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YnoBNeTBOPEHHOCTb 3aKa3umMKOB —
rnaBHaA uenb komnaHum Keithley

Keithley umeet faBHiot penyTawuio KomnaHuu, obecneunsaioLLieil nepBoKnaccHoe 06CNyxnBaHme
yepe3s MeXAYHaPOJHYI0 CeTb LIEHTPOB TEXHUYECKOI NOAAEPKKM U KOHCYNbTUPOBaHUA. Kakue Obl
BOMPOCbI MM NPO6AEMbI HU BO3HUKIIW, OCTAaTOUHO NPOCTO NO3BOHNUTB, U Bam nomoryT — bbicTpo
11 KAueCTBEHHO.

Otaen u3mepuTenbHbIX 3a3a4 komnaun Keithley KOHCYNbTMPYeT 3aKa3unKoB MO TEXHUYECKUM BOMPO-
(aM KaK J30, TaK 11 mocne npuobpeTeHna annaparypbl. Ero cieumanuctbl Bceraa rotosbl ioMoub B pelue-
HUW 33/3a4 U3MePEHNsA 1 TECTUPOBAHINA HA MPOU3BOACTBE U B NABOPATOPHBIX YCIOBUAX MPUMEHEHUA.
Bbl MoxeTe 06paLLaTbCA K HALLMM CneLanicTam B Nto6oii paboumii eHb, v OHI OTBETUT Ha BCe BaLLM
BOMPOCbI, CBA3aHHble C U3MepeHnAmMN. Ho OHY He NpocTo 0TBEYAIOT Ha BONPOCHI — OHY PeLLatoT npo-
6n1eMbl, BO3HMKaloLLye B MPOLECce NOArOTOBKM M MPOBE/EHINA U3MEPEHMUIA.

Bam Tpebyetca nomouyb?

UYt06bI noNyunTL NOMOLLbL NpK pazpaboTke TEXHNYECKOTO peLLeHIs, ONTUMANbHOTO AnA Bawweil 3anaum,
CBAXUTECH C MECTHBIM TOPrOBbIM NPEACTaBUTENEM WA MHKEHepoM KomnaHum Keithley. Om Takke
CMOTYT NpefioCTaBUTL aKTYanbHyto MHYOPMALIAI 0 NPOAYKTaX 1 LeHax. [na noucka 6nuxkaiiluero

K BaM TOProBOro NpeCTaBUTENs UM UHXEHEPa CM. CCOK B KOHLE KaTanora.

WHTepecyioT ueHbI1?

(auTech ¢ komnauueii Keithley, n Bam 6yseT npefocTaBneHo LeHoBoe npeanoxenue. Mbl 6bIcTpo
Bbilunem Bam no aneKTpoHHoli nouTe MHGOPMALI O LieHe o6Oro TEXHUYECKOro peLLeHns Ha
ocHoBe annapatypbl Keithley. Bbl Takxe moxeTe 3anpocuTh LeHOBO NpeanoxeHue Ha Be6-caiite
www.keithley.com.

lFoToBbI cAenatb 3aKkas?

Yr06b1 BOCN0NIB30BATHCA BO3MOMKHOCTAMM 06CJ'Iy)KI/IBaHI/I$I BbICLLIEr0 KauecTBa, 0(|)0pMJ'IﬂI7ITe 3dKa3 B
(TPaHe KOHEYHOro UCnoJib30BaHNA n coobuumte cnepyouyo I/IH(I)OpMaLll/IIOI

« Mopenb

+ Homep no katanory

+ Onucanme

+ HanpaxeHue ceTu nutaHna

« (BepeHna 0 JONONHUTENbHBIX GYHKLMAX M NPUHAANEMKHOCTAX

« Tun KomnbtoTepa (Npy 3akase NporpamMmMHoro obecneyeHns unu uHTepeiicHbIX niat)

B saHHom Katanore npueaeHbl inwwb Hanbonee nonynapHble TexHuyeckue peweqnsa Keithley
ANA NCNbITaHuiA n u3mepeHuii. na nonyyenna nHdopmavmn 060 Beeil npogykumn Keithley
(BAXUTECH C MECTHBIM TOPrOBO-CEPBUCHBIM MPeACTaBIUTENEM UK NOCETUTE BeO-CTpaHuLLY
www.keithley.com/find.
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http://forum.keithley.com
e

UHTepHeT-popym TeEXHMUECKOI NOAACPKKHN
EXXeiHeBHaA KpYrnocyTouHaa noaaepkka 1 KOHCynbTaLum
[0 BONPOCaM SKCnnyaTaLlun

TexHuueckuit opym — Bbl MoxeTe B Nloboe Bpems
3a/1aTb BOMPOCbI ONbITHBIM TEXHUYECKUM CMeLmanmcTam
komnanuu Keithley.
06cyxaeHna — NpuUCoeaUHAINTECH K ANUCKYCCMAM
e W fienaiite NpeanoxeHua, Ao0aBnAiTe KOMMeHTapuy
e N [ienUTeCh UCTOPUAMM.

= ApXuB — MLLIATE aHANOTUYHBIE BOMPOCHI 1 OTBETbI HA HUX.
O6yuatowue BUaematepuanbl — npocMaTpuBaTe
LLIar 3a LLarom no Mepe HeobXoANMoCTI toboe uncno
pa3 no agpecy www.youtube.com/Keithleylnst.
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Apyrne nHpopmaumnoHHbie pecypcbl

KpyrnocyTouHo cemb Heli B HeZieNto OTKPLIT JOCTYN K OHAail-
HOBOI1 616NMOTEKe, B KOTOPOIA COBpaHbl MaTepuanbl BebuHapoB
W NUTepaTypa, B TOM YMCNe YKa3aHWA No UCNob30BaHui,
(TaTbW, CPABOYHMKY, TeXHUUECKaA JOKYMeHTaLNA 1 Apyras
nHdopmaLmA.

T.888.KEITHLEY ws.only KEITHLEY
WWW.keithIey.Com A GREATER MEASURE O F CONFIDENCE
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WcTouHukn-nsameputenm (SMU)

3¢¢EKTI/IBHbIe peLeHna ana aBToMaTu3NpPoBaHHOr0 TeCTUPOBAHUA U U3MEPEHIA BOJIbTAMNEPHBIX XapaKTEPUCTHUK,
NapaMeTpOB MO TOKY U HaNPAXEHUI0

4 TexHun4eckasa nHopmauus
10 CpaBHuTenbHasA Tabnuua

12 Camble BbICOKME B OTPACAN CKOPOCTb TECTUPOBAHUA N NAOTHOCTb
pa3melleHns annapaTypbl B CTONKe C BO3SMOXKHOCTbIO 6bICTPOro
yBeNNYeHUA YNcia U3MepuTenbHbIX KaHanoB:

MHorokaHanbHble KOMMNAEKCbl A1A M3MEPEHNA TOKA U HAaNPAXEHUA Ha OCHOBe
NCTOYHWKOB-13MepuTenen cepumn 26008

15 Wwnpoyanwmm gnHammnyecknin AnanasoH No TOKy 1 HanpsXXeHuio AnA
3aja4 BbICOKOCKOPOCTHOIO aBTOMaTU3MPOBaHHOIO NPOMbILLJIEHHOIO
TeCTUPOBaHUA 1 ANA NabopaToOpHOro NpUMeHeHNA:

icTouHnKmn-n3meputenn cepum 2400

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company



NCTOYHUKU-USMEPUTEIN

TexHnueckasa nH$opmaums

Bce uctounuku-usmeputenu (SMU) komnanum Keithley moryt
BBINOAHATL GYHKLIMM UCTOUHIKA HANPAXKEHUA C U3MEPeHUeM
TOKa U UCTOYHUKA TOKA C U3MEPEHIeM HanpsxeHus. Hekotopble
MOZENN N03BONAIOT TaKIKe U3MEPAT CONPOTUBAEHMe. Bce oM
ABNAKTCA NOMHOCTBIO NPOTPAMMUPYEMbIMIA 1 MOTYT UCTIONb30-
BaTbCA ABTOHOMHO ANA NOAAYM TOKA MM HANPAXKEHNA, HA TeCTU-
pyemoe U3Zefue 1 ANA BbINONHEHA U3MEpEHUI, B TOM Yucne B
aBTOMATHYECKOM pexxime. Kpome TOro, X Nerko UHTerpupoBaTb
B 60r1ee KpynHble U3MEPUTENbHBIE CUCTEMDI.

WcTounmkn-usmeputenu komnanum Keithley 6bictpee, yao6-
Hee B IKCTNyaTaLuy 1 SKOHOMUYHEE, YeM U3MepuTeNbHble
CTeHbl, COOPaHHbIe U3 OTAENbHBIX UCTOYHUKOB NUTaHIA 1
u3MepuTenbHbIX Nprbopos. Kpome Toro, OHN N03BOAAKT Nony-
yaTb bonee TOYHbIE U NOBTOPAEMbIe pe3ynbTaTbl. MCTOUHMKY-
u3meputeny komnaHuu Keithley uaeansHo nogxopat ansa
MPUMEHEHUA Ha NPOU3BOACTBE U B CUICTEMAX aBTOMATHU3aLMM,
B T0 e Bpema 06n1aZias AOCTaTOUHON TOUHOCTBIO M UyBCTBU-
TeNbHOCTbIO ANA aBopaTopHbIX 3a4ay.

MopenbHblil pAs MCTOYHUKOB-U3MepUTeNeli Npon3BoaCTBa
Keithley Bkniouaet cepun 2400, 2600B, BbICOKOBONBTHbII
UCTOYHNK-N3MepUTeNb MOAeNY 237 1 cucTemy ANA U3MepeHusa
XapaKTepUCTUK NoNynpoBOAHNKOBLIX MaTepUanoB 1 yCTPOiCTB
mogenu 4200-5CS.

Kak pa6oTaeT UCTOUYHMK-N3MepuTenn?

WCTOUHMKM-M3MepHUTEN MOTYT UCNONb30BATLCA B KAuecTe
ABTOHOMHBIX MCTOYHUKOB NOCTOAHHOTO HAMPAXEHNSA W
NOCTOAHHOTO TOKA U B KaUeCTBE aBTOHOMHBbIX BONBTMETPOB
unu amnepmeTpos. OFHaKO UX MOAAMHHOE NPENMYLLECTBO
3aKNI0YAETCA B CNOCOBHOCTY OAHOBPEMEHHO BbITb NCTOYHM-
KOM 1 M3MepUTENbHBIM NPU6OPOM — NPUKNAbIBATL Hanpsa-
XKeHUe K TeCTUpyeMOoMy YCTPOIACTBY (Harpy3Ke) 1 U3mepATL
MPOXOAALLMIA Yepe3 Hero ToK UM NoJaBaTb TOK B HArpy3Ky
1 M3MepATb NajieHIe HaNPAXEHUA Ha Heil.

YcTpoiicTBO UCTOUHUKa-M3MepuTend (puc. 1) 3awmwaet
TecTupyemoe ycrpoiictao (DUT) ot noBpexaeHus B pe3ynbrate
CyyaiiHbIX Neperpy3okK, neperpesa v APYrux HexenatenbHbiX
3¢ deKToB. BO3MOXHOCTH NPOrpaMmMupoBaHIA UCTOYHIKA TOKA
11 HanpAXKeHNA 1 HenpepbIBHbII KOHTPONb NapaMeTpoB N03B0-
NAIT AOCTNYb MAKCMMaNbHOI HAAEXHOCTU M3MEPEHNA UK
TecTupoBaHuA. Ecnu B npoecce U3mMepeHa JOCTUTAeTCA 0fMH
113 YCTaHOBJIEHHbIX TOPOrOB (HANpUMeP, N0 TOKY, HaNPAXKeHMWIo,
MOLLHOCTU B Harpy3Ke 1 Ap.), NCTOYHUK-U3MepuTeNb aBTOMa-
TUYeCKN 3aLLMLLALT TeCTUPYeMOe YCTPOICTBO, OrpaHuMBas
TOK MW HanpsAXeHue.

—

®©

Amnepmetp

®

Bonbtmetp

Puc. 1. CrpyKTypHas cxema UCTOYHMKa-U3MepUTENa

KoHndurypauus B pexxume BonbT™MeTpa

7Y O HI (Bbicokuit noTeHLman)
-
yTeukn
(f | =0A BonbTmeTp
. O LO (Hu3Kui noTeHLman)

Tok uctouHnka =0, U3MepeHune HanpaXeHua

Kondurypauus B pexxume amnepmerpa

Q@

Amnepmetp

O HI (BblcoKmit noTeHwwan)
+

Q/ V=08 v Harpy3km

O LO (Hu3Knit noTeHwman)

Hal'lpﬂ)KeHME UCTOYHMKA = 0, U3MepeHue Toka

KoHndurypauus B pexxume ommetpa

&

Awnepmerp

(f | = ToK
TeCTMpOBaHUA

O HI (Bbicokuit noTeHLman)

BonbTmertp

O LO (Hu3Kmi noTeHLman)

ToK UCTOYHIKA = TOK TeCTUPOBAHWA, U3MepeHIe HanPMAXeHNA 1 TOKa,
pexum Remote Sense BKnioueH

KoH¢urypauus B pexxume UCTOUHMKA NUTaHUA

/an\ HI (BbicoKuii noTeHivan)

Awvnepmetp/npenen

Sense HI
(uenb BonbTMETPA)

Sense LO
(uenb BonbTMETpA)

)

LO (Hu3Kwuit noteHuyan,

VicTouHuK HanpsxkeHuA, U3Meperie Toka, pexium Remote Sense BKntoyeH

KoHdurypaums B pexxume 3neKTpOHHON Harpysku
HI (Bblcokwi noTexuman)

Sense HI
(ienb BonbTMETPA

O Sense HI (uenb BonbTMeTpa)

Sense LO (uenb BonbTmeTpa)

TOKY Harpy3Kku

<¢ Tok = 3aaHHOMY BonbtmeTp/npesen Hanpaxenua =
Sense LO T

(uenb BonbTMETpA

LO (Hu3Kuit noTeHLman)

BxozHo#i TOK = 3aaHHOMY TOKY Harpy3Ki, U3MepeHite HanpaxeHusa,
pexum Remote Sense BKnioueH

Load

Uctounuk
nuTaHuA

PekomeHpauus. ina MUHUMM3aL MK
TOKa YTeuKI A0 CeAyeT MCnonb3osatb
HaUMeHbLWIA AUana3oH NCTOYHWKA TOKa
Npu yCTaHOBKE HyNeBOro Toka.

PekomeHpauua. ina MUHUMM3aLMmn
najeHuA HanpsAXeHuA Ha Harpyske
cnepyert Cnosb30BaTb HalMEHbLLMIA
[AVana3soH UCTOYHMKA HAaNPAXeHUA npu
YCTaHOBKe HyNeBOro HanpsXeHus.

PekomeHpauma. OyHKuma aBToMaTH-
yeckoro Bbi6opa npepena Auto Ohms
MCTOYHNKOB-M3MepuTeneil cepun 2400
aBTOMaTNYeCKM BbIOMpaeT Hannyywme
TOK TECTUPOBAHWA 1 AVanasoH Hanps-
XeHWA ANA ONTUMaNbHOro 3MepeHus
conpoTuBneHna. [ina AOCTUKEHNA
HaunyvLel TOYHOCTM ClieyeT NCMOoNb-
30BaTb YeTbIPEXNPOBOAHYIO CXeMy NOp-
KnioueHus (cxemy KenbBuHa).

Pekomengaums. Ina obecneyenus
3a/laHHOT0 HaNPSAXEHWUA Ha Harpyske
npv 6oNbLIOM TOKe CepyeT UCnob3o-
BaTb YeTbIPEXNPOBOAHYI0 CXeMy NoA-
KNYeHus.

PekomeHpauus. Heobxogumo y6eaunTb-
A1 B TOM, YTO Npefen HanpsAXeHus
33/1aH BblLLEe MAKCUMaNbHOrO BbIXOA-
HOTO HanpAXEeHWUA UCTOYHNKA MUTAHWA.
[ins obecneyeHns TOYHOro M3MepPeHNs
HanpsxeHuA npu 6onblwux notpebnse-
MBbIX TOKaX CefyeT UCMoNb30BaTh YeTbl-
PeXnpoBOAHYI0 CXeMy MOAKIIOHEHS.

Puc. 2. KoHdurypauum ncTouHnKa-nsmepuTens B pasinyHbIX pexumax

KEITHLEY

A Tektronix Company
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UCTOYHUKN-USMEPUTENN

Ucrounmnk-usmepurenn mopenu 2602A

06bIYHDIIi UCTOYHUK MUTAHUNA

(kopocTb
0 1‘2' 3'4'5'67 0 1' 2' 3'4'5'6'7
Mc Mc
MorpewHocTb
MCTOYHUKA 10 mKA (5 HA) 10 MKA (2500 HA)
(u3meputens)
TOKa
Hanpsxenue Hanpsxenue
[uanasoH | ]
"] paspemeuue 1 MKkB 40B 1 mkB 1mB 40B
no HanpAXeHuo Tok Tok
1 TOKY | ]
1nA 3A 1nA TvMA  3A
NcTounmk nnm I
3NeKTPOHHas Harpy3ka CHEKDMCTIONHUK
+l

YeTbipex-
KBaAPaHTHbII
AuanasoH

WcTOUHNKN-13MepuTeny oNTUMU3NpPOBaHbI Ans obecne-
YeHWA BbICOKOI CKOPOCTY U TOYHOCTH. B 6onblunHCTBE
mogeneii 06a UCTOYHMKa (HANPSXKEHNA 1 TOKa) BLIXOAAT
Ha pexum B npeaenax 0,01% ykasaHHOI NOrpewHoCTy
Bcero 3a 50 MKc. 370 B 50 pa3 6bicTpee, Yem cnocobeH
06ecneunTb 06bIYHbIA UCTOYHNK NUTAHNSA

NCcTOuHUKN-U3MepuTent 06ecneymnBaloT 3HaunTeNbHO
Nyywee paspelueHine N HaNPAXKEHIO 1 NO TOKY, Yem
06bI4HbIE NCTOYHMKY MUTaHNA. ITO CYLECTBEHHO pacln-
pseT chepy NpUMeHEHNA UCTOYHNKOB-U3MepuTenei

OG6bIYHBIN UCTOYHUK MUTaHWA NOJAET HaNPsXKeHue unn
TOK. VICTOYHMK-N3MepuTenb TakKe ABNACTCA NCTOYHU-
KOM NUTaHuS, HO TaKXe MOXeT NoTpebnaThb (paccenBarb)
MOLLHOCTb OT BHELHEro NCTOYHIKa. Takum 06pasom,

OH MOXeT paboTaTb B YeTbpex KBafpaHTax BbIXOAHOM
BO/bTaMNEpPHON XapaKTepucTuku. B ksagpantax I u lll on
NoAaeT MOLYHOCTb B HarpysKy (peXum NCTOYHWKA), @ B
kBagpaHTax Il n IV - paccemBaet MOLHOCTb BHELIHETO
MCTOYHMKa (PeXMM 3NeKTPOHHOI Harpy3ku). Hanps-
XKEHWe, TOK 1 CONPOTMBAEHNE MOXHO U3MEPATDb Kak
PeXMMe NCTOYHMKA, TaK U B B PEXMME INEKTPOHHOIA
Harpysku. O6bIYHBIN NCTOYHUK NUTaHUA paboTaeT Tonb-
Ko B KBagipaHTe l.

Puc. 3. CpaBHeHMe NPeLM3NOHHOrO UCTOYHIKA NUTaHNA C UCTOYHUKOM-U3MepUTeNnem

Mpenmywecrea

CoyeTaHve NUTAIOLLYX U U3MEPUTENbHBIX Lieneil B 04HOM
Kopnyce:

- obecneunsaet 60ﬂbI.IJy|0 CKOPOCTb TECTMPOBAHUA B COYETa-
HUW C NOBbILLEHHOI TOYHOCTBHO 1 NOBTOPAEMOCTbI0 pe3ynb-
TaToB U3MepeHuii;

« N03BONAET 6€3 ONONHUTENbHbIX NOAKYEHIA NoAaBaTh
HanpAXeHue Uy TOK BO BPEMA U3MEPEHNS HaNPAXKEHUS,
TOK U CONPOTUBNEHMA € 33/aHHBIMYU BPEMEHHBIMY MeT-
Kamu;

* YCTPaHAET MHOXeCTBO NPo6MeM, CBA3aHHbIX € CUHXPOHU3a-
Limeit, CXeMaMu COeUHEHWI 1 NpOrpaMMUpPOBaHKEM, BO3-
HUKaIOLLYX NPY COBMECTHOM WCMONb30BaHNM HECKONbKMX
npubopos;

« MUHMMU3MpYET Bpems, HeobXoAMMoe AnA pa3paboTku,
HaCTPOIiKM 1 06CNYKMBAHUA U3MEPUTENbHBIX U UCMbITa-
TeNbHbIX CTEHO0B;

e CHUXaet 06I.I.|,yl0 CTOUMOCTb BAAAGHUA CUCTEMON.

Kakas KoH$purypawumsa nctTouHUKoB-
nsmepurtenei Hanbonee nonynsapHa?

MTonHOCTbI0 N30MMPOBAHHDIE NCTOUHUKN-M3MEPUTENM KOM-
naHun Keithley obecneunsaiot MakcumanbHyto rubkocTb npu
HaCTPOIiKe U3MepUTENbHbIX CTEHA0B. ICTOUHMKN-M3MepuTenu
MOTYT 6bITb CKOHYUTYPUPOBaHbI AA BbINOSHEHNA Pa3fINYHbIX
OYHKLMIA (pUC. 2). ITO AenaeT uX LieHHeNMI MHCTPYMeHTa-
MU A5l IPUMEHEHNSA B YHUBEPCANIbHBIX CUCTEMAX BXOAHOTO 1
BbIXOAHOIO KOHTPOIA, A TAKXKE B HACTONbHBIX U3MEPUTENbHBIX
cucTeMax AN Ucc1efloBaHuil 1 pa3paboTok.

KakoBbl BO3MOXXHOCTN NCTOYHUKOB-
wsmepmeneﬁ B CPaBHeHUN C
npegu3nOHHbIMN NCTOYHNKaMN nuTaHuAa?

WCTOUHMKIN NUTaHUA, BXOAALLME B COCTAB NCTOYHUKOB-U3Me-
puTeneii komnaxuu Keithley, npesocxoAT no caoum napame-
TPaM 06bIuHbIE ICTOUHMKM NTAHNS, YTO MOKA3aHO Ha puC. 3.
MomuMO BbICOKOi CTAOUNLHOCTI N0 NOCTOSHHOMY TOKY, HU3-
KOrO YPOBHS LUYMa U HANMUVs 00PATHbIX CBA3EI, UCTOUHNKN-
usmeputenu komnaxuin Keithley 06nagatot Bo3MoxHoCTAMM,
KOTOpblE, Kak NPaBMA0, OTCYTCTBYIOT Y 0BbIYHBIX CTOUHUKOB
MUTaHMA. Hanpumep, 60MbLUMHCTBO NCTOYHUKOB-U3MepUTeNneit
MOryT paboTarb B UMNYNIbCHOM PEXUME, B TOM YMCIIe C Npo-
TPaMMUPYEMbIMY 331EPXKKAMI, 1 OCHALLEHbI MPOLIECCOPOM
[1715 NPOrPaMMMPOBAHIA TECTOBOI NOCIe0BATENbHOCTH,
KOTOPbIii N03BONAET HACTPAUBATH I BbIMOMHATD TECTUPOBAHMUE

6e3 1cnonb3oBaHma Komnblotepa. Ha puc. 4 nokasaw npumep
TUNOBOTO TECTa /1715 NPELM3MOHHOT0 UCTOYHYKA MUATAHWA, Pea-
JIU3YeMOro C TOMOLLbIO UCTOYHUKA-U3MEPHUTENS.

OnpepeneHne napameTpos
N0 TOKY U HAaNPAXKeHNIo

icrounuku-usmeputenu komnanun Keithley — 310 ocHogHble
npubopbl ANA U3MepeHNA NapameTpoB YCTPOIACTB MO TOKY

1 HanpsxeHuio. x cnocobHOCTb NPUKNaAbIBaTL HaNpAXeHue,
0/\HOBPEMEHHO U3MepAsA TOK, UM N0AaBaTb TOK, 0/AHOBPEMEH-
HO U3MepAA HaNPAXeHNe, MOXeT UCNONb30BaTbCA ANA NoNy-
YeHUA NapamMeTpoB M0 MOCTOAHHOMY TOKY, B T.u. B pexime
pa3BepTKu: npAmoro Hanpsxenus (V;), 06paTHOro Toka yTeukm
u 06patHoro Hanpaxenna npo6os (V;), He Tpebys Hukakux
nepenoaKoyeHnil K TeCTUpyemMomy YCTPOIACTBY (puc. 5).

BcTpoeHHble cpeacTBa ynpaBneHna No3BoNAT CUHXPOHU3UPO-
BaTb HECKOMbKO UCTOUHNKOB-U3MepUTeNeli AnA npoBedeHns
napameTpUYeckux M3MepeHuii TaKuX XxapaKkTepucTuK, Kak nopo-
TOBOE HaNpseHUe, KO3DOULIEHT YCUneHa no TOKY U KpyTu3-
Ha XapaKTepucTuKm Tpanauctopa. Lienn 6noknposkm obecne-
UMBAIOT 3aLLUTY NPU UCMONb30BAHIM AepXaTenieli 06pasLLos,
410 0COBEHHO BaXKHO Npy paboTe B paclupeHHOM AuanasoHe
HanpsxeHuii (2o 1100 B ana mopeneii 237, 2410 u go 3000 B
Ana mogenn 2657A). YeTbIpexnpoBofHaA cxema NOAKIOUEHNA ¢
0XPaHHbIM 3KpaHUpoBaHueM (guarding) no3gonAeT BbINONHATL
TOYHble U3MepeHnA B ananasoHe ot 1 GA no 50 A.
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NCTOYHUKU-USMEPUTEIN

TexHnuyeckasa nHpopmauuma (npoaomKeHne)
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GND
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Tecr Onucanne MokasaHne
IddON  Tok uctounmka nutaua, Vi = 5 B, Tectupye- 14,294 mA
(5B) Mblii ICTOUHUK BKMKOYEH
Idd OFF  Tok uctounmka nutanua, Vi = 5 B, Tectupye- 50,361 HA
(5B) Mblii UCTOYHUK B PeXUME 0XKUAaHNA
IddON  Tok uctounmka nutanua, Vi, = 3,3 B, recrupy- 12,871 mA
(33B)  emblil UCTOUHUK aKTUBEH
IddON  Tok uctounmka nutanua, \y = 3,3 B, Tecrupy- 42,198 A
(3,3B)  eMblit UICTOYHUK B PEXUME OKUAAHUA
I BxoaHoiA TOK yTeuku 1,2358 MkA

Puc. 4. Tunosoii Tect npeunsnoHHOro UCTOYHUKa NUTaHUA

CemeiicTBO BONIbTAMNEPHDIX XapaKTePUCTUK TPEXNONKCHIKA
MOXHO NONYYUTb C OMOLLbH BCETO AABYX UCTOYHUKOB-M3Me-
puteneii (puc. 6). ina kaxporo 3HaueHna Toka 6asbl, nogasa-
€MOro 0T UCTOYHVKA-U3MepUTeNna 1, NCTOUHNK-U3MepuTen
2 110AAET HanpsXeHUe MeXAY KONNEKTOPOM 1 SMUTTEPOM
(VSK3) n u3mepset Tok konnektopa (I8K). Uctouruk-
U3MepuTeNb N03BONAET COXPAHATb JaHHbIE, NONYYeHHble

B npoLiecce pa3BepTKy, B 6ypepHoii namaTy, cokpatas

TEM CamMbIM BpeMs, HeobX0AUMOe ANA nepesaun JaHHbIX K
KomnbloTepy. 119 yMeHbLUIEHUA MOLLHOCTH, paccenBaemoit
YCTPOIICTBOM, CEMeIACTBO XapaKTePUCTUK Take MOXeT ObiTb
U3MepeHO B UMMYNbCHOM pexume.

BcTpoeHHble pa3BepTKM

Wctounuku-usmeputenn komnanuu Keithley ynpowatot cop
[LaHHbIX, He06X0AUMbIX ANA 3MepPeHUA XapaKTepUCTuK
LUIMPOKOro CNEKTPa YCTPOIACTB, 6narofaps BCTPOEHHbIM
reHepaTopam pa3BepToK, PaboTaloLLMM B HEMpepbIBHOM I
UMNYNBCHOM pexuMe v GOPMUPYIOLLIM NIMHEIIHO BO3pacTalo-
LUMiA CTyNeHYaTblii CUrHan, norapudmMuyeckin BO3pactaioL i
CTYNEHYaTbIil CUTHaN, a TakKe pa3BepTKi Ha OCHOBE 3HAUEHMI
TOKa UM HANPAXeHWs, NpeABapUTENbHO 3aAaHHbIX N0b30Ba-
Tenem (puc. 7). Hannuue reHepatopos pa3sepTkil B cOYeTaHM
C ApYTMMU CPeACTBAMU NOBbILLEHNA NPOU3BOANTENbHOCTH,
TaKVMM Kak BCTPOEHHbII KOHTPONb NPEeAENbHbIX 3HaUeHHiA,
LmpoBble BX0AbI U BbIXOAbI, MHTEpdeElic AnA ynpaBieHusa
MaHUMYNATOPOM, CO3AAeT UAeanbHble YCI0BIA ANA Henpe-
PbIBHOIA 11 BbICOKOCKOPOCTHO! paboTbl B yCOBUAX NPOU3BOA-
cTBa. Bce napameTpbl pa3BepTkut MOXHO 3anporpammipoBaTh
KaK Ans NpoBefieHnA 0HOKPATHOr0 U3MepeHus, TaK 1 Ana
HenpepbIBHOI1 PaboTbl.

AnnapatHble 1 nporpammHble CpefiCcTBa ANA M3MepeHns
napameTpoB N0 TOKY M HanpsKeHuio

Ha puc. 8 noka3aHbl pasnuuHble annapaTHble 1 MPOrpaMMHble
CpencTBa, UCMonb3yemble ANA M3MEPEeHUA NapameTpoB Toka
11 HanpsXeHns. B nepBom npumepe UCTOUHUK-U3MepUTENDb
cepuu 2400 noaKI0YEH K KOMNbloTepy.

Bo BTOpom npumepe uctouHnku-n3meputenn cepun 26008
MOAKNI0YEHbI K KOMMbIOTEPY € MCMOb30BaHIEM TEXHONOTM
TSP-Link§®. Texnonorua TSP-Link no3gonaeT opraHuuHo uxTe-
TPMPOBaTb HECKONbKO MCTOYHMKOB-U3MepuTenei cepun 26008
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Puc. 5. Tunosas BonbTamnepHas xapakTepucTika auoaa
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Puc. 6. Tunosoe cemeincTBO BoN bTaMNepPHbIX XapaKTePUCTUK TPpaH3UCTOpa

B e[IMHY!0 CUCTEMY, IPOrPaMMUPOBaHUE U yNpaBneHue
KOTOPOIl MOXHO 0CYLLeCTBAATD C MOMOLLbI0 0AHOT0 Mpubopa,
B KauecTBe KOTOPOro MOXET BbICTYNaTh BeAyLUMi NCTOUHNK-
n3meputens cepun 2600B uan komnbloTep.

B TpeTbem npumepe nokasaHa cuctema ans u3mepeHna
XapaKTepUCTUK NoNynpoBOAHNKOBLIX MaTepuanoB 1 yCTPOICTB
Mogenu 4200-SCS. Cuctema copepXuT BCTPOEHHDIN KOM-
nbloTep C onepaLuoHHoii cuctemoit Windows® u Hakonutenb
60NbLLUION eMKOCTY M ABNAETCA 3aKOHYEHHBIM PeLLeHreM AnA
U3MepeHUs XapakTepUCTUK NoNynpoBOAHUKOBbIX KOMMO-
HEHTOB M CTPYKTYP M0 NMOCTOAHHOMY TOKY. B cuctemy moxet
6bITb BKJI0YeHO 0 AeBATM Mopyneii SMU, oHa ocHalLeHa pas-
H006pa3HbIM NPOrPaMMHbIM 0becrneyeHem, CoBMeCTUMbIM
¢ Windows 1 HacTonbKo NpOCTbIM B UCMONb30BAHMN Jiaxe ANA
HauuHaloLLero nonb3oBatens. lporpammHoe obecneyenue,
MOCTPOEHHOE MO NPUHLIMNY «YKaXW 1 Bblbepu», npefocTaBna-
€T NOMHbIil Habop HeobX0AMMbIX GYHKLWIA, B TOM uucne Ana
yNpaBneHus TeCTUPOBaHIEM, COCTAaBNEHMA 0TYETOB, aBTOMA-
TUYECKOro NPOrpaMMUPOBaHMA TECTOBOI NOCNef0BaTeNb-
HOCTM ¥ CO3JaHNA NoNb30BaTeNbckux bubnuotek. Komnnexc
4200-5CS ABNAETCA yHNBEPCANbHBIM OAHOKOPMYCHbIM petLle-
Huem, 0becneynBaloLLym U3MepeHNe ToKa ¢ paspelleHnem
Aonu GemToamnepa, rpaduyeckoe oTobpaxeHue pesynbTaTos
3MepeHUii 1 aHaNu3 IAHHbIX B PeXiMe PeanbHOro BpemeHu.
K OCTOMHCTBAM C1CTeMbI OTHOCUTCA Hanuuue Apaiiepos
ANA BHELUHUX NPUOOPOB 1 30HAOBbIX CTAHLYIA, NPOrPAMMHbIX
UHTEpGeiicoB C NONYNAPHLIM NPOrpaMMHbIM obecrieyeHnem
ANA MOLENNPOBAHMA NEKTPUYECKMX Lieneil 1 CpeCTBa UCMbl-
TaHuil Ha HaZeXHOCTb Ha YPOBHE NMOANOXKKIA.

(DyHKLMOHanNbHoe BbICOKOCKOPOCTHOE
TecTUpOBaHMe Ha OCHOBe
n3MepeHUs TOKa 1 HanpsxKeHus

Wctounuku-usmeputenu Keithey obecneynBatot Makcumans-
HYI0 NPOM3BOANTENbHOCTb B YCNOBUAX NPOU3BOACTBA. Kaxablii
UCTOYHMK-U3MepHUTeNb 06ecneynBaeT BbICOKOCKOPOCTHbIE
3MepeHUs, OH 0CHALLIEH KOMNapaTopOM «TecT NpoiifeH/Tect
He NpoiifieH», NPorpaMmaTopom TeCTOBI NOCNef0BaTENb-
HOCTI 1 LMGPOBBLIMU BXOAAMU/BbIXOAAMU ANA yNpaBAeH!aA
MaHunynatopamu (puc. 9). MoxeT 6biTb BbINONHEHO TeCTH-
POBaHMe Ha COOTBETCTBYE OAHOMY WM HECKONbKIM NapaMe-
TPaM LUIMPOKOro CNeKTPa KOMMOHEHTOB, TaKWX KaK CeTeBble
YCTPOIICTBA, 3aLUMTHbIE NPUCIOCOBNEHNA Lieneid, aKTUBHbIE
JUCKPeTHbIE SNeMeHTbI M AaTYNKI. BCTpoeHHbIi komnapaTop
«TeCT NPOIiAEH/TECT He NpoifeH» ynpoLLaeT NpoBeAeHme
BbICOKOCKOPOCTHOTO TECTPOBAHMA Ha COOTBETCTBHE, N03BONAA
n3bexarb 3ajepxek, 06yCnoBNeHHbIX B3aUMOaeCTBIeM C
KOMNbloTepoM yepe3 WwiHy GPIB. Pe3ynbTaTbl coxpaHAoTCA B
BydepHoil namMATY, uTo Take N03BONAET U3beXaTh ykasaH-
HbIX 3aZiepek.

HyHo 6onblue BbIBOOB ANA TECTUPOBAHNA?

Hoas TexHonorua TSP-Link cnyXuT BbICOKOCKOPOCTHBIM
nHTEpdelicom AnA paclumpexna cuctembl. OHa nosgonset
BKIOYNTb NPAKTUYECKIN HEOTPAHUYEHHOE YNCNO UCTOYHM-
KoB-u3mepuTeneit cepun 2600B B koHdurypaumn Beaywmii/
Befomblii (puc. 10). lporpammupoBaHme 1 ynpasnexue Bcemm
NOAKMYEHHbIMM NCTOYHUKaMU-U3MepuTenamu cepun 26008
MOXET 0CYLUeCTBAATLCA C NOMOLLbIO BeAyLLero npubopa.

KEITHLEY

A Tektronix Company
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Bunp pa3sepTKu

3apaBaemble napameTpbl

WCTOYHUKN-USMEPUTENN
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Monb3oBaTenbcKas

LEVEL, COUNT (number of DELAY-MEASURE cycles),
DELAY, BIAS

START, STOP, STEP, DELAY, BIAS

START, STOP, POINTS/DECADE (5, 10, 25, or 50),
DELAY, BIAS

LEVEL, COUNT, t ,t,,, BIAS

START, STOP, STEP, .., BIAS

START, STOP, POINTS/DECADE (5, 10, 25, or 50),
t ,t.,BIAS

on’ Coff !

TNonb30BaTenbCKime pasepTi AaioT
BO3MOXHOCTb 3aNporpamMmupoBaTb
HAMBMAYaNbHblE CTyneHN

11 C035aTb GOPMY CMrHana

Pa3BepTKa ¢ puKcMpoBaHHbIM ypoBHEM 06e-
CneynBaeT OAMH YPOBEHb HaNpsAXKeHA 1 TOKa Ha
NPOTAXEHUN HECKONbKMX M3MepeHUii Npy nofaue
CMELLEHNA UK ANA HarPY30UHbIX MCTbITAHNIA.

JInHeiiHan cTyneHyaTas pasBepTKa NPOXOAUT OT
Ha4anbHOro ypoBH [0 KOHEYHOTO YPOBHA CTyne-
HAMU OLMHAKOBOIA BbICOTbI.

Norapupmuyeckan cTyneHyatas pasepTka aHano-
TVYHa IVHEITHON CTYNeHYaTol pa3BepTKe, OAHAKO
1MeeT norapupmuyecknin Macutab ¢ 3aaHHbIM
YNCOM CTYNeHel Ha AeKagy.

MmnynbcHan pa3BepTka 3HAYUTENbHO CHUKAET
MOLLHOCTb, paccemBaemyto yCTPONCTBOM, NO3TOMY
NpaKTUYeCKN NCKNIOYaeTCA BANAHME TemMnepaTypbl
(Bpeitd, oTKasbl ycTpoicTa U T. 1.).

Monb30BaTenbCKmil PeXum no3gonseT Chopmmupo-
BaTb CreLyanbHble BUAbI Pa3BePTKH, yKa3as Yncio
TOYEK U3MEPEHIS 11 YPOBEHb TOKA U/IN HANPSKEHNSA
UCTOYHUKA ANA KaXA0i TOUKN.

Puc. 7. Pa3nnyHble BUAbI pa3BepTKi, obecneunBaemble UCTOYHNKaMU-N3mepuTenamu
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NCTOYHUKU-USMEPUTEIN

TexHnuyeckasa nHpopmauuma (npoaomKeHne)

OTAeanble UCTOYHNKN-UaMepuntenn
C BO3MOXHOCTbIO ANCTAHUVNOHHOIO ynpaBneHus

Manas ctonmocTtb

Series 2400

[]
fjesgseses

. MOJIlyJ'II)Haﬂ wmcrema

« YnpasneHue KOMNbHOTEPOM C
nomoublo LabVIEW, Labtracer
wnn ACS Basic

Series 2400

Series 2400

mchDm

Komnblotep

Macwrabupyemble pelueHUs Ha OCHOBe
VCTOYHNKOB-U3MepuTenen ¢ uHtepdericom TSP-Link

yHVIBepcaﬂbHOCTb

« Macwrabupyemblit
VHTENNEKTyanbHbIii
U3MepUTENbHbIA KOMINIEKC
Ha 0CHOBe CKpUNTOB

. YHpaBneHMe 0T KOMNbloTepa
Wnn aBTOHOMHaA pa60Ta ana
0becneyeHma MakcuManbHoii
npou3BOAUTENbHOCTN

Komnblotep

FoTOBasA K MCMNONb30BaHMIO CUCTEMA UCTOYHNKOB-U3MepUTenein
c rpadpuyeckum nHtepdericom nonbsoBatensa (GUI)
SdPeKTNBHOCTL N

Mogynu npon3BOANTENbHOCTb
xgnzg;:?gggﬁ + 3aBepLueHHad cucTema Ana
SRR Mogenb M3MepeHua napameTpos
oh O o &l 4200-5CS | nonyNPOBOAHMKOBbIX
e Matepuanos 1 ycTponcTs
« Hactpauaembie KaHanbl

VCTOYHUKOB-M3MepuTenei Ana
M3MePEHUii N0 NOCTOAHHOMY
TOKY, B MMMYNbCHOM pexvMe,
€ BbIHOCHBIMU C1ABOTOYHBIMM

Puc. 8. Mpumepbl TEXHUYECKNX peLUeHnil ANS U3MEPEHNA NapamMeTPOB Mo TOKY 1 Hanpsxe-
HUO

Texnonorua TSP-Link no3gonset nerko yBennunBath n yMeHbLUATb YACNO U3MEPUTENbHBIX
KaHanoB B CMcTeMe B COOTBETCTBUM C Tpe6OBaHNAMY pelLaemoil 3afaum.

[InA CUHXPOHU3ALYUN HECKONBKIX UCTOUHUKOB-U3MepHTENeli cepum 2400 MOTyT CN0Nb30BaTbCA
TPUTTEPHbIE IUHUI.

Bo3moxHOCTb npoBefeHNA NnapannenbHOro TeCTUpoBaHNA

crouHnku-usmeputenu cepum 26008 n03B0nAIOT BbINOAHATL NONHOLEHHOE NapanfenbHoe
TecTupoBaHue. Kax bl nCTOUHMK-u3mepuTenn 26008 B cocTaBe cUCTeMbI MOXET BbINONHATD
C06CTBEHHbIE TECTOBbIE NOC/IE/I0BATENLHOCTY, YTO NO3BOAAET OHOBPEMEHHO TECTUPOBATD
CTONbKO YCTPOIACTB, CKONbKO Mogdeneil 2600B copepxwTca B cucteme. BoamoxHocTb napan-
NeNbHOro TECTUPOBAHUA B COYETaHMM € 60IbLUMM BbICTPOZENCTBIEM KaXA0T0 UCTOUHNKA-
n3meputens (8o 20 000 u3mepeHuii/c) NO3BONAET C0371aBaTb CUCTEMBI C YPE3BbIYAITHO BbICOKON
NpOU3BOAUTENBHOCTDIO.

COBpeMeHHbIe CpeacTBa aBTomMmaTusauun
noBbilWaolWe Npon3BoANTeIbHOCTb

TexHonorua TSP® B ucTouHnKas-usmeputenax cepuu 26008

TMiobble McTouHMKM-n3mepuTeni cepun 2600B unm NOCTPOEHHbIE Ha UX OCHOBE CUCTEMbI MOTYT
BbINONHATD BCTPOEHHbIE BbICOKOCKOPOCTHbIE CLieHapui TeCTUPOBaHWA, 3aiaBaemble B BuAe
ckpunToB, bnarogapa TexHonoruu TSP (npoueccop cueHapues TecTUpoBaHus). TecToBas nocie-
A0BaTeNbHOCTb 00pabaTbiBaeTCA 1 BLINOMHAETCA BCTPOEHHBIM KOMMbIOTEPOM, @ He BHELLHUM

K. 370 no3BonAeT M36aBUTHCA OT 3aiePXKeK, BbI3BAHHbIX Neperpy3Koi MHTepeiCHOi LLNHbI
GPIB (puc. 11). Ucnonb3oBaHue TeCTOBbIX CKPUNTOB N03BONAET NOAYYMTb 10-KpaTHbIA NPUPOCT
MPOM3BOANTENBHOCTM NO CPABHEHMIO C KOMMbIOTEPHBIMU NPOrpaMMaMit, ypaBRAIOLMMA TeMU
e npubopamu uepe3 wiuHy GPIB. TectoBble ckpunTbl TSP MOXHO 3arpy»atb 1 3anyckatb
nepegHeii naHenu unu yepe3 uxtepdeiic GPIB. OpuH TeCToBbIi CLieHapuii, BINONHAILMIACA Ha
NCTOUHKe-n3mepuTene cepum 2600B (pexxm BepyLLEero), MOXET YNpaBNATb BCEMY KaHanamu
1 MonyyaTh AaHHble oT Ntoboro npubopa 2600B, MoAKKYEHHOTO K CUCTeMe MPY NOMOLLN TEXHO-
norun TSP-Link.

CncTema, NocTpOeHHaA C UCNONb30BaHUEM UCTOYHNKOB-U3MepuTeneit cepun 2600, moxeT
paboTaTh aBTOHOMHO KaK MOHO(YHKLMOHaNbHbI aBTOMATU3MPOBaHHbIA 3MepUTeNbHbIN
KOMMNEKC AnA TeCTUPOBAHMA NONYNPOBOAHNKOBBIX YCTPOICTB UMM KOMMOHEHTOB. B 3T0M Cyuae
BefylLee YCTPOICTBO yNPaBAAET BXOAHbIMU BO3AEACTBUAMM, U3MEPEHUAMY, NPUHATUEM pelle-
HUi 0 MPOXOX AEHNN/HENPOXOXAEHUY TeCTa, BbINOSHEHVEM TECTOBbI MOCNe0BaTENbHOCTH,
COPTMPOBKOIA N0 MapameTpam, B3anMopeliCTByeT C MaHUNYNATOPOM ANA YCTaHOBKM KOMMOHEH-
TOB, 30H[0BOI CTAHLMEN 1 APYTMU BHELUHUMM YCTPOIACTBAMM.

TecToBble Nocnea0BaTENbHOCTY UCTOYHNKOB-U3MepuTenen cepun 2400

(yHKLMA 3aNUCK TECTOBOI NOCIeA0BaTENbHOCTH (Source-Memory List), umetoluancsa B MCTOUHM-
Kax-u3mepurenax cepun 2400, npeHa3aHaueHa AnA TeCTUPOBAHNA B YCIOBUAX NPOU3BOACTBA.
(OHa no3BoniseT 3anporpaMmmupoBaTh nocneoBarenbHocTb Ao 100 TecToB. Kaablil Tect

MOXET COAePaTb COBEPLUEHHO Pa3Hble YCNOBUA TECTUPOBAHNA, U3MEPEHUA, MaTeMaTuyeckue
onepaLuy, KpUTepUM NPOXOXAEHUA/HENPOXOXK AEHNA 11 COPTUPOBKIA. TeCTbl BLINONHAKTCA NOC/e-
J0BaTeNbHO, He Tpebys AONONHUTENbHbIX BHELHUX KOMaHA. YCN0BHOE BETBIIEHUE N03BOAAET B
3aBUCUMOCTI OT Pe3yNbTaTOB NEPEIATH K Pa3NNUHbIM NYHKTaM TECTOBOI NOCNEA0BATENbHOCTI.

OyHKLuA TecToBON pa3epTky (Source-Memory Sweep) no3BoAeT COXPaHUTb B IHeProHe3a-
BUCUMOIA NamATh o 100 yHUKaNbHbIX KOHGUTYPaLNiA UCTOYHUKA 1 U3MepuTens. ITa GyHKLMA
M03BOAET NOCNEA0BATENBHO NPOIATY HAOOP KOMAHA U BLINONHUTL BCIO NOCNEI0BATENbHOCTD
TeCTMPOBaHUA 3a 0[WH pas.

LiudppoBbie BXxoAbl 1 BbIXOADI

Llndposoii 06MeH JaHHbIMU — 3TO OZIHO U3 OCHOBHbIX TPEOOBAHUI K NPON3BOACTBEHHOI CUCTEME
TeCTUPOBaHUA ANA B3aUMOAEIACTBUA C MaHUNYNATOPaMM, COPTUPOBOUHBIM 060pYA0BaHIEM 1
noNb30BaTeNbCKOI CUCTeMOI ynpaBneHus. LindpoBble BXoAbl U BbIXOAbI NCTOYHNKOB-M3MepUTe-
nelli Takike MOTYT UCNONb30BaTbCA NP B3AUMOAEACTBIAM € NPUBOPHBIMU KOMANIEKCAMM ANA Gop-
MUPOBAHUA M MPUEMA TPUTTEPHBIX CUHANOB, AA c6opa AaHHbIX. Mcnonb30BaHue TpUTTEpHbIX
CUTHanoB obecneunBaeT BbICOKYI0 CKOPOCTb U HAZEXKHOCTb U3MEPEHUIL, He 3aBUCALLME OT TUNA
ncnonb3yemoli WiHbl (Moaenb 2401 He ocHaLeHa LdpOBbIMI BXOAAMU U BbIXOAAMI).

MpoBepKa KOHTaKTOB

[JlononHutenbHas ¢yHKUMA NPOBEPKM KOHTAKTOB N03BONAET M36eXaTb OLINOOK U3MEpeHUii
NOXHoil 0TOPaKOBKM M3henuii bnarosapa MCNoNb30BaHUI NPOCTON 1 BbICTPOIl NpoBepKI Kaue-
(TBa COEMIMHEHNIA C TECTUPYeMbIM YCTPOIICTBOM Nepen Hauanom Tectuposatxua. lpoueaypa npo-
BepKM 1 yBeAOMNEHNS, BbINONHAEMasA 370N (yHKLMed Beero 3a 350 mKc (cepua 2400) win 3a 1 mc
(cepus 2600B), ,no3BONAET YOEANTLCA B HANMUMN XOPOLLIETO KOHTAKTA C YCTPOICTBOM A0 NOZaun
MOLLHOCTY K YCTPOWCTBY, TEM CaMbIM SKOHOMSA BPeMs Ha ero TecTupoatue (puc. 12) (mopenb
2401 He moXeT 6bITb 0CHaLLeHa yHKLei! NPOBEPKY KOHTAKTOB).

/13HoC, noBpexaeHue, 3arpA3HeHme, Koppo3ua KOHTAKTOB, 06PbIB WY NONOMKA Pa3beMoB,
0TKa3bl pefie — BOT TONIbKO HEKOTOPbIE 113 Henonadok, KoTopble cnocobHa 06HapyuTb 31a GyHK-
LA NPU NPpoBepKe pazbemoB, COeMHEHUI 1 LeNOCTHOCTY U3MepuTeNnbHbIX Leneit. Mpu o6Hapy-
KeHN NNOXOT0 KOHTAKTa 3Ta (YHKLNA N03BONAET OTMEHUTb U3MEpeHHUe, 3aLyLLaA TeM CaMbiM
TecTupyemoe ycTpoiicteo. MpesycmoTpeHo Tpu cnocoba onoBeLleHa o Henonagxax.

OyHKLMA NPOBEPKM KOHTAKTOB pa3paboTaHa AnA BbiCOKONPOU3BOANTENbHbIX METO0B TeCTUPO-
BaHWA, UCNOAb3YIOLMX 4- UM 6-NPOBOAHYI0 CXeMy NOAKNIYEHNA. B MCTOUHMKaX-13MepuTenax
cepuu 2400 nA NpoBePKI KauecTBa KOHTAKTOB NpeAYCMOTPEHO TPU MOPOrOBbIX 3HaueHuA (2
Om, 13 Om 1 50 Om). Ecnmu conpoTuBneHue npu xopoLuem coeMHeHNM B HOpMe NpeBbiLuaeT 50
Om, TO ANA TaKMX 33484 Heb3A NCNONb30BaTb BCTPOEHHYIO GYHKLIMI NPOBEPKM KOHTAKTOB 1
CnlepyeT paccmMoTPeTb BO3MOXHOCTb UCMONb30BaHMA ApYrux MeTogoB. Mpubopsi cepun 26008
obecneunBaioT 60MbLLYI0 YHUBEPCANbHOCTb 611aroaapa BO3MOXHOCTbIO NPOrpaMMIpOBaHms
MPON3BOJIbHBIX OPOrOBBIX 3HAYEHMWIA.

KEITHLEY

A Tektronix Company
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WCTOYHUKN-USMEPUTENN

SMU |
S foosoe)
I Tect B &5 9
TSP-Link®
Tect A
CT) BonbTmetp A 4 ®
Tect C v
I Tect D
Bpems K xocT-KomnbloTepy K y3nam 3-64
TectupoBaHue Mokasa- |TecTnpo-
Ha cooTBeTCTBUe Onucanne Hue BaHuA Ecnu Tect npoiipeH Ecnu Tect He npoiifeH
” RoA oA Puc. 10. 3agHsas naHenb npu6opos cepum 26008
Tect [Mposepka Vnp(A) npu | Mposepka npamoro |0,6534 B {300 MKc Mepeiitin k Tecty B 1. OtcoptupoBath setanb
A |100 MA Ha cooTBeTCTBUE |HanpAXeHna npu B rpynny 6pakoBaHHbIX
nonyctambim npegenam |0,1A netane.

2. TepepaTb AaHHble

Tect [Mposepka Vnp(B) npu | Mposepka npamoro |0,7268 B |300 mMKc Mepeiitu k Tecty C Ha KoMTLoTep,

B |1 AHa cootBetcBUE HanpsXeHua npu

AonycTAMbIM npeaenam | 1,0 A N10Ka MaKnynATop
YCTaHaBNMBAET HOBYH
Tect [MpoBepka Toka yteukn | 06paTHbIiA TOK 10,122 HA |5 mc Mepeittn k Tecty D ZeTanb.
C  {lyr(C) npu HanpaxeHun | yTeuku npu 3. BepHytbea k Tecty A
—10 B Ha cootBeTcTBME  |CmeleHun —10 B
ZONyCTUMbIM Npeenam
Tect [Mposepka Vip(D) Hanpsxenue npo6oa|146,12B |1 mc 1. OTcopTvpoBaTh AeTanb B rpynny
D KOHAWULMOHHBIX AeTanei.

2. Mepepatb faHHble Ha
KOMMbHOTEp, N0Ka MaHUNYNATOp
YCTaHABNMBAET HOBYH J€Tanb.

3. BepHytbcakTecty A

Puc.9. myHKLl,I/IOHaﬂbeIe TUNOBbIE BbICOKOCKOPOCTHbIE UCMbITaHUA, UCNONb3YIoLKe U3MepeHne NapameTPoB TOKa 1 HanpA-

KeHus
2600B - « BO3MOXHOCTb MHOTOKaHaNbHbIX U3MepeHHit
cueHapun —_— CoJayei NUTaHIA N0 KAXAOMY KaHany SMU
TecTnpo- « PacwmpenHbie B cTv 06paboTkm OxpaHHbIN 3neKTPoA
BAHUS | e WynpaBneHus motokom gakkbx |} | | ST rETTTTT T
- Tectup Ha COOTBETCTBIUE Bxop cxembl
- Yoy i cTanuveli OXpaHHOro
— 11 MaHUMYNATOPOM Amnepmetp 3KPaHUPOBaHMA
« Perucrpauus fanHbix Bx./Bbix. HI
1 opmaTipoBarue | oo -C_ - .
M3m. HI
——— IR 3
Uctoumk
1 . BonbT- | TY |
Tecrupyemoe Wi ToKa METp M3m. LO
el | T - 3
Bx./Bbix. LO
I 5‘ ________
Puc. 11. Mpumep cueHapua TeCTUPOBaHUA ANA UCTOYHMKa-U3MepuTensa cepun 2600 Puc. 12. MpoBepka KayecTBa KOHTAKTOB B UCTOYHMKaX-U3MepuTenax cepumn 2400
0603HaueHus:

Bx./Bbix. HI, LO — BbIX0fibl UCTOYHMKA TOKA U HaNpsXeHNa
M3m. HI, LO — Bxozp! BonbTMeTpa
TY — TecTpyemoe yCTpoiicTBO

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company



NCTOYHUKN-USMEPUTENN

CpaBHuTenbHasA Tabnuua

HacTtonbHble NCTOUHMKN-N3MepUTENN C BbIXOAHON MOLHOCTbIO 20-100 BT

WcTouHNKN-n3-
MepuTenu cepumn
2600B c BbIxOA-
HOW MOLHOCTbIO
20-100 Bt

MOAED 2400, 2401, 2100-C 2410,2410-C 2420,2420-C 2425,2425-C 2440,240-C 26018, 26028
CTpannua 8 8 8 8 8 8
BbIXOAHAA MOLUHOCTD 228t 22Bt 66 BT 11081 55Bt 40,4 Br/kaHan
BbIXOJHOW TOK
MuH. (3HaueHune no ymonyauuio) +10nA +10nA +100nA +100nA +100 nA +1nA
Makc. +3,03 Anocr. u B UMnyNb-
+1,05A +1,05A +315A +315A +525A €e/£10 A B umnynbce Ha
KaHan
BbIXOJJHOE HANPAXXEHWE
MuH. (3HaueHue no ymonuauuio) +1 MkB +1 MkB +1mMkB +1MkB +1 MkB +1 MKB
flaxe +21/4210B? +11008 +63B +1058 +42B +40,4B/Kanan
JUANA30H CONPOTUBNEHWI 01<020mM70>200MOM  01<0,20mpa0>200MOM  01<0,20mAa0>200MOM  071<0,20m0>200MOM o1 < 2,00m 0 > 200 MOm
OCHOBHAA MOTPELIHOCTD
Mo Toky 0,035% 0,035% 0,035% 0,035% 0,035% 0,02%
Mo HanpaxeHuio 0,015% 0,015% 0,015% 0,015% 0,015% 0,015%
Mo conpoTMBNEHuio 0,06% 0,07% 0,06% 0,06% 0,06%
KPATKWUA NEPEYEHD 0CHOBHbIX OYHKLM
NmnynbcHblii pexum Her Her Her Her Her lla
Nuneitnaa/norapudmuyeckan/nonb3oBa-
TenbcKkas pasBepTka JIF] JIF] Jit} Jit} la JiF}
BcTpoeHHaA ucnonHaemas nporpamma JIE] JIE] JIE] Jit} Jik} JiF}
B03MOMXHOCTb BCTPOGHHOTO NPOrpamMMi-
POBaHMS: CKpUNTaMH Her Het Het Het Her Jla
NpoBepKa KOHTaKTOB [lononHutensHo [JlononxutensHo [lononHuTenbHo [lononHutenbHo [lononHutenbHo JiF}
Bbi6upaembie BXoAbl Ha nepepHeit .
3a/Heil naHenax Aa Aa Jit la lla TonbKo Ha 3apHeit
Pazbembl BuHTOBbIE KNeMMbl, nepe-
XOAHVKY ANA pa3bemoB
Tuna «6anaH» Tuna «6anaH» Tuna «6anaH» Tuna «6anaH» Tuna «banat» «6aHat W (M) TPUAKCH-
anbHblit
NpoBepka npepenos JIF] Nla JIF] JiF] JIF] JIF]
B03MOMXHOCTb NepeKNIoYeHNs BLIXOJHO-
ro umnefaHca fia fia fia fa fa fla
4-npoBopiHaA cxema NOAKMIOYEHNA Jit Jlla Jit la la Ja
BHyTpeHHs 06paTHasA (BA3b B UCTOYHU-
KaX TOKa M HanpsKeHus fia fia fia fa fa fla
Cucrema Komanp SCPI SCPI SCPI SCPI SCPI IcL
MporpammupoBanue Ethernet/LXI, IEEE-488,
RS-232 co BcTpoeHHo Tex-
IEEE-488, RS-232 |EEE-488, RS-232 |EEE-488, RS-232 IEEE-488, RS-232 IEEE-488, RS-232 Honorweii TSP (npoueccop
ClieHapyeB TeCTPOBaHMA)
Mamatb/6ydep 5000 Touek, bydep uteua 5000 Touek, bydpep utehua 5000 Touek, bypep utenua 5000 Touek, bypep uteHua 5000 Touek, bydpep uteHua > 100 000 Touek
2500 Toyek 2500 Toyek 2500 Toyek 2500 Toyek 2500 Tovek
3anyck 14 UMGPOBLIX TPUTTEPHBIX
Trigger Link ¢ 6 Bxopamun Trigger Link ¢ 6 Bxopamn Trigger Link ¢ 6 Bxopamn Trigger Link c 6 Bxopamn Trigger Link ¢ 6 Bxopamu BXOZAHDIX W BbIXOAHBIX
1 BbIXOAAMM 1 BbIX0OAAMM 1 BbIXOAAMY 1 BbIXOAAMY 1 BbIXOAAMY NVHWIA, 3 TPUTTEPHBIX IUHUM
TSP-Link
OxpaHHbIii 3neKTpoa ConpoTusnenue (npu Bbico-  ConpoTusnenue (npu Bbico-  Conpotusnenue (npuBbico-  Conpotusnenue (npu Bbico- — ConpotuBRenme (Mpy Bbico- KaGens
KOM TOKe) 1 Kabenb? KOM TOKe) v kabenb KOM TOKe) 1 kabenb KOM TOKe) 1 kabenb KOM ToKe) 1 kabenb
Liudposbie BX0AbI U BLIXOABI 1BX0A/4 BbIX0A CO BCTPO- 18x0A/4 BbIXOAA CO 18x0A/4 BbIXOAA CO 1Bx04/4 BbIXOAA CO 1BX0A/4 BbIXOZA CO 14 UM POBHIX TPHTTEPHbIX
€HHbIM UHTEPYEiCOM ANA  BCTPOEHHBIM MHTEPDEIACOM  BCTPOEHHBIM MHTEPDEIACOM  BCTPOEHHBIM UHTEPDEIACOM  BCTPOEHHBIM UHTEpOEiicoM BL)‘(O Ebl)( p ngo H';x
ynaTopa ana ynATOpa KOM- ANA MaHUNYNATOPa KOM- ANA MaHUNYNATOPa KOM- ANS MaHUNYNATOPa KOM- A i A
T0B (kpome mogienu 2401) TOHEHTOB TOHEHTOB NOHEHTOB NOHEHTOB
Npoyee Pa3peLuenue 6,5 pa3panos.
PaspeLuenue 6,5 pa3papos. Bo3MOXHOCTb MaciuTa-
Hrepheichandier. Tecrs- - e ImenbelcHandler Tecrn:  UmepbelcHandler Tecy. | 1909t onee s
POBaHMe Ha COBMECTUMOCTb P . P . P . P 3 64 KaHanoB c nomoLLbI0

CooTBeTCTBME C(TaHAapTam

ANUTENbHOCTBIO 500 MKC.
MpoBepka KOHTaKTOB NO
Jon. 3aKa3y (Kpome mopenn
2401)

CE UL

POBaHMe Ha COBMECTMOCTb
DNUTeNbHOCTbI0 500 MKC.
lpoBepka KOHTaKTOB No
J0M. 3aKasy

CE

POBaHMe Ha COBMECTUMOCTb
DNUTeNbHOCTbI0 500 MKC.
lTpoBepka KOHTaKTOB No
J0M. 3aKasy

CE

POBaH/e Ha COBMECTUMOCTb
DNUTeNbHOCTbI0 500 MKC.
llpoBepka KOHTaKTOB No
J0n. 3aKasy

CE

POBaHYe Ha COBMECTUMOCTb
NUTENbHOCTbI0 500 MKC.
IpoBepka KOHTaKTOB No
JI0N. 3aKazy

CE

TexHonorun TSP-Link®.
BctpoenHoe nporpammHoe
obecneyenme Ha 0cHoBe
Be6-uHTepdeiica Ans onpe-
JeneHua napameTpos

CE UL

1. BumnynbcHom pexume.
2. [Ina mopeneii 2401 n 2400-LV makc. 21B.

3. ina WU3MepeHnA conpoTuBeHNA npn 60nbLLIOM 30HAMpYIOLLEM TOKE U 1NA BHYTPEHHEr0 3KpaHa TPUaKCUanbHoro kabens

KEITHLEY

A Tektronix Company
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KOMIMJIEKCbI HA OCHO-
BE UICTOYHNKOB-U3ME-
PUTEJIEN 20-1

WcTouHnkn-nsmepurtenn cepun 2600B ¢ BbIxoaHOI
MoLHOCTbI0 >200 BT

WCTOYHUKN-USMEPUTENN

Cna6oTouHble NCTOYHUKN-U3MEpPUTENN MOLHOCTbIO 20 Bt

26118, 26128 130-C 26518 26358, 26368 6430 27
8 8 8 8 8 8
30,3 BT /kaan 110087 2000878 MM%’EMO Brnocr. 30,3 Br/kanan 281 1181
+1nA +100nA +1nA + A +10aA +100 pA
+1,5A noct. nB umnynbce/10A 8 1054 +50 A (£100 A ana AByx Mogyneit, 3 A:;;T‘#bi:ranzg:;ﬁ/ L0 B 00z
UMNyNbCe Ha KaHan - BK/TI0YEHHbIX NapaneNbHo) y
+1MKB +1MKkB +1MKkB +1MmKkB +1MKB +100 mkB
+40 B (+80 B ana aByx mogynei, +202B +210B +1100B
— &l BK/TI0YEHHbIX N0C/Ie/0BaTeNbHO)
01 < 2,00m g0 > 200 MOm 0T < 2,00Mm g0 > 200 MOm
0,02% 0,035% +0,02% 0,02% 0,035% 0,05%
0,015% 0,015% +0,015% 0,015% 0,012% 0,03%
0,06% 0,063%
JIE} JiF] JIE] JIE] Het JIF]
JIF] Jit} [la nuHeitnaa/norapudmuyeckasn/
Jit} JiF} JIE] UMNyNbCcHaa/cTynexyaran/
N0Nb30BaTeNbCKAA)
fa Jic la lla Jla Her
Ia i la JIF] Her Her
JIE] [lononHutenbHo lla JIE] Her Her
o Ia T SE T TonbKo Ha 3apHeit Ha 3apHeit v Ha npeaycunntene TonbKo Ha 3aaHeit
BuHTOBbIE KNEMMbl, NepexoAHUKM Triax Triax
BuHTOBbIE KNIeMMbl, NepexoAHuKH Tuna <6anay BUHTOBbIE KNeMMbl, NepexoAHUKM ANA Pa3beMoB «BaHaH»
ANnA pa3bemoB «baak» u (unu) Triax ANA pa3bemoB «baHak» u (unu) Triax
it JiE] Ha it Ja Her
I Da Ia fa fa
it it it it Jit Jla
fa Jit] Ja fa fa Her
ICL SCPI ICL ICL SCPI DDC
Ethernet/LXI, IEEE-488, RS-232 co Ethernet/LX, IEEE-488, Rs-232co |  EINEMeULX, IEEE 485, ikl IEEE-488, RS-232 IEEE 488
BCTPOEHHO TexHonoruei TSP (npo- |EEE-488, RS-232 BCTpOeHHoI TexHonorueii TSP (npo- ecpm ClIeHaDYeR TeCTH osaumpn)
Lieccop CLeHapueB TeCTUPOBaHUA) LIeCcop CleHapues TecTupoarua) | ECCOP CLUEHAP! P
> 100 000 orcyeTos & 6ydepe 5000 Touek, 6321;2;')( uTenuA 2500 > 100 000 0TcyeTo8 8 6yepe > 100000 oTcyeToB B byhepe 5000 ToyeK, %?42?( uyTeHna 2500 1000 Touek
14 BXOAHbIX M BbIXOBHbIX TPUTTEP- 6 BXOAHBIX 1 BbIXOAHBIX TPUITEPHbIX Bxoa/Bbixon
14 BXOZIHbIX 1 BbIXOAHbIX TPUTTEP- 14 BXOAHDIX M BbIXOAHDIX TpUTTEP- o A
HbIX JIMHWIA, 3 TPUTTEPHbIE NMHUN 6BX°’1HHX”B"A’;‘L‘w"XTp"”epr'x HbIX IHMWIA, 3 TPUTTEPHbIE NUHUN HBIX MAHWH, %gg_ﬁ;ipm"e"””"“ TuHmi
TSP-Link TSP-Link
ConpoTusnenue (npu BbICOKOM TOKe) Kabenb Conpotusnenue (npy BbICOKOM ToKe) Kabenb
Kabenb 1 Kabens Katenb 1 Kabenb
1 BX0AHaA 1 4 BbIXOLHBIX MHUN CO 14 UMPOBLIX U TPUTTEPHbIX ABYHA-  1BXOAHAA U 4 BbIXOAHBIX NMHUN CO Het
14 undPOBLIX M TPUTTEPHDIX ABYHA- | BCTPOEHHBIM MHTEPDEIACOM C MaHU- 14 LMGPOBBIX U TPUTTEPHBIX ABYHA- NPaBNEHHbIX TMHWI BCTPOEHHBIM UHTEPPEIACOM C MaHN-
TIPaBNEHHbIX INHUI NyNATOPOM KOMMOHEHTOB (Kpome NPaBNEHHbIX NUHM NyNATOPOM KOMMOHEHTOB
mogenu 2401)
pa3peLueHue 6,5 pa3panos. Bos- Pa3pewwenve 6,5 pa3pagos.
pa3peLueHue 6,5 pa3paaos. Bo3- MOXHOCTb paclunpenua ao 6onee UHTepdeiic c MaHunynaTopom
MOXHOCTb pacLuupenus go bonee MHT?;E;;"?;V;%S ﬁgig"ﬂzﬁ; AT yeMm 64 KaHanoB ea 0CHOBE TeXHO- T0B. Bpems ot6p
4em 64 KaHanoB ea 0CHOBE TEXHO- none‘:non B 0¥6 aKgBM e Pa3peuenne 6,5 paspapos. Ckax- | norun TSP-Link®. Bctpoentoe npo- KOMMOHEeHTOB 500 MKC.
norum TSP-Link®. BctpoerHoe npo- e~ éoéjmxc ABTpomaTVIHe(KOE HocTb 0T 10 100. Bpems u3mepe- | rpammHoe obecneyeHue Ha OCHOBe
rpaMMHoe obecneyeHine Ha 0CHoBe A p—— HUA B0 1 MKC Ha TOUKY Beb-uHTepdeiica AnA u3Mepenua
Be6-uHTEpeiica AnA u3mepeHns Pea /T SETPE XapaKTepUCTUK YCTPOICTB
XapaKTepUCTUK YCTPOICTB Aon. y
CE UL CE CE UL CE UL CE CE

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM

KEITHLEY

A Tektronix Company



NCTOYHUKU-USMEPUTENN

Camble BbICOKIE B OTPAC/I CKOPOCTb TECTUPOBAHMA
W NIOTHOCTb Pa3MeLLeHNA annapaTypbl B CTOlIKe

C BO3MOXHOCTbIO ObICTPOro yBenuyeHns yucna
W3MepuTeNbHbIX KaHaNoB

MHorokaHasbHble KOMMEKCbI A1A 3MepeHIs TOKa
W HaNPAMeHIA Ha 0CHOBE UCTOYHMKOB-M3MepuTeNneil cepum 26008

WcTounuku-u3meputenn cepumn 26008 — 370 HoBeiALUMe NCTOUHMKM-U3MepUTENN KomnaHuu Keithley, KoTopble MoryT npUMeHATLCA
KaK B HaCTONIbHOM WCTIONTHEHUI, TaK 11 B KauecTBe Mopyneit AA NOCTPOEHNA MHOTOKaHaMbHBIX CUCTeM. Peanu30BaHHad B U3aennax
cepum 2600B apxuteKTypa Ha 0CHOBE BCTPOEHHOTO NPOLIECcopa CLeHapues TecTupoBaHua (TSP) B coueTaHuy ¢ BO3MOXHOCTAMY
npoBe/ieHNs NapannenbHoro TeCTUPOBAHMA 1 TOUHOI CUHXPOHU3ALMM 06€CNEUNBAIOT CaMyIo BLICOKYIO B 0TPAC/N NPON3BOANTENb-
HOCTb 1 HU3KYI0 CTOMMOCTb TECTUPOBAHMA. 1P HACTONLHOM NPUMEHEHUN B NCTOYHUKAX-U3MepuTenax cepun 2600B ycTaHaBnm-
BaeTCA BCTPOEHHoE NporpammHoe obecrieyenme TSP Express unu sonoHuTenbHO npuobpeTaemble NporpaMMHble CpeCTBa ANA
n3MepeHIs XxapakTepucTuK komnoxeHToB K ACS Basic.

e — - ““*  TporpammHoe obecneueHue TSP Express no3sonset
R Hmn 6bICTPO HaCTPaNBaTh 1 BbINOMHATb OCHOBHbIE M paciun-

peHHble TeCTbl AN M3MEPEHNA XapaKTepUCTUK YCTPOICTB,
B TOM YMC/IE: BNIOXEHHbIE U3MEPEHNA B NOLIAroBOM pexi-
Me ¥ B pexvMme pa3BepTKy, C pa3BepTKoi B UMNYNbCHOM
pexume 1 3ajjaBaemoii NoNb3oBaTenem.

