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The algorithms for analyzing of two-layer distributed discontinuities in the form of an inductive section in a
microstrip transmission line and an H-shaped slot resonator with a transverse arrangement of “dumbbells®
in its ground plane by the transverse resonance method are improved and developed. This method includes
the mutual coupling of components that make up the discontinuity. According to the analysis results,
the considered discontinuity is a multifunctional device and has scattering characteristics that contain
simultaneously signal transmission and rejection. At this the two-layer discontinuity provides a wideband (up
to 40 %) rejection with two-frequency characteristic of resonant reflection, and forms either two narrowband
passband filters (about 3 %), or one wideband (up to 10 %) passband.
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Introduction

The spectral approach for solution of boundary
problems in micro- and millimeter wave range devi-
ces design was developed since 80-th years of last
century [1]. The analysis of multilayer planar structures
in spectral domain allows define boundary problem in
the form of integral equation, which boils down to
solution of lower order linear equation system, and
provides calculation of structural components in passi-
ve devices being designed. The transverse resonance
technique is also based at the spectral approach, in
which eigen frequencies of virtual resonators with
boundary conditions in the form of electric or magnetic
walls are used for scattering characteristics calculation.

In [2], the resonance frequencies technique calculati-
on for multilayer planar structure consisted of mi-
crostripline resonator at coupled lines and tunable
slot resonator in second plane is described. This
technique is based on field description of shielded
structure in spectral domain in the form of hybrid
waves and boundary problem solution by Galerkin’s
method. The Green’s functions formulated for the
area being analyzed are universal and applied to
various microstripstrip-slot structures. The generali-
zed analysis and design technique for multilayer
components based on combination of spectral approach
(using immittance matrix) and standard methods
of CAD is described in [3-6]. The interest of
researchers in multi-layer planar structures, includi-
ng DGS-structures (defected ground structure), does
not weaken, on their basis, differential bandpass fi-

Iters, directional coupler and vertical transitions are
designed [7-15].

In the paper [16], the scattering characteristics
of fundamental wave in microstrip line at H-shaped
slot resonators with various orientation relative to
microstrip line were considered. It was shown, that
the such discontinuities provide two-frequency, parti-
cularly, wideband attenuation, caused by the disconti-
nues interaction at relatively big distances from each
other. The scattering characteristics of multilayer di-
stributed discontinuities included step discontinuity in
microstrip line (inductive or capacitive sections) and
narrow rectangular slot resonators were considered in
works [17,18].

The aim of this work is improving the design techni-
que and investigation of the scattering characteristics
singularities at a two-layer distributed discontinuity
in three-layer planar structure consisted the inductive
microstrip section and H-shaped slot resonator with
transversal arrangement of the “dumbbells” in ground
plane. The potentially advantages of such structures
are extended device functionality and compactness
compared with conventional slot resonator [19].

1 Solution of boundary problem
for resonator with symmetrical
discontinuity

Calculation of scattering matrix elements (reflecti-

on and transmission coefficients) by transverse
resonance technique is performed by using solution
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of boundary eigenfrequencies problems for a half-wave
resonator in main transmission line, which contains the
investigated discontinuity with nodes and antinodes at
virtual boundaries. Because of this, it is of interest
to investigate the eigenfrequencies spectra of such a
resonator. The procedure of boundary problems soluti-
on for resonator with discontinuities in microstrip line
and ground plane is described in detail in [17]. The
algebraization of boundary problems is carried out usi-
ng the waveguide basis functions T},(¢)y.x, k = 1..N,
by which the field at aperture of complex shape slot
resonator is decomposed, and using vector potentials
(electric and magnetic) for the current density in non-
homogenous strip line Joy, (2,2), k = 1..N, [17].
As in [17], the trigonometric basis is used to describe
currents densities in nonuniform strip resonator, on
the basis which the two-dimensional eigen functions
Je(h),n (,2) are built, which satisfy the Helmholtz
equation and corresponding boundary conditions at
free ends of strip line and resonator:

ALJe(h),n (33, Z) + Xg(h)m ' Je(h),n (SC, Z) =0,

where xﬁ(h))n — are eigen values of the electric and
magnetic potentials describing current density in non-
homogeneous strip line.

