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Abstract: The article discusses the errors associated with the moisture measuring transducer
that is based on the cylindrical electrode, along with their sources and calculation formulas for error
elimination. The initial capacitance of the capacitive electrode humidity converter is dependent on its
geometric parameters, such as the radii of the electrodes and their length. Accurate calculation of
these geometric parameters enables the reduction of regular measurement errors in the input and
switching circuit of the moisture converter to a minimum value, resulting in a significant increase in
the informativeness and accuracy of the output signal. Consequently, some sources of measurement
errors are eliminated or minimized during the design of the capacitive electrode moisture converter.
To further reduce errors in the measurement chain and minimize the influence of internal and external
destabilizing factors, there is a need to develop effective correction elements and schemes.
Additionally, the article presents a method for calculating the total measurement error of the
transducer by measuring the moisture content of scattered products with a capacitive electrode.

Keywords: Error, sources of error, entropic error, error calculation method, capacitive
transducer, cylindrical electrode transducer, graph transitions

Annomayun: Makonrada yunuHOpuK 31eKmpoo acoCuodazu HAMAUK Yau4aul Y32apmKuduHuHe
Xamoauknapy, YiapHune Keaub Hukuul Mmanbarapu 6a Xamonuxiapuu Oapmapag xunuul yuyH
xucobaaw opmynanapu kermupunean. Cugum 21eKmpooaU HAMAUK Y32apmKuy 0acmaaoKu cugum
VHUHZ 2e0MempUuK Napamempiapu — d1eKMmpoONapHuHe paouyciapu 6d YiapHune Y3yHaueued
boenuxOup. AtiHaH aHa Wy 2eoMempux RNAPAMempPIAPHUHZ —AHUK XUCOONAHUWIU — HAMIUK
V3eapmKruduHuHe KUpuul 6a y32apmupuud 3aHlCUpuoacy MyHmasam yudawl Xamoausunu MuHUMal
Kuiimamueaya — KaMauuiy — UMKOHUAMUHY — Apamaou, Y3  HAGOAMUOA — YUKUWL — CUCHATUHU
uH@OpMamueuey 8a AHUKIUSUHU Oup Heua 6apobap owuwuea oaub xeraou. [lemax, yauaw
Xamoauxknapurune 6av3u Manoanapu CuUM IeKMpoOaU HAMAUK PY32apmKUYUHU J10Uuxaia
daspudaéy Gapmapagp Kununaou EéKu MUHUMAT KULMAMued pumiundou. Yauaur 3auicupuoaci
XamOUKIApHY AHAOA KAMAUMUPUW, UYKU 64 MAwKu 0ecmadun QaxmopiapHune masCupuru
MUHUMYM2a KeTMUpuul mMakcaouoa d¢@dexmus uunai o1aouean KoppeKyusnaul diemMmeHmiapyu a
cXemManapuny uwaad yukuw sapypuamu ioszaza kenaou. Llynunedex maxonada cugum 31eKmpoonu
COUUTYBYAH MAXCYIOMAAPHU HAMAUSUHY PIHAW V32APMKUYUHUHE YMYMUll Ya4aul XamonueuHu
Xucobnaw ycynu Xam Keimupunean.

Kanum cyznap: Xamonux, xamoaux manbanapu, SHmMponuUK Xamoaux, XamoaukHu xucoonau
VCYU, CUSUMY Y32APMKUY, YUTUHOPUK IAEKMPOOTU Y32apmKuy, epag ymuunapu

