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Beryllium-based intermetallic compounds are considered promising functional and structural materials for advanced
nuclear systems due to their favorable neutronic, thermal and activation characteristics. In this work, neutron-induced
activation in titanium and chromium beryllides (Be,Ti and Be>Cr) containing technological impurities was investigated
under fission and fusion neutron environments. Experimental gamma-spectrometric measurements and Monte Carlo
calculations were performed for specimens irradiated in the WWR-K research reactor. Agreement between calculated and
measured specific activities for the dominant activation products Sc-46, Mn-54, Fe-59 and Cr-51 confirms the applicability
of the neutronics approach. Neutron-induced gas production (He-4, He-3, T and Li-6) was additionally evaluated for an
ITER-relevant D-T spectrum under fixed-fluence conditions. The results demonstrate pronounced spectrum-dependent
differences in activation and transmutation behaviour and provide a basis for extrapolating fission-irradiation data to
fusion-relevant conditions.
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1. INTRODUCTION
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fission reactors. In D-T fusion devices (ITER/DEMO-

class), the neutron field is dominated by ~14.1 MeV (,,.2",1
neutrons from the D-T reaction, whereas fission systems .
(especially thermal research reactors) exhibit spectra with :’

a prominent thermal component around 0.025 eV (often

referenced at 0.0253 eV, vo = 2200 m/s) and a broad
epithermal-to-fast tail extending to a few MeV. These
spectral differences directly translate into different bal-
ances among displacement damage, transmutation, and
gas production, and they limit the validity of direct ex-
trapolation from fission irradiation campaigns to fusion
service conditions [1-3].

A large body of fusion materials literature has empha-
sized that “fluence equivalence” alone is not sufficient to
reproduce fusion-relevant damage metrics, because the
energy dependence of reaction channels strongly bias-
es the formation of helium, hydrogen/tritium, and other
transmutation products (Figure 1). In particular, high-en-
ergy neutrons increase the probability of threshold reac-
tions that are weak or absent under predominantly thermal
spectra, thereby amplifying gas production and shifting
activation pathways. Quantitative comparisons of fusion
vs fission irradiation have repeatedly shown that, for the
same accumulated fluence, fusion conditions can yield
substantially higher gas generation and altered damage
partitioning [11].

Figure 1. Schematic representation of neutron-induced
transmutation reactions in beryllium

At the same time, the lack of high-fluence 14 MeV
neutron sources means that fission reactors remain a
primary experimental platform for irradiation and post-
irradiation examination of candidate fusion materials.
Consequently, the field has increasingly converged on
“spectrum-aware” qualification strategies: experimental
irradiation in available fission facilities combined with
validated neutronics/activation/transmutation modelling
to translate results into fusion-relevant metrics. This ap-
proach is consistent with DEMO-oriented roadmaps that
explicitly call for model-anchored qualification frame-
works until representative fusion neutron test capability
becomes available [4-6].

Within this context, beryllium-based intermetallics
(beryllides) have emerged as attractive functional
materials for breeding blankets as advanced neutron
multipliers, motivated by their thermomechanical
stability and irradiation-relevant behaviour. Recent
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work on titanium and chromium beryllides has
highlighted progress in industrial-scale fabrication and
characterization, including microstructural stability and
high-temperature mechanical performance relevant for
blanket service windows. In parallel, hydrogen isotope
interaction (retention/release) remains a central functional
constraint for beryllide deployment in fusion systems
and has been actively investigated under fusion-relevant
boundary conditions [7, 8, 9, 10].

In this study, we combine (i) experimental gam-
ma-spectrometric validation of neutron activation prod-
ucts in Be;Ti and BexCr irradiated in the WWR-K
research reactor with (ii) Monte Carlo-based activa-
tion/transmutation calculations performed for both the
WWR-K spectrum and an ITER-relevant D-T fusion
spectrum [2], [S]. Importantly, only the impurity-driven
activation products measurable by gamma spectrometry
(Sc-46, Mn-54, Fe-59, Cr-51) are treated as experimen-
tally validated, while gas production species (He-4, He-3,
T, Li-6) are reported strictly as calculation-based compar-
ative indicators to quantify fusion—fission spectral effects
under fixed fluence [11]. This approach directly targets
the key qualification gap identified in the literature: sepa-
rating what can be validated today in fission reactors from
what must still be inferred for fusion via physics-based
modelling [4-6].

