ASPECTS OF ELECTROMAGNETIC COMPATIBILITY
AT REMOTE SENSING OF IONOSPHERE IN RADIOPHYSICAL
OBSERVATORY OF KHARKIV NATIONAL UNIVERSITY

I.I. Magda®, L.F. Chernogor?
'National Science Center “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine;
E-mail: magda@kipt.kharkov.ua;
2\/.N. Karazin Kharkiv National University, Kharkov, Ukraine
E-mail: leonid.f.chernogor@univer.kharkov.ua

Specific responses of radio receivers of various type and frequency range under conditions to receiving of both a
sole intense ultrashort signals and combination of information and interference ultrashort signals are studied. A pos-
sible scenario of functional upset of radio receivers at the V.N. Karazin Kharkiv National University Radiophysical
Observatory during remotely sensing the ionosphere with new radar transmitting a few hundred MW ~10 ns pulse
has been analyzed. In the tests of receivers, the characteristics of interference signals well enough meet the condi-
tions of planned experiments to probe the ionosphere. It is expected that the research results will contribute to the
development of various preventive measures for the electromagnetic protection of the radio facilities at the Radio-

physical Observatory.
PACS: 84.40, 94.05, 94.406

INTRODUCTION

For successful implementation of the scientific pro-
ject "lonosat-Micro" [1], set by the National Target-
Oriented Scientific and Technical Space Program of
Ukraine for 2013-2017, the ground-based sub-satellite
monitoring of the geospace environment with the re-
mote sensing facilities located at the V.N. Karazin
Kharkiv National University (KhNU) Radiophysical
Observatory (RPO) has been planned [2], which re-
quired a metrological verification and certification of
the instruments. This work was accompanied by a de-
tailed investigating an impact of different radio elec-
tronic systems (RES) on radio receivers. On-site meas-
urements were preceded by vast laboratory studying the
electromagnetic fields impact on radio receivers (RR)
and their components. The work was carried on within
the framework of well-known and described in scientific
literature methods of electromagnetic compatibility and
strength (EMCS) against the impact of stationary or rela-
tively long-pulse interference (see, for example, [3 - 5]).

The present work aims at analyzing a possible sce-
nario of the RRs functional upset during a new cycle of
remote radio sensing of the ionosphere at the KhNU
RFO. A modernized multi-purpose UHF sensing system
based on the UHF radar has been proposed to be used in
these experiments. This up-grade supposes providing a
pulse compression in the master oscillator in order to
increase its pulse power to several hundred megawatts.
In this case, the pulse width should be reduced from
1 us to 10 ns. In this concern, the investigation of the
RRs response to the impact of ultrashort pulse (USP)
~0.1...10 ns [6 - 8] interference, which previously had
not been carried out due to the lack of technical means,
becomes relevant.

It is known that under the impact of interference sig-
nals (IS), depending on their amplitude, a wide spec-
trum of phenomena (from functional upset to total fail-
ure) arises in the RR operation caused by changes in the
characteristics of the components. At the same time, if
the interference is the USP signal with the pulse width
T, and pulse rise time T, Of 10°...10% sand 10°...10" s,
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respectively, the character of the arising effects is sig-
nificantly different in comparison with the steady-state
or long-pulse impact [9 - 12].

The specific responses of the receivers of different
type and in different frequency ranges irradiated by the
USP IS either solely or in combination with the RF in-
formation signal (IFS) are presented below. The selec-
tion of types of the receivers, as well as of the test sig-
nals characteristics quite fully reflects the conditions
that can arise in the planned experiments on radio prob-
ing the ionosphere. The test results can be useful for
providing the preventive technical and organizational
measures for electromagnetic protection of the RES,
which operate in the KhNU Radiophysical Observatory.

1. BRIEF INFORMATION OF THE KHNU
RADIOPHYSICAL OBSERVATORY

From the beginning of the 1950s to the present time,
the geospace researches have been carried out at KhNU
(see, for example, [13 - 15]). Since the 1960s, the Radi-
ophysical Observatory equipped with automated and
computerized systems for remote sensing the geospace
environment in a wide range of altitudes
(z = 60...1000 km) had been put into operation. A com-
plex investigation along with modeling, and predicting
the fundamental geospace physical and chemical pro-
cesses of natural and anthropogenic origin (which can
affect on functional stability of the telecommunication,
power and machinery systems as well as on human
health and wellbeing, etc.) have been run in the frame-
work of ground support for the scientific project "lono-
sat-Micro" [1]. The facilities for remote radio-sensing
the ionosphere has been continuously improved and
upgraded. The Facility for Remote Sensing the Near-
Earth Space Environment at the Kharkiv V. N. Karazin
National University Radiophysical Observatory is in-
cluded in the State Register of Scientific Research In-
struments that Constitute a National Asset. Table 1 pre-
sents a brief description of the receiving devices includ-
ed into basic tools of the remote radio-sensing of the
ionosphere [2] in RPO.
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Table 1

