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BeepeHue

HeobxofnMocTb CHUXeHUS NoTpebneHnsa sHeprv 1 BenYMHbl BbIDPOCOB yraekmncaoro rasa crana
MPUYMHON yBENIMYEHUS KONMYeCTBa BbIMyCKAaeMblX CUNOBbIX YCTPOWCTB U Npeobpa3oBaTeneil.

K pocTy apdexkTuBHOCTM Npeobpa3oBaHmii, a Takxxe 6oNblUeR HAfEeXXHOCTU CoO3LaBaeMblxX
cunosbix Npeobpa3soBaTeneit NpMBOAAT Ba OCHOBHbIX Noka3aTens. B obnacTu npupogooxpaHHoi
B030OHOBNAEMON IHEPTUM, HAaNPUMEp, COSTHEYHOW 3HEPTUW, OCHOBHbLIM NoKa3aTeneM
spdexkTnBHOCTH BbIbOpa NpeobpazoBaTeneit CONHEYHOM 3HEPrMM ABASETCA HOPMUPOBaHHas
cTonMocTs 3Heprum (LCOE). [1ByMa BaxHbIMU nepeMeHHbiMU Npu pacyeTe LCOE, Bennuuna
KoToporo nokasbiBaeT, byAyT v Ballun MHBEPTEpbl NPOAaBaTbCs, ABNSI0TCS 3G HEKTUBHOCTb

M HafeXHOCTb. A HafleXHOCTb rnbpuaHbix anekTpudeckux (HEV) u anektpnyeckux astomobunei
(EV] HanpsaMyio cBA3aHa ¢ penyTaumei npon3BoauTeNs, @ TakXXe C BbICOKMMU MoKasaTensaMu
Be30nacHOCTM 1 coXpaHeHUS XU3HN.

TpebosaHnus, cToAlW Ve Nepes MHOMMMN COBpeMeHHbIMMU Npeobpa3oBaTenaMu MOLHOCTYW BITOTHYIO
NPMBAN3NANCH K BO3MOXHOCTAM YCTPOWCTE Ha 0CHOBe KpeMHua. Ho nosBneHne cuioBbix
KOMMOHEHTOB C LWMPOKOM 3anpeuleHHoi 3oHoi (WBG) Ha ocHose kapbuaa kpemuua (SiC) u HuTpuaa
rannus (GaN) rapaHTupyeT yBenuueHve aToro npefena. Takue CBONCTBA, Kak BO3MOXHOCTb HbICTPO
nepektouaThes, CNoCOBHOCTb BbIAEPXMUBATL BbICOKME 3HAYEHUA HANPAXKEHUSA, PACLIMpPEHHbIe
TeMnepaTypHble Arana3oHbl NPUBOAAT K YBEANYEHWIO 3GBEeKTUBHOCTM U HAfeXHOCTH YCTPONCTB,

a Takxe K yMeHblieHWo pranyecknx pasmepos. Ho nepen Tem kak cvnogbie npeobpasosaTeny

C MCMONTb30BaHUEM KOMMOHEHTOB C LUMPOKOW 3aNpeLeHHO’ 30HOM CTaHyT OCHOBHbIMMY,
NPOM3BOANTENN CTONKHYTCA € npobnemamu pa3paboTku v TeCTUPOBAHUA, pelleHmne KoTopbIX
MOMOXET PaCKpPbiTh MOTEHLMAN 3TUX YCTPOWCTE B MOJIHOM Mepe.

3T0 NepBas U3 YeTblpex YacTel, ONUCHIBaOLLMX 3Tanbl pa3paboTku cunosoro npeobpasoBaTens.
Mbi paccMoTpuM Npobnembl, KOTopble BO3HWKAIOT Npu pa3paboTke M TECTMPOBAHUN Ha KaX40M 13
YyeTblpex 3Tanos, U NpeAn0KMUM BaM BapuaHThl pelleHns 3Tnx npobneM c noMoLbio annapaTHbIX
M NporpaMMHbIx cpefcTs. Hanbonblee BHUMaHWe byneT yaeneHo ynyYweHnto yNoMaHY ThiX Bbllle
KOHCTPYKTUBHbIX NOKasaTenen: ypennyeHnio 3¢pPeKTUBHOCTU, NOBLILLIEHWNIO HALEXHOCTH

M CHUXEHWMIO MOMEX, a TakXe yMeHbLleHno dopM-dakTopa.

Kpome Toro, byayT 3aTpoHyTbl NnpobnieMbl pa3paboTku 1 TeCTUPOBAHWS, BO3HUKAIOLLME NP
MCMONb30BaHUM LWMPOKO30HHbIX MOJYNPOBOLHMKOBBIX YCTPONCTB.

Kaxpaa v3 yeTblpex YacTel faHHOW Cepun 0CBELLaeT OANH U3 NEPEYNCIEHHbIX HUXe LMK0B
npou3BoACTBa:

1. OueHKa CMNOBLIX YCTPOMCTB U KOMMOHEHTOB

2. MofennpoBaHue yCTPOWCTB C MCNOJIb30BaHMEM MPOrpaMMHbIX CPeCTB
3. [poekTrpoBaHuMe 1 oTnagka yCTPOMNCTB

[lpoBepka 1 cepTUdMKaLMg N3ENN
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OLLeHKa CNIOBbIX yCTpOVICTB M KOMITOHEHTOB

Ha naHHOM 3Tane Npou3BOACTBA Y MHXeHEepOB BO3HMKaeT He0bXxo4MMOCTb OLLeHKM
CO34aHHbIX B MOC/eHee BpeMs CUoBbIX ycTponcTe (MOM-TpaH3ncTopos 1 BunonspHbix
TPaH3WCTOPOB C M30IMpPOBaHHbIM 3aTBopoM (IGBT) ana nanbHelwero Mx NCNoNb30BaHNs

