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Abstract - Background. Ultrahigh frequency bandpass filters are widely used in various radio engineering devices. A special
place among microwave band-pass filters is occupied by filters that are part of multiplexers, in particular, diplexers used in
cellular communication systems. Filter and diplexer designs based on coaxial resonators are widely used in mobile communication
systems. Filters on coaxial resonators have a fairly well-developed design and can be used for broadband systems. Aim. Currently,
the design of filters and diplexers on coaxial resonators continues to be improved in terms of manufacturing and assembly
technology. Methods. The method of equivalent circuits, communication matrices. Results. The principles of constructing filters
on coupled coaxial resonators are considered. The methods of obtaining a given shape of the amplitude-frequency response of
the filter are analysed. Conclusion. A method for designing transfer functions and synthesising prototypes of filter circuits with

Chebyshev characteristics is considered.
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Introduction

Ultra-high frequency bandpass filters (BPF) [1; 2]
are widely used in various radio engineering devices.
The general theory of UHF BPF is fairly fully de-
scribed in [3]. Filters that are part of multiplexers, in
particular diplexers used in cellular communication
systems, occupy a special place among UHF BPFs.
Filter and diplexer designs based on coaxial resona-
tors [4; 5] are widely used in mobile communication
systems. Filters based on coaxial resonators have a
well-established design and can be used for broad-
band systems. Currently, the design of filters and di-
plexers based on coaxial resonators is being improved
in terms of manufacturing and assembly technology.

Crosstalk in coaxial bandpass filters

The receive and transmit bandpass filters that are
part of base station diplexers can have the required
attenuation levels of more than 100 dB on one side of
the passband and at the same time have very mild at-
tenuation requirements on the opposite side [6].

The cross-coupling method is widely used to cre-
ate asymmetric frequency characteristics, as it al-
lows suppression in the filter only in the frequency
band where it is necessary. Using the cross-coupling
method to create transmission zeros, it is possible to
increase suppression above the passband and weaken
suppression below the passband. This reduces the
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number of resonant elements required to meet the
requirements, which in turn reduces the losses, size
and cost of manufacturing the filter design, albeit at
the expense of topological complexity and, possibly,
development and tuning time. The total coupling
between adjacent resonators has both magnetic and
electrical components, but they are not in phase with
each other, so the total coupling is the magnetic cou-
pling minus the electrical coupling [7]. For this rea-
son, the tuning screw placed between the open ends
of two resonators increases the coupling between
them. The non-resonant (outside the passband) be-
haviour of the elements is used to create destructive
interference, resulting in zero transmission.

Multipath connection diagrams

Consider the three-resonator structure shown in
Fig. 1, which is a cascade-triplet section using induc-
tive cross-coupling between resonators 1 and 3. The
resonators of the equivalent circuit are shown as cir-
cles. Phase shifts can be found for two possible signal
paths. Path 1-2-3 is the main path, and path 1-3 is the
secondary path following the cross-coupling. When
summing the phase contributions of the individual
components, the contributions of resonators 1 and
3 are not required, as both paths have a common start
and end. Only the contribution of the internal ele-
ments of the circuit to resonators 1 and 3 needs to be

[(cOSE © Belov Yu.G. et al., 2025
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Fig. 1. Multipath diagram for a cascade-triplet section with inductive cross-coupling and possible frequency response, including trans-
mission zero (solid line) (a) and a physical representation of the section of the cascade-triplet section (b)

Puc. 1. JuarpaMma MHOTOJIy4eBOM CBS3H AJIs KaCKagHO-TPUIUIETHOM CEKLUU C MHAYKTHUBHOM MEePEeKPeCTHOW CBsI3bI0 U BO3MOXKHOM
YaCTOTHON XapaKTepPUCTHUKOM, BKJIIOYAs Hy/Ib Nepefadu (CrutowHas auHMs) (a) U PU3HYeCKOe IMpeACTaBIeHUE CeYyeHMs KacKagHO-

TPUIUIETHOU cekuuHu (6)

taken into account. Indeed, 1 and 3 do not even have
to be resonators; the signals can be combined at the
input or output of the filter itself. In addition, reso-
nator 2 should be considered both above and below
resonance.