Characteristics of the receivers in the radio systems

functional upsets and even destruction. To better under-
stand possible effects in receiving devices of the Obser-

* special fabrication

2. RF POWER AT THE INPUT
OF THE RECEIVER DISPOSED CLOSE
TO HIGH-POWER RADIATOR

The supposed interference signal levels produced by
radar with the RF power output of 100 MW have be
estimated for various distances and decrease factors as a
function of the antenna directivity. It is well known, the
RF power at the input of the receiving antenna is

2
P GTGsz ,

(41tR)
where Pr is the transmitter power, G and Gy are the
transmitting and receiving antenna gains, respectively, A is
the wave-length, R is the distance between the antennas.

Table 2

Power P, (top line, W) and voltage U;, (bottom line, V)

at receiver input (R;,;=75 £) versus the distance to and
side-lobe levels of transmitting antenna

in T

R, m

GrdB 15 45 150 450 1500
0 3.2:10°| 3.2.10° | 3.2.10*| 3.2.10° | 320
2.2:10*| 6.9.10° | 2.2.10°| 690 220

-10 | 3.2.10° | 3.2.10* | 3.2.10° | 3.2:10? 32
6.9-10%| 2.2.10° | 690 220 69

-20 | 3.210* | 3.2.10° | 3.2.10% | 3.2-.10" 3.2
2.2:10° 690 220 69 22

-30 | 3.2:10° | 3.2.10% | 3.2:10* 3.2 0.32
690 220 69 22 6.9

-40 | 3.2.10? | 3.2-10° 3.2 0.32 |3.2107
220 69 22 6.9 2.2

-50 | 3.2.10° 3.2 0.32 | 3.2107% |3.2110°
69 22 6.9 2.2 0.69

The amplitudes of the power P;, (and voltage U;,) at
the receiver input with the input resistance R;, calculated
for Py = 0.1 GW, G = 5.10°, Gg = 1, Ri, = 75 Q, and A
= 0.15m are given in Table 2. Apparently, such high
impulse amplitudes at the RR input are sufficiently
higher than those indicated in Table 1, and can result in
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at the RPO vatory, the results of laboratory tests of various types of
Radio frequency — receivers on functional upset under the exposure to the
System band (bandwidth) | C"itical level, Uy, USP IS are described below.
MF radar 15...24 MHz 0.02...0.2 Table 3
(40 kHz) Test conditions of receivers of different frequency bands
HF Dopplgr 1...24 MHz 0.02...0.05 Receiver Test signals
radar at vertical (10 Hz) Test signals mode | frequency characteristics
incidence band | tft,ns  |[Up, V
Digisonde 1...15 MHz 0.05...01 LaJUWBVPor | HF, UHF,| 1..500/ | 10°...10
: (1...16 kHz) I,b | transient pro- 0.3...20 B
Multi- 3...30 MHz 0.02...0.05 cess VHF, 10™...100
frequency pas- (300 Hz), SHF ]1...5/0.2...1
sive radar 30...300 MHz, Il INBRFin SHF 6...15/3 107%...20
300...3000 MHz, frequency
3...30 GHz band of RR
(10 kHz) [l |Combination | HF/UHF,| NBRF | 107..10
Fluxgate magne- 0.001...1 Hz 10...100 nT NB RF and VHF, 15/3
tometer UWB VP with SHF UWB VP | 1073...10
(based on IM-II 5 ns delay time 1.2/0.2
magnetometer) between signals
GPS/GLONASS 150/400 MHz 0.01...0.03
receivers 1.2...1.6 GHz 0.003...0.03 3. EXPERIMENTAL STUDY

OF FUNCTIONAL UPSETS IN RECEIVERS
AFFECTED BY USP IS

From the above, it follows that the efficiency of the
USP interference should depend substantially on the
time (frequency) characteristics of IS and the receiving
circuit. This has been studied in the tests of RRs, which
had significantly different frequency bandwidth of the
input components [16 - 18]. For this purpose, conven-
tional HF, UHF, and VHF receivers, as well as mock-
ups of SHF receivers have been used (Fig. 1).

