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BBepeHune

Ha na6opaTtopHoM cTone 06bI4HbIN UCTOYHUK NUTAHMS YacTo PACCMATPUBABTCS KaK aKKYMYNSTOP C Py4YKON perynum-
POBKM BbIXOAHOrO HAMPSIXKEHWs!, KOTOPbIV 06ecnevynBaeT NuTaHUe Ansi pa3pabaTbiBaeMol CUCTEMbI UK MOACUCTEMBI.
OpHaKo ANs KOMMIEKCHOMO UCCNef0BaHMs, OLLEHKM U YCTPaHeHUs HenonagokK B paboTe y3/10B YCTPOWCTB, UCMOJb3Y-
€MbIX B CMYTHUKOBBIX CUCTEMAX M CMCTEMax 060POHHOrO Ha3HAYEeHWsl, BbIFOAHEE UCMOJb30BaTh 6oee COBEPLLUEHHBIN
N3MepUTesNbHbIA NPUBOp, CNOCOBHbIN UMUTUPOBATH MHOXECTBO BO3MOXHbIX 3/IEKTPUYECKUX MOMEX.

AHanusartop nuTaHus noctosiHHoro Toka N6705 komnaHun Keysight o6napaet BceM HE06X0AMMbIM AJ11 MOAENMPO-
BaHMWS NepexogHbIX NPOLECCOB 1 LIYMOB, KOTOPbIE MOFYT BO3HUKHYTb B LiensX NMTaHWs Ha BopTy caMoneToB, Kopa-
651ei, Ha3eMHbIX TPAHCMOPTHbLIX CPEACTB USIM CNYTHWUKOB. [IprMepbl NepexofHbIX MPOLECCOB BKIOYAKOT NPOLLECCHI,
BO3HMKalLMe B pe3ysibTaTe NycKa ABUraTens, NepekstoyeHns pexxmumMa paboTbl ICTOYHUKA NUTAHNUS, U3MEHEHUN
HarpysKku, yaapos MOJIHUK, BO3AENCTBUS UMNYNIbCOB CUCTEM PAAMOINEKTPOHHOWM 60PbObI, COTHEYHbIX BCMbILLEK W
BbICOKO3HEPreTnyecKkux yactuu,. NprmMepbl HexxenaTenbHbIX LYMOB BK/OYAIOT NyfbCaLMm OT CETU NUTaHMA nepe-
MeHHoro Toka (Hanpumep, Ha yactoTe 400 L) M NapasuTHble CBA3M C 3NEKTPOMEXaHUYECKUMU YCTPONCTBAMY.

B naHHbIX PeKoMeHOaunax no NPUMeHEHN0 ONNCbIBAKOTCA BO3MOXKHblIe I'IpOGJ'IeMbI, B 06X yepTax nsnarakTcs
noTeHUMaNnbHble HEOOCTATKN TUMNOBbIX pemeHm7|, npennaratTcd CXxeMbl BO3MOXKHbIX pELueHVIVI, a TaKXXe npencrasna-
0TCA NPUMepbl pe3ynbTaToB MOAETMPOBAHUA.
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[Mpo6neMbl: nepexofHble NPOLECCH! U LWYMbI

I'Iepexo,qule npouecchl N WyMbl Ha WWNHAaX MUTAHUA MOTYT Bbl3BaTb HEOXNOAHHbIE U HEXXeNaTeslbHble 3¢)¢eKTbI B
cucTeMe unu nogcucteme. B gaHHbIx PeKoMeHOauunax no npuMeHeHNo Mbl UCNOJIb3yeM crieayrouime onpeneneHnsa
3TUX TEPMUHOB!

- I'Iepexon.Hbll?l npouecc: nepexonglﬁ npouecc UCTOYHUKA NMUTAHUA — 3TO HeNnpegHaMepeHHOe N3MEeHeHUe Benn-
YNHbI HANPAXEHUA NNn CUbl TOKa. 3710 O,D,HOKpaTHbIﬁ, HEI'IepVIO,IJ,VI‘-ieCKVIPI CUrHan unm cobbitue. Takne cobbiTUS
4acCTo Ha3bIBakT BblﬁpocaMM, BCMNJieCKaMu, BbiNageHNAMN NN NpepbiBaHUAMMU.

