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Abstract

Industrial devices of measurement are in the heavy conditions of the opera-
tion. These factors can influence essentially on their metrological performan-
ce. Available calibrators are not suitable for realization of the metrological
control without disconnection of measuring circuit. It is suggested to imple-
ment without dismantling metrological control without the breach of measu-
ring circuit for taking into consideration the maximal amount of factors af-
fects on metrological performance. It is considered a number of the functio-
nal schemes of reference devices for performance of the metrological control
by way of parallel measurement or reproduction of informative parameter of
transducers, including passive parameters, for example - resistance.

Streszczenie

Przemystowe uktady pomiarowe zazwyczaj pracuja w skomplikowanych
warunkach: szeroki zakres temperatur, niedoktadne zasilanie, duzy poziom
zaklocen. Wymienione czynniki moga spowodowac istotne zmiany charak-
terystyk metrologicznych. Rowniez negatywny wplyw na doktadno$¢ moze
mie¢ podiaczanie do innych uktadow systemu. Poniewaz wykorzystywane
dla kontroli metrologicznej kalibratory wymagaja demontazu obwodu po-
miarowego, proponuje si¢ wykonywanie takiej kontroli bez demontazu sys-
temu pomiarowego w celu uwzglgdnienia maksymalnej ilosci czynnikow
wplywajacych. Rozpatrzono szereg schematow funkcyjnych uktadow wzor-
cowych dla prowadzania kontroli metrologicznej przez réwnolegte pomiary
lub odtwarzanie parametréw informacyjnych przetwornikéw, w tym prze-
twornikow biernych, na przyktad rezystancji.

Stowa kluczowe: bezdemontazowy, kontrola metrologiczna, pomiary,
wzorcowy, obwod pomiarowy
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1. Introduction

For industrial measuring devices typically interaction both with ob-
ject of measurement and with other devices for process control. Be-
sides, they are in heavy conditions of the operation, caused by the
increased or lowered ambient temperature, a high level of the noise,
insufficient quality of the power-supply system. These factors pre-
sence frequently results in deterioration of metrological characteri-
stics. Therefore it is important to investigate metrological characteri-
stics of industrial measuring devices under operating conditions, in-
cluding conditions of interaction of devices of measurement as with
object of measurement so with other devices of system. All factors
influencing accuracy of measurement, it is possible to take into acco-
unt only carrying out procedures of check or calibration in a place of
application of measuring device - that is without dismounting the
device. Performance of check or calibration of the measuring device
without dismounting is interfered by absence of the reference devi-
ces, allowing carrying out these procedures without break of

a measuring circuit. To performance of check or calibration of the
measuring device without dismounting complicates absence of the
equipment of a class of the reference, which allows carrying out the-
se procedures without break of a measuring circuit

There is a plenty of types of devices of the measurement intended
for measurement of various physical magnitudes. Various metrologi-
cal characteristics, design, functionalities, communication systems
and functions are inherent in them. Obviously, it imposes the certain
conditions and restrictions on procedures of check or calibration.
However, despite of a variety of industrial measurement devices at
them is much in common [7, 8, 18, 19, 22, 23, 24], namely:

- the most of devices like informative parameter measure voltage,
current or resistance;

- error of measurements within from 0.1% to 0.5%;

- as a rule measuring circuit operate with the signals of low level;

- measuring circuit is highly tailored for measure in the narrow ran-
ge of variation of informative parameter.

For today, there are a number of reference-class instruments, which
intended for the control of metrological performance of measure-
ment devices on a place of their installation. For example, the specia-
lized calibrators for reproduction of informative parameters of tem-
perature gauges [1, 2, 6] and calibrators for the metrological control
of wide scale of devices of measurement [6, 11, 12, 13, 14].

However, the problem of creation of reference-class instruments
for the control of metrological performance of industrial devices of
measurement without dismounting stands sharply as existing tools
or are too narrowly specialized, or their metrological characteristics
insufficient, or the structure of their functionalities narrows a circle
of the devices which are giving in to the metrological control.

Not deferring to this, the problem of creation reference-class in-
struments for without dismantling metrological control of industrial
measuring devices stay sharply, as long as existing instruments or
too highly tailored, or have got inadequate metrological performan-
ce, or the kit of their functions constrict the circle of devices accessi-
ble for metrological control. Primary - not all these calibrators are
adapted to realization of the metrological control without break of
a measuring circuit.

