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The article presents the results of the development of a novel procedure for the direct synthesis of bandpass
E-plane evanescent mode filters. Unlike previously developed synthesis procedures the proposed new and
quick synthesis technique makes it possible to obtain the dimensions of all elements of the filter topology,
which either do not require further time-consuming optimization, or optimization is reduced to re-application
of the proposed technique with specially changed performance requirements. The developed technique was
adequate in the development of the proposed E-plane filters, built on segments of the antipodal finline with
the significant overlap of its ridges in the evanescent mode rectangular waveguide. Under this conditions
the reduction of resonators relative to half the wavelength reaches 80 %. Proposed E-plane implementation
of the evanescent mode rectangular waveguide filter allows significantly expanding the bandwidth, increase
the attenuation introduced in it and at the same time ensure the repeatability of the characteristics of the
filters without any action to adjust them. The effectiveness of the proposed approach to the implementation
of the filter and its calculation was demonstrated in the development and experimental study of a 21 GHz
filter, which in terms of parameters (loss of about 1 dB, stopband up to the fourth harmonic of the central
frequency of passband) meets high requirements for electrical characteristics and cost. It is shown that the
developed method of synthesis of such filters remains relevant in the synthesis of filters with a relative
bandpass width of up to 40 %.
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Introduction

Stopband width is one of the most important
parameter of microwave bandpass filters (BPF). In
typical BPFs on half-wave resonators with central
frequency fp, the second passband is located at
frequencies that do not exceed (1.3 + 1.4)fy, which
is also accompanied by a small attenuation in the
stopband. Such characteristics are often unacceptable
for a number of today’s applications: increasing the
nominal values of the first intermediate frequencies
in receivers to several gigahertz requires expanding
the stopband of the image channel filters, insufficient
protection of broadband circuit analyzers from local
oscillator harmonics generates parasitic responses. The
need for broadband filtering arises in the development
of modern passive radar systems, the development of
compact satellite terminals that operate on a single
antenna, and so on. The need for filters with ultra-wide
stopbands has led to a significant amount of papers
concerned to this problem [1-4]. Among these filters,
evanescent mode waveguide filters play a special role,

as their stopband can reach several octaves, and the
high quality of resonators allows to successfully use
these filters at frequencies of centimeter and millimeter
wavelengths [5,6]. The waveguide-planar implementati-
on of such filters (E-plane filters), proposed in [7, §]
and further developed in a number of works [9, 10],
can significantly increase the flexibility of structures
and reduce their cost. As the E-plane implementati-
on of evanescent mode waveguide filters excludes any
procedures regarding their tuning the role of calculati-
on accuracy increases. The final dimensions of these fi-
Iters elements can be determined only in the procedure
of their optimization, considering the diffraction on
the entire structure. This is internally connected to
the principles of construction of such filters. Therefore,
the cost of developing filters largely depends on the
initial values of the topology elements sizes, which
can be determined within the appropriate synthesis
procedure. The aim of this work was to develop a
method of evanescent mode waveguide filters synthesis,
which would require minimal effort in further optimi-
zation of the found dimensions.
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1 Synthesis of evanescent mode
waveguide filters

Problems with the synthesis of evanescent mode
waveguide filters are related to the length of their
resonators [. In the approximation of the circuits
theory, it can be found from the relation

pl = % (pi + pit1) (1)
where [ is the phase constant of the resonator line,
and ¢;, @;+1 are the phases of the reflection coeffici-
ents from the elements limiting of the resonator line.
The typical frequency dependence of the phase of the
reflection coefficient is shown in Fig.la. Calculations
were performed for the resonator line in the form of an
double ridged waveguide by mode-matching technique.
The dimensions are shown in the figure; the evanescent
mode section is considered semi-infinite. It is seen that
in the frequency range, where the rectangular wavegui-
de is evanescent, i.e. where the resonator should be
formed on the segment of double ridged waveguide, the
phase is positive and close to zero, which causes a small
length of the resonator. Thus, the resonator (Fig.1b)
at a frequency of fy=12.53 GHz (the dimensions of the
components are the same as shown in Fig.1a), with the
evanescent waveguide sections A =10 mm has a length
[ equal to 0.932 mm, which is 0.031\,4. This is what
creates significant problems in the development of the
synthesis methods. Classical methods for the synthesis
of microwave BPFs involve the use of half-wave and
quarter-wave resonators. For them, the parameters of
the slope of the reactance xz; were found, which are
included in the calculation formulas of the synthesis
procedures [11]. Therefore, their direct use in the
calculation of evanescent mode waveguide filters with
significantly reduced resonators lengths is impossible.
Secondly, there is a question concerned the possibility
of applying relation (1) to calculate the lengths of
resonators, because the values of ¢; and ;11 belong to
two separate filter elements, and the extremely small
distance between them violates their isolation. The
latter may call into question the very possibility of
developing an adequate method of synthesis of these
filters, as this procedure involves the direct finding of
each of its individual element.

