Keysight Technologies

10 coOBETOB MO MOBbILLEHUIO
NPOW3BOAUTENBHOCTY
CUCTEMbI TECTUPOBAHMUS

40,000V 2 5.0000A

DA
rogcea] o |

20.000v 90 000
—

L 2

[ov o]

KpaTkoe
PYKOBOACTBO MO
NPUMEHEHWNIO

__lnl &

KEYSIGHT

TECHNOLOGIES



BeseneHue

Kak 1 npexpe, oT nponssoanTenei TpebyioT Gonbluero npn MeHbLUUX 3aTpaTax. MoBbileHne 3hHEKTUBHOCTH
MOXET COKPaTUTb KONIMYECTBO 060PYLOBaHMS, UCMOMNb3YEMOTO B XOZle TECTUPOBAHUS, 1 060ITH dusnyeckue

OrpaHn4eHna npon3BoACTBEHHOIO o6bekTa. MoBbIlWEHNE kKayecTBa pa60qero npouecca Takxxe CHMU3UT 3aTpaThbl.

YnyuylleHHble UCTOYHUKM MUTaHNS KoMnaHuu Keysight paspaboTaHbl Ans noBbileHust 3hHeKTUBHOCTH NMpy
obecneyeHn BbICOYaLLIEr0 YPOBHS 3aLNUTbl TECTUPYEMOTO yCTporcTBa. O3HAKOMBLTECH CO BCEMM ECSATbI0
coBeTami, YTo6bl y3HaTb GonbLUE 0 NOBbIWEHUM 3HEKTUBHOCTN TECTUPOBAHNS.

CopepxaHue

1 ToBblweHne 3hPEKTUBHOCTM Yeped CokpalleHne BpemeHn 06paboTku KomaHAabl

2 TloBblweHne 3pHeKTUBHOCTH Yepe3 COKpaLLeHe BPEMEHI OTKNNKa NPY HapacTaHuu U Cnage HanpsixeHus

3 Mcnonb3oBaHue UCTOYHWKOB NUTaHKs ¢ bonee GbICTPLIMU CUCTEMAMW U3MEPEHUS ANS NOBbILIEHNS
3(hPEeKTUBHOCTN TECTUPOBAHNS

4 Wcnonb3oBaHue npenmyLLecTs LM@poBOi hunbTpaLu UCTOYHNKA NUTaHNS ANS USMEPEHNS NOCTOSHHOTO
TOKa ¢ 6onee KOPOTKMM BPEMEHEM YCTAHOBNEHNS

5 MWcnonb3oBaHne BCTPOEHHON BO3MOXHOCTM YCKOPEHHOTO U3MEPEHUS TOKa XONIOCTOro XoAa

6 MWcnonb3oBaHwe npenMyLyecTB 6ECLIOBHOIO NepeknioyYeHns anana3oHa USMEPEHNS NMPU MIHOBEHHbIX
M3MEHEHUSAX Harpy3kn B XoAe TECTUPOBaHNS

7 Wcnonb3oBaHue pexnMa cnucka Ans yCKOPEHHOr0 N3MEHeHUs BbIXOLHOMO YPOBHS

8 Mcnonb3oBaHue pexuma cnucka 1 TPUrrepoB ANS BbINOMHEHNUS NapamMeTpuyecknx U3MepeHun
¢ BbICTpON pa3sepTkon

9  CoueTaHue yHKLWIA reHepaLn curHanos nponssonbHon hopmbl (ARB) 1 ananoro-uudposoro
npeobpasoBaTtens 415 BbINOMHEHNS NapaMeTPUYECKUX N3MEPEHNt Co CBepXBbICTPOI pas3BepTKON

10 Wcnonb3oBaHue yHKLMM NOACUCTEMbI COCTOSHUSA 45 YMEHbLIEHNS BPEMEHN TECTUPOBAHMS
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1. MNoBbIWweHne 3PPEKTUBHOCTN Yepes COKpaLLeHNe BPEMEHH
006paboTkn KomaHab!

YKa3aHus No npuMeHeHUto

[NoBblweHNe 3hPEKTUBHOCTM TECTUPOBAHUA HAYMHAETCA C UCNONTb30BaHNS 6onee BbICTPbIX NCTOYHWUKOB NUTAHKS.
Bpemsi 06paboTku kOMaHAbI SBNSETCA KMIOYEBLIM MAPaMeTPOM, ONpeAen LM CKOPOCTb UCTOYHMKA NUTAHNS,
MOCKOJIbKY OHO BNUSIET Ha MPaKTUYeCKM BCE acneKTbl €ro UCMONb30BaHUS NMPM aBTOMaTU3NPOBAHHOM YNpaBIeHNU.
CokpalleHne BpemeHn 06paboTki KOMaHa MOXET 3HAYNTENBHO YMEHBLUNTL BPEMS TECTUPOBAHNS W NMOBbLICUTb
3(PheKTMBHOCTb. ATO 0CODEHHO akTyanbHo, korga TpebyeTcs UcnbiTaTb TECTUPYEMOE YCTPONCTBO HA HECKOJbKMX
BbIXO[HbIX YPOBHSX 1 M3MEPUTb COOTBETCTBYHLLMIA YPOBEHb CUMbI TOKA UMW HANPSHKEHWUs, YTO YacTo U COCTaBNSET
npobnemy. PasHuya Bo BpeMeHn 06paboTkn KOMaHg MeXay UCTOYHMKaMW NUTaHNS 0bLLero Ha3HaYeHus v Bbl-
COKOMPON3BOAUTENbHBIMU CUCTEMHBIMU UCTOYHUKAMU NUTAHKUS MOCTOSAHHOTO TOKA MOXET COCTaBMATb HECKOMbKO
nopsgkoB. Ecnu BaxHa 9 PEKTUBHOCTb TECTUPOBAHMS, SKOHOMWUS BPEMEHU TECTUPOBAHNS 3a CHET UCMOMb-
30BaHMs BbICOKOMPON3BOAUTESIbHBIX NCTOYHWKOB MUTAHUSA C ManbiM BpeMeHeM 06paboTku KoMaHa nerko
BO3MECTUT pasHuLy B LieHE.

Mpumep BpemeHn 06paboTku KOMaHA ANS UCTOYHMKA NUTaHWS NokasaH Ha puc. 1-1. Bpems obpaboTku komaHa —
3T0 BPEMS OT NEPBOrO MOMyYeHMs KOMaHAbl 1O MOMEHTA, KOrAa UCTOYHUK MUTAHUS HAUNHAET €€ BbINMONHATD.

B gaHHOM crnyyae 3T0 MOMEHT, KOra BbIXOAHOE 3HAYEHNE NCTOYHMKA MUTAHUS HaYMHAET MeHsATbCA. Bpems
06paboTkn KOMaH MOXeT BapblPOBATLCA OT HECKOSTbKNX COTEH MUMITIMCEKYHA Y MCTOYHUKOB NUTaHNs obLwero
Ha3HaYeHnst 4o MeHee 1 MC y BbICOKOMPON3BOAMNTENbHbIX NCTOYHWUKOB NUTAHUS.