The window between resonators 1 and 3 provides
magnetic cross-coupling. Below resonance, the two
paths are in phase, and above resonance, the two
paths are 180° out of phase. This is only accurate at
one frequency (here approximately 2030 MHz), but
it is approximately accurate for frequencies around
2020-2040 MHz.

This destructive interference causes a transmission
zero to appear at the upper edge of the passband. A
stronger coupling between resonators 1 and 3 causes
the zero to move towards the passband. Decreasing
the coupling moves it further along the upper edge.
This type of cross-coupling can be implemented by
a window between the cavities in the same way as
the primary coupling between resonators 1 and 2 or
between 2 and 3. Its advantage is that no additional
components are required, Fig. 1, b.

In Fig. 2, a, the inductive coupling between resona-
tors 1 and 3 is replaced by a capacitive probe. Again,
path 1-2-3is the main path. Path 1-3 is the secondary
path and now has a positive phase shift of 90°. Thus,

for capacitive cross-coupling, destructive interfer-
ence occurs below the passband.

Fig.2, b shows a variant with four resonators,
known as a cascaded quadruplet section with induc-
tive cross-coupling. The primary path in this case is
1-2-3-4, and the secondary path is 1-4, thus bypass-
ing two resonators. No transmission zeros are formed
at any real frequencies above or below the passband.
However, zeros can form at imaginary frequencies,
which leads to smoothing of the group delay in the
passband.

Smoothing the group delay also leads to smooth-
ing the introduced losses. Losses in the middle band
increase slightly, while the effects of the decline at
the edges of the band decrease. These effects are not
obvious from this analysis; a more detailed analysis of
filters with transmission zeros at imaginary frequen-
cies is given in [8; 9].

Replacing the inductive element between resona-
tors 1 and 4 with a capacitive probe results in a dif-
ferent type of cascade-quadruplet section. This topol-
ogy is particularly interesting because transmission
zeros are formed both above and below the passband
(Fig. 3). The probe between resonators 1 and 4 pro-

vides a capacitive coupling.
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Fig. 2. Multipath diagram and possible frequency response for cascade-triplet section with capacitive cross coupling (including trans-
mission zero - solid line, standard Chebyshev response without cross coupling - dotted line) (a) and for cascade-quadruplet section with
inductive cross coupling (b)
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Fig. 3. Multipath diagram for cascade-quadruplet section with capacitive cross-coupling and possible frequency response (a); physical
representation of the section of cascade-quadruplet section (b)
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Fig. 4. Nested cross-linking to obtain two transmission zeros at the upper (a) and lower (b) edge of the bandwidth (solid line)
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Nested structures

Let us examine nested structures with three or
more signal paths. First, consider the diagram in
Fig. 4, a. The outer path 1-2-3 combines with 1-3 to
form a single transmission zero. Simultaneously, the
internal path 1-3-4 combines with the innermost
path 1-4 to create a second transmission zero. Both
zeros are located at the upper edge of the passband.
It has been shown that two signal paths can be com-
bined to produce a transmission zero.

Similarly, the circuit in Fig. 4 b provides two trans-
mission zeros at the lower edge of the passband. Its
distinctive feature is the capacitive coupling between
resonators 1and 3. These two circuits are particularly
useful in diplexer designs due to their similar topol-
ogy and response symmetry.

[10] provides an overview of the use of coupling
between non-adjacent resonators to create transmis-
sion zeros at real frequencies in microwave filters.
Multipath connections are considered, diagrams and
relative phase shifts of multiple observed paths caus-
ing known responses of cascade triple and quadruple
sections are constructed. A brief classification of
various methods for synthesising and implementing

these types of filters is given.

1. Determination of the Required Orders

The transfer function of a two-port filter circuit is
a mathematical description of the circuit’s response,
namely a mathematical expression of the filter’s
transfer coefficient as a four-pole S,;. In many cases,
the square of the transfer function modulus for a pas-
sive filter without losses is defined as

|52] (]Q)|2 1

S o) o
1+£°F. (Q)

where ¢ is the ripple constant; F_(Q) is the filter or
characteristic function; Q is the frequency variable. It
is usually convenient to represent the frequency vari-
able as the frequency of the low-frequency prototype
filter, which has a cutoff frequency Q_, = 1 (rad/s). For
linear stationary circuits, the transfer function can be

defined as a rational function, i.e.

