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NMPUMEHEHUE CAMOBOCCTAHABJIMBAIOIINXCSA ITPEJOXPAHUTEJIEN
«POLYSWITCH» JJIsA HPEJOTBPAIIEHUSA TOKOBBIX IIEPET'PY30K B ®OTO-
IJIEKTPUYECKHUX CUCTEMAX

A.C. TonkomKkyp, T0KT. pu3.-mar. Hayk, mpodeccop, JI.B. Hakammaze, 1oxt. TexH. Hayk, qupekrop HUU suepretukn

JlHenpoBckuil HalTMOHANBHBIA yHUBepcuTeT uMeHu Onecs I'oHuapa,
49050, np-t 'arapuna, 72, r. Inenp, Ykpauna.

Axmyanvnocmo. Hmerowuecs Ha HACMOAWUIE MOMEHM De3YIbmanmsl MOOEIUPOSAHUS U IKCHEPUMEHMANbHbIE OAHHbIE CEUOemenb-
cmeyom, umo 06600Hbvle OUOObL 8 NOONAHENLHBIX CIMPOKAX (POMOINEKMPUUECKUX IEMEHMOE He NOTHOCIbIO 3AWUWAIon Om NoAs-
senust «eopauux nametny. Q6800HbIe OU00bL Hoee dPPexmugHbl Oisi NPeOOMBPAUEHUST «2OPAHUX NAMEH) NPU OYEeHb KOPOMKUX O~
Hax cmpox @OII, umo ne npumeHsemcsa 8 COBPEMEHHOU KOHCMPYKYUU nanenell u3 IKOHoMudeckux cooopasicenui. Ilosmomy neoo6-
XOOUMO NOBBIUUEHUS HAOEHCHOCIU COTHEUHBIX bamapetl, 8KI0UAs YCMpPaHeHue HeUmamuuix (HOHCapOONACHbIX) CUMyayuil Ha OCHO-
6e pazpabomku Memooos u cpedcme npedomsepaujeHus MoKogblx nepezpy30K 8 ux POmModIeKMpUIecKUx CUCMeMax Ha OCHOBE HOBbIX
no0xX0008.

Lenv. Paspabomka ynueepcanbno2o nooxo0a Ons MUHUMUZAYUU MOKOEbIX NePecPy30K 6 POMOINEKMPULECKUX CUCIEMAX COTIHEUHbIX
bamapeii nymem npumerenus He0opo2oCMOAWUX SIEMEHMO8 QYHKYUOHATbHOU SIeKMPOHUKU, 8 YACIHOCIU, OMHOCUMELbHO HOBbIX
U, NOJYUUBUIUX WUPOKOE PACTPOCMPAHEHUe, CAMOBOCCAHasIusarowuxca npedoxpanumeneti muna “Polyswith”.

Memoo. IIpeonodceno cxemHoe peuleHue U MemooOM MOOETUPOBAHUS 0OOCHOBAHbI 803MONCHOCHIU UCNONB30BAHUA NPEOOXPAHUNI e-
aei muna Polyswitch onsa npedomepawienust u MUHUMUZAYUY TMOKOBLIX NEPESPY30K 6 (POMOINEKMPUYECKUX CUCIEMAX COTHEUHbIX
bamapeil.

Pesynomamol. IIpoanarusupo6ano eausHue 8eaU4UHbI CONPOMUBTIEHUS 8 NPOBOOAWEM COCOAHUU U MOKA CPAOAMBIBAHUS NPedo-
Xpanumenei Ha 601bM-aMnepHbie U B0NbM-6AMMHbIE XAPAKMEPUCIUKYU NAPATIENbHBIX COEOUHEHUL POMOIIeKMpUieckux npeobpa-
306ameneti u ux Mooyell.

Paspabomana mamemamuueckas MoOeib CXeMHO20 peuleHls U NPOBEOeHO MOOETUPOBAHIUEe €20 OCHOBHLIX XaPAKMepUCmuK npu uc-
NONb306AHUY MUNUYHBIX NAPAMEMPOs (HOMOINeKMpUecKux npeobpazosameieli HA OCHO8E MOHOKDUCHMANIUYECKO20 KPEMHUS U
KOMMEPUECKUX CAMOBOCCMAHABIUBAIOWUXCA npedoxparumenei. IIpoananusuposano enusHue SeludUHbl CONPOMUBNEHUSL 8 NPOGO-
oawem cocmosnuu u moxka cpabamuiéanus CBII ha BAX u BBX napannenvHozo coeOuHeHus omosnekmpuieckux KOMNOHEHmMos
CoHeunbIX bamapeil.

Buwisoowl. Tlokaszaro, umo spghexmusHoe oepanuyerue moka npu HAIU4UU KOPOMKO20 3aMbIKAHUA NPU MAKOM COeOUHeHUU Gomo-
INEKMPUUECKUX KOMNOHEHN MOdICem OblMb peani3068aHO NpU 6bINOTHEHUU CIEOYVIOUUX YCIOBULL:

— conpomuenenue npedoXpanHumens 6 npogoOAUeM COCMOAHUU SHAYUMENLHO MEHbIUEe NAPALIeNbHO20 COeOUHEHUS NOCe008ameNb-
HbIX CONPOMUBIEHUTI POMOINEKMPUYECKUX KOMNOHEHN,

— MoK cpabamvléanus npedoxpanumens 0oudxcen 0bimb OOIbULE MOKA KOPOMKO20 3AMbIKAHUA OMOENbHO20 (POMOINEKMPULECKO20
KOMNOHEHmMA U MeHble MOKa UX napaiienvHo2o coeounenus. bubn. 26, puc. 5, mabn. 1.

Knrouesvie cnosa:. gpomosnekmpuueckuil npeobpazosamens, mMoKosvle nepespysKi, Camo8oCCMaHaABIUBAIOWUECcs NPedoXpaHument,
801bM-AMNEPHbIE XAPAKMEPUCIUKU, BOIbN-6AMMHbLE XAPAKMEPUCTNUKY, MOOETUPOBAHUE.

THE USE OF RESTTABLE FUSES “POLYSWITCH” TO PREVENT CURRENT OVER-
LOADS IN PHOTOVOLTAIC SYSTEMS

A. Tonkoshkur, doctor of physical and mathematical sciences, professor, L. Nakashidze, doctor of technical science, director of
Energy Research Institute

Oles Honchar Dnipro National University,
49005, 72 Gagarina Av., Dnipro, Ukraine.

Relevance. Currently available simulation results and experimental data indicate that bypass diodes in the subpanel rows of photo-
voltaic cells do not fully protect against the appearance of “hot spots”. Bypass diodes are more effective for preventing “hot spots”
with very short PV-cell line lengths, which is not used in modern panel designs for economic reasons. Therefore, it is necessary to
increase the reliability of solar cells, including the elimination of emergency (fire hazardous) situations based on the development of
methods and means to prevent current overloads in their photovoltaic systems based on new approaches.

