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INSTRUMENTAL ERRORS OF TRANSMISSION LINE PARAMETERS METER

Introduction

Each measuring instrument should have a spe-
cific set of metrological characteristics. According
to these characteristics, measuring instruments are
selected for use in certain technological processes.
These characteristics determine the reliability of the
data obtained from the measurements. Such charac-
teristics include a list of physical quantities that can
be measured, the conditions under which the meas-
urement process can be performed, metrological
(information) reliability, accuracy class or permissi-
ble errors of the measuring instrument and others.

The meter of transmission line parameters,
which was considered in [1; 2], is, in essence, a me-
ter of impedance in the ranges of very high, ultra-
high and super-high frequencies. That is, its capa-
bilities go beyond measuring only transmission line
parameters. In addition, its ability to operate in a
wide frequency band enables measurement of the
frequency dependences of the input impedances of
microwave devices.

The conditions under which such measuring in-
struments can be used depend on the device's design
and technical implementation since the method of
measurement and its implementation in the electri-
cal circuit are not accompanied by special require-
ments for the device's operation. That means such a

device can be manufactured with a focus on labora-
tory use, for use in the mobile version and the field,
for use in complex electronic systems as an element
of built-in control, and so on. All this follows from
the above method of measurement and analysis of
the meter's synthesized circuit [1; 2]. In paper [1]
has not considered the measuring device's accuracy
characteristics, limiting its implementation in prac-
tice. Therefore, this article focused on researching
the transmission line parameters meter's instrumen-
tal errors to overcome this problem.

Analysis of Recent Research and Publications

There is a large number of scientific works de-
voted to the study and measurement of parameters
and operation modes of transmission lines with vari-
ous configurations, as well as devices built on their
basis [3—6]. The main emphasis in the area of radio
measurements is placed on the determination of the
reflection coefficient, travelling wave ratio, the im-
pedance of microwave network, the transmission
coefficient of microwave two-port network and their
dependence on frequency [7; 8]. The estimation of
some parameters of transmission lines can only be
done indirectly. For each specific case, it is neces-
sary to develop an indirect measurement program,
which depends on the frequency band and the design
of the transmission line. Also, in the literature, a de-
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scription of the procedure for assessing the main
errors that arise during the measurement process was
not found.

Problem Statement

The accuracy feature of any measurement has
two critical components, there are method error and
instrumental error [9]. Firstly, it is necessary to build
a mathematical model of measuring equipment to
build these dependencies on the parameters of phys-
ical or structural hardware components and values of
measured quantities. If the mathematical model cor-
responds to a real device, then, obviously, it is pos-
sible to take into account all aspects of influences on
the process of obtaining measurement data. Never-
theless, with this approach, the mathematical model
is quite complicated, and its analysis encounters sig-
nificant difficulties. In this regard, it is advisable to
limit the construction of a mathematical model,
which considers the dominant factors of accuracy
characteristics that cause first-order errors. Such a
model, depending on the needs that will arise during
the measuring instrument's operation, can be sup-
plemented by specific influence sources. These cer-
tain causal actions cause errors of the second and
even third-order [10]. These are errors caused by
changes in temperature, humidity, atmospheric pres-
sure, mechanical vibrations, electromagnetic and
acoustic fields and others.

The Purpose of the Article

The purpose of the article is to plot the depend-
ences of the instrumental errors of the transmission
line parameters meter on the parameters of the phys-
ical or structural hardware components of the meter.
For this, when constructing a mathematical model,
the main functional connections between the struc-
tural links of the measuring device are limited, ne-
glecting the influence of external factors on the sta-
bility of the parameters of structural elements.

Construction of a simplified model of the
transmission line parameters meter

It is necessary to limit the primary functional
connections between the measuring device's struc-
tural units, neglecting the external factors' effects on
the stability of the parameters of structural elements.
That makes it possible to present the transmission
line parameter meter in the form of a reasonably
simple block diagram (Fig. 1).

The power supply includes a generator (G), the
frequency of which on the processor instructions can
change in the given range, and a frequency meter
(FM) that constantly monitors the frequency of elec-
tromagnetic waves of the power supply transmits the
results of frequency measurements to the processor.

