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Abstract

The main task of the research is the development of the primary capacitive measuring transducer that can perform
testing influences on the material under research, applied for automatic “type uncertainty” method error compensation, that
takes place because of the method of measurement imperfection. To estimate the relevant level of testing influences a group
of different materials with 2, 2.5, 3 and 3.5 dielectric permittivity values was taken for 0, 10, 20, 30 and 40% of moisture
content control points. The primary measuring transducer of moisture content is organized with an electrode system in
a form of V-type plates, which is fixed on the internal surface of two dielectric rings. Testing influences on the substance
are reproduced directly in the capacitive primary transducer by simple metallic plates with fixed thickness introduction into
the space between separate electrodes of an electrode system. A prototype product of the primary measuring transducer
had been experimentally tested together with the new method of moisture measurement, which includes two additive, two
multiplicative and two complementary testing influences on the material under research. Moisture content with nominal
values 0, 10, 20 and 30% was reproduced by certain group of grains with different dielectric permittivity values. Experimental
setup of an adaptive moisture meter was assembled using the substitution method of measurement to provide good accuracy
for the conditions of capacitance measurement in substances with significant dielectric losses. The accuracy of moisture
measurement was defined as discrepancy between average measured and nominal moisture content and as an uncertainty

of this discrepancy in a form of type A uncertainty.
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Introduction

Grain growing in Ukraine is a strategic and most
effective branch of economy. In the Law of Ukraine
“About Grain and Grain Market in Ukraine”, a lot
of attention is paid to grain state quality control and
its storage conditions. Modern performance indexes of
grain are regulated with a group of national standards,
where it is mentioned that grain moisture content
shouldn’t be more than 14.5...15.5%. Ukraine produces
2.5 million tons of grain per year and 1.5 million tons
from that quantity needs quality improvement. One
of the most popular ways of quality improvement is
one or two times moistening with further conditioning
to the 12...13% moisture level, that allows to improve
bakery properties noticeably.

Moisture measurement with high accuracy is really
necessary for all these examples. Big number of factors
influence on the accuracy of moisture measurement.
Among them we can emphasize physicochemical com-

© HHILI «Incturyt Merposorii», 2020

position, granulometric composition and temperature
variation. Not only material’s type or sort has an effect
on its physicochemical composition, but conditions of
extraction, processing, etc., that is the list of factors,
complicated for analytic forecasting. Granulometric
composition of different bulk materials is far from
ideal what decreases the repeatability of measurements.
Temperature influence, in its turn, can be taken into
account by the introduction of correction coefficients
into the result of moisture measurement.

Problem statement

Moisture control is typical for the significant num-
ber of operations in extracting, processing and produc-
tion of different materials. Now we have approximately
33% of moisture meters represented by dielcometer in-
struments with capacitive primary transducers. Mois-
ture meters of this type have complementary error of
measurements (type uncertainty), connected with dif-
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ferent values of dielectric permittivity for the materials
under research in dehydrated state. The influence of
this error is usually significant and traditional ways of
its compensation can be effective when we know the
composition of the material under research.

In other cases the effectiveness of traditional com-
pensation methods essentially decreases.

Mainly because of that further improvement of the
existing methods of moisture measurement with a task
to solve the problem of type uncertainty compensation
is a relevant and perspective mission.

Analysis of recent researches and publications

In moisture meters, present on the modern mar-
ket, different physicochemical composition in the most
cases can be taken into account in the way of mete-
ring curves or rating coefficients introduction into the
microprocessor block memory for maximal number
of the materials under research with a possibility of
separate calibration before each measurement [1-3].
But it is impossible to get analytic forecast of chemical
composition and different features of all the materials
under research. That is why mentioned above methods
of type uncertainty compensation have local effective-
ness and are not versatile.

Besides, the analysis of measurement methods
based on dielcometer principle was carried out [4].
Separate group of methods was detected, where special
testing influences should be fulfilled to define the ini-
tial moister value of the sample under research. Testing
influences can be implemented in the form of mea-
sured out water volumes addition with further mixing,
introduction of measured volume of a material with
certain dielectric permittivity or capsules with water of
a certain form.

Direct addition of water dozes into the material
with further mixing can be hardly possible for some
cases, for example, when we have measurements in
a flow or when the material with high moisture con-
tent is under research. Besides that, for a big number
of technological processes (grain softening, production
of oil-water or coal-water slurries) it is necessary to
maintain a certain value of moisture and measured out
water volumes addition can’t be accepted. Application

of leak-proof capsules with water is ineffective from the
production manufacturability point of view.

