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Gdc OcgAcytspdzOMIsd o cetesHME R EfmMdsedwna;

- HdZzY OdzOdzdL © § Otc OBy Istcd njofjCtare " fHs § § B tc QUOSipls@ddsj dzj 2
ftojHdzsy jdz2 CtoOW SOdOdJIsdui M dT tcdi@zbtriidz C Blstster 2 Bt
Hdzw dz¢ BSGts dzj dzd dzj 2 dzs ¢ 5 IsQ Sdsjdfrplsdgt€ cdts  CH sy j tsoigs) ts0gle=0) n Ot
Bselzls BrIs! L OHOdZ fHetsdL o sdz dats

- dLEyjdz deser j oL By dsfisd B MECBdElsOCIsdes?2 sfflsdyg |
Yyddzs EHOdz] dedets? dHj dzelsdWdSOydd d Stdzduyj Mlse j dedztsc
sflsdyj M2 ftetsL teOyYdes?2 Mmtej HJ . t OLOBBISOdZO dztso OW

SEMPCO M o jtlsdC Od des t©WOL dgd M j dedats 2 Ctoj dzded § o 52

ots2der d3d B Ot j O3]

MmMdzj Hs9 OdZO OB BISO -Aidaky Jot¥ Q tots @3] K 68 Ardzf B&EOG 5 dzO

Mdeseo | C o9 OHtOldse s i) IsOdzdzbHfi s ZPEC Bieg yj ME G 5 9 5 dz

ZzOesHOtY tsB MY jyjded® whdethfnd E jsdzll def ydaff dzE Bc s L da

RO wwOHdfiftedj B3dzdC O IOCts?2 §BHAtSH dzOdBtSdzj j fJ tof

sotsd3 HJOY OL sdzj .

t d HOC yd tdzdzOW € ts dzdzges RV da0Hzj U sztzB dig GfB dn jlzdz' -

2O jfdg " g ko j dd w§ @4l st P 6 dz0 dzO.

1dz0 0 dg'j H O O litistelzO dzO
i oW . b4 d d3ts dzv dz

W
H
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[
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EDITOR IAL

Dear reades;
We woul d i ke t o i ntroduce t he next
Technol ogies, Electronics &mceedifpggadi o Engi

In the section Al nf de coaantiissue thblowingn o | o ¢

problens are considered:

- A spectral method for solving ofmarametric generalized quadratic matrix
equations with quadratic matriceso e f f i ci ent s based on
transformations is proposed. These matrix equations generate numerous
important matrix equations of private classes such agparsnetric quadratic
matrix equatios, modified quadratienatrix equations, continuous I8gster
and Lyapunosype oneparametric matrix equatien reduced Riccatype
generalized quadratic matriequatios, etc. The condition of the problem
solvability are obtained;

- The problem of smoothing the experimental data by the least squares method,
using cubic splines with a mixed type marginal conditions is considered,;

- Given the complex and stochastiature of cybersecurity threats and the high
level of uncertainty in cyber environment, cybersecurity threats are modeled
as stochastic processes under ambiguity, using the Brownian motion which
effectively reveals the dynamic nature of cybersecurity threh essential
ambiguity;

- A method for obtaining a 3D model of the object with two cameras based on
sterevision is introduced;

- An algorithm for the image completion based on the examples with a changed
confidence function is proposed. As experiments shiogvgiven algorithm is
very efficient in most cases.

The section AEl ectronicso deal s with

- The dynamic and static power components of the consumed power of memory
cells are analyzed, as well as expressions for their determinat®n
introduced. The principles and peculiarities of the memory cell operation is
presented;

- A magnetomodulated transducer (MMT) designed for direct current
contactless measurement is considered. The goal of the study is to create the
technological designfdhe integrating circuit;

- A contatless electrolyte conductivityEC) sensor with Pt interdigitated
electrodes for the twelectrode configuration is developed and examined. As

10



a covering insulating material on-Pietallic electrodes in the EC sensor,
(Ba,Sn)TiGs nancfilms were used;

The section fiRadi o Engineeringd includes the f ol

- It is proposed to use continuous stabilizing films of zinc oxide doped with
aluminium in the production of solar cells. The dependesfcetructural,
morphologich and optical properties of these films on the deposition
conditions is investigated, using atodfilcce microscopy and optical
absorption measurements;

- The frequency range selection, the signal modulation type selection, the error
correcting coding of thelata, the methods to increase the data rate and the
improvement of the signal noise immunigre consideredTaking into
account the features of urban development, the GHz range radio wave
propagation in an urban environment is stddli

- A graphoanalyticamethod for analyzing the parametric converters of UHF is
proposed which can be applied for any +ioear active element whose
characteristics can be given arbitrarily;

- New possibilities of contactless optical spectroscopy for the purpose of remote
identification and quantitative analysis of substances in the optically
transparent environment are studied. A new model of portable photosensor
based on doublbarrier, vertically placed silan structure has been
developed;

- The operation of the MadhZehnderinterferometer perfomed on the basis of
a rectangular metal dielectric waveguide is studied. It is shown that unlike
conventional balanced circuits, the efficiency of which depends upon the
identity of the two mixer diodes, in this case, the high degreéocHi
oscillators noise suppression is achieved at using only one mixer diode,
whereby the noise factor of a radio receiver has a relatively low value.

The editorial board expects new scientific works aimed at increasing the impact
factorof the journal.

Editor-in-chief of theSeries
Prof. S.H. Simonyan
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1l iMmisdzfG.¢ ARMN StedsOydsdeds’ j Isjirndesdesedd, 6 &j Clstel

RIAJT I OARS[1 1L 3 v my ]

vrs 68171.

frulr trzrire drudd ot ol
slortovufapmt Ryl 3m Ut

o . pd B3 dzv dz
10yddz0dz dz 2 §sdzdlsj Rdedui MSd2 kdzdo j tefe

ltoj HazsMjjdE steOdz dzr 2 BjlstsH tjh jddw tsHASY Ot
CoOHELOIdz = BOIsted ydzr - FtcOo dzj dad ¥ s fif W CpdQjHAES
tsfdets 0 O dzdz 2 O MdBosdzdyj MStsds Off OtcOlsj HW W
1Rt 0. OMMiOkiede O Bs] HEES ] O @djclOts dasj M Cdsd
FwcOodzj dzdj §otetsyHOjIs yYyOfmlsder | dBOteduydsr j EZtcOoc
CoOHtWOds,] ®Oltedydes] EkttOodzj dzdj, BHSY OOd] |
BOIs to d Y dzts J AsteHOHat | Qi dzd sted ud M ¢ 5 dzj f t6j to" o dats §
vdz o j MO, SHdGS] OOk stedyj MSsj &Otd ydas
tedud MSsjy HtdojHjdedzes] tBtBh jdadetsy €9 OHWOlds]
teduyd MC =g B@OIsted ydats § EtcOo dzj dzd | tdecolsd d H
SHBREY OtOdB] sted Yj M sdic O dzis € 5 | digdisatats Y &2B O EZOo
HOWW jtoj dzydOdz dz 7 e sBteOL 5o Odzd2, GsLoOtSdY s h O
HdMStejlsr twjihjdd2 LOHOU], dhfsd Lzv ftd {std
BOtedyudetsj EZtOodzj dzgdj 2@ ekcdzj ots® BOEHJ dhisOw
RO ted ydz' § HdMStej st totg O E 2 ftedH Oyt toj Sz
o' ydmdzdlsj dz' dz j fesyjHlzter M Y das el dzbs ezip ) ls de'ts-
ROtedqude = HAMStejls cdfjttdObtdyj?2. tOMmdsists] d
ejhjddj COIstshgdzsdej dapiPiissiv ftoj Hdzsy j dedatse s o) Is s H
ddzdzs Mstedtelzjls of MsCkze or ydimdzdlsj dz' dzzs  + W W j Clsg
cOLtej"dBtsMIsd L OHOYJ.

sdz¢ yjor j thyddEofGte O dzj lestedsw jtijidmsigs o OH e Ols dats li{0
tcOo dzj ded J , YO fiplezzf Otk @q g PREGOIs s &OIlsted ydzat
odHBAL di3gj dzgj dzdetsi C 9o OHEOIlsdatsj] BOItedydetsy EktcOo dzj d
vddz o jisteO, HBOtedydts] LtwOodzgddj [ Wilkdase O,
BOIstcd Ydats § ZtcOo dzj dzd § , RO Is to dsufdpttgi© y dzted@de’d2) dzddi Is
HAWWJtejdydod: drj ftoj sBtcOL 59 Odzd W, Yj dztsyd fdzj o
BOM" sOB dZzOW f sflsts™ dzdzOW , BOIs to d YideEGils tefif 1 otk dp@{c3 o |
(sBtOlsdz" j Htoj sBtcOL SO Odedw ), HWWJted dzyd Oz dz §
ud fmdzjodsslzd Isd ud M¢ dJ  of'teusdufy dadzlde)r dz! dantge toj d3j dade” §
BOYydssdzdz" » Isj ndzsdzse d 2, BEHjd& d" 2 Htddd ts, b i dzt

lojnjthzfdnis: LOHOMs BHds OttO®j Isted yd MS s,
BOLted ydzsj kteOo dzj dzd j

Bo(t) OX(t) + 04() X(O+ X(Oh,(0) + 05 =[0], @
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G H Jbo(1), d1(1), d() d ¢3(t)- sH s OOy Istedyd MEdd CoOHELOIM j BOL
fstewmOBN)-§f sSHdzj y O OV  wlfjtafjLHej jdiflodfFvY tsH dzsf OO®] Isted yj NS C
CoOHEHRZBYYDY J thisteWw HE O
ltcdMyf sdz L so Odad d d3jnlstyn G j1h!j sdis(ty dz@ H[dAS]f Ot Od3j Isted yj ME 5
SBSBN jdzdetse s C o OHwOl s s BOIs teddudizshy sf w@Op L Befw (1) o
HAWW jtoj dzydtetseo Odedw ROItedyde » fesdLejHjdd?2 [2, Mmist.
fdzj Hizs h 28 or ydmdzdlsj dz2 dzzs Mnr j &3k
X gea(1) = Xo(0) - P Xq(1) ™ P X (1)) = [ 20h(t) OK (1) D (1) + E+ Ay(t)] "+ 2
3 2Qpy(t) X (1) O (1) + E + Ag(1)] OK (1) - Ay(t) OXG(1)- A(t) Xy (t)-
- Xq(1)Og(t)- Ag(1)}, (2)
GHBXW) i dzj 8 OW YOl ; EicPw dazda] &0 1d0dstedjy®, O
dlsj teOyd?2.
[ Otcdydesj BkteOodzgjdedj (1), ByYyjodHdes, oty HOjls YOI
SHoGf OtOd3j stedyj MSdj dBObtwdydz j EtwOodzj ddv, kO0Sdj ¢ OC
I sHdzsf OtcOd3d Istc @l glzfy § 5 g5 ArRcEOD Mipsld] 30);
1 sHdsf OO steduyj MEs] odHBdL d&3j dzj dedets] C 9 OH e Ols dzts §
(A(t)=0);
1 SHdS] OtcOdij stedyj MS s dej ftoj ouafdasp j idOus®d ydetsj kO
(Ao(t)=0A(t)|':Az(t));
1 SHdztsf Otc O R Is to FRP]Ishedtayjdzts j ZtcOo dzj dzd j [ Wi zdztse O
(A(D)=0A(M)=A(t)d HiE.
Hdzw  tejh jdedw Coltster 7 dzO tsfydetso j dMf sdz L so Odzd™  OF
ftosdLo jHjdd2 BOstedy [1, 2] d OdkEjBter HIWWjtjdydOod
Yomlsdetsmisd, -8 ®0O8ztfls @ qidazipdatszd Isd ud MSdJ d&d ssHT,
ZjeSts tjOddLEzj® j MejHmlsoORd Mootej di3j dedz” m dz¥ tstc 3O
5B ZOH O8 h d j o MisC 52 or ydmdzdlsj dz* dzts 2 LYWW jClsdo detsfyls e
SHdsf OtcOdi3j stcedyJ MEsets BB j dadzse s C,0 OHtcOlsdzsets dBZOIs t
SHdS] OtOR] sedoj ] thdtse & ] dzdzsé s S o OHwGObdsets HBOIsted ydz
FtcOo dzjAtdf® 1 j(H d d@l¥ BOLtH[ ) OttOdi3j sted yj MSse s RBOlsted ydzs @
bPteOo dzj d&Psd t d ® B Mists dl) Kty @ jdBtedets{ ez j s M dzOE O s
X (1)) (1), SOCY ] WwWodweh jjfqw CoOHtOld &3 Mtssisdash j dad § ¢
e jddw OdZOdzseduydzs J dBIlssHT HB Mdr ot dzaj t©OL OB BISC
Ajdzt s dzOflstswh j2 tOBBIST wWodw jlsmw L Oftcddzj dedj ¢ Ist5@
f Olsj OIS yd M¢ d.2r s@zMmHBYE@EMlOIsted yo nsHWh dj o
FtcOodzj dzd j ( 1isOlse dabe D fgls i ez § O te QxR jHlSdtstn Is o
Colsster 7 ddizjsl & fMmists MdazjHkzehdj HAWWjtejdydod d j ]
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A= AM ¢ oT ot HAK) K=08), @3

| K
KESde |

MKFH?.KO_'de?ﬁ(—t) K=08 T o(tt, HA(K) K=08), @

K s - —
A(K)=t - S k=08 = ot HAK) K=08),
' t=t,

AS(K):H_K- SAs(t) ,K=0,_U 103(t,tn,H,AS(K)’K:O’Q)’ (6)

| K
Kt dt t=t,

X(K):HK—TC?::# ,K=0m T ¢y(tt, H,X(K), K=0,1), (7
t=t,
&H J 9o(K), §u(K), 0x(K),0(K) o X(K) - d3OIsted yde' & HIMEmmjlsr
fhsslse jlsfiso e di  BOIs tdf(Q, datB (OB o d ¥EO)zO d3
K- yd ezsud mdzj dzdz’ 2,- Qedzlz s @y t© $IC-f @O (@5 dzO *
f sMis 5" FBRNG.c(0c(Q d cu(Q - BOBtEdude § Of ftestid
WedCydd, o tffls0OdOo-tad Of dagte o(TERO.B:M)ud