The transducer is a sector of the transmission
line loaded to the object of study (ultra-high fre-

quency two-pole or four-pole, feeder, coaxial cable,
waveguide and others). The two probes are intro-
duced into the transmission line section, on the ter-
minals of which voltages are generated [11]

C ——
U =U,e"*+U,,e"; 0

U2 :U[ncelﬁ( (d+zo)+Ure/_e_lﬁrr(d+zo)’ ?
where U, ZZP,I{,,C is the incident voltage at the

probe terminals; /, is the probe transfer coefficient
from the electric field inside the section to the volt-
A /I,.ef are electric field in-

age at the terminals; 4,,.,
tensities of the incident and reflected waves inside
the transmission line section; U, =Zp,/f,€f is
reflected wave voltage at the probe terminals;
B, =2n/A, is phase coefficient in the transmission
line section; A, is the wavelength in the transmis-

sion line section; d is the distance between probes;
zy is the distance from the probe to the cross-section
where the object of study joins.

Measuring
Transducer

A 01 l l Uz
Separation Unit

of Directed
Wave Voltages

i) o

Output Voltage
Generating Unit

slUso UsiUsz Ussl

Amplitude
Detector Unit

Power Supply Object of Study

U

N

UzslUso Us | Us)) Ussl

Processor

Display and
Results
Registration
Device

Fig. 1. Block diagram of the transmission
line parameters meter

The separation unit of directed wave voltages is
built on the linear elements of ultrahigh frequencies:
tees 77 and 75, segments of transmission lines ab,
cd, fg and adders X, and Z, (Fig. 2[2]).

The voltage designations in the diagram in Fig. 1
coincide with the notation used in the meter block
diagram, which is given in [1; 2].
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Therefore, when constructing this unit from the
elements with precisely set transmission coeffi-
cients, the operation principle of the unit is de-
scribed by the following equation

UIO B Ul
. = . X1 . =
U, 1 —e " || U,

. , U
— e—zﬁz,(d+zo) sin Btld |:Umc ,

ref

2

where ¢, =B,d is the phase shift that the waves ac-

quire when passing through the lines segments ab
and cd; ¢, =B,(d +2z,) is the phase shift that the

waves acquire when passing through the line
segment fq [1].

FM

A

sqr2 -sqr2 sqr2 -sqr2
) . )
l.]() f g Uno 011
Uy Us Uy < Uss
BA, BA, BA, BA,

\ 4 U28 \ 4 U‘&ll

U32l Ussl Usoy

— Processor

v

DSRD

Fig. 2. Block diagram of the transmission line parameters meter [2].

The output voltages for the generators are con-
structed similarly. With the exact selection of its
parameters, the voltages at its output are defined as

UZS —1 O 1
U 0 1 .
'30 —igy U10
Uy, [=|1 e X ool 3)
U32 1 1 !
U,| |1 -1

where ¢, =p,/,, is the phase shift, which is used to
determine the sign of the reactive component of the
load input impedance; [, is the length of the phase-

correcting line.

The transfer coefficients of the amplitude detec-
tor unit for all five channels are equal to the same
value ¢,. We can assume that this transfer coeffi-

cient 7, is equal to one.
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Then for the voltages at the outputs of the detec-
tor unit, it is possible to write that U, = ‘U "

b

Uy = ‘Uso

—r7 T i
> Usl—‘Ulo“'Une '

» Us, :|UIO+U]1 >
Uy, =‘U10 _Un .

The parameters of the transmission line are cal-
culated by the processor using the following func-

tional equations [1]:
— modulus of the reflection coefficient
L= U30/U28 ) 4)
—where the index «n» becomes «0» for the
shorted line and «oo» for the open transmission line;
— the phase of the reflection coefficient

2 2
_ 32 _U33 .
(p/ =arccos——,

)
4U28U30

— the active component of the load impedance of
the measuring section

2 2
R =W,, U28—2U30 ; (6)
“ U33
— reactive component of the load impedance
22U, U, sing
XZ = Wn.x %l 9 (7)

33

—the characteristic impedance of the transmis-
sion line (object of study)

®)

— immittances of transmission line under ulti-
mate loads

Z, =R, +iX,)R, +iX,);

X, X,
Y, == SE— 5 (9
Ro (Xoo _Xo) +Xo (Xoo +Xo)
— attenuation coefficient
1
o= EArsh(zRoY,, ) (10)

where / is the length of the investigated transmis-
sion line,
— wave phase coefficient in the line

B :%[arcsin(ZXoYl,H 2ng],  (11)

where ¢ is an integer, which is calculated according
to the method considered in [1].

