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Abstract.The paperconsiderghe effect of refractoryAl .0z hanoparticle®n the mechanical
propertiesof commerciallypurealuminumat differentstrainrates For theintroductionof aluminum
oxidenanoparticlesal-Al 20z ligatureswereobtainedoy themethodof shockwavecompactionThe
introduction of the ligature was accompaniedy mechanicalstirring. The melt, with the ligature
dissolvedn it, wassubjectedo ultrasonidreatmentCastingwas accompaniedtly vibrationtreatment
of the chill mold. Scanningelectronmicroscopystudiesshowthat nanoparticle®f aluminumoxide
contributeto the grinding of mediumsized aluminum. Mechanicaltensile tess showedthat the
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0.001s-1.Anincreasen thedeformatiorrateledto anincreasen theyield strengthandstrengthof 36
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tousesolarcelsforthepowersupplyoftheequipmentToselecsolarcellsfromvariousnanufacturers’
proposalstheymustbeexaminedatlow temperaturesnostoftenfoundin theArctic, evenin thespring
andsummerWeofferasolarcellresearclfiacility.

Keywods alternativeenergysourcessolarcell; solarcell powergenerationpowergeneration;
energyproductio;conversiorefficiency;low temperaturegrctic.

lodHJddJ

CCtdzsecd I & ONdgftc P sMise jaziaslsdE s H sdzy O
R EZHh Oflsdatinafglg tc O {f tc d[ dfj |1, 5 H dzd dy B leistisfis dgls tsB T
dMmtf sdz' 1vtsa ®ls ‘dats ol lg tsl3] dedzg 6 & dsdc.OUz tc tsHff o d dzv dzd
[ otetst j R fbizg G2z s Is st g L v d@ieday " figftdsfy Is st telzf{ tg ts H dz'
mtc j dol sdzj 9disimgzlz yh ldss'tctzo v j 2 .

RMMdz H s ap @S gidlizd MY " Is" L @tddds M Ouzdlzglzte g J Is d wd
IstclzH dzis DI ¢ d GFgiFtcs ¢C:dzj tcc sMdz@ Bz | dadh ks dsdg'n jj s velzts
C O HetOR s @y L j d2 dig Ris tc s fig s @ dafdfvEs,Is tstfcts Fls 2z f O
SH e tHHAY | o | 1 i @ DI O o ( ldatsf,L dgz'dzj dzj C Istctsils O
sB d&zZOH OsdzaddLjS &G d or MsC ddgds tc OlsiEddicts d L © SH M
1 dzj Clstoctsiedzjistfsid & €1 90 dzy @z ) dod§siinjlsdifj st O ) ts ¢
Ists§ dfd66,[D Mo Wi &b dndizd HdQifrish) d3tflff e jslis i fn Is ditsdsth HOjsd
Is | s tdaftfdtc © o dej edzdfyts sgf m dzts dzis dz¥f s By Is d 8] jdad ¥ Odh dzts ¢
LAV W ] Clsd scdtsa s O dfists Iteigd Y defg dmfi2@ f to d e8lJ Q] .

148



[ dzscidejte s JARATAiiH Spu@idsjtisdizO d B t dzisE e MM d ¢
wo vy et daf GH3UsE ¢ @5 2002 M 2 Is Hiftskh O L WlsiAs
o jbtetsd | dag@@istshcl j § B tf dztizodatsjj st HIO | | to dsOatdg jf
Odz!' Is§ tcdz@ndsasdztzl§ ¢ig & i Is O df dzizsletal delzidddn ® to j d3wW
O dzts B3O Bzts dzts HidEEREfM dzj ¢ 51 GO oz Oz 0 %. tetso j 66
s § Ofglg jss Wisdz (i dp@A 1§ dEigs] s dsshe js Y d dztds 8zO% j dz' «
Of § Oteg[OlsasHY ¢ O M@ dz® Easgz H § dale gz ¥ Is ) I g B Bjt5ils €
Lodzj S s te ts 4] disitf teoetoplsoif oozl P dE® to O B iy Q layd O dg'tsdglsd® o ts.
UsGREjL O%] tLAEB st sE B o & & fidsmafdigei toc j Is d uj
CiB Ocfied darfic ts1s € § s ) ls s W dedets 2 QB ISEDj§ s T Wsdz'te® d dz,
s OXOC Istfste 0 § 'R " § 5 dz' NedPdy T §HARTdaj te 5 1 j ) 1t€ Qg
i J to] Sz d Gyeetzj dgldz) © j e BizZHIBMBc S st G4 -~ SH d Is
B 5 tcts tizfsfisuezimdei H J dzglztighffj diziz! de' jdsdte © Kfmdzi Hs0 O
i tg nis O datg asCigjs diztcf dodz © O dAff A tdgdisO ho @ Is tc I8 HA® B @Zz0O
B fiydd dzO dizfjd o J toxlhHsiic@e A d § 1 2O @ d3Bz" dgxDOL ez | d
fd dz' tizs &g o fs Rtdatic j Iy O  Adgq .

4 tsdzdz] WdDdzgjidzdls dsdzts i d Is jidic g @ Mls 9 (i@ Is O dzts o €
dzOMmis e 1S MY dzliz OfstOMyte/@o dzjfiyizd 6z ¢ dodigl 5B dzts 9 dzw J
dmlstsydzdf G B dnd sdz L s Grdeg lgH 2 depcC Isd G 3s 2
f cOC Isddglj s dts OEBSY 5 dzv teoddnffy s dzdzj r|@ds Pty dflz y O & |
hdzd h Odiff® | Is s aldg e dfy]" tc OB stzr§ JIs tots1sBF tis& dPd .0 dz
dzO 1S MY § to de@iz'ddigjj dzO dizf@j o | teslbEsiic@wnjd §f §] OO
1 J d3dgs dzdzj hydizis @ ff e dadsjin Is O I Wz tzts OB Stiz§ Jlstcts b dzj
fdtd i ddsd] sgd.d MY sdz L= deds o O degthiyls | d3lz
mMtsMmis sy s ezdz) fyCatzfazj B tc s dztck{e da | do jdziz - tc CRlslds@s ts
fnd A d B s Iy RO @@ f s dz' L B odQRdsdd ¢1i7¢ - § &30
d M sdz! L HsdifQ@ds@igigddrj ¢ s d3d3lz dzd 8 D&t UsHideAs® dizd W

W Clsd & dzeipls o) @etzg fdad &L d2e i bRy | @It
Colststettsddd MY sdz' L Bedgffrfwtse r b j dgqd oz j tc Ofstztisy j M f
Wislss tc | 5B @i taire Codgdste d o tSCHigdsd 3 j 2 W j € Isd o dzk
fts dzdzj U @zH[dA] RY e OC Isd diMizd R Sdz@fiagf g BD 18 ', dzts
ts B dzOjtg ,dztisfipts dzdzj fu @zizjf dedfi o j tc @ @zOIs| i Vs | D s jdgitlzd o3
fts dzdzj uivle" Jdisds dsdzls § dzfm dfptxirzddi jde” dalz y J dzcdtgiddg. iz dz! Is C
d dzls J dzid dsqetslzfftg tc Ols v tisdzte § B Mtsdad VO j IsW j € Is d o dzt
ftcj sSBtcOMmE g B tfefcisagis@sic d o S dzlg ¥ J dizg & dztshiffdsdits o s 2
Zmis ©dBp ks " - twHiipls tdasiyls © ditsDd X |@.MAstsdzm Is tc 4] Is (st
Eudls’ £@4 ¥ W d gzPicdel b @dzj 1 @' tzfifiPs dzdfyfCe s o tsH W
teOMfitse " ¢dsn ded Ui A€ QSs § el tdndstpdt @3e® dz ~ dzd W J €
HSC Zd3d delgi@ Yy gidfi@izy | tc Os@Qic@X Is jl kPBfls d €

149



RMMdzi H tf asG dzdf s ded3y | tciPtsdzdz] 1 da 3l dzis® s H d dzd
H s Mis Oldstpdety ddzOditds, d [dGAS ) .dz0 y d Is §fzdzdzt€ jsjozd y j Mls
f kB dzd SYQsUige2Y of j bptizj H Sfp ©ditp) fixdetzs fidg@lstcd y Ols j dz!
s § defQlRfeH dzOf 1B © dzdeiBidls | stetodets € sdd | Isd B | L OIskz
o Mistej s usAaints) j o' MK F § 1d.d3t8Y dzd (30 tizlj dg® Y tc Ols |
s zMC OEBSILMeOH Z §$ az! g dstisdg®s ) tf tsH dzvidSs i t& 2
CleOH G az fi)dss. .ol | to Odsplaed Isafff Ji e B O dzd dz€ d J
ols J U JedgipctuH{@. 51 dzQudz®" iddEn dzj H &6 ©tlzg] Jic@aEst Is Iz
fnts dzdzj ydizj ¢&jodOB s tc O liz hytdaizredefiad ds,d toc Ezsfipdeffotaf™Is d €
I+ €My J tedinf3fs dadzd Apd@ Isadrfiai’ 2 bigt$ O dztsch QYHIGE lztc B Iz to
383 1RIcOHENED MW .

b 59 o] d3jlsdpdRr djts dassfg ditef 9 Odifde'tsy tS B dzts o il Ig i B ¢
L dzd et R § s d3@ze Q YdidedE O Is b asdztst ¢ QUi Istasdizgr® © O dz! dz'
Cdzd 3OIsd Mg Mb gagOf,tc d[dABO J ted sy & j CIsd b @ETHE
d dzpy dmjdz" i n s Pdg difiifgitdsts s 0 j Is Mtsts &z ts Y dPTAs t6 € tsalz] B O o
IsJ B j Ol stetsg Y Jd BB ZOY des ) lsdeQ@ slsstgts gaedzd Vv Is!
dzO § tc dods Cted daf Ldzi3 i d&, ddzf{df CASUA Y 5 y dzts fi ldzts o Qld@gisc jtsizd
tc O fyg lsHOZ M 9] wldsdzts N jzdjdee[Of o v L O dgdatdzef €3OS ¢ gD dzd y J
f ctsB dzlp GBQL ' 9 @] RE2AS HAWE odig] 2dzy Jda@ffridsddgpie R Is © €
tcJ L zdzd Bz H tf de[CiplifdiRdz’ L igs @dzd | @ Enjftc d § ts dzv te d;
tod ¢ JdsEizfz tsd3tindzd LIsfjls+ dzts dzts cte{duff Wg¥ Jf @zl tejdsd ddff b O y
C s dz€ to jolg dz'd As dz@ dg'datz’o if W - .

1 O tots JAOlY tc Odep@zj @ dzd L@y fMiflstelsclsl @ © o dzj dz
dz' H Qdodc | dzlgtd U] o | to(dAsteBsls d Yy§ MK sE Bz dalpis d e d Is
(ddALIEY 5AzO WX 2PN B @K .j df'tc ts ji CHsdelz Yy h p el fpelz f ©
tod ¢ d theddL,o &ifdsis 2 yfdzdi0Is dunlsis2duste @ & § tfte Is dz
¢ s d3d3kz ded € Ofy o 4 jrafn & j A9 | .

{BtoOIdug] SHEM | ted d3d dals O

[ dz M dzi H B)as@atiaf " dzlj B3] dizglsts® -~ @ g &t O IdjHdg) drzH?
[ 4Q] .4 tose g fighfdzj 1 tf ss0rda tdztc Op O & s & O EStd Hareh
f 6] H dzO L HizBfug @ECs d f JnfpQiaf 1 thesxia) M tels B dzj € Is t6 d 1
L odzj d3d qisldnstas az@ dD s W i okl 4 1 Jodsts O q3dsdztg jm ¢ Jey Jodis] J
©OL tc OB ashy®fasi OW d U ji ipdsts de® dsdsd Nolth s @ ded Y 8O dzd L
f o tso tsHz@ek M) | dai RIE S to jfataizj dzjiai " dgds Jydieij H dzOL dzO
Hdf'ffdzd H B8P BIEZ] B Is & ) detletind] iy - s dz L )¢5 @rdlz] grldpuelk 2
COud Iglindsis ybigef § B odig Ac d diak Is tc | idsigfdeH $ Mgz H s O
fteseo s igf® dz' L b eN@dedsifnfdth ¢ O J @fgb F Ugad SIOs o ts
| dzj 6 G ulfifls O datsBtErzdzt M & dz! L Hsdr'@Y'ts | H | di fipEgte dz" |

150



- Ote OC Is jfrdsdniis] quidzl dsd 2B S " - ts HiERW jto W >F jsddafs i Is s ¢
~nCHIOCC BB ISE Bds ¢ Gdadd® A&t j B O C Is § WA dig doO
e OL dzdtstea] jr dsls§ORUF S dizazls § dzfm ddefrpstssin igiad <100 .