B MPOM3BOACTBE KOHKYpeHTocnocobHbix npeobpa3oBaTteneit. C BO3HMKHOBEHWEM npubopos
C LUMPOKON 3anpeLleHHo’ 30H0 Ha ocHoBe kKapbuaa kpemuua (SiC) u HuTpuaa ranavs (GaN]
oLeHKa CMNOBbLIX YyCTPOMCTB cTana bonee cnoxHoli. Vicnone3oBaHue npubopos

C LUMPOKOWN 3anpeLLeHHOM 30HOM pacwmpsaeT BO3MOXHOCTU YCTPOMUCTB U N0 CPaBHEHMIO

C KpeMHMeM no3BonseT bricTpee NepekoYaTLCA NOCPeACTBOM yBENYEHUA MAKCUMaNbHO
CKOPOCTU UBMEHEHWS BXOAHOIO CUIHANa, BbIAEPXMBATb BbICOKME 3HAYEHUSA HAaNPSaXKeHNs

V pacluMpeHue TemnepaTypHoOro AnanasoHa. bnarogaps aToMy co3gaBaeMble CUNOBbIE
npeobpa3osaTteny obnapaT TakMMK NpenMyLLecTBaMu,

kak bonee Bbicokas 3bGeKTUBHOCTb M MeHbWWI dopM-dakTop. Ho c Apyrol cTopoHsl

3TN NPeUMyLLeCcTBa YCII0XHAIOT OLEHKY M MCNoNIb30BaHMe ux B Byaywunx paspaboTkax.
[MoHUMaHMe TeXHNYEeCKMNX XapaKTePUCTHK 1 BOMPOCOB HaAeXHOCTM NONYNPOBOLHNKOBbIX
CUI0BbLIX YCTPOMCTB BaXHO A9 UX MPOU3BOACTBA, Tak KAK UMEHHO OHM 3HAYNTENbHO BANSIOT
Ha 3G deKTUBHOCTb M HAAEeXHOCTb BCEI cxeMbl NpeobpasoBaTenst MOLHOCTH.

K coxaneHutio, npefoctasngemMoil NponM3BognTeneM TexHu4yeckon nHGopmaLmmn 3a4acTyio
HeA0CTaTOYHO AN MOJHOIO NOHUMaHUA. YCN0BUSA, NepeyncieHHble NPOM3BOgMTENEM

B TEXHWUYECKOM OMUCaHMWM, YaCcTO OTANYAIOTCA OT AeNCTBUTENbHbIX YCIOBUI MCNONb30BaHKS,
¥ NO3TOMY NoflyYeHHas MHPopMaL s He faeT NOAHOro npefcTasfenuns ob ycTpolicTse.

370 NPMBOAMUT K TOMY, UTO CO3AaTb HAfEXHYI0 1 3DEKTUBHYIO CXeMy Ha OCHOBE MOJTyHeHHOM
OT NPOU3BOANTENS KOMNOHEHTOB MHGOPMALMM OYeHb CNOXHO. 3To KacaeTcs 1 npubopos

C WMPOKOW 3anpeLL,eHHo 30HON, Tak Kak NPOU3BOANTENN BbIOUPAIOT, Kakne TeXHUYeCcKne
XapakTepucTUKM HeOBX0AMMO BKIOUNTL B cneuuduKaLmnio, a Kakmne HeT.

Kpome Toro, yBennmyeHne MakCcMManbHOM CKOPOCTU U3MEHEHWS BXOLHOIO CUTHaNa CUN0BbIX
KOMMOHEHTOB C WWPOKOK 3anpeLieHHoN 30H0M NPUBOAMT K MOABJEHWIO CUTHAT0B/MOoMeX

C BbICOKOW 4aCcTOTON, KOTOPble MOMYT Bbl3BaTb PE30HAHC B MCMO/Ib3YEMbIX B yCTPONCTBAX
cxemax, Mo3TOMY 3a4acTyl0 UHXXEeHEepPbI, 3aHNMatoLWMecs CMNoBbIMM Npubopamu, HaunHaoT
AyMaTb KakK MHXEeHepbl-pafno4acToTHUKKW. To eCTb MHXeHepy He0DXOAMMO He TObKO
NPOBeCTW OLEHKY camoro cunosoro npunbopa, Ho 1 ybeanTbes, 4To BolbpaHHbie 1
MCNOoNb3yeMble KOMMOHEHTbl M KOHCTPYKL MM NeYaTHbIX NaaT MOryT BblfepXaTb nojaydyaemMoe
OT KOMMOHEHTOB C LUMPOKOW 3amnpeLLeHHON 30H0M yBeNnYeHrie NPOU3BOANTENBHOCTU U
HajexXxHocTu. [ocne NpoBeAeHNs OLEHKMN BaXHO MMeTb cneundukalnio c napamMeTpamu,
KOTOpble MpUrofaTcs AN CO34aHUA TOYHOM MaTeMaTU4eCKoM MOAENN, MCMONb3YeMON NpU
cUMynaumu,

B cnegyownx pasgenax byayT onucaHbl TeCTbl, He0bXxoAMMble 415 OLEHKM CU0BbIX
NpubopoB C WKNPOKOW 3anpeLLeHHon 30H01. [Ina ynpoweHnsa AaHHble TecTsl byayT
pa3fjeneHbl Ha ABe KaTeropuu: cTaTu4yeckoe TeCTUPOBaHMe U IMHaMUYeCcKoe TeCTupoBaHue
(TecTbl ¢ ABOMHBIM MMNYAbCOM). B TpeTbeM pasgene onucbiBalTcs cnocobbl oLeHKH
BbIOMpaeMblX CUAOBLIX YCTPONCTB, OCHOBAHHbIX Ha Mpubopax ¢ LUMPOKOWA 3anpeLleHHoN’
30HOMN.
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CTtaTudyeckoe TecTnpoBaHuMe:

CTaTuyeckoe TeCTMPOBAHMWE CUIOBBLIX YCTPOMNCTB NPOBOANTCA A NPOBEPKM UX paboThl, —
Npu 3TOM paccMaTpMBalOTCH Clieflyloline napameTpbl:

- napameTpbl TOKa U Hanpsaxerusa (conpoTusnerue skodeHna Ron, Hanpsaxerue npobos
BV, Tok yTeuku, noporosoe HanpaxeHue Vth, HanpaxeHue HacbiweHua Vsat u ap.)