= LUyM: LWYM UCTOYHUKA NMUTAHNA — 3TO MOAYNALNA B pe3ynbTaTe BO34ENCTBMS OOHOIO U HECKONbKUX HEXenaTesb-
HbIX CUTHaN0B, HaJI0OXXeHHadA Ha YPpOBeHb NOCTOAHHOIO TOKa. Kak npasuno, aTo HenpepblBHblVl ﬂepMOﬂ.VI‘-IECKMVI
curHan. Takue LWYyMbl HaCTO Ha3blBakT NyJibCaunaMn.

lMepexofHble NPOLECChl MOTYT CO34aBaThCs NPeACKa3yeMbIMU U HenpeacKasyeMbiM1 UCTOYHMKaMK. OgHUM U3 Npu-
MEepOB NPeAcKasyemMoro UCTOYHUKA NepexoHbIX MPOLECcCOB SBAETCA pe3Koe M3MeHeHe UMMNeaaHca HarpysKu
(Z,,,), xorna cuctema c 60N1bLLIOI MOLLHOCTbIO BKAKOYaeTCS (Z, , Pe3KO yMeHblaeTcs) Mnu Beikoyaetcs (Z_ pesko
Bo3pacraer). [lpyrvM nprMepoM SiBSIOTCA pe3Kne, AMHaMUYeCKNe U3MEHEeHNs, BO3HMKAOLWMe B YCTPONCTBAX M
cucTeMax, M3NyyaroLnMx MMNybCHbIe CUrHanbl. MepexoaHble NPoLecchl TaKKe BO3HUKAIT, Koraa, Hanpumep, caMo-
NeT NepeKsIYaeTCs C HA3EMHOro UCTOYHMKA 3NIEKTPONUTAHNSA Ha 60PTOBON MCTOYHMK, NMUTAEMbIN OT ABUraTens.

HenpenckasyeMble MCTOYHMKM BKIIKOYAKOT B Ce6s NPUPOAHbIE ABJIEHMS, TaKUE KaK yaapbl MOJIHUN U COSTHEYHblIE
BCMbILWKW. AHTPOMOreHHble MCTOYHUKM BKJTHOYAIOT B €65 3anyCK 3/1eKTPOMEeXaHWYeCKUX YCTPOMCTB, TaKUX Kak
ABUraTeNin 1 reHepaTopbl, 160 N3NyYeHUs CUCTEM PAANO03SIEKTPOHHON 6OpPb6LI.

MpuUYnHOM LYMOB SIBASIOTCSA 0BbIYHO BHYTPEHHME MU BHELUHME UCTOYHUKM. B ycTponcTBax, KOTOpble MCNOJIb3YIoT
WCTOYHUK NUTAHUS NepeMeHHOro ToKa, HefocTaTouHas GUIbLTPaLMA MOXKET NPMUBECTM K HABEAEHUIO MOMeX B Liensx
NMOCTOSAHHOIO TOKa Ha 4YacToTax cetu nutaHua 50, 60 nnn 400 I,

np06ﬂeMbIZ TUnoBble peweHnd ajad NCTOYHUKOB NMNTAaHUA
NMOCTOAHHOIO TOKA

[ns MopgennpoBaHusi NepexoHbiX NPOLECCOB M LYMOB UCTOMHUKOB MUTAHUS 00bIYHO TPebyroTcs pasHoobpasHblie
n3MepuTeNbHble NPUBOPbLI: OAMH MU HECKOIbKO MCTOYHWKOB NUTAHUS MOCTOSIHHOMO TOKa, U1dPOBON MyNbTUMETP,
ocumnnorpad v reHepaTop CUrHa 0B NPoun3BobHON GpopMbl. KpoMe Toro, yacto TpebyeTcsi nepcoHanbHbIN
Komnbtotep (MK), cHaBXEHHbIN NPOrpaMMHbIM 06ecneyeHneM A4S CO34aHNsA CUMHAN0B, KOTOPOe CrNoco6HO
3arpy»atb ¢ansibl B reHepaTop CUrHaNoB NPOU3B0oJIbHOM GOPMBbI.

