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AunHoTanus. PazpaboTana HOBasi METOANKA U MPOrPAMMHOE CPEACTBO MOKMCKAa aHOMAJIMIT B paboTe COTHEYHBIX MaHeseil Ha oc-
HOBE MCKYCCTBEHHO HEHPOHHOII CETH THIIAa aBTOKOIMPOBIINK, O0YYICHHOMN 110 JaHHBIM TEIEMETPUH COIHEYHOM 3IEKTPOCTaH-
uu. MeTojyka OCHOBaHA Ha CTATUCTHYECKHX HCCIIEJOBAHHSIX OTKJIOHEHHI, H3MEPEHHBIX OT BOCCTAHOBJICHHBIX HEHPOHHOM
CeThIO 3HAUCHMII CHJIBI TOKA M HAIPSHKCHHS BCEX COJHEYHBIX MAHENeH 3JICKTPOCTAHIMH. BBeneH KpuTepuii OleHKH HaIM4us
HEUCIIPAaBHOCTH B PabOTe CONHEYHOU MaHEIM Ha OCHOBE CTATUCTHYECKHX HcciefoBaHUH. C HCIONB30BaHHEM pa3padOTaHHOH
METOAUKH U HPOrpaMMHOIO CPEJCTBA IOMCKA aHOMAINH B JAHHBIX TeJIEMETPHU 3a II0Jro/a HaONIOASHUH IIPU pa3HBIX KpUTe-
pUsIX OLIEHKH oOHapyxeHbl oT 14 1o 45 aHomanuid B 33 cosiHeUHBIX maHensx. Bce ciyuau nmpoaHaau3upoBaHbl HA MPEAMET
[PUYHH BOSHUKHOBCHHS aHOMAJINii B pabOTE COHEYHBIX MAHENeH. YCTaHOBJICHO, YTO HCIIOJIB30BAHUE IPU aHAIN3E PEe3yibTa-
TOB pabOTHI HCKYyCCTBEHHOW HEHPOHHOW CETH B KaUeCTBE KPUTEPHs OOHAPYKEHUS] aHOMAJINI YeThIpe CPEeIHEKBAAPATHUECKIX
OTKJIOHEHHS JUISl CPeJHETHEBHBIX M3MEPEHHBIX 3HAUCHHH CUIIbI Toka A/ U HampspkeHHs AU NaéT BOZMOXKHOCTH OOHApY>KHTbH
HEUCIIPaBHBIE COJIHEYHBIE ITAaHEIU. A HCIIONB30BaHNE B KAYE€CTBE KPUTEPHsI OOHAPYKEHHS aHOMAJINH TPH U J(Ba CPeJHEKBApa-
THYECKOTO OTKJIOHEHHMS — CHIDKeHHE 3 (EKTUBHOCTU B pabOTE CONHEUHBIX MaHENeH, CBA3aHHOI ¢ Jerpafalyeii, n30bITOUHbIM
3aTeHEHHEM U JPYruMu (paKTOpaMu.

KuroueBbie ¢ji0Ba: coaneunas naweio, aemoxodupoemuk, UCKYycCmeeHHas Heﬁpmma;z cems, Nouck anmm,mﬁ, COJIHeYHAs
2JIEKMpOCmManyus, mejiemempusi.

Jast mutapoBanus: Memoouka u npospammuoe cpedcmeo NOUCKA AHOMAAUL 8 OAHHBIX MEeAeMEMpPUll COIHEUHOU dIeKMmpo-
CMAaHYuu HA OCHOBE UCKYCCMEEHHOU HeuponHot cemu — aemokoouposwuk |/ K.C. Iuk, H.HM. Myxypos, U. Kpyse,
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https://doi.org/10.54341/20778708 2024 3 60 92.— EDN: HUPWAR

Abstract. A new method and software tool for identifying anomalies in the operation of solar panels have been developed
based on an artificial neural network of the autoencoder type, trained using solar power plant telemetry data. The method is
based on statistical studies of deviations measured from the values of current and voltage of all solar panels of the power plant
restored by the neural network. A criterion for assessing the presence of a malfunction in the operation of a solar panel based on
statistical studies is introduced. Using the developed methodology and software for searching for anomalies in telemetry data
over six months of observations, 14 to 45 anomalies were detected in 33 solar panels under different evaluation criteria. All the
cases were analyzed for the causes of anomalies in the operation of solar panels. It has been established that the use of four
standard deviations for average daily measured values of current A/ and voltage AU as anomaly detection criterion in the analy-
sis of the results of the artificial neural network operation makes it possible to detect faulty solar panels. And the use of three
and two standard deviations as anomaly detection criterion can help to detect a decrease in the efficiency of solar panels associ-
ated with degradation, excessive shading and other factors.
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BBenenue

VYBenuueHne o0bEMOB ITPOU3BOICTBA AIIEKTPO-
9HEPruM C MOMOIIBIO COJHEYHBIX 3JIEKTPOCTaHLUH
CIOCOOCTBYET YCOBEPLICHCTBOBAHUIO CHUCTEM KOH-
TPOJISL 32 MX TEXHHUYECKHM COCTOSHHEM, a TaKXKe
pa3paboTKe METOJOB aBTOMATHYECKOTO OOHapyxe-
HUS IeQEKTHBIX CONHEUHBIX MaHEIeH U aHOMAIUi B
ux pabore.

