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This paper reports on the development, manufacturing and testing of proportional y-ray detectors filled with gas mixtures based on
high-purity xenon. To let the gas mixtures into the detector, a special installation was developed and manufactured, consisting of
components designed to work with high-purity gases. The influence of the gas pressure, its composition (pure Xe or its mixture with
Ha, CH4), and the voltage at the anode on the spectrometric resolution and gas gain of the detectors was studied. The addition of Hz
or CHa to xenon is used to increase the charge carrier drift velocity. These additives also stabilize the gas mixture, i. e. decrease the
probability of gas breakdown at high voltage between the detector electrodes. Gas xenon, as well as its mixtures, of research purity
grade (99.9999%) have been used. Proportional y-ray detectors based on xenon gas can operate in both counting and spectrometric
modes. To study the characteristics of the detectors, we used standard sources of y-radiation 2! Am, ¥’Cs, 1%?Eu, !33Ba. The best
energy resolution values to date were obtained for a detector filled with a gas mixture of Xe + 2.1% CHas at a pressure of 2.5 bar and
an anode voltage of 2500 V; they were ~ 9.5% for an energy of 40 keV and ~ 5% for 120 keV. In the manufacturing of detectors
intended for radiation monitoring and identification of radioactive materials, in particular in nuclear power, complex materials
science problems have been solved. To increase the thermal and radiation resistance, all elements of the detector construction are
made of materials that are weakly activated by ionizing radiation. In addition, the design of the detectors is completely free of glass
elements and organic components. The detectors are designed to monitor technological processes and to work as part of radiation
monitoring systems, including those at nuclear power plants.
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Gas-filled counters are well known and used to register alpha-, beta-particles, protons, gamma quanta, neutrons
in various fields of fundamental and applied research. Proportional gamma-ray counters-spectrometers filled with
xenon gas have a number of advantages: a wide range of operating temperatures, high sensitivity, long-term stability,
and high radiation resistance. The unique combination of physical properties of xenon gas makes it very attractive as
an active medium in radiation detectors: high stopping power, low Fano factor, mechanical and chemical stability, as
well as low energy required to create an electron-ion pair. Xenon detectors, in particular, have proven themselves
well in astronomical applications in space [1], where they operate in highly aggressive radiation and temperature
regimes.

The specificity of using detectors for radiation monitoring and identification of radioactive materials, in
particular in nuclear power, requires the solution of rather complex materials science problems: the choice of
materials with low activation in intense fluxes of ionizing radiation, including neutrons, the rejection of the use of
glass elements, the complete absence of organic components in the design of the detector, the provision of very low
(at the picoampere level) leakage currents between the detector electrodes.

This paper presents the first results of a study of the counting and spectrometric characteristics of a proportional
gamma radiation detector of a special design filled with pure Xe.

DETECTOR DESIGN

Be, Al, Mg and Ti [2] are the structural elements that are more suitable, in terms of their activation properties, in
the manufacture of detectors designed to operate in intense fields of ionizing radiation. Considering the properties of
nuclei, it is undesirable to use alloys containing Mn, Co and Ag in the design of detectors. The prevalence of stainless
steel in the manufacturing of the detectors is determined by its manufacturability, corrosion and temperature resistance,
despite its activation in neutron fluxes. When iron and nickel, the main components of stainless steel, capture a neutron,
they form radioactive nuclides with a half-life of more than three years.

For the manufacture of anodes, molybdenum or tungsten is typically used, and tungsten is used for anode
tensioning springs. Molybdenum powder and copper solder are the main components used in sintering metal elements
with ceramics. Currently, mainly kovar or titanium is used in metal-glass and metal-ceramic insulators.

Fig. 1 shows the schematic of the design of the developed and manufactured detector. The detector body is a
seamless thin wall pipe made of 12X18H10T steel (25.5%0.3 mm, length 250 mm). The design includes a coaxial
vacuum current feedthrough with a "guard ring" and a high-voltage connector, as well as protective insulators designed
to reduce edge effects. The cylindrical design was selected as the one most used, however, there have been studies of
alternative designs, i.e. in [3,4], which are potentially interesting.

