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METHOD OF RADIOELECTRONIC MEASURER’S OPTIMIZATION

Abstract. The existing problems in the optimal construction of measuring systems are considered. The solution is shown
due to the use of exchange curves by Gutkin L.S. The exchange curves can explain which meters are most optimal, how to
agree on metrics quality, how to overcome the need for large a priori uncertainty, without reducing the accuracy, how to
explain the contradictions of some theories, how to reconcile the a priori range with the physical range, how to use a priori
data, how it affects accuracy measurement of the variable signal level, how the accuracy of the setting affects the accuracy
of measurements, how can the signal search time be reduced, how it affects the system of automatic control, the nature of
the monitoring process so on. The method of formation of a generalized index of quality of measuring systems is proposed,
which is valid for measuring systems of any type and various parameters being measured.

Keywords: optimization; parameter estimation; measurement; accuracy.

Introduction

Formulation of the problem. The rapid
development of rocket space science and technology,
communications and information technology has led to
the already lacking of existing radio measurement
methods. In addition to the need for accuracy
measurements, there is a need to take into account the
wide a priori range of measuring times for rapidly
changing processes, reliability in connection of scales,
the ratio of signal to noise, also in the use of value.

Modern measurement methods that exist in
metrology perform the function of comparing the
parameter measured with the corresponding standard
(with its share). For electronic measurements, this is the
most precise zero-method, as well as the difference
method, the functional method is direct-indicating
devices, the substitution method, non-native method,
and others. But these methods are not enough for
electronic measurements, which require: accuracy of
evaluation; accuracy of a priori data; speed, or
measurement time; confidence probability of scaling;
ratio of signal strength to noise; cost to optimize
systems; the method of synthesis of systems from
common positions, etc. [1, 3-5].

These problems (optimization of measuring
systems) are proposed to be solved by using the
generalization expression for obtaining exchange curves
for qualities by Gutkin L.S. [1]. So, for optimization
problems of measuring systems and obtaining curves of
exchange, the target function for them can be found for
all types of meters.

Optimization tasks will be generated if you find
the limitations of cost, peak power, and so on. Thus, the
formulation of a generalized indicator of the quality of
measuring systems from unified positions is an actual
scientific task.

Analysis of literature. As a result of solving tasks
of optimization of radio-electronic means Gutkin L.S.
[1] found such a feature of their optimal solution that if
gradually change the limit values and solve the problem
by the main indicator, then it is possible to get
interdependence between the optimal indicators - the
exchange curve. That is, it will be a whole class of
optimization tasks that are being solved.

Results of optimization of a number of problems
[6-21] by separable programming method allowed to
obtain solutions in analytical form, which can be
immediately called curves of exchange. It was found
that for tasks of optimization of measuring systems and
for obtaining the curves of exchange, the target function
for them can be found for all types of meters.
Optimization tasks can be generated if you find the
limitations of cost, peak power, and so on.

Purpose of the article. If the goal and the main
problem of scientific developments is the optimization
of measuring systems, then it is usually solved at the
stage of obtaining the curves of the exchange of the
target function.

Therefore, it is necessary to formulate a
generalized indicator of the quality of measuring
systems with unified positions.

Basic material

Radio electronic meters may be analog and digital
detectors, discriminators, parameter converters within
the automatic control system (ACS) or as part of the
channel of maintenance by parameter. At the same time,
the maintenance of the speed of measurement and
restructure of the automatic control system should be no
less than the rate of change of the process.

Measurement or transformation of any parameter
is realized on the basis of the corresponding functional
dependence of the offset from the measured value
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according to the known law of nature. This requires the
greatest sensitivity of the meter to the measured
parameter. Therefore, it is often used to measure the
frequency of a signal using a sensitive resonance
phenomenon, for angular measurements - a directional
diagram (DD), for measuring time delay - a pulse or its
fronts, for measuring the delay of random processes, an
autocorrelation function, etc.

These dependencies are derived from the
corresponding signaling functions or from their parts
and combinations. Dependence on the conversion to a
slider is called a scale. The scoring of the measurement
on a scale is the result of its comparison with the
corresponding reference value. The scale should be
sufficiently stable in size and in adjustment. Then the
cursor corresponds to a given mean square error, which,
in percent, is a class of accuracy.