[ns TecTupyemoro ycTponcTea, ncnbiteiBaemoro npu 10 pasnuyHbiX HACTPOMKAaX HanpsXKeHNs, OT NCTOYHMKA
nuTaHus co BpeMeHeM 06paboTku komanabl 100 MC A0 NCTOYHMKA C 1 MC, BpeMsl TECTUPOBAHKS COKpaLlaeTcs
npubnM3nTenbHO Ha 2 ¢. ATO KONMNYECTBO BPEMEHN CYLLECTBEHHO A4S MaclwTaboB BbICOKONPOU3BOANTENBHOIO
3aBOACKOTO TECTUPOBAHNS, TakXe 3TO SKOHOMMS, KoTopas TpebyeT TONIbKO M3MEHEHUS BbIXOLHOTO YPOBHS.
MopobHas sKOHOMMS Takxe peanu3yeTcs nNpu Apyrux onepaumsax UCTOYHUKA NMTAHNS — BPeMS TECTUPOBAHUS
C NErkoCTbK YMEHbLUIAETCS €LLe Ha HECKOMbKO CeKYHA, 3HAaUMTeNIbHO NoBbIWas 3 PEKTUBHOCTb TECTUPOBAHNSI.
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Puc. 1-1. Bpems 06pab0oTku koMaHg MCTOYHMKA NUTAHUS NPU M3MEHEHWUN BbIXOAHOTO YPOBHS
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2. NoBblweHne apdPeKkTUBHOCTN Yepes CoKpaLLeHne BPEMEHM OTKIIMKA
Npw HapacTaHuu ¥ cnage HanpsKeHus

YKa3aHus No npuMeHeHUto

/cnonb3oBaHMe UCTOYHUKOB MUTAHNS C MEHbLUMM BPEeMEHEM OTKIIMKa NpW NporpaMMnUpoBaHum Bbixoaa B 06e
CTOPOHbI MOXET 3HAYUTENIbHO YMEHbLWWUTb BPeMsi TECTUPOBAaHMS, B YaCTHOCTM, €CNK B NOCNIEA0BATENBHOCTH
TeCTUpPOBaHMA ycTpoiicTBa TpebyeTcs 3afaTh HECKONbKO HACTPOEK BbIXOAHOTO YPOBHS. Pa3sHuLa BO BpeMeHU
OTKJIMKa NPU NPOrpaMMMUpPOBaHMM BbIXOAA MOXET COCTaBMSATb HECKOMbKO NOPSAKOB BENMUYMHBI MEXAY MCTOYHUKAMM
nUTaHWs 06LYEro HasHaYeH!s U BbICOKOMPOM3BOAMTENbHbIMU CUCTEMHBIMI MCTOYHUKAMM NMUTAHNS NOCTOSIHHOTO
TOKa. /icnonb3oBaHue UCTOYHMKA MUTAHNS C MEHbLIUM BPEMEHEM OTKIIMKa NpW NPOrpaMMnpoBaHUM BbIXOAa Nerko
YyMEHbLUAET BPEMS TECTUPOBAHUS YCTPOWNCTBA HA HECKOMBKO CEKYHA, 3HAaYMTeNIbHO NoBbIlas 3heKTUBHOCTb
TECTUPOBAHMUSI.

Bpems oTknvka npu nporpaMmMuMpoBaHnm Ha NoBbleHne n3obpaxeHo Ha puc. 2-1. 310 Bpems, Heobxogumoe
VCTOYHUKY NUTaHMA ANS NOAbEeMa HanNpSKEHUS BbIXOAA U YyCTaHOBNEHMS B Npefenax HebonbLworo AnanasoHa
BOKPYT KOHEYHOrO 3HaYeHUs BbIXOAHOTO YPOBHS nocne 06paboTkn KOMaHAbl N3MEHEHWS BbIXOLHOMO YPOBHS.
Mo cyTvt 310 WKpKMHa PpoHTa HANPSHKEHNS UMK TOKa.

Bpems oTknuka npu nporpaMMMpoBaHMK Ha NOBbILIEHWe 3HAYUTENBHO BapbUPYeTCs B 3aBUCMMOCTM OT YPOBHS
NPOWN3BOAMTENBHOCTU CTOYHMKA MUTAHWUS: OT COTEH MUNIIUCEKYHS Y YCTPONCTB 06LLIEro Ha3HauyeHns 40 MeHee

1 MC y BbICOKOMPOWU3BOAUTENBHBIX NCTOYHUKOB NUTAHMA. Y psiaa cneLnanu3ampoBaHHbiX BbICOKOMPOU3BOAUTENbHbIX
MCTOYHUKOB NUTAHWS BPEMS OTKIIMKA NPU NPOrpaMMUpPOBaHMM Ha MOBbILLEHWE MUHUMATTBHO U UCYUCTISETCS
[ecATKaMn MUKPOCEKYHA.
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UcxoaHoe C yCTPOICTBOM paccenBaHmnst MOLHOCTM Ha MOHKEHUE
3HayeHve :
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Puc. 2-2. Bpems 0TknmMka MCTOYHMKA NUTaHWs NPpU NPOrpamMMUPOBaHNM Ha NOHUKeEHMe ¢ 1 6e3 yCTpolicTBa paccenBaHns MOLHOCTH

Bpems oTknvka npu nporpaMMMpoBaHny Ha NOHWXeHNe NoA06HO BpeMeHM OTKNMKA Ha NOBbILIEHNE, 3a
UCKITIOYEHNEM TOro hakTa, YTO UCTOYHUK MUTAHUSA MPOrpaMmupyeTcst Ha 6onee HU3kui ypoBeHb. OfHako
HeobxoAMMO paccmaTpuBaTh NPOrpaMMUMpPOBaHINE Ha MOHWKEHNE HE3ABNCUMO, MOCKOMbKY Manoe Bpems
nporpamMMmMpoBaHus Ha NOBbILLEHNE HeobA3aTeNnbHO rapaHTUpyeT Takoe Xe Manoe BPEMS Ha NOHUKEHME.

He BCe MCTOYHMKM NUTaHNA UMEIOT aKTUBHYIO0 Lienb paccenBaHna MOLLHOCTY, 4TOObI BbICTPO NepeBeCTy BbIXOA
06paTHO Ha HW3Koe HanpshkeHue. Mpu 0TCYTCTBUM YCTPONCTBA PAacCEMBAHNS MOLLHOCTW BPEMS OTKIIMKA NPU
nporpamMmmMmMpoBaHuM Ha NOHWXKEHMEe, HeobxoguMoe AN nepeBoAa Bbixoga 0bpaTHO Ha HIU3KOe HanpsixeHue,
3aBWCMT B OCHOBHOM OT Harpy3ku TeCTMPYEMOro ycTpoicTsa. Bpems oTknvka npu nporpaMmmpoBaHum Ha
NoHWXeHne ¢ n 6e3 ycTpoMCTBa paccernBaHna MOLLHOCTY NOKa3aHo Ha puc. 2-2.

Bpems oTknuka npu nporpaMMMpoBaHUM Ha NOHWXKEHUE TaKKe 3HAYUTENbHO BapbUpyeTCs B 3aBUCUMOCTY OT
YPOBHS NPON3BOAMTENBHOCTU UCTOYHMKA MUTAHWUS: BbICOKONPOW3BOAMTENbBHbIE MCTOUHUKYM NUTAHNSA BCerga
obopyayloTCcs yCTPONCTBOM paccemBaHus MOLWHOCTU, @ UX BPEMS OTKNMKa cocTaBnseT 1 Mc unn meHblue. fins
CPaBHEHWS, UCTOYHUKYM NUTAHNA 0BLLEro HasHaYeHUs MOryT UMeTb BPEMS OTKIIMKA NPW NPOrpaMMUPOBaHNN Ha
MOHWMKEHWNE B HECKOMNBKO COTEH MUNNMCEKYHA W Bonblue. MHOre MCTOYHMKM NUTaHNS 0BLLero HasHayeHus MoryT
TPaTUTb HA MOHWXEHWNe YPOBHSA NPK OTCYTCTBUW Harpy3ku 40 HECKONbKUX CEKYHA,.

