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Dmo He3HauumenbHo yeenuuueaem cpeonee pemst 60CCMAHOGIeHUs., HO CYUWeCmMBEeHHO Glusem HA OOCMUICeHUe mpebyemozo
3HAYEHUs] KOMIJIEKCHO20 NOKA3ameJisi HA0EeICHOCMU U30eNusl - e20 Kodghguyuenma 2omosHocmu.

Bnepsvie paccnampugaemces 603moarcHocmyb omHouleHUs paouodIeKMpOHHBIX cucmem K kiaccy "abconomno HadexcHvix"
3a cuem O0COOEHHOCmeU Mempolo2U4ecKo20 U OUAZHOCMUYecKo20 obecnevenus. Hccne0oeano enusnue ynpasisaemvlx
nepemMennbIX Ha 3HaveHue Kodgduyuenma 2omogrocmu uzoenus. B sasucumocmu om ycioguil (hyHKYUOHUPOBAHUS P EMOHMHO2O0
opeana 060CHOBAHbI OONYCMUMble MPeDOBAHUs K KEATUDUKAYUU CReyuanucmos (cpeouee 8pems 6bINOJIHEHUs NPOGEPKU U
YCmpaHeHus HeUCnPAgHOCML), A MAKAHCe K MEMPOIOSUYECKOU HAOEHCHOCIU CPEOCHI8 U3MEPUMENbHOU MEXHUKU.

Io pesynbmamam uccnedosanuil NPeOIoNCeH aneopumm odecneyeHus mpedyemvlx 3HAUeHUull noKazameiel HA0eHCHOCHU
uzdenuti Kak 60 8peMsi UX NpOeKMupo8aHus, MaxK u Npu IKCHAYAMAyuu u 60CCMAHOBIEHUU PADOMOCNOCOOHOCIU 8 NOLeBbIX
yenogusx. Tlokaszano, umo Hauboivulee GIUsHUE HA 3HAYEHUs. NOKA3ameneli HAOeHCHOCMU U30enull OKa3bleaen No020MoGKd
CReyuaniucmog peMoHmMHO20 Opeand, UX YMeHue 6 NOIHOM 06beme UCHOAb308amb B03MONCHOCHU COBPEMEHHbIX CPedcme
UzMepUmMenbHO MexHUKU.

B cmamve paccmompena 803MOMCHOCHb UCNOAL30BAHUSI MEMOO08 OUASHOCMUPOBAHUSL YUPPOBHIX PAOUOINEKMPOHHBIX
cucmem u npuBeO0eHd OYeHKA GIIUHUSL KaUecmed OUASHOCIUYEeCK020 00ecnedeHls Ha HA0eICHOCb CUCEM 8 YellOM.

Knrwuesvie cnosa: paouosnekmpontvle cucmemvl, OUACHOCMUYECKOe 00ecneyenue, Ha0eHCHOCb.

ASSESSMENT OF THE INFLUENCE OF DIAGNOSTIC SUPPORT ON RELIABILITY OF RADIO ELECTRONIC
SYSTEMS

Ye.V. Ryzhov, L.N. Sakovych, S.I. Glukhov, Yu.A. Nastishin

Currently, there is a trend of digital information processing in electronic weapons systems and military equipment.
Software-controlled means of communication are being implemented. This requires new approaches in diagnosing them during
maintenance, which are significantly different from the process of finding defects in analog tools.

Particular attention is paid to the introduction of modern advances in technical diagnostics and metrology. The possibility
of using special methods for assessing the technical condition of digital devices (energy-static, energy-dynamic,
electromagnetic), both separately and in combination. This slightly increases the average recovery time, but significantly affects
the achievement of the required value of a comprehensive indicator of product reliability - its readiness factor.

For the first time, the possibility of classifying electronic systems as "absolutely reliable”" due to the peculiarities of
metrological and diagnostic software is considered. The influence of controlled variables on the value of the product readiness
factor is investigated. Depending on the operating conditions of the repair body, the permissible values for the qualification of
specialists (average time of inspection and troubleshooting), as well as for the metrological reliability of measuring equipment
are justified.