Annomayusn: B cmamve npedcmasienvl NOZpewHoCmu npeodpazoeamenst 8AaicHOCmu Ha
OCHO8E YUTUHOPUUECKO20 3NEKMPOOd, UX UCMOYHUKU U PACYemHble (OpPMYIbl O YCMPAHEHUs
noepewnocmei. Hawanonas emxocms emkocmmoz2o s1ekmpooHo20 npeobpazoeamens e1aicHOCmu
3a6UCUM OM €20 2eOMEMPUHECKUX NAPAMEMPOS - PAOUYCO8 IAEKMPo006 u ux Onunsl. Tounsii pacuem
OMUX 2e0MEMPUUECKUX NAPAMEMPOE NO380IACT CHUZUMb PEYNAPHYIO NO2PEUHOCTIb USMEDEHUSL 60
6X00HOU U KOMMYMAYUOHHOU Yenu NPeoopaso8amens 6LaXCHOCIU 00 MUHUMATBHO20 3HAYEHUS, YMO
8 C6010 0uepedb NPueoOUM K YEEIUUEHUI) 8 HECKOIbKO pa3 UHGOPMAMUEHOCMU U MOYHOCHU
8b1X00H020  cuenanda. Taxkum 0Opazom, npu NPOCKMUPOSAHUU EMKOCIHO20 IJIeKMPOOHO20
npeo6pazosamens @Ay YCMPAHAIOMCA HEKOMOpble UCIOYHUKYU NOSPEUHOCHEl USMEDEeHUT Ulu
docmueaemcess UX MUHUMALbHOe 3HadeHue. [l OanbHelue20 CHUNCeHUs No2pewnocmel 6
UBMEPUMENLHOU YEeNnoYKe, MUHUMUZAYUU GUSHUS GHYMPEHHUX U GHEWHUX O0eCmabuIu3upyiouux
Gaxmopos neobxoouma paspabomra dQpexkmuenvix dnemenmos u cxem koppexyuu. Taxdice 6
cmamee  npeocmasiena  Memoouka — pacuema — CYMMApHOU — NOZPEUWHOCMU — USMepeHus
npeopazoeamens UsMepeHus 6LANCHOCIU PACCHINAHHBIX NPOOYKIMOE eMKOCHHbIM INEKMPOOOM.
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Knrouesvie cnosa: owubrka, ucmounuxy owubOK, SHMPONULHAL owubKka, mMemoo paciema
no2pewnocmu, eMKOCmMubLIL NPeotpaz0eamens, npeodpa306amelb ¢ YUIUHOPULECKUM IAEKMPOOOM,

epagosvie nepexoowl.

Indroduction

When designing and constructing humidity
measuring transducers based on capacitive electrode
systems, it is crucial to research measurement errors,
identify their sources, and uncover destabilizing
factors, many of which arise during changes in the
input size. Scientific works have extensively covered
the analysis of errors in moisture meters with variable
capacity [1-3,5]. This discussion focuses on the
measurement errors specific to the cylindrical
electrode transformer. By examining the construction
of the transducer, its main elements, and analyzing
the measurement results, a classification scheme for
transducer measurement errors has been developed
(see Fig. 1). The error sources of the moisture meter,
based on cylindrical capacitive elements, are mainly

Additional errors arise from changes in internal and
external factors affecting various parts of the
measurement chain. Since any measurement process
is inherently random, the sources of measurement
error and their causes are also explained based on the
theory of random processes.

Research methods and obtained results

The theory of random processes hinges on
graph transitions that describe the state of the ongoing
process. Constructing a graph model based on these
transitions allows for the effective assessment of
errors in the wet meter with a cylindrical electrode,
which is based on a capacitive element, as well as the
impact of internal and external destabilizing factors
on these errors.

Sources of errorin cylindrical
electrode-based humidity transducers

,
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categorized as methodical and instrumental errors.

Fig.1. Classification scheme of sources of converter errors based on a cylindrical electrode

The entropic error distribution law is
influenced by the structural elements of the moisture
converter, which is based on capacitance electrodes,
and by the variation of electric current in the input
circuit. The mean square measurement error of the
humidity transducer encompasses the errors
associated with certain elements of the transducer.

o=\ol+0% +...+ 07,

in this 0y, 0,, 0, — errors of the converter
elements.

