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Determination of the concentration profiles of the hydrogen isotopes in various materials is very actual problem now
since hydrogen, if presents, rather strongly affects on physical, chemical, electrical, mechanical and other properties. In
the INP AS (Uzbekistan) the specific method of hydrogen isotopes’ profiling (Neutron-induced Elastic Recoil Detection
(NERD) method) has been developed. Measured energy spectrum of H-ions that are knocked out by fast neutrons gives
the information on the depth and concentration of hydrogen in a sample. The method allows obtaining of the
concentration profiles for all hydrogen isotopes simultaneously and has the analysable depth up to 1,5 mm for 'H.
Improving of analytical characteristics of the method is achieved by decreasing, as much as possible, of the gamma and
charged particles background in the measured energy spectra. That is made in the NERD-installation by choosing the
constructional materials and geometry factors at its construction and manufacturing, as well as by using of the specific
fast electronics set-up. To decrease the false coincidences count rate and worsening of energy resolution we turned
down traditional fast - slow arrangement of the spectrometer and used fast branch of the electronics down to the last
spectrometric amplifier that produces the spectrometric signal for ADC. In this report the specific developed electronic
modules (charge sensitive preamplifiers, linear gates and coincidence schemes) as well as the set-up diagram of the
spectrometer are described.

1. Introduction

Determination of the content and profile of concentration of the hydrogen isotopes in various materials is
very actual problem now because presence of hydrogen importantly affects on their physical, chemical,
electrical, mechanical and other properties. The hydrogen problem arises in such areas as mechanical
engineering (fragility of surfaces of friction details), gas and oil industry (fragility of inner surfaces of
pipelines), hydrogen energetic and accumulators, constructional materials for nuclear technologies,
thermonuclear reactors etc.

A lot of experimental methods exist now for material-hydrogen systems study. Nevertheless, only a few,
such as the ion beam analysis (IBA) [1, 2], are able to probe the hydrogen directly and measure its
distribution in near-surface region without destruction of the sample.

The method of hydrogen profiling (Neutron-induced Elastic Recoil Detection (NERD)) has been
developed in the Institute of nuclear physics of Academy of Sciences (Uzbekistan) [3]. The method uses the
information on the depth and concentration of hydrogen in a sample that is contained in the energy spectrum
of H-ions knocked out by monochromatic fast neutrons produced in the neutron generator (NG). The method
allows measuring of the concentration for all hydrogen isotopes simultaneously along the thickness of the
sample and has the maximal analysable depth.

To achieve the best characteristics of the method the following technical problems should be solved:

(i) — increasing, as much as possible, the neutron flux on the analysed sample aimed at achieving of
reasonable statistical uncertainty;

(i1) — decreasing, as much as possible, the background in the measured energy spectra of the knocked
particles which is caused by intense gamma quanta, electron and charged particles irradiation that arise under
the neutrons interactions with the constructional materials of the spectrometer;

(iii) — providing the energy resolution being good enough for correct particles identification and achieving
of reasonable uncertainty at depth profiling.

Note that all these problems are tightly connected and some complex optimisation should be carried out at
the NERD installation development. It is particularly necessary: to develop the tritium targets having high
tritium concentration for the NG and to optimise the measurement geometry; to use for the detectors
chamber “low background” material; to develop the electronic modules that enable to carry out primary
treatment of the detector’s pulses as fast as possible, as well as to develop the software for handling of the
spectrometer and data processing.
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Previously we have essentially reduced the background of charged particles by choosing the
constructional materials and geometry factors at construction and manufacturing of the NERD-installation
units [4]. That has led somewhat also to reducing of the intensity of gamma rays on spectrometer’s
semiconductor detectors. However, there remains a source of strong background of gamma ray, which
cannot be removed in principle — the NG tritium target so it is necessary to make additional background
rejection by using fast pulse’s treatment.

So the set of fast electronic units were developed to improve the NERD-spectrometer characteristics. To
minimise the false coincidences count rate and corresponding worsening of energy resolution [5] we turned
down traditional build-up of the spectrometer as a fast - slow arrangement of circuits and use only fast
branch of the electronics down to the last spectrometric amplifier that produces the spectrometric signal for
amplitude-digital conversion. In the report we describe developed electronic modules and block scheme of
the spectrometer. The photos of the output pulses shape for the most important assemblies of the
spectrometer are presented. The method of the energy spectra forming is described and the spectrum of alpha
particles of the *°Ra alpha source is displayed illustrating operation of the spectrometer as a whole.