The resonator with width step in microstrip
transmission line is shown in Fig. la. As noticed in [17],
the calculation of the eigen value xZ,, of electric and
magnetic potentials for the current density J , (z, 2),
which are greater in order than the eigen numbers X%m
for the current density Jj ., (z,2), takes a significant
time. Let’s estimate the contribution of these functi-
ons to values of the slot resonator eigen frequencies
fres- In Fig. 1b it is shown the typical dependence of
the first two eigen values yj, of magnetic potential
for the current density Jp, (x,z) on the distance to
boundary I, obtained by solving the two-dimensional
problems, and the results of eigen frequencies f e
calculation for microstrip resonator with inductive
section taking and not taking into account the current
density components described by the electric potential
Jen (2,%) are shown in Fig. lc. It follows from the
numeric calculation that contribution of the J. ,, (z, z)
component to resonant frequency value contains about
0.05-0.07 GHz, which corresponds to 2% regarding
central frequency of bandwidth. Because of this, it is
enough to consider only magnetic vector potential to
optimize calculation time of one frequency point for
current density characterization. If more precision is
required, for example, analysis of final device topology,
one can add the J. ,, (z, z) component to the algorithm.
The distributed two-layer symmetrical discontinuity
in three-layer planar structure is shown in Fig. 2.
According to the transverse resonance technique, the
scattering matrix elements for symmetrical disconti-
nuity are calculated by solving boundary problems for
resonator with boundary conditions in form of electric
wall (e.w.-e.w. conditions) and magnetic wall (m.w.-

m.w. conditions) for resonator regarding dimension
l2; (see Fig. 2, the discontinuity dimension I is not
changed considering the reference plane) by the equati-
ons [17]:

Iy -1

ry+r
Sn=—F5—, hEL

5 5 (1)

where I'; = exp(2j-8.l2;), indexes i = 1,2
corresponds to solution of “electric” and “magnetic”
boundary problems correspondingly, /3, — propagation
constant of fundamental wave in regular microstrip
transmission line.
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Fig. 1. (a) Boundary conditions for microstrip

resonator with inductive section, (b) solution of

problem on magnetic potential eigenvalues for current

density, and (c) solutions of boundary problems on

resonator eigenfrequencies with electric and magnetic
walls at longitudial boundaries.
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Fig. 2. The three-layer structure with symmetrical two-layer distributed discontinuity in microstrip transmission
line, consisted of inductive strip line section and H-shaped slot resonator in ground plane with transversal
arrangement, of the “dumbbells”.

The terms “electric’ and “magnetic” correspond
to boundary conditions at longitudinal boundaries of
resonator (along the z axis). According to (1), the
minimum of the reflection coefficient is defined by
intersection of the spectral curves obtained by solving
the both boundary problems, i.e. at the frequencies

on which T'; = T’y the minimum of |S11| = |S22] is
observed.
Similarly, the scattering matrix elements of

symmetrical discontinuity are calculated also by solvi-
ng the boundary problems of the form e.w.-e.w. and
m.w.-e.w. for the resonator regarding it’s longitudinal
dimension [y ; (Fig. 2) by the equations [18]:

N
2 7 2
The intersection points of spectral curves I'y =

I'y define resonant interaction frequencies of the

fundamental wave in microstrip line with discontinui-

ty, at which the transmission coefficient |S1a| = |S21]
equals to zero.

S =-—

2 Analysis result of two-layer di-
scontinuity

The calculations were fulfilled reducing the number
of basis functions to 300 terms of series, trigonometric
basis for current density to 10-12 terms of series, 3-4
eigenfunctions of magnetic type for current density in
microstrip line N,, and 2-3 H- and E-type wavegui-
de functions in field description at the slot resonator
aperture. Here and below the substrate thickness is
h = 0.365 mm, dielectric permittivity is €,1 = 10.2,
three-layer shield dimensions (in mm) are: A = 15.0,
B = 7.365, bs = 5.0 (Fig. 2). The investigation of the
calculation algorithm showed that the solution is most
sensitive to number of considered eigen waves in mi-
crostrip line (Fig. 3). The difference in the values of the
resonant frequencies is most noticeable on the sections
of the curves, which are not used for calculation of the
scattering matrix elements.

The eigen frequencies spectrum of the resonator
with two-layer distributed discontinuity obtained solvi-
ng the three boundary problems and correspondi-
ng scattering characteristics are shown in Fig. 4.
The structure dimensions for calculation the eigen
frequencies spectrum are: wy; = 0.3 mm, wy = 1.2 mm,
length of inductive section I = 2l; = 1.8mm (I; =
0.9 mm). The parameters of slot resonator (in mm) are:
as =8.7,bs =5.2, 51 =0.3, s2 =0.6.