X(t) [4].
sl jClsOd dzOW BsHjd o B E&OMIST2, H WY
fsslse j Isflso zy h Ow SHAS] OO sted Uj MS &Gk

GOl ted ydzs i3z (g Qo dfjggdi®ls o d H

gAﬁK-I)éX(mKX(Mrnﬁ-gﬁU)O«K-I}ngU)O¥U<-U+
1=0 m=0 1=0 1=0

+Ay(K)=[0]. (8)
RL HtjHMIsOo dzj dedes?2 MY j CIsteOdz! dets? BsHJ dzd
Ots ¢ z d3§ "Rl Bj j &B:
fted ,Kig®tslse jlsmlsoadd M (8):
0(0) OXA0) +¢(0) OX(0) + X(0) G0) + 00) = [ 0] , 9)
olsClHOJffesfdz’ L so Odzdd Lo jMmsdsets §SHABHC
Ctotsdzj C jftstisafL D jHj dzgdw R BOltedy, ¢ tsdzzydd

- - o /\
[ A(0)AET +EA AJ(0)] OR(0) =- [ A(0)OX?(0) + Ay(0)] (10)
ddzq
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%(0) =-[A(0)AET +EA AT (0)] 1 @ A(0)X?(0)+ A(0) ] =

m231 m23 m? m23 1

=- D 1(0) @y ( X(0)). (11)

) O3j YOdm o j fifddets Ut EtOodsjdedy (1) dasjils Ctsdaj yds
tojh jagOR HdAdv dOosyHjddY C(tbtstern ®&sckls Brils! MY tsd |
BjlstsHr , o vyeaffddesfils v, mdijsded j9 dMmisd dzdetse s S sdzdyj Mlso © 1 Is
COYHB?2 Ctsdel toj Is dats 2 LOHOYJ sBr ydes MmowL Odes ) Bsdzl b
stokhdtsflsw B, (5B kMdss djogmis tafR)i=03c0CIsj ted fiisd S Okd

) OBj UOdsf U 92d H dets, X@J O duagw (11) dBjel &ifss fied
or fsdzdzj dedd kMmdzsedw cdf jtetej clzdzv todetsflsd

rang0) = . (12)

ddzj Hso Qls jjdpdzlts f tod o' BtoOdzdets a3 L dzOtyd Hetfd yJ dzZlstcO Of f to
Eidzse dj deOkh Ojlsmwy, Ikt diserntHe BESEsBSB cO! Htckzaed
Emdzseodj (12) BERZHjls BBWLOIjd dets o' ff tsdzdzj dats .

) OcBj uOdadjh i3zdd (11) ftojuimis®yteljisdyjiffisds j oMmjet,
d dzls j 6] M. Yists COMOjlMmY fwLO0SldyjmMisets OMfjSkO 1 Ists
sUjodHdets, desfydls dlsj eOydsdedzr 2 R 0OtOCIjte. & yjdz s
flsj§jded EftOodvjdsets dlsjtOydsdgemit fuwyjmno, dgj i
(ftedBs 0o dzibn  oyOfgBw R ¢ PQ)Yeo j SYlsusdtr yd s fydz Hize h jj
Gy jtodBOEEjudas Clsstedetsj] ftoj HMisOodzj dzdj dz 6 stsdese M 56 5
xf’(O)q+1=%@x@(0)q- [A(O)AET +EA A3 ()] @ A(0)X*(0)y + A(0)]}, (13)

GHOji detsdBj .6 dIsj teOyd?2 .

RsOC, ftoj HY Sty , BUdOa s 80 Sidkizlz v j dzr ofny dzOYOdz «
BOIsted wdz' § X{OF i CYtgjtsisr s dzy d o3 Raf W o dzj dad v .

fedlk= - o

4o(0) OX(0) OX(1) + ho(0) OX(1) X(0) + G 1) X(0) OX(0) +

+93(0) X(1) + 64(1) OX(0) + X(0) Oy(1) + X(1) G 0)+ A5(1) =0,

sCEH O
X2 (1) =-T A(0)X(0)+A(0)] AET + A (0)A XT(0)+EA AJ(0)] *2
m?31 m?3 m?
3 [ Ap(L1)OXZ(0)+ A(L1)OX(0)+ X(0) (1) + Ag(1) | =
/\ m?231
=- D 1 X(0))d,( X(0)). (14)

) OB WOdiduid o4 H dats, X(BpHdHR]W( 14) dd&jels & Miss ddh!' (e
or fsdzdzj dedd EMmdtsedw cdif jtetejckdvieshisd
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rangD X(0)) = m?. (15)

[ Mdzd o yjdstej tPYE®EELMEEOYdd @Ok 0 s
Mizz yOj dzj 5B 7 toH d Bistc oS B a0 § jsdedss ' 7 & dzfs
sSBYWL OIsj dz' dets o' f tsdzdzj

fted 2K =

0(0) OX(0) OX(2) + dp(0) OX(L) X(1) + do( 0) EX(2) EX(0) +
+ (1) OX(0) OK(1) + (1) X(1) EX(0) + Ay 2)X(0)EX(0) +
+ 0y(0) OX(2) + §4(1) X(1) + §4( 2) X(0) +
+ X(0) Gh(2) + X(1) Ghy( 1) + X(2) Ghy(0) + Ay(2) =0,
slIsCEzH O
X?(2) =-T A(0)X(0)+A(0)]AE" +A(0)AXT(0)+EA Aj(0)]*2

m?31 m?3 m?
3 [ A(0)OK*(1) + Ap(1) OX(0) X (1) + Ay(1) X (1) OX(0) + Ay(2) X3(0) +

+ A1) OK(1) + A(2) XX(0) + X(0) Ty(2) + X(1) Dp(1) + Ag(2) ] =

— m?21
=- D }(X(0))d,( X(0),X(1)); (16)
fted 3:K=
dp(0) OX(0) X(3) + do(0) OK(1) X(2) + o 0) OK(2) OX(1) +
+ 0(0) AX(3) OX(0) + g 1) OX(0) X(2) + A 1)K (1)K (1) +
+ (1) OX(2) X(0) + g 2) OK(0) OK(1) + 9 2) IX(1) &X(0) +
+ 0g(3) OX(0) OX(0) + (0) OX(3) + d4(1) OX(2) + ¢y 2) OX(1) +
+0y(3) OX(0) + X(0) Gp(3) + X(1) G 2) + X(2) Gp(1) +
+X(3)(hy(0) + A(3) =0,

slIsCEZHO
%(3) =-T A(0)X(0)+A(0)]AET +A(0)AXT(0)+EA AJ(0) ]2
m?31 m?3 m?

3 [ A(0)OX(1)EX(2)+ Ap(0) OK(2)EX(1) + Ap(1)OX(0)OK(2) + Ap(L1) X (1) +
+ Ap(1) X (2)X(0) + Ap(2) X (0) OX(1) + Ap(2) X (1) EX(0) + Ay(3) X Z(0) +
+ A (1)K(2)+ A(2)X(1)+ A(3)K(0) + X(0) Dp(3) + X(1)Oy(2) +

+X(2)3p(1)+ Ay(3)] =- D H(X(0))@5(X(0),X(1),X(2)); (17)
4
ftod KK=
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[ 4(0) X(O)X(K) +Teilﬂo(r<- 1) & X(m)X(1 - m)+ A(0)X(K)X(0)] +
=0 m=0

+A1(O)C")((K)+|g A(X(K - I)+X(K)O\2(O)+T51X(I)O\2(K- )+
=1 =0

+Ag(K) =0,
slsCEH O
XP(K)=- Ay(0)OX(0)+ A(0)] AET + Ay(0)A XT(0)+EA AJ(0)] 3

: [Télpo(K- 1) & X(m)ex( - m)+|§ A)YX(K - 1)+
=0 m=0 =1
+ 8 X(1)O%(K - 1)+ A(K)] =- D HX() By (X(0) X(D)... X(K- 1)).(18)

I EMfsOdzse dzj d§M) d g BH dzf2 L On Oud By dzts
Msslso jlsmMso qd ) Mslsdsh jddjd (7).
[SH d d 2 Ifbchylskj oL OH Odzs  ftedo j Hj dadztsj

sB BN j dadzts j dgcblscjmqta@msi;BJIZteOS dzd dzd 4

2\, &1 - -t (-1- t)ﬂ
% (t)+g1 ch(t)”((t)cg: t"l é( 1+t2) (-t+t2)g 0

UiSG A@)=Ex,,0 ftisgeflH=1BEZH j &3 dd3j Is* :

lthCfOK—
Og O 1p - 29
%(0)8)1.,1 Al()@1 1UA2()&1HAQ(>QO ol

d, MdzjHtsea Olsj kb def, Mo ( MEtslse j IsM

> 1 - g &1 -2
x2(0)+g1 UO((O)+X(O)(g 15 go 0'3:0.
e u
tdhddedj {Issets KO Itdafdiezis]zdiz el oodz) wirdfdzd Is § dz! dzts 2
(13) ftod dwdscdn dzOyOdz dr & ftedBdzdy § dzd W o i
X(0) = g lo
feduyd 3 fted 1 Istsds
&1 0|-1 Og O 1 ge
é u u
T_g0 -1/0 -1 7 | U
A(0)AE" = el 01 03 EAAz(O)—go 5 13,
80 1 | 0 1§ g 1 1
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&1 1|-1 O0g @1l o0 ‘ 2 -1g
é u é u
1 0/0 -V 01 |-1 1
D(0)= 5177 4D (0)=¢ 1‘-3 7
O 1|1 2§ 31 -1 2 -1y
el -2g9
d0(0) OX%(0)g + A(0) = X(0)5 +¢ 0 08'

[qdzOBGS O dzORBYHjddw kst tjh jddw
or ydmadlsj & ds?2 Mojdr (13) HdY Hobks dlsjt
s © BLdk2.

v OB dzd yo 1 s OB dZd yo 2
X4(0) q X4(0)
0 1 1 0 0 O
1 2 0 O
4 14842 08112 5 04568 10952
- 10929 - 15255 07496 - 08533
8 11095 09706 10 | 07858 10363
- 01686 - 09873 03486 - 08451
12 10021 10004 15| 10080 0,9989
- 00026 - 09989 - 00101 - 09949
16 1 1 20 | 10007 0,9999
00001 - 09998 - 00009 - 09997
18 | 10000 10000 25| 10000 10000
00000 - 10000 00000 - 10000

RISOSC, dhy tstJX(O')IW MtﬁkﬂMMddsdamﬁ(ﬂfﬂdZJ dedyts 5

-2

A=l A= go 1u, Ao(1)= gl 1u,A3() ez LY
- 1

m(2)=l0] A=l A2=D] A== 1§',

A(s)=A(s)=A(s)=A(s)=[0], "K23;
ftod 1K=Mtstslso j Isfjlsatazdididz ( 14)

0
A (0)CX(0) + A(0) = g o
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e 01 g @ & 1llpe
% -1 u o 8 u
A(0)A XT(0)=6 0, EAAI(0)=¢6 0,
é 1 Ou éo 0 lu
8 1 -1H 8 1 1Y
1 @
N
0 o 0
0 u O
1

el
D(X(O))=§
o

305 -075|1 - O5H
1g . el 1g

§ XOO0D=¢ |

0

_eD
¢90/0< (0)=[0], A(1)X(0) "% .

1 O
Dy(X(0))= ZTO o DAX(0)=(- 1040 - 1),
e -

D1y — AT _é}O 1?.
Xx?(1)=(0140- 1) ,X(l)—g) q
ftod 2&K=Mtsslse jIsfisoadd f (16) f§tdzyddcs

0 1ﬂ
Ao(O)O< (1)= 8)

y/ﬂwmoql)w/)oql)oqowﬁ/)m (0)=[0],

A(1)X(1)= 8) uA1(2)0<(0)+X(0)0'\2(2) [0],

X(1)Op(1) + A(2)=[0],
D,( X(0),X(1))=[0], D,%(X(0),X(1))=(00400]",
Doy — 0 Oﬂ
X2(2)=(00400)", X(2)= 83 oU
1 dIstcHdets EBJHdIs! MW sOCYJ, ybt
X2(K)=(00400)T, X(K)= gog K23,
ddzj Hso Qlejddi' Wgte | dals  Q dzstzls 0 MC 5§ ftcj HiNlsOo dzj dzd j
LOHGWI JIs odH

ey "y
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0
X(t) = X(0)+ X(1) @t - 1)+ X )Qp1f+3=§ tﬁ,
R |
o OB Mtdshdshisd CSkttesets SOCYj dzj lstelzH dzts
dfMrtHdts] dBOtedydets] k0o dzj dzd j .