Sy (p ) = %’ @
where N(p) and D(p) are polynomials of the complex
frequency variable p=o +jo. For a passive circuit
without losses, the real part of the complex variable
frequency o = 0 and p = jo. The search for a realizable
rational transfer function that gives response charac-
teristics approximating the required response is the
so-called approximation problem, and in many cases
the rational transfer function (2) can be constructed
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from the square of the modulus of the transfer func-
tion (1) [11; 12].

For a given transfer function (1), the characteristic
of the filter losses, corresponding to the generally ac-
cepted definition, can be calculated using the formula
, dB. (3)

L,(Q)=10log |2

151 (j€2)
Since for a passive two-port circuit without losses
|S]1|2 + |Sz1|2 =1, the value of the filter’s reverse loss-
es can be found using the expression

Lp(©Q) = lOlog(l—|Sz1(jQ)|2j, 1B, 4)

The plane (5,Q) on which the rational transfer
function is defined is called the complex plane, or p-
plane. The horizontal axis of this plane is called the
real axis, or a-axis, and the vertical axis is called the
imaginary axis, or jQ-axis. The values of p at which
the function becomes zero are the zeros of the func-
tion, and the values of p at which the function be-
comes infinite are the singularities (usually poles) of
the function. Consequently, the zeros of S, (p) are the
roots of the numerator N(p), and the poles of S,; (p)
are the roots of the denominator D(p).

These poles are the natural frequencies of the filter,
whose response is described by S,; (p). For the filter
to be stable, these natural frequencies must lie in the
left half of the p-plane or on the imaginary axis.

Consequently, D(p) is a Hurwitz polynomial [13],
i.e. its roots (or zeros) are located within the left half-
plane or on the jQ axis, while the roots (or zeros) of
N(p) can be located anywhere on the entire complex
plane. The zeros of N(p) are called the zeros of the
filter transmission.

The poles and zeros of a rational transfer function
can be plotted on the p-plane. Different types of trans-
fer functions differ in the position of zeros and poles
on the diagram.

The Chebyshev function, which provides a pass-
band with equal ripple and a stopband with the
smoothest amplitude response, is shown in Fig. 5.

The square of the transfer function describing this
type of response has the form

2 1
[ (7) :1+82T2(Q))
n

where the ripple constant e is related to the speci-

(5

fied ripple value of the passband L,, in dB by the
relationship

L, (6)
e=\1010 —1,

and T, (Q) is a Chebyshev function of the first kind
of order n.

Rhodes [12] derived a general formula for the ratio-
nal transfer function for a Chebyshev filter:

n .
. 1T
| I n2 +sin? []
n
=1

Sy(p) =+ , @)

n

H(P+Pi)

i=1

where
n= sh[larcsh[ln, (8)
n €
. ( . (2i—1)n]
p; = jcos| arcsin(jn)+ .
2n

All zeros of the transfer function S,,(p) are located
at infinity. Therefore, Chebyshev filters are some-
times called full-pole filters. In the case of a Cheby-
shev filter, the poles lie on an ellipse in the left half-
plane of the complex frequency. The major axis of
the ellipse is located on the jQ axis and is equal to

1+n?, while the minor axis is located on the o axis
and has a size of 1. The synthesis of filters for imple-
menting such transfer functions leads to the creation
of so-called low-pass filter prototypes [13-15].

A low-pass filter prototype is generally defined
as a low-pass filter whose element values are nor-
malised such that the source resistance or conduc-
tance is equal to unity, denoted by g, = 1, and the an-
gular cutoff frequency is equal to unity, denoted by
Q. =1 (rad/s). For example, Fig. 6 shows two possible
forms of a n-pole low-pass filter prototype for imple-
menting the pole characteristic of the filter, includ-
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Fig. 6. Prototypes of the n-pole low-pass filter
Puc. 6. [IpoTOTHIIBL N-[0IIOCHOTO GUIBTPA HUSKHUX YACTOT

ing Butterworth, Chebyshev, and Gaussian charac-
teristics. Any of the forms can be used, as they give
the same response. It should be noted that in Fig. 6, g;
for values of i from 1 to n represents either the induc-
tance of the series inductance coil or the capacitance
of the shunt capacitor.

