ELEUSrNLPYU, UPUrNELEUSLNLPYU G4
LULNELEYSLNLPYU

{81 621.377.6

.M HUTSN3UL, S.%. a4rranr3uu

W, Sn, C, Cr £hU£N4 hLLLNhMINMIYUD <NULNNY
usUurhrusnruerh 4NLS-uUN6rU3hL PLNRIUS ENP SULUBUUSULUL
<esSunsnhuc

Lbwnwagnundby Gu hupuninnnpnywd hnupninny (Self-Directed Channel) ynidpwdb,
ppndb, wuwgb U wétuwduwihu Knowm dbdphunnpubiph punypwapbpp dhusl 10 §<g hw-
Swfunipjwu wnppnypend: <Gnwgnunyby Gu twppbp Yunnigywdpny dedphuwnnpubiph thnfu-
wugwwndwl jwpnwiubipp, pwpép/guénp nhdwnpnugjwu yhbwyubph nhdwnpniggniuubpp,
thnfuwtowwmndwu dwdwuwlubpp: Ywwwnyby £ punipwgptph hwdbdwwwlywu gbpndni-
[EInLu:

Unwugpuyhti pwnbp. dGdphunnp, hupuninnnpnywd hnupninh, ynpn-wdwbpwihu
punupwaghn (LUR), hhuwntiptghu:

Lbpwoénipynmiu: LEpYwjnwu wuwinquihtu b pywihu EiEYwnpnuplwh qup-
gugnuwip hwugbgpb) £ wpwqwgnnd, tubipquiutwnn, ynipwyhp uwppbiph uintind-
dwup' hwdwywpghsubip, htnwhwnnpnwygnyejwu uwppbp W wyiu: Uwhuwju hu$np-
dwghwjh hwwpdwl, dywlydwu, ywhwywudwu b hwnnpndwt wwhwueynn wpw-
gnigniutbipp W dwywiubpp 2wpniiwlywpwnp wénw Gu: Wn wnbuwuyniuhg Yuplinp
fuunhp £ unp wmhwh hwdwlwnpghsubiph unbindnidp, opptuwy' ubjpnhwdwlwpghs-
ubip Ywd pywunwiht hwdwlwnghsubip: Wu fuunph nddwu hwdwp dowyynud Gu
wmwnpbp wmwppwihu pwqwutip: “Hpwughg dGd hGunwppppnientu Gu ubipyujwg-
unud dGdphuwnnpubpp: UGdphunnpubpp whundwpduwht junnigwépubp Gu,
npnup LlGYwnpwywu wgnwyh hbnbwupny thnfunwd Gu hpbug nhdwnpnieiniup b
Fubpquwuywfu Ytpwny Gphupwunle Yuyntu ywhnd wyu [1]:

Ubtdphunnpubpp hhduwlwunwd niubu nhdwnpnygjwu Gpyne Yuyn yhdwy
(pwpép nhdwnpnipywu Yyhdwy' HRS, U gwdp nhdwnpniugjuu yhéwy' LRS), npnu-
gny wwwhnyynw £ wnyjwiubph wwhywunwp Gpyniwlywt impwdwpwunyejudp
[1-3]:

Ubtdphuwnnpubph W npwug Yppwnnigniuubph nwunwuwuphpnipjwdp gpuwn-
ynn Knowm Jwqdwybpwynyejnlut wpwnmwnpnud £ phupuninnnpnwé  hnupninny
(SDC - Self-Directed Channel) dtdphuwnnputip, huswbu twl npwug htinwgnundwu

wwwnwwwihu b dpwgpwihu gnpdhpubin [4,5]:
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Ujdd Yuwuwwpynw Gu SDC nwupt wywwwunn dedpphuwnnputiph W npwug
hhdwu ypw uwppbiph huntuupy hGnwgnunieiniuutip [5]:

Lhnmwgnuinipjwu wnwplwu: SDC dGdphunnpubipp, «opuhnwjhu» nt «thnyh
thnthnfunwiny» dGdphunnpubph tdwu, nlubtu pwqdwphy wnbuwlutp: Knowm
SDC dtdphuwnnpubtiph Junnigwdph nhdwnpnigjwu thnthnfunyeniup wwjdwuw-
ynpywsd £ wywnhy stipinnd guinuynn hnupninphutiph dhony wpdweh hnuubph nb-
nwownpdny: UYywnhy 2tpunnud dnmwnh Yuwnwhqugywd nbwlghwu gbiutipwgunwd
£ dovnwlwu hwnnpnhs hnupninhutp, npnup wwpniwwynd G wpdwpeh wgndb-
pwghwjh dwutip: Updwph pwuwynieniup hnupninnud npnonid £ uwpph nhdwn-
pnypintup [1,5]:

Knowm SDC dbdphuwmnpubipht punpnp Gu pwpdp nhdwgyniunyeniup, gwdp
thnfuwugwwndwt jwpnup, wuwnguwihtu ypbwyh wwhwwunwp, pwpép dhwgdwt/
wuowwndwu hwpwpbipwygnieniup W Gpywp (gptet wuuwhdwt) dwnwjniejwu
dwdybwnp: SDC dtdphunnph Yunnigwépubipp pipdwd Gu uy. 1-nud:

UY. 1. SDC dtdphupnph (w) b Knowm M-SDC dtuppupnph (p) unnigywéptlinp

Ujdd wywwnpwuwnynn Knowm dGdphuinnputipp wwppbpynd Gu [Gghpwgunn
fuwnunipnny U (hund Gu 4 nbuwyh” W-h, C-h, Sn-h U Cr-h hphdpny [5]: Pninp 4
wnbuwyh dedphunnpubpt nuwly U wwhbine wuwinqughu yhdwlubp, uwlwju
npwup hpwphg wwppbpynud Gu hpbug puniewgnpbpny: Oppuwy' Yyn$pwdb dbd-
phuinnpubip odinygwé Gu ny dbd/wpwqg hnfuwtgwnmdwu wpdwguwupny, wétuwd-
Uwjpu dedphuwnnpubpp hnfuwtowwndwu Fubipghwt 2w thnpp £, b npwg thnfu-
wuowwnnwt wdbuwwpwqu b, wuwgb dGdphuwnnpubphtu punpng £ dhohtu thnfu-
wugwndwu wpdwagwupp, huly ppndt dedphunnpubipht’ wdbuwpwnpap 2bdbpp L
wdbuwnwunwn gnfuwugwwnnwip: Swppbp Junnigwépubpny SDC dbdphu-
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wnpubiph hwwnynyejnwiutph pwgwhwjndwt tywwnwyny Ywwwnpyb| Gu npwug
Ynpun-wdwbipwihu punyewgpbph hGingnunw b hwdbdwwnwywu yepindnie)niu:
®Pnpauwlwu Jwu: Analog Discovery 2 U Memristor Discovery 2 hwppwy-
ubiph dhongny nwinwuwuppyti Gu hupuninnnpnywd hnupninny ynippwdti, wuwgk,
ppndt U wotuwdtwihu Knowm dtdphuinnpubiph ynjw-wdwbpwihtu punypwagnbipp:
Tpwug Yppwnting 0.8 4 wdwyhwninny U 500 dy nbnnnigjudp tinwuyjniuwal
wqgnuwuwu' swihyb B upqwd dedphunnpubiph Ynpun-wdwbpwihu punypwagpbpp
(uy.2): Mwhwywubiny Yppwnwsd jwpdwlu wdwhwninu nt wgnwupwuh dup b
thnipinfubing Yhpwndwd bnwuyniuwal wgnwupwuh hwlwunygniup' hbnwgnun-
gt 6u dedphuwnnpubpp LUP-Gpp mwpptp hwbwfunyenwiubiph nbwpnid (uy.3-6):
LEnwgnuiniyejut wpyniupubpp b npwug yGpnénieyniup: Unibpwdt,
ppnuti, wuwgb b wéfuwduwihtu dadphunnpubiph WUR-Gpp ptipdwd Gu uly. 2-nud:
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= s
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fJ

10
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10y )