These difficulties are reflected in different
approaches to the procedure of synthesis of the
considered filters. In the first works, the connecti-
ons between the resonators were calculated from an
equivalent circuit built for the first evanescent mode of
waveguide by circuit theory, and the capacitances of
the resonators were found in the quasi-static approxi-
mation. As the result were samples of filters that
required refinement, which was performed experi-
mentally. Subsequently, efforts were focused on the
development of detailed electrodynamic models of the
filter, and the sizes were determined in the procedures

of their optimization in order to achieve the required
characteristics. This also applies to the few works
[12] in which the estimation of the initial dimensi-
ons was carried out within the developed synthesis
procedures. The first work in which an acceptable
accuracy of the dimensions of the elements of a BPF
on the segments of the double ridged waveguide in
an evanescent mode rectangular waveguide without
the application of the optimization procedure was
achieved was work [14]. In it, the general approach
developed in [13], taking into account the frequency
dependence of the inverter parameters, was used to
calculate the considered filters. Note that the quality
of the proposed synthesis procedure is indicated in the
title of the work: ”Dimensional synthesis...”, which
shows that the proposed method of synthesis produces
the final sizes, rather than the original data for further
refinement.
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Fig. 1. Ridged guide based evanescent mode resonator
and its electrical characteristics

The paper assumes that the dimensions of the
resonators can be calculated by relation (1), and the
parameters of K-inverters are modified by including
parts of resonator lines in the inverters. Since the
modified values of the inverter parameters require
some initial values, the synthesis procedure includes an
iterative process in which the lengths of the resonators
and the inverter parameters are determined at each
step. In general, this method of synthesis allows you to
find all the dimensions of the filter elements accurately
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enough, as confirmed by the simulation of the fi-
lter frequency response in the software package of
electrodynamic analysis and experimentally, but the
procedure is quite complex and requires a significant
number of calculations. In addition, there are no esti-
mates of the passband width and resonator sizes at
which the technique is operational.

The basis of the proposed method of synthesis is
the calculation of the parameters of the resonators
reactive conductivity slope, which should take into
account the fact that part of the resonator consists
of limiting inhomogeneities. The necessary calculations
can be performed based on the equivalent circuit of the
resonator shown in Fig.2.

Fig. 2. Equivalent circuit model of resonator

According to Fig.2, the resonator consists of a line
segment of length 1 bounded by reactive inhomogenei-
ties jBp, jBs, which create modulus-unit reflecti-
on coefficients whose phases are equal to @51), <p§1),

respectively. For the depicted model
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where % and 32 denote the immittances on the left
and right of the plane 1 — 1. The total conductibility
in this model is equal to
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The resonance condition B = 0 gives a resonant
frequency that satisfies the condition ©® = 0. To
calculate the parameter of the resonators reactive
conductivity slope we note that in order to minimize
the effect of dispersion in the resonator line, it is advi-
sable instead of the original definition of this parameter
given in [11], use a modified value:
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where A,0 — is the wavelength at the resonant

frequency. Converting (4) is easy to obtain
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where 3y, V;, — phase constant and group velocity in
the line at the resonant frequency. Differentiating (3),
we find

