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BeepneHue

HeobxoaMMoCTb CHUXeEHMA NoTpebneHns SHepPrn U BENUYMHBLI BbIDPOCOB Yr1eK1Caoro rasa crana
NPUYMHO YBENMYEHNSA KOSIMYECTBA BbINyCcKaeMblX CUI0BLIX YCTPOMCTB U NnpeobpasoBaTeneir. 3tu
NoTPebHOCTU ANKTYIOTCA PACTYLLMM YMCIIOM 31eKTpoMobuneit n pacnpocTpaHeHnemM 4oMaLlHmx
CUCTEM ynpaBieHns anekTpocHabxeHnem, rae Bce bosblUyio OO NOAyYaloT BO30OHOBAAEMbIE
MCTOYHUKK aHeprum. K pocTy addekTBHOCTM Npeobpa3oBaHuii, a TakxKe bonbluein HafexXHOCTH
co3aaBaeMblx CMoBbIX Npeobpa3oBaTenet NPUBOAAT ABaA OCHOBHbIX Noka3aTens. B obnactu
NPVYPOAOOXPAaHHON BO30OHOBNSEMOI SHEPT UM, HANPMMeEpP CONTHEYHOW, OCHOBHbIM noka3aTeseMm
adpdekTUBHOCTM BbIbOpa Npeobpa3oBaTesieil CONHEYHON IHEPTUN ABASETCA HOPMUPOBaAHHAS
cTonmocTs aHeprum (LCOE). [1Byma BaxHbiMU nepeMeHHbiMU npu pacyeTe LCOE, Bennuunna
KOTOpOro nokasbeiBaeT, byayT i BalM MHBEPTEPLl NPOAABATLCA, ABAATCA 3IGPEKTUBHOCTL U
HaLeXHOCTb. A HafiexXHOCTb rMbpuaHbix anekTpudeckux (HEV] n snektpruyeckux aBTomMobusei
(EV] HanpsamMylo cBA3aHa ¢ penyTauuei NpovM3BOAMTENS, @ TakKe C BbICOKUMM Moka3aTenamu
BesonacHoCTU 1 coxpaHeHus Xun3HU. COOTBETCTBEHHO, MCKIOUYMTESBbHYIO BaXHOCTb NpuobpeTaeT
BCECTOpPOHHEE TECTUPOBaHME Pas3NMUHbIX 3NeKTPUYECKUX CUCTeM 3ekTpoMobunelt Ha cTagnn
NPOeKTUPOBAHWA U MCMbITaHWIA.

TpeboBaHus, cTosILME Neped MHOTUMU COBPEMEHHbIMM Npeobpa3oBaTeNiMu MOLLLHOCTU BNOTHYIO
NpUBAN3NANCH K BO3MOXHOCTSAM YCTPOCTB Ha 0CHOBE KpeMHMs. Ho nossneHne crnosbix
KOMMOHEHTOB C WIMPOKOM 3anpelleHHoi 30Hoi (WBG) Ha ocHose kapbuaa kpemuunsa (SiC) u HuTpraa
rannvg (GaN) rapanTupyeT yBenuuenve aToro npefena. Takue CBONCTBa, Kak BO3MOXHOCTb BbICTPO
nepekso4aTbCs, CNocobHOCTL BbIAEPXMBaTb BbICOKME 3HAUYEHMS HAaNPAKeHNs, pacluMpeHHble
TeMnepaTypHble ana3oHbl, NPUBOASAT K yBenYeHnio 3beKTUBHOCTY 1 HafeXHOCTU yCTPOMCTB,
a Takxe K yMeHblieHuo u3nyeckmnx paamMepos. Ho nepep TeM kak cunosble npeobpasosaTtenu

C MCNoNb30BaHWEM KOMMOHEHTOB C LUMPOKOW 3anpeLleHHOV 30HOM CTaHyT OCHOBHbLIMMY,
NPOM3BOANTENN CTONKHYTCS C NpobnemMamu pa3paboTky U TeCTUPOBAHUA, pelleHne KoTopbiX
MOMOXeT pacKpblTb MOTEHLMaN 3TUX YCTPOWCTB B MOJIHON Mepe.

3T0 NepBas U3 yeTbipex YacTel, oNuUcbiBaloLWLMX 3Tanbl pa3paboTkn cunoBoro npeobpasoBaTtens.
Mbl paccMoTpyM Npobnemsl, KOTOpble BO3HMKAIOT Npu pa3paboTke U TeCTUPOBaHMM Ha KaxXA0M U3
YyeTblpex 3Tanoe, M NPeAaoXKMUM BaM BapuaHThl pelleHns 3Tux npobneM c noMoLbio annapaTHbIX
M NpPOrpaMMHbIX cpefcTB. Hanbonbliee BHUMaHMe byaeT yaeneHo yny4YlweHnto YyNOoMaHY ThiX Bbile
KOHCTPYKTMBHbIX MOKa3aTesen: ygennyeHno 3dGeKTUBHOCTU, MOBLILLEHWIO HALEXHOCTH

M CHUXEHWIO MOMEX, @ TaKXKe yMeHblUeHno dopmdakTopa.

Kpome Toro, bynyT 3aTpoHyThl npobneMbl pa3paboTku 1 TecTMpoBaHUA, BO3HMKAOULME MPU
MCMNOb30BaHMUM LUMPOKO3OHHbIX MOAYNPOBOAHMKOBbIX YCTPOUCTB.

Kaxpaa n3 yeTblpex YacTel JaHHOW Cepnmn 0CBELLAET OANH M3 NMEPEYNCIEHHbIX HUXE LMK0B
nNpou3BoACTBa:

1. OueHKa CMNOBbIX YCTPOMCTB M KOMMOHEHTOB

2. MopenvpoBaHue yCTPOMCTB C UCNONb30BaHWEM NMPOrPaMMHbIX CPeCTB
3. [poeKkTnpoBaHue v 0TNaAKa yCTPOMCTB

4. [NpoBepka u cepTudukaums n3nenui
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OLL@HKE] CNJIOBbIX yCTpOVICTB N KOMITOHEHTOB

Ha naHHOM 3Tane Npou3BOACTBA Y MHXeHEPOB BO3HMUKaeT He0OX04MMOCTb OLeHKM
CO3JaHHbIX B MOC/eHee BpeMs CUoBbIX ycTpoicTe (MOM-TpaH3ncTopos 1 b1nonsapHbix
TPaH3WCTOPOB C M30IMpPOBaHHbIM 3aTBopoM (IGBT)) ana nanbHEMWero nx MCNoab30BaHNA