2. The set-up of the spectrometer

Schematic layout of the spectrometer is shown in Fig. 1. Distinctive feature of the spectrometer is use of
fast output signal of the charge-sensitive preamplifier allowing to operate at high count rates.

The scheme contains a number of standard CAMAC modules: 1501 FA, FPA - fast amplifier (fast post-
amplifier), 1502 FSCA - fast discriminator (single-channel analyzer), 23 DL - cable delay line, 1101 SA-
spectrometric amplifier, 712 ADC (E, AE)- analogue-to-digital converter; and the blocks that were
developed for the spectrometer: CSPA - charge-sensitive preamplifier with a fast output, CS — fast
coincidence scheme, LG - linear gate, DL — delay line.

- - - " " """ " - & ‘- ¥ ¥F—FVHf" ¥ V¥V /¥VW WV _— 1
[ |
1501 | ! J1s01 L[ 23 1101 | [712 ADC
CSPA . ' -
Iy | Foa | ! FA pL | 1O [M sa 7] AE |
E [ 1501 |
|| FA I
|
| [1502 l
|| Fsca |
|
23 |
|| Cs DL || PEO009
: m | |(Uzb-port)
(| 1502 1502 J 401 .E‘: 1
|| Fsca FSCA =1l
| l
| [1501 |
Az I FA |
1501 || 1501 23 1101 | [712 aDC |] !
[blcspabl mpg ——| Fa DL | 16 | sa [*| aE |
- - _

The MODTLE CAMRAC

Fig. 1 Schematic layout of the NERD spectrometer.

The spectrometer operates by the following way. Fast AE and E signals of CSPAs are shaped and gained
by fast amplifiers 1501 and then are transmitted through a cable to the measuring room. There signals are
shaped and gained again by other amplifiers 1501 for optimal operation of the fast discriminators 1502 and
the linear gates LG. Discriminators 1502 generate logic signals for the coincidence scheme CS.

If AE signal coincides with the E signal in the time interval of 50 ns, CS produces the logic pulse which
opens inputs of both linear gates LG, and so signals are transmitted to the spectrometric amplifiers 1101. The
amplifier shapes and gains short signals that passed through LG to adapt the shape of pulses for an input of
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the ADC. The delay lines DL allow synchronizing of the spectrometric signals and gating signal (strobe) for
ADC operating. The pulse stretchers and analogous summing units of AE and E signals are excluded in the
spectrometer. Summation and treatment of AE + E signal is carried out by PC code NERD-EDE that has
been developed for the spectrometer.

All electronic modules are adjusted on impedances and time synchronisation. The shapes of pulses of are
shown in Figs. 2, 3, 4.

One can see from these figures that time resolution of the selection of events in fast part of spectrometer
is about 100 ns. The 1101 SA pulses for the amplitude analysis are shaped and have larger rise time. Shape
of the pulse is shown in Fig. 5.

Y

Fig. 2 The pulse shape of post-amplifier output signal. Fig. 3. The pulse shape of output signal of the amplifier
Rise time of the pulse is of 70 ns. 1501. Rise time of the pulse is 70 ns.
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Fig. 4. The pulse shape of the fast gate output signal. Fig. 5.Shape of the pulses on output spectrometer
Rise time of the pulse is 70 ns. amplifier 1101. Rise time of the pulse is 1ps.

Accumulation and treatment of the energy spectrums are made under on-line PC control. The
corresponding software consists of basic program NERD-EDE (written on “C”- language) and of some
additional service programs. Program NERD-EDE carries out accumulation, processing and adjusting of the
spectrometric information, as well as some service functions, and supports the standard graphic interface
with the user. Its specific feature is the opportunity of accumulation of the information at high count rates of
the spectrometer [6].

The procedure of the spectrometric information accumulation allows to build in memory of a computer
both two-dimensional (AE, E) and linear spectra relating to various kinds of registered particles.

Marking of the loci of different detected particles in the two-dimensional (AE, E) matrix is carried out in
an interactive mode by the keyboard or with help of the "mouse". The program allows to form also two-
dimensional (AE, E + AE)-spectra. After marking the loci the mode of simultaneous formation of the two-
dimensional spectrum and corresponding energy spectra can be used. The energy spectra (spectra of
projections to the abscissa axis) are formed by summation of channel contents along AE-axis of the two-
dimensional (AE, E) or (AE, E + AF) spectrum inside the marked area (locus).