Well-known functional meters, where the law of
transformation in the form of functional dependence,
sometimes called "direct-indicating" meters. The scale
may be linear or not. Linear is more desirable, because
the average error does not change according to the scale.
To do this, and most importantly, in order to identify the
important relationship between the quality indicators of
the meters, consider Fig. 1.
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Fig. 1. Characteristic 0B — scale of the meter, where:
606, — confidentiality interval; 6o, — confidence interval
of the parameter; U,,, U}, A, A\, — respectively:
range of offsets, offset, parameter estimation
and aperture (range) of the meter

We find indicators of the quality of the meter. The
accuracy will be constant if the characteristic OB is
linear, as in Figure 1.

If the parameter is measured A, then the output

will be voltage U;. In this case, the measurement is

obtained with a hindrance. Knowing the accuracy of the
measurement, we determine the confidence interval
66, and 60 .

From Fig. 1 it is clear that the fair relation:

6
60; =60, = O
tgo
From this:
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maximum to noise,
Ny — spectral density of interference,

11 — frequency band of the meter.

So, for optimum choice of meter, its qualities,
structure and algorithm, there are five main indicators:
accuracy, the a priori range; time of measurement
limited by the band P; reliability (or quantile) of
adjustments or docking of scales; the signal level, or the
ratio of signal strength to noise or cost.

Expression (2) is the basis for the logical
connection of existing and new methods of developing
electronic meters with any qualities and measurement
ranges: discriminator meters; search or panoramic
meters; multichannel meters; multi-plate meters; multi-
stage meters; digital meters; combined meters. The
following are the results of research on the quality of
distributed discriminator meters that may be part of the
exchange curve and are the basis for use in more
complex systems.

The meters may be separate or in the respective
channels and ACS.

The value (2) is that the results are universal in
nature and are the basis of optimization and relate to any
measured parameter.

The analysis of existing alternative measurement
theories showed that in the literature on the topic of
radio electronic measurements there is a method of
likelihood functional (FL) by Woodward F.M. [2] and
the concept of "potential" accuracy of measurements
causing questions, as well as fragments of the theory of
electronic meters, where there is no central idea of
evaluating the qualities for the construction of meters,
and also there is no systematic analysis of the influence
of the essential factors acting on the meter.
Woodward F.A. error and his followers is that he
reasoned: naturally assume that the parameter A; (delay
in time), which was transmitted, is known, and the
parameter in the mixture is an unknown parameter.

But this assumption can not be done! The
difference in parameters in the signal and in the mixture
of signal with noise should not be, because this
difference between the mixture and the signal should be
equal to the noise. That is, the signal in the mixture and
in the signal that is subtracted from the parameter must
be the same. Otherwise there will be no normal
distribution of noise, which leads to such a paradox. It is
known that the signal should be much more noise.
Therefore, at such a substitution of parameters weak
noise is replaced by a large difference of powerful
signals with different parameters. This means the
voluntarist purpose of the difference in the parameters
from which you can get anything, and the incorrectly
obtained auto-correlation function of the signal. For
receiving which does not need FL, because known

114



ISSN 2522-9052

CyuacHi indopmaniiiai cucremu. 2019. T. 3, Ne 3

coordinated filtering. Further, the main error of
followers: from here it is possible (but wrongly) to
obtain the algorithm of measurements, "potential”
accuracy, "optimal" signals and parameters for complex
and different vector parameters and signals.

Such FL also does not support the following facts:
it is not necessary to use the autocorrelation function of
the signal and in its maximum value in subsequent
meters; digital meters also work according to other
principles; multi-mass meters do not fit into these
theories at all; the increase in the accuracy of the
measurements of the signal delay is likely to depend on
the width of the spectrum, but this is not clear from this
theory of potential precision, but with the fact of
increasing the steepness of the fronts of the signal at the
receiver output. Generally in metrology, the steepness
of the scale is called sensitivity, and it determines the
accuracy of measurements. And the steepness is not the
center of the auto-correlation function.

Consider the concept of "potential" accuracy in
radio electronics, which conflicts with existing
measurement methods. It is proved in existing well-
known works that it is inappropriate to use this concept
to evaluate accuracy in radio measuring systems.
However, it is shown that the concept of "potential
accuracy" of measurement makes sense, but only for
tasks of determining the accuracy of distinguishing
signal functions (SF):

=, ()
qv"(0)

where g — signal / noise ratio;

Y(A) =Y¥(0)y(A) — signal function;

¥(0) — maximum signal function;

y'(A) — the
normalized signal function at the maximum.