Therefore, n is the number of reactive elements.

If g, is the shunt capacitance or series inductance,
then g, is defined as the source resistance or source
conductance. Similarly, if g is the shunt capacitance
or series inductance, then g, , is the load resistance
or load conductance. Unless otherwise specified,
these g values are assumed to be inductance in hen-
ries, capacitance in farads, resistance in ohms, and
conductance in siemens.

This type of low-pass filter can serve as a prototype
for the design of many practical filters. For an accept-
able ripple value in the passband L,,, dB, minimum
attenuation in the stopband L, , dB at Q = Q, the de-
gree of the Chebyshev low-pass device prototype that
will meet these requirements can be determined us-
ing the expression

arcch(Qs) ©)
Sometimes, instead of the ripple level value in the
passband L4,y the minimum reverse loss value Ly or
the maximum value of the voltage standing wave ra-
tio SWR in the passband is specified.
These values are related by the following equations:

Ly =—101og(1—10°’“R), nB. (10)

gn.
Ban Busi
nis odd
1+|S
KCBH:M. (11)
1—|s“|
KCBH-1)
L, =—10log| 1-| ——| |, 12
A, & (KCBHHJ (12)

The characteristic of the prototype LPF can be
converted to the characteristic of the PPF with a
passband o, - ®;, where ®; and , denote the angular
frequencies at the passband boundary. The required

frequency conversion is performed as follows:

Q= QC ﬂ_&, (13)
FBW|\ o, o
where
FBW:M, (14)
®p
) = 1/co1c02. (15)

Applying this frequency conversion to the parallel
capacitor C and series inductance L of the prototype

low-pass filter, we have

o C 1
+

joC — jo—= ; (16)
FBWw, . FBW
j®
oacoaoc
. . oL 1
joL —> jo ¢ + ,
FBW(DO . FBW
jo
(oc(oOL

This means that the parallel capacitor C or series
inductance L in the low-frequency prototype is con-

verted into a parallel or series LC resonant circuit.
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2. Obtaining Filter Coupling Matrices

A chain of coupled resonators can be converted into
a matrix form called a coupling matrix. The theory of
the coupling matrix has advantages in the application
of matrix operations, such as matrix rotation (simi-
larity transformation) and matrix inversion, in circuit
design. Topology reconfiguration and circuit synthe-
sis are simplified by such matrix operations [16-18].

The theory of coupling matrices is only suitable for
narrowband filter circuits, since it is based on the as-
sumption of frequency independence of the transfer
coefficients of inverters.

Coupling matrices can be divided into two cat-
egories. The first is a general p x p coupling matrix,
where p is the order of the circuit. The other category,
including the p +2 coupling matrix, has additional
columns and rows for ports.

In the early 1970s, Atiya and Williams [19-22] first
introduced a method for designing a bandpass wave-
guide filter based on a coupling matrix. They used a
p x p coupling matrix as the matrix.

The filter is a p-order cascade filter connected by
transformers or magnetic links. Each resonator has a
capacitor C = 1F and an inductance coil L =1 H. Thus,
all resonators resonate at a frequency of 1 Hz. R  and
R; are the source and load resistances (the equivalent
unit circuit is assumed to be lossless, with resistance
or conductivity existing only in the source and load);
i is the circuit current of each resonator. The connec-
tion between resonators p and q is denoted as M
is a real number and frequency independent.

The coupling matrix theory can be extended to

pe it

circuits with asynchronously tuned resonators or to

a general n x n coupling matrix. The formulation of
the general n x n coupling matrix is considered in [11].
Filters with magnetically and electrically coupled
resonators are considered separately.

