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Abstract. This review discusses recent progress in neutron-gamma radiation
shielding, with a focus on composite materials containing lithium borohydride
(LiBH,4). The work is mainly based on the study by Lotfalian et al. (2024), where
Monte Carlo neutron-transport simulations using the MCNPX code were applied
to assess the performance of LiBH, incorporated into high-performance concrete
(HPC). Instead of presenting new experimental or numerical results, this
article aims to summarize and interpret existing data, explain the key physical
mechanisms involved, and critically assess the assumptions and limitations of
the reported approaches.

Special attention is given to the role of LiBH, as a multifunctional component
that combines neutron moderation and absorption within a single material
system. The review highlights its effectiveness in reducing fast-neutron flux,
which remains a major challenge for conventional concrete-based shielding
materials. In addition, the potential benefits related to shield compactness,
thickness reduction, and long-term stability are discussed. At the same time,
unresolved issues such as the lack of experimental validation and practical
concerns related to material behavior under realistic conditions are addressed.
Overall, this review provides a balanced perspective on the potential of LiBH,-
based shielding materials and outlines key directions for future research and
practical implementation.

Keywords: radiation shielding, lithium borohydride, fast neutrons, high
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Introduction

Radiation shielding plays a fundamental role in ensuring the safe operation of nuclear
reactors, particle accelerators, medical radiation facilities, and spacecraft. The primary
difficulty in shielding design lies in the simultaneous attenuation of neutrons and gamma rays,
particularly for hard neutron spectra typical of fast reactors.

Conventional materials such as concrete,lead, and polyethylene are widely used; however, they
suffer from large required thicknesses, high mass, or limited effectiveness against fast neutrons.
As aresult, modern research increasingly focuses on composite materials incorporating neutron
absorbers and moderators.
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Among light elements, boron and lithium possess exceptionally high neutron absorption
cross-sections, while hydrogen is an efficient neutron moderator. Lithium borohydride (LiBH,),
consisting solely of these elements, represents a unique candidate for radiation shielding. Its
application as a shielding component was systematically investigated in the recent work by
Lotfalian et al. [1], which forms the main subject of the present review. The present article does
not present new numerical simulations. Instead, it provides a critical synthesis of recent Monte
Carlo-basedstudies, with particular emphasis on the physical mechanisms, performance metrics,
and practical limitations of LiBH,-containing shielding materials. While the numerical data are
taken from published sources (primarily Ref. [1]), the comparative analysis, interpretation of
trends, and practical conclusions are provided by the authors.

Methodology

Physical principles of neutron and gamma shielding

Neutron interactions

Neutron attenuation in matter is governed by elastic scattering, inelastic scattering, and
absorption. For a homogeneous material, the macroscopic cross section for a given interaction

channel can be written as:
- Yo
i

where Ni is the atomic number density of nuclide i and oi is its microscopic cross section.

In shielding practice, neutron attenuation is often characterized using an effective removal
cross section (especially for fast neutrons), which serves as an engineering parameter for
comparing materials rather than a strict exponential-law constant for all energies. Physically,
the effective removal cross section represents the probability that a fast neutron is removed
from the primary neutron beam through a combination of scattering and absorption processes.

Hydrogen-rich components effectively slow down fast neutrons via elastic scattering, while
isotopes such as !°B and °Li capture thermalized neutrons through reactions such as **B(n, a) "Li
and °Li(n, o) ®H. These reactions convert neutron energy into charged particles that are readily
stopped within the shielding medium [2].

Gamma-ray attenuation
Gamma-ray attenuation in matter is commonly approximated by the exponential attenuation
law:

I = IOe_”x

where 1, and I are the incident and transmitted intensities, [t is the linear attenuation coefficient,
and x is the material thickness. In general, gamma shielding improves with increasing material
density and effective atomic number Z, due to enhanced photoelectric absorption, Compton
scattering, and (at high energies) pair production.
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High-performance concrete as a shielding matrix

High-performance concrete (HPC) has attracted increasing interest as a structural and
functional matrix for radiation shielding. Compared with ordinary concrete, HPC typically
exhibits higher strength, reduced porosity, and improved durability, enabling thinner shielding
structures without sacrificing mechanical integrity [3].