Purpose. Development of a universal approach to minimize current overloads in photovoltaic systems of solar cells by using low-cost
elements of functional electronics, in particular, relatively new and widely used self-healing fuses of the Polyswith type.

Method. A circuit solution is proposed and the modeling method substantiates the possibility of using Polyswitch type fuses to pre-
vent and minimize current overloads in solar PV systems.

Results. The influence of the resistance value in the conducting state and the fuse trip current on the current-voltage and power-
voltage characteristics of parallel connections of photoelectric converters and their modules is analyzed.

A mathematical model of the circuit solution is developed and its basic characteristics are simulated using typical parameters of
monocrystalline silicon photoelectric converters and commercial self-healing fuses. The influence of the resistance value in the con-
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ducting state and the trip current of the RFu on the current-voltage and power-voltage characteristics of the parallel connection of
the photovoltaic components of solar cells is analyzed.
Conclusion. It is shown that effective current limiting in the presence of a short circuit with such a connection of photovoltaic com-
ponents can be implemented when the following conditions are met:
- the resistance of the fuse in the conducting state is much less than the parallel connection of the series resistances of the photoelec-

tric components;

- the trigger current of the fuse must be greater than the short circuit current of the individual photovoltaic component and less than
the current of their parallel connection. Ref. 26, fig. 5, tabl. 1.
Keywords: photoelectric converter, overcurrent, resettable fuses, current-voltage characteristics, power-voltage characteristics,

simulation.
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L. Nakashidze

Beenenne. OnHuM 13 Haubosee HeKeslaTellb-
HBIX HCTOYHHMKOB HEHaJEKHOCTH (OTOIEKTpUIE-
CKMX KOMIIOHEHTOB COJIHEUHBIX OaTapeil SBISIOTCS
TOKOBBIE NEPErpy3KH U BO3HUKHOBEHUE NIEPETPEBOB,
BKJIIOYAs 3aMBbIKaHUSl HEMOCPEICTBEHHO B HHX, a
TaKKe KOPOTKHE 3aMBIKaHHsI MEXIY HX COCIUHU-
TEeNbHBIMU KOHTakTamH [1-3]. dusndyeckuMu npuyu-
HaMHM TakKUX CHUTyalUuil MOTYT OBITH MOBPEXICHUS
KOppO3UENl B MpPOLECCE IKCIUTyaTallUd COCTaBIISIO-
IIUX UX 3JIEMEHTOB, «CKPBITBIE» TPOU3BOACTBEHHBIC
nedeKThl, HencrnpaBHble OJOKUpYIoMmre U 00BOIHBIE
JUOJBI WM PE3yNbTaThl AETpajaliiid U30JSLUH O
JeHCTBHEM OKpY>KaroIeH cpeapl [2].

Ocoboe 3HaueHue 3T0 UMeeT Al (POTOIIEKTPH-
yeckux Monyineit (POM) Ha OCHOBE TOHKOIUIEHOY-
HOTO KpEMHUSI, TJI€ UMEET MECTO 0Opa3oBaHHE IIyH-
TOB KaK «CKPBITHIX» JIe()EKTOB IPH IMPOU3BOJICTBE,
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TaK M u3-3a 00PATHOTO CMEUICHUs sYeeK, BEI3BAHHO-
TO 3aTeHEHHEM MOJYJIeH MM OTIENBHBIX (HOTOIIEK-
Tpudeckux npeobpasoBareneit (DPIII) comHeuHOMN
Oarapeu B mpoliecce ee SKCIUTyaTaluu. JTo ycyryo-
JAS€TCS TeM, YTO JUISi TOHKOIUIEHOYHBIX MOJIYyJIeit
MIPEBEHTHBHBIE MEPBI C MCIOJIB30BAaHMEM OOBOIHBIX
JMOAOB MOTYT OBITH HEBO3MOXKHBIMU [UIs1 OIpaHHUYe-
HUSL OOpaTHOrO HaNpsDKEHUsT HA  HEAKTHUBHBIX
@®OI1 [1].

HauOonee neGiaronpusTHbIC MOCIEACTBUS BO3-
HUKHOBEHUSI yKa3aHHBIX KOPOTKHX 3aMbIKaHHH
HMEIOT MECTO B MapajuIeIbHBIX COETUHEHUsX (OTO-
JNEKTPUYECKUX DJIEMEHTOB. B 3TOM cilyyae oHHM
MPUBOJAT K BBIXOIY MX CTPOSl BCETO COCAMHEHMS U
BO3HHKHOBEHHUIO CYIIECTBEHHBIX MEPErPEBOB W3-3a
3HAYHUTENLHBIX TOKOB, CO3/IaBAEMBIX CYMMHPOBAHH-
€M TOKOB OTJICIbHBIX TaKUX JIEMEHTOB. B utore 3to
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MOJKET MPHUBECTH K HEIITATHBIM (ITI0KapOOMAaCHBIM)
cUTyauusiM. YCTpaHEHHE WIM MUHHMHU3ALUS BIIHS-
HUS yKa3aHHOTO (akTopa Ha pabOTy COJIHEYHBIX 0a-
Tapel mpencraBisieTcss Hauboiee HEOOXOAMMBIM
ycloBUeM Juis 6oJiee MIMPOKOTO MCIOJIB30BaHUS Ma-
paJUIETbHBIX COCAMHEHUH MpH (HOPMHUPOBAHHU MO-
IyJel ¥ aHeNel COTHeUHbBIX OaTapeit.

CnenyeT OTMETHUTh, YTO B HACTOSIIEE BpeMs
pa3paboTKe METOAOB M CPEACTB MPEIOTBPAILCHUS
MOSIBJICHUSI JIOKAJIbHBIX MEPErpeBOB («TOpsSYHX IIsi-
TeH») B (OTOIIEKTPHUUECKUX KOMIIOHEHTaX COJIHEY-
HBIX OaTapeil ynensercs 3HaYNTeIbHOEe BHUMaHue. B
YaCTHOCTH, U3BECTHBI TAKUE PEIICHUS 331a4H KakK:

— ucnonb3oanue OOI1 ¢ HUBKUMH HANIPSHKEHH-
siMH 00paTHOTO Po0ost [4];

— BKJIIOYCHHE B (POTORIIEKTPUYECKYIO CHCTEMY
JIOTIOJTHUTENIBHBIX 3JIEMEHTOB: OOBOJHBIX JTHOJIOB U
aKTHUBHBIX OOBOHBIX TepeKiodareneii [3, 5 - 7];

— METOABl M TEXHWYECKHUE CPEICTBA, OCHOBAH-
HbIe Ha OOHAPY)KEHHE «TOPSYEro MATHA» Ha OCHOBE
M3MEPEHHH AIEKTPUIECKIX MapaMeTPOB COTHEUHBIX
MaHeJed B COYETAHUM C aKTUBHOM 3aIMTOM MO CIO-
co0y pa3soMKHyTOro KOoHTypa [8, 9].