HecMoTpsa Ha 3HauMTENbHYO MMBKOCTL TaKOro NOAX0Aa, ero HeA0CTAaTKOM ABSETCA C/I0XKHOCTb UCMONb30BaHMS,
YTO CBSI3aHO C PAAOM aCNeKToB: NOAK0YEeHEe NPMBOPOB APYT K APYrY M K UCMbITYEMOMY YCTPOWCTBY, YCTaHOBKA
napameTpoB U3MEPEeHNs As Kaxaoro npubopa, co3gaHune curdana B MK v nepepaya ero B reHepaTop CUrHanoB
npon3BoSibHOW PopMbl 1 Tak fanee. KpoMe Toro, ecyiv BO3HUKAOT NPo6aeMbl, CBS3aHHbIE C U3MEPEHUSMY,
notpebyeTcs BpeMsi U yCUnusi, 4To6bl TOYHO ONPEAESUTL, YTO SIBIAETCS UX NPUYMHOM - UCNbITaTeNIbHasA cCMCTeMa UK
TECTUPYeMoe YyCTPOMCTBO.
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MoAaynn MCTOYHNKOB
MATAHNA CEPUN N6700

Cepusi N6700 BkNtoYaeT yeTbipe
TMMNa Moaynen UCTOYHMKOB NUTa-
HUSI NOCTOAHHOIO TOKa: 6a30Bble,
NpoM3BOAUTESbHbIE (C BLICOKUMY
XapaKTepuCTUKaMu), NPeLmn3noH-
Hble, @ TaKXXe MOZYIN UCTOYHUKOB/
n3meputenen. bazoBbie NCTOYHUKM
NUTaHUS NOCTOSIHHOTO TOKa ANsi
N6705 BkntoyaoT MOOYNM C BbIXOA-
Hov MowwHocTbio 50, 100 1 300 BT
npv HanpsixeHun go 150 B u cune
Toka 10 20 A. UCTOYHUKM NUTaHUSA
C BbICOKMMM TEXHUYECKUMM XapaK-
Tepuctnkammn N6750 BrntoyatoT
MOZY/N C BbIXOAHON MOLLHOCTbIO
50, 100, 300 1 500 BT npu Hanpsi-
»xeHumn go 60 B 1 cune Toka oo

50 A. MNpeLmn3noHHbIE UCTOYHUKN
nutanns N6760 BkntoyaoT Mogynv
¢ BbIxogHoW MowHocTbio 50, 100,
300 1 500 BT npu Hanpsi>xeHUn 0o
60 B v cune Toka go 50 A. Moaynu
nctouyHmko/nsmeputenen N6780
06€ecneynBaloT BbIXOLHYH MOLL-
HocTb 20 BT npu HanpsixxeHun 0o
20 B n cune Toka po 3A.

" @ainbl MOryT 6bITb 3arpyeHbl Yepes
nHTepdeic BBOAA-BbIBOAA UM C MOMOLLbIO
YCTPOMCTB 3aNOMUHAHNSA AAHHbIX C
nHTepdencom USB.

[pepnaraemMoe pelieHune

AHanuzaTtop nuTaHus noctosiHHoro Toka N6705 ynpolwaeT npoBefeHune
KOMIIEKCHOIO TECTUPOBaHMA. AnpoM npubopa siBnsieTcs 4-C/I0TOBOE LaccH,

B KOTOpOe MOXeT B6biTb ycTaHoBNEHO OT 1 40 4 Moaynen MCTOYHWKOB NUTaHUS
NOCTOSIHHOMO TOKa C CyMMapHoM MowwHocTbio Ao 600 Br. LLlaccu coBMecTMO co
BCEMU MOAYNIAIMU UCTOYHMKOB nuTaHus cepun N6700 komnanum Keysight (cm.
GOKOBYI0 BPE3KY).