1 OBj yOdedjtod 5.dMmYf sdz' L 59 Oded d 9" ydmdzdlsj dz
@ZOStY H dzd W zOYOdz' dats ¢ tX(ORON te g h) tfzts 15 clz@ off ) Sizto g
ftod B dzd yXp(BFG tedatsHddB ¢ tojh jded®

el I1g
X(0) =g N
(0) & 05 oy
slsdzd yoOs h j esmw tsls tojh j ded W
el 1g
X(0) =z <
(O) 3)_131
f sz yj degdesets ftodd3j dzj ded j &3 4 toj H dztsy j dzdzts 2 fi
dZOR sy Hj ded e j hijlsi(ats  toj H Mis Bo, dzj U®ls tsoic O ¥s O Biplz.n
slsdzd yo0jlsmw wls HJOBISd, Gtoj HMisOs dzj dadzts 2
Csdzdujmlsoa® dlsjteOyd2 d MELOodedlsj dz' dets dzd L St
vOBd&Zdyo 3

X4(0) q X4(0)
0 O 60 10013 09975
0 0 - 05006 00013
10 10081 09839 70 10011 09978
- 05041 00081 - 05005 00011
20 10039 09922 80 10009 09981
- 05019 00039 - 05005 00009
30 10026 0,9949 90 10008 0,9983
- 05013 00026 - 05004 00008
40 10019 09962 100| 10008 09985
- 05010 00019 - 05004 00008
50 10015 09970 102 | 10007 09985
- 05008 00015 - 05004 00007

1l tetsHtsdzy J ded § or ydmdzdlsj dz' dz" = ftesyjHEt
HA MCXIX(2)2 o Missise j Iskflesd d fj fiisa @pls'odpjdadsts, d3 o
ftojHMlsOoadls btwkzhHdtsMmisd. 14 HtjHMsOsdls Istek
h § eXgt).

1 OCdzt Y@ gds sBtcOL sd3, ftod ftoj HdsY | ddetsdz
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1 eEfmdzse dw &3d ©OL tej " d dsidifis’d 3 HOdBtO Y]] dffldgdztsy o dav § ts dzdzj
dzd J4 mMessilsdatsh j dzd 2 cdf jtetcj cedzvtedetsmisd (12) d (15)
yjdstej Offpstigd@GZoOoydd

frang(0) = 7,
1|ranglix X;(0))=m?,"i

J dzyd Odz' dz" j ftoj sBtcOL 59 Odzad W fsLotsdzws s (-}
9
s

(19)

dzts 2 Jflgl@cﬁOU;q’ tfjoh j dzd ¢ dzi Cslsstots 2 dzj dzd dzj 2
ds?2 Odze jBttOdujMmMSts?2 LOHOYE dz2O dzzdzj otsdz 4 |
tcr d3 tod Slztcte dzlsder &3 ydMmdzj deder 3 Jtetsyj HizteOd3
4 dzd 2, Zzijelts tjOddLEzjd &3 Mtcj HMisoa OB Mo
n IsjRdesdzse ddj dedlss | dzj tdte jotds fipfifstrdigs otc j b j ded v dzO
B L sOf i d&Y Bdd dzisde®Péed j 5 dzj CSlsssets SBKOISC
jdzydod desets fftoj sBtOL 59 Odzd W .
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l shiskf d &zO 46.082D160C yd ¢
leddz"sO ¢ GOOURMES so Odz

UhuNuruuessruuut CL<uLrusyuo Lunuunkubh UUSrp8U3ht
<uduuurnruuerh LOAROU UL UGGND

U.<. Uhdnujwt

UnwowpyJws £ pwnwlynwh  dwwphg-gnpdwyhgubpn  dhwwywpwdbunpwywu
punhwupwgywd pwnwynwh dwwnphgwiht hwjwuwpnwiubph niddwt lmwppwwwwnybpwihu
dbpenn' hhdudws 6. Mnifundh updynihly wwwpwnp' nhdbpbughw) dLuwdinfunieniuubph
Jpw: “hwwpyynn  dhwwywpwdbnpwlwtu  punhwupwgywd  pwnwynwh  dwinphgwhu
hwwuwpnuip  dunWd £ dJwutwynp  dwwphguwjht - hwdwuwpndubp,  huswhupp  GU
dhwwwpwdbnpwlwu  pwnwlynwh  dwwphgwiht  hwjwuwpnwip,  dhwwwpwdbnpulwu
duwihnfujwsé pwnwynwh dwunphgwiht hwjwuwpnuwp, dhwwwpwdbnpwlwu wuptunhwn
Uhytiunph dwinphgwjht hwjwuwnpnuwp, dhwwwpwdbnpwywu Ljwwniundh dwinphgw)ht
hwywuwpnuwp, dhwwwpwdbnpwlywu pbpqwdé punhwupwgywsd pwnwynwh dwinphgwihu
hwjwuwpnup, dhwwwpwdbnpwlwu Hhylwwhh dwwphguwht hwjwuwpnwp b wyju:
Unwgws £ dhwwywpwdbwmpwywt  punhwupwgwd  pwnwiynwh  dwwnphguwjhu
hwjwuwpdwt nwppuwwwnytpwihtu dnnbp nhytiptughw| duwnfuniyeniuutiph wnhpnyend,
npp enyl £ wwihu unwuw) fuunph ndnuiubph uygpuwlywu dwinphguht nhuyptnubpp'
oguwgnnpdtiny ns gdwjht  hwupwhwojwlywu pwnwynwp dwwnphgwht  hwyjwuwpnuwd
huntipwghnu gnpdpupwgubiph gpnjulywu pwynwd, huswtu uwl fuunph nwnwiubph duwgwsd
dwuwphgwiht  nhuypbnubpp’  oguwgnpdtin - wuhwyn  Jwwnphguiht - nhuypbnubph
hwdwpubph  Wwwdwdp  huduppwun  hhwbpdwwnphgn  wunpuwnwpd  hwaynnulwu
pupwgwlywngbip:  Hwwpldwd £ Gphpnpn Ywnpgh  dnnGught - ophtwy, nph nidnuwip
wnwowpyjws dbpnnh ogunwgnpddwt hhdwu Jpw L Ununnuh dbennny, gnyg £ wwihu
wnwohtuh hwoynnulwu pwpép wpryntuwybnnigyniup: Unwgqwd Gu futnph (nstihniygjwu
wwjdwuubipp:

Unwugpuyptt  pwnbp.  Jhwwwpwdbnpwlwu  punhwupwgws  pwnwynwhp
dwuphgwiht  hwqwuwpnw, Jwutwdnp  nbwpbp'  dhwwywpwdbnpwlwu  pwnwyniup
dwwphguwiht hwjwuwpnud,  duwhnfujws  pwnwynwh  dwwphgwiht hwywuwpnd,
Uhytuwmph  wupunhww  dwwphgwjht hwjwuwpnwd,  Ljwwniungh  dwwphgujhu
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hwjwuwpnud, pipwd punhwupwgywsd pwnwiynwh dwinphgwiht hwjwuwnpnud, Mthylywnhp
dwuiphguwiht hwjwuwpnd,  owbpwghnu  Jdbenn’  nhbbpbughw;  duwdinfuniygniuubp,
wdpnnowphy  wpgnuwbuwm,  dnunwpydwu  YEunpnt,  dwupnwpwiht hwunwwnnty,
dwwiphguwiht dnuwpynn  $niuyghwubp’  Jwwphgwihu  puophuwlubp  (hwlwnwpa
duwthnfunieyniutn), nhdbpbughw| wwwybpubp (ninhn  dLwhnfunieyniuutip),  EUYw-
wuwlhwnhy  hwoynnubwu  pupwgwlwngbp,  wbnblwwndwlwu  nbjuuninghwubiph
dwdwuwlwlyhg dhongubip, dnnbjwihu ophuwy, fuunph (nStihnyejwu wwjdwuubp:

A METHOD FOR SOLVING GENERALIZED ONE -PARAMETRIC
QUADRATIC MATRIX EQUATIONS

S.H. Simonyan

A spectral method for solving ofarametric generalized quadratic matrix equatioitis w
squared matricoefficientsbased on the symbolic apparab f G. E. Pukhlovés differentia
transformations is proposed. Thensidered on@arametric generalized quadcatmatrix
equations generates partial matrix equations, sucla aseparametric quadratic matrix
equation, on@ar amet r i c modi fied quadr at iparamattiat r i X equati on,
continuous matri X e -Qavamétric onmatrix efjuatrpnepacamdéirc o n e
reduced generali zed qua dnepdrametric matrxreguationeegcu at i on, Ri ccati
The spectral modeof oneparametric generalized quadratic matrix equations in the field of
differential transformations, allowing to define theitial matrix discrete solutions of the
problemis obtained. In that case hanlinear algebraic quadratic matrix equatigmisedn the
zerostep of iterative procedures, as well as the rest of matrix discrete solutions of tleenprob
using, in that cas recurrentomputational procedures with invariant hypermatrix, relative to
the numbers of unknown matrix discrete. A model example of the second order is considered.
I'ts solution, based on using the prthepghsed met hod and t
computational efficiency of the first method. The conditionghaf problem solvability are

obtained.

Keywords: oneparametric generalized quadratic matrix equation, special casae
parametric quadratic matrix equation, modified quadratic matrix tequa n , Syl vesteroés
continuous matrix equation, Lyapunovds matri x equation,

equat i ons, -parRametri anttiix Geguationn aperation methadifferential transfor
mations, integer argument, approximation centerlescconstant, matrix approximating
functions - matrix-originals (reverse transformations), differential images (direct transforma
tions), numericabnalytical computational procedures, modern means of the information
technology, model example, conditiorfgpooblem solvability.
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U §621.52+519.6

bv o RY tryvfRuvdu ]l to1fuvz Tt LALtoeffvdd

vyl fruvlré vorf1?zRM slortou

Rel [[ 21701 o1V R[S SUIJRY[HSRM dal [ o [ g S
vef[ [IRCIR #f[rzé1 V{1 URI O

[. 1. mOyOlstw dz
10ydsdzOdr dF 2 ftsdzdlsj ndedui MSd2 kdzdo j ey

t OmMMmdsOtcd o Oj Isfmw d YO H G CM Y jinte daBp dile @dlz dz' - HO
ZOdd3j dz "dr CoOHWOItse M dMftd Lo Oddjdd Skzedy
M3 " Odzdes g B ISP O dMOded] MBLHOdESEE § toise tcOdid:
OBt Ctltstetsets Bhdse OdzO dz0 tc G tEOFOE s O dadz’ Ey |
sfMtse | dadesisd tcOB SIS ddals j W j 2O d H O dz' tsfdz
tejLEzd sOIsT tcOB SIS fsdz L soaOljdz MEsets ddalsj oW,
ks h OV CtdoOw. OfMMdBslstej d tOL &zdyde j Mdzzyo
HOdzdz? B HfMlsQo dzj dz Hfteddzj to ydMmdzj dedetsets Oy sO
fdsj h Odzdzs e s s ©. [ dzv tOL dzdyde 7 Mdzyoje tOft
ftoesdL o jHJdg eOmyYj s OB s dzt Is dats 2 fsetc h datsls c
ltedo jHj d&r tej L zZdz' Is OO d3ligir0 d3dzjz dzaffwzd s df c®ar ve F
KOSy tjLbd Ok’ OBk’ (td LssOkjd MEset
MtcOodad s j dz! dz' 2 OdzOdzdL ML H Odaldzls d tzcplf Efipjjlsig fiMafy th
ltesdLeojHjdz tOMyjls MtejHdz Ch OB @Bl 5 @zts dsty) | dzS § dzt
t OB ftsdz Lo Ojd Misets ddalsj teW j2MO fltc ©o dzd
(OfftesCMdB3OYdwY 0Odze j B t6 O it CHfdRd § GReatsiEtisQ)dz] dzD g
HSCOLT 908ls ftojddBkzh jMmMsea® d or MisC kdsd3deVdlity Ctls@ % jdi
fs MeOodzj ded® f Exj MM ijMseakshdds dqdemistelz d3j dals s

sdzt yjor i mindzBy Po Odedj HOdzdzr 7, BilstsH dzOd dzj dz
My zO2dz, StOjor Watlkbhdzs s QW J uf BS GB dodzsj eW j 2 ), fy
ftcj Hdzj C o OHG@BdUdaEj . SIS

lojHjte®diodisdy d dz?¥ stc 30y d 5 dzdzts 2 Is § ~ dzts dzts
fsLosdzwjls tjh Ols! fcOCIsdud M dJ L OHOYyd [
H Odsdz’ = . 1 4d Md@3slstew dzO Mmootk HOo dztsfls | d3d Is
dmfsdzr L 2§ Ismw ZO ftOSlsdS jf.od @dz®y figis® 2 sfhtadfs]
(MatLab, Mathematica Mathcadd Is. H. ) 9 Cdz¢ yosils o mj B W
ted M J ded W L OHOYyd dzO0d d3j dz' " d ~ CoOHKGOIssO [
WizdzC ydd d ftcd HBMIsOo dzw j 3" | fsdz' L s9 Olsj dz

ftse j teh j dzise j .

sOC dL o j Mmisdzty,Ox P 2O Mdg'mils O dzOW YOMis: 30
Of ftetsC md BOYJd . IdZd fteddd dzv s sfw ot d3datsc
[2,3]. 10 tMmdse tcOMmMMmBstsistej dzdz" = S kB duj M
Emdzse dw dzd , ﬁ]BHJtG)| Oh d d3d Cids dgs q’q’dMCﬁLBa tstfHj ol or'
MBLHOd cOWdyud ﬁ@ld@raphﬁ:dﬂ&syr@&edaﬁ% tcOB sls O M d
HJOdktsetsosdz toj X d d3d [ 5,6]. lted 4 Issd3 BT dzd
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BjlsSHT MELHOdIY f(oHssdr R dJddsjwelhj2mse [7]. { ) dat
fesctORBdscts | §BEjlodkdy o vOH Oyd Moy dso Oded™  H Odzdz’
dMisd LsoOddjd CO¢ CkeduimMSdE My 02 dss, kOC d Ode
f5COLOIjd dr 2 (1 Sy sdz dzyd Oz el G, ts daBtslr @A ¢ W &3 W j M S d 7
WEZdSyd2. LtO%dujGl ¢F tcOazky oléfj® M fBsh: s ML HOdde
bEdzdlsse, o ksdk uydnd SdsfsS, &jd d Hekzecdr ddhstek
oW dujmSed sSdaj (tdf. 1) .