According to the results of research, an algorithm for providing the necessary values of reliability indicators of products,
both during their design and during operation and recovery in military conditions. It is shown that the greatest influence on the
value of the reliability of products has the training of specialists of the repair body, their ability to fully use the capabilities of
modern measuring equipment.

The article considers the possibility of using methods for diagnosing digital electronic systems and provides an assessment
of the quality of diagnostic software for the reliability of systems as a whole.

Keywords: electronic systems, diagnostic support, reliability.
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ANALYSIS OF MAGNETIC PROPERTIES OF A3;Bs TYPE OF SEMICONDUCTOR
CRYSTALS WITH METALIC IMPURITIES DUE TO THEIR MILITARY APPLICATIONS

The Earth's magnetic field is affected by the presence of heavy military armored vehicles which creates an
additional magnetic moment. This distortion of the magnetic field, can be detected using magnetoresistive
structures. This article touches base on the possibility of using semiconductor material such as InSe for high
precision measurement of the magnetic field. The properties of InSe structures with regard to electrical, magnetic
and optical characteristics are discussed. The effect of sharp anisotropy of InSe layered structure which consists
in the strong covalent bond within the layers and a weak van-der-Waals bond in the interlayer space is discussed
with regard to the explanation of how electrical, magnetic and optical properties are altered. The peculiarity of
the spatial orientation of the material with regard to the direction of the magnetic field is considered. The impact
of intercalation of InSe, GaSe by various concentrations of metal impurities such as nickel and other elements of
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3d iron group is studied. Bode diagrams for pure InSe system are compared with the ones of Ni,InSe (for various
x values). Also the effect of different temperatures ranging from room temperature to liquid nitrogen on the
pattern of Bode diagrams is analyzed. The extent of how the magnetic properties of semiconductor crystals of the
A3Bg type are altered by the presence of the metal impurities and their concentration is analyzed. Theoretic
background for this paper is based on a well-known statement that layer structures such InSe or other A;Bs
structures can be viewed as quasi two-dimensional. So, layers with strong covalent bond are formed by In-Se
atoms, whereas interlayer space is filled with a weak Van der Waals bond. Within this model the processes
across the layers can be described as a perturbation to the ones along the layers. This causes a strong
anisotropy of the properties of these structures. Military implication of InSe structures mentioned throughout this
paper is that these structures possess magnetoresistive properties and they were proved to be useful for the
components of the magnetic sensors of civil and military use. This paper also touches base on how the InSe
semiconductor crystals intercalated by 3d-elements can extend the functionality of magnetic sensors designed for

heavy armor detection.

Keywords: semiconductor, intercalation, magnetic field, nanostructures.

Introduction

It is well known that the magnetic field by its
nature is static and quite difficult to shield from. Earth
owing to the rotation around its axis creates a magnetic
field ranging from 20 up to 60 microTesla on its
surface. Armored military vehicles consisting of a
massive bulk of ferromagnetic material are subjected to
the Earth's magnetic field. On the atomic level this
massive armored bulk creates its own magnetic moment
which interacts with the Earth's one. This causes some
minor but still detectable distortion of the magnetic
field. Magnetoresistive structures are supposed to be
able to detect these distortions.

Analysis of recent research and
publications

Nowadays plenty of technical systems that
include modern anti-tank missiles contain sensitive
magnetic sensors, where they help to pinpoint to the
center of the target area and detect the region of a
minimal armor. Moreover structures based on
magnetoresistive systems are well resistant to
temperature changes as well as ionizing radiation.
That leads to their possible implications in guidance
systems of modern warheads [1].