» Copepat B cebe: nporpammmpyembiil UCTOY-
HV HanpAXXeHNA, NPorpaMmmmpyembii npe-
LIN3MOHHbI NCTOYHUK TOKa, LpPOBOI MyNb-
TUMETP, FeHepaTop CUrHanoB NPOU3BOJIbHON
$opMbl, UMNYNbCHDI FreHepaTop Hanpsaxe-
HUA 1 ToKa ¢ GYHKLMel n3MepeHus, dnek-
TPOHHYI0 Harpy3Ky 1 KOHTponep 3anycka.

M3penusa ykasaHHOI cepun nepeKkpbIBaioT
LWIMPOKUIA AMHAMUYECKNIA AnanasoH: ot 1 A
[o 50 Awn ot 1mkB go 200 B.

cKkopocTb 0 20 000 n3mepeHuin B CeKyHAY
no3BOJIAET COKPaTUTb BPpeMA TeCTUPOBaHNA
1 perncTpupoBaTh nepexofHbie NpoLecchl B
YCTPONCTBaX.

NporpammHoe obecneyeHne

« TSP® Express obecneumsaer bbicTpoe 1 yobHoe
13MepeHue ToKa 1 HanpaxeHusa (BcTpoeHHoe M0);

+ ACS Basic Edition ans nsmepenus xapakrepu-
CTUK NONYNPOBOAHNKOBbBIX KOMMNOHEHTOB (N0
[ONONHUTENbHOMY 3aKas3y).

TunoBble chepbl NpUMeHeHVs

DyHKUMOHaNbHOe TeCcTUPO-
BaHWe, CBA3aHHOe C U3Me- ||
PEeHNEM TOKa N HanpAaXeHuna i
1 CHATIEM XapaKTepuUCTuK
[NA WWPOKOFO CneKTpa
YCTPOWCTB, B TOM YnChe:
* QUCKPETHbIX 1 NacCUBHBbIX %

- T
KOMMOHEHTOB; .
* UHTErpasbHbIX

YCTPOWCTB, BKNloYas
KOMMOHEHTbI C HU3KOM
(SSI) n Bbicokon (LSI) cTe-
NeHAMU UHTerpauum;
ONTO3JIEKTPOHHbIX
npu6opoB, TaKNX Kak
CBETOANOADI, Na3epHble
Jvopbl, cBepxapKue cee-
Topuoabl (HBLED), nony-
NPOBOJHUKOBbIE Jla3epbl C BEPTUKaNbHbIM
PE30HAaTOPOM 1 MOBEPXHOCTHBIM U3JTyYEHNEM
(VCSEL), aucnneun;

UCMbITaHWA Ha HafieXKHOCTb Ha YPOBHE Kpu-
cTanna, Hanpumep, TeCT TemnepaTypHoii
HeCTabuNbHOCTY OTPULIATENIbHOTO CMELYeHMA
(NBTI), 3aBucMmoro ot BpemeHn npo6os fua-
nektpuka (TDDB), nHxeKumu ropaumnx Hocure-
nei (HCI) n nsyyenue anekTpommrpauum.

— e m— - :
= b rwm L EKD
Open Test po— 2T

Mpy HeobxoaMmocTH 6bICTPOrO C60pa AaHHDIX O KOPMYCHOM TECTUPYEMOM YCTPONCTBE | Sl
MHTepelic AONONHUTENbHO YCTaHaBAUBaeEMOro nporpamMmHoro obecnevexna ACS Basic
Edition c nomoLybio MacTepa HacTpOIIKy NO3BONAET NETKO HalTI 1 BbINONHUTD Tpebye-
Mblii TECT, HaNPUMep, NOKa3aHHbII Ha PUCYHKe TUNOBOI ANA NONEBOTO TPAH3NCTOPa, === ===

KEITHLEY

A Tektronix Company

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM



UCTOYHUKN-USMEPUTENN 13

KpaTkne TexHnyecKkmne xapakTepncTuku MICTOYHUKOB-N3mepuTenein cepumn 26008

MNocraBnAemble BMecTe ¢ Pu6GOPOM NpUHaANEKHOCTH:

2600-ALC-2: manowwymALuii TpUaKcuanbHblii kabenb (Triax) AnuHoii 2 M (6,6 GyTOB) € 3axu-
MaMu TUNa «Kpokoami» (c Mogenblo 2636B noctaBnsetca ABa, ¢ Mogenblo 26358 — oguH

TaKoil kabenb);

2600-KIT: kabenbHblii nepexosHNK C BUHTOBBIMYU KNeMMaMu, € duKcaLmeit kabena u KpblLKoii
(nna mogeneii 2601B/2602B/2611B/2612B);

CA-180-3A: kabenb TSP-Link/Ethernet (no ABa ANA KaX[0ro MCTOYHMKA-3MepUTENs);
nporpammHoe o6ecneyenne TSP Express (BCTpoeHHoe );

nporpammHoe obecneyeHue Ana co3aaHnA cueHapues Tectuposanua Test Script Builder (noctas-

Mopenn 2635B n 2636B

XAPAKTEPUCTUKM NPOrPAMMUPYEMbIX UICTOYHWUKOB TOKA
W HANPAMEHNUA

XAPAKTEPUCTUKM UCTOYHUKA HAMPAMEHNA

NOTPEWHOCTb YCTAHOBKU HAMPAMEHUA'

naetca Ha (D); Ounanazon Paspewenue npo- TouHocTb (B TeueHne 1roga) TunoBoe 3HaueHue
nporpammHoe o6ecrieyenme ACS Basic Edition (no gononHuTenbHomy 3akasy). rpaMmu1poBaHusA N 23°C£5°C yma
+(% oT noKa3aHwii + Hanpa- (amnnnTypa)
B BOJIbTax) 0,1-10Ty
vioa 200,000 mB 5 MKB 0,02% + 375 MkB 20 MkB
2,00000B 50 mKB 0,02% + 600 mkB 50 MKB
45A ] 20,0000 500 MKB 0,02% + 5 mB 300 MKB
v3n 200,0008 5MmB 0,02% + 50 MB 2mB
+15A XAPAKTEPUCTUKN MCTOYHUKA TOKA
+1A
:s;z;wsnw MOrPELIHOCTb YCTAHOBKM TOKA
oA VimnynbcHbii i 30H Pasp npo- ToyHocTb (B TevyeHne 1ropa) Tunosoe sHaueHne
pexim rpamMMnpoBaHus 23°C+5°C wyma
-1A — +(% nokasaHuii + TOK B (amnnuTypa)
“15A ] pax) 0,1-10y
aa 1,00000 HA 20 A 0,15% +2nA 800 A
sa 10,0000 HA 200 A 0,15% + 5 nA 2nA
100,000 HA 2nA 0,06% + 50 nA 5nA
~10A | 1,00000 mKA 20nA 0,03% + 700 nA 25nA
o8’ 3% 208 48 0B 495 4% 438 08 10,0000 MkA 200nA 0,03% +5 A 60nA
100,000 mkA 2HA 0,03% + 60 HA 3HA
1,00000 mA 20HA 0,03% + 300 HA 6 HA
Harpy3ouHas cnoco6HoCTb Mo HanpsXeHuio 1 TOKY MoAeneii 2601B 1 26028 10,0000 mA 200HA 0,03%+6 MkA 200HA
100,000 mA 2 MKA 0,03% + 30 MKA 600 HA
1,00000 A3 20 MKA 0,05% + 1,8 MA 70 MKA
+10A — 1,50000 A 50 MKA 0,06% + 4 mA 150 MKA
10,0000 A5¢ 200 MKA 0,5% + 4 mA (tvn.)
MPUMEYAHMA
158 1. Kyka3aHHoii norpewuHocTu UCTOYHMKA CneayeT A06aBUTb NajieHue HanpsAXeHA Ha NPOBOAHMKE C BbICOKIM NOTEH-
+1A unanom (H), cocrasnsiowwee 50 MKB Ha BOMbT.
401A :s;ﬁ;pb‘w“ 2. TlorpewwHocTb ANA peXx1Ma Harpy3ki ¢ BbICOKOI eMKOCTbIo CpaBez/nBa TobKo npyu Temnepartype 23 °C+ 5 °C.
70.10: - Ynymchbii 3. Pabota B pexume UCTOUHIKA NUTAHUA C IONHOM MOLLHOCTbIO, He 3aBUCALLLEN OT Harpy3Ki, o6ecneynBaeTca npu
pexim Temnepartype okpyalolieii cpesipl He 6onee 30 °C. /i TenbHaA MHGop 0 MOLLHOCTH NpH
-1A Temneparype ¢abitue 30 °C 1 (unw) B peXxume INeKTPOHHON Harpy3ku NpuBeaeHa B pasene «IKCMyaTaunoHHble
1A A npepenbl» CpaBouHoro pykoBoactaa Reference Manual ana ucrounukos-usmeputeneii cepun 26008.
4. [ina paboTbl B pexume 3neKTPOHHON Harpy3ku (kBaapaTbl Il u 1V) K cooTBeTCTBYIOLIEMY NPEAENy NOrPELUHOCTY N0
TOKy cnepyet A06asuTb 0,06% 0T BepXHero npeena AnanasoHa. TexHuueckve XapakTepucTukin npUMeHuMbl AnA
pexXuMa NeKTPOHHOIA Harpy3Ki.
10A =5 T T T T 7C 5. Pabota B pexume UCTOUHIKA NUTaHUA C MONHOM MOLLHOCTbHO, He 3aBUCALLLelt OT Harpy3Ki, o6ecneynBaeTca npyu
-2008° -180B  -20B 5B 08 458 4208 +180B +200B

Harpy3ouHas cnoco6HOCTb N0 HaNpsXeHUIo U TOKY Mogeneii 2611B 1 26128

Temneparype okpyxaloliieii cpesibl He 6onee 30 °C. [lononHuTENbHaA MHOPMALMA O CHIKEHUM MOLLHOCTM NpK
Temneparype ¢abitue 30 °C 1 (Wnw) B pexume eKTPOHHOI Harpy3kv NpuBeaeHa B pasene «JKCMyaTaunoHHble
npezenbl» CNPaBoyYHoro pykoBoacTBa Reference Manual ana uctouxnkoB-usmeputeneii cepum 2600B.

6. Pabota B Auanasoe 10 A BO3MOXHA TONbKO B IMMYNIbCHOM PeXiMe.

+10A —

+1.5A —

+1A —
HenpepbisHblit
pexum

WmnynbCHbIA
pexim

+0.1A —
0A
-0.1A

1A
-1.5A —

10A =5t T T T T
-200B -180B -20B -5B 0B +5B +20B

X
+180B  +200B

+50A —

. HenpepbigHblit
VL AMNYNbCHBI
peximsl

TonbKo uMAybCHiA
pexim

-50A —|

T T i T T
-40B -20B -10B 0B +10B  +20B +40B

Harpy3ouHas cnoco6HOCTb N0 HanpsiXeHuIo 1 TOKY Mogeneil 2635B 1 2636B

Harpy3ouHas cnoco6HoCTb N0 HanpsXeHuIo U TOKy Mopenu 26518

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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NCTOYHUKU-USMEPUTEIN

KpaTKune TexHuyeckime XxapakTepucTK NCTOMHUKOB-U3meputeneil cepum 2600B (pogonxenie)

Mopaenu 2635B n 2636B

XAPAKTEPUCTUKM U3SMEPUTEJSTIbBHOM CUCTEMDbI

NOrPEWHOCTb U3MEPEHWUA HANPAMXKEHUA- 7

Anana3oH PaspeweHue BxopHoe conpo- TouHocTb (B TeueHue 1ropa)
Aucnnea no TUBNeHne 23°C+5°C
ymonvaHumio'® +(% OT NnoKa3saHWii + HanpAXeHne
B BOJIbTax)
200,000 MB 1mkB >10140m 0,015% + 225 mkB
2,000008 10 MkB >10140m 0,02% + 350 mkB
20,00008 100 mkB > 1014 0m 0,015% + 5 mB
200,0008 1mB >10140m 0,015% + 50 MB

MOrPEWHOCTb U3MEPEHWA TOKA™

AvnanasoH Paspewenne Mapenne Hanpsa- TouHocTb (B TeyeHue 1ropa)
aucnnes no KeHuna?! 23°C+5°C
ymon4anunio? +(% nokKa3saHui + TOK B amne-
pax)
100,00 nA2-2 10A <1mB 0,15% + 120 A
1,00000 HA2 2 10 9A <1mB 0,15% -+ 240 $A
10,0000 HA 100 A <1mB 0,15+3nA
100,000 HA 1nA <1mB 0,06% + 40 nA
1.00000 MKA 10nA <1mB 0,25% + 400 nA
10,0000 mkA 100 nA <1mB 0,025% + 1,5 HA
100,000 mkA THA <1mB 0,02% + 25 HA
1,00000 MA 10HA <1mB 0,02% + 200 HA
10,0000 mA 100 HA <1mB 0,02% + 2,5 MKA
100,000 mA 1MKA <1mB 0,02% + 20 MKA
1,00000A 10 MKA <1mB 0,03% + 1,5mA
1,50000 A 10 MKA <1mB 0,05% + 3,5 MA
10,0000 A® 100 MKA <1mB 0,4% + 25 MA
NPUMEYAHUA

16. K yka3aHHoii norpeluHocTv UCTOYHMKa cnepyeT A06aBUTb NajieHie HaNpPAXeHUA Ha NPOBOAHNKE C BbICOKUM NOTeH-
umanom (HI), cocrasnsoiee 50 MkB Ha BonbT.

17. Benuuny norpewunoctu usmepenua npu NPLC < 1 cnepyeT yenuuutb nyrem A06aBNeHIA K 0CHOBHO! NOrpeLLHo-
TV COOTBETCTBYHOLLEH AONONHUTENbHOI NOTpetuHoCcT (cM. Tabn. Huxke). 3Hauenmto NPLC=1 cooTBeTcTBYeT Bpema
YCpeAHeHuA, paBHoe NepUoAY YacToTbi NPOMbILLAEHHOI ceT (20 Mc AnA yactoTbl 50 Muy).

3HaueHne [luanasoH [lnanasoHbl [luanasoH AnanasoHbl [JnanasoHbl
NPLC 200 mB 2-200B 100 HA 1 mMKA - 100 MA 1-1,5A
0,1 0,01% 0,01% 0,01% 0,01% 0,01%
0,01 0,08% 0,07% 0,1% 0,05% 0,05%
0,001 0,8% 0,6% 1% 0,5% 1,1%
18. N ) MY B € pexume U3mepeHuii.

19. MorpeLuHoCTb ANA peXuma Harpy3Ki ¢ BbICOKOIA eMKOCTbI CnpaBe/nvBa ToNbko npu Temneparype 23 °C + 5 °C.20.

TpumeHuMo npu paboTe B 0AHOKAHaNbHOM pexViMe U3MepeHuii

21. TonbKo Ans YeTbipexn i Cxembl 11 B PEXMME U3MepeHua Toka. [pu 3ToM Ans u3mepenus
HanpaxeHus Bbl6paH Ananason 200 MB wam 2 B.

22. NPLC=10, 11-ToueyHblii MeuaHHbIA punbTp, AnanasoH He bonee 200 B, u3mepeHns BbinonHeHb B Teuerue 1
yaca nocne 06Hynexna. 23 °C+1°C

23. B HopmanbHbix ycnosuax: +(0,15% + 750 $A).

24. B HopmanbHbix ynosuax: £(0,15% + 1nA).

25. Pabota B guanasoHe 10 A BO3MOXHa TONIbKO B UMMYNbCHOM PEXMMe.

MONHbIE TEXHUYECKWUE XAPAKTEPUCTUKI MOAEJIEN
2635A N1 2636A, A TAKXKE TEXHUHECKUE XAPAKTEPUCTUKK
MOJENEN 2601A, 2602A, 2611A 1 2612A MOXHO HAUTU

HA BEB-CAVUTE KOMIMAHUW KEITHLEY www.keithley.com
VN B MOJIHOM KATANOTE U3AETNIA KOMIAHWUW KEITHLEY.

OBLUME XAPAKTEPNCTUKKU

|EEE 488: coBmecTum ¢ IEEE-488.1. MoazepKa 0CHOBHbIX KOMaH M TONONOT VI ANarpamMmbl COCTOAHMIA
|EEE-488.2.

RS-232: 6008aa ckopocTb o1 300 6ut/c o 115 200 6uT/c. lporpammHo 3afaBaemoe YUCIO MHHopMaLK-
OHHbIX 6UT, TN KOHTPONA YETHOCTU U CNOCO6 yNpaBeH!A NOTOKOM JiaHHbIX (annapatoe RTS/CTS unu
6e3 ynpaBnenus). ECM MCTOUHMK-M3MepUTENb He 3anporpaMMUpOBaH B KauecTBe aKTUBHOTO XOCTa, OH
MOXeT UCcnonb3oBath MHTepdeiic RS-232 ana ynp Apyrumi npubop

ETHERNET: pazbem RJ-45, LXI Class C, 10/100BT, 6e3 aBTomatuueckoro onpesenenua MDIX.

MHTEPOENC PACLUMPEHUA: nuTepdeiic pacwunpenns TSP-Link no3gonset cuxpoHu3uposarb npubops,
ucnonb3ytoLme TexHonoruio TSP, 1 0praHu30Bath 06MeH AaHHBIMU MeXY HUMU.

Tun ka6ena: kpocc-kabenb LAN kaTeropuu He Huxe Se.
[inuna: He 6onee 3 M Mexay Nto6bIMU ABYMA NpUGOpamu, CNoNb3ykoLMMIA TexHonoruio TSP.

COBMECTMUMOCTD C LXI: LXI Class C 1.2.

BPEMEHHbIE MAPAMETPDI LXI: 061iee Bpema peakumn BbIXOAHOTO TPUTTepa: MUH. 245 MKC; Tun. 280 MKC;
MaKC. — He HOPMUPOBAHO. 3aAepXKa NpuHMMaemoro cobbiTua LAN [0—7]: HeT aanHbIX. 3apepxKa dopmu-
pyemoro cobbiTua LAN [0—7]: HeT AaHHbIX.

LMOPOBOM UHTEPOEIC BBOAA/BbIBOJA:

MonynpoBoaHKoBbIii
BbiBog+5B npeaoxpanuTens 600 MA
(Ha pasbeme +5B
LOPOBOTO N\
BBOJa-BbIBOAA)

51k0m

Bbioa uudposoro 100 0m CunTbiBaHKe
?::gggi:\mna) W\/ BCTpoeHHbiM 10
LIMOPOBOrO
BBO/a-BbIBO/A) 3anucs BCrpoeHbim N0
BoiBoa 3asemnenna

(Ha pasveme
LIM0POBOTO
BRONA-RbIRONA)
Pasbem: 25-wTbipbkoBoe po3eTka Tuna D.
BbiBoAbI: 14 NWHWI BBOAA/BbIBOAA C OTKPLITHIM CTOKOM.
MakcumanbHoe BXofHOe HanpsxeHue: 5,25 B.
MuHuManbHoe BbiXxoAHOe Hanpsxenue: —0,25 B.
MakcumanbHoe BXOHOe HanpsXKeHne HU3KOro noruyeckoro ypoBHa: 0,7 B, Makc. +850 MkA.
MuHuManbHoe BXOAHOE HanpsAKeHNe BbICOKOTo N0rn4eckoro ypoBHa: 2,1 B, +570 MkA.
MakcumanbHblii TOK MCTOYHUKA (C NMHUK LupPoBOro BBOAA/BbIBOAA): +960 MKA.
i i TOK NPu MaKc HanpAXeH!U! HN3KOro NOFUYECKOro YPOBHA

3anHas naxens

Makci
(0,7 B): -5,0 mA.

MakcumanbHblii BXOJHON TOK ( iKUK LudpoBoro BBoAa/BbIBoAA): —11 MA.

BbiBog 5 B McTouHNKa NuTaHMA: orpaHnyeH 3HayeHnem 600 MA, 3aLuLieH TBePAOTENbHbIM Npeaoxpa-
HUTEneM.

BbiBo 3aMTHOIT GNOKMPOBKM: aKTUBHBII BbICOKMIT ypoBeHb. [lna 06ecneyenna paboThl B AManasoHe
200 B k 3T0MY BbIBOAY A0MKHO ObITb NPUNOXKEHO BHELLHee HanpaxeHue > 3,4 B npy Toke 24 MA (He Gonee
6 B). 3107 BbIBOA NOATATUBAETCA K KOpnycy yepe3 pe3uctop 10 kOm. Pa6oTa B Ananasone 200 B 6nokupy-
€TCA, €UV Ha BbIBOAE 3aLUTHOI 6nokupoBky < 0,4 B (He mexee —0,4 B), kak noka3aHo Ha pucyHKe Hixe.

CUMTLIBaHME BCTPOEHHbIM
no
Wﬂﬂgwﬂem < [luTanue +2208
Beigop ALMTHO Jomork Nurarte —220B
BIOKIPOBKN 5 | 145 0m £ 10%
(Ha pasbeme
L1opPoBOro
BBOAA-BbIBOAA) 10 kOm
Kopnyc K BbiX0AHOMY KacKany
L

3anKAn navenb

USB: xoct-koHTponnep USB 1.0 (Ana BHewwHero dneLu-Hakonutens).

MUTAHME: o1 100 go 250 B, 50—60 Iy (aBToonpepenetxue), makc. 240 B.

OXJTAYKAEHUE: Bo3zywHoe npuHyauTenbHoe. 3a6op Bo3ayxa COOKY, Bbinyck Yepe3 3a4Hiok naHenb. lpu
YCTaHOBKE B CTOMKY C 0AHOI CTOPOHbI NPUGOpPa He JOMKHO ObITb NPENATCTBMI.

NEKTPOMATHUTHAA COBMECTUMOCTD: B cooTBeTcTBYM € [IupekTuBoil EBponeiickoro cotoza 2004/108/
EEC, EN 61326-1.

JEKTPOBE30MACHOCTD: 8 cooTBeTcTBUY C [InpekTuBoii EBponeiickoro coto3a 73/23/EEC, EN 61010-1 1
UL61010-1.

PA3MEPbI: (BbicoTa X WwupuHa X rny6ua) 89 Mm x 213 Mm x 460 mm (3-1/2 x 8-3/8 x 17-1/2 Awiima).
HactonbHoe ncnonHenme (c pyukoit AnA nepeHoCkn 1 HoXKamm):(BbICOTa X WMPUHA X ry6uHa) 104 x 238
X460 Mm.

MACCA: 2635B: 4,75 kr; 2636B: 5,50 kr;

YCNOBUA IKCNAYATALMU: TonbKo ANA nCnonb30BaHUA B NOMeLLeHUN. BbicoTa HaJ ypoBHeM MopA: He
6onee 2000 meTpoB.

T patyp: 0-50 °C, oTH. BnaxHocTb 70% npu 35 °C. B AuanasoHe Temneparyp

35-50 °C ponycTuman OTH. BRaXKHOCTb CHIKAETCA Ha 3% Ha rpajyc.
[nanasoH Temnepatyp xpanenus: ot —25 °C go +65 °C.

KEITHLEY

A Tektronix Company

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM



UCTOYHUKN-USMEPUTENN 15

+ WicTouHnKn-usmeputenu cepum 2400 obna-
[aloT WMPOKNM ANHAMUYECKUM Aana3oHoM
ot 10nA go 10 A, ot 1 MkB go 1100 B, ot 20 BT
no 1000 Br.

+ PabotaB YyeTblpex KBajpaHTaX Anarpammbl
TOK-HanpsaxeHune.

+ OcHoBHas norpewHocTb 0,012%, paspelueHne
5,5 pa3pagos.

+ V3mepeHue conpoTMBAEHNI NO YeTbIpex- 1
LIECTUNPOBOAHON CXeMe NOoAKIoYeHUA C Npo-
rpaMmmMupyembiMi TOKOM 1 HanpsXeHneM Ha
3a)KMMax U3MepAeMoro ycTpocTBa.

+ 1700 nsmepeHuin B CEKYHAY € pa3peLleHnem
4,5 pa3pagoB 1 nepepayeil JaHHbIX Yepes
nHTepdeiic GPIB.

+ BcTpoeHHbIi KomnapaTop obecneunBaet
6bICTpOE TeCTUPOBaHE Ha COOTBETCTBYE.

+ B 6onbWMHCTBE MoAenei NpeAycMOTpeHa
pononHuTenbHaa GyHKLMA aBTOMATUYECKOI
NpOBEPKMN Ka4yecTBa KOHTAKTOB.

+ Lindposble nuHum BBOAa-BbIBOAA NO3BONAIOT
NPOBOAUTb GbICTPYI0 COPTUPOBKY KOMMOHEH-
TOB 1 NOAK/IOYEHUE K MaHMnynsaTopam (Kpome
mogenn 2401).

+ UHTepdeiicbl GPIB, RS-232, TpurrepHble nuHuN.

Hpuuannemnoan, BXoAdAL e B KOMMIEKT NOCTaBKu:

n3mepuTeNbHble Kabenu;

it 1 i nporpaMmmHblit Apaiteep LabVIEW (3arpyxaemblii ¢ caiita);

h — nporpammHoe o6ecneueqne LabTracer (3arpysae-
MOE C caiiTa).

Linpoyaitumn guHaMu4ecKun aAnanasoH No TOKy
N HaNpAXKeHWNIo ANA 3aAaY BbICOKOCKOPOCTHOrO
aBTOMaTU3MPOBAHHOIO NPOMbILUIEHHOFO
TeCTUPOBaHUA 1 ANA NabopaTOPHOro NPMMeHeHNA

WUcTourmnkm-n3meputenn cepun 2400

Cepua 2400 MCTOYHMKOB-U3MepUTENel cnevanbHO NpeAHa3HaueHa ANA 3a/1a4 TeCTUPOBaHUA, TPebYIOLLNX TOUHOrO B3a-
UMOZEICTBIUA UCTOUHNKOB 11 U3MepHTeNeli Toka 1 HanpsaxeHua. Kaxzaas MoZienib JaHHOI Cepuu COBEPXMT NPeLiu3uOHHbIe
BbICOKOCTAOUIbHbIE MANOLYMALLME UCTOYHUKI MOCTOAHHOTO TOKA I HANPAXeHUA C 06paTHOI CBA3bI0 U ManoLYMALLWIA
MYNIbTUMETP pa3peLLeHem 5,5 pa3pazoB ¢ 60NbLLIM BXOZHBIM COMPOTUBNIEHUEM, 0BecneunBatoLLMil BbICOKYH NOBTOpse-
MOCTb pe3ynbTato. ACTOUHUK-U3MepuTeNb NpeACTaBAAET 060ii KOMNAKTHBIA OAHOKaHaNbHbII NapameTpuyeckmii Tectep
110 NOCTOAHHOMY TOKY. ICTOUHUKI-U3MEPUTENI MOTYT UCMONB30BATHCA B KAUECTBE UCTOUHUKA HAMPAXKEHNS, TOKa, BOMb-
TMETpa, aMnepmeTpa v oMmeTpa. OHU 0611aZiakoT LieNbIM PALZOM NPEUMYLLIECTB N0 CPABHEHMHO € CUCTEMAMM, COCTOALLVMM
13 OTAENbHDIX ICTOYHUKOB U M3MepUTENbHbIX NpubopoB. Hanpumep, Gnaropaps cBoemy KOMNaKTHOMY pa3mepy BCero B
MONIOBYUHY BbICOTbI CTONKM OHM MO3BONAIOT CIKOHOMUTD LiEHHOE MECTO B U3MepUTeNbHON CToiiKe K Ha cTone. Kpome Toro,
3TV Npu6opbI SO MUHUMYMa COKpALLAIOT BpeMs, TpebytoLLieecs AnA NPOeKTUPOBaHNS, COOPKM, HACTPOITKM U 0BCNyXMBaHUA
U3MEpUTENbHOT0 KOMMAEKCA, UTO CHIXKAET 061LLylo CTOMMOCTb BAAZeHUA M3MepUTENbHBIM KoMMIeKcoM. [oMuMo 3Toro
UCTOUHUKN-U3MepuTeny cepun 2400 ynpoLuatoT npoLesypy U3MePeHUI, YCTPaHAA MHOTO COHbIX NPo6AeM CMHXPOHM3a-
LM 1 MOZKMIOYEHIA, BOSHUKAIOLLUMX NP MCTIONb30BAHUM HeCKoNbKMX Npu6opoB. Bee npubopbl cepun 2400 noaxoaaT And
BbINOHEHWA LIMPOKOTO CMEKTPa U3MEPEHHiA B HENPEPbIBHOM PEXMME, B TOM UMCe ANA U3MEPEHNsA CONPOTUBIIEHNS NpH
3aJaHHOM TOKe, HanpAXeHnA Npobos, TOKa YTeuKU, CONPOTUBAEHNA U3ONALMYN U APYTUX SNEKTPUYECKNX XapaKTePUCTHIK.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company



NCTOYHUKN-USMEPUTENN

M3mepeHmne ToKa N HanpaxXeHUA

Bce npubopbi SourceMeter cepum 2400 obecneunsaiot paboty B
yeTblpex KBaApaHTax Anarpammbl TOK-HanpsxeHue. B nepsom
1 TpeTbeM KBaZpaHTaX OHI PaboTakT KaK NCTOUHUKM, 0TAaBasA
MOLLHOCTb B Harpy3Ky. Bo BTOPOM ¥ YeTBepTOM KBaApaHTax
OHU PaboTaKT KaK IMEKTPOHHaA Harpy3Ka, pacceuBas BHyTU
e651 MOLLHOCTb BHELLHIX NCTOUYHUKOB. HanpsxeHue, TOK u
CONMPOTHBIIEHNE MOXHO U3MEPATD KaK B PEXUME UCTOUHNKA,
TaK 1 B peXvMe INEKTPOHHOI Harpy3ku.

Avnepwerp Beymp)

Bx./Bbix. HI

Brew.

Vicrounmk
ToKa

BonbTMeTp/
KOHTPOMb HanpAkeHuA
BhyTp.

Brew.

Viam. HI

[ ]

V3m. LO

Bx./Bbix. LO

Avnepmerp/

KOHTPOTb TOKa BryTp.

Bx./Bbix. HI

BHew.

Bonswerp

Wctounnk

Hanps-
KeHvA

O6patHan cenzb
ANA MOACTPOMKA

UCTOUHUKa HaNpAXEHHA BhyTp.

BHew.

Vsm. HI

[v]

Wsm.LO

Bx./Bbix. LO

Koud)urypauuﬂ NCTOYHNKA TOKa C U3MepeHnem Hanpaxe-

HKA, TOKa Unn conpoTuBNEHNA

KoHdurypauuna nctounnka HanpsxeHus
TOKa, HaNPSAXKEHNA UK CONPOTUBNEHNSA

CusmepeHnem

NcTouHukn-usmepurenu cepun 2400
| +1A ) [
UcTounmK-usmepu- V HusKoBoNbTHbII V
Tenb moaenu 2400 UCTOYHUMK-U3MepU-
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UCTOYHUKN-USMEPUTENN 17

KpaTKne TexHn4ecKmne xapakTepucTuku UICTOYHNKOB-U3MepuTenein cepun 2400

I'Iorpeumocn; NCTOYHWKaA HanpAXeHWA N BOIbTMETPa (B pexnme nsmepeHnA HanpAXeHNA Ha Harpy3ke 1 KOHTPONA HanpAXXeHNA B
Lienu 30HZUPYHOLLEro ToKa)

Mopaenb [unanasoH Mpory Morp Tb UCT Pasp nsmepu-  Morp Tb N3mep CkopocTb Hapac-  [pepenbHble 3HauYeHnA
paspelueHune (B TeueHme 1ropa) TeNbHOI CUCTEMbI, NpU- (B TeueHne 1ropa) TaHMA BbIXOAHOTO B peXUMax NCTOYHMKA 1
23°C+5°C HATaA N0 yMONYaHUIo 23°C+5°C HanpaXeHna 3/IeKTPOHHOIA HarpysKm

+(% OT noka3aHwuii + BONbT) +(% oT nokasaHwuii + BoNbT) (£30%)

200,000 MB 5MkB 0,02% + 600 mkB 1MmkB 0,012% + 300 mkB
2400, 2400-C, 2,00000B 50 MkB 0,02% + 600 mkB 10 mkB 0,012% + 300 mkB +21BnpuToke +1,05A
2401 20,0000B8 500 mkB 0,02% + 2,4 mMB 100 mkB 0,015% + 1,5 mB 0,08 B/mKc +210 B npu Toke £105 MA*
200,000 B* 5mB 0,02% + 24 MB 1mB 0,015% + 10 mB 0,5 B/MKc
* Kpome mopenu 2401.

JOMONHUTEJIbHBIE TEXHWYECKWUE XAPAKTEPUCTUKM (319 BCEX MOLENEW CEPUM 2400)

NAREHUE HANPAXKEHNA HA IMHUAX BONIBTMETPA (SENSE): He 6onee
1B Ha kaxzo0il nuHum

NOrPEWHOCTb KOHTPONA HANPAMEHMNA N TOKA: K 3HaueHuio 0CHOB-
Hoii norpewuHocTi cnefyet Ao6asuTh 0,3% 0T AManasona u +0,02% ot
NoKa3aHuil.

3ALLUTA OT NEPETPEBA: B cnyyae neperpesa, 06HapyunBaemoro
BHYTPEHHUM JaTuNKOM, UCTOYHUK-U3MEPUTEND NEPEXOANT B PEXUM
OXMAAHNA.

BPOCOK MMPU CMEHE AUANMA30HA: Tvn. 100 MB (ans coceiHux ananaso-
HOB, MPU MONHOCTLIO aKTUBHOI Harpy3ke 100 KOM, B monoce yacToT oT
10 Ty o 1 MTu), kpome Auanasoxos 20 B/200 B (20 B/60 B ana mopenn
2420) 1 20 B/100 B ana mogeneii 2425 n 2430, rpaHyHOro AvanasoHa
nmogenu 2440.

MWHUMAJIbHOE U3SMEPAEMOE 3HAYEHUE NPU KOHTPOJE TOKA 1
HANPAMXKEHUA: 0,1% ot Anana3oHa.

[IONONHUTENbHAA TEMNEPATYPHAS NOTPELIHOCTD (0-18 °Cn
28-50 °C): £(0,15 x ocHOBHas norpewwHocTb)/°C.

PEFYNIUPOBKA HANPAMEHUA: Ha BbixogHbIX 3axumax — 0,01% oT aua-
nasoHa. Ha Harpyske — 0,01% ot ananasoua + 100 MB.

SALLMTA OT NEPEHANPAMKEHWA: nonb3oBaTenbckue 3HaueHns, Aonyck
5%. 3HaueHue, ycT eMoe 1o y OTK/I0YEHa.

OTPAHWYEHWE TOKA: orpanuueHue Toka B 0601x HanpasneHuax (mpu
KOHTpONe ToKa) 3aAaeTcA OAHUM 3HaueHreM. MiH. 3Havenue - 0,1% ot
[Manasoxa. 7mc.

AMNIMTY/IA NEPEXO/IHOTO NPOLIECCA: Gpocok He Gonee 0,1% BPEMA YCTAHOBNEHMA BbIXOAHOI0 CUrHANA: Bpema nocne obpa-
(TunoBoe 3HaueHwe NpU Nepenajie Ha BCo WKaNY UCTOYHMKA, aKTUBHAA BoTKIt KOMaHbl, HeOGX0AUMOE JUA TOTO, UTOGbI BbIXOAHOM cUTHan
Harpyska, quanasos 10 mA). LOCTUT 3HaUeHNA, OTAMYIOLLIEroCa 0T KOHEYHOro He Gonee vem Ha 0,1%.

Tunosoe 3Hauexne 100 MKC (AnA aKTUBHOI Harpy3Kky 1 Aana3oHaToka
ot 10 MKA g0 100 mA).

CMELLEHWE AHAZIOTOBOI 3EM/IM OTHOCUTENBHO MOTEHLMANIA
KOPMYCA: no +250 B (+40 B ana mogenv 2440).

JNUTENbHOCTb NEPEXOHBIX MPOLIECCOB: 4nA Bo3BpaTa BbIXOAHbIX
NapameTpoB K HOMUHANbHBIM 3HAYEHUAM NOCIIE CTYNEHYaTOro U3MeHe-
HUA Harpy3KK TpebyeTca He MeHee 30 MKC.

BPEMA BbINOHEHNA KOMAHAAbI: makcumanbHoe Bpems [0 Hauana
3MEHEHNA BLIXOAHbIX NapamMeTpoB Nocne NONYYeHUA KOMaHAbI
SOURce:VOLTage|CURRent <nrf> npu aBTomaTnueckom Bbibope Ana-
nasoHa 10 M¢, Npu OTKMKOUYEHHOM aBTOMATUYeCKM Bbibope AnanasoHa

I'Iorpeumocn: N0 TOKY NCTOYHNKA TOKA 1 aMnepmeTpa (8 peXunme n3mepeHnAa Toka HarpysKu 1 KOHTPOJIA TOKa B LiENN NCTOYHNKA Hanmeeva)

Mogenb [AnanasoH MporpammHoe MorpewHocTb NCTOYHNKA (B Paspewenne npu usmepesnn  MorpewHocTb nsmepeHus (B MpepenbHbie 3HaYEHNA B pexu-
paspelieHmne TeyeHune 1ropa) 23°C+5°C+ (no ymonuaHutio) TeyeHue 1ropa) 23°C+£5°C+  MaxX MCTOYHMKA M INEKTPOHHON
(% nokasaHnii + amnep) (% nokasaHwii + amnep) Harpysku
1,00000 MKA 50nA 0,035% + 600 nA 10nA 0,029% + 300 nA
10,0000 MkA 500 nA 0,033% + 2 HA 100 nA 0,027% + 700 nA
100,000 MKA 5HA 0,031% + 20 HA THA 0,025% + 6 HA
00 fgfo’(' 1,00000 MA 504A 0,034% + 200 HA 10HA 0,027% -+ 60 HA +1,05 Anpu +21 B 105 A npu =210 8
10,0000 mA 500 HA 0,045% + 2 MKA 100 HA 0,035% + 600 HA
100,000 mA 5MKA 0,066% + 20 MKA 1MKA 0,055% + 6 MKA
1,00000 A 50 MKA 0,27% + 900 MKA 10 mKA 0,22% + 570 MkA

NONONHUTENbHAA TEMMEPATYPHAA NOTPELIHOCTD (0-18 °C 1 28-50 °C): (0,15 X HOMMHaNbHasA
norpeLHocTb)/°C

PETYNUPOBKA TOKA: B uienu 3oHaupytowero Toka — 0,01% ot ananasona. B arpy3ke — 0,01% ot auanasoxa
(mns auanasoHa 5 A mogenu 2440 — 0,05%) + 100 nA.

TEXHWYECKME XAPAKTEPUCTUKIN CUCTEMbI MPOBEPKM KAYECTBA
KOHTAKTOB (TONbKO )17 MOJENEWN C JINTEPOU «C»)

OrPAHUYEHUE HANPAMEHUA: noporosoe 3HaueHue AnA 06enx nonApHOCTei 3aAaeTCA OAHUM 3HaueHnem. MuH. Kpowe openu 2401
3Havenite 0,1% oT aManasoHa. CKOPOCTb: Bpema npoBepkyt 1t yBesomAeHna 350 MKc

AMIUIUTYAA NEPEXOJHOTO MPOLIECCA: 6pocok He Gonee < 0,1%, TunoBoe 3xauekue npu ware 1 mA, conpo- MPOBEPKA KOHTAKTOB: 20m 150m 500m
TuBneHun Harpy3ki 10 kOm, auanasoxe 20 B ana mopeneii 2400, 2401, 2410, 2420, 2425, 2430 (10 B ana Mogenu Ectb KOHTaKT <1,000m <13,50m <47,50m
2440). HeT KoHTakTa >3,000m >16,50m >52,50m

HOFPEI.I.IHOCTb n3MepeHuna conpoTneneHna ana qubIPEXHPOBOAHOﬁI n ﬂByXI'IpOBOp‘HOI‘/'I cxembl (6e3 yueTa BNMAHNA CONPOTUBNEHNA I'IpOBOAOB)

I Pasp Nsmeput nTok [Morp Tb B 06 Morp TbBp no- JIONONHUTENbHAA TEMMEPATYPHAA NOTPELIHOCTD (0-18 °Cy 28-50 °C
noymonya 21%(’) 40T, 2410 (gs:‘f";fc) Bb'“’(ez’;’i%ﬁ:;’:'c")“"“ ): £0,15 X 0cHOBHaA norpewuHocTb)/°C.
Hulo 3 , + +
1rop, £(% nokasaHmii+om) 1roa, (% nokasanuii + om) PEXXWUM UCTOYHUKA TOKA U UI3SMEPEHUA CONPOTUBAEHNA B PYHYHOM
2400, 2401 2400, 2401 PEMUME: 061125 norpeLHocTb = NOrpeLHoCTb NCTOYHNKA TOKA + norpeLu-
<0,20000 0m - _ (NOPeWHOCTL UCTOUHNKA TOKA) +  (MOTPELIHOCTb UCTOYHMKA ToKa) + HOCTb W3MepeHUA HanpsxeHUs (4eTbipexnp A (Xema noaK )
(norpeLHoCTb BoNbTMETpa) (norpewwHoCTb BObTMETPA) PEXXUM NCTOYHWUKA HANPAXKEHWA U U3MEPEHWUA CONPOTUBJIEHNA
2,00000 0m 10 MKOM = (MorpelwHoCTb UCTOYHMKA TOKA) +  (MOrPeLHOCTb MCTOYHMKA TOKa) + B PYYHOM PEXXMME: 0611428 norpewwHocTb = NOrpewHocTb NCTOYHINKA
(norpewHocTb BoNbTMETPa) (norpewHocTb BonbTMeTpa) HanpaXeHuA -+ NOrpeLHoCTb U3MepeHKA TOKa (4eTbipexnpoBoHas cxema
20,0000 0m 100 MkOm 100 mA 0,10% + 0,003 Om 0,07% + 0,001 Om NOANKNKYEHNS).
200,000 0m 1MOM 10mA 0,08%+0,03 0m 0,05%-+0,010m WECTUNPOBOAHAA CXEMA NOAKMIOYEHWS: u3mepenus conpoTueneHmii
2,00000 kOm 10 MOM 1mA 0,07%+0,3 0m 0,05%+0,10m MOTYT BbINONHATLCA C NCMONIb30BAHIEM aKTUBHOI KOMNEHCALMM TOKOB
20,0000 KOm 100 MOm 100 mkA 0,06%+3 0m 0,04%+10m YTEUKI NP NOMOLLY SKBUNIOTEHLMANLHOTO OXPaHHOTO 3nekTpoaa (Guard) u
200,000 kOm 10m 10 mkA 0,07%+ 30 Om 0,05%-+ 10 Om 0XpaHHOTO M3MepuTenbHOro AnekTpoda (Guard Sense). Makc. BbIXOAHO! TOK
2,00000 MOm 100m 1MKA 0,11%+ 300 Om 0,05%- 100 0m aKTUBHOIA KOMMEHCAL N OXPaHHOTO IneKTpoaa - 50 MA (kpome Auanasoa 1
20,0000 MOm 100 0m 1 MKA 0,11% + 1k0Mm 0,05%-+ 500 Om A). MorpewHocTb 3aBUCUT 0T Harpy3ku. Qopmyny Ans pacyeTa CM. B TeXHUYe-
200,000 MOm Y 100 HA 0,66%-+ 10 KOm 0,35%+ 5 KOMm CKOM flokymenTe Ne 2033.
>200,000 MOm - - (MOTPewWHOCTb UCTOYHNKA TOKA) +  (MOTPELUHOCTb MCTOYHMKA TOKA) + BbIXOAHOE CONPOTUBNEHWE OXPAHHOI'0 IIEKTPOJIA (Guard): < 0,1 0m B

(norpewwHoCTb BONLTMETPA)

(norpewwHoCTb BONLTMETpa)

pexume n3mepeHna conpoTuBeHNiA.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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NCTOYHUKU-USMEPUTEIN

KpaTkue TexHnyeckmne XxapakTepucTukn UCTOUHNKOB-n3meputenei cepnm 2400 npogoneiie)

BoicTpopencTeme

PEXWM U3MEPEHUNA"
MAKCMMANIbHAS CKOPOCTb MEPEKJTIOHEHMA AMANA3OHOB: 75/cek.

MAKCUMAJIbHOE BPEMAl U3MEPEHWA B PEXXWUME ABTOMATUYECKOTO BbIBOPA AUAMA30HA: 40 Mc (npy nOCTOAHHBIX NapameTpax UCTOYHMKA)Z.

CKOpoCTb N3MepeHnin (0TCHETOB B CEKYHAY) B peXxunme pasBepTKn® ana yactotbl 60 My (50 Mu).

Pexunm nsmepenns PeXnm ncroyHnka-usmeputens TecTupoBaHue Ha cooTBeT- Pexunm ncrovnmnka *
(yCTaHOBKa HanpsAXeHna unm cTBue*>B pexume NCTOYHUKaA-
TOKa UCTOYHUKa C Mzmepeuwem) wsmepMTenﬂ5
CkopocTtb NPLC*/Tun curnana 3anucp Mepepaua 3anucb Mepepaua 3anucp Mepepaua 3anucb Mepepaya
3anycka B NamMATb no GPIB B NamATb no GPIB B NaMATb no GPIB B NaMATb no GPIB
Bbicokast 0,01/BHyTpeHHMii 2081 (2030) 1754 1551 (1515) 1369 902 (900) 981 165 (162) 165
Pexum [EEE-488.1 0,01/BHewnmii 1239 (1200) 1254 1018 (990) 1035 830 (830) 886 163 (160) 163
Bbicokast 0,01/BHyTpeHHMil 2081 (2030) 1198 (1210) 1551 (1515) 1000 (900) 902 (900) 809 (840) 165 (162) 164 (162)
Pexum IEEE-488.2 0,01/BHewHyii 1239 (1200) 1079 (1050) 1018 (990) 916 (835) 830(830) 756 (780) 163 (160) 162 (160)
Cpeanaa 0,10/BHyTpeHHuiA 510 (433) 509 (433) 470 (405) 470 (410) 389 (343) 388 (343) 133 (126) 132(126)
Pexum IEEE-488.2 0,10/BHewHmii 438 (380) 438(380) 409 (360) 409 (365) 374(333) 374 (333) 131(125) 131(125)
(TanpaptHas 1,00/BHyTpeHHHil 59 (49) 59 (49) 58 (48) 58 (48) 56 (47) 56 (47) 44(38) 44(38)
Pexum IEEE-488.2 1,00/BHeLuHMiA 57 (48) 57 (48) 57 (48) 57 (47) 56 (47) 56 (47) 44(38) 44(38)

* - NPLC — nepviozs HanpseHuA npomblLunenHoii ceu (20 mc ana 50 Nu). Hanpumep. 3Hauennio NPLC=0,01 cooTeTcTBYyeT Bpema ycpeaHeHua 200 MKC.

CKOpoCTb M3MepeHNin (0TCHETOB B CEKYHAY) B pexunme e AMHNYHbIX OTCHeTOB AnsA YacTotbl 60 Iy (50 Mu).

CKopocTb NPLC/Tun curnana 3anycka Pexxum nsmepenns PeXum ncTtouHuKa-nsmeputena’ c TecTmpoBaHMe Ha cOOTBETCTBUE* 5 B peXxnme nc-
cnepepayein no GPIB nepepauvein no GPIB TOYHUKA-n3MepuTena’ c nepepaveii no GPIB
Bbicokan (488.1) 0,01/BHyTpeHHMit 537 140 135
Bbicokan (488.2) 0,01/BHyTpeHHuUit 256 (256) 79(83) 79(83)
Cpeanan (488.2) 0,10/BHyTpeHHMiA 167 (166) 72(70) 69 (70)
(TaHpapTHan (488.2) 1,00/BHyTpeHHMiA 49 (42) 34(31) 35(30)

Bpems usmepeHuit Ha yactote 60 'y (50 y):* 6

CkopocTb NPLC/Tun curnana sanycka Pexxum nsmepennsa cnepe- TecTpoBaHMe Ha COOTBETCTBME B pe-  TecTMpoBaHMe Ha COOTBETCTBUES 7 B peXXnme nc-
paveii no GPIB XKUMe NCTOYHMKA TOYHMKa-u3mepuTens c nepepayeii no GPIB
Bblcokas 0,01/BHewHuit 1,04 mc (1,08 mc) 0,5mc (0,5 mc) 4,82 Mc (5,3 Mc)
Cpennas 0,10/BHeWwHuiA 2,55mc (2,9 mc) 0,5mc (0,5 mc) 6,27 M (7,1 mc)
(TaHpapTHaa 1,00/BHewwHuit 17,53 Mc (20,9 mc) 0,5Mmc (0,5 mq) 21,31 mc (25,0 mo)
1 (KOpO(TM CHATUA it K p Wnu Toka. ABTOMaTMYeckoe OGHWIEHME BblIKN., aBTOMATH- 4 TECTMPOBBHME Ha C00TBETCTBME BbINONHAETCA C UCNOb30BAHNEM OAHOr0 BEPXHEro npeaena u 0AHOTO HUXKHero npeaena.
UecKuit BbiGop AManasoHa BbIKA., GUALTP BbIKA., BbIKA., 3anycka =0, it popmar nep 5 Bkntouan Bpema Ha nepenporpaMmUpoBaHue UCTOYHIKA Ha HOBbI YpOBeHb Nepea NpoBeeHNemM u3mepeHuii.

2 CoepuHUTENbHbIE NPOBOAA UMEKOT TONbKO aKTUBHOE CoNpoTuBAeHue. B ananasonax 1 MkA 1 10 MKA < 65 Mc.
3 NpuBepeHbl napameTpbl And passepTku 1000 ToueK C UCTOUHUKOM, PaBoTaloLm B rKCMpOBaHHOM AnanasoHe.

¢ Bpems ot 3aaHero gponTa curHana «HAYATO TECTUPOBAHMA» no 3apHero dponTa curnana «KOHEL TECTUPOBAHMUA»
7 Bpems obpaBotku komanabl SOURce:VOLTage|CURRent:TRIGgered <nrf> He yuutbigaetca.

OBLWE XAPAKTEPUCTUKK

Mopasnenne wymoB

CKopoCTb NPLC NMRR CMRR
Bbicokas 0,01 - 8046
CpegHas 0,1 - 8006
(TaHpapTHaa 1 60 nb 100 ab'

1. Kpome AiBYX HXKHIX A1ana3oHoB TOKa, AnA KoTopbix 90 Ab.

CONPOTUBNEHNE HATPY3KHU: crabunbHoCTb CoXpaHseTca Ao Tun. 3H. 20 000 n0.

MAKCUMANIbHOE HANPAXXEHWUE CUHOA3HOTO CUTHANA: 250 B (40 B noct. Anst mopenu 2440)

CONPOTUBNEHME U30N1ALIUN B PEXXKUME CUHOA3ZHOTO CUrHANA: > 10° Om, < 1000 nO.

BbIX0/ 3A NPEAEbI AUANA30HA: 105% 0T Anana3oHa Ans MCTOYHUKA M U3MepuTens.

MAKC. NALEHVE HAMPAXKEHNA MEXKAY KNEMMAMMW UCTOYHUKA U UMEPUTENA Input/Output HI -
Sense Hl, Input/Output LO - Sense LO: 5B

MAKC. CONPOTUBNEHWE COELUHUTENbHDIX IMHUI Sense LO, Sense HI: 1 MOm ans obecneyenuns Homu-
HanbHoii norpewwHocTy.

CONPOTUBNEHWUE U3SMEPUTENIbHOTO BXOJA: > 107 Om

HANPAMEHWUE CMELLLEHWA OXPAHHOTO SNEKTPOAA: Tvn. 3H. < 150 MKB (300 mMkB ans mopeneit 2430,
2440).

BbIXOAHDIE PEXXUMbI UCTOYHMKA: umnynbcHblit (Tonbko Ana moaent 2430), ¢ GUKCUPOBAHHbIM NOCTO-
AHHbIM YPOBHEM, NOCNIE0BATENbHOCTb NOCTOAHHBIX YPOBHEN U3 BHYTPeHHel namaTy (KoMBUHUpOBaHHas
GYHKLMOHANBHOCTB), CTyNeHYaTas pa3BepTKa (MMHeitHas U norapudmuyeckas).

BY®EP MAMATH: 5000 nATu3HauHbIx oTcyeToB (ABa Oydepa no 2500 Touek). BknioyaeT BbibpaHHble n3mepeH-
Hble 3HAUeHWA M BpeMeHHYI0 MeTKy. Pe3epBHoe nuTaHue oT nuTHeBoi 6atapen (cpok cnyx6bl 6atapen He
meHee 3 neT).

BHYTPEEHHAA NAMATb UCTOYHUKA: He Gonee 100 3HaueHuil.

BO3MOXHOCTb MPOTPAMMMWPOBAHMNA: IEEE-488 (SCPI-1995.0), RS-232, 5 nonb3oBaTenbckux KoHurypa-
LiWiA, 3aBOACKaA KOHGUrypaLna no ymonyawuio u cbpoc (komanga *RST).

LU®OPOBOM UHTEPOENC.
BnokupoBKa: akTUBHbII BXO HU3KOT0 YPOBHA.

WHTepdeiic MannnynaTopa: 3anycKk TeCTUPOBaHWA, 3aBepLUEHIe TeCTUPOBaHUA, 3 6uTa Kateropuu. lutanme
+5B,300 mA.

Lingp BXOAbI U
HaA QuKcauna ypoBHs).

SNEKTPOMUTAHMUE: ot 100 5o 240 B / 5060 Iy (aBToMaTUuecKkoe onpefenenue npyu BkntoueHum). Mogenn
2400, 2401: 190 BA. Moaenb 2410: 210 BA. Moaenb 2420: 220 BA. Mopgenu 2425, 2430: 250 BA. Mogenb 2440:
240BA.

INEKTPOMATHUTHAA COBMECTUMOCTD: B cooTseTcTBIM ¢ [IupekTusoii EBponeiickoro coto3a 89/336/EEC,
EN 61326-1.

BE30MACHOCTb: attectoBaHo UL cornacHo UL 61010B-1:2003. CooTeTcTBYyeT [lupektuse EBponeickoro cotwsa
10 HK THOMY 060p

YCTONYUBOCTD K BUBPALIMMN: MIL-PRF-28800F knacc 3, npoussonbHas.

BPEMA NMPOIPEBA: B TeueHue 0aHOT0 Yaca AnA 06ecneyeHns HOMUHaNbHbIX NOTPeLHOCTe.

PA3MEPbI: (BbicoTa X WwupuHa X rny6uta) 89 x 213 x 370 mm (3-1/2 x 8-3/8 x 14-9/16 Atoiim). HactonbHas
MOANPUKALMA (C PYKOATKOM 1 HOXKaMK): (BbICOTA X WMPHHA X ry6uHa) 104 x 238 x 370 MM (4-1/8 x 9-3/8 x
14-9/16 mioiim).

MACCA: 3,21 kr (7,08 dyHT) (Mopenu 2425, 2430, 2440: 4,1 kr, 9,0 dyHT).

YCN0BUA SKCMNYATALIUKA U XPAHEHWA: pabounit ananasoH Temnepatyp: 0-50 °C, 0TH. BAaXHOCTb 70% npu
35°C. B panasone Temnepatyp 35-50 °C sonycTMMan OTH. BAAXHOCTb CHUXAETCA Ha 3% Ha rpagyc.

[lnanasoH Temnepatyp xpaHenua: ot —25 °C o +65 °C.

: 1BX0A 3anycka, 4 BbixoAa TTL unu Bbixoaa ynpaneua (33 B, 500 mA, anoa-
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TecTMpOBaHe NONYNPOBOAHNKOBbIX MaTepPUanoB 1 YyCTPOCTB

Komnanus Keithley — nupep B npou3BoACTBE KOMMIEKCOB A TECTUPOBAHUA NONYNPOBOJHNKOBBIX MATEPUANoB 11 YCTPOICTB.
OHa npeanaraeT BbICOKOUYBCTBUTENbHBIE CUCTEMBI /111 U3MEPEHUA SNEKTPUYECKMX XapaKTepUCTIK 11 annapaTypy Ans npo-
Be/IeHNA NApaMETPUYECKUX UCTIbITAHNIA B MONHOCTbI0 aBTOMATMYECKOM pexume. MHOrodyHKLMOHabHble MacluTabupyemble
KOMMIeKCbI ANnA TecTupoBaHna komnaHuy Keithley paspaboTaHbl ¢ yueTom HOBeIiLLIMX MATEPUANOB, TEXHONOT Ui U CTPYKTYP.

Han6onee 3KOHOMNYHbIE B oTpacnn aBToMmaTn4yeckKkmne
napameTpunyecKkne Tecrtepbl

CrcTeMbl NapameTpryeckoro TeCTUPOBaHUA Ha OCHoBe Mogenu S530

Mi6kan nnarcl)opma ANA 3afa4y TeCTUpoBaHuUA cerogHALWIHEro
1N 3aBTpaAlUuHero gHA

Cuctembl TeCTMpOBaHMA Ha ocHoBe mogenn S500

YHuBepcanbHoe pelueHne ANs n3mepeHnsa BosibT-aMNnepHbIX VI BOJbT-
dapagHbIX XapaKTepnCTUK B HENPEPbIBHOM M UMNYJIbCHOM peXxnme

Cuctema AnA n3mepeHnsa XapakTeprucTyK MoNynpOBOAHMNKOBbIX MaTepranos
n yctponcts 4200-SCS

YHuBepcanbHas BbiCOKO3pPeKTBHAA NporpamMmmHas cpega
ANA ynpaBfeHNA pa3InyHbIMU annapaTHbIMU KOHGUrypaunamm

[MporpammHbiv nakeT ACS 414 aBTOMaTMYeCKOro 3MepeHra XapakTepucTuk

MacwTtabupyembie pelwieHUA 4NA UCMbITAHNIA HA HAEXKHOCTb Ha
YPOBHe NonynpoBOAHNKOBOW NACTUHDI

JlononHutenbHaa onuma nporpammHoro naketa ACS ana ncnbitaHum
Ha HafleXXHOCTb Ha YpoBHe nnacTuHbl-ACS-2600-RTM

MporpammHoe o6ecneyeHne Ansa napaMmeTpnNUYecKoro TeCTUpoBaHus
KOMMOHEHTOB N ANCKPETHbIX aKTUBHbIX 3/1IeMEeHTOB

MporpammHoe obecneveHne ACS Basic Edition

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company



20 TECTUPOBAHMUE NONYNPOBOAHUKOBbIX MATEPUANOB N YCTPOUCTB

Han6onee 3koHOMUYHbIe B OTPACU aBTOMATUYECKMNE
napameTpuueckune Tectepbl

(MCTeMbl NapaMeTPUYECKOro TECTUPOBAHIA Ha 0CHOBE MoaenM S530

+ MporpammHas cpepa BKNioyaer:

- BbINOJIHEHME TECTOBbIX NOC/IEA0Ba-
TeNnbHOCTEN;

- pepaKTop cLeHapueB TECTUPOBaHMS;

- HTepaKTMBHOE yNpaBneHne 30HA0-
BOW CTaHUuelk;

- NOCTPOEHe rpaduKoB B PEXKMME peasibHO-
ro BpemeHu;

- aHanu3 faHHbIX.

lMpoBepeHHble TEXHONOrMN 1 CPeACTBa N3Me-
peHuii 06ecneynBaloT BbICOKYI0 TOUHOCTb

1 NOBTOPAEMOCTb Pe3yNbTaToB U3MepeHuii

B labopaTopum 1 Ha NPOU3BOACTBE

Cuctema KabenbHbIX BbIBOAOB TeCTepa
no3BonfeT MakCMManbHO UCMOJIb30BaTh BO3-
MOXHOCTI 30HA0BOI CTAHLIMN 1 pacimpsAeT
ZnanasoH HanpsKeHuin

MoxeT ncnonb3oBaTbCA € LUIMPOKO pacnpo-
CTPaHEHHbIMM MOMHOCTbIO aBTOMATUYECKUMU
30HAOBbIMM CTaHUUAMY (HOBbIMU U TPa-
OWULNOHHbIMMK)

(ucTeMbl napameTpuyeckoro TecTupoBaHua S530 npesiHasHaveHbl Ana
BbINOHEHMA BCeX BULO0B U3MePEHHUii N0 NOCTOAHHOMY TOKY U ANA CHATUA
BONbT-GapajHbIX XapaKTepUCTUK, HEOOXOAMMBIX ANA yNpaBeHNA NpoLeccamu,
MOHUTOPMHTA UX HAZEXHOCTM U ANA U3MEPEHUA apaMETPOB MaTepuanos u
YCTPOWCTB. ITU CUCTEMbI ONTUMM3UPOBAHDI NA COBMECTHOTO UCMONb30BAHNA

C pa3Ho0OPa3HbIMU U3JENNAMN 1 NS pEan3aLum panuuHbIX TEXHONOMMiA Ha
MPOU3BOZACTBE U B UCCIEA0BATENbCKIX NabopaTopuAX. Kpome Toro, cucTeMbl
$530 06ecneunBaloT HenpeB3oiiAeHHyt rMBKOCTb NNaHa TeCTUPOBAHUS, YPOBEHD
aBTOMATU3ALMY, BOSMOXKHOCTI MHTErPALMN C 30HAOBbIMY CTAHLMAMMU U ynpaB-
NEHNA AAHHBIMM.