Tem He MeHee, OHU HE SIBIIIIOTCS YHUBEPCAIb-
HbiMu. Ucnonb3oBanue ®II1 ¢ HU3KUM HaNpsHKEHU-
eM 00paTHOrO MpoOOsS OrpaHUYNBAET MOIIHOCTD,
paccemBaeMylo BO BpeMs pa3orpeBa €ro JOKATbHBIX
o0xactel, HO MOXeT OBITh APPEKTUBHBIM CIIOCOOOM
MIPEIOTBPAICHUS «TOPSYETO MATHAY, €CIIA BETHINHA
paccerBaeMON MOIIHOCTH HEAOCTATOYHA JUISl TIO-
BpexaeHuss OII1.

Nmeroniiecss Ha HACTOSIIUN MOMEHT pe3ylbTa-
THI MOJIEIIMPOBAaHUS U IKCIIEPUMEHTAIbHBIE JTaHHEIC
CBUJETEIBCTBYIOT, YTO OOBOJHBIEC AWOABI B TIOJIIA-
HEJNBHBIX CTPOKAaX (DOTOANEKTPUUECKHX 3IIEMEHTOB
HE TOJIHOCTHIO 3aIHIIAIOT OT IMOSBICHUS «TOPIUNX
msateH». OO0BoHBIE MUOABI Oosee dPPEKTUBHBI IS
MIPEIOTBPAIICHUS «TOPSYMUX ISTEH» MPH OYEHb KO-
potkux anuHax ctpok ®OII, yTo He MpUMeHseTcs B
COBPEMEHHON KOHCTPYKLHUU IaHEIEeN U3 SKOHOMH-
YECKUX COOOpakeHHH. AKTHBHEIE OOBOJHBEIC TIEpe-
KIIFOYaTeNH, KaK U TEXHMYECKUE CPENICTBA, OCHOBAH-
Hble Ha OOHAPY)XCHHU «TOPSYMX TISITEH» SBIAIOTCA
YIIyqIlIEeHHEM IO CPaBHEHHIO C OOBOIHBIM IHOOM,
HO TpeOyeT YCIOXHEHHS CXEMHBIX pelleHuil U 3a-
Tpar [5].

IlocTtanoBka 3agauu. OgHUM W3 TIEPCTIEKTHB-
HBIX HaIlpaBIIEHUI pPEHIeHHs paccMaTpUBaeMOW 3a-
a4y SIBIAETCS TPUMEHEHHWE I HM3O0JSIUH Heak-
TUBHBIX (3aT€HEHHBIX WM JIe(EeKTHbIX) oOacTeit
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kak otaenbHbix OOII, Tak U ux Moayneu, MmeHee J0-
POTOCTOSIIMX 3JEMEHTOB (DYHKIMOHAIBHOM 3JEK-
TPOHMKH, B YaCTHOCTH, OTHOCHTEJIILHO HOBBIX U, MO-
JYYUBIIMX UIMPOKOE pPaclpOCTpPaHEHUE, CaMOBOC-
cTaHaBiMBaromuxcs npenoxpanureneid (CBII) Tuma
“Polyswith” [3, 10]. OTi 31meMeHTBI INEKTPUUESCKOM
U TEIUIOBOM 3aIUTHI YK€ HallUI MPUMEHEHHE B aK-
KyMyJATOpax U TalbBaHUYECKUX UCTOUYHUKAX MUTA-
Hus [11 - 14]. HeoOX0oAMMBIM 3TarioM 3TOTO MpE-
cTaBlsieTcsl pa3paboTka M MonenupoBaHue (yHKIHU-
OHUPOBAHMS CXEMHBIX PEUICHUH Ui (OTOIIEKTPHU-
YECKUX KOMIIOHEHTOB, HCIOJB3YIOIIMX YKa3aHHBIC
CaMOBOCCTAaHAaBIUBAIOIINECS IPEJOXPAHNUTEIH.

B nanHo# paboTe mpeyioKeHa MOAedb U Mpo-
aHAJIM3UPOBAHbI BO3MOYKHOCTH HCIOJB30BaHUS ca-
MOBOCCTaHABJIMBAIOLIUXCSA TpPEAOXpaHUTENe THuma
Polyswitch mns mpemoTBpalieHus ¥ MUHUMH3AIUH
TOKOBBIX TIEPErpy30K B MapauIeIbHBIX COSAMHEHUIX
(hoTonIIEKTpHUECKUX TTPeodpa3oBaTeNieii M UX MOJIY-
TeH.

Mogeab (oTO03/IeKTPUYECKOIT CHCTEMBbI €
orpaHuuuTesneM Toka. Kak yxe ykasplBasoch, KO-
POTKHE 3aMBIKaHHsI SIBIISIIOTCS HamOoyiee Hexena-
TEJIbHBIMHU B IIAPAJUIEIBbHBIX COSAUHEHUAX KaK (OTO-
anekTpudeckux mnpeodOpazopareneir (OOII) Ta wnx
MOCTIEIOBATENIbHBIX COCAMHEHUH (OTOIIEKTpUIE-
ckux moxayneit (POM). U3 puc. 1 BUIHO, YTO KOPOT-
KO€ 3aMbIKaHHE OJHOrO KoMmmoHeHTa PVn B orcyt-
ctBue CBII Bener k norepe Bcell napajuiesibHOM 1ie-
11, CoJiepKallel APyrue UCIIpaBHbIE KOMIIOHEHTHI.

Hanuune caMOBOCCTaHABIMBAIOIIUXCSA MPEIO-
xpanuteneid Fui, COeAMHEHHBIX IOCIEAOBATENBHO C
KaXIbIM (DOTOTEHEPHPYIONIMM KOMIIOHeHTOM PV |
MO3BOJISIET COXPAHUTD M 3KCIUTYyaTHPOBATh UCIIPABHBIC
[PY HAINYUHM KOPOTKOTO 3aMBIKaHUS B OJHOM U3 HHX.
Maremaruueckasi MOJ€EJb, IO3BOJISIONIAs MPOAHAIHU-
3UpOBaTh paccMaTpuBaeMbli 3(PQEKT orpaHUICHHs
TOKa MPU KOPOTKOM 3aMBIKaHUHU M OTPEJIENTUTh Hanbo-
nee 3 PEeKTUBHBIC PEKUMBI TAKOM 3aIlUThI, BKJIOYACT
B ce0s1 pellieHre 3a/1a41 BEIOOpa SKBHBAJICHTHBIX CXEM,
ommceiBaronx OII1 u ®OM, anmpoKcHMaIiH T0JIe-
BO 3aBHCHMOCTH 3JIEKTPUYECKOTO COMPOTHBIICHUS
CBII, a Taxxe (OpMYyIHPOBKY U PEIICHHE OCHOBHBIX
YpaBHEHHH pacCMaTPHBAEMOIl MOJENH ISl OIpesIee-
HUS UX BOJIbT-aMITEPHBIX W BOJBT-BATTHBIX XapaKTepH-
CTHK.

