Keysight Technologies
MoHTax 1 0bcnyXnBaHmMe CoNHeYHbIX

q)OTOFaJ'IbBaHI/ILJECKI/IX cncrem
Vlcnonb3oBaHWe NOpTaTMBHBIX 1 N1abopaToOpHbIX
PeLIeHNI ONs COTHEYHbIX IHEPreTUYEeCKMX YCTaHOBOK

PekomMeHaaumnm
MO NPUMEHEHNIO

KEYSIGHT

TECHNOLOGIES
Unlocking Measurement Insights



02 | Keysight | MoHTax 1 obcnyxmBaHne conHeuHbix ¢OToraabBaHUYECKMX CUCTEM — PEKOMEHAALMN MO NPUMEHEHUIO

OrnasneHue
L BB I H I e 3
THEPTETUUECKAN IKOCHTTEME «.uetieerteitieeste ettt ettt ettt ettt bttt e et e ettt e h et e e H 4 et eh ettt E ettt e ettt ettt ettt 5
PBIHKM COMHEUHOM THEPTETUIKM  .oiiiiiii ittt ettt e ettt h e ettt et e ettt et e e e ettt 5
[1pOV3BOACTBO COMHEUYHOM IHEPTUM ANF BBITOBBIX MOTPEDUTEIIEM ..ottt 5
[MpOV3BOACTBO COMHEYHOW IHEPTUN A1 KOMMEPYECKOTO M MPOMBILLIAEHHOTO NCMOMB30BAHUT .ot 5
[1pOV3BOACTBO COMHEYHOM IHEPTUM ANS IHEPTOCHADXKAIOLLMX OPTAHUBALIMM .ottt 6
2. KoMMOHEeHTbI COMHEUHBIX GOTOTANBBAHMUECKIMX CUCTEM ...ttt ettt ettt ettt e ettt 5
3. CosIHEYHbIE NAHEMN: COOP COMHEUHOM DHEPTMIM L.uiiiiiii ittt ettt 6
MaKTopbl, KOTOpbIe CefyeT YHUTbIBaTb MPU MOHTEXKE COMHEUHBIX MAHEIEM ..ottt 6
3apayun, CBA3aHHbIe C NPOBEPKOM M 0BCAYXKMBAHMEM COMHEUHBIX MAHEIIENM ..ottt 6
ObHapyxeHune HencrnpaBHbIX GOTOranbBaHUUYECKMX IMEMEHTOB M MAHEIIEM ...eiiuiiiiiiiii ettt 6
[varHoctrka noBpexaeHUn GOTOranbBaHNUECKNX MOLYIIEM .. .ouii ittt ittt 7
OnpeneneHne paboumx xapakTePUCTUK COMHEUHBIX 3MEMEHTOB M MAHEITEM ...oiiuiiiiiiiii ottt 12
4. Kabenu n MexcoegnmHeHUs: MEPEAaYa COMHEUHOM THEPTUM L.ouiiiii ittt ettt ettt ettt 9
DakTopbl, KOTOPbIE CNEAYET YUUTLIBATb NMPU MOHTaXKe KabENeM N MEXCOBAMHEHMI ..ot 9
3apaun, cBA3aHHble C NPOBEPKON M 0BCAYXMBAHMEM KAaBENEN N MEXKCOEAMHEHMM ..ottt 9
OBHapyeHre NOBPEXAEHHBIX KADEMEM M MEXKCOCAMHEHMIM ......iiiii ittt 9
[MpoBepka MoHTaxa kabene 1 MexcoefUHEHUI U BbISBAEHME YXYALIEHNS PABOUMX XaPAKTEPUCTUK. c.oooveeeiieiiiiiieeieeeeee 10
5. KoHTponnepbl 3apsifia U akkyMyaTOPbl: HAKOMAEHNE COMHEUHOM THEPTUIM .oiuiiiiiiiie ettt 11
®akTopsbl, KOTOpble chedyeT Y4nUTbIBaTb MPU MOHTaXe KOHTPOJIEPOB 3aPAAA M @KKYMYIATOPOB ..cuevirieieiieieieieieeie e 1
3afayn, cBSA3aHHbIe C NPOBEPKON 1 0DCYXMBaHWEM KOHTPOMIEPOB 3aPAAa Y @KKYMYMATOPOB «oovviiiiieiieieie e 11
[TpoBepka, MOHUTOPUHT V1 TECTUPOBAHME @KKYMYITATOPA .vvuvetirienteitartenee et ette ettt ettt ettt ettt ettt ettt 12
TecTpOBaHME COMHEYHOTO KOHTPOSTEP@ 3@PAIE - .veuvierrrenitieastete ettt ettt ettt ettt et e sttt ettt e ettt ettt 12
6. CoNHEeYHbIV MHBEPTOP: MPEOBPA30OBAHNE COMHEUHOM DHEPTMM Lottt ettt 13
®aKTopsbl, KOTOpble CleAyeT YUNUTbIBaTh NMPU MOHTAXKE COMMHEUHBIX MHBEPTOPOB .. ..vivtriiriaitettieiaieate ettt ettt 13
3afaun, CBA3aHHbIe C NPOBEPKON M 0BCAYXKMBAHUEM COMHEUHBIX MHBEPTOPOB ...ttt e ettt ettt 13
I3MepeHve kayecTBa 3NeKTPO3HEPT MM, BbIPabaThiBAEMOMN COMHEUYHBIM MHBEPTOPOM ....viiiieiiiieiiaiieeieaiie et 14
MOHUTOPUHT paboTbl CONHEYHOTO MHBEPTOPA M BBISBAEHUE HEMOMAMOK .ottt ettt ettt 15
7. WHTennekTyanbHble CHETYMKM, TpaHCHOPMaTOPbI U NepekioyaTeny 3a3eMaeHns:
MOHWTOPUHT 1 YHET MPOU3BEAEHHOM SMEKTPOIHEPIUM ..ttt ettt ettt etttk ettt 16
®akTopbl 0becnevyeHns besonacHom, HagexHol 1 becnepeboiiHon paboTbl CoNHEUYHbIX GOTOranbBaHNYECKUX CUCTEM ................ 16
3afayun, cBsizaHHble C NMPOBEPKON ¥ 0BCAyXKMBaHMEM UHTENNEKTYaNbHbIX CHETYMKOB, TpaHCHOPMaTOpoB
N MEPEKITIOUATEIEM BBIEMITEHMIT .ottt ettt e ettt etttk 16
B BAKITIOUBHMIE ... 16

G T PATY P ottt 17



03 | Keysight | MonTax 1 obcnyxmBaHne conHeuHbix $OToraabBaHUYECKMX CUCTEM — PEKOMEHAALMN MO NPUMEHEHUIO

BeepneHune

B naHHOM [lOKyMeHTe paccMaTpvBatoTCs NopTaTnBHble U N1abopaTopHble peLleHns KoMMNaHmum
Keysight, npegHa3HayeHHble 419 UCNOb30BaHMSA NPU MOHTaxe 1 0bcnyxmBaHun dpoTtoranssa-
HUYECKNX cucTeM, NpeobpasyloLlmx CONHEYHOE U3NlyYeHne B 3NEKTPUYECKYIO SHEPTUIO.
ConHue — noucTMHe HencyeprnaeMslil UICTOYHKK BO30OHOBNSEMOI aHeprm. 3emns noaydaet
oT ConHua okono 4000 kBT-u. [laxke ecnu ncnonb3oBaTb BCero nuilb 5% oT 37010 obbema,
Npon3BeLeHHOro aNeKTpnyecTsa bygeT LOCTaTOYHO, YTODbI MOMHOCTbLIO NOKPLITE MUPOBYIO
noTpebHoCTb B anekTpoaHeprum [1].

B HacToswee Bpema noTpebnerne CoNHeUHOM aHeprnm pacTeT B reOMeTpUYecKoi nporpec-
cun, n Kk 2050 rofy conHeuHoe U3nydYeHne MOXeT NPeBpaTUTLCSA B KPYMHeNLWMA MMPOBOM
MCTOYHMK 3N1EKTPO3HEPTUK. B COOTBETCTBUM C NAAHOM pa3paboTky 1 BHeAPEHMS HOBbIX
TexHonornii MexayHapoaHoro sHepretuyeckoro arentctea (IEAJ, k 2050 rogy conHeuHble
dboToranbBaHnyeckmne cucteMsl byayT npon3soanTs 4o 16% MypoBoro obbema 3nekTpoaHep-
rn, a 0bbeM TepMo3NEKTPUYECKO IHEPTMN, BblpabaTbiBaeMOI Ha COMHEYHbBIX SHEPreTUHeCKHX
YCTaHOBKaX C KOHLIEHTPaTOpaMm COSTHEYHOT0 13nyderus, coctasut ewe 11% [2].

