3.
KosmnuecTBEHHOW  MEpOll  HAJAEKHOCTHU  SIBJISIETCA ~ MUHUMAJIbHas
BEPOSITHOCTh 0€30TKa3HOW pabOTHl MPUOOpPa B 3aJaHHBIX MPOMEKYTKE
BPEMEHHU U YCIIOBUAX PaOOTHI.

BeposiTHOCTBIO 0€30TKa3HON PadOTbI HA3BIBACTCS BEPOSITHOCTH
TOr0, YTO B T€UEHHUE OIMPEECICHHOI0 BpeMeHU I HENpepbIBHON padOThI
HE MPOU30MIET HU OJHOTO OTKa3a. Bpemst 6€30Tka3HOM pabOoThl yKa3aHO
B omucaHusx npubOopoB. Yacto mONB3YIOTCS MPUOIMKECHHBIM
3HQUEHUEM JTOTO MOKa3aTessl, OINPEIENIeMbIM OTHOIICHHEM YHCIa
npuOOpOB, MPOAOKAIOIIMX IMOCIE OMNpPENeIEHHOr0 BpemMeHu T
0€30TKa3HO paboTaTh, K OOIIEMY YHCIY HCIBITHIBAEMBIX MPUOOPOB.
Hanpumep, misgs aMnepMeTrpoB W BOJBTMETPOB Thna 298027
MUHHUMAaJIbHOE 3HAYEHHUE BEPOSTHOCTU Oe30TKa3HOM paboThl paBHO 0,96
3a 2000 4. CrnemoBaTenbHO, BEPOSITHOCTHh TOTO, UYTO MPUOOpP JAAHHOTO
TUMA COXPAHUT 3aJaHHble XapakTepucTuku mnociae 2000 u paboThI,
coctasisieT He meHee 0,96, uapiMu cnoBamu, u3 100 mpudOOpPOB TaHHOTO
Tumna nocjue padotel B TeueHre 2000 4, kak mpaBUiio, He 00JIee YEThIPEX
npuOOpPOB OYIYyT HYKIAThCS B PEMOHTE,

K nmnoxka3zarensiMm HaJeKHOCTM OTHOCAT TaKke CpeaHee BpeMs
0e30TKa3HOM PadoThl MPUOOPA, KOTOPOE OMPENECIAECTCA KAK CpEIHEE
apru(pMeTUIECKOE BpeMs UCIIPAaBHON pabOThI KaXKI0T0 Mprudopa.

OObuHO, KoOrjga mnpUOOPHl HAYMHAIOT BBIMYCKAaTh CEPUITHO,
HEKOTOpasi HEOOJbIlasi 4YacTh HMX OTOMpaeTcs s MUCIBITAHWN Ha
HaJIe)KHOCTh. [loKa3zaTenu HaIe)KHOCTH, ONPEEIICHHBIE IO pe3yJibTaTaM
ATUX UCIIBITAHUH, TPUCBAMBAIOT BCEH cepru MpUOOPOB.

I'apanTHilHBIM CPOKOM HAa3bIBAIOT MEPHUOJ BPEMEHH, B TEUECHUE
KOTOPOTO  3aBOJA-M3TOTOBUTENIb TapaHTUPYET HCHpaBHYIO paboTy
U3JIeNus Ipu COOI0ICHUH TTPaBUII dKCIUTyaTaluu npudopa. Hampumep,
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1T MUKpOaMIepMeTpoB Tuna M266M mnpeanpusiTue-u3roToOBUTENb
rapanTupyer 0e3BO3ME3IHYIO 3aMEHY WJIM PEMOHT MpUOOpa B TCUCHHE
36 Mec co AHSA OTTPY3KH C OPEANPUATHSA, a JJ1 4aCTOTOMEPOB THIIA
2373 3TOT CpoK coctaiser 11 er.

IMorpemrHocTH U3MepPEeHMUIA.

IIpu mr060oM u3MepeHUH (U3MYECKON BEIWYUHBI HEM30€KHBI
MOTPEUTHOCTH, KAaKUMH Obl TOYHBIMHM M COBEPIICHHBIMH HU OBUIH
CpPEACTBA U METOJ/Ibl U3MEPEHUS U KaK Obl TIIATEILHO HU BBIMOJHSIIUCH
3TU u3MepeHus. [103ToMy UCTUHHOE 3HAaYeHUE (PUBMYECKOU BEIIMUYMHBI
OTpeEAETCA TOIbKO MPUOIU3UTETBHO.

ITorpemHOCTh XapakTeprU3yeT HECOBEPIIEHCTBO U3MEPEHUS.

XapakTepUCTUKOW KAadyecTBa HW3MEPEHUS  SIBISIETCS  TOYHOCTh
U3MEPEHHUs V, OTpa)xkarouias Mepy OJM30CTH pe3yibTara U3MEPEHUS K
UCTUHHOMY 3HAUYCHUIO U3MepsieMOr (PU3NYECKOM BETUYUHBI.

Borpockl mOrpenHoCTy SBISKOTCS OCHOBOMOJIATAKIIUMUA B TEOPUU
U TPAKTUKE METPOJIOTHH, B KOTOPOM MCIIOJB3YIOTCA JBa HOHATHSL:
MOTPEIIHOCTh  PE3YyJIbTaTa MU3MEPEHHUS UM IOTPEIIHOCTh CPEICTBA
U3MEpEeHUsi. DTU MOHATHUS OJIU3KU APYT K APYTYy U KIACCUPUIMPYIOTCS
10 OJMHAKOBBIM MTPU3HAKAM.

IMorpemHoCT, pe3yJbTaTa M3MEPEHUS — OTO OTKJIOHEHUE
pe3yjbTaTa M3MEPEHHS OT MCTUHHOTO 3HAYEHUS U3MEPSIEMOU
¢u3nyeckoil BeauuyuHBL. Tak Kak HCTHHHOE 3HAYCHUE HU3MEpPSieMOu
BEJIMYMHBI HEU3BECTHO, TO MPHU KOJUYECTBEHHOW OIIEHKE MOTPEITHOCTH
U3MEPEHUs] UCTIOJIb3YIOT 3HAaUeHUE (PU3NUECKON BEJWYMHBI, HAHJEHHOE
HKCIEPUMEHTAIBHO M HACTOJIBKO OJIM3KOE K UCTUHHOMY 3HAYEHHIO, YTO
B peaIbHOM M3MEPUTEIBLHON 3a/71a4€ MOXKET OBITh MUCIIOJIB30BAHO BMECTO
HETO.

IHorpemHocTs cpeacTBa U3MEPEHUS — 3TO PA3HOCTH MOKA3aHUMN
CpEIACTBA H3MEPEHUSI M HCTUHHOTO (JACHCTBUTEIBLHOIO) 3HAYCHUS
u3mepsieMol (usnueckord BeaMYuHbL. OHa XapakTepu3yeT TOYHOCTH
U3MEPEHUM, BBITIOJIHIEMBIX C TOMOIIBIO JAHHOTO NpHoOOopa.

B 351eKTpOTEXHUYECKUX U3MEPEHUSIX PA3JINYAIOT HECKOJIBKO BHUJIOB
MOTPEIIHOCTEN, KOTOPhIE MOKHO Pa3/IeNIuTh HA JBE OOJBIINE TPYIIHI:
OCHOBHAs W JIOTIOJTHUTEIIbHAS.

OcCHOBHAsI TMOIPEMIHOCTb ONPEICISIETCS NpU  HOPMAJIBHBIX
YCIOBUAX pabOTHI (TeMIepaType, JaBJICHUU U BIAXHOCTU OKPYKarolleu
Cpenbl, 4acToTe, (PopMe M 3HAUCHUIO MUTAIOMIETO HAMPSIAKEHHUS ).

25



JlonmoTHUTEeIbHASL MOTPEIIHOCTh TOSBISIETCA TMPH OTKJIOHEHUH
3HAYEHUU, BIUSIOINX HA PE3YJIbTAT U3MEPEHHUS, OT HOPMaJIbHBIX.

OcHOBHasi MOTPELIHOCTh BKJIIOYAET B Cc€0s JIBE€ COCTaBJISIOIIME:
CUCTEMATUYECKYIO U CIIyYalHYIO.

Cucrematudyeckasi NMOrPeIIHOCTh IIPU IMOBTOPHBIX HM3MEPECHUSX
OJIHOM M TOM >X€ BEIWYHMHBI OJHUM M TEM K€ IpUOOpPOM oOCTaeTcs
MOCTOSIHHOM WJIM HM3MEHSIETCS 1O ONpENesIiCHHOMY 3akoHy. B o0oux
Clly4asix OHa JIETKO OOHAapyKXUBAaeTCsI U MOXKET OBITh HCKIIOYECHA U3
pe3yJibTata u3mepeHui. ICTOUHnKaMu CHUCTEMATUYECKOW MOTPEITHOCTH
MOTYT OBITH CPEACTBO M3MEpPEHHUs (MHCTPYMEHTaIbHAs COCTABIISIOIIAs),
METOJT HM3MEpeHHs (MEeToauyecKas  COCTaBJSONIasl), OMNEpaTop
(cyOBbeKTHBHAS COCTABIISAIOIIAS ).

[TpakTHuecKuMH PEKOMEHJALUSIMU 1o YMEHBIIEHUIO
CUCTEMATUYECKOM  TOTPEIIHOCTH  SIBIISIIOTCS  IPEABApUTENIbHAsS
yCTAHOBKAa TIOKa3aHWs HWHJMKATOpa Ha Hylb, MpeaBapUTeIbHas
KaOpoBKa MpuOOpa 1 BBEJICHUE IMOTPABKHU.

[IpenBaputenbHas (mepen HU3MEPEHUEM) YCTAHOBKA IOKa3aHUs
WHJIMKATOpa Ha HYJIb MOXET MPOU3BOJIUTHCS C TOMOIIBIO:

- MEXaHMYECKOro KoppekTopa (sl  3IEKTPOMEXAHUYECKUX
puOOpOB);

- PEryJIMpOBOYHOrO0 MOTEHIIMOMETPA, O00O3HAUYEHHOTO CHMBOJIOM
«»04: (171 2IEKTPOHHBIX IPUOOPOB — AHAIOTOBBIX M LIU(PPOBHIX).

[IpenBaputenbHass KanuOpoBKa (TOJBKO  MJIS  BJIEKTPOHHBIX
puOOPOB) BBITIOJTHSACTCS C MTOMOIITBIO PEryJIMPOBOYHOTO
MOTEHIIMOMETPA, BBIBEJECHHOIO Ha JIMIEBYIO [aHeNb Mpubopa U
0003HAYEHHOTO CHUMBOJIOM .<¥».. 3HaY€HHWE KAJIMOPOBOYHOIO CHUTHAJIA
OOBIYHO YKa3bIBACTCS HA IIWJIbIUKE (JIUIIEBasi MaHElIb) U B MACIOPTE
npuodopa.

CayuaiiHasi TOTPelIHOCTb TIPU  TOBTOPHBIX  HU3MEPEHUSX
U3MEHSETCS CiaydalHbiM oOpa3oMm. OHa pe3ko BblaeNseTCs Ha (GoHE
CUCTEMAaTUYECKON morpemHocTd. OCHOBHBIM CIIOCOOOM YMEHBIIICHUS
CIIy4aifHOM MOTPEITHOCTH SBIAETCS 00padoTKa pe3ysbTaTOB U3MEPEHUN
METOJIaMH CTATUCTUKUA U TEOPUH BEPOSTHOCTH.

IHorpemrHoCTH NPAMBIX U3MEpPEHUH.

IIpsiMmoe wu3MepeHue — 3TO HU3MEPEHUE, MPU KOTOPOM HMCKOMOE
3HaYeHUE (U3NUYECKON BEIUYUHBI OINPENENIIOT HEMOCPEJICTBEHHO IO
UHJIUKAaTOpy Tnpubopa. Yacto mnoA TMpsSMbIM [OHUMAKOT TaKoOe
U3MEpPEHHE, TPU KOTOPOM MPOMEXKYTOUHOE IMpeoOpa3oBaHUE HE
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npou3BoauTca. IIpumMepoMm MpsSMBIX H3MEPEHUNU MOXKET CIYKHUTh
n3MepeHue (a3oBOro CABUTa W HAMPSIKEHUS] M3BECTHBIMU MPUOOpaMU
(dbazoMeTpaMu U BOJIBTMETPAMHU).

AOCOJIOTHAS MOTrPEeIHOCTh M3MEpPeHuss, A — 3TO OTKIOHECHHUE
pe3ynbraTa UW3MepeHHs (MOKa3aHwe paboyero mpumbopa A,) OT
UCTUHHOTO 3HayeHus (mmoka3zaHue oOpasunoBoro npudopa A.sp), B3ATOE
0 MOJTYJIIO:

A= Agsp — Ay | (1.11)

HctuHHOE 3HAYEHUE M3MEPSEMOM BEIIMYUHBI HEU3BECTHO, MOATOMY
BMECTO HEro MCIMOJIb3YIOT TaK Ha3bIBA€MOE JCHCTBUTEIBLHOE 3HAYCHHE
— 3HAYEHUE U3MEPSEMON BEJIIMYMHBI, HAWJIEHHOE YKCIIEPUMEHTATbHBIM
nyTeM C MOoMoIbo oOpasioBoro mnpubopa. Ha mnpakThke 3HaueHue
MOTPEITHOCTH U3MEPEHUS MOKHO OIIEHUTH TOJIBKO MPUOIMKEHHO.

Jnst  monydeHus — JIEUCTBUTEIBLHOTO  3HAYEHUS  U3MEPSIEMOi
BEIMYMHBI B PSAJE CIy4yaeB YUYUTHIBAIOT TOTPEITHOCTH CPENCTB
WU3MEPEHUI ITyTeM BBEJICHHS TIOTPABOK.

IlonpaBka, ¢ — abcCoOTHAs MOTPEIIHOCTh, B3ATas C OOpaTHBIM
3HAKOM:

c=—-A (1.12)

AOGcCoOTHAsS TIOTPENTHOCTh, XapaKTepu3ys 3HAUCHUE MOJyYCHHOM
MOTPEUTHOCTH, HE OMpenelisseT KadyeCTBO ITPOBEACHHOTO H3MEpPCHHS.
[ToaTOMY HCTIONB3YIOT ACHCTBUTEIbHYIO OTHOCUTEIBbHYIO MOTPEITHOCTh
U3MEPCHMUS.

JleliCTBUTEIbHAS OTHOCHTEJIbHAsI MOTPENIHOCTh M3MEPEHUs, V)
— OTHOIIIEHHE aOCOMIOTHOW TMOTPEIIHOCTH HM3MEPEHMs] K IMOKa3aHHIO
pabodero nmpubdopa, BEIpaKEHHOE B IIPOICHTAX:

Al
= —-100 1.13
Va = (1.13)
I[eﬁCTBHTeHBHaH OTHOCHUTCIIbHAsA HOFpeHIHOCTB I/IBMepeHI/IH CBsji3aHa
oOpaTHON 3aBUCUMOCTBIO C TOYHOCTHIO HM3MEpPEHHsI V — BBICOKOM
TOYUHOCTHU I/I3MepeHI/IH COOTBCTCTByeT MaJias HOFpeHIHOCTB:
1
V== (1.14)
Va
HpI/IBEJIeHHaH OTHOCUTECJIbHAaA I[OFpeIIIHOCTb, Vnp —  3JTO0

OTHOIIIEHUE HaWOOJIbIIeH aOCOJIOTHOW MOTPEHIHOCTH K HEKOTOPOMY
HOpMUpYIOIIEMY  (HOMUHAIBHOMY)  3HAQYEHUIO  BBIPAXKEHHOE B
MPOIEHTAX:

|Amax!
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O6o0011as8 TOJy4YEHHBIE CBEACHHUS, MOXKHO YTBEPXKIaTh, 4YTO B
IIMPOKO PAaCHpOCTPAHEHHOW OJHOCTOPOHHENW WIKAJlE HOMHWHAJIbHOE
3HAUYCHHME BCErJa PaBHO BEpXHEMY mpenaeny mkaibl npuodopa (4,=Amax).
B MHoOrompenenbHbIX aMIIepMETpax M BOJIBTMETPAX C OJHOCTOPOHHEU
IIKAJIOW MEPEKITI0YATENb IPEAEIOB YKA3bIBAET HOMUHAJIBHOE 3HAUCHHUE.

Ananmu3 (GopMya MO3BOJIAET MPEACTaBUTH TpaduK 3aBUCUMOCTHU
MOTPEUIHOCTEN TOKa3aHWd M3MEPUTEIBLHOrO Mpubopa Ha MpUMEpPE
UCITIOJIb30BAaHUS TPUOOpa ¢ OTHOCTOPOHHEH IIKATIOM.

W3 rpaduka 3aBucumoctu ¥, = f(A) (puc. 1.8) ciuemyer BaxHBIH
BBIBOJI, HMMEIONIMN  MPAKTUYECKOE  3HAYCHHE:  JICWUCTBUTEIIbHAS
OTHOCHUTEJIbHAS MOTPEUTHOCTh U3MEPEHUS] MaKCUMalibHa B 1-i 4eTBepTH
IIKaJIbl aHAJIOTOBOr0 MpuOopa U MUHUMaNIbHA B 4-ii. ClemoBatenbHO,
JUTST TIOJIyYEHHUsT HAMMEHBIIEH MOTPEIIHOCTH H3MEpPEHUs] HEe0OXOIUMO
HCIIOJIB30BaTh 4-10 (B KpailHeM ciiydyae 3-10) 4eTBEPTh IITKAJIbI.

—Uﬂi“ ~-005-—- 01— 02— 05— 10— 15— 25 _ﬁ__”_
-1 9-11

IKJace KJjaacce

Yar “frnrl 1

0 . = LWkana

1-5 4yeTeepTh 2-7 3-q d-5 yeTBEDTb

Puc. 1.8. I'paduk 3aBUCUMOCTH OTPEITHOCTEN Y5 U Yrp OT MOKA3aHUS U3MEPUTEIHLHOTO
npubopa

U3 rpaduka 3aBUCUMOCTH Yy, = f(A) cnenyer, 4To NpUBEIECHHAs
OTHOCUTEJIbHASI MOTPEIIHOCTh HE 3aBUCUT OT IOKAa3aHUS aHAJIOTOBOTO
npuOopa, MOITOMY BEJIMYMHA I0J0KEHA B OCHOBY KJACCa TOYHOCTH
IEKTPOMEXAHUYECKUX TTPUOOPOB.

DNEeKTpOMEXaHUYECKUE MpPUOOpPHl JENATCA Ha JAEBATh KJIACCOB
TOYHOCTH. Kiacc TOYHOCTHM Bcerna yka3bIBaeTCsl Ha JIMLIEBOW MaHENH
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(mudpoii 6e3 3HaKka «%») U ABISIETCS CPABHUTEILHON XapaKTEPUCTUKOU
Pa3IUYHBIX YJIEKTPOMEXaHUYECKUX MPUOOPOB.

Kmacc  touHoctn  mpubopa,  xapakTepuszys  IPHUBEICHHYIO
OTHOCUTEJIbHYIO TOTPEIIHOCTh, HE SBISETCA HEMOCPEICTBEHHBIM
MoKa3aTeJleM TOYHOCTH M3MEpPEHHUs, TaK KaK CYIIECTBYIOIIAs
3aBHCHUMOCTDH MEXKIAY  JACHCTBHUTEJIbHOM 7| NpUBEICHHOU
OTHOCHTEJIbHBIMH MOTPEIIHOCTAMM BbIpaKaeTcs: (HOpMYJION:

Ay
Vo = Vup N (1.16)

N3 dbopMymbl clieayeT, 4TO MOTIPEIIHOCTh M3MEPEHUS 3aBHUCHUT HE
TOJIbKO OT KJlacca TOYHOCTH (V,p), HO W OT TOKazaHus mpudopa
A(TION0KEHUS CTPEJIKU UHAUKATOPA).

IHorpemHoCcTH KOCBEHHBIX M3MEPEHHUI.

KocBeHHOE HM3MepeHre — 3TO MU3MEpPEHUE, IPU KOTOPOM HCKOMOE
3HAYCHUE BEJIMYMHBI OMPEACIISIETCS MyTEM BBITIOJIHEHUS OMPEICICHHBIX
MaTeMaTUYECKUX OIepalui, T.e. OIEHKa MOTrPeIIHOCTH KOCBEHHBIX
U3MepeHuil TPOU3BOIUTCS 10 hopmyJie:

Ya=lki Vp |+l kv | +ooo+Hl KqVpn | (1.17)

rne  Ki, kz,..kn — Tmokasarenm cremeHn (MOTYT  OBIThH

MOJIOKUTEILHBIMU,  OTPULIATCIIBHBIMHM, LEIbBIMH WIH  JIPOOHBIMH

YUCIAMHU);  Yol, Vo2 ..., Yon —— OTHOCUTEJIbHBIE JIEUCTBUTEIIHHBIC
MOTPEIIHOCTH MPSIMBIX U3MEPEHUM.

AHanu3 Gopmylibl MO3BOJSAET CAENATh BBIBOJ, YTO MPU KOCBEHHBIX
U3MEPEHUSIX TMOTPENTHOCTh, KaK MPaBWIO, OOJIbIIE, YeM IMPU MPSIMBIX
U3MEPEHUSIX.

Paccmorpum npumep. Hampsikenne 40 B u3MepeHO BOJIBTMETPOM C
OJIHOCTOPOHHEM IIKaJI0¥; HOMUHAJIbHOE 3HaueHue npuoopa — 50 B, 6-
i kimacc TouHoctH (1,0%). Cuna Toka 2 MA H3MepeHa aMIEPMETPOM C
OJTHOCTOPOHHEW HIKAJIOW; HOMUHAJIBHBIM 3HAYE€HHEM Npudopa —3 MA,
6-ii kmacc TouHocTu (1,0%). OmnpenenuTs 3HAYCHUE HU3MEPEHHOTO
CONPOTHUBJICHUSI PE3UCTOPA, a TAK)KE OTHOCHUTEJIBHYIO U a0COJIOTHYIO
MOTPEIIHOCTH U3MEPEHUSI CONPOTUBJIEHUS PE3UCTOPA.

Pemenne. B ocHOBE M3MEPEHHST CONPOTUBIIEHUS PE3UCTOPA JIEKUT

u 40 B
dbopmyna 3akona Oma: R = =T 20000 Om = 20 xkOm
W3mepeHne CONpOTHUBIEHUS PE3UCTOpa KOCBEHHOE, IO3TOMY

MOrPEIHOCTh M3MEPEHUS ONPEIEINM MO POpMYyJIE:
Yar =l K1V |+l kY2 |
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®opmyity R = %

sanumieM B Buge R = U1 - [71

N3 dhopmyiel ciieayer, uaro Ki=1, ko=-1.

[TorpemHocTs Yy HE  YTO  HMHOE, KakK  JICMCTBUTEJIbHAA
OTHOCUTEJIbHAS TOTPEITHOCTh MPSIMOTO MU3MEPECHUS HANPSKEHUS, a Vo2
— JICUCTBUTEIIbHASI OTHOCUTEJIbHAS MOTPEIIHOCTh MPSIMOTO U3MEPEHUS
CHJIbI TOKA, KOTOpPBIE HAaX0UM 110 (hopMyJIe:

= 106228 4 25y
Yau = VupB 7— 0 40B_ ’ 0
_ .Iﬂ_lo -BMKA—150/
Yar = Yupa T kA T 2
[ToacTaBuB MoydeHHBIC 3HAYEHUS B (POPMYITY Yor TTOTYUHM:
Yar =1 1-1L,25% | +|1 —1-1,5% |= 2,75%
Ucnonb3ys popmyity B BUE

—l AR | 100
Yar = )
a R
Haiinem AR
Yar*R 20 kO0M - 2,75%
AR = = = 0,55 kOm
100 100
OTHOCUTENBHBIE TMOTPEHTHOCTA MOTYT OBITh TMOJOKHUTEIBHBIMU U
OTPULIATEIIbHBIMU.
BoJIBIIMHCTBO 3JIEKTPOHHBIX IPUOOPOB Kjacca TOYHOCTH HE UMEIOT.
Jlomyctrumeble 3HAYECHUA a0COJIFOTHOM )41 JIEVUCTBUTEIILHOMU

OTHOCHUTEJIBHON MOTPEIIHOCTEN MTPUBOMIATCS B TEXHUYECKOM ITaCIOPTE B
BU/JI€ KOHKPETHOU UPBI WK POPMYIIBIL.

IToBepka 3jieKTpOU3IMEPUTEJIbHBIX NIPUOOPOB

IToBepkoil  cpeacTB HM3MEpPeHUN  HA3BIBAIOT  ONPEHEIICHUE
MOTPEIIHOCTH MPUOOPOB, a TakkKe IMeJNbld KOMIUIEKC ONepallui,
HalPaBJICHHBIA HA OIPEACICHUE COCTOSIHUS CPEICTBA H3MEPCHUS.
L{enpr0 MOBEPKU SBISAETCS OIPEACICHUE BO3MOXXHOCTU JalIbHEUIIEH
DKCIUTyaTalluy CPEACTBA U3MEPEHMUSI.

B OOJIBIIIMHCTBE CIy4yaeB ONPENIECIIEHUE  TOrPELIHOCTH
MPOU3BOJAUTCS METOJIOM CIIMYEHUS MMOKa3aHUM MOBEpsiIeMOro mpuodopa ¢
nokazaHusMHu oOpasioBoro. Bo Bcex ciyuasx Mepsbl, mpeoOpa3oBaTeu
U TpuOOpbl, UMEIOIUE Oo0jee BBICOKMH KIJIACC TOYHOCTH, SBJISIOTCS
00pa3IoBbIMHU, JIJI1 YCTPOUCTB C 00JIe€ HU3KUM KJIACCOM TOYHOCTH.
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Ecth psix MeponpusiThil, KOTOPBIM BBIMOJHAECTCS NPU MOBEPKE IS
CPEACTB U3MEPECHUM JT000T0 UCITOTHEHHS.

[TocnenoBaTenbHOCTH onepanuin npu MTOBEPKE
AIEKTPOU3MEPUTEIHLHOTO MPUOopa:

1. BHenHuii ocMOTp NpECIIeAyEeT IBE OCHOBHBIE LIEU: ONPEAECIEHUE
TpeOOBaHUIN TPEABABISIEMbIX K MPUOOPY U BBISBICHUE MEXaHUYECKHUX
ne(eKTOB, KOTOPhIE MOTYT MHPHUBECTH K MCKAXKEHUIO H3MEPUTEIHLHOMN
uH(OpMaIIUK UK BBIXO/IY €r0 U3 CTPOA.

[To ycnoBHBIM 0003HAYEHUSIM, HAHECEHHBIM Ha IIKajax MpuOOpoB,
MOXHO OINpeAeanTh TpeOOBaHUS K MX OKCIUTyaTallud, HAPUMEpP €ro
HOPMAaJIbHOE MOJIOKEHHUE MPU padoTe, HOMUHAIBHOE HANIPSIKEHUE U TOK,
CXeMy MOJKJII0YeHUs B 1enb. [loiydyeHHas nHpopmalusi UCIoab3yeTcs
IIPY MOBEPKE.

[Ipu ocmoTpe 00pallat0T BHUMAHUE HA HAIMYKUE TPELIUH B KOPITyCe
U Ha JIMIEBOM CTOpOHE MpUOOpa, COCTOSIHUE IITEINCEIbHBIX PA3bEMOB U
KOHTAKTHOW cucTeMbl. Bce ietanu BHYTpH JOJKHBI OBITh MMOCAKEHBI Ha
MECTO, MOJi CTEKJIOM HE€ JIOJKHO OBITh MNOCTOPOHHUX MPEIMETOB.
KoppekTtop H0KEH MO3BOJISATh MEpPEMENIaTh CTPENKy Ha 5% JJIUMHBI
IIKAJIBI B JIFOOYIO0 CTOPOHY, a TAK)KE YCTAHABIMBATh CTPEIIKY Ha HOJIb.

Ecim coBmecTHO ¢ mpuOOpPOM UCIHONB3YIOTCS  MacHITaOHbIC
npeoOpa3oBaTeNy, MOCICIHUE JOMKHBI ObITh TAaKXKE OCMOTPEHBI, HX
KJIACC TOYHOCTH JI0JIKEH OBITh BBIIIIE, YEM Y IMOBEPSEMOTO IPUOOpa.

[Ipy BBIABICHUM  BBINICYKA3aHHBIX JI€PEKTOB MOPUOOp HE
JIOIYCKAETCS K JaIbHEUIIEH IKCIUTyaTalluu.

2. Beibop MeTo1a TPOBEPKU MPOU3BOJAUTCS B 3aBUCUMOCTH OT THIIA,
XapakTepa KOHCTPYKUHMHM NMpUOOpa pa3IuyHbIMUA CIOCOOAMH: CIUYAIOT
MOKa3aHUsl TIOBEPSIEMOro TpuOopa ¢ TOKa3aHUSIMU OOPa3IOBOIO
npubopa Mpyu U3MEPEHUH OJHOM U TOM K€ BEJIMYUHBI TUOO H3MEPSIOT

OTHACJIbHBIE  TapaMeTpbl  JAHHOTO  TpuOOpa,  OMNpEeIEIAIoNIne
MPaBWIBHOCTH €ro pabOTHI.
ITorpemnocts mpudopoB kiaccoB 0,05 — 0,5, nmpuroaHsix s

MOCTOSIHHOTO TOKAa, IMPOBEPSIOT KOMIICHCAIMOHHBIM METOJ0M Ha
IIOCTOSIHHOM TOKE.

ITorpemnocts mnpubopoB kiacca 0,1 — 0,5, mpurogHoro s
MIOCTOSIHHOT'O U TIEPEMEHHOT0 TOKA, TPOU3BOJUTCS HA OCTOSIHHOM TOKE
KOMITCHCAllHOHHBIM, @ Ha TMEPEMEHHOM TOKE — TEPMOIJIEKTPUYECKUM
METOJIOM.
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[TorpemuocTs npudopoB kmaccoB 1,0; 1,5; 2,5; 4,0 onpenensror
METOJOM CUHUCICHUSI C OOpa3lOBHIMU MPUOOPAMH HEMOCPEICTBEHHOM
OLICHKH WJIH JIFOOBIM 00Jie€ TOUHBIM METOIOM.

JlomyckaeTcs Takke moBepka Bcex mpubOopoB kiacca 0,5 mMerogom
cuUMcClIieHHs] ¢ 00pa3noBbiM mpubopom kimacca 0,1. [loBepka paboumx
npubopoB kjacca 0,5 MOXKET MPOUZBOAUTHCS METOJAOM CIMYECHUS C
00pa3ioBbIM MprudopoM kjacca 0,2 ¢ aauHou mkaisl He MeHee 300 MM
IIPU YCJIOBUY BBEJICHUS MOMPABOK K MOKA3aHUSIM MOCIEIHUX.

[Tpu BBIOOpPE 00pa3LOBBIX MPUOOPOB HEOOXOAUMO YUUTHIBATH PSJl
o0mux TpeOOBaHUM, BBIOJTHEHUE KOTOPHIX HMMEET CYIIECTBEHHOE
3HAUYCHHE MJi1 OOECIEUYEHHUs MPaBWIHLHOCTH PE3yJbTaTOB, OH JIOJDKECH
ObITh OOJIEE TOUHBIM, YeM TpoBepseMbIil. Jlomyckaemasi MOrpenIHOCThb
oOpasmnoBoro mpubopa B TOM cCiydae, KOrja TMONPaBKH K €ro
MOKa3aHUAM HE YUUTBIBAIOTCS, JIOJKHA OBITH 1O KpalHEH Mepe B 5 pas
MEHBIIIE JOIMYCKAaeMOil MOTPEIIHOCTH IPOBEPSEMOTo IIpudopa.

3. Omnpenenenne morpemHocTedt mnpubopa. Ilpu  moBepke
U3MEPUTENBbHBIX TMPUOOPOB  BBISBIAIOTCS CTENEHb TOYHOCTH HX
noka3zanuii. HeTouHoe mokazaHusi 1al0T HEMPaBWIbHOE MPEICTABICHUE
00 M3MepsieMOl BEJIMYUHE, a, CIEI0BAaTENbHO, U O XapakTepe padoThI
TOM WM WHOM DJJIEKTPUYECKOW YCTAaHOBKM. BbICOKas TOYHOCTH
COOTBETCTBYET MaJIOM TOTPEIIHOCTH u3MepeHui. OmnpeaeneHue
MOTPENTHOCTEN Mmpubopa SBISIETCS OCHOBHOW oOllepanuei mpoiiecca
noBepku. [lorpenHoCTH UMEIOT CIEYIONIYIO KIIAaCCU(DUKALINIO:

- abCoIOTHAsl MOTPEIIHOCTh, OMPEEAeTCS KaK pa3HOCTh MEXIY
MOKa3aHUEM NPUOOpa W JCUCTBUTENBHBIM 3HAYCHUEM U3MEPSEMOM
BEJINYMHBI;

- OTHOCHUTEJIbHAsl TOTPEIIHOCTh — 3TO OTHOIICHHE a0COIIOTHOM
MOTPEIIHOCTH K JIEUCTBUTEIIbHOMY 3HAUEHUIO U3MEPSIEMON BETUYUHBI;

- TIpUBEJCHHAsl TMOrPEITHOCTh HU3MEPSETCS KaK OTHOIICHHE
a0COJIFOTHOM MOTPENTHOCTH K HOPMUPYIOIIEMY 3HAYEHHUIO.

OcHOBHas NpUBEJICHHAs! MOTPEITHOCTh HA BCEX OTMETKAX IIKAJIbI HE
J0JKHA TIPEBBIIATH KJacca TOUHOCTH MPUOOPOB.

[IpubGopsl ¢ MOrpPEenIHOCTHIO, MPEBBIMIAIOIIEH JOMYCTUMYIO, K
9KCIUTYaTalluy HE IOy CKaIOTCH.
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PA3JAEJI 2. MIPUBOPbI POPMUPOBAHUA
CTAHAAPTHBIX UBMEPUTEJIBHBIX CUT'HAJIOB

Tema 2.1. I'eHepaTOpbI CUTHAJIOB HU3KOM YaCTOTHI

s paguoOTEXHUYECKUX U DJIEKTPOTEXHUYECKUX HU3MEPECHUU
XapakTepHbl OCOOCHHOCTH: IMIMPOKUN JMANa30H 4acTOT, MHOrooOpasue
(GhopM CUTHAJIOB U BUJOB MOJTYJISILIUM.

I'eHepaTop CMIHAJI0B — 3TO YCTPOMCTBO, MO3BOJIAIOLIEE MMOJYYaTh
CUTHAJ OINPENEIEHHON MPUPObI (PIEKTPUUECKUHN, aKyCTUUYECKUN WU
JIPpyTOM), 1509 (701115078 3aJlaHHbIC XapaKTEPUCTUKHU (bopmy,
DHEPreTUYECKUE WA CTATUCTHUYECKHE XAPAKTEPUCTUKH U T. J.).
['eHepatopsl MUPOKO HCMOIB3YIOTCS ISl TMpeoOpa3oBaHUsl CUTHAJIOB,
JUIsi U3MepeHuit U B Jpyrux obOnactsx. CocTOUT U3 HMCTOYHUKA
(ycTpoiicTBa ¢ caMOBO30Y>KICHUEM, HATIPUMEP YCHUIIUTENS OXBaUYE€HHOTO
IEMbI0  TOJIOKUTETRHON  00paTHOW CBsi3M) ©  (GOpMUPOBATEIS
(HampuMep, FAEKTPUIECKOro GUIbTPA).

B panuoTexHUKe M SIEKTPOHUKE TI'E€HEpPATOp HCHOJIb3YETCs s
MOJIYYEHHUS CHUTHajJa C 33JaHHbIMU M[apaMeTpaMu CTaTUYECKUX H
DHEPreTUYECKUX T[OKAa3aTeylel, a Takke — TMPUMEHSETCS A
npeoOpa3oBaHusl CUTHAJIOB PA3JIUYHOM NPUPOABI U HU3MEPEHUS HX
KAUYE€CTBEHHBIX XapaKTEPUCTHUK.

I'enepatopsl pa3aensor:

1. ITo dbopme curnana:

- ['2 — myMOBBIX CUTHAJIOB;

- '3 — cunycommanbHbIX HU3K04YacTOTHRIX (HY) curuanos;

- '4 — cuHycomnmanbHBIX BRICOKOYACTOTHBIX (BY) curHanos;

- ['5 — uMnyJIbCHBIX CUTHAJIOB;

- ['6 — curnanoB cnenuaibHON (GOPMBI.