These relations are the basis of the creation of a
metrological model of the device. Analysis of func-
tional relations between voltages in such a model

allows determining the transmission line parameters
meter's methodological and instrumental errors.

Dependences of instrumental errors of the
meter

Real relations between voltages, real matrices of
transmissions in equations (2) and (3) can be estab-
lished using the transmission coefficients of the
physical elements on which the measuring device is
built. As noted earlier, the main analogue part,
namely, the separation unit of directed wave volt-
ages and the output voltage generation unit, consist
of tees, phase-correcting lines, adders and buffer
amplifiers (BA). Therefore, the designation of
nominal voltage transmission coefficients for these
elements is introduced. Then, the transmission coef-
ficient from the matched input arm of the tee to the

output arm is ¢, =1/ \/E . It was assumed that each

arm's transmission coefficient is set regardless of
the other arm's transmission coefficient. The corre-
lation of transmission coefficient errors for the out-
puts of the same tee was neglected.

The transmission coefficient of the phase-

. . . ( ) _
correcting line is denoted as 7", where p =123

is the line number. That is

t(z) — e—i[} 4 (d+2z¢)

~By L ph
9 ph .

) = g and 1) = e

It has already been noted that the line segments,
which are part of the measuring device, can have
noticeable attenuation coefficients. However, it is
better to use all the elements of ultra-high frequen-
cies as lossless, which does not lead to difficulties in
the device's physical implementation.

The active elements of the researched device are
adders and buffer amplifiers. In the general case, the

adder's transfer coefficient can be denoted as £,
q

where p=12,....,5 is the number of the adder and
g =1,2 is the number of the input arm. The trans-
mission  coefficients' nominal values are
1) = V2 = t, for the left input and #) =—2 =—1,
the right input if p = 1. The transfer coefficients of
the second adder (p = 2) have the same absolute val-
ues 1) = 2 =—¢ and ) = V2 =1, . The transfer
coefficients of the third adder are defined as
tg) =1=¢# and tg) =—1=—t]. The other adders
transfer coefficients are the same signs and module,
s 4B ) () _ ) _ 1

thatis &, =ty =ty =t; =1=1.

Buffer amplifiers (BA;-BA¢) provide matching
arms of tees with a load and equalize amplitudes of
the voltage. Their transfer coefficients have the fol-
lowing values () =¢)=1¢)=t)=2=1¢, and

(5) _ 4(6) _ 1 _ 4m
tBA _tBA _1_tBA'
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Using the notation entered of the transfer coeffi-
cients and the block diagram of the device, the equa-
tions (2) and (3) are written in the form

: _ @ 2 :
Q10 — T1 ph” ph plzl) x (.]1 ; (12)
U, 1 - tph U,

U, tn, 0

U, 0 1, o

Uy, |=T, t; 11 X{Um}’ (13)
U, oot "

U, |4 -]

where T, =t,t, i T, =t,t,,t,. The nominal values of
the rendered multipliers of transfer matrices are
equal 7, =1and 7, =1.

The voltages used in the processor to calculate
the transmission line parameters are formed by the
passage of signals with voltages (13) through five
independent channels of the amplitude detector unit
with transmission coefficients 7, . At the outputs of

the amplitude detectors, taking into account the ma-
trix equation (13), we obtain

Uy =tyt;, U,
U, =tt;, LU, ;
U, = t,8T,\JUs + U} +20,U,, coslo, — 9, )
Uy, = t,T,JUL + U} +2U,,U,, cos o, ;
Uy, = t 12T, JUL + UL =2U, U, cos @,

(14)

where U, = ‘Ulo‘ and U, :|U”| are amplitude val-

ues of voltages.