®OOIl  obnamgarot
aMITepHBIMHI XapaKTEPHUCTUKAMH, KOTOPbIE 3aBUCST OT
YPOBHS COTHEYHOW paMallvii, TEMIIEPaTyphl OKpYKa-
FOIIIEH Ccpebl B 0OCOOEHHOCTEH caMOM SUYEHKH.

HEITMHCHHBIMH BOJIBT-
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Puc. 1. YnpouenHasi cxema, WULTIOCTPUPYIOLIASI 3ALUTY OT

3aMKHYTOTO KOMITOHEHTa U TOKH, TeHepupyemble PVi.

KOPOTKOI0 3aMbIKaHMA B Mapa/l/ieIbHOM COCIUHECHUN (l)OTO-

JIeKTpUYecKuX KomnoHeHToB PVi (i=1, 2, ... n - 1) ¢ ucno/ib30BaHNeM CAaMOBOCCTAHABJIMBAOLINXCS MPeIoXpaHuTeeii Fui
(i=1, 2, ... n).

Fig. 1. Simplified diagram illustrating short-circuit protection in parallel connection of PV components PVi (i=1, 2, ... n - 1) using

self-resetting fuse:

B HacTosmee Bpemsi M3BECTHO HECKOJIBKO OC-
HOBHBIX cxeM 3amemenus POII, maremaTnueckoe
OMKCaHUE KOTOPBIX HCIIOJIL3YETCSI B COBPEMEHHOM
MozenupoBanuu [15 - 17]. Haubomnee usBecTHass u3
HHUX, COJEPXHT HCTOYHHUK (poroToka (iph), mapai-
JIeNbHO BKIIOYEHHBIH nuon (D), koTopslii Momenn-
pyeT p-N-mepexoj, IyHTOBOE COMPOTHBICHHE (Ish),
MOJIETTUPYIOIIee TOKU YTEUKH, U IOCIEIOBATEIIEHOE
comnportusieHne (Is), KOTOPOE XapaKTepU3yeT BHYT-
pEHHEE COIPOTUBJICHHE 3JIEMEHTa M KOHTAaKTOB. B
pabouem pexume DIIT (mpsmocmerieHHbIi (HoTo-
JTMOJT) TOKOM yTE€UYKH MPEeHeOperarT, T.e. IpUHUMa-
0T, YTO I'sh CTPEMHUTHCS K OECKOHEYHOCTH U IKBUBA-
JIeHTHas cxema 3amenieHuss @OII umeeT BHII, IIOKa-
3aHHBIN Ha puc. 2.

Solar Lighting

s Fui (i=1, 2, ... n).

B cootBeTcTBUM € 3TOH CXeMOH 3aMeEllEHHs BbI-
XOIHOM TOK (poTO3IEMEHTa | MOKET OBITh ONpeeseH
[15, 16] u3 BeIpaXKeHUSA

) q(v +ir,
AKT

=iy

(1)

0

rae: A —kxod(pUIHMCHT, 3aBUCAIINN OT (U3UUECKUX
CBOICTB MaTepHaJIOB U MapaMeTpoB p-N-iepexona (s
KpeMHUs NOpuUHMMaeTca paBHbM 1,2...1,8 cootBert-
creenno [15,18]); k—mocrosauas bonbnmana; 7—
abcomrotHast Temneparypa ®OI1; g —3apsa 371ekTpo-
Ha; V— BbIxojgHoe Hampspkerue DOII; i — oOpaTHbIit
TOK p-N-mlepexoma auoda. I COIIPOTHUBIICHUE

Harpy3KH.

Puc. 2. YnpouleHHasi 5KBUBaJIeHTHas cxema 3amemenns OIII.

Fig. 2. Simplified equivalent circuit of PVM.
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Kak y»xe roBopuiocs BblIlI€, TIPH TOCTIE0BATENb-
HOM, TapajuieIbHOM WM KOMOWHHPOBAHHOM COEIIH-
HEHUH (POTOINMEKTPHUECKUX DIIEMEHTOB 00pa3yroTcs
OOM. J[lna ompeaeneHUs SKBUBAJICHTHBIX BOJBT-
amriepHbIX xapakTepuctik (BAX) takux coenuneHuit
UCTIONB3YIOTCS pa3fiMyHble OPMBI UX TPEACTABICHUS
[15, 19 - 23].

Jig mocTpoeHust paccMaTpUBacMOM MOJENH, CO-
OTBETCTBYIOILIEH MapajulelbHOMY COEJUHEHHMIO h
OOM (KaxIbIi U3 KOTOPBIX SBJISAETCS TIOCIIEAOBATEb-
Hoe coeauneHnem m OOII) npexacrasisiercs Hanbomee
MIOJIXOJSIIIIM M3BECTHOE BBIPAKEHHE, HETIOCPEACTBEH-
Ho Gasupyrorieecs Ha hopmyie (1) [15, 20 - 22].

V-V, +IR,

U; ’

|=|SC 1-exp 2

rae: lse =N isc— TOK KOPOTKOTrO 3aMbIKaHHs (OTO-
AIEKTPHUYECKOTO  MOAYyJst, isc =1 (V =0) = iph — TOK
kopoTkoro 3ambikaHust OOIl (Hanbodpmuii TOK,
npousBoauMbld OIII mpu ycnoBUM 3aMBbIKaHUS €ro
konrtakToB); Ut = (AKT/Q) - m — sKBHBaJIEHTHOE Tep-
MaJbHOE  HampshKeHue  Momynst;  Voc = M Voe —
HanpsDKEHHE XOJIOCTOTO xoza MOJYJISI,
Voc = V(i = 0) = (AKT/q) In[(iph + i0)/i0] - HampspkeHue
xonocroro xona Ol (mameHue HampsHKeHHUS HA P-
N-mepexojie, KOTopoe co3aaeT POTOTOKOM (iph), eciu
TOK BO BHemnHe# 1emn (1) paBeH Hy110; Rs = rs-m/n —
SKBUBAJIEHTHOE MOCIEI0BATEILHOE COMPOTHBIICHHE
MOJTYJISL.

CaMoOBOCCTaHABIUBAIOIIUECS TPEIOXPAHUTEIH
“Polyswith” uMeroT TemmepaTypHyIO 3aBHCHMOCTH
COIPOTHBIEHUS Rry, BO3pacTaromyo ¢ pocToM TeM-
MepaTypel, KOTOpasi HIMEET TPU XapaKTEPHBIX ydacT-
ka. [Ipu oTHOCHTETHHO HEOOMBIINX 3HAUYCHUSAX TEM-
nepaTypsl (y4acTok 1) MMEeT MeCTO TUIaBHOE TTOBBI-
IICHWE WX COMPOTHBIECHHS OT TeMIeparypbl. B y3-
125 0C
HabmroaeTcss pe3Kuid pocT (Ha HECKOJBKO MOpsii-

KOM Juarna3oHe TeMIIepaTypbl  OKOJIO
koB) conpotusneHust CBII (yuactok 2). Ilpu nans-
HEWIIEM YBEIUYEHHUH TEMIIEpaTypbl 3aBHCHUMOCTh
CONPOTHUBJIEHUSI 3THUX YCTPOMCTB OT TEMIEPATYpPbI
TaKk)K€ HMEET IUIaBHBIM BO3pacTaOIIMM XapakTep
(yuacrok 3) [11].