BcTpoeHHble AuruTansepsl NoALePXKUBAKOT U3MEPEHUSA HAMPSAXKEHNS U CUbI
TOKa, He Tpebys MCMONb30BaHMS TOKOBbIX LUYHTOB, TOKOBbIX NPOBHMKOB UM TOKO-
YYBCTBUTESIbHbIX PE3UCTOPOB. BcTpoeHHas dyHKuua ocuunnorpada nossonser
oTo6paxkaTb ouMbpOBaHHbIE AaHHbIE HA 6ObLLIOM LBETHOM AuCniee.

QDyHKUUS reHepaTopa CUrHAI0B NPOU3BOJIbHOW GOPMbI NO3BOSISIET MOLENMPOBATL
nepexofHble NpoLecchl U WyMbl cpegcTBaMm aHanmsaTtopa N6705. Co3paHue
curHana ynpowaetcs 6narogaps npocToMy B UCMOSIb30BaHWUMW NHTepdeiicy
noJsib30BaTesisl, @ KA4eCTBO CUrHAJIOB MOBLILLAETCS 3@ CHET LUMPOKOW NOMOChI
nponycKaHus.

C nomoubto aHanusatopa N6705 curHanbl MoryT reHepupoBaTbCst MOCPEACTBOM
33[,@HUs TOJIbKO HEBOJBLIOTO YMC/a TOYEK, MOCKOMbKY UCMOJb3YeTCst aNropuTM
KOAVPOBaHMWS OVMH cepuii (KOAMPOBaHMSA NOBTOPOB): KaXAas To4YKa CUrHana
onpenensieTcs yCTaHOBKOW 3HAYEHMS HANPSAXKEHUS Y BPEMEHU BbIOEPIKKU.
Hanpumep, ans onpegeneHus uMnynbca TpebyeTcs 3a4aTh TOJILKO TPU TOUKMW.

B Tabnvue 1 npenctaBneH NoHbIA CNMCOK BO3MOXHbIX BAPMAHTOB GOpM
curHanos, npegnaraembix aHanusatopoM N6705. Kaxabln curHan MoxeT 6biTb
HacTPOeH Ha NOCTOsSIHHOE MNOBTOPEHME WK Ha 3afaHHOe YNCII0 MOBTOPOB.
OnpegpensieMble nonb3oBaTesieM GOpMbl CUrHaNOB MOTYT GbiTb BBEAEHbI C Nepef-
Heln naHenu npubopa unu 3arpyxeHbl B npubop B Buae danna popmarta CSV
(3HaueHus, pazgenéHHble 3anaToiMu)'.

®opmMa curHana Yucno Touek Ha curHan

CuHycoupanbHbIn 100 Touek
CryneHuaTblit 2 TouKM
JInHeliHO nsMeHsoWwmiics 100 Touek
MMnynbcHbIN 3 Toukmn

JInHeHO n3MeHsoWMIACS No Wwaram OnpepensieTcs YNCNOM LWIAros

IKCMNOHEHLMANBHbI 100 Tovek

OnpepensieMble nonb3oBaTeneM Gopmsl
CUrHanoB HanpsikeHus (Bbixod, BefeT cebs
KaK UCTOMHUK HaNpPsXKeHNs)

[lo 512 ToyeK ¢ perynvpyemsiM ans Kaxaon
TOYKM OTAENbHO BPEMEHEM BbIAEPXKKM

[o 64000 Touek c nporpaMMupyeMbim
BpEMeHeM BbiaepKKu (oauHakosas
L/IUTENBbHOCTb A1 BCEeX TOYeK)

Onpepensemble nonb3osatenem Gopmbl
CUrHanoB Toka (Bbixod BeaeT cebs Kak
MCTOYHMK TOKa)