¢CWi nandolpaorwe r ad fhte j H dzO LHAdASB]Izdg J fipisilvH | dzls t
~n Ot OC Is j tdshobisiz] fu@atkz Fddz jj As tc 6 dz'dZ] to @ It tRtdngf ots dz! s tdzley
Is tc j dzO y ®@" dfj dgtycdddsndzj 1 f @ O ® dzdzC PO ' = SH AR
2O to W xd g3tz fzdiipts dzdzj U Qaizkcfajds to vd3je'dd &EBlsFc s,
sddizs el 3] t6Y B34 | tehPlstizttctiz) Isde@f tc W YOIC ddzizlz deWsIE ts to
ZzOc kg § OL tc O sHdRfAndits dz! LS e Gsdedijdf g ¢ 1Y teA©Odg W 15 to «
fn B tsHo@Pdzddz g tc O o dtp dzd Wwmsatl r W neasrintdsf il sdz! L dgp O A
tOMmh dtoy fotBc o O BRY 6 btz Bs@ady 3O Isq wz®ydidrj ¢ Iskz O
d dzls j tc Wnjovdimz® H j ystF HjlpdzddEa O tsH O.

dilsj2zHIn v e s tSogeedrd mlige®GhkL o WfdvsjolssipRdfjsH z& b
d i dzJo=dEY Mmis d to s B dedkzO ! detOd ElzdirptCiddd] jWdgtdzH & dzj 2
L Of hfip'tc OC Is j fipts| dpdzjd §3izH & df i@y H 5 0 © iz § W H Lz
Wstcdid tcisojQiddiffpdzj HisE ARAEPB I8 @R If OHNdlas 'L ;dzB® Is -
tcOL dzd sdpf PR tso s CHdW d ¢ 2z f &qaf W dadfirf) ts dzdzj y dz'
BsH EZdzj 2.

| ZOo dzj 2 s @PB T j ff J to] ydnitdpjdidizdsjo8 5L d3ts ) dat
d mdzj H SipEided vy dizj 34 delsfad L S ls[f a3 § tc Ofs @ da Bk
ftotso tsafifdfoaifj H S4O3Ad MY sdz’ L & oz@ dgP s Q@ dpRUS2J
dztst Isdq € d dsjedzdzj f SL o S dz dgds e BB S IsiPdpr d3j tod Is j dz
sSBBtckzH ¢ Ozt | dasiadldrls O dzts alfslEs | GIOIs stfetis R O 10z0 dzO
tc d i z1dzC j

4 tsdzdz) @By dgH ¢ dzéyyjjtaig@ W tc oottt IsCdi\r IsdtaiN annoo .
ltodsmoe jh ff teebof J C I ts dodzgztu@aRip dzitc @ Bo@§ [isud H O dzdz" |
fjtojHQEASHY tcts € ts dzls Os ezl 5 H dzBifigin dky B.uNamo
i sdzlz d @z Is tc B[S Us(jSdBY | tc @ s © dzfs o dzglzbizigtsd tsifH O,
o " o @ dedk@jd MY dzj &Y j e OBHAAHI SO dfts Ot d3j dals *
1 j dz! Isiz] BB E3Y JH dztizO G to ded®r dzO ) Hej sladHvdr &ID Isfids]j dzH O
f sHC dzt {Jsde’j toH Sls jtag' dgtsdRgis ) p stsy J g i tcOo dzw j |
d3d ¢ tets € ts dzls teteRiy dd @cds'dic ddECm btz d3) zls@Fte ] Pdzd Lfipo O
f sz hfjusj ¢ dztfyu=odsw) tea®| i) ts o ldctgd GidzL d Misstc O .

l jdzlsd dzv Istster 1 dzj &g dzlei n @1 jddisadas dsjfg zfs SB
f dlsOded W f MY dzdzse s IssC O dzO 121, 36
fjtoj &3] dedetsets ssC O 2201 .

151



MCTOYHMK
ocBelleHns

ConHe4yHas
naHenb

Oncnnen

Undposoii
BONBTMETP

i

—

Arduino Nano

)

TesepaoTenbHoe
pene

[atyumk
Temnepartypbl

J

nemeHTbI
MNenbtbe

{ d M izles Wref- jZiPs Odzse ¢

{ JLEzddsel)zY H ] dd J

Ldzd o J to ) Qd2 il J2tc d A3 dglsQ dizg dg'2 b )dz'f MM dzf H 59 O
s dzdzj Y dzj B3j faisswfls s azesP thf v Odzj ®8 ) d dyd2Otlzy d
Mz i dzsd L 5 dz¥ t5 dzSlelimfeis T B 3) dz2iO®) § ts dz© Y fzgatairw
s o sy d f2Odzj B Halstp B 'OF tor " By J derOd § S defisiyly) =l dzd
sfye j M jdad ™.

t JAPERT L MIs Odz@P PN ezd A p dzz Istc [p gz 52 Mis o 5

1 dzlz Is to jyd@dgidsyj €z @ fifs B2hed)ile @figgrts sz dzts d L s dzw y
BOIs § to dQjdftats d L s da? tycf heatiAD ' dzjfdisdtr U ISl |tz filp ¢ 2
s H dbtpl9 ts tofipaiZst sigiz! 1 ol ts SOOI s dzsky § @Asfiptd "dzls d dzv Is ts te
Colststzj B -~ SHAfME o HicO MY tc | HYj iz dgglsyg jf dzO/ T tsdets H
tc OH d O Iss@hposs[dzAs ozy dgj Qelslz: Is+ j .

Iy diipldcj tzfn® O dzO o dgdsaidyj k(i d3) @Aste ™ &£Qg" 19 O
o C dzte yOd figlits ydag & j M jrdddzjfjedf tys d C desf 8¢ B Jtc O § «
dzj 5B ntsisq dslf 4§ to QuisCleitstf [j &f fls s yddzd) ST § tdf QIO dz’
Hd MY dejtejd) s M is d ydgjdmfed- sisq dstf 3 OB thfnfos@ Ok Ols |
1 tod dfjde Iff 's& OLHOdMgdszdz) Y dzfs d3ilz@lc® W@ o d ) JEZE ) ls o
( Tood X Shds dzts finlsstfcs] o fla®@id dg 23dzC |

152



10 20 30 40 50 60 70 80

[ dmiz3kp O dXe d mndwstb days dzdz) 1y dzfs &35 dzls O .

1 OC dz¥ yJd dzd J

[ daf MM dz H 15 B QdagWaE & Ubslsstedpts 3 Bzis dztsf te d d3j dgv Is
o0 6 € Isdz§ 5 B - thisd @3 filf P dAsHISIEQWN T | YEHY sl § 9 |,
qdzd L Osq jBY J te PIs s H O O dasi IS tatfetOW o Sy fjdsj H 5o
fts dzdzj wdid dgptiztp o s G § BY AL jiklifi] cOlskz tc.

ldedzd sctcOMd dinfg < d 2
1. A roadmagor rapiddecarbonizatiohJ.RockstromQ. Gaffney,J. Rogelj[etal.].i

DOI 10.1126/science.aah3443Sciencei 2017.1 Vol. 355,Iss.6331.1 P.1269
1271.

2. A low energy demandscenariofor meetingthe 1 . &b tArget and sustainable
developmengoalswithoutnegativeemissiortechnologiesA. Grubler,Ch.Wilson,
N.Bento[etal.]// NatureEnergyi 2018. Vol. 3,1ss.6.1 P.515 527.

3. Klimenko V. From Rio to Parisvia Kyoto: How the Efforts to Protectthe Global
Climate Affect the World EnergyDevelopment V. Klimenko, A. Klimenko, A.
Tereshin/ ThermalEngineeringi 2019.1 Vol. 66,lss.11.i P.769 778.

4. European Green Deal /I European Commission [site]. T URL:
https://ec.europa.eu/info/strategy/priorit23192024/europeagreendeal  en
(dateof access20.05.2021).

5. BatuevaD. Increasingefficiencyof usingwind dieselconplexeghroughintellectual
forecastingpowerconsumption’ D. BatuevaJ. Shklyarskiy// Proceeding®f the
20191EEE Conferenceof RussianYoungResearcheri ElectricalandElectronic
Engineeringt 2019.i P.434 436.

6. LagunovA. Theresearclof thecomplexof alternativeenergyto powerthesatellite

153



container A. Lagunov N. Podorojnyaki DOI 10.1109/EUROCON.2017.8011137
/[ 17th IEEE InternationalConferenceon SmartTechnologiesEUROCON2017:
Conferencéroceedingd. Ohrid,2017.1 P.370/ 375.

7. Poroussiliconandgraphenebasedanostructure®r novelsolarenergysystemgR.
SmerdovA. S.Mustafaev)Yu. M. Spivak,V. A. Moshnikov.i DOI 10.1088/1742
6596/1135/1/012038Journabf PhysicsConferenc&eriesi 20181 Vol. 1135/Iss.
1.1 P.012038.

8. Kolokolov Y. A practiceorientedbifurcationanalysisfor pulseenergyconverters.
Part 4. Emergency forecasting/ Y. Kolokolov, A. Monovskaya.i DOI
10.1142/S0218127418500282Anternationaldournalof Bifurcationand Chaosi
2018. Vol. 28,Iss. 2.7 P.1850023.

9. ComaBassa£. A reviewof theevolutionof greerresidentiabrchitecturd E. Coma
Bassas).PattersonP.Joneg/ Renewabl@andSustainabl&nergyReviewsi 2020.
T Vol. 125,Iss.3.7T P.109796.

10.Shouldwe fearthe reboundeffectin smarthomes? J. Walzberg,T. DandresN.
Merveille[etal.].T DOI 10/1016/j.rser.2020.10973B8RenewableandSustainable
EnergyReviewsi 2020. Vol. 125.1 Art.” 109798.

11.PoncelaM. PanrEuropeanmanalysison power systemflexibility / M. PoncelaA.
Purvins S.Chondrogiannig Energiesi 2018.i Vol. 11,Iss.7.7 P.1765.

12 Temperatureharacteristicef thephotosensitivetructuresnetatAlGaN developed
byvacwmthermaldepositiord A. Anikina,S.A. Tarasovl|. A. Lamkin,G.Kontsevik
/[ 10OPConferencé&eriesMaterialsScienceandEngineeringt 201811 Vol. 387,Iss.
1.1 P.012003.

13.InertiaDependenDroopBased-requencyContainmenProcesg K. Das,M. Altin,
D.Anca,P.Sorense Energiesi 2019.i Vol. 12,1ss.9.7 P.1648.

14 KulsinskadA. Internalwindturbinebladenspectionsisinguavs:Analysisanddesign
issues A. KulsinskasP.Durdevic,D. Ortiz-Arroyo.T DOI 10.3390/en14020294
Energiesi 20211 Vol. 14,Iss.2.1 P.294.

15.LagunoVvA. UsingUAVs for remotestudyof icein thearcticwith aviewto layingthe
optimalroutevessel A. LagunovD. Fedin A. Tyagunini DOI110.15439/2014F226
I/l 2014 FederatedConferenceon ComputerScienceand Information Systemsi
Warsaw2014.i P.1293 1299.

16 .Featuresf supplyoftelecommunicationis thearctic/ A. Lagunov A. Surovtsevy.
Terekhin [et al]. T DOl 10.1109/TELFOR.2014.7034531// 22
TelecommunicationSorumTelfor.7 Belgrade2014.i P.814/ 817.

17 TerekhinV. Telecommunicationsquipmenpowersupplyin theArctic by meansof
solarpaneld V. Terekhin A. Lagunovi DOI10.1063/1.4962608AlP Conference
Proceedingg.2016.i Vol. 1767.1 P.020021.