Pu3NUeCcKUil MEXaHW3M IPUYMHBI TAKOH CKad-
KOOOpa3HOW 3aBHCHMOCTHU OIPENEsIeTCs CTPYKTYp-
HBIMH OCOOEHHOCTSIMH OCHOBHOTO ()YHKIIMOHATLHO-
ro marepuana CBII, koTopsrii mpeacraBisier coboi
HAHOKOMIIO3UT C HEMPOBOISAIIEN MOJIUMEPHON MaT-
puLeld ¥ BBICOKOIIPOBOJSALIMM HAHOYTJIEPOIHBIM
HaroynHuTeneM. biaronapst yriiepoHbIM KaHajlaM B
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HEPa3oTrpeToM COCTOSHUM (Yy4acTOK 1) HaHOKOMIIO-
3UT SIBJISIETCS] IPOBOAHUKOM C HU3KHM COOCTBEHHBIM
COIIPOTHBIICHHUEM.

[Ipu paszorpese BbIlle ONMpPEACICHHON TeMIepa-
TYpBI (TeMIepaTypsl IEPeXoa) yriepoIHble KaHabl
pas3pbIBarOTCs 32 CYeT OOBEMHOTO PACLIMPEHUS TO-
JUMEPHOM MaTpulbl W/WIM TpaHCPOpMAlHU KpH-
CTaJUIMYECKOW CTPYKTYPhl MaTpUIBI B aMOPQHYIO U
ANIEKTPUYECKOE  COMPOTHUBIICHHE HAHOKOMIIO3HMTA
pesko Bo3pactaeT (yuactok 2) [11 - 12]. Ha BeicOKoO-
TEMIIEPaTypHOM y4yacTKe 3 CTPYKTypa MpPOBOISIIUX
KaHAJIOB MOJHOCTHIO pa3pylIeHa W COIPOTHBIICHUE
CBII pocturaer MakcMMaabHOM BEJTMYMHEI.

TexHUueCKOe NPUMEHEHWE HMEIOT Y4acTok |
(BBICOKOTIPOBOJISINIEE COCTOSIHUE) U 2 (CKauKooOpas-
HBIH Mepexo/ K HU3KOMPOBOASIIEMY COCTOSHUIO). B
Ka4CCTBE€ OCHOBHLIX IIapaME€TPOB, BAXHBIX JIA HX
IMPUMCHCHUA B CXEME PUC. 1, CJICOAYCT NPUHATDH:

Rruo — comporuBnenne CBII B mpoBogsmeM co-
CTOSIHUH (OTIpeNeNsieTcs] MacOPTHBIME BETMYMHAMHE
Rmin — MakcMManbHOE MUHHUMAaJIbHOE Ha4YalbHOE CO-
MPOTUBIICHUE WIH Rimax, — MUHUMaIbHOE CONPOTHB-
JIeHUE TOCJIe OJHOTO Yaca BOCCTAHOBJICHUS IIPH 3a-
JTAHHOH TeMIiepaType OKpY)KaloIlero BO3Iyxa).

lip — Tox cpabateiBanus CBII, T.e. MUHIMAIB-
HbII TOK yepe3 CBII, npu KOTOpOM MPOUCXOIUT Iie-
PEX0 OT MPOBOJISILETO COCTOSHHS K HETTPOBOIALIIC-
My.

3amuTa mapawieIbHOr0 COSANHEHUS (POTOAIICK-
TPUYECKMX KOMIIOHEHTOB COJIHEYHBIX Oartapeii
(puc. 1) MoxeT OBITh pealn30BaHa NPU BHITIOTHEHUH
CIIETYIOIINX YCIIOBHI

Reyo = Rmin (wm Rlmax) <<mR*s

®3)

rae Rs=rs wm R’ =Rs B mocnenoBareabHoM Co-
€MHEHUU M S4eeK UM MOJyJIeH, COOTBETCTBEHHO.

To ecTp Hanuuue TakWX IPEAOXPAHUTENIECH B
JNEKTPUYECKON IIeNMH HEe JOJDKHO BIHUSATH Ha HOp-
MaJIbHYI0 PaboTy (OTOIIEKTPUIECKUX KOMITIOHEH-
TOB.

Bropoe yciosue:

(n-=1)-1 >|irip>|sc' @)
rae 1" =1, "¢ = ise, wmm 1" =1, I’sc = lsc B mocneoBa-
TENBHOM COEIMHEHHH M sS4eeK WM MOIYJEH, cooT-
BETCTBEHHO.

T.e. Tok cpabareiBanus npenoxpanureiss PPTC
JOJDKEH OBITH OOJbIle TOKa KOPOTKOTO 3aMBIKAHUS
OTACNIBHOIO KOMIOHEHTa (OTAENBHOro (oTodIeK-
TPUYIECKOTO MOIYJS WU (OTODJIEMEHTa) U MEHBIIIE,
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YeM TOK HMX MapajuieIbHOTO COeAWHEHHUs B paboueM
pexume (n-1) - I* rme (n-1) - uncno ucnpaBHBIX
OOM unu OIII. VuuteiBas xapaktepunoe mans CBII
yYMEHBILIEHHE TOKa CpadaThIBaHUSI C POCTOM TeMIIe-
paTypsl, CleayeT OTMETUTh, YTO MEPBOE U3 yKa3aH-
HBIX TpeOOBaHUI MOJKHO OBITH BBHIIONHEHO NpPHU
MaKCUMaJbHO BO3MOXKHOH TeMmmepaType (yHKIHO-
auposanus OIII (~ 60...80 °C [10]).

Onpenenenre aHATUTUYECKUX BBIPAKEHUN MO-
JIelTd MOXKET OBITh TIPOM3BEJICHO Ha OCHOBE ypaBHE-
Huit Kupxroga u n3BeCTHBIX MaTeMaTH4ecKuX OIH-
caausax aist BAX paccmarpuBaeMbIX (OTORNIEKTPU-
YECKUX CHCTEM M DJIEKTPUUYECKUX XapaKTePUCTHUK
HCTIONB3YEMBIX 3JIEKTPOHHBIX MPHOOpOB. B uwacTHO-
ctH, yuet npucytctBus CBII (puc. 1) MoxeTr ObITh
MIPOM3BE/IEH 3aMEHOH B COOTBETCTBYIOIIEH 3KBHUBa-
JICHTHOU cXeMe U (opMylie TOCIe0BaTEIHLHOTO CO-
MIPOTUBIICHUS I's HA €70 CYMMY C YacThbiO COIPOTHUB-
nenusa RFu, npuxopsmeiics Ha kaxapiii G311 B mo-
CII€0BATELHOM MX COeIMHEHNH, T.€., (R's+Rry).