An equivalent circuit with magnetically coupled
resonators is shown in Fig.7, a. Using Kirchhoff’s
rules, the coupling matrix is obtained from the im-
pedance matrix from the system of equations for loop
currents. Another circuit with electrical coupling is
shown in Fig. 7, b. The coupling matrix is determined
from the admittance matrix, formulated using the
system of equations for node potentials. Regardless
of the type of coupling, the general matrix [A], com-

posed of the coupling coefficients ¢, .~ and external

b4
quality factors gq,; is presented in [9] as

[A]=[Q]+p[U]+j[m], (17)
where
_1 o 9
p_]FBW(mO mJ’ (18)
l 0 0
qel
[Q]= o0 0 , (19)
0 0 L
L qen
_ml,l M2 my
[m]= Myq1 Moo myn 20)
_mn,l mn,Z vee mn,n
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|y,

J’J'E] =
[ {m+2 i+ 2)

!n.u—l.'. I”‘.'.-] 1 n
Mas (Mas oz Mg
m n, m,

| : General n x n

connection matrix

1 ni.'.'-] .'.'I 'mllr—l {
'mllr..u I m,
n, m

din+2 =in+2)

n + 2 connection matrix

Fig. 8. n+ 2 coupling matrix
Puc. 8. MaTpuna csizu n + 2

Matrix [U] - unit matrix n x n; p - complex variable
frequency of low-frequency prototype; , - centre
frequency of filter; FBW - relative filter bandwidth;
q,; (i=1 and n) - normalised external Q factors of
resonator i; m

pq
ficients between resonators p and q. They have the

(p # q) - normalised coupling coef-

form

_Mpg
P4 FBW’

where Q,; is defined as the external quality factor of

Qei = Qei "FBW; m 1)

resonator i; M, _ is defined as the coupling coefficient

between resonators p and g; m. ; is the self-coupling

il
of resonator i. The filter is asynchronously tuned if
some of m;; are non-zero elements.

As indicated in [20], the S-parameters of the filter
can be calculated using the normalised external Q-
factors q,; and the matrix [A] as

2 _
Si1 :1——[AL]1;
deq ’

2 -1
Soq =——| A .
= \/qelqen [ :|n,1

n+ 2 and n + X coupling matrix

(22)

(23)

Extended from the general n xn coupling matrix,
the n + 2 coupling matrix is used to describe a two-
port circuit [23]. The general n + 2 coupling matrix is
shown in Fig. 8.

The subscripts s and [ denote the source and load,
respectively. Compared to the general nxn con-
nection matrix, the n + 2 connection matrix has ad-
ditional columns and rows for the source and load
surrounding the general n x n connection matrix. m;
and m, . describe the connection between the source
and resonator i; m;; and m;; describe the connection
between the load and resonator i;mg . and my; - self-
connection of the source and load. Thanks to the ad-
ditional columns and rows of ports, the n + 2 connec-
tion matrix has a number of advantages.

One port can be connected to several resonators,
and one resonator can be connected to several ports.

The connection between the source and the load is
possible in such a way as to provide a completely ca-
nonical filtering function (i.e., the number of transfer
zeros at the end frequencies is equal to the number
of resonators n). Thus, the n + 2 connection matrix is
more general than the n x n connection matrix. In ad-
dition, the n + 2 connection matrix can be extended
to a multi-port matrix, such as an n+ X connection
matrix, which allows it to be used to describe not only
filters but also multiplexers.

3. Synthesis of the Coupling Matrix

For filters with standard characteristics based on
the found values of the prototype LPF g the cou-
i+ ,and the external Q factor Q,;_
are determined directly [11] as

pling coefficient M

8081 En8n+1
=201 = onontl, 24
Q1 FBW Qen FBW @49
FBW

i=12,..,n-1. (25)

M.,  =——
1,i+1 ’
VEi8i+1

The corresponding normalised values are as follows

o1 = Qel -FBW = 8081> (26)
Gen = Qen -FBW = 8n8n+1>
M. . 1
m .= F;”M; = i=12,.,n—-1. (27)
8i8i+1

However, for filters with arbitrary characteristics,
there is no simple solution. Usually, two methods
are used to solve this problem. One is based on re-
cursive methods and matrix rotation, the other on
optimisation.

Synthesis method using matrix rotation

The synthesis of complex filters with transfer ze-
ros was generalised by Cameron [23] and divided into
three stages:

(1) A recursive method for obtaining polyno-
mials that represent transmission and reflection
characteristics.
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Fig. 9. Coupling matrix and external Q-factors (normalised) (a) and transmission and reflection characteristics (b) of the standard Cheby-
shev filter of the seventh order of the Rx and Tx ranges for LR = -22 dB

Puc. 9. MaTpuua CBsI3U U BHEIIHHE JO6POTHOCTH (HOPMUPOBAaHHBIE) (@) U XapaKTEPUCTUKH MEPeflayu ¥ OTpaskeHHUs (6) CTAHAAPTHOTO
unbrpa Yebriuresa ceibMoro nopsaaka Rx u Tx nuanasonos ans Ly = -22 1B

(2) Synthesis of the coupling matrix based on the
obtained polynomials.