18 LagunovA. The featuresof Ka-bandin the northhwesternregion of Russia/ A.
LagunovD. Fedin// 21stTelecommunicationSorumTelfor: Proceedingsf Papers.
i Belgrade2013.i P.149 152.

19 Evaluationof the 2013southeasAsian hazeon solargeneratiorperformance M.
Maghami,H. Hizam, Ch. Gomesglet al.]. i DOI 10.1371/journal.pone.0135118
PLoSONE.T 2015.i Vol. 10,Iss.8.7 P.e0135118.

154



20.Kudav G. Designandtestingof wind deflectorsfor roof-mountedsolarpanels G.
Kudav,Y. PantaM. Yatsco.i DOI 10.2495/AFM120021/ WIT Trans&tionson
Engineeringsciences. 2012.i Vol. 74.1 P.15 27.

21.The role of climatic-designoperationalparameterson combinedPV/T collector
performanceA critical review/ A. Elbreki,M. Alghoul, A. N. Al-Shamanjetal.].
DOI 10.1016/j.rser.2015.11.@7/ Renewableand Sustainabld&=nergyReviews.i
2016.7 Vol. 57.1 P.602 647.

22 Urbanhazeandphotovoltaicd |. PetersS. Karthik, H. Liu [et al.] // Energyand
EnvironmentaBciencei 2018. Vol. 11,1ss.10.7 P.3043 3054.

23.Techneeconomicanalysisof PV systemsantegratednto ship powergrid: A case
study/ Y. Qiu,C.Yuan,J.Tang,X. Tang.i DOI10.1016/j.enconman.2019.111925
EnergyConversiorandManagement. 2019.i Vol. 198,Iss.15.1 P.111925.

24 A review of solarphotovoltaicsystemscooling technologies A. G. Lupu, V.-M.
HomutescuD.-T. Balanescyet al.]. i DOI 10.1088/175%899X/444/8/08201@/
IOPConferenc&eriesMaterialsSciencandEngineeringl 20181 Vol. 444,Iss.8.
i P.082016.

25Impactsof stratospherisulfate geoengineeng on global solar photovoltaicand
concentratingolarpowerresource C. Smith,J.A. Crook,R. Crook[etal.].7 DOI
10.1175/JAMCGD-16-0298.1// Journalof Applied MeteorologyandClimatology.i
2017. Vol.56,Iss.5.7 P.1483 1497.

26.Simulationstudy of air and water cooled photovoltaicpanelusing ANSYS / Z.
SyafigahN. A. Amin, M. I. Yusof[etal.].i DOI 10.1088/17426596/908/1/012074
// Journabf PhysicsConferenc&eriesi 2017.1 Vol. 908,Iss.1.1 P.012074.

27 Weatherrchive: [official site]. T URL: https://rp5.rydateof access20.05.2021).

28.Summaryfor policymakersof IPCC specialreport on global warmingof 1 . 5 Ac
approved by governments. I URL.:
https://www.ipcc.ch/site/assets/uploads/2018/11/pr181008P48spme(aguef of
access20.052021).

29 Acceleratingchangesn ice masswithin Greenlandandtheices h e senhsdiatyto
atmosphericforcing / M. Bevis, Ch. Harig, S. A. Khan [et al.]. T DOI
10.1073/pnas.180656214®roceedingsftheNationalAcademyof Sciencesfthe
UnitedStaesof America.l 2019.i Vol. 116,Iss.6.T P.1934 1939.

30 Enhance@ddyactivity in theBeaufortGyrein respons¢o seaceloss/ T. Armitage,
G.ManucharyanA. A. Petty[etal.].T DOI 10.1038/s4146020-14449z // Nature
Communications. 2020.1 Vol. 11,Iss.1.71 P.761.

31.Kolokolov Y. GuessWork andReasoningsn CentenniaEvolutionof SurfaceAir
Temperaturén RussiaPart4. TowardsEconomicEstimationsof Climate-Related
Damagedrom theBifurcationAnalysisViewpoint/ Y. Kolokolov, A. Monovslaya
/I InternationalJournalof BifurcationandChaos.i 2016.7 Vol. 26,Iss.12.7 P.
1630033.

32 Characterizatiorof Europeanwind speedvariability usingweatherregimes/ N.
Cortesi,V. Torralba,N. GonzalezReviriego[et al.]. T DOI 10.1007/s0038219
048395// ClimateDynamicsi 2019.i Vol. 53,1ss.7/8.71 P.4961 4976.

33.Climatology and interannualvariability of cloudinessan the Atlantic Arctic from

155



surfaceobservationsincethelatenineteentltentury/ A. Chernokulsky|. EsauQO.
N.Bulyginaletal.].T DOI10.1175/JCLID-16-0329/1// Journalbf Climate.l 2017.
T Vol. 30,Iss.6.1 P.2103 2120.

34 PezzulliS. Thevariability of seasonality S.Pezzulli,D. StephensorA. Hannachi/
Journabf Climate.l 2005.1 Vol. 18,1ss.1.7 P.71i 88.

35 EssexC. Climatetheoryversusatheoryfor climate/ C. Essex/ Internationallournal
of BifurcationandChaosi 2011. Vol. 21,Iss.12.i P.3477 3487.

36.Evolution of land surfaceair temperaturegrend/ F. Ji, Z. Wu, J. Huang,E. P.
Chassignet. DOI110.1@8/nclimate222® NatureClimateChangel 20141 Vol. 4,
Iss.6.71 P.462 466.

37 Kolokolov Y. GuessWork andReasoningsn CentenniaEvolutionof SurfaceAir
Temperaturén RussiaPart5. StabilityMarginTowardsEmergency Y. Kolokolov,
A. Monovskayd/ Internationallournalof BifurcationandChaosi 2019.i Vol. 29,
Iss.5.71 P.1930013.

38 Northern(Arctic) FederalUniversitynamedafterM. V. Lomonosov [official site].i
URL: https://narfu.ru/enfaccessed0.05.2021).

39.Kolarctic CBC 2014 2020 [official site]. T URL: https://kolarctic.info/kolartie
20142020/(dateof access20.05.2021).

40 Modelingandsimulationof temperatureffectin polycrystallinesiliconPV cells/ M.
Marcu, N. Titu, R. |. Slusaric,F.-G. Popescu/ IOP Conferenceseries:Materials
ScienceandEngineeringi 2016.i Vol. 133,Iss.1.7 P.012005.

41.Solar Lab : [official site]. T URL: http://labstore.org/en/energglternative
energy/69wind-andsolaipowertrainer.htmidateof access20.05.2021).

42 Wind andSolarPowerTrainer: [official site].1 URL.: http://labstore.org/en/energy
alternativeenergy/6%olarlab.html(dateof access20.05.2021).

43 EPH 2.1 Investigating Solar Modules. I URL.:
https://www.lucasnuelle.com/316/apg/13223/EPHInvestigatingsolarmodu
les.htm(dateof access20.05.2021).

44 L agunoVvA. Studyof SolarCellsatLow Temperatures theArctic/ A. Lagunov A.
Ladvishchenko, V. Terekhin. i DOl 10.1109/FarEastCon.2019.89338a6
InternationaMulti-ConferencenindustrialEngineering@andModernTechnologies.
I Vladivostok,2019.i URL.: http//ieeexplore.ieee.ofdateof access20.05.2021).

45 LadvishchenkdA. Problemsof operationof solarcells at low temperatureg the
Arctic/A. Ladvishchenkod. Lagunovi DOI10.1063/5.0032297AIP Conference
Proceeding.i 2020.1 Vol. 2313,Iss.1.7 P.060010.

156



v $21.315.1

[ d ftsodi.dgk dsB0 detsp Mk .Ow

f{reclrtfyfl oaRegv [ C1LRLYTVLZL[ELRR
ClTrsuvtJIrtoudwr [Juyruvprarsuvl JHUR
Tl {rgvef JIRBtLvrddSzuy (1 3
O]

O dzdzts s Oy g Mls Ols f5j H fls Odegz) te@ds e OL OB BBOHY d oW j dst
Bz dz' Is d O d3fs eizlfsceth Hzd U B)F) s Enpsdfebis s L H  dzdadzddf] CIstest J o]
o l]'tSd_?)tShij"ﬁGtSG'tGOGB(B@ZﬂZq'L ts eI dedetfZtf ts 0 | Higsdaty dzd to e Goodef jdzts
fizh § Miso kze tzf Hizj € Is tc 5 § de@sjinpdxfpdl s tc 3@ Baftak \2J ded2ts Hjjj
HdOcC dzsfylsd§ .

s dz¢ yifrpdetsip ©L H kdzdla@ddzj € Is to 5 g jterj dadOiHififisegiiedilz N dats
dzd dzd dzj € Is te ts f i e JHADdUtElfSte OB dn Jsdetiptizis § dzd tsts0 Odzd J .

Abstract.Thearticlepresentsheresultofthedevelopmendf anexpandale multi-agenimodel
of thetechnicalstateof theoverheagowertransmissiortine. Thesoftwaremplementednulti-agent
modelwasusedtio modellingrealoverheagowerline basedninformationobtainedasaresultof its
diagnostics.

Keywordsoverheagowerline, technicakconditionof overheagowerline, processnodeling,
agenimodeling.

lodHJddJ

] 5L HEhzfdgd dzj Clstets§ § fisHn@GO dsdgiztiissts tc j d3j dad:
1 dzj € Is te diqyjjlshiSAd[B o dzw o IO wiar efzj dAs fistc j 4 &) § Iste s dzj
Codzj yddfssiietc j B qislsg @ts j dztbj H Iz h dztf BzdR2dzj Clstetsf § t6,
ftod HisOwaing &' j L dejc=B AWz tcc J Isff difp 4P d d .
{ BN Qs fdLdzlzts | dedetsjfifidsdte dfydd 1$9i§ 246 3 fifdsdn Is O B Gzt8 gzts
709 1]s.0Mdzj H My dedsid,i - bsa Hsh jlsdgdnided W Jhfristiidsstsyy dac
1 dzj € Istedfmyj st o dzv jsla izt dis ) dzts o WdD GRls SO M Is © dz
Mdzz yRQtelz " JEgO®B sls™ & ts R figdzts ¥ d o M Asfilp"@wpddefv j Is iy
yd W te tsde@Wzin W g i3SiyRlsvftadfve € dzdb ¥ J fos(le gts 0 dzts iy ls d
fsorhjde@H i dabslsizy dzepb & e s MO G Y 6ad Y is
H s tsdzdzad ldz jindimlzdigy t<Fls tc | B [ 514 6d2] .2

[dztsd N j e 2 BB azj dgj C Istetst dzivtgfc § s e afO
tc O L toc O BstdElOAdE A Ayddivic @ dzin W s B RO 2[vH dzig . O HEO .
tcOBEGHY J T 9 dzd § s to t5) [ dzde jsopdsi2ts te d30 Yfd db ffsiafs &'
Ydw tc sy 52 dafd depdz) S stets§ fsig g Hedgeiso 52 dAf § i I3 3'
f SHtcOL iz g jf ac@sjcldcipiB dep@ @t & sdo"d2Ac Is 2 O jdetg e Is d to iz j
Is 4 = ded \EdCMEARls § dfdtdrplsidHiy gl & 6 dz' f detsap{ G2 0 ] .