Cremyer OTMETHTB, YTO B COOTBETCTBUH C 0a30-
BBIM mpuHIUIOM ucnois3oBanus CBII [10] ux co-
MPOTHUBJICHUSI 10 CpadaThlBaHUsI MPHU IMOBBILICHUU
TEMIIEPaTypsl MIPEHEOPEKUMO MaJlbl B CPAaBHEHUHU C
MOCJICIOBATENIbHBIM ~ CONPOTHBIICHUEM OTIEIBHOTO
O®OM, u TakuM 00pa3oM B HOPMAILHOM PEXHME
MOHO OpHHATH Rro<<R’s.

Hannune xopoTkoro 3aMelkaHusi oxHOro (oto-
JIEKTPUYECKOTO KOMIIOHEHTa B COOTBETCTBHUHM CO
cxeMoi puc. 1 MOXeT paccMarpuBaTh Kak Hapa-
JIeNIbHOE COEMHEHUE CONPOTUBIIEHUS Harpy3ku RL
U comportusieHus npenoxpanuteis Rry (Ir), 3aBu-
CSIILIEr0 OT BEJIMYMHBI MPOTEKAIOLIETO0 Yepe3 HEro
toka [Fu. Cnegyer oTMETUTB, UTO B CONPOTHUBIICHUE
Harpy3ku RL 11 ympoiienusi pacueToB NmpUHHMA-
JIOCh AKTHUBHBIM, XOTSI OHO MOKET OBITh U PEaKTHB-
HbIM (HaIlpMep, €MKOCTHBIM) WJIH, B OOIIEM CIIy-
4ae, KOMIUIEKCHBIM.

IIpumeM BO BHUMAaHUE, 4TO:

Re, (1e, DR

Re (I, )+ RL) - ®

V=V(lg, RO)=100g0R)
rae: I (Ir,RL) = lry*IL — Benmmumza cymmapHoro toka
4yepe3 KOPOTKO3aMKHYTBIH 3JIEMEHT LEeNH U COMpOo-
TUBJICHUE HATPY3KH.

C yuerom (5) ypaBHenue s pacuera BAX
paccMaTpuBacMOil  (POTORNEKTPUUECKOH CHUCTEMBI
(mpy HaMMYUH KOPOTKO 3aMKHYTOTO OJHOTO M3 €e
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MOJyJieil) MOKHO TIOJIy4UTh Ha OCHOBE (2), KOTOpoe
rociie mpeoOpa3oBaHus (pa3peiieHus OTHOCUTEIIEHO
V) OyneT UMeTh CJICIYIOIIUI BHI;

Isc — I(IFU’RL)

V(g R )=U;In —Voc + 11, Rs )R, (6)

sC

rac:

Rey(1gy)
(1 R )=l 1+ =R F

L

[Ipu onpenenenun napamerpoB UT, ISC, VOC,
u RS Hano 3amenuts BenmmunHy m (qucio GOM co-
€IMHEHHBIX MapaJuIebHO Ha cxeMe puc. 1) Ha (m-1).

BAX camMoBoccTaHaBIMBAIOIIETOCS MPenoXpa-
HUTENSL, KaK M JI000TO TO3HCTOPHOTO 3IIEMEHTA
npezacrasisercss N-00pa3HOW 3aBUCHMOCTBIO U MO-
XKeT OBbITh ONpe/ieieHa B MapaMeTpUiecKoi Gopme,
IZ€ B KayecTBE TaKOTO MapamMeTpa HCIOJIb3YeTcs
TeMmeparypa ero Harpesa [24, 25]. OxHako HCITOIb-
30BaHME TAKUX MPEIACTABICHUI  CYyLIECTBEHHO
YCIOXKHSET paccMaTpuBaemyro 3azady. [is ee
YIPOLICHUS], TOMYCKAIOIIETr0 IOJIyYeHHE MMOHATHOTO
a/ICKBaTHOTO pe3yJIbTaTa, MPEICTABISICTCS] BO3MOXK-
HBIM HCIIOJIb30BaTh MPEICTABICHUI O CKaYKooOpas-
HOM HM3MEHEHHMHU CONPOTHUBIICHHUS PacCMaTPUBAEMBbIX
CBII B o0macTé TOKOB B OKPECTHOCTH TOKa Cpada-
TeiBaHus Itrip. Takum o0pazom, MOXXHO TPHHSTH,
yt0 3aBucuMOcTh RFu (IFu) nmeer By nepexiroda-
TEJIbHOH (DYHKIMH, KOTOPYIO MOXKHO amlpOKCHMH-
poBaTh B QyHKIMHU BHIA:

RFuo ecmu I, < IFuO

I:aFu(I Fu): @)

(24

I
Fu
R I— ecmu g <1

Fu
Fu0

rne RFuO :Rmin (MJZM leax)’ IFu :Itrip'

Kax yxe orMmeuanock, napameTpaMu OIpeaess-
omuMu 3PPeKTUBHOCTS ncnonb3oBaHus CBIT mis
3amUThl (POTOIEKTPUUECKIUX CHCTEM OT KOPOTKUX
3aMBbIKaHUH SIBJISIOTCS CONPOTUBIICHUE MPEAOXPAHU-
Tens B npoBoasieM coctosiHud RFu u Tok ero cpa-
OateiBaHuA Iruo.
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Tadauna 1. [TapamMeTpsl 2J1eMEHTOB MO1eTN(OTOINTEKTPHUIECKOI CHCTEMBI.

Table 1. Parameters of the elements of the model of a photovoltaic system.

Komnonent [TapameTpbl IIpuHsATHIC 3HAUECHUS
io 1 MxA
iph 0,039 A
@OII [18] s > Ont
A 1,8
RFuo 0,1-1 Om
CMII (13 cepun RXEF) [26] IFoo 03-1A
Yucno OOII B ux mocien0BaTeIbHOM coequHeHnn (B DOM) m 36
Yucno napamiensbHeIX conuHeHuii ®OM n 36

Jdns uccnenoBanus (DyHKIMOHHPOBAHUS pac-
CMaTpPUBAEMBIX TEXHHIECKUX CPEJICTB 3aIUTHI ObLIH
MPOBENEHBl YHCICHHBIE SKCICPUMEHTHl Ha OCHOBE
(hoTonIeKTpIUecKOi cucTemsl (puc. 1) ¢ KOMIIOHEH-
TAMH Ha OCHOBE JJIEMEHTOB C THIIOBBIMH ITapaMeT-
pamu, IpuBeICHHBIMU B Ta0M. 1.

l, A
15

[Mapamerp o B dopmyne (7) mpuHUMANCT paB-
HBIM 25.

BnusiHne BenWYHMHBI CONPOTUBICHUS Rryo Ha
BOJIbT-aMIICPHBIC W BOJIbT-BATTHBIC XapaKTECPUCTUKU
(BBX) uccnemyemoit OTOINEKTPUIECKON CHCTEMBI
MoKa3zaHo Ha puc. 3 u 4.