- BE/IMYMHbI BXOAHOM, BbIXOAHOM eMKoCTu, emkocTu 3atsop-cTok (Ciss, Coss, Crss, Cies,
Coes, Cres) n conpoTunenenue 3atsopa (Rg).

Ona nsamepeHuns gaHHbiX NapamMeTpoB 06bIYHO UCNOABL3YIOTCA Pa3NinyHble MHCTPYMEHTHI,
HanpuMmep, xapakTepuorpad u M3aMepuTens MMMUTaHca. Ho faxe nMmes Bce
HeobXoA4MMble MHCTPYMEHTbI, TOYHOCTb M3MepeHUin byaeT XyXe naeanbHoW n3-3a
BO3HMKalOWMX NpobNeM C TeCTOBLIMU NPUCNOCODNEHNAMM, M HACTO 3TV NapaMeTpsbl
CNOXHO OLEHUTb B pexunme pabounx Harpy3ok no ToKy v HanpsixkeHuto. 3Tv npobnemesl
MOTYT cTaTb elle CNOXHee, ecNu HeobXoAMMO oLeHUTb paboTy ycTpolicTBa B yCNOBMAX
BO3LeNCTBMSA paclUMPEHHOro AManasoHa TeMnepaTyp.

B Teyenune fonroro BpemeHn komnanua Keysight Technologies, Inc., ocHoBHOW
NOCTaBLLMK pPeLUeHMii N0 OLLeHKE TOYHOCTU CU0BLIX YCTPOWCTB, NOABAAIOWMXCA Ha
PbIHKE NOJYNPOBOLHUKOBbIX TEXHONOT WA, Npefnarana KOHeYHOMY Noab30BaTesto

VAN NPOM3BOAUTENAM CUN0BbLIX NPMBOPOB pa3nnyHble cnocobbl oueHku. Mpu 3ToM
LaHHble cnocobbl yLoBNEeTBOPSANM YCNOBMUAM TECTUPOBAHUSA KOMMOHEHTOB C LUMPOKOA
3anpelleHHon 30Hoi. OCHOBHOE pelleHne — aHann3aTop cunosbix ycTpoincTe B1506A.
[laHHbI aHann3aTop OCHaLLEH BbICOKOTOUYHbIM XapakTepnorpadoM, No3BoagaioLmm
NPOBOANTL N3MEPEHMA BXOLHOW, BLIXOAHOW eMKOCTH, eMKoCcTH 3aTBop-cTok (Ciss, Coss,
Crss, Cies, Coes, Cres). Kpome Toro, npoBefeHne W3MepeHuii BO3MOXHO B YCI0BUAX
peanbHblx paboyunx Harpy3ok cMNOBOro yCTPOMCTBA, BKJOYAa TeCTUpoBaHue

B AmMana3oHe HanpsxeHuit go 3 kB n Toka o 1500 A.

PucyHok 1. AHanu3aTop cunoBbIX
ycTpoicTe B1506A

Bonee Toro, NOMMMO cTaTUYeCKOro TeCcTa M OLEHKN BO3MOXHOCTEN aHann3aTop MOXeT
M3MepATb 3apsAf 3aTBOPa, @ Tak>Xe BbIYMCAATb M MOAENMPOBaTb NOTEPU MOLLHOCTH,
BO3HMKalOLWME 13-3a Mepekiodermns 4yacToT (cM. puc 2).
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PucyHok 2. MofenupoBatue aHannsaTtopom B1506A noTepun MowHocTH,
npu nepexkaoYeHnn

AHanwnzaTtop B1506A Takxe no3BONAET NPOBOAUTL TECTMpPOBaHWe Npnbopa B LUMPOKOM
AWana3oHe TemnepaTyp. Bce 3T BO3MOXHOCTU 06beiHEHbI B OJHOM peLleHnn ¢
MONHOCTbIO aBTOMATU3MPOBAHHbBIMK N01b30BaTENbCKNM MHTEpHENCOM U 0CHACTKOMN.
Ecnny Bac yxe ecTb xapakTepuorpad v BaM Heobxo4MMO TONbKO [OMOAHNUTL ero
M3MepuTENEeM eMKOCTH Hapsaay C BO3MOXHOCTbLIO OLLeHKWN BEAUYMHbBI TOKa yTeYKUN 1
npobos nsonaummn, To 4NA 3TOro KoMnaHwen boin paspabotaH aHanM3aTop eMKOCTH
cunosbix ycTpoiicTe B1507A. Bonee noapobHas nHdopmMaL s No aHaan3aTopy CUAOBbLIX
yCTPOWCTB NpefcTasieHa Ha canTe: http://www.keysight.com/find/B1506A
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,EI,MHaMmquKoe TeCcTnpoBaHue:

JuHamnyeckoe TecTUpoBaHUe, UV TECTUPOBaHWE ABOMHBIM UMMYAbCOM, CUI0BOIO YCTPOMNCTBA COCTOUT