==Kl

4 4

Fig. 1. Diagram of RR test: 1 — G4-116 signal genera-
tor; 2 — G5-78 impulse generator; 3 — impulse genera-

tor G5-54; 4-5 — 30 dB attenuator; 5 — RR under test;
6 — S1-70 sampling oscilloscope; 7 — personal computer

In the first case, the RRs had a narrow input fre-
quency band due to the presence of a resonant tunable
input RF circuit. In the second case, the input filters
were removed in a RR, and the bandwidth of the receiv-
ing circuit was determined mainly by the properties of
the low-noise amplifier (LNA), which usually has
slightly varying characteristics over a wide (up to sever-
al octaves) frequency range.

The test conditions of the receivers differed in the
signal composition — the combinations of RF harmonics
and USP signals, as well as in the USP IS mode (Ta-
ble 3). The modulated narrowband harmonics signals
(NB RF) played the role of the IFS. The ultra-wideband
video pulse (UWB VP) signals simulated the USP IS.
The difference in the UWB VP signals was determined
mainly by the pulse and rise-time durations. Thus, the
following signals were applied to the input of the radio
receiver units: (1) NB RF with Af << fy; (2) UWB VP
with Af ~ fg; (3) combined NB RF and UWB VP.
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3.1. RF RECEIVER RESPONSE

In view of the fact that different NB receivers in HF,
UHF, and VHF bands have identical responses to the IS,
the test of a conventional 3rd-class R-323M receiver is
considered below as an example. The RR test was car-
ried out using a close-type test-bed in conditions of di-
rect injection of USP IS and IFS to the RR input, Fig. 1.
The specific characteristics of the RR output signals
were determined, which corresponded to the nonlinear
response of the device (see Table 3, mode 1,a): (1) the
RR nonlinear response width t,.s at the output of the
units: RFA, IFA, and LF; (2) the minimum width of the
USP IS 1, min, When the impact on RR can be interpreted
as a shock-like, producing a specific nonlinear response;
(3) the critical repetition frequency of the USP IS, F,,
when the individual responses at the RR output are
overlapped and perceived as a continuous signal (recep-
tion blocking).
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a 50 ns/div

b 0.05 ms/div

¢ 1 ms/div
Fig. 2. Typical responses of the output units of HF/UHF
band RRs: (a) HFA, (b) IFA, (c) LFA in the modes of
single IS (a and b), and combination of IS and IFS (c).
IFS (fo=22 MHz, AM, F,» =1 kHz),
USP IS (z,=5ns, 7= 0.45 ns, F, = 1 kHz)

Fig. 2 demonstrates the response at the receiver HF,
UHF, and VHF units (a — HFA, b — IFA, and ¢ — LFA)
obtained in the mode of single IS, Fig. 2,a,b), and of
combination of IS and IFS, Fig. 2,b. The IFC was a con-
tinuous harmonic signal with the carrier frequency f, =
22 MHz, and modulation on amplitude at Fy = 1 kHz.
The IS was a periodically repeating transient process
with the pulse width t, = 5 ns, rise-time 1, = 0.45 ns, and
with an exponent-like decay. The IS repetition frequen-
cy, Fr =1 kHz.

3.2. RF RECEIVER TESTS IN THE ABSENCE
OF INFORMATION SIGNAL

The character of high-frequency amplifier (HFA) re-
sponse. The HFA response to impact of a unipolar vid-
eo0-USP was qualitatively equal for IS with a wide range
of characteristics (Uj,; = 0.001...0.1 V, 1, = 0.45 ns, and
7, = 1...500 ns). The amplitude of the RR response var-
ied proportionally to the amplitude of the USP IS im-
pact. In this case, the width of the response signals Tyes
was practically unchanged and exceeded t, by more
than 100 times.

The HFA response to single USP IS with a relatively
small amplitude (t, < fy™, Uini < 0.05 V) had the form of
damped sinusoid, which is a typical response of high-Q
system to shock impact of USP IS with the decrement
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proportional to the system quality factor (Q ~ 25...30),
Fig. 2,a. The period of the sinusoid signal corresponded
well to the resonant frequency f, of the RR input RF
circuit. Thus, t(HFA) = Q/2f,. If the USP IS ampli-
tudes was high enough (7, < fol, Uini > 0.05V), the
shape of the damped sine was distorted, indicating the
appearance of nonlinear distortions.