B kauecTBe TEeXHHUYECKHUX CPEICTB HAOIIOZC-
HUS 32 TEXHAYECKUM COCTOSHHEM COJIHEYHBIX ITaHe-
nel, paboTalonMx B COCTaBe JJIEKTPOCTAHIWH, B
HacTosIIee BPEeMs IMPUMEHSIOT O0JadyHBIE PEeCypCHI
(https://www.solarfeeds.com/mag/solar-monitoring-
systems-in-the-world/, http://www.sunsniffer.de/so-
lution/what-is-sunsniffer.html, https://www.solareye.
eu/platform/?r=site/page&view=features, http:/www.
pvsyst.com/en/), KkoTopble oOecrednBarT CcOOp,
XpaHEHHE M BHU3YaJM3aLHI0 TEJIEMETPHU IIPU OCHa-
[IEHHH COJHEYHBIX DIIEKTPOCTAHIIMA COOTBETCT-
ByromuM obopynoBanrneM. Kak mpaBuio, JaHHBIMA
TeJIeMEeTPpUU B OOJAYHBIX CEpBHCAX SIBIAIOTCS Ha-
IpsOKEHHUe, TeMIepaTypa, Chjia TOKa KaKIOW Coll-
HEYHOM MaHEJIHW U OCBEIIEHHOCTH JUISI BCeX MaHeJel
anekTpoctaniuy. [lonck HewcrpaBHOCTEH B paboTe
COJIHEYHOH MaHeNu U KiacCH(HKaIys 3TUX HEUCIPaB-
HOCTEH 3aBHCST OT BHHUMAaHUSI U KBaJ'll/I(i)I/IKaLII/II/I CIIC-
[UAJIKCTA, KOTOPBIN UCTIONIB3YET 00JIa4HbIH pecypc.

B xoHTeKkcTE OOHApYKEHHS aHOMAIUHA B (DyHK-
[UOHUPOBAHUU COJHCYHBIX TIaHENeH HEKOTOphIC
HCCIICIOBATENH IPEUIaraloT MPUMEHSITh UX MOJe-
mmposanue [1]-[3], cpaBHHBas pe3ynbpTaT MOJIEIH-
poBaHus C TenemeTpued. B To Bpems, Kak Ipyrue
creruanuctel [4]-[10] paccMaTpuBarOT BO3MOXKHO-
CTH HCIIOJB30BAHMSA aJITOPUTMOB IS pacyéra TOUKU
MakcuMalibHOM MomtHoctd (MPP) u cpaBHuBaThH €€
C (l)aKTl/I'-IeCKI/IMl/I NOJIYYCHHBIMU 3HAYCHHUAMU. Ectp
paboThl, KOTOpbIE pPa3BHUBAIOT W JIONOJHSIOT 00a
paccMoTpeHHbIX criocoba [11]-[14], co3naBas mud-
pOBOro JBOMHUKA JUIsl KaXKI0M COJIHEYHOM MaHenu
Ha OCHOBE Pe3yJIbTaTOB TEIEMETPHUH.

AKTHUBHO MAET NMOMCK MNOAXOAOB K IpPHUMEHe-
HUI0O HEMPOHHBIX CETEW IJIs1 MOMCKAa aHOMAJui B
pabote comHeuHBIX maHeneil. ABTopsI [15] mpuBo-
IST 0030p IPUMEHEHNH HEHPOHHBIX CETel B ITOWCKE
aHOMaNWi B CONHEYHBIX NaHesX. OIHAKO paccMOT-
pPEHHBIE aBTOpaMH TNPHMEHEHHs HAaIlpaBICHB Ha
MONCK Je(PEeKTOB MOBEPXHOCTH CONHEYHBIX IMaHeNen
Ha ocHOBe (pororpaduii 1 HalleeHbl Ha aHAJIHU3 U30-
Opaxenuii. MccnenoBanue [16] onuceiBaeT pe3yiib-
TaT WUCIIOJIb30BaHUA HeWpoHHOW cetu generalized
regression neural networks (GRNNs) mis moctpoe-
HUS BOJIBTAMICPHBIX XaPAKTCPUCTHUK JJIs IIECTH
Pa3IMYHBIX COJHEYHBIX IaHeNed (OTiIH4re B MaTe-
pHanax, u3 KOTOPHIX U3roToBIeHHB). O0ydeHne Hell-
POHHOU ceTH OBUIO OCYIIECTBICHO Ha MAHHBIX, U3-
MEpPEHHBIX B J1a00paTOpHy MPH HOPMAJIBHBIX YCIIO-
Busx: STC. IlpuMeHeHne A TIOMCKA aHOMAJIHMHA B
pabote He paccMaTpuBaiioch. ABTOpHI [17] mpuBo-
JSIT CPaBHEHUE pPa3HbIX BUJOB HEHPOHHBIX CETE
NpY IPUMEHEHUH MX U1 NIPEACKa3aHusl BHIPAOOTKU
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COJIHEYHOW DJICKTPOCTAHIIMU SHEPTUU B 3aBHCUMO-
CTH OT MOTOJIHBIX yciioBHiA. B pabore [18] Obu1 uC-
HOJIB30BaH aBTOKOJIUPOBILIMK JUIS IOMCKA aHOMAaJIUI
B CUTHaJle Ha BBIXOJIE WHBEPTOpPa Ha OCHOBaHHHU
CHTHAJIa pe3yJsibTaTa H3MEepeHNns OCBENIEHHOCTH. Bee
MIPUBE/ICHHBIE HCCIICAOBAHUS HE HCIIONIB3YIOT pe-
3yJIBTAaThl TEIEMETPUU U UMEIOT CIOXKHOCTH IPUMe-
HEHUSI UX JJIsl TIOMCKA aHOMalkii B paboTe OT/elb-
HBIX COJIHEYHBIX MAHENEH B DIICKTPOCTAHIIHH.