157



4 BL HOPWjtcse 9 B2 ded fFEBH tcOL f3glp®g igsB L H O dzd
BOIs § BOIs di3EES & T dzj 3 ddofOels{avdzts L d g ts ) 1© wd fetzgf ¥
MmOy @nByA syl BBEB Mdzj Xy defQatsfejdzs L S0 (
i i3 d3tH jHdnld dz! dzC & dzts i3y SRS stetcBW o dov j Is
Btsdzjdgd L €  ©ls tc QlsAdr-m Is tc © dag IstAf Q dzd alzdi2dzj € Is B Oy M tc J
Cod3f J dzf)®lg e " detdin € dhtf dzkz O ls ® QP HE &TE S

[ dzs " j dz@w @ ls to 3OMRG WO s dite H fetiaed dzj % dfe O dz
ftose dztsL ( s @ dzdf flzcfiWs Is ts & © Wizw jrjsdiryswy disjsd2m) Is § f3s 2
Bdztsy j dse g s ©a] BsH | 2 G55 9 & B GfdQ k3@ OlzdzgtOB tsis T
B' ez B ifjds®@ j dzlslissiGjalzd o€ 5@ detby @z § oMy J CIsd o
34 IsHsdBs H | dzd telis® RS bptsky [d3l 9 ] .

b G J dzlstiias R ~HiEES H | dzd to ts ez Bzl W d fyj) IGCijd~ds) dzv dzf
dzO {f tc JodgjOt8 ,fs BOjo Is sMid ket eN @ d mdMha tLteih t @ m@ @ j dzls dzO
BsH jsdr | diEftsd) Is IV [dads'te s df ldAf) s 1 ) s @rgvislfXz) ¢ stes] | 6
C Oy HEXS Is tsfipls @ o offisEyls o § ® dnjsanss s figf " S2d3ts Me'OsL dzd y dz'
H Ols Y sStmalz] > fdte Oy Jofidprs d i la® B g dzj » d $ ©Y Tt @ dzy
v OCogiOB EWjp s Htwmas B A & e vddn ong PlLraibgsi'dditis ¢ OL O dz
f ted d3 di)cdgddglsigiasicitizd tois aAOEZ( Y & § D sa L | B8 =
CslststismizOn Offtsdnef tc O d dgitizs tc 3@ Pdf vy d 9 Celi(s. t§ 1sLjO ]
Qo s sltcastde n z d Dauan @s cBaar a mbEonnrei Kgr ueemdglridzar g a
i tcJ HOzZO@ A diddtebefs) dzls d totfste HORHRIA H2] dzd e s ez tizd § Isd y J
Mdlsihd L d3tsy diz] dyck ts dz'f SsdndsdP o " { €zp tlgd diod] . H dZO G O ¢
tOMm" d e jsdgisBsidzd YO HHE f tho @A fd3s tc € P daflpts dz ¢ ts
de&Ols j BOs G gPhCzd Bzd ©& j IsTdJgUISF L o sz lslzd s 0
1 dzj tc G ts fitedom Isigr@Blzd3j tcts o .

[ ) dzts o qizis@ 06 | dzlsdistsHs jisdzd to &5 5 O dzlf) © dedz? B OB tsis O~
woo dzw judsfifydzy 3 dob O et ¢ dzts L  uizfp o @ gzt \© ocdgtsin)lstg) O 1S 1o t
i tfplel d 2 dzj € Is to d Unjj fisSeds I O C ndj dzW ts tc d3d tc WsoBOLdE[d] A
dzi d MY tc ©9 HztEdflawifkQ dadz” hmje OB Slis®@AsB " O@gRE M® dzd Y M
Msmils Oo dBHALSO ©y dzj YO fFECdé dzd dzad afj € Is to ts QY W3 telz@zts C
§ SHteBaERiEOMNMNBOls oM psQ i-ldagu ) Bt k5 sdadzy d o Odzd J
f tots G dzts L UaHsotCrdE(dit gziss Wal Q ¥ desH Oy it dzi ¥ d 9 Od
1 dzj Clstets! dzj te cfiydshiyfloyq o220 ¢ 2Is. € d3j =~ Odzd YyJdn ¢ O
L dzj Clstetsi dzj thdsjmidsdong jokey ¢ gy L @t tc iz ciistE. Is ts A3z
Yyd dzf Msse WO jds Biis to s (Bizd § dadizvsls dzd » d &fO ded
fesc dzsL dusisprdafadiia s wiydgd My sdz! L g @dgd jj GSisd o
Hdzv Is s@ds] dzlsfdiscrss ®O @8 H jifde tff s fydzj H BEeOMh df teH) wlzd d
tslsfdzd % d el &dbe s dzj I fnls @a ¢ OF B mdzj dMesw ) d

158



H Ofls h &2y dzf Is to trf g deles dsq tetdrpsGipisdew digd &ls te ts 4 dzj 6 G
d mlsd &3 .

[dzejh jdz@K Pidls toty f b spy 52 dAd[D 5 O B3H @Uzdzts 2
tt OB Blists j H ) ls Gecdrjozlaisias jj dzd to s @) deds § tzd M Iz hdatEsa]
Udzj € Istetstf jCtsjsHs@isjdzts 0 @x@ets W d Y JOUB s S H 6§ § dzS d
s j 7 dzd Wi 5 6t el s Is stfotisyj o s@pYS) Hsi O Ist{layfi daiSxd o O
ftesc dzsL d tc gy Qo HAY I Sy twihefls Og @4n Ezff 2zt 2 C Istetsy § ts,
f O dzj fpglstize (i @'dzds e i) dzj H tslef @ dzd W 7

[d s dejd dzd W Jnits Wit 18 [dzd v

4 56 az@GMue d Odg) s B4 J &Y G dzd U B H6 &fded v
EMmdese ' dz0 ] iy ' dfjdzzd ds ) & szd U K s SEiEls' Ow Q@) Is ] 2
I fdsmizh j mis§ bz e f ls oGl lsdduy dg@ W Sdzd 2zd 8 O o
f Ot OBz a) d 5 dOdTAm) A | d EiAfsz Mls  dgOgd deddzvd3d .
1[4 & dzsqap dz' bz dg@® gz o[ lf fip'e10te s dzg dizn JIsCifk ded wd M&
s ls st teaff ded 3@ 8 p dzd O f O I8 (2020 d - I HBQU)jHdE § D
( d2Od dzle d2OM) dzd J ) -

Iftwdo J Hdpdlafig® 8 did w6l o SH d B1)Od derdglstifif@izd yJ M&
M mis sWdediz¢ y d 5 de@dz’dag’as] s '] o5 dzids QP 3=iad dzd d
Ldzj Cstesthy dzs Gud

vOBddYBise | sH)BY @ ( teezipdfCizd U K Is ©fs dzeb
s dMmOdedpjids e ZOddL Oyd(

EFLERN e e o
[ @5] stedisdyd m s . OMmdz 2
(250 ] 1 4 ZH S 9 dzj Iso 1 JtcOdzy J o
( 500 ] VHisSo dzj Iso tste rj dzlsr 2
(795 ] MBtEEh j j 1§ dzj dzr 2
(8500] I ujessesh | 1 Jdzj dg 2

159



S O) H'R20tc O A3l b & dzd y J M fisls tsW dzdfiaf 3)dzCids dziz dzO
5y J dzd eo@)jslisfigs j fgsi@sdadd @ OUSR) dedsd dzts dzfodzds e yj ¢
L dzO0 Y b @GRt O i3 fs HatstsazO Is ¢f af @1 B .10tz &S ISte | L 1S
S BH & .

I sy § dglizi jI€ jiFodzd ufh B8 bs sy d Is© o Pzl ik & 0 d
1 dzj d3jddelss dzw dtdstes O nkOd®), sdg G Iz dzH O i3y Gaizdet®B S is {5 Is
W Iz dz§ y d s deOLdgizdda Rlst 9 O Ismw .

[z j dgSdzfp IS jHodzd uf) ) is i did@ s dzjc I© di3H @izdzts 2
tcOBBletsSHMZINEZE K fIOtcORf Blso

1§ tsmis s @addfscttsod@ @ M ils savtedgLisIstets M O

- [ Bt Btso BIdABX d @30~ ;

- [Btcf s BdHFOY d Bs 9 |

-dbstcjfit®o | MO;

- Sttt tf cds®d SH O;

- J § OfndassEisf dc@ o SH O.

Stsmis s @gddsd eag Oy d d :

-udi3d " jafifdesd e Oyd d ;

-1 Odzdad@fdesd e OEE qzPBEzsS sz ;

- { szl ds otxda® OMddsq miAg Oy d d .

4 4 smis syt igtsdzj Is O:

st

-zdtedzosm] ¢ d.

5) OB Otff dolds’dzj Is O :

- ] OB Ot dclis’o sH 59 .

RH jsv j dgy & ded uf) B Is Gl dz'C dz¥ vp®@ J laufigf i) dinjdedd dz
9 9 J bHzH § Cldmsradzd y Mmitpniisdsty wad §f P tc O d3 jWIdzaif oy d s dzO dz
z L dfste ls sy @ M lseeelz s usf M) dijdzad) ds ) & aizd U ) B §) ks s<@iEgd -
WEdC yd s dzddzez@s B tste'fjo,tsts y J o zOMmise B & g d mdzj da
Yyd dzj d tze mifRClzd uf) 5§ s © 8§ dzd Yiitc d o sE3d BiBE@NA J Is |
ddzH | BB dzdfsglismBIs sW dzd v

A 15 te d3tet® ) ud) dsroj Ssfj € ez W jinfs dtis dsts dzd v
1) dzsy j ceQed O ts O Bt Iz € a) d t5 A @i BOTzdztS 2
tc OB tcdsg tsSH dflafEvOL OB § d'tsls s tisrOdmyd Is 'f asf gzl iz s b
Y s te 3l dzj
. X+ pmAEA® B 0 z2°Y0 OJO h (1)

160



EH J YO &) 0i BiO dzdzits dp € ) O tc O dyg tisktci@f ¥ 9 jifg tf Ot O dgj Is t
Ctolzybff s tcOo Gud R dydj dzls.

{ O Es®t OB sz Edl s tc 0o € wdath & § WpdsjOtHE @ 7
H O dzdaB t=ldif dzts o ' alz@iF A9 fgdztzes il jtedpdede j @ B i Y O M j
o' B B& SAOWH s BB Bt ,0) ¢ Hiji | dzj BHEE OEIsEo |
ftosdL o jdgdztiadj dnts o d3ts yLdEzG j iz &) datE4nf Ot O d3j Is to
6 OMM &3Ol o d & B f e O & jWidtaEoy d s dz@dzO dmsssde 6 i
L 2O § Yadpi mHId O )y 3O Is tatm by fdsts 2

21 O0Mmd gzb JI€idodzd U § 8 s Sty d s dOdaf{ sy & v )
sfkh i misy tadzj B W & e B3z dzj

X« ¥ B 0 z.*~ h (2)

GHY T o jdtelz fifOtc O i3 jmsiatstezy ot a3~ 1 d dzH JisCify ded ud M€
fn s M Is wadzdiffiortc © d3 jdsticdsioits s d3

1 md dzis cdytisstic O L tc O B O Isd3toHQjF degifiPd tc © A3 § 1© i BlsE fsO
Bts) g Isls s dz' 1 Isosj @ © 26 Hf d dzO Cldxfotfts@amizO y dz’jciifc iz f ff -
f Otc O d3jsle th®ootaiBpte Offstelist ts te st dzQ Cfiirded U & i3 ¢ O
g r oaw@mnmdzOls tc¥f v @29 d3tf & ROz @zts G 15

3)t1t Omyg teH J Sl dzd y J it figls tsWj daddvdzd ty fr) dzts 0 dzfs ¢
s j m desdzs ¢ § o ff IiREEW RO iz " | f)ils § diydd jisvnw® tstc d3lz dzj
[ 11] :

S X .oas * coiQ paeh (3)

CHj C s dzd WY pizd §d & e dtfslesRiz Is s o .

¢ cJ dzlsagOn j fgas iyls s iz Y J Isksdsy § € Is ditsfiple dsdi ts o
bz Ry Oficj 2 '

l 5 OL tc OB Olsg tOAFFIGBRAEERB OS] dzlfzdzs Jdad(j C M | o
1 IsOffePL tcOBasBOY j fMIscojjdzlf g H Mis Op wiaf diafsyizs o dzts ¢
s j ° dzts dzts G 1] Yt th)IE Hs 5 sl e\  t5 dEOLdg) dle s Rrd dste iz ff o 1
f Otc OdR3MztdaS oy d ts dzD RRAdastE e Ol OC 3§ tclz )y O & Pp v
CPHsCHLOG | ddisWste tc dizd tofg h @ MfCQjtc © dzjdisfrictsipls ts W d@dfi D dz'
4t BgmmEnlssvdedrddidaig v L OQipdg" dgls ™ .

1 43 gz® d Mizldgltgd o jHd QaEOeddsERPds Qe ¥ daldsds Oy d d
UML .