[oTeHLMan CoNMHEYHOM 3HEPreTUKM OrpoMeH, 1 koMnaHus Keysight cnocobctayeT pa3suTuio
9TOro NOTEHLMaNa C NoMOLLbIO LMPOKOTro AVana3oHa M3MepuTeNbHbIX MHCTRYMEHTOB, Npef-
Ha3HauYeHHbIX 419 MOHTaXa W 0bCNYXXMBaHWSA CONHeUHbIX GOTOranbBaHNYECKMX CUCTEM.

3HepFeTML{eCK89 aKOCKnCTEMA

Ha pblHKke npefcTaBneH WWPOKKIA BbIDOp KOMNOHEHTOB COTHEYHbIX pOoTOranbBaHM4eCKMX
CMCTeM OT OFPOMHOrO YuMCaa NpomssoguTeneit. Kak npasuio, st NnpeanpuaTvs npeanarator
Takune KOMMOHEHTEI, Kak CONHeYHble NaHenn, kabenn, MexcoegnHeHNs, akkyMynaTopsl,
3apsfHble yCTPOMNCTBA, MHBEPTOPbI, MHTENNeKTya bHble CHETYMNKM y4eTa noTpebnenus,
TpaHcpopMaTopsl, 3alWTHbIE pesle, NepekyaTeny 1 T. A.

PbIHKW CONHEYHOM SHEPreTnkn

Cnpoc Ha CoNMHEeYHyIo 3/1eKTPOSHEPT IO CO3MaL0T:
- bbiToBbIE NOTPebuTEnY;
- KOMMepYeckue 1 NpoMblLLIeHHble NPeAnpuUsaTUs;
- 3HeprocHabxatole opraHusauuu.

[Mpon3BOACTBO COMHEYHOW 3Hepruy Ang bbITOBLIX NoTpebuTenei

B cTpaHax, rae B 6bITOBOM CEKTOPE 3KOHOMUKM BHEAPSAOTCSH 0C0bble Tapudbl NG CTUMYN-
poBaHMs BO30OHOBAAEMON IHEPreTUKM, CONMHEYHAs 3HePreTKa UCNbITLIBAET 3HAUNTENbHbIN
nogbeM. MoTpebuTtesnu ycTaHaBNMBAIOT COMHEYHbIe NaHeNn Ha Kpbitax (0BblYHO HaKIOHHbIX),
M B CpefHeM Kax bl oM obecneynBaeT MOLLHOCTb 3nekTpoaHepruu oT 1 go 10 kBT.

B kpynHbix ropogax, rae nprMeHsoTcs nporpamMmsl ocoboit Tapudurkaumnm, notpebutenm
0bbeANHAT CBOU fOMALLHMe CUCTEMBI B eflMHYI0 CeTb. B pe3ynbTaTe oHW NoayyatoT BO3-
MOXHOCTb NPOfaBaTb SHEProcHabxatoLen KOMMNaHMM UK BCIO MPOU3BELEHHYI0 3/1eKTPO3-
Hepruio, unu ee n3bbiTok. B cenbckoit MeCTHOCTM XuTenn 0bblYHO [,0DaBASIOT K CONHEYHON
doToranbBaHnYeckol cCTeMe akkyMylaTopHble baTapen, 4Tobbl MCNoNb30BaTh BbIpaboTaHHyto
3Hepruio Ana cobCTBEHHbIX HYXA,.
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[1pOM3BOACTBO CONHEYHOW 3HEPTUM AN KOMMEPYeCckoro
M NPOMBbILLUIEHHOTO MCMOJIb30BaHUA

ConHeyHble GpoToranbBaHU4ecKMe CUCTEMBI MOMb3YIOTCS Bee BosibLiell MOonyAspHOCTbLIO B KOM-
Mep4eckoM ¥ MpoMbILLEHHOM cekTope bnarogaps beicTpoMy BO3MELLLEHWIO IKCMNyaTaLMoH-
HbIX PacxofioB (Mocse Toro, Kak oKynaTCs nepBoHaYasbHble 3aTPaThl Ha MOHTaX CUCTEMBI).
YcTaHaBAMBas Ha 34aHKsX CofiHeYHble GoTorasbBaHN4eckme CUCTeMbl, KOMNaHKKN LeMOHCTPU-
pYIOT COLManbHy0 OTBETCTBEHHOCTb U CO3AatoT cebe penyTaLuio 3alLUTHUKOB OKpYyXXatoLLen
cpepbl.

B aTtom CeKTope CoJiHe4YHble naHenn 0bbIYHO YyCTaHaBNMBAOTCA Ha MNJOCKNX KpbllaXx nin

Kpbilax ¢ HebonblLMM HakoHoM. B HEKOTOpPbIX ClydadX OHW Tak>XXe CJ1y>XaT HaBeCaMi Ha[
ABTOCTOAHKaMM [CM. puc. 1] MOLLI,HOCTI/I YCTaHOBOK Ha 3TOM PbIHKE MOTIYT COCTaB/iIATb OT 10
kBT 00 HECKOJ/IbKNX ThiCAY MeraBaTT. OBbIYHO CONHEYHble q)OTOI'aJ'IbBaHVI‘-IeCKl/Ie CNCTEMDI
CUHXPOHN3NPYIOTCA C CETAMUN 3Hep|’OCH86>KaFOLLI,VIX KOMMaHNM.

Puc. 1. ConHeyHble NnaHenn Haj aBTOCTOSAHKOM
komnanun Keysight Technologies [r. CaHTa-Posa,
KanudopHus).

[1pOM3BOACTBO CONMHEYHOWN IHEPrNM ANS IHEPrOCHAbXaOLLMX
opraHun3auunm

Ha 3HepreTyeckoM pbiHKe NPOM3BOLCTBO COIHEYHOWM 3NEKTPOIHEPI UM ABAAETCH OCHOBHbBIM
BWAOM AeATeNbHOCTU. MOLWHOCTM 3[eCh COCTaBAAT NopaKa Thicay MerasaTT v Boilwe. Con-
HeyHble dpoToranbBaHNYeckMe CUCTEMbI A 3TOMO PbIHKa MMeloT bosee CI0XKHOe YCTPOMCTBO
1 06bIYHO OCHALLLEHb YAYYLLIEHHBIMY CUCTEMaMU MOHUTOPVHIA, YNPaBASIOLL MMM 3NeMeHTa-
MU 11 BO3MOXHOCTAMM yaNeHHOro oTKloYeHns. B kayecTBe KOMMOHEHTOB NCMOb3Y0TCH
LleHTpasibHble MHBEPTOPbI 415 KPYNMHOMACLUTabHbIX CUCTEM, BbICOKOBOJIbTHbIE pacnpeae-
NUTeNbHbIE YCTPOMCTBA, NepeksioyaTenn 1 TpaHcpopMaTopbl, NOAKIOYEHHbIE K MECTHON
3HeproceTu.
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KOMMOHEHTbI CONMHEYHbIX CI)OTOI'aJ'IbBaHl/IL-IeCKl/IX cncrem

B naHHOM pa3sgene KpaTKO OMUCbIBAETCH TUMMYHOE YCTPOMCTBO COTHEYHON
poToranbBaHWYeCKon CUCTEMBI.
CucteMa Bk/tovaeT B cebs cnefytolliie KOMMOHEHTbI, NoKa3aHHble Ha puC. 2:

- CONHeYHble NaHenn ana cbopa coNHevHon aHepruy;

- Kabenu v MexcoefUHEHV ANA Nepefayn sHepruu;

- KOHTPOJIepbl 3apafa W akkyMyaaTopbl A5 HAKOMNEHUS SHepruu;

— COJIHeYHble MHBEPTOPLI ANA Npeobpa3oBaHMs akkyMynMpoOBaHHOW IHeprm
B 2/1eKTpUYeckyo;

~ VIHTeNneKTyanbHble CHETYMKM, TpaHCHOPMaTOphl U NepekiioyaTesi 3a3eMIeHuns
AJ19 MOHUTOPWHIA U y4eTa Npon3BefeHHON 31eKTPOSHEPruu.

TpaHcdopmaTopbl 1

Conteutble nepeknioyaTeny 3azemnenns |

naHenun

3HepFeTVI‘-IECKaFI aKocucrtema

Kotpoznepsl 3apsza
1 akKyMynsTopbl | HBEpTOp - _

Kabenu n
MexcoeaunHeHusa

Puc. 2. KoMnoHeHTbl conHeyHomn
$oTOranbBaHNYeCKoN CUCTEMBI.