Fromaradiation-protection perspective, concrete shieldsare often optimized by incorporating
functional fillers. Adding boron carbide to concrete improves neutron shielding, especially for
low-energy neutrons [3]. Metal-oxide fillers (e.g,, WO,) are frequently investigated to enhance
gamma attenuation, including micro- and nano-sized additives [5]. Heavy aggregates such as
magnetite and limonite can also increase photon attenuation compared with conventional
mixes.

Overall, HPC provides a flexible host matrix for combining such additives. When space is
limited, HPC-based composites can be attractive because they offer improved structural
performance while supporting tailored neutron and gamma attenuation through appropriate
filler selection [4].

The use of HPC as a matrix is particularly relevant for hydrogen- and boron-containing fillers,
such as LiBH,, because its reduced porosity and improved mechanical stability may mitigate
some of the compatibility and durability concerns associated with reactive or hygroscopic
additives.

Lithium borohydride (LiBH4) in radiation shielding

Lithium borohydride (LiBH,) is a lightweight compound composed of elements with
favorable nuclear properties for neutron shielding. Hydrogen provides efficient moderation
of fast neutrons via elastic scattering, while boron and lithium isotopes contribute to neutron
absorption after thermalization.

Unlike conventional absorbers such as boron carbide, LiBH4 can act as both a moderator
and an absorber in a single compound, enabling a single-layer shielding concept and potentially
reducing the need for separate moderating and absorbing layers [1]. Lithium- and boron-
containing systems have also been investigated in other material classes (e.g., borate glasses),
supporting the broader motivation for combining these elements in shielding design [5].

The study by Lotfalian et al. [1] is among the first systematic evaluations of LiBH, as a
shielding additive in concrete-based composites and is therefore a useful focal point for the
present review.

Key conceptual advantages of LiBH,-based shielding systems

e simultaneous moderation and absorption;

o effectiveness for intermediate-energy neutrons (100 keV-1 MeV);
e potential reduction of multilayer shielding concepts;

e low predicted absorber depletion under fast-reactor irradiation.
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Comparison of Shielding Concepts

Traditional Multilayer Shield LiBH,-Based Single-Layer Shield
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Figure 1. Schematic comparison of conventional multilayer neutron-gamma
shielding concepts and LiBH,-based single-layer composite shields

In traditional designs, moderation, absorption, and gamma attenuation are achieved using
separate layers, resulting in increased thickness and structural complexity. In contrast, LiBH,-
containing HPC composites enable combined moderation and absorption within a single
material layer, allowing more compact shielding configurations.

Monte Carlo modeling and benchmarking

In the reviewed study [1], Monte Carlo simulations were carried out using the MCNPX 2.7E
radiation transport code originally developed at Los Alamos National Laboratory. It should
be emphasized that the simulations discussed in this review were performed by the original
authors; no independent MCNPX calculations were conducted in the present work.

The neutron-gamma source in Ref. [1] was the MET-1000 sodium-cooled fast reactor
benchmark. Corelayoutand compositions were taken from established benchmark specifications

[6].
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Figure 2. Radial layout of the MET-1000 core (as reported in Ref. [1])

Benchmark calculations reported in Ref. [1] yielded an effective multiplication factor (Keff)
of approximately 1.02, which is consistent with published reference data and supports the
validity of the computational model [6,7].
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Figure 3. Comparison of neutron flux behind various shielding materials (5 cm
thickness; data from Ref. [1])
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Shielding performance and thickness optimization

Neutron attenuation

The reviewed study reports that high-performance concrete (HPC) containing 10 wt.% B,C
and 5 wt.% LiBH, significantly reduces neutron flux over a broad energy range [1]. In the broader
shielding literature, boron-carbide additives are primarily associated with enhanced absorption
of low-energy neutrons due to their high capture cross sections [3], whereas hydrogen-rich
components are widely employed to improve the moderation of fast neutrons [8].