It can be seen from the figure that the eigen
frequencies spectrum of resonator with distributed di-
scontinuity consists of a minimum of two branches. The
lower branch (for all boundary problems) corresponds
to strip mode of resonator, and all upper — waveguide
modes. Their interception corresponds to frequencies of
resonant interaction of feeding transmission line with
discontinuities in it. At that, the spectrum of eigen
frequencies of resonator with electric walls has the same
form as the spectrum of electromagnetically coupled
discontinuities [16].
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Fig. 3. Eigen frequencies spectra for microstrip
resonator with distributed discontinuity obtained by
solution of the “electric” boundary problem depending
on the number of considered eigenfunctions for current
density in non-homogeneous strip line.
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Fig. 4. Eigen frequencies spectrum of microstrip resonator with distributed discontinuity obtained solving the

97 (L

three boundary problems: “electric”,

magnetic’, and “magneto-electric” and corresponding scattering characteri-

stics. The structure dimensions are: w; = 0.3mm, we = 1.2mm, length of inductive section [ = 2[; = 1.8 mm
(l1 = 0.9 mm). The parameters of slot resonator are: a; = 8.7mm, by = 5.2mm, s; = 0.3mm, s = 0.6

Likewise [17], the type of spectral curves allows
approximate them by rational functions in the form
f(z) = 1/Qn(z), where Qn (z) = a0 + a1z +
asx®> + ... + amx™ — is a polynomial of order m,
and only the corresponded to waveguide solution curve
branch is used to approximate the solution of “electric”
boundary problem. The approximation of spectral
functions allows significantly decrease calculation time
of the scattering matrix elements for one frequency
point. For example, the calculation time of both
spectrum branches in the wavelength range 5-35 mm
(approximately frequency band 1.5-7.0 GHz) takes
about 60 min at the average, whereas the solution
of inverse problem (calculation of resonator length
at given frequency) takes about 8 hours (at the PC
Intel® Core™ i3-330M @2.13 GHz). The scattering
characteristics of discontinuity calculated using the
spectral curves approximation of the form f(x) =
1/Qm () and calculated using commercial microwave
simulation software are shown in Fig. 4b. The di-
fference in analysis results is caused by considering
the boundary conditions at ideal metal walls in ports
plane in commercial software and using there the net
methods for electromagnetic fields calculation. It is
seen that the considered discontinuity provides passi-
ng with bandwidth about 12% with central frequency
2.35 GHz and wideband attenuation in the bandwi-
dth 4-6 GHz. For comparison, a single discontinui-
ty in the form of inductive section does not have
resonant frequencies of reflection coefficient at the
considered frequency band, but in combination with a
complex shape slot resonator makes a structure, which
characteristics have frequencies of resonant reflection
and passing simultaneously in the band 1-6 GHz.

The comparative spectrum curves and their
approximation by rational functions are shown in
Fig. 5. Asit is shown in Fig. 5a, only the high-frequency
branch of second curve (from 4 to 6 GHz) is used

to approximate eigenfrequencies spectrum obtained
by solving of the “electric” problem, excepting lower
branch.
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Fig. 5. Approximation of eigen frequencies
spectra for slot resonator with discontinuity

using rational functions of the form f(z) =
1/ag + a1z + agz? + ... + apa™.
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To approximate solution of the ‘“magnetic”
boundary problem the both whole branches are used,
Fig. 5b. Here and below high order polynomials (m =
8..10) were used for the scattering matrix calculation
depending on type of the spectral characteristic. All the
above described algorithms were realized using Delphi
7.0 software.

The similar characteristics were obtained for the di-
stributed discontinuity with greater length of inductive
section and H-shaped slot resonator, Fig. 6. The S-
shaped parts in eigen frequencies spectral curves for
resonator with discontinuity are typical for lengthy
discontinuities (when longitudinal dimension 2b, is of
the order of A/4). The scattering characteristics of
the discontinuity with such a topology contain two
frequencies of resonant reflection and one frequency of
resonant passing. The pass band by the level —15dB
contains 10%, and the stop band about 35%.
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Fig. 6. Spectra of eigen frequencies for resonator with
distributed two-layer discontinuity obtained by solving
the three boundary problems: “electric”’, “magnetic”,
and “magneto-electric” and corresponding scattering
characteristics. The parameters of discontinuity are
wy; = 0.3mm, ws = 1.2mm, length of inductive secti-
on ! = 24mm (I; = 1.2mm), the parameters of slot
resonator (in mm) are a; = 9.6, by = 6.0, s; = 0.9,
So = 0.6.