YcTaHoBKa COfHeYHOW GpoToranbBaHNYeCKoN CUCTEMbI He 3aBEPLLAETCH C YCTaHOBKOW BCEX
ee KoMNoHeHToB. OpraHn3auus, BbINONHMBLIAA MOHTaX CUCTEMbI, LOJIKHa NPOBOANTb
perynsipHble NpoBepkn U MOHUTOPUHT KayecTBa BblpaboTaHHOM 3Heprun. 310 HeobxoArMo
ons obecneyeHns HagexXHOro BCTpanBaHusa CoHeYHo GoToranbBaHUYeCcKo CUCTEMBI

B CeTb aHeprocHabxeHwus. bonee Toro, yxe ceitvac unw B bnmxaniem byayuiem ot
NOCTaBLLMKOB COTHEYHOI 3HEpruy MoryT noTpebosaTb obecneyeHns cTabunmanpyoLLero
BO3JENCTBUS Ha SHEProCKCTEMY NyTeM PeryanpoBaHnug peakTVBHONM MolHocTH. Ha puc. 3
noka3saHbl 3aflauu, CBA3aHHbIE C NPOBEPKOI 1 0BCAYXMBaHMEM CONHEYHOI doToranbBa-
HWYECKOW CUCTEMBI.

SHepreTnyeckas 01 > 02 > 03

aKocucTema: ConHeyHas Kabenn u KoHTponnep
naHenb  MexXcoefuHe- — 3apsga u
HUS aKKyMynaTop

o e B B s

KnioyeBble [1pon3BoacTBo HapexHocTtb HapexHoctb
EENERIE HeobxogmMoro Kabenen n SHeproHako-
YPOBHS 3HEPIUN  MEXCOEAMHEHUI AREEA

Toyka ) MoTepu u 3apsag v
MaKcyManbHoM HaJeXHOCTb
MOLLHOCTY HafeXHOCTb
- XuMunyeckas
- VanyyeHue - YTeyka Toka cpega
- BonbT-amnepHas - CoenHeHNs - 3HayeHus
XapakTepucTika - Pabouas cpesa HanpsikeHNs
- KpytnsHa - Cvna Toka
- Hanpsixetue - ®opma curHana

Puc. 3. Sap,aqm TeCTUpoBaHna B 3HepreTw—|ec><0|7| 3KocucTteMe.
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ConHeuHble NaHenn: C60p CONTHEYHOM dHEPINKn

DakTopbl, KOTOpble CNefyeT yUNTbIBATb MPU MOHTaXe CONHEYHbIX
naHenemn

I'Iepe,u MOHTa>OM COJIHEYHOM q)OTOI'aﬂbBaHW—IECKOVl CnCTEMbI CNeLmnanmncTbl pacCyYnUTbIBaAOT
pa3Mepbl CONTHEYHbIX MO,EI,yJ'IeM n 6aTape|?1 ANA OOCTUXEeHNA MaKC1ManbHon BbIXO,EI,HOIZ MOLLHOCTK
B paMKax OTBeLeHHOro 6Dﬂ,X€Ta.

ToUHbIV pacyeT pa3MepoB COSIHeYHbIX Moaynel 1 baTapeil nMeeT 0cobyio Ba>kKHOCTb 19
ONTUMaNbHOM 3KCMNyaTalyn B XONOLHOE U Xapkoe BpeMs rofa. CneunanvcTsl, MOHTVpYyoLLMe
cUCTEMY, [OMKHbI YOeLnTbCH, YTO Hanps>KeHne Moayneit byaeT cooTBeTCTBOBATb CTaHAAPTHbLIM
HOpMaTMBaM ¥ He NMPEBbICUT MaKCUMasbHO AOMYCTUMbIX 3HAYEHNIA A1 KOMMOHEHTOB CUCTEMBI.

MpvBenem npumep. O6bIYHO ANS MHBEPTOPa XapaKTepeH AVana3oH HanpsxeHW oTCexXmBa-
HUA TOYKM MakcuManbHol mMowHocTy (OTMM) ot 250 go 500 B. ConHeuHble naHenu nMetoT
oTpULLATeNbHEIN TeMMepaTypHbI KOSGOULMEHT, @ 3TO 3HAYUT, UTO B JIETHIOKO Xapy Hanpsi>keHve
B CUCTEME MOXET CHM3UTBCSA M iaxke ynacTb Huxe 250 B — HuxHero 3HaveHunsa gnanasoHa
OTMM. 370 MOXET NPUBECTY K OTK/IOYEHWIO COSTHEYHOIO MHBEPTOPA B XXKapKWI NeTHWUI IeHb
C BbICOKOW MHTEHCMBHOCTBIO CONHEYHOTO 13ydYeHus. Y HanpoTuB, XoN0LHON 3MMOIA HanpsikeHWe
B CMCTEMe MOXET BbINTK 3a BepXHIOl0 rpaHuLly paboyero aranaszoHa OTMM nHBepTopa mam
NPEeBbICUTL HOPMaJsibHble 3KCMJyaTalMOHHbIe XapakTepUCTUKY KOMMNoHeHTa. B 3aBucnmMocTu

OT KOHCTPYKLMW CUCTEMbI 9TO MOXKET NMPUBECTU K CPE3aHMIO MOLLHOCTU 1, KaK ClefAcTBUe,

K noTepsamM aHepruu [4].

3nekTpon3MepuTenbHble paboTel, KoTopble He0bX04MMO NPOBECTU B MPOLeCCe MOHTaxa
CONHeYHbIX NaHenelt, 06bIYHO BKOYAIOT B Cebf 13MepeHue cubl Toka KOPOTKOro 3amblka-
s (1), HanpsxeHus xonocToro xoda (V,,), HaNpsAxeHus U c1nbl Toka conHeyHol baTapen
1 UHTEHCUBHOCTW CONTHEYHOTO U3NyYeHUs.

3afayn, cBA3aHHble C MPOBEPKOW 1 0BCAYXXMBAHUEM COTHEYHbIX
naHenem

Hwxe nepeuncneHsl 3a1aun, CBA3aHHbIE C NPOBEPKOM 1 0bCNyKMBaHUEM NaHenel
COSIHeYHOW GpoToranbBaHNYECKON CUCTEMBI:

- oOHapyXeHwve HencnpasHbIX GOToranbBaHWYeCKUX 31eMEHTOB U NaHenei;

- AMarHocT1ka noBpexaeHnin GoToranbBaHNYeCKUX MOLYeN;

- onpegeneHne pabounx xapakTepUCTUK CONTHEYHbIX 3/1EMEHTOB U NaHenei.

ObHapyxeHWe HencnpaBHbIX GoToranbBaHUYECKMX 31IEMEHTOB
M naHenemn

OfHMM 13 Havbonee adPeKkTUBHbBIX METOL0B 0OHapYKeHUS HENCMPaBHbIX GoTorasbBaHUye-
CKWX 3N1EMEHTOB 1 NaHenel ABNSeTCS TepMUYecknii aHanu3. Ha conHeYHoll anekTpocTaHLmuu,
3aHuMaloLLel nnoLas bonee BOCbMY rekTapoB, UHXEHep MPOCTO He B COCTOSHVN NPOBepUThL
doToransBaHuyeckre batapen Mogyb 3a MofyneM, 0TCOEANHAR U TeCTUPYS KaxXablid MOAy/b
no o4yepenu.

Ho oH MoxeT bbicTpo nonyunts MK-nzobpaxerue (Tepmorpammy) ¢ nomousio Tennosrsopa
Keysight U5855A TruelR [cM. puc. 4). HencnpaBHble dboToranbeaHmnyeckme aneMeHTs 06bI4HO
oTobpaxatoTcsa B BUAE NATEH C NOBbLILEHHOV TeMnepaTypoit, MOCKObKY OHU UMEIOT HU3KWIA
KIL, koTopbiit, B CBOO o4epefb, MPUBOAWT K HAKOMIEHWIO TEMI0BOM 3Heprnu, kotopas He bbina
nepepaboTaHa B anekTpuyeckyto. OAHON U3 NPUYNH 3TOMO MOXKET BAATLCS M3HOC 3NEKTPOH-
HbIX KOMMOHEHTOB, HaNpUMep LWYHTUPYIOWMX LUOA0B CONHEYHbIX NaHenel. 3To NpuBoaNT
K CHVXXEHMIO BBIXOAHOW MOLWHOCTW. [Ina nonyyeHns AonoaHUTeNbHOM MHGOpMaLn cM.
«TepMuyecknii aHanns ¢oToranbBaHUYECKUX NaHeNen ¢ MCNob30BaHMeM TENN0BK30pa
U5850 cepun TruelR. PykoBoacTBO Mo npuMereHuio» (Ha anrn. 93.) (http://literature.cdn.
keysight.com/litweb/pdf/5992-0719EN.pdf].

