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SHELL EFFECTS IN THE FISSION OF #¢U* NUCLEI, FORMED IN THE REACTION %2Th(a,f)
AT INCIDENT ALPHA PARTICLES ENERGY OF 29 MeV
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Mass and energy distribution of fission fragments of 2%U* nuclei, formed in the reaction 2*?Th(o,f) at incident alpha
energy of 29 MeV were studied to reveal the influence of shell effects. The experiment was carried out by 2E method at
U-150M accelerator at Institute of Nuclear Physics, Almaty city. Acquired experimental data was decomposed into yields
of separate shells, including deformed shells, assuming that the shell yield has the form of gauss distribution.
The manifestation of deformed shells N84, Z52 and deformed shells Z36, Z38 was revealed.

This work was carried out with the support of the Ministry of Energy of the Republic of Kazakhstan, grant

No BR09158499.
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INTRODUCTION

Fission of nuclei by low energy light charged
particles is of particular interest. It allows to study the
process of fission and structure of nuclei, since it allows
to probe composite nuclei in wide range of nucleon
composition as well as wide range of excitation energies.
Both of these ranges are inaccessible by neutron-induced
or spontaneous fission. Previous research [1] has shown
that shell effects are most pronounced at low excitation
energies and vanish with the increase of excitation
energies. This is the reason we chose incident alpha
particle energy of 29 MeV as it corresponds to the
coulomb barrier for a+23?Th reaction.

During the fission process the formation of fragments
is influenced by liquid droplet effects and by shell effects
in the composite nuclei while it evolves from the moment
of formation to the scission point. The influence of these
effects is described by the model proposed in [2].
According to this model there are several key fission
modes: mode S which corresponds to liquid droplet
effects with peak yield at Acn/2, mode S1 which is formed
by the influence of closed nuclear shells Z50 and N82,
mode S2 which is formed by the influence of deformed
nuclear shell N88, and mode S3 which is formed by the
influence of closed nuclear shells of N50 and Z28. That
model was used as a basis of modal analysis conducted
in this paper, it was expanded by adding additional
deformed shells N84 [3], Z36 [4, 5] and Z38 [5], Z52 [3].
To increase analysis sensitivity the shape of mass yield
of a separate shell was assumed to be a gauss distribution,
average total kinetic energy of fission fragment and
variance of that average was included in the analysis.

In this work we show the results of study of 22Th(o,f)
reaction at incident alpha particle energy of 29 MeV.
The measured mass and energy distributions were
decomposed intro the yields of separate fission modes
assuming the shape of each mass yield to be a gauss
distribution. Manifestation of probable deformed shells

N84, Z52 [3] and deformed shells Z36 [4, 5], Z38 [5] was
found.

EXPERIMENTAL SETUP

The experiment was conducted at isochronous
accelerator U-150M at the Institute of Nuclear Physics,
Almaty city, using Dinode experimental chamber. The
incident energy of alpha particles was 29 MeV. The
measurements were carried out using a pair of PIPS
semiconductor detectors, the detectors were located at
90° to the beam axis from both sides. The target consisted
of a layer of 22Th with 40 mcg/cm? with 50 mcg/cm?
thick AlLOs backing. “True” events selection was carried
out by the pulse rise time and pulse length [6, 7]. The
electronics setup was such that only fission fragments
from the same fission event were counted. Fragment
identification was carried out afterwards using the 2E
method. The effects of neutron evaporation for the
studied reaction were within the experimental errors and
were not taken into account.

Since semiconductor detectors were used it is
important to take into account Pulse Height Defect due to
plasma effects in the detectors [8]. To compensate for it
the methodic described in [9] was used.

EXPERIMENTAL RESULTS AND ANALYSIS

Experimental results are shown with black color on
figure 1. Experimentally measured mass yield Y(m)
normalized to 200% is shown in linear and logarithmic
scales, average total kinetic energy <TKE>(m) and it's
variance o<tke> (M) are shown in linear scales. It can be seen
that asymmetric yields are a major part of the total mass
yield, the yield of symmetric fragments is lower and the final
shape of the mass yield is formed mostly by the influence of
shell effects. The peak of measured mass yield is located
near My=138 am.u, the peak of measured average total
kinetic energy is near M~132 a.m.u. which corresponds to
double magic nuclei **2Sn, the peak of variance of measured
average total kinetic energy is near My=130 a.m.u.



https://doi.org/10.52676/1729-7885-2023-2-4-8

SHELL EFFECTS IN THE FISSION OF 2%6U* NUCLEI, FORMED IN THE REACTION 232Th(a,f)
AT INCIDENT ALPHA PARTICLES ENERGY OF 29 MeV

To decompose experimental yields into yields from
separate fission modes the shape of a mass yield of a
separate shell was assumed to be a gauss distribution. To
evaluate goodness of the decomposition a ? criteria was
chosen and minimized to improve the accuracy of
decomposition:
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where m — mass number, Yep (M) — experimentally
measured mass Yyield, Yerr (M) — error in measurement
mass Yield, Yt (M) — mass yield from decomposition,
<TKE>¢ (M) — experimentally measured average total
kinetic energy of fission fragments, <TKE>e (M) — error
in measurement of average total kinetic energy, <TKE>(
(m) — average total kinetic energy from decomposition,
o%<tkesexp (M) — variance of experimentally measured
average total Kinetic energy of fission fragments,
o?<tkeserr (M) — error in variance of experimentally
measured average total Kinetic energy of fission
fragments, o?<tkestot (M) — variance of experimentally
measured average total Kinetic energy from
decomposition, Y; (m) — mass yield of a separate fission
mode, Ain — height of a peak of mass yield of a separate

fission mode, m; — position of a peak of mass yield of a
separate fission mode, o%n — width of peak of mass yield
of a separate fission mode, <TKE>; (m) — peak average
total kinetic energy of a separate fission mode, Airke —
height of a peak of an average total Kinetic energy of a
separate mode, Acn — mass number of a composite nuclei,
bi — coefficient of deviation from quadratic dependency
due to shell effects, at bij=0 — the dependency is
quadratic, o?<kesi (M) — variance of average total kinetic
energy of a separate fission mode, p; — coefficient of
proportionality between an average total kinetic energy
of a separate mode and its variance.

The use of an assumption of a shape of mass yield
allows to decrease the number of parameters for
decomposition (in contrast to the methodic proposed in
[7]). The usage of average total kinetic energy and of its
variance allows the methodic proposed in this paper to be
very sensitive to the difference in values of average total
kinetic energies of separate fission modes. This
sensitivity stems from a quadratic dependence of
variance on a difference between average total kinetic
energies of separate fission modes. Such sensitivity
allows to reveal yields from different shells which were
not taken into account prior due to their low yield.

The model proposed in [2] was used as a ground for
this analysis. Said model includes the following fission
modes: mode S which corresponds to liquid droplet
effects with peak yield at Acn/2, mode S1 which is formed
by the influence of closed nuclear shells Z50 and N82,
mode S2 which is formed by the influence of deformed
nuclear shell N88, and mode S3 which is formed by the
influence of closed nuclear shells of N50 and Z28. In the
paper [10] it was shown that often instead of a closed
shell Z50 a deformed shell Z52 takes its place. However,
using the current assumption about the shape of mass
yield of a separate shell it is not possible to fit the
experimental results using this standard model. This is
especially true with the variance of average total kinetic
energy which is the source of increased sensitivity
pointing to the role of additional shells in the formation
mass and energy Yields of fission fragments. This is the
reason for the inclusion of additional shells in the
decomposition of experimentally measured mass and
energy yields. After the finish of the decomposition
analysis the literature review allowed to link these
additional shells to some theoretically predicted
deformed shells and to some previously found in other
reactions deformed shells.

The results of decomposition analysis is shown in
figure 1. In the area of fission mode S1 three gauss shapes
were used to describe the experimental results: for closed
shell Z50 — position at Mpy=129 a.m.u. and peak height of
Ain=0.255%, for deformed shell Z52 - position at
Mu~133 a.m.u. and peak height of Ain=0.215%, for
closed shell N82 — position at My~135.3 a.m.u. and peak
height of Ain=0.105%. Widths of peaks for shells Z50 and
Z52 were equal ¢%m=3 a.m.u., width of a peak for shell
N82 was ¢%in=2.5 a.m.u. Close by position in mass shells
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Z52 and N82 were described by the same yield of peak
average total Kkinetic energy of <TKE>=197.2 MeV,
separate peak average total kinetic energy value was used
for Z50 shell equal to <TKE>i=180.2 MeV. For all these
shells bj=0. For Z50 p;=0.0016, for Z52 and N82 both
pi=0.0018. Variance of average total Kinetic energy is
higher for shells z52 and N82 than for shell Z50.
Deformed shell N88 (fission mode S2), using unchanged
charge density hypothesis should be around
Mp=144.2 am.u. for 2*Th(o,f) reaction, however the
peak yield of heavy fragments is located near My=137—
138 a.m.u. Using the same hypothesis this position
corresponds to deformed shell N84[3] in heavy fragment
and deformed shell Z38 in light fragment [5]. This is why
fission mode S2 is described as the sum of two gauss
shapes: 1st shape with position at My=138 a.m.u., peak
height of Ain=3.555% and width of a peak ¢%n=6.55
a.m.u. corresponding to deformed shell N84[3] in heavy
fragment and deformed shell Z38 in light fragment [5],
2nd shape with position at My=~144 a.m.u., peak height of
Ain=0.83% and width of a peak ¢%n=5.25a.m.u.
corresponding to deformed shell N88 in heavy fragment
[2] and deformed shell Z36 in light fragment [4, 5]. Both
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shapes of deformed shells were described by the same
values of peak average total Kinetic energies
<TKE>=176.45 MeV, bi=0, pi=0.00295. Fission mode
S3 was also described as sum of two gauss shapes: 1st
shape with position at M ~83.4 a.m.u., peak height of
Ain=0.075%, width of a peak o%m=4.1a.m.u., peak
average total kinetic energy <TKE>i=180.5 MeV, bi=0,
pi=0.0025 corresponding to closed shell N50 in light
fragment [2], 2nd shape with position at M <76.9 a.m.u.,
peak height of Ain=0.018% and width of a peak
sim=3.9am.u., peak average total Kinetic energy
<TKE>=173.4 MeV, bi=0, pi=0.0022. The difference
between position of Z28 in decomposition (M.~76.9) and
position of Z28 from unchanged charge density
hypothesis (M ~71.8) could be explained by the location
of this shell at the edge of range of sensitivity of
experiment. Liquid droplet effects which are described
by fission mode S were described by a single gauss shape
with position at M=118 am.u., peak height of

Ain=1.66%, peak width of ¢%n=12.3 a.m.u., peak average
energy

total  kinetic
pi=0.0042.
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Figure 1. Experimentally measured mass and energy distributions of fission fragments of composite nuclei 23U*,
formed in 22Th(a,f) reaction at incident alpha particle energy of 29 MeV (in black) and decomposed into yields
from separate fission modes
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AJIb®A BOJIIEKTEPIHIH SHEPTUSICBI 29 MaB BOJFAH KE3E #2Th(a,f) PEAKLIUSICBIHJIA
AJIBIHFAH #5U* JAPOCBIHBIH BOJIHYIHJEIT KABBIK OCEPJIEPI
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KabblK ocepiepiHiH MiHe3-KWIKbIH 3epTTey yuiiH 29 MsB Anbda Gemmekrepiniy sHeprusceiaaa 232Th(o,f)
peakuusachiHAa anbiFad 23%U* snpochiHbIH GelliHy (parMeHTTEpiHiH MaccalblK-3HEPreTHKANbIK Tapanybl IIIeH .
Ommey AnMarel KanachlHAAFbl SAponblk (u3nka WHCTUTYTHIHBIH Y-150M ymerkiminge 2E omiciMeH Kypriziimi.
AJBIHFaH —MacCallbIK-OHEPreTHKANBIK ~YJECTIpYy IKeke KaObIKIIamapiblH, COHbIH imrHAe JedopMaiusiianran
KaOBIKIIaap IbIH YIIecTepl OOUBIHIIA BIIBIPAIl, KAOBIKIIAHKBIH Yiiec (hopMackl raycc aer Oomkaiasl. ledopmarusinanran
N84, Z52 xone nepopmanusutanran Z36, Z38 KaOBIKTapBIHBIH KOPIHICI aHBIKTAJIEL.

Kymvic Kasaxcman Pecnybnuxacet Onepeemuxa munucmpriciniy konoayvimern Ne BR09158499 epanmui wenbepinoe
OpPLIHOANOYL.

Tyiiin co30ep: KadviKuia acepaepi, a0ponviy 60Ny, ypau-236, 6oainy pacmenmmepi, 601y Mooda.
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B naHHOM HCClIeIOBaHUY MIPEACTABIICHBI PE3YIbTAThl H3YyUCHNS! ONTHIECKUX, IIPOTHOCTHBIX, TUIIEKTPUIECKUX U SKpa-
HUpytomux xapakTepuctuk 0.6Te0,-0.25Ba0-0.15Zn0O crexon. B kauecTBe MeToa OIy4IeHUs OB BEIOpaH METO.T Me-
XaHOXMMHUYECKOTO MepeMabIBaHUs UCXOJHBIX OKCHIHBIX KOMIOHEHTOB C IOCJEIYIONIMM TEPMUYECKUM CIIEKaHHEM C
LEJBIO MOJYYEHUs CTEKJIOBUAHBIX 00pa3loB, ¢ aMOpHOH CTPYKTypoil. It XapakTepu3alyu I0JIy4eHHBIX 00pa3IoB
OBUTH 3aJICHCTBOBAHBI METO/BI PACTPOBOM AIIEKTPOHHON MUKPOCKOIHMH, SHEPTOIUCIIEPCHOHHOTO aHAIN3a, PEHTI€HOB-
cKoil udpakuyy, UIMIICHIAHCHON M ONTHYECKOH CIIEKTPOCKOINNH, a TAKIKE ONpPEAEICHHE IPOYHOCTHBIX CBOWUCTB OBLIO
OCYILECTBJICHO C IPUMEHEHUEM METO/1a UHJIEHTUPOBaHus. B X0/ IPOBEACHHBIX UCCIEA0BAHNN U3YyUYEHUS CTPYKTYPHBIX
ocoOeHHOCTel 1 (ha30BOro cocTaBa ObUIO YCTAHOBIICHO, YTO CHHTE3UPOBAaHHbBIE CTEKJIa 00/1a1a10T aMOpdHON PUPOIOA,
¢ HeOOJIBIINM COJIEp)KaHUEM BKITIOUECHUH B BUe 3epeH BaZnTe,07. [Ipn 3ToM aHamm3 KapTHPOBAHUS JIEMEHTOB B CO-
CTaBE CTEKOJI TOKA3aJl H30TPOITHOE PACIIPEICICHHUE BCEX KOMIIOHEHT B COCTABE CTEKJIA M IIOJIHOE OTCYTCTBUE KaKUX-TTHOO
npumeceil. IIpu onpeneneHny ONTHYECKUX CBOMCTB CHHTE3WPOBAHHBIX CTEKOJI OBIJIO YCTAHOBJICHO HAJMYHE B CIIEKTPax
MIPOITY CKaHHS IUPOKOI! TIOJIOCHI TIOTJIOIIEHHS B 00JIACTH BUANMOTO CBETA, @ TAKXKE TPEX CHEKTPATIBHBIX MOJIOC TOTIIOIIE-
HUSI, XapaKTEePHBIX U KHCIOPOIHBIX BaKaHCHUI M MEXI0y3eIbHBIX aTOMOB Kucyiopoaa. CorylacHO JaHHBIM ITPOYHOCT-
HBIX XapaKTEPHUCTHK OBLIO YCTAHOBIICHO, YTO CHHTE3WPOBAHHBIC CTEKIA 00IaIal0T JOCTATOYHON TBEPAOCTHIO M YCTOM-
YUBOCTHIO K BHCITHUM BOSHeﬁCTBHHM, a XapakTep o6pa303aH1/1;1 TPCHIVH XapaKTEPEH AJIA MOJTYAUCKOBBIX TPCIIHH. Ana-
JIM3 9KPaHUPYIOIINX XapaKTePUCTHK CUHTE3UPOBAHHBIX CTEKOJI TOKa3all BEICOKYIO 3(h(h)eKTHBHOCTh NPU SKPAaHUPOBAHUU
HU3KOOHEPICTUYCCKUX 'aMMa-KBaHTOB.

Knrouesvie crosa. TeO-BaO-ZnO, camma-uziyuenue, meiiypuonvie cmexid, 3aujumHsle Mamepual, 3¢gexmus-
HOCMb SKPAHUPOBAHUS, NPOYHOCHIb.

JUIHUOHHBIX UCTOYHUKOB SKpaHUPOBAHUA B BUIEC 0OeToH-
HBIX KOHCprKI.lPIfI WJIM CBUHIOBBLIX MJIACTHH UMCCT PAJ
Ol“paHI/I‘IeHI/Iﬁ HE TOJIbKO B KOHCTPYKIIMOHHOM IIJIAHE, HO
1 0 psAAy NpHUYIUH, CBA3aHHBIX ¢ TOKCUYHOCTBIO CBUHIIA,

BBEJIEHUE

Pa3BuTne coBpeMeHHOro MUpa He 00X0auTCs 0e3 nH-
TCHCHUBHOI'O UCIIOJIb30BAHUA pasnpmm)lx TUIIOB UOHU3HU-
PYHOLEro U3JIy4€Husd, a TaKXKEC NICTOYHUKOB T€HEPHUPYIO-

[MX U3JTyYCHUE MPAKTHYCCKU BO BCEX KIIFOUEBBIX 00JIa-
CTel, BKJIIOYasl YJHEPTETUKH, MEAUIINHY, SJICKTPOHUKY U
1.1 [1, 2]. [Ipu aTom, cornacuo koutemnimu ALARA (As
Low As Reasonably Achievable) [3, 4], paspaborauHoit
Mexnynapoanoit Komuccueit no paguaioHHON 3amiu-
Te, UCTIOJIb30BaHUE UCTOYHUKOB HOHU3HUPYIOMIETO U3ITY-
YEeHHUS JTOJDKHO TPOBOJHUTHCS C MAKCUMAIIbHOW MIHHUMHU-
3anueil BpeJHOTO BO3ACHCTBHS H3ITydYeHHS Ha JKUBBIE Op-
raHu3Mebl. B 370l cBsA3u OosbIIoe BHUMaHKE TPU pa3pa-
0O0TKE TEXHOJIOTHA UCTIONH30BaHMUSI ICTOYHUKOB T€HEPHU-
PYIOIIMX U3TY4YEHHE WU )K€ CaMOro MOHHU3HPYIOUIETO
M3ITyYEHUs yIIEISIeTCsI IOUCKY TEXHOJIOTHUI SKpaHUPOBa-
HUS Y 3aIIUTHI OT HETATUBHOTO BO3JICHCTBYSI HOHU3HUPY-
FOIIETO M3IYYCHHsI C IIETbI0 CBEACHUS €T0 BO3JICHCTBUS
K MUHEMYMY [5, 6]. TpaqulinOHHBIMHE CIIOCOOaMH 3allu-
THI SIBJISIFOTCSL MCIOJB30BAaHUS KPYIMHOTAaOAPHUTHBIX Oe-
TOHHBIX KOHCTPYKLUHWH, MO3BOJISIIOIIMX MaKCHUMAaJbHO
CHHU3UTh HETaTUBHBIA S(PQEKT BO3ACHUCTBHS, a TaKKe
CBUHI[OBBIE IIIUTHI UK OJIOKH, BKIFOYAs OCBUHI[OBAHHEIE
cTeksa, 00agaroniie OOJBIION MOTIOIaoNIel Croco0-
HOCTBIO, KOTOpast O3BOJISAET ¢ OONMBIION 3 heKTHBHO-
CTBIO DKPaHUPOBATH BO3JCHCTBHE MOHU3UPYIOMIETO W3-
nmydenus. [Ipu 5TOM TOBCEMECTHOE HCIIOIh30BaHHE Tpa-

(PU3UKO-XUMUYECKUMH M TIPOYHOCTHBIMH CBOHCTBAMHU
OETOHHBIX N3/EINH, a TAK)KE HEBO3MOXKHOCTH HCIOJIb30-
BaHU JAHHBIX MAaTEPUANOB U 3aIIUThl MHUKPOAJIEKT-
POHHBIX YCTPONCTB B BHIY MX KPYIHOTaOapUTHBIX paz-
mepos [7-9].

OpmHUM U3 aNbTEepHAaTHBHBIX METOAOB AKPAaHUPOBA-
HUS ¥ CHUOKEHUS HETaTHBHOTO BO3AEHCTBHS MOHU3HPY-
IOIIEr0 M3JIy4eHHUs, BKIIOYas raMMma-H3ydeHue, Heil-
TPOHHOE U 3JEKTPOHHOE, KOTOpbIE 00JIaJaroT BBICOKOH
MIPOHUKAIOIIEH CIOCOOHOCTHIO, B MOCIEAHNE HECKOJIBKO
JIET aKTHBHO IIPEUIAaraeTcsi MCHOJB30BaTh pa3lIndHbIC
BapUaHThl KOMIIO3UTHBIX Kepamuk wiu crexon [10-13].
WHTepec K DaHHBIM THIIAM MaTEpPHAJIOB, B YaCTHOCTH,
00J1aIat0INX CJIOKHOM MHOTOKOMIIOHEHTHOM CTPYyKTY-
Ppoii, comepkamux B cebe HECKOIBKO KOMITOHEHT, BKITIO-
4asi OKCHJIbI PEAKUX 3eMelb, 00yCIOBIEH OOJBIION TTO-
TJIOMIAIOIIEH CIIOCOOHOCTBIO MTPH B3aMMO/ICHCTBHH C U3-
nydenuem [14, 15].

Lenb TaHHOTO MCCIIEIOBAHNSA 3AKIIOYAETCS B 1€TaIIb-
HOM  XapakTepu3alh CBONCTB CHUHTE3UPOBAHHBIX
0.6Te02-0.25Ba0-0.15Zn0 crexo1, NOIyYEHHBIX C IPH-
MEHEHHEM METOJa MEXaHOXUMHUUYECKOTO CHHTE3a C Moc-
JIeAYIOIUM TEPMUYECKUM CIEKaHHEM, a TaKXKe CPaBHH-
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TEJILHOM aHaJIN3€ SKPaHUPYIOIINX XapaKTEPUCTUK MOy~
YEHHBIX CTEKOJI C aHAJIOTUUHBIMU SKPaHUPYIOLIUMH 3a-
LIIUTHBIMU MaTepuanaMu. MHTepec k TaHHOH TeMaTuke
00yCIIOBIIEH B TIEPBYIO OUYE€pe/b IOMCKOM BO3MOXKHBIX
aNnbTEePHATHUBHBIX MAaTEPHUAIOB JUIA 3aIUTHl OT HETaTUB-
HOT'0 BO3/ICHCTBHUS HOHU3UPYIOLIero u3nydeHus [ 10-15].
BeI60p B KauecTBE OCHOBBI JJIsl CO3/aHHS HKPaHUPYIO-
X CTEKOJI AUOKCHIA TEIUTypa 00YCIOBIEHO €ro Helu-
HEWHBIMH ONTHYECKUMH CBOWCTBAaMH, MO3BOJISIOIIUMHU
YCHJINTh TOTJIOMAIONIYI0 CIIOCOOHOCTD, a TaKKE BBICO-
KAMH TOKa3aTeIsIMU JIUAJICKTPHUIECKON MPOHHUIIAEMO-
CTH, 4TO JJa€T €r0 XOPOIINM H30JIALHOHHBIM MaTepHa-
JIOM, a TaKKe IIUPOKO MPUMEHSETCA B KaUeCTBE OCHOBBI
JUIS OITUYECKUX YCTPOUCTB.

MATEPHAJIBI U METO/IbI

B kauecTBe MCXOIHBIX KOMIIOHEHT IJISI MOJYYEHHS
CTEKOJI OBUIM BBIOPAHBI CIEIYIOUINE OKCHUABI: ANOKCHUJ
temrypa (TeOz), BEIOpaHHBI B KadecTBE OCHOBHOTO
KOMITOHEeHTa cTeKoJ1, okcuj 6apus (BaO) u okcu npHka
(ZnO). XuMuueckasi YUCTOTa BHIOPAHHBIX OKCHJIOB CO-
craBiasaiaa He MeHee 99,95%, 4TO HMCKIIOYAET BO3MOXK-
HOCTh (hOPMHUPOBAHUS KAKMX-THOO MHOPOJHBIX TpHMe-
cell B COCTaBe CTEKOJL

Ha pucynke | npesncraBieHa mo3ramnHas cxema 1oiry-
geans 0.6Te0,-0.25Ba0-0.15Zn0O crekon ¢ nmpuMeHe-
HHEM METO/Ia MEXaHOXUMHYECKOTO CHHTE3a C MOCIey-
IOIINM TEPMHYECKHM OT>KUTOM 00pa3IioB.

I1epBsIit 3Tan CUHTE3a 3aKITIOYANICS B HABECKE HCXOI-
HBIX OKCHJHBIX KOMIIOHCHTOB CTEKOJ B 33JaHHOM CTe-
XHUOMETPUUYECKOM COOTHOIIEHUU paBHOM 0.6 Moib TeOo,
0,25 monr BaO, 0,15mMons ZnO. Ilocine HaBecku
MOJYyYEHHYI0 CMECh HOJABEPIIIM MEXaHOXHUMUYECKOMY
repeMaJbIBaHHIO B TUIaHeTapHOM MEJIbHULIE
PULVERISETTE 6 classic line (Fritsch, bepmun, ['epma-
Hus). [lepemanbiBanre IpoBOIMIIOCH NTpH ckopocTH 400
ob6opot/muH B TeueHne 1 gaca. [lepemansiBanne ocyie-
CTBJISUIOCH C TOMOIIBIO IIAPOB THAMETPOM 8 MM B CTaKa-
He u3 kapOuma Boib(pama, 00JagaroIeid TOBEIIICHHON
TBEPAOCTHIO M YCTOMYMBOCTBIO M MEXaHUIECKOMY BO3-
neiicteuio. COOTHOIIEHHE IIApOB K Macce IepeMalbiBa-
eMoro BellecTBa cocrapisuia 2:1. Tperuil stan cunTe3a
3aKJIFOYAJICSl B TEPMUYECKOM CIUIABICHUU TOJYYEHHBIX
MepeMoIoThIX cMecel B MydenbHoit mneun SNOL
(SNOL, VYTtena, JIuta). OT>KUT MPOBOJUIICS B TEUECHUE
30 munyt nipu temmeparype 750 °C, ckopocTh Harpesa

1) 2)
TeOz

- QRS
OuRS
N w2

BaO . 3

Zn0 1’

coctapiasia 10 °C/muH. Jlng oTKMra HCHOJIB30BaIH
QTYH/IOBBIE THIJIN, CIOCOOHBIE BBIICP)KUBATH HOBBIIICH-
Hble Temneparypsl. Ilocne omkura oOpasubl n3BJIEKa-
JICh U3 TIEYH W MPEACTaBIUIN co0oii cTekia, o0nanato-
M€ TEMHOCHHHUM OTTEHKOM H JIOCTaTOYHOM MPO3padHo-
CTBIO.

UccnenoBanne MopQOIOrHUecKX O0coOeHHOCTEH
CHHTE3MPOBAHHBIX CTEKOJI OBUIO NMPOBEICHO C MPUMEHE-
HUEM METOJla PAcCTPOBOW 3JIEKTPOHHOW MHUKPOCKOIHH
(POM), peann30BaHHOH C TOMOIIBIO IEKTPOHHOTO MU-
kpockora Hitachi TM3030 (Hitachi, Tokyo, Japan). H3y-
YEHHE N30TPOITHOCTH PACIIPEACICHNUS IEMEHTOB B CHH-
TE3MPOBaHHBIX 00pa3lax ObUIO BBHIIOJIHEHO C MPUMEHe-
HHEM METOJIa SHEProAUCIIepCUOHHOT0 aHanu3a (J1A) u
KapTUPOBaHMUs, ITO3BOJIIOIETO OLIEHUTH OJTHOPOJHOCTD
pacripeiesieHus 2JIEMEHTOB B CTPYKType cTeKkoll. B cuiy
JIMAJICKTPUYECKON TIPUPOABI CTEKOJ Ui AETalbHOTO
n3ydyeHus: MOpQosorudecknx ocoOEeHHOCTEH Hccienye-
MBIX 00pa3IoB ¢ MpuMeHeHneM MeTo10B POM u DJIA Ha
MIOBEPXHOCTh 0OPa3LOB METOIOM MAarHETPOHHOTO pac-
IIBUIEHHSI OB HaHECEH MPOBOJSIINN CIIOH 30J10Ta TOJI-
mrHO He Ooutee 10 HM. [Ipu D/IA peructpupyemsbre Ma-
JIONMHTEHCUBHBIE IMKH, XapaKTepHbIC I 30JI0TA HE YIH-
TBHIBAJINCH TIPH 00pPaOOTKE U aHAIM3€E CIIEKTPOB, a TAKXKE
OIPE/ICTICHUI0 YCTAHOBJICHHBIX COOTHOIICHHH 3JIeMEH-
TOB.

Wzyuenne ¢a3oBoro cocraBa M KpUCTAIIMYECKOM
MIPUPOJIBI CHHTE3UPOBAHHBIX CTEKOJ OBUIO OCYIECTBIIE-
HO C NPUMEHEHHEM METOJla MOPOLIKOBOW PEHTIEeHOB-
CKOM mudpakium, pearn30BaHHON ¢ MOMOIIBIO PEHTre-
HoBckoro audpakromerpa D8 Advance ECO (Bruker,
Berlin, Germany). CheMka peHTIeHOBCKUX AUPPAKTO-
rpamMM IpoBoiIack B reomeTpun bperr-bpenrano B yr-
JoBoM auanaszone 20=15-100°, ¢ marom 0,02°. Unenrtu-
¢ukanus GazoBoro cocraBa ObuIa OIpEIENICHA C IPUMe-
HeHueM 0a3sl manHbx PDF-2(2016).

Onruueckue CBOWCTBA CHHTE3MPOBAHHBIX CTEKOJI
ObLTH OIPEC/ICHBI ¢ UCIIOIb30BaHueM Y D-criekTpodo-
tomerpa (Specord250Plus, Analytik Jena GmbH, Jena,
Germany). CreMKa ONTHYECKHUX CIIEKTPOB ObLIA OCyIIie-
cteiena B auamazone ot 300 go 1000 uwm, ¢ mrarom 1 HM.
CnexTpsl OBIIM CHSATHI B IByX PEXXHUMax — MPOITYCKaHHS
1 TIOTJIOIIEHUS JUTS OPE/ICNICHHS] ONTHYECKUX U TOTJI0-
IIAIOMINX XaPaKTEePUCTHK CTEKOJ, a TaKXKe IUPUHBI 3a-
TIPEIIEHHON 30HBI.

3)

Pucynox 1. Cxemamuunoe npedcmasienue noiyienus cmekon. 1) nasecka o6pasyos; 2) Mexanoxumuyeckoe nepemanvieanue;
3) mepmuueckuti omoicue 6 mygenvnoil nevu, 4) 2omosvie 06pazybl CMeEKol
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OmnpeneneHre MPOYHOCTHBIX CBOWCTB M TPEIIUHO-
CTOWKOCTH 00pa3loB OBLIO MPOBEJICHO ¢ MPUMCHEHUEM
METOUKH N3MEPEHNUS IToKa3aTelseil TBepAOCTH METOI0M
uHIeHTUpoBaHMs. Jlns w3MepeHus ObLI HCIOJIb30BaH
MuKpoTBepaomep Duroline-M, B kauectBe uHAeHTepa
Obu1a HcToIb30BaHa nupamuaa Bukkepcea. Jlnanason Ha-
rpy3ok Ha uHgeHTep coctaBmi ot 0,01 mo 1,0 kH. Onpe-
JIeNieHNe XapakTepa 00pa3yoIuxcsi MUKPOTPEIIMH U HO-
KazaTessl TPELIMHOCTONKOCTH B 3aBUCUMOCTHU OT TPHJIO-
JKEHHOH Harpy3KH ObLIO OCYIIECCTBICHO ITyTEM aHai3a
MOJYYEHHBIX ONTHYCCKUX H300paKeHUI MOBEPXHOCTH
CHUHTE3UPOBAHHBIX CTEKOJ.

YacToTHBIE 3aBUCHMOCTH 3JIEKTPOIPOBOJHOCTH U
JIMAJIEKTPUYECKON POHUIIAEMOCTH B YaCTOTHOM JiMaria-
30He 500—200 000 I'1y ompeaensiuch ¢ MOMOIIBIO U3Me-
putens umnenanca HIOKU IM3533-01 yepe3 nepecuer
3HAYEHHH AIICKTPOEMKOCTH H 3JIEKTPUYECKOTO UMIIe/aH-
ca. JIns sToro Ha moisryyeHHBIE 00pa3lbl HAHOCHUIIUCH
ANEKTPOABI M3 cepeOpsHON macTel U (HOpMHUpPOBATIACH
CTPYKTypa MIOCKONAPaIeIbHOTO KOHCHCATOPA.

Onenka 3 ()eKTHBHOCTH 3KpaHHPOBAHUS OLICHUBA-
J1ach C IPUMEHEHHUEM CTaHAaPTHOTO METO/1a OLICHKU HH-
TEHCUBHOCTU PETHCTPUPYEMOTO raMMa-H3Iy4eHHS C OIl-
peneneHHol sHeprueil Ha pacctossHuu 10 cM OT uUcTOU-
HUKa raMMa-KBaHTOB ¢ nomoisio Nal gerektopa. Omnpe-
nenenue 3(pGEeKTUBHOCTH YKPAHUPOBAHKS OBLIO OCYIIE-
CTBJICHO ITyTEM CPAaBHEHMS! BEIMYMHBI MHTEHCHBHOCTH
3aperuCTPUPOBAHHON 03 3alIMTHOrO JKpaHa M C HC-
MOJIb30BAaHUEM 3AIUTHBIX JKPAaHOB W3 CHHTE3UPOBAH-
HBIX CTEKOIL.

PE3YJILTATHI U OBCYKJIEHUE

Ha pucysnke 2 mpezacraBieHBl pe3ylbTaThl pEHTTe-
HOBCKOW TH(PaKLIUK HCCIIETyeMbIX 00pa3loB MOJIyYeH-
HBIX METOJIOM TEPMHYECKOT0 criekanus. O0uumii Buj no-
JIy4eHHOI pEeHTIeHOBCKOW AM(PaKTOrpaMMbl XapakTte-
PeH U1 aMOPQHBIX CTPYKTYP M XapaKTepH3yeTcsl OTCYT-

Intensity, ab.u.

BaZnTe,07

BaZnTe,07

BaZnTe;07

|

CTBHEM MHTCHCHBHBIX INKOB, XapaKTEPHBIX JUISl BBICOKO-
YIOPSI0USHHBIX CTPYKTYp. Hanmume Manbpix MuKoB, MH-
TEHCHBHOCTH KOTOPBIX cocTaBiisieT He Oosiee 500 nmir.,
MOJKET OBITh CBSI3aHO C HAJIMYHEM B CTPYKTYpE CUHTE3H-
POBaHHBIX CTEKOJI C(epHUUECKHUX BKIFOUCHHUH, UMEIOLITHX
JIpYrod THUI CTPYKTYpBI, YeM OCHOBHOE COCTOSIHUE
amopdHoro crexna. CoriaacHo peHTreHo(pa30BOMy aHa-
NH3y TOJIOKEHHS YCTAHOBJICHHBIX MaJIOMHTEHCHBHBIX
pedIIeKCoB MOKHO ClienaTh 3aKJII0YeHUE O TOM, YTO JIaH-
HBIC MUK XapaKTepHBI Ui OpTOPOMOMYECKOH (hasbl
BazZnTe,07 ¢ npocTpancTBeHHON cuHronueir Ama2(40),
HUMEIOIIUX CHIIBHO Ne()OPMUPOBAHHYIO CTPYKTYpPBI, O
YeM CBHUJICTENILCTBYET MCKa)KCHHas (opma pedIeKcoB.
OueHKa BKJIaJIOB JaHHBIX pe(IEKCOB B 00LIyIO TUdpaK-
LIMOHHYO KapTHHY COCTaBIIsIeT He Oomnee 5—7%, uTo B 11e-
JIOM CPaBHUMO C OLIEHKOH BKJIaJ0B C(hEPUUECKUX BKIIIO-
YeHUl B o0miel Macce oOpaslia MpH aHau3e MOJIyYeH-
HBIX ONITHYECKUX U300parKeHHH.

V3 momy4YeHHBIX JAaHHBIX MOXKHO CIeJaTh BBIBOX O
TOM, 9TO B Tporiecce TepMuaeckoro crekanus 0.6TeO;-
0.25Ba0-0.15Zn0O crekon mpoucxomur GpopMupoBaHUe
aMOp(HOI CTEKIIOOT00HOH CTPYKTYPBI, ¢ HEOOTBITUMH
BKITtO4YeHHMS B Bue BaZnTe,07 cheprueckux 3epeH, Ha-
JIMYHe KOTOPBIX CBA3aHO C mpoleccaMy (Ha30BbIX TpaHC-
(opmaruii npu CrieKaHUH.

Ha pucynke 3 npezacraBieHsl pe3yabTaThl H3y4YeHHS
MOP(DOJIOTHUECKUX OCOOCHHOCTEH CHHTE3MPOBAHHBIX
0.6Te0,-0.25Ba0-0.15ZnO ctekon, a Takxke daHHBIC
pacripeiesieHus JIEMEHTOB B CTPYKType 00paslioB B BU-
Jie TaHHBIX KapTUPOBAHUs DJIEMEHTOB U SHEPTOUCIIep-
cHOHHOTO criekTpa. CorlacHO JeTadbHBIM H300paKeHNU-
SIM, BBITIOJIHEHHBIM C PUMEHEHHEM METO/a pacTpOBOM
9JIEKTPOHHOI MUKPOCKOIIHMH, OBUIO YCTaHOBJICHO HalH-
YHe B CTCKJIOBUIHOH (hOpMe 3epeHHBIX BKIIIOUCHHI, CO-
JepXKalinux B ceOe MOBBIICHHOE COJCpIKaHUE TeJUTypa,
COTJIACHO JIAHHBIM Pe3yJibTaTaM KapTHPOBAHHSI.

L3
BaZnTe, 0y

'

BaZnTe,07
BaZnTe;07

| |

T T T v v v v T
60 70 80 90 100

2 Theta, degree

Pucynox 2. Pe3ynomamul penmeenogckoul ougppaxyuu cunmesuposannozo oopasya 0.6Te02-0.25Ba0-0.15Zn0O cmexon
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CUHTE3 WU XAPAKTEPU3ALIUA ONTUYECKKUX, MPOYHOCTHbIX U SKPAHUPYIOLLNX XAPAKTEPUCTUK
0.6Te02-0.25Ba0-0.15Zn0
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Pucynox 3. a) POM uzobpadicenue noeepxHocmu CURME3UPOSAHHbIX CMEKO, noydennoe npu yeeaudernuu 5000x;
6) Oanmnvle pacnpedenenus Kapm 21eMeHM08 CMeKol; 8) IHEP2OOUCNEPCUOHHBIU CNEKMP U YCPeOHeHHble OaHHbLe
NEMEHMHO20 COCMABA CMEKOJl

[Tpu 3TOM NeTanbHBIA aHAIN3 KAPTHPOBAHMS TOBEPX-
HOCTH 00pa3lLOB C LIENbI0 ONPEJeNeHUsS U30TPOIHOCTH
pacIipeielieHHs 3JIEMEHTOB B COCTaBE CTEKOJ MOKa3zall,
YTO pacHpesiefieHHe BCEX 3JIEMEHTOB HCIOIb3YEeMBIX
KOMIIOHEHT PaBHOBEPOSATHO PaCIpesieIeHO B CTPYKType
CTEKOJI, ¢ HeOOIBIIINM YBEIHICHUEM COJIePKAHUS TEILTy-
pa B 00pa3oBaHHbIX 3epHax. Takoe GpopMupoBanue 3epeH
TaKKe MOJTBEP)KAACT AaHHbIE pEeHTreHo(a30Boro aHa-
JIM3a 0 HaJM4Ke B CTPYKType 3epeH BaZnTe 07, ¢ moBbI-
LIEHHBIM COJEP’KaHUEM TEJTypa COrNIaCHO XMMUYECKOM
¢dopmyite. I1pu 3TOM Ha SHEPTOANCIIEPCHOHHOM CIEKTPE
ucciexyemMoro oopasua He HaOiogaeTcs Haludue Ka-
KHX-JIN00 MaJIONHTEHCHBHBIX IIMKOB, XapaKTePHBIX JUIS
MIPUMECHBIX 3JIEMEHTOB, YTO CBUICTEIIECTBYET O UUCTOTE
MTOJTyYSHHBIX CTEKOJ, HE COAEPIKAIINX HMHOPOAHBIX IPH-
MeECEH.

Ha pucynke 4 npenctaBieHsl pe3yiIbTaThl OIpeaese-
HUSL TUDJIEKTPUYECKHX XapaKTEePUCTHK CHUHTE3MPOBAH-
HBIX CTEKOJI B BUJIE YACTOTHBIX 3aBUCHUMOCTEH yAEIbHON

AIEKTPONPOBOJHOCTH H TUIIEKTPUICCKOI IIPOHHUIIAEMO-
ctu. Kak BHIHO U3 puCyHKa 4a 3JeKTPONPOBOIHOCTH G
BO3pacTaeT C YBEIWYCHHEM YaCTOTHI JJEKTPHUECKOTO
nepemMeHHoro mnoJjis f 6osiee yeM 5 MOPsAKOB HA paccMa-
TPUBaEMOM JaHana3oHe yactoT. [logoOHas 3aBUCUMOCTD
XapakTepHa JJis TUAJIEKTPUKOB C HEOJHOPOTHON CTPYK-
TypoOH, B KOTOPOH IpU HU3KUX 4acCTOTaX 3apsiabl Ha He-
OJIHOPOAHOCTSIX JAlOT BKJIAJ UCKIIOUYUTENBHO B MOJSPU-
3allMl0, a Ha BBICOKMX YACTOTaX Takke U B MPOBOIU-
MOCTb. 3HaU€HHE, U3MepPEHHOe Ha yacTtoTe 5 ['11, paBHOE
6,24-10° CM/M u 61m3KOe K 3IEKTPONPOBOJHOCTH HA
MIOCTOSIHHOM T10JI€, HAXOAUTCS B IIpeieax 3HaueHul, oT-
HOCHMBIX K TU3JIEKTpUKaM. YacToTHas 3aBUCUMOCTD J1-
AJICKTPUYECKON TPOHUIIAEMOCTH (pUCYHOK 40) MeHee
BBIpaKEHA TI0 CPaBHEHUIO C 3aBUCHUMOCTHIO o(f), a cpen-
Hee 3HaueHue NMpoHuIaeMoctu coctanisiet ~20,3. [ToBbI-
MIEHHOE 3HAYCHHE AMAJICKTPHUECKON MPOHUIIAEMOCTH
10 CPaBHEHHWIO C TPOMBIIUICHHBIMU CTEKJIAMH MOXET
OBITH CBSI3aHO ¢ HaauuyreM BKIoYeHui BaZnTe,0y.
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CUHTE3 U XAPAKTEPU3ALIUA ONTUYECKKX, NPOYHOCTHBIX N AKPAHUPYIOLLUX XAPAKTEPUCTUK
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Pucynox 4. Yacmommuas 3a6ucumocmo usMeHeHUs: 6eIUYUHbL YOEIbHO20 CONPOMuUSIeHus (a)
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Pucynox 5. [launvie UV-Vis cnexkmpockonuu cunmesuposannwix 0.6Te02-0.25Ba0-0.15Zn0 cmexon:
a) cnexkmp nponyckanus, 6) cnekmp no2ioujeHus.

Ha pucyHnke 5 npexncraBieHbl pe3yJsbTaThl U3MeEpe-
HUW ONTHUYECKUX CBOMCTB cuHTe3upoBaHHBIX 0.6TeO2-
0.25Ba0-0.15Zn0O ctekon B BUE CIIEKTPOB MPOIyCKa-
HUS ¥ TTOTJIOIIeHHUs. JJaHHbIE CIIEKTPBI ObUIN MOJTYUYEHBI C
HCTIONB30BaHueM MeTona mMmeperus UV-Vis crekrpo-
CKOIIMH B nuarna3one mH BojaH 350-1000 HM, oxBaThI-
BaloleM Kpail ynbTpaduoIeTOBOW 00JIacTH, BUIMMOTO
cBeta u Ommxaero MK-mnamazona. CormacHo ToTydeH-
HBIM JIaHHBIM OINTHYECKUX CIIEKTPOB MPOITYyCKAHUS,
MPEJCTaBICHHBIX B JIBYX BapHalusiX (CIEKTp CTEKIa U
CHEKTp IEePETEepPTOro MOpPOIIKa, MU3MEPEHHE KOTOPOTO
ObUTO BBITIOJTHEHO C HCIIOJB30BAaHWEM HWHTETPAIBbHON
cheprl) OBUTO YCTAHOBIIEHO HAMYHME HIMPOKOH MOJIOCHI
TIOTJIOMIEHUS B 00JaCTH TpaHUIBl BUAMMOTo cBeTa (500—
650 HM), HaJTYKe KOTOPOH MOXKET OBITh 0OBICHEHO KaK
CTPYKTYPHBIMHU BKJIFOUCHHUSIMH B BHJE 3epeH BaZnTe,Oy,
Tak 1 00pa30BaHUEM JIOTOJHUTEIBHBIX MMOTIOMIAIOIIIX
LEHTPOB B COCTABE CTEKOIL.

AHanu3 CreKTpa MOTJIOMICHUS BEIIBIII HATTIYUE TPEX
MOJIOC TIOTJIOLEHHS MPU T'ayCCOBOM PA3JIOKEHUH KOTO-

pBIX OBLIM YCTAHOBJICHBI BEJIMYHMHBI UX MaKCHMYyMOB.
Makcumym ¢ BenuurHoi 3,39 5B MoxeT ObITh 00yCIIOB-
JICH HAJIMYAEM KHCJIOPOIHBIX BAKAHCHUH B ClTydae pa3phl-
Ba XUMHYecKuX cBszeit Te-O, mosiBiIeHne KOTOPBIX MOXK-
HO CBSI3aThb C IpolleccaMd OOpa30BaHMs HECBS3aHHBIX
COCTOSIHMH Ha JIEKTPOHHBIX opOuTansx. Hammaue max-
cUMyMOB ¢ BemmunHamu 2,33-2,35 3B MoxeT OBITH 00Y-
CIIOBJICHO (pOpMHUpPOBAaHHEM B CTPYKTYpE KHUCIOPOIHBIX
BakaHcHi Vo, a HalTMuKe CIEeKTPaIbHOU MOJIOCH C MaK-
cumymoM 2,0-2,06 3B o0ycroBieHo HanUIHEM MEXIO0-
y3eIbHBIX aTOMOB Krcaopoa (O;), hopMupoBaHUE KOTO-
PBIX IPUBOIUT K MOSBJICHUIO U3JIy4YaTeIbHbIX IIEPEX0I0B
HOCHTENEeH 3apsia U3 30HBI MPOBOAUMOCTH. TakuM 00-
pa3oM, K3 MOJyYSHHBIX AAHHBIX ONTHYECKUX CIIEKTPOB
MPOIMYCKaHUS M TOTJIOMICHUS MOYKHO CJIeNIaTh BBIBOX O
BIIMSIHAY 3JIEKTPOHHOM CTPYKTYPBI HCXOAHBIX OKCHIHBIX
KOMIIOHEHTOB Ha 00pa30BaHUE JOTOIHUTEIBHBIX TTOJI0C
MTOTJIOIICHUSI B CTEKJIAX, YTO MOXKET OBITh UCIIOIh30BaHA
B OINITO3JICKTPOHHBIX YCTPOWCTBAX.
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CUHTE3 U XAPAKTEPU3ALIUA ONTUYECKKX, NPOYHOCTHBIX N AKPAHUPYIOLLUX XAPAKTEPUCTUK
0.6Te02-0.25Ba0-0.15Zn0

(ahv), (aBxem™)?

T T
2.0 25 3.0 35
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Pucynok 6. [annvie nocmpoenus Tayka

Ha pucyHke 6 mpejcTaBieHbl pe3yibTaThl OCTPOE-
Huil Tayka, oTpa)kalOIMX W3MEHEHUE BEIMYMHBI Kpas
(byHIaMEHTATBHOTO MOTJIOICHHS UITH KPACHOTO CJIBHTA,
a TaKKe MUIMPUHBI 3aMPEHICHHON 30HBI MOJNyYSHHBIX
0.6Te0,-0.25Ba0-0.15Zn0O crekon. CoriaacHo OLEHKE
BEJIMYUHBI IIUPUHBI 3aIIPEIICHHON 30HBI OBLIO YCTAHOB-
JICHO, YTO JIaHHAasl BEJMYUHA JJI1 CHHTC3UPOBAHHBIX CTE-
kot cocrasisier 2,89 3B. Kak u3BecTHO, mUprHa 3ampe-
IICHHOW 30HBI JMOKCHIA TE/UIypa COCTaBJIsieT 3,6—
3,8 3B, B 3aBHCHMOCTH OT KPACTAIUTHICCKON MOAU(PHKA-
LIHH, B CBOIO OY€PE/Ib BEJIMYMHA IIHPHHBI 3aMPEIICHHOM
30HBI JJIsl OKCHIA IIMHKA, SBIISIOIETOCS ITUPOKO30HHBIM
MONYTIpOBOXHUKOM cocTaBisieT 3,3-3,4 3B, BemmunHa
IIMPUHEI 3aNPEIeHHON 30HBI OKCUIa Oapus COCTABICT

2,9-3,2 53B. Tlony4yeHHOe 3HAUYCHHUE BEJIMYHHBI IIHUPHHBI
3aMpelIeHHON 30HBI JJIsl CHHTC3UPOBAHHOTO CTEKIa
0.6Te0,-0.25Ba0-0.15Zn0O nMeeT 3HaYCHUE HECKOILKO
MEHbIIIE, YeM JJI1 OCHOBHOM KOMIIOHEHTHI JHOKCH/A
TEJTypa, YTO MOXKET ObITH 00ycioBiIeHO 3¢ hexToM u3-
MEHCHHS AJIEKTPOHHOM IUIOTHOCTH, CBI3aHHOM C TIpoIIec-
caM¥ aMOp(H3aIMU CTEKOJI, & TAKKE HAITUYUEM JIOTIOJI-
HUTENBHBIX KOMIIOHEHT B BH/I€ MOHHBIX U MOJYHIPOBOJI-
HHUKOBBLIX COEIMHEHMH, UMEIOIINX 3HAYMTEILEHO MEHB-
LIYIO HIMPHUHY 3aIPEIICHHON 30HbI.

HemanoBaxHbIM CBONHCTBOM CHHTE3UPOBAHHBIX CTE-
KOJI B CJIy4ae MX MPaKTHYECKOTO UCIIOIb30BaHHUs B Kave-
CTBE 3alUTHBIX MAaTCPUAIIOB JUI SKPAHUPOBAHUS SIBIIS-
€TCS MX YCTOHYMBOCTH K BHCITHUM MEXaHHUECKUM BO3-
JICHCTBUSAM, B TOM YHCIC CXKATHIO, yAapaM, CIaBJIMBa-
HUIO U T.J. [I[pouHOCTHBIE CBOMCTBA U YCTONYMUBOCTH K
MEXaHUYECKOW MECTPYKIUH HUIPAlOT BECbMa Ba)KHYIO
pOJIb B OMpeecHUH 00aCTH MPUMCHUMOCTH JaHHBIX
MaTEpHAJIOB, TaK KaK B CIydYae HCIOJb30BAHUS HX IS
9KPaHUPOBAHUS KOCMHUYECKOTO H3IydeHus. B ciyuae
CIYTHUKOBBIX aIIapaToB, JICTAONIMX Ha OKOJO3EMHOM
opbuTe, HEOOXOUMO YUHUTHIBATH BEPOSTHOCTh MEXaHHU-
YECKUX CTOJKHOBEHUH C KOCMHYECKHM MYCOPOM HIIH
METEOPUTHBIMH [TOTOKAMH, BO3/ICHCTBUE KOTOPBIX HE pa3
BBIBOJIHIIO U3 CTPOSI KOCMHYCCKHUE arnapaThl.

Ha pucynke 7 npencraieHbl ONTHYECKHE U300paske-
HUS OTIICYATKOB HMHJCHTEPA, MOJYYCHHBIX MPU Pa3iId-
HBIX HArpy3kKax Ha WHACHTEP, OTPAKAIOIIUX H3MCHEHUE
TBEPIOCTHU MPUMTOBEPXHOCTHOTO CJI0S HA PA3IMYHOM TITy-
OWHE, a TAKXKE XapaKkTep 00pa3yIoIUXCs MUKPOTPEIIHH
B MECTE IOBPEXKICHUH.

PuCyHOK 7. Onmuueckue u306paofcel-tw1 omne4amkos queHmepa npu queHmuposaHuu MEXAHUYECKUX C8OUCME
6 3asucumocmu om HaAcpy3Ku Ha uH()eHmep
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CUHTE3 U XAPAKTEPU3ALIUA ONTUYECKKX, NPOYHOCTHBIX N AKPAHUPYIOLLUX XAPAKTEPUCTUK
0.6Te02-0.25Ba0-0.15Zn0

OOmwmii BUI NPeICTaBICHHBIX OTIICYaTKOB HHICHTE-
pa CBUIETENLCTBYET O JOCTATOYHOW NMPOYHOCTH 00pas-
LIOB ¥ YCTOMYMBOCTH K TPELIMHOOOPa30BaHUIO, a Xapak-
Tep HaOJIIOAAaeMbIX TPELIUH NP YBEIMYCHUH HArpy3Kd
XapakTepeH JUIsl MOy ANCKOBBIX TPELIHH, 00pa3yIoIux-
cs1 BONMM3M BEpIIMH OTNedaTka MHAeHTepa. [Ipu stom
(dopma oTieuaTka HHAEHTEpa OIM3Ka K U30TPOITHOM, 4TO
CBHIETEIBCTBYET O PAaBHOBEPOSTHOM pAaCIpEACIICHUH
OTKJIMKA BO3HUKAIOIINX UCKAXKAIOMIUX (PaKTOpOB B IpH-
MOBEPXHOCTHOM CJI0€ 00pasla IpH BHENTHUX BO3JCHCT-
BusX. [Ipm 3TOM MHAEHTHpOBaHWE OOPa3mOB B ONM3HM
cheprdecKux BKIIOUCHUH OTPaXkaeT ux 0ojee BEICOKYIO
YCTOWYMBOCTH K PACIIPOCTPAHEHHIO TPEILMH, YTO Xapak-
TEPHO /I apMUpYIoIIero GhakTopa ynpouyHeHus aMmopg-
HBIX CTEKOJI 33 CYET 00pa30BaHHBIX BKIIOUCHHUH B CTPY-
KType.

Ha pucynke 8 mpencrtaBieHbl pe3yJbTaTbl JaHHBIX
TBEPAOCTH UCCIEAYEMBIX 00pa3loB B 3aBUCUMOCTH OT
BEJIMYMHBI HArpY3KH Ha WHICHTEP B NPOLECCe MEXaHH-
YeCKHUX HCTBITaHui. TBepaocTh OblIa onpeneneHa ¢ npHu-
MeHeHueM (Gopmyisl (1), KoTopas OTpaxkaeT BBIYHCIIE-
HHE 3HAUCHUH TBEPAOCTH 110 BUKKepcy ¢ y4eToM reome-
TPUH MHACHTEpA B BHJC aJIMAa3HOH MUPaMHIKH.

HV =1, 8540%, 1)

rae P — npunoxennoe nasinenue, d — cpeqHss IinHa
HAroHaJId OTIIEYaTKa.
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Pucynox 8. Pe3ynomamul usmenenus eeiuyuHsl meepoocmu
no Bukkepcy 6 ciyyae ygenuvenus Hazpy3Ku Ha uHOeHmep

[TomyuyeHHBIE TaHHBIC OTPAKAIOT U3MCHEHHUE MTOKA3a-
TeJNel TBEPJOCTH CHHTE3UPOBAHHOTO 00pa3iia B 3aBHCH-
MOCTH OT T'TyOHHBI MPOHUKHOBEHUS UHACHTEPA, & TAKKE
CHJIBI BHEILITHETO BO3AeHCTBYS Ha HET0. COrIacHO O0IINM
MPEACTABICHUSAM, B CIy4ae OJHOPOMHOTO IO COCTaBy
00pa3iia M3MEHEHHE 3HAYCHHUU TBEPIOCTH B 3aBUCHMO-
CTHU OT CHJIBI Hany)KeHI/ISI Ha I/IH}IGHTep JOJIPKHBI 6I)ITI)
OJIM3KH, TaK KaK MaTepHall JODKeH 00JanaTh yCcToHIn-
BOCTBIO K BHEIITHUM BO31ecTBUAM. COTJIACHO MOJTYYEH-
HBIM JTAaHHBIM, TIPH MaJIbIX Harpy3Kax Ha MHJICHTEp (Me-

aee 0,05 kH) 3HaueHWs TBEpAOCTH HECKOJIBKO 3aBBIIIIE-
HBI, YTO MOXKET OBITh 00YCJIOBJICHO KaK (haKTOPOM Majio-
T'0 BO3JICHCTBUSI, TAK M HAJIMYHS B CTPYKTYpE IPUTIOBEPX-
HOCTHOT'O CJIOSI OOJIBIIIETO KOJTHYESCTBA CTPYKTYPHBIX Ha-
MPsDKSHUM, MPEMATCTBYIOMNX AeopMaliuu u paspyuie-
HUI0. B ciiyuae yBennyeHHs Harpy3Ky HAOIIOaeTCs CTa-
Oui3alys 3HaYCHUI TBEPIOCTH B IMATIA30HE 3HAUCHUIA
290-300 HV, uro cBHIETETBCTBYET O CTAOMIEHOCTH Me-
XaHWYIECKUX CBOMCTB 00pa3moB. [Ipu Gonpummx Harpys-
kax (6omnee 0,5 kH) HaGmomaeTcss HE3HAYUTEILHOE CHH-
JKEHUE 3HAYCHU I TBEPIOCTH, YTO MOXKET OBITh CBSA3aHO B
MEPBYIO0 OYepe/lb C YBEIMYCHHUEM BHEIHEro BO3ACHCT-
BUS TIPU HATPY)KCHHU, MPUBOJIAIICH K OONBIIEMY BJIaB-
JIMBaHMIO UHJICHTEpA BIUIyOb 00pasiia, a TAKXKe yBeInde-
HUIO 00Pa3yIOMIUXCs MUKPOTPEIIHH, TIPUBOIAIINX K Jie-
cTpykimu. Ha oCHOBaHHMY MMOJTyYEHHBIX TaHHBIX H3MCHE-
HUIl TBepJIocTH OblIa paccydTaHa CpeiHSAs BeIUYMHA
TBEPAOCTH, KOTOpas coctaBmia He menee 293 HV, uto B
nepeBoie B equHUIBI cucteMbl CU cocTaBisieT He MeHee
2,87 I'Tla.