B NPOM3BOACTBE KOHKYpeHToCcnocobHbIx Nnpeobpa3oBaTteneit. C BO3HUKHOBEHMEM Npubopos
C LUMPOKOM 3anpelleHHo’ 30H0M Ha ocHoBe kKapbuaa kpemHua (SiC) u HuTpuaa ranang (GaN]
OLLeHKa CMI0BbIX YCTPOMCTB cTaNa bonee cnoxHon. Micnons3osaHue npubopos

C WMPOKOW 3amnpeLLeHHON 30H0M paclinpsaeT BO3MOXHOCTH YCTPOMCTB M N0 CPaBHEHWIO

C KpeMHMeM No3BoseT buicTpee NepektoyaTLCA NOCPeACTBOM yBENYEHNA MAaKCUMallbHO
CKOPOCTU U3MEHEHWS BXOAHOIO CUIHaNa, BbILEPXMBATb BbICOKME 3HAYEHUSA HANPSAXKeHNS

M pacliMpeHue TemnepaTypHOro AnanasoHa. bnarogapsa sToMy co3fgaBaeMble CUITOBbIE
npeobpa3oBaTeny obnafaT TakMMY NpenMyLLecTBaMu,

Kak bonee Bbicokas apdekTUBHOCTb 1 MeHbLINI dopMbakTop. Ho ¢ Apyroi CTOPOHbI,

3TN NPenMyLLeCcTBa YCI0XHAIOT OLEeHKY U MCnofib30BaHue 1x B byaywmnx paspaboTkax.
[ToHUMaHMe TeXHUYEeCKMX XapaKTePUCTVK 1 BOMNPOCOB HaAeXHOCTV NONYNPOBOLHUKOBbIX
CUJI0BbLIX YCTPOMCTB BaXHO A9 UX MPOU3BOACTBA, TaK KAK UMEHHO OHM 3HAUYUTENbHO BANUSIOT
Ha 9ddeKTUBHOCTb M HAAEXHOCTb BCel cxeMbl NpeobpasoBaTenst MOLHOCTY.

K coxanexutio, npefoctasngemMolt NponM3BognTeneM TexHuyeckon MHGopmaLmmn 3a4acTyio
He[0CTaTOYHO AN MOJIHOIO MOHWMaHWA. YCN0BUSA, NepeyncieHHble NPoM3BogMTENEM

B TEXHWUYECKOM OMUCaHMM, YacTo OTANYAIOTCH OT AeNCTBUTENbHbIX YCNIOBUI MCNONb30BaHKS,
M NO3TOMY NoflydeHHad MHGopMaL s He laeT NoHOro npefjcTasiennsa ob ycTponcTae.

3T0 NPMBOAUT K TOMY, UTO CO3JaTb HAfEXHYI0 1 3 dEeKTUBHYIO CXeMYy Ha OCHOBE NMOYyYeHHON
OT NPOU3BOAUTENS KOMMOHEHTOB MHGOPMALLMK OYeHb CNIOXHO. 3To KacaeTcs v Npubopos

C LUMPOKOW 3anpelLeHHOR 30HO0M, Tak Kak MPOVU3BOANTENM BbIBUPAIOT, Kakne TeXHUYeckmne
XapakTepucTUKM Heobxo4nMOo BKIOUYMNTL B cneunduKaLmnio, a Kakme HeT.

Kpome Toro, yBenmyeHne MakcuManbHOW CKOPOCTU M3MEHEHWS BXOLHOMO CUrHaNa CUIT0BbIX
KOMMOHEHTOB C LUMPOKOWN 3anpeLleHHOoN 30H0i NPUBOANT K MOSIBEHUIO CUTHAN0B/MoMex

C BbICOKOW 4aCcTOTON, KOTOpble MOryT BbI3BaTb Pe30HAHC B MCMO/b3yeMblX B YyCTPONCTBaX
cxemax, Mo3TOMY 3a4acTylo MHXeHepbl, 3aH1MatoLWMecs CNoBbiMM NpubopamMun, HauymHaloT
AyMaTb KaK MHXEeHepbl-pagmMoyacToTHUKN. To eCTb MHXeHepy HeobXoAMMO He TONbKO
MPOBECTM OLEHKY CaMOro cunoBoro npnbopa, Ho U ybeanTbCS, 4TO BbibpaHHble 1
MCNONb3yeMble KOMMOHEHTbl M KOHCTPYKL MM NeYaTHbIX N1aT MOTyT BblAepXaTb nojyyaemoe
OT KOMMOHEHTOB C LUMPOKO 3amnpeLLeHHON 30H0M yBeNMYeHVe NPOU3BOANTENBHOCTU U
HajexHocTw. [locne NpoBeAeHNs OLEHKN BaXHO MMeTb cneundukalnmio ¢ napamMeTpamu,
KOTOpble MPUroAsaTCa ANA CO34aHUsA TOYHOM MaTeMaTUYeCKoM MOLENN, UCNOb3YeMOl Mpu
CUMYNALUN.

B cnepytowmnx pasgenax byayT onvcaHbl TeCThl, HE0OX0AMMbIe ANA OLEHKN CUITOBbIX
Np1bopoB C WKMPOKOI 3anpeLleHHon 30H0. [And ynpoweHnsa garHble TecTsl byayT
pa3fesieHbl Ha ABe KaTeropuu: cTaTuyeckoe TeCTUPOBaHMe 1 AMHaMUYecKoe TeCTUpoBaHue
(TecTbl ¢ ABOMHBIM UMMNYNLCOM). B TpeTbeM pasaese onucbiBaoTcs cnocobbl oLeHKY
BblOMpaeMbIX CUIOBbLIX YyCTPOMCTB, OCHOBaHHbIX Ha Nprbopax ¢ WMPOKOW 3anpeLLeHHow
30HON.
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CTtaTudyeckoe TecTnpoBaHue

CTaTuyeckoe TECTUPOBAHME CUIOBbIX YCTPOWCTB NPOBOANTCS A5 NPOBEPKM UX paboThl, e

npuv 3TOM paccMaTpMBaloTCa Creayiolive napamMeTpbl:

- napameTpbl TOKa W HanpsaxeHusa (conpoTuenerue BkodeHna Ron, HanpsaxeHue npobos
BV, Tok yTeuku, noporosoe HanpsaxeHue Vth, HanpaxeHue Hacbiulenus Vsat u ap.J;

- BE/IMYMHbI BXOAHOM, BbIXOAHOM eMKOCTu, eMkocTu 3aTBop-cTok (Ciss, Coss, Crss, Cies,
Coes, Cres) u conpoTuenenve 3atsopa (Rgl.