Lenp HacTOSIIIETO UCCIIEOBAHMS — pa3paboTKa
METOJIMKU ¥ TIPOTPAMMHOT'O CPEJICTBAa O0OHAPYKEHHS
aHoManuii B pabOTe COMHEYHBIX MaHeleH Mo pe-
3yJbTaTaM TelleMETPUH, MpeACTaBICHHON 00ay-
HeIM pecypcoM (http://www.sunsniffer.de/solution/
what-is-sunsniffer.html) Ha cHOBaHMM HCKycCCTBEH-
HOM HEMpPOHHOM CETH TUIAa aBTOKOJUPOBLIUK.

1 MeTtoauka 3kcriepuMeHTa

B xome wnccnenoBaHWS HCIONB30BATHCH DPe-
3yJBTaTHl TEIIEMETPHUH C 3JeKTpocTaHmuu Siidstadt-
Forum, pacnonoxennoit B8 HiopaOepre, I'epmanus.
B cocTaB ycTaHOBKH BXOJIST TpH MHBEpTOpa (Moje-
. SUN2000-20KTL, Sinvert PVMI17 wu Sinvert
PVM20) ¢ 16 mocneaoBaTelbHOCTAMHU (LIETTOYKH
COJTHEUHBIX TaHedel) u 287 CONHEUHBIX MaHeJel.
Bce menouku cocrost u3 18 ¢oTosnekTpuyeckux
MOHOKpHCTaJuTHueckux wmoxaynedr M190 (STORM
Energy GmbH, I'epmanns).

B pesynbprate cOopa TeneMeTpHH CONHEYHOH
JIEKTPOCTAHIIMH B OOJaYHOM XPAaHWIIHUILE XPaHATCS
nmarnble s AP, Bkimogaromie B ce0s ciieqyromntie
TapaMeTphl: HaNpsDKEHHE, CIITy TOKa, TeMIIepaTypy
B KOpIIyCE€ COJHEYHOW MaHeNH, YpPOBEHb OCBELICH-
HOCTH, BpPEMEHHYI0 MeTKy. MHTepBan ¢uxcanuu
TIepeUrCICHHBIX TTapaMeTpoB 2 MuH. Habop maHHBIX
cobupaincs ¢ umroHs 2019 r. mo Hos0ps 2019 T.
BKJIIOUMTENHHO U B aHAJIOTUYHBIN niepruoa B 2018 T.

Jna peanuzanu U MPOBEPKH MPEATIOKEHHOU
METOIMKH W aITOPUTMa HCIOJIB30BAINCH CIEAYIO-
mue cpeacTsa paspadborku: Python, Tensorflow.

[TpoBenenue wuccieIOBaHUSI TPOXOAMWIO  I10
CIIEIYOIIEMY AITOPUTMY:

— MOJTOTOBKA TAHHBIX TEIEMETPHHU (HCXOIHBIX
JlaTaceToB Al OOy4YeHHS M TECTHPOBAHMS aBTOKO-
JUPOBIITNKA);

— o0y4eHHe aBTOKOANPOBIINKA;

— MOUCK aHOMaJIMi B paboTe COMHEUYHBIX IaHe-
JIed C WCTOJIb30BaHUEM OOYYEHHOTO aBTOKOIUPOB-
IIMKA.

Jlist TOATOTOBKM JaTaceTra Ajsl oOydeHHs: aB-
TOKOJIMPOBIIMKA U JUISl aHAIN3a pab0TOCIIOCOOHOCTH
COJIHEUHBIX TTaHeJlel pe3ysbTaThl TeJIeMETPHN ObUIH
MMOIBEpKeHBl  (prIbTpanuy, YTOOBI HCIIONB30BAThH
TOJBKO PE3yNbTAaThl cOOpa MAHHBIX B COJHEYHBIC
man. [lapamerpsr Quibrpa: cmma toka — 0-15 A,
OCBEIIEHHOCTE — 360-1500 W/mz, MIPOU3BOJIHAS TIO
ToKy — —0,2-0,2, mpom3BOIHAs MO OCBEIIEHHOCTH —
—3,8-3,8. Jlanee u3 pe3ynpTaToB (pribTpanyu ObLIH
IMOATOTOBJICHBI BECKTOPHI BXOJAHBIX JaHHBIX IJISA O6y-
YCHUS aBTOKOJUPOBIIMKA W BCKTOPbLI JaHHBIX JI
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€ro TeCTUPOBaHUs. BEKTOP BXOIHBIX JaHHBIX MMeI
pasmepHocTs 200x3 1 BKIIIOYAN B ce0sl pe3yIbTaThl
tenemerpun ¢ 10.00 mo 17.00 yacoB ciemyromux
napaMeTpoB: BpEMEHHass MeTKa, TemIieparypa B
KOpILyce COJIHEYHOU maHenu 7, ypOBEHb OCBELICH-
HOCTH G. BEKTOp TECTOBBIX JaHHBIX UMEJI pa3Mep-
HocTh 200%3 U BKJIIOYAT B ceOs CIEAYIONIUE mapa-
METpBI: BpEMEHHas METKa, TeMIlepaTypa B KOpILyce
COoNMHeuHOU maHenu 7, ypoBeHb OCBELIEHHOCTH G.
Ha BeIXOze aBTOKOAMpPOBIIMKA B OOOMX CIydasx
6bu1 mosryyeH BekTop 200x3, TO ecTh Ipu mopaue
TECTOBBIX JAHHBIX Ha BXOJ| HEHPOHHAsI CETh JIOJDKHA
ObLTa 10 pe3yibTaTaM O0yYeHHS BOCCTAHOBHUTH 3HA-
YEeHUs] HANpsDKEHUS W CHJIBl TOKa Ha OCHOBAHUH
TEMIIEpaTypbl B KOPITyC€ COJIHEYHOH IIaHETH W
ypoBHS ocBemEHHOCTH. Kpome Toro, st o0ydeHus
aBTOKOJMPOBINMKA OBbUTM MCIOJIb30BaHbl JaHHBIE
TEJIEMETPUU CTA0MIILHO PaOOTAIOMIMX COJTHEYHBIX
nanenei (0e3 neekToB U CHIKEHHON 3 dexTHBHO-
cTH B paboTe), OTOOpaHHBIE B PE3yJbTaTe MPSIMOTO
aHaJM3a W MPUMEHEHHs JPYTHX CIOCOOOB IIOMCKa
aHOMaJIMii B paboTe COJTHEUHBIX MaHEeNeH.