The results indicate that LiBH,-containing composites provide improved attenuation in the
intermediate neutron energy range, particularly between 100 keV and 1 MeV, complementing
the low-energy effectiveness typically attributed to boron-based absorbers [7].
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Figure 4. Total neutron flux after different types of shields with a thickness
of 5 cm (Ref. [1])

Conventional concrete provides limited reduction, whereas boron-containing systems show
improved suppression due to enhanced capture of moderated neutrons. Lead exhibits poor
neutron shielding, consistent with its low effectiveness for neutron moderation and absorption.
Overall, the reported trends support the advantage of boron- and hydrogen-containing
composites for neutron attenuation.
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Figure 6. Schematic comparison of neutron energy spectra after shielding
with HPC, concrete + B,C, and HPC + B,C. The figure illustrates qualitative trends

reported in Ref. [1]
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The neutron spectra in Figure 6 indicate that boron-containing shields reduce the low-energy
part of the spectrum more effectively than plain HPC, consistent with enhanced thermal-neutron
capture. At the same time, moderation shifts the spectrum toward lower energies, and the
combined moderator-absorber concepts provide a more balanced suppression across energy
regions. These qualitative trends are consistent with the role of hydrogen for moderation and
boron for absorption.

From an engineering perspective, these results indicate that LiBH,-containing composites are
particularly attractive for shielding systems exposed to fast and intermediate-energy neutron
spectra, where simultaneous moderation and absorption are required within limited thickness.

Gamma attenuation

Although lithium borohydride is introduced primarily to enhance neutron shielding, the
reviewed results indicate that HPC-based composites can also provide acceptable attenuation
of gamma radiation when sufficient thickness is used [1]. In general, gamma-ray shielding is
dominated by material density and effective atomic number, with high-Z materials (e.g., lead)
typically exhibiting stronger photon attenuation, while cementitious matrices provide moderate
attenuation that increases with thickness.

1-00E-09
9: 0DE-10 m Without Shield
8-00E-10 | Concrete
T": W Concrete,B4C
= 7-00E-10 = PE
2. 6.00E-10 ® Concrete, Fe203
ro ) ™ PE,W30,BAC
- 5-00E-10 = Concrete,W30
= 4.00E-10 = HPC
=
3.00E-10 Pb,Al,Cu,Fe
w Pb
2.00E-10
1.00E-10 —
0.00E+00 .

Figure 7. Total transmitted gamma flux behind different shields (5 cm
thickness; reproduced from Ref. [1])

The observed ranking is consistent with the established understanding that heavy-
metal shields (e.g., Pb) are highly effective for gamma rays, whereas polymer-based or low-Z
hydrogenous materials are comparatively less efficient for photon attenuation. Concrete-based
systems generally occupy an intermediate position due to their moderate density, while the use
of high-Z fillers (such as tungsten-containing additives) is associated with improved gamma
attenuation trends reported in shielding literature.

144 Ne1(154)/ 2026  /.H. I'ymunes amvirdazvt Eypasus yammoix yrusepcumeminivy XABAPILIBICHI.
Dusura. ACmpoHOMUsL cepusicol
ISSN: 2616-6836. eISSN: 2663-1296



Lithium borohydride (LiBH,) as a promising material for neutron-gamma radiation shielding

1.00E-09 -
9.00E-10 -
2 ®00E-10 4 = Without Shield
'E 7.00E-10 - m Conc.
i 6.00E-10 B Conc. W30
5 5.00E-10 - = HPC, BAC, LIBHA
ie  4.00E-10 ® HPC
E " FPb
Ee  3.00E-10 |
2.00E-10
1.00E-10 -
0.00E+DD |

Material

Figure 8. Comparison of gamma flux behind the LiBH,-based “new” shield and
selected conventional shields (5 cm; reproduced from Ref. [1])

Figure 8 further contrasts the gamma flux behind the LiBH,-containing “new” composite
shield with selected conventional shielding options at the same thickness (Ref. [1]). The
comparison suggests that the principal benefit of LiBH,-based composites lies in neutron
performance, whereas gamma attenuation remains largely governed by the bulk properties
of the composite (matrix density and composition) rather than by LiBH, itself. Consequently,
when gamma shielding requirements are stringent, the reviewed results support the common
design approach of combining neutron-optimized materials with high-Z components or dense
concrete formulations to achieve balanced neutron-gamma protection.

In practical applications, this suggests that LiBH,-based composites should be combined with
sufficiently dense matrices or high-Z additives when stringent gamma-shielding requirements
are imposed.