Ecnu BaxHa achpekTMBHOCTb, MCNONb30BaHMe bonee Npon3BoLUTENbHbIX UCTOYHUKOB MUTAHNS C MEHBLINM
BpeMeHeM OTKIMKa Npu NporpaMmMmnpoBaHni B 06e CTOPOHbI NO3BONSET C NErkOCTbI0 YMEHbLUMTL BPeMS
TECTUPOBAHUS HAa HECKOMbBKO CTOMb LEHHbIX CEKYHA. OTO, B CBOK 04YEPEAb, NOBbIWAET 3hEKTUBHOCTD
TECTUPOBAHUS M CHUXAeT Pacxofbl, YT0 0COBEHHO BaXHO Npu MaclwTabHOM pecypco3aTpaTHOM TECTUPOBAHUY.
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3. icnonb3oBaHune NCTOYHKUKOB NuTaHus ¢ Bonee ObICTPbIMU
cUcTEMaMM 3MEPEHUS AN NOBbIWEHNS dPPEKTUBHOCTH
TeCTUPOBaHMS

YKa3aHus No NnpuMeHeHUo

/icnonb3oBaHme NCTOYHMKOB MUTAHNS NOCTOSIHHOTO TOKa, MeroL X Bonee 6bICTPbIE BbICOKONPOU3BOAUTENbHbIE
CUCTEMBI N3MEPEHNS, MO3BONSET CEPbE3HO ype3aTb BPEMSA TECTUPOBAHUS YCTPONCTBA, 3HAYUTENbHO NOBbLICUB
3 (PEeKTUBHOCTb M COKPaTUB Pacxogpbl.

XOpOLWNM NHANKATOPOM MCTOYHMKA MUTAHWUS NOCTOSHHOTO TOKa C BbICOKONPOW3BOANTENBHON CUCTEMON U3MEPEHMS
SBNSETCA NporpaMmMnpyemas MHTerpaLusa n3amepeHui, unu anepTypa, Bpems, 4acto NporpaMMupyemMoe B Limknax
nuHun nutanms. OgHum 13 yaobcTB NporpaMMUpyeMoro BpeMeHy NHTErpaLmm SBnsaeTcs MUHMMU3anns nobbix
nynbcaunii 50 nnwm 60 I B NMHWKM NepeMEHHOT0 TOKa, BMELUNBAKLLMXCS B U3MEPEHNE NOCTOSAHHOTO TOKa, NyTeM
3afjaHns BPEMEHW, KpaTHOTrO OAHOMY UMW HECKOMbKUM LKNam TIMHUM MUTaHns. YCTaHOBKa BPEMEHU B KONnYecTBe
OAHOTO LMKNa NUHUN NuTaHus obecneynBaeT XopoLlee noAaBneHne nynbcawynii ¢ OTHOCMTENbHO BbICOKON
ahekTnBHOCTLI0. ECnn nynbcaymns B NMMHAN NepeMEHHOr0 NTaHus npobnemon He ABNAeTCs, MoxeT ObITb
YCTaHOBIEHO BPEMS MHTErpaLu NpoAOMKUTENTbHOCTbIO MEHEee O4HOTO LiMKna NNHUM NUTaHus, 4YTo ele bonblue
COKpaLjaeT Bpems n3mepeHus. ECrim CTOYHMK NUTaHWS MOCTOSAHHOTO TOKa MMeeT NporpaMMupyemyto MHTerpawuio
13MepeHnin, oH, 6e3 coMHeHus, Takxe BygeT uMeTb BbiCTpoLENCTBYOW Y0 (0BBbIYHO peyb NaeT 0 MUNMNCEKYHOAX)
CUCTEMY N3MEPEHNS, LONOMHSIOLLYI0 NPOrpaMMUPyeMoe BpeMs NHTErpaLmm.

[nsa cpaBHeHus, 6a30Bble NCTOYHWKM MUTAHUS MOCTOSHHOTO TOKa 0ObIYHO MMEKT HUKCUPOBAHHOE BpeEMS
VHTerpauum npopomxknTensHocTbio 100 MC ANs NoAAEPXKKM NOAABNEHUS NyNbCalui NEPeMEHHOro Toka Ans
yactoT cetu nutaHusa 50 n 60 My. OHKM TakxKe UMET CUCTEMbI N3MEPEHNS C Y3KUM AUana3oHoM 1 ManbiM
OTKMMUKOM, KOTOpPbIM TpebyeTcs Bonbluee KOIMYECTBO BPEMEHM YCTAHOBIIEHNS MOCIE KaXA0oro CTyneH4YaToro
M3MEHEHNS Harpy3Kku, Npexae YeMm MOXHO 6yaeT BbIMOMHNUTb KOPPEKTHOE U3MEPEHME.

B kOHEeYHOM UTOre, NCTOYHMKY NUTaHKS NOCTOSIHHOTO TOKa 06LLero HazHaYeH!s Ha BbINONHEHNE U3MEPEHMS
MOXeT NoTpeboBaTbCs 4O HECKONbKNX COTEH MUMSTMCEKYHA, B TO BPEMS Kak MCTOYHUKY NUTAHNS NOCTOSIHHOTO
TOKa C BbICOKOMPOM3BOANTENTIbHON CUCTEMOW M3MEPEHNS — BCETO OKOMO OHOI JECATO 3TOr0 BPEMEHM, NPUYeEM B
60NbLUNHCTBE CUTYaL M TOYHOCTb OyaeT Bbiwe. Ecnu B xoae TeCTUPOBaHNS YCTPOMCTBA BbIMOMTHAETCS HECKOMbKO
M3MEPEHUIA, 3TO MOXET NO3BONUTL OYKBANbHO ype3aTb CEKYHbl BPEMEHU TECTUPOBAHUS, 3HAYUTENBHO NOBbICKB
3 (PEeKTUBHOCTb M COKPaTUB Pacxogpbl.

Tok [nanasoH ycraHoBneHus
Harpysku 13MepeHus

KoHeuHoe \ R ,*, ,,,,,,, .
3Havenne | T oo/ :
| |
| |
| |
| |
|
| |
| |
OTKIKK cUCTEMBI | [
n3MepeHust ! :

\
|

\
|
| |
|
McxopHoe ! |

3HayeHve A
Bpems oTknuka Bpewms
CUCTEMBI U3MEDEHIS WHTErpaLumn naMepeHui
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Puc. 3-1. BpeMH OTKIKKa 1 Bpema UHTerpaLum CUCTeMbl USMEPEHNA UCTOYHUKA NUTAHUA NOCTOAHHOTO TOKa
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4. V\cnonb3oBaHune npenMmyLLecTs LUpOPoBOiA unsTpaLnm NCTOYHMKA
NUTaHWUS AN U3MEPEHNS NOCTOAHHOTO TOKa ¢ boree KOpOTKUM
BPEMEHEM YCTaHOBJIEHUSA