161



+ Kgroop foat

t ML+ d O ¢ OHPGBEB6 I dzls & o
tc @A ' o OQ aRfsditizs 2 dzq

1 CoOoyj s d gstf te Po ts Hsd I fi)Gaedizy aus] dzls tc O @ze fzizIE ts ¢
fnd mis §dsi cleldc@ &.t5H

¢ cjdasf saizsh s sdyts Mmis 5y dagddf dzj dadaz@ s -dzd-"
~nOtcOCIsjwldiptizy pd ofOgEp BH . [ detsls e j yOPpls yd mdzj dac
ts sy o O did gz0 y i3ded © ded  OfpOdirl s ts s @s1@K,01{ dz¥ @O J Is
i BYJ dod o Otp B3 Plis O d3 gustchlp s @zddfsiEtdsoers H O

g 5 fls s Wsdm(d'ls d Y j1 MjSiAsijs, 0 dzj Is o ts terdisdgj dB' odistdgid, Is j ©
mstets N jui dastetsh j g .

] OtcOBP & jo tzls O:

1) %

2) jdezff r =0. 364 ;

3]y dzd o O P w0 gixj tsbctfcHf s tc ff @ o pdntdls tc tf todswefs H O
c/Btcfdotso mdztOY deizd B tc'fadcts o iy O defcd f © ) dats M Is
tsB tcf dc@ oetsH O

S O HBYJ dzd o G JOdg'OXgjddAd Af Ot OC Is | tdpfoL i) Jisfity d3,
B O dzdzts dgtp 26 §s Q f Ististp d figgdidds( tg I3} tEf § O o dsdgty dizd © O dzd W

4) j n Odzd U jOmMeCO] tstcd sSH O

1 j toj to Gdifjunj Gsdzd yf NS HFte 5 0 tsiN@zts o ' ad@YclOMmIY j Is .
ZH | dz' dd® e IHa@stE ts of =HR 0202 Uy d M dzj dede™ g ddrf t8 @ dzj dzo
s jdffttsocBsO dzQfdisfie [ sIHGE)] tc © o dhj gy & WiadEde sIHROEZ o] ©

5Y d fdzj B § G gESSEED ;

69t d MG tco Gdedr'ods dzts € .

162



| @ d ) z2dele o jHHd QEOCIPEHEOEY cdjdiRldeds &.15 H
®

9,10
Ouens Xopommnee I—ET
T 'L A

[MTCr <= 85 g HTCr > 70] [MTCr > §5]

-,

~,
9,10

S

[MTCr <= 70 w HTCr > 50] [MTCr > 70]

“
9,10

E':lomemopmem:ﬂoe I—ET
'; _y

[MTCr <= 50 1 HTCr > 23] [MTCr > 50]

-
9,10
HeyIoENeTEOPHTENRHOE I—ET
T ; "y
[MTCr ==23] [MTCr = 23]

~
9,10

%pnnmecmc I_ET
v

t d miz2izis § O G tc ) 3R 5 cdgdeiidcds & s H

L ) dztsth Jt8 | ~AEHjfisEs Is o | figifigflOecdafdsdyis2s W dzd 2 :

1) jtoj RlsSis'idzts o © od@l tsthyls o j I Gipls § G50  Of OL ¢
L dzOy § deB ozdf y '

2) jjTn%K BlcOBipE O Hilk§ Ty OM® jod! j 6] & SH
~ 1 0¢/ B tc OBasAsts KOst Rt i dz¥ 1S te 3O figfofshigtsitug

I dzb Is & jf dedeqj FomifiL d5j dpitsids tOededilitc® @k ic d o €H d Is
74t tc@EgjOsid § PipOd3l EeediidG) S PEOKREFEREY ™ .

163



Clstfne ¥y j tegisy § b5 o dzdzQlsdz0 Y Jf @O dsj tsa@s dssy | Is
f tod o §findsdgag s LOVGdgddals © .

vindzs f ¢ Jo J ntsdas o ' el tsdgh” U §f datbd M’ dzO§ gtz sC
O c&fisse h jsds®€ j dgf Otz y O “iftddndakzd) s s e M jedsd W
d dzii ts te d3O figfofshyikgtmeR

rd 2mifscffytej -~ sHJ:

- [ B tc OBfiptistS EO" j dzd W ,

- Rdzd yd Ol § ©)y1f @Fp v OlstAg .p fig Qfdfidsee sH O,

S 1 it wOfyils

SN Jtej ndl ¢l J to] 5 YjAECEicladE §f S Mz tcj e O My,
f oS 985 H O

| dzlz Is to jf dpded) g 1 Bj @p §) ks EOCAEdElIss .15 H

vinzs df g fo j ~fsH®J te @t jOsizd ufg € A s praz@g B e ts
ftcsosH O,

42 M okfjtc] dGHe Y PBORS BEEE s cjf @Boef MO
¢l § O M dasents{ se@ seEa®0) date © Jn) )y d 159 G@dZ  OisOdiI Is te
ftetso SH O.

[ 4 Odzd LO@Y oplsiztate J dzd

t OL e OO & s GzBxtizE Jodrd JdEEW ' ftg 5 ¢ tet©sHd(ocz{ 1 M ]
dmf sdz L ma@® ded g Gdzdfzy Q Y iz Is ¥ tsfig iz jj eAfasR@ ORI b € o
[ 18] .

s O HOQ@ jdissH jtifdd " o IPLg tslie’ § Is ) ks #lzdz O fioffeS dgj J
f s@c j dfisdsids OL Iz djsas@jo lg fip'in s axlz# dz@ ) fny .

b 5 6 dzOH ARG tc @ i3 d3ts ifppas f2Ac d MizZldiB € dg o j H j dz
OB Mis tc OC # Yzaiz@Adne i, s s s tdA®OdNEizj H & M dnjv didtsH j dzd .
Oflstc OSIsdiBEFTethitd o | B § bzbf fy i) P& | delsjslos@S Q¢ ¥ J
BsHdW dS Ob s wtsdy) tusj iz’ Is tstel jf Q dzd € Bly glisdzd ¢ Oz dz0
COPpwAG | k@O Mmdzi H 5 B Gz@i) if) Ihat jHdslsizycij d? dzd Is©« @g -
Bd Is wE@ M dzlge FHE M Odzd v .

S O) HORE difistslse | P o ¢ jf B¢ cHRGEST e Bic OV
S dmr o O lsdpmB)tsazt e Dil & glaOdfri.a t e Do @@ ja ks ozy
f tajfifle dbdf 4201 Qls@ikgzis GH j dzjsa{@H@D) nc < SE mlsBBSAZY | d2
st Hisgz§ B fHls sS'tdasftdeO ¢ to @ g dzd BP 13 @ Istster 2
¢ OL " jOdildetOlsH s M ls (e dpddiskOad f dzj H tsdE@BdAYdic O € Is d
CEzOMGHGOnt .

s O HBPJ dzed o PO RO BY i fg" otBj) IS iBISHO M &)Oa me t «
1 ted dzd yd Odz@ & Pozld ' gz m iy ded o P P O BBPIS i Hals O

164



f 2ls jddfzd y d O dzcfsiB® § L Esds@ i a me te e dzd y O dzcpL Oy
¢ s dzf Is todz S tisEsCHHj dtaited G5 O tc O d3j EBdsj@fijz ¢ O iz@UQRj Is S H
(H] dZzlse@Dnc<(strimlgstd @rafBbihe cO@@GEEDR L Oy
i tc O ot WOOEC Od3j Istc O.

1 Dug BJ H Pzt 6 OF REARHE @&fstf d ) OUAY > Hfs@ O d3j Is U
sBi j CClsis@ifPfa® a ntest efifdzO o dig[®@ i dstd™ jo Bis g © B s o (
OG J dzliztdzs 2 dzd .

1 od Of Hffidic tc @ dsd | B s of Gsdizf ¥ B @6 d MA Oedellz L €
d dzW tstc BORBAIZO o Iz 3 § Badzfl j 30 dzdal BV j Sl Qs OC ¥ §
L OG tclz %lxg jlsAip jd3tsde Qe dzd dzj € Is to s § tolg wfEQgH, M ls O o d
MMt H d day mlatAd § Qf j £ tc ts dzgizl® dzfp thROs tc s Odad v .

1 OtedmMiz @Cfjtej HMIs @dsdzp dzh S8z L 5o Olsdjddls jiEidj2?2
[ tot5G tc QoS te Iz Mg talgd2aly gts ezPimtpdad dfj S Istesy j 6 H Oy d .

! - "/' R0
. w el f
14 Y e W R T 3 F9) 1
T ol \ v I 3 A 5 Wy
3 F p ey
L o,
ey P / -
2y N o B2 / P
o b -
* 7 b n
3 N & / . / # Y : .
S E ; P \
S S Q7 / vt y A
& i \
S o/ =
A i Ll /

Bz L 5o O gelirj g g dntc Qs £ Ocdzgf L Oy d W
ftetsc cldizgjdrj ¢ Istetstols to i H @iatfdety o3

[ dmiz3k

l sdz L o O dei G G s df Is

11 Odzjste's B tc Oy g fgds[ 4] GRS M Is O B2 &5y dats f |
97 o SHOH B E[dY e BOG P HisEY | Gisjnls 5 degsy YO Is 1
Yo j lstssstR) GG T fistst o igO dzddjdaB.y OlizGs@ | pCIs tsH d Is fr
f ts HBtaE@ Uz (st 3z dAyHTg S H J to ) @AOfy Y dizfi W Isfy 8 alzd yd M €
fts fi) ls st iz ded o @fjtais EPL O k) st o .

2 1 Odzjbdf'tc Oo drjdaled UA] e B M | @Y digidzs I Gwlls St OV
f 6] H dzO LHdEBSL di®s ¥ 028 &) 16 6 | &'(ls Qisisde dzts fidz@E © L dz'
fdtdsw] idualf tctsc dats L (fiptishy Osizddid Wnts mils Og@m iz J 2

165



f sMic] HiNds® dstedd dEisdzy dlts| tots ® 1O dizf i dals B G0 ] o d o34
f d3§ aPazste (R lz 3 OB j R .

t JL zdzdis®@E)zy H§ ded J

[ dzf tots o j uBdii s ts 0 ©O'daifi@ Widsj@D dfn igts] M ls o dzdf decPw
1 dzj € Is to ts tfl 190 JiSHSOsuddOOn s dz®@w D jj tsHnrts 8 TirOpEs iy d w .
tojLzdzsig@Bisfp @@dity B ' difistc s 9 | dzQ dzfs )&t pzd to 5 BOfzd j
f totsdzjllsfts,8 " dzPts dzlz yg dpOs tc BB WHAjW j S A sistso dzj dz
stslse j Isif azt sstcdzP y § © dzdedl i1 Y. ts dzlz y jdodeé@vte dze y d
tsB dzB & WBjr Cdzdo dzj D)Q qig dzlsizdizim & dz' .

l toj L zdzf BBk jo O dztslasicdr] tc tf s @) diz ¢ tc B 1OUAfiAS B
Hd Oc deslfifis o zts W o dryjlstisg tc ts dzgf Hets §5 § §) dzd ) ) s & W dac
dzO R SHafHsdn@ Y O 6 @ajty OyYlsEOte OC Is j tizdfi sty joig figo sted Is
s Mis s Wizdedifj telts dzjf l64r gdA0f ts HaHI O B @8 § mistesh §
s Mmls s W dalg Q dz'tf dg' tsjdz jddOm s H dedzg fipj dets to s hfijteinls sW dzd
{ M dzts o didn Isi3s y dgdidd tgidyfddzH § B ) 6 elzd y ) 8K b siiafdss] dzd J
tcOMmisdls j do flasdzfdzO0B " OsifgitQls o j Is i IspAsdECdsjd o d:
L dzOyj dzd v .

1 o j L 2 dz'{f Ide@slss @od® df dgdzts dldis L dtd tdado tze axitf d@ ) dzts ) I
tsB o’ o tods 9 tseH s Hifjto s B dzj szt Bz tistdsdy d dz! dBd Rz s o
sj B j e OsiEts@AtgOC B frgjddn s ts  ts dizg A dig ¢ Is to s & tc j
IsOCy W o defpQ@im z h glztizth W3O Is d slzzry doddn Is t5 W decfs?o tHIHSES ©
sBi j § Bifftots ¢ dats L dotd tSiptISqpfif | B Oz g Oyt jj 2" .