However, (3) does not apply to an ordinary
rectangular signal for which y"(0) endless Then, to

second derivative from the

distinguish the signal functions, it is necessary to have
the form of the signal by the type of the inverted button.
But (3) can be used to evaluate signal shifter over time
or at angles to distinguish signals in radar.

Signal function — sharp signal shuffle at the
receiver output. When measuring a time delay
parameter, as an SF, for example, an output signal in the
form of an autocorrelation function, for the parameters
of the angles measured, the location of the object - may
be the envelope of the output signal according to the
DD, for the measured frequency, the resonance effect is
used, and etc.

Take the truncated Taylor series:

YR =Yo)+¥'(hg) (A—2g)+
PP (o) (=) [21+ ..
The top of the SF is approximated by a quadratic

dependence in the neighborhood of the parameter 2,

keeping with an accuracy of 1% the steady slope of a
quadratic term in the interval

AL <0,03- %"/

In this case, the linear term
Y'(ho)(h=1g) =0
by definition, and W"(Ay) <0. The physical model

assumes two goals when one SF is set to A, and the
other - on A;, or it's one SF with some parameter setting
A; on the inertial screen to be identified. Compatible
impact SF looks like:

Yok =2g)+ ¥ (A —R) =¥o(ho)+ ¥ (A) -

A=A M=\ “4)
—I%(xo>|@| o r

The largest size of the gaps is:
_ \P(,S;\,O + \Pf}hl

N
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(5)
An ideal observer with an obstacle will be able to
estimate the shift of the parameter A, relatively A,

provided that the size of the gap (negative part (4) in the
overall SF for some sorting will be no less than the
background noise that is being considered.

We estimate the displacement of the parameter JV
in the appearance of gaps at A =A,;, in the presence of
noise from the following expression:

B ey ) MNP (VR
sl B2 B2
Because A, —A o = M ;ko

and
AM—Xo AL
A=Ay = ——0 =22
1 min ) )
with possible left deviation A; will be
2AN = o) .
Then at
¥ =¥,
write (4) in the form:
¥io,” =0y,
or
2 2
c C; 1
S TN ()

¥y PO'0)

This implies that if you observe the parameter A at
the position of the maximum of SF, it is possible to
estimate its offset by the parameter with the accuracy
(6) only when the gap is detected.

Such observation in technology (automation) is
called: on the principle of "maximum", or extreme
regulation. It is also known, for example, in "hunting for
a forest" in a radio broadcast, and so on.

But such observation: does not give an estimate of
the side of the deviation; has a significant error for (6),
Fig. 2.
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Fig. 2. Trust intervals

Fig. 2 shows confidence intervals according to
noise and parameter estimation 2Bc,,, 2B, for two

options for the SF setting (extreme evaluation is worse
than the method for estimating the parameter at greater
lateral slope SF).

It is clear that in order to evaluate the parameter, it
is best to have the greatest sensitivity (at the level of
maximum steepness of the SF) than the extreme
observation of SF.

Thus it is possible to state:

— extreme observations are most useful for
distinguishing purposes, but for parameter estimation it
does not work because the greatest sensitivity and
accuracy should be at estimation at the highest
steepness;

— the error of the parameter for distinguishing
can be calculated by (6), if the curvature SF is known;

— due to (6), in terms of distinction, it is desirable
to have SF with maximum curvature at maximum, but it
requires an undesirable large band for the time process,
a large antenna for the angular process, and a large QO
factor for the frequency response.

Consider the coherence factor of the a priori range
of the meter with its physical range, that is, with the
aperture of the two-channel discriminator, when:

2[?)“)\’6“)\’ < 2A)\,d ,

where B, — a priori quantum a priori range AA,, which
is equal to 2B, 6, and less physical range 244, that
is less aperture of a two-channel discriminator (Fig. 3).

A UL(2)

U Bma

;“O “max

min

)

L

Akp

24h,

Fig. 3. Apriority range smaller than
an aperture Discriminator

In this case, the signal level is more needed.
Therefore, it is possible to reduce the separation
between the channels so that the ranges are aligned, and
thus almost free increase the slope of the discriminator
and its accuracy. If you imagine that the a priori range
AA,. Exceeds the physical range, in this case ambiguity
of measurements is possible. The only optimal matching
of the a priori range of a parameter measured with its
physical range will be only if they are equal

2[?)“)\’6“)\’ = A)\,D = 2A}\‘d .