Equations (1), (12), (13) and (14) fully describe
the analogue part of the transmission line parameter
meter. Since the accuracy of calculating the parame-
ters at the exact value of the input voltages
(Uy,U,y, ..., U,;) can be made relatively high, it

is evident that the device's analogue units determine
the errors in measuring the parameters. This fact
makes it possible to ignore the errors in the calcula-
tion process of the processor's parameter values.

The basic principles by which the method of
measuring the parameters of the transmission line
parameters are built do not hide any approxima-
tions, simplifications or neglect of the values, the
impact of which could be attributed to the effects of
the second order. This means that in the operation
principle of the device, there are no methodical er-
rors. When constructing the device with an accurate
selection of the transmission line parameters trans-
mission coefficients, individual components are
estimated without errors. It should be noted that the

transmission coefficients of structural elements are
not idealized.

The meter is based on real dissipative multipoles
(measuring sections of the transmission line, tees,
phase-correcting lines). Therefore, the main metro-
logical characteristics of the device are instrumental
error and voltage measurement error.

From equations (3) and (13), the errors of the
output voltages, where it is necessary to take into
account the measurement error, are determined by
the accuracy of voltage measurements U,, and U, .

These are instrumental errors to determine them it
was assumed that the transmission coefficients of
tees, adders, buffer amplifiers and detectors in the
operating frequency range are real values. That is,
the transfer coefficients do not affect the phase rela-
tions between voltages. Phase correction lines only
affect phase shifts of voltages and do not change
their amplitudes. With this idealization of the
scheme, relatively simple expressions for the calcu-
lation of instrumental errors can be obtained.

It is necessary to substitute in equations (12) the
values of voltages U1 and U2 from (1) and to rep-

resent the transfer coefficients of phase-correcting
lines in the form to estimate the phase shift error

t) =exp[-iB,(d + Ad)}
tl(jf = exp[— iB, (d +2z,+Ad +2Az, )],

where Ad i Az, are errors in the lengths of phase-

correcting lines. These errors in the manufacture of
line segments using printing technology can be re-
duced to very small values. The resulting voltages
are presented as the sum of the actual values and
eITors.
1. In the channel of the incident wave
Uy, =Uy + AU,

incl

0o+ AU, 10,

(15)
(16)

where US =20, e P ging 4

is the voltage component of Uj, without instrumen-
tal error (exact value);

AUinclO = iUIOOBzI (3Ad/2 + 2AZO) (17)

is the error due to the deviation of the phase shift of
the incident wave in the phase-correcting segments
of the line from the exact value;

AUreflo — iUrefBﬂAdei[tprﬁﬂ(2d+zn)] (18)

is the voltage component of U,, specified for the

inaccuracy of the compensation of the reflected
waves at the adder's output in the separation channel
of the incident wave. It was accepted that

Uinc = Uinceiwt and Uref = Urefeiwt .
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2. In the channel of the reflected wave
Uy, =Uy + AU,y + AU (19)

(20)

incll»

where U = i2Urefe"'["’/'B”(d”°)] sinf,d

is the exact value of the incident wave voltage;
AUrefll — izUrefei[tpzﬁrz(dJrZo)]BﬂA_zdeiﬁnd (21)

is an error in the phase shift of the reflected wave;
AUincll = iUinchlAdeiB”ZO (22)
is an uncompensated proportion of the incident wave
in the voltage wave U, .
As can be seen from expressions (16) and (20),
the voltage ratio U}, to U, determine the modulus

and phase of the reflection coefficient without er-
rors. The additional phase shift, which the incident
wave receives propagating in the device, is deter-
mined by formulas (17) and (18). Since the re-
flected wave voltage module (18) is several times
smaller than the voltage module (17), it is possible
to ignore the component (18) and write the
following

U, 2U}, +AU,

incl0

= izance_i[B” (d+2)-a0i] SinBtld A(23)

where @) =B,(3Ad/2 +2z,).