YKa3aHus No NnpuMeHeHUo

CpepHee 3HayeHVe NOCTOSHHOMO TOKa NPaKTUYeCkn BCerga ABISeTCs KNYeBON BENUYMHON NpY N3MepeHun pacxoaa
TOKa TECTUPYeMoro ycTpoiicTBa. OfHaKo pacxod Toka MHOTUX TECTUPYEMbIX YCTPONCTB MOXKET ObITb 04EHb AMHAMNUYHBLIM
11 cofepxaTb 3HaYNTENbHY0 YacTb NEPEMEHHOTO TOKA OTHOCHUTENBHO CPELHEr0 3Ha4YEHNS NOCTOSHHOIO TOKa.
[pumepom ABNseTCa XxapakTepucTyKa MynbCUpYHOLLEro pacxoAa Toka MHOMMX LndpoBbix 6eCnpOBOAHbIX YCTPONCTB.
Bbicokas nepeMeHHas cocTaBnsioWas MOXeT cTaTb Npobnemoi Npy NONbITKE BbINOMHUTL U3MEPEHUS CPEAHErO
3HayeHMs NOCTOSIHHOrO Toka BbICTpee, MOCKONbKY ANS NOMyYeHWs NPUEMIEMO NoCneAoBaTeNnbHON CTabunbHOCTH
Tpebyetcs Gonbluee Bpems cbopa pe3ynsTaToB 3MepeHuin. YTo kacaeTcs ICTOYHWNKOB NUTaHUS MOCTOSHHOTO TOKa €
0LMPOBbLIBAIOLLEN CUCTEMOI U3MEPEHNS, UX OKOHHBIE DYHKLMM LndpoBom unbTpaumum Ha 6ase umudposoi 06paboTku
curHana moryt obecneuntb 6onee GbICTpoOe U CTabUNbHOE U3MEPEHNE CPeIHEro 3HAYEHNst MOCTOSIHHOTO TOKa Npu
AVNHAMUYECKMX TOKaX. YMEHbLUEHWE BPEMEHMN N3MepeHUs Cnoco6CTBYET NOBbILIEHNIO 3PAEKTUBHOCTY TECTUPOBAHUS,
0cobeHHO ecnu B xofe TeCTUPOBaHNS TpeByeTCs BbINMOMHUTL MHOXECTBO M3MEPEHUI.

OyHKLWS LMPOBON PUALTPaLMK C MPSMOYTONbHLIM OKHOM (Ui Be3 Beca) 0OAMHAKOBO BOCTPUHUMAET BCE
oumndpoBaHHbIe BbIDOPKY, B3ATbIE 3a Nepuog cbopa pe3ynsTaToB N3MepeHnit. ECnv BO3MOXHO TOYHO COMOCTaBNTD
nepvog cbopa pesynbTaToB C NEPUOAOM CODCTBEHHbBIX konebaHuii nepeMeHHON COCTaBMALLEN, OH, Kak MpaBuo,
3HaYMTENBHO OTKIOHAETCSA OT CPEAHEr0 3HAYEHNS NOCTOSHHOrO Toka. OfHaKo, ecrv nepuog, co6CTBEHHbIX KonebaHni
nepemMeHHON COCTaBMAIOLLEN TOYHO HE M3BECTEH UMW MX HECKOMbBKO, HErapMOHUYECKM CBA3aHHbIE NepPUObl NEPEMEHHOM
COCTaBNSAOLLEN OTKIMOHSIOTCS, PYHKLMS C NPSMOYTONbHbLIM OKHOM cragaeT nog yknoHom 20 ob/mopsaok, 1 ans nonyyeHns
nocnegoBatenbHO cTabunbHOro pesynsraTa TpebyeTcs bonee AnuTenbHbIN Nepuoa cbopa pesynsTaTos.

[ns cpaBHeHNs, OKOHHAs (PYHKLNS C BECOM BblgenseT oundpoBaHHble BbIOOPKY, B3ATbIE B CEPEANHE Neprnoaa
cbopa pe3synbTaToB U3MepeHUs, U CKpbiBaeT BbIOOPKM M3 Hayana v KoHua nepnopa. 3T0 faeT 3HaYUTENbHO
60nbLNIA YKITOH CNaiaHns OTKIIOHEHWS NepeMeHHOro Toka, obecneynsas 6onbLUyio CTabUNBLHOCTL N3MEPEHNiA
MOCTOSHHOTO TOKa 3a MeHbLUee Bpems cbopa pe3ynbTaToB N0 CPABHEHMIO C DYHKLMER C NPAMOYrofbHBIM OKHOM.
OkHO XaHHa (XaHHMHra) — o0AMH 13 NPUMepPOB OKOHHOM (YHKLIMM C BECOM, NOAXOASLLeN AN faHHbIX Lenei.

[Ons TecTupyembix yCTPOWNCTB, NOTPEONSAOLWMX JUHAMWYECKNIA TOK, UCMIONb30BaHNE NMPEUMYLLECTB (PYHKLNIA
L1poBOI GUNLTPaLNM NCTOYHNKOB NUTAHUSA MOCTOSHHOIO TOKa C OLM(POBLIBAKLMMU CUCTEMAMN U3MEPEHMS

MOXeT 3HaYNTENbHO YMEHBLUNTL BPEMS, HE0DX0AMMOE ANS BbINMOMHEHNS TOYHBIX U MOCNEA0BATENbHO CTabUMbHbIX
M3MEPEHNI, B pe3ynbTaTe ynyylms 3pheKkTUBHOCTb TECTUPOBAHMS.
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Puc. 4-1. XapakTepucTikv OTKnnka dunbTpa ¢ NPAMOYroNbHbIM OKHOM 1 OKOM XaHHa
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9. Micnonb3oBaHne BCTPOEHHON BO3MOXHOCTM YCKOPEHHOIO
N3MEpPEHNs ToKa X0NoCToro Xxoaa

YKasaHus no npuMeHeHuto

Ha cerogHsLWHMI AeHb Bce 6onblUe YCTPONCTB 13 Pa3nNUYHbIX 0TPacnen NPOMbILLIEHHOCTH OCHALLaoTCS
PEXMMOM OXMAAHWS, CHA UMW BUPTYaNbHOrO BbIKMIOYEHNS — KOTAa YCTPOMCTBO NEPEXOAUT B COCTOSIHNE OY€EHb
H3KOrO dHepronoTpebneHus, pakTuieckn coxpaHas NOAKNIOYEHNE K UCTOYHUKY NUTaHMs. B Takom coCTOSHUN
ycTponcTBO NoTpebnsaeTt HebonbLIOe KOMYECTBO TOKA XONOCTOro Xxo4a, 06 bEMOM B HECKONBKO MUKpoaMnep
unu munnuamnep. Takne TOKM HU3KOTO YPOBHS JOMKHbLI 0683aTenbHO NPOXOAUTL 3aBOACKOE TECTUPOBAHMUE

C LieNbio UCKMIOYEHNS NPEBBILIEHNA AONYCTUMBIX OTpaHNYeHnin. TpaanLMOHHBLIN NOAXOA, 3aKNYalowWwmincs B
MCNONb30BaHNKN OTAENbHOrO 060pYA0BaHMS ANS U3MEPEHNS 3TUX TOKOB, OTHUMAET 04eHb MHOTO BPEMEHMN.
BmecTo 9T0ro paccMoTpuM BapuaHT UCMoIb30BaHNS BCTPOEHHOW (YHKLMM BbINOTHEHNS M3MEPEHUI NCTOYHMKA
NUTaHWS NOCTOAHHOTO TOKa.