This is a "little optimization".

Similarly, in the coordinated frequency band P
with the spectrum of the signal (1).

This is the optimal value of the band of the
receiver or filter by Siforov.

Ability to use a priori data
By (2) it is possible to connect a priori data:

2 2
ZBaXGaX
q

o = (7
It is known that if the a priori Gaussian matrix is
the probability distribution, then you can increase the
accuracy of the measurements. To refine the estimation
of the parameter A .
We need to calculate a weighted estimate for
Gaussian distributions p(A) and p, (1) :

-2 -2
. “A, +03°A
A = %’ (8)

0;2 + 0y,
then the accuracy of the weighted estimation will

increase by the value of the a priori accuracy 052 :

-2
012=G;2+GX2=G;2(1+B%q1J. (9)

This is even more generalized curve (9), includes a

priori data. At g > 20[32 it makes no sense to refine the

calculation, since the accuracy increases by only 10%.
This is the optimum by type of saturation.

Thus, a priori information can be the result of
measurements on the previous scale. Lack of following
discriminators in comparison with non-pursuing
discriminators — the presence of a dynamic error.

Influence of signal level changes
on accuracy of estimation

Almost all radio discriminators have the same
feature that the highest voltage (counting) at the output
of the discriminator, when the parameter is on the limits
of its aperture, is proportional to the amplitude of the
input signal, including after the limiters and stabilizers
of its amplitude. To estimate the effect of changes in
signal amplitude, assume that there are no stabilizers
and limiters of the amplitude, and determine how this
will affect the error of the discriminator.

Let's have a discriminatory characteristic U,(4), in
which maximum value U,, matches the amplitude of
the input signal S,,, (Fig. 4).
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Fig. 4. The effect of the signal level
on the measurement

If the amplitude of the input signal changes and
becomes §,,;, then the discriminatory characteristic
will become steeper and its maximum will equal U,,.
This will result in an error estimating the signal
parameter A. Indeed, if the output of the discriminator
is voltage U, and there is no fluctuation interference,
then we believe that the measured parameter is equal
to A;, keeping in mind that we know the former level
of the signal. In fact, the signal level has become S,,;,
the trickiness of the discriminating characteristics has
become more and tense U; matches the signal
parameter A,.

So, the error in parameter estimation A equals:

U U
AN =N —hy = Ahy =L Aby —2— .
Um ml
Then:
U U
AN =L U, (L—LJ = Ahy i{l—i}
Um ml Um ml

If the signal level U, — random variable, then

variance G% , mistakes A/ the signal parameter due to the
random change in the amplitude of the signal will be:

2
2 2| Uy | 22
c =Akd[—J Slm > (10)
M(AM) U, m
when &7, = (o, /U, )2 — relative variance of the

amplitude of the signal.

Thus, the maximum variance o2

AL(AM) estimation
errors A is responsible
U/'L:Um
and equals:
2 2.2
max o =AN;G
U} AM(AM) a®u,,

: 2
Let the variance cx( AM)

ignorance of the signal) does not exceed the variance of
measurements due to the influence of fluctuation

mistakes AL (due to

obstacles.
Then we obtain the demand for the accuracy of the
amplitude of the signal stabilization:

2
GX(MM) <oy, (11)
~ AN
from here: Akécgj <d
m q
r 52 <1 (12)
o 5y, < .

Another application (12) obtained for curve (2).

On the curve of the exchange of discriminator
measurements, the accuracy of the setting of the scales,
the precision of the scale start shift, has a significant
effect.

Conclusions

Thus, it is possible to draw the following
conclusions from the obtained (1) and (2).

1. Measurement accuracy of any parameter A the
signal does not depend on the gain of the receiver.
However, it is not selected arbitrarily, and such that the
level of the output signal, which should be known,
corresponds to the scale of the final measuring device.

2. The accuracy of the parameter measurement A
the signal as the value of the inverse dispersion of the
error is directly proportional to the signal / noise ratio g.

. . 2 . .
3. Evaluation variance cj according to expression

(2) is proportional to the square of the aperture of the
discriminator. Therefore, to achieve high accuracy

(small dispersion ci) should strive to reduce the

aperture A/, of the discriminator.

4. The accuracy of the meter also increases with
the decrease in the width of the spectrum of the signal.
That is why the phase measurements are considered the
most accurate.