Magnetoresistive  structures owing to their
properties can not only provide a Coulomb blockade
of the electric current but also create conditions for the
emergence of new unique magnetic properties that
may help to set the basis for new approaches to the
development of information carriers technology. For
instance, the giant magnetoresistive effect in
semicondector nanostructures of the alternating non-
metal and metal layers may lead to the prospect of a
further development of materials technology with
regard to the creation of new types of information
carriers as well as the creation of highly effective
quantum computers.
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Basic statements

The anomalies (perturbations) of the terrestrial
magnetic field of the Earth are well detectable by the
magnetic sensors, whereas modern digital analog
signals processing methods allow a relatively precise
determination of the mass, direction and velocity of the
studied massive ferromagnetic objects [2]. Over the past
few decades magnetoresistive structures proved their
effectiveness and boosted their share on weaponary
sensor technology sector.

The fact that magnetoresistive structures are
objects that possess the ability to alter their current-
voltage plot when placed into an external magnetic field
gives them possible implications in a wide range of
areas including a military one. Detectors based on
magneto-resistive structures are quite sensitive to the
magnetic field perturbations (fluctuations) on the
precision level of 10-15T at liquid helium temperatures,
and less accurate - 10-13T at room temperature) [3].
This property of magneto-resistance is employed in a
wide range of military systems, such as: navigation
technology, submarine detection, target missile
guidance and more.

The first prototypes of magnetic field sensors were
developed around half of the century ago. These
systems could detect a change in electrical resistance by
10% under small perturbations of the background
magnetic field. Taking into account that already at that
time the electrical resistance could be measured with a
high precision, military vehicles which incorporated
electronic components based on these structures showed
their effectivness and were employed by the armed
forces of several countries.

A giant magneto resistive effect was discovered in
1988 and proved that electrical resistance in a thin film of
a non-magnetic material (Cr), placed between two layers
of ferromagnetic substance (Fe) under the presence of a
magnetic field is twice less than without field [4].
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A quantum-mechanical theoretical approach gives
some explanation for this phenomenon. According to
this theory the spins of the conduction electrons of the
magnetic material are aligned in the same direction
under the presence of the magnetic field. The
magnetization of the adjacent ferromagnetic layers of
A3B6 structure is mostly opposite when no external
magnetic field is applied. This is due to a weak anti-
ferromagnetic interaction. The magnetic moments of the
two adjacent A3B6 layers under the magnetic field are
aligned in the same direction leading to a decrease of
the conduction electrons scattering in the crystal lattice
sites.

The purpose of the article

To investigate how a giant magnetoresistance
effect affects the semiconductor based magnetic
sensors, such as InSe, GaSe with the impurities of
chromium, copper and germanium. To evaluate under
what temperatures the structures of InSe, GaSe crystals
experience their maximum sensitivity to the Earth's
magnetic field perturbations. To analyze the impact of
metalic impurity (namely nickel), its temperature and
concentration on the electrical and magnetic properties
of layered semiconductor crystals such as InSe.

Presenting main material

The studied layered semiconductor NixInSe
crystal is not an ideal resistor because of the alternating
diamagnetic (InSe) and ferromagnetic (Ni) nanolayers
creating a distributed capacitance. Therefore, a standard
method for determining the current-voltage plot for
alternating current is used to study these structures [4].
InSe structure is described by the fact that it can be
described using a quasi two-dimensional approach.
According to this approach the layer within itself has a
strong covalent bond created by In-Se atoms, while in
the interlayer space an average distance between In-Se
atoms is too large for a strong bond so a weak Van-der-
Waals bond is dominant in the direction perpendicular
to the layers. This leads to strong anisotropic properties
of these structures.

Introduction (intercalation) of different foreign
ions, molecules or atoms, in particular metallic atoms of
the iron 3d transition group into the interlayer gap of the
layered A3B6 material helps to create a wide range of
new compounds with the unstudied properties. The
presence of even a small concentration of metal
impurities in the InSe matrix may significantly alter the
electrical, magnetic and optical properties of the crystal.
The magnetic moment of the introduced guest atoms
will in its turn be affected by the lattice of the host
crystal, which may lead to anomalous magnetic and
kinetic properties of such structures [5].