[InA peluenna pa3nuyHbIX 3a4ay NapameTpuyeckoro TeCTUPOBaHNA BbIMyCKalOTCA
TPU CTaHAApTHbIe KoHurypauum S530.

« ba3oan cucrema S530 — Hanbonee IKOHOMUYHDII B 0TPACN NONHOGYHKLIO-
HanbHbIil napameTpuyeckuii Tectep. OH 06ecneunaeT AnanasoHbl UCTOYHNKOB
TOKa 1 HanpsxeHusa 2o +1 A u £200 B co0TBETCTBEHHO NPU HOMUHANBHOI
YyBCTBUTENLHOCTM M3MEPEHNIA U NOAXOAUT ANA 06LUMX 3a[a4 MOHUTOPUHTA
TEXHONOrNYeCKMX NpoLieccoB.

+ (naboTouHblit komnnekc S530 NOCTPOEH Ha OCHOBE MaTPUUYHOTO KOMMYTaTOpa
CUCKNIOYUTENBHO MasibiMVU TOKAMU YTEUKM U TEXHONOT Ui BbICOKOUYBCTBUTENb-
HbIX U3MePEHNIi 1 MeeT paspeLueHine B pemMToamnepHoM Ananasoe. OH nge-
anbHO NOAX0ANT ANA U3MepeHUs XapakTepucTuk kpemHuesbix MOT-u3genuit,
N3rOTOBNEHHBIX 110 CYOMUKPOHHbIM TEXHONOTUAM.

+ BblcokoBonbTHas cuctema S530 obecneunsaet nogauy Hanpaxeruii 2o 1000 B
ANA NPOBEAEHNA CNOXKHDIX UCNbITaHNE Ha NPO6OIi M Ha yTeuKy, KoTopble
Heo6XoANUMbl, HanpuMep, NI TeCTUPOBAHUI ABTOMOOUNLHO 3NEKTPOHNKN
W CACTEM YNPABNEHNA NUTaHNEM.

Bo Bpems pa3paboTku nnaHa TecTMpoBaHuA nporpammHoe obecneyexme ACS obecneun-
BaeT MHTePaKTNBHOE 0TOOpaeHe AiaHHbIX 1 rpa¢uKoB. [ins aHanu3a pe3ynbTaToB TeCTU-
PpOBaHWA 1 NPoBEpPKYU ero GYHKLMOHANbHOCTI HET HEOBXOANMOCTH NePEeKNIoHaTbCA MeXAY
pa3nuuHbIMY SKPaHaMu AU MCMONb30BaTb APYroe NporpaMmHoe obecneueHue.

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM
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TECTUPOBAHMUE NONYNPOBOAHWUKOBbIX MATEPUANOB U YCTPOUCTB

Mm6Kaa nnatpopma ans 3agay TeCTUPOBaAHMA
CeroAHALIHEro 1 3aBTpaLUHero fHA

(ucTembl TeCTUPOBAHNA Ha 0cHOBe mogeni S500

+ V3mepuTenbHas cuctema C WMPOKMMI BO3-
MOXXHOCTAMU KOHOUrypaLum Ha oCHoBe
Habopa u3mepuTeNbHbIX NPUGOPOB.

MpocToTa HaCTPONKN N3MEPUTENIbHOTO CTEH-
Aa, cbopa AaHHbIX 1 aHanK3a C NOMOLLbIO
nporpammHoro o6ecneyeHus ACS.

CoepaunHutenbHas naHenb TSP-Link® komna-
Huu Keithley o6ecneumnBaet BbicoKyio npous-
BOJMTENIbHOCTb U3MEPEHMUIA.

MonHodyHKLMOHaNbHOE YNpaBeHe aBTo-
MaTU4eCKUMM 1 NoNyaBTOMATNYECKIMU 30H-
AOBbIMU CTAHLMAMU.

Pa3paboTKa 1 BbINONHEHNE TECTUPOBAHNA
Ha YpOBHe YCTPOIICTBa, y3na, Kp1cTan-
nan moayns.

WHTerpupoBaHHble cucTembl TeCTpoBaHNA S500 — 3T0 M3MepUTeNbHbIe KOMMNEKChI Ha 0CHOBE
Habopa 3mepuTenbHbIX NpUbopoB, 06naAaloLMe LWMPOKMMM BO3MOXKHOCTAMM KOHUIypaLum
W NPpefHa3HaueHbl ANIA M3MepeHIa XapaKTepucTUK NoaynpoBOAHUKOBbIX 3N1EMEHTOB Ha ypoBHe
YCTPOICTBa, KpUcTanna v mopyna. ocTpoeHHble Ha 0CHOBE NPOBEPEHHbIX TEXHONOT WA 1
pencTB u3mepenuit komnaxum Keithley, cuctemsl S500 06ecnieunBakT GYHKUMOHANBHOCTD

1 N03BOAAIT HaCTPanBaTh KOHPUIypaLWIo B COOTBETCTBUN C TPe6OBAHMAMM NONb30BaTENA.
Cucrembl S500 peanu3ytoT TpU FMaBHbIX NPUHLMNA KOMNAHIA: KOHOUTYPUPOBAHUE, UHTErpaLua
n apantauma. Mokynatens cuctembl S500 nonyyaeT B CBOE pacnopaXeHie YHUBEPCanbHYI0
CUCTeMy TeCTUPOBAHUA ANA U3MEePEHUA XapaKTepUCTUK NONYNPOBOAHUKOBbIX MaTepHanos n
YCTPOICTB, 06beAMHALLYI0 B cebe NyyLume B 0Tpaciy TexHnyeckie petwenna Keithley n kou-
durypupyemoe nporpammHoe obecneyenme ACS ans npoBe/ieHnA N3MepeHuii, UCnbITaHuii Ha
HafeXHOCTb Ha YPOBHE KpUCTanna AnA napameTpuyeckoro i ¢yHKLMOHaNbHOT0 TeCTUPOBAHUA.
bnarogaps nposepenHoii annapatype Keithley u yno6Homy nporpammHomy obecneueuio ACS
cuctema S500 nmeeT HenpeB30iiAeHHYH0 B 0TPACN BO3MOXHOCTb KOHUIYpaLW, MHTErpaLun
W aZianTauuy K 3aayam nonb3oBateneil Ha 0CHOBE YHUKANbHOTO OMbITa KOMNAHMY.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY
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YHuBepcanbHoe pelueHne

ANA N3MepeHNs BONIbT-aMNepPHbIX

1 BONbT-papaAHbIX XapaKTepNCTUK

B HeNpPepbIBHOM 11 UMNY/IbCHOM peXXnume

Cuctema ana u3mepeHIs XapaKTepucTuK
NoNyNpOBOAHMKOBbIX MaTepUANOoB 1 yCTPOIACTB
4200-5CS

Cuctema 4200-SCS npepcTaBnaeT coboil 3aKoHUEHHOE YHUBEPCATIbHOE PeLLeHNe ANS U3MepeHna
INEKTPUYECKUX XapaKTEPUCTUK MaTepUanoB, YCTPOVCTB 1 ANA NCCNEA0BAHNA Pa3NMYHBIX Npo-
LieccoB. ITOT COBPeMeHHbIif NapamMeTpuyeckiil aHanu3aTop No3BoNAeT NoNb30BaTENH0 Nerko
yNPaBAATb CIOXHBIMU MPOLIECCAMM U3MEPEHUiA PU OMOLLM UHTYUTUBHO MOHATHOTO rpaduye-
CKoro uHTepdelica . OH UMeeT BbICOKYI0 YyBCTBUTENLHOCTb 1 TOUHOCTb U3MEPEHWI, UCNonb3yeT
BCTPOEHHYI0 onepaLnonHyto cuctemy Windows® v MHTEPaKTUBHYH MPOrpaMMHYlo Cpeay
komnanuu Keithley ana ynpasnexus camoii cuctemoii 1 BHELUHUMM NprBoOpamu, a Takxke Ans
0T06paXeHuA 1 aHanu3a JaHHbIX B peanbHOM MacluTabe BpemeHM . Bce ocHoBHble annapaTHo-
NporpaMmHble cpe/icTBa pasmeLlieHbl B 0AHOM Kopnyce.

[InA nonyyeHuA nonHoro NpeAcTaBneHna o CBOICTBaX NMio6oro yCTpoilcTBa UM MaTepuana Heob-
XOLVMO UCMONb30BaTh TPU OCHOBHbIX METOZLA INEKTPUYECKIX U3MEPEHMI, KOTOPbIE NONHOCTbIO
peanu3yiotca cuctemoit 4200-SCS:

+ TOYHOE U3MEPEHHE MOCTOAHHDIX HANPAXKEHMIA 1 TOKOB, UTO ABMAETCA OCHOBOI BCEr0 KOM-
Mf1eKCa NapameTpos;

« U3MepeHue UMNeaHca Ha NepeMEHHOM TOKE, B TOM UMCIIe XOPOLLO M3BECTHAs MHOTOYa-
CTOTHaA MeTOANKA CHATUSA BONbT-GapaHbix (C-V) XapaKTepucTuK, No3BoNAIoLWLas NoayunTh
LONONHUTENbHYH0 UHOOPMALMIO, KOTOPYIO He MOTYT 06eCneunTb U3MepeHIA Ha NOCTOAHHOM
TOKE;

+ TeCTUpoBaHue B UMMYbCHOM PeXUMe I UccefloBaHue NepexoHbIX NPOLLECcoB, N03BoAAI0-
LLiee noftyyaTb pe3ynbTaTbl BO BpeMeHHO 061acTy 1 3yyaTb AMHAMUYECKMe XapaKTepucT-
KI1 YCTPOIACTB.

AnnapaTHblie cpeacTBa

Cucrema 4200-SCS — 310 MoAYNbHaA HACTPaMBaeMas CUCTEMA C BOSMOXKHOCTbH0 U3MEHEHUA KOH-
durypauum, uto no3BONAET TOUHO YAOBIETBOPUTD CETOAHALIHIM TPEBOBAHUAM K U3MEPEHUAM I
pacLUMpyTh ee BO3MOXHOCTM B COOTBETCTBUN C HYXJaMV 3aBTPaLLHEro AHA. YeTbipe 0CHOBHbIX
TUNa U3MePUTENbHBIX MOAYIIE MOXHO YCTaHOBUTD B HYXKHOM KONIMYECTBE B AEBAT AOCTYMHbIX
CI0TOB pacLUMpeHus:

« 10 AeBATU NPELM3NOHHBIX UCTOUHUKOB-U3MepUTeNeli, paboTatoLLux Ha NOCTOAHHOM TOKe 1
M03BONAILLYX NPUKNAABIBATb HANPSAXKEHNE, N0JABATb TOK U U3MEPATb HaNpAXKeHe N TOK
o10,1dA o 1Anot 1mkB g0 210 B;

+ MHOTOYaCTOTHBIA MOJYNb ANA CHATUA BONBT-GapasHbIx xapaktepuctuk 4210-CVU no3gonset
Nerko U3mMepATb MMNeAaHC Ha nepemMeHHOM ToKe ¢ YacToToi oT 1 KMy Ao 10 MTu. [inana3ox
13MepeHuA eMKOCTY COCTaBAAeT OT aTTodapas A0 MuKkpodapas;

«  BbicTpoAeiicTBYHLLYIA MOAYNb U3MEPEHUs TOKa U HanpsxeHusa 4225-PMU no3gonset Bbinon-
HATb U3MepeHNa B UMMYIbCHOM PeXUMe 1 PerncTpaLiyio nepexoAHbIX poLecco. 3ToT
MOZYNb COAEPXKMT TaKKe 1Ba He3aBUCUMbIX NCTOYHIKA HANPAXEHMS, KOTOpble MOTYT 3Me-
HATb HaNPSXeHUe o CopoCTbIo A0 1 B/HC, 0AHOBPEMEHHO N3MepPAA NPy 3TOM HanpsAXeHue
1 TOK. lpy yCTaHoBKe HECKONbKMX MOZYNelt BbINONHACTCA BHYTPEHHAA CUHXPOHU3ALMA C
3a/lepXKKoii He bonee 3 He;

« [1Ba Pa3NuyHbIX MOAYNA UGPOBbIX OCLMANOrPaOB N03BONAIT NETKO PErUCTPUPOBATD Pas-
JIAYHbIE NPOLIECCbI.

MporpammHoe o6ecneueHne

/IHTepakTMBHasA nporpammHas cpeda and tectuposanua KITE umeeT nonHodyHKLMOHaNbHbIN
rpaduyeckmii nonb3oBaTeNbCkiil HTEpQeiic, No3BONAILLMIA BbINONHUTL U3MepeHUe NoyTH

BCEX BUZI0B XapaKTepUCTVIK, He npuberas K nporpammupoBanmi. MpeaycMoTpeHo BbinonHeHue
¢BbiLe 400 cTaHAAPTHbIX TeCTOB, B Tom yncne Ana MOM-TpaH3MCTOpOB, 6UNOAAPHBIX TPaH3MUCTO-
POB, IMOZOB, PE3UCTOPOB, KOHAEHCATOPOB, CONNHEUHDIX 3N1EMEHTOB, yrNePOAHbIX HAHOTPY6OK 1
Mopyneii 3HeproHe3aBnCMMOoil NaMATH, Takux Kak dnew-namatb, RRAM, PCRAM u gpyrux.

22 TECTUPOBAHUE MOJNIYNMPOBOAHUKOBDI

+ IHTyUTMBHO NOHATHaA NporpamMmmHas cpefa
«yKaxu 1 Bbi6epu» Ha nnatpopme Windows'.

Mopynb gna usmepeHus BonbT-papagHbix
XapaKTepmCcThK.

BbicTpopencTBytoWMIl MOAYNIb N3MEpPEHNA

TOKa 1 HanpsXXeHus AnA u3MepeHns napame-
TPOB B MMMYNbCHOM PeXUMe 1 aHanm3a nepe-

XOAHDbIX NpoLeccoB.

BcTpoeHHbIi koMnbloTep obecneunBaet
6bICTPYI0 HACTPOIIKY NapameTPOB TECTU-
poBaHus, 3¢peKTUBHDIN aHaNN3 JaHHbIX,

NOCTpOeHue 1 pacnevyaTky rpa¢MKOB, a TakKxe

aBTOHOMHOE XpaHeHue 60bLKX 06beMOB
pe3ynbraToB TECTUPOBAHMA.

YHUKanbHoe nporpamMmmHoe cpeacTBo «HaBu-
ratop npoekToB» (Project Navigator), Bbinon-
HeHHbIil B BuAe 6paysepa, cuctemaTusmpyet
TeCTbl M0 TUNY YCTPONCTB, OTKPbIBAET JOCTYN
K pasnunyHbIM TeCTaMm, a Takxke obecneunBaeT
NNaHUpPOBaHUe TECTOBbIX MOCNeA0BaTeNb-
HOCTe 1 ynpasneHne LUKNNYecKumu
n3MepeHnAMN.

BcTpoeHHble GyHKLMM Harpy304YHbIX TECTOB,
ynpaBneHusa LUKNamm 1 aHanmsa pesynbra-
TOB MCNbITaHWUI Ha HAAEXKHOCTDb C rpaduye-
CKMM MHTepdencom TMna NPUHLMNA «yKaxu
1 Bblbepu», BKJlOUasA NATb TECTOB ANA obpas-
LIOB B COOTBETCTBMY C TpeboBaHuamu JEDEC.

BcTpoeHHas nopaepika Lienoro psaja BHelw-
HUX npu6opos: nsmeputeneii LCR, matpuy-
HbIX KOMMYTaTopoB KomnaHuu Keithley,
UMnynbcHbIX reHepaTopoB Keithley cepun
3400 n Agilent 81110.

MporpammHble fpaiBepbl 4nA aHanUTK-
YecKnx 30HA0BbIX CTaHLMI BEAYLLNX NPo-
msBoguTenen.

X MATEPUANOB N YCTPOUCTB

NpunagnexHocTy,
BXOAALME B
KOMNJEKT NOCTaBKu:

CNpaBoYHOE PyKOBOACTBO
11 PyKOBOZACTBO N0JIb30Ba-
Tena Ha (D;

COeIMHUTENbHBI 6NOKK-
POBOYHbIii Kabenb 236-
ILCG:3 pnuHoii 3 M.

TpumeyaHue: Bce KOH-
durypaLum cuctembl
4200-SCS v annapatHble
MOZYN NOCTaBAAITCA C
Heo6XoauMbIMU Kabena-
MU JINHON 2 M.

KEITHLEY

A Tektronix Company
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TECTUPOBAHMUE NONYNPOBOAHWUKOBbIX MATEPUANOB U YCTPOUCTB

(uctema and n3mepeHuA XapakTepucTyK NosynpoBOAHNKOBbIX
matepuanos u ycrponcts 4200-5C5

JlaHHble COXPaHAIOTCA B BUAE IMEKTPOHHbIX TabnuL B CTaH-
AapTHbIX Gopmartax. Bee peynbTatbl U3mepeHuii v pacyeToB
MoryT 6bITb npefcTaBnerbl B nporpamme KITE B rpaduyeckom
BUZE C MOMOLLbI0 MHOTOQYHKLIMOHANbHBIX rpaduyeckux
CPEeACTB 0TOOPAXKEHNA U COCTABIIEHNA OTYETOB.

MpumeHenne

BbInonHeHue TOYHbIX U3MepeHHii TapaeMTPOB I XapaKTepuCcTIK
110 NOCTOAHHOMY TOKY ANA Pa3AMYHbIX U3AENMIA, TAKIX Kak:

+ KMOTIl-TpaH3ucTopbl 1 yCTpOiiCTBa;

« GunonapHble npubopbl;

« Z1oZbl ¥ p-n Nepexoapl;

+ CONHEYHbIE 3NIEMEHTbI;

+ HaHO3NEKTPOHHble yCTPOICTBA;

+ NPaKTUYECKN BCe U3BECTHbIE MaTepuanbl v yCTPOiCTBa.

OnumoHanbHbIi MOAYNb ANA U3MepeHusA BONbT-GapaHbIX
xapakTtepuctuk 4210-CVU noctaBnsetca ¢ camoii 061npHOI Ha
COBPEMEHHOM pbIHKe 616nMoTeKoii ANA aHanu3a u u3Meperus
eMKOCTel 1 BONbT-hapaAHbIX XapaKTepucTuK v nosgonset
n3mepATh:

+  BONbT-(apajiHble XapaKTepUCTUKIA, 3aBUCMMOCTH eMKOCTH
0T BPeMeHH 1 YacToTbl, @ TakxKe aHaNM3MPOBaTb Napame-
Tpbl:

— CONHEYHbIX 3NeMEHTOB, B TOM yucne metopamu DLCP;
— CTPYKTYP C BbICOKOI 1 HU3KOIl AM3NEKTPUYECKoil Npo-

HULLAeMOCTbI0;

MOT-TpaH3ucTopos;

6unonApHbIX TPaH3NCTOPOB;

— [MO0J0B;

KoMnayHAHbIX nonynposognukos Ill-V rpynn;

— YCTPOICTB Ha OCHOBE yrnepofHbIX HaHOTPY6oK (CNT);

- npodunn pacnpepenexus npumecedi, To, 1 BPEMA XU3HN
HocuTenels;

*  €MKOCTU NepexoaoB, MeXBbIBOAHbIE 1 Napa3iTHbIE
EeMKOCTU.

MocTaBnAemble B KOMNNEKTE C ONLMOHANbHBIM ObICTPOAEI-
CTBYIOLLMM MOAYNEM U3MepeHUs TOKOB W HanpaXeHuil 4225-
PMU nporpammbl BK/ItUaloT B ceba npumepbi:

« (BepXObICTPbIX U3MEpEHUil TOKOB U HaNpsKeHuii 0bLiero
Ha3HaueHus;

« U3MepeHusA TOKOB 1 HaNpsXeHNil B UMNYNbCHOM PeXUMe
W PerucTpaLmy NepexoHbIX NPoLIeCCoB;

« TecTuposaHua moayneii dnew-namaru, PCRAM u apyrux
BIAOB SHEPrOHE3aBUCMMOII NAMATH;

+  130TepMUYECKOro TeCTUPOBAHNA CUNOBbIX YCTPOIACTB Cpea-
Heil MoLLHOCTY;

+  TecTMpoBaHWMA MaTepuanos Ana macwrabupyemoit KMOI-
TEXHONOTUN, TAKUX KaK ANINEKTPUKM € BbICOKOA AUINEKTpU-
YecKoi NPOHNLIAEMOCTbIO;

+ TECTOB Ha TeMMNePaTypHYIO HECTAbUBHOCTb OTPULIATENbHO-
ro (NBTI) u nonoxutenbHoro (PBTI) cmetleHns.
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o e it [

BonbT-dapagHas xapakTepuctika nonesoro MOM-TpaH3ucTopa, M3mepeHHas ¢ nomoLybio mogyns 4210-CVU.

MHoro¢yHKLOHanbHble
n3mepuTenbHbie Kabenu

Komnanus Keithley npeanaraet ynukanbHble KoMnneKTbl
13MepuTeNbHbIX kabene, C NOMOLLbH KOTOPOTo MOXHO 3Me-
pATb BONLT-amMnepHble, BONbT-GapajHble XapakTepucTuky u
paboTaTb B UMNYAbCHOM Pexume. T KOMMNEKTbI BbICOKO-
KauecTBeHHbIX Kabeneil ynpoLualoT nepesioueHe Mexzay
TECTOBbIMY KOHQUrYpaLMAMN ANA CHATUA BONbT-aMNepHbIX
XapaKTepUCTUK N0 NOCTOAHHOMY TOKY, BONbT-(GapaiHbIX
XapaKTePUCTUK 1 TECTUPOBAHMA B UMNYbCHbIX PeXUMaX.,
YCTPaHAA HeobXOANMOCTb 3aMeHbl Kabeneil npu nepexoge

0T 0/AHOTO BUAA U3MeEPEHUii K Apyromy. 3Ta TexHonorus,
0X1AalLLad 0GOPMNEHNA NaTeHT, TaKkxKe YCTPaHAET Heo6Xo-
AMMOCTb NPUNOAHUMATh 30HAbI NPU KAX/0i1 3aMeHe Kabeneil.
lcnonb3oBaHue Takux TpuakcuanbHbIX Kabeneii no3sondeT:

+ 3KOHOMWTb BPeMA 3a CYET 0TKa3a OT TPYA0eMKOI Npo-
LieAypbl 3aMeHbl kabeneii, COeAVHAIOLLNX M3MePUTENbHbIE
npubopb! ¢ 30HA0BOI YCTAHOBKOI, NPy Nepexoae k Apyromy
BUAY U3MepeHuii;

+ u36exaTb 0LWNOOK NOAKNIYEHUA Kabenet, YacTo BO3HUKaA-
IoLLVX NPy 3aMeHe kabenei, 4To, B CBOI 04epesb, NCKNIo-
YyaeT oLMOKI M3MePEHUIA, BbI3BaHHbIE MCNOb30BaHNeM
HenoAxoAALLero Tuna kabenei unu HenpaBMAbHOM CxeMbl
MOAKNIOYEHNS;

* CHU3UTb PUCK NOBPEXAEHNA NAACTUHBI NPU U3MEHeHUN
TECTOBOI KOHOUIYpaLMM 3a CYET TOr0, UTO 30HbI MK
3TOM 0CTaloTCA B KOHTAKTe € NNIACTUHOI; KpOMe TOro, 3T0
103BONAET 06ecneynBaTb HEM3MEHHOCTb COMPOTUBIEHNSA
KOHTAKTOB NPy BCeX BUAAX U3MEPEHMUIA.

AncTraynoHHble NpegycunuTeny-
KOMMYTaTopbI

HeobxopnMoCTb 3amMeHbl 1 NepenopKtueHna kabenei npu
nepexofie 0T U3MEPEeHUsA BONbT-aMNEPHbIX XapaKTepuCTUK

110 MOCTOAHHOMY TOKY K BOMbT-()apajHbiM XapakTepncTukam

11 UMNYNbCHBIM U3MEPEHNAM MOXHO YCTPAHUTb C MOMOLLbHO
MOpYNA BbIHOCHOTO NpeaycunnTenskommyTatopa 4225-RPM.
Bce pazbembl 3aaHeli nanenn cuctembl 4200-SCS nogkmiova-
10TCA K npeAycunuTenio-kommyTatopy 4225-RPM, koTopbiit
aBTOMATUYECKY MOAKIIOUALT K NO3ULIMOHEPY HYXHbI U3MepH-
TesbHbIil MOAYb.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM

KEITHLEY

A Tektronix Company



P TECTUPOBAHMUE NONYNPOBOAHUKOBbIX MATEPUANOB N YCTPOUCTB

YHuBepcanbHas BbicOk03¢PeKTUBHaAA NPOorpaMmHas cpeaa AN ynpasieHus
pa3nUYHbIMM anNNapaTHbIMU KOHGUrypauuaMm

[porpammHblit nakeT ACS 1N aBTOMATUYECKOr0 U3MEPEHIA XapaKTePUCTUK

MporpammHbiit naket ACS komnatuu Keithley ans aBtoma-
THYECKOT0 U3MEPEHUA XapaKTepUCTUK NpeACcTaBnAeT coboii
yHUBEPCANbHYH MHTEPAKTUBHYH NPOTPaMMHY0 cpedy, npes-
Ha3HaueHHy ANA U3MEpPEHNA XapaKTepUCTUK yCTPOICTB,
MapameTpUyeckoro TeCTUPOBAHNA, MCTIbITAHMI Ha HAZEXHOCTb
11 ANA NPoBeAeHus NPoCTbIX GYHKLMOHANbHbIX TecToB. ACS
MOXET MCTI0/Ib30BaTb LWNPOKHIA CIEKTP annapaTypbl KOMNaHMK
Keithiey — T HecKonbKux HacTONbHbIX NPU6OPOB, NpeaHa-
3HaUeHHbIX A MCNOb30BaHUA B nabopatopun obecneuenus
KayecTBa, A0 NOAHOCTbI0 MHTETPUPOBAHHBIX M aBTOMATU3MPO-
BaHHbIX MapaMETPUYECKUX KOMTTIEKCOB ANA TECTUPOBAHNA,
pa3MeLLIHHbIX B annapaTHbIX CToilkax. Kpome Toro, npo-
rpammHas cpega ACS cTabunbHo ¢yHKLMOHMPYET Ha pa3nuy-

+ Pa3paboTKa TeCTOB U BbINOIHEHME TECTUPO-
BaHUA Ha YPOBHe YCTPOIICTBA, y3Na, NNacTu-
Hbl, HaBopa NNACTUH U MOAYNA.

Mporpammbl ucnbiTaHWii MOTYT 6bITb IErKO
nepeHeceHbl Ha APYryI0 N3MepUTENbHYIO
annapaTypy ¢ MUHUMaNbHbIMN U3MEHEeHUAMUN
1nm Boobuye 6e3 n3meHeHui.

WctnHHOE napannenbHoe TeCTUpoBaHue.

MopapepKa WMpoKoro cnekTpa npméopos
11 30HA0BbIX YCTaHOBOK.

HbIX aNNapaTHbIX KOHGUTYPALUAX, 3TO 3HAUUTENBHO YNpoLLAeT
NEPeHOC TECTUPOBAHMA U3 0HOTO MOAPA3AENeHNs B APyroe u
yNPOLLAET CONOCTABIEHME PE3YNLTATOB, MOAYUEHHBIX C TOMOLLbIO PA3NMYHBIX CUCTEM.

lporpammHbiit nakeT ACS 06ecneunBaeT nckNloUUTeNbHYI0 YHUBEPCANbHOCTb TCTUPOBAHNA

11 aHanu3a. Yao6Hblil rpaduueckmit nHTepdelic NOMoraeT HauNHaKLLUM NONb30BATENAM HauaTb
3¢ deKTMBHO paboTaTb NpaKTUUECKI CPa3y, HE3aBUCVIMO OT OMbITa NPOrPaMMUPOBAHUA.
[paduyeckuii nHTepdeiic ynpowaeT KOHPUIypUPOBaHNE 1 HACTPOITKY U3MEPUTENbHOI annapa-
Typbl, NOATOTOBKY TECTOB, U3MepeHWe TOKOB 11 HanpaxeHuiA, C60p 1 aHann3 AaHHbIX, NOCKONbKY
ANA 3T0r0 He TpebyeTcA NUcaTb NPOrpaMMHbIil KOR N BLIXOANTD U3 cpefbl ACS.
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WHTepakTMBHOE yNpaBneHme 30H40BOI N3MePUTENbHOI YCTaHOBKOW yNpoLLaeT 1 yckopaeT
pa3paboTKy 1 0TNajKy TeCTOB, NO3BONAA COMETATb MHTEPAKTUBHOE TECTUPOBAHKE C pyy-
HbIM yNpaBfieHieM 30H[0BO YCTaHOBKOI

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM
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MaCI.I.ITaﬁlllp)’EMble pelueHnA ansa NCNbITAaHWUIA Ha HaeXXHOCTb 06nacTit npUmeHeHms

Ha YpOBHe I'IOﬂYI'IpOBOAHI/IKOBOﬁI MNacTuHbI

NlononHuTesnbHas onuua nporpammHoro nakera ACS
[INA UCMIbITaHUIA HA HAZEXHOCTb Ha YPOBHE NNACTUHbI:
— AC5-2600-RTM

CucTembl TECTUPOBAHNA Ha YPOBHE MAACTUHbI MO3BONAIOT BLIMONHUTL MPOTHO3 CPOKA CNYX0bl OT ABYX A0
NATI pa3 BbicTpee, Yem TpaZULMOHHDIE pelLeHIA ANA TaKoro Buaa Ucnbitauit. MporpammHblil naket ACS
CTYXUT 3QGEKTUBHBIM MHCTPYMEHTOM 33JiaHNA NOCTe0BATENbHOCTEN HAarpy30K U M3MepeHNil 1 uMeeT
MHTEPAKTUBHbIA MHTEpdEIAC ANA UCMbITAHUA YCTPOICTB HA HAAXKHOCTD (MHXEKLNA TopAYNX HocuTeneil
(HCI), TemnepatypHas HectabunbHocTb npy cvelyerun (BTI) v ap.), AnA onpesenenua LenocTHOCTH
OKCUAHOTO CN10A 3aTBOPA (3aBUCALLWI OT Bpemeny npo6oit aunekTpuka (TDDB), Jpyyp Veaue 1 8P 1
KOHTpONA MeTannnyeckux coeguxennii (EM). [ubkocTb popmupoBanma TecToBbIX NOCNE[0BaTENbHOCTE
103B0NAET NPOBOANTD NPeABapUTENbHbIE 1 BbIXOAHbIE UCMIbITAHUA, a TaKXe MPOMEXYTOUHOe Harpy-
304HOE TeCTUPOBAHIe 1 MOHUTOPUHT MOJ Harpy3Koii. BcrpoeHHas nporpamma Ana pacyetos Formulator
COBMECTHO €O CTaHAAPTHBIMM CPeACTBAMM NapamMeTpuyeckoii 06paboTki no3BonseT Nerko aHanusmpo-
BaTb AAHHbIE, NONb3YACb MHTEPHEICOM «yKaxM 1 Bbibepu».

ApxuTeKTypa cucTeMbl, COfepXaLLeil HeCKoNbKo annapaTtos cepuy 2600, 103BONAET NPOrpaMMHOMY nake-
Ty ACS BKNI0YaTh UCTOYHUMKM-U3MEPUTENN B COBMECTHYI0 paboTy nubo B coctase 60MbLUOIA TOYHO KOOPAW-
HUPOBAHHOIA TPyNnbl, NM6O B COCTaBE HECKONbKIX MEHbLUNX FPYyMn, 0AHOBPEMEHHO GYHKLIMOHUPYIOLLMX
[ANA NapannesibHoro TeCTUPOBAHUA HECKONBKMX YCTPOIACTB. BCTPOEHHbIE NPOLIeCcOpb 1 BUPTYasbHble
CoeMHeHNA UCTOUHUKOB-V3MepuTeneli cepun 2600, obnapaloLuymx nyyLueii B cBoem Kiacce CKOpoCTbH
13MepeHUii, 06eCNeunBaloT TOUHYH CMHXPOHN3ALIMI UCTOUHUKOB U U3MepUTENell, KOTopas Ype3BblyaiiHo
Ba)KHa AN1A perncTpaLii napameTpoB BbicTponpoTekatoLyux npoboes.

&4

ACS-2600-RTM copep»uT WNPOKMIA f1ana3oH CpeAcTB aHa-
N33 laHHBIX 11 MOCTPOEHMA rPaduKOB, TAKIX KaK MPUBEfEH-
HbII Ha pUCYHKe rPaduK pesynbTaToB TeCTUPOBaHNA BpeMe-
HY XKU3HU NHXEKTUPOBAHHbIX ropAaumMx Hocuteneii Beinbyn-
nbl. TakKe BO3MOXHO NOCTPOEHME NUHeliHO-norapudmmye-
CKINX, ABaX /bl NOrapudMUYECKUX 1 APYTUX TUMOB rpaduKoB.
BCTpOEHHBII MHCTPYMEHT NOCTPOeHNsA rpadMKoB no3sonseT
co3/jaBaTb Nonb3oBatenbckue rpadukm. OyHKLnA KapTupo-
BaHWA NNacTUHbI NO3BONAET NPUNNCATD LBETa pe3yNbTaTam
TeCTUPOBaHMA AN1A YCTPOICTB, PACMONOKEHHbIX Ha MONY-
NPOBOAHNKOBOW NNACTUHE, YTO MO3BONAET NErKO 1 BbICTPO
06HapyXuTb BNMAHNE fedeKToB 06paboTK.

Mpoueaypbl TECTUPOBaHWA Ha YPOBHE NNACTUHbI, COOT-
BeTcTBYyHoLMe TpeboBaHuam JEDEC, Hanpumep nHxeKumun
ropaunx Hocuteneii (HCl), yxe Bcrpoenbl B ACS-2600-RTM.
Ha 37ToM 3KpaHe HacTpoilKu NpoLeAypbl TECTUPOBAHWA BCe
Heo6xopuMble NapameTpbl 06bEANHEHDI B OFHO ANANOr0BOE
OKHo. OfiHaKo ecnu TpebyeTcA N3MEeHeHNe 3TOil CTaHAapT-
HOI MpOLieAYPbI, LWENYOK MbILUbHO Ha TEKCTOBbIX BKNaAKax
/AaeT BO3MOXHOCTb BIUON3MEHNUTb rpaduyeckmil HTepdeic
1 NPUCNOCOBUTD ero K KOHKPETHbIM TpeboBaHMAM.

McnbiTaHna ycTpoCTB Ha
HaleXXHOCTb:

— WHXKEKLMA ropaYMX Hocu-
Tenent (HC);

— TemnepaTypHas HecTa-
OUNbHOCTL NPU OTPULLA-
TenbHom cmetieHun (NBTI);

— TemnepaTypHas HecTa-
OUNbHOCTD MPY NONOXM-
TenbHoM cmeleHun (PBTI).

LlenocTHocTb OKCMAHOTO
/109 3aTBOpa:

— 3aBUCALLUI OT BpEMEHM

npo6oil AuaneKTpuKa;

= Ve
MeTannuueckue coeMHeHuA:
— W30TepMUYecKuil npo-
TPeB MeTanInyecknx
COe/INHEeHNIA;
F — NONMKPUCTANANYE KNIl
Harpearenb;
‘] — NOCTOAHHDIN TOK;
¥ — 3aBUCALLNI OT BpEMeHN
npo6oil AnanekTpuka
MHXeKLUOHHBIX Na3ep-
HbIX ANO/0B.

Bo3MOXXHOCTb KOHOUIrypUpoBaHusA OT 2

110 44 KaHaN0B UCTOYHUKOB-U3MepUTenen,
cofiepXalymx UCTOYHUKM TOKa, HanpsaxXeHna
1 U3MepUTeNny ToKa N HanpsaKeHua.

CoBMeCTUMOCTb CO BCEMU LWNPOKO pacnpo-
CTPAHEHHbIMN YCTAHOBKAMN 30HAOBOI0 KOHT-
ponA NnonynpoBOoAHNKOBbDIX NIaCTUH.

I'Ion.qep)KKa KaK nocnenoBaTesibHOro, Tak
1 napannenbHoro TeCTupoBaHuA.

MpeaycmoTpeHa BO3MOXHOCTb MCMOMb30Ba-
HUA Ha HECKONbKMX yyacTKax.

OG6WKNpHBIN Habop TECTOB B COOTBETCTBUM
¢ TpeboBaHuamu JEDEC.

MocTpoeHue rpadpMKoB 1 KapTUPOBaHKe

nonynpoBOAHNKOBbIX NNACTUH B peXxume
peanbHoro BpemeHu.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM

KEITHLEY
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MO ACS Basic Edition o6ecne- nporpaMMHoe oGecnequme Anﬂ

YnBaeT BbICOKOCKOPOCTHOE

! napameTpunyecKkoro TeCTupoBaHnA

TeNbHOI annaparypoi,

';0’53"23‘;9:::"3;‘;‘,’&“;“ KOMMNOHEHTOB N ANCKPETHbIX aKTUBHDbIX
YA0GHOI! NporpamMmHoI ANeMEeHTOB

Cpefie C Lienblo KOHTPO-
NS, N3y4YeHUs 1 aHanu3a
paboTbl 3NEKTPOHHBIX

KOMMOHEHTOB

[porpammHbiit nakeT ACS Basic Edition

Komnanus Keithley paspa6otana nporpammubiii naket ACS Basic Edition gna makcumanbHoro
MOBbILLEHNA IPPEKTUBHOCT PABOTHI TEXHUUYECKIX CMIELMANUCTOB I UHXKEHEPOB, N3MEPAIOLLNX
XapaKTepUCTUKM KOPMYCHbIX YCTPOICTB KaK Ha 3Tane HayuHbIX MCCNeI0BaHMIA, TaK 1 Npy pas-
paboTKe, KOHTPONE KayeCTBa 1 U3Y4eHUY 0TKa30yCTORUNBOCTI. B coueTaHMN C OAHUM U
HeCKONbKNMIN UCTOYHUKaMU-U3mepuTenami cepiu 2600 unu 2400 nporpammublii naket ACS
Basic Edition ABnAeTCA BbICOKOI(PEKTUBHDIM U B TO e BpemaA YA06HbIM B IKCMyaTaLmn cpes-
(TBOM M3MepeHIA XapaKTepUCTUK 3NeKTPOHHbIX KOMMOHEHTOB. OH COAePXUT 06LLMPHbIil Habop
QYHKLMI ANA U3MEPEHUA NapamMeTpoB, N03BOAANLLMI ObICTPO 1 1ETKO NONYYUTb Pe3ynbTaTbl,
HeobxoZuMble NA NPOBEPKM COOTBETCTBUA XapaKTEPUCTUK INEMEHTOB TeXHUUECKIM YCI0BUAM,
MONHOT0 BXOAHOTO KOHTPONA, KOHTPONA KauecTBa 1 AN NOHMMAHUA SNEKTPUYECKIX CBOMCTB
HOBbIX MaTepUanoB 1 yCTPOVCTB.

MporpammHbiit naket ACS Basic Edition onTummn3npoBaH Ana OCTIXeHNA MaKcumanbHoi
NpocToTbl 3KCNyaTauuu. Hanpumep, rpaduueckinii iHTepdeiic, UMetoLLMit MacTep HaCTPOIKK,
MOMOXeT MOLLAroBo BbINOAHUTb MPOLIECC BbIGOPA TWNa YCTPOIICTBA, KaTeropum TecTa i HaCTPoii-
Ki BbIOPaHHOT0 TeCTa. ITOT NaKeT ABNAETCA MAeaNbHbIM PeLLeHnem, eCn Y NoNib3oBaTend HeT
BPeMeHM W HaMePEeHNA CTaHOBUTbCA KBaNNGULMPOBAHHBIM UHXeHepOM 0 UCMbITaHNAM,
0fHaKo npu 3ToM Tpey6eTca BbICTPO NONYUUTL TOUHBIE Pe3yNbTaTbl, XapakTepusytoLume paboty
YCTPOICTBA.

LLinpokuit Habop annapaTHbIX KOHUrypauui Ans pas-
JINYHBIX YCNIOBUIA NPOBEAEHUA TECTUPOBAHUA.

OHTVIMI/IBI/IPOBaHO ANA TeCTUPOBAHNA, KOHTPONA N1E€MEH-
TOB M aHann3a AaHHbIX.

Mpu Heo6X0AMMOCTH BbICTPO U3MEPUTL NapaMETPbl KOp- He Tpe6yeT HaBbIKOB NPOrpaMMUpPOBaHNA, NO3BONAA
NYCHOrO YCTPOICTBA yno6Hb||7|vnporpaMMHb||7| mnTeptbeﬁc npw nomoLuy yao6Horo rpaduyeckoro uHTepdeiica

€ NIOMOLLIbI0 MACTEPOB HACTPOIAKI N103BONAET NErKO HaiTh MPOrpaMMHOro naketa ACS U3MepATL TOKH, HanpsXe-
1 BbIMONHUTb XENaemblil TECT, HANPUMEp NOKa3aHHOe Ha
PUCYHKe CTaHAAPTHbII 3MepeHKe XapaKTepUCTUK NoNeBo- HUA, NPOBOAVTD aHaNU3 AaHHbIX M 6bICTPO NontyyaTb

ro TpaHsucTopa pesynbrarbl.

MepeHOCUMMOCTb NPOrpamMm TECTUPOBAHUA: TECTOBbIE
= nocnefoBaTenbHOCTY, CO3AaHHble AN OAHOI KOHUry-
L T pauun obopypoBanusa Keithley, 6yayT 6e3 c60eB Bbinon-
HATbCA Ha COBMECTUMbIX YCTAHOBKaX C MUHUMAJIbHbIMU
M3MeHEHNAMU UK COBCeM 6e3 3MeHeHUi.

cpEHCTBa noaroToBKM NpoeKTa NO3BONAIOT IerKo cer-
MEHTNPOBaATb NPOEKTbI ANA UX COBMECTHOIA paBpaGOTKVI
HeCKONIbKMMun cneyunanncramn.

Mm6Kas MoAynbHas apxXUTEKTypa NPOrpamMmmHoro obecne-
YeHUs YNpoLaeT paclumpeHne N3MEpPUTESbHBIX CTEHI0B
[ el S el T ol Pl ¥ 11 NO3BONAET afanTUPOBaTh CYLIECTBYIOWME 1 OTIAXEH-
Hble NPUIOKEHNA K HOBbIM 3af]aYam TeCTUPOBAHMA.

DononHutenbHasa BECMNJIATHAA nuueH3ua Ha aBTO-

p L HOMHOE 1CMOoJb30BaHNe NPorpaMMHOro obecneyeHus
XapaKTepucTuK, nporpammHblii naket ACS Basic Edition
Nno3BONAET 6bICTPO NONYYNTb CEMEICTBO XapaKTePUCTUK ynpoujaeT pa3paboTKy HOBbIX TECTOBbIX NOCNI@AOBATENb-

MOJYNA, OAHAKO OH JONONHUTENbHO NO3BONAET NIErko HOCTell Ha OTANbHOM KOMMbloTepe - HeT Heobxoau-
COXPaHATb, CPaBHHMBATb M aHANN3NPOBaTb PesynbTaTbl. MOCTU NOAKIIOYATb CUCTEMY, UCMONb3YeMYI0 ANA TEKY-

et paboTbl.

Kak v TpaguunoHHble aHanoroBble np|/|60pb| ANA cCHATUA

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM
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N3mepeHusa n popmmpoBaHmne Manbix 3N1eKTPUYECKIX CUTHANOB

Wcnonb3oBaHue COBPeMEHHbIX YCTPOIACTB - OT CBEPXMPOBOAHNKOB U TEPMOINEKTPUYECKMX NPpeobpa3oBaTeneii 40 TOUeUHbIX KBAHTOBbIX NPUOOPOB i
YINepOAHbIX HAHOTPYBOK - TpeByeT U3MepeHA NapameTpoB Npu Bce Gonee Manbix Hanpaxexuax. LLinpoyalilwme BO3MOXHOCTM annapaTypbl KOMNaHUN
Keithley Ana u3mepeHua manbix HanpaxeHuii y0BNETBOPAIOT TpeboBaHMAM Nto6bIX 06nacTeli npUMeHeHNa.

Wsmepenns manbix 28 TexHuyeckaa nHpopmayus
HanpsxeHniim 32 CpaBHMTenbHaa Tabnuua

conpotuBneHnin 33 Ypo6GHoe cpeACTBO M3MepeHNA MabiX HanpsXKeHun,
conpotuBneHnn n aupdpepeHynanbHOM NPOBOJZNMOCTI B
HenpepbIBHOM U UMNYJIbCHOM peXXnme
HanosonbtmeTp Mmogenu 2182A

34 WcTOYHMKM TOKa, ynpoljalouine nsmepeHvie XxapaktepucTtmk
YCTPOWCTB
NCTOYHMK NOCTOAHHOrO TOKa moaenu 6220
ICTOYHUK MOCTOAHHOIO TOKA M TOKa MPOW3BONbHOM GOpMbl Mogenm 6221

bonee 50 net komnatua Keithley ABnseTca MMpoBbIM NMAEPOM B 06naCTH CPeACTB U3MepeHna 1 GopMUPOBAHKA Manblx TOKOB. bnarogaps npeactasneH-
HbIM HIIXe MHHOBALMOHHBIM U3aenuam komnaus Keithley npofionaeT paclumpaTb rpaHnLbl COBPEMEHHBIX U3MePUTENbHBIX TEXHONOT WA,

N3mepeHus 35 TexHuuyeckasa uHpopmauyuma

ManbiX TOKOB 37 CpaBHUTeNbHasa Tabnuua nnKoamnepmeTpoB, 31eKTPOMETPOB
n 6onblunx N UCTOYHUKOB-N3Meputenen (nsmepeHve ToKa)

CONpoTUBNEHN 38 CpaBHUTeNbHas TabnnLa NCTOYHUKOB U NCTOYHNKOB-
n3mepuTeneil (BocnponsBegeHne TOKOB U HaNPsKeHwi)

39 WUCTOYHMK-N3mepuTesnb peKOpAHO ManibiX TOKOB
CybdemToamnepHbIN CTOUHMK-M3MepUTeNb Mogen 6430 ¢ BbIHOCHBIM
npegycunutenem

40 Henpes3onpeHHoe CPeACTBO U3SMEPEHNA MaNbiX TOKOB N
60NbLINX CONPOTUBJIEHNIA
IneKTPOMETP-n3mMepuTeNb 6ONbLIVX CONPOTUBNEHNIA Moaenn 6517B

41 KauyecTBO, NpOoBepeHHOe BpeMmeHeM
JNeKTPOMeTp mogenu 6514

41 Ecnun tpebyeTcs n3ameputb TONbKO TOK
[TukoamnepmeTp mogenn 6485

42 TunKoamnepmeTp CO BCTPOEHHbIM NCTOYHNKOM HamnpsKeHus
M usmepuTenem conpoTuBieHNA
[lvkoamnepmeTp mopgenu 6487

42 [Ba nuKkoamnepmeTpa 6487 B o4HOM Koprnyce co cneynanbHbiMN
byHKUMAMN ANA onTNYeCKNX nsMmepeHunn
[ByxKaHanbHbIN NKoamnepmMeTp mogenu 2502

43 WcknountenbHaa TOYHOCTb 3MepPeHUNA N BocnponssegeHuns

leHepaTop ManbiX TOKOB
CUrHanos IcTouHuK-n3meputens mogenu 237
NPON3BONbHON 44 MNonHO}YHKLUMNOHANbHbIN reHepaTop CMrHasaoB NPON3BOJIbHOMN
dopmbi n dopmbli co cranaapTHbiMu nHTepdencamm LXI, GPIB n USB
$yHKLVOHaNbHDI [eHepaTop CUrHaNOB NPOV3BOIbHOWN GOPMbI 1 GYHKLIMOHANBHbIN
reHeparop reHepaTop mogenu 3390
Keithley « U3mepeHusa u TectupoBaHmne « CnpaBoOYHMK NO NPOAYKLUN
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W3MEPEHWE N OOPMUPOBAHWUE MAJIbIX SNEKTPUYECKNX CUTHANIOB

TexHn4eckas uHpopmauua

Kak Bbi6paTb BONbTMETP

[JIns u3mepeHna HanpaXxkeHnA MOXHO UCNONb30BaTh pa3-
NMYHbIE TUNbI CPEACTB U3MEPeHNil, B TOM Yucne UndpoBble
mynbTumeTpsl (Digital multimeters, DMM), anektpomeTpbl,
HaHOBONBTMETPbI. [111A TOUHOTO U3MEPEHUA HaNpAXeHUA
Heo6XoAuM BONLTMETP €O 3HAUNTENbHO 6ONbLUMM BXOAHBIM
CONpOTUBAEHNEM, YeM BHYTPEHHee CONPOTUBNEHME CTOYHMKA
HanpsXeHNs, B YaCTHOCTH, TecTupyemoro ycrpoiictaa (TY).
Ecnn 310 ycnoBue He BbINONHEHO, BONBTMETP 3aperucTpupyet
MeHbLLYH Pa3HOCTb NOTEHLMANOB, YeM Ta, KOTOpas CyLLeCTBO-
Bana 0 ero NoAKKYEHNA. INeKTPOMETpbI 0651aaloT 0YeHb
BbICOKVIM BXOAHBIM CONPOTUBAEHUEM (TUMOBOE 3HaueHMe
nopazka 100 TOm (10 Om)), noatomy 6onbLue Bcero noaxoaaT
ANA U3MePEHNA HaNPAXKEHNI UCTOYHNKOB C BbICOKIM BHY-
TPEeHHUM conpoTuBneHueM. Liugposble MynbTUMETpbI 1 HaHo-
BONILTMETPbI, Kak MPaBuUNo, MOryT NPUMEHATbCA ANA U3Mepe-
HIUA HANPAXEHUA UCTOYHUKOB C BHYTPEHHIUM CONPOTUBIIEHUEM
He 6onee 10 MOM. HaHOBONLTMETpbI XOPOLLO NOAXOAAT ANA
U3MepEHUA ManblX HanpsXeHuil NopAAKa MUKPOBONBT U HIXKe
OT UCTOYHMKOB C HeOONbLUMM BHYTPEHHUM CONPOTUBNIEHNEM.

WN3mepeHmne manbix HanpsKeHNii

|.|.|yMI>I 1 HaNpAXeHWA CMeLLIeHNA Pa3Hoil NPUPOAbI, KOTopble
00bIYHO MOXKHO WrHOPUPOBATb NPU N3MepPeHun f0CTaTou-

HO 6ONbLLNX CUrHANOB, CNOCOOHDI BHECTY 3HAUUTENbHbIE
NOrpewHoCT B pe3ynbTatbl U3MepeHna ManblX Hal'lpﬂ)KeHVII?l.
[TocToAHHbIe HaNPAXeHUA CMelLeHna 00bI4HO MOXKHO yyecTb,
3aKOPOTUB U3MePUTENbHYIO LieNb U BKITHYNB ¢yHKLWIK) KOM-
NeHaUNN HanpAXeHNa CMeLLLeHUA N3MePUTENbHOro npmt’)opa.
Huxe PaccMoTpPEHbI HeCTabunbHble MCTOYHMKN I'IOFpeUJHO(TeVI,
yXyALatoLue TOUHOCTb U3MEPEHNA MaNblX Hanpﬂ»(eumﬂ, n
CNoCo6bl MUHMMU3ALMM UX BAUAHUA Ha pe3ynbTaTthl U3mepe-
HuA.

TepmoanekTpuyeckuit 3gdekr

Hanbonee wWmpoKo pacnpoCcTpaHeHHbIMU UCTOUHNKAMM
OLLINBOK NPy U3MepeHUAX MaNbIX HANPSXEHNI ABAALTCA
TepMOoINeKTpuYeckie noterumansl (tepmod/IC), BosHuKatwme
MPU HANMYUK PasHOCTM TEMNEPATYp MeX Ay KOHTaKTaMM npo-
BOZHUKOB (puc. 1).

Te Koe B LieN ¢ ABYMA

Qg (T, - Ty)

Temnepatypbl KOHTaKToB (cnaes) B °C

TepmoaneKTpuyeckan nocToAHas
(o3duumeHT 3eebeka) AnA Matepuana A
OTHOCUTENbHO MaTepuana B, MkB/°C

Vg =

Puc. 1. BanaHne TepmoanekTpuyeckoro a¢pdpekTa

llcnonb3oBaHue 0HOTO 11 TOTO Xe MeTanna And Bcex NpoBo-
JZHVMKOB 3N1EKTPUYECKOi Lienu CBOAUT K MUHUMYMY BAUAHME
Tepmo3neKkTpuueckux 3hpdeKTos. Hanpumep, coefnHeHus,
BbINONHEHHbIE NOCPeACTBOM 06>KaTUA MeHbIX NPOBOAHUKOB
MefHbIMU BTYNIKaMV UM HaKOHEeYHUKaMK, 00pa3yioT xonop-
HOCBapHble COEANHEHNA TUNA «Mefib—Meib», KOTOpble reHe-
PUPYIOT MUHUMANbHblE TEPMOINEKTPUYECKUe NOTEHLMANbI.

M3mepeHuna manbix HanpAXKeHWN 1 CONPOTUBAEHUN

Take HeobXoAUMo CneauTb 3a Tem, 4Tobbl coeuHeHIa Bbinn
YNCTBIMY, 6€3 OKUCNOB.

L
IKCnepumeT ﬁ ﬁ
(McTouHUK Vg v, Hanosonsrmerp
HanpaxXeHns) | R | 0

g

3azemnenme T —>1 [<—— 3asemnenme 2

L 3a3semnenua
BXOzE

VG
Vy=Vs+1 R

L Conporwenene nposonsika, noakiouentioro
ko Bxoay LO (o6biuHo 0kono 100 MOM)
Tok, TeKywLMii Yepe3 NPOBOAHMK, NOAKNIOYEHHbI
Ko Bxoay LO, 0BycnoBneHHbiit pasHocTbio Hanpaxenui (VG)
Ha WHHe 323eMneHnA (BenHyMHa 3TOro Toka MoeT
COCTABATH HECKObKO amiep)

HanpsxeHue CTouHwKa (onesHblit curkan)

IR moxeT npeBbilwaTh V'S Ha HeckonbKo NOpPAAKOB

Puc. 2,a. BinaHne HeckonbKux TouYeK 3asemneHna (KOHTypa
3a3emneHus)

Modules

JKenepumeHT
(MCTOUHMK
HanpaxeHma)

—ﬁ ﬁ HI

HaHogonbTMeTp
R
AN
!
Zw EnurcTaenHas

|<—— TouKa
3a3emneHia

WWinka 3a3emnenia

. /7I7

‘Tok, npoxoAMii Yepes conpoTusnetme Zgy nopsaka MOM
Wi FOM, 06yc0BNeHHbIiA PasHOCTbI0 HanpAxeHuii VG

BXoae
Vy=Vg+IR

L

Puc. 2,6. U3mepuTenbHas Lienb ¢ OfHOI TOUKOIl 3a3eMNeHus

YMeHblLeHue TeMnepaTypHbIX FPaAUEHTOB B LienH Takxe
yMeHbLLUAeT BAMAHIE TepmoaneKTpudeckux 3hpdekTos. fina
MUHAMU3aLUY TeMNepaTypHbIX rpagueHToB HeobXoauMo pas-
MeLLaTb BCe CORANHEHNA PALOM APYT C Apyrom 1 obecneun-
BaTb XOPOLLMiA TENNOBOI KOHTAKT C 06LLM MACCMBHBIM paju-
atopom. Ecnin 310 HeBO3MOXHO, CrieyeT obecneunTb Tennosoii
KOHTAKT MeXJy Kax/0ii Napoil COeANHeHuil U3 pa3HOPOAHbIX
MeTans08 ANA MUHUMU3ALMI Pa3HOCTY TeMNepaTyp Mexay
HUMMU, 4TO TaKXKe CNOCOOCTBYET yMeHbLIEHMIO BANAHUA TepMO-
INeKTpuYeckux 3¢pdexTos.

TennoBoii wym

TeopeTuyeckuii npesen paspelLeHus BONLTMETPa M0 HaNpPA-
KeHWto onpefenaeTca TennoBbIM (AXOHCOHOBCKUM) LLYMOM.
70T LUyM NpeACTaBAAET C000ii HANPAXEHIE, BO3HUKAKLLEE
U3-3a ABUXKEHNA 3NEKTPOHOB, 06YCNIOBAIEHHOTO UX TEN0BOi
3Heprueii. Bce NCTOYHMKM HanpAXeHUA 0611aZatoT BHYTPEHHUM
CONOTYBAIEHNEM W, CNIef0BATENbHO, CO3AAI0T TENN0BOI LUyM.
HanpsxeHue TennoBoro Wwyma, BO3HUKalLLee Ha 160M
CONPOTYBIIEHNH, MOXHO PaccuuTath o criefytoLLeit hopmyne:

V =v4kTBR

rae  k=noctoanHas bonbumana (1,38 x 10-2 [x/K),
T = abcontoTHas TeMnepaTypa UCTOUYHWKA, Tpaj.
KenbBuHa,

B = wupwuHa nonocul yactot wyma, M,
R = conpoTuBnexme ncrouHuka, Om.

113 370r0 ypaBHeHUA BUAHO, UTO TENOBOI LUYM MOXKHO CHU-
3UTb, yMeHbLUaA TEMNEPATypy U Cyxas Nonocy Yactot u3me-
pAEMOro HanpaxeHua. (yXeHve Nonocbl YacToT SKBUBANEHTHO
YBENMYEHMI0 BPEMEHN OTKNIMKa NPU6Oopa; Monocy uactot
MOXHO Cy3UTb NPUMEHEHVEM aHaNoroBoro v LMpoBoro
OUNLTPA HIKHIX YACTOT, KOTOPBIii B NpOCTeilleM Clyyae
MIONyYAETCA NyTeM yBeNUUEHUA BPEMEHI UHTErpUPOBAHNA
(06bluHO BbIGMPAeTCA KpaTHBIM LiENIOMY UMCITy NepU0S0B
HanpAXeHnA nuTaloLLeit cetn).

ToKM uepes KOHTYpbI 3a3eMneHus

Ecnm MCTOUHMK curiana u usmeputenbHblii npubop CoesuHeHb
06wl WIHOV 3a3eMNeHNA, CO3AALTCA KOHTYP 3a3emieHnsa
(puc. 2,a). IT0 NPOUCXOAUT, HANPUMEP, NPU BKIKOYEHUM anna-
paTypbl B ceTeBble PO3ETKM, PACMIONOXEHHbIe B Pa3HbIX Npy-
6OPHDIX CTOIAKAX UNN B Pa3HbIX YacTAX nomeLLerua. Mexay
TOUKaMM 3a3eMIEHUA YaCTO CYLLECTBYET Pa3HOCTb NOTEHLM-
anoB. [laxe He3HauuTeNbHas Pa3HOCTb MOTEHLMANOB MOXeT
MPUBECTY K NPOTEKaHMI0 60NbLUMX TOKOB 1 BOSHUKHOBEHMUIO
HenpeBUAEHHbIX NepenazgoB HanpaxeHua. YTo6bl u3bexarb
BO3HUKHOBEHUA KOHTYPOB 3a3eMAIeHMA, HeobX0AMMO 3a3eM-
NATD BCHO M3MEPUTENbHYIO LieMb B 0AHOI e AMHCTBEHHOI TOUKE.
Camblii npocToii cnocob And 3Toro - U30AMPOBATDL TeCTUPyeMoe
YCTPOICTBO (MCTOUHMK) W HAWTIN OZHY TOUKY KaueCTBEHHOrO
3a3eMNeHIA NA U3MEPUTENbHOI CUCTEMB, Kak NoKa3aHo

Ha puc. 2,6. (nepiyeT u3beratb 3a3emeHusA UyBCTBUTENbHbIX
U3MepUTENbHBIX Lieneii Ha cucTemy 3a3emieHns, KoTopas

YK€ NCMoNb3yeTca AnA ApYrux npubopos, MexaH3MOB Ui
MOLLHO/ annapatypbl.

MarHutHble nona

MarHuTHble NonA Co3AaI0T HaBOAKM B ABYX Criyyaax: 1) ecn
rofe U3MeHAETCA BO BpeMeHI 1 2) ecnint Lienb 1 nofne nepe-
MeLLAIoTCA APy 0THOCUTENbHO Apyra (puc. 3,a). llepemeHHble
MarHuTHble NonA MOryT C03AaBaTbCA NPU ABUXEHUN NPoO-
BOJHUKA B MarHUTHOM Nofne, NOKaNbHbIMU NepemMeHHbIMM
TOKaMU, C034aBaeMbIMI KOMNOHEHTaMI U3MepPUTENbHOIA
CUCTEMbI, @ TaKXKe B Clyuae ynpaBnAemoro U3meHeHus
MarHuTHOrO NOAIA, HaNpUMep, NPy U3MepeHNAX MarHUTHOro
CONpOTUBIIEHNA.

a. Mnowaab A (3amMKHyTbIR Kouryp

BOHbTMeTp

Hanpaxerue, co3aaBaeMoe MarHUTHbIM noneM, NPOXOAALLIM Yepe3
3aMKHYTBIii KOHTYp 33AaHHOi NNOLLAAW, ONpeaenseTca Gopmynoii:

DU BT
dt dt dt dt

Bonbtmerp

Puc. 3. MMHMMW3aLMa MarHUTHbIX HABOAOK MyTeM NpuMeHe-
HWA BUTOI Napbl

Y706bI CBECTU K MUHIMYMY MarHUTHbIE HABOAKM, NPOBOAHMKM
BOMKHbI NPOXOANTb PAZOM AAPYT C APYTOM U 6bITh 3aKpenneHbl
NS yMeHbLIEHNA NepemeLLeHu.

Butas napa npoBOAHUKOB CHUXAET BAUAHUE MArHUTHBIX
noseit No ABYM NpUYMHaM: BO-NepBbIX, 0Ha yMeHbLUAeT
NA0LaAb KOHTYpPa, B KOTOPOM HaBOAATCA MarHUTHbIE NOMeXH;
BO-BTOPbIX, MarHUTHOE None B COCeJHUX AYelikax BUTOR napbl

KEITHLEY
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U3MEPEHUE N OOPMUPOBAHWE MAJbIX SNIEKTPUYECKNX CUTHANNOB

C03[1A€T HanpAXeHUA NPOTUBONONOXKHDIX NOAAPHOCTEN, KOTO-
pble B3aMMHO KOMEHCUPYHOT ApYT Apyra (puc. 3,6).

N3mepeHune manbix cCONpoTMBAEHUI

Manbie conpotunenns (< 10 Om), Kak npaBuno, nyyLue BCero
13MepATb, MPONYCKas Yepe3 HuX TOK 1 N3MepAA NajeHme
HanpaxeHua. [1na oueHb Manbix CONPOTUBNEHMI (MUKPOOMbI
11 MeHee) Un NP1 HeobXOAUMOCTH OF PaHUUMTL PaccenBaemyto
MOLLHOCTb 3TOT MeTO TpeByeT U3MepeHns 04eHb Masibix
HanpAXeHMii, 4acTo ¢ NOMOLLbI0 HaHOBONLTMETPA. B 3ToM C1y-
yae HeoOX0AAMMO yUNTbIBATb BCE UCTOUHIKI OLUIMOOK 1 pyKO-
BOACTBOBATbCA BCEMY YKa3aHNAMM, OMMCAHHbIMY BbiLLe ANA
13MepeHus Manbix HanpsaxeHuil. Kpome Toro, npu u3mepeHum
MaribiX COMPOTUBAEHNIA UMEIOTCA JONONHUTENbHBIE UCTOYHMKN
owm6oK. B cneytowmx pasaenax onucbIBaioTcA cocobbi,
NM03BONIANLLNE MUHUMU3MPOBATb HEKOTOpbIE U3 HUX.

BnusHue conpoTuBieHns
coeANHUTENbHbIX NPOBOJOB.
YeTbipexnpoBoaHasa cxema NogKno4eHna
W3mepenua conpoTuBneHui B 06biuHOM AuanaszoHe (> 10 Om)
06bI4YHO BBINONHAKTCA C NOMOLLbIO ABYXNPOBOAHON CXeMbl,
NOKa3aHHOI Ha puc. 4,a.

