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COJHEYHbIX BaTapeit

[omoLLb B BbIOOPE ONTUMAaNbHOrO MCTOYHMKA
NUTaHUA ANS Ha3eMHbIX UCMbITAHUIA CMYTHUKOB

PykoBOACTBO MO
NPUMEHEHUI0

OcHoBHas Lienb AaHHOMO PYKOBOACTBA MO NPUMEHEHMIO - NOMOLLb

B BbIOOpE ONTMManbHOrO MCTOYHMKA NUTAHMS NS HA3EMHbIX
UCMbITaHWUI CNYTHUKOB. PYKOBOACTBO COLEPXUT 4 pa3aena: KpaTkui
0630p pexunmoB paboTbl CONMHEYHOrO ANIEMEHTA; aHanN3 yCrnoBui
(hYHKUMOHMPOBAHUS CONHEYHO 6aTapen Ha opbute; 060CHOBaHME
HeobX0AMMOCTM UCMONb30BaHNSA CneLUanM3MpoBaHHOro MMMTaTopa
COMHeYHbIX GaTapen v KNnoYeBble NoKasaTeny ONTUManbHOMo
peLLeHms Nno BbIOOpPY NCTOYHMKA NUTaHKS. B kauecTBe
[ONOMHUTENBHON MHGOPMALIMK B KOHLE PYKOBOACTBA NPUBEAEH
CMMCOK NnUTepaTypbl Mo TEME.
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BeeneHue

CnyTHUKM SBNSIOTCS YPE3BbIYANHO AENUKATHBIMW U JOPOTUMM 3NIEKTPOHHBIMM YCTPONCTBAMM. Tak kak 60NbLUMHCTBO
CNyTHUKOB NpeJHa3HayeHo Ans nonéta B kocMoc 6e3 Bo3epaTa Ha 3emnto, nepen 3anyCkoM OHU AOMKHbI BbITh
NOABEPTHYThI TLATENbHbIM HA3EMHbIM UCMbITAHUAM. TUNMYHAS CUCTEMA TECTUPOBAHMS, BXOASLIAS B COCTaB
Ha3eMHOro KOMMMeKca aNeKTPOHHOTO TEXHOMNOrMYeCckoro 060pyA0BaHMs, COCTOUT U3 ABYX OCHOBHbIX YacTe:
n3mepuTenbHas annapatypa Ansg NPOBEAEHNS UCMbITAHUIA Pa3NNYHbIX ANEKTPOHHbLIX MOACUCTEM WU OLMNH UMW HECKOMBKO
MCTOYHMKOB NUTaHNS AN HUX. MICTOYHMKN NUTaHUS [OMXKHBI 06ecneynBaTb TOHHOE BOCNPOM3BELEHNE PEXIMOB
paboTbl CONHEYHbIX BaTapeln, KOTopbIe B KOCMUYECKOM NPOCTPaHCTBE (DYHKLMOHMPYIOT B CaMbIX Pa3HbIX YCIIOBUSX.

B xofe TecTpoBaHuns HeT BOSMOXHOCTW UCMONb30BATh B KAYECTBE UCTOYHWUKOB NUTAHUS peanbHble CONHEYHbIE
Batapeu. 310 0bBACHAETCA, NO KpatHen Mepe, ABYMS NpuynHamn. Bo-nepsbIX, B 30He UCMbITAHMI OTCYTCTBYET
NPSIMON COMNHEYHBIN CBET, UAEHTUYHBIN U3MYHYEHWNI0 B KOCMUYECKOM NPOCTPAHCTBE, @ BO-BTOPLIX, NPOBEAEHNe
UCNbITAHWNA Ha OTKPLITOM BO3AyXxe B 6OMbLINHCTBE Cnyyaes HelienecoobpasHo. Kpome Toro, ANns LOCTOBEPHbIX
NCMbITAHNA KPUTUYECKN BaXHBIMU ABNAKOTCS €LUE ABA acnekTa: BOCNPOM3BOANMOCTb W YNpaBnseMocTb. Beé ato
NPUBOANT K HEO6XOAMMOCTU MOAENMPOBAHNS BO3AENCTBUS U3MEHSIOLLMXCS BHELLHWUX YCNIOBUN (MHTEHCUBHOCTH
CBETA, TEMNepaTypbl, 3KPAHMPOBAHUSA (3aTEHEHUS), 3aTMEHIS) B PA3NNYHbIX pexumax paboTbl conHeyHoi batapen 1
nomny4eHns Npu 3TOM COBMECTUMbIX, HEMPOTMBOPEUNBLIX PE3YNLTATOB.

OnTuManbHbIM pelleHem npobnembl SBNSETCS MOAENMPOBAHUE CONHEYHbIX 6aTaper ¢ NOMOLLbIO UCNbITAaTENBHOTO
obopynosanus. [Npu aToM, 0gHaKo, cnefyeT UMeTb B BUAY, 4TO JOCTOBEPHOE BOCNPOU3BEAEHNE (DYHKLNOHNPOBAHUS
Kak 0TAenNbHbIX CONHEYHbIX 9NEMEHTOB, Tak 1 CONHeYHbIX HaTapel B LLenoM SBNSeTCs HenpoCTol 3agayei.

K cyacTbto, Ha pbIHKE UMEIOTCS Crelnaniu3npoBaHHble M3MepUTENbHbIE NPUBOPbl — UMUTATOPbI CONHEYHbIX BaTape.
[Mo cpaBHEHWIO C KyCTapHbIMU, «4OMOPOLLEHHBIMUY, UMUTATOPaMU, MPOMBILLNEHHbIE PELLEeHUs NPeAOCTaBNAT BCe
npevmyLLecTBa CTaHAAPTHOrO, FOTOBOTO K UCNONb30BaHW 060pyA0BaHUS:

— NPOrHO3MpPyeMbIE CPOKM NMOCTaBKN MO CPABHEHMIO C ANUTENBHBLIM (11, TOPOW, HEU3BECTHBIM) BPEMEHEM
paspaboTku;

obopyaoBaHue CnpoeKTUPOBAHO U NPOBEPEHO C Lienbto 06ecneyeHns HagéxHoCTy;

TEXHNYECKNE XapaKTepucTMky onybnmnkoBaHb! M NOSLAKTCS NPOBEPKE;

6onee npocTble NpoLeaypbl KanMbpoBKY, TEXHUYECKOr0 06CYXMNBAHNS U PEMOHTA.

MogyrnbHble MUTaTOPbI CONHEYHbIX BaTapeil MeKoT, KpoMe TOro, eLé ABa AOCTOMHCTBA: BOIMOXHOCTb HapalLyMBaHus
NPOU3BOANTENLHOCTY NYTEM KOH(UTYPUPOBAHUS CUCTEMbI C OAHUM UM HECKOSTKUMU KaHanamu U YBENUYeHHoe
Bpems 6e30Tka3HoN paboTbl CUCTEMbI 3@ CYET BOIMOXKHOCTW 3aMEHbI OTAEMNbHbIX MOAYNEN NUTaHNS.

OCHOBHOV Lienbto JaHHOrO PYKOBOACTBA MO NPUMEHEHMI0 ABNSETCS OKa3aHue NOMOLLM N0 BbIGOPY ONTUManLHOro
WCTOYHMKA NUTAHNS ANS HA3EMHbIX UCMbITaHWU CNYTHUKOB. 3TO BydeT caenaHo B YeTbipe aTana: kpaTkui 0630p
pexnMoB paboTbl CONMHEYHOrO dNeMeHTa; aHanua ycrnoBui PyHKLIMOHMPOBAHMS CONHeYHon baTapen Ha opbuTe;
o6ocHoBaHWe He06X0ANMOCTM MCMONb30BaHMS CNeLnanu3npoBaHHOro UMUTATOPa COMHEYHbIX 6aTapel 1 knoyesble
nokasaTtenu oNTUManbHOro pPeLLeHns No BbIGOPY UCTOUHMKA NUTAHKMS. B kayecTBe ONONHUTENBHON MH(OpMaLUK B
KOHLle pyKOBOACTBA NPUBEAEH CMIMCOK NMTEpaTypbl N0 TEME.