B s.om — 3 e |
" |
Experimental Data——
Insert Browse 09
S 1 &zsC 99 BHO
/ . ;
| v emy ) eddi dkod |
Kxonxu gma
Lin o7k oToGpakeHuA ‘
e — | Kommuecrso IaHHEIX, IOCTPOSHHA
Experimental Data Count USF | SKCIepHMEHTATBHEIX TAHHBIX . u
. |# ep. A ANNpPOKCHMHDPYIOImEH
05} KpMBOH M yaTeHHA ||
Spline nodes number—; KomngecTBo OIIOPHEIX y3JI0B monel
{ m>3n | A4 mocTpoenus cruiafina \
[l
Initial Data 03k / I
Alfa1 Alfa2 /
/ !
Beta? /
el e 02+ HadanbHEBle 3HaUeHHA K03 PHIHEeHTOB /
dL dR e -
/D . KpaeBbIX YCJIIOBHH CMEIIaHHOTO THIIA /
Choose Function /'r i
= : - | ! 0 1 1 1 1 1 1 1 LS 1 1
= i 0 0.1 0.2 0.3 04 05 06 0.7 08/ 09 1
: : !
— | H
/ e I/j\\ . ; _ Show Data |
A = - | | AnmpokCHMHpYIOIHE -
fa) leonene, 4 - Data Fitting
V\ A HelHHeHHbBIe QYHKIIHH T

tdf. 1. Jldjhdd2 osdH SCkO ftd Lso0kjd MSset ddisjte
1 sMdzj LOTEMCO flscteOBB ootHWISMY dOyOdz dz j L dzO
fsfdzj Hso Olsj dz' dz' 7 dzOY Old?2 & h¢d Htd LisoOljd W<
CkedujmMStsets M zO2 &zO. J jLEd lsOIsj o GtOWdyuj mc
e dzOy o O h Ow  Ctcdo OW . JHds?2 dL Issjde@ejd@ ifO tMtse j dzdetsfiyls
Wodzw jlsfpw s, Yt ftd Lo Oljdr dBsyjl o dddsjtwOCIsde
sftstedsr j kLd SCkBdujmitets M O2dO f fdshi s & hed.
EL dzse ftstlse jlsfise j dzdets o3 dzv j sfyw  Of f esCddgdtelzs h OW ¢ tso
v d mdzj dedz” 2 1 fiAsdudgias.d ¢ o d Bz i fipls of @s STy tiOwdsElaR ¢ s
fOCjO 5 MeOodzj deds f k3§ Mk jhmsoaksh dqid kisdddlsOde
ftoddBjte. JtojHitdsydd, +SMfjteddj dzlsOdz dz' | HOdzdz j tOF
sSBOL 543:
x| 4 |10/25/30/37/45(58/77/81/8993100113122413G13714515216(163
y|1524 7 |45/35(5871/52/64/1021] 35| 15| 21| 28| 9 | 13|18| 11| 5
ydimdzts S jted dsj dap=@az d¥ i) dasO s thcdzzt kL dzts e
fsmstetsj dzdw SCkBdujmMSdn Mf dzO2detse d ydmdzts + S MY jtod d3j o
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Mstlsdatsh e [ 8] . 1 i stsdz o HOddsd Mdkazyoj
Esydscts M ok Gp B BROSeiBEOd dtsj yhiphs st
1 OUOdz dzr §j L dzOyy dedvw 1 Ot Ayl =tpdzts & 5 O jlsod RO , |
LdzOyj dzdv Gftsteds 2 kL dss SkBdujmStet MY czo:
a,=5a,=-17,d,=15 b,=11,b,=24, d, =3,t=[229 68 95 135165 . (1)

[ v fsdzyj v OfftsChmdidelzsh j2 Ctdo ts?
CsHO oMafhabyp B sHW Ispw dzgOYOdz! dz" § L dzgOyd dedvw (1
fsmistetsj dad W Of ftesS M dsdtelzs h j 2 Ctedo 52 o (
fshOcsotsdd tijyddj. 10 tdh. 2 ftedojHjd
fsslse jIsflso zs h Ow ydmdzj dzdes iz f ted d3j tekz .

oM — AT |-

ffusCipg Pyl o0 &sH j & desds § tod dsj to ]
Ckeduj MSsOE6Yf zO2 d&zO

lted OfftstmdBOYdd KBjIssHisd dOddijdz " dn
W dzv j Isfyw OB s dzs Is dzOW fsetej h detsfmls s . [ yj dad
fted HMIsOo dzj dzd §y W § Stised & detsyIs tcOL tcOB 5Is Odzdzts 6
of tGiser]dd3thIthJGts qdzimistezdgj dels ©. ¢ B f)tsdzs Is d
¥ st di3lz dz
er =|S(%)- yi|.i=0,1,...m,

GHYX)-L dzOYj dzd § 4L dECPYdgQs o d§) dzls O dzr dzOW IssYS O.

1 J BOdziso Oy @et3ils tetfis@itc MydlsOj Ismw Mtcd Hdzd € © Ot
Cobttes] BftejH & jlsmy §5 Wstdkzdj

e= (00 v

[ 2" HOddzsets yYdmdzj dedzsets foddsjte® fts
OBMid sdzOv (et h wbhisd Uiffs EEehifdObdss i
E =44.486,
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_ 63.37957.981516.927314.81366.0093.9092.45815.150714.861122.5227 .
e ..4.43397.43661.13591.3269 6.0307.1.56812.8816.62982.78773. 108(%
= [19.5406 29.105468.918122.153522.0391 8.533]1.
] QOqunlsa; MtcOo dzj dzdw dzdyJ Gtej HMIsOo dzj dz Of f tets€ M
s s den=4ALtadfis o s H d ZOC s ™ A dzOyodz: dz' n L &zOyj dz

o) ’ e)

tdm. 3. offwesSCMdidteize h Ov ¢ WfFebow- dzd BsH j dzf desds f tod d3g te ]
ltedn=5 Mtej Hdz] § © OHOIsd ydats j tsls € dzts dzj dzd 4 , OB Mtsdzt Is dzOW
CotstoH @B yj MSdr M &zO2 detse Mdzj Hize b dj :
E =50.900,

_ 83.022612.47622.0325.5399.3.5333.84911.5765.677921.52024.9192 ¢
~&.10.52728.25676.30171.8198.0.27067.36530.90606.9124..32185.0894
v=[12.833554.163930.221315.057110.474}.

) edn=4 fMtejHdj So OHLOIdydzes] IS dsdzj dzdj, Os Misdz IsdzOw
CESEHG&RBY Uj MSdE MY z02 dese fMdzj Hizs h dj
E=53.713;

20.41880.14421.5299.24210.31225.02684.12313.08598.089729829 .. g

~€..14.63115.55904.42656.5054.6.33161.62362.19906.0613.1020L0.0945 "
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THE ANALYSIS OF THE RESULTS OF THE PROGRAM PACKAGE BASED
ON THE LEAST SQUARES METHOD USING CUBIC SPLINES WITH A
MIXED TYPE MARGINAL CONDITIONS

M.G. Khachatryan

The problem of smoothing the experimental data by the least squares methodubiging c
splines with a mixed typenarginal conditions is considered. The description of the created
software package in MatLab environment, based on the afgeinumerical algorithms is
given. The features of the interface operation are studied, and the basic characteristics are
given. The results of the user interface work and the corresponding approximating curve are
introduced. Various cases of spreading #xperimental data are considered. An example of
numerical calculation of parameters of the mixed type cubic spline is presented. For various
cases of spreading the experimental data, the absolute error and the precision parameter are
calculated. The congpative analysis of the results with Curve Fitting Toolbox, as well as the
comparison of the user interface and MatLab are introduced. The mean square deviation and
the precision parameter are calculated. The user interface work is compared with tiloa funct
cftool() in MatLab (approximation with-20" algebraic polynomials)The resultsprove the
high effeciency and advantages of the programme package over the existing means in MatLab.

Keywords:data smoothing, the least squares method, cubic splimgjmakconditions,

Matlab package, graphical interface, comparative analysis, deviation.
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DYNAMIC MODELING OF CYBERSECURITY THREATAT ESSENTIAL
AMBIGUITIES
A.H. Grigoryan

National Defense Research University, Ministry of Defense, Armenia

The recent research in cybersecurity, particularly in cybersecurity threats modeling,
shows that threats to an avercgngiteied astaipombabilsy i nf
measurgmeanwhile cybersecurity threats are stochastic by their nature and thus, a dynamic
approach is needed for proper modeling. Among the most frequently cited approaches on
assessing investments in cybersecurity foundrécent studies is the Gordon and Loeb
investment model. In this model, it is assumed that there is a single threat to an information
system and accordingly, the cybersecurity threat is presented as the probability of an attempted
breach of the given infmation system. In this model, threat is considered as static, which does
not address the dynamic nature of cybersecurity investmarttss article, given the complex
and stochastic nature of cybersecurity threats and the high level of uncertaingpein c
environment, cybersecurity threats are modeled as stachmetesses under ambiguity by
usng the Brownian motions. It is shown, that modeling cybersecurity threats through
Brownian motions effectively captures the dynamatune of cybersecuritthreats at essential
ambiguites.

Keywords: cybersecurity threat, stochastic process, Brownian motion, ambiguity.

Introduction. Thr eat s to an organizationdés in
potential actions that could cause cybersecurity breachese Thetions can be
intentional or unintentional, causal or contributory, stem from a variety of motives and
deliberately or unintentionally cause cybersecurity breaches. In this connection,
organizations need to find a balance between the probabilitiesingpacts of
cybersecurity threats and the possibilities to mitigate the risks through effective and
efficient investments [1, 2].

Among the most frequently cited approaches in cybersecurity investments found
in recent research is the Gordon and Loeb imest model, where cybersecurity
threat is presented as a static prbability measiéme. information system is
characterized by three parameters: the monetary Iassascase a cybersecurity
breach occurs, the threat probabilityand the inherent vulnerability, denoting the
probability that without additional security, a realized threat is successful. In Gordon
and Loeb model, the expected losdesassociated with the threat against the
information system, arealculatedas 0 , ,where, is the probability of the threat
occurred and_ is the monetarylosses.To reduce the vulnerabilityf aninformation
system, an organization invest§ T monetary units. In this respectYant
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represents the remaining vulnerabjl [1-4]. Taking into account the complex and
stochastic nature of cybersecurity threats and the ambigous characteristics of cyber
environment, in this article, they will be modeled as stochastic processes by the use of
Brownian motions.

Modeling of cybersecurity threats through Brownian motionset h ) be
a probability space with sample and, -algebra of its subsets h ¢% subject to a
probability measuréd, © tip , normalizedd q  p. In this connection, if!] ~
N andd 0 T, namelya property holds for almost evérywith respect to the

measurd), itis saidt hat it hol d$-adi)anlthissensea stoschastid y 0 (
process is a family of random variables over an indeSo, this will lead tow
over'  mHY in continoustime and ® over'  tipfB HY in discrete time,

where the state of the process at tin® a random variable,! o8N ' (00 ). In
addition, he state spacé contains all the possible states over which the stochastic
process camealize a valueTherefore,the sample spacg is the set of all possible
sample paths through the state spacsocwoh d q © Y. Accordingly, can be
consideredas afamily of trajectories, realizations or sample pathsp® w1 ,
giving the position of the process at each tim@é~ ' for agiven sample path.

In addition to what is mentioned abovhetnotion of filtrationis introducel in
order to formalize how information is revealed through tinTde filtration
O is the increasing sequence pfalgebras contained in d, P
P_Ho p,where isinterprete as a set of events which are observabtera 0
so that tte filtration contains he events that caoccurup to timed. In this sense,
having. nhg , . ¢4, the qh h_ 0 will be considered as filtered
probability space. Furthermore, a stochastic processs called adapted to the
abovementionediltration if | oo is | -measurableSo, eachstochastic process
generates a natural filtratic h , @ht i 0, which keepghetrack of history
of the process.