2. The control of metrological performance in
one point of a measurement range without
disconnecting of measuring circuit

Frequently in practice of industrial measurements, the controllable
parameter is within the limits of some narrow range of values, or
long enough does not change. Therefore to the user metrological pro-
perties of measuring device in narrow enough measurement range
are important. It is usually undesirable to stop process of measure-
ment for diagnostics of a measuring circuit or for control of metrolo-
gical performance of the device. In such cases, at the distrust nascen-
ce about errors in the measurement, there is no need to accomplish
the control of metrological performance of measuring device in enti-
re volume (for example, to verify him in whole measurement range),
enough is to determine the error of measurement of the meaning of
controlled parameter. The comparison of measuring results obtained
by testable and reference measuring devices, which concurrently and
at the same time measure controlled parameter, yet conveniently for
this to accomplish.

At all convenience and, on the first opinion, simplicity of method
of comparison with reference device, him realization without
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disconnecting of measuring circuit, by way of implementation paral-

lel measurement, imposes peculiar demands to the reference device,

namely: :

- reference and tested devices must have got identical dynamical
characteristics, otherwise variation of measuring parameter may
bring to the essential difference of the measuring results;

- reference device must of mat highest noiseproof and protection
from a noise than verifiable instrument (at the verification of the
industrial measurement devices possible to assume the noiseproof
on level 90-100 dB);

- reference device must not affect the measuring result of verifiable
instrument (scilicet reference device must of mat enough large in-
put resistance and in it must be take action for the penetration eli-
mination of jitters into measuring circuit that are caused by the
functioning of thereof active elements and the power system).

- reference devise must be protected from effect on him measuring
result of the interaction of input circuit of verifiable device with
primary transducer (among the most influential factors of interac-
tion possible to exude the switching noise: what penetrate into
measuring circuit during him reconfiguration; from switching, what
associated with the algorithm of measuring and error correction;
from the modulation or the instability of parametric sensor excita-
tion).

2.1. The parallel measurement of active transducers
signals

Active measuring transducer form output signal in the kind of volta-
ge, or current. Yet simply to organize parallel measurement with ve-
rifiable device, into which like informative parameter is voltage. In
many cases, measurable value is associated with the informative pa-
rameter of primary transducer by sophisticated dependency. For the
measuring result calculation in the units (dimension) of measurable
value, measuring device accomplishes functional conversion the
measuring result of the informative parameter of primary transducer.
In these cases, reference devise must reiterate functional scheme of
verifiable measuring device, and accomplish such conversions. For
example, reference measuring device for the parallel temperature
measurement by means of thermocouple must be found to have two
measuring channels [17] - one for measurement thermo-electromoti-
ve force of thermocouple (A1,UC3) and another - for the cold junc-
tion temperature measurement (UC1, UC2) by means of own tempe-
rature sensor (Fig. 1). In adder unit (SM1) is realized correction for
the cold junction temperature into the measuring result of.

Cold junction

Thermocou

[
Fig. 1. Functional scheme of the reference device for the parallel temperature me-
asurement by means of thermocouple

Parallel current measurement without the breach of measuring
circuit is significantly difficult. In common case, parallel current
measurement possible by way of the measurement voltage onto the
shunt that is set on the input of verifiable instrument, or onto an
external shunts that was preliminarily in-built into connection line.
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However, for holding such measurements it is necessary to know
real value of these shunt resistance. Practically, we do not know real
value of shunt resistance in-built into instrument. In addition, to in-
stall precision external shunt inexpediently. Measuring resistance of
shunt before the beginning of parallel measurement on the backgro-
und of measurable current is possible by way of the solution of this
problem.

So long as through shunt leaks inalterable current per a time of
measuring, then numerical meaning of shunt resistance possible to
determine by results of two measurement that are performed at two
well-known value of the excitation current (e.g., at nominal the and
zero values of this current), as

N1-N2 M- (Ix+In)-Rs—M -Ix-Rs M -In-Rs

Nes =N, = N Y M
In In In
where NI, N2 - the numerical quantity of two measuring results at
nominal and zero values of excitation current; N, - the numerical
value of excitation current, which amounts to nominal value of pro-
duct M In; M - the coefficient of the transformation of measurement
value into numerical quantity; Ix - the measurable current; /n - the
excitation current; Rs - the shunt resistance.