TEVG SV LoRRPE

Puc. 4a. Tennosusop
Keysight U5855A TruelR.

Puc. 4b. OTobpaskeHne CoNHeYHbIX 3/1EMEHTOB C MOBLILEHHOI TeMNepaTypoit B pexume «KapTuHka
B kapTuHke» (IK-n30bpaxeHne coBMeLLeHO C BUANMBIM U306paxeHnem).
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[narHoctnka nospexaeHnit GoToranbBaHMYecknUx Moaynen

[lns NnpoBepku 1 AMArHOCTUKM NOBPEXAEHUIA OTARNbHLIX MOLY/eN MPOeKTUPOBLLMKM U CNeLm-
anucCTbl Mo MOHTaXy COMHeYHbIX GOTOrasbBaHUYECKMX CUCTEM MOTYT UCMO0/b30BaTh LMdPOBLIE
MynbTUMETpbI ¢ aganTepamu Bluetooth. CoepmHeHve no becnpoBoaHOM NepcoHanbHo ceTu
N03B0/AET OfIHOBPEMEHHO CPaBHMBaTh 10 YeTbipex Modynel (cM. puc. b).

O,EI,HOBpEMeHHOe n3MepeHne HanpaxXeHna 4eTbipex MO,EI,yﬂeV] MMeeT onpeaesieHHble npenmyLle-
CTBa B CpaBHeHWK C nocnefoBaTesibHbIM M3MePEeHUNEM HarnpaXXeHna Ka>kAoro otTaesibHoro Moaysq.
|_|pl/I OAHOBPEMEHHOM M3MEepPeHNN YCTPaHATCA pacxoxXeHWd, CBA3aHHble C KonebaHnamn
NHTEHCUBHOCTU N3NTyHeHUd, TeHAMK OT OBVIKYLLMXCA obnakoB n npoYyrMn BHEWHNMN BO3-
NencTBUAMH, CMOCODHbBIMWN MOBANATE Ha pe3ynbrat I/I3MepeHI/IM HanpaxXeHna Moaoyna.

Pelwerne ana AMCTaHUMOHHON perucTpaumm
naHHbix Keysight U1115/7A

Pyuroit ungposoi mynetumetp Keysight cepun U12xxA

OnpepeneHne paboumx xapakTepucTUK CONHEYHbIX 3N1eMEHTOB
M naHenemn

LLEI'IO‘-iKa COJTHEYHbIX 3JTEMEHTOB, o6pa3yrou_w|x COJIHEYHYIO NaHesb, 0bbIYHO Benetr cebs
KaK MCTOYHWMK TOKa B CXeMe C napajuie/ibHO NMOAKTHOYEeHHbIM OMOO0M, Napa3nTHbIM Napan-
NefibHbIM ConpoTVBEeHVEM [LIJyHTOM] v nocnenoBaTesibHbIM CONPOTUBIIEHNEM, KaK

[Rtmmmin e e /

Mocn.
Tok

conpoTneneHue )
Rl A
RS

WyHT R,

HanpsixeHne

Puc. 5. CpaBHeHMne dpoToranbBaHWYeCKMX MoLyIeN.

Puc. 6. YnpoleHHas Mofilenb CONHEYHOIO 31eMeHTa.
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BonbT-amnepHas xapaktepuctuka (BAX) conHeuHoro anemMenTa npefcraBneHa Ha puc. 7.
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Puc. 7. BonbT-amnepHas xapakrepucruka

Hanpsaxerue (B)

BaxxHelilne napameTpbl CONHEYHOMO 3f1eMeHTa UK CONHeYHON NaHenun, Takme kak cuna
TOKa KOpOTKOro 3aMblkaHus (I ], NN0THOCTL Toka kKopoTKoro 3ameikaHus (J, ), Hanpskerne
xonoctoro xoga (V,,), Touka makcumansHoi mowHocT (P, ) v koadpduumeHT npeobpasosaHus
(n), MOryT M3MepPATLCA C NOMOLLLIO MPELM3MOHHBIX NapaMeTprUieckux aHanuzatopos Keysight
cepun B2900A. PexunmM cBUNMPOBaHNS NO CMUCKY B TaKOM aHanmn3atope No3BOSET J1erko
0T06pa3nTb BONbT-aMNEPHYI0 XapakTepUCTUKY COHEYHOMO 31eMeHTa MW NaHenun B Buae
rpaduka. [Ing nonydeHns [ononHUTeNbHON HPopmaLunm cM. «OnpefeneHne BonbT-aMnep-
HbIX XapakTepPUCTUK CONTHEUHbIX 3/1EMEHTOB C MOMOLLLbIO MapaMeTpuyeckmnx aHaanm3aTopos
cepun B2900A. TexHunyeckmnin 0630p», nybnvkaunsa N2 5990-6660EN (Ha anrn. 93.).

OAHO 13 BaXHbIX NPENMYLLLECTB pexmMa CBUMMPOBaHMUS MO CMMCKY B NPELM3MOHHOM napaMe-
TpuyeckoM aHanusatope Keysight cepun B2900A cocTomT B TOM, YTO 3TOT peXXMnM M0O3BONSET
yCTaHaBAMBaTb LUMPOKME NHTEPBabl B 0DNacTaX, rae XxapakTepucTVKm yCTPOICTBa CTabunbHbl,
M y3kme — B 0bnacTax, NpeacTaBnaioLLMX 0cobbli MHTEpeC, HanNpuMep B TOUKe MaKCMMasb-

HOI MOLLHOCTM $OTOrafbBaHMYECKOro aNeMeHTa.

[peunsnoHHble napameTpuyeckme aHanusatopsl Keysight cepvn B2900A obnagatoT yaobHbim
rpaduyecknM NHTepPecom 1 KoMnaekTyloTcs becnnaTHbiM NporpaMMHbiM obecneyeHnem
ans MK, koTopoe no3BoasieT MrHOBEHHO MOJyYaTh pe3ynsTaThl M3MepeHuit.

001
002
003 Vv

Puc. 8. PexxM cBunupoBaHmsa no cnucky npeumn3noHHoro napaMeTpuyeckoro aHanmsatopa cepuv B2900A no3sonseT onpefenvTb XapakTepucTuku

d)OTOI'aﬂbBaHI/MeCKI/IX 3/1EMEHTOB B I/IHTepeCy}OLLl'el;l obnacTu.
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Min :
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4. Kabenn n mexcoeanHeHus: nepefada CoNHEYHOM
IHEeprun

CDaKTOpr, KOTOpble cnieyeT y4nTbIBaTb MpW MOHTa>Xe kabenen
2 Me)KCOG,EI,l/IHeHl/IVI

Kabenun n MexcoefMHEHNS B CONHEYHbIX SHEPreTUYEeCKMX YCTaHOBKaX paccyuTaHbl Ha AJINTENb-
HOe BO3feNcTBMe yNbTpadunoneToBhIX NIyHei, aKCTpeMasbHbIX TeMNepaTyp — 0T MOpo3a [0
CUABHOW Xapbl — W NOBbILIEHHOIM BAAXHOCTW. B dpoToranbBaHnyeckmx cvcTeMax MCMonb3yoTcs
CTaHAapTHble MEXCoeMHEHV U AvaMeTpbl kabeneit. Bonee Toro, Ha kabenu 1 MexxcoeavHeHus
HaHeceHa LiBETHasi MapKVpPOBKa, YNPOoLLaoLLas MOHTax.

Mpu yknapbiBaHWM B enoba B npoLjecce MOHTaxa cucTeMbl kabenu u MexcoeanHeHns
NoABepratoTcst MHOrOKpPaTHOMY CKpYYMBaHUIO 1 n3rubam, a Takke UCTUPaHKMI0. 3TO MOXET
NPUBECTM K HapyLLeHwio n3onsumn. [oaTomy, B cooTBeTcTBUM cO cTanaapToM |EC 62446:2009,
Heobxo[MO NPOBOANTL 3M1EKTPOUCTIBLITAHWS AN 0becrnedeHns HopMabHOro BBOAA B 3KCMTY-
aTaumio 1 KoHTpons besonacHocTu. McnbiTaHus BkIlo4atoT B cebs n3MepeHme conpoTuBeHNs
M309LUMN 1 NPOBEPKY LLeNOCTHOCTM 3a3eMNeHNs.