Fig. 2 illustrates the structural diagram of the
graph transitions of the humidity transducer
measurement errors, which are based on the
capacitive electrode. When a substance requiring
humidity measurement is positioned between the
electrodes of the capacitive electrode humidity
sensor, the electric field intensity between the
electrodes undergoes a physical change. This change
in the field is considered analogous to an alteration in
electric current in graph transitions, resulting in a shift
in the transducer's capacity, which is contingent on
the dielectric strength of the substance.
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Figure 2. The structural scheme of the graph transitions of the measurement errors of the moisture
converter based on capacitive electrodes

By determining the mathematical expression
for the electric current intensity, it becomes feasible
to link it to the aforementioned quantities and identify
the specific stages of the measurement process where
errors occur.

The distribution of the electric field current
strength across the height of the transducer with a
capacitive electrode along its length is derived from
the following expression:

Retry
Ask Web&GPT-4
U
E.==2 1
= 1)

in this U, — output voltage; h — the length of the
switch.
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Substituting the value of the output voltage from
the given formula into equation (1) yields the following
mathematical expression, which represents the
distribution of the electric field strength current across
the height of the converter:

wlne
E. =U, Ay (e o —1}, @)

. NV +r®

r

The derived equation highlights that the
measurement errors in the input variable circuit are
contingent on the key characteristics of the electric
field current, such as its homogeneity and
equipotentiality.

When a wet material is introduced into a
homogeneous and equipotential field, the potential
difference remains consistent across all points,
ensuring a stable change in the dielectric strength of
the material and the capacity of the transducer. This
results in a significant reduction in measurement
error. Conversely, the non-homogeneity of the
transducer's electric field current and a decrease in its
equipotentiality will cause variations in potential
differences at different points of the wet substance.

The initial capacitance of the capacitive
electrode humidity converter is determined by its
geometric parameters, including the radii of the
electrodes and their length. Accurate calculation of
these geometrical parameters enables the reduction of
regular measurement errors in the input and switching
circuit of the moisture converter to a minimum,
resulting in a significant increase in the
informativeness and accuracy of the output signal.
Consequently, certain sources of the aforementioned
measurement errors are eliminated, or their minimum
value is achieved during the design of the capacitive
electrode moisture converter. To further minimize
errors in the measurement chain and reduce the
influence of internal and external destabilizing
factors, it is essential to develop effective correction
elements and schemes.

Components of measurement errors based on
graph transitions of a capacitive electrode moisture
converter (Ui, 11), change size (l1, Ui, I;), element
sensitive to changes in electric field current
[Ui,(I),U1], size measurement (U, I2) and influence
of input size (X, x[11,Ui,(1i), x«p]) OcCcurs in chains.

Variations in the current and voltage supplied
to the circuit of the capacitive electrode humidity
measuring transducer result in fluctuations in the
frequency of the measuring generator, leading to
measurement errors in the transducer's input circuit.
The alteration of the inter-chain function, which
characterizes the graph transitions, is associated with
the instability of temperature, pressure, and humidity
in the external environment, as well as changes in the
material properties of the capacitive -electrode
humidity transducer. These factors contribute to
measurement errors.

As previously mentioned, the quality of the
change in the input magnitude, i.e., how much of it is
converted into a useful signal, is closely linked to the
conversion of the energy of the electric field current
into an active signal. A decrease in the active signal
in this part of the measurement process indicates the
destabilizing effect of temperature and physical
(electromagnetic) fields on the energy of the electric
field. Measurement errors occur in the measuring
circuit of the capacitance converter and the input
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magnitude sensing circuit [li(Ui), Uz(li)] due to the
measurement scheme type, the material of the
capacitive electrodes, and their wear over time.
Additionally,  constituent  elements in  the
measurement scheme create various measurement
errors as a result of changes in characteristics and
deviations from the limits of permissible errors.

The fundamental nature of the mathematical
model based on graph transitions lies in its ability to
identify the source of the physical field, the channel
of the physical field distribution, and the
measurement errors that occur at all stages of the
input magnitude change, especially when analyzing it
from the perspective of electric field current
distribution. In this scenario, the input size can
directly impact the conversion stages mentioned
above. If stable conditions are not maintained in the
input circuit, including ambient temperature,
pressure, humidity, and voltage stability in the
constant current circuit, changes in the electric field
current in the aforementioned input magnitude
change circuits will occur, leading to measurement
errors and resulting in an overshoot of the errors of
the inter-chain transfer function. Hence, the
identification of the primary error sources in the
moisture measurement converter for grain and grain
products with a capacitive electrode, as well as the
development of effective solutions, is accomplished
through the use of a mathematical model based on
phase transitions.