Thickness optimization and compactness

In shielding design, the half-value layer (HVL) is frequently used as a comparative engineering
metric to assess material effectiveness, rather than as a strict exponential attenuation parameter
for neutron fields. The HVL is defined as the material thickness required to reduce the incident
radiation intensity by 50% and is widely employed for engineering comparison of shielding
materials. For the optimized HPC-B,C-LiBH, composite discussed in Ref. [1], the reported
neutron HVL is approximately 3.3 cm, compared with about 4.5 cm for conventional boron-
doped concrete.

Thickness-dependent analyses further indicate that a shield thickness of approximately
30 cm provides effective attenuation of both neutrons and gamma rays, achieving strong
suppression of the neutron flux while maintaining acceptable gamma shielding performance.
From a practical standpoint, this behavior corresponds to an estimated volume reduction of
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roughly 40% relative to conventional concrete-based shielding concepts. Such compactness
represents a key advantage of LiBH,-containing composites in applications where space and

mass constraints are critical in nuclear, accelerator-based, and compact radiation facilities.

Shielding performance summary

Table 1. Shield materials and functional roles (synthesized from Ref. [1])

Shield concept

Main neutron function

Main gamma function

Notes

Ordinary concrete
(Conc.)

Limited moderation
(low H fraction)

Moderate attenuation

Baseline cementitious
shield

Concrete + 10 wt.% B,C

Strong absorption of
low-energy neutrons

Similar to concrete

Reported as the best
conventional option in
Ref. [1]

High-performance
concrete (HPC)

Similar moderation;
improved mechanical
properties

Typically improved vs.
ordinary concrete

Useful when space is
limited

HPC + 10 wt.% B,C

Absorption is enhanced

at low neutron energies

Comparable to HPC

Improves thermal-

neutron suppression

HPC + 10 wt.% B,C + 5

Moderation +

Acceptable at sufficient

best among the

attenuation

wt.% LiBH, absorption across thickness configurations tested in
wider energies Ref. [1]
Lead (Pb) Inefficient for neutrons | Excellent gamma Often used as a

secondary layer

Table 1 summarizes the functional roles of the investigated shielding concepts, highlighting

the complementary contributions of moderation, absorption, and gamma attenuation.
Among the reviewed materials, the HPC + B,C + LiBH, composite exhibits the most balanced
performance across neutron energy ranges while maintaining acceptable gamma-ray shielding
at sufficient thickness.

Key quantitative shielding performance indicators reported in Ref. [1] are compiled in Table
2. Collectively, these metrics support the conclusion that LiBH,-containing HPC composites
offer a compact and multifunctional shielding solution compared with conventional boron-
doped concrete systems.

146 Ne1(154)/ 2026  A.H. I'ymunres amwuindazol Eypasus yammuoix ynusepcumeminivy XABAPIIBICHL
DQusura. ACmpoHOMUsL cepusicol

ISSN: 2616-6836. eISSN: 2663-1296



Lithium borohydride (LiBH,) as a promising material for neutron-gamma radiation shielding

Table 2. Summary of key quantitative shielding parameters reported in Ref. [1]

Metric (reported in Ref. [1]) Value
Neutron energy range where LiBH, is more effective 100 keV - 1 MeV
Recommended shield thickness 30 cm

Neutron attenuation at 30 cm

~959% reduction

Gamma attenuation at 30 cm

~92% reduction

Relative thickness/volume reduction vs. Conc. + B,C ~40%
Neutron HVL (half-value layer) 3.32cm
Gamma HVL (half-value layer) 2.47 cm

For the engineering context, Table 3 provides a qualitative comparison of LiBH,-containing

composites with alternative modern shielding material classes.

Table 3. Qualitative comparison of LiBH,-containing cementitious composites with
alternative shielding material classes

Material class Neutron Gamma Cost & Technological Long-term
shielding shielding availability feasibility durability
effectiveness effectiveness
LiBH,- High (balanced | Medium Medium-High | High (concrete | Medium
containing HPC | moderation (matrix- (specialty technology (depends
composites + absorption; | governed; can |[additive; mature; on moisture
compactness) |be improved may be offset | requires control;
with dense/ by volume handling/ chemical
high-Z reduction) compatibility | compatibility)
components) measures)
Hydrogenous | Medium- Low-Medium | Medium (often | High (molding/ | Medium
polymer High (good (low-Z - scalable) modularity) (aging,
composites moderation; weaker photon temperature/
(PE/rubber- absorber attenuation radiation
based) loading unless high-Z effects vary)
needed) fillers used)
Glassy Li-B Medium-High [Medium Medium Medium High chemical
systems (capture + (composition- | (process- (high-T stability /
(lithium borate | composition dependent; can | dependent) processing; Medium
glasses) tuning) be enhanced) size mechanical
limitations) (brittleness
risk)
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Long-term stability and isotope depletion