2. METHODS

2.1 Materials

The investigated materials were titanium and
chromium beryllides (Be;Ti and Be;2Cr), considered
advanced neutron multiplier candidates for fusion
breeding blankets due to their favorable nuclear
characteristics and improved thermomechanical stability
compared with metallic beryllium. Recent progress in
industrial-scale fabrication has demonstrated that dense
beryllide blocks can be produced reproducibly by vacuum
hot pressing (VHP), including full-size Be;,Ti and Be>Cr
blocks manufactured at the Ulba Metallurgical Plant
(UMP), which supports the technological readiness of
these compounds for blanket-relevant component forms.

For the present irradiation campaign, specimens were
prepared as plates with the following dimensions: Be;,Ti:
8.5x8x1.5 mm, and Be;;Cr: 5x5x1.5 mm. The densities
of Be,Ti and Be»Cr are 2.25 g/cm® and 2.401 g/cm’, re-
spectively. The beryllide samples contained trace techno-
logical impurities (including Sc, Mn, Fe, and Cr), which
are critical for neutron activation under fission-spectrum
irradiation and therefore dominate the experimentally ob-
servable gamma-emitting radionuclide inventory in post-
irradiation measurements.

The impurity inventories were accounted for in the
activation calculations so that the computed radionuclide
inventory reflected the real trace-element content (Table
1) rather than an ideal stoichiometric composition [10].

2.2 Fission Neutron Irradiation (WWR-K Reactor)

Neutron irradiation experiments were carried out at
the core of the WWR-K research reactor under steady-
state operating conditions. The reactor provides a mixed
neutron spectrum dominated by thermal and epithermal
neutrons, which is typical of research reactors used for
materials testing. The standard neutron energy spectrum
of the WWR-K reactor is shown in Figure 2.
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Figure 2. Representative neutron energy spectrum of the
WWR-K reactor core

The WWR-K is a 6-MWth, light-water, tank-type
research reactor characterized by a predominantly
thermal neutron spectrum [12]. It is the Republic of
Kazakhstan’s only multipurpose research reactor [13].
The facility is equipped with ten neutron beam ports (nine
radial and one tangential) to support external experiments
and typically offers three central and seven peripheral
irradiation positions, with the exact number of peripheral
locations adjustable depending on ongoing experimental
requirements.

BexTi samples were irradiated at low temperature
(<80 °C) in an inert atmosphere to two neutron fluence
levels over 168 and 252 effective full-power days (EFPD).
Detailed irradiation conditions are provided in [14].

Be-Cr specimens were irradiated at high temperature
(390 °C) in an inert environment to target neutron flu-
ences of 2.8x10% and 4.5x10% n/cm?, corresponding to
68 effective full-power days (EFPD). Further details are
provided in [15].

Table 1 Chemical composition of beryllide blocks in wt%. The uranium content is presented in ppm.

Material Ti Cr C N (o} Al Si Ca Fe U, ppm Be
Be12Ti 27.8 - 0.034 0.106 0.686 <0.00005 0.020 0.0162 0.015 0.118 0.395 Bal.
Be12Cr - 30.8 0.0346 0.0177 0.555 <0.0002 0.0156 0.0237 0.0088 | 0.114 0.54 Bal.
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These irradiation positions represent typical central
and peripheral locations in a light-water research reac-
tor, providing predominantly thermal neutron fields with
position-dependent flux magnitude and spectral hardness.

2.3 Computational methodology

Monte Carlo neutron-transport and activation
calculations were performed using MCNP6 [16] with
the ENDF/B-VII.1 evaluated nuclear data library [17].
The computational framework accounted for material
composition, technological impurity content and neutron
spectral characteristics. For the fission activation
calculations, 500 cycles were used, including 50 inactive
and 450 active cycles with 200,000 histories per cycle.
For the fusion calculations, 10,000,000 histories were
used. The cross-section temperature was 293.6 K for all
isotopes included in the calculations.

To enable a physically meaningful comparison between
fission and fusion environments, the total neutron fluence
was fixed to the same value for both cases. As a result,
the irradiation time differs between fission and fusion
scenarios, reflecting spectrum-dependent reaction rates.
This approach follows established practices in fusion
materials research aimed at isolating spectral effects from
fluence-driven phenomena.