MocTaBnsieMas ¢ NpMbopoM NpUKNagHas nporpaMma ynpasneHust U aHanmsa
14585A komnaHum Keysight o6ecneyvBaeT ynpaBneHue paboton fo YeTbIpéx
waccu N6705 c ogHoro akpaHa [MK. 3a cuéTt rpaduyeckoro nHtepdenca nonb-
30BaTeNIs 3Ta NPOrpaMMa NpefocTaBAseT yayylleHHble BO3SMOXKHOCTY BU3yanu-
3aumm 1 ynpasneHns gaHHbiMu. MporpaMma Takxe NoALepXNBaeT co3paHne
CIOXHbIX CUTHANOB NPON3BOIbHOMN GOPMbI NOCPEACTBOM 3axBaTa W 3arpy3ku
peanbHbIX CUrHANOB AN Noc/iefyroLLero Bocnpon3ssenerus fo 16 curHanos (Tpe-
ByeTcs yeTbipe aHanM3aTopa NMTaHus nocTosiHHoro Toka N6705). ns nonyyeHus
6onee noapobHOM MHPopMaL MK, NoxKanyncra, obpalianTecb Ha cCauT KOMNaHWUK
Keysight no cceinke: www.keysight.com/find/14585.
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Pe3ynbTathl: reHepauus curHana
nepexoAHoro npowecca

B kauecTtBe npumMepa, Bol MoxkeTe npuMeHsTb N6705 gns uMuTaumMm npepbiBaHUs
NUTaHWs, Kak ato onpefgeneHHo B ctaHaapte RTCA DO-160F pns ucnbiTaHni anek-
TPOHHOro 060pyn0BaHUS, MPUMEHSAEMOr0 B caMosieTax. KnioyeBble napameTpsbl:

- HoMuHanbHoe 3HaveHne HanpsxeHus = 28 V

- MwuHMManbHoe 3HHaYeHue HanpsxeHusa = 4,2V

- BpeMs nuHeiHoro cnaga Hanpsxkenus (Tf) = 17 mc

- Bpems Bblgepxku (Ti) = 8 Mc

- Bpems nuHeitHoro HapacTaHus Hanpskenus (T) = 4 Mc

3T napameTpbl MOTyT BbITb BBEAEHbI C UCMOSIb30BaHMEM UHTepdelca nepeaHen
naHenu npubopa v BCTpoeHHOW pyHKUMM “trapezoid waveform” (tpaneuen-
[NasbHbIA CUTHAaM), Kak NoKa3aHo Ha pucyHke 1. Pesynbtupyrowmii curtan, npea-
CTaBJIEHHbIV Ha PUCYHKe 2, Obln 3axBayveH ¢ ucnonblosaHmeM N6705 B pexume
ocunnnorpada.

r = = 8|
Output 1 - Trapezoid Yoltage Properties
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Voltage After Arb

® Return to DC Value Last Arb Value Edit Points Scdpe Stopped  100msid  382ms  Auto £ Voltage 1 ¥

. mi mz Delta Tefin. A, hfa.

¢ Continuous Close 279596Y 42642V 238953V 42533V 163777V 27.9850V
S 4 15.6ms  43.2ms 27.6ms( 362H2) 43.1ms  27.6ms  21.7ms
PucyHok 1. UHTepdeiic nepegHer naHenv obneryaet cosgaHve PucyHok 2. Mapkepbl U3MepPEHUIN NOKa3blBAOT YPOBHU HAMNPSXKEHUS
PasfIMYHbIX TUMOB CUTHAJOB CWUrHana c npepbiBaHueM

OueHb C/I0XKHbIE CUTHASbl NEPEXOAHbIX MPOLECCOB TaKXKe MOryT ObITb CO34aHbl
C NoMoLbo GYHKUMM reHepaTopa CMrHanoB Npou3BonbHoM dopMbl. Hanpumep,
dyHKUMa ocumnnorpada MoxeT ObITb MCNONb30BaHa A5 3axBaTa nepe-
X0[HOro npoLecca B Lenu NUTaHMs, BO3HUKAKOLWEro Npu 3anycke ABUratens.
3axBayeHHble peasnbHble CUrHAJIbl MOXKHO 3aTEM COXPaHUTb B BUAe danna
¢dopmaTta CSV B ycTporicTBe 3anoMnHaHWS AaHHbIX ¢ MHTepdencom USB v nepe-
naTb B aHanusatop N6705 ons nocneaytoLlero BOCNpoM3BeAeHNS B Ka4ecTBe
UCMbITaTeIbHOrO CUrHana.
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Pe3yanaTb|: reHepauunsa LwymoBoro CurHasa