2. 1o yacrore:

- HY (20 I'u — 200 I 'm);

- BY (200 xI'm — 300 MI'ny);

- cBepxBbIcokouacTOoTHBIX (CBY) (BBITIE 300 MI11);

- ¢ KOAKCHAJILHBIM BBIX0JI0M Ha yactotax 300 MI'm — 1 I'T;

- C BOJIHOBBIM BbIXOO0M Ha yactoTax Oosee 10 I'T1rL.

3. [To BuIy MOy ISALINHA:

- C aMIUIUTYOHOM;

- YaCTOTHOM;

- (ha3oBOI;

- UMITYJIbCHOM.
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CrangapTHbBI T€HEpPATOpP CUTHAJIOB COCTOUT M3 JIByX COCTaBHBIX
gacTel - uCTouHuKa u Gpopmuponaresns. MIcTOUHUK TPOU3BOIUT CUTHAI,
Torjaa Kak QopMuUpoOBaTellb H3MEHSET €ro, C IEeIbl0 MOJy4YEHUs
3aJJaHHBIX [MAPAMETPOB: YCHIIMBAET, YMEHBIIAET, MEHSET YaCTOTY.

I'enepaTopbl HU3KKX, BBICOKAX M CBEPXBBICOKHUX YaCTOT SBJISIOTCS
VMCTOYHUKAMH TAPMOHUYECKOTO CUTHAA.

Huszko4yacToTHbIE TEHEPATOPBI.

HuszkouacToTHble TEHEPATOPHI, WM TEHEPATOPbl HU3KUX YaCTOT
('HY), siBisitoTCSt MCTOYHUKAMHU CHHYCOWJAIBHOTO CUTHAJIa B Pa3HBIX
muanazonax uvactor: F<20 I'm (undpasBykosbie), 20 I'p ... 20 kI'm
(3BykoBbie), 20...200 xI'1 (yapTpa3ByKoBbI€). /[Mama3oH 4acTOT MOXKET
ObITh pactiupeH a0 F> 200 xI'. B npubopax HEKOTOPHIX TUIIOB HAPSIAY
C CHHYCOMJAJIbHBIM CUTHAJIOM BbIpaOATHIBAETCS CUTHAJ, HA3bIBAEMbIN

MEaH/IpPOM.
L 4

L\TH Bwxoa 2
ir-éaxfatom‘u'ﬁ ] o T ] rﬁepemmaTenb‘
reHeparop = | | Harpy3xKu
O~ — Yeunutens Cornacyound |
L | i TRauchopMmaTrop i P ‘
‘ ’ - ) - 1 l ‘
} Buixon 1
ATreHrnaTop ot
L , —
/' - "»U.w“

Puc. 2.1. CtpykTypHas cxema anaiorosoro 'HY

I'HY npumeHSIOTCS i1 BCECTOPOHHEIO MCCIENOBAHUS TPAKTOB
PaIuONPUEMHBIX YCTPOUCTB, IJI MUTAHUSI MOCTOB IIEPEMEHHOTO TOKA U
np.

3aparomuii reHeparop omnpenensier (GopMy M BCE€ YacCTOTHBIE
napaMeTpbl CUTHAJIa: JHMANa30H YacTOT, IMOrPEIIHOCTh YCTaHOBKHU
4acCTOThl, HECTaOWJIBHOCTh YacTOThl, KOID(PUIMEHT HEIUHEHHBIX
VICKA)KEHUM.

Ecau Ha nuneBoit maHnenu npudopa ¢opMa CUTHalIa HE yKazaHa, TO
OHa BCerja CHHyCOUJalibHasi. B KkadecTBe 3aaroIero MCIoJIb3YyIOTCS
reHeparopel Tuma RC, konebarenbHas cUCTEMa KOTOPBIX COCTOMUT W3
dasupyromux RC - meneil. Bech yacTOTHBIM Juama3oH TeHEpaTopa
nojgeneH Ha 3—4 noaamamnazoHa. Kaxkaomy — mopauanazoHy
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COOTBETCTBYET OIPECICHHOE 3HAYE€HHUE COIPOTUBIICHUS PE3UCTOPA
(puc. 2.2), 9T0 MO3BOJISECT U3MEHATh YaCTOTY JUCKPETHO.
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HYacToTHLIA QManaIon
Puc. 2.2. I[IpuHiun ycTaHOBKM YaCTOTHI 33JIal0IIET0 reHepaTopa
IlitaBHass yCTaHOBKa 4YacTOThI OCYLIECTBISIETCS KOHIAEHCATOPOM
MEPEMEHHON €MKOCTH, KOTOPBIM OOCTYKMBAaeT BCE MOAAMANA30HBI.
3anaromue reHepatopsl TMna RC mpocThl, J€MIEBBI, UMEKOT MaJlbli
KO3 UIIMEHT HEIMHEHHBIX HCKAXEHWM M Majble MaccoradapuTHBIC
pa3Mepsl.

dopmysia yacToThl KojieOanui reneparopa tumna RC:
1

F= (2.1)

27RC’
B Hexotopeix ['HYU guckpeTHOE peryiuMpoBaHHUE  YaCTOTHI

OCYLIECTBIIIETCSI HE PE3UCTOPOM, a KOHJEHcAaTopoMm. Torma IruiaBHas
yCTaHOBKA YacTOThl OOECIEUMUBAETCA MEPEMEHHBIM  PE3UCTOPOM-
NOTEHLIMOMETPOM. Y CHJIUTENb OCJIA0NSIeT BIMSHUE MOCIETYIOIINX
OJIOKOB Ha 3a/alOUIMil T€HEepaTop, Jenas €ro 4YacTOTHBIE MapaMeTphl
O0onee KauyeCTBEHHbIMH, OOECIEYMBAeT YCHUJIEHHE CUTHajga IO
HANPSDKEHHUIO (MOILIHOCTH) U MO3BOJISIET IJIABHO U3MEHSITh HANPSKEHUE
Ha BBIXO/IE.

Cornacyronuii TpancpopmaTtop HpeAHa3HAYeH ISl CTYNEHYaTOro
COTJIACOBAHMUS BBIXOJHOTO COTIPOTHUBJICHHUS reHeparopa C
COMPOTHUBIICHUEM TOJIKIIOYAEMON HArPY3KH.

Hanuuue y TtpanchopmaTopa cpeaHeid TOYKH (C.T.) MO3BOJIAET
1oJly4yaTh JBa OAMHAKOBBIX MO 3HAYEHHUIO, HO MPOTUBOIMOJIOKHBIX 10
(ase BBIXOJIHBIX HamnpskeHus (puc. 2.3).

, S

— N\
Puc. 2.3. Dnekrpudeckas MpUHIMITHAIBHAS CXeMa COTIACcyIOIIEro Tpanchopmaropa co
CpeaHeN TOYKOU

BeixogHo#t  corjacyromuii  TpaHcOpMaTop  MCIOJIB3YEeTCS B
FEHEpPaTOpax C MOBBIIMIEHHBIM YPOBHEM BBIXOJHOW MOIIHOCTH. Y
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OOJBIITMHCTBA HU3KOYaCTOTHBIX rE€HEPaTOPOB BBIXO/THOM
TpaHchopMaToOp OTCYTCTBYET.

[Tepexmtouaresib Harpy3ku 00E€CIEYMBAET COMVIACOBAHUE BBHIXOIHOTO
CONPOTUBIEHUS [[4,,x TEHEPATOPA C CONMPOTUBICHUEM HArpy3ku Rn. Ecin
HE BBINOJHACTCA COIJIACOBAHUE, TO HANPSIKEHUE HA BBIXOJE HE
COOTBETCTBYET YCTAHOBJIEHHOMY MO HHIUKATOPYy TE€HEparopa,
reHepaTop  Jaxe  MOXET  BbIUTH U3  cTpos.  Hawmbornee
PACIIPOCTPAHEHHBIMU 3HAYEHUSAMU /[gpix SIBISIFOTCS S, 50, 600 1 6000 Owm.
JIns cornacoBaHHsl CONMPOTHUBJIECHHM IO BBIXOAY | B KOMIUIEKTE C
npuOOPOM MOCTaBIsIETCA crieanbHas Harpy3ka S0 Om ¢ kabemneMm.

KOHTpoJib BBIXOJHOTO HAMPSDKEHUST 00ECIIEYMBACTCS JIEKTPOHHBIM
BOJBTMETPOM Tuna Y—/[ 1100 31EeKTpOMEXaHUYECKUM BOJILTMETPOM
BBINIPSIMUTEIBHOW CUCTEMBI. WHAMKATOpP BBIXOJHOTO HANPSKECHUS
BCET/a IMOKA3bIBAET CPENHEKBANAPATUYHOE 3HAYEHHUE CHHYCOUIAIBHOTO
CUTHAJIA.

ATTeHoaTop oOecrnedyrBaeT TMOJyYEHHE Ha BBIXOAEC pPa3HBIX IO
3HAYEHHUIO HaINPSDKCHUM, W3MEHSAIOINUXCS JTUCKpeTHO. Ilpm »ToMm
BXOJIHO€ M BBIXOJIHOE€ COIPOTHUBJICHHS aTTEHIOATOpPAa HE MEHSIOTCS U
corjacoBaHue He Hapymaercsa. MHornma ociabieHne yka3bIBacTCs HE B
BOJIbTAX, a B JIelHOeIax.

OcnabneHue, BHOCHMMOE AaTTEHIOATOPOM, PACCUUTHIBACTCS TIO

dbopmye:

Upx(B)
Ugux(8B) = 20 - g M1 (2.2)
rae U, (B) — nanpsbkenme Ha Bxojae arteHioaTtopa; Ugn(B) —

HaNPsDKEHHUE HA BBIXOJIE aTTEHI0ATOPA.

PaccmoTpum nBa npumepa.

[Tpumep 1. OnpenenuTh HaNpsSHKEHUWE HAa BBIXOAE T€HEpaTopa B
BOJIbTAX, €CJIM Ha BxoJi¢ oHO coctaBisieT 1 B, a ma Beixoae U = 60 ab.
Ha ocHoBaHuu GpopMyIibl 3aMuIIeMm:

60 1b = 20 -1 LB 3=1 15 1000
Ab = 7! Al ie B 3/ sl =T o<
Uguix(B) Uguix(B) UBbIX(B)

UBHX(B) = M = 0,001 B=1wmB

[Ipumep 2. Omnpenenutb 3HAYEHUE 3aTyXaHHs, BHOCHMOTO
aTTEHI0ATOPOM I'€HEpaTopa, €CIM HANPSKEHUE HA €r0 BXOJI€ COCTABIISET
1 B, a Ha BeIxozae 100 mB.

Ha ocHoBaHMM (popMyJIBI 3anTUILIEM

1B
UBbIX(rqB) =20-1g 01B = 20 nb.
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Mudgposbie ' HY.

[Hudpossie 'HY 1o cpaBHEHHIO C aHAJIOTOBBIMH HMMEIOT OoJee
KaueCTBEHHBIC  METPOJIOTHYECKHE  XapaKTePUCTUKH:  MEHBIIYIO
MOTPEIIHOCTh YCTAHOBKM W HECTAOWJIBHOCTH YacTOThl, MEHBIIHM
KOO(DPUIIMEHT HEIMHEHHBIX HWCKaXEHUH, CTaOUJIBHOCTh  YpPOBHS
BBIXOJIHOT'O CUTHAJIA.

Takue reHepatopsl MOJy4arOT BCE OOJIbIIIEE PACTPOCTPAHEHUE IO
CPABHEHHUIO C aHAJIOTOBBIMH 3a CYET 00Jie€ BHICOKOTO OBICTPOACHCTBUS,
YOPOIIEHUS YCTAHOBKH YaCTOTHI, HCKIIFOUCHUST CYOBEKTUBHOM OITUOKH B
3aJlaHMM TMAapaMEeTPOB BBIXOJHOIO CHUTHaja. biaromapss BCTpoeHHOMY
MuUKporpolieccopy B mudpoBbix 'HU MoxkHO 1o 3a7aHHON MTporpaMme
aBTOMAaTHYECKH NIEPECTPANBaTh YaCTOTY CHTHAJIA.

Pab6orta mudposeix 'HU ocHoBana Ha mpuHIune (GopMUpPOBaHUS
YHCIIOBOTO KOJIa C MOCJIEIYIONUM MPeoOpa3oBaHUEM €ro B aHAJIOTOBBIN
TapMOHMYECKUH CHTHAJ, KOTOPBIM amnMpOKCUMHpYETCS (yHKIHCH,
MOJCIUPYEMON C TOMOIIBIO IU(PO-aHATOTOBOTO TMpeoOpa3oBaTes
(LTAIT). Crpykrypnas cxema mnudposoro I'HYU mnpencraBieHa Ha puc.
2.4,

~

-
3apawupin (5
reseparop %22‘:;‘32:’ Cuersmk LIAN VC:g;‘:ii“b o
WMAYNLCOR

Puc. 2.4. CtpykrypHas cxema nugposoro 'HU

3ajaroniuii TeHepaTop HMMIYJIBCOB C KBaplLEBOW cTabwiM3anuen
4acTOThl BbIPA0ATHIBAET KOPOTKHE MMIIYJIbChl B TMEPUOAUYECKOU
MOCJIEIOBATENIBHOCTH, KOTOPbIE MOCTYIAIOT Ha JEIUTENb 4acToThl. Ha
BBIXOJIC JICTIUTEIISI YaCTOTHI C PEryJIUPYEMbIM KOA(DPUIIMEHTOM JCICHUS
oOpa3zyeTcs MOCJIeA0BaTEIbHOCTh MMIYJIBCOB C 3aJlaHHBIM IEPUOIOM
CJIEIOBAHMS, OTIPEETSIONINM IIar JUCKPETU3ALUU.

CdeTunK TMOJCYMTHIBACT TIOCTYIAIOIIME HAa HEro WMITYJIbCHI,
KOJIOBasi KOMOMHAIIMSI HAKOIIJIEHHBIX B CYETYMKE MMITYJIBCOB MOJAETCS B
1ppo—aHaIOroBEI  TIpeoOpa3oBaTeb, KOTOPBIM  BbIpabaThIBaeT
COOTBETCTBYIOIllee HampsbkeHue. [locie mepemnosHeHus CUeTYHUK
OOHYJIIETCSl ¥ TOTOB K HaYary (pOpMUpOBaHHUS CIEAYIOIIETO EPUOa.
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Tema 2.2. I'eHepaTOpbl CUTHAJIOB BHICOKOM YaCTOThI

BpICOKOUACTOTHBIE W CBEPXBBICOKOYACTOTHBIE TE€HEPATOPHI, HIIH
reHepaTopbl BbICOKMX M cBepxBbicOkuX 4actoT (I'BU u I'CBY),
SABJIAKOTCS. HMCTOYHUKAMU CUHYCOMJAIBHOTO W HE MEHEE OJHOrO
MOJYJIMPOBAHHOTO MO0  KaKOMy-JMOO  mapaMeTrpy  CHUTHAJIOB
(aMIIIUTYAHO-MOAYJIMPOBAHHOTO —AM-cursan, 4aCTOTHO-
MOAyJHpoBaHHOTO — YM-curHaia) ¢ U3BECTHBIMU MapamMeTpaMH.
®opwma curHanoB Ha Beixojie 'BY npencrasieHa Ha puc. 2.5.

Uy - o U g L F
P : N £\ / X ’f"’\h‘ ¥ A N t/{". L /A'T'h\\l/.f
\ ) \ / \ [ | \'f 7 | | ‘p(.l,‘ RN \ﬂ"‘l I -
0 e o A}gi f‘*\‘—‘—-f’ 0 'Lfﬂr'—r 1--‘0%#1~ ﬂ-‘*wm—y—'—-f .
./ ./ \ ¢ RIS 'l Ol’)"&,{.y YL e
./ ./ LAY { /) N N
a o
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Puc. 6.5. CunycouanbHblii (a) ¥ aMIITUTYTHO - MOYJIMpOBaHHbIN (0) curHaibl Ha Beixoge ['BY

Ecnu Ha nuneBoit nanenu npudopa ¢hopmMa CUTHAJIOB HE YKazaHa, TO
3TO BCET/AA CUHYCOUAAIbHBIN 1 AM-curnan.

[IpuBeneHHbIE  CHUTHAJIBI  XAPAKTEPUBUPYIOTCS  CICIYIOIIMMU
napamerpamu: f - Hecymas (MOAyIMpOBaHHAs) BBICOKAsl 4acToTa, F —
MOAyJupyomas Huzkas dactora, M —xoadduimenT aMmiuTyaHoMI
MOTYJISILIU Y.

M=(A-B)-100%/(A+B) (2.3)

I'BY u I'CBY nepexkpblBalOT CHEAYIOIIHWE IHAMA30HBI HECYIIHNX
gactoT: 200 xI'1y ... 30MI' (Beicokue) u f > 30 MI'11 (CBepXBBICOKHE).
Jlmama3zoH 4actoT MoxkeT ObITh pacmmper mo f< 200 kI'm. Taxue
TEHEPATOPbl  MPUMEHSAKOTCS  JJI1  BCECTOPOHHETO  HCCIENOBAHUA
BBICOKOYACTOTHBIX TPAKTOB TEJI€- U PAAUONPUEMHBIX YCTPOMCTB, IS
MATAHUSI CXEM HAaIpPSHKEHUEM BBICOKMX UM CBEPXBBICOKMX 4YacTOT.
Crtpykrypnas cxema ['BU npusenena Ha puc. 2.6.
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Puc. 2.6. Ctpykrypnas cxema 'BU

3aparomuii renepatop | onpenenseT 3HaueHUE HECYIEH YaCTOThl U
dbopmy curHaja. B kadecTBe 3adaromero reHepaTropa HCIOIb3yeTCs
reneparop tumna LC, komebarenbHas cucreMa KOTOPOTO MHPEACTaBISET
co00ii mapasieabHbli KOHTYP, COCTOSIINN U3 KaTYIIKH UHIYKTUBHOCTU
L u kongencaropa C. YacToTa kojie0anuii BeIpakaeTcs (hOPMYIIOM:

- 1
f= 2nVLC (2.4)

Becy uyactotHei guanazoH [I'BY moaeneH Ha mnojaguamna3oHBbI,
KOJIMYECTBO  KOTOPBIX  MOXKET JOCTUraTh BOCbMH. Kaxmomy
MOJIMANa30Hy COOTBETCTBYET KOHKPETHASI KaTyllKa WHAYKTUBHOCTH, a
IJaBHas  yCTAHOBKA  4YacTOThl (B TIpaHUIaX  MOJjAUaIla30HA)
OCYILECTBIISIETCA C IIOMOILIBIO KOHJEHCATOpAa IEPEMEHHOW EMKOCTH.
I'BY umeert 1Ba BbIX0Ja: MUKPOBOJIBTOBBIA U OJHOBOJILTOBBIMN.

C BrIXOAa 3aAaronIero reueparopa I HanpsHkeHUe MOCTynaeT Ha JiBa
KaHaJla: OCHOBHOM M BCIOMOTraTeNibHbIA. OCHOBHOW KaHAJl COACPKUT
YCHIINTEIb-MOJIYJIITOP W BBICOKOYACTOTHBIM aTTEHIOATOp  (BBIXOJ
«uUV»). C »92TOro  BBIXOJJAa  CHUMAETCA  HEMOAYJIMPOBAHHOE
CUHYCOUJIATBHOE WIIH MOJYJIUPOBAHHOE pPETYJIMPYEMOE
BBICOKOYACTOTHOE KOJeOaHUe, KaTuOpoBaHHOE Mo HampsikeHuto. Kak u
B ['HY, wuHAMKaTop TMOKA3bIBA€T CPEAHEKBAAPATUYHOE 3HAUCHUE
CUHYCOUJAILHOTO HANPSKCHUS.

BcerniomorarenbHbI KaHAT COAEPKUT YCHIIMTENb U BBIXOJ «1V». C
ATOT'0 BBIXOJa CHUMAETCS HEKOHTPOJIUPYEMOE, CMOAYJUPOBAHHOE (T.€.
CHHYCOMJAIBLHOE), HEPEryJUpyeMOe BBICOKOYACTOTHOE HaNpsHKEHHE
1...2 B Ha cornacymoolyr Harpy3Ky
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Bxon AM npeaHasHadyeH IS MOJAKIIOYEHHMS  BHEIITHETO
MOJIyJIUpYIOIIEro reHeparopa (3agarormiero TeHepatopa 1) mpwu
MOJIOKEHUU TymOiepa «BHeIL» WIM BHYTPEHHETO MOIYJIUPYIOIIETO
reHeparopa (3amaromero resHeparopa Il) mpu mnomoxeHun TymoOIiepa
«BuyTtp.». OOBIYHO 3HAUYE€HHE MOAYJUPYIOUIEH  YaCTOTHI —
¢buxcupoBanHoe (400 unu 1000 I'm). Ecniu Ha nuieBoi maHean OHO HE
yKa3aHo, To npuauMaercsa pasHbiM 1000 I'm.

Ocob6ennoctpio I'CBY sBnsieTcs HCHOJMb30BAHUE CHEIHATBHBIX
CBEPXBBICOKOYACTOTHBIX YCHJIUTEIbHBIX NPUOOPOB: KIUCTpOoHOB, JIOB-
JamIl OOpaTHOW BOJIHBI, JABUHHO-TIPOJIETHBIX IUOAOB, NUOJ0B ['aHHa,
MarHUTPOHOB, a TaKXe KoJeOaTeIbHbIX CHUCTEM Ha O0OBEMHOM
PE30HATOPE MU YETBEPTHBOJHOBOM OTPE3KE BOJIHOBOA, KOAKCUAIBHOM
JUHUH.

Ha xanuOpoBanHom Bbixoae ['CBY MOIIHOCT, HE MpPEBBIIAET
HECKOJIbKMX MUKPOBATT, a HA HEKAJIMOPOBAHHOM — HECKOJBKHX BaTT.
Kpome cunycounansnoro curHaia, ['CBY wMoryt BbeIpabaThiBaTh
UMITYJIbCHO-MOAYJIUpOBaHHbIN curHai (UM-curnan).

40



Tema 2.3. I'eHepaTOpbl UMITYJILCHBIX CUTHAJIOB

NmMmnynbcHbIE TeHepaTopbl, WM reHepaTopbl umiyibcoB (I'N),
HallUIW NPUMEHEHUE NPU HACTPOMKE WU PETYJIUPOBAHUU HMITYJIbCHBIX
CXEM, UCIOJIb3YEMBIX B TEJIEBUACHUMU U CBsI3H, DBM, pagunonokanuu u
T.7. [IIupoko UCoab3y0TCs TeHEPaTOPhl, 00€CTIEYNBAIOIINUE TTOJTYUYCHHE
HaMpsOKEHUW mpsiMoyrosibHOM  ¢opmel.  [lapameTpsl  UMITyJIBCHOTO
CUTHAJIA MOTYT PETYJHPOBATHCS B IIUPOKUX AUAMAZ0HAX.

I'M sgBiusiercss WMCTOYHUKOM JBYX CHUTHAJIOB: OCHOBHOTO W
JOTIOJIHUTENBHOIO (CHHXPOHU3UPOBAHHBIX uMNylbcoB — CHU). K
OCHOBHBIM TNapaMeTpaM 3TUX CHUTHAJIOB, PETYJIUPYEMBIM B IIUPOKHUX
npenenax (puc. 2.7), otHocarca Um — aMIumMTygHOE 3HAUYCHHE
HanpspKeHUs, t{, — JJIMTENbHOCTh MMIYJIbCA, {3 — BpeMs 3aIepKKH
(BpEMEHHOM CIBUT) OCHOBHBIX HMIYJBCOB IO OTHOIICHUIO K
CUHXPOUMITYJIbCaM, I — Mepuo] NOBTOPEHUS UMITYJIbCOB.

Ueu
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Puc. 2.7. ITapameTpbl BBIXOAHBIX cUTHAIOB [ 1

K kocBeHHBIM (BTOpHUYHBIM) TMapaMerpaM curHaioB [’ oTHocsTcs
— CKBaKHOCTb, KOTOpas JOKHA OBITh > 2 W PaCCUMTHIBACTCS IIO
dbopmyiIe:
T 1
TTnTE (2.5)
: :

rne F = 1/T— gactoTa moBTOpEeHUS UMITYJIBCOB.
Crpykrypras cxema ' npuBenena Ha puc. 2.8.
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Puc. 2.8. CrpykrypHas cxema '

3ajaromuii TeHepaTop BbIpaOAThIBAET KOPOTKHE WMITYJIBCHI C
yacToToi F M Moxer paboTarh B aBTOKOJIEOATEIHHOM (IOJOKEHUE
Kio4ya «l») mam B KaymieM (MOJIOKEHHE Kiroya «2») pexumax. B
peXKHMME BHEIIHEro 3allycka 4YacToTa CJEJOBAaHHUS  UMITYJIbCOB
OIIPENENACTCS BHEIIHUM TIE€HEPATOpOM, IOAKIIOYEHHBIM K THE3NY

-;:.:"p'l
«Bxoa». Pa3oBeIil 3amyck o0ecrieuynBaeTcsi HAKaTUEM KHOIKH «I»

YCTPOMCTBA BHEIIHETO U PA30BOI0 3aITyCKa.

biox QopMupoBaHUS CHHXPOHH3UPYIOIIUX HMIyJIbcoB (CH)
o0ecnieunBaeT HeoOxoaumyto popmy CH.

biok 3aaepKKu CO31aeT BPEMEHHOW CHBUT Ha BpeMs {; OCHOBHBIX
UMIOyJIbCOB  oTHocuTenbHO CH, mnocrtynarommx OT  33Jaroliero
reHeparopa.

biok  ¢opmMupoBaHUST OCHOBHBIX HMIYJBCOB  OOECIEUMBAECT
MOJIyYeHHE Ha BBIXOJE HWMIYJbCOB HeEoOXoauMouh ¢GoOpMbI U
JIIATEIIBHOCTH.

Ycunurenb yBEIWYHMBACT AMIUIMTYAY HMITYJIbCOB, ITO3BOJISET
MEHSITh WX MOJSIPHOCT W OCYIIECTBIISIET  COTJIACOBAHUE 10
CONPOTHUBIICHUIO C HArpy3KoOW, IIOCTABIISIEMOW B KOMIUIEKTE C
TEHEPATOPOM.
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ATTEHIOATOp YMEHBIIIACT aMILUTUTYy UMITYJIbCOB B (DMKCHPOBAHHOE
YUCJIO pas.

M3mepuTenbHbIii  OJIOK  IIpEJCTaBISIET  COOOM  BOJBTMETD,
KOHTPOJIMPYIOIINI aMIUTUTYIHOE 3HAY€HHUE UMITYJIbCHOI'O CUTHAJIA.

K OCHOBHBIM METPOJOTMYECKUM XapaKTEPUCTUKAM T'€HEPATOPOB,
KOTOpbIE HEOOXOJAMMO 3HaTh IIpM BbIOOpEe NpHOOpa, OTHOCITCS
CJIe Ay IOLIHE:

- (popMma curnana;

- IMana3oH PeryJIupoBaHus HapaMeTpoOB;

- IOMYyCTUMAasl MOTPEIIHOCTh YCTAHOBKHU KaXJI0I0 apaMeTpa;

- MakcHMajbHas JIONMyCTHMAas BpEMEHHas HECTAaOWIIbHOCTH
napaMeTpoB;

- IOITyCTUMbIC UCKaKEHHUSI ()OPMBI CUTHAJIA.
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PA3JIEJI 3. ABMEPEHUE TOKOB, HATIPSIKEHMWIA,
MOIIIHOCTH

Tema 3.1. U3mMepeHHe MOCTOAHHBIX TOKOB U HANIPSAKEHU I
3JIEKTPOMEXAHMYECKUMHU U3MEPUTEIbHBIMHY PUOOpaMu

OCHOBHOH €AMHUIIEN U3MEPEHUS CHIIBI TOKA sBisieTcs: amriep (A).
Amnep — Oosblasi €AMHUILIA U3MEPEHUs] CUJIBI TOKA, MOJTOMY MpPH
AIEKTPOHHBIX U3MEPEHUAX Yallle UCIIOJIb3YIOTCA TOJbHBIE €ANHULIBL:

- mummamiep (1 MA = 103A);

- mukpoamrep (1 MxA = 10°A).

B karasoroBoil kiaccupuKaluu OTEUYECTBEHHBIC AJICKTPOHHBIC
amIepMeTpsl 0003HaYaOTCA CIeAYIOMMM 00pa3zoM: Al — 00pa3ioBkIe,
A2 — MOCTOSTHHOTO TOKa, A3 — MEPEMEHHOI0 CUHYCOUIAJIBHOTO TOKa,
A4 — mepeMeHHOT0 UMITYJIbCHOTO TOKa, A5 — (a304yBCTBUTEIBHEIE,
A6 — cenekTuBHbBIE, A’/ — yYHUBEPCAJIBHBIE.

B osnexktpoHuke TpeOyeTcs U3MEPSATh CHUIYy TOKa OT €IUHUIL
MHKpOaMIep [0 €AWHHUI] amIlep, B [AHAINIA30HE YaCTOT OT HyJsA JO
necaTkoB Merarepu. JlJisi U3MepeHus CUJIbl TOKa B TaKUX MIUPOKUX
Iana3oHax  MPUMEHSIOTCS  aMIEpPMETPhI,  PA3JIUYAOIIHECA IO
IPUHITUITY paOOTHI.

I/I3MepeHne CIJIBI ITIOCTOAAHHOI'O TOKA U TOKA HU3KHUX YaCTOT.

Jnst  u3MepeHus Cuibl TOCTOSSHHOTO TOKa HHU3KHUX  YacToT
IPUMEHSAIOTCS AIEKTPOMEXAHUYECKUE aMIIEpMETPBHI,
MUJUTHAMIIEPMETPBI, MUKPOAMIIEPMETPBI, MYJIbTUMETPHI, AJIEKTPOHHBIC
amriepMeTpsl 2-i u 7-it noarpynm (A2 u A7).

[Ipy n3mMepeHun CHIIbI MMOCTOSTHHOTO TOKA UCIOJIB3YIOTCS TPUOOPHI
TOJIbKO MarHUTORJIEKTPUUECKON CUCTEMBI.

JIro0o¥ m3MepUTENbHBIM NPUOOpP OpH TMOJKIOYEHHH K IIEMUA HE
JNOJKEH M3MEHATh NapameTpbl U peKUM pPadOThl MCCIEIyEMOM ILIENU.
[ToaToMy HeoOxoaMMoO, 4YTOOBI aMmmepMeTp oO0Jafganl BO3MOXHO
MEHBIIUM CONPOTUBICHHEM M NOAKIIOYAICS IOCIEAOBATEIBHO C
Harpy3koil (puc 3.1, a). [Ipu 3ToM 4yepe3 nmpubop 1 Harpy3Ky OpoTeKaeT
OJIMH U TOT K€ TOK.

[Ipyn ManoM CONPOTUBJIEHUU aMIIEpPMETpa NMAJECHUE HAIPSIKEHUS U
NOTEePs] MOITHOCTH HAa HEM Takxe Manbl. Cuja TOKa B IOKa3aHHOM LIeTH

A0  IOAKIKOYCHUs  aMIICpMETpa  COCTABJIACT R, ) a II0CJIE
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v
R, +R

I
MOJIKJIFOUYCHUS a,rme U — HampsokeHHe NOAKIIOYEHHOTO
WCTOYHMKA NUTaHUs; Ry — BHYTpEHHEE CONPOTHUBIICHUE AMIIEPMETPA;
R, — comnpoTuBIEeHHE HArPY3KH.

Tonbko npu Ry <K Ry Oyner I, = 1.

R
g/—\‘ A {a)\
r A l B —A—
P ————
| 'L\ |
/

u l [ A A |
J U
| X
.’ J ! R. ;
—— = ———
1 — ],

a 6
Puc. 3.1. Cxema noaxitoueHus aMmrepMeTpa B Lemb (a), cXxeMa MOAKII0UEHHUS IyHTa K
amnepmetpy (0)

Takum o0Opa3oMm, MOrpPEeNIHOCTh, BO3HHUKAIOIIAS B PE3YJbTaTe
MOAKIIOYEHUS aMIepMeTpa K HUCCIEAYeMOW Lenmu W OO0YyCIIOBJICHHAs
noTpedssieMod MM~ MOIIHOCTBIO,  HUMEET  CHUCTEMaTUYECKYIO
METOJUYECKYI0  COCTAaBIIOLIYI0, a TaKXKe HHCTPYMEHTAIbHYIO
COCTaBJISIFOIIYI0, KOTOpas 3aBUCHT OT BEIMYMHBI BHYTPEHHETO
CONPOTHUBJIEHHUS UCIIOIB3yEMOTO aMIIEPMETPA.

Jns pacmiMpeHusi Auamna3oHa W3MEPEHUS] MO TOKY MHPUMEHSIOTCS
IIYHTBHI, KOTOpBIE MPEICTABIAOT coboi COIIPOTHUBJICHHUE,
MOAKIII0YaeMOoe MapaijiebHo ¢ amrnepmerpoM (puc. 3.1,0).

OueBuAHO, MAJICHUE HAMPSHKEHUSI Ha TPUOOPE U IIYHTE OJMHAKOBO:
I R, = IzRp ,roe [,— cuia TOKa 4depe3 IIyHT, R;;— CONPOTHUBIICHUE
LIyHTA, [,— CUJIa TOKA aMIIEpPMETPa.

IAR
N3 paBencrBa cnenyer 4ro R, = % , HO TIOCKOJIbKY I10 TIEPBOMY

il

3akoHy Kupxroda:

I, =1— I, (3.1)
IAR
TO CONMPOTHUBJIEHHUE IIIYHTAa MOKHO BBIPa3UTh Kak R, = 1A IA , THE
— 1A
|- u3mepsiemast cuia Toka.
R
Pa3nenyB yncanTeNb U 3HAMEHATeNb Ha |a, monyunM R, = —2,
1
Ra
WIH Ry =—, (3.2)
p_

TJ€ p — WIYHTUPYIOIIUKA MHOXHUTEIb, MOKA3bIBAIOIINNA, BO CKOJIBKO
pa3 paclupseTCs npeaea U3MEPEHUs aMIlepMeETpa:

45



=+ (33)

N3 ananuza ¢Gopmylibl CIEQyeT, 4TO AJis paclIMpEeHUs Auana3oHa
U3MEPEHUs CUJIbI TOKA B P pa3 HEOOXOJUM IIYHT C COMPOTHUBJICHUEM B
(p-1) pa3 MEHBIIIMM COTIPOTHBIICHUS aMIIEpMETpa.

AmMnepmerp C HECKOJIBKUMU IIyHTaMu Ha3bIBACTCS
MHOTOTIPEETbHBIM.

[Ipy U3roTOBIEHUHU LIYHTOB UCHOJIB3YIOTCS MPOBOJIOKA, JIEHTHI WA
ctepkHu. [LIyHTBI MOTYT OBITH BHYTPEHHUMH M HAPYKHBIMHU.

it u3MepeHus: Cujiabl TEPEMEHHOTO TOKa HHU3KUX YacTOT
UCIIOJIB3YIOT 3JIEKTPOHHBIE aMIIepMeTpsI 3-i u 7-i noarpynn (A3, A7) u
IEKTPOMEXAHUYECKUE aMIIEpPMETPHI. [IpuMEeHHMOCTB
AJIIEKTPOMEXAHUYECKUX aMIEPMETPOB 1IE€JI€CO00pa3HO paccMaTpUBaTh
10 YaCTOTHBIM JHaINa30HaM.

IIpu n3mMepennn cuiibl Toka MpomMbinuieHHbIX yacToT 50, 100, 400 u
1000 T'm  TOpUMEHSIOTCS  DJIEKTPOMEXAHHYECKHE  aMIIEPMETPhI
JIEKTPOMArHUTHOM,  DJIEKTPOJAMHAMUYECKON,  (eppOoanHAMHYECKOM,
BBITIPSMUTEILHON U TEPMODIJICKTPUUECKON cucTeM. B auamnasone yactor
1...5 kl'1 UCIIOJIB3YIOTCS aMIIEpMETPbl  BBIMPSIMHUTEIHHOM,
ANEKTPOJUHAMUYECKON U TEPMOAJIEKTPUUECKON cucTteM. B nuama3zone
4acToT OT 5 KI'Il 10 €AMHUIL MeTarepi] aMInepMETPhl BBITPSIMUTEIILHOM U
IEKTPOJUHAMUYECKOM CUCTEM JOTyCKAIOT 3HAYUTEIbHYIO
NOTPEIIHOCTh,  OOYCIIOBJIICHHYI0  HMHAYKTUBHOCTHIO  KaTylIeK H
Mapa3uTHON €MKOCTHIO BBIIPSIMUTENCH, TOATOMY JIJIsi U3MEPEHUS CHUIIBI
TOKa JIy4dllle UCIOJb30BaTh aMIEPMETPhl  TEPMOIJICKTPUUECKOM
CUCTEMBL.