B ClleflylolleM: crcTeMa nocbinaeT MMNYbChl C BbICOKUM 3Ha4YeHMEeM Toka Ha O UH MK HECKONTbKO NpubopoBs
1 n3MepseT pe3ynbTupyioLlee Hanps>XeHne 1 GopMy Toka Npu NepekslOYeHUK, a Takke TeMnepaTypHble
napaMeTpbl TECTVPYEMOro yCTpoicTBa. [1na reHepupoBaHusa MMNYAbCOB MOXET UCMOJIb30BATHCH Kak
reHepaTop MMMNYJbCOB C BbICOKWMM 3Ha4YeHWeM Toka, Tak 1 cxema ANs TeCTUPOBAHUS C MOMOLLbIO IBOMHOIO
nmnynbca. Kaxabli nogxon vMeeT cBoW npenmMyliecTsa v HegoctaTku. Boibop yacTo 3aBucut ot
npeanoyYTeHN HXeHepa, NPOBOAALLEro UCAbITaHWsA. Ha prcyHKe HUXe NpUBeAEeHO onMcaHne KOMMNOHOBKM
1 pasMelleHuns npubopos ANA NpoBeAeHUA AMHAaMUYECKOoro TecTa ¢ UCnoib3oBaHneM obopyaoBaHus
komnaHun Keysight.

WcTOUHMKM NTaHKA Ana cxem
[ABONHOIO UMMyJbca:

Ocuunnorpadbl, noaxoasLe

- Cepua N8700 ¢ HanpsxeHnem ao 600 B [N AUHAMUYECKUX MZMEpEHVIA:

- Cepua N8900 c HanpsxeHnem ao 1500 B

-Ocuunnorpadbl cepun InfiniiVision
McTOYHNK -Ocuunnorpadbl cepum S
TOKOBOro

mmnynbca nnn

TecToBadA CXema

NBOVHOrO

MMNyNbca

(recTpyemoe
YCTPOICTBO)

[eHepaTop cUrHanos AnA ynpasneHna
CXeMOoW ABOMHOrO MMMy nbca M13MepeHue TemMneparypbi:
- Tennoswu3opbl U585/6/7A TruelR

- Cnctembl cbopa/perncrpaumm

- TeHepatopsbl curHanos Trueform

cepuin 33500 v 33600

- CeMelCTBO reHepaTopoOB CUrHaNoB
NPOU3BOJIbHON GOPMBbI
v wyma 81150A n 81160A

aHHbIX 34970/2A

PI/ICyHOK 3. 0nuncaHmne KOMNOHOBKM 1 pasMelleHnqa I'\pM60pOB ANA OUHaMU4YeCcKoro tectmpoBaHud
NN TeCcTnpoBaHnaA C UCNoJib3oBaHMeEM ,[I,BOVIHOI'O mnMmnynbca

Mpu npoBefeHNN AMHAMUYECKOr0 TECTUPOBAHMSA OLHMM M3 CaMblX CIOXHbIX BOMPOCOB, C KOTOPbLIM
CTanKMBaKTCA MHXEHEPbI CErofiHA, 3TO TOUHas xapakTepn3aumnsa GopMbl CUTHaNa Npu nepekioyYeHnn
(Hanps>XeHWs 1 ToKa) CUNOBLIX KOMMOHEHTOB C WWPOKOM 3anpeLleHHoi 30H0i. Eciv B nepByto ovepefb
paccMaTpmMBaTb n3MepeHune GopMbl CUTHANAE HanpsXKeHWs, TO OAHOW U3 NpobneM TecTMpoBaHus byaeT 3axsaT
1 3HAYEHWE NMUK-MNK HaNpsXXeHUs nepeksloYeHns, KOTOpoe MOXeT U3MEeHATLCS B Mana3oHe 0T COTeH

L0, MOXET BbIThb, ThICAY BOJIBT, MAKCHManbHas CKOPOCTb U3MEHEHMS BXOLHOMO CUIHANa npv 3ToM MOXeT
npesbiwaTh nHorga 100 B/1 He. B ycnosuax Takux 6bICTPbIX U3MEHEHWIA BXOAHOTO CUTHANa, He0BXOANMO
paccMaTpmMBaTb NOJ0CY NPONycKaHns n3MepuTensHoro npubopa, kak n ntoboro npeobpasosaTtens.
PacyeTHas popMyna nonockl NponyckaHusa Npu HapacTaHuu 1 cnage:

LInpuHa nonocel nponyckaHus = 0.5/ Bpems HapacTanua (10% no 90%).

Mcnonb3ya dopmyny, npuBeaeHHyio Bbile, opMa CrrHana npu nepekioYeHNn ¢ BeAUYNHOW BpEMEH!
HapacTaHusa 10 Hc byneT nMeTb nostocy nponyckaHus okoso 100 MIy. Tak kak paccymnTaHHas nosoca
NPOMNyCKaHUs Kax[oro u3mMepuTesbHoro npubopa obbluHoO onpegenseTca Ans yposHs — 346, To ans

Bonee TOUHbIX U3MEPEHUI TaKNX MakCKMaslbHbIX CKOPOCTEN M3MEHEHMS BXOLHOM0 3apsifia XoTenoch bbl
MCMoab30BaThb NPMBOP, KOTOPLIA MMEET pacCUMUTaHHYI0 MONOCY NpoNycKaHns B 2—3 pasa Bbllle, YeM nosoca
NponycKaHus curHana npu nepeknodeHnn. Ins npuBeAeHHOro Bbille NpMMepa, KOrha nosoca nponyckaHus
coctasnseT 100 My, nyywe, 4tobbl paccunMTaHHas nonoca nponyckaHusa npubopa coctasnana 200 My

n bonblue.