Ha pucynke 9 npescraBieHbl pe3ylIbTaThl, OTPaXKaro-
IKe BA3KOCTh Pa3pyIICHHs CHHTE3UPOBAHHBIX 00Pa31oB
B pe3yJbTaTe BO3CHCTBHS HHICHTEPOM B BHJIE TUPAMU-
Jb1 BUKKepca npu pa3nuyHbIX HATPY3Kax.
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Pucynox 9. Pesynomamvl usmeneHus: 6eUyUHbL C/a,
ompadicaioweli xapakmep mpeujut, oopasyiouuxcs
6 pe3yivbmanme HeUHUX 8030elicmeull

IIpencraBneHHble Ha pUCYHKE 9 JaHHbIE U3MEHEHMS
BEJIUYUHBI C/a, Tie ¢ — TMONyUIHHA TPEUIUHbI, U d — MO~
JyUaroHanb OTNe4YaTka WHAeHTepa. /laHHas BenuduHA
XapakTepu3yeT XapakTep | THUII 00pa3yIONNXCs TPEIUH
B pe3yJbTaTe BHEUIHUX Bo3jedcTBuil. M3BecTHO, uTO
mpu c¢/a < 2, TN 00Pa3yIOMMUXCS TPEIIUH XapaKTepeH
Juts TperuH IlarMKBHCTa, KOTOPBIE pAaCIIPOCTPAHSIIOTCS
B OCHOBHOM B OOKOBOM HAIIPaBJICHHH OT BO3ICUCTBUS
HWHAEHTepa, 00pa3ysa KoHLeHTpudeckue kpyru. [Ipu Be-
JIMYUHE ¢/a > 2, TUI TPEUIMH XapaKTepeH JUIs MOy IHc-
KOBBIX, 00pa30BaHHE KOTOPBIX MPOUCXOJHUT Ha KOHIAX
OTIEYaTKa UHAEHTEPa, a pacCIpOCTPaHEHUE MPOUCXOUT
B PaJUaIbHOM U MOIEPEUYHOM HalpaBJIEHUH OT LIEHTpA.
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CUHTE3 U XAPAKTEPU3ALIUA ONTUYECKKX, NPOYHOCTHBIX N AKPAHUPYIOLLUX XAPAKTEPUCTUK
0.6Te02-0.25Ba0-0.15Zn0

CornacHO MOTyYEHHBIM JaHHBIM W3MEHEHHS BEIMYUHBI
¢/a B 3aBUCIMOCTH OT BEJIMYMHBI HATPy3KU HA HHACHTEP
BUJIHO, YTO IPH MaJIbIX Harpy3kax oOpasyromumcs Tpe-
myHaM xapaktepeH Tun [lanMkBucTa, B TO BpeMs Kak
yBennyenue Harpysku Boiue 0,05 kH npuBoaut k obpa-
30BaHUIO MOJYAUCKOBBIX TpewuH. [Ipu aTom crout ot-
METHUTb, YTO YBEIUUCHNUE HArpy3KU HE IPUBONT K CEPb-
€3HBIM PA3IHYMAM B BEJIMYMHAX COOTHOUIEHHS c/a, 9TO
CBHUJICTENBCTBYET O CTAOMIBHOCTH MaTepuana K TpeIin-
HOOOpPa30BaHUIO IIPU BHEIIHUX Harpyskax. Hmwxe Ha pu-
cyake 10, B xkauecTBe mprMepa MPUBEIEHBI H300pake-
HUSI OTIIEYAaTKOB MHICHTEPA C XapaKTEePHBIMH IOy IHC-
KOBBIMH TpEIIMHAMH, OOpa3yIOIIUMHUCS B peE3yJbTaTe
BHEIIIHUX BO37eWCcTBUI mpu Harpyske 0,1 kH.

L

Pucynox 10. pumep uzobpadicenus pacnpocmpanenus
mpewur npu UHOEHMUPOBAHUU

Ha ocHOBe n3MeHEeHU I BEIMYUHBI ¢/, & TAKKE BEITH-
YHHBI TBEPIOCTH C UCTIOIb30BaHUEM (HOpMYJIBI (2) MOXK-
HO OLEHHTh BEJIMYMHY KPHUTHYECKOTO KOd(QdHIHEeHTa
HHTeHCUBHOCTH HanpspkeHuil (Kic) B oOpasuax npu uH-
JIEHTUPOBaHUM.

K, =0,16-H-a"?-(c/a)*?, @)

rne H — BenmmumHa TBeppoctu mo Bukkepcy, ¢ — momy-
JUTHHA TPEIIWHBI, U ¢ — MOJyAHaroHallb OTIeYaTKa HH-
neHTepa. Pe3ynmpTaThl pacueToB MpeICTaBICHBI HA PH-
cynke 11.

Kak BUIHO U3 MIpeNCTaBICHHBIX JaHHBIX, IIPH MaJIbIX
Harpy3kax 0,01 kH i KOTOpbIX XapakTepeH xapakTep
pactpocTpaHeHHs TpemuH 1o [lanMKBHCTY B HpHIO-
BEPXHOCTHOM clioe BennmyuHa Kic 3HAUHTENBHO TPEBHI-
IIaeT cpenHee 3HA4YeHHE, UYTO CBHIETEIHCTBYET O TOM,
9YTO B MAaJiOM TIPUIIOBEPXHOCTHOM CJIO€ COAEPIKUTCS
0O0JIBIIIE YIPOYHSIOMHNX (PaKTOPOB, CBI3aHHEBIX ¢ Aedop-
MAIMOHHBIMHI HCKaXCHUSMH, BO3HUKAIOIMIMMHU TIpU 3a-
CTBIBAaHUH CTEKOJ, a TaKkKe CPEPUICCKHIMHU MEITKUMHU
BKITIOYCHUSMH, KOTOPBIC OBLIM OTYETIWBO BHIHBI MPHU

MHICHTUPOBAHNH, CPEIHEE 3HAYEHUE BEMMIMHbI Kic utst
BCETO U3MEPSEMOTr0 MANa3oHa HATPY30K COCTABIIAET HE
menee 3,13 MITa-mY2, TIpu 5ToM aHanmM3Mpys MpeICcTaB-
JIEHHBIE U3MEHEHHMS BEJMIUHBI K¢ B 3aBUCHMOCTH OT Ha-
IPy3KHM BHJIHO, YTO OCHOBHBIE OTJHYHS HaOJIIOJAr0TCS
[PU MaJbIX Harpy3Kax, 4TO MOKET ObITh CBA3aHO C Jie-
(OPMALMOHHBIMH BKJIIOUEHUSMHU B TIPUIIOBEPXHOCTHOM
coe.

4.4

4.2 1

& 3.0+ CpeaHee 3HaveHne 3.13+0.21 MMaxm"?

T T
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Pucynox 11. Pesynomamol usmenenus genuvunst Kic
6 3A6UCUMOCTNU OM NPULONCEHHO20 OABNIEHUsL HA UHOeHmeD

Ha pucynke 12 mpencraBineHa cxema dKCIIEpUMEHTA
0 OmpeaecHUI0 3PPEKTUBHOCTU SKPAHUPOBAHUS TaM-
Ma-U3My4YeHUs] ¢ HMCIOJIb30BAHUEM CHHTE3MPOBAHHOTO
CTEKJIa TONIHHON 3 MM. B KkauecTBe HCTOYHUKOB raMma-
U3JTyueHHs ObUIM UCIOb30BaHbl ucTounuku Co®’, Cst¥7,
Na?? ¢ sHeprusimu ramma-kBantoB 130 k3B, 660 k5B n
1270 x3B cootBercTBeHHO. Mcmonb3yemasi cxeMa [Uis
SKPaHUPOBAHUS MPEACTABIIET COOOH MCTOYHHK raMMa-
M3JIy4YeHUsl, MOMEIIEHHBI B CBHUHLOBBIA KOHTEHHED,
HMMEIOIUI OJJHO BBIXOJHOE OTBEPCTHE AUAMETPOM 5 MM,
KOTOPOE TMO3BOJISIET UCITyCKAaTh TaMMa-KBaHThI B OJHOM
HampasyieHud. [lepea ICTOYHIKOM U3TyYeHus pa3Menia-
€TCs 3alUTHBIN SKpaH B BUjAE 00pasiia, OCHOBHAS IIeIh
KOTOPOTO 3aKII0YaeTCsl B CHUXEHHUM WHTEHCUBHOCTH
MIPOXOXKIEHUS raMMa-u3inydeHus. JleTeKTupoBaHue ram-
Ma-¥M3IIyYeHHs 1 PETUCTPALNS HHTCHCUBHOCTH TIPOIICI-
[IMX TaMMa-IIydeil ObLTO TIPOBENEHO C HCIOIh30BAHUEM
perucTpupyouieil cucteMsl Ha OcHOBe JieTekTopa Nal.
Perucrpanus npoBoamiack B paBHOM BpEMEHHOM HHTEP-
Baje, JUId CpaBHEHHWs ObLTa M3MEpeHa WHTCHCHUBHOCTH
peTUCTpUPYEMBIX TaMMa-KBaHTOB 0e3 3aIUTHOTO JKpa-
Ha.

MCTOYHMK

Y - KBAHThbI
m+ .
—
—

CBUHLOBbIN 3KpaH Cuctema perucrTpauuu

Pucynox 12. Cxema sxcnepumenma onsa pecucmpayuu
2amMMa-u3yueHus

16



CUHTE3 U XAPAKTEPU3ALIUA ONTUYECKKX, NPOYHOCTHBIX N AKPAHUPYIOLLUX XAPAKTEPUCTUK
0.6Te02-0.25Ba0-0.15Zn0

Ha pucynke 13 mpencraBieHB JaHHBIE O BEJIHIIHE
(G QEKTUBHOCTH HKPAHMPOBAHUSI TaMMa-U3JIyYeHUS C
pa3IM4YHOMN PHEprueil raMmMa-KBaHTOB, PACCUHTAaHHBIE C
ucronb3oBaHueM Gopmyst (3).

3¢ PEeKTUBHOCTb IKPaHUPOBAHUSA = IOI_“ +100%, (3)
0

rae lo, li — MHTEHCUBHOCTB PErUCTPUPYEMOTO raMMa-n3-
JMy4eHust 0e3 3alUTHOrO dKpaHa M C 3aIUTHBIM JKpa-
HOM.

100 4
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Pucynox 13. Jlannvie oyenxu 3¢pghexmuenocmu sKpaHuposa-
HUSL 6 3a8UCUMOCIU OM IHEP2UU HATCAIOWUX 2AMMA-KEAH-
moe (Ha epagure npusedeHvl OaHHbIE O CHUNCEHUU IPpeK-
MUBHOCIU 8 NPOYEHIMHOM COONMHOUEHUU C 8eTIUHUHOU ¢ pe-
KIMUBHOCIU SKPAHUPOBAHUSL OISl 2AMMA-KEAHMO8 C dHep2uell
130 xsB)

Kak BHIHO U3 NpeACTaBICHHBIX JAHHBIX, B CIIydyae
9KPaHUPOBAHMS HU3KOIHEPIreTHYECKHUX IaMMa-KBAaHTOB
¢ sHeprueit 130 k3B, 11 KOTOPHIX OCHOBHBIM MEXaHU3-
MOM B3aUMOJICHCTBUSI C BEIIECTBOM sIBIsIeTCS (OTO3-
(heKT, CONPOBOXKJAIOITMIACS TTOJIHBIM ITOTJIOIEHUEM TaM-
Ma-KBaHTa, 3((PEKTUBHOCTh SKPAHUPOBAHHUS COCTABIISET
6omnee 95%, uTo ABNIAETCS BECbMa XOPOIIMM IOKa3are-
JIeM 711 SKpaHUPYIOINX MaTepuaioB. B ciaydae skpanu-
pOBaHHUS TaMMa-KBaHTOB C 3Hepruei 660 k3B, ucmycka-
embIx ucrounnkom Cs'¥, ¢ xapakTepHbIMU MexaHH3Ma-
MH B3aUMOJIEHCTBHS raMMa-U3Iy4CHHUS CBA3aHHBIX C 3(-
¢dexTom KomnToHa, COMpOBOXKIAIOIIMXCS YIPYTHM pac-
CestTHMeM raMMa-KBaHTOB Ha CBOOOTHBIX AJICKTPOHAX, Ha-
OmrotaeTcsi cHIbKeHHE 3(Pp(QEeKTHBHOCTH SKpaHUPOBAHUS
6oniee ueM Ha 10% B CpaBHEHHH C aHAIOTHYHOM BEJTNYH-
HOH 3((EKTUBHOCTH TPH SKPAaHUPOBAHUN raMMa-KBaH-
ToB ¢ sHepruerd 130 k3B. [Ipu sTom BenmumHa 3¢ dex-
TUBHOCTH cocTaBisieT Oonee 80%. Takoe cHmkeHUE (-
(DEKTUBHOCTH MOKET OBITH OOBSICHEHO pa3InIveM B Me-
XaHW3MaxX B3aMMOACHCTBHSI raMMa-KBaHTOB C BEIIECT-
BOM, a TaK)K€ YBEIMYCHHEM HPOHMKAIOUIEH CIIOCOOHO-
CTH TaMMa-KBaHTOB C YBEJIIMYCHHEM DHEPTHH, KOTOpOe
HanboJsee IBHO MPOSBISIETCS U1 FTaMMa-KBAaHTOB C YHEp-
rusmu 1270 k3B, ncnyckaemeix ucrounukom Na?2, B
Clly4ae yBEJIMYEHUs] SJHEPrUU TaMMa — KBAHTOB CBBILIE
1,0 MaB npu B3aUMOJCHCTBUH €T0 C AJIEKTPOMArHUT-
HBIM I10JIEM $1/I€P BO3MOKHO 00pa3oBaHKeE JIEKTPOH-TIO-
3UTPOHHBIX Map IO CICAYIOIIEMY MEXaHH3MY Y—¢ + e,

BKIIIOYAIONIEMy B CeOsl TOJIHOE€ MCUE3HOBEHHE ramMMa-
kBaHTa. Takke CTOMT OTMETHTH, YTO 00pa30BaHUE JJIEK-
TPOH-TIO3UTPOHHBIX Tap MPOMCXOAUT TOJBKO B CiIydae
npeojoneHus sHepretudeckoro nopora (1,02 MaB), a
M30BITOK SHEPTUU TPH B3aUMOJICHCTBUU M 00pa3oBaHUH
9JIEKTPOH-TIO3UTPOHHBIX T1ap paclpeaessieTcs B BUie Ku-
HETUYECKOW YHEPTHH JJIEKTPOHA U o3uTpoHa. [Ipu sTom
MOCIIEAYIONINE TIPOLECCH B3aMMOJICHCTBHS 00pa3oBaB-
MIUXCS 3JIEKTPOHA U TO3UTPOHA MIPHUBOIUT K 00pa3oBa-
HUIO TaK Ha3bIBAEMBIX BTOPUYHBIX TaMMa-KBaHTOB, ¢ 00-
Jiee HU3KOM 3HEpPrueu, 4To NPUBOIUT K U3MEHEHUIO UX
MEXaHN3MOB B3anMO/IeiicTBUs ¢ BemecTBoM. OOpasyro-
11eecst BTOPUYHOE U3JIyYeHHE, B BUJIE DIICKTPOHOB, MO3HU-
TPOHOB ¥ FTaMMa-KBaHTOB B 00’beMe SKPaHUPYIOILETo Ma-
Tepuaia obOnangaer Oojiee HU3KOW NMPOHMKAIONIEH cro-
COOHOCTBIO, B OTJIMYUE OT TaMMa-KBaHTOB, IOCITYKUB-
LIMX POJIOHAYAIBHUKOM HX 00pa3oBaHUs, OAHAKO, He-
CMOTpSl Ha 3TO TaKXXe CIIOCOOHBI OKa3aTh HEraTHBHOE
Bo3zeiicTBHE. B 3TOM ciydae, ocCHOBHBIM 1 Hanbouiee 3¢-
(EKTHBHBIM PELICHUEM JUIS 3aIIUTHl OT BHICOKOIHEpPTE-
THUYECKHX FaMMa-KBaHTOB, SIBIISICTCS HCIIOJIL30BAHHE Me-
TOJVKH yBETHYCHUS TOJIIMHBI 3aIIUTHBIX ITOKPBITHH U
9KPaHUPYIOIINX MaTEpPHAIOB, KOTOPOE ITO3BOJSIET CHHU-
3UTh HHTEHCHBHOCTh TaMMa-U3JIyueHNs, a TAKXKE MOTII0-
TUTDb 60J'II)I_UyIO YaCTb BTOPUYHOI'O U3JIYyYCHUA.

In
[N}
J

=
=)
1

H

o
o
1

S
i

ppuLmreHT ocnabrerus, cm™

o
IS
1

MHBIN KO3\
o
o
N

Tnnel
o
o

T T T T T T T
0 200 400 600 800 1000 1200 1400
OHeprusi ramma - KBaHToB, k3B

a)

s
o
N}
S
1

1

0.15

0.10

b

0.05

MaccoBblit koathhuLMeHT ocnabnenus, cm?/r

o
o
S

T T T T T T T
0 200 400 600 800 1000 1200 1400
OHeprusa ramma - KBaHToB, kaB

6)

Pucynox 14. a) 3asucumocms genuuunsl 1UHeHO20
K03 Puyuenma ocrabnenus; 6) 3a8UCUMOCMb MACCOB020
0CAONEHUS 2AMMA-U3TYYEHUs.

17



CUHTE3 U XAPAKTEPU3ALIUA ONTUYECKKX, NPOYHOCTHBIX N AKPAHUPYIOLLUX XAPAKTEPUCTUK
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Ha pucynke 14 mpencraBineHBI pe3yJbTaTHl OICHKH
BEJIMYUH JTMHEHHOTO U MacCOBOr0 KO3(QHIIUEHTOB OC-
nabeHus raMMa-u3ITydYeHHUs], KOTOPBIE I03BOJIAIOT CIIPO-
THO3MpOBaTh 3(P(EeKTUBHYIO TONMIMHY O0Opa3LOB I
CHIDKCHUSI MHTEHCUBHOCTH TaMMa-KBaHTOB C Pa3IMYHOM
SHEpTHEH, a TAKKe OTPAXKAIOT BO CKOJIBKO pa3 CHHKACTCS
MHTEHCUBHOCTb TaMMa-HM3ITyYCHHUS.

Kak BHIHO U3 IIPEACTABICHHBIX JAHHBIX, N3MCHEHHE
BEJTMYMH KOA(PPHUIHEHTOB 0cTIa0ICHNS UMEIOT SBHO BBI-
PaKCHHYIO 3aBUCHMOCTH OT SHEPTUH raMMa-H3ITydCHN,
IIpY 3TOM B Clly4ae raMMa-KBaHTOB C »Heprusimu 130—
660 x>B a5 SKpaHUPOBaHIS MOKHO HCTIONB30BATh JOC-
TATOYHO TOHKHE 3alIUTHBIE CTEKJIA ITPU SKPaHUPOBAHHH,
a JUIsl DKpaHWPOBAHUS BBHICOKOIHEPTETHYECKUX TamMMa-
KBaHTOB CJIEAYET 3HAYMTENILHO YBEJIMYHBATH TONIIMHY
00 HM3MEHSTh KOHIIEHTPALUIO KOMIIOHEHT OKCHJIOB
IIPU CUHTE3€ C LEJIbI0 YBEIWYEHHsI TNIOTHOCTH, a TaKKe
3¢ GeKTHBHOTO 3apsaa Zef.

3AKJIIOYEHUE

B pabote mpezacraBieHbl JaHHBIE XapaKTepH3alUU
CBOMCTB U 3KpPaHHUPYIOIIEH CIOCOOHOCTH CUHTE3UPOBAH-
HbIX 0.6Te0,-0.25Ba0-0.15Zn0O cTeko, MOJyYSHHBIX C
IIPUMEHEHHEM METOAa MEXaHOXHMHUYECKOTO IepeMallbl-
BaHUS U MOCJEIYIOUIEro TepMudeckoro omxura. Corna-
CHO JJaHHBIM PEHTreHO()a30BOTO aHANIM3a OBUIO yCTaHO-
BJICHO, YTO CHHTE3UPOBAHHbIEC CTEKIa 001a1at0T aMop -
HOH IPUPOJIOH, C TPUMECHBIMH BKJIIOYECHUSIMU B BUJIE 3€-
pen BaZnTe,O7, Hanmuune KOTOPBIX MOXKET OBITH 0OBSIC-
HEHO IIPOLIECCaMHy IUIABJICHHS U MOCIEAYIOImero GopMu-
posanus crexoin. ObpazoBanue BaZnTe,O7 3epeH B Buze
chepudecKux yIopsI0YCHHBIX BKIFOUCHHH MOXKET OBITh
00yCcIoBNIeHO mpolieccaMu (a30BBIX MPEBPALICHUH MPH
OOJNIBIIUX TEMIIEpaTypax, CBA3aHHBIX ¢ 00pa3oBaHUEM
MEJIKOJIUCIIEPCHBIX YaCTHIl OpTOpoMOMYeckor asbl
TBeporo pacrBopa BaZnTe,O7, koTopble B mpoliecce oc-
THIBAaHWS Y 3aKaJIMBAHUS HE yCIIEBAIOT MOJIHOCTHIO aMOp-
¢u3oBaTbes. OlEHKA ONTHYECKHX W JIUAJIEKTPHUYECKUX
CBOHCTB ITOKa3aja, 4TO IOJy4YEHHbIE CTeKJIa 00JaaroT
BBICOKOI1 MOTJIOMIAIOMIEH CIIOCOOHOCTBIO B 00J1aCTH BH-
JIMIMOTO CBETA, a TAKXKE SBIITIOTCS BECHbMa XOPOIIMMH /1N~
IIEKTPUUECKUMH H30JISITOPAMH, C XapaKTepHOI BelIn4u-
HOM yAeIbHOU NPOBOJUMOCTH 6,24:107° Cm/M, 9TO 1O3-
BOJIUT cBeCTH 3(pPeKT anmekTpudeckux mpoOoeB K MUHU-
MyMY B CIy4ae HCIIOJIb30BAHMS JaHHBIX CTEKOJ B Kaue-
CTBE U3OJIAIIHOHHBIX OAJIOKEK JII MUKPO3JIEKTPOHHBIX
YCTPOMCTB.

CornacHo TaHHBIM OICHKH 3()(heKTHBHOCTH 3KpaHH-
pOBaHHMs OBIJIO YCTAHOBJIEHO, YTO B CIy4ae SKpaHUpOBa-
HUS raMMa — KBaHTOB ¢ 3Heprusimu 130 k3B u 600 k3B
BEJIMYMHA SKpaHUpPOBaHUs cocrasisieT Oonee 83%, a B
cilyyae HH3KOOHEPreTHYECKHX TraMMa-KBaHTOB 3(¢exk-
TUBHOCTB 3KpaHupoBanus 6sm3ka k 100%.

Jlannas paboma Ovlna 86IN0IHEHA 8 PAMKAX Peanu3a-
Yuu npozpammsl yeieeo2o UHAHCUPOBAHUS NOO HOMe-
pom BR11765580, ¢punancupyemoii Komumemom nayxu
Munucmepcmea nayku u gvicueco oopazosanus PK.
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CUHTE3 U XAPAKTEPU3ALIUA ONTUYECKKX, NPOYHOCTHBIX N AKPAHUPYIOLLUX XAPAKTEPUCTUK
0.6Te02-0.25Ba0-0.15Zn0

0.6Te02-0.25Ba0-0.15ZnO OIITUKAJIBIK, BEPIKTIJIIK )KOHE KOPFAY
CHUITATTAMAJIAPBIHBIH CUHTE3I ’/KOHE CUITIATTAMACHBI

A. JI. KozaoBekniit?*, M. Tyaerenosa’, JI. A. Illaumac'?

L WILH. I'ymunes amvinoazol Eypasua ynmmuix ynusepcumemin KeAK, Acmana, Kazaxcman
2 KP OM «Aoponvix puzuxa uncmumymsty PMK, Anmamol, Kazaxcman

* Patinanvic ywin E-mail: kozlovskiy.a@inp.kz

By 3eprreyme 0.6Te0,-0.25Ba0-0.15ZnO mBHBLIAPBIHEIH ONTHKAJBIK, OCPIKTIK, TUIJIEKTPIIK XOHE CKPUHHUHITIK
CHUTIaTTaMaJlapblH 3epTTey HOTIDKenepi Oepinren. Jaiipiamay omici periHme aMop(THl KYPBUIBIMBI Oap IIBIHBI TOPi3Ii
yariiepi a’dy yuriH 6acTamkbl OKCHATI KOMITOHEHTTEP/I MEXaHUKAJIBIK-XUMUSIIBIK YHTAKTAy, COIaH KeHiH TePMUSIIBIK
arfioMepanusiay ofici TaHmaimbl. AJNBIHFaH YITUIEpAi CHIIATTay YOIH CKaHEPJK AIIEKTPOHIB MHKPOCKOIIHS,
SHEPreTUKAIIBIK, JAUCTIEPCUSUIBIK Tajjay, PEeHTTeHIIK Mudpakuus, KeAepri *oHe ONTHKAaJbIK CHEKTPOCKOIUS dicTepi
KOJIZIaHBUI/IBI JKOHE LIETTHIC 9/1iCi apKbUIBI OEPIKTIK KacHeTTepl aHbIKTaAbl. KyphUIBIMIBIK €peKIIeiKTepl MeH (azaibiK
KYpaMBbIH 3epTTey OapbIChIHA CHHTE3/IC/ITeH HIBIHBIIAPIBIH aMOP(THI cCHIIaTKa e, Kypambiaa BaZnTe, O Tylipuiikrepi
TYpIHJET] KOCBIHABLIAPHI a3 eKeHi aHbIKTaynabl. COHBIMEH Karap, IIbIHBI KOMITO3ULMSICBHIHIAFbl JIEMEHTTEpAl KapTara
TYCipy Tanjaybl IIBIHBI KYPaMbIHAAFbI OapIblK KOMIIOHEHTTEP/IIH U30TPONTHI TapalybIH aHE eIIKaHAal KOCHaaapablH
TOJIBIK OoJIMaybIH KepceTTi. CHHTE3/IeNIeH HIBIHBIIAP/IBIH ONTHKAIBIK KACUSTTEPiH aHbIKTaFaH Ke3/le TPAHCMHUCCHSIIBIK
CIIEKTpJIep/ic KOPIHETIH JKapbIK aiiMarbIHOAFbl KeH XKYTBUTY JKOJaFbl, COHBIMEH KaTap OTTETiHiH 00C OpBIHIAphl MEH
MHTEPCTHLHAIABI OTTEri aTOMIapblHa TOH YII CIEKTPIIK JKYTY JKONArbl 0ap eKeHi aHbIKTandbl. bepikTik cumarra-
MaJIapblHBIH JIepeKTepi OONBIHIIA CHHTE3ACNTeH IBIHBUIAPIBIH KATThUIBIFBI MEH CHIPTKBI dcepiiepre TO3IMIUIIr KeTKi-
JIKTI, a1 )KapbIKTap TY3UTy CHITaTHI JKapThIJIai IUCKLUTIK XKaphIKTapFa TOH eKeHi aHBIKTaIbl. CHHTE3IeTeH KO3UIIIPiKTiH
9KpaHAay CHIAaTTaMaJapblH Talay SHEPTHACH TOMEH raMMa-CayJIeliepii KOPFayIblH JKOFapbl THIMIIIITH KOPCEeTTi.

Tyiiin ce30ep: Kopzaiimvin mMamepuandap, camMa-cayieieHy, Mmeurypuomi Ke3iNOIpiK, KOP2aHbic Mamepuanoapbl,
IKPAHOAY MUiMOINiel.

SYNTHESIS AND CHARACTERIZATION OF OPTICAL, STRENGTH AND SHIELDING
CHARACTERISTICS OF 0.6Te02-0.25Ba0-0.15Zn0O

A. L. Kozlovskiy»?", M. Tulegenova?, D. I. Shlimas*?

LL.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2 RSE “Institute of Nuclear Physics” ME RK, Almaty, Kazakhstan

* E-mail for contacts: kozlovskiy.a@inp.kz

This study presents the results of studying the optical, strength, dielectric and screening characteristics of 0.6TeO-
0.25Ba0-0.15Zn0 glasses. The method of mechanochemical grinding of the initial oxide components followed by
thermal sintering in order to obtain vitreous samples with an amorphous structure was chosen as the preparation method.
To characterize the obtained samples, the methods of scanning electron microscopy, energy dispersive analysis, X-ray
diffraction, impedance and optical spectroscopy were used, and the strength properties were determined using the
indentation method. In the course of the studies of the structural features and phase composition, it was found that the
synthesized glasses have an amorphous nature, with a small content of inclusions in the form of BaZnTe,Oy grains. At the
same time, the analysis of the mapping of elements in the glass composition showed an isotropic distribution of all
components in the glass composition and the complete absence of any impurities. When determining the optical properties
of the synthesized glasses, it was found that the transmission spectra contain a wide absorption band in the visible light
region, as well as three spectral absorption bands characteristic of oxygen vacancies and interstitial oxygen atoms.
According to the data of strength characteristics, it was found that the synthesized glasses have sufficient hardness and
resistance to external influences, and the nature of crack formation is typical for semi-disk cracks. An analysis of the
shielding characteristics of the synthesized glasses showed high efficiency in shielding low-energy gamma rays.

Keywords: shielding materials, gamma radiation, telluride glasses, protective materials, shielding efficiency.
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MU3MEPEHUE CEYEHUM BO3BYKIEHUS XAPAKTEPUCTHUYECKOI'O PEHTTEHOBCKOI'O
U3JIYYEHUS OIS PA3JIMYHBIX DJIEMEHTOB ITPU OBJTYYEHUU TIPOTOHAMU
C DHEPTUEM 1 M>B

H. 1. Topaaues, A. B. Kupees, A. B. ILiaTos”
PI'Il «Hucmumym saoepuoii puzuxu» M3 PK, Anmamui, Kazaxcman
* E-mail ona konmaxmos: platov@inp.kz

B Hacrosiiell cTaTbe NPeACTaBICHbI PE3YJIbTAThl, II0JYyYEHHbIEC IPU U3MEPEHUHN CEYEHUH BBIX01a XapaKTEPUCTUYECKOTO
PEHTTEHOBCKOTO U3JTyYCHHsI, BOSHUKAIOIIETO [P B3aUMOICHCTBUH YCKOPEHHBIX IPOTOHOB ¢ aToMamu mutieHeit (PIXE).
Bt nosryyenst nansble o BeixoaaMm PIXE mpu Bo30Oyxnenun K-, L- n M-o0on04ek aTOMOB MHIIIEHEW B Jnara3oHe
Macc oT Mg no Bi nporonamu ¢ sHeprueii 1 MaB. IIpu 3ToM HCTIONB30BaCs MOIX0/1, OCHOBAHHBIN HA pacyeTe CCUYCHHN
BBIXOJIa PEHTTEHOBCKOTO M3JIY4YEHHs 4Yepe3 ceYeHUs pe3epPopIOBCKOI0 OOPAaTHOIO paccesHus, KOTOpble MOTYT OBITh
paccuuTansl U3 Gpopmyisl Pesepdopa ¢ BRICOKO# TOUHOCTHIO. Takoi MOX0/ MO3BOJSCT YMCHBIIUTh OIIUOKH pacueTa
ceuenuit Berxoaa PIXE u, TakuM 06pa3om, MOBBICUTE TOYHOCTH ITOJTyYaeMbIX JaHHBIX. B mampHeWIeM mpeanoiaaracTces
pacIupuTh 00JIaCTh UCCIIEAOBAHMI HA TIPOTOHBI IPYTHX SHEPTHH U TSHKETbIE 3apsHKCHHBIC YaCTUIIH B JHANa30He YHEp-
ruit 0,5-1,7 MbB/HYKITOH.

Knroueswvie cnoea: YCKopumeiib, 3apAdCeHHble 4acmuybvl, cederue 8b1X00d PERMCEHOBCKO20 U3NIYUEHUSA, 6HYMPEHHUE

JJIEKMPOHHbLE 060104KU.

BBEJEHUE

OmnpeneneHrue TOYHOCTH KOJIMYECTBEHHOTO aHAlN3a
9JIEMEHTHOTO COCTaBa OOpa3lOB METOJOM PEHTICHOB-
ckoil pyopecueHun ¢ HOHHBIM Bo30yxaeHneM (PIXE)
TpeOyeT IMoJy4eHHs MaKCUMalIbHO HaJeKHbBIX IaHHBIX,
UCIIOJIb3YEMbIX B KauecTBe (DyHIaMEHTAIbHBIX TapaMeT-
POB METO/1a, TAKUX KaK CEUCHHE BBIXOJa XapaKTEPUCTH-
YECKOr0 M3Jy4EHHs, BO3HUKAIOIIEro pH B3auMOeiicT-
BHMH YCKOPEHHBIX YacTHIl C aToOMaMK MulleHel [1]. B na-
CTOSIIIIEE BPEMsI CYIIECTBYET HECKOIBKO TEOPETHYECKUX
MoOJIeNIel ¢ Pa3HOW CTENeHBI0 HAJEKHOCTH ONHCHIBAIO-
KX TPOLECCH, TPOUCXOMIIMX MPH B3aUMOJICHCTBUH
YCKOPEHHBIX HOHOB C BHYTPEHHHUMH DIIEKTPOHHBIMH
000J104KaMH aTOMOB MUIIIeHH. Tak Kak HCIyCKaHHe Xa-
PaKTEpPUCTUYECKOTO PEHTICHOBCKOTO W3JIyYeHHMs SIBIISI-
€TCs CIEJCTBHEM HECKOJIBKHX IPOIECCOB, MPOUCXO.S-
LIMX Ha aTOMAapHOM YpPOBHE, TAKHX KaK MEepBUYHAs HO-
HHU3alUsl BHYTPEHHHUX O0O0JIOYEK aToMa 3apsDKEHHBIMH
YaCTHLIAMH, TIOCIIelyIOlIee 3al0JIHeHNE BaKaHCHH JJIeK-
TPOHAMH BHELIHNX 000JIOYEK C PA3IMYHBIMU CIOCOOaMHU
BBIBOJIa OCBOOOAMBILCICS SHEPTHH, TIPH TEOPETHIECKUX
pacyerax HEOOXOIMMO BCE 3TO aKKypaTHO OIMCHIBATE.
Hawnbornee yioBneTBOpUTEIEHOE ONIMCAHNE CEUEHHUN BBI-
xona PIXE ans puamasona sHepruii mpoToHoB 0,5—
1,7 M>B u oTHOIIEHHUsT 3apsIOB aTOMOB HaJIeTalOMIeH
yactunbsl 1 atoMoB mumenn 0,03<Z1/7,<0,3 no3sonser
MOJY4UTh TPUOIMKEHHE BO3MYILIEHHOTO CTAllMOHAPHO-
ro cocrostaust (ECPSSR Teopus) [2—4]. ECPSSR moznens
SIBJISIETCS CJISJICTBHEM YCOBEPIIECHCTBOBAHHS OOpPHOB-
cKOTO MpHOIMIKeHns TIockux BoiaH (PWBA) yuutsiBa-
I0IIasi YHEPreTHIECKHe MOTEPH HaJIeTAIOIIEH JacTHIpI,
KynoHoBckoe OTKIIOHEHHE HOHA, MOJISIPU3AINI0 ¥ U3Me-
HEHHE DHEPTHHU CBSI3U 3JIEKTPOHOB B aToMax (Tocpe/cT-
BOM METO0/1a BO3MYIIEHHBIX CTAI[HOHAPHBIX COCTOSIHHN),
a TaKXKe PEISITUBHCTCKYIO KOPPEKIMIO MaccChl 3JIEKTPO-

HOB. Mcnons3ys ECPSSR teoputo, ObU1H OTYYICHEI YIO-
BJICTBOPUTEJIEHBIE TaHHBIE MO CeueHHsIM HoHu3armu K-
oboouek aToMoB muleHei [S]. 3-3a Gomnblueit ciox-
HOCTH MEHee HaJIe)KHbIE pacCUMTaHHBIC 3HAUEHUs ceue-
HUI noHM3anuu i L-o001ouek mpeacTaBieHs! B padbo-
Tax [2, 6]. B T0 >xe BpeMs, yUuThIBask 3HAUUMOCTbH ITOBBI-
LIEHHUS] TOYHOCTH ONpENeNIeHHUs CEICHUH BbhIxoa (iryo-
PECLICHIINH, 10 HACTOAIIETO BPEMEHH B Pa3HBIX aHAIIH-
THYECKHX JJA00PATOPHUIX MPOJOIDKAIOTCS PpabOTHI 1O MO-
JIy4EeHHIO 3KCIIEPUMEHTAJIbHBIX AaHHBIX C HCIIOJIb30Ba-
HHUEM YCKOPHTEJIeH 3apsHKEHHBIX YaCTHII.

IJKCINEPUMEHT

Jis onmy4YeHns: yCKOPEHHOTO MPOTOHHOTO ITyYKa B
AKCIEPUMEHTAX UCIIOJIE30BANICS YCKOPUTETh TaHIEMHO-
ro tuna [7] ¢ BO3SMOXXHOCTBIO BapHallii YHSPTUH B JIHA-
mazone ot 300 k3B 10 1,7 M»B. MureHs B 3KCTIeprIMEH-
TaX pacrojiarajach MePIeHINKYILIPHO K MyUKY.

O0pa3mp! OBLTH MOATOTOBJICHEI B BUIE METAJLTHYEC-
KUX TUICHOK, HANBUICHHBIX METOJOM MAarHeTPOHHOTO
TUTa3MEHHOTO OCaX/ICHUSI Ha OPTAaHUYECKYIO MOJTIOKKY.
TonmurHa UCTIONBE3YEMBIX TUIEHOK BapbHPOBAIACh B AHa-
nasone ot 29 o 200 mkr/cm2 Pacuer ceueHuii BbIXoa
PIXE npousBoauiics uepes ceueHue PesepdopmaoBckoro
00paTHOTO paccesHs, MO3TOMY B KCHEPUMEHTAX IMpH
OOJIy4eHUH MUIICHEH OJHOBPEMEHHO PErHCTPUPOBA-
JIUCHh ¥ PEHTICHOBCKHE KBAHTHI, U 00PAaTHO pacCEsTHHBIC
yacTULbl. JIeTeKTUpOBaHUE PEHTTEHOBCKOTO U3JIy4YEeHHUS
ocymectBisnocsk Si(Li) maeTexTopoM Iwomanso 12 mm?
u pazpemienueM 145 3B na imanm 6,4 k3B, pacmnonoxen-
HOTO ToJ yraoM 135° Kk HarpaBIeHUIO IBIKEHUS ITyUKa.
JleTekTop OCHAIEH 3aIlUTHBIM OCPUILTUEBBIM OKHOM
tomuuHONH 8 MkM. Ilpu peructpannu K-muanit Zr, Nb,
Mo, Ag, Cd, In, Sn, Sb u L-nmunuit Ta, W, Pb, Bi nepen
JNETEKTOPOM pacroiaraics Al MOTIOTUTENs TONIUHON
25 MKM U1 YMEHBIICHHSI BKJIAZa B PETUCTPUPYEMBIi
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CIIEKTP HU3KO’HEPIeTHYHOTO PEHTTEHOBCKOTO H3ITyde-
nust. s usmepenust 3pQeKTHBHOCTH CHCTEMBI PETUCT-
pauuu PIXE ncnons3oBannch KamuOpoBOYHBIE UCTOYHHU-
ku Fe-55 u Am-241 ¢ U3BECTHBIMH aKTUBHOCTAMU. J[71st
KaIMOpOBKK Hcmojib3oBauch juHun MnK, MnKg,
NpLi, NpLq, 222Amy1, NpLgin, NpLy, 22Amys, 22 Amys.
[Tpn kanuOpoOBKE HM3MEPUTENBHONW CHUCTEMBI UCTOYHHK
MOMEIIAJICST B TOYKE PACIIOJIOKCHUS U3MEpSeMOoro oo-
pasua, B LENIX IOBTOPEHUS FEOMETPUH U3MEpeHUM. [{ist
perucTpanuu oOpaTHO PACCESHHBIX YACTHIl MCHOJIB30-
BAJICS TTOBEPXHOCTHO OapbepHBIH NETEKTOP IUIOIMIAIbIO
20 MM?, 0ch KOTOPOTO pacroJaranachk noj yriom 142° k
HAaIpaBJICHUIO IBU)KEHHS ITy4Ka. YTOJI, CTTUBaeMBbIH Jie-
TEKTOPOM, B 9KCIIEpUMEHTaxX cocTaBisit 9,1 mcpan.
Pacuer ceueHnii BpIXoJa XapaKTepUCTHIECKOTO PEH-
TreHOBCKOTO M3JIy4EeHUs TPOU3BOAMICS 110 hopmyrte:

_ Ny Dy Qz0p it
e N.D, [1-e*

x o))

B Bripaxernu (1) Nx u Nr — guciio 3apeructpupoBas-
HBIX PEHTT€HOBCKHMX KBaHTOB M 00PAaTHO PacCEsSHHBIX Ya-
cTHl cooTBeTcTBeHHO; Dx 1 DR — K03 dHLMeHTHI, yuu-
TBIBAIOIIME MEPTBOE BpEMsI IIPH HAOOPE PEHTTEHOBCKOTO
CHEKTpa M CIEKTpa OOpaTHO PacCEsHHBIX YacTHIl COOT-
BETCTBEHHO; R — TEJECHBIN yroj, CTATMBAaeMBIH MO-
BEPXHOCTHO OapbepHBIM NETEKTOPOM; ex — dP(PEKTUB-
Hocth Si(Li) meTexTopa, 3aBUCAIIAs OT SHEPTUU PEHTTE-
HOBCKHX KBAaHTOB; /it — MACCOBBIA KOA(PHUIHEHT 0ciad-
JICHUS] PEHTTEHOBCKOTO M3JIy4eHHS B 00iydaeMoM 00-
pasiie, 3aBHCSIIUHI OT YHEPTHH PEHTTCHOBCKHUX KBAaHTOB,;
t — TonMHA HANTBIIIEHHOH IICHKH 1 OR — CEYEHHE 00part-
HOTO pacCestHus IS 3aJaHHOTO yTIila ¥ SHEPTHH MIepBUY-
HOTO ITy4Ka. YiieH B KBaIpaTHBIX CKOOKAX B BBIPAKEHUH
(1) yauTBIBaET CaMOIIOTIIOIIEHHE PEHTI€HOBCKOTO U3ITy-
4YeHUs: B MHIICHU. B ciiyyae mcronb3oBaHus (GHIbTPa
BhIpakeHue (1) mpuHIMaeT BU:

_ Ny Dy Qgop J2A!
g N D 7 [ 1-e™

Oy

TJIe (f — MAacCOBBIN KOX(PUIHEHT OCIabICHUs pEeHTTe-
HOBCKOT'0 H3JTy4eHUs B QUIIBTPE, 3aBUCAIIUN OT SJHSPTUH
PEHTIeHOBCKMX KBaHTOB, pf — IUIOTHOCTh Marepualia
GUIbTPa U X — TONIMHA GUILTPA.

IpenBapuTenbHble H3MEPEHHS O OCJIA0ICHUIO PEeH-
TrEHOBCKOTO M3IIYy4YEHHs aIIOMHUHUEBBIM (HILTPOM, C
HOMOIIBIO KaJTHOPOBOYHBIX 00Pa3LOB, IOKA3alIUd XOPO-
1Iee COBIAJACHHUE C PAaCUYETHOH OLEHKOM, O3TOMY IIpH
N3MEpPEHNH CEYECHUH MCIONb30Bajlach pacuyeTHas BejH-
4yuHa ocnabnenus. (pucyHok 1). Mcnonp3oBanue QuibT-
pa 00yCIIOBJIEHO TEM, YTO NP COBINAAEHUH OCHOBHOTO U
HHU3KOIHEPreTHYECKNX KBAHTOB HOSBIISETCS CYyMMapHbIH
IIHK, 33 CYET YEeT0 CHIXKAETCS MHHTEHCUBHOCTH OCHOBHOTO
MMKa, BHOCS IUIOXO YYHTHIBAEMYIO HOIPEUIHOCTh B pe-
3yJIbTAT U3MEPEHHSI.

PE3VJIBTATBI U OBCYXJIEHUE

Jlis onpeneneHuss MOTPEUIHOCTH OTHOIIEHUS KOJIU-
4yecTBa 3apPETrUCTPUPOBAHHBIX PEHTTEHOBCKUX KBAHTOB K
KOJINUECTBY OOpPATHO PAcCESHHBIX YACTHII, UCIIOJIb3ye-
MBIX B BeIpaxkeHuH (1), Oblia mpoBeeHa cepus U3 MSATH
HM3MEPEHUH, BBITIOHEHHBIX IIPU Pa3HbIX MUHTErpagax To-
Ka MyyYka Ha MHIICHU U PasHbIX YCJOBHUSIX 00pabOTKH
CIIEKTPOB PEHTTCHOBCKOTO M3Iy4eHHs 1 00paTHO pacce-
SIHHBIX 9acTHIl. B pe3ynpTare MpoBeIeHHBIX HCCIEI0Ba-
HUH OBUTH MOTyYEHBI CPEIHNC 3HAUCHHSI CEUYCHUH BBIXO-
na ¢iryopecuentm s 12 cepuit K-muauii, 14 cepuii L-
muHAN 1 4 M-TuHIA 1pu BO30YKIEHIH aTOMOB MHIIICHN
MIPOTOHHBIM IIy4KOM C Heprueit 1 MaB.

B tabmunax 1 (K-nmunun), 2 (L-nmuaun) u 3 (M-nu-
HUH) MIPEACTABIICHBI BBIXOABI (MIIyOpECcIeHIINH, KaK JUIs
OTJENbHBIX JIMHUN, TaK U CyMMAapHBIC BBIXOABI CEpHid
(cootBeTcTBeHHO Kiot, Liot 1 Miot), BIISIFOIIIMECS CYMMOMR
OTJeNbHBIX JTUHUH. [lorpemHnocTy, npuBeieHHbIE B Ta0-
munax 1-3, BKIIOYAIOT MOMUMO MOTPEITHOCTH OTHOIIIE-
HUst Nx kK NR Takke MOTpeIIHOCTH ONpeesIeHHs Telec-
HOTO yTJIa ICTEKTOpa 3apsDKEHHBIX 4acTull, 3G QeKTHB-
HOCTH PETUCTPAaLlUH PEHTTEHOBCKOTO U3JIyUCHNUS U ceve-
HUH oOparHoro paccesHusa. Ha pucyHke 2 mokasaHbl B
rpauIecKOM BHJIE CBOJIHBIC PE3YJIbTaThl 3aBUCHMOCTH
ceuenuii Beixoja PIXE mmsa Kiot, Liot # Migt OT aTOMHOTO
HOMepa A/]pa MUIICHH.
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Tabnuya 1. Paccuumannvle ceyenus 8uixooa gnyopecyeHyuu
ona K-obonouex amomos muwieneii (6 6apuax)

OnemeHT

Ka

Ks

Kiot

Koty
nuTepaTypHble
[aHHble
([ccbinkm])

AnemeHT

Kq

Ks

Kiot

Ko,
nuTepaTtypHble
AaHHble
([cebinku])

Mg

52537

641 (8]

Al

46333

546 [8]
446 [9]
446 [10]
478 1]
667 [12]
478 [13]
605 [14]
480 [55]

Mo

0,27+0,02

0,049+0,010

0,32+0,02

0,23 [29]
0,29 [31]
0,22 [37]
0,218 [41]
0,23 [42]
0,239 [43]
0,23 [49]
0,22 [55]

Ti

37,2435

4,8+0,4

42,0£3,9

37[15]
64 [16]
61[17]
41418]
545[19]
57 [20]
489121]
52,8[22]
51,5[23]
488[24]
4881[25]
49,4 26]
50 [55]

Ag

0,079+0,007

0,014+0,003

0,094+0,009

065 [15]
0,0706 [19]
0,078 [23]
0,0358 [30]
0,08 [32]
0,073 [36]
0,076 [37]
0,063 [42]
0,064 [44]
0,079 [45]
0,0618 [46]
0,087 [50]
0,067 [55]

Cd

0,059+0,005

0,012+0,002

0,071+0,006

0,046 [39]
0,0346 [40]
0,049 [44]

Cr

21,6+1,8

24,2420

36 [16]
215 [[18]
28 [21]
28,5 [24]
26,7 [25]
25 [27]
28,3 28]
29 [55]

0,044+0,003

0,0082+0,0013

0,053+0,003

0,0612 [27]
0,036 [39]
0,0264 [40]
0,05 [45]
0,0377 [47]

Cu

5,60,7

0,80+0,09

6,4+0,7

6,01[13]
6,9[14]
54 15]
8,7[16]
717119]
7,25 [22]
7,12[23]
7,25 [24]
6,9 [25]
7,89 [27]
8,6[29]
4,36 30]
6,3[31]
88[32]
6[33]
7.3[34]
7,48 [35]
7,16 [36]
5,7[37]
8,6 [48]
7,0 [55]

Sn

0,037+0,002

0,0068+0,0014

0,043+0,004

0,032 [15]
0,059 [31]
0,034 [37]
0,026 [39]
0,0167 [40]
0,029 [42]
0,037 [43]
0,032 [44]
0,051 [49]

Sb

0,030+0,003

0,0064+0,0005

0,036+0,004

0,026 [15]
0,026 [44]
0,0257 [47]

Tabruya 2. Paccuumanmvie ceuenust 8b1xo0a GyopecyenHyuu
ons L-obonouex amomos muwieneti (8 6apnax)

Zn

42405

0,52+0,05

4,7£0,5

5,46 [24]
5,27 [25]
5,31 [28]
5,13 [35]
6,42 [38]
5,6[39]
54 [55]

Zr

0,41+0,05

0,080+0,014

0,49+0,06

0,31[15]
0,377 [23]
0,324 [40]
0,36 [55]

Nb

0,30+0,03

0,062+0,009

0,36+0,03

0,29 [55]

Lloly
AnemeHT | Lo+l Lp Ly Ltot furepatypble
HaHHble
([cebinku])
Cu 1260158 900 [51]
Zn 96740
Zr 350+25
Nb 288117
Mo 266117
Ag 164411 310 [55]
Cd 140+11 260 [55]
In 123411 240 [55]
145 [34]
Sn 117+10 210 [55]
Sb 11349 180 [55]
9,3 [52]
Ta 6,140,6 | 3,240,4 | 0,40+0,07 | 9,7+1,1 12,42 [54]
10 [55]
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Liot,
nuTepatypHble
DaHHble
([cebinku])

11,11 [54]
9,5 [55]

3,94 [53]
3,46 [54]
4[55]
2,38 [52]
3,37 [54]
3,6 [55]

OnemeHT | Lotl Lg Ly Ltot

w 6,0£0,2 | 3,1£0,3 | 0,40+0,07 | 9,5+0,5

Pb 24+0,2 |1,3x0,1 | 0,20+0,04 | 3,9+0,2

Bi 2,102 | 1,140,2 | 0,20+0,04 | 3,4+0,4

Tabnuya 3. Paccuumannvle ceyenus 8uixooa gnyopecyeHyuu
ona M-obonouex amomos muwieneil (6 bapnax)

AnemeHT Mot 'ﬂ;’;’ ﬂ:e('[):;zﬁ;:;
Ta 705458 1026 [54]
w 64753 858 [54]
Pb 43850 503 [54]
Bi 384130 458 [54]

B Tabauuax 1-3 mpeacTaBieHB! TakKe TOCTYIIHBIE
JIaHHBIE 10 ceueHusM Beixoaa PIXE, monxy4yeHHbIe dKC-
MEpUMEHTANBHBIM MyTeM B APYTHX JabopaTtopusx. M3
Tabnm 1-3 ciemyer, 9To CyIIecTBYET JOCTATOYHO OOJIb-
10€ KOJIMYECTBO JaHHBIX A1 HOHM3anuu K-000moukn.
B TO ke Bpems B 3TOM citydae HaOIromaeTcst OONBIION
pa3dpoc B TNOJYUYECHHBIX 3HAUCHMAX CCUCHHH BBIXOMA
(uryopecueHnny, 9To MOATBEP)KAAET BAXKHOCTH IOITyde-
HUSI HOBBIX JAaHHBIX. B ciaydae L-o6omouku u M-o6oio-
YKH JIOCTYTIHBIE HKCIIEPUMEHTAJIbHBIE JaHHBIE OYEeHb OT-
paHuueHbl. BaxkeH Taroke TOT (akT, YTO B HALIUX JKCIIE-
pPUMEHTaX MOIYYECHBI CEYEeHHUS AJIs OOJIBIIOTO KOJIMYECT-
Ba 3JIEMEHTOB IPH OIMHAKOBBIX YCIOBHUSX, YTO MTO3BOJIS-
€T COOTHOCUTBH cedeHust Bo30yxnennii PIXE nnst pazubix
JIMHUH.
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1-MsB IIPOTOHIAPJAH CUTIATTAJIFAH PEHTITEH COYJIEYJIEPIHIH IIBIFBIMBIHA
KOJIIK KbIMJAPABI OJIIEY

H. 1. Fopaiaues, A. B. Kupees, A. B. ILiaTos”
KP M3 «Aoponvik pusuxa uncmumymory PMK, Anmamut, Kazaxkcman
* baiinanvic yuwin E-mail: platov@inp.kz

By Makanana »enelaeTuireH MPOTOHIAPBIH HBICAHA aTOMAAPBIMEH OPEKETTECYIHCH TYBIHIAWTHIH TOH PEHTICHIIK
COyJeNIeHyIiH MIBIFRIMBI YIIIiH KOJICHCH KUManap/sl enmieyre 6arpitranra sxxymoic 6epinred (PIXE). PIXE kipicrinik
nepekrepi Mg-nen Bi-re meitinri Maccanslk Auana3oHaarbl MakcaTThl atoMaapasie K-, L- sxoHe M-KaGbIKIIanapbIHbIH
sHeprusicel 1 M3B mpoToHmapMeH KO3ybl Ke3iHae ejIieHaAl. byn karmaiima skorapbl monfiknen Pesepdopn
(dopmynaceiHaH ecenrteyre OojaThlH Pe3epopAThiH Kepi mamblpay KuMmachl apkeuibl PIXE mibiFeic kumanapbi
€CeITeyTe HeTi3IeNreH Tocil KomuaHeabl. by Tocin PIXE mbiFysIHBIH KeNIeHEH KIMaJlapblH OJIIeYyaeri KaTelepi
azafiTyra JKOHE OCBUIAMIIA aJbIHFAH ICPeKTepHiH MOJIITiH JKaKcapTyra MYyMKiHOIK Oepemi. bomamakra 0,5—
1,7 M>B/HYKIIOH HEPreTUKANBIK JMANa30HBIHIAFEl 0AaCKa JHEPrHsIaApblH MPOTOHIAPHl MEH ayblp 3apsITalFaH
OemIeKTepai KaMTy YIIiH 3epTTey allMaFblH KEHEHTY JKocIapianyaa.

Tyiiin ce30ep: yldemkiwi, 3apaomanzan OenuleKmep, DeHmeeH CIVIeNePiHiy WblebIC KUMACH, WKL 21eKMpPOHObL
Kabammap.

MEASUREMENT OF THE CROSS SECTIONS FOR THE YIELD OF CHARACTERISTIC
X-RAY RADIATION FROM 1-MeV PROTONS

1. D. Gorlachev, A. V. Kireev, A. V. Platov”
RSE “Institute of Nuclear Physics” ME RK, Almaty, Kazakhstan
* E-mail for contacts: platov@inp.kz

This article presents the results obtained by measuring the characteristic x-ray production cross sections arising from the
interaction of accelerated protons with the target atoms (PI1XE). The PIXE production data were measured at the excitation
of the K-, L-, and M-shells of target atoms in the mass range from Mg to Bi by 1 MeV protons. We use the approach
based on the calculation of the PIXE production cross sections through the Rutherford backscattering cross section, which
can be calculated from the Rutherford formula with high accuracy. This approach makes it possible to reduce the errors
in measuring of the PIXE production cross sections and, thus, to improve the accuracy of the data obtained. Further, it is
planned to expand the research area including protons of other energies and heavy charged particles in the energy range
of 0.5-1.7 MeV/nucleon.