It should be added in this connection thaé tstandard Wieneprocess is a
continuoustime adapted stochastic process on the filtered probability space

qh h_ ) , satisfyingthe following properties:
1.0 m0-as.
2. Independent increment8: 0 isindependentof ! T 0 .
3. Normality:} o ~'Y 'Ydp iho ox0Omfi o.
4. Continuity:00 0 N 6 1D 0-a.s.

In this sense,dr modeling threats as processes, using stochastic differential
equations under ambiguity, it will be convenient to define:

QU h MQox i MQOQEix () ip 8 (1)

The standard Wiener Procasscan be used as a building block to model a wide
range of stochastic variables. The extension of the latter by including drift eatd
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volatility , to the process will transfer it to a general Wiener Process, a generalized
Brownian motion or Ito Process

Q oMo, , X () T Qo8 (2
In this connection, a special case of the equations(#)e geometric Brownian
motion (GBM), wheré and, are constantsarid, v, ,, , I, . Thus,
equation (2) with drift and volatility, will have the following form:
Q 1, Q0,, Qx0T Qoh (3)

where0 is a standard Wiener Process. It is convenient to model threats with such a
process, because the process always remains positive, veti@rs at a positive value
[5. 6.

It can be easily shown, that for geomeBirownian motion (3), it is true, that for
I il g oh, islognormally distributed with momenghown in B-7]:

o,j. ,ao ° @)
W, j. , Q Q p 8 (5)

In this sense, changing probability measures is useful in modeling ambiguity
about a threat stochastic process. Indeed, Girsanov's theorem stipulates that the drift of
a diffusion process can be changed by interpreting it under a new probaleitisure
[5, 8, 9.

In addition to the point mentioned above, 02l enot e t he fori gin
measure, which is considered to be true when the decision maker is arabéyuitl.

In this case, for addi ng ambi probability t o
measure is introduced by expanding the form of the sing 0 o a norsingleton

set of probability measury. Therefore, to establish some intuition behind the
changing of probability measure, a new subjective probability mealuris
consdered for which the probability of evertoi s computed by assi

-1 on all sample path] N |, so that for all } 68 _ the new probability
measure under the requireme-— 1 mh!] N qis:
06 _, -1 Q0 8 (6)
Accordingly:
ba ,,-aQbq p8 ©

It is clear from what has been said above, Q0 — Q,0which yields the
RadonNikodyn derivative §, §:

— -h (8)
which can be used to convert the expectation of a random variable under different pro
bability measures.
C w G -3 9)
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For — to be welldefined, it is necessary, that the two probability measures be

equivalent0 & T8 0 & T for all eventsd M _, and thatd be absolutely
continuous with respectip, namelyd 6 1+ 0 6 Ho N

Below, by using the Girsanov's theorem, it willdb®wn that the assumption of a
new probability measure can shift the trend of an origirRBtownian motion.

Girsanov's TheoremLet — — denote a process adapted to the
Brownian natural filtratior, , satisfying Novikov's condition:

C Qwi-, —Qi B 0 «d8 (10)

In this case, there is a new equivalent probability measureunder which

0 is a0 -Brownian motion equal to th@-Brownian 0 plus drift

— with 0 T
0 h o _ —Qih (11)
Q) —Q0 QD g (12

Thus, the newd -Brownian motion is characterized by its Raedikodym
derivative undef oN THY:

— Qo —Q0 - —Qi h- 8 (13)

Taking into account the above mentioned statement, the Rdidodym
derivative can be considered in terms of the density ratio of the processes amder

0 :
— 1 Qo —0 =Y —0
n
Qwn—-»v -—Y Qwn_ —0 - —i 8 (14)
Hence, the process— can be interpreted as a density generator for the new
probability measure® [8, 10]. This density generator shifts the stochastic process
, generated by thé-Brownian motion 0 expressed in equation (15)
to equation (16), when considered undlerBrownian 0 :
Q  ,Q0,, W h (15)
Q ¢ —,, Qo0 ,, M) 8 (16)

Since, by Girsanov's theorem, is a Brownian motion with respect to,, is
also the solution of the stochastic differential equation (16) ifis the underlying
probability measure. This means that there is only one stochastic proedssh has
many HAinterpretationso of stocltquatibisc di fferenti al
(15) and (16) are two different interpretations, of each of which corresponds to
—~U.

Thus, it is possible to show how ambiguity abqut can be characterized
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by the expansion of singleton set, containing original probability measuraith
respect to a set of probability measuseson qh  defined by a set of density
generatord) with elements—-defining the range of possiblg drifts:

yU 0 swn0 8 (17)

It should also be noted, that by the use of Girsanov's theorem, ambiguity in this
model transfers the Brownian motion and thus, entirely concerns the drift process and
not volatility.

I n addition to what has been said abo
is considered from the original measurewhich means that the range the density

generators can move i s r es tOrlnthisregard ino s o
order to arrive at a specificationp®’, | et 6s turn o the cons
Let — be all realvalued, m_easurable and adapted process on

qh R with index miiY and thusy Y should be referreds ‘rectangular, if there
exists a compact (i.e. closed and bounded)emopty set 0 O'Y and a process
U of correspondencds : q ©© 0UH o 1Y so, that
_ U — d—1 vU71 Q& Q0 c&B38 (18)

If vY is rectangular, then — U satisfies Novikov's condition, sincéH 6
is a subset of compaut, andtherefore,—is a density generator with certainty.

In [8, 10] the independently and indistinguishably distributed ambiguity is
assumed, so thal O'Y s mdependent of timé@. In this case, the special case

U "MQ for 'Q s referred to asQignorance, under which the uppém
density generator will be obtained for Tt
+h ot Qe U B (19

Consequently, ambiguity is modeled as the $etvhich constructs a range of
probability measureyV and a corresponding set of possible drifts for a given
stochastic process. Accordingly,’@ T, the range of priors collapses to a singleton,
as there isnow only a single measure under consideration, namely the original
measure vY 0 h 0 .Hence, the largerti@ T the higher is the level
of ambiguity about the drift of the given stochastic process.

According to what is mentioned above, tBeometric Brownian motion under
ambiguity in the model presented in [8, 10] can be characteriz&igasrance. Thus,

a geometric Brownian motion und&ignorance is the stochastic process
with'Q T drift * —, and volatility,, underthel -Wiener process
Q ¢ —,Q0,, W H—U Q8 (20)

Therefore, in this connection, it should be noted that rectangularity ensures, that
beliefs have a recursive structure, and thereby allow for-teteporal optimization
problems to become dynamically consistent. In particular, wherdo i  "Yfor
d Q& O ag dQ& O O 6 s GQ& 0O aQ& 0 G s (21
the first equality always holds true due to the low of iterated expectations, but the
second equality only holds truelif is rectangular.
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Conclusion.On the basis of the material discussed above, and given the dynamic
nature of cybersecurity threats, as well as the existing deep uncertainty in cyber
environment, the modeling of cybersecurity threats through Brownian motions as
stochastic processes caps the dynamic nature of the cybersecurity threats under
ambiguity giving an opportunity to deal with them with an additional flexibility.
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dnnbjwynpdwt tywwnwyny Yuwwwnynn ybpoht hbinwgninnipniuutipnd mbnbyuwwnywlwu
hwdwwpgbphp  fjuwpwpdwuu  nnywé  uywnuwhpubpp  nhwnwpyynd  Bu npwbu
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npwug Ghon dnnbjwynpdwu hwdwp wuhpwdbon £ Yhpwnbp nhuwdhy dnnbjuynpdwu
Gnwuwly: Yppbnwuyunwugnipjwt  npppunnd - ubpnpnwiubph qguwhwwndwt  bwywwnwyny
wnwyb] hwbwfu hhywwnwyynn dnnbijubiphg £ Snpnnup b Lnbph ubpnpndwihtu dnnbp: Un
dnnbiih hwdwdw)u' Gupwnpynu k, np mbnByuwundwlwu hwdwlwpgh uwpwpdwuu ninndwd
E dhwiu dGYy Yppbinuwwnuwihp: Nwwh Yhpbinuwnuwihhpp ubipyuwjwgynd £ npwtiu
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wbntwwnjwywu hwdwlwnpgh fuwpwpdwtu hwjwuwlwunyeniu: Pwgh wyn, wdjw| dnnbh
hwdwdwjt® Yhpbnuwywnuwihpp nhunwpyynd £ unwwpy  Jpdwynd’ hwodh  swnubing
Yhpbnwuduwugnipjwu ninpuinwd ubpnpnuiubph Yuwnwpdwu nhuwdhy punypen:

Cwoyh wnubin Yhpbnuwwnuwhpubiph pwpn b unnfuwuwnhly punypep, huswbu twbl
Yhptndhowdwypnid wnlw J&& wunpnonigniup’ ppnniuywt wpddwt dhongny dnnbijwdnpyby
Gu  Yppbnuwwnuwihpubpp'  npwbu  unnfuwuwnhly  wpngbuubp UGS wunpnonuejwu
wwjdwuubpnwi: 8nyg £ wpyb), np ppnniywt pwpddwu dhongny Yhpbnuwwnuwihpubiph
dnntjwynpnuip dbé wunpnonipjut wwydwutbpnuwd wpryniwdbn Yepwnd pungpynd
Yhpbnuwwnuwhpubiph nhuwdhy Enigyniup:

Unwugpuypti pwnbp. Yhpbinuywnuwihp, ywwnwhwlwu wypngbu, ppnniujwt pwpdnid,
utid wunpnanype)niu:
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OBTAIN ING A 3D MODEL OF THE OBJECT BASED ON STEREOVISION
A.V. Gevorgyan

A method, for obtaininga 3D modelof the objectwith two cameras is presented. There
are different methods farbtaining3D information The given method is based on stereovision
and in contrast tather solutionsi t d o0 e @lasertanuttraseuthd oany other expensive
sensors. Stereovision is al@ique that gives 3D information using two or more cameras. The
main stepg of stereovision are: calibratidnthe process obbtainingthec a mer aés i nt er
external parameters, rectificatidnthe process of images alignment, stereo correspondence
the problem of getting correspdng points between images and triangulatiotihe process of
obtaining thepoi nt 6s coordinates from corresponden
placethe object in front ofthe cameras and rotate it, for each rotatiom aveanimage pair.
For each image pair (left and right camériasages) we find correspondent points by Semi
Global Matching (SBM) algorithm. As a resulte geta disparity map. Fronthe disparity
map, havingtheca mer as & par amet depts map wetriangllatienianthe t h e
respective point cloud the set of points with their coordinates. Then for each point cloud we
segmenthe object from the scene to have otheo bj ect 6 s p oobtairting @D o u d .
model we need to merge these poifduds from different scenes into one common madel
this process is called registration. For registratio)e use Iterative [Bsest Point (ICP)
algorithmsequentially merginthe point clouds with the global model.

Keywords:stereovision, 3D registration, disparity map, point cloud.
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AN ALGORITHM FOR THE IMAGE COMPLETION BASED ON THE
EXAMPLES WITH A CHANGED CONFIDENCE FUNCTION

V.V. Gevorgyan

Imagecompletion(inpainting) is the process of recoveritige missing or damaged parts
of the image. The resulting imagafter completion should be visually plausible for the
observer.The exemplarbased inpainting algorithm proposed Gyiminisi et al isone of the
most popular and effective algorithms in that sph&tes algorithm fills the unknown region
by patches, searching for the most similar patches from the known region. A priority function
is calculated for all boundary poinise. those points whh arefrom the unknown region and
have neighbang points fromthe known region.A fixed size patch, whoseenter isa point
with the highest priority, is selectecand unknown points from that patch are filled. The
priority function consists of two compents: confidence term and data term. Thefidence
term depends on the number of the known points in the patch, as well as whether they were
known from the start or were inpainted during the algoritfithe data term showthe
structural characteristica that point. The priority of patches to fill is critical in that algorithm,
because due tositexture and structureghe information ofthe damaged image is recovered.
The confidence term, decreases very fast during the update stage and this fachdaesgtt
in some cases. In this paper, we suggastipdaing the values of the confidence terro
update them witla fixed value. As experimental results show, this approach gives better output
in many cases. The proposed approach implementationda givd some comparison results
of the algorithms are given.

Keywords object removal, image inpainting, image completion.
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COMPARATIVE ANALYSIS OF STORAGE CELLS OF STATIC
RANDOM ACCESS MEMORY DEVICES

W .H. Petrosyan,N.B. Avdalyan, K.O. Petrosyan

The dynamic and static components of the consumed pofanemory cel are
analyzed, as well as expressions for their determination are introduced. At the design ,of VLIC
an important task is to reduce the dynamic currents. To do this, more often, in the static random
access memory, when switching the storage cells, stack transistors are applied, which reduce
not only the dynamic currents, but also the times of their kimigc The electrical circuits of
the type 6T and its modifications are given. The principles of operation and features of the
SOT are considered. The simulation of currents and speed for the considered three schemes
with the help of the software HSPICE twitechnological standards SAED EDK 28 nm for the
three voltage values is carried out. According to the results of modeling of the active and
passive components of the current from the supply voltage, corresponding dependences are
built. The comparative ahgis showed that the template WI has the most dynamic cparmoht
the stack WI is characterized by lower current values, and the smallest current is asymmetric
stack WI. At the same time, the typical WI has the lowest static current and the stack WI is
characterized by high valuesf currents, and the largest current is asymmetric stack WI.
According to the results of modeling, tdependences of thgeriodsof rise and fall of the
signal edges from the supply voltage are obtained. The comparativsiaradlyhese showed
that the typical WI has the greatest rise and fall of the front, and the stack WI is characterized
by lower valuesof the rise time and fall front. The smallest rise and fall times of the front is
characteristic of the asymmetric dta@/l. The use of stack transistors in WI reduces the
dynamic component of the WI current, which leads to an increase in the static component of
the current. It is shown that as compared with the standard stacking and asymmetry indices WI
stack provides aeduction of the dynamic component of the current by 25% to 65%, increasing
the static component of the current by 69% and 280%. Given the fact that the dynamic
component of the current is two orders of magnitude greater than the static compmnent
power of SRAM decreases. Compared to a typical WI, the WI stack and asymmetry indices
provide a reduction in the rise and fall times on the front by 34% and 51%, and 57% and 54%,
respectively.