OB Ow
— =Y 6
=Y R (©)
cos % cos (W)
w=wqo
) 1)
At the resonant frequency sin©|,_ 0, cosO|,_, =1, cos (M) = CoS ¢§1 ,
w=wqo w=wqo
00 3ﬁ 10 (1) 2) 1 1 0 (1) (2)>
| 8w 2 9 (‘Pn + 9011) TV, iy (9011 + 11 -
w=wo Ww=wo E w=wo

Substituting these values in (5) and in (6), we find
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Note that for evanescent mode waveguide filters
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The latter relation is working for the calculation of
the considered filters, as it allows to find J-parameters
and, accordingly, the modules of reflection coefficients
of evanescent mode sections from the regular lines on
which the resonators are built, and hence their dimensi-
ons (lengths). Here are the corresponding phases of the
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Tab. 1 The comparison of filters dimensions from work [14] and this work

Filter element | Size from work [14], | Size from this work, mm
mm
le1 4.9702 4.8125
lea 11.6017 11.2524
les 12.9767 12.693
I 9.7559 10.7333
lro 8.7594 9.6407
|S21], dB -
’
_5 :’
[’
-10
’
15 s
’
20 .’ :
) —0.02 +
=23 !
i
-30 P -0.04/4
350.7° 1
q -0.06
1 5. 5.95 6 605 61 615
54 5A5 D8 58 59 59 6 605 61 615 62 625 [, GHz

Fig. 3. Simulated characteristics of filters with sizes from [14] (solid curve) and sizes calculated in this work
(dashed curve)

reflection coefficients. Once this is done, the resonator
lengths can be found from the resonance condition
© = 0. Note that the initial values of the parameters b;
require some values of length [;. They are taken equal
to half the wavelength in the resonator line. Therefore,
as in [14], the completion of the synthesis procedure
requires a number of iterations, but the intermediate
steps according to (8) are very simple, and the iterative
process converges quickly. We also emphasize that, as
in [14], it is assumed everywhere that the lengths of the
resonators can be calculated by formula (1) (or under
the condition © = 0), i.e. the synthesis procedure was
possible in principle.

For comparison the dimensions of the components
of four-resonator evanescent mode waveguide filters
with the segments of single ridged waveguide in
evanescent mode waveguide, synthesized according to
the method [14] and method, proposed in this work, are
shown in Tabl. 1. According to the notations accepted
in [14], here l.; — lengths of evanescent mode sections,
l-; — lengths of resonators. The filters have a center
frequency fy=6 GHz, bandwidth A f=158 MHz, return
losses 25 dB. The filters are made in a chamber wi-
th dimensions a x 6=12.5x5.625 mm. The width of
the ridged waveguide ridge S=6.25 mm, the slot size
w=0.86 mm. The simulated frequency characteristics
of the filters with the sizes specified in Tabl. 1 are
presented in Fig. 3. Here is a detailed comparison of
the characteristics in the passband. It is seen that the
proposed method of synthesis (dashed line) leads to
a slightly better result, although both filters obviously
meet the requirements for characteristics with sufficient
for practice accuracy.

It should be emphasized, that although the
proposed method of synthesis of evanescent mode
waveguide filters, as well as the method [14], give
results that agree well with the experimental data and
look closed, their applicability is limited by condi-
tion (1) for determining the resonator lengths. And
since the calculation of filters in accordance with these
procedures cannot verify the validity of this, strictly
speaking, they cannot be considered universal. The
relative deviation of resonant frequencies fj, calculated
by formula (1), and fos, calculated electrodynami-
cally, depending on the relative resonator length L

g0
is shown in the Fig. 4.
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Fig. 4. Deviation of resonant frequencies fy, calculated
from (1) and frequencies fs, calculated electrodynami-
cally versus normalized resonator lengths

The calculations were performed for three values of
the normalized gap width % between the ridges of the



26 Zhuk S. Ya., Omelianenko M. Y., Romanenko T. V., Tureeva O. V.

double ridged waveguide; the resonator was considered

weakly coupled. It is clear that even for sufficiently

wide slots, the error in the resonant frequency remains
l

small up to the values of — ~ 0.05. This explains the

g0
effectiveness of the proposed technique, confirmed by

developing of significant number of filters performed by
the authors.