© B. Seredyuk

So, the introduction of the element of 3d-iron
group in the TiSe2 structure leads to the formation of
Ti-M-Ti covalent centers. For the case of MxTiSe2,
(where M — metal atoms of Co, Ni, Ag) intercalation is
accompanied by a decrease of the lattice constant along
the axis of anisotropy [6].

The coupled atoms of of In-M-In in the NixInSe
system can act not only as traps for ions and free
electrons, but also as centers of crystalline lattice
distortion. The introduction of 3d group metal atoms
into the structure of the layered semiconductor crystals
may significantly affect their properties. That’s why
magnetization can be considered to be an important
factor regulating electronic properties of InSe structure
in the external magnetic field [5-6]. The influence of
metal atoms of 3d-iron group on the matrix of InSe,
GaSe was studied in detail in [7]. Some peculiarities of
the behavior of In4Se3 intercalated by metallic
impurities have been discussed in [8, 9, 10]. Impedance
spectroscopy measurements in the range of 10-3 +~ 106
Hz were carried out using an "AUTOLAB" measuring
complex.

The frequency response of InSe and NixInSe
structures can be determined by a well-known method
of Bode diagram of total impedance and Bode phase
diagram. Hence, to investigate the effect of metallic
impurities on InSe structure Bode diagrams for: InSe;
and InSe with Ni (3%) are outlined in the Figures
below.
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Fig. 1. Bode diagrams for pure InSe at different
temperatures
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Fig. 2. Bode diagrams for InSe with Ni (3%0) at
different temperatures

Conclusions

As it can be clearly seen from Figures 1 and 2 the
presence of Ni makes considerable changes to total
impedance and dielectric loss angle of InSe structure.
This may be caused by the presence of the trap centers
for charge carriers introduced by the guest Ni which
makes ReZ and ImZ highly dependent on the frequency
change. Temperature is proved to affect the slope and
curvature of NiyInSe the Bode diagrams. This is in
sharp contrast to the ones of pure InSe where Bode
diagrams are not so highly dependent on temperature.

Structures with the alternating layers of
semiconductor and metal due to their structural
anisotropy provide a practical possibility to control and
monitor the magnetic properties of the outside
environment where these strutures are placed into.
Moreover, these structures possess a sharp anisotropy of
magnetic susceptibility. So, if such a sensor is fixed on
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the static axis and set for rotation with some frequency
(likewise radar station) then this system may used for
surveillance purposes and allow tracking of heavy
armoured vehicles. The investigated semiconductor
layer structures with the impurities of 3d group metals
can significantly extend the functionality of modern
military magnetic sensors used for reconnaissance
purposes.
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AHAJII3 MATHITHUX BJACTUBOCTEM HAMMIBIPOBITHUKOBUX KPUCTAJIIB TUITY A;B; 3
METAJIEBUMU JOMILIKAMM 3 OI'JISIAY HA iX BINCBKOBE 3ACTOCYBAHHS