(3) The similarity or rotation matrix transforma-
tion method for reconfiguring the coupling matrix
into a new one corresponding to the practical topol-
ogy. Implementation of the initial coupling matrix
obtained in step (2) would be difficult because all
possible couplings are present (the entire matrix is
filled with non-zero elements). The key point of this
synthesis method is to reconfigure the obtained ini-
tial connection matrix into a matrix with fewer non-
zero elements related to the filter topology by a set of
matrix rotations. The rotated matrix has exactly the
same filter characteristics as the initial matrix.

Synthesis method using optimisation

The second method of synthesising the connection
matrix is based on optimisation methods [24]. The
principle of optimisation is to minimise the objective

function Q by changing the values of all non-zero ele-
ments in the connection matrix.

The objective function Q is used to quantify the
difference between the S-parameters of the current
matrix and the expected characteristics of the circuit.
Before optimisation, a specific circuit topology is
specified. In other words, the locations of non-zero
elements in the coupling matrix are determined at
the very beginning.

Comparison of two synthesis methods

The first synthesis method, which involves matrix
rotation, is very useful. With the help of computers,
the initial coupling matrix can be easily found in a re-
cursive manner. However, the matrix rotation meth-
ods used to reconfigure the initial coupling matrix
cannot solve all problems. Many practical topologies
cannot be generated by matrix rotation. It is diffi-
cult to determine the sequence of rotation angles to
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practice, for a given topology limited by manufactur- 4. Construction of a Connection Matrix

ing or application requirements, a connection matrix Using the Local Optimisation Method

synthesised by optimisation is still important for de- . .
As an initial approximation, we take the connec-
signing microwave filters. . . . o
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] ) ) whose connection matrix is determined analytically.
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where a;, b;, c;, d; and e; are the weights of each term;
n is the number of resonators in the circuit; ¢ is the
maximum value of reverse losses in the passband.

The coupling matrix and external Q factors (nor-
malised) of a standard seventh-order Chebyshev filter
Rx and Tx ranges for L = -22 dB are shown in Fig. 9a,
and the corresponding characteristics are shown in
Fig. 9b.

It is possible to improve the characteristics without
increasing the order of the filter by creating trans-
mission zeros at the desired frequencies. To do this,
additional, so-called cross-couplings, are introduced
between non-adjacent resonators. The result of in-
troducing negative coupling between the 3rd and Sth
resonators in a 7th-order filter is shown in Fig. 10.

The result of introducing positive coupling be-
tween the 3rd and Sth resonators in a 7th-order filter
is shown in Fig. 11

As can be seen from the graphs, the attenuation
in the adjacent band increased by 25 dB. Further

improvement can be achieved by creating another
transmission zero.

Fig. 12 a and b show the characteristics of filters
with two additional links between the 1st and 3rd
resonators and between the 3rd and 5th resonators.
In this case, two transmission zeros are formed in
the adjacent band, which allows for an attenuation of
-100 dB in a 7th-order filter.

Further improvement of the characteristics re-
quires an increase in the order of the filter.

5. Computer Modelling of Filters

At the initial stage of modelling a multi-link co-
axial bandpass filter in CAD, it makes sense to start
modelling by studying a filter with one resonator, and
then, gradually adding one resonator at a time, evalu-
ate the effect of geometric dimensions on the filter
characteristics (S-parameters).

When modelling the filter, the dimensions of the
resonators,

resonator screws and inter-resonator

transitions were specified. When placing the reso-
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nators, the main goal was to achieve a compact de-
sign while taking into account that the dimensions
of the inter-resonator transitions would be optimised
(Fig. 13).

The modelling was performed using the CST Studio
software package. The necessary filter characteristics
are achieved using adjustment screws located in the
resonator and resonator transitions. The parameters
to be optimised were specified in the CAD system. To
improve convergence, the aperture of the resonator
transitions was included in the list of optimisation
parameters. After the model was constructed, the
first calculation of the characteristics was performed.
Using the built-in CST Filter Designer 3D tool, the
matrices of the ideal characteristics and the resulting
characteristics were compared.