DJIEKTPOMEXAaHUYECKUE  aMIIepMETPhl BCEX CHUCTEM  OOBIYHO
TPaiyupyrOT B CPEAHEKBAAPATHUHBIX 3HAUCHUSX MPU CHHYCOUIATHLHON
dbopMe KpUBOH TOKA.

Pacmmpenue quamazoHa U3MEpeHU aMIIEPMETPOB MEPEUUCICHHBIX
CUCTEM BO3MOXHO C MOMOIIbIO HM3MEPUTENIBHBIX TPaHCHOPMATOPOB
TOKa, TaK KaK MaJeHUE HAMPSKEHUS B dTUX MpUOOpax B HECKOJIBKO pa3
OoJibllle, YeM B aMIlepMETpax MarHUTODJIEKTPUYECKON CHUCTEMBbI, U
TpeOOBAIUCH ObI TPOMO3JIKUE U JOPOTOCTOAIINE IIIYHTHI.

AMniepMeTp TEPMOIJIEKTPUUECKOM CHUCTEMBI (TEPMOCTATUUYECKUI
nmpeoOpa3oBaTeNb) MPEACTABISAECT COOOM HM3MEPUTEIBHBIN MEXaHU3M
MarHUTORJIEKTPUYECKON CUCTEMbI B COUYETAaHUU C TepMomapoi (pwuc.
3.2), mpenHa3HAYEHHOW Il WU3MEPEHHUs TeMIepaTtyphl U TPOBOJIOKH
(TepMope3ucTopa, WM HarpeBaress), 4epe3 KOTOPYH MpOTEKaeT
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U3MEPSAEMBIA TEPEMEHHBIM TOK. WHIYKTHUBHOCTH TEPMOPEIUCTOPA
HE3HAUMUTENIbHA, 3TUM M OOBSACHIETCS NPUMEHEHHE AaMIEPMETPOB
TEPMODJIEKTPUUECKOM CUCTEMbI MPU H3MEPEHUU CHJIbI TOKA BBICOKHX
4acToT.

DIEKTPOMEXAHUYECKUE  aMIEPMETPbl MMEIOT  CYIIECTBEHHBIN
HEJIOCTaTOK — OOJIbIIIOE COOCTBEHHOE IOTPEOJCHHE MOIIHOCTH U3
UCCIIEyEMOW €M, KOTOPOE 3aMETHO MEHBIIE Y BIEKTPOHHBIX
aMIIEpMETPOB.

Puc. 3.2. CxeMa TepMOCTaTHYECKOTO MpeoOpa3oBaTes,
rae 1 — tepmonapa; 2 — TEPMOPE3UCTOP.

I/I3MepeHne CHJIbI TOKA BBICOKHX YaCTOT.

B otnmuame oT cxembl 3aMeIeHUS aMIIepMETpa I H3MEPEHUS CHUITBI
TOKa HHU3KHMX YacTOT, KOTJa OJKBUBAJICHTHAs CXeMa aMIlepMeTpa
MPEACTaBIISIET CO00M aKTUBHOE COMPOTHBJIECHHE R4, 3a CUEeT KOTOPOTO
BO3HHMKAET METOAMYECKass W WHCTPyMEHTaJbHAas IOTPEIIHOCTH, CXeMa
3aMEIICHUS aMIIepMETpa I U3MEPCHHS CHUJIbI TOKA BBICOKHX YacTOT HE
SBJISICTCS TOYHOM, a IMEET BUJ, MOKa3aHHBIA Ha puc. 3.3.

Puc. 3.3. DkBHBaJICHTHAsI CX€Ma 3aMEILECHHs aMIIEPMETPa JIsl U3MEPEHHUs CHIIbI TOKA BBICOKHMX
4acToT,
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rae. A, b — Bxoaabie 3akuMbl ipuoopa; Cyl, Cpl — eMKOCTH BXOJIHBIX
3kUMOB A 1 b oTHOCHTENbHO 001IeH TOUKH ; La, 'A— WHAYKTUBHOE H
aKTUBHOE COIPOTHUBIICHUE padoueil yactu mpubdbopa; Cys — €MKOCTH
MEK]ly BXOJHBIMHU 32)KMMaMU aMIIEpMETPaA.

N3 npuBeaeHHONW CXEMBI 3aMEIIECHUS CIENYET, YTO C MOBBIIICHUEM
4aCTOThl YBEJIMYMBAIOTCA TOKM YTEUKHM HE uepe3 pabouyio 4YacTb
npubopa, a cleJoBaTeIbHO, PACTET MOTPEITHOCTh H3MEPEHUS CHUJIBI
TOKa. /[l yMEHbBIIEHHS TMOTPEIIHOCTH U3MEpPEHUss HeoOXOoAMMO
cOOJIFOaTh CIEIYIONINE PEKOMEH AN

- WUCIOJb30BaTh  TOJIBKO  BBICOKOYACTOTHBIE  aMIEPMETPHI
(TepMoaMIiepMeTphl), 3HAYEHUS MAPA3UTHBIX HWHIAYKTUBHOCTH U
€MKOCTEN KOTOPhIX MUHUMAJIbHBI OJ1arojiaps KOHCTPYKIIMHU TPUOopa;

- MOJKJIIOYaTh aMIepMETp K HCCIEeNyeMOW IEenu B TOUKY C
HAaWMEHBIIUM MOTEHIIHAIIOM OTHOCUTEIBHO 3€MIIH.

B oOmactu  CBEpPXBBICOKMX YacTOT DJKBUBAJICHTHAs CXema
3aMEUICHUS] aMIIEPMETPa YCIOXKHSIETCA, a MOTPEIIHOCTh H3MEPEHUs
BO3PACTAET HACTOJIBKO, YTO U3MEPEHUE CUJIbI TOKA TepAeT (PU3NUYECKUI
CMBIC]I.

[Ipu BBIOOpEe mpubOpa g U3MEpPEHUs CHUJIbI TOKA HET
HEOOXOJMMOCTH 3HaTh BCE METPOJOTMYECKHE  XAPAKTEPUCTHUKH,
yKa3aHHbBIC B MACTIOPTE, — HY>KHBI TOJIbKO OCHOBHBIE:

- MapaMeTp TOKa, U3MEpSiEMbld MPUOOPOM (CpEeHEKBAAPATUUHOE,
aMIUTATYTHOE W CPEIHEBBINPSIMIICHHOE 3HAYCHUE);

- IUana3oH U3MEPEHUS CUJIBI TOKA;

- YaCTOTHBIM JUaNa3oH;

- IONyCTUMAsi MOTrPEUTHOCTE;

- BXOJHOW uUMIeAaHC (aKTHMBHAasT M pPEaKTHBHAas COCTABJISIONINE
BXOJIHOTO COTIPOTUBICHUS — Rey, Cgy).
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Tema 3.2. AHAJIOTOBBIE 3JIEKTPOHHBbIEC U IM(PPOBbIE BOJILTMETPbI

HeoOxoauMocTh M3MEpEeHUsI HANPSIKEHUSI HA MPAKTUKE BO3ZHUKAET
OYEHb YacTO. B 3IEKTPOTEXHUUECKUX W PATUOTEXHUUYECKUX UEIMIX U
YCTPOMCTBAX 4Yalle BCEr0 M3MEPSIIOT HANPSHKEHUE TIOCTOSHHOTO U
MEPEMEHHOTO (CUHYCOUIAIbHOTO U UMITYJILCHOT'0) TOKA.

OCHOBHOU €AMHUIIEN U3MEPEHUS HANIPSKEHUS sIBIIsIeTCA BOJIbT (B).
B mpakTuke 3JIEKTPOTEXHUUYECKUX HU3MEPEHUH HIMPOKO HCIOIB3YIOTCS
JOJIbHBIE U KPATHBIC €IMHULIBIL:

- kmtoBonsT (1 kB = 103 B);

- MumuBOJILT (1MB = 107 B);

- MukpoBoJsT (1 MxB = 10 B).

B karamoroBoii kiacCU(UKAIMU  DJIEKTPOHHBIE  BOJBTMETPHI
o0o3HauarwTcs ciueaywnmM oobpazom: Bl — oOpasuoBsie, B2 —
MOCTOSIHHOTO TOKa, B3 — mnepeMeHHOro cuHycouaibHOro Toka, B4 —
MEPEMEHHOT0 UMITYJIbCHOTO ToKa, BS — ¢a3ouyBcTBUTENBHEIE, B6 —
CeJIeKTUBHbIC, B7 — yHUBEpCabHbIC.

Ha mikanmax aHajoroBbIX MHAMKATOPOB M Ha JIMIIEBBIX MaHENsIX (Ha
NEPEKIIOYATeNIX  MOPEAEOB)  OTEYECTBEHHBIX W 3apyOeKHBIX
AJIEKTPOHHBIX W DJIEKTPOMEXAHWUYECKHUX BOJBTMETPOB MPUMEHSIIOTCS
cienyromue 00o3HaueHus:: V— BOJbBTMETPbI, KV— KHIOBOJBTMETPHI,
MV— MUUIMBOJIBTMETPHI, W V— MHKPOBOJIBTMETPHL.

Hanpspkenue mnoctostHHOro Toka (puc. 3.4, a) BbIpaxaeTcs Kak
u(t)=const. McTouHHKaMu TaKOTO HAIPSHKCHHUS SBJISIOTCS T'€HEPaTOPHI
MOCTOSIHHOTO TOKA U XUMUYECKUE UCTOYHUKYU MTUTAHUS.

U

Puc. 3.4. BpemenHnsie AuarpaMmbl HapsH>KEHUH: TTOCTOSIHHOTO (@), TEPEMEHHOTO
CHHYCOMJIATTLHOTO (0) U IepEMEHHOTO UMITYJILCHOTO (B) TOKA.

HamnpsbkeHne mepeMeHHOTO CHHYCOMJAIbHOTO Toka (puc. 3.4, 0)
BBIPAXKAETCS KaK
u(t) = Uy, sin(wt) (3.4)
U Xapaktepusyercs cpeanekBagparuuHbiM U u ammautyaabiM Up
3HAYEHUSIMU:
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U= % ~ 0,7U,. U =+2U (3.5)

HNcrounnkamu takoro Hanpspkenus ssistores [HU u ['BY,
AJIIEKTPOCETh.

HanpspkeHue mnepeMeHHOro HMIyJIbCHOro Toka (puc. 3.4, B)
xapakTepuzyercss aMmiiuTyaHbiIM Um u cpeaaum  Up (mmocTosiHHAS
COCTaBJIAIONIASA) 3HAYCHUAMHU HampspkeHus. VICTOUHMKOM — Takoro
HaIpSHKEHUS SIBISIOTCA UMITYJIbCHBIE T€HEPATOPBl C CUTHAJIOM PAa3HOU
dbopMbl.

N3mepeHne HanpsoKeHUs IIOCTOAHHOTO Toka. Jimd wm3Mepenus
HaIpSHKEHUST MOCTOSIHHOTO TOKAa MCIOIB3YIOTCA 3JIEKTPOMEXAHUYECKUE
BOJILTMETPBI U MYJIBTUMETPHI, JICKTPOHHBIC AHAJIOTOBbIE U ITU(POBHIC
BOJILTMETPBI, 3JIEKTPOHHBIE OCITUILIOTPaHI.

DIIEKTPOMEXAHUUYECKUE BOJBTMETPHl HEMOCPEICTBEHHON OLEHKU
U3MEpSIEMOM BEJIMYMHBI COCTABJIAIOT OOJBIION Kjacc MpHOOpOB
aHaJIOTOBOTO TUIIA U UMEIOT CJIEAYIOIINE TOCTOUHCTBA:

- BO3MOXXHOCTh paOOThI 0€3 MOAKIIOYEHNS K ICTOUHUKY TTUTAHWUS;

- MaJible TabapUTHBIE pa3MepHI;

- MEHbIIIas 11eHa (110 CPAaBHEHUIO C JIEKTPOHHBIMH );

- MPOCTOTa KOHCTPYKLMH U yIOOCTBO SKCILTyaTaINH.

Yame Bcero IMpu  IJICKTPOTEXHUYECKUX  U3MEPEHUSX B
CUJILHOTOYHBIX  IIEMSIX  HUCIOJB3YIOTCS  BOJBTMETPHl Ha  OCHOBE
JIEKTPOMArHUTHON M AJIEKTPOJAMHAMUYECKON CHUCTEM, B CIA0OTOYHBIX
IETSIX — MAarHUTORJIEKTPUYECKOM cucTeMbl. [10CKoJIbKy BCce Ha3BaHHbBIC
CHUCTEMBbI CaMU SIBJISSFOTCSI U3MEPUTEIISIMA CUJIBI TOKa (aMIepMeTpaMH),
TO JJI1 CO3/IaHUS HAa UX OCHOBE BOJBTMETPOB HEOOXOIUMO YBEIUYUTH
BHYTpECHHEE CONPOTUBJICHUE npuodopa, T.C. MOAKITIOYUTH
MOCJIEAOBATEIbHO C HW3MEPUTENIbHBIM MEXaHU3MOM J100aBOYHBIH
pe3ucTop lyos (puc. 3.5, a).

A Ta rnoé B Ru
o
E ; R nos
--------- @t @ @S
le g = Ma+ s A B A /s B
a 6 B

Puc. 3.5. Cxema co3gaHus BOJBTMETpPa Ha OCHOBE amiepMmerpa (a), MOJAKIIOYEHHE
BOJIbTMETpa K Harpy3ke (0), MoAKII0UYeHrE 100aBOYHOTO PE3UCTOpa K BOJILTMETPY (B)
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BoasTMeTp moakiIroyaeTcs K UCCaeayeMOl 1Ienu napalijieNIbHo (puc.
3.5, 06), U ero BXOJHOE COMPOTUBICHUE OJDKHO OBITh JIOCTATOYHO
OOJIBIIIHM.

Jnst  pacumupeHusi JAvana3oHa W3MEPEHHUS BOJIBTMETPA TakKXKe
UCIIOJIB3YIOT JOOABOUHBIA PE3UCTOP, KOTOPBIM MOJAKIIOYAIOT K IPUOOPY
nocjeoBaTesbHo (puc. 3.5, B).

3Ha4YeHUE COMPOTUBJICHUSA A00ABOUYHOI'O PE3UCTOpPA OMNpEeseTCs
o ¢opmyiJe:

Thos = 1B(P — 1) (3.6)
rae P — 4YWCIOo, MOKa3bIBAIOIIEe, BO CKOJIBKO pPa3 pPaclIUpSIETCS
IpeJie] U3MEPEHUS BOJIbTMETpA:
UHl
p==") (3.7)
H
rae U, — wucxoaueiii npenen usmepenus; U,; — HOBBIN mpenen

U3MEpPCHMUS.
JloGaBouHbIE PE3UCTOPHI, Pa3MEIICHHBIE BHYTPU KOpIyca nmpudopa,
HA3bIBAIOTCA BHYTPCHHUMH, TMOAKIIOUYCHHBICE K MPUOOPY CHApPYKU —
BHCIIHUMH. BOJIBTMETpPHI MOTYT OBITH MHOTOIpPEISIbHBIMU. MexTy
peaesioM U3MEPECHUS u BHYTPECHHUM COTIPOTUBJIICHHUEM
MHOTOIPEIECTLHOTO BOJIBTMETPA CYIIECTBYET MPsiMasi 3aBUCUMOCTD: YeM
OOJIBIIIE TIPEICNT U3MEPEHUS, TEM OOJIBIIIE CONTPOTUBJICHNE BOJILTMETPA.

DJleKTPOMeXaHUYeCKHue  BOJbLTMETPbl  UMEIOT  CIEIYIOIINE
HEJIOCTATKU:

- OTpaHMYCHHBIA JWAIla30H W3MEPEHUs HaNpsOKCHHH (maxe B
MHOTOIPEIETBHBIX BOJIBTMETPAX);

- Majoe BXOJHOE COINPOTUBIEHHUE, CJIEIOBATEIIbLHO, OO0JBIIOE
coOCTBEHHOE TIOTPEOICHNE MOIITHOCTH M3 UCCIISTyEMOM TICTIH.

OTUMH  HEJOCTaTKaMH  DJICKTPOMEXAaHUYECKUX  BOJBTMETPOB
OOyCJIOBJICHO TPEANOYTUTEIIBHOE HCIOAB30BaHUE ISl  HW3MEPEHUs
HaIPSKEHUS B DJICKTPOHHMKE AJICKTPOHHBIX BOJIBTMETPOB.

DJIEKTPOHHbIE AHAJIOTOBBbIE BOJbTMETPbI TOCTOSHHOTO TOKa
MOCTPOCHBI TI0 CXeMe, IMpeacTaBiIeHHOM Ha puc. 3.6. BxomHoe
YCTPOWCTBO COCTOMT W3 AMHUTTEPHOTO TOBTOPHUTENS (I YBEITHMYCHUS
BXOJ/IHOTO COMPOTHUBIICHHUS) U aTTCHI0ATOpA — JACIHUTEIIS HAMPSKCHUS.

.
) BxogHoe Yeunurens WMHpunkaTop
YCTPOMCTBO |5 MOCTOAHHOMO TOKA [l pMarHWTO3NEKTPUHEGKON
~U, T () — «mV = V» O—«poa» cUcTeMbl

Puc. 3.6. CTPYKTypHaSI CXEMa 3JICKTPOHHOI'O aHaJIOTOBOI'O BOJIbTMETPA NOCTOSIHHOT'O TOKa
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[IpenmyiiecTBa 3IEKTPOHHBIX AHAJIOTOBBIX BOJBTMETPOB IO
CPABHEHUIO C 3JIEKTPOMEXaHUYECKUMH OYEBU/IHBI:

- IIMPOKUN AUana30H U3MEPCHUS HANPSKECHUM;

- OoJbIlIOE BXOJHOE COMNPOTUBJIIEHHUE, CIEIOBATEIbHO, MaJloe
cOOCTBEHHOE MOTPEOICHNUE MOIITHOCTH U3 UCCIETYyEeMO 1IeTu;

- BBICOKAasi YyBCTBUTEIBHOCThH OJarojiaps HAJIUYUIO YCUJIMTENS Ha
BXO0jI€ MpUOOpa;

- HEBO3MOXHOCTb NIEPETPY30K.

BmecTe ¢ TeM 3lEeKTpOHHBIE aHAJIOTOBBIE BOJIBTMETPHI UMEIOT Psijl
HEJOCTATKOB:

- HalW4uMe  HCTOYHUKOB  MHUTaHUA,  OOJBIIEH  YacThiO
CTAOMIU3UPOBAHHBIX;

- Oospmiasg, dYeM Yy DJIEKTPOMEXaHMYECKUX  BOJIBTMETPOB,
MIPYBEJICHHAS OTHOCUTEIIbHAS MOTPEIIHOCTH (2,5...6%);

- OosbIlIMe MaccorabapuTHBIE pa3Mephbl, 00JIee BICOKas 1IeHa.

B HacTosimiee BpeMsl aHAJIOTOBBIE AJIEKTPOHHBIE BOJBTMETPHI
NOCTOSIHHOTO TOKAa MPHUMEHSIOTCS HEIOCTATOYHO MIMPOKO, TaK Kak IIO
CBOUM IapaMeTpaM 3aMETHO YCTYMalOT IIU(POBLIM BOJIBTMETPAM.
HN3mepeHnue HanpsoKeHUs IEpEMEHHOro Toka. [l usmepenus
HaIPSOKEHNs NEPEMEHHOIO0 TOKA MCIOJIB3YIOTCS 3JEKTPOMEXAHUYECKHE
BOJIbTMETPBI U MYJIbTUMETPBI, AIEKTPOHHBIE aHAJIOTOBbIE U IIU(POBBIE
BOJITMETPBI, 3JIEKTPOHHBIE OCLIMILIOTPAQBIL.

Paccmotpum HEJ0OpOrue U JOCTATOYHO TOYHbBIE
AIIEKTPOMEXAHUYECKUE BOJIBTMETPHI. JlenaTh 3TO 1enecooOpa3Ho Io
YaCTOTHBIM JIHANa30HaM.

Ha npompemmnennssix wacrorax 50, 100, 400 m 1000 I'm mmpoxo
MPUMEHSAIOTCS BOJIbTMETPHI AIIEKTPOMArHUTHOM,
ANEKTPOJUHAMUYECKON,  (PEeppOIMHAMUYECKON,  BBIIPSIMUTEIBHOM,
IEKTPOCTATUUECKON U TEPMOIIIEKTPUUECKON CUCTEM.

Ha nuskux vacrorax (mo 15..20 kI'1) npuMEHSIOTCS BOIBTMETPHI
BBIIIPSIMUTENIBHOM,  3JIEKTPOCTATUYECKOW M TEPMODJIEKTPUUYECKOM
CUCTEM.

Ha BbicOKMX dYacToTax (70 eIWHMII—/IECSITKOB Merarepi)
UCITOJIB3YIOTCSI TIPUOOPBI SJIEKTPOCTATUUECKON M TEPMOAJIEKTPUUECKOM
CUCTEM.

Jns  DJIEKTPOTEXHUYECKUMX H3MEPEHUM IIHUPOKO HCIOJIb3YHOTCS
YHUBEpPCAIbHBIE TPUOOPHI — MYJIBTUMETPHI.

MyabTUMETPHI (Tectepnl, aMIIepBOJILTOMMETPHI,
KOMOWHHUPOBAaHHBIE MPUOOPHI) TMO3BOJISIIOT HU3MEPATH  MHOXECTBO
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napamMeTpoB: CHJIY IOCTOSIHHOTO M TEPEMEHHOTO TOKa, HAMpSKEHUE
MOCTOSIHHOTO W TMEPEMEHHOr0 TOKa, CONPOTUBICHHE PE3UCTOPOB,
€MKOCTh KOHJICHCATOpOB (HE BCE MPUOOPHI), HEKOTOPHIE CTATUUECKHUE
napaMeTpbl MATOMOITHBIX TpaH3uCcTOPoB (N21,1xo0 u h22).

MynbTUMETpBl  BBIIYCKAIOTCS € AHAJIOTOBBIM W HHU(PPOBBIM
orcuetoMm. Illupokoe wuCHONB30BaHUE MYJIBTUMETPOB OOBSICHSIETCA
CIEAYIOIUMH UX TPEUMYIIECTBAMH

- MHOTO(YHKIIMOHAJIBHOCTh, T.€. BO3MOKHOCTh HCIIOJIb30BaHUS B
KaueCTBE aMIIEPMETPOB, BOJHLTMETPOB, OMMETPOB, (apaToMepoB,
U3MEPUTEIIEH MapaMETPOB MAIIOMOIIHBIX TPAH3UCTOPOB;

- IIUMPOKUH JOMamna3oH M3MEpPSIEMBIX TapameTpoB Onaroaaps
HaJMYUIO HECKOJIbKUX MPEJICSIOB U3MEPEHUS 110 KaXKI0MY MapaMeTpy;

- BOBMOKHOCTb UCIIOJIb30BaHMS B KQUE€CTBE MEPEHOCHBIX MPUOOPOB,
MIOCKOJIBKY OTCYTCTBYET CETE€BOM UCTOUYHHK MMUTAHUS;

- HEOOJIBIIIE MaccorabapuTHHIC pa3Mephl;

- YHHUBEPCAJbHOCTh (BO3MOXKHOCTh HW3MEPEHUS] NEPEMEHHBIX H
MOCTOSIHHBIX TOKOB M HAIPSKEHUN).

MyabTUMETPBI UMEIOT TAKXKE Psii HEJOCTATKOB:

- Y3KMU 4YaCTOTHBIN AUana3oH NPUMEHUMOCTH;

- 00JIBIIO€ COOCTBEHHOE MOTPEOICHNE MOITHOCTH M3 MCCIeayeMOn
eI,

- OonpIas MpUBEEHHAs MOTPEUTHOCTh Y aHanoroBeix (1,5; 2,5 u 4)
Uy U(PPOBBIX MYJIBTUMETPOB;

- HETOCTOSIHCTBO BHYTPEHHEI0 COINPOTUBJICHUS Ha Pa3IMYHbBIX
npeaenax U3MEPEHUs CUIIbl TOKA U HANPSKCHUS.

[To oTedyecTBEHHOW KaTajlOroBOW KiIacCU(PUKAIUU MYJIbTUMETPbI
uMeroT ooo3Hauenue 1143 u ganee Homep Mojenu, Hanpumep, 114352.

Jns onpeneneHuss BHYTPEHHErO CONPOTHBIICHUS aHAJIOTOBOTO
MyJIbTHUMETpPa Ha BKIIOYEHHOM TMpeleliec HU3MEPEHUs B IAaclopTe
npudopa MOXKET ObITh MPUBEACHO YAECIbHOE CONMPOTUBIICHHUE.

OJIEKTPOHHBIE  AHAJIOTOBBIE  BOJIBTMETPHI MEPEMEHHOTO  TOKa
MOCTPOECHBI MO OJHOM W3 CTPYKTYpHBIX cXxeM (puc. 3.7), KOTOphIE
pa3nuyaroTCs MOCIeI0BATEIbHOCTHIO PACTIONOKEHUSI OCHOBHBIX OJOKOB
— ycuinurtenss U mpeoOpa3zoBaTens  (IETEKTOpa)  HaNpsKECHUS
MEPEMEHHOTO TOKAa B HAMpsHKEHUE MOCTOSIHHOTO Toka. CBOMCTBa 3THX
BOJIBTMETPOB BO MHOT'OM 3aBUCST OT BEIOPAHHON CXEMBI.
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Puc. 3.7. CTpyKTypHBIE CXEMBI 3JIEKTPOHHBIX aHAJIOTOBBIX BOJIBTMETPOB IIEPEMEHHOTO TOKA
turma Y—/I (a) u tuma JI—Y (0)

BoabTMeTphI MEpBOI IpynIbl THNHA yCHIUTeNb-aeTekTop (Y—/I)
— MMEKT BBICOKYI0 YYBCTBUTEIBHOCTb, UTO CBA3aHO C HAJIUYUEM
JOIIOJIHUTENBHOIO  YCHJIMTEJS. [TootoMy  BCE  MHKpPO- U
MUJUTUBOJIBTMETPBI MOCTPOEHBI MO cxeMe Y—J[. OmHako 4acTOTHBIN
JTMaIa3oH TaKUX BOJIbTMETPOB HEIIUPOK (/10 €IUHUI] METarepir), Tak Kak
CO3/IaHME LIMPOKOIOJIOCHOIO0 YCHIMTENS IIEPEMEHHOIO TOKA CBI3aHO C
ONIPENIECIICHHBIMUA TPYAHOCTAMU. BosbT™MeTpbl Thna Y —/1 oTHOCATCS K
HE YHHUBepcalbHbIM (moarpynmna B3), T.e. MOryT H3MeEpATh TOJBKO
HANPSHKEHUE TIEPEMEHHOTO TOKA.

BoabTMeTpbl BTOPOW TpyHIbl THHA JIETEKTOp-ycwiuteas (A—Y)
— UMEIOT IIUPOKUN YaCTOTHBIA NHUAMa30H (10 €IUHMI[ TUrarepi) u
HU3KYI0 YYBCTBUTEJIBHOCTb. BOJBTMETPBI 3TOr0 THUIIA OTHOCITCS K
yHUBEpCcalbHBIM (moarpymnmna B7), T.e. uU3MepsAOT HaNpsHKEHUE HE
TOJIBKO TIEPEMEHHOTO, HO M IIOCTOSSHHOI'O TOKa; MOTYT HW3MEPSTh
HaIpsOKEHUE 3HAYUTEIBHOTO YPOBHS, TaK KakK 00eCHedYuTh OOJIbIIOE
ycuieHnue ¢ nomoubo YIIT HecaoxHO.

B BombTMeTpax 000MX THIIOB BaXKHYI (PYHKIIMIO BBITIOTHSIIOT
npeoOpa3oBaTeiM  HaANPSHKEHUS TEPEMEHHOTO TOKa B HaNpshKEHUE

MOCTOSIHHOTO ~ TOKa —  JIETEKTOpPbI, KOTOpble 1O  (DYHKIHH
npeoOpa3oBaHus BXOJHOTO  HANpsDKEHUSI B BBIXOJHOE  MOJKHO
KJIacCU(DUITUPOBATH Ha TpHU THMA! aMILTUTYAHOTO,

CPEAHEKBAIPATUYHOTO U CPEAHEBBIPSIMICHHOT'O 3HAYCHUSI.

OT Tuma nOeTeKTopa BO MHOTOM 3aBHUCST CBOWCTBa IMpubopa.
BogbTMeTpel € JETEKTOPOM aMIUIATYJTHOTO 3HAYEHUSI SIBISIOTCA
CaMbIMH  BBICOKOYACTOTHBIMHU;  BOJIBTMETPBl  C  JICTEKTOPOM
CpPEAHEKBAPATUUYHOTO 3HAUYCHHUS TIO3BOJISIIOT HM3MEPSITh HaMpsHKEHUE
NEPEMEHHOTO TOKa J000i (OpPMBI; BOJBTMETPHI C JETEKTOPOM
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CPEAHEBBIIPAMIEHHOIO  3HAYEHWS  MPUTOAHBI Uil  M3MEpPEHUs
HaIpsHKEHUST TOJBKO TapMOHUYECKOTO CUTHala W SABJISIIOTCS CaMbIMU
MPOCTBIMU, HAJIC)KHBIMUA U HEJTOPOTUMH.

NvnyabcHbie M mu@poBbie BOJbTMETPbI. llpm wusmepenun
VMIYJbCHBIX HANPSDKEHHM €  MAJIOW  aMIUIMTYJOM  IPUMEHSIOT
MPEIBAPUTEIIBHOE  YCUJIEHHE  HUMITYJbCOB. CTpyKTypHas  cxema
aHAJOTOBOTO HMMIYJIBCHOIO BOJbTMETpa (puc. 3.7) COCTOUT U3
BBIHOCHOTO MPOOHHKAa C SMUTTEPHBIM TOBTOPUTENIEM, AaTTEHIOATOPA,
IIMPOKOMOJIOCHOTO  MPEABAPUTEIBHOTO  YCWIMTENA,  JETEKTOpa
aMIUTATYJJTHOTO 3HA4ye€Hus, ycuiautenas noctossHHoro Toka (YIIT) u
AIEKTPOMEXAHUYECKOTO MHAMKATOPA. BOJIBTMETPBI, peanu30BaHHbIE 10
ATOM CXEME€, HEMOCPEACTBEHHO HU3MEpAT HampsbkeHue 1 mB..3 B ¢
norpemHocThi0 +(4 — 10)%, IIuTeNnbHOCTRI0O UMITYJIBCOB 1...200 MKc
u ckBaxkHocThio 100 ... 2500.

u (t) Mpensapw- InexkTpome-
—— MpobHunk I——‘ ATTeHioatop TenbHbLIA +\ AetexkTop = YT t> xann4ecknii
ycunutens nHaMKaTop

Puc. 3.7. CtpykTypHas cxeMa UMIyJIbCHOI'O BOJIbTMETpa

Jns vM3MepeHHsT MallblX HampsDKEHWM B IIMPOKOM JHAIa3oHe
JUIUTELHOCTEN (OT HAHOCEKYHJ A0 MHIUIUCEKYHl) HPUMEHSIOT
BOJIbTMETPBI, padOoTarOMe HA OCHOBE aBTOKOMIIEHCAIIMOHHOI'O METO/Ia.

OneKTpoHHbIE HHUGPOBBIE BOJBTMETPHl HMEIOT CYIIECTBEHHBIE
MPEUMYILECTBA Mepe]l AHATIOTOBBIMH

- BBICOKAsi CKOPOCTh M3MEPEHHUIA;

- HCKJIOYEHHE BO3MOXXHOCTH BO3HUKHOBEHHUS CYOBEKTUBHOM
OIIMOKHU OIepaTopa;

- MaJiasi IpUBEICHHAs TOTPEITHOCTb.

bnarogapss »3tuM  npeumyiiecTBaM  IUEGPOBBIE  DIICKTPOHHBIE
BOJIBTMETPHI IIUPOKO HCIONB3YIOTCSA g u3MmepeHus. Ha puc. 3.8
MpUBEJICHA YIPOIIIEHHAs CTPYKTYpHasi cxeMa Iu(poBoro BOJILTMETpA.

U =
e on,l:y-loe . AL - Lindposon ‘
YCTPOWUCTBO MHAWKaTOP

‘ 1
YcTtponcTeo
ynpasneHus

Puc. 3.8. YoporieHHas cTpyKTypHas cxeMa u(ppoBOro BoJIbTMETpa
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BxomHoe ycTpoWCTBO MpenHa3HAY€HO [Jig CO3JaHUS OOJBIIOTO
BXOJIHOTO CONPOTUBJICHUS BBHIOOpA MPEACIIOB U3MEPEHUs, OCIabICHUS
MOMEX, AaBTOMAaTHUYECKOTO ONpPEACICHUs TMOJSIPHOCTH U3MEPSIEMOI0
HaIpsHKEHUsT TOCTOSIHHOTO TOKa. B BOJNBTMETpax MEPEMEHHOIO TOKa
BXO/JHO€ YCTPOMCTBO BKJIIOYAaET B ceOs Takxke mpeoOpa3oBaTeb
HaMpsDKEHUsT TIEPEMEHHOTO TOKa B MOCTOSIHHBIM. C BBIXOJa BXOJHOIO
YCTPOKCTBA U3MEPSIEMOE HAMPSKEHUE MOJAETCA Ha aHaJoro-1udpoBoi
npeoOpaszoBatens (ALII), B koTopoM HampspKeHHE MpeoOpasyeTcss B
UPpoBON (IUCKPETHBIN) CUTHAI B BHUJE DJIEKTPUUYECKOTO KOJA WIIH
UMITYJIbCOB, KOJMYECTBO KOTOPBIX MPONOPLHOHAIBHO H3MEPSIEMOMY
HaMpsKEHUI0. Pe3ynpTat mosiBigercs Ha Tabyio nuppoBOro HHAUKATOPA.
PaboToii Bcex OJIOKOB yNpaBisieT YCTPOUCTBO YIPABJICHUS.

[udpoBrie BOABTMETPHl B  3aBUCHUMOCTHM oT Tuma  AIIIl

MOAPa3AEIAIOTCS Ha YETHIpE TPYTIIBL: KOJIOMMITYJIbCHBIE,
BPEMSIUMITYJIbCHBIE,  YAaCTOTHO-UMMYJIbCHBIE,  MPOCTPAHCTBEHHOTO
KOJIUPOBaHMUS.

B  Hacrosmiee Bpemsi IIUPOKO  NPUMEHSIOTCS  HU(POBbBIC
BPEMSIUMITYJIbCHBIE BOJIETMETPHI, npeoopazoBaTesu KOTOPBIX

BBIIIOJIHSIIOT MIPOMEKYTOUYHOE mpeoOpa3zoBaHue U3MEPSIEMOTO
HAIPSIKEHUS. B MPONOPIUOHAIBHBIA UHTEPBAT BPEMEHHU, 3AIOJIHAECMBbIN
MMITyJIbCAMU C U3BECTHOW YAaCTOTOU MOBTOPEHUsA. B pe3ynbrare Takoro
peoOpa3oBaHus TUCKPETHBIM CUTHAII M3MEPUTEIIbHON MH(pOpMaIuyu Ha
Bxoae ALl uMeer BHA Mayku CYETHBIX HMITYJBCOB, KOJIWYECTBO
KOTOPBIX MPOMOPIMOHAIBHO U3MEPSIEMOMY HAIPSIKEHUIO.

[TorpemHOCT, BPEMAUMITYJIBCHBIX BOJIBTMETPOB  OIPEACIISICTCA
IOTPEUTHOCTHIO TACKPETU3ALIUN U3MEPSIEMOTO CUTHaJa,
HECTaOWJIbHOCTBIO YaCTOThl CUETHBIX HMMITYJIbCOB, HAJIMYHUEM IIOpOTa
YYBCTBUTEIILHOCTH CXEMBI CpaBHEHMUS, HEJIMHEHHOCTBIO
peoOpa30BaHHOTO HAMPSIKEHUS HA BXOJIE CXEMbI CPAaBHEHUSI.