1 O% dz¥ yg ded §

ltcj HMsOCodzp dede® W I PMh  t6® ¢ §Ebztz@ jnds'fls W dac
o 5L HEZbzdzted dzj € Is tc ts i jiste joHsRIBY i) dz© 8 s 5 d30 Is ey tisd
d dzv § Isfy Salzd Ui fp Gts stislstigar] > lsfjo Odad ufy tf§ lastgIv [ cEdf i
Msmis Oa@nEjdd Odzj Mg dgt d jHI dzdas K d Gcfpls o &z Bzd d
1 dzj Clstotsty @Y PO dzdztze Yids'L o tsfdmytgdsdzts L d to tigg @zl dzd
54 ndzd uifg b emfdd s Mmis Ov @ § o OL dzd 1 @H Bo Of o3
Eidzse dw R .

l o sfdzj H AEOMhdg 6Q aigd dflzdz@ Wedz'H g &dz¢ pargiB W
sYj dzB g dad y j fifts figkedsvo Is s to 8§ d&zsizC y d s dzOaiz! calsicdis] d
Ldz Cstetsfc] $ e Jj ey j ClsEo GumP2v glOM™ 6] dz
Oc J dzigtizis disds dzj 3 ¢ alzp &z ts dzj t9d § bsghepdisids 2

166



Il dBdzdsctcOhd dintgs¢ d 2
cdls ] f iddzidztsh | dzztzen S §tcd Iy 89 & 2gdHd/ ELEC.RU :
1 dzy ¢ Istetsls jdrdels. J 4 dzjclis O dzi 2017. T URL:
https://www.elec.ru/news/2017/12/27tgkoskabelmesteperiznoshennostielek
tricheskih.html H Gsls @ O h JL&1BT.2021).

2. s sdzy J §AyfdVWic tdsota@Dvdzfn W s 208N dpWct ts ) fig jtdshddfryO@ A Is .
[ s ¢ 92@21. T URL: https//www.rossetiru/investmentKontseptsiyaTsifro-
vaya transformatsiya 2030pdf( H Gsle @ O N :jL&HY 12021).

3. KishoreT. S.Optimaleconomiglanningof powertransmissiorines:A review/ T.
S.Kishore,S.K. Singal// Renewale andSustainabl&nergyReviewsi 2019.i Vol.
39. 1T P. 949974. 1 URL: https://www.rosseti.ru/investment/Kontseptsiya -Tsi
frovaya_trandormatsiya 2030.pddateof accessi8.07.2021).

4. A newmethodologyf faultlocationfor predictivemaintenancef transmissiofines
/ P. Silva, M. M. Negrao,P. V. Junior.i DOI 10.1016/j.ijepes.2012.04.057
Internationalournabf ElectricalPower& EnergySystemsi 2012.i Vol. 42,1ss.1.
i P.568 574.

5. FerreiraE. F. Faultsmonitoringsystemn theelectricpowergrid of mediumvoltage/
E.F.FerreiraJ.D.Barros.i DOI 10.1016/j.procs.2018.04.123rocediaComputer
Sciencei 2018.i Vol. 130.1 P.696 703.

6. SamadM. Midtermsystenlevelmaintenancechedulingftransmissiorquipment
using inspectionbased model/ M. Samadi,H. Seifi, M. R. Haghifam.i DOI
10.1016/jijepes.2019.03.050 Internationaldournalof ElectricalPower& Energy
Systemsi 2019.i Vol. 110.i P.467 476.

7. A routingalgorithmfor inspectinggrid transmissiorsystemusingsuspendedobot:
Enhancing costeffective and energy efficient infrastructure maintenance/ B.
Nagarajanyu Li, Z. Sun,R. Qin.7 DOI 10.1016/}.jclepro.2019.02.088Journalof
CleaneProdiction.i 2019.1 Vol. 219,Iss.1.7T P.622 638.

8. NordmarM. M. Distributed AgentBasedstateEstimatiorfor ElectricalDistribution
Networks M. M. NordmanM. Lehtonen/IEEETransactiond. 2005. Vol. 20,Iss.
2.1 P.652 658.

9. Baxevanosl. S. Implementing Multiagent Systems Technology for Power
Distribution Network Contrd andProtectionManagement |. S. BaxevanosD. P.
Labridis// IEEE TransactionsnPowerDelivery.i 2007.i Vol. 22,Iss.1.7 P.433
443.

10 Agent basedmodeling of energy networks/ J. M. Gonzalezde Durana, O.
BarambonesE. Kremers,L. Varga.i DOl 10.1016/j.enconman.2014.03.018
EnergyConversiorandManagement. 2014.i Vol. 82.1 P.308 3109.

11f j ssH § 4 PddS fJn dzd y Jifsidscss dpdzts o dzip 6 Hzts dzts 6 d Y J
sSBtStclzH By Odaffdzd2dz] € Istets Y i telz] H Gupd| WjlsiPdays 2
1 dzj € Istedfmyj COPCTS.CNTD.RU: 1 dzj € Isitddsdalts to dHOjls-diz.
dzts tc dfOsO o tHodiaW2ts te d3® WEL] https://docs.cntd.ru/doenent/ ( H Ols O
tsB tc ©ON DGIRG.2021).

120 shdzv Cho g W § » Oded Y@M dsts 0 Sdff s ds ts Mded dzd 2
L dz Clstetsf/g 1oy iSOGaf Ci2ei d W H[. J dzd dzd telL) He &OT M,
2541 .

[EEY

167



13 sf zal @ Mise | toh | dziplslas tsdc@dRdiziEgslds@s € 5 tc O iy tfotc | H
Ldzd Clstetst dzj el skl Sstieg 2 sy a3y | t Olsly t§ dezOt
o SL HEzhde ded Mz € Is to ts ff :j fitgtfj JHARAM P2 ¢C dzj C BiIsO dztf d
1 dzy ¢ Istetsindan egdsfsh) & Oder.AER.IrCl 1 s sSpdshd misd d3
1 dzj oG g € ff J dzd dzls'd sl s ¢ QEO.T R 6 ¢ Iz BORAT,
172 .

14 Which digital energy services improve energy efficiency? A multi-criteria
investigatiorwith Europearexpertd K. GoldbachA. M. Rotaru,S.Reicherfetal.].

i DOI 10.1016/j.enpol.2017.12.036EnergyPolicy. i 2018.i Vol. 115.1 P.239
248.

15 Morley J. Digitalisation,energyanddatademandTheimpactof Internettraffic on
overallandpeakelectricityconsumptiord J. Morley, K. Widdicks,M. Hazasi DOI
10.1016/j.erss.2018.01.04&nergyResearcl& Sccial Sciencel 2018 Vol. 38.1
P.128 137.

16.Improving the efficiency of using smalldistributed generationsystemsthrough
mechanismsf demandnanagemeror electricityandgas/ |. Baev,A. Dzyuba,|l.
SolovyevaN. Kuzminal DOI10.2495/eey3-n4-277-291// Internationalournabf
EnergyProductiorandManagement. 2018.1 Vol. 3,Iss.4.7 P.277 291.

17.C# documentation// 1 d B dzd slis j € 2d Yy H T kW3] dzls CURY: ( .
https://docs.microsoft.com/ams/dotnet/csharg/ H Gsle @& O " PG&IRFT.2021).

18.Unity User Manual// 1 d B dzd tslgj j~Sd@ yy € isdsj dzld @apdsdi ts to d3
tc OL tc O BUsItyg.Ci JURL: https://docs.unity3d.com/Manual/index.htnflH O Is ©
tsB tc ON PGIRF.2021).

19 Borshche\A. FromSystenDynamicsandDiscreteEventto PracticalAgentBased
Modeling:ReasonsTechniquesTools/ A. BorshchevA. Filippov// ECON: lowa
State University, Department  of Economics. 1 URL.:
http://www2.econ.iastate.edu/tesfatsi/systemdyndiscreteeventabmcompared.borst
chevfilippov04.pd{dateof access06.07.2021)

201 SH ABMCte J Q@ dadysdsdzy J W td Hoo" 52 dACONTROLENG:
dz0O Elsyj. Hdz.HURL: https://controleng.ru/innovatsii/cowye-dvojniki/podhod
ibm/( H Gsle@ O " PGIRT.2021)

168



U $81.785.235

[ ECObsd HEolS.dilzes W d (ks & @ ls sal O Wis o

11 J1t oI HhROVIOGE OB YUY TtV RIOEREI [ (s
VItolfrwrwor JlsniBs [ SR BA[LU[EB
gl (suvi[es [} RR

O dzdzs s Oy f ¥ d O dB § O teotistsAsts O BaREEHj todzd L B O dats o €
Wislstsdzs a3d dzj ity J Sads s B € © & & ¢ p alaly Qaiss? O ¢ to diLdy to Hs i ci2®
LicOdz g BEIB dziz daf o | tc ) Pl jolO@rs 5 OPA O tetltstsiatsts O Gtgdgl 2zj S fr
Y tcOo dzff W@ iy ) Bts ks tizj dzgP dBSAE@H tso dzj Is o ttdiplshODWdzj @zelz® RO d3.
ltcdo jHig fa Edz 5Pl BBIs st GJOL ' oddB sy j h dzegigB 4 todzd L Oy
t j Odzd L tsasq Bodzdjy Jef) § df Bs e BIS s M sdz L B @dpls sBOIS L O
My jChtesmS ¢ Gipdptdd] dhea stcOlssted W R .

s dz¢ Yifpdzg® P Y O tetoustsizistes © Gdzdlf Uiz if ldnO diists I Oz d3d dzd My J
My J ClstesME 5@ deig  d3yf J HzOHfgE IS @& tso H B d ¢ Olsd dids j, dzfnd o dats
dz 3 dzd )y fndgy thdEySz dzis ) BY § te Odsizdgjdas jj dzd v .

Abstract The hardware and software upgrade of the custombuilt photoluminescence
spectroscopgetupjnstalledin theLaboratoryof Solid StatePhysicsn Ural FederalUniversity.A new
hardwareand softwarepackagdor managingheinstallationhasbeendevelopedndtheelemenbase
thatmeetghetaskssethasbeenconsideredT heresultsof testshatindicatethesuccessf theupgrade
are presented.The implementedtechnical solutions can be used to automate spectroscopic
measurements variouslaboratories.

Keywords: hardware and software package, photoluminescencespectroscopy unit,
transimpedanceamplifier, stepper motor, luminescenceintensity, pulse counter, temperature
measurements.

I'gHjded]

g 5L H Oord® B2ts to st tadgfGafdf tels s¥rBIs ts dzs dzd dzj (fayfJ )dzls
MY J ¢ s daAsicfgidassuiz J<C Is dopfiyiffists dz! aldny) jlsfifitts 3y §f dnidpilz y dzts 2
Hjwlsj dz detsflsd .

R Y Sdz' 19tz OB 8 jjsfkl tc g €)% O dp oA L HOQ 2@ B)
fted d3j dz} @G jsago § ¢ Ob Z tapP s e O H Odzdstis ? dzs s i,
i torfizd Is | dig QEsPIs ¢ 0 SEHYdjdry e jdatEdd 5 Bd3lz Is @ Bitpectsyd d3
OB B IZESE L O dzf ded “df@s f)ls O o @ GO | to dzdzLin@izs o
fzlsy tgd 3 defptsla]'®d § Otc Qdsjdp" jrdddfifyfor'ts o Ofdaf & tc j d3j dack
BO dzts B2 Kz -

¢ 7§ Ot Ols@aply
1 @ lsR)is Odip® e g Ohizde 13 dzfp dzd J di3 didf CFIBOUZB:WSS
f tod B totass adzteds® J A § dad jefg digdREZ MY gL stets o

169



- W tsilstsdz¢ d3d dzf fi3g Safadpds tfle, ga2,1 5l ) ;
- 8 5L B Iz ) g lslasdreizgis mpdddzi, 6510 )
- sl O (2 deg Wvidl ) .

I 51 distshifnibtedzy H &8 Gdzil defn d thttcalsh dedds' s, | telsi J e
N dHE s MYiRd, 3 dzdfnded) judd O &zd @EYT B 52 BMis O dzy | d3t
Cted shitgPRHEY s OdzdzsH j oy Ols j dzv .