Variation in the unipolar USP IS width significantly
changed the response envelope. The distortion of the
HFA response was determined by the interference of the
leading and trailing edges of the impact signal. For
T, > 1.(HFA), the impact of each edge of the IS had an
independent character, so the efficiency of the interfer-
ence from each edge was maximum. At smooth varia-
tion in the IS width T, the phase of the response signals
from leading and trailing edges could coincide at the
time intervals of f,™. For different IS widths, when the
delay time between the pulse edges (measured in units
of the reception frequency f,*) were multiples of f,*, a
minimum(or maximum) efficiency of the impact on the
receiver NB reception unit was observed.

The intermediate-frequency amplifier (IFA) re-
sponse. The dynamics of the IFA response to the impact
of short edges of USP IS was qualitatively consistent
with the HFA response. The response width of the IFA
to IS significantly exceeded the URF response. Fig. 2,b
shows the response of the IFA when 1, << fy! <<
Tes(HFA). Like the HFA excitation, the IFA response
signal envelope suffered irregular changes due to the
phase-shifted effect of the leading and trailing edges of
the IS for its sufficiently long width, 1, > 1(HFA). At
the same time, the structure of the response at the IFA
output was more complex than at the HFA output. It
was distinguished by the presence of 2 components: (i)
the response of the IF amplifier with the conversion
frequency fi, = fo - fi, = 10.7 MHz, where f, is the local
oscillator frequency, and (ii) the low-frequency ampli-
tude modulation of the signal. Due to a high Q-factor of
the IFA unit, its response width t,e(IFA) >> 1,,5(HFA)
and reached 250 ps. The measured period, T, = 80 ps,
of the LF modulation of the response corresponded to a
frequency that was about a half of the passband fre-
quency of the IF amplifier in the mode of the average
passband (25 kHz), fu = Tw™ = 1/2Af(IFA) = 12.5 kHz.

The dynamics of the receiver’s low-frequency ampli-
fier (LFA) response had significant differences in com-
parison with the responses of two previous RR units of
HF and IF amplification. Under the impact of a series of
USP IS, the LFA output to each of the signals had a
characteristic aperiodic response, Fig. 2,c. In this case,
the LFA response width was approximately equal to the
whole width of the IFA response. An increase in the IS
repetition frequency to a value comparable to the maxi-
mum frequency of the LFA spectrum led to the overlap
of the response-signals and appearance of the LFA per-
manent failure.

3.3. COMBINED RECEPTION
OF INTERFERENCE AND INFORMATION
SIGNALS

The effect of USP IS changed significantly when a
continuous harmonic IFS and USP IS were received
simultaneously (see Table 3, mode I1). The tests were

ISSN 1562-6016. BAHT. 2018. NeA(116)



carried out in conditions of receiving the amplitude and
frequency modulated IFS. The effect of a stationary
harmonic IFS (Famem = 1 kHz) led to the result qualita-
tively different from that of previous tests. Briefly, it
can be considered as stabilization of the RR operation
due to the action of automatic gain control. In this case,
the modes of weak and strong IFS differed greatly. If
the IFC level at the RR input Uj, s exceeded the noise
level U, by 10...15 dB, the AGC suppressed the RR
response to repetitive or single USP IS. For typical rela-
tion values Ui, i/Uinine = 1000...2000, the interference
signal at the IFA output was significantly lower (up to
20 dB) than the information signal. In this case, the RR
functional upset did not occur. In the opposite case,
when the IFS amplitude U;, i Was below a certain criti-
cal level (<10 dB U,), the action of USP IS resulted in
blinding the receiver for the time 1., which is charac-
teristic of only a sole USP IS impact.

With the same amplitude of the responses to IS and
IFS recorded at the RR output (Ugyi /Uouting =1), the
ratio of the amplitudes of the input signals was high, U;;
/Uinins =500...2000, see Fig. 2,c. This ratio set the mini-
mum IS amplitude, which produced the RR functional
upset in the combined mode of receiving the IS and IFS.
Large value of the ratio was due to a low spectral power
density of the interference in the IFS frequency range,
which, because of the large frequency band of the USP
IS (up to 2GHz) did not exceed the level of
10 W/MHz. In spite of this, the USP IS energy equiva-
lent was very small W = 1,(Uj, )/2R;, ~ 107 J in the
tests indicating principally high energy efficiency of the
USP interference in modern electromagnetic environ-
ment.