The disadvantages of metal-glass insulators, which are usually used in gas-discharge counters, are the limited
abrupt temperature changes to 45°C and the limited neutron flux density up to 107 cm™?s™. In this detector, for the
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manufacture of insulators, we used Macor ceramic glass manufactured by Corning Incorporated, USA. This new kind of
glass-ceramic can be processed mechanically. The accuracy of machining is determined by the size of the mica crystals,
the diameter of which is ~20 um. The composition of the material is as follows: SiO; - 46%, MgO - 17%, Al,Os - 16%,
K>0 - 10%, B2O3 - 7%, F - 4%. Some mechanical, thermal and electrical properties of the ceramic are given in Table. 1.

y-source detector

Feedthrough ~ Anode Cathode Spring
y | \
‘. £
; —
Coaxial |J “ Insulator
connector
gas ﬁllir%g preamplifier
installation
Figure 1. Detector design Figure 2. Installation for filling the detector with gas mixtures
Table 1.
Properties of glass-ceramics "MACOR"
Thermal expansion coefficient, 25 - 300°C 93-1077/°C
Heat conductivity, 25°C 1.46 Wt/m-°C
Working temperature 800 °C
Density 2.52 g/em®
Young’s modulus, 25°C 66.9 Gpa
Dielectric strength (for thickness 12 mm and 25°C) 62.4 kV/mm
Bulk resistance, 25°C >10'Ohm-cm

The anode is a tungsten wire with a diameter of @60 pum, tensioned with a spring. Thus, the detector does not
contain organic materials or glass.

To ensure the purity of the gas and prevent contaminants’ release from the surface of the detector parts, various
methods and cleaning technologies were used in the manufacture of all parts, and the detector as a whole. Sandblasting
was carried out using aluminum oxide (Al,Os) particles with a size of 50 um. We also used electrochemical polishing of
the inner surface of steel pipes, electrochemical cleaning and polishing of thin tungsten wires, and final cleaning of the
surface of all elements was carried out with dry ice CO,. The detector was assembled by using laser welding. At various
stages of cleaning and assembly, the control measurements of the resistance of the ceramic elements of the detector at
high voltage were carried out.

To fill the detector with pure xenon and its mixtures, an installation was developed and manufactured, which
used accessories from Spectron GCS GmbH (Fig. 2). Before filling, the detector, the valves and corresponding
connecting tubes were evacuated and the detector was further degassed at an elevated temperature (~110°C). The
detector was filled with pure xenon or its mixture with H, (0.25%) or CH4 (2.1%) to various pressures from 0.5 to
3 bar. These additives to xenon are used to increase the drift velocity of charge carriers [5] in gas, as well as to
suppress secondary ionization processes. We used purified xenon gas, as well as purified xenon-hydrogen and
xenon-methane gas mixtures of research grade purity (99.9999%). It was estimated that the gas in the detector had
no more than 1 ppm contaminants. Table 2 shows the typical composition of impurities, in this case for the
Xe+H2(0.25%) gas mixture. The Xe+CHa4(2.1%) mixture has the same total amount of impurities and is assumed
to have a similar impurity composition.

The counting and spectrometric characteristics of the detectors were investigated. A voltage bias from 100 to
2700 V was applied to the anode by using an Ortec 659 high-voltage power supply through an RC filter. The
measurements were carried out by using an Ortec 142AH preamplifier, a 672 shaper amplifier, and a 927 ADC. The
gain value was 100, the time constant of the shaping amplifier was 3 ps. The count rate and amplitude distributions of
the detector signal were measured by using standard y-sources > Am, '3’Cs, '*?Eu, !**Ba.
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Table 2.
Contaminants’ composition in the gas mixture Xe+0.25%Ho.
% H» Contaminants, ppm. (not higher than)
Kr O, N, Ar C.Hn, CO+CO, SF¢ S,Fs H,O
0.25 0.1 0.1 0.2 - 0.1 0.1 0.1 0.1 0.1
RESULTS AND DISCUSSION

The dependence of the detector counting rate on the voltage measured for the y-source 2*' Am at different pressures
of pure Xe or the xenon mixture Xe + 2.1% CHy is shown in Fig. 3. For all gas pressures in the detector, the counting
rate of the detector begins to increase sharply when the voltage applied to the anode is above a certain threshold value.
This threshold voltage shifts to higher values with increasing pressure in the detector. Thus, in practice, at higher
pressure, a higher detector sensitivity is achieved, but higher voltage values are required.
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Figure 3. The count rate for 2! Am at different pressures of the gas mixture. Dashed lines represent the background measurements

The count rate measured as a function of the applied voltage for a detector filled with pure Xe up to a pressure of
1.5 bar is shown in Fig. 4. As can be seen, the number of counts in the background measurements is much lower than
that in the measurements with the y-source. Table 3 shows the signal-to-noise ratio values for the Xe+2.1%CH4 mixture
for the isotopes **'Am, '**Ba, *’Eu at a pressure of 1.5 bar and anode voltage of 1900 and 2550 V.