Then current that leaks through shunt possible to determine as

N2 M- Ix-Rs Ix
" Nee Moin-ks VT Nin &)
Functional scheme of reference device that will realize such me-
asuring algorithm represented on the fig. 2. Measuring current exe-
cuted in two stages. On the first stage measured shunt resistance, and
on the second - just measured current value. The switch (SW1) mo-
dulates excitation current (In) and transfers a voltage on the shunt,
formed at two values of the excitation current, to the subtracting de-
vice (SB1) for determination of the shunt resistance. Thus, on an
output of the divider (DV1) we receive value proportional to resi-
stance of the shunt. Hereby, the listed elements of the circuit form an
ohmmeter with correction of an additive making error [16].
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Fig. 2. The functional scheme of reference device for parallel measurement
of current

On second stage the switch (SW1) fixed in reverse condition and
voltage on shunt transferred on divider (DV2). The divider DV2 and
DV3 calculate the value of measurable current using the value of
voltage on the shunt, the stored value on the output of divider DV1,
and the numerical quantity of resistance of reference resistor Rn. The
value of measurable current may be functionally converted, analogi-
cally to conversions into verifiable measuring device, if necessary
(on scheme these elements are not described). This would enable
easily to compare the measuring results of verifiable and reference
measuring devices.

Modulation of the excitation current brings to the voltage varia-
tion on the shunt of verifiable measuring devices. In one’s turn, this
brings to variation the measuring result of the verifiable measuring
devices for the duration measuring of shunt resistance. To minimize
impact of modulation of the excitation current possible by reducing
the duration time of excitation current passing and by reducing the
itself value of this current.
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2.2. The parallel Measurement of parametrical trans-
ducers signals

The peculiarity of measuring informative parameters of parametric
transducers is the necessity of the formation of some excitation for
reception the reaction of transducer in the kind of voltage or current.
Thereat reaction of transducer may contain as reaction of informati-
ve so the reaction of not-informative parameters. For influence eli-
mination of not informative parameters onto results of measurement
in measuring circuit are exists tight interaction between excitation
circuit and by functional units that convert signal the reaction of trans-
ducer. The character of this interaction is defined by the method of
the measuring informative parameter of transducer. So reference
measuring device, for accomplish parallel measurements of informa-
tive parameters of parametric transducers, must have two measuring
channels - one for the measuring parameters of excitation and ano-
ther - for the measuring reaction of parametric transducer, and func-
tional knots[nodes] which reproduce measurement method of veri-
fiable device. Therefore structure of the reference device directly
depends on the type of parametric transducer, the method of measu-
ring thereof informative parameter and the mode of excitation.

At first glance, the problem of design of reference device of me-
asurement for parallel measurement of informative parameters of
parametrical transducers looks difficult for solution. Cause of these
is bulk variety of parametrical transducers and methods of measu-
ring their informative parameters. However, long term practice of
application such transducers brought to optimization and decrease
the amount of their kinds and the methods of measuring their infor-
mative parameters. This enabled to create the series of microelectro-
nic device for measuring informative parameters of parametrical trans-
ducers [3,4, 5,9, 10, 15]. At present among parametrical transducers
are prevalent the transducer, which informative parameter is resi-
stance that changes under the action of temperature or another ma-
gnitude [17, 19, 22, 23]. Majority resistive transducers connected up
to measuring device by three - or four connecting line. More seldom
is met connection by two lines with compensational resistor, which
resistance amounts to total resistance of lines. Basically excitation of
transducer perform by fixed current, more seldom - by current gene-
rated by excitation voltage into series connected reference and me-
asurable (transducers) resistance [4, 9, 20, 21]. For allowing inva-
riance results of resistance measurement to instability of excitation
current the reference voltage for analog-to-digital converter formed
by the reference resistor Rn (Fig. 3). At three-line resistive transdu-
cer connecting for not-informative line resistance compensation, use
the quasi-bridge structure of measurement circuit (Fig. 3¢), or mirror
current source (Fig. 3d). The latest variant of the building of measu-
ring circuit found the most occurrences in industrial measuring devi-
ce [4, 19].

To accomplish parallel resistance measurement is possible by two
ways. First way - so like this got at measuring resistance of shunt
(Fig. 2). However, in this case inevitable distortion the measuring
results of verifiable measurement device. Second way - by measu-
ring excitation current in the resistive transducer, voltage in this trans-
ducer and calculate resistance value like ratio this voltage to current.
The excitation current of resistive transducer we can measure do it
like parallel current measuring, using for this as shunt additional re-
sistor in one of current line or proper resistance of line or resistive
transducer like a shunt (Fig. 4). If measuring circuit build like a qu-
asi-bridge structure (Fig. 3c) then in reference devise is necessary to
repeat functionally this structure. This signifies that reference devise
must have an additional voltage-sense input like is shown in Fig. 4b.