2 Application to the development
of E-plane filters with
Extremely Wide Stopband

E-plane implementation of evanescent mode
waveguide filters was proposed and realized in [7];
electrodynamic analysis of the entire topology of the
filter, made on the basis of the finline (FL), was first
performed in [8]. Since the attempt to significantly
increase the width of the attenuation band leads to
reducing the size of the gap between the ridges of
the FL, its significant expansion cannot be achieved
here, because with small slot the sensitivity to its size
is very significant and it is impossible to produce it
with the required accuracy. The solution was found
in [15] and consisted in using an antipodal finline
(AFL) as an electrodynamic basis for resonators, the
critical frequency of which can be easily reduced to
the required value by overlapping the ridges. Although
this feature of AFL in these works was not fully used
(BPF was implemented on an empty double ridged
waveguide with antipodal placement of bulk ridges),
the developed filter had a stopband up to the fifth
harmonic of the central frequency of the passband.
Moreover, the theoretical part of these works was
limited to calculations of the dispersion characteristics
of AFL, so the method of filter synthesis used by the
authors did not go beyond the calculations, performed
in the first works on the development of such filters.
The proposed method of synthesis can be successfully
applied to the development of E-plane filters on AFL,
because due to the small volume, occupied by the
field in the space between adjacent ridges, diffraction
corrections to size should be negligible. Therefore the
length of resonators can be calculated by (1) to their
very small size (see the dependence shown in Fig. 4
drawn with dashed line). As an example of application
the developed technique was used for calculation of
the four-cavity Chebyshev filter with the ripples level
0.2 dB in a passband 19.5-22.5 GHz. The structure uses
a dielectric substrate with a thickness of d=127 ym and
a dielectric constant e=2.2 with bilateral metallization.
The thickness of the metallization layer £=17 pm. The
topology of regular AFL is shown in Fig. 5a. Input
and output waveguides have standard dimensions
a X b=11x5.5 mm; the dimensions of the evanescent
waveguide are a’ xb'=3x 1.5 mm. The ridges of the AFL

/
overlap on a segment whose relative size is E/ =0.2.
As input and output transformers, specially designed
high-quality transitions are used, which consist of the
developed longitudinal-probe transitions between a
rectangular waveguide and a microstrip line (MSL) and
transitions between MSL and AFL (Fig. 5b). Their use
avoids the influence of inaccurate setting of the filter
structure relative to the boundaries of the evanescent
waveguide sections.
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Fig. 5. The topology of regular antipodal finline and
filter based on it
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Fig. 6. The planar structure of the designed filter sketch

The topology of filter is depicted in the Fig. 6.
Fig. 7 shows the simulated frequency response of
synthesized filter (dashed line). It can be seen that
the shift of central frequency is 0.37 % and the devi-
ation of passband width is minus 2.6 %. The simulated
frequency response of filter with optimized dimensions
is shown in this figure by solid line. The comparison
of direct synthesis dimensions and optimized dimensi-
ons is shown in Table 2. The photograph of the filter
is shown in the Fig. 8 To measure the frequency
response of the filter in a wide frequency band, the
filter structure was connected by transformers designed
to operate in the corresponding operating frequency
bands of the waveguides of standart cross sections
(7.2 x 3.4 mm; 52 x 2.6 mm; 3.6 x 1.8 mm). The
measurement results are shown in Fig. 10 by points.
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Tab. 2 The comparison of direct synthesis dimensions and optimized dimensions

Filter element S So S3 I ly w | ad |V d
Dimensions by synthesis, mm | 0.325 | 1.23 1.503 | 1.507 | 1.184 | 0.3 | 3 1.5 | 0.127
Dimensions by synthesis, mm | 0.316 | 1.211 | 1.484 | 1.493 | 1.167 | 0.3 | 3 | 1.5 | 0.127

Tab. 3 The relative deviations of the center frequency and passband width from the required values for filters

with different relative passband width

(&) 005 |01 | 015 |02 [025 |03 |035 |04
fo

fO;fOS.loo% 281 | -32 | -3.08 | -3.24 | -3.11 | -2.37 | -2.08 | -1.85
(0]