MOD,GJ'II/IpOBaHI/Ie BbIXOAHOIo CUrHasrna COJIHEYHOro drfieMeHTa

06bIYHbI CNYTHUK HECET HECKOMbKO
CONHeYHbIX naHeneu (unu 6atapeii),
Kaxkaas U3 KOTOpPbIX COCTOUT U3
MHOX€eCTBA COJTHEYHbIX 31IEMEHTOB.
OyHKUMOHMPOBAHWE KaXA0ro OTAENbHO
B3ATOTO 3/1IeMeHTa 0Ka3bIBAaeT BNUAHUE Ha
06LLyt0 MPOU3BOANTENBLHOCTL BCEW MaHenu
unu 6atapewu.

Ha BenuumHy BbIXOAHOW MOLLHOCTH
6Gatapen BO3ZAEWCTBYIOT TpU BaXKHENLIUX
thaktopa. Bo-nepsbix, ycnosua
thyHKUMOHMpOBaHMA conHeYHoN GaTtapen
B KOCMWUYECKOM MPOCTPAHCTBE: YPOBEHb
COMHEYHOro M3nyyeHua, TemMneparypa,
BpalleHune, 3aTMEHUE CMyTHUKA U
aKkpaHupoBaHue (3ateHeHue). VIx Bnuanmne
6yaeT paccmatpuBaThCA B CreaytoLlem
pa3szene. Bropbim thaktopom fAnatoTca
peXuMbl Harpy3Kku, KoTopble onpeaenaoT
3HaYeHUA TOKa W HaNpPAXKEHUA Ha
BONbT-aMnepHoi xapaktepuctuke (BAX)
6atapeu.

Tpetuit chakTop oxBaTbiBaeT
napameTpbl, crneuudmyecku npucyLLmue
thoToranbBaHMYECKUM (COMHEYHbIM)
anemeHTaM. Koraa chotoanement
o6rnyyaerca COMHEYHbIM CBETOM,

OH BeagéT cebA Kak UCTOYHUK ToKa B
COOTBETCTBMM CO CBOEI BONbTAMMNEPHOM
XapaKTepucTUKOI U 3KBUBANEHTHON
cxemoii (puc. 1). Koraa conHeuHbli
anemMeHT HaXoAWTCA B TEHU, €ro
BOMbT-ammnepHan XapakTepucTuka u
3KBMBaNeHTHaA cxema 60oMblue NOX0XK
Ha BAX 1 cxemy 3amelleHua auoaa (puc.
2). i3 paccmoTpeHna 0601x pUCyHKOB
BMJHO, Y4TO 3HaYeHWA NaparnmnensHoro
(Aap) v NOCNEAOBATENBHOTO

Riocn) CONPOTUBNEHNI OKa3bIBaIOT
CYLLECTBEHHOE BNIMAHME Ha BENUUYUHY
MaKCUMarnbHO AOCTUXUMOI BbIXOAHOM
MOLLHOCTH.

Ysenuyenue

YMeHblLLEeHMe Ry
WHTEHCUBHOCTY
0CBELLEHMA Yeenuuenue
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Puc. 1. Bonbm-amnepHaa xapakmepucmuka U 3KeusasieHmHasa cxema
0n14 0671y4aemMo20 homo2anb8aHU4YecK020 IreMeHma.

Rnap.

BAX B oTCyTCTBME OCBELLEHMA
(vcnonb3yeTcA BHELLHUA UCTOYHUK)

WAA—s
RI’IOCH.

T Rnap.

Puc. 2. Bonbm-amnepHaﬂ Xapakmepucmuka U 3KkeueasieHmHaAa cxema
0714 3ameHEHH020 ¢0m023ﬂbGaHU‘leCK020 arieMeHma.




[MokasaHHble Ha pucyHKe 3 ABe KpuBble
NO3BONAT NOMYYUTb NEPEMEHHbIE, BAX conHe4yHoro anemeHTa
Heo6XxoAMMble ANA co3jaHua 6 180
TOYHO MoZenu BbIXOAHOTO CUTHana I, BAX Pop
conHeyHoro anemeHTa. MatemaTtuyeckoe 1+ 160
npeAcTaBMneHne 3TUX XapakTepucTuk 5
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MeTo/l MOZIeNMPOBAHMWA BbIXOAHOIO Puc. 3. ‘iemblpe nepemMeHHble N0360JIAOIM onucams 80J/ibIM-aMNepPHyo Xapakmepucmuky

u Kpueyro MowHocmu u Mo2ym ucnosib3o8amsca ona MOdeﬂU,DOBaHUﬂ 8bIX00H020
CU2Halla COJIHe4YHO020 3rieMeHma.

CUrHamna Co/nmHe4YHoro afnemMeHTa.



BrnsHwe BHELLHKX YCIIoBMWIA

BAX conHeuHoii 6atapeu

BAX conHeuHoii 6atapeu
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Puc. 4. BAX u kpusbie MmowHocmu coniHe4yHoli 6amapeu MeHAMCcA npu

U3MEHEHUU ypoeHA 0611yYeHUs.

[locTukeHne makcumarnbHoM
NpouU3BOAMTENBHOCTU CONHEYHOTO
afleMeHTa MOXeT 0Ka3aTbCA CIOXHOW
3ajlayeii B cuny BosaeiicTeuA pasa
MPUYMH, YMEHbLIAILLUX BETUYUHY
BbIXO/IHOW MOLLUHOCTU. YcrnoBua
(hyHKUMOHMpPOBaHMA GaTapeu Ha
no6om KocmMUYeckom annapate
XapaKTepu3yrTca NATbI0 hakTopamu:
YPOBHEM COMHEYHOro 06nyyeHua,
TeMnepaTtypoii, BpallieHuem, 3aTMeHuem
CMYTHMKA W 3KpaHMpPOBaHUEM
(3aTeHeHUeM) oTAenbHbIX COMHEYHbIX
anemeHToB. [1na 6onee rny6okoro
MOHUMaHUA Npobnembl paccmMoTpUM
Kaxkabl U3 aTuX haktopos noapobHee.

YpoBeHb COSTHEYHOrO
0bnyyeHus

BrnonHe 3akoHoMepHO, YTO
MaKCHUMarnbHOe 3HaYeHne BbIXOAHOW
MOLLHOCTW COMTHEYHOrO 3fleMeHTa Unu
Gatapeu MeHAGTCA B 3aBUCUMOCTH

oT ypoBHA 06nyyeHua. Kak suaHo n3a
pucyHka 4, npu U3MeHeHUM YpOBHA
06ny4yeHna BeNUYMHA BbIXOAHOTO

TOKa ME@HAGTCA 0YEHb CYLECTBEHHO.
Hanpotus, nameHeHune BbIXOAHOTO
HanpAXXeHWA B 3aBMCMMOCTU OT YPOBHA
06mny4YeHn OTHOCUTENbHO HEBENUKO Mo

8bIXOOHYH MOWHOCMb.