Keywords storage device, memory cell, stacking transistors, staltkstack asymmetric
cell, modeling.
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A DIRECT CURRENT MAGNETO -MODULATED TRANSDUCER
B.M. Mamikonyan, S.L. Harutyunyan

A magnetomodulated transducer (MMT) designed for direct current contactless
measurement is considered. The goal of the study is to create the technological design of the
integrating circuit. The circuit must have a singhth pluggable magnetic circuit andsingle
winding. This will allow to create compact and precise low current clamp meters. A new
method of MMT implementation is proposed. The main magnetization curve of magnetic
circuit is used for operational analysis of MMT. As a magnetic circuit madténe electrical
steels of the 1511 grade with 0.88nsheet thickness and electrical steels of the 3414 grade
with 0.5 mmsheet thickness are observed. The frequencthefmodulating current is chosen
to be 50Hz. The MMT's simulation in Mathcad emanment is carried out. As an informative
parameter of MMT, the inequality of time intervals between the extremums of the coilvoltage
is used. Under the influence of the measured direct current, in the sections of the coil voltage
growth, the interval betgen its extremums decreases, while in the sections of the fall
increases. The difference of these intervals can serve as a measure of the measured current.
The MMT transformation function diagrams are plotted at two values of modulating current,
andit is determined thathis functionis practically linear. The more is the nonlinearity degree
of the magnetic circuit material magnetization curve, the higher is the MMT sensitivity. The
diagram of contactless measuring device of direct current is introdacetiich the described
method of the MMT implementation is used. The possibility of implementing a negative
feedback by sypying output direct current of the device to the MMT winding together with
the modulating current is also considered. In this,dhgeMMT winding can also play the role
of a compensating winding in which, the direct component of current will balance the action of
the measured direct current on the magnetic circuit and the measurement will be carried out by
the null method.

Keywords:magnetemodulated transducer, magnetic circuit, winding, induction, strength,
magnetization curve, nelinearity.
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MODELING THE BARIUM TSTRONTIUM -TITANATE -BASED
ELECTROLYTE CONDUCTIVITY SENSOR IMPEDANCE PARAMETERS
FOR A FOUR-ELECTRODE CONFIGURATION

A.L. Manukyan
National Polytechnic Universitgf Armenia

A contactess electrolyte conductivity (EC) sensor with Pt interdigitatkectrodegor the
two-electrode configurations developed and examined. As covering insulatingnaterial
(protective layer) on Pt metallic electrodiesthe EC sensqr(Ba,Sr)TiG nanafilms were
used For the fabrication o{Ba,Sr)TiG; - based ceramitargets in contrast to wetknown
traditional methodsa new cost effective methdths been usedhe High-Temperature Self
Propagating Synthesis (SHB8ethod andBa,S)TiO3thin membranes asa@vering insulator
layer are fabricated bythe PLD (pulsed laser deposition) methodihe sensors were
characterized by means of impedasspectroscopy measurementsdifferent commercially
available electrolyteeonductivity stadard solutionsranging from 0.084 to 5thS/crmand over
the frequency range from tb 3MHz The theoretical simulations showhat impedance
becomes frequency independent for the experimigntatasured different conductivity
values wherCy varies in the range of (20000015000)pF, G varies in the range of
(4678.62 - 7478.99pF, and G varies in the range of(2808.31: 3000) pF. This indicated
that the double layer capacitance decreased with the indredisesolution conductivity as
well as at the same time the ferroelectric protective layer capacitance increased g@nd C
decreasg with the increase in thesolution conductivity. The theoreticdly calculated
parameters of equivalent circuits are compared with the experimental results and obtained good
agreement.

Keywords contactless, electrolyte conductivity, perovsidtede film, interdigitated
electrode.

Introduction. The motivation and description of the operation principlea new
type of contactless electrolyte conductivity serisased on Pt interdigitated electrodes
(IDE) covered with higtk perovskiteoxide (BSFBarium Strontium Titanate) nano
films have been examideearlier [13]. The impedance spectra modelling and
calculations for the twelectrode configuration of such EC sensors theoreticalg h
been doneAs it is stated in experimental studiegsg], the disadvantages of two
electrode configuration in EC ssar systems is connected with the errors caused by
polarization of metallic electrode®©ne way to reduce the polarization effects of
electrodes is the use of a feelectode method. In such a methatirect current is
passed through the eledy® andthe dropin the potential between two points in the
system is measured by secondary electrodes connected to the electrometer. In such an
arrangement, the change in the current can be related to the changpadérization
potential at the reference eleades. The problem of the polarization at the electrodes
can be overcome by applying a small finite current flow and measuring the induced
polarization potential changé-B].
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The aim of the present work is to develop the BST protective-bmsed fouwr
electrode EC sensor equivalent circuit and systematically analyze the impedance
spectra characteristics as well as compare it with the experimental results.

1. Equivalent circuit of four-electrode sensorFourelectrode conductivity
sensor equivalent circit is presented in Fig.1, wher€y is the electrical double
layer capacitance,;ds the ferroelectric filrbased protective layer capacitancgjR
the electrolyte conductanceg @& the cell capacitance,,{Js the oxide (Si@layer)
capacitance (the substrate active resistange,tfit common parasitic resistance of
themeasusystem, R are neglected).
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Fig. 1. Equivalent circuit of four electrode sensor (a) and its transformations
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For Z5 ,we have: Z4, =27 +7Z,

1
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where Zi:—2Re ,Z, = wCa _ 2R, :
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Z =2R +—2_+ 2R,

iwC, 2+R.jm2C,+C,)
PresentingZ in the form of Zg =R - j X4, we obtain:
4g7R2C, +C)- o =0
& w(

2 M/ZR:(Z Cel +Cl)2 +12Re 2CeI +C1)B

WR(2C,+C,) +4 wWR(2C, +C) +4

2] = JyRE+ X2 1)

Using the similar boundary conditions, for the low and high frequencies of
operating of the fouelectrode EC sensor, we obtain, respectively:

f=f,,,when Zg- Ry @R,.
For this regime:

4 4
flmin @ = o
mR(2C,+1) & C C,C,

C, +
PRE? i CiCy +CCy +CC; 2

Assume thaC, <C,, C, < €C,, C < €, C <C,, we obtain:
4

f min . 2
mo @ R (E, +C,) @

That is, similar to tweelectrode sensors, for the low frequencies range, the
impedance of the sensor has a capacitive character and the high dielectric permittivity
possesss a BST film, which coves the Ptelectrodes, leads to the shift of the
threshold value of the measure frequency to more small values, which is an important
issue for practical applications. If BST is absent,

4
fmin @—' (3)
! P RCy
That is at lower frequencies, the impedance will be dominated by the

concentration dependent double layer capacitafige, until the impedance of this

R @

S

OO
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capacitor becomes lower than the resistance of the electrolyte and the sensor
impedance becoes frequency independetft. C, @C,,

2
f, . 4
1min % 4)
From (2) and (3), it follows thahe sensor with BST, the frequency limits das
decreased at least twimes.
For the high frequency threshold poinKg - Zg (RS - 0), and from these

requirements, we obtain a cubic equation ifior

WP - dawf +4a’w+8a® =0. (5)
One of the positive roofs of Eqgs. (5) is¥=1.9a, a= ;, therefore
R.(2C, +C,)
f1ma>< @ o 19 ...
2 - C C,C, g
Re(;g ° CdeI +Cicdl +Cin 9

Assume, that C,, < C,, C, < <, , one can obtain

19
: 6
' CooR e, +C)) ©

Without the BST films, f__ @; which coincides with the results of

el

other authord10-13] and indicate that at high frequencies, the impedance of the
sensor mainly depends on the electrolyte resistance and the cell capdcjtance,

The width of the frequencyand with BST layer Df,s;) and without BST

(Df oes7) + it can be expressed respectively as:

g+ Cy

i
Df og—imx o oo —— —4
st @ 97 g[(Hf +2Hce|)]'

f C
Df og—1m 0 Jog[—a 1. 7
nOBST@ g fllmin g[ (8H09|)] ( )

From expressions (7), it follows that theesence of the protectivB&Sr «TiOs)
layer which originated (conditioned) high capacitake, for certain conditions
may be alert on the frequency range of measure, particularly shift theff cut
frequency to a lower frequency range, as well as influence the measurable value of

electrolyte resistanceR,, and thus the senssensitivity.

2. Modeling results In Fig. 2, the photograph of the feetectrode ¢D sensor
chip with120nmBST as a protective layer [2,3] is presentéu Fig. 3a and Fig. 3b,
the measuredmpedance modulus as function of frequency and active resistance
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spectra are presented respectivel measurements are performed in various

conductivity standard solutions [2].

Fig. 2. Photograph of the fotelectrode ¢D sensor chip with BST asprotective layer
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The impedance spectra of the examined sensor (Fig.2) has been calculated
according to Eqgs.(1) and using the expressions of (2) and (6). In Fig. 4, the calculated
(dashed lines) and experimentalulés of impedance spectra is presented, assume, that

6'0 es
o]

, ket @2.86 [2,3], where ,, is the specific

the cell constant k., = R,s =

cel

condutance of the electrolyte an. is the measuredesistance,g,, &, are the
dielectric constant of the free space and electrolyte solution respectiVély
frequency range (band) has been estimated where impedance has mainly a resistive
character which is an important precondition for designimgtelyte conductivity
sensors.
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Fig. 4. Bode plot of the modulus of impedance of -&ectrode EC sensor with 120 nm
BST as a protective layer recorded in various conductivity standard solutiesjsajid the
calculated value of impedanaeodule(dashed lines)

In Fig. 5, the calculated (right side) and experimental impedance modutus of
examined sensor is presented.

10 -r r " " " "
a 10°k
Z
vg 10° ;;5;----::
“ s 5 a
§ 10°[-e-osmsen | g,
= o~ (0.5 mS/icm | 2
o . e
%103 —+— 5 mSicm S
= —4— 20 mSicm i
y ¢— 50 mSicm 1
ol ul sl )
10 0 1 r 3 4 5 ©
10 10 10 10 10 10 10

Frannan~~ (H>\

Fig. 5. Experimental and theoretical impedance modulus ofCtBesensor with 120
nm BST asa protective layemasthefunction of frequency
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Conclusions.High-k BST represents a very attractive transducer material for the
development of chemical and biological sensars tb its multiunctional material
properties.

Due to the high permittivity of the BST film, a eledependency on electrolyte
conductivity in a wide range from 0.3 to BdS/cmhas been achieved for théDC
sensor in the fouelectrode setup.

As it follows from Fig.4 and Fig.5, there are good agreements between
experiments and theoretical caldidas, which in turn indicates the high adequateness
of the developed equivalent scheme of the examined sensors. The theoretical
simulations show that impedance becomes frequency independent for the
experimentally measured different conductivity valuesMeen0.3 mS/cm and 50
mS/cm(Fig. 4,5) when Cy varies in the range of (299@72000)pF, C; varies
in the range of (2678.62..3478.99)pF, and (G varies in the range of
(808.3E 1000pF, indicates the fact that the double lagapacitance decreases with
the increase of solution conductivity, as well as that at the same time the ferroelectric
protective layer capacitance increases ang, décreases with the increase of the
solution conductivity.The double layer capacitance eadeases significantly with
decreasing the electrolyte concentration and as a result, the role of capacitance of the
protective layer becomes dominant. The observed difference between the measured
and calculated impedance modules can be caused by siapdifis and
approximations in the electrical equivalent model of the sensor which we have done.
The obtained results clearly demonstrate the benefits afsthef the BStased ¢D
sensor in a fouelectrode configuratioror contactless conductivity rasurements.
Advantageously, the C4D sensor might possibly use cheaper electrode materials such
as, for instance, Al films instead of noble metals. In addition, the problems associated
with contactmode EC detection techniques, like bubble formation deetrolysis,
the effect of redox processes, as well as contamination and fouling of electrodes
during continuous measurements can be eliminated or at least minimized, thus,
enhancing the liféime of conductivity sensors considerably. No negative imphct
the protective BST layer on the conductivity sensor performemalel be identified.
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U.L. Uwuntljwt