3apaun, cBA3aHHbIE C MPOBEPKOW 1 0bCnyXXnBaHnemM kabenen
N MeXcoeanHeHnn

XoTst kabenun 1 MexcoeanHeHUs, NCNoNb3yeMble B CONHEYHbIX GOToranbBaHUYeCKmX cucTeMax,
OT/IMYALOTCSA NOBBILIEHHOM MPOYHOCTBIO, MX HEOBXOAVMO NepUoOANYECcKN NPOBEPSTL Ha Hanuyme
noBpexaeHnit, 4tobel obecneunTb becnepeboiiHoe GyHKLUMOHMPOBaHWE 1 ONTUMaNbHbIE
XapakTepuUCTVKN CUCTEMBI.

Hu>xe nepeuncnerbl 3agayn, CBA3aHHbIe C MPOBEPKON 1 obcnyxmnBaHueM kabenei
1 MeXcoeaMHeHN conHeYHo doToranbBaHNYeCckom CUCTEMbI:
- oOHapyXeHve NOBPEXIeHHbIX Kabeneln n MexcoenHeHNN;
- NpoBepKa MoHTa>xa kabenel n MexcoeAnHEeHNI ¥ BbIBNEHWE YXYALLEHNS
paboynx xapakTepmncTuk.

ObHapyeHre NoBpexXAeHHbIX Kabenen 1 MexcoeanHeHN

MNoBpexaeHHble kabenn 1 MexcoeanHeHUs CKNOHHbI NeperpeBaThes. Tennosm3op Keysight
U5855A TruelR — nyywee ycTpoicTBO ANA BbIIBAEHMSA TOHEK NOBbLILLEHHOR TeMNepaTypbl.
MeperpeB kabenei 1 MeXXCOeAVHEHNIA MOXKET yKa3blBaTb Ha HEHAAEXHOE MW NMOBPEeXAEHHOe
coeanHerme [cM. puc. 9).

Puc. 9a. VIK-u3obpaxeHns kabenei v MexcoefHeHWI NOMOraloT BbISBWTbL NPU3HaKK Neperpesa. Punc. 9b. Tennosusop Keysight U5855A TruelR.
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[lpoBepka MOHTaxa kabenemn 1 MexcoeguMHEHNI 1N BbISBIEHME
yxyaweHuns paboymnx xapaktepmucTmnk

B cootseTtcTBum co ctanpapTom |EC 62446:2009, nsmepeHune conpoTMBaeHNs N30aaLmm
SBNISETCS OAHUM 13 BaXKHENLLIMX TECTOB NPy NPOBEAEHN NMPUEMOYHbIX UCTbITaHWI 1 MpoBepKe
doToranbBaHNYECKMX CUCTEM, MOAKIIOYEHHBIX K 3HeproceTu. Takke o4eHb BaXHO perynsp-
HO NPOBepsTb Kabenu 1 MexcoearHeHUs Ha Hanu4ne NoBpexaeHuit, 4Tobbl obecneyunTs
becnepeboiiHoe 1 3pdekTMBHOE QYHKLMOHNPOBAHWE CUCTEMBI.

PyyHble usMepuTeny conpotrsnenuns nzonauun Keysight cepuin UT450A/60A ncnonbayiotcs
npv NpoBefeHNn NpodUNaKTUYECKOro TeXHUHEeCkoro 06cayXr1BaHUS U NPUMEHsIOTCS ANs
paHHero obHapyXeHVs NoBpeXaeHHbIX kabeneit 1 MexcoeanHeHuit. HanpsikeHue TecTupoBa-
HUS Takoro n3MepuTens MoxeT cocTasnsaTe Ao 1000 B, a anana3oH n3Meperns conpotusneHuns
nsonauum — o 260 FOm.

TecTvpoBaHMe CONPOTUBIEHNS M30AALMM BbINONHAETCSA NyTEM MPONyCcKaHUs Yepes TecTupye-
Moe 0bopyAoBaHKe NOCTOSIHHOTO TOKa M0of, BEICOKMM Hanpsi>kKeHMeM, 4To MpUBOAMT K NpoTeka-
HWIO HEDOBLLOrO TOKa NO NOBEPXHOCTH U30asTOpa. ITOT ToK ¥ M3MepseTcs. MonHbINA ToK
COCTOWT U3 Tpex KOMMOHEHTOB: ToKa 3apaa eMKoCTH, Toka abcopbumm 1 Toka yTeuku
(cM. puc. 10). Tok yTeuku, NokasaHHbLIN B BUE 3e1eHON IMHUK, ONpeiesIaeTcs MaTepranom
W ABNAETCS NOCTOSHHOW BEIMUMHON, He 3aBucaLLeit oT BpeMeHu. [Ina noayyeHvs fonoaHu-
TenbHOM MHPopMaLmnm cM. «[1podunakTnyeckoe TeCTUPOBaHMe C U3IMePeHMEM CONpOTUBIIe-
HUSA M30n9UMK. PykoBOACTBO Mo npuMeHeHuio», nybankaumsa N 5991-4026EN (Ha aHrn. 93.).

KoMnoHeHTbI n3mMepeHna Cunbl Toka

100
@ EMKOCTHBIN 33pAHbIA TOK B Ha4ane nsMepeHns

BbICOK, TaK Kak Tecwpyem;n?t MaTtepunan 31eKkTpo-
. HeliTpaneH 1 NornoLaeT nepBoHaYanbHeli 3apsij.
§ HPV\ npefenbHOM HanofiHeHUK ynaaeTt Ao Hynsa
=
‘TU’ e Tok abcopbunn cnabeet, noka He ynaaet Ao Hyns
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o
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© "U HEKOTOPOro BpeMeH 0CTaHeTCa Ha NOCTOAHHOM
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— OGU.LEE 3Ha4eHune Cuibl TOKa nony4aercs
B pesynbTaTe CyMMUpOBaHMA BCEX Tpex
KOMMOHEHTOB.
Puc. 10b. PyuHoit namepwutens
CONpPOTUBNIEHNA N30NALNN
101 : i Keysight cepuu U1450A/60A

(U1452A).
CekyHfbl

Puc. 10a. Mpaduik Toka yTeykn B M30aMpyloLLIeM MaTepuane ¢ TeHeHneM BpeMEHN.

Mepropnyeckoe TeCTMpOBaHME U30NALMUM NOMOraeT BhISIBUTb YXYALIEHME XapaKTepucTuK
mMaTepuana co BpeMeHeM, kak nokasaHo Ha puc. 11. Ha rpaduke oTobpakeH cueHapui,
NpW KOTOPOM M3MEPEHVISt MPOBOAATCS Hepes Kax/ble LecTb MeCALEB U U3MEHEHNS NoNyYeH-
HbIX pe3y/ITaTOB COOTBETCTBYIOT M3MEHEHWAM B COSTHEYHON $OTOranbBaHMUYECKON CUCTEME.
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Puc. 11. Meprioanyeckne nsmepeHus

lopa XapaKTepucTuK.
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5. KoHTponnepbl 3apafa v akkyMyaaTopbl: HaKoMmeHme
CONTHEYHOW 3Heprum

DakTopsbl, KOTOpbIE ClefyeT y4UTbIBaTb MPU MOHTaXe KOHTPONepoB
3apsaa v akkyMynaTopoB

Ponb HakonuTenein sHeprumn Ha 0CHOBE akkyMynsTOpoB B DLITOBOM M KOMMEPUYECKOM CeKkTope
ByneT pactu. Takve HakonuTenu obecneyvnsatoT becnepeboiiHyio nogavy anekTpUyYecKon
3HEprun BLITOBbLIM ¥ MPOMbILLAEHHbIM NOTPebUTENSAM 1 cobniofieHVie TpebyeMbIX TeXHNYECKHX
XapaKkTepucTuk.

KoHTponnepsl 3apaja 1 akkymynsaTopsl, pa3pabaTbiBaeMble crneymansHo ANs CONHEYHbIX
9HEpreTMYeCKMX YCTAHOBOK, OTAIMYAIOTCA OT CTaHAapTHbIX. Hanpumep, y akkymynatopa
CONTHEYHOW YCTaHOBKM 00bIYHO eCTb BO3MOXKHOCTb «T1yb0oKOM 3apaaKi», U MO3TOMY B X0fe
3KCMyaTalMm OH MOXET pacxofosaTb BoMbliylo YacTe cBoel emkocTu (go 80%). Cpok
aKcnyaTaLmm akkyMynsTopHOI baTapeun 3aBMCUT OT TOro, Kak oHa 3apskanach, 0bcnyxumsa-
nach v xpaHunacs (cobnoaanucs N TeMnepaTtypHble yCioBus), a Takxe oT Apyrux hakTopos.
B conHeyHbIX yCTaHOBKax MCMONb3YOTCA KOHTPONEPbI 3apafa C OTCAeXMBaHNEM TOYKM
MakcumMansHoi MotiHoctv (0TMM) 1 nporpaMmHbiM obecneyerviem, Mo3BoNAOLWIMM A1HA-
MUYECKWN COrNacoBbiBaTb GOTOranbBaHWUYeCKoe HanpsaxkeHne ¢ HanpsikeHneM akkymyns-
TOpHOW baTapen 1 MakCHMU3MPOBaTb ee 3apaj,.