Bpemsi mnpeoOpa3zoBaHusi — D3TO BpeMsd, 3aTpauyrMBacMoOe Ha
BBITIOJIHEHUE OJHOI0 IpeoOpa3oBaHWsI AHAJIOTOBOM BEJIWYHUHBI B
1 (poBOH KOJI.

IIpeaeabl M3MeHEHHMs] BXOJAHOM BEJIUYMHBI — 3TO JIHAIIA30HbI
npeoOpa3oBaHus  BXOJHOM  BEJIMYUHBI,  KOTOpPBIE  IOJHOCTBHIO
ONIPEIICIISIOTCS YUCIIOM Pa3psa0B U «BECOM» HAUMEHBIIETO pa3psia.

YyBCTBUTEJIBHOCTh (pa3pemiaomiasi CnocoOHOCTb) — 3TO
HalMEHbIIIEe pa3IMYMMOe MpeoOpa3oBaTesieM H3MEHEHHE 3HauYCHUS
BXOJHOM BEJIUYNHEL.
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K OCHOBHBIM METPOJOTHYECKUM XapaKTepUCTUKAM BOJIBTMETPOB,
KOTOpbIe HEO0OXOAUMO 3HATh I MPaBUIBHOTO BbIOOpa mpubOpa,
OTHOCSTCS CJICIYIOIINE XapaKTEPUCTHKU:

- TapaMeTp U3MEPSIEMOTO HampspKeHUs (CpeaHeKBaIpaTUYHOE,
aMIUTATYIHOE);

- TMaIia30H U3MEPEHMS HANIPSIKCHUS;

- YaCTOTHBIN JUamna3oH;

- TOMyCTUMasl MOTPEIIHOCTh U3MEPEHUN;

- Bxoxuoi umneaanc (Rex, Cex).

OTH XapaKTEPUCTUKU MPUBOAATCS B TEXHUYECKOM OIHCAHUU U
nacropTe npudopa.
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Tema 3.3. U3mMepeHre MOLITHOCTH

N3MepeHre MOIIHOCTH BEChbMa pACOpPOCTPAHEHO B IMPAKTUKE
ANEKTPUYECKUX H DIEKTPOHHBIX U3MEPEHUM Ha TMOCTOSHHOM U
MEPEMEHHOM TOKE BO BCEM OCBOEHHOM JMaIa30HE YacTOT — BIUIOTh JI0
MUJTUMETPOBBIX U 00J1€€ KOPOTKUX BOJIH.

Oco06o¢ 3HaUYeHNE UMEET U3MEPECHUE MOITHOCTH B auamazone CBY,
MOCKOJIBKY ~MOIIIHOCTh  SIBJISIETCS €IMHCTBEHHOM XapaKTEpUCTUKOU
ANIEKTPUUECKOTO PEKHUMa COOTBETCTBYIOUIETO TPAKTa, KOTJa U3MEPEHUE
Toka u Hamnpsokenuss Ha CBY  u3-3a  OonblION MOTPEHIHOCTH
MPAKTUYECKU HEBO3MOXKHO.

MoiHocTh U3MEpsIETCS BaTTMETpaMu B Tpefeiax oT JoJei
MUKPOBATT JI0 €UHUIL] — JECIATKOB T'MIaBaTT.

B 3aBUCHUMOCTH OT M3MEPSEMBIX MOIIHOCTEHN MPUOOPHI ACIATCA Ha
BarTMeTphl Masio (<10 mBT), cpenneit (10 MBt ... 10 BT) u Gonbioit
(>10 Bt) MmomHOCTH.

OCHOBHOU €JIMHUIIEN M3MEpPEHUsT MOITHOCTU siBysieTcs BaTtT (BT).
Hcnonb3ytoTcst TakKe KpaTHBIC U JI0JbHBIC €TUHUIIBI:

- rurasart (1 Bt = 10° Br);

- merasartt (1 MBt = 10° Br);

- kunosarr (1 kBt = 103 Br);

- munmsart (1 MBt = 107 Br);

- mukposart (1 MxBrt = 10 Br).

MOITHOCTh MOXKET U3MEPATHCA HE TOJIHKO B aOCOJIIOTHBIX, HO U B
OTHOCUTEJBHBIX €UHUIIAX — JelnOenax:

P(B
P(nB) = 10 Ig PS(B:)) (3.8)

Jnsi u3MepeHusT MOIIHOCTH HCIOJb3YIOT KOCBEHHBIE W TPSMOM
METO/IBL.
B  karamoroBodi  Kiaccu(PUKAIMK  3JIEKTPOHHBIE  BATTMETPHI

o003HayalTCs ciaeayomum obpazom: Ml — oOpasiioBeie, M2 —
MpOXOASAIIEer MOIHOCTH, M3 — mnorjiomaeMol MoIHoOCcTH, M4 —
MOCTBI JUUISI H3MEpUTENel MolHocTH, M5 — mnpeoOpazoBarenu

(rOJIOBKM) BATTMETPOB.

DNEeKTpOMEXaHUYECKUE  BaTTMETPbl  KJIacCUPUIUPYIOTCA B
COOTBETCTBUU C €IMHHUIIAMU U3MEPEHHS] MOLUIHOCTH, YKa3aHHBIMH Ha UX
IIKaJIaX ¥ JINIEBBIX NaHenssx: W— BartMeTpbl; KW — KuitoBaTTMETpHI;
MW— mrmimuBarTmMeTpsl; WW— MUKPOBATTMETPHI.
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I/I3MepeHI/Ie MOIIHOCTH B HCHHAX INOCTOAHHOIO M NEPEMECHHOI'0
TOKA HUZKHUX YaCTOT.

JI1st u3MepeHuss MOIIHOCTU B IIEMSX MOCTOSSHHOTO U MEPEMEHHOTO
TOKAa  IPOMBIIUIEHHBIX  YaCTOT  HKCHOJB3YIOTCS  4Yallle  BCEro
ANEKTPOMEXAHUYECKHE BATTMETPHI ANEKTPOJUHAMUYECKOM U
heppoIMHAMHYECKOM CHCTEM.

B nabopaTopHoii mpakTUKE MPUMEHSIOTCS B OCHOBHOM BaTTMETPHI
AIEKTPOAMHAMUYECKOM cucteMbl 3, 4 U 5-ro kiaccoB TtoyHnoctu (0,1;
0,2; 0,5). B DOpOMBIIUICHHOCTH TIPH TEXHUYECKUX H3MEPECHUSX
MPUMEHSAIOT BaTTMETPhl (PeppoauHAMHUUECKON cucTeMbl 6, 7 U 8-r0
kjaccoB TouHoctH (1,0; 1,5 u 2,5).

[IIxanbl OMHOMPENEIbHBIX BATTMETPOB I'PAlyMPOBAHbI B 3HAUCHUSIX
U3MEPSIEMOM BEJIMYMHBI (BarTax, KWJIOBATTaX 151 T.10.).
MHoronpeaenbHble BaTTMETPhl MMEIOT HErpagyHpOBaHHYIO IIKaJy.
[lepen ucmoyib30BaHWEM  TakKUMX BaTTMETPOB TPU  HU3BECTHBIX
HOMUHAQJIBHOM 3Ha4e€HUH Toka |, W HOMHUHAIBLHOM 3HAYEHUH
HanpspkeHuss U, BBIOpaHHOIrO Tpesena, a TakKe KOJUYECTBE JeJICHUM
Kbl Ny TPUMEHSEMOTO BaTTMETPAa HEOOXOAMMO OIPEJSTUTh €ro

IeHY JieJieHns (MIOCTOSHHYIO pubopa) npu cos ¢ = I o dhopmyre:
Unly

c= (3.9)

Nk

3Has [eHy JCICHUS Ui TaHHOTO BaTTMETPa B BRIOPAHHOM TIpejeie,
HECJIOKHO TPOM3BECTH OTCUYET 3HAYCHHS HW3MEPSIEMON MOIIHOCTH.
M3mepeHHoe 3HaueHUe MOITHOCTH OY/IeT COCTABIIATD!

P=c'n (3.10)
rJIe N — OTCYET KOJMYECTBa ACICHUH 110 mIKajie mpudopa.
BaTTMeTpbl 3MEKTpOAMHAMUYECKON CHUCTEMBI MPUMEHSIOTCS JIJIs

U3MEPECHUST MOIIHOCTH B IIEMSAX ITOCTOSIHHOTO W TIEPEMEHHOI'0 TOKa
JaCTOTOM JJO HECKOIBKHUX KHJIOTEPII.

Bartmerpel  (deppoamHaMHUYECKON CHUCTEMBI TMPUMEHSIOTCS IS
U3MEPECHHUS MOIIHOCTH B IIEMSAX IOCTOSHHOTO W TIEPEMEHHOI'0 TOKa
IIPOMBIIIJICHHBIX YaCTOT.

Ha mocTossHHOM M IepeMEHHOM TOKE HHM3KHX, CPEIHUX U BBICOKHX
qaCcTOT HUCIIOJIB3YHOTCs KOCBCHHBIC MCTOAbI U3MCPCHHUA MOIIHOCTH, T.C.
HaIIpsPKEHUsI, CUJia TOKa U (l)aSOBBIC CABUTH OIIPCACTIAIOTCA IIYTEM
MOCJICAYIOMIETO  BBIYMCICHHS  MOIMHOCTH. AKTHBHAasS  MOIIHOCTB
nBYyX(ha3HOro MEPEMEHHOTO TOKAa B IIEMH C KOMIUIGKCHON Harpys3koi
omnpeaesseTcs o gopmyie:
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UZ
P=U-I-coscpz?coscpzlz-R-coscp (3.11)
rae U, | — cpenHekBaipaTtuyHOE 3HAYEHUE HANPSKECHUS U CHUJIBI
TOKa; cos ¢ — (Ha30BbIN CIABUT MEXK/Y CHUJION TOKA U HAIIPSYKCHUEM.
B nenu ¢ uncto aktuBHOW Harpyskou R,, xorma ¢ = 0, cos ¢ = 1,

MOIIHOCTb NCPEMCHHOI'O TOKa COCTABJISICT
UZ

P=U-1=1%"R, =— (3.12)
MOIITHOCTH UMITYJIBCHOI'O TOKa.
p, = —mim (3.13)

2
Ha npaktuke OObIYHO U3MEpPSETCS CPEHSAS] MOIIHOCTH 3a MEPUO/T

CJICIOBAaHUA UMITYJIBCOB:
T

Ime Q - CKkBaXHOCTh, t, — JUIMTENBHOCTh HUMITYyNIbCa, Kp —
kKod(pduimeHT Gopmbl UMITyJIbCa , | — MEPUO/T CIACTOBAHUS UMITYJIHCOB.
T

Bbicoko4yacToTHBIE METOAbI H3MEPECHUA MOIIIHOCTH.

Bo3MOXHBI J1Ba THUNOBBIX METOJAa WM3MEPEHUS MOIIHOCTA (B
3aBUCUMOCTH OT €€ BUJA: MOTJION[aeMast I MPOXOAAIIAs).

IHornomaemass MOIIHOCTH — 3TO MOUIIHOCTb, MOTpeOIsIeMast
Harpys3koil. B aTom ciydae Harpyska 3aMEHSIETCA €€ 3KBUBAJICHTOM, a
u3MepseMasi MOIHOCTD MTOJHOCTBIO PACCEUBAETCS HA ITOM SKBHUBAJICHTE
Harpy3ku, M Jajnee W3MEpPSIETCs MOIIHOCTh TEIIOBOrO Ipolecca.
Harpy3ka BarTmerpa IOJHOCTBIO TOIVIOIIAET MOIIHOCTh, IO3TOMY
Takiue NpUOOpHl HA3BIBAIOTCS BAaTTMETPAMM MOTJIOMIAEMOM MOILIHOCTH

(puc. 3.9, a).

Harpyaka PeansHan
namepurens fexepatop > Harpyaka
feHepaTop |— -
nornoLwaemMon v
MotiHocTy Nameputens
NPOXOAALLEN MOLLHOCTH
a 6

Puc. 3.9. Metobl m3MepeHus BaTTMETPAaMH TIOTIJIONIAEMO# (2) ¥ mpoxoasiei MoutHocTH (0)

Tak kak Harpy3ka MHOJIHOCTBHIO JOJIKHA MOTJIONIATh H3MEPSIEMYIO
MOIIIHOCTb, TO TMPUOOP MOXKET UCIHOJB30BATHCS TOJBKO TMpHU
OTKJIIOUCHHOM ToTpeduTesne. llorpemHocts u3MepeHus OyaeT TeM
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MEHbIIIe, 4YeM 0oJiee TMOJHO OOECIEUYEeHO COIIaCOBAaHUE BXOJHOTO
CONPOTHUBJIEHUSI  BAaTTMETpa C  BBIXOJAHBIM  COINPOTHUBJIEHUEM
UCCIIETyEMOr0 HMCTOYHWMKA WJIM BOJIHOBBIM CONPOTUBICHUEM JIMHUU
nepeaaym.

IIpoxoasimasi MOIIHOCTH — 3TO MOIIHOCTh, IMEpeaaBaeMmas
reHEepaTOpoM B pealibHyt0 Harpy3ky IIpubopsl, ee uszMepsroue,
Ha3bIBAIOTCSA BATTMETPAMH MPOXOJSIIEH MOIIHOCTH. Takue BaTTMETPHI
NOTPEOAIOT HE3BHAUUTEIBHYIO 100 MOITHOCTH MCTOYHUKA, & OCHOBHAS
€€ 4acTh BBIJICIISICTCS B pealIbHOM IOJIe3HOM Harpy3ke puc. 3.9, 0.

K BartmeTpam mnpoxonsiiei MOIIHOCTH OTHOCSTCS MPUOOpHI Ha
npeoOpaszoBaTessix XoJijia, C TMOIJIONIAIONIEH CTEHKOW U JIpyrue
pUOOPHI.

B nuamna3oHe BBICOKHX M CBEPXBBICOKHX YAaCTOT KOCBEHHBIE METO/IbI
U3MEPEHUS] MOIIHOCTU HE MPUMEHSIOTCS, TaK KaK B Pa3HbIX CEUEHUSIX
JUHAM TiepeJiad 3HAYeHMS CWIbl TOKAa W TAJCHUS HampsHKEHUs
pa3IM4HbI; KPOME TOrO, MNOJAKIIOUYEHUE HU3MEPUTEIBLHOIO Mpudopa
MEHSIET PEeXUM padboThl u3MeputTenpHou nenu. lloatomy nHa CBY
UCIIONB3YIOTCSI  JAPYrM€  METOJbl:  HalpuMmep, MNpeoOpa3oBaHUs
AJIEKTPOMArHUTHOM SHEPTrUM B TEIUIOBYIO (KAJTOPUMETPUUECKUN METON),
WU3MEHEHUS COMTPOTUBIICHUS PE3UCTOPA (TEPMUCTOPHBIN METO/).

Kasopumerpuueckuii MeTO/ U3MEPEHUS MOIITHOCTH
XapaKTePU3yeTCsl BHICOKOM TOYHOCTBIO. DTOT METOJ HUCIIOIb3YETCS BO
BCEM  PAJUOTEXHUYECKOM JHMAaMa3oHE€ YacTOT NpU  U3MEPEHUU
CPaBHUTEIBHO OOJIBIIIMX MOIIHOCTEH, KOTJ]a UMEET MECTO MOTeps TeIia.

Kanopumerpuueckuii  MeToJl OCHOBaH Ha MpeoOpa3oBaHUU
ANIEKTPUYECKON SHEPruy B TEIUIOBYIO, KOTJIa HArpeBaeTcsl HEKoTopas
KHUJIKOCTh B KajopuMmeTpe BarTMeTpa (puc. 3.10).

P —

Tepmonpeobpa-

30BaTenb
Puc. 3.10. YcTpoicTBO KaTOpUMETPUIECKOTO BaTTMETPA
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Jlanee MOIIHOCTh OLIEHUBAETCS IIYTEM OMPEIECICHUS 110 U3BECTHOM
Pa3HOCTU TEMIIEPATYpP U U3BECTHOMY 00BEMY >KHAKOCTH, MPOTEKAIOIIEH
4yepe3 KaJlopuMeTp:

P=k-V(t, — t;), (3.16)

raie K — ko3hdHUIMEHT HCIONB3yeMOR KHAKOCTH; V — 00beM

HarpeTou XUIKOCTH, tp, {1 — KOHEYHAas W HadalbHAs TEMIIEpATypa
HKUJIKOCTH.

[TorpenHoCcTh KaTOpUMETPUIECKOTO METOIa cocTaBiiseT 1...7%.

Tepmucropusniii  (0o10OMeTpHYeCKHA)  MeTOX  HU3MEPEHUS
MOIITHOCTA OCHOBAaH Ha HCMOJIb30BAHUU CBOMCTBA TEPMOPE3UCTOPOB,
U3MEHSATh CBOE CONPOTHBIICHUE MOJI BO3JCHCTBUEM MOTJIONIAEMON UMU
MOIIIHOCTH DJIEKTPOMArHUTHBIX KoJieOaHu M. B KayeCTBe
TEPMOPE3UCTOPOB UCIOIB3YIOT TEPMUCTOPHI U OOJTOMETPHI.

TepmucTop mnpencraBisieT codOO MOJYNPOBOJIHUKOBYIO IUIACTHHY,
3aKJIOYEHHYI0O B  CTEKIAHHBIM  OamwioH. TepMUCTOpBI  HUMEIOT
OTpUIIATEIbHBIA TEMIEPATYPHBIA KOAI(POHUIMEHT, T.€. C MOBBIIICHUEM
TeMIEepaTypbl UX COMPOTUBIICHHUE NAaET.

BonomeTp mpencrtaBiser co00M TOHKYIO IUIACTUHY W3 CIIOJBI HIIH
CTEKJIa C HAHECEHHBIM Ha Hee cJioeM (TUICHKOM) miaTuHbl. [leHouHbie
OomomeTpsl  00JIaJAIOT  OYEHb  BBICOKOM  YYBCTBUTEIBHOCTHIO.
bonomeTpsl MMEIOT TOJIOKUTEIBHBIN TEeMMEpaTypHbIH KO3 UIIMEHT,
T.€. C TIOBBIIICHUEM TEMIEPATypPhl UX COMPOTUBIICHUE PACTET.

UyBCTBUTEILHOCTh M HAJEKHOCTh TEPMHUCTOPOB BBINIE, YEM
00JIOMETPOB, OJHAKO MapaMeTphl OOJIOMETPOB CTAOUIIBHEE, MO3TOMY
OHM IPUMEHSIOTCS B 00pa3IoBbIX BaTTMeTpax (moarpynmna Ml).

TepMuUCTOpHBIA METO/I 00ECIIEUNBAET BHICOKYIO UYBCTBUTEIBHOCTD,
MO3TOMY €ro TMPUMEHSIOT [JIi M3MEPEHUs MallbIX U CPEIHUX
MorrHocTel. Vcronb30BaHWe OTBETBUTENCH U JETUTEIbHBIX YCTPONCTB
MO3BOJISIET TPUMEHSITh METO U IJISI U3BMEPEHUS OOJIBIINX MOUTHOCTEH.

[TorpemHoOCTh TEPMUCTOPHBIX BATTMETPOB cocTaBisieT 4... 10% u
qarie BCEro 3aBUCHUT OT CTEIIEHU COTJIACOBAHHOCTH HATPY3KHU.

K OCHOBHBIM METPOJIOTUYECKUM XapaKTEPUCTUKAM BaTTMETPOB,
KOTOpbI€ HEO0OXOJAMMO 3HaTh IIpM BbIOOpEe MpUOOpa, OTHOCATCS
CJIe Iy oLIHE:

- TUII TpuOOpa (MOTJIOIIAEMOM WIIM TTPOXOASAIIECH MOIITHOCTH);

- IMana3oH U3MEPEHUSI MOIIIHOCTH;

- YaCTOTHBIM JIMAIla30H;

- IONyCTUMasi MMOTPENTHOCTh U3MEPECHUM;
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- koadduuuent crosiuet BomHbl (KCB) Bxoma wusmeputens
MOIIIHOCTH WJI MOJYJIb KO3 (PUITUEHTA OTPAKEHUSI.
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PA3JAEJI 4. UCCJIEJOBAHUE ®OPMbI CUT'HAJIOB.

Ocnumnorpadbl OTHOCSATCS K MpUOOpaM, MO3BOISIONIMM HaOJII0aTh
dbopMy pazIMUHBIX CUTHAJIOB M M3MEPATHh MapaMeTpbl dTUX CUTHAJIOB.
OTauyuTeNbHOM  OCOOEHHOCTHIO  ocHuwuIiorpadoB  ABISETCS  UX
MHOTO()YHKIIHOHAJIBHOCT.

CoBpemenHble ocuuiiorpadbl ACNISITCS Ha JIEKTPOMEXAHUYECKUE
(camomnucIibl) U AIEKTPOHHBIC (IJIEKTPOHHO-YUYEBBIC) U PA3IUUYAIOTCSA
MEXK]Ty COO0M MPUHIUIIOM MOCTPOEHUSI, 00JIACTSIMU U3MEPEHHUSI, & YaCTO
U TUTIAMU pelIaeMbIX 3a71a4.

B Hacrtosimiee Bpems s aHanu3a (OpMbl CUTHAja dYallle BCEro
UCIIOJIB3YIOT OCIMILIOTpadbl ¢ 3JICKTPOHHO-Ty4YeBOH TpyOkout (DJIT) -
3JIEKTPOHHO-JIy4YeBble ocuuuiorpagsl (2JI0). OTu uU3MepuUTENbHBIE
NpuOOpPHl OTHOCATCS K Hambojiee YHUBEPCAIbHBIM, W TMpPEIHA3HAUYCHBI
JUIS BUBYQJIBHOTO HAOJIIOJIEHUS AJIEKTPUUECKUX CUTHAJIOB U U3MEPEHUS
ux napaMeTrpoB. B Hacrosinee BpeMsi pa3zpadOTaHbl M HMCIOIb3YIOTCS
pazIMYHbIC THUIIBI 2JIO: yHUBEpPCaIbHBIE, CKOpPOCTHbIE,
CTPOOOCKONIMYECKHUE, 3alIOMUHAIOIINE, CTICIIUATIbHBIC.

B kadecTBe «kapaHjailia», BBIUEPUYUBAIOIIETO 3aKOH W3MEHEHUS
UCCIIETyeMOW  BEJIWYMHBI HAa  JIIOMUHECHHUPYIOIIEM  DJKpaHe, B
MeKTpoHHOM  ociuiorpadpe (D0) wucnonp3yeTcs  y3KUM — JIyd
AIEKTpPOHOB, (opmupyeMbii BHyTpu OIJIT 0co00il 3JIEKTPOHHO-
ONTHUYECKOM CHUCTEMBI AJIEKTPOHHOW mymKkou. YcrporctBo IJIT ¢
AJNIEKTPOCTATUUYECKUM yIpaBJIECHUEM JTyda MokazaHo Ha puc. 4.1.

K M A Ax vy
1
D,

1T 1

i xvi\

ﬂpmﬁmb 1WLH_H—J
0 @o

_50B e (1.3)kB

Puc. 4.1. YcrporictBo DJIT ¢ 351eKTpOCTaTUYECKUM YIIPaBICHUEM JIyda

T T
1 1
i !
I I
1 b
1 1
i i
1 !
§

i i
1 1

-

BuyTpu crekisHHOro OajjioHa, B KOTOPOM NYyTeM OTKauMBaHUS
BO3/JyXa CO3JAETCs BAKYYyM, pPacCIOJOXeH Karoh K ¢ OpsMbIM WIH
KOCBEHHBIM IOJOIPEBOM, MOAYJIATOP M, NU3MEHEHUEM HANPSIKEHUs HA
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KOTOPOM PETYJIHPYETCS SAPKOCTh Jyda, (oKycupyrommii aHom A
yCKOpSIIOIMM  aHoj, Az W JBE Taphl OTKJIOHSIOMIMX IUIACTHH:
TOPU3OHTANIbHBIE — X ¥ BepTUKAJIbHBIC — Y. BHYTpeHHsIS TOBEPXHOCTH
9KpaHa TPYOKM TMOKpHITA CJIOEM JIOMHUHO(OpA, CBETSIIETOCS IO
NercTBUEM OOMOApIUPOBKH DJIEKTPOHAMH. OJEKTpOHHAs TpyoOKa,
cocrosmas u3 K, M, A1, A2, popmupyeT y3Kkuil 1yd 3JIEKTPOHOB.
Ocuunnorpaduueckue TPyOKH HMEIOT CIEAYIONIME MapaMeTphl:

pasMep 1o AUaroHaau, 9yBCTBUTEIBLHOCTD:
h e

S=— =" (4.1)
Uy B

rae h — orkioHenue nyda Ha dkpaHe (B geneHMsX); Us, — 3HaueHHE

HaIIPpsZKCHUS Ha IJIACTUHAX, BbI3BABIICC OTKIIOHCHHUC h.

: KaHan seprukansHoro otknoHeHus nyya (KBO)
' p 1
S| =] BxoaHow Yeunurens KBO |

v l ' || AenuTtens Bnok e TP -7———+<Y
() — «BonsT/ 3aaepxXKu

| /aen»

Bnok

|
|
- | : /]
L 1
CUHXPOHU3auMn |, D -
: J1
!

= ) Mesepatop Yeunutens KIMO < X
XOAHOWM passepTku | . o
nenvTens O — «Bpems/ Jj ke -

/aen» O — «YcuneHue»

. KaHan ropuaoHTansHoro otknoHenvs nya (Kro)
A
Bnok nuraHus

O — «HpKoCTb»

O — «®okyc»

O — «AcTUrmaTuam»

O — «[opceeTka wkanoi»

Puc. 4.2. YupolueHHast CTpyKTypHasi CXeMa YHUBEPCAJIbHOTO aHaJIOTOBOT0 ocIiyuiorpada

B coBpemennpix OO0 Ha JMIEBOM TNAHENHW  YKAa3bIBAETCSA

K03 PUIIMEHT OTKIOHEHHMS MO KaHaTy X win Y.
1 _ Uy, B
kyy =< = (4.2)

h nmen’
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a Takke TOK Hakama — |, Hampsbkenwe Hakana — U,, Bpems

mocjecBeueHuss — 1, 3amumparomiee HaANPsHKCHUE Ha YIPaBIISIOMIEM
anekTpoae — U, u pabouee HanpspKeHHUE HA aHOMaX A1 U A».
CymiecTByeT OombII0E MHOT000pa3ue YHUBEPCATbHBIX

ocumiorpadoB,  OAHAKO, CTPYKTypHas CXeMma, ompeaesseMas
ocodenHocTsiMu DJIT, y Hux obmas (puc. 4.2). DJIT, ucnons3yemolie B
YHUBEPCATBHBIX Ocuuiuiorpadax, OTHOCATCS K HU3KOBOJBTHBIM — 1...3
kB.

YHUBEpCAIbHbBIN ocrtorpad COCTOUT u3 OJIT v
ANEKTPOCTATHYECKUM OTKIIOHEHUEM JIy4a, TPEX ANEKTPUUECKUX KAHAJIOB
(Y, X, Z) u 6110Kka muTaHus.

[To kanany Y mopaeTcs HUCCieAyeMOE HaIpsHKEHUE, OTKIOHSIONIEE
AJIEKTPOHHBIA JIyd B BEPTHKAJIBHOM HampaBieHUU. OTINYUTEIbHBIM
NPU3HAKOM BXOJa KaHana Y SBJISETCS YKa3aHHUE 3HAYCHUS BXOJHOIO
umrieganca (Rqy, Ceqy) Ha IHLIEBOM MaHenu npudopa (psaoM ¢ BXOIOM).

[lo kanany X m0oJaeTcs BCIOMOTaTEIbHOE  HANpsHKEHUE,
OTKJIOHSIFOIIEE DSJICKTPOHHBIA JIyd B TOPU30OHTAJIBLHOM HaIpPaBJICHUHU.
Bxon kanana X, kak ¥ BXOJI KaHaja Y, paciojaoKeH Ha JIMIEBON MaHelIH
npuodopa.

[To xanamy Z mnopaeTcs HampsHKEHUE, YOPABISIONIEE SPKOCTHIO
nayda. Bxon kaHanma Z pacmoJioKEeH Ha 3aJHeW MaHeau ocuuuiorpada,
TaK KaK 3TOT BXOJ] UCIIOJb3YETCA PEkKE, UeM BX0/1bl KaHAJIOB Y U X. biok
NUTaHUST O0ECleYrMBaeT TMUTAHUE PA3IUYHBIMU 1O  3HAYCHUIO
HampskeHUsMu  He Tosibko OJIT, HO M Bce oOcTajgbHble OJIOKH
ocruiuiorpada.

BxonHoi nenurtenb, OJIOK 3aJIepKKU U YCUIIUTENb 00pa3yroT KaHal
BepTUKaibHOrO oTKiIoHeHus Jyda (KBO). Uccnenyemoe HampsikeHHe
JIOCTaTOYHOTO 3HAYEHHSI MOXET OBITh IOJIaHO HEMOCPEACTBEHHO Ha
MJIACTUHBI Y.

Kanan ropusontampHoro otkiaoHeHus Jyya (KI['O) conpepxut
BXOJHOM JI€JIUTENIb, TE€HEpPATOp pa3BEPTKH, OJIOK CHUHXPOHHU3ALHUHU U
ycunutenb  KI'O, u kotopom QopMmupyercss pa3BepThIBaIOIICe
nI000pa3Hoe HAMPsHKEHHE, M0JJaBaeMOe HEMOCPEICTBEHHO WM Yepes
KI'O Ha ropuzoHTajbHbIE OTKJIOHSIOIIME MIACTUHBI KaHaja X.

Jl1st mpoBepku paboTOCOCOOHOCTH ocHmuiorpada B CTPYKTYPHYIO
cXeMy Tpubopa BBEIEH KaluOpaTop — YCTPOMCTBO, (popMupyroiiee
NEPUONYECKUI UMITYJIbCHBIN CUTHAJ C U3BECTHBIMU
BBICOKOCTAOMIBHBIMU ~ MapamMeTpaMu  (aMIUIUTYJIOH, YacTOTOM U
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JUIUTEIBHOCTBIO), MCHOJB3YyeMBbIM  JJIi  CHW)KEHHUS  MOTPEUIHOCTH
U3MEPECHUMN.

MeTtoivka u3MepeHus mapaMeTpoB CUTHANIOB ocuusuiorpadom. Jlis
MOJIy4EHUST  BO3MOXXHO  MEHBIIEH  MOTPEIIHOCTH  HW3MEPEHUs
ocmuiorpad JOJKEH COOTBETCTBOBATH OCHOBHBIM METPOJIOTMYECKUM
XapaKTEPUCTUKAM.

K OCHOBHBIM METpPOJOTMYECKHM XapaKTepUCTHKaM ocuuiiorpada
OTHOCATCSI 4YBCTBUTEIBHOCTH (MO0 KOI(PPUIMEHT OTKJIOHEHHUS),
moJioca TPONMYCKaHWsI, 3HAYEHHWE HMIIeJAaHca IO BXOoay KaHama Y,
MOTPELIHOCTh BOCHPOM3BENACHN (OPMBbI CUTHAJIAa M H3MEPEHUS €ro
napameTpoB.

YyBCTBUTEJIBHOCTD S BhIpakaeTcs: popmynoil:
1

nen
s=5[%] (43)
B TexHudeckoMm mnacnopte npudopa MpUBOIUTCS YYBCTBUTEIBHOCTh
o 000MM KaHaaM: M0 BEPTUKAIIBHOMY KaHaIy — Sy 1 TOPU30HTAILHOMY
KaHaly — Sy.
B coBpemenHbIx ocmmuiorpadax Haubojee MMUPOKOe MPUMEHEHUE
Haea KOIPPUIUEHT OTKIOHEHUS, CBA3AHHbBIN C YYBCTBUTEIbHOCTBIO
00paTHOM 3aBUCUMOCTBIO:

k=-|=] (4.4)

S Laenn
Ilotoca mnpomyckaHus XapakTEpU3yeT YAaCTOTHBIM JHana3oH

CUTHQJIOB, HCCJIEAYEeMbIX ¥  HaOMIOJaeMbIX Ha  KOHKPETHOM
ocimsuiorpade. B 3ToM 94acTOTHOM Juama3oHE CHUTHAT H3MEPSIETCA C
JOTTYCTUMOM MOTPEITHOCThI0. AMIUTUTYAHO-4YaCTOTHAS XapaKTePUCTHUKA
(AUX) mpubopa npuBeacHa Ha puc. 4.3, tne f, u f;, — HwkHIT n
BEPXHSISI TPAaHUYHBIE YAaCTOThl COOTBETCTBEHHO. Y3KOMOJIOCHBIC
ocuiuiorpadsl, Kak IpaBUiio, 00J1a1atoT OOJbIIEH YyBCTBUTEIBHOCTHIO,
YeM IIMPOKOIOJIOCHBIE.

U

HacTOTHbLIN
anana3soH

1
|
|
|
- >,
|
!
1

0 L
f f J

8
Puc. 4.3. AMIIIUTYTHO-4aCTOTHAs XapaKTePUCTUKA OocIuiuiorpada
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3HayeHMe MMIIEIAHCA M0 BXOAY KaHajga Y — 3TO akTUBHas Re, u
peakTuBHas (eMKOCTHasA) Cgx COCTABIIAIOIINE BXOJHOIO COMPOTUBIICHUS
ociiorpada. JlocromHctBoM ocumiuiorpada  sBaseTcs  OoJbliee
3HAUYEHHE BXOJHOTO CONPOTHUBJICHHS, UYTO BJEYET 3a CcoOOM Majoe
COOCTBEHHOE MOTPEOJIECHUE MOIIHOCTH OT HCTOYHUKA MCCIEIYEMOIo
CUTHajga. 3HAYCHUE BXOJIHOW EMKOCTH TMPSIMO MPOMOPIUOHAIBHO
CBSI3aHO C IOJIOCOM MPOITyCKaHUs OCIJIIoTpada: 4eM MEHBIIe BXO HAs
€MKOCTh ITpHOOpa, TEM IIUPE YACTOTHBIN JHAMa30H.

[TorpemrHocTs BOcHpou3BeAcHUS (POpMBbI CUTHaIA (MCKAKEHUE) U
U3MEPEHUsI €ro IapaMeTpoB OOYyCIOBJI€HA KPHWBHU3HOW DKpaHa,
TPYAHOCTBIO TOYHOT'O OTCUETAa JIMHEHHBIX PA3MEPOB MO BEPTUKAIH H
TOPU30HTAJIM, HEYMEHHEM oImeparopa HacTpouTh mpubop. Takas
MOrpemHOCTh MOXeT npocturatb 10... 15% wu sABIgeTCS TJIABHBIM
HEJIOCTaTKOM aHaJIOTOBBIX OCITUILIOrpadoB.

Ocuuiiiorpagpuyeckue Pa3BePTKM. Hanpsoxenue,
oOecreunBarolee MepeMeIIeHue IEKTPOHHOTO Jyda MO TOPU30HTAIH
(ocu BpeMeHM), Ha3bIBaeTCd B ocuwLiorpadax pa3BepThIBAKIIHM
HANPSKEHUEM; TpaeKTopus, omnuchiBaeMas Ha »skpadHe OJIT mpu

OTCYTCTBHUU HCCJEIYEMOTO HAINPSIKCHUS, — Pa3BEePTKOM; BpeMs, B
TEUYEHUE KOTOPOTO OIMMUCHIBACTCA ATA TPACKTOPUSA, — AJIUTEIbHOCTHIO
Pa3BepTKH, a €€ JIMHEHHBIM pasMep MO OCU BPEMEHU — AJIMHOH
Pa3BepPTKM.

Pa3BepTku, TpUMEHSIEMbIE B COBPEMEHHBIX  aHAJOTOBBIX
ocumutorpadax, pa3inyaroTcs 0 HECKOJIbKUM MpHU3HAKAM:

- o (opMe pa3BEPTHIBAIOIICTO HANPSHKEHUS — IMUJIO00pa3HbIe U
CUHYCOUJIAJIbHBIE;

- o ¢dopme TpackTopur Ha 3kpaHe DJIT (mpu OAHOBpPEMEHHOM
[0Ja4€ HCCIEIYEMOIO M  Ppa3BEPTHIBAIOIIECTO  HANPSIKEHUH) —
JMHEWHBIC, KPYTOBBIE U CIIUPAJIBLHBIC;

- TI0 BPEMEHHBIM COOTHOIICHUSM — HENPEPHIBHBIE, KIYIIUE,
AKIOyIlIe3a1epKaHHble (JIylla BpEMEHH) U OJIHOKPATHBIE.