Both components (21) and (22) need to be ac-
counted for in the reflected wave voltage (19) as
they have proportional values. Using relations (21)

and (22), the voltage U}, (19) is represented as

U11 = Ulolpem(p? ’ 24
where Ao/ =arctg nsin(B,d +x) ;
1+ncos(B,d +7)

mB. Ad
p =\/1+n2 +2ncos(B,d +); n:ﬂf{m;

1l

m= \/1 +T7 + 2T cos(g, - 2B, 2, ) ;
X = arctg| — Sln((p/ - 2BﬂZ°) ; I'= U"ff' IUse
r+ coS( 1T 2Bt’Z°)

is the modulus of the reflection coefficient.
According to the expressions (23) and (24), it

follows that the instrumental error of the reflection

coefficient phase is equal to A, = A@| + Ag] .

When measuring the parameters of the transmis-
sion lines, the modulus of the reflection coefficient
is close to one, because the object of study at low
losses in short-circuit and idling has a significant
reactive component of the input impedance, which
is much larger than the active component.

Formulas (16), (20), (23) and (24) determine the
operating frequency band, in which the errors will
be included in the permissible values. These formu-
las include the function sinf,d that significantly

affects the sensitivity to changes in phase-correcting
lines' geometric parameters. Suppose the require-
ments for measurement accuracy are provided when
reduced sinfB,d to 0.5. In that case, the operating

band (B,d). =30° to
(B,,d )max =150° the operating frequency band will

frequency from

reach an overlap five times.

The resulting voltage expressions U,, andU,,,
and the phase shift of these voltages form a basis for
the accuracy analysis of measurement calculations.
Since the initial data on the research object's pa-
rameters are determined by the voltages, which are
given in the left part of the matrix equation (13), it
is advisable to estimate the errors of these voltages.
These errors will have two components: instrumen-
tal error and voltage measurement error. Hence

AU, =ATU,,+AU,, + AU, =
= (ATl + AT3)U10 +AU;
AU, =ATU, + AU, + AU, =
= (AT, + p=1+AT)U,, + AU},
where AT, =T,(8¢, +25¢,, +28t, +8t, ) is the sum

of the relative instrumental errors of the transfer co-
efficients of detectors, buffer amplifiers, tees and

adders; AU/, and AU|, are absolute errors of volt-

(25)

age measurement U,, and U,, ,whose exact values
areequal to Uy, =U,, and U,, =U, .
The error of creating and measuring voltage U,
is defined as
AUy, = ATUs, + K3 {AU, + K3 AU, +
+K3) (A(le +A9,, )+ AU3),
where AT, =T,(5t, + 8t,, +258¢, +8t,) is the in-

strumental error of the transfer coefficient of series-
connected detectors, tees, buffer amplifiers and ad-

ders; K1% = (Ulo +U,, cos((p, — 0, ))/U31 is the sen-
sitivity [12] of voltage U,, to voltage deviations U,
from the exact (nominal) value;

Ky = (U11 +U,, cos((p, o ))/U31 is the sensitivity
of voltage U, ,to voltage deviations U,, from the
exact value; K3 =U10U“sin((p, —(pp,,)/U31 is the

sensitivity of voltage U,, to deviations of the cosine
function argument from the exact value;
Ao, =B, (81 +8A) is the instrumental error of

ph
the wave phase shift in the phase-correcting segment
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of the transmission line with the transfer coefficient
t); OA is the relative deviation of the wavelength

from the exact value; 8/, is the relative error in the
geometric length of the line; AU;, is the absolute
value of measurement error of the voltage U, .

Similar expressions are for the voltage U, :

AU, = ATU,, + KJAU,, + K2AU,, +
+ K509, + AU,

where K33 = (Uyy + Uy, cosg, )/Us, ;
Ky = (Un +U) cose, )/U32 ; K3 =UoUy sing, /Uy,
AUY, =U,,0U™; dU" is the relative error of volt-

age measurement.
The voltage error AU, is estimated similarly to

the error AU,

AU, =ATU,, + K3‘§’AUIO + K3‘31AUll +
+ K} A, + AU,

where K33 = (Uyy = Uy, cos@,)/Uss ;
Kslé = (Un _UIOCOS(PI)/U33 ; K3y =U,U), sin(p,/U33 .
The calculation error of the modulus of the re-

flection coefficient is obtained using formulas (4)
and (25)

AT, =T,(2AT, + p—1+2AT, +25U™).

According to formula (5), it follows that the er-
ror for determining the phase of the reflection coef-
ficient is equal to

1

sinQ,

(U32AU32 + U33AU33)+
Ap, = .