5. The expression (2) connects all the quality
indicators for these meters. After the introduction of
restrictions, this will be curves for the exchange of
qualities of meters by Gutkin L.S.

The obtained relations (11) and (12) make the
following conclusions.

1. The smallest effect of the change in amplitude
on the error of discriminatory measurements is
manifested at a small deviation of the parameter from
the central setting of the discriminator A,, that is, at
small U,.

Hence it is clear that in order to control the effect
of changing the signal level, it is best to use a watchdog,
which is tracking the parameter 1. However, even for
the monitor discriminator, the amplitude of the signal
stabilization is necessary because the dynamics of its
change may affect the quality of the observation of the
parameter A.

2. Stabilization of the amplitude of the signal
(measuring it with relative accuracy):

22 <y
S
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allow you to ignore the error due to the ignorance of the
amplitude of the signal.

In this case, the relative variance of the amplitude
stabilization is compared with the relative dispersion of
the fluctuation component of the discriminative
measurement error:

2
G)\‘ = &2 = 1
( Akd) U A"

This means that the non-monitored discriminator
for (12) is practically inferior to the precision of the

monitor being discriminator, with the same effective
bandwidth of the frequency filters.

The advantage of monitored discriminators in
comparison with non-observable discriminators is to
lower the effect of the signal amplitude change, and
the advantage of non-observable discriminators is, in
comparison with observing discriminators, the
absence of a dynamic error of measurement of the
signal parameter associated with rebuilding the
discriminator and dynamics of changes in signal
parameters in time.
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Meton onTumisanii pagioeJIeKTPOHHMX BUMipIOBaviB
I'. B. Anpomun, O. B. Konomiiies, A. M. Tkauos, C. I. Kiiseup, B. B. ITocoxos