Haubonee  mmpoko  HCHOJIB3yeTCsS  JIMHEWHas  pa3BepTKa,
co3gaBaemas  HanpspkeHueM — Ux  muiooOpasHoit  gopmbl
BbIpaOaTbIBac€Masi T€HEPaTOPOM pa3BEPTKHU. B 3aBUCHMOCTH OT pexumMa
paboThl TeHepaTopa pa3BEPTKU, KaK YK€ OTMEUalOCh paHee, JUHEHHas
pa3BepTKa MOXKET ObITh HEMPEPHIBHOW WITU KAYILEH.

HenpepoiBHasi JuHeliHast  pa3BepTKa  NOpUMEHsETCA s
UCCJIEIOBaHUsI TapMOHMYECKUX TMPOLECCOB. ['eHepatop pa3BepTKH
BbIpaOaThIBAET CUTHAJI Jaxe NpU OTCYTCTBUM Ha €ro BXOJe
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3amyckatomero curHana. K roractTuHamM  kaHana Y [OABOAMTCS
UCCJIEYeMOE HaIpsDKeHHE, a K TUIacCTMHAM KaHalla X — HampsiKeHUe,
HapacTtawoniee (win yObIBaroiiee) JUHEWHO, T.€. U3MEHSIoIIeecs
MPONOPIIMOHATBLHO BpeMeHU (puc 4.4).

NoeanbHoe NpeanbHoe
Uy 4 Ux A
|
0 > 0 »
B Tx t ‘ Ty N t
PeanbHoe PeanbHoe
Uy A Uy A
0 > 0 >
o [t Tt b | |t t
TX o TX .|
a 6

Puc. 4.4. [Ipumeps! TuHEHHO-HAPACTAIONMIETO (2) U TMHEHHO-yOBIBaromiero (0) uaeaibHOTO U
peabHOTO Pa3BEPTHIBAIOIICTO HATPSKCHUS

[TapameTpaMu  HENPEPHIBHOTO  PEAJbLHOIO0  Pa3BEPTHIBAIOIIECTO
HaIpsKEHUs ABIAOTCA t,, — Bpems pabouero (psMOro) xojaa ayua, toy
— BpeMms o0paTHOTO Xoja Jy4a, Iy — TIEpUOJA TOBTOPEHUSA
pa3BepTHIBAIOIIECTO HAMpsiKeHUs. [ mosydeHus: BO3MOKHO MEHBIITUX
HCKaXEHUM OCHMIIOTPAaMMBI Pa3BEPTHIBAIOINICE HAMPSIKEHUE TOJHKHO
UMETh BBICOKYIO JUHEUHOCTH C BO3MOHO MEHBIIIMM BpeMEHEM Loy

Knymas nuHeiliHasi pa3BepTKa MPUMEHSIETCS JJIs UCCIIEIOBAHUS
UMITYJIbCHBIX CUTHaNOB. IIpy 3TOM reHepatop pa3BEepTKH 3aIyCKaeTcs
TOJIBKO C TMOMOIIBIO cUTHaja 3amycka. K yxe 3amucaHHbIM paHee
BPEMEHHBIM MapaMeTrpaMm Jo0aBisetcs 1, — Bpemsi oxumanus. llox
JNEUCTBUEM JKAYIIETO HANpPSIKEHUS SJEKTPOHHBIM JIyd, MpojeiaB 3a
BpeMs t,, OAMH mpsAMON Xon (cieBa HampaBo) U 3a BpeMs t,, — oauH
OOpaTHBIA X0, OCTACTCSI HEKOTOPOE BpeMs iy, B COCTOSHUU OXKHIaHUS
(mokost). 3aTeM MpoIrecc MePEMEIICHUS JTyda MOBTOPUTCH.

Knymas pa3BepTka JOJKHA OTBEYATh HEKOTOPHIM TPEOOBAHUSIM:

- A TOJy4eHUs] MHUHHUMAJbHBIX HCKOKEHUH HCCIeIyeMOoro
CUTHaja pa3BepTKa JOJDKHA ObITh JIMHEHHOW (HEIKCIIOHEHIIUAIBHOW),
KaK ¥ HEmpepbIBHAs MUJIO0Opa3Hasi, C BO3MOXHO MEHBIINM OOpaTHBIM
X0JIOM;

69



- JA  TOJYyYEeHHUS  HEMOJABWIKHOM  OCHMJUUIOTPAaMMbl  IIPH
WCIOJIb30BAHUM JKAYIIEM W HEOPEPHIBHOW JIMHEMHOW Pa3BEPTKH
HEO00XO0IMMO MPUMEHSIThH CUHXPOHHU3AIIUIO.

- ISl TIOJIyYEHHUS MCCIIEIyeMOIo CUTHajla B KPYIMHOM Maciutade Imo
TOPU3OHTAIM HEOOXOJAMMO BBIOpATh MOJIOKEHHE OpraHa yMpaBJICHUS,
3a/aloliero  Macmrad, —  nepekimovarens  «/auTeabHOCTh»
(«Bpewmsi/nen.»).

Hanpumep, HEOOX0AMMO HCCIEAOBaTH U HU3MEPUTh HUMITYJIbCHBIN
CUTHAJI MPSIMOYTOJIbHOM (OpMBI IUTENBHOCTRIO t, = 5 MKC
ocumiorpadgoM, y KOTOporo mnepekirodarenb «Bpewms/men.» umeer
nonoxenus. 0,1 -02-05-1-2-5-10-20-50us-0,1-0,2-0,5
-1-2-5-10-20—-50 ms.

«Bpema/oen»:
0,1 -—012—0.5——J_J-—2—E_r:4_1§5—10-——20—393—0, 1—0,2—0,5—1—2—5—10—20—50ms
Y A Y i
0,5 mkc 1 MKC 5 MKC 50 us
1l Pyt —r—t -

Puc. 4.5. OcuunnorpaMmmbl UMITYJIBCHOTO CUTHANA C 1, = 5 MKC IpU pa3HBIX MOJOKEHUSIX
MEepeKIII0YaTeNst

Ha puc. 4.5. npeacTaBieHbl OCHIIIIOTPaMMBbI UMITYJILCHOTO CUTHAJIA
c I, = 5 MKC mpu pa3HbIX MOJOXKEHUAX MEePeKIIoYaTesNs sl YeThIpex
3HauYCeHMI KaauOpoBaHHOU pa3BepTku:0,5 — 1 — 5 mkc - us

AHann3 3TUX OCIIIJIOTPaMM TOKa3bIBAET, UTO U3 BCEX IMOJIOKEHUHN
nepexiovarens «Bpemsi/nen.» onTuManbHbIM SBISETCS MOJOXKEeHHE «1
LLS», TIOCKOJIBKY MPH 3TOM IMOJO0KEHUHU XOPOIIO BUAHA (hopMa CUrHaja U
JUINTETLHOCTh ~ WUMITyJIbCA  MOXHO  U3MEpPUTh C  HaWMEHbIIEH
NOTPEIIHOCTBIO.

CuHXpOHU3aIHUs Pa3BePTKH — STO MPUHYIUTEIbHAS «ITOATOHKA
JaCTOTHI PA3BEPTKHU K KPATHOCTH YaCTOTHI CUTHAJIA.

HaOmronate uccnenyeMblii CUTHAI Ha HKpaHe ocmwuiorpada u
U3MEpPUTh €ro TapaMeTpbl MOXHO TOJBKO TPU HEMOJBIKHON
OCLIMJUIOTPaMMe, 4YTO OOecleunBaeTCsl MpPU YCIOBUU PAaBEHCTBA WIIU
KPaTHOCTU YacTOT (IEpUOAOB) pPa3BEPTHIBAIOIIETO U HUCCIEAYEMOTO
CUTHAJIOB, T.€. TIPH:

Fr=n-FyumTy =n-Ty, (4.5)
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rae N — ko3 duImeHT yacToThl (IepruoAoB) curHanga: N =1, 2, 3 ...

J1J1s1 BBITIOJTHEHMSI 3TOTO YCIOBUS U HEOOXO0AMMa CUHXPOHHU3AIHS.

BHyTpeHHSIST CHHXpPOHM3AIUs OCYIIECTBIISIETCS OT BHYTPEHHETO
UCTOYHMKA ocuuuiorpadga. B  kauecTBe HCTOYHHMKA BHEIIHEH
CUHXPOHHU3AIMK HCIOJIb3yeTCS HAMNpsDKEHUE BHEIIHETO TreHeparopa.
CuHXpOHU3AIS OCYIIECTBIISIETCS KOPOTKUMH UMITYJIbCAMH,
BbIpaOaThiBAEMBIMU ~ OJIOKOM  CHHXPOHM3AIlMU,  3aIyCKaIOIUMHU
TeHEPaTOp Pa3BEPTKU U YIPABIAIONIMMU €r0 pabOTOM. DTU UMITYJIbCHI
MOKHO CHUHXPOHU3HMPOBATh HE ToJbko ¢ Uy, HO W €O CHeIHalbHBIM
BHEIIHUM CHUTHAJIOM, MOCTYHalolUM Ha OJIOK CHUHXPOHM3ALUU TIPH
YCTAaHOBKE TEpEKJIIoUaTesis BHUJA CHHXPOHHU3AIMU B TMOJOXCHUE
«BHemL».

JIByxJiyueBble  ocUMJUIOrpabl  MO3BOJSIOT  OAHOBPEMEHHO
HAOMIOJATh 3a ABYMsS CUTHAJaMH, XapaKTepU3YIOUIUMU HCCIEIyEMBbIi
00BbeKT, Onarodapsi MOJYYEHUIO JOMOJIHUTEIbHOW WH@pOpManuu. Ty
3aJlayy MOKHO BBITIOJHUTH TaKK€ M OJHOJYYEBBIM OCHHILIOTPAdoM C
BHEIIIHUM DJIEKTPOHBIM KOMMYTAaTOPOM.

OCHOBHBIMH y3JIaMH, OTJIMYAIOIIUMH JBYXJIY4eBOH ocumiorpad
OT OJIHOJIY4€BOrO, siBNIAETCS 0cobas DJIT, BHyTpH KOTOPOIl TOMEIIEHBI
JIB€ OTHAENbHBIE SJIEKTPOHHO-ONTUYECKUE CUCTEMbl M JIBE OTJEIbHBIC
CUCTEMbl  OTKJIOHSIOIIMUX  IUIACTWUH, T.. JIByXJIydeBas TpyOka
npeacTaBiIsieT coOOW JBe OJHOJMYyYEeBbIE TpPYyOKH, paboTaromme Ha
OOIIHIT SKpaH.

CoOOTBETCTBEHHO, B JABYXJY4Y€BOM ocHwIorpage HMEIOTCS JBa
KaHaJla BEPTUKAJIBHOTO OTKJIOHEHHS M OJWH OOIIMi TreHepaTop
pasBepTku. Kamubpartop amMmiauTyabpl W JUIMTEIBHOCTH 4Yallle BCETO
TaKke 00IIHe JAJIsI ABYX JIy4eH.

JIist moydeHusi HEMOIBMYKHOM OCIUJUIOrPaMMBbI (CHHXPOHU3AIINH )
HE00X0IUMO 00eCIIeYUTh KPAaTHOCTh UCCIEAYEMbIX CUTHAJIOB:

Fy1 =n-Fy,, (4.6)
rae Fyi, Fy2 - gactoTa uccienyemMpix CUTHAIIOB.

JIByxiayueBod  ocmwiorpad — OTIMYAeTC OT  OJHOJIYYEBOTO
BHEUTHUMHU MpPU3HAKAMU: OH HMMeEEeT JIBa BXOJa KaHala Y M 1O JBE
peryJmpoBku «SpkocTth», «Pokyc», «Acturmarusm», «llepemenienne
10 BEPTHKAIN [».

JIByXKaHaJIbHbIe OCHMJIOrPadbl TO3BOJISIIOT TOJYYUTh Ha
IKpaHE U300paKEHHUE [BYX HCCICIYEeMBbIX CHUTHAJIOB C TOMOIIBIO
JJIEKTPOHHOTO KOMMYTATOpa, KOTOPBIM NEPUOJUYECKH BKIIOYAET
pasHble BXOJbl ocimuiorpada. B takom ocrmiorpade nmeercs Takxke
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JBA OJIMHAKOBBIX KaHalda BEPTUKAIBHOTO OTKJIOHEHHUS W OJIHOJIy4YeBas
OJIT. B 3aBUCUMOCTH OT peXuma paboThl KOMMYTAaTOpa peainu3yercs
OJIUH U3 PEXUMOB padOThl ocumiuiorpada: oJHOKaHAIbHBIA (KOraa Ha
SKpaHE BUJICH OJWH CUTHAJ, TOJABAEMbIM HA OAUH U3 BXOJ0B — Y1 WU
Y2) wiu mooudepenHblil (Korja Ha 3KpaHe BUIHBI 00a CHUTHala 3a CUET
NEPEKIIIOYECHUST KOMMYTaTopa BO BpeMs KaxkJoro oOpaTHOro Xoja
pasBeptku). Ilo Takomy ke NOpPUHUUIY, Kak JBYXKaHAJIbHBIC
ocumiiorpadpl,  CTpOATCS  MHOTOKaHallbHble — ocumiorpadsr (¢
KOJIMYECTBOM KAHAJIOB JI0 BOCBMH).

JByXKaHambHBIN OCIUILIOrpad OTIMYAETCS OT JBYXJIYYEBOIO TAKUM
BHEIIHUM [PU3HAKOM, KaK HaJIW4yuWe€ II0 OJHOU PEryJIUpPOBKHU:
«Sproctby, «DOKyC», «ACTUTMATUZIMY.

JIByXKaHaIbHbIE OCHIIIIOTPadbl HAMHOTO TMPOIIE CXEMAaTUYECKH U
JEIIEBIIE JBYXIIYYEBBIX.

AJITOPUTM MOATrOTOBKM ocumiiiorpaga x padore:

1. Bkmtounth TyMOnep «Cetb». Ilpu 3TOM HOKHA 3aroperbes
WHIUKATOpHAS JIAMITOYKA;

2. yepe3 1—2 MuH 1mocie mporpena npudopa Mmpu MoBOPOTE PYyUKU
«SIpKOCTh» BIpPaBO Ha IKpPaHE JOJDKHA TOSIBUTHCS CBETAIIASCS JTUHUSA
pa3BepTku. Eciiu Ha skpaHe MosBUIACh HE JIMHUS PAa3BEPTKH, a TOUKA, TO
BO wu30ekaHue BbIxoja u3 cTpos ODJIT sSpKOCTh CBEYEHUS CIEAYET
YMEHBIIUTh JI0 €JIBa Pa3jIuYMMON U BKJIIOYHUTH BHYTPEHHIOIO
CUHXPOHU3AIMIO JIJISI MOJydEHUs] Ha DKpaHe JIMHUM pa3BepTku. Eciu
MOCJI€ BBITIOJHEHUSI OIMMCAHHBIX MPOIEAYP Ha JKpaHE HE TMOSBUTCSA
JVHUS Pa3BEePTKU WIM TOUYKA, TO CJIEAYET MPOBEPUTH, YCTAHOBJIEHBI JIH
PETYIMPOBOYHBIE OPTaHbl ««<>» U «]» B cpenHee nonoxenue. Eciau u
TOT/Ia HAa DKpaHE HUYEro HE TOSBUTCS, TO CIEayeT MOBpallaTh
perynupoBKH «YpoBeHb» U «CTad.»;

3. ¢ mnoMompl0  peryiupoBok  «Spkocth», «Dokyc» U
«ACTUTMaTU3M» YCTAHOBUTH ONTHUMAJIbHBIC 3HAYCHUS TMEPEUUCICHHBIX
napamMeTpoB TOPHU3OHTAIBHOW JIMHUW pa3BEPTKHU: JIMHUSA Pa3BEPTKH
JOJDKHA OBITh OYKBAJIBHO BOJIOCSHOM, TOT/Ja W3MEPEHHE JHMHEHHBIX
pa3MepoB  MapaMeTpoB  OOECHEYUT  MUHUMAIBHO  BO3MOXKHYIO
MOTPEIIHOCTH;

4. IOCKOJIBKY BBIOOD pekuMa paboThl ociiuiiorpada omnpenensiercs
XapakTepoOM M 3HAYEHUEM HCCIIEAYEMOIro CUTHajia, TO TapMOHUYECKHE
CUTHAQJIBl HMCCICAYIOTCS, KaK TpaBUJIO, TPHU TOJOXKEHUU «BHYTp.»
NepeKTroYaTeNis CUHXPOHU3AIMKM, a UMIYJIbCHBIE — TPH TOJOKEHUH
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«Brem.y, Ilpu stom Ha paszbeM «Bxoxg X» mnomaroTcss HUMIYJIbCHI
CUHXPOHU3AIMU OT BHENTHETO UCTOYHUKA,;

5. mepexJiryaTesab mo BXoAy Y «~ — ~» YCTaHABIMBAIOT Yallle BCEro
B TOJOXEHUE « ~ », 4YTO OOECMNEeYMBACT CBSI3b C MCTOYHUKOM
UCCIIETyEMOr0 CUTHaJa IO IMOCTOSHHOMY TOKY M JAa€T BO3MOXHOCTH
COBMECTHUTH JIMHUIO PA3BEPTKHU C OChIO BPEMEHU;

6. ocimutorpad rotoB K paboTe, U MOXKHO MOJIaBaTh MCCIIETYyEeMbIH
CUTHaJ dYepe3 CHelnualbHbIM Kabenbr Ha Bxoa Y. Ecmu 3HadeHue
HalpsOKEHUsT — UCCJIEAYEMOro  CUTHajga  Jaxe  OpUOJIM3UTENIBHO
HEU3BECTHO, TO HEOOXOAWMO TepeKiouaresnb « BonbT/gen. »
yCTaHOBUTh B MaKCHUMaJIbHOE TMOJIOKEHHE (4TOOBI HE Cropesia BXOAHAas
I[ENb), 3aT€éM BBIBECTU €ro B IMOJOXKEHUE, O00eCcIeYnBaroIee
ONTUMAaJbHBIM pa3Mep MO BepTUKaiu. Bo wu30exaHue MOSBICHUS
OOJBIIION TMOTPEIIHOCTH TIepes] HM3MEpPEHHEM HEOOXOIUMO PYUYKH
MJJABHOTO PETYJIUPOBaHUS yCuieHUsI Mo X u Y YCTaHOBUTHb B KpalHee
npaBoe nojoxeHnue «Kamuopy.

[lena oHOTO JIENIEHUSI CETKU MEPE] U3MEPEHUEM YCTAHABIUBAECTCS
C TIOMOIIBI0 KATMOPATOPOB aMILIUTY bl U JJIUTEIbHOCTU («BosbT/ Aemn.»
u «Bpems/nen.»).

Ha pa3Mepbl ocuuiiorpaMmbl 0 BEPTUKAIW BIMSIOT CIEAYIOLINE
OpTraHbl yIIPaBIICHUS: MHOT'OCTYTI€HYAThIN nepeKIrYaTesb
«BonpT/men.», a B  HEKOTOPHIX  ocrwmiorpadax —TymoOIep
«Ycunutenb» Ha JABa TMojiokeHuu (Hampumep ). IIpousBenenue
MOJIOKEHUN mepekimoyatens «BonbT/men» u tymonepa «YCUIUTENb
OnpeieIsieT UEHY OJHOTO JIEICHHS] MAaCIITAOHOW CETKH — C.

Ha pa3smepsl ociiyuiorpaMMsl 110 TOPU30HTANM BIIMSIIOT JIBa OpraHa
yIpaBJICHUs: MHOTOCTYNEHYAThId Tepekimouaresb «Bpewmsi/men» u
TyMOnep «Pa3BepTka» Ha ABa mosoxxeHus. [IpousBe/ieHNE MOTOKEHUIM
TUX OPraHOB YIPABJICHUS ONpeACseT IEHy OJHOIo JCJICHUs
MaciTabHOM ceTkH ociuiuiorpada c..
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PA3JAEJI 5. UBMEPEHUE ITAPAMETPOB CUT'HAJIOB

Tema 5.1. U3mMepeHHe 4acTOTHI M BPpEMEHHbIX HHTEPBAJIOB
JIEKTPUYECKUX CUTHAJIOB

I/I?.MepeHne YaCTOThI X1 IEPUOJIA MOBTOPCHUA CUT'HAJIA.

Paznuunbie nmo Gpopme (crnegoBaTeabHO, U M0 HA3HAYCHUIO) CUTHATIBI
XapakTepU3ylTCs  pa3HOOOpa3HbIMM  TapameTpamMu. K BaKHBIM
napaMeTpaM OTHOCSITCSI 4acTOTa M CBSI3aHHBIE C HEW MEPHOJ U JIJIMHA
BOJIHBI AJICKTPOMArHUTHBIX KoJjeOaHuM, (a3oBbId CABUT, BPEMEHHBIC
UHTEpBaibl, KOIPDUIMEHT HEIUHEUHBIX HUCKAXCHUU U psif
cnenuPUUecKkux MapaMeTpoB, XapaKTePHBIX IS MOAYJIUPOBAHHBIX
curaanoB u curaioB CBY - ycTpoucTs.

OCHOBHOU €IUHUIICH M3MEPEHUS YaCTOThI CUTHAJIA SIBJISETCS Tepil,
HO BBHJIY €r0 MAJIOCTH B 3JIEKTPOHUKE HCIMOJIb3YIOT KPaTHbIE €INHULIBIL:
kunorepn (1 kI'm = 103 I'o); merarepn (1 MI'n = 108 I'm); rurarepi (1
ITuy = 10° Tu). Yacrora cHrHama HU3MepsAETCS DIEKTPOHHBIMH M
ANEKTPOMEXAHMYECKMMU YaCTOTOMEPAMU.

B nmnpakTuke 3JIEKTPOTEXHUUYECKHUX HM3MEPEHUU B OOJBIITUHCTBE
CIydyaeB W3MEPSIOT JUHEHHYI0 4YacTOTy, KOTOPYIO HCTOPUYECKH B
PaMOJICKTPOHUKE 0003Ha4ar0T OykBOW f (BBICOKME YacTOTHI) WM

oykBoii F  (Hu3kume  yactorel). ['apMOHWYECKHE  CHUTHAJIBI
XapAKTEPU3YIOTCA TAKKE YIJI0BOM (KPYroBOil) 4aCTOTOM w:
w = 2nf [pan/c] (5.1)

VYrioBas yactota paBHa WU3MEHEHUIO (a3bl CUTHAJA ¢(?) B €AUHUILY
BpeMeHHU. JJisi HU3KHUX 4acTOT yIJIOBasi YaCTOTa 3alMChIBAETCA KaK:
) =2nF (5.2)
TUTSI BBICOKHUX — KaK w = 2nf (5.3)
IIpy HENMOCTOSIHCTBE YaCTOThI UCIIOJIL3YETCS MTOHATUE MIHOBEHHOH
YIJIOBOM 4YaCTOThI

do(t
w(t) = 22 = 2nf (1), (5.4)
riae f(t) — MrHoBeHHas TUKITMYECKast 4acToTa.
[Ipy  omucaHuM  METOJOB  HM3MEPEHUS  YacTOThl  OyaeM
MOJIpa3yMeBaTh €€ CpEeIHee 3HadeHue 3a BpeMs wusMepenus. llon
JIMHEHOM YacTOTOM MOHUMAIOT YUCJIO KOJICOAHUM B €IMHUILY BpEMEHHU

F = % (5.5)
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Hapsny c¢ yactoroi Ha BU m CBY uacTto HCHONB3YIOT AJIMHY
BOJIHBI JJIEKTPOMATHMTHBIX KoJe0aHMii /, KOTOpass cCBsi3aHa C
JIMHEWHOMN YaCTOTOU 3aBUCUMOCTBIO!

=1, (5.6)

rie ¢ — ckopocTh cBeta (3:108 m/c).
Pexxe wu3MepslOT mepuoa 3JMEKTPOMATHUTHBIX KoJeOaHumil T,
CBSI3aHHBIN C JIMHEHHOM 4acTOTOM 00paTHON 3aBUCUMOCTHIO:

T = (5.7)

Takum o0pazom, mapametpsl F, T u A cBA3aHBI MEXKIy CO00M U mpH
HEOOXOJMMOCTH MOXHO U3MEpUTh Joboi wu3 Hux. I[lpubopsi,
U3MEPSIOIIME YAaCTOTYy CHUTHAJIa, HA3bIBAIOTCS YaCTOTOMEpPAMH, JIJIUHY
BOJIHBI — BOJIHOMEpPAaMHU, MEPUO]] — MEPUOJOMEPAMHU.

B 3aBUCHMMOCTHM OT y4yacTKa CIEKTpa 4YacTOT 3JICKTPOMAarHUTHBIX
KOJicOaHUN TPUMEHSIIOTCA Pa3IMYHbIE METOAbl HU3MEPEHHUS, KOTOPHIC
MOAPA3ACISIIOTCA HAa HHU3KO- M BBICOKOYACTOTHBIC. [Ipuboper s
U3MEPEHUs] HU3KUX U BBICOKMX YacTOT TaKXKe€ Ha3bIBAIOTCS HU3KO- U
BBICOKOYACTOTHBIMU.

[Ipu m3mepenun HU3KHX (TpoMmbiluieHHBIX) YyacToT (o 1000 I'm)
HIMPOKO MCTOJIb3YIOTCA 3JIEKTPOMEXAHUUECKHE YaCTOTOMEPHI HA OCHOBE
JIEKTPOMArHUTHOM,  AIEKTPOJAMHAMUYECKON,  (eppOoanHAMHYECKOM,
BBITIPSAMUTEIBHOW, BUOPAIIMOHHOW CHUCTEM.

JI1st u3MepeHuss HU3KUX YacTOT MPUMEHSIIOT OCHUJIIOTpaduyecKue
METOJIbI (METOABl CPABHEHHSI), UCIOJIb3YEMbIEC Hallle JJIsl TPaayUupOBKU
IIKaJI TEHEPATOpPOB PAa3JIUUHBIX M3MEPUTEIbHBIX mpuOopoB. [lpu
peanu3al 3TOro Meroda TpeldyeTcs TeHepaTop o0pa3loBOM YacTOTHI
OoJiee BBICOKOW TOYHOCTHM H ocuuiuiorpad. K ocuumnorpadguyueckum
MeToJlaM OTHocsiTcsi MeTton ¢uryp Jluccaxy, MeTon SIPKOCTHOU
MOIYJISITAA W METOJ WCIOJIb30BaHUS KaJTUOPOBAHHOW JIMHEUHOM
pa3BepTku ocumuiorpada. [lorpenmHocTs U3MepEeHUs TPETBUM METOI0M
3aBUCHUT OT HEJIMHEWHOCTH Pa3BEPTHIBAIOIIECTO HANIPSIKEHHUS, a TAKKE OT
MNOTPELIHOCTH OTCUeTa JMHEHWHBIX pa3sMEpoB MEpHOJa M KauecTBa
(OKYCHUPOBKH U SIPKOCTH JIy4ya Ha dKpaHe ocuuiiorpada.

B Hacrosmue BpeMs IS U3MEPEHUS HU3KUX YacTOT IIUPOKO
UCIIOJIB3YIOTCS 3JIEKTPOHHBIE ITU(PpoBBIE YacToTOMEpHI (U3)

[Ipy u3MepeHuru 4YacTOThl CUTHAJA METOJOM JUCKPETHOIO CYETa
UCCIIeTyeMbId CUTHAJI ¢ 4aCTOTOM Fy mosiaeTcst Ha BXOJIHOE YCTPOUCTRBO,
B KOTOPOM YCHJIUBAETCS WJIM OCIa0JIAeTCs 10 3HAaUeHUs, HEOOXOAUMOTO
JUTsE paOboThI O6J10Ka (hopMHUpoBaHus curHana (puc 5.1).
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Puc. 5.1. YmpoieHHas cTpyKTypHas cxema HU(ppOBOIO YacToToMepa (a) U BpeMEHHBIE
JarpamMmbl, TIOSCHSIOIINE €ro padoTy B pexXUMe U3MEPEHNUS YacTOThI CUTrHajia (0)

[Toctynatomuii B 010K (opMHUpOBaHUS | TapMOHUYECKHM CHUTHA
U: mpeoOpasyercs B NOCIENOBATENIBHOCTh KOPOTKHX OJIHOIOJISIPHBIX
uMnyiascoB Uy co cueTHpIM niepuoaoM moBTopeHus Tx = 1/Fy. Tlepennue
(POHTHI CUETHBIX HMMIYJIHCOB MPAKTUYECKH COBIMAJAIOT C MOMEHTOM
nepexoja curnHaia U; yepes HyJIeBO€ 3HAUEHUE HA OCU BPEMEHH TP €r0
BO3pPACTAHUM.

3aTeM CUYETHbIE HMITYJIbChl TIOCTYNAOT Ha OJMH U3 BXOJIOB
BPEMEHHOI'0 CEJIEKTOPa (JIEKTPOHHOrO KIIF0Ya), a Ha IPYroi €ro BXoJ C
BBIXOJIa KBApLIEBOTO T€HEPATOpa MOJAIOTCS UMITYJIbChI PSIMOYTOIBHOM
(dopMbI, KaTMOPOBAHHBIE MO JIUTEIBHOCTH, C MEPUOJOM MOBTOPEHUS
To>Tx nns nocnenyromero ux ¢GopMupoBaHus B 0J10ke HOpMUpPOBAHUS
2.

BpeMmeHHOU cenekTop OTKpbIBaeTcsl ummyinbcoM Uz M B TedeHHE
BPEMEHH €ro JEWCTBUS MPOMyCKaeT MakeT umnyibcoB Uz Ha BXO[
cyeTunka. B pesynpTaTe Ha CUETYMK HWMIYJIbCOB TMOCTYyMmaeT N
uMIyibcoB HanpspbkeHueM Ui, To ecTh MeTon AMCKPETHOTO cyeTa
COCTOUT B IOJCYETE YHCIAa IEPUOJOB H3MEpPAEMOM 4YacToThl Fyx 3a
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W3BECTHBIM BBICOKOCTAOMJIBLHBIM WHTEpPBal BpeMeHU [o. B pesynbrare
VU3MEPEHUS MOIYUYHUM:

n=— (5.8)
— 5.9)

N3 anammza GopMysdsl CcleayeTr, YTO 4YeM HIDKE 3HA4YCHHUE
U3MepseMor 4acToThl Fy, Tem Ooible J0DKHA OBITH TOTPEIIHOCTD.
[ToaTOMy ISl MOJIy4EHHSI MEHBIIECH MOTPEIIHOCTH MU3MEPEHUS HUZKUX
4acTOT yBEJIWYMBaAeTcs Bpems wu3MepeHuss To. CremoBaTenbHO,
U3MEPEHNE HU3KHX YacTOT TPeOyeT OOJbIIeT0 BpeMEHN N3MEPEHHS.

Huamna3zoH  u3MepsieMblX  HUQPPOBBIM  OPUOOPOM  YaCTOT
OTPAHUYMBAECTCS CHU3Y IOTPEIIHOCTHIO JUCKPETU3ALNHU, & CBEPXY —
OBICTPOJICUCTBUEM HCIIOJb3YEMBIX CUETUMKOB-AEauTeNeH. BepxHuii
Npeaeia U3MEPEHUsT B KOJIMYECTBEHHOM BBIPAKCHUMHW HE MPEBBIIIACT
200MI'u. PacmupeHusi BepXHEro Impejaena J00MBAIOTCS MEPEHOCOM
U3MepsSIeMOM 4acTOThl B 001aCTh 00JIee HU3KUX YacTOT (reTepOJHMHHOE
npeoOpa3oBaHue).

K OCHOBHBIM METPOJIOTMYECKUM XapaKTEPUCTHKAM YaCTOTOMEPOB,
KOTOpbI€ HEOOXOJAMMO 3HaTh IIpU BbIOOpEe mpHOOpa, OTHOCITCS

CICAYIOIHC:
- AUalla30H U3MCPCHUS YaCTOT,
- HYBCTBHUTCIBHOCTb — MHHHMAJBHOC HAIIPSAKCHUC (MOIHHOCTB),

IpU KOTOPOM MOKET padoTaTh Mpudop;
- IOIyCTUMasl MOTPEIIHOCTh U3MEPEHHS.
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Tema 5.2. U3mepenune pa3pl rapMOHUYECKUX CUTHAJIOB CABUIA.

Enununiamu usMepenusi (a3oBOro caBura SBISIOTCS pajuaH U
rpanyc:
1°=m/180 pan (5.10)
DOnekTpoMexaHuueckue (pazoMeTpsl Ha JIUIEBOM MAaHENIH HMEIOT
3HaK Agp. da3a xapaKTEpU3yeT COCTOSHUE TAPMOHHYECKOTO MPOIIEcca B
JTAHHBIA MOMEHT BPEMECHHU:
u(t) = U, - sin(wt + @) (5.11)
da30if Ha3bIBae€TCsI BECh APryMEHT CHUHYCOMJAIbHON (PYyHKIUU
(wt+@). OObI4HO M3MepeHne A TPOU3BOIUTCS I KOJIEOAHUM OHOM U
TOM K€ YaCTOTHI:
u,(t) = U, - sin(wt + ¢,)

u,(t) = U, - sin(wt + ¢,) (5.12)
B sToMm cityuae ¢azoBblil CABUT:
Ap = (Wt + 1) —(Wt + ¢2) = @1 — @3 (5.13)

JIist ynpolieHrus TpUHUMAIOT HadaldbHYy0 a3y OJHOTO KoJieOaHUs
3a HyJIb (Hanpumep, ¢2), Toraa Ap=g¢;.

[IpuBeneHHoe mMoOHsATHE (PA30BOrO CIABUTa OTHOCUTCS TOJBKO K
rapMOHUYECKUM cHUTHaiaMm. J[Jis HEerapMOHWUYECKUX (MMITYJIbCHBIX)
CUTHAJIOB MPUMEHUMO MOHSATHE BPEMEHHOIO CABHUIa (BpeMs 3aI€PiKKU
t;), IMarpaMMbl KOTOPOT'O MIPUBEIACHBI HA pHC. 5.2.

U,

L0
N il

t, ! t
Puc 5.2. JIlnarpaMMbl HanpsKEHUH ¢ BPEMEHHBIM CIBUTOM

1

N3mepenue  ¢a3oBoro caBura IMHAPOKO  HCIOJB3YeTCS  Ha
IIPOMBIIIJICHHBIX M CBEPXBBICOKMX YacTOTaX, T.€. BO BCEM JHAIla30HE
qacToT.

®a30BBIli CABHT BO3HHMKAET, HAMPUMEpP, MEXKIYy BXOJIHBIM U
BBIXOJIHBIM HAIPSKEHUSIMH YETHIPEXITOIIOCHUKA, a TaKKE B CHIIOBBIX
EMAX TEPEMEHHOTO TOKa MEXIY TOKOM M HaNpsHKCHHEM U OTIPEIeIIsaeT
Kod(pduimeHT MomHOCTH (COS@), CIea0BaTEeIbHO, M MOIIHOCTH B
HCCJIEyEMOU LIETH.
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st u3mepenus: pa3oBOro cABMra Ha MPOMBIIUICHHBIX YacTOTax
HIUPOKO VICTIOJIB3YIOT BJIEKTPOMEXAHUYECKHE dazomeTphl
AIEKTPOAMHAMUYECKON U (eppoaruHaMHUYECKoi cucteM. HemocraTtkamu
TakuxX (Pa3zoMeTpoOB SBJISIIOTCA CPAaBHUTEIBHO OoJjbInas moTpebisemast
MOIIHOCTh OT HWCTOYHWKA CHUTHAJIA W 3aBUCHUMOCTh IIOKa3aHUM OT
YaCTOTBL. OtHOCUTENbHAS MPUBEICHHAS MOrPENTHOCTh
NEKTPOMEXAHUUECKUX (ha30MeTpOB — He Ootiee +5%.

B 3aBucuMoctH OT TpeOyemoil TOYHOCTH HU3MEpEeHHs (Pa30BOro
CIBHUTA U YAaCTOTHI CUTHAJIA, IPUMEHSIOT OJUH U3 CICIYIOINUX METOOB:

- ocmmwuiorpadhudeckui (OJWH W3 TpeX): KOMIIEHCAITMOHHBIH,
AJIEKTPOHHBIM METOJA AMCKPETHOTO CyYeTa U METOJA MpeoOpa3oBaHUs
($ha30BOro0 CABUra B UMITYJILCHI TOKA;

- METOJl U3MEPEHHUSI C HCMOJb30BaHUEM (HDA30METPOB HA OCHOBE
MHKPOIPOLIECCOPHOU CUCTEMBI;

- METOJ1 MpeoOpa30BaHUs YaCTOThHI CUTHAJIA.