2U28U30
+ COS(p,(2AT1 +p- 1)

The errors obtained by this formula make no
sense when |(p,| =0, m, 2. In this regard, it is ad-

visable to use expressions that calculate sing, and
cos @, . From formula (5) we obtain

1
2U28U30
+ coscp,(2AT1 +p- 1).

A(cos,) = (U32AU32 +U3AU;;, ) +

The dependence of the function sing, on the
output voltages has the form

2U321 - (U322 + U323)_ (U322 - U323 )COS(pph '

sing, =
i 4U, Uy, sin(pph

From this dependence we find

1
2U,U,, sin 0,
+ U32(1 + COS(p,)AU32 +
+U,,(1=cosg,)AU,,]1+sing,(2AT, + p—1)+ (26)

A(sing,) = [2U,,AU,, +

|cosq), - cos((p, -0, )coscpph|
+ - A b
‘ sin” @, ‘
When deriving formula (26), fractional-rational
expressions were replaced according to formulas (5)

and (16) by trigonometric functions and the follow-
ing ratio was used

coslo, —0,)= 205 - (gl% +U3)
2830

The calculation error of the active component of
the input impedance of the research object is deter-
mined by relation (6)

AR =W, R, (SVVm.s + 28U33)+

2
33

W,
+2 o (U, AU, +U, AU,,).

Based on the expression (7), the absolute calcula-
tion error of the reactive component of the input im-
pedance is found

AX, =W, X, (8%.3 + 26U33)+

+2 Un;‘ [U3OAU28 +U AU, + U28U30A(SIH(P1 )]

33

Based on the transmission line parameters, the
calculation error for the characteristic impedance
formula (8) is equal to

AR, +iAX, AR, +iAX,
Z Z ’

0 0

AZ:/ :Ztl(

where Z, is the input impedance of the investi-

gated transmission line short circuit (the load im-
pedance of the measuring section with a short
transmission line), which is calculated by formulas
(6) and (7) with the replacement of the index «/» by
the index «O»; Z_ is the input impedance of the

open transmission line.

The limit loads' immittance (9) is used to deter-
mine the attenuation coefficient and the wave phase
coefficient. The error in calculating the immittance
of the ultimate loads is equal to

o

AY, =K, AR, + K)AX, + K AX ,
where the sensitivity coefficients are defined as
(XO - Xoc )2 RO .

K=Y, ;
X, X,
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oY [ R-XE R (X, X))

un 2X0 n XO Xw 4
Y, Y Y;

Ky =—L— LR} + X; J+=LL\R; - X5 ).

Vi 2Xw XO(RO 0) Xw(o 0)

The sensitivity coefficients of the immittance of
the limit loads are [Ohm] 2.

The measurement errors of the attenuation coef-
ficient (10) are defined as

Al 2RY, (AR AYHJ
Ao =—o+
21+2RY, P Ry T,

The error of the wave phase coefficient (11) has
a similar structure

AI

A= 2X,Y, [AX LAY,

1
21\/1 2y, ) \ X Y J
AX, AY,

A(sinZBl):2X0Y,,( ~ 0 +T"j (27)

0 i

It should be noted that expressions (15) and (19)
do not take into account the error created due to the
non-identity of the parameters of the probe in the
measuring section of the transmission line. As fol-
lows from relations (1), this error affects the values
AU AU AU and AU, . They can be

practically compensated using probe tuning ele-
ments.

incl0 2 ref10 2 incll 2

Conclusions

The main conclusions resulting from the analysis
of the instrumental errors of the transmission line
parameter meter are the following:

1. The operating frequency range of the device is
determined by the permissible errors, which are a
function of the frequency. That applies primarily to

voltages U. o and U, .1 » Which respectively character-

ize the incident and reflected waves. It is necessary
to produce phase-correcting lines with great accu-
racy and achieve a constant phase velocity of propa-
gation of electromagnetic waves in all device ele-
ments to expand the operating frequency range.

2. The measuring device can operate in a self-
monitoring mode. Both open circuit and short cir-
cuit mode must be used to measure the line section.
Obviously, in these modes, the amplitudes of the
incident and reflected waves must be equal to each
other, and the phase of the reflection coefficient will
take the values of 0 and = rad.