HOCKOﬂbe Takune TOKM XOJIOCTOro Xxoga CoCTaBndaT NULLb HGGOJ‘IbLIJyIO Y4aCTb akTUBHOro pacxona Toka
TECTUPYyeMbIM yCTpOI7ICTBOM, MX HEBO3MOXHO TOYHO M3MEPUTL C NOMOLLbI eJUHOro auanas3oHa nsMepeHuns,
npennaraemoro CTaHAapTHbIMU U UCTOYHMKaMU NUTAHNA NOCTOAHHOIO TOKa 06L|4ero Ha3Ha4yeHus. TpaﬂMLI'I/IOHHO,
3T0 AMKTYeT HeobxoaumMocTb fJobaBneHus napannensHoro pesuctopa 60nbLLoi eMkocTu, 06xoaHoro pene

n cneunanbHOro MynbTUNNEKCHOro KaHana c uM(prBbIM BOJIbTMETPOM C LieNblo TOYHOro U3MepeHna Toka
HU3KOr0 YpOBHA. OT0 He TONbKO NOBbLILIAET CNOXHOCTb U NPpnBOANT K BOSHUKHOBEHWIO ﬂpOGJ‘IGM C HaAeXHOCTbIO
CUCTEeMbl TECTUPOBAHNA, HO TaKXe 3Ha4YUTEeNbHO yBeNnmM4MBaeT BpemMa TeCTUPOBaHNA 3a CHET NnepeknioyeHnd
napannenbHoro pe3ucTopa Ha U3MepsieMbli Y4acToK, NOAKIIOYEHNS LUPPOBOro BONLTMETPA, BbINOMHEHNS
M3mepeHnd, NOBTOPHOIo NepeknYvYeHna napannenbHoro pe3ncTopa n oTKN4YeHna BoNbTMeTpa.

Jlyywmin cnocob BbINONHUTL M3MEPEHNE TOKA HU3KOrO YPOBHS — BOCMONb30BATHCA BO3MOXHOCTAMMU UCTOYHUKOB
NUTaHWS NOCTOSHHOTO TOKA, UMEIOLLMX BCTPOEHHbIE JONOMNHUTENbHbIE AnanasoHbl AN NPSAMOro U3MepeHns

TaKnx TOKOB. JTO HE TOMbKO YNPOLLaeT 1 NOBbILAET HAAEXKHOCTb CUCTEMbI TECTUPOBAHNS, HO Takxe 3KOHOMUT
COTHW MUNIUCEKYHA KaxAbl pas, korfa TpebyeTcs M3mMepuTb TOK HU3KOTO YPOBHS, Bnarogaps 0TCyTCTBUIO
Heo6xoAMMOCTU NepeknioYaTh NapannenbHbIn PE3NCTOP U NOAKNIYATL/OTKI0YaTb LNPOBON BONBTMETP B NUHUK
TOKA.

Ludpposoit | Mynbtunnekcop
BONLTMETP |—
1 2 3 4 eeoe /icTouHnk
TTTTIT 11 MUTaHMs
oo MOCTOSHHOTO TOKa

- C QyHKLVEit Tecmpyemoe
N3MepeHus YCTPOWCTBO

VICTOUHMK |WJ SEITY

[1anasoHa
nuTaHNs!

MOCTOAHHOTO | [TaparnnesbHbli
TOKa 06LLero | pesuncrop u pene
HasHayeHns

Tectupyemoe
YCTPOIACTBO BbicTpo, nerko, 6onee HagexHoO

MeaneHHo, CNOXHO

Puc. 5-1. BHeluHee peLueHne npoTUB BCTPOEHHOMN (YHKLMM N3MEPEHNS TOKa HU3KOTO YPOBHS UCTOUHMKA MUTaHNS MOCTOSIHHOTO Toka
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6. Micnonb3oBaHune npenmyLlecTs 6E€CLUIOBHOTO Nepekto4eHus
OnanasoHa M3MepeHust Npu MrHOBEHHbBIX U3MEHEHNSIX Harpy3Ku
B X0€ TECTUPOBAHMUS

YKa3aHus No npuMeHeHUto

Korpa feno kacaeTtcs BpeMeHW TECTUPOBAHUS BbICOKOMPOM3BOANUTENbHbIX KOMIOHEHTOB 1 YCTPOWCTB, Kaxaast
MUNANCEKYHAA UMEET 3HayeHune. Micnonb3oBaHne NCTOYHUKOB NUTAHUS NOCTOSIHHOTO TOKa C (yHKLMeN
6€eCLIOBHOTO NepeknyeHns AnanasoHa M3MepeHNst MOXET 3HAYUTENBHO CIKOHOMUTL BPeMS TECTUPOBaHUS,
OAHOBPEMEHHO C 3TUM NMOBbICUB 3H(PEKTUBHOCTb U CHU3UB PACXOAbI.

MHoOre KOMNOHEHTbI M YCTPOWCTBA TECTUPYIOTCA MPU HECKOMNbBKMX YCIIOBUAX HAMPSIKEHNS MUTAHNS, YPOBHAX
MOLLHOCTU W COCTOSIHMSAX (COH, MPOCTOI, aKTUBHOE). MTOroBbIN pacxoa TOKa Npu COYeTaHum BCex aTnx hakTopoB
0XBaTbIBAET LWMPOKNIA Anana3oH, Tpebys AN nonyyeHns TOUHbIX PE3yNbTaToOB HANMYMS HECKOMNbKUX 1ManasoHoB
“3MepeHus.

Kaxpas pyyHas CMeHa gnana3oHa U3MEPEHUs B COOTBETCTBUM C KOHKPETHbIM YPOBHEM TOKa AN NONyYeHus
TOYHOTO pesynbraTta TeCTMpoBaHusa TpebyeT 0TnpaBkn OTAENbHON KOMaHAbI Ha NCTOYHUK MNTAHUSA MOCTOSHHOTO
TOKa Unu nHoe nsmeputenbHoe obopyaosaHue n o6pabotkm um. O6paboTka 1 BINOMHEHME KAXAOT0 N3MEHEHNS
AnanasoHa U3MEPEHNS BPYYHYIO MOXKET 3aHUMaTb HECKOMbKO MUNNNCEKYHA. [ing cpaBHEHNS, NPU HEMPEPbLIBHOM
BblbOpe JnanasoHa n3MepeHns cuctema M3MepeHns NOCTOSIHHO OTCNEXMBAET 1 NPUMEHsSeT Haubonee
NOAXOAALMIA AManasoH U Jaxe coyeTaHWe ANana3oHoB Ha OCHOBAHUM MIHOBEHHOTO 3HAaYeHUs ypOBHS ToKa

B PEXNME pearnbHOro BpeMeHu Ans AOCTUKEHUS MaKCUManbHOM TOYHOCTU. Bnarogaps dyHKLmMM 6eCLIOBHOTO
nepekniyeHns gnanasoHa nameperns Bam 6onblue He NOTpebyeTca MEHATb AMana3oHbl BPYYHyto. Takas
CUCTEMA 3HAYUTENbHO OTIIMYAETCA OT CUCTEMBI U3MEPEHUS C aBTOMaTUYeCKUM BbIGOPOM AnanasoHa, paboTa
KOTOPOW1 OCYLLECTBNAETCS HE B PEXNME peanbHOro BpEMEHMN 1 3aHUMaeT elye 6onblie BpEMEHN, YeM N3MEHEHNe
AnanasoHa BpPYYHYH, YTO 0ObIYHO ABNSETCH HELONYCTUMbIM NPY aBTOMATU3MPOBAHHOM TECTMPOBAHNM.

Ecnu png TeCTMpoBaHus KOMMOHEHTa U YCTPONCTBA NPU BCEX BO3MOXHbIX COYEeTaHUsAX yCrnoBui TpebyeTcs
BbINOMTHUTL BOMbLLOE KONMMYECTBO N3MEHEHNIT Anana3oHa, NCNonb30BaHe BO3IMOXHOCTEN HENpPepbIBHOTO Bbibopa
AnanasoHa U3MEpEHNs MOXeT Ha HECKOMbKO AECATKOB MUMNMCEKYH COKPATUTb BPEMS TECTUPOBAHNS. OTO MHOTO,
koraa obuiee BpeMs TECTUPOBAHNUS COCTaBNSET BCEr0 HECKOMNbKO CEKYHU, M BaXHa kaxaas MunnucekyHaa!