LindpoBoii mynbTUMETP

W Rnpusoﬂos V\SM(TpMTenbNhM

LT

(
nposopos 'R Rs §(onpoms-
nexue

10 Raposogos

V) = HanpsxeHue, UsMepaemoe MynbTUMETPOM
Vi = NajieHvie HanNpsXeHuA Ha pesuctope

M3mepenHoe  _ Vl
CONpoTUBNEHMe |

=Rg+@2 xRygp )

=R

Puic. 4a. [lyXnpoBogHas cxema noAKNioueHNsA: oLwmnoKa,
BbI3BaHHas BNNAHMEM CONPOTUBEHNA COEANHUTENbHBIX
npoeozos

LbpoBOii MyTTAMETp Wi MAKPOOMMETP
UsmepirensHbi

Tok (1) w

ToK B W3MepUTeNbHOI!
Brog Hi R"pngﬂng uenw (nA)

’_c
W3mepaemoe
| T vM (ar:‘pomsneuwu Ve Rg ;:anpomsr
pmwnua oo

Ncrouuk HI Raposonon

BrogL0 RnpuBOﬂnB

Wcrounik LO Rnposogos

Bne/CTBHe MaTOCTH TOKa B H3MepiTensHO7i ieni Vyy = Vg
vy oV
niswepessoe conporienere = —L = ~J-

[ =R

Puc. 46. YeTbipexnpoBojHas cxema NOAKNIOYEHNA ANA N3Me-
PEeHMA CONPOTUBNEHNI

N3mepeHna manbix HanpsXXeHU 1 CONPOTUBNIEHUN

OcHoBHO# Mpo6nemoii Npy nCnoNb30BaHUM ABYXNPOBOAHO
CXeMbl NOAKMIOYEHNA ANA U3MePeHUA ManblX CONPOTUBNEHNI
(< 10 Om) ABnAeTCA NOABNEHUE NOTPELLHOCTH, 06YCNOBNEHHOI
CONpOTUBAEHWEM NPOBOAHIKOB. B laHHOM Cnyuae Hanps-
eHie, u3mepeHHoe npubopom, npeAcTaBnseT coboil cymmy
HanpsxeHuii Ha U3MepAEMOM pe3ncTope U NajeHuil Hanpa-
KeHWA Ha CoeANHNTENbHBIX NPOBOAAX. TUNOBOE 3HaueHue
CONPOTUBNEHUA NPOBOAHNKOB HAXOAUTCA B iMana3oHe ot 1
MOMm A0 100 MOm. Mo3aTomy Ans u3mepeHna Manblx CONPOTUB-
NeHuii NpeanouTUTENbHEN MCMONb30BaTb YETbIPEXNPOBOAHYI0
cxemy nopKnioueHna (cxema KenbBuHa), NokazaHHyH Ha puc.
4,6. B 3701 KOHGUrypaLum n3MepuTeNbHBIA TOK NponycKkaeTca
Yepes TecTMpyemoe yCTPOCTBO Yepe3 0AiHY Napy NPOBOAOB, a
NajieHue HaNpAXeHNA N3MepAETCA C OMOLLbHO PYToiA Napbl
NpOBO/OB, Ha3blBaEMbIX U3MepuTeNbHbIMU. Yepe3 nme-
puTenbHbIe NPOBOAA NPOTEKALT 0YeHb Manblii TOK, N03TOMy
BMAHWEM UX CONPOTUBNEHUA MOXHO NpeHebpeub.

TepmoaneKTpoABIKYLLME CUIbI

Tepmo3neKTpuyeckie NOTeHLMaNbl MOTYT CYLLLECTBEHHO CHUM-
3UTb TOYHOCTb M3MEPEHIA ManblX CONPOTUBAEHHIA. Ecnin npu
U3MepeHi CONPOTUBNEHUA eCTb BO3MOXKHOCTb YNPaBATb
TOKOM Yepe3 TecTupyemoe YCTPOiiCTBO, TO ClleayeT MCnob3o-
BaTb METO/ibl, N03BONALLME UCKNIOUUTD BMAHUE HEXeENa-
TeNbHbIX HANPAXEHMUiA CMELLEHNA TOMUMO METOJI0B, KOTOpble
UCNONb3YIOTCA NPY U3MEPEHNM MANbIX HaNPAXEHMUiA, 3 UIMEHHO
MeTOZ KOMMEHCALMM HaNPAXeHUA CMeLLeHUA 1 MeTOA peBep-
CUBHBIX TOKOB.

+ MeTog KomneHcauum HanpsmxeHnsa cmelLeHna (puc. 5,a).
B 3T0M MeToze TOK UCTOUHNKA NponycKaeTca yepe3
13mepsAemoe ConpoTUBAeHUe TONbKO B TeUeHue YacTu
U3MepUTENbHOTo LMKNA. Korga ToK MCTOUHMKA BKITIOYEH,
HanpseHue, u3mepsaemoe Npubopom, paBHo cymme
HanpsxeHnsa, 06yCNOBNIEHHOTO U3MepUTENbHBIM TOKOM,
11 BCEX HanpsXeHuii cmeLeHIs, B YacTHocTn, Tepmod[C,
UMeloLnXcA B Lenu. Bo BpemaA BTOPOI NOA0BUHbI N3Mepu-
TENbHOrO LKA UCTOYHMK TOKA BbIK/KOYEH, U U3MepeHHoe
HanpseHue PaBHO CyMMe BCeX HaNPAXKEHUI CMeLLeHus.
Tenepb ero MOXHO BbIYECTb 13 HANPAXKEHWSA, U3MEPEHHOT0
BO BpemsA NepBoii NONOBUHbI LIMKNA U3MePEHNiA.
[Tpu ncnonb3oBaHMM MeToAa KOMNEHCALM HaNPAXKEHNA
CMELLIEHNA BENYMHA TOKA UCTOYHIKA 33/1aeTCA U3Me-
puTeNbHbIM Npu6opoM. [Ins n3mepeHna XxapakTepucTuk
YCTPOIACTBA NPU 33aHHbIX 3HAUEHUAX TOKA UCTIONb3YeTCA
6onee yHMBepCanbHbIil MeTOR peBepCUBHbIX TOKOB, OMU-
CaHHDbIIl HUXe.

+ MeTog peBepcuBHbIX TOKOB (puc. 5,0)
TepmoaneKkTpuyeckue noTeHLMaNbl Takxe MOXHO yuecTb,
13MepuB HaNPAXKEeHNA NpU NPONYCKaHUN U3MEPUTEbHOTO
TOKa B NPAMOM 1 06paTHom Hanpasnexuu. B 3tom cyvae
HanpseHue, 06yCNOBNEHHOE U3MEPUTENIbHBIM TOKOM,
MOXHO paccuuTatb no Gopmyne, npuBeSeHHOIA Ha puc. 5,6.
10T MeToZ 0becneurBaeT B 1Ba pasa jiyuLliee OTHOLLEHNe
CUTHaN/LWyM W, CnefioBaTenbHo, 60NbLLYH TOUHOCTb, Yem
MeTOJ} KOMMeHCaLun HanpsXeHna cmelLenua. MeTog
PeBEPCUBHbIX TOKOB Pean30BaH B KOMOMHALMM HAHOBONb-
T™MeTpa Mogenn 2128A ¢ UCTOYHMKOM ToKa Mogenn 6220
nn 6221.

Yr06b1 faHHbI MeTop ObIN IGHEKTUBHBIM, NOCNeoBaTeNb-
Hble U3MepeHua HeobX0A1MO fieniaTb 6bICTPO N0 CpaBHeHMI
C IOCTOAHHOIT BPEMEHM TENNOBbIX MPOLECCOB M3MepAeMOil
Lienu. Ecm 6bicTpogeiicTBIe Nprbopa CIMWKOM Mano, 3me-

HeHuA TemnepaTypbl Leny Bo Bpema U3MepUTENIbHOTO LYK
MPUBEAYT K U3MEHEHNAM TePMOINEKTPUYECKUX NMOTEHLUANOB,
B pe3ynbTaTe Yero TepmoanekTpuueckue 3dpdexTol He byayT
MONHOCTbHO YUTEHbI.

a. U3mepuTenbHbIit LMKN C KOMNEeHcauvei
HaNPAKEHNA CMeLIeHUs

[Vt
—>|  U3MepuTenbHblil ‘47

Brn.

Tok ucTouHMka

Bbikn

— (<
V3mepeHue TennoBoro cmewjeHua

6. U3mepenye HanpsxeHuA
CBKII0YEHHBIM MCTOYHWKOM TOKa

B. U3MepeHue HanpaXeHua
CBbIKAIOYEHHbIM HCTOYHUKOM TOKa

€

— Vrepmoanic

Viepmodnic

=
O % Drw 1

<
;

Vi =Vrepuodgc + 15 R V2 = Vrepmodac

Vi =y ~Vi) = TR

Puc. 5a. YueT TepmoaneKTprUeckix HanpsIKeHni V., .51 B
MeTOAe KOMNEHCaLUN HanpAXeHNs CMeLyeHns

I. U3amepeHue npu npnmom ToKe

1

—_ VTepM03}l(

D =)
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11. U3mepeHue npu 06paTHOM (peBepcUBHOM) TOKe

L

_— VrepmuB}l(

v o,

VM_= TepmodiC ~ | S RS

Vi = Vi
VM_ +27 _ISRS

Puc. 56. YueT Tepmo3aneKTPUUECKIX HanPAXEeHUi V., 51 B
MeTO/e PeBepC1BHbIX TOKOB
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Pa3HocTHBIN MeToA («AenbTa-mMeToA»)

Pa3HoCTHbII METOA ycTpaHAeT oLWHOKHK, BbI3BaHHbIE U3Me-
HEeHeM TepMO3IeKTPUYECKMX HanpAXeHHii (CMeLLeHme 1
Apeiid), v CyLLeCTBEHHO CHIKaeT benblii Wwym. ITo no3Bonaet
BbINONHUTL 60Nee TOUHbIE M3MepeHNA He TONbKO ManblX, HO 1
Nio6bIX CONPOTUBNEHUANPY HANMYMN OTPAHNYEHNA paccenBa-
€MOil MOLLHOCTY B U3MepAEMOM YCTPOIACTBE. [laHHblii cnocob
06napaeT Tpema NpeumyLLECTBAMM MO CPABHEHNIO C MeTOAOM
peBepCUBHbIX TOKOB.

B naHHOM MeTopie TaKxe BLIUNCIAIOTCA Pa3HOCTY Hanpaxe-
Hii, M3MepAeMbIX NPU NPOTEKaHWN NPAMOTO U 06paTHOro
N3MepuTeNbHOro Toka. Kak 1 MeToz peBepCvBHbIX TOKOB, pa3-
HOCTHDIl METOZ N03BONAET yuecTb NOCTOAHHOE HanpAXeHue
CMeLLeHNA nyTeM U3MeHeHUA HanpaBieHNa U3MepPUTENbHOTO
ToKa. 0iHaKo Pa3HOCTHBIN MeTOJ TakXe M03BONAET YuecTb
N3MEHAIOLLYICA YaCTb HANPAXKEHUA CMeLLeHUA MyTem Tpex-
KPaTHOro M3MeHeHwA Toka UCTOYHVKA ANA HaXOXeHNA ABYX
pa3HoCTeil HanpAXeHMWii: NPW N3MeHeHUN NPAMOTO TOKa Ha
06paTHblii U NPy U3MeHeHM 06paTHOr0 TOKa Ha NPAMOIA. 3T0
n03BoNAET AeCATUKPATHO yMEHbLUMTb NOTPELIHOCTY, Bbi3BaH-
Hble TepMo3/1C, N0 CpaBHEHMIO C METOAOM PeBepCUBHDBIX TOKOB
(puc. 6).

Pa3HocTHbII MeToA 0becneynBaeT TOUHOE U3MepeHie UHTepe-
CYIOLLero HanpAXeHA 1 NONHOCTbI0 UCKMTHOYAeT NOTPeLLHOCTb,
(BA3aHHYI0 C NOCTOAHHBIMY 1 ePeMEHHbIMU TepMO3NIeK-
TPUYECKIMU NOTEHLMANAMU, HO 3TO BO3MOXKHO TOMIbKO B TOM
Cyyae, ecni UCTOYHUK TOKa BbICTPO NepeknioyaeT NoAAPHOCTb
TOKa, @ BONbTMETP BbINONHAET TOYHOE U3MepeHIe Hanpsxe-
HUA 32 KOPOTKMUIA Nepuop BpemeHu. MIcTouHnKm ToKa Mogeneii
6220 1 6221 BMecTe C HaHOBONLTMETPOM Mopenu 2182A
ONTUMM3MPOBaHbI UMEHHO ANA TaKUX 3a4ay. ITi n3penua
peanu3yioT pa3HOCTHbII METOZ Tak, YTo0bl AONONHUTENbHO

M3mepeHuna manbix HanpAXKeHWN 1 CONPOTUBAEHUN

06ecneynTb NyyLLyto YCTORYMBOCTD K Genomy Wwymy, yem
METOJ} PEBEPCUBHbIX TOKOB, MyTeM BbINONHEHNA N3MepeHuit
B TeueHue 6onee yem 90% BpeMeHy U3MepUTENbHOTO LMKNa.
Kpome Toro, pa3HoCTHbI MeTog ABNAETCA Gonee ObICTPbIM
(o 47 u3mepeHuii B ceKyHgy), UTo N0O3BONAET UCMIONb30BATH
ero AnA 6onee WMpoKoro Kpyra 3aaay. lpumeyarensHo, u4to
ucnonb3yemas B pasHOCTHOM MeToze Gopmyna CoBnagaer ¢
dopmynoii, npumeHsemoil AnA M3MepeHns audhepeHLmans-
Holi npoBogumocTH (puc. 10).

MmnynbcHbie n3mepenuns
ManbiX HanpsXeHni

Wcnonb3oBaHue KOPOTKIX U3MepPUTENbHBIX UMMYAbCOB
npuobpeTaet Bce Gonbluee 3HaueHe N0 Mepe yMeHblUeH!a
pa3mepoB COBPEMEHHDIX INEKTPOHHDIX YCTPOCTB: KOPOTKUE
UMNYNbCbI YMEHBLLAIOT MOLLHOCTb, pacceuBaemylo B TecTupye-
MOM YCTPOiiCTBe. [INA 04eHb ManbiX YCTPOICTB UHOTAA AOCTa-
TOYHO HE3HAUUTENbHOIT MOLLHOCTH, YTOObI NOBPeANTD UK
pa3pywumTb ux. B Apyrux ycTpoiicTBax Aaxe Hebonbluas pac-
CenBaeMas MOLLHOCTb CYLLeCTBEHHO NOBbILUAET TemMnepaTypy,
4YTO MOXET NPUBECTI K HEBEPHDBIM Pe3ynbTatam, Hanpumep,

B C/lyyae CBePXNPOBOAHMKOBbIX YCTPOiCTB. Tennosas MoLy-
HOCTb, paccenBaemas B U3MepAeMOM YCTPOIICTBE 1 NPOBOAAX,
3aBUCUT OT TOKA / 1 conpoTuBNeHua R v Bbluncnaetca no ¢pop-
myne IR. Mpu M3mepeHnn CONPOTUBNEHNA YCTPOIRCTB € CAMbIM
HU3KNUM conpoTuBaeHuem (< 10 MkOM) TennoBas MOLHOCTb
BbIZENAETCA [NaBHbIM 06pa30M B MeCTaX KOHTAKTOB 1 Ap., a
He B camom ycTpoiicTBe. Heo6X0AMMOo 3aKOHUUT U3MepeHie
npexpe, Yem 3T0 TeNN0 NepeAacTcs B QMO YCTPOIACTBO, M03TO-
My ObICTpble MMNYNbCHbIE U3MePeHIA UMelOT 0YeHb bonbLuoe
3HayeHue axe B CTy4ae KpaiiHe ManbiX CONPOTUBIEHMUI.

[pn n3amepenum conpotusnexuns yCTpOﬂCTB c 6onee BbICOKMM
CONPOTMBNEHNEM CYLLIeCTBEHHAA MOLLIHOCTb paccenBaeTca B
amom yCTpOI?ICTBE. HoaTomy 34€eCb BaXHee CHU3UTb MOLL-
HOCTb, paccenBaemyio BO BpemMA U3MepeHus, yMeHbLUNB
n0JaBaeMblii TOK U LUMPUHY UMNYNbCa TOKa. Bo mHorux
TecTax napameTpbl ycrponUBa onpenenaTCcaA B HEKOTOPOM
[Mana3oHe TOKOB, NO3TOMY YMEHbLUUTb TOK, Kak npasuo,
HeBO3MOXHO. Torja eANHCTBEHHBIM BbIX0OZ0M ABAAETCA
1ncnonb3oBaHue bonee KOPOTKMX UMNYNbCOB.

[ins hopmupoBaHUA KOPOTKMX UMNYNIbCOB NCMOMb3YeT-

€A UICTOYHMK TOKa 6221, MetoLLMii BpeMA HapacTaHua
NOPAAKA HeCKOMIbKMX MUKDPOCEKYHA BO BCeX A1ana3oHaX.
HaHoBonbTmeTp 2182A 3anyckaeTca TpUrTepHbIM CUTHaNoM ¢
Manoii 3aZiepXKoii, uTo Mo3BONAET HauaTb U3MePEHMA BCero
yepe3 10 MKC nocsie Toro, Kak UCTOYHNK 6221 noaact UMnybe
ToKa. LLInpnHa mnynbca, BKAKYAA AAUTENLHOCTD BbIMONHE-
HUA U3MepeHUit B HAHOBONLTOBOM AMaNa3oHe, MOXeT COCTaB-
nAaTb Bcero 50 Mkc. Kpome Toro, Bce uMnynbCHble M3mepeHus,
BbINONHAEMble KoMnnekcom 6221/2182A, CUHXPOHU3MPOBaHbI
C4acToToi NUTatoLLei ceTu. Takas CUHXPOHU3aLNA B COueTa-
HUW € Pa3HOCTHBIM METOA0M NO3BONAET UCKAIOUNTD LLYMbI,
KpatHble yactote 50 Iy (puc. 7).

Vlamepeuvm npu MajbiX TOKaX

3apaum u3mepeHna ConpoTUBNEHNA KOHTAKTOB MOTYT BKJIH-
yaTb Tpe6oBaHIe COXPAHHOCTY OKCUAHDIX (0B B NpoLjecce
n3mepeHuit (“dry circuit testing”). 310 Tpe6oBaHue obecneun-
BaeTCA MyTeM OrpaHNyeHnA U3MepuTeNbHOro TOKa 3HaueHNeMm
100 MA 1 nageHna HanpsxeHna Ha obpasLie 3HaueHrem 20 MB.
bonbLmHcTBO Npr6OPOB ANA M3MEpPeHUA ManblX CONPOTUB-
NeHii OCHaLLeHbl TaKoli BCTPOEHHON dyHKLMeN orpaHuueHus
TOK W HanpXKeHuA.

160.00
Merop PeBepPCHBHbIX TOKOB
A P

. PasHoCTHbITi MeTop M3Mepenns

MopaBaemblil TOK
A

140.00

12 0.00

100.00

Tmc,
0,6 MKA

>

80.00

M3M€p€HHO€ Hanpaxexue
A

ConpotuBnenue, Om

60.00

40.00

20 .00

0.00
Bpema

>

Bpema

Tomexa ¢ yacToToi nuUTatoLLei
cetnt 50 Ty (Hanpumep, 0,4 MBcp.kB.)

( /
Ve

YpoBeHb cmeLeHus, B

(Hanpumep, 0,5 mB)

Puc. 6. Pe3ynbTatbl n3mepeHns conpoTusneHna pesucropa 100 OM npu ToKe MCTOYHMKa

10 HA (1000 oTC4eTOB NMONYYEHHBIX Pa3HbIMW METOAAMM)

Puc. 7. Mpu pa6oTe ¢ HU3KUMM YPOBHAMM HAMPAXKEHNA U3MEPEHNA MOTYT GbITb NMOABEPKEHDI

nomexaM C 4acToTOl ceT 3N1eKTponuTaHusA. [piMeHeHe CUHXPOHN3ALMK C HANPAXKEeHeM
nuTaloLLelt CETH YCTpaHAET NOMEXH € YacToTamu, KpaTHbiMm 50 iy
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W3MEPEHWE N OOPMWUPOBAHWUE MAJIbIX SNIEKTPUYECKNX CUTHANOB

A3mepeHus
CONPOTUBNEHNNA

NPV HAHOBONbTOBbIX
HanpaXKeHUAxX

B maKpockonuyeckom Mipe NpoBOAHIUKM MOAYMHAIOTCA
3akoHy Oma (puc. 8a), 0iHaKo B HaHOMacLLTabe 3akoH Oma
nepectaeT BbINONHATLCA (puc. 8,6). [ockonbKy KpyTU3Ha
BO/IbTAMMEPHOI XapaKTEPUCTUKIN MaTepUana nepectaet ObiTb
GyHAAMeHTaNbHOI NOCTOAHHOI, ANA aHaN3a HaHOYCTPONCTB
He00X0ANMO JieTanbHOE U3yueHue KpYTU3HbI BOSILTAMMEPHOIA
xapakTepuctuku. [paduk auddepeHunanbHoil npoBoaMMOoCTH
(dG = dI/dV) sBnseTca Haubonee BaXHOIl XapaKTepUCTUKON
MenKoMacLTabHbIX YCTPOIACTB, 0AHAKO AA er0 NoNyyeHus
TpebyeTca npeosoneThb AL TPYAHOCTE.

N3mepeHna manbix HanpsXXeHU 1 CONPOTUBNIEHUN

1 4

T

I,mkA 0

=001 -0.005 0 0.005 001

300
T 200
di/dv, 199 4
MKCM
0 “\w
-100 T T T
=001 -0.005 0 0.005 001
v —>

vV— vV—

Puc. 8,6. HaHomacwTab
(kBaHTOBbIN CNyyai)

Puc. 8,a. Makpockonuye-
CKWiA MacwTab (knaccuye-
CKWiA cnyvait)

W3mepenua auddepeHLmanbHoi NpOBOAMMOCTY BbINONHAT-
€A BO MHOTUX 061aCTAX MCCNE0BAHWIA, XOTA MHOTAA OHY Ha3bl-
BalOTCA N0-APYroMy, HanpUMep, NeKTPOHHaA FHepreTuyeckas
CNeKTPOCKONNA, TYHHENbHaA CNeKTPOCKONYA AW NNIOTHOCTb
CocToAHNIA. DyHAaMeHTanbHaA NpUYMHa, No Kotopoii Andde-
peHuyanbHas NpoBOAMMOCTb NPEACTABAACT CYLLECTBEHHbIIA
WHTepeC, 3aKNI0YaeTcA B TOM, YTO OHa AOCTUTaeT MaKCMMyMa
MY TeX HanpAXeHNAX (Unu, TOYHee roBOPA, NPU SHEPruax B
3B), npu KoTOpbIX 3neKTPOHbI Hanbonee akTuBHbI. lo3ToMy
npou3gogHas di/dV npamo nponopumnoHanbHa NAOTHOCTI
3NeKTPOHHbIX COCTOAHMI 1 CYXWUT Hanbonee NPAMbIM CMOCO-
6om ee u3mepeHua.

CyuiecTByloLe METOAbl U3MepeHus
anddepeHuManbHON NPOBOANMOCTI

MeTop BonbTamnepHoil XapakTepucTUKM

B 370M MeToze BbINONHAGTCA U3MepeHUe BONbTaMnepHOi
XapaKTepUCTUKY NyTem pa3BepTKM, Hanpumep, TOKa, nocne
yero BblYMCNIAGTCA NPOU3BOAHAA. ITOT METOZA NPOCT, HO emy
NpUCyLY BbICOKNIA ypOBEHb WyMa. [ns Hero TpebyeTca ToNbKo
OfVIH UCTOUHUK 11 OMH U3MepUTeNbHbIA npubop, YTo ynpo-
LLaeT CUHXPOHU3aLMIO U yripaBrieHue. OCHOBHaA TPYAHOCTb
33KNI0YaeTcA B TOM, 4T0 Npyu AndpdepeHLnpoBaHm pesynb-
TaTOB U3MEPEHUi laxe HeBONbLLIOI LIYM Ha U3MEPEHHOI
XapaKTKepUCTUKe NPUBOAMT K BbICOKOMY YPOBHIO LUYMa AUG-
depeHumanbHoii npoBoANMOocTY (puc. 9). [Ina ymeHbluerua
LUyMa BONIbTaMMNEPHYH0 XapaKTepuCTUKY U ee NPON3BOAHYI0
He0OX0ANMO U3MEPATb HECKOMbKO pa3. [1pu 3ToM Wwym ymeHb-
waetca B VN pas, re N — uncno usmepeHuii BonbTamnepHoit
XapaKTepUCTUKM.

Puc. 9,a. BonbtamnepHas xapakrepuctuka

Metop nepemeHHOro CurHana

B meTofe nepemeHHOro CrHana Ha CTyneHyaTo u3MeHs-
I0LUMIACA MOCTOAHHBIA CUTHAN, NOAABAeMblil Ha YCTPOil-
(TBO, HaKNAAbIBAIOT CUHYCOMAANBHDIN CUTHAN Manoii
amnauTyabl. [na u3mepeHua nepemMeHHOro HanpaxeHna
Ha YCTPOIACTBE U NPOXOAALLEro Yepes Hero nepemMeHHOro
TOKa UCMONb3YHT CUHXPOHHbIE ycunuTenu. Hegoctatkom
3T0r0 MeToza ABNAETCA CNOXKHOCTb CUCTeMbI, TpebytoLLeil
TOUYHOIA CUHXPOHN3aLMI U KOMNbIOTEPHOTO yNpaBneHna ot
LWeCTH 40 BOCbMI NPUOOPOB NPY HECYLLLECTBEHHOM YMeHb-
LUeHIUM LWYMa N0 CPaBHEHUK C METOA0M BOSIbTaMMEPHOIA
XapakTepuctuku. Metog ycnoxHAeTcA HeobXxoaMMOoCTbio
CYMMMPOBAHUA NepeMeHHOr0 CUTHana 1 NoCTOAHHOTO CMe-
LeHns, 06pa3oBaHnem KOHTYPOB 3a3eMeHIs 1 HanuMem
LIYMOBOT0 TOKA B YHUMONAPHOIA CXeMe.

Komnanus Keithley pa3pa6otana HoBblil npocToii meToz,
obecneunBaloLLyil Manblii ypoBeHb LLyMa: METOA 30HAUpY-
10LL4€ro TOKa € YETbIPEXNPOBOAHOI CXeMOii M3MEPeHNA.

Puc. 9,6. Mpon3BopHas BoNbTaMNEPHOIl XapaKTePUCTUKN,
WcTunHas kpusas dI/dV nckaxeHa wymom.

MeTop 3oHANpYIOLLEro TOKa
C YeTbIpeXnNpPOBOAHON CXeMOI N3MepeHNsA

[JlaHHblit meToz npeacTaBnseT coboil Apyroii NOAX0A K U3Me-
peHuio AudhepeHmanbHoii npoBoaMMOcTH. OH 0CHOBaH Ha
L00aBNEHUN PEBEPCUBHONO TOKA K IMHEIIHO HapacTalolemy
ToKy. AMNANTYAa peBepCUBHOIE COCTaBAALLEI TOKA NpefCTaB-
naet coboit AnddeperynanbHbiii Tok dl (puc. 10). Ira amnnuty-
[1a 0CTAeTCA HeU3MEHHOI Ha NPOTAXeHNU BCeil ANTENbHOCTI
(TyneHuaToil pa3gepTki ToKa. Mocne U3MepeHna HanpsaxKeHuit
Ha KaX[0il CTYNeHN TOKa paccunTbIBAOTCA Pa3HOCTU Hanpa-
KEHVIl MeX Ay nocnefoBaTesIbHbIMU CTyneHamI. [ins pacyeTa
anddepenumnanbHoro Hanpaxenna dV kaxpaas pasHocTb Hanpa-
KEHWIl yCPeHACTCA C NpefblayLLeii pa3HOCTbH HANPAXKeHMWIA.
Mocne 3toro AuddepeHumanbHan npoBoanuMocTb dG MoxeT
ObITb HailfeHa ¢ nomoLLblo oTHowerua dl/dV. Mpu ucnonb3oBa-
HUW HaHOBONbTMETpa Mogenu 2182A n UCTOYHNKA TOKa MOAENM
6220 unu 6221 37a MeToAMKa TPebYeT BbINONHEHNA U3Mepe-
HUi TONBKO Ha NPOTAXEHMUN OfHOIA Pa3BePTKM, M03TOMY OHa
ObICTpee, NPOLLE 1 AAET MEHbLLNI YPOBEHD LLyMa, YeM pyrie
METOZbl, 0N1CaHHbIE BblLLe.

V3mepetue [ind nonyyenma kaxzaoro
V5 | Vsmepenne 3HaueHus pe3ynbtatol ALN

V6 MHTErpUPYIOTCA (YCPeAHAKTCA)
R—

Ha NpOTAXeHWUU 3aiaHHOr0

T-Aumkn ——>

A

|<— CA-iumkn ——>
e 3-iumkn ——>

W3mepenue
V3 "
V3mepenue

V1 Wamepenne
HaHoBonbT- %
meTp 2182A

—> 3agepxka
Ucrounmktoka | . L
6220 unu 6221 }
[e—— 2-linmkn  —>

—> [lepBoe 3Hauenne AV =[(V1-V2)+ (V3-V2)1/4

NPOMEXYTKA BPEMEHM.

Puc. 10. OnncaHmne anropuTma METOAA 30HAMPYIOLLEr0 TOKa C YETbIPEXNPOBOAHOI CXeMOIl U3MepeHNs
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CpaBHuTenbHas Tabnnua

M3mepeHuna manbix HanpAXKeHWN 1 CONPOTUBAEHUN

Mogenb 2182A 6220/6221 3706A 2750 2010 2002
OUANA30H HANPAXEHWN (8ce nogamanasoxbl)
or 10mB HM 100 mB 100 mB 100 mB 200 MB
Nlo 1008 H/M 3008 10008 10008 10008
BxopHoi Wwym 1,2 HB (CK3') H/M 100 HB (CK3) < 1,5mkB (CK3) 100 HB (CK3) 150 HB (CK3)
10 HaNpAXeHNIo
OWATNA30H TOKA
or HeT 100 §A (2 nA nuk. ans nepem. HeT Het Het Her
TOKa AnA Mofenu 6221)
o HeT +105 mA (100 MA nuk. ans HeT HeT HeT HeT
nepem. Toka Ana mogeny 6221)
[VANA3OH CONPOTUBNEHUIA
o 10 HOM? 10 HOM (npu ncnonb3oBaHum 0,9mM0m 0,4 M0m 0,9 MOMm 1,2m0m
€2128A)
No? 100 MOm* 100 MOM (npy Mcnonb3oBaHuy 100 MOm 100 MOm 100 MOm 1M0m
€2182A)
OWATNA30H U3MEPAEMbIX TEMINEPATYPbI (npu nomowu repmonap)
or -200°C HeT -150°C -200°C -200°C —-200°C
Jlo 1820 °C HeT 1820 °C 1820 °C 1372°C 1820°C
OCOBEHOCTU
|EEE 488 na na na na na Aa
RS-232 na na HeT na na na
CE na na na na na Aa
BxopHble pa3b- CneumanbHble pa3bembl ¢ TpurrepHas IuHNA, IUHUN 15-KOHTaKTHbIil pa3bem Pa3bembl «baHaH» (4) Pa3bembl «baHaH» (4) Pazbembl «baHaH» (4)
embl manoii Tepmo3[IC, ¢ MeaHbIMM LM poBoro BBOAA/BbIBOAR, D-SUB Ha 3agHeit naHenu.
BbIBOZAMU. KomnnekT name- Ethernet [JlononnutenbHble npUHaanex-
PUTENbHbIX NPUHAANEXHOCTel HocTu: 3706-BAN, 3706-BKPL,
2187-4 (npuobpetaetca ponon- 3706-TLK
HUTENbHO) BK/TH0YaeT pasbembl
«baHaH», NPYXMHHbIE 3XKNMbI,
UroNbYaThle HAKOHEUHUKM 1
3aXKUMbl <KDOKOZUI.
OTnuuuTenbHble Pa3HOCTHBII peXum v u3- Ynpasnaet mogenbio 2182A 13mepenue npu Manom Toke 113mepenue npu Manom Toke V13mepenve npu manom Toke Pa3peweHnue 8-%: pa3paga.
0c06eHHOCTH MepeHue auddepeHumnanbHoil - AnA u3MepeHuii TOKoB, Hanpa- (Dry circuit). Komnencauma (Dry circuit).Komnencauua (Dry circuit).Komnexcauua Habop ¢yHKumii undposoro
NPOBOAUMOCTM COBMECTHO C KeHuil 1 CONPOTUBNEHWI Npyt cMmelLeHuA. CMeHHble nnaTbl [¢ Habop dyHkuuit ¢ Habop dyHkumit  mynbTumeTpa. CMeHHble CKaHu-
mopenbto 6220 unn 6221. Manoil MOLLHOCTH. kommyTatopos unu pene. USB.  uudposoro mynstumerpa. IEEE  unpposoro mynbtumetpa. IEEE pylowue nnatbl.
MmnynbcHoe M3mepenme Bonb- LXI, knacc B/Ethernet IEEE-1588. 488 (GPIB). RS-232. indposble 488 (GPIB). RS-232. Linpposble
TamnepHbIX XapaKTepucTuk Lingposbie nuHuv BBOAA/ NVHUM BBOAA/BbIBOAA. CMeH-  NUHUV BBOAQA/BbIBOAA. CMeH-
COBMECTHO C MOAENblo 6221. BbIBOAA Hble NNaTbl KOMMYTaLMK. Hble NNaTbl KOMMYTaLMK.
Ananorosblii Bbixog. [EEE 488.
RS-232.
NPUMEYAHUA
1. (K3 — cpepHekBappaTuyeckoe 3HaueHue.
2. TlorpewHocTb U3mepeHus camblx Malnblx CONPOTUBAEHMIA He Gonee 10%.
3. TlorpewHocTb U3mepeHua camblx 6obLLMX cONpoTUBAEHMii He Gonee 1%.
4. Pa3HOCTHbIN peXMM 1 KOMNEHCALNA HanNE [¢ npu pabote ¢

WCTOYHUKOM TOKA. 3HaueHue 10 HOM nonyyeHo Npu UCNONb30BaHUM C MOAENbI0 2440 1 n3MepuTeNbHOM Toke 5 A.
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I/Ismepeva ManbiX TOKOB 1 60NbLINX COﬂpOTVIBﬂeHVIVI

Yno6Hoe cpencTBO M3MepeHUA ManbiX HanpsAXKeHNi1, CONPOTUBAEHNI
n anddepeHumnanbHON NPOBOANMOCTU
B HEeNpepbIBHOM U UMNYNIbCHOM PeXXume

HaHoBonbTmeTp Mogenm 2182A

m
S + Mo3Bonaet nsmepAThb:
ﬁ,@ o - HanpsxeHus ot 10 HB go 100 B;
o - BOJIbTaMMNepHble XapaKTepucTuKu
B UMMY/ICbHOM peXume npu LWnpuHe
MMnynbcoB Ao 50 MKc (c mopenbio 6221);
- auddepeHLManbHyio NPOBOAUMOCTb
e cMmopenbto 6220 unu 6221;
- conpoTtuBneHus ot 10 HOm go 100 MOm;
- TemnepaTypbl C MOMOLLbIO TepMonap oT
-200°C o 1820 °C.

[lBa KaHana ans U3MepeHna HanpsXKeHNs,
TemnepaTtypbl NV OTHOLIEHNSA HEN3BECTHOTO

CONPOTUBIEHNA K 3TaJIOHHOMY.

[IByxKaHanbHbIil HaHOBOALTMETP Mo 2182A ONTUMIU3MPOBAH ANA BLINONHEHNA U3MepeHNii CUHXPOHM3aL KA N3MEPEHNIA C HAaNPSXKEHNEM
HanpsAXeHuil C HU3KUM YPOBHEM BXOAHOTO LYMa. OH N03BOAAET HAAEXHO U C XOPOLLIEl NOBTO- nuTalLLei ceTh o6ecneynBaeT KO3GULNEHT
PAEMOCTbIO pe3yNbTaToB N3MePATb XapaKkTepUCTIKM HI3KOOMHbIX MaTepuanos i yCTPOiCTB.
HaHoBonbTMeTp 2182A MMeeT BbICOKYH CKOPOCTb N3MEPEHMIA U 3HAUNTESBHO NyyLLe LIYMOBbe
napameTpbl, YeM anbTepHaTUBHbIE pelleHnsa ANA U3MepeHus Manbix HanpaxeHuii. Mopenb
2182A sBnAeTCA 3aMeHoii HaHoBONbTMeTpa Moaenu 2182 komnauu Keithley n obecneunsaet BNMAHME CUHA3HBIX TOKOB.

pactunpeHHyio GYHKLMOHANBHOCTb, BK/KYAA BO3MOMXHOCTb PaboTbl B UMMYNbCHOM PexiMe, B pasHOCTHOM PEXME CUHXPOHM3NPYET
MeHbLLMIA yPOBEHD LLYMa 1 CUHXPOHM3ALIMIO C MCTOYHIKOM TOKa. Kpome Toro, npubop ynpoLuaet
13MepeHue CONPOTUBAEHHIT B Pa3HOCTHOM pe3XiMe B COYETAHUMN C PeBEPCUBHBIM UCTOUHNKOM
TOKa KomnaHuu Keithley, Hanpumep, mopeneii 6220 unu 6221.

NoAaBeHNsA ceTeBbIX CUHbA3HbIX MOMeX
(NMRR) po ypoBHs 110 b n MuHuMmnsmnpyet

N3MepEeHNs C peBepPCUBHBIM UCTOUYHUKOM
TOKa c yactoton fo 24 'y n ycpegHaeTt
pesynbTaTbl HECKOJIbKNX U3MEPEeHNI Ans
CHUXeHuA wyma fo 1 HB.

150
lpuHapnexHocTy, BXoAAwWwme
B KOMNJIEKT NOCTaBKM:
100 2107-4 — BXoAHO/ Kabenb ¢ ManbIMit TepMmo-
311G, anuHa 1,2 M, yeTbipe Knemmbl;
PYKOBOACTBO M0 JKCTyaTaLUL;
PYKOBOACTBO N0 06CYKMBaHMIO;
50
0UNCTUTENb ISl KOHTAKTOB;
— Keithley 2182A
HB | NPOBOA 3NEKTPONUTAHNS;
HaHOBONbTMETP,
. MHKPOOMMETP 3aXMMbI TUNA <KPOKOAUITY.
-50
-100
0 100
Yucno otcyetoB

CpaBHeH1e WYMOBbIX XapakTepucTik mogenu 2182A 1 aHanorMyHoOro HaHOBONbTMETPA/MIKPOOMMETPA APYFOro NPOM3Bo-
AVTENs NPV U3MepPeHNN NOCTOAHHOTO HanpsAxeHua. [pecTaBneHHble AaHHble 6bINM NONYYeHbI NPY CKOPOCTN CYNTbIBAHNA 3apHAn naHenb mopenu 2182A
10 n3mepeHwii B CEKYHAY, BXOA 3aKOPOUEH NepembluKoil ¢ Manoii Tepmo3iC

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY
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W3MEPEHWE N OOPMUPOBAHWUE MAJIbIX SNEKTPUYECKNX CUTHANIOB

W3mepeHuna manbix TOKOB 1 60NbLIMX CONPOTUBIIEHWI

WcTouHuKu ToKa, ynpolaiowme usmepeHune
XapaKTepuCTNK YCTPONCTB

\CTOYHMK NOCTOAHHOTO TOKa Mofenu 6220
ICTOUHMK NOCTOAHHOTO TOKA U TOKA NPOK3BOJIbHOI
dbopmbl Mogenu 6221

WcTouHMK nocToAHHOrO ToKa Mogenin 6220 1 UCTOYHUK NOCTOAHHOTO TOKA U TOKA NPOM3BOJIbHON GopMmbl
mopenu 6221A coyeTatoT B cebe NpocTOTy IKCMNyaTaLyMn C UCKTHOYNTENbHO HUSKUM YPOBHEM LUYMa.
Bocnpou3se/enme Manbix TOKOB UCKMIOUMTENbHO BaXHO Ha BCeX 3Tanax C03/aHNA HOBEMLLMX NONYNpoBo-
[LHVKOBBIX, CBePXNPOBOAHUKOBbIX 11 HAHOPA3MepHbIX YCTPOIICTB, HAUMHAA OT UCCNIEA0BAHWI 1 pa3paboTok
11 3aKaHuMBas MPOU3BOACTBOM 1 TeCTUPOBaHMEM roTOBOI NPOAYKLN. BbiCOKaA TOUHOCTb MCTOYHMKA

11 BCTPOeHHble GYHKLMY ynpaBneHna aenaiot mopenu 6220 v 6221 upeanbHbIMI ANA TaKNX 3a4au, Kak
u3mepenus 3pdekTa Xonna, AuddepeHLnanbHoil npoBOJMMOCTY, CONPOTUBIIEHUI B PA3HOCTHOM peXxxime
1 UIMNYNbCHBIX U3MePEHUi.

Mopenb 6221 — 370 eAUHCTBEHHDIIN LOCTYNHDII HA PbIHKE UCTOYHUK ManbIX NepemMeHHbIX TOK0B. OH
0becneynBaeT NYyLLYIo TOYHOCTb, CTABUABHOCTD, HAAEKHOCTb U YCTOIRYMBOCTD, YEM MCTOUHNKY TOKa,
13roTaBNMBaeMble Mofib3oBaTeNamMu AnA cBouX HyxJ . Moaens 6221 — 370 Takxe eANHCTBEHHbIR Npes-
CTaBNeHHbIN Ha pbIHKe FeHepaTop Toka NPoM3BOAbLHOI OPMbI, 3HAUUTENbHO YNPOLLAKOLLMIA CO3LaHUe

11 GOPMUPOBaHME CUTHANOB TOKA CIIOXHOA GOPMbI.

Bo MHorux cniyuasx MCTOYHMK Toka 6220 (unm 6221) MOXXHO 06beMHUTL C HAHOBONLTMETPOM MOZIENM
2182 ana nonyyeHus 3pdeKTUBHON 3MepUTENbHO-NUTAILLEN CUCTEMBI, U3MePAIOLLEl Manble Hanpa-
KEHUA 1 conpoTuBeHua. Takas cuctema yao6Ha B SKcnnyaTawui, NOCKosbKY ¢ IBYMSA 3TUMU npubopamn
MOXHO 06paLLaTbCA KaK C eANHbIM CPEACTBOM M3MepeHua. HecnoxHble onepawum no coeinHeHto npu-
60poB YCTpaHAIOT NPo6EMbl, CBA3aHHbIE C TOKAMU YTEUKN 1 LYMOBBIMM TOKaMM, BO3HUKAIOLMU NpH
CNOb30BAHUM aHANOMNYHbIX CPeAcTB U3MepeHus. CoepnHeHne mogeneit 6220 (unm 6221) n 2182A npep-
CTaBNAKT 060/l Haubosee 3aKOHUEHHOE peLLeHNe ANA U3MepPeHNa AuddepeHLnanbHoi NpoBOAMMOCTH.
Kpome Toro, 370 camoe BbICTpoAeiicTBYI0LLee CPeACTBO U3MepeHNs, 0becneyrBaloLLee AeCATUKPATHDII
BbIMFPBILL 10 CKOPOCTU M MEHbLUNIA LLIYM, YeM CyLLeCTBYHOLLMe aHaNory Apyrux npoussoguTeneil.
Kom6uHawua npubopos 6220 (unm 6221) n 2182 no3BonAeT TakKe peann30BbIBaTb PasHOCTHbINA METOA,
KOTOpbIi YCTPAHAET OLUMOKY, BbI3BaHHBIE M3MEHAKLNMCA TEPMO3NIEKTPUYECKUMI NOTEHLMANAMK, U Npo-
BOAUTb UMMY/bCHbIE U3MEPEHNA TOKOB, HaNPAXeHWi 1 CONPOTUBIEHMIA C MUHUMANbHON AUTENBHOCTbIO
umnynbea 50 MKC.

+ [lnanazoH Masbix MOCTOAHHbIX TOKOB: OT 2 HA
o 100 mA (BcA wKana).

+ VckniounTenbHO HU3KUIN TOKOBBIN LYM:
oT1 400 dA (pa3max).

+ UHTepdoeiicbl RS-232, GPIB, TpurrepHble
nuHuK, yndposoii Bxoa/ebixog u Ethernet
(ronbko ana mogenu 6221).

« TprakcnanbHbIl BbIXOA YNPOLUAET co3faHune
CXEM MOAKIIOYEHA C OXPaHHBIMU JNEKTPOAaMM.

+ Pexxnm nporpammHoli COBMeCTMMOCTU
cmopenbio 220.

« YHuBepcanbHoe nporpammHoe obecneyeHue

Tonbko gna mogenu 6221

+ [lnana3oH nepeMeHHOro ToKa:
ot4nA po 210 MA

+ OyeHb Manas WUPKHA UMNYNbCOB:
MeHee 5 MKC.

« YacToTHbIN granasoH: ot 1 mly go 100 klu.

« [eHepaTop cMrHanoB NPon3BonbHON GopMmbl.

Lna cnctem 6220/2182A n 6221/2182A
+ [luanasoH usmeperuii: or 10 HOm go 100 MOm.

+ Pexum namepenus gudpdepeHunanbHoi
nposogmmocTu: B 10 pa3 6bicTpee 1 ¢ MeHb-
LIMIM LLIYMOM, YeM aHanornyHble TeXHuye-
CKue pelueHus.

+ PasHOCTHbII peXxum: ynyyLiaeT TOYHOCTb
n3mepeHus conpotmsnennii ao 1000 pas.

+ ImnynbcHblii pexunm (Tonbko Ana
6221/2182A): cornacoBaHmne NMMYNbCcOB TOKa
1 U3MepeHNii AINTEeNbHOCTbIO A0 50 MKC.

« MpocToTa HacTpOIiKK, NPOCTOTa SKCNNyaTa-
LK (HaxaTme ABYX KHOMOK).

TpuHapnexHocTh, BXoAsALMe B KOMNIEKT NOCTaBKM:

237-ALG-2 — manowwymALLIi BXOAHON Kabenb AnvHo 2 M,
TPUAKCUaNbHbIi Kabenb ¢ 3aXXMMaMin TUNA <KPOKOANIY;

8501-2 — kabenb TpUTTEPHbIX COEANHEHNI ANMHOI 2 M ANA
noakniouenns 6220 (unu 6221) k 2182A;

CA-180-3A —Ethernet kpocc-kabenb (Tonbko Ana mopenu 6221);

CA-351 - kabenb BA3M Ans coeanHenna 2182an 6220
(nnn 6221);

(S-1195-2 — kabenb 3aLLUTHOI 6710KMPOBKHM;
PYKOBOACTBO M0 3KcnnyaTauum Ha (D;
PYKOBOACTBO 10 YCTAHOBKe (neyaTHas Konus);

nporpaMmmHoe obecneyenme (3arpyaemoe c caiita npo-
13B0AMUTENA).

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM
KEITHLEY
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U3MEPEHUE N OOPMUPOBAHWE MAJbIX SNIEKTPUYECKNX CUTHANNOB

TexHnueckas uHpopmauua

AmnepmeTp — 370 nprbop AnA U3MepeHus NeKTPUYecKoro
TOKa, 0TKanMbpoBaHHbIil B amnepax. (ylLecTByeT 1Ba OCHOB-
HbIX TUNa aMMEPMETPOB: aMNEPMETPbI HA UCTOUHNKE Hanpaxe-
Hus, ynpasnaemom Hanpsxenuem (IHYH) 1 awnepmeTpbl Ha
CTOYHIKE HANpsXeHus, ynpasnsemom Tokom (MHYT).

AmnepmeTpbl Ha UHYH u UHYT

AmnepmeTpbl Ha IHYH — camblil pacnpocTpaHeHHblit Tun npu-
60pOoB, OHY MCMONb3YIOTCA BO MHOTUX 3aa4ax. AMnepmeTpbl
Ha VIHYT nyuwe npucnocobneHbl AnA M3MepeHna Manblx TOKOB;
cdepa ux NpUMeHeHUA paclunpAETCa, NOCKONbKY 3MepuTeNb-
Hble TOKM AN1A COBPEMEHHbIX YCTPOIACTB NMOCTOAHHO YMeHbLUA-
totcA. OfHaKo BbI6Op COOTBETCTBYHLLET0 aMnepMeTpa 3aBUCUT
He TONbKO OT BNMUMHDI TOKA, HO TaKXe 0T XapaKTepucTuk
TecTupyemoro ycrpoiictsa (TY), ocobeHHo oT ero conpoTe-
NeHuA.

AmnepmeTpbl Ha UHYH:
undpoBbie MyNbTUMETPbI

AmnepmeTpbl Ha UHYH ncnonb3ytotca npakTiyecky Bo Beex
umdpoBbIx MynbTUMeTpax (DMM). 3Tv npubopbl u3mepstot
TOK N0 Na/AEHMI0 HaNPAXEHNA Ha U3MEPUTENbHOM pe3ucTope,
MpoNopLUOHaNbHOMY U3MepAeMOoMy TOKY, KOTopoe NoAaeTca
Ha BxoZ MHYH (puc. 1).

>
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e § Ry
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Puc.1

OcHoBHbIM HeptocTaTKoM amnepmeTpoB Ha UHYH aBnaetca

T0, YTO OHYM UMeIOT 60MbLLIOe BXOAHOE CONPOTUBAEHME. ITOT
He/0CTATOK CTaHOBUTCA BCe 6oNee CyLLeCTBEHHbIM NPU yMeHb-
LUEHUV TOKa, NOCKONbKY AANA C037aHNA HanpaXeHua, KoTopoe
MOXHO U3MepHTb C IPUeMNEMOI NOTPELLHOCTbIO, He0OX0ANMO
1CNOb30BaTh M3MePUTENbHDIIA Pe3ncTop 6oMbluero HOMUHA-
na. 0HaKo B Tex CyyanX, KorAa HOMUHaN 3MepUTeNbHOro
Pe3vcTopa 3HauNTeNbHO MeHbLUEe CONPOTUBNIEHNA TeCTUpye-
MOr0 yCTPOICTBA U M3MepAeMble TOKY He CIMLLKOM Manbl (He
HaMHOr0 MeHblLe MUKpoamnepHoro yposHa 10-6 A), ucnonb3o-
BaHve amnepmeTpoB Ha UHYH faeT xopolune pesynbTatsl.

MapeHue HanpsXeHNA

HanpseHue Ha BXOZHbIX KNeMMax aMnepMeTpa Ha3blBaeTcs
nazeHuem HanpsxeHua. OHo MOXKeT NPUBECTU K 3HaUUTeNb-
HOMY YMeHbLLEHMI0 TOKa, NPOTEKAIOLLEro Yepe3 Harpy3Kky

110 CPaBHEHMI0 C TOKOM, NpoTeKatLLMM 6e3 amnepmeTpa.
(nenioBatesnbHo, aMNepMeTp He CMOXKET TOUHO U3MEpPUTD TOK,
KOTOPBIil OH J0MXeH Obin U3MepuTb.

/ineanbHblii amnepmeTp He OMKEH BANATH Ha TOK, NpoTe-
KatoLLWil B Lienw, CnefoBaTeNbHO, OH AOMKEH UMETb HyneBoe
BXOZHOE CONPOTUBIIEHNE I HyNeBOE NajieHue HaNPAXEHUS.
PeanbHblit amnepmeTp Bcerja C034aeT HeHyneBoe nageHue
HanpsxeHusa. BoobLue rosops, olwnbka, BHOCMMas amnepme-
TPOM, ONpefenseTcA Kak NafeHne HaNPAXeHUA Ha amnepme-

N3mepeHna manbix TOKOB 1 60NbLIMX CONPOTUBIIEHNI

Tpe, AeNeHH0e Ha CONPOTUBMEHUE TECTUPYEMOTO YCTPOICTBA.
MageHue HanpsxeHua Ha amnepmeTpe ¢ LyHToM 06bIYHO
COCTaBNAET NOPAAKA HECKONMbKUX COTEH MUTIMBONIBT.

MukoamnepmeTp/aneKTpomeTp

)
I CIRLEHIE } O6utee nagexwe

| KOMMEHCAUMA [ wanpsoxenus < 0,2 B
I V(M[WEHW

Puc.2

AmnepmeTtpbl Ha UHYT

AmnepmeTpbl Ha MHYT 6amxe K «upeanbHbiM npubopam,
yem amnepmeTpbi ¢ WyHToM. WX criepyeT ucnonb3osarh Ans
n3mepeHns MuKpoamnepHbix (1076 A) u MeHbLUMX TOKOB, a
TaKXe B TeX CyyasX, KOrAa 0C06eHHO BaXHO UCMONb30BaTh
amnepmeTp ¢ MasnbiM BXOAHbIM CONPOTMBNEHeM. BmecTo
NaZieHInA HaNpPAXEeHNA Ha BXOAHBIX KNEMMax aMmnepmeTpa Ha
/HYT dpopmupyeTca napeHne HanpsxeHna B Lienn 06paTHoil
(BA3Y ONEPALIMOHHOO YCUAUTENS C BONbLLINM KOIQDULNEHTOM
ycunenua (puc. 2). 310 HanpaxeHue Takxe NponopLmno-
HanbHO M3mMepAeMoMy Toky. OfIHaKo 0HO U3MepAETCA He Ha
BXoAe npubopa, a NocpesCTBOM BbIXOAHOTO HaNPAXeHNa
0nepavLyMoHHOro yaunuTens. BxogHoe HanpsaXeHue paBHo
BbIXOZHOMY HanpAXeHWH, AeNeHHOMY Ha Ko3hduLMeHT ycu-
NeHuA onepavumoHHoro ycunutens (o6biuHo 100 000), nostomy
nazieHne HanpaxeHUA 06bIYHO COKPALLALTCA J10 HECKONbKMX
MUKPOBONLT. ApxuTeKTypa amnepmetpa Ha UHYT obecne-
UMBAET Manoe najieHue HanpsaxeHna, OH BHOCUT MeHbLLYI0
OLLINOKY NpU U3MEPEHNI MaslblX TOKOB U TOKOB, C034aBAEMbIX
YCTPOICTBAMU C ManbIM CONpOTUBAEHUEM. B 3neKTpomeTpax u
nuKoamnepmeTpax komnaxuu Keithley ucnonb3ytorca amnep-
MeTpbl Ha UHYT.

300mB -V

AMMEPMETPA
e

)

AMNEPMETPA

Puc.3

Puc. 3 unntocTpupyeT npobnemy, 06ycnoBREHHYIo CyLLeCTBeH-
HbIM NaZieHUeM HaNPAXXEHUA NPU U3MEPEHUM TOKA IMUTTEpa
TPaH3ucTopa. HecMoTPA Ha To, 4TO OCHOBHbIE U3MepeHHs TOKa
HaX0AATCA B Npefienax BO3MOXKHOCTEN LiUGPOBOro MynbTH-
METpa, NajieHIe HanPseHNs Ha LMGPOBOM MyNbTUMETpE
CYLLECTBEHHO CHUKAET HANpAXeHie, NPUNOXEHHOE K 6ase,

YT NPUBOAMT K yMeHbLUEHMI0 ToKa IMuTTepa. Ecin BMecTo
LMOPOBOro MyNbTUMETPA UCMI0b30BATb NUKOAMMEPMETP UK
3NeKTPOMETP, NaZieHue HanpsAXeHNa byeT BbI3bIBaTb NpeHe-
BpexMmo Manoe n3MeHeHue ToKa IMUTTepa.

WUcTouHnKm olwimn60oK, 06ycnoBneHHbIX
reHepmpyembIMi NapasMTHbIMY TOKaMK

anI N3MepPeHNU MaJiblX TOKOB UMEETCA PAA UCTOYHMKOB
owwnboK, KOTOPbI€ MOTYT CYLLECTBEHHO YXYALUUTD TOYHOCTb
M3M€p€HVII7I. Bce AMNEPMETPbI UMET He3HAYNUTENbHbIIl BXOA-
HOIA TOK, K0T0pbll7| NPOTEKAET AaXe NPU pa30MKHYTbIX BXOAAX.
ITOT TOK CMELLIEHUA MOXKET ObITb YaCTUYHO CKOMNEHCNpOBaH
Npn BKNIOYEHUK d)yHKLl,MVI YCTaHOBKU HYNA. BHeLwHue TokM
YTeYKN ABNAKTCA AONONHUTENbHBIMU NCTOYHUKAMI 0LmnboK,
no3Tomy 60NbLLOE 3HAYEHME UMEET CXeMa NOAKIIoUEHNA
TecTupyemoro y(TpOVI(TBa CUCNONb30BaHNEM INEKTPO-
MarHMTHOr0 1 0XpaHHOro SKpaHMpPoBaHMA. Ha LymoBble
XapaKTEPUCTUKI aMNepMeTpa Takxe BJINAET BHYTpeHHee
CONpoTUBNEHNE TECTUPYEMOTO y(TpOVICTBa. Kpome Toro, B
M3M€pVIT€J'IbHOI7I CUcTeme Co31al0TCA Apyrue noCTopoHHUe
TOKM, KOTOpble MOTYT CKNaAblBaTbCA C U3SMEPUTEIbHBIM TOKOM
N yBeNn4nBaThb NOrpeLlHOCTD. Huxe onucaubl pas3nuyHbie
BMAbI TaKIX TOKOB U CNOCOOBI MUHUMU3ALIMN UX BANAHUA

Ha pe3ynbraT U3mMepeHusa.

BHyTpeHHee Tpenne
noes u3-3a 3ruba kabens

KoakcuanbHbii
Kabenb

MpoBoAALMi CMa30UHbIi
martepuan B Manotymatiem

HapyxHas Kabene

obonouka

HapyHblit

BHyTpenHmii KpaK

NPOBOHUK

Pucm. 4

Tpu6oanekTpuueckuin 3pPeKT Bo3HIKaeT u3-3a
HecbanaHpoBaHHOCTY 3apALOB, (BA3aHHOI C TPeHUeM
MeXAY NPOBOAHMKOM ¥ M30nATOpoM (puc. 4). Manowymaime
kabenu komnanuu Keithley 3HauuTenbHo cHXatoT 310T 3hdexT
3 CYET UCNONb30BAHMA BHYTPEHHEro U3onATopa u3 nonu-
3TUNeHa, MOKPLITOro C10eM rpadTa, COMpUKACaIoLLeroca ¢
Hapy XHbIM 3KPaHOM. 3TOT rpaduTOBbI CNOIA CRYXMUT CMa3Koil
1 06pasyeT NpoBOAALLMI SKBUNOTEHLMANBHDII LUAMHAD,
BbIPaBHUBAIOLLYIA 33pAALI M CBOAALLMI K MUHUMYMY 06pa3o-
BaHMe 3apALoB.

Mbe3oaneKkTpnyecKne TOKM (03/3I0TCA NpK BO3-
HUKHOBEHMUYU MeXaHUYECKOT0 HaMpAXEHNA B HEKOTOPbIX
KpUCTanAnueckux Matepuanax, Kotopble UCnonb3yloTca Ana
U30NALMM BLIBOAOB U U3TOTOBJIEHMUA COEAMHUTENbHBIX PH-
cnocobneHuit. B HeKOTOPbIX NACTMaccax oyary HaKoNAEHHoro
3apAfa NPUBOAAT K TOMY, UTO MaTepyan HauMHaeT BecTi ceba
nofo6Ho Nbe30aneKTpuyeckomy mMatepuany. Ha puc. 5 B kave-
(TBE MPUMepa NoKa3aH BbIBOJ C U30JIATOPOM, BbINONHEHHbIM
113 Nbe303N1eKTPUYECKOro Matepuana. [1ns MUHIMU3ALUY ToKa,
BbI3BaHHOr0 3TUM 3ddeKTom, HeobXxoaMO U3beratb MexaHuye-
CKUX HaNPAXEHWit U30NATOPa U UCMONb30BaTb U30NALIMOHHbIE
Marepuanbl ¢ MUHIMaNbHBIMY Nbe3037eKTPUYeCKUMM CBOIA-
CTBaMM 1 CNOCOBHOCTbI HaKkanAMBaTh 3apAAbl.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM

KEITHLEY
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W3MEPEHWE N OOPMUPOBAHWUE MAJIbIX SNEKTPUYECKNX CUTHANIOB

TexHn4eckas uHpopmauua

W3mepeHuna manbix TOKOB 1 60NbLINX CONPOTUBAEHWIA

MeTannndecksii Toro, HEOﬁXOﬂMMO CeanTb 3a Tem, 4T06bI BCE nsonaropol Ha HeCKOJIbKO NopAaKoB. BTaﬁnwue 1 npuBeAeHbl HEKOTOPbIE
BhewHee BbIBOJ Obinn YNCTbIMK, 6e3 3arpﬂ3H€HI/|VI. napameTpbl NPUMEHAEMbIX U30NIATOPOB, B T.Y. AaHHbIE N0
MEXaHnyeckoe
| NornoLLeHuto Boabl.
yunne a Ha puc. 7 npusepeHbl TUNOBbIE 3HaUeHNA reHepupyemMbiX i A
apasuTHbIX TOKOB MeTop U3MeHeHUA NONAPHOCTY
WN3mepeHna 601bLWNX CONPOTUBAEHNIA HanpsXeHus
,U,J'Iﬂ U3MepeHus BoNbLNX COI'IpOTI/IBJ'IEHVIﬁ (> 1 rOM) vawe anI N3MepeHUN CONPOTUBEHUA BbICOKOOMHbIX MaTepnanos
- - BCEro K HeM3BECTHOMY CONPOTUBNEHMHO NPUKNAAbIBAOT TEHEPUPYEMDIE TOKW W TOKII YTEUKIA MOTYT NPUBECTU K CyLLie-
NOCTOAHHOE HanpsXeHue U. BOSHVIK&IOLI.WII?I ToK | U3MepAIoT ¢ CTBEHHBIM OLUNOKAM. T TOKM moryT 0ObITb BbI3BaHbI 3apAa-
NOMOLLbIO MOCAESOBATENbHO BKMIIOYEHHOTO aMIepMeTpa, fpu [l0M, HaKOM/IEHHbIM B MaTepuane (OCTaTO'-IHaﬂ nonnpmaumn),
i STOM U3MepAEMOE CONPOTHENEHMe R paccunTbiBaior no 3akouy  CTaTM|ECKUM, TPUBOIMEKTDUeCKiIM 3apAAOM U Mbe30nek-
P Tpieckoro warep p nactuka Oma (R = V/I).Takoii cnoco6 B NPOTMBOMOMOXHOCTb Mofjaue TPUHECKAMI SpPeKTami.
30HAVPYIOLLETO TOKA U N3MEPEHWI0 NaJIeHNA HanPAXEHUA MeToz n3meHeHna NoAAPHOCTY HaNpAXeEHUA N03BOAAET NpakK-
PuC.5 MPeANOUTUTENEH NPY U3MEPEHUN GOMbLLIUX CONPOTUBAEHUH, TUYeCKV YCTPaHNTD BANAHME NapasuTHBIX TOKOB. B 3Tom meTo-
* NOCKONbKY 6onblune CONPOTUBNEHNA YaCTO USMEHAKOTCA B JekK 06pa3uy WIW YCTPOCTBY CHauana NpUKnajbiBaloT Hanpa-
3aBUCMMOCTI OT NPUJIOXEHHOTO HanpAMeHUA. |-|03TOMy BaXXHO YKeHue nonoXuTenbHon NoNAPHOCTY, 3aTeM Yepe3 3aflaHHoe
MedatHbiit MleyatHas nnata U3MepATb CONPOTUBNIEHNE NPY 3aJaHHOM 1 KOHTPONPYEMOM BpemA 3aJiepXKu u3mepaoT Tok. [locne 310ro nonApHOCTL
NPOBOAHUK :‘:KC(TTZK’:'MDW HanpsxeHnu. Yatwe Bcero Takoil cnoco6 TpebyeT n3mepexua HanpXeHNA MeHAIOT Ha 06paTHYHo 11 Yepe3 Takoe Xe Bpema
MaJiblX TOKOB C NOMOLLbI0 1EKTPOMETPA UMK Nikoamnep- 3a/1ePXKI CHOBA U3MEPAIOT TOK. ﬂpouenypa U3MeHeHunsa
§ MeTpa. B 5T0M C1yyae NPUMEHAIOTCA OMUCAHHbIE BbILLIE TUIMbI NONAPHOCTY HaNPAXKEHNA MOXKET NOBTOPATLCA Ntoboe yncno
Apyr:r‘:;’unp::;?;(om AMNEPMETPOB ANA U3MEPEHUA MTIbIX TOKOB, U AENCTBYHOT pa3. ConpoTuBeHue paccunTbIBAeTCA MCXOAA U3 CPefHeB3Be-
| ° — :::l:";r;; COOTBETCTBYIOLLNE UCTOUHUKN OLINGOK. LLIEHHOr0 3HAY€HNA HECKONbKUX NOCEAHNX M3mepeHvu7| TOKa.
+
& ° KpOME TOro, TUNUYHBIM NCTOY-
= HUKOM OLUMBOK Npu M3Mepe- Tabnuua 1
HUM GonbLUUX CONPOTUBNEHMIE CBOVICTBA
ABNAIOTCA TOKM yTeukit. OHm 06bemHoe Martepuan YcToitunsoctb Munn- Munn-
NPOTEKAIOT Yepe3 U30ATOpbI yAenbHoe Knornouje- ManbHble ManbHble
MEX [y U3MepAEMOil Lenblo Ehee BLEDELELT = P
Puc. 6 1 DACTONOKEHHAIMU DSIOM TUBNEHNe Tpuyeckue Tpuyeckue
p paA (Om-cm) 3¢ PeKTbI 3¢ PeKTbI
UCTOUHUKAMI HANpsKeHus. 105-10%0m | Candnp ¥ n 0
3arpil3HeHIllil N BJ1aXXHOCTb MOryT (03/1aBaTb TOKK Toku YTEUKU MOXHO YMeHb- 107-10" Om Tednon + - —
OLWVIGKM BCIEACTBHE SNEKTPOXUMUYECKNX QOEKTOB, BOSHUKA-  WwyTh NyTem UCMONb30BaHUS 101:—101: Om | Momuatune 0 + 0
H0LLIMX MIPY NIONAIaHNV 3arPA3HEHNIA (MOHHbIX SNEKTPONNTOB) 0XPaHHOT0 JKPaHUPOBAHNS ]gwjgmgx Egl’l';fm""" 2 8 -
MeXAy AByMA NpOBOAHMKAMM NeYaTHOW NnaTbl U 06pa3y|ou.w|x (guarding), uncTbIxX BbICOKO- 102-10"Om Kepamuka _ 0 n
cnabble ranbBaHNyeckie emMeHTbI. B yacTHOCTH, B LIMPOKO KauecTBEHHbIX U30N1ATOPOB 1 10™-10" Om Heiinon - 0 -
101°-10" Om (TeknonnacTuk - 0 -
ncnosib3yeMblX neyatHbIX nnatax U3 CteKnoTekcronuTta npu
y P YMEHbLIEHUA BNAXKHOCTH. 10°-10" Om Monusurunxnopua (MBX) + 0 0
Hanu4uu 0CTaTKoB pacTBOpa ANA TPaBNEHUA, ¢moca, macen, 1 105-102 0m ODeHonnact _ + +
coneif (HanpuMep, B Cneax NanbLeB) U AAYTUX 3arpasHeHii, ¥INOBbI€ 3HaueHA CONPOTYB-
MOFYT C03/1aBaTbCA TOKY NIOPAZIKA HECKONbKUX HaHOaMMep TIEHUN PasANYHBIX U30NIALIMOH- | OBO3HAYEHUA -+ Matepuan o6napaer oueHb XopoLIMMU XapaKTepUCTUKAMIL B OTHOLUEHHH 3TOT0
i HbIX MaTepnanos npuBeaeHbl (BOICTBA.
(pyc. 6). HTobbl 3bexaTb BIMAHUA 3arpASHEHUH U BNaXHOCTH, Ha puc. 8. MornowenHas Bnara 0 Marepuan 06nagaet ymepeHHo XopoLIMMU XapaKTepUCTUKaMI B OTHOLLIEHNH 3TOT0
aepyer BbI6VIpaTb W30NATOPbI, HE nornoLiawLLue Bnary, u c (BOICTBA.
NOfiACPUBATL BNAXKHOCTb Ha yMePeHHOM ypoBHe. Kpome MOXET U3MEHUTb CONPOTUB- —  Matepuan 06naaeT NIOXUMM XapaKTePUCTKAMM B OTHOLIEHUN 3TOTO CBOIICTBA.
JIeHIe HEKOTOPbIX U30/1ATOPOB
07 A 1071
g . e
B 7 S -
g Cranpapt- 3arpA3HeHHan 10 g
10 -9 | Hbliikabens PXHOCTb 107 S LM
F 010 [ Crekno- 05 ] EEM
¥ TekcronuT H] k4 S
017 S 0w T s 22 [
= Manowyms- g i | |58 ||
10 12— wwii kabens Yucras g 10 610 g3
0-3 H | | MOBEPXHOCTb E R —
Tednon 10°0m E‘ = |
014 = B Kepamuka || | ] = 1 &5 - NBX
- 10 15 — — — — 10 10 _gg E | =
10%0m b g E
109 - e
T Tpuueckne Il TpUYeckie JnekTpo- Tennooit wym | |
3hdeKTbI 3hdeKTbI XUMUYeckue B MONOCe YacToT 108
3hdeKTbI 1My

Puc. 7 ¢ dekTbl, NpUBOAALLME K FeHepaLm TOKOB Puc. 8 UsonsaTopbl
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W3MEPEHWE N OOPMWUPOBAHWUE MAJIbIX SNIEKTPUYECKNX CUTHANOB

N3mepeHna manbix TOKOB 1 60NbLIMX CONPOTUBIIEHNI

CpaBHuTeNbHaA Tabnuua NMKoamnepMeTpoB, SN1eKTPOMETPOB 1 MCTOYHNKOB-
n3meputenen (nsmepeHue Toka)

MukoamnepmeTpbi SneKTpomeTpbl WcToYHMKN-n3meputenn
MOJENb 6485 6487 2502 6514 6517B 6430 237
W3MEPEHUE TOKA
or' 20 A 209A 15 A <1¢A <1¢A 400aA 309A
Ho 20 mA 20 A 20 MA 20 mA 20 mA 100 mA 100 MA
W3MEPEHUE HANPAMXEHNA
or? 10 mkB 10 mkB 10 mkB 10 mkB
Mo 200B 2008 2008 1100B
W3MEPEHUE CONPOTUBJIEHUA3
or® 10 0m 100m 100 Om 100 MKOm 100 MKOm
o 1M0m* 200 0m 10 N0m* 10 10m* 1M0m*
WSMEPEHUE 3APAMIA
or? 10 oKn 10 oKn
o 20 MkKn 2 mkKn
OCHOBHbIE 0COBEHHOCTH
BxopHble pasbembl BNC TpexaneKTpoAHbIil TpUak-  TpexaneKkTpoAHbIi TpUak-  TpexaneKTpoAHbIi TpUak-  TpexaneKTpoaHbli Tpuak-  TpexaneKTpoaHbli Tpuak-  TpexanekTpoAHbIi TpUak-
CUanbHblil CManbHblit CManbHblit CUanbHblil CManbHblit CManbHblit

|EEE 488 . . . . . . .