Main purpose of the research is to create a pri-
mary transducer of moisture content with a design,
which could provide the most simple and manufactu-
rable way to fulfill testing influences on the material
under research with a task to compensate material’s
type influence on the result ofmeasurement.

Primary measuring transducer of moisture content

Before we discuss testing influences on the mate-
rial, it’s necessary to estimate their relevant level. For
that purpose a group of different materials with dielec-
tric permittivity values ¢ , equal to 2, 2.5, 3 and 3.5
was taken. Then five control points of moisture content
W were chosen for these materials with values 0, 10,
20, 30 and 40% of moisture.

Average change of dielectric permittivity values
for the binary material-water systems with mentio-
ned above moisture content (W=0, W=10, W=20,
W=30, W=40%) was estimated using universal equa-
tions of Wiener, Botcher and Kubo-Nakamura [5-9].
Results are summarized in Table 1.

Main purpose of such a check-up was to determine
the percentage of binary mixture dielectric permittivity
change for the certain volumes of water added to
different materials.

Primary measuring transducer is organized with
an electrode system 1 (Fig. 1) in a form of V-type
plates. System of electrodes is fixed on the internal
surface of two dielectric rings 2 and 3. To make
the implementation of testing influences convenient,
construction of the transducer has two internal
dielectric rings 4 and 5.

Testing influences on the substance are reproduced
directly in the capacitive primary transducer by simple
metallic plates 6, 7 with fixed thickness introduction
into the space between separate electrodes of an
electrode system 1. To preform two additive testing
influences on the material under research primary
transducer can be conventionally divided into three
measuring sections. In accordance with Table 1, to
simulate 10% water addition to the substance it is
necessary to increase dielectric permittivity or primary

Table 1
Results of dielectric permittivity calculations
Average change of dielectric Moisture content W (absolute values)
permittivity €, % 0 0.1 0.2 0.3 0.4

Equation of Wiener 0 29.8 66.2 111.61 169.79
Equation of Botcher 0 27.11 54.23 81.33 108.44
Equation of Kubo-Nakamura 0 58.8 98.42 144.86
Average change in total, % 0 27.64 59.74 97.12 141.03
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Fig. 1. Primary measuring transducer: external look and a prototype product

transducer’s capacitance by 27.64% or in 1.2764 times.
To provide second testing influence on the substance
under research capacitance C of four capacitors from
section 2 must be increased by 59.74% or in 1.5974
times. Gap between the electrodes, designated as Z,
should be decreased by the same value.

Primary transducer’s prototype product has such
geometrical dimensions (Fig. 1): electrodes’ length
(distance between rings 2 and 3) is equal to /= 50mm;
gap between electrodes Z = 20mm; internal diameter
of dielectric rings D= 150mm; electrodes’ width
(distance between rings 2 and 4) L= 0.5V(D>-Z%)—
—1.866Z = 37mm.

In correspondence with [10], capacitance C of
a flat capacitor with metallic plate between the
electrodes will depend only from metallic plate
thickness and can be calculated using the formula:

ggy S
€= 2d "’ W
where d is a distance from the edge of an electrode to
the edge of metallic plate. Knowing that, it is possible
to calculate thickness @, of one metallic plate 6 using
formula (2) and thickness @, of one metallic plate 7
using formula (3):

zZ

dy=7Z-—2—=02165-Z=433 mm, )
1.2764

dy=Z-—% _-0374.Z=7.48mm.  (3)

2 1.5974 ' '

Calculation of primary measuring transducer’s electric
capacitance

At first electric capacitances of sections 1, 2
and 3 for empty primary measuring transducer were

| (cf/~c;)am’

(ci-c;)am

calculated. Section 1 contains four connected in parallel
capacitors, where gap between electrodes is equal to
Z =Z—d,. Section 2 has four capacitors with a gap
Z,=7—d,. Section 3 is free from metallic plats and
has four capacitors with a gap Z between electrodes.
General electric capacitance for the capacitors of
section 1 can be calculated using the formula:

&1t 8mt&at

Ci =g g01+2[ ] N C))
{ +eu+28101t 281

where g — spatial characteristics of basic electric
field, m; g, — spatial characteristics of external
field in a form of half cylinder for the side /; g, —
the same in a form of half cylinder for the side L;
g, — the same in a form of half tube for the side /;
&, — the same in a form of half tube for the side L,
8, — the same in a form of spheric quadrants;
g, — the same in a form of quadrants of the spheric
shells.