Table 3.
Signal-to-noise ratio for the mixture Xe+2.1%CHjat 1.5 bar
GOAm 133Ba 152Eu
Isotope (59.5 keV) (80.9 keV) (121.8 keV)
Signal-to-noise ratio, 1900 V 8 11 16
Signal-to-noise ratio, 2550 V 25 34 50

With an increase in the pressure of the Xe+2.1%CHs mixture to 2.5 bar (Fig. 5), the look of the counting
characteristics significantly differs depending on the type of the radiation source: the counting rate increases gradually
with the anode voltage for 1*’Cs, while for 2*' Am it practically does not change at low voltage values, and above 1000 V
begins to grow rapidly. This behavior corresponds to different energies of gamma rays emitted by these sources. Indeed,
for 37Cs, most of the detector signal is due to the broad spectrum of Compton scattered y-quanta, since the quanta from
the 1’Cs photopeak with an energy of 662 keV are not registered at such Xe pressures. On the other hand, 2! Am has
several low-energy y-lines (60 keV and below), and in the spectra of 2! Am, these lines (peaks) began to appear at
voltages above 1000 V, therefore, the counting characteristic begins to increase significantly at these voltages.

Similar dependences were measured for the other mentioned gas mixtures and pressures, though it turned out that
the addition of H, or CHy did not lead to significant changes in the counting characteristics of the detectors.

The examples of the measured amplitude distributions of the detector signal (spectra) are shown in Fig. 6. For
comparison, the spectrum on the left shows a line obtained with an Ortec 419 precision pulse generator. As can be seen,
the detector can register radiation with energies up to ~120 keV ('**Eu line). However, at a higher gas pressure in such
detectors, it is possible to detect radiation with higher energies [6]. The energy resolution (from full width of a
photopeak at the half-amplitude level, FWHM) of the detectors was determined from the photopeaks of different



31

Gas-Filled Gamma-Radiation Detector Based on High-Purity Xenon EEJP. 4 (2020)

y-sources. For the detector filled with the Xe+2.1%CH4 mixture at the pressure of 2.5 bar, and a voltage of 2500 V
(Fig. 6), it ranged from ~9.5% for an energy of 40 keV to ~5% for 120 keV. Such values of the energy resolution of the

detector are sufficient to identify a reasonable number of radioactive isotopes.
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Figure 6. The measured spectra for 2! Am and '3?Eu, Xe+2.1% CHs mixture at 2.5 bar, and the anode voltage of 2500 V

The gas gain M is an important characteristic of a gas-filled detector operating in the proportional mode. For
various values of pressure and composition of gas mixtures in the detector, it was determined by using the following

formula [7]:

M=""0

VC,
1
Aee &

X

where w is the average energy required to create one ion-electron pair in a gas mixture (21.5 eV for Xe), V is the pulse
amplitude, Cy is the detector capacitance (in our case, 20 pF), 4 = 100 is the amplifier gain, e is the electron charge, €, is
the photon energy (for example 60 keV for 2! Am).

Before determining the coefficient, the correspondence of

12 the channel number of the measurement channel to the

amplitude of the signal after the shaping amplifier was first

o~ 94 s carried out. The resulting dependence is linear (Fig. 7), with a

e, - linearity coefficient of 0.9999. Such a high degree of linearity

o N 1 indicates a high accuracy in determining the energy of spectral

= . i lines by the detector, which is necessary for the identification of
= - radioactive isotopes.

- 3 . ~ The values of M depending on the applied voltage,

._,."'J = Experiment calculated from the amplitude distributions for different values of

e Linear Fit pressure of the Xe+2.1%CH4 mixture, are shown in Fig. 8. As can

DOI 500 1000 1500 be seen, on a logarithmic scale, the dependence of the coefficient