Uowyytp b nwnuwuwuhpyby £ Pt-t dhypnobipunwdnp Bpyktlunpnnwihtu junniguwdpny

ElGyunpnihnubph  hwnnpnuywunyywu  (E€) ny Ynunwluwiht swihdwtu  wngdhs: Npwbu
dbnwnulwu EEYunpnnubpp dwoélnn dynwhs obpn ogunwgnpdyby Gu (Ba,Sr)TiO; wbpnyu-
Yhw-opuhnwiht  bwunpwnwupubkpp: BaSr,,Ti0; Ytpwdhlwlwu phpwjuubp  unwuwnt
hwdwp, h wwppbpnyentt nwuwlwu upupbqiwu hwynuh dGennubph, wju wofuwwnwupnid
Yppwnyty £ unp, wpryniuwygbn upupbqiwu dbpenn’ hupuwwnwpwdynn  pwpdpobpdwu-
nhéwuwjhtu uphupbigh Jdbennp (PPRU) L hdwynyuwihtu Jwgbpwihtu thnobgpdwu  dbennp'
dbnwnuwlywu (Pt) ElGYwnpnnubpp dwdynn nhkltYunppy pwnwue duwynpbint hwdwp: Sypsh
punipwapbipp thnpduwwunptu hbwnwgnnygt) b swihybp Gu pdwbnwuu-uwblyupnuynwhy
Gnwuwyny EGYwpnihinp hwnnpnuwywunyeyuu thnthnfudwu 0.084 mS/cm and 50 mS/cm L
swihdwu 1... 3 U<g dhowlwjpbipni: <wdwpdbip ufubidwjh hdwbnwuuwiht wywpwdbwnpbph
wbuwlwu hwodwplubpp gnyg Gu wwihu, np EGlwpnhnp hdwbnwuup nununad |
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hwwluwlwuniyniuhg wulwfu, tpp Cy -p thnihnfudnd £ (200000 - 15000) wd, C; - p'
(4678.62 - 7478.99) wd u C, - p' (2808.31- 3000) wd dhowlwpbipnid, npp YYwynw k,
np  LiEyupnhwph  hwnnpnuywunpjwu wédwup  gnigpupwg udwgnwd £ YpYuwyp
blYwpwywu 2bpinh niwwynyegniup b, dJhwdwdwuwy, dEdwunwd £ dwdynn $tipnktlunpwlwt
pwnwuph ntwyniegniup, b np hwnnpnwjwunyEjwu wédwup qnigpupwg  ujwgnud C., —n:
Lwdwndbip ufubdwih wwpwdbwpbiph wbuwlwu hwodwplubph wpryntupubpp hwdbidwnyb
GU thnpduwlwu wpryniupubph htn U unwgt) inhyY hwdwwwwnwufuwunie)niu:

Unwtugpuyhti  pwnbp. ny  UYnunwlunwihu, EGYnpnhnp hwnnpnuywunig)niu,
wtipnduyhw-opuhnuihts pwnwue, dhipnztipnwiht EiEywpnn:
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npyti, np ZnO:Al gni-nnunnn dwdlynypubpp Ywpnn Gu ny dhwju wwwhnytp ul uhfhghnuh
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dwybipunye, wpluwiht wwpp:

JOINT APPLICATION OF THE BLACK SILICON LAYER AND THE ZnO FILM
IN SOLAR CELS

G.Y. Ayvazyan, S.K. Khudaverdyan, V.E. Gayshun, A.V. Semchenko

In recent years, black silicon(b-Si) has become of greatinteres as frontal
antireflective surface of solar cells However, the low stability of sructural and optical
propertiesover time hinders the real application ofb-Siin the production of solar cells.To
solve the mentioned problem, it is proposed to use conius stabilizing films ofzinc
oxide dopedwith aluminum (ZnO:Al). ZnO:Al thin films are obtained by solgel deposition
at annealingtemperatures 358 550°C using different reagents as starting material. The
dependence of structural, morphological and optical properties of ZnO:Al films on the
deposition conditionsis investigated using atomicforce microscopy and optical absorption
measurementsThe dbtained ZnO:Al films have optical tansmittance up to 95% in a wide
spectral mnge Black glicon layers are fabricated byhe method of reactiveion etching in a
gas mixture of S#O2 on monccrystalline Sisubstrate The morphology ofb-Siis studied by
scanning electron microscopy, while the optical properties- by the gectrometer with an
integrating sphere.The structure evolution and the dependerof final structure geometry
on the gas composition andtching time are investigatedThe reflection of b-Silayers was
lower than 2%in thespectralma n g e 4 0 @& The possibility of the joint application
of the b-Si layers andthe ZnO:Al films asfrontal antireflective surface of solar cellsis
analyzed.By the finite difference time domain method it is shown that ZnO:Al films can
not only ensure the stability ofb-Silayers over time, but also reducthe solar reflection
leading to values less than 1 % the whole spectrarangefor Sisolar cell operation.

Keywords:ZnO:Al, soli gel method, blacksilicon, antireflection surface, solar cell
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U.8. Ujjuqui, L.L. Gphgnpyut, W.U. Pupwjwi

Lutwnyyty tu hhugbpnpn ubtipunh poowjhu gwugbiph uwnbinddwut wnusynn npny
fuunhpubip: - LbpYwjwgyby  Gu  hhugbpnpn ubpunh  poowihtt - Yuwh  hwdwlwpgtipht
ubpywjwgynn  hhduwywtu  wwhwugubipp:  Unwuduwhwwnly  Ywplnpniginiu Gu
ubpywjwgunwd  hwéwluwiht whpnyph  puwnpnyegywu,  dnpnyugdwt  hhduwynpgwd
punpnigjuu,  wdjwiubph  fuwqupnWwlunit Ynnpuynpdwu,  gwugh  pnnupldwu
niuwynipjwu  dtdwgdwu U wqnwupwuh wndyuwywnnyeut  pwpdpwgdwt  hwpgbipp:
<hduwynnpybi k OFDM (ninhubipp oppngnuw| hwéwfuwjhu pwdwuntd
unywhwtipuwynpdwdp) pyYwiht dnnniugdwu Gnwuwlyh puwnpniegniup: LepJuywgyt) Gu
OFDM  dnnnywgdwt  thnpduwlwu  nwnwUwuppnuygjuwu  wpryntupubpp'  Bupwyhpubiph
wnwppbp pwuwyh b wn Gupwyhpubiph dnnnywgnuwiutiph gnighsutiph wwppbip wpdtiputiph
nbwpnwi: Ywwwpyt) £ hpujwsd hwdwfuwwuwsbpnnu nbnblwwnynigjwu hwnnpndwu
wnwybjwgnyu wpwgnypjut unwgdwt nwnwWuwuhpnyeniu: <hugbipnpn. ubipnh gwugtiph
woluwwnwupwiht hwwfunieniuubph whpnyeh puwnpnyguu hbn Yuwydws' nhuwpyyl) Gu
gbppwpéphwiwuwwuwihu wgnwuowup' obupbiph wwwnbpnd dwpdwu W nwnhnwihpubpp'
gninuywu b pwnwpwiht wbnwupubipnd  wnwpwddwu  Lpunyputipp: <wodh  wnubiiny
pwnwpwjht Yunniguwwwundwu wnwuduwhwwnynygniiubpp' hbnwgnundb) Bu pwnwpwihu
wwjdwuubpnwd  ghqwhbpgwiht whpnyph  nwnhnwihpubph  wwpwddwu  Jnipwhwn-
Ynueyniuubipp: Ubkplwjwgyly Gu  gkuptiph wwuwbipnd  EjGyunpwdwgqupuwlwt - wihpubiph
dwpdwu  thnpdwpwpwlwu  wpryniptbpp, U nwnwdtwuppdbp £oonnud Ynpnwunubiph
Ywiujwdnipjniup inwuwlwiht wwjdwuubiphg: Lodb) Gu biEyunpwdwquhuwlwu wihpubiph
uytiyiph pwihwughynipjut wwwnnthwuubpp, npnup Ywpnn Bu ogqunwgnpdytip hhugbipnpn
ubipunh swpdwywtu Ywwh gwugbpnu: Uh pwuh 9pppe/y wyjwijubph gipwpwg hwnnpndwu
Uwfuwwwjdwuhg Lubnd, hwdwdwju SEunuh pwuwdlh, hhduwynpyb £ hhugbipnpn ubipunh
poswiht Ywwh hwdwlwpgbiph wouwwnwupwiht  hwbwfuwlwuwobipnh  wjunygniup: NI
USRP-2952R  Spwagpnpbu npnpjwd  nwnhnhwdwlwpgh  (SDR) dhongny 20 U<g
hwwluwwuwobpinnwd, OFDM  wqnwuowuh hwdwp, punniunw-hwnnpnnd  ntdhdnwd
unwgybp b wduwutph  hwnnprdwtu - wpwgnipjwt Ywiujwsdneyniup - Gupwyhpubiph
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dnnniugdwt wnbuwyhg b wjjwiubph Ynnwynpdwu nwuwyhg, huswtu twl EVM-h (ufuwih
ytywnph  dbdnipnit)  Ywiudwdnygyniup wqnwupwt/wndnly  hwpwpbpnyeyniuhg:
Ywudwdnyyniutbipp unwgyt) Gu Gupwyhpubph wwppbp pwuwyh L wn Gupwyhpubph
nwppbp mbuwyh dnnnywgnuiubiph hwdwp (QPSK-hg dhusl QAM-64):

Unwugpuypti pwnbp. hhugbipnpn ubipunh poowjht Yuwuwh hwdwlwpgbp, 5G, OFDM,
SDR, QAM, hwéwfuwjhtu dhowlw)p, dnnniywgdwt wnwunhy puinpnygniu:

WAVEFORM MODULATION IN THE FIFTH GENERATION MOBILE
TELECOMMUNICATION SYSTEMS

M.Ts. Aivazyan, L.N. Grigoryan, A.S. Babayan

Some issues othe creation ofthe fifth generation mobile communication systeare
consideredThe basic requirementet to thefifth generation mobile communication systems
are introduced The most importantssuesare the frequency range selectiothe signal
modulation type selectionhe errorcorrecting coding of the datthe methods to increaghe
data rate antheimprovement dthe signal noise immunityhe choice of OFDM (Orthogonal
Frequency Division Multiplexing) as the most proper signhal modulas@ubstantiatedThe
experimental results ofhe OFDM modulation fora different number of subcarriers and
different valuesof modulation index of subcarrieese presentedrhe maximum data transfer
rate optimization in terms d fixed frequency bands consideredAs to theselection of the
operating frequency range for the fifffeneration mobile communication system, theh-
frequency signal attenuation in the walls of buildings is considered. Taking into account the
features of urban development, the GHz range radio wave propagation in an urban environment
is studed. The experimental results of the lessof the electrmmagnetic wave in the walls of
buildings, as well as the losses in the amder different weather conditionare presented
Transparency windoswof the electromagnetic spectrum that can be used in the fifth generation
mobile networksare obtained In order to ensure the requirements of higpeed data
transmission of several Gb/s, according to the law of Shannon, the bandwidth of channels of
the fifth-generation mobile communication systemsjustified With the softwaredefined
radio system SDR (SoftwarBefined Radio) NI USRR952R in the mode of reception
transmissiondependences of data rate from the type of modulation of subcarriers and the type
of coding, in the frequency band of 20 MHz, and the dependence of EVM (Error Vector
Magnitude) from signal noise ratio for the OFDM signalre obtainedThe dependencies are
obtained fora different number of subcarriers and different typé modulation okubcarriers
(from QPSK to QAM64).

Keywords: fifth generation mobile communication systems, 5G, OFBBR, QAM,
frequency rangemodulation type adaptive selection.
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A GRAPHOANALYTICAL METHOD FOR ANALYZING THE
PARAMETRIC CONVERTERS OF UHF

M.S. Azoyan

Theconsidered circuits of parametrimonverters belong to linear and nonlinear radio
engineering circuits with variable parameters. The mathematical problems arisihg at t
analysis of such schemes wirst formulated by Euler in 1772, examining the equations of
motion of the Moon and proped methods for solving them. Since then, these problems have
been the object of study of many researchers, including Lyapunov, Hill, Mathieu, Krylov, Taft,
Van der Pol and other§heproblems of parametric excitation of oscillations in electrical
engineeing arose for first time in 1907, thanks to the theoretical works of Poincare, and in
the1930ghanks to the works of an entire school of scientists, to which Mandelstam Papaleksi,
Andronov, Migulin and others belong. The merit of this school is that werg the first to
show the possibility of amplification and generation of electrical signals, developed the theory
of parametric resonance confirmed by numerous experiments, including also in the radio
frequency rangeln the 1950s, in connection with thiapid development of semiconductor
devices and the simplicity of electrical control of their parameters with frequencies up to the
UFH, the works in the theory and application of parametric amplifiers and converters with
controlled reactivity reached thep of developmentlt is known that at analyzing the
parametric converters of UHR is necessary to determine the Fourier components for non
linear functions of charge g (u) and current i (u) approximating thecealbomb and current
voltage characteristics (WSS and CVC) of the active element. The calculation of integrals,
even at anmpact of a dual frequency signal on a Himear element is connected with certain
difficulties. From an engineering point of view, a graphigaalytical method of analysis
acceptable for any nonlinear active element of arbitrary characteristics segrps a result,
the calculation error is about 5%, which is acceptable from a practical point of view for the
analysis and synthesis of parametric converters of UHF.