Method of spatial characteristics calculation can
be found in Table 2.

Capacitance value C, would be equal to:

G = 808[g01+2(g21+g41 )]4 =8.85-107"2 x
x1[0.1181+2(0.013+0.0096) |-4 = 6.28 pF.

Spatial characteristics calculations for C, and
C, capacitances of the primary measuring transducer
sections 2 and 3 are given in Table 3. Described
primary measuring transducer was developed as a part
of moisture measurement method in bulk and liquid
dielectric substances [11, 12], where moisture content
can be calculated using formula (5):

+0.033|-833 +

W:‘

|AW/(C3//—C3)

e o) @a) (e

AW (C-G)

(&)

—0.033|-800.

e a) F)a-a)
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Table 2
Calculations of C, capacitance spatial characteristics
Spatla! . Formula Image of a spatial characteristic Result, m
characteristic
L 0.1181
8o1 Z—d, '
25 0.26-1 0.0130
. 0.0096
ga1 0.26-L
Ll 22m 4y 0.0019 (— 0
861 T | Z-d, ’ =9
Linf 22 44 0.0014 (— 0
881 n | Z-d, 0014 (— 0)
0.77-(Z-d 0.0012(— 0
8101 (2=) =0
m
2101 — 0.00025 (— 0)
4
Table 3
Calculations of C, and C, capacitance spatial characteristics
Spatla! . Formula Result, m Spatla! . Formula Result, m
characteristic characteristic
C, capacitance C, capacitance
Ll 0.1478 L 0.0925
2o Z—d, . &o1 b .
821 0.26-1 0.0130 g7 0.26-/ 0.0130
C, =€e[ go1+2(g21+841) |- 4=7.99 pF C, =¢,e[gy+2(gy+ 84 )] 4=487pF
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Table 4
Values of electric capacitances in picofarads for dehydrated and moist bulk material
/ / // //
W G G G C; Cy C; Cy
W=0% 21.98 27.97 17.05 34.10 43.96 68.20 111.86
W =20% 36.05 45.87 27.96 55.92 72.11 111.84 183.48

Main idea of the method is that we take a sample
of material under research and get a first reading from
the capacitance primary transducer C, (it will be the
capacitance of section 3). Then we get a second
reading from the initial transducer C, as a capacitance
of section 1 with first group of metallic plates (they
simulate adding 10% of water into the sample as
a first additive test). To create the first multiplicative
test and get a third reading from the initial transducer
value of capacitance C, was increased two times
(C3/ in the formula). First complementary test (reading
number four) was received by two times increasing the
capacitance C( C‘{ in the formula). Next, fifth reading
from the capacitance primary transducer can be taken
from section 2 as a capacitance C, (second additive
test). Reading number six must be performed as
a second multiplicative test 4-C; = C//, and the last
reading is a second complementary test 4-C, = C/.

Values of all capacitances were calculated for
the conditions where moisture content W= 0% and
W = 20%, and dielectric permittivity of a bulk material
is equal to ¢ = 3.5 (Table 4).

Obtained values were substituted into (5) with
a result W=0.77% for dehydrated substance and
W=120.157% for moist substance. We can see that
method error is acceptable and formula (5) is workable.

Experimental researches

To fulfill experimental researches moisture
content with nominal values 0, 10, 20 and 30% had
to be reproduced for such substances as: pearl barley
(e = 3.68); poppy (¢ = 3.56); millet (¢ = 3.17); pea
(e = 2.97); wheat cereals (¢ = 2.55) [12]. Mass of
each sample was approximately 600g, and for their
preliminary dehydration 30 standard aluminum
weighing bottles with 20g weights of grain were used.
Empty weighting bottles were weighed with +0.01g
accuracy [13] using electronic scales “LEV 600-0.01.
In accordance with [14], weighing bottles with opened
leads should be placed in a drying oven to dry in
130 °C temperature during 120 minutes. Air sterilizer
“GP-10” with required metrological characteristics was
used for that purpose.

Fig. 2 shows the experimental setup. It has a con-
tainer with primary measuring transducer, secondary
measuring transducer, oscilloscope Tektronix 2213A
to control the shape and duration of pulses, taken
from secondary measuring transducer’s check point,

variable air capacitor, digital multimeter UTM 18803
to measure dc voltage on the output of a secondary
transducer and accurate RLC-meter UTM 1612 to
measure capacitance value of the variable air capacitor
[15].