To demonstrate interaction of the discontinuities
in two layers the curves of eigen frequencies spectra
for each taken separately discontinuity are shown
below. The corresponding curves obtained by solvi-
ng the boundary problems for inductive section in
strip line and H-shaped slot resonator are shown in
Fig. 7a,b. It is seen that each taken discontinuity has
different eigen frequencies curves, and correspondingly,
scattering characteristics. And at that, the transmi-
ssion characteristic does not have points of resonant
signal reflection at all (only a certain minimum), and
the reflection characteristic has one resonance at the
frequency 4.35 GHz.
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Fig. 7. Spectra of eigen frequencies with separated

distributed discontinuities in the form of inductive

section in microstrip line and H-shaped slot resonator
(parameters of the structure are given in Fig. 6).

The spectra of the eigen frequencies and the
characteristics of the two-layer distributed disconti-
nuity with passband (9.6%) and wide stopband are
shown in Fig. 8 It is seen that such characteristi-
cs can be obtained, if spectral curves obtained by
solving the “electric’ and the “magnetic” boundary
problems have only one intersection point (intersection
of two branches of strip modes), and curves of higher
waveguide modes obtained by solving the “electric” and
“magneto-electric” problems intersect at least in two
points (Fig. 8).

In the two-frequency version of discontinuity
topology the stop band is placed between two
frequencies of resonant passing, Fig. 9a,b. The stop
band contains 16% by the level -20 dB and has larger
slope. Besides, this structure passes signal in two
narrow (about 3%) bands with resonant minimums at
the frequencies 2.45 GHz and 4.25 GHz. In the spectral
curves graphs, it is expressed in the form of interception
points of either of the two (strip and waveguide) curves
obtained by solving electric and magnetic boundary
problems, as well as in the form of narrow intercepti-
on region of the first (strip) branch corresponded to
electric problem solution and the second (wavegui-
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de) branch corresponded to magneto-electric problem
solution.
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Fig. 8. Spectra of eigen frequencies for resonator with
distributed two-layer discontinuity obtained by solvi-
ng the three boundary problems and corresponding
scattering characteristics. The parameters of disconti-
nuity are w; = 0.3mm, wy = 1.0mm, length of inducti-
ve section | = 2.4mm (l; = 1.2mm), the parameters of
slot resonator (in mm) are a; = 7.6, by = 4.6, s; = 0.6,
So = 0.4.
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Fig. 9. Spectra of eigen frequencies for resonator with
distributed two-layer discontinuity obtained by solvi-
ng the three boundary problems and corresponding
scattering characteristics. The parameters of disconti-
nuity are wy = 0.3mm, we = 0.9, length of inductive
section [ = 1.8mm(l; = 0.9mm), the parameters of slot
resonator (in mm) are a; = 12.0, by = 4.0, s; = 0.6,
S9 = 0.4.

To compare spectra and demonstrate interaction of
the elements, which contains two-layer discontinuity,
the spectra of eigen frequencies for resonators contai-
ned inductive strip line section and H-shaped slot
resonator are shown in Fig. 10a,b. In this case the
inductive microstrip line section does not have resonant,
passing frequencies at all in the considered frequency
band 1-6 GHz, and slot resonator rejects signal in wide

frequency band with the resonant reflection frequencies
about 3.0 GHz and 4.5 GHz.

Note that the developed algorithms allow analyze
more complex structures and design wideband juncti-
ons and filters, for example, considered in [19]. Unli-
ke [19], the above considered structures perform at
least the two functions: passing and stopping in di-
fferent microwave sub-bands.
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Fig. 10. Spectra of eigen frequencies with separated

distributed discontinuities in the form of inductive strip

line section and H-shaped slot resonator (parameters of
the structure are the same as in Fig. 9).