] tof OB Sty i @) dzcOAR S QY B | tizi iy © Iy I ©8D B0 Ols
s .1 SOy fgldesits y dedtsitseolz 3 W Jedpdiyy dzWr JsHnle i tc dzP ezt J§
Bsh dats igldy ez 0 O ISy dztsh ey ¢3< Isfte wizlg yg wadtys dzOfis d
tols Iz lod@yt {081 2iQzd dzd 2 WA lgrSCdstOsldgdid ® R2 1t .J et @)igd v
dzs d3d dzd ) Jtedzy dsd¥ dslisfpw dzj € Iskedsddtsiz ixlg diafh ¢l 0 6
d dziR6 3-5 BR5 280(c = dzOXY H Gijdz'sH d Of OW Hdg@fa ma mat s
tcOB sls Ok dgE ! dzj ¢ s jtetsdiabgts.d3

dIssdb d3j syl MdL &3] cf tkF S HHVODSs BOIsd L d tets
tcJ ) 3 © dzj digzts - to ts dgf@ <O taffidfipy Cds@©) [sMmizh j Mise dz
Of § O tefOustslastc O d§dsi3f2dtj¢cifis §f | to Qlixfte OH @ Ol O d3] Is te
L Of thi)g Sz i@ woCdin Y J to B3 dzls O

it J L zdzdigs@ilg)rte dzd dz@aydfafigtgt=iifidc | H ) Is @GifdO o dzj dzo
Mistclz € IshipcjdB & tocCtc d B fipls O deidas® ¢ & § M &k Yzts €

A)| T .——’H‘ B) ™
e w el
Kp// Kp
HIA2 | KB2 v
i [puGop 20046 - |
Nema17 | M1 Nemal?

TIpudop 20046

II3BM

——

-

L By

| T J
BVIIIT
— L
‘ CK || MK oy T CK MK o THY
; L

{ dmizlz s tclz ¢ ISiipsidigRisiO t¢ sddsts o € el 5
1 vif zOlsd dsgacdPste jLidsBleOptg Yiocd sl DsQetsad Jc Olsj dz' ,
[ T detsm totsslk @ Istdzig p 6 €2z YyOB f f@z8 dztk YOjddzf e tso r d3d
Ho d ¢ OlsgidfWindsds, g dzd € z3 H § dAf ® j 5B tc O LOEF @ds-js @ IOECISWO ,
Wislstsi dzj ¢ bsdgdziEagaf}Bu fizte j H 2 f) d Wiz Gslg tel® dzfn d 3 JzHn@fddhg(dis'y iz |
Ta3d ¢ tets € 5 dzls @ ) dpdzfsBsRB iz I9sCEissdeCHsiARY § to OdsUuzdg s f-dzd 2 .
170




1 @z Mis O dgidrplfCgjdz! H v Ols v d3 j HopdE 2~dgs Bzt - tc SIsEPEs @ to
{141 jwo("f2I o Otey jfetcJ5fAdfdfs dz' w dmy" Isfy Wdag diaf] o'
o sdzdetsL B Iz H QtLhdglzeuy dedftc d L d3j tc nded § sts1©OB 2 H | d
dz¢ d3q dzj )y Qedisysitélt) ZmLeOtcy j odf ddiifls § ¢ dzv fatizd o3 dpCodyd
o' HJ dzjrisfd'dza s dzddn e j UJ el 8 OL( WA d L d3j 16 ] MgHdJd< Is 6 C
dzs o3q dzj My Cupdaifty dzts - to s dfDls Bis' e s b s o &) tcg dzad v
Hd O On dzdizis dasid? 1 Gzdsi sl 2 Ocdpdst dz@ @ Oty Y E BB tc Ols dz
dzd dzj A dg®Ymid @ / dggs dzfrpledfizts B8 & & 2 QAR dhyls § & dzv dzdz
fted L d3.

1 ¢1 Do lstsBOIs difL tafteys) adrfdfiz jtedgdoWz dzd tc BoOtoUEREEEO
f s3E"Q@csvd §c OB szt Btc ] HUNjdoovifzdus2t©OUYGO 6 s 0
z § tc O offdvdgtls| Jyfdmfd] isigizO i3 d3d34 HizzdVaizk dzgzls s diglz 4 g
§ ot tc OrBe3gy iz (W Jdpd dfls ' o WIFHOM A5 21 - 16 B @O 1O |
Mo BgROH zd tc § s Wdetis Y & q WPls df It W3 iy l4s(c Kfdfcp ds'dzdz" )
o rjHdzW | d3ts dziz U g d? edfftc GEz® dzts - tc S d3OIs tstc O .

[ dzZv o tcOh j dedoMc OB Gytieets m o s BAOEGH MY sdz! L ts9 O
h i MmisdW OLQE o ojd 6 OB j g 1 [s OF% dH A Is OB dzdly T
ftoj ddBzh HKzoEse®R ¢ Ol 9§ dzf O i D sdz? TR Iswdh 2
Mis Ols d yB e iddaisdz@B it ts ) IstAdsaii s qzc O 8 § dzy @ Bftpvdz! h OW
dzd dzts figflfydzj H 5 0 OHsty ddz! hdigj, to ¢ s 1 ts ISR B tElrfy! dadfi®. dddzd i
Ho dc Oldgidzil 3 ©o 1w Grdpds O dztis OE JO,& dzd tc O | BZG 88 O B O dzt
B3 dzts - t6 ts dighdstetdAdeglseifydzC otz B Wy ts[d j (diste d B dzd L 5{0sQj dz-
¢ MA#Hdg) v 5o OfsQ cizs sy ¢ Qisyj@xifdel ‘O d3flzdel dafitg" dz § .

] ®tc]jtfimils OdztOs B dilfdtc j H1 W Is dzj Blzs § dridzg ¥ 3.
{ ded ts dzjle’ j MY j AU 19 106 sstalziks "Htsigndiytc O jsEzd ® B O da
B dets - to s GO IsEAPG@ M) A fif dg)d[, s ttlglzef s dzy flzts Is tc | BipRdddz!s
Bts " dztfif i3 j dzj' B szt O B[ Qo tf® dzczj Ol @f so sieBf @ Ols j
H s dop] deizB 5 d3[6 joc OH .Ig fiptisdE ¢ite ,d ¢ Qilssjdeddz Is /s M is Ols 5y
e OMY tots M lxley Mdajtde’ dzd o | tc fg GairO dgfo figdzlz B O & tEHifS to 5 W
d dZ0dz0 efeZlz dgP g © Bis T detHiplafde ORsfijrdfH Ws § & | B t58 O dad 2
o' Big@dgicw NG MA 7 .

rdzv tj 6dmlstcCogrdddd dzj Myd deed dldzf MY sdz' L 2§
o MsC syl o misneCdulsl a dr'a dp'dR26 Sth By OC OK C Ve OB SIBOJ Is
SH dzts{ dzj § ldotg t§ dfdBgsf s H M yd dsfCz dz'ifpsfou d MY sdz! L 2§
tc @HsjdistcRo b ot 2 ®M0Oe4. 6§ OB SiSOH d s BHEELWOJIS fjwsH Myy Is
SHdzs! dzj ¢ f gif tedzsEmSovlf tcdzj f o @1 Odzgnitid] §. € I QG
d My tsdz LdeogCaidy dfnfigssts ufiglad JgIDOe y j e dz! o 628 § dzf d o dat
od a3ff z de'C iffiJ o j ~otsisd Iste J P QEBO B i3k IStdz) ¢ d Mls e Hedzde Is
d d3ff lzteiz jigdis dz' © B dzd b IsH s eI tdsjdy dOE40 dzd o @i iz

171



v OB dAfY@Oo djlsildgeizBo" Qe s d G Olsj dzj ?

1 O O®, Isto 2151 1] NEMA 7

1 Of teW i jddisdQitizg 48 +47,82) 12
U tsdisB d3tsds € | 3 1, 2

[ Hdz® OC s OH 1,5 1,8
1%@“@;;&%%% >4000 2500
IOQWGEMBAW%?'?J 51000 2500

dz" @ 3 dzdf ISE O L Y © ) |l 1 s Gz dzgfiplss®@dzs o d Is iyw

dzj f tod ¢ B ezYjddz d3j tc j [dalfUs. O C difdzlz Y@ J atc OL tc OB s
ftcj sBtcOL Bzl pa@MIsEh Py § Slststm Q@ Oy frplstotgiH dats 2
d deW¥ stcd3® g odr - tsHdakg z dz'infd dzd 16 fp dzis B 8 © 406834 dzd Is z H
(st cfficts ] sty d ¢ dzb gzeziip@drdaty dydz M ) J SegadoO § d3'
d i3 z do "ts O o dzd $ BoURL figzd I I s B4 RBej sBeOL 589
dzOf tow »yjCdiErsjtflg @ j o sH g dfdiffdzj H 59 Olstj tel* ddasiArEsts dz-
d d3ff &z diyfipthds tf ists Y s to y d ©dEd dizdakBz@ii dz® § & W Yy jlsdisdswr .
cf 52 ae@ szt adsChy i d B dgd ol T Hicid tefitej 5B tc OL fglafdls j «
Emistcts dfiyls dst & @ dzj( dadl "M )5 ez - tdBCY to W XfijlzdEpdvdzd Is j ¢
f tod - thfdsdxOdit| dzd Is ba et ts3d dR@sdstistip@z2 sHfrls C o' Isd
0O dz0 dzts Sty ' tc s f HADY @ W ydgdde jv s B to O L [ 5B d@dy G Wizt ©
ftcj HdzZOL EQAY O &z @ e O ) It jB Iz ) H @ o5 Jz cgpfi<adAj Q) O
Cl Us ECOCs Mis 59 tzgz@yy ldahf) s ) Is Ob @z dzO

dnd fBOL o tsdCPilg s 0 tofisq IsBY J t Odsiizdgids §) @Y dYH dfiats
tcd Mzbz8 Ws o s t3s B dzO ¢ SipOacty | d3y dzfzs R tcas@adizjis Y o d dzOf
o tsL d3tsy tels §) B L ©bsi'sfitf vis dzdzd I jddD Isdptfi@Qds Iz to el B3 to j dzd
{ BN O j BA dzt yjlagdedstste § LYdulg tiste @ - § tofig® jSdpiizts 2
dL d&3d ted s gatizftsdy IS2O fz@ % deff @4 H Mls @ enczvefftlaiz ted Is J dz!
s f)le d Is Mus@ARd ¢ EpPudazj tc d Is gz tzmdzoad® dz0 dzswdsio tdsts 9 s -
f tod tsB tcOL(=HIAQilsH]ddeizm Is odf PEdaSESS dzlo B & dzalzg ldedd ts(lef J
ftcjH HEOEd 8dRs@J20 dzts dty & 'R gzH 0 Otc tf B jo B Gts ™ o (
H Y 5dzdzd I jisddzlsds tsdgzdzj te ts 3.

]l SOy Mmidazs § sz Is Qs s daf" B tc OFEC e s Mitstc €
HicO2 9 AdOB@RBsdL o Slefglgac@® 2 & ') ffots ddePjdits MEkisstcr 2
f tsL o sSledf tg Go aiag B j dach jJJdg OIsQ&ffrtcw Bis B o 5B tc Ols dats

172



RO Y tc 0o dg dizdignl Bts ol § s dzdal@ s dzj ols 50 dzL d fijifs 5 te
dL tsdzd tc s O zalzsiEs dg,C Is ¢ St Zh j flso @iy isdg® ff) e s o
4 n Odgfs B dzO B B ji [p dzel3gizh GyczdiL totiptsp| to 151 80 @ dzdD'its JOLPIRJ,
OB sSBOdz WY Jshb BQS M d d30dEO fdads"e s jdadd e W iy o st v
1 )d&z® o d ¢ Offsli le{lgss to 1€ latef g s 5ds C o7 o @B gy H j dzj dz
o] &5 OH Oo OF dgtfls j dz dasygorzd ¥ R [ -f) d ¢ dzOwWaPEO dz
W st d3d ol B HHAEO § oW Gz Y sylz o Mis &g b5 ¢ figtfs Gats J3dzd J
ZOY toW Ydp@zt ¥ s to ® e H)ldE lis @ B Bis IsCo@RE O sl jr dBjtdQ dzdz'
Bd ¢ to s M ts s Elsdf’ dglsdsdzy ©figts Y Qotgl d3jtaigde” RAiply 5tz dzd tot
C s ls ts, tesD dztis fls O lff toipdptds O 626 3y dz0 d'tsdij2As B 7 S H d o
Ho dc OHsgpazrOn jGakftely L d btz dzfwtg dizd dsjsdzvj y o0& M j
LOSY stedalzg@f oV ¥ jfgzck fs,ls stefgOo ded o @GP H ™ ¥ jozad j
ssCylke istgf s g fipls teie DT .