Long-term performance is a critical requirement for shielding materials exposed to sustained
neutron fields, as absorber depletion and radiation-induced material changes may reduce
shielding effectiveness over time.

In Ref. [1], time-dependent burnup calculations were performed to estimate the consumption
of key neutron absorbers, namely 10B and 6Li. After 180 days of continuous reactor operation,
the reported depletion remained low (approximately 0.32% for 10B and 0.05% for 6Li),
indicating that the neutron attenuation capability of the proposed shielding material should
remain largely stable over the considered time window.

Beyond nuclear depletion effects, the long-term chemical and structural stability of LiBH,-
containing composites remains an open question. Lithium borohydride is known to be
hygroscopic and chemically reactive, and potential issues such as moisture uptake, hydrogen
release, and radiation-induced microstructural changes have not yet been experimentally
assessed. These factors may influence both the mechanical integrity and the long-term shielding
performance of cementitious composites incorporating LiBH, and therefore require dedicated
experimental investigation.

Related studies on boron- and lithium-containing shielding systems, such as lithium borate
glasses, suggest that carefully designed compositions can maintain effective neutron attenuation
over extended periods, provided that chemical stability and matrix compatibility are adequately
addressed [9].

Results and discussions

The reviewed results collectively indicate that lithium borohydride enables a shift from
traditional multilayer shielding strategies toward more compact single-layer concepts. By
combining neutron moderation and absorption within a single compound, LiBH4-based
composites address a key challenge in shielding fast-neutron spectra — simultaneous
suppression of high-energy and thermalized neutrons without excessive thickness. Fast-neutron
spectra in the MeV energy range pose a particular challenge for shielding design, since purely
absorbing materials become less effective at high neutron energies. In particular, the reported
effectiveness in the intermediate energy range complements the well-established low-energy
performance of boron-based absorbers, yielding a more balanced attenuation profile.

At the same time, the reviewed evidence remains primarily simulation-based and should
be interpreted accordingly. The conclusions in Ref. [1] rely on Monte Carlo transport modeling
without experimental benchmarking, and practical material issues—such as the hygroscopic
and reactive nature of LiBH, and its long-term compatibility with cementitious matrices—
have not yet been systematically validated under realistic environmental and irradiation
conditions. Therefore, targeted neutron-gamma attenuation measurements on representative
LiBH,-containing composite specimens under well-characterized sources are a key next step
to validate the reported trends. In addition, existing experimental analogs for lithium-boron
shielding systems (e.g., lithium borate glasses investigated experimentally and by Monte Carlo
methods) provide contextual support for the feasibility of Li-B-based shielding concepts [10].
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Conclusions

This review highlights LiBH, as a promising additive for compact neutron-gamma shielding
composites, particularly when combined with HPC and B,4C. The reviewed Monte Carlo results
reported in Ref. [1] suggest improved fast-neutron attenuation and reduced shielding thickness
compared with conventional concrete-based concepts. Overall, LiBH,-based composites
represent a strong conceptual direction for compact shielding design.

Implications, Limitations, and Research Outlook

From an application perspective, LiBH,-containing composites appear most relevant for fast
reactors, accelerator-driven systems, and compact radiation facilities where space constraints
limit the practicality of thick conventional shields. To move the concept from simulation to
implementation, future research should prioritize the following directions:

1. Experimental benchmarking: fabricate representative HPC-B,C-LiBH, specimens and
measure neutron-gamma attenuation under well-characterized sources to validate simulation
trends.

2. Environmental and chemical stability: assess moisture uptake, possible hydrogen
release, and microstructural changes during thermal cycling and irradiation-relevant heating.

3. Mechanical compatibility: quantify how LiBH, affects compressive strength, cracking
behavior, and long-term integrity of cementitious matrices.