After starting the optimisation process, the range
of parameter changes was reviewed, as their values
may exceed the permissible limits. The process will
be completed when the convergence function accepts
the lowest result.

Conclusion

This paper discusses the principles of constructing
filters based on coupled coaxial resonators. Methods
for obtaining a given form of the amplitude-frequen-
cy characteristic of the filter are analysed using the
equivalent circuit method. The principles of calcula-
tion and synthesis of filters using connection matri-
ces are described. A method for designing transfer
functions and synthesising prototypes of filter cir-
cuits with Chebyshev characteristics is considered.
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MeToabl NPOEKTUPOBAHUS MOJIOCOBBIX GHIBTPOB
Ha CBSAI3AHHBIX KOAKCHATBHBIX pe30HaTOpax

IO.T'. Benos, B.B. Bupiokog @, H.A. Bopobbes ©, B.A. Manaxos,
A.C. Paesckuti @, O.B. Paesckaa

Huskeropofckuii rocynapcTBeHHBIM TeEXHUYeCKUM yHUBepcuTeT uMeHu P.E. AnekceeBa
603950, Poccust, r. Huxuuit Hosropop,
yn. MuHuHa, 24

Anrnomayua - O6ocHoBaHHe. CBepXBBICOKOYACTOTHBIE II0JIOCHO-TIPOIycKaomue GUIBTPEl HAXOIST LIMPOKOe MPUMEHEHHe
B Pa3NIMYHBIX PAJUOTEXHHYECKHUX ycTpoicTBax. Ocoboe Mecto cpenu CBY MONMOCHO-NPONYCKAOMUX (QUIBTPOB 3aHHUMAIOT
$uUnBTPEI, BXOAANIME B COCTaB MYJABTHUIIEKCOPOB, B YaCTHOCTH JHUIIIEKCEPOB, HCIONB3yeMBbIX B CHCTEMax COTOBOH CBS3H.
B cucremax MOGHIBHON CBSI3H LIMPOKO 3aA€HCTBOBAHbBI KOHCTPYKIMH GHUIBTPOB U AUIIEKCEPOB Ha KOAKCHATBHBIX PE30HATOPAX.
OunbTpel Ha KOAKCHAIBHBIX PE30HATOPaX MMEIOT NOCTATOYHO XOPOLIO OTPabOTAHHYK KOHCTPYKLHIO U MOTYT IPHUMEHSTBHCS
OISl IIHPOKOINONOCHBIX cucTeM. Llens. B HacTosilliee BpeMsi IPOMOIKAETCs COBEPIIEHCTBOBaHME KOHCTPYKLUM (UIBTPOB
U [MIUIEKCEPOB Ha KOAKCHAIBHBIX PE30HATOPAX C TOYKM 3PEHHUS] COBEPIIEHCTBOBAHHS TEXHOJOTMU HM3TOTOBIEHHS U COOPKH.
Meropbl. MeTon SKBHBaIEHTHBIX CXeM, MATPULBI CBsA3U. Pe3ynbTarTbl. PaccMOTpeHBI NPUHLMIBI MOCTPOEHHUS (GUIBTPOB
Ha CBsI3aHHBIX KOAKCHAIBHBIX Pe30HaTOpax. [[poaHaIn3UpOBaHBI CIIOCOGHI IOTy4YeHUs 3afaHHOM POPMBI AMIUTUTYLHO-4aCTOTHOM
XapakTepUCTHKH GuIbTpa. 3akmodeHue. PaccMOTpeH MeTOR [UIs MPOEKTHPOBAaHHs MePeJaTOYHBIX (QYHKUMH M CHHTe3a
IPOTOTHNOB GHUIBTPYIOLIMX LieMel ¢ 4eOpIeBCKUMU XapaKTepUCTHKAMHU.

Kniouesble cnosa - moI0CHO-IpoIycKaolie GUIBTPbl; KOAKCHATBHBIA PE30HATOD; AMIUIUTYAHO-4ACTOTHAS XAPAKTE PUCTHKA;
MaTpUIa CBA3HU.
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