The determination of measurement errors is a
crucial metrological characteristic of the capacitive
electrode humidity transducer, as it directly impacts
the measurement error of the moisture meter device
based on this transducer. To ascertain the total error
of the grain and grain products moisture measurement
transducer, it is essential to consider the measurement
errors generated in the size change chain, measuring
elements, and its system, all of which are associated

W Uout

with its structural elements. Furthermore, the use of
advanced methods of mathematical statistics in the
processing of measurement results is important for
reducing the overall measurement error of the
capacitive electrode transducer. For instance,
employing correlation analysis methods can reduce
the measurement error of the capacitive moisture
meter by 5-7% when building the calibration
characteristic of the moisture meter.

When analyzing the measurement error of a
capacitance electrode humidity transducer, the mean
square deviation of the error is typically obtained
from the regression equation's straight line, i.e.

B =~D(B)A-p*), 3)

. . 2
where p — relative correlation; x =1-p° —

coefficient of indeterminacy.

The regression equation, derived from
processing the measurement results, is an
approximation that represents the relationship
between the output value of the moisture meter and
the material's moisture content.

The primary indicator of this approximation is
the correlation coefficient, also known as the relative
correlation. A larger correlation coefficient indicates
a stronger correlation between two random variables.

If the relative correlation equals one, it
indicates a genuine functional relationship between
the two associated quantities. Consequently, the mean
square deviation from the regression equation line
cannot accurately represent the true value of the
material moisture measurement error.

To assess the overall error of the device used to
measure the moisture content of grain and grain
products with a capacitive electrode, we view the
moisture meter as comprising two transducers
connected in series (see Figure 3).

WOU

A 4

_ > Hl

UK

I,

MM

Figure 3. Change of input size under the influence of unstable factors:
in this y — unstable factors; Uoy: — output signal of the converter; W — measure not humidity value; Wout —
measured value of humidity; 77; Ba I1>—moisture exchangers.

The transducer TT; measures the size o, which
in turn changes to the output signal I, representing
the moisture at the outlet of the converter, Wey:. The
root mean square error of moisture measurement is
determined from the mathematical expression,
considering two independent random errors, based on
the structure diagram in Fig. 4.3.

o=.on +o5 (4)

2 2
where o Ba Oy, — the square errors of the

variables /7, and 11, respectively.

The measurement error of the primary
converter, Il;, can be determined experimentally,
while the error of the converter switch, Iy, is limited
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by a transfer function, making detection possibilities
restricted. To address these challenges, we employ
elements of informational measurement theory to
determine the total error of the wet meter. Viewing
the converter as an existing information transmission
channel, we consider a signal with entropy M(u) at its
input and the resulting noise fluctuations H(A) having
an entropy. According to Shannon's theorem from the
theory of measurements, the errors created by
unstable factors and other random processes are equal
to their entropy. From this perspective, the
information at the output of the transmission channel
consisting of a converter is as follows, i.e.

O, =G, —H(4), ®)
where Q- the amount of information at the

input of the transmission channel.

When the output signal of converter I7; shifts
from u; to uy, the output signal of converter 17, shifts
from w; to w,. We denote the output signal detection
errors of converters by Au and Aw, respectively.

In the theory of information measurement, the
determination of the quantity u(w) is defined by the
probability distribution of the density of measurement
errors before the measurement, when the signal
changes from u to uz (from wy to wy).