Ocumwuiorpagpuyeckue MeToabl, B CBOK 0YEPE/lb, PA3JICIISIIOTCS HA
TpHU:

- IMHEMHOW Pa3BEPTKHU;

- CHHYCOMJaIbHOM pa3BEPTKH (ILIUICA);

- KpyrOBOU Pa3BEPTKHU.

Jna peamu3anuu MeToAAa JIMHEHMHOM Pa3BEePTKH MCIOJb3YIOT
JBYXKaHAJbHBIA WM JBYXJy4eBOM ocimuiorpad (Wim OJHOIYy4EBOM
ocruiuiorpad ¢ 3JIEKTPOHHBIM KoMMyTatopom). Ha skpaHe momydaercs
N300paKeHNE CHHYCOUIAIbHBIX CUTHAJIOB.

Meto MTMHEHON pa3BEPTKH MO3BOJISIET OMPEAETUTh 3HAK (PA30BOT0
CIIBUTA, OXBATBHIBAET IOJHBIM auama3oH ero wm3Mepenus — 0...360°,
[TorpemniHoCTh METOAA COCTABISACT £(3... 7°).

MeToa CHHYCOHAAJIBHON PAa3BePTKH PEAIU3YETCS C MOMOIIBIO
oJIHOJIy4YeBoro ociuuiorpada. Mcciaeayembie CUTHAIIBI C HAMPSHKEHUEM
ui(t) m ux(t) momarorcs Ha BXxomel X u Y ocmwniorpada Ipu
BBIKJIFOYUEHHOM BHYTPEHHEM TE€HEpaTope JIMHEMHOW pa3BepTku. Ha
AKpaHe MOABUTCS Purypa B Buje 3suiumca, ¢GopMa KOTOPOTO 3aBUCUT OT
($ha30BOT0 CABMTa MEXKY ABYMsI HAMIPSDKCHUSIMHU M UX aMILTATY/I.

[TorpemnocTs n3mepenus Agp METOAOM CHHYCOUIAIBHON Pa3BEPTKHU
(METOJIOM BJIIWICA) 3aBUCUT OT TOYHOCTH HW3MEPEHUSI OTPE3KOB,
BXOJSIIIIMX B YpaBHEHHE, OT KauecTBa (DOKYCHPOBKHU M SIPKOCTU Jyda Ha
skpane DJIT.

O06a pacCMOTPEHHBIX METO/1a SBJISIFOTCS KOCBEHHBIMU M JJOCTATOYHO
TPYJAOEMKHUMHU.
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MeTon  KkpyroBoii  pa3sBepTkm —  HaumOojee  yJOOHBIN
ocumiorpadguueckuii Meto; usMepenus: ¢asooro casura. [Ipu stom
omnpenaesieTcs 3HaK (a3oBOro CIABHUra BO BCEM JUAIia3oHE H3MEpPECHUs
yrna (0..360°). IlorpemHOCTs HM3MEpPEHHMS MOCTOSHHA BO BCEM
JMara3oHe.

AOconoTHasE TMOTPEIIHOCTh  M3MEPEHUS METOJIOM  KPYroBOM
pPa3BEPTKHA JNOCTUTAET 2...5° W 3aBUCUT OT TOYHOCTH ONPEICIICHUS
IEHTpa Kpyra, TOYHOCTH HU3MEpeHHUs (a30BOTO CABUTA C IMOMOIIBIO
TPAHCIIOPTUPA M OT CTENEHW HJICHTUYHOCTU Mopora cpadaThiBaHUS
oboux (popmupoBaTeeH.

KomneHcCaniuOHHBIA MeTOX (METOJ HAJIOKEHHMS) PEAN3YETCA C
IIOMOIIIBIO ociuiLIorpada.

[TorpentHoCcTh U3MEPEHUS KOMIIEHCALIMOHHBIM METOJIOM HEOOJIbIIas
(0,2...0,5°) n onpenensercs TIaBHBIM 00pa3oM KadyeCTBOM TpaayHpPOBKU
dhazoBpariarens.

KoMmmnencanimonHslii MeTOA NMPUMEHSIOT U B auanazoHe CBY mpwu
u3MepeHur (pa3oBOr0 CABUra, BHOCUMOI'O KaKUM-THOO BJIEMEHTOM,
JOTIOJIHUTEILHO BKJIO4aeMbiM B TpakT CBY (punabTpoM, oTpe3kom
BOJIHOBO/IA).

OIIEKTPOHHBI METOJ IMCKPETHOr0 CYeTa IIOJIOKEH B OCHOBY
paboTel nudppoBoro HazoMeTpa U COCTOUT U3 JABYX OCHOBHBIX ITAIlOB:
npeoOpa3zoBanue (Ha3oBOro CABHMTa B COOTBETCTBYIOIIMI HHTEPBAI
BPEMEHM M U3MEPEHHE HTOr0 MHTEpBAJIa BPEMEHU METOJIOM
JTUCKPETHOTO CUeTa.

OOmiass MOrpemHoOCTh U3MEPEHUS] ATUM METOJOM 3aBHUCHUT OT
MOTPEIIHOCTH JUCKPETHOCTH, KOTOpas CBsi3aHa C TE€M, UTO MHTEpBan At
U3MEPSETCS C TOUHOCTHIO JI0 OJHOTO TepuoAa o U OT HECTAOMIBLHOCTH
BpEMEHU cpadaThIBaHUs MPeoOpa3oBaTEI.

Bosbmrmu BO3MOXKHOCTSIMU 00J1a/1at0T (ha30METPhI CO BCTPOCHHBIM
MUKPOTPOIIECCOPOM, KOTOPBIMH MOXKHO H3MEPITh (HA30BBIM CHBUT
MEXy JBYMSI TMEPUOJMYECKHUMHU CHTHAJIAMHU 324 JII00OW BBIOpAHHBIN
MepUOI.

Mainyto morpentHoctb u3MepeHus A¢p naHHbIM (Ha30oMEeTPOM MOKHO
MOJIYYUTh TOJBKO Ha JOCTATOYHO HHU3KOM YacTOTE HCCIEAYEMBbIX
CUTHAJIOB. Pacmmmputs YaCTOTHBIN JUana3on MO3BOJISIET
MpeBapUTENIbHOE (TETEPOIMHHOE) TPEOOPa30BAHNE CUTHAJIOB.

K OCHOBHBIM METPOJIOTUYECKUM XapaKTepUCTUKaM (Hha30METPOB,
KOTOpble HEOOXOAUMO 3HaTh IMpU BbIOOpEe NPUOOpPa, OTHOCATCS
CJIeAyIOITHe:
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- Ha3Ha4YeHHUE TIprudopa;

- TMara3oH u3Mepenus (a3oBoro CABUTa;
- YaCTOTHBIM JIMAIIa30H;

- TOMyCTUMasl MOTPEIIHOCTh U3MEPEHU.
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PA3JAEJI 6. UBMEPEHUE AMIIVIMTYIHO-YACTOTHBIX
XAPAKTEPUCTHUK

IIpr KOHTpOJIE TEXHUYECKOTO COCTOSIHUS DJIEKTPOHHBIX YCTPOMCTB
BAXHOE MECTO 3aHMMaeT M3MEPEHHE YaCTOTHBIX XapaKTEePHUCTHK
pa3IMYHBIX  MX  y3JI0B, a HMEHHO  aMIUIUTYJHO-4aCTOTHBIX
xapakTepuctuk (AUX).

MHOronoJIIOCHUK —  DJJIGKTpUYECKas ILelb, COACpIKaIas
HECKOJIbKO TO4YeK (IOJI0COB, IIOPTOB) JUIi COCAWHEHUS C JIPYyTUMH
nensiMu.  YacTHBIMM  ClIly4assMd ~ MHOTOIIOJIOCHUKA  SIBJISIFOTCS
JBYXITOJIFOCHHUK (Hampumep, corjacoBaHHas Harpys3Ka),
YETHIPEXIIOIIOCHUK  (HalpUMeEp,  aTTEHI0ATop),  IISCTUIOJIOCHUK
(Hampumep,  UUPKYJISATOP  WJIM  CMECHUTEb), BOCHMHUIIOJIOCHHUK
(Hampumep, HanpaBJICHHBI OTBETBUTEIIb) U AP.

YeTbIpEXMOJMIOCHUK — DJEKTpHUYECKas I1€lb, Pa3HOBUIHOCTh
MHOTOIOJIFOCHUKA, HMMEIOIAsl YeThbIpe TOYKM mnoakIrodYeHus. Kak
MPaBUWIIO, IBE TOUKU SIBJISIIOTCSI BXOJIOM, JBE JIPYTHE — BBIXOJIOM.

U, U,
O O

o, O

Bxon Boixoa

Puc.6.1. CxeMa 4eThIpeXOIIOCHUKA

B DJIEKTPOHUKE HIAPOKO UCTIOJIB3YIOT JIMHEHBIC
YETBIPEXMOMIOCHUKN, AYUYX KOTOpBIX ONpeAensiercss 3aBUCUMOCTBIO
MOyl Ko pulMeHTa repeiladd OT YaCTOThI CUTHAJIA.

Koy¢ppunuenT mnepemaum K, B memsx ¢ cocpeaoTOYCHHBIMU
MOCTOSIHHBIMU ~ TIPEJICTABISIET COOOW  OTHOIIEHUE  KOMIUJIEKCHBIX
aMIUTUTYJ BBIXOJHOTO W BXOJHOTO TAPMOHUYECKUX HAMPSKEHUNA OJHOU
YacTOTHI MPU YCJIOBUU OTCYTCTBHSI OTPAKCHUSI HA BXOJE, KaK MOKa3aHO
Ha CXEME YETBIPEXTOIIOCHUKA (puC. 6.1):

UBI)IX
o= (6.1)
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https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D1%83%D1%85%D0%BF%D0%BE%D0%BB%D1%8E%D1%81%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%B3%D0%BB%D0%B0%D1%81%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BD%D0%B0%D0%B3%D1%80%D1%83%D0%B7%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D1%82%D1%8B%D1%80%D1%91%D1%85%D0%BF%D0%BE%D0%BB%D1%8E%D1%81%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D1%82%D0%B5%D0%BD%D1%8E%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A6%D0%B8%D1%80%D0%BA%D1%83%D0%BB%D1%8F%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%A1%D0%BC%D0%B5%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D1%8C_(%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0)
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BE%D1%82%D0%B2%D0%B5%D1%82%D0%B2%D0%B8%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%BF%D0%BE%D0%BB%D1%8E%D1%81%D0%BD%D0%B8%D0%BA

Ecim  U<U;  TO mpoucxomuT ocjabjieHuWe CUTHajla TIpU
MPOXOXKJICHUU €ro 4epe3 YEThIPEXMOJIOCHUK (B A3TOM cllyyae —
IIACCUBHBIN), a KoadpurueHT nepenaun K<1.

Ecian U>Uj, To curnan ycuinmuBaercsi, YETHIPEXTOIIOCHUK SIBISIETCS
akTUBHBIM, a  k>1.  3HaueHus  kodpduHeHTa  TIEpesauH
YETHIPEXIMOJIOCHUKA U YaCTOThl CUTHAJIa, HA KOTOPOW MPOBOJAUTCS €ro
U3MEpEeHHe, 00pa3yoT TOUKY B CUCTEME COOTBETCTBYIOIIMX KOOPAHUHAT,
a COBOKYITHOCTh TaKHX e To4yek oOpaszyroT AUX B paccmaTpuBaeMoM
YaCTOTHOM JIMAIa30He.

N3mepenns napamerpoB AUX 4YeThIPEXMOMIOCHUKA BBITOJIHSIIOTCS
OJIHUM U3 IBYX METOOB:

- CHSATHEM 3aBUCUMOCTH MOAYJS Kod(duimeHta nepeaayu OT
4acTOThl MO TOYKaM C IMOCIEIYIONIMM HHTEPHOJUPOBAHUEM KPHUBOU
AUX;

- MOJTYYEHHUEM TaHOpPaMHOT0 n3o0pakenust AUX ¢ ucnosib3oBaHUEM
reHepaTopa Kadarolencs: 4aCTOThl U MHIUKATOpA.

Ha  npaktuke  0Opu  HCCIENOBAaHUM  YETHIPEXIOJIIOCHUKOB
onpenessitor 4yamie Bcero AUX (puc. 6.2), KoTopas OTpaxaeT €ro
CBOWCTBA B HCCJIEAYEMOU MOJOCE YAaCTOT — IIOJIOCE IMPOIYCKaHUs, B

KOTOPOH MOIynb KO3 dHUIMEeHTa Tepeaadn He JOKEH OBITh MCHBIIE
O,7kmax.

[ |
I |
| I
1 |
] I
| 1
| |
| |
| i
| |
| |
] |
] ]
f, Afy f,

o

B

Xy |
B

Puc. 6.2. AUX 4eThIpexIoIOCHIKA

IMosioca  mpomyckaHusi  JIMHEHHOr0  YeTHIPEXIMOJIOCHHUKA
orpanuumBactcsi HwkHed f, m BepxHe#t f, wacrorToit, mosromy ero
IIMPHUHA COCTABJISICT:

Af - f;S_fH (62)
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Metox cHarua AYX mo TOYKAM peanu3yercs € MNOMOIIBIO

JMAIla30HHOTO TeHEpaTopa CHHYCOMJAJIBHOTO CHTHAJIa M BOJBTMETpa
(puc. 6.3).

Avana3oHHbin |, Uccnepyeman

—»=  BonbTMmeTp
reHepaTtop uenb

Puc. 6.3. CtpykrypHas cxema coequHeHHus TpuOopoB mpu CHATUU AUX 4eThIpEXIOIIOCHUKA 110
TOYKaM

N3meHsast 4acTOTy TapMOHMYECKUX KOJIEOAaHUM B HCCIEAyEeMOM
MOJIOCE€ YacCTOT, HW3MEPSIOT BOJIBTMETPOM HAMNPSIKECHUE HA BBIXOJIE
MIPOBEPSIEMOr0  YETBHIPEXMOJOCHUKA TMPHU TOCTOSHCTBE 3HAYCHUS
BXOJTHOTO HANPSIKECHUS.

ITo pesynbratam u3Mepenuit rpapuuecku crpost AUX.

kK 4 kK A

0 >0 .
f f
a 6

Puc. 6.4. JloctoBepHast kpuBasi AUX 4eThIpeXIoIIOCHUKA (a) U KpUBasi, CHATAs 10 ToukaM (0)

PaccmoTpeHHbIl MeTOL UMEET psifl HEAOCTATKOB:

- TPYOOEMKOCTb H3MEpEHUs, CBsi3aHHas co cHatueM AYX 1o
TOYKaM, KOJIMYECTBO KOTOPBIX MPSIMO MPOMOPLUUOHAIBLHO TpeOyemoil
TOYHOCTH U3MEPECHUS;

- BIIMSIHUE JJIMTEIBHBIX HM3MEPEHUN Ha Xapakrtep kpuBonl AUX,
U3MEHECHHUSI TEeMIEpaTypbl OKPYXKAOIIEW Cpeabl ¢ MUTALIEro
HaIpPsKEHUs, KOTOPhIE UCKaXKaloT JOCTOBEPHYIO KpUBYIO (puc. 6.4, a);

- BO3MOJKHOCTb IIPONYCKA pPE3KMX HW3MEHEHUHW KpPUBOW B
MPOMEXYTKaX MeXay Toukamu (puc. 6.4, 0) u3-3a JUCKPETHOCTH
BocmipousBeneHuss AUX.

MeToa mosrydyeHus: MAHOPAMHOIO U300PaXKEHUS JIEKUT B OCHOBE
paboThl CllEMAIBHBIX MAaHOPaMHBIX NpUOOPOB — XapakTepuorpados.
OTOT METOJ JINIIEH HEIOCTATKOB, NpUcymux meroay cHatus AUYX mo
TOYKaM, HO MMEET MEHBIIYI) TOYHOCTh HM3MEPEHUS H3-3a KOPOTKOTO
BPEMEHU M3MEPEHHS B KaXJ0i Touke KpuBon AUX.

84



CrpykrypHas cxema mpocreimero mmepurenss AUYX (puc. 6.5)
COCTOUT M3 re’Heparopa kavaromieiicss yactorsl (I'KY), yactora koToporo
IJIJABHO M3MEHSETCS MO OMNPEACICHHOMY 3aKOHY B PacCMaTpUBAEMOU
MOJIOCE YaCTOT, U MHAUKATOPA, BOCIPOU3BOASAIIETO KpuByr0 AUX.

B xagecTBe HHIMKATOpa OOBIYHO UCIIOIB3YyETCA ocuuiuiorpad.

YeTbipex-
K4 — > NOMOCHUK — >— WHankatop

L ron ¥

MOLAY/IMPYIOLLIErO HaNPsXeHus

Puc. 6.5. CtpykrypHas cxema npocteiiero uamepuresns AUX

CurHan C I'KY4 noaaeTcs Ha BXOJ VCCIIEIyEMOTO
yeThipexmnoyitocHuka. [lockonbky Moaynb kKoddduimenta mnepegaqu
YETBIPEXTIOIOCHUKA 3aBUCUT OT YaCTOThI CUTHAJa Ha BXOJE, TO Ha €T0
BBIXOJI€ CUTHAJ U3MEHseTCA 1o aMiuiutyae. Orubdaromiast 3Toro curHania,
BbLAEIsAEMAs JIETEKTOPOM, KOTOPBIA BXOAUT B COCTaB HMHAUKATOPA,
yIpaBJsgeT OTKJIOHEHHWEM Jiyda MHAUKATOpa MO BEPTUKAIU, U300paxkas
kpuByto AUX. OmHOBpEMEHHO OJIOK MOIYJIUPYIOLIETO HAMPSHKEHUS
cunxpoHusupyer padory 'KYU u umHamkaropa u ymnmpaBisieT 4acTOTOU
I'KY u oTKIIOHEHUEM JTyYa UHAUKATOPA 110 TOPUZOHTAIIH.

N3mepenne moayias kodgduuueHTa Mepelayd OCHOBAaHO Ha
MeToJie 3aMmenieHus. s 3Toro mepen HayajaoM HU3MEpEeHUus Hpuoop
KanuOpyercsi curHainom, mnogaBaembiM ¢ ['KYU HemocpencTBeHHO Ha
MHAUKATOp, a wuMmewmmiica Ha Beixoge ['KY  arreHroarop
YCTAHABJIMBAETCS B IMOJOKEHUE MAKCUMAIBHOTO OCIA0JIEHUs, YCIOBHO
MIPUHAMAEMOIr0 3a HyJb. llociie TIOAKIIOYEHUS YETBIPEXMOJIIOCHUKA
BOCCTAHABJIMBAKOT ITOKA3aHUs MHAWKATOPA, KOTOPBIE COOTBETCTBOBAIIU
€ro IMOJIOKEHUIO MPU KAIHMOPOBKE, W3MEHsISI OCIa0JIeHuE aTTeHI0AaTopa
I'KY, ompenensitor ociiabjieHUE WM YCUJIEHHE YETHIPEXIOJIOCHHUKA.
[Ipu 3apaHee  KanuOpOBaHHON  MIKaJe  OCHUIUIOrPadUyYECKOro
VHINKATOpA TAKXKE€ MOXKHO IpoBecTH u3Mmepenue AUX, He oTkiIrovas
YETBIPEXITOIOCHUK.

Jns  TOBBIMIEHWsST  KayecTBA  HU3MEPEHUM U PACIIUMPEHUS
(GYHKIIMOHAIBHBIX BO3MOXXHOCTEH NPUOOpa B CTPYKTYPHYIO CXEMY
naHopamMHoro uamepuresisi AUX BBOISTCA JOTOJTHUTEIBHBIC Y3JIbl (pHC.

6.6).
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Bnok 4acTOTHbLIX » NHankatop
METOK >
Iy j.
’ bnok LLinpokononocHbin
K4 < MOOYNUPYIOWETD norapnpmmnyecknin
l—,'““ HANPAXEHUA ycunuTens
[ l ' A
] Bnok
TOMaTHUYeCKoro -
aBToMa > ATTeHioaTop ] YeThipex ] OetexkTopHasn
perynMuposaHua NOMOCHUK ronoeka
aMnnuTyabl

Puc. 6.6. CtpykTypHas cxema naHopamHoro n3meputens AUX

HenTpanbabim y3imom uzmeputesss AUX ssasercs [’ KU, kotopslii B
3aBUCUMOCTH OT MPEAbSIBIAEMBIX K HEMY TPEOOBAaHUM BBIMIOJHSIETCS B
IByX BapuaHTax. Jlis monydeHusi OOJbIION BBIXOJHOW MOIIHOCTH H
MaJibIX ~ HEJIIMHEHWHBIX HMCKAKEHUU  KoJIeOaHWsI  BbIpaOaThIBAIOTCS
HENOCPEACTBEHHO 3aIa0IIUM aBTOI€HEPATOPOM KAYarOLIENCs YaCTOTHI.

B kadecTBe MHAMKaATOpa yYallle BCEro MUCHOJIB3yeTCs Auciuieud. B
3aBUCUMOCTH OT CKOPOCTH KauaHus yacToTbl ['KY BhIOUpAIOT JUCILIEH C
HOPMAJIBHBIM WM JUIUTENBHBIM MTOCIECBEYEHUEM, C AJIEKTPOMATHUTHBIM
WJIU C DJIEKTPOCTATUYECKHAM YITPABJIECHUEM JIyya.

Ha ywmenbimienue norpemnoctu uzmepeHus AUX u yBenmueHue
paspemiaroinieil CnocoOHOCTH MPUOOpa OKa3bIBAIOT BIIUSHUE Pa3MEPHI
paboyelt yacTu JucIies..

B 3aBucMMOCTH OT HIMPUHBI MOJOCHI KayaHWUs XapakTepuorpadsl
MOJPA3ACIAOTCS  Ha: Y3KOIOJIOCHBIE, IIAPOKOIOJIOCHBIE U
KOMOMHUPOBAHHbIE.

VY3KkomnosiocHble XapakTepuorpadbl 00ECEeUUBaIOT MOJOCY KauyaHHus,
COCTaBJISIFOIIYI0 JIOJM W E€OUHHUIBI MPOLEHTA LEHTPAIbHOM YacCTOTHI;
IIMPOKOMOJIOCHBIE MMEIOT MOJIOCY KAadaHWsl, COCTABJISIOLIYIO TOJHBIN
JMara3oH 4acToT Mpubopa; KOMOWHUPOBAHHBIE OOBEIUHSIOT B ceOe
(YHKIMA Y3KOIMOJIOCHBIX U IIMPOKOMOJIOCHBIX.

Xapakrepuorpadbl KIACCUPUIHMPYIOTCA €He MO0 HECKOJIbKUM
rapameTpam:

- 10O JONYCTHMBIM 3HAYC€HUSM OCHOBHBIX YaCTOTHBIX W
aMILUTUTYAHBIX NTApAMETPOB — Ha KJIACCHI TOYHOCTH;

- 4YuCIy OJHOBpeMEHHO wucciaenyembix AUX — ogHO- W
MHOT'OKaHAJIbHBIE;
- JUMHAMHAYECKOMY JHamna3oHy BocmpousBeaeHus AUX — ¢

JUHEHHBIM U JJorapu(MUUYECKUM MACIITa00M IO aMIUIUTY/IE.
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Hcnonp3oBaHue B COCTaBe XapakTepuorpagoB BCTPOCHHOTO
MUKporpolieccopa (puc. 6.7) TO3BOJSET TMOBBICUTH YPOBEHb UX
aBTOMAaTHU3aIUU

YeTtolpex- Ynpasnsembli
t K4 ‘>! ATTerioaTop _>>_l nomogHMK 7] y?:unw‘renb
[ A A
Y . ¥ Y v
\ YacTtoTtomep Mwukponpoueccop = AUN - Hdetextop
1\
Y

Bnok nugukaumy

Puc. 6.7. CtpykrypHas cxema xapakrepuorpada co BCTpOSHHBIM MHKPOIIPOLIECCOPOM

Mukpornporieccop BBITIOJTHSIET byHKIMH yIpaBJICHUSA
xapakrtepuorpagom u 00pabOTKU H3MEPUTETLHON WHPOpMAIIMU U
peliaer ClIeayIolIue 3aJaud YIpaBJCHUS: YCTaHOBKA IMOAMAIIO30HOB
4acTOT M TMEpecTpordKa YacTOThl B TMOJOCE KayaHWs, 3aIlycK
4acTOTOMEpa; yCTaHOBKa Kod(hduimeHta mnepeaadyd yIpaBiIseMoro
YCUJIMTENSI;  yCTAHOBKA  IMOJAJAMAIIO30HA  JIETEKTOpa;  WHIUKAIUS
PEe3yABTATOB MU3MEPEHUS U (PYHKIIMOHUPOBAHUS U3MEPHUTETIS.

Ha ocHOBe moctymaromieid B MHKpomporieccop uHpopmarun o0
YPOBHE BBIXOJHOTO CHUTHaja C aTTEHIaTopa, O YacTOTE BBIXOHOIO
CUTHAJIa C 4YaCTOTOMEpPa W YPOBHE HM3MEPSEMOI0 CHUTHAja C JIETEKTOpa

IIPOU3BOUTCS pacuer IapaMeTpoB AUX HCCIIEyEMOTO
YeThIPEXNOJIIOCHUKA. OJIHOBPEMEHHO OO€CIeUnBAETCs JIMHEapU3alus
4aCTOTHOT'O Maciirada 151 OCYILLECTBIISIETCS KOPPEKLHUS

HEpaBHOMEPHOCTU COOCTBeHHO AUYX, 4YTO CHUXAET MNOTPEIIHOCTh
u3mepenus. [Ipu pabote Ha MalbIX YPOBHSAX CUTHAJIA JJII YMEHBIIICHUS
BJIMSAHUS IIYMOB W TOMEX IIPEAYCMOTPEH PEXKUM MHOTOKPATHOMN
BBIOOPKU U YCPETHEHUS PE3YyJIbTaTOB U3MEPEHHUS.
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PA3/EJI 7. UI3BMEPEHUE ITAPAMETPOB
KOMITIOHEHTOB DJIEKTPUYECKUX U DJIEKTPOHHBIX
IENEN

Tema 7.1. U3mepeHue mapaMeTpoB ¢ COCPET0TOYCHHBIMHU
napaMeTpaMu

C TOuKku 3peHUsI COOTHOULICHUS Pa3MEPOB IIETel U padoyueil JINMHBI
BOJIHBI NEKTPUYECKUX  KOJIEOAaHWM  pa3IuvaroT  LENH C
COCPENOTOYEHHBIMU " pacupeneIcHHbIMU MTOCTOSIHHBIMU
(mapametpamm).

Ilenu ¢ cocpeaOoTOYEHHBIMM MOCTOSSHHBIMM — 3TO LENH,
dbu3ndecKre pa3Mepbl KOTOPHIX MHOT'O MEHbIIIE paboveil NJTUHBI BOJTHBI
kojiebanuii. WX xapakTepucTuku (HaKTUUECKU HE 3aBUCAT OT
KOH(UTypalui BBIBOJIOB TACCHBHBIX U AaKTUBHBIX DJIEMEHTOB W
pPa3sMEpPOB COCTMHUTEIBHBIX TPOBOIOB.

Henmu ¢ pacnpegeseHHBIMH TMOCTOSIHHBIMM — 3TO 1IEMH,
dbu3nUecKre pa3Mepbl KOTOPBIX COM3MEPUMBI C paboUuei JJIIMHOU BOJTHBI
KoJieOanmii. Kakaplid 3JIEMEHT WM COCIMHUTEIBHBIA MPOBOJ B TaKHX
HEemsiX 00JIalaeT CONMPOTUBJICHUEM, HWHIYKTUBHOCTBIO U E€MKOCTBIO.
Takue 1enu Ha3bIBAIOTCI Takke IMHHBIMM JuHuAMH, uin CBY-
TpaKTaMH.

B OonbimHCTBE cCiydyaeB MOpU  BBIOOpE MOJTYNPOBOJIHUKOBBIX
NpuOOPOB BaXXHBI CBEACHUA OO0 MX CTATHYECKHX, JAUHAMHYECKHX U
MPEIECIIbHBIX TapaMeTPax.

CraTuyeckue TmapaMeTpbl XapaKTEpPU3YIOT IOBEJACHUE MPUOOPOB
IIPA TOCTOSTHHOM TOKE, JUHAMHYECKHME — HUX YaCTOTHO-BPEMEHHBIE
CBOMCTBA, MPEICIbHBIC MTapaMeTPhl OMIPEACIISIOT 00JIaCTh YCTOMUYHUBOM U
HaJIC)KHOU pabOTHI.

OCHOBHBIMU TIapaMETPAMM, XAPAKTEPUYIOIIUMU SJIECKTPUUECKUAE U
AJICKTPOHHBIC 1IETH, SBJISIOTCA aKTUBHOE COMPOTUBJICHUE R pe3ucTopos,
eMKOCTh C KOHJICHCATOPOB M MHIYKTUBHOCTH L kaTymiek. T.k. He Bcerna
YIAAETCS ONPEAECIUTh 3HAYCHUE NapaMeETPOB HANPSIMYK, TO B PSIE
CJIy4aeB ONPEAEISIOT KOCBEHHbBIC (BTOPUYHBIC) IMapaMeTPhl JIEMEHTOB U
Hernen: MNpoBOAMMOCTh ( (BeldWYMHA, oOOpaTHasi COMPOTUBIICHUIO),
MIOJIHOE COTIPOTHUBJEHUE Z, N0OpOoTHOCTh QQ, TaHreHC yriia ToTeph g O,
cOOCTBEHHAs E€MKOCTb CL KaTyIIeK WHIYKTUBHOCTH,
XapaKTEPUCTUUYECKOE COMPOTUBIICHUE P .

88



JloOpOTHOCTh XapaKkTepu3yeT KoJieOAaTeNbHYI0 CHUCTEMY, KaTYIIKH
WHIYKTUBHOCTH W  KOHJEHCATOPhl M  SIBJISIETCA  Oe3pa3sMepHBbIM
IapaMeTPOM.

Tanrenc morepp XxapakTepuzyeT IMOTEPU B  JUIJICKTPUKE
KOHJIEHCATOpa U sBJsAeTCs 0€3pa3MEepHBIM MTapaMeTpoOM.

JI71s1 pe3ucTOpOB OCHOBHOM E€IMHMIIEH H3MEPEHUS SBISIETCA OM
(OM). BBuay ero MajaocTH B DJJIEKTPOTEXHHYECKHX H3MEPEHUSAX
IPUMEHSIOTCS U KpaTHbIe equHUIbl: KiooM (1 kOm = 10° Om), meraom
(1 MOwM = 10° Om), ruraom (1 TOm = 10° Om).

Jns KOHAEHCATOPOB OCHOBHOW €IWHHUILIEH W3MEPEHHUS SBISETCS
dapang (). Beuay Toro, uto (apan sBISETCS KPYHMHOW €IWHHUIICH,
MPUMEHSIIOTCS. B OCHOBHOM J10JIbHBIEC €IUHUIBI: MUKpodapan (1 MkD =
10 ° @), manodapan (1 ad = 10 ° @), muxodapan (1 nd = 10 12 D).

Jns KaTylmeKk MHIYKTUBHOCTH W JIPOCCEIEW OCHOBHOW EIMHUIIEH
usmepenus spisiercs reHpu (I'n). Tak kak 3Ta equHMUIIA OYEHb OOJIbIIIas,
TO MCHONBL3YIOT NOJNbHBIE eauHuibl: Mummrerpu (1 M = 10 3 In),
mukporenpu (1 mx['a = 10 © Tn).

Cnenuduka namMepeHuii mapameTpoB FIEKTPUIECKUX IIENEH CBSA3aHO
C OOJIBIIMM WHTEPBAJIOM M3MEPSIEMbIX BEJIMYHMH: TaK, H3MEPSEMbIC
€MKOCTH  MOTYT  HM3MEHSAThCA OT  JeCATKOB  mukodapan (B
paavonpueMHukax) a0 (apang (B cuUcTeMax Iycka JIBUrareis),
HaIpsHKEHUE — OT MUKPOBOJIBT J0 COTEH BOJIBT U TaK Jajee MHTEpPBAI
BEJIMUUH, HW3MEPAEMBIX MPUOOPOM, TMOJHOCTHIO OMNPEACISIETCA €ro
dbuznueckuM  yctporictBoM. Ho He Bcerma  HyXeH  1Ipuoop
MaKCUMaJIbHOM TOYHOCTH, TaK, AaHAJOTOBbIE 3JIEKTPOMArHUTHbBIC
raJlbBaHOMETPHI, YACTO MPUMEHSIEMBIE Ha MPOU3BOJICTBE, BHIOMPAIOTCA
0 IBYM IIPU3HAKAM: HAJIE)KHOCTH M HArJISTHOCTH.

Tabin. 7.1. CpaBHeHHE TPpUOOPOB, B 3aBUCUMOCTH OT MIPUHITUTIA JACHCTBUS

MarHuTo31eKTpUIeCKUe DeppoIMHAMUYECKUE DJIEKTPOMArHUTHBIC
puoOOpPHI puOOpHI puOOPHI
Bricokas ToyHOCTH ¥ | TOYHOCTH MeHbIIIE, 4eM Yy | TOUHOCTB u

YyBCTBUTEJILHOCTD MAarHUTOAJIEKTPUYECKOTO | YyBCTBUTEIBHOCTh
HHU3KHE

ITokazanus He 3aBUCAT OT | Beicokas Henunelinas IIKajga

BHEIIHETO  MAarHUTHOTO | YyBCTBUTEJIBHOCTh 3aTPyAHSIET U3MEPEHUS

oJIs

[Ipumennm  TosbkO K | [IpumennMm u K wensm | Beicokas HaAeKHOCTD

CHUCTEMaM  IOCTOSIHHOI'O | IIOCTOSIHHOTO TOKa, U K

TOKa LETSIM ITIEPEMEHHOTO
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MaruurtossiekTpudeckue ©u - QeppoaMHAMUYECKHE IpUOOPHI
HEJIOCTATOYHO HAJEXKHbI, a UU(poBbIE NPUOOPHI, €CIU B HHUX HE
npeaycMoTpeHa (yHKIUS YCpPEJHEHHUsS TOKa3aHWi, MOryT OBbITh
HEYAOOHBI IS M3MEPEHHs I1ene C  OBICTPO  MEHSIOUUMUCS
napaMeTpamu.

B 3aBUCMMOCTH OT Wu3MEpsSEMOro mapamerpa, IOrpeluIHOCTH
U3MEPEHHUS, YACTOTHOTO  JHMana3oHa W HEKOTOPBIX  JIPYyIUX
XapaKkTEPUCTUK MNPUMEHSIIOTCS  pa3jIndHbIE METOJbl  W3MEPEHHU,
KOTOPBIE MOKHO Pa3/IeIUTh HA HU3KOYACTOTHBIC U BBICOKOYACTOTHBIE.

K HHM3KOYACTOTHBIM METOAAM W3MEPEHUUW OTHOCSTCS METON
aMIlepMETpa—BOJIBTMETPA  (BOJIbTMETpa—AaMIIEPMETPA),  MOCTOBOU
METOJI U METOJl TUCKPETHOIO CUEeTa.

K BBICOKOYACTOTHBIM METOJAM W3MEPEHUN OTHOCITCA METOJ
aMIlepMeTpa-BOJILTMETPA U PE30HAHCHBIN METO/I.

MeToa amnepMeTpa—BOJbTMETPA SIBISECTCS OJHUM U3 HauboJjiee
OpPOCThIX, HO W MEHEE TOYHBIX METOJ0OB H3MEPEHUH U MONKET
UCIIOJIb30BaTHCS B LIETSAX MOCTOSIHHOTO U MTEPEMEHHOTO TOKA.

Meton ammnepmeTpa—BOJIbLTMETPA SIBISETCS KOCBEHHBIM, TaK Kak
OCHOBaH Ha HCIOJIb30BaHMU 3akOHa OMa, HO KOTOPOMY HU3MEPSIEMOE
CONPOTHUBJICHUE MPSIMOIMPONOPIIMOHATIBFHO TMAJICHUI0 HANpPSKEHUs Ha
HEM 1 0OpaTHO MPOMOPIIMOHATIEHO CUJIE TOKA, TPOTEKAIOIIETO 10 HEMY.