3apauu, cBsi3aHHble C MPOBEPKON 1 06CAYyXMBAHWEM KOHTPOIEPOB
3apsaa v akkyMynaTopoB

Hwvixe nepeyncneHbl 3afayn, CBA3aHHble C MPOBEPKOW 1 06CAYXMBaHNEM KOHTPOSI1EPOB
3apsa/a W akkyMynaTopos:

- NpoBepKa, MOHUTOPWHT ¥ TeCTUPOBaHWe akkyMynaTopa;

- TecTpoBaHWe COHeYHOro KOHTpoIepa 3apsaaa.

[MpoBepKka, MOHUTOPUHI 1 TECTMPOBaHMeE akkyMynaTopa

AKKyMyﬂVIpOBaHV]e CONTHeYHOM oHEprnn nmeet 0ocobeHHO BaXHoe 3HayeHue B CeNbCKOM
MECTHOCTU, rae He BCerga eCtb BO3MOXHOCTb NOAKITIOHYNTHCA K IHEPTOCeTH. AKKyMyﬂﬂTOpbl
MO3BONIAKOT MOSyHaTb 3/IEKTPO3HEPTNIO B MepUnobl OTCYTCTBUA COJIHEYHOIO CBeTa.

ObblYHasa nporpamMma akcnayaTaunm akkyMynaTopHon baTapen BktoyaeT B cebs KoH-
TPONbHO-U3MepPUTENbHBIE MEPONPUATUS, CBA3aHHbIE C GU3MYECKUM 0BCayXKMBaHNEM
VM 3NeKTPOOBCAyXMBaHNEM.

B pamkax ¢pusmyeckoro obcnyxkmBaHuns akkyMynsTopHbix baTapei npoBoaaTcs cnefyolne
KOHTPONIbHO-N3MepUTENlbHblE MEPONpUATHS:

1. BU3yanbHbIVi 0CMOTp baTapelt ANs BbISBAEHWS NpoTeyek, Koppo3nu, gepopmaLinii,
obecuBeYVBaHNA NNACTUH akKyMyNATOPOB 1 NPOBEPKY YPOBHSA 31eKTPONUTa;

2. AVHaMuyeckue NpoBepKu LeNoCTHOCTY 0OMOTKN CoeluHNTENS;

3. NpoBepKuM TemMnepaTypbl OKPy>KatoLLeln Cpefbl 1 B HEKOTOPLIX Cily4asix TemnepaTtypsbl
akkymynsartopa.

B pamkax anekTpoobcnyknBaHus akkyMynaTopHbIX baTapell NpoBOASTCS cnedyloLine
KOHTPOJIbHO-V3MepUTENbHbIE MEPONPUATUS:

. M3onupoBaHue B1oka akKyMynsTOpoOB OT COSIHEYHOrO MHBEPTOPA;
. M30NIMpPOBaHMNE OTAENBHOr0 akkyMynsTopa;
. U3MepeHune HanpsiXkeHys Ha BbIBOAAX akKyMynsTopHoli batapen (6es Harpyskul;
. M3MepeHune HanpsxxeHus ¢ Harpyskoi 100 A;
. 3aNuCb ¥ aHanu3 AaHHbIX Kax Ao baTtapen o BbiSBAEHNS HEODXOAMMOCTH
B NpodunakTnyeckom ob6CayxxmMBaHun.

O~ N —



12 | Keysight | MoHTax 1 obcnykuBaHme conHedHbix oToranbBaHueckux CUCTEM — PEKOMEHAALMUM MO NPUMEHEeH IO

Ha puc. 12 nokasaH npuMep noMeLleHUs ANa XpaHeHns akkyMynaTopHbIx baTapeit v
MHCTPyMeHTbl Keysight anga BbINONHEHNSA KOHTPONbHO-U3MePUTENbHBIX MEPONPUATHIA,
CBA3aHHbIX C 3NEKTPOOBCAYXMBaAHNEM.

Puc. 12a. MpuMep noMeLieHns Ans xpaHeHrs akkyMynsaTopHbIx baTapeit n uHcTpymeHThl Keysight ans
BbINONHEHWNSA KOHTPOIbHO-U3MEPUTESNIbHBIX MEPONPUATII, CBA3AHHbIX C 371eKTPOODCYXMNBaHVEM.

TeCTI/IpOBaHI/Ie COJIHEYHOro KOHTpOJI1epa 3apdna

B conHeyHbIx KoHTpONNEpax 3apsAa MCNoNb3yTCH BCTPOEHHbIE YCTPOCTBA OTC/IEXMBAHNS
TOUKM MakcuMansHoi MowiHocTr (0TMM] anga Gonee abbeKTUBHOM 3apsaKky akkyMyATOpOB

0T MCTOYHMKOB CONTHEYHOM IHEeprmnn.

TectnpoBaHue yctporictea OTMM BkntoyaeT B cebs cnefytolme npoBepku:

1. Onekrpuyeckuin KM ycrporictea OTMM. TecT BbINofHAETCA NyTeM CpaBHEHMS BbIXOAHON
1 BXOAHOWM MOLLIHOCTM C MCMOMb30BaHWeM aHanmusaTtopa MolliHocTH IntegraVision PA2201A
koMnaHun Keysight (cM. puc. 13).

. AddekTrBHOCTL OTCNEXMBaHKS ycTporcTBa OTMM. TecT BbINOAHAETCH NyTEM MOHUTOPUH-
ra MolLiHocTK, Tpebyemoit ans OTMM, v ee cpaBHEHMS ¢ MOLLHOCTbLIO COTHEYHOIO MOLYS,
KoTopasi AMHaMUYeCcKn N3MEHSeTCs W3-3a U3MEeHEHUI MHTEHCUBHOCTU CONTHEYHOrO
n3nydenus. [ins aHanusa npobnem npu MoOHTaXxe CUCTEMbI U AN OLeHKU 3deKTUBHOCTH
ycTtporicte OTMM ycnelwHo ncnonb3yloTcs pydHble LndpoBble MynbTHMeTphl Keysight
cepun UT12xxA 1 TokonamepuTensHble knewn Keysight cepuin UTT9xA nnn U121xA
(cM. puc. 13).

Oba TecTta BKtodeHbl B ctanfapT DIN EN 50530 «06wmn KM doToranssaHnyveckmnx
MHBEPTOPOB, MOAK/IOYEHHbBIX K IHEProCeTH».

Q=0
Qgi)

@

Puc. 12b. (1) Pewerne Ang AMCTaHUMOHHON perncTpaumum
nanHbix Keysight U1115/7A; (2) pydHoit undposoi
MynbTMeTp Keysight cepumn U12xxA; (3) Tennosmsop
Keysight U5855A TruelR.

Puc. 13. MiHcTpymeHTbl kKoMnaHum Keysight ans
TECTUPOBAHIS COMIHEYHOTO KOHTpossepa 3apsaa. (1)
PyyHoit undposon mynstumeTp Keysight cepun UT2xxA;
(2) TokonzmepuTensHble knewm Keysight cepnin UT19xA u
U121xA; (3) aHanusatop MowHocTn Keysight IntegraVision
PA2201A.
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6. ConHeyHbIN MHBEPTOP:
npeobpa3oBaHue CONHEYHOW 3Heprum

®a KTOPbI, KOTOPpble CNeayeT y4nTbiBaTb
npn MOHTa>e COJIHEYHbIX MHBEPTOPOB

OcHoBHas 3afja4a MHBEpTOPa 3aK/to4aeTcsd B Npeobpa3oBaHi NMOCTOSIHHOIO 3N1eKTPUYECKOro
ToKa, MPOU3BOAMMOr0 CONTHEUHbIMU NaHEeNsaMU, B MepeMeHHblin Tok. CoflHeuHble MHBEPTOPbI
MOryT 06nafaThb cleayiolMy BCTPOEHHBIMI BO3MOXHOCTAMM:
1. TexHonorns OTMM anqa onpefeneHns AMHAMUYECKMX YCOBUIA Ha BbIXOLE CONHEYHOro
MOAyNs Unuv batapen 1 ANg MaKCUMMU3aLUMN BbIXOLHOV MOLLIHOCTU COSTHEYHOrO MHBEPTOPA.
2. CUHXpOHM3aUMs BbIXOLHOMO HaNpsaXKeHWs 1 TOKa C CeTblo aHeprocHabxatoLlen
KOMMNaHnu.
3. TexHonorns obHapykeHWst N30/IMPOBAHHbIX Y4aCTKOB, FAe B IMHWUM WU CETU 3HeprocHab-
KEHUS NPONCXOANT NafleHne MOLLHOCTW, U ONepaTUBHOIO OTKIIIOYEHWSA CONHEYHOr0
nHBEpTOpA.