Channel number

Figure 7. Dependence of the detector signal amplitude

on the ADC channel number

M on the applied voltage is nearly linear and shifts to the right
with increasing gas pressure. Fig. 9 shows a comparison of the
gas gain values for different gas compositions. As can be seen, the
dependence of the gas gain on voltage is practically the same for
the compositions of all mixtures, which were used.
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Fig. 10 and Fig. 11 show the gas gain values calculated from the photopeaks of several different isotopes for pure
Xe and a mixture of Xe + 2.1% CH,, respectively. As can be seen in both cases, the M values calculated using different
gamma lines practically coincide. This behavior suggests that the gas gain does not depend on the number of charge
carriers created during the primary ionization event, which corresponds to the proportional operating mode of the
detector. The dependence of M on voltage in a significantly wider range was obtained for the mixture of Xe + 2.1%
CHa,, and it can be seen that for high voltages it is practically linear on a logarithmic scale (dashed line in Fig. 11). This
behavior indicates that there is no effect of secondary ionization on the gas gain at the given applied voltages. The very
fact that for the mixture of Xe + 2.1% CHa, in contrast to pure Xe, it was possible to carry out measurements at a much
higher anode voltage indicates the stabilization of the gas mixture upon the introduction of additives such as methane,
i.e. lowering the probability of gas breakdown.

The results obtained are in good agreement with the values of the gas gain obtained for similar compositions of
mixtures [8]. Note also that, in the case of using a thinner anode [9] in the detector, lower voltage to achieve the same
detector performance would be required.
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Figure 10. Gas gain for pure Xe at 1.5 bar, calculated for several
gamma-ray energies

Figure 11. Gas gain for Xe + 2.1% CHa4 mixture at 1.5 bar,
calculated for several gamma-ray energies

CONCLUSIONS

Thus, the y-radiation detectors filled with xenon, which have both high counting (dosimetric) and spectrometric
properties have been developed, manufactured and tested. The detectors were made without using glass or organic
materials. The influence of gas pressure, its composition (pure Xe or its mixture with H,, CHs), and the anode voltage
on the spectral resolution and gas gain of the detectors was investigated. The detectors have shown sufficient
operational characteristics, which will allow them to be used in various fields of application, including at nuclear power
plants.

To improve the characteristics of the detector, it is planned to use a thinner anode (@<30 um), as well as to use '°B
in the detector design, which will lead to the possibility of using it as a neutron detector. It may also be promising to
investigate the effect of mixtures of noble gases such as Xe and Ne in attempts to reduce the anode voltage due to a
process of energy transfer between the two species, which produces extra electrons [10].
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TA3OHAITIOBHEHMI JETEKTOP TAMMA-BUITPOMIHIOBAHHSI HA OCHOBI BUCOKOUYHMCTOI'O KCEHOHY
C. CokoJ0B, A. Ilynos, A. Pudka, B. KyTHiii, A. A0u3os, I'. Xos0meeB, C. MebHiKOB
Hayionanvnuii nayxosuii yenmp «Xapxiscokutl (pizuxo-mexniunuil iHcmumymy
Xapkis, Ykpaina