Bpemsi, Heobxoanmoe ans Boibopa Anana3oHa N3MepeHus
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Puc. 6-1. CpaBHeHWe BpemMeHU, HeOBXOAUMOro Ans HENPEPLIBHOTO BbIGOpa Auana3oHa U3MepEHNs 1 YCTaHOBKM AnanasoHa Bpy4HYH

6ECLUOBHbIE M3MEHEHS Anana3oHa
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7. icnonb3oBaHue pexnma cnucka Ans YyCKOPeHHOro U3MEHEHNS
BbIXOAHOTO YPOBHS]

YkasaHus no NMPUMEHEHNIO

Mcnonb3oBaHne NCTOYHMKOB NUTaHUS, NpeaycMaTpuBaloLLMX paboTy B pexnmMe cnucka, MOXET 3Ha4NTeNbHO
YMEHbLWUTb BPEMsl TECTUPOBAHMS, ECNN TPEBYETCH HACTPOUTL HECKOMbKO YPOBHEI HAaNpsHKeHUs (Mnn Toka) Ans
GONbLIOro KONMYECTBO YCNOBUIA TECTUPOBAHUS B XOA€ NOCEA0BATENIbHOCTI TECTUPOBAHUS ANS TECTUPYEMOTO
ycTpoiicta. CokpalleHe BpeMeHn TeCTUpOBaHHS elle Gonee BbipaXeHo Npu TECTUPOBaHUM YCTPOIICTB,
TpeByIoLMX HECKOMbKNX 3HAYEHN HANPSIKEHNS NUTaHUS. BpeMmst TeCTUPOBaHMS yMEHbLIAETCS NPONOopLMOHANbHO
KONMYECTBY 3HAYEHWN YPOBHEN HaNPSHKEHNS, 3a4aHHbIX AN KaXAO0r0 13 YCNOBUIA TECTUPOBAHUS YCTPOACTBA.

[pu ncnonb3oBaHnn TpaaWLMOHHBIX UCTOYHWUKOB NUTAHWUS, BCAKWUI pas, koraa TpeﬁyeTCﬂ M3MEHUTb HanpaXxeHne

UNK TOK ANS CO34aHNS CNeayoLLero yCnoBus TeCTUPOBaHUS, Ha KaXabl BbIXO4 OTNPABNAETCA OTAENbHAasA KoMaHaa
YCTaHOBKW BbIXOAHOIO YPOBHA. O6p360TKa KaX 4o KOMaHAbl YCTaHOBKM BbIXOLHOTO YPOBHS B UCTOYHUKE NUTAHNS
06u4ero Ha3HayeHuss MOXET 3aHMMaTb BNnoTb Ao 100 Mc. [Mpu M3MEeHEHNN YPOBHEN HECKOMbKUX MCTOYHUKOB NUTAHUS
Ana co3daHna crniefgyrllero ycnosua onepaunm, USMeHeHUA BbINONMHAKTCA nocneaoBaTenbHO, YTO yBENTUYNBAET
Bpema 06p360TKVI KOMaHAbl NpONopLUMOHanbHO KOJIMYECTBY BbIXOAOB UCTOYHUKA NUTAHUA, Tpe6y+0u.|,14x N3MEHEHNA.

/icnonb3oBaHue pexuma cnucka obecneynBaeTt npeaBapuTenbHOE NPOrpaMMUMpPOBaHKe NOCNeA0BaTeNbHOCTH
YPOBHEN HANPSKEHWUS UM TOKa B UCTOYHUKe NUTaHWs. TpebyeTcs nuilb OAHaxabl BBECTM cnucok. Mocne aToro

OH MOXET BbINOMHATLCS MHOTOKPATHO, kak Toro TpebyeTt 3aBofckoe TecTupoBaHue. [pu genctaum Tpurrepa
nepexoaa no CNnUcKy M3MeHEHNe BbIXOAHOIO YPOBHS BbINMOMHSAETCS 3@ CYMTaHHbIE MUKPOCEKYHAbLI AN annapaTHOro
TPUITEPHOro BXOAa, W 3@ HECKONbKO MUNNUCEKYHA (MM MEHbLLE) — ANS TPUTTEPHOTO BXOAA WWHbI. ITO YMeHbLIaeT
Konu4ecTBo TpebyeMoro BpeMeHu No CpaBHEHWIO C CUTYaLWER, B KOTOPOW KaxXblii pa3 0TNpaBnseTcs komaHaa
YCTaHOBKM YpOBHS. Ellle 6onbLueit 3koHOMUM Npu paboTe ¢ HECKONbKUMIU BbIXOAAMW MOXHO AOCTUYb, €CNN

CMUCKM ANS KaXA0ro BbIXOAa 0LHOBPEMEHHO 3anycKaloTCs OAHUM TPUITEPOM, YCTPaHsAs Heo6X0aMMOCTb B
[ONONHUTENBHOM BpeMEHN Ha 06paboTKy KOMaHAbl AN KaX40ro 4ONOMHUTENBHOIO BbIXOAA.

= cymma = 0JHa 3afepxKa
3afepxek ans 006paboTku koMaHabl  Ans cpabaTtbiBaHus Tpurrepa
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Puc. 7-1. VIcTOYHWK NUTaHUS ¢ PYHKLMER pexmnma Cnncka ymeHbLuaeT Bpems TeCTUpOBaHUs
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8. icnonb3oBaHue pexuma cnucka u TpUrrepoB 4115 BbINOMHEHUS
napameTpuyecknx n3MepeHuni ¢ ObICTPON pa3BepTKOW

YKa3aHus No npuMeHeHUo

Mcnonb3oBaHne GyHKLMM pexnma Crnucka B UCTOYHWUKE NMUTAHUSA MOCTOSHHOTO TOKa MOXET MOBLICUTb
3(PHEKTUBHOCTb AOMNOMHUTENTbHBIMK COcoBamu, MOMUMO GbICTPOrO MOCTPOEHNS NOCNEeL0BaTENBHOCTN YPOBHS
HanpsKeHnit unm Toka. Cnckn Takxe MOryT co3aBaTb NyCKOBbIE CUrHasbl BbIXOAA B CTPATErMYECKNX TOYKAX
crnucka. 3T MyCKOBbIE CUrHaIbl BbIXO4A MOTYT MCMOMb30BATHCA ANSA BbINMOMHEHNS APYTUX AEACTBUNA, B TOM

Yucne CBA3aHHbIX C UCMONb30BaHMEM BHeLIHero obopyaoBaHus. CBA3b Yepes CUCTEMY TPUITEPOB MeXay
MHCTPYMEHTAMM YCTPaHSET HE0OXOANMOCTb B KOHTPOMNIEPE-NOCPEAHUKE, U 3TO YMEHbLUAET BPEMS TECTUPOBAHNS.

OBbIYHOI NpaKTUKOW ABNSAETCA BbINONHEHNE NapaMeTpUYecKnx N3MepeHuin BMECTE C LMGPOBbIM MyNbTUMETPOM.
HarnsgHbIM NnprmMepoM SBNSIETCA TECTUPOBAHME NMMHENHOCTW AaTUYMKa TOKA, OCHOBAHHOTO Ha adhdekTe Xonna.
3pecb nocnefoBaTeNnbHOCT YPOBHEN TOKA faHa AN BXo4a YCTPOWCTBA, OCHOBAHHOIO Ha adhdekte Xonna,
UMHpOBOI MynbTUMETP U3MEPSIET COOTBETCTBYHOLLME YPOBHU BbIXOAHOMO HAMPSXKEHMS YCTPOICTBA.