Kauectso n KI[] conHeuHblx MHBEPTOPOB, Npeobpa3yioLLyX NOCTOSHHbIN TOK B MepeMeHHbIN,
0Y4eHb BaXKHbI MPU MOHTae CoHeYHow doToranbBaHnyecko cuctembl. O6bIYHO Mpov3BOAM-
TeNN CONIHeYHbIX MHBEPTOPOB YKa3blBatoT 3HaueHus MakcumManbHoro KM, Ho B gectutens-
HOCTW 3HAYEHNHA HaNPSKEeHWUS, CO3[1aBaeMOro COSTHeYHbIMY 3HepreTuYeCKMMM yCTaHoBKaMy,
VI3MEHSAIOTCA MO MHOMMM NpuyKHaM. oaTomy B EBponeiickyx cTpaHax bbin BBeAEH CTaHOapT-
HbIM MeTof, BbluncneHnii cpeaHeB3BelleHHoro KM npeobpasoBaHus [nEU]. B cBoto ouepeb
B CLUA SHepretuyeckas komuccus Kannpopruu (CEC) BHeapuna cobcTBEHHbI MeToA
BbluMCnenns cpegHerssetenHoro KM (n. ). MpuMeps BbiuMCeHNs cpeHeB3BeLLeH-
Horo KM, 8 ctpaHax EBponbl 1 B CLLIA nprBeseHsl Ha puc. 14.
Bbluncnerune cpepresaseluerHoro KM no metopy SHepretnyeckoit komuccmm Kanndop-
Huw (CEC):
Neec
= 0.04 - 11995 + 0.05 - 7309, + 0.12 " 03005
+ 0.21 " 505, + 0.53 * 750, + 0.05 * 1009,

Bbluncnenne cpepressselueHHoro KM/ no eBponeiickomy meToy:

NEu
= 0.03 1159, + 0.06 * 1109, + 0.13 " 72094

+ 0.10 - 1399, + 0.48 - 1500, + 0.20 - 119004

Puc. 14. Mpumepsl Boluncnenns cpepressseltenHoro KN npeobpasosanus no metogam CEC n EBponelickoro
cotoza [3].

3apaun, cBsi3aHHble C MPOBEPKOM N 0bCayXMBaHWEM
COJIHEYHbIX MHBEPTOPOB

Kak ogHodasHbIi, Tak 1 TpexdasHbli MHBEPTOP LOMKEH BblAaBaTb BbICOKOKAYECTBEHHbIN
BbIXOLHOW CMIHAN, NMPUTOAHbBIA ANS NUTAHMS MECTHOM dHEProceT! UNn AN AoMallHero
notpebnenus.

Hwn3koe Ka4eCTBO BBIXOAHOIO CUITHaNa COSTHEYHOTO MHBEPTOPA MOXET NPUBECTU K Cefyto-
WM npobnemam:

- Ecnn B cHyconpaanbHOM BbIXOAHOM CUTHae NepeMeHHoro Toka byayT npucyTcTBo-
BaTb rapMOHMYECKME NCKAXEHWS, 3TO NPUBELET K JONONHUTENIbHOM Harpy3ke Ha ceTb
3NeKTPOCHabXeHWsA U NOHN3UT 3dHEeKTUBHOCTL BCEI CUCTEMBI.

- HepaBHoMepHOCTb Harpysku, NpMBOAALLAS K LOMONAHUTENIbHON aCUMMETPUN Hanpsixe-
HWI, NOBAWSAET U Ha ApYyrve Harpy3ku B 3TOM e 3HeproceTu.

- BoicTpble konebaHus HanpskeHWs NPUBOAAT K MepPLLAHMIO CBETa.

[1noxoe Ka4eCTBO CUTHaNa MOXET MNPUBECTH K HEOXMAAHHbBIM OTKIYEHUAM NUTaHWUS,
HeMCnpaBHOCTAM 1 Neperpesy 0bopyaoBaHus (MPUBOAALLEMY K COKPALLEHUI0 CPOKa

3KCFIﬂyaTaLLVII/I], BO3HUKHOBEHWIO MoMeX Npn 3J'IeKTpOHHOIZ CBA3M N T. AO. [5]
Huxe nepedncriieHbl 3ana4vn, CBA3aHHble C O6CJ'Iy)Kl/IBaHI/IeM COJTHEYHOTo MHBEpTOpa:

- n3MepeHne Ka4ecTBa 3J1IEKTPOIHEPrnn, Bblpa6aTbIBBEMOlZ COJIHEYHbIM NHBEPTOPOM;
— MOHUTOPUHT pa6OTbI COJIHEYHOI0 MHBEpTOpa M yCTpaHeHe Henosaaok.



14 | Keysight | MoHTax 1 o6cayxnsaHue conHeudHbix ¢oToraabBaHUYecknx CUCTEM — PeKOMEeHAALMN No NPUMEHEHIo

I3mepeHve kayecTBa 3/1eKTPO3HePr1K, BoipabaTeiBaeMoi
COJIHEYHbBIM NHBEPTOPOM

BaxHeliwasn namepsiemas xapakrepucTuika coaHeyHoro niseptopa — ato KT npeobpaso-
BaHMWs MOCTOSIHHOrO ToKa B NepeMeHHbIN. Ee MoxHo onpefennTs ¢ noMoLLbio aHanu3aTtopa
mowHocTy Keysight IntegraVision cepuun PA2200. ObbluHO npon3BoanTeny ykasbliBatoT
3HaueHus makcumansHoro KM, Ho cpeaHeB3BeLLIeHHble BENUYUHbI, ONpefefiseMble

B cooTBeTcTBUM co cTaHaapTamu CEC n EBponeiickoro cotosa, bonee TouHo oTpaxatoT
daktnuecknin KNI ong gaHHoro BapnaHTta MCNoNb30BaHUS.

Ananunzatop MolHocTu Keysight IntegraVision cepun PA2200 cnocobeH onpenensite BaxkHen-
LuMe napaMeTpsl KauecTBa CuUrHana, B TOM UYKC/e akTUBHYIO 1 MOJTHYIO MOLLHOCTb NepeMeHHo-
ro ToKa, peakTUBHYIO MOLWHOCTb, KO3GPULMEHT 21eKTPUHECKOIN MOLLHOCTU, $a30BbIi yron
1 KO3GPULMEHT aMNAUTY bl HANPAXKEHWS 1 CUNbl ToKa. Takke OH M3MepsieT rapMoHuYeckue
KonebaHns HanpsaXkeHWs, CUNbl TOKa U MoWwHOCTK 1o 250-ro nopsiaka. 3T BO3MOXHOCTM
LenatoT aHanm3atop MolHocTn Keysight IntegraVision cepun PA2200 adpdekTBHbIM MHCTPY-

meHToM ang uamepenua KN npeobpa3osaHms NoCTOSHHOIO Toka B nepeMeHHbii (cM. puc. 15). O —
A ST o o e s 1 e
HepBOHaqaanaﬂ
NTorosas ¢popma curHana
dopma FapMoHHka 5|'apM0HMKa dop
3-ro nopsaka -ro nopanka 1

Puc. 15b. Ananusatop MowHoctn Keysight IntegraVision

Puc. 15. Ha rpadwike nokasaHa ¢popma curHana, nofyumnBLIascs B pe3ynsTaTe HafoXeHWUs CUHYCOMAaNbHOM BONHEI PA220TA

M rTapMOHUK TpeTbero 1 NAToro nopaaka.