Conclusion

The technique of boundary problems solution
for resonators based on a three-dimensional planar
structure with discontinuity, which components are
placed in two planes simultaneously and contain the
width step in microstrip line and slot resonator of
complex shape in ground plane, was improved. It
has been demonstrated that current density in non-
homogeneous strip line is well described (2% error
for eigen frequencies spectrum calculation) by the
magnetic vector potential function, which is expressed
as decomposition on a trigonometric basis. The
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transverse resonance technique used to calculate the
scattering characteristics from the data of calculation
of the eigen frequencies spectra was realized by means
of spectral curves approximation using the functions
in form f(z) = 1/(ao +arx + asx® + ...+ amxm).
Because of this algorithm optimization, the calculation
time of discontinuity analysis is significantly reduced.

The algorithms of boundary problems for
resonators with discontinuity in the form of mi-
crostrip inductive section and H-shaped slot resonator
in ground plane with transverse placement of the
“dumbbells” were developed. The analysis revealed that
the considered discontinuity possesses the scattering
characteristics having both pass bands and stop bands
simultaneously, i.e. it serves a multifunctional device.
Their width and mutual placement relative to each
other are selected by varying of the multilayer disconti-
nuity dimensions considering it’s composing elements
interaction. At this the two-layer discontinuity provides
a wideband (up to 40%) rejection with two-frequency
characteristic of resonant reflection, and forms either
two narrowband passband filters (about 3%), or one
wideband (up to 10%) passband.
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Amnajiz po3moaisieHux ABOMIAPOBUX KOM-
MOHEHTIB Yy TPUIIAPOBIii IJIaHAPHIiH CTPY-
KTypi

Paccozxina FO. B., Kpuscanoscoxuti B. T

VYaockonameHo Ta MOOYIOBAHO AJITOPUTMU IS AHAJII-
3y ABOMIAPOBUX PO3IMOILIEHUX HEOTHOPITHOCTEH y BUIJIAIL
IHIYKTUBHOIO BiZIpi3Ka MIKPOCMYXKKOBOI JIiHII mepemadi Ta
H-noai6broro mismmaHOro pe3oHaTopy i3 momepevHnM po3ra-