l'a3oHamoBHEHI JEeTEKTOpPH 10HI3yIOYOTO BHIIPOMIHEHHS 3HAWNIIM MIMPOKE 3aCTOCYBAaHHA MJs BUMIDIOBAaHHA SACPHUX Ta
palioaKTUBHUX MaTepialliB, a TaKOX B MEIUIIMHI, aCTPOHOMIi, MaTepiao3HaBCTBi. [IpomopiiiiHi IEeTEeKTOpH Y-BUIIPOMIHEHHS Ha
OCHOBI a3y KCEHOHY MOXYThH IIPAIIOBATH SK B PAXyHKOBOMY, TaK i B CIIEKTPOMETPHUYHOMY pexuMax. [ BHUKOPHCTaHHS IHX
JIETEKTOpIB JUIs pajiallifHOro KOHTPONIO Ta ifeHTH(iKamii pagioakTHBHUX MaTepianiB, 30KpeMa B aTOMHIN €HepreTHIli, NoTpiOHO
BUPIIINTH JOCUTH CKJIaIHI Marepiaysio3HaBui 3aBmaHHs. lle BuOip MaTepianiB 3 HHM3bKOIO AKTHBAI[€l0 B iHTCHCHBHHMX IIOTOKaX
IOHI3YI04YOr0 BHIPOMIHEHHS, B TOMY 4YHCIi HEHTPOHIB, BiIMOBA BiJl BHKOPHCTaHHS CKJSIHUX €JIEMEHTIB, NOBHA BiJICyTHICTh
OpraHiyHMX KOMIIOHGHTIB B KOHCTPYyKILii JeTekTopa. Y MaHiii poOOTI MOBIZOMIISETBCS MHPO PO3pPOOKY, BHTOTOBICHHS Ta
BUMPOOYBaHHs MPOMOPLIHHNAX AETEKTOPiB TaMMa-BHIIPOMIHIOBAaHHSI, HAIIOBHEHNX Ta30BHMH CyMillIlaM{ Ha OCHOBI OCOOJIMBO YHCTOTO
KceHOHY. [l HamycKy B JETEKTOp Ta30BHX CyMimeil Oyma po3poOiieHa 1 BHUTOTOBIICHA CIIEIiajbHA YCTAaHOBKA CKIIANAETHCS 3
KOMITOHEHTIB, IPU3HAYEHHX I POOOTH 3 OCOOIMBO YHCTHMH razam. J{ociikeHO BIUIUB THCKY a3y, HOTo CKIany (YucTuii Xe abo
foro cymimi 3 Hz, CH4) 1 Hanmpyru Ha aHOAI Ha CIIEKTPOMETPUYHE PO3PI3HEHHS 1 KOe(ilieHT ra30BOT0 MOCHICHHS AETEKTOPIB.
JobaBka Hz abo CH4 10 KCEHOHY 3acCTOCOBYETHCS IUISl IIABUINECHHS MIBUAKOCTI npeidy HociiB 3apsmy. Lli mobGaBku Takox
MIPU3BOAATH JIO CTabimi3amii ra3oBoi cymimi, TOOTO 3HM)KEHHS HMOBIPHOCTI Ta30BOr0 MHpoOOI0 IIPU BHCOKIH HamIpysi Mk
CJICKTPOJIAaMH JICTEKTOPa. BUKOPHCTOBYBaBCS T'a3 KCEHOH, a TAaKOXK HOTO CyMilli JOCHTiTHUIEKOT Mapku 4iucToTH (99,9999%). Jlnst
JOCIIUKEHHSI PaXyHKOBUX 1 CIIEKTPOMETPUYHHUX XapaKTEPHCTHK JIETEKTOpa B PoOOTI BUKOPHUCTOBYBAINCS CTAaHIApPTHI JKepena y-
punpominenns 24'Am, '37Cs, 13?Eu, '3’Ba. Kpaui, Ha januii MOMEHT, 3HAY€HHsI €HEPIETUYHOIO PO3PI3HEHHs OyJM OTPUMAHi IUist
JIeTEKTOpa, HAIIOBHEHOT'0 ra3oBoto cymimo Xe + 2,1% CHa npu tucky 2,5 6ap i Hanpysi Ha anoai 2500 B; Bonn cxianu ~ 9,5%
1ust eneprii 40 keB i ~ 5% nia 120 xeB. [l nigBuieHHS TepMiuHOT i pajiauiifiHoi CTIHKOCTI, BCI €IeMEHTH KOHCTPYKIIiT €TEeKTOpiB
BHTOTOBJICH] 3 MartepiaiiB, Mo c1ab0 aKTUBYIOThCA MiJ M€ 10HI3YIOYOTO BHIPOMiHEHHs. JleTeKTOpH mpu3HAueHi Ui KOHTPOIIIO
TEXHOJIOTTYHHX IPOIIECIB 1 [T pOOOTH B CKIIAJi CUCTEM paliallifHOTO KOHTPOIIO, B ToMy uncii Ha AEC.