THapamemper CBIT Iro = 0,3 A u Rruwo, OM: 1-0,1; 2-0,4; 3 — 1. Kpusvie 4 coomsemcmayem omcymcmauto Kopomrkozo
3aMbIKAHUS

Puc. 3. BoasT-amnepusbie xapakrepuctuku |(V) (kpusbie 1 - 4) u 3apucumoctu toka yepe3 CBII Fun IFu(V) (17 - 3°) moaenn-
pyemoii poT031eKTPHIECKOli CHCTeMbI MPH HATHYHH KOPOTKOI0 3aMbIKAHHUS O/THOT0 U3 €€ KOMIIOHEHTOB.

Fig. 3. Current-voltage characteristics I1.(V) (curves 1 - 4) and current dependencies through SRF Fun Iru(V) (1” - 3°) of the
simulated photovoltaic system in the presence of a short circuit of one of its components.

Kax BugHO M3 puc. 3, BIUSHNE CONPOTHBIICHUS
CBII B npoBoasmieM cocTosHuM Rryo nMeeT MecTo B
Uana3oHe OYEHh MallbIX HampspkeHuid V Omno
OTPaHUYMBAET €TO0 HAYAIBHBIM Y4acTOK, IZie CONpo-
TUBJIEHUE Harpy3ku Ry MeHbme Rryo ¥ MpakTH4ecKu
OTCYTCTBYeT OTOOp TOKa C Harpy3kH Ha Ipenoxpa-
HuTenb. C yMEHbIIEHUEM COMPOTHBIECHUS RFyo 3TOT
YYacCTOK COKpaIaeTcsl.
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[Ipu Oosiee BbICOKHMX 3Ha4YeHHAX RL TOk depe3
CBII yBenuumuBaeTcsi, YTO MPUBOJUT B UTOIE K €ro
cpabaTbIBaHNIO, TOCJIE HYEr0 TIOMYydYaeTCs THITOBas
JU1s1 POTODIIEKTPUIECKUX cucTeM 3aBucuMocTh I (V),
HO CO 3HAYe€HHWEM TOKa KOPOTKOTO 3aMBIKaHUS
YMEHBIIICHHBIM Ha BEJIMYMHY, KOTOpas MPeCTaBIIsACT
co00lf CyMMy TOKOB OTKJIFOUEHHOTO (KOPOTKO3a-
MKHYTOT0) TIOCJIeqoBaTeabHOro coefunenus OOI1
(PVn) 1 Toka cpabatsiBaHus peaoxpanutess Fuy.
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P. BT
20}

15

10

0 |

1,2,3
1 I

10° 102 10"

1
10° 10" 10°

V.B

Puc. 4. BoasT-BaTTHbIe XapakTepuctukn PL(V) Moxeanpyemoii $oT021eKTPHYECKOil CHCTeMbI PH HATHYHHN KOPOTKOIO
3aMbIKaHHUsI O/IHOT'O U3 ee KOMIOHeHTOB. [TapaMeTpbl M 0003HAYEHHUSI COOTBETCTBYIOT NIPUHATHIM Ha puc. 3.

Fig. 4. Volt-Watt Characteristics PL(V) of the simulated photovoltaic system in the presence of a short circuit of one of its
components. Parameters and designations correspond to those adopted in Fig. 3.

Brmusaue BenmmumHbl TOKa cpabateiBanust CBII
Ha aHAJOTMYHbIC XaPAKTEPUCTUKU paccMaTpUBacMOn
(hOTORIIEKTPUUECKOM CUCTEMBI IIPUBEICHBI HA PHC. 5.

Hannuue CBII npuBoAUT TONBKO K ONpEAENICH-
HOMY CHIDKEHHUIO TPOW3BOANMON (HOTORIIEKTpHUe-
CKOM CHCTEMOW 3JICKTPUYECKOW MOIIHOCTH, a HE
MIOJTHOMY €€ BBIXONy U3 cTpos (puc. 4). M3amMenenue
CONPOTHUBJICHUS] NPEIOXPAHUTEN B MPOBOIALIEM
COCTOSIHUHM ITpaKTUYeCKU He BiusieT Ha BBX

Kak cBHIETENLCTBYIOT 3TH JaHHBIC PHC. 5 a U O
VM3MEHEHUS! BEIMYMHBI TOKa CpadaThIBAaHUS IPEIo-
XPAHUTENS ONPEACTAIOT U3MEHEHHSI MAKCUMAJIBHOTO
TOKa W MPOU3BOJIUMON 3JIEKTPUUECKON MOUIHOCTH B
pabodyeM nuama3oHe, TJIe pealn3yeTcs 3alluTa OT
KopoTKoro 3ambikanus, T.e. CBII naxoautcs B co-

I A
1,5F
4
1
1F
3
0.5
0 I I I I I
10° 107 107 10° 10 102
V,B
a)

CTOSHUW C BBICOKUM 3HAY€HHEM COMPOTHUBIICHUS.
YMeHblIeHne BeNWYUHBI |Fyo CHIDKAET 3HepreTude-
CKHME 3aTpaThl Ha MOJACPKaHHE NPEAOXPAHUTENS B
HU3KOIIPOBOSIIEM COCTOSIHUH, OJIOKHPYIOIIEM KO-
pOTKOE 3aMBIKaHHE KOMIIOHEHTA TMapajuIeIbHOHN Iie-
. B uTore, 3T0 MPUBOAUT K POCTY TOKA HArpy3KH
IL u momHocTH Py, T. €. oBbIIeHUO 3()(HEKTHBHO-
CTH paboThl Bcell (POTOINEKTPUIECKON CHCTEMBI.
OCHOBHBIM OTPaHUYCHUEM CHH3Y TP ONpEACICHUU
Toka cpabarbiBanusi CBII siBisieTcst TpeboBanue OT-
CYTCTBHS KaKOTO-THOO BIWSHUS MIPEIOXPAHUTENS HA
HOPMaJbHO (HYYHKITMOHUPYIOUINHA (B OTCYTCTBHH €T0
KOPOTKHX 3aMBIKaHHI paccMaTpuBaeMoro Buaa) ¢o-
TO3JeKTpHYecKoro koMmoneHTa (POM wmm OOII),
T.€. lpuo>lsc.

P. BT

20}

15F 4

10F

5 2
i 3

0 1 L 1 1
107 1072 10 10° 10" 10?

V,B

0)

Iapamempor CBIT Rruo = 0,4 OM u Iruo, A: 1 —0,3; 2-0,5; 3—0,7. Kpuswie 4 coomsemcmeyem omcymemeuio KOpomro2o

3AMbIKAHUA.

Puc. 5. BoibT-amMmnepHbie (2) H BOJLT-BATTHBIE (0) XapaKTEePUCTHKH MOJIeJTUPYeMOii (POT0IIeKTPUIECKOIl CHCTEMBI MPH KO-
POTKOM 3aMbIKAHHS O/THOTO U3 ee KOMIIOHEHTOB.