The program contains various modes of accumulation of the spectrometric information. To control the
value of the pulse omission owing to dead time of “CAMAC - IBM PC” system, permanent comparison of
the amount of registered by the program (AE, E) events with the amount of strobes from the coincidence
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module is carrying out. It allows choosing of suitable count rates at the measurements by adjusting of the
neutron flux intensity.

The subsystem for the collected data processing works in the "off-line" mode. It includes a number of
procedures, allowing making the full analysis of spectra. It gives the user the following opportunities:

marking of loci of the two-dimensional spectrum and formation of the energy spectra corresponding to
various kinds of particles;

calibration of the energy scale of linear spectra by using the energy values of alphas of standard
a—sourc,emRa;

performance of kinematic calculations.

The information presented by program NERD-
EDE, can be displayed on the monitor as one-
dimensional, two-dimensional and three-dimensional
pictures. The (AE, E)-matrix size is of 256 x 256
channels. Volumetric display of a set of events in a
two-dimensional matrix gives evident representation
about intensities of various kinds and energy groups
of registered particles. The practice of the use of the
program has shown its convenience to the user both in
the modes of adjustment of parameters of experiment,
and of the data collection and treatment at the
measurement. The energy spectrum of alpha particles
of a-source Ra-226 together with menu of the NERD-
EDE program is shown in Fig. 6.
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Fig. 6 Energy spectrum of alpha- particles from the
a-source Ra-226.

3. Fast charge-sensitive pre-amplifier

The schematic diagram of developed charge-sensitive pre-amplifier (CSPA) for semiconductor detector
of nuclear particles is shown in Fig. 7. CSPA consists of input stage with the bipolar amplifier section
(BAS), which is a fast noninverting amplifier, and the signal pulse shaper (PS), intended for the
transformation of CSPA output signal into the triangular spectrometric pulse.

The special feature of CSPA application in this case is the fact that the detector with the relatively high
leakage current and high capacity can be used, and high count rates (up to 10’ kps) are assumed. For
eliminating the CSPA saturation by the detector leakage current, the detector is separated from the CSPA by
input capacitor.
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Fig. 7. CSPA block diagram.
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The CSPA was tested by using pulsed laser imitator (PLI). The output light pulses of the PLI have
following parameters:

the pulse amplitude range: from 50 keV to 5 MeV (energetic equivalent at 40 mV/MeV);

the pulse frequency: up to 10%

the light pulse width, not more 50 ns, i.e. something like the time of charge collection in the detector at a
some charge particle detection.

Reaction of CSPA prototype with input isolating capacitor to the pulse loading is shown in Fig. 8 at laser
frequency 10° Hz. It follows from these data that CSPA conversion coefficient doesn’t change practically for
the energy conversion level up to 10° MeV-s™'. Spectrum on the right side of the a-peak is formed by pulses
pile-up in comparatively slow amplifier.
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Fig. 8. Alpha-spectrum for 29py a-particles and 1 MeV equivalent laser pulses. Laser frequency is 0, 10* and10° Hz.
CSPA + amplifier BUI-3K are used. BUI-3K molding time is 1ps.

4. Design and manufacture of the fast linear gate and the coincidence circuit

Linear time gate. The pilot LG version developed on this stage of the project utilizes commercial
microcircuit — very high quality analogue multiplexer having bandwidth 150 MHz (at level —3 decibel) and
the switching time “channel-to channel” less then 25 ns. Through this time peak value of the switching noise
is not more 5S0mV. LG provides gating of positive and negative pulses having minimal time width 120 + 150
ns in the range 0 + 2,5 V. Control pulses should be consistent with TTL level.

Developed LG module consists of two identical linear gates (channels) A and B that are placed in one
CAMAC module. The LG circuit diagram is given in the Fig. 9

The scheme of another variant of the fast linear gate is shown in Fig. 10. This LG version is manufactured
on basis of the fast integral multiplexer of electrical potential IC-1 (series K590 KH13). Multiplexer KH13
contains the 4-channel MOS key with interior control schemes of keys in TTL logic. The turn on/off time of
the linear gate is equal 30 nc. Microchip D1 allows adapting input control signals from an input of the IC - 1.
One can choose the polarity of an input control pulse by switch S1. INP1-INP4 and OUT1-OUT4 are inputs
and outputs of the spectrometric signal and inp1-inp4 are the relevant guiding inputs of LG [7, §].