B.O. Cepentok

Ha maenimne none 3emni ennusae naaguicmo 8adickoi 8iticbkosoi OponemexHiku, wo cmeopioc 000amKo8Ull MacHimHull
Momenm. Lle cnomeopentsi MAcHIMHO20 NOISL MOJCHA BUABUMU 30 OONOMO20K) MAZHIMOPE3UCMUSHUX cmpykmyp. Lls cmamms
MOPKAEMBC OCHOBU MONCTUBOCI BUKOPUCIAHHSA HANIBNPOBIOHUKOB020 Mamepiany, maxozo sk InSe, ons eucoxomounoeo
sumiprosanus maznimnozo noas. Qbzosoproiomsca enacmugocmi cmpykmyp InSe wjooo enexmpuunux, MasHimHUX ma ONMUYHUX
xapaxmepucmuk. Ob6zosopiocmvcsi epexm  piskoi  anizomponii wapysamoi cmpykmypu InSe, ska noaseac y cuibHoMmy
KOBANeHMHOMY 36 A3K)y 6cepeOuni wiapie ma ciabkomy 36 ’sa3ky Ban-dep-Baanvca y npowapky misxcuiapy, wo0o nosacHeHHs moeo,
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SAK 3MIMIOIOMbCA  eNeKmpuyti, Maenimui ma onmuyni eracmugocmi. Poszenanymo ocobnugicmv npocmopogoi opicnmayii
Mamepiany woo0o HANPAMKY MacHimHoeo noas. [ocnioxceno enaus immepxanayii InSe, GaSe pisnumu Konyenmpayisimu
Memanesux dOMIUOK, MAKUX K Hikenb ma inwi enemenmu 3d-gpynu 3aniza. Jliazpamu Bode onst uucmozo |nSe nopienoomscs 3
diazpamamu NixInSe (0ns pisnux 3nauens x). Taxoowc ananizyemvca 6naus piznux memnepamyp 6i0 KIMHamHoi 00 piokoz2o azomy
Ha cxemy Odiaepam booe. [Ipoananizosano cmyninb 3MiHU MASHIMHUX 81ACTMUBOCMEN HANIBNPOGIOHUKO8UX Kpucmanig muny A3Bg
34 HAABHOCMI Memanegux domiutox ma ix konyenmpayii. Teopemuuna ocnosa danoi cmammi 6a3yYEMbCS HA 3A2ATLHOBIO0MOMY
MeepOdCenti, wWo cmpykmypu wapie, maxi ax InSe abo inwi cmpykmypu AsBs, moowcna posensdamu sx keazi-0808UMIDHI.
Omoice, wapu 3 MiyHUM KOSATEHMHUM 36 ‘A3KoM ymeoperni amomamu IN-Se, mooi sax npowapok 3anoenenuil ClabKuM 36 A3Kom
Ban-dep-Baanvca. B pamkax yiei moodeni npoyecu nonepeyHo 00 wapie MoJCHA ONUCamu siK 30ypeHHst 6 NOPIGHAHHI 3 NPOYecamu
6 wapax. Lle cnpuuunse cunvhy auizomponiio enacmueocmeti yux cmpykmyp. Biiicvkosi sacmocyseanna cmpykmyp InSe,
3eadanux y yitl pobomi, noia2aoms y Momy, Wo yi CMpyKmypu maromos MASHImope3ucmueHi 61acmugocmi, i 6OHU BUABUNUCH
KOPUCHUMU ONsL KOMNOHEHMIE MASHIMHUX OamyuKié yYueiibHo2o ma Gilicbkogo2o npusnavenns. Lla cmammsa makodic
MOPKAEMbCSL OCHOBU MO0, SK HANIGNPOGIOHUK0GI kpucmanu INSe, inmepranvosani 304-enemenmamu, MOXCYMb POUUPUMU
@yHKYIOHANLHICMb MASHIMHUX OAMYUKIG, NPUSHAYEHUX OISl UABLEHHSA 8AXHCKOI OPOHI.

Knrwwuoei cnosa: nanisnpogionux, inmepranayis, MasHimue noie, HAHOCMpPYKmypu.

AHAJIN3 MATHUTHBIX CBOMCTB IOJYITPOBOJHUKOBBIX KPUCTAJIJIOB THIIA A;Bg C
META/UVIMYECKUMHU ITPUMECSIMHU C TOYKHU 3PEHUS X BOEHHOI'O IPUMEHEHUSA