Keywords: accelerator, charged particles, x-ray production cross section, internal electron shells.
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KAYECTBEHHBIE IIOKA3ATEJIX IUTHEBOM BOJIbI MAICKOI'O PAMOHA
MABJIOJJAPCKOM OBJIACTH PECIIYBJIUKU KA3BAXCTAH

C. A3zar, C. KabapaxmanoBa, A. KaﬁganMa}mBa*, K. A6aueB,
K. Apsin, E. Kyabaees, b. Xanxa6aii, l1I. Cyaraxan, A. Pam

Satbayev University, Kazaxcman, Anmamut
* E-mail ona konmaxmos: ainurkabdrahmanova@mail.ru

B pabore paccMOTpeHBI KadeCTBEHHBIE TTIOKa3aTeNN MATHEBOH BOABI Maiickoro pationa [TaBnomapckoii o6mactu Pecry6-
mmku Kazaxcran. Opra"onentiudeckue, 0000IeHHbIE 1 MUKPOOHOIOTHIECKHE TTOKa3aTelH, a TAK)Ke OpraHIMIeCKUe 1 He-
OpraHMYecKHe BellecTBa B MUTHEBOM BOJE A0 U MOCIE OUUCTKH Ha BOJOOYUCTHOHN CTaHILUU, U B BOJAONPOBOJHON BOzE
OBUTH MCCIIEOBaHbl HA COOTBETCTBHE HOPMATHBHBIM TpeOoBaHMAM. O0IIas MUHEpAIN3alMs XapakTepu3yeT BOIY Kak
NIPECHYI0, a T0Ka3aTesb KECTKOCTH YKa3bIBaeT HA CPEIHIOI0 JKECTKOCTh BOJBI, OTHOCSIIYIOCS K THAPOKapOOHATHOMY
KJ1accy. Y CTaHOBIEHO npeBblieHrne HopMal 111K mo MyTHOCTH M IO cOAepKaHUIO MapraHlia 10 OYUCTKH BOAbl. bakte-
pHOJOrHYecKHi oKa3aTenb 00pa3oB BoAsl Malickoro paiioHa mpeBbIlIaeT TMIHeHnYecKkie HopMaTuBel. CaHUTapHAs U
SMUAEMHOJIOTHUECKast OTIACHOCTH BOJBI MOATBEPIKACHA HATMYUEM OaKTEPUH poJa CHHETHOMHBIX MaT04YeK (Pseudomonas
aeruginosa), 4To CBUACTENLCTBYET 00 aHTPOIIOICHHOM H XO3SICTBEHHO-OBITOBOM (DaKTOpax BO3ACHCTBHS, KaK Ha MPH-
POIHYIO Cpeny, Tak U Ha (OPMIPOBAaHNE MUTHEBON BOABI B MatickoMm paifone [TaBnomapckoii o0macTw.

Knrouesvie cnoea: numwvesas 60()61, 80000UUCMHAS CcCmanyusl, opeanorenmuvdeckue u 0606M4€HHble nokasameinu,

MYmHOCHb, MquO6u0]l02M1teCKa}l yucmoma.

BBEJEHUE

Kazaxcran, kak u gapyrue crpansl LleHTpanbHO
A3zun, orpaHnueH 00beMOM BOJHBIX PECYpPCOB, XOTS IO
CpeIHUM MOoKa3aTessIM Ha AyIly HaceJeHHUs peciyOinka
HE UMeeT ocTporo aedununTa Boabl. HecMoTps Ha oTCyT-
cTBHE Ae(UIHTA, HEpAllMOHAIBFHOE HCIIOIb30BaHKE U He-
paBHOMEpPHOE paclpesielieHue BOJHBIX PECYPCOB, Cylle-
CTBEHHO YCJIOXKHSIOT PeIIeHUe 3a/1a4H 10 00eCIIeueHHIO
HaceJeHHs CTPaHbl KAYeCTBEHHOH MUTHEBOM BOJIOH B He-
00xomuMoM 00beMe, KOTopas A0 HacTOSAIIEr0 BPEMEHH
HE pelIeHa ITOJIHOCTHIO0 BO MHOTHX HACENICHHBIX ITyHKTaX
[1].

OnHUM 13 pETHOHOB, TIe Ha0JII0AaeTCsl HepaBHOMEP-
HOE pacTipe/ie/IeHHe BOJHBIX 00BEKTOB, ABisieTcs [1aBio-
napckast oonacts. M3 1200 manbix o3ep B [TaBnogapckoit
obmacty, Toneko 10% nmeroT npecHyto Boxay [2]. OcHoB-
HO€ KOJMYECTBO OOBEKTOB BOJONOJIB30BAHUS COCPENO-
ToueHO B AkToraiickoM, basHaynsckom, Matickom u Hp-
THILICKOM paiioHax. Pexa MpThiil nepecekaer TeppuTo-
puu ceMu pailoHOB U ABYX roposioB Akcy u [laBnonap u
UCTIONB3YyeTCs Al OpolIeHus B AKKyJHWHCKoM, JKere-
3uHCKOM, MpTteiickom, Maiickom, IlaBnogapckom, Te-
PEHKOJIbCKOM paiioHax U B TOPOJACKOM OKpyre Akcy. B
001aCTH HaXOJIAITCS CEMb BOIOX PAHHIIHII JIJISI PETyJIHPO-
BaHus cToka kaHana Upteiu-Kaparanna [3-5]. Yxyauie-
HHE KadecTBa BOABI B p. MpThim, a Taxke OMacHOCTH
TPAHCTPAHUYHOTO 3arpS3HEHUS PA3IUIHBIMUA XHUMHYEC-
KHMH COCTMHEHUSMH, B TOM YHCJIE PTYTHIO OCBEIIIEHA BO
MHOTHX HCCIieoBaHusX [6—12].

Baxxnoit mpobnemoii, TpeOyrorieit 6e30TiaraTenbsHO-
IO pPeUIeHNs, SIBISETCS 00ecIeueHNe CeIbCKUX HaceIeH-
HBIX IyHKTOB NHUTHEBOH BOJOW XOPOILEro KauyecTBa.
JlnuTtenpHas 3KcIlyaTalds BOAOOYHMCTHBIX CTAHIMNA U
CHCTEM BOJIOCHAOXKEHHMS C Meperpy3Ko, 0e3 KaruTaib-

HOTO PEMOHTAa, NPUBOJIUT K (PU3NUECKOMY H3HOCY CHC-
TEeM BOJOCHA0XEHHS M HECOOTBETCTBHIO TEXHOJIOTHH
OYHUCTKH MUTHEBBIX BOJ. [Ipy aKTHBHOM HCIOJIB30BaHUU
BOJIHBIX OOBEKTOB B CEJIBCKOM XO3SHCTBE W IPOMBIII-
JICHHOCTH CHW)KAeTCsl KaueCTBO IOBEPXHOCTHBIX BOJ,
YTO BBI3BIBAET JE(PUIUT TUTHEBOI BOJBI HE TOJIBKO B I'O-
ponax IlaBnomapckoii 006iacTH, HO U B CEIBCKUX Hace-
JICHHBIX ITyHKTaXx.

[IpuponHsle n TexHOTeHHBIE (hakTOPHI 00yCIaBINBA-
10T XapaKTePHBIE JIIEMEHTHI B COCTAaBE COJIEBBIX OTIIOXKeE-
HUH TUTHEBBIX BOJI HACEIEHHbIX MyHKTOB [1aBnomapckoit
obJyiacTu. YCTaHOBJIEHO, YTO COJICBBIC OTJIOKECHUS MHUTh-
eBbIX BoA JleOshkeHcKkoro, Maiickoro m OkubacTy3cKoro
paiioHOB IMEIOT BBEICOKYIO KOHIICHTpALMIO cepedpa, CBA-
3aHHYI0 C OJIN30CTBIO PACIIOJIOKEHHSI MECTOPOXKIACHHS
30J10TO-0apPUTOBBIX MOJUMETAIIIHUECKUX PYI « ANIIBICY,
rJie cpemHee cojaepikanue cepedpa cocrapisier 50,4 r/T
[13-14]. Hyx#Ho oTMeTuTsh, uto 39% Tepputopuu Cemu-
HaJATHHCKOTO SIIEPHOTO MOJINTOHA MIPUXOIUTCS Ha 3eM-
1 Maiickoro pationa IlaBomapckoit ob6mact, 9To 000-
CTpsieT mpoOieMy KadecTBa NMUTHEBOH BOJBI B JTAHHOM
paiione [15-16]. K 3ToMy Hy)HO JOOaBHTH OTCYTCTBHE
JIOCTyNa K ILEHTPaJM30BaHHON BOJOIPOBOJHONW BOE
JKHUTENeH HEKOTOPBIX HACENEHHBIX ITyHKTOB Malickoro
paiiona [17]. B pamxax HanponansHoH nporpaMmsl « Ak
Oymak» ObUIa 3aIUTAHUPOBaHA PEKOHCTPYKIMS Malickoii
TPyNITEl BOJOMPOBOIOB, KOTOPAs MO3BOJIMIA OBl yiryd-
IIUTh BOJOCHA0XKEHHE M 00ECIEeYUTh BOJOMPOBOTHOM
BOJIOH cenbckoe HaceneHue [18—19]. Oxnako, HEcoBep-
IIeHHAs! CHCTeMa YIpPaBICHHA NAaHHOW NpOrpaMMBl HE
IpHUBeJa K PEIIeHHI0 MPOOIEeMBI ¢ MUTHEBOM BOAOH B
ceJbCKUX pernonax [17, 20]. B aToi cBsi3H, aKTyaIbHBIM
SIBIIIETCS. MOHUTOPHHI COCTOSIHUS TIHMTHEBOH BOJBI B
CEJIbCKUX HACENIEHHBIX ITyHKTAaX, [e KpOMe NPUPOTHBIX

25


https://doi.org/10.52676/1729-7885-2023-2-25-32

KAYECTBEHHBIE NOKA3ATENWU NUTLEBOW BOALI MAVCKOIrO PAMOHA MABJIOAPCKOW OBNACTH
PECNYBNWUKW KA3AXCTAH

1 aHTPOTIOT€HHBIX (DaKTOPOB, IPUCYTCTBYET MpodIeMa ¢
LEHTPaIN30BaHHBIM BOJOCHaOXeHneM. B pabote naHa
KOMIUICKCHAasl OLIEHKa KaueCTBY HMHUTHEBOH BOABI BOJO-
O4YMCTHOM cTaHuMM Maiickoro paiiona IlaBnomapckoit
obnacru.

OBBEKTHI U METO/bI UCCJEJIOBAHUS

OOBEKTOM HCCIIENOBAHMUSA SBIISIETCS BOJLOCHAOKEHNE
Maiickoro paiiona ITaBnoxapckoii obnactu Pecryonuku
Kazaxcran. Maiickuil paiioH pacHojoXeH B I0ro-BOCTO-
YHOU YacTH 00JIaCTH, YHCICHHOCTH HaceleHus oomnee 12
TBIC. YeJoBeK. KinMaT pe3ko KOHTHHEHTaIbHbIN.

X0351ICTBEHHO-TIUTEEBOE BOJOCHAOKEHHE HaCeeH-
HBIX ITyHKTOB Maiickoro paiioHa ocyuiecTBiusercsa u3 7
CKBa)XHH, BBEICHHBIX B KCIUTyaTalHuio B Aexadpe 2019
roja. IlpoexkTHast MpoU3BOAUTENBHOCTD KaXKIOW CKBaXKH-
Hbl coctaBnseT 4150 m%/cyT, u obcnyxusaer 15 Hace-
NeHHbIX MyHKTOB [21]. TyOuHa cKkBaXkuH 0KojI0 15 Me-
TPOB U cOCTOUT U3 orcToiHmKa (0,3 M), punbrpa (4,5 M)
n HandwuibTpoBoii yactu (7,1 m). [IpoTsKeHHOCTH BOJO-
IpoBoJia cocTaBiseT 148,7 kM.

[TpoObl BOABI OTOMpaNKCh Ha BOJOOYMCTHOW CTaH-
uu, cornacHo CT PK ISO 5667-6-2017 «KauecTBo BO-
nel. OTO0p mpobdy». IepBas mpoba oToOpaHa 70 MOCTYII-
JICHUs BOJBI Ha BOJOOYHUCTHOE coopykeHue (Wp); BTO-
past mpo0a — Iociie OYHCTKH B BOJOOYNCTHON CTAHIIUHU
(Wa) u Tpeths poba — IMHUTHEBAsT BOAOIPOBOIHAS BOMIA
(Wq), mocTynarommas mocje BOJI0OYHCTHON CTaHIKH (Me-
cto otbopa — 3000 METpPOB OT BOZOOYUCTHOTO COOPYIKe-
Hus). [IpoOs1 Bogp! 0611l 0TOOpaHEI B OKT0pe 2022 To-
na.

OpraHoienTu4eckue moKazaTeld ONpeaessuINCh Co-
rmacio 'OCT 3351-74 u TOCT 31868-12. Cyxoii ocra-
TOK, KapOOHAT U TUAPOKapOOHAT OBIIIN OTIPEIENIeHBI Ipa-
BumeTpuueckuM MetozoMm (IOCT 26449.1-85). Obmas
KECTKOCTh U COAEPIKAHUE KaJbLUs U3Y4YEHbI KOMILIEK-
coromerprueckiM metonom (TOCT 4151-72). IToBepx-
HOCTHO-akTHBHEIC BemiecTBa ([IAB), ¢deHONBHEIT WH-
JIeKC U cojeprkaHue Oopa MccienoBaHbl (uIyopuMeTpu-
yeckuM merogom mo CT PK I'OCT P 51211-2003,
KZ.07.00.01340-2016 u KZ.07.00.01147-2015 cooTBet-
CTBEHHO. MeToZIoM aTOMHO-?MHCCHOHHON CHEKTPOMET-
PHH C MHAYKTHBHO CBSI3aHHOM 11a3Moi ObLIO onpejiere-
HO cozepkanue amoMuHusi, cornacio ['OCT 18165-
2014. MaccoBasi KOHIICHTpamnus 0O0IIero jxesiesa Oblia
orpejesieHa KOMIUIEKCOHOMETPHYECKHM METOJIOM, OC-
HOBaHHBIM Ha B3aUMO/ICIICTBIH MOHOB JKelle3a B IIeNIou-
HOW cpefie ¢ cysib(hoCaTHINIOBOM KUCIIOTOI ¢ 00pa3oBa-
HHEM OKpAIIEHHOTO B JKEJTHII [[BET KOMIUIEKCHOTO CO-
enunenns (TOCT 4011-72). ConeprxaHus aMMHaKa, HU-
TpaT U HUTPUT HOHOB OBUIN ONpeseNeHb! poToMeTpuye-
CKUM MeToJioM 0Oe3 pazbaBneHusi mpoObl. VloHbl Kaius
OBbUTH NM3y4YeHBI IUIAMEHHO-(OTOMETPHIECKUM METOIO0M
(TOCT 26449.1-85, m. 18.1). NoHsl kK0OajbTa, HUKEJNS,
MeJi, [IMHKa, KaJMUsl U CBHHI[A MCCIIEIOBAHbI [IAMEH-
HBIM ATOMHO-a0COPOIIMOHHBIM CIIEKTPOMETPHYECKUM
meronom (CT PK UCO 8288-2005). DKcTpaKIHOHHO-
(OTOKOJIOPUMETPHIECKUM METOOM OblLia OmpejielieHa
mens o TOCT 26449.2-85, n. 19. Uonsr 6epusutus, 60-

pa, Kaamus, KobanpTa, KPEMHUS, INTHSA, MapraHia, Me-
JI1, MOJINOJICHA, MBIIIbSKA, HATPHS, HUKEJs, CBUHIIA, Ce-
JIeHa, cepedpa, CTPOHIMS, XpOMa, IMHKA OBUTH M3y4YeHBI
METO/IOM aTOMHO-3MHUCCHOHHOHM CHEKTPOMETPUU C HH-
IyKTUBHO cBszanHO# mnasmoit (I'OCT 31870-2012).
KoMIiekcOHOMeTpHYEeCKHM METOAO0M OBLIH OIpejese-
HBl HMOHBI MarHuss B  NPUCYTCTBUHM  KaJbIUs
(TOCT 26449.1-85, . 12, CT PK ICO 8288-2005). ITo-
TEHIMOMETPUIECKUI MeTO] OBUT IPUMEHEH TSI OIpesie-
JIEHNS] CyMMapHOH KOHIEHTpAuu (hTOPHIOB C UCIIOJNb-
30BaHMEM (TOPUIHOTO HOHCEJIEKTUBHOTO JJIEKTPOJa
(TOCT 4386-89). Cynbhar HOHBI ObLIM H3yYEHbI KOMII-
JIEKCOHOMETPUYECKUM MeToIoM, cornacHo I'OCT 4389-
72. MaccoBass koHueHTpanus uuanugos ot 0,01 1o
0,25 mr/am® Gbuta onpesieniena pOTOMETPUIECKMM METO-
aom (I'OCT 31863-2012). TuTpuMeTpU4eCKUM METOA0M
OBUIO HCCIIENOBAHO COJACP)KAHUE XJIOPHI-MOHA B BOJC
(IOCT 4245-72). lnst onipeiesicHUs: TaMMa-u30Mepa re-
KCaxJIOPIMKIIOTeKcaHa M CyMMBI u3omepoB AT Obmx
MIPUMEHEH METO]] T'a30)KHUIKOCTHOH XpoMmaTorpaduu c
HCTIONB30BaHIEM I'a30BOT0 Xpomarorpada ¢ IETeKTOpOM
anextponHoro 3axsara (CT PK TOCT P 51209-2003).

Obmiee mukpoOHOe yncio (OMY) ompenensiocs mo
I'OCT 18963-73. OMY — 3T0 KOTUYECTBCHHBIN ITOKa3a-
Telb, KOTOPBIA OTpakaeT o0liee KOJINIEeCTBO MHUKPOOP-
TaHU3MOB C aHadPOOHBIMH M a3POOHBIMHU CBOMCTBAMH B
1 mn nzyuaemoro oOpasiua BOJBL, T.€. TIOKa3aTesb Kaye-
CTBa BOJIbl, OTPAKAIOLIMN CyMMapHOE YKHCIIO MUKPOOOB,
CBHJICTEJILCTBYIOIUX O CTEIIEHH 3arpsI3HEHUS BOJIBI: 00-
mue konmdopmusie 6akrepun (OKB) (I'OCT 31955.1-
2013); TepMoTONepaHTHBIE KOMH(POPMHBIE OaKTepUu
(IF'OCT 31955.1-2013); criopsl CyIbpUTpeyTAPYIOMINX
knoctpuamii (MYK 10.05.045.03). Unentudukanus Mu-
KPOOPTaHU3MOB OCYIIECTBIISUIACH COTJIACHO CTAaHAAPT-
Hoii mpouenype SOP-TS-013 «Handling, storage,
monitoring and preparation of test cultures / O6parenwue,
XpaHeHHe, KOHTPOJIb U TOArOTOBKA TECT - KYJBTYp», a
takxe «Onpenenutento 6akrepuit bepmxmy».

[Iporenypa o6e33apakuBaHUs TOBEPXHOCTEH 1 060-
PYJOBaHHUS IPOBOINIIACH C HCIIOJIb30BAHUEM CTEPHITH3Y-
fomiero arenta «@apmuesus- @opre» (TOO «HITO Me-
mu/le3», PK), B paboueii kornerTpanuu 0,5%. st 06e3-
3apaXMBAaHHUA Ma3KOB I0cjie OKpacku 1o I'pamy ObuH
WCTIONB30BaHbl TabNeTkn «/luxyopu3onuanypar Ha-
tpuwsD» (KACHLOR DONGE Ltd.», Kuraif). [Turatens-
HBIE CPEbl U PEareHThl, y4acTBYIOIIHE B HCCIIEJOBAaHN,
IIpUBeIeHbI B Ta0uie 1.

VY4eT BBIpOCIINX KOJIOHUH IIPOU3BEAEH HA YalIKax,
He BbIHUMasi (pruIbTphI U3 Yaliku. PacyeTr 3HaueHHs KO-
norneobpasytomeit exuaump! (KOE) ocymecTsieH my-
TeM pa3JelieHUs] KOJIMYECTBa BBIPOCUIMX KOJIOHWH Ha
00BEeM BOJBI, TpOMyIIeHHOH uepe3 ¢unbTp. Komonuw,
BBIPOCIIHE U3 00pa3loB TOYEK OTOOpa Ha cpeaax, Moj-
Beprajuch uiueHtuukanuu. OnpeneneHsl MopQo-KyIib-
TypajbHble, THHKTOPHAJIbHBIE, @ TAKXKe OMOXUMUYECKHUE
CBOMCTBa BBIPOCHIMX KOJOHWH. [[ys1 ycTaHOBIICHHST BU-
JIOBOW IIPHUHAJUIC)KHOCTH TIPOBEICHBI OMOXMMHYECKHE
i hepeHnnanTbHO-TMarHOCTHUECKHE TECTHI.
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PE3VJIBTATBI U OBCYXKJIEHUE

B pesynbrate nccienoBaHus KauecTBa MUTHEBOH BO-
16l Maiickoro paiioHa, YCTaHOBJIEHO, YTO MyTHOCTH BO-
JIbl 10 OYUCTKH NPEBBILIaET HOpMY Ha 2,33 pasa (Tabnu-
na 2). ITocne o4UCTKM MYTHOCTH B BOJIE OTCYTCTBYET.
Oro ykaspiBaeT Ha 3((EKTHBHYIO pabOTy OYHMCTHOM
CTaHIHH.

Pesynbratel uccnenoBanus 000OIIEHHBIX ITOKa3aTe-
JIe BOIBI TIPUBEACHBI B Tabmuie 3. YCTaHOBJICHO, YTO
BoJ1a 1o ypoBHIo pH BapeupyeTtcs B ipenenax 7,15-7,75,
T.e. SIBISICTCS HeHTpanpHOW. JlaHHBIe 00IIel MUHEepaIH-
3aIlM TTOKa3bIBAIOT, YTO BOJA TPECHAst M UMEET Cpell-
HIOIO KECTKOCTh. Bce 0000IeHHbIE MTOKa3aTeNy Haxo-
JIITCSL B TIpeJiesiaX HOPMBI U COOTBETCTBEHHO BOJA IPHU-
TOJIHA JUIS WCIIOJIb30BAaHUS B XO3SHCTBEHHO-ITUTHEBBIX
LesiX.

KarnonHo-aHnOHHBIN cOCTaB YKa3bIBa€T Ha Tr'uapo-
KapOOHATHBIH Ki1acc, IJie OCHOBHBIM COCTABIISIOIIUM SIB-

nserca woH Kanemms (60,1-66,1 mr/am®) (tabmuma 4).
HccnenoBaHue KONMMYECTBa OPraHUYECKUX W HEOPTaHHU-
YEeCKHMX BEILECTB MOKa3ano, YTo COJEpXkaHUE Maprasia
npessiaetr Hopmy [1/IK B 16,9 pa3 B oOpa3uax Boas! U3
BOJIOOYMCTHOM CTaHIIMU A0 OYUCTKHU (Tabnuia 4). Bos-
MOJKHO, 9TO CBSI3aHO € T€M, UTO Ha [IOJJ3€MHbIE BOJIbI OKa-
3BIBAIOT TEXHOTeHHOE BozjeicTBue IlaBnomap-Okuba-
CTY3CKUH TEPPUTOPUATILHO-IIPOMBIILITIEHHBINA KOMILIEKC,
BKIIFOYAIOIIMH MOIIHBIC YITIEeJOOBIBAIONINE Pa3pE3HI,
kpynHeitmue B Kazaxcrane [POC Ha 6a3ze MECTHBIX yT-
nert, TOL, mpennpuaTis XUMUYIECKOH, TOpHOI00BIBaIO-
el M MEeTauTypruueckoil MpPOMBILUIEHHOCTH, MOJIA
(GUIbTpaLK U OTCTOWHHKH HACEJICHHBIX ITyHKTOB IIPOM-
npeanpusTiid. OCHOBHBIMHU 3arpsI3HAIOIIMMHE BEIeCTBa-
MU BBICTYNaI0T HEOUYHIIEHHBIE TPOMBILICHHBIE U OBITO-
BbI€ CTOKH, 3arpsi3HCHHBIE BOJBI M3 MH)KEHEPHBIX KOM-
MyHMKanui [17].

Tabnuya 1. ITumamenvuas cpeda u peazeHmul, Y4acmayoujue 8 MUKpoOUOI0SULECKOM UCCLe008aAHUU

Ne n/n HanmeHoBaHWe ¥ KOAMPOBKa NUTaTENbHbIX CPEA W peareHToB MpoussoaunTens XapakTepuctuka
1 MutatenbHble kapToHHble noanoxkn «Standard TTC-NKS» Dr. Moller-Schmelz, 'epmanms CrepunbHble
2 OHpo arap (M029) HiMedia, Nrans pH (npu 25 °C) 7,440,2
3 TpunToH-coesbii arap (M290) HiMedia, Nrans pH (npu 25 °C) 7,440,2
4 Bopa — CrepunbHas
5 OtaHon «Tanrap Cnnpty, KasaxctaH 96%
6 HE®EPMrect MIKROLATEST, Cat. No.: MLT00010 —
7 Arap ans krocTpuamit HiMedia, Nrans pH (npu 25 °C) 7,4+0,2
8 OkeunpasHble ancku HiMedia, Nrans —
9 Mepekucy Bogopoaa-DF 100 mn pactBop «[Jocapmy», Kasaxcran 3%
Tabnuya 2. Opeanonenmudeckue nokazamenu NUMvbesol 600bl
H . Mpo6bI BoAb! Hopmatus*
auMeHOBaHue nokasarenen
W, W, Wq [22]
3anax, 6ann He bonee 2
LiBeTHOCTb, rpagychbl He Gonee 20 (35)
MyTHOCTb, Mr/n (N0 KaomuHy) 35 He bonee 1,5

lMpumeyaHue:

* — BeNnuumHa, yKasaHHasa B ckobkax, YyCTaHaBnMBaeTCs NOCTAHOBIEHEM IMaBHOMo rocy1apCTBEHHOIO CaHUTAPHOro Bpaya no COOTBGTCTByIOLL[SI;I Tepputopun ans
KOHerTHOVI CUCTEMbI BOJOCHABXEHUS HA OCHOBAHWM OL/EHKM CaHI/ITapHO-SﬂI/Iﬂ,eMI/IOJ'IOFVNECKOI;I 0DCTaHOBKW B HACENEHHOM NyHKTE 1 I'IpI/IMeHﬂeMOVI TEeXHONOrnn

BOAONOArOTOBKMN.

Tabauya 3. O606wennvie nokasamenu numvesoli 600l Matickozo paiiona Ilagrodapckou obnacmu

. Mpo61 BoAb! Hopmatug**
HaumeHoBaHue nokasartenen
Wp W, Wq [22]

BopopoaHblit nokasatens, pH 7,15 7,75 7,42 B npegenax 6-9
i oo 290 218 218 ve Gonee 1000 (1500)
XectkocTb 0bwasi, Mmonb/gm3 41 4,03 3,7 He 6onee 7,0 (10)
HedhTenpoaykTsl cymmapHo, Mr/gm3 0,004 0,002 0,002 *H.0. (0,1)
[MoBepxHoCTHO-aKTVBHbIE BellecTBa ([AB), mrigm3 *H.0. (0,05) *H.0. (0,05) *H.0. (0,05) *H.0. (0,5)
®eHonbHbI MHAEKC, Mr/om3 *H.0. (0,0001) *H.0. (0,0001) *H.0. (0,0001) *H.0. (0,25)

lMpumeyaHue:

*H.0. — KOMMOHEHT He o6Hapy)KeH, B ckobkax npveeneH HVDKHWI npegen onpegeneHna KOMMOHEeHTa;
** — BeNMumMHa, yKa3aHHas B ckobkax, yCTaHaBnMBaeTCA NOCTAaHOBIEHWEM MaBHOIo rocyJjapCTBEHHOIO CaHNTapHOro Bpayva no COOTBeTCTByiOLL[eI?I TeppuTopun and
KOHerTHOV] chcTeMbl BOAOCH86)K6HMFI Ha OCHOBaHWM OLEHKK CaHI/1TapHO-SI'IMﬂeMMOJ'IOI'M"IeCKOIZ 06CTaHOBKW B HACENIEHHOM NyHKTE 1 ﬂpMMeHﬂeMOﬁ TexHonorun

BOAONOArOTOBKMN.
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Tabruya 4. Opeanuueckue u HeopeanuiecKkue gewjecmsa numvesoll 600ul Maiickoeo pationa Ilagnodapckoii odracmu

Mpo6bI BoAbl
HanmeHoBaHwe nokasartenei Ws Wa Wq HOPE?]-”B**
U, M£StD U, M+StD U, M+StD

y-FXUT (nuHaaH), mkr/om? *H.0. (0,0001) *H.0. (0,0001) *H.0. (0,0001) He 6onee 0,002
[OAT (cymma n3omepoB), MKr/am? *H.0. (0,0001) *H.0. (0,0001) *H.0. (0,0001) He 6onee 0,002
2,4-01, mkr/gm3 *H.0. (0,0005) *H.0. (0,0005) *H.0. (0,0005) He 6onee 0,03
AntoMuHmin (AR*), mr/gm3 *H.0. (0,04) *H.0. (0,04) *H.0. (0,04) He 6onee 0,5
Ammuak (no asoty), mr/am3 *H.0. (0,05) *H.0. (0,05) *H.0. (0,05) He Bonee 2,0
Bepunuii (Be2*), Mr/gm3 *H.0. (0,0002) *H.0. (0,0002) *H.0. (0,0002) He 6onee 0,0002
bop(B, cymapHHo), Mr/am3 *H.0. (0,01) *H.0. (0,01) *H.0. (0,01) He 6onee 0,5
'mapokap6oHatb(HCO3), mr/gm3 256,3+7,69 250,2+7,51 238,0+7,14 He HopMUpyeTCs
Xeneso (Fe, cymmapHo), Mr/gm3 *H.0. (0,05) *H.0. (0,05) *H.0. (0,05) He 6onee 0,3 (1,0)
Kanuit (K*), mr/gm? 2,0£0,4 1,60,32 1,9+0,38 He HopMUpyeTcs
Kap6onartbl (COs?), mr/om3 *H.0. (8,0) *H.0. (8,0) *H.0. (8,0) He HopMupyeTcs
Kanbuui (Ca?*), mrigm3 66,1+1,98 65,1£1,95 60,1+3,1 He HopMupyeTcs
Kagmuit (Cd, cymmapHo), mr/gm? *H.0. (0,01) *H.0. (0,01) *H.0. (0,01) He 6onee 0,001
Kob6anbT (Co), mr/igm3 0,0008+0,00006 0,0006+0,00004 0,0006+0,00004 He 6onee 0,1
KpemHui (Si), mr/am? 8,6+1,1 8,6+1,1 8,411 He Gonee 10
Jutun (Li*), mr/gm3 *H.0. (0,01) *H.0. (0,01) *H.0. (0,01) He 6onee 0,03
Marmit (Mg2*) mr/om3 9,7+13 9,4+12 8,5+1,1 He HopMupyeTcs
MapraHeu, (Mn, cymmapHo), Mr/am? 1,69£0,13 0,006+0,0004 0,017+0,001 He 6onee 0,1 (0,5)
Megp (Cu, cymmapHo), Mr/gm3 0,001%0,00006 0,004+0,0004 0,008+0,0004 He 6onee 1,0
Monun6aeH (Mo, cymmapHo), Mr/am3 0,002+0,0002 0,001+0,0001 0,00120,00001 He 6onee 0,25
Mblwwbsik (As, CyMMapHo), Mr/gm3 0,0015+0,0001 0,0015+0,0001 0,0019+0,0001 He 6onee 0,05
Hatpwmit (Na*), mr/gm? 31,116,8 31,046,8 30,3+7,3 He 6onee 200,0
Hukenb (Ni, cymmapHo), mr/am3 0,003+0,0002 0,005+0,0004 0,006+0,00004 He 6onee 0,1
Hutpatbl (NO3), mrigm? *H.0.(0,2) *H.0.(0,2) *H.0.(0,2) He 6onee 45
Hutputel (NOz), Mriam3 *H.0. (0,005) *H.0. (0,005) *H.0. (0,005) He Gornee 3,0
PtyTb (Hg, cymmapHo), mr/gm3 *H.0. (0,0001) *H.0. (0,0001) *H.0. (0,0001) He 6onee 0,0005
CsuHe (Pb, cymmapHo), mr/gm? 0,0002+0,00001 *H.0. (0,01) 0,0003+0,00002 He Gonee 0,03
CeneH (Se, cymmapHo), Mr/am3 *H.0. (0,0002) *H.0. (0,0002) *H.0. (0,0002) He 6onee 0,01
Cepebpo (Ag), mr/om3 *H.0. (0,01) *H.0. (0,01) 0,0001+0,00001 He 6onee 0,05
CrpoHuwmit (Sr2+), mr/gm3 0,3+0,02 0,3+0,02 0,3+0,02 He 6onee 7,0
Cynbthatel (SO42), mriam? 40,346, 1 41,246,2 42,0+6,3 He Gonee 500
Oropuapl (Mr/gm3) Ans KNMMaTUYECKUX paitoHoB:  — | *H.0. *H.0.

=l He Gonee 1,5

el He Gonee 1,2
Xnopugpl (Cl), mr/om3 14,9+1,79 15,6+1,9 15,6+1,9 He 6onee 350
Xpom (Cr obwuir), mr/om3 0,002+0,0001 0,002+0,0001 0,002+0,0001 He 6onee 0,5
LinHanmgpl (CN-), mr/gm® *H.0. (0,005) *H.0. (0,005) *H.0. (0,005) He 6onee 0,035
LInHK(Zn2*), mrigm3 *H.0. (0,01) *H.0. (0,01) *H.0. (0,01) He 6onee 5,0

lMpumeyaHue:

*H.0. — KOMMOHEHT He o6Hapy>KeH, B ckobkax npveeneH HVDKHWI npegen onpegeneHna KOMMoHeHTa;
** — BENUYMHA, yKasaHHadA B ckobkax, yCTaHaBNMBaAETCA NOCTaHOBNEHMEM MaBHOrO rocyaapCTBEHHOIO CaHUTapHOro Bpava no COOTBeTCTBy}OU.[eV] Tepputopun ana
KOHerTHOV] CMCTEMbI BOAOCHABXEHMS HA OCHOBAHUM OLEHKM CaHMTapHO-SI'IMﬂeMMOJ'IOI'MHeCKOIZ 06CTaHOBKM B HACENEHHOM NyHKTE 1 HpMMeHﬂeMOﬁ TEeXHONornn

BO/IOMOATOTOBKM

B pabote [23] mo u3ydeHHIO MECTOPOXKISHHUI TO-
3eMHBIX BOJ] Maiickoro paitona (Bogo3abop cBx. «CmyT-
HUK», «Kb3pikypomMay, yu. Kyprons) BeIsiBIEHa 4pes-
BBIYAHO OTACHasi CTEMEHb 3arps3HEHUs BOJ WOHAMH
xKerne3a 1 MapraHia. [losydyeHHbIe HAMH JTaHHBIE TaKXKe
MOATBEPKAAIOT TEXHOIMEHHOE 3arpsi3HEHUE IOJ3EMHBIX
BoJ Maiickoro paiiona. Ilocne ouncTky BoJ coeprkanue
Maprasiia HaxoJUTCs B Ipeaesiax HopMbl (Tabiuma 4).

Bo Bcex uccnemyeMbIx obpasiax BOABI OTCYTCTBYET
pocT KoIM(OPMHBIX M TEPMOTOJIEPAHTHBIX KOJIH(POPM-
HBIX OakTepwid. Takke OTCYTCTBYIOT CIIOPHI CyJIb(UTpe-
OYUUPYIOMUX KIoCTpuauil (tabmuma 5). OgHako, BO
Bcex oOpasnax Boasl OMU mpeBwIaeT HOpMY, B 4acT-
HOCTH, B 00pa3uax BOJbI 10 OUYUCTKHU B 23,9 pasa, mocie
OYHCTKH B 6,62 pa3a u B 12,32 paza B 06pasuax Bogonpo-
BOJIHOH BOJIBI IIOCJIE OUYUCTKH, OTOOPAHHBIX U3 YaCTHOTO
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Tabruya 5. Mukpobuonozuueckue noxkasamenu oopasyos numvesoil 600vl Matickoeo pationa Ilasnooapckoii obnacmu

H . Mpo6b1 BoAb! Tpe6oBaHus Hf
auMeHoOBaHWe noka3satenei

Wy, MEStD | Wb, CV,% | Wa M#StD | Wi, CV,% | Wa MEStD | Wy CV,% [22]
O6wee mukpobHoe uncno, KOE/mn 1198,3+13,5 1,13 331,3+25,5 7.7 616,0+24,0 39 He Bonee 50
Obuyve KonubopuHsie BakTepu OTCYTCTBYIOT — OTCYTCTBYtOT — OTCYTCTBYIOT — oTCyTCTBIE
(OKB, BrKI), KOE/100 mn
TepwmoTonepaHTHbIe KonMepopHbie OTCYTCTBYIOT — OTCYTCTBYtOT — OTCYyTCTBYIOT — oTCyTCTBME
6aktepum (TKB), KOE/100 mn
Cropb! Cynb®UTPeayLIMpYIOLLUX _ _ _
KNOCTOWAWA, YKCio ciop 8 20 M OTCYTCTBYIOT OTCYTCTBYtOT OTCYTCTBYIOT oTCyTCTBIE

noMma (tabmuna 5). [lomyueHHbIe JaHHbBIE OTPAXAIOT HO-
CTYIUICHUE B BOJIOEM OMOJIOTMYECKHX 3arps3HeHuil. Bo
BceX 00paslax MUTbEeBOW BOJbI ObLIIM OOHAPY)KEHBI Oak-
Tepun pona Pseudomonas aeruginosa u Bacillus.spp.
B o0pasiie Boabl 10 OYMCTKH HPUCYTCTBYIOT ABa BHJa
6akrepuii Pseudomonas: P. aeruginosa u P. monteilii,
Takke Oakrepuu poma Bacillus spp. w Sarcina spp.
Pseudomonas aeruginosa — cuHersoiinas majao4ka mpej-
CTaBUTEIIbCTBA CeMeiicTBa GaKTepHil IICEBIOMOHA SIBIISI-
eTCsl 3HAYMMbIM MUKPOOPTaHU3MOM IIPH KOHTPOJIE Kaye-
cTBa BOJBL. [IpH KOHTaKTe CIM3UCTBHIX U MOBPEXKACHHBIX
YYaCTKOB KOXXHBIX ITOKPOBOB C KOHTaMHHUPOBaHHOM
Pseudomonas aeruginosa Bo/1oii MOKeT BbI3BATh y YEIO-
BEKa YPOJIOTHYECKYIO M JIETOYHYI0 WH(EKINI0, MEHHUH-
TUT, KOKHBIE U Ta3Hble 3a0oneBanus [24]. Beinenenue
JTaHHOU OaKTepuel Takux (epMEHTOB, KaK YHIOTOKCHH,
JNacTasa U KoJUIarMHas3a yeyryOusieT BhIIIe NepedrcIeH-
Hele Oone3nn [25]. Hammume B Boje OakTepuu poja
Pseudomonas aeruginosa yka3slBaeT O CaHUTAPHOM U
SMUAEMHUYECKOM HeOIarononyuun Bosl [26].

Bacillus subtilis — cmopoo6pas3ytorias aspodHast 6ak-
Tepus, npejacTaBuTenb poaa oammiel (Bacillus), xoro-
pblit B OOJIBIIIOM KOJMYECTBE MOXKET BBICTYITUTh MIPUYH-
HOH NHUIIEBBIX OTPABICHUH Y€JIOBEKA, HECMOTPSI Ha CIIO-
COOHOCTB MOJIABJICHHUS POCTA NATOTEHHBIX M YCIIOBHO I1a-
TOTEHHBIX MHKPOOPTaHU3MOB, B T.4. CAJIbMOHEIUIbI, KU-
LIEYHOM MaJOYKH, ICEBJIOMOHA H JP.

ITocne ounctku Boasl OMU ymensmiaercs B 3,6 paza
OTHOCHTEJIEHO BOJbI OTOOPAHHBIX 10 OYHUCTKH, HO HE CO-
OTBETCTBYET TPeOOBaHHUAM HOPMATHBOB, T.€. IPEBbILIACT
I[IAK B 6,62 pa3a (tabmuma 5). Ha Ma3kax U3 KOJIOHHH,
BBIPOCHINX Ha (GHIBTpe U3 00pa3la BOJbI MOCIE OYUCT-
KM, HaOJIFOIAFOTCS TPAMIIONIOKUTENbHbIE TTalI0YKH, pac-
TIOJIOXKEHHBIE MapaJlie]bHO APYT K Apyry. M3 KonoHui,
MOCESIHHBIX TPSIMBIM METOJIOM, Ha0JII01aJI0Ch aHAJIOTHY-
HOE PacIoJ0oKeHHEe KPYITHBIX IPaMIIOIOKHUTENbHBIX T1a-
JIoUeK, XapakTepHoe st 6aktepuit poaa Bacillus spp.

YcraHoBIIEHO, 4TO B 00pa3iiax BOIOIIPOBOAHON BOJIbI
nokasareas OMUY yBenndeH B 2 pa3a, 4TO YKa3bIBaeT HA
MHUKpPOOHYI0 KOHTaMHHAIIMIO TPyOOIIpOBO/a, 110 KOTOPO-
MY JIOCTaBJISIETCSI BOJIA ITOCiIe OYMCTKH (Tabmmia 5). Bos-
MOJKHO, 3TO CBSI3aHO C HaChIIEHUEM BOJOIPOBOJIOB pa3-
JIMYHBIMHA MUKPOOPTaHU3MaMH, KOTOPbIE HMEIOT CBOMCT-
BO Pa3MHOXAaThCs B 3THX ycJoBUsX. [lonmydeHHble naH-
HBIE TAK)KE CBUAETEIHCTBYIOT O CYIIECTBEHHOM BIIMSHUH
MIPOMBINIICHHON M XO035HICTBEHHO-OBITOBON NEsTEIHHO-
CTH 4YeJIOBEeKa, BHICOKHUM HM3HOCOM U HU3KUM YpPOBHEM

SKCIUTyaTalluu CeTell BOJOCHAOXKEHUS, 3aCEIEHHOCTHIO
OIpeIeICHHON MUKPOOHOTOH KaK MOA3EMHBIX BOJ, TaK U
CHCTEM BOJIOCHA0KCHUS, a TAK)KE, BO3MOKHO, C HAJTUYH-
€M MUTATEJIbHBIX BEIIECTB AJI MUKPOOPTaHU3MOB B BOJI-
HbIX 00BekTax Maiickoro paiioHa.

HyxHo otMeTnTh, uT0o OMUY oTpaskaer obiee coaep-
YKaHUEe Me30(IIIHHBIX a9POOHBIX U (haKyIbTaTUBHO aHA-
9POOHBIX MHKPOOPTAaHU3MOB B | MJI HCCIIEAyeMOH BOJIBI.
JaHHBIA TTOKa3aTenh MaeT WHOOPMAIMIO O COCTOSHUHU
o0m1eit MUKpoOHOM 00CEMEHEHHOCTH BOJHOTO OOBEKTA.
[ostomy, ams Gojee MONHOW AMATHOCTHKH COCTOSHUS
NUTHEBOH BOABI MaliCKOro peruoHa O4€Hb aKTyalbHbIM
sIBJIsIeTCs MccneqoBanne nuHaMukn OMY B Bo10OYHUCT-
HBIX COOPY>KEHHSIX U BOJIOTIPOBOJHBIX BOAAX.

BBIBOJIbI

Taknum 00pa3om, naHa OLIEHKAa COOTBETCTBUSI KA4eCT-
Ba MUTHEBOH Bo bl Maiickoro paiiona [TaBnomapckoii 00-
nactu PecryOnukn KasaxcraH HopMaTHBHBIM TpeOoBa-
HUSAM. YCTaHOBJICHO, YTO B 00pa3lax MOA3EMHBIX BOJ
HpeBbIIIaeT HOpMY IHokaszarens MyTHoctd u [1JIK map-
raHIa, KOTOPBIA yCTPaHAETCs IIOC/Ie OYUCTKH B BOJJOOYH-
CTHBIX COOPY’KEHHSIX.

MukpoOnoorndecknii mokaszaTeab 00pa3IoB MUThHE-
Bo#1 BopI Maiickoro pationa [1aBnomapckoii oGmacTu yc-
TaHOBHJI BHICOKHH YPOBEHb OaKkTepHaibHOM 00ceMeHeH-
HocTu. OIpeaeneHo, 4To OYUCTKA BOJbI yMEHBIIAET MO~
kazatesnib OMY B 3,6 paza. OgHako, JaHHBIN IIOKa3aTelNb
BbIXOUT 3a npenensl [IIK B BogonpoBoaHo# Boje, 4TO
CBUJIETENIECTBYET O CAHUTAPHOM U 3IUAEMHUYECKOM He-
6J1aromnoIyYny TUThEBOH BOABI. BrIcOoKHii ypoBeHb Oak-
TepUaJbHOW 00CEMEHEHHOCTH YKa3bIBaeT Ha HEOOXOaH-
MOCTh IIPOBEACHUS Ooyee NETaJbHOTO HCCICAOBaHUA
IUTHEBOM BOJBI Malickoro pailoHa, ¢ OpUEHTalUEN Ha
0oJee MUPOKUN WHANKATOPHBIN TIOKa3aTesnb. O6001eH-
HBIE TIOKa3aTeJN MUTHEBOH BObI, B T.4. pH cpena, obmast
MUHEpalIn3anus, K€CTKOCTb COOTBETCTBYIOT YCTaHOB-
JICHHBIM HOpPMaTHBaM.

[TomyueHHble faHHBIE B AaNbHENIIEM MOTYT HCHOIb-
30BaThCs IPY MOHUTOPUHIE BOJHBIX 00bekTOB IlaBio-
JApCKO 00JIACTH 1 TPU PEIISHUH MTPOOIIEM aHTPOTIOTeH-
HOTO ¥ XO3SIHCTBEHHO-OBITOBOTO 3aTrPsI3HEHNUS I THEBBIX
Box Pecrybnukum Kaszaxcrana.
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KA3AKCTAH PECIIYBJIUKACDHI ITABJIOJAP OBJIBICHI MAW AYJTAHBIHBIH
AYBI3 CY CAITACBIHBIH KOPCETKIIITEPI

C. Azar, C. Kaoapaxmanosa, A. Kadapaxmanosa®, K. O6aues, K.
Apsin, E. Keanees, b. Xanxa6aii , L1I. Cysiraxan, A. Pom

Satbayev University, Kazakcman, Anmamuot
* batinansic ywin E-mail: ainurkabdrahmanova@mail.ru

Kymeicta Kazakcran PecnyGnmkacer IlaBiomap o06mbpickl Mail aynaHBIHIAFBI aybl3 CYJIBIH CaImajblK KOpPCETKIITepi
KapacTeIpblIFaH. OpraHOJEITHKABIK, JKaJIbl )KOHe MUKPOOHOJIOTHUSIIBIK KOPCETKIIITEp, COHTal-aK Ta3apTyFa MEeHiHTi
JKOHE CY Ta3apTy KOHJBIPFHICBIHAH OTKEH aybI3 CYbIHBIH KYPAMBIH/IAFbl OPraHUKAJbBIK XKOHE OeHOpraHuKaIbIK 3aTTaphl,
Cy calachIHBIH HOPMATHUBTIK TaJanTtapra colkecTiri 3eprrenmi. JKaimel MUHEpanaanysl OOWbIHIIA Maill ayJaHbl CYBI
TYIIBI CyFa aTajbl, ajl KEPMEKTIK KepCeTKimTepi OOWBbIHIIA OopTalia JeHrel, SsFHU ruapokapOoHaTTap KiacklHa cai
eKeHJIri aHbIKTanpl. Ta3apTyra JAeiiHI1 aybl3 Ccy KYpaMbIHIAFrbl JIaiJlaHy jKoHEe MapraHel] MeJjuepi OOWbIHIIA IIEKTi
payanael  kepcertkimren (IIPK) aceim kerkeni Oenrimi Oomapl. Maii aynaHbl OOWBIHIIA Cy ChIHAMAaJIAPBIHBIH
0aKTepUONIOTHSIIBIK KOPCETKILI TUTMEHANBIK HOpMaaH korapbl. CyIbIH CaHHTApIIbI-3IHISMHUOIOTHIIBIK KayiNTilir
Pseudomonas aeruginosa GakTepHsUIapbIHBIH 00JTybIMEH pacTaiasl, 0y [1aBmomap o0abicel Mait ayaaHbIHIAFEl TAOUFH
opTara J1a, aybl3 CyIIbIH TY3UIyiHe A€ acep eTyIiH aHTPONOIeH/IIK )KOHE TYPMBICTHIK (paKTOpIIapblH alKbIHAAIbI.

Tyiiin co30ep: ayvi3 cy, cy mazapmy KOHObIPEbICHL, OPSAHOIENMUKATIBIK HCIHE IHCATNbL KOPCeMKIuwmep, NaAtIaHy, MUKpo-
OUONOCUANBIK, MA3ATBIK,.

QUALITATIVE INDICATORS OF DRINKING WATER OF THE MAYSKY DISTRICT
PAVLODAR REGION OF THE REPUBLIC KAZAKHSTAN

S. Azat, S. Kabdrakhmanova, A. Kabdrakhmanova®, K. Abdiyev, K. Aryp,
E. Kuldeyev, B. Khalkhabay, Sh. Sultakhan, A. Rash

Satbayev University, Almaty, Kazakhstan
* E-mail for contact: ainurkabdrahmanova@mail.ru

This work considers the quality indicators of drinking water in the Maysky district of the Pavlodar region, Republic
Kazakhstan. The organoleptic, generalized, microbiological indicators, as well as organic and inorganic substances of
drinking water of, water treatment plant before and after treatment, as well as tap water, were examined for compliance
with regulatory requirements. The general mineralization characterizes the water as fresh and the hardness index indicates
the average hardness of the water belonging to the hydrocarbonate class. An excess of the MAC norm for turbidity and
manganese content before water treatment was established. The bacteriological index of water samples in the Maysky
district exceeds hygienic standards. The sanitary and epidemiological hazard of water is confirmed by the presence of
genus Pseudomonas aeruginosa bacteria, which indicates anthropogenic and household factors of impact, both on the
natural environment and on the formation of drinking water in the Maysky district of Pavlodar region.

Keywords: drinking water, water treatment plant, organoleptic and generalized indicators, turbidity, microbiological
purity.
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B Hacrosmee Bpems 0HOM U3 HanboIIee aKTyaIbHBIX IPOOJIeM, C KOTOPBIMHU CTAIKMBAETCS 0OIIECTBO, SBISIETCS 3aMEHA
CYIIECTBYIOIIEH YHEPTeTHUECKOW CHCTEMBI, HCIOIB3YIOMIeH OrpaHIMYeHHBIC MCKOMaeMble BHIBI TOIUTMBA aKTHBHO 3a-
IPS3HSIONINX OKPYKAIOIIYIO CPey, Ha MPUHIIUIINATIHHO HOBYIO KOHIICIIIIHIO, OCHOBAHHYIO HAa YUCTHIX U OC3TPaHUYHBIX
YCTOMYUBBIX UCTOYHUKAX. MacITaOHOE UCTIONB30BaHUE BO30OHOBISEMBIX HCTOUHHKOB SHEPTUH U MIEPEX0]] OT ABUraTe-
JICH BHYTPEHHETO CTOPAaHUS K 3JICKTPOMOOHIISIM SIBIISICTCS OJTHOW M3 MHOTOOOCIIAIONIUX CTPATETHI Pa3BUTUS HAYKU U
TEXHUKU B 0003puMoM OyayiieM. OQHUM U3 HauOoJIee MePCICKTHUBHBIX MOIX00B B pa3pabOTKe CYNePKOHICHCATOPOB
HOBOT'O IMOKOJICHUS ABJIACTCA MCIOJIb30BAHUC TBEPABIX MOJMMCEPHBIX 3JICKTPOJIUTOB, 06.]13}13}01]_[1/1)( peuiaronmMu npeun-
MymeCTBaMu 10 CPaBHCHUIO C KUAKUMU U TBEPAbIMU HCOPraHUYCCKUMU JJICKTPOJIUTAMHU, B YHUCJIC KOTOPBIX HETOPIO-
4eCcTh, OTCYTCTBHE YyTEUEK DJICKTPOJHUTA, MPEBOCXONHAS THOKOCTh W JCHICBH3HA IPOW3BOJICTBCHHOTO IIPOIECCA.
B narHOM MHHH-0030p€e paccMaTpUBAIOTCSI OCHOBHBIC THITHI CYTIEPKOHACHCATOPOB, MAaTEPHAJIbI, HCIIOIb3YEMBIC IS pa3-
PabOTKH TeIb-TIOIUMEP AIEKTPOIUTOB M MOCICTHIE TOCTHKCHUS B O0JIACTH pa3pabOTKH TeIb-TIOTUMEDP AJICKTPOIHUTOB
Ha OCHOBE Pa3IIMYHBIX THUIOB YTJICPOIHBIX MaTCPHAJIOB.

Knrouesvie cnosa: cynepKOH()eHcamopbl, 2eIb-noaumMep-971eKmpoaumeal, y2]l€p0()Hbl€ Hanomamepuaisvl, noaumepbl,

EeMKOCMb KOHOEHCamopo8, YCmpoCcmea XpaneHus sHepaul, spagen, okcuo spagena.

1. BBEAEHHUE

3HaYNTEIBHBIA POCT MCCIIEIOBAHUI B 00JIaCTH CHUC-
TEM HAKOIUICHUsI SHEPIUHU 3a IOCIeJHEe JEeCATHIIETHE
00yCJIOBIIEH CIIPOCOM Ha DJJIEKTPOHHBIE YCTPOMCTBA,
AJIEKTPOMOOHIIH U MPOILYKTHI U3 BO3OOHOBIISIEMBIX HCTO-
YHUKOB dHepruu [1-3]. Matepuaribl, HCIOIb3yeMbIe IS
XpaHEHHs OJHEPrHH, TaKhe KaK CyINepKOHIICHCATOPHI
(CK) nnmu mutuii-noHHEIe 0aTapen, IUPOKO MPHUMEHSIOT-
cs1 B OBITOBOM M IOPTAaTHBHOM 3JIEKTPOHUKE, a MX pa3pa-
00TKa SBJIAETCS OJHUM M NPHOPHUTETHBIX HAINlPaBICHUH
COBPEMEHHOTO MarepHuanoBeneHus. OmHAKO oOcTaeTcs
OTKPBITBIM BONPOC O€30MacHOCTH WX HCIHOJIb30BaHNS,
0COOEHHO UI1 MPUMEHEHUS B 3JIEKTPOMOOMIAX. AKTY-
anbHas mpobiieMa 0e30MIaCHOCTH JINTHH-MOHHBIX aKKYy-
MYJSITOPOB U KOMMEPUYECKHX 3JIEKTPOXUMUYECKUX CY-
MEPKOHICHCATOPOB B OCHOBHOM BBI3BaHa HCIIOJIb30Ba-
HHEM B DJICKTPOJIUTE JKUJKUX OPraHUYeCKHX PacTBOPHU-
teneid [4—6]. CylecTByroniue aHAJIOTH B BUJE TBEPABIX
MIOJIMMEPHBIX 3JIEKTPOJINTOB, Ka3a0Ch ObI, C OJIHOH CTO-
POHBI 00€CIIEYNBAIOT UACANBHBIN CIIOCOO pEIIeHUs 3TOH
po0IIeMbI 6e30MTaCHOCTH, HO C IPYTrol CTOPOHBI, MX HHU-
3Kasi HOHHAs IIPOBOJIMMOCTh HE MOXKET COOTBETCTBOBATD
TpeOyeMbIM 3KCIUTyaTalMOHHBIM TpeboBanusM [7, 8].
I'ens-nomumepnbie dnextponutbl (I'TID), wucmonb3ytro-
LIKE TOJIMMEPHI B KAYeCTBE MaTPHIbI ISl PUKCAIHH pac-
TBOpHUTENEH, 00JaaloT 3HAYUTENBEHO OoJiee BBICOKOH
HMOHHOHM IPOBOAMMOCTBIO, YeM TBEp/Ible MOJUMEpHbIE
AJIEKTPOJIUTHI, U 0OJiee BBHICOKOW CTAOMIIBHOCTHIO, YeM
KUJIKHE AJIEKTPOJIHUTH U SBJISIOTCS aJbTEPHATUBHBIM H
3¢ (GEKTHBHBIM peIICHUEM MPOoOIIeMBI 0€30I1aCHOCTH JIU-
THH-HOHHBIX aKKyMyJsiTopoB [6, 8]. DnexTponutsl Ha
ocHoBe ['TID Takxe 00ecIeYUBaIOT 3HAYUTEIBHOE Y 100-

CTBO C TOYKHU 3PEHUS THOKOCTH, YHUBEPCAIBHOCTH KOH-
(urypanuy KOHCTPYKIUH U YIIAKOBKU, KDOME TOTO, OHH
IIpeyIaraoT MHPOKUE BO3MOXKHOCTH I IPHIIOKEHUHN B
rMOKOH, pacTArMBaeMOil WM HOCHMOW 3JIEKTPOHHUKE.
I'ubkue u 3nactuunsie ['TID Takxke CrIOCOOHBI BRIICPIKHU-
BaTh M3MEHEHHE 00bEeMa INEKTPOIHBIX MaTepHaJIOB BO
BpeMst TipolieccoB 3apsiaa u paspsza [9]. Kak cnencreue,
I'TID cranu onmHOW W3 HamOoee BOCTPEOOBAHHBIX allb-
TEpHATHUB CPEIN PA3THIHBIX HJIEKTPOIUTOB IS HIIEKTPO-
XMMHUYECKHX YCTPOHCTB HAKOIUICHNS SHEPTHHU, ¥ 3HAUH-
TEeNBHBIH Mporpecc ObUT JOCTUTHYT B JMUTHH-MOHHBIX U
JUTHHA-KUCIIOPOTHBIX OaTapesx, CynmepKOHIeHCaTOpax, a
TaKXKe B JPYTMX BHIAX 3JIEKTPOXUMHUYECKHX HAKOIHTE-
JIel PHepruM, TaKuX Kak HaTPHUI-MOHHBIE OaTapew, JH-
THil-cepHbIe 0aTapeu, TOITMBHBIC AIEMEHTHI M BO3IYyII-
HO-IIMHKOBBIE Oatapeu [6].