Pa3zpaboTaHHass HCKyCCTBEHHass HEWpOHHAs
CeTh MPEACTABISIET COO00I aBTOKOAMPOBIIMK H CO-
CTOUT U3 ceMH cloéB HelpoHOB. E€ Oonee merainn-
Hasl CTPYKTypHasl CXeMa ¢ yKazaHueM (pyHKIHH ax-
TUBAINH CIOEB OTpakeHa Ha pucyHke 1.1.

Jlis onperneneHnst KpUTEpUEB JETEKTHPOBAHUS
COJIHEYHBIX IaHeJied B aHOMAaJBHOM pexuMe pado-
ThbI 6I)IJ'II/I HCIOJB30BaHbl CPECAHCIAHEBHBIC OTKJIOHC-
HUS U3MEPEHHBIX 3HAUYEHHUU CUJIbI TOKa Al U Hamps-
skeHus1 AU OT BOCCTaHOBJIEHHBIX aBTOKOIMPOBIIHU-
KOM, a TaKKe KOJIMYECTBO CTPOK / B BEKTOpE, Cpel-
HUE OTKJIOHCHHSA B KOTOPBLIX IO HANPSKCHUIO WU
I10 CHJIE TOKa IIPEBBICHIIN YCTaHOBJIEHHOE 3HAUCHHE.

&
&
v
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:
7]
Hrsar Hrssr
-
PasuapHocTy 400> Lyt

Cpa=it

roe I’ BOCCTAHOBJICHHAsl aBTOKOJUPOBIIUKOM
cuiia Toka, A; [ — cuiia Toka, I3MepeHHas Ipu coope
TeneMeTpun, A; N — KOIMYECTBO TOYEK B TEUEHHE
JIHS1, UCTIOJIb30BAaHHBIX JUI PACYETOB.

N
>.U-U,

AU ==
N

re U’ BOCCTaHOBJIEHHOE aBTOKOJUPOBIIMKOM
Hanpspkenue, B; U — HanpsbkeHue, U3MEpPEHHOE MPU
cbope Tenemerpuu, B; N — KOTHMYECTBO TOYEK B Te-
YEeHHE JTHS, UCIIOIB30BaHHBIX IS PacuéToB.

Jamee ObUT OCYIIECTBIEH pacu€T CpeIHEKBa-
patuueckoro otkioHeHust At Al u AU xaxzaon u3
COJTHEYHBIX TaHENeH I KOMIUIEKTa COJHEYHBIX
IHEH 1o hopMyTaMm.

rne Al,, u AU, — cpenHee apupmernueckoe st Al
u AU, cootBercTBeHHO; Al; 1 AU; — 3Hauenus Al u
AU nns oJTHOM TaHEeIM COOTBETCTBEHHO; M — KOJIU-
YEeCTBO 3HAUCHHUN aHATTM3UPYEMOl BRIOOPKH.
B kauectBe aHOManuii OBUTH PacCMOTPEHBI
COJTHEYHBIE ITaHEINH, YAOBIECTBOPSIOIINE YCIOBHUIO:
Al > Ko, wmn AU > Koy, (1.1)

rne K — xoaddunueHt, sBISIOMUACT KpUTEpUEM
JACTCKTUPOBAHUSA aHOMAJIMKW B COJIHCUHBIX IMAHCIIAX.
B oskcnepuMeHnTe OBUTM HMCHOJNB30BaHbl 3HAYEHUS
koo dunmenra K —2, 3 u 4.

Takum oOpa3oM ObUTH CHOPMHUPOBAHBI CITUCKH
COJIHEYHBIX MTAHENECH U aHOMAIIUH B HUX.

Cpa=it

Bekrop <200x2>

slgrald sigriold
- —
Ly Ly 400>

Pucynok 1.1 — Apxutektypa pa3pabOTaHHOTO U HCIOJIb3YEMOr0 aBTOKOIMPOBIINKA

94

Ipo6remvr usuxu, mamemamuku u mexuuxu, Ne 3 (60), 2024



Memoouxa u npoepammuoe cpedcmeo noucka anomaauti 8 OGHHbIX meiemempuu CONHEeUHOT NleKmpocmanyuu Ha ocLoese uc;cyccmselmozim

2 Pe3yabTaThl HCCIE0BAHUS

Tabnuma 2.1 comepxuT pe3yabTaT MPUMEHE-
Hus ycnoBus (1.1) npu noucke anomanuii B padbote
COJIHEYHBIX IIaHENeH O3JIEKTPOCTAHLIUU B TEYEHHE
IIECTH MecALeB (MIoHb — HOs10pb) 2019 T. I1pu sToM
B TIOMCKE aHOMAaJMi y4acTBOBAIM TOJIKO COJIHEY-
HBIE IHU pacCMOTpeHHoro nepuoaa: 28 u 30 urons,

26 wrona, 18-20 aBrycra, 4 u 18 cenrs6ps, 14 u 26
oktsi0ps, 13, 14 n 26 Hosi0psi. Takum oOpazom, B
BBIOOPKY JUIsl aHAJIN3a MOMAIH Pe3yJIbTaThl pacyéra
CpeJHEHEBHBIX OTKJIOHEHWH cuiibl Toka Al U Ha-
npsoxernst AU nnst 287 COMHEUHBIX TaHENeH IS
TPUHALATYU JHEH.