Ona namepernsa gaHHbIx NapamMeTpoB 06bIYHO MCMONBL3YIOTCA Pa3NMyHble MHCTPYMEHTHI,
HanpuMmep xapakTepuorpad v naMepuTenb UMMUTaHca. Ho gaxe npu Bcex HeobxoanMbIx
MHCTPYMeHTax TOYHOCTb M3MepeHUin ByaeT XyKe naeaNbHOM N3-3a BO3HUKAIOLLMX
npobneM c TeCTOBLIMY MPUCMOCOBAEHNSAMM, U YACTO 3TN NAapaMeTpbl CIOXKHO OUEHNUTb

B pexkumMe paboynx Harpy3oKk no Toky U HanpsaxeHuto. 3Tn npobaemsl MOTYT CTaTb elle
CNnoXHee, ecnu Heobxo4MMo oLEeHUTb paboTy yCTpoCTBa B YCNOBUAX BO3AENCTBUS

paclWWpeHHOro arnanasoHa TeMnepaTyp. alE
Datasheet Characteri;
. . o N ‘NM\easm;ne
B Teyenune fonroro BpemeHn komnanusa Keysight Technologies, Inc., ocHoBHoOW capac.mwmmemen:%
- - Gate Charge Measurement
NOCTABLLMK PeLueHNii M0 OLEHKe TOYHOCTY CUANOBbIX YCTPOICTE, MOABAALLIMXCA Ha P
PbIHKe MOJYNPOBOLHMKOBbIX TEXHONOM WA, Npejfiaraina KOHeYHOMY N0b30BaTeio Thermal Monitor/Control ()

WAV NPOV3BOAUTENAM CUNOBLIX NPMBOPOB pasnuyHble cnocobbl oueHkn. [Tpu 3ToM
[laHHble cnocobbl yL0BNETBOPAN YCNOBUSAM TECTUPOBAHNSA KOMMOHEHTOB C LUMPOKOW
3anpelleHHon 30Hoi. OcCHOBHOE pelleHe — aHann3aTop cunosbix ycTpoincTe B1506A.
[aHHbIl aHann3aTop 0CHallLeH BbICOKOTOYHbIM XapakTepuorpadom, No3BONSOLLNM
NPOBOAUTL M3MEPEHUS BXOAHOW, BbIXOAHOW eMKOCTU, eMKocTu 3aTBop-cTok (Ciss, Coss,
Crss, Cies, Coes, Cres). Kpome Toro, npoBefeHmne M3aMepeHnii BO3SMOXHO B YCI0BUAX
peanbHbix paboynx Harpysok CMI0BOro YyCTPOMCTBA, BKAOYas TeCTUpoBaHMe

B AMana3oHe HanpsxeHuit go 3 kB n Toka no 1500 A.

PucyHok 1. AHanu3aTop cunoBbIX
ycTpoicTe B1506A

Bonee Toro, NOMUMO CTaTMHECKOTO TECTa M OLEHKM BO3MOXHOCTE aHann3aTop MoxeT
M3MepATb 3aps/] 3aTBOPa, a TAKXe BbIYUCIIATL M MOAENMPOBATL NOTEPU MOLLHOCTY,
BO3HMKAKOLIME N3-3a NepekoderHns yacToT (cM. puc 2).

Power Loss vs. Switching Frequency

100 W
ving Loss

decade Hz/drv
Switching Frequency

PucyHok 2. MofenupoBaHue aHannsaTtopom B1506A noTepn MolHoCcTH
npu nepexkaoyYeHunn

AHanunzaTtop B1506A Tak>xe no3BonseT NpoBoAUTL TeCTUpoBaHue Nprubopa B LUMPOKOM
LWana3oHe TeMnepaTyp. Bce 3T BO3MOXHOCTN 0ObeANHEHbI B OfHOM peLleHnn C
MOSHOCTbI0 aBTOMATU3UPOBAHHbBIMM MOb30BaTeNbCKUM MHTEPHENCOM U 0CHACTKOMN.
Ecnny Bac yxe ecTs xapakTepuorpad v BaM He0BX0AMMO TOIbKO AOMOAHNUTb ero
M3MepuTENEeM eMKOCTH Hapsaay C BO3MOXHOCTbIO OLEHKM BEIMYMHbBI TOKa YTeUKU U
npobos n3onaummn, To 49 3TOro KoMnaHuen 6bln paspaboTaH aHanM3aTop eMKOCTH
cunoBbix ycTporcTe B1507A. Bonee nogpobHas nHbopMalma no aHanmnsaTopy CMA0BbIX
yCTpOWCTB NpeacTasieHa Ha canTe http://www.keysight.com/find/B1506A.
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I,J:l,l/IHaMI/ILIeCKoe TectTnpoBaHune

[VHaMmnyeckoe TecTUpoBaHUe, UV TECTVPOBaHME ABOMHBIM UMMYAbCOM, CU0BOIO YCTPOMCTBA COCTOUT

B clieflylolleM: crcTeMa nockinaeT MMNYAbChl C BbICOKWM 3Ha4YeHWeM Toka Ha O UH MW HeCKONbKO NprubopoBs
1 M3MepseT pe3ynbTupyioLlee Hanps>xeHne 1 GopMy Toka Npu NepeksloYeHUK, a Takke TeMnepaTypHble
napameTpbl TECTVPYEMOro yCTpoicTBa. [1nd reHepupoBaHna UMMYAbCOB MOXET UCMO/b30BaTHCH Kak
reHepaTop MMMYAbCOB C BLICOKMM 3Ha4YeHWeM Toka, Tak 1 cxema Ans TeCTUPOBAHUS C MOMOLLbI0 IBOMHOTO
nMmnynbca. Kaxablii nofxon MeeT cBOW NpeumMyliecTBa v Hegoctatku. Boibop yacTo 3aBucut ot
npefanoyYTeHNI UHXeHepa, NPOBOAALLEro UCNbITaHVs. Ha prcyHKe HUXe NpuUBeAEeHO onnucaHne KOMNOHOBKMY
1 pa3MelleHns nprbopos ANg NpoBefeHNs MHAMUYECKOro TecTa C Cnoab3oBaHueM obopynoBanus
komnaHun Keysight.