RS-232 . . . .

OxpaHHoe JKpaHupoBaHue . . . .

Coosercreue CE . . . .

Npoyee 5-% pa3panoB. ABTOMa- 5-% pa3pagos. Bcrpo- 5-Y2 paspagos. [Ia 5-%> pa3panoB. 3amensaer  5-% pa3papos. Bctpo- icTouHmK-u3mepuTens ¢ bbicTpoeitcTBytoWmii
TUYeCKMil Bblbop Auana- €HHbIil NCTOYHNK 500 KaHana. BctpoeHHblit nc- mogenn 6512, 617-HIQ €HHBIA UCTOYHMK =T KB, BLIHOCHBIM NPeAYCUANTE-  UCTOYHMK-U3MEpUTEND.
30Ha. 1000 oTcyeToB/C B. MeTop usmenenua TouHuK 100 B Ha kaHan /13mepeHna Temnepaty-  nem Ans MUHUMU3ALUM 5 pa3psnos

MONAPHOCTU HANPAXeEHNA pbl, BRaxHoctu. MeTop LymoB
npu peructpaumm BAX 13MeHeHUA NONAPHOCTH
BbICOKOOMHbIX U3Aenuit HanpsXeHna Ana usme-
peHua bonbLumx conpo-
TUBAEHWIA. BO3MOXHOCTL
YCTaHOBKY NNaTbl KOMMY-
Tauun. 3amenset 6517A
1. Cyyetom Wwyma
2. [lpenen unppooro paspelueHus 6e3 yuera wyma
3. Mogenb 237 3mepaeT cONPOTUBAEHNA C MOMOLLIO UCTOYHIKA HANPAXEHNUA U U3MEPUTENA TOKA UM UCTOYHMKA TOKA W M3MepUTeNa HanpAXeHWA, 0HaKO HeNnoCPeACTBEHHO He 0ToBpaXxaeT Ux.
4. 10N0m (netaOm) = 10" Om.
5. TlorpewwuHoCTb U3MepeHUs camblx Marnblx CONPoTUBNEHH He bonee 1%.
6. [lorpewwHocTb U3mepeHua camblx 6onbLuyx conpoTusneHuii He 6onee 10%.
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W3MEPEHWE N OOPMUPOBAHWUE MAJIbIX SNEKTPUYECKNX CUTHANIOB

W3mepeHuna manbix TOKOB 1 60NbLIMX CONPOTUBIIEHWI

CpaBHuTENbHaA TabnuLa NCTOYHNKOB N UCTOYHNKOB-N3MepUTENeN

(BocnpounsBeaeHe TOKOB 1 HaNpAXeHNN)

NcToYHMKM TOKa WcTouHNKN HanpsaxeHna WcTouHNKN-nsmeputenn
MOJENb 6220 6221 248 237 6430
WcTouHmK Toka . . .
WcTouHMK HanpaxeHua . . .
Pexum notpebutena . . . .
BbIXOAHO! TOK
MorpewHocty' 2nA 2nA (nocr. ToK) 450 oA 10 GA
4nA (nepem. TOK)

Pa3pewenue? 100 A 100 GA (noct. v nepem. ToK) 100 pA 50aA
Makcumym +105mA +105mA +100 mA +105mA
BbIXOAHOE HANPAXKEHUE

or +1,5B +100 MxB +5mKB

Jlo +5000B +1100B +210B
BbIXOAHAA MOLLHOCTb 1181 1181 2581 1181 2,281
NPEAEN MO TOKY 5,25 mA ot 1nA g0 100 mA ot 1A po 105 mA
NPEAEN N0 HANPAXEHUIO 105B 1058 0101050008 ot 1mMB 101100 B 010,2MB 02108
MOTPELIHOCTD (+ oT ycTaHOBNEHHOT0 3HaYeHUA)

Toka 0,05% 0,05% 0,05% 0,03%

Hanpsxenus 0,01% 0,03% 0,02%
O0CHOBHbIE 0COBEHHOCTU
BbixoaHoi pa3bem TpexaneKTpoAHbIA TpUaKkcanbHblit  TpexaneKTpoAHbIA TpUaKCHanbHblil BbIcoKOBOABTHbIN KOaKCManbHbIi [1Ba TpeXaNeKTPOAHbIX TPUAKCU- TpexaneKTpoAHbIi TpUaKCUanbHblit

pa3bem SHV anbHbIX

Ethernet .
RS-232 . . .
IEEE 488 . . . . .
Namatb 65000 Touek 65000 Touek 1000 Toyek 2500 Touek

[inctaHuMoHHOE U3mepeHue

OxpaHHOe 3KpaHUpoBaHue

Coosertcraue CE

Npoyee

Ynpasnsaet mogenbto 2182A ansa
MasloMOLLHbIX U3MepeHMUii TOKa, Ha-
NpAXEHNA 1 CONPOTUBNEHNSA

WCTOYHMK NoCT. 1 nepem. Toka.
[eHepaTop curHanos npou3BONbHOI
dopmbl 4o 100 kT, Kak v 6220,
ynpasnaet 2182A, BO3MOXHOCTb
UMNYNbCHBIX U3MePeHHil TOKOB U
HanpaxeHui

KoHTponupyemblil BbIXOA Hanpsxe-
HuA. [porpammupyemblit npegen
HanpsxeHus

1. HaumeHblwas abconiotHas NOrpeLLHOCTb NCTOYHMKA.
2. Pa3peLuenue AnA caMOro HKHEro AVanasoHa, T. €. HalMeHblLee U3MeHeHue ToKa, KOTopoe MoXeT 06ecneynTb UCTOYHNK

KEITHLEY

A Tektronix Company
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U3MEPEHUE N OOPMUPOBAHWE MAJbIX SNIEKTPUYECKNX CUTHANNOB 39

W3mepeHna manbix TOKOB 1 60bLIMX CONPOTUBIIEHNI

KEITHLEY 8430 REMOTE Prsfiue

KEITHLEY

+0.0

+ Paamax BxogHoro wyma 0,4 $A.

+ BblHOCHOM npegycmnnuTtenb MoXeTt 6bITb pac-
nosoXxeH HenocpeaCcTBEeHHO y NCTOYHUKa cur-
Hana Ana MUHUMKU3alnn KabenbHbIX LWyMOB.

Mpu n3mepeHnN HanpsXKeHI1 BXOAHOE
conpotusnexue > 106 Om.

iﬁ E ﬁu-- ) lgl% fi

G [owe)

Bbicokasn ckopocTb - Ao 2000 oTcueToB
B CEKYHAY.

PaspelueHue go 6 2 pa3psagos.

BbicTpoe n3mepeHue xapakTepucTuk anemeH-
TOB GNarogapa HanMuMo NPOrpPamMmMnpyembix
L$pPOBbIX BXOAOB/BbIXOA0B U LiUGPOBbIX
NHTepdeicoB anA B3aumMopencTBumsA C ycTpoii-
CTBaMy NO3MLIMOHNPOBaHNA.

MCTOq HI/IK-I/I3MEpI/ITeJ1b
peKO pAHO MalNbiIX TOKOB B cOCTaB NOCTaBKM BXOAAT:

6430-322-1B — manowuymALLi TPUAKCUanbHbIA Kabenb

(ybpemToamnepHbIit UCTOUHMK-U3MepUTENDb CTPEMA 32KAMMA T2 <KPOKOAUT, AnkHa 20

8607 — CABOEHHDIIT Kabenb BbICOKOTO HANPAXeEHUA ¢ 3aLun-
mozieny 6430 ¢ BbIHOCHBIM NpeaycunuTenem T —

CA-176-1E — kabenb npepycunuTens AUHON 2 m;
Mogenb 6430 copepXuT MCTOUHIK HaNpAXeHus, Toka, amnepmeTp 1 BonbTMeTp. OHa MPeBOCXOANT INeKTpome-

TPbl N0 YYBCTBUTENBHOCTY, LUYMOBbIM XapaKTepUCTUKAM 11 BXOAHOMY COMPOTUBIIEHNHO. YHUKA/IbHOE COueTaHMe (A-186-1B — KaGenb Co WTbIPEBbIM PA3HEMOM U 32XUMOM

LIMPOKOIA GYHKLMOHANBHOCTI U UCKITIOUMTESIBHOTO KaUecTBa M3MepEHHil 06ecneynBaeTca npuMeHeHNeM BbIHOC- MO/} BT ANA 3KPaHUPOBAHNA YCTPOICTBA NO3ULMOHUPOBa-
HOro NpeAyCUANTENS, OCHALLEHHOTO BbICOKOUYBCTBUTENbHbIM ABYHANPABNEHHbIM yCUNNTENEM ANA N3MepeHuit HWA 06pasua;

11 KOHTPONA BbIX0AHOT0 Toka. Mogenb 6430 no3BonaeT M3MepATb HaNPAXKEHNA, TOKM U CONPOTUBAEHUA CO CKOPO- CAP-31 — 3aLLTHbIi! KOANYOK A8 TPUAKCHANbHOTO pasb-
CTbl0, HeAOCTYNHOM ANA 3neKTpoMeTpoB. OHa CNocobHa cOXpaHATL BO BHYTPeHHeit namaTh 4o 2000 peynbTaTos ema (2 wr);

U3MepeHHbIX 3HaYeHMii HaNpAXeHuA (TOKa) UCTOUHNKA 1 TOKa (HanpAXeHws) Ha u3Mepsiemom obpasuie. Mpubop
M03BONAET U3MEPATD TOK BCero 3a 5 Mc B Auanazoe 100 HA, npyu 6obLUMX TOKaX BpeMA U3MePEeHIa yMeHbLLeT-
€A 0 HECKOMbKINX COTEH MUKPOCEKYHA.

PykoBoacTBO nonb3oBatens.

3apHAs naHenb mogenu 6430

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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W3MEPEHWE N OOPMUPOBAHWUE MAJIbIX SNEKTPUYECKNX CUTHANIOB

W3mepeHuna manbix TOKOB 1 60NbLIMX CONPOTUBIIEHWI

HEHpEBBOI?IAEHHOE CpeacTBo N3MepeHns MmasbiX TOKOB N 6onbLunx COI'IpOTI/IBﬂEHI/IﬁI

INeKTPOMETP-IU3MepUTeNb 60bLLIMX CONPOTUBAEHNIA Mopenu 65178

WETRET

+1 0023a+15 O-cm
RH ; Extarnal Temp:

Do) form amin Covmcin) Gt

s 0000 ww 00 -

INEKTPOMETP-U3MepUTENb 60NbLUNX CONPOTUBIEHNIA MoZenu 6517B coueTaeT B cebe
UCKIIOUNTENBHYIO TOYUHOCTb, YYBCTBUTENBHOCTD U HABOP hYHKLWI, ynpoLatoLux u3me-
peHue BbICOKUX YAeNbHbIX CONPOTUBNEHWI N30NALIMOHHbIX MaTepianos. Kpome Toro, oH
N03BONAET NPOBOANTL U3MEPEHNA CO CKOPOCTbIO 10 425 0TCYETOB B CEKYHAY, UTO 3HAUN-
TeNbHO bbICTPee aHaNorMYHbIX 1eKTPOMETPOB ApYriX nponssopuTeneii. BxogHoii ycu-
NnTeNb Manblx TOKOB Mogen 6517B umeet Tok cvewenns < 3 A npu BXOZHOM ypoBHe
wyma Bcero 0,75 GA (pa3max) u nageHue HanpsxeHna < 20 MKB Ha camom HKHeM Aa-
na3oHe ToKa. BxozHoe conpoTuBeHe Npu n3mepeHnn HanpsxeHii u CONPOTUBIEHNIA
coctapnset 200 TOm, uto AenaeT Mogenb 6517B npakTUueckyn naeanbHbIM Npuoopom.
Takoil coueTaHue xapaKTepuCTUK M03BONAET C BbICOKOI TOUHOCTbIO N3MePATL Hanpsxe-
HUA, CONPOTUBAEHIA U 3apAAbI NPU MANOM TOKe 1 60/bLIOM CONPOTMBNEHUN 06pa3LIoB.
BcTpoeHHblit McTouHuK HanpsxeHna £1 KB ¢ BO3MOXHOCTbIO pa3BepTKy ynpoLyaeT u3me-

[en szssn) (i menis) l;.- s} Cunt_amcus)

« Mo3BonseT n3mepAThb:
- ToKkun oT 1 GpA fo 20 MA;
- HanpsxeHus ot 10 MkB go 200 B;
- conpoTuBneHus o 106 Om;
- 3apagpl ot 10 $Kn go 2 mxKn;

« NpocToe ynpaeneHue, aHanoruyHoe undpo-
BOMY MY/NbTUMETPY.

« MageHve HanpsixeHusA < 20 MKB npu cambix
MasblX TOKax.

« BxogHoe conpotuBnenmne 200 TOm.
« Tok cmeLeHus < 3 ¢A.

« Pa3max BxogHoro wyma 0,75 ¢pA

+ BcTpoeHHbIN NCTOYHUK HanpskeHuA +1 KB.

Hpunanne)lmocru, BXoasALue B KOMMIEKT NOCTaBKK:

237-ALG-2 — manowymALLMi TpUAKCUanbHblil kabenb,
TPEXKOHTAKTHbI pa3bem Triax (3 3axmma «kpokoaun»,
NMHA 2 M);

8607 —kabenb BbICOKOr0 HANPAXKEHNA C U307MPOBAHHBIMM
LTbIPEBbIMY pa3bemamit;

6517-TP — TepmonapHblii Aatunk Tuna K 8 dopme «bycunkm»
(0-1250°C);

(S-1305 — kabenb 6nokMpoBKM AepkaTens 06pasLos.

i —
L' o = |L peHve TOKOB yTeuKM, HanpaxeHua Npo6os, conpoTuBNeHNs, a Takxke 06bemHoro (Om-cm)
A L 11 MoBepxHOCTHOro (OM/KBaZpaT) COMPOTUBNEHNSA IUINEKTPUKOB.

Habop peanusyembix Mogenblo 6517B GyHKumii cnocobcTBytOT 06ecneyeHnio ToUHOCTH
13MepeHus 60nbLUMX COMPOTUBNEHNIA. Hanpumep, BCTPOEHHBII MCTOUHUMK HanpsXeHUA
YNpOLLaeT onpefeNneHine 3aBUCUMOCTY YANbHOTO CONPOTVBNEHNA AU3NEKTPUKa OT
YPOBHA NPUNOXEHHOro HanpsxeHus. Mogenb 65178
XOPOLLIO MOAXOAUT ANA 3MEPEHUs TOKOB

YTeUKM KOHAEHCATOPOB 11 CONPOTUBNEHUA U30NALWM, ONPEAENeHNs YaeNbHOro “ )
NOBEPXHOCTHOrO CONPOTUB/IEHINA NEYATHbIX NaT, 3aBUCUMOCTY CONPOTUBAEHNA

PE3VCTOPOB OT HANPAXEHNA W ANA U3MEPEHUA XapaKTePUCTUK yTeukn
AM0A0B. BCTpoeHHan TecToBad NocneioBaTeNbHOCTL peannsyeT MeTos
13MeHeHUA NONAPHOCTI HaNpPAXeHNA ANA U3MepeHuA 04eHb 60MbLLMX
CONPOTUBAEHMUI, B T.u. TeX MaTepuanoB v yCTPOIACTB, B KOTOPbIX 13-3a
HaNMumA TOKOB YTEUKM 1 BHYTPEHHUX NCTOYHUKOB Napa3UTHBIX TOKOB
TOYHbIE U3MepeHus npexae Obinin HeBO3MOXKHbI.

R

Mnatbl 10-KaHaNbHbIX MyNbTUNNEKCOPOB MoAeneil
6521 16522, YcTaHaBNMBAKOTCA B CNIOT paclunpe-
HUA Mogenu 6517B, pacnonoxeHHbIN Ha 3afHei
naHenu, AnNA MHOTOKaHaNbHOro M3MepeHns
ManblX TOKOB

f.\l 2*»

L) Ir-ﬂ Hllw

A R
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U3MEPEHUE N OOPMUPOBAHWUE MANbIX SNIEKTPUYECKNX CUTHAJIOB

N3mepeHnsa manbix TOKOB 1 60nbLLIMX CONPOTUBAEHNIA
KauectBO, NnpoBepeHHOE BpeMeHeM
JNeKTpoMeTp Mofenu 6514

Mporpammupyemblii 3neKTpoMeTp MoAeny 6514 — 370 naeanbHblil npubop AnA 3aaay, TpebytoLyx GbICTpbIX, HO B TO e
BPEM# TOUHDIX U3MEPEHMIl MaTbIX TOKOB, 3apAA0B, OONbLUMX CONPOTUBNEHNIT M HANPAXKEHWI OT UCTOYHNKOB C BLICOKUM
BHYTPEHHIM CONpoTMBNEeHMeM. [ind 3a5ay, He TpebyloLLnX NCoNb30BaHMA BHELUHET0 NCTOYHNKA HaNpAXKeHWs, 3T0T npubog
06ecneynBaeT BeNMKONENHYIO TOYUHOCTb U CKOPOCTb U3MEPEHUIE 33 yMepeHHYIo LieHy. lTpu CTOMMOCTM, CONOCTaBMMOi CO CTO-
MMOCTbH MHOTUX BbICOKOKAUeCTBEHHbIX LM POBbIX MyNIbTUMETPOB, MoAeNb 6514 06nagaeT 3HaunTenbHo 6onbleil yyBCTBY
TENbHOCTBH M0 TOKY 11 00€CNeunBaET CYLIECTBEHHO MeHbLUEE NMajieHne HanpsxeHus (Bcero 20 MKB), ueM BbICOKOKaUeCTBEH-
Hble LMGPOBbIE MyNbTUMETPbI. BbIX0A NpesycuauTens v aHanorosblii BbIXof B Auanasoe 2 B yao6HbI npu ncnonb3oBaHnm
BHELUHIX PETUCTPATOPOB, B TU. rpaduuecku.

« MNo3Bonser usmepATb: :
IneKTpoMeTp 6514 NpeHa3HayeH ANs BbINOAHEHMS GbICTPbIX U3MEPEHMIA € BbICO-

- ToKu oT < 1 GpA o 20 MA; o

Koil uyBCTBUTENbHOCTBI0. JOCTYNHAA LieHa AeNaeT ero NOAX0AALMM AN WMPOKOTO KPYra 34y, CBA3aHHbIX C M3MepeHuem
- HanpsaxeHua ot 10 mkB o 200 B; M

MasTblX TOKOB, TaKWX Kak U3MepeHUe CONPOTUBAEHINA ¥ TOKOB yTEUK KIIOUeld, PeNe v APYTUX J1eMEHTOB. BCTpoeHHble nHTep-
- 3apAAp o1 10 $Kn po 20 mkKn. deiicol IEEE-488, RS-232 1 undpoBble nuHNM BBOAA/BbIBOAA YPOLLAIOT NOCTPOEHUE NONHOCTbIO aBTOMATU3MPOBAHHBIX BbICO-
KOCKOPOCTHbIX CUCTEM A M3MepeHna Manbix curHanos. Mogenb 6514 obecneunsaeT ckopocTb u3mepenuii 4o 1200 otcyeToB
B CEKYHAY NPY MUHUMAIbHOM BPEMeHH ycpeaHeHus 20 0TCYETOB B CeKYHAY, KPAaTHOM NepUoy HanpAXeHUs nuTatoweit ceti
BxopHoe conpoTuBneHme Npu nsmepeHum 50 M. InektpomeTp 6514 06nagaet paspetennem 10 A B auanasone 2 HA, Npy 3TOM BPEMA NePEXOHOro NpoLiecca (Mo
HanpsxeHuin > 200 TOm. ypoBHto 90% 0T YCTAHOBUBLLETOCA 3HaUeHWA) COCTABNAET BCero 15 MC.

BxopHoii wym < 1 ¢A.

Bbicokan ckopocTb - Ao 1200 otcyeToB AmnepmeTp Ha UHYT, ncnonb3yembiii B Mogeny 6514, MUHUMU3NpYET BHYTPeHHee NajieHie HaNpAXeHus, KOTopoe BHOCUT

B CEKYHAY. OLIMGKY NPy M3MepeHUI Manbix TOKOB. bnarofiapa naaeHuto HanpaxeHus He 6onee 20 MKB Ha HIXKHeM Avana3oHe 1 BXOA-
HOMY TOKY cMeLLieHnA He 6onee 3 GA anekTpomeTp 6514

CNoCo6eH 0becneynTb NPEBOCXOAHYI0 TOUHOCTL M3Mepe-

TaTopamu, KOMNboTEPaMN U MaHNMYNATOPamMM HUA ManbiX TOKOB. Kpome Toro, B HeM NpeycMoTpeHa NpuHaanexHoCcTH, BXoAALME B KOMIEKT NOCTABKY:
3/1eMEHTOB. aKTVBHAA KOMMEHCALMA NOTEHLMana 1 Toka CMeLLeHna
MPY NOMOLLM CXEMbI OXPAHHOTO JKPaHUPOBAHUA.

YA06CTBO B3aMMOAENCTBIA C BHELLHUMMN KOMMY-

237-ALG-2 — manowymALLMiA TPUAKCUanbHbIil kabenb,
ABTOMaTMYeCcKas KOMMNeHcaLuma noTeHumana TPEXKOHTaKTHbIiA pa3bem Triax (3 3aXuma «<KpoKoaun»,
1 TOKa cMeLeHns. ANVHA 2 M).

Ecnu TpebyeTcsa n3mepuTh TONIBKO TOK —

DKOHOMUNYHOE pelleHmne ANA N3MepeHns n MKoaMnepMETp
ManbiX TOKOB. MO,D,EJWI 6485

Paspewenue 10 ¢pA.
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MageHne HanpsaxeHua < 200 MKB

CkopocTb u3mepeHmii go 1000 oTcueToB
B CEKYHAY.

BcTpoeHHbIn pexum smynauun moaenu 485. ] . .
MukoamnepmeTp Mogeny 6485 ¢ paspelueHuem 5 ¥ papagoB — 370 SKOHOMUUHBII NPU6Op, NO3BOAAIOLLAI M3MEPATH TOKM OT

» UHTepoeiicbl IEEE-488 1 RS-232. 20 A 1o 20 mA co ckopocTbio o 1000 oTcueToB B cekyHay. Paspetuenue 10 GA 1 npeBOCXOAHAA YYBCTBUTENBHOCTD JAIOT BO3MOX-
HOCTb U3yuaTb (11abOTOUHbIE MPOLeCChl, a AMana3oH 20 MA 0CTaToueH A M3MepeHue NapameTpoB CUTHANOB AATUMKOB C TOKO-
BbIM BbIX0Z0M 4—20 MA. HecmoTpA Ha To, uTo B npubope Mcnonb3yeTca HoBeilLuas MeToAnKa U3MepeHUs ToKa, OH CYLLeCTBEHHO
[eLueBne, yem Apyrue npuoopbl, BbINONHAOLLME aHANOMNUHble GYHKLMY, HANPUMEP U3MEPUTENM ONTUYECKOI MOLLHOCTI, KO-
amnepmeTpbl Apyrux Npou3BoAuTeneil 1 nonb3oBaTeNbCkie CpeACTBa N3MepeHuii cobcTBeHHoi pazpaboTku. (ToumocTb Mopenu
6485, conocTaBMMas Co CTOMMOCTbH LiMPOBbIX MYNIbTUMETPOB 06LLero Ha3HaueHWs, AeNaeT NKoaMnepHble U3MepeHus ToKka
LOCTYMHbIMU NpaKTUYecknn And nto6oit nabopaTopum unm Npon3BoACTBEHHOTO yyacTKa. OAHaKO B OTAMUME OT LdPOBLIX MyNbTH-

« AHanoroBbiii BbIXOA.

I'Ipuuanne)«uocm, BXoAdALwMe B KOMMIEKT NOCTaBKN:

CAP-18 -~ 3aluTHas Kpbiluka/konnayok AnA BNG-pasbema METPOB, B KOTOPbIX /NS U3MEPEHNA TOKa 06bIYHO UCNONb3YI0TCA amnepmeTpbl Mo cxeme MHYH, Mogient 6485 npepctasnseT coboii
(2-KoHTaKTHas); nuKoamnepmeTp Ha MHYT. 370 yMeHbILIAET BHyTPeHHee NajieHie HaNPAXEHNA Ha HECKONbKO NOPAAKOB 1 N03BONSET NOMYYMT
4801 — ManoLuyMALWi BXogHOi BNC-kabenb AnuHoii 1,2 M. BeNMuMHy MeHee 200 MKB npu camblx Manbix ToKax. Takoe Manoe BHyTpeHHee NajieHie HanpskeHus Aenaet Mogenb 6485 3Hauu-

TenbHo bnuxe K naeanbHOMy aMnepmMeTpy, uem LlM¢pOBbI€ MYNbTUMETPbI, U NO3BONAET C BbICOKOI TOYHOCTbIO N3MEPATH TOK Aaxe
B LenAX CUCTOYHUKAMI 04eHb MaJiblX HaI'IpFI)KeHI/IVI.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company



W3MEPEHWE N OOPMUPOBAHWUE MAJIbIX SNEKTPUYECKNX CUTHANIOB

W3mepeHuna manbix TOKOB 1 60NbLIMX CONPOTUBIIEHWI

meoamnepmeTp CO BCTPOEHHbIM NCTOYHNKOM + Paspelenne 10 dA.
HanpAXeHna n nsmepuTtesnem ConpoTnBeHNA * PaspapHocty 5 %2.
+ MNapeHne HanpsxeHna < 200 MKB.
[ukoa MMepMETP MOZEIN 6487 + 3MepeHme CONPOTHBNEHNII METOROM
M3MeHeHMA NONAPHOCTN NOfaBaeMoro
(TMKoamnepMeTp-UCTOUHIK HanpsaXeHus HanpsxeHus.
mopenn 6487 meeT BoceMb AnanasoHos « ABTOMaTIYeCKas pa3BepTKa 1o HaMPAXKEHNI0

A3MEPEHNA TOKa U o6naaaer BblCoKoi
CKOPOCTbI0 aBTOMATNYECKOr0 BblﬁOpa
AnanasoHa. OH no3sondet N3mMepATb

ANIA CHATUA BONbT-aMMEPHbIX XapaKTepUCTUK
YCTPOWCTB € conpoTuBneHunem fo 10' Om.

Toky 0T 20 GA 0 20 MA, npoBOAMTL + W3amepeHua npu «nnaBaiolLeM» HanpsxeHNN
n3MepeHna co ckopocTbio 4o 1000 oTcueToB Ha obiem anekTpoaAe Ao 500 B.

B CeKyH/Iy 1l N0/1aBaTb Ha U3MepAemoe

YCTPOIACTBO HanpsxeHue oT 200 MKB g0 + CkopocTb A0 1000 OTCYETOB B CEKYHAY.

+505 B. bnaroaaps paspeuwenutio 10 oA, + BCTPOEHHDIN pexum aMynaLumn Mogenen

BE/MKOJIENHOI YYBCTBUTENBHOCTH, (YHKLMM 486 487,
Pa3BePTKM N0 HANPAKEHNIO U BO3MOXKHOCTI
U3MEpEHUA CONPOTUBAEHNIA METOZIOM U3MeHEHUA + UnTepdeicnl IEEE-488 n RS-232.

MONAPHOCTY NOAABAEMOr0 HAMPAXKEHS OH XOPOLLIO MPUCMOCO6IIEH
ANA U3MEPEHIs XapaKTePUCTUK CNaBOTOUHbIX YCTPOIACTB. XoTA B npubope

UCTIONb3YETCA HOBEILLAA METOAMKA U3MEPEHIA TOK], OH CYLLECTBEHHO fielueBne,

yeM Zpyrue npu6opbl, BbINONHAILLME AHANOTUYHbIE GYHKLMM, HANPUMEP U3MepUTENH

ONTUYECKOI MOLLHOCTH, TEPAOMMETPbI, IUKOAMNEPMETPbI APYriX NPOU3BOAUTENEIA 1 NONb30- MpuHapnexHocTH, BXoAAILME B KOMNNEKT NOCTaBKM:
BaTeNbCKye CPEACTBA U3MEEHHil coBCTBEHHOI pa3paboTku. (ToumocTb Mogenu 6487, conocTaumas co CTOUMOCTbIO LiMGPOBLIX D — ST G (e e
MYNBTUMETPOB 06LLEro Ha3HAUeHNs, AENIAeT MKOAMMEpHbIE U3MEepeHNs TOKA AOCTYMHbIMU NPaKTUYecky Ana ntoboi naboparopuu
UNY NPOU3BOACTBEHHOTO YYaCTKa.

+ Llndposbie nuHnm BBOAa/BbIBOAA

KNemMMa «nog BUHT»);
CAP-31 — 3aw1THaA KpbILUKa-KONNAYoK ANA TPUAKCUaNbHO-

Opyrue oco6eHHocTn Mmoaenu 6487 ro pasbema;

- MpAmoe u3mepeHue coNpoTUBNEHNI NYTeM U3MEPEHUA TOKa NPU NPUNOMKEHUN HANPSAXKEHNA. AR b D e RS

7078-TRX-3 — ManowwymaALmil TpUaKCUanbHbIi BXOAHOM

+ V13mepeHue coNpoTUBAEHNIA C TOMOLLbI0 METOAA U3MEHEHUA nonAp- Kabenb ganHoii 1 w;

HOCTV M0/AaBaeMOr0 HanpAXeHA yMeHbLUAET NOrPELUHOCTb N3MepeHna F’“‘"’" : i [ =
CONPOTUBAEHNIA NPU BbICOKOM YPOBHE LM 1 Mapa3uTHbIX TOKOB, @ = e ==
TaKXe pacluupAeT AnanasoH U3mepeHusa conpotusneHui fo 10'6 Om.

8607 — Kabesib BbICOKOr0 HanpsXeHus C U30MPOBAHHbIMMU
LTbIPEBbIMY pa3beMamit.

+  BHyTpeHHas 3awuTa ot neperpy3ku go 500 B.

MacwTabupyemblit aHanoroBblii BbIXOA HaNpAXeHWA, N03BONALLMIA
CUNTBIBATb Pe3yNbTaTbl M3MEPEHNiA NPU NOMOLLM LIUPOBLIX MyNbTH-
METPOB, NAaT cbopa AaHHbIX, ocuunnorpados 1 rpaduueckux perucrpa-
TOpOB.

Boikniouatens aucnnen Npu U3mepeHnn CBETOHYBCTBUTEJIbHBIX 3IEMEHTOB.

[lBa nukoamnepmetpa 6487 B ofHOM Kopnyce O cneunanbHbIMn GYHKLMAMN
ANA ONTUYECKUX N3MepPeHNIA

[1ByXKaHanbHbIN N1KOAMMEpMETp
mogenu 2502

+ Pa3psagHoCTDb 6 Y.

« [1Ba KaHana.

e Mogenb 2502 Bo6pana B cebs MHoroneTHuii onbiT Komnaum Keithley + CkopocTb 10 900 OTCYETOB B CEKYHAY
et 110 U3MEPEHUI0 MabiX TOKOB U BbINONHEHMIO BbICOKOCKOPOCTHBIX M0 KaXoMy KaHany.
L2t U3MepeHuii v TecTMpoBaHUA. Kaxablil 13 ABYX KaHaNoB OCHALLIEH .
R OTeNbHbIM MUKOAMNEPMETPOM 1 OTAENbHBIM UCTOYHUKOM Hanpa- + BeTpoenHbiit uctouHmk 100 B ana kax-
- KEHUA, 4TO NO3BOAAET NPOBOAUTH OAHOBPEMEHHDIE [BYXKaHAJIbHbIE AOro KaHana.
u3mepenus. Kpome toro, Mopenb 2502 obecneunBaeTt camyto BbICOKYI0 Ha CerOAHALIHMIA AeHb « BydepHas namatb 3000
CKOPOCTb U3MepeHUs (BETOBbIX 1 BOSIbTaMNepHbIX XxapakTepucTuk (LIV) nasepHbix AnoAHbIX TOYeK Ha KaHan
mopyneii (LDM). Npubop ocHalLeH BbICOKOCKOPOCTHBIM aHaNOroBbIM BbIXOZ0M, KOTOPbIil '
MpHHaBReNHOCTH, ExonALMe M03BONIAET UCMONIb30BATD CUCTEMY HA CTAAMM IOCTUPOBKM OI'ITOBOJ'IOKOHHOI'g BBO/1A B MpoLjecce + Untepodeicnl IEEE-488 n RS-232.
B KOMANEKT NOCTABKI: u3rotoBnenna LDM. HagexHas KoHCTpyKuua npubopa yaosneTsopsaeT Tpel GoBaHMAM cTabunb- « LindpoBble NMHIN BEOAA/BbIBOAA.
HOCTU 11 MOBTOPAEMOCT Pe3yNbTaToB, NPeAbABAAEMbIM NP HeNpepbIBHOI paboTe B yCnoBuAX
PYKOBOACTBO N0 SKCMTyaTaLum. KpyrnocyTouHOro Npon3BozaCTBa. + TpurrepHblin uHTepdeiic.

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM

KEITHLEY

A Tektronix Company



W3MEPEHWE N OOPMWUPOBAHWUE MAJIbIX SNIEKTPUYECKNX CUTHANOB

N3mepeHna manbix TOKOB 1 60NbLIMX CONPOTUBIIEHNI

UckniountenbHas TOMHOCTD n3mepeHna
1 BoCripon3sseaeHnA MaJibiX TOKOB

WcTouHnK-n3mepuTenb
mogenu 237

WcTounmK-u3mepuTenb Moaeny 237 — 370 NOAHOCTbIO NPOrpamMmMuUpyeMblil npubop,
N03BONAKLLYIA OFHOBPEMEHHO BOCPOU3BOANTL 1 N3MEPATb TOK MW HanpsxeHue.
10T NpU6GOP haKTUUeCKI COAEPXKNUT YeTbipe NPUBOPa: NCTOUHNK HANPAKEHNS,
VCTOYHWK TOKA, U3MepUTeNb HaNpAXeHNa 1 N3MepuTenb ToKa i NpeJHa3HaueH
ANA LUKPOKOTO Kpyra 3a4ay, B TOM YnCe ANA U3MepeHNa XapakTepucTuk nonynpo-
BOAHVMKOBbIX NPUOOPOB, TOKOB yTeuKM 1 conpoTuBaeHns usonauui. Mopenb 237 HUA, N3MEPUTENTb HANPAXKEHNA, NCTOYHNK
0C06€eHHO yA106Ha ANA UCNONb30BaHNA B KauecTBe UCTOYHIKA U U3MEPUTENbHOTO TOKa, U3MepuTenb ToKa).

npubopa B OCTaBe aBTOMATU3MPOBAHHbIX 3MepUTeNbHbIX Komnaekcos (ATE).

+ Peanusyet 4 GpyHKUMN (MCTOUHMK Hanpsixe-

+ YyBCTBUTENBHOCTb M3MEPEHUI
Mogenb 237 cnocobHa Bocnpon3soauTb Hanpaxexue ot 100 mkB go 1100 B 10 dA, 10 mkB.

1 u3mepATb Hanpsxenus ot 10 MkB o 1100 B v Toku o1 10 HA go 100 mA. .
+ VICTOYHMK 1 n3mepuTenb HanpaXeHwil

Mogenb 237 moxeT 6bITb 3anporpaMmMMpoBaHa ANA NPoBeAeHNA U3MepeHii B [0 1100 B.
3aBUCMMOCTM OT CTYNEHYATO M3MEHAIOLLErocs HanpsAXeHUA unm Toka. PassepTka
10 HaNPAXeHWI0 UM TOKY MOXKET ObITb NMHEIIHON, orapudmuueckoii uam + CraHpapTHble 1 nonb3oBartesnbckue pas-
UMYAbCHOM. BEPTKN HaNPAXKeHUA WM ToKa, B TOM yncne
TpuakcuanbHbie BXOAbI M BbIXOAbI MOAENN 237 NONHOCTbIO MOAKMIOYEHbI K (xeMe BAMNYNbCHOM peXUMe.
0XPaHHOro 3KpaHUpoBaHuA (guarding) ANA MUHUMI3LMY TOKOB YTEUKN U CKOHDU- + CkopocTb 1o 1000 0TCYeTOB B CEKYHAY (BOC-
TYpMPOBaHbI 1A U3MepeHuii N0 YeTbIpexnpoBOAHOI cxeMe. B bonee npocTbix cny- npou3BefeHme-u3mepeHue).
Yasx BO3MOXHO 1CMIONb30BaHME ABYXMPOBOAHON CXeMbl MOAKI0UeHUA. Bce BbIXoabl
MOrYT UMETb NMOTEHLMaN 06LLET0 HMEKTPOAA OTHOCUTENbHO 3emau 10 + 200 B. + Pa6oTa ncTouHMKa B YeTbIpEX KBaipaHTax
Anarpammbl TOK-HanpsKeHue.
+ BHyTpeHHAA namaTb Ha 1000 oTcyeToB.
NpuHapnexHocTH, BXoAALLMe B KOMNIEKT NOCTaBKM: XapaKTepucTuku nctoyHunka mogenm 237
7078-TRX-10 — manowymALLMit TpUaKkcuanbHblil kabenb o L +11008B,
LNUHOI 3 M (2 WT.); +100mA
236-ILG-3 — kabenb 6710KMPOBKM ANMHOI 3 M; oA +1100 B nput
. . . +10mMA
237-ALG-2 — manoLyMALLMIA TPUAKCHaNbHBIA Kabenb AnnHoi
2 M CTpeMA 33KUMaMI TUNA <KPOKOAMNY. AT
-1000B  -100B -108 -18B 1B 108 1008 10008

“IvA -

-10MA ==

—100MA =
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44 W3MEPEHWE N OOPMUPOBAHWUE MAJIbIX SNEKTPUYECKNX CUTHANIOB

MonHOQYHKLMOHaNbHDIN reHepaTop CUrHaNOoB NPON3BOJIbHON
¢$opmbl co ctaHpapTHbIMU nHTepdencamm LXI, GPIB n USB

[eHepaTop CUrHanoB NPou3BONLHON GOPMbI 1 PYHKLIMOHANBHDIN reHepaTop
mogenu 3390

« MakcmmanbHas YyacToTa rapMOHNYECKOro
curHana 50 Mlu,.

» YacroTta umnynbcos ao 25 MIuy.

« [eHepaTop cMrHanoB Npou3BosibHOl GopMmbl,
256 000 oTCYeTOB, paspAgHOCTDb 14 6uT.

+ BcTpoeHHble GpyHKLMN: CMHYC, MeaHAp,
TPEeyYrofbHblii CUrHa, LWYyM, NOCTOAHHOE CMe-
LeHne u ap.

+ OAVHOYHbIE MMMYNbCbI Y| MEAHAP C MasbiM
BpeMeHeM HapacTaHusa 1 cnaga (5 He).

« BcTpoeHHbIn cuHxporeHepatop 10 My ans
CUHXPOHM3aLMN HECKONbKNX MOAYNEN.

+ BcTpoeHHble Bufbl MOAynALMN: aMNNUTYA-
HaA (AM), yactoTHas (FM), dasoeas (PM),
dasoBas maHunynauma (FSK), wmpoTHo-
umnynbcHaa (PWM).

B mopenu 3390 komnanuu Keithley couetatotca BbicoKoe KauecTBo, WNPOKUil Habop GYHKLMiA u

MUHUMaNbHas LieHa ANA annapaTypbi JaHHoro knacca. Mogiens 3990 — 370 NporpaMmupyembiii MpuHaaneHocTH, BXOAALIMeE B KOMNNIEKT NOCTaBKM:
reHepaTop HanpAXeHNA ¢ PaCLUNPEHHbIMU BO3MOXKHOCTAMU GOPMUPOBAHUA GYHKLIIA, UMNYb- nporpammHoe o6ecneyenue KiWAVE ans co3ganua curdanos
COB W CUrHANOB NPOU3BONbHOI GOPMbI. OH 0BecneunBaeT NoNyYeHMe BbICOKOKAUECTBEHHBIX Pa3NHYHoM GOpMB;

CUrHAnNoB C Ma/biM BpemMeHeM HapacTaHuA 1 cnajia Npu H3Kom ypoBHe wyma. feHepatop 3390 USB-KaGens (USB-B-1):
MeeT B YeTbipe pa3a bonbLuuil 06bem namATh ANA XpaHeHNa GopMbl CUTHANOB, Yem Nto6oi !

ZApyroii reHepatop nogo6Horo knacca. Mogenb 3390 — 370 yHUBEPCaNbHbliA, NOTHOPYHKLMO- kabenb renepaTopa MMNYNbCHBIX NOCNeA0BATENbHOCTEl
HaNbHBbIN, BbICOKOCKOPOCTHOIA 11 Y06HbIN B KCNNYaTaLMK reHepaTop CUrHanoB NPOM3BOJLHON (005-003-00003);

Gopwmbi & nooce yacto 40 50 M. kpocc-kabens Ethernet (CA-180-3);

(D-ROM ¢ PykoBoaCTBOM N0 IKCAyaTaLum.

Bo3moxHOCTM popmupoBaHuA:

CUTHaNOB NPOM3BO/bHOI (OpMBI;
+ OYHKUMIL;
UMMNYNbCOB;

= MOAYNUPOBAHHbBIX CUTHANOB;

LyMma;

+ nocneaoBatenbHocTel nmnynbCoB.

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM
KEITHLEY
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U3MEPEHUE N OOPMUPOBAHWE MAJbIX SNIEKTPUYECKNX CUTHANNOB

KpaTkne TexHnyeckue xapakrepncrtnku mogenu 3390

DWCNNEN: rpaduueckiii pexum Ans BU3yanbHOro KOHTPONA NapaMeTpPoB.

OYHKLMOHANDHBIE BO3MOXHOCTH:

(TaHAapTHbIE CUTHANDI: CUHYCOUAATNbHbI, NPAMOYTONbHbIiA, NUN00-
6pasHblit, TpeyronbHoi Gopmbl, UMNYAbCHBIN, LWYMOBON, NOCTOAHHOE
CMeLLeHme.

Berp CUrHanbI Np i GOPMBbI: IKCMOHEHLMaNbHoe
HapacTaHue 1 cnag, 06paTHblii nuN0o6pasHblil curan, sin(x)/x, kapanonaa.

XapakTepucTukmn curHanos

TAPMOHWYECKUN CUTHAN

YACTOTA: ot 1 Mkl po 50 M.
HEPABHOMEPHOCTb AMNIUTYAHOM XAPAKTEPUCTHKM: 0,1 4B (< 100 ki)
(no oTHoweHuio K 1 kly) 0,15 a6 (< 5 MTu)

0,3 b (< 20 M)

0,516 (< 50 MTu).
TAPMOHWUYECKWUE UCKAMKEHUA (abH)

ot 0 go 20 kly: —65 (< 1B pasmax); —65 (= 1B pasmax)
ot 20 kT po 100 Klu: —65 (< 1B pa3max); —60 (= 1B (pa3max)
o7 100 kl'y go 1 MIy: —50 (< 1B pa3max); —45 (= 1B pa3max)
ot 1My go 20 MIu: —40 (< 1B pa3max); -35 (= 1B pa3max)
o120 Ml'y go 50 MIy: -30 (< 1B pa3max); =30 (> 1 B pa3max)

KO3OOULIMEHT HENUHEANHBIX UCKAMEHWI THD:
ot 0 80 20 kT, V = 0,5 B (pa3max), THD < 0,06% (tun.).
NMOBOYHBIE U3NYYEHUA (kpome rapmoHuK):
010 10 1 My — 70 gbH.
ot 1 My 4o 50 MTu: =70 abH + 6 ab/okTaBy.
OA30BbIV LIYM (cmewenne 10 kTu): —115 454/, TMN. 3HaueHe npu
f>1Mru,V=0,1B (pa3max).

MEAHOP

YACTOTA: o1 1 MKI 20 25 MIu.

BPEMEHA HAPACTAHWA N CNADA: <10 He

BbIBPOC: < 2%.

M3MEHAEMbIA KO3OOULIMEHT 3ANONTHEHUA: o1 20% 1o 80%
(1o 10 MTw), ot 40% po 60% (a0 25 MIu).

HECUMMETPUYHOCTb: 1% o1 nepuopa + 5 He (npu koshduumente
3anonHexua 50%).

TPKUTTEP (CPEAHEKBAAPATUY.): 1 Hc + 100 ppm ot nepuoga (100 ppm

=0,01%).
CUTHAJIbI MUNIOOBPA3HOW
W TPEYTONIbHOW ®OPMbI

YACTOTA: o1 1 mkIuy 20 200 Klu.
JINHEAHOCTD: < 0,1% npy MaKc. curHane.
CUMMETPUYHOCTD: ot 0,0% Ao 100,0%.

UMMYNbChbl

YACTOTA: o1 500 MKl g0 10 MTy.

LWPUHA UMNYNbCA: muH. 20 He, paspeLuetie 10 He (nepuop < 10 ).
W3MEHAEMAA ANUTENBHOCTb OPOHTA: o1 <10 Hc Ao 100 Hc.
BbIBPOC: < 2%.

TPKUTTEP (CPEAHEKBAAPATHY.): 300 nc + 0,1 ppm oT nepuoga.

lym

OBLUME XAPAKTEPUCTUKI

PA3PELLEHUE N0 YACTOTE: 1 mk[u.

JWANA30H AMNAUTYA: o7 10 MB (pa3max) o 10 B (pa3max) ana 50 Om.
ot 20 MB (pa3max) zo 20 B (pa3max) Ana 6onbLuoro conpotusneHus.
MOrPELHOCTb AMIIUTYAbI (Ha wacToTe 1 Klu): £1% 0T ycTaHOBKM

+ 1 MmB (pasmax)
EAUHULIbI AMNNUTYADI: B (pa3max), B (cpepHekBagpatny.), Abm.
PA3PELLEHUE NO AMIIUTYAE: 4 pa3psana.
JWAMA30H NOCTOAHHOT0 CMELLEHUA (nKoBoe 3HaYeHue nepe-
MEHHOT0 CUrHana + NoCcToAHHoe cMeleHune): +5B ana 50 Om,
+ 10 B ana GonbLuoro conpoTuBneHna.
NOTPELHOCTb NOCT. CMELLEHWA: +2% 0T ycTaHOBAEHHOT0 3HaUeHUA
cmettennsa, = 0,5% 0T yCTaHOBNIEHHOI0 3HAYEHUA AMIAIUTYAbI.
PA3PELLEHUE NOCT. CMELLEHUA: 4 pazpapa.
WMNEQAHC OCHOBHOTO BbIXOAA: 50 Om (Tun.).
NPEAENbHO ONYCTUMOE HANPAMEHUE OCHOBHOTO BbIXO/A: 42 B
(NUK.) OTHOCUTENBHO 3eMAN.
3ALLMTA OCHOBHOIO BbIXOJIA: 3awyuTa OT KOPOTKOr0 3aMblKaHUA; Npu
neperpy3Ke OCHOBHOI BbIXO/ aBTOMATUYECK OTKNIOYAETCA.
NOrPEWHOCTb BHYTPEHHEIO FEHEPATOPA OMIOPHOM YACTOTbI:
+10 ppm 3a 90 AHeit, £20 ppm 3a rog.
BbIX0/] BCTPOEHHOTO FEHEPATOPA OMOPHOM YACTOTbI: umeetca
BXO/L BHELUHEN ONOPHOM YACTOTbI:
Monoca 3axsara: 10 MIy = 500 Iy,
YposeHb: o1 100 MB (pa3max) go 5 B (pa3max)
WUmnepanc: 1kOM (Tun.), pa3genuTenbHblil KoHAEHcaTop
Bpemsa CMHXpOHM3aLMM: < 2 CeKYHA.
NWNANA30H YACTOTbI BHELUHEN CUHXPOHU3ALIMM: 10 MTy.
BbIXOA YACTOTb!:
YpoBeHb: Tun. 632 MB (pa3max, 0 Abm).
Wmnepanc: Tun. 50 Om, pazpennTenbHblit KOHAEHCATOP.
CABUT GA3DI:
Auanason: ot —360° 1o +360°.
Paspewenue: 0,001°.
MorpewHocTb: 8 HC

moaynauuna

BUA MOAYNALMKN: amnnutysHas (AM), vactotHaa (FM), dasosas (PM),
$a3oBaa manunynauua (FSK), wupotHo-umnynbcxas (PWM), passeptka
(SWEEP) n nakeTHbIt uMnynbcHblit pexxum (BURST).

AM

HECYLLAA: cuHyconaanbHas, np
BONbHOI GOPMbI.

WUCTOYHUK: BHYTPeHHNit unY BHELIHMIA.

BHYTPEHHAA MOAYNALIUA: cubycompanbHas, npaMoyronbHas, nunoo-
6pa3Has, TpeyronbHas, LyM, NpoU3BONbHOI GopMbI.

YACTOTA (BHYTpeHHeit moaynaumn): ot 2 Ml o 20 Kly.

TNYBUHA: o7 0,0% Ao 120,0%.

FM

yronbHas, nu. an, npous-

HECYLLIAA: cubyconpanbHas, npamoyronbHas, nunoobpastas, npous-
BONbHOI GOPMbI.

WUCTOYHUK: BHYTPEHHNMit un BHELIHMA.

BHYTPEHHAA MOAYNALIUA: cukyconpanbHan, npaMoyronbHas, nunoo-
6pa3Has, TpeyronbHas, Wym, NPOU3BONLHON GOpMbl.

YACTOTA (BHYTpeHHeii moaynauuun): ot 2 My o 20 Kly.

REBUALUA: o1 0 o 25 MTy.

PM

MOMOCA YACTOT: 20 MTy (tun.).

CUrHAJIbI NPOVN3BOJIbHOW ®OPMbI

YACTOTA: ot 1 mkIy g0 10 MTu.

PJMHA: ot 2 0 256 000 Toyek.

PA3PELUEHME: 14 6uT (BKNt0YaA 3HAK).

YACTOTA AUCKPETU3ALIUW: 125 MH. oTcueToB/C

MUH. BPEMEHA HAPACTAHUA W CMAJA: 30 Hc (Tun.).
JIMHEAHOCTD: < 0,1% npu MaKc. curHane.

BPEMA YCTAHOBJEHUA: < 250 H, 40 0,5% 0T 3aAaHHOT0 3HaueHuA.
JKUTTEP (CPEAHEKBAZIPATHY.): 6 H + 30 ppm
SHEPTOHE3ABUCUMAA MAMATD: 4 curnana no 256 000 Touek.

HECYLLLAA: cunyconpanbHas, np
BONbHOI GOPMbI.

WCTOYHUK: BHYTPeHHNit UNn BHEWHMIA.

BHYTPEHHAA MOAYAALIUA: cukyconpanbHas, npamoyronbHas, nunoo-
6pasHas, TpeyronbHas, Wym, NPOU3BONbHOI GOPMbI.

YACTOTA (BHYTpeHHeit mopaynaumm): ot 2 Ml ao 20 Klu.

DEBUALINA: o7 -0,0° 1o 360°.

PWM

yrofibHas, NunoobpasHas, npous-

HECYLLLAA: umnynbcbl.

WCTOYHUK: BHyTpeHHWI Unu BHELWHHA.

BHYTPEHHAA MOAYAALIUA: cukyconpanbHas, npamoyronbHas, nunoo-
6pa3Has, TpeyronbHas, WyM, NPOU3BONLHOI (OpPMbI.

YACTOTA (BHyTpeHHeit mogynaumun): ot 2 ML A0 20 Klu.

AEBUALINA: o1 0% a0 100% 0T LuMPUHBI UMAYAbCA.

FSK

HECYLLAAl: cunycoupanbHas, npamoyronbHas, nunoobpasxas, npous-
BObHOIH GOPMbI.

NCTOYHUK: BHYTPeHHMil unu BHEWHWI.

BHYTPEHHAA MOAYNALINA: meanap ¢ ko3pPuumnenTom 3anonHenmusa 50%.

YACTOTA (BHYTpeHHeit mopynauum): ot 2 My ao 100 kM.

BXOJ BHELLHEA MOAYNALUK

AWANA30H HANPAXKEHWA: +5 B (nonHas wkana).
BXOAHOE COMPOTUBJIEHWE: 8,7 kOm (Tun.).
MONOCA YACTOT: ot 0 fo 20 KIu.

PA3BEPTKA

OOPMA CUTHANA: cuHyconpanbHas, npamoyronbHas, nunoodpastas,
NpOU3BONbHOI GOpMbI.

TUN: nuneittas uau norapudmuyeckas.

HANPABJIEHUE: BBepX uny BHU3

BPEM# PA3BEPTKW: ot 1 mc a0 500 c.

3ANYCK: BHYTPeHHWI, BHELUHNIA NAN PYYHOIA.

MAPKEP: 3aHuit ppOHT MMNYNbCa CUHXPOHU3ALMK (YacToTa nporpam-
mupyerca).

MAKETHbIN CUTHAN

OOPMA CUTHANA: cutyconpanbHas, npaMoyronbHas, nunoobpastas,
TpeyronbHas, Wym, Npou3BObHON GOPMbI.

TUN: BHYTPEHHWI UNK BHELWHWIA.

OA3A HAYATIA/OKOHYAHUA: —oT —360° no 360°.

BHYTPEHHWI NEPUON;: o7 1 mKc 0 500 ¢.

YNPABNAEMbIA UCTOYHUK: BHewHuii TpurrepHbiii.

CUTHAN 3ANYCKA: BHYTPEHHWIA, BHELIHWIl NN PYYHOIA.

BXOJ CUTHAJIA 3ANYCKA

YPOBEHb: TT/I-coBmecTUMbI.

OPOHT: nepenHuii unv 3aHwii (Bblbupaetcs).
LUNPUHA UMNYNIbCA: > 100 Hc.

WMNERAHC: > 10 KOm, pa3genuTenbHblil KOHAeHCATOP
3ADEPXKKA: <500 HC

BbIXOA CUTHANA 3AMYCKA

YPOBEHb: TT/l-coBmecTUMbIii Ha Harpy3ky = 1 kOM.

LUINPUHA UMNYNIbCA: > 400 Hc.

BbIXOAHOA UMMEBAHC: 50 Om (Tun.).

MAKC. YACTOTA NOBTOPEHWA: 1 MTu.

HATPY30YHAA CNOCOBHOCTb: o 4 npubopos Keithley moaenu 3390

PEMWM rEHEPATOPA CUTHANOB
NPOW3BOJIbBHOW ®OPMbl

MAKC. TAKTOBAA YACTOTA: 50 M.

BbIXOA: ypoBeHb: TT/I-coBmMecTuMBblit Ha Harpy3ky = 2 KOM.
BbixopHoe conpotuBnenue: 110 Om (tun.).

ANUHA CUTHANA: ot 2 g0 256 000 Touek.

OBLUME XAPAKTEPNCTUKKU

MUTAHUE: KAT. I, nepemetHoe Hanpaxenue 110 B —240 B +10%.

YACTOTA MUTAIOLLEN CETH: o7 50 [ g0 60 I,

MOLLHOCTb: 50 BA makc.

YCNOBUA SKCMAYATALMM: o7 0 o 50 °C.

JANANA30H TEMNEPATYP XPAHEHUA: o1 -30 °C o 70 °C.

MHTEPOEWNCbI: USB, LAN, LXI-C, GPIB.

A3bIK KOMAHJ: SCPI-1993, IEEE-488.2.

PA3MEPbI (BbicoTa X wMpuHa X AnuHa): 107x224x380 Mm.

MACCA: 4,08 kr

BE30MACHOCTb: 8 cootBeTcTBUM ¢ [IupekTuamu EBpocotosa

73/23/EEC, EN 61010-1.

JNIEKTPOMATHUTHAA COBMECTUMOCTD: B cooTBETCTBUN
¢ upexTuamu Espocoiosa

89/336/EEC, EN 61326-1.
NPOTPEB: 1 vac.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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KommyTauma n ynpasnexue

LLinpokwit accopTumeHT annapatypbl komnanuu Keithley ana kommyTaumum curHanos no3BonseT nerko HaiiTv peLueHme NpakTUUecku AnA Nioboit
3apaum. OnbiT pabotbl komnanum Keithley co cnabbimm curHanamm rapaHTUpyeT BbicoUaiiLuee KauecTBO MHOTOKaHa/IbHOI KOMMYTaLi u3mepu-
TeNbHbIX Lieneit.

TexHnuyeckaa nHpopmauyusa
CpaBHuUTenbHas Tabnuua cnctem KOMMyTaLum

KOMMYTaI.I,IlIﬂ n3mMmepunTesibHbiX KaHaJ10B C BOSMOXHOCTbIO
OAHOBpPEMEHHDbIX Ill3M€pGHIIII7I BbICOKOKa4YeCcTBEHHbIM I.II/Id)pOBbIM
MyJIbTUMETPOM

CncTtema KOMMYTaLMK CO BCTPOEHHBIM LIMPPOBBIM MYSIETVMETPOM
3TaNnoHHOro Knacca cepum 3700A

KommyTtauvoHHble nnaTtbl cepun 3700A

|.|.|I/Ip0KI/II7I AVana3oH BO3MOHOCTEN KOMMYTauun CUrHasioe B
KOMMaKTHOM Kopnyce

80-kaHanbHaa cuctema KommyTauuy 1 ynpasneHus 7001

LLinpokopyHKLMOHaNbHaA cuCTeMa KOMMyTaLuun ANA CpeaHnX
N KPYNHbIX KOMMNJIEKCOB aBTOMaTU3NPOBaHHON N3MepuUTeNbHOIM
annapartypbl

400-kaHanbHasa cucTemMa KommyTaLum u ynpasnexuna 7002

KommyTauvoHHble naaTtbl gna cmctem 7001 n 7002

KOMMYTaI.I‘IlIiI C PeKOpAHO MaJibiIMN TOKaAaMMN YTEYKN N1 KOHTAKTHbIMUA
noTeHunanamm

Cuctembl KommyTaumm mogenen 7078 n 708B gna nonynpoBOgHNKOBbIX
TEXHONOTNN

Mnatbl KommyTauum ana cucrem 707B n 7088

STanoH YHMBepcanbHbIX KOMMYTaTOPOB PagMo4acToTHbIx u CBY-
CUrHanoBs

Cuctembl 46 1 46T gna KoMMyTauum pagnodactoTHblx n CBY-curHanos

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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KOMMYTAUNA U YNPABJIEHUE

TexHn4eckas uHpopmauua

[ina goctxenus Tpeﬁyemoﬁ TOYHOCTU U3MepUTENbHON CUCTe-
Mbl Heobxogum Bbl60p CO0TBETCTBYIOLUNX CPEACTB U3MEpeHUsd,
TBOPYECKUI MOAXOA K UCIONb30BAHMUIO U peann3aLmmn MeTofos
TeCTUPOBAHUA N U3YYeHUe TeXHUYeCKuX (I1€L|VI¢I/IKaL|VII7I n
BO3MOXHbIX UCTOYHUKOB OLUMOOK. nOCKOJ’Ibe 60bLIMHCTBO
N3MepUTeNibHbIX CUCTEM A0CTATOUHO CNI0XKHbI, Tpeﬁyercn
(BECTU K MUHUMYMY YUACN0 HEKOHTPONIMPYEMBIX NapamMeTpoB.
[lna 37010 He0bX0AMMO BNAZIETb TOUHBIMYU TEXHUYECKIMMU
CHELIM¢MKaLlMHMVI ncnonb3yemMblX CpeacTB KOMMYyTaLni.

Ocoboe BHUMaHMe CneyeT yAenaTb U3MepPeHnAM, BbINoAHsAe-
MbIM BOAU3Y NPe/ienoB TOYHOCTH, papelLeHins uan YyBCTBI-
TenbHOCTY U3MepUTENbHbIX NPUBOPOB MK NCTOUYHUKOB. Takue
3MepeHus 06bIYHO NPeALABAAIT Haubonee XecTkie Tpe-
60BaHuA, B TOM UnCie 1 K CpeficTBaM KOMMYTALMN CUTHANOB.
(ucTema, CNpoeKTMPOBaHHaA C y4eToM Takix TpeboBaHmil, kak
MpaBwno, MOXeT MCNOb30BaTbCA ANA NPOBEAEHNA U APYTUX
U3MepeHuii.

Kak onpepenutb napameTpbl CUCTEMbI
KOMMYyTaLum ana moeii 3agaumn?

He3aBucumo o Toro, KTo byeT BbIOMPaTh CMCTEMY KOMMYTa-
LM — NONb30BATENb UM CELMANICTbI N0 NPUMEHEHMI anna-
patypbl Komnanuy Keithley - cnepyet onpepenutb TpeboBaHna
K NpoeKTUpyeMOoli CucTeme TeCTUPOBAHUA 1 NPOAYMATb CXeMY
CoeIUHEHNIA.

Tpe60BaHMﬂ K CucTeme TeCTUpOBAHUA BKKOYAKOT B cebs:

+  MapameTpbl U3MepeHuii (CMMCoK BUA0B N3MepeHnii ¢ yKa3a-
HueMm Tpebyemoii ToUHOCTH);

+ CMUCOK HE0OX0AMMbIX MCTOUHIKOB TOKa n(nnu) HanpAXeHua;

* YNCNO BbIBOAOB TECTUPYEMOTO YCTPOICTBA 1 KONMYECTBO
NOAKI0YaeMblX Npubopos;

*  XapaKkTepucTuku CUrHanoB(BMAbI CUrHANOB, OXKAAEMble
3HaueHWsA 1 Mana3oHbl YacToT) u TpEﬁOBaHMﬂ K conpoTus-
JIEHNAM KOMNOHEHTOB I/I3M€pI/ITeﬂbHOI7I CnCTembl;

- GbICTpOAEICTBYE;

+ YCNIOBMA OKpY>KatoLLeli cpefibl (TemnepaTypa, BNaXHOCTb
UT.N);

+ CMUCOK BHeLWHMX uHTepdeiicoB (GPIB, RS-232, USB,
Ethernet).