Measuring resistance consists out of two stages. On the first stage
is fixed the excitation current (In). On the second stage is determined
value of transducer resistance as dividing the voltage on transducer
by excitation current.
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Fig. 4. The functional schemes of reference device for the parallel measuring resi-
stance of transducer

3. The metrological performance control in
several points of the measurement range
without disconnecting of measuring circuit

3.1. The active transducers signal reproduction

To reproduce the signal of active converter possible simply putting
together concurrently transducer and reference source. However, at
the parallel connection reference source to transducer, which infor-
mative parameter is a voltage, at the significant difference their out-
put voltage and the small output resistance of transducer into the
measuring circle can leak such current that will to damage transducer
or reference source. This, in many cases, makes impossible imple-
mentation the metrological performance control of measuring device
without disconnecting measuring circuit. To evade this problem po-
ssible having plugged resistor in into breach one of line, which will
limit current that arises in measuring circuit in the result of mutual
connecting two voltage sources. In reference source must be divided
current and sense lines for the reproduction of reference voltage on
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the input of measuring devise. The functional scheme of such refe-
rence source showed in Fig. 5, where units A1, A2, SB1, and UCI
form tracing system, which reproduces voltage value in the input of
verifiable device given by input unit DI1. As variant, possible con-
nect current line to plugged resistor, if current out of reference sour-
ce through transducer inadmissible.

@
Fig. 5. The functional scheme of reference devise for the parallel
reproduction of voltage

The functional scheme of reference devise for parallel reproduc-
tion electromotive force of thermocouple showed in Fig. 6. Into it
are introduced elements that enter correction into the output voltage
in relation from cold junction temperature (UC2, UC3 SB2).

Necessary to annotate that circuit A1, SB1, A2 and UC1, at suffi-
cient dynamic characteristics her component, makes input voltage of
verifiable device entirely invariance to the parameters of transducer
and communication lines. In this way, from procedure of metrologi-
cal control is excluding such important factor of influence as nor-
mal-mode interference. This “lack”” may become very useful in case
of need search of the reasons of metrological discrepancy by excep-
tion of influencing factors.

Fig. 6. The functional scheme of reference devise for the parallel reproduction of

electromotive force of thermocouple

To capture the metrological control all influencing factors it is
possible by formation of some set of additive test influences on an
input of the verifiable device. In our case - by forming in a measu-
ring circuit some of increments of an input voltage of the verifiable
device.

Let us consider algorithm of definition of additive and multipli-
cative component of error of the verifiable device by a method of
formation increments of informative parameter.

Let we have next conditions:

- verifiable device measures informative parameter X in range from
Xmin to Xmax;

- the result of measurement is represented by a number N which
nominally is associated with informative parameter by linear func-
tion A+BeX;

- there is an opportunity to form some additive increment Xni of
informative parameter;

- during the time of formation increments informative parameter
matters Xx to which there corresponds result of measurement Nx.

For the definitions component of error, including component of
nonlinearity error, calculate £>5 values Xn in order to Xx+Xni were
allocated uniformly within from Xmin to Xmax. After perform this
increments we shall derive the range of measuring result which po-
ssible to inscribe as

Ni=o+ B (Xx+Xn; )+ x( Xx+ Xn; ) 3)
where () - function that delineates nonlinearity error; aand f3 - real
value of coefficients of the conversion function.

The value of coefficients o and 8 possible to find from the range
of measuring result Ni by the least-squares method believing that
these coefficients of linear interpolation function. However, for this
necessary to know value Xx, otherwise we can to find only coeffi-
cient f. This value (Xx) possible obtains performing the parallel me-
asurement. Obtained in this way coefficients o and f§ possible apply
for determination error components of verifiable device.
da=A. BB s _ max{Ni- [+ -( X + X )][}

B . B B-( X max— X min)

where A, dm and dn - adjusted to device input value of additive,
multiplicative and nonlinearity components of error accordingly; Xx,
- the value of informative parameter at the moment of the formation
of reference increment Xn,.

Necessary to annotate that in practice to achieve the stability of
Xx during long time is impossible. Therefore, all operations of for-
mation reference increments necessarily to pass maximally quickly -
scilicet to pass the control of metrological performance in automatic
regime. Except these, on informative signal can be imposed noise
and (or) into the measuring result of can be present random compo-
nent of error. For the deduction of these factors necessary a few ti-
mes to repeat increments performing and apply mathematical stati-
stics methods for elimination their effect on verification.