MIyBaHHAM ranrTeseil y il 3a3eM/Ii004iil II0MuHI METOIOM
MIOTIEPETIHOTO PE30HAHCY. 3TiJHO 3 METOIOM, €JIeMEHTH Ma-
TPUI PO3CIIOBAHHS HA CUMETPUYHIM HEOIHOPIJHOCTI po3pa-
XOBYIOTBCH 3 PillleHb ABOX KPAMOBUX 3324 [i/Is Pe30HATOPA
3 TPAHUYHUMU YMOBAMU y BUIVIA] €IeKTPUYIHOI 1 MarHiTHOL
CTIHKM Ha IO3I0BXKHIX I'DAHMUILX PE30HATOpa MIOA0 HOro
po3mipy abo pe3onancHOI gactoru. Jlamumii MeTor BPaxoBye
B3AaEMO/III0 KOMTOHEHTIB, IO CKJIAIAI0Th HEOIHOPITHICTD,
OCKiTbKY 0a3yeThbCs HAa PO3B’sS3aHHI KPANOBUX 337a4 IS
MIKPOCMY2KKOBOTO PE30HATOPY, M0 MICTHUTH B CO0i PO3IIO-
JILJIEHY IBOIIAPOPOBY HEOTHOPIAHICTH mijikoM. Asrebpaiza-
1IisT KPAoBUX 331894 BUKOHYETHCS 33 JOIMOMOTOI0 DA3MCHUX
byHKIi# XBAIEBIAHOTO THILY, 33 AKUMU PO3KJIAJAETHCS I0-
Jie Ha amepTypi IIJIMHHOTO PE30HATOPa CKJIALHOI dhopmu, i
BEKTOPHUX MOTEHIHAMB (€JeKTPUIHOTO i MArHiTHOTO) JI/Is
IJIBHOCTI CTPYMy B HEOMHOPiAHIM CMyKKOBi#l imiil. s
OIINCY IIIJBHOCTI CTPYMIB B CMYKKOBOMY PE30HATOPI BUKO-
PUCTOBYETHCS TPUTOHOMETPUIHHUN 6a3nc, HA OCHOBL SKOTO
OyayIOThbCH ABOBUMIPHI BiacHI (pyHKIil BEKTOPDHHUX IOTEH-
miaJiB jId IMTBHOCTI cTpyMy. Pesynpratn ancespHUX po3-
PaXyHKIB II0Ka3aJ/IHd, 1[0 BHECOK €JIeKTPUTIHOIO BEKTOPHOTO
[OTEHMiaIy [UId IMUIBHOCTL CTPYMY B 3HA9E€HHS PE30HAH-
CHOI 9aCTOTH B YHCIOBOMY BHpa3i Ckaagae 6mmspko 2%
IO/I0 CEPEeTHBOI YACTOTH [iana30Hy. ToMy yist omTuMi3arii
qacy, 0 BUTPAYAECTHCA HA PO3PAXYHOK OMHIET 4acTOTHOL
TOYKH, I ONHCY INIIBHOCTI CTPYMY B CMYXKKOBIi#l JIiHIT
JOCTAaTHHO BUKOPUCTOBYBATH TiTbKY MATrHITHUI BEKTOPHUN
norenmiai. KpiMm TOro, gjs iCTOTHOrO CKODOYEHHS YacCy,
L0 BUTPAYAETHCS HA PO3PAXYHOK €JIEMEHTIB MAaTPHIN PO3-
ciloBaHHS /151 OJHIE] 9aCTOTHOI TOYKH, BUKOPUCTOBYETHCS
ANMpPOKCUMAIIiST KPUBUX CIHEKTPA BIACHUX YACTOT PE30HATO-
pa pamioHa bHOT (PYHKIHI y BUTJISAI 3BOPOTHOTO TIOJIIHOMA
nopsAAKy M. 3a pe3y/bTaTaMi aHai3y PO3IJIAHYTa HEOJHO-
pinHicTh € 6araTodyHKIIOHAILHUM MTPUIAIOM, IO MAE Xa-
PAKTEPUCTUKY PO3CIIOBAHHS, 10 MICTATH OJHOYACHO CMYTH
NIPOILYCKAHHS Ta 3allupanHs curaasty. IIpu npbomy HeogHOpI-
aHicTh 3a6e3neduye mmupokocmyrose (mo 40 %) sarmpanms i3
JBOYACTOTHOIO XapaKTEPUCTUKOI PE30HAHCHOIO BiAOUTTs
curHasy, a Takoxk Gopmye abo OIuH MUPOKOCMYTOBHIA (10
10 %) cmyro-mpontyckumit birbTp, 260 ABA BY3bKOCMYTOBHX
(6mm3bk0 3%) cmyro-mponyckHUX (GiabTpw.