(Ao = (AN o0 | 34 | 26| 22 |00 |-124|-173 |2 | -225
(Af)o

The filter meets the requirements of high attenuation
in a wide frequency band (up to the harmonics of the
central frequency of the passband).
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22 225 f.GHz

Fig. 7. Simulated characteristics of the designed filter:

synthesized filter (dashed curve), filter with optimized
dimensions (solid curve)

19 195 20 205 21 215

An important characteristic of the microwave BPF
synthesis technique is the restriction on the relative
frequency passband width of the synthesized filters.
The results of the studies are shown in Table. 3. We
have consistently calculated eight 7-cavity filters wi-

(&/)o —0.05=-0.4 with

the same center frequency ]”0:100 GHz and frequency
response requirements in the passband. The table
shows the relative deviations of the center frequency
and passband width from the required values. It is seen
that the deviations remain acceptable up to the values

(Af)o

7 =0.4. The simulated frequency response of the
0

filter with the relative passband width M:OA

(fmin=8 GHz, fn.:=12 GHz) is shown in F(;g. 9 by
solid curve. Here, the dashed line shows the frequency
response of the filter with changed dimensions, which
were obtained as a result of second application of
the procedure of synthesis of the filter with artifici-
ally changed requirements for the characteristic. These
requirements were formulated based on the differences
between the desired characteristics and the characteri-
stics of the filter with the dimensions obtained after

th relative passband width

the first application of the synthesis (the so-called false
object method).

Fig. 8. The photograph of filter

It is seen that the filter calculated in this way fully
meets the requirements for it. Thus, it can be concluded
that the proposed method of synthesis is an effecti-
ve for calculating the considered filters with a wide
range of passband width requirements. This method
avoids time-consuming optimization to find the final
dimensions of the elements of the filter topology.
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Fig. 9. Simulated frequency responses of 7-cavity fi-

Iters with 40% passband width. The shown responses

are presented for filter with dimensions obtained in

proposed synthesis procedure (solid curve) and obtai-

ned after repeated synthesis with changed requirements
(dashed curve)
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Fig. 10. Measured performance of the designed filter (points). The simulated characteristic of filter (solid curve),
shown for comparison

Conclusion

The proposed method of direct synthesis of band-
pass filters on the ridge waveguide segments in
evanescent mode rectangular waveguide makes it possi-
ble to find the sizes of all filter elements with an
accuracy that does not require a expensive opti-
mization procedure. The technique can be classifi-
ed as a modification of the classical Cohn filter
synthesis procedure, which consists in calculating such
values of conductivity inverters that would satisfy the
values of the reactive conductivity slope parameters
of resonators with lengths significantly less than half
the wavelength. It was shown in this work that the
proposed technique provides satisfactory results in the
synthesis of filters, the resonator lengths of which are
only one fifth of the half wavelength. It has been
shown that the proposed technique is effective in the
development of bandpass filters of this type with a
relative bandwidth of at least 40 %. It is also shown
that the proposed synthesis technique is adequate for
the synthesis of E-plane filters based on sections of anti-
podal finline with significant overlapping of the ridges.
These high-tech filters are capable for providing stop-
band widths of up to several octaves in the millimeter
wavelength range. This conclusion is confirmed by the
results of an experimental study of a calculated and
manufactured sample of a filter with a passband in the
frequency range of 21 GHz.
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XBUJIEBOAHO-ILJIAHAPHI cMyTOBi (iabTpnu
i3 IMIUPOKOIO CMYTOIO 3aTOPOI>KEHH

Kyx C. 4., Omeasnenwo M. IO., Pomanenxo T. B.,
Typeesa O. B.