Container with primary measuring transducer was
filled with substance under research. Then capacitive
sensors of three sections were connected one by one to
the input of secondary measuring transducer and three
values of dc voltage from its output were fixed. After
that primary measuring transducer was substituted by
variable air capacitor. Using method of substitution
electric capacitances of each primary measuring
transducer’s section were defined.

Fig. 2. Experimental setup for moisture measurement

Results and discussion

Averages of 10 measurements for primary
transducer’s electric capacitances C,, C, and C,, filled
with materials under research in dehydrated state and
with moisture content of W= 10%, W=20% and
W=30% are shown in Table 5.

Rest of the capacitances, mentioned in Tab-
les 4, 5, were calculated in accordance with the
principle described right after formula (5).

Now it became possible to check the testing
algorithm (5) interaction with the results of capacitance
measurement (averages) shown in Table 5. Results of
moisture calculation for mentioned materials under
research can be found in Table 6.

It is possible to estimate the method part of
moisture measurement absolute uncertainty by
using: discrepancy Zm of measured moisture content
average W . and standard moisture value W, and
uncertainty of that discrepancy in a form of type A
uncertainty.
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_ 1 |O.503—0| |0.445—0| |O.622—0| |O.701—0| |0.001—O|
Am=—2|Wmi—Wsi|= + + + + +
20 20 20 20 20 20
|10.882—10| |10.204—10| |9.758—10| |10.843—10| |28.692—30|
+ + + + +..+ =0.586%,
20 20 20 20 0
2
W._.—W.
Upw = Z(‘“—) =0.673%.
20
Table 5
C,, C, and C, capacitance average values
_ W, %
Ci, pF 0 10 20 30 0 10 20 30
Pearl barley Poppy
63 57.02 73.53 93.19 117.73 54.10 69.46 88.29 111.50
El 73.40 87.07 110.39 138.61 69.27 82.26 104.40 131.62
_2 93.49 102.80 130.69 164.42 88.01 97.25 123.47 155.70
Millet Pea
63 48.16 62.25 79.45 100.71 45.12 58.75 7491 95.18
El 62.14 73.76 93.69 118.82 58.69 69.46 88.73 112.28
_2 79.21 87.08 111.20 140.61 74.63 82.09 104.86 133.06
Wheat cereals
63 38.82 50.51 64.75 82.51
_1 50.24 59.93 76.50 97.56
Ez 64.46 70.79 90.31 115.42
Table 6
Moisture content of the materials under research
Moisture content W, %
Substance
0 10 20 30
Pearl barley 0.503 10.882 20.487 29.818
Poppy 0.445 10.204 19.066 30.963
Millet 0.622 9.758 19914 30.705
Pea 0.701 10.843 20.678 30.94
Wheat cereals 0.001 10.396 19.405 28.692

Conclusions

In the described model of primary measuring
transducer we have metallic plates introduced into
the gap between clectrodes instead of capsules with
water or direct water addition. It was divided into three
sections.

First section is free from testing influences on the
material under research, in second section 10% of water
addition is simulated by increasing its capacitance into
27.64%. Third section simulates 20% addition of water
and, to provide it, electrical capacitance of this section
should be increased in 59.74%.
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Thickness of metallic plates and electrical
capacitances of three empty (without a material) sections
were calculated. In the process of experimental researches
a group of bulk materials with different dielectric
permittivity values was used: pearl barley (¢=3.68);
poppy (¢=3.56); millet (e=3.17); pea (¢=2.97); wheat
cereals (€=2.55). To get samples with needed amount of
water, preliminary drying to the state of maximal water
deletion was applied in accordance with [10, 11].

Experimental setup was assembled using the
substitution method of measurement. As a result, the
accuracy of moisture measurement was defined as
a discrepancy Zm of measured moisture content average
W . and standard moisture value W, and uncertainty
of that discrepancy in a form of type A uncertainty.
It helped to confirm that received accuracy values
correspond with requirements to grain moisture meters
set out in [16].