P(u) = L ékm P(w) = ! ; (6)
u, —u, W, — W,

After measurement, the magnitude of 2Au
(2Aw) is determined by the expressions, and the
probability of measurement errors is calculated as
follows:

1 1
P(U)=—— ému P(W)=——.
(u) oAy K (w) AW @

The values derived individually from (7)
indicate that the signal of converter 171 (I2) is in the
state ui(wi) and is determined by the following
expressions:

2AU 2AW
O, =-lg ' O, = —lg )
U, —U, W, — W,

We will now initiate the process of determining
the entropy of noise fluctuations in the information
signal transmission channel. Once the material's
moisture and grading characteristics stabilize based
on the output signal of the capacitive electrode
moisture meter, a functional connection is established
between the output signal of the 77; converter and the
measured value. Drawing from the theory of
correlation analysis, it becomes feasible to ascertain
the correlated random variable, which is contingent
on the quadratic factor of the relative correlation.
Subsequently, the coefficient of determination I7;
determines the likelihood of linking the material's
moisture content with the transducer's output signal.
Thus, this connection signifies the calibration
characteristic of the moisture transducer with a

capacitive electrode. The formula for determining the
entropy of noise fluctuations in the information
transmission channel of the transducer is as follows:
H(A)=—Ig p°; C))
Putting mathematical expressions (8) and (9)

into expression (5), we get:

9 2Aw g 2Au _ig o2, (10)
W, —W, u, —u,
where
AW _ AU . 1)
W, —W, (u1_u2)p
=" (12)
(ul_uz)P

Mathematical expressions (11) and (12)
correlate the absolute and relative measurement
errors of the capacitance electrode wet meter.

Thus, knowing the absolute or relative
measurement error of the transducer 77; and the
correlation  coefficient of the calibration
characteristic, it is possible to determine the absolute
or relative error of humidity measurement.

The research outlined above demonstrates that
the entropic value of the measurement error of the
capacitive electrode moisture transducer reflects the
magnitude of the error. In the context of informational
measurement theory, measurement accuracy is solely
determined by the entropic error value, which can be
calculated using the following formula:

A, =k, -0, (13)
where k, is the entropic coefficient,

measurement errors depend on the type of distribution
law; o is the value of the average squared error of the
measurements, determined by the dispersion of the
measurements, therefore, with the decrease of the
dispersion, the average squared error also decreases.
The entropic coefficient is calculated during the
analysis of the measurement results obtained from
experiments and the calibration of the wet meter.

Therefore, utilizing the equations mentioned
above, we derive the following formula for
computing the measurement error of the capacitance
electrode moisture meter:

W=k, —>
? (- uz)2,02
Experimental studies indicate that a range of 50
to 100 measurements is necessary to establish the
distribution pattern of measurement errors accurately
when calculating the entropy coefficient. For
instance, this coefficient must be computed for
various wet meters. A quantity of 15 to 30
measurements is satisfactory to determine the mean
squared error of the measurements and the squared
error of the deviation of the regression equation line

(14)
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from the true value, a range of 15 to 30 measurements
is sufficient.

Conclusion

The method developed for assessing and
analyzing the overall measurement error of the
capacitance electrode wet meter fully satisfies the
requirements of informational  measurement
techniques. It also has the potential to be applied in
determining the measurement error of other
measuring devices. This method offers a high
likelihood of moisture binding, indicating that the
scaling characteristic closely approximates its true
value. Consequently, entropy serves as a measure of
the correlation between the output signal of a
capacitive electrode moisture meter and the moisture
content of the material being studied.
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AN EXPERIMENTAL INVESTIGATION OF THE NEW VIBRATION

VISCOMETER

J.U.SHAMURATOV (Tashkent State Technical University, Tashkent city, Republic of

Uzbekistan)”
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Abstract: The characteristics of the new oscillating-plate viscometer have been investigated
experimentally. The results obtained are as follows: the resonant frequency of plate oscillation
decreases with increasing viscosity; the apparatus constant K determined experimentally includes the
end and slip effects; the dimensions of the plate should be determined by referring to empirical relations

n
between pu and A (z {(EE—“) - 1} ) for various dimensions of the plate; where p is the density, u is the
viscosity; E, the resonant amplitude of plate in the air; E the amplitude of plate in a liquid, and n a

constant.

If the distance between the plate and the wall of the vessel is longer than about one wavelength
of the wave produced by the plate, the effect of the reflected wave from the wall can be neglected.
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