Fig. 5. Volt-ampere (a) and volt-watt (b) characteristics of a simulated photovoltaic system during a short circuit of one of its
components.
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Crnenyer Takke OTMETUTb, YTO IIOTEPU HPOU3-
BOAMMOM DJIEKTPUYECKOW DOSHEPruu Ha padoTry
MIpeIOXpaHNUTENS] B pacCMaTpUBAEMOI CUTyallud KO-
POTKOrO 3aMBIKaHHWA OJHOTO M3 MapajUIeNIbHO CO-
€IMHEHHBIX (POTORNIEKTPUUECKUX KOMIIOHEHTOB MO-
YT ¥ MEHBIIMMH, YEM IOJYy4YEeHbl B paMKax pac-
cMaTpuBaeMol MoOAeH, Oa3upyromeicst Ha anmpokK-
cuMmanuu xapaktepuctuku CBII mepeximouaTenbHON
(byHKLMEH, KOTOpas He YYUTHIBAET, YTO IPHU YBEIIU-
YEeHUM NaJCHUsA HaNpsKeHHs Ha TpeoXpaHuTese
€ro TOK MOKET YMEHBIIIAETCH.

BoiBoabl. IIpe/yio’)keHO CXEMHOE pelleHHe
OrpaHUYEHHS TOKA B (DOTOIIEKTPHUUECKUX CHCTEMAX
COJIHEYHBIX OaTapedl ¢ HCIOJIb30BaHHEM CaMOBOC-
CTaHABJIMBAIOIINXCS IIpefoXpaHuTeneit
«Polyswitchy.

Pa3zpaborana mMaTemaTuueckas MOAEIb CXEMHO-
IO pelIeHUs] U MPOBEICHO MOJIEIMPOBAHHUE €T0 OC-
HOBHBIX XapakTEPUCTUK IPH HCIOIb30BAHUHU TH-
MUYHBIX TTapaMeTpoB (QOTOIIEKTPUIECKUX Mpeodpa-
30BaTeied Ha OCHOBE MOHOKPHCTAJUIMYECKOTO
KPEMHHSI M KOMMEPYECKUX CaMOBOCCTaHABJIMBAIO-
muxcs npenoxpanureneil. IlpoananuzupoBaHo Biu-
SAHUEC BCJIWYUHBI COMPOTUBJICHUA B IIPOBOIAAIIEM CO-
cTosHUM W Toka cpabareiBanus CBII mHa BAX u
BBX mapamrensHOTO coemuHEHHS (OTORIEKTpHUe-
CKMX KOMIIOHEHTOB COJIHEYHBIX OaTapei.

[Toxazano, 4To 3P PeKTHBHOE OTPaHUICHHE TOKA
IIPY HAJTMYUM KOPOTKOTO 3aMbIKaHWS B Mapauieib-
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Kux dosorcunax psoxie @EII, wo He 3acmocogyemuvcs 8 cyuacHiil
KOHCMPYKYIi naneneil 3 eKOHOMIYHUX MIpKY8aHb. Tomy HeobXio-
HO niosuujeHHsA HAOIHOCMI COHAYHUX Oamapell, GKIIOYAIOYU
YVCYHEHHA HeWmamHuux (nocexconebesneunux) cumyayiv Ha
OCHO8I po3poOKU Memooie i 3acobie 3anobicanHa CMpyMO8uUx
nepeeanmaicelb 6 ix (HomoeneKmpuyHux cucmemax Ha OCHOGI
HOBUX Ni0X00i6.

Mema. Pospobka yHigsepcanvhoeo nioxody O0as MiHimizayii
CMPYMOGUX NePeBaHmadiceHb 6 (POMOeNeKMPUUHUX CUCIEMAX
COHAYHUX Gamapell WIAXOM 3acMOCY8ANHA HEOOPO2UX elleMeH-
mie PYHKYIOHANbHOI eNeKMPOHIKY, 30KpeMd, wooo HO8UX i ca-
MO8iIOHOBHUX 3ano06ixcHuxie muny "Polyswith", wo nabyiu wiu-
POKO20 PO3NOBCIOONCEHHS.

Memoo. 3anpononosano cxemte pilieHHs | MemMoOOOM MOOen0-
6AHHSL OOTPYHMOBAHI MONCTUBOCII SUKOPUCAKHS 3AN0OINCHU-
xie muny Polyswitch ons 3anobicanns ma minimizayii cmpymo-
6UX NEPEBAHMANCEHD 68 POMOENEKMPUYHUX CUCEMAX COHAYUHUX
bamapeil.

Pesynomamu. Ilpoananizosano éniug geiuyunu onopy 8 npogio-
HOMY CIaHi i cmpymy CHpaybo8y8aHHs 3an00IHCHUKIE HA 80IbM-
amnepui ma 601bM-6aAMHI XapaKmepucmuky napaienbHux 3'eo-
HAaHb POMOoeNeKMPUYHUX Nepemaopo8ayis i ix Mooyis.

Pospobneno mamemamuuny mooenv cxemmnoeo piwienns i npose-
0eHO MO0eNio8anHs 1020 OCHOBHUX XAPAKMEPUCTNUK NPU BUKO-
pucmanHi munoeux napamempie QomoenekmpuiHux nepemeo-
PI08AYI8 HA OCHOBI MOHOKPUCMANIYHO20 KDEMHIIO | KOMePYIUHUX
Ccamogionux 3anobixcuuxis. Ilpoananizogano 6niue GeruduHu
onopy 6 nposionomy cmani i cmpymy cnpayvogyeanrs CBII na
BAX i BBX napanenvroeo 3'€OHanus (pomoenekmpuyHux KOMno-
HeHmie COHAYHUX bamapeil.

Bucnoeku. Ilokasano, wo epexmusne oOmedceHHA cmpymy 3a
HASABHOCMI KOPOMKO20 3aMUKAHHA NPU MAKOMY 3'€OHanHi ¢ho-
MoeNeKmpuiHUX KOMNOHEHM MOodice OYmu peanizoeano npu 6u-
KOHAMHI MAKUX YMOE:

- onip 3ano0idcHUKa 8 MNPOGIOHOMY CMAMI 3HAYHO MeHuie
nOCII006HO20 ONOPY (YOMOENEKMPUUHO20 KOMNOHEHMY;

- CIpYM CHpaybO8yBaHHS 3aN0DINCHUKA NOGUHEH Oymu Oinbuum
CmpymMy KOPOMKO20 3AMUKAHHA OKPEMO20 (QOMOenIeKmpuuHo20
KOMNOHEHMA [ MeHWUM Cmpymy iX napaneivbrHo2o 3'€OHAHH.
bio6n. 26, puc. 5, maébn. 1.

Knrouosi cnosa: pomoerekmpuunuii nepemsopiosay, cmpymosi
nepesanmagicents, CamMo8iOHOBNIOBANUN 3AN0OIJICHUK, B0bNI-
amMnepHi  Xapakmepucmuxy, 60J1bm-6amui XapaKmepucmuxu,
MOOeNt08aAHHA.
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