IlepBuHHMII BUMIPIOBAJIbHMI NEPETBOPIOBAY BMICTY
BOJIOTH JIJIs1 KOHTPOJIIO SIKOCTI 3epHa

O.B. 3abonothun, B.A. 3abonotHuin, M.[. Kowosun

HauioHanbHuli aepokocmiyHul yHigepcumem im. M.€. )XKykoscbkozo “Xapkiecbkuli asiayitiHut iHcmumym”, eyn. Ykanosa, 17,
61070, Xapkis, YkpaiHa
pretorian14@ukr.net

AHoTanis

Konu moBa itne mpo BUMipIOBaHHSI BMICTY BOJIOTM 3€pHa 3 BUKOPUCTAHHSIM €MHICHUX BOJIOTOMIpiB, HEOOXiqHO OpaTu
JIO yBaru pi3Hi 3HAYEHHS AieJIEKTPUYHOI MPOHUKHOCTI IS Pi3HUX TUIIIB 3€pHa Yy 3HEBONHEHOMY CTaHi, 110 CIPUYUHSIE
MMOSIBy METOIMYHOI IMOXUOKH, SIKY MOXHa Ha3BaTH “‘COPTOBOIO HEBU3HAYEHICTIO”. OCHOBHOIO METOIO JOCIIMIKEHHSI € 3MEH-
LIEHHSI 3HAYEHHSI COPTOBOI HEBU3HAUYEHOCTI IIJISIXOM PO3POOJIEHHSI EMHICHOIO BUMIpIOBaJbHOIO MEPETBOPIOBAYa, 31aTHOTO
3IiCHIOBATM TECTOBI BIUIMBM Ha JOCIIXXYyBaHY PEUYOBMHY, peaiizoBaHi JUIsi aBTOMAaTMYHOI KOMIIEHcalii “COpTOBOI HEBU-
3HAUEHOCTi”, CIIPUUYMHEHOI HEOCKOHAICTIO MeToay BuMiptoBaHHs. 11100 oliHUTH aKTyajibHi piBHiI TECTOBUX BILIMBIB, OYJI0
00paHO PEYOBUHM 3i 3HAYECHHSIMM AieJIeKTPUYHOI MPOHUKHOCTI 2, 2.5, 3 Ta 3.5 19 KOHTPOJIBHUX TOYOK BMicTy Bojioru 0,
10, 20, 30 Ta 40%. TlepBUHHMIT BUMIPIOBAIILHUI TEPETBOPIOBAY BMICTY BOJIOTM YTBOPEHO CUCTEMOIO €JIEKTPOMdiB Yy dopMi
V-nonibHuX riacTuH, 3a¢ikCoOBaHMX Ha BHYTPILIHINA MOBEpXHi ABOX di€JEKTPUYHUX Kijellb. TeCTOBi BIUIMBY Ha PEYOBUHY
BiITBOPIOIOTBCS OE3IMOCEPENHbO Y EMHICHOMY TEPBMHHOMY IEepETBOPIOBAaYi BBEACHHSIM 3BUYAMHUX METAJeBUX IIACTUH
(biKCOBaHOI TOBIIMHU Yy TIPOCTIp MiXK OKpEeMMMM ejieKTpomaMmu. JlocmigHuii 3pa30K MEpBUHHOTO BUMIipIOBAJILHOIO Iepe-
TBOpIOBaYa OyJIO MOCIIMIKEHO eKCIIEpMMEHTaIbHO. BMicT Bojorm 3 HomiHambHuMmu 3HadeHHsmu 0, 10, 20 ta 30% Gyio
BiITBOPEHO KiJbKOMa THUIAMMU 3€pHA 3 Pi3HUMM 3HAYEHHSIMM ieJIEKTPUYHOI MPOHMKHOCTI: TepioBa Kpyma (¢ = 3.68);
Mak (¢ = 3.56); mmoHo (¢ = 3.17); ropox (¢ = 2.97); miueHn4Ha Kpyna (¢ = 2.55). EKcriepuMeHTalIbHy YCTAaHOBKY BH-
MipioBaya BMICTy BoJiord OyJio 3i0paHO 3 BUKOPUCTAHHSIM METONY 3aMillleHHs ISl 3a0e3MeyeHHsI JOCTaTHbOI TOYHOCTI
B YMOBaxX €MHICHMX BUMIpIOBaHb y PEUYOBMHAX 31 3HAYHUMMU [ieIEKTPUUHUMU BTpaTaMH. TOYHICTb BUMIipIOBaHHS OLlIHEHO
SIK BIIXWJI CEPEIHbOr0 3HAUYCHHSI BUMIpSTHOTO BMICTY BOJIOT'M BiJl HOMiHAJbHOTO, a TaKOX HEBU3HAYEHICTb 1IOTO BiIXWITY
Yy BUIISIAI HEBU3HAYEHOCTI TUMY A.