Keywords approximation, parametric, divider, multiplier, pump, vatbpere, andolt-
coulomb characteristics.
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UDC 621.382.13
A NEW METHOD FOR OPTICAL SPECTROSCOPY
T.S. Hovhannisyan
National Polytechnic University éfrmenia

New possibilities of contactless optical spectroscopy for the purpose of remote
identification and quantitative analysis of substances in the optically transparent environment
are studied. The detection and assessment of hazardous substances is one ofrtidrg impo
aspects of this study. The development of a primary sensor, allowing to provide a spectral
analysis of electromagnetic waves emitted from the object is of utmost importance today.
Currently, such spectral distribution of electromagnetic radiatiobtisined, using light filters,
prisms with high precision mechanical devices and diffraction grids. The spectrophotometric
systems using the listed methods and available in the market are limited in the flexibility of
adding new features. They require dihial devices and modifications of external computer
software. These factors are making them expensive and limit their usage in variousAfields.
new model of portable photosensor based on dehdulger, vertically placed silicon structure
has been deveped. It offers capabilities of high accuracy spectral anal\Bifferent
penetration depths of individual waves of radiation provide different degrees of
photoconductivity and allow to carry out the selection of individual waves with the help of the
devdoped algorithm. By changing the voltage applied to the photosensor, it makes it possible
to register a separate absorbed wavelength and its intensity, thus obtaining information on
spectral distribution of intensities of wavéthe model has been tested the experimental
samples of Agp-Si-n-Si. The intensity distribution spectrum of red LED and the green laser
have been received usi ng t {vadtagedhaacteristicsa$mall e dat a of
dark currents (several dozens of pA) allow tgister signals of low intensityThe results of
this research open up new possibilities in the sphere of portable semiconductor
spectrophotometers. It is possible to create a new type able to solve photocurrent analysis
problems, be easily integrated iargeral and multipurpose systems such as monitoring of food,
water, drugs, etc, solve security issues.

Keywords spectrum distribution, photosensor, photocurrent, optical spectroscopy,
radiation intensity.

Introduction. The remote spectrophotometsensors are of special interest today.
They provide thenecessary information on the composition of the medium under
study, solve the important identification problems from the security standpe8ijt [1

In the available methods of spectral analysis, the spectral distribution of
electromagnetic radiation is obtained by light filters, a prism, a diffraction grating and
high accuracy mechanical devices@f Such spectrophotometric systems are not
multi-purpose and require additional devices and an external software support for the
fulfillment of every new function. As a result, they are rather expensive and are not
quite fit to be used in the field conditions. The effective solution to the adiated
problems is the development of such a semiconductor structure in which the electronic
processes will provide high accuracy spectral analysis of the electromagnetic
radiation. There is research done in the area of multicolored photoreceid&ifi/
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which multilayer structures or a cascade chain of active layers with different base
thicknesses are used. In such photoreceivers, different penetration depths of individual
waves of the radiation provide different degrees of photoconductivity. The
mathematicalmodeling of the measurement results provides information on the
spectral distribution of the intensity. The present research offers possibilities of the
high accuracy spectral analysis with the help of the electronic processes in the n
n" structure.

The Obiject ofthe Study. The investigated structure is a silicon structure and can
be made in the technological cycle of the creation of the integrated circuit. It ispa n
- n* structure (Fig. 1). The-pase is occupied by the depleted layers of two barriers
(Fig. 1). The current is the difference of the currents of the two oppositely directed
potential barriers. The position of the point of contact of the depleted layéfgx 1)
depends on the polarity of the external voltage and is moved to the surface of the
forward biased h- p junction (ohmic contact). The electromagnetic radiation is
absorbed by the left ohmic contact (Fig. 1). The registration area of radiation is the
depleted layers. At the presence of voltage, the reverse bidseg junction is
dominating and its depleted layer becomes wider. In the meantime, the depleted layer
of the forward biased junction becomes thinner. As a result, the current is mainly
condtioned by the reverse biased p' junction. The waves have different penetration
depths according to their lengths and intensities.

3] 9
*g Idiff. Idiff E
8 - 5
o
(&)
gé) nt lar1 p lar2 nt o
<~
5 5 £
5 £ ©
S
A c 0 . L=
2] ! E
= = | [a)
o~ ]
a ' Areaof the W
S0 —— ' driftage
1
1
]
1

v

0 % d x
Fig. 1. The h-p- n* structure and the directions of currents in it

Since the shift of xt owar ds the surface (towards
range of the current generation, different waves get involved in it in turn. The thin p+
|l ayer of the |l eft surface with hcaglhe con
taken as the surface, and the voltage drop on it can be neglected. This allows to
measure the photocurrent which contains information on the wavelengths, and, their
intensities. That information can be obtained by a relevant algorithm. For the
devdopment of that algorithm, it is necessary to find the connection betwgen
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voltageV, absorption coefficient) andintensity F. Taking into account the fact, that

the base is covered by the depleted regions of both barriers, we determine the
distribution of the potential in the spatial charge region of the debétder structure

(Fig. 2). For that, we solve the Poisson equation which connects the field potential
V (X) with the volume density of the charges creating that field:

dV(x) _ 1
A eg @)

In the Poisson equation, we pass from the poteMiat)onto the potential
energy of electrons(x), (f (X)=- gqV(x)). Sincer =gN,,we obtain:
2; N 2
d7 _Naa” )
daé eg
where N, 1 is the concentration of acceptor impurities; therelative dielectric per

meability of the substanceg,i the dielectric permeability of the vacuug, the
electron charge.

The boundary conditions for the given equation%%é :ogat X=X, (Fig. 2, X,
X =

is the minimum of the potential energy of electrons) aAtd) =/, at x=0(Fig. 1).
Taking into account the boundary conditions, we integrate equation (2) and obtain:

2 ONo o N
= - , 3
J (0= 2 - S ©
whenx =d (Fig. 2).

2 2
jxy=3Nogz aNoy 4,7 —; qv.

2e ¢ ee
It is possible to find the dependencis, and d - X_,on the external voltage:
_d, edD +V) @
2 o’Ngd
wherey =j,-/,.
If both barriers are identical, thén- /, =0. Consequently:
d e
d-x, =0+ 58 4. ed ©)
2 q°'Ngd 2 g°Nd
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Fig. 2. The change in energy levels under the external voltage

With the help of (5), we can determine the modulation depths of the depleted

layers, and the position &,,. With the help of,[X,, = X, - X, we can determine

the wavelength and the intensity of the absorbing radiation. For that, we first
determine the total photocurrent flowing through the structure.

In the investigated photodetectors, the photocurrent has diffusion and drift
components. To determine the difon photocurrent, it is necessary to find e
density of minority charge carrieiis holes in the n semiconductor. For that, the
following one dimensional diffusion equation is solved [16]:

WP, Py _ Pwo G(X)

= 2 T (6)
> L5 L5 D,

_ : e : b
where L, =Dt , is the diffusion length of acceptors in the-region,

G(x)=F,ae ® i the generation rate of electrbole pairs, & the total flux of
incident photonsa - the absorption coefficient of electromagnetic radiatiog; the
diffusion coefficient of acceptors in thé-region, t, the lifetime of excess charge
carrieri acceptors and,p- the equilibrium density of acceptors in theagion.
The solution of equation (6) under the boundary conditigasgpatmr= B and
p=0ata=d (@i the concentratioof minority charge carriers in the redrnegion)
is:
a aL
p e-ad (7)
| i 3%”% 1+aL

In paper [17], we obtamed the expressmns for the drlft currents generated in the
base of such structures:

- OO0

lgnn = qFS(l e"”““) (8)
oz =qRSlE ™ - ), ©)
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wheregis the absorption coefficient of the electromagnetic radiation; e
photosensitive area arfgy = P, ,(1- R)/ Shrn - the total flux of incident photons per
unit area.Pq,r the radiation powerR - the reflection coefficienth T the Planck
constant/?- the frequency of the electromagnetic radiation anthe electron charge.

Taking into consideration (8), (9) and (7), the expression for the total current
flowing through the structure will be:

liot = lars = larz = lai =

e 3 -ad G [}
:%ﬁ%4€%+e § 5g (10)
g ¢ 1+al,? L, 0
At normal functioning, the term that containg i much smaller than the first
term. Thus, it may be neglected, and the expression (10) will be:
-ad A

a
lot =ASF & - 26 + (11)
¢

1+al,9
When irradiated by the integral flux (e.g. of the Sun), expression (11) for the
photocurrent will be:

alppij=algqj-algoij-alg; =
i, i, 1] [
a -ad Q) (12)
= Sqa F(/, )R- 26" + -0
i 89 1+a; woQ
where (i = 1,2, 3, é) changes in the integral flu
wavel ength, and (] = 1,2,3, ¢é) ((lglsgheges with the <c

total flux of incident photons with the wavelendth Since the width of the hregion

in formula (11) was less than,Lthe value of |.in formula (12) was replaced by

(Fig. 1). With the help of the algorithm introduced below, it is possible to register a

separate wavelenggand its intensity by changing voltage @&
spectral dependence for wave intensities.

Let us consider some peculiarities bietdetection of separate waves in the
integral flux of radiation with the help of the structure, containing oppositely directed
potential barriers, and find out the possibilities of the detection of the required
wavelength and its intensity under the cdiotis of the wave absorption and the wave
emission (fluorescence) by the object.

In the research, we used the AMO spectral distribution in Si, of radiation of LED
(L-813SRGJ4) with a dominant wavelength 6@tn and the laser with the radiation
wavelength of 530hm Since with the increase of the bias voltage, the registration
region of the rear barrier widens towards the surface [17, 18], it allows us to carry out
the sequential registration of the waves fromdlepth to the surface.

Results of the Experiment: the determinah of spectral composition of the
integral flux of electromagnetic radiation and the definition of its changehe wave
intensities of radiation are equally reduced so that the absorptitim clerresponds to
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the widthofh e r egi st er i ng6eemThae phabooumentcorresponding é
to the biggest possible value of x is conditioned by the most deeply penetrated wave.
Under these conditions, the process of selecting separate wavésearidtensities
from the integral flux of radiation consists in the following. Assume that the
informative signal is the photocurrent. We have the biggest valpesnd X,, of Xq,
corresponding to the change of bias voltage 1mV, and the relevant phettsuy
and b. They are obtained only from the absorption of the most deeply penetrated wave
& With the help of these photocurrents,
the homogeneous environment, we will have the coefficient of wave dibsorp
1.0
a=—In-*=, (13)
x 1y
where X =X, = Xy -
With the help of @ = f(/;) and [18], using the esponding program, we can
determine the length of the wave for the initial material of the photodetector, e.g.
silicon. By means of the formula for the photocurrent (12), we will obtain the
intensities of separate waves in the absorbed radiation:
|
Fo =— ' 20 & (14)
a - & X :
qS@g-2e "+
¢

1+ aiW§

With the help of (5), (13) and (14), we determine the absorption coefficient of the
most deeply penetrated wave, the wavelength and the intensity of the wave. Then,
with the help of expression (12), considering the absorption surface, we form the
dependerel, = f(V) and subtract it from the experimental dependdnce f(V) of
the summed current. As a result, we obtain a new dependence of the summed
photocurrent on V, without the dependemnge f(V). By means of relevant software,
this method helps us tgmine the lengths and the intensities of all the waves in the
radiation.

The experiments were carried out on the p - n" structure. The spectral region
of the monochromator is from 300nup to 1150nm Based on these parameters, the
design height of he r ear ©B08BaViaedrthe distance 6f the Fermi level
from the valence band top of theepitaxial layer was EE,=0.29¢eV (Fig. 3).

The height of the silicide Schottky barrierggicon with Ag) was 0.54V[16],
and, consequentl vy, t he hei.ghRS5 edfThet he
photocurrents of the two oppositely directed barriers are oppositely directed, and they
compensate each other, depending on the applied voltage. It is noticeable in the
relative spectral characteristics (Fig. 4).

The figure shows the mirror image of the longwave photocurrent. In the absence
of the bias voltage (Fig. 4, curve 1), the spectral photocurrent is mainly conditioned by
the surface potential barrier, which createsatshiave peak.
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Fig. 3. The eergy band diagram of the structure
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Fig. 4. The pectral distribution of the photovoltage on the load resistor of 0.5 MOhm

The longwave peak has small height and is conditioned by the rear barrier,
which is located at the depth ofpén from the illuminated surface. When the bias
voltage is "+" on the Schottky contact, the surface barrier is shifted in the reverse
direction, and the barrier of therpjunction is shifted in the forward direction, which
increases the photocurrent of thestf barrier (Fig. 4, curve 2). When the bias voltage
sign-0j sthe rear barrier is shifted in the rever
photocurrent conditioned by it increases (Fig. 4, curve 3), and thewawng peak
becomes more noticeable. Such mutmhpensation of photocurrents of both barriers
is connected with the change in the width of the wave registration region.
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Thus, at different voltages, different waves penetrate into the registration region
of the rear barrier. These waves determined by the corresponding change of the
photocurrent. During the experiment, for determining the spectral distribution of the
intensty of the absorbed radiation, the-813SRCGJ4 LEDs and laser beam
(wavelength of 53@m) were used.

With the help of (13) and (14), the curremtitage characteristic data in the dark
and under illumination, and the developed algorithm [19], we rrextiéhe process of
receiving of the spectral distribution of the radiation intensity. As a result, the received
spectral curve (Fig. 5) is close to the certified curve of the LED.
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x1013
4 |
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Fig. 5. The pectral distribution of radiation intensity

Conclusion. In the new model of the portable photosensor, different absorption
depths of electromagnetic waves in the developed silicon photodetector are used to
create an algorithm for the determination of the wavelength and its intensity. The
results ofthe testing of the algorithm on the experimental samples open up new
possibilities for the creation of a new type of portable semiconductor
spectrophotometer.
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