WCTOYHMKI NUTaHNA ANA cXem
LBOWHOro mMmnynbca:

Ocuunnorpadbl, noaxoasLe

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

- Cepua N8900 c HanpsxeHnem ao 1500 B

-Ocuunnorpadbl cepun InfiniiVision
cTOYHNK - Ocuunnorpadbl cepum S
TOKOBOIo

mmnynbca nnn

TecTtoBas CXema
NBOVHOrO

MNyNbca

(recTpyemoe
YCTPOWICTBO)

[eHepaTop cUrHanos AnA ynpasneHna

CXeMOoW ABOMHOrO MMMy nbca M13MepeHue TemMneparypbi:

- Tennoswu3opbl U585/6/7A TruelR

- Cnctembl cbopa/perncrpaumm
aHHbIX 34970/2A

- TeHepatopsbl curHanos Trueform

cepuin 33500 1 33600

- CeMeliCTBO reHepaToOpPOB CUrHaNoB
NPOU3BOJIbHON GOPMBbI
v wyma 81150A n 81160A

PI/ICyHOK 3. 0nuncaHmne KOMNOHOBKM 1 pasMelleHnqa ﬂpMGOpOB ANA OUHaMN4YeCcKoro TectmpoBaHmd
NN TeCTnpoBaHMA C UCNoJib3o0BaHMeEM ,[I,BOIZHOI'O mnMmnynbca

Mpv npoBefeHNN AMHAMUYECKOr0 TECTUPOBAHNS OAHMUM M3 CaMblX CJIOXHbIX BOMPOCOB, C KOTOPbLIM
CTaNKMBaOTCA MHXEHEPbl CErofiHa, 3T0 ToUHasa xapakTepn3auunsa GopMbl CUrHana npu nepekiodeHnn
(HanpsXeHWUs 1 Toka) CMNOBLIX KOMMOHEHTOB C WWPOKOM 3anpeLleHHo 3010, Eciv B mepByio ovepefb
paccMaTpuBaTb n3MepeHune GopMbl CUTHANA HanpsXKeHWs, TO 0AHOW M3 NpobieM TecTUpoBaHus DyaeT 3axsaT
1 3HaYeHWe NUK-MUK HanpsaxXeHUs nepekilYeHns, KOTopoe MOXeT M3MEHATHCS B IMana3oHe OT COTeH

L0, MOXET BbITb, ThICAY BOJIBT, MaKCHMaibHaa CKOPOCTb M3MEHEHMs BXOLHOTO CUTrHana npu aToM MoXeT
npesbiwate nHorga 100 B/1 He. B ycnosuax Takmx 6bICTPbIX U3MEHEHWI BXOAHOMO CUTHANa He06X0 Mo
paccMaTpuBaThb NOJ0CY NPONycKaHus M3MepuTensHoro npubopa, kak v ntoboro npeobpasoBatens.
PacyeTHas popMyna nonockl NponyckaHus Npu HapacTaHuu 1 cnage:

LnpuHa nonocel nponyckanus = 0,5/ Bpema HapacTtanug (o7 10 go 90 %).

CornacHo dopmyne, NnpuBefeHHON Bbie, GopMa CUrHana npu NepekioyYeHnn ¢ BENNUYMHON BpeMeH!
HapacTaHus 10 Hc bypeT uMmeTb nonocy nponyckanusa okonol00 MIu. Tak kak paccyMTaHHasa nonoca
NPOMNYyCKaHUA Kax[oro u3mMepuTensHoro npubopa obbluHoO onpegendeTca Ana ypoBHs 346, To ana

Bonee TOUHBIX M3MeEPEHWUIT TakKUX MaKCHMalbHbIX CKOPOCTEN M3MEHEHWS BXOAHOI0 3apsifa XxoTenocs bbl
ncrnonb3oBaTb NpMboOpP, KOTOPbIV MMeEeT paccCHMTaHHYI0 NOJ0CY NponyckaHus B 2-3 pa3a Bbile, YeM nonoca
NponycKaHus curHana npu nepekaoveHnn. lnsa npuBefeHHoOro paHee npyMMepa, Korga nosoca nponyckaHus
coctasnsieT 100 My, nyywe, 4Tobbl paccunTaHHas nonoca nponyckawmsa npubopa coctasnsana 200 My
nbonblue.

[dnHaMunyeckunini Lnana3oH 1 pa3pelatlias cnocobHOCTb MCNONb3YEMOro n3MepuTenbHoro npnbopa Takxe
04YeHb BaxKHbl. K nprmMepy, [OCTUTHYTb BbICOKOW TOYHOCTY M3MEPEHUI YPOBHEN HaNps>KeHWs HacbILWeHMs
yCTPOICTBA, KOTOPLIE MOTYT COCTaBAATL OT AECATKOB 4,0 COTEH MUJIIMBOJLT NPU BENMYMNHE NEPEKI0YeHUS
B8 100 BOSILT, MOXET CTaTb CJIOXKHOM 3a4a4el.
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[na n3mepeHns BeNMUYMHbI TOKa NepekioyYeHnsa yCTPOMNCTBA MOXET UCMOb30BaTbCA TPAANLMOHHBIN
TOKOBbIV NPobHUK Ha adpdekTe Xonna. Ho bonee noaxoaswmmu byayT cnefyolime MeToabl: MeTO[,
KoaKkCuanbHbIX Pe3UCTUBHbIX LUYHTOB U METOJ M3MEPEHNMS C MOMOLLbI0 TpaHchopMaTopa Toka, Tak Kak B 3ThX
M3MepeHnsx Heobxoaunmbl bonee HU3Kaa MHAYKTUBHOCTb U Bonblias nofoca NponyckaHns.