AHoTanisi. Po3BUTOK Hayky i TEXHIKM MPUBIB O TOro, IO ICHYIOYMX METOAIB pPaJiOBUMIPIOBaHb CTaJO BXKE
HenoctaTHRO. OKpiM MoTpeOH B MOKa3HWKAX TOYHOCTI BHMIpPIOBaHB 3'IBHIIAcS MOTpeba B BpaxyBaHHI IIUPOKOTO arpiopHOro
Jiara3oHy Yacy BHMipIOBaHb JUISl TIPOIIECIB, IO IIBHUJIKO 3MIHIOIOTHCS, HAIHHOCT] B CTUKYBaHHI IIKaJl, BiIHOIIEHH] CUTHAIY 10
IyMy, a TakoXX y BUKOpHCTaHHI Baprocti. CydacHi MeTOIM BUMIpIOBaHb, ICHYIOHi B METpPOJOrii, BUKOHYIOTh (yHKILiO
TIOPiBHSHHS TTapaMeTpa, sIKH BUMIPIOETHCS 3 BIAMIOBIHUM €TAJIOHOM (3 HOro 4acTUHOM0). [lisl paioeneKTpOHHUX BUMIpIOBadiB
— IIe HAHTOYHIIIMI HYJIb-METO]], & TAKOXK PI3HULIEBUI MeToA, (GYHKIIOHAIBHUI METOJ — HPHUCTPO], 10 MPSMO BKa3ylTh, METOJ
3aMilleHHs], KOHYCHUI MeTOo[ 1 iHImi. AJie X METOAIB BXKE HEJOCTaTHBO JUIS PalioeleKTPOHHUX BHUMIpIOBAdiB, Jie MOTPiOHI:
TOYHICTh OLIHKM; TOYHICTH ANpiOPHUX IaHMX; LIBUJKICTH 200 4Yac BUMIpPIOBaHb; JOBipYa BIpOTiJHICTh CTHKYBaHHS LKAl
BiZIHOLIICHHS NOTY)KHOCTI CUTHAJY [0 IIyMY; BapTiCTh JUIS ONTHUMi3alil CUCTEM; METO/l CHHTE3y CUCTEM i3 3araJlbHUX MO3MIIH 1
tak pam. Ili npobmemu (onTuMizamii BHUMIPIOBAJIBHHMX CHCTEM) IIPONOHYETHCS BHPIIIYBATH 3aBISKH BHUKOPUCTAHHIO
y3araJbHEHOr0 BMpa3y Ul OTpUMaHHSA KpuBHX O0OMiHy sikoctedi 3a [yrkinum JI. C. Orxe, nus 3azau  ontumizaiii
BUMIPIOBAJIBHUX CHCTEM 1 OTPUMaHHS KPUBHX OOMiHY, LIJIbOBY (DYHKIIIO /Ul HUX MOXKHA 3HANTHU JUIS YCIX THUIIB BUMIpIOBauiB.
3agaui onTuMizalii OyayTh cOpMOBaHi, SKIIO 3HAWTH OOMEXKEHHS 3a BapTICTIO, MIKOBOIO IOTYXKHICTIO TOIIO. TakuM YHHOM,
(GopMyIIOBaHHS y3arajJbHEHOrO IOKAa3HHKA SIKOCTI BHMIPIOBAJIIBHMX CHCTEM 3 €IMHUX IO3HULIH € aKTyaJbHOI HAYKOBOIO
3ajauero. Pesynbratu onTuMmizamii psay 3amad METOIOM cenapalbenbHOro IporpaMyBaHHs JO3BOJWIM OTPHMATH PIillIEHHS B
aHAJITHIHOMY BUTJISIAI, SIKI BiIpa3y 5k MOJKHA Ha3BaTH KPUBHMH 0OMiHY. BusiBneHo, 1o st 3a1a4 onTuMizalii BUMipIOBaIBHIX
CHCTeM 1 JUI OTPHMAaHHA KPMBUX OOMiHY LJIbOBY (DYHKIIO JUIi HUX MOXKHA 3HAMTH M1 yciX TUNIB BUMiproBauiB. 3ajaui
ontuMizanii Moxyrb Oyrd cQOpMynbOBaHI, SKIIO 3HAWTH OOMEXKEHHS 3a BapTICTIO, IIKOBOIO MOTYXHICTIO TOLIO.
3anpornoHoBaHO MeToz (POPMYBaHHs y3araJlbHEHOro MOKa3HHMKa SKOCTI BUMiproBalbHHX cucteM. ITokaszaHo, 10 y3arajJbHEHUH
MOKA3HHK SKOCTI CIPaBeUIMBUI IS YCIX THIIB JUCKPUMIHATOPHUX BUMiproBadiB. [Ipu 11bOMy, y3araJlbHeHUH MOKAa3HHUK SKOCTI
CIpaBeUTMBUH SIK 1711 BUMIPIOBaUiB i KaHaliB Oyb-SIKOTO THUITY, TaK i Ul Pi3HUX MapaMeTpiB, 110 BUMIPIOIOTbCS. Y3arajabHEHHH
MOKA3HHK SIKOCTI BUMIPIOBAJIbHUX CHCTEM JIETKO JIOTIOBHIOETHCS 3B'A3KAMH 3 1HIIUMH [OKa3HUKaMHU.

Kar4dosi caoBa: onrumisaliis; oliHKa apaMeTpa; BUMipIOBAHHS; TOUHICTb.

Meron onTHMH3a0HMH PAaAH031EKTPOHHBIX H3MEPHTeIei
I'. B. Aireminn, A. B. Konomutiinie, A. M. Tkaues, C. W. Knepen, B. B. ITocoxos