MocToBoii MeTOJ TMOJOXKEH B OCHOBY palOOThl H3MEPUTEIbHBIX
MocToB (E7), koTopbie ABISIOTCS yHUBEpCaIbHBIMU Npudopamu. C ux
MOMOIIBI0 MOKHO U3MEPST COMNPOTHBJICHUE PE3UCTOPOB, EMKOCTb
KOHJICHCATOPOB, WHIAYKTHUBHOCTHh KaTyIIEK, TOOPOTHOCTh W TAHIEHC
MOTEPB.

J r «OTCcYeT»
A1
- I = [ A3
0 ~}«Hyec1's.» 0 —}«HVBCTB.»
O— «F» O_ “F” R2 \ /
l i o
/\
«Xn
a 6

Puc. 7.1. CxeMbl 4eTBIPEXILIEUHOTO MOCTa B 00I1IeM BUJE (@) U 1711 U3MEPEHUSI COIIPOTUBIICHUS
pe3uctopos (0)

HaszBanue «MocT» mpubOp MOIy4YMs MNOTOMY, UYTO MEXAY JBYMS
napajuieIbHBIMA BETBSIMH WHJMKATOpPHAsl IMArOHAIb 00pa3yeT Kak Obl
mocT (Z1, Z2 wn Z3, Z4). BeTBU, B KOTOpBIC BKIIOUYECHBI KOMIUICKCHBIC
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conpotuBienust Z1, Z2, Z3, Z4, Ha3pBalOT IjiedyaMu Mocta. B omHy
JTYMaroHajb MOCTa BKIIIOYEH TeHepaTop / MHUTAIOMIEeT0 HANpsDKCHHS, B
IpyTyr0 — UHAMKaTOp M paBHOBecus (Oamanca) mocTa (puc. 7.1, a).

N3mepeHue conpoTUBJIEHHS] PE3MCTOPOB BBIMOJHIIOT B IIEMAX
MIOCTOSIHHOTO M TIEPEMEHHOr0 ToKa. BO Bce Imiedn MOCTa BKIIOYCHBI
YHCTO aKTUBHBIC conpoTuBieHus (puc 7.1, 0).

YcnoBuem paBHOBECHS MOCTa SIBJIICTCSI PABEHCTBO MPOM3BEACHUU
COTNIPOTHUBJICHUM IBYX MPOTUBOMOJIOKHBIX TIJIEY:

Ry R1 = Ry R3, (7.1)

OTtkyna R, = %- R;. (7.2)
1

IIpu3znak paBHOBecHST MOCTa — OTCYTCTBHE TIOKa3aHUW Ha

WHJIUKATOPE.

Ecnu moMeHsITh MecTaMy MHIUKATOPHYIO JUAroHalb W JUAroHajb
MUTAaHUS, TO PABHOBECHE MOCTA HE HAPYIIUTCH.

[Iporecc ypaBHOBEIIMBAaHUS MOCTa MOCTOSIHHOT'O TOKa JOCTUTAETCS
u3MeHenneM  (mombopom)  otHomieHus — Ro/R1  mepexmrouarens
«MHOXUTEIbY u TIJIABHBIM U3MEHECHUEM COMPOTUBJICHUS
noteHuuomerpa Rz — perymupoBku «OTcueT», dYTO TMO3BOJSET
3HAQUUTEIBHO pACHIMPUTh JHUANA30H HU3MEPEHUs. Y PABHOBEIIMBAHUE
MOCTa CYHUTAETCS 3aKOHYEHHBIM IMPU TOJHOCTHIO MCIOJIL30BAHHOM
3HAYCHUU HaNpsHKEHUs] mUTaHus (peryaupoBka «HyBCTBUTEIBHOCTHY)
reHeparopa.

PesynbpTaT wu3MepeHUs NPEACTaBISIET COO0OW MPOU3BEICHUE OT
YMHOXXEHHSI TOKa3aHUs peryjaupoBku «OTcuer» Ha TMOKa3aHUE
nepeknoyarens « MHOXUTENb». UyBCTBUTEIBHOCTh MOCTa 3aBUCHUT OT
YyBCTBUTEIBHOCTU  MCIIOJB3YEMOTO  MHAMKATOpa W 3HAYCHUS
HaIpsOKEHUs UCTOYHMKA nuTaHus. [loaToMy B KauecTBe MHAMKATOpA B
aHAJIOTOBBIX MOCTaX HCIOJb3YyETCd NPUOOP MarHUTORJIEKTPUUECKOU
CUCTEMBI C IByXCTOPOHHEH MIKAJION (C HyJIeM MOCEPEANHE).

N3mepeHue eMKOCTH KOHJAEHCATOPOB BBIMOJHICTCS MOCTOM
TOJILKO TIEPEMEHHOTO TOKa. CONMpOTUBJIEHUE YETHIPEXIIIEUHOTO MOCTa B
oOIlleM BHJIE HOCUT KOMIUJIEKCHBIH XapakTep, IO03TOMY YCJIOBHS
paBHOBECHUsSI MOCTa IEPEMEHHOr0 TOKa OyIyT OMNpenenaThCs ABYMS
YCJIOBHUSIMM: 110 MOJYJIIO U 10 (pa3e.

B  kadyectBe  WHAMKATOpa  paBHOBECHS  MOCTa  CIyXaT
AMEKTPOMEXaHUYECKUN HWHIUKATOP BBITPSIMHUTEILHON CHUCTEMBI WM
AJIEKTPOHHBIN BOJABTMETP TUIA Y —/I, B TOUHBIX MOCTaX — 3JIEKTPOHHBIN
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ocumiorpad (B MOMEHT paBHOBecHs MocTa Ha dskpane JJIT Oyxer
TOJBKO TOPU3OHTAIbHAS JIMHUS PA3BEPTKH ).

KongeHcaTtopsl pa3inyaroTCs HE TOJbKO 3HAYCHUEM EMKOCTH M
pabounuM HampsKEHWEM, HO M aKTUBHBIMU MOTEPSAMH B JUDJICKTPUKE,
KOTOPBIC XapaKTEPU3YIOTCS TAHTCHCOM YTJI1a oTeps fg o (puc 7.2).

C C Re

— e ey
el

tgd=0 tg6<0,01 tgd> 0,01

a 6 B
Puc. 7.2. DKBUBAJIEHTHBIC CXEMbI KOHIEHCATOPOB 0€3 moTeps (a), ¢ MaabiMu (0) U ¢ GOIBIIUMU
norepsimu (B)

PaccmoTpuM  QyHKIIMOHAIBHYIO CXE€My MOCTa [JJisi HM3MEpPEHUs
€MKOCTH KOHJICHCATOPOB C MaJIbIMU MOTepsiMu (puc. 7.3, a).

C, «OTCcyer»

| c R |
- R «Paza» - T
0
Q —}«l-lysc'rs_» Q —}«quCTB. » Y
O «F» A1 o Q—) «F»
L v «MHOXUTEND> r Al A2
a 6

Puc. 7.3. ®yHKIIMOHATBHBIC CXEMBI MOCTOB JIJISI H3MEPEHUS EMKOCTH KOHJIEHCATOPOB C MAJIBIMU
(a) u ¢ GonpuIIMU TOTEpIMH (0)

YCHOBI/IC paBHOBeCI/ISI MOCTAa B KOMIIJICKCHOM BUAC BI)Ipa)KaeTCH KaK.
1 1
Ry (RPy +——) = Ry (Re +——) (7.3)
JwCy JwCy
PaCKpI)IB CKO6KI/I n HpI/IpaBHﬁB OTOCJIBbHO BCILICCTBCHHBIC 1 MHHUMBIC
qacCTu, HOHY‘-II/IM:

Rl ' RPO == R2 ' Rx, (74)
Orxyna Ry = RPy - = (110 dase) (7.5)
2
Ri _ Ry
jwCo WGy’ (7.6)
Otkyna C, =Cy -% (o Moy io). (7.7)
1

C noMonipio paccMaTpuBaeMOM CXEMbI MOCTa MOKHO U3MEPSTH £Z0.
DnekTpuyeckas LENb JIEBONO BEPXHEro IleYa MOCTa MOKa3aHa Ha
puc. 7.4, a.
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- -

Puc. 7.4. DnexkTpuueckas 11enb JIEBOr0 BEPXHETO Mieya MOCTa (2) U BEKTOpHAs JUarpaMMa Toka
1 HaIpspDKeHUH B 1iede (0)

B BekTtopHoO# nuarpamme (puc. 7.4, 6) yron ¢ — ¢a3oBblii CABUT
MEXy TOKOM U HaNpsOKEHHEM B JIEBOM ILIeUe, YIoJl d — YTroJl MOTeph B
JTUDJICKTPUKE:

= Z‘z = “5 = LR, (7.8)

OnpenenuMm tgo uepe3 U3BECTHbIE (0Opa3loOBhIC) MapaMeTphbl
AJIEMEHTOB LIeTH. J[J11 3TOro MePeMHOKUM ypaBHEHHUsI, YMHOKHB JIEBYIO
Y IIPaBYIO YacTH Ha .

wC,R, = wCyR,y = tgé. (7.9)

N3 Beipaxkenus (7.9) ciaexyet, yto npu @ = const u Cop = const
CONPOTHUBJIECHHUE O0O0pa3noBoM 1enu Ro MOXHO  rpagyupoBaTh
HEIMOCPEJACTBEHHO B 3HAYCHUSX 1QJ.

PaccmoTpuM  QyHKIIMOHAIBHYIO CXE€My MOCTa JJIi H3MEpPEHHUS
E€MKOCTH KOHJICHCATOPOB C OOJIBIITUMHU MOTEPSIMU (CM. puc. 7.3, 0).

YcioBue paBHOBECHs MOCTa B KOMIUIEKCHOM BHJIE€ BBIPAXKaeTCs
dbopmyoit:

R R
R,ﬁ% - RO"'%, (7.10)
OTKy/1a
Cy =0Coy- i—i (Mo MoyIto) (7.11)
R, =R, 2—: (o daze) (7.12)
TaHreHc yria notepb KOHJIEHCATOpa HAX0AUM 0 (GopMyIIe:
tgd = —— = =2 (7.13)

WCyx Ry wCq

YcnoBue paBHOBECHS MOCTa 3aBHUCUT OT 4YacTOTHI, IO3TOMY
MOCTOBBI€ CXEMbl M3MEPEHUS MpEeIHA3HAUYCHBI sl paOOThl Ha OJHOU
(pexxe — Ha IBYX) (DUKCUPOBAaHHOM YaCTOTE.

N3mepeHue WHAYKTMBHOCTH KATYIIEK BBIMOJHIECTCS MOCTOM
TOJIBKO TepeMeHHOro Toka (puc 7.5). M3MmepeHue BO3MOXKHO IyTeM
CpaBHEHHUSI C MHIYKTUBHOCTBIO Lo 00pa3loBOil KaTylmkKu WIH C
eMkocThi0 (o o00pa3ioBoro KoHjaeHcaTopa. OOpasloBble KaTyIIKU
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HCpGMGHHOfI HHAYKTUBHOCTHU HU3TOTOBUTH TPYAHO, MU HAJACKHOCTL HX
HCBBICOKA, IIOOTOMY Ha IMIPAKTHUKC HCIIOJIB3YIOT CXCMbl CPABHCHHUA C
O6pa3HOBI>IMI/I KOHACHCATOPaAMH.

- T
«daza»
()—| «YyscTs.» «OTCHET»
O—- <tF::

v TG, ,/-7‘<MHO>KI-4TEJ1b»

Puc. 7.5. @yHKuHOHaIBHASA CXEMa MOCTA JUISl U3MEPEHUS MHAYKTUBHOCTH KaTyIIEK

Ycnosue paBHOBECHUA MOCTA.

Rl ' R2 == ZO ) Zx, (714)
Z, = Ry, + jwLy; (7.15)
_ Ro
Zo = Timeere: (7.16)
rae Ry — conpoTtuBneHne noTeps B U3MEPSIEMOM KaTYIIIKE.
. R
R1 . R2 = (Rx +]WLx)WOCORO (717)
OTKya
Ry = > Ry; (7.19)
0
jWLxRO =jWCOROR1R2, (720)
OTKy/1a L, = CoR{R,. (7.21)

C moMoIp paccMaTpruBaeMOro MOCTa MOKHO HM3MEPATh TAKKE
noopotHocTh Q Katyiiek. I3BecTHO, 4TO
Q = wL/R. (7.22)
[Tonyunm

Taxkum oOpazom, MoCTOBas cxeMa JiJis m3MepeHus mapameTpoB R, L,
C, Q, tgo npuMeHseTCcs B TaK Ha3bIBAaGMBIX YHHBEPCAIBHBIX MOCTaX,
MPEACTABISIIOMKX  COOOM  COYETaHHME MOCTOB  TIOCTOSSHHOTO U
IIEPEMEHHOT'0 TOKA.

HNcrouyHnKkaMu  TOTPEIIHOCTH TPH  H3MEPEHHH  IMapamMeTpOB
AJIEMEHTOB IIEIIE MOCTOBBIM METOAOM  SIBIISIIOTCS  HETOYHOCTH
YPaBHOBCUINBAHHUA MOCTA, HCCTa6I/IJ'IBHOCTB SHAYCHUS HAIIPSOKCHHUA U
JacTOThl HCTOYHHWKA MHUTAaHWS MOCTa, TOTPEIIHOCTh 3HAYCHUU
00pa3lOBBIX AJIEMEHTOB.
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K nocroMHCTBaM MOCTOBOTO METOJda OTHOCSITCSI YHUBEPCAIBHOCTD
MOCTOB TMpU HM3MEPEHHHM TapaMeTpoB; K HeAocTaTkaM — OoJbInas
norpemHocth (10 3%) aHaJIOroBhIX MOCTOB, HEBO3MOXKHOCTb
U3MEPEHHUST TapaMeTpoB Ha pabouMx 4YacToTax, TPYJO0EMKOCTh
n3MepeHuid. Mensbiiyto  norpemHocTs  (0,2%) W BO3MOXKHOCTH
aBTOMATHU3aIMU U3MEPEHUI 00ecrieunBaroT U(POBBIC MOCTHI.

Pe30oHaHCHBIN MeTOJ SBISIETCS BBICOKOYACTOTHBIM MU OCHOBAH Ha
UCIIOJIb30BAHUH DJIEKTPUUECKOTO Pe30HAHCa B KOJeOaTeIbHON cUCTEME.
Ha Hu3KMX yacTtoTax KojaeOaTeabHbIE CUCTEMBI C JOCTATOUYHO BBICOKOMU
TOOpOTHOCTBIO  CO3/1aTh TPYAHO, TMOITOMY HEBO3MOXHA TOYHAs
duKkcanus MOMEHTa HACTPOMKU KOHTypa B pe3oHaHc. Kpome Toro,
rabapuThl KOJI€OATETbHOW CHCTEMbl Ha HU3KHX YacTOTax HEMOMEPHO
YBEJIUYUBAIOTCHL.

Pe3oHaHCHBIN METOJI TIOJIOKEH B OCHOBY paboThl KyMeTpoB (Q —
XapaKTepUCTUKA JOOPOTHOCTU KaTyIIeK HWHAYKTUBHOCTH, KOHTYPOB,
KOHJIEHCATOPOB).

C1

- B4 C2

0| T

|
1
|
I
I
|
I
I
|
T
|
|
I
1
I
i
I
I
I

Puc. 7.6. ®yHK1MOHATBHAS CXEMa KyMeTpa

[Ipubop cocrour wu3z I'BY, wusmepurensHoro kounrypa LC,
UHIUKaTOpa pe3oHaHca V2 u BoJbTMETpa Vi, KOHTPOJMPYIOIIETO
BEJIMUUHY BXOJHOTO HampsbkeHus. ['eneparop u uHaukatop V2 cimabo
CBSI3aHbl C M3MEPUTEIbHBIM KOHTYpPOM, 4YTOOBI BHOCHUMBIE HWMU
CONPOTHBJIEHUS HE BIWSJIM Ha MapaMeTpel KoHTypa. [lns 3Toro
reHEepaToOp U UHIUKATOP V2 COEUHAIOTCS C KOHTYPOM YEPE3 EMKOCTHBIE
nenutenu HanpsbkeHus Ci, Co. B kadecTBe WHAMKATOpa pe30HAHCA
UCIOJIB3YETCA  DJJIEKTPOHHBIM ~ BOJIbTMETp  TMma JA—Y  wim
AIEKTPOMEXAHUYECKU MHIUKATOP BHIIPSMUTEIBHON CUCTEMBL.

Mertonrka U3MEpEeHUs 3aKIIIOYACTCS B OINPEICIICHUN PE30HAHCHOU
YacCTOThl HM3MEPUTEIBHOTO KOHTYpa, COCTOSIIIET0 W3 H3MEPSIEMOTO
aleMeHTa (KaTyIIKM HWHAYKTUBHOCTH Lyx) W 00pa3loBoro sjaeMeHTa
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(xonaeHcatopa Cp). 3nauenue Ly (mmm Cx) Bhluucisiercs no (popmyse

Tomricona:
1

f=0= (7.24)

[Ipy u3MepeHWH WHIYKTUBHOCTH KAaTyIIKH €€ MNOJAKIIYAT K
sakuMaM  1—2. Ilpu d5TOM wu3MEpUTENbHBIM KOHTYp 0Opa3oBaH
KATYIIKON Ly C akTUBHBIMH MOTEPSIMU R MEXBHUTKOBON €MKOCTBIO €€
npoBosoB C u nepectpanBaemMoil o6pa3ioBoii eMkocThio Co. PesonaHc
B KOHTYpE€ Ha 3aJJaHHOW 4acTOTE JOCTUTraeTcsl u3MeHeHnem eMkoctu Co
oOpa3loBoro  KoHjaeHcaTopa.  MOMEHT  pe3oHaHCa  KOHTypa
ONpeaeIsIeTCs M0 UHAUKATOPY V2. 3HAUEHHE ONPEIENIETC KOCBEHHO MO
pacueTHOM popmye:

1
Lx = 47t2—f2(.'0' (725)
HpI/I MMOCTOAHCTBC BXOJHOI'O HAIIPAXKCHHUA BOJIBTMCTP V2 MOXHO
rpaayupoBaTtb B CAWMHHUIIAX I[O6pOTHOCTI/I. CJ'IGI[OBaTeJ'IBHO, 9TOT MECTOI
ABJIACTCA IIPSAMBIM.
C IIOMOIIBIO HpHBC,Z[eHHOfI CXCMblI KYMCTpa MOXKXHO OIPCACIIATH
mapaMcCTphbl C, Q, l‘g5 51 R, NOAKJJIOYAas H3MepﬂeMBIfI KOHACHCATOP HIIH

pe3UCTOp K 3axkumam 3—4:
1

x = 47t2—f2L0' (726)
HpI/I HN3MCPCHUU Cx KOHTYp COCTABJIACTCA U3 06paSLIOBOI7I KaTyHIKH
|_0 N U3MCPUTCIIBHOTI'O KOHACHCATOPA Cx.
I/ISMepCHI/Ie I{O6p0THOCTI/I Q MO>XHO  BBIIIOJIHATH METOIOM
BOJIbTMCTPOB UJIKM MCTOJ0OM paCCTpOfIKPI HaCTOTHI.
MCTOI[ BOJIbTMCTPOB COCTOUT B CJICAYIOLICM. B KOHTYP BBOIUTCA
HaIIpsAKCHUC U1 U3BECTHOrO 3HAaueHUsI. B  MoOMeHT pPE30HaHCa
N3MCPACTCS HAIIPAKCHUC Uz Ha KOHTYPC.

[Tockonwpky Uz 60nbmie Us B Q pas, To

Q = %, npu U; = const. (7.27)
2.

[Ipy MOCTOSIHCTBE BXOJHOTO HAMNPSDKEHUS BOJBTMETP V2 MOXKHO
rpasyupoBaTh B €IMHULIAX J0OpOTHOCTH. CleN0BaTeNbHO, ITOT METOA
ABIISIETCS. TPSIMBIM. J{Mama3oH M3MEpPEHHs] PETyNIHpyeTcs W3MEHEHHEM
MOJBOJAMMOrO K KOHTYpY HanpspbkeHus Uj.

Metoa paccTpOWKU 4acTOThI (KOCBEHHBIN) COCTOUT B CJICAYIOLIEM.
KonTyp HacTpanBaroT B pe3oHaHC Ha wactoTy fo (puc. 7.7), mpu 3tom
buKcupyercs MakCUMalbHOE MOKa3aHUEe MHAMKATOpa pe3oHaHca 1o Vo.
3arem KOHTYp pacctpamBaioT A0 4actor fi m fo oT pe3onancHoit m0
sHaueHus 0,7Qmax, TOTAA
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(7.28)

Q A
Omax

0,7 Qrnax

-

0

f

Puc. 7.7. Pe3onancHast KpuBas pyu U3MEPEHUH TOOPOTHOCTH METOAOM PACCTPOUKH YaCTOTHI

K noctonHcTBaM KyMETPOB OTHOCUTCSI HEOOXOIUMOCTh MPOBEICHUS
U3MEPEHUI Ha paboYMX YacTOTax W MU3MEPEHHUs OOJBIIOT0 KOJWYECTBa
napaMeTpoB; K HEIOCTaTKaM — TPYJIOEMKOCTb H3MEpPEeHHH, OoJblias
norpemHocts u3Mepenus (1...5%), mpuyMHaAMu KOTOPOW SIBISAIOTCA
HECTAOWJIBHOCTh  HampsikeHusi W 4actorel ['BY, HeTOYHOCTH
IpaJlyupoBKH IIKaidbl 00pa3noBoro KoujaeHcatopa Cp, MOTPEUIHOCTb
pu6opoB Vi u V2, OTPeIHOCTh CYUTHIBAHUS TOKA3aHHIA.
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Tema 7.2. U3mMepeHure mapaMeTpoB MOJYIIPOBOJJHUKOBBIX
npudopos

CoBpeMEHHBIE CIIOKHBIE JJEKTPOHHBIE YCTPOMCTBA Pa3JIMYHOIO
Ha3HAYEHHSI XAPAKTEPU3YIOTCS BBICOKOM HAJEKHOCTBIO W MAJIBIMU
rabapuTHbIMM pa3Mepamu OJjaronaps MNPUMEHEHUI0 B HUX JHOJIOB,
TPAH3UCTOPOB W WHTErpaibHbIx Mukpocxem (MMC), BBIIOTHAIOIIMX
BIIOJIHE KOHKPETHbBIE (PYHKIIUU.

Bxoasuine B cocta UMC nuoawl, TpaH3UCTOPBI, PE3UCTOPHI U
KOHJEHCATOPbI OKA3bIBAIOT BIIUSIHUE HA CBOMCTBA MHUKPOCXEM W IIpHU
HEJIOCTaTOYHOCTH HH(opMauu o0 uX mnapamerpax, OCOOEHHOCTSX
JKCIUTyaTalldd, CXEMaxX BKJIOYEHHUS HE OOECHEeUYMBAIOT HAMIYYIIHE
pPEXKUMBI  pabOTBHl DJIEKTPOHHOTO YCTPOMCTBA B 1eJoM. Pazbpoc
napamMeTpoB M XapaKTEPUCTUK MOITYNPOBOJHUKOBBIX MpruoopoB 1 UMC
OJIHOTO W TOTO K€ THUIIA, YyBCTBUTEIBHOCTh K IE€pPErpy3KaM, BIIHSHUE
U3MEHEHMSI TeMIepaTrypbl MNPUBOAIT K HEOOXOJIMMOCTH THepen
YCTAHOBKOM B 3JIEKTPOHHYIO CXEMY IPOBOJUTH UX UCIIBITAHUE.

[TonynpOBOAHUKOBBIE npUOOPHI KJIACCUPUIUPYIOTCSA o
(GyHKIIMOHAIbBHOMY Ha3HAY€HUIO0, MOIIHOCTH M TPAHUYHON YaCTOTE
IPUMEHUMOCTH.

N3mepenne mapaMeTpoB AUOAOB MNPUHIUITAAIBHO OTIMYAETCA OT
PAaCCMOTPEHHBIX pPaHEE W3MEPEHUM AaHAJIOTUYHBIX IMAPAMETPOB, YTO
OOBACHSIETCS 3aBUCUMOCTBIO CBOMCTB IMOJYNPOBOJHUKOBBIX MPUOOPOB
OT BHEIIHUX YCJIOBUHM (TJIaBHBIM 00pa3oMm, OT TeMmIepaTypbl) H
HEJIMHEWHOCTBIO BOJIBT-aMIIEPHBIX XapaKTEPUCTUK
MOJIyIIPOBOAHUKOBBIX TPUOOPOB.

B cooTBeTrcTBUM ¢ NEPBOW NPUUYUHOMU CIIEAYET YUYUTBHIBATH Pa30rPEB
p-N — nepexoia NPOXOASIIMM TOKOM BO BpEMsI U3MEPEHUS, UTO TPEOYET
oOecrieueHHs] OTBOJAA TeIUla HCCIEAYEeMOro auojaa (TEIIOOTBOA) H
OTPaHUYECHUS BPEMEHH U3MEPECHUS.

Btopas npuumHa 00s3bIBA€T  BBINOJHATH HW3MEPEHUSI IpHU
ONPEICIICHHBIX 3HAYCHUSAX HAIMPSIKEHUS U CHIIBI TOKA.

Cwia TOKa, IPOTEKAIOWIET0 4Yepe3 IHOJ, 3aBUCHT OT 3HaKa M
3HAQYECHUsI NPWIOKECHHOTO HANPSHKECHHS. OJTa 3aBUCUMOCTH HATJISIIHO
NIPEICTABIAETCA BOJIBT-AMIIEPHOW XapaKTEPUCTUKOM, THAE MO OCH
OpAWHAT OTKJIAJbIBAIOT 3HAUYCHHE CUJIbI TOKA AMOJA, a MO OCU adCcUuce
— TNPWIOKEHHOE HamnpsbkeHue. I[lockonbKy mTpsSMOM TOK OOBIYHO
IpEeBbIIIaeT 0OpAaTHBIN B THICAYHU pa3, TOo BAX nHOI0B CTPOSIT B pa3HBIX
MacmTadax: NpsMOM TOK OTKJIAJbIBAIOT B MUJUIMAMIIEpax, OOpaTHbIA —
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B MUKpoamiiepax. Macmrab oOpaTHOTO HaINpsDKEHHUS BBHIOMpAIOT OoJiee
KPYIHBIM, 4YeM MacIITad MpsMOro HampsiKEHUS.

BAX monynpoBOJAHUKOBOTO Juoja MpelcTaBieHa Ha puc. /.8, a,
I7Ie XOpOUIO BUAHO, YTO MPHU OOJIBIIOM OOpAaTHOM HAIPSIKEHUH PE3KO
BO3pAacTaeT 0OpaTHBINA TOK.

I A

v

Usep 0 | LE VD C
y

____________ I -
(,T_ennoaoﬁ oop Uy, U

npo6oit [
/ —@

a o] B
Puc. 7.8. BAX nunona (a), cxema n3MepeHus Ha npsiMoii (0) u o0paTHOH (B) BETBSIX

) %E |vD
|

@

DTO SBJIEHUE COMPOBOXKIAETCS TEIJIOBBIM HEOOPATUMBIM MPOOOEM
auona W BbIxojJoM ero u3 crtpos. Ha BAX wumerorcs obnactu ¢
pasau4HbIM AU depeHInanbHbIM - CONPOTHBIEHUEM R;,q = AU/AI,

O03TOMY HE00XoAMMash TOYHOCTh OIpPEACNICHUs NapamMeTpOB MOXKET
OBITh JOCTUTHYTA MPU COOIFOJEHUN HEKOTOPBIX YCIOBUN U3MEPEHUS.

[Ipu u3mepenun napamerpoB Ha npsamoii BetBu BAX (puc. 7.8,
0) cienyeT 3a1aBaTh NOCTOSHHBINA TOK |, U U3MEPATH MaJICHUE MPSIMOTO
Hanpsbkenns  U,,. DOTo ycioBHE  0O3HA4aeT, 4YTO BHYTPEHHEE
CONMPOTUBIICHUE HWCTOYHUKA MUTAHUS JOJDKHO OBITh MHOTO OOJbIIe
COTIPOTHRBIICHHS THOAa, YTOOBI M3MeHeHne HanpsbkeHus Ha auozae (VD)
HE BBI3BIBAJI0 M3MEHEHHWI TOKA, BBIXOJAIIUX 3a MpPeAesbl 3aJaHHOU
NOTPEUIHOCTH U3MEPEHUH, T.€. HMCTOYHHMK TMUTAHUS JOJIKEH OBITh
MCTOYHUKOM TOKA [0 OTHOLLIEHUIO K TUOAY.

YcnoBue HE0OXOIMMO BBIOJNHATH Ha BceX ywacTtkax BAX (mpu
U3MEPEHUN HamnpsbKeHus), rae auddepeHunanbHOe COMPOTUBIICHUE
Mano. CTaOMIM3UPOBAHHBIA HCTOYHHMK MHTAHUS TOCTOSTHHOTO TOKa
00€eCreunBaeT JUCKPETHBIE 3HAYEHUS MNPSIMOro TOKa B JUAIa30HE
WU3MEHEHUS MPSAMOTO HAMPSKEHU JIJIsl UCTIBITYEeMOTO nuoja. M3mepenue
U,,, BBITIOJIHSET BBICOKOOMHBII BOJIBTMETP MOCTOSIHHOTO TOKAa; KOHTPOJIb
JUCKPETHBIX 3HAYEHUN TOKa OOECIeunBacTCd MUIJIMAMIIEPMETPOM
MarHUTORJIEKTPUUECKON CUCTEMBI.

[Ipy u3mMepeHuu mapaMeTpoB auoAa Ha oOpaTtHoil BeTtBM BAX
(puc. 7.8 B) HeoOXoaUMO 3aJaBaThCsi CUIION oOpaTHOro Toka lys U
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u3MepsITh o0patHoe HanpsikeHue Uoygy. [Ipu 5TOM HcTouHuK nutanus E,
KOTOPBIM  33Ia€TCA  PEKUM U3MEPEHUS, JODKEH HMETh MaJoe
BHYTPEHHEE COINPOTUBIICHUE — B MPOTUBHOM CiIydyae HE3HAYUTEIbHbBIC
U3MEHEHUs OOpaTHOTO TOKAa BBI3OBYT OOJIBIIYIO MOTPEIIHOCTh TIPH
U3MEPEHUHU 0OPATHOT'O HAMPSKEHUS.

Co cTaOMIM3upOBaHHOTO HCTOYHMKA Ha jauona VD moparorcs
3a/IaHHBIE 3HAYEHUS oOpaTHOro HaIpsHKEHUS, KOTOpPBIE
KOHTPOJUPYIOTCSI  BOJBTMETPOM  MAarHUTORJIEKTPUUECKOM  CHCTEMBI.
Cuna oOpaTHOro TOKa JUOJa U3MEPSIETCSd MHUKPOaMIIEpMETPOM
MOCTOSIHHOTO TOKa. Takum oOpa3oM, B CHpPaBOYHUKE Ha JHOIbI, B
KA4eCTBE DJJIEKTPUUYECKUX XapaKTEPUCTHUK YKa3bIBAIOTCS KOOPIMHATHI
TOYEK XapaKTEPUCTUKHU HA MPSIMON U 00paTHOMN BETBSIX.

IIpsimyro BeTBb XapakTEpHU3YIOT clienyromue napameTrpsl: U, —
npsIMO€ MaJCHUE HANpsHKEHUST Ha JAUOJAE€ TpU  3aJaHHOW CHIIE
NOCTOSIHHOTO  mpsiMoro Toka l,,; Rowp — 1auddepennmanbroe
CONPOTUBJICHHUE.

OOpaTHYI0 BeTBb XapaKTepU3yHOT cienyromue mnapameTpbl: Uyg,
— TIOCTOSIHHO€ OOpaTHOE HaNpsKEHWE Ha JUOJE NMPU 3aJaHHOU CHUIIC
INOCTOSIHHOTO 00paTHOTO TOKa, MPOTEKAIoLIEero yepe3 auox; l.q— cuia
MOCTOSIHHOTO OOpaTHOTO TOKAa, MPOTEKAIOIIETO Yepe3 MU0 MPU Mojade
Ha HEro mnoctossHHOro ooOpatHoro HanpsxeHus Uosp, Uogpmax —
HauOoJiplliee  JTOMyCTUMOE oOpaTHOE HampsbkeHue  (MpeaeabHOoe

HaIpsHKEHUE).
D¢ deKTUBHOCTD BBINPSMIICHUS ONIPEICIISIFOT pacueTom
K03(ppuueHTa BLINPAMJIICHUSA 10 PE3YJIbTaTAM U3MEPEHUM:

kamp = Inp/Io6p = Ro6p/Rnp (729)
UccnenoBanme BAX nmrooB 1O TOYKaM OKa3bIBAETCS TPYIAOEMKHM
W He Bcerga IenecoodpasHbiM. IlosToMy Ha mnpakThke TpeOyembie
napameTpbl U3MEPSIOT B onpeneneHHbix Toukax. Hanpumep, Uy, Ly, losp
U3MEPSIOT C TOMOIIBIO CIEUHATBbHBIX HW3MEPUTENIEN IMapaMeTPOB
p115 (031 (0):3
JIg  OLIEHKH 4YacCTOTHBIX CBOWCTB JWOJA CHUMAKOT YaCTOTHBIC
xapakTepucTUKH (pHUC. 7.9) g ().
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Puc. 7.9. Cxema uzMepeHust 4aCTOTHOM XapaKTepUCTUKU AUOAA

Y

FeHeparop

OCHOBHBIM TapaMETPOM, OMNPEAEISIONIMM YacCTOTHBIE CBOWCTBA
AMOMa, SBIISETCS TpaHW4YHas pabouas wacrora f.,, mpm KoTopoi cuia
BBIIPSIMIICHHOTO  TOKa  yMeHbmmaerca Ha 30%  OTHOCUTEIIBHO
HOMUHAQJIBHOTO 3HAYEHHUSI, U3MEPEHHOI'O HA HU3KOW YaCTOTE.

Ha Beicokux wactotax (6omee 100 xI'm) moymKHBI OBITH HMPUHSTHI
MEpbl i1 yMEHBIICHUSA IOTPEITHOCTH, BHOCHMOW TMapa3suTHBIMU
WHYKTUBHOCTSIMU.

[IpoxonHass  €MKOCTh  AuOAA  OrPAaHUYMBAET  IPUMEHEHUE
MOJTYTIPOBOTHUKOBBIX TUOJOB Ha BLICOKUX YACTOTaX.

[TorpentHoCTh M3MEPEHHS] EMKOCTH 3aBUCUT OT TOYHOCTH 3aJaHUS
paboueil TOYKH, B KOTOPOM M3MEPSETCSs €EMKOCTh, M TOYHOCTH
U3MEPEHUs HAIPSIKCHUS.

Bce paccMoTpeHHbIE M3MEPEHUS BBINOJIHSIOT HPU TEMIIEpAType
okpy>xaromeit cpeant +20...+50 °C, eciu 3T0 HE OrOBOPEHO 0C000.

N3Menenue TemmnepaTypbl 3aMETHO BJIMSET Ha BCE OCHOBHBIC
napameTpbl Auoaa. C TIOBBIIIEHUEM TEMIIEPATypbl YMEHBIIAETCS
npsiIMO€ W O00paTHOE COMPOTUBJICHUE, YBEIUYUBACTCS MPOXOIHAS
€MKOCTh JIMOJIa W3-3a YMEHBIICHHUS] KOHTAaKTHOW pa3HOCTH MOTEHIIUAJIOB,
YTO NPUBOJUT K HEKOTOPOMY YXYJIIIEHUIO YaCTOTHBIX CBOMCTB nuoja. C
MOBBIIIIEHUEM TEMIIEPATypbl OCOOEHHO PE3KO MEHSETCs O0paTHOe
CONPOTHUBJICHUE, UTO SIBISETCS OCHOBHBIM (DAaKTOpPOM, OMNpEEIISIIONAM
TeMIEpaTypHbIM Mpenesn padoThl JUOJOB, a NAJIbHEHIIEE IMOBBIIICHUE
TeMrepaTypbl MPUBOIUT K HEOOPATUMOMY U3MEHEHUIO €r0 MapaMeTPOB.
WccnenyeMplii 1101 OMEIIAIOT B TEPMOCTAT, MOAACPKUBAs 3aIaHHYIO
TemnepaTtypy (s repManueBbix — He Bbilie 70 °C, 1 KpeMHHEBBIX
— ne BeIme 125 °C). Ha ocHoBaHMM aHaliu3a MOJYYEHHBIX PE3YJIbTaTOR
OTPEACIISIIOT MaKCUMAIbHO M MUHUMAJIBHO JOMYCTUMBIC TeMIEpaTyphl
JUIsL M0Ja KOHKPETHOTO THUTIA.