4. Multi-code verification: reproduce key transport results using alternative Monte Carlo
toolchains (e.g., Geant4 or comparable codes) to reduce code-dependent uncertainties.

5. System-level assessment: evaluate practical deployment constraints (fabrication route,
encapsulation/barrier strategies, safety handling, and lifecycle performance).

Overall, while LiBH,-based composites are notyeta mature shielding technology, the reviewed
findings provide a solid foundation for targeted experimental and engineering development.
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JIutuii 6opruapuai (LiBH,) HeliTpoH-ramMMa cay/ieieHy[eH KOPFalTbhIH 3KpaHAay YIUiH
NnepCcneKTUBTI MaTepUaJl

AHHoTanusA. by monyaa sutui 6oporuapuaid (LiBH,) KAMTHUTBIH KOMIIO3UTTIK MaTepuaigapra
6acaHasap ayZjlapa OTbIpPbII, HEUTPOH/bI-TaMMa CayJieJIeHyleH KOPFay ca/lacbIH/aFbl COHFbI KETICTiKTEp
TaJKbl1aHa bl 2KyMbIc HeriziHeH JloTdasinaH koHe T.6. (2024) 3epTTeyiHe Heri3je/ireH, OH/1a >KOFapbl
eHiMJi 6eToHra (HPC) enrisinren LiBH, eHimMainirin 6aranay yuiin MCNPX koAblH KoJijlaHa OTBIpPHIII,
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MoHTe-Kapsio HEUTPOH TackIiMa/ijlay MoZeJbAeyaepi KoaJaHblirad. KaHa sKCepUMeHTTIK HeMece
CaH/bIK HOTM:KeJiepZi YCbIHYZAbIH OpHBbIHA, OyJ MakKaJjazZa 6ap JepeKTepAi KOPBITBIHABLIAY >KoHe
TYCiHZipy, Heri3ri ¢u3uKanblK MexaHU3M/iepAi TYCiHAipY »koHe XabapJiaHFaH TacinAepAiH 6oKaMaaphbl
MeH ILlIeKTey/ePiH CbIHU 6aFasiay MakcaT eTinefi.

LiBH,-TiH 6ip MaTepuanjblK >KyWeZe HEUTPOHAbl MoJepauusiay MeH CciHipyni 6ipikTipeTiH
KeNPyHKLMOHAJ/Ibl KOMIIOHEHT peTiH/leri peJliHe epeKllie Ha3ap ayfapblaazbl. [llonyaa oHbIH XKblL14aM
HEHUTPOH/IbI aFbIH/ABI a3aUTyAAFbl THIMALITI aTamn eTiiefi, 6y/1 A3CTYpJli 6eTOH Heri3iHAeri KopFaHbIC
MaTepUasZaphbl YiliH YJIKeH KUbIHABIK, 60J1bII KaJ1a 6epefii. COHbIMEH KaTap, KaJKaHHbIH ThIFbI3/|bIFbI,
KaJIbIHJBIFbIHBIH a3al0bl )K9HE y3aK Mep3iM/i TYPaKThIIbIKKA 0ai/IaHbICThI 9J1eyeTTi apTHIKIIbIIBIKTAP
TaJIKpLIaHa/bl. COHBIMEH KaTap, 3KCIepUMEHTTIK BaJIMalMsiHbIH 60/IMaybl )KkoHe HaKThI XKaFJahaapaa
MaTepHalblH MiHe3-KYJKbIHa KaTbICThI IPAKTUKAJBIK MaceJejiep CUAKTHI LIelliJIMereH Macesesep
Kapacteipbuiagpl. Kannel anfaHjga, 6yn wmosay LiBH, HerisiHgeri skpanjay MaTepuasijapblHBIH
dJieyeTiHe TeHrepiMzii Ke3kapac Gepeni oHe 6oJiallaK 3epTTeyJep MeH MPaKTHUKAbIK eHTi3y/liH
HeTi3Ti GaFbITTapbIH Oe/Tiien/Ii.