OBblYHO ANA ToYHOro 3axBaTa GOpPMbl CUTHaMa NepekIloYeHUsa HanpsaXXeHs 1 Toka YCTPOMCTB C WMPOKON
3anpelleHHolr 30H0N ncnonb3ytoTcs ocumnnorpadbl. Ocumnnorpadbl XOPOLWO NOAXOAAT A1 U3MEPEHUN
napaMeTpoOB MNepeksIloYEHNS CUNO0BLIX YCTPONCTB, Tak Kak OHU MMetoT BobLIY MoNoCcy NPONyCcKaHus,
HECKOJIbKO KaHanoBs (119 ToKa U HanpsaxXeHuUa), a Takxe OHW MOTYT BblfiepxaTh 60/bline 3HaYeHNs
HanpsXeHWsa 1 TOKa NpY HOPMasibHbIX BEIMYMHAX HANPAXeHUS 1 Toka NpobHuka u/wnu npeobpasosaTens.
B cnepytowmnx pasnenax byget onmcaHo Heckonbko ocumnnorpados koMmnaHun Keysight, npegnaratoLmx
BO3MOXHOCTM NpPOBEAEHNS AMHAMNYECKOro TeCTMPOBaHUSA YCTPONCTB C LUMPOKOW 3amnpeLleHHON 30HOM.

Ocumnnorpadsl cepun X: InfiniiVision 3000, 4000 n 6000

Ocumnnorpadsl cepun InfiniiVision He MMeOT aHanoros B CBOEM Kjacce, CHabXeHbl NPpoCTbIM B
MCNO/b30BaHMM N0b30BaTENbCKUM MHTEphEicoM, CEHCOPHbLIM 3KPaHOM 419 MPOCMOTPa M aHanusa
bopmbl cvrHana nepekntoyerus. JononuutensHo ocumnnorpadsl InfiniiVision nMeoT onumnio BCTPOEHHOMO
reHepatopa CUrHa0B CTaHAAapPTHOW/NPOU3BobHON dopMbl. [laHHbIl reHepaTop N03BoAeT NOAb30BaTENIO
yNpaBnaTb CXeMOR TeCTUPOBAHUA C MCMONb30BaHVEM LBOMNHOI0O MMMNYbCa Y NPOBOANTL U3MEpeHne
pe3ynbTvpyloLLein GopMbl crrHana nepeknoyveHns ogHm npubopom. Ocumnnnorpad n reHepaTop B O4HOM
Kopryce MOryT ynpocTuTb cxeMy TecTupoBaHua. Ocumnnorpadsbl InfiniiVision cepun X nMmeoT ynyylieHHble
TeXHUYeckre BO3MOXHOCTM HAaCTpOKK 3anycka ocuunnorpada, NpoaBMHYTYI0 MaTeMaTudeckyto obpaboTtky
CUrHana, aBToMatuyeckne naMmeperus. Takxe AOCTYMHO LONOAHUTEbHOE MPUIOXKEHNE NU3MEePeHUS
MOLLHOCTM A5 OLEHKM M aHann3a MCTOYHUKOB NMUTAHWA C aBTOMaTUYECKOM HAaCTPONKOM N3MepeHni,
BKJIIOUAIOLLMX MOTEPM Ha NepeksIloYEHEe U pacyeT CONPoTUBAEHUSA BKItoYeHNs. [lanee B TpeTbell YacTy
BypeT 0bcyxaaTbCs, Kak 3TV ONUMKM MOTYT MOMOYb N0J1b30BaTest0 ONTVMU3NPOBATL MPOM3BOLCTBO
npeobpa3oBaTeneil MOWHOCTH, a TakKe YBENNYNTb CKOPOCTb NpoLiecca pa3paboTku.

Ocunnnorpadsl S-cepuu: Infiniium

Ocuunnorpadbl cepun S komnaHun Keysight npeactaBasioT AMANPYIOLLME Ha PbIHKE TEXHONTOTUN U3MEDPEHNS,
VIMEIOT BbICOKYIO pa3peluatollyio cnocobHOCTb 1 JUHAMUYECKMIA [Manas3oH 4Na u3MepeHus GopMebl

CUrHana nepeksloYeHns ons oLeHKN cunosbix ycTpoicTs. Ocumnnorpadsl S-cepuun UMetoT paspeLlatoLyio
cnocobHocTe AU 10 6uT, rnybokyto namMaTh ¢ BbICTPLIM OTKAMKOM, @ Takxe nojocy nponyckanms go 8 [y,
[nsa Toro 4Tobbl NOAYYUTE NYYLWYIO NPON3BOAUTENBHOCTb, OCLMANOrpadbl S-cepumn He TONbKO UCMOb3YI0T
BblcokonpounseofuTenbHble AL, HO 1 MMeloT HU3KoWyMsLW e BXOAHbIE TPakThl, @ Takxke MOALEPXMBAIOT
BbICOKYI0 4aCcTOTy AuckpeTusaunm co ckopocTbio 20 [BbI6/C, BCe 3TU BO3MOXHOCTM NO3BONAIT N0 MakCUMyMy
ncnonbzosaTb 10-6uTHble AL, Ocumnnorpadbl S-cepun nMetoT camoe BbICOKOe 3HaYeHre 3P hekTUBHbIX
6ut (ENOBJ B cBOEM Knacce, bonee BbicoKoe, YeM ocumnorpadsl ¢ 3ag9sneHHoi 12-6uTHom paspeliatoLlei
CNoCcobHOCTLIO.

Ocumnnorpadunyeckre npobHMKM

B n3mepeHuax ¢opm curHanos nepekoyeHmsa ocumnnorpad 9819eTcs ToabKO OAHUM U3 371€MEHTOB
cxembl. pyras BaxHas yacTb M3MepeHuit — npobHukn. Komnanua Keysight npepnaraet Wwupokuii cnekTp
avddepeHUManbHbIX M HECUMMETPUYHBIX MPOOHUKOB C pa3sIMYHbIMUK LMana3oHaMu No HanpsKeHuo

M nosocamu nponyckaHus. Hanpumep, HecruMmmeTpuyHblil npobHrk 10076C, KoTopbIi XOpoLLo NOAXOANT
009 3MepEeHM MOLLHbBIX YCTPOMCTB C LUMPOKOIA 3aNpeLLeHHON 30H0M, MOXET BblLep>XMUBaTb HanpsxXeHue
[0 4 kB nnmeet nonocy nponyckanua 500 My, LJarHbeln npobHKK MMeeT HeboNbLIYO CTOMMOCTb

v npefnaraeT WMPOKME BO3ZMOXKHOCTM MO HAaNPSXXeHWAM 1 Noaoce NponyckaHua. Jna nameperunii Toka
MHOrMe NPON3BOANTENN 0BBIYHO NCMONbL3YIOT KOaKchabHble Pe3UCTUBHbIE WYHTLI, KOTOPbIe MOTYT