B.0O. Cepentox

Ha macnumuoe none 3emnu enusem Hanuyue msdxiCcenoll 60eHHOU OPOHEMEXHUKU, 4mo co3oaem OONOTHUMENbHbIU
MASHUMHBLI MOMEHM. DMO UCKAICEHUEe MACHUMHO20 NOJISL MOJICHO OOHAPYICUMb C NOMOUbIO MASHUMOPE3UCMUGHBIX CIPYKNLYD.
Dma cmamos Kacaemcsi 0CHOGbl B03MONCHOCHIU UCHONb308AHUSI NOLYNPOBOOHUKOBO20 Mamepuaid, makozo kax InSe, ois
6bICOKOMOYHO2O U3MEpeHUs. mazHumnoz2o noas. Obcyscoaiomes ceoiicmea cmpykmyp InSe no snekmpuieckux, MacHUMHbIX U
onmuyeckux xapaxkmepucmuxam. Ob6cyscoaemes s¢pdpexm pesxou anuzomponuu croucmoti cmpykmypwi InSe, xomopas
3AKNIOYACMCsL 8 CUNbHOU KOBAJICHMHOU C63U 6HYMPU CNI0e8 u ciaboll cesasu Ban-oep-Baanvca 6 mediccnounou npocnoiike, ¢
MOYKYU 3PEHUsi MO0, KAK MEHAIOMCs dleKmpuyeckue, MASHUMHble U onmuyeckue ceolicmea. Paccmompenvt ocobennocmu
NPOCMPAHCMBEHHOU  OPUEHMAYUY MAMepuala OMHOCUMENbHO HANPAGieHus MazHumHo2o nois. Hcciedosano  enusinue
unmepkansyuu InSe, GaSe paznuunvlmy KOHYEHMPAYUIMU MEMALIUYECKUX npumecell, maKux KaKk HUKelb u opyaue 1eMeHmbl
3d-epynner ocenesa. Juazpammvr Bode oas uucmozo InSe cpasnusaromes ¢ ouazpammamu NidnSe (015 pasnvix snauenuii x).
Taxoice ananusupyemcst uusiHUe PA3IUYHLIX MEMREPAmyp Om KOMHAMHOU 00 JHCUOKO20 azoma Ha cxemy ouazpamm booe.
Ilpoananuzuposana cmenenvb uU3MeHEHUs MACHUMHBIX CGOUCME NOLYNPOBOOHUKOBbIX Kpucmannos muna AzBg npu nanuuuu
memannuyeckux npumeceil. Teopemuyeckas ocHo8a OanHOU cmamvu 6azupyemcsi Ha 06WEU3BECMHOM YMBEPHCOCHUU, YMO
cmpykmypul croes, makue kax InSe unu opyeue cmpykmypwoi A3Bg, mooicno paccmampusams kax keasu-ogymepnvie. maxk, ciou
C Kpenkou Ko8aleHmHol c6sa3vl0 0bpazosanvt amomamu In-Se, moeda kax npocioika 3anoinena ciabou ceasvlo Bau-oep-
Baanvca. B pamkax smoiil MoOenu npoyeccol NONePeuHo K CLOSIM MOJICHO ONUCAMb KAK GO3MYUEHUEe NO CPAGHEHUIO C NPOYeCcamul
6 cnosx. Dmo npugooum K CUTbHOU AHU30MPONUU CEoticme smux cmpykmyp. Boennoe npumenenue cmpyxmyp InSe,
VAOMSHYMbIX 8 MOl pabome, COCMOUM 8 MOM, YMO MU CMPYKMYPbl UMEIOM MASHUMOPE3UCMUGHble CEOUCMEd, U OHU
OKA3AMUCH NOJIE3HBIMU OJ15i KOMIOHEHMO8 MAZHUMHBIX OAMYUKO8 SPANCOAHCKO20 U BOCHHO20 HA3HAYEeHUs.. Dma cmamosi maxoice
3ampazueaem OCHOBbL MO0, KAK NOJLYNPOBOOHUKOble Kpucmanivl InSe, unmepkanvkuposannvie 3d-snemenmamu, mozym
pacuupums GYHKYUOHATLHOCMb MACHUMHBIX 0AMYUKO8, NPEOHA3HAYEHHBIX 0I5 8bISABNICHUSI MANCENOU OPOHU.

Knrouesvle cnoea: nonynpogooHuK, uHmepKaiayus, MazHumHoe none, HaHoCMpyKmypbl.
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