At driving of the analogue linear gate based on the MOS-transistors there is “pedestal” conditioned by the
driving signal. This pedestal sums with the input analogue signal and distorts it. There are the following
ways to eliminate the pedestal:

1) using MOS-transistors with a small transmission capacitance (usually the value of it is a portion of the
microfarad) as the pedestal penetrates into a chain of an analogue signal through this capacity;

2) using driving signal with large rise time and large fall time of the signal;

3) using the minimal values of resistances of a signal source and loading;

4) using the screen between elements of transistors;

5) using the consecutive-parallel modulators.
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In our variant of the linear gate, the most comprehensible solution is use smaller value of resistances of the
signal source (approximately 50 ohms) and the design the linear gate under consecutive-parallel variant. There
are four rapid keys with time of switch no more than 30 ns in chip K590 KH13. At use of consecutive-parallel
variant of the linear gate for each channel it is necessary two keys in the MOS-transistors. Thus one key is
joined consistently with another parallel to a loading. The keys work in an antiphrasis: when one key is
unclosed, another is closed. Such mode is provided
with the relevant anti-phase driving signals. When
a loading exists the signals of pedestal are summing in
' an anti-phase and crossly cancelled. Elimination
pedestal the better, the more identically are the used
keys. In our case the keys of the same chip K590 KH13
are used which were made in a uniform work cycle.
This circumstance provides the identity of keys.

The scheme of connection up the advanced linear

gate is shown in Fig. 10, where INP1, INP2 and
OUTI1, OUT2 are the relevant inputs and outputs of
the linear gate. The keys with inputs INP3, INP4 and
outputs OUT3, OUT4 are included parallel to a
b loading through R4 and RS.
Thus the consecutive-parallel connection up the
e ka T keys is provided. In Fig. 11 operation of the fast
linear gate with the reduced pedestal is shown. One
can see that the, height of the pedestal does not
exceed 40 mV within the dynamic range 0 - 5 V.

Fig. 11. Pedestal shape for driving signal in fast linear The coincidence scheme (CS) and delay line are

gate: a — before refinement; b — after refinement (the §hown in Fig. 12. Input .logic TTL signal.s enter to
same scale). inputs Inpl and Inp2. Switches S1 and S2 implement

various opportunities of the linear gate guidance, as
separately on inputs Inpl and Inp2, and at coincidence of two signals. First one is needed when previous
adjustment of the spectrometer is made.
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Fig. 12. Coincidence scheme and delay line.

Signals Inp1 and Inp2 after coincidence in NANDI1, pass on to the univibrator of the time delay D-FF1
through NAND2. The necessary time delay of the signal for guidance by the linear gate is defined by resistor
R1, and duration of the logic signal for linear gate commutation is determined by resistor R2 which is
included in the specifying time circuit of the second univibrator D-FF2. The output signal of the univibrator
D-FF2 is inferred on to the output connector through adjusting invertors INV1 - INV6. For the greater
universality of the module all output guidance signals have both positive (OUT4 - OUT6) and negative
(OUTI1 - OUT3) polarities.
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Conclusion

A number of technical developments were carried out aimed at improving of the NERD method
metrological characteristics, first of all — aimed at decreasing of the statistical and spatial uncertainties. These
objectives are achieved as the result of reduction of both - charge particle (mainly relates to statistical
uncertainty) and gamma- quantum (mainly relates to spatial uncertainty) backgrounds in the pulses entering
to ADC for further data processing. To reduce the particles and gamma-ray fluxes through detectors, the
telescope box was made of graphite having comparatively small cross- sections of interactions with fast
neutrons, and mass of the chamber was made minimal to diminish the yield of gamma quanta. Using fast
electronics carries out further background reduction. Here two approaches were applied. On the one hand for
the NERD installation special electronic unites, i.e. charge — sensitive pre- amplifiers, linear gates and
coincidence scheme were developed, on the other hand instead of traditional fast - slow arrangement of
circuits the fast branch of the electronics is used up to the last spectrometric amplifier. The pilot version of
the electronic modules was tested by pulse laser background imitator that allows simulating of “particles”
and “quanta” detection practically for any given energy range and for frequencies up to 10° Hz. The pilot
units have rather good characteristics:

CSPA module with output pulse shaper has the pulse width on the 0.1 amplitude level not more 380 ns on
the input range 50 keV - 30 MeV. Special stabilisation scheme that is used in the CSPA enables support the
conversion coefficient stability at the “energy count-rate product” up to 10° MeV-s™ and for detectors having
capacity up to 1000 pF. That provides the NERD spectrometer work with overlapping not more then 10% at
the count ratesupto 4 —5 - 10° s™';

linear gate module has switching time near 20 ns and pulsed/DC control modes and allows transmit
analogue pulses in the dynamical range not less the 10°. In the NERD installation the couple of LG modules
is used, in the installation both LG are placed in one CAMAC module and may be switched by one pulse
(here - from the CS). This pulse starts internal LG time interval in regulable range 300 - 1000 ns.

Now for all modules the documentation for its mounting on the printed plats is developing for completing
of the final version of NERD installation and possible (semi-) industrial production.

This work was supported by STCU Project # 3067
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ONITUMM3AIUA METOJA SIAEP OTAAYMN JJIsSI AHAJIM3A MMPOPNJIA KOHHEHTPAIIUN
HN30TONIOB BOAOPOJA B MATEPHAJIAX

C. B. ApremoB, J. A. 3anapos, I'. A. Pagiok, B. Il SIkymes, M. C. Bpoaun, C. B. IlleBuenxo,
H. ®. Koaomuen, JI. U. Ciaocapenko

[MpodunmpoBaHne KOHLIEHTPALMH U30TOIIOB BOJOPO/A B Pa3MUHBIX MaTepHajax CErolHs BeChbMa aKTyajbHO, TaKk
KaK yX€ B OTHOCHTEIHBHO MaJbIX KOHLEHTPALMSIX BOAOPOJ CHJIBHO BO3JEHCTBYeT Ha (HU3MYECKHE, XMMHUYECKHE,
JJIEKTPUYECKHe U Apyrue cBoiicTBa marepuana. B USI® AH VY36exucrana paspaboran MeTol NMpoQHIMPOBAHUS HA
OCHOBE M3MEPEHUS CIIEKTPOB PACCESHHBIX SAEP BOAOPOJA MPH 00IydeHHH 00pasiia ObICTPEIMH MOHOXPOMAaTHIECKIMHU
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ueiirponamu (Neutron-induced Elastic Recoil Detection (NERD) method). Meton naet BO3MOKHOCTh OZHOBPEMEHHOI'O
u3MepeHus: npoduiieil KOHIEHTPAIMU BCEX W30TOMOB BOAOPOJA 0 TIIyOuHBI 1,5 MM st 'H. ViyulieHue aHanuTH-
YECKUX XapaKTEPUCTHUK METOJa JOCTHTaeTcsl B JKCIEPUMEHTAIbHONW YCTAaHOBKE MpPH CHUKEHHH, HACKOJBKO 3TO
BO3MOXHO, (1)0Ha raMmMa-KBaHTOB M 3aps’KCHHBIX 4aCTHUL B UBMEPEHHOM CIICKTPC NIYTEM OINTUMU3ALNU KOHCTPYKIUN U
BHIOOpa MaTepuajoB C MajbIM CEYEHHEM B3aMMOJEWCTBHUS C HEWTpOHaMH NpU pa3paboTKe M HW3rOTOBIICHUU
MEXaHUYECKUX OJIOKOB YCTAaHOBKM, a TAaKKe IMPH ONTHMHU3AIMH 3JICKTPOHHOW CXeMbl. UTOOBI YMEHBIIUTH BKIAJ
JIOXKHBIX COBIMAJCHUA M COOTBETCTBYIONICE YXYAIICHHE PA3pPeHICHHs, MBI OTKA3allUCh OT TPAIUIOHHONH OBICTPO-
MEJICHHOW CXEMBI CIIGKTpOMETpa U HCIONb3yeM OBICTPYIO BETBb JJCKTPOHHWKH BIDIOTH JO (DUHHITHOTO
CHEKTPOMETPHIECKOTO YCHJIHTENSA, CUTHAI C KOTOPOTO YK€ HEMOCPEACTBEHHO MOIaeTcss Ha OJOK aMIUIUTYJHOTO
npeoOpa3oBatensi. B mokmane mpuBeneHO omcaHue OIIOK-CXEMBI CIIEKTPOMETPA, a TAKKe CIEIHaIbHO Pa3pabOTaHHBIX
OBICTPBIX CXeM TMEPBUYHON aHAIOTOBOW OOpPab0OTKM HMITyJBCOB — 3apsI0BO-UYBCTBHTEIBHOTO IPEIyCHITHTEIS,
JIMHENHBIX BOPOT U CXEMBbI COBIIAJCHUMN.