ObITb M3MepeHbI C MOMOLLbIO HECUMMETPUYHbBIX MPODHMKOB € BONBLWOM NONOCON NpoNyckaHns, a Takxe
avddepeHUManbHbix NPoOHMKOB COBMECTHO C ocumnnorpadamMm co BCTPOEHHbIMY MaTeMaTU4YeCcKuMn
byHkumnamu. Komnanus Keysight Takxe npepnaraet bonblol psaj akceccyapos Ans NPobHMKOB A4
XOpOLEero NoACOeANHEHNS, YMEHbLUEHMS KOMYeCTBa MOMEX M NapasnTHbIX COCTaBASIOWMX, H4TO
yBenMynBaeT TOYHOCTb U3MepeHUit. bonee nogpobHasa nHdopmaLums o npobHukax komnaHun Keysight

Ha cTpaHuue www.keysight.com/find/scopes-power B pasgene View measurement options and probing
solutions.
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Tennossblie XapakTepncTmkm CMaoBbIX yCTpOVICTB

OnpepeneHve TemnepaTypHoro npoduna Bo BpeMs TeCTVPOBAHUA CUN0BbIX YyCTPORCTB

C WMPOKOI 3aMnpeLLeHHON 30HON 04eHb Ba>KHO AN19 AafibHelllero Npon3BoACTBa,

a Takxe nna obecneyerus xopowei paboTsl n HagexHocTh. KomnaHua Keysight
paspaboTana MHOXeCTBO OMLMIA, KOTOPble MOTYT MCMOb30BaTbCA ANS Pa3ANUHbIX 3a4auY.
[ns npoBeeHUs 1 3anucy NPsiMbIX MHOTOKaHaNbHbIX M3MepeHWUt TeMnepaTypbl XOPOLLIO
noaxonaT naMmeputensHbole npubopel 34970A n 34972A. [aHHble npubopbl UMeOT MOAYAbHbIN
NOAXO0[ K MPOBEAEHWNI0 MHOTOKAHAbHbIX M3MEpeHUii TeMnepaTypbl U MOryT NPOBOANUTb
Lpyrve oblve n3MepeHuns, HanprMep N3MepeHns Toka 1 HanpsaxXeHus. Takxe 4oCTyNHO
becnnatHoe nporpaMmHoe obecnevyeHue ANd 3aNnCK pe3ynsTaToB U3MepeHunin. bonee
nofpobHo 0b 3ToM B 4eTBEPTOI YacTu cepun.

Komnanwua Keysight npeanaraet Tennosmsopsl cemeiictsa U5855/6/7A pna aHanusa
M3MEHEeHW B peasbHOM BPEMEHW, a TakXXe A9 aHanu3a n3MeHeHus npoduna Temnepatyp
CMA0BOro ycTpoiicTBa. [lporpaMMHoe obecnederyie BKItOYAET CO3aHMe OTHETHOCTH,
cofepxalleit aHanus KpUBbIX U TOUeUHbI aHanus, rpaduyeckoe n3obpaxeHne M3MepeHuit

¥ BO3MOXHOCTb U3MEHEHWS LiBeTa BbIBOAA Pe3yNbTaToB. 3TOT UHCTPYMEHT AONONHSET 1
yBENWYMBAET CKOPOCTb NONyYeHWs TemMnepaTypHoro npodunsa cunosbix ycTpoiicTs. Kpome
TOro, AN yBENUYEHUSA MOLLHOCTU U YAYYLIEHUS KOHTPOJISt CXEM C MCMOMIb30BaHWEM ABOMHOMO
nMnynbca komnanus Keysight paspaboTtana wWrpokuii cnekTp UCTOYHUKOB MOCTOSHHOIO
TOKa W reHepaTopoB CUIrHAN0B CTaHAAPTHOK/MPOM3B0OALHOM GOpMbI, MpeaHa3HaYeHHbIX 4N
MCMoNb30BaHWA B CUIOBbLIX 31IEKTPOHHbIX Mpeobpa3oBaTensx U cUNoBbIX Npeobpa3oBaTensx.
B TpeTbei yacTu obcyxgaetcs bonee nogpobHas nHPopMaLMa 0 HUX, Ha pUcyHke 3
nepeyncieHbl pekoMeHayemMble MOAeNN.

' Keysight TruelR Analysis and Reporting Tool Analyze Report.
i hEe SERE O
KaQQ | Ta aWW + x

PucyHok 4. TepMorpamMma ne4aTHOW Nnatsl, NosyYeHHas ANd aHanu3a M3MeHeHWn TemnepaTyp BaxHOro
KOMMOHEHTa C MoMOLLbIo MporpaMMHoro obecnedenuns Keysight U5855/6/7A. Tpaduik BHWU3Y pucyHKa
nokasblBaeT M3MeHeHne TeMnepaTyp B ABYX BblDpaHHbIX Toukax Ha n306paxxeHun
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OLLeHKa OOMONMHUTEJIbHBIX KOMIMOHEHTOB

KpoMme oLeHKM caMyx CUAO0BbLIX YyCTPOMCTB, HE0DXOAMMO TakXe OLEeHUTb 1 0NncaThb UCMOb3yeMble LONONHUTENbHbIE KOMNOHEHTHI,
HanpuMep KOHHeKTOPbl, UHAYKTOPbI, AMOAbLI U flaxe KOHCTPYKL MM NevaTHbiX nnat. O4eHb BaXXHO NpoBepuTb UX paboTy B
3asBNEHHbIX TEXHUYECKUX YCI0BUAX, YBeAUTbCS B UX HAAEXKHOCTH, MPOBECTM TOUHOE MOJENMPOBaHMe C MOMOLLbIO MPOrPaMMHOr0
obecneyeHuns. 310 He0bXOANMO 41 YMEHbLIEHUS CTOMMOCTU U BpEMEHM, KOTOpPOe 3aTpauuBaeTCs Ha U3roToBeHMe NpoToTHNNa
obopynoBarusa. AHanmsatop cunosbix ycTponcTs B1506A, o koTopoM nogpobHo obcyxfanock B pasfene o CTaTUHeCKUX TecTax,
ABNAETCS eanbHbIM MHCTPYMEHTOM [NA NepevnCcaeHHbIX 3aaY, a Takxe ANns:

- To4Horo aHanM3a Toka U HaNPAXeHUs N0 BCeMy AMana3oHy UX 3Ha4eHN

- MI3aMepeHnsa eMKOCTU A5 CaMblX BbICOKMX YPOBHEN HaNpsi>kKeHUs

- /I3aMepeHnsa conpoTUBNEHUSA MOCTOAHHOIO TOKa Y MHAYKTUBHOCTU B YCNOBUSX BOMbLIOI0O TOKOBOTO CMELLeHNs

- MpoBepku paboTbl 4pyrux ncnonb3yoWmMxcs NpubopoBs B LUIMPOKOM AMana3oHe TeMnepaTyp

KomnaHuns Keysight Takxxe npepnaraet bonbwoe cemenctBo nameputeneit LCR, npegHasHayeHHbIX 419 NPOBEAEHUSA TOYHbBIX
M3MepeHUt MMNeAaHca ncnonbayemblx KoMnoHeHToB. Miameputenn LCR aBnaoTCcS cTaHAAPTHBIM MHCTPYMEHTOM, MCMOb3YEMbIM
B laHHOW obnacTu, Tak kak obnafatoT NyylWwrnM NokasaTeneM TOYHOCTU M BOCNPOU3BOAUMOCTHM B LUMPOYalLLIEeM Anana3oHe
3HaYeHWn UMMNeaaHca.

OueHka BAMAHUSA HaxoaaLmMxcs panoM BY-crcTeM Ha ycTpolicTBa C WMPOKOM 3anpelleHHOon 30H0M

B HacTosee BpeMa HeobxogMMbl 6onee CNOXHbIE yCTPOCTBa aHanm3a nMnefaHca, Tak kak NpoM3BoCTBO CUI0BbIX
npeobpa3oBaTtenei cTaHoBUTCA BCe bonee TpyAHBIM: HE0OXOAMMO yunThIBaThL Boslee cTporve cucTeMbl ynpasnexus, bonblive
CKOPOCTU MepeksioyeHns, a TakxKe UCMNoNb30BaTb NPUBOPEI C WMPOKON 3anpeLieHHON 30H0, KOTOPbIe FeHEPUPYIOT BblCOKME
4acTOTbl BO3JENCTBYUSA Ha CXeMbl U MMetoT BbicTpble Mepenafbl BXOAHOTO curHana. Cunosble 3n1eKTPOHHbIe CxeMbl bonblue

He MOryT CO3[,aBaTbCH C UCMOIb30BaHWEM NMPOCTHIX CXEM C COCPEOTOYEHHbBIMM NapamMeTpaMu. HeCMOTps Ha TO YTO CXeMbI

C COCpefloToYeHHbIMM NapaMeTpaMmn MOryT NPUMEHATHCA B N110DbIX YCNOBKAX, MPW KOHCTPYMPOBaHMM CUIOBLIX CXEM HEOBXOAMMO
MCMNOb30BaTb HALEXHbIE UMUTATOPbI, 4TOObI BbINO ACHO, Kak UX MMNefaHC MeHdeTcs B bonee WMPOKOM Mana3oHe 4acToT.
KomnaHus Keysight BbinyckaeT npoAyKThl, CTaBlIME NMAEPaMK Ha PbiHKE, KOTOPbIE YA0BNETBOPSIOT NEPEYNCAEHHbIM BbILLe
yCNOBUAM:

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

AHanuzatop nmneparca E4991B:
- Jwuana3son yacToT: o1 1 My go 500 MTy/1 Mu/3 My,
- IunanasoH namepeHns umnenanca (ocHosHasa norpewHocTsb 0,65 %): 01 120 MOM a0 52 KOM

PucyHok 5. AHanu3saTtopbl nMneparca komnaHumn Keysight

Ons namepeHns nmnenaHca aHanusatopsl cepun E4990A ncnonb3yoT MOCTOBOM MeTo € aBTobanaHCHpPoOBKOW, @ aHann3aTopsl
E4991B ncnonb3yloT METOA, BICOKOYACTOTHbIX NpeobpaszoBaHuii Toka B Hanpsxerue (RF I-V]. [laHHble MeToabl ocHoBbIBatoTCa (Mo
3akoHy OMa) Ha IMHENHOM COOTHOLLIEHMU BEAMYMHBI HAMPSIKEHUA-TOKA K BEAWYMHE MMMedaHca. TakiuM 06pa3oM, [LOCTOBEPHOCTL
TEeopeTM4ecKoro U3MepeHns nMnesarHca NOCTOAHHa U UMeeT BbICOKYI0 TOYHOCTb M0 BCeMY AMana3oHy U3MeHeHWI MNefaHca,

B OT/IM4MeE OT METO[0B, UCMONb3YyeMbIX B aHann3aTopax Lenen. [pesocxogHasa cTabuabHOCTb M3MepeHUIl aHanM3aTopos
nmnepaHca E4990A/E4991B B cBot 04epeib 4OCTUIaeTCsa UCMONb30BaHMEM NMPUEMHMKE A1 MUHUMU3AUUN OLIMBOK, CBA3AHHbIX
C YXOA0M MapaMeTpoB 3a rpaHuLbl [OMYCTUMOro fuanasoHa. 3To N03BOJSET MPOBOAUTL TOUHYIO XapakTepusaLuio B TeveHne
Bonblworo BpeMeHHoro nepunofa. Keysight Takxxe npegnaraet aHanusatopsl Lenet E5061B cepun ENA, ocHalleHHble onunei
3L5/005 ananuza uenen, aHanm3a MMnefaHca, a Takxe aMnanTyaHo-Ga30Boro aHanmsa.
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XoTs AaHHble aHanM3aTopbl He MeloT Takux nokasaTenei TO4HOCTH U cTabunbHocTy,

kak aHanusatopsl E4990A n E4991B, oHn npeacTasnsitoT coboll bonee yHuBepcanbHbIl
WHCTPYMeHT aHanu3a. Huxxe nprBeaeH rpaduk, Ha KOTOPOM CPaBHUBAIKTCSA TOYHOCTb

n3mepenuii npnbopos E4990A, E4991B n E5061B B 3aBMCKMMOCTM OT YacToThI:

| : o
100m -t o W e - - -
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PucyHok 6. 10%-9 cTeneHb TOYHOCTU M3MepeHUda nMneaHca npubopos E4990A, E4991B 1 E5061B

Bonee nogpobras nipopmaumna 06 LCR-nameputenax komnarnum Keysight
1 06 aHanu3saTopax MMNefaHca NpefAcTaBaeHa Ha cTpaHuLe
http://www.keysight.com/find/impedance.