CPaBHEHWIO C U3MEHEHWEM BbIXOAHOTO
ToKa. NpuBeaéHHble Ha rpadmke KpuBbie
MOLLHOCTH NMOKa3biBakOT CHUXEHUE
MOLLHOCTH MPU YMEHbLIEHUU YPOBHA
06nyyeHun (BepXHAA, CPEAHAR N HUXKHAA
KpuBble). Bo Bcex cryyasx MOLLHOCTb
nazaet A0 HynA, Koraa 3KBUBamneHTHaA
CXeMa COJIHEYHOr0 3NeMeHTa aHanoruyHa
CXeMaMm Lienu KOpOTKOro 3amblKaHUA UMK
Pa3oMKHYTOTO KOHTypa.

Temnepatypa

B kocMuuyeckoM npocTpaHCTBe CUIbHbIE
nepenajpl TeMneparypbl ABAATCA
HOpMo#A. TakK Kak COJTHeYHbIe 3NIeMeHTbl
n 6atapeu noasepratotca KonebaHuam
TEMMepatypbl, T0 U BbIXOAHAA MOLLHOCTb
“3MeHAeTCA 3HauuTenbHo. Ha pucyHke
5 npuseaeHbl BAX 1 KpuBble MOLLHOCTM
CONHeYHoW 6aTapeun AnA 3HaYeHU
Temnepatypbl +25°C u +90°C npu
MOCTOAHHOM YPOBHE 06MyYeHuA.

CpaBHuBan pucyHku 4 n 5, obpatute
BHUMaHMWe Ha 0/IHO BaxxHoe oTnuuue. Mpu
M3MEHeHUN Temnepatypbl HanpAXeHue
M3MEHAETCA 04YeHb CUMbHO, a cUna

TOKa — He3HauuTenbHo, B T0 Bpemsa

KaK Nnpu U3MeHeHUn ypoBHA 06nyyeHuna

Puc. 5. [lepenadsi memnepamypbi 0kasblearom 3Ha4UMENIbHOE 8/IUAHUE HA

npoucxoAnT oBpaTHoe: cuna Toka
MEHAETCA CYLLECTBEHHO, a HanpAXeHue
ocTaéTcA NPaKTUYeCKU NPeXKHUM.

13 atoro BbiTeKaet Apyroe BaxHoe
cneactsue. [lotepu mowHoCTM B Kabenax
1 NPoBOJaXx BbipaXkaloTCA 3aBUCUMOCTbIO
| 2-R.B pesynbrate nameHeHue

CUMNbl TOKA, BbI3bIBAEMOE U3MEHEHUEM
YPOBHA 06nyyeHua, MOXeT 0Ka3biBaTb
6onee cepbE€3Hoe BO3/eNCTBME HA
061yt0 3h(heKTMBHOCTb CUCTEMDI, YEM
Kone6aHWA HanpAXeHWA BCreACTBUE
nepenaaos TeMneparypbl.

OpbuTanbHble ycnosus

O6paliaerca nu cNyTHUK No opbute
BOKPYT He6EeCcHOro Tena unu npocTo
nepemMeLlaeTca B KOCMUYECKOM
npocTpaHcTBe — B NMo6oM cnyvae

Ha BeNUYUHY BbIXOAHOW MOLLHOCTM
COMHeYHoM 6atapeu BNUAIOT U CKOPOCTb
COBCTBEHHOTO BpaLLEHUA CMyTHUKA, U
nepuozbl 3aTMEeHUA UMW 3aTEHEHUA.
Kaxnaplii U3 atux haktopoB co3naét
CIMOXHOCTU NPU MOZENMPOBaHUM
BbIXOJHbIX XapaKTEPUCTUK COMHEYHbIX
aneMeHToB U 6aTapeii.




CKopocTb COBCTBEHHOO
BpaLLeHNs

Ha pucynkax 6 u 7 nokasaHbl npuHLmMnN
W peaynbTaT BO3AeNCTBUA BpaLLeHuUA
CMYTHWKA Ha BbIXOAHYIO MOLLHOCTb
conHeyHou 6atapeun. Ha pucyHke 6
KaX/ibli MPAMOYTONbHbIA 3MEMEHT Ha
MOBEPXHOCTM CcnyTHMKa o6o3Havaer
conHeyHyto naHenb. [lo mepe BpaleHua
CMYyTHWKA YpOBeHb 06MyyeHuns

1 TeMneparypa Kaxaoii naHenu
M3MEHAIOTCA BO BPEMEHU, MPUYEM
yacToTa U3MEHeHMiA 3aBUCUT OT CKOPOCTH
BpaLLEHNA.

Ha pucynke 7 npeacTtasneHbl UMKbI
HapacTaHWA W cnaja BbIXOAHOTO CUTHana,
KOTOpbl€ NPOABMNAKTCA N0 Mepe Toro, Kak
cucTeMa U3 YeTbIpéx naHenen BXxoauT

U BbIXOAMT U3 30HbI CONHEYHOTO CBeTa.
(DakTMyeckoe 3HayeHUe MOLLHOCTH
3aBMCHT OT YeTbIpEX (PaKTOpPOB:
KonuyecTsa naHenen u ux pasmepa,
CKOpPOCTM BpalleHus, CTeNeHn Harpesa

U OXNaXAeHWA, KOTOPbIM NoABepraerca
Kaxxaaa naHernb, ¥ ypoBHA 06nydYeHua.
CreneHb BO3/€MCTBMA 3TUX (DAKTOPOB,

B CBOO 0Yepe/ib, 3aBUCUT OT MJIOCKOCTH
op6UTbI CyTHUKA (Hanpumep, yrna
HaKrnoHa no oTHoweHuto k ConHuy),
paccroanua or ConHua u HanpaBneHua
ZIBUXKEeHMA KOCMUYEeCcKoro annapara
oTHocuTenbHo ConHua (npubnuxeHue
UMK yAaneHue ot Hero).

o

Puc. 6. VismeHeHue o6ny4éHHOCMU ce2MEHMO8 COTHeYHOU
bamapeu 3agucum om cKopocmu epaleHus.

BbixoaHan CermeHT 6atapeu 4
MOLLIHOCTb

CermeHT 6atapeu 3

CermeHT 6atapeu 2

CermeHT 6atapen 1

Puc. 7. 3HayeHue 8bix00HOU MOWHOCMU 803pacmaem u cnadaem no
Mepe 8paujeHua cnymHuka.



3atmeHue MonyteHsb MonyTeHsb

—

ConHeyHan 6atapea nonajaet B 06nactb
3aTMeHud, koraa 3emna, JlyHa unu BbixoaHas
Apyroe HebecHoe Teno HaxoAUTCA Mexay MOLLHOCTh
cnytHukom u ConHuem. AnutenbHocTb
3aTMEHUA 3aBUCUT OT NNOCKOCTU U
paauyca opbutbl cnytHuka. CkopocTb
BXO0/la B 30HY 3aTMEHMA W BbIX0Aa U3

Heé 3aBUCMUT OT CKOPOCTU ABUXKEHNA
KocMmuYeckoro annapata no op6ure. Ha
pucyHke 8 nokasaHa TMNMYHaA dopma
BbIXO/IHOTO CMTHamna ConHeyvHoi 6atapeu
B MepUO/ HaxoXAeHUA CNyTHUKa B
06nacTAX NOMHOW| TeHW, MOMYTEHU 1
Hanbonbllel UHTEHCUBHOCTU CONTHEYHOTO
U3nyyeHus.