B cnyyasx, korfa HEBO3MOXHO MCMOb30BaTb HAaCTOSbHbIE MHCTPYMEHTLI, KoMnaHus Keysight
npennaraet Lesbli psg pyYHbIX Nprbopos, HanpuUMep pyyHble LndpoBble MyabTUMETPbI CEpHIA
U12xxA 1 TokonamepuTenbHble knetmn cepuii UTT19xA, HesaMeHVIMble NMpU BbIMONHEHWN
NpoBepOK B Xofe bbICTPO HaNafku UNK ycTpaHeHWs HencnpasHocTel. s nonyyerus
LOMNOAHUTENBHON MHGOPMALIML O TOM, Kak BbISBASTL MpobneMbl, CBA3aHHbIe C rapMOoHMYye-
CKMMUM KonebaHUsIMK crUrHana, ¢ MoMoLLbIO PyYHbIX LLUGPOBbLIX MySIbTUMETPOB KOMMaHUM
Keysight cM. «BeisiBneHne rapMoHuk B cCUrHane nepeMeHHoro Toka. PykoBoacTeo no
npuMeHernio», nybavkauna N 5989-7687EN (Ha aHrn. 93.).

Ha rpadwke Ha ctp. 16 nokasaHa 3asucumocts KM npeobpa3oBaHna NOCTOSHHOrO Toka
B NepeMeHHbI oT MowHocTh. OBblyHO xopowwnmu 3HaverHusamm KM cuntatotca 90%
1 bonblue. CnepoBaTenbHo, Kak BUAHO Ha rpaduke, CyLLECTBYET AManNa3oH onTUManbHoi
MOLLHOCTM, B KOTOPOM [aHHbI MHBepTop focTuraeT Takux KM npeobpasosaHus.

Inverter Efficiency Profile

Efficiency (%)

Power (W)

Puc. 16a. 3aBucumocts Kl conHeyHOro nHBepTopa oT MOLWHOCTH. Puc. 16b. (1) Pyurol undposoti mynstnMeTp Keysight
cepun U12xxA; (2] TokousMepuTesbHbIE Knewm
Keysight cepuit UTT9xA n U121xA.
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MOHVITOpI/IHF pa6OTbI COJIHEYHOIo MHBEPTOPAa M BbidB1EHE HEMO1a40K

[epBbIM NPM3HaKOM HeWCNPaBHOCTY 0DbIYHO fiBAseTCH neperpes. A camblii 3GGEKTUBHbIN
cnocob BbIABWTL NpeBbILIEHWE Arana3oHa pabounx Temnepatyp — 3T0 MCMOAb30BaHKe
Tennosu3opa. Tennosusop Keysight US855A TruelR no3sonseT BoinonHuTh beicTpoe
CKaHMpOBaHMe CONMHEUHOro nHBepTopa (cM. puc. 17) 4nga NpoBepku ero HOPManbHOTo
bYHKLMOHNpPOBaHWA

c=0L83 RI=26.2% AT=23%

Puc. 17b. Tennosusop
Puc. 17a. IK-n30bpaxeHune paboTatoll,ero cosHe4Horo uHBepTopa. Keysight U5855A TruelR.
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NHTennekTyanbHble CHETUMKM, TPAHCHOPMATOPb
M NepekstoyaTenn 3a3eMaeHnsa: MOHUTOPUHT U y4eT
NpOV3BEAEHHOM 31eKTPO3HEPrM

DakTopbl obecneyeHns bezonacHom, HagexHon 1 becnepeboiHoi
paboTbl CONHEYHbIX hoTOranbBaHMYECKNX CUCTEM

[Mpv npoBeAeHVM NEPUOLNYECKON NPOBEPKM TEXHUYECKOrO COCTOSIHUS CONTHEeYHOM $oTo-
ranbBaHWYeCKoW CUCTeMbl 04eHb BaxHO ybeanTbCs B LLeSIOCTHOCTU coeAnHeHnn 1 obMoTok
TpaHcdopMaTopoB. Takke HeobXoAMMO NPOBEPUTL MHTENNEKTYaNlbHble CHETUMKM U NepekIo-
yaTenu 3azemneHus. Jlioboe noBpexaeHvie 3TMX KOMMOHEHTOB MOXeT BbIBECTU M3 CTPOS
conHeyHyto GoToranbBaHNYeCKy0 CUCTEMY 1 MOBAEeYb 3a CoboV TPyA0EMKIMIA NpoLIecC ycTpaHe-
HWS HemcnpaBHoCTel. bonee Toro, 3To MOXeT NPMBECTU K BO3HWUKHOBEHMIO OMaCHOM CUTyaLmu
IS TeXHMYeCKoro nepcoHana.

3afauu, CBA3aHHbIE C MPOBEPKOM 1 0BCNY>XMBaAHUEM MHTENNEKTYaNb-
HbIX CYETYMKOB, TPAHCHOPMATOPOB 1 NepektoYaTener 3a3eMneHmns

OBbI4HO 00 yrpo3e BO3HMKHOBEHWS HEVCNPaBHOCTY CBUAETENBCTBYET Ype3MepHbIii Neperpes.
B aTolt cutyaumm yaobree 1 besonacHee BCero BOCM0/b30BaTbCA TENIOBU30POM, HanpuMep
mogenbto Keysight US855A TruelR, 1 nonyunts VIK-n3obpaxeHns Haxoaawmxcs nof Hanps-
XeHneM TpaHchopMaTopoBs 1 coeavHernin (cM. puc. 18], IToT pyyHoit TennoBM30p NOMOXeT
BaM ObICTPO NPOBEPUTb, MEPErpPeBatoTCs M KOMNOHEHTHI.

—cin) 7]
Ut o

Puc. 18. VIK-n3obpaxeHvie TpaHchopMaTopoB Nof, HamnpsixkeHUeM.

3akoyeHne

KomnaHwusa Keysight Technologies npeanaraet Bce HeobXoanMble py4YHble MHCTPYMEHTbI 415
peLleHns 3afay, CBA3aHHbIX C MOHTaXOM 1 NpopuaakTUyecknM TeCTUpOBaHNEM COMHEUHbIX
3HepreTnyecknx ycTaHoBOK.

@ TIRREEE

HononHutensHyto nHdopMaLumnio o pyuHsix MHCTpyMeHTax Keysight Technologies cm.
Ha caiiTe: www.keysight.com/find/handheld-tools
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www.axiestandard.org
AV” AXle (AdvancedTCA® Extensions for Instrumentation and Test) npeacrasnsiet
-\ e coboWi OTKPBITLINA CTAHAAPT, OCHOBAaHHbIV Ha apxuTekType AdvancedTCA, ¢ pac-
LUVPEHUSIMU LN KOHTPONbHO-M3MEPUTENbHbIX NpunoxeHuii. Komnanus Keysight
BXOAMT B Yncno ocHosateneit koHcopumyma AXle. ATCA®, AdvancedTCA®
v norotn ATCA aBnsioTcs 3aperncTprpoBaHHbIMY TOProBbIMU Mapkamu
KoHcopumnyma PICMG.

www.xistandard.org

LXI (LAN eXtensions for Instruments) npeacrasnset coboli cetesolt uHtepdeiic,
L}///(I npuweawnin Ha cmery nHTepdericy GPIB 1 obecneunsatowmnii bonee beicTpbiii

1 3pdekTrBHBIN 06MeH AaHHbIMU. Komnanus Keysight BxoguT B Yncio

ocHoBaTenen koHcopumyma LXI.

WWW.pXisa.org
[\ " 4 | PXI (PCI eXtensions for Instrumentation] — ¢opmat MoaybHoro
FAl BbICOKOMPOU3BOANTENBHOMO BbIYNCAUTENBHOTO U KOHTPOSTBHO-
13MepuTenbHOro 0bopyAoBaHNs, NpefHasHa4YeHHoro Ans paboTsl
B XXeCTKMX NMPOV3BOLACTBEHHbIX YCIOBUSX.
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Ot Hewlett-Packard k Agilent n Keysight

Bonee 75 neT Mbl NnoMoraeM MHxeHepaM NPOHMKaTb B TaHbl U3MEPEHUIA.
Haww npubopbl, nporpaMmHoe obecneyeHvie v 3HaHWA 1 OMbIT HALWKX
MHXeHepoB NO3BOAAT BaM BOMNOTUTb B XMU3Hb HOBble Maen. Mbl
pa3pabaTtbiBaeM nepefoBble U3MepuTenbHble TexHonoruu ¢ 1939 ropa.

@, - 0pODD

_s5os

1939 BYNYLIEE

myKeysight

myKeysight www.keysight.com/find/mykeysight
HepCOHaﬂVBMpOBaHHOE npefcrasneHne Hanbonee BaXxHoON
L5 Bac MHpopmMaLmu.
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KanMbpoBOYHbIE YCTPOCTBA, CUCTEMbI U U3LENNS, N3rOTOBNIEHHbIE Ha 3aKas.

MnaHbl TexHnyecko Mopgpepxkn Keysight

www.keysight.com/find/AssurancePlans

[o natn net nogaepxkun 6e3 HenpeABUAEHHbIX PACXOL0B rapaHTUpyIoT,
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