Tabnwma 2.1 — Pe3ynpraTsl MOMCKa aHOMAJIHHA B TEUCHHE IIECTH MecsIeB (MI0Hb — HOsIOps) 2019 1.

KpuTepuii i KOTMHECTBO Homep CpenHenHEeBHbBIE CpenHenHeBHbIE
CONHEHBIX CONHEUHOM Mecsitt OTKIIOHCHIS H3Me- OTKIIOHCHHS H3Me-
- - PCHHBIX 3HAYCHHIA PEHHBIX 3HAYCHUI
cuiibl ToKa Al A HanpsbkeHust AU, B
T Al > 4o, Module 2,2 2 Asrycr —3,65 2,62
. Hos6pb -0,26 5,54
s con IfegH;i‘;g e | Module 23710 Wiors 0,76 10,84
14 anoManmit ’ Wrons 0,25 10,57
ABrycr -1,61 13,01
CeHTa0pb 0,54 5,48
OKT0pb 0,18 6,77
Hostopb 0,48 9,67
Module 2,4 14 Asrycr -1,58 7,26
CeHTa0pb -0,99 3,7
Module 1,4 3 Hronb 2,59 6,96
ABrycr 2,44 6,52
Hostopb 0,07 4,44
Module 1,1 15 Asrycr -1,14 6,04
T AJ > 3G, WM Module 1,1 2 Urons -1,98 2,52
AU > 30, : Module 1,1 11 Hostopb -0,13 5,52
18 COMHEMHENR gaHeneﬁ' Module 1,11 14 ABrycr -0,77 6,31
29 aHoMANHi ’ Module 1,11 15 Hostopb -0,63 422
Module 1,12 11 UroHn -1,95 2,31
Module 2,2 15 Asrycr -1,48 5,51
Module 1,9 2 Asrycr -2.28 4,34
Module 1,9 3 Asrycr -1,93 1,9
Module 1,9 10 Asrycr 2,14 3,3
Module 1,9 16 Asrycr -1,41 6,34
Module 1,9 18 Asrycr -2,31 3,43
Module 1,5 7 Hostopb 0,88 6,25
Module 1,5 8 Wronb -1,65 3,76
ABrycr 2,47 2,02
Hostopb 0,68 6,15
s Al > 20, uiu Module 1,2 8 Hionb 0,17 3,87
AU > 26 : Module 1,2 11 WroHn 0,14 3,65
33 CONMHEUHLIX gaHeneﬁ' Module 1,2 12 WroHn 0,20 3,77
45 anoMamuii ’ Module 1,2 14 WroHn 0,17 3,66
Module 1,3 12 WroHn 0,15 4,56
Module 1,3 15 WroHn —0,41 3,83
Module 1,3 16 UroHb -0,52 4,29
Module 1,11 5 WroHn -1,95 2,68
Module 1,11 11 ABrycT —-0,99 4,95
Module 1,11 18 ABrycT —1,23 4,49
Module 1,12 1 ABryCT —1,45 3,76
Module 2,3 12 Hionn 091 -3,81
Module 1,4 1 Uronn 0,87 4,52
Module 1,5 14 Hostopb 1,23 5,54
Module 1,6 18 Hostopb 0,16 4,48
Module 1,8 4 ABrycT —1,36 4,32
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3HaK «MHHYC)» Y CPEIHEr0 OTKJIOHEHHS H3Me-
PEHHBIX 3HaUeHUI cuiibl Toka Al u HanpsixeHuss AU
OT BOCCTAaHOBJICHHBIX aBTOKOAWPOBIIUKOM CBHJIC-
TCIBCTBYET O TOM, 4YTO MNPpH 3aJaHHBIX BXOIHBIX
KPHUBBIX OCBEIIEHHOCTH U TeMIIEpaTyphl HCCIeaye-
MBIC COJTHCUYHBIC MMAaHENH BBIIATN H3MEPCHHBIC CHITY
TOKa W HANPSDKCHUE BBIIIC, YeM paccuuTalia HCKYC-
CTBCHHAsI HEHPOHHAS CETh IPU TAKUX BXOIHBIX JaH-
HbIX. Takas cuTyauusi XapakTepHa IJs 3HAYEHUH
CPeIHETO OTKJIOHEHHS M3MEPCHHBIX 3HAUCHHUN CHIIBI
ToKa Al ¥ TOBOPUT O TOM, YTO COJIHCYHAs ITaHENb
(yakmonnpoBana B Oonee 3¢ dekTuBHOM pexnme,
YeM OXKHUJAJIOCh MO pe3yibTaraM pacuéra HEHpOH-
Hol cetu. [lonoxurenvHeie 3Hauenne Al u AU cBu-
JETETBCTBYIOT O CHIDKEHHH H3MEpPEHHBIX XapakTe-
PUCTUK OTHOCHUTENBHO OJKMJIaeMbIX HEHPOHHOU ce-
Thi0. B Tabmuie 3adukcupoBaHbl 00a BHIa aHO-
MaJIbHO# pabOThI COJTHEUHBIX MaHEeeH.