LdunHaMunyeckunin Lnana3oH 1 pa3pellatolias cnocobHOCTb MCNOb3YEMOTro M3MepuTenbHoro npubopa Takxe
o4yeHb BaxHbl. K npnMepy, LOCTUTHYTb BbICOKOW TOYHOCTM U3MEPEHWI YPOBHEN HAaNPAXKEHNSA HACbILLeHUS
yCTPOICTBA, KOTOPbLIe MOMYT COCTaBAATb OT A4eCATKOB 4,0 COTEH MUANMBONBLT MPU BENMYMHE NEPEKTIOYEH NS
8 100 BOSILT, MOXET CTaTb CNOXHOM 3a4a4el.
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[ng n3mepeHns BeNMUYMHbI TOKa NepekioyYeHnsa yCTPONCTBA MOXET MCMOb30BaTbCA TPALULMOHHBIN
TOKOBbIV NPobHUK Ha adpdekTe Xonna. Ho bonee noagxoaswmnmm bynyT cnyayoluime MeToabl: MeTO[,
KoakCuanbHbIX Pe3VCTUBHbIX LUYHTOB U METOA M3MEpEHWS C MOMOLLblo TpaHchopMaTopa Toka, Tak Kak B 3TUX
n3MepeHnsx Heobxoaumbl bonee HU3Kaa MHOYKTUBHOCTb U Bonblias nofoca NponyckaHns.

ObbIYHO AN TOYHOrO 3axBaTa GopMbl CUrHaNa NepekNloYeHNs HanpsXkKeHUs 1 Toka YCTPOMCTB C LMPOKON
3anpeLleHHo 30H0M ncnoab3ytTca ocuunnorpadsl. Ocumnnorpadbl XopoLo NOAXOAAT A1 UIMEPEHMA
napaMeTpOB MNepek/IloYEHMS CUNOBLIX YCTPONCTB, Tak Kak OHW MMetoT BoNbLUY NoNoCcy NPonycKaHus,
HECKOJIbKO KaHanoB (119 Toka 1 HanpsaxXeHuUa), a Takxe OHW MOTYT BblfiepxaTh 6oNbline 3HaYeHUs
HanNpPsXeHWd M TOKA NPY HOPMAaJibHbIX BEMYMHAX HANPAXeHUS 1 Toka NpobHuka u/wnn npeobpasosaTens.
B cnepytowmnx pasgenax byayT onncaHbl Heckonbko ocumnnorpados komnaHuu Keysight, npegnaratomx
BO3MOXHOCTU NPOBeAEHNA AMHAMUYECKOr0 TECTUPOBAHMS YCTPOMUCTB C LUMPOKOW 3anpeLLeHHON 30H0 M.

Ocumnnorpadsl cepun X: InfiniiVision 3000, 4000 n 6000

Ocumnnorpadsl cepun InfiniiVision He MMeOT aHaNoroB ¢ CBOEM KJlacce, CHabXeHbl MPOCTLIM B
MCNOJIb30BaHMM N0JIb30BaTENbCKUM UHTepPEiCOM, CEHCOPHBLIM 3KPaHOM A NPOCMOTpa U aHanu3a
bopmbl curHana nepeknoyerus. JononHutensHo ocumnnorpadsl InfiniiVision MMetoT onumio BCTPOEHHOTO
reHepaTopa CUrHas 0B CTaHL4APTHON/MPOU3BONLHON GopMbl. [aHHbLIN reHepaTop No3sosseT Nofb30BaTesnio
yNpaBaAaTb CXeMOW TeCTUPOBAHUA C UCNONb30BaHNEM LBOMHOIO MMMYyAbCa U NPOBOANTL U3MepeHune
pe3ynbTupytoLlein GopMbl crrHana nepeknwyverns ogHum npnbopom. Ocumnnnorpad v reHepaTop B 04HOM
Kopnyce MOryT ynpocTuTb cxemy TecTupoBanua. Ocumnnnorpadsl InfiniiVision cepum X nmetoT yayyweHHble
TexHMYyeckne BO3MOXHOCTM HaCTpoKy 3anycka ocuunnorpada, NpoABMHYTYI0 MaTeMaTudeckyto obpaboTky
CUrHana, aBToMaTuyeckne naMepeHuns. Takxxe LOCTYNHO LONOAHUTENbHOE NPUNOKEHWE N3MEPEeHUS
MOLLLHOCTM A5 OLEHKM 1 aHann3a MCTOYHUKOB NUTaHUA C aBTOMaTUYECKON HaCTPOMKON N3MEPEeHNIA,
BKJIIOYAIOLLMX NOTEPK Ha Nepek/IloYeHWe 1 pacyeT CONPOTUBAEHUA BKOYeHNs. [lanee B TpeTbel YacTy
BypeT 0bcyxpaTbcs, Kak 3TV ONUMKM MOTYT MOMOYb NOJ1b30BaTEI0 ONTUMU3MPOBATL NPOM3BOACTBO
npeobpa3oBaTenei MOWHOCTH, a TakXe yBENUYNTb CKOPOCTL NpoLiecca paspaboTku.

Ocunnnorpadbl S-cepuu: Infinilum

Ocuunnorpadbl cepun S komnaHun Keysight npeactaBnsioT AMANPYIOLLME HA PbIHKE TEXHONOTUN N3MEPEeHHUS,
VIMEIOT BbICOKYIO paspeLuatLlyo cnocobHOCTb M [JUHAMUYECKWUIA [Mana3oH 4Na n3MepeHus GopMsl

CUrHana nepeksiloYeHns ons oLeHKN cunosbix ycTpoicTs. Ocumnnorpadsl S-cepumn UMetoT paspeLlaioliyio
cnocobHocTe AL 10 6uT, rnybokyto namMaTh ¢ BeICTPLIM OTKAMKOM, a TakXe nojocy nponyckanus go 8 [y,
Onsa Toro, 4Tobbl NONYUYNTL NYYLLYIO MPOU3BOAUTENBHOCTL OCUMANOrpadbl S-CEpUN He TONbKO UCMOMb3YI0T
BblcokonpounsBofuTensHble AL, HO 1 MeloT HU3KoWyMSsL e BXOAHbIe TpakThl @ Takke NOoALepXUBatoT
BbICOKYI 4acTOTy auckpeTu3saumm co ckopocTbio 20 MMraBbibopok B cekyHAY, BCe 3T BO3IMOXHOCTH
No3BONAIOT M0 MakcuMyMy ncnonb3oBath 10-6uTHble AUTM. Ocunnnorpadsl S-cepun nMeloT caMoe BbICOKOE
3HaveHve apdekTusHbix 6T (ENOB) B cBOEM Knacce, bonee BbicoKOe, YeM ocUMANOrpadbl ¢ 3a9BIEHHON
12-6b1THOI pa3pelwalowen cnocobHOCThIO.