MonHan
TeHb

MonHbii
COJTHEYHbIN
cser

1
1
1
1
1
1
I
1

Bpewms

Puc. 8. BbixodHasa MowHOCMb U3MEHAGMCA N0 Mepe Mozo, Kak CnymHuK exooum,
nepecekaem u nokuoaem obnacme 3amMMeHUS, @ 3ameM CHo8a nonaoaem 8 ycrosus
NOIIHO20 COMTHEYHO20 OCBELEHUS.

Pa6ora B ycnosuax 3atmeHua Tpebyer

COBMECTHOTO MCMOMNb30BaHNUA
COMHeYHbIx 6aTapeit U akKyMynaTopoB.
AkkymynaTopbl o6ecrneynBatoT nuTaHue
CUCTEM B NMEpPU0J HaxXoXAeHUA CMyTHUKa
B 30HE 3aTMEHMUA, a KOrAa KOCMUYECKUM
annapart onATb BbIXOAMUT HA CONHEYHbIV
CBeT, OHW nepedapsaxatotca. [ina
rapaHTMpoBaHHoro 6ecnepeboiiHoro
nuTaHuA Bcex 6OPTOBbIX CUCTEM
CONHeyHble 6aTapeu, perynatopsbl
HanpAXeHWUA U Lienu 3apaga AoJKHbI
paboTaTb KOPPeKTHO U abCONIOTHO
COrNnacoBaHHoO.

B nepuwog 3atmenus npossnaetca

TakXe W BNUAHUE TemMnepaTtypbl.
XonozHble conHeuHble 6atapen 6onee
athheKTUBHbI, YeM T€nnble. B pesynbrate
MaKcuMarnbHas Npou3BOANTENbHOCTb
conHeyHon 6atapeu HabnoaaeTca B
nepuoJ BpeMeHU oT MOMEHTa eé BbIXx0Aa
13 30HbI 3aTMeHMA 0 Bxoaa B obnacTtb
HanbonbLueld UHTEHCUBHOCTU COMHEYHOTO
u3nydenusa. MponsBoanUTeNbHOCTL
COMNHeYHoMi 6aTapen NOCTeNeHHo
CHUXAeTCA B Mepuo/ eé HaxoX/eHus B
YCIIOBUAX MAaKCUMarbHOW 0CBELLEHHOCTH.



3aTeHeHue (3KpaHMpoBaHue)

3arteHéHHanA conHeyHan 6aTapen
YaCTMYHO 3KPaHUPOBAHA OT CONMHEYHbIX
nyuyei (cm. puc. 9). 3ateHeHue
OTAEMNbHbIX COMHEYHbIX 3IEMEHTOB
MPUBOAMUT K YMEHbLLEHWUI0 MOLLIHOCTU
Ha Bbixoze 6atapen. Cneayet o6paTutb
0co60e BHUMaHWeE Ha To, YTO CTemneHb
YMeHbLLIEHUA MOLLHOCTM 3aBUCUT

0T (hU3NYECKOW CXEMbI NOCTPOEHHUA
(nocnenoBatenbHOe UNW napannenbHoe
coeAMHeHue) aNeMeHTOB UNIU CErMEHTOB
B 6aTapee.

JkBuMBaneHTHaA cxema ¢hoToranbBaHuye -
CKOr0 3MIEMEHTa NOMOraert fyylle NoHATh
aneKTpuYecKne CBOMCTBA U xapakTep
thyHKUMOHMPOBaHUA conHeyHol 6atapeu
B YCNOBUAX 3aTeHeHUA. Tak, Hanpumep,
TOK B 3aTEHEHHOM 3fleMeHTe npoTekaeT
yepes napansnenbHOE COMpOTUBIIEHNUE.
[lo6aBrneHne B cxeMy Ka)/0ro anemeHTa
WyHTUpYtoLLero (o6paTHOro) anoaa
M03BOMNAET CYLLECTBEHHO MOBbICUTL
NpoM3BOAMTENBHOCTL 6aTapeu B LeNiom
npu eé 3ateHeHnuu (puc. 10).

Takoe noBeseHMe MOXeT UMETb BaXKHble
nocneAcTBuA AnA MoJenupoBaHua.
CouetaHue nocrnesoBaTenbHOro U
napannenbHOro COeAMHEHUA MHOXECTBa
3aTEHEHHbIX 3N1IEMEHTOB MOXET
MPUBECTN K NOABNEHUID JOCTAaTOYHO
MHTepecHbIX KoHurypaumuii BAX,
KOTOpble NpeAcTaBnAT onpeAenéHHble
CMOXHOCTM ANA BOCMPOU3BEAEHNA (pHUC.
11).

Cnepctaus 4ns MoAennupoBaHuA

Kak oTmeyanochb B Hayarne atoro
pasaena, BCe pacCMOTPeHHble paHee
thakTOpbl BHOCAT CBOV BKNaj B
orpaHMyYyeHMe MakCMManbHOro 3HaYeHua
BbIXO/IHOW MOLLHOCTU CONTHEYHOW
6atapeu. 1 aTo co3aaér rmasHyto
npobremy npu MoaenuMpoBaHUM:
peanucTUyHO M 0CTOBEPHO
BOCNPOU3BECTU BNUAHUE 3TUX (DaKTOPOB,
yT06bl rapaHTUPOBaTh HaAEXHOCTb
pe3ynbTaToB UCMbITAHWIA.

Puc. 9. Inemenmei, HaxooAwueca 8 meHu, He 8bipabamelearom 3reKMpuUYeckuli Mok,
4mo npueooum K 02paHUYEHUIo 8bIXOOHOU MOWHOCMU cofiHeYHol 6amapeu.

) 3aTeHEHHbIe 3NIEMEHTbI
C LYHTMPYIOLMMM ANOAAMMU
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Puc. 10. [lo6asnenue e cxemy kaxc0020 3rieMeHma wyHmupyowje2o 0uoda no3eonaem
noebicums Npou3eooumesnbHocms 6amapeu npu eé 3ameHeHuU.

3aTteHeHue
npn Ucnonb3oBaHUK
LIYHTUPYIOLMX ANOAOB

vV

Puc. 11. Hekomopsie umumamopbl coriHe4YHbix 6amapeli cnocob6Hbl 60CNPOU3800UMb
pabomy conHeyHol 6amapeu 8 ycrioeuax 3ameHeHus.



Tononoruy cTabunusawmm CUoBoiA Lienw

CoBOKYMHOCTb BNIMAHMA OMUCAHHbIX
BbllLe 3¢h(heKTOB, UMEIOLLUX MECTO B
conHeyHol 6atapee, ABNAETCA IMaBHbIM B
oLieHKe napameTpoB CUCTEMbl MMUTaTOpa
conHeyHou 6atapeun. Kpome 3atoro,
Ba>XHO MPUHMMaTb BO BHUMaHMWE TUM
cTabunusaumm, KoTopblii ucnonbayetca B
CMNYTHMKe.

06bI4HO B CMYTHMUKAX UCMONb3yeTcA 0AHa
U3 YeTbIpEX KOH(MIypaLuui LWKH: npamMoe
noAKmnioyeHue, nocnejosarenbHas
KOMMYyTaLmA, nocneAoBaTeNbHO-
napannenbHaa kommytauma (MMNK) un
oTCNeXXMBaHWe TOYKM MaKcUMarnbHOM
mouHoct (OTMM unu MPPT —
Maximum Power Point Tracking). B
HacToALlee BpemA UCMonb3aytoTcs,
rnaBHbIM 06pa3om, KoHdurypauuu MMNK
u 0TMM.