IIpumeHeHre PAa3IMYHOrO 3HAYEHUS KPUTEPUs
JIETEKTUPOBAaHUS aHOMAIUKA K MPUBOAUT JETEKIIUH
Pa3HOTO KOJIMYECTBA aHOMAJIMA B COJTHEYHBIX TTaHe-
Js1X: OT 14 aHOManuii B 5 COJHEUHBIX MaHENsIX MpH
K=4, no 45 anomanuii B 33 manensx npu K =2.
I[Ipn wcmonp30BaHWU KPHUTEPHS JETCKTHPOBAHHS
aomMamnii K =4 paszpaboTaHHOE MPOTPaAMMHOE

obecriedeHre TOBOPUT O Hajdwuuu 14 aHoManuii B
ISTH COJIHGYHBIX MaHeNsx ¢ Homepamu: Module
2,2 2, Module 2,3 10, Module 2,4 14, Module
2,4 3 nu Module 1,1 15. CpenneaHeBHbIE OTKIIOHE-
HUSL CHIbI TOKa Al M3MEpEeHHBIX 3HAYEHUU OT BOC-
CTaHOBJIEHHBIX ABTOKOJMPOBIIMKOM HpPH 3TOM
BapbupyroTcs ot —3,65 no 2,59 A (cpennee 3Haue-
nue —0,25 A), a cpeaHenHEBHbIE OTKJIOHEHHS Ha-
npspkennst AU — ot 2,62 no 13,01 B (cpennee 3Haue-
uue 7,1 B).

B ciiygae mpuMeHEeHHS B KadecTBE KPHUTEPHS
3Ha4YeHns K = 3, KOJIMYEeCTBO aHOMAIINH yYBEIHMINBa-
ercsa 10 29 B 18 cosHeuHBIX MaHensAX. Juama3oH
M3MEHEHHS CPEeIHETHEBHBIX OTKJIOHEHHMH CHJIBI TOKA
Al n HanipspkeHus AU 1IpH 3TOM OCTa€Tcsl MPEKHUM,
a cpenHue 3HaueHus cocraBisioT -0,79 A u 5,63 B.
To ectb, cpenHee 3HaueHue Al cMmelaercs B OTpHU-
LATEIbHYI0 CTOPOHY, YTO TOBOPUT 00 aHOMAaJHSX,
CBsI3aHHBIX ¢ OoJiee F3PPEeKTHUBHOI pabOTO CoNMHEY-
HBIX IIaHEJNIei, YeM 3TOr0 OKHJaJla MCKYCCTBEHHAs
HEHpOHHas CeTh NMpPH 3a/JlaHHBIX YCJIOBHSX, CpeAHEe
3HaueHue AU cHuxaercs.

Kputepuii nerektupoBanHus aHomamuu K =3
YBEJIMYMBAET KOJIMYECTBO aHoManui jgo 45 B 33
COJIHCYHBIX MaHCJIAX NPHU CPEAHUX 3HAUYCHHUAX Al 1
AU—-0,6 A n4,73 B COOTBETCTBEHHO.
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Pucynok 2.1 — JluarpaMmbl CpeIHEAHEBHBIX OTKIOHEHHUH U3MEPEHHBIX 3HAUE€HUH CHIlbl Toka Al, A:
a) K =2 (3a BerueroM ciyqaeB uit K =4 u K = 3); 6) K =3 (3a BorueToM cityyaes st K = 4)
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TpéxmepHas auarpamMma A BCEX aHAJIU3U-
PYEMBIX JHEH, rae Mo ocu Z OTJIOKEHBI HoMepa Ia-
Hellel, oTpaxkeHa Ha pHcyHKe 2.2. [ Kaxaoro
COJIHEYHOT'O JIHsI 00JIaKO TOYEK Ha JAuarpamme cpen-
HUX OTKJIOHEHWH M3MEPEHHBIX 3HAYEHUI CUJIBI TOKA
Al n HanpspkeHust AU OT BOCCTaHOBJIEHHBIX aBTOKO-
JVPOBIIMKOM BBINIIANT MHIMBUAYaJIbHO (PHCYHOK
2.3), 4TO CBSI3aHO C Pa3IM4YMEM B M3MEPEHHBIX (hak-
THYECKHUX 3HAYCHUSX JUII ypOBHS ocBeméHHOCTH G
W TeMmepaTrypsl B Kopryce maHemu 7, a Takxe

pexruMax paboThl HHBEPTOPOB M (DaKTOPOB, CBSI3aH-
HbIX C 3aTCHCHHUEM WJIN 3allblJICHUEM 4YaCTU COJIHCY-
HbIX maHened. Ilpu sToM pucyHOk 2.3 MO3BOJSIET
BU3YyaJIbHO MJIEHTU(HULIUPOBATH aHOMAJIbHBIE 3Haue-
Hust Al u AU. CoiiHeuHble MaHEIH, UMEIOIIUE aHOo-
Maiu B paboTe, BBIIEIAIOTCA U3 o0miero obiaka
TOYeK OO Ha BCEX MUarpaMmax, eciu aeeKT cTa-
OWJieH OT Mecsla K Mecsily, JIM00 Ha Juarpamme
OIPeIeIEHHOrO [HsI, ecii JAe(eKT MPHCYI HCCIie-
JyEMOMY [THIO.