Takue napameTpuyeckue U3MepeHus npy NOMOLLW KavatoLlencsa 4acToTbl YacTo TPeOYIT HECKOMbKUX COTEH
ToYek. [ogaepxaHne MUHUMaNbHOTrO BPeMEHU pa3BEPTKM He TOMbKO YMEHbLUaeT BpeMs TECTUPOBAHMS, NOBbILIAS
9 (PEeKTUBHOCTb, HO TaKXKe CHUXaeT A0 MUHUMYMa 3(PGEKT HarpeBaHns, YTO NOBbILIAET TOYHOCTb TECTUPOBAHUS.
YcTpaHeHue noTpebHOCTU B KOHTPONNEpe CMCTEMbl TECTUPOBAHUA NS BbINOMHEHNS NOCNe0BaTeNbHOCTH
YPOBHEN TOKa B YCTPOMCTBE MUTAHNS NOCTOSIHHOTO TOKA M 3anycka M3MEPEHNi COOTBETCTBYIOLLEr0 YPOBHS
HanpsHXeHNs LMPOBbIM MyNbTUMETPOM 3HAYNTENBHO YMEHbLIAET BPEMS BbINOTHEHUS NapaMeTpU4eckux
n3mepeHuin. Beto paboTy BbINOMHAIOT TPUTTEPHBIE CUTHAMbI MEXAY UCTOYHUKOM NUTaHUS NOCTOSHHOIO TOKa

1 UNpOBLIM MyNbTUMETPOM. LindhpoBoi MynbTUMETP HACTPOEH Ha BbINOMHEHNE MacCcuBa U3MepEHUN,
COOTBETCTBYIOLUMX KONMYECTBY YPOBHEN TOKA B CMMCKE, NEPEXOA MO KOTOPOMY OCYLLECTBNAETCH npu
cpabatbiBaHuy TpurrepoB. CNncoK BbIAaeT CUrHan Ha BbIXo4e Tpurrepa, 4tobbl LdpoBoi MynsTUMETP MOT
BbINOMHATL N3MepeHne Ha kaxaom atane. Lindposoi MynsTUMETP, B CBOK 0Yepeab, BblAaeT CUrHan Ha Bbixoae
Tpurrepa no 3aBepLUeHUN N3MePEHUI, YTOObI CIMCOK NCTOYHMKA MUTAHWS MOCTOSHHOTO TOKa MOT NepenTy K
crnepytoliemy atany.

/icnonb3oBaHue pexuma cnucka n yHKLWiA Tpurrepa, [OCTYMHbIX B BbICOKOMPOM3BOAUTENbHBIX NCTOYHUKAX
NUTaHWS NOCTOSHHOTO TOKA, MOXET 3HaYUTENbHO YCKOPUTb BbINOTHEHWE NapaMeTpPUYeCKuX N3MepeHnit, yMEHbLLINB
BPEMS 1 NOBbICUB 3(PHEKTUBHOCTL TECTUPOBAHNS.
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Puc. 8-1. HacTpoiika napameTpuyeckix uamMepeHuit Ha ycTpolcTBe, OCHOBaHHOM Ha adbdekTe Xomnna, C Lienbio U3MepeHus ero nepeaatoLynx xapakTepucTmk
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Puc. 8-2. Mepexoa no Crvcky UCTOYHIKA MUTaHNs MOCTOSIHHOTO TOKa NPy cpaBaTbiBaHUM TPUTEPOB C MOMOLLbIO LGPOBOTO MyNLTUMETPA C TPUITEpaMK
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9. CoveTaHune PyHKLMN reHepaumnm curHanos Npoun3BosibHON hopMbl
(ARB) 1 aHanoro-ungpoBoro npeobpasoBatens Ans BbINMOMHEHMS
napaMeTpuyecknx N3MepeHnin co CBepxbbICTPON pa3BepTKOM

Yka3aHus no NPUMEHEHUIO

TpaAuLMOHHBIA CTOYHUK/M3MepuTenb SMU MOXET BbINONHATL NapaMeTpuyeckne M3MepeHNs ¢ 4OCTaTO4HO
6bicTpoit paseepTkoi. OfHako nopoil TpebyeTcs BbINOMHEHWE NapaMeTPUYECKNX N3MEPEHUT ¢ elle Bonee BbicTpoit
pa3BepTKOI, HanpUMep, KorAa camopasorpes TECTUPYEMOrO YCTPONCTBA UK 3DAEKTUBHOCTL TECTUPOBAHUS
MMEIOT KPUTUYECKM BaXXHOE 3HAYEHWE, @ NPU 3TOM A5 NONyYeHUst HeoBXOAMMON XapakTEPUCTUKL TECTUPYEMOTO
ycTponcTBa TpebyeTcs M3MepuUThb COTHU TOUEK U Aaxe Gonblue. Bnarogaps MCnonb3o0BaHUD PYHKLMKM reHepaLmum
CWrHanos npouaBornbHoit popmbl (ARB) u aHanoro-uugposoro npeobpasosatensi, BCTPOEHHbIX B OTAEMNbHblE
WCTOYHMKN MUTaHUS NOCTOSIHHOTO TOKA, NapaMeTpUYeCcKne U3MEPEHNS MOTYT BbIMONTHATLCS C PEKOPAHbIMM
CKOPOCTAMMK.

[insi BbINONHEHUS NAapaMeTPUYECcKoro U3MepeHUs TpaguLMOHHbIA UCTOYHUK/M3MepuTens SMU ncnonbayet
NOBTOPSALLYKCS NOCNe0BaTeNIbHOCTb AECTBUN «UCTOYHUK-3aAepXKKa-n3mMeperne». Mo cyTn, 3To MOXHO
CPaBHUTb C pEKOMeHAaLMeN No UCMONb30BaHMI0 pexXMMa Crucka u TpUrrepoB Ans GbICTPOro BbIMOMHeHNs!
napameTpu4eckux nsmepeHnit. Mctounnkmn/mamepntenn SMU c 6onee BbICOKOI NPOM3BOAUTENBHOCTHIO UMET
CKOpPOCTb pa3BepTku namepeHnnii nopsgka 20 000 onpocos/c.

Bonee 6bicTpoit anbTepHATUBOI ABASETCS MHMLWALNS NOAXOASLLErO BBIXOAHOMO HANPSHKEHUS UK TeKyLLEen (hopMbl
BoNiHbl ARB ¢ 0aHOBpPEMeHHO MHULMaLWen M3MEPEHUS COOTBETCTBYIOLLErO 3aBMCUMOTrO napameTpa ¢ npueMnemon
yacToToil BbIGOPKM M NpefCcTaBNEHNEM pe3ynbTaToB B BUAE OLM(POBAHHOIO Maccuea U3mMepenuit. Mpn oTcyTcTBMM
Heo6X0AMMOCTM MO OTAENBHOCTU CUHXPOHM3NPOBATL KaXA0€e CODbITUE KMCTOYHUK-3aAepKKa-U3MEPEHIEN,
CKOPOCTb M3MEPEHMSI MOXeT A0CTUraTb MakCUMarnbHOM YacToTbl BbIGOPKK aHanoro-LudpoBoro npeobpasosatens.
Bapwauueit faHHOro nogxoaa sBNSETCS UCMONb30BaHUE PYHKLMM perncTpaLmm LaHHbIX UCTOYHUKA NMUTaHNS
MOCTOSHHOTO TOKa BMECTO (hyHKLMM aHanoro-LudpoBoro npeobpasosarens, eCnu oHa 4OCTynHa. AT0 AaeT
BO3MOXHOCTb MHTErPUPOBaTh M3MEPEHMNE C BOMbLUMM BPEMEHEM anepTypbl, HO, COOTBETCTBEHHO, U 3aHUMaET
6onbLue BpeMeHwm.