Fusion neutron calculations were performed using
an ITER-relevant D-T spectrum, characterized by a
dominant neutron energy near 14 MeV (Figure 3). For
the fusion case, a D-T plasma in the main tokamak
operating mode was modeled as the neutron source.
Following the reference conditions reported in [18],
the total neutron source strength was set to 2x10" n/s
and used as the normalization parameter for the ITER-
like neutron spectrum in the activation/transmutation
calculations. This source strength was applied to scale the
flux level consistently with the reference scenario, while
fusion-fission comparisons in the present work were
performed under a fixed target fluence (i.e., irradiation
time was adjusted to achieve the prescribed fluence in
each spectrum).
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Figure 3. Neutron spectra for the first wall of the model B
conceptual power-plant design — PPCS-B[19], as well as the
spectra for the two neutron-producing campaigns of ITER.

Although direct experimental validation of fusion gas
production was not available, the adopted calculation
procedure is consistent with approaches commonly used
in DEMO-oriented materials studies.

3. RESULTS AND DISCUSSION

Table 2 summarizes the atomic densities of the main
gas-producing isotopes (Li-6, T, He-3, He-4) in the
beryllium sublattice of Bey,Ti, calculated for two identical
integral neutron fluences (1.04x10* and 1.46x10* n/cm?)
under WWR-K reactor conditions and an ITER-relevant
D-T neutron spectrum.

At a fixed fluence, the most pronounced feature of
the fusion spectrum is the substantial increase in He-4
production. At 1.04x10?' n/cm?, the He-4 concentration
increases from 4.26x10°¢ (WWR-K) to 1.07x10* (ITER),
corresponding to an approximately 25-fold increase.
A similar trend is observed at 1.46x10?' n/cm?, where
He-4 increases from 5.95%10°¢ to 1.50x107*, again by a
factor of ~25. This behavior is directly associated with
the increased contribution of threshold and high-energy
transmutation reactions in the D—T neutron field.

In contrast, tritium production under ITER conditions
is several orders of magnitude lower than in the WWR-
K spectrum. At 1.04x10?' n/cm?, the tritium concentra-
tion decreases from 1.13x107 (WWR-K) to 2.75x10™"
(ITER), and at 1.46x10** n/cm?® from 2.12x107 to
5.16x107'". This trend is consistent with the greater rela-
tive contribution of neutron capture and (n,a)-type reac-
tions in thermal spectra, including reactions on impurities
and minor isotopes of beryllium and lithium, whereas un-
der a 14 MeV-dominated fusion spectrum gas production
is shifted toward helium generation, particularly He-4.

Table 2. Atomic density of main gas-producing isotopes
in the Be sublattice of Be,,Ti specimens

Neutron-induced isotopes in Be
Integral neutron fluence [at/barn-cm]
[n/cm2]
Li-6 | T | He-3 | He-4

WWR-K reactor

4.86x10- | 1.13x10- | 5.96x10- | 4.26x10-
1.04x1021 07 07 10 06

6.41x10- | 2.12x10- | 1.44x10- | 5.95%10-
1.46x1021 07 07 09 06

ITER

1.29%x10- | 2.75%10- | 2.36x10- | 1.07x10-
1.04x1021 06 1 16 04

1.80x10- | 5.16x10- | 6.49x10- | 1.50%10-
1.46x1021 06 11 16 04

Table 3 presents the calculated atomic densities of Sc-
46, Mn-54, and Fe-59 in the titanium matrix of Be;;Ti and
associated impurities at the same neutron fluence levels as
those in Table 1.

A pronounced spectral selectivity is observed. Upon
transitioning from the WWR-K spectrum to the ITER-
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relevant D-T spectrum, the production of Sc-46 increases
by several orders of magnitude (e.g., at 1.04x10%! n/
cm?* from 5.46x107'° to 1.95x1077), indicating a strong
enhancement of high-energy reaction channels responsible
for Sc-46 formation under fusion conditions. A similar,
though less pronounced, trend is observed for Mn-54,
with an increase of approximately one to two orders of
magnitude (from 1.62x107!! to 6.01x107!° at 1.04x10*!
n/cm?).

In contrast, the production of Fe-59 is significantly
reduced under fusion conditions (from 1.83x107!! to
1.06x107'3 at the same fluence), which is consistent with
the dominance of neutron capture reactions in thermal
spectra that favor Fe-59 formation, and the reduced
contribution of these channels in a 14 MeV-dominated
neutron field.