We shall consider the functional scheme of reference device for
the determination components of error by a method of formation in-
crements of informative parameter (Fig. 7). In our case, verifiable
device measures temperature in kit with thermocouple transducer TC.
The reference device consists of two parts. One part is for parallels
measurement electromotive force of thermocouple (elements Al,
UC2, UC3, UC4, SM1), like device in Fig. 1. Second part is for
performing increments in the input of verifiable device (elements
UC1, MXI1, VLi). Increments performed by stepping current (In)
sourced to the additional resistor (R). Stepping of current proceed by
multiplexing set point current (VLi) to number-to-current converter
(UC1). The multiplexing set point of current controlled by the ele-
ment of calculation of error components. This element processes er-
rors value are received on each step of increment as difference the
measuring result of reference and verifiable devices.

Fig. 7. The functional scheme of reference device for the determination compo-
nents of error by a method of formation increments of informative parameter
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A problem of mutual shunting reference and controlled applian-
ces does not arise during parallel reproduction of current. This beto-
kens that technically easily to perform increasing of measurable cur-
rent. For the formation of reference current on the input of verifiable
device or the determination of measurable current value, it is neces-
sary to have shunt with well-known value. As shunt the internal shunt
of verifiable devices or the resistor included in break of the commu-
nication line, as in a case of parallel measurements of a current may
be used

The functional scheme of reference devise for parallel reproduc-
tion current is showed in Fig. 8. This reference device has a circuit
for measurement of resistance of the shunt Rs (components A1, SW1,
DV1), a circuit of formation of two values of excitation current In
(components UC1, UC2,SW1.2, VL1, VL2) and tracing system (com-
ponents Al, A2, UC1), providing reproduction of a required current.
Switch (SW2) provides switching the voltage-current converter (UC1)
from a mode of operation in tracing system in a mode of excitation
current generation. The multiplier (MU1) forms a set point to tracing
system by multiplication of value of the shunt resistance to a preset
value of a current. The reference device measures value of the shunt
resistance before the beginning of a current reproduction. For this
purpose switch (SW2) placed in the bottom position.
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Fig. 8. The functional scheme of reference devise for parallel reproduction
of reference current
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Fig. 9. The functional scheme of reference device for parallel reproduction of cur-
rent and the determination components of error by a method of formation incre-
ments of informative parameter

For definition components of error of the verifiable device by
method a of increments informative parameters in the circuit, repre-
sented on Fig. 8, it is necessary to enter the elements providing
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parallel measurement of a current (DV?2) and to organize an opportu-
nity to form increments of a excitation current (Iei, MX1). In this
case, one known value of an increment of a current for formation of
a current of excitation used at measurement of resistance of the shunt
(Fig. 9).

3.2. Reproduction of informative parameters of pa-
rametrical transducers without break of a mea-
suring circuit

Any means of measurement for definition of informative parameter
of the parametrical transducer forms some excitation by a current or
voltage [18, 22, 24]. That is, reaction of the transducer functionally
joined to excitation. Measuring circuit of the measuring device build
so that to provide reaction to excitation proportional to informative
parameter. If definitely to deform reaction of the transducer, the me-
asuring device will apprehend it as change of informative parameter.
If these distortions will be proportional to excitation, we are feasible
imitation of informative parameter of the transducer. For example,
let the device measures resistance in a mode of the fixed current. The
voltage actually measured and recalculated in value of resistance as
Ur/le. If in parallel to the resistor to connect, a source of voltage
indications of the measuring device will change. If we do not know
value of a current of excitation, reaction of the measuring device to
distortions of a voltage in the resistor will be unpredictable. Howe-
ver, if to connect a voltage of a source with a current of excitation in
some factor r the voltage on the resistor will be equal r+/e and the
measuring device will determine that measuring resistance matters r.
Thus, we have made imitation of resistance » not breaking off a me-
asuring circuit.

The example of a function chart of the device, realizing this me-
thod of imitation of informative parameter, is shown on Fig. 10. This
reference device contains tracing system (elements A1, SB1, A2, UC1)
for formation of the deformed value of a voltage on the resistor,
a circuit of definition of value of the shunt resistance (elements A3,
SW1, SB2, DV1), a circuit of definition of value of a excitation cur-
rent (A3, DV2) and a circuit of formation of an increment of a cur-
rent for definition of the shunt resistance (VL1, VL2, SW1.2, UC2).