Homep naHenu

cunbl Toka Al A

-2

CpepHeHeBHbIE OTKIIOHEHWUS U3MEPEHHbIX 3HAYEHWN

-3

Pucynok 2.2 — Pe3ynbTaT mOCTpOEHUS CPETHUX OTKJIOHEHUN U3MEPEHHBIX 3HAYEHHM CHJIbI ToKa Al
1 HanpspkeHust AU OT BOCCTaHOBJICHHBIX aBTOKOJIMPOBIIIMKOM B MPUBSI3KE K HOMEPY COJTHEUHBIX MaHenen
SJIEKTPOCTAHIMU JUISl UCCIIEIYEMBIX COTHEUHBIX JHEW B TPEXMEPHOM MPOCTPAHCTBE
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CPEJHEJHEBHBIE OTKJIOHEHUA U3SMEPEHHBIX 3HAYEHHUH CHJIBI TOKA AI, A

PucyHok 2.3 — Pe3yneTar mocTpoeHHUs CpEIHAX OTKIOHCHNH H3MEPEHHBIX 3HAYCHUN CIUTBI TOKa Al 1 HaTpspKe-
HUst AU 0T BOCCTaHOBJIEHHBIX aBTOKOJMPOBIIIMKOM JIJISl BCEX COJTHEUHBIX MAHENEH IEKTPOCTAHIMN JUIS Clie-
JYIOUIMX YeThIPEX conHeuHbIx anei: 30 utons, 18 aBrycra, 16 ceHTsiops, 26 oktsaops 2019 r.
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[TpoananusupyemM KpHUBbIE HANPSKEHUS, CHUIIbI
TOKa, OCBEUIEHHOCTU U TEMIIEpaTypbl, U3MEPEHHBIE
1 BOCCTAHOBJICHHBIC aBTOKOJAUPOBIIHUKOM JJII HEKO-
TOPBIX COJIHEUHBIX TTaHeJei U3 TaOJHLIbI.

AHoMmanbHass paboTa  COJIHEYHOH  IaHenn
Module 2,3 10 coxpaHsieTcs BCE IIECTh MECSIICB,
IIPY ATOM CpPEIHETHEBHBIE OTKIOHEHHS H3MEPEHHBIX
3HaueHU HanpsbkeHus AU u3menstorcs ot 5,48 B
(mpu AI=0,54 A) o 13,01 B (mpu Al = —-1,61 A).
AHoMmaibHasl padoTa COTHEYHOM ITaHeI ¢ HOMEPOM
Module 2,3 10 moxTBep)maeTcst U IPYTHMH CIIOCO-
Oamu morcka W aHanmu3a aHomanui [20], [21], B ToM
YHCIIe U OCHOBAaHHBIMU Ha OLICHKE BBIPAOOTKHU 3IIEK-
TPOIHEPTUH.

Ha pucynke 2.4 oTpakeHBI KpUBBIE AJIS COJI-
HeuyHoit nanenu ¢ HomepoM Module 2,3 10. Kpusbie
MOKa3bIBaIOT, YTO U3MEPEHHOE Ul COJIHEYHOH Ia-
Henm Module 2,3 10 nanpspkenne na 10 B Hioke,
YeM pacCYMTAaHHOE aBTOKOANPOBILUKOM IPH KPUBOH
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OCBEUIEHHOCTH W TeMIlepaType U3MEepeHHBIX 18 aB-
rycra 2019 r. 3T0 MOXET CBHIETENbCTBOBATH 00
OTKPBITHUU OAHOI'O U3 3alllUTHBIX AWOJO0B B COJIHCY-
HOW TMaHEeNH, KOTOPhIC MPEIHA3HAYCHBI IS OTKIIFO-
YEHUs OT LIETIM 4YacTel COJHEeYHOM maHenu. AHalo-
THUYHBIC BBIBOJIBI IO 3TOW COJIHEYHOW MAHEIN U KPH-
Bas HANpPSKCHUS CPaBHEHUS C pabodvell MaHENbIo
npuBeneHsl B [20]. IIpu sTOM KpuBas CHIIBI TOKa,
paccuMTaHHas aBTOKOAWPOBIIUKOM, TIPAKTHICCKU
COBIIAZAET C KPHUBOM, IOCTPOEHHOM IO pe3yJsbTaTaM
mMeperns. OTiarune HabIoAaeTcsl TOJIBKO B HaJYaje
JIHS: OT HYJIEBOM IO COTOM TOYKM CHJIa TOKa UMEET
3HAYCHUS, OJIM3KUE K HYJIIO, U 3aTEM PE3KO BBIpAcTa-
et o 2,2-2,3 A. Takoe moBeJeHHe KPUBOW CKOpee
BCEr0 CBSI3aHO C 3aTEHEHHUEM COJHEYHOW MaHelu B
YTPEHHEE BPEMs [IPH TOM, YTO JaTIUK OCBEHIEHHOCTH
HE TIOTaJaeT B 00JacTh 3aTEHEHUS, TaK KaK IOCTPO-
€HHas 0 ero IOKa3aHWsSM KpWBas B 3TOT TEPHOI
HMMEET IUIaBHBIN POCT.
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Pucynok 2.5 — Kpussle critbl Toka /, HanpspkeHust U (CHHUM BETOM M3MEpPEHHBIE 3HAYCHHUS, OPAHKEBBIM —
paccunTaHHBIE ABTOKOIUPOBIIHUKOM ), TEMIIEPATypPHI B MaHenu 1 1 ocBemEHHOCTH G (OpaHKEBBIM IIBETOM
M3MEpEeHHbIE) B TEUCHHE JIHS JUIsl COJIHeUHO# nanenu ¢ Homepom Module 2.3 11
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Hayano

1 CyumelsaHue pe3ynbmamos
pabomel yugposozo
dsoliHuka us APl

V

5 3anuce obHapy#ceHHbIx
aHomanuli u pe3ysnbmamos
pac4émos 8 .csv ¢alin

9 Pacuém cpedHedHe8HbIX
3HayeHuli Al, AU

2 Pacyém Px

v

V

v

6 C4umelsaHue pe3ys16mamos
menemempuu u3 6a3si
O0aHHbIX u3 APl

10 lNMpumeHeHue Kpumepua
(4.5) k pesynsmamam
pacuéma cpedHeOHe8HbIX
3HavyeHuti Al AU

!