Table 3. Atomic density of main activation products
in Ti and impurities of Be,,Ti specimens

Neutron-induced isotopes in titanium and impurities
Integral neutron [at/barn-cm]
fluence [n/cm2]
Sc-46 | Mn-54 Fe-59
WWR-K reactor
1.04x1021 5.46x10-10 1.62x10-11 1.83x10-11
1.46x1021 6.01x10-10 2.07x10-11 1.79x10-11
ITER
1.04x1021 1.95x10-07 6.01x10-10 1.06x10-13
1.46x1021 2.74x10-07 8.42x10-10 1.47x10-13

Figure 4 illustrates the accumulation kinetics of T,
He-3, and He-4 in Be,,Ti over a single irradiation cycle.
For the WWR-K reactor, a cycle duration of 21 days was
adopted, corresponding to a standard operational fuel
cycle, whereas for the ITER-relevant case the irradiation
time was set to 11 days.

This difference arises from the fact that the comparison
is performed at a fixed integral neutron fluence rather than
at an equal irradiation time. In the WWR-K reactor, 21
days represent one typical operating cycle and therefore
reflect realistic irradiation conditions. In contrast, under
the ITER-relevant D-T neutron spectrum, the higher
neutron energy (~14 MeV) and flux intensity result in
significantly increased reaction rates and radiation damage
accumulation, such that the same fluence is achieved over
a shorter time (~11 days).

This fluence-normalized approach is widely adopted
in fusion materials studies, as it enables a physically
meaningful comparison between fission and fusion
conditions by isolating spectral effects from irradiation
time dependencies [20].

Despite the difference in time scales, the key physical
trend remains unchanged: under fusion conditions, He-4
is the dominant product and accumulates significantly
faster on a fluence-normalized basis, whereas under
fission conditions the relative contribution of tritium
becomes more pronounced.
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Figure 4. Time-dependent accumulation of T, He-3, and He-4
in Be),Ti during a single irradiation cycle under WWR-K
(21 days) and ITER (11 days) conditions

These curves should be interpreted as a time-resolved
representation of the same spectral trends: under fusion
conditions, products associated with high-energy
reaction channels (such as Sc-46 and Mn-54) are formed
significantly more rapidly, whereas the contribution of
Fe-59 is markedly reduced on a fluence-normalized basis.
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Figure 5. Time-dependent accumulation of Sc-46, Mn-54,
and Fe-59 in Bel2Ti during a single irradiation cycle under
WWR-K (21 days) and ITER (11 days) conditions

Table 4 presents the calculated atomic densities of Li-
6, T, He-3, and He-4 in the beryllium sublattice of Be;»Cr
for two neutron fluence levels (4.53x10%° and 2.77%x10%° n/
cm?), with values reported for multiple samples/positions.
The small variation between replicated values (e.g., He-4
in WWR-K at 4.53%10%° n/cm?: 9.37x1077 and 9.06x107)
indicates good internal consistency of the calculations
under comparable conditions.
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As observed for BejTi, a transition to the ITER-
relevant spectrum results in a substantial increase in He-4
production. At 4.53x10?° n/cm? He-4 increases from
approximately ~9x1077 (WWR-K) to 4.83x10°° (ITER),
corresponding to an enhancement of about a factor of 50.
In contrast, tritium production decreases by several orders
of magnitude (e.g., from 1.30x1078 to 4.62x107'2).

For He-3, the calculated values under fusion conditions
decrease markedly, reaching 1.21x107'"7 and 1.09x107""
at/barn-cm at 2.77 x 10%° n/cm? (Table 4); these values
fall below the adopted calculation-significance threshold
defined in the table footnote and should accordingly be
interpreted with caution.