[NocnepoBaTesnbHoO-
napannenbsHas KoMMyTaLus

IMpu nocneaosatenbHo-NapannenbHom
KOMMyTaLuu npouecc crabunusaumm
OCYLLIECTBNACTCA J0CTATOMHO MNPOCTO:
Korga Heo6X0AMMO, TOK C CErMeHTOB
conHeyHon 6atapen nogaérca

Ha Harpysky; a Npu oTCYTCTBMM
HEe06X0ANMOCTM BbIXO/lbl CErMEHTOB
3aMbIKaloTCA HaKoPOTKO.

KonuuectBo akTUBHbIX napannenbHbIX
I'IGDEKHIOHGTEHEFI MOXEeT U3MeHATbCA

OT HynA 0 MakcUMarnbHO BO3MOXHOI0
yucna cerMeHToB ConHeyHol 6artapeu,

1 3TO MOXET 0Ka3blBaTb CYLLECTBEHHOE
BMUAHMUE Ha OXNaxJeHue umuTatopa
conHeyHbix 6atapeii. B BbixogHOM
Kackaje umutatopa conHeyHbix 6atapei
MCMonb3yeTcA NUHENHbIA perynatop,
o6ecneunBatoLLuii Tpebyemblil ypoBeHb
npoussoautenbHocTu. Korga kommytatop
HaxoAMTCA BO BKITOYEHHOM COCTOAHMUM,
BCA 3Heprua, kotopaa mMorna 6biTb
nepejaHa B LUMHY, paccenBaeTca B
umutatope. Takum o6pasom, BCAKUN
pas, KorAa Bce napannenbHble
nepeknoyaTenu 04HOBPEMEHHO
3aMbIKalTCA HAKOPOTKO, Ha NepBblii
nnaH BbIX0AMT npobnema 3dheKTUBHOIO
OXNaxxAeHuA.

Kpome Toro, B npouecce MoAenupoBaHua
MMNK moxet co3aatb AONOMHUTENbHbIE
crnoxHoctu. B otnuume ot wupotHo-
uMnynbcHoi moaynauuu (LLUM)
HanpAXeHWA, KoTopoe cTabunuampyerca
nyTéM ycpeaHeHUA MOAYNUPYIOLLEro
UMMybca € MOMOLLbIO MHAYKTUBHO-
emkocTHoro (LC) comnbtpa, npu MMK
ctrabunusauma focTuraerca nyTém
mozynauum Toka. CnepoBatenbHo,
MMUTATOP CONHEYHbIX 6aTapei AonXeH
6bITb B cOCcTOAHMM 06pabaTbiBaTh TOKOBbIE
cUrHarnbl ¢ 6bICTPbIMU NEePeXoHbIMHU

npoueccam.

OTcnexuBaHue TOYKM
MaKCUManbHOWN MOLLHOCTM

Kak cneayet u3 HasBaHuA, MeToA
OTMM o6ecneynBaet NOCTOAHHbIN

U AMHAMWUYHBIWA MOUCK TOYKM
MaKcMManbHoi MollHoCTM 6aTapeu.
[na ctabunusaauum MoOLLHOCTUA 3TOT
METOo/ UCMOMNb3YeT Ba KOHTypa
ynpasnenua: meaneHHbin 0TMM koHTyp
1 6bICTPbIA KOHTYP HanpAXXeHUA 0AHOO
UNK Heckonbkux npeobpasosarenei
NOCTOAHHOTO HanpsAXeHua. IT0 TakxXe
noBsbilaet 061y 3hheKTUBHOCTDb
6naroziapa CHUXXEHUIO KOMMYecTBa
noTepb MOLLHOCTU Ha pacceAHMe

Tenna (acpchekt, yacto Habnoaaemblii

B CUCTEMaAX C MOcneAoBaTenbHO-
napannenbHoii KoMMyTaumeit).

B cucremax ¢ 0TMM kntoyeBbiM
napaMeTpom ABMAeTcA cnoco6HOCTb
MmuTaTopa ConHeyHbIx 6atapei
obecneuynBatb GyHKLUUOHUPOBAHME B
COOTBETCTBMMU C 3anporpaMmMupoBaHHbIMU
3HayeHnamu BAX, noka cxema
OTCNeXMBaHWA ocyLlecTBrAeT

nouck makcumyma. Kpome toro,
MMUTATOP CONHEYHbIX HaTapei
JonxeH obecneynBaTb KOHTPOIb
npousBoAuTenbHOcTM (kna) 6atapeu
¥ TOYHOCTb NPYW OTCNIEXWBAHUMN TOUKU
MaKCUManbHOA MOLLHOCTU



«oyemy Henb3s 1Cnonb30BaTh NPOrPaMMUPYEMbIA UCTOYHMK
MUTaHUS B KAYeCTBE MMUTATOPA COMHEYHbIX OaTapen?»

Ha nepBbiii B3rnag, nornyHo 6b110 Gbl
3ajaTb Bonpoc: «A noyemy Henb3A
“Crnonb3oBaTh NporpaMMupyemblii
UCTOYHUK MUTAHUA B KAaYeCTBE MMUTATOpa
cOnHeyHbIx 6atapein?y. Ha ato ectb, no
KpaiiHeil Mepe, TpU BaKHble MPUYMHDbI:
BbIX0HaA EMKOCTb, afianTUBHOCTb
BbIX0/1a CONHEYHo 6atapeu 1 3awuTa
Tectupyemoro yctpoiictea (TY).

BbixoaHas EMKOCTb

cToyHnku nutaHma obLuero HasHayeHua
ABMAKOTCA UCTOYHUKAMU HaMpAXKeHMA.
OHu paspabotaHbl cneunansHo Ana
o6ecneyeHuns NMOCTOAHHOTO YPOBHA
HanpAXeHUA B pexxume nepemMeHHoi
Harpyaku. 370 0Y€Hb XOPOLLO NOAXOANUT
ANnA 06bIYHbIX MPUMOXKEHWIA, HO Aaneko
He uaearnbHo B Crlyyae MOAeNMpoBaHuA
conHeyHbix 6aTtapeit. [leno B Tom,

4TO CONMHEYHble NaHenu ABNATCA
MCTOYHMKAMU TOKa, MO3TOMY Jlyylune
MMUTATOPbI CONHEYHbIX HaTapei
paspabotaHbl AnA paboTbl UMEHHO B
KayecTBe UCTOYHUKOB TOKa.

B 6onblunHCTBE CryyaeB UCTOYHUKM
TOKa UMEIoT OTHOCMUTENbHO BbICOKMIA
BbIXOAHOW UMMNEAaHC U CPaBHUTENBHO
HU3KYIO BbIXOJHYI EMKOCTb. 310
no3BONAET NONYYUTb Ba BaXHbIX
npeumMylLecTBa: Bo-nepsbix, 6onee
BbICOKAA CKOPOCTb KOMMYTaLUK

obecneunBaet nyduwiee socnpousseseHne

W MeHblliee Bpema TeCTUPOBaHUA, a
BO-BTOPbIX, Npu 3T0M 06ecneynBaerca
nyywan 3awmTa TY. Manoe 3HayeHue

BbIXOAHOM EMKOCTH yNyyLIaeT 3aLuty
TECTMPYeMOro ycTpoiicTea 6narogapa
YMEHbLUEHUIO KOMUYECTBA HAKOMIEHHOM
B cXxeme 3Heprun. Yem meHbLie
KOJIMYeCcTBO HaKOMMEHHON 3Heprumn, Tem
MeHblLLIe NepexoaHbie BbiGpOChl ToKa
KOPOTKOTO 3aMblKaHuWA, KOTopble 6yayT
Bo3/eicTBOBaTh Ha TY (noapobHee 0
3awute TY cm. Huxe).