Y  BbLINPAMHUTEJBbHBIX JHOAOB U3MEPSIOT BCE yKa3aHHbBIC
napaMeTphl, IJi1 KOTOPhIX HEOOXOAMMO 3HATh MPEACIHHO TOMYCTUMBIC
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AKCIUTyaTallMOHHBIE PEXKUMBI, MIPU KOTOPBIX AMOJ JTOJDKEH paboTaTh C
3aIaHHOM HAJIE)KHOCTBIO B TEYEHNE YCTAHOBJIEHHOIO CPOKA.

[IpenenbHO MOMYCTUMBIE PEXUMBI  BBIIPSIMUTEIBHBIX  JUOJOB
XapaKTEPU3YIOTCS MAKCUMAJIBHOW CWIOHW MPSAMOro TOKa lpmax W
oopatHoro  HampsikeHust  Uggpmax,  MaKCUMalbHO  JOMYCTUMOM
MOIIHOCTBIO Pmax, paccenBaemMoil Ha AMOJIE, TUAMA30HOM TEMIIEPATYP
OKPY’KarOIIEU CPEIBL.

N3mepenue cuibl IpsiMOTO TOKAa U OOpaTHOTO HAIPSYKEHUSI OMHCAHO
paHee, a 3HAUYCHHE PACCEMBAEMOW Ha JIMOAE MOIIHOCTHU OMpPEAENSIeTCS
KaK CyMMa MOITHOCTEH MPU MPOTEKaHUU MPSMOT0 U 0OPaTHOTO TOKOB:

P = By + Pogp (7.30)

N3-3a Manoctu o0OpaTHOro TOKa 3HA4eHHEM P,s OOBIYHO
npeHeOperarT 1 ToTa:

P=Py =2Unpe lnpep (7.31)

Y BBICOKOYACTOTHBIX JAUOA0B U3MEPSIOT MPAKTUUYECKU BCE TE K€
IapameTpbl, KOTOpble paccMmarpuBanuch panee. Opnako CBY-mpuopas
M3-32 YyBCTBUTEIBHOCTH K TEIUIOBBIM U 3JIEKTPUYECKUM BO3JACHCTBUSM
JOJDKHBL XPAaHUTBCS B HDKPAHUPYIOLIECH 3alIUTHOM 0O0OJIOYKE, U B
Ipollecce M3MEPEHUsT MapaMeTpOB U0 JOJKEH OBbITh 3allUIIeH OT
BO3JICUCTBUS AIEKTPOMArHUTHOTO TOJISL.

Y UMIyJbCHBIX JHOJO0B Hapsaay ¢ napamerpamu BAX m3mepstoT
CHEUHAIbHBIE  MapaMeTpbl  (XapakTEepU3YIOIIUE  HUHEPIMOHHOCTH
JIMOJIOB): BPEMSI BOCCTAHOBJICHUS OOpPAaTHOrO COMNPOTHBIICHHMS, 3apsi
NEPEKIIOYEHNS, MAKCUMaJIbHOE HUMIIYJIbCHOE TPsIMOE  MaJCHUE
HaIpPSKCHUS.

Y 1eTeKTOPHBIX AMOAOB H3MEPSIOT YyBCTBUTEIBHOCTH MO TOKY,
CONPOTHUBJIEHHE B padoueil Touke, KOAIPQPUIMEHT CTOSTUEH BOJHBI,
IIyMOBO€ OTHOIIEHUE.

VY cMecuTeJbHBIX AMO0A0B U3MEPSIEMbIMU MapaMeTpaMu SIBISIOTCS
NOTEPU TMPeoOpa3OBaHUs, BBIXOJHOE COINPOTUBICHUE, KO3P(DUIIMEHT
CTOSTYEN BOJIHBI, IIYMOBOE OTHOILIEHUE, HOPMUPOBAHHBIA KO3(P(DUITUEHT
ryma.

Y  mapaMeTpu4yecKHX M  YMHOKHTEJIbHBIX JHOJOB €
ylnpaBjisieMOil €eMKOCTbI0 Hapsily C €MKOCTbIO JHMOJa, CHIION
OoOpaTHOTO TOKa W TMPEACIbHO JOMYCTUMBIM HAMNPSHKEHUEM H3MEPSIOT
JOOpPOTHOCTH JMOJA Ha 3aJlaHHOM  4acTOT€ U COOCTBEHHYIO
WHIYKTUBHOCTH JUOJA.

Y  cTa0miauTpoHOB (CTA0MCTOPOB) M3MEPSIOT  HANPSHKEHUE
CTaOMIIM3aLUH.
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PA3JAEJI 8. BIUAHUE UBMEPUTEJIBHBIX IPUBOPOB
HA TOYHOCTH UBMEPEHUI

B MeTponornyeckom NpakTUKE IIPU IPOBEACHUM HU3MEPEHHUU
HEOOXOUMO YUYUTHIBATh PAJN (PAKTOPOB, BIMUSIOMIUX HA PE3YJIHTATHI
U3MepeHUsi. IT0O — OOBEKT U CYOBEKT U3MEPEHHUS], CPEJICTBO U3MEPEHUS
(CH) u ycnoBust U3MEpEHUSI.

O0beKT u3MepeHHus JOJDKEH OBITh YHCT OT MOCTOPOHHHX
BKJIIOUCHUH (€clid M3MeEpsieTcsl IJIOTHOCTh BEIIECTBA), CBOOOJEH OT
BIIMSIHUSL BHENIHUX NOMEX (MPHUPOJHBIE MPOLECCHl, WHIYCTpPUATIbHbBIC
noMexu U T. 1.). Cam OOBEKT HE JOJDKEH 00J1alaTh BHYTPEHHUMU
nmoMexamu (pabota caMoro 00beKTa U3MEPEHHUS ).

CyO0bekT HM3MepeHMsi, T. €. oneparop. lIpuBHOCHT B pe3ynbpTar
(JIMYHOCTHBIN» MOMEHT u3MepeHus. OH 3aBUCHUT OT KBalu(ukanuu
omneparopa, CAaHUTAPHO-TUTMECHUYECKUX YCJIOBHI Tpyaa,
NICUXO(U3HOTIOTHUECKOTO COCTOSIHUSA CcyObeKTa, OT y4era
SPrOHOMHUYECKHX TPEOOBAHUM.

Meton u3Mmepenusi. O4eHb 4YacTO W3MEPEHUE OIHOW U TOM IKe
BEJIMYUHBI PA3HBIMH METOJAMH JAE€T Pa3JIMYHbIC PE3yJbTaThl, IPUUEM
KQXIbI N3 HUX UMEET CBOM HEAOCTATKHU U JOCTOMHCTBA.

Ecnu u3zmepenue He yJnacTcsl BBINOJHUTH TakK, 4TOObI MCKIIFOYUTH
YT KOMIIEHCUPOBATh Kakoi-1n00 (hakTop, BIUSIONIUNA HA pe3ybTat, TO
B PSJI€ CIIy4aeB BHOCIT COOTBETCTBYIOIIYIO IMOMPABKY.

Bausaue CU Ha wu3MepsieMyl0 BEJIMYMHY BO MHOTHX ClIydasiX
MPOSIBIIIETCS. KAaK BO3MYMIAIOMIMI (aKTOp, HANpUMEpP, BHYTPEHHUE
ITyMbl U3MEPUTENBHBIX 3JIEKTPOHHBIX ycunuteneu. [pyrum ¢aktopom
apisiercs uHepunoHHocTh CH. Hekoropeie CH  1ar0T MOCTOSHHO
3aBBIIIEHHBIC WA MIOCTOSIHHO 3aHUKEHHbBIC MOKA3aHUsI, YTO MOKET ObITh
pe3yapTaToM AedeKTa U3rOTOBJICHHUS.

YcioBusi u3MepeHMsi Kak BIUAIONIMNA  (PakTop  BKIIOYAIOT
TeMIEpaTypy OKpY)Kawolled Ccpelnbl, BIAKHOCTb, aTMoc(epHoe
JaBJICHUE, HANIPSHKEHHUE B CETHU U T. II.

VYuer ykazaHHBIX (PaKTOpPOB IpeimnoiaracT UCKIOUYEHUE OMUOOK U
BHECCHUE TONMPABOK K U3MEPEHHBIM BEJIMYMUHAM.

N3meputenbHbie TPUOOPHI B 3aBUCUMOCTH OT WX Ha3HA4YCHWS,
o0JlacT TPUMEHEHUS M YCJIOBUH paldOThl JOJDKHBI BBIOMPATHCA IO
CHEQYIOIIUM OCHOBHBIM ITPUHIUIIAM:

1) momkHa CyIIeCTBOBAaThH BO3MOXKHOCTh M3MEPEHUS HCCICTyeMOM
bu3nYeCcKoil BEIUUUHBI;
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2) mpenmenbl W3MEpeHUs TpuOopa JIOJDKHBI OXBAaThIBATh BCE
BO3MOKHBIE 3HaueHUsA u3MepsiemMoil BenuuuHbl. [lpu  OGombiiom
JMana3oHe W3MEHEHMM TIOCJIEeIHEH, I1eJIecO00pa3HO HCMOJIb30BaTh
MHOTOIpeETbHbIE TPUOOPHI;

3) u3MepuTeNbHBIM HPHOOP JODKEH OO0ecIeYruBaTh TPEeOyeMYIO
TOYHOCTb U3MEPEHUM.

[TosTomMy cnenyeT oOpaTUTh BHMUMaHHE HE TOJBKO Ha KJacc
BBIOMPAEMOT0 U3MEPUTEILHOTO MpUOOpa, HO U HA (PAKTOPHI, BIUSIOIINE
Ha JOTMOJHUTEIBHYIO MMOTPEITHOCTh H3MEPEHUM:

- HECUHYCOUIaJTbHOCTh TOKOB U HANPSKEHUH,

- OTKJIOHEHHE TMOJIOKEHUs1 mpubopa TMpU YCTAHOBKE €ro B
MOJIOXKEHUE, OTIIMYHOE OT HOPMAJIBHOTO,

- BIIMSIHUE BHEIIHUX MAarHUTHBIX U 3JIEKTPUYECKUX TIOJICH U T. T1.;

4) mpu TPOBEACHUU HEKOTOPBIX U3MEPEHHUI BAXKHYIO POJIb UTPAIOT
9KOHOMUYHOCTh (MOTpeOIeHNE) U3MEPUTEIILHOI0 Mprubopa, ero macca,
rabapuThl, paCIOJOKEHUE OPTraHOB YIpaBIEHUSA, PaBHOMEPHOCTh
IIKaJdbl, BOBMOXKHOCTh CUMTHIBAHUS TMOKA3aHU HEMOCPEJICTBEHHO TIO0
Kaje, ObICTPOACHCTBUE U TIP.;

5) moakIOYeHHE TPUOOpa HE MOKHO CYIIECTBEHHO BIIHATH HA
paboTy ucCIeIyeMOro yCTpOMCTBa, MOATOMY MpU BbIOOpE MPUOOPOB
CJIeyeT YYHUTHIBaTh MX BHYTpPEHHEE compoTuBicHUE. [Ipu BKItOUYCHHH
U3MEPUTEIIBHOTO TIpUOOpa B COTJIACOBAHHBIC IIEMU BXOJHBIC WM
BBIXOJIHBIE COMPOTHUBIICHHS JOKHBI ObITH TPeOyeMOro HOMHHAIBHOTO
3HAYCHHSI,;

6) npubop JOKEH YAOBIECTBOPSATH OOIIMM  TEXHUYECKUM
TpeOOBaHUSIM TEXHUKH O€30MACHOCTH MIPH MPOU3BOACTBE M3MEPEHUH, a
TakK)kKe TEXHHUYECKUM YCJIOBHUSIM MJTM YaCTHBIM CTaHIapTaM;

7) He IOIyCKaeTCs MCIOIb30BaTh MPUOOPHI: C ABHBIMHU AcheKTaMu
U3MEPHUTEIIBHOM CHCTEMBI, KOpIlyca HM T.I, C HCTCKIIUM CPOKOM
NOBEPKH;, HECTaHIAApPTHBIC WM HE AaTTECTOBAHHBIE BEJIOMCTBEHHOM
METPOJIOTHYECKOH CITY>K00H, HE COOTBETCTBYIOIINE 10 KJIACCY U3OJISAINH
HaIPSKEHUSIM, Ha KOTOPBIE TIOIKITFOYASTCs TPUOOp.

IloBepka cpeacTBa u3MepeHHii (HEe TIIyTaTh CO  CJIIOBOM
«MPOBEPKA») — COBOKYMHOCTh OIEPAIMi, BBIMOJHAEMBIX OpraHaMH
rOCyJIapCTBEHHOMN METPOJIOTUUECKON CITY>KOBI (apyrumu
YIOJHOMOYCHHBIMI Ha TO OpraHaMd WJIM OPTaHHW3alHsIMH) C IEJbIO
ompenieNieHuss W ToATBepkaeHuss cooTBeTcTBUA CU ycTaHOBIEHHBIM
TEXHUYCCKUM TPESOOBAHHSIM.
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B mpomecce wusmepeHuii HEOOXOAMMO YYHMTHIBATH BCE BHUJIBI
BO3HUKAIOUIUX IOTPEIIHOCTEN M, MOHSB UX NPUYUHY, CTPEMHUTHCS HX
YMEHBIIUT.

N3mepenus mpoOBENECHBI MNPABWIBHO, €CIA CHUCTEMATHYECKHE
MIOIPEITHOCTH B UX pe3ylbTaTax Onm3ku K HyI0. K cucremarmyeckum
MOTPEIIHOCTSIM OTHOCSITCSI: MHCTPYMEHTAJbHBIEC, METOJa H3MEPECHUH,
YCTAHOBKHU MpHUOOpa, CYNTHIBAHUS.

Eciu UCKIOYUTh CHCTEMATHYECKHUE MOTPEIIHOCTH HE yHAeTCs, TO
MX YMEHBIIAIOT, YCTPaHsIsl NPUUMHBI UX BOSHUKHOBEHUS, peryaupys CH1U
IIPU MOBEPKE W MEPE] HAYAIOM HU3MEPECHHUS, NMPUMEHSS CIICIUAIbHbBIC
METO/Ibl UBMEPEHUS U JIP.

B cocraB COBpEeMEHHBIX M3MEPHUTEIBHBIX IPUOOPOB BKIIOYAIOT
MHUKPOTIIPOLIECCOPBI, KOTOPBIE ITO3BOJISIIOT ABTOMATUYECKHM HAXOJUTh
3HAYEHMS CUCTEMAaTUYECKON MOrPEIIHOCTH U UCKIII0YATh €€.

MeToa TeopeTHMYeCKOIr0 AaHajJaM3a COCTOMT B TOM, YTO
CHCTEMATUYECKYIO MOTPEIIHOCTh MOXHO pacCcyuTaTh Ha OCHOBAaHWU
H3BECTHBIX XapaKTEePUCTUK HCIIOJIb3YEMBIX prOOpoB 158105
0COOCHHOCTEH MeToda M3MepeHus, T. €. mo ¢opmyiaaMm. Tak, MOXKHO
OTIPEICTUTh CHCTEMATHYECKYIO MOrPEIIHOCTh puoopa,
OOYCIIOBJICHHYI0O COOCTBEHHBIM IIOTPEOJICHUEM MOIIHOCTH, CCJIHU
M3BECTHO €r0 BXOJHOE CONPOTUBIICHUE U T. ]I.

MeToa 3aMelIeHMsl 3aKIIOYAETCS B TOM, YTO HU3MEPSIEMYIO
BCIIMYMHY 3aMECIAaI0T U3BECTHOM BEIIMYHUHOM, BOCIIPOU3BOJMMOMN MEPOHU.

CraTncruyeckuili MeToJ COCTOMT B TOM, 4YTO I 0OpabOTKH
pe3ynbTaThl U3MEPEHUM pa3OMBAIOT HA HECKOJIbKO HE3aBUCHUMBIX TPYIII
HaOmoaeHni. PasHuila MeXay TpyHIIOBbIMU CPEAHUMHU M T'PYIIIOBBIMU
aucnepcussMu - (CpeIlHMMH B TpYIIe) YKa3blBAlOT Ha  HaJW4YHE
CHUCTEMATHYECKOM MOTPEITHOCTH, ¥ IO3BOJISIET BHIYMCIUTD €€.

MeToa pa3jM4YHBIX HM3MEpPEeHMiHl T1O03BOJIAeT OOHApY>KUBAThH
CHCTEMATUYECKHE MOTPEIIHOCTH, UCTOUYHUK KOTOPBIX HEW3BeCcTeH. [
ATOr0 BEJIMYMHY H3MEPAIOT HECKOJBKHUMHU PAa3JIUYHBIMH METOJIAMH,
pPa3HBIMU U3MEPUTEIBLHBIMU MPUOOPAMHU, TIPH PA3TUYHBIX yCIOBUSIX. B
ATOM cliydae HEOOXOJIMMO, YTOOBI HCIIOJB3yeMbIE [JIsi H3MEPEeHUi
pHUOOPHI UMETU IIPUMEPHO PaBHbIE COOCTBEHHBIE ITOIPEITHOCTH.

MeTox 00pa3moBbIX CUTHAJIOB COCTOUT B CPABHEHUM MO1aBAEMBIX
Ha BXOJI H3MEPUTEIIBHOIO YCTPOMCTBA CHUTHAJIOB: H3MEPSEMOro H
00pa3lOBOr0 TAKOIO k€ POJia, YTO U u3MepsieMbll. Pa3zHOCTH Mexay
HUMU OIPEJICIUT CUCTEMATUYECKYIO TTOTPEITHOCTbD.
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MeTtoa BBeeHUA MONMpaBoOK ! MONPaBO4YHbIX MHOKUTEJIeH.

IlompaBKOM HA3BIBAIOT 3HAYEHHUE BEJIWYMHBI, OJHOMMEHHOM C
u3MepseMoi, mpuOaBiIsieMoe K IOJYYCHHOMY TMpH  H3MEPEHUH
3HAYECHUIO, C ILEJbIO HCKIKOYECHUS CHUCTEMATHYECKOW ITOTPEIIHOCTH.
[lompaBka  4YHMCIEHHO  paBHAa  aOCONIOTHOM  CHUCTEMAaTHYECKOM
IOI'PEITHOCTH, HO UMeeT oOpaTHbIM 3HaK. [lompaBku 3aar0TCsl B BUJIE
rpaduKOB, TaOIUIl WA POPMYIL.

HckntounTh CHCTEMATHYECKYIO IOTPEIIHOCTh HU3MEPECHUS MOXKHO
TaK)KE€ IYTEM YMHOXKEHMSI pPE3YJbTAaTOB HM3MEPECHHUS Ha MOIPABOYHBIN
MHOHUTEIb, KOTOPBIM M3-3a MAJOCTH CUCTEMATHUYECKUX MOTPEMIHOCTEN
0OBIYHO OJIM30K MO 3HA4YEHUIO K enunuIle. [lomaraercs, 4To MOMpaBKu U
MONMPABOYHBIE MHOKUTEIN IMPEABAPUTEIIBHO OIPEACICHBI MPU MOBEPKE
CpPEIICTB U3MEPEHUM.
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Paznen 9. ABTomaru3anus 3JIeKTPOTEXHUYECKMX U3MePeHU I

YcnoxHeHre COBPEMEHHBIX 00BEKTOB HUCCIICIOBAaHUM, POCT YKCIIA U
JTMANa30HOB HM3MEPSIEMBbIX IMapaMeTpoB, TMOBBIIEHUE TpeOOBaHUN K
TOYHOCTH U3MEPEHUN U UX OBICTPOJACHCTBUIO JUKTYIOT HOBBIE MOJIXOIbI
K OpPraHu3allii WU3MEPEHUHM U KOHTPOJISI IapaMeTpoB. PelieHue 3Tux
3a71a4 BO3MOKHO TOJIBKO IyTEM aBTOMATU3ALUU DIIEKTPOTEXHUYECKUX
mMepenud. K TomMy ke aBTomMaruzanus W3MEPEHHM MO3BOJISET
pa3rpy3uTh Oneparopa.

IlepBoil  CTyI€HBKO aBTOMAaTHU3ALMM U3MEPEHUM  CUUTAIOTCA
ABTOHOMHBbIe HenmporpamMMmupyemblie nugposbie npudopsr (AHII),
KOTOpbIE paldOTalOT MO KECTKOM MNporpaMMe U HCIOJb3YIOTCS s
U3MEPEHUM OIPEACICHHBIX IAapaMETPOB U XapaKTEpUCTUK. B HuX
ABTOMATUYECKU BBIMOJHAETCS HEKOTOpass 4YacTb H3MEPUTEIbHBIX
omepaluii: OmpeaeeHue TMOJIPHOCTH CUTHAJIa, BBIOOp TMpenena
U3MEPEHUSI, COOCTBEHHO U3MEPEHHUE.

NudopmMannoHHO-U3MEePUTEIbHbIE CHCTEMBI.

Btopass cTyneHp aBTOMaru3aliii —  CO3JaHHE THOKHX
usMeputejbHbIX cuctemM (I'MMC) ma ocHOBe 1mudpoBoil TexHUKU. B
I'MC nporpammubiM  (SOft) cmocoOGoM mepecTpamBalOT CHCTEMY,
CIIOCOOHYIO M3MEpATHh pa3IMYHbIC IMapaMeTpbl M MEHATh PEKUM
n3Mepenuii 06e3 m3meHenus ammapatHou (hard) wactm cuctemsbl. Takue
CUCTEMbl — HM3MepuTeIbLHO-UHGopManmuoHubie cucrembl (MNC) —
MPEACTABIISIIOT COOOM COBOKYIHOCTh CPEJICTB M3MEPEHUSI HECKOIbKHUX
(U3NYECKUX BEJIMYMH W BCIIOMOTaTeIbHBIX ycTpoicTB. 3amaya MUC
3aKJIIOYAETCS B MOJYYEHUM UM3MEpUTEIbHOW uHbopManuu 00
UcclelyeMOM OOBEKTE€ B JMHAMUKE (B YCIOBUSX (YHKIHOHUPOBAHUSA
unu xpanenusi). MMC mnpenHasHaueHbl IJi I[E€JIEBOTO ONTUMAIbHOIO
MPOBEJICHUS] U3MEPEHUM W 00€eCTIeYrBaIOT JOCTOBEPHOU HMHQOpMaIne
CMEKHbIE CICTEMBI BBICIIIETO YPOBHA. B X 3amady BXOUT:

- TOJy4eHHUE W3MEPUTEIBbHON HH(poOpMalUM 00 HCCIeayeMOM
00BEKTE,

- mpeoOpa3oBaHKue BXOAHOW MH(OPMAIIUU B BBIXOIHYIO,

- TIepesiaya M MpeJicTaBIeHUEe MOTyUYeHHON nHGOpMaIIMU OllepaTopy
(KOMIIBIOTEPY),

- oTOOpa)keHHWe, 3allOMUHAHUE W (HOPMHUPOBAHUE YIPABISIOMINX
BO3JICHICTBUU.

[To Haznauennto MM C pa3nenstoTcss Ha HECKOJIBKO TPYIIIL:
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- CHUCTEMBI cOOpa U3MEPUTENIbHOW MH(OPMAIMU MO UCCIEAYEMOMY
00BEKTY — U3MEPUTEIIbHBIC CUCTEMBI;

- CHCTEMbl ABTOMAaTHMYECKOTO KOHTpPOJII 3a paboToil Yy3JIOB,
TEXHOJIOTUYECKHUX MPOLIECCOB, arperaTos;

- CUCTEMbI JUArHOCTUKU U BBISBIICHUSA HEUCIPABHOCTEN U3ICIINM;

- CHUCTE€MBI TEJIEMETpUM, 0OECIeUrBaIoOmne COOpP H3MEPUTEIbHOU
uH(pOpMaLUK C YIATCHHBIX 0OBEKTOB.

I[To crpykrype THUC pazgenstorcss Ha  mHTepdeicCHEIE,
MHKPOIPOLIECCOPHBIE U KOMITBIOTEPHO-U3MEPUTEIIBHBIE.

Cospemennbie MNC cTposATcss 1O arperaTHOMYy MPUHIUITY, YTO
MO3BOJISIET 3HAYMUTEIIBHO COKPAaTUTh BpeMs pa3pabOTKH CHUCTEMBI H
BBOJIa €€ B JCWCTBHE. B mporecce 3KCIlyaraMd CUCTEMa JIETKO
nepeHacTpauBaeTcsl MpU U3MEHEHHH TpeOoBanuii K Hed. [lpu
arperatHoM noctpoeHun MMC ympoiaercs 3aMmeHa (pyHKIIMOHATBHBIX
y3JI0B Ha 00Jiee COBEPIIICHHBIE.

ITo croco0y oOMeHa CUTHAJIAMU B3aUMO/ICUCTBUS,
o0ecleunBalolMMH  COTJIaCOBaHHOE TpeoOpazoBaHue uHpoOpManuu
BCeMU (DYHKIIMOHATBHBIMU Y3JIaMU CUCTEMBI, [0 CTIOCO0Y yIpaBJICHUS U
o ctpykrype nocrpoenuss MUC pazaensrorcs Ha JeHeHTPaTIn30BaAHHbBIC
Y LIEHTPAJIN30BAHHBIC.

JlenenTpanu3zoBanuble HMHUC uMEOT NOCTOSHHBIM  COCTaB
(YHKIIMOHAIBHBIX Y3JI0B M PEXKUM HUX PabOThl. BO3MOKHOCTH Takux
CUCTEM OrPAaHWYEHBI, HO OHH OTJIWYAIOTCS MPOCTOTOM, MaJbIMU
rabapuTHBIMU pa3MepaMu U HU3KOW CTOMMOCTHIO. B HacTosiiee BpeMs
nenenTpanu3oBanabie MU C npakTHyeckn He MPUMEHSFOTCS.

HenTpanusoBannbie UUC conmepxaT LEHTpaJIbHOE YCTPOMCTBO
yIIPaBJICHUS (koHTpOIIIED), 3a7aro1Iee pexRUM paboTHI
(YHKIIMOHAIIBHBIX Y3JI0B IIYTEM HU3MEHEHHUS UX COCTaBa, KOJUYECTBA U
CBSI3€M MEXy HUMH, B PE3yJIbTAaTE YeTO U3MEHSIOTCS (PyHKITMOHATILHbBIC
BO3MO>KHOCTH CHUCTEMBI.

enTpanuzoBanubie MMC BecbMa pa3sHOOOpa3HbI U MO CTPYKType
noApa3JIeNIAI0TC Ha paauanbHbie (puc. 9.1, a), maructpanbHbie (puC.
9.1, 6), paananbHO-1IETIOYEYHBIE U pPaIuaIbHO-MarucTpaibHbIC.
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Puc. 9.1. Cxembr UMIC paguanpHO# (a) 1 MarucTpaibHOH (0) CTPYKTYPBI

Yepes  KOHTpOJUIEp  OCYIIECTBISIETCS  OOMEH  CHUTHAJIaMH
B3aUMOJICUCTBUSL MEXKIy (YHKIUOHAIBHBIMU y3lamu (DY), dro
MO3BOJIAET TMPOTPAMMHUPOBATh KX IIYTEM MOAAYU COOTBETCTBYIOIIMX
CUTHAJIOB OT KOHTpOJUIEpa W HU3MEHATH TMOPSAIO0K 00paboTKH
unpopmaruu. B  HMUC paguanbHON  CTPYKTYypbl Kaxapii DY
MOJKJIIOYAECTCA K KOHTPOJUIEPY C IOMOIIBI0 HWHAWBUAYAIbHBIX IIVH.
HenoctaTkoM paguambHOM  CTPYKTYpPbI SIBISIFOTCST  TPYJHOCTH B
HapalMBaHUU  (PYHKIIMOHAJIBHBIX  Y3JIOB  HW3-3a  YCJIOKHEHUS
KoHTpojuiepa. Iloatomy Oonee mmpokoe mpumenenue Hanum HNUC
MAarucCTpajIbHOU CTPYKTYPHL.

Hanuume  ogHONMPOBOAHOM WM MHOTONPOBOJHOM  IIIMHBI
(maructpanu) sBisgeTcs obmeit deproir Bcex DY. Ilo marucrpanu
IEPENAOTCS CUTHAJIBI B3AaUMOJICHCTBUSA, IIPUYEM KAXKABIA TAKOW CUTHAI
anpecyercss K KOHKpeTHoMy DY. B MmaructpaibHOM CTPYKTYpE JIETKO
HapamuBaTh KOMM4YeCcTBO PY B CHCTEME, YTO MO3BOJSET UCIOJIb30BATh
€ee I pelleHus  3aJad [0  aBTOMATU3alMu  Pa3JIWYHBIX
AKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUM.

Hcnonb3oBaHME COBPEMEHHBIX HU(MPOBBIX CPEACTB MPUBEIO K
n3MeHeHnto cTpykTypbl MM C, mo3BossmomemM MakCUMalIbHO TTEPEHECTH
00paboOTKy M3MepuTeIbHOM MHGOpPMAIMU K MecTy ee (OpMUpPOBAHUS.
Takoe pemieHue NOJYYUIO Ha3BaHUE KOHBEWEpPHON 00pabOTKU
n3mepurenbHoi nHpopmanuu B UUC.

NUC BriroyaeT B ceOs KOMIUIEKC MEPBUYHBIX MpeoOpa3oBaTeseH,
yCTpoiicTBa cOopa u 00paboTku MH(MOPMAILINU, YCTPOHUCTBA BTOPUYHOM
00paboTKu UH(pOPMALIUM, CPEACTBA YNPABICHUSI U KOHTPOJISI, CPEACTBA
CBSI3U C IPYTUMU CUCTEMaMH, HAKOTTUTETU HHPOPMAIIUH.

Pabora MNC ocHOBaHa Ha HUCHOJb30BAaHUU CHUCTEM HECKOJIBKHUX
BUJIOB: C 3apaHee 3aJaHHBIM aJTOPUTMOM pabOTHl (3KECTKasi CUCTeMa),
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nporpaMmupyemMbie (TuOKasi cucTema), aJalTUBHBIC, BHUPTYaJIbHBIC,
VHTEJJICKTY JIbHBIE.

JIro6ast UNC ¢ BBIYUCIUTEILHBIMU KOMILJIEKCAMHU BKJIIOUAET B ceOs
MaTeMaTH4ecKoe, IMporpaMmMHOe W HHGOPMAIIMOHHOE obecredeHue, a
TaKK€  METPOJOTHYECKOe oOecrmedeHrne, OOCTy)KHUBAIOIIee  BCHO
U3MEPUTEIILHYIO CUCTEMY

Onpenensromuymn B JKCIUTyaTaluu NnC ABJIAIOTCS
SPrOHOMUYECKHUE MOKA3ATENN NUCIUIES W YIPABISAIOMINX 3JIEMEHTOB —
untepdeiicoB monb3oBarens. Murepdeiic monb3oBaTens — 3TO
YCTPOMCTBO  CONPSDKEHMUSA,  OCYIIECTBISIONICE  B3aUMOJICHCTBUE

nepcoHanbHoro kommetotepa (IIK) co cpeactBamu u3MepeHUd H
JIPYTUMU BHEIITHUMU TEXHUYECKUMU CUCTEMAMU.

I/IBMepI/ITe.TII)HO-BI;I‘II/ICJII/ITeJII)HBIe KOMIIJIEKCHI.

Baxueimenn pasHoBuaHocTthio [MC gBIAIOTCS HM3MepPHUTEIbHO-
BbIYHCJINTeAbHbIe KoMIiekcbl (MBK), mnpeacraBisiomue coOoi
aBTOMATU3HPOBAHHBIE cpenctBa  uW3MepeHUd  u 0o0paboTKu
u3meputenbHoil uHpopmarnuu. MUBK ucnons3ytorcst 11 u3MepeHus
MapaMeTPOB CJIOKHBIX OOBEKTOB.

OtnuuurenbHbiMu  ocobeHHOCTsIMU  WBK  sBisitoTcs  Hanmuwue
cBOOOAHO mporpammupyemort OBM (misi 00paboOTKU pe3yinbTaTOB
U3MEPEHUM U ynpaBieHUs] COOCTBEHHO MPOIIECCOM M3MEPEHUM, a TaK¥Ke
JUIsi  YOpaBJ€HUS  BO3JCUCTBMEM Ha  OOBEKT  HCCIEIOBAHMUS),
HOPMHPOBAHHE  METPOJIOTHYECKUX  XApPAKTEPUCTUK, MPOTPaMMHOE
yOpaBJICeHUE  M3MEPUTEIBHBIMU  CpPEJICTBAaMU,  OJOYHO-MOMIYJIbHAS
CTPYKTYpaA.

NBK npumeHstoTca U9 peau3alldi  OpPsIMbIX, KOCBEHHBIX,
COBMECTHBIX U COBOKYITHBIX METOJ0B U3MEPECHUIN (PU3NUECKUX BEITUYUH;
I TPEINCTABICHUS  PE3YyJIbTATOB  M3MEPEHHM  OMNEPATOpPy B
HeoOxonumoM  (YIOOHOM) BUZE, [IJid YIOPaBICHUS  IPOIECCOM
U3MEPEHUN U BO3/ICUCTBUS HA O0BEKT U3MEPECHUM.

KOMHI)IOTepHO-I/I3MepI/ITeJII)HLIe CUCTEMBI.

B Hacrosimee BpeMs copMUpOBaIoCh HOBOE HaIpaBJICHUE B
U3MEPUTEIIBHOW TEXHHUKE — KOMIIBIOTEPHO-U3MEPUTEIBHBIE CHUCTEMBI
(KUC) m wux pa3HOBUAHOCTh — BHPTYaJibHbIe HW3MEPHUTEJIbHbIE
npudopsl (BuptyasnbHsie npubopsl). B KUC o0s3aTensHO BXOAUT
KOMIIBIOTED, pa00OTAIONIUI B pEKUME OHJIAMH.
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KMC Ha 6a3e mepcoHaIbHOrO KOMITBIOTEpA MO3BOJSIET 3aMEHUTH
CTaHJAPTHBIC U3MEPHUTEIbHBIC MPUOOPHI (BOJIBTMETPHI, OCIHLIOrpadbI,
aHaJIM3aTOPbI CIIEKTPA T€HEPATOPHI U JPYTroe) Ha CUCTEMbI BUPTYJIbHBIX
npudopoB. Ilpu sToM psig mpuOOPOB MOTYT OBITH AKTUBU3UPOBAHBI
(Bocipou3Be/IcHBI) HA OJHOM KOMITBIOTEPE OJTHOBPEMEHHO.

KNC Moxer ObITh IIOCTPOEHA C MOCJIEAOBATCILHOM MU
napajuienibHon  apxurekrypou. B KHUC ¢ nmocnepoBarenpHOU
apXUTEKTYPOH BXOJSAT 4acTu CUCTEMBI, npeoOpasyromiue
aHaJM3UPYEMbIE CUTHAJIbI, KOTOpbIE 00padaTHIBAIOT MOCIEA0BATEIBHOM
peXKHUMeE, TOATOMY BCS DJIEKTPOHMKA pa3MENIaeTcsa Ha  CIOoTax
KOMITbOTEpA. JIOCTOMHCTBO Takou apxuTeKkTypsl mnoctpoenus KHUC
OUEBUJHBI — Oyarojaps WCIOJIb30BAHUIO TMPUHIIMIIA pa3/eiCHUs
00pabOTKK II0 BpEeMEHH CTOMMOCTh cucTtembl HeBenmmka. B KHUC ¢
napajuiebHON apXUTEKTYPONl COIAEPKHUTCS P MApAIIECTbHBIX KAaHAJIOB
U3MEpPEHUs] W KaKIbIA  KaHal  HMEET  COOCTBEHHBIC  Y3JIbI
npeoOpa3oBaHusl AHAIU3UPYEMBIX CUTHAJIOB, W TOJBKO IIPOIIECCOP
KOMIIBIOTEpa paboTaeT B PEKHUME MYJIbTHILICKCUpPOBaHHS  (T.e.
oObeNMHEHUsI CUTHAJIOB). B 3Toil cucteme mnpeoOpa3oBaHHE CUTHAJIOB
BBITIOJIHAETCS  JIOKAJbHO  BMECTE€  PACIOJOXKEHUS  HCTOYHHKA
UCCIIETyEMOr0 CHUTHaJa, 4YTO T[O3BOJET IMEpelaBaTh CUTHAIBI OT
n3MepsieMoro oobekTa B rudpoBoi Gpopme.
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