Ha pucyHke nokasaHo MHULMMPOBaHME reHepaLnn CUrHana npoM3BoNnbHON OPMbI NMPYU TIMHENHOM N3MEHEHNN

Toka (1,2 A, 1,2 MC) C 0ZHOBPEMEHHOII BbIGOPKOI TOKa M HanpsikeHnst co ckopocTbto 100 000 onpocos/c ans
Mony4yeHns xapakTepucTKu NPSMOro HanpsKeHNS CBEPXbAPKOro cBeTognoaHoro yctponcTea (HBLED). Bnarogaps
CYLLECTBEHHOMY YMEHbLUEHMIO BPEMEHN TECTUPOBAHUSA CHUXEH A0 MUHUMYMa yXOA Hanpsxerns HBLED B
pesynbTaTe pocta Temneparypbl BCNeACTBUE CaMopas3orpesa.

Scope welp @ scope > Data Logger

—HanpsikeHue

:
:

MatgHoeTb

6.002500 0.002000 0.001500 0.001000 0.000500 0.000500 0.0001000 0.001500 00011000 0.002500

Markers & Measurements. Ranges.. AUTOSCALE L.ch

Marker 1 Measurements Between Markers. Marker 2
-00:00:00.000008 et = DO-00:00.001119 Freq = 89355 Hz 00:00:00.001 111
Max RMS Peak to Peak Charge | Energy

230nAh

S00ps/ ~ Offet: 0s Poinis: 2048 ~ Period: 10ps Trigger  ACument]  ~  Mode: Triggered ~  Slope:

Puc. 9-1. BeicTpas npoBepka npsMoro HanpsxxeHns HaknoHHoro Toka HBLED
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10. Wcnonb3oBaHue yHKLUM NOACUCTEMBI COCTOSHUS
ONS YMEHbLUEHUS BPEMEHN TECTUPOBAHUS

YKka3aHus no npuMeHeHWo

BbINonHeHWe HEKOTOPLIX ONepaLuit UICTOYHWKA NUTaHWS 3aHUMAET Oy TUMO 6onbLle BPEMEHU, YEM APYTHX,
Hanpumep:

+  BkntoyeHue BbIxoaa

*  WHnymanusauns 3anyweHHoro TpUrrepoM n3mMepeHus

* WHnymnanusauns 3anyweHHoro TpUrrepom nepexoaHoro npoecca

[pu pa3paboTke NporpamMm B HAX MOXHO BKITKOUATh ONepaTopbl OXUAAHWS C 4ANTENbHON ukcaumen, 4tobbl
rapaHTMpOBaTh BbINOMHEHME ONMMUCAHHBIX BbILLE Onepauuii nepea npogomxkerHmeM. OAHAKO 3TO NIETKO MOXET
npuBecTU K 4OOaBNEHNI0 HECKOMbKUX JECATKOB MUMNNCEKYHA (M B0MblUe) OXMAAHNS U YBENUYEHNIO 06LLero
BPeMeHW TecTMpoBaHus. Jlyylle Bocnonb30BaThCs PYHKLMSAMMU NOSCUMCTEMbI COCTOSIHUS UCTOYHWKA NUTaHUS
NOCTOSIHHOTO TOKa, KOTOpas YCTPaHSIET HeXenaTenbHOe N3NULLHEE OXWULAHUE BbINMONHEHUS ONepaLui, npumepsbl
KOTOPbIX NPUBEAEHbI BbILLE.

BkrtoueHne Bbixofa NCTOYHMKA NMUTAHUS NOCTOSHHOTO TOKA MOXET 3aHATb HECKOMbKO AeCATKOB MUNMMCEKYHA.
OTOT NpoLECC MOXET 3aHATh ele 6onblie BpEMEHW, ECIN BbIXOA UMEET BCTPOEHHOE pene MexaHyeckoro
OTKMtoYeHus. BmecTo ncnonb3oBanus GMKCMpOBaHHOro onepaTopa oxuaanus nocne komaHasl OUTPUT ON
(BKIMKOYNTL BbIXO[) paite komaHay noacuctemsl cocTosHnsg *WAIL 310 gacT UCTOYHWKY NUTAHWUS NOCTOSIHHOTO
TOKa CUCTeMbl yka3aHne He obpabatbiBaTh JanbHENWMe KOMaHbl 40 3aBEPLIEHNS BCEX OXMAAKLWMX Onepayun, B
[aHHOM CcIyyae, onepaLuu BKYeHNs Bbixofa. ATOT NoAxoA obecneynt npoLorKEeHNE BbINONHEHUS NPOrpamMMmbl
TECTMPOBaHMs cpa3y Nocre 3aBepLueHns onepaLmm BKIYeHNs BxoAa 6e3 HexenaTenbHOro JONONHUTENBHOTO
OXUAaHMS.

3anyLueHHble No TpUrrepy U3MEPEHNS U FEHEpaLMsi NPON3BONbHOTO BbIXOAHOTO CUrHana UcToYHuka MoryT
3HaYMTENBHO YCKOPUTb TECTUPOBAHWE, BbINOMHUB JEACTBUS, YETKO CUHXPOHU3UPOBAHHbIE C OCTamNbHbIMN.
OpHako 3Tu cobbITUS HE NMEKT 3apaHee 3aJaHHOTO BpeMeHU, HeoOX0ANMOro ANs Ux MHMUManu3ayun. Bmecto
MCMONb30BaHNA (UKCUPOBAHHOI 3a4ePXKM NPOrpaMM1poBaHUs Nocne onepayyuy MHMLUanu3aLmm nydile
BOCMONb30BaTbCS PEECTPOM rpynmbl pabounx COCTOSHUI B noacucteMe coctosiHuin. but WTG meas (Ne3) nnu
WTG trans bit (Ne4) B peecTpe ycnoBuit MOXeT OTCNEeXMBaTbCS C MOMOLLbI NETAN B MpOrpaMme TECTUPOBAHNS,
koTOpas No3BONSET BUAETh, KOTAA OHW MPUHUMAIOT 3HaYeHne «/cTuHay». B MOMEHT, korga cobbiTue namepeHus
Unu onpegeneHns UCTOYHMKa Bbixoaa OyaeT MHULMMPOBAHO W TOTOBO AMs TPUITepa, NporpaMmma TeCTUPOBaHUS
NPOLOIKMT BbINOMHATLCS 6€3 AONOMHUTENBHOMO OXMAAHNS.

pynna pabounx COCTOSHMIA
(oanHakoBbie peecTpbl ANS KaXaoro kaHarna)

/\
N\
Ycnosue Ptr/Ntr CobbiTne  BrkrtoueHne
oV
cc Kanar 1 OSUM
OFF -
WTG Jlornyeckoe
meas «ANA» OSUM " ioriyeckoe
WTG Kanan 2
trans OSUM «AN»
Yeie Kaan 3 ——»
TRAN
active Kanan 4 M
STAT:OPER:COND? STAT:OPER:ENAB <n>
STAT:OPERPTR|NTR <n> | STAT:OPER:ENAB AHanornyHo
STAT:OPER:PTR|:NTR ? karany 1

STAT:OPER:EVEN?

Puc. 10-1. Tpynna pabouux COCTOSIHUIA CUCTEMbI UTaHNS MOCTOSIHHOTO Toka Keysight cepun N6700
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