Table 4. Atomic density of main gas-producing isotopes in the
Be sublattice of Be;>Cr specimens

Neutron-induced isotopes in Be
Integral neutrozn [at/barn-cm]
fluence [n/cm®]
Li-6 | T | He-3 He-4
WWR-K reactor
4.53x1020 1.20x10-07 | 1.30x10-08 | 3.30x10-11 | 9.37x10-07
4.53x1020 1.22x10-07 | 1.33x10-08 | 3.37x10-11 | 9.06x10-07
2.77x1020 7.85x10-08 | 5.08x10-09 | 1.42x10-11 | 5.42x10-07
2.77x1020 7.79x10-08 | 5.04x10-09 | 1.41x10-11 | 5.19x10-07
ITER

4.53x1020 5.65x10-07 | 4.62x10-12 | 3.82x10-17 | 4.83x10-05
4.53%x1020 5.64x10-07 | 4.57x10-12 | 3.47x10-17 | 4.83x10-05
2.77x1020 3.45x10-07 | 1.75x10-12 | 1.21x10-171 | 2.96x10-05
2.77x1020 3.45x10-07 | 1.72x10-12 | 1.09x10-17a | 2.96x10-05

Table 5. Atomic density of main activation products in Cr and
impurities of Be;,Cr specimens

Integral Neutron-induced isotopes in chromium and impurities
neutron [at/barn-cm]
fluence [n/cm’] crs1 | Mnsa Fe-59
WWR-K reactor
4.53x1020 6.63x10-07 4.25x10-12 1.64x10-11
4.53x1020 6.69x10-07 3.95x10-12 1.64x10-11
2.77x1020 4.02x10-07 2.34x10-12 9.86x10-12
2.77x1020 4.01x10-07 2.30x10-12 9.87x10-12
ITER
4.53x1020 2.04x10-10 2.73x10-10 4.74x10-14
4.53x1020 2.02x10-10 2.73x10-10 4.68x10-14
2.77x1020 1.26%10-10 1.67x10-10 2.87x10-14
2.77x1020 1.29x10-10 1.68x10-10 2.90x10-14

! Values below the adopted calculation-significance

threshold (relative statistical uncertainty exceeding 50% in the
MCNP6 activation run); reported for completeness rather than
as a statistically significant result.

Figure 6 presents the accumulation kinetics of gas-
producing species in Be;,Cr during a single irradiation
cycle under WWR-K and ITER-relevant conditions.
The interpretation should focus not on the absolute cycle
duration but on the fluence-normalized comparison,
which shows that the fusion spectrum intrinsically
shifts gas generation toward He-4. This effect has direct
consequences for swelling, embrittlement, and gas
inventory in blanket materials and constitutes one of the
primary drivers for the transition from metallic beryllium
to beryllide compounds.
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Figure 6. Time-dependent accumulation of T, He-3, and He-4
in Be;;Cr during a single irradiation cycle under WWR-K (21
days) and ITER (11 days) conditions

Table 5 presents the calculated atomic densities of
Cr-51, Mn-54, and Fe-59 in the chromium-containing
matrix of Be,Cr and associated impurities. In contrast
to Sc-46 behavior in titanium beryllide, the primary
matrix product Cr-51 exhibits the opposite trend: under
WWR-K conditions at a fluence of 4.53x10%° n/cm?, Cr-
51 reaches ~6.63x1077, whereas under ITER conditions
it decreases to ~2.04x107'°, corresponding to a reduction
by approximately three orders of magnitude (~3.3x103).

This behavior indicates the dominance of reaction
pathways in the thermal neutron spectrum that efficiently
produce Cr-51, primarily via neutron capture, and their
significantly reduced relative contribution in a 14 MeV-
dominated fusion neutron field.

At the same time, Mn-54 exhibits an increase under
fusion conditions (e.g., from 4.25x107'? to 2.73x107'°
at 4.53x10% n/cm?), whereas Fe-59 decreases (from
1.64x107"" to 4.74x107').

Thus, considering the combined results for both Be,,Ti
and Be,Cr, it is evident that the neutron spectrum affects
not only the magnitude of activation but also the profile
of dominant radionuclides: some products are enhanced
under fusion conditions, while others are suppressed.
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Figure 7 shows the time-dependent accumulation of
the corresponding activation products over one irradiation
cycle under WWR-K and ITER conditions. For the
discussion, it is sufficient to emphasize that the differences
in curve shapes and saturation levels reflect the combined
influence of spectral dependence, radioactive decay
(half-lives), and effective production and burn-up rates.
This is particularly important for the design of reactor-
based irradiation experiments as surrogates for fusion
conditions, where the selection of indicator nuclides must
be spectrum-sensitive.
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Figure 7. Time-dependent accumulation of Sc-46, Mn-54,
and Fe-59 in Be,;Cr during a single irradiation cycle under
WWR-K (21 days) and ITER (11 days) conditions

4. CONCLUSIONS

A comparative analysis of neutron-induced activation
and gas production in titanium and chromium beryllides
(Bei.Ti and Be,Cr) was performed for the thermal
neutron spectrum of the WWR-K research reactor and
an ITER-relevant D-T fusion spectrum under identical
integral neutron fluence conditions. This approach
enabled the separation of spectral effects from those
associated solely with irradiation level, thereby providing
a physically consistent basis for comparing fission and
fusion environments.