Karmwosi crosa: MIKPOCMYKKOBA JIHISA, 1HIYKTUBHUN
Biapizok; H-momiGmuil mismHHMN pe30HATOp; CIEeKTD BJa-
CHUX 9YaCTOT; XapPaKTEPUCTHUKU PO3CIIOBAHHS

Ananu3 pacupeneneHHbIX ABYXCJIOWHBIX
KOMIIOHEHTOB B TPEXCJIOWHON IJIaHAPHOI

CTPYKType€
Paccoxuna FO. B., Kpworcarnosckui B. T.

YCoBepITEHCTBOBAHBl ¥ TMOCTPOEHBI AJITOPUTMBI IS
aHaJIM3a ABYXCJIOMHBIX pacIpeieleHHbIX HeOIHOPOTHOCTEMH
B BUJIe WHIYKTUBHOTO OTPE3Ka B MUKPOITOJOCKOBOM JIMHUK
nepermasu u H-o6pa3Horo mieseBoro pes3oHaTOpa C IIOIe-
PEYHBIM PACIIOJIOKEHHEM “TaHTesieill” B ee 3a3eMJsolneit
TJIOCKOCTY METOIOM IOTIepevHOro pe3onanca. Cormacuo me-
TOJy, SJIEMEHTHI MATPHUIIBI PACCESTHUS Ha CUMMETPUIHOMN
HEOTHOPOJHOCTH PACCUUTHIBAIOTCH W3 PEIIeHuil ABYX Kpa-
€BBIX 3339 JJIsT PE30HATOPA C TPAHUYHBIMU YCJIOBUSIMU
B BUJIE JIEKTPUYIECKON W MArHUTHOW CTEHKW Ha, IPOI0JIb-
HBIX TPAHUIAX PE30HATOPA OTHOCUTEJIHHO €r0 Pa3Mepa Wi
PE30HAHCHOH YaCcTOTHI. /JaHHBIN METO yINTHIBAET B3AUMO-
[efiCTBHe KOMIIOHEHTOB, COCTABJISIOIUX HEOJHOPOIHOCTD,
TOCKOJIBKY 0a3WpyeTcs Ha PelleHn:d KPAeBBbIX 3a7ad IS
MUKPOTIOJIOCKOBOTO PE30HATOPA, BKIIOYAIONIEro B cebst pa-
CIpEe/IeHHYI0 ABYXCJIOMHYIO HEOJHOPOIHOCTD IIEJIMKOM.
Aurebpan3anus KpaeBbIX 3a/@9 BBIIOJHIAETCHA C IOMOIIBIO
6a3mCHBIX (DYHKIUH BOJIHOBOJHOTO THIIA, TI0 KOTOPHIM pa-
CKJIQ[IBIBAETC II0JIe Ha AalepType IIejeBOro pPe30HATOPA
CI02KHOM (POPMBI, U BEKTOPHBIX IIOTEHIAAJIOB (JIEKTPUTE-
CKOTO ¥ MATHUTHOTO) JIJI TTIOTHOCTH TOKA B HEOTHOPOTHOM
TIOJIOCKOBO# JiwHIH. [Ij1s1 OnrcaHus TIOTHOCTH TOKOB B TIO-
JIOCKOBOM PE30HATOPE UCIIOJIH3YETCH TPUTOHOMETPUIECKUIT
6a3uc, Ha OCHOBE KOTOPOTO CTPOSITCS JBYMEPHBIE COOCTBEH-
Hble (DYHKITNN BEKTOPHBIX TOTEHIUAJIOB JJIsl IJTOTHOCTHU TO-
Ka. Pe3ypbTaThl 9uCIeHHBIX PACIETOB TOKA3AJIN, 9TO BKIA/T,
3JIEKTPUIECKOTO BEKTOPHOTO TMOTEHIMAJA JJIsT TIJIOTHOCTH
TOKA B 3HAYEHHE PE30HAHCHOI 9aCTOTHI B UMNCTIOBOM BBIpaA-
JKEHUU COCTABJIAET OKOJIO0 2% OTHOCUTEBHO CPETHelH 9acTo-
THI AWAra3oHa. [103ToMy /s ONTHUMU3AIMY BPEMEHU, 3a-
TPAYUBaEMOr0 Ha pacdeT OJHON YaCTOTHOU TOYKH, JJId OIIH-
CaHUs IUIOTHOCTH TOKA B IIOJIOCKOBOM JIMHUW MOCTATOYIHO
WCTI0JIb30BATh TOJHKO MArHUTHBIM BEKTOPHBIM TOTEHITHAL.
Kpome Toro, mms cymecTBeHHOTO COKpAIlEHUsI BpPEMEHH,
3aTPAYMBAEMOr0 HA PACYET JIEMEHTOB MATPHUIIBI PACCETHUS
Ha OJHON YacTOTEe, WCIOJB3YETCS AIMMPOKCHUMAIVS KpPU-
BBIX CIIEKTPA COOCTBEHHBIX YACTOT PE30HATOPA PAITMOHAJb-
HOUl dyHKIUEHl B BuAE 0OPATHOIO MOJMHOMA HOPAIKA M.
ITo pe3ynbraram aHasm3a, pacCMOTPEHHAsT HEOJHOPOTHOCTD
SABAETCS MHOTOMYHKITMOHATIBHBIM YCTPOUCTBOM U WMEET
XapaKTEPUCTUKHA PACCETHUs, KOTOPbIE COAEPXKAT OTHOBPe-
MEHHO TIOJIOCHI TIPOITYCKAHWs W 3alMpaHusl CUTHAja. [lpwm
9TOM HEOJHOPOIHOCTH 00ECTIEIMBAET MUPOKOIOIOCHOE (110
40 %) 3anmpanme ¢ AByXIaCTOTHOMN XapaKTEPUCTUKOI Pe30-
HAHCHOTO OTPaYKEHUsI, & Takyke (popMupyeT OO OIHH IIn-
pokomnostocusiii (10 10%) monocuo-mponyckaommii GuibTp,
b0 1B Y3KOIIOJIOCHBIX IIOJIOCHO-IIPOILYCKAOMUX DrIbTpa
(mopanka 3%).

K./L’}O’V,QG‘M,B CA064:; MUKDPOIIOJIOCKOBAA JIMHUA; UH/TYKTUB-
HBI 0Tpe30K; H-o00pas3Hblii Ime/eBoil pe30HATOP; CIEKTP
COOCTBEHHBIX YaCTOT; XaPAKTEPUCTUKUA PACCETHUS
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