%) n
UY.2. Utidppuppnpubinhp LUP-Gpp’ Jnipwdt (w), ppndt (p), whwab (q) b wuwstught (n)

LY. 2-nd ywwlybpdwsd Gu dedppunnpubph otidwihu jwpnwiubpp (Vep L
Ven), LRS U HRS yph6wyutiph nhdwnpniyejniuutipp: Un.1-nd pbpdwd Gu dEdphu-
wnnpubph hhduwywu punyewanbiph wpdbputinp:
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M+SDC dtdpphuipnplinh hhdawlwt panyawagnplinh wndbpbtinp

Unyntuwly 1

M+SDC Ve (1) Vi (1) LRS (4Ou) | HRS (4Od) | HRS/LRS
w 0.2 -0.175 1.8 48 26.6
Cr 0.23 -0.1 2.2 143 65
Sn 0.19 -0.12 2 70 35
c 0.24 -0.09 4.8 200 41.6

LY. 3-nud pbipdwé tu M+SDC (W, Cr, Sn L C) dtdphuinnpubiph LUR-tiph
hGwnwgnwinieyniuutipp 100 <g, 1 4<g b 10 Y<g hwbwfunipniuubph nbwpniy:

I{uyu)

T{Uyu)

Dy ()

u‘V{‘-II

LY. 3. M+SDC dtuppuipnputinh LUP-Gpp ynwppbp hwbwpunyayniiinh nbupnid

Swpptp hwéwfunieniuutiph nbwpnwd 4 wbuwyh dEdppunnputipp Ynjwn-
wdwbipwihu punipwagptpp dhwuhtu pbpdws Gu uy. 4 - 6-nud:

T{Uyu)
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0.8

ReAvA )

Ul.4. M+SDC dtidphuipnnptiiph dUP-tipp 100 <g hwéwpunypywt nbuypnid

I(uyu)
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£ 40

0.6 0.8

v

UY. 5. M+SDC dtidpphuipnpulinh LUP-Gpp 1 §<g hwibwpunysywt nbuypnid

174



80
60

40

—_ 20

3J

e g
=

—

0.2 0.4 0.6 0.8

v
LY. 6. M+SDC dtdppuipnpinh LUP-pp 10 4<g hwbwuniejwt nbupnid

huswbiu Gpunud £ punipwantiphg, hwéwfuniejwu dadwgdwup gnigpupewg
uqwgnud Gu ddppunnputph HRS UL LRS yhéwlyubph nhdwnpniegniuutipp,
HRS/LRS hwpwpbpwygnieintup, hul 26dwjhu jwpnwubipp dedwunud Gu (wn. 2):

Unyniuwly 2
M+SDC dtuphuipnpubiph ptnipwanbinh wpdtiptinp 10 4<g nbwypmd

M+SDC | V() | Vr(d) | LRS(4OuW) | HRS(4Od) | HRS/LRS
w 033 06 10 164 164
Cr 042 | 062 7.6 157  2.06
Sn 047 07 21.2 435 205
C 04 | -067 17.1 233 | 136

Ywwnwpyb] £ 4 wbuwyh dedphunnpubph wmwppbip hwbwlunyeniubpnwd
swihywd LUP-tph L punipwgptph hwdbdwwnwywu gbpindnieiniu: <honn uwn-
pbpnwd Yhpwndwtu nbuwuyniupg wdbkuwjwy puniypwgntpu niutu ppndt dGdphu-
wnpubipp' UGd HRS/LRS U thnfuwtgwndwu wpwgnigniu:

Gqpulwgnipyniu: <Gunwgnunyb| tu M+SDC ynidpwdt, ppndb, wuwgb b
wéfuwduwihu dGdphuwnnpubpp, npwug Ynuin-wdwbpwihu punypwagpbipp: Npnayb)
Gu dGdphuwnnpubiph hhduwywu punipwgptiph wpdbputipp: Ywwwnpdb) £ 4 nb-
uwlyh Jdedphunnpubph YUR-Gph hwdbdwwnwlwu Jbpndnieinit’ twppbp hw-
dwfunigyniuubiph nbwpnw: Uprynitupnd wwnpg nwpéwy, np pun HRS/LRS L
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thnfuwtowndwt wpwagnyejwt wdbktwiwy punipwagpbpu nwbu ppndb dGdphu-
wnpubpp:

LGypwgnipnieiniip yuwiypwnydty B <UNKS «Uphypn b bwinbiGlyppnuhyuw» puquyht
ghypwhbypwgnipwlwt wipnpuwpinphugmd << YUU Fhgpniyuti Yndpiplh N.19YR-2/050
npwdwpbnphp ppowbiwliupnud:
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A.P. JALITOSH, T.A. TPUT'OPAH

CPABHUTEJIBHOE NCCJIEAOBAHHUE BOJIbT-AMIIEPHBIX
XAPAKTEPUCTHUK W, Sn, C, Cr MEMPUCTOPOB C
CAMOHAIIPABJIEHHBIMHA KAHAJIAMUA

HccnenoBanbl XapaKTEPUCTHKU BOIB(PPAMOBBIX, XPOMOBBIX, OJIOBSIHHBIX M YTIICPOIHBIX
MEMPHCTOPOB C CaMOHAPaBICHHBIMU KaHamamMu Knowm B nuamasone gactoT 1o 10 x/y.
W3ydeHbl HanpsHKEHHsT TEPEKITIOYCHHs, COIIPOTHBIICHHS BBICOKOS/HU3KOE COCTOSHUM, BpeMs
nepekmoyeHus. [IpoBeZieHO CpaBHEHHE XapaKTePUCTHK U HCCIICAOBAHBI BO3MOXKHOCTH TIPH-
MCHCHUS UX B yCTpOﬂCTBaX C IaMATBIO HHTerl/IpOBaHHOﬁ JIOTUKH.

Kniouesvie cnoea: MempucTop, CaMOHANPaBICHHBIN KaHal, BOJbT-aMIEpHas Xa-
pakrepuctuka (BAX), rucrepesuc.
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H.R. DASHTOYAN, T.D. GRIGORYAN

A COMPARATIVE STUDY OF VOLT-AMPETE CHARACTERISTIC OF
THE W, Sn, C, Cr SELF-DIRECTED CHANNEL MEMRISTORS

The characteristics of tungsten, chromium, tin, and carbon self-directed channel Knowm
memristors were studied at up to 10 kHz. Besides, we have studied the switching voltages,
resistances of HRS/LRS, and retention times. The characteristics were compared and the
possibility of their application in logic embedded into memory devices were investigated.

Keywords: memristor, self-directed channel, volt-ampete characteristic (I-V), hysteresis.

UDC 621.316.58

A.T. SIMONYAN

DESIGN OF A SYSTEM FOR MEASURING THE MAXIMUM POWER
POINT OF SOLAR PANELS

The maximum power point is an important parameter of solar panels. The solar
panel works at its highest efficiency at that point. However, depending on the external
conditions, such as irradiation and temperature, the maximum power point is constantly
changing. Finding the maximum power point of a solar panel is practically necessary for
the solar panel always to work at its maximum power.

In the scope of the current work, we have designed and implemented a system for
measuring the maximum power point of solar panels. The tests of the designed system
show the repeatability of the measurements and the dependance of the maximum power
point of solar panels from the irradiation.

Keywords: maximum power point, solar panel, system for measuring maximum
power point, solar panel efficiency.

Introduction

The rapid growth of solar energy is due to several important factors. First of
all, renewable energy is incomparably preferable, besides, the price of natural fuels
is increasing day by day, and the above-mentioned circumstances, the energy policy
is pursued by large countries [1].

The total cumulative installed capacity for PV in 2009 was 2.6GW, in 2010
was 7,8GW and at the end of 2020 reached at least 760,4 GW [2].

The need for more available energy raises the issue of creating more up-to-
date solar platforms that will be able to extract all the energy produced by the solar
panel.

In order to ensure the best efficiency of the work of a solar panel, it is
necessary that it always work at the maximum possible power: Maximum Power
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