Ty#iH ce3aep: paJualUsIbIK KOPFaHbIC, JUTHU 60PTUAPHUA], XKbLIJIAM HEUTPOH/AP, })KOFaphl oHIM i
6etoH, MoHnTe-KapJio agicimeH mozenbaey

K. Hosti6aii*, H. AMaHrenai
Eepa3zulickuli HayuoHa1bHbIU yHUBepcumem umeru JI1.H, 'ymuseea,
AcmaHa, Kazaxcmau
(E-mail: kanatbekati@gmail.com, nur19792@mail.ru)

Boprugapuj iutuda (LiBH,) Kak nepcneKTUBHBINA MaTepuaJs AJ11 HEMTPOHHO-raMMa
pagualMOHHOTI0 3KPaHUPOBaHHUS

AHHOTanus. B ;aHHOM 0630pe paccMaTpUBAOTCS MOCAEHUE JOCTHKEHHUSI B 06/1aCTH 3aIUThI OT
HEeUTPOHHO-raMMa-U3Jy4eHUsl C aKL,eHTOM Ha KOMIIO3UTHbIE MaTepUaJibl, coZepkaliue 60poruapu/,
autua (LiBH,). PaboTa B ocCHOBHOM OCHOBaHa Ha uccienoBaHuM JloTdanuana u ap. (2024), rae
MO/leJIMPOBaHWE MepeHOca HEWTPOHOB MeToAoM MoHTe-Kapsio ¢ ucnosb3oBaHuem kojga MCNPX
NpUMEHSIIOCh /i1 olleHKU 3¢dekTHBHOCTH LiBH, BKJIIOUEHHOTO B BBICOKONMPOUYHBIK 6eToH (BB).
BmecTo npejcTaB/ieHUs] HOBBIX 3KCIEPUMEHTANbHBIX UM YUCJAEHHBIX Pe3y/bTaTOB, JaHHAS CTATbs
HampagJieHa Ha 0600leHWe U UHTEePHpeTalydi0 CYIIEeCTBYIOIUX JAHHBIX, 06bCHEHUE KJIIOYEBbIX
$U3UYECKUX MEeXaHHW3MOB W KPUTHYECKYI0 OLIEHKY JONYIeHWHA W OTpaHWYEeHUH MpecTaBJeHHBIX
HOJX0/0B.

Ocoboe BHuMaHMWe yaenaserca poau LiBH, kak MHOroQyHKIMOHAJIBLHOIO KOMIIOHEHTA3,
COYeTaILero 3aMejAJeHUe W MOIVIOLUIEHUE HEHTPOHOB B paMKax OJHOW MaTepUaJbHON CHCTEMBI.
B 0630pe mopuepkuBaeTcs ero 3QpQPeKTUBHOCTb B CHUKEHHH IMOTOKA OBICTPbIX HEUTPOHOB, YTO
0CTaeTCsl Cepbe3HOU NP06IEMOH /151 TPAAULMOHHBIX IKPAaHUPYIOIINX MaTepHUaoB Ha OCHOBE GeTOHa.
KpomMe Toro, o6¢y»k/JatoTcsl MOTEHIMAJbHbIe MPEUMYIIECTBA, CBI3aHHbIE C KOMIAKTHOCTBIO 3KpaHa,
YMEHbIIEHUEM TOJIIHMHBI U J0JITOBPEMEHHOW CTAaOWJIBHOCTBIO. B TO e BpeMs paccMaTpHUBAIOTCSA
HepelleHHble BONPOCHI, TaKMe KaK OTCYTCTBUE 3KCIIEPUMEHTAJIbHOU MPOBEPKH U MpaKTHYeCKue
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Npo6JIEMBI, CBSI3aHHbIE C MIOBEJIEHHEM MAaTepUasIoB B peaibHbIX YCJI0OBUSX. B 11es10M, 3TOT 0630p faeT
c6aslaHCUpOBaHHOE Npe/CTaBJeHNe O NMOTeHIMale IKPAaHUPYIOLIMX MaTepUasoB Ha ocHoBe LiBH, u
onpejeJisieT KJOUYeBble HallpaBJjeHUs OyyIUX UCCIeJ0BaHUHN U IPAaKTUYECKOr0 IPUMEeHEHHUS.

KiloueBble cJjoBa: pajvalMoHHAas 3aliudTa, OOPrUjpuUj JUTHUS, ObICTpble HEHUTPOHBI,
BBICOKONPOYHBIN 6eTOH, MOJieInpoBaHue MeTo oM MouTe-KapJio.
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