ApanTuBHOCTb BbIX0AA
CONHeYHom batapew

06bIYHbIE UCTOYHUKU NUTAHUA
obecneuynBaloT cTyneHvaroe
perynupoBaHue ToKa M HanpAXeHUA u,
COOTBETCTBEHHO, CTyneHyYatyo opmy
BbIXOAHOW «KpWUBOWY». B oTnnune ot Hux,
naHenu conHeyHblx 6atapeit umeroT
BAX akcnoHeHuuanbHoii dopmbl. B
pesyrnbTaTe UMUTATOPbl COMHEYHbIX
6atapeii A0MXHbl 6bITb CNOCO6HbI
Bocnpoussoaute BAX noxoxei
topmbl. Kpome T0r0, MMUTATOPbI
COMHeYHbIx 6atapei A0NXHbI UMETb
BO3MOXHOCTb ObICTPOr0 M3MEHEHHUA
BbIXOAHOTO CUrHana Ana peanucTuyHoro
MO/ZIeNMPOBaHMA U3MEHEHUA YPOBHA
o6nyyeHuUsa Unu Temneparypbl, a Takxe
BNUAHUA BpaLLeHWA, 3aTMEHUA U
3KpaHUpOBaHMA.

3awyuta TecTMpyemoro
ycTpoicTsa

Tak Kak cnyTHUKM ABMAIOTCA JOCTaTOYHO
TOHKUMM W AeNUKaTHbIMU YCTPOWCTBaMU,
MCTOYHMKM NUTAHUA, UCTIOMNb3YyEMble

[N1A HA3eMHbIX UCTbITAHWIA, ONXKHbI
obecneynBatb ropasao 6onee BbICOKMIA
ypoBeHb 3aLimntbl TY, 4yem 06bl4Hble
npubopsl. Tak, Hanpumep, TpaAULUOHHbIE
MCTOYHMKM NMUTAHUA UMEIOT BCTPOEHHYIO
3aLUMTY OT Meperpy3ku no HanpaXXeHuto
(OVP) u no toky (OCP). 3t 6a3oBbie
thyHKLMM, 6€3yCNOBHO, 0YEHb NONE3HbI
Mpyu TeCTUPOBAHUM CMYTHUKOB, OAHAKO
UX He J0CTaToO4HO AfA OrpaHuyYeHus
nepexoAHbIX BbIGPOCOB TOKa MU
3aLLUUTbl BHYTPEHHUX KOMMOHEHTOB OT
paccenBaemoii MOLLHOCTH.

BosBpalyasce K Bonpaocy...

0606L1an BbllueCKa3aHHOE,

MO>HO cAenatb BbIBOJ, YTO
TPaAULIMOHHbIE UCTOYHUKMN MUTAHUA HE
COMocTaBUMbl N0 BO3MOXHOCTAM CO
cneuMan3MpoBaHHbIMU UMUTaTOPaMm
COMNHeYHbIX 6aTapeil, KotTopble

umetot 6onee HU3KYIO BbIXOAHYIO
8MKOoCTb, 60MbLUYI0 TMBKOCTb NpU
BOCNPOMU3BEAEHNUMN BbIXOAHOIO CUTHana u
nyywyto 3awuty TY. 3TM BOSMOXKHOCTH,
B CBOIO 04epesb, o6ecrneynBator

6onee aoctoBepHOe MOAENUpoOBaHue,
COKpalleHne BpeMeHW UCTbITaHuii 1
YBEPEHHOCTb B OTHOLLIEHMW YCMNELIHOTo
MPOX0XAEeHMA CNYTHUKOM BCEX
UCnbITaHWUM.



OLI,eHKa ONTUMalibHOro peLlleHna

Komnanua Keysight

Technologies aBnaetca Beaywum
MUPOBbLIM MPONU3BOAUTENEM UMUTATOPOB
conHeyHbIx 6atapeii. B HacToALlee
BPEMA KOMMNaHUA BbIMyCKaeT yxe
YeTBEPTOE NOKOIIEHUE 3TUX PELLEHU.
[pu6opsbl nepsoro nokoneHua
npeactaBnanu coboii cTaHAapTHbIE
MCTOYHMKM NUTAHWA NOCTOAHHOTO TOKa,
KOTOpbl€ KOMMNIEKTOBANNUCh NPOCTbIM
nporpamMmmHbiM obecrneyeHnem.
TBopuecku nepepabotas onbIT
aKcnyaTaumm atux npubopos,
crnewuuanucTbl KomnaHum paspaboranu
crneaytollee nokonesme —
crneuuanu3nupoBaHHble UMUTATOPbI
conHeyHbix 6atapeit cepun E4350A, a
3atemM — E4350B. Ceiiuac notpebutenu
MMeT BO3MOXHOCTb paboTaTth ¢
CaMbIMM COBPEMEHHbIMU UMUTATOPaMM
conHeyHbIx batapeii cemerictea E4360A.

[Tpu co3paHum HoBO cepumn
paspaboTtunkam yaanocb peanu3oBartb
MATb KIOYEBbIX MPUHLMMOB, KOTOPbIE
HEeo6X0AMMO yYUTbIBaTb NMPU OLIEHKE U
BbI6OPE MMUTATOPOB COMHEYHbIX 6aTapeil:
HOMMHanbHaA BbIXOAHAA MOLLHOCTb

M TEXHUYECKMEe XapakKTepuUCTUKK;
napameTpbl 3allnTbl; husnyeckue
pasmepbl U yAernbHaA MOLLHOCT;
Bpema 6e30TKkasHoi paboTbl U hakTopbl
CUCTEMHOTO YPOBHA.

BbixogHas MOLLHOCTb 1
TEXHUYECKNE XapPaKTEPUCTUKN

B aty rpynny napameTpoB BX0oAAT cuna
TOKa, HanpAXXeHue, MOLLHOCTb U CKOPOCTb
napannenbHoi KoMMyTauuu. Yem

LUMpe BO3MOXHOCTM Bbi6Opa, TEM Nerye
BbIGpaTh HaMIyyLLIEE COYETaHUE YPOBHA
MOLLIHOCTHW, CKOPOCTU KOMMYTaLuu U
APYTUX nokasatenei, oteevatoliee
Tpe6oBaHNAM KOHKPETHOW KOHCTPYKLIMK
CMyTHUKA.

MapameTpbl 3aLuTHI

Kak ynomuHanocso Bbilue,
(hyHKUMOHANbHbIE BO3MOXHOCTU
MMUTATOPOB COMHeYHbIX 6aTtapei
NOMKHbI 6bITb FOPasao Wupe, 4em
npocTas 3aluuTa oT Neperpys3ku no Toky
U HanpAXXeHUto, KoTopyto obecrneynBatot
TPaAMLMOHHBIE UCTOYHUKN MUTAHUA.
Tak, Hanpumep, pelleHus Ha 6ase
MMUTATOPOB COMHeYHbIX 6aTtapei
komnaHuu Keysight rapaHtupyiot
criefytolline 0NONMHNUTENbHbIE YPOBHU
3aLLUTDI;

— nporpaMmmupyembie rubkue noporu Ans
OVP n OCP, yto o6ecneunBaet 3aliuTy
oT own6boK onepaTopa npv BBOAE

3HAYEHUN;

BO3MOXXHOCTb MOJIHOTO OrpaHnU4yeHnA no
TOKY C LeNibio 0OTCeYeHUA nepexoAHblX
BblﬁpOCOB TOKa;

3alluTa 0T Ype3MepHO BbICOKOW
CKOPOCTM KOMMYTaLuu, koTopan
npejoxpaHAeT BHyTPEHHME
KOMMOHEHTbI OT Neperpesa
BCNeACTBME pacceAHMA MOLLHOCTH
npu NpeBbILIEHUN NOPOTa YacToThl
KOMMYTaLum;

thyHKUMA NporpamMupyemoii
JAMCTaHLMOHHOMN 6110KMPOBKY, KoTopan
npoBepAeT NPaBUNbHOCTb 3ajaBaeMblX
nonb3oBartenemM npoLeayp 3almnTHoro
OTKNIOYEHHUA.
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3aTMeHMuA.