Ocumnnorpadunyeckre NpobHMKN

B namepeHuax ¢opm curHanos nepeksyeHns ocumnnorpad ABASeTCA TONbKO OLHUM U3 3/1eMEHTOB
cxeMmbl. Ipyras BaxHas yacTb U3MepeHuii —npobHuku. KomnaHusa Keysight npegnaraeT WWMpokuin cnekTp
anddepeHUnanbHbIX U HECUMMETPUYHBIX NMPOBHUKOB C Pa3fNUYHbIMK anasoHaMmn No HanpsaXXeHuo

M nonocamu nponyckaHus. Hanpumep, HecummeTpuyHbln npobHmk 10076C, KoTopbIl XOpoLLOo NOAXOAUT
015 U3MEPEHUI MOLLHbBIX YCTPOUCTB C LUMPOKOW 3anpeLleHHO 30HOW, MOXET BblAepXMBaTb HanpsXeHne
[0 4 kB n numeet nonocy nponyckanua 500 M. JaHHbeln npobHKK MMeeT HeboNbLYO CTOMMOCTb

v npeanaraeT WMUPOKME BOZMOXHOCTU MO HaNpPsaXXeHWaM 1 nosioce nponyckanua. [lna nsMmepenunii Toka
MHOrMe NPOU3BOANTENN OBBIYHO MCMONB3YIOT KOaKCHaNbHble PE3UCTUBHbIE LIYHTbI, KOTOpble MOTYT

ObITb M3MEpeHbl C MOMOLLbIO HECUMMETPUYHBIX MPOBHUKOB € HONbLION NONOCOM NPONYCKaHUA, @ Takxe
anddepeHunanbHbix NPOBHNKOB COBMECTHO C ocLuanorpadamMm co BCTPOEHHbIMU MaTeMaTUYeCKUMY
dyHkumamu. Komnanus Keysight Takxe npepnaraet bonblwol psajg akceccyapos AN NpobHMKOB A4
XOpOLero NoAcoefANHeHNs, yMeHbLIEHNA KONTMYeCTBa NOMEX 1 Napa3nTHbIX COCTaBAROWMX, YTO
yBeNMYMBaeT TOYHOCTb n3MepeHuit. bonee nogpobHasa nHopmauma o npobHrkax komnaHun Keysight Ha
cTpaHnue www.keysight.com/find/scopes-power 8 pasgene «View measurement options and probing
solutions».
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TennoBble xapakTepPUCTUKK CUITOBbLIX YCTPOWCTB

OnpefeneHune TeMnepaTypHOro Nnpoduna Bo BpeMsa TeCTUPOBAHUS CUAOBbLIX YCTPONCTB

C WKPOKON 3aMnpeLLeHHON 30HON TakKe 04eHb BaXHO N9 fanbHelllero Nnpon3BoAcTBa,

a Takxe Ans obecneyerns xopowei pabotsl u HagexHocTh. KomnaHua Keysight
pa3paboTana MHOXECTBO OMLMIA, KOTOPLIE MOTYT MCMOMb30BATLCHA A8 Pa3IMUHbIX 3a4ay.
Ona nposeneHnsa 1 3anncu NPAMbIX MHOTOKaHaNbHbIX MU3MEPEeHUI TeMnepaTypbl XOpPOoLWo
noaxoasaT uaMmeputensHole npubopbl 34970A n 34972A. NaHHble npnbopbl UMeoT MOAYAbHbIN
NOAXO[ K MPOBeAEHUI0 MHOTOKaHaNbHbIX U3MepeHNt TeMnepaTypbl, @ TakxXe MOryT
NpPoOBOAWTbL ApYrve oblMe N3IMepeHns, HanpuMep, MU3MepeHUs Toka 1 HanpaxeHus. Takxe
[OCTynHO becnnaTHoe nporpaMMHoe obecneyeHue L5 3anvcKn pe3ynbTaToB U3MepeHU.
Bonee nogpobHo 06 3TOM B HeTBepTOM YacTu cepuUN.

KomnaHwna Keysight Takxxe npeanaraet tennosusopsl cemeinctaa U5855/6/7A ana aHannsa
M3MeHeHWI B peasibHOM BPeMeHU, a Tak>ke aHanun3a nu3MeHeHuns npodusis Temnepatyp
CMAoBOro ycTpoicTaa. [lporpaMMHoe obecneyerune BkItOYAET CO3AaHME OTHETHOCTH,
coflepallelt aHann3 KpUBLIX M TOUeUHbI aHanu3, rpaduyeckoe n3obpaxeHve namepeHuin

1 BO3MOXHOCTb MU3MEHEHWA LLBeTa BbIBOAA Pe3yNbTaToB. ITOT UHCTPYMEHT LOMOSHAET U
yBeNMYMBaEeT CKOPOCTb NOSyYeHUs TeMNepaTypHoro npoduna cunosbix ycTpoincts. Kpome
TOro, 4NS YBENNYEHNSA MOLLHOCTU U YJIYYLLIEHWNS KOHTPONS CXEM C UCMOMb30BAHWEM [BOMHOMO
numnynbca komnanums Keysight paspabotana Wypokuit cnekTp CTOYHUKOB NOCTOSHHOTO
TOKa W reHepaTopoB CUIrHAN0B CTaHAAPTHOM/MPOM3BOALHOM GOpMbI, MpesHa3HaYeHHbIX 419
MCMOAb30BaHNA B CUITOBbIX 3N1IEKTPOHHLIX NpeobpasoBaTensax u cUNoBLIX NpecbpasoBaTensx.
B TpeTbei yacTu obcyxgaetcs bonee nogpobHas nHPopMaLmMsa 0 HUX, Ha puUcyHke 3

nepe4yncineHbol pekoMeHnyembole Mogenn.