Tectupyemoe
YCTpoiicTBO

ctoumk
HanpAXeHua
Wi TKa

InekTpomeTp

Ucroymkn
nuTaHyA

Cuetunk/Taiimep

Tenepatop
MMNYNbCOB Wk
DYHKLMOHANbHBIT
reHeparoj

Lindposoit
MynBTHMETD

KOMMYTALIMA CUCTEMbI ar

Puc. 1. CocTaB yHuBepcanbHOii CUCTeMbl TECTUPOBaHUA

3atem aiefyer caenatb 3CKu3 (Xembl CcoeAMHeHuiA. 3Haa

4nCno BbIBOAOB KaXaoro ycrpoﬁcha N KONn4ecTBo I'IpVI60pOB
(MCTOYHMKOB 1 MSMEPMTQJ’IQVI), Hal0 NOKa3atb TUMbl KOMMY-
TaLMOHHbIX 2N1EMEHTOB U UX KOH(])VIrypaLI,I/IVL CKopee BCero,
(03/1aHne 3CKn3a n0Tpe6yeT nocnesoBateNibHbIX I'IplAﬁJ'IM)KeHVII?I
N0 Mepe pacCMOTPEHNA UMEIOLLINXCA B HAaNUYumn CpeacTs
KoMMyTauumn.

Mocne 37oii noaroToBMUTENbHON PaboTbl MOXHO BbIGPATH Cpep-
(TBA KOMMYTaLWM, B YaCTHOCTY:

« KOHOUrypaLmio cucteMbl KOMMYTALUN 1 KOMMYTaLMOHHBIX
nnar;

+ CUCTEMY KOMMYTALUY;

« UCTOYHUKM U CPEACTBA U3MEPEHUS;

« Kabenu u pyrue npuHaanexXHoCTH;

« NPEAOXPAHUTENM, OTPAHNYMTENbHBIE PE3UCTOPbI, A0
nap.;

+ M0CNe 3T0r0 He06X0AUMO ONPeAENUTb UCTOYHIKI MOTpeLL-
HOCTeli M CPaBHUTb UX C Tpebyemoii TOUHOCTbIO 3MepeHHii.

KoHdurypauum kommytatopoB

VImelowumeca BuAbI 1 pasmepbl KOMMYTALVOHHBIX INeMeHTOB
onpeaensnT 3p$eKTUBHOCTb OKOHUATENbHOI CXeMbl KOMMY-
Talum, B TOM UMcne KONMYECTBO Kabeneil v CnoHoCTb CXembl
coeZnHeHiA. Nliobas KOMMYyTaLMOHHAA CUCTEMA COCTOUT U3
0CHOBHbIX, K 6330BbIX, 6510K0B. Hixe noka3aHbl npumepbl
MPUMEHEHUA OCHOBHBIX TUNIOB KOMMYTaLIMOHHbIX 371EMEHTOB.

UcTouHuK HanpaxeHua

« HopmanbHo pa3oMKHYTbIii Koy

« Manoe Bbixo/Hoe conpoTuBneHue

« cTouHvKN nUTaHUA

« OyHKUVOHaNbHble reHepaTopbl

« [eHepaTopbl Nocne0BaTeNbHoCTEl
MMNYNIbCOB

«Yennutenn

TY unm
u3MepuTenb

UcTounuK Toka
JIBYXNO3ULMOHHbIi NepexntouaTent
BonbLuoe BbIX0AHOE CONPOTHBNEHME

TY uu
u3MepuTenb

Puc. 2. Mpumepbl KoHUrypaLyit KOMMYTaLMOHHBIX 3e-
MEeHTOB

KoHdurypauma KoMMyTaLMOHHOrO 3neMeHTa ONUCbIBALTCA
3NEKTPUYECKNMU NAPAMETPAMU, MEXaHUUECKON KOHCTPYK-
Lmeil unn BbinonHAeMoil dyHKumeit (puc. 2). Takoe onucaxue
CUTHATIbHBIX NYTei, UK INEKTPUYECKIX COeAMHEHNIA,
HeobxoAMMO AnA NOATOTOBKM Kabenei  MOHTaXa cuctembl
TECTUPOBAHUA.

KommyTauuoxHas matpuua (puc. 3) npefcrasnset coboit
Haubonee yHUBEPCANbHbI TUN CUCTEMbI KOMMYTaLM.
[lpex e Bcero, He CnieAyeT MyTaTb CUCTEMY KOMMYTaLMN
(switch matrix, unu mainframe) c KoMmyTaLMOHHOR MaTpy-
Lieii (matrix switch). KommyTauuoxHas matpuua nossonser
NoAKNIUMTb N06OI BXOZ K Nto60MY BbIXOAY NOOAMHOUKE U
B COYETaHMN C APYTUMU. ITO NO3BONAET COKPATUTD A0 MUHM-
MyMa YMCNO BHELUHUX COEANHEHNIE M YNPOLLAeT NOAKNI0YEeH e
TeCTUPyeMoro yCTpoiicTBa. XoTA KOMMYTaLMOHHaA MaTpuLa
noJoiiZieT NpaKkTUyeckn Ana nioboil 3ajaun, oHa He Beeraa
ABNACTCA HAUNYYLLUNM BUAOM CXEMbI KOMMYTaLMK.

TecTupyemoe ycTpoiicTBO

Cronbey 1 20 3| 415

VicTouHmK Crpoka 1
HanpsKeHNs

[ oo }—
McTouHmK ToKa

1udposoii 3
MYNIbTUMETP

4
IneKTpomeTp

Y3en KOMMYTaLMOHHOI MaTpuLibl

JInHmA BbICOKOTO i
JIMHUA HU3KOTO NOTEHLMana
JIMHUA 33LLUTHOTO SNEKTPOAA

Puc. 3. KommyTaymoHHas matpuua

PaccmoTpum npumep, B KOTOPOM HE0BXOANMO NOAKNIOUNTD
YeTbipe Pa3NYHbIX U3MepUTENbHbIX NPUBOpa K AECATU KOH-
TPONbHbIM TOYKAM TecTupyemoro ycTpoiicTsa. Ecim Tpebyetca
06ecneynTb BOIMOXKHOCTb B N11060/ MOMEHT BpemeHH nog-
KNioynTb N06Yto KoMOUHaLWio NprbopoB K Mto6oit KomOuHaLum
KOHTPO/IbHbIX TOYeK, TOrAa AeMCTBUTENbHO CNiedyeT UCnonb-
30BaTb KOMMYTaLMOHHYt0 MaTpuLly. OfHaKo ecn HeobxoAuMo
B 11060/ MOMEHT BpeMeHM NoAKNIouaTh TONbKO 0MH Npubop
K OAAHOI1 KOHTPONbHOI TOUKE, TO ANA TaKOr0 COEAVHEHNA
MOXHO CNONb30BATb COYETaH!e MyNbTUNNEKCOpa «4 BXOAA

1 1 BbIX0A» ¢ MynbTUNAeKcopom «1 Bxog 1 10 BbIXOZ0B (3aecb
11 fanee Ans yno6CTBa 06bACHEHNA 1 C y4eTOM BOMOXKHOCTH
[ABYHanpaBNeHHoi nepefayy CUrHanoB BMeCTo TepMUHa
«eMynbTUNNEKCOP» ByAeT UCMONb30BATLCA TEPMUH «<MYNbTU-
nnekcop»). B TaKoil cxeme ¢ MynbTMNNIEKCOPaMI NCMOMB3YIOTCA
14 KOMMYTaLMOHHBIX 2NEMEHTOB, B TO BPeMA KaK B NOAHON
matpue — 40. [pu ncnonb3oBaHuM ANA TaKkoil 3aaun
KOMMYTaLMOHHOI MaTpULibl NpULLNOCh bbl 3annaTuTh 3a 26
JINILLHUX KOMMYTaLMOHHBIX /1EMEHTOB, 63 KOTOPbIX MOXHO
6bino 6b1 060liTICh. Takum 06pa3om, TLaTeNbHas NpopaboTka
nocneoBaTesIbHOCTI U3MEPEHHIA 1 CXeMbl COeAUHeHNIA NPUBO-
JVT K C0371aHMI0 60nlee KOMMAKTHOI 1 3KOHOMUYHON CUcTeMbl
KOMMYTaLy.

oo 0
TYNe1
?
v
WsmepuenbHblii © oo ° 2
npubop 0 0
v v
oo 0
TYNe3
?
v

Puc. 4. MynbTunnekcop

MynbTunnekcop (puc. 4) nogkniouaeT oAvH Npubop K HeckoMb-
KIM TecTUpyembIM YCTPOIACTBAM UM HECKONbKO NpubopoB

KEITHLEY
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KOMMYTAUWA U YNPABJIEHUE

K 0/AHOMY TeCTUpyeMOMy YCTPOCTBY. MynbTUNNEKcop oKkasbl-
BATCA MONE3HbIM B COUETaHUMN C KOMMYTALMOHHOI MATpHLieid
WIN B APYTUX KOHOUTYpaLMAX ANA PaCLUMPEHIs BO3MOX-
HOCTEii CXeMbl KOMMYTaLy MOCPESCTBOM 00beauHeHus
INEKTPUYECKMX Lienedi, a TakXKe C LieNblo 06ecneyeHmna fonon-
HUTENbHOM U30MALIMM, CHUKEHIS NIEPEKPECTHDIX NOMEX MEXAY
KaHanamu 1 AnA C03aHuA CNeLManbHbIX KOHYUrypauwii.

o
TYN1
i
WN3meputenbHblit © °/JJ° ° yNe2
npubop ° 9 9
v v
o
TYN3
?
v

Puc. 5. CKaHnpytowuin nepeknioyatenb

CkaHupytoLyyit nepekioyatenb (puc. 5) — 310 pasHOBUAHOCTb
MYNbTUNAEKCOPa, KOTOPbIIl 3aMblKaeT KOHTaKTbl NOCNeA0Ba-
TenbHo, APYr 3a APYroM, MHOTAA C BO3MOXHOCTbIO NpoMycKaTh
HeKOTOpble KaHanbl.

W130nupoBaHHble NepeKtoUaTeNM COCTOAT U3 OTAENbHBIX He
(BA3aHHbIX Mex Ay c000ii pene, YacTo ¢ HeCKONbKUMM Fpyn-
Mamu KOHTaKToB. 307MpoBaHHble NepeKnioyaTenu He Nog-
KIH0YEHbI HU K KaKoii ApYroii Lenu, No3ToMY OHY € TOMOLLbH
JBONONHUTENBHbIX COEAMHEHMI NO3BONAIOT C03/4aBaTh OUeHb
T6KIe 1 HUKasbHble COUeTaHUA KOHUrypaLyil BXop0B

11 BbIXOZOB. ITOT TUN NepeKioyaTeneil MOXET 0Ka3aTb(A
Mone3HbIM NA CO3AAHNA ROMONHUTENbHOI U30NALMN MeX Y
Liensmu, obecneyeHns 3alLuTHoii 6NI0KNPOBKY, NpuBedeHNs B
AeiicTBIE APYruX nepeKknlovaTeneil ua snekTpuueckux Lenei
WK ANA NOCTPOEHNSA CNELMANBHBIX TOMONOTUiA, TAKHUX KaK
6UHapHDIe IECTHUYHbIE MM APEBOBUAHbIE CTPYKTYPbI.

dneKTpMyecKne napameTpbl

3neprqucxwe napameTpbl KOMMYTaLMOHHbIX NNaT BHOCAT
(yLI.le(TBeHHbIVI BKMag B 06wue XapakTepucTuku nsmepu-
TeNbHOIA CUCTEMbI U B 06ecneyeHme LeNoCTHOCTH CUTHanNoB
B Heil. YT00bl JOCTMYD BbICOKOI TOUHOCTH, paspeLueHua n
YYBCTBUTENIbHOCTY, a TaKXKe ANA MapLUpyTM3aLim BbICOKOYa-
CTOTHbIX CUTHJI0B, HOMbLLINX TOKOB 1 BbICOKUX Haﬂpﬂ)KeHI/II?I
C MUHUMaNbHBIMIN UCKAXKEHVAMI TECTOBOTO CUTHaNa, Heob-
X0AUMO 3HATb 3NIEKTPUYECKI1e napameTpbl KOMMyTaLlVIOHHOVI
nnatbl. Heobxogumo conocTaBuTh KPUTUYHbIE Tpel’)osauvm K
ucTeme TeCTUPOBAHUA C NapaMeTpamu CUCTeMbI KOMMYTa-
LK, yKa3aHHbIMUN B CI'IeLlVI¢I/1KaLlI/IM. Ecm TpeﬁyeTc;i n3me-
pATb HanpAXeHue BE/INYINHON OAUH BONLT OTHOCUTENBHO
ONOPHOr0 YpOBHA 0AUH MUKPOBOJILT, ClieayeT y6€£lVITCﬂ B
TOM, UTO KOHTAKTHAA pa3HOCTb NOTEHLNAN0OB KOMMYyTaLK-
OHHbIX 37IEMEHTOB He COCTaBNIAET HECKOJIbKUX COTEH MUKPO-
BobT. Ecnmn TpeﬁyeTcn KOMMYTUPOBATb HanpAMeHue nCcTou-
HUKa NUTaHNA, Hajo yﬁenmcn B TOM, 4TO KOMMYTaLlNOHHbIE
3N1eMeHTbI CNoCo6HbI BbllepXunBatb L0CTaTOYHbIN TOK. anI
U3MepeHun COHpOTMBl’IEHMI?I nopAaAKa 0iHOro KOM 1 Huxe
cnepyet yﬁenm(ﬂ B TOM, 4TO CUCTeMa KOMMYTaLum obecne-
YnBaeT NOAKNIYEHNE NO lIETprQXI'IpOBOﬂHOVI (xeme.

TexHuueckue xapakTepuCTUKI KOMMYTALMOHHO! NnaTbl onpe-
AeNAI0T NapameTpbl TONbKO camoii nnatbl. Mpu coeuHeHMM
HeCKoNbKMX NiiaT BMECTe pe3yNbTUpyHLLMe KCTyaTaLm-

JIEKTPUYECKWE XAPAKTEPUCTUKIU VMEET 3HAYEHUE

KoHTaKTHaA pasHoCTb NoTeHWuanos
(orpaHumMBaET BO3MOXKHOCTb KOMMYTALMM HU3KOBONBTHBIX
CUrHanoB)

Ipu TouHOM
Pa3HOCTHbIX U3MEPEHIAX OTHOCUTENbHO ONOPHOTO YPOBHS, U3MepeHNAX Apeiida n
U3MEPEHNAX TeMnepaTypHOro KoypduLmeHTa.

CUrHanos MeHee 1B, B yacTHocTw, npu

Tok cmeLLieHua
(orpaHuMBAET BO3MOXKHOCTb KOMMYTALMM CaBOTOYHBIX CUTHANOB)

Tpy U3MepeHMM CUTHANoB € TOKOM MeHee 1 MA, B YaCTHOCTH, U3MePeHIN BONbTaM-
TIepHbIX XapaKTepUCTYIK noaynp

)B 1 COMpOT

XapaKTepuctuyeckoe conpoTusnenme

[InA coxpaHeHa LienocTHOCTI CUrHaoB Npu KOMMYyTaLi pafno4acToTHbIX CUTHaNoB.

KomneHcauna Temnepatypbl «X0N04HOr0» Cnas Tepmonapbl

ﬂpl/l TOYHbIX U3MEPEHNAX C NOMOLLbIO Tepmonap.

YeTbipexnpoBoAHas cxema NoAKNIYeHua (aBTOMaTMyeckoe nonap-
Hoe 006beaHeHue KaHanos Ana YNPOLLEHNA KOMMYTALNN NUTAOLLUX

Tpu TOYHOM U3MepeHun conpoTMBReHMI MeHee T KOM 1 KOMMYTaLMM UCTOYHNKOB

11 U3MEPUTENbHbIX Leneit)

CKOHTpONemM Ha Harpyske.

p

MakcumanbHblit Tok

TPy KOMMYTaLIMM UCTOUHUKOB NUTAHNA U 3NEKTPUYECKMX Lieneil 6onbLuoi MoLHOCTY.

MakcumanbHoe Hanpsxerue

[pu TecTMpOBaHUM M30AALUM 1 NPOBepKe NapamMeTpoB 3J'|EKTp06€30I'IaCHOC[I/I BbICO-
KOBOJIbTHBIX CUCTEM.

MakcumanbHas MoLHOCTb

ﬂpl/l onpejeneHni MakcMManbHOro Toka i (unm) MakcumanbHoro HanpaxeHuns,
KoTopble nocobeH nepeKnioyaTb KOMMYTALVIOHHDIA 31eMeHT 6e3 nospexnaeHna
NeyaTHoil NnaTbl WK pene.

(pOK CJ'Iy)KﬁbI KOMMYTALNOHHOT0 IN1EMEHTa

[inA onpepenenus cpefHero BpMeHi HapaboTKu Ha 0TKa3; onpedendeT MakcManb-
HOe UNCNO NepeKioueHHmiA, KOTopoe NPeANoNoXMTENbHO MOXKET 6bITb BbINONTHEHO
TIpYt KOMMYTALMK N0 Harpy3Koii W 6e3 Hee.

Puc. 6. dneKTpuyeckne xapakTepnCTMKIN KOMMYTaLMOHHBIX 3/1IEMEHTOB

OHHble NapaMeTpbl, Takue Kak TOK CMeLLeHIns 1 BHOCMMble
notepu, bynyT onpefenaTbCA BCeil CUCTEMOIA,  He TONbKO
[NaHHON NnaToi.

Kaxaan gononHutenbHas KOMMYTaLNOHHaA nnata u coefnHn-
TeJIbHbIil KabeNb HeCKONbKO YXYALWAKT NapaMeTpbl CMCTEMbI.
Qina HEKOTOpbIX 3aAay HeobxopnMo XapakTepu3oBatb BCHO
CucTemy B LENOM, BKIIHOYAA KOMMYTALIUOHHbIE 37IEMEHTbI.

Ha puc. 6 npuBeeHbl HECKONbKO INeKTPUYECKHX XapaKTe-
PUCTUK 1 06MACTV UX MPUMEHEHNA ANA YIyYLLEHNA IKCNNY-
aTaLMOHHbIX NapameTpoB cucTeMbl. IMeeTca MHOro Apyrux
XapaKTepUCTUK, KOTOpble HEOBXOANMO YUUTBIBATD, B 3aBUCH-
MOCTM OT TUNA U YPOBHA KOMMYTUPYEMOFO CUTHana v OXMAa-
eMbIX NapamMeTpOB CUCTEMbI TeCTUPOBaHMA. (paBHUTENbHAA
TabnuLa KOMMYTaLUOHHbIX S1EMEHTOB rpyNNUpYeT KOMMY-
TalWOHHble NNaTbl N0 UX OCHOBHbIM NapameTpam. MHorue
CPeACTBA KOMMYTALVN MONAAAIT B HECKONILKO KaTeropui,
M03TOMY Nepes NPUHATUEM OKOHUATENIbHOTO PELLEeHNs
CNefiyeT BHAMATENbHO 03HAKOMUTBCA CO BCEMI XapaKTepi-
(TUKaMUM KOMMYTaLMOHHbIX NnaT. bonee noppo6Hoe 06cyx-
JeHVe TeXHUYECKIX XapaKTepuCTUK KOMMYTATOPOB U UX BAV-
fHVME Ha KAUeCTBO U3MEPEHHil MOXHO HailTU B CIPAaBOYHNKeE
komnawum Keithley «Keithley’s Switching Handbooks.

DyHKUMOHaNbHble BO3MOXHOCTH
6a30BbIX 6n10KOB

bazoBble 610k1 cucTeM KOMMYTaLUM NPOEKTUPYIOTCA B COOT-
BETCTBUY C MaciUTabamin cucTembl 1 CO3AaI0T annapaTHyto u
nporpaMmHyto Cpeay AnA KOMMYTaLUMOHHbIX nnat Keithley.
Mogenb 3706A ocHalLeHa LeCTbHo CI0TaMi paciunpeHna

1 MMeeT Kopnyc BbicoToli 2U AnA yCTaHOBKM B annapaTHyk
CTOViKY. OHa COBMECTMMA C PaCTYLUMM CeMeVCTBOM BbICOKO-
CKOPOCTHbIX KOMMYTALMOHHBIX NAAT C BbICOKOI MNOTHOCTbIO
PacnonoXeHua KOMMyTaLMOHHbIX dneMeHToB. [ind bonee
LUMPOKMX MaNa3oHOB CUTHaNOB BbINycKakTCA 6a30Bble 6MoKM
7001 (c aBymA cnotamm) v 7002 (¢ AeCATbIO C10Tamu), KOTOpble
COBMECTUMbI B 06LLIeii CNOXHOCTY ¢ bonee uem 30 BUAAMN
KOMMYTaUMOHHBIX nAaT.

[InA 33713y TeCTUPOBAHMA NONYNPOBOAHUKOB C HUKUMM ypOB-
HAMM CUrHanoB BbimyckatoTca 6asoble 6nokn 707B (c wecTbio
cnotamm) 1 708B (c 04HMM CNIOTOM), KOTOPbIE COBMECTUMBI C

LWeCTbI0 CeLManu3npoBaHHbIMM NAATaMK C BbICOKOI NOTHO-

CTbl0 PacnoNoXeHNA KOMMYTALMOHHBIX 3IEMEHTOB, BK/OYaA
BbICOKOCKOPOCTHbIE NAaTbl KOMMYTALUOHHbIX MaTpuL C
MarnbIMn TOKaMK yTEeYKN.

MnoTHOCTL pacnonoxeHuns
KOMMYTaLMOHHbIX 31eMeHTOB

Cuctembl Keithley, umetowne 6onbLuoe KONMYECTBO KaHasoB,
YNpOLLAKT 334341 KOMMYTALMM 33 CYET MUHUMU3ALMN YnCna
Heo6Xo4MUMbIxX 6230BbIX 610KOB 1 KOMMYTaLMOHHbIX NA1aT.
Mopenb 3706A aBnAeTCA cMcTEMOI KOMMYTaLMK ¢ Haubonb-
Leii NNI0THOCTbH Pa3MeLLIEHNA KOMMYTALMOHHbIX 1eMeHTOB
11 N03BONAET Pa3MeCTUTb B CTaHAapTHOM 2U-Kopnyce nop
19”-cToiiKy A0 576 ABYXNPOBOAHbIX KaHANOB MyAbTUNEK-
copa. Mogenb 7001 npu BABOE MeHbLUeli WMpUHe CnocobHa
BMecTuTb A0 80 ABYXNPOBOAHbIX KaHa0B, a Modenb 7002

C fecatblo cnotami — A0 400 ABYXNPOBOAHbIX KaHANOB.
Mopenb 707B cnocobHa BMecTuTh 10 576 KaHanos unu y3nos
KOMMYTaLVOHHOA MaTpuLibl, @ Moenb 708B — o 96 KaHanos
unv y3nos. lnatbl, UMeloLLMe BbICOKYIO NNOTHOCTb pas-
MeLLeH!A 3NeMeHTOB, CIPOEKTUPOBAHDI C y4ETOM NPOCTOTHI
noAKNKYeHNA Kabenei.

CocTosAiHME KaHanoBs

Cepus 3700A, cooTBeTCTBYHLAA TPeOOBAHUAM (TaHAAPTa

LXI, knacc B, umeeT TwwaTenbHo npoayMaHHbIit MHTEpQelic Ha
0CHOBE BCTPOEHHOr0 Be6-6pay3epa, obecneunsaloLLero UHTY-
UTVIBHO NOHATHOE YNpaB/eHe METOAOM «yKax 1 Bblbepu»

11 MOHUTOPMHT COCTOAHMUA BCEX KOMMYTALMOHHDBIX 3NeMeHTOB.
bazosble 6noku 7001, 7002, n 7078, 708B o6ecneunBatot Bu3y-
anbHoe 0To6paXeHue COCTOAHNA KaXAOr0 KOMMYTALOHHOTO
3/IeMeHTa Ha nepeaHeli naHenu.

[lononHuTenbHbIe BO3MOXXHOCTN

ba3oBbie 6noku 3706A, 7001, 7002 v 707B umetoT JONONHN-
TeNbHyt0 COeAMHUTENbHYI0 NaHeNb ANA CORANHEHNA KOMMY-
TaLMOHHbIX NAaT MeXAy cob0iinpu CNOXHBIX KOHPUrypaunax,
TpebyloLLMX NCNONb30BaHMUA HECKONbKIX NNaT. ITa coeau-
HUTeNbHasA NaHeNb yCTpaHAET He0OXOANMOCTb YCTaHOBKMN
BHYTPEHHUX COEZIMHEHNI MeX Ay NNaTamu v yBenuuMBaeT
TMBKOCTb KOHUrypauum.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM

KEITHLEY

A Tektronix Company



KOMMYTALUNUA N YITPABNEHWUE

CpaBHuTenbHas Tabnunua 6a3oBbix 6I0KOB CUCTEM KOMMYTaL N

CucTembl KOMMYTaLUW M ynpaBReHUA ANA aBTOMaTU3NPOBAHHON
u3mepuTenbHoii annaparypbi (ATE)

Cucrembl KOMMYyTauuu anaA TectTupoBaHna
noaynpoBoAHNKOBbIX ycrpoﬁcrs

Homep mopenn

Kon-Bo cnotoB pna nnat (mopyneii)

MaKc. 41Cno KaHanoB unm ysnos
KOMMYTaLuu B Kopnyce

CTBUE HEC
BbIX 6110K0B

ACCOPTMMEHT NNAT KOMMYTaLuK 1
ynpaBneunsa

NepeaHas naHenb

BctpoenHble uudposbie TT-nunun
BBOAA-BbIBOAA

Ilinna IEEE-488
USB

6azo-

3706A 7001
6 2
no576 1080

Mpu nomowum untepdeiica TSP-Link  Mpu nomowm TpurrepHbIX NUHMIA
9 bonee 30

TonHodyHKUMOHaNbHbIA Aucnneit  MoNHOGYHKLMOHANbHBI AnCANe ¢

7002
10
10400

[Tpy NOMOLLY TPUTTEPHBIX TMHHIA
bonee 30

TonHodyHKUMOHaNbHBIA Aucnneit

CBO3MOXHOCTbIO UHTEPAKTUBHOTO
nporpamMmupoBaHms

NpOrpamMmMHbIM ynf eMm

14 (BBop), 14 (BbIBOA) 1(8BOA), 4 (BbIBOA)

la la
JIE]

CBO: Tbi0 MHTEPAKTUBHOTO
nporpamMmupoBaHms

1(8Bop), 4 (BbIBOA)

JiF}

707B
6
10376

o 5 6nokoB (2880 KaHanoB) B KoH-
urypauuu Besywuii/sesomblit

4

MonHoyHKUMOHaNbHbIN Aucnnei
CBO3MOXHOCTbIO MHTEPAKTUBHOTO
nporpammupoBaHua

8 (BBoA), 8 (BbIBOA)

lla

708B
1
1096

o 5 6nokoB (480 KaHanoB) B KOH-
durypauwv Beaywwwii/seomblit

4

TonHodyHKUMOHaNbHbIA Aucnneit
CBO3MOXHOCTbIO UHTEPAKTUBHOTO
nporpaMmupoBaHma

16 (880a), 16 (BbIBOA)

JiF}

MnaTbl KOMMYTaLUK N ynpaBieHnA

Mocro- HanpsxeHua u Tokun
AHHble (06wee Ha3HaYeHue)
CUrHanbl

Manbie Toku

Manble Hanpaxenus

Bonbuive Tokn

Bbicokune HanpaxeHus
PaaiMoyacToTHbIe CUTHaNbI

OnTMyeckue CUrHanbl

KEITHLEY

A Tektronix Company

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM




KOMMYTAUWA U YNPABJIEHUE

Kommy'rauvm n3mMmepuTenbHbIX KaHaNoB C BO3SMOXHOCTbIO OAHOBPEMEHHbIX
wsmepeHmﬁl BblCOKOKa4YeCTBeHHbIM LIIII(I)pOBbIM MYNbTUMETPOM

(1cTeMa KoMmyTaLMN €O BCTPOEHHBIM LMQPOBOIA MYSILTUMETPOM 3TaNOHHOTO Knacca cepum 3700A

« UmeeT wecTb CIOTOB paclunpeHns ans Kom-
MYTaLMOHHBIX MOAYNEl U BO3MOXHOCTb yCTa-
HOBKM BCTPOEHHOTO BbICOKOKaUeCTBEHHOrO
MynbTUMETpA.

MHOFOHPOU,ECCOPHBSI apXuTeKkTypa onTumMmu-
3MpoBaHa ANnA CKOPOCTHOro CKAaHNpoBaHUA
KaHa/0B 1 aBTOMaTU4YeCKOro nepeknovyeHna
no 3anporpaMmmMmnupoBaHHbIM CXeMmaM.

JucTaHUMOHHOE ynpaBieHne OT KOMMNbloTepa
yepes nHtepdeicol Ethernet, USB u GPIB

[Ilo 576 aByxnpoBofHbIX unu ao 720 ogHo-
NPOBOAHbIX MYNbTUMNIEKCHbIX KaHANoB B
OHOM Kopnyce.

CootsetcTtByeT cTaHaapTy LXI, knacc B, ¢ cun-
XpoHm3auumeli cornacHo IEEE 1588.

M3penua cepun 3700A anatoTca Macuna6|/|pyeMb|M|/| MHOrOKaHanbHbIMU CpeACTBAMI KOMMYTAL U N USMEPEHUA 3TAJIOHHOTO
Knacca. OHm ONTUMU3UPOBaAHDI ANA aBTOMATU3UPOBAHHOIO TECTUPOBAHUA SNEKTPOHHbBIX U34ennii N KOMNOHEHTOB. Hpmo6peTaﬂ
CncTemy KommyTauum o BCTPOEHbIM BbICOKOKa4Y€CTBEHHDIM MYJIbTUMETPOM, N0J1b30BaTe b NONIyYaeT XOPOLIO NHTETPUPOBAHHYI0
cucTemy ana KommyTauuu n MSMEPQHMﬁ, CO0TBETCTBYIOLLYIO TpeﬁOBaHMHM CJI0XHbIX 3a4a4 ¢yHKLlVIOHaJ'IbHOFO TecTupoBaHuA

n oﬁecneqmaammym YHUBEPCANbHOCTD, HeOﬁXOﬂMMyIO [ANA aBTOHOMHOro c60pa AaHHBIX 1 I/I3Mep€HVIl7I.

I'Ipunanne)«uocm, BXoAdAwMe B KOMMIEKT NOCTaBKN:

BcTpoeHHblil BbICOKOKaueCTBEHHbI MyNbTUMETP (3aKa3blBaeTcA AONONHUTENbHO) 06ecneunBaeT npoBeeHme M3MepeHHil ¢

(D ¢ nporpamMmHbIM 06ecneyeHinem ANA CO3AaHNS CLieHapues ManbiM YPOBHeM LLyMa v paspeLueHuem ot 3%2 4o 7%2 pa3pALoB B COOTBETCTBIM C TPEOHOBAHUAMMU CAMbIX COBPEMEHHDIX TXHO-

TecTupoBanua Test Script Builder; noruit.. Bo3MoXHOCTb perynupoBKki pa3peLueHa No3BonAeT 3a1aBatb CKOPOCTb U3MepeHUA NapaMeTpoB NOCTOAHHbIX CUTHaNoB

e B ) 10 14000 oTcyeToB B CeKyHAY npu paspeLuenuy 3% paspagos u fo 60 OTCYETOB B CKYHAY NPU paspelueHn 7% paspagos, uto
M03BONAET IOCTUraTb MAKCUMASTbHON NPOU3BOAUTENLHOCTH, UAK NPEAeNeNbHOM TOUHOCTb U3MepeHNiA. Takxe MyNbTUMETD

(D c aokymeHTawueli Ha cepuio 3700A uc apaitsepamu IMEET paclupeHHblil AManasoH u3mepexna manbix conpotusnennii (1 0m), Manbix TokoB (10 MKA) 1 GyHKLuI0 M3MepeHua conpo-

ana LabVieW:, IVI Cu IVI.COM). TuBneHuii o1 1 0m Ao 2 KOM C orpaHnyeHreM Toka U HanpaAXeHA Ha Harpy3ke («dry circuit»), uTo pacluMpAeT ero BO3MOXKHOCTY

110 CPaBHEHMHO C 0BbIYHBIMYU LUPOBBIMYU MYNLTUMETPAMM.

KommyTaumnoHHble nnatbl cepun 3700A

Kop mo- Kon-Bo k KoHdurypay Onucanue pene Tun pene Makc. Hanps- Makc. kommy-  Kommentapun
genn nnarbl KeHue TUPYeMbiil TOK
3720 60 2-npoBogaHbIX (2 1x30) MynbTunnekcop JneKkTpoMexaHuye- 2-noniocHoe HOpManbHo 3008 1A 2 He3aBUCMMbIX MynbTUnnekcopa 1x30. ABTomaTnyeckas
CKoe ¢ puKcaumeit pa3oMKHyTOe KOMNEHCaLNA TeMNepaTypbl <XONOAHOT0» CNas NpU UCNoNb30o-
BaHW BUHTOBOT0 KNeMMHUKa Mogenu 3720-ST
3721 40 2-npoBoAHbIX (ABa MynbTunnekcop IneKTpoMexaHuye- 2- NONIOCHOE HOPMaNbHO 300 B (kaHanbl 2A (kaHanbl 1-40), 2 He3aBUCUMBIX MynbTURNEKcopa 1x20. ABTOMaTHYeCKas
1x20) CKoe ¢ puKcaumeit Pa3oMKHyTO® -40), 3 A (kaHanbl 41-42)  KomneHcaLua TeMneparypbl <X0J04HOr0» CMas Npu UCNoNb30-
60 B (kaHanbl 41-42) BaHUW BUHTOBOTO KNeMMHUKa Mogenu 3720-ST
3722 96 2-npoBoAHbIX (4Ba MynbTunnekcop IneKTpoMexaHuye- 2- NONIOCHOE HOPMaNbHO 3008 1A 2 He3aBUCUMBIX MynbTUNNEKCOpa 1x48
1x48) cKoe ¢ pukcaumeit pa3oMKHyTOe
3723 60 2-npoBoAHbIX (4Ba MynbTunnekcop TepKkoH 1- nontocHoe HopmanbHo 2008 1A 2 He3aBUCUMbIX MynbTURNEKcopa 1x30
1x30) uaw 120 1-npoBo- pa3oMKHyTOe
AHbIX (aBa 1x60)
3724 60 2-npoBoaHbIX (4Ba MynbTunnekcop noneso TpaH3ncTop 2- NONIOCHOE HOPMaNbHO 2008 01A 2 He3aBucuMbIX MynbTMANekcopa 1x 30. ABToMaTHyeckas
1x30) Pa3oMKHyTOE KOMMeHcaLMs TemnepaTypbl «X0J104HOM0» Cnas npu UCnonb3o-
BaHI BUHTOBOTO KNeMMHUKa Mogenu 3720-ST
3730 6x16 2-NpoBOAHbIX Matpuua IneKTpoMexaHuye- 2- NONIOCHOE HOPMaNbHO 3008 1A CTon6Libl MaTpULbl MOTYT 6bITb A06aBEHbI MPU NOMOLLM CO-
CKMe C puKcaumeit pa3oMKHyTOe eAUHUTENbHOI NAHENN UAY U30AMPOBAHbI NPY NOMOLLY pene
3731 6x16 2-npoBOAHbIX Matpuua TepKoH 2-NONKOCHOE HOpPMaNbHO 2008 1A Bpema Bkntouerua pene 0,5 mc. Cron6upl Matpuibl MoryT
pa3oMKHyTOe 6bITb 406aBNEHbI NPU NOMOLLM COEAMHUTENbHOI NaHENN U
130/IMPOBaHbI P NOMOLLY pene
3732 448 1-npoBOAHbIX Y3108 Matpuua repKkoH 1- nontocHoe HopmanbHo 2008 0,75A BaHKu MoryT 6bITb CoeiMHeHbl BMeCTe NOCPeACTBOM pene And
KoMMyTaLum (4eTbipe Pa3oMKHyTOe nonyyeHna 0aHoA MaTpuLibl 4x112 uan AByx matpu 4x56.
4x28) Takae npefycmoTpeHbl pene AnA AT Ha COeANHUTENbHON
NaHenyu AnA nnar paclunpeHna. BcnomoratenbHblii kKneMmHbli
obbeanHuTens mopenu 3732-ST-R no3Bonser co3aath ABe
maTpuLbl 8x28 unu oAy matpuuy 16x28
3740 32 1- nontcHbIX KMoy He3aBucumble IneKTpoMexaHuye- 28 2-N03NLNOHHDIX, 300Bnoct./250B  2A(2-no3uumoHHble), 32 He3aBUCMMbIX T-NPOBOAHDIX KaHana obiero HasHaueHua
KaHanbl CKue ¢ puKcaumeit 4 HOPManbHO Pa3OMKHYTLIX ~ ep. (HopManbHo 7 A (HopmanbHo
Pa30MKHyTblE) Pa30MKHyTble)
3750 40 undpoBLIX NMHWI BBO- He3aBucumble - - - - YHuBepcanbHas nnat. 40 AByHanpaBeHHbIX MKW BBOAA-Bbl-
[a-BbIBOAQ, 4 cueTunka/ KaHabl BoAa. YeTbipe 32-pa3paAHbIX CYETYMKA-TailMepa. 2 nporpam-
Taiimepa, 2 U30MpOBaH- MVPYeMbIX aHaNoroBbiX (HanpaxeHue UK TOK) BbIX0Aa
HbIX aHaNOroBbIX BbIX0AA

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company



KOMMYTAUNA U YNPABJIEHUE

LLInpoKmit AranasoH BO3MOXKHOCTEl KOMMYTaLMN CUFHAIOB B KOMMAKTHOM Koprnyce
80-KaHanbHas cuctema KoMMyTaLw 1 ynpasnenusa 70071

Mogenb 7001 — 370 6a30Bblit 610K, 3aHUMAIOLLWIA NO LWMPUHE BCEro

nonoBuHy 19”-cToiikn. OHa MMeeT BbICOKYH NIOTHOCTb Pa3MeLLieHna KOM-
MYTaLMOHHbIX 31EMEHTOB 1 A1Ba CN10Ta ANA KOMMYTaLMOHHBIX NNaT, pac-
CYMTaHHDIX Ha LIMPOKMIA CNEKTP CUTHANOB, UCMONb3YeMblX MPU U3MepeHMAX

11 TeCTUPOBaHMY. BO3MOMXHOCTb KOMMYTLWMI MOCTOAHHBIX CUTHAOB C YPOB-
HAMM OT HECKONbKUX HaHOBOALT A0 1100 B 1 0T HeckonbKmx demToamnep fo

5 A, aTaKxe KOMMYTaLUM PaAN0OYACTOTHBIX 1 ONTUYECKUX CUTHANOB AenaioT
mozenb 7001 yHuBepcanbHbIM CPeACTBOM KOMMYTaLMM ANA GYHKLMOHANb-
HbIX UCMbITAHWI 1 CAMOTO LIMPOKOrO Kpyra 3aaauy. BctpoeHHoe ynpasnenue
CKaHMPOBAHMEM YCTPaHAET HeobX0AUMOCTb MCNONb30BaHNA KOMNblOTEPA ANA
KOHTPONA KaXA0ro 3Tana npoweaypbl TectupoBaxua. TpebyeTca npocto 3aaath
Hy>Hblii Habop KaHanoB, BpeMa 3aJiePXKv 1 UMcno pasBepTok. BcrpoeHHas
3HeproHe3aBucMMan NamATb N03BoNAeT xpaHuTb Ao 100 NoNHbIX Nporpamm
KOMMYTaLuu.

Kaxgbiii cnot mogenn 7001 no3BonaeT KOHTPOANPOBATb A0 40 KOMMYTALMOHHBIX KaHasoB.
bnarogapsa sTomy TpebyeTca MeHbLUee UMCNO NIaT KOMMYTALMK, UTO COKPALLALT KONMYECTBO HEOBX0AMMO-
ro KOMMyTaLoHHoro 06opyaosanua. CoenHuTenbHaA naHenb Mogeny 7001 yctpaHAeT He06X0ANMOCTb YCTaHOBKN
COeZUHUTENbHBIX NPOBOAOB MEXAY NNaTamul 1 yBeNYMBAET rMOKOCTb KOHUrypupoBaHms. Mpu NomoLLyM coeMHUTENbHON
naHenv AiBe NNatbl MOXHO COEANHUTD ANA NONYYeHUa MynbTunnekcopa 1x80, Matpuubl 420 unn KomMbUHaLMM MynbTURNEKCOPa
11 MaTpULbl ANA YBENMYEHUA YNCNA ee CTPOK.

BakyymHo-nyopecuenTHblit ucnneit Mogenu 7001 0fHOBPEMEHHO 0TOOPAXAET, «3aMKHYT» WU «Pa3OMKHYT» KaXplil U3
KaHanoB cUcTembl KOMMYyTaLMu. Bo3MOXHOCTb 0T06PaKeHnA COCTOAHMA IMHMI Ha Fpaduueckom AUCTIee 3HAUUTENbHO YNpoLLaeT
HaCTpOIiKy CUCTEMbI TECTUPOBAHMS, BHECEHWE U3MEHEHWI B NPOTpaMmy Wi ee 0Tnaaky. CoCTOAHUSA NaT, HaxoAALLMXCA B 060MX

» Bo3amoxHoCTb KOMMYTaLn NOCTOAHHDIX,
notax, omﬁpa)KaeTcn PAAOM Ha OHOM U TOM e JKpaHe.

PaANoYacTOTHDIX N ONTUYECKNX CUTHANOB.
TpurrepHoe coegunenue (Trigger Link) — 370 BbICOKOCKOPOCTHAA WHHA U3 NapanfiesbHbIX TPUFTEPHbIX MMHWIA, 06ecneunBalolLasn
NpoCTOe cornacoBanue pabotbl Mogenn 7001 1 Apyrux npu6opoB. 3Ta WKHA YCTPaHAET 3aAePKKUCUTHANOB, BO3HUKAIOLME NpH
CMHXpOHM3aLuK yepe3 uHTepdeiic GPIB, Hanpumep, BO BpeMA CKaHUPOBAHUA, 1 3HAUUTENIBHO YBENMUUBAET 00LLYI0 NPOU3BOAU-
TENbHOCTD CUCTEMbI. « MpocTas nHTerpaumsa ¢ uMdpPOBbLIMUA MYNbTU-
MeTpamm 1 UCTOYHMKaMU-U3MepuTenamu.

« Mo3BonsAeT KOMMYTMPOBaTb CaMblil LUINPOKUIA
B OTPacnu AnanasoH CUrHanoB..

. OToﬁpa)KeHme COCTOAHNA BCEX KaHANOB.

. ,El,Ba cnoTa AnAa KOMMyTaLMOHHbIX nnat.

« MoppaepxmnBaet 6onee 30 BUAOB NNAT KOMMY-

i it Tauum n ynpasneHus.

3apHAs naHenb mogeny 7001 ¢ ycTaHOBNEHHBIMU NaTaMN KOMMYTaLN

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM

KEITHLEY

A Tektronix Company



KOMMYTAUWA U YNPABJIEHUE

LLinpokodyHKLMOHANbHAA CMCTEMA KOMMYTaLU 1A CPeAHUX N KPYMHbIX
KOMIN/IeKCOB aBTOMAaTU31pOBaHHOI 3MepuTenbHoI annapatypbi (ATE)

400-kaHanbHas cuctema KommyTauv 1 ynpasneHusa 7002

ba3oBblil 6nok 7002 moxeT copepxatb 40 400 2-NpoBOAHbBIX KaHANOB MyNbTUNNEK-

copa unu o 400 y3110B KOMMYTaLMOHHOI MaTpuLbl. Ha ero nepegHeit _
NaHenu yCTaHoBAEH YHUKASbHbIA UHTePaKTUBHbIA Aucnneit
ANA 0T00paKeHA COCTOAHIA KaHaNoB 1 ObICTPOro nporpam-
MupoBaHuA. CKOpOCTb CKaHMPOBAHMA KaHANOB AOCTUTaeT
300 kaHanoB B CeKYHAY, B T.4. ANA KOMMYTaLWOHHbIX NNaT
CBbICOKOI! NNIOTHOCTbIO Pa3MeLLLeHA KOMMYTALMOHHbIX dNe-
MeHTOB, Hanpumep, mogenu 7015. Mogenb 7002 paccuutaHa
Ha ycTaHoBKY 0 10 40-KaHanbHbix nnar. Takum o6pasom, B
Kopnyce AnA yCTaHoBKU B 19”-CTOiKY BbICOTOl BCero 178 Mm
MOXeT pa3melLatbca 4o 400 2-npoBoAHbIX kaHanos. Mogenu
7002, 7001 umetot 06Lmit Habop Nnat KommyTaLum. 3tn
nAaTbl N0380AAI0T MoAenN 7002 KOMMYTUPOBATL NOCTOAH-
Hble CUTHabl OT HECKONbKUX (emMToamnep 0 eAnHuL amnep
11 0T HeCKO/IbKMX HAaHOBONBT A0 KIOBOAILT, @ TaKXKe paano-
YacTOTHble U ONTUYeckue curHanbl. CoeuHUTeNbHAA NaHeNb
cucTembl 7002 no3BonAeT rMbKo MeHATb CXeMbl KOMMYTaLUN
11 yCTpaHAET He0OX0AMMOCTb YCTAHOBKM AOMONHUTENbHBIX
COeMHUTENbHbIX TPOBOA0B MEXAY NAaTaMu.

" i

VIHTepaKTUBHbII AUCNNEN, yCTaHOBAEHHDIN Ha NepefHeil naHenu,
COKpaLLaeT Bpems, HeobxoaMMOoe And HacTpoitku mogenn 7002 v pa3paboTku nporpaMMHOro
obecneyenusa Ana TecTupoBanua. ucnneit otobpaxaeT pasomMKHyToe/3aMKHYTOe COCTOAHMUE
KaXJ10ro KaHana («3aMKHYT» UM «pa30MKHYT»). (BeToBOE Nepo (MprobpeTaeTcs JONoNHU-
TeNbHO) N03BOMAET NPOrPaMMUPOBATL METOAOM «YKaXu 1 Bbibepu». Bbibupas Tpebyemble
KaHasbl UM Aana3oHbl KaHaNoB, MOXHO C03AaBaTb CMINCKI CKAHMPOBAHUA, GopMUPOBaTL
KOMMYTaLMOHHbIE MATPUL|bl, Pa3MbIKaTb WA 3aMbIKaTb KaHasibl 1 COXpAHATb B NAMSATI CXeMbl PaANOHACTOTHBIX U ONTUHECKUX CUTHANOB.
KoMMyTaumu. BctpoeHHas aHeproHesasucuman namATb Mogeny 7002 no3BonAeT XpaHuTb A0 MHTepaKTNBHOE OTOBpaXeHIe COCTOAHNA
500 nonHbIX CXem KOMMYyTaLum.

Bo3MOXHOCTb KOMMYTaL K NOCTOAHHDIX,

KaXporo KaHana.
BcTpoeHHoe ynpaBrieHue CKaHUPOBAHMEM YCTPAHAET HEOBXOAUMOCTb MCMOMb30BAHUA KOMMblo-
Tepa AnA KOHTPONA KaXA0r0 3Tana npoweAypbi TeCTUPoBaHus. TpebyeTca NpocTo 3aAaTb Hyx-
Hblil HaBOp KaHaNoB, BPEMS 3aePXKKM 11 YMCNO Pa3BepTOK. TpUITepHas WIHa B OAHOM Kabene v
COLEPXUT LECTb HE3aBUCAMBIX ANNApPaTHbIX TPUITEPHDIX TAHMIA. HeW naHenun.

MpocTas nHTerpauys ¢ uMpOBbLIMN MyNbTU-
MeTpamm 1 NCTOUHNKaMU-N3MepuTeNamu.

CeeToBOe nepo (npuobpeTtaeTca AONONHU-
TenbHO) ANA NPOrPaMMMPOBaHMA C nepea-

10 cnoToB ANA KOMMYTaLMOHHbIX NaT.

MopnepxuBaet 6onee 30 BUAOB NNaT KOMMY-
TaLuu 1 ynpaBneHns.

3apHas naHenb mogenu 7002

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company
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KOMMYTAUNA U YNPABJIEHUE

KommyTauuoHHblie nnatbi gnga cucrem 7001 n 7002

Kon-so KoHdurypa-  KoHdurypauma  Makc.Ha- Makc.  Makc. Kon- Makc. PekomeHpo- Tun nop- CE KommeHTapun
KaHanos LuA nnatbl pene npsxXeHue  TOK mouy- TaKTHaA  TOKCMe-  BaHHasA Bepx-  KNioueHus
HOCTb pasHoOCTb weHus HAA YacToTa
noTeHym- CcUrHanos
anos
CBbICOKOM NIOTHOCTbH0 PACIONOKEHUA KOMMYTALMOHHbIX INEMEHTOB
7011-C  402-nposo-  MynbTUnnekcop 2-nontocHoe Hop- 108 1A 60BA < 1mkB <100nA 2Mly Pa3vem fla  YeTblpe He3aBucUMbIX MynbTUNNEKCOpa
AHbIX MafbHO pa3oMKHyTOE 1x10, noAKNtoUEHMe K COEAUHUTENBHOI
naxenu
7011-S  402-npoBo-  MynbTUnnekcop 2-nontCHOE Hop- 1108 1A 60 BA <500HB <100nA 2 My BunToBbIe lla  YeTbipe He3aBUCUMbIX MynbTUNNEKCOpa
IHbIX MasbHo pa3oMKHyToe Knemmbl 1x10, NOAKMIOYEHUE K COBAMHUTENbHOI
naxenu
7012-C  4x10 2-npo- Marpuua 2-N0MH0CHOE HOP- 1108 1A 60 BA <1MmKB <100nA 2Mly Pasbem lla  CTpokv noaKNioueHbl K CORMHUTENbHOI
BOAHbIX MasbHo pa3oMKHyToe naHenu
7012-S  4x10 2-npo- Matpuua 2-N0KCHOE HOP- 1108 1A 60 BA <5004B <100nA 2 MMy BunToBble fla  CTpokv NoAKNioueHbI K CORANHUTENbHOI
BOAHbIX ManbHO pa3oMKHyTOe Knemmbl naHenu
7013-C  202-npoBo-  M30nMpoBaHHbIil 2-N0NHCHOE HOp- 1108 1A 60 BA < 1mKkB <100nA 10 Mriy Pazbem JIE}
IHbIX nepeknioyaTenb  MasnbHo pa3oMKHyToe
7013-S  202-npoBo-  M30nupoBaHHblil 2-nontCcHoe Hop- 1108 1A 60 BA <500HB <100nA 10 Mry BuHToBbIE lla
ZHbIX nepeknioyaTenb  ManbHo pa3oMKHyToe KnemMMmbl
7015-C  402-npoBo-  MynbTuUnnekcop 2-n0NHCHOE HOp- 1758 34mA 0,3BA < 5MmkB <1HA 500 Ky Pazbem lla  BbicoKOHaZexHble TBepAOTeNbHbIE pene
JHbIX ManbHo pa3oMKHyToe
7015-S  402-npoo-  MynbTUnnekcop 2-nontCcHoe Hop- 1758 34mA 0,3BA <5mkB <1HA 500 Ky BuntoBble Jla  BblcoKOHafeXHble TBepAOTENbHbIE pene
IHbIX ManbHo pa3oMKHyToe Knemmbl
7018-C  283-npoBo-  MynbTUnnekcop 3-nontocHoe Hop- 1108 1A 60 BA <5MmkB <100nA 2 My Pazbem lla  KommyTauua 3-npoBoAHbIX kaHanos
LHbIX ManbHo pa30MKHyTOe
7018-S  283-nposo-  MynbTUnnekcop 3-nontocHoe Hop- 108 1A 60BA <5mkB <100nA 2 MMy BunToBble lla  KommyTauma 3-npoBOAHbIX KaHanos
AHbIX ManbHo pa3oMKHyToe Knemmbl
7035 362-npoBo-  MynbTunnekcop 2-NoNtoCHOE Hop- 608 1A 30BA < 1mkB <100nA 10 My Pazvem lla 9 He3aBUCUMbIX MyNbTUNNEKCOPOB x4
JHbIX MaibHO pa3oMKHyTOe 2-NpOBOAHbIX NMHMIA
7036  401-npoBo-  V30nMpoBaHHblii 1-noniocHoe Hop- 608 1A 30BA <4mkB <100nA 10 MIy Pazvem Jla 40 He3aBucUMbIX 1-noAKOCHBIX pene
AHbIX nepeknioyateNb  ManbHo pa3oMKHyTOe
7111-S  401-npoo-  MynbTunnekcop  1-nontocHoe AByXMo- 1108 1A 60 BA <500HB <100nA 2 MMy BuHToBbIE Jla  YeTbipe He3aBUCMMbIX MynbTURNEKCOPA
AHbIX 31LK1OHHoE Knemmbl 1x10 1-NpoBOAHbIX KaHaNOB, NOAKIIO-
YeHMe COeAVHUTENbHOIA NaHeny
YNPABJIEHUA
7019-C [lBe 3x6 Matpuua 1-noniocHoe Hop- 200B 1A 10BA < 25mkB <100nA 2 My Pazbem Jla  6-NpoBOAHbIE M3MepeHua conpo-
MaJibHO Pa3oOMKHYTOE TUBNEHUI
7020 80 Linppobie nuHum Pasbem lla 40 (Boa(, 40 (BbiBOA)
7020- BBO0/a-BbIBOAA
D*
7021 30/20 MynbTunnekcopu  2-nonicHoe paom- 1108 1A 30BA <3MmkB <100nA 10 My Pa3bem Nla  [lBa mynbTunnekcopa. [lo 30 2-nposo-
LUGPOBbIE MNHMM KHyTOE [IHbIX KaHanos. Linpposble nuHuyv BBoAA
BBOAA-BbIBOAA (10) m BbIBOAA (10)
7037- 30/20 30nupoBaHHble 1-nosntocHoe Hop- 1108 1A 30BA <4mkB <100 nA 10 My Pazvem Jla 30 He3aBucUMbIX 1-NPOBOAHBIX KaHanos
D* pene v UNGPOBbIE  MabHO Pa3OMKHYTOR KommyTauuu. Liugposbie nMHIY BBoAa
JUHAY BBOA- (10) n BbIBOAA (10)
BbIBOAA
7065 Moapo6HyIo MHGopmaLumio cm. Ha caiite www.keithley.com KommyTauuoHHas nnata ¢ 6ydepHbimMm
YCANUTENAMM ANA u3mepenui spdexTa
Xonna
PAJMOYACTOTHOr0 AUAMA30HA
7016A [lBa x4 2 13011pOBaH- 1-noniocHoe 4-no- 308 500 MA 10BA < 6MKB 20Ty SMA Nla  Cornacytowan Harpy3ka 50 Om (npuo6-
HbIX nepeknto- 30LnoHHoe PETaeTca AONONHUTENbHO)
yarens
7017 llBa1x4 2 13011pOBaH- 1-noniocHoe 4-no- 308 1A 10BA < 25mkB 800 My SMA lla  Pabounii pecypc kaxzoro pene 108
HbIX Nepeknto- 31LMOHHOE cpabatbiBaHuii
yarens
7038 12 TpumynbTunnek-  1-noniocHoe 1x2x2 248 10mMA  10BtHa < 15mKkB 21y 750m(SMB)  fla  THe3po 75 Om 6e3 cornacylowuieit
copa 1x4 («apeBoBUAHOE») 1,21y HarpysKki
ONTUYECKUE Kon-Bo KaHanos Tun onTOBO/NIOKHA [invHa BonHbI (HM) Pa3bem J[invHa onToBONOKHa
7090-8-4 1x8 MHoromog0B0e 0NTOBONOKHO 62,5/125 780-1350 FC/SPC ™
7090-16-6 1x16 (0AHOMO0A0BOE 0NTOBONOKHO (SMF-28) 9/125 12901650 FC/SPC m

* Nnatbl, B 0603HaueHuN KOTOPbIX MeeTCA MHAEKC «-D», 0cHalLieHbl pasbemamu D-sub.

KEITHLEY

A Tektronix Company
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KOMMYTALUWA N YITIPABNEHWUE

KommyTauuoHHbie nnatbl gna cucrem 7001 n 7002 (npogorxerme)

Kon-Bo kaHa-  Kondurypa- Tun pene Makc.Ha- Makc.  Makc. KoHtakt- Makc.Tok  Pekomenpo- Twun nop- CE KommeHTapun
nos umna nnatbl npAXeHue  TOK mouy- Has pas- cmey Bepx- K
HOCTb HOCTb No- HUA HAA YacToTa
TeHunanos CUrHanoB
CUNbHOTOYHBIE
7053  102-npoBoAHbIX  MynbTunnekcop  2-nonlOCHOE HOPMaNbHO 3008 5A 100BA <1mB 1Ml BuHToBbIE
pa3oMKHyTOe Knemmbl
BbICOKOBOJIbTHBIE
7154  102-npoBoaHbX  MynbTunnekcop  2-NoniCHOE HOPMaNbHO 11008 500 mA 10BA < 35MmKB 1TMIy BuHTOBbIE JIF]
Pa30MKHyTOe Knemmbl
CJIABOTOYHDIE
7152 4x5 2-npoBOAHBIX Matpuua 2-N0NI0CHOE HOPMaNbHO 2008 500 mA 10BA <20 mMkB <1nA 60 MIy Pazbem JIF]
pa3omKHyTO®
7153 4x52-npoBofHbIX Marpuua 1-nontcHoe HopmanbHo 13008 500 mA 10BA <50 mkB <1nA 60 MIy Pasbem JIF]
Pa3oMKHyTOe
7158 10 1-npoBopHblx  MynbTunnekcop  1-nontocHoe nepeknio- 308 100 MA <200 mkB <1nA TMIy BNC JIF]
yatouee
HU3KOBOJIbTHBIE
7067 104-npoBogHblx  MynbTunnekcop — 4-noniocHoe HOpManbHo 1508 350 MA 10BA < 1mkB 1MIy BuntoBble Jla  113mepenue conpoTusnexua no
pa3oMKHyTOe Knemmbl 4-npoBoAHOI Cxeme
7168  82-KaHanbHblx  MynbTunnekcop — 2-noniocHOE HOPMaNbHO 108 50 MA <30HB Tkly BunToBble lla
Pa30MKHyTOe Knemmbl
ANA NOAKNIOYEHWA TEPMONAP
7014 39 2-kaHanbHblx  MynbTunnekcop — 2-nonCHOE HOPMaNbHO 1108 1A 60BA <1mkB <100nA 2 MMy BuHToBbIE lla  AsTOMaTiyeckas komneHcaumsa
Pa3omKHyTo€ Knemmbl Temneparypbl «X004HOro» cnas

 —

Mnatbl KOMMyTaLuK 1 ynpasneHua ana moaenei 7001 n 7002

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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56 KOMMYTAUNA U YNPABJIEHUE

KommyTaums ¢ peKkopHO ManbiMn TOKaMM YTEUKU N KOHTaKTHbIMMN NOTeHLuanamm
(uctembl KommyTauuu mogeneii 707B n 7088 Ans nonynpoBoAHNKOBbIX TEXHOMOMA

+ OpraHuyHas nHTerpaums c cuctemoit 4200- TEHCTE
SCS n annapatypoi cepun 2600B gna nsme-
PeHUA BONbTaMMEepPHbIX 1 BONbT-papagHbIX
XapaKkTepu1CTMK NonynpoBOAHNKOBbIX MaTe-
puanos 1 npu6opoB..

+ BO3MOXKHOCTb XpaHeHUs COTEH CXeM B SHep-
roHe3aBMCMMONA NaMATH.

+ 6 CIOTOB ANA KOMMYTaLMOHHbBIX NnaT h
(monenb 707B).

+ 1 cnOT ANA KOMMYTaLMOHHbIX NNaT
(mopenb 708B).
+ 14 nuHwii undpoBoro BBoa-BbIBOAA.
+ Bo3aMoXHOCTb NporpammunpoBaHmnA AUCTaH-

uuoHHo (Ethernet/LXI, USB u GPIB) u BpyuHyto
(c nepegHen naHenn).

+ BcTpoeHHbiin npoueccop TSP ¢ BHewHUm
nHTepdeiicom TSP-Link’. -

A 2 00 O OO PO T

e A== 4 W

ba3osble 65101 707B 1 708B cnewuanbHo npeHasHaueHbl AnA TeCTUPOBAHUA NONYNPOBOAHUKOBbIX
yCTPOIACTB B nabopatopuax u Ha npou3BoacTBe. OHI 06ecneynBaT KOMMYTALVIO UCKNIOUNTENBHO NpunapnekHocT, BXOAAILINE B KOMNEKT NOCTaBKM:
MarblX TOKOB 1 MCMIONb3YIOT TPUAKCMaNbHble kabenu v pa3bembl ANA NOAKAYEHNA KaHanos. [ina CD-ROM ¢ uH(opMaLeii o6 usgenuu;

He6oNbLLNX aBTOMATU3NPOBAHHDBIX CUCTEM TECTUPOBAHNA FOCTATOYHO Mogenu 708B ¢ opHoil nnaToit
KOMMYTaLUy1 ¢ MaTpuLiedt, copepxalueii 4o 8 cTpok 1 12 cron6uos (8x12). Mogens 7078 npeaHa-
3HaueHa AnA 3aay, TpebyloLLux 6oNbLLEro YNCIA KaHANOB, 1 MO3BONIAET YCTaHOBUTD A0 WECTY nnat CA-179-2A — kpocc-Kabenb Ethernet CAT 5 anutoit 3 m;
8x12, koTopble MOTyT 6bITb 06beAMHeHbI ANA NONYYeHNA MaTPUL eLue GonbLuero pasmepa npu nomo-
Ly coepuHuTenbHoi nanenn. 06e mogenu 707B u 708B obecneunBatoT KOMMYTaLMIO CMELLAHHbBIX

(CA-180-4A — kpocc-kabenb Ethernet CAT 5 gnutoii 1 m;

(0-7 — WwHyp aneKTpONUTaHNA;

CUrHanNoB, HaNpUMep, NOCTOAHHDIX 1 PAANOYACTOTHBIX. KOMNIEKT /i1l MOHTaXa B CTOAKY C nepe/iHeii nanen;
KOMMAEKT ANA MOHTaXa B CTOﬁKy 3aam (TonbKo ana
mogenu 707B).
A-f/A T
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MnaTtbl KommyTauunn gna mogeneir 7078 n 7088
Kon-Bo KoHdurypa- Tun pene Makc. Ha-  Makc. Makc. KoHTakTHas Makc.Tok  PekomeHpoBaH- Tunnopaknio- CE KommeHTapun
KaHa- uuA NNaTbl npsXeHue TOK MOWHOCTb  pPa3sHOCTbMNO-  CMelleHUs  Has BepXHAA Ya- YyeHus
nos TeHunanos CTOTa CUrHanoB

CNABOTOYHBIE
7072 8x12 Matpuua 2-nontocHoe 2008 1A 10BA <20 mkB <1nA 15 MIy Tpuakcuanbhbii  [la  Ontumusnposana Ana

HOpManbHo pasbem ¢ 3 KoH- TECTUPOBaHNA NONYNPOBO-

pasomKHyToe ELELL) BHUKOBBIX YCTPOIICTB
7072-HV 8x12 Matpuua 2-nonocHoe 13008 1A 10BA <20 mkB <1nA 4 My TpuakcuanbHblii OnTumMu3npoBaHa Ana

HOPMasbHO pasbem ¢ 3 Koh- TeCTpOBaHUA NonyNpoBo-

Pa3oMKHyTO® TaKTamu AHUKOBbIX YCTPOIACTB
7174A 8x12 Matpuua 2-nonocHoe 2008 2A <100 pA 30 My Tpuakevanbhblit — [la  OnTumuupoBaHa ana

HOpManbHo pa3bem 3 KoH- TeCTUpPOBaHWA NoNynpoBo-

PasomKkHyToe JLaRTaNA JHVKOBbIX YCTPOVICTB
BbICOKOYACTOTHBIE
7173-50 4x12 Marpuua 2-noniocHoe 308 0,5A 10BA <15 MKB <200nA 200 Mly BNC lla

nepexyaiLLe

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company




KOMMYTAUWA U YNPABJIEHUE

3TaNoH YHUBEpCanbHbIX KOMMYTaTOPOB pagnovacToTHbiX u CBY-curHanos
(uctembl 46 n 46T ana KoMmyTaumm paanoyacTotHbIx 1 (BY4-curHanos

=
8 -- : = . W b ]
MELE L
T . ; e MpuHaanexHocTH, BXoAALME
T . i { . B KOMN/IEKT NOCTaBKu:

NPOBOA INEKTPONUTAHUA;

PYKOBOZACTBO 10 3KCMAyaTaLyy;

Tane
T

KOMNAEKT ANA MOHTaXa B CTOIAKY.

C1cTeMbl KOMMYTaLMN MIKPOBONTHOBIX CUTHanoB 46 1 46T (c cornacoBaHHO Harpy3Koii) npes-
Ha3HaueHbl ANA aBTOMATUYECKO/ KOMMYTaLUW NPK TECTUPOBAHNSA LWMPOKOTO aCCOPTUMEHTA + KomnakTHas cuctema KommyTaLmu paguoya-
TeNeKOMMYHUKaLMOHHBIX U3AeNVil U yCTPoiicTB. OHY NO3BONAIOT yNpaBnATL 32 KOHTaKTaMu cToTHbIX 1 CBY-curHanos BbicoToii Bcero 2U.
pene B Kopnyce BbicoToil 2U Ana cTanAapTHoil 19”-ctoitkn. Cuctembl 46 1 46T cnpoeKTUPOBaHbI
Takvm 06pa3om, uTo6bl MaKCMManbHO YNpOCTUTL NPOLIEAYPY HACTPOIAKY W NepeHaCTPOiiKM.
Kondurypaums nepekntoyateneii u penie MoxeT 6biTb B Nlo60e BpeMa U3MeHeHa Unu JonosiHe-
Ha ANA NONyYeHns, B YaCTHOCTI,MyNbTUNAEKCOPOB 1x18 v HeBNOKIMpYEMbIX KOMMYTaLMOHHBIX + [0 32 KOMMYTaLNOHHBIX KaHANOB.
matpuy 2x6. Takum 06pa3om MOXHO coBpaTh cxemy KOMMYTaLMK, COOTBETCTBYIOLLYI0 Tpe6o-
BaHMAM 33/1a4i TECTUPOBAHWA, 6€3 3aTPaT Ha HEHYKHble KOMMYTaLMOHHbIE SNEeMEHTbI 1 Ap.
TaKoli NPUHLMN KOHCTPYKLMN — <HUYETO JILLHErO, TONIbKO TO, 4TO HyXHO» — 0becneynBaet

+ BcTpoeHHbIN cyeTunK yncna KommyTauuin ana
oTo6paxeHus pecypca.