B crarri HaBemeHi pe3ysbTaTH PO3POOKH MIPOIEIYpH
MIPSIMOTO CHUHTE3y CMYTOIMPOMyCKaodnx (biabTpis, mobymTo-
BAHUX HA IUIAHAPHUX METAJIO-[ieIeKTPUIHAX CTPYKTYPaX,
PO3TAIIOBAHUX B II03aMEXKOBOMY IMIPSIMOKYTHOMY XBHJIE-
Bozi. Po3pobirena merommka cuHTE3Y J03BOJIATH OTPUMAa-
TH POo3Mipu BCiX ejieMeHTiB TomoJorii ¢inbrpa, ki abo
He MOTPe0YIOTh TOJAJIBINOI TPYIOMICTKOI ornTuMizarii, abo
K ONTHUMi3allisi 3BOAUTHCS [0 ITOBTOPHOTO 3aCTOCYBAH-
Hf 3alIPOIIOHOBAHOI METOAMKH 13 INTYYHO 3MIHEHUMH BH-
MOTaMH [0 XapaKTEePUCTUKU, sSKi 0a3ylOThbCA HA JAHUX
PO BiAXWIEHHS XapPAKTEPUCTUKU CUHTE30BAHOrO (hiab-
Tpa Bix Bumor 10 Hei. PozpobsieHa meroiyka BAABUIACH
a/IeKBATHOIO NP PO3POOIIl 3AIPOIIOHOBAHUX XBUJIEBOIHO-
wranapaux GiapTpiB, HMOOYIOBAHMX HA BiAPI3KAX AHTH-
[OJAJIbHOI XBHUJIEBOJHO-INIIMHHOL JIiHII y I103aMEKOBOMY
MPSIMOKYTHOMY XBHUJIEBOI 33 YMOBHU 3HAYHOTO TEPEKPUTTS
i1 rpebemiB, mpu SAKOMY CKOPOUEHHsI PE30HATOPIB BimIHO-
CHO TIOJIOBWHM IOBXKMHM XBui mocsrtae 80 %. 3a3madena
XBUJIEBOIHO-IJIAHAPHA peaJiizamis GiIbTpa Ha MO3aMEXKO-
BOMY TIPSIMOKYTHOMY XBUJIEBO/Il TO3BOJISI€ 3HAYHO PO3IIH-
PUTH CMYTY 9aCcTOT HEMPOITYCKAHHS, 30IIbITNTH BHECEHE B
Hiif 3aracaHHs 1 OIHOYACHO 3a0e3MeYnTH MOBTOPIOBAHICTH
XapakTepucTuk GiabTpiB 6e3 Oymp-gakux Oiil mo ix Ha-
CcTpoIoBaHH. EGeKTUBHICTH 3aIIPOITOHOBAHOTO TIXOMY 10
peastizamnii ¢isbTpa i HOro po3paxyHKy IIPOIEMOHCTPOBAHA
Ha PO3pPOOI 1 €KCIepUMEHTAILHOMY MOCTIKeHH] (inb-
Tpa miamazomy 21 I'T'm, axwmit 3a CyKymHICTIO mapaMeTpis

(BrpaTn mopsanky 1 nB, mupuHA CMyTH 3arOpPOIKEHHS 110
YeTBepTOl TAPMOHIKY [EHTPAJIHHOI 9aCTOTH CMYTH TIPOILY-
CKAHHS) BIITOBIIA€ BUCOKUM BHMOTAM TIOMO €JIEKTPUTHUX
XapaKTepucTukK i rexHoJsiorigHocTi. Iloka3zaHo, mo po3po-
6/1eHa MeTOAMKA CUHTE3Y TOMIOHMX (DiIhTPIB 3AIUIMIAETHCS
AKTYaJIbHOIO Ipy cuHTe3] (BIIbTPIB i3 BIIHOCHOIO MIUPUHOIO
cMyrm 9acTor npomyckanas 1o 40 %.

Karowo6t caosa: cMmyrosi (piabrpu; MisiMeTpoBuit giama-
3o0mH; ribpuamo-inTerpaspui cxemu HBY; cmyra 3aropomxke-
HHST; TIO3aMEeKOBUI XBUJIEBi

CuHTEe3 BOJIHOBOJHO-TIJIAHAPHBIX (OUIIb-
TPOB CO CBEPXIINPOKOIl IIOJIOCOIi 3arpa-
KACHUA

Kyx C. 4., Omeavanenxo M. FO., Pomanenxo T. B.,
Typeesa O. B.