KJIIOYOBI CJIOBA: nerexkrop, raMMa-BUIIPOMiHEHHSI, IIBUKICTh BIIJIKY, CIIEKTPOMETDis, KCEHOH, T'a30B€ IiICHIICHHS

TA3OHAIIOJTHEHHBIN JETEKTOP TAMMA-U3JIYYEHHSI HA OCHOBE BBICOKOUYHMCTOI'O KCEHOHA
C. Coko.10B, A. IIynos, A. Prioka, B. KyTHuii, A. A6b130B, I'. Xo10MeeB, C. MeIbHUKOB
Hayuonanenwiii nayunoiii yenmp « XapbKo8CKUull Qu3uKo-mexHuyecKuti uHCmunmymy»
Xapvros, Ykpauna
l'a3oHamonHeHHBIE AETEKTOPHl HOHM3HMPYIOIIMX W3JIYyYeHWH HANUIM [IMPOKOE TPHMEHEHHE M HU3MEPEHUS SIACPHBIX U
PaAnOaKTUBHBIX MAaTEpHAJIOB, a TAK)KE B MEAULIMHE, ACTPOHOMUH, MaTepuanoBeaeHuu. [IponopiionanbHble AETEKTOPHI Y-U3ITy4eHHS
Ha OCHOBE ra3a KCEHOHa MOTYT pa0OoTaTb Kak B CYETHOM, TaK M B CHEKTPOMETPHYECKOM peKMMax. JJs NMpUMEHEHUs 3THX
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JETEKTOPOB Ul PAJHAllMOHHOTO KOHTPOJIA M MASHTH(OHUKALMY PaJOAKTUBHBIX MaTEPUAIOB, B YACTHOCTH B aTOMHOH 3HEpreTHKe,
TpeOyeTcs peUIMTh JOBOJNBHO CIIOXKHBIE MaTepUaloBeIUecKHe 3aJadd. OTO BBIOOD MaTepHanoB C HHU3KOH akTuBamued B
HWHTEHCUBHBIX MOTOKAaX MOHM3MPYIOUIMX M3TyYeHUH, B TOM 4HCIIe HEHTPOHOB, OTKA3 OT HCIOIb30BAHHS CTEKISIHHBIX 3JIEMEHTOB,
MOJTHOE OTCYTCTBHE OPTaHMYECKMX KOMIIOHEHTOB B KOHCTPYKIMH JeTeKTopa. B mammoii pabore coobmaercss o pa3paboTke,
H3TOTOBIIEHHN ¥ WCIIBITAHUH MPONOPIHOHANBHBIX AETEKTOPOB IaMMa-H3IydeHHs, HAIOJHEHHBIX T'a30BBIMU CMECSMH Ha OCHOBE
0c000 YHCTOro KceHoHa. [ Hamycka B JETEKTOp Ta3oBBIX cMecel Obuia pa3paboTaHa M M3TOTOBJIEHA CHENUANbHAs YCTaHOBKA,
COCTOSIIIAsl U3 KOMIOHEHTOB, IIPeIHAa3HAYCHHBIX Ul PabOTHl ¢ 0000 YHCTHIMU ra3amMu. VcciaenoBaHo BIMsSHHE JAaBICHHS Ta3a, €ro
coctaBa (uncTeii Xe win ero cmecu ¢ Ha, CH4) 1 HampspkeHHsT Ha aHOJZIE Ha CIIEKTPOMETPHYECKOE paspeleHue u KodpduuueHt
ra3oBoro ycmieHus nerekropo. Jlo6aBka H: mim CHs k KCeHOHY mpuMeHsieTcs A HOBBILICHUSI CKOPOCTH Apelda HocuTenel
3apsna. OTU N00aBKHM TakXKe NMPHUBOAAT K CTAaOMIIM3alMU Ta30BOH CMecH, T.€. MOHMKEHUIO BEPOSTHOCTH Ta30BOr0 MpoOos Ipu
BBICOKOM HaNPSDKEHUHM MEKAY NIEKTPOAaMHU AeTeKTopa. Mcrnomb30oBacs ra3 KCEHOH, a TaKKe ero CMECH MCCIIEJOBATENIbCKOH MapKH
gucToTHl (99,9999%). [l mccnenoBaHMs CUSTHBIX M CIIEKTPOMETPHUYECKUX XapaKTEPUCTHK JETEeKTopa B pabOTe HCIIOIb30BAINCh
CTaHIApPTHBIE MCTOUHMKHU Yy-u3nydenus >*'Am, 37Cs, '52Eu, 3*Ba. Jlyumue, Ha NaHHBIH MOMEHT, 3HAYEHHUS SHEPTETHYECKOTO
pa3sperieHus ObIIH MOMYYEHBI U JETEKTOPa, HAIOJIHEHHOTO ra30Boi cMechio Xe+2,1% CHa4 npu maBienun 2,5 6ap 1 HanpsHKEHUH
Ha a”oze 2500 B; onm cocraBumu ~ 9,5% mna sHepruum 40 x3B um ~5% pna 120 xoB. [l mOBBILIEHUS TEPMUYECKOH U
paIManoHHON CTOMKOCTH, BCE 2JIEMEHTHl KOHCTPYKIHUH JCTEKTOPOB M3TOTOBJICHBI W3 MaTepHajoB, CIa00 aKTUBHPYEMBIX IO
JeCTBUEM MOHHM3HMPYIOUIMX U3JIy4eHHi. J[eTeKTOphl IpeqHa3HaYeHbl Il KOHTPOJIS TEXHOJIOTHUECKUX IIPOLIECCOB U ISl paboThl B
COCTaBE CHCTEM PaJHallMOHHOTO KOHTPOIIs, B ToM uncie Ha ADC.
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