The calculations demonstrate that, at a fixed fluence,
gas production in the beryllium sublattice is strongly
dependent on the neutron spectrum. For both materials,
a pronounced increase in He-4 accumulation is observed
under the ITER-relevant spectrum: approximately a factor
of ~25 for Be;,Ti and ~50 for Be>Cr relative to those
under WWR-K conditions at comparable fluence levels.
In contrast, trititum production under fusion conditions
is several orders of magnitude lower than in the thermal
spectrum. These results indicate that direct extrapolation
of gas production data from fission experiments to fusion
conditions, without accounting for spectral differences,
may lead to systematic errors, particularly in the assess-

ment of helium-induced swelling/embrittlement and hy-
drogen isotope inventories.

A strong spectral selectivity is also observed for ac-
tivation products in both the matrix and impurities, af-
fecting not only their absolute concentrations but also the
composition of dominant radionuclides. In Be,Ti, the
ITER-relevant spectrum enhances the production of Sc-
46 and Mn-54 while suppressing Fe-59, consistent with
the energy dependence of the corresponding reaction
channels. In Be,Cr, the primary matrix product Cr-51 ex-
hibits the opposite behavior: it dominates under WWR-K
conditions but is strongly suppressed in the fusion spec-
trum, while Mn-54 increases and Fe-59 decreases. The
time-dependent results (Figures 4-7) further confirm that
the transition from fission to fusion conditions leads to a
fundamentally different profile of dominant products and
their accumulation kinetics over an irradiation cycle.

These findings highlight the importance of accounting
for neutron spectrum effects in the qualification of beryl-
lides for fusion applications. Both gas production behav-
ior and activation product inventories must be interpreted
with explicit consideration of neutron energy distribution,
as it governs the underlying reaction pathways and, con-
sequently, the key indicators of material degradation and
radiological performance. The use of fluence-normalized
comparison provides a robust and physically justified
framework for such analyses and supports the develop-
ment of reliable strategies for extrapolating fission-based
experimental data to fusion-relevant conditions.

This research was funded by the Committee of Science
of the Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. BR24993119).
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BOJIIHY )KOHE TEPMOSJIPOJILIK CAHTE3 HEMTPOH/ABIK OPICTEPIHJIE TUTAH )KOHE
XPOM BEPUJIJUATEPIHIH HEUTPOH/IBIK AKTUBAIIMSICHI MEH T'A3 TY3LIVI

JI. Caiipan6aes'’, A. Illaiimepaenos', M. Aiitkyaos', T. Kyascapros', M. Ilogoiinukos’

Toponvix pusuxa uncmumymst, Anmamol, Kazaxcman
2Yn6i memannypzuanvix sayvimot, Ockemen, Kazaxcman