B crathe mipuBeseHBI pe3yabTaThl pa3pabOTKU ITPOIIE-
JyPBI IPSIMOTO CUHTE3a TIOJIOCHOIIPOITYCKAIOIUX (DUITHTPOB,
[OCTPOEHHBbIX HA IIJIAHAPHBIX METAJLIO-/IUIEKTPUIECKUX
CTPYKTypaxX, PACIOJIOKEHHBIX B 3aMpeaebHOM TPSIMOY-
TOJIbHOM BOJIHOBOZE. Pa3paboTaHHas METOJWKa CHHTE3a
[O3BOJIET I[OJIYYUTh Pa3MepPbl BCEX 3JEMEHTOB TOIOJIO-
run PUILTPA, KOTOPHIE WU HEe HYXKIAIOTCH B JaJIbHENTIei
TPYAOEMKON ONTUMU3AINY, WA OINTUMUBAIUAL CBOIUTCS
K IIOBTOPDHOMY IIPUMEHEHUIO IIPEJIOXKEHHON MEeTOUKU C
WCKYCCTBEHHO M3MEHEHHBIMU TPEOOBAHUSAMU K XapaKTepH-
CTHKE, OCHOBAHHBIMM HA JAHHBIX 00 OTKJIOHEHUHU XapaKTe-
PHUCTHKU CHHTE3MPOBAHHOIO (mibrpa or Tpebyemoii. Pa-
3paboTaHHAs METO/MKA OKA3aJIach aIEKBATHOM TIPU pa3pa-
GOTKE TPEJIOKEHHBIX BOJTHOBOJHO-TLIAHAPHBIX (DUIHTPOB,
[OCTPOEHHBIX HA OTPE3KaX AHTHUIIOAAJILHON BOJIHOBO/HO-
eJIEBOI JIMHUU B 3aIIPeeIbHOM TIPSIMOYTOTEHOM BOJTHOBO-
ne. [Ipu 3HaAYNTETBHOM ITEPEKPHITHN ee TpebHell CoKpalie-
HHME PE30HATOPOB OTHOCUTEJILHO II0JIOBUHBL JIJIMHBI BOJIHBL
nocturaer 80 %. YkazaHHas BOJHOBOIHO-TUIAHAPHAS pea-
nmu3anus GUIbTpa Ha 3aIPeIeTbHOM MPIMOYTOJIbHOM BOJI-
HOBO/IE 1I03BOJIA€T 3HAYUTE/IbHO PACIIUPUTD 1I0JIOCY YaCTOT
3arpasK/ieHnsi, YBEJUYUTh BHOCUMOE B Hel 3aTyXaHUs WU
OJ/IHOBPEMEHHO 00ECIIeYUTh OBTOPAEMOCTb XaPAKTEPUCTUK
buibrpoB 6e3 Kakux-ambo JeficTBuil 110 uMX HACTPOMKeE.
O DHeKTUBHOCTD MPEITOKEHHOTO TOAX0/Ia K Pean3ariun
dbunbTpa u ero pacdery mpojeMOHCTPUPOBAHA HA [IPUMEPE
pa3paborku duiabrpa auanaszona 21 I''n, koropslii 110 co-
BOKYTIHOCTH TIapaMeTpoB (moTepu mopsaaka 1 aB, mmpwuma
MOJIOCHI 3arPaXKAEHUs JI0 YeTBEPTOM rapMOHUKY TIEHTPAJIb-
HOH 9aCTOTBL NOJIOCHI IIPOILyCKAHUS) COOTBETCTBYET BBICO-
KUM TpeOOBAHUSM K IJIEKTPUIECKUM XAPAKTEPUCTUKAM U
TEeXHOJOTUYHOCTH. IloKazaHo, 4uro pa3paboTaHHas MeTO-
JMKa cuHTe3a 1O0A00HBIX (DUILTPOB OCTAETCH AKTYAJIbHON
mpu cuHTe3e GUIHTPOB C OTHOCUTEIHHOM MIPUHOMN TOJTOCHI
gacToT nponyckanus 110 40 %.

Karowesvie cro6a: mOI0COBbIEe DUIHTPHI; MUIIAMETPO-
BBIN auanas3on; rubpuaHno-unrerpaiabube cxembl CBY; mo-
JIOCA, 3arpaXKk/IeHUsl; 3aIIPE/IEIbHbBINA BOJIHOBO/,
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