3 CpasHeHue paccyumaHHbIX
Px C mopo2o8bim 3Ha4eHUem
(cmamuyeckuli aHanus) u
pukcayus aHomanuli

7 ®unempayua u
M0020mMoBKa 8XOOHbIX
maccusos 015
a8MOKOOUPOBUUKA

v

J

y

11 3anuce 06Hapy#eHHbIX
aHomanul u pesynsmamos
pacyémos 8 .csv ¢aiin

4 CpagHeHUe paccyumMaHHbIX
Px C mopo2o8bim 3Ha4eHUem
(OuHamuueckuli aHanu3) u
¢ukcayusa aHomanul

8 lNoday4a 8x00HbIX MACCUBO8
8 08MOKOOUPOBLYUK U
rnosyyeHuUe pesyanbmamoes e2o
pabomei: maccusel ¢ | u U

PucyHnok 2.6 — biok-cxema anropuTma mporpaMMHOTO 0OSCIICYCHHS IS IIOMCKa aHOMATHI
B paboTe COJIHEYHBIX TaHeJeH, pa3pab0oTaHHOTO Ha OCHOBE MPEUI0KEHHON METOIUKU

Ilo pe3ynbraTaM NMpOBENEHHBIX HUCCIEIOBAHUI
OBUTO pa3paboTaHO MPOTPAaMMHOE CPEICTBO, ajro-
pUTM pabOTBI KOTOPOTO MPEICTaBJIEH HAa PUCYHKE
2.6. BXogHBIMU JaHHBIMU JJIs1 IPOTPAMMHOTO Cpe/l-
CTBa SABJIIIOTCSI PE3YJIbTaThl TEIEMETPUU M3 0a3bl
nanHbix ot API (http://www.sunsniffer.de/solution/
what-is-sunsniffer.html), a BEIXOTHBIMU TAHHBIMH —
CIIMCOK COJHEYHBIX TaHelel ¢ OOHapyXeHHBIMH B
HUX aHOMAJIMSIMH B ITPUBSI3KE K aHAJIU3UPYEMOH J1ate.

3akii0yeHue

PesynbraTel ncciiegoBaHus MOKA3alld, 9TO HC-
MOJIb30BAaHNE ABTOKOIMPOBINMKA IS IIOMCKAa aHO-
Manuii B paboTe MaHeed CONHEYHOW SJIEKTPOCTaH-
IIUH TTO3BOJISIET 0OHAPYKMBATh aHOMaMH. [Ipu sToM
YCTaHOBIICHO, YTO HCIIOJIb30BAaHHE B KadeCTBE KpH-
Tepusi OOHApyXEeHHs aHOMaJHMil dYeThlpe CpelHe-
KBaAPpAaTUYCCKUX OTKJIOHCHUA I CPCAHCIHEBHBIX
W3MEPEHHBIX 3HAYEHUM CUIIbI TOKa Al ¥ Hanps>KeHUs!
AU naroT BO3MOXXHOCTH OOHApy>KUTh HEHCIIPABHEIC
COJIHEYHbIE TIAHEJHU. A HCIIOJIb30BAaHUE B KAaUeCTBE
KpUTEpHsi OOHAPYKEHHS aHOMAIIUI TPU U JBa CPE-
HEKBAJPATHYCCKOTO OTKIIOHEHWSI — CHIDKCHHE 3¢-
(hekTHBHOCTH B pabOTE CONHEYHBIX MAHENCH, CBs-
3aHHOE C Jerpajanueil, n30bITOYHBIM 3aTCHCHHEM H
IPYTUMU (PaKTOpaMHu.

Jl1s1 MOBBILLIEHUS] TOYHOCTH MOMCKA aHOMAaJIUH
B paboTe CONHEYHBIX MaHeJeW MPH HCIIOIB30BaHUU
pa3paboTaHHOTO TPOTPAMMHOTO OOECIIEUEHHUs Clie-
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IyeT WCIIONb30BaTh KOMOWHAIIMIO IBYX MCKYCCT-
BEHHBIX HEWPOHHBIX CeTel (aBTOKOIMPOBIIHKOB),
r7ie B KadecTBe OOydaromero jgaraceTa JUIs OJHOU
HEHPOHHOH CETU UCHOJb30BaTh PE3YJbTAT TEIEMET-
pHH Cpa3y IOciie MOHTa)Xa 3JIEKTPOCTAHINH, B Ka-
yecTBe 00yvarouiero aaracera Ajsi APyroil HeMpoH-
HOH CETH — OT/EJIbHOW COJIHEUHOMW IaHEeIH, YTO HH-
BEJIMPYET BIUSHHUE HAa PE3YJIbTaT OOYYCHHUS aBTOKO-
JUPOBIIUKA PE3YJIBTATOB BO3JCHCTBUS TakuX (ak-
TOPOB, KaK JeTpajanys 1 3arps3HeHuUE.
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