AHHOTanus. PazBuTue HayKn M TEXHUKH NPUBEJIO K TOMY, YTO CYLIECTBYIOIIUX METOIOB PaJHOM3MEPEHUHN CTANIO yiKe
HejocTaToyHo. KpoMe mOTpeOHOCTH B IOKA3aTelsX TOYHOCTH H3MEPEHMIl MOSBUIACH IHOTPEOHOCTh B ydeTe IIMPOKOrO
aNpPUOPHOr0 JAMala3oHa BPEMEHHM H3MEPEHUH Uit OBICTPO H3MEHSIOIUXCSl IPOLECCOB, HAIEKHOCTH B CTHIKOBKE MIKAJ,
OTHOILICHUH CHTHaJa K LIyMy, a TakKe B MCIOJIb30BaHMU CTOMMOCTH. COBpEMEHHBIE METOZBI U3MEPEeHHIl, CYIIeCTBYIOIE B
METPOJIOTHY, BBIIONHIIOT (DYHKIMIO CPaBHEHMS HapaMerpa, KOTOPBIH H3MepseTcss ¢ COOTBETCTBYIOLIMM OSTAJIOHOM (C ero
qacTplo). JIIs pajModIEeKTPOHHBIX M3MEPEHHH — OTO CaMblil TOYHBIA HONB-METOA, a TaKKe pPAa3HOCTHBIH MeTon,
(YHKIIMOHAIBHBIA METOM — IPSIMO YKa3bIBAIOLIUE YCTPOIMCTBA, METO]| 3aMEILCHHUs, KOHYCHBIH MeTox 1 pyrue. Ho aTux MeTonos
yXKe HEeJOCTaTOYHO IUIS PaJHOdIEKTPOHHBIX HM3MEPEHHMil, IZie HyXKHBI: TOYHOCTH OLEHKH; TOYHOCTb ANPHOPHBIX NAHHBIX;
CKOPOCTH HJIM BPEeMsI W3MEPEHUH; OBEPHUTENbHAS BEPOSTHOCTh CTHIKOBKM IIKaJ; OTHOLICHHE MOIIHOCTH CHTHala K IIyMY;
CTOMMOCTB Il ONTHMH3ALMU CUCTEM; METO]] CHHTEe3a CHCTEM M3 OOLIMX ITIO3ULMI M Tak Janee. DTH MpooieMbl (ONTHMHU3ALMY
M3MEPHTEIIBHBIX CHCTEM) IpeuIaraeTcsl pelarh Onarofaps UCIojlb30BaHUIO 0000IIEHHOr0 BEIPAXKSHHS ULl OTYIeHUsT KPHBBIX
obmena kadectB 1o I'yrkuny JI. C. CrnenoBarenbHo, il 337124 ONTHMU3ALMH U3MEPUTEIBHBIX CUCTEM U ITOTYYeHHs KPHBBIX
oOMeHa, 11eJIeByI0 () YHKIMIO JUIsl HHX MOXKHO HaWTH JUIs BCEX THIIOB M3MepuTerteil. 3anaun ontuMusanuy 6yayT copMupoBaHsbl,
€CJIM HaliT! OrpaHUYEHHE 10 CTOMMOCTH, IIMKOBOH MOIIHOCTBIO M TakK jainee. Takum obpaszom, GopMynupoBaHue 0000IEHHOr O
HOKa3aTeNs KayeCTBa U3MEPUTEIBHBIX CHCTEM C eIMHCTBEHHBIX NMO3HLMH SBISSTCS aKTyaJlbHONW HAaydHOH 3aadeil. Pe3ynbraTsl
ONTHMHM3ALMU Psilia 3a7ad METONOM cernapadelbHOro MporpaMMHPOBAHNUS MO3BOJMIN IIOIYIUTh PEIICHHS B QHATMTHYSCKOM
BHJIE, KOTOPBIE CPa3y e MOXKHO Ha3BaTh KPUBBIMU 0OMeHa. OOHapy>KeHO, YTO JULI 3aa4 ONTHMU3ALUH H3MEPHUTEIIBHEIX CUCTEM
U JUIs IONYYeHVs KPHBBIX OOMEHa LeNeByl0 (YHKUMIO JUII HUX MOXKHO HalTH IUIS BCEX THIIOB H3MepuTeneil. 3aauu
ONTHMHM3aLMU MOTYT ObITH C(HOPMYIHPOBAHBI, €CIM HAWTH OrpaHHYCHUE IO CTOMMOCTH, IIMKOBOH MOIIHOCTBIO U TaK Jajee.
IIpemnoxen mMeton GopMHUPOBAHMS 0DOOIIEHHOTO MOKa3aTelsd Ka9eCcTBa U3MEPHTENBHBIX cicTeM. ITokazaHo, 4To 0000IIEeHHEIIT
HOKa3aTelb KauyecTBa CIPaBEIUB UL BCEX THIIOB JUCKPUMHUHATOp M3Mepureied. IIpu sToM, 0OGOOIICHHBIN IOKa3aTelb
KayecTBa CIPABEUIMB KakK Ul M3MEpUTeNeidl W KaHaJIOB JI000ro THIA, TaK M JULL Pa3iMYHBIX H3MEpSEMBIX MapamMeTpPOB.
OO60OLICHHEBIH [TOKa3aTeNb Ka4yeCTBa H3MEPHUTENBHBIX CUCTEM JIETKO JONONHAETCS CBA3SIMH C JPYTHMH [OKA3aTeI MU,

KawoueBbie cioBa: OITUMH3alMs; OLICHKA IMapaMeTpa; U3MEPCHUS; TOYHOCTbD.
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