KorouoBi cioBa: BUMiplOBaHHSI BMICTY BOJIOTM; 3€pHO; NEPBUHHUI BUMIpIOBAJbHUI MEPETBOPIOBAY; COPTOBA HEBU3HA-
YEeHICTh METOIMYHOI MOXMOKU; TECTOBUI BIUIMB; OLIiIHKA TOYHOCTI.

IlepByuHbIii M3MepPUTE/IbHBIH NMPeo0pPa3oBaTe b
BJIArOCOJEPKAHMUSA ISl KOHTPOJISI KA4eCcTBa 3epHa

A.B. 3abonotHbin, B.A. 3abonotHbin, H.[]. KoweBon

HauyuoHarnbHbIl aspokocmuyeckul yHusepcumem um. H.E.Kykosckoeo “Xapbkoeckuli asuayuoHHbIU uHcmumym®, yn. Ykanoea, 17,
61070, Xapbkos, YkpauHa
pretorian14@ukr.net
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AHHOTaIMS

Lenbio McciienoBaHusl SIBJIsSIETCs pa3paboTKa eMKOCTHOTO M3MEPUTEIBHOTO TIpeobpa3oBaTesisi, CIIOCOOHOTO OCYIIeCT-
BJISITb TECTOBBIE BO3IEICTBMS Ha MCCIEAYeMOE BELIECTBO, peaJM30BaHHBIE [UIsI aBTOMATUYECKOM KOMIIEHCALIMKM “COPTOBOIA
HeOIpelle]IeHHOCTH’, BO3HUKAIOIIe M3-3a HEeCOBEpIIeHCTBA MeTona u3MepeHus. [lepBUUHBIN M3MEpPUTEIBHBIN TTPeos-
pas3oBartejib BarocojepkaHusi o0pa3oBaH CHUCTEMOM 3JEKTPoIoB B (opme V-00pa3HbIX IUIACTUH, 3a(UMKCUPOBAHHBIX Ha
BHYTPEHHEU TMOBEPXHOCTU IBYX AMIJICKTPUUYECKHMX KOJICII.

OnbITHBINA 0Opa3ell MepBUYHOTO U3MEPUTEILHOrO mpeobdpa3oBarteis ObUT MCCIeI0BaH SKCIEPUMEHTAIbHO B COBOKYII-
HOCTH C HOBBIM METOIOM OIIpele/ICHUST BJIarocoaep>KaHusl, KOTOPBIN BKJIIOYACT IBa alIUTUBHBIX, IBa MYJBTUTUIMKATUBHBIX
M JIBa JOIOJHMTEIbHBIX TECTOBBIX BO3MEMCTBUSI Ha MCCIIEAyeMOe BellecTBO. BiarocomepxkaHue ¢ HOMUHAJIbHBIMM 3Haye-
nusmu 0, 10, 20 u 30% BOCIIPOM3BOAMIOCH HECKOJIBKUMK TUIIAMM 3epHa. M3MepuTesibHasl yCTaHOBKA coOpaHa C UCIOJIb-
30BaHUEM METOMA 3aMeIleHMs IJIsT 00eCIeYeHUsT JOCTATOYHOI TOYHOCTHM B YCIIOBUSIX €MKOCTHBIX M3MEPEHUI B BelllecTBaxX
CO 3HAYUTEIbHBIMHU OUAJICKTPUYECKUMU ITOTEPSIMU. TOYHOCTh M3MEPEHUsI OLIEHMBAIACH KAK OTKJIOHEHHWE CPEIHEr0 3Ha-
YeHUsT U3MEPEHHOTO BJIarocoiuepXaHusi OT HOMMHAJIBHOTO, a TaKKe HeOIpelnesIeHHOCTh 3TOr0 OTKJIOHEHMsS B (opme Heo-
MPeIeIEHHOCTH TUIa A.

KiroueBble €j10Ba: M3MEpEHUE BJIArOCONEPXKAHMS; 3€PHO; MEPBUYHBIA M3MEPUTEILHBINA Ipeo6pa3oBaTeib; COPTOBAs

HEOMPENEJIEHHOCTh METOAMYECKON MOTPEIIHOCTU; TECTOBOE BO3NEMCTBUE; OlLIEHKA TOYHOCTH.
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