[ iz § 6 O o djsdgf vdzjdthrptvdgid] tc fts dzOlds dgiff ' df I8 § teids o3
o B EHE tots C 15 dAs floguidipien dcj0C s | S HsEedB | o | dzf
s OB d2diy jdftes d daw jshtsj alzd § tO®BM § © s ) ls @z Badas d s ls t
¢ ts dzls o ts fipgzie & § M3d2@ H tAJRMCo r-M8 ¥ ' B tc O didiy d2ls ts ts dzdz
STM32F100 RE)EOBzsdE szzOH s d6Bf toj Ho Otcd Is j
z mls O dzts o drgjdisip’ ~dsoH « disgj digf ds@BHEE 0 Ote yig pr B dzOIs s
5B o Wi €YQ s O dfls dzS Y d 5 dzO dats 2 tfite | yeifyj @ igls tots j dzdz
Sl zOB T d Mk OSHPes &0 o tslzdz® >y f §[Odsizfs Is C dz¥j s
01 sylsfipH j c@Rifiids tedesAlsCdOm @ Bzts 14y jocd tssB T ) Is dhlsiR s B @ 2
o Mistcts§ dzte@re cOBtett L o 8 gzeBls L O € ts lnals dplis dzdz j | Ay dzlz O j
Ctodls d usihfplecadys W .

v OB A Qdzs 0mdB t1gOC Is J fog MiIsd € d
] OtcOd3j Isto 1 d&20y J dzd
t OL oW Hpdgs fls - 12
l toj iz j sB tc Od & bdghdey W 1
[ OS fnd 3Ozt ddéttgits o " dpGdf jtadytsiij dz 3
[ OL teW Hipdrty fiplsu'd € © 1
4
5

[ Of nd B30k ey sdsdf, / 2
Y d Migzasts B SHEHAS B 18 5H'O9 SH O

1 5 B figHEO dzH OfictsteEEER S to SE dsjtm) st &1 s OdE®[d3 , 3
] ystHoBHaRG ¢ Odzd 2@ d d j € Is © dads ¢ 6 O dzd Y d Is |
RO W i jdrke v i dah{ R 1y lss T det§ O dzd Lot © Gedpids j S Is j .

1 s Odadijj 2fls OdzofCsy o Y OMls detssifjed j fls oty j I
Cdsf ! v Isp uRudsd Iis Odgy ™ datsZndsD Is;. dzy d s Ofdzsw s fiyls O'ls 5y,

173



f sHO b dls OUmtytsls o j Is f) loo bos EipdLkiz ts ) Btis OB df dz! dzts
fdisOdsv MY J ulfw freds O dats o digOdgaz' s jeffj iz OB d dzd IJOIs t5
CtsdeH | dzM Ol ster .

| sdels® ¢ tetustdfesf dzOusfiylz M § mls o @UdnisiW d ded dzf 'O
tc 5L jMdsCOREZH O th Wsdz' ez f teed'L d3qj 23083 o d WO A & dz® s j
[ s OtesL jdsd @0fstis ¥ OC & e3tc Of dz@gstizy dzts M ls OS] dapls
dzts o &y dzz Y P § = NG vy ts ) Is @pggs)' fflsdsCie sz ¢ ¢ d3
yj UstsdgdsHsddy O C 45 gitds tehd® C IsesteH@) ristf ts dzgizfs dz0O f) iy ofife ts o
Msslse j loff) loasd s Stcls B BHOo Has® € 5

[ die wij § 1 H MY teddy dzls j el I Bty 3 dvdsir CQMplor t
Colsstc MW EMmMdziso dZOB sStcOlss e d disB dZzOH @iSldn Is OFs ts Y C
fsd3j mtsL Oh d h(jfrpiEdptdn|siy jSdBdD Bj ji &dc O dzd te@oted=ly 5 ¢ 5 d
bdzz yhg dffftse " M Hdadyy -~ sL O o "CYisdpdsts fig sf@1© o Gls!
ftod H' H BN ] d ez uzzd @) i@ lo i fdf dz! L tscp dalsizi{ g W | 2
cls ts ¢ tfoj Avilgfvtc | tsB tc OL Iste Disf) thag dEEROS td Kdkjf .

1 OdDded y JtdifXL e fi IE FOj wiigddss d3ts Miz'dzd o § to ffifRdg! dgats A
ADuUM1P DD s t4610Vs z@RIststs di3ts & O j I8 12 dze dizef af W(R X,
T XYY dIs OdlzdQ dzd dg® fBlea3 & dz' BiiMg PHY s sk Od Miststs C
s to ts dgJs Gsiz® B dzO H @ IszH 3B tc O IS dEgd dzgtsdg S OL ' odd@ Is fr
EH tsB fiflsoHiC dz¥ uQ dzaf ©dz0 dzd daf 't O o d frfdddits@dsdf o ts dzv
f tcj 5B tcO Liztdcos dipdf@fisdz©O dz® § tc 8 AJ i) .

U OC O ls ZOH tf daR® )] 1§ s ZURART dzls j to ¥ js2dif,o Wig d
1 CJ ff siathjls o 5@ @ tzb ® O dzsactOdzsotyin §iB tc O LURARDIS B dz
dz@Bd S to ts Mgy tf ®EE2 14 2zls j ¢ to d tersio @uoalfsts Bls s d3.

84 56 &z@ MM dzlg M ¢ OL BO dat® 3tz O B s QER@ § NG drdi3RO v
1 toj HT HIZD [ENOEQ B O oty t6iA0ts dzdzdeldhj s CAPi dzj H Mtsle d j
dzj d MY tsdz'dLdaisj dgv G ddfiyifed W & & BlEY 2O L H jde@fulO'yls
s ted{L Bj tod sl z® Aekc@XLLIsRj to EHEWO dzO dzd Is dfiyd) dR@ &S o
ftodeBGOEEASIsBY | o O Iz 3z § lsiad Q- Lisdzj iy HA @ v
Hicvg@fmfigA | s H j toyidiled s S slststsB B OB Olf saAlr jyl§ dzdal
d dz¥ ste BT O H el ted Is j Isits GRS & tc O o dgvj jy s d3ts oy
Is § &BY J te Odsuzdgjdas Gsdex(CPyfj d dz] fgzf{qj digd sz O digjQin f 5 zO 6 ©
FLjfflewi g Odz 9 OdetsiGOE 9 ¥ip L OB HF g ADu M1 2d0 2
f tc] 5B tc OLJsBID)Istg Widy S MARTL Olsq Hilzdlss T H e O2 9zjrt5,"
Y§ tcOo dzizj ditstej Hids g fatpdptd dzd LL G pePdsdde O I Jedf 2
H O dzdztsjdd J ddafl p s L dgs'y midiste tf wop@EOY toW ) dp@zd £ -tiz¢ B ts
5B Bislzlrlz, § s s wdgkh-5 s s BdEfjH § d ¢ Olstg il R j Myls o dzw
Ef tcOo dzf (5 eEBR P tcW yifjddisfOudzeh s A 5ls 5 ¢ tefWftls s o dzj o
o) o tod H ) lciBRpddiy AzC |

174



t dmikz2izs & Is s 6 QWSS s off ddg Cdisdzts 2

1 tots ¢ to O dypiguifs

L tcOo dzpdgd B MisOdzss MR | Misodzy tf sints j H fiffs o J
i J tofnis dzOds dgffts crtifistg fid@its iy ff 1 y d Odz'L det® dztlzts € t& O d3d3dz
5B J MY J Wudad?. it Oalzdz® & 5 6 tc AEAHQ M@E@2OL " Wi+ +)
dmf sdz' L tsg Q dizf M G dMji ¢ r Foosuonf dt@ It & ssfigtg JMISViI s u a
St ui0D b e ts ¢ tc QAP Cs dz dydiztsjcles HABIE dz' dgizls | te XM DRI
fsLo dzvfBE@d30OIs sy dz@s 1o j dj ddsdzls hzw fisf JFC stes
I'T ~ SHIGSSREOIR dzs p ¢ Misfigs & &J fiff dedfsdg tc 3B W B O
dor hljor A BHIMERdAS - tc O dis' G dedfifffj O tc O d3j Isfipf j to d d3d dzls C

1 ets6 to O ya3fpyjjdzd fi)sL o dvsjHEE[MsdzE dzdyls JO dzts 0 By
f OO®y O] Mffd CEEPGEYNY swgued Oy Gu &Bdzte j dzd
ydmwectry OOS Blstse te @O o P jdikimgts dzd Isds te |
09 Is ts RO ISELi Sty § B Isis@ X @ tc d3@dsa@ 933 joff tots 6 tc © d3d
Zyguydls’ o Gicl®RE d tc E O WE'Sj] CPHisdE s SO
f 5L o Harvyfigste | oHj JipsjdkiA tg O BR® dZB - 6 S 3Oz SO 6zd dziz
o sdzdz" ) .

Il MMl @& c tc ® dgitigHan dzts o W ¢ tc B flizO o dz ndzdOvdzs o €
LumDr i vHe dzoxizel yp if 8 Gy Plg jolt @ ctojl Q ddd LI Hf stetsBWs € s
Mo WLCdl ¢ tsdzls te sidpdzjic Of d MMP P s dz! L tsg Odaf @B & ¢ d

fots G tc ORRBEOMi n & lo dw % & P lsrdas | ol jf Ss s &£ 0ls j
175



BdB dzdtPls pT pddisLadisldyy cwu O B dzd fsBts g L o sdz!
Bdzs@ Pdzddh & M sdz' L &S olsOifdsitds s O B k@ wia@s Is dzO R © €

C ts dzls to ts z@xf tichiPdzts aff detis?s tc @ dgapD r | vEeQ dedxsetg 5% @ 2 dzF
Bedesn tots B wmisbES-durarr t s My EPH EZJcso s
~ OOCIs | s YS.1f.cl8 P deH Otodsdfia ded S idzj & € - tsHHJAS" |
W iz dzq ts dzd tc tff de@dide'D dizfz™ .dedf{fHtc 5 G tc O BBA@D rfitevjed Mis O o «
dZz@dd.

t d Mk tzj " dedfutc s ¢ tc Qudgbgive

[ j dont MaslHlj ednfails tc b dizQ fods L0l ts dzdzj te O :

) b dzCPs0 rftss dzY pls B e TOM sl S sl st S dzs yj
¢ ts dzls te ts dzdzj ts .

) b dzC0s0 n ndé ts ¢ ofpdzteyx@tsls C o 'lsG @ o ks s O .

l dzMist posiththLomtsid®r @Oy O dAf Hakzigy B @&ELOB O dzt
B dts s BOIststctso .

[ J diVe a stz Hej td ylahis tc z i3l Hals | | sidkzg dzd 2 :

1 ZdzMils a s ua sk sL ' off@fjdisny tCH Odiz@{dL d3j tc j @d Vs .dzdzd
st Bz BLePd3y Sl J tcd d3f gziigls o HiYlf N § ¢ Sistsas, 6’
dzj tsB - SLH@[YRM ATz, zZH Z G d TBQdeOdz dzj 8 ) & Bls j dz' f
LMY § tod i3jCdsld=isstaiaidftds o j H jndede] of 3§ to J dadsidts ¥ dzts
L O dimit O Bdts H dzts dzlz .

1 zdDisr Rrcitdfels d o tf fo i ff W dIscisO o &zfs datf 6 ts dkdzj to
sC dji r Brcidejef toj td9 lsotdgtdc O 4 @zls I§ fiafy d dzsdatsdndz ' ) iaOdzY
H O dzd#3tsXi3 jddzlé)fg t6 | H dts ® O jHalf g O Is judals H didly Y s dz' 1 dg% Ol
ftejHo Otcdiy§ Ozxizdiasty O Gftywad i3] 6] dzd ¥ d3d .

176



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