KpaiiHeii mepe, No NATW HanpaBneHUAM:
— yAenbHaA MOLLHOCTb;

— 1bKoCTb;

— HaAéXHOoCTb

— BOCMPOM3BOANUMOCT;

— TOTOBHOCTb K UCMOMb30BAHUIO.

www.keysight.com/find/E4360.

WNCE yeTBEpPTOrO NokoneHus komnaHun Keysight

MogaynbHble uMuUTaTOpbI coNHeuHbIx 6atapeit Keysight E4360A no3sonatoT ¢ BbICOKOW
CTENeHbo TOYHOCTU MoaennpoBatb BAX pasHbix TUNOB CONHEYHbIX 6aTapeii B pasnuuHbIX
YCMOBUAX 3KCAyaTauuu. 310 cemeicTBo NpubOPOB BKOYAET ABYXCIIOTOBbIA OCHOBHOM 6110K
(waccu) BbicoToii 2U 1 wecTtb Moayneii noctoAaHHoro Toka. Llaccu Moxet uMeTb 0AMH unu
[iBa BbIxoza, obecrneynBaroLLmux MoLtHocTb Ao 600 BT kaxabiid.

[ononHuTenbHO Kax/blii 610K BKIKOYAeT He3aBUCUMbIA KOHTPONIep, BO3MOXHOCTU
noakntoyenua (noptel LAN, USB n GPIB) 1 annapatHble cpeAcTBa CUHXPOHM3aALIMM
MaliHhpelimoB mexay coboii. BaxkHoii 0cobeHHOCTbIO YCTpOiCTBa ABNAETCA PEXUM CrUCKa,
KOTOPbI AaéT BO3MOXHOCTb CO3/1aBaTh NOMb30BaTENbCKNE KPUBbIE U 0BecneynBaet
6bICTPbIV Nepexoz OT 0AHON KPUBOIA K APYroi Npu MOAENMpoBaHUM, Hanpumep, aTanos

PeweHua Ha 6ase cepun E4360A moryT noctaBnATbCA Kak B BUAE aBTOHOMHbIX Npu6opos,
Tak U B BUJE FOTOBbIX K HEMocpeACTBEHHOMY Ucnofnb3oBaHuio cuctem. Ho kakoii 6bl BapuaHT
Bbl HU Bbl6panu, umutatopbl Keysight o6ecneunsator HeCOMHeHHbIe NpeuMyLLecTBa, No

Bonee noapo6Hasa nucopmauma 06 aTux npubopax AocTynHa Ha caite




dusnyeckie pasmepb 1
yfenbHasi MOLLHOCTb

Bo MHorux cnyyaax Kputuyecku

Ba>XHO MUHUMU3UPOBATL NMOLLA/b,
3aHMMaEMYyt0 UCMbITaTeMNbHbIM
KOMMNEKCOoM, Npu YBENMYeHUm
YAENbHOM MOLLHOCTM Kaxaoro npubopa.
Imutatopbl conHeyHblx 6atapeit ¢
KOMMNaKTHbIM hopm-hakTopoM U
MOAYTbHOI apXUTEKTYpOit NO3BONAIOT
BMECTUTb 60Mblle MOLIHOCTU — U
6onblue kKaHanoB MoAeNUpoBaHMA — B
MeHbLIeM 06bEMe. ITo ocobeHHO
LIEHHO Npu AednuUmMTE NPOCTPaHCTBa,
Hanpumep, Npu paamelleHun npubopos B
CUCTEMHbIX CTOWKaxX UMM MHOTOAPYCHbIX
ycTaHoBKax (puc. 12).

Bpems 6e30Tka3Hoit paboTbl

Kputepuem oueHKM HaaéXHOCTH
YCTPOWCTB ABNAETCA Takas
cTaTMcTMyeckan BeNMMUMHa, Kak cpeiHee
BpemA 6e30TKka3HoM paboTbl UnNu
HapaboTka Ha oTka3. Takue nokasatenu
Kak MOAYNbHOCTb U MacLiTabupyeMocTb
He NPOCTO MOBbILLIAKT TMEKOCTL U
pacLUMpAT BO3MOXHOCTb MOBTOPHOTO
“crnonb3oBaHWA 060pyaoBaHuA, HO

W YBENUYUBALKOT CpeaHee BpeMa
6e30Tka3HOI paboTbl CUCTEMBbI.

Tak, Hanpumep, MoAyNbHbIN

MpUHUMN NOCTPOeHUa npubopos
Mo3BoMnAeT OCYLLECTBMATb 3aMeHy
OTAEMNbHbIX MOAYNEN NUTaHUA Npu
HE06XOAMMOCTH UX TEXHUYECKOTO
o6cny>xuBaHuA, Kanu6poBKYU UMK
pemMoHTa. Macwrtabupyemoctb
nossonAert, Koraa Tpebyetca, nerko

BbIBOAbI M 3aKMHOYEHNE

Mpo6nembl AOCTOBEPHOTO MOAENUPO -
BaHMA 3h(heKTOB BNUAHNUA Pa3MNYHbIX
peXXumMoB (PYHKLIMOHUPOBAHMA COMHEYHBIX
6atapeit — ypoBHA 06nyyeHua,
Temneparypbl, BpaLleHuA, 3aTMeHuA

1 3KpaHUpOBaHUA — NPEnATCTBYIOT
MCMONb30BaHUIO 06bIYHBIX UCTOYHUKOB
nutaHua. C HUMU Tak>Ke CBA3aHbI Takue
thakTopbl KaK BbIXOAHAA EMKOCTb,
TMOKOCTb W 3aLUMTa TeCTUPYEMOro
ycTpoiicta. MocneaHuit NyHKT 0co6eHHO
BaXKEH NPy TeCTUPOBAHUM CMYTHUKOB.
Bo3amoxHOCTH cneunanuanpoBaHHbIX
MMUTATOPOB CONMHEYHbIX GaTapeit

no sawmte TY ropaszo wimpe, 4yem
npocTan 3aluMTa oT neperpysku no Toky

Puc. 12. B neeoli cmolike pasmeuwjeHs!
12 npubopos cepuu Keysight E4360A,
komopsbie o6ecneyusarom 24 kaHana
uMumayuu cosHeyHblx 6amaped.

1 HanpaxeHuto. OHM obecneymBatot
[IONONTHUTENbHbIE YPOBHM 3aLUMTbI, Takue
KaK nporpaMmupyembie rubkue noporu
(ana OVP u OCP), nonHoe orpaHuyexme
M0 TOKY, 3aLluTa OT Ype3MepHO BbICOKOM
CKOPOCTU KOMMYTaLMK 1 (hyHKLMA
nporpaMMupyemoit AUCTaHLMOHHO
6rOKUPOBKM.

CneumnannaupoBaHHble MOAYNbHble
MMUTaTOPbI CONHEYHbIX 6aTtapei cepumn
Keysight E4360A nossonaoT 40CTOBEPHO
1 pe3ynbTaTMBHO MOAENUPOBaThb CIOXHOe
noseseH1e 0AHOTO UK HECKONbKUX
oTAenbHbIX hoToranbBaHUYeCckmnx
371IEMEHTOB MU CONMHEeYHbIX GaTapeii.