3. The attenuation coefficient's errors at any val-
ues of the ultimate loads' immittance and the active
component of the input impedance of the studied
transmission line change smoothly without emis-

sions. The error of the wave phase coefficient has
an extreme value at sin2f3/ =1. In this regard, it is

more appropriate to use the error of estimation of
the function sin2B/ formula (27). Regardless of the

phase 2P/, the right side of the expression (27),

when its value is an order of magnitude less than
one, can be considered as the angle error 23/ .

4. The applied technique of separating incident
and reflected waves makes it possible to measure the
dependencies of the transmission line parameters on
the frequency over a wide range.
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Hlepouna O. A., 3agicekuii M. 10., Ilerposa 10. B., Ko:koxina O. B. .
IHCTPYMEHTAJIbHI IOXUBKHU BUMIPIOBAYA ITAPAMETPIB JIIHII IEPEJAUYI

Cmamms npuceauena noby0oe6i 3a1edCHOCmel IHCMPYMEeHMANbHUX NOXUOOK GUMIPIO8AYd napamempis niHitl nepe-
odaui 6i0 napamempie QizuuHUX b0 KOHCMPYKMUGHUX aNApamypHuxX cKiaoosux sumiprosaud. s yboeo npu no6yoosi
MmamemamuyHoi mMooeni Oyio UOPaHO MiNbKU OCHOBHI QYHKYIOHANbHI 36 SI3KU MIJIC KOHCMPYKMUGHUMU JIAHKAMU GUMI-
DI0BANLHO20 NPUNAOY, HEXMYIOYU BNAUBAMU 306HIWIHIX (aKmopie Ha cmabilbHiCMb napamempie KOHCMPYKMUSHUX
enemenmie. Ax 6i0oMo, KOJNCHUN 3aCiO BUMIPIOBAILHOI MEXHIKU NOBUHEH Mamu NeGHUll HAOIP MempOoNOSIUHUX XapaKme-
pucmuk. Came 3a yumu XapaxmepucmuKamu uOUpaoms 3acoou UMIPIOGALHOI MEXHIKU 011 BUKOPUCTIAHHSA 8 IMUX YU
IHWUX MeXHON02TYHUX NPpoYecax i came 80HU BUSHAYAIOMb OOCHMOBIPHICIb OAHUX, OMPUMAHUX 8 Pe3yabmami eUMIpio-
8amb. Jlo maxux Xapakmepucmuk 8iOHOCAMb NepeiK Qi3udHUX elutuH, SKi MOJUCHA GUMIPIOBAIMU, YMOBU, 30 AKUX MOINCHA
30MICHIOBAMU BUMIPIOBATLHULL NPOYeC, Memponociuny (iHgopmayitiny) Hadiinicms, Kiac moynocmi abo donycmumi
NOXUOKU camozo 3acoby 6UMIDIOBAHH MOWO. YMOBU, 34 AKUX MOJICHA KOPUCIYBAMUCA 3ACOOAMU BUMIPIOBAHHS, 3die-
Jlcame 6i0 KOHCMPYKMUBHOL | MeXHONI02IuHOol peanizayii npunady, OCKiIbKU MemoOUKa GUMIPIOGAHb i il 6MINeHHs 6
eleKMPUYHY CXeMy He CYNPOBOONCYIOMbCA 0COOIUBUMU BUMO2AMU w000 PYHKYionysanna npunady. Lle osuauae, wjo
maxuii 3acib6 mModxce 8U2OMOBIAMUCA 3 OPIEHMAYIEI0 HA 1aDOPaAMOpHe BUKOPUCTNAHHS, HA BUKOPUCIAHHA 8 MOOIIbHOMY
eapianmi i 6 NOJLOGUX YMOBAX, HA GUKOPUCIMAHHS @ CKAAOHUX PAOi0eNeKMPOHHUX CUCIEMAX K elleMenm 60y0068aH020
KoHmponio i m. iH. Bce ye euniusae 3 Hageoenoi MemoouKu 8UMIpo8ans i aHANi3y CUHME308aHOI cxeMu BUMIpIosayd.
Tounicmui xapaxmepucmuxu 3aco0y UMIPIOBATbHOI MeXHIKU MICMAMb 08I 8AXCIUGI CKAAO08I. NOXUOKU Memooy i iH-
cmpymeHmanvui noxubku. /Jnsa nobyoosu maxux 3aiexcHocmell 8i0 napamempie Qizuunux abo KOHCMpPYKMUGHUX ana-
PAMYPHUX CKAAO0BUX | 3HAUEHb BUMIPIOGAHUX 8eIUUUH HEOOXIOHO NOOYOY8amu MamemMamuyHy Mooeib 3aco0y 8UMIpio-
6a1bHOI mexHiku. JJoyinbHo 0OMmedcumucs noOy0080K MAMeMAmuyHol Mooei, 8 AKIll 8Pax08y8AMUMYMbCsl OOMIHYIOUL
gaxmopu xapakmepucmux MmoYHOCMI, WO SUKIUKAIOMb NOXUOKU nepuio2o nopsaoky. Taxa mooens, 6 3aieicHocmi 8io
nompeb, AKi GUHUKAMUMYMb 8 NPOYECi eKCnIyamayii UMIPIO8ANbHO20 3ac06Yy, MOdce OONO0BHIOBAMUCS NEGHUMU Odice-
penamu 6niueis, nesHUMU NPUYUHHUMY OLAMU, AKI BUKTUKATNUMYMb NOASY NOXUDOK Opy2020 ma HAGIMb Mpemvo20 no-
paoky. Lle noxubku, wo 00yMo6ieHi 3MIHOI0 MeMNEPAmypu, 80J1020CMI, AMMOCHEPHO20 MUCKY , MEXAHIYHUX 8IOpayiil,
€N1eKMPOMASHIMHUX MA AKYCMUYHUX NONIE T M. iH.