Mynbcaumm oT CeTM NUTAHWUSA NePEeMEHHOr0 TOKA, HafloXKeHHbIe Ha YPOBEHb
NMOCTOSIHHOIO TOKA, MOXKHO JIErKO CMoZennpoBaTh. Ha pucyHke 3 nokasaH npumep
TaKoro curHana, 3afaHHoro c nepegHen naHenu aHanmsatopa N6705. Ha pucyHke
4 noka3aH CUrHan NocTossHHOMO TOKa C NyNbCcauMaMK, 3aXBaT U M3MepeHne napa-
MeTPOB KOTOPOro OblsN BbINOJIHEHBI C UCNoNb30oBaHUEM N6705.

M= T=00166667s —»

@ Retunto DCValue O LastArb Va[ue] [ Edit Paints | Scope Stopped  200msid  60.0ms Auto £ Voltag

. mi me Delta in. Anrg. hdan.
Continuous | | Elose\I 25001y 24939V 0,002y 22998V 24010Y 25.005Y
L ) 43.2ms  600ms  168ms( 595H2)  517ms  168ms  43.3ms
PucyHok 3. 3apgaeTtcsi cuHycomaanbHbIv curHan ¢ amnautygon 1 B PucyHok 4. [lenbTa-MapKepbl NOKa3blBalOT aMNAUTYAY U Nepuos,
v yactotoun 400 Fu,, HaNOXEHHbIM Ha CUrHAN NOCTOAHHOMO TOKa C wyMa, UICTOYHMKOM KOTOPOro ABNAAETCA CeTb NMUTaHUA NnepeMeHHOoro
HanpskeHueM 24 B TOKa
3akn4yeHune

N6705 aBnaetcst eAMHbIM, MHOFOGYHKUMOHANbHBIM NPUBOPOM, MO3BONSOLLNM
JIEerKo MOAENNPOBATL WNPOKNA ANANA30H NEPEXOHbIX MPOLECCOB U LWYMOBbIX
CUrHanoB, OT MPOCTENLUNX A0 CNIOXHbIX. PasnuyHble NnpocTblie CUrHabl MOTyT

6bITb BbICTPO ONpeAeneHbl ¢ nepeaHen naHenn npubopa, a C0XHbIe CUrHasbI
npou3BosibHOM GOpPMbI MOTYT BbITb 3arpy»eHbl Kak dpannbl popmata CSV

6e3 HanucaHus kakoro-nmbo koaa. Takme BO3MOXKHOCTH YNPOLLAIOT NpoLiecc
KOMMJEKCHOro TECTUPOBAHUS, UCMbITAHUS U NPOBEPKU 3aBUCUMOCTY XapaKTEPUCTUK
y310B 1 cy6610KOB, NCNOSIb3YEMbIX B CMYTHUKOBBIX, 33POKOCMUYECKUX CUCTEMAX U
cuctemMax 060pPOHHOr0 Ha3HAYeHMs, OT CETU MUTAHUS.

JlntepaTtypa

- Keysight DC Power Analyzer technical overview (aHanusatop nuTaHus nocro-
SIHHOTO TOKa KoMnaHuu Keysight, TexHnueckuit 0630p), HoMep nyGamKauum
5989-6319EN

- Keysight N6700 Modular Power System Family brochure (MogynbHas cuctema
ncTouHnKoB nutaHus cepun N6700 komnanum Keysight), Homep ny6nmkauun
5990-9550EN

- Keysight 14585A Control and Analysis Software quick start guide (kpaTtkoe
PYKOBOZCTBO N0 BBOAY B 3KCMJIyaTaLMI0 NPOrpamMMbl ynpaBsieHUs U aHanusa
14585A komnanuu Keysight), poctynHo Ha cainte komnanuu Aglent no ccoinke:
www.keysight.com
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