3.4. TESTS OF SHF RECEIVING UNITS

Testing the receivers with the operating frequencies
of 2.0, 3.1 and 9.3 GHz affected by USP IS (see Table 3,
modes I, b, Il and II1) showed that the character of their
responses were qualitatively consistent with the picture of
a functional upset described above, but the structure of
the responses turned out to be much more complicated.

The parts of the SHF radio-tracts had a modular de-
sign and were manufactured as matched strip-lines with
installed active and passive elements. At the USP IS
amplitude exceeding the level of the RR linear operation
mode, the output signal of the low-noise amplifier
(LNA) demonstrated a complex nonlinear response.
Due to short pulse width of the IS, the dimensional ef-
fects in the SHF modules turned out to be significant.
This produced a condition for a multiple-path IS coupling
to the parts of the radio-tract associated with delays of the
reflected signals. In this case, several complex SHF ac-
tive parts such as multistage solid-state protective devices
(PD) and LNA or vacuum TWT demonstrated the ap-
pearance of the output signals with T,e>> T,

Fig. 3 demonstrates the RR response (f, = 9.3 GHz)
to USP interference (1, = 1.2 ns, 7, = 0.2 ns) at several
characteristic points of the SHF radio-tract: panel (a) at
the antenna output, panel (b) at the output of the LNA
(in linear amplification mode), panel (c) at the output of
the LNA (in non-linear amplification mode). As can be
seen, there are several time scales (confirmed by spec-
tral data) in the fine structure of the responses, indicat-
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ing a non-stationary character of the signal transmission
conditions, multiple scattering, and interference of the
signal components in the radio-tract.
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Fig. 3. The SHF receiver (9.3 GHz) response signals
to USP IS (z,= 1.2 ns, 7, = 0.2 ns): (a) antenna output;
(b) LNA output, linear operation mode; (c) LNA output,

non-linear operation mode

The detailed analysis of the RR response-signals dy-
namics due to the affect of USP IS of various types
showed that their complexity was a result of simultaneous
development of a number of effects [16]: (i) distortion of
the intense input signals when its amplitude was limited
in a PD that initiated the excitation of nonlinear oscilla-
tions; (ii) non-linear distortions of the UWB impulse sig-
nal and excitation of chaotic oscillations, caused by the
radio-signal components interacting in the active element.

CONCLUSIONS

1. The Kharkiv V. N. Karazin National University
Radiophysical Observatory includes a broad set of radar
and radio instrumentation. The performance specifica-
tions of the instrumentation and the software employing
modern signal processing techniques provide verified
high temporal resolution measurements required for
monitoring the highly variable space atmosphere inter-
action region. The Observatory can function both au-
tonomously and be successfully used for ground-based
support for space missions, and for the scientific project
“lonoSat-Micro” in particular. In planned radio-sensing
experiments, new radar with characteristics (pulse pow-
er of up to several hundred megawatts and pulse width
of about 10 ns) can create an extreme electromagnetic
environment. Thus, modern metrological verification
and certification of remote sensing equipment is re-
quired to minimize the radar impact on radio-electronic
equipment of the observatory.

2. The laboratory tests of radio receivers of different
frequency range have shown that intense ultrashort elec-
tromagnetic impulses, due to a high penetrating quality
and low upset threshold levels are the most dangerous
factor of the modern electromagnetic environment.

3. The efficiency of excitation of nonlinear respons-
es in unprotected radio receivers observed even for a
small-amplitude interfering USP, is determined by
combination of the their temporal and frequency charac-
teristics: the pulse width, pulse rise-time, and the repeti-
tion frequency for video signals, as well as the carrier
frequency for radio signals.

4. Taking into account the features of a receiver re-
sponse to USP interference, it is possible to choose cor-
rectly the methods and means for the receiver protec-
tion, and also to optimize terrestrial layout of complex
active radio-frequency electronics, such as, for example,
radars for sub-satellite monitoring of geospace and ion-
osphere sensing.
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ACHEKTBI QJIEKTPOMATHUTHOM COBMECTUMOCTHU TP HIOHOC®EPHOM JTUCTAHIIMOHHOM
30HJMPOBAHHMHU B PAJTMOPU3NYECKON OBCEPBATOPHM XAPBKOBCKOI'O HAIIMUOHAJILHOI'O
YHUBEPCHUTETA
H.U. Mazoa, JI.®D. Yepnozop