*batnanvic ywin e-mail: d.sairanbayev@inp.kz

Bepmmmii  Heri3iHaeri WMHTEPMETAUIHATI KOCBUIBICTap >KaHa OybIH SAPOJNBIK JKyHenepi YIIiH MepCrHeKTHBAJIBI
(YHKLIMOHAIIBIK KOHE KYPBUIBIMIBIK MaTepraiap peTinae KapacThlpbuiabl. byl skyMbIcTa TEXHOIOTHSIIBIK KOCIIaIaphl
6ap Bel2Ti xone Bel2Cr Oepumuarepinaeri HEHTPOH ocepiHeH OONAaThIH aKTHUBAIMSA KOHE Ta3 OHIMACPIHIH Ty3lryl
seprrenai. BBP-K peakropsinma coyneneHaipinreH yiriiep OOBIHIIA raMMa-CIEKTPOMETPHSUIBIK eieyinep MoHTe-
Kaprmo omiciMeH OpBIHIANIFaH €CenTeylepMeH CalbICTRIPBUIABL. Sc-46, Mn-54, Fe-59 xone Cr-51 Herisri akTuBanus
OHIMJIIepi YIIIH e€CenTey MEeH JKCIIEpUMEHT apachlH/Ia KaHaFaTTaHAPIBIK COWKecTiK ambiHAbl. COHBIMEH Karap Oipmeit
uHTerpanablK (uroenc xarmaiipiana ITER-re Ton D-T mefitpormap cmektpi ymrin He-4, He-3, T xone Li-6 Ty3imyi
ecenTik Typae Oararmanapl. HoTmkenep HEUTPOH CHEKTPi aKTUBAIHA JKOHE Ta3 TY31Ty OeiiHiH aliTapIbIKTall @3repTeTiHIiH
kepcerTi. COHABIKTAH PEaKTOPIBIK CBIHAK ICPEKTEPiH TEPMOSIPONBIK KOHABIPFBUIApP JKaFaifbIHA KOIIipy Ke3iHmae
CHEKTPIIK dCepiepi eCKepy KaxkKeT.

Tyiin ce3oep: Oepunnuomep, BBP-K peaxmopul, camma-cnekmpomempusi, 60ainy, mepmosiopoavik curnmes, ITER,
DEMO, akmusayus, 2as my3iny.
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HEWUTPOHHAS AKTUBAIINA U TA3OOBPA3OBAHUE B BEPMJIJINJIAX TUTAHA U XPOMA
B HEMTPOHHBIX MMOJISAAX PEAKTOPOB JIEJTEHUA U TEPMOSIIEPHOTO CUHTE3A

. Caiipantaes', A. Ilaiimeprenos', M. Aiitkynos', T. Kyancapros', M. Ilonoiinnkos’

Hucmumym aoepnoit gusuxu, Anmamot, Kazaxcman
2Vavounckuii memanypzuueckuii 3a600, Ycemo-Kamenozopck, Kazaxcman

* E-mail ons konmaxmos: d.sairanbayev@inp.kz

WHTepmeTamiHble COeIMHEHNS Ha OCHOBE OEPUIIIHS pacCMaTPUBAIOTCS KaK MEPCIIEKTUBHBIC (JyHKIIMOHAIBHbIC 1 KOH-
CTPYKIIMOHHBIE MaTepUaJIbl JUISl AJCPHBIX CHCTEM HOBOTO TTOKOJIEHNUS. B paboTe nccnenoBaHbl HEHTPOHHO-MHAYIIPOBAH-
Has aKTHBAIMSA M 00pa30BaHUE Ta30BBIX MPOAYKTOB B THTAHOBBIX W XpoMOBBIX Oeprmmaax Bel2Ti n Bel2Cr ¢ yuetom
TEXHOJIIOTHUECKUX IpUMeceil. DKCIIEpUMEHTAIbHBIE TAMMa-CIIEKTPOMETPUIECKNE H3MEPEHHs 00pasIoB, 00IyIEeHHbBIX B
peakxtope BBP-K, comocrasnensr ¢ pacuetamu MetomoM Monte-Kapmo. st OCHOBHBIX MPOIYKTOB aKTUBAIMH Sc-40,
Mn-54, Fe-59 u Cr-51 momy4eHo yIOBIETBOPUTEIHHOE COINIACHE pacdyeTa i AKCIIePIMEHTa. JlOTIOTHATETFHO BRIITOTHEHA
pacueTHas orieHKa oopazoBanust He-4, He-3, T u Li-6 B criektpe D-T-neirponos, xapakrepaom mis ITER, mpu onuraxo-
BOM MHTETpasibHOM (uttoeHce. [TokazaHo, 4T0 HEHTPOHHBIH CIIEKTP CYIIECTBEHHO 3MEHET MPO(IIIb AKTHBAIINH 1 Ta30-
00pa3oBaHMs, YTO HEOOXOAMMO YUUTHIBATh MPU MEPEHOCE JAHHBIX PEAKTOPHBIX HCIBITAHNI HA YCIOBUS TEPMOSICPHBIX
YCTaHOBOK.

Knrouesvie cnosa: depunnuovl, peakmop BBP-K, eamma-cnexmpomempus, Oenenue, mepmosioepHulii cunmes, ITER,
DEMO, akxmusayus, cazoobpasosanue.
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