AHHOTaUMA

B AaHHbIX peKoMeHAaUMsaX NO MPYMEHEHMI0 ONUCHIBAOTCA NPOBAEMbI, C KOTOPbIMUI
CTanKMBaTCA MHXEHEPbI MO CUIIOBOM 3/1EKTPOHMKE MPU OLEHKE, OMUCAHUK 1
KOHCTPYWMPOBaHMM YCTPOMCTB C LUMPOKOM 3anpeLleHHO 30H0M A5 MX MCNOb30BaHMa

B HOBbIX CMI0BbIX Npeobpa3oBaTensax. O6CyXAalOTCA MHCTPYMEHTbI, peLeHUs 1 3HAHUA
koMnaHun Keysight 4ns co3gaHns M TeCTMPOBaHUSA CUNOBbIX yCTPOUCTB. HanpuMmep,
aHanusaTop cunoBbix ycTporicTB B1506A pa3paboTaH AN nonyyeHns Takmx xapakTepnucTmnk
CVNOBBLIX YCTPOMCTB, Kak BENMYMHbI TOKA M HANPAXEHNS, eMKOCTW, a TakXe 3apsaaa 3aTsopa.
JInpep oTpacau, CEMeCTBO aHanM3aTopoB uMnefarca komnaHumn Keysight, nossonser
OLeHMBaTb 971EMEHTbI CXeMbI, KOTOPbLIE MCMO/b3YI0TCA BMecTe ¢ npnbopamu ¢ WKMpOKoi
3anpeLleHHo 30H0, N0 BCEMY AMana3oHy 4acToT, YTO yNpoLLaeT yyeT BO3LeNCTBUA
BbICOKMX YaCTOT OT flaHHbIX Nprnbopos.



10 | Keysight | Mosbilwerne HafexHOCTN U 9hGEKTUBHOCTU paboTbl HOBLIX MOKOEHWIT NpeobpasosaTenel anekTpruyeckor sHepriv [(Yacts 1) — PekoMeHaaumm no nprMeHeHuio

Passuaemca c 1939 rona Poccuiickoe oTaenenme

YHVKanbHOE coyeTaHme Halwux NpubopoBs, NporpaMMHOro obecneyeHns, ycayr, Keysight Technologies

3HaHWI 1 OMbITa HaLUUX MHXXEeHEePOB MOMOXEeT BaM BOMIOTUTL B KM3Hb HOBbIE UAEM.
Mbl 0TKpbIBaEM [iBEPY B MUP TeXHONOrMiA byayLero. 115054, Mockea,
OT1 Hewlett-Packard v Agilent k Keysight. KocMopamuatckas Hab., 52, cTp. 3

Ten.: +7 (495) 797-39-54
8800 500 9286
(3BoHOK Mo Poccuu becnnatHbii)

Dakc: +7 (495) 797-39-02
3n. nouta: tmo_russialdkeysight.com

www.keysight.ru

CepsucHbiit LieHTp

myKeysight myKeysight . ‘ Keysight Technologies B Poccuu
www.keysight.com/find/mykeysight 115054, Mockaga,
[epcoHanu3vpoBaHHas nofbopka TONbKO HY>XKHOM BaM nHbopMaLmnu. KocMopammatickas Hab., 52, cTp. 3
www.keysight.com/find/emt_product_registration Ten. +7 (495) 797-39-30
3apernucTpupoBas cBov Nprbopsl, Bbl Mofy4mTe JOCTYN K MHGOPMaL MK Dakc: +7 (495) 797-39-01

0 COCTOSIHWW rapaHTUW U YBEAOMIIEHWSAM O BbIXOAE HOBbIX Nybnvkaumi
no npubopam. . )
3n. nouta: tmo_russialdkeysight.com
KEYSIGHT SERVICES  Ycnyru LICM Keysight
lecelerate Technology Adopton. vy keysight.com/find/service (BP-09-07-17)
LleHTp cepsuica n meTponoruun Keysight rotoB npeanoxuTs BaM CBotO
nomolLb Ha Noboi cTaguy akcnayaTaumm CpefcTs U3MepeHnii —
0T NNaHUPOBaHWs 1 NprobpeTeHns HoBbIX NPMHOPOB 0 MOAEPHM3ALMN
ycTapesLero obopygosanus. LUnpokuit cnektp yenyr LICM Keysight
BK/lo4aeT nosepky v kanvnbposky CU, peMoHT npubopoB 1 MofepHM3aLmio
ycTapesLluero obopynoBaHus, nogbop peleHunii Ang ynpasieHus napkom

npunbopoBs, KOHCANTUHT, 0by4eHne 1 MHoroe apyroe. Mbl NOMOXeM BaM www .keysight.com/go/quality
NOBbICUTb KaYecTBO pa3paboTok v CHWU3WTL 3aTpaThl. Keysight Technologies, Inc.
5 ) CeptndunumnposaHo DEKRA
MnaHbl TexHnYeckon noaaepxku Keysight Ha cooTseTcTBMe cTaHaapTy ISO 9001:2015.
www.keysight.com/find/AssurancePlans CucTema ynpaBieHus kayecTBoMm

LICM Keysight npeanaraet pazHoobpasHbie NaaHbl TEXHUYECKOA
NoALep>KKN, KOTOpble rapaHTUpyioT, YTo Balle obopynoBaHue byneT
paboTaTb B COOTBETCTBMM C 3asBeHHO Npoun3BoauTeNeM cnelvdukalmnen,
a Bbl byfeTe yBepeHbl B TOYHOCTU CBOMX U3MEPEHWUIA.

ASSURANCE PLANS

Toprosbie napTHepbl Keysight
www.keysight.com/find/channelpartners

[BoiiHas Beirofa: rnybokue 3HaHus B 061aCTN U3MEPEHWIA 1 LWNPOKNA
aCCOPTUMEHT peLleHnii komnanun Keysight B coyetanuu c ynobcteamu,
npepnaraeMbiM1 TOProBbIMUY NapTHepaMu.

www.keysight.com/find/B1506A

MHdpopmMaLms B JaHHOM LOKyMEHTe MOXET

BbITb M3MeHeHa be3 npefBapuUTeNbHOMO

KEYSIGHT YBELOMIEHNS.

TECHNOLOGIES © Keysight Technologies, 2016-2017
Published in USA, September 14, 2017
5992-1166RURU
www.keysight.com