PucyHok 4: TepMorpamMma nevaTHOW Naatsl, NosyYeHHas ANd aHanu3a M3MeHeHNn TemnepaTyp BaxXHOro
KOMMOHEHTa C MoMOLLbIo MporpaMMHoro obecnedvenuns Keysight U5855/6/7A. Tpaduik BHWU3Y pucyHKa
nokasbiBaeT M3MEeHeHWe TeMnepaTyp B ABYX BblDpaHHbIX ToYKax Ha n306paxxeHun



08 | Keysight | MosbilweHne HagexHOCTU 1 3GGeKTUBHOCTM paboTsl HOBBIX MOKOAEHW NpeocbpasoBaTeneit anektpudeckoi aHeprn (Hacts 1) - PekomeHaaumm no npuMeHeHmio

OLLEHKa OOMONTHUTEJIbHBIX KOMIMOHEHTOB:

KpoMe oLeHKM caMux CUNOBbLIX yCTPOMCTB, HEOOXOAMMO TakKe OLEHNTb U ONKUCaTb UCMNONb3yeMble LONONHUTENbHbIE KOMMOHEHTHI,
Hanpumep, KOHHEKTOPbI, MHOYKTOPbI, ANOAbLI M AaXe KOHCTPYKLMYM nedyaTHbix nnaT. OueHb BaXHO NpoBepuTh nx paboTy B
3asBNIEHHbIX TEXHUYECKUX YCNOBUAX, YDeaUTHCA B UX HALLEXHOCTU, MPOBECTU TOYHOE MOAENMPOBAHME C MOMOLLbIO MPOrpaMMHOT0
obecneyeHus. 3To He0BXOAUMO ANA YMEHbLUIEHWS CTOMMOCTU U BPEMEHM, KOTOPOE 3aTpaynBaeTCd Ha M3roToBAEHWE NpoToTMNa
obopynoBaHua. AHanuzaTop cunoBbix yctponcTs B1506A, o koTopom nogpobHo obcyxpanock B pa3fene o cTaTUYeCcKMx TecTax,
ABNAETCA MAeaNbHbIM UHCTPYMEHTOM AN NepeyncierHblx 3a4ad, a Takxe gNq:

- ToyHoro aHanM3a ToKa 1 HaNPSXXeHUs Mo BCEMY AMana3oHy UX 3HaYeHUN

- VI3MepeHns eMKOCTU 115 CaMbIX BbICOKMX YPOBHEN HaNpaXeHNs

- MlaMepeHus conpoTrBIEHUS NOCTOSHHOIO TOKa M MHAYKTUBHOCTU B YCNOBUAX DONbLWIOro TOKOBOr0 CMeLeHUs

- [MpoBepku paboTbl LPYyrMx UCMONb3YOLWMXCH NPUOOPOB B LUMPOKOM AMana3oHe TemMnepaTyp

Komnanus Keysight Takxxe npegnaraet bosnblwoe cemeincteo nameputeneint LCR, npegHasHayeHHbIX 419 NPOBeLEHMS TOUHbIX
M3MEepEeHNn UMNEeLAHCa NCMONb3yeMbIX KOMMOHEHTOB. MiamepuTenu LCR aBnstoTCa CTaHAapPTHBIM MHCTPYMEHTOM, UCMOb3YeMblX
B laHHOW obnacTu, Tak Kak obnafatoT NyylwrnM nokasaTeneM TOYHOCTU ¥ BOCNPOU3BOLMMOCTHM B LUMPOYaliLLIeM fManasoHe
3HaYeHUN MMNeaHca.

OueHka BAMAHNS HaxoaaLmxcs psaomM BY-crucTeM Ha ycTpolicTBa C WUMPOKOW 3anpelleHHOM 30H0M

B HacToswee BpeMa HeobxognMbl 6onee CNoXHbIE yCTPOCTBa aHanmn3a nMnefaHca, Tak kak NMponM3BoACTBO CUITOBbIX
npeobpasoBaTtenei cTaHoBMUTCH BCe bonee TpyaHbIM: HE0bBX0AMMO yunThIBaTL Bonee cTporve cucTeMbl ynpasnexus, bonblwme
CKOPOCTU NepeksioyeHns, a TakxKe UCNoNb30BaTb NPUBOPLI C WMPOKON 3anpeLleHHON 30H0M, KOTOPbIe FTeHEPUPYIOT BbICOKME
4acToThl BO3AENCTBMSA Ha CXeMbl U UMEIOT DbICTpble Nepenanbl BXOAHOro curHana. CvnoBble 31eKTPOHHbIE CXeMbl bonblle He
MOTYT CO3[aBaTbCH C UCMOJIb30BAHWEM NMPOCTHIX CXEM C COCPELOTOYEHHBIMW NapaMeTpaMu. HecMoTps Ha To, YTO CXEMbI C
COCpefoToYeHHbIMU NapaMeTpaMum MOTYT MPUMEHATLCS B I0ObLIX YCIOBUAX, CUT0BbIE CXeMbl HEOBXOAMMO KOHCTPYMpPOBaTh Tak,
4TobbI BbINO ACHO, KaK MX MMNefaHC MeHsaeTcs B bosee LWWMPOKOM AnanasoHe yacToT. Komnanusa Keysight BeinyckaeT npogyKThl,
CTaBLVe NULepaMn Ha pbiHKe, KOTOpbIe YA0BAETBOPSIOT NEPEUNCEHHbIM BhIlE YCNOBUAM:

AHannsaTtop umnepaHca E4990A:
- Iwnanason yacToT: 0T 20 Iy go 10/20/30/50/120 Ml
- [lnanasoH usMepeHus umnearca (ocHosHas norpewHocts 0,08; 0,045 (tun.)): ot 25 MOM o 40 MOMm

AHanunsatop nmneparca E4991B:
- Jwnana3son vacToT: o7 1 My go 500 My /1 Mu/3 My
- OunanasoH namepeHna umneganca (ocHosHasa norpewHoctb 0,65%): o1 120 MOM g0 52 kOM

PucyHok 5. AHanvsaTopbl nMnepanca komnaHumn Keysight

Lns namepeHns nmnenaHca aHanusatopsl cepun E4990A ncnonb3yoT MOCTOBOM MeTO/A C aBTO-banaHCMpPOBKOW, a aHanM3aTopsl
E4991B ncnonb3yloT MeTOA BbICOKOYACTHLIX NpeobpasoBaHuii Toka B HanpsaxeHue (RF 1-V). [laHHble MeToabl ocHoBbIBaOTCA (N0
3akoHy OMa) Ha IMHENHOM COOTHOLWEHMM BEAMYMHBI HAMPSXKEHUA-TOKA K BEAIMUMHE MMMeaHca. Takum 06pas3om, JOCTOBEPHOCTb
TeopeTM4ecKkoro U3MepeHns MNesaHca NOCTOAHHA U UMeeT BbICOKYI0 TOYHOCTb M0 BCeMY AMana3oHy U3MeHeHWI MNeAaHca,

B OT/IMYMeE OT METO[0B, UCMONb3yeMbIX B aHanu3aTopax Lenei. [pesocxogHasa cTabuabHOCTb M3MepeHUIl aHannM3aTopos
nmnepaHca E4990A/E4991B B cBOt 04epeab OCTUIaeTcsa NCMOb30BaHMEM NPUEMHMKE 018 MUHUMU3ALUMN OLINMBOK, CBA3AHHbIX
C YXOA40M NapamMeTpoOB 3a rpaHULLbl LOMYCTUMOr0 fMana3oHa. 3To M03BONAET MPOBOANTL TOUYHYIO XapaKkTepn3aLuio B TeyeHue
Bonbworo BpemernHoro nepunofa. Keysight Takxxe npegnaraet aHanusatopsl uenet E5061B cepun ENA, ocHallleHHbIX onumen
3L5/005 ananuza uenen, aHanmn3a MMMNefaHca, a Takxe aMnanTyaHo-Ga30B0ro aHanmsa.
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XoTs faHHble aHanM3aTophbl He UMeloT Takux nokasaTene TO4HOCTHU U cTabunbHocTy,
kak aHanusatopbl E4990A n E4991B, oHn npeacTasnstoT cobolt bonee yHuBepcanbHbIN
WHCTPYMeHT aHanu3a. Huxxe nprBeeH rpaduk, Ha KOTOPOM CPaBHUBAKTCSA TOYHOCTb
n3mepenuit npnbopos E4990A, E4991B, n ES061B B 3aBMCMMOCTM OT YacToThlI:
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PucyHok 6. 10% cTeneHb TOYHOCTU M3MepeHUsa uMnegaHca npubopos E4990A, E4991B 1 ES061B

Bonee nogpobHas nHpopmauma o6 LCR-nameputenax komnarnunm Keysight
v 0b aHannsaTopax MMNefaHca NpeAcTaBieHa Ha CTpaHuLe:
http://www.keysight.com/find/impedance

AHHOTaUMA

B AaHHbIX peKOMEeHAAUMSAX N0 MPUMEHEHMIO ONMUCHIBAOTCA NPODOAEMBI, C KOTOPbLIMUI
CTanKMBaKTCA MHXEHEPbI MO CUITOBOM 3NEKTPOHMKE NPU OLEHKE, ONMUCAHUM U
KOHCTPYMPOBaHWUM YCTPOWCTB C LUMPOKOM 3anpeLLeHHON 30H0M ANA X UCTMONTb30BaHUs

B HOBbIX C10BbIX Npecbpa3oBaTensax. 0bcyx[aloTcs MHCTPYMEHThI, peLleHns 1 3HaHWS
koMnaHuu Keysight 4na co3gaHns n TeCTMPOBaHMS CUN0BbIX yCTpOMCTB. HanpuMep,
aHanusaTop cunoBbix ycTponcTs B1506A pa3paboTaH AN nonyyeHUs Takmx XxapakTepPUCTmK
CVNOBBLIX YCTPOMCTB, Kak BENMYMHBI TOKA M HAaNpAXEeHUs, eMKOCTW, a Takke 3apajda 3aTsopa.
Jinpep oTpacnu, CEMelCTBO aHanM3aTopoB UMNefaHca komnaHumn Keysight nossongaer
OLEHMBaTb 3/IeEMEHTbl CXEMbI, KOTOPbIe MCMOJb3YI0TCA BMecTe ¢ npubopamu ¢ LUMpPOKOW
3anpeLLeHHoN 30H0M, Mo BCEMY AManNa30oHy YacToT, 4TO yNpoLlaeT y4eT BO34eNCTBUA
BbICOKMX YaCTOT OT AaHHbIX Npnbopos.
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