Knto4yoBi cnoBa: iHCTpyMeHTanbHi Noxmbky; KoediluieHT BiadUTTS; BXigHUIA ONip; XxapakTepucTuyHMi onip; koedili-
€HT 3aracaHHs; koeilieHT dasu.

Shcherbyna O., Zaliskyi M., Petrova Y., Kozhokhina O.
INSTRUMENTAL ERRORS OF TRANSMISSION LINE PARAMETERS METER

The article is devoted to the construction of the instrumental errors dependences of the transmission line parameters
meter on the parameters of the physical or structural hardware components of the meter. For this, when constructing a
mathematical model, only the main functional connections between the structural links of the measuring device were
selected, neglecting the influence of external factors on the stability of the structural elements parameters. As is know,
each measuring instrument must have a certain set of metrological characteristics. According to these characteristics,
measuring instruments are selected for use in certain technological processes, and it is they that determine the reliabil-
ity of the data obtained as a result of measurements. These characteristics include a list of physical quantities that can
be measured, the conditions under which the measurement process can be carried out, metrological (informational)
reliability, accuracy class or permissible errors of the measuring instrument itself. The conditions under which the
measuring instruments can be used depend on the constructive and technological implementation of the device, since
the measurement technique and its implementation in the electrical circuit are not accompanied by special require-
ments for the operation of the device. This means that such a meter can be produced with a focus on laboratory use, for
use in a mobile version and in the field, for use in complex electronic systems as an element of built-in control, etc. All
this follows from the given measurement technique and analysis of the synthesized meter circuit. The exact characteris-
tics of a measuring instrument include two important components: method errors and instrumental errors. To build
such dependencies on the parameters of physical or structural hardware components and the values of the measured
quantities, it is necessary to build a mathematical model of the measuring equipment. It is advisable to restrict our-
selves to the construction of a mathematical model, which will take into account the dominant factors of the accuracy
characteristics that cause first-order errors. Such a model, depending on the needs that arise during the operation of
the measuring instrument, can be supplemented by certain sources of influences, certain causal actions that will cause
the appearance of errors of the second and even third order. These are errors caused by changes in temperature, hu-
midity, atmospheric pressure, mechanical vibrations, electromagnetic and acoustic fields, etc.

Keywords: instrumental errors; reflection coefficient; input impedance; characteristic impedance; attenuation coeffi-
cient; phase coefficient.
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