12

pacLinpATb, NepeHacTpauBaTb UNu
nepenpounupoBatb CUCTEMY UMK
KOHCOMb.

daKTOpbl CUCTEMHOTO YPOBHS

VimutaTopbl conHeuHbix 6aTapei, kak
npaBuno, BXOAAT cocTaB 6onee KpymnHbIX
cuctem. B aTom KoHTekcTe Takue
rnoka3aTenu Kak BO3MOXHOCTb U3MEHEHHUA
KoHdurypaumm u yao6¢Teo o6¢ny>kuBaHuaA
npuo6peTaoT 0co6YH0 BaXKHOCTb.

[MoaxoAALMM 0TNPaBHBIM NYHKTOM
MO>eT cTaTb NErkocTb KOHMrypupoBaHua
ANA HayvanbHoro ucnonb3osaHua. B
y3KocneLuanu3upoBaHHbIX YCTAHOBKaX
MOAYNbHOCTb MO3BOJIAET NOBTOPHO
“cnonb3oBaTb 060pyA0BaHUE B HOBbIX
cuctemax. B yHuBepcanbHbIx Komnnekcax
BO3MOXHOCTb AMHAMUYHOTO N3MEHEHUA
KoHdurypauum obecneynsaet 6bicTpyto
nepeHacTpoiiky annaparypsl. B nio6om
cryyae nepekoH(urypupoBaHme
CylLecTBEHHO ynpollaetca 6narogapa
BO3MOXHOCTAM MEXCOEAMHEHMUA, TaKUM
KaK, Hanpumep, KNeMmmHana KonoAka,
COMpAXEHHaA ¢ pene.

[nA ymeHbLUeHUA BpemMeHM NpocToA Ha
TexXHWU4yeckoe obcnyxxusaHue npubopa unu
CUCTEMbI ZI0M>KHbI 3aTPa4MBaTbCA MUHYTHI,
a He yacbl Unu AHW. B MoaynbHbIx
MMUTaTOpax CoNHeyHbIx 6atapei npoLecc
[IEMOHTaXKa 1 3aMeHbl 0TAeNbHbIX 610K0B
nuTaHuA npeaensHo obneryéH. bnarogapa
thyHKUMU BbICTPOrO OTKNIOYEHUA

1 MOBTOPHOTO COEAAMHEHMA CXEMbI
MEeXXCOoeAMHEHMNIA KNeMMHbIX KONoA0K

C pene, 0 KOTOpbIX TOBOPUNOCh BbILLIE,
ynpoLaeTca nposeaeHue npoLeayp
CamMoTeCTMPOBaHMs.

Wutepdbeiic npubopos cemencTea
E4360A ocHoBaH Ha yeTbIpéx
napameTpax: HanpaXXxeHnue XonocToro
X0/, TOK KOPOTKOTO 3aMblKaHus,
paboyee HanpaxeHue 1 paboymii Tok
(Uxx . Iz .U, m 1, cootBeTcTBEHHO),

yTo AaéT BO3MOXHOCTb 3h(heKTUBHO
thopmupoBaTb Mio6ble HY>XHbIE TUMbI
BAX. Pexxum cnucka nossonaet
co3/aaBatb NoNb30BaTeNIbCKUE KPUBbIE
o6ecneymnBaert BbICTPbI Nepexoa 0T OAHOIA
KPUBOIA K APYroii Npu MOAeNnMpoBaHum,
HanpuMep, 3TanoB 3aTMeHUs.



Ilutepatypa no teme

— [ocnesoBatenbHo-napannensHoe perynuposaHue. PykoBoacTBo no
npumeHeHnuto, nybnukauma N° 5989-9791EN (Ha aHrn. a3.).

— (OopmupoBaHue BONbTaMMepHbIX XapaKTEPUCTUK C NMOMOLLbIO UMUTAaTOPOB
conHeyHblx 6atapeit Keysight E4360A u ¢ ucnonb3oBaHuem napameTpoB
Uy . lks . N R ., . PykoBoacTBo no npumenenuto, nybnukauua N° 5990-
3665EN (Ha aHrn. a3.).

— Mpeo6pasosanue napamerpos R ... ¥ N8 U u | . Tabnuua, cm.
ctpanuuy www.keysight.com/find/E4360conversion

— CpaBHeHue umutatopos conHeyHbix 6atapeii Keysight E435xB n E436xA
PykoBoacTBo no npumeHeHuto, nybnukauma N° 5989-9884EN (Ha aHrn. a3.).

— MogaynbHble umuTtaTopbl conHeyHbix 6atapeii Keysight E4360A.
TexHuuyeckoe onucanue, nybnukauma Ne 5989-8485EN (Ha aHrn. a3.)

— 0630p cuCTEMHbIX BO3SMOXHOCTEN UMUTATOPOB CONHEYHbIX GaTapei
Cm. cTpaHuuy
www.home.keysight.com/upload/cmc_upload/All/SASSystemCapabilities.pdf
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myKeysight

LXI

TAPAHTUA

TAPAHTUA

myKeysight
www.keysight.com/find/mykeysight
[MepcoHanuanpoBaHHoe 0TOBpaxeHUe MHTEPECYHOLLEN BAC MHEOpMALIM

www.Ixistandard.org
LXI siBnsieTcst npeemHukom WiHbl GPIB. MocTpoeHHas Ha 6a3e cTaHgapTa fokanbHom

ceTn (LAN), LXI obecneunsaet 6onee Bbicokoe BbicTpogeiicTaie u Gonee achdekTuBHbIE
BO3MOXHOCTM NMoAkmntoyeHust. Komnanust Keysight snsietcst uneHom yupeautenem
koHcopumyma LXI.

Tpu Fopa CraHpapTHor 3aBogckoi MapaHTum

www.keysight.com/find/ThreeYearWarranty

Keysight obecneunsaeT BbicouaiilLee kaqecTBo NPOAYKLMN U CHXEHMe OBLLel CTOMMOCTH
BnafeHns. EAMHCTBEHHBI NPoV3BOAMTENb KOHTPOMBHO- N3MepUTENbHOrO 060pyA0BaHNS,
KOTOPBI NpeAnaraeT CTaHAAPTHYIO TPEXMETHIOK rapaHTHio Ha BCe CBoe 060pyaoBaHie.

MnaHbl TexHnyeckon Moaaepxkn Keysight
www.keysight.com/find/AssurancePlans

[o nsitv neT nopaepxkv 6€3 HenpeaBUAEHHbIX PACXOLOB rapaHTUPYIOT, YTO BalLe
obopynoBaHue byneT pabotatb B COOTBETCTBUM C 3asIBNEHHON NPOVN3BOANTENEM
cneyyndukaLmen, a Bbl Oynete yBepeHbl B TOYHOCTU CBOWX U3MEPEHUI.

www.keysight.com/go/quality

Keysight Electronic Measurement Group
DEKRA Certified 1SO 9001:2008

Quality Management System

Toprosble napTHEPLI Keysight

www.keysight.com/find/channelpartners

[o aTomy appecy nonb3oBaTenb MOXET MOMYYUTh NyyLlee 13 ABYX MUPOB: Iybokme
npocheccroHanbHble 3HaHNs B 06NacT N3MEPUTENBHON TEXHWKN U LUMPOKas
HOMeHKMaTypa Bbimyckaemoii npoaykumm komnanun Keysight B coyeTtanim ¢ ynobereamm,
npeaocTaBnseMbIMI TOProBbIMU MapTHEPaMU.
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