Fig. 10. The reference device, realizing method of resistance imitation

4. Conclusions

There is an opportunity of realization of the metrological control of
measuring device without dismantle and reconnecting of a measu-
ring circuit.
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Application of such procedure of the metrological control allows
taking into account the factors influencing an error of measurement,
in full

The submitted function charts of exemplary devices show pre-
sence in them of a plenty of the common elements that creates good
preconditions for creation of the universal device for realization the
without dismantling metrological control.
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Tytul: Bezdemontazowa kontrola metrologiczna przemystowych
uktadéw pomiarowych

Artykut recenzowany

RECENZJE

Boyes Walt (red.) i 51 wspotautorow
Instrumentation Reference Book (Poradnik Techniki Pomiarowej)

Butterworth Heinemann, Elsevier Science, Boston 2003
wydanie 3, ISBN 0-7506-7123-8 - ksigzka w jezyku angielskim

Na ostatnich Migdzynarodowych Targach Ksiazki w maju br. w War-
szawie firma A.B.E. Marketing z Warszawy zaprezentowata po raz
pierwszy w Polsce wydana w tym roku najnowsza wersj¢ tego zna-
komitego brytyjskiego opracowania z dziedziny techniki pomiaro-
wej, ktore bedzie nazywane dalej Poradnikiem. Angielski termin ,,In-
strumentation” uzyto tu w tytule w szerszym sensie - jako ,,Instru-
mentation Technology”. Nie nalezy wigc go dostowne tlumaczy¢ -
jako ,,aparatura pomiarowa” lub ,,oprzyrzadowanie”. Jako zblizony
doni pojeciowo polskim odpowiednik proponuje sig ,,Fechnike po-
miarowa”.

Powyzsza pozycja wydawnicza powinna w duzym stopniu zain-
teresowac nie tylko polskich pomiarowcow i automatykéow, ale i wielu
innych specjalistow z przemystu, laboratoriéw, placowek badawczych
inaukowych, oraz nauczycieli akademickich i studentéw. Nie istnie-
je obecnie w jezyku polskim zblizone don, aktualne opracowanie.
Ostatnia, tak szeroko zakrojona tematycznie ksiazka z tej dziedziny
to Podrgcznik Metrologii pod redakcja P.H. Sydenhama, czg$¢ 112,
wydany przez WKit. Warszawa w 1988 i 1990 roku. Jest to ttuma-
czenie z' oryginalow angielskich jeszcze z lat 1982, 1983. Ma tez ono
odmienny i wezszy zakres tematyczny. Nie wydaje sig tez mozliwe,
aby podobne do omawianego tu Poradnika, tak ogromne dzieto, mogto
w najblizszym czasie powsta¢ w Polsce na zasadach nie tylko czysto
komercyjnych, ale nawet i przy pozyskaniu odpowiednich sponso-

réw. Trudno by bylo znalez¢ wystarczajaco liczne grono polskich
autoré6w o podobnym specjalistycznym do§wiadczeniu w poszcze-
go6lnych technikach pomiarowych. Warto wigc szczegétowo omo-
wic tre§¢ tego Poradnika.

Poradnik sktada sig¢ z 43 rozdziatéw zgrupowanych w 5 czgscli,
z 4 dodatkow i indeksu terminéw. Lacznie liczy az 1062 stron boga-
to ilustrowanych 1107 rysunkami i fotografiami oraz 125 tabelami.

Cz¢$¢ 1 - Pomiary mechaniczne obejmuje rozdziaty 1-13. Omo-
wiono tu pomiary: przeptywu, dtugosci, naprgzenia, poziomu i objg-
tosci, wibracji, sily, gestosci, ci$nienia, prozni i rozmiaréw czastek
pytu. Opisano tez zastosowania §wiattowodow w aparaturze kontro-
Ino-pomiarowe;j i inteligentne przetworniki pomiarowe wykorzystu-
jace mikroprocesory.

Czg$¢ 2 - Pomiary temperatury i skladu chemicznego (rozdziaty
14-19), obok opisu pomiaréw temperatury zawiera wstgp do analizy
chemicznej, oraz omowienie metod spektroskopowych, elektroche-
micznych, analizy gazéw i pomiaréw wilgotnosci.

Czgs¢ 3 - Pomiary elektryczne i promieniowania (rozdziaty
20-25) prezentuje obszernie pomiary wielkosci elektrycznych, po-
miary optyczne, pomiary promieniowania jadrowego i zastosowania
techniki jadrowej oraz badania nieniszczace i pomiary szumow.

cd. Recenzji na stronie 56