ONTUMI3AIIA METOJY SIJAEP BIJUIAYI JJISI AHAJII3Y IMPO®LIIO KOHIIEHTPAIIIL
I30TOIIIB BOJHIO B MATEPIAJIAX

C. B. Apremos, E. A. 3anapos, I'. A. Pagiok, B. II. SIkymes, M. C. Bpoaun, C. B. IlleBuenxo,
M. ®. Kojgomienn, JI. I. Ciarocapenko

BusHadueHHST po3moNiTy KOHIEHTPAIIil 130TOIB BOAHIO 1O TIHOMHI 3ayraHHs (podiTroBaHHS) B PI3HOMAHITHUX
MaTepialiax Ma€ ChOTOJHI aKTyaJlbHE 3HAYCHHS, OCKUTBKH, HABITH Y BiJHOCHO MalWX BEIMYMHAX, BOJCHb 3HAYHO
BIUIMBaEe Ha (i3uuHI, XiIMi4HI, €JIEKTPUYHI Ta IHII BiIacTHBOCTI Marepiany. B Incruryri smepnoi ¢isuku AH
PecnyGuikn Y30ekucTan po3po0ieHo MeTol mpodiIIoBaHHS Ha OCHOBI BUMIPIOBAaHHS CIIEKTPIB PO3CISHUX AP BOJHIO
I Yac OMPOMIHCHHS 3pa3Ka IIBHAKAMH MOHOXpoMatnaHuMH Herrtponamu (Neutron-induced Elastic Recoil Detection
(NERD) method). Lle mano MOJIMBICTH MPOBECTH BUMIpIOBaHHS Npo(iigiB KOHLEHTpAaLil OJAHOYACHO BCIX 130TOMIB
BOJHIO IO TuOuHU 1,5 MM uist 'H. ITokpallleHHsT aHANITUYHUX XapaKTePHCTHK METOMy OyJio peai3oBaHO Ha
eKCIIepPUMEHTANIbHIA YCTaHOBI ITPU 3HMXKEHHI, HACKIIBKU 116 MOXKJIMBO, B OTPUMAaHMUX CIEKTpax (OHY BiJ Y-KBaHTIB i
3apsIDKEHUX 4YacTHHOK. Llporo Oysio JOCSATHYTO HUIIXOM ONTHMIi3alii KOHCTPYKLIi Ta BHOOpY MaTepianiB i3 MajauM
mepepi3oM B3aeMOJIT 3 HEHTPOHAMH IIiJ{ YaCc PO3POOKH Ta BHUTOTOBJICHHS MEXaHIYHHUX OJIOKIB YCTaHOBKH, a TaKOXK
MoOJIepHi3aIi€ro 11 exeKTpoHHOoi cxemu. 1100 3MEHIUTH BKIIAJ MOMIJIKOBHX 30IriB, IO HMPUBOIUTH IO TOTIPIICHHS
PO3IUTBHOT 3MATHOCTi, MU BiIMOBHIIUCS BiJ TPAOUIIHOI IIBHIKO-TTOBITFHOI CXEMH CIIEKTPOMETpA W BUKOPHUCTOBYEMO
MIBUIKOMIIOYNIA EIIEKTPOHHUKA TpPaKT ax 10 (IHIOIHOTO CIIEKTPOMETPHYHOIO TiICHIIFOBada, CHTHAN 3 SIKOTO
Oe3mocepelHbO TONAETHCA Ha OJIOK aMIDITYyIHOTO MEpeTBOpIOBada. Y JIOMOBiAI HABEJEHO OIMMUCAHHS OJOK-CXeMHU
CHEKTPOMETpPa, a TAKOXK CIHEUiadbHO PO3POOJIECHUX MIBHIKOAIIOYMX CXEM IEPBHHHOI aHAJOroBOi OOpOOKH iMITYJIBCIB:
3apsAA0-9yTIMBOTO IMOTIEPEIHBOTO MiACHITIOBaYa, TIHIMHUX BOPIT 1 CXeMH 30iriB.
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