B nannoi#t 0030pHO# paboTe mpeaCTaBICHbI TOCHE-
HHE JIOCTIDKCHHUS B 00JIaCTH MOJyYEHUs pa3iIn4HbIX TH-
noB CK Ha ocHoBe I'TID u pa3inuyHBIX THIIOB yriepoa-
HBIX HAHOMaTepHasoB U UX MPUMEHEHHs JuIs pa3pador-
K1 BBICOKO?((EKTUBHBIX YCTPOHCTB XpaHEHHsI SHEPTHH.

2. KIIACCU®UKAIIAS T OCHOBHBIE ITPAUHIIATIBI

®YHKIIMOHUPOBAHUA CK

CK npencraBisitor coboi ycTpoiicTBa uist XpaHeHUs
SHEPrUM, KOTOpPhIE 3aHUMAIOT MPOMEXYTOYHYIO MO3H-
LU0 MEX/Ty OaTapesiMu U OOBIYHBIMU KOHJIEHCATOPaMHU
[10]. CK uMmeroT npuMepHO B ACCATH pa3 00Jiee BBICOKYIO
IUIOTHOCTh MOIIHOCTH, HO 0oJiee HU3KYIO IUIOTHOCTD
SHEPrUH, YeM JIMTHUH-HOHHBIE OaTaped, U MOTYT OBITH
00BETMHEHBI C OaTapesMu Ui YAOBIETBOPEHHS ITHKO-
BBIX TOTPEOHOCTEH B MOIITHOCTH FIJTH C CHICTeMaMHu cOopa
SHEPruM Uil XpaHEHHs MEPUOANYECKH TeHEepHPYeMOil
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AEKTPOIHEPTUH M3 BO3OOHOBIIEMBIX HCTOYHHKOB B Te-
YEeHUE KOPOTKHX Mepro0B BpeMeHH. OCHOBHBIMH Xapa-
KTEepUCTUKaMU KOHJICHCATOPOB KaK CHCTEM HAKOIUICHHS
SHEPTHH, KOTOPBIE MO3BOJISIOT OTJIMYUTH OJHY CHCTEMY
OT APYTHX, SIBISIIOTCS IUIOTHOCTH DHEPTHH, YJAeNbHas
MOIIHOCTh, EMKOCTB/€MKOCTb, HAaIIpsHKEHHE Ha sUYeHKe,
KMHETUYECKHI MEXaHU3M HaKOIUICHHSI SHEPTHH, COOTHO-
menue [-V, pabouas remneparypa, CpoK CIry>KObI, camo-
MIPOU3BOJIFHAS Pa3psAKa, a TAKKE HCIOIb3yeMbIe MaTe-
pHAaIBI B KA4ECTBE JIEKTPOJA, NEKTPOIHTA H T. 1.

B 3aBHCHMOCTH OT THIIa HAKOIICHHUS 3apsia pasiu-
garot Tpu rpynnsl CK. [1epBrrit Tum nmpeacrasiseT codoit
JIBYXCJIOMHBIH 31ekTpuueckuii kouaencatop (I35K), ko-
TOPBIH HAKaIJIMBAeT 3MEKTPUUECKYI0 IHEPTHUIO 3a CUeT
MHTEPKATMPOBAHUS 3aps/I0B Ha TPAaHMLIE pa3Jielia dJIeKT-
POI-3JEKTPOIHT, 00pa3ys IBOWHOM CIIOM 3apsaa0B (pUcy-
HOK 1, a). 3apsapl GU3HMUECKH OCAXKAAIOTCS 33 CYET AJIeK-
TPOCTATMYECKOTO MPUTSHKCHUS, YTO IPUBOAUT K OBICT-
po¥i KHWHETHKE 3apsma-paspsga, BBICOKOH IUIOTHOCTH
MOIIHOCTH W AJTUTEIHHOMY XH3HEHHOMY HHKIY (TIO-
CKOJIbKY HE MPOUCXOIUT XHUMHU4YecKod peakium) [11].
VYraepomocoaepkamue MaTepuainsl (rpadeH, yriepon-
HBIC HAHOTPYOKH, aKTUBHUPOBAHHBIA YTrOJb, TpapuT M
IIp.) YaIle BCEro HCMOIb3YIOTCS B KAUECTBE SJICKTPOTHO-
ro MaTepHaia 1l HaKOIUICHUS 3aps/I0B.

Bropoii Tun CK u3BecTeH Kak MCEBAOKOHIEHCATOD,
MOCKOJIbKY OH HCIOJIB3YET (papajieeBCKUE PEeaKIUH st
HAKOIUICHHUS JJICKTPUYCCKON 3Hepruu (pucyHoOK 1, 0).
IIporecc HaKOIICHUSI 3HEPTUH B JAHHOM THUIIE KOH/IEH-
CaToOpOB BO3HUKAET B pe3yJbTaTe OBICTPHIX 0OPATHMBIX
OKHUCITUTEIIFHO-BOCCTAHOBUTEIBHBIX PEaKIHiA, M000-
HBIX MpolleccaM, NpoTekaBmuM B Oarapesix [12, 13].
OcaxJeHre TpH MOHWKEHHOM NOTEHIHANE, OKHCIIH-
TEIBHO-BOCCTAHOBHTENBbHAS TICEBIOEMKOCTh M HHTEPKa-
JSIHOHHAS TICEBIOEMKOCTbD SIBIISIOTCS OCHOBHBEIMH Tpe-
Msl pa3MYHBIMH THIIAMH OKHCIIUTEIbHO-BOCCTAHOBHU-
TENbHBIX PEaKIHi{, XapaKTePHbIX AJS MCEBIOKOHICHCA-
TopoB [14]. OcaxaeHre Mpu MOHMKXEHHOM MOTECHIIHAIIE
MpEeCTaBIsIeT CO0O0M CBOErO poja oOpaTUMyr0 ancopo-
IIMI0 MOHOB METAJUIOB Ha PA3IHMYHBIX METAJUINYECKHUX
MOBEPXHOCTSIX, KOTOPask aHAJOTWYHA aJICOPOLIMU MEXKITY
HOHAMHU 30JI0Ta M CBHUHIIA, OMUCAHHBIX B pabore [15].
OKHCIATENEHO-BOCCTAHOBUTEIIFHAS TICEBIOEMKOCTb
00BIYHO BO3HHKAET HA IOBEPXHOCTH XaIbKOTCHUOB/HU-
TPHUIIOB TEPEXOMHBIX METAIOB C (hapaJeeBCKUM Iepe-
HOCOM 3apsiaa. IHTepKansIIoHHas IICEBIOEMKOCTD BO3-
HHUKAEeT, KOTJa HOHBI (HanpuMep, Li*) HHTepKaTupyIoT B
TYHHEJIH MaTepPHaIOB C OKHCIUTEIHHO-BOCCTAHOBHUTEIb-
HBIMHU cBOMcTBaMHu. Hambonee M3BeCTHBIE NICEBIOEMKO-
CTHBIC MaTEPHAIIBI C YJIENbHONH €MKOCTBIO, OTM3KOH K MX
Teoperrnueckomy npeaeny — RuO, u MnO, [16, 17]. To-
CKOJIBKY 3JIEKTPOXMMHYECKas MPUPOAa TICEBIOKOHICH-
caropa nnojgo6xa /19K, oH Ha3pIBaeTCs IICEBIOKOH /ICHCA-
TopoM. IlnoTHOCTE 3HEeprun storo tuna CK Beie mo
cpaBHeHuto ¢ JIDK, HO HalMyMe XUMUYECKUX peaKLUi
CHI)KAET €ro INIOTHOCTh TOKA, a TAKXKE CPOK CITY’>KOBI.

B coBpeMeHHBIX 37IEKTPOXUMHUIECKUX HAKOMHUTEISX
SHEpruM oda TUMa KOHAEHCATOPHBIX MAaTEpHAJIOB, OIH-
CaHHBIX BBIIIE, 0OBETUHEHBI B OJHOM YCTpOICTBE, YTO-
OBl MCIIOJIB30BATh MPEUMYILECTBAa 000UX EMKOCTHBIX Ma-
TEpUaJIoB, 3TO TaK Ha3bIBaeMble I'MOPUIHBIE KOH/EHCA-
TOpPHI (PUCYHOK 1, B), KOTOpBIE OTHOCATCS K THITy aCCH-
METPUYHBIX KOH/IEHCATOPOB U OOBIYHO COCTOSIT U3 JJIEK-
TpoJa ¢ IBOWHBIM dMeKkTpraeckuM cioeM ([I3C) u nces-
JOEMKOCTHOT'O WJIM aKKyMYJISITOPHOTO 3JeKTpoja. I'no-
PHIHBIE KOHICHCATOPEI MOTYT O0ECIIEYNTh KaK BBICOKYTO
IUIOTHOCTh 3HEPTHH, TaK M IUIOTHOCTH Toka [18]. [pu
9KCIIyaTallid OJHOBPEMEHHO IPOHCXOAAT MPOLECCHI
MOBEPXHOCTHOM aCOpOLMK M JECOpOIMH DIIEKTpoJa
JOK u mpouecchl MHTEPKANALMUM U JEUHTEPKaIALUU
9JIEKTPOJIa aKKyMYJISITOPHOTO THIIA, YTO IPUBOAUT K BBI-
COKOM INIOTHOCTH SHEPIUU MPH BHICOKOH INIOTHOCTHU TO-
Ka 0e3 yXy[AIIeHUs cpoka ciyObl. KoMOuHaIus IByX
Pa3MYHBIX TUIOB JJIEKTPOJIOB, OE3yCIIOBHO, obecredn-
BaeT BO3MO)KHOCTh HAKOIUIEHHS OOJBIIEro KOJIHIECTBA
SHeprum Onarojaps MIMPOKOMY AMAna3oHy pabodero Ha-
MIPSOKEHUSI, CO34aBaEMOMY aCHMMETPHUYHBIMH 3JIEKTPO-
Jamu, W OOJNBIION yNENbHOW €MKOCTH, HHIYIUPYEeMOi
JIEKTPOJIOM aKKyMYJSITOPHOTO THHa. Taxke Omaromaps
anexTpony tuna 19K, rubpuaHbie KOHAEHCATOPHI MMe-
FOT BBICOKYIO CKOPOCTB 3apsaku u paspsku [19, 20]. B
LIEJIOM, CYTIEPKOHICHCATOPHI CIIOCOOHBI 00eCTIeYHnTh 00-
Jiee BBICOKYIO YAEIBbHYI0 MOIITHOCTB 10 CPaBHEHHIO C Oa-
TapesiMU, HO UX y/eNbHasi SHEPrHs BCe ellle CHIbHO OT-
cTaeT oT OaTapeil.

ITo cpaBuenuto ¢ JI9K u nceBnokoHIeHCaTOPaMHU T'U-
O6pungabie CK 1eMOHCTpHPYIOT 3HAYHUTENbHBIEC MTPEUMY-
IIECTBA, TaKHe Kak 0oJiee BHICOKAs IUIOTHOCTh SHEPTUH
[21] u nmurensHBIH cpok ciry:x0bt (> 100 000) [22], uto
OBLIO MPOAEMOHCTPUPOBaHO B pabdore [23] mpu Ooinee
BBICOKOM HampspkeHuH staeiiku (MakcumyM 0,5). Boiee
HHU3KUH camopa3ps (paccesHie YHEPTUH) ABISIETCS elle
OJTHUM IIPEUMYIIECTBOM I'MOPUIHOTO THIIA KOHJIEHCATO-
poB 1o cpaBHeHuto ¢ JIDK u mceBaokoHIEHCATOpaMH
[24]. Kak mpaBmiio, MexaHU3MbI caMOpa3psiza, KOTOPhIe
CBSI3aHBI C Pa3IMYHBIMH XUMHUYECKUMH ¥ (U3UYECKUMHU
MeXaHW3MaM{, B OCHOBHOM IIOJIPa3JeisIOTCSl Ha TPH
Kiacca: (a) mapasuTHbIe papameeBCKue peakiud, (0) me-
pepacripeziesieHue 3apsaa 1 (B) OMHUYEcKas yTeuka TOKa
Mexny siektponamu [25]. CooTBeTCTBEHHO, caMopas-
PSL IPOUCXOMUT, €CIIM UMEETCS OJIMH MIIM KOMOWHAIUS
9THX IpoLeccoB. BEIOOp cTaHIapTHOTO CPOKa CIIyKOBI B
Ka4yecTBe O/HOT'O W3 OCHOBHBIX IapaMeTpoB Iepe3aps-
KAEMbIX HAKOMHUTENeH SHEPTUU MOJHOCTHIO 3aBUCHT OT
XapakTepa yCTpOWCTBA U TECHO CBSI3aH C YCIOBUSMH JKC-
IUTyaTalny, TAKHMH KaK TeMIlepaTypa, HalpshKeHHe, TOK
3apsia-paspsiia, riyOuHa 3apsijia, pa3psii, a Ha HEKOTO-
PBIX dTamax u BIaxHoCTh [18, 26]. BaxxHo BbIOpaTh mo-
XOAIINE MaTepHalbl BBICOKOW YMCTOTHI KakK JJIsl 3JIEeKT-
poJMTa, TaK U JUIS 3JEKTPOIOB, TaK KaK ATO BIMSIET Ha
CPOK CITy>KObI IPY IUKJIMPOBAHUH U YTEUKY TOKa.
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Pucynok 2. Knaccugpuxayuss mamepuanos, ucnonb3yemvix 0is uzeomosienus anekmpooos CK coznacno [21]

2.1 MarepuaJbl, HCHIOJIb3yeMble A1 pa3padoTKu

3J1eKTPO10B coBpeMeHHbIX TUNOB CK

Kak moka3piBaeT aHanM3 JIMTEpaTypHBIX JAHHBIX,
pacuMpeHre CIeKTpa MaTepualioB, UCIIOIb3YEMbIX IS
N3TOTOBJICHHS HOBBIX M yCOBEPIICHCTBOBAHHMS YXKE HMe-
IOIINXCS THIIOB 3JICKTPOJIOB, SIBJISICTCS OJJHOM M3 Hanbo-
Jiee TOIYJSAPHBIX M BOCTPEOOBAaHHBIX 3a7jad MHPOBOTO
Hay4YHOro coobmiectBa. Ha pucyHke 2 mpUBOIATCS OC-
HOBHBIE KJIaCCHI MaTEPUANOB, UCIIOJIB3YEMBIX IIPH pa3pa-
0OTKE IIEKTPOJIOB /IS KaXJI0T0 U3 TPEX THUIIOB KOH/IEH-
CaTOpOB, ONIMCAHHBIX B paszene 2.1. imeetcs psan 0630p-
HBIX paboT, MOIPOOHO OMUCHIBAIONINX (PYHKIIMOHAIBHBIE
XapaKTEPUCTUKN  Pa3JIMUHBIX  KJIACCOB  3JIEKTPOJIOB
[17, 22—25]. B 60/bIIHHCTBE KOMMEPUYECKHUX CYMEPKOH-
JICHCATOPOB NCIIOJIB3YIOTCS JKUJIKUE OPTaHUIECKHE HIICK-
TPOJIUTHI, TaKHE KaK TETpa3THIIaMMOHUIT-TeTpadTopOO-
par B anetonutpuiie [27]. XoTst 3T 31eKTpOIUTHI 0bec-
MIEYNBAIOT OTHOCHTENHBHO BBICOKYI0 MOHHYIO TOIBIIK-
HOCTB W OBICTPYIO KHHETHKY 3apsiia/pa3psia, IMOTeHIU-
aJbHAs yTeuKa dJIEKTPOJINTA CO3AaeT MpooOIeMbl Oe30ma-
CHOCTH M 3aIIHTHl OKPY)KAIOMIEH cpenbl, 94To TpedyeT
KOHCTPYKLIUH 3JIEMEHTOB C KECTKOM M TPOYHON yIaKOoB-
KOM JUIsl CONEp KaHUs KUJKUX 3JIEKTpoJuToB. TBepmo-
TeNbHbIE CYyIEPKOHIEHCATOPBI, KOTOPBIE 3aMEHSIIOT KU~
KHE JIEKTPOJIUTHI FeJIeM ¢ HOHHON NPOBOAUMOCTBIO UITH
MOJIMMEPHON MeMOpaHoii, He TPeOYIOT )KECTKOH yIaKoB-
KA M, CJIEJOBaTelbHO, MOTYT OBITH TOHBIIE, JIETYE H
obecrieunBaroT OOJBIIYI0 CBOOOY NPOSKTHPOBAHUSI.

Takum 00pa3oM, OHU MOTEHLMAILHO IPUBJIEKATEIbHBI
JUISL TAKUX TIPHJIOXKEHUH, KaK CBEPXMOOMIIbHAS DIIEKTPO-
HUKa OyIymero u KOH(OPMHBIE CHCTEMBl XpaHEHHS
sueprun [28].

Hcnonb3oBaHue KUIKOTO 3JIEKTPOJIUTA UMEET JBa
OCHOBHBIX HEJIOCTaTKa:

1) JAs1s )KMAKOTO NIEKTPOIIUTA TPEOYIOTCS BBICOKOKA-
YEeCTBEHHBIC 0€30I1acHbIe TePMETH3NPYIONINE MaTepHa-
JIBI, YTO Ha MPAKTHKE MPUBOIUT K TOoMy, uTo CK mmeror
HEYKITIOXKYI0 00beMHYI0 (opMy (KHOIKA WIIM IFUTHHIIP
CO CITMPAJILHOIM HAMOTKOH) M HU3KYIO IJIOTHOCTH SHEp-
MU YIIAaKOBKU (T€pMETU3UPYIOLINE MaTephalibl CHUXKa-
10T BECOBOM IIPOIIEHT MaTepHalla 3JIEKTPoJia BO BCEM yc-
TpOICTBE).

2) lpu yTeuke SIEKTPONUTA BPEIHBIC MaTEPHATIbI
BBI3BIBAIOT KOPPO3HIO PACTBOPHUTENS M OTPHULATEIBHO
BIIMSIIOT Ha OKpYXarollyro cpeay. Kpome toro, xuakue
JIEKTPOJIUTHI HE OYEHb MOJXOJIAT AJISl TAKHX YCTPOMCTB,
KaK HOCHUMBIE, PacTsDKUMbIE WM THOKHE 3IICKTPOHHBIC
YCTPOICTBA.

OTH JBa acleKTa 3HAYUTEIBHO OrPaHHMYMBAIOT COOT-
BetcTBHE 00b14HBIX CK cTporum TpeboBaHusIM Oy Iymunx
MIPaKTHYECKHUX MPHUII0KEHUH B 00J1aCTH NIepeI0BOH TOH-
KOH U JIETKOH 3J€KTPOHUKHU.

Bnaroaapst LIMPOKOMY AJIEKTPOXUMUYECKOMY JiMara-
30HYy, XOpOIIeH TepMUYECKON CTaOUIHLHOCTH W MUHH-
MaJIbHBIM PHCKaM yTEYKH pacTBOpa AJEKTPOJIUTA, MOJIH-
MEpHbIE JJIEKTPOJIUTHI SBJISIOTCS. OJHAM U3 CaMbIX Iep-
CIIEKTHBHBIX KJIaCcCOB (DyHKIMOHAJIBHBIX MaTEepHalIOB
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IUTSL pa3paboTKK BJIEKTPOIOB HOBOTO mMOKojeHus [29].
[TonaumepHbIe AJIEKTPOIUTHL MOXHO Pa3JelUTh Ha IBa
KJIacca 10 UX COCTaBy: TBEpAbIC MOJUMEPHBIE IEKTPO-
sutel (TTI3) u renb-nonumep snextposutsl (I'T19). Cun-
TaeTcsi, 4To B 3JeKTpoaax Ha ocHoBe TIID cosm murus
pacTBOPSIIOTCSI M COJIBATUPYIOTCS BBICOKOMOJIEKYJISIP-
HBIMH IOJIMMEPHBIMH LiensiMu. [lomuMep urpaer poib
IIPOMOTOpA ISl [IEpEiadi HOHOB JINTHS CKBO3b IIEMOYKH
cermenros noiumepa [30]. Kpome Toro, TIID criocoGHbI
KOMIICHCHPOBAaTh HM3MEHEHUS 00BbEMa 3IEKTPOAOB 3a
cYeT ympyroi um mmactudeckoit aedopmarun. Cremgyer
otMeTuTh, yTo TIID sBIAIOTCS Hambollee MEepCIeKTHB-
HBIM THIIOM 3JIEKTPOJIUTOB, TIOCKOJILKY OHH IIPUMEHSIOT-
Csl B TOJIHOCTBIO TBEPJIOTEJILHBIX JIUTHH-HOHHBIX W JIU-
TUI-MeTaInYecKux Oatapesx. Tem He MeHee, PaKTH-
YyecKoe IMUpoKoe ucrnonp3oBanue TIID 3HaunTENHHO OT-
paHUYMBACTCA HU3KOM HMOHHOW IIPOBOAMMOCTBIO IIPH
xomuatHoil Temneparype (108:10°Cm cm™?) muke
Tpebyemoii B peanbHbix yciosusax (10°3Cm cv?). B
I'TID »ta npobnema nosmHocThIO penteHa. B I'TID skuakuii
NIEKTPOIUT MMMOOMIN30BaH B MOJIMMEPHOH MaTpHIle,
YTO 3HAYMTEJIFHO CHIDKAET PUCK YTEUKH 3JIEKTPOJINTA T10
CPaBHEHHUIO C KOMMepUecKnM cenapatopoM. Kak u apy-
THe TOJUMEpHBIE 31eKTponutsl, I'TID coueratoT B cebe
MPEeUMyIIecTBa KaK JKUAKOTO, TaK M TBEPAOT0 KOMIIO-
HEHTOB M IIPHUBJIEKAIOT BCe OOJIbIlIee BHUMaHKE UCCIIe0-
Bateliel, Oarogapss KOMOMHAIMK (QYHKIIUI 3JICKTPOIIH-
Ta ¥ cenaparopa B OJIHOM MaTepHale, 4To 00ecreynBaeT
BBICOKYIO HOHHYIO POBOJMMOCTD M XOPOIINX Mexdas-
HBIX CBOMCTBAx KUAKOH (a3bl, a TaK)Ke B XOPOLIUX Me-
XaHUYECKHMX CBOMCTBAX TBEPAOro KommoHenTa [31]. Pas-
myarot I'TID ¢ reteporeHHbIM ((ha30BBIM pa3JeiIeHHEM )
Y TOMOTEHHBIM (OTHOPOIHBIM ) TenieM (pucyHok 3). Hau-
Goiniee pacripocTpaHeHsl reteporeHusie I'TI9, nmpeacras-
JSTIoImAe co00W MONMMMEPHBIH KapKac ¢ CHCTEMOW CBs-
3aHHBIX MEXIy COOOH IIOp, 3alOJHEHHBIX 3JIEKTPOJIH-
TOM, B KOTOPBIX TPAaHCIOPT NOHOB Li mpoucxoauT B Ha-
OyxIeit resreo0pasHoil WK KUIKOH (paze. BOIbITHHCTBO
13 U3BECTHHIX THNOB ['TID N1EeMOHCTPUPYIOT BBIAAIOIILY-
10Csl HOHHYIO NIPoBoAMMOocTh nopsika 1073 Cm em ™ ipu
TeMIepaType OKpY)Kalolled Cpelbl, 4TO 3HAYUTEIHHO
yIIydIIIaeT 3JIEKTPOXUMUYECKHE XapaKTEPUCTUKH CyTep-
KOHJeHCaTopoB Ha ux ocuose [30].

[ponecc momyuenust ['TID 00BIYHO COCTOUT W3 IBYX
MIOCIIEI0BATENILHBIX CTaINi: TEPBOHAYAIBEHO OCYIECTB-
nsiercst GOpMUpPOBaHUE KapKaca MOPUCTON MOJINMEpPHOH
MeMOpaHsbl, 1TocjIe Yero ee aKTUBUPYIOT KUIKUM OpraHu-
YECKUM 3JIeKTpoJIMTOM. Kak 0TMedaloT MHOTHE Hccie0-
Bateiny, 3¢ dexkTnBHOCTS KOHEUHOH Gopmsl I'TID Hamps-
MYIO 3aBHCHT OT (PYHKIIMOHAJIBHBIX CBOICTB €€ IOJIH-
MmepHoii ocHoBbl [30]. Hambonee wacto st co3maHus
I'TID ucnonp3yIoT CieayIonIie THITBI TOJTUMEPHBIX MaT-
pur: nommakpmionntpui (ITAH), monmn(mernnmerakpu-

mat) (IIMMA), nommaxpuionutpmn (ITAH), momm(me-
tunmetakpunat) (IIMMA), nonustunenokcua (I120),
noyu(BuaMIMAeHGTopun) (IIBD) u nonu(BuHMIMACH-
¢ropua-rexcadropnponunen) (IIBAD-I'PIT). Onnum
U3 MEPCIEKTUBHBIX HANIPaBJICHUH CUMTAETCs pa3padoTKa
sKoJorn4HbIX THIOB ['TID ¢ ncnonbs3oBaHueM Oropasia-
raeMbIX IOJMMEPHBIX MaTpPHUIl Ha OCHOBE LIEJUTIOJIO3BI
[32], mamenmsiproii arapossr [33], murauna [34], nemtro-
110351 [35], KOMIIO3UTOB Ha OCHOBE KapTO(EIBLHOTO Kpax-
MaJia M JIMTHOLEIUTI010361 [36] 1 T.11.

Crnemyer OTMETHTB, YTO BO MHOTHX CTaThiX IO pa3-
paboTKe MOTHOCTHIO TBEPAOTEIBHBIX CYNEPKOHAECHCATO-
POB HCHOJB30BAJICS TaKOW BOJHO-WOHHBIA Telb-3JIEKT-
pomut [19, 37], kak momuBuHMIOBBINH cnupt ([IBC—
H2SO04, TIBC-H3PO4) [38, 39]. Onnako y3koe 37eKTpo-
XMMHUYECKOE OKHO BOAHO-TeIeBOro siekrponuta (0—
1,0 B) npuBOIUT K HU3KOMY HaNpsDKEHHIO HA sUEHKe H,
CJIEIOBATENIbHO, K HU3KOW IUIOTHOCTH DHEPrHU M MOII-
HoctH. Kpome Toro, mpu Mcronbp30BaHWM BOAHO-TEINE-
BBIX JJIEKTPOJIMTOB B IIMPOKOM AMAIa30HE TEMIIEPATYp
OCTpO BO3HHUKAET ITpobiieMa UCTIapEHHS BOABI, YTO PE3KO
BIMSET HA TPOU3BOJUTEIHLHOCTh M JIOJITOBPEMEHHYIO
crabuwibHOCTh ycTpoiictB [40-42]. UonHble renu (HOH-
HBIE XHUJKOCTH, KOOPANHUPYEMBIE TIOJIMMEPAMH) IMEIOT
HIMPOKOE AMeKTpoxuMuieckoe okHo (0-3,5 B), mperoc-
XOJHYIO0 TEPMHYECKYIO CTa0MILHOCTD, HEJIETY4eCTh, He-
rOpIOYECTh U HETOKCUYHOCTh, HO 00J1a/Ial0T HU3KOM HOH-
HO# ipoBoMMOCTRIO [43].

®ropnonumepsl, Takue kak [1B/I® unun BAP-I'PIT
BechMa IEePCICKTUBHBI B 00sacTu pa3paborku CK 6ia-
rogaps XMMHYECKOH M MEXaHHYECKOH cTaOMIbHOCTH,
JIETKOMY BeCy, TMOKOCTH, BBICOKOH IHIJIEKTPUYECKOH
MIPOHUIIAEMOCTH, BBICOKOH yIapOIIPOYHOCTH U 3IIEKTPO-
XUMHUYECKO# cTabuibHoCTH [44]. DTOpHpOBaHHBIE MO-
JIMMEPBI C PETYINPYEMbIMU CBOMCTBAMHU MI'PAIOT BECbMa
Ba)KHYIO POJIb B MOBBIIIEHNH 3 HEeKTHBHOCTH 1 KOMMeEp-
[HUaIM3aU1 YHEPTETUYECKUX CUCTEM, KOHCTPYKIIHMH, CO-
CTaBa M TEXHOJOTWU W3TOTOBIICHHSI CYNEPKOHJEHCATO-
poB [45, 46]. Tlo cpasHenuro ¢ 1190, CK Ha ocHOBe
MBA® u IMBID-I'®IT obecnieunBaroT 60JI€€ BBHICOKYIO
VOHU3ALMIO COJIEH JIUTHS U KOHLEHTPALUIO0 HOCUTENEH
3apsiia BCJIEACTBHE BBICOKOHW IMAICKTPUUECKOI MPOHH-
LIAEMOCTH yKa3aHHbIX THUIOB nosuMepoB. Kak TIBIA®D,
tak u [IBAD-T'®Il uMeoT mioxyr COBMECTUMOCTH C
KHUIKUMHU 3JICKTPOJINTAMH, TIO3TOMY B psife padoT ais
YIYYIIEHUS! SJIEKTPOXUMHUYECKUX XapaKTEpPHCTHK IIpO-
BOJMIIaCh MOJU(UKAIMS OCTOBHBIX HoinMepoB. Tak, B
pabote [47] aBTOpPBI TS TIOBBIMICHHS AIEKTPOXHMHYEC-
kux xapakrepuctuk [I1BJI® nobaBmim Kk pacTBOpy MOJIH-
Mepa OmopasiaraeMblii MOJHMIPOIIIEH-KapOoHAT, MpHu
9TOM MOJU(UIMPOBAHHBIN NEKTPOJ] POJEMOHCTPHPO-
Baj Oojiee 4eM B 2 pasza BBICOKYIO MOHHYIO ITPOBOJIHU-
MOCTb, 10 CPAaBHEHUIO C MOHOKOMIIOHEHTHBIM 00pa3IoM.
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Pucynox 3. Knaccugpuxayus I'TID coenacno [30]

I'ubpunaeie  memOpamasie [TID, Ha  ocHOBe
[MBA®/Si0;-g-nonu(merunmerakpunar) u [1BID/SiO,-
g-monu  (METHUIMEeTaKpHIIaT-CO-THIPOKCHITHIMETaKpH-
nmat) (PMMA- co-HEMA) 6pumn momydeHsl B pabote
[48] metomom wmmBepcuu (a3, B xotopom [IMMA u
I[I(MMA-co-HEMA) 6butn ycnemHo HpHUBHTHI Ha IIO-
BEPXHOCTh HaHOYACTHUI] Si02 METOAOM paJuKaIbHON 110-
JMMEPU3aIMU C TIEPEHOCOM aToMa. ABTOpaMH ObLIO yc-
TaHOBJICHO, YTO XaPAKTEPUCTHUKH IIPUTOTOBIEHHBIX MEM-
Opan B coueranuu ¢ 1 M LiClO4 B mponmneHKapOOHaTE
3HAYUTENIBHO YJIyYIIWINCh 3a cueT BBeaeHuss HEMA-
rpynn. MonHas npoBoaumocth Takux I'TID cocrtaBuia
2,63 MCm-cm ' ipu 298 K. BBUIO yCTaHOBIEHO, YTO OKHO
aNIeKTpOoXUMHUUeckoi cradbmnbHocTH I'TID, conepkaiero
SiO2-g-P(MMA-co-HEMA), nocturaer 4,8 B. Hayunast
rpymma Bo riase ¢ Wu et al [49] paspaborana usurrepu-
OHHBIH T'eJIb-AJIEKTPOJIUT NOJU(TIPONTHIICYIb()OHAT ArMeE-
tuiamMMmonunit nponuiMerakpuitamun) (ITTAIT)/LiCl ny-
TEeM paJUKaIbHON MOJMMEpH3alry MponuicyIb(oHaTa
JTMeTHIaMMoHNH npormmetakpuiamuna (ITAIT) u du-
suyeckoro cmemmuBanus ¢ LiCl. TBepaoTensHbIi cynep-
koHaeHcatop Ha ocHoBe PPDP-LiCl moka3an 6onee BbI-
COKYI0 TIOTHOCTH 3Hepruu (41,78 Br-u '), uem Ha oc-
nose [IBC/LiCl (26,89 Br-u-n!). MacFarlane ¢ coasro-
pamu [50] mpe ok KT HOBBIHM MOAXO0. K IPUTOTOBICHHIO
CaMOTIOIICP)KUBAIOIINXCS TENIEBBIX MEMOpaH ¢ HOHHOI
KHUJIKOCTBIO IYTEeM BKIIOYEHHS JBYX HOHOTeneit
[EMIM][NT{2]/[C4mpyr][eFAP] B mosmmepHy0 MaT-
puny [1B/I®-I'®I1. CumMMeTpHIHBINA CYyNEepKOHIEHCATOP

Ha OCHOBe Takoil MeMmOpanbl [NTf2]-moHOTENsT MOXET
nocturath emkoctd 153/101 ®@-r ! mpu 0,1/10 A-r!, a
rubkuit CK mo-mpexxHeMy coOXpaHSeT YIENbHYI0 eM-
kocth 119 @1 ' mpu 1 A-r L.

3. [IPUMEHEHME YIJIEPOJIHBIX HAHO-

MATEPHAJIOB B CK HA OCHOBE I'lT9

Hecmotpst Ha TO, 4TO HaYaIO MCIOJIB30BAHHMIO yTIle-
POIHBIX MaTepHajoB npHu KoHcTpyupoBanuu CK 6vu10
HoJI0XeHo emie B 1975 roay, 10 HelaBHETO BPEMEHH yT-
JIEpOJIHbIE MaTepHajbl B OCHOBHOM HCIOJIb30BAJIMChH B
KauyecTBEe Marepuaia 3JIEeKTPOJOB OJyiarojapsi CBOMM
CBOMCTBaM, TaKMM Kak yJelbHas IUIOLIa]b MMOBEPXHO-
CTH, WHEPTHOCTb, HU3Kasi Ce0ECTOMMOCTb, JKOJIOIHY-
HOCTh METOJIOB cHHTe3a [17]. Bo MHOI'MX aBTOPHUTETHBIX
Hay4HBIX paboTax, OIyOJMKOBAaHHBIX 3a ITOCIEIHHE 5
JIeT, OBUIO MPOIEMOHCTPUPOBAHO, YTO HOHHAS! ITPOBOAH-
MocTb ['TID MoskeT ObITh 3HAUNTEIBHO YIIyUIlIeHa 32 CUET
JIETUPOBAHMS HAaHOPAa3MEPHBIMHU CTPYKTYpPaMH Ha OCHO-
Be yrieponma [17, 25,51, 52]. Beicokas Tepmuueckas,
XMMHUYECKass M 3JIEKTPOXUMUYECKass CTaOWIbHOCTH (B
Pa3MYHBIX PACTBOPAX OT CHIIbHOKHUCIIBIX A0 IIETOYHBIX
cpen), BBICOKAsk AJIEKTPOIIPOBOAHOCTb, & TAKIKE CHMMET-
PUYHBINA TaTbBAaHOCTATHUECKUI MPOGMIb 3apsaa-pa3ps-
Jla TIO3BOJISIFOT PAcCMaTPUBAThH YIJIEPOJHBIE MaTEPHAIIbI
KaK B Ka4eCTBE AJICKTPOJHBIX MaTepuanoB [23, 24], tak
U B KauecTBe Jerupymoiunx kommnonentos I'TID [37, 53].
B pabore [51] aBTopamu OBLIM CHHTE3UPOBAHBI HOBBIC
tunsl ['TID Ha ocHoBe nonmakpunamuaa (ITAA), nerupo-
BaHHOTO yriiepoaHsIMu HaHOTpyOKkamu (YHT), okcnnom
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rpadena (OI') u ux cmecu. bruto ycraHoBi€HO, UTO JTe-
TMpPOBaHHE YIJIEPOJHBIMU MaTepuallaMH 3HA4YHUTEIIBHO
YBEJIMYHMBAET CPOK CITY>KObI M CHIKAET CTEIIeHb JIeTpa/ia-
uun emkoctu CK. Tak, cMemannble 00pasibl Ha OCHOBE
YHT u I'O nponemoncrpuposaiu Ha 50% OGosiee BbICO-
KyI0 TEpMHYECKYIO CTaOMIBHOCTB 10 cpaBHeHuto ¢ CK
Ha ocHoBe Tosibko ['TID. Kpome Toro, nuddysus nonos
Mexy crosmu OI' B TaHHOM THITE 00pa3I0B 3HAUYUTEIB-
HO YBEJIMYMBACTCS 33 CYET YMEHBILICHHUS arpeTauy JIxc-
ToB OI' ¥ HOHHAs TPOBOAMMOCTE TS Bo3pacTaer ¢ 41
10 132 MCMm cm L.

Hopwucrtsriii I'TID Ha ocrore [IBJAD u rpadena (0,002
Mac.%) 6bu1 mosydeH B pabote [54] metomom dazoBoro
paszieneHus1, He MHAYIIMPOBaHHOTO pacTBopuTeseM. [1pu
5TOM HOHHAs MPOBOAMMOCTH Takoro I'TID 3HaunTenpHO
yBemumiack ¢ 1,85-10° Cm ecmt 10 3,61-10° Cm em?
o cpasHeHuto ¢ I'TID Ha ocHoBe Tosbko [IBAD mem6-
panslL. [IBJ]® Takxe Ot 1oMUpoBaH HOHOMEP-MO T pH-
mupoBanaeiM OI' (MMI'O) [55] ¢ ucnonb3oBanueM Me-
Toma (ha30BOTO pasieleHUs. BBIIO ycTaHOBIEHO, UTO
IpH OTHOcUTenbHOM conepxkannun UMI'O 10 mac. %
npurotosiaeHHbIA ['TID nMeeT camyro BEICOKYIO HOHHYIO
nposoauMocTk (3,35:107% Cm-ecm ™), a anexkTpoxumuyec-
KO€ OKHO cTaOmIsHO 710 4,8 B. CoOpaHHBII MOTNMEpHBII
JIMTUI-UOHHBIM aKKyMyJIITOp Ha €ro OCHOBE IIOKa3aj
HaMBBICUIYIO 3apsiTHO-Pa3psIHYI0 €MKOCTb
(168,4 MA-u-TY), a €MKOCTH 3IIEMEHTOB
(LiCoO/TTID/Li) yaanock coxpanuts 10 90% mocie 50
LIMKJIOB.

[ToMUMO OIHOKOMITOHEHTHBIX DJIEKTPOJIUTOB HA OC-
HOBE ITOJIMMEPOB, Bce Ooibile 1 Ooiplie pa3padaTsiBa-
I0TCSI TBEPJOTENbHbIE 3JIEKTPOJIUTH Ha OCHOBE MHOTO-
KOMITOHEHTHBIX MOJMMEPHBIX I'eJiel IS YIydIIeHHs nX
IEKTPOXUMHUUECKUX U MEXaHMYECKHX XapaKTepPHCTHK.
B pat6ote [56] aBropamu 0bLT pa3paboTaH MHOTOKOMIIO-
HEHTHBIIl TeJb-DJIEKTPOJIUT IyTEM IPUBUBKU OKCHJA
rpadena u amuHOrpynn Kk ocHoBHoit nenu [IBC-KOH.
Moauduumposannsiii I'TID [TBC-KOH npoxemoHncTpu-
poBai ropaszio 6oJiee BHICOKYIO HOHHYIO TPOBOIMMOCTb
(108,7 MCwm/cm), Hesxenn B HemoauduimpoBannsix ['TID
cocraa [IBC-KOH (30,5 mCwm/cm). TTomumo yiyurire-
HUSI DJIEKTPOXUMHUYECKUX XaPaKTEPUCTHK, TBEPAOTEIb-
HBIE 3JIEKTPOJINTHI HA OCHOBE MHOTOKOMIIOHEHTHBIX MO-
JVMEpPHBIX Telell Tarke O00JIafaloT BHEUYATISIONINMHI
YIIYUIICHUSIMA MEXaHHUYECKHX XapaKTepUCTHK. Tak, B
pabore [57] comonumepusanuei 2-aKpuiamua0-2-Me-
THnponancynbGoHoBoi kKuciotsl (AMPS) u N,N-mu-
mMeTmnakpuiaamuga (DMAAm) OblT CHHTE3UPOBAH MHO-
royHKroHaIbHbIN Komno3uTHbIH [ TID. CK Ha ocHOBe
anekTponuta cocraBa noiau(AMPS-co-DMAAm)/nano-
HUT/OI' IpOIEMOHCTPHUPOBAT TPEBOCXOIHYIO MEXaHHU-
4eCKyto pacTsukuMocTh (0 1000%) 1 oTiindHbBIe Xapak-
TEPUCTUKU CAaMOBOCCTAHOBJICHHS, KaK IPH HarpeBaHUH,
TaK ¥ Ipu 00paboTKe CBETOM.

I'TID Ha ocHOBE MPUPOIHOTO MOPCKOTO MOIHCAXAPH-
na — arapo3sbl (AI') n OI" ObUT TEOpETHYECKN U HKCIIEpH-
MeHTaNbHO u3yueH B padote [33]. CK Ha ocHOBe yka3aH-
Horo I'TID u yriaepogHOro aneKkTpoaa MMEET BBICOKYIO

HOHHYIO TpoBoAUMOCTE (73,8 MCM cM ') H ymensHyro
eMKOCTb 10 791,67 M® cM 2 pu mI0THOCTH ToKa 5,0 MA
cm?. Kpome Toro, I'TID cocrasa AI'/OI' o6nagaer oTiu-
yHOI MexaHuueckor npouHoctbio (0,115 MIla) u orne-
CTOMKUMH XapaKTEepUCTUKaMH (MOIIHOCTH TEIJIOBBIJE-
nenus 11,08 kBt/M?> u oOliee TeMIOBLIACIEHUE —
0,79 MJIx M?).

Membpana ¢ TUTHH-HOHHBIM IpoBomsmuM [ TI3, co-
nepxamast [I90 B kauecTBe MOIMMEPHONH OCHOBHI U
KHUIKUH 3JICKTPOINT, OblIa MPUTOTOBIECHA C ITOMOIIBIO
MPOCTOM OTHOCTAIMIHON Tporenyps! [58] u umeer He
TOJNBKO XOPOIIYI0 HOHHYI IpoBogumocTs 3,3-10°
3 Cm-cm™ 1 BEICOKOE YKCIIO TIEPEHOCA MOHOB JIMTHS PaB-
Hoe 0,76 mpu KOMHATHOHN TeMmIlepaTrype, HO U Takxke Je-
MOHCTPHUPYET BBICOKYIO TEPMHUYECKYIO CTaOMIBHOCTB.
Sluelika Ha OCHOBE CHHTE3UPOBAHHOTO 3JIEKTPOJIHUTA
obecrieyrBaeT XOpOLIyI0 CTAOMIBHOCTh IIPH IIMKIMPOBA-
HUU C BBICOKMM COXPaHEHHEM €MKOCTU Ha ypoBHe 81%
nociie 500 HUKIOB U TAKUMH K€ XOPOILIUMU XapaKTepH-
ctukami, kak LiFeOs, HCTIBITAHHBIN B )KUIKOM SJIEKTPO-
JHTE.

Yang et al. cunTe3upoBamu BHICOKOIPPEKTUBHBIH
HOHHBIN renb Ha ocHoBe [IB/I®-I'®II nerupoBaHHBIM
OI' ¢ ucnonb3oBanuem conoiumepa [IBAD-I'PII B ka-
YyecTBE MOJUMEPHON MaTPHIIbI, HOHHOM KHIKOCTH (TET-
padTopoopat 1-3tui-3-metunumugazonus EMIMBF4) B
KayecTBe Moiep KuBatoliero sekTpoauta u Ol B kaue-
CTBE MPOMOTOPA NOHHON MPOBOJUMOCTH. DTOT MOHHBIN
reis, JerupoBaHHblit O, IMeeT 3HAYUTEIBHO YITyUIlIeH-
HYI0 HOHHYIO IIPOBOJUMOCTH IO CPAaBHEHUIO C MOHHBIM
rejaeM. ABTOpaMH OBLIO TTOKa3aHO, YTO YHCTHIH MOHHBIA
rens 6e3 modaBnerns OI'O u3-3a OTHOPOIHO pactpere-
nerroro OI B BHEe TpeXMEpPHOH CETH 10 BceMy 00BeMy
resst, IefCTBYeT Kak MOHHAs «MarkcTpaliby JUIs o0Jer-
YeHUsI IepeHoca HOHOB. [Ipy BKIIIOYEHNH B MOHHBIN T'elb
nurb Hebonbioro konumdectBa OI (1 mac. %) Habmoa-
eTcs pe3Koe YIydlIeHHe HOHHON NMPOBOAMMOCTH IpH-
MepHO Ha 260% 10 CpaBHEHUIO C YHCTO MOHHBIM T'elIeM.
Kpowme Toro, noiHocTsio TBepaoTensHelii CK m3roros-
JIEHHBI Ha OCHOBe ykazaHHoro ['TID nmemoHcTpupyer
6osiee BBICOKHE DJIEKTPOXUMHUECKHE XapaKTEPHCTHUKH,
YeM IOJIHOCTBIO TBEPAOTENBHBIN CYNEpKOHIEHCATOp C
YHUCTHIM HOHHBIM I'eJIeM U OOBIYHBIM CYNEPKOHAEHCATOP
¢ yucteiM EMIMBF, B aciekTe MeHbI11ero BHyTPEHHETO
CONPOTHUBJICHHUS, O0JIee BBICOKOI €MKOCTH U JIyqIIel 1u-
KIIMYECKOH CTAaOMIBHOCTH. DTH NMPEBOCXOAHBIE XapaKTe-
PHUCTHKH OOYCIIOBJICHBI BBHICOKOW HOHHOW ITPOBOANMO-
CTBIO, OTJIMYHOW COBMECTUMOCTBIO C YTONBHBIMU DJICKT-
pollaMH M TOJTOBPEMEHHOH CTaOMIBHOCTBIO HOHHOTO
resis, eruposarnoro O [1].

B Tabnuie mpencTaBieHbl JaHHBIE 00 HCIIOIB30Ba-
HUM TpadeHa u ero NPOoM3BOIHBIX B Ka4eCTBE HATIOIHU-
teneit ['TID. Kak BUIHO M3 NpEeACTAaBIEHHBIX JAHHBIX,
TEXHOJIOTHUECKUI OAX0/]I, OCHOBAHHBIN HA UCTIONB30Ba-
HUH YIJIEPOAHBIX HaHOHanonHuTeneil 8 I'TID He Tombko
obecrieuynBaeT UCKIIFOUNTEIbHbBIE XapaKTEPUCTUKH, HO U
3HAYUTENBHO MOBBINIAECT HOHHYIO poBoauMOocTs CK.

38



MPUMEHEHUE TENb-NONNMEP 3NEKTPONUTOB HA OCHOBE YIMEPOAHbLIX HAHOMATEPUANOB
OnAa PA3PABOTKW YCTPOUCTB XPAHEHUA SHEPTUW - MUHN OB30P

Tabnuya. Inexmpoxumuueckue xapaxmepucmuxu 1’113 na ocnoge y2nepoonsix HaHOMAMEPUANO8

Monumep HanonHutenb MeTopa cuHTe3a MopwucrocTb, % UA, % o (MCm cm™1) Tui+ Ucr.
— 31,21 175,67 — 0,18
MNnBao® TepMuyeckas uHeepcus asbl [55]
rpacheH 50,43 260,67 — 0,42
0,1 Bec% OI' 21,36
LAGO/TMBC/H3PO4
10 Bec% OF OTNMBKa pacTeopa 5,46 [37]
SAGO/MBC/H3PO4 2 Bec% OF — — 13,46
0,05 Bec% OF 3NEKTPOCMMHHUHT 94,110,1 592+11 0,45-10-3 —
N30/MAH 0,5 Bec% OI' 3NEKTPOCMMHHUHT 93,0£5,9 585413 0,42:10-3 — [59]
— 3NEKTPOCMMHHUHT 91,1£0,6 50010 0,36:10-3 —
— OTNMBKa pacTBopa — — 41 —
YHT pasbaeneHne UCXOAHbIX pacTBOPOB — — 59 —
MAA (51]
or OTNMBKa pacTBopa — — 64 —
YHT/OT pasbaeneHne UCXOAHbIX pacTBOPOB — — 132 —
— 68,8 296,1 0,165 —
1Bec% O 759 338,3 0,19 —
MNBA®-TOMN OTNMBKa pacTeopa [60]
2,58ec% OF 86,8 3424 0,423 —
5Bec% O 70,2 331,25 0,301 —
— — — 3,910 —
0,1 Bec% OI' — — 0,17 —
MBA®-ron 0,2 Bec% OI' OTNMBKa pacTeopa — — 6,110-2 — [61]
0,3 Bec% OI' — — 1,6-102 —
0,4 Bec% OI' — — 6,7-102 —
nBo®-ron — 68,8 296,4 0,198 0,13
NnBO®-Ton/ A0
nonuaunnH (MAHY) — OTNMBKa pacTeopa 773 3404 1,04-10 0,20 [62]
NBAG-TON/MAHW/OT or 88,7 367,6 6,64:10 0,30
Monuakpunosas kucnota or OTNMBKa pacTeopa — — 168,1 — [63]
WNoHomep nonnypeTata 0,5 Bec% OF — — — 4,48 — [64]

3AKJIIOYEHUE

Heocnopum tot ¢akt, uro TBepaoTenbubie CK cranu
IIPOPHIBHBIM OTKPBITHEM B HAyKE M TEXHHUKE MOCIIETHETO
JIECATHIIETHS] U UTPAIOT BCe OoJiee BaKHYIO POJIb BO MHO-
KECTBE Pa3HOOOPA3HBIX CHCTEM HAKOIUICHWS SHEPTHU.
B narHOM MUHH-0030pe KpaTKO OITMCaHBI OCHOBHEIE Me-
XaHU3MEI pa3andHbiX TunoB CK u mMatepuanoB s ux
nzroropneHns. Ocoboe BHUMaHHE YICICHO COBPEMEH-
HbIM JaHHBIM O npuMeHeHuu I'TID Ha ocHOBe yriepon-
HBIX MarepuajioB. Kak moka3piBaeT aHAIU3 JUTEPATyp-
HBIX JAHHBIX, TBepJoTeNbHbIe I TID Ha ocHOBe rpadena
U €ro IpPOU3BOIHBIX SBISIFOTCS MHOTOOOEUIAOIUMHU
KaH/WaTaMu JJIsl IPUOJIMOKEHHUST K BBICOKOIIPOM3BO/IN-
TENbHBIM YCTPOMCTBAM XpaHEHHUS YHEPTUH Oaroaapst ux
YHHUKAQJIBHBIM DJIEKTPOXHMUYECKUM XapaKTePUCTHKAM.
MHOTOKOMIIOHEHTHBIE ITOJTUMEpPHBIE MATPHUIBl TaKXKe
MOTYT 00ECHEUYHTh KaK BBICOKHE MEXaHWYECKHE, TaK H
NIEKTPOXUMHUUECKHE XapakTepucTuku ruokux CK.

Hecmotps Ha TO, 4TO OBUIO pa3paboTaHO MHOTO BIIE-
YaTJISAIOMKX 1 00HAIEKHMBAIOIINX METO/IOB JUIs IpHOIH-
KEHUsI K BBICOKONIpou3BoauTeNbHbIM ruokum CK, ocra-
eTcs HepeleHHOH NpoOiieMa MOBBINIEHHS IUIOTHOCTH
snepruu ruokux CK. TlepBoodepennoit 3agaueit sSBisieT-
csl UCCIIEOBaHNE U Pa3pabOTKa HOBBIX IICEBIOEMKOCT-
HBIX MaTepHAJIOB C BEICOKOI €MKOCTBIO M OONBIINMH pa-

O6ounmu okHamu. TpeOyeT Oonee AeTaIbLHOTO PACCMOT-
peHus MIOHUMaHKe JUHAMHUKH MIEPEHOCa NOHOB B HEpETY-
JIIPHBIX TIOPUCTBIX CTPYKTYpax. BoNbIIMHCTBO coobia-
€MBIX MEXaHHM3MOB WM CUMYJIAIIUNA OCHOBAaHBI Ha HJe-
TBHOW MOJETH, KOTOpasi He MOKET MOJTHOCTHIO OIHCATh
peansHBIe 00pa3mpl. M HakoHeT, A MacIITaOHOTO MIPH-
MeHeHus1 TBepaoTenbHeIXx CK Ha ocHoBe I'TID Heobxo-
MO TIPOBOIWTE MCCIICIOBAHUS, OPHCHTUPOBAHHBIC Ha
pa3paboTKy HEIOPOTUX H JIETKOOOpadaThIBaEMBIX MaTe-
pHaoB.

Jlannas paboma 6Ovina 6LINOAHEHA 6 PAMKAX
peanuzayuu npoeKma epaHmoso2o QUHAHCUPOBAHUS
AP14869845, ¢unancupyemoco Komumemom Hayku
Munucmepcmea nayxku u gvicue2o oopazosanus PK.
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SHEPTUS CAKTAY K¥PBLIFBIVIAPBIH 93IPJIEYIE KOMIPTEKTI HAHOMATEPUAJIIAP
HETI'IBIHAEI'I I'EJIb-ITIOJIMMEPJII QJIEKTPOJIUTTEPAI KOJIIAHY — ITAFBIH IIOJY
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Kasipri yakeITTa KOFaMm aiAbIHIA TYpPFaH ©3€KTi MOcelenepaiH Oipi MIeKTeyi, )KOFaphl JTacTaylibl Ka30a OTHIHAAapBIH
naiijajJaHaThIH KOJIaHBICTAFbl SHEPTeTUKAIIBIK )KYHEHI Ta3a KoHEe CapKbUIMANWTBIH TYPAKThl KO3/Iepre Heri3IereH xKaHa
TYXKBIpIMIIAMaMeH aybICTBIpY OoJbin TaObuiaasl. JKaHapTHUIATBIH SHEPrHsl KO3JepiH KeH ayKbIMJa NaijanaHy »KoHe
IITEH aHAThIH KO3FAJITKBIIITAP/AAH JJIEKTPOMOOMIIbIEpre KOIly >KaKkplH OOJlallakTa FbUIBIM MEH TEXHHUKaHBI
JAMBITYIBIH MIEPCICKTHBAIBIK CTPATETHACHIHBIH 0ipi 00JbIn TaObu1aab!. XKaHa OybIHHBIH cynepkoHaeHcaTopiapbiH (CK)
o3ipieyneri eH MepCreKTHBAbl TICUIIepAiH Oipi CYHMBIK koHEe KaTThl OeHOpraHUKaJBIK 3JIEKTPOJIIMTTEpre KaparaHia
KaHOAUTHIHIBIFBI, DIICKTPOIIUTTEPAIH aFBII KETIIEYi, TaMallla HKeM/IUIIT] )oHe OHIIpicTeri ToMeH KYHBI CUSKTHI STy
APTHIKIIBUIBIKTAPEI 0ap KAaTTHI ITOJIMMEPIIi DIICKTPOIUTTEPAI Naiinanany 6omnsm tadbuiansl. by marei monyna CK-npi
HETI3Ti TYpJepiH, rems mommumepdi anektponurtepai (['TID) a3ipey yiriH KoMaaHBIIATEH MaTepHaIiap KoHE KOMipTeKTI
MaTepHalIapIbIH OipHeme Typiaepine Herizpenre ['TID a3ipieyiHneri COHFBI XKETiCTIKTEpP TaTKbLIIAHAIBL.

Tyiiin co30ep: cynepkoHOeHCamopaap, 2enb-noAuMepi SNeKmpoIummep, KOMIPMeKmi HaHOMamepuaidap, RoAUMepep,
KOHOEeHCamopaapobiy ColUbLMObLIbIZbL, IHEP2UL CAKMAY KYPbLIZbIIAPbL, epager, epagher okcuoi.