+ [pocToe ynpaBneHne Yepes BCTPOEHHYION
nHTepdeiicHyio wuHy GPIB (IEEE-488).

3TUM CUCTEMaAM BeNnKonenHoe COOTHOLLIEHWE LieHbl U KayecTBa. . XpaHeHme I/IH¢0pM3LlVIVI O napame-

Tpax KaHana.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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LindppoBbie MynbTUMeTpbI 1 CUCTEMbI COOpa AaHHbIX

Mpewuy3uoHHble LdPOBbIE MyNLTMETPbI KoMNaHMK Keithley obecneunBaeT yHUKanbHOE coueTaHme TOYHOCTY C OBLUMPHBIMYU GYHKLMAMI M3MEPEHMUiA 1 aHa-
/432 JJaHHbIX. 3TV CPE/ICTBA U3MEPEHMI MOTYT UCMONb30BATLCA KaK Ha 3Tane UCCIe0BaHMii 1 pa3paboTok, Tak 1 1A obecreyenns KayecTsa U NpoBeaeHNA
TeCTUPOBAHYA B YCNOBINAX MPOM3BOACTBA. JTUHeITKa LGPOBbIX MySIbTUMETPOB U CCTEM C60pa AaHHDIX UMEET NPUBOPbI ¢ paspeLLeHrem oT 6%2 40 8% pas-
PATIOB 1 YACTOM KaHanos oT 1 10 200, n0380nas BbIOPaTb CPeACTBO M3MEPEHIS, Hauboiee TOUHO COOTBETCTBYIOLLeE TPeBOBAHNAM PeLIAeMOil 3aauil.

TexHnueckaa nipopmauus

CpaBHUTenbHaA Tabnuua undppoBbIX MyNbTUMETPOB N cUCcTeM c6opa
AaHHbIX

Bbicokoe KauecTBO 1 NOJHbIN Habop ¢yHKuMN unudposBoro
MyJIbTUMETPA B NTOPTATUBHOM N HACTOJIbHOM NCMOJIHEHNN C
BO3MOXHOCTbIO NPMMEHEHNA B aBTOMaTU3MpPOBaHHbIX cUCTeMax
Mogenb 2100: Hegoporoi LnppoBom 6Y2-pa3pagHbI MyNbTUMETP BbICOKON
TOYHOCTM C UHTEepdercom USB

OcHOBHas mopaenb Ln$ppoBOro MybTMMeTpa C Haunyuluen
$GYHKLMOHANBHOCTbIO 1 CTOMMOCTbIO
Mogenb 2000: umdppoBon 6Y2-pa3pAaHbIA MyNbTUMETP

PaclumpeHHble n3mepuTenbHblie BOSMOXKHOCTU M BbICOKasA TOYHOCTb
ANA CNOXHbIX 3apa4
Mogenu 2001 1 2002: BbICOKOKaUYeCTBEHHbIE LMPPOBbIE MyNIbTUMETPbI

BO3MOXXHOCTN YBeNNUYEHNA YMCia U3MepPUTENbHbIX KaHaNoB
[naTbl MynbTMNNEKCOPOB AnA MynbTUMeTpoB cepumn 2000

BbicTpogencTByOWMNI aHANN3ATOP Lieneil  CUrHanoB
ayavoamnanasoHa B NOIHOPYHKLNOHANbHOM Lu$ppoBom
mMyJsibTumeTpe

Mogenun 2015 1 2016: undpoBble MyNLTUMETPbI AN1A U3MEPEHNA NAPaMETPOB
rapMOHNYECKMX NCKaXkeHn B anana3oHe ot 20 My go 20 Kly

Mogenu 2015-P 1 20016-P: undpoBsbie MynbTUMETPbI 414 aHaM3a
ayanoCurHanos

Bbicokoe pa3pelueHune, Mmanbiil ypoBeHb LUyMa 1 BbiCOKas
NOBTOPAEMOCTb U3MepeHunin

Mogenb 2010: manowymAwmn uMdpoBon 7V2-paspagHblil MynsTUMETP
C aBTOMATMYeCKMM BbIGOPOM fMana3oHa

LndpoBoin MHOrokaHanbHbIl 6'2-paspAafHbIAN MyJIbTUMETP

c uHtepdencom Ethernet
Lindposoit MynbTUMETp 1 cucTema cbopa AaHHbIX cepum 2701 (Integra)

LinppoBble MHOroKaHanbHble 6'2-pa3pAagHble MyNbTUMETPbI
Lindposble MynbTUMETpPbI 1 cucTeMbl cOopa faHHbIX cepuit 2700 n 2750 (Integra)

CpaBHMTeNbHaA TabnnLa KOMMYTALMOHHbIX M YNPaBAAIOLWNX
mopaynen gna cucrtem 2700, 2701 n 2750

KomnnekcHasa cuctema gna npoBepKn CONPOTUBAEHUA N30AALNN
N Ka4yecTBa 3/IeKTpMYeCcKNX Lenen nogyliek 6esonacHocTn
Mogenb 2790: cuctema TeCTUPOBaHKA NogyLuek 6e30MacHOCTN Ha OCHOBe
NCTOYHMKA-M3MepUTENA CO BCTPOEHHbIM LIMGPOBbIM MyNIETUMETPOM U
CMCTEMOWN KOMMYTaLMK

Mpeo6pasoBatenn nurep¢enca IEEE-488 (GPIB) gnAa HacToNbHbIX
Nnpn60OpoOB N aBTOMATU3NPOBaHHbIX KOMMNJIEKCOB

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company



LNOPOBbLIE MYJIbTUMETPbI U CACTEMbI CBOPA JAHHbIX

TexHu4eckasa nHpopmauua

LindpoBble MynbTUMETPbI Npeo6pasyioT aHanorosble CUrHanbl
B LMOpOBbIe. B 06uiem cnyuae undpoBble MynbTUMETpbI
BbINONHAIT, KaK MUHUMYM, NATb TUNOBbIX QYHKLMIL: u3Mepe-
HUE MOCTOAHHOTO HANPSXKEHNS, IEPEMEHHOTO HAMPSXEHNS,
NOCTOAHHOTO TOKA, IEPEMEHHOTO TOKA 11 CONPOTUBAEHUA.
TexHuueckme XxapakTepucTukin UGPOBbIX MyNbTUMETPOB
Pa3NuYaloTCs, Ho GONLLUIMHCTBO 3TMX NPUGOPOB NOCTPOEHBI

B COOTBETCTBUM CO CTPYKTYPHBIMYU CXEMaMU, aHANIOTMYHbIMU
NpeACTaBeHHoiA Ha puc. 1.

MpeobpasoBaHue aHaNnoroBoro
curHana B yuéposoi

Ananoro-uudposoii npeobpasosatens (ALIM) npeobpasyet
BXOZHO/ aHanoroBblii curtan B undpoBoit curkan. 0T Hero,

B OCHOBHOM, 3aBUCAT KIll0YeBble XapaKkTepucTuky npubopa:
CKOPOCTb U3MePEHHiA, INHEIHOCTD, pa3pelLeHue, NofaBneHune
CMHda3HOA NoMexy 1 TOUHOCTb. LindpoBoii BbIXOAHOI curHan
0T06PaKAETCA UMK PEruCcTPUPYeTCA pa3NUHbIMU cocobamu.
Ero MoxHo BU3yanbHo HabnloAaTh Ha Ancnnee nepenHeit
naHenu B YNCNOBOM BIE BMECTe C JONONHUTENbHOI MHGOp-
Mavveit. Kpome Toro, uudpoBoii curHan MoxeT 0AHOBPEMEHHO
nepefaBatbca uepe3 BHewwHuii unTepdeiic (GPIB, RS-232, USB
unu Ethernet) Ha KomnbloTep Ana AanbHeiiwwei o6paboTki.

PaspeuweHne

PaspeLuenue onpefenaeTca Kak HaMeHblLee U3MeHeHNe cur-
Hana, KOTOpoe MOXeT ObITb 3aperucTpupoBaHo B kakom-16o
ANana3oHe, 0THeCEHHOE K 3TOMY Auana3oHy. Hanpumep, ecnu
npubop oTobpaxaer B kakom-n16o AuanasoHe MakCManbHoe
3HaueHue 19 999 1 HaumeHbLLee perucTpupyemoe n3meHeHue
BXOJIHOTO CUrHaNa cocTaBnAeT £1 nocneaHed 3Havalled
umndpbi (LSD), To paspetwenue pasHo 1/19 999, uan 0,005%.

Pa3speLuenue 06bIuHO BbIpaXaloT B BUAE LENOT0 YnCna U 4OH,
Hanpumep, 5% pa3pagos. Lienoe uncno npeacrasnset konu-
YecTBO Pa3pALOB, B KOTOPbIX MOTYT 0TO6paaTbca LUPpbI

o1 0 0 9. [lons yKa3blBaeT Ha TO, UTO CaMblii CTapLUMil pa3pAn
UMEET 0/IHO VAU HECKONBKO OTANYHDIX OT HYNA COCTOAHMIA,

B CNlyyae 0603HaueHna 2 B CAMOM CTapLLem paspage MoryT
0T06paxaTbca uNepsi 0, Tunm 2.

YyBcTBUTENBHOCTb

UYyBCTBUTENLHOCTb NOX0XA Ha Pa3peLLeHIe B TOM OTHOLLe-
HIM, 4TO OHa XapaKTepu3yeT HauMeHblUee U3MeHeHue BXOA-
HOro CUrHana, kotopoe cnoco6eH 3aperncTpupoBatb npubop.
0nHaKo YyBCTBUTENLHOCTD BbIPAXALTCA He B ONAX WKaNbI,

a B aOCONIOTHBIX eANHNLIAX M IPUMEHSAETCA K CAMOMY HIXHe-
My AnanasoHy u3mepAemoii BennumHbl. YyBCTBUTENbHOCTD
LMpoBOro MynbTUMeTPa C papeLLeHnem 7% pa3pagos
coctanaet 10 HB, ecin ero camblil HUXKHUIT Uana3oH u3me-
penua 200 mB (6e3 yueta BAMAHMA LyMa aHANOrOBbIX Lieneil).

MorpewHocTb

MorpewwHoCTb ONpeAenaeTca B BUAE YNCNA, COCTOALLETO

13 ABYX cnaraembix: (% 0T nokasaHuii + % 0T AvanasoHa)
WK KaK =(ppm 0T NoKa3aHuil + ppm 0T AvanasoHa), rae

1 ppm (part per million) cootetcTByeT 0,0001% . Yem bnuxe
n3MepAMas BeNNYMHA K HIXKHEIA TpaHnLie AuanasoHa, Tem
6onbLuMii BKNAJ B NOTPELIHOCTb 1AET Caraemoe, BbipaxeHHoe
B MPOLIEHTAX 0T AManasoHa. Yem bnike u3mepaemasn Benu-
UMHA K BepXHeli rpaHuLie A1ana3oHa, Tem bonbLuvil BKnaj B
MOrpPeLLHOCTb AAeT (llaraemoe, BbipaxeHHoe B NpoLieHTax ot
noka3aHuii. Haunyuuas TouHoCTb JOCTUraeTca BONM3M Bepx-
Heli rpaHuLbl A1anasoHa.

AtTeHioatop Mpeobpazosatenb 7
| nepemerHoro TIEPEMEHHOrO u;ﬂ,ﬁ%”
Nepen. Hanpsxexus HanpsxeHus
d) Mepem. * m
Bxoa BonbTMeTpa (@) npposble
(HI) P locr. (~ Arrentoatop Mocr. AU BbIXOHbIE
nocroskHoro —————————————O-€0O— u > TopTb
Q HanpsxeHna Conpotuenetne O (IEEE-488,
V3mepeHue Toka USB, RS-232
ConpoTuBnenue + Ethérnet) ,
Tpeuu3noHHoe
BX0A 5 IPeoGpasoBarens Bl
Mpeuyn3noHble conpoTUBNeEHHiA onopHoe
WyHTH HanpsxeHue
Bxon
BonbTMeTpa (LO)
<7
Puc. 1. CrpykTypHas cxema LdppoBoro MynbTUMeTpa
2
g 00075 -
==
%; 0.0060 - 514
& 0.0045 -
=
€ 0003 0-
\j ’ 6"/
< 0.0 015 - . .
H BxoaHoii curxan, % ot BCei WKanbl
1 1 1 1 1 1 1 1 1
50 % 100%
MorpewHoctb +(0,1% + 1 e4. nocneaHero paspaaa)

Puic. 2. PacueTHas HeoNpefeneHHoCTb Pe3ynbTaToB U3MepeHNii Ans 5%- 1 6%-paspsHbIX LUQPOBbIX MyNbTUMETPOB.

MorpeLwHoCTb 06bIYHO YKa3bIBAETCA NPU HEKOTOPBIX YCIOBHAX,
B UACTHOCTM, ANA MHTEBaNoB pabounx Temnepatyp +1°C,

+5 °Cu HTepBanoB mexnay kanubposkamu 24 vaca, 90 AHeil
WAY 0ZiH rof. lTorpeLUHoCTb MOXHO CHU3UTb, yMeHbLIaA
[AMana3oH U3MeHeHNA TeMnepaTypbl OKpyKatoLLieil pesbl v
BblbUpas 6onee KOPOTKME MHTEPBASbI MEXAY KanubpoBKamu.
Ha puc. 2 noka3aHo BANAHMe ypOBHA BXOAHOTO CUrHana Ha
HeonpeeNeHHOCTb U3MepAEMOil BENMUUHBI B pabouem
ZAnanasoHe. lorpeLHocTb 060MX U3MepuTeNbHbIX NPU6OpoB
3a/laHa Kak +(0,1% + 1 en. nocneaHero 3Haka).

Harpy)Kemne 1 BXOoAHOEe conpoTunBlyieHne

HarpyxeHve uenu — 370 Bo3MyLLEHuUe, BHOCUMOE B U3Meps-
€eMYI0 Li€Mb 13-33 HeBECKOHEUHOTO BXOLHOTO CONPOTUBIEHNS
undpoBoro MynbTUMETpa. BxoaHoe CONPOTUBNEHHE NPeACTaB-
NEHO SKBUBANIEHTbIM aKTUBHbIM COMPOTUBIIEHUEM 1l eMKOCTbIO
BXOZHDIX KNeMM LU$POBOro MynbTUMETpa.

Owmbka, 0bycnoBneHHas Harpyxenuem (puc. 3), npeAcTasnaer
€060if PasHOCTb MeXAY HaNPAXeHNeM, U3MepeHHbIM npubo-
pom (V,,), v HanpaxeHuem uaeanbHoro ncroutuka (V).

Owmbka, 0bycnoBneHHas nafeHnem Hanpsxenus (puc. 4),
npeacTaBnAeT 060/ PasHOCTb MeXAY PaCYETHBIM TOKOM,
Tekywum yepe3 Harpysky (R,), n u3mepexHbim Tokom (1,,),

BbI3BaHHYI0 KOHEUHbIM NaZeHueM HanpAXKeHUA Ha U3mepu-
TenbHoM npubope.

JByxnpoBoAHas 1 YeTblpexnpoBofHas
CXeMbl U3MepeHNA CONPOTUBAEHMUIA

LindpoBoii mynbTUMETp C ABYMA BbIBOAAMI NOJAET U3Me-
PUTENbHbII (30HANPYIOLLMNIA) TOK Yepe3 COeANHUTENbHbIE
MpoBOAA, KOTOPble OAHOBPEMEHHO NOAKNIOYEHBI KO BXOAAM
unpoBoro BonbTMeTpa. Takas ABYXNPOBOAHAA (XeMa
U3MepeHus conpoTMBNeHNi B 60NbLUMHCTBE 333y paboTaeT
X0powwo . OAHAKo NaJieHne HaNPAXKEHUA Ha COEAMHUTENbHBIX
NpoBOAAX C CONPOTUBAEHNEM R, MOXeT NpUBECTY K CyLLje-
CTBEHHBIM NOTPELUIHOCTAM NPU U3MEPEHUN MATIbIX CONPO-
TUBNEHUit (puc. 4, 5).

YeTbIpexnpoBoAHaA CXeMa U3MEpEHI CONPOTUBAEHMIT (cxema
KenbBuHa) N03B0NAET UCKMIOYUTH NafieHe HANPAXKeEHNS Ha
COEAMHUTENbHbIX NPOBOAAX LMW BOSILTMETPA MyTEM N0A-
KNIOYEHUA U3MePAEMOro ConpoTuBAeHus R, K BObTMETpY
MIpU NOMOLLM ABYX AONOAHUTENbHbIX NPOBOAOB. T0CKONbKY
113-32 BbICOKOr0 BXOZIHOTO CONPOTUBNEHNA BOSILTMETPA TOK B
€70 LieNnk Ha MHOT0 NOPAAKOB MEHbLLE 30HAMPYIOLLEro TOKa,
MafeHnemM HanpsXeHIa Ha COeMHUTENbHbIX MPOBOAX Lenu
BOJITMETPA MOXHO NpeHebpeuyb.

KEITHLEY

A Tektronix Company
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Uctounuk | W3meputenb
| WUcrounuk | W3meputenn
|
YW AN
s I R X + R | + Ry
I
Vi
> | |
I |
I I
NorpetuHocty, R RuXu v Voo v
obycnosnenHas -5 5 unl v s s™ Vm
Re+ Z M Ry + X TLlk=—-—maV,=0 2. 1y =
HarpyeHuem uenv S M M M ST OR, A Yu M R,
QyHKkyna YBenuuenne Bnunsxue Ha norpewHocTb, Ownw6Kka, 06ycnoBnenHas — =l _ Vi
obycnosnenHyo Harpy NajieHNeM HanpaxeHna I Vs
HanpaxeHue noctoaHHoe Ry YBennuenue
Han M:;:::::;:Tt;:uoe R YmeHblueHne LM rae VB_ MaKCUMaTbHOE Nlafiexie
l;nu nepemenHoe ! Y = | Vg Hanpaxenus, a IFV_TOKJ
fs COOTBETCTBYIOLLMI BCeiA LWKane.
Hanpsaxenue nepemenHoe 1y YBenuuenne
HanpaxeHue nocToAHHoe Yactota Ysennyenue

Puc. 3. MorpewHocTb, 06ycnoBNeHHan HarpyxeHnem

/13-3a BbICOKOT0 BXO/IHOTO UMNEflaHca B M3MepMT€ﬂbHOI7I uenu

- M WcTnsHoe napenne
TeueT 0ueHb Maniii TOK, NI03TOMY Ha NPOBOAHUKAX NIPAKTUYe-  TAHUA 1 CUHPASHOM NOMEXM Onmseckoe nageie e o
CKW HET OMUYECKOr NTaieHINA HAMPAKEHNA W HAMPAKEHYe Ha .

A P P MloMexy 0T CTU NMTaHWA — 3T0 NOMeXH, MPUMELLUBaI0LMECA o BL o

13MepUTENbHBIX KNeMMax paBHO HanpAXeHMto, C034aBaemo-
My Ha conpoTusnerum R, (puc. 5).

1l MynbTumerp TOK
BbicTpoAeiicTBIE 1 BpEMA YCTaHOBNEHNA KoaduumeHT noganeHuns nomex ot ceti nuTaHNA (NMRR) Ry
) YKa3blBaeTCA B eumbenax Ha uactote nuTatoweit cetv 50 My 1o ]
Bpems ycTaroBAeHuA NokasaHiit U3MepUTenbHoro npubopa unm 60 M. Momexw 0T ceT NUTaHUA NPOABNANTCA B BUAE P — °
06ycnoBneHo ero BXoAHbIMU Lenamu. CKopocTb CHATUA {MIYTTbCOB WM OTKTOHEHIA MOCTOSHHOTO CUTHANA. P P P R,

noKazaHuii, um 6hI(Tp0,[|eI7I(TBI/I€, 3aBUCUT OT BPEMEHN
yCTaHOBNEHUA. B nyyae an60pOB CBbICOKMM pa3pelleHnem
ANA NOCTUKEHNA HOMUHANbHO TOYHOCTI MOXET 0Ka3aTb(A

HeobXoBuMo N0A0XAATb HEKOTOPOE BPEMSA ANIA MOTHOTO YCTa~  Kosduuuent noaasnenm cuuasHoii nomexu (CMRR) xapak- Merousnk (HI) |— -
HOBJNIEHWA BXOZHOTO CUTHana. Tepu3yeT CNOCOBHOCTb U3MEPUTENbHOrO NpUBOpa NOAABAATD Mymn o™ (HD pA § ;
i X
Ha ckopocTb U3MepeHIs BIMAIOT HECKONbKO NTapaMeTpoB, B curHan, o6Lywi Ana 06ox BXOLOB U3MepUTeNIbHOrO pibopa. merp Hctoukuk &8; —
3T0T NapameTp 06bIYHO U3MEPAIOT C HECBANAHCMPOBAHHBIM P

TOM YMCe NOCTOAHHAA BPEMEHM MHTErPUPOBAHUA, BbIPaXeH-
Has uncom nepuogos Hanpsmxexua nutatowweii cetu (NPLC),
!N udpoBoro GunbTpa, aBTOMATUYECKOE NEPEKNHUEH e
[AMana3oHoB, aBToOMaTUYeckas koppekuya Hyna (AutoZero),
3a/lepKKM 3anycKa v napameTpbl HaCTpoliku gucnnea. na
LOCTUKEHUA MaKCUManbHoii CKOPOCTI 3MepeHuii cnepyeT
YCTaHOBWTb ClieAyIoLLMe NapaMeTpbl:

NoCToAHHaA BpemeHu uHTerpupoBanms: 0,01 NPLC

GUABTp: OTKNIOUEH;

AManasoH: GUKCupoBaHHbIil (6e3 aBTomMaTnyeckoro

Puc. 4. Owm6Ka, 06ycnoBneHHas nageHem HanpsxeHns

lNopaBneHne nomex ot ceTn

K BXOAHOMY curHany. bonbLuas yactb nomex oT ceTu NuTaHNA
C0BMaJaeT C YacToToi NUTAIOLLeN CETU 1 e TapMOHMKaMN.

NMRR = 20Ig (MakcumanbHas amnanTysa nomexin Ha Bxoge)/
(MaKkcumanbHas owwn6ka, BHOCUMan NOMeXoil)

conpotugneHnem 1 KOM B OZHOM U3 COEAMHUTENbHBIX NPO-
BO/I0B. YBeNMueHme HecbanaHcMpoBaHHOT0 CONPOTUBNEHNA
NpuBeAET K yBennueHmto cudasHoii nomexu. CMRR onpepe-
NAIT ANA NOCTOAHHOTO CUrHana Ha vactote 50 My nan 60 [y n
BbipaxkaioT (kak u NMRR) B geunbenax. CMRR npumeHsioT kak
K U3MepPEHNAM NOCTOAHHDIX, TaK 1 NePEMEHHbIX CUTHANOB.
(uHda3Has nomexa NpoABNAETCA KaK OLIMOKa CMeLLeHNs,
HanoXeHHaA Ha None3HbIil CUTHa.

HI W3meputenbHblii =

Usmeputenb- .
Hbli TO|

4-npoBojiHaA (XeMa U3MepeHua
conpoTueneHuit

MV

Puc. 5. [IByxnpoBopHan 1 YeTbIpexnpoBoHaA CXeMbl N3Me-
peHuA ConpoTUBAEHNI

FPy3KM NapamMeTpom ABNAETCA MAaKCUMaNbHOe HanpsXeHue
CUH(A3HOTO CUTHanNa, U KOTOPOM MOET paboTaTb u3me-

Bbi60pa AManasoHa); 3awwuTa ot neperpysku pUTENbHbIIE IPUGOP: 3T0 MaKCUMANbHO HanpSKeHie OTHO-
aBTOMATHYeCKas KoppeKLma Hyna (AutoZero): oTknio- 3aluuTa 0T neperpysKu ABNAETCA CpeaCcTBOM 0becneyenna CUTeNbHO 3a3eMNIeHNs, KOTOPOe CNocobeH BblaepxaTb BXOA
YeHa; INeKTPUYECKOIT HAZEXXHOCT U AOMKHa 0becneynBaTh JocTa- Hu3koro notexumana (LO) unu o6wmii Bbiog (COMMON).

3afiepxka 3anycka: = 0,0;
oTobpaeHue Ha aucnee: OTKNKYEHO.

(nenyeT NoAYEPKHYTb, UTO HACTPOIiKY, 06ecneunBaioLLe
HaboNbLLYI0 CKOPOCTb, He 06eCNeUMBAIOT MAKCMMaNbHYI0
TOYHOCTb.

TOUHYI0 3aLLUTY U3MePUTENbHOrO NPK6OPa OT 06bIUHBIX CeTe-
BbIX HaNpAXeHuit. Kak npasuno, Haubonee uyBCTBUTENbHBIMY
K BbICOKMM HarnpseHnAM ABAAIOTCA CAMbIVi HUKHMIA AMana3oH
13Mepenusa HanpsaxeHus (Hanpumep, 100 MB) n auanasoHbi
13MepeHuA conpoTUBIEHMIA. AHANIOTUYHBIM 3aLLuTe OT nepe-

BxopHaa knemma fiomKHa Bceraa ObITb Harpy»eHa Ha MUHI-
ManbHoe conpoTuBneHune.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM

KEITHLEY

A Tektronix Company
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CpaBHuTenbHas Tabnuua uppoBbIX MyNbTUMETPOB U cMCTeM c60pa AaHHbIX

Mopenb 2100 2000 2010 2001 2002
Kon-Bo pa3papos 6% 6% 7% Az 8%
Kananbi pacumpenua HeT 10 10 10 10
MocTosHHOE HanpsAKeHne
YyBCTBUTENbHOCTD 0,1 mMKkB 100 HB 10HB 10HB 1HB
MakcumanbHoe 3HaueHue 10008 1000 B 10008 11008 11008
0cHOBHasA NOrpelHoCTb 0,0038% 0,002% 0,0018% 0,0018% 0,0006%
[} (oTHOCUT p ) . . 110 JONONHUTENbHOMY 3aKa3y MO AOMONHUTENbHOMY 3aKa3y
TMuKoBbie BbIGPOCHI NPY NOCTOAHHOM HaNPAKEHUN . .
HEPEMEHHOE HanpaxeHue (MCTMHHOE (pegHeKBagpaTunyeckoe 3Ha-|euv|e)
YyBCTBUTENbHOCTD 0,1 MkB 100 HB 100 HB 100 HB 100 HB
MakcumanbHoe 3Hauenue 7508 7508 7508 775B (1100 B nuk.) 775B (1100 B nuk.)
0CHOBHasA NOrpeLHoCTb 0,08% 0,05% 0,05% 0,03% 0,02%
Monoca yacror 3Ty—300kMy 3Tu—300kMy 3Ty—300kMy 1Ty —2Mly 1Ty —2Mly
nb, abm 0 o 0 o 0
Yacrora, nepuop . . . . .
n /cpenHee/cp Apatny. CpefHeKBaJpaTuy. 3HaYeHe  CPeAHeKBaApaTUy.3HaueHue  CpeJHeKBaJpaTuy. 3HaueHme . .
AC,AC+DC AC AC AC . .
Conpotusnenue (2/4-npoBopaHan cxema)
YyBCTBUTENBHOCTD 100 mkOm 100 mkOm 1MKOM 1MKOM 100 HOMm
MakcumanbHoe 3HaueHue 100 MOm 120 MOm 120 MOm 170m 170m
0cHOBHasA NOrpewHoCTb 0,015% 0,008% 0,0032% 0,0032% 0,0007%
TecTMpoBaHMe LieNOCTHOCTH Lienei . . .
TectupoBanue guofoB . . .
KomneHcauus cmewienus . . .
W3mepeHue npu manbix ToKax 1 NafieHUAX Hanpsxe- .
Huit (dry circuit)
MocToAHHbIN TOK . . . . .
06HapyeHue 06pbiBa B LieN NCTOYHNKA .
MocToAHHBIN TOK
YyBCTBUTENbHOCTD 10HA 10HA 10HA 10nA 10nA
Juanazox 10mMA-3A 10mA-3A 10mMA-3A 200mMKA-2A 200mA-2A
0cHOBHasA NorpeLHoCTb 0,055% 0,03% 0,03% 0,03% 0,027%
W3mepeHue Toka 6e3 pasp uenu . .
MepemeHHbIil TOK (MCTUHHOE CpefiHeKBaJpaTHUecKoe 3HaueHue)
YyBCTBUTENbHOCTD 1mKA 1MKA 1MKA 100 nA 100 nA
[uanazon 1A-3A TA-3A 1A-3A 200mMKA-2A 200mkA-2A
0CHOBHasA NOrpeLHoCTb 0,15% 0,1% 0,1% 0,1% 0,1%
Monoca yacror 3Ty—5kly 3Tu—5kly 3Ty—5kly 20 Ty — 100 KIy 20Ty — 100 KMy
061y1e XapaKTepUCTUKM
WHrepdeiicol USB GPIB, RS-232 GPIB, RS-232 GPIB GPIB
YnepxaHue nokasaHuii . . .
Lindposbie nuunm Bopa-BbiBofa . . .
NamaATb AnA pe3ynbTaToB U3MepeHuit 2000 oTcueToB 1024 otcueToB 1024 otcuetoB OnuwoHanbHo o 30 000 OnuuoHanbHo ao 30 000
MakcumanbHasa ckopocTb U3mepeHuil 2000 oTcyeToB/c 2000 otcyetos/c 2000 oTcyeToB/c 2000 otcyetos/c 2000 oTcyeToB/c
W3mepenuna Temnepatypbl Tepmope3ucropom (RTD) Tepmonapoii Tepmonapoii, Tepmope3u- Tepmonapoii, TepMope3u- Tepmonapoii, Tepmope3u-

cTopom cTopom cTopom

Imynauma asbika 34401A 8840/42,196/199 196/199 HP 3458

KEITHLEY

A Tektronix Company
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Mopenb 3706A 2015, 2016 2700 2701 2750
Kon-Bo paspsapos 7% 6% 6% 6% 6"
Kananbl paciumpenna 576 80 80 200
TNocTosHHOE HanpAXKeHne
YyBCcTBUTENBHOCTD 10HB 100 HB 100 HB 100 HB 100 HB
MakcumanbHoe 3HaueHue 3008 10008 1000 B 10008 10008
0CHOBHaA NOrpewHoCTb 0,002% 0,002% 0,002% 0,002% 0,002%
OTHOwWeHune (nnatoit MynbTUNNEKCOPa Cnnatoil mynbTMNNEKcopa (Cnnatoil MynbTUNNEKcOpa
TMuKoBbie BbIGPOCHI Ha MOCTOAHHOM HaNpPAKeHUH
HEPEMEHHOE HanpAaxeHue (M(TI/IHHOE (peaHeKBaapaTnyeckoe SHa‘IEHMe)
YyBCcTBUTENBHOCTD 100 1B 100 HB 100 HB 100 HB 100 B
MakcumanbHoe 3HaueHune 3008 7508 7508 7508 7508
0cHOBHasA NOrpeLIHOCTb 0,05% 0,05% 0,06% 0,06% 0,06%
Monoca yacror 3Ty—300kMy 3Tu—300kMy 3Tu—300kMy 3Ty—300kMy 3Tu—300kMy
nb, Abm 0 .
Yacrota, nepuop . . . . .
THD, rapmoHunK® 20Ty —20 KMy
AMNAUTYABI FAPMOHNK Mogundukaumn «-P»
WcToYHMK rapMoHnyecKoro curiana 4B/9B (10 Iy —20 kTwu)
ConpoTtuBnenus (2/4-npoBogHan cxema)
YyBcTBUTENBHOCTD 100 HOM 100 MKOm 100 MKOm 100 MKOm 1 MKOM
MakcumanbHoe 3HaueHne 100 MOm 120 MOm 120 MOm 120 MOm 120 MOm
OcHOBHasA NorpewHoCTb 0,004% 0,008% 0,008% 0,008% 0,008%
TecTupoBaHue LeNoCTHOCTH Leneit . . . .
TecTupoBaHue AU0A0B .
KomneHcauua cmewenua . . . . .
W3mepeHue npyu ManbiX TOKax U NafieHUAX Hanpsxe- . .
Huit (dry circuit)
MocToAHHDIN TOK . . . . .
TMocToAHHDIN TOK
YyBcTBUTENbHOCTD 1nA 10HA 10HA 10HA 10HA
Jluanazox 10mMKA-3A 10mMA-3A 20mMA-3A 20mA-3A 20mMA-3A
0cHOBHasA NOrpeLIHoOCTb 0,03% 0,03% 0,03% 0,03% 0,03%
TNepemeHHbIN TOK (MCTUHHOE CpeAHEeKBafpaTMyecKoe 3Ha4eHue)
YyBcTBUTENBHOCTD THA 1MKA 1MKA 1MKA 1MKA
[Avanazon TmMA-3A 1A-3A 1A-3A 1A-3A 1A-3A
0cHOBHasA NorpeLHoCTL 0,08% 0,1% 0,15% 0,16% 0,15%
Monoca yacror 3Mu—10kMy 3Mu—5kMy 3Tu—5kMy 3Tu—5kMy 3Mu—5kMy
06LyMe XapaKTepuCTKU
WuTepdeiico GPIB, LXI/Ethernet, USB GPIB, RS-232 GPIB, RS-232 Ethernet, RS-232 GPIB, RS-232
YpepxaHue nokasaHuit . . .
LindpoBbie nuHuM BBOAA-BbIBOAA 14 2 8Bopa/5 BbiBOA (TTI) 28BoA/5 BbiBOA (TTIT)
Namatb oTcyetoB 650000 oTcyeToB 1024 oTcyeToB 55000 otcyetoB 450000 oTcyeToB 110000 oTcyetoB
Makd CKOpOCTb peHuit > 14000 oTcyeToB/c 2000 oTcyeToB/c 2000 oTcyeToB/c 3500 oTcyetoB/c 2500 oTcyeToB/c
N3mepeHua Temneparypbl Tepmonapa, Tepmope3ucrop, Tepmonapa Tepmonapa, Tepmope3uctop,  Tepmonapa, TepmMope3uctop,  Tepmonapa, TepMopesucTop,

TepmMuCTOp

TepMUCTOP

TepMuUCTOp

TepMucTop

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM

KEITHLEY
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64 LNOPOBbLIE MYJIbTUMETPbI U CACTEMbI CBOPA JAHHbIX

BbicoKoe KauecTBO U NoHbIii Habop GyHKLWIA LdpoBoro
MYNbTUMETPa B NOPTAaTUBHOM 1 HACTONIbHOM UCMONTHEHNIA
C BO3MOXHOCTbIO NPUMEHeHUA B aBTOMATU31POBaHHbIX CUCTEMaX

Mogenb 2100: Hefoporoil LMPPOBOI 6Y2-paspAAHbIA MySILTUMETP BbICOKOIA
TOYHOCTYU C UHTEpQelicom USB

+ BbICOKOTOUHDII LIpPOBOI 6Y2-paspagHbIi
MyNbTUMETP ANA OTBETCTBEHbIX MPUMEHEHUI
no LieHe 52-paspAfHOro MynbTumeTpa.

MonHocTbIo 3afjaHHbIE MOrPELIHOCTY U3MepU-
TenbHbIX GyHKLMI 06ecneunBaloT nonyyeHue
pesynbTaToB B cooTBeTCTBUM C ISO.

TMC-coBmecTumbliit uHTepdeiic USB ¢, ana
MCNoNb30BaHNA C TECTOBbIMY NMPOrpamMmmamu
Ha asbike SCPI.

$000CeT -
T e o o Gl ) el (G
5= = = = (= A=

B KoMnneKT nocTtaBKm BXOAAT NporpamMmmMHblie

cpeacTBa Ans rpaduyeckoro otobpaxkeHus
pe3ynbTaToB 1 nepeAaun AaHHbIX B Microsoft’
Word un Excel.

MpouHas KOHCTPYKLUus obecneymnBaet gnu-
TeNbHbIN CPOK CATYK6bl NP NCNONb30BaHNN
B KauecTBe 1abopaTopHOro 1 NepeHoCHo-
ro npu6opa.

Lin¢posoit mynbtumetp 2100 ¢ nHTepdeiicom USB — HoBas Mopenb B CeMeiiCTBe BbICOKOI(dek-

TUBHBIX UndPOBbIX MyNbTUMETPOB KomnaHuu Keithley. Bbicokas TouHOCTb U pa3peLuenme 672
pa3pAf0B AeanbHo NOAXOAAT ANA OTBETCTBEHHBIX NPUMeHeHMil. lTpubop ocHaleH 11 usmepu-
TeNbHbIMU GYHKLMAMI 1 8 MaTeMaTUueCKuMM GYHKLMAMI, 3T0 N03BONIAET HENOCPEACTBEHHO
CYMTIBATH HaNBONEe YaCcTo MCMONb3yeMblE BENMUMHI.

Mogenb 2100 obecneunBaeT CTabUAbHOCTb, TOUHOCTb 1 ObICTPOACACTBIE 3MEPEHNIT NPU 0YEHD
Manoit croumocTir. OCHOBHaA NOTPELLHOCTb U3MepPeHNA NOCTOAHHOTO HANPAXEHMA B TeUeHUe
0AHoro roga B auanasoHe 10 B coctaBnaet 0,0038%, a 0CHOBHaA NOTPeLLHOCTb U3MepeHus
COMpOTMBNEHIA B TeueHne 0fHOro rofa B ananasoHe 10 kKOm — 0,013%. Mpu paspeLuenun 6%2
pa3pagos mogenb 2100 obecneunBaeT nepenayy yepes yaaneHHblit uHtepdeiic USB o 50 otcue-
TOB B CEKYHAY. [pu ObICTPbIX M3MEpeHNsAX ¢ paspelLeHuem 4% pa3pagos npubop cunTbiBaet
¢Bbiwe 2000 0TCYETOB B CeKYHAY BO BHYTpeHHUil bydep.

YHUKanbHoe coyeTaHme BbICOKOI TOUHOCTM W HU3KOI CTOMMOCTY BNafeHua Aenaet mogens 2100

Heﬂp€B3OI7I,[|eHHbIM paﬁO'—II/IM VHCTPYMEHTOM ANA I/IH)KeHepOB-VI((ﬂeﬂOBaTeIIEVI, pa3paﬁOT‘WIKOB,

CNeLManu1CToB No TECTUPOBAHMIO MPOAYKLMI, a TAKXKe INA YUEHBIX U CTYLEHTOB, BbIMOMHAKLLMX
TOYHbIE U3MepeHuA OCHOBHBIX BenuumH. Lindposoit ynbTumeTp 2100 MoXeT UCONb30BaTLCA ak
(amoCToATeNbHOE CPEACTBO U3MEPEHUA, Tak U B KauecTBe KOMMOHEHTa aBTOMATU3MPOBAHHbIX
U3MepUTENbHBIX KOMNNEKCOB.

Bo3mMOXHOCTb MCNONIb30BaHNA BXOAOB Ha
nepepaHeil nn 3afHen NaHenux ynpolyaet
paboTy npu pacnonoxeHnu Ha cTone unu
B NpUOOPHOIA CTOKeE.

MpuHapneXHoCTH, BXOAALLME B KOMNIEKT NOCTaBKK:

PyKOBOACTBO N0 3KcnnyaTaumu Ha (D, TexHUyeckuit nacnopr,
napavisep LabVIEW', 6ubnuoteka BBoga-biBoga Keithley 1/0
Layer, kabenb USB, npoBoa snekTponutanus, usmepuenb-
Hblil Kabenb € U30MPOBAHHBIMI 3aXKMMaMK, NPOTPaMMHble
Haactpoiikn KI-Tool u KI-Link Add-in (ana Microsoft Word

n ans Excel).

3apHas naHenb mogenu 2100

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company
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TexHnuecKue xapakTepuctukn mogenm 2100

TexHunyeckune XapPaKTePUCTUKN

M3MEPEHUE NOCTOAHHbIX CUTHAJIOB: norpewHocTb' (% oT nokasaHui +% OT Auana3oHa)

OyHKymnA AvanasoH Paspelenne BxopHOe conpoTHB- 1rop,23°C+5°C MPUMEYAHUA K U3MEPEHUIO NOCTOAHHDIX CUTHANOB
neHmne 1. TexHuuecKue XapakTepucTuky cnpaBeAauBbI NoCe ABYX4acoBOr0 NPOrpesa.
100,0000 MB 0,1 mkB >10T0m 0,0055 -+ 0,0040 a. ALM HacTpoeH AnA paboTbi B pexime HeNpepbIBHOTO 3anycka.
1,000000 B 1,0 MkB >10T0m 0,0045 +0,0008 b. BxoaHoii Tok cmewuerus < 30 nA npu 25 °C
Moct. HanpsxeHue 10,00000 B 10 MKB >10T0M 0,0038 +0,0006 . 3awwuTa Bxoga — 1000 B Bo Bcex AnanasoHax (BXoAHaA MowHoCTb 2 BT).

d. Mapametp «Measurement Rate» BbiGpak paHbim 1 PLC.

100,00008 100 MkB 10MOm 0,0050+0,0007 2. TexHuueckme xapaKTepUCTUKN ANA 4-NPOBOHOI CXeMbI H3MepeHMA conpo-
1000,0008 1mB 10 MOm 0,0055 +0,0010 TUBNeHUi. 177 2-NPOBOHOTO PEXiMa U3MEPEHIA CONPOTUBAEHHi! HEOBX0MMO
OyHKumMa AuanasoH Pa3pe|.ue||y|e COHPOTVIB.HEHVIQ 1rop,23°C+5°C MCNonb30BaTh KOPPEKLMIO HYNA AWM BbIYUTATb CONPOTUBIIEHNE COEANHUTENBHBIX
YHKL wyHTa I U3 0T06p 0 X
10,00000 MA 10 HA 510m 0,055 +0,025 3. Make conpoTueuue nposony ;0% T aNas0Ha ATA KXAOTO
NPOBOAHNKA B AMANA30HaX M1 1T KUM; Ao0asuTb 1 KUM Anda conpotusne-
nocroﬂ""blﬁ TOK (Dcl) 100/0000 MA 100 HA 5’1 OM 0’055 + 0'006 HWA KaX/10ro NpoBO/Aa BO BCEX 0CTANbHbIX AUana3oHax.
1,000000A 1MKA 0,10m 0,120+ 0,015
3,00000A 10 MkA 0,10m 0,150 + 0,025
QyHKYMA a Pasp 3oHAMUPYOWNA TOK 1rog,23°C+5°C
100,0000 Om 100 MkOm TmA 0,015 + 0,005
1,000000 kOm 1mOm 1MA 0,015+ 0,002
10,00000 kOm 10 MOm 100 mKA 0,013 + 0,002
ConpoTuBnenme? 100,0000 K0m 100 MOm 10 mkA 0,015+0,002 NOAABJIEHUE LUYMA NPU U3MEPEHUAX MOCTOAHHBIX
1,000000 MOM 10m 5 MKA 0,017 +0,002 CUTrHANOB (60 I'u/50 I'u)
10,00000 MOm 100m 500 HA 0,045+ 0,002
! ! ! C Kon- - CMRR! NMRR?
100,0000 MOM 1000m 500 4A (10 MOM) 1,00+ 0,020 kopocte O oaon.
TectupoBaue 1,00008 10 mkB 1mA 0,040 +0,020 10PLC 6% 140 25 60 45
LlenocTHoCTb Leneii 1000,00 0m 10 MOm 1MA 0,024 + 0,030 1PLC 5% 140 ab 60 ab
1. [Inq HecBanaHc 0 conp 1%0M B Np0BoAE HU3KOTO NOTeHIMana.

2. [ina vactoTbl ceTi 3nekTponuTaHna £0,1%.

TEMNEPATYPA (M3mepeHue Tepmope3nucTopom)
M3MEPEHWE NEPEMEHHbIX CUTHAJOB:

AwnanasoH Paspe- MorpewHocTb npu
weHne 4-npoBOAHON CXeme
. NPUMEYAHUA K USMEPEHUIO nogkniouenns’, 1rog
norpewHocTb' * (% oT NnoKasaHuii + % oT AnanasoHa) MEPEMEHHBIX CATHATIOB 100 Ca0 F00C 000 C R
1. TexHuyeckue xapakTepucTuku cnpa- 01 =200 °C 30 +630°C 0,001 °C +0,2°C
1 rOA BeANNBbI NoCNe ABYX4acoBoro npo-
+(% oT noka- Spraon P oPeeHT T TEPMOPE3UCTOPA: nnatuwogbit 100 Om (PT100), D100, F100, PT385
DyHKUNA LnanasoH Yacrora (y) 2333;:'2)% a. Bbi6paH O Tuna «Slow (nonoca i P36
YHKU) 4 = yactor 3 M), MAKCUMAJIbHOE CONPOTUBNEHNE COEAUHUTE/IbHBIX NPOBOAOB
3-5 010 b. YucTbiii cunyconganbHbli curnan (kaxpabiii npooA): 12 Om (ana obecneyeHns HOMUHANbHOI TOY-
Al poBoA A
YactoTa u nepuop 07100 MB o 750 B2 5-40 0,05 Ha BXofle NpeBbILaeT 5% oT Aua- HOCTH).
40-300000 0,01 nasoHa. . o
Trom 2. [Iwanason 750 B nepementoro TOK JATYUKA: 1 mA (VIMHy!lE:CHbIVI).
DyHkuua nanasoH Paspewenue _ Yacrora (I'y) 23°C+5°C HanpAKEHHA OrpaHHdeH 1acToToii 1. Be3 yweranorpewriocteli faranka. 23 °C £+ 5°C.
— 100 kly.
3-5 1,15+0,05

5-10 0,45+0,05

100,0000 M8 07 mB 10-20000 0,08+0,05 OBLME XAPAKTEPUCTUKHA

20000-50000 015+0,06 CMRR M0 NEPEMEHHOMY TOKY: 70 b (ana Hec6anaHcupoBaHHoro conpotusienuna 1 KOM B coeAnHUTENb-
Mepem. Hanp. 50000100000 070+0,09 HOM NPOBOZAE HU3KOTO NOTeHLMaNa)
(MCTMHHOE CpeiHeKBa- 100000300000 4,25+ 0,60 . .
ApaTUYecKoe 3HayeHne 3-5 1,10+0,04 MUTAHME: 120 8/220 B/2408
nepem. HanpsAXeHus) 5-10 0,4+ 004 YACTOTA MUTAIOLLLEN CETH: 50/60 1y, aBToMaThueckoe onpeaenenme.
071,000000 B 0 10-20000 0,08+ 0,04 NOTPEB/IAEMAA MOLLHOCTb: makc. 25 BA.
750,000 B2 or1,0mkB go 1mB 20000-50 000 0,14+ 0,06 LIMOPOBOI UHTEPOENC: USB-coBMecTMbIii, pasbem Tuna B.
50000-100 000 0,70+0,08 YCI0BUA IKCMNYATALIUK: Tonbko Ana vcnonb: BHYTPU N
100000300000 435+0,50 PABOYMIA AMANA3OH TEMMEPATYP: ot 5 °C o 40 °C.
3-5 110+0,05 PABOYAA BNAXHOCTb: makcumanbHas 0THocUTeNbHaA BNaXHOCTb 80% ana Temnepatyp Ao 31 °C, nuHeii-
Nepem. Tok 1,000000 A 1 MKA 5-10 0,40+0,05 HOE yMeHbLLIEHME OTHOCUTENIbHOIA BNaXHOCTU 10 50% npu 40 °C.
(ucTunHoe cp 10-5000 015 +0,05 [VANA30H TEMTEPATYP XPAHEHHS: o7 —25 °C 10 65 °C.
ﬁg;::.“i;‘f(‘;‘;‘ sHauenie + 000000 A ot 53‘150 ;ig s gg; PAB0YAA BbICOTA HAJL YPOBHEM MOPS: 50 2000 M Hap ypoBHem Mops.
! MK - S+, PA3MEPbI B HACTO/IbHOI KOHOUIYPALYUMN (maKc.): (BbicoTa X wipuHa X ray6una) 112 x 256 x 375 Mm.
10-5000 0,20+0,07
MACCA: 4,1 kr.
BE30MACHOCTD: cootsetcTByeT lInpekTusam Esponeiickoro coto3a 73/23/EEC, EN 61010-1 u UL 61010-1:2004.
NEKTPOMATHUTHAA COBMECTUMOCTD: cootsetcTByet [Inpektusam EBponeiickoro cotoa 89/336/EEC,
EN 61326-1.
TAPAHTUA: oawH rop.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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OcHoBHas moaenb U$pPOBOro MynbTMMeETpPa C Hannyyluen
$YHKLMOHANbHOCTBIO N CTOMMOCTbIO

a a Lindposoii 6 Y2-pa3papHblii MynbTH-
meTp mogenu 2000 — 370 6bICTPbIiA,
’. TOUHbII M BbICOKOCTAOMNbHBIN Npubop,
- NpOCTOIA B IKCNATyaTaLMn U AOCTYMHbI
L B> no croumocT. B Hem coueTatotca
LUIMPOKMe A1ana3oHbl U BbICOKaA
- TOUHOCTb U3MepeHuit. Mogenb 2000
M03BONAET U3MePATb NOCTOAHHOE Hanps-
xeHue o1 100 HB o 1 KB (c 0CHOBHOIA NOrpeLLHOCTbI
0,002% 3a 90 AHeil) n CONPOTMBAEHME HA NOCTOAHHOM TOKE OT
100 mkOm o 100 MOMm (c ocHoBHoiA norpeluHocTbio 0,008% 3a 90 AHeit).
Mogenb 2000 obecneunBaeT BbICOKYH CKOPOCTb U3MepeHHil Npu Nobom paspelue-
Huu. Mpu paspetwenun 6%2 paspapos npubop nepefaet 50 0TcUeToB B CEKYHAY Yepes WIHy
IEEE-488, npu pa3pewwenun 4%z pa3papa oH cnocoben cunTbiBath 4o 2000 0TCYETOB B CEKYHAY BO
BHYTpeHHUi bydep emkocTblo 1024 0TcueToB. ITO leNaeT ero BENMKONENHbIM CPefiCTBOM M3Mepe-
HUA ANA 3324, KPUTUYEHBIM K Npou3BoAuTeNbHOCTU. Mogens 2000 ocHalleHa 13 BCTpOEHHbIMMU
U3MepuTENbHLIMI GYHKLUAMM, BKIKOYAA U3MePeHNA NOCTOAHHOTO 1 NepeMeHHOr0 HanpAXeHus,
MOCTOAHHOTO U NepeMeHHOr0 ToKa, ABYXMPOBOZAHbIE 1 YeTbIPEXNPOBOAHbIE U3MepeHUs CONpoTHB-
NeHWA, NPOBEPKY LIeNOCTHOCTY Lieneli 1 TeCTUpOBaHie A0A0B.

Mogenb 2000: unudpoBoii 6%2-pa3pAaHbIA MyNbTUMETP

+ 13 usmepuTenbHbIX GyHKLUIA.

+ 2000 oTCcyeTOB B CEKYHAY Npu paspelleHnm
4> paspapa.

+ MnaTbl MynbTMNNEKCOPOB (3aKa3biBaloTCA
[ONOJTHATENbBHO) ANA MHOTOKaHaIbHbIX
n3MepeHui.

+ UHTepdeiicol IEEE-488 n RS-232.
« Habop komanp Fluke 8840/42.

ﬂpuuanne)lmocru, BXoAsLue B KOMIEKT N0CTaBKK:
WHCTPYKLMA NO 3KCNTyaTaLinu;

U3MEPUTENbHBIN Kabesib C M30MPOBAHHBIMU 3aXKNMaMK
moaenu 1751.

PaCI.IJI/IPEHHbIe n3mepuTtenbHblieé BO3MOXHOCTU N BbICOKAA TOYHOCTb

ANnA CN0XKHbIX 3aga4

KEITHLEY

Mogenu 2001 1 2002; BbICOKOKAUeCTBEHHbIE
LMdpOBbIE MYNLTUMETPbI

Lindposble 7Y2-pa3paaHble MynbTuMeTpbl Mogenu 2001 u 8%2—pa3pafHble MynbTUMETPbI Moge- ] ' .:... @ @ @ @ m m e e e

+000 .0

1 2002 MMetoT TeXHUYECKME XapaKTepUCTUKM, 06bIuHO NpucyLLme 3HauuTenbHo Gonee Joporum I “ @ =) i) (v (3 » ) o : }
“ O
npubopam, u obecneunsatot 6onbLioe pasHooBpase U3MEPUTENbHBIX GYHKLMIA, KOTOPbIe 06blu- | Py e

HO OTCYTCTBYIOT y IMOPOBLIX MYNbTUMETPOB. Bbicokoe pa3peluenue 3Tux npubopos obecneunsa-
eT LUMPOKMil AMHAMUYECKNiA A1ana3oH, N03BONAIOLLVIA M3MePATL HanpsAxeHus ot 1 mkB 1o 20 B
B OJHOM AMana3oHe. B Tex 3apauax, B KOTOPbIX BaXHOE 3HaueH|e UMeoT BbICOKasA NPOU3BOAY-
TeNIbHOCTb U YHUBEpCanbHOCTb, Mogenn 2001 u 2002 obecneynBatoT CKopocTb 3MepeHuii Gonee
2000 oTcyeToB B CeKyHAy npu paspeLueHny 4%z paspaga. Npu paspeLuennn 7% pa3papos Moaenb
2002 obecneunBaeT HOMUHaNbHYI0 TOUHOCTb HA CKOPOCTU 10
44 n3mepeHnii B CeKyHAY NPU U3MepeHnIn NOCTOAHHBIX Hanps-
XeHuii u conpoTusnenmii. B mogenu 2002 gna 4-npoBoAHbIX
U3MepeHuii CONPOTUBAEHMIN UCNOb3YeTCA YHUKANbHDII 04HO-
(a3Hblii METOZ, UTo N03BONAET MPOBOAUTL U3MEPEHUA B fiBa
pa3a BbicTpee Npy AaHHOIA YacToTe NUTaloLLeil CeTh. [laHHblil
MeTOJ TaKXe YCTPaHAET OLUNOKY, BbI3BAHHbIE HEMOCTOAH-
CTBOM CONPOTUBAEHUA U3MEPUTENbHON Lieny, BO3HNKAIOLLEM
NPy UCNONb30BaHNM BbICTPbIX MaHUMYNATOPOB KOMMOHEHTOB.
Kpome Toro, BcTpoeHHas Lenb obHapyxeHus 06pbisa nsmepu-
TeNIbHON Lienu YCTPaHAeT MHOTe npobnembl, BO3HUKaKLLe B
npoLiecce TeCTUPOBAHUA U3AENI B YCNOBUAX NPOU3BOACTBA.
[laTeHTOBaHHAA (xeMa U3MepUTENbHON Lieny feaeT u3mepe-
HUA NepeMeHHbIX CUTHaNoB ¢ noMoLLbio MoAeneil 2001 n 2002
B HECKONbKO pa3 6onee TOYHbIMM, YeM M3MepeHMA C OMOLLbH
aHanoruyHbIX LMGPOBBIX MyNbTUMETPOB APYIUX NPOU3BOAY-
Teneli (norpewwHocTb MeHee 0,1% BnNoTb A0 yacToThl 1)

» UcTnHHOe paspelieHue 7%2 (moaenb 2001)
vnu 8%2 (mogenb 2002) pa3pAgos..

« VickniountenbHas 4OCTOBEPHOCTb pe3ynbTa-
TOB MPW BbICOKOI CKOPOCTN N3MEPEHNIA.

« LLinpoKuia BbIGOP BCTPOEHHbIX U3MepUTenb-
HbIX GYHKLMIA.

+ Mnatbl 10-KaHaNbHbIX MYNLTUMIMIEKCOPOB
(npuobpeTaloTcA AONONHUTENBHO).

« CoBmectumocTb ¢ |IEEE-488.2 n SCPI.

« Mogenb 2002 moxeT paboTaTb B pexume
amynauum HP 3458A.

maa) (fomes wa) (o el

ﬂpuuamemuocru, BXoAsLue B KOMMIEKT N0CTaBKK:

BbICOKOKAUeCTBEHHbIE U3MepuTeNbHble Kabenu
mozenu 8605;

PYKOBOACTBO N0 3KCNNyaTaLuu;
KpbILUKa 0TCEKa AN1A NaTbl MYNbTUNNEKCOPA;

N0MHbIA HABOP KANMGPOBOYHBIX AAHHBIX.
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LNOPOBbBIE MYJIbTUMETPbI U CACTEMbI CBOPA JAHHDbIX 67

TexHnyecKue xapakrepunctnku moaenu 2000
M3MEPEHWE NOCTOAHHbIX CUTHAIOB

YCI0BUA: cpepnan ckopocTb n3mepennii (cootetctayet Rate=1PLC)' nnu meanenxas ckopoctb usmepenuii (Rate=10 PLC) unu cpen- MOrPEWHOCTb: +(ppm oT nokasaHwii + ppm oT Ananasoxa) (1 ppm =
HAA CKOpOCTb M3MepeHnii (Rate=1 PLC) ¢ 10-ToyeuHbIM GUAbTPOM 0,0001%)
30HAUPYIOLLMUIA TOK UNK 244AC“ 90 iHEN 1o  AOMOAHUTE/NbHAA TEMMEPATYP-
MAAEHUE HANPAXKEHUA BXOZHOE 23°C+ 23°C+ 23°C+ HAA NOrPELWHOCTb
OYHKUNA AVWANA30H  PA3PELUEHUE (£ 5%) CONPOTUBNEHUE 1°C 5°C 5°C 0-18°Cn28°C-50°C
HANPAXEHUE 100,0000 mB 0,1 MKB >1070m 30+30 40+35 50+35 2+6
1,000000B 1,0 MkB >10T0m 15+6 25+7 30+7 2+1
10,00000 B 10 mkB >1070m 15+4 20+5 30+5 2+1
100,0000B 100 mkB 10 MOm +1% 15+6 30+6 45+6 5+1
1000,000B° 1mB 10 MOM + 1% 20+6 35+6 45+6 5+1
CONPOTUBNEHUE™ 100,0000 0m 100 mkOMm. 1mA 30+30 80+ 40 100 + 40 8+6
1,000000 KOMm TmOm 1mA 20+6 80+10 100410 8+1
10,00000 KOm 10 MOm 100 mkA 20+6 80+10 100+ 10 8+1
100,0000 KOm 100 MOm 10 MKA 20+6 80+10 100410 8+1
1,000000 MOm' 10m 10 mkA 20+6 80+10 100+ 10 8+1
10,00000 MOM™ 1 100m 700 HA (10 MOm) 150+6 200+ 10 400 +10 95+1
100,0000 MOm'™ 16 100 0m 700 HA (10 MOm) 800+30 1500 +30 1500 +30 900+1
TOK 10,00000 mA 10HA <0,15B 60+30 300+ 80 500+ 80 50+5
100,0000 mA 100 HA <0,03B 100 +300 300+ 800 500+ 800 50+ 50
1A 1 MKA <038 200+ 30 500+ 80 800+ 80 50+5
3,00000A 10 MKA <18 1000 +15 1200440 1200+40 50+5
LENOCTHOCTD LIENEN 1kOm 100 MOm 1mA 404100 100 + 100 120+ 100 8+1
(2-nPOBOJ.)
TECTUPOBAHUE 10[10B 3,000008 10 mkB 1MA 20+6 30+7 40+7 8+1
10,00000 B 10 MkB 100 MKA 20+6 30+7 40+7 8+1
10,000008 10 MkB 10 MkA 20+6 30+7 40+7 8+1
SKCMNNYATALMOHHbBIE XAPAKTEPUCTUKW NPU U3SMEPEHNI CKOPOCTb U3MEPEHWI U NOAABNEHUE LLYMOB
MNOCTOAHHbIX CUTHANOB?
Rate (nepunop OTCYE- KON-BO CPEAHEKBAAPATUYE- NMRR'> CMRR™
QYHKLWA KON-BO PA3PS10B OTCYETOB/c PLC® anckpetusauun)  TOB/C PA3PA- CKOE 3HAYEHME LUYMA
AL 5 10 Aos B IUAMA30HE 10 B
oreE e ; 10PLC 5 6% <1,5mKB 60 a5 140 26
MocTosHHoe HanpAxeHue (Bce 6505 50 1 1PLC 50 6% <4mkB 60 16 140 nb
(e ] omepenne s 70 01 01 PLC 0% <2 - W
COMPOTMBNEHN (AManasol < S48 500 0:1 0,01PLC 2000 44 < 150 mkB - 8046
10MOM 55 1000 0,04 MPUMEYAHUA K USMEPEHUI0 NOCTOAHHDIX CATHANOB
45 2000 0,01 1. Mpu6aBuTh CrieayioLiee 3HaveHue K NorpeLuHocTy (ppm ot Auanasona): 181 100 B — 2 ppm; 100 MBT — 15 ppm; 100 Om —

15 ppm; ot 1kOM g0 < TMOM -2 ppm; 10 MAw 1A - 10 ppm; 100 MA — 40 ppm.
2. CKopocTi yka3aHbl And paboTbl B ceTvt 60 iy Npy 3aBOACKMX YCTaHOBKaX N0 ymonyanuio (*RST): aBTomMaTnueckmii Boibop Ana-

BbICTPOnEmCTBM E CMCTEMbI I'IPM M3MEPEHMM noCToﬂHHbIX Na3oHa BbIKN., 0T06pa)KeHVI€ Ha ucnnee BblKN., 3a4epxKa 3anycka = 0.

3. CKOpOCTM yuuTBIBAIOT BPEMA U3MepPEeHUA U Nepeaum ABOUYHBIX AaHHbIX Yepe3 uHTepdeiic GPIB.
2,6
CUrHANOB 4. ABTOMaTUYECKaA KOPPEKLMA HYNA BbIKN.
MEPEKMIOYEHME AMANA3OHOB: 50/c. 5. Yucno otcuetos = 1024, aBToMaTiueCKas KOPPEKLUNA HyNA BbIKA.
. 6. ABTOMaTuueckas Koppekuusa Hyna Bbikn., NPLC = 0,01.
NEPEKMIOYEHNE USMEPUTENBHDBIX OYHKLIUWE: 45/c. 7. W3mepeHue CONPOTUBNEHHIA CO CKOPOCTbIO 24 0TCYET B CEKYHAY.
BPEMA ABTOMATUYECKOTO BbIBOPA IMANA30HAZ, 10: < 30 mc. 8. 1PLC=16,67 mcnpu 60 [y, 20 Mc npw 50 T/ 400 I, YacToTa onpeaenseTca aBTOMaTUYECKN NPU BKAKYEHINH SEKTPONUTAHUS.
MEPE/IAYA OTCYETOB B KOJIAX ASCII YEPE3 RS-232 (19 200 60p) 55/c. 9. [inayposHeit curvana > 500 B cneayet npubasuth norpewrocts 0,02 ppm/B Ana fonu curkana, npesbiwaioluieii 500 B.
MAKC. YACTOTA BHYTPEHHEFO 3ATIYCKA: 2000/c. 10. Mpu u3mepeHnn CONpOTUBAEHMI CrieayeT Npu6aBuTb 12 Mc.

1. CDI'IPOTMB"EHME NPOBOAHUKOB, NOAKNIYEHHbIX KO BXOAAM BbICOKOr0 1 HU3KOr0 NoTeHUUana, A0mMKHO 6biTb B npeaenax 10%.

MAKC. YACTOTA BHELLHEr0 3ANYCKA: 400/c. 12. [lnA Kone6aHmii YacToTbl nUTatowei ceTn +£0,1%.

13. [inA HecbanaHcupoBaHHoro conpoTuBAeHua 1kOM B NpoBO/e HU3KOro NoTeHuuana.

OBLLME XAPAKTEPUCTUKW NPU U3MEPEHWNIA NOCTOAHHbIX CUTHAJIOB T4, OTHOCHTENbHO MOTpeUIHOCTH, YKa3aHHO/ NP KanUBpoBKe.

. TeXHWueCKve XapaKkTepucTUKi ANA 4-NpoBOAHbIX U3MepeHuit ConpoTUBAEHNL. 1NA 2-NPOBOAHbIX U3MepeHNii ConpoTUBAEHN

>

JIMHEAHOCTD B AMANA3OHE 10 B NOCT.: £(1 ppm 0T nokasakuii + 2 ppm 0T Auanasoxa). cnefyet npu6agHTL AONOAKUTAbHyl0 Norpewkocts 1 Om.
3ALLMTA BXORA NP USMEPEHMM NOCTORKHOTO HAMIPAXEHMS, CONPOTUBIEHMS, TEMMEPATYPSI, oot ot ToNOW53 . 100w 9009 e s b sy o1
LENOCTHOCTY LIEMEN W TECTUPOBAHWM JUOJ0B: 1000 B 8o Bcex AManasoHax. ] : ’ '

" 11050 °C, 0TH. BnaxHoCTb 50% npu 35 °C.

MAKC. CONPOTUBNEHUE COEANHUTENbHDIX NPOBO/IOB MPU 4-NPOBOAHON CXEME USMEPEHIA CONPO-

TUBJIEHWU: 10% oT AMana3oHa ANA KaxZoro npoBoAa B AnanasoHax 100 Om u 1k0m; 1kOm ana kaxporo

NPOBOAHNKA BO BCEX OCTANbHbIX AMANa30HaX.
3ALLMTA BXOJA 0 NOCTOAHHOMY. TOKY: npesoxpanutens 3 A, 250 B.
CONMPOTMBNEHUE LLIYHTA: 0,1 Om B anana3sonax 3 A, 1A u 100 MA. 10 Om B Auana3oHe 10 MA.
TNOPOT NPV NPOBEPKE LIENOCTHOCTH LIENEM: peryaupyembiii ot 1 0m a0 1000 Om.
MOrPEWIHOCTb NPU OTKNKOYEHHOM ABTOMATUYECKO! KOPPEKLIMM HYNIA: nononHutensHo =(2 ppm ana-

na3oHa + 5 MKB) Ana < 10 MUHYT 1 n3MeHeHUM Temnepatypbl £1 °C.