Hccrnenyrorcst XapakTepHble BUIBI PEAKIUM PaTHONPHEMHBIX YCTPOUCTB PA3IMYHBIX TUIIOB U YAaCTOTHOTO JHMANa30oHa B YCIOBHSX
HpUEMa MHTEHCHUBHBIX CHTHAJIOB CBEPXKOPOTKOH JUIMTEIBHOCTH, & TAKXKE B YCIOBHUSX KOMOMHHPOBAHHOTO MpHEMa WH(POPMALOHHBIX
CHTHAJIOB U TOMEXOBBIX CUTHAJIOB CBEPXKOPOTKOH JUtHTENbHOCTH. IIpoBesieH aHammM3 BO3MOXKHOTO CIiEHapHs cO0eB pPaJHONPHEMHBIX
yCTpOiCTB paguodusuueckoil odcepBaropur XHY B ycnoBHsX ceaHca IHUCTaHIMOHHOTO PaJHMO30HIMPOBAHUS HOHOCQEPH], B
KOTOPOM HCIIOJIB3YETCS HOBOE OOOPYIOBAaHME C MMITYJBCHONH MOIIHOCTBIO IO HECKOJNBKMX COTEH MEraBaTT M JUINTEIBHOCTEHIO
uMmIynsca okoso 10 He. B TecTax mpUeMHBIX yCTPOKHCTB HCIONB30BaHbl XapaKTEPUCTUKI IOMEXOBBIX CUTHAJIOB, KOTOPBIE I0CTATOYHO
TIOJTHO OTPAKAIOT BO3MOXKHBIE YCIIOBHS IIPE/IIONAraeMbIX SKCIIEPIMEHTOB TI0 paJi030HANPOBaHNI0 HOoHOC(eps!. [Ipexnomaraercs,
YTO pe3yNIbTaThl HCCIEIOBAaHMH OyIyT CIIOCOOCTBOBATE pa3pabOTKe Pa3IHIHBIX NIPEBEHTHBHBIX MEPONPHATHH 110 IEKTPOMAarHUT-
HOH 3aIlUTe PaAHO3JIEKTPOHHOM anmapaTypbsl 00cepBaTOpUH.

ACIEKTH EJEKTPOMATHITHOI CYMICHOCTI ITPA IUCTAHIIMHOMY 30HIYBAHHI IOHOC®EPH
B PAJIO®I3UYHINA OBCEPBATOPIi XAPKIBCHbKOT'O HAIIIOHAJIBHOT'O YHIBEPCUTETY
L.1. Mazoa, JI.®. Yepnozop

JlocniuKyIOThCS XapakTepHi BUAN Peakiii paJionpuiMalbHAX IPUCTPOIB PI3HUX THUIIB 1 YACTOTHOTO Iiara3oHy B yMOBaX HpH-
HOMy IHTEHCHBHHX CHTHAJIB HAJKOPOTKOI TPHUBAIOCTI, a TAaKOX B yMOBaxX KOMOIHOBaHOTO NpHifoMy iH(OpMamiifHUX CHIHAIIB i
TIEPEIIKOKAIOUNX CUTHAIIB HAJKOPOTKOI TpHBaloCTi. [IpoBeneHo aHami3 MOXIIMBOTO CIEHapilo 3001B pamionpHiMaIBHUX IIPH-
cTpoiB pamiodiznunoi oocepatopii XHY B yMOBax ceaHCy AMCTaHIIHHOTO paxio30HIyBaHHs i0HOC(hEpH, B SKOMY BUKOPHCTOBY-
€ThCS1 HOBE 00J1a/THaHHS 3 IMITYJIbCHOIO TIOTY)KHICTIO 10 IEKLTBKOX COTEHb MeraBaT i TpHBaIicTIO iMIyIibey Omus3bko 10 He. Y Tectax
HPUAMAIBHUX TPUCTPOIB BUKOPUCTAHI XapPaKTEPUCTUKH NMEPELIKOPKAIOYNX CUTHAMIB, SIKi JOCHTH ITIOBHO BiJOOPaXalOTh MOXUIMBI
YMOBH mHependauyBaHUX EKCIIEPUMEHTIB 3 paaio3oHayBaHHs ioHOchepu. [lepenbadaerhbes, MO pe3yabTaTH AOCHIHKEHb OyAyTh
CIIPUSITH pO3po0Ii Pi3HUX IPEBEHTUBHIX 3aXO/IB II0JI0 IEKTPOMArHITHOTO 3aXHCTy paioeIeKTPOHHO] arapaTypy odcepBarTopii.
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