APPLICATION OF GEL POLYMER ELECTROLYTES BASED ON CARBON NANOMATERIALS
FOR THE DEVELOPMENT OF ENERGY STORAGE DEVICES — MINI REVIEW

A. A. Mashentseval?", A. A. Almanov'?, A. N. Aimanoval, A. M. Zhumabayev'?

! RSE “Institute of Nuclear Physics” ME RK, Almaty, Kazakhstan
2 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
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Currently, one of the most pressing problems facing society is the replacement of the existing energy system based on the
limited, highly polluting fossil fuels, with a fundamentally new concept based on clean and limitless sustainable sources.
The large-scale use of renewable energy sources and the transition from internal combustion engines to electric vehicles
is one promising strategy for the development of science and technology in the foreseeable future. One of the most
promising approaches in the development of new generation supercapacitors (SC) is the use of solid polymer electrolytes
with decisive advantages over liquid and solid inorganic electrolytes, including non-combustibility, no electrolyte
leakage, excellent flexibility and low cost of production. This mini-review discusses the main types of SCs, the materials
used to develop polymer gel electrolytes (GPES), and recent advances in the development of GPEs based on various types
of carbon materials.

Keywords: supercapacitors, gel polymer electrolytes, carbon nanomaterials, polymers, capacitance, energy storage
devices, graphene, graphene oxide.
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PAAUALIMOHHBIE JE®EKTbI B HAHOCTPYKTYPHBIX KOMITAKTAX ZrOg,
OBJYUYEHHBIX 3JIEKTPOHHBIMHA 1 TOHHBIMHU ITYYKAMMAX
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HUccrenoBans! criekTpsl TepmonmtomuHecteHImn (TJI) u SI1P HaHOCTPpYKTYPHBIX KOMITAKTOB MOHOKIMHHOTO ZrO7, 00ITy-
YEHHBIX TPeMs BUAaMU OOJYUCHHUS: NMITYJIbCHBIM MTOTOKOM 130 k3B amekTpoHoB, myukom 10 MaB sexTpoHOB, a Taxke
my4koM noHoB 220 MaB Xe. O6ayuenne 06pasios 10 MaB siekTpoHaMu 1 HOHAMHE TIPUBOINT K 06pa30BaHuio B HUX F*
neHTpoB. TepMmuueckoe pa3pynieHne YKa3aHHBIX IEHTPOB HaOMogaeTcs B uHTepBaie Temreparyp 375-550 K st smek-
TpoHHO-00myueHHBIX U 500—700 K 115 HOHHO-00Ty4eHHBIX KOMIIAKTOB. [1afieHne KoHieHTpanuu F* eHTpoB cBA3aHO ¢
OITyCTOLIEHHEM JIOBYIIEK, OTBETCTBEHHBIX 3a TJI MUKK B yka3aHHOM TeMIIepaTypHOM HHTepBalie. B oOpa3uax, o0iyueH-
HBIX MOHHBIM ITyYKOM, OOHapy>KeHbI HOBbIE NIapaMarHUTHBIE LEHTPHI ¢ g-pakropamu 1,963 u 1,986, B hopmupoBanmu
KOTOPBIX, BEPOATHO, y4aCTBYIOT HOHBI ZI** ¥ KHCJIOPO/IHbIE BAKAHCUH., TEPMUYECKOE Pa3pyLIEHUE IPOUCXOIUT B HHTED-
Bajie Temmeparyp 500-873 K.

Knrouesvle cnosa: Ouokcud yupkouus, UOHHOe 00OIyyeHue, S1eKmMpoHHOe O0ONyYeHue, napamacHumuvle Oeqexmol,

F* yenmpol, mepmuueckan cmabunvrnocmo oegexmos.

BBEJEHUE

OKcuJ IMPKOHMS — IIMPOKO30HHBIA JHIJIEKTPUK
(Eqg = 5-7 eV), obnanaromunii BBICOKUMH MEXaHUYECKH-
MH (TIPOYHOCTH, TYTOIDIABKOCTH), & TaKXke (PyHKIHO-
HaJbHBIMU (TIPO3PaYHOCTh B LIMPOKOM JHana3oHe JUH
BOJIH, BBICOKHMII MOKa3aTeb MPEIOMIICHUS, HU3Kask TOK-
CUYHOCTB, BBICOKAsi HOHHAsI IPOBOIUMOCTD, HU3Kas Tell-
JIOTIPOBOJIHOCTB) CBOMCTBaMH. YKa3aHHBIE CBOWCTBA OII-
pEeleNsioT IUPOKHE BO3MOXKHOCTH npuMeHenust ZrO; B
MPOMBIIINICHHOCTH B Ka4eCTBE MaTepuaiia TepModapbep-
HBIX TOKPBITHIA [1, 2], 21IeKTPOXUMHYECKHX YCTPOMCTB,
JaT4MKOB Kuciopona [3], B MemuuuHe, Kak MaTepuai
JUTsl IMIUTIAHTAaTOB M MPoTe30B [4, 5], a Takxke B MUKPO- U
OTITOJICKTPOHUKE B BHJIE TUIIEKTPUIECKUX MOJIOKEK U
TOHKHX ILICHOK [6, 7]. OnTuueckre v JFIOMHHECIIEHTHBIE
CBOHCTBa JAHHOTO MaTepHaia BO MHOTOM OIPEAEIISIOTCS
HAJIMYHEM CTPYKTYPHBIX Me(PEKTOB, YTO OCOOCHHO BaXK-
HO IIPU €ro MCHOJIb30BAHUH B YCJIOBHUSX MHTEHCHBHBIX
paIualMoHHbIX NoJIeH (AaTOMHBIE CTAaHIIUH, KOCMUYeCcKast
9JIeKTpOoHUKA). KopmycKynsipHOE H3NTyUeHHUe C SJHEPTHEeH
gactuil 6ospmreit moporosoit (1 MaB st 351eKTpoHOB),
BBI3bIBaET 00pa3oBaHKe IEHTPOB F-THna (KUCIOPOIHBIX
BaKaHCHH C 3aXBa4eHHBIMHU 3JeKTpoHamu) B ZrO; mo
ynapHoMy Mexanusmy [8]. M3BecTHO, 4TO yKa3aHHbIE fe-
(beKTBHI OKa3bIBAIOT 3HAYUTEIILHOE BIUSHNAE HA ONTHYEC-
KH€ W JIIOMUHECLICHTHBIE CBOMCTBA OKCHJIHBIX JIHIJIEKT-
pukos [9, 10].

OnHuM U3 HanboJiee YyBCTBUTEIbHBIX METO/IOB HU3Y-
YEHUsI paJiMalliOHHO-UHIYIMPOBAHHBIX Je(eKTOB B Ma-
tepuanax seiserca OIIP cnextpockomus. OCHOBHBIMU
napamMarHuTHeIMU Aedextamu B ZrO; sBISIOTCS LIEHTPBI,
CBAA3aHHbIE C HOHaMU ZI* (HOBEPXHOCTHIN ¥ 0OBEMHBILL
Zr%*, T-ueHTp), KUCIOPOJHO-ABIPOYHbIE LEHTPHl WK
OHCs (O -uenTpbl) U HeHTpbI F-THma (0IHOKpaTHO HO-

HH30BaHHBIC KUCITIOpOIHbIe BakaHcuy (F*) n auBakaHCcHu
(F2%). Honbl Zr®* obHApYyXUBAIK paHEe B HCXOIHOM,
TepMu4eckn obpaboTaHHOM H oOmydeHHOM YO ZrO;
[11-13]. PaananvoHHO-MHAYUUPOBAHHBIH  T-IEHTP,
HpPEJCTaBJIAIONIMI c000H HOH Zr¥* pacronokuBIIMiics B
INECTUKPATHON IO3ULIMM TPUTOHAJIBHOW CHUMMETPHH,
CBSI3aHHOW C ABYMsI KHCJIOPOJIHBIMHM BaKaHCHSMH, Ha-
omoganuck B ZrO; mociie 3JIeKTPOHHOTO M HOHHOTO 00-
nyuenusi [14]. OHCs-uentpsi, Takue kak O -1ieHTp
(mpIpKa, 3axBayeHHAas KHCIOPOAOM), (OPMHPYIOTCS B
ZrO; mocne peHTTeHOBCKOTO M ramma-oOiydeHus [12,
15]. F*-uentp 6b11 3apeructpupoBat B ZrO; mocie ram-
Ma [12], snextpoHHOro M noHHoro obsyuenus [14], a
TaKkKe OT)KMra JaHHOTO MaTepHana B aTMocdepe BoJO-
pona [11].

Hecmotpst Ha ocTaTouHOE KOJMYECTBO Ty OIMKAIIUH
Ha TeMy NapaMarHUTHBIX paJMallMOHHBIX Je()EeKTOB B
ZrO; ocTaeTcsi HEIOCTATOYHO U3YYEHHON UX TepMHYec-
Kasg CcTaOWIBbHOCTh. McciieoBaHre TEpMUYECKOW cTa-
OWJIBHOCTH paJUallMOHHBIX 1e()EKTOB NPEICTABISIET Ba-
HKHYIO 3aJ1a4y, OCKOJIbKY TEPMHYECKHUIT OTHKUT SBIISETCS
CII0COOOM yCTpaHEHUs! IePEKTHOCTH U BOCCTAHOBIICHHS
9KCIUTyaTal[HOHHBIX XapaKTEPUCTUK yCTPOICTB Ha OCHO-
Be ZrO,. Tepmuueckuii pacnaj napaMarHWTHBIX LEHT-
POB MOXET COIIPOBOXKIATHCS BBICBEUMBAHUEM ITHKOB
TJI. U3BectHO, uto TJI kpuBas ZrO,, 00:ryueHHOTO 31eK-
TPOHaMH, COIepKUT JBa muka npu 400 u 500 K [16, 17].
OnHaKo Ha CeroIHIIHUNA MOMEHT OCTAETCS HE BBISICHEH-
HOH cBsA3b yka3aHHbIX TJI MHKOB ¢ pacnazoM paguany-
OHHO-MH/AYIIMPOBAHHBIX MApaMAarHUTHBIX Je(EKTOB B
ZI’OQ.

OtaenbHBIM UHTEPEC MPEACTABISICT U3yUYCeHHE B3au-
MOCBSI3H ITapaMarHUTHEIX Aedexto u TJI cBolicTB HaHO-
CTPYKTYPHOH MOJU(UKAIUK JAWOKCHAA IUPKOHUS.
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W3BecTHO, YTO HAHOCTPYKTYPHBIC MaTepHAITBI 004 1al0T
MOBBIIIICHHON CTOWKOCTBIO K O0Pa30BaHUIO PaJHAI[UOH-
HBIX J1e()EKTOB MO CPABHEHHIO C MOHOKPUCTANIMYECKHU-
MU aHaJOTaMH, B CBSI3U C YEM SIBIISTIOTCS IIEPCIEKTHBHBI-
MU MaTepHaiaMu I BEICOKO103HOH (6osee 10 I'p) mmro-
MHUHECIIEHTHOH JTO3UMETPHH.

Lenb naHHOM pabOTH — MACHTU(PHKAIMS paIdallioH-
HBIX Je(heKTOB B 00paslax MOHOKIMHHOTO HAHOCTPYK-
TypHOTO ZrO2, 06Iy4EHHOTO TSHKEIBIMI HOHAMHE U DJICK-
TPOHAMH PA3JINYHBIX dHEPTHH, U OIEHKA UX TePMHUYEC-
KOH CTaOMIIBHOCTH.

CHHTE3 HAHOCTPYKTYPHBIX KOMIIAKTAX ZRO>

U OKCHHEPUMEHTAJIBHBIE METO/bI

HUCCJIEJOBAHUS

KoMmnakTel ObUTH CHHTE3WPOBAaHBI N3 HAHOCTPYKTYP-
HOTO ITOPOIITKA THOKCHIA IUPKOHUS C pa3MepOM YacTHI]
30-50 aM (kommanus «Ilmazmorepm», PO) metomom ox-
HOOCHOTO IIpeccoBaHusA B (hopMe TabIETOK, THAMETPOM
5 MM u tommuuou 1 mm. JJoast MmonoknmuHHOTO ZrOZ B
HccieyeMOM MOPOILKe 10 AaHHBIM peHTreHodyopec-
LIEHTHOI'0 aHanu3a cocTaBisiia He MeHee 99,02%, B ka-
4yecTBe mpuMeceil mpucytcrBoBamu coeaunenus HfO,
(0,331%), CI (0,458%), K.0O (0,110%), TiO2 (0,069%),
PdO (0,009%), Rb,O (0,006%).

Komnakte! 06irydanu TpeMs pa3HBIMA BUAaMU H3ITY-
yeHns: 1) moHAMH KCeHOHa ¢ 3Hepruen 220 M»B Ha yc-
kopurene Tsokenbix noHoB JI11-60 (Actana, Kasaxcran);
2) anexkrponamu ¢ 3ueprueil 130 k3B Ha uMmynbCcHOM
anektpoHHOM yckopurene PAJTAH-OKCIIEPT (mm-
TENBHOCTh UMIyJbca 2 HC, TUIOTHOCTH Toka 60 Alcm?,
103a 3a ouH uMmyJbec 1,5 kI'p); 3) anekTpoHamu ¢ sHep-
rueir 10 MaB Ha nuneliHoM yckoputene YIJIP-10-10C
(Exatepunoypr, Yp®dV).

brimn paccuuTtansl mpoOeru 3IeKTPOHOB (TTyOnHA
MIPOHUKHOBEHHS1) METOJIOM MOJICIIMPOBAHHUS B IIPOTPaM-
Me CASINO V2.5, 6aszupyromemMcst Ha MeToae MoHTe-
Kapio. B xauecTBe NCXOMHBIX JaHHBIX HCIIOIH30BAITUCH
3HAYCHUS SHEPTHH JICKTPOHOB, TUIOTHOCTH 00pa3IOB U
TONMIHUHBEI MUIIeHH. [IpoOer HOHOB KCEHOHA PACCUYHTHI-
BaJjics ¢ oMoIIbio mporpammel SRIM-2013.

[To pesympTaTtam pacdera IpU YHEPTHU DIIEKTPOHOB
130 k3B npober anekTpona paBen 260 MKM, [Tt SHEPTHH
a5eKkTpoHOB 10 M3B — 60 MM 1 OHM IPOHU3BIBAIOT BECh
obpaseir. [liuHa npobera nona 220 MaB Xe R = 13 mkm.

JIBa Tuma 31eKTpOHHBIX MYUYKOB C pa3HOIl 3Hepruei
9JIEKTPOHOB OBLIM HCIIOJIb30BaHBI, OCKOJBKY OJIUH H3
Hux (10 MsB) cnocoGer nmpuBOANTE K 00pa30BaHMIO B
ZrO, HOBBIX paJHallMOHHBIX IIEHTPOB F-Tuma mo ymap-
HOMY MexaHu3My, a BTopo# (130 k3B) TosbKO M3MEHsIET
3apsiI0BOE COCTOSIHUE CYIIECTBYIOIIUX J1€(EKTOB.

st anexTpoHOB ¢ sHeprueit 10 MaB Obut npousse-
JIeH pacyeT HOTJIOMIEHHBIX 703 MO N3BECTHBIM 3HAUCHHU-
sM (piroeHca. Pacuet mpousBoauiics o Gopmyre:

-19
D:1,6~1O -E-(D’ (1)
p-R

rae E — saeprus snekrpoHoB, 3B; @ — 3HaueHue ¢utoeH-
ca, M 2; p — INIOTHOCTH 00pa3LoB, kr/M%; R — mpober anek-
TPOHOB, M.

TJI m3mepsiiu ¢ moMomplo HOTOYMHOKHUTEINS C MaK-
CHMYMOM CHEKTpaJIbHON 4yBCTBUTENbHOCTH Ipu 400—
420 uM nipu IMHEHHOW ckopocTH Harpesa 2 K/c.

OIIP usmepenus nposoaunucs SIIP cnektpomerpom
Bruker ELEXSYS580 ¢ pesomaHcHO#  wacToTO#
9,78 I'T'1 B nuama3oHe 3HAYEHWIT MAarHUTHOTO IIOJISI OT
500 mo 6000 I'c. DIIP crieKTpBl pEeruCTPUPOBAINCH MIPH
KOMHATHOM TeMIIepaType Iocie HarpeBa o0pasIoB B AU-
amazone 323-873 K ¢ marom 20 K.

Yckopurens PAJTAH-OKCIIEPT Takke ucmnosns3o-
BaJICSl JUIS W3MEPEHUS] MMITYJIbCHOM KaToJO0JIOMHUHEC-
uenrmu (MKJD).

®otomomunecueHuus (PJI) m3mepsinace Ha CHEKT-
podayopumerpe COJIAP.

PE3VJIBTATBI U OBCYXXJIEHUE

B cnekrpax ®@JI u UKJI HeoOmydYeHHBIX 00pa3IoB U
00JIy4EHHBIX AJIEKTPOHHBIM/MOHHBIM IMyYKaMHU HaOIlto-
JaeTcs 1moJioca cBeueHus: ¢ Makcumymom 480 HM, KoTO-
past yKa3bIBaeT Ha IPUCYTCTBUE B 3TUX 00pa3lax KUcJo-
poasbix BakaHncud. MHTeHcuBHOCTE DJI mosocsl mpu
480 um (Bo3Oyxmaemoit A = 230 HM) HEMOHOTOHHO 3a-
BHCHT OT (DIIFOCHCA IMy9YKa HOHOB Xe (pUCYHOK 1).

—— unirradiated 1x10° ions/cm? 1x10* jons/cm?
—— 1x10* jons/cm? 1x10*? jons/cm? 1x10*® jons/cm?
16
20}k 3 14
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'(7) 04
c 0 1x10° 1x10™1x10% 1x10'? 1x10
% 1.0 Fluence, ions/cm?
—
o
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Pucynox 1. Cnexmpuor @JI neobnyuentoeo ZrO2 u obayuen-
Ho2o nyuxom uonog Xe (220 MaB) ¢ pasnvim daroencom.
Ha ecmasxke — 3a6ucumocmuv unmencugnocmu DJ1
npu 480 Hm om ¢moenca.

Jnst upentndukanuu aepextoB B ZrO, Obun n3Me-
peusl criekTpsl DIIP ucxomubix komnakroB ZrO; u 06iy-
YEHHBIX Pa3JMYHBIMH HCTOYHHMKA M3IY4YeHHs (PUCYHOK
2). Cnexrp OI1IP Heobmy4yeHHbIX KoMmmakToB ZrO; conep-
KUT CHTHaJd TIpM 3HAYeHWH MAarHUTHOTO  IOJIA
H=3560Tc ¢ g=1,965 mmpuno#i OoT mHKa a0 MUKa
Hpp = 37 I'c. Yka3aHHbII cUrHaN CBA3aH C IapaMarHUT-
HBIMU MOHaMK Zr3*, KOTOpBIE BEPOSTHO 0GPa30BANHCE B
mpolecce CHHTE3a HCXOAHBIX HaHONopomkoB ZrO;
[11, 18, 19].
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Pucynok 2. Cnexmput DIIP neobnyuennozo ZrOz (1)
U 0OIYHEHHO20 INEKMPOHHBIM NYUKOM ¢ dHepeueti 130 kaB
(003a 15 kIp) (2), 10 M>B (¢hnioenc 10 anexmponos/cm?) (3)
u uonamu 220 MaB Xe (¢pnroenc 10™ uonos/cm?) (4)

B cniextpax DIIP koMIakToB, 0OIYYCHHBIX 3JICKTPO-
Hamu ¢ sHeprueit 130 k3B (mo3a 15 kI'p), kak u B UCXOA-
HBIX KOMIIAKTaxX TPHMCYTCTBYEeT curHan ot Zr¥* ¢
g = 1,965 mupunoii Hpp= 32 I'c. B nononHenue k Hemy
MOSIBIIACTCS MaJIOMHTCHCUBHBIN curHan ¢ g = 1,999, ko-
TOPBIM yKa3bIBae€T Ha HAIMYUE CIEJ0BOI KOHLUEHTpALUU
F*-1ieHTpoB B 00IMy4eHHBIX KOMMakTax. Panee F*-ienTp
ObuT 3aperucTpupoBad B ZrO; mocie 3JICKTPOHHOTO H
HMOHHOTO OOJYYEHUs M NPEICTABISI JIMHUIO C MaloH
anu3zotponueit g-akropa (g = 1,972 u g = 1,996) [14].
Hekotopble aBTOpBI co00ImIarT, 4T0 F'-IeHTp XapakTe-
pH3yeTcsi M30TPOITHBIM CHTHAJIOM ¢ J-(hakTopoM, Onm3-
KAM K 3Ha4eHHIO JUIS CBOOOJHOTO  3JIEKTpPOHA
(ge =2,0023) [11,12]. O6GpasoBanue F*-tienTpoB mpu
00JIyueHNH AIIEKTPOHHBIM My4YKOM ¢ 3Heprueit 130 kaB
MOJKET HPOUCXOJHUThH BCIIEICTBHE 3aXBaTa AJIEKTPOHOB
KUCJIOPOJIHBIMU BAaKaHCHSIMH, ITPUCYTCTBYIOLIMMH B HC-
XOIHBIX 00pasnax.

YcTaHOBIIEHO, YTO 00Jy4YeHHEe KOMITAaKTOB 3JIEKTpPO-
Hamu ¢ 3Heprueii 10 MaB (pucyHOK 2) IpHBOIUT K yBe-
nmmyennio uateHcuBHocTr DIIP curnana ¢ g = 1,999 (Hpp
= 27 T¢) or F'-ueHTpoB. D10 yKa3bIBa€T HA MHTCHCHUB-
HBIE TIPOIECCH TeHepanny JJaHHBIX LeHTpoB B ZrO; 1o
Y/IapHOMY MEXaHU3MY.

OOHapykeHO, YTO 00JyUEeHHE UCCIICTYSMbIX KOMIIa-
kToB ZrO; mMy4YKOM HMOHOB KCEHOHa C (DJIFOEHCOM [0
10" noHoB/cM? He NPUBOJUT K M3MEHEHHIO CHEKTpa
OI1P o cpaBHEHHIO ¢ HCXOAHBIM 00pa3noM. B criexTpax
YKa3aHHBIX KOMIIAKTOB NPMCYTCTBYeT curHan Zr* ¢
g =1,963 (Hpp = 35 T'c). B o6pa3uax, 06ny4eHHBIX HOH-
HBIM TTyukoM ¢ Quroencom 10 nonos/cm?, criexrp TP
3HAYUTEIBHO TpaHCPOpMUpYETCs, B HEM OOJbIlIe He Ha-
OnroiaeTcs curHan ot uoHoB Zr¥* (pucyHok 2). Bmecto
HEro MOsBIIIOTCS curHamsl mpu 3568 I'c (g =1,963),
3500 I'c (g=1,998) u 3525Ic (g=1,986). Curnan c
g =1,998 (Hpp = 12 T'c), BeposTHO, CBSI3aH C HATMIHEM
F*-1ieHTpOoB B 00JIy4eHHBIX HOHaMHU 00pasiax. CUrHasbl

cg=1,986u 1,963 (Hyp = 15 I'c) MOTYT GBITH OTHECEHBI
K HOBOMY paHee He HICHTH(GHIMPOBaHHOMY paAnalvoH-
HO-UHAYIIMPOBAaHHOMY LIEHTPY.

Bbuna n3ydena tepmudeckasi cTabMILHOCTB Mapamar-
HUTHBIX [IEHTPOB B O0JTyYSHHBIX 3JIEKTPOHAMH H HOHAMHU
obpasnax. Ha pucynke 3 mpezacraBiieHbl 3aBUCHMOCTH
untencuBHocTH JIIP F*-uentpos (g = 1,999) u wonos
Zr®* (g = 1,965) ot Temneparypsl Harpesa u TJI) Tabie-
TOK, OOJYYCHHBIX 3JeKTpoHamMH c¢ 3Heprueir 10 M»>B.
WurencusrocTs DIIP curaana F*-1ieHTpoB pe3ko yMeHb-
mraeTcss B MpoMeXxyTke Temmeparyp ot 375 mo 550 K.
JlaHHBI MHTEpBal COBMNANAET C TEMIEpaTypaMu, IpH
KOTOPBIX B HCCIIEAyeMbIX oOpasiax HabOmromaetcs TJL
W3 pucynka 3 BuznHO, uto kpusas TJI oGpasuos, obmy-
YEHHBIX 3JIeKTpoHaMu ¢ 3Hepruei 10 MsB, comepxut
nBa muka TJI mpu 410 u 500 K. TTockonbky HarpeB 00-
PAa3LoB NPH UCCIEIOBAHUN TEPMHUUECKON CTaOUIBHOCTU
NapaMarHUTHBIX IIEHTPOB U u3Mmeperun TJI mposoguics
B OJIMHAKOBOM PEKMME, MOXKHO C/IENaTh BBIBOA, YTO U3-
MEHEHHE KOHIEHTpAlMU F'-IIeHTpOB mpH Harpese Mo-
XKeT OBITh CBA3aHO C N3MCHEHHEM HX 3apsI0BOTO COCTO-
SIHUSI BCJICACTBHE 3aXBaTa 3JIEKTPOHOB, OCBOOOKIEHHBIX
13 JIOBYLIEK, OTBETCTBEHHBIX 3a TJL.

ESR intensity of F*-centers, a.u.
ESR intensity of Zr¥*-centers, a.u.
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Pucynox 3. 3asucumocmo unmencusnocmu II1P cuenana
F*-yeumpos (1), uonoe Zr3* (2) om memnepamypor nazpesa

u TJ1 (3) ZrOz, 0bnyuennozo 21eKmponHsiM ny4Kom
¢ auepeueti 10 M>B

WnrencuBHOCTh curHana DIIP, ceszanHoro ¢ Zr3*, He
MeHseTcs B quanazoHe Temreparyp 280-525 K (pucy-
HOK 3). [Ipn manpHeHIIeM YBETHICHUN TEMIIEPATYPHI 10
750 K MHTCHCHBHOCTH CHTHAIIA YBEITMUNUBAETCS B 8,7 pas.
Ipu Temneparypax Boiue 750 K HHTEHCHBHOCTD CHTHA-
JIa TaJiaeT, HO HEe BO3BpAIIAeTCs /10 3HAYCHHUS, XapaKTep-
HOTO 7151 00 Ty4eHHoro oopasna. Mi3sMeHeHne NHTEHCHB-
Hoctu DIIP Zr®* e cBA3aHO ¢ OIYCTOLIEHUEM JIOBYIIEK
B HCCIIEyeMOM MaTepHajie, MOCKOIbKY, 0 JaHHBIM Ha-
IIMX SKCIEPUMEHTOB, B Auamna3oHe Temmnepatyp 600-—
850 K muku TJI He HaOmogamuch. Poct KoHIIEHTpaIu
Zr3* ¢ yBenMueHHeM TEMIIEPATYPBI OTIKUTA MOXKET OBITH
CBAI3aH C IpeBpaleHieM HoHoB ZI** B Zr¥*, o6ycnosien-
HBIM 3aXBaTOM JJIEKTpOHA. JJOHOpaMM 3JIEKTPOHOB IIPH
9TOM MOTYT SIBJIATHCS KHUCIIOPOAHBIE BAaKaHCHH, 3aXBa-
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THBIIKE OJIMH WJIH JIBa 3JIEKTPOHA, a Takxke nonsl O% B
cilyyae, €ciIM B KAaTHOHHBIX Y3JIaX, PAaCIHOJIOKEHHBIX
BOJI3H 3THX HOHOB, UMEETCS Ie(DULIUT MOJIOKHUTETHLHOTO
3apsiaa.

Janee Obutla WccienoBaHa TEpMHUYECKas CTaOMIIb-
HOCTh curHaiioB DIIP B o0yueHHBIX HOHAMH 00pasiax.
Ha pucynke 4 npuBeneHa 3aBUCUMOCTb HHTEHCHBHOCTH
OIIP curnana F'-mentpos (g = 1,998) u curnamos He-
naeHTUGUIUPOBaHHON pupoas! ¢ g = 1,986 n 1,963 ot
TeMnepaTypsl Harpesa, a Takke TJI oopasmos ZrOz, 06-
Jly4eHHBIX ITy4KOM HOHOB KCeHOHa ¢ (uroencoM 102 no-
HOB/cM2. BuzmHo, uto uHTeHCcHMBHOCTH DIIP curHama F*-
LEHTPOB HAYMHAET YMEHBINATHCS IPU TeMIIepaTypax
Bhie 500 K, uto Ha 125 K Gonblie, uem B 0Opasiax, 00-
Jy4eHHBIX 3j1ekTpoHamu. Jlazee mHTeHcUBHOCTH OIIP
F*-tiertpoB MoHOTOHHO Tanaetr g0 675 K. Pasnuune B
TeMIIepatype, Ipu KOTOPOoi HaunHaeTest oTkur F-1enr-
POB B 00pa3iax, 00JIy4EeHHBIX HOHAMHU M DJICKTPOHAMHU,
MOXeET OBITh 00YCIIOBJICHO pa3HUIIEH B WHTEHCHBHOCTH
TJI muxa npu 410 K. B noHHO-00:1y4eHHBIX 00pa3max
nuk TJI npu 410 K umeer HU3KYI0O HHTEHCUBHOCTD, 1103-
TOMY TEPMHYECKOE OIyCTOLICHHE JIOBYIIKH, OTBETCT-
BeHHOH 3a 3T0T UK TJI B HOHHO-00TyYeHHBIX 00pa3ax,
HE OKa3blBaeT 3HAYMTEJIFHOTO BIMSHHS Ha KOHILCHTpA-
uto F*-1eHTpoB.

WurepBan pocta KOHIEHTpaiuu F'-1eHTpoB mpu
temrepatypax oosee 700 K Takxke MOKET OBbITh CBSI3aH C
omycroureHreM JyoByiek. TJI o0pa3noB, 00yd4eHHBIX
nonamu, kpome nukoB mpu 410 u 500 K, HabmromaeMbIx
MOCJIE 3JIEKTPOHHOTO OOJY4EHHsI, COAEPIKHUT JIOTIOIHHU-
TENBHBIA MUK cIIoKHOU popmbl pu 550750 K. O6Ha-
PYKSHHBIH HaMu HOBBIH MakcumyM TJI mpu 550-700 K
HMEET CI0XHYIO OPMY U MOKET COepKaTh KakK 3JeKT-
POHHBIE, TaK U JBIPOYHbIE KOMIIOHEHTHL. B 3TOM ciydae
OITyCTOLIEHHE 3JIEKTPOHHBIX JIOBYIIEK OyIeT crocodct-
BOBaTh YMEHBINCHUIO KOHICHTpAIUK F*-1eHTpOB, B TO
BpeMsi KaK OITyCTOIIEHHE ABIPOYHBIX LIEHTPOB — UX POC-
Ty. boisee TmarensHoe uccinenopanue TJI cBOUCTB npu
Temrepatypax 6osee 725 K tpebyercs 1uis joKa3areis-
CTBA JIaHHOT'O NPEIIOI0KEHHUSI.
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Pucynox 4. 3asucumocmo unmencusnocmu 1P cuenana
F*-yenmpos (1), yenmpos ¢ g = 1,986 (2) u 1,963 (3)
om memnepamypul Hazpesa u TJI (4) obpazyos ZrO,
0671Y4eHHbIX UOHAMU KCEHOHA

TemmepatrypHast 3aBUCHMOCTh HHTCHCHBHOCTH JI1P
curHasnos € § = 1,986 u 1,963 ugeHTH4Ha 1 MOHOTOHHO
YMEHBIIAETCs A0 He AeTEKTHPYEMOT0 YPOBHS B IUanaso-
He Temnepatyp ot 500 go 873 K. MaenTuuHOCTH MHOBe-
JICHUSI THTEHCUBHOCTEH TaHHBIX CHTHAJIOB C U3MEHEHHU-
€M TeMIlepaTypbl HarpeBa IOKa3blBaeT, YTO OHU OTHO-
cATCS K OAHOMY TapaMarHWTHOMY LeHTpy. [Ipupoxa
JAHHOTO IIEHTPa, BEPOSTHO, CBA3aHA C KOMITJIEKCHBIM Jie-
(heKTOM, B COCTaB KOTOPOTO BXOAAT ITapaMarHUTHBIE HO-
HbI Zr3* 1 KHCTIOPO/THBIE BAKAHCHH.

3AKJIIOYEHUE

Takum 00pa3oM, B HACTOSINEH pabOTEe YCTAHOBJICHO,
YTO HEOOJTydeHHbIe KOMIIAKTH MOHOKIHMHHOTO ZrO; co-
Jep’aT MapaMarduTHele MOHbl Zr3*, popMmupyemble B
MIPOIIeCCe CHHTE3a MCXOIHBIX HAHOMOPOMIKOB, [Ipu 00-
Jy4eHUH OBICTPBIMH JICKTpOHAaMU ¢ SHepruei 10 MaB B
HCCIIEyeMbIX KOMITaKTax O0Opa3yloTCsl paanallOHHO-
UHOyLupoBaHHble F-meHTpEl. Pe3ynbTaThl Hccienosa-
HUSI TEPMUYECKOH CTAOMIBHOCTH OKA3bIBAIOT, YTO KOH-
uenTpanust F*-1leHTpoB yMeHbIIaeTcsl B TUAra30He TeM-
nepatyp 375-550 K. Yka3zanuslit o3¢ ekt cBsizaH ¢ omny-
CTOILLIEHUEM JIOBYLIEK, OTBETCTBEHHBbIX 3a TJI B yka3aH-
HOM TeMIIepaTypHOM Auamna3oHe. TemnepaTypHas 3aBU-
cumMocTh nHTeHcuBHOCTH DIIP curnana nonos Zr3* ume-
€T HEMOHOTOHHBIN By ¢ MakcumyMoM nipu 750 K. TIpu
3TOM U3MeHeHue uaTeHcuBHOCcTU DIIP Zr¥* He koppenu-
pyert ¢ TJI B uccnenyemom marepuane. Obimydernue ZrO;
HMOHaMU KCCHOHA 110 (IFoeHca 10%3 ponos/cm? TIPUBOANT
k nosiBnenuto B DIIP criekTpax curHanoB F'-neHTpos, a
TaKKe JIBYX paHee HE WACHTH(UIMPOBAaHHBIX CHI'HAIOB
cg=1,963 u 1,986. [IledekT, OTBETCTBEHHBIH 3a 3TH CHUT-
HAJIbl BEPOSITHO SIBJISICTCS CIIOXKHBIM JeheKToM, B (dop-
MHUPOBAHHM KOTOPOTO YYacTBYIOT MOHBI ZI** M KucIio-
poIHBIe BakaHCHM. JIOMOTHHUTEIBHBIE HCCICIOBAHUS
TpeOyroTcs At Oojiee TOUHOTO OMPEAETICHUS IPUPOABI
JAHHOTO LICHTpA.
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SJIEKTPOHABIK ’KOHE HOH/IBIK COYJIEJIEPMEH COYJIEJEHI'EH ZrO:
HAHOKYPBIJIBIMIBIK KOMITAKTTAPJAT'BI PAIUANIUAJIBIK AKAYJIAPBI

A. Nayaerdexosa'”, C. Hukudopos?, /I. AHaHUEHKO?,
I'. ApanéGaeBal, I'. AxmeToBa-AdauKk’

L «WILH. I'ymunee amvinoazor Eypasus ynmmuix ynueepcumemin KeAK, Acmana, Kazaxcman
2 Opan gpedepanovix ynugepcumemi, Examepunéypz, Peceii

* bainanvic ywin E-mail: alma_dauletbek@mail.ru

Coyneneny iy yu TypiMes: ummnyibeTik 130 kB anmextponast coyinemen, 10 MaB anekTpoHs! coynemMeH sxone 220 Ma>B
Xe MOHJIBIK COYJIEMEH COYJIENEHETIH HAaHOKYPBUIBIM/IbI MOHOKIMHUKAIBIK ZrO2 KOMIAKTTapbIHBIH TEPMOJIIOMHUHECLIEH-
mus (TJI) sxome DIIP cmextpmepi 3eprrenmi. Yurimepai 10 MdB snexkTpoHZapeIMeH >KOHE HOHIAPBIMEH CoyIe-
JeH/IipreHHeH Keitin onapaa F* opTansikTapbIHbIH matiga 6oybiHa oKesei. Bys1 opTanbIKTapablH TEPMUSIIBIK, OY3BUTYBI
JIEKTPOH/BI cayineneny kesinae 375-550 K apaneirpiaaa, an nongapmen cayieneny kesinae 500700 K remneparypa
apanbIFeIHIA Oalikanaasl. F* opTaiblKTapbIHBIH KOHIICHTPALMACHIHBIH TOMECHACY] aTallFaH TeMIIepaTypa apalblFbIHAAFbI
TJI meiHmapeiHa kayan OepeTiH KakHmaHAapIbslH OocaTbUTybIMEH OainaHbICThL. MOHIBIK CAyJeMEH CayJieJIeHIeH
yarinepae g = 1,963 xone 1,986 xaHa mapaMarHuTTiK OPTAIBIKTAp TabbLIBI, ONap/bIH Ty3inyiHe Zr®" MoHmaps! xoHe
OTTeTiHiH 00C OpBIHAPHI KATHICYbI BIKTUMaJ, TEpMUSUIBIK Oy3bitysap 500-873 K Temneparypa anamna3oHbIHAA XKYpE.

Tyiiin co30ep: yuprxouuii OUOKCUO],
F* opmanvixkmap, axaynapovly mepmusiivik MypaKmoiiblebl.

UOHOBIK  CayeneHy,

2eKMPOHObL  CIVIIeIeH),

napamazHummix —axayaiap,
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RADIATION DEFECTS IN ZrO2 NANOSTRUCTURAL COMPACTS
IRRADIATED BY ELECTRON AND ION BEAMS

A. Dauletbekoval™, S. Nikiforov?, D. Ananchenko?,
G. Aralbayeva?!, G. Akhmetova-Abdik!

1 L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
2 Ural Federal University, Yekaterinburg, Russia

* E-mail for contacts: alma_dauletbek@mail.ru

The thermoluminescence (TL) and EPR spectra of nanostructured compacts of monoclinic ZrO; irradiated by three types
of irradiation have been studied: impulse flow of 130 keV electrons, beam of 10 MeV electrons, as well as a 220 MeV
Xe ion beam. Irradiation of samples with 10 MeV electrons and ions leads to the formation of F* centers in them. Thermal
destruction of these centers is observed in the temperature range 375-550 K for electron-irradiated compacts and 500—
700 K for ion-irradiated compacts. The drop in the concentration of F* centers is associated with the depletion of traps
responsible for TL peaks in the specified temperature range. In samples irradiated with an ion beam, new paramagnetic
centers with g =1.963 and 1.986 were found, in the formation of which, probably, Zr® ions and oxygen vacancies
participate, thermal destruction occurs in the temperature range 500-873 K.

Keywords: zirconium dioxide, ion irradiation, electron irradiation, paramagnetic defects, F* centers, thermal stability of
defects.
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MODELING OF THE CORIUM AND METALS - COOLERS INTERACTION
IN A CORE CATCHER OF A LIGHT WATER REACTOR

M. K. Skakov?, V. V. Baklanov?, K. O. Toleubekov?3*, A. S. Akaev?, M. K. Bekmuldin?3, A. V. Gradoboev*
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The core catcher is one of the mandatory elements of the reactor safety system, which prevents the release of reactor core
materials in a severe accident. The core catcher is steel vessel filled with sacrificial materials (SM) and forming a tank
where a corium melt coming from the core is formed. The trap is a steel body filled with sacrificial materials (LM) and
forming a vessel where a corium bath is formed coming from the core. The melt formed in the core catcher is cooled by
heat removal to the cooling water through the shell of the steel vessel, as well as by water supplied directly to the surface
of the melt after the dissolution process of the SM in corium (gravitational inversion). The delay in the water supply to
the melt is associated with the features of the component structure of corium and its interaction with water (the formation
of explosive hydrogen and the possibility of its detonation, as well as the threat of a steam explosion).

However, a certain amount of time is spent on the implementation of gravitational inversion, and it is desirable to start
the water supply to the melt immediately at the moment when the corium enters the core catcher due to the danger of the
system going beyond the permissible limits (the beginning of boiling of uranium dioxide) due to decay heat in the corium.
In this regard, the authors have an idea — to use a fusible metal for additional cooling of the surface of the corium in order
to organize heat removal and reduce the temperature of the corium in the period before the end of the gravitational
inversion process.

The article presents the results of modeling the interaction of corium with candidate low-melting metals — coolers.
The modeling was conducted using the ANSY'S software package. As a result of the conducted work, the time for which
each of the considered cooling metals will reach the points of phase transitions of melting and boiling is determined.
The analysis of the results allowed us to draw appropriate conclusions about the possible practical implementation of the
proposed method of cooling corium.

Keywords: light-water reactor, corium, severe accident, core catcher, modeling, ANSYS, unsteady calculation, hydrogen

formation, steam explosion.

INTRODUCTION

As is known, the formation of corium occurs during
the development of a severe accident at a nuclear power
plant with the melting of the core. The core catcher is one
of the main barriers preventing the release of corium into
the environment. The mail goal of a core catcher is to
accept and cool corium in localization volumes as soon
as possible in order to prevent its heating, release of non-
volatile fission products and prevent the formation of
repeated criticality [1].

Currently, there are several options of a core catcher
design [2], among which the most well-known are the so-
called "crucible" versions of a core catcher for trapping
molten materials from the core [3].

The crucible core catcher is steel forming a tank
where a corium melt coming from the core is formed. The
melt formed in the core catcher is cooled by heat removal
to the cooling water through the shell of the steel vessel,
as well as by water supplied directly to the surface of the
melt after the dissolution process of the gravitational
inversion.

The gravitational inversion is a feature of the crucible
core catcher used due to corium, according to some data,

is system of two immiscible liquid phases — oxide and
metal [4]. Due to the density difference between the two
systems, the metal part of the corium is above the oxide
part. This means that water is supplied directly to the
metal part of corium. In that regard, it can be supposed
that with the active interaction of water with the metal
part of the corium, there is a possibility of the formation
of a critical concentration of hydrogen and its detonation
in the end. This means that the conditions of hydrogen
safety and integrity of the containment cannot be
reached.

Additional difficulties are created by the fact that,
according to some scenarios, the output of corium from
the reactor vessel is carried out not in a single mass, but
in portions for some time [5]. In this regard, it is assumed
that when water for cooling the corium is supplied
immediately after the first portion of the corium enters
the trap, this leads to the fact that at outflowing of the
second portion of the corium (approximately 0.5-1 hour
after the outflow of the first portion), a water pool is
formed on the surface of the melt. In this case, when a
high-energy melt falls into a container filled with water,
there is a possibility of a steam explosion, as a result of
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which not only the device for trapping the molten
materials of the core, but also the concrete burden with a
sealed zone can be destroyed [6].

The main element of the concept of gravitational
inversion is sacrificial materials. Sacrificial materials are
used to dilute the heat-generating oxide part of the
corium in order to create conditions for the gravitational
inversion of parts of the corium and reduce its high
temperature [7]. The experiments showed that the mutual
dissolution of the sacrificial material and the melt occurs
at a rate sufficient to implement the inversion of the oxide
and metal layers in <1 h [8]. Thus, the possibility of
implementing the concept of gravitational inversion was
experimentally confirmed, and after its implementation,
water is supplied to the melt to cool it [9]. After the
inversion of the corium components, water is supplied to
the surface of the melt bath.

The operability of the described concept has been
confirmed by various numerical and experimental
studies, however, its implementation takes a certain
amount of time. Thus, during the melt is localized in the
core catcher, there is a small period of time when the
cooling of the corium surface is not organized. In this
regard, there is a possibility that the system will go
beyond the permissible limits (the beginning of boiling
of uranium dioxide) due to decay heat in corium [10].

On the basis of the foregoing, methods of melt
cooling become very relevant, excluding the direct
supply of water to the surface during the period of
portioned release of the corium and until the completion
of the gravitational inversion of the corium parts. In this
regard, the idea is proposed — to use a hon-water cooler
until the end of the gravitational inversion process to
organize additional cooling of the corium surface in order
to increase the efficiency of corium localization during a
severe accident.

In the article [11], the authors propose to consider
low-melting metals as a non-water cooler (in the
following text as metals-coolers) during the period when
water does not enter the surface of the corium. At the end
of the process of dissolution of sacrificial materials in
corium and the completion of the gravitational inversion
process, complete evaporation of the cooling metal —
cooler is assumed. In this regard, there will be no
reactions of metals — coolers and water vapors with the
formation of hydrogen in the core catcher. The choice of
metals is primarily due to their thermophysical
properties. It's necessary to conduct computational-
theoretical justification for confirmation the operability
of the proposed concept of corium cooling.

Thus, in this article, in order to estimate the
implementation of the proposed concept of corium
cooling, the interaction of corium with selected metals-
coolers is considered by computer modeling.

OBJECT STATEMENT OF COMPUTER MODELING

The objective of this work is the time determination
during which metal — cooler reaches the points of phase
conversions (melting and boiling) and the nature of its
interaction with corium under severe accident condition.

In [11], requirements were set for cooling metals and
a literary analysis of the physicochemical properties of
known metals, which theoretically can be used for
cooling corium, was conducted. Table 1 shows the metals
selected as cooling metals and their thermophysical
properties.

The chemical activity of magnesium is significantly
lower compared to other alkaline earth metals. This is due
to the fact that magnesium has some chemical properties
common to alkaline earth metals, but otherwise differs
markedly from them. Nevertheless, magnesium remains
a sufficiently active metal, so its candidacy should not be
considered for use in a core catcher, however, in this
paper magnesium is considered as an example and
comparison with other candidate materials in terms of
their thermal interaction with corium.

To achieve this goal, in this article, a situation is
simulated when the reactor’s vessel is melted by corium
interaction and corium pours into a core catcher.
Development and calculations of the thermal state of the
thermophysical model were performed using the ANSY'S
software [12].

The scheme of the core catcher according to [13] was
used as a basis of thermophysical model design and with
a small change in the model which takes into account the
presence of metal — cooler in the vessel of the core
catcher. The computer model considers only thermo-
physical interaction between its elements. According to
the reference, the mass of outcoming corium from reactor
vessel is roughly 200 tons, which occupies about 27 m?
of the core catcher volume. At the same time, the total
mass of sacrificial materials in the core catcher is 140
tons, which occupy approximately 25 m®. The total
volume of the core catcher basket is 56 m®. Thus, the free
volume of the core catcher is ~4 m®. The amount of
cooling metal used was determined based on the fact that
it should not occupy more than 30% (1.2 m®) of the free
volume of the core catcher. In this regard, in thermo-
physical models, the volumes of metal coolers are equal,
and the masses differ due to different density values.

Table 1. Thermophysical properties of candidate materials

Name Density Melt temperature Boiling temperature | Specific heat of melting | Specific heat of boiling
p, kg/m? Tmett, K Thoi, K A, kd/imol L, kd/mol
Antimony 6691 904 1908 20.08 195.2
Zinc 7133 693 1179 7.28 114.8
Manganese 7210 1516 2234 134 221
Magnesium 1738 923 1363 9.2 131.8
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A two-dimensional computational domain was
chosen to modeling of heat transfer in the core catcher
due to symmetry of the melt trap relative to the central
axis. Figure 1 shows the computational domain of the
core catcher.

- Air
- Sacrificial
material

- - Steel vessel
g - Metal layer

Figure 1. The computational model of corium interaction
with metals — coolers in the core catcher

The thermophysical properties of the core catcher
elements and their temperature dependence used in the
calculations according to [14]. The thermophysical
properties of the corium melt, such as specific heat
capacity, thermal conductivity, viscosity, density
according to [15-16].

RESULTS OF COMPUTER MODELING

AND THEIR DISCUSSION

Figure 2 shows the change in the calculated maxi-
mum and minimum temperature of the zinc volume the
core catcher. Observation of the boundary values of
temperatures allows us to estimate time intervals of phase

1600

1500

Boiling
1400 beginning
1300
Melting
1200 beginning

the appearance of the first
vapors of the metal cooler

transition of zinc during its interaction with corium in the
core catcher.

The graph shows that melting process of zinc start
almost instantly after beginning of its interaction with
corium and start approximately in ~0.25 s. At the same
time, the zinc melting process in the core catcher will
occur in parallel its boiling process since according the
graph, the start of zinc boiling process is recorded at
~0.75 s. The time of complete zinc melting is estimated
at~1.6s.

The computer modeling of corium interaction with
manganese, antimony and magnesium was conducted in
the similar way. Figure 3 shows the change in the
calculated maximum and minimum temperature of the
antimony volume in the core catcher.

According the graph, the time of complete melting of
antimony in the core catcher is estimated at ~3.4s.
As with zinc, the melting of antimony will occur in
parallel with its boiling process (antimony will reach the
point of boiling in ~1.6s). However, according the
calculation, there are some doubts about the complete
boiling of antimony from the core catcher due to
sufficiently high boiling point (Thei = 1908 K).

Figure 4 shows the change in the calculated
maximum and minimum temperature of the manganese
volume in the core catcher.

According the graph, the melting of entire volume of
manganese will start in approximately ~0.6 s. The time of
complete melting of manganese in the core catcher is
estimated at ~5.5 s. Considering the high boiling point of
manganese (Thoil = 2234 K) and the growth rate of maxi-
mum temperature values on the graph, it’s more likely that
the manganese boiling process won’t occur in the process
of further interaction with corium in the core catcher.
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Figure 2. The change in the calculated temperatures of zinc in the core catcher
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Figure 3. The change in the calculated temperatures of antimony in the core catcher
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Figure 4. The change in the calculated temperatures of manganese in the core catcher

Figure 5 shows the change in the calculated maximum
and minimum temperature of the magnesium volume in
the core catcher. As we can see, the time intervals of phase
transitions of magnesium in the core catcher during its
interaction with corium is similar with zinc (Figure 2).
At the same time, the complete melting of magnesium
occurs rapidly despite the higher points of phase
transitions and the energy required to complete them. This
can be explained, first of all, by the higher heat-
conducting properties of magnesium relative to zinc.

When comparing the diagrams of changes in the
calculated temperatures, it was found that intensive heat

exchange will occur during metals-coolers interaction
with corium. This leads to the melting of the metal —
cooler in a short period of time (the maximum time is
~5.5 s for manganese). Based on the results of computer
modeling, the boiling of entire volume of zinc and
magnesium isn’t in dispute, however it was made
following conclusion about antimony: antimony boiling
is most likely to be local in certain volumes of liquid
metal. It’s most likely that manganese won’t reach the
boiling point and will be in the system as a liquid
interacting with other elements of the core catcher.
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Figure 5. The change in the calculated temperatures of magnesium in the core catcher

Due to the rapid melting of metals — coolers, it can be
supposed that they will not reach the surface of the
corium melt. The metal — cooler will leave the core
catcher as steam formed in the bottom part of the core
catcher. Also, the average temperature of corium will
decrease in the area of metals-coolers interaction with
corium due to active heat exchange processes.

On first consideration, this assumption is a positive
moment since the decrease of the corium temperature is
one of the goals of operation of the core catcher. At the
same time, a decrease of the corium temperature at the
bottom part of the core catcher due to using of metals-
coolers can increase the time of activation of mass
exchange processes between corium and sacrificial
materials and eventually harm the process of
gravitational inversion.

In this regard, the case was considered when metal —
cooler comes the core catcher after corium flow out from
the reactor vessel. This approach will allow to organize
the process of the heat removal directly on the surface of
the corium melt. Zinc was considered as a metal — cooler
in this calculation. A computational domain of the core
catcher is two-dimensional axisymmetric model which is
shown in Figure 6.

Figure 7 shows the change in the calculated
maximum and minimum temperature of the zinc volume
in the core catcher.

It can see from the graph that the time intervals of the
phase transitions of zinc in the case under consideration
are almost identical to the previous calculation with zinc

(Figure 2). The melting process of zinc in the core catcher
will occur in parallel its boiling process since according
the graph, the start of zinc boiling process is recorded at
0.75 s. The time of complete zinc melting is estimated at
~2 s approximately. The process of boiling zinc in the
trap will take longer time intervals because heat exchange
processes with the core catcher’s air environment
(thermal conductivity, convection, radiation) are added.

g
- Zinc

- - Corium

- Sacrificial material

- - Steel vessel

Figure 6. The computational model of corium interaction
with metals — coolers in the core catcher
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Figure 7. The change in the calculated temperatures of zinc in the core catcher
CONCLUSION in vaporous state will occur with a sufficient speed to

The computer modeling of the interaction of corium
with candidate metals — coolers in the core catcher of a
light water reactor was conducted in the ANSYS
FLUENT software. The modeling was conducted under
the same initial conditions to compare selected candidate
metals — coolers to justify their using in the core catcher
in the case of a severe accident with core meltdown and
corium leaving the reactor vessel.

The modeling showed that the melting of metals —
coolers implement in a short period of time (the
maximum time is ~5.5 s for manganese). The analysis of
graphs of the change temperature of metals — coolers
during time shows that the transition of zinc and
magnesium into steam will occur in the entire volume
while the boiling of antimony will be local in a certain
volume of a liquid metal. Analysis of graphs of
temperature change of metals — coolers with time shows
that the transition of zinc and magnesium into steam will
occur in the full volume while the boiling of antimony is
likely to be local in a certain volume of liquid metal.
Manganese most likely will not reach the boiling point
and will be in the system in a liquid state and will enter
into various chemical interactions.

Based on the modeling results, it was concluded that
in the case of the proposed approach, there is a possibility
that the cooling of corium on its surface will not be
organized due to the melting of cooling metals in a short
period of time. With this outcome of events, the case was
considered when metal — cooler comes into the core
catcher after corium leaving the reactor vessel. This
approach will allow to organize the process of heat
removal directly on the surface of the corium melt. Zinc
was considered as a metal — cooler in this calculation.
The results of modeling show that in the case of zinc
using as metal — cooler, the time of the transition of zinc

complete this process in the set interval of time within the
framework of proposed concept.

Like magnesium, manganese and zinc can also react
with water vapor to form hydrogen. At the same time, the
basket with sacrificial materials is drained and
completely sealed. In this regard, there are no water
vapors in the trap basket until the end of the gravitational
inversion process, thereby excluding the above-
mentioned reactions. However, there is a possibility of
water vapor entering the core catcher from the reactor
vessel during its depressurization.

Considering these factors, we decided to consider in
this article the thermophysical interaction of the selected
materials with corium, taking into account the inert
medium. These conditions will be recreated when
conducting experiments with corium directly. In case of
a positive conclusion regarding the proposed cooling
method, it will be advisable to conduct experiments
taking into account the presence of water vapor in the
medium and their effect on hydrogen safety.

Thus, based on the computer modeling and analysis
of the results, it can be concluded about the possible
practical implementation of the proposed method of
cooling corium. The next stage of work is to conduct a
series of experimental studies of the interaction of corium
with selected materials to study issues related to the
nature of the interaction of cooling metals with corium in
a severe accident with core meltdown.
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AybIp anaT Ke3iHJie peakTOp/IbIH 03€T1 MaTepHaIapbIHbIH IIBIFYBIHA XKOJI 0EPMENTIH PeaKTOPIbIH KayIICi3/iK )KyHeciHiH
MIHJETTI JIeMEHTTepiHiH 0ipi — OanKpIMa Ty3aFrbl, o KypOaHablk MatepuangapbiMeH (KM) TonbITeIpbuFa Oojat
KOPITyC JKoHE OeliceH i aiMaKTaH KeJIeTiH KOpUyM BaHHACHI Maiia O0IaTeIH BIABICTH Kypaiiabl. Ty3akra maiina OoiraH
OQJIKBITBUIFAaH BaHHAHBI CAJKBIHIATY OOJIaT KOPIYCTBHIH KaOBIFBI apKbUIBl CAJKBIHIATKBIII CyFa JKBUTYIBI, COHmai-aK
KoprymIa (TpaBUTaIMsUIBIK HHBepcus) KM epiTy mporeci askrarFaHHaH KeiliH OalKbIMaHBIH OeTiHe Tikeneid OepireTiH
cyabl Oypy apKbUIBI JXKY3ere achlpbUIaabl. bajkpiMara cy OepyliH Kemlryi KOpUYMHBIH KOMIIOHEHTTIK KYpaMbBIHBIH
epeKIIeNTiKTepiMeH JKOHE OHBIH CYMEH e3apa dpeKeTTecyiMeH OalaHbICTHI (KApPBUIFBIII CYTCKTiH Maiina OOdysl KoHE
OHBIH JKapblTy MYMKIHAIT1, COH/Iali-aK OyIbIH JKapbuTy KayTii).

Anaiina, TpaBUTALMSIIBIK MHBEPCHSHBI JKY3€re achlpyra 0ipa3 yakpIT >KYMcala[bl, ajl KOPUYMAAFbl KaJIBIK KbLUTY
LIBIFapy/IbIH apKaChIHAa KYHEHIH pyKcaT eTUIreH IeKTepaeH (ypaH AMOKCHAIHIH KaifHaybIHBIH O0acTalybl) IIBIFY KayIiHe
0aliTaHBICTHI KOPHYM TY3aKKa TYCKEH Ke3Jie OamKpiMara cy Oepy i OipjcH OactaraH skoH. OchiFaH 0aiIaHBICTHI aBTOPJIAP
IpaBUTALMSUIIBIK HHBEPCHUS MTPOLIEC] asKTallFaHFa IeHiHT1 Ke3eH e Y3IIKCI3 KbUTY XKHHAY bl YHBIMIACTHIPY XKHE KOPUYM
TEMIIEpaTypachlH TOMCHJIICTY MaKCaThbIHAAa KOPUYM OCTIH KOCBIMIIA CAJKBIHIATY YIIH >KCHIT OaJKUTBIH METaJIbl
naianany UIesChIH JaMbITThI.

¥YCBIHBUIFAaH MaKajiaJa KOPHUYMHBIH KaHAWAATTHIK KEHIN OaJKUTBIH METAIZapMEH — CAJIKBIHIATKBILITAPMEH ©3apa
OpeKeTTeCyiH MOJIeNbIeY HOTIKeNepi Kenripinredn. Mogensaey ANSYS GarmapiamMalnblK KelIeHiHiH KoMeTiMeH JKy3ere
achIpbULBL. JKYPriz3iireH >KYMBICTHIH HOTHXKECIHIE KaPACTHIPBUIBIIT OTBHIPFAH CAJIKBIHAATKBII METAAAPABIH SPKaHCHICHI
OaKy MeH KaifHaynablH (as3ajblK aybiCy HYKTEJEpiHe JKeTETiH yakKbIT aHBIKTANAbl. HoTmxenepni tanmmay KOpHyMIbI
CANKBIHIATYIBIH YCHIHBIIFAH [IICIH MPAKTUKAJIBIK ICKE aChIPy Typallbl THICTI KOPBITBIHIBI JKacayFa MYMKIHIIK Oepi.

Tyiiin ce30ep. dicenin cy pekmopwl, KOpUym, ayvin anam, oaikeima mysaewi, mooenroey, ANSYS, cmayuonaprvix emec
ecenmey, cymexkmiy namoa 60aybl, 0y HcaAPbLILICHL.

MOJIEJIMPOBAHUE B3AUMOJIEMCTBUSA KOPUYMA C KAHIUIATHBIMUA METAJJIMYECKUMHA
MATEPHUAJIAMMU — OXJIAAUTEJIAMUA B JIOBYHIKE PACIIJIABA JIETKOBOJHOI'O PEAKTOPA
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! Hayuonanvnoiii adepuviii yenmp Pecnyonuxu Kazaxcman, Kypuamos, Kazaxcman
2 @unuan «Mucmumym amomnoii snepzuuy» PI'TI HAI] PK, Kypuamos, Kazaxcman
3 Yuueepcumem umenu Ilaxapuma, Cemeii, Kazaxcman
4 Tomckuit nonumexnuueckuii ynusepcumem, Tomck, Poccus
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OmHEM W3 00s3aTEIBHBIX JJIEMEHTOB CHUCTEMBI OE30IIaCHOCTH peakTopa, IPEIOTBpAIIAIONIel BBIXOJ MaTepHANIOB
aKTUBHOU 30HBI peaKkTopa MpH TSHKEJTIOH aBapuy, sIBISETCS JIOBYIIKA paciuiaBa, KOTOpast MPEICTABISIET COOO0H CTaIbHOM
KOPITyC, 3aIl0JIHEHHBIN jkepTBeHHBIMU MaTepuanamu (JKM), u oOpasyromuii cocyn, rae popMupyeTcst BaHHA KOPHyMa,
MOCTYTAIOIIAs M3 aKTUBHOW 30HBL OXIJaxIeHHe 00pa3yroleiicss B JIOBYIIKE BaHHBI PacIUiaBa MPOUCXOAUT OTBOAOM
TeIUIa K OXJIaXKAAIoNIe Boe yepe3 000JI0UKy CTAIBHOTO KOPIyca, a TakXKe BOJIOW, 1M0/1aBaeMOl HEMOCPEICTBEHHO Ha
MMOBEPXHOCTh pacIljiaBa TOCJe 3aBeplieHus npoiecca pactBopeHus XM B kopuyMme (TpaBUTAIMOHHAS] WHBEPCHS).
3amep)kka IOJa4d BOJBI HA pacIylaB CBA3aHA C OCOOEHHOCTSMH KOMIIOHEHTHOTO COCTaBa KOpHyMa M €ro
B3aMMOJIefiCTBHEM C BOJIOH (00pa30BaHME B3PHIBOOIIACHOTO BOJAOPOAA M BOZMOXKHOCTh €T0 JICTOHAIIHH, a TAKKe yrpo3a
MIapOBOTO B3PHIBA).

OmHaKo Ha OCYIIECTBICHUE TPABUTAIIMOHHON MHBEPCUH 3aTPAYNBACTCSI HEKOTOPOE KOJIMYECTBO BPEMEHH, a M01a4dy BOJIBI
Ha pacIlyiaB jKeJaTelIbHO HAYMHATh cpa3y B MOMEHT BbIX0/a KOpHUyMa B JIOBYIIKY BBHJLy OMACHOCTHU BBIX0/Ia CUCTEMBI 32
JIOITyCTUMBIC TpeAebl (Hayalo KHUIICHUS JUOKCHIA ypaHa) Ojarojaps OCTATOYHBIM TEIUIOBBIIACICHHSIM B KOpUYME.
B cBsi3u ¢ 3TUM y aBTOPOB BO3HHUKIIA UI€S — UCIOJIb30BaTh JIETKOIUIABKUN METaJll JIsl JOTIOJHUTEIBHOIO OXJIaXACHUS
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MODELING OF THE CORIUM AND METALS - COOLERS INTERACTION
IN A CORE CATCHER OF A LIGHT WATER REACTOR

MOBEPXHOCTH KOPHyMa C IEJbI0 OPraHW3allii HEIIPEPhIBHOIO TEIIOChEMa M YMCHBIICHHS TEMIIEpaTyphl KOpHyMa B
MepUOJT 10 OKOHYaHUS Ipoliecca IPaBUTALIMOHHOM HHBEPCUH.

B mpencraBneHHOM cTaTbe NPHUBEACHBI PE3yNbTaThl MOAEIMPOBAHUS B3aUMOJEHCTBUS KOpHUyMa C KaHIUIATHBIMHU
JITKOIUIaBKUMHU MeETajUlaMH — OXJaAUTeIsIMH. MoJenupoBaHHE OCYLIECTBISUIOCH C IOMOIIBI HPOrPAMMHOIO
komruiekca ANSYS. B pesynbrare npoBeeHHON pabOThI OIPEIEICHO BPeMsi, 32 KOTOPOE KaXK/Iblii U3 pacCMaTpHBaeMbIX
METaJJIOB — OXJIaJAUTENIeH TOCTUTHET ToYeK (ha30BbIX NEPEX0JI0B IJIABJICHUS U KUIICHHS. AHAIN3 PE3yJIbTaTOB TO3BOJIMII
c/ienaTh COOTBETCTBYIOIIHME BBIBOIBI 00 BOZMOYKHOM MPaKTHUECKOH peaan3aliy MpeaiokeHHOTro Cocoda oXJIaxIeHUs
KOpUyMa.

Knrouegvie cnoea: n1e2ko800Hblll peakmop, KOpuym, msdicends agapus, 108ywika pacniaea, mooenuposanue, ANSYS,
HecmayuoHapHwlll pacuem, 0opasosanue 6000pood, napoeoll 63pule.
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Ilenpro HacTOsImIEH paOOTHI SIBJISCTCS yCTAaHOBICHHUE PEXUMHBIX YCIOBUH 3KCIUTyaTalluy KOTENBHOTO arperara assi obec-
nedeHns 3G QeKTUBHOro cxKXHUranus HenmpoekTHoro KapaxsipuHCcKoro yris. OCHOBHBIMH (paKTOpaMH, OMpeneIITIOIIMA
3¢ PEKTUBHOCTH PAOOTHI KOTEIHHOTO arperara, sIBISIOTCS KAUeCTBEHHbIM COCTaB CKUIAEMOT0 TOIUTHBA, TIOBEICHHE MH-
HEpaJbHOM YacTH TOIUIMBA B IPOLIECCE TOPEHMS, YPOBEHD TEMIIEPATYPhl TOPSHNUS TOILUINBA, TPOAODKUTEIBHOCTD B3aH-
MOJIeHCTBHS BBICOKMX TEMIIEpaTyp Ha MHHEPAJIbHYIO 9acTh, IPAaBIIBHO OPraHN30BaHHBIN CIIOCO0O CXKUTaHUS TOIUIMBA U
KOHCTPYKIIMOHHBIE 0COOEHHOCTH TOMOYHON KaMmephl. [ JOCTHXKEeHUs TOCTAaBICHHOH LieNH HEOOXOJUMO MpOBEICHHE
KOMIUIEKCHOTO HCCIIeIOBaHUs pabOThl KOTJIA Ha MpUMEpEe CKUTaHHs HENPOEKTHOro yriisi pasdpe3a Kapaxeipa B xoTie
Mmapku KB-T-116,3-150 TOL-1 ropona Cemeii. B pesynbrare mpoBeIeHHBIX UCCIIEIOBAaHUMN MOJIY4YEHbl KaYeCTBEHHBIC
napameTpsl paboThI B peajibHbIX YCIOBHSX KOTEIBHOTO arperara Inpy C)KUTaHHH HeNpoeKTHOro KapaXKbIpHHCKOTO yIiist
IIPU [IEPEMEHHOH TeTJI0 MPOU3BOIUTEILHOCTH. AHAIN3 MOTyUYEHHBIX JAHHBIX IPU C)KUTAHUU HETPOEKTHBIX YIJIeH 1Mo3-
BOJIMT B AaJbHEHIIEM pa3paboTaTh psif MPAKTHIECKUX PEKOMEHIALUH 10 ONTUMHU3AIMN pabOThl CPEICTB OUUCTKH, yCTa-
HOBJICHHBIX Ha KOTIIE.

Knrouesnie cnosa: komenvhoiii azpeeam, HenpoexkmHuoe monjiueo, ucmedoeanue, mono4noe npocmpancmeo, KOS(Z)(ﬁML;M'

eHm NoJIe3H020 OelCmaEuUsl.

BBEJEHUE

I'moGanpHBIE 3a/1a4K COBPEMEHHOCTH, TaKHe Kak pa-
LHOHAJIBHOE HCTIOJIb30BaHUE TOIUIMBA U CHIDKEHHE BO3-
JIEHCTBUS TEIJIONCHEPUPYIOIUX IPEIIPUITHNA HAa OKpY-
KAIOIIYI0 CPely CTaBsT 3a/Jady OIpeAeTIeHHUS BO3MOXK-
HOCTEHl 3KOHOMHMH HMMEIOIIHUXCS PECypPCOB, MOBBIIICHHS
3¢ GEeKTHBHOCTH PabOThI KOTEJIBHBIX YCTAHOBOK M HAXO-
KJCHHUS HOBBIX HCTOYHUKOB Hepruu [1-2].

Hama crpana Gorara yroJabHBIMH MECTOPOXKICHUS-
MH, pa3BefaHHbIe 3amackl yris PecryOmmkn Kaszaxcran
COCTABIISIIOT TOpsiAKa 34 MIIpA. TOHH, YTO IPHpPaBHHUBA-
ercst Kk 4% ot Bcero MupoBoro 3amnaca [3—4]. ExxerogHo
OCBaMBAIOTCS Bce OOJIBIINE TUIONIAA CTAPBIX YTOIBHBIX
OacceliHOB, a TaKk)Ke aKTUBHO BeJeTcsl paboTa Mo oOHa-
PYXKEHHIO U pa3pabOTKH HOBBIX MecTopoxeHuil. Kaue-
CTBO TOILIMBA Pa3HOE, MO3TOMY NPH IKCIUTyaTaI[H KO-
TENbHBIX YCTAaHOBOK BCErJa CYIIECTBYeT HE0O0XOaH-
MOCTh KOHTPOJISL M PEryJIUpOBaHus paboTel 000pyI0Ba-
HUSI Ha yTJIe KOHKPETHOTO MECTOPOXKICHUSL.

B Hacrosmee BpeMst HaXoIIMECs B SKCILTyaTalUH
KOTeNnbHBIe arperaTsl roposa Cemeit Abatickoit odnacTu
H3rOTOBJIEHBI HA POCCUMCKHUX 3aBOJAX U CIPOEKTHUPOBA-
HBI Ha CKUTaHUE KY3HEIKOrO KaMEHHOIO yTIis, KayecT-
BEHHBIH COCTaB KOTOPOTO OJM30K K COCTaBy MECTHOTO
HETPOEKTHOTO Ka3aXCTAaHCKOTO TOIIMBA — YT pazpesa
Kapaxsipa. OgHako HMEIOMAecs OTINYNS B KAYeCTBEH-
HOM COCTaBE CXKHTaeMOT0 TOIUTMBA TPEeOYIOT BHECEHHS
COOTBETCTBYIOIIIMX KOPPEKTHB B paboOTy KOTEIHHOTO
obopynoBanus. B cBsi3u ¢ ueM, 0cCOOEHHO aKTyalbHBI HC-
CJIeJOBaHUs, HATIPaBJICHHbBIE HA U3yUEHHE MPOIIECCOB Te-
II000MEHa B 3JIEMEHTAaX KOTEIHHOTO 000pYJOBaHMS,

(axTOpOB U YCIIOBHII 3arpsI3HEHNS TOBEPXHOCTEH Harpe-
Ba KOTJIa MPH C)KUT'AaHUH HEIPOEKTHBIX TOILUIUB U TOBBI-
nieHue 3¢ HeKTUBHOCTH UX IPUMEHEHHS, a TAKXKE BO3MO-
KHOCTEH «0e300JIe3HCHHOTO» Mepexoia KOTSIbHBIX YC-
TaHOBOK Ha HOBBIE BUJIbI TOTLINBA [5].

Lenbto HacTosmeil paboTHl SBISIETCS YCTAHOBICHHE
PEXUMHBIX YCIOBHUI SKCILTyaTallMi KOTEIBHOTO arpera-
Ta i obecriedeHus 3((HEKTUBHOTO CKUTAHUS HEIPO-
extHoro Kapaxksipuackoro yrisi. OcHOBHbIMH (hakTopa-
MH, omnpenersronMu 3G heKTHBHOCTh pabOThl KOTEINb-
HOTO arperara, sBJISIOTCSI KaYeCTBEHHBIH COCTaB C)KUTa-
€MOTO0 TOIUIMBA, IOBEICHHE MUHEPAIIbHON YaCTH TOIUIH-
Ba B IIPOIIECCE TOPCHNUS, YPOBEHb TEMIIEPATyPhI TOPEHUS
TOIUINBA, TPOJOJDKUTEILHOCTE B3aMMOJICHCTBHS BBICO-
KUX TEMIIepaTyp Ha MUHEPaJIbHYIO YacTh, IPABUIILHO Op-
raHU30BaHHBINA CIIOCOO CIKUTaHMs TOIUIMBA M KOHCTPYK-
[HOHHBIE 0COOCHHOCTH TOTIOYHOM Kameps! [6]. Jlist moc-
THOKEHHUS! TIOCTABJICHHOW 1[eJT HeOOX0MMO IPOBEACHUE
KOMIIJIEKCHOTO MCCIIeI0BaHUsI PabOTH KOTJIa HA IIpUMe-
pe CKUTaHHs HENpPOEKTHOro yris paspe3a Kapaxsipa B
kotiie Mmapku KB-T-116,3-150 T3LI-1 ropoaa Cemeti [7].

ONUCAHUME OFBEKTA UCCJIEJJOBAHUSA

Boporpeitnsiii koten KB-T-116,3-150, npenHa3sHa-
YeH 11 00ecreueHus OTOTUICHHSI M TOPSYero BOJOCHa0-
KEHHS JIeBOOepe)XHOM yacTu ropoja Cemeil u sSBiseTcs
OCHOBHOM MapKO KOTEJIbHBIX arperaToB, SKCILIyaTupy-
ronmuxcst Ha TOL-1. KotenmpHsrit arperatr II-oGpa3noit
KOMITOHOBKH (PUCYHOK 1) C TBEp/IBIM IUIAKO30JI0yAaIe-
HUEM, OCHOBHBIE TEXHHYECKHE XApPAaKTEPUCTUKH KOTJIa
TIpeicTaBIeHbl B Tabmune 1.

58


https://doi.org/10.52676/1729-7885-2023-2-58-65

K BOMPOCY 3®®EKTUBHOIO CXKUrAHWUA HENPOEKTHOI O TOMJIUBA
YA PA3PE3A KAPAXbBIPA

Tabnuya 1. OcrogHbie mexHUYECKUue XapaKmepucmuKy
xomaa KB-T-116,3-150

XapaKkTepucTMKM U napameTpbI 3HauyeHue

PacTtonoyHoe Tonn1Bo 1 €ro TennoTa CropaHus, masyT 40,53
MIOx/kr (kkan/kr) (9673)

MakcumanbHoe M3bbITOYHOE AaBMEHUE CETEBON BOAbI

Ha Bxoge B koTen, Ma (krc/cm2) 2:45(25)
MwHUManbHoe 13BbITOYHOE AaBMEHWE BOAbI
1,08 (11)
Ha BbIxoge 13 kotna, MMa (krc/cm?)
Ha Bxoge 70

PacuéTHas Temnepatypa Bogbl, °C wa sbixone 150

HomuHanbHas Tennonpon3soanTeENbHOCTb,

MBT (Tani) 116,3 (100)
3KpaHoB 483,8
0 Lmpm 200
H:::)ZF;’;'jOJZTb KOHBEKTWBHO YacTu TpyGe 1192
NpOCTaBKK 787
BO3yxonogorpesarens 12272
BopnsHoi 06bem koTna, M3 38

Tomnka KOTEJFHOrO arperara BBIIOJHEHa U3 CBapeH-
HBIX MEXIYy c000ii TpyO, 0Opasyrolux MPOCTPAHCTBO
npusmarnueckoi (opmbl. [lomHuMaromuecss B TOmou-
HOM MPOCTPaHCTBE NPOAYKTHI CTOPaHHs TOIUIMBA POXO0-
JST CKBO3b IOCJIEOBATEIbHO PACIOJI0KEHHbIE BOJO-
rpeiHble MIUPMBI, 3MEEBUKH KOHBEKTUBHOM MMOBEPXHO-
CTH Harpesa ¥ MomnaJialoT B OMYCKHOM ra30Xxo/ (PUCYHOK
1) [7].

Ha otmetke +8400 MM 1o pOHTOBOI CTEHKE TOTIOY-
HOTO INPOCTPAHCTBA YCTAHOBJICHBI I[BE MBUICYTOJBHBIC
TOPENKH, N0 OOKOBBIM CTOPOHAM IO OJHOI TOpPENKH,
TBUTbHAS! CTOPOHA TONKHU riryxast. C LeNbIo MOBBIMICHUS
3G PEKTUBHOCTH CKUTAHHS HENMpoeKTHoro KapaxelpuH-
CKOTO yTJIsi, TOIIMBO U3MEIbYaeTcs 10 MbUIEBUIHOTO CO-
CTOAHUA U CMCHINBACTCA C BO3JYXOM, IMMOCTYIArOIINM 13
Bo3ayxonogorpesatens (B3I1). Takum obpas3om, mpume-
HSIETCSI TEXHOJIOTHSI COKUTaHUSI a9POCMECH HEMPOEKTHOTO
TOILIMBA.

KapaxsIpHHCKHH yTOJIb TOCTyTaeT B OyHKEPHI CHIPO-
TO YIS, a 3aTeM CCHINIAeTCs B MOJIOTKOBBIE CeTlapaTop-
ueie MenpHUIBEI MMT 1300/1310/750K, roe ocymiecTs-
JsieTcs u3MesbYeHue ToruBa. [IpenmyiiectBaMu Meb-
HHII MOJIOTKOBBIX TaHTE€HIMAJIBHBIX SBISETCS BHICOKAS
SKOHOMHYHOCTh M Ka4eCTBO IIOMOJIA, a TAKXKE BO3MOX-
HOCTb COBMCHICHUA CYIIKU U U3MEJIBUCHUSA. JIaHHLIﬁ BHU]

6)

MenbHUI yctaHosiieH Ha TOII-1 mocie MoaepHU3auy.
Bechb nmporiecc mpUroToBIEHUS a3pOCMECH PeryIupyeTcs
MMOKAa3aHUSAMHU KOHTPOJILHO-U3MEPUTEIBHBIX TPUOOPOB,
BBIBOJIIMBIX Ha 9KPaHbI MOHUTOPOB KOMIIbIOTEPA (PUCY-
Hok 2) [7].
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1 - ToMNKa; 2 — BOOTPeiiHble LWMPMbI; 3 — 3MEeBMKI KOHBEKTUBHON
MOBEPXHOCTY HarpeBa; 4 — kyGbl TpyG4aToro Bo3myxonogorpesatens

Pucynox 1. [Ipoodonvuuiii pazpes komaa KB-T-116,3-150

Jns kaxxznol M3 4eTblpex TopesioK MpeayCMOTpeHa
UHAWBUYaJIbHasg CXeMa NPUTOTOBJICHUA U TOJa4YU adpPo-
cMecH (PUCYHOK 3).

CoueraHue TEXHOJIOTUM CeHapaluu  KPYIHBIX
¢paknuii yrias W MX BO3BpaTa Ha JOWU3MEIBYCHHEC B
MEJIbHUILY C MHTEHCHBHOM CYIIKON BO3TyXOM, HArpeThIM
B BO3AyXomoJorpeBaTeie  KOTJIa WIM  YacTblO
PEIHMPKYTUPYIOIINX JBIMOBBIX Ta30B, CIOCOOCTBYET
JOCTHXKEHUIO BBICOKOIO KadecTBa IPUTOTOBIICHUS
a’pOCMECH U COOTBETCTBEHHO JIy4IIEMYy CXUTaHUIO
HETPOEKTHOTO KapaxsipuHckoro YIS, Jans
YMEHBIICHUST IIOTEPh TEIUIA B OKPYXKAIOIYIO Cpeay
KOTEJT OOIIUT TeIJION30JISAIUEH B BUIC 0a3aIbTOBBIX MAT
U cTeKIIoBaTHI [7].

T& [mal oo ] o | 2 N T A N
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B)

Pucynox 2. Ilumamenu ceipoeo yena (a), menvnuya MMT 1300/1310/750K (6), 861600 OanHbix Ha IKpaHsl MOHUMOPOS KOMIbIOmMepdA (8)
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N

Pa3mon HerpoekTHOro KapaKuprHCKOTO YIiisi MHOTOKPATHBIMH yaapamu Ouil (MOJIOTKaMu)

I

CMenyBaHue pa3MoJIOTOrO YIS ¢ ropsiuuM Bo3ayxoM u3 B3I1 u peunpkynupyonmmu
JIBIMOBBIMU ra3aMH

bt

Brinoc Pa3MOJIOTOrO YTJIsA U3 30HBI pa3MoOJia B C€iapaTop € IOMOIIbIO CYIIHUJIIBHO -
BCHTWJINPYIOIIUX arCHTOB

{1

OtxeneHue KPYMHBIX (paknuil ¥ BO3BPAT HA JOU3MEIbUCHHUE B MEIBHHUILY

{1

Ilonava roToBOM a’3pocMecH MPSIMBIM BIyBaHUEM B TOIIOUHYIO KAMEPY KOTEJILHOIO arperara

Pucynoxk 3. Cxema npuzomosnenus u nooasu a3pocmecu

METOJIAKA UCCJEJTOBAHUMI

Jnst onpezeneHus KayeCTBEHHOTO COCTaBa CKUTae-
MOTr0 HENPOEKTHOrO TOIINBA, HU3MIEH TEMIOTHI Cropa-
HUS U ONTHMAJIbHOW TOHHHBI IOMOJIA YTOJILHOM ITBLITA Ha
6a3ze mabdopatopun TOLI-1 I'KII «TemnokoMmyH3HEPTO
ropona Cemei» poBEICHBI HCCIEAOBAHUS 00PaA3IOB yT-
151 pazpes3a Kapaxelpa B COOTBETCTBUH C OOIIECIIPHHSATHI-
MU CTaHJApTHBIMH METOJAaMHU NpPOBEACHHUS aHaIHu3a
TBepmoro toruuBa [8—13].

OnrtumanbHas TOHMHA IIOMOJA OINpeAessuIach Mo
MIPOLIECHTHOMY OCTaTKy IBIJIM Ha CUTE C AUAMETPOM OT-
Bepctuit 90 MM (Reg). OT6Op mpob mBIIM U1 aHAIH3a
Ha TOHMHY ¥ BJIQ)KHOCTh IPOM3BOJIICS Ha KakJOH pa-
OoTarole MbUICPUrOTOBUTENILHOM YCTAHOBKE HE Pexke
1 pa3a B CyTKH B TEUEHHE HEJENH.

PE3YJBTATHI UCCJEJOBAHMS U AHAJIU3

IMOJTYYEHHBIX JAHHBIX

[To pesynpraTram IpOBEJEHHBIX JTa0OPATOPHBIX HC-
CJICIOBAHUH IOTy4eH KaueCTBEHHBINH COCTAB CKUTAEMO-
ro HempoeKTHoro TommmBa (pucyHok 4). Ha pucynke
IIPEACTaBICH KaYEeCTBEHHBIH cOCTaB MpoekTHoro Kys-
Heukoro [14] u HenpoektHOro Kapa>KpIpuHCKOTo yrieu.

Husmas Teruora cropannst KapaXbIpHHCKOTO yTIIs

Ha pabouyro maccy Q onpenensitacs mo gpopmyae 1 [8].
Q" =339C" +1030H" —109(0r —Sr)—25Wr, (1)

rneC",H, 0", S", W' - conepxxanue yrnepoaa, BOgopo-
7, KUCIOpO/ia, Cepbl U BIIaTH B TOIUIMBE Ha pabouyro
MAacCy, COOTBETCTBEHHO, KJ[K/KT.
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yraeposa BOJOPOL KHCIIOPOJ azor cepa 3018 BJara
B Ky3nenxuit 56,5 4.4 11,6 2 0,3 13,2 12
KapaxsipHHCKHI 50 3,68 12,74 0,92 0,26 19,4 13

PuCyHOK 4. Kauecmeennulii cocmas NPOEKMHO20 U HENPOEKMHO20 monjauea
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Husmas remora cropanust Ky3neukoro yris Ha pa-
6ouyro Maccy 5291 kkan/kr. [l KapaxspuHCKOTro yriis
HU3IIas TEIUIOTa CropaHus Ha pabouylo Maccy COCTaBH-
ma 4551 kkan/kr. TakuM 00pa3oM, YCTaHOBIICHO, YTO
BBUJ1y MEHBILIETO COJIEPKAaHUsI YTIIepo/ia U OOJIBIIEro co-
Jiep KaHusl 30J1bI, HU3IIAs TEIUIOTa CrOpaHMsl HENPOEKT-
HOT'O TOIUIMBA HIKE, YeM Y TIPOEKTHOTO, Ha 740 KKaJ/Kr,
YTO CBHIETEIHCTBYET O BO3MOXHOCTH 3(PPEKTHBHOTO
NIPUMEHEHMS Ka3aXCTAaHCKUX YTIJIel Ha BOJOIPEHHBIX
kotiax mapku KB-T-116,3-150.

s obecnieyeHuss HaMOOJIEEe MOJTHOTO CKUTAHUS He-
MIPOECKTHOTO TOIUIMBA MPU NPUMEHEHHUHU PEIUPKYIIALUH
JIBIMOBBIX Ta30B CJIE/IyeT CTPEMUTHCSI K BBICOKUM MOKa-
3aTelsiM TeMITepaTyphl ropeHus TorumBa. Ha pucynke 5
npe/cTaBieH rpadMK N3MEHEHHS CpeTHeH TeMIIepaTy phl
TOpEeHHsI HEMPOEKTHOTO KapaXbIpUHCKOTO yIJIs Ha yPOB-
HE TOPEJIOK B 3aBUCHMOCTH OT Harpy3KH KoTia. Y cTaHo-
BJIEHO, YTO CPEIHAS TEMIIEpATypa rOPEHNS HEMMPOEKTHO-
T'O TOIUIMBA OIHMCHIBACTCS YPAaBHEHUEM:!

T =0,056D% —5,8D +1220 (2)

BennuuHa 10CTOBEPHOCTH alPOKCUMAIINH paBHa |,
YTO 03HAYAET OUYEHb XOPOILIEE COOTBETCTBHE KPUBOH JKC-
MEPUMEHTANBHBIM JaHHBIM.

Temnepatypa siipa IbUICYTOIBHOTO (hakena IpeBbl-
[IaeT TeMInepaTypy IwiaBieHus 306l (mopsaka 1000 °C
i yras Kapaxksipa). [Ipn BeIropanun TOIUIMBa 30712
IUTAaBUTCS U B BUJIE MeJIbUaiIInX Kamenek B )KUAKOM CO-
CTOSTHMM YHOCHTCS C 'a3000pa3HbIMH IIPOAYKTaMH rope-
HHUS B KOHBEKTHBHBIN Ta30Xxoi. PacmiaBieHHBIN IIIJIaK,
Iomnajast Ha CTeHKH TOIOYHOI KaMephl, 3allUIaKOBBIBACT
UX U CIIocoOCTBYeT yCKOpeHHOMY n3Hocy. Ilpu nonana-
HUH Ha XOJIOJTHBIE KOHBEKTHBHBIE TIOBEPXHOCTH Harpena
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KOTJIa PacIUIaBJICHHBIN [IUIAK OCEeaeT Ha TpyOax, mocre-
NeHHO 00pa3ys HulakoBele HapocTel. Ilpu 3ToM pesko
BO3pacTaeT COMPOTHUBICHHUE Ta30BOTO MOTOKA, a TAKXKe
yXyAlIaeTcs nepeaaya TemI0Thl IOBEPXHOCTSIM Harpena.

BBuny Hanuuug B TomouHoM kamepe kotna KB-T-
116,3-150 BomorpeHHbIX MUpPM, 0OeCIIeUnBaCTCS 3allH-
Ta CTEHOK TOIKHU OT pa3pyLIaloLIero BO3AEHCTBHS BBICO-
KOM TeMIlepaTyphl, 3aIIaKOBBIBAHUS M XHMHUYECKOTO
B3aUMOAEHCTBHUS C XHUIKUM IINIAKOM, YTO B CBOIO Ode-
penb 3alumaeT KOHBEKTHBHBIC TTOBEPXHOCTH HarpeBa
OT 3aIUIaKOBBIBAHUSL.

Juis mpoBeneHusT HCCIIeIoBaHus OBIJIO BRIOpAaHO Ye-
ThIpE 3HaUEHUsI TOHUHBI TOMoJIa yroabHo# st (10, 20,
30, 40%). MUHUMANBHBIN pa3Mep YacTHI] yTOJIbHOM IbI-
JIM cHocoOCTBYeT OoJjiee MOJHOMY CXKHMIAHHUIO TOILIMBA,
YTO IPUBOJUT K YMEHBIIECHUIO TIOTEPh ¢ MEXaHUUECKUM
Henoxerom [15]. KoHcTpyKTHBHBIE OCOOEHHOCTH MO-
70TKOBBIX MenbHUI MMT npu BiaxkHocTH Kapakelpus-
ckoro yrast W nopsiaka 14% He mo3BOJIAIOT MOJYYUTh
TOHUHY TIOMOJIa YTOJIBHOM MM HIDKE, YeM IIPH OCTaTKe
Ha cute Rgo= 20%. Mcxoas U3 BBIIIEU3IIOKEHHOTO, CIe-
JyeT BBIBOJI, UTO ONTUMAaNbHasi TOHWHA TOMOJIA ITPU Hau-
MEHBIIEM pPa3Mepe YACTHI[ TOIUIMBA JIOCTHIACTCS TIPH
Rgo = 20%.

Jnst onpeneneHus ONTHUMAIbHOTO PEXHMa pabOThI
koTenmpHOTO arperata KB-T-116,3-150 mpu cxxuraHum
HETIPOEKTHOT0 KapaXbIpHHCKOTO YTJIsl ONpe/eNIeHb! Mo-
TepH Teruia U KoapdunueHT nosnesnoro aevcteust (KI1/)
KOTJIa TIpU Pa3IUYHOH TEeIUIONPOU3BOIUTENHHOCTH.
OCHOBHBIE TEXHUYECKUE XaPAKTEPUCTUKHU PaOOThI KOTIa
IPY CKUTAHUU HETIPOEKTHOTO YTJIsl IPE/ICTABIICHBI B Ta0-
nure 2.

T =0.056D%~5.8D + 1220 s
R2=1 ./'
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Tabnuya 2. OchogHbie mexHuuecKue XapaKxmepucmuxy pabomsl KOmia
6 3A6UCUMOCIIU OM MENTONPOU3BOOUMENLHOCTIU

Tro MPpOCTPAHCTBA.
3AKJIIOYEHUE

TaToOB.

JICHHBIX Ha KOTIJIC.

Tennonpon3BoanTenbHOCTL KoTna, Mkan/y 50 75 80<100
Temnepatypa Bo3gyxa nocne Bosgyxonogorpesartens, °C 200 245 283
Temnepartypa yxoAswWwumx AbIMOBBIX ra3oB, °C 14 152 156
KoadhdhuumeHT U3bbiTka Bo3ayxa B TONOYHOM NPOCTPAHCTBE 1,15 1,15 1,15
[ons peunpkynsumm AbIMOBBIX ra3oB, % 15 15 15
MoTtepw Tenna ¢ yxoasiwmmmn AbIMOBLIMU razamu, % 8 10 1
MoTepu Tenna c XMMUYECKUM HepoXeroMm, % 5 2 08
MoTepu Tenna c MexaHM4YeCKUM Heaoxerom, % 4 2,5 05
MoTepu Tenna B okpyxatoulyto cpeay, % 1 11 1,2
MoTtepw Tenna ¢ puanyeckum Tennom wnaka, % 0 0 0
KNA kotna, % 82 84,4 86,5
AHanm3 TaHHBIX, IPECTABICHHBIX B TaOIHIIE 2, CBH- JIUTEPATYPA
ACTEIBCTBYET O TOM, 4YTO € POCTOM TCIIONPOU3BOAN- 1. Ammmrasun A.Il., Anmumrasuna C.I'. [TepCrieKTHBBI IpH-
TCJIPHOCTH BBUAY YBCIWYCHHUA TCMIICPATypbl I'OPCHHA MEHEHHS SHeprocOeperaomux TeMIOHACOCHBIX TEXHOIIO-
TOIIMBA CHIKAOTCS IMMOTEPH TEIUTA C XUMHYECKUM U Me- THI C HCTIONB30BaHUEM ANbTEPHATHBHBIX HCTOUHHKOB
XaHUYECKUM HeH0KeroM ToIuiuBa. OQHAKO MOBBIIIAETCS SHEPruH Ha AKCYCKOM 3aBojie (peppociiaBos — (unane
TeMIepaTypa YXOSIIMX JHIMOBBIX 308, YTO BICYET 3a AO «THK «Kasxpom» // Becthuk III'Y um. C. Topaiirsl-
060 MOBBILIEHHE [IOTEPD TEIUIA ¢ YXOMIIMMH AbIMO- poBa, cepust «Onepretukay. — 2019. — Ne 4. — C. 35-38.
BBIMH 'a3aMU. Y CTaHOBJICHO 4TO, KoddduimeHT nones- 2. Khazhidinova A., Stepanova Q., Yermolenko M.,
o Kassymov A., Aldazhumanov Zh., Shayakhmetov Y.,
Horo pevictBus komia KB-T-116,3-150 mpu coxuranuu Baybalinova G., Nyssanbayeva S., Astemessova K.,
HEMPOEKTHOro KapaxbIpHHCKOTO yIiis, Onpesiensembli Turlybekova G. Influence of contamination of low-tem-
no Merony obparHoro Gananca (Bbrauranue u3z 100% perature heating surfaces of boiler on the intensity of
BCEX IMOTEPh TEIUIa) C POCTOM TETIIONPON3BOJUTEIHHO- convective heat exchange during the burning of non-
CTH MOBbILAETCS. [JI1 HOMMHAIBHONW TEIUIONPOU3BOAM- design fuel / Heat Transfer Research. — 2022. — VVolume
tensHocTu KITJI koTia coctaBmi 86,5%, OCHOBHBIE TEX- 53, Issue 1. — P. 83-96. https://10.1615/HeatTransRes.
HUYECKHE XapaKTePHCTUKU PabOTHI KOTJIA MPH JAaHHOM 2021040471
pEXHIME 00ECIIEYNBAIOT ONTUMAIBHYIO pabOTy TOIOYHO- 3. Hlobbra yruis Beipocia Ha 2%, LEHEI B POSHHLE MOJIHA-
ek Ha 6%. https://www.energyprom.kz/ru/a/
monitoring/dobycha-uglya-vyrosla-na-2-ceny-v-roznice-
podnyalis-na-6. 14.01.2022.
Bricokuii mHTEpec K TeMaTHKe paboThl 00yCIOBICH 4. TlepcneKTUBHI pa3BUTHA YTOJIBHOW OTpaciu B Mupe //
HEOOXOAUMOCTBIO KOHTPOJISI ¥ CHH)KCHUSI HHTCHCUBHO- https://www.metalbulletin.ru/publications/2992.
CTH LIUTAKOBAHMSI U 3arpsI3HEHUS IOBEPXHOCTEH HarpeBa, 11.01.2023.
CHWIKCHIS YPOBHSI BPEIHBIX BEIOGPOCOB, MHTCHCH(pUKA- 5. Jlonmaxkos A.C., lllemmnenes, A.I'. OnbIT coKUTraHus Hue-
UM TPOIECCOB TEIUIOOOMEHA B ra30XoJaxX KOTia IMpH TPOCKTHBIX TOZ%JEB BlIJC-O”;-J;aX 55343112-1140 / T napHxit
CKMIaHUM HEMPOEKTHBIX TOIuB [16-24]. Tlpu usyue- 6. ;?EFGHT_P?' Ii oo JE( K}m )I-IfH.' P ar7k S Back SH. Ye
HUHU pabOoThl KOTEJIBHOTO arperara IMpoBeIEHbI IKCIIEPH- I, and RyU‘, C. Thermal Resistance by’ Slégging’ and Its
MCHTAJIbHBIC UCCIICI0BAHUSL (HAKTOPOB U YCIOBUM, BINsI- Relationship with Ash Properties for Six Coal Blends in a
IOIMX Ha 3PPEKTUBHOCTE pabOTHI KOTENLHOTO arperara Commercial Coal-Fired Boiler // Fuel. — 2019. — Vol. 235.
IIPU CKUTAHUH HETIPOEKTHOTO YTt pa3pe3a Kapaxeipa u —P. 1377-1386.
METOJIBI TEOPETUYECKOTO aHAJIN3a MOJYYECHHBIX Pe3yIib- 7. Hanwiposa A.P., Crenanosa O.A., Epmonenko M.B.,
VeamueB A.K. Uccnenosanue sddhexTnBHOCTH paboTHI
B pesyiibTaTe IPOBEICHHBIX HCCICIOBAHMM MIOJIy4e- KOTEJILHOTO arperara KB-T-116,53-150 // Bectauk I'Y
HBI Ka4CCTBEHHBIC ITapaMeTphl paOdOThl B PEANBHBIX YC- (”7“473“2 LCLIalKIapf g‘ aropona Cemeit. = 2017, = T. 1. Ne 1
JIOBUAX KOTEIBHOIO arperara Ipu CKUTaHUU HSHpOGKT- 8. FOéT ) 4'7_9 5 (ﬁCO 1928-76) MexrocyAapcTaenbii
HOTO Kapa)KI’IpHHCKOFO YTt IpH NEPEMEHHOU TEILIO- crannapt. TormBo TBepaoe. MeTos onpenesieHus Bbic-
IIPOU3BOJUTEILHOCTH. AHAIN3 TIOJTYHCHHBIX IaHHBIX IIel TEMUIOTHI CTOPAHHUS ¥ BEMUCIICHHE HU3LIEH TEMIOTHI
TIPA C)KUTAHUU HENPOEKTHBIX YTJIEH ITO3BOJIMUT B Jallb- CrOpaHHs.
HEeHIIeM pa3paboTaTh psij] MPAKTUIECKUX PEKOMEH AN 9. T'OCT 2408.1-95. (UCO 625-75) Mexrocy1apCTBeHHBIH
[0 ONTHMHU3AIMHA Pa0OTHI CPEJCTB OYHUCTKH, YCTaHOB- cranaapt. Tormeo TBepaoe. MeToab! onpeneeHus yrie-
pola 1 BoJopoa.
10. T'OCT 8606-93. (MCO 334-92) MexrocynapcTBeHHBIH

cranaapt. TommBo TBepaOe MUHEpaTbHOE. OnpeneneHme
obmeit cepel. MeTon Dmika.
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. TOCT 9516-92. (MCO 331-83) MexrocynapCTBeHHBIH

cTaHaapT. Yrosub. MeToa npsiMoro BECOBOTO ONPEACIICHUS
BJIaTH B aHAJMTUUECKOU mpooe.

I'OCT 10742-71. MexXrocyaapcTBeHHBIH cTaHIapT. YTIH
Oypble, KaMEHHBIE, aHTPAIUT, TOPIOYHE CIAHIEI M yTONb-
HBIE OpHUKeTHL. MeTo s 0TOOpa M ITOIrOTOBKH P00 ISt
11a00PaTOPHBIX HCIBITAaHUH.

I'OCT 11022-95. (MCO 1171-81) MexrocynapcTBeHHBIH
cranaapT. TomauBo TBepaOe MUHEpabHOE. MeTozp! om-
peneneHus 30IbHOCTH.

URL: https://proza.ru/2022/09/10/1221 (zata obpaiieHus:
02.04.2023).
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standart. Toplivo tverdoe mineral'noe. Metody opredele-
niya zol'nosti.
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KAPAKBIPA KOMIP KUMACBIHBIH ’)KOBAJTAHBAT'AH
OTBIHABI TUIMAI 7KAT'Y MOCEJIECIHE

A. P. Xaxuaunosa'”, 0. A. Crenanosal, M. B. Epmosienxo?, A. C. Xaxuaunon?

! «Cemeit kanacvinviny Illoxapin amvinoazol ynueepcumemin KeAK, Cemeii, Kazaxcman
2 Abaii 06nv1cHl Oencaynvik cakmay ackapmacoiioly «Ioponvik meouyuna
acane onkonozusn opmanvievl» IHHIDKK KMK, Cemeii, Kazaxcman

* Batinansic ywin E-mail: nadyrova.akbota@mail.ru

JKyMBICTBIH MaKcaThl xobananbaran Kapaxeipa KeMipiH THIMII JKaFyIbl KAMTaMachl3 €Ty YIIiH Ka3aHIbIK arperaThiH
nmaiilananyIblH PEeKUMIIK JKaFdaiaapeiH Oenriiey Oosbin  TaObutagsl. Ka3aHABIK KYMBICBIHBIH THIMIUTITIH
alKBIHIAWTBIH HETI3rl (DakTopiaphl: JKarbUIAThIH OTHIHHBIH CAMalblK KypaMbl, MUHEPAJIbIK OOJITiHIH OTHIH KaHYy
MPOIIECIHC ©3repyi, OTHIHHBIH KaHy TEMIICPaTypachl, >KOFapbl TEMIIEPAaTypPaHbIH MHHEPAJIbl O6JiriHe acep ery
Y3aKThIFbI, OTBIH/IBI JKaFy MYPbIC YIBIMIACTHIPBUIFAH TOCIII MEH JKaHy KaMEPAChIHBIH KOHCTPYKIIMSUIBIK epEeKIeNiKTepi
Oonpim TaObUTAABl. AJNFa KOWBUTFaH MakcaTka jkeTy ymriH Cemeill kamaceiHbIH JKOO-1 KB-T-116,3-150 mapkanst
KazaHjpikTa Kapakelpa KUMAachIHBIH jkoOanaHOaraH KeMIpiH jKary MBICANIBIH/IA KA3aH/BIKTHIH JKYMBICBIHA KEIICH/I
3epTTey Kyprizy Kaxer. JKyprizinreH 3epTreyliep HOTH)KECIHAE aybICHANBI JKBLTYy OHIMICY JKaFdaija jxoOamaHOaraH
Kapaxsbipa keMipiH jkaFy Ke3iH/e Ka3aHIbIK arperaThblHbIH HAKTHI JKaFAalblHIaFbl )KYMBICTBIH CAMaNbIK MapameTpiepi
aneHaeL. JKoOamanOaraH KeMipHi jkKaFy Ke3iHIe allbIHFaH NepeKTepi Taifay OojamiakTa Ka3aHABIKTa OPHATBUIFAH
Tazajlay KypalJapblHbIH KYMbBICHIH OHTAaWIaHIBIPy OOHBIHIIA OipKaTap NpaKTHKaJIbIK YCHIHBICTAP KacayFa MyMKIHJIK
Oepei.

Tyitin co30ep’ KazanoviK acpecamol, HcoOAIaH6A2AH OMBIH, 3epMmey, HCany Keyicmizi, nauoaivl acep Kodphuyuenmi.

ON THE ISSUE OF EFFICIENT COMBUSTION OF NON-DESIGN COAL KARAZHYRA

A. R. Khazhidinova®”, O. A. Stepanova?, M. V. Yermolenko?, A. S. Khazhidinov?

1 “Shakarim University” NCJSC, Semey, Kazakhstan
2 MSE REM “Center of Nuclear Medicine and Oncology”
Department of Healthcare of Abai Region, Semey, Kazakhstan

* E-mail for contacts: nadyrova.akbota@mail.ru

The purpose of this work is to establish the operating conditions of the boiler unit to ensure efficient combustion of non-
design Karazhyra coal. The main factors determining the efficiency of the boiler unit are the qualitative composition of
the fuel being burned, the behavior of the mineral part of the fuel during combustion, the level of the fuel combustion
temperature, the duration of the interaction of high temperatures on the mineral part, the properly organized method of
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fuel combustion and the design features of the combustion chamber. To achieve this goal, it is necessary to conduct a
comprehensive study of the boiler operation using the example of burning non-design coal from the Karazhyra mine in a
KV-T-116.3 -150 TEC-1 boiler in Semey. As a result of the conducted research, qualitative parameters of operation in
real conditions of the boiler unit during the combustion of non-design Karazhyra coal with variable heat output were
obtained. The analysis of the data obtained during the combustion of non-design coals will allow us to further develop a
number of practical recommendations for optimizing the operation of cleaning agents installed on the boiler.

Keywords: boiler unit, non-design fuel, research, furnace space, efficiency.
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FIRST-PRINCIPLES STUDIES OF XzFeSi HEUSLER ALLOYS
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2 Sobolev Institute of Geology and Mineralogy, Novosibirsk, Russia
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The characteristics related to electricity and magnetism in Heusler alloys with both full (L2;) and inverse (XA) structures
XzFeSi (X = Mn, V) have been studied within the framework of the Density Functional Theory. Three different methods,
namely LDA, GGA, and SCAN, were used to perform calculations. The aim was to investigate the energy stability of the
L2; and XA structures for these compositions. The findings revealed that the XA structure is energetically stable for both
structures. The choice of functional is indicated does not have a qualitative effect on the energy stability of the phases.
Based on calculations, it was found that meta-GGA (SCAN) more accurately describes the electronic properties of these
alloys. In the process of the calculations, it was found that these compounds are semimetals. An analysis was conducted
from a local environment perspective to investigate and understand the reasons behind the semi-metallic band gap and
the variations in electronic and magnetic properties observed in Heusler compounds. Calculations also showed that the
magnetic moment MnzFeSi for both structures was 1.99 pg/f.u. With regard to V,FeSi, u = 2.00 pg/f.u. for structure XA
and p = 2.37 ug/f.u. for structure L2;. These calculations are consistent with the Slater-Pauling rule for the XA structure.

Keywords: Heusler alloys, DFT study, magnetic properties.

INTRODUCTION

Heusler compounds with a face centered cubic (fcc)
structure attract much attention is paid because of their
possible use in microelectronics and spintronics. Certain
Heusler compounds exhibit high structural stability and
100% spin polarization, and are classified as semimetals
[1]. Previous studies have investigated the electronic,
magnetic, and structural properties of various Heusler
compounds using both first-principle calculations based
on DFT (Density Functional Theory) and experimental
methods. These studies are cited in references [2-8].
Heusler alloys crystallize in two possible structures: L2;
(spatial symmetry group Fm3m) and XA (spatial
symmetry group F43m). Interest in these compounds is
not least because of the fact that the properties of
complete Heusler alloys strongly depend on their
structure and composition. MnoFeX (X = Al, Si)
compounds in L2;, XA structures were studied by DFT +
GGA methods in a number of works [9, 10].

The cubic phase of MnzFeSi was synthesized by
annealing [11-13]. It is shown that MnyFeSi crystallizes
into an inverse XA structure. Recent works [7, 14] also
report that Mn,FeSi adopts a cubic inverse-heusler (XA)
structure. Calculations with Density Functional Theory
[9-11] have shown that the XA structure of Mn,FeSi is a
semimetal with a total magnetic moment of 2 pg. Thus, it
is assumed that Heusler compounds with transition
metals can exhibit special properties, such as
semimetallicity, both in the L2; structure and in the XA
structure, depending on the chemical structure.

In the work [15] explains the appearance of
semimetallic properties of MnyFeSi (XA, L2; structures)
with the behavior of tg electrons of transition metal

atoms, where the delocalization of these electrons leads
to a strong decrease in the semimetallic band gap.

Recent X-ray diffraction analyses were conducted on
Mn.FeSi, a triple Heusler alloy that was synthesized. The
results revealed that, at room temperature, the prepared
samples had an uneven magnetic structure characterized
by a dominance of paramagnetic phases, and a minor
ferro/ferrimagnetic contribution was identified along the
magnetization curves [16].

The compositional dependences from magnetic
exchange interactions for the cubic phase FezxMnixAl
Heusler alloy, where 0.0 <x < 1.0, were obtained by
first-principles calculations and demonstrated that
nearest neighbors of Fe-Fe represent a strong
ferromagnetic bond [17].

In the literature [18], it was presented that the
replacement of Mn by Fe in Heusler alloys (Mn..
«Fex)2VSi at a concentration of Xx=0.5 become
semimetals and, consequently, non-magnetic.

Existing studies give an idea of the useful properties
and prospects of MnyFeSi Heusler alloys [7,8].
However, in such studies, only one of the possible
structures of Heusler alloys was mainly considered.
Comparing the characteristics of certain Heusler alloys in
both L2, and XA structures is important. Thus, the aim of
this study is to conduct a comparative analysis of
Mn,FeSi and V,FeSi Heusler compounds in both inverse
(XA) and full (L2:) structures to identify the factors
responsible for the formation of diverse magnetic,
structural, and electronic properties. Additionally, the
study will explore the impact of three different
functionals, namely LDA, GGA, and meta-GGA, on the
properties of Heusler alloys.
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METHODOLOGY

Density functional calculations of the electronic
structure were performed using the VASP program code,
employing a plane wave basis. The method of projection
attached waves (projector augmented wave — PAW) was
used [19]. The LDA [20, 21], the GGA in the case of the
PBE [22], and the SCAN [23] meta-GGA [24] are used
for comparative studies. In the calculations for all cases,
the cutoff of the basic plane wave of 700 eV was used.
To integrate the Brillouin zone in the inverse space, the
Monkhorst-Pack scheme with a density of 4x4x4 was
used. These parameters provided good compliance in
total energy. For the calculations, the convergence
resistance was chosen as the total energy difference in the
range of 1077 eV/atom. The given electronic configura-
tions were for pseudopotentials: Mn (3d%4s?), Fe
(3d®4s?), V (3d*4st), Si (3s%3p?), respectively.

1. STRUCTURAL PROPERTIES

Heusler alloys with the chemical formula X;YZ
(where X and Y are transition metal atoms, and Z is a
valence atom of s-p type) are characterized by a cubic
structure similar to Cu,MnAl, consisting of four
interlocking fcc sublattices, denoted as A, B, C, and D.
The coordinates of these sublattices are (0,0,0), (0.25,
0.25,0.25), (0.5, 0.5,0.5), and (0.75, 0.75, 0.75). X atoms
are arranged in the same way in sublattices A and C and
atoms Y and Z occupied B and D, respectively. The
reverse structure of the Heusler alloy also crystallizes
with Hg>CuTi type structure, while Cu,MnAl is known
for the full structure. The main difference from regular
Heusler compounds with the L2; structure is the mutual
exchange between X in position C and Y in position B.
Studied structural models are presented in Figure 1.

Generally, the unit cell contains 4 structural units
X2YZ. The location of atoms and their coordinates were
discussed in our previous articles [10].

X X e Si

a) b)

Figure 1. Crystal structure of Heusler compounds.
a) Regular structure (L21) and b) inverse structure (XA).
X2FeSi (X= Mn, V)

The calculations have shown that all three functions
give qualitatively the same energy ratios. For both
MnyFeSi  and VoFeSi, the energetically more
advantageous phase is XA. LDA, GGA and SCAN
calculations give AH equal to —1.5087 (—1.8907) eV,

—1.3836 (—1.5226) eV, and —1.9829 (—1.6319) eV, res-
pectively, for MnyFeSi (V2FeSi) structures. The calcu-
lated enthalpy of formation has a negative value, which
indicates the possibility of MnyFeSi and VFeSi
formation in the experiment.

The enthalpy of formation was determined using the
formula:

AH (Mn,FeSi/ V,FeSi) =
=[H (Mn,FeSi/ V,FeSi)- M
—~2H (Mn)+H (Fe)+H (Si)]/N,

where H(MnzFeSi/V2FeSi), H(Mn), H(Fe) and H(Si) are
the calculated enthalpies of the Heusler alloy and the
elements Mn, Fe and Si, respectively, N is the number of
structural units in the unit cell.

In the case V2FeSi, the L2, structure is most favorable
in SCAN-based calculations, and for LDA and GGA, this
structure is less favorable, whereas in MnyFeSi, the
inverse structure is lower in energy in all calculations
(Table 1). This aligns with the existing experimental data
[7].

Table 1. Calculated ground state energies and formation
enthalpies of Mnz2FeSi and V2FeSi

A Type of Formation
toms Structure functional enthalpy Hep | Energy(eV)
(eVicell)

Mn2FeSi XA LDA -1.5087 -148.4113

Mn2FeSi L1 LDA -1.1648 -147.0356
VoFeSi XA LDA -1.8907 -147.1947
VoFeSi L1 LDA -1.2529 -144.6431

Mn2FeSi XA GGA -1.3835 -132.1324
Mn2FeSi L1 GGA -0.9690 -130.4259
VoFeSi XA GGA -1.5226 -131.5246
VoFeSi L1 GGA -0.7436 -128.4368
Mn2FeSi XA SCAN -1.9829 -132.4391
Mn2FeSi L1 SCAN -1.3124 -131.0985
VoFeSi XA SCAN -1.6319 -123.9251
VoFeSi L1 SCAN -1.3275 -128.3164

2. MAGNETIC PROPERTIES

Table 2 displays the equilibrium lattice parameters
and magnetic moments of V,FeSi and MnyFeSi in both
regular and inverse structures. It is observed that these
compounds adopt different structures. The atomic
magnetic moment (ASM) values for the various types of
atoms in Mn2FeSi and V,FeSi Heusler alloys in L2; and
XA structures are in good agreement with previously
reported literature data.

The magnetic properties of the different crystal
structures in Mn2FeSi Heusler alloy are determined by
the presence of two types of Mn atoms oriented in the
opposite direction of the magnetic moment in the X-type
lattice. Table 2 displays the calculated total magnetic
moments of the lattices.

67



FIRST-PRINCIPLES STUDIES OF XzFeSi HEUSLER ALLOYS

Table 2. The lattice parameters (A) and total magnetic moments (us) of Mn2FeSi and V2FeSi Heusler alloys of regular and inverse
structures, as well as magnetic moments (ug) of individual atoms, are calculated based on the SCAN, GGA and LDA functionals.
In parentheses are the previously calculated theoretical values of the lattice parameter and the total magnetic moments and magnetic
moments of individual atoms. Due to the Slater-Pauling rule [25], the total magnetic moment is 2 ug for Mn2FeSi and V2FeSi.

Type of Lattice A-site B-site C-site D-site, Si Total
Compounds Structure functional parameter atom ps atom ps atom ps atom s V13

XA SCAN 5.617@ Mni  -2.0120) Mn2 2.961@ Fe 1.039@ 0.012@ 1.99@

L1 SCAN 5.538@ Mns  -0.271@ Fe 2.495@ Mn, -0.271@ 0.041@ 1.99@

L1 SCAN 5.54() Mns  -0.320) Fe 2.520) Mn;  -0.320) 2.000)

MnFeSi L1 5.600 Mn:  -0.78¢ Fe 0.33¢ Mn2 2.480) -0.02@ 2,016
XA GGA 5.599@) Mni  -0.777@ Mn; 2.371@ Fe 0.365@ 0.011@ 1.96@

L1 GGA 5.594(@) Mn1 0.061@ Fe 2.106@ Mn2 0.061 0.026@ 2.256@

XA LDA 5.477@ Mns  -0.3460) Mn2 1.999@ Fe 0.300@ 0.008@ 1.96@

L1 LDA 5.483(@) Mn1 0.090@) Fe 1.807@ Mn; 0.090@ 0.028@ 2.01@

XA SCAN 5.748(@) Vi -0.700@ Va 1.7216@ Fe 1.074@ -0.056@ 2.00@

L1 SCAN 5.805@) Vi 0.133@ Fe 2.0816@ V2 0.133@ 0.025@ 2.37@

L1 5.800 Vi 0.450 Fe -0.0930 0.05¢ 1.99¢)

VaFeSi XA GGA 5.782() Vi 1.4406@ Va -0.331@ Fe 0.894@ -0.019@ 1.98@
L1 GGA 5.853@) Vi 0.081@ Fe 2.025@ |V, 0.081@ 0.0382 2.22@

XA LDA 5.748(@) Vi 0.394@) A -0.046@ Fe 0.254@ -0.001@ 0.60@

L1 LDA 5.805@ Vi 0.003(@ Fe 1.6120) V2 0.003( 0.042@ 1.66@

In this work (a) — present work, (b) — theoretical data from Ref. [13], (c) - theoretical data from Ref. [26]

According to the results obtained from the SCAN and
GGA-LDA calculations, the total magnetic moment of
Mn.FeSi Heusler alloys with XA and L2; structures are
presented in Table 2, with values of (1.99, 1.96, 1.96) us
and (1.99, 2.25, 2.01) pg, respectively. These results
follow the Slater-Pauling rule (S-P rule) [22]. However,
the LDA calculation shows a slight deviation in the total
magnetic moment for the XA type (1.96 uB), while GGA
shows a deviation for the L2; type (2.25 pug). The S-P rule
suggests that the total magnetic moment in semimetallic
full Heusler compounds can be determined by the
formula M; = Z; — 24, where Z; is the total number of
valence electrons per unit cell and Mt is the magnetic
moment of the unit cell [22].

When using LDA and GGA functionals, the total
magnetic moment values of the L2; (1.66 uB) and XA
(0.60 pg) lattices do not comply with the Slater-Pauling
rule due to the ferromagnetic coupling of V and Fe atoms.
However, based on GGA, the values are L2; (2.22 ug)
and XA (1.98 pg), which are consistent with the Slater-
Pauling rule. In SCAN calculations, the structure of type
XA (2.00 pg) completely follows the Slater-Pauling rule,
while type L2: (2.37 ug) has a significant deviation.

The magnetic moments of transition metal atoms
differ significantly due to their distinct local environment
in both types of structures. In Heusler compounds, the
magnetic state primarily depends on the position of metal
atoms within the local environment. As stated in
references [27, 28], the presence of transition metal
atoms as the closest neighbors leads to the formation of
strong o-bonds between d-electrons of these atoms.
However, the deviation from d-electron localization
leads to a decrease in magnetic moments, which is a
characteristic feature of Heusler compounds. Therefore,
based on the observations of the magnetic moments of
Mn,FeSi and V,FeSi Heusler alloys, the atoms at A- and
C-positions exhibit smaller magnetic moments, while the

atom at the B-position has a larger magnetic moment in
both structural types, which supports the conclusion of
references [27, 28].

Figure 2 shows the correspondence of the functionals
to the Slater-Pauling rule. Upon analysis of the results, it
can be deduced that the functionals utilized for the
MnyFeSi alloy yielded values in accordance with the
Slater-Pauling rule. However, for the L2; and XA
structures, the LDA and GGA functionals demonstrated
deviations from the aforementioned rule. Whereas the
SCAN showed more accurate data.

3 8 Mn,FeSi
<6 |  DLDA-x4
S . | AcGA-x4
= 4 Lok % SCAN-YA
=1 PR W LDA-L,1
g 2 L i A GGA-L,
£y ’ Xh + SCAN-L,1
s

2 3

::)n - = 2 & V,FeSi

& & LDA-X4
E 4 ¥ GGA-X4
£ #* SCAN-Y4
&6 4 LDA-L,1
B -8 : : ¥ GGA-L,1
S 20 22 24 26 28 30 % SCAN-L,1

Number of valence electrons  Z,

Figure 2. Correspondence of functionals LDA, GGA
and SCAN to the Slater-Pauling rule

3. ELECTRONIC PROPERTIES

Figure 3 presents the total state densities (DOS) of
MnyFeSi and V2FeSi compounds in full and inverse
structures, calculated in GGA approximations (blue line
in Figure 3), LDA (dotted line in Figure 3) and SCAN
(the red line in Fig. 3). As is known, the approximation
of GGA and LDA inaccurately estimates the width of the
forbidden zone, significantly underestimating its value.
Mn2FeSi in the regular structure (Figure 3b) are metals
within GGA and LDA, whereas calculations based on
SCAN adduce to the appearance of a small band gap of
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~0.4 eV (Figure 3b). In the inverse structure, SCAN
increases the band gap from ~ 0.35 eV (within GGA) to
~0.65eV (Figure3a). In the GGA and LDA
approximations, the V,FeSi compound in both structures
(L2;, XA) exhibits a metallic character (Figure 3d).
However, SCAN increases the band gap to ~ 0.75 eV in
the inverse structure, and the regular structure exhibits a
metallic character with an almost empty spin-up channel
(Figure 3c).

The obtained values of the band gap for MnzFeSi
compounds obtained here are close to other results of
calculations studied by means of the GGA and SCAN
approximation [15]. For instance, in [15] the band gap
width was obtained equal to ~ 0.5 eV (within GGA) and
~ 1.0 eV (within SCAN) for the inverse Mn.FeSi and for
the regular 0.2 ~ 0.4 eV.

Figure 4 shows the partial densities of d-electron
states for V,FeSi and MnyFeSi in full and inverse
structures. All projected DOS have pronounced peaks
corresponding to the strong localization of electrons of
B-position atoms.

As can be seen, the appearance of semi-metallic
properties igéhese Heusler compounds is mostly because

! Mn,FeSi, X4

40 V,FeSi, X4

I

I

|
6 4 2 0 2
Energy-E¢(eV)

c)

— GGA  weeeee

of the behavior of ty electrons of transition metal atoms.
In the literature [15] explains the appearance of
semimetallic properties of Mn,FeSi (XA, L2; structures)
with the behavior of tyy electrons of transition metal
atoms, where the delocalization of these electrons leads
to a strong decrease in the semimetallic band gap.
Obtained SCAN calculations are in accord with the
results of this literature (Figures 4e, g). Next, we will
consider in more detail the predicted density of states of
non-basic spin states of ty electrons of transition metals.
Consider the usual connection V2FeSi (Figure 4a). Atom
V in regular V2FeSi occupies the B-position and has a
large magnetic moment and has a local environment:
atom V in regular V,FeSi have Fe as the nearest four
atoms (Figure 1a). This local environment leads to a
difference in the densities of electronic states, namely, in
the regular VoFeSi, the tyy electrons of V atoms are
delocalized in a wider energy range than the tog electrons
of Mn atoms in the regular MnyFeSi. As a result, the
semi-metallic band gap in the regular V:FeSi disappears.
In the inverse VFeSi (Figure 4c), the situation is
somewhat different.

40

Mn,FeSi, Lyl

b)

-6 4 2
Energy-Er(e

d)

% ot - mmd

)

LDA — SCAN

Figure 3. The graphs in (a), (b), (c), and (d) display the total density of states for Mn2FeSi and VzFeSi alloys in both full
and inverse structures. The red solid line shows results based on the SCAN method, the blue solid line represents GGA,
and the dotted line represents LDA. The energy axis is set to zero at the Fermi energy.
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The Fe atom in this case has the same local
environment as in the typical VFeSi compound, where it
is surrounded by four V2 atoms that are the closest
neighbors. And, as in the regular compound VFeSi, the
t2g electrons of V atoms are delocalized in a wide range
of energies. The shift of the delocalization region of tzg
electrons towards lower energies reduces the non-main
spin band gap and is associated with strong hybridization
of tyg electrons of vanadium atoms. Vanadium atoms V1
and V2 interact only in refers to the nearest neighboring
atoms around a particular atom in a crystal structure.
Consequently, V2 electrons are localized at energies
~—2.2+-1.7 eV and the hybridization of V1 and V2 ty
electrons is observed in the energy range —2.5eV +—
15eV.

That is, the bonds that appear between metal atoms
affect the appearance of a semimetallic band gap. Worth
bearing in mind a significant semi-metallic band gap in
the alloy V3 FeSi structure XA appears only when the
B-position is occupied by a V2 atom with a large
magnetic moment. If the B-position is occupied by a
manganese atom, then the energy gap in the non-basic
spin state in the MnyFeSi alloy decreases significantly.
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Fig. 5. ELF values were calculated for the L2; and XA
structures of V2FeSi and MnzFeSi in the (110) plane

Figure 5 presents the ELF projections in the plane
(110) for the V. FeSi and MnyFeSi Heusler alloys.
In areas where ELF values are high the electrons become
paired. In regions with higher ELF values, electrons tend
to become paired, this means that in these compounds
between atoms, the nature of the bond is covalent.
The stability of a compound increases when the covalent
bond is strengthened. However, when the degree of
polarity of the covalent bond increases, it can compete

with the bond strengthening effect and lead to compound
destabilization. In the case of replacing manganese atoms
with vanadium in compounds, this effect was observed.
High ELF values were observed near V atoms, which
indicate the polarity of the covalent bond.

Replacing Mn atoms with V atoms increases the
stability of the crystal lattice due to the increased cova-
lence of chemical bonds between atoms in the alloys.
However, this substitution also results in a strong polarity
of the covalent bond between V atoms and their nearest
neighbors, which can destabilize the crystal lattice. As a
result, the final crystal compounds are a result of a
compromise between these two opposing effects.

CONCLUSION

This study aimed to investigate how the magnetic and
electronic properties of MnzFeSi and VFeSi Heusler
alloys are influenced by their structure and composition,
particularly by the local environment and the compo-
sition and structure of the alloys. The B-position atoms
in these alloys have larger magnetic moments than the A-
and C-position atoms, which is attributed to differences
in their local surroundings. The researchers used three
different functionals to calculate the energy stability of
the L2; and XA structures and found that the XA structure
is energetically favorable for both alloys. The meta-GGA
functional (SCAN) was the most accurate in describing
the electronic properties of the alloys. Both MnyFeSi and
V,FeSi were found to be semimetals, with the semi-
metallic band gap arising from the bonds between
neighboring metal atoms. In V;FeSi, a significant semi-
metallic band gap is only present in the XA structure
when the B-position is occupied by a V2 atom with a
large magnetic moment.

The study also showed that the B-position atom in
both structural types has a large magnetic moment, while
the A and C-position atoms have smaller ones. The total
magnetic moment of both Mn.FeSi and V-FeSi alloys is
consistent with the Slater-Pauling rule, as revealed by the
SCAN calculations.
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X2FeSi TEUCJEP KOPBITITAJIAPBIH AJIFAIIKBI TPUHIUIITEPEH 3EPTTEY

H. A. Mepaai', H. C. Conrandek!, ®. Y. AGyosal, T. M. Unepoaes’?, C. A. Hypkenos'?, A. V. Adyosa®”

L WILH. I'ymunes amvinoazol Eypasus ynmmouix ynueepcumemin KeAK, Acmana, Kazaxkcman
2 I'eonozus ncane munepanozus uncmumymol. Covonesa PAH, Hosocubupck, Peceil
3 Acmana Xanvikapanolx, Ynueepcumemi, Acmana, Kazaxcman

* bainansic ywin E-mail: aisulu-us1980@yandex.kz

TrIFBI3ABIK (DYHKIIMOHATBI TCOPHACHIHBIH aschiHaa XoFeSi (X = Mn, V) rtomsik (L21) xoHe kepi (XA) Teitcnep
KOPBITIIANAPBIHBIH JIEKTPOHBIK KOHE MarHUTTIK KacueTTepi 3eprrenai. Ecenrreynep ym typri dyaxnuonammen, LDA,
GGA xoHe meta-GGA, xyprizingi. 3eprrey xkymbichiHAa Lol sxoHEe XA KYpBUIBIMAApHl YIIIH 3HEPTeTHKAJBIK
TYPaKTBIIBIFbI JKOFAPBI KYPBUIBIMIBI aHBIKTAY. AJIBIHFAH MOTIMETTEPCH €Ki KYPBIIBIM YIIiH A€ SHEPTECTHKANBIK TYPaKThI
exeHiH XA KypBUIBIMBI KopceTTi. DyHKIMOHAIABI TaHAay (ha3amapAbIH YHEPreTHKAIBIK TYPAKTBUIBIFBIHA 9cep eTIeUTIHI
anpIkTangel. Ecenteynep Herizinge Meta-GGA (SCAN) KoOpBITHAaTapAblH 3IEKTPOHABIK KACHETTEpiH ONipeK
CHUTIATTAaNTHIHEI aHBIKTAIIBEL. Ecenteynep OaprichiHma Oyl KOpBITHANIAp JKapThIIail MeTaul eKeHi aHBIKTaIIsL. [ eiiciep
KOPBITIANAPBIHBIH JKapThUIal MeTanna maiga OoJIaThIH ThIMBIM CaJIbIHFaH aWMaKThIH JKOHE JIIEKTPOHIIBIK >KOHE
MarHuTTIK KacCHETTEPIiH ©3repyiHiH ceOenTepiH 3epTTey JKOHE TYCIHY VIIIH JIOKaNbIi OpPTa TYPFHICHIHAH Talaay
xyprizinai. Ecenteynep coHbIMeH KaTap eKi KypbuibiM yiniH MnoFeSi maruuttik MmomeHTi 1,99 pg/(h.0. ekeHiH kepceTTi.
V7FeSi ymin. XA kypsutbiMbiia p = 2,00 pg/d.6. xone L2; kypeutbiMbiHma p = 2,37 up/th.0. byn ecenreynep XA
KypbUIbIMBbIHA apHasiFaH Cneiirep-TlonuHr epexecide calikec Kejei.

Tyiiin co3oep: I eticiep Kopvimnanapbsi, mulebl30blK QYHKYUOHALOBIK MEOPUSCHI, MASHUMMIK Kacuemmep.

MEPBOINPUHIIAITHBIE UCCJEJOBAHUS CIIJIABOB I'EMCJIEPA X:FeSi

H. A. Mepaau®, H. C. Coanranbex?, ®@. Y. Adyosal, T. M. Huep6aes’?, C. A. Hypkenos'?, A. Y. Aoyosa'”

L HAO «Eepasuiickuii nayuonanvnwiii ynusepcumem um. I H. N'ymunesa», Acmana, Kazaxcman
2 Hucmumym zeonozuu u munepanozuu um. Coéonesa PAH, Hosocubupck, Poccus
3 Acmanunckuii mescoynapoonwlii ynusepcumem, Acmana, Kazaxcman

* E-mail oz konmaxmos: aisulu-us1980@yandex.kz

B pamkax Teopuu (GpyHKIMOHAA IUIOTHOCTH W3YYEHBI XapaKTEPUCTHUKHU, CBSI3aHHBIE C AJIEKTPUUECTBOM U MarHeTH3MOM
B cmuaBax [eiicmepa kak ¢ momHoi (L21), Tak u ¢ unBepcHOU (XA) crpykrypoit XoFeSi (X = Mn, V). Pacuers
MIPOBOJIMIIMCH Ha TpeX pasnuyHbix QyHkuuoHanax: LDA, GGA u mera-GGA. Lenb cocTosiia B TOM, 4TOOBI HCCIIEA0BATh
SHEPreTUYECKYI0 CTa0MIBHOCTh CTPYKTYp L2: m XA mnst atux kommo3uiuii. [TonyueHHbIe JaHHBIE MOKa3alH, YTO
CTPYKTypa XA SBISETCA dHEPTETHYECKH CTAOMIBHON Ui 00enx CTpykTyp. OTMeueHo, 4TO BhIOOp (DyHKIMOHANa He
OKa3bIBaeT KaueCTBEHHOI'O BIMSHUS HAa SHEPreTHYECKYl0 YCTOM4YMBOCTh (ha3. Ha ocHOBe pacueToB OBUIO yCTaHOBIICHO,
gro meta-GGA (SCAN) Oornee TOYHO ONMUCHIBACT ANMEKTPOHHBIE CBOICTBA 3THX CIUIABOB. B mporiecce pacdeToB OBLIO
YCTAQHOBJICHO, YTO 3TH COEAMHEHUs SIBISIOTCS MOJyMeTaUlaMH. BBl NpoBEIEH aHanmM3 C TOYKH 3PEHHS MECTHOH
OKpY>Karomlel Cpebl, YTOOBI HCCIICA0BATh U MOHATH NMPUYMHBI MTOIYMETAIIINIECKON 3aIIPEIIeHHOH 30HBl ¥ N3MEHEHHS
JIEKTPOHHBIX ¥ MarHUTHBIX CBOMCTB, HabMI01aeMble B coequHeHnsix [eifciaepa. PacueTs! Takxke MoKa3aiu, YTO MarHUT-
HBI MOMeHT MnoFeSi miis o6eux cTpykryp cocrasiser 1,99 pg/d.e. dmst VoFeSi p = 2,00 pg/d.e. must crpykrypst XA u
p=2,37 us/d.e. mus ctpykTypsl L21. DTH pacueTs cormacyrotces ¢ npaBmioM Crueiirepa-Ilomuara mist XA-CTpyKTYpHL.

Kiouesvie cnosa: cnnasul I'eticiepa, meopusi ()yHKYUOHAA NAOMHOCIU, MASHUMHbLE CEOUCMEA.
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NICKEL NANOCATALYST FOR HYDRODECHLORINATION
OF POLYCHLORINATED BIPHENYLS

E. Shaimardan®?, S. K. Kabdrakhmanoval!*, M. M. Beisebekov?, B. S. Selenova?,
Zh. Imangazinova?, S. Sydykbayeva?®

1 Satbayev University, Almaty, Kazakhstan
2 Scientific Center of Composite Materials, Almaty, Kazakhstan
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Currently, nanomaterials are an important class of materials in the field of synthesis of efficient and selective catalysts
with desired properties due to their unique physical and chemical properties. The presence of nanosized particles of
transition metals undoubtedly improves the course of the hydrodechlorination of polychlorinated biphenyls (PCBs) and
makes it possible to reduce the content of the noble metal in the catalyst. In order to obtain active and stable heterogeneous
catalysts for the neutralization of persistent organic pollutants (POPs), the correct choice of carrier and method of catalyst
synthesis is required. In this work, the synthesis of a nickel nanocatalyst was carried out using the wet impregnation
method for the hydrodechlorination of PCBs. Commercial activated carbon grade BAU-A was pre-modified with
hydrochloric acid and used as a carrier (ACn) of the catalyst. Using modern physical and chemical methods, the main
properties of the synthesized nanocatalyst were investigated. The IR spectroscopy has established that the carboxyl and
carbonyl groups of ACr, are the main functional groups that fix nickel in the bulk of the carrier. The nickel nanocatalyst
has a developed surface, where nickel nanoparticles are deposited in micro- and mesopores of the carrier. The degree of
conversion of 2,2',3,3',4-pentachlorobiphenyl is 84.21%, which indicates the catalytic activity of nickel nanocatalysts
with respect to POPs.

Keywords: nanocatalyst, persistent organic pollutants, polychlorinated biphenyl, nickel nanoparticles, activated carbon.

1. INTRODUCTION

The halogen-containing organic compounds are
widely used in many industries as target and intermediate
products. Due to its high toxicity and chemical stability,
a lot of halogenated organic compounds are recognized
as persistent organic pollutants (POPs) and banned from
usage by the World Health Organization. Also, on May
22,2001, the Convention on persistent organic pollutants
was signed in Stockholm, which aims to reduce and
completely eliminate the production, usage, emissions
and storage of existing stocks of POPs [1]. Kazakhstan
ratified this convention by the law of the Republic of
Kazakhstan dated June 7, 2007.

The stocks of surplus halogenated by-products and
POPs that have been accumulated up to these days need
to be disposed of in an environmentally sound manner,
which necessitates the development of methods for
utilizing halogenated organic substances and converting
them into less hazardous compounds.

Kazakhstan ranks second after Russia in terms of the
amount of POPs waste. Due to the heterogeneity of the
composition of polychlorinated biphenyls (PCBs) related
to POPs and the variety of methods for its disposal, it is
extremely important to select, improve existing ones and
develop new effective and environmentally friendly
methods for the disposal of POPs in order to turn it into
useful products. A large number of POPs neutralization
methods have been studied [2-6], the choice of which
depends on the state of aggregation of the material to be
disposed of, the concentration of POPs, technological

and environmental features of the ongoing processes.
The possibility of formation of dioxin-like by-products
during the disposal of POPs necessitates the implemen-
tation of strict control of the technological process.

There is an increased share of studies on the processes
of reductive dechlorination of PCBs due to the possibility
of use new types of catalysts obtained using nano-
materials and nanotechnologies and the tightening of
requirements for analytical control over the formation of
by-products of polychlorinated dibenzofurans (PCDF)
and dibenzodioxins (PCDD). The development of a
reductive method for dechlorination of PCBs is
facilitated by the search for active, selective and efficient
catalysts. The monitoring of literature sources has shown
that palladium-containing catalysts obtained using
nanomaterials and nanotechnologies on inert carriers
show the highest activity and selectivity in the reductive
transformations of chlorine-containing compounds [7—
11]. Selectivity depends on the type of catalyst, carrier
and operating temperature. Palladium content in
catalysts, in many cases >10% (by mass) [12]. The high
cost of palladium contributed to the search for methods
to reduce the cost of catalysts at the expense of metals
with low cost characteristics.

A comparative study of the catalytic properties of
palladium, platinum, and nickel deposited on a “Sibunit”
carbon carrier was inserted in reductive hydrodechlorina-
tion of PCB, DDT, and triclosan under mild conditions at
room temperature and a hydrogen pressure of 1 atm [13].
Hydrodechlorination of POPs with hydrogen using
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various catalysts, including based on copper and nickel
nanoparticles inserted on activated carbon showed good
catalytic activity [14-16]. Therefore, nickel-based cata-
lysts are no less attractive objects for PCB nanocatalysis.
In addition, it should be noted that nickel-based catalysts
for PCB hydrodechlorination are poorly studied.

This work is devoted to the synthesis of a nickel
catalyst inserted on activated carbon modified with
hydrochloric acid, also to the study of the physical,
chemical properties and catalytic activity with respect to
PCBs.

2. EXPERIMENTAL SECTION

2.1 Materials and methods

2.1.1 Materials

The following reagents were used in the work: nickel
nitrate, Ni(NO3)2+6H.0 (99,9%, Sigma Aldrich), sodium
tetrahydroborate, NaBHs (99,9%, Sigma Aldrich),
sodium hydroxide NaOH (Sigma-Aldrich), Arochlor
1254 (2,2°,3,3°,4 — pentachlorobiphenyl) (certified solu-
tion of arochlor in hexane, concentration 100 pg/ml, to
work in accordance to MG 4.1.1023-01). These reagents
were used without further purification. The commercial
charcoal of the BAU-A brand, modified according to the
method [17], was used as a carrier. Hydrochloric acid,
HCI (ST 11125-84, LLC MK “Magna”, Russia) was used
in order to modify activated carbon.

2.1.2 Preparation of catalysts

The impregnation method was used to obtain a
Ni/activated carbonmediies (ACm) (hereinafter, Ni/ACn)
catalyst based on BAU-A grade carbon material modified
according to the procedure [12-13]. In the obtained
catalysts, the content of the active phase of nickel was
10wt. % by weight of the catalyst (10Ni/ACn).
The preparation of the catalyst was relied on the
procedure [18].

2.2 FTIR spectroscopy

The chemical structure of the catalyst was
studied by IR spectroscopy. FTIR analysis was perfor-
med on a spectrometer FTIR FT-801 (Simex, Russia),
with a resolution of 1 cm™ and a wavelength 500—
4000 cm™ according to the standard procedure with the
production of a tablet with potassium bromide in a ratio
of 1/10 substances, at a temperature of 25°C and a
number of scans of 100. Before use, potassium bromide
was crushed and calcined at 200 °C for 3 hours.

2.3 Scanning electron microscopy

The morphology and structure of the 10Ni/ACn
catalyst were studied using a high-vacuum scanning
electron microscope (Zeiss Auriga Crossbeam 540,
Germany). The elemental composition of the carrier and
catalysts was determined on an energy-dispersive particle
distribution analyzer (Thermo Fisher Scientific, USA).

2.4 Transmission electron microscope

The sizes of nickel nanoparticles were obtained using
transmission electron microscopy (TEM) (JEM 1400
JEOL, Japan) with a resolution of 0.38 nm, an
accelerating voltage of 120 kV, with a high-resolution

digital camera (CCD Morada, OLYMPUS). Before TEM
studies, the samples were crushed in an agate mortar,
then the suspension of the alcohol solution of the samples
was subjected to ultrasonic dispersion at a frequency of
44 kHz on an USDN-2T instrument (Electron, Russia),
followed by fixing on a perforated carbon film deposited
on a copper grid. Further, after drying measurements
were taken. By statistical calculation of the particle sizes
in the TEM image, the distribution and average particle
size of the synthesized catalysts were determined.

2.5 TGA analysis

The thermal characteristic of the 10Ni/ACr, catalyst
was studied on a differential thermogravimetric analyzer
STA449C (NETZSCH, Germany) in an argon atmosphe-
re within the temperature range of 30+5-700+5 °C.
The heating rate was 10+l °C/min. The mass of the
samples was about 20£2 mg.

2.6 Adsorption porosimetry

The textural characteristic of the synthesized catalyst
was determined using adsorption porosimetry (low-
temperature nitrogen adsorption) on Autosorb 1 (Quanta-
chrome Instruments, USA) and ASAP-2020 (Micromeri-
tics, USA) devices, after preliminary vacuum for 3 hours,
at a temperature of 220-250 °C for degassing samples,
followed by mathematical processing of experimental
data by BET and BJH.

2.7 Catalytic activity

The catalytic activity of the catalyst was studied in a
flow reactor (Buchiglasuster, Switzerland) according to
the procedure [15, 19].

2.8 Chromato-mass spectrometer

In order to identify the catalyst products an Agilent
(GC 7890A, MS 5975C) chromato-mass spectrometer
with a quadrupole mass spectrometric detector (GC-
MSD) at an electron energy of 70 eV was used, using an
HP-5MS quartz capillary column (30 um x 0.25 pm x
0.25 pm); carrier was helium gas, division ratio 1:50,
flow rate 1.0 cm3/min. Temperature: initial 40 °C (hol-
ding 3 min), 290 °C at 10 °C/min (holding 20 min) and
inlet temperature 250 °C.

3. RESULTS AND DISCUSSION

3.1 Physical and chemical properties

of the 10Ni/ACm catalyst

Comparative IR spectra of the BAU-A carrier
modified with hydrochloric acid and the 10Ni/ACn
catalyst are shown in Figure 1. Shifts in the absorption
bands of functional groups in the IR spectra indicate the
interaction of the catalyst components. Thus, the
appearance of an intense absorption band of the
stretching vibration, 872 cm™ in the spectrum of the
10Ni/AC, catalyst, associated with O—Ni— and the shift
of the absorption band from 1713 cm™ to 1558 cm™?,
indicates the fixation of nickel into the carrier through the
carboxyl group ACn (Figure 1). Also, the shift of the
absorption bands from 1166 cm™ to 995 cm™ indicates
the formation of the Ni/ACn catalyst through the C=0
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carbonyl functional group. Thus, according to the result
of IR spectroscopy, it can be assumed that nickel ions
interact with the carboxyl and carbonyl groups of the
AC carrier.

1,0 9
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Figure 1. IR spectra of the 10Ni/ACn catalyst and activated
carbon modified with hydrochloric acid ACm
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Figure 2. SEM image of: (a) modified activated carbon grade
BAU-A — 4Cn; (b) Energy dispersive analysis of the distribu-
tion of carrier particles

The presence of nickel in the catalyst was confirmed
by using SEM with an energy-dispersive particle
distribution analyzer, as well as TEM research methods.
SEM images of the original ACn carrier and the

10Ni/AC, catalyst obtained on its basis are shown in
Figures 2 and 3. The morphology of the 10Ni/ACn
catalyst is close to the morphology of the carrier BAU-A
activated carbon modified with hydrochloric acid (Figure
2a). The carrier contains 83.89% carbon and 16.11%
oxygen (Figure 2b and Table 1). Energy dispersive
analysis indicates the presence of carbon 87.1%, oxygen
12.3% and nickel 0.5% (Figure 3b). The size of nickel
nanoparticles varies within 28.53-48.02 nm. The decrea-
se in the oxygen content is possibly associated with the
interaction of nickel with the carboxyl and carbonyl
functional groups of the carrier, which was confirmed by
IR spectroscopy.

Table 1. Elemental composition of modified activated
carbon grade BAU-A

Ne Element Line Mass% Atom%

1 C K 83.89+0.09 87.40+0.09

2 0 K 16.11£0.14 12.60+0.11
TOTAL 100.00 100.00

Figure 3. SEM image of: (a) 10Ni/ACn catalyst; (b) energy

dispersive analysis of the distribution of catalyst particles
The formation of nickel nanoparticles on a carbon
carrier was confirmed by transmission electron
microscopy (Figure 4). Most of the nickel particles in the
obtained 10Ni/ACn, catalyst are spherical and small in
size (30.33-34.77 nm). Spherical clusters of nickel
nanoparticles in the form of agglomerates are distributed
in the carrier volume (Figure 4). From the micrograph of
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the nanoparticles, one can see the presence of light
channels that appear during the migration of nickel
particles. This is confirmed by previous studies [20].

Figure 4. TEM image of the 10Ni/ACm nanocatalyst

Figure 5 shows the results of thermogravimetric
analysis of the ACn, carrier and 10Ni/ACy, catalyst.

The main decrease in the weight of the catalyst occurs
in the temperature range of 30-150°C and 400-700°C.
The weight reduction in the low temperature zone, i.e.
between 30-150 °C, due to the release of surface and
adsorption water (Figure 5). Also, weight reduction
within the temperature range of 400700 °C is associated
with the destruction of hydrocarbon compounds. The
establishment of an equilibrium state is between 150—
400 °C relative to the slow decrease in the mass of the
carrier ACm, shows some thermal stability of the
functional groups, with fixed nickel nanoparticles
(Figure 5).

The specific surface area of the 10Ni/ACm catalyst
increases two times to that of the ACn support and is
541.518 m?/g (Table 2). The pore size increases by
almost 20 times, which is in good agreement with the
data obtained from TEM analysis, which established
additional channels as a result of the migration of nickel
nanoparticles. The total pore volume of the catalyst is
reduced by 1.4 times. This is due to the fixation of nickel
nanoparticles in the pores of the carrier (Table 2).

Table 2. Textural characteristics of the 10Ni/ACm catalyst

Specific pore Pore size Total pore
Sample surface Dv(r)pore Radius, volume
SW, m2lg nm Viicro, mllg
ACnm 2338 0.19 122.12
Ni/ACn 541.518 19172 87.984

The Ny adsorption isotherm for the 10Ni-ACy, cata-
lyst is characterized by type 1V, typical for porous mate-
rials (Figure 6) [21]. The P/P, hysteresis loop is associa-
ted with capillary condensation in mesopores, which
establishes the presence of both micro- and mesopores.

The pore distribution of the 10Ni/AC, catalyst and
the ACn carrier has a similar character (Figure 7).

Modified carrier and catalyst contain mesopores up to
19 nm and macropores 26 nm in size.
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Figure 5. TGA of the 10Ni/ACm catalyst and activated carbon
modified with hydrochloric acid ACm
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3.2. Catalytic activity

The obtained catalyst was tested in the reaction of
PCB hydrodechlorination in a flow system with a fixed
catalyst bed using methanol and hydrogen at a
temperature of 25 °C and stirring for 5 hours. At the end
of the hydrodechlorination reaction, magnesium sulfate
was added to separate the organic part, then the catalysis
product was obtained by centrifugation. The aliquot
taken from the filtrate was diluted with hexane and
analyzed to determine the reaction product. The
chromatogram obtained as a result of identification is
shown in Figure 8. The 10Ni/ACn nanocatalyst was
found to be effective with respect to Arochlor 1254, with
a biphenyl yield of 84.21% (Table 3).
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28e+007; |
26e+07]
2 4e+0T;
2 2e+07;

26407}
1.8e+07
1.6e+07
148407
12e+07

1e+07]
800000CK
6000000
4000000

20000001 2075 l 0906

[1 F‘!Df‘\ 30541

|
T T T T T T T T T T T T T 1
Time—> 200 400 600 800 10001200 14001600 18 0020 0022 0024 00 26 0028 00 30 00 32 0034 00 36 00 38 0040

Figure 8. Chromatogram of the products of PCB hydro-
dechlorination — Arochlor 1254 catalyst 10Ni/ACm (10 mg)
at a temperature of 25 °C

The relatively good vyield of biphenyl indicates the
catalytic activity of the catalyst based on nickel
nanoparticles inserted on a carbon carrier. It can be
assumed that a carbon carrier with a high specific surface
area equal to 541.518 m?/g allows the maximum increase
in catalytic activity and possibly enhances the process of
reduction of organochlorine compounds along with
hydrogen, which is in good agreement with previous
studies [15].

Table 3. Hydrodechlorination of PCB — Arochlor 1254 with
a 10Ni/ACn catalyst (0.2 g), in a methanol medium (10 ml),
at T=25°C and P(H2) = 1 atm

PCB (Arochlor 1254)
Ne Catalyst - -
Product of catalysis Conversion, %
1 10Ni/ACm Bipheny! 84,21
CONCLUSION

Thus, a 10Ni/ACn, catalyst was synthesized with
nanosized nickel particles (30.33-34.77 nm) inserted on
a carrier, modified with hydrochloric acid activated
carbon and exhibiting catalytic activity in the hydro-
dechlorination of Arochlor 1254 — 2,2',3,3',4-pentachlo-
robiphenyl under mild conditions, that is at a temperature
of 25 °C and a pressure of 1 atm in methanol. Using IR
spectroscopy, it was found that nickel ions in the bulk of

the carrier interact with the carboxyl and carbonyl
functional groups of the ACy, of the carrier. The nickel
nanoparticles in the 10Ni/ACy, catalyst have a spherical
shape and are distributed in the form of agglomerates in
the volume of the carrier. It has been established that the
migration of nickel nanoparticles in the bulk of the carrier
forms additional channels in the form of pores, which are
confirmed by the results of BET and TEM. The fixation
of nickel nanoparticles in the carrier pores reduces the
pore volume and increases the specific surface area of the
catalyst by a factor of two compared to the ACy, carrier.
The developed nanocatalyst showed catalytic activity on
2,2',3,3',4-pentachlorobiphenyl. This allows to conclude
that nickel nanoparticles deposited on modified highly
dispersed activated carbon of the BAU-A brand have
good prospects for the manufacture of highly efficient
catalysts with high chemical activity with respect to
persistent organic pollutants.
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Kasipri yakpITTa HaHOMaTepHaIIap epeKine (pU3uKaIbIK-XIMHSIIBIK KaCHeTTepiHe OaiiyIaHbICTHI THIM/II )KOHE CEJICKTUBTI
KaTaJu3aTopiaapAbl CHHTE3JICY CalachlHOAarbl MaHBI3IBl MaTepHajap KiacklHa aiHanapl. KarammsaTop KypambIHIa
aypICTIajbl MeTaul HaHOOemmeKkTepiHiH 0oysl, momuxmopoudenmnaig (I1XB) ruaponexnopiany YpAiCiH KakcapThII
KaHa Ko¥MaH, KaTaJau3aTopIarbl achll METaJI MeJNIICpiH a3aiTyra MYMKIHIIIK Oepemi. TypakThl OpraHMKAaBIK
mactaymrsl 3artapasl (TOJD) 3amancei3maHabIpyFa apHaIFaH OCJICeHIi KoHE TYPaKThl TeTepOTeH I KaTaJn3aTopiap ary
YIITiH TaChIMAJIAAFGIII TICH CHHTE3 9/IiCiH AYPBIC TaHaay KaxeT. 3eprreyae [1Xb-ni ruapoaexnopiayra apHaaFaH HUKEIh
HAaHOKATaJIM3aTOPBIHBIH CHHTE31 BUIFAIIBI CiHIpY omiciMeH Xyprizinai. BAY-A TexHHKambIK OeJCeHIIpiIreH Kemip
aNJIBIH alla TY3 KBIIIKbUIBIMEH MOJM(UKALMSIIAHBII, HUKEIbh KaTaln3aTOPbIH alyAa TackiMaiiaymbl (AYm) petinae
naijananeuIbl. 3aMaHayn (pU3NKO-XUMHSIIBIK SJiCTep Il KOJIJaHa OTHIPBII, CHHTE3/Ie/IreH HAHOKATATU3aTOP/IbIH HETi3r1
KacuerTepi 3eprrenai. Moanpukanusuianran OeiceHaipiired xemipaeri AYm KapOOKCHI KoHE KapOOHMI TONTAaphl
TachIMaJayIbl OOMbIHA HUKEIIB/Ii YCTall TYPAThIH Heri3ri GyHKIoHa ! TonTap ekenairi MK-cnekrpockonus sgiciMen
aHbBIKTaJbl. HuKellb HaHOKATaJIM3aTOPBIHBIH OETTIK KYpPBUIBICHI KAaKChl JaMBIFaH jKOHE OHJAFrbl HUKEJIh HAaHOOeIIeri
TachIMaJIJayIIBIHBIH MUKPO- )KoHE Me30KeyekTepine Oeknai. Hukens HaHOKaTaIM3aTophl KOMEriMeH THAPOAeXIIopiayFa
yusiparan 2,2',3,3'4-nienTaxsnopoonudeHnnin TypiieHy aapexeci 84,21% Kypaiinsl, OyJ1 CHHTE3/IeNTeH KaTalu3aTopAbIH
TOJI-ra kaTaJIUTHKAJIBIK O€JICEHIIIITIH aKbIH 1A IbI.

Tyiiin co30ep: HaHOKAMAIU3AMOp, MYPAKMbL OPLAHUKATLIK IACMAYWbLIAD, NOIUXAOPOUDEHU, HUKeNb HAHODOIULEeK-
mepi, bencendipineen KoOMip.
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B Hacrosmiee BpeMsi HaHOMaTepHabl SBISIOTCS Ba)KHBIM KJIACCOM MaTEpPHAJIOB B 00JlacTH cHHTE3a d((GEKTUBHBIX U
CEJICKTHBHBIX KaTaJIM3aTOpPOB C 3a/JlaHHBIMH CBOWCTBaMH OJylarofjapsi CBOMM YHHKAJIBHBIM (DPU3NKO-XMMHUYECKHM
cBoiictBaM. Hannuue HaHOpa3MEpHBIX 4YacTHIl MEPEXOJHBIX METAJIOB, HECOMHEHHO, YIIydllaeT IPOTEKaHUe
ruapozexyiopupoBanus noiuxiaopoudenmnos (IIXB) u mo3BoiseT CHU3UTH cCopepXKaHWE OJIaropojHOr0 MeTaula B
Katanuzarope. sl MoydeHUsl akTUBHBIX M CTaOWJIBHBIX T'€TEPOTCHHBIX KaTalM3aTOpPOB O0E3BPEKMBAHUS CTOMKHX
opraamuecknx 3arpszHuTeneit (CO3) HeoOXoamM MpaBMIIBHBINA BBEIOOp HOCHTENS W METOJa CHHTE3a KaTalu3aropa.
B nanHOM pab®oTe CHHTE3 HMKEIEBOTO HAHOKATaNIM3aTOpa OCYMIECTBIUICS METOJOM BIAXHOW MPONUTKH A
ruapoaexiaopuposanus [1Xb. Texaudecknii ak THBHPOBaHHBIN yTosib Mapku BAY -A npenBapurensHo MoaudunmnpoBaim
COJITHOM KHCJIOTOM M MCIONb30BalM B KadecTBe HocuTens (AVYm) kartanmsatopa. C MCIONB30BaHHEM COBPEMEHHBIX
(M3UKO-XMMHUYECKHX METOJIOB UCCIIEJOBaHbI OCHOBHBIE CBOMCTBA CHHTE3UPOBAHHOI O HaHOKaTanu3aropa. Meronom K-
CHEKTPOCKOIIMM yCTaHOBJICHO, YTO KapOOKCHJbHbIE W KapOOHWJBbHBIE TIpynnbl AYy SBISIOTCS OCHOBHBIMHU
(YHKIMOHAIBHBIMHU TPYyNIaMy, (GUKCHPYIOIIMMHU HUKENb B 00beMe Hocurens. HukeneBblil HaHOKaTanu3aTop MMeeT
Pa3BUTYIO MOBEPXHOCTh, HA KOTOPOM HAHOYACTHIIBI HHUKEISl OCaXKJAIOTCA B MUKPO- U Me3onopax Hocurensd. CTeneHb
npespamenus  2,2',3,3',4-nenaraxnopoudennna cocraisier 84,21%, 4YTO CBHIAETENBCTBYET O KaTAIUTHYECKOH
aKTUBHOCTH HUKENEBBIX HAHOKATAIN3aTOPOB 1o oTHomeHuto k CO3.

Knroueevie cnoea: Haxnokamaauzamop, cmotixue opeanuyeckue 3acpAsHumen, nOﬂwmop6uqbeHuﬂ, HaHovyacmuybvl
HUKeJA, aKmueuposaHHbzﬁ yeoie.
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CPABHUTEJIBHAS OIIEHKA CIIOCOBOB PA3JIOKEHUSA ITPOB ITIOYBbI
IPU PAJIMOXUMUYECKOM OIPEJAEJIEHUU 23+240py

C. E. Canbmenbaes”, K. Y. Kepumkyaosa, ®. ®. Kamanaunos, K. T. Mycraduna,
K. A. llonraxk, III. M. /layaer6aeBa, JI. . Cenrep

Qunuan «Mncmumym paouayuonnoit 6ezonacnocmu u sxonozuuy PI'TI HAI] PK, Kypuamoe, Kazaxcman
* E-mail dns konmaxmos: salmenbayev@gmail.com

Ha Cemunanatuackom ucnsitatensHOM ronurone (CHUIT) mpoBoammock 00JbIIoe KOIMIECTBO SACPHBIX UCIIBITAHUH pa3-
JIMYHOTO THIA M MOIIHOCTH. DTO MPHUBENIO K 00pa30BaHUIO Ha €r0 TEPPUTOPUH OTIHMYAIOLINXCS OPYT OT Apyra XapakTe-
POM, YPOBHSMH M H30TONHBIM COCTaBOM Pa/IMOAKTHBHO 3arpsi3HEHHBIX Y4acTKOB. [Ipy 3TOM 3a4acTyio TeXHOT'€HHEIE pa-
JTMOHYKJIUABI HaX0AsTcs B mouyBeHHOM nokpoBe CUII B mpouHOCBsI3aHHON, MajopacTBOPUMOi (opme, UTO 3aTpyAHSET
UX MOJIHOE M3BJICUCHHE N3 00Pa3LIOB JUIS MOCIEAYIOIIEro KOJMYECTBEHHOTO aHanu3a. OOBIMHO NPOLIECC U3BIICYEHUS OCY-
LIECTBIISIETCS B OTKPBITBIX CHCTEMaX, C UCIIOJIb30BaHUEM PACTBOPOB (TopucToBogopoaHoi kucnotsl (HF) u apyrux mu-
HEPAJIbHBIX KHUCJIOT. OI[HaKO 9TOT MCTO/J] 3aHUMACT MHOI'O BPEMCHH, Tpe6yeT 6OJ'II)U_IOFO KOJIMYECTBA PCAr€HTOB 1 MOXKET
MIPUBECTH K TIOTEPE aHATM3UPYEMBIX JJIEMEHTOB, a TAK)KE K BO3MOXKHOMY MEPEKPECTHOMY 3arpsi3HEHUIO IPo0. AlbTep-
HATHBOW KHUCIIOTHOMY Pa3JIOKCHUIO B OTKPBITBIX CHCTEMAaX MOJXET SIBIISTHCS PA3JIOKEHHE B aBTOKJIABaX. JTOT METOJ C
OJTHOW CTOPOHBI JIMIIEH HEIOCTATKOB MPUCYIIHX OTKPHITOMY Pa3lIOKEHHUIO, C IPYTOH CTOPOHBI 001a1aeT HECOMHCHHBIM
NPEHMYILIECTBOM, 3aKIIOYAIOIIIMCS B YCKOPEHHH TPOLecca Pa3jioKeHus Oliarofaps MOBBIICHUAIO TEMIIEPATyphl KHIIe-
HUA KUCIOT. Kak mokaszanu pe3ysbTaThl SKCIIEPUMEHTOB, B OOJBIINHCTBE CIy4acB Pe3yJIbTaThl H3MEPEHUH YAEIbHOM
akTUBHOCTH 22°*240Py B Ip06ax 1M0YB, MOIYYEHHBIE C HCTIONb30BAHAEM MOJHOTO KHCIOTHOTO PA3JI0KEHHUs ¥ ABTOKIIABHO-
TO Pa3JIOKECHUs, TOCTATOYHO XOPOLIO COTJTIACYIOTCS MEXIy COOON (MMEIoIIMecs pacXoKICHUS HaXOoAATcs B Ipenelax
HOTPEIIHOCTH U3MEPEHHU). AHAIU3 CTaHIaPTHOTO 00pa3sla paAHOaKTUBHOCTH, C IPUMEHEHHUEM CII0c00a aBTOKIIABHOTO
Pa3NIOKEeHUs, OKa3al yJOBICTBOPHUTENIbHBIE PE3yIbTaThl, OTKIOHEHHE OT aTTECTOBAHHOTO 3HAYCHHS COCTAaBIIIO Hopaaka 5%.

Knwuesvie cnosa: novea, asmokjiasHoe pas3loHceHue, nojanoe KUCjiomHuoe pasjoaicerue, cpaenumeﬂwaﬁ ananus, paéuo-

HYKAUObL, paouoxumudeckuui ananuz, CUIL

BBEJAEHUE

Papnoxumuyeckuil ananm3 ycaoBHO MOKHO MPEJCTa-
BUTH KaK COBOKYITHOCTb OTJEJIBHBIX CTajuii: mpoodormo-
TOTOBKH, PaJUOXMMHYECKOTO BBIACICHHS WU OUYUCTKH
(BKJTIOYAs! IOATOTOBKY CIIEKTPOMETPHUUYECKOTO HCTOYHH-
Ka), 1 HHCTPYMEHTAIBHBIX N3MEPEHNH, KaXKJast U3 KOTO-
PBIX BIUSIET HA KAUECTBO M JJOCTOBEPHOCTH MOIYYEHHBIX
pe3ynpTaToB. Tak, HampUMep, OAHOM U3 OCHOBHBIX Iie-
JIe MPoOOIIOITOTOBKH SIBJIIETCS ITOTy4YE€HHE TOMOT€HHO-
r'0 M MPEeICTaBUTENIFHOTO 00pasiia, ¢ TeM 4TOOBI Mobast
€ro 4acTb, B3ATas I aHAJIN3a, OTBEYaja CpeIHEMY dJle-
MEHTHOMY cOCTaBy Bced mpoOsl. [lorpemnocty, nomy-
IIICHHBIE HA JaHHOM 3Tarle, IPUBOJIAT K HCKAXXEHHUIO KO-
HEYHBIX PE3yNbTaTOB aHaIW3a Jake NpU caMOM TILa-
TENBHOM BBIIOJTHEHUHU BCEX OCTAIIbHBIX 3TAIIOB HCCIEN0-
Banus [1, 2].

B cBoro ouepenp xumuyeckasl MOATOTOBKA, CBS3aH-
Hasi CO BCKPBITHEM aHalM3UpyeMoro obpasiia, pasziere-
HUEM 3JIEMEHTOB M KOHLEHTPUPOBAHUEM LEJIEBOTO pa-
JTUOHYKIINAA, SIBISETCS OHOW N3 HanboJiee TPyT0eMKHIX
1 OTBETCTBEHHBIX CTAIHH, TMMUTHPYIOUINX ITPOU3BOINU-
TEIBHOCTH BCETO aHAJIM3a B IIEJIOM, T.K. Ja)Ke caMasi BbI-
COKasl MIPOU3BOIUTEIFHOCTh H3MEPHUTEIBHBIX PHOOPOB
HE MOYeT OBITh pean30BaHa IPH JIUTEIbHBIX BPEeMEH-
HBIX 3aTparax Ha JaHHyo nporeaypy [1-3].

B GonbimHeTBE CiyyaeB pasiioKeHHe HpoObI CBO-
JIITCS K IEPEBE/ICHUIO ee KOMIIOHEHTOB B PacTBOp, odec-
MEeYMBalollee KOIMYECTBEHHOE ONpEAEICHUE aHaIU3U-

pyeMsbIx 3meMeHToB [1, 4]. MeTonoB nepeseieHUs Ipod
AHAJIU3UPYEMBIX MAaT€pHajioB B paCTBOp OY€HbL MHOIO.
Be160p MeTo/1a 3aBUCHT KaKk OT XMMHUKO-aHATTUTHYECKUX
CBOMCTB caMOT0 Marepuajia U IPUMEHSEMBIX IJIsl 3TOTO
peareHToB, Tak M OT IOCJIEIYIOIIEro X0/a aHaIH3a.
B cBoto ouepenp, OT MeTO/a BCKPHITHS 3aBUCHT CTOH-
MOCTB M Ka4yecTBO aHanu3a [1].

INonHoe pa3noxxeHue uccaeayeMoro oopasia sBiseT-
Ccq HCO6XOI[I/IMBIM B T€X ClIy4dadaX, Korjia T€EM WU WHBIM
CIIoco00M HEBO3MOXKHO OCYIIECTBHTH KOIUYECTBEHHOE
U3BJICYCHNE U3 HETO OIPEesIeMOro IEMEHTa, a UMEH-
HO 3TO U ABJIICTCA HeO6XOI[I/IMbIM YCJIOBUEM IOJTYUYCHUA
BOCTIPOM3BOIMMBIX pe3ysbTaToB aHanu3a [1, 5]. ITomHo-
CTBIO PA3JIOXKUTHh 00pa3er] MOXKHO «MOKPBIM» (C TIOMO-
IIBIO KHCIIOT) U «CyXHUM» (CIUIaBJIE€HHE, CIIEKaHHUE) CIO-
cobom. Cyxo#i crocob nMeeT CBOM CYIIECTBEHHbIE He-
JIOCTaTKH, OTPaHWYMBAIOIINE €r0 NCIIOJIb30BAaHHE — 3TO
MaJible HAaBECKH ONPEIeNIIEMOro BellecTBa, HeoOXoau-
MOCTb BBEJCHUS OOJBIINX KOJIMYECTB IUIaBHS, KOTOPBIH
CYIIECTBEHHO YBEIMUYMBACT COJIEBOM (HOH U T.11. [2, 6-8].

B GonbIIMHCTBE CiTydyaeB MONHOE PA3jIOKEHUE IOYB
HPOBOJAT C MCIOJIL30BAaHUEM PACTBOPOB (hTOPHCTOBOJIO-
poxnHo#t kuciotsl (HF) u ee cmecelt ¢ apyrumu MuHe-
PaIbHBIMU KHCJIOTAMU B OTKPBITBIX CHCTEMax. IlaHHaﬂ
npolLenypa XapakTepu3yeTcst JUIMTENILHOCTHIO0, O0JIbIINM
pacxosoM peareHToB, BO3MOXHBIMH TOTEPSIMH ONpejie-
JISIEMOTO SJIEMEHTA BCJIEJCTBUE Pa3IMYHBIX NPUYHH, Ta-
KHX KaK: YHOC KalleJIeK XHJIKOCTH P MCIIapeHHH, BbI-
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JIeIIeHue a’3po3oiiel, pa3OpeI3ruBanue mpu kumeHun. Cy-
IIECTBEHHBIMH HEJOCTaTKaMH OTKPBITOTO KHCIOTHOTO
PpasIIoKEHUs SABIISIIOTCS OOJbIIasi BEPOSITHOCTD MEpeKpe-
CTHOTO 3arps3HEHHs pa3jlaraeMbIx 0OpasLoB U BbIAEIIE-
HHe 0O0JBIIOro 00beMa BpeAHBIX JUIS YelOoBeKa KUCIIOT-
HBIX Tapos [2].

Hcnonp3oBaHue aBTOKIABOB JUIS TOJTHOTO KUCIIOTHO-
IO Pa3NOXKEHHs JHMIICHO HEAOCTATKOB, MPHCYIINX OT-
KpeiToMy pasnoxkeruro [9, 10]. Ilpu 3ToM pasnokeHue
00pasIoB NMPOUCXOIAWT IIPH IOBHILICHHOM JaBJICHHH,
9TO, B CBOIO OYEpEb, YCKOPSIET MPOLECC PA3I0KEHHS
BBUY TIOBBIMICHUS TEMIIEPAaTYPhl KHIECHUS KHCIIOT
[3, 11]. EAMHCTBEHHBIM, HO CYIECTBEHHBIM HEIOCTAT-
KOM, OT'PaHUYMBAIONIMM UX HCIOIb30BaHUE B PyTHHHOM
aHalu3e, SBIAIOTCS UX TE€OMETPUYECKUE pa3Mepshl, Tak
KaK BBU/y TIOBBIILICHHOTO AaBJICHHUS, CO3/IaBa€MOT0 Ta30-
00pa3HBIMH MPOAYKTaMH Pa3JIoKeHHUs, HEOOXOIMMO HC-
10JIb30BAHUE BHEUTHEW METaUINYECKOM 3aIUTBL.

Pagmoskonorndeckue MCCiIeI0BaHuUs, TPOBEICHHBIE
B pa3HbIEC I'Ofbl, MOKAa3alH, YTO B MIOYBEHHOM ITOKPOBE
CHUII n30TOMBI IUTY TOHHUS HAXOZSTCS IPEUMYILIECTBEHHO
B MPOYHOCBSI3aHHOMU, ManopacTBopumoii popme [12-17].
[TosTOMy M1 €r0 KOJIMYECTBEHHOTO M3BJICUEHHS HE0O-
XOANMO HCIONB30BaTh MPOLEIYPY MOIHOTO KUCIOTHOTO
pa3IoXKeHus, BKIIOYAIOIIYIO B cedsl mocieaoBaTeIbHOe
yIapHBaHUE aHANU3UPYEMBIX 00pas3IoB C KOHIIEHTPUPO-
BaHHBIMH pacTBOpaMH MHHepanbHbIX Kucior (HF,
HF:HNQO3, HCI:H3BO3, HNO3+H,0,) Bo dpropommacro-
BbIX cTakaHaX. OJTHUM U3 aJIbTEPHATUBHBIX METOJIOB KO-
JIMYECTBEHHOTO W3BJICYCHUS H30TONOB IIUIyTOHHUS H3

NasnogapckasobnacTe . us

YcnoeHble 0603HaYeHNA

rpanuua CHM V30NMHNA crefa pagroakTHBHEIX BeiNageHuin
E rpaHULbl UCTBITATENBHBIX MAOWAACK @  TOuKW 0T6Opa npob

[ rpaHuubl obnacTer

Pucynox 1. Touxu ombopa npo6

mouB CUII, MOXKeT ABNATHCA Pa3JIOKCHHUE B aBTOKIIABAX,
C HCIIOJIb30BaHNEM KOHIIEHTpUpoBaHHOM HF.

B nanHoOU paboTe MPUBOIAUTCS CPAaBHEHUE CIIOCOOOB
KUCJIOTHOTO pasnoxenust nous CUIT npu paguoxumue-
CKOM ompeieaenun 23°240py,

OBBEKTHI U METO/IbI UCCJEJOBAHUS

JUi uccnenoBaHUil MCHONB30BATIKMCh TOBEPXHOCT-
Hbie TIpoObl TouBHI (10%10%5 cM), oTOOpaHHBIC HA TEp-
putopuM OBIBIIMX HCIBITaTENbHBIX IUIomanok CHUIT:
«OmnsiTHOE ToT1ex (1), «bananany (7), «Capsl-Y3ens» (3,
10), «erenen» (4, 5, 6), «4» (11) u «4a» (2, 8), a Takxke
Ha «IOT0-BOCTOYHOM pajiMoakTHBHOM ciene» (9). Touxu
otOopa mpob TmpeaCcTaBICHB Ha PUCYHKE 1.

KonTpons kadecTBa MpoBOANMEIX paboT obecreyn-
BaJICSl AaHAIN30M XOJIOCTBIX, KOHTPOJIBHBIX P00 M CTaH-
naptHoro o6pasua (KZ.04.01.00012-2020).

Iloozomoeka npo6

[lepBuuHas noAroToBKa Mpood BKIIIOYANA BHICYIINBA-
HHUE UCCIEAYeMBIX 00pa3LoB A0 BO3AYLIHO-CYXOTO CO-
CTOSIHUS, NIPOCEUBAaHUE Yepe3 CUTO C pa3MEepoM sSdeeK
2x2 MM, KBapTOBaHHE U IIPOKAJIMBAaHHE OTOOPaHHBIX Ha-
BECOK MOYBHI Maccoil 10 r B My(enbHOI ne4n npu Tem-
neparype 550 °C B TedeHue 8 4acos.

Paouoxumuueckoe evioenenue

Beinenenne u paguoXuMu4eckasi OUMCTKa H30TOIIOB
IUTyTOHUS TIPOU3BOJMIIACEH ITyTEM OCaKACHHS Maliopac-
TBOPHMBIX COCIMHCHHH M MOHOOOMEHHOH XpoMaTorpa-
¢un. O0mast cxeMa pagHOXUMHIECKOTO aHAIN3a Mpel-
CTaBJIeHa Ha PUCYHKE 2.

Ilonnoe kucnomnoe pasnoscenue

[IpokaneHHble HABECKH MOYBBI IMEPEHOCHIINCH BO
(TOpPOIIIACTOBBIE CTAKAHBI M MOCJIE BHECEHHUS PaHOaK-
TUBHOI U30TONHOMN MeTkH 2*’PU pasnaranuch MyTeM Ho-
CJIEIOBATENILHOTO yNapuBasi ¢ KOHLEHTPUPOBAHHBIMU
pacTBOpaMu KHUCIIOT W KHUCJIOTHBIMH CMECSIMH cMecei
(HF, HF:HNO3;, HCI:H3BO3, HNO3+H20>) B cootBercT-
BHMHM C aTTecToBaHHOM npouenypoi [18]. ConeBoit octa-
TOK, MOJIYYE€HHBIH IOCIIe KUCIOTHOTO Pa3JIoKeHHs 1104-
BEI, pactBopsuics B 50 mut 7,5M HNO3 1 oThumsTpoBsI-
Basics 4epe3 GuibTp «Oenas nenra». [lomyueHnsrit pac-
TBOP HCIIOJIB30BAJICS ISl BBIJEJICHUS U PaJHOXUMHYEC-
KO 04MCTKM H30TOMOB 239+240PY,

AsémoknasHoe pasznodicenue

[IpokaneHHble HABECKH MOYBBI IEPEHOCHIIMCH B pe-
aKIMOHHYIO eMKOCTh aBTOKJIaBa C TIOMOIIbIO HEOOIIBIIIO-
ro kosmuectBa auctwuiupoBanuoit H,O. Tocne BHece-
HUS M30TOMHON MeTKH 2*’PU U pacTBOpa KOHLIEHTPUPO-
BaHHOM HF, 00pasisl nmogBepranm JByX4acoBOMY aBTO-
kiaBupoBanuto npu temmneparype 140 °C. ITo oxoHua-
HUM YKa3aHHOTO BPEMEHH aBTOKJIAB OXJIaXIAICS JI0
KOMHATHOW TemriepaTypbl u pasodupancs. Conepkumoe
PEaKIMOHHON EMKOCTH KOJIMYECTBEHHO IIEPEHOCUIIOCH B
neHTpU(yKHBIC MPOOUPKHU U Pa3NIESIIOCh IPH CKOPOCTH
Bpamenus 4500 00./muH. B Teuenue 10 mumuyT. Xun-
KOCTh OTOpachIBaIach, a 0CaI0K MEPEHOCHIICS B KOHIYE-
CKYIO KOJIOy 00beMoM 250 MII M KUTSTHIICS B TeUCHUE
gaca B pactBope 6M HCI ¢ no6asnernnem H3BO;3 u caxa-
pa— st pacTBOPEHUS ocajka GTopuIoB. B moxydeHHbIN
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O0pa3er NOYBHI,
o3omnenne mpu 550 °C,
BHECEHHE H30TOMHOM MeTKH 242Pu

AsroknaBHoe|pasnoxenne (HF)

CoJIsTHOKHUCIIBII pacTBOp |

+ H,C,04, pH=5-6

OcaskIeHHe OKCAIaTOB
U HX Pa3IOKeHHEe

[TonHOE KHMCIOTHOE pasjjoxKCHUE
(HF, HF+HNO,, HCI+HBO;, [ANO;+H,0,)

|—> Pactsop B 7,5M HNO;,

KOPPEKTHPOBKA BAJICHTHOCTH

Awnvonut AB 17*8
B NO3™-(hopme

HOCHCHOB&TCHLHaﬂ HpOMLIBKaI
7,5M HNO;

9M HCI

7,5M HNO;

| DNEeKTPOIUTHIECKOE BEICTICHHUE I—»I Wsmepenus Ha OL—CI'IeKTpOMeTpe|

Pucynoxk 2. Obwas cxema paouoxumuiecko2o aHamusa

IocJie pacTBOPEHUs! GTOPHUIOB PACTBOP BHOCHIICS HOCH-
tens Ca?* (100 mr), H2C,04 (10 r), u pH pactsopa n0Bo-
nuicst 25% pactBopom ammuaka o 5—6. [locie oxmax-
JICHUS 10 KOMHATHOM TEeMIIepaTyphl OCaloK OTIEISIICS
¢unbTpOBaHUEM, QUIBTP C OCAAKOM IMPOMBIBAJICS He-
OOJIBIIUM KOJIMUECTBOM AMCTHILIIMPOBAHHOM BOJIbI, BbI-
CYLIMBAJICSl Ha BO3JyXe M MPOKAJIMBAICS B My(eIbHOM
neyn npu 700 °C. 307bHBIA OCTATOK PacTBOPSUICS B
50 M 7,5M HNO3 u mpomyckaics yepes QIIbTp «CHHSSA
neHTay. [1ody9eHHBIH pacTBOP HCHOIB30BAJCS JUIS BBI-
JEICHUST W PATUOXMMUYECKOH OYUCTKH HM30TOIIOB
239+240PU.

Paouoxumuueckan ouucmka u gvloenenue u30monoe

naymonus

Pajmoxumuueckass O4YMCTKa HM30TONOB IUTYTOHUS,
MPEIBAPUTEIHLHO CTA0MIN3UPOBAHHBIX B [V-BaJIEHTHOM
cocrositun noo6asienrem NaNO;, npoBogunacek mytem
MPOITyCKaHHsI KUCIOTHOTO PacTBopa 4epe3 HOHOOOMEH-
HYIO KOJIOHKY, 3aII0JJHEHHYIO CHJIbHOOCHOBHBIM aHHOHU-
ToM AB 17-8 B NO3s™-¢popme. IIpu 3T0M OCHOBHBIE MaK-
POKOMITOHEHTHI MOYBHI HE 33/I€P>KUBAsICh NMPOXOJIMIHN B
9JII0AT, & U30TOIIBI IUTYTOHUSI COPOMPOBAIUCH HA CMOJIE.
MexaHu3M peakuy HOHHOTO 0OMEHa MOXKHO IIpejcTa-
BUTH CJICYIOLINM 00pa3oM:

——CH——CH,—— —CH——CH,—

<> + [PUNOg)r —— <> + NOg’

[(H3C)3"NI"NO5" [(H3C)3"NI"[Pu(NO3)g]

Janee KoJI0HKa MOCIEI0BATEIHHO IIPOMEIBATIACH Pac-
tBopamu kucaot (7,5M HNOsz, 9M HCI, 7,5M HNO:s)
JUIA YAaJICHUS OCTAaTKOB MaTPUYHBIX 3JICMCHTOB U MCIIIa-
rormx paanonykauaos (Th, U, Po). Beigenenune u3oto-
ITOB TUTYTOHHSI CO CMOJIBI IPOBOTUIIOCH ITyTEM BOCCTaHO-
BJIEHUS UX B Majocopbupyemoe lll-BanenTHOE CcocTos-
HHE, TMPOIMYCKaHHEM dYepe3  KOJIOHKH  pPacTBOpa
NH,0H-HCI o6semom 60-70 mut:

4APU*+2NH30H* — 4Pu*+N,0+H,0+6H*

Iloozomoeka a-cnekmpomempuueckozo UCHOUHUKA

[NomydeHnas mocie pagoXuMHIECKOH OUNCTKH H30-
TOIIOB IUTyTOHUS (paKIysd KOHLIEHTPUPOBAJlach yIapu-
BaHueM 10 10—15 mi1. B monmy4YeHHBII KOHIIEHTpAT aKKYy-
paTHO N00aBIANOCH IPU HArPEeBaHUU HEOOIBIIOE KOJIH-
yecTBO KoHieHTpupoBanHoH HNO:z mus pasnosxeHus
moJieky1 NH,OH:

NH,OH + HNO3; — 6NO,1 + 4H,0

[Tocne mpoTexkaHUs HaHHOW OKHCINTEIBHO-BOCCTA-
HOBHTEJIFHOW PEaKIM{, PAcTBOP YMapHBAJICS AOCyXa H
TIOJTyYEHHBIE COJIH IIEPEBOIMIINCE B XJIOPH/IbI — yIIapHBa-
HHEM C HeOOJBIINM KOJMYECTBOM KOHIIEHTPUPOBAHHOM
HCI. TlonmyueHHsle conu pacTBopsuiich B ~0,5 M
3M HCI 1 nepeHOCHITICh B 3IEKTPOIUTUYECKYIO SUCHKY
(pucynok 3). CrakaH JONOJHUTEIbHO oOMbIBajics 10 M
pactopa anekrponuta (1M NH4Cl:0,01M NH.C,04).

[IpogomKUTETHPHOCTD 3IEKTPOIUTHYECKOTO BBIAEIIE-
HUS U30TONOB IUTyTOHUS COCTaBIsUIa | 9ac, mpu cuje To-
ka 1,4 A. TIpoucxopsimue mMpu dTOM PEAKIIUH yCIOBHO
MOJKHO TIPEICTAaBUTH CIETYIOIUM 00pa3oM:
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Karoq <— |Pud* 3ClIF— Anon

3H,0 + 3¢ =|30H |+ 3H° 3ClI'=3CI° + 3¢’

1) nnaTnHoBas cnuparnsb (aHOA); 2) ANEKTPONUTUYECKas fYelika

Pucyrnok 3. Cxema 1eKmpoausHoil yCmanoeKu

ITo ucTeYeHHH yKa3aHHOTO BPEMEHH IOIUIOKKA OC-
BOOO’KAANIACh, IPOMBIBAJIACH ATUIIOBBIM CIIUPTOM U IPO-
KanuBajach. [lonydeHHas MOAIOKKA MPEACTaBIIsIIA CO-
00i1 TOTOBBIH O-CIIEKTPOMETPUYECKUI HCTOUHUK.

H3mepenue akmuenocmu no020moeieHHO20

CHEKMPOMEmPU1ecKo20 UCHOYHUKA

AKTHBHOCTH MOATOTOBICHHOTO TIperapara H3Meps-
nack Ha a-crekrpomerpe Alpha-Analist 7200 (Canberra,
CIIA). Pacuer ynempHOW aKTHBHOCTH H30TOIIOB
239+240py; (BK/KT) MPOU3BOAUIICS COTIIACHO BHIPAKEHUIO:

N zai0 * A, e *1000

A= ,
N -m

Pu242

rie Nusomonas Nuemw — CKOPOCTH CUETa aHATMTUYCCKUX
IHKOB onpejiensiemMoro uzorona (2°*24°Pu) u nzoronuoit
meTkH (**?Pu) 3a BbrueToM (oHA, UMIL/C; Ajemy — AKTUB-
HOCTh HM3O0TOINHOM METKH, BHeCeHHas B mnpoly, Bk;
m — Macca mpoOBHl, T.

IIpenen obHapysxkeHus uzoronos 239*240Py cocrapun
0,001 Bx/obpa3zer ans BpeMeHH U3MepeHus 4 gaca.

PE3YJBTATBHI U UX OBCYXKJIEHUE

Pe3ynbraThl, MoJy4eHHbIE MPHU PATHOXUMHYECKOM
onpenenenun 2°*24Py p amanusupyeMmblx 00paslax c
MMOMOIIBI0 OTKPHITOTO WM AaBTOKJIIABHOTO pa3JIoKEHUS,
mpeacTaBIcHbI TabmuIe 1.

Kak cnemyet w3 npuBeIeHHBIX JaHHBIX (Tabmuma 1),
B OOJIBIIMHCTBE CBOEM PE3yJIbTAThl, MOJTyUYEHHBIE C HC-
MIOJIb30BaHNUEM IIOJIHOTO KHCIOTHOTO Pa3JIOKEHUS U aB-
TOKJIABHOTO PA3JIOKEHHS, JOCTATOYHO XOPOIIIO COTIacy-
IOTCA MEXIy cO00W (MMEIOIIHUecs PacxXoXJAeHHs] Haxo-
JISITCS B TIPEZIesIax MOrPEeIIHOCTH U3MEPEHHA).

Pe3ynpTaTel aHamM3a KOHTPOIBHBIX MPOO MPUBEICHBI
B TadsmIe 2.

PacxoxaeHne Mexay pe3ylbTaTaMu, MOJTYyYCHHBIMH
C NPUMEHEHHEM OTKPBITOTO W aBTOKJIABHOTO pasJioxe-
HUs, COCTaBUJIO He Oonee 7%.

B tabnmre 3 npuBomsTCS pe3yIbTaThl aHAIN3a TOCY-
JIApCTBEHHOTO CTaHJapTHOTO 00pa3ua y/IesbHOM aKTHB-
HOCTH PaHOHYKIIUJIOB.

Tabauya 1. Yoenvnas akmusnocms 239+240Py ¢
uccnedosannwix obpasyax, br/xe

Touka oT6opa | MonHoe kucnoTHoe pasnoxeHne | ABTOKNaBUpOBaHUe

1 80+13 83+13
2 110£11 92+10
3 197 265

4 3,8+2,3 45+1,9
5 4123 6,8+1,9
6 103+14 95+15
8 <14 2,840,9
9 15,0+£3,5 40+4

1 3,8+2,2 4,0+1,6

Tabnuya 2. Pe3ynomamul AHAAU3a KOHMPOLbHLIX NPO6

YnenbHasi akTUBHOCTb 239+240Py, Bk/Kr

Touka ot6opa
MonHoe KMcnoTHoe pa3noxeHue | ABTOKNaBUpoBaHue
7 69-81 78-83
75 80
10 98-102 83-102
101 94
Tabnuya 3. Pezynomamut anaauza I'CO KZ.04.01.00012-2020
(n=3)
YpenbHasa akTUBHOCTb 23%+240Py, BK/Kr
W3mepeHHoe 3HaYeHue
CepTuUchMumMpoBaHHoe n
IHaYeHMe onHoe KucnoTHoe ABToKNaBMpOBaHMe
paznoxeHue
650-850 (759,9) 740-820 (780) 780-810 (800)

OTKIOHEHHE OT ATTECTOBAHHOTO 3HAYEHHUS YIENbHOI
akTuBHOCTH 2%7240Py cocrapmio 3% Uit MOJHOTO KHC-
JIOTHOTO Pa3NOKEHUs, U IOPSAKA 5% s aBTOKIABHOTO.
Takum 06pa3oM, HCXO/Is U3 aHAIIN3a KOHTPOILHBIX IPO6
U CTAHJAPTHBIX 06PA3II0B MOKHO YTBEPKIATh, UTO ABTO-
KJIaBHOE Pa3JIOKEHHE TMOYB C Hcmonb3oBaHueM HF mo-
JET YCTIEIIHO MCHOJIB30BaThCA TIPH IPOBENSHHH PaIHo-
XHMHYECKOTO aHANIN3a, B TOM YHCIIE U IS TI0YB, XapaK-
TepPHU3YIOIMXCS HANTHYHEM TIPOYHOCBA3aHHBIX GOpM pa-
JHOHYKITHIOB.

3AKJIIOYEHUE

IIpoBezeHa cpaBHHUTENIbHAS OI[CHKA CIIOCOOOB pa3iio-
JKCHHS IPOO MOYBBI [IPU POBEACHHH PaTHOXHMUICCKO-
ro onpegenenus 23*240Py, PesynbTaThl paguoXuMUyec-
KOT'O aHaJIN3a, TMOJydYeHHBIE C MOMOIIBI0 Crocoba aBTo-
KJIABHOTO PAa3JIOKEHHsI, COMIOCTABMMBI C PE3yJIbTaTaMH,
MTOJTYYCHHBIMH IIPH KCIIOJIb30BAHUN ATTECTOBAHHOM ITPO-
LEAYpPHI, B OCHOBE KOTOPOH JIEKUT MOJTHOE KHUCIOTHOE
Pa3J0KEeHUE B OTKPHITHIX cucTeMaxX. OTKIIOHEHHUE OT at-
TECTOBAaHHOTO 3HAYCHUS YACIbHOH aKTHBHOCTH CTaH-
JAPTHOTO 00pas3Iia, MOy4YeHHOE MPU UCIOJIh30BAHUH aB-
TOKJIABHOTO Pa3JIOKEHUsI COCTaBMWIIO mopsiaka 5 %. Tem
He MeHee HeoOXouMa JJajibHeHIas BaInalys JaHHOTO
MeTOJIa Pa3IoKeHHs 00pa3IoB.
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TONBIPAK CbBIHAMAJIAPBIH BIABIPATY TOCLJIAEPIH #9240py PAJIMOXUMUSJIBIK
AHBIKTAY KE3IHJAE CAJIBICTBIPMAJIBI BATAJIAY

C. E. Caabmenoaen”, K. Y. Kepumkyiosa, ®. ®@. Kamanauuos, K. T. Mycrapuna,
K. A. llonrak, I1I. M. Iayner6aeBa, JI. U. Cenrep

KP ¥A0 PMK «Paduayuanslk Kayincizoik jncone ykonozus uncmumymouty gunuanst, Kypuamos, Kazaxcman
* Batinanwic ywin E-mail: salmenbayev@gmail.com

Cewmeii ceiHak nonuronsiaa (CCIT) Tumi jxoHe KyaThl SpTYpIli KONTereH SIPOJIBIK ChIHAKTAP JKYPTri3inmai. by oHbIH
aymarbiHia Oip-OipiHEeH CHNAaThIMEH, JCHICHIIEpIMEH >KOHE HW30TONTHI KypaMbIMEH €peKLICICHETIH paJdoaKTHBTI
JlaCTaHFaH ydacKelepAiH maiina OomybiHa okenai. by ke3ne xebinece TexHoreHni paguonykimarep CCII Tombipax
KaMBUIFBICBIH/IA THIFBI3 OaiaHbICKaH, a3 epireH (opmana Kesjaecedi, oJ OyJlapAblH YJTUIEpAeH COHBIHAH CaHMBIK
TaJIAAybl VIIiH TOJBIK albIHYBIH KHBIHIATaJbl. OJIETTe aJbIHY INPOILECi allblK >KyHenepae (TOpIbICYTEKTI KBIIIKbLI
epitinainepi (HF) men e3re e MuHepanapl KbIIKBULAAP/IBI MA1alaHyMEH JKy3ere achlpbuiajpl. Anaiaa Oy aJ1ic Ker
YaKbITTHI aajibl, peareHTTEP/IiH KOl MOJIIEPiH Tallall eTejli XKoHe TaJJaHaThIH 3JIEMEHTTEeP/IH IIBIFBIHBIHA, COHali-aK
ChIHAMayap/pIH  OOJpKaMIpl alKachlll JlacTaHybIHa OKelMyl MYMKIH. AIIBIK JKyHeslepJe aBTOKJIaBTapAa BIIbIpaTy
KBIIIKBUIABIK BIIBIpAaTyFa OasiaMma 00bIT Ta0buiapl. byt omic Gip ykaFbIHAH alIbIK BIIBIPATYFa TOH KEMIIUTIKTEPICH aja,
eKIHIII YKaFbIHaH 9JIICTIH KbIIIKBUIJAPbIH )KOFaphl KailHAY TeMIepaTypachIHbIH XKOFapbllayblHa OaHIaHBICTBI BIABIPATY
MPOIIECiH KBUIAaMJIATYMEH OepiireH ce3ci3 apTHIKIIBUIBIFE Oap. Toxipnbe HOTIKenepi KepceTKeHAeH, KenTereH
JKarFJainapia TonbIpak chiHaMajiapbiHaarkl 239*240Pu ToJIBIK KBIMIKBUIABIK BIABIPATY *OHE ABTOKIABTHI bIABIPATY/IbI
naiaraHyMeH ajbIHFaH MEHIIIKTI OCJICCHIITITIH eJIey HOTIKeNepi e3apa >KeTKUTIKTI jKaKchl coiikec kenemi (Oap
alBIPMAaIIBUIBIKTAP OIICYIEPAIH ASJICI3IK MIEKTepiHae Typ). PaqrmoakTHBTINIKTIH CTaHAAPTTHI YITiJIePiH aBTOKJIABTHIK
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CPABHUTEJIbHAA OLIEHKA CITOCOBO0B PA3JIOXEHKUA NPOB MOYBbI
NPU PAIMOXUMUYECKOM ONPEAENEHWUN 239:240py

BIOBIPATy TOCUIIH MalifanaHy apKbLIbl Tajjay KaHAFaTTaHAPJBIK HOTIDKENIEPAl KOPCETTi, aTTeCTaTTalFaH MOHICPICH
ayBITKy IIaMaMeH 5%-IbI KYpajpbl.

Tyiiin ce30ep: monvipax, asMOKIAEMbIK bIOLIPANMY, MOALIK KbIUKbIIOBIK bIOBIPAMY, CATbICMbIPMANbL MAI0AY,
paduonykauomep, paduoxumusiivik maroay, CCIIL

COMPARATIVE ASSESSMENT OF DIGESTION METHODS FOR SOIL SAMPLES
DURING THE RADIOCHEMICAL DETERMINATION OF #¢+240py

S. Ye. Salmenbayev”, Zh. U. Kerimkulova, F. F. Zhamaldinov, K. T. Mustafina,
K. A. Pontak, Sh. M. Dauletbayeva, L. I. Senger

Branch “Institute of Radiation Safety and Ecology” RSE NNC RK, Kurchatov, Kazakhstan

* E-mail for contacts: salmenbayev@gmail.com

A great many nuclear tests of different types and yields were conducted at the Semipalatinsk Test Site (STS). That has
lead to the formation of radioactively contaminated areas within it, which differed from one another in the pattern, levels
and the isotopic composition. At the same time, technogenic radionuclides are oftentimes in the soil cover of STS in
tightly bound and slightly soluble forms, which hampers their complete extraction from samples for a subsequent
quantitative analysis. Typically, the extraction process is carried out in open systems using solutions of hydrofluoric acid
(HF) and other mineral acids. However, this technique is time-consuming, requires a great many reagents and may result
in the loss of elements to be assayed as well as in a possible cross contamination of samples. Autoclave digestion can be
an alternative to acid digestion in open systems. This method, on the one hand, is devoid of the disadvantages inherent in
open decomposition, on the other hand, it has an undoubted advantage, which consists in accelerating the decomposition
process due to an increase in the boiling point of acids. As demonstrated by experimental findings, measurements of
239+240py activity concentration in soil samples obtained from a complete acid and autoclave decomposition, in most cases,
agree well enough with one another (the existing discrepancies are within the measurement error). Analysis of a
radioactivity reference standard using the autoclave decomposition technique showed satisfactory results. The deviation
from a certified value was in the order of 5%.

Keywords: soil, autoclave decomposition, complete acid decomposition, comparative analysis, radionuclides,
radiochemical analysis, STS.
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RESEARCH OF THE STRUCTURAL-PHASE STATE OF TUNGSTEN SURFACE LAYER
CROSS-SECTION AFTER CARBIDIZATION IN A BEAM-PLASMA DISCHARGE
USAGE ELECTRON MICROSCOPY METHODS
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This paper presents research results on the structural-phase state of a tungsten surface layer cross-section after
carbidization in a beam-plasma discharge. Tungsten surface carbidization in a beam-plasma discharge was conducted in
a plasma-beam installation (PBI). Research on the cross-section structure of the surface layer of tungsten samples after
carbidization at temperatures of 1000 °C, 1200 °C, and 1400 °C was conducted using transmission and scanning electron
microscopy. Based on the results of SEM studies, a multilayer EMF map and local elemental analysis were obtained,
based on which the depth of penetration of carbon atoms into tungsten was evaluated. It is established that the penetration
depth is ~20 um. The surface layer fine structure was researched using TEM. For TEM analysis of the tungsten sample
cross-section with a carbidized layer, sections were prepared by ion thinning using an lon Slicer EM-09100 IS unit.
According to the research results, it was revealed that after carbidization, tungsten is available in the surface layer mainly
in the composition of carbides WC and W,C. On bright-field TEM images of the cross-section of the surface layer of
tungsten samples after carbidization at a temperature of 1200 °C and 1400 °C, bending extinction contours are revealed,

which indicate the elastically stressed state of the sample surface layer, which leads to bending-torsion of the foil.

Keywords: tungsten, tungsten carbide, the interaction between plasma and materials, irradiation.

INTRODUCTION

Since 2013, it has been decided to use W and Be as
(PFM) for the International Thermonuclear Experimental
Reactor [1]. However, C impurities are always present in
tokamaks, as observed in the ASDEX-Upgrade W-wall
[2]. At the same time, today there are research thermo-
nuclear reactors where graphite is used as a plasma-
facing material [3]. However, erosion and transport of
sputtered PFM ions will lead to the formation of co-
deposited mixed W-C layers [4-7]. The formation of
mixed W-C layers will affect the processes of plasma
interaction with PFM surfaces.

The papers [8, 9] present the results of studying the
formation of a carbidized layer on the tungsten surface
using a beam-plasma discharge (BPD). Methane was
used as a working gas during the ignition of the PBD. As
a result of interaction with an electron beam, gaseous
methane decomposes into fragments such as H*, H?*, C*,
CH*, CH?%, CH3* and CH*", which makes it possible to
simulate the conditions of local transfer of carbon atoms
along surfaces wetted by plasma due to hydrocarbons.

In order to study the formation of mixed W — C layers
after carbidization in a beam-plasma discharge, as well
as to evaluate the depth of penetration of carbon atoms
into the volume of tungsten, this paper presents the
results of research on the tungsten surface layer
structural-phase states in a cross-section using transmis-
sion electron microscopy (TEM) and scanning electron
microscopy (SEM).

1. METHODS AND MATERIALS

The method of tungsten surface carbidization using a
beam-plasma discharge is described in [8,9] and
implemented on a plasma-beam installation (PBI).
A detailed description of the installation is presented in
[10-12]. In paper [9], the temperature dependence of the
carbidized layer formation on tungsten surface under
plasma irradiation in the temperature range of 700-
1700 °C was studied. The tungsten carbide formation in
the surface layers was confirmed by X-ray analysis and
SEM. To identify the phase composition on the W
samples surface, the Crystallography Open Database and
the PDF-2 ICDD Release 2004 database were used.

In this research, the fine structure of the tungsten
surface layer cross-section after carbidization was
studied using an HRTEM JEM-2100F microscope at an
accelerating voltage of 200 kV (Joel, Japan) with a
Schottky thermal field gun. Thin sections were prepared
for TEM analysis by ion thinning using an lon Slicer EM-
09100 IS (Jeol, Japan). Preliminary sample preparation
for the lon Slicer consisted of fabricating a parallelepiped
with dimensions of 2.8 mm x 0.5 mm x 0.1 mm, which
was closed at a thin wide end with a special protective
tape and thinned with an argon ion beam with an accele-
rating voltage of 6 kV at an angle of 2°. The etching
lasted for 20 hours. This procedure allows studying the
structure of a material at a strictly defined depth from the
surface and to obtain electron diffraction patterns with
precise depth control at a pitch of 25 nm. Thinning is
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controlled by the image received from the CCD camera
and regulated by a personal computer. Microdiffraction
with TEM was used for phase analysis.

The microstructure of the carbidized layer on the
cross-section of the samples, as well as the assessment of
penetration depth of carbon atoms into tungsten, were
studied using the SEM JSM-7500FA (Joel, Japan) (Sci-
entific and Educational Innovation Center “Nanomate-
rials and Nanotechnologies” TPU (Tomsk, Russia)) and
the Tescan SEM Vega 3 with X-Act energy-dispersive
spectral analysis attachment [13, 14] (Tescan, Czech)
(Institute of Atomic Energy Branch RSE NNC RK).

2. RESULTS AND DISCUSSION

Earlier in our research [9], based on the results of
microstructural analysis, it was established that on the
surface of samples irradiated at a temperature of 700-
1200 °C, the presence of a carbon coating in the form of
a continuous film was observed. The presence of a carbon
film on the surface of tungsten samples was confirmed
by elemental analysis data [9]. It is known that in fusion

View fleld: 400 pm Det: BSE

SEM MAG: 692 x  Date(m/dly): 05/04/22
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reactors using carbon and tungsten as plasma-facing
materials, during the reprecipitation between C impuri-
ties, mixed layers are formed with clear boundaries
between W, the W—C mixed layer, and C deposits in the
form of a coating [15, 16]. At the same time, the previous
results of [9] indicate a strong dependence of the
deposited layers (both carbon and mixed layers) on the
surface temperature of tungsten samples.

The research results of the microstructure and ele-
mental composition of the sample surface layer cross-
sections obtained using SEM, are shown in Figure 1.

On the multilayer EDS map (Figure 1c) in the near-
surface region, a mixed distribution profile of tungsten
and carbon is observed with a pronounced boundary
between the mixed layer W — C and the substrate material
W. It can be seen from the data that the thickness of the
mixed region is ~20 pm.

Figures 2—4 show SEM images and results of local
elemental analysis of the sample cross-section irradiated
at 1000 °C, 1200 °C, and 1400 °C.

100 pm

Performance in nanospace

Figure 1. SEM image of a sample cross-section irradiated at a temperature of 1000 °C, with a ruler scale of 100 um (a)
and 25 um (b) and a multilayer EDS map with separately selected W and C distribution maps (c)
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Figure 2. SEM image of a sample cross section irradiated at a temperature of 1000 °C and local elemental analysis
corresponding to points 1-6
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Figure 3. SEM image of a sample cross section irradiated at a temperature of 1200 °C and local elemental analysis
corresponding to points 1-3
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Figure 4. SEM image of a sample cross section irradiated at a temperature of 1400 °C and local elemental analysis
corresponding to points 1-4
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According to the elemental analysis results, the
carbon mass fraction in the near-surface layer of the
sample irradiated at a temperature of 1000 °C (corres-
ponding points 1-3 in Figure 2) is maximum, which also
confirms the presence of a thin carbon film [9]. However,
according to the values at points 4-6 (Figure 2b), the
carbon content decreases from the surface to the depth of
the sample. As Figures 3 and 4 show, after irradiation of
the sample surface at a temperature of 1200 °C and
1400 °C, there is a sharp change in the ratios of atomic
fractions between tungsten and carbon. In [9], it was
found that at high temperatures, the thermally unstable
carbon film is destroyed and carbon is already present in
a chemically bound form, forming phases of tungsten

(@) =

(101) WC

.

N

weaoo) | W@
f'wc}( 2)

carbides, as evidenced by the XRD results (Figure 1 in
[9]). The obtained data of the elemental analysis of the
transverse section confirms the judgment about the high
thermal dependence of the carbon film.

The results of TEM studies confirm the presence of
carbide phases WC and W-C in the tungsten surface
layer. On the diffraction pattern, the peak of the W,C
phase had a low intensity, which indicated its low content
[9]. Figure 5a shows a bright-field TEM image of a
thinned near-surface region in the cross-section of a sam-
ple irradiated at a temperature of 1000 °C, selected for
microdiffraction. The electron diffraction patterns obtai-
ned from the areas marked on 5a by circles 1, 2, 3, and 4
are shown in Figures 5b, 5¢, 5d, and 5e, respectively.
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T
@ 0 o
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-
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Figure 5. TEM image of the structure of a sample irradiated at a temperature of 1000 °C:
a — bright field; b — e micro electron diffraction patterns obtained from the areas
highlighted in (a) by circles: 1 —5b, 2 —5¢, 3 -5d, 4 — 5e
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The electron diffraction pattern in area 1 corresponds
to reflections of the WC (101) phase. Microdiffraction in
area 2 (Figure 2c¢) shows the presence of reflections of
two phases of W carbide (WC (101) and WC (100)). In
area 3, a reflection of the W,C phase (101) was also
revealed. The electron diffraction pattern in area 4 corres-
ponds to the phase of metallic tungsten. The results obtai-
ned allow concluding that the surface layer is a mixture
of three phases: tungsten carbides of the composition WC
and W2C, and W. In this case, areas with a high content
of tungsten are detected in the sample volume. The index-
ing was conducted within the WC (P-6m2) and W2C (P-
31m) hexagonal structures. At the same time, the presen-
ce of an orthorhombic W,C structure cannot be excluded.

When obtaining tungsten carbides by sintering [17],
WC grains are characterized by regular shapes in the
form of a triangular prism and plates. However, in this
research, more blurred boundaries of the newly formed
phases are observed in the samples irradiated at 1000 °C;
this may be because carbide formation has resulted from
the diffusion of carbon ions into the volume of tungsten.

Figure 6 shows a TEM image of a sample cross-
section irradiated at 1200 °C.

In the bright-field image (Figure 6a), the arrows indi-
cate the WC interlayer along the grain boundary, and

(a)

WC interlayer W:C grain

bending extinction contours are observed. The presence
of a large number of bending extinction contours indica-
tes the elastically stressed state of the sample surface lay-
er, which leads to bending-torsion of the foil. Additional
internal stresses may be created due to the generation of
dislocations and the development of a dislocation structu-
re. Based on the accumulation of dislocations of the same
sign, the formation, and growth of new carbide particles
at the grain boundaries and slip bands inside the crystal.

The electron diffraction pattern obtained from section
(a) in Figure 6a corresponds to the WC and W-,C phases.
Figures 6¢ and 6d show dark-field images in the (100)
WC and (101) W.C reflections, respectively.

Figure 7 shows a TEM image of a sample cross-
section irradiated at 1400 °C. On bright-field images, a
small number of bending contours of extinction is also
observed.

The microelectronic diffraction patterns in areas 1
and 4 (Figures 6¢, 6f) contain reflections (101) W-C
phases. Microdiffraction in areas 2 and 3 (Figures 6d, 6e)
shows the presence of the WC (101) phase. However, in
area 3 on the micro electron diffraction pattern, reflecti-
ons of carbon with an hcp lattice are observed. Therefore,
the surface layer contains carbon and tungsten carbides
of composition WC and W-C.

101 W>C

Figure 6. TEM image of the structure of a sample irradiated at a temperature of 1200 °C: a — bright field; b — micro electron
diffraction pattern obtained from the area (a); (c, d) dark fields obtained in the [100] WC (c) and [101] W2C (d) reflections.
Arrows in (b) indicate reflections in which dark fields were obtained.
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Figure 7. TEM image of a sample structure irradiated at a temperature of 1400 °C; a, b — bright field; ¢ — f micro electron
diffraction patterns obtained from the areas highlighted in (a) and (b) by circles: 1 —6¢, 2 — 6d, 3 — 6¢, 4 — 6f

Performing microdiffraction on the samples showed
that the results are comparable with elemental analysis
and XRD measurements given in [9].

CONCLUSION

Previously, the temperature dependence of the carbi-
dized layer formation on the tungsten surface was studied
by the beam-plasma discharge method in the temperature
range of 700-1700 °C. In this research, electron micro-
scopy (SEM, TEM) is used to analyze the structural-
phase state of the tungsten surface layer in the cross-
section after carbidization at temperatures of 1000 °C,
1200 °C, and 1400 °C. Based on the results of SEM stu-

dies, a multilayer EDS map and local elemental analysis
were obtained, based on which the depth of penetration
of carbon atoms into tungsten was evaluated. It is esta-
blished that the penetration depth is ~20 um. The depth
distribution of elements in the near-surface layer of the
sample irradiated at a temperature of 1000 °C confirms
the presence of a thin carbon film. However, the carbon
content decreases from the surface to the depth of the
sample, which indicates the presence of carbon in a
chemically bound form. Samples irradiated at temperatu-
res of 1200 °C and 1400 °C show a sharp change in the
ratios of atomic fractions between tungsten and carbon.
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The atomic ratio of tungsten to carbon is closer to 2:1,
which indicates the formation of the W»C phase.

To reveal the internal structure of the surface layer of
the samples, TEM images were obtained from their
cross-sections. For TEM analysis of the tungsten sample
cross-section with a carbidized layer, sections were
prepared by ion thinning using an lon Slicer EM-
09100 IS unit. According to the research results, it was
revealed that after carbidization, tungsten is present in the
surface layer mainly in the composition of carbides WC,
and W,C. On bright-field TEM images of the surface
layer cross-section of tungsten samples after carbidiza-
tion at a temperature of 1200 °C, and 1400 °C, bending
extinction contours are revealed, which indicate the
elastically stressed state of the sample surface layer.

The work was carried out at the National Nuclear
Center of the Republic of Kazakhstan within the frame-
work of a scientific and technical program
# BR09158585 on the topic “Investigation of the inter-
action of plasma with a carbidized tungsten surface”.
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COVJIEJIK-IJIABMAJIBIK PA3PSIATA KAPBUATEHTEHHEH KEUIH BOJIb®PAM
BETTIK KABATBIHBIH KOJJAEHEH KUMACBIHBIH KYPBLIBIM/BIK-®A3AJIBIK
KYMIH SJIEKTPOHIBIK MUKPOCKOIUSIMEH 3EPTTEY

M. K. Ckakos'?, B. B. Baknanos?, T. K. Kan6oaarosa®®”, A. K. Munuszos?, E. A. Ko:xkaxmeros?, A. B. I'pago6oes*

! Kazaxcman Pecnybnuxacvinoty ¥ammuix aoponvix opmanwize, Kypuamos, Kazaxcman
2 KP Y10 PMK «Amom snepzusacol uncmumymoly gpunuanst, Kypuamos, Kazaxcman
8 C. Amansconos amvindazvr Illvizvic Kazaxkcman ynueepcumemi, Ockemen, Kazaxcman
4 Tomck nonumexnuxanvix ynusepcumemi, Tomck, Peceii

* Patinanwic ywin E-mail: kaiyrdy@nnc.kz

By xkymbIcTa coynenik-mia3ManblK pa3psara KapOuau3anusiad KeWiHri BoJb(paMHBIH OeTKi KaOaThIHBIH KeJJeHEH
KMMAacCBhIHBIH KYPBUIBIMABIK-(ha3aJiblK KYHiH 3epTTey HoTHxkeiaepi OepinreH. Bombppam OeriH coymnenik-Tuia3mMaibIK
paspsiaTa KapOuau3anusuay Ia3MaibIK-cayJesiK KOHABIpFbIaa xKyprizinai. 1000 °C, 1200 °C, 1400 °C remmneparypana
KapOuam3anusiaan KeiiH Bob(hpaM yiriepiniy 6eTki KaOaThIHBIH KOIICHEH KUMACHIHBIH KYPBUIBIMBIH 3€pPTTEY TPAHC-
MUCCHSUIBIK JKOHE CKaHEpIIEYIIi JIEKTPOHAB MUKPOCKOII apKbUIbI XKYprizinai. CKaHepieymi 3JIeKTPOHABI MUKPOCKOTI-
TaFbl 3ePTTEYJIePIiH HOTIKeIepi OOMBIHINA SHEPTUA- AUCTIEPCISUIBIK CIIEKTPOMETPIiH KOTIKA0ATTHI KapTachl )KOHE KepTi-
JIKTI DJIEMEHTTIK Tallfiay aJIbIHABI, OHBIH HETi3iH/e BOIb(GpaMaarsl KOMIpTEri aTOMIaphIHbIH €Hy TEPEHIITiHIH Oarachl
xacannael. Exrizy tepenairi ~20 MKM ekeHi aHBIKTaJIIbl. beTki KabaTThIH jKyKa KYPBUIBIMBIH 3€pTTEY TPAHCMHCCHSIIBIK
AJIEKTPOH/IbI MUKPOCKOIITHIH KOMETIMEH JKY3ere achbIpbUI/ibl. TpaHCMHUCCHUSUIBIK AJIEKTPOH bl MUKPOCKOIITA KapOHITEIreH
Kabatbl 6ap BOJb(paM YIrIEepiHiH KeJJIeHeH KuMachiH Tangay yurin kumanap lon Slicer EM-09100 IS KoHABIPFBICH
apKbUIBI MOH/IBI JKYKaPTy apKbUIBI TAHBIHAAIIBL. 3epTTey HOTIKenepi OoMbIHIIa KapOuu3anusial Keifin 0eTki Kkadbat-
Tarsl Bodbdpam Herizinen WC, W2C kapounrepiniy kypambiaaa 6oxatsiael ansikranasl. 1200 °C, 1400 °C temnepary-
pana kapOuIu3aIusIaH KeiiH BOIb(PpaM YIrUIepiHiH OeTKi KaOAThIHBIH KOJJICHSH KUMACHIHBIH KapPKBIH OPICTEri CypeT-
TepiHAe YITiHIH OeTKi KaOaTHIHBIH CepIiMIl KYHiH KOPCETETIH Uiy COHY KOHTYpIaphl aHBIKTANAABI, 0¥ (oTbraHbH
niny-OypairysiHa oKemeIi.

Tyitin ce30ep: sonvppam, onvhpam kapouoi, NIAZMAHBIY MAMEPUATOAPMEH dIPEKeMMeCyi, CaVaeieH)y.

HCCJIETOBAHUE METOJAMM JIEKTPOHHON MUKPOCKOIUU CTPYKTYPHO-®A30BOI'O
COCTOAAHUA HONEPEYHOI'O CEYEHUA MOBEPXHOCTHOI'O CJ1I0A BOJIb®PAMA
HOCJIE KAPBUJIN3ALIMU B TYYKOBO-IIJIASMEHHOM PA3PAE

M. K. Ckakos!, B. B. Bakinanos?, I'. K. Kan6onaroa®®", A. K. Munuszos?, E. A. Ko:xkaxmeros?, A. B. I'pago6oes*

! Hayuonanvnstii adepuvtit yenmp Pecnyonuxu Kazaxcman, Kypuamos, Kazaxcman
2 @unuan «Mucmumym amomnoii snepzuu» PI'TI HAI] PK, Kypuamos, Kazaxcman
3 Bocmouno-Kazaxcmanckuit Yuueepcumem um. C. Amansiconosa, Yemo-Kamenozopck, Kazaxcman
4 Tomckuit nonumexnuueckuii ynusepcumem, Tomck, Poccus

* E-mail ons konmaxmos: kaiyrdy@nnc.kz

B Hacrosuieii paboTe npeacTaBiIeHbl Pe3yNbTaThl UCCISJOBAHUN CTPYKTYPHO-(a30BOr0 COCTOSHUS MOMEPEYHOro ceye-
HUsSI TOBEPXHOCTHOTO ¢JI0s1 Bosib()pama rocie KapOuu3aluy B yYKOBO-TIa3MEHHOM paspsiae. KapOuanzanus nosepx-
HOCTH BOJIb()pamMa B IyYKOBO-IUIa3MEHHOM paspsizie Oblla OCYIIECTBICHA Ha IUIa3MEHHO-ITyYKOBO# ycTaHoBKke. Mccie-
JIOBAHHS CTPYKTYPHI IIOTIEPEYHOTO CEYEHHsI IOBEPXHOCTHOTO CII0s1 00pa31ioB Bodb(pama rmocie kKapOuan3auu npy TeM-
neparype 1000 °C, 1200 °C, 1400 °C Obuti mpoBeIeHbl METOAAMH NTPOCBEYHMBAIOIICH M CKAaHUPYIOIIEH 3JIEKTPOHHON
mukpockormu. [1o pesynpratam uccienoBanuii Ha COM ObUH TIOTy4eHBI MHOTOCHOMHAs KapTa DJ]C 1 ToKaIbHBIH 3J1e-
MEHTHBIH aHaJIN3, Ha OCHOBE KOTOPBIX C/EJIaHa OIeHKa ITyOMHBI IPOHUKHOBEHHMS aTOMOB yTJIepo/ia B Boib(pam. YcTa-
HOBJIEHO, YTO TIyOMHBI IPOHUKHOBEHHUS cocTaBisieT ~20 um. MccnenoBaHne TOHKON CTPYKTYpPbI TOBEPXHOCTHOTO CIIOS
BBITIONTHSJIOCH TIpH Hcnosib3oBaruu [1OM. [t [I9M-ananu3a monepedHoro ceueHus Boab(hpaMoBBIX 00pa3IioB ¢ KapOu-
JIM3UPOBAHHBIM CJIOEM OBUIM ITOJTOTOBICHBI MUIU(BI METOJJOM HOHHOTO yTOHEeHHUs1 Ha ycTaHoBke lon Slicer EM-09100
IS. To pe3ynbraram HcclieOBaHU BBISBICHO, YTO MOCIE KapOUIu3anuy Boib(paM B HOBEPXHOCTHOM CJIOE MPHCYTCT-
BYET IJIaBHBIM 00pa3oM, B cocraBe kapoumo WC, W>C. Ha ceriononsHbix [19M-u300pakeHHsIX MONEPEYHOro ceye-
HUSI TOBEPXHOCTHOTO CJIosl 00pa3nioB Bosib(pama nocie kapouauzanuu npu temieparype 1200 °C, 1400 °C BbisiBieHBI
M3rHOHBIE KOHTYpPBHI SKCTUHKIIMH, KOTOPBIE CBUAETEILCTBYET 00 YIPYro-HaIpsHKEHHOM COCTOSHHU TTOBEPXHOCTHOTO
ciost 00pasiia, 9TO ¥ NPUBOINT K N3THOY-KpYUECHUIO (DOJIBTH.

Knrueswvie cnosa: sonvpam, kapbuo eonvgpama, 3aumooeticmsue niasmvl ¢ Mamepuaiamu, ooayyeHue.
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TPEBOBAHUS K OOOPMJIEHUIO CTATEN

Cratbu A7 MyONuKaLuK B XKypHaje OTIPABISIOTCS aBTOpaMU IOCJIE PETUCTPAIUU Ha BeO-caiiTe xypHaia B SJIEKTPOHHOM BHJIE B
¢dopmare MS WORD (.docx), a mocie npuHATHS pEIIeHHs O MyOIMKAI[MK CTaThU pPeaKuuei (0 OKOHYaHUM Mpoliecca IPOBEPKH U
PELEH3UPOBaHNsA) — U B BUJE NEYaTHON KOMHMU OKOHYATENbHOW pPEeNaKIMH CTaThbU C COTJIACHEM aBTOPOB Ha MyOJIMKALUI0 U HX
MoANHCAMH (TI0 TIOUYTE, KyPhEPOM U TIp. B 4IPEC PEAAKIIUH).

Texcr newyaraercs Ha mucrax Gopmara A4 (210 297 mm) ¢ nomsimu: cepxy 30 Mm; cauzy 30 mm; cieBa 20 MM; cripaBa 20 MM, Ha
IIpUHTEpe ¢ BEICOKUM paspemmenneM (600-2400 dpi). ['opu3oHTaIbHOE PacIOIOKEHHE JINCTOB HE JOITYCKACTCSL.

HUcnonssyiite mpudpt Times New Roman Breicoroii 10 mynkros. Ilokamyiicta, ucmonb3yiiTe BCTPOCHHBIE CTHIIM 3ar0jOBKOB
(3aronoBox 1, 2...) TONBKO AJISL HAa3BaHHS CTATHU M 3aTOJIOBKOB ITOJ[PA3/IENIOB, H HE MCHONB3YHTE UX VI OOBIYHOTO TEKCTa, TaOJIHIl 1
MOAPHCYHOUHBIX MOJIHCEH.

B neBoM BepxHEM YTy NEpBOH CTpaHHIBI JOJDKEH ObITh ykazaH uHAekc Y JIK. HazBaHue cTaThy meyaraeTcsi HIDKE 3arJIaBHBIMHU
OykBamHu, B ogHOM ab3are. [locne 3Toro neuaTaercs TEKCT KpaTKOH aHHOTauuH Ha s3bike cTaThi (100-3000 cuMBOIOB), U OTAENBEHON
cTpokoii (mocne passr KittoueBbie crioBa:) — kimoueBbie cnosa (5—10). Hanee, co ciaeayromiero ab3ama — 0CHOBHOH TEKCT, COIepIKaIHil
pasnensl: Beenenne, OcHOBHYI0 4acTh U Pe3ynbTaThl (BO3MOXKHO, ¢ oApasaenamu), 3akmodenue. [locne TekcTa craTbil MPUBOAUTCS
CIIMCOK JINTEPATypHI (Ha 3bIKaX OPUTUHAIOB) U OJIOKH «Ha3BaHHE CTaThH, aHHOTAIHS, KIIIOUEBEIE CJIOBA) HA IBYX OCTaBIIMXCS S3BIKaX.

O6pature BHManue, uto GO aBTOpOB U NpecTaBIsieMble OPraHU3aliK B CTaThe YKa3bIBaTh HE HY)KHO, T.K. CTaTbH IPOXOJIIT
JIBOIHOE «CJIETIOe» peleH3UpOoBaHue. DTy MH(OpMaII0 HeoOXoauMo OyJeT 3alojHUTh Ha TpeX S3BbIKax (PycCKOM, Ka3axXCKOM,
aHIIMHCKOM) B (hopMe Ha BeO-caliTe NpH rmojade craTbi. PekoMeHayeM 3apaHee MOATOTOBHUTH €€ B BHJIE OTACIBHOTO JTOKyMEHTa C
tabmuiamu 1o o6pasiyy (cMm. OBPA3EL] Ha cienyroleii CTpaHuIie) U MPHIOKHUTH K CTAThE.

JUist TeKcTa CTaTbU MCIIONB3YIHTE OANHAPHBIN MEKXCTPOUHBIH HHTEPBAII, MEXKAY a03aI[aMH He HyKHO BCTaBILITh ITyCThIe a03albl 1
CTPOKH.

He ucnone3yiite TaOMUIbI U pacIoNIOKEHHS WLTIOCTPAIMK M MOAPUCYHOUYHBIX MOAMKCEH, a TakkKe CpeAcTBa pucoBaHus MS
Word moBepx WLTIOCTpAIIHi.

MakcuMaJIbHO JTOMYCTUMBI 00beM cTaThul — 10 cTpaHuII.

IIpyn Hanucanuy craTeil HEOOXOAMMO NPHIEPKUBATHCS CJIEAYIOIMX TPeOOBAHMII:

e  OxoHYaTenbHas pelakuus CTaTbH, NMPOIIeAas PeleH3UPOBaHNe U TOMyIIeHHas K IyOIUKaluy, JOJDKHA CoJepKaTh OJIOKH Ha
TpeX SA3bIKaX — Ka3aXCKOM, aHTJIMHCKOM M PYyCCKOM, C yKa3aHWEeM Ha3BaHUS CTaThH, paMHJINI, UMEH, OTYECTB aBTOPOB, ITOJTHOTO
Ha3BaHUs OpraHHU3allfii, TOPOJOB M CTPaH MECTOHAXOKICHHS, KOTOPbIC OHHU MPEICTABISIOT, aHHOTauuu (o6bemom 100-3000
CHMBOJIOB, BKJIFOYAs 3HAKK NPEITMHAHKS U TPOOEIB), M KIIFOYEBBIX cioB (5-10).

e  CcpUIKM Ha JUTEpaTypHbIe HCTOYHUKH JAIOTCS B TEKCTE CTaThbH LU(paMU B KBaAPATHEIX [...] CKOOKax MO Mepe yIOMHHAHUS.
Crcok mutepatyps! npuBogurcs o [OCT 7.1-2003.

e  TloxainyiicTa, HE UCTIONB3YHTE MEXaHU3M aBTOMAaTHIeCKON HyMeparmu (o) MS Word it HyMepariuu CChbUIOK Ha TUTEPaTypy,
CIIMCKOB, PUCYHKOB 1 TaOJIHUI] — UCIIOIB3yHTE OOBIYHBIH TEKCT;

e  Ummocrpaunu (rpadMku, CXeMBbl, JHarpaMMbl) JOJDKHBI OBITH BBIIOJHEHBI HAa KOMIbIOTEpe (IIMpUHA pUCyHKa 8 win 14 cm).
Oco0oe BHUMaHHe 00paTUTe Ha HAAIICH Ha PUCYHKE — OHH JIOJDKHBI OBITh Pa3IMYMMBI IIPH YMEHBIICHNH /10 YKa3aHHBIX BBIIIE
pa3mepoB. Daiibl pUCYHKOB JOJDKHBI OBITH MPECTaBICHBI OTIEIBHO B OJJHOM U3 pacTpoBbIX — .tif, .png (Ui cXeM M pUCYHKOB
¢ Hagmucsamu), .jpg (1t goto) ¢ paspemeHreM 300 dpi (~1000 px mns pucyHKOB mupHHON 8 cM 1 ~1800 pX Ui pUCYHKOB
mUpHHON 14 cM) WM BEeKTOpHBIX — .svg, .wmf, .emf ¢popmartax. HazaHus (aiiyioB JOJDKHBI COOTBETCTBOBATH IOJIOKEHHIO B
cratee (Hamp. Pucynok 1-a.tiff). s Hagmumcedd Ha pHUCYHKaX MPEOIOYTHUTEIBHO HMCHONB30BaTh mpudT Arial Narrow wmm
aHANIOTHYHBIN (Y3Kui mpudT Oe3 3aceueK).

e  Maremarndeckue GOpMyIBl B TEKCTE JTOJDKHBI OBITH HaOpaHbI Kak ypaBHeHHsS MS Word wmn popmynsr MathType. Crenyer
HYMEpOBaTh JIHIIb T€ (GOpMyIIbl, Ha KOTOPEIE HMEIOTCS CCBUIKU B TEKCTE.

e  Tekct momkeH OBITH TIIATENBHBEIM 0OPa30oM BEIBEPEH M OTPEJaKTHpOBaH. byMaskHas BEpCHM CTaThs MOJDKHA OBITH B KOHIIE
TIOJITTMICAaHA aBTOPAMH.

K craThe npuiaraoTces cjieayonue 10KyMeHThbI:

1)  Conposooumenvroe nucemo om aemopog, B KOTOPOM HOJDKHBI COAEPIKAThCS CBEIACHHS O TOM, YTO CTaThsi MOXET OBITh
ornyOJIMKOBaHa B OTKPBITOM IeyaTH, paHee He Obuia ommyOIMKOBaHa, HE HAXOAUTCS HA PACCMOTPEHUH Ha MIPEAMET Iy OIIUKAIMU B
JNPYTHX U3JAHUSX, CTAThsl HE COJAEPIKUT MHPOPMAIIMH, CIOCOOHOM MPUBECTH K KOH(JIMKTY HHTEPECOB.

2)  @aiinvl pucynros.

Ha3Banme crarhy, aHHOTAIMs, KIIIOYEBBIE CIIOBA, a TaKXKe CBEAEHHS 000 BCEX aBTOPAX CTAaThU 3AIOJHAIOTCS Ha 3-X SA3BIKaX
(pycckoM, Ka3axCKOM, aHTIIHHCKOM) B hopMe Ha caiiTe pu nojgade ctathi (3Ty HHGOPMALIHIO TAKKE JKETATENBHO MPHIOKHTH K CTaThe
B Bujie oTaenbHOro daiina — cv. OBPA3EL] Ha crienyromieit cTpaHue).

JIOTIONHUTENBHYIO aKTyalbHYI0 HH(GOPMAIHIO 0 0(QOPMIIEHHIO, TIOJrOTOBKE CTAaTeM, aBTOPCKUM IIPaBaM, PETHCTPAIME MOXKHO
MOJTy4YHTh Ha BeO-caiire xypHaia B pazaerne lpaBuna aas apropos (https://journals.nnc.kz/jour/about/submissions).
Cratbu, 0o(hopMiIeHHE KOTOPHIX HEe COOTBETCTBYET YKa3aHHBIM TPEOOBAHUAM, K MyOJIMKALNH He 0MYCKAIOTCSI.

98


https://journals.nnc.kz/jour/about/submissions

Becrunx HSIA PK BbIMYCK 2, MioHb 2023

OBPA3EI
Ha3Banue cTaTbH (Ha PyCCKOM SI3BIKE)
Tabauua 1. ABTOpBI (Ha pYCCKOM SI3bIKE)
Howmepa
IopsaxoBslit OtuecTBO Tenedon OpraHU3aLui,
HOMEp Wmst MOJIHOCTBIO VYuenas | (0e3 ckoOOK, KOTOpBIE
Damunust JomxHOoCTD DJIeKTPOHHAsS 10YTa
aBTOpa MIOJTHOCTBIO (ecr CTereHb pobenoB IpeJICTaBIsIeT
CTaTbu UMeeTCs1) u 1epucoB) aBTOp
(13 TabmIbl 2)
1 WBanos WBan MBaHoBHY JIOLIEHT PhD +57771114455 | my_mail@mail.ru 1,2
2 Tlerpos Ietp IerpoBuy 3aB. J1a0. K..-M.H. | +69992223366 | my_mail@google.com 1
Tabanua 2. Opraau3anuu (Ha pyCCKOM SI3bIKE)
IopsiaxoBslit HaumenoBanue ITonHbIi OYTOBBIH apec OdunmanbHbli BeO-
HOMEp (uHIEKc, cTpaHa, TOPOJ, YIIUIA, IOM) CalT (ecIm UMeeTcs)
OpraHu3alyH
EBpasuiickuii HalMOHAIBHBII YHHBEPCUTET 010008, Pecny6nuka Kasaxcran, r. Hyp-Cynran,
1 www.enu.kz
um. JI. H. 'ymunesa yin. Carmaea, 2
2 AcranuHckuil punman MHCTHTYTA SIIepHOM 010008, Pecniyonuka Kazaxcran, r. Hyp-Cynran, WWW.inD.kz
¢mukn M3 PK mp. AGbutaii xaHa, 2/1 Anp-
Ha3BaHue cTaThM (Ha Ka3aXCKOM SI3bIKE)
Tabauua 1. ABTOpBI (Ha Ka3aXCKOM SI3bIKE)
Makana . Tenedonst ABTOp
OKeCiHiH .
ABTOPBIHBIH . TombIk FoumeiMu | (KakmacsIs, DNeKTPOHMABIK YIBIMIapBIHBIH
. Teri TOJIBIK aThl JlayasbImbl . ) .
PpeTTIK aTbl (60i1ca) Jopexkeci | 00C OpBIHCHI3 TIOIITACKI HeMipiepi
HoMipi xkoHe meduccis) (2-xectTenen)
1 WBaHoB WBan MBaHoBUY JIOLICHT PhD +57771114455 | my_mail@mail.ru 1,2
3epTxaHa 3 .
2 Iletpos Ietp TetpoBuy veHrepymici ¢b.-mr.k. | +69992223366 | my_mail@google.com 1
Tabauua 2. Opraun3anuu (Ha Ka3axCKOM SI3bIKe)
YHBIMHBIH PETTIK Artaysl ToJBIK MOIITAIBIK MEKEHKANBI Pecmu BeO-caiiT
HOMIpI (uHeKc, e, Kajia, Kelle, Yii) (6oca)
JI. H. l'ymunes atbiagarsl Eypasust yiarteik | 010008, Kazakcran PecnyOnukacel, Hyp-CynraH K.,
1 : . www.enu.kz
YHUBEPCHUTETI Cormaes kerieci, 2
2 KP OM S nporblk (pu3UKa HHCTHTYTEIHBIH 010008, Ka3zaxcran Pecrry6inkacer, Hyp-CynraH K., -
2 www.inp.kz
ActaHa (unmranst AObLnaii XaH JaHFBUTEL, 2/1
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