BbIX0/ 3A NPEAENDI AUANMA30HA: 120% o1 Anana3oHa, kpome AuanasoHos 1000 B, 3 A n TectupoBanua
ZU0f0B.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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TexHnyecKune xapakrepnctnkm mogenu 2000 (npogomketve)

TexHnueckune XapaKTeEPUCTUKN NPU N3MEPEHUN NePeMeHHOro HanpAXeHna U ToKa (MCTUHHDBIE cpepgHeKBagpaTnyeckune 3HaueHus)

MOrPELLIHOCTD: + (% oT noka3aHuii + % oT gnana3oHa), 23 °C+ 5 °C

AUANA30H HANPAXXEHUA PA3PELUEHUNE MEPUOANYHOCTb KAJIMBPOBKU 3My-10My° 10TMy-20kMy 20kMy-50kMy 50 kMy-100kMy 100 KMy - 300 kl'y
100,0000 mB 0,1 MKB
1,000000B 1,0 mkB 90 AHeit 0,35+0,03 0,05+0,03 0,11+0,05 0,60 +0,08 4+0,5
10,00000B 10 mkB
100,0000B 100 mkB 1rog 0,35+0,03 0,06+ 0,03 0,12+0,05 0,60 +0,08 4+0,5
750,0008 1mB
AONOJIHUTEJIbHAA TEMMNEPATYPHAA  0,035+0,003 0,005+0,003 0,006 +0,005 0,01 +0,006 0,03 +0,01
MOrPEWHOCTb /°C?
AWAMA30H TOKA PA3PELUEHUNE MEPNOANYHOCTb KAJINBPOBKU 3My-10Ty 10 My -3 kly 3klMy-5kMy
1,000000A 1mKA 90 aHeit/1 1oz 0,30+0,04 0,10+0,04 0,14 +0,04
3,00000 A° 10 MKA 90 aHeit/1 1o 0,35+0,06 0,15+0,06 0,18 40,06
AONOJIHUTEJIbHAA TEMMEPATYPHAA  0,035+0,006 0,015+0,006 0,015+ 0,006

NMOrPEWHOCTD /°C®

AOMONHUTENIbHAA NOTPELIHOCTD MPY BbICOKOM NMUK-OAKTOPE,
+(% OT MOKA3AHUW)

BbICTPOAEMCTBUE CUCTEMbI NMPU U3MEPEHWUMW NEPEMEHHbIX
CUTHANOB2*

MNK-OAKTOP: 1-2 2-3 3-4 4-5
JIONOSHUATENBHAA NMOTPELLHOCTb: 0,05 0,15 0,30 0,40

SKCMNYATALIMOHHbIE XAPAKTEPUCTUKI NPU U3MEPEHUAX
NEPEMEHHbIX CUTHANIOB2

OYHKUUA KONn-BO OTCYETOB/c CKOPOCTb MONIOCA YACTOT
PA3PALOB
Mepementoe 65 2c/oTcyer MEQNEHHO 3Ty - 300Ky
WanpieHve (sce 6% 14 YMEPEHHO 301y - 300 Ty
JIManasoHbl) u 6% YMEPEHHO 30Ty - 300 KMy
nepemerHblii Tok 6% 2,2 BbICTPO 300 —300 Ky
(Bee Auanasohbl) 62 35 BHICTPO 300 fy—300kly

AONONHUTEJIbHAA NOTPEWHOCTb HA HU3KMX YACTOTAX,
+ (% OT NOKA3AHUW)

CKOPOCTb CYUTbIBAHWA (Rate)

SLOW (meaneHHas) MED (cp ) FASTu (6bicTpas)
20Ty =30y 0 03 -
30Ty - 50Ty 0 0 -
50 Ty —100 My 0 0 1,0
100 'y — 200 Ty 0 0 0,18
200 Ty - 300y 0 0 0,10
>300 Ty 0 0 0

NEPEKNHYEHWUE OYHKLIMWA/AUANA30HAS: 4/c.

BPEMA ABTOMATUYECKOI0 BbIBOPA IMANA30HA: < 3 c.

MEPEAAYA OTCHETOB B KOJJAX ASCII YEPE3 RS-232 (19,2 k6oa)*: 50/c.
MAKC. YACTOTA BHYTPEHHEF0 3AMYCKA*: 300/c.

MAKC. YACTOTA BHELLHEr0 3ANYCKA*: 300/c.

OBLNE XAPAKTEPUCTUKW NPU U3SMEPEH MEPEMEHHbBIX CUTHAJIOB

BXOZHOE CONPOTUBNEHME: 1 MOm 2%, napannenbas emkocts < 100 nd.
3ALLUTA BXO[IA OT NEPEMEHHOT0 HANPAXEHWA: 1000 B (nuk.)

MAKCUMAJIbHOE NOCTOAHHOE HANPAMEHWE: 400 B Ha nto6om Anana3oHe U3MepeHns NnepemMeHHOro Hanps-
KeHus,

3ALLMTA BXOJA M0 NEPEMEHHOMY TOKY: npepoxpatutens 3 A, 250 B.

MALEHUE HANPAMEHUA: gnanason 1A — < 0,3 B (cpeaHekBaapaTny. 3HaueHne), ananasoH 3 A— < 1B (cpeaHe-
KBaApaTHy. 3HaueHue).

CONPOTMBNEHME LYHTA: 0,1 Om Ha Bcex AnanasoHax U3MepeHua nepemMeHHoro Toka.

CMRR A1 NEPEMEHHOIO TOKA: > 70 b (c conpoTuenennem 1 KOM B NpoBoze HU3KOr0 NOTeHLMana).

MAKCUMANbHbIA NUK-OAKTOP: 5 4ns nonHO# WKanbl.

NPOU3BEAEHUE HANPAMXKEHUA HA YACTOTY: < 8x 107 B-Iy

BbIX0O[ 3A NPEAE/bI AUAMA30HA: 120% ot Auana3oHa, kpome Auana3oHos 750 Bu 3 A.

NPUMEYAHUA K U3MEPEHUIO NEPEMEHHbBIX CUTHANOB

1. Texwuueckue napametpol anA MEANEHHOM ckopocTu (Rate=Slow) M cviHycOMAanbHOro BXOAHOTO CMrHana aMnAUTYR0ii > 5% ot
AvanasoHa.

2. (kopocTy yka3aHbl And paboTbl B ceTvt 60 Ly npu 3aBOACKUX YCTaHOBKaX N0 ymonuanuto (*RST): aBToMaTMyeckas koppekums
HyNnA BbIKN., aB Kiii BbiGOp BbIKI., Ha AuCNee BbIKN., YUUTHIBAET BPEMA U3MepeHHii 1 nepe-
[lauy ABOMYHDIX AAHHbIX Yepe3 GPIB.

0,01% ot owm6KK 3anaHuA Wwara. 3azepxka 3anycka 400 mc.

3apepxka 3anycka = 0.

DETector: BANDwidth = 300, NPLC = 0,01.

MakcumanbHoe cnonb3yemas 3aaepxka 3anycka 175 Mc.

[TpUMEHUMO K HeCUHyconaanbHbIM curHanam > 5y u < 500 [y (rapaHTupyeTca Ana nuk-dakTtopa > 4,3).
Mpumenumo npu 0 — 18 °Cu 28 °C— 50 °C

[inA ypoBHeii curnanos > 2,2 A cnepyet npu6aBuTb AONONHUTENbHO 0,4% K NOTPELUHOCTH «OT NOKa3aHMi».

. Tunosble p ™ it. Tunosble 7, 4T0 95% (CTAHA. OTKNOHEHME «[BA CUTMa») U3TOTOB-
NeHHbIX IPU6OPOB NOKaXyT pe3ynbTathl < 0,35% T noKa3aHuil n 99,7% (CTaHA. OTKNOHEHe «TPU CUrMa») NOKaXyT pe3ynbTatbl
< 1,06% 0T noKazaHwmi.
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3ANYCK M NAMATb TemnepaTtypHble XapaKTepucTnKun
YYBCTBUTENbHOCTb YAEPXAHUA NOKA3AHUIA: 0,01%, 0,1%, 1% unu 10% nokasauii.
Tepmonapa?3* MorpewHocTb'
3ADEPXKA 3ANYCKA: o1 0 0 99 yacos (war 1M). 90 gHeir/1 rog, (23 °C +5°C)
3AREPXKA BHELIHEIO 3ANMYCKA: 200 mkc + AxutTep < 300 MKC NP1 BbIKN. aBTOMATUYECKOIl KOPPEKLUM HynA Tun [mnana3oH Paspe- Mo oTHOWeEHMNIO C ncnonb3oBaHnem
1 3aiepxke 3anycka = 0. K «xonop y» cnaio 2001-TCSCAN®

NAMATb: 1024 oTcyeToB. J 01-200°Cpo+760°C  0,001°C +0,5°C +0,65°C

K 01-200°Cho +1372°C 0,001 °C +0,5°C +0,70°C
MATEMATUYECKUE (DYHKLI,I/II/I T 01 -200°Cao+400°C  0,001°C +0,5°C =+0,68 °C

NPUMEYAHUA K USMEPEHUI0 TEMNEPATYPbI
Urocurensioe 3H?lIEHV|e, MiH./WaKC./eftee/CTaHRPTHOE. o7 (o conp 0 3Haueis), A, AbM, 1. ina Temneparyp < 100 °C cneyet npu6asuth +0,1 °C, ans Temneparyp > 900 °C cnegyet npu6asuth +0,3 °C.
npepen u3mepenuii, % u mX + b ¢ onpeaenaembiMu nonb3oBaTenem 0TobpaxkaeMbiMit eAUHULAMY U3MepeHNA. 2. Temneparypa Moxer oro6paarsca &°C, K °F
3TANNIOHHDLIE CONPOTUBEHUA gbm: o1 1 10 9999 Om ¢ warom 1 0m. 3: TMorpewuHocTs Ha ocHoge ITS-90. ' '
4. be3 yyeTa norpewwHoCTy TepmMonapsl.
CTAHAAPTHbIE A3bIK/ MPOrPAMMUPOBAHNA 5. TexHuuecKie XapakTepuCTUKY CNpaBeNMBbI N4 Kaanos 2—6. MlpubaebTe 0,06 °C/kaHan AnA KaHanoB C Homepom 6 u Gonee.
SCPI (craHpapTHble | ANA NPOrp pyemblx npu6opos)
ety 196/109 OBLUWE XAPAKTEPUCTUKM
Fluke 8840A, Fluke 8342A INEKTPOMUTAHWE: 100 B/120 B/220 B/240 B.
. YACTOTA MUTAIOLLLER CETH: 50 T, 60 Iy m 400 [, aBTOMATUYECKY ONPEAENALTCA NP BKAKYEHNN NNTa-

BHELWHWE UHTEPOENCbI HUA.

NOTPEBJIAEMAAl MOLLHOCTb: 22 BA.
NPOU3BEAEHUE HANPAMEHWA HA YACTOTY: < 8x 107 B-y

MAPAMETPbI, OTHOCALUMECA K YACTOTE U MEPUOAY" 2 YCNOBWA SKCNAYATALIUW: auana3on pabounx remnepatyp ot 0 fo 50 °C, oTH. BnaxHocTb 80% npu 35 °Cu

BbICOTe Had ypoBHem Mopa Ao 2000 m.

GPIB (IEEE-488.1, IEEE-488.2) n RS-232C.

Duanasonus-  Yactor- [fmana-  Bpema  Paspewenne  MorpewHocTb YCNOBHA XPAHEHHSA: o1 ~40°C 0 +70°C.
MepeHMA Nepe-  Hblil ina- 30HNe-  cTpobu-  +(ppm oT flo- 90 aHeit/1ron BE30MACHOCTb: cootsetcTBYeT [InpekTuse EBponeiickoro coio3a no HU3KOBONLTHOMY 060pyA0BaHNIO.
MEHHOTO Hanps-  NasoH  PUOROB  POBAHMA  KasaHMii) % o:;:)xasa- INEKTPOMATUTHAA COBMECTUMOCTb: cootBetcTByeT [lupekTuse EBponeiickoro colo3a no 3neKTpo-
0T100MBA0750B  or3lugo  or333MC 1c 03 0,01 MATHWTHO! COBMECTUMOCTH. )
500 KTy go2mkc  (Rate=Slow) MPOTPEB: 1 4ac An4 AOCTUXKEHNA HOMUHANIbHOI TOUHOCTI.
BUBPALINA: M1L-PRF-2800F knacc 3, npoussonbHas.
NPUMEYAHUA K USMEPEHUIO YACTOTDI
LT . PASMEPbI
. IexHuyeckue xapakTepucTuki ToNbKo ANA MeaHapa. BXOIJHOVI CUrHan JOMKeH UMeTb amnanTyay > 10% ot JiManasoHa usmepe-
Hus nepemMenHoro Hanpsxenus. lpu BxoaHom curkane < 20 MB 8 ananasone 100 MB uacTota fonxHa 6biTb > 10 T, MoHTax B CTOIKY: (BbICOTa X WMPUHA X Ty6uHa) 89x213x370 MM (3,5 X 8,38 X 14,56 Atoiimos).
2. Beixoa 3a npegensi 20% ans Beex kpome 7508. HacTonbHas MoavduKaLuA (C pyuKoii U HOXKamMu): (BbICOTaX WUPUHA X Fy6UHa) 104x238x370 MM.
MACCA HETTO: 2,9 kr.
MACCA BPYTTO: 5 kr.

T
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KpaTkune TexHuyeckmne xapakrepnctuku mogenein 2001 n 2002

KpaTKI/Ie TeXHNYECKNE XapaKTePNCTUKN
mogenu 2001

KpaTKI/Ie TeXHNYeCKNEe XapaKTepucTtukn
mogenun 2002

NOCTOAHHOE HANPAMKEHUE NOCTOAHHOE HANPAMKEHUE
MOrPEWHOCTb MOrPEWHOCTb
+(ppm oT nokasa- +(ppm oT noka-
BXOAHOE  Huii + ppm OT Ana- BXOAHOE  3aHwii + ppm oT
AWANA-  PA3PE-  COMPO- nasoHa), PA3PE- Cconro- AnanasoHa),
30H LWEHWE _TUBJIEHUE 90 AHeit OWAMNA30H  LWWEHWE TUBIEHUE 90 aHeit
200 MB 10HB >1070m 25+6 200 MB 1HB >10070m 15+8
2B 100 HB >1070m 18+2 2B 10HB >10070m 6+038
208 1mkB >1070m 18+4 208 100 HB >10070m 6+0,15
200B 10 mkB 10 MOm =+ 1% 2743 2008 1mkB 10 MOm =+ 1% 14+2
10008 100 10 MOm + 1% 31+6 10008 10 mkB 10 MOm + 1% 14+04
CONPOTUBNEHUE CONPOTUBNEHVE
MOrPEWHOCTb MOrPEWHOCTb
+(ppm oT nokasa- +(ppm oT nokKa-
nc- HWIi + ppm OT Ana- 3aHuii + ppm oT
PA3PE- TOYHUK nasoHa), PA3PE- UCTOYHUK AvanasoHa),
AWAMA30H  LIEHUE TOKA 90 aHeit AVANA30H _ LIEHUE TOKA 90 gHei
200m 1mMKOM 9,2 MA 52+7 200m 100 HOM 72mA 15+6
200 0m 10 MKOM 0,98 mA 36+7 2000m 1 MKOM 960 MKA 15+4
2k0m 100 MkOm 0,98 MA 33+4 2k0m 10 MKOm 960 MKA 7+04
20 KOm 1mOm 89 MKA 32+4 20 KOm 100 mkOm 96 MKA 7+04
200 kKOm 10 mOm 7 MKA 72445 200 KOm 1MOMm 9,6 MKA 29+0,8
2MOm 100 MOm 770 HA 110+4,5 2MOm 10 MOm 1,9 MKA 53+0,5
20 MOm 10m 70HA 560 +4,5 20 MOm 100 MOm 1,4 MKA 175+0,6
200 MOm 100m 4,44A 10000 + 100 200 MOm 10m 1,4 MKA 500+3
170m 1000m 4,4HA 20000 + 100 170m 100m 1,4 MKA 200+15
NOCTAHHbINA TOK NOCTOAHHbIN TOK
MAKCU- NOrPEWHOCTb
MAJIb- MAKCH- +(4acT. Ha MNTH
HOE NA- MOrPEWHOCTb MAJIbBHOE ot nokasaHwii +
AEHUE  *(ppm oT nokasa- MNAAEHUWE  yvact.Ha MAH oT
PA3PE-  HAMPA-  Huii + ppm oT Ana- PA3PE- HANPAXE- pAwnanasoHa), 90
WANA30OH LWEHWE _ XXEHWA  nasoHa), 90 gHeil _OWANA30H LWIEHWUE HUA AHein
200 mkA 10nA 0,258 300+ 25 200 mkA 10nA 0,258 275+25
2MA 100 nA 0318 300420 2MA 100 nA 03B 275+ 20
20 mMA THA 0,48 300+20 20 MA THA 0358 275+ 20
200 MA 10HA 05B 300+20 200 mA 10HA 0358 300+20
2A 100 HA 158 600 +20 2A 100 HA 118 600+ 20

YACTOTOMEP

BXOJ NEPEMEHHOIO HANPAXEHUA: 1Ty — 15 MTy
MOMPELIHOCTD: +(0,03% 0T nokasaHuil).

BHYTPEHHWI MOCTOAHHbIV TOK

LOUANA30H TOKA: ot 100 MKA o 12A

MOMPELIHOCTD: (5% + 2 eAuHuLbI NOCNEAHEr0 AeCATUYHOTO pa3paaa)
B TeueHue 2 ne.

COMPOTUBAEHUE AOPOXKKW: Tun. 3H. o1 1 MOM o 10 Om.

TEMMEPATYPA

BcrpoeHan nuxeapusauua ana repmonap tunos J, K, N, T, E, R, S v B B coor-
BeTcTBi ¢ ITS-90 1 NnaTMHOBbIX TepmMope3cTopoB HomuHanom 100 Om B
coorsetcTBim ¢ DIN 43 760 wam IPTS-68.

TMonHble TeXHNYECKIE XapaKTepPUCTUKN NPUBE/IEHbI B TEXHNYECKOM
nacnopte moenu 2001 unu 2002.

OBLUME XAPAKTEPUCTUKW/
COOTBETCTBUE CTAHAAPTAM
INEKTPOMUTAHUE
Hanpsaxenue: 90-134 B n 180250 B ¢ aBToMaTyeCKUM Bbl60-
POM Manasoxa.
Yacrora: 50 u, 60 ' unwn 400 My c aBToMaTMYeCKum Bblbopom
Notpe6naemasn mowHocTb: < 55 BA.
YCNOBUA SKCMNYATALIUK
PaGounit puanasoH Temnepartyp: ot 0 0 50 °C.
[inanasoH Temneparyp xpaHenus: ot —40 °Cao +70 °C.
BnaxHoctb: 0TH. 80% npu Temnepatype ot 0 go 35 °C.
MEXAHWYECKUE XAPAKTEPUCTUKU
Pasmepbl Kopmyca: (BblcoTa X LiPUHa X ry6uHa) 90x214x369 Mm.
Macca HeTT0: < 4,2KI.
COOTBETCTBUE CTAHAAPTAM
IMN/pagnonomexu: cootBetcTByeT [IupekTuse Esponeiickoro
€0103a N0 INeKTPOMArHUTHOI COBMECTUMOCTH.

BesonacHocTb: cootBeTCTBYeT [lupekTuse EBponeiickoro colo3a
10 HU3KOBONBTHOMY 060pyA0BaHMIO.

PaCI.IJI/IPEHHbIe BO3MOXHOCTU CKaHNPOBAHNA KaHa/10B
NP MHOroOKaHaJ1bHbIX N3MepeHNAX

[Inatbl MyNbTUNEKCOPOB ANA MyNbTUMETPOB cepui 2000

Mopenb 2000-SCAN: nnata 10-kaHanb-
HOro MyNbTUMIEKCOPa CO CKaHWUPOBaHU-
eM KaHanos.

Mopenb 2001-SCAN: nnata 10-KaHanbHo-
ro MynbTUMJIEKCOPA CO CKAHNPOBaHMEM
KaHanoB 1 ABYMSA BbICOKOCKOPOCTHbI-
MU KaHanamu.

Mopenb 2001-TCSCAN: nnata 9-KaHanbHOro
MyNbTUNNEKCOPa ANA TepMonap co CKaHMpo-
BaHNEeM KaHaroB.

CumdposbiMu MynsTUMETpamm Mogeneit 2001, 2002 n 2010
MOrYT 6bITb MCMONb30BaHbI TPU MOAENY NOAKNIOYAEMbIX
NNaTbl MyNbTUNNEKCOPOB € BO3MOMXHOCTbI0 CKaHUPOBaHNA
KaHanos. HyxHas nnata BCTaBNACTCA B CNOT PacLUMPEHUs Ha
3a/iHeil naHenu LMGPoBOro MyNbTUMETPA 1 NO3BOAAET Npeod-
pa30BaTb MySIbTUMETP B MHOTOKaHaNbHYt0 KOHTPONbHO-U3Me-
PUTENbHYH CUCTEMY, XOPOLLIO NPUCMIOCOBNEHHYI0 ANA 33y,
TpebytoLmX 10 AeCATY U3MepUTeNbHbIX KaHanos. CoyeTanme
BO3MOXHOCTeIl CKAHMPOBAHNA 1 U3MepeHIs B 0fHOM npubope
yCTpaHAeT HeobXOANMOCTb B AONONHUTENbHOM KOMMYTaLM-
OHHOM 000pyA0BaHNK, YNPOLLAET 3aMyCK, CUHXPOHM3ALMNIO

11 06pabOTKY AaHHbIX M NO3BONAET CYLUECTBEHHO COKPATUTb
BPeM# TeCTUPOBaHMA.

KEITHLEY

A Tektronix Company
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bbicTpoaencTByOWMN aHaNU3aTop Lenen U CUrHanoB ayanoamnanasoHa
B NONHOYHKLMOHANbHOM LNGpPOBOM MynbTUMETpe

Mogenn 2015 1 2016: udpoBble MyNLTUMETPbI ANA U3MEPEHIA NapaMeTPOB raPMOHINYECKUX
UckaxeHuin B amanasoxe ot 20 [y go 20 ki

Mogenn 2015-P 1 20016-P: uudpoBble MynbTUMETPbI ANA aHANM3a
ayanoCUrHanoB

31 NpUBOpbI COYETAIOT BO3MOXKHOCTY U3MepeHIA NapameTpoB 1 aHan3a kayecTBa CUrHasnoB 3BYKOBOTO Ana-
Ma3oHa co Bemn GYHKUMAMM LNGPOBbIX 672-pa3pAAHbIX MyAbTUMETPOB. TOT KOMNAKTHbII U3MepUTENbHbIN
npn6op LNpPUHOI B N0A0BIHY 19”-CTOMKM NO3BOAAET BbIMONHATD LUMPOKMI CNEKTP N3MepeHii HanpaXKeHuWii,
CONPOTUBAEHNIA, TOKOB, YaCTOTbI 1 CKaxe-

« Usmepenusi THD, THD + wym u SINAD. Huii. Moaenu 2016 n 2016-P umetot BbIXoAbl
reHepaTopa CMHYCOMAANbHOTO CUTHana C yABO-
« [eHepatop rapmoHuyecKkoro curHana €HHOV aMNAMTY/0/ N0 CPABHEHMIO C MOAENbIO
20 My - 20 klu. 2015, yTo BaxHo AnA 33y, Tpebytowux

TECTOBbIX CUTHANOB CO CPeIHEKBaAPaTUYECKUM
3HaueHnem amnnuTyabl 6onee 8 B. Mopenu
I ER WIO (RSN TN D R VEGE T VA U 2015-P 1 2016-P 06n1agaloT 4ONONHUTENbHOI BO3MOX-
TpasbHbIX KOMIMOHEHT. HOCTbI0 06paboTKY AaHHbIX ANA aHaNM3a cnekTpa yactor. [ina
TaKMX 331y, KaK OLieHKa HeNMHElHbIX UCKaXeHMii, BHOCUMbIX
3N1eMeHTamy, YCTPOIACTBAMM AW cucTeMamu, 06paboTka AaHHbIX  TOTO, OHM AaloT BO3MOXHOCTb NPOBOAUTD U3MEpPeHNA B LIMpO-

+ bbicTpas pa3BepTKa no yacrore.

+ 2015, 2015-P: BbIxOA reHepaTopa 4 B yHn-
nonsipHoro curHana wnv 8 B ans audde-

CMOMOLLbI0 LMGPOBOTrO CurHanbHoro npoveccopa (DSP) no3go- KOM iMana3oHe HanpsxeHuii (co cpeiHeKBagpaTueckium
PeHLManbHOro curHana (cpegHeKsaapatuy. naet mogenam 2015, 2015-P, 2016 n 2016-P npoBoauTb aHanu3 3HaueHnem 1o 750 B) n uMeloT Manble 0CTaTOUHbIE UCKAXeHNA
3HayeHwue). B YaCTOTHOIA 06MacTW, X0TA NPUOOPbI AAHHOTO KNacca 06bIuHO (—87 ab). Momumo THD mogenn 2015, 2015-P, 2016 n 2016-P
. 2016, 2016-P: BbIXO reHepaTopa 9,5 B yHu- npeHa3HaueHbl ANA aHau3a Bo BpeMeHHoi 06nactu. OHu § M03BONAIT paccunTbiBath 3HaueHns THD + wym u u SINAD.
M03BONAKT U3MEPATH KOIYPULMEHT raPMOHNUECKMX UCKAXKEHNA
nonApHoro curkana unn 19 B ans audde- THD Bo Bcem 3BykoBOM ananazoxe ot 20 iy 4o 20 Kl Kpome p — N . :
peHuManbHoro curHana (cpegHeKBagpaTuy. _..,.,_ B
3HaueHue). l [, A =
y 00 O - (@
+ VismepeHusA amnantyn oTAeNbHbIX FaPMOHUK. MpuHagnexHoCTH, BXOAALLME B KOMMIEKT NOCTABKM: = - L i
« 5 cTaHAapTHbIX ayaAMOGUILTPOB. Bie30nacHble U3MepUTeNbHble kabenu mogenn 1751; hﬁ i
+ 13 dyHKuuit yudposoro 6%2-paspagHoro PYKOBOZCTBO N0Ib30BaTeNs, PyKOBOZCTBO 110 TeXHUUECKOMY L& - |

MynbTUMeTpa. 06CnyK1BaHUK. T '

+ PaspelueHue 7'2 pa3panos. MO,[lEﬂb 20'] 0:

+ YpoBeHb BxofHoro wyma 100 HB (cpepHe-

- ManoLLyMALLMIA

MoBTOpPAEMOCTb N3MEPEHWNI NOCTOAHHOIO U,Md)pOBOM
HanpsxeHus 7 ppm.

B0O3MOXHOCTb yCTaHOBKM 10-KaHanbHOro 71/2_pa3pﬂﬂle"7| [ . '@ @ a ﬁ m m’ @ @

nnaTtbl MyNbTUNAEKCOPa C aBTOMATUYECKUM Myﬂb‘[MMeTp C “:_". ) Leize). (ons
CKaHUPOBaHWEM KaHanoB. ! Ot i) Lana iasen ——

dBTOMaT4yecKium

Pexumbl n3mepeHna Nnpu manbix TOKax

1 HanpsaxeHuax (dry circuit) u npu manoi Bb|60p0N| p'|/|a|'|a30Ha

MOLLHOCTM B HarpyskKe.

15 n3mMepuTenbHbIX GyHKLWIA, B TOM uncne LindpoBoii MynsTUMeTp Mogienm 2010 coueTaer B cebe BbICOKOE pa3peLLeHme ¢ GbICTPOAEIICTBIEM U TOUHOCTbIO, HEOGXOAMMbIMM B
N3MepeHme TeMnepaTypbi C NOMOLLIbHO TEPMO- MPOM3BOACTBEHHBIX YCNIOBUAX, HAMPUMED NP TECTUPOBAHIUY TOYHbIX AATYNUKOB 1 U3MEPUTENbHbIX NPE06pasoBarTeneil, aHanoroBo-
UundpoBbIX U LnhpPo-aHanoroBbIx NpeobpasoBateneii, perynaTopoB, ONOPHbIX reHEPaTOPOB, COEAMHUTENEI, NepeKntouaTeneil i

pesncTopoB 1 Tepmonap. ;
pene. Mogenb 2010 umeeT 15 BCTPOEHHbIX U3MEPUTENbHBIX GYHKLMIA, B TOM YUCTE U3MEPEHIA NOCTOSHHBIX U NePEMEeHHbIX Hanps-

« BcTpoeHHas GyHKUMA n3MepeHns OTHOLIEHMWIA. YKeHMI, MOCTOAHHBIX 1 NepeMeHHbIX TOKOB, U3MepeHIA CONPOTUBAEHMUIA M0 ABYX- 11 YETbIPEXNPOBOAHOIA CXeMe, U3MePeHIa conpo-
TUBMNIEHMIE C MarbIM TOKOM 1 MalbiM NaZieHWeM HanpshkeHIs Ha Harpy3ke (dry circuit), u3mepeHus TeMnepaTypbl Npy NOMOLLY Tep-

NpUHAZANENHOCTH, BXOASALLME B KOMMNEKT NOCTABKM: MOpE3VCTOPOB U TepMONap, YacToTbl, NEPUOAA, OTHOLLEHIA, IPOBEPKU LLLNOCTHOCTM Liereli 1 TecTUpoBaHUA Auoaos. Moaens 2010

Ge3onacble u3MepuTeNbHbIe Kabe Mogenn 1751; UMeeT Habop GYHKLMIA Ans SOOEKTUBHOTO N3MEPEHIS BCeX Heo6XOAUMBIX NaPaMETPOB, B YACTHOCTH, CONPOTUBNEHNS, IUHERHOCTH,

U30NALMN KOHTAKTOB, CORAVHMTENeIA, Pene U APYTIAX KOMMYTALIMOHHBIX 71EMEHTOB. 3TH GyHKLIN BKNIOYAIOT PeXXIUM U3MepeHusa
COMPOTMBNIEHNIA NIPY MOHIXEHHOI MOLLHOCTM, TECTUPOBAHKE C MalbIM TOKOM U MaslbiM NafieHneM HanpsKeHus Ha Harpyske (dry
circuit), GyHKLMIO U3MepeHNA CoNpOTUBAEHNIA C KOMMeHcaL el CMeLLeHNA 1 pacLuMpeHHbIil Mana3oH U3MepeHna ConpoTUBIEHMIA.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company

PYKOBOACTBO N0/Ib30BaTENH, PYKOBOACTBO M0 TEXHUYECKOMY
00CNyXMBaHMIO.
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LindppoBoit MHOrokaHanbHbIi1 6'2-pa3pAAHbIN MyNbTUMETP ¢ uHTepdelicom Ethernet

Lindposoit mynbTMeTp 1 cuctema cbopa faHHbIX cepun 2701 (Integra)

JlokanbHas cetb npeanpuATMA
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+ BbinonHaeT GyHKUMN LdppoBoro MynbTu-
MeTpa, CMCTEMbI KOMMYTaLKN 1 perncTpa-
TOpa AaHHbIX.

+ WctnHHoe pa3pelueHue 6%z pa3papos (22 6uta).

+ BO3MOXHOCTb YCTaHOBKM OJHOTO UNU ABYX
13 12 BUAOB CMEHHbBIX KOMMYTaLMOHHbIX UK
ynpaBnswowmx Moaynen.

« o 80 BxoaHbIx AnddepeHLmanbHbIX KaHa-

nos (c nsonauuen 300 B) ansa nsmepeHua n
ynpaeneHus.

+ Hannuune BHyTpeHHUX (ANA moaynein KOMMY-
TaLmu) 1 yROGHbIX BHELIHUX BXOJ0B MYNbTH-
MeTpa Ha N1LeBo NaHenu.

« becnnatHbie gpaiiBepbl gna LabVIEW",
LabWindows/CVI, Visual Basic n C/C++
(Tuna IVI).

+ Bo3MOXHOCTb 06MeHa AaHHbIMU Yepes
untepdeicnbl Ethernet, RS-232.

» becnnatHoe nporpaMmmHoe obecneyeHune
ExceLINX™-1A gns perncrpaumm faHHbIX Ha
ocHoBe Microsoft Excel.

Hpuua.qnemuoau, BXoAdALwMe B KOMMIEKT NOCTaBKu:

Apaiisepbl Ana LabVIEW, LabWindows/CVI, Visual
Basicu (/C++;

PYKOBOACTBO N0 3KCNTyaTauuu;

6e30nacHble M3mepuTenbHble Kabenn mogenu 1751.

Lindpooii mynbTUmeTp 1 cuctema cbopa faHHbIX mopenu 2701 c uxtepdeiicom Ethernet— 3o
nepBoe CPefCTBO N3MepeHNA METPONOTYecKoro KNacca, CoueTalliee B cebe BbicoyaiiLlyo
A0CTOBEPHOCTb U3MePeHUii 1 BOSMOXKHOCTb ynpaBneHua 1 06MeHa AaHHbIMYU B MHGOpMaLM-
OHHbIX eTAX. [locTpoeHHas Ha 0CHOBE COBPeMeHHOT0 22-pa3paAHoro uHTerpupylowwero AL,
mozens 2701 nmeer papeLuenue 6%2 pa3paaos i NOAKNIOYAETCA K CeTU HENOCPeACTBEHHO Yepe3
uHTepdelic Ethernet, kak n mo6oit komnbioTep.

Mopenb 2701 yBenuunBaeT npou3BOAUTENbHOCTb U CHIXKAET CTOUMOCTb BLINONHEHNUA U3Mepe-
HUii U TECTUPOBAHWA Ha MPON3BOACTBE, B aBGOPaTOPUAX KOHTPONA KAuecTBa U OTAeNaX Uccre-
JA0BaHWIi 1 pa3paboTok. OHa NOAKNIOYAETCA K NOKANbHON ceTv NpeAnpuATMA 1 obecneunBaet
(TabubHble M3MePeHUA B 3alyMEHHbIX MPOU3BOACTBEHHDIX YCIOBUAX U B pacnipesienieHHbIX
cucTemax c60pa aHHbIX.

B 3aBMCUMOCTY OT UCMONb3yembIX KOMMYTALMOHHDIX M YNPaBAAKLLNX MOZYNeid 77XX KOMNAHUN
Keithley kaxpgas mogenb 2701 moxeT umeTb 10 80 AuPhepeHLmanbHbIX BXOFHbIX KaHAIOB.
Kaxabiit kaHan obecneunBaeT BCTPOEHHYI0 HOpManuM3awuio curiana, usonauuto 300 B u moxer
6ObITb He3aBUCUMO HAaCTPOEH ANA BbINONHEHUA M060i1 3 14 GyHKLNIA M3MepeHna un ynpas-
NEHnA.

KEITHLEY

A Tektronix Company

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM
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Lin¢ppoBblie MHOrokaHanbHbie 6%2-paspagHbie MyNbTUMETPbI
LindpoBble MynbTUMETPbI 1 CUCTEMbI CUCTEMbI cBopa AaHHbIX cepuit 2700 n 2750 (Integra)

Mogenu 2700 1 2750 obecneunBatoT BbINOAHEHUE TOUHBIX U3MEPEHUH, KOMMYTaLUKM CUTHANOB U
yNpaBeHus 1 MMeIoT BbICOKYI0 CTeneHb annapaTHoli MHTerpaLuy B 0AHOI Kopnyce, M03BOAAOLLYI0
CMONb30BaTh UX KaK B HACTONIbHOM BapyaHTe, TaK 1 B annapaTHoi CToiKe. 3T MOAENHN CNYXKaT BblCo-
K03 HEKTUBHBIMY 1 BICOKOKAYECTBEHHBIMIN UCTIbITATENbHBIMM NNATGOPMAMK, NPpeACTaBAAILLNMA
06011 LOCTYNHYt0 anbTepHATUBY pa3AenbHbIM LUGPOBBIM MYNLTUMETPaM i CCTEMaM KOMMYTaLH,
YCTPOIACTBAM 3aMMUCK 1 PErMCTPaLI aHHbIX, NNaTam c6opa AaHHbIX 1 cucTeMam Ha ocHose VXI/
PXI. PaclumpsatoLasca cepus cMeHHbIX KOMMYTALMOHHBIX 1 yNIPaBAAKLLNX MOZyneil obecneunsaet
HenpeB30iiAeHHyI0 YHUBEPCANbHOCTb 1 3(GEKTUBHOCTD TeCTUPOBAHUA ANA Pa3NNYHbIX OTpacneli npo-
MbILUAIEHHOCTI U LUMPOKOTO Kpyra 3aday. Ha ocHoBe mogeneii 2750 2751 BO3MOXHO C03[aH1e CucTem
TEeCTUPOBAHUA C YNCNOM KaHaNoB, YAENbHOI CTOUMOCTbIO KaHana u 3P GeKTUBHOCTbIO, HeOCTIXMMbIMU
AnA nioboii Apyroil 0AHOKOPNYCHOIA U3MepUTENbHON cucTembl. CMeHHble Moy 06M1afatoT THOKOCTbio,
70CTaTOYHOI ANA NoAKioueHna ot 20 ao 200 ABYXNPOBOAHDBIX U3MEPUTENbHbIX KaHAN0B , ANA Nojaun
UCMbITaTeNbHbIX HANPAXEHNIA 1 30HANPYIOLLMX TOKOB K TECTUPYeMOMY YCTPOCTBY, pacnpefeneHina CUrHanoB, ynpasneHua
KOMMOHEeHTamMi CUCTeMbl 1 MPOBeAeHINA NPeLM3UOHHbIX M3MepeHHil C UCnoNb3oBaHnem 14 BCTpOeHHbIX GYHKLMIA. OYHKLMOHaNbHbIE BOIMOXHOCTI Lnd-
POBbIX IMHMI1 BBOAA-BbIBOAA MOTYT UCMOMb30BATLCA ANA NEPEAAYN TPUTTEPHDIX CUTHANOB, KBUTMPOBAHNA 3TaN0B TeCTUPOBAHNA NPU B3aUMOALCTBIN C BHELHUM
aBTOMATU3MPOBaHHLIM 000pYA0BaHUEM U ANA CUTHANN3ALMY NPU AOCTUMKEHUN YCTAHOBNIEHHbIX NoporoB. CKopocTu ckaHupoBaHua 6onee 200 KaHanoB B ceKyHAY
Npy CKOPOCTYM U3MepeHHii 40 2500 0TCYeTOB B CEKYHAY 06eceunnBatoT BbICOKYH NPOM3BOAUTENBHOCTb TECTUPOBAHMA.

+ BbinonHsioT pyHKUMN LdPOBOro MynbTUMETPA, CUCTE-

Mbl KOMMYTaLK U permcTpaTopa faHHbIX.
+ UcTuHHOE paspeLueHue 6%2 pa3pagos (22 6uta).

+ B03MOXHOCTb BbIGOpa Nt0601 KOMOUHALMI CMEHHBIX
Mogyrneii KOMMyTaLWU 1 ynpaBneHus u3 12 Bos-
MOHbIX BUAOB.

« Jlo 200 guddepeHUManbHbIX BXOAHBIX KaHanoB (130-
nauua 300 B) ana ncnonb3oBaHuA B 3aa4X U3MepeHus
1 ynpaBneHus.

« Hanuune BHyTpeHHUX (ANnA mopynei KOMMyTaLmu)

1 YROOHbIX BHELHMX BXOAOB MyNbTUMeTpa Ha nuLe-
BOI NaHenw.

« becnnatHble gpaiBepbl gna LabVIEW®, LabWindows/CVI,

MpuHagnexHoCTH, BXoAALME B KOMNEKT NOCTaBKM:
Visual Basic n C/C++ (tuna IVI).

apaitsepbl ans LabVIEW, LabWindows/CVI, Visual
Basicu C/C++; + BoamoxHOCTb 06MeHa fJlaHHbIMU Yepe3 NHTepeiichl

PYKOBOACTBO N0 JKCNNYyaTaLuK; GPIB n RS-232.

» becnnatHoe nporpammHoe obecneyeHne ExceLINX™-1A
LA perucTpauum faHHbIx Ha ocHoBe Microsoft Excel.

6e3onacHble 3mepuTenbHble kabenn mogenu 1751,

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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LNOPOBbLIE MYJIbTUMETPbI U CACTEMbI CBOPA JAHHbIX

CpaBHUTeNnbHasA Tabnuua KOMMYTaLMOHHbBIX N YNPaBAAIOLWMX MOAYNe
ana cucrem 2700, 2701 n 2750

Kon-Bo guddepen- 2-unu 4-npo- Bpems eau-
LManbHbIX aHanoro- BOAHbIE Tun Makc. Ha- Makc. KoMMy-  HU4HOII KOM-
Mogaynb BbIX BXO/10B KoHurypauusa KaHanbl pasbema nNpsKeHWe  TUPYeMblil TOK MyTauum Mpouee
7700 20 MynbTunnekcop 1x20 unn aBa BunTOBbIE 3008 1A <3Mmc ABTOMaTHYECKaA KOMNEHCALMA TeMNEPaTYpPbl «XONOAHOT0»
CKOMNeHcauyeil Temnepary- 1x10 KNeMMbl nan
Pbl «<X0NOAHOO» CNas
7701 32 MynbTunnexcop 1x32wnn aBa D-sub (IDC) 1508 1A <3mc B CTb KOHGUrypup AN nonyyexua 32
1x16 4-npoBOJHbIX KAHANOB U3MepeHNA CONPOTUBNEHNI ¢ 06LLeit
Lienbio 30HAMPYIOLLEro Toka
7702 40 MynbTunnekcop 1x40 unu iBa BuHToBbIE 3008 1A <3mc Makc. mowHocTb 125 BA. imeet 2 kaHana ans Toka o 3 A.
1x20 Knemmbl
7703 32 MynbTunnekcop ¢ repkoHo- 1x32 unu aBa D-sub 3008 500 MA <1mc TepKkoHoBble pene
BbIMU penie 16 (nasHbIli unmn
06Xatblif)
7705 = 40 KaHanoB He3aBUCUMbIX = D-sub 3008 2A <3mc Bo3moxHocTb nepenporp p Ha A Hblil
OAHOMOMIOCHBIX KNloyeit (nasHbIii nn nepeknioyaTenb
(SPST) 06artblit)
7706 20 MynbTunnekcop ¢ komneca- 1x20 unu pBa BuHTOBbIE 3008 1A <3Mmc [1Ba aHanoroBbix Bbixoga +12 B, yactotomep o 100 Kl n
Livedl TeMnepaTypbl «<X0N0A- 1x10 KNemmbl 16 LMPPOBBIX BLIXOA0B
HOrO» CNas + aHanoro.blii
BbIXOA + LdpoBbIE BbIXOZb
+ yactoTomep/cymmarop
7707 10 Lindposbie nuHuM BBoAA-BbI-  1X10unmaBa1x5  D-sub (IDC) 3008 1A <3Mc 32 undpoBbIX NUHIMK BBOZA-BbIBOAA (33 B, 100 MA)
BOJA + MyNbTUNNEKCOP
7708 40 MynbTunnekcop ¢ komneca- 1x40 unn aBa BunToBble 3008 1A <3mc ABTOMaTNYeCKaA KOMNEHCALMA TeMNepaTypbl <X0N0AHOTO»
Lveil TeMnepaTypbl «<XonoA- 1x20 KeMMbl man
HOro» Cnas
7709 48 Matpuua 6x8 2-unu4-nposo-  D-sub (IDC) 3008 1A <3mc Moc Hoe nop| Ana opmup
AHble KaHanbl 60NbLUMX MaTpPUL
7710 20 MynbTunnekcop Ha TBepzo- 1x20 unu pBa CbemHble 608 01A <0,5mc bonbLwoii cpok cny6bi nepeknioyateneit, Bbicokoe BbicTpo-
TeJIbHbIX Nepeknoyarensx, 1x10 BUHTOBbIE nAevicTBue 4o 500 KaHanos/c
KOMNeHCaLNA Temneparypbl Knemmbl
«XONOAHOTO» Cnas
BHocumbie Mepekpect-
norepn KCBH Hble nomexmn
7711 [JlBa mynsTunnekcopa 1x4 <1006 <12 <-551b SMA 60B 0,5A <10mc
no2[My
7712 [lsa mynbTunnekcopa 1x4 <1116 <145 <-50 b SMA 428 0,5A <10mc
103,50y

LLIar 1. BcrasuTb oauH unn Heckonbko MOAyneil.
LLar 2. NoaxniounTb TecTupyemoe ycTpoiicTBo.

LLar 3. 3anycruTs nporpammuoe obecneuenme.
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LNOPOBbBIE MYJIbTUMETPbI U CACTEMbI CBOPA JAHHDbIX

75

KpaTKune TexHU4ecKne xapakrepnctukn mogenein 2700, 2701 n 2750
W3MEPEHWA MO NOCTOAHHOMY TOKY

YCNOBUA: cpeanan ckopocTb «MED» (1 PLC), uam 10 PLC, unm «MED> (1 PLC)
cundpoBbIM 10-TOYEYHBIM UALTPOM

BxopHoe conpoTnBneHue
AW HanpsAXeHne Ha
pa3oMKHYTOM uenn

MorpelHocTb: (ppm oT NoKasaHui +
ppm ot AnanasoHa) (10 ppm =0,001%)
[ononHutenbHas

M3mepuTenbHbIil TOK TemnepaTypHas no-

+ 5% unu nageHne 24 yaca, 90 aHell, 1rop, rpewHoctb 0-18°Cu
DyHkuua nanasoH Pa3pelueHune HanpsxeHuns 2700/2701 2750 23°C+1°C 23°C+5°C 23°C+1°C 28°C-50°C

100,0000 MB 0,1 mkB >1070m >1070m 15+30 25+35 30+35 (1+5)°C

1,000000B 1,0 MkB >1070m >1070m 15+6 25+7 30+7 (1+1)/°C

Hanpsxenue 10,00000 B 10 MkB >1070m >1010m 10+4 20+5 30+5 (1+1)/°C

100,0000B 100 mkB 10MOM£1% 10 MOM £ 1% 15+6 35+9 4549 (5+1)/°C

1000,0008 1mB 10MOM£1%  10MOM £ 1% 20+6 35+9 50+9 (5+1)/°C

1,000000 Om 1 MKOM 10 mA 598 80 +40 80+ 40 100 + 40 (8+1)/°C

10,00000 0m 10 MkOm 10 MA 598B 20+20 80+20 100+ 20 8+1)/°C

100,0000 0m 100 MKOM 1mA 698 12,28 20+20 80+20 100+ 20 8+1)/°C

1,000000 kKOm 1mOm 1mA 698 12,28 20+6 80+6 100+ 20 8+1)/°C

Conpotuenexue 10,00000 kOm 10 MOm 100 MKA 698 6,88 20+6 80+6 100 + 6 (8+1)/°C

100,0000 KOm 100 MOm 10 MkA 12,88 12,8B 20+6 80+10 100+ 10 8+1)/°C

1,000000 MOm 1,00m 10 mKA 12,88 12,88 20+6 80+10 100+ 10 (8+1)/°C

10,00000 MOm 100m 0,7 MkA/10 MOm 708 708 150+6 200410 400+ 10 (70+1)/°C

100,0000 MOm 1000m 0,7 mkA/10 MOm 708 708 800 +30 2000 +30 2000 +30 (385 + 1)/°C

1,000000 0m 1mKkOm 10 mA 20mB 80+40 80+ 40 100 + 40 8+1)/°C

V13mepeHue conpoTusnexua B 10,00000 Om 10 MKOM 1mA 20 mB 25+40 80 +40 100 + 40 (8+1)/°C

pexume «dry circuit» 100,0000 Om 100 mkOMm 100 mKA 20mB 25440 90+ 40 140 + 40 8+1)/°C

1,000000 kKOm 1mOM 10 MkA 20 mMB 25+90 180 + 90 400+ 90 (8+1)/°C

LlenoctHocTb Lieneit (2-npoBo- 1,000 kKOm 100 MOm 1MA 698 12,2B 404100 100+ 100 100+ 100 8+1)/°C
JHas cxema)

20,00000 wA 10HA <028 60+ 30 300+ 80 500+ 80 (50 +5)/°C

Tok 100,0000 MA 100 HA <01B 100 + 300 300+ 800 500+ 800 (50 +50)/°C

1,000000 A 1,0 MKA <058 200+ 30 500+ 80 800+ 80 (50 +5)/°C

3,000000A 10 MkA <158 1000 + 15 1200 + 40 1200 + 40 (50 +5)/°C

Kaan (oTHocuTenbHas)
KaHan (cpepHee)

TEMIMEPATYPA

Otobpaxaetca B °C, °F unu K. MorpeLuHocTv 4aTunkoB He yuuTbiBaKTCA

OTHOCUTENbHAA NOTPELIHOCTb = MOTPeLIHOCT ANIA AUaNa30Ha 0CHOBHOrO kaHana -+ NOrpewHoCTb ANA AUana3oHa AONONHUTENbHOTO KaHana
CpeqiHAA NOTPeLHOCTb = 1A A1ana3oHa 0CHOBHOIO KaHana + NorpewHoCTb AN1A Auana3oHa JONOJHUTeNbHOTO KaHana

CKOPOCTb U3MEPEHMA NOCTOAHHbIX CUTHAJIOB

Jina ogHoro KaHana, yactora nuraioweit cetn 60 My (50 MNu)

MorpewHoCTY TepMONApHbIX U3MeperMii (cornacHo 90 gHeit/1roa (23°C+5°C) OYHKUNA KOJ1.PA3PAL0OB OTCYETOB/c PLC
1T5-90) TocToAHHOE HanpsixeHue, 64 5 0} 10
DononHutenbHas TOCTOAHHbIIA TOK, CONpo- 6% 35 (28) 1
Mo otHowenno Kk  Cucnonbso- TemnepatypHas Tugneme (< 10 MOm), 6% 45 (36) 1
3m mMo-  norpewHoctb 0-18
Tun fAwnanasoH Pasp aTa 10HHO! y cna,|o ayna 77xx °Cun28°C-50°C TEpMonapa, TepICTop 5:/2 150 (120 01
I 01-200°CRo+760°C 0,001°C 02 1,0°C 0,03°C/°C o 300 (240) 01
K or—200°Co+1372°C 0,001 02°C 1,0°C 0,03°C/°C 2k 500 (400) 01
N 0T=200°C 0 +1300°C 0,001°C 0.2°C 1,0°C 0,03°C/°C Tonbko 2701 1 2750 4% 2500 (2000) 0,01
T 07-200°C 30 +400 °C 0,001°C 0,2°C 1,0°C 0,03°C/°C Tonbko 2701 3% 3500 (2800) 0,002
E 01-200°Ca0-+1000°C 0,001°C 022 1,0°C 0,03°C/%C A-nposophan oxema 6% 14 (n 10
R 070,20 1768°C 01°C 0,6 1,8°C 0,03°C/°C v v e 6% 15 (12 1
s 01070 1768°C 01°C 0,6°C 1,8°C 0,03°C/%C st 33 (25) 01
B 07+350°C 10 +1820°C 01°C 0,6°C 1,8°C 0,03°C/°C 4-nIpoBogHaA Cxema u3Mepe- 6 09 07 10
HUIA CONPOTUBAEHUT, KOMNeH- 6% 8 6,4) 1
MorpewHocTy U3Meperuii Tepmopesucropamu Pt100, D100, F100, PT385, PT3916 unu nonb3osa- BUAR HYTA, TEPMOPESHCTOP 5% 18 (144) 01
TeNbCcKoro TUNa (4-npoBoAHaA C(XemMa, KOMMEHCaLNA CMeLeHNs BKAIOYEHa) Kanan (oTHocuTenbHoe 6% 25 @ 10
3HaueHue) 6% 15 12) 1
01-200°C 70 630 °C 0,01°C 0,06°C 0,003 °C/°C Kanan (cpestee 3Havenve) 5% 25 (20) 0,1
MorpewHocTy u3mepeHuit Tepmucropamu (2,2 kKOm, 5 kKOm n 10 kKOm) CKopocTb U3MepeHuA ANA HECKONbKMX KaHaNoB Kananos/c
2700 2701 2750
C3anucblo B NamAaTb
07-80°C 0 150°C 0,01°C 0,08°C 0,002°C/°C 7710 — ckaHMpOBaHMe [INA U3MepeHU IOCTOAHHOTO HanpAXeHiA 180 500 230
7710 — ckaHMpoBaHue ANA U3MepPeHNA NOCTOAHHOTO HaNPAXKEHNA ¢ 170 500 230
o 3aflaHHbIMU Npejenamun unn BK/IHOYEHHO BpeMeHHOI?I METKOit
Bb'CTPOAEMCTBME CMCTEMb' P M3MEPEHMM I'IO I'IOCTOHHHOMV TOKy 7710 — ckaHMpoBaHue ANA U3MepeHUA NOCTOAHHOTO HaNPAXEHNS, 45 115 60
2-np C(XeMa U3MepeHIsA CONPOTUBNIEHMiA C METO0M
270012750 2701 DEBEPCBHBIX TOKOB
MEPEKNKOYEHWE ANANA30HOB (kpome 4-NpOBOAHDBIX CXeM U3MeEpeHUA S0/c (42/0) S0/c (42/0) (KopOCTb M3MepeHua AnA Heckonbko KaHanos ¢ 3anu- Kananos/c
CoNpoTUBAEHMT) ) Cbl0 B MaMATb 1 u3 namaTy no GPIB unu Ethernet 2700 2701 2750
MEPEKMIOYEHWE VI3MEPUTENbHbIX OYHKLIMI 50/c (42/c) 50/c (42/c) 7702 — cKaHMpoBaHHe 1A UMEPEHIA NOCTORHHOTO HaNpAXeHNA 65 75 65
BPEMA ABTOMATUYECKOI0 BbIBOPA INAMA30HA <30mc <30mc 7700 1 7708 — CKaHMpOBaHuUe NS U3MepeHUs Temnepatypbl 50 50 50
MNEPEJAYA OTCYETOB B KOZIAX ASCII HEPE3 RS-232 (19,2 KBOL) 55/c 300/c Tepmonapamin
MAKC. YACTOTA BHELUHEIO 3ANYCKA 375/c 2000/c 7710 — ckaHupoBaHue ANA U3MepeHN NOCTOAHHOTO HaNpAXeHUA 145 440 210
7710 — anA u3mepeHnA NOCTOAHHOTO HaNPAXEHUA € 3aJJaHHBIMU 145 440 210
npesenamu unv BKNIOYEHHOI BPeMEHHOI MeTKoi
7710 — ckaHupoBaHue AnA U3MepeHna NOCTOAHHOTO HaNpPAXeHNA, 40 115 55
2-NPOBOAHAA CXEMa U3MEPEHIS CONPOTUBAEHMIE C METOZOM
DEBEPCYBHbIX TOKOB

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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LNOPOBbLIE MYJIbTUMETPbI U CACTEMbI CBOPA JAHHbIX

KpaTkune TexHuyeckune xapakrepnctuku moaenein 2700, 2701 v 2750 (npogonxerue)

W3MEPEHWA NOCTOAHHBIX CUrHAJIOB

NMOCT. HANPAMEHUE

HENMHEAHOCTD ALM: 2,0 ppm oT noka3anuii + 1,0 ppm oT Auanasoua.

BXOJHOE CONPOTUBNEHME

[Nlnanasonbi ot 100 MB 0 10 B: Bbi6upaembiii > 10 FOM||u < 400 n® unu 10 MOm + 1%

Auana3zonbi 100 B 1 1000 B: 10 MOm + 1%.

«Dry circuit»: 100 KOM £ 1%]| < T MKO.

n30NALUKA OTHOCUTENBHO 3EMAK: 500 B (nukoBoe 3Hauerue), >10 FOM 1 < 300 n® mexay Nto6biM BbIBOLOM
W wacu.

BXOZHOM TOK CMELUEHMA: < 75 nA npu 23 °C.

CUHOA3HDIN TOK: < 500 HA (0T nuka 0 nuka) npy 50 Ty unm 60 Ty,

NOrPELHOCTb ABTOMATUYECKOI KOPPEKLIMM HYNISA: npu6asuTh =(2 ppm 0T NOrpeLiHocTy AnanasoHa
+ 5 MKB) Ana BpemeHn < 10 MUHYT u Temnepatypbl +1 °C.

3ALLUTA BXOJIA: 1000 B ana Bcex AuanazoHos. 300 B Ana nioboro cveHHoro moayna.

CONPOTUBJIEHUE

MAKC. CONPOTUB/EHWE NPOBO/O0B 1A 4-NTPOBOAHOM CXEMbI NOAKIOYEHUA CONPOTUBAEHNN: 80%
0T AManasoHa ANA KaX0ro NPOBOAHMKA (pexum «dry circuit»). 5 OM Ans KaxA0ro NPOBOAHNKA B AUANa3oHe

MAPAMETPbI UI3MEPEHWA NEPEMEHHbIX CUTHAJIOB

10m; 10% 0T AMana3oHa ANA KaxAoro NPoBOAHNKA B AuanasoHax 10 Om, 100 0m u 1 kOm; 1 kOm Ana Kaxaoro
NPOBOAHNKA BO BCEX OCTaIbHbIX MaNa3oHax.

KOMMEHCALUA CMELLEHMNA: Bbi6upaeman ana 4-npoBoAHOI cxembl  nana3oHos 10m, 10 Om, 100 Om, TkOm
110 KOM.

NOPOT NPY NPOBEPKE LIENOCTHOCTH LIENEN: peryaupyembiii o 1 0m o 1000 Om.

SALLUTA BXO[A: 1000 B ana Bcex BX0A0B UCTOUHMKA, 350 B Ana u3meputenbHbix BxogoB. 300 B and scex noa-
KNloyaemblx Mogynei.

MOCTOAHHbIN TOK

CONMPOTMBNEHWE LYHTA: 0,1 Om ans AnanasoHos ot 100 MA fo 3 A, 5 Om Ana ananasona 20 MA.
SALLUTA BXO[A: npesoxpaxutens 3 A, 250 B.

TEPMOMAPbI

NPEOBPA30BAHWE: cornacto ITS-90.
3TANNOHHbIN CNA: BHyTPeRHu, i1 U SMYNUPYEMbIiA (TOCTOAHHBIN)
KOHTPO/b OBPbIBA LIENMU: nopor Bbi6upaeTca ana kaxAoro kaHana. PasomkHyTo: > 11,4 KOM = 200 Om.

Morp Tb: +(% oT i +% oT gnana3oHa), 23 °C+ 5 °C
DyHkuua nanasoH PaspeleHue MepuoanyHoCTbL Kannbp 3My-10Tly 10 My -20 KMy 20 kMy - 50 kMY 50 KMy - 100 KMy 100 kMY -300kMy
Hanpsxenue 100,0000 mB 0,1 MkB 90 gHei 0,35+0,03 0,05+0,03 0,11+40,05 0,6+0,08 4,0+05
1,0000008 1,0 MkB (Bce Auanazobi)
10,00000B 10 kB Trog 0,35+0,03 0,06+ 0,03 0,12+0,05 0,6 +0,08 40405
100,0000 B 100 kB (Bce Auanasob)
750,0008 1,0 mkB
(TemnepatypHblit ko3hduLmeHT)/°C 0,035+ 0,003 0,005+0,003 0,006 + 0,005 0,014+ 0006 0,03+0,01
3Mu-10Ty 10y -3kly 3 KMy -5kly
Tok 1,000000 A 1,0 MKA 90 fiHeit/1 roa 0,30+0,04 0,10+ 0,04 0,14 +0,04
3,00000A 10 MkA 0,35+ 0,06 0,16 +0,06 0,18 +0,06
(TemnepatypHbiii k03 duunent)/°C 0,035 +0,006 0,015 +0,006

Yacrota v nepuoa 01100 MB g0 750 B 0,333 ppm 90 AHeit/1 rog
3,33 ppm
33,3 yacT. Ha MAH

(3 My -500Kry) (333 mc - 2 MmKc)
100 ppm + 0,333 ppm (SLOW, cTpo6 1¢)
100 ppm + 3,33 ppm (MED, cTp06 100 mc)
100 ppm + 33,3 ppm (FAST, cTpo6 10 mc)

LOMONHUTENIbHASA MOTPELUHOCTD +(% OT NOKA3AHUN)

MAPAMETPbI U3MEPEHWA NEPEMEHHbIX CUTHAJI0B

CMRR MO NEPEMEHHOMY TOKY: 70 ab.

MorpelwHocTb Npy Manbix YacToTax MED FAST
20Ty —30Ty 03 _ NPOW3BEAEHWUE HANPAXKEHUA HA YACTOTY: < 8x10.
30Ty —50Ty 0 =
50— 100Tu 0 1,0 CKOPOCTb U3MEPEHWA NEPEMEHHbIX CUTHAJIOB
100 Iy — 200 Ty 0 0,18
200y~ 300y 0 0,10 0pauH KaHan, pa6ota ot cety 60 I'y (50 Ny)
> 300y 0 0 DyHKyua Kon-Bo paspagoB  OtcuetoB/c CKopocTb Monoca yacrtor
. llepemeHoe Hanps- 6% 2 c/otcyet SLOW 3Tu—300kMy
NUAK-OAKTOP: _ 1-2 2-3 3-4 4-5 KeHie, NepemenHbi 6% 4804 MED 307y~ 300 KTy
ﬂononﬂmenbuan I'IOI'[)eL!JHO(Tb. 0,0? 0,1? 0,3r0 0,4r0 Tok 6% 4002 FAST 300 iy — 300 kI
aKC. 0CHOBHAs YacToTa: 50k le ?0 Kly . 3kly Tkly Yacrora, nepiop 6% 10 SLOW 3 M1y —300KMy
MakcumanbHblit nuK-¢akTop: 5 AnA el Wkanbl 515 909) MED 30— 300 KTy
> 4% 35(35) FAST 300y —300KIy
MAPAMETPbI U3MEPEHWIW NEPEMEHHbIX CUTHAJIOB o 65 (65) FAST 3007y - 300K7y
MEPEMEHHOE HAMPAXEHVE HecKOnbKO KaHANOB
METOJ} M3MEPEHUIA: pasgenutenbHbiil KOHAEHCATOp, UCTUHHOE CPEAHEKBAAPATHY. 3HaueHMe 7710 -c¢ p ana p p 0 Hanpaxenna: 500/c.
BXOZAHOM UMEAHC: 1 MOm + 2% || < 100 n0. 7710 - p ana p p 0 HaNpAXeHNA NPN BKNIOYEHHON aBTOMaTHYeCKO

SALLUTA BXOJIA: 1000 B (nukooe 3HaueHme) unu 400 B noctoAHHOro HanpaxeHua. ina no6oro cMeHHoro Mopy-
na 300 B (cpeaHeKBaApaTHy. 3HaueHue).

MEPEMEHHbBIV TOK

3a/lepxKe: 2 ¢/oTcyer.

BbICTPOAENCTBME CUCTEMbI NMPW U3MEPEHUW NMEPEMEHHbIX

METOJ, U3MEPEHWIA: pasgienutenbHblii KOHAEHCATOP, UCTUHHOE CPEAHEKBAAPATHY. 3HaYEHIe

COMNPOTUBAEHMUE LWYHTA: 0,1 Om.

MALEHUE HANPAMEHUA: ana auanasona 1A — < 0,5 B (cpepHekBappatiny. 3Hauenme), 3 A — < 1,5 B (cpepHe-
KBaApaThy. 3HaueHue). lpn Ucnonb3oBaHNM CMEHHbIX MOAYNelt 406aBUTb 1,5 B (cpeHeKBaApaTHy. 3HaueHe).

3ALLLUTA BXOAA: npesoxpanuTtens 3 A, 250 B.
YACTOTA U NEPUONA

CUrHANOB

METO/ U3MEPEHMUN: cooTBeTCTBYHWMIl MeTop CyeTa.
BPEMA CTPOBUPOBAHMUA: 1 ¢ (SLOW), 100 mc (MED), 10 mc (FAST).

2700/2750 2701
CkopocTb 06MeHa AaHHbIMY (19200 (115 200)
llepexnioyeHne anana3oHoB 4/c(3/c) 4/c(3/c)
lepekniouenve yHKuuit 4/c(3/c) 4/c(3/c)
Bpema aBToMaTHyeckoro Bbibopa AnanasoHa <3c <3c
Mepepaya otcyetos B kogax ASCI uepes RS-232 (19 200 60a) 50/c 300/c
Makc. yactota BHeLUHero anycka: 250/c 2000/c

KEITHLEY

A Tektronix Company
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KomnnekcHas cucrema ans npoBepKun conpotunsneHnAa n3onaynn n Kavyecrea
NEKTPnyecKunx Lenen nopgyuiek 6e3onacHoCcTH

Mopenb 2790 ABNAETCA BbICOKOBONLTHBIM MHOTOKaHa/IbHbIM KOMMEKCOM JiNA U3MEPeHUA CONPOTUBIIEHNI, GbICTpOro aBToMaTu-

YecKoro TeCTUPOBAHIA INEKTPUYECKUX KOMMOHEHTOB CUCTEMbI <MOAYLLKN 6e30NacHOCTUY U ANA APYrUX 33a4 UCNbITAHNA INeK-
TP0o06opya0BaHA aBTOMO6UNEIA. ITO eAMHCTBEHHbII NPeCTaBNEHHDI Ha PbIHKE NPUOOp, COYETAILLMIA B 0SHOM KOMNAKTHOM
Kopmyce Npy OCTYNHOI LieHe QYHKLMM MCTOYHUKOB TOKa, HaNpPAXKeHWs, U3MepeHna 1 pacnpeeneHna CUrHanos, Heobxogumble

A5 U3MEepEHIA CONPOTUBNEHIA UONALMM U KOHTPONA LeNOCTHOCTU Leneit. Mopenb 2790 obecneunsaet nporpaMmmpyemoe npu-

NOXeHMe BbICOKMX HaNPAXKeHNiA 1 Noauy ManbiX TOKOB, a TaKXKe MHOTOKaHaNbHYