OCHOBBI METPOJIOT'MA

OCHOBHBIE OITPEAEJIEHUA

DNEKTPUUECKUE H3MEPEHMS] pacCMAaTpUBAIOT BCE JJIEKTPUYECKHE U
MarHuTHbIE BEJIWYMHBI, TaKUE KAK JJIEKTPUUYECKUU TOK, HANPSIKECHUE,
MOILHOCTb, SHEPrus, MAarHUTHBIA NOTOK, M T.I. OnpeneneHue 3TUX
BEJIMYMH AaKTyaJbHO JJIs HAJUIEKAIIEro YINpPaBICHUS U KOHTPOJA
AJIEKTPUYECKUX YCTPOMUCTB, LETEH, 1 CUCTEM.

DJNEeKTpUYECKUe H3MEpUTENbHbIE NPUOOPHI IIUPOKO HCHOIB3YIOTCS
TaKKe JUISI W3MEPEHHs HEINeKTPUYECKUX BenuduH (Kak HampuMep
TEeMIIepaTypa, JaBICHUE, W T.I.), KOTOphIe CHa4ajda MpeoOpa3yroTcs B
MIPONOPLUUOHAIBHBIE ANEKTPUUECKNE BETUUNHBI.

N3mepenne — HaxoeHNe 3HaYeHUs (PU3HMUECKON BETMYMHBI
OTBITHBIM ITyTEM C ITOMOIIBIO CICIMATBHBIX TeXHUUecKuX cpeacts (COCT
16263-70).

Llenb u3mMepeHus: — MoIy4eHne KOJIMUeCTBEHHOU HH(OpMALIUK.

Mertponorust — Hayka 00 H3MEpEeHHH, METOJaX MU CpPEeICTBax
oOecriedyeHHss WX €OUHCTBAa U cHoco0ax JOCTHXKEHHUs Tpedyemoit

TOYHOCTH.
OCHOBHBIE pa3JIeNIbl METPOJIOTHH:
1) o6mas Teopusi U3MEPEHUIA;
2) MeTOoJbl M CPEICTBA U3MEPEHHIA;
3) MeTObI OpEICIICHUS] TOYHOCTH U3MEPEHHUIA;
4) sTayoHBI ¥ 00PA3IOBbIE CPEACTBA H3MEPEHUH;

BU/JIbl U METO/1bl UBMEPEHUI
Buab! usmepenui.
— npAmble usmepenus, Koraa HaXOIATCs caMa MCKoMasl BEJIUYHHA
X = Xusm

— KOCBeHHble u3mepeHusl, KOTJa TPSIMBIM CIIOCOOOM HAaxOJsT
3HAUYCHUC ;[pyrnx BCIIMUHNH, a MHCKOMas BCJIIMYWHA OHpGI[CJ'DICTCH
pacyeTHBIM ITyTEM II0 HM3BECTHOW (YHKIIMOHAIBHOW 3aBUCUMOCTH OT
u3MepeHHbIX BennunH X = (X, X, X, .)

(ompenenenue conpoTuBieHUsT R = L%)

KocBeHnHoe n3mMepeHne UCoab3yeTcs B ciayJae:
1) oTCYTCTBYIOT IPHOOPHI IPSIMOTO H3MEPCHHS;

FUNDAMENTALS OF METROLOGY

BASIC DEFINITIONS

Electrical measurements involve all electric andgnadic quantities,
such as current, voltage, power, energy, magnetig, fand so on.
Knowledge of the magnitude of these quantities gsertial for proper
supervision and control of-electric devices, citguand systems.

Electrical measuring instruments are widely used rteasure
nonelectric quantities as well (such as temperafuressure, etc.), which
are first converted into proportional electric qtites.

Measurement — is an experimental determinationhykigal quantity
value by means of special technical facilities.

An object of measurement —is to receive quantigatiformation.

Metrology — is a science about the measurementdhade and
facilities for measurement, which assure the wdysohievement of the
required accuracy.

Basic metrology divisions:

general theory of measurement;

methods and facilities of measurement;

methods of definition of the measurement accuracy;

standards and reference instruments;

TYPES AND METHODS OF MEASUREMENTS’
Measurement typese:
— direct measurement, when a sought quantity is defined exactly,
X = Xmeas

— inferential (indirect)t measurement, when the intermediate
guantities are defined in direct manner and a sSouglantity is
determined by means of calculations by known fumeti dependence on
measured quantitieX = f(x, X, X; . .).

( determination of resistanceR = L%)

Indirect measurement is used when:
1) there are no instruments for direct measurement;




2) HEBO3MOKHO HCIIOJIB30BAHUE MIPUOOPOB MPSAMOTO U3MEPEHUS;
3) HEOOX0IUMO TIOJTYUEHUs 00Jiee BHICOKONH TOYHOCTH,;

- cosokynuvle usmepenusi. B COBOKYIHBIX H3MEPEHHSIX HCKOMas
BEJIMYMHA ONPEICIACTCS PEIICHHEM CHCTEMbI ypaBHCHHM, COCTaBICHHON
HA OCHOBaHUH MPSIMbBIX U KOCBEHHBIX M3MEPCHHUN OIHOPOIHBIX BEINYHH.

f (X X,X5...)=0, X, X, X3 .- -OMHOPOJIHBIC BETUYHHEI.

- coemecmmuble usmepenusi. B COBMECTHBIX H3MEPEHUSIX HUCKOMAst
BEJIMYMHA ONPEICIACTCS PEIICHHEM CHCTEMbI ypaBHCHHM, COCTaBJICHHON
HAa OCHOBaHUH MPSMbBIX U KOCBEHHBIX M3MEPEHHI Pa3HOPOIHBIX BEJTUYUMH.

f(X X, X5...)=0, X, X, X3 . - -pa3HOPOHBIC BEIIMUUHBI.

METO/IbI USMEPEHIM
— HEenocpeoCmeeHHou OYeHKYU, B KOTOPOM ONPEAEIISAIOT BCIO HCKOMYIO
BEJIMYMHY IMOJIHOCTBIO M0 OTCYETHOMY YCTPOMCTBY mpubopa? DTOT METOA
IIPEICTaBIISIET YHCIIOBOE 3HAYEHUE U3MepseMoi BEJIMYHUHBI
HETIOCPEICTBEHHO Ha ImKajie mpubopa. MeToa camblii MPOCTOM, HO HE
TOYHBII. B 3TOM cilydyae mnpenen TOYHOCTH W3MEPEHHUS OIPENEseTCs
UCIOJIb3YEMBIM ITPUOOPOM U MOITOMY HE MOKET OBITh OUE€Hb BBHICOKHM.

- cpasHnenus; B 93T0 cimyyae wu3MepeHHE (PHU3UYECKON BEIMUYHMHBI
ABIISIETCSL MPOLECCOM, MPHU KOTOPOM €€ 3HAYEHUE ONpereseTcs
DKCIIEPUMEHTAIIBHO IIyTEM CPAaBHEHUs C IPYrol U3BECTHOM BEIMYMHOU
Takoro e Tuma. B oOmem ciydyae, Takoe cpaBHEHUE NPHUBOIUT K
UCIIONIb30BaHUIO CTaHaapra (Mephl), KOTOPBIH SBISETCS (HU3NUSCKHM
MIPEACTABICHUEM U3MEPSEMOI BEIUYMHBI, 1 KOMITapaTopa

Ora rpymnmna METOAOB COCTOMT. HyNeBOU Meron, auddepeHimanbHbIi

METOJ1; METOJT 3aMEIIEHHS; METOJ1 COBIAJICHUS.

JuddepeHnanbHbIi METO

B Qg depeHIaIbLHOM METOoJ1e u3MepsieMas BEJIMYMHA
YPaBHOBEIIMBAETCS C MEpOH (M3BECTHOW BEIMYMHON), HO IIOJIHOE
paBHOBECHME HUKOIJIa HE JOCTHraercs. Bmecro »3Toro omeparop
CUUTHIBAET PA3HUILY MEKY X BETMUHHAMH.

DTOT METOJ HMCIOJb3YeTCs U CPAaBHEHHsSI JBYX BEJIMYHH, KOTOPbIC
MaJjio OTIMYAIOTCS IPYT OT APYyTa.

B nuddepeHnnaibHOM MeETOAE HU3MEpSeTCss HE BCsS BEIMYMHA, a
Pa3HOCTb MEXKy HEM U MEPOM.

2) it is impossible to apply instruments for direstasurement;
3) it is necessary to receive higher accuracy.

— combined measurement At combined measurement a sought
guantity is determined by means of solution of diemeous equations on

the basis of direct and indirect measurements ef hlomogeneous

quantities. f(x,X,X;...)= 0, X, X, X ..-.homogeneous quantities.

— joint _measurement. At joint measurement sought quantity is
determined by means of solution equations on thasbaf direct and
indirect measurements of the heterogeneous quemntiti

fX X, X53...)=0, X, X%, X3 .- -heterogeneous quantities.

MEASUREMENT METHODS

- direct estimation methodIn this case a sought quantity is
determined by the measuring indicator of instrumtms method presents
the numerical value of the measurand (the quartéyg measured)
directly on a scale. This method is the simplestimaccurateln this case,
the limit of accuracy is that of the instrumentdisehich can not be very
high

- comparisonmethod In this case the measurement of a physical
quantity is a procedure by which the value of tpantity is determined
through an experiment by comparing it with anotkeown quantity of
the same kind chosen as a unit. In the general sasb a comparison
calls for the use of a standard which is a physcabodiment of the unit,
and acomparator

This group of methods consists of a balanced metHdterential
method substitution methgdtoincidence method

Differential method

In differential measurement method the measurabdlsnced with
a measure (known quantity), but a complete balasmaeever sought.
Instead the operator reads the difference betweetwo.

This method is used to compare any two quantitieshvdiffer but
little from each other.

In differential method only the difference betwe#re sought
guantity and measure is defined.




C moMompio BOJbTMETpa H3MepseTcs pasHuna AVX
Mexly u3MepseMoli  BemuumHOoM EX um m3BecTHOlM

By a voltmeter the differencdVx is measured between
AUy measured quantitizx and known quantitfzo.

© -

BenuunHoi Eo
IMockoneky — AVx= Ex— o CD C‘ As W=Ex—-Bo
Torza Ex = Eo +AVx Ex Eo Then  Ex= Eo+4Vx
Hynesoit meton Balanced method
B 5TOM MeTOIE Pa3HOCTh MEXKIY U3MEPIEMOMN Here the difference between the quantity under
BEJIMYMHOM ¥ U3BECTHOM BEIMYMHOM, niu >pdexTamMu ( : )"Ux:o study and known one or between effects of theipact
UX JENCTBHS CBOJAMTCA K HyI0. J[iist 5T0ro0 is reduced to zero. The adjustable voltage source
UCIIONB3YETCS PETYIUPYEMBIN HCTOYHUK (Mepa) U CD CD (measure) and galvanometer is utilized for this
raJlbBaHOMETD. E, Eo=var purpose.
Eo=var 4U,=0, Ex =Fo Eo=var 4U,=0, Ex =FEo
31€eCh N3MEPHUTENBHBIM TPHOOP HEOOXOMM JIHILb Here a measuring device is needed only for
TS TIOJIYYICHUST paBEHCTBA U3MEPSIEMO# BEJTMUMHBI U MEPhI. DTO the receipt of equality of the measured quantityf eveasure. This
JIOIKEeH OBITH OYEHb TOYHBIH MPHOOP, €0 OOBIYHO HA3BIBAIOT HYJTh- must be a very exact device, it is usually called imdicator. The
uHAUKaTop. [Ipu U3MEepeHUsX B LIEMSAX MOCTOSTHHOTO TOKA B KAYECTBE moving-coil galvanometers the most commonly aredused.c.
HYJIb-UH/IMKATOPOB HAaHOOJIee YaCTO UCMOJIB3YIOT TalbBAHOMETPHI measurements as null indicator.
MarHHTOZJIEKTPUYECKOM CUCTEMEL The accuracy of the balanced method is very high raainly
TOYHOCTH HYJCBOIO METO/Ia OYCHB BHICOKAs U B OCHOBHOM depends on the accuracy of the reference standmets and the
OTIPEIENIIETCS] TOUHOCTHIO MEPhI (CTaHIapTa) U YyBCTBUTEIILHOCTHIO sensitivity of the null indicator.
ragbBaHOMETPA. DTO TEOPETHUECKH CAMbIii TOUHBIH METOI. In the theory it is the most exact method.
MeTo 3aMenieHusI 1. .2 Substitution method
B 5TOM MeTOmE MOOYEPENHO ONPEAENIAIOTCS OTKIOHEHHS At this method the quantity under study is subtdu
yKaszareJs Mpubopa Npy HOIKIIOYEHH CHAYAIA K H3BECTHOM by measure. The scale readings are taken firstewhil
BEJIMYMHE, A 3aTeM K U3MEPAEMOM BEJIHUNHE. CD CD connecting the instrument to a known quantity and
Eo=kUy, K=EyUy, Ey=kUy then to the quantity under study.
E, Eo Eo=kUy, K=EyUy, Ex=kUp
Hckomasi BelMMYMHA PACCUMUTHIBACTCS IO OTHOIICHUIO OTKJIOHCHHIA. A sought quantity is calculated by the ratio of idéens.
MeTtoa HCIoaB3yeTCs P U3MEPEHUH MaJIbIX BEIUYHH U MPH KAITHOPOBKE This method is used for calibration of the meagumstruments

M3MEPUTENBbHBIX MPUOOPOB UITH UX LIEHEH. or their circuits.



MeTtoa coBagcHUs 1

L AN

Coincidence method

3HaueHue U3MEPSIEMON BEITHMUNHBI °

OTIPEIENAETCS IO COBIAIEHHMIO OTMETOK LKA,
snexTpuueckux curnaios (Eq = var).

D

Ex

The value of measured quantity is defined by cdieicce
of the scale marks, electrical signfls, = var).

/A

)

Eo=var

I[NOI'PEINIHOCTU M3MEPEHUS

[TorpemHoCThIO Ha3bIBAETCS OTKIOHEHUE PE3yJIbTaTOB
M3MEpEHUI OT UCTHHHOTO 3HAaYCHHsI BeMUIUHBI. CYIIECTBYIOT 3 UUCIOBBIE
OLIEHKH MOTPEITHOCTH!

ABCOJIIOTHASA MTOT'PEINIHOCTD - pa3HOCTh MEXIY

WU3MEPEHHBIM U JEHCTBUTEIbHBIM 3HAYEHUEM BEJTMYUHBI !
A= Xpes-X  [eo.usm.]

rae ;. Xusm — pe3yabTaT H3MEpEHHUsI

X — IeMCTBUTENBLHOE 3HAYECHUE, 32 HETO IPUHUMAIOT
JEHCTBUTENHLHOE 3HAUCHUE WIIM 3HAYCHHE, KOTOPOE MOXKET OBITh HANIACHO C
MOMOMIbIO 00JIee TOUHBIX CPEJCTB U METO/IOB.

OTHOCHUTEJIbBHAA MTOT'PEINTHOCTD —3T0 OTHOIIEHKE
a0COJTIOTHOM TTOTPEITHOCTH K ACHCTBUTEIHHOMY 3HAUCHHUIO !

5=§x100%): x 100%

Uusm

OTHOCHTEbHAS TOTPEITHOCTh TAKXKE N3BECTHA KaK IMOTPEITHOCTh
OTHOCHUTEJIbHO U3MEPCHHOW BEITMYUHBI.

HNPUBEJAEHHAA ITOT'PEIIHOCTD — noHsITHE METPOJIOTUH
(oTHeCeHHAs K HEKOTOPOMY 3HAUCHHIO)

A4
=—[100%
V=% 0

H

HpI/IBeI[eHHaSI MOrpCIIHOCTD TAKKC U3BCCTHA KAaK NOTPCIIHOCTD
OTHOCHUTCIIBHO ITOJIHOT'O OTKJIOHCHHA IIKaJIbI.

X}~ HopmHEpYyIOIIee 3HaYCHNE
a) X;;= Xypeoen - OUTH BCera

0) X,,= ‘X nped.nee | + ‘X nped npas VIS IBYCTOPOHHEN IIKAJIbI

MEASUREMENT ERRORS

Measurement error is a deviation of measurementtsdsom the
true value of quantity. There are 3 numerical estioms of measurement
errors:

ABSOLUTE ERROR- is the difference between the measured
value and the true value (known quantity) of theasueand.

A= Xmeas-X

where : Xmeas— result of measurement

X — true value. This is the true value or the valiagich
may be defined by means of facilities with highecwaacy.

RATIO ERROR-is a ratio of an absolute error to a true value:

x100%

0= x100=
X meas
Ratio error is known as the percent-of-indicatimml) error.

REDUCED ERROR- is a metrology conception (quotient of
absolute error to some value)

A
=—[100%
y Xn °

Reduced error is known as the percent-of-full-sdaléection
(fsd) error.
Xp - fiducial value
a) Xn = Xiimit — almost always
b) Xp = ‘X +‘X

for center-zero scale

lim left | lim .right



B) X,,=l yosu. , Korma mxana mepaBHOMepHas

r) X,= Xyom , TpUOOp pacCUMTaHHBIH Ha OIPEICICHHOE
3HaveHHe (paccUuTaH Ha KOHTPOJIb ONPEICICHHOTO 3HAYCHUS).

DOOPMVIJIBI CBA3U

_ 5[)(? _V[XH
T 100% ~10(%
_7ix, . _olx
=12 =

KJIACCUDUKALUS TIOT'PEILTHOCTEM

1) Cucrematnueckas M cliydyaiiHas HOTrPEIIHOCTH.

CucreMaTuieckasi MOrpeuIHoCTh BbI3BaHa 3aKOHOMEPHO
JEUCTBYIONUMU IPUYUHAMHE U TIPOSIBIISICTCS B BUEC CMEIICHUS pe3yibTara
M3MEpeHus OT AeHCTBUTEIbHOTO 3HaueHus. CuctemMaruyeckas
MOTPEIIHOCTh MOKET OBITh BHIUKCIICHA U BBEJICHA B BUJIC MTOTPABKU
pe3ynbTarta.

CrnyuaiiHas TOTPEUTHOCTh BBI3BIBACTCS MPUYUHAMU, B ICHCTBUN
KOTOPBIX HET 3aKOHOMEPHOCTH, U BbIpaXkaeTcs B pa30poce moka3zaHuit
(mucriepcuy OTHOCHUTENIBHO JCHCTBUTEILHOTO 3HAYCHHUS TIPU TIOBTOPHBIX
u3MepenHusx). OHa MOXKeT OBbITh OlleHEHA BEPOSITHOCTHBIMH METOIAMH.

AX = AX, + AX° - Bes norpemHOCTH

AX,. - cucrematuyeckasi u Ax° ciy4aiiHasi MOTPEIIHOCTb.

2) MeTtoandeckasi U MHCTPYMEHTaJIbHAS ITOTPEIIHOCTH.

Metoandeckas MOTPENTHOCTh 00YCIOBIICHA HECOBEPIICHCTBOM
METOJIMYECKUX U3MEPEHUH, HETOUHOCTHIO PACUETHBIX POpPMYIT, CXeMOH
BKJIFOUEHUS TPHOOPOB.

¢) Xn = liota for non-uniform scale

d) Xn = Xhom in case of an instrument intended for control of
fixed value .

CALCULATION FORMULAS

_Olx. A= yx,

100% "’ 100%
5=y[xn V =5[X
X Xn

CLASSIFICATION OF ERRORS

1) Systematic and random errors.

Systematicerror is caused by naturally acting reasons aigd it
displayed in the form of deviation of measuremestit from a true value.
A systematic error may be calculated and takenantmunt in the form of
correction factor.

A randomerror is caused by reasons acting without anyanteit
is expressed in reading spread (dispersion relgtiige value at repeated
measurement). It may be estimated by probabilsgthods.

AX=AX,.+ A X - total error
AX, - systematic andAX - random error

2) Truncation and instrumental errors.
Truncationerror is caused by the imperfection of measurement
method, by inaccuracy of calculation formulas acliesne of the

instrument connectian




Koraa nmpubop moakiroueH K 1enu, B KOTOPO U3MEPSIETCS KaKasi-
00 ANIEKTpUIECcKasi BEIMYMHA, TO TO HEN30€KHO BHI3BIBACT U3MECHECHUS
TOKA B IIETIM ¥ HAPSDKEHUSI Ha yJacTKe 1enu. [I[pudauHoi 3ToTo sSBIseTcs
TO, YTO NMPHOOP MOTPEOIIAET YacTh YIHEPTUU U3 LICTIH.

B cinydae MaJOMOIIHBIX LEMEH 3TO MOXKET CHUJIBHO HCKa3UTh
pesynbrar. s Toro 4roObl W30€KaTh TAKOTO pe3ylibTaTa H3MEPECHHUS
JTOJDKHBI ~ TpeaycMaTpuBaTh ~ MUHUMAJIbHOE  TOTPEOJICHHE  SHEPrHH
puOOpOM.

[Ipumepom TOro, Kak mpuOOp MOXKET BIUATH HA pPeE3yJabTaT
WU3MEPCHUsS SIBJIACTCS OMPEACICHUE CONPOTHBICHHS pe3ucropa (mpu
MIOCTOSTHHOM TOKE) 1Mo 3akoHy OMa 1Mo TOKY B IEHH M HAMPSOKCHWIO Ha
pe3ucTope, U3MEPEHHBIX aMIIEPMETPOM U BOJIBTMETPOM COOTBETCTBEHHO.

JIrobas u3 nByx cxem (puc. @ u D) MOXET HCIOIB30BATHCS
I JTHX Ielieid, W B KaxIOM cllydae TMOTpeOJieHue JHEepruu
npubopaMu JOKHO OBITH MIPETYCMOTPEHO B pacueTe COMPOTUBIICHUS.

B cxeme Ha puc. @ ammepmerp usMepsier Tok |, pesucropa c
conpotuBieHueM R, u BonbT™MeTp u3Mepser HanpsbkeHue Uy =Uy+l Ry,
3necr Ry — compoTuBieHHe ammepmerpa, TakuM 00pa3oM, U3MEpEeHHOE

HampsDKeHUEe SIBISieTCS CyMMOM HampsbkeHHst Ha pesuctope Uy u
HaNpPsSUKEHUS Ha 3aKUMax
amnepMerpa. OTcroga Mo 3aKOHY

OmMa cymMmMa  CONpPOTHUBJIEHUU
pe3ucTopa U amIepMerpa: a
Uy/Ix=Ry = R+ Ry 6,)
JlefcTBUTENLHOE Ry
COIIPOTHBIICHHUE pesucropa
ornpeaenseTcs mo Gopmyie: ° ¢

_bl_.p —p! |
R« = R{ -R, =R{(1-R{/R;)
Torma metomnueckas morpemHocts.  4,.,= R - R, = Ry
O‘-IGBI/I,Z[HO, qTo HOFpeH_IHOCTB I/I3MepeHI/I5I MOXKET 6BITB CHHNIKXCHA
IyTEM YMEHBIIEHUS CONPOTHBIIEHHS aMIIEPMETPA.
B cxeme Ha puc.h  BonbTMETp mOAKIIOUEH HEMOCPENCTBEHHO

napajuieIbHO 3aKUMaM pe3ucTopa M u3MepseT HampsbkeHue Uy Ha
pesucrope. AMIepMerp U3MepsieT CyMMY TOKa PE3UCTOpa U TOKA B BETBH C
BOJIBTMETPOM | =lx+ |y

When an instrument is connected in the circuit veh®yme
electrical quantity is to be measured, this indMigabrings about a
change in the current(s) in and the voltage(s) sxtbe circuit. The
reason is that the instrument draws some power trecircuit.

In the case of low-power circuits, it may strondligtort the
results. To avoid this, measures must be takeeap khe instrument's
power to a minimum.

An example how an instrument may affect the resiudt
measurement is the determination of the resistahaeaesistor (to direct
current) by Ohm's law after the current in andvbkage across the
resistor have been measured with an ammeter aalinaeter respectively.

Any one of two set-ups may be used for the purgésg a
andb), and in each case the power drawn by the instnismaust be
allowed for in calculating the resistance.

In the set-up of Figa the ammeter measures the currgnin

the resistor of resistan€®. , and the voltmeter measures the voltage
Uy =Uy+I R,

HereR; is the resistance of the ammeter, so the measoitde is the

sum of the voltage across the resistdy,, and the voltage between the
ammeter's terminals. Hence, by Ohm's law,
the sum of the resistances of the resistor and

of the ammeter is:
Uy/ Iy =Ry = Ry + R,
\4 The actual resistance of the resistor
R« is determined by formula:
. R« = R{ "R, =R{(1-R(/R;)

In that case truncation error is:

Atranc: RxI - Rx = Ra
Obviously, the error of measurement can be brodgivn by
reducing the resistance of the ammeter.
In the set-up of Fidp. the voltmeter is connected directly .across

the terminals of the resistor and reads the voltdgeacross the resistor.
The ammeter measures the sum of the currents imethstor and in the
voltmeter circuitla =Ix+ Iy.



Torma o61as mpoBOAMMOCTD PaBHA. Hence, the total conductance is :

Ox = la/Ux=0xt Qv=1/Rc+ 1/R,, Ox = la/Ux=0xt Qv=1/Rc+ 1/R,,

rae Ry —comporuBieHne BOIbTMETPA. where Ry is the resistance of the voltmeter.

[MpoBoaMMOCTh pe3ucTopa MOXKET OBbITh HaiJleHa BBIYUTaHHEM The conductance of the unknown resistor can be dfoby
MIPOBOJUMOCTH BOJIBTMETpA M3 OOMICH MPOBOIUMOCTH, OIPEACICHHON subtracting the conductance of the voltmeter fréva tiotal conductance
pasnee : determined earlier

— | - | | - | | - | —_ | | - | |
h=0 — X =0 (1-8/0), R« =R« /(1- R/R) K=~ X =0 (1-8/0¢), R« =R« /(1- R/R)

Kak BHIHO MBI MOXXEM YIYYIIMTh TOYHOCTh M3MEPCHUS IyTeM As is seen, we can improve the accuracy of measmerny
YBEIIMYEHHUS COMTPOTHBIICHHUS BOJIBTMETPA. increasing the resistance of the voltmeter.

HucTpyMeHTanbHas HOTPENIHOCTb, - TOTPENIHOCT CPECTBA Instrumentakrror is the inaccuracy of a measuring device, its
M3MEPCHHUS, €¢ JOMYCTUMOC 3HAYCHUE YKa3bIBACTCS B IACIIOPTE IpHbopa accepted value is shown in a registration certéicd an instrument.

(ee MOKHO HOPMHPOBaTh, yKa3aTh MaX3HaueHUE).

3) Additive and multiplicative errors.

3) AJDIUTUBHAS W MYJbTUILIMKATUBHAS IMOTPEIIHOCTb. A 5a()
‘ il

Additive one — is a constant component of an
AQQI/ITI/IBHBJI —IOCTOsSHHAas COCTaBJIAOIIIAA

inaccuracy.
MOTPENTHOCTH.
Aad
A 4=+ a=const
A, =+ a=const ad
A O 0, _dad_, a =var
0 a X d~ -V .
0,0 =—2 =+~ =var. > T x X
X X
A AM , 6/\4 . . . . R
Multiplicative one — is a variable component of an
MynbTUNIMKATHBHAS - IEPEMEHHAs / inaccuracy (depends on the value of measurement),
COCTaBJIAROIIIAA HOI‘peI_HHOCTI/I (3aBI/ICI/IT OT BCJIMYHUHBI M direcﬂy proportiona| dependence.
U3MEPEHU), IPSMO TPOMOPIIMOHATIBHAS 3aBUCUMOCTb. Ou
A v =+bXx = var
A v =+bx = var A
" 0, =—2 =+b= const
0, =—2 =+b= const X X
X >
4) Basic and additional errors

4) OcHOBHas U JIOTIONHUTENLHAS IOIPEUIHOCTH - Basicone arises at standard conditions of the instrimen
- OcHOBHas — IPY HOPMAJIBHBIX YCIOBMSIX IKCILITyaTaluu operation.

npuodopa.

5 - Additional one occurs when the conditions are abnormal.
- JlonosHUTENBHAS — IIpHU OTKJIOHCHHUHU OT 3TUX YCJIIOBHUHU.




5) Cratuueckas U JMHAMHAYECKas IIOTPEITHOCTH.

Crarudeckas — €CThb MOrpCIIHOCTb UBMCPCHUS, KOTOPAd 3a BpCMA

HU3MEPCHHA, TPAKTHYCCKHU HC U3MCHACT CBOCTO 3HAYCHHU .

5) Static and dynamic errors
Staticone is an error, which does not change its valuimng the

measurement.

JlnHaMuyeckas — KOTopas 3a BpeMsl U3MEPEHHUS CYILIECTBEHHO

HU3MCHSCT CBOC 3HAUYCHHUC

KJIACCBI TOYHOCTHU

KJacc TOUHOCTH — HOpMUPOBaHHAs METPOJIOTHYECKast

XapaKTEePUCTHUKA, ONpeaessieMas IPeAesIaMy TOIyCKaeMbIX OCHOBHBIX U

JOTIOJIHATENBHBIX ITOTPEIIHOCTEMH, a
TaKXKe IPyrMMH CBOUCTBAMU

CpEICTBA U3MEPEHHUS, BIUSAOIUMHU AdYy
Ha TOYHOCTHD.
1) mpubopsI ¢ mpeobdiIaaaromei 7 T !
aJIUTHBHON MOTIPEIIHOCTBIO ey // S x
— >
~ — — 0|~ /a/—// s
A=A , =*a=const, ///7;?rm/,////ij
s s
a
o=+—=var
X

y= ixi [100% = const,
n

K= ‘ymax | , IpuMep 0003Ha4YeHUs Kitacca ToyHocTH - 1,0 @e

1% npuBeACHHOM MOTPEIIHOCTH).

K aToii rpynmne oTHOCATCS MPUOOPHI C pe3KO HEPABHOMEPHOMN
IIKAJIOM.

K XHzél’lO/l [MM]

‘ Vmax |

Pacuernbie popmyIbl
— KX H
10C%

npuMep o003HaueHHs -

—4Cpe3 KIIaCC TOYHOCTH,

H’ XH:anﬂ [MM]

1,0 - (mepaBHOMEpHas 1IKaja).
m]

Dynamicerror is the error that essentially changes ilseva

during the measurement.

——[00% = col
X

H

OoJtee

0

ACCURACY RATINGS

Accuracy ratingis the standardized metrological feature, defined

by the limits of allowable basic and additionaloesras well as by other

properties of the measuring device,

0 which influence the accuracy.
A

7 . . .
g 1) instruments with predominant
A additive error
s/ s // // // 7 s 1 X

ARV PRI A=A , =*a=const

7/ s 7y Ve V2 7 | a
Ve // //// Ve a
ey Xy o=+—=var

7 ’
// X

V= ixi [100% = const.
n

K =b’max | , an example of notation of an accuracy ratin@- Inot
more than 1% of reduced error).

scale

This group of devices consist instruments with aoifiorm

=l i1 [m”i

K:‘ Vmax |

Calculation formulas
KXn KXn
= , =24n Xn="L o [m
100% b% n tot [ ni

an example of notation is1,0
O

- (nonuniform scale).



2) TIpubopsI, B KOTOPHIX

HpeOGHaI[aIOT MYJIbTHIIJINKATUBHBIC

IIOT'PEIIHOCTH.
A=4, =+bx =var ,
d=zb=const, ) var

K= ‘5max ‘ , IpUMep 0003HAYCHHST

KJIACCa TOYHOCTH —
He 0oxee 1,5 Y%oTHOCUTENBLHOI
MOTPEITHOCTH).

K X
10(%

A=

PacuerHbie popMyIIbL:

K 310l rpynne oTHOCATCS MHAYKIIMOHHBIE CYETUUKU U HEKOTOPHIE
M3MepUTENbHbIE MOCThL. OcTanbHble MPUOOPHI OTHOCATCS K MEPBOM

rpymre.

3) [IpuGopbI ¢ COU3MEPUMBIMHU
aqIUTUBHOU U
MYJIbTHIUTAKATHBHON
MOTPEITHOCTSIMHU.

A=4 ,+4,, =*(a+bx)
5_+a+bx _ a+b’

b=,

v =

K X

=

A 6
b 7 7 - - 1
77 ////// 77
L //// | X
1 >
O P ////// // 2 // ~l
i //,//,/,/:/ IxH
-b
Calculation formulas: A=

K X
10C%

2) Instruments with
predominant multiplicative
errors.

A=4, =+bx =var,
o=zb=const, ) var

K =|0max |, an example of

accuracy rating notation is @
(not more than 1,5 % of
ratio error)

:KX
Xn

This group consist of induction type meters andesom

measurement bridges. Other instruments referetdirtt group.

3) Instruments with comparable
additive and multiplicative errors.

A=A, +4,, =*(a+bX)
LEE:
b=9J,

a+bx _a

+b,
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5:c+d(ﬁ—1j 5=c+d(ﬁ'—1j
X X

10 The accuracy ratingk =y (for examplely )
Pacuernoe Beipakenne K = % (mampumep, 05) d '/05

d — additive component of an errol=const=)ad, reduced

d- AIAUTHBHASA COCTABJISIOIIASA TOTPEIIHOCTH d=const= V ao s o
error for the beginning of the range.

MNPUBCACHHASA MOTPCUTHOCTD JIA Havdalla Juaria3soHa.



OLIEHKA CJIYYAMHBIX ITOT'PENIHOCTEM

MareMaTnueckoe OIUCaHue CIIyYalHbIX NTOIPEIIHOCTEN

BBITIOJIHSETCS C TOMOIIBIO TEOPHUH BeposiTHOCTEN. CiydaiiHas BeIMYrHA

HanboJIee MOIIHO XapaKTepU3yeTcs 3aKOHOM PacIpeeNICHHS

MOTPEUIHOCTEN, Cpein KOTOPhIX HauOoJIee YacTo MPUMEHSIOTCS !
HOPMAaJIbHBIN, PABHOMEPHBIN, TPANICLIUEBUIHBIN, TPEYTOJIbHBIN.
HawnGoiee pacipocTpaHEeHHBIM SIBIISIETCS HOPMATbHBIA 3aKOH
pacrpenesneHus OrpeHOCTeN, KOTOPBIN MPEAIoNIaraet, 4To Ipu
OOJIBIIIOM YHCIIE U3MEPEHUH YacTOTa MOSIBIICHHS TOTPELIHOCTEH, pPaBHBIX
10 aOCOJIIOTHOM BEIMYMHE, HO Pa3IMYHOr0 3HAKa, OJMHAKOBA M MaJlble

MOrp€IIHOCTHU BCTPECHAIOTCS HaIllC.

a) |V b)

A A

11

ESTIMATE OF RANDOM ERRORS

Mathematical formulation of random errors is readify means of

probability theory. A random quantity is characted by the distribution

law (often are used: normal law, uniform law, traqd law, delta-shaped

law).

v

HopwmanbHplii 3aK0H onuckiBaeTcs GopMyIioi:
rie:

0
Y — III0THOCTB BEPOSITHOCTH CITydaiHO# morpemrHocta 4 |

U — CpEeTHEKBAIPATUYECKOE OTKIIOHEHUE CIYy4YaiitHON
MTOTPELIHOCTH.

UeMm meHblie T , TEM pexke BCTPEUAIOTCs OONIbIINE

MOTPEIIHOCTH, T.€. BEPOSITHEN MOTYUYUTh MATYIO TIOTPEIIHOCTbD.

BepOHTHOCTB TOr0, 4YTO MOrpCIIHOCTb HAXOAUTCA MCIKIY

0 0
npeaACIbHBIMU 3HAYCHUSAMU (_Ap y Ap ), BBIYHMCIIACTCS 11O

bopmyie:

oo..oO"/

-_— -

The normal distribution law of errors is the mostrenonly used, it
means that at large quantity of measurements éogiéncy of occurrence
of errors equal in magnitude but different in signthe same and small
errors occur more often.

VB

The normal distribution law is described by tharata:
where:

- . 0
Y — probability density of a random errad
O —root-mean-square deviation of a random error.

The lessg, the more seldom large errors occur, i.e. it is
more likely to have a small error.
The probability that the error is somewhere between
0 0
limit values (-4, , 4, ) is calculated from the

formula:



B TaGnuie npuBeAeHHON HIDKE MPECTaBICHBI 3SHAYCHHS

1 A
O Eexp(—ﬁ YdA4)

~4p In the table given below, the

0 0
probability values for some interva[s—Ap AR ] are presented in

BEPOATHOCTEH JUIsi HEKOTOPBIX HHTEPBAJIOB [—A(lJp A(ljp ] B emunnnax o. units g.
0o 0 . _|-2,330,|-2,580,| -30,| -40
[-4p . 4p ] 2130, -O0,+0 | 20, |, on | S ean ’ ’
230 1og |¥2:330 |+2,580 | +30 | +40
P,(-4, sA<4,)| 05 | 068| 095 098 099 099099993

0
rae: [ =4y, 4p ] - noBepuTenbHbIil HHTEpBaN, 32 KOTOPHIii

IIOrPEIIHOCTH HE BBIIIET C HEKOTOPOH (ZOBEPHTEIBHOI) BEPOSTHOCTEIO Py

Ha mpaktuke ucnons3ytot 3Hauenust Py :0,95; 0,98 ; 0,99

[Tpy HOpMaTEHOM 3aKOHE pactpeeNIeHus U JOBEPUTEIBHOTO
uHTepBana [-20 , +20] ¢ Py = 0,95u3 20 ciiy4aitHBIX H3MEPEHUI TOIBKO
OJTHO U3 HUX OyneT Ooubiire (Mo abCOMOTHON Bennunue) 20, a s
noBepuTenbHOro uuTepsana [-30, +30] ¢ Py = 0,997 -3 370Tonbko
onHO Oynet 6onpiie 30 .

CunyuaitHast abCONIOTHASI TOTPEIIHOCTD I-TO U3MEPEHUS

_XH

HU3MEPCHMU, XH — HCTHUHHOC 3HAYCHHC PI3MCp$ICMOI71 BCJIIMYHHEI.

0 .
omnpenensaercs popmynoit 4j = Xj , re. Xj —pesynbrar 1-ro

0 0
Where:[—Ap AR ] - the confidence interval where the error

occurs with some (confidence) probabilRy .

In practice the values of probabilityc : 0,95 ; 0,98 ; 0,9%re used.

Using the normal distribution law in the confidenterval 20,
+20] with Pc = 0,95 only one out of 20 random values will beager (in
absolute value) than @, and in the confidence intervat3|o, +30] with
Pc =0,997 —only one out of 370 random values wilgbeater than & .

The random absolute error ofth measurement is determined by the

0 .
formula 4 = Xj — X, , where: X; —result ofi-th measurementX,;, —
true value of quantity measured.

[TockosbKy X;; HEU3BECTHO, BMECTO HETO
UCTOJIB3YIOT CpeAHeapu(PpMeTHIecKoe 3HaYCHUE psia
W3MEpPEHHUIA:

rae. N —4Kciio U3MEPEHUN.

X =(X;+X,+

n As X;; is unknown, the average value of a
measuring run is used instead of it:
where:n —number of tests (measurements).

Ornpenenum cpeHEKBaAPATUUECKOE OTKIOHEHUE
JTAHHOTO psiia U3BMEPEHUH.

Let’'s determine root-mean-square deviation of @igiv

0‘\/2 (¢ -X Y2/ (n- 1)' measuring run.
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BBuy Toro, uto cpeaHee apudMeTHUECCKOE 3HAYCHHE X Taxke As the average value oX is also a random guantity, we
SIBJISIETCS CIIy4YaiHOW BEJIMYMHOM, BBEJIEM MTOHATHE CPEIHEKBAAPATUYECKOM introduce the conception of root-mean-square efrarmeasuring
MOTPEITHOCTH Pe3yJbTaTa U3MEPEHHIA, KOTOpast - = result, which characterizes the spread of
XapaKTepu3yeT cTeleHb pasopoca X o =ol \/ﬁ :\/ ; ( Xi —X )2 / n( n-1 ) X

I[Tpu GOJTBIIOM YKCIIe M3MEPEHUH TPUMEHCHHE HOPMAIbHOTO At large number of tests the application of thenmalrdistribution
3aKOHA paclpesieieHusl BIOJIHE orpasaaHo. OIHaKO MpH HEOOIbIIOM law is quite justified. However at small numbetedts (1< 20) it is
yrcie usmepennii (N < 20 ) caenyer UCMONMB30BaTh paclpeaecHe necessary to use Student’s distribution differirmnt normal one only at
CrprozieHTa, KOTOPOE OTIMYAETCS OT HOPMAJIBHOI'O JIMIIb IPpU Majibix N . small n.

B 5ToM ciyuae pasMep J0BEPUTENILHOIO HHTEPBAa In this case the confidence interval size increasesmparison
YBEJIMUMBAETCA 110 CPABHEHUIO ¢ HOPMAIBHBIM 3aKOHOM PacIpeIeIeHHUS: with the normal law of distribution

0 — : o 0 —
4y, =tp(n) o Number of Confidence probability P, 4y =tp(n) o

rae. tp (n) - KBaHTUJIA testsn 018 019 0595 0198 0;99 Where:t p (n) - quantiles of
pacrpenencaus CTBIONEHTa, KOTOPHIE 2 3,08 6,31 12,7 31,8 63,7 Student’s distribution, which are given
330AI0TCA B BUIE TAGIMITE UL 3 1,89 2,92 4,30 6,96 9,92 in the form of table for different values
Pa3INYHBIX 3HAYEHUH JIOBEPUTEILHOM Of the confidence probabilit§c and
BEpOSATHOCTH Py W pasHbix N . 10 1,38 1,84 2,26 2,82 3,25 differentn. _

Pe3ynbTaT H3MepeHHs The measurement result is
: resented in the form of:
HpeHCTaBme_TCHOB Buae. 17 1,34 1,75 2,12 2,58 2,92 P _ 0
X, t4,,P X, 4y, B
5 A 20 1,33 1,73 2.09 2,54 2 87 It means, that the measurement
TO O3HAYACT, 4TO € result is located in the interval from
BEPOATHOCTBIO P pesynbTar 30 1,31 1,70 2,04 2,47 2,78

— 0 — 0

. _ X=4dp to X+4p with
_ + -

M3MEpEHHs HaXOJUTCs B MHTepBane oT X —Ap 10 X+ 4p probability Pc.

Ipumep Nel ExampleNel

IIpounssesero 17 n3mepeHnii BenM4nHb! HanpsbkeHust. [Iponssectn 17 measurements of the voltage value have been. asleecessary
00paboTKy pe3ysIbTaToB M3MEPEHUH (Npeanoaras uX HOPMaIbHOE to carry out an analysis of observations (assurtiag normal
pacnipenenenne). CHCTEMATHYECKOH MOTPETHOCTBIO PEHEOPEb, BBIOPATH distribution). The systematic uncertainty is neiglig. Assume the

JIOBEPHUTEIILHYIO BEPOATHOCTH pasHoii 0,95. confidence probability is equal to 0,95.



Tabnuia pe3yapTaToB U3MEPEHUN
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Table of the test results

| - Homep u3Mepenus, X — |1 1>6<i81 |7 i(7i05 |13 ?682 | - number of a test, Xj—result of
pe3yabTaT U3MEPEHUS. > 1701 8 1685 14 1690 a test.
1). Onpenensiem cpeaHee i 1232 190 ﬁgg 12 1228 12. Define the average value:
apI/I(biVIeTquCKoe: 5 1686 11 1690 17 1687 x = (1681+1701+1693 + ---------
X=(1681+1701+1693 + ... 6 1674 12 1685 ...+ 1692) /17 =1688,0B
+1692) /17 =1688,0:B
2). Onpexnemsiem CKO — n 2 2). Define root-mean-square deviation
g =olJdn = > (Xj-X)?/n(n-1)
i=1
3).Jlin Py =0,95u n=17 g :\/[(_7)2+(13)2+(5)2+[ﬂmﬂ4)2]/17[16:2MB§ 3). For P; =0,95 and n=17 we

ompeesieM 3HaUeHUe KBAaHTUIIS t p (n) =212 .

4). OnpenensieM T0BEPUTEIbHBIN HHTEPBAI
0 —
4p :tp(n) g = 2[212 =4,2uB

5). Pesynbrar n3mepenuss U =1688,0mB, A4 =+42uB , Py =
0,95.

Ecnu B paccMOTpeHHOM 3a/1aue HEe U3MEHSISl YCIIOBU YMEHBIIUTh
yucio u3Mepenuii 1o n= 10 (1.e. paccmoTpers nepBeie 10 u3mepenuii) To
MOJIYy4YUM PE3yJIbTarT:

U=1689,0mB, 4 =+x7/0mB , P; =0,95

CpaBHeHuE pe3ynbTaTOB OKA3bIBACT, YTO IPH YMEHBIIEHNUU YHCTIa
I/IBMepeHHﬁ, MPOUCXOAUT YBCINYCHUC JOBCPUTCIILHOIO HWHTCpBAJIA,
COOTBETCTBYIOIIETO OJTHOM U TOU K€ IOBEPUTEIIBHON BEPOSITHOCTH.

define the quantile valud p(n)=2,12..

4). Define the confidence interval
0 —
4p :tp(n) o = 2212 =4,2uB
5). The result of testid = 1688,0 B, 4 =+42uB ,P; =0,95.

If in the problem considered the number of testedsice ton= 10
(i.e. to examine 10 initial tests) then we obt&ie following result:

U=1689,0mB, 4 =+7/0mB , P; =0,95

The comparison of results demonstrates that remtucti number of
tests, leads to the expansion of the confidenesvat corresponding to the
same confidence probability.



OBPABLOTKA U ITPEJCTABJIEHUE PE3YJIbTATOB
NCCJIEJOBAHUA

[lokazaTenu TOYHOCTH PE3YJILTATOB M3MEPECHHSI.

Pe3ynbrar usmMepeHus: — 4YucaoBble 3HaYCHUsI, KOTOpbIE
MIPUITKCHIBAIOT U3MEPSIEMON BEIMUHUHE C YKa3aHUEM TOUHOCTH.
[ToxazaTensiMi TOYHOCTH MOTYT CITY>KUTb:
- 4, - IOBCPUTENbHBII HHTCPBA IOTPEIIHOCTH,

- Py - noBepuTenbHas BEPOATHOCTD,

- 0(4X) - ouenka CKO (cpenekBaapaTHeckoe OTKIOHEHHE)
MOTPETITHOCTH.

IIpaBuia BeIpakeHHUs MOKa3aTeJIe TOYHOCTH

a) YMCJICHHBIE MTOKA3aTeIN TOYHOCTH BBIPAKAIOTCS B €AMHHUIIAX
HA3MEPSEMON BEIUYUHBI,

0) unciIeHHbIE TIOKAa3aTeIM TOYHOCTH JOKHBI COJIEpKaTh HE OoJiee IBYX
3HAYAIMX TUQD;

B) HAUMCHBIIIUE pa3psiIbl Pe3y/IbTaTa H3MEPCHHS U YUCIICHHBIX
MOKa3aTeae TOYHOCTH JOJKHBI OBITh OJTHOTO MOPSIKA.

O0paboTKa pe3yabTaTOB MCCIIEI0BAHUS

ITycts Benuuuna Y waxomures Kak f (X1, Xo,, ... Xy) , usMepenus
MHOTOKPATHBI, pe3yJabTaT HaOmoaeHus Xij ,

I=1... M— KOIMYECTBO MPSIMBIX H3MEPSIEMbIX BXOHBIX BEJIHYHH,

j= 1...N—4wucito HaOIOIEHUNA KaXX[OH BXOIHOMN BEJINYNHBI.

1) UckiroueHne U3BECTHBIX CHCTEMATHYECKHUX MTOTPEITHOCTEH MyTeM

BBCICHMU ITOIIPABOK A CIJ AJI TIOJTYYCHH A UCITPABJICHHBIX r

pe3yIbTaTOB HAOJIIOICHHIA;

2) UckiroueHne aHOPMaJIbHBIX PE3yIbTaTOB U3MEPEHHUSL.

Hawubosnee yacto 11t 3TOro UCONB3YIOT Kputepuid Paiira, cornmacuo
KOTOPOMY BC€ P€3y/IbTaThl U3MEPEHHUS ¢ OTKIIOHCHUAMH OT CPEIAHETO
apuMeTHueckoro 6onee 30 OMMUOOYHBI M MOMIEKAT HCKIIOUEHHIO.
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ANALYSIS OF OBSERVATIONS AND
THEIR REPRESENTATION

Accuracy figures of the test results.

A test result is numerical values, which are atitilol to a measured
guantity with the accuracy indication

The following quantities serve as accuracy figfprecision factors):

-4, - the confidence interval of an error,

- Pc - confidence probability,

- 0(4X') - root-mean-square deviation.

Rules of the accuracy figures presentation:

a) numerical accuracy figures are expressed irs @hitjuantity
measured,;

b) numerical accuracy figures must contain not ntioa@ two
significant figures;

c) the least number positions of the test resutrarmerical accuracy
figures must be the same.

Analysis of observations
Let quantity Y be found a$ (X1, X>,, ....Xnm) , tests are multiple,
the observation result iXij ,
I=1... m— number of direct input quantities measured,
j=1...n— number of observations of each input quantity.
1) Elimination of known systematic errors by intuathg corrections

2) Elimination of abnormal measurement results.
Right criterion is commonly used for this; accoglio this
criterion all measurement results with deviation#f the average value by
more than30 are fault and must be eliminated.



3) BeruncieHust cpeHero apu(GMeTHIeCKOro KakKa0H BXOIHOM

BCJINYHHBI

4) Pe3ynbrar u3MepeHus
Y =YN ~ Ayemoo.»

rie YNZf()_(l ..... Xm )

O1eHMBaHNE TOTPEIIHOCTH PE3YJIbTATOB M3MEPEHHUS

3) Calculations of average value of each input tjtyan

4) Measurement result
Y =Y\ ~ dyrurc.

whereY, = ( X,...X, ).

Estimation of the measurement results error

i 1) Calculation of root-mean-square deviation farteimput
I quantity

and for the measurement results
(partial derivatives from each input quantity)

2) Determination of the confidence interval of aroe
random component
for normal distribution
(P; =0,95)

or (Py; =0,997)
for Student’s distribution:
where 1t (n)- Student's quantiles.

gy g gy .
n o 2
1) Beruncienue orenok CKO ist kaxkmoit BXOIHOM : z ( X ,1 i — X i ) !
BEJIMYMHBI tva =1
:J(Xi)z : n(n-1)
[ R ST S
U 71 PE3YyIbTaTOB U3MEPEHUHN Y e — 5!
! m|of ||
y y o=> | —o : )| i
(4acTHBIC IPOM3BOIHBIE 110 KAXK/I0W BXOIHON BEITUUHHE) i =1 | 0X; !
2) Onpenenenue JOBEPUTEIHHOTO MHTEPBAIA CIIy4allHOW
COCTaBJIAIOLIEH MOTPENTHOCTH T T !
JUIsL HOpMaJIBHOI'O paclpelesICHUs !ZI) _ 2@!
_ . | = |
(mms Py =0,95): ir"'_—r')*'—_'" .... i
© 0 :
_ |
170171 s P; =0,997) ;A 0 =3[0,
ns pacnpeneneans CTbIOIEHTA! ir.;_._“:?:.”__.; ___ T
re tP( N) - xsanTuau CThIOJICHTA. iA p = tp (n) '

COCTABJISIONIEH TIOTPEIIHOCTH: r T ;I

rae: kodpdunuent K=1,1 npu P;=0,95, !A - \/i[ﬂﬁ j |
Ine —ldx MG )

A . - ompenensercs Mo U3BECTHON MH(OpMaIH e bk N

HCl

yepes KJIIaCC TOYHOCTH). g = :
(uep ) \@ K

o
————————————————————— 1 3) Calculation of bounds and root-mean-squareibligton of a non-

eliminated systematic component of an error:

. where: coefficientk=1,1 at P;=0,95,

AHCi - is defined by the known information

(through the accuracy rating).



4) Borunciaenne CKO cyMMapHO# OrpenIHOCTH o=

5) OrieHKa BIMSHUS TOTPEITHOCTEH H3MEPEHHUSI FR R

Ecmudpyc /0 <08, Ap =4 p (cucremarmueckoii

MOTPEITHOCTBIO TpeHeOperaem);

_A+4,

Ecom 08<A4y~/0<8, A, =
HC p O+0c

Os (morpemHocTn

COU3MEPHMBI);

Ecmu Ay /0>8 ,  Ap=4,c (cnyualiHOH HOTPEIHOCTBIO

npeHeOperaem).

6) [IpencraBieHue pe3yabTaToOB U3MEPEHUI
PesynbTarsl H3MepeHns: OOBIYHO 3aIMCHIBAIOTCS B BHJIC:

XN AP , Pg , rne AF=iAX,
YTO 03HAYAET, YTO UHTEPBAI kX —Ap , X +Ap ) C BEPOSTHOCTBIO Py

COJACPKUT UCTUHHOC 3HAUCHUC PI3MCpCHHOI71 BCJIMYHHEI.

[Tpumep npencTaBieHus pe3yabTaTa;
a) U=105,0B, 4 095 =+15 B

wm 0) U=1050B,4=+15 B ,P; =0,95.

OHCHI/IBaHI/Ie HOTPCIIHOCTHU ITPHU OAHOKPATHOM U3MCPCHUHN

1). 1=1 - u3mepenus npsimble, J=1 - U3MepeHHs OTHOKpATHBIE,
Xn = Xu3M. _Ac'
4 =4 OIPEIENAETCS Yepe3 KIacC TOYHOCTH.

p ~ “max

[Ipumep: Kakoil u3 BOJBTMETPOB [1aCT MEHBIIYIO MOTPEIIHOCTh
u3Mepennst Hanpsokenus, e U, =75 B, a naHHble 1puGOpOB:

------- | 4) Calculation of root-mean-square deviation ofisshary error

..... — 5) Estimation of the measurement errors influence

If Ayc /0 <08, Ap :jp (systematic error
is neglected);

_ A+

If 08<d4yc/0<8, A4A,=
HC p O+0c

os ( errors are

comparable);
If Ayc/0>8, Ap=4,c (random error is neglected).

6) Representation of the measurement results
The measurement results are usually presentee ifolflowing form:

XN AP , Pc , where 4, =xaX,

it means that intervakX -4, X+Ap) with probability Pc

Y
contains the true value of the quantity measured.

There is an example of the result representation:
a) U=105,0 B , 4 ;o5 =£15 B
or 6) U=1050B, 4=+15 B ,P; =0,95.

Error estimation at single determination
1). =1 - direct measurement§=1 - single determinations,
X=X, —4,

usm

A is determined through the accuracy rating.

p = dmax

An example Which of the voltmeters gives less error of tldtage
measurement i) ,,,, =75 B and the instrument data are as follows:
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U =150 B K=1,0 U 200
Hy o . :c+d(—zﬂ —1j:1,o+o,5(——1j:1,800
U,,=200B K=10/05 2 U 75
Omax,Y _ 1805
KU 1001150 4 = M =="""=14B
A = 17H1 _ =15B maxo 0 ’
max; = 4 5co4 10C% o 10(% 10C
U=750B , 4U =+15B U=rs.08 -, al =+148
_ o e .
2) omHOKpaTHbie KocBeHHbIe H3meperns (I >1,J=1) | m( o 2 2) single indirect measurements X1, J=1)
el | Y- e -
Y = YN , Ap% : P 21: ox. i : iy = f (X1_AC X 5 ACM) AMem:
: ............. ;1_2__|
_ Ay =K,> A4 ! . — .
com Y = 2X| | pryMeHTsI cKIapIBAIOTCA); TO ! _E______“;_“n_]a)ﬁ i it Y = 2Xj | (arguments are added); then
A _
X1..X) 0 =Kk (552 ! N S Rl . g
ecrm Y :m (APTYMEHTE  yMHOXAIOTCS  WIH |5_P_/_(_le_5riaxl_' if Y= Xop X (arguments are multiplied or divided),
T, - then
iensaTcs), TO :
) s Y |
I~ p 100 % |
( Doy U Omax BBMHCISIOTCA Yepe3 KIace TOUHOCTH) C YIeTOM ( Amax ¢ Omax are calculated through the accuracy rating
o -
Koppesint Iél_(K_Xy:_K_A ..... ! i5 (X k) = K O max |
Lo max S d
ettt T i
| =12 = = A =34 [
| F | <, 5F 20 | P3qb 3qu p p |
|
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[Mpumep: Haiitn pe3ynbraT H3MEpPEHHsS COMPOTHBICHHS B CXEMeE An example: Find the result of resistance measunemmethe scheme
aMmIiepMeTpa rmocjie  BOJIBTMETPA, CCIIH where the ammeter is after voltmeter, if
U,=200B K, =10/05 RV =10 xQu U,=200B K, =1,0/0,5 R =10 kOhm
/] =24 K =10 R =10u /H:2A, KA:].,O , RA:lkOhm
H ! 4 ! ! A . : . _ -
Toxasanue npubopos: U, =100 B |, =1 A The instrument readingsy, =100V |, =1 A
Solution
Pemienue
e T R e RE R ;
i U 100 K, _1002 !
Ay =R, =1 (0n), Ry=-%-4, =—-1=99 On, 0, =t =20==2%, |
: | 1 . |
!
: Ay =C+d(u”-1] = 1,0+0,5(200-1j =15%, O =\/OZ + 02 =\15% +202 =25% :
i U 100 U ' : ' P
i i
: OrR, 2599
| RSN = =25 Om |
| 10(%  10C |
Y i
PesynbTar: T aana v, ! Answer:
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CPEJICTBA U3MEPEHUS MEASURING INSTRUMENTS
CpencTBO U3MEPEHHUS — TEXHHUECKOE CPEJCTBO, MMEIOIIee Measuring instrument is a technical gage havingdstedized
HOPMHPOBAHHBIE TEXHUYECKUE XapaKTEPUCTUKU. features.
\
KnaccuuKamus CpecTB U3Mepernii (10 Ha3HAYCHHIO): Measuring instrument plassificatior@by a.pplication):

- Mepa — CpPeICTBO H3MEPCHMH, I[peIHA3HAYEHHOE UL - A measure-is the instrumentation intended to reproduce the
BOCIIPOM3BEIEHHs (PU3NUECKON BEIMUMHbI 331aHHOTO Pa3Mepa. physical quantity of a preset magnitude. _ _

Mepa He SBISETCS YCTPOHCTBOM, C MOMOIIBIO KOTOPOTO MOYKHO A measure is not an instrument by means of whigbamtity may b_e
M3MepPATH BenMunny. [0Cy/[apCcTBEHHBIH STANOH — camas TouHasi Mepa. B measured. A state standard is the most preciseungedd present time in
HacTosimee Bpemst B YKpauHe 46 rocylapcTBEHHBIX STAlOHOB. IIpumep Ukraine there are 46 state stand_qrds. Examplemazfas_ure are emf
Meps:  Mepa DJC — HOPMATbHBIH 5leMeHT (CTaGHIM3HPOBAHHDIH measure is a standard cell (stabilized galvani, eetesistance measure —
rajbBaHMYECKMI  JJIEMEHT), Me€pa  CONPOTHMBIEHHS —  KATYLIKH is a resistance coil (made of manganin).

COIIPOTHBIICHUS (BBIMOIHAIOTCS M3 MaHTaHHUHA).

- V3meputenbHble mpeoOpa3oBarenu ClIyXaT [Uis BBIPAOOTKH
CHTHAJIa U3MEPUTEILHOW WHPOPMAIIUU TTyTEM MPEoOpa30BaHUS BEITHUNUHBI
o MacmTady WK 1Mo poay (IeiuTeNn HaNpsHKSHUs, YCHIUTEH U T.11.)

- HsmeputensHble TPUOOPBI - YCTPOWCTBA, C MOMOIIBI0 KOTOPBIX
MOJIyYal0T 3HAYCHUE U3MEPSIEMOI BEIIMYNHBI.

- U3mepurtenbHas  ycTaHOBKA —  COBOKYIIHOCTH  Mep,
npeoOpaszoBareseil U MpuOOPOB, OObETUHEHHBIX OMHON (DYHKIIMOHAILHOM
CXEMOU ¥ MpeIHA3HAYCHHBIX ISl OPraHU3aIllui U3MEPEHUH.

- H3meputenbHble WHOOPMALMOHHBIC CHCTEMBI — COBOKYITHOCTH
WU3MEPHUTENNBHBIX, BBIYUCIUTEIBHBIX M BCIOMOTATEIbHBIX TEXHHUECKUX
CPEACTB JUIsSl TIONYYCHHUS WM3MEPHUTEIbHON HH(pOpMaIuu (Iucrerdepckas
AJIEKTPOCTAHIIUN — IPOCTEHINNI PUMED).

Krnaccudbukanus n3MepuTeIbHBIX TPHOOPOB

WN3meputenbaple  TPHOOPHI  MOXKHO — KJIacCH(HUIIMPOBATH IO
Pa3IMYHBIM MPU3HAKAM:

- Pabouue 1 06pa3noBsIe;

- Tloka3piBaroImiue U perucTpupyroIIne;

- IIpsimoro nmpeoOpa3zoBaHMs U CPAaBHEHHS;

B npubGopax mpsmMoro mnpeoOpa3oBaHUS OCYIIECTBIISIETCS
npeoOpa3oBaHUe U3MEPHUTEIILHON HHPOPMAIIMH TOJIBKO B OTHOM (MPSMOM)
HampaBlIeHWH, a B MpHOOpax CpaBHEHHUS MMEET MECTO TaKkKe W 0OpaTHOE
npeoOpazoBaHue HHGOPMAIIHH.

- Measuring converter®r transducersare to create a measure
information signal by means of the quantity coni@rdy scale or by kind
(potential dividers, amplifiers etc.).

- Measuring devices are the ones by means of which the value of a
measured quantity is obtained.

- Measuring plant- is totality of measures, transducers and devices
combined by common functional diagram and interfdedneasuring.

- Measuring information systems are the totality of measuring,
computing and auxiliary technical gages to obthm measure information
(control room of an electric power station is tima@est example).

Classification of measuring instruments

Measuring instruments, may be classified by difiesgns:

- working and reference ones (calibrating instrumemimary

instrument, standard instrument;

- indicating and recording ones;

- of direct conversion and of comparison;

In direct conversion devices the measure informatmnversion
is realized only in forward direction and in comipan devices the measure
information inversion takes place as well.
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- Tekymiero (MrHOBEHHOT0) 3HAYECHUSA M WHTErpupyrorue (3a - of current (instantaneous) value and integrating #ffixed
OIpEeICTICHHBINA HHTEPBAJl BPEMEHH); time interval) ones;

- CraroHapHbIe U IIEPEHOCHBIE; - stationary and portable ones;

- Amnanorossle, U(POBBIE, BUPTYAIbHBIE; - analog, digital, virtual ones;

B aHamoroBeix MpHOOpax IMOKa3aHUS SBISIOTCS HEMPEPHIBHON In an analog instrument the readings are the cootis function
GbyHKIIMEH U3MepsAEeMO BEIMYUHBI (CTPEIIOYHBIC IPUOOPHI). from a quantity measured (a pointer indicator).

B mudpoBeix mpubopax BeIXOHAS BEIMYHHA MPEACTABICHA B BUJIE In a digital one the output quantity is presentethie form of a
JMCKPETHOTO CUTHala 00 M3MepUTEeNbHON WHpOpManuu, Ipudopsl Aar0T digital signal about the measure information, aitdigdevice gives the
MoKa3aHus B IU(PPOBOM BH/IE. readings in a numerical form.

Bupryanbnbie mpubopbl — 310 npuMeHenrne DBM i momydeHus Virtual ones — are the instrument when a compusterpplied to
HU3MEPHUTENBHOM HH(POPMALIHH. obtain the measure information.

XAPAKTEPUCTUKU CPEJICTB U3MEPEHUM CHARACTERISTICS OF MEASURING INSTRUMENTS

1) Oyukus 1peodpa3oBaHus —3aBUCHMOCTD BBIXOIHOI'O 1) Conversion functioms the dependence of device output
mapameTpa nmpudopa OT BXOIHOTO. parameter of an input one.

Aj —BHEIIHME NTapaMeTpHl; _—_f_()_(_A_A__) Ai - exte'rnal paramgters;
X —BXOJHAasI BeJINYMHA. i ............... e X-— Input quantlty.

2) UyBCTBUTEIBHOCTH — IIPOM3BO/IHAS BHIXOIHOM = dx = 7T ax T 2) Se!‘lsitivity is the derivative of an output gunivith respect
BEJIMUYMHBI 110 BXOAHOW (OTHOLICHHE N3MCHEHHUSI BBIXOIHOM 1S = %% = ¢IX_. to an input one.

BEJIMYMHBI K MI3MEHEHHIO BXOIHOW BEITMYUHBI). L d_X 6x Af( X in case of constarg scale is uniform.
ecnmn  S=CONSt- mikajyia paBHOMEpHasl.

3) IMopor 4yBCTBUTEIBHOCTH — MUHMMAIBHOE 3HAYEHHE 3) Threshold of sensitivity is the minimal valueaofuantity
M3MepsAeMoii BEeIMUMHbI, Ha KOTOPOE HAYMHAET pearnpoBaTh mpuoop. . _ } measured, which a device responds to.

4) ITocrosiHHas mpubopa . !C =1 4) Device constant.

5) Llena nenenus MKajibl — Pa3HOCTh 3HAYCHUH BeJIMYHHEI, A} 5) Scale interval — is the difference between twardity
COOTBETCTBYIOIIHMX JABYM COCETHUM OTMETKAM IIIKAJIBI. values corresponding to two adjacent scale marks.

6) Jlnana3oH U3MepeHHs - 00JIACTh 3HAYEHUH H3MEPIEMOM D= x —x. 6) Meter range is the actual range of a measuradttjy for
BEJIMYMHBI, JJI1 KOTOPOii HOPMHPOBAHBI IOMYCTHMEBIE TTorpemuoct 1. % ._7.0: which permissible errors of measuring instrumeatstandardized.
CpEICTBa U3MEPCHUSI.

7) Knacc Tounoctu , : :/( =| ymax]' |5m ax]| /( C d' 7) Accuracy rating

8) Bapuanus nokasaHuit {X eap = X max =X min! 8.) Reading variation

s o 5 !
9) Bxonnoe conporusienue wm notpebmsemas (£ =1 R =U, /R 9) Input resistance or power requirement

MOIIHOCTD



10) ITonnas auHaMUYecKas XapakKTepUCTHKA
(mepexoHast XapaKTEPUCTHKA, HMITYJIbCHAsI TIEPEXOTHAs
xapakTepucTtuka, A YX u @YX, nepenarounas ¢yHKIHs

X .
W(p) = M) - OTHOIIIEHHE W300paKEHN BBIXOAHBIX BEIMYHH KO

Xex(P)
BXOJIHBIM).
11)YactHas fuHAMHYECKas XapaKTePUCTHKA
(Bpemst ycTaHOBIICHUS TTOKa3aHui, KoadunueHT nemMnpupoBanus,
pE30HaHCHasl yIIoBas 4acToTa ().
AHAJIOT'OBBIE DJIEKTPOMEXAHWYECKHWE ITPUBOPHI
CTpyKTypHas cxema 3JIeKTPOMEXaHHUECKOro mpudopa

WsmeputenbHas y
—>
LeTh MEXaHU3M

X
—>

N3mepuTenbHbII d | Orcuernoe
YCTPOMUCTBO

M3mepuTernpHas LENb CIYXHUT Uil IPeoOpa3oBaHusl H3MepsieMOn
BesinurHbI (X) B Apyryro ayieKTpudeckyto BennunHy (Y), HEmoCcpeICTBEHHO
BO3CHCTBYIONYIO Ha U3MEPUTEIIbHBIN MEXaHU3M.

M3MepuTenbHbIi ~ MEXaHHW3M  Ipeodpa3yeT  BIIEKTPHUYECKYIO

BenmmunHy (Y) B Mexanudeckoe rmepemerinenne (yron moBopota Q)
HOJIBUKHOM YacTH.

[Ipy moOBOpOTE TMOABMKHOM YaCTH  MPOUCXOAUT H3MEHEHHUE
MEXaHUYECKOU DHEPIUHU:

dA=Mg, dr=dWu - sueprus 51eKTPOMarHUTHOTO OIS

paboma r'e / R yeon nosopoma

spawarouull MOMeHm

Bpammaromiuii  MOMEHT: M ép = f(X,/]),
rme X, A, COOTBETCTBEHHO, H3MepsieMasi BEJIMUYMHA M IapaMeTp

HU3MCPUTCIIBHOT'O MCXaHU3MaA.

_dw,

M =
2 " da
YIily HOBOpOTA.

- HOpOU3BOAHAA BHGKTpOMaFHHTHOﬁ SHEPTHUHU 110

10) Total dynamic characteristic
(transient response, unit-impulse response, andghftequency
characteristic and phase-frequency characteristiocsfer characteristic

W(p) =)§<L"((§))) is the ratio of an output quantity Laplace reprgaion
6X

to input quantity.
11) Partial dynamic characteristic
(stabilization time, damping factor, resonance ggeelocity w ).

ANALOG ELECTROMECHANICAL DEVICES
Block diagram of electromechanical device

X
—>

Measuring " Measuring o Measuring

circuit mechanism indicator

A measuring circuit is to transform a measured tjtya(X) into the
other electrical quantity (Y) acting immediately oa measuring
mechanism.

A measuring mechanism transforms an electrical tifya(Y) into a

mechanical transference (deflection ang)eof movable part.

When the movable part deflects mechanical energngés:

dA=M, dr =dWu - energy of an electromagnetic field

work &~ / M efféction angle
torque

Torque: My, = (X, 1),

where X, A a measured quantity and a parameter of a measuring

mechanism, respectively.

dw L . .
My, = g “ - derivative of on electromagnetic energy wehkpect
a

to a deflection angle.



[IpoTBOAECHUCTBYIOIIMI MOMEHT IPOIOPLIMOHAIIEH YTy ITIOBOPOTA.
M,,= f (Oc =W, Q , rae W, — ynenbHsblii
IIPOTUBOJAECUCTBYIOIIUA MOMEHT.
Ilpu ycranoBusiemes nokasanuu (pasHosecun momentos) M, =M,

Ortcroia ypaBHEeHHE TTPEOOpPa30BaHUS
a=Mg, I Wy =f(x, A)Iwg,

[To crocoOy co3gaHusi BpAIAIOIIEro MOMEHTAa pa3jinvaroT IIeCTh
cucteM mnpuOOpoB. Marnurtodsnekrpuueckas (MD), 3JIeKTpOMarHUTHAs
(BM), osnexrpommHamuueckas (2/), deppoaunamuueckas  (D/]),
aneKTpocrarnyeckas, uaaykuuonHas (9C).

ITo cnoco0y co3manusi MPOTUBOACHCTBYIOIIIETO MOMEHTA TPUOOPHI
JEJISITCS Ha IBE TPYITIIBL:

1) C  McXaHHUYECKHM  MPOTHUBOJACHCTBYIOIIMM  MOMEHTOM
[IpoTUBOAECUCTBYIOIIMIT ~ MOMEHT  CO3JAcTCI € IIOMOILIBIO

CIIUPAJIbHBIX MIPYKHUH, PACTSIAKEK, MOIBECA.
D-yaenbHbIN NPOTUBOACUCTBYIOIIMI MOMEHT.

2) C 37eKTpUIECKUM TIPOTHBOACHCTBYIOIHM MOMEHTOM.

IIpoTHBOAECHCTBYIOMIMI MOMEHT CO3/1a€TCA € TOMOILBIO
JTOTIOJTHUTEILHOM KaTYIIKH, [0 KOTOPOW MPOTEKAET TOK.

VYpaBHeHHE JBMKEHUS MTOIBKHON YacTH mpudopa:

My +My+My, =M,

_ . d%a
M u - J dt2 - MOMEHT CHJI MHEPIIUH,
J - ko3 dunMeHT HHEPIUH.
da

M y = P E - MOMEHT YCIIOKOEHMS,

P — xodddunueHT ycrnokoeHus,
YIIIOBOM CKOPOCTH.

MPONOPLIMOHATBHBII

M 6p M np M u yMy - momenTsI, JeicTByrore B mpudope.
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A counter torque is proportional to a deflectiomglan

M, =f (a): W, a , where W, — specific counter
torque.

At a steady-state reading (torque balance) M, = M,

From here the scale equation (transformation egujpis obtained:
a=M,/w, =f(x, A)w,

Six instrument systems are distinguished by manofertorque
creation: Magnetoelectric (Permanent-magnet, moeuil),
Electromagnetic (moving-iron), Electrodynamic, Belynamic (iron-cored
electrodynamic), Electrostatic, Induction.

By manner of of counter torque creation devicesdargled into two
groups:

1) With an mechanical counter torque
M, =Da.
Counter torque is created by means of spiral spriggywires (taut
bands), hangers (ligament).
D-specific counter torque.

2) With an electrical counter torque.
Counter torque is created by means of an additicuraént carrying
coil.
The motion equation of a movable part of a dewsce i
Mij+Mq+My =My
d?a -
2 - a moment of the inertia forces,

Mi =J

J - inertial coefficient.

da
M 4 :PE - damping torque,

P- damping coefficient proportional to an angular
velocity.

M, M,M;,Md - moments acting in a device.



a Tepuoouueckuii (konebamenvHolil) npoyecc, KOPHU KOMIIEKCHO-CONPINCEHHbLE.
Periodic (oscillatory) process, roots are complex, conjega

Kpumuqecmﬂi npoyecc, KOpHu eeuleCmeeHnble, pa@Hble; e8pemMsl YCNOKOEHUA
MUHUMATIBHOE.
Critically damped process, roots are real, equadbilization time is minimal.

Anepuoduueckuii npoyecc, KOpHU 8elecmeeHHbvle, PA3HbIE; PEMsL
VYCHOKOEHUsL 6ObULO.e

aycm Aperiodic process, roots are real, differe stabilization time is large.

v

3akoH JABUXKCHUA HOI[BI/I)KHOf/'I qacTu

Motion law of a movable part

YpaBHeHUe IBMKEHUS MPeICTaBIIseT co00il nudpepeHansHoe
ypaBHEHHUE 2-T0 mopsiaka. B 3aBucuMoctu OT BUa KOPHEH
XapaKTEePUCTHUECKOTO ypaBHEHHUs, CTpeika Ipubopa OyaeT BecTH ceds mo-
pasHOMY.

BaxHOU TUHAMHUYHOMN XapaKTEpUCTUKOU ABJISIETCS 4acTOTa
COOCTBEHHBIX KOJeOaHHH

fo -1 /D (©6pryn0 < 10 Iy ).
2\ J
Ilpn fy > f, moxBmKHas yacTe pearupyer Ha CpelHEe 3HAUCHHE,
TaK KaK He yCIeBaeT pearnpoBaTh Ha MTHOBEHHOE 3HAYCHHE.
Ipu f,<f, nomBmwxHas dyacTh pearupyeT Ha MIHOBEHHOE
3HAYECHHE MOMEHTAa M CTpejKa OyaeT KojaebaTbcsi ¢ 4acTOTOW BXOIHOTO
CHTHAJIA.

MATHHUTOSJIEKTPUYECKHME U3MEPUTEJILHBIE ITPUBOPHI
[IpuHUMI nelcTBUSA OCHOBAH HA B3aMMOJCHCTBUU TOKA KaTYIIKH
(paMKH) ¢ MATHUTHBIM TOJIEM ITOCTOSIHHOT'O MarHHTA.

Motion equation represents differential equatiosexond order.
Depending on form of the roots of the characteristjuation the device
pointer will behave differently.

Frequency of natural oscillations is an importangnamic
characteristic

1 |D
f :—1/— usually < 10 I ).
o5\ ( y y )

At f,>f, a movable part reacts to an average value, bedaus

doesn’t manage to react to an instantaneous value.
At f,<fy amovable part reacts to an instantaneous valdéehe

pointer will oscillate with the frequency of an irtgsignal.

PERMANENT-MAGNET, MOVING-COIL INSTRUMENTS
Their action is based upon the interaction betwhercoil current and
the magnetic field of the permanent magnet.
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KOHCTPYKTHBHOE UCIIOTHEHUE H3MEPUTEIHLHOTO MEXaHH3Ma: The embodiment of a measuring mechanism is:

1) C moBUXHOM KATYIIKON ¥ HEMOBHKHBIM MarHUTOM. 1) With a movable coil and an immovable magnet.

2) C moABMKHBIM MarHUTOM M HETOABHKHOM KaTYIIIKOM. 2) With a movable magnet and an immovable coil.

Haubosnee pacipocTpaneH H3MepUTEIbHBIN MEXaHU3M The most widely used is the measuring mechanism
C MOJABIYKHOM KATYIIKOMH, YCTPOHCTBO KOTOPOI'O MOKa3aHO Ha 7 with a movable coil, whose arrangement is showthén
PHUCYHKE. 1 figure.

[TocTosiHHBINM MarHuT 1, MArHUTOMPOBO-2 C 5 A permanent magnet 1, a magnetic core 2 with
MOJIFOCHBIMU HAKOHCUHUKAMH 3 COCTABJISIIOT MarHUTHYIO 2 \ prd magnetic enhances 3 make up a magnetic circuit of a
crcTeMy MexaHu3Ma. B 3a30pe Mek1y MOTIOCHBIMU ~ 3 mechanism. In the air gap between the magnetic
HAKOHEYHUKAMM U CEPICYHUKOM 4 CO3/1aeTcsl PABHOMEPHOE 3| 1 enhances and the core 4 a uniform radial magnetct f
paauaibHOE MAarHUTHOE TT0JIe, B KOTOPOM HaXOIUTCS I -] is created, where a rectangular current-carryinlg co
npsIMOYyToJIbHAs Karymika (pamka) 5. Karyika 3akperuieHa (frame) 5 is situated. The coil is fixed on thesasy
Ha OCH C TIOMOIIBIO CIIMPANIbHBIX MPYXHH 6, KOTOPBIE —T—5  means of spiral springs 6, which are to createthmter
CITyXarT JIJIsl CO3JIaHHsI IPOTUBOCHCTBYIOIIETO MOMEHTA L7777 torque and they are also used for measuring current
TaK)Ke OHHM UCIOJB3YIOTCS IS MOAaYH H3MEPSIEMOT0 TOKa OT 4 Y 3 6 supply from output terminals into the frame. Thaniie is
BBIXOJHBIX 32)KHMOB B PaMKy. PaMka ®ecTKO coeIMHEeHa CO rigidly connected with the pointer 7. To change the
cTpenkoit 7. JIis u3MeHeH s YyBCTBUTEILHOCTH MEXaHU3Ma MCITOJIb3YEeTCS mechanism sensitivity, magnetic shunt 8 is usedn@ww magnetic flux
MarHUTHBIN IIYHT 8 (3a cyeT mepepacnpeaeIeHUs] MarHUTHOTO MTOTOKA). redistribution).

DHeprusi MarHUTHOTO OIS, B3aUMOIEHCTBYIOIIAs !'V_\/“_;‘l./_/“_:.é S_vvc_r/_,_BE const | _ The_e_nergy of the magnetic field interacting
C KaTyIIKOM: . —with the coil is:

Bpamarommii MOMEHT  OmIpejeNsercss H3MEHeHHeM | dw, I The torque is determined by variation of the maignet
SHEPrHU MarHMTHOT'O IIOJIA: \M gy = aa =BSWI: field energy:

[TpoTHBOACHCTBYIONINIT MOMEHT: R i Rt The counter torque is:

rae: D - yaenbHbIl TPOTUBOACHCTBYIOIINIT MOMEHT; IM » =D, where D — specific counter torque;

Q' - yroJ noBopoTa. a - deflection angle.
[lonyanm ypaBHeHHE NPeOOPa3OBaHUS U3 KOTOPOTO |—-—-.—..—..—.—.. Let’'s obtain transformation equation whereof itidals

| . . :
CIIE/LYeT, YTO YroJl MOBOPOTA IOABMKHOH YaCTH NPONOPUMOHAICH oy — BSw =51 that the deflection angle of a movable part is prtpnal to the
TOKY, MIPOTEKAIOIIEMY 10 paMKe: g D current flowing through the frame:

rjae. B - MHAYKIMS MarHUTHOTO ITOJIS B 3a30pe€, where B — induction of the magnetic field in the air gap,
S—I0I1a/1h KaTYIIKH, S—the coil area,
W - YHCIIO BUTKOB B KaTYIIIKE, w — number of coil turns,
| - TOK B KaTrymKe, | — current in the caoill,
S, - YYBCTBUTEIBHOCTH K TOKY. S - current sensitivity,

D - ynenbHBII MPOTHBOACHCTBYIOIINI MOMEHT D — specific counter torque.
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[TpuGopsl, B KOTOPBIX MPOTUBOACHCTBYIOIIMI MOMEHT CO3a€TCs C Instrument, in which counter torque is created bgans of an
MOMOIIBIO JTOTIOMHUTEILHOW KATYIIKH, IO KOTOPOM TPOTEKAeT TOK, supplementary carrying-current coil, is referretbgometer (ratiometer):
HA3BIBAIOTCS JIOTOMETPaMu  — u3Mepurenu orHowenus: M, = f (v,a). M, = f (Y, @). Logometer scale equation is¥ = f(X /¥). The pointer

of such an instrument at rest is situated in aitrarly position.

VYpaBHeHHE LKAl JoroMeTpa: Q = f(X / Y). Crpenka Takoro npudopa _ _
Permanent-magnet logometer contains two coils

Ipu Cro OTKIOYCHHUU HAXOAUTCA B IPONU3BOJIbLHOM ITOJIOKCHUH.

MarsurosnexTpuaecknii  OTOMETp  COmepET | MBe M; <M\2 (1, 2) fixed on an_axis with the pointer. Coil ents _
katymku (1, 2), ykperuieHHble Ha ocu co  cTpenkoil. Toku B \ g[ieatle two opposite torq_ues. LOgomet,er C(')ns.tructlon
paMKax  CcO3JalOT JABa  IPOTHUBOIIOJIOXHO  HaIPaBJIECHHBIX _pu ates for the magnetic flux non_-unlformlty the
BPAITIAOTIHX MOMEHTA. KoHCTpyKIHs noromerpa air gap B = var) between the magnetlp enhancgrs 'of the
NpelyCMaTpUBaCT HEPABHOMEPHOCTb MArHUTHOIO TIOTOKa B |\ S permanent_magnet _and the core. This non-uniforiaity
sasope (B = var) MexIy TOMIOCHHIMH HAKOHEUHHKAMH reached using specialy shaped enhancers and core.

1 2

MOCTOAHHOI'0O MarHnvuTa U CCPpACHHUKOM. Ota HCPaBHOMCPHOCTb
JOCTHTACTCA TpPHIaHHEM 0co00i (OpMBI HAKOHEYHHUKAM U
CepICYHUKY. )
3a30p HepaBHOMEPEH, MOMEHTHI Pa3HbIe ‘M, =B, (a) Sw,I 'M,=B,(a)Swl, | different

’ U 1 s T I I 2 2.

The air gap is non-uniform, moments are

B pesume pasHOBecHs M, =M, = 5 (a)Slw In the equilibrium conditions
L2 A\ el S
sy : . o
a= I,/ |2)i The transformation equation is
YpaBuenue npeobpazopasust 0 UTrTmrmrmoTw ) _ -
Properties of moving-coil instruments
CBOIiCTBa MATHUTOMIEKTPUYECKHMX IPUOOPOB Advantages _ _
MpenmyluecTsa: . 1) high accuracy (the most precise among the elmetchanical
instruments)

1) BbICOKast TOYHOCTh (CaMbIe TOUHBIC M3 JICKTPOMEXaHHUECKHUX)
2) BbICOKAsi YyBCTBUTEIILHOCTh

3) manas nmoTpedsieMast MOIIHOCTh

4) paBHOMEpHas IIIKaja BO BCEM JIMaIa30He.

HenocraTkw:
1) HeB3s1 UCITOIL30BATh [T H3MEPEHUS IIEPEMEHHBIX TOKOB

2) fast response
3) small power requirement
4) uniform scale at full range.

Disadvantages
1) can’t be used to measure alternating currents

2) at change of sign, the pointer changes direatfantationar = § | ;

3) in circuits of sinusoidal curreritwill read zero;

4) in circuits of nonsinusoidal currentt will only measure the direct-
current component.

5) small surge capability (overload capacity).

2) ipu U3MEHEHNHM 3HaKa TOKa CTPEJIKa MEHSET NoJloKeHne @ = § | ;

3) B memsx SiNToka cTpenka ykaxer Ha «O»;

4) B nenax #eSiN ToKa U3MEPSAIOT IIOCTOSHHYIO COCTAaBJIAIOIIYH TOKa
LIETIH.

5) masast meperpy3o4Hast CioCOOHOCTb.
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BBIITPAMUTEJIbHBIE TTPUBOPBI

D10 mpulOphl COYETAIOIINE HCIOIb30BAaHUE MOTYIPOBOJHUKOBOTO
BBIIPSAMUTENS U MarHUTORJIEKTPUYECKOTO M3MEPUTEIBHOTO MEXaHU3Ma C
OTCYETHBIM YCTPOMCTBOM.

IIpn wncnons3oBaHUU

RECTIFIER-TYPE INSTRUMENTS
These are the instruments combining the usagesefraconductor
rectifier with moving-coil measuring mechanism.

When using full-wave rectifier (bridge rectifieg)) (current flows
through the measuring

JIBYXIIOJTYTIEPHOTHOTO VD; VD> a) rie mechanism during both
BeIpsiviieHUsT  (a)  TOK - half-periods and,
MIPOXOIUT yepes > a consequently, sensitivity
WU3MEPUTEITbHBIH _|£_> | | of such schemes is
MEXaHU3M B obe — 1 ° | YN\ N/ higher than that of a half-
MOJIOBUHBI  [EpHOJa M, ait wave circuit 6).
CJIEIOBATEIBHO, v When using
9yBCTBUTEIBHOCTh TaKHX 0 rectifier-type instruments
CXEM BBIIIIE, 4yeMm y in a-c circuit at
oJtHOTONyIepuoaHbIX (0). VDy 0) frequencies higher than

[Tpu wCmoNb30BaHUH B A i (1)- natural frequency of a
BBINPSIMHUTEIBHBIX TPUOOPOB ¥ T’ measuring mechanism,
B IENH TEPEMEHHOTO0 TOKa | the pointer position is
Opd  4YacToTax  OoJblie determined by not
COOCTBEHHOM 4acTOTHI VD, R o pfm - wt instantaneous  current
U3MEPUTEIBHOTO MEXaHU3Ma = :'— > value but its average
MOJIOKCHHE yKazaTesst 0 value (owing to lag
OTIpeCTISETCS HE effect).
MIHOBCHHBIM 3HAa4Y€HHMEM TOKa, a €ro Cp€aHUM 3HAYCHUEM (BCJ'ICI[CTBI/IC
WHEPIIUOHHOCTH). T T Bsw | Then the transformation equation has a form:

Torna ypaBHeHne npeobpa3zoBaHist IMCCT BHIL a=—-"11 where: § , |5, - current sensitivity of the device and the averag
rue. S, |Cp - COOTBETCTBEHHO, YyBCTBUTEILHOCTE IIpubopa K | P_k_d_’__!

TOKY U Cpe/iHee 3HaueHHE TOKA.

Takum 00pazoMm, NpuOOp BBHIIPSAMUTEIBLHON CHUCTEMBI H3MEpSET
cpenHee 3HaYCHHE MIEPEMEHHOT0 TOKa, OHAKO €ro IIKana rpagyHpyeTcs B
JEWCTBYIOIUX 3HAYCHUAX CHHYCOUJAIBHOTO TOKA.

VYpaBHeHUE npeoOpa3oBaHUs BBIIIPSIMUTEIBHOTO [
npubopa: a = TI

rae: Ky = - KO3 PHUIMEHT POPMBI KPUBOIHA,

lep

value of current, respectively.

Thus, a rectifier-type instrument measures an geecarrent in a.c.
circuits, their scales are graduated to read tlectefe (rms) values of
sinusoidal current.

i The transformation equation of a rectifier-typetinment is:

- form factor of a curve,

av



K b= % =111 - qyist cXeMbl ABYXIOIYIIEPUIHOTO BHIMPSIMIICHHUSI,

7l
Ky = T =2,22 - 17151 CXeMbl OHOTIOIYIIEPUOTHOTO BBINIPSIMIICHHUS.
2

B npubopax BBIIPSIMHUTEIHHOW CHCTEMBI HUCIOIB3YETCSl paBHOMEpHAas
Kajga, 3a HCKJIIOYEHHWEM  HayajJbHOrO  YIUIOTHEHHOTO  y4acTKa
(cocraBmsrommero  10-15 % or momHOW JUIMHBI  IIKAJbI), KOTOPBI
MPOTrPalyupOBaH MO KBAIPATUYHOMY 3aKOHY.

CsoiicTBa:

- Beicokast 4yBCTBUTENBHOCTb.

- Manoe notpebieHne MOIITHOCTH, HO HEBBICOKAs TOUHOCTb.

- YacrorHblil nuana3od 10 15 k11, magbiire CKa3pIBArOTCSI EMKOCTHEBIE

CBOMCTBA JIMOJIOB.
- [Ipuroassl 11 UBMEPEHUS B LEISIX EPEMEHHOTO TOKA TOJIBKO
CHUHYCOUIATBbHON (OPMBI.

TEPMOJJIEKTPUYECKUE IMPUBOPHI
TepMoonnekTpuueckue NpuoOpsl COCTOST U3 TEPMOIIEKTPUUECKOTO
npeoOpaszoBares, MPeoOPa3yroIIero U3MepsIeMbIii TTEPEMEHHBIN TOK
BBICOKOW 4aCTOTHI B IOCTOSTHHOE HAMPsDKEHUE, U MAarHUTOAJIEKTPUYECKOTO
M3MEpUTENIBHOTO MexaHnu3Ma. TepMonpeoOpazoBaTeNb BKIIOYAET B CeOs
HarpeBaTelb, 10 KOTOPOMY MPOTEKaeT U3MEPSIEMbI TOK U TEpMOMapy,
KOTOpasi HAXOAWTCS B TEIUIOBOM KOHTAKTe C HarpeBateneM. [locTosiHHOE
HaIpsDKEHUE, BhIpadaThIBaEMOE TEPMOIIApOi, BO3JICHCTBYET Ha
MarHUTORJICKTPUIECKUI MUKpOaAMIIEPMETD.
CaoiicTBa:
- BO3MOXKHOCTh H3MEPEHHUS MTOCTOSHHOTO U IEPEMEHHOTO TOKa;
- Majasl 3aBHUCHMOCTb MOKa3aHUN OT (OPMbI KPUBOW TOKAa U YACTOTHI
(10100 MTI ).
Henocrarku:
- HEBBICOKAs YyYBCTBUTEIILHOCTh U TOYHOCTH (ki1acc Tounoctd 1.0 - 4.0);
- OospIast moTpebsieMast MOIITHOCTD;
- MaJas reperpy3ouyHasi CiocOOHOCTb;
- KBaJIpaTU4Has IIKaJia B HavaJie hana3oHa U3MEpPEeHUH.
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qu = L =111 - at full-wave rectification,
2J2
K b= % =222 - at half-wave rectification.

Rectifier-type instruments use a uniform scale pkder the
initial crowded part (accounting for 10-15 % ofaloscale length), which
has a square-law shape.

Properties:
- Fast response.
- Small power requirement, but low precision.
- Frequency range up to 15 kilohertz, further cépecqualities of the
diodes start affect adversely.
- They are only suitable for measurement in cicaftsinusoidal current.

INSTRUMENTS OF THERMOELECTRIC MEASURING SYSTEM
Thermoelectric instruments consist of a thermosgkectonverter,
transforming measured alternating current of higdgdiency into direct
voltage, and moving-coil measuring mechanism. A rrtoelectric
converter includes a carrying-current heater arldeamocouple, which is
in thermal contact with the heater. The direct agét induced by a
thermocouple acts on a permanent-magnet microammete

Properties:
- possibility to make measurements in D-C and AwCuits;
- small dependence of readings on the form ofdieent curve and
frequency (to 100 megahertz).
Disadvantages
- low sensitivity and accuracy (accuracy ratin® 1 4.0);
- high power requirement;
- low surge capability (overload capacity);
- square-law scale at the beginning of the scaige.
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O6aacTh NPUMEHEHHSI MATHUTOIIEKTPHYECKUX TPUOOPOB Application field of permanent-magnet devices
[TpuMeHsI0TCS B Ka4eCTBE aMIIEPMETPOB ¥ BOJILTMETPOB ISt They are applied as ammeters and voltmeters fooséay and
CTAallMOHAPHBIX U JTAOOPATOPHBIX U3MEPEHHUH, B KAYECTBE OMMETPOB H laboratory measurements, as ohmmeters and galva@emne
rajlbBAaHOMETPOB. Rectifier-type instruments are applied as multimge{goltammeter)
BeinpsimutenbHbIe MPUOOPHI TPUMEHSIOTCS B KAYECTBE for measurement in circuits with direct and sindabpower-frequency and
KOMOWHHUPOBAHHBIX MHOTONPEACTBHBIX TPUOOPOB Ik U3MEPEHUS B LIETISX high-frequency currents.
MIOCTOSIHHOTO U SIN TOKOB MPOMBIIIIEHHOM U TIOBBIIICHHON YaCTOTHI . Instruments of a thermoelectric measuring systesrapplied in AC
TepMo-anekTpudeckue  MpUOOpPHI  MPUMEHSIOTCS B IETsIX circuits with infralow as well as very-high frequees.
MEPEMEHHOI'0 TOKa KaK HU3KOH, TaK ¥ OY€Hb BBICOKON YaCTOTHI. Measurement limits of permanent-magnet instrumentsy be
[Mpenensl  W3MEpEeHUsT  MArHUTORJCKTPUYCCKHX  MPHOOPOB widened in current (by means of shunts) and inagdt(by means of
PacIIMpSAIOT MO0 TOKY (C TOMOIIBIO IIYHTOB) M IO HampsukeHuio (¢ auxiliary resistors).
MIOMOIIBIO J0OABOYHBIX PE3UCTOPOB).
[IyHT BKIIFOYAETCS MapauieIbHO aMIIEPMETPY The shunt is connected in parallel with the ammeter
e 0 S -
i | |
N, R i
i —o? ?o—— l_mz&’ |X:|m+|A, | :|(1+RA): n i |
i I A Rm X A Rw A |
i e i
|
e R |
Bri6op mrynra: TR Choice of shunt:
IR, =—24-:
R g |
n= :_X K09 QUIMEHT ITyHTHPOBAHHS n= ﬁ coefficient of shunting,
A
|A — mpenmenbHBII TOK amIepMeTpa. |A — critical current of an ammeter.
Br160p 106aBOYHOrO CONPOTHBIIEHHUS Il MATHUTOSIEKTPUYECKOTO Choice of an auxiliary resistor for permanent-magaémeter
P BOJBTMETDR | . . . . ) _
: |
I Vv R =Y9v |- Ux R =Yv(R*+Ry) _(Ry*Ry)
| =/ Voo Ry+Ry v U
| R/ R 0 « m |
| = - - Uy I
| u. R, =Ry(m-1) m=—X :



MHoronpeaenbHbli BOJIBTMETP

Ro;, Rz, Ras -

COITPOTUBJICHUA

1100aBOYHEBIE

QJIEKTPOMAT'HUTHBIE ITPHUBOPLI

[IpuHiMn felcTBUS OCHOBaH Ha B3aWMMOJCHCTBHMM MAarHUTHOTO
T0JIs1 HEMOIBUKHOM KATYIIKU C TMTOABUKHBIM CEPIACUHUKOM.

KoHcTpyKTHBHBIC BapUAHTHI.

1) miockas KaTyIlKa;

2)Kpyriias KaTyIlKa;

3)c 3aMKHYTBIM MarHUTHBIM TIPHUBOIOM.

Multirange voltmeter

Ro1, Rz, Rys - auxiliary resistances

ELECTROMAGNETIC INSTRUMENTS

Their action is based upon the interaction betwtn magnetic
field of an immovable coil and movable ferromagoebre.

Design modifications:

1) spider-web coil;

2) round coill;

3) with a closed core.

SR o
YpaBHeHue npeodpazoBaHus: \a = e} E’@ O The transformation equation is:

L —1HyKTHBHOCTB KaTyIIKH; L.—.2F

| - neficTByromce 3HAUCHHE TOKA.
. dL
[kana HenuHeHAas, HO €CIIU M0A00paTh YTOObI P umerna oopaTHoO
a

KBaJIPaTUYHYIO 3aBUCUMOCTb, IIKATy MOKHO BBIDOBHSTD.
CBoiicTBa: - M3MEpEHHE IOCTOSIHHOIO M TIEPEMEHHOr0 TOKa JI000M
b opMmBI;
- BBICOKAs HaJIEKHOCTb;
- HEBBICOKAsi TOYHOCTB;
- 60JBIII0€ COOCTBEHHOE MOTPEOICHNUE.
OO0nacTh NPUMEHEHUS: B KAUeCTBE CTALIMOHAPHBIX aMIIEPMETPOB

U BOJIbTMETPOB Il M3MEPEHHsI B IIEMSAX MPOMBIILICHHONW YacToThl (10 1,5
kI'm).

IIpenensl wM3MEpeHUN pacIIMPAOT IO TOKY C IIOMOIIbIO
W3MEPHUTENBHBIX TpaHChOPMATOPOB TOKa, 1O HampsokeHwio no 900B
N00aBOYHBIMM  CONPOTHUBICHHUSMH,  CBBIIE  —  U3MEPUTEIIbHBIC
TpaHcGopMaTOpbl HAIPSKEHUS.

L — coil inductance;
| — effective value of current.

. : . dL .
The scale is non-linear, but if we chooge SO as to have an inversely
a

guadratic dependence, then the scale may becomiéanu one.
Properties - measurement of direct and altergaurrents of any form;
- high reliability;
- low precision;
- high own power requirement.

Field of application as stationary ammeters and voltmeters for
measurement in circuits of commercial frequencymMgrofrequency) (up to
1.5 kilohertz).

Current ranges are widened by means of current umegs
transformer, and voltage range up to 900V by medraixiliary resistors
and over — by means of a voltage measuring tramsfor




OJIEKTPOJMHAMMYHEIE ITPBOPEI
I[BC KaTyH_IKI/I: OJHAa — HCIIOABUKHAsI, BTOpaSI — IIOABHKHAsI.
[IpyHIIMIT OCHOBaH Ha B3aUMOJEHCTBMM MATrHUTHBIX MOJEH

INSTRUMENTS OF ELECTRODYNAMIC SYSTEM
There two coils: movable and immovable.
Their action is based upon the interaction betwibenmagnetic

MIOJIBIDKHOM 1 HETIOJIBM>KHOM KaTyIIeK ¢ TOKaAMH. ! 1 5 o fields of movable and immovable carrying currerdssc
MarHuTHas! SHePrys 3aIaceHHas B IPHOOpE: W =2 Lily + Slele +Map |1|2i Magnetic energy stored in a device is:
L. e =T e = T =
" " . L dWaw _ : dM | - -
MTHOBEHHBIN BpAIarOIId MOMEHT:! im= =141, 12 . the instantaneous torque is:
L _Ga 7 do |
LT T if ' ’

cCJIIu I_ ................

(himmm e L
: 1dwm
TOTNA: m=_ 21l om (005("”)_ COS(Za)t—QU))! then:
L_.2da
[ _
y y ! T -
Cpequuii Bpallaromuii MOMEHT i 1 dar ! The average torque is:
P P 'M == f mdt =—-22|,I,co¥
LI T O
SUmmimi ST T T |
Y 6 : a =1 12,1, cos? | The transformation equation is:
PaBHECHHE TPEOOPA30OBAHMS . : D da 1'2 ! q .

rae . |y, |2 - gelicTByromue 3HaYEHHUS TOKOB.
®opMa TOKOB HE BIHMSET HA TOKA3AHHUS.

CaoiicTBa:
- paboTa B IEMAX MOCTOSHHOTO M MEPEMEHHOT0 TOKa JIF000H (hOpMBI
(f=mo 10kI'm);
- camasi BBICOKasi TOYHOCTH IPH U3MEPEHUSX IMEPEMEHHOT0 TOKa,
- BBICOKAsi CTAOMIIBHOCTh CBOMCTB C TEUEHUEM BPEMEHHU;
- HEBBICOKAsl YYBCTBUTEIHHOCTh M MaJbIi BPAIIAIONIMA MOMEHT, TaK
KaK MarHUTHBIE TIOTOKU 3aMBIKAIOTCS BO BO3YXY;
- MOBBIIIIEHHOE TIOTPEOJICHUE SHEPTHH;
- HEBBICOKAas IMeperpy3ouHas CIOCOOHOCTH(TOK MpOTEKaeT Io
PYKUHKaM).
[Ipumenenne: B kadecTBe jaboparopHbeix mpubopos A, V, W
(ha30MeTpoB ¥ YaCTOTOMEPOB B LIEMSIX ~ TOKA.
[Ipenensr u3MepeHH pacIIUPAIOTCS ¢ TOMOIIBIO H3MEPUTEIBHBIX
TpaHCc(HOPMATOPOB TOKA M HATIPSKEHHS.

where: |1, 1, - effective values of currents.
The current form do not influence instrument regdin

Properties

- can work in DC and AC circuits with currents afyaform
(frequency up to 10 kilohertz);

- the highest precision when AC measuring;

- high stability of properties in time;

- low sensitivity and small torque because magnitices flow
through air, and as a consequence there is anaseulepower
requirement.

- low overload capability (because of current flogvithrough the

small springs).

Application: as laboratory instruments, V, W, phasometer,

frequency meter in AC circuits.

Measurement limits are widened by means of cumedtvoltage

measuring transformers.



OEPOIMHAMUYECKHUE ITPUBOPBI

Otnuvarorcst oT AekrpoanHamudeckux (D/]) mpubopoB TeM, 4ToO
HEMOJIBIKHAsL KaTylllka MoMelnleHa Ha (eppOMAarHUTHBIA CEepACYHUK IS
YCUJIEHUSI MArHUTHOTO TIOTOKA.

[To cpaBaenuto ¢ 3]l mnpubopamu 3HAYUTEIHHO YyBEIWYEH
BpalalolMii MOMEHT, HO pE3KO CHH)XXEHa TOYHOCTb H3MEpPEHUs |
YJaCTOTHBINA JUAna3oH.

VYpaBHeHue npeodbpa3zoBaHus Takoe ke, Kak u'y /] mpubopos.

[IpumeHeHue: IMUTOBBIE NPUOOPHI JI TMEPEMEHHOTO0 TOKa
MIPOMBILIIEHHOM YaCTOTHI U CAMOMHCIIBI.

Pacmmpenue mnpenenoB M3MEPEHUH BBIMOIHSIETCS C MOMOUIBIO
HU3MEPUTENBHBIX TPaHC(HOPMATOPOB.

QJIEKTPOCTATUCTHUYECKUE ITPUBOPLI

[TpuHIMT AEHCTBUS — 3JIEKTPOCTATUYECKOE B3AUMOACHCTBUE
3apsKEHHBIX TUIACTUH WM TPOBOJIHUKOB.

KoHCTpyKIMs: HEMOABUKHBIEC U MOJIBUKHBIE TIACTUHBI WU
MIPOBOIHUKH.

BapuanTsr:
- C U3MEHEHHUEM aKTUBHOM MMOBEPXHOCTH B3aMMOJICHCTBHS;
- C U3BMEHEHHUEM PACCTOSTHUSI MEXKY MPOBOIHUKAMH.
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FERRODYNAMIC INSTRUMENTS

They differ from electrodynamic instruments by anmovable coill
being situated on the ferromagnetic core to strergthe magnetic flux.

In comparison with electrodynamic instruments tbeqie is greatly
increased but the measurement precision and fregueange are
noticeably decreased.

The transformation equation
instruments.

Fields of application are: panel meters for altenga current of
commercial frequency and self-recorders.

Widening of the measurement limits is made by me&mseasuring
transformers.

is the same as for treldgnamic

ELECTROSTATIC INSTRUMENTS
Their action is based on electrostatic interactietween charged
plates or charged conductors.
They contain movable and immovable plates or coiausic

Design variants are:
- with variation of active surface of interaction;
- with variation of distance between the condwstor

DHEpPrus .AIEKTPOCTATHYECKOTO TIOJIS: W = 1 cu 2! The electrostatic field energy is:
L2 2
YpaBHeHHE PeoOpa3oBaHNUs’ e 1 dC, ,l The transformation equation is:
rae: U - neficTByronee 3HaYeHNE HAMTPSHKEHUS. 10 = 2D da | where :U - effective value of voltage.
CBoiicTBa: bommrmrTe Properties
- HU3MEpEHHE IOCTOSHHOTO U MEPEeMEHHOI0 HampsKeHUs Jro00i - measurement of alternating voltage of any form;

bopmbr;
- BHYTPEHHEE CONMPOTHBICHHE 0ueHb Beinko (10 Om);
- HUYTOKHOE NOTPEOJICHUE SHEPTHH;
- IIMPOKHI YaCTOTHBIN JHara3oH (107 I'n);
- HCBBICOKAsl TOYHOCTD,
- HU3Kas Meperpy304Has crnocooHocTs (T0ABECHI);
- HU3Kast 9yBCTBUTCIIbHOCTD.

- very big inner resistance (f@hm);

- negligible power requirement;

- wide frequency range (iBlertz);

- low precision;

- low surge capability (owing to pendants);
- low sensitivity.
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[IpumensoT B kadectBe V B HIMPOKOM JHAIIA30HE YaCTOT U B The instruments of this type are applied as vokméh wide
MaJOMOIIHBIX LEMAX IIOCTOSHHOIO M IEPEMEHHOrO TOKa (IpsAMOe frequency range and in low-power DC and AC circ(disect connection at
BkiaroueHue ot 1,598 1o 300kB). voltage from 1._5V tp 300 kV). o

Pacmmpenue npenenoB n3MepeHust OCYIIECTBIISETCS C TOMOIIBIO The widening of the measurement limits is made bpams of
aKTUBHbIX enTenci | ﬁ.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._..7__\ ................... . active voltage dividers
HaNpSKEHHUS HA ! \\_// Q//  (potentiometers) in DC circuit
[IOCTOSIHHOM TOKE U [ Cy : and capacitive dividers in AC
€MKOCTHBIX Ha | I circuit.

HIePEMEHHOM TOKE. e >—| |_<>_| |
| :
! R & & G C1 G :
| :
io - + [ L L I
i +C,+C !
: U _UV CV C1 2 I

R,+R _y & *G 2 i

| u =u, Rt Re U =Uy i
| :
|

INDUCTION INSTRUMENTS
Instrument action is based upon the interactionwéet
alternating magnetic fluxes and eddy currents ieduay these fluxes in a
movable aluminium disc.
This material is for self-studying (see the litera).

UMHAYKIIMOHHLIE ITPMEOPbI
[MpuHnun npelicTBus MPHOOPOB OCHOBAaH Ha B3aUMOJICHCTBUU
MEPEMEHHBIX MArHUTHBIX MOTOKOB C BUXPEBBIMHU TOKAaMH, HaBEACHHBIMU
STHMH IIOTOKAMU B IIOJABM>KHOM JIFICKE U3 aJIIOMUHMS.
N3yduTh caMOCTOSATENBHO (CM. TUTEPATYDPY).
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[MPUBOPLI CPABHEHUW A COMPARING INSTRUMENTS
K npubopam 3TOro Tuma OTHOCATCS: H3MEPHTEIBHBIE MOCTHI, Instruments of this type include measuring bridges
KOMIICHCATOPBl  (IIOTCHIIMOMETPBI). DTO  3JICKTPUYECKast c compensators (potentiometers). This is an elettrica
cxema, COCTOsIIas W3 COMPOTHUBIACHMU (IUIeYn MOCTa), scheme consisting of resistors (bridge branchesyep
HUCTOYHUKOB  THTAHUS, U3MEPUTENILHOTO  mpubopa. Ry R sources, measuring instrument.
W3MepuTenbHbIE MOCTBI CIYXaT JUISE H3MEPEHUH OMUYECKOTO Measuring bridges are used to measure ohmic
CONIPOTHBIICHUSI, EMKOCTH, WHIYKTHBHOCTH U JAPYIHX resistance, capacity, inductance and other quasititi
BEJIMYHH. a <1”> b By principle of their operation the bridges can
[o mpuHLIMTY paOOTHI OBIBAIOT: be:
- HEYPaBHOBEUIEHHBIE MOCTBI - | = f(R), R - unbalanced bridgesl-. = f(R),
- ypaBHOBEIIEHHBIE MOCTHI - | . =0. 8 Ry - balanced bridges - | . =0.
d
YpaBHOBEIICHHBIC MOCTBI OCTOSHHOTO TOKA . > o Balanced d-c bridges
+ U -
ab .
Ry,.Ro, R, R, - mneun mocra, Ry,.Ro, R, R, - bridge branches,
C d— u3mepuTenbHas quaroHanb, cd- measurin_g diagonal,
a b— nuaronans nuranmys. A b %b_ $Upt§)|)|/ dlag((j)nal.h h tential diff
MocT Ha3bIBaeTCs YpaBHOBEIICHHBIM, €CITH Pa3HOCTh MOTEHIIMATIOB MEXKTY riage _ 1S _a anced, w CTn _ € potential dirierence
toukamu C u 0 paBHa Hymo (TOK TalTbBAHOMETpA PaBeH HYIIIO). between junctionsC  and is zero (galvanometer
e shows zero).
R DRGLELT) e e e, degor
i Rr(R +Ry)(Rs + Ry) + RiR(Ry + Ry )+ RRy (R + Ry), 9 a
s s T s generator)_
;=0 mpu RyRy =RyRy - yciiosme pasHoBecs. =0 at Rl'R4 :.R2R3 - equmbrl'um con'dltlor.m
[IpousBeeHUST COMPOTUBIICHUN MPOTHUBOIOJIOXKHBIX TJICY MOCTa . _Th_e product_s_of opposite b”dg? bra_nches r.eSISEHEEI.demICal
. to equilibrium condition. The measuring instrumaat a moving-coil
PpaBHBI - YCJIOBUC paBHOBCCHH. I/I3MepI/ITe.HBHBII/I HpI/IGOp | t h h . th t t m t
MarHMTOYJICKTPUYCCKAN  TraJbBAaHOMETP  CaMblii  YYBCTBUTEJIBHBIN galvanometer, which is the most sensitive zeroramsent (among

WHIUKATOP HYIs (M3 MEXaHHYECKUX TPUOOPOB).

Ecnu  1monoxuth, 4YTO CONPOTHUBJIEHHWE OJHOM M3 BETBEH

HeusBecTHO: R, =R, Torma -

R; — mneuo cpapHenus (BbIMONHseTcss B BuAe MHorogekagnoro IRy = Rg—=:
Mara3uHa CONpPOTUBIICHUIA), L.

Ry, R4 - mueun orHOMIEHNS.

mechanical measuring instruments).
If the resistance of one branch is assumed to be

unknown:R, =R, , then
R3 —a comparison arm (made in the form of multidecade
resistance box),
R, , Ry - aratio arm.



JUie  yMEHBIIEHUS  BIIHMSAHUSA COIPOTUBIIEHUS
KOHTAKTOB M COCAVHUTENBHBIX IIPOBOJOB MCIOJIB3YIOT
CXEMY OJUHAPHOI0 MOCTA C YETHIPbMS 3AKUMaMH, KOTOpas
[I0OKa3aHa Ha PUCYHKE.

B »TOM citydae BiMsHHE CONIPOTUBIIECHUS MTPOBOJOB U
KOHTAaKTOB [, © [4 TOPaKTUYECKH HCKIIOYAETCS
(mockombky Ro >>714, Rz >>T5 ). Takxke uckimodaercs

BIIUSIHUE COTIPOTHBIICHHS ITPOBOJIOB U KOHTAKTOB 1 U I3,
TaK Kak OHM BKJIIOYEHLI B [JUAaroHald MOCTa WU HE
YYaCTBYIOT B YCIIOBUM PABHOBECHS MOCTA.

To reduce the resistance effect of contacts andestiimg
wires, one uses Wheatstone bridge with four terlsina
shown in the figure.

In this case the resistance effect of wires and
contactsr, and ry is almost left out (agb >>1,4, Rs
>> T, ). The resistance effect of wires and contdigts

and r3 is left out too, because they are in bridge
diagonals and do not take part in the equilibrium
condition of the bridge.

CxeMy OOMHApHOTO MocTa ¢ 4-Msi 3aXUMaMu ! > o Wheatstone bridge with four terminals is used to
UCTIONIB3YIOT JIJIsl U3MEPEHHsI CONMpOTHBICHUI MeHbme 10 + U — measure resistances less than 10 Ohms.
Owm. a
OCHOBHbIE XapaKTEePUCTHKH Cxema otMHapHOTo MOCTA /A The general properties are:

JIMana3oH U3MEPEHUS OT 108 Om 0 10190m.

Aa
YYBCTBUTCIIBHOCTH U3MCPUTCIBHOI'O MOCTa SM ZE ,

AQ - u3MeHeHHe MOJIOKEHHS yKa3aTens (BbIXOIHAS BEIUYMHA),
AR - BxoaHas BeIu4yMHA.

JIBOMHBIE MOCTBI IIOCTOSHHOI'O TOKa

4-X 32KUMHOTO MHOAKIIOYCHH A

the meter range is fron® 8 Ohm to 10:°Ohm.

The measuring bridge sensitivity iSy, :% ,

Aq - indicator deflection (output quantity),
AR - input quantity.

Double d-c bridges

R —— — R

CxeMa JIBOWHOTO MOCTa HCIOJB3YeTCs st — — Double bridge scheme is used to
HU3MEPEHUsT OYECHb MaJbIX CONPOTHUBICHHHA C measure very small resistances with high
BBICOKOW TOYHOCTBIO. Rs Ry accuracy.

B 3THX cXxeMax BIMSHHE COMPOTHBICHHS ! 0_|: . s In this scheme the resistance
COCJMHUTENIBHBIX  TPOBOJOB W KOHTAKTOB effect of connecting wires and contacts is
MHHHMaIbHO. HeoOGXomuMble YCIOBHSE: Iy Is R Iy T2 minimal. The necessary conditions are:

R;=R;, R,=R, R;=R;, R,=R,

(r.e. R{/ R3 =Ry /Ry ).
R1>>r1, R3>>rg
(o6banO R7 .,,,.R4 = 1000 Om),
R - 0 - Tosicras memHas mIMHa.

Rx

(re. R/ R3 =Ry /Ry ).
Rl >> rl , R3 >> r3
(usually Ry .,,,.-Rq = 1000 On),
- R -~ 0 - thick copper bus.

\ 4



R, - u3MepseMoe CONPOTUBIIEHHE, R = R, i R, - resistance measured,

R, - 006pa31oBoe conpoTUBICHHE. . ? R, | R, - standard resistance.

U3MEPUTEJIBHBIE MOCTBI IIEPEMEHHOI'O TOKA

MEASURING IMPEDANCE BRIDGES

Hcnonw3ytorcs JUIS U3MEpEeHUs napaMeTpoB
KOH/JIEHCATOPOB, KaTyIIeK WHIYKTUBHOCTH,
B3aMOUHYKTUBHOCTEH.

Onpe;[eneHHe AKTHUBHBIX U PCAKTUBHBIX IIAPaMCTPOB LICIIX:

They are used to measure parameters of
capacitors, inductive coils, mutual inductances.

The definition of active and reactive circuit
parameters is:

2,Z,=2,Z,= Zlfj"’l |:7_4€j¢4 - ZZ€j¢2 [Zggms 2,2,=2,Z, =Zlfj¢1 [Z4€j¢4 =Zzﬂj¢2 [Z3€j¢3

YcnoBue paBHOBECHS: 212, =21252,4 Equilibrium condition:
G+ Pa=0,+¢ ¢ > ¢ Pr+Ps =0, + @5
1 4 =92 3
U _ _
Jliist TOrO, 9TOOBI YPAaBHOBECHUTh MOCT IIPH [IEPEMEHHOM TOKe [Ba |~ .Z_3. ! To make an impedance bridge balanced, two
Tieua BRIOMPAIOT YHCTO akTHBHBIME P, = @3 =0. !Zx =Z,=12, 2—4! bridge arms are made purely resistivg, = @5 =0.
Eciu  u3sMepsieMoe  CONPOTHMBIEHHME HMHAYKTUBHOE, TO B b ! If measured impedance has inductive character ttinen

[POTHBOIIOIOXKHOE IIJIEY0 BKIFOUYAETCS EMKOCTb. r¢ ---------------------- —. capacitance is inserted into an opposite bridge arm
X



BJIEKTPOHHO-JIYYEBOW OCIIMJIOTPA®D

[penHa3HayeH s BU3YaJbHOTO HAOJIOICHNUS, U3MEPEHHS 1
perucTpanru 3JCKTPHUICCKUX CUTHAJIOB.
Tunsl: - yausepcanbipie C1 (1o 100 MI'n); - ummynscasie C3 (mo 10

I'Tn);
- ckopoctaeie  C7; - crpobockommueckue C7  (04eHb KOPOTKO
UMITYJIbCHBIC);
-3anomuHaromume C8; -cnenuanbabie C9.
OcHoBHOM y3en AIIEKTPOHHO-IY4€BOTO
ocuumnorpada (DJI0) — sneKTpoHHO-TydeBas TpyOka KM A

(DJIT).

37

CATHODE-RAY OSCILLOGRAPH

It is intended for visual observation, measurenagat electric
signal recording.

The types of oscillographs are: - univer€dl (to 100 MHz); - impulse
C3 (to 10 GHz); - high-spedd7; - stroboscopi€7 (very short-impulse); -
memory (storage)8; - specialC9.

The main element of a cathode-ray oscillograph catthode-ray
tube.

OIly OIlx

Its action is based on the creation of a
directed electron flux and electrostatic

[Mpunmun  ngefictBust (DJIO) ocHOBaH Ha CO3MaHUU
HAIpaBJICHHOTO MOTOKA SIIEKTPOHOB u
3IICKTPOCTATHIECKOM YIIPABICHUN MM.

control of this flux.
An elementary cathode-ray tube
consists of an evacuated glass enclosure

[Mpocreiimras DJIT mnpencraBnser co00i CTEKISTHHBIN
0aJIoH, M3 KOTOPOro OTKayaH BO3JYyX U B KOTOPOM
pacrnoyioxkeH mojorpeaembiii karon K, sBistonuiics
MCTOYHMKOM Iy4YKa OJJIEKTPOHOB; MoAyisTop M,
YOPaBJISIOMUNA TOTOKOM 3JIEKTPOHOB;  YCKOPSIOLIUN
BIEKTPOJ A1, CAyXKallMK Uil pa3roHa 3JIEKTPOHOB;
(GOKYyCHPYIOIIUN  AIEKTPO Ay, TO3BOJIAIOMINI
choxkycupoBath Jyd; aHox As (BBICOKOTO
HAMPSOKCHUS), CIYXKalluid IS JOMOJHUTEIHHOTO
YCKOPEHMS AJIEKTPOHOB; JIB€ Maphl oTKIoHsAomMX miactuH Ollx u Olly
OJIHA JJIsl TOPU30HTAILHOTO M OJHA ISl BEPTUKAIBLHOTO OTKJIOHEHUS JIyya,
MIPONOPLUMOHAIBHO COOTBETCTBYIOIIMM HANpPSDKEHUSIM Ha IUIACTHHAX M
JIOMUHECUEHTHBIN 3KpaH O, HaXOJAIIMNCA HAa BHYTPEHHEN IOBEPXHOCTH
0ayioHa. DJEKTPOAbl COCTABISIIOT 3JEKTPOHHYIO MYIIKY, KOTOpas CO3/aeT
ANIEKTPOHHBIN Jy4 (My4OK) M HampaBiseT ero K dKpaHy. bomOapaupoBka
9KpaHa IMYYKOM ODJICKTPOHOB TOBBIINIACT U (uiroopecteHiuoo (M3ayueHrne
cBeTa B MOMEHT OomOapaupoBku), u pocdopecueHmo (M3mydeHue cBeTa
mociae OomOapaupoBku). M3MeHeHHE HampsHKEHHS CMEIICHHS Ha
MoaysiTope M U yCKOpsitolllee HanpsKeHUe Ha Aj ONMPEAeaioT pa3Mep U
MHTEHCUBHOCTh CBETOBOIO MATHA.

Ha pucynke Takke IMOKa3aHa YIPOIIEHHAs CXema YIpaBlIeHUs
HavaJbHON YyCTaHOBKOM Jsiyda mo ocu Y (mo ocu X ympaBicHHE
aHAJIOTUYHOE).

CxeMa ynpaBJeHHUS JIy4OM JIEKTPOHHO-ITy4eBOH TPyOKH

in which there is an indirectly heated
cathode K for the thermionic emission of
electrons; a grid M to control the

-

©  Cwmemenue Y 1

- +

electron stream; an accelerating anode
A; to race up the electrons; a focusing
electrodeA; to form the electrons into a
suitably focused beam; a high-voltage
anodeAgs for further acceleration of the
electrons; two sets of deflecting plates
DPx and DR, one for horizontal and one for vertical deflentmf the beam
in proportion to the respective voltages on thdegstaand a luminescent
screen S, located on the inner surface of the Iitldxctrodes constitute an
electron gun, which creates the electron beam amdtsd it towards the
viewing screen. Bombardment of the screen by tlaenbgives rise to both
fluorescence (emission of light during bombardment) phosphorescence
(emission of light after bombardment). Variationtloé¢ bias voltage on grid
M and of the accelerating voltage on anodlgregulates the size and
intensity of the light spot.

A figure also shows the simplified circuit to casitthe initial beam
adjustment along the axis Y (control along the a«is similar)



VYrpomennas (QyHKIMOHAIbHAS cXema ociuiorpada BKIIOYAaeT B ceOs:
JIEKTPOHHO-TyueBy0 TpyOKy (DJIT); BXOIHOW [ENUTENh HANPSIKCHUS
(BH); ycunurens BeptukaabHoro otkinoHenus (YBO), cocrosmmii u3
npeapapurensHoro ycuwiurens ([1Y), muann 3anepxku (JI3) u BbIXOAHOTO
yeunurens (BY); 6mok cuaxponusamnuu (BC); reneparop passeptku (I'P);
YCWINTENb TOpu3oHTaNbHOrO oOTkiIoHeHus (YI'O) wu  kamuOpaTopsl
ammmutyasl (KA) u umrensaoctu (KJT).

Hccnenyemoe  HampspkeHHE  OOBIYHO — TO/AaeTCs HAa  BEPTUKAIBHO
OTKJIOHSFOIIME TIaCTHHBI. 711 HAOMIOICHHS ATOTO CHrHaja HAIIPSDHKCHUS B
byHKITIN BPEMEHH, Ha Bxon Y |
TOPHU30HTAIBLHO  OTKJIOHSFOIINE Input Y
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A simplified functional diagram of an oscillograpincludes: a
cathode-ray tube (CRT); an input voltage divideD{\VY- amplifier (YA)
consisting of a prime amplifier (PA), a lag lineL{Lland an output amplifier
(OU); a synchronizer (S); a sweep generator (S )X-amplifier (XA) and
calibrators of amplitude (CA) and of duration (CD).

The voltage under study is normally supplied tovieical deflection
plates. To observe this voltage as a functioimnoé ta saw-tooth voltage
wave is supplied to

MUJI000pa3HoOe HANpsDKEHUE, Kak

|
|
B |
IIJIACTHUHBI ImogacTcida 1
5 T N BI [ 1] 1y
|

Kanu6poska

T TTTTTTTTTTTTTTTyRo ] the hqrizontal pllates
| like it is shown in the
| .
i, BY | figure.
I

Sweeping principle

IIOKA3aHO HAa PUCYHKE. Calibration

[TpuHIMI pa3BepTKH
M300pakeHUs] WILTIOCTPUPYETCS

KA KT

M ST is illustrated in the

B P 1 Olly figure where there are

T T T curves of  time

Ha PHUCYHKE, TJ€ JaHbl KPHUBbBIC Brox = D : : : ' J — variation of voltages
W3MEHEHWS HANpPMKEHns Ux M o ononiy H}]ﬁrzsﬁ]};’llz;::hﬁgﬁg;%?ﬂ ST ux anduy, which are

Uy , KOTOpbIE MOJAKTCA HA  Synchronization supplied to the plates,
IUIACTUHBI, W  TOJy4Yalolleecs input BC | | TP Bs Olly and the picture

npu  9TOM U300paKeHHe Ha ° B, | Yro appeared on the

’KpaHe  ocuwmiorpaga. U3 Bxox X BHelHsIs CHHXPOHH3ALHSL oscillograph screen.
PDHUCYHKAa  BUAHO, YTO MpH InputX External synchronization It is visible that when
paBEHCTBE IIEpUO/IOB ° ' the periods of
HanpsDkerni Ux 1 Uy Ha okpane DOyHKIMOHAIBHAS CXEMa DIIEKTPOHHO-TYyYEBOT0 OCIUIorpada voltagesux and Uy

noryqacTes HCIOZIBINKHOC Functional diagram of cathode-ray oscillograph are equal a static

n300pakeHNe OJHOTrO Mepuoja

uccieayemoro curHana. [lpu yBenuueHuM nepuosa MNHIO0OpPa3HOrO
HampspkeHust Ux B N pa3 Ha dKpaHE Moaydyurcs N TICpHOJOB
MCCIIEIyeMOr o CUTHaIa.

Jnst  crabwnmm3anuu  u300pakeHUsT Ha dJKpaHe ocmuuiorpada
UCTOJIb3YyeTCsl OJIOK CHHXPOHHU3AIMH, BRIPaOaTHIBAIOUINI CUTHAI Pa3BEePTKU
C M3MCHSIOIICHCS 4acTOTOi (B HEKOTOPBIX INpEZeNax) B COOTBETCTBHU C
YaCcTOTOM HUCCIIEAYEMOT0 CUTHAIA.

Ecnmm wacrota pas3BepTKM KpaTHa 4acToTe IEPUOJUYECKOrO
HaNpsDKeHUs, TOJAHHOTO Ha BEPTHKAJIbHBIE IUIACTHHBI, Ha JKpaHe
MOSIBUTCS. HETIOABUYKHASI BOJIHA 3TOTO HAPSKEHHUS.

picture of one period
of the signal under study is obtained on the scr&hen a saw-tooth
voltage ux period increases byn times, on the screen there will be
periods of the signal under study.

To stabilize the oscillograph screen picture a bymwizer is applied,
it generates sweep waveform a variable frequena@pifwsome bounds) in
accordance with the frequency of the signal untetys

If the sweep frequency is an integral multiple abrmaultiple of a
periodic voltage frequency on the vertical platdse stationary voltage
wave will appear on the screen.



['eneparop pa3BepTKH OOBIYHO BCTpoeH B ocuwuiorpad. B
ocuuiuiorpadax Takxke MpeaycMaTpUBaeTCs BO3MOXKHOCTH 3amycka [P ot
BHEIIIHETO  HWCTOYHHMKA  (BHEIIHSAA  CHHXpoHHu3amus). Jlus  3Toro
WCIOJIB3YETCA ~ CIELUalbHbIA  BXOA  «BXOJH  CHHXpOHM3AUUU» U
nepekitoyaress By.

[Ipu wuccrenoBaHUM HENEPUOTUUECKUX

The sweep generator is commonly built into the lmggiaph. In
oscillorgaphs it is possible to start up a sweepegsor (SG) from an
external source (external synchronization). Theighéput «Sync. input»
and switchB,. are used for this.

To study nonperiodic signal or
single pulses the waiting mode of
sweep generator is used. In this case a

CHUTI'HAJIOB HIIN OANHOYHBIX HUMITYJIbCOB 2 o
UCTIOJNB3YETCSl  KAYIIUHA  peKUM  pabOThI Y sweep generator produces a saw-tooth
remeparopa, npu kotopoMm ['P BeipabarbiBaeT 4 3 £ 3 111t signal only when the signal under

MUIOO0PA3HbI CUTHAI TOJNBKO C IMPHXOJ0M
HCCIIETyeMOT0 HMITYITbCa.

[Ipuy  u3MepeHMM  aMIUIMTYIHBIX U
BPEMEHHBIX apaMeTpoB HCCIIETyeMbIX
CHUTHAJIOB  HU3MEpPSIOT  COOTBETCTBYIOIINE
TeOMETPUYECKHE pa3Mepbl H300paKeHNH ITHX
CUTHAJIOB Ha DJKpaHe M C  IOMOIIBIO
ko3 (ppurmeHToB OTKJIOHCHHSI u
KO3 PHUIHEHTOB pa3BEPTKH,
XapaKTEePU3YIOIIIX qyBCTBUTEIHLHOCTD
KaHAJIOB,  ONPEACNSAIOT  3HAUEHHUS  JTHUX
napamMeTpoB. [l TOBBIIEHHS TOYHOCTH
U3MEepeHui ocruiorpagsl UMEIOT
KarmOpaTopbl aMIIATYA6l KA 1 1iuTenbHOCTH
KJI, no3Bonfiomme  KOHTPOJIMPOBATH H t
YCTaHABIMBATh  HOMHMHAJIBHBIC  3HAYCHUS
KO3 PHUIHUEHTOB OTKJIOHEHHUS U KO3(PPULMEeHTOB pa3BepTku. Kanubparops
NPEACTAaBISIOT COOOH TeHepaTopbl MPSMOYTOJNBHBIX HMITYJIbCOB C
M3BECTHBIMH 3HAYCHHUSMH aMIUIMTYObl M 4YacToThl. Jlng mposepku
K03 (HUIIMEHTOB OTKJIIOHEHHs Tepekiodarens B; ycranaBmuBaercsi B
noJjioxkeHune «KamndpoBka».

OCHOBHBIE XapaKTEPUCTUKH OCHIILIOrpadoB

KorpduumeHnTt oTknoHenus My- OTHOIICHUE HANPSHKEHUS BXOJHOTO
CHTHAJla K OTKJIOHCHWIO Jiydya (B JEJCHHSX), KOTOPOE BBI3BAaHO JTHM
HanpspkeHueM. OObraHO — Haxoautcs B 50 mxB/men — 10 B/pen.
KoadduureHT oTkiIoOHeHUS - mapaMeTp OOpaTHbIM 4yBCTBUTEIBHOCTH
ocummtorpada k Hanpsbkennio. Sy =1/my .

BpeMennble quarpaMMsl, IOSICHAIOIINAE
MOJYyYE€HHUE OCIUJUIOTPAaMM TPU JIUHEHHON

\/ \/ > study appears.
——————— 27T T T T T T T When measuring amplitude and

time parameters of signals under study,
are fulfilled using the respective
geometrical dimensions of signal
display on the screen are measured and
by means of deflection coefficients and
sweep coefficients characterizing the
channel sensitivity, values of these
parameters are determined. To raise
the accuracy of measurement,
oscillographs are provided with
calibrators of amplitude CA and of
duration CD, which permit to control
and to set the rating value of deflection
coefficients and sweep coefficients. A calibratepresents a generator of
square-wave impulses with known values of amplitadd frequency. To
test deflection factors the switéh is set into the position “Calibration”.

pas3BepTke

General properties of oscillographs
Deflection factor my is the ratio of input signal voltage to a beam
deflection (in divisions) caused by this voltagesudlly it is within the
bounds 5QuVv/div — 10 V/div. The deflection factor is a paraerereverse
to the voltage sensitivity of an oscillograp; =1/my .




[onoca mpomyckaHus — JAWAma3oH 4YacToT, B Mpejeiax KOTOPOro
KO3 (UIIMEHT OTKJIOHEHHWS Wu3MeHseTcss He Oonee, uem Ha 30%
OTHOCHTEIBHO €ro 3Ha4YeHWs 0pu cpeaneil uvactore. OOBIUHO IS
HU3KOYACTOTHBIX ocimiorpados g0 5 MI'1, a st BBICOKOYACTOTHBIX -
710 COTE€H Merarepil.

Kooddumuent passeprku - M- - OTHOLLIEHUE BpeMEHU At K

OTKJIOHEHUIO JTy4a, BBI3BAaHHOMY HalPsHKEHUEM Pa3BEPTKHU 32 3TO BpeMs.
OO0b19HO KOA(pGUIHMEHT pa3BepTKH HaxoaAuTcs B quanazone ot 0,01
mkc/aen o 0,05c¢/nen. Koaddumuent passeptku — mapameTp 0OpaTHBIN
CKOPOCTH TepeMelleH s Jiyda 1mo ocu X. OCHOBHas MOTPEIIHOCTh
M3MEpEeHNS HAIPSHKCHUS 1 OCHOBHASI TOTPEITHOCTh U3MEPEHHS BPEMEHHBIX
MHTEPBAJIOB ONPEICISIOTCS MAKCHMAIBHO JOITYCKAaeMbIMU
MOTPEITHOCTSIMU H3MEPEHHUI COOTBETCTBYIOILIHMX ITAPaMETPOB TIPH [01aue
Ha BXOJ ocIuuIorpada CTaHIapTHOTO CUTHAJIA CHHYCOUIATbHON MITH
IPSMOYTOJIbHOM (POPMBI.

[TapameTps! Bx010B ocmiorpada onpeaessitoTcsi BXOJHBIM

aKTUBHBIM COIIPOTUBJIEHUEM Rgy U BXOJHON eMKOCTBIO Cgy .

O6b1YHO Ry > 1 Mowm, Cg, — cocTaBisieT eIMHULBI THKO]apa.
Ocumutorpadsl  Takke XapaKTEPHU3YIOTCS JAPYTMMH I1apaMeTpaMH,
HampuMep. MaKCUMAJIbHO  JIOMYCTUMBIM  BXOJHBIM  HAMPSHKECHUEM,
pasMepamMu pabodeil YacTH DJKpaHa, MOTPeOJIsIeMONH  MOIIHOCTHIO,
rabapuTamu, Maccoi u Jp.
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Pass bane a frequency band within the bounds of which the
deflection factor varies not more than by 30% reddy its value at
medium frequency. For low-frequency oscillograghssually comes up to
5 MHz, and for high-frequency ones — up to hundredgahertz.

Sweep coefficient- my is the ratio of time At to beam deflection
caused by sweep voltage during this time. The sweefficient is usually
within the bounds of 0,0fis/div and 0,05 s/div. The sweep coefficient is
the parameter reverse to beam traverse speedtal@r@gyis X. The basic

error of voltage measurement and basic error of timterval measurements
are determined by maximum allowable errors whensonéag
corresponding parameters of a standard sinusoidaju@re signal which is
supplied to the oscillograph input.

Input parameters of an oscillograph are determimeitiput resistance

Rgx and input capacitanc€g, . Usually Ry, > 1 Mohm, andCy is only
some picofarads.

Oscillographs are also characterized by other petens. For
example: maximum allowable input voltage, sizesusdful screen, power
requirement, external dimensions, mass etc.
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JJIA OBHAKOMJIEHW A

The principal advantages of cathode-ray oscillogsapre the very
high frequency limit and the fact that they dravbsantially no power
from the circuit. Their chief limitation is that lpnone quantity (or two
guantities if a special electronic is used) carobserved or recorded at a
time. Dimensional limitations of the screen may bka additional
disadvantage in some cases. For the visual studyydfc or recurrent
phenomena, they are the preferred type becausenpfigty of operation
and lower cost. Cathode-ray tubes can be obtain#dsereens producing
sufficiently brilliant traces for photographing misients. For long-time or
high-speed transients, a high-speed shutterlessngifilm camera can be
used in conjunction with the oscillograph.

The simplicity and portability of modern oscillogtes have made
them invaluable tools for the observation and reicg of transient and
cyclic phenomena in all branches of engineering.fdat, one of the
important advantages of electrical measuring methied in the ability of
oscillographs faithfully to record extremely ragrdnsients and to enable
investigators of cyclic phenomena immediately tsebe the effects of
various changes on the cycle. Two distinct clas$escillographs may be
recognized: the electromagnetic type and the cathag oscillograph.

Electromagnetic oscillographs operate on the placiof the
D’Arsonval movement. The moving coil consists dfiagle loop of small
wire (for this reason these oscillographs are sonest referred to as the
bifilar type) to which is cemented a tiny mirrorhi$ loop is suspended in
the field of a permanent magnet and is immerseailinto make the
movement deadbeat.

The inertia of the moving element is sufficientimal so that its
deflection will be proportional to the instantansaurrent through the loop
as long as the frequency of the current is nothigh. By means of the tiny
mirror, motion of the element deflects a light beatang one axis; for
viewing purposes, the light beam is deflected alineg9@ axis by rotating
or oscillating mirrors and is thrown on a viewirggeen. Constant speed of
rotation or oscillation of the mirror produces aelar time axis. For
photographic recording, the viewing screen is regdlaby a camera or the
rotating mirror is replaced by a rotating drum thieh a film or sensitive
paper is fastened.

The principal limitation of electromagnetic oscglaphs is their upper
frequency limit — about 5000 cps — imposed by tietia of the elements.
This limit means that the oscillograph will not tfdully record high-
frequency phenomena or very rapid transients wides wave fronts.
When this limitation is not controlling, electronmadic oscillographs
possess some desirable features. Standard modeie @mnstructed so that
long-time transients can be recorded on a timeestalering many feet of
sensitive paper. For obtaining transients in whiahfrequency limit is not
exceeded and in circuits in which the power draynhe oscillograph is a
negligible factor, the electromagnetic oscillograph frequently the
preferred type.



LN PPOBBIE UBMEPUTEJILHBIE [TPUBOPHI (LIAIT)

[MUIT - »T0 mnpuOOpPHI, KOTOpHIE B MPOIECCE H3MEPEHUS
ABTOMAaTHUYCCKN BBIpa6aTBIBaIOT AUCKPCTHBIC CUTHAJIBI O HBMGPHTCHBHOﬁ
nHpopManuu W TPEACTABISIIOT TOKazaHus B 1udpoBoit  dopme.
OyHKIHOHATBHAS cXxeMa U(POBOro Mpudopa MpeacTaBieHa Ha PUCYHKE.

All - aHaJIOTOBBII
npeoOpazoBarenb,  KOTOPBIi
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DIGITAL MEASURING DEVICES (DMD)

DMD - is a device, which during measurement produce
automatically digital signals about measuremerdrmftion and represents
indication in a digital form. Its functional schensepresented in the figure.

AT — analog transducer, which
transforms input analog signal into the

Y

npeoOpazyer BXOJHOU ATl

AQHAJIOTOBBIM CHUTHAI K BUIY

v

All

Hoy form suitable for subsequent

transformation.

yIoOHOMY MJIsl JaidbHEUIIEero
peoOpa3oBaHuUs.

ALl — ananoro-1udpoBoii mpeodpa3zoBaTeb.

[JOY - 1uudpoBoe OTCUETHOE YCTPOMCTBO, MpeoOpasyromiee
KOJIMPOBaHHYIO HH(pOpManui 00 u3MepseMol BenuunHe B IU(POBOI
OTCYeT yMOOHBIA il CUMTHIBaHUS (CErMEHTHAs CBETOAMOMHAS HIIU
KHUIKOKPHCTATMUECKAss ~ MaTpUlla WM Ta30pa3psaHbIe  3HAKOBBIC
WH/IUKATOPBI).

OcHoOBHBIM y3110M mHdpoBoro mpudopa sBisiercss ALJII, KOTOpbId
MPOU3BOJUT JAUCKPETHU3AINIO, KBAHTOBAHUE M KOJUPOBAHHE HEMPEPHIBHO
u3MepsaeMoil BeMunHbl (yTeM mpeoOpa3oBaHuUs aHAJIOTOBOW BEJTHMUYUHBI B
UG poBOI KOJI).

JluckpeTusaiys HENpepsiBHOW BO BpeMeHH BennuuHbl Y(t) — 310
npeoOpa3oBaHUe ATOW BEIHYMHBI B MPEPHIBUCTYIO C COOTBETCTBYIOIIMMHU
3HaueHussMd Y () B ompeneneHHble MOMEHTHI BpeMeHHu tx. [TpomexyTok
BPEMEHU MEXIy JBYMS COCEJIHMMH OTCUCTaMH HA3bIBACTCS IIarOM
muckpern3zanuu - At =1t - .

KBaHTOBaHHME 3aKIII0YACTCS B 3aMEHE HEMPEPBHIBHBIX 3HauUeHHi Y (t)
KOHEYHBIM HaOOPOM ee TUCKpeTHBIX 3HaYeHu# Yi(t). PasHOCTh Mexmy
OMKalIIMMHU YPOBHSIMH KBAaHTOBAaHHOHN BEJTMYMHBI HA3bIBACTCS IIIATOM
KBaHTOBAHUSI.

KonnpoBanuem Ha3bIBa€TCs MPOIIECC MPEICTABICHUS YUCICHHOTO
3HAYCHUS BEIMYMHBI OTPEICTICHHOM MOCIEI0BATSIbHOCTHIO (P UK
CHTHAJIOB.

[To cmocoOy mpeobpazoBaHusi HENPEPHIBHON
KBaHTOBAHHYIO BBIICIISIFOT TPH OCHOBHBIX METO/IA.

BCJINYHHBI B

ADC — analog-to-digital coder.

DMI — digital measuring indicator transforming the eddanformation
about measured quantity into digital indication taolie for reading
(segment light-emitting diode matrix or liquid-ctgb indicator or gas-
discharge indicator).

The main unit of a digital device is an analog-igidl coder, which
makes digitization, quantization and encoding ofittmously measured
guantity (by means of transformation of analog diyannto numerical
code).

Digitization of a continuous quantit¥(t) — is transformation of this
guantity into discontinuous one with correspondiafuesy () in the
definite time momentk. The time interval between two neighbouring
readings is called a digitization sted t = ty.1 -tk .

Quantization lies in substitution of continuousued of Y(t) for finitesimal
set of its digital values t). The difference between immediate levels of
guantized value is called quantization step.

Encoding is a presentation process of numericalevaf quantity by the
definite sequence of figures or signals.

By manner of transformation of continuous quantityto
guantized one there are three basic procedures.



Meto mocae10BaTenbHOTO CYeTa.

HpI/I 9TOM MCTOAC IMPOUCXOAUT IMOCICAOBATCILHOC BO BPCMCHU
CpaBHEHHE M3MEpsAEMOW BEIUYMHBI Y C W3BECTHOM KBAHTOBAHHOU
BEIMYUHON Yy,  KOTOpash HU3MEHSETCSs BO BPEMEHU 4
(yBenmnumMBaeTcsT WM yYMEHBIIAETCSA) CKaYKaMH B Y. £
COOTBETCTBHM C IIaroM KBaHTOBaHUA. Yucio miaros,
pH KOTOpOM Hactymaer paBeHCTBO Yi(t,)=Y , paBHO
HOMEpY OTOXJECTBIISIEMOTO YPOBHS KBaHTOBaHHWs. Ha
OCHOBE ATOT0 METOJa IMOCTpOoeHa pabora mpuOOpOB C
BPCMAUMITYJIbCHBIM n YaCTOTHO-UMITYJIbCHBIM
npeoOpazoBanreM. B Takux mpubopax wuzmepsemas
BEJIMYMHA CHayasa nmpeolOpa3yeTcst B YUCIOUMITYIbCHBIN
KO/, KOTOPBIH 3aTeM MpeoOpasyercs B JIpyrue KOMIbI
yIoOHBIe AJIs1 YNPABJICHUS OTCUYETHBIM YCTPOWCTBOM.
[TpuGopsl OTIUYAIOTCS HECIOKHBIM HCIOJTHEHUEM, HO
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Incremental method.

According to this method the measured quantityis compared
sequentially in time with known quantized valg which varies in time
(increases or decreases) in discrete steps in
accordance with the quantization step.
Number of steps to achieve the equality
Y«(t,)=Y is equal to number of identifiable
quantization level. The operation of devices
with  pulse-time and pulse-frequency
transformation is based on this method. In
such devices measured quantity at first is
transformed into unit-counting code, which
then is transformed into other codes suitable
to control the measuring indicator. These
devices are notable for simple construction

UMEIOT HU3KOE ObICTpOJIeiicTBHE.

t, t, tg 1,
MeTo/1 oceI0BaTENHbHOTO TPUOIMKECHHUS.

[Tpu 3TOM MeTOze MPOUCXOAUT MOCIIE0BATEIHLHOE
BO BPEMEHU CpaBHEHHE H3MEpsIeMON BEIUYUHBI Y C
W3BECTHON KBAHTOBAaHHOM BENMYMHOW Yk,  KOTOpas
U3MEHSIETCS BO BpPEMEHU CKayKaMU 10 33JaHHOMY
aIropuT™My. 3HAYEHHE H3BECTHOM BENMYMHBI, NMPU KOTOPOM HACTYIaeT
paBeHCTBO Yi(t,)=Y, paBHO HOMEPY OTOXIECTBISIEMOTO YPOBHS.

Ha ocHoBe »TOro meroma paboTarOT TPHOOPHI C TOPA3PSIHBIM
YpaBHOBEIIMBAHUEM U KOJOBO-UMITYJIbCHbIE TpHOOpPHL. ITO Oojee

CJIOXKHBIC M IOPOTHE PHOOPHI, C 60JIee BBICOKUM OBICTPOICHCTBUEM.

MeTo CUNTHIBAHUSL.

I[Ipu »TOM MeToAe MPOUCXOTUT OJHOBPEMEHHOE CpPAaBHCHHE
U3MEPSIEMON BETMYHMHBI Y C M3BECTHBIMH BeTMYMHAMH Yi1 Yo, Yk3 ...
3HAUEHUS! KOTOPBIX PaBHBI YPOBHSIM KBaHTOBaHWs. V3BeCTHasl BENWYHMHA,
paBHas wu3MmepsiemMoit Y =Y, JaeT HOMEp OTOXKIAECCTBISIEMOTO YPOBHS
KBaHTOBaHUsA. [IpuOopel 3TOr0 THUMA HWMEIT CaMOE€  BBICOKOE
OBICTPOJICUCTBUE, OJIHAKO OHHM HMMEIOT CIOXHYIO W TPOMO3JIKYIO CXEMY
MMOCTPOCHHUSI U BEICOKYIO CTOMMOCTb.

KBanToBanmue mo YPOBHIO 1 JUCKPETU3ALUA I10
BPEMEHU HENPEPBIBHO U3MEPSEMON BETUYNHBI
Amplitude and time quantization of
continuously measured quantity

but they have slow response speed.

Step-by-step approach method.

In this method there is sequential in
time comparison of the measured quantity
with the known quantized valu¥, which
varies in time in discrete steps according to
the specified algorithm. Known quantity value gudeging equality
Yi(t,)=Y is equal to the number of the identifiable level.

Devices with digit-to-digit balancing and pulse-eodevices operate
on the basis of this method,. These are more comalel expensive
devices with higher response.

Reading method.

Here there is simultaneous comparison of the medsquantityY
with the known quantitiesYy1, Yko, Yks........ Yk, Whose values are equal to
guantization level. The known quantity, equal toaswed oneY,=Y,
indicates the number of an identifiable quantizailevel. Devices of such
type have the highest response but they have coatgdi and cumbersome
construction scheme and high cost.
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HNPPOBBIE USMEPUTEJIBHBIE [TPUBOPHI DIGITAL MEASURING DEVICES
HOCJIIEAJOBATEJIBHOT'O CHETA OF SEQUENTIAL COUNTING

[IUIT ¢ HemocpeACTBEHHBIM MPEOOpa30BaHUEM B KOJ BPEMEHHBIX
UHTEPBAJIOB (BPEMSUMITYJILCHBIC) DMD with direct transformation of time intervalsancode (pulse-time)

B 0OCHOBY BpeMSHUMITYJILCHOTO METOJa ITOJIOKEHO MpeoOpa3oBaHue The pulse-time method is based on transformatiora gheasured
U3MEpSIeMOM BENUYMHBI B MHTEPBAJbl BPEMEHH, KOTOpbIE  3aTeM quantity into intervals, which then are filled upthwimpulses of stable
3aIOJTHAIOTCS MMITYJIbCAMHM CTAOMIBHON 4YacTOThI. B KadecTBe mpumepa frequency. As an illustration let's examine a blodlagram and time
pacCMOTPUM  CTPYKTYpHYIO ~ CXeMy W  BpPEMEHHbBIC  JHarpamMMbI pictures (presented in the figure) of a pulse-tiamalog-to-digital coder
(mpeacTaBneHbl Ha pUCYHKE) BpeMsumiyibcHoro AL, ucmomp3yrommerocs applied in a digital DC-voltmeter, which transformsect voltage into a
B IU(POBBIX BOJBTMETPAX IOCTOSHHOTO TOKAa, KOTOPBIA IpeoOpasyer numerical code. Analog-to-digital coder containsoatrol unit CU, which
MOCTOSIHHOE HampspkeHue B 1udpoBoit koa. AIIIl comepkut 070K starts up the formation unit FU by impulgg and a ramp generator RG.
ynpaBnenuss  BY,  koropsiit It leads to that a time
HUMITYJIBCOM Up 3aIycKaeT OJIOK Un T t selector TS begins skipping
dopmuposanus O u remeparop Uc, Uszix | the pulses, produced by the
JIMHEHHO M3MEHSIOLIETOCs rem — BC B A 1, - > generator of the counting
Hanpsokerust [JIAH. PIXOA Uy . Uy u ! U, t impulses GCI. The ramp

DTO MPUBOJIHUT K TOMY, YTO U,y n i . » voltageuy is delivered to the
BpeMenHoi  cenektop  BC U T |1 2 t comparison device CD,
HAYMHACT MPOIYCKATh Ha BBIXOJ BED : » which produces an impulse
CUETHBIE UMITYJIBCHI, uij to t Up in that moment when
BbIpabaThIBaeMble T€HEPATOPOM Ut T T Ut , becomes equal to the input
cueTHbIX  umMmnyiabcoB  ['CU. U, 't { t (measured) voltage u,,
Jluneiino U3MEHSFOIIECCS ””””l” | "2”'””” ~ permanently delivered to CD.
HANPSDKCHUE Uk I0fAeTCs Ha u,. u | N t, " Impulse u, causes the time
ycrpoiictBo  cpaHenuss YC, — » YC |¢— IJIMH < BY ‘””"T | t  selector to close and to stop
KOTOpOE BBIPa0aTLIBACT Bxo0 Ur »  counting impulses
UMITYJIC Uy B MOMEHT, Koraa Uy b . propagation.

CTAaHOBUTCA pPaBHBIM BXOIHOMY

brok-cxeMa u BpeMeHHbIE TuarpaMMsel BpeMsauMiyiabcHoro AL
(u3mepsieMOMy)  HamPsKEHUIO

Uy, TIOCTOSIHHO TOCTYIAIOIIEMy The number of impulses
Ha YC. VMmynsc Up TPUBOAUT K 3aKPBITHIO BPEMEHHOI'O CEJIEKTOpa M K filling up the time intervat; - t; is determined from the formulaN=(t, -
MPEKPALICHUIO TMPOXOXKACHHUS CUETHBIX HMIYJIbCOB Ha BbIXOA. Yucio t1)/T..

UMITYJTbCOB, 3alOJHSIOIIMX BPEMEHHOW WHTepBain t, - t; ompenmensiercs

dopmymoit N=(tz - t)/Tc.. As t-t; = u, /k, wherek —a known factor depending on rate of voltage
[Mockombky tr - ) = U, /K, Tme K —mu3BecTHBIH KOIDOHUINUEHT, 3aBUCSIIHIA riseu, thenN= u,/(k7..) = u-f./k

OT CKOPOCTH HapacTaHus HanpspkeHust Uy, To N= U, / (K-T.,.) = Usf, /K



CocTaBasoIMe IOrpEeMHOCTH Nproopa:
1) morpemHoCTh KBaHTOBaHUs, 3aBucsmas ot A t, /T,., (BcieacrBue He
KPaTHOCTH BEJIMYHH);
2) OTPEIIHOCTh OT HECTAOUIBHOCTH YaCTOThI CYCTHBIX UMITYJIBCOB ..
3) MOrpenIHOCTh OT HEIMHEHHOCTH M HEeCTAOMIBHOCTH HAKJIOHA KPHBOM
JTUHEINHO U3MEHSIONIET0Csl HANPSDKEHUS M CMEILEHUS HYJIS,
4) u3-3a HaJIM4us mopora cpadareiBanus YC;
5) u3-3a HAJIMYKSI ITYMOBBIX MTOMEX.
O6mas mpuBenenHas norpemHocts Allll manHOrO THMa NEXHUT B
npenenax 0,05% - 0,1%.

HUIT ¢ HemocpeACTBEHHBIM MPEOOpa3OBaHHMEM B KOJ YacTOTHI
(9acTOTHO-UMITYJIBCHBIC )

B uyacrorHo-umnynbscHbix ALl BxoaHass aHamorosas BeJIMYMHA
(mampspkeHHe Uy) TpeIBapUTEIbHO Mpeodpa3yeTcs B 4acTOTY CIICIOBAHUS
ummynscoB f,. Ha BeIXome uudpoBoit ko ¢opMupyercss NOCpeacTBOM
3aM0JIHEHUS STUMH
HUMITyJIbCAMU BPEMEHHOIO
MHTEpBaja CTPOro
ONPEACICHHON JIMTEIbHOCTH
T,. CrpyktypHas cxema WU
BpeMeHHble auarpammbsl ALIIT

ug blX
—

Brixon

U, Us x
—» U » BC
Bxoo

uTo

JAHHOTO THUIA TIPE/ICTABIICHBI
Ha PUCYHKE.
BxonHoe HampsbkeHue Uy

Uy

TUK]T 1%

IIOCTYIIa€T  HAa  TEHEPATop
umnyiascoB MM ¢ wacTtoToit
CJIEIOBaHHUA, yIpaBisgeMoil
BXOJHBIM Hamnpsbkenuem  f.=
k-u ,rme kK - xoaddurment
npeoOpa3oBaHus. Y CTPOMCTBO
yOpaBlIeHUS  3allyCKaeT  TEHeparop  HMIIYJIbCOB  KaJIWOPOBaHHOM
mmrensHocTy UK/, koTophlil ynpaBisieT BpeMeHHbIM cenekropoM BC,
OTKpBbIBasi €ro Ha Bpems 71,. YHCII0 KOJOBBIX UMITYJILCOB IOCTYIAIOIINX HA
BBIXOJI OIIpeIeNIAeTCs 110 (popMyie CIeayomUM 00pa3oM:
N= To/T= Tofx.
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biok-cxema u BpeMeHHbIE JuarpaMmMbl 4aCTOTHO-UMITYIbCHOTO ALIIT

Instrumental error components:
1) quantizing error depending aof t, /T,
multiplicity);
2) error because of frequency instability of congtimpulsesf,;
3) error owing to non-linearity and instability thie curve slope of ramp
voltage and zero shift;
4) error because of DC operating level presence.
5) error because of noise interference presence.
The total reduced error of an analog-to-digital exodf the given
type lies within the bounds 0,05% - 0,1%.

(owing to quantity non-

DMD with direct transformation into the frequenoyde (pulse-
frequency)
In a pulse-frequency analog-to-digital coder theuinanalog quantity

(voltageu,) is previously transformed into a pulse repetitfc@guencyf,.
At the output the numerical code is formed by meafdling up the time

interval of the definite

[ N

U, T t duration 7, with these
» impulses. The block
Uz, T diagram and time
t‘ pictures of analog-to-
y | To=to—1t | "~ digital coder of the
" T, 5% 7%
» presented in the figure.
Ugix ' Input voltage u, is
t  applied to the impulse
't t, ~  generator IG with the
frequency controlled by
input voltagef,.= k-u ,
where k - a conversion
factor. The control device

starts up the generator of impulses with calibratechtion GICD, which
controls the time selector TC, opening it for th@et interval 7,. The
number of code pulses going to the output is detexthas follows:

N= To/T: Tofx.



AHaJIOTHYHBIM 00pa3oM paboTalOT W NPHOOPHI I W3MEpPEHUS
4acTOThl (4aCTOTOMEPHI), MPUHIUI JCHCTBUS KOTOPBIX 3aKJIIOUACTCS B
nojicuere uMnyibcoB f, 3a matepsan 7.

Henocratok nmpubopoB ¢ yactorHO-uMItylbcHbIM AL 3akmouaercs
B WX CpPaBHUTEIHHOW CIIOXHOCTH. B Hactosiiee Bpemsi TOTPEIIHOCTh
npuOOpOB 3TOr0 TUMA (B OCHOBHOM OT HECTaOMIBHOCTH KOod(duimenTa
npeodpazoBanuss K) moxker ObiTh cHmkeHa g0 0,01% (ipuBemennas
MOTPEIITHOCTb).

[MUIT C HEITOCPEACTBEHHBIM ITPEOBPA3OBAHWEM B
KO HAITPSDKEHUA ITOCTOAHHOI'O TOKA

B ostux mpubopax wu3MepseMoe HampspkeHwe U, CHaudana
npeoOpa3yeTcsi B UYHUCIOUMITYJIbCHBIA KON ITyT€M CpaBHEHUS U, C
W3BECTHBIM HaNpsHDKEHUEM Uy. DTO HaNpsKeHUE Ux BO3pacTaeT BO BPEMEHHU
ckaukamu. [Ipuuem
KaKIbIN CKa4oK
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The devices for frequency measurement (frequendgnsjework the
same their operation is based on calculation ofuilsesf, during the

interval 7,

The disadvantage of devices with a pulse-frequeamajog-to-digital
coder is their comparative complexity. At the preasame an error of this
type of devices (mainly because of instability afomversion factork) can

be reduced to 0,01% (a reduced error).

DMD WITH DIRECT TRANSFORMATION OF DIRECT

VOLTAGE INTO A CODE

In the devices of this type the measured voltages transformed at
first into a unit-counting code by means of comgamiu, with the known

ny
COOTBETCTBYET IlIary

KBaHTOBaHUS.

YucnonMiynbCHbIN

kox Oymer paBen U Ux
Yy Y x

A 4

oy 1

kux

U,

I'JICH

A

A
~
A

YHMCITY CTYNEHEH, Ipu  p 5 cy
KOTOPOM  HAacTyIaeT
pPaBEHCTBO Uy = U,.
CrpykrypHas
cxemMa M JaMarpamma Tr
HaIIpSDKEHUH  TaKkoro
npudopa v

Cmon-umnynsc T

'

k

A Uk

T Ilyckosou-umnynvc

MPEACTABJICHBI Ha
PHUCYHKE.

B KOJ HaNIps’KCHUSA

[Tpu nmomaue MyckoBOTo UMMYyJbca TpUITEp TT ONpPOKUIBIBACTCA U
CBOWIM BBIXOJTHBIM CUTHAJIOM OTKpBIBaeT Kitou K.

brok-cxema u nuarpamma Hanpsbkenuid LIUIT ¢ HermocpencTBeHHBIM MpeoOpa3oBaHUEM

v

voltage u. This voltage

Ux increases in time in
discrete steps. Moreover
each jump corresponds
to a quantization step. A
unit-counting code is
equal to the number of
steps, when the values of
ux andu, become equal

to each other.

A block diagram
and a voltage time
picture of such a device
are presented in the
figure.

When applying a triggering pulse the trigg&r is upseted and opens

(by its output signal) the switdk.



Nmnynbcsl OoT reHepaTopa umiyinbcoB ['M yepe3 Kito4 HavyMHAIOT
MOCTYNaTh Ha BXOJ TE€HEeparopa JIUHEHHO-CTYNEHYATOr0 HANpsKEHUs
I'JICH u nepecuetHoro yctpoicrBa IIY. HampsixkeHne Uy Ha BBIXOZE
['JICH naumHaeT Bo3pacTaTh MO JIMHEWHO-CTYIIEHYaTOMY 3aKkony. [Ipu U =
u, cpaBHMBawniee  ycrporictBo  CY  BblJaeT  CTON-UIIMYJIBC,
BO3BpAIIAOIIUNA TPUTTEP B HCXOJIHOE cocTOsiHUMEe. Takum oOpa3om, Ha
orcueTHOM yctpoiictBe OV Oyaer 3adpuxcupoBano N= Uy /4 Uk = U, /A W

CymMapHas OTpeNHOCTh MPUOOpa ONPEIeIsIeTCs

- MOTPEHIHOCTh JTUCKPETH3allMM B MOMEHT paBeHCTBa Ux = U, ,
3aBUCALIAs OT yncia ctyneHeil 4 Uy ;

- TOTPEUTHOCTh peaNH3aruu, O0yCIOBIECHHAS HEOJWHAKOBOCTHIO U
HECTaOMIBLHOCTBIO CTymeHer A4 Uy ;

- TOTpemHocTh, O00yCIOBICHHAs
CpPaBHMBAIONIETO YCTPOMCTBA.

B Hacrosimiee Bpems Takue MTPUOOPHI HCIONB3YIOTCS Malo HU3-3a
HU3KOTO OBICTPOICHCTBUSI.

IMoporoMm 4YyBCTBUTCIIbHOCTU

HNOPOBBIE USMEPUTEJIBHBIE ITPUEOPHI
[NOCJIEJOBATEJIbHOI'O ITPUBJIMDKEHW A

Iudposble npubOpLI ¢ K0AOBO-UMITYIbCHBIM AT
(mopa3psyIHOTO YPaBHOBEIIMBAHNS)

[Tpuatun pa®oThl TPUOOPOB TAKOTO THUIIA PACCMOTPUM Ha MPUMEPE
KOJIOMMITYJIbCHOTO ~ BOJIbTMETpPA, CTPYKTypHasi CXeMa U Juarpamma
HaNpPsLKEHUH, KOTOPOTO MIPEICTaBICHBI HA PUCYHKE.

[TyckoBbIM umMIynbcoM Tpurrep Tr ONpOKUABIBAETCS U OTKPHIBAET
kirou K.

NMnynecel OT reHepaTopa TakTOBbIX MMIYiIbCcOB I'TH HaumHaror
MOCTyNaTh Ha BXOJl pacHpeAesUTeNsl TAKTOBBIX UMITYJbcoB PTU, koTopsIii
BBIJJACT HMMIYJbC Ha CBOEM IepBOM Bbixojae. llox pgeiicTBueM 3TOrO
nMItynbca onpokuasiBaercs tpurrep TI'y. Tpurrep TI'1 Bo3nelictByer Ha
nudpo-aHanoroelii  mpeoOpazoatenp L[AIl, Ha BBIXOJE KOTOPOTO
MOSABJISIETCA HAIPSKEHUE uk1=2”'1A U , rome A U - HampsbKeHUe, paBHOE
1iary KBaHTOBAaHHUS.
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The impulses from the pulse generator PG via thigckwegin to
enter into the input of a linear-step voltage gatwrLSVG and a scaler S.
The generator output voltage begins to increase by the linear-step law.
When u =u, a comparison deviogeD generates a stop-impulse, resetting
the trigger. Thus, the measuring indicator Ml reisorN="u /4 w = u, /A4
Uk.

The total error of a device includes:

- a digitizing error in the moment of equalily = u,, depending on
the number of steps dluy;

- a realization error caused by the inequality srstiability of steps
Aug;

- error caused by the threshold sensitivity obmparison device.

At present time such devices are applied not vétgnobecause of
their slow response.

DIGITAL MEASURING DEVICES OF
SUCCESSIVE APPROXIMATION

Digital devices with a pulse-code analog-to-digdedier
(digit-to-digit balancing)

Let's take a code-impulse voltmeter as an exampleonsider the
operation principle of such type devices. The bldekgram and voltage
time picture of a such device are presented inréigu

The triggering pulse upsets the trigdgrand opens switcK.

The impulses from a clock pulses generator CPGnbigienter the
input of a timing-pulse distributor TPD, which geaies an impulse on its
first output. Under the action of this impulse thgger Tg is upseted. The
trigger Tg; acts upon a digital-to-analog converter DAC, oa tlutput of
which the voltageu;=2"*4 u, appears; hered u, - voltage equal to a
guantization step.



Ecmu ug>u,, TOo cpaBHHBaromiee yctpoilctBo CY BbIIAaeT CHUTHAII
oTkpeiBatomuii kimoun Ky - Ky Ipu cnenyromem mare (3amaercs ['TH)
pacnpenenurens PTU nosiBasieTcs UMITyJIbC Ha €0 BTOPOM BBIXOJIE. DTOT
UMITyJIbC Yepe3 K4 K Bo3BpamaeT Tpurrep TI'1 B HICXOHOE COCTOSIHUE,
OTKJIIOYasl MEPBYIO CTYIEHb HAIpsDKEHUs Ux1, U OMPOKHUIBIBAET TPUITED
TI',. Tpurrep TI'2.Bo3zmelictByer Ha LIAIl, Ha BBIXOAE KOTOpOTO
MOSIBIISICTCS CIICAYIONIAst CTYIICHb uk2=2”'2A Uc. Ecitt U< Uy, To ximroun Ky
- K OynyT 3akpeIThl ¥ nipu cienyromieM mmare PTU ummynsc ¢ TpeTrbero
BBIXOJIa HE CMOXET BepHYTb Tpurrep TI2 B HMCXOOHOE COCTOSIHME, HO
onpokuHer Tpurrep TIz , BKIIOYAaONMU  CIEAYIOUIYIO CTYIIECHb
HanpspkeHus Ug.. Tlocne atoro mara Ha Beixozae LIAIT Oyaer HanpspkeHHE
Uk2=2n'2A Uk.+ 234 Uy., kKoTopoe Oynet cpaBauBathest ¢ U, u T.1. Takum
o0pa3oM, K KOHIy LuKkia u3MmepeHus Ha Bbixoge LIAIl Oynmer mabpano
Hanpspbkeaue Uy, HamOomnee Omuskoe 3HadeHuto U,. Dtomy 3HaueHuto Uy
OyZeT COOTBETCTBOBAThH OMNpeAeNicHHas KOMOMWHAIMS  OMPOKUHYTHIX
TpUITEpOB. BBIXOJHBIE MOTEHIMANBI 3TUX TPUITEPOB 00pa3yroT koi. [lpu
(n+2)-M mare wuMMOynbCc pacnpenenuTens Bo3Bpamaer Tpurrep T B
HCXOJHOE COCTOSIHUE, M Ha 3TOM LIMKJI NpeoOpa3oBaHus 3akaHunBaercs. Ha
pUCYHKE  TOKa3aHa JuarpaMMa  HalpsDKEHUW,  WUIIOCTpUpYroIIas
obpazoBanne Uy wu nBomuyHoro mapamienpHoro koma 01001 npwm
n3mepenuu U,.

OCHOBHBIE COCTABIISIFOLIUE TOTPEIIHOCTH

- MOTPEIIHOCTh JUCKPETH3aLUU, OMPEACNACTCS YHUCIOM pa3psoB
KOJIa;

- IOTPELIHOCTh peanu3aiuu, 3apucsimas ot LIAIT;

- IOIPEIHOCTh OT HAJIMYMS OpOra 4yBCTBUTENBHOCTH CVY.

Y 3tux npubOpPOB TOCTUTHYTA BBICOKAs TOYHOCTH (MIOTPEIIHOCTH
0,001%)u MOskeT OBITH MOJYYEHO BHICOKOE OBICTPOICHCTBHE.
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If ux> u, then a comparison device CD generates the signapeén
switchesK; - K, During next step of a distributor TPD (given by @) the
impulse appears on its second output. This impelsets the triggerg; via
the switch K3j , cutting out the first step of voltagg;, and upsets the
trigger Tge. The triggerTg, acts upon DAC, on the output of which the
following stepuk2=2”'2Auk appears. Ilt.< u,, then switche; - K;, will be
closed and during the next step of TPD the impirisen the third output
will not reset the triggetg,, but it upsets the triggéigs, switching on the
next voltage stepk. After this step on the output of DAC There will thes
voltageU,o=2"%4 U,.+ 2"34 Uy, and it will be compared witt, and so
on. Thus, towards the end of the measurement oyctée output of DAC
there will be the voltagek, which is the closest to valug.. The definite
combination of triggers will corresponds to thisueay. Output potentials
of these triggers form a code. &i+2)-th step the distributor impulse resets
triggerTg and the transformation cycle comes to the end.

In the figure shown is the voltage diagram illustrg the formation ofJy
and binary code 01001 at measuremefuit,of

Basic error components:

- digitizing error determined by the number of caadsitions;

- realization error depending on DAC;

- error because of presence of threshold sengitiwiCD.

These devices have high accuracy (error is 0,0C?d)it's possible
to obtain fast response.
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[MUPPOBLIE USMEPUTEJILHBIE ITPUHOPHI CYUTHIBAHM A

CrpykrypHas cxema [[UII cuuThiBaHus mpencTaBieHa HA PHUCYHKE,
rae MH — HMCTOYHMK M3BECTHBIX HAIPSKECHUH, KOTOPBIE COOTBETCTBYIOT
ypoBHsAM kBaHTOBaHus, CVYi , CYy , CV3, ... , CY, — cpaBHUBaIOIINE
YCTPOMCTBA.; I[IKK — mpeoOpa3oBarenph EIWHWUYHOTO KOAa B KOJ
YIPaBJICHUS! OTCYETHBIM ycTpoiicTBa OY.

[MosBnenne ©Ha Bxome mpubopa HampspkeHuss U, BbI3bIBacT
cpabaTbIBaHME CpPaBHUBAIOIIUX YCTpOHCTB, s kotopeix U,> Uy Ha
BbIXozie cpaboTaBmux CY MOSBISIOTCS CUTHAJBI, COOTBETCTBYIoNME 1, Ha
BbIXO/e OcTAILHEIX CY —curHansr O.

WN3mepenHass BenuynMHa OJHOBPEMEHHO CpPAaBHUBAETCA CO BCEMU
YPOBHSIMU KBaHTOBAHUSI.

Takum 00pa3zoM, Ha BBIXOJIE CPAaBHUBAIOIIMX YCTPOHCTB IOIydaeTCs
eAMHUYHBIA KOJI, ompeiesieMblii pasmepoM U,. TOT Koa mpeodpazyercs ¢
nomouisto ITKK B npyroii Bux xoaa, HanpasisieMblii Ha OY 1 Ha BBIXOA.

JIOCTOMHCTBO Takux NPUOOPOB — Majgoe BpeMs NpeoOpa3zoBaHUS
(cBepxBBICOKOE OBICTPOACHUCTBUE, MPAKTUUYCCKA MIHOBEHHOE H3MEPCHHUE
10" wm3m/c), onpenensiemoe cpabareiBannem CY u ITKK. HemocraTok mx
3aKJII0YaeTCsl B CJIOXHOCTH ammaparypsl (Tpebyercss N cpaBHHBArOIIUX
YCTPOMCTB M CIIOKHBIA HCTOYHUK M3BECTHBIX HAMIPSHKCHHMIA).
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DIGITAL MEASURING READING INSTRUMENTS

A block

diagram of

digital measuring reading instruments is presentedhe figure, where
SNV - source of known voltages corresponding tontjmation levels;
CD,, CD,, CD;, ... , CD, — comparison devices; CUC — converter of a
unit code into a code of controlling measuring aador MI.

Appearance of the voltage), on the device input causes the
comparing devices for whicb,> Uy to function. Signals appear on the
outputs of active comparing devices; this signalsespond to 1, and there
are 0 signals on the outputs of other devices CD.

The measured quantity is simultaneously compareth all the
guantization levels.

Thus, on the output of comparing devices therehes unit code
defined by value otJ,. This code is transformed with aid of CUC into
another code form and is sent to Ml and to thewutp

The advantage of such devices is — short transtoymatime
(superhigh response speed, practically instant uneasent: 10" meas/s),
determined by the functioning of CD and CUC. Disatbage is in the
apparatus complexity (it is required to have N carmmg devices and
complicated source of known voltages).
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OCOBEHHOCTHU M3MEPEHMA MAJIBIX W bOJIbIINX
TOKOB 1 HAIIPSOKEHW

JInst  BBITIONHEHUSI PAa3IMYHBIX HM3MEPHUTEIBHBIX TMPeoOpa3OBaHMMA
UCTOJB3YIOT  MacuITabHble M3MEpHUTEIbHBIE IpeoOpa3oBarenu, K
KOTOPBIM OTHOCSITCS: TIYHTBI, JCITUTEIN HANpPSKCHHs, U3MEPUTEILHBIC
YCUIIUTENH, U3MEPUTENbHBIE TPaHCPOPMATOPBI HANTPSKEHUS U TOKA.

[yt mpencrtaBisier coOOW pe3UCTOp, BKIIOYAEMBIN MapauieIbHO
CpPEeICTBY UW3MEpEHUs, TMpeAHa3HadYeH JJIsi YMEHBIICHHWS  TOKa,
MPOTEKAOIIEro TI0 U3MEPUTEIBEHOMY MEXaHHU3MY B 33JJaHHOE YMCIIO Pas3.
[IyHTHI, KaK MpaBWIO, MPUMEHSIOTCS B IEMSAX IOCTOSHHOTO TOKa B
MarHuTOdJIeKTpuueckux npudopax. Kmaccel TouHoctu mryaTtoB ot 0,02 10
0,5.

Jlenutens HaNpsOKEHHS CIY)KUT JUISl YMEHBIICHUS HANpsHDKCHUS B
OTIpEeACNICHHOE YHCIO pa3. Pa3HOBUIHOCTh NEIHTENSl HAMPSIKCHHUS —
N00aBOYHOE COMPOTHBIICHHE, KOTOPOE BKIIFOYACTCS IOCIEIOBATEIBHO C
BOJIbTMETpOM.  Kitacchl  TOYHOCTH — KaaMOpPOBAHHBIX  JOOABOYHBIX
pesuctopos ot 0,0110 1,0.

W3mepuTenbHblE YCHWJIMTEIW CIYKaT JJis YCUJICHUS CHTHAJIOB
MOCTOSTHHOTO W TIEPEMEHHOT0 TOKa, T.C. IS PAaCHIMpEHHs] MpPEIesioB B
CTOPOHY MaJIbIX CUTHAJIOB.

W3mepurenbHbie TpaHC(HOPMATOPHI HAMIPSHKEHHSI H TOKA HCIOJB3YIOT
Kak mpeoOpa3oBaTeny OONBIINX MEPEMEHHBIX TOKOB M HAMpPSDKEHUH B
OTHOCHTEIIFHO MaJIble HANPSDKEHUS U TOKH, JOMYCTUMBIE IS U3MEPEHUS
npubopamMu ¢ HEOONBIIMMH CTAHJAPTHBIMH TIpEJeiaMd  HU3MEpPEHUs
(manpumep, 5 A, 100 B). Ilpumenenue HU3MEPUTETBHBIX
TpaHCGOPMATOPOB B BBICOKOBOJIBTHBIX IMEMSAX TO3BOJISIET OOECIEYUTh
0€30macHOCTh pabOTHI 0OCITYKMBAIOIIETO ITEPCOHAIA.

N3meputenbHbie TpaHCPOPMATOPBI COCTOST U3 BYX H30JIMPOBAHHBIX
APYT OT apyra 0OMOTOK: IEPBUYHON C YMCIIOM BUTKOB W1 U BTOPHYHOM -
Wp, TOMETIIEHHBIX Ha (PepPOMArHUTHBIN CepACUHUK.

B tpancdopmaropax Toka, Kak MpaBWIIO, IEPBUYHBIN TOK |1 OonbIe
BTOpUYHOTO |7 , mosTOMY W1 < W5, [lepBruHas 0OMOTKa MOXET COCTOSITh
U3 HECKOJIbKAX BUTKOB, @ B HEKOTOPBIX CIIydasiX U3 OJHOTO BUTKA, B BUJIC
[IVHBI, TPOXOSIIEH Yepe3 OKHO CepIeUHUKA.
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FEATURES OF HIGH AND LOW CURRENT AND VOLTAGE
MEASUREMENT

Scale-measuring transducers, such as: shunts, tijpoteters,
measuring amplifiers, current and voltage measutmagsformers are
used to fulfill different measurement transformasio

A shunt is a resistor connected in parallel withmeasuring
instrument and it is intended to reduce the curflenting through the
measuring mechanism by the set number of timesa Ade, shunts are
applied in DC circuits in moving-coil instrument8hunt accuracy rating
is within the bounds of 0,02 and 0,5.

A potential divider (a potentiometer) serves touzlthe voltage by
definite number of times. A series resistor (anilaary resistor) is a kind
of potentiometer. Accuracy ratings of calibrateckibary resistors are
within the bounds of 0,01 and 1,0.

Measuring amplifiers serves for DC and AC signalltiplication,
i.e. to expand the measuring range in order togdezcsmall signals.

Voltage and current measuring transformers functisrtransducers
of high alternating currents and voltages intotreddy low currents and
voltages, which can be measured by instruments witlall standard
measuring ranges (for instance, 5 A, 100 V). Theliegtion of
measuring transformers in high-voltage circuitsvies the industrial
safety of operating staff.

Measuring transformers consist of two isolatedscgirimary one
with w; number of turns and secondary one wignumber of turns,
which are situated on a ferromagnetic core.

In current transformers, as a rule, the primaryanirl, is greater
than the secondary ore , therefore wy < w,. The primary coil may
consist of several turns and in some cases ofwndr the form of a bus
lead passing through the core window.
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nepBuYHOe HampspkeHue Uj In voltage transformers the primary voltddgis greater than the
secondary on#J,, therefore wy > wo.

Current and voltage transformers differ from eattteoin terms
of their connection with a measured circuit andrth®rking conditions.
The primary winding of a current transformer is wected with

a measured circuit in series and that one of aagelttransformer — in

B TpanchopmaTtopax HampspKeHUs
6ompiie BTopuuHoro Uy, mostomy Wi > Wo.

[To cxemaM BKIIIOYEHHSI B U3MEPSIEMYIO LIETIb U 10 YCIOBUIO PabOTHI
TpaHC(OpPMaTOPhI HANPSDKEHNS M TOKA OTJIMYAIOTCS APYT OT APYTa.

[lepBuunyto 0OMOTKY TpaHcpopmaropa TOKa BKIIOYAIOT B
U3MepsieMyIO el TIOCJIEA0BATENbHO, a TpaHc(hopMaTopa HANPsDKCHUS —

napamiensHo. V3MepurenbHble NPUOOPHI BKIIOYAIOT BO BTOPUYHYIO

00MOTKY TpaHC(HOPMaTOPOB.

HO ITIOKAa3aHUsAM HpI/I60pOB OHpe,Z[GJ'ISIIOT I/IBMGPSIGMBIG BCJIIMNYMHBI
HaIpsDKEHUS U TOKa C TTOMOIIBI0 KOAPUIIMEHTOB K| U K .

K, = |_1 - NEUCTBUTENLHBIN
2

kod(uimeHT TpaHchopmaruu IS
TpaHc(hopMaTOpoOB TOKA.

IEeUCTBUTEIBHBIN

KO3 PUIMEHT TpaHcHopMaIUl JUIs
TpaHc(hopMaTOPOB HAIIPSIKEHUS.
OnHako x| U Ky HETOCTOSHHBI,
a 3aBHCAT OT BEJIUYUH TOKOB U
HaMpsDKEHUH, XapakTepa U 3HAYCHHUS
Harpy3Ke BTOPHUYHOM IIETIH, YaCTOTHI
TOKa, a TakXe OT KOHCTPYKIIHH
tpanchopmatopoB. Ilostomy mis
OTIpeIeNIeHUs] TOKOB M HANpsHKEHUN

o MOKa3aHus puoOpoOB
UCIOJIL3YIOT HE JEHCTBUTENBHEIC, a
HOMHUHAJILHBIC K02 PUITUEHTHI
TpaHchOopMaIHu:
L =r,l00 Uy =g,Us,
. _ _Uy
FILC. KIH—_, KUH_ =
2 Uy,
HOMHUHAJIbLHBIC K02 PHUITUEHTHI

TpaHc(hOpMaIHH.

transformer winding.

| T % }ﬂz
a N W 6)
|

pAppA Wo
[
VTV
|2 Hl HZ

CxeMa BKITIOUYEHUS U3MEPUTEIIBHBIX TPAHC(POPMATOPOB TOKA a) H
HarnpsKeHUs 0)
Connection scheme of measuring current transfora)exsd voltage
oneso)

parallel. Measuring instruments are connected wite secondary

Measured values of voltage and current are detexnon the
basis of instrument readings with the help of fetp and «y .

I ,
K, =|—1 - real transformation
2

ratio for the current transformers.

K, =— - real transformation
2
ratio for the voltage transformers.
However,x;, and xy are not
constant, they depend on current
and voltage values, character and
value of the secondary circuit
load, current frequency, as well as
on a transformer construction.
That is why to define currents and
voltages from instrument readings
we use not real but nominal
transformer ratios:

ly =x,l, Uy =k, U,
U

where k|, =—%, Kk ,= 2
| U

2H 2H

- nominal transformer ratios.



OHpeHeHeHHe HU3MCPACMBIX BCIIMYUH 10 HOMHWHAJIIbHBIM
kod(urmentaM TpanchopMaIi TPUBOIUT K MOTPEITHOCTSIM.

f, =100(x,,, —x )/ - ToxoBas morpemHoCTS,

fu =100(xy,, —ky )/ Ky - morpemHOCTH HaNpsHKCHHS.

Y U3MepHTENbHBIX TpaHcHOPMATOPOB HMMEETCS €Ile M  YIioBas
MOTPEIIHOCTb, U3-3a HETOYHOCTH Tepenayn (as3bl MepBUYHON BEITUIHHBI
BTOPUYHOM BEIMYMHE. YTJIOBas MOTPEUIHOCTh OKas3bIBaeT BIMSIHHME Ha
U3MepeHHe BeJIMYHH HEKOTOPBIMU NpudopaMu  (BaTTMETphI, (ha3oMeTphI),
MOKa3aHUsg KOTOPBIX 3aBUCAT OT (Pa30BOTO CIABUTAa MEXIY TOKAMHU B
HETSIX ATUX MPUOOPOB.

Kak u3BecTHO M3 TeopuH, sl TpaHC(HOPMATOPOB TOKA B MJICATHHOM
ciydae (a3oBbIii CABUT MEXIY BEKTOpPAaMH BTOPHYHOTO |» 1 IEpBUYHOTO
|1 TokoB cocraBiser 18C0. Takoii ke (ha30BBIi COBHI JOJKEH OBITH
Mexay Bekropamu BropuuHoro Up m mepBuuHoro Ui HampspkeHHH Juis
TpaHc(hopMaTOpOB HAMPSKEHUS.

Tpanchopmaropsl Toka pabOTalOT B pexXUME, OJM3KOM K DPEKUMY
KOPOTKOTO 3aMbIKaHMsI, TaK KaK B MX BTOPUYHYIO OOMOTKY BKJIIOYAIOT
IpUOOPHI C MAJIBIM COIPOTUBIICHHEM.

W3mepurenbubie TpaHchopmartopbl Toka ansi vactotel 50 I
M3rOTAaBIMBAIOT HA HOMUHAIbHBIE NepBHUYHBblE TOKH 10 40 KA u
HOMHUHAJIbHBIC BTOpUUHbIe TOKK 5 A (MHOoTHa 1 A, 2 A, 2,5A).

Krnacc touHocTH TpaHCc(OpMaTopoB TOKa OINpenenseT NpeAeiIbHbIC
3HA4YECHHUsI TOKOBOM U YIJII0BOM MOTPEIIHOCTH U HAXOJUTCA B Ipesenax oT
0,210 10.

Tpancopmaropsl HanpspKeHUS pabOTalOT B pEXHUME OJIM3KOM K
PEKHMMY XOJIOCTOTO XO0/1a, TaK KaK B UX BTOPUYHYIO OOMOTKY BKJIIOYAIOT
npubopsl ¢ OOJBIIMM BHYTPEHHMM CONpOTHBIeHHEeM. HawnGombinee
BIMSIHUE Ha TIOTPEIIHOCTh OKa3bIBAaeT Harpy3ka BTOPHUYHOW IIeTH
TpaHcdopmaropa. [103ToMy BO BTOPHUHYIO LIEIIb MOKHO BKIIIOYATh TaKOE
KOJIMYECTBO MPUOOPOB, YTOOBI MOTpedIIsieMasl MOIIHOCTh HE MpeBbIIIana
HOMHUHAJIBHOW MOIIIHOCTH TpaHC(opMaTopa.

W3mepurenbHble TpaHc(hOpMaTOPbl HANPSOHKEHHUS HM3TOTABIUBAIOT Ha
HOMHUHAJBHBIE TEPBUYHBIC HANpsokeHus 10 35 kB npm HOMUHATBHBIX

BTOpUUHBIX Hanpsukenusax 150, 100 100/ \/§ .

56

Definition of measured quantities on the basisamhimal transformer
ratios leads to errors.

f, =100(x,,, —x )/ - currentinaccuracy,
fu =100(xy,, —xy )/ xy - voltage inaccuracy.

Measuring transformers also have a phase displatessethere is an
inaccuracy in phase transmission from the primawangty to the
secondary one. The phase displacement influeneesntasurement of
guantities with the help of some instruments (watars, phasemeters),
because their readings depend on the phase shwiede the currents in
circuits of these instruments.

As it is known from the theory, in ideal cases umrent transformers
the phase shift between the phasors of the secprdarentl, and the
primary onel; is 180. The same phase shift must be between the phasors
of the secondaryoltage U, and the primary onéJ; of the voltage
transformer.

Current transformers work in short-circuit condisp as the
instruments with small impedance are connected th&r secondary
winding.

Measuring transformers for current of frequencyrHiOare made for
nominal primary currents to 40 kA and with nomisatondary current 5
A (sometimes 1A, 2 A, 2,5 A). Current transformer accuracy rating
assigns the limit values of current error and phdisplacement and is
within the bounds of 0,2 and 10.

Voltage transformers work in no-load conditions, #w
instruments with great impedance are connected ih& secondary
winding. The influence of the transformer load rea, that is why the
number of instruments in the secondary circuit fthdae such as the
power requirement does not exceed transformergatin

Measuring voltage transformers are made for nompniahary
voltage to 35 kV with nominal secondary voltag&®, 100 100 / J3.



M3MEPEHUE AKTUBHOUW MOIITHOCTHU B OJJTHOPA3HBIX ITEITIX
M3MepeHne MOIIHOCTU BBINOJHAETCS C IOMOLIbIO BAaTTMETPOB
(0OBIYHO DNEKTPOJMHAMHYECKON WM (PepPOTUHAMUYECKON CHCTEM).
OnHoda3Hblii BaTTMETP COJEPXKHUT JIBE KATYIIKH, HEMOJBIXKHYIO U
MOJIBJKHYIO, COEIMHEHHYIO CO CTpenkoil. OHa moBopauuBaeTcs NPOTHB
ycunus npykuHbl. HemoaBrkHas KaTyllka BKIHOYAETCs KaK aMIEpMeTp
MOCTIeIOBATEIbHO C HArpy3KOM W Ha3bIBACTCS MOKOBOU O0OMOMKOU.
[lonBukHasg KaTyllKa BKJIIOYAETCS KaK BOJBTMETP MapajuleIbHO
Harpyske, MpPOMYCKAaeT Majblii TOK, MPONOPLHMOHAIBHBIA MO BEIWYHHE
HanpsDKEHUIO Ha Harpy3ke. OHa Ha3bIBACTCS 0OMOMKOU HANPAICEHUS.
Bartmerp wu3MmepsieT CcpegHIO 3a IEepUoJ MOINHOCTh. B mennm
MTOCTOSTHHOTO TOKa MOIIHOCTh paBHa P=U:l. B nenu cuHycommambHOTO
TOKa T[IOKa3aHHE BaTTMETPAa paBHO NPOM3BEACHUIO JECHCTBYIOLIMX
3HaYeHUN HaNpsHKeHUs Ha OOMOTKE HANpsDKEHUS U TOKa TOKOBOM

0
0OMOTKHM U KocuHyca yria Mmexay aumu: P = U-1-cogp = Re(U ).
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Hauaina 00MOTOK MapKUPYIOTCS
CHIElMANbHBIMUA  3HAKAMH — TOYKAMHM Wi ) * 1,
3Be3fqoukaMu. Ecim ciydaercss OTKIOHEHHE 3a o—* :

OOMOTKHM HaIPsDKEHHSI, @ U3MEPSAEMYIO0 MOIIHOCTh

HIKa1y, He0OX0IMMO MOMEHSATh MECTAMH BBIBOIbI
U
CUUTATh OTPUIATEIBLHOM. Ha  peanbHOM o

BaTTMETPE C OTOM  LEIBI0  HUCIOJb3YETCS
nepeksoyaTess ‘1",

[ToTtpebnsemas MOIIIHOCTb BaTTMETpa
IPUBOJUT K IIOTPELIHOCTH, 3aBHUCSILEH OT
crocoba BKJIIOYEHHsI BaTTMeTpa. BO3MOXHBI JBE CXEMbl BKIIOYEHHS
BaTTMETPA, KOTOpBIE IOKa3aHbl Ha PUCYHKE. DTH CXEMbI OTJIMYAIOTCSA
CIoco0OM BKJIFOUEHHS MapauienbHOi memu. Cxemy a) 1enecooOpasHo
UCIOJIb30BaTh JJIsl M3MEPEHUs MOIIHOCTH BBICOKOOMHOM HAarpysku, a
cxemy 0) U1t ©3MEPEHUH MOIITHOCTH HU3KOOMHON Harpys3KH.

B cnydae wusMepeHHs MOIIHOCTH YHMCTO AaKTUBHOW Harpy3ku
MOTPEIIHOCTh BAaTTMETpa (M3-3a OTPEOICHHUS SHEPTUHU KATyIIKAMH):

I cXeMpl @) O = PI /P, ; I cXeMbl 0) O = PU / PH;rz[e

P, P, u P, - wmowmocrn, mnorpebusemble, COOTBETCTBEHHO,

MoCJeI0BaTENbHOM, apaieIbHO 0OMOTKAMU BaTTMETPA U HATrPYy3KOH.

CxeMbl BKIIFOUCHHS TTapaJlIeIbHOM OOMOTKH BaTTMETpa
Connection schemes for parallel winding of wattmete

ONE-PHASE POWER MEASUREMENT

Power measurement is fulfilled by means of wattmset@isually of
electrodynamic or ferrodynamic measuring systent)e Bingle-phase
wattmeter contains two coils, one fixed and oneyoag a pointer and
mounted in bearings so that it can rotate agaivestéstraint of a spring.
The fixed coil is connected like an ammeter ineewith the load and it
is called thecurrent coil The movable coil is connected like a voltmeter
across the load and draws a small current, whigbraportional to the
load voltage; it is called theotential coil

The wattmeter reads the average power during thededn a d-c
circuit this power is equd&=U-I. In an a-c circuit the wattmeter reads the
product of the rms current in its current coil, times voltage across its
potential coil, and cosine of the phase-displacgraagle between these

O
two quantities: P = U-l-cogp = Re(U 1).
The beginnings of coils are marked by special sigrs/ stars or
dots. If the downscale reading is

0) Ix 11, obtained then the potential coil must

o (W e—= be reversed to allow an upscale
reading under these conditions and it is

Z Ul Z necessary to count the meaning of
o : power as negative. In real wattmeter it

is made by use of selector switcH'*
Power requirement of a
wattmeter leads to an error depending
on the wattmeter connection way.
There are two possible schemes of wattmeter coionectvhich are
shown in the figure. These schemes differ in thg wfaa parallel circuit
connection. Scheme a) is expedient for power measemt of high-
ohmic load and schen®@ — for power measurement of low-ohmic load.

In case when we measure purely active load powemthttmeter
error (owing to coils power requirement):

for schemen)is 0 =P, / P,; for scheme6)is 0 =R, / P,;

where P, , P, , P, - powers consumed, respectively, by series , lgaral
wattmeter windings and load power.
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U3MEPEHUE AKTUBHOM MOIITHOCTU B TPEX®A3HBIX THREE-PHASE POWER MEASUREMENT
[EITAX
In a three-phase system regardless of the load ection
B tpexdasznoii cucTeMe HE3aBUCUMO OT CXEMBI COSAMHEHUS HArpy3KH scheme (star or delta) an instantaneous power Valetermined by sum
(3Be3nma, TpeyroJibHUK) MIHOBEHHOE 3HAYCHUE MOIIHOCTH OIPEICIISIeTCS of instantaneous power values of individual phases:
CYMMOM MTHOBEHHBIX 3HAYCHUI MOIIHOCTH OTJAEIbHBIX (a3: P=pat+pstpc.
p=patps+pc. Active powerP is determined from the following expression:

AKTHBHas MOIIHOCTh P omnpenensieTcs BEIpaKECHUEM:
S P _

: T |
!P:lep dt =P, + P + P :UAIAcos¢A+UBIBcos¢B+Uclccos¢ci
0 :

e e o e e e e e e e e e e e e e e e e e e e e e e e e e e — s Where:PA' PB' PC _ active pOWerS
rae. Pa, Pg, Pc — aKTHBHBIC MOIITHOCTH K01 (ha3bl,

Ua, U, Uc — (1)33HI)IG N Ua, Ug, Uc — phase
HampsokeHus, la, g, lc  — dasHbie Ao (W voltages, Ia, Ig, Ic — phase currents;
TokM; P, Py, P — yrusl pazoBoro . @, Pz, P. — phase shifts
CIIBUTA MEXKTY TOKaMH u between currents and voltages in the
HaMPsHKCHUSIMU B (pa3ax Harpy3KH; Bo—— load phases;

T — nepuog W3MEHECHHUS T —period of voltage variation.
HaMpsKEHHU. Z Z For a balanced three-phase

Jns cumMeTpuuHOW TpexdazHoit  C system, where all voltages, currents,
CHCTEMBI, B KOTOPOU BCE HANPSHKCHHMS, phase shifts are equal to each other,

CxeMbl H3MEPEHHUs] aKTHBHON MOILHOCTH CHMMETPUYHON TPEX(Da3HOH g expression becomes:
Harpy3Kd OOJHUM BaTTMETPOM
Schemes of power measurement of balanced three-jpFa$ by one

TOKH, yIJbl (pa30BOTO CIOBUTA PABHEI
MeXy COOOM, ITO BhIpaXKEHHE MPUMET

BUI:

P=3U,l,cosp =+3U I cosp watmeter P=3Uplpcosp =+3U, I, coss
rme  Ugp, U, ls, |, — coorsercTBenno, ¢dasHble 1 nuHeiHbIE where Up, U, Ip, IL — respectively, phase and line voltages and ctaren
HAIPSOHKEHHS ¥ TOKH.

B atom ciydae npu coenuHeHun (a3 Harpy3KH 3Be30H (C JOCTYITHOI In this case when the load phases are connectestam (with
HYJIEBOM TOYKOH) M IpH COoeAMHEHUH (a3 Harpy3KH B TPEYrojbHUK (IIpH accessible neutral point) and when they are coedeat delta (on
YCIIOBMH, 4TO IOCJIEA0BATENLHYI0 0OMOTKY BATTMETPA MOYKHO BKIIFOYHTE condition that series wattmeter winding may be ewted in one of load
B OAHY U3 (ha3 HATrPY3KH) HCIIOJIB3YIOTCS CXEMbI HPEICTaBICHHBIE Ha phases) the schemes presented in the figure ade use
pHUCYHKe. Thus, in a balanced three-phase circuit active pasveletermined

Takum 00pa3oM, B CHMMETPUYHON Tpex(a3HOi LEmu aKTHBHAs from the formula: P =3R, .

MOLIHOCTh ONPEENSIETCs M0 hopMyJIe: P=3R, .
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Ecnu cummerpuyHas Harpyska TpexdaszHol menu If a balanced load of the three-phase circuit isnected
BKJIIOYEHA B 3BE3AY C HEIOCTYITHON HYJIEBOH TOYKOH Z in star with inaccessible neutral point or in dltden there is
WIM B TPEYrojbHUK (KOTJa HET BO3MOXKHOCTHU — no possibility to connect wattmeter in the load g#)athen the
BKJIIOYMTH BaTTMETP B (pa3y HArpys3Ku), TO MPHUMEHSIOT Z scheme with an artificial neutral point is usede@anted in the
CXeMy C  MCKYCCTBEHHOW  HyneBoi  Toukoif, Be ¢ figure below).
Z
[ 1
L1

Ao—

©-

(mpencraBieHa Ha pUCyHKe HEWKe). MckyccTBeHHas An artificial neutral point is made by means of two
HyJeBas TOYKa CO3/aeTcsi C TOMOMBI0 JBYX Co complementary resistors with resistanBggndR,. At the same

JOTOJTHUTETBHBIX PE3UCTOPOB c AKTUBHBIM time it is necessary th&= R,= Ry, whereR, - resistance of a
compotuBiienueM R; u Ry Ilpu atom HeoOxomumo, Ra R, parallel wattmeter winding.
yrobsl R;= R;= Ry, rme Ry - comporusicHue To define the total circuit power the wattmeterdiags
napajuielbHOi 00MOTKHM BatT™MeTpa. s onpeneneHus N must be trebled.
MOIIHOCTH Bceit LOEMKU IIOKa3aHWsA BaTTMETPAa HYXHO
YIPOUTh.
[Mpu coenuHEHHM HECHMMETPUYHON HArPy3KH 3BE310M MIHOBEHHAS When an unbalanced load is connection in star theuit
MOIITHOCTb IIETTH ONPECIACTCS BRIpAKCHUEM: instantaneous power is determined from the exmessi ,
P R
P =Uaip +Ugig + Ucic!
- 1 1 - | A 222 - . 1 1 1 - 1 .
rae. ia,ig,ic, - MTHOBEHHbIE 3HaueHHUS (ha3HBIX where: ia,ig.ic, instantaneous values of phase currents;
TOKOB,; up.Ug,Uc, - instantaneous values of phase voltages.
U ,Ug ,Uc, - MTHOBEHHbIE 3HaYeHHUs (Pa3HBIX HANPSHKEHU.
VuuTeiBas, 4YTO ip+ig+ic =0 u Upg =Ux —Ug; Taking into account thati, +ig +ic =0 and u,g =U, —Ug;
Uge =Ug —Ug; Ucp =Ug —U,; ypaBHEHHE JUISi MTHOBEHHOTO 3HAUCHUS Ugec =Ug —Uc; Ucp =Uc —U,; equation for the instantaneous value of

MOIIHOCTH  Tpex(asHOW CHCTEMBI MOKHO IPEACTAaBHUTh B  BHJE three-phase circuit power may be presented inalh@fing expressions:
BBIPAKCHUIA !

OTH BBIpaXKEHUS TaK)KE CIPABEIIMBBI IPU BKIIOYCHHHM HArpy3Kd These expressions are true for the load connedtiodelta too.
TpeyroinbHUKOM. [lepexonss OT MIHOBEHHBIX 3HAUCHHH MOILIHOCTH K Passing from the instantaneous power values tocageeones we shall
CPEIHUM TOJIYYHM BBIPAKEHUS TSI aKTHBHOM MOIITHOCTH obtain expressions for active power:

P—I aUacCosp +| UBCCos,B 1 (P =1,UpgCo88, +| UcCosB, ,| P=1Ug,Cosp_+ | UCACOS,B ,|

ie . lg.lc ;i Upp . Uge Uca.- melictyromue 3Ha4enus TMHEHHBIX where |, . 1g.1c ; Uxg.Ugc Uca, - effective values of line currents and
TOKOB M Hanpsokenuid; B, ; [, ; ¥ T.J1. yrisl $a3oBOro CIBUTa MEXKILY voltages; B, ; B, ; and so on — phase shifts between corresponding
COOTBETCTBYIOIIMMH TOKAMHU M HAIPSHKCHHUSIMHU. currents and voltages.
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[TonydeHHbIe BBIpAKEHUS MOKA3BIBAIOT, YTO AKTHUBHYIO MOIIHOCTH
HECHUMMETPUYHOU Tpex(ha3HOU TPEXITPOBOIHOMN IETTH MOXXHO U3MEPHUTH C
MOMOIIBIO IBYX BaTTMETPOB. st 3TOr0 TOKOBBIE OOMOTKH BaTTMETPOB
BKJIIOYAIOTCS B JIIOOBIC JBE (ha3bl, a OOMOTKH HAMPSDKEHUS BKITFOYAFOTCS
Ha CBOIO (ha3y ¥ Ha cBOOOIHYIO (CXEMBI IIPE/ICTABIICHBI HA PHCYHKE).

*

\ 2z
Wj I
* ZR
Bo *\W 3
Ze
Co ]

»

The received expressions make it clear that agteeer of an
unbalanced three-phase three-wire circuit may basored by means of
two wattmeters. To do this wattmeter current caiks connected in series
with any two line wires, the beginnings of potehtiails are connected to
the same line wires, and the ends — to the fre= Wire (schemes are
presented in the figure).

Aot W —
Zr
Bo ——
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C w |
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g
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CxeMbl BKIIFOUCHHS JIBYX BATTMETPOB JIJIS U3MEPEHUST aKTUBHOW MOIITHOCTH Tpex(ha3HOU 1eTH
Connection schemes of two wattmeters for t-phase circuit power measurerr

Analysis of these schemes makes it clear that peniding on load

AHanu3 paboThl IO TUM CXE€MaM TOKa3bIBAeT, YTO B 3aBUCUMOCTH
OT XapakTepa Harpy3kd 3HaK MOKa3aHUM KaXKIOro U3 BaTTMETPOB MOXKET
MU3MEHATHCS. AKTHBHAsI MOILHOCTh B 3TOM Clly4ae JOJKHA ONPEIENsIThCS

Kak ajredpanveckas cymMMa Ioka3aHui 000uX BaTTMETPOB.

B Tom cnywae, Korgja HeCMMMETpHYHAas Harpyska
BKJIFOUACTCSl 3BE3/0H C HYJIEBBIM MPOBOJAOM (4EeThIpEX
NpOBOJIHAS  CHCTEMA), NPUMEHSECTCI CXEeMa Tpex
BAaTTMETPOB, IOKa3aHHAs Ha pUCYHKe. [Ipu >TOM Kaxabli
BaTTMETP H3MEPSEeT MOIIHOCTh OfHON ¢a3pl. [lomHas
MOIITHOCTh ~ Tpex(a3HOM Lenmu  OIpeneNsercss  Kak
apudmeTrnyeckas cyMMa MoKa3aHuii BAaTTMETPOB.

JIBYX H Tpex Tpudopos
o0pazoM B J1abopaTopHOU

MeTtoanl
HpI/IMeHHIOTCH

OJHOTO,
T'JIaBHBIM

character the sign of reading of each wattmeter chayge. Active power
in this case must be determined as algebraic sutimeofeadings of both

B

wattmeters.
W
Bo—le ()

MpaKkTUKe. B NPOMBINIIEHHBIX YCIOBUSAX NPUMEHSIOTCA TpexdasHbie
BaTTMETPBI, KOTOPbIE MPEACTABISIOT COOON coueTaHne B OJHOM Mpubdope

ABYX HWJIHW TpEeX HUSMCECPUTCIBHBIX MCEXaHHU3MOB,
MNOABUIKHYIO YaCThb.

UMEIOIIHNX  OOIIYIO

In that case, when an unbalanced load is
connected in star with neutral (four-wire system),
then the scheme of three wattmeters is applied.
The scheme is shown in figure. At this each
wattmeter measures power of one phase. Total
three-phase circuit power is determined as
arithmetic sum of wattmeters readings.

Methods of one, two and three instruments are
used mainly in laboratory practice. In the

industrial conditions three-phase wattmeters amdiegh They represent
in one instrument the union of two or three meagumechanisms having
common movable part.



U3MEPEHUE HEQJIEKTPUYECKUX BEJIUYNH
DJIEKTPUYECKMMU METOJIAMU
W3mepeHne HEINEKTPUIECKUX BEIUYMH MPOM3BOASAT TPU U3YUCHHU
(U3MYECKUX SIBICHUH, ONPEICICHUN COCTaBa M CBOMCTB BELIECTB, IPH
KOHTPOJIC ¥ YIPABICHUU TEXHOJOTHUECKHMMU M TPOU3BOJCTBEHHBIMU
npoleccaMd, IpH KOHTpolie KadecTBa mponykuuu u T.0. Cpenu
MHO)KECTBA BEJIMYHMH, KOTOPbIE HEOOXOIUMO U3MEPSTh, 3HAYUTEILHOE UX
YHCIIO SIBIISCTCS HEDICKTPHYCCKUMHU. [IpOMBINIIEHHOCTh BBITYCKaeT
pazHoOOpa3Hble MPUOOPHl U Tpeodpa3zoBaTeNd IS HU3MEpPEHUs
HEIICKTPHYECKUX BEIMYHMH, NPHYEM CPEIH HHUX 3HAYUTEIBHYIO JIOJIO
COCTaBJISIIOT 3JICKTPHYECKUE CPEICTBA M3MEpeHHs. [IpHYMHBI ITUPOKOTO
NPUMEHCHUS]  DJICKTPOM3MEPHUTENIBHBIX MPUOOPOB  UII  U3MEPEHUS
HEJJICKTPHYCCKUX BEIMYHH 3AKII0YACTCS B CICIYIONIEM:
- IPHOOPBI O3BOJISIIOT OCYIIECTBIISTH IUCTAaHIIMOHHBIC H3MEPEHNS;
- B 1npubopax BO3MOXHBI ~aBTOMAaTHUYECKHE IPeoOpa3oBaHUA
pe3yabTaTOB U3MEPEHHS (HAIPHUMEp, BBECHHE TOMIPABOK);
- puOopbI Oosiee yI0OHBI (0 CPABHEHHIO C HEAICKTPUUCCKUMHM) ISt
pelIeHHs 3a/1ad aBTOMATHYECKOTO YIIPABJICHUS;
- IpUOOPBI MO3BOJISIIOT PETUCTPUPOBATh KaK OYCHb MEIUICHHBIC, TaK U
OBICTPO MEHSIOLIMECS BEJIMYMHBI, MOTYT MUMETh LIMPOKHU THANa3oH

W3MEpPEHU.
OCOOCHHOCTBIO  JJIEKTPUYCCKUX  NPUOOPOB  [JIT  HM3MEpEHUs
HEJICEKTPUYECKUX  BEIMYMH  SBISCTCS  O0s3aTeNbHOE  HaJIu4ue

U3MEpUTENILHOTO TpeoOpa3oBarensi HEdNEKTPUUYECKONH BEIUMYMHBI B
ANEKTPUYECKYI0. M3MepuTeNnbHbIl MpeoOdpa3oBareinh YCTaHABIUBACT
OJIHO3HAYHYIO (G YHKIIMOHATIBHYIO 3aBUCUMOCTh BBIXOJTHOMN
JJIEKTPUYECKON BEIMYHMHBI OT BXOIAHOW H3MEPSIEMOU HEIIEKTPUYECKON
BEIMYUHBl. B 3aBUCMMOCTM OT BHJA BBIXOJHOIO CHUTHAJIa BCE
W3MEpUTENbHBIE TMpeoOpa3oBaTeNu JENATCS Ha TapaMeTpPUYecKue u
TrE€HEPATOPHBIE.
HAPAMETPUYECKHUE U3MEPUTEJIBHBIE ITPEOBPA30OBATEJIN
B mapamerpudeckux npeoOpazoBaTensx BBIXOJHOW BETWYUHOMN
sBisieTcss  mapamerp onekrtpuuecko mermu (R, L, M, C). Ilpm
WCIIONIb30BaHUM  MapaMeTPUUYECKUX  mpeobpaszoBarenell  HEOOXOauM
JOTIOJTHUTENBHBIM UCTOYHUK MUTAHUS, KOTOPBINA CIYKUT JJIsl TIOJTYYSHUS
BBIXOJHOI'O CUTHaJa mpeo0pa3oBaTers.
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MEASUREMENT OF NONELECTRICAL QUANTITIES BY
ELECTRICAL METHODS
Measurement of nonelectrical quantities is ful@lleat
examination of physical phenomena, definition oimposition and
properties of matter, at control of manufacturingd aindustrial
processes, at control of product quality etc. Amdrgygreat number of
guantities to be measured there are many nonekcijuantities.
Industry produces various devices and gauges foasarement of
nonelectrical quantities, and among them electmeahns are of major

part. The reasons of wide application of electricakans for
measurement of nonelectrical quantities are irvalhg:
- electrical devices permit to realize remotely sszh
measurements;

in devices automatic result transformations aossible (for
example, corrective action);

electrical devices are more handy (in compariseith
nonelectrical one) for solution of automatic cohpmblems;
electrical devices permit to record slow varegsbas well as fast
variables, they can have wide range of measurements

The peculiarity of electrical devices for measuremef
nonelectrical quantities is that they necessailyengauge or instrument
transducer of a nonelectrical quantity into eleetrione. The measuring
transducer sets unequivocal functional dependehaaitput electrical
guantity on input measured nonelectrical quantity.

Depending on input signal mode all transducers diveled
onto parametrical ones and producers ones.

PARAMETER-ORIENTED TRANSDUCERS
In parametric transducers the electrical circurapzeter (R, L,
M, C) serves as an output quantity. Using parar@iented
transducers needs the additional power sourcenggfer output signal
receipt.




PeocratHbie npeobpa3oBaTeny.

PeocratHpie  mpeoOpa3zoBaTend  OCHOBAaHBI Ha  WU3MEHEHUU
ANEKTPUYECKOTO CONPOTHBIIEHUS NPOBOAHMKA IOJ BIUSHUEM BXOIHOMU
BEJIMYUHBI — [IEPEMEILEHUS. DTO PEOCTaT, MOJIBUKHBI KOHTAKT KOTOPOIO
[epeMeacTcss MOJ BO3JACHCTBUEM H3MEPSIEMOM  HEDIEKTPUUYECKOU
BeIMYMUHBI. KOHCTPpYKTMBHO pEOCTAaTHBIN MpeoOpa3oBaTeib MOMKET
BBITIOJIHATHCS JIs1 IMHEHHOTO WJIM YIVIOBOT'O EPEMEIIECHHUS.

[TpeoOpazoBarenb COCTOUT U3 OOMOTKH, HAHECEHHOW Ha KapKac U
merkd. Kapkac M3roraBiauBalOT M3 JIUIEKTPUKOB WIHM METauIa, U
OOMOTKH OOBIYHO HCIIOJIb3YIOT U30JMPOBAHHBIN MPOBO (OUMIIEHHBIH OT
U30JISIIIMU B MECTaX COMPUKOCHOBEHUS CO IIETKOM).

Jnst mosydeHWss  HEMWHEWHOW  (PyHKIUU
HCTOJIB3YEeTCs KapKac OMpPeaeIIEHHOTO TPOQHIIS.

B paccmarpuBaeMbIX peoCTaTHBIX NMpeoOpa3oBaTessX CcTaTUdecKas
XapaKTEePUCTHKA TPEe0Opa30BaHUs HMEET CTYNCHYATHhI XapakTep (CKauku
paBHBI CONMPOTUBJICHUIO OJHOTO BHTKA). JTO BBI3BIBACT IMOTPEIIHOCTb,

npeoOpa3oBaHus

MaKCHUMAaJILHOE 3HaUEHHUE KOTOpOH )/ = F' rne 4R - conporusnenne

omHOrO BHTKA;, R - monHoe conporuBnenue peocrara.

WNuorga mpuMEHSIOT peoXOplHble MpeoOpa3oBaTeiy, B KOTOPBIX
IIETKa CKOJIB3UT BJOJIb OCH IPOBOJIOKH. Y OTHX IpeoOpa3oBareneit
OTCYTCTBYET yKa3aHHasi IOTPEUIHOCTb.

TeH304yBCTBUTENIBHBIC MPEOOPa30BaTENN (TEH30PE3UCTOPBI).

B ocHoBy pabGoTel mpeoOpa3zoBarenell MoJ0KeH TEeH303(PEeKT,
3aKJ'IIO‘IaIOH_II/II‘;IC$I B U3MCHCHUHN AKTHBHOTO COIIPOTUBJICHHA ITPOBOJHHUKA
(monmympoBomHWKA)  TMOJ ~ BO3ICHCTBHEM  BBI3BIBAEMOTO B HEM
MEXaHHYECKOTO  HampsokeHus W Jgedopmauud.  OTHOCUTENBHOE

M3MeHeHne conpoTtusienus nposonokn — = SAl /|,

All'l -

rie S - kod(pQUIUEHT TeH304yBCTBHTEILHOCTH,
OTHOCHTENbHAs JieopMarus POBOJIOKH.

V3MeHEeHUe CONMPOTUBIICHUSI NPU MEXaHHYECKOM BO3JCHCTBHU
OOBSCHSCTCS  M3MCHEHHEM TI'EOMETPHYECKHX  pPa3MepoB  (JUIHMHBI,
JAMaMeTpa) U yAEIBHOTO CONPOTUBIICHUS MaTepurala.
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Rheostat transducers

Rheostat transducers are based on changing wirstarese
under the influence of input quantity — displacetn@ihis is the rheostat,
whose movable contact travels under the effect edisured nonelectrical
guantity. The design of a rheostat transducer neafpblinear or angular
displacement.

The transducer consists of the coil wound on a érand a
brush. The frame is made of dielectric or metal, ttee winding the
insulated wire (free of isolation in places for tamt with the brush) is
usually used.

To obtain nonlinear transformation function thenim of the
definite profile is used.

In rheostat transducers under consideration stainsformation
characteristic has a stepped character (one stequel to the resistance

AR
of one turn). It gives the error with the maximalue V:F' where

AR - resistance of one turnk - total rheostat resistance.

Sometimes are applied slide-wire transducers, whetesh
slides along the wire axis. These transducers exe bf the error
mentioned above.

Pickoffs (resistive-strain sensors).
Pickoff is based on the effect of the conductomsenductor)
resistance change under the influence of mechasicegs or resilience.
Relative variation of wire resistance

R_san
R

where S - gage factor, 41/ 1 - relative wire resilience.

Resistance variation under the influence of medariorce is
explained by variation of geometrical dimensiorength, diameter) and
material resistivity.



W3meHeHne TeMmIiiepaTypbl BBI3bIBAET U3MEHEHHUE XapaKTEPUCTUKHU
peoOpa3oBaHus TEH30PE3UCTOPOB, YTO OOBACHAETCS TeMIlepaTypHOI
3aBUCUMOCTBIO  CONPOTUBJICHUS IpeoOpa3zoBareist M pa3inyueM
TEMIIEPATYPHBIX KOA(POUIMEHTOB JIMHEHHOTO PACHIMPEHUS MaTepualioB
TEH30PE3UCTOPA U HUCCIIEAYEMOU IETAIIH.

B Tex cnydasx, korma TpeOyercsi BBICOKas 4YyBCTBUTEIHHOCTH,
IPUMEHSIOT — TpeoOpa3oBaTeNy, BHINOJIHEHHBIE W3  MOJOCOK M3
MTOJIYITPOBOJTHUKOBOT'O MaTepHaa.

TeH3ope3ucTopbl MPUMEHSIOT s H3MepeHHus Aedopmanuii u
JOPYTUX HEJIEKTPUUYECKUX BEJIMYUH: YCUIINN, JABJICHUN, MOMEHTOB H T.II.

TepMouyBCTBHTEIbHBIE TPEOOPa30BATENH (TEPMOPEIUCTOPHI)

[Mpunuun paboTsl mpeoOpas3oBaTesieii OCHOBAH Ha 3aBUCHUMOCTH
AJIEKTPHYECKOTO COIMPOTHBIICHUS MPOBOJIHUKOB HIIH IOJYIIPOBOJIHUKOB
OT TemIeparypsl. TepMOpe3sucTop BKIIIOYAEeTCS B II€Nb, C IOMOUIbIO
KOTOPOH TIPOM3BOJIUTCS HW3MEPEHHE €ro CONPOTHUBICHHE, IO HEMY
MpPOTEKaeT TOK, BBUACTSIONMNA B HEM TemIoTy. VHTEeHCHBHOCTH
TEIUIOOOMEHa, a CIeJoBaTeNbHO, W TeMIleparypa TepMOpEe3UCTopa
3aBUCAT OT €ro T€OMETPHUYECKUX pa3MepoB U (POPMBI, OT KOHCTPYKIIMH,
OT COCTaBa, IUIOTHOCTH, TEIJIOMPOBOJHOCTH M JPYTHX CBOWCTB CpEbl,
OKpY>KaloIlel TepMOPE3UCTOP, a TaKkKe OT TEeMIEepaTypbl M CKOPOCTH
nepeMenieHus: cpenbl. TakuM 00pa3oM, 3aBHCHMOCTH TEMIIEpPATyphl, a
CIIeZIOBAaTENIbHO, M CONPOTUBIICHUS TEPMOPE3UCTOPA OT MEPEUHCICHHBIX
BhIIIE (PAKTOPOB MOXKET OBITh MCIOJIH30BAHA JISI H3MEPEHHSI PA3IMIHBIX
HEDJIEKTPUYECKUX BETTMYMH, XapaKTEPU3YIOMIUX CPEIY.

[To pexumy paboTBl TEPMOPE3UCTOPHI OBIBAIO MEPETPEBHBIE U 0€3
neperpesa. B nmpeoGpa3oBatensx 0e3 mneperpeBa TOK, MPOXOISIIUI depe3
TEPMOPE3UCTOP, NMPAKTHUECKU HE BBI3BIBACT €r0 HArpeB, H TEMIEPATypy
MOCTIETHETO OIpENeNsieT TemIeparypa cpelasl. JTu mpeolOpasoBarenu
MPUMEHSIOT JUTSI U3MEPEHUST TEMITEPATYPHI.

Jis  u3MepeHuss  TeMIepaTyphl
TEPMOPE3UCTOPHI,  BBHIMOJIHEHHBIE W3  IUIATHHOBOW WJIM  MEIHOMU
npoBojiok. Ha OCHOBe  TepMOPE3HCTOPOB  TOCTPOCHBI  CXEMBI
TEPMOMETPOB COIIPOTHBIICHUSI. CrannapTHbie TUTATHHOBEIC
TEPMOPESHCTOPEI IIPUMEHSIOT A1l M3MEPEHUs TEMIEPATYpb! B AMaNasoHe
ot —260m0 +1100°C, menusie - B nuanasone orT —200m0 +200°C.

Hanbosee  pacrnpoCTpaHEHBI
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Temperature variation causes change of resistra@ssensor
transformation characteristic, and this is expldify sensor resistance
dependence on temperature and by differences ipeteture linear
expansion coefficients of sensor material and gtaidunder study.

When high sensitivity sensors made
semiconductor strips are applied.

Resistive-strain sensors are used for measuremeairamns and
other nonelectrical quantities: forces, pressungue and so on.

IS necessary,

Thermosensitive transducer (thermistors)

Thermosensitive transducer operation principle &seol on
conductor or semiconductor electrical resistancepeddence on
temperature. A thermoresistor (thermistor) is catee into a circuit to
measure its resistance. The current flows throbghhermistor heating it.
Heat-exchange rate, and consequently, thermistopdeature depend on
its geometrical dimensions and form constructia@mposition, density,
thermal conductivity and other properties of enmment, as well as on
temperature and the speed of the environment savefhus, the
dependence of temperature, and consequently, thimresistance on
the factors mentioned above may be used to meadifferent
nonelectrical quantities characterizing the envinent.

According to the operational conditions thermistoas be with
or without thermal overload. In transducers withthdrmal overload the
current flowing through the thermistor does notthieaand thermistor
temperature is defined by the environment tempegafthese transducers
are applied to measure temperature.

Thermistors, made of platinum or copper wire aréely used to
measure the temperature. The schemes of the regdfaermometers are
made on basis of thermistors. Standard platinummtiséors are applied
for temperature measurement in the range from +2661100°C, and
copper ones — in the range from —200 to +200

of



AHanuThuyeckas 3aBUCUMOCTb COIIPOTUBIIEHUS OT TEMIIEpaTyphbl
Ul IJIATHHOBBIX ~ TEPMOPE3UCTOPOB  BBIPAJKAETCS  CIEAYIOIIUMU
YPaBHEHUSIMHU:

Ri=Ry(1+ At+ Bt2 ), rtme Ry - comporusnenue npu t =0°C,
A=3.968 10°K™; B=5.847 10'K ™.
st MEHBIX TEPMOPE3UCTOPOB!
Ri=Ry(1+at), rne Ry -conporusmenue npu t =0°C,

a =426 10°K™*2.
Ha ocHOBe TepMOpE3UCTOPOB  MOCTPOCHBI  AIEKTPUUYECKHE
TepMOMeTpH COHpOTI/IBJIeHI/ISI, B KOTOpBIX TGpMOpGSI/ICTOp BKJIIOYCH B
W3MEPHUTEIIBHYIO 1IETIh, MPECTABISAIONIYI0 COO0H W3MEPUTEITBHBIN MOCT.

st U3MEpeHus TEMIIEPATYpPbI MPUMEHSIIOT TaKKe
MOJIYITPOBOTHUKOBBIE ~ TEPMOPE3UCTOPhI  (TEPMHCTOPBI),  KOTOPBIE
XapaKkTepU3yIOTCS OombIei YYyBCTBUTEIBbHOCTHIO (TKC

TepMope3ucTopoB oTputiatenbHbii 1 B 10 — 15pa3 mpesbrmaer TKC
MEJIX ¥ TUTATHHBI) ¥ UMEIOT OoJiee BBICOKOE compoTuBieHue (10 1 MOm)
Ipy BeChbMa MallbIX pa3Mmepax. HemocTaTok TepMHUCTOPOB — ILIOXast
BOCIPOU3BOJMMOCTb U HETMHEHHOCTh XapaKTEPUCTUKH NPeoOpa3oBaHMUsL:
Ri=Ryexp[B(1/t-1/ty )],
rie Ri u Ry - conporusnenue npu temneparypax tu to;

to - HavanmpHAs TemmepaTypa paboyero IuanazoHa,
B —xosddunment.

B meperpeBHbIX MpeoOpa3oBaTensax 3JIEKTPUUYECKUN TOK BBI3BIBACT
TeperpeB, 3aBUCSAIINA OT CBOWCTB cpenbl. [IpeoOpa3zoBarenu 3TOro TUIA
HCIOJIB3YIOTCSL 111 U3MEPEHUsI CKOPOCTH, IUIOTHOCTH, COCTaBa CPelbl U
T.J.

B mpubopax mns ra3oBoro aHajgmza — ra3oaHaiu3aTropax — I
U3MEpEeHUs TEIUIONPOBOAHOCTH UCIIOJIB3YIOT neperpeBHbIN
TEPMOPE3UCTOP IOMELIEHHBIM B Tra30BYI0 KaMepy C aHaJIU3UPYEMbIM
razoM. KoHcTpykumio TepMope3ncTopa U Kamepbl, a TakKe 3HaueHUue
HarpeBalolero TOKa BHIOMPAIOT TaKMMHU, YTOOBI TEIUIOOOMEH CO Cpeaoit
OCYILIECTBIISUICSI B OCHOBHOM 3a CUET TEIJIONPOBOIHOCTH T'a30BOM CpPEbl.
Ilo nony4eHHOMY 3HAYEHHMIO TEIUIONPOBOJHOCTU CYIAT O COCTaBe
ra3oBOM CMECH.

Analytical dependence of resistance on temperdtunglatinum
thermistors is expressed by the following equations

Ri=Ry(1+ At+ Bt? ), where Rj - resistance at =0°C,
A=3.968 10°K™; B=5.847 10'K?.

For copper thermistors:

Ri=Ry(1+at), where Ry - resistance att =0°C,

a =4.26 10°K™*?,

Electrical resistance thermometers are constructethe basis
of thermistors. In this case the thermistor is @m@d with resistance
measuring bridge.

For temperature measurement the semiconductor igtersiare
also applied, which are characterized by high seitgi (TKC of
thermistors is negative and exceeds copper anohyphatTKC by dozens
of times) and have higher resistance (to 1 Mohraying small sizes).
The disadvantage of thremistors is their low repoodlity and
nonlinearity of a transformation characteristic:

Ri=Ryexp[B(1/t-1/ty )],
where Ry and R; - resistance at temperatutesndty;

to - initial temperature of a working range;
B — coefficient.

In transducers with thermal overload the currentsea heating,
depending on the environment properties. Transducerthis type are
used to measure speed, density, environment cotiguostc.

In devices for gas composition analysis — in gaslyaers a
thermistor with thermal overload placed into a chamwith gas under
study is used to measure thermal conductivity. Thermistor and
chamber design as well as the value of heatingentiare chosen in that
manner the heat exchange with the environmentaiszegl mainly at the
expense of thermal conductivity of gas environment.

The gas mixture composition is judged on the badighe
obtained value of thermal conductivity



TepMope3uCcTOpsl MPUMEHSIOT TakXKe B MPHOOpax Ui H3MEPEHUS
CTETEHH Pa3peKEHHOCTH (BaKyyMMETPHI), B KOTOPBIX I10 BEIMUYHHE
TCILJIOMMPOBOAHOCTH Ta3a IO M3BCCTHBIM 3aBHCUMOCTAM OINPCACIAIOT
naBiieHue (pa3speKEHHOCTB).

TepMope3uCTOpbl TPUMEHSIOT B NpHOOpax Ui H3MEPEHHS
CKOPOCTH Ta30BOI0 TOTOKAa — TEPMOAHEMOMETpPax. YCTaHOBHBILASCS
TeMIeparypa TeperpeBHOr0 TEPMOPE3HCTOpa, MOMEIICHHOTO Ha IyTH
ra3oBoro IOTOKAa, 3aBHCUT OT CKOPOCTH IIOTOKAa. B 3TOoM ciyuae
TEIUIOOOMEH TEePMOpPE3WCTOpa CO CPENOM  OIpeneNsieT CKOPOCTh
JBUKCHHSI CPEMIBI M TEMIIEPATYPY TEPMOPE3UCTOPA.

OIEKTPOJIUTHYECKUE TPE0Opa3oBaTEIN
DIIEeKTPOIUTHIECKUE TPe0Opa3oBaTesIi OCHOBAHbI Ha 3aBHCUMOCTH
ANIEKTPUYECKOTO  COTNPOTHUBIICHHUS PACTBOPA DIEKTPOJIHMTAa OT  €ro
KOHIICHTPAIIUH. B OCHOBHOM TpPUMEHSIOTCS JUIS  H3MEPEHHUS
KOHIIEHTpalu# pactBopoB. [IpeoOpa3oBarens npeacrabisier coOol cocy/n
c nIByMms ojektpomamu. Yacto B KadecTBE BTOPOrO  JJIEKTPOJa
BBICTYIIAIOT CTEHKHU cocyza (METalTHueCcKue).

HunpykTuBHEBIE TpeoOpa3oBaTesin

[Mpunuun neiictBus mpeoOpa3oBaresell OCHOBaH Ha 3aBUCHMOCTH
WHIYKTABHOCTH WJIM  B3aUMHOW  MHAYKTUBHOCTH  OOMOTOK  Ha
MAarHUTONPOBOJAE OT TMOJIOKEHHUS, TEOMETPUUYECKUX pPa3MEpPOB U
MarHUTHOTO COCTOSIHUS JIEMEHTOB MAarHUTHOM 1enu. MHIyKTUBHOCTD U
B3aMMHYIO0 HHIYKTUBHOCTh MOXHO U3MEHSTh, BO3ICUCTBYS HA NIUHY WIH
CE€YEHHE BO3AYLIHOIO IPOMEKYTKA MEXKIY CEPACYHUKOM U SKOPEM
MarHuTHOM Henu. DTO MOXKHO JOCTUYb MEPEMEIICHHEM IO0JBUKHOIO
SIKOPSL OTHOCHUTEJIBHO  HEMOJBM)KHOTO  CEpJICYHUKA, BBEICHHEM B
BO3AYIIHBIA 3a30p HEMAarHUTHOM IUIACTHHBI W T.A. VHAYKTUBHBIE
npeoOpa3zoBaTend HWCIOJNB3YIOT JUISI MPeoOpa3oBaHUs TEpPEMEIICHUS U
JOPYTUX  HEIJIEKTPUYECKUX  BEJIUYUH, KOTOPbIE  MOTYT  OBITh
peoOpa3oBaHbl B IiepeMeleHue (yCuine, 1aBjIeHne, MOMCHTHI U T.1I.).
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Thermistors are also applied in devices to measaceity degree
(vacuum-gauges), in which the pressure (vacuitgeiermined according
to the value of gas thermal conductivity under knaependences.

Thermistors are applied in devices for measuremémgas stream
speed — in heat-loss anemometer. The steady-saipetature of a
thermistor with thermal overload, which is placed the path of gas
stream, depends on stream speed. In this caseske@nge between a
thermistor and environment determines environmpeéd and thermistor
temperature.

Electrolytic transducers
Electrolytic transducers are based upon the depeedef electrical
resistance of electrolytic solution on its concatitn. Generally they are
applied for measurement of solution strength. Addacer is a vessel
with two electrodes. Metallic vessel walls ofterrvee as the second
electrode.

Inductive gauges

Operating principle of inductive type transducexr$ased upon
the dependence of inductance or mutual inductah@®rm-core coils on
position, geometric dimensions and magnetic sthtkeomagnetic circuit
elements. Inductance and mutual inductance carhéeged influencing
the length or cross-section of the air gap betwhbkercore and armature of
the magnetic circuit. It can be made by displading movable armature
in relation to the immovable core or by insertiom@magnetic lamina
into the air gap and so on. Inductive transducers ased for
transformation of displacement and other nonelegtiguantities, which
can be transformed into displacement (force, pressorque etc).




EMKOCTHEIE IpeoOpa3oBaTeIn
EMKocTHBIE  mpeoOpa3oBaTeld  OCHOBAaHbI Ha  3aBHCHMOCTH
JIEKTPUUYECKOW EMKOCTH KOHJEHCATopa OT pPa3MepoB, B3aUMHOIO
MTOJIOKCHHUS €0 OOKJIAJIOK U OT JTUAJICKTPUICCKOM MPOHHUIIAEMOCTH CPEJIbI
Mexy HumH. [IpeoOpa3oBarenb MpeacTaBisieT co00it KOHIACHCATOP, OJIHA
IUIACTHHA KOTOPOTO TIepeMeliaeTcs I0J] BO3JCHCTBHEM H3MEPSIeMOi
BCJIIMYMHBI OTHOCHUTCIIBHO HCHO,Z[BH)KHOﬁ I1IJIACTUHEL.
st U3MEPCHUS BBIXOHOTO napaMmerpa E€MKOCTHBIX
npeoOpa3oBareneil  UCHONB3YIOT MOCTOBBIE CXEMBI H IemH  C
HCIIOJIb30BAHUEM PE30HAHCHBIX KOHTYPOB, YTO TIO3BOJIIET CO3/IaBaTh
npuOOpHl C BBICOKOW YYBCTBHTEIBHOCTBIO, CIIOCOOHBIE pearupoBaTh Ha
MepeMENICHUsT  TOpsIIKa 10" mm. e c €MKOCTHBIMH
npeoOpa3oBaresiMi  OOBIYHO THUTAIOT TOKAMH TOKOM TMOBBIIICHHON
9acToThl (IO JECATKOB Merarepir), 4To BBI3BAHO KEJAHHEM YBCIHYHTH
CUTHQ&JI U yMEHBUIUTh UIYHTUPYIOLIEE JEUCTBUE CONPOTUBIICHUS
W30JISIUH.

I'EHEPATOPHbBIE USMEPUTEJIBHBIE ITPEOGPA3OBATEJIN
B renepatopHbIX mpeoOpa3oBaTeNsX BBIXOJHOW BEITMUMHON
sisiercss DJIC wim 3aps, GyHKIMOHAIBHO CBSI3aHHBIC C HU3MEPSIEMOM
HE3JIEKTPUYECKON BETUYUMHOM.
TepmoonekTpuueckue mpeodpazoBarenu
TepmoanexkTpuyeckue nmpeoOpa3oBaTead  OCHOBAaHbI
TEPMOIIEKTPUUIECKOM 3 PeKTe, BOSHUKAIOIIEM B LIETIA TEPMOTAPHI.
[Ipu paszHocTu TemmepaTyp Touek 1 w 2 coeawHEHUs IBYX
Pa3HOPOAHBIX MPOBOTHUKOB A u B, oOpasymomux TepMonapy, B LEMu
Tepmomnapbl Bo3HUKaeT TepMo-OJIC. [Ins wusmepenus tepmo-2/C
AJIEKTPOU3MEPUTENIbHBI  NMPHOOp  (MHJUTMBOJILTMETP, KOMIIEHCATOD)
BKJIIIOYAIOT B IeNb TepMonapbl. TOYKy COEIMHEHHS IPOBOJHHKOB
Ha3bIBalOT pabouyuM KOHLOM Tepmomnapbl. UtoOsl Tepmo-D/C B menu
TepMOoIIapbl OJHO3HAYHO OIpeAessiiach TeMIepaTypoil pabouero KoHIa,
HEOOXO0AMMO  TeMmIepaTypy  CBOOOAHBIX  KOHIIOB  TEpPMOIApHI
MOJJEPKUBATH OJTMHAKOBOM M HEU3MEHHOM.
Jns M3roTOBIIEHMSI TEpMOIap, MPUMEHSAEMbIX B HACTOSAIIEE
BpeMs JUIsl U3BMEPEHHUs TEMIIEPATyPbl, UCIIOJb3YIOT CIIEUAIbHBIE CILIABHI:

Ha
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Capacitance-type transducer

Capacitive are based upon the dependence of eleapacity of
a condenser on dimensions, relative position gblases and on dielectric
permeability of the medium between them. Transdupesents a
condenser, one plate of which moves under theanftea of measured
guantity in relation to the immovable plate.

To measure the output parameter of capacitive draress
bridge circuits and schemes of resonant circuiuaeal, and this allows to
create the devices with high sensitivity, which afde to respond to
displacement of order Y0mm. Circuits with capacitive are usually
supplied with high frequency currents (to tens dfijl which is caused
by the wish to increase the signal and decreaset stution of isolation
resistance.

GENERATOR MEASURING TRANSDUCERS
In generator measuring transducers emf or a chargeh are
functionally related to a measured nonelectricamily are the output
guantity.

Thermoelectrical transducers

Thermoelectrical transducers are based upon themthe
electrical effect arising in a thermocouple circuit

When there is a temperature difference betweentpdirand 2
of the connection of two dissimilar conductors AdaR, forming the
thermocouple, thermo-emf arises in the thermocouwmeuit. For its
measurement the electrical-type instrument (miltrmeter, compensator)
is connected with the thermocouple circuit. Thermation point is called
the thermojunction. For unambiguous definition ofMmfein the
thermocouple circuit by thermojunction temperatiirés necessary to
keep the temperature of thermocouple free enddaansnd stable.

At present time thermocouples are made from thevidahg
alloys:



TXA: XpOMEITb (90%Ni+10%Cu)
(94,8%Ni+2%Al+2%Mn+1%Si);

TXK: xpomens —konens (56%Cu+44%Ni).

Tepmo-DJIC mpu pa3HOCTH Temmeparyp 10C u BEPXHUI
npenen ISl TEpMOIap YKa3aHHBIX BBINIE COCTABISET COOTBETCTBEHHO!
TXA - 4.1mB,1000C; TXK - 6.9, 606C.

CraTtudyeckue XapaKTepUCTHKU TMPeoOpa3oBaHUsl Pa3IHMYHbIX
CTaHJIApPTHBIX THUIIOB TEPMOIAp 3aJal0TCi B BUJE TIPAIyHPOBOYHBIX
TaOJINIL.

JInst 3a1uThl OT BHEIIHUX BO3ACHCTBHI AJIEKTPOABI TEpMomap
MOMEMIAI0T B 3alUTHYIO apMmatypy. [Ipubopsl, ucmonb3yromme
TEPMOIJIEKTPUUYECKHE npeobpazoBaTenu, Ha3bIBAIOTCS
TEPMODJICKTPUIECKUMHU TEPMOMETPAMHU.

NHnykimroHHbIe TTpeoOpa3oBaTeu

Pabora WMHAOYKIMOHHBIX TpeoOpa3oBaTeneii OCHOBaHA Ha
UCIOJIb30BAaHUN  3aKOHA JJIEKTPOMAarHUTHONM HMHIYKIMH, COTJIACHO
kotopomy O/IC, HaBoauMas B KaTyllKe, MPONOPLHMOHAIbHA CKOPOCTU
M3MEHEHHUS  MarHuTHOTO  TOTOKa,  CLEIJIEHHOTO C  KaTYyIIKOH.
WHayKIMOHHBIE TPeoOpa3oBaTen MPUMEHSIOT sl U3MEPEHUs! CKOPOCTH

aJIFOMCJIb

JIMHEMHBIX M YIVIOBBIX TMeEpeMelnieHuid. BBIXOMHOW CHUTHAT 3THUX
npeobpa3zoBareneit MOXET OBITh MPOUHTETPUPOBAH Wi
npoauddepeHIupoBaH MO BPEMEHH C TIOMOIIBIO  CHEIUATbHBIX
3IIEKTPUUECKHUX YCTPOMCTB. [Tocne 3THUX npeoOpazoBaHui

WHGOPMATHUBHBINA TapaMeTp CHTHAJIAa CTAHOBHUTCS IPOMOPIIMOHAIBEHBIM,
COOTBETCTBCHHO, IEPEMEIICHUIO WIH YCKOPEHHUIO.

HaunGosnpiiee mpuMeHEHHE WHIYKIIMOHHBIE TpeoOpa3oBaTeIn
NOJYYMJIM IS M3MEPEHHUS YIJIOBOWM CKopocTd (Taxomerpbl). OHuU
NpeACTaBasiOT coboit  Hebombimme (1 100 BT) renepartopsl
MOCTOSIHHOTO WJIA TMIEPEMEHHOTO TOKA C HE3aBUCHMBIM BO30YKICHHEM OT
MOCTOSTHHBIX MarHUTOB, POTOP KOTOPBIX MEXAaHWYECKH CBS3aH C BaJOM
UCTIBITYEMOT'0 MEXaHU3Ma.

[1be303eKTprYecKre TTpeodpa3oBaTenu

Takue nmpeoOpa3zoBaTer OCHOBAHBI Ha MCIIOJIb30BAaHUH MTPSIMOTO
MbE30ANIEKTpUYeCKOro 3P deKra, 3aKITIOYAIIIErocs B  IOSBICHUU
AIIEKTPUYCCKUX 3apsI0B HA MOBEPXHOCTU KPUCTAIOB (KBapil, TYpMAaIHH
U TIp.) TIOJT BIMSHUEM MEXaHUYCCKUX HAIPSKCHUM.
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TXA: Chromel
(94,8%Ni+2%Al+2%Mn+1%Si);

TXK: Chromel — Copel (56%Cu+44%Ni).

Thermo-emf at temperature difference 4D@nd upper limit for
the mentioned above thermocouples is respectivENA - 4.1 mV,
1000C; TXK — 6.9 mV, 606C.

Static transformation characteristics for differstandard types
of thermocouples are presented in form of standefetence tables.

(90%Ni+10%Cu) alumel

To protect a thermocouple against external actitsnslectrodes
are placed into a protective tube. Devices usiegniiocouples are called
thermoelectric thermometers.

Induction transducers

Operation of induction transducers is based uperagiplication
of Faraday’s law, in accordance with which emf,ucted in the coll, is
proportional to variation speed of magnetic flunkkd with a coil.
Induction transducers are applied to measure linead angular
displacements speed. The output signal from theseducers may be
integrated or differentiated in time by means adcal electrical devices.
After these transformations the informative paranet a signal becomes
proportional, respectively, to displacement or redion.

The induction transducers are most widely used &asure
angular velocity (tachometers). They are small (100 W) DC or AC
generators with independent excitation from permameagnets, whose
rotor is mechanically connected with shaft of mex$ia under study.

Piezoelectric transducers (bimorphs)

Such transducers are based upon the usage of piiezoelectric
effect, consisting in appearance of electric charga the surface of
crystals (quartz, tourmaline and others) undeiirtfieence of mechanical
stress.




B mbe3oanexkTpuueckux mpeoOpa3oBaTenix TIIaBHBIM 00pa3oM
NPUMEHSIIOT KBapll, Yy KOTOPOTO MbE30AJIEKTPUYECKUE CBOMCTBA
COYETAIOTCSI C BBICOKOW MEXAaHMYECKOM MPOYHOCTBID M BBICOKUMHU
M3OJSIMOHHBIMM ~ CBOMCTBaMH, a TaKkKe C  HE3aBHUCHUMOCTHIO
MbE303JIEKTPUUECKON XapAKTEPUCTUKU OT TEMIIEPATYPHI.

3apsg, BO3HUKAIOINH B MbE303JIEKTPUUECKOM
npeoOpaszoBaresne, MOXKET OBITh H3MEPEH C TIOMOIIBI0 TPHOOPOB C
BBICOKMM BXOJHBIM CONPOTHBIIEHHEM (1012 10° Owm), s 4ero Ha
MPAKTUKE UCIOJIb3YIOT 3JIEKTPOHHBIE YCUITUTENH.

U3MEPEHUE HEQJIEKTPUYECKHWUX BEJIMYMH.

Cnucoxk (GU3MYECKUX BETUYMH, TOUISKANIMX TEXHUYECKOMY
MU3MEPECHUIO BJIEKTPUUYECKUMH METOJAMHM, JOBOJIBHO BEIMK M BKJIIOYAET
nepopMaluio, TEMIEpaTypy, MEXaHHUYECKHE pa3Mephl, IMOHUKEHHOE
JaBJICHUE, C)KaTHe, BUOPAIIMIO, TIOTOKU KUJAKOCTEH M Ta30B, YIJIOBYIO U
JUHEWHYIO CKOpPOCTH, PaboTy, JIYYHUCTYIO SHEPTHIO, IIyM M IITyMOBOW
YpOBEHb, XHMHUYECKHE ¢ MOJICKYJISPHBIE YCIOBHS, Teo(hU3NIeCKue
naHHble, ¢pusznonornueckue ycnosus. Ilo cymectBy, paspaboTka metona
U3MEpEeHUs 000N BETUYHMHBI AIEKTPUICCKUMH CPEICTBAMU CBOJMUTCS K
TpeM dtamaM. 1) KOHCTpyMpOBaHHE DIIEKTPHUYCCKOW IIEMH, B KOTOPOM
HEKOTOPOE TPUCYIIEe €l CBOWCTBO HAXOAUTCS IOJ  BIMSHUEM
U3MEPSACMOI BEJIMYHMHBI; 2) MOATOTOBKA JICKTPUUECKHX MPUOOPOB s
U3MEPEHHUS] W3MEHEHUM HTOro CBOMCTBA M HMHAMKALUWUA WM 3alUCU
BEIMYMHBI JTHUX HW3MCHEeHWH; 3) KamuOpoBka mNpHOOPOB  WiIH
KOPPEKTUPOBKA MX IIOKa3aHUM C U3MepsAeMod BennuuHou. Hampuwmep,
ANEKTPUYECKUM CBOMCTBOM MOKET OBITh COIPOTHUBIICHUE,
WHJYKTUBHOCTb, €MKOCTh uenu wid T1epMo-OJIC, co3naBaemas
Oo0BbEIMHEHWEM JBYX pa3HOPOIHBIX MeTauioB. Eciau BbIOpaHHBIM
CBOMCTBOM SIBJISIETCS COMPOTHBIICHUE, €r0 W3MEHEHUS MOTYT OBITh
W3MEpPEHbl MOCTOM YWTCTOHA. Eciiv m3ydaemoil BEIMYMHOMN SIBISAETCS
TeMIeparypa, To MpuoOp, U3Mepsomui HebaTaHC MOCTa, MOXKET OBITh
MPOrpaayupoBaH HEMOCPEICTBEHHO B Ipagycax. JTa KaJTuOpOBKa MOKET
OBITh  BBIIOJIHEHA  PAcUeTHBIM  IyT€M, €CIM  TeMIEepaTypHBII
KOG (ULUEHT CONPOTUBICHUS UW3BECTE€H, WM IYTEM CpaBHEHUS
OTKJIOHEHMSI TallbBAHOMETpPAa C TMOKa3aHHEM JAPYroro M3MEpSIoIIero
TeMIiepatypy npuoopa.
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In piezoelectric transducers the quartz is generajpplied
because its piezoelectric properties are combinigal kigh mechanical
strength and high isolation properties and its gzctric characteristic
does not depend on temperature.

The charge arising in a piezoelectric transducewsy e
measured by means of devices with high input impeel13*> - 10°
Ohm), for that in practice the electronic ampli@re used.

MEASUREMENT OF NONELECTRICAL QUANTITIES.

The list of physical quantities subject to commaigi successful
measurement by electrical methods is a long oneimaciddes strain,
temperature, mechanical dimensions, vacuum (deprgsompression
and vibration, flow of liquids and gases, angulad énear speed, work,
radiant energy, noise and noise levels, chemiahhaolecular conditions,
geophysical-prospecting  data, and  physiological dimns.
Fundamentally, a devising method of measuring amntity by electrical
means reduces to three steps: 1) constructingeatriel circuit in which
some of its inherent property is affected by thamitly to be measured,
2) arranging electrical instruments to detect cleang this property and
to indicate or record the extent of these changed, 3) calibrating the
instrument or correlating its indication with thalwe of the quantity to be
measured. For example, the electrical property mmaythe resistance,
inductance, or capacitance of a circuit, or it mde the
thermoelectromotive force produced at the junctaintwo dissimilar
metals. If resistance is the property selectedngbs may be detected by
a bridge. If the quantity concerned is temperatthen the detector
measuring the bridge unbalance may be calibratetkdd directly in
degrees. This calibration may be done by computatithe temperature
coefficient of the resistance is known, or it may done by correlating
galvanometer deflection with the reading of somkepttemperature-
measuring device.



MocToBbIE METOJIBI MCIOJB3YETCS BO MHOTHX CIIyYasix, TJIaBHBIM
oOpazoM, 1o JIBYM MpHYHHAM. Bo-TepBBIX, 3JEKTPUUYECKOE CBOHCTBO
MOJKET HaXOJUTHCS O] BIUSHUEM HE TOJIHKO U3MEPSIeMON BETUYHHBI, HO
TaK)K€ W TOJ BO3JCHCTBUEM BHEIIHUX YciaoBuil. Hampumep, npu
U3MEPEHUHN nedopMaruu o U3MEHEHUIO COTIPOTHUBIICHUS
TeMIIepaTypHble  KoJieOaHMsI MOTYT MAacKHUpOBaTh  OIpe/AeJcHHbIE
spdektel. KommeHncanus MOXeT OBITb JOCTUTHYTa B  MOCTOBOM
M3MEpPEHUH HCIIO0JIb30BAHUEM MMHUTATOPA TETUIOBBIICISIIOIIETO AJIEMEHTa
B IUUICYe, YYHUTHIBAIOIIEM JTH BHEIIHHE YCIOBUSA. BO-BTOPBIX, OOBIYHO
HY)KHO U3MEpATh U3MEHEHUs. BO3MOKHOCThIO YpaBHOBECUThH HayaJlbHbIE
YCIIOBUSI M B JalbHEHIIEM YYHTHIBATH TOJBKO OTKJIOHEHHUS OT AITOTO
OayilaHca Kak pa3 U 00J1aJJal0T MOCTOBBIE CXEMBI.

Heckonpko cremuduueckux mpuMepoB. Jlatuuku nedopmanuy,
OCHOBaHHBIE Ha W3MEHEHHUU COIPOTUBICHUS MaJeHbKO MPOBOJIOYKH,
BBI3BAHHOM HM3MEHEHHEM €€ JUIMHBI, HAlUId IHPOKOE MPUMEHEHHUE BO
Bcex oOmacTsax TexHuku. M3 mpoBosoku auamerpom okosio 0,001 mroitma
M3TOTABIIMBACTCS MEJKas CEeTKa, KOTOpas pa3Meliaercs Ha oOpaTHOM
CTOpOHE OymMaromoJoOHOM TKAaHU W KPEMUTCS K TETy CMOJHMCTBIM WU
[EJUTIONIO3HBIM KileeM. OHa MOXKET BBIICP)KUBATh H3MEHEHHS JITUHBI 10
1 mpoueHTta unu gaxke Oosibllie U MOXET JaBaThb NPUMEPHO JIMHEHHOE
M3MEHEHHE CONpoTHBIEHUS OoT 2 1o 3,5 mpomeHta Ha 1 TpPOLEHT
U3MEHEHUs UIMHbL. HaudanbHoe COMpOTHBICHHE JaT4YMKa HAXOAUTCA
mexay 100u 10000M, a HOMUHANIBHBIA U3MEPHUTEIBHBIN TOK — IMOPSIKa
30 MA. Tlpunun natymka aegopmManuu, OYEBUIHO, MOXKET OBITH JIETKO
MpHUCTOCOONeH UIsi M3MEpPEHUsl MaBJICHUs Ta3a WU JKUIKOCTH, Beca,
MEXaHUYECKUX CHUJI U T.1.

Usmepenus TEMIEPATYPhI OCHOBAHBI Ha U3MEHECHUU
conpotuBieHuss wid nosiiennn JJC y TepMmonapbl Ipu H3MEHEHUU
TEMIIEPATyphl, MPU HM3MEHEHHH TEMIEpaTyphl B IIMPOKOM JHAINa30HE
UCIIOJIb3YIOTCSl PAJMAlHOHHBIC MM ONTUYECKUE MUPOMETPHI (31eCh He
paccMaTpuBarOTCs). PEe3UCTUBHBIC TEPMOMETPBI COCTOST U3 PE3UCTUBHOU
KOJIOBI CoJieprKalield MaJeHbKYIO KaTYIIKy W3 TIJIaTHHOBOM, HUKEJIEBOU
WIM METHOW TMPOBOJOKH, (opMupyOmEed OJHO TIUIEY0 MOCTa, U
OCTaJbHOW YacTH MOCTa pa3MeUIEHHOW TaM, rie OyaeT MpOU3BOIUTHCS
OTCYET MOKA3aHUM.
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Bridge methods are used in many of these casexiaily for two
reasons. First, the electrical property may beugriced not only by the
guantity to be measured but also by extraneousitomsl When the
strain is measured on the basis of change in agsist for example,
temperature changes may mask the sought-afterteff€ompensation
may be obtained in a bridge measurement by usithgnany element in
the arm subjected to the same extraneous conda®tise active element.
Second, it is usually necessary to measure charigasiely bridge
circuits have the ability to balance out the iniganditions and further
take into account only the deviation from this baka

Some Specific ExamplesStrain gauges based on change of
resistance of a small wire when changing its leragéhin wide use in all
fields of engineering. The wire, about 0,001 in.diameter, is usually
shaped into a grid, as in fig., with a paperlikekiag and fastened to the
member with a resinous or cellulose cement. It watihstand axial
changes in length up to 1 per cent or more and m@guce an
approximately linear change in its resistance ¢d 3,5 per cent for a 1
per cent change in length. The initial resistancéhe gauge is between
100 and 1000 ohms, and the normal measuring cuseaftthe order of
30 mA. The principle of the strain gauge can eMilydme readily adapted
to measurement of liquid or gas pressure, weighthanical forces, etc.

Temperature measurememsy be based on change of resistance
with temperature or on the emf of a thermocouple;the higher
temperature ranges, radiation or optical pyromet®ns considered here)
are used. Resistance thermometers consist of sialese bulb containing
a small coil of platinum, nickel, or copper wirerfang one arm of a
bridge, the remainder of the bridge being locaténe the indication is
desired.




B oO0meM, TemmepaTypHble H3MEHEHHs IMPOUCXOJST MEIJICHHO,
MO9TOMY MOKa3bIBAOIIHI npudop (co IIKAJTOM) 170171
caMOOANIAaHCUPYIOIUICS ~ MOCT  HCIONB3yeTCsT IS MOJYYCHUS
HEM3BECTHON Temreparypbl. CoOCTBEHHass TOYHOCTh PE3UCTHBHOTO
TEpPMOMETpa BBICOKA, ¥ OHU HCIOJB3YIOTCS M3MEPEHUS TEMIIEPaTyphbl B
mpokux npenenax (—190xo0 600°C).

MexaHu4eckue pazMepbl MOTYT OBITh YI00HO M3MEPEHBl Ha OCHOBE
W3MEHEHHSI ~ WHAYKTUBHOCTH  WJIH  ©MKOCTH, IPEUMYIIECTBO
JNIEKTPUYECKUX  METONOB HajJ MEXaHUYECKHMMHU  3aKJII0YaeTcs B
BO3MOYKHOCTH OOJIBIIIOrO YCHJICHHS MajlbIX HU3MEHEHHH pasmepoB (mo 50
000 pa3) u B NpUCIIOCOOIEHHOCTH UX K aBTOMaTHYECKOMY YIPABJICHUIO
poIeccamMu.

Mexanuueckass BHOpanus MOXXET OBITh M3y4eHa 1O OTKJIOHEHHIO
JICHTOYHOW JmadparMel, KOTOpas TMPOWCXOJUT B COOTBETCTBHH C
BUOpAIMell ¥ MPUBOIUT K U3MEHEHHIO COMPOTHBIICHUS, HHIYKTUBHOCTH
WIH €MKOCTH B IIIede MOCTa. B TNpUHIMIHATEHO HWHOM METOJe
UCIIOJIb3YETCS TThE303JICKTPHUECKH d(PPEKT, MOCPEICTBOM KOTOPOTO B
HEKOTOPOM KpHUCTaJUle, CO3AAaeTCs pa3HOCTh IOTCHIMAIOB, KOTIa
Kpuctaym  moasepraor  aedopmaruu.  Oco0oil  MOATOTOBKOW U
W3TOTOBIICHHEM KPHCTAJIa MOXHO OCTHUYb HAINPSDKEHUS B HECKOJBKO
BOJIbT, KOTOPOE MOXHO HAOJIOaTh C MOMOIIBIO AJIEKTPOHHO-ITYYEBOTO
ocmmutorpada.

BakyyMHBbIC JaTYMKH TEMJIOBOTO THIA YACTO HCIIOJIB3YIOTCS JUIsI
W3MEPEHUs aBJICHUS Ta3a B pa3pe:KeHHOM IpocTpaHcTBe. WX neiicTBue
OCHOBAaHO Ha TOM, 4YTO B YCJIOBUSX Pa3peKCHHOCTH TEIUIOBas
MPOBOJMMOCTh Ta3a 3aBUCHT OT €ro JaBjieHHsA. Eciam Harperyio
MPOBOJIOKY BHECTH B Pa3pEeKEHHOE IPOCTPAHCTBO, TO PACCESHHE TEIia OT
NPOBOJIOKM  H,  CJEIOBaTelbHO, €€  CONpPOTHUBICHHE  OyIyT
XapaKTEepU30BaTh CTEIEHb Pa3peKEHHOCTH. MOCT MOCTOSHHOTO TOKa C
MWIITHBOJIBTMETPOM, OTIPAlyHPOBAHHOM B MUKPOHAX, HCIIOJB3YETCS IS
WU3MEPCHHUsST CONPOTHBICHHS. OTH JTaTYUKH, MPaBla, MOJIBEPIKEHBI
HEKOTOPOMY TEIIJIOBOMY 3ala3/IbIBaHUIO.
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Some thermal changes are generally slow, an indgcatstrument
or a self-balancing recording bridge is used toegihe unknown
temperature. The intrinsic accuracy of resistat@nbtometers is high,
and they are used for temperature measurementim bdunds (-190 to
600°C).

Mechanical dimensionsay be measured conveniently in terms of
change of inductance or capacitance, potential rdadgas over
mechanical methods being high amplification of dmahension changes
(up to 50 000) and adaptability to automatic cdniwd machining
processes.

Mechanical vibratiormay be studied by causing the deflection of a
ribbon diaphragm to follow the vibration and to oba the resistance,
inductance, or capacitance of a bridge arm. Anr@gtdifferent method
is to use the piezoelectric effect, whereby elegiotentials are produced
in certain crystals, when they are placed undeesstr By proper
preparation and treatment of the crystal, potentifilseveral volts can be
observed on a cathode-ray oscillograph.

Vacuum gauge®f the hot-wire type are frequently used for the
measurement of gas pressures in evacuated spaee d€pend for their
operation on the fact that under high-vacuum caomht the thermal
conductivity of a gas varies with its absolute ptes. If a heated wire is
introduced into the evacuated space, the heatpdissn from the wire
and consequently its resistance indicate the degfeeacuum. A d-c
bridge with a millivoltmeter calibrated in microas a detector is used to
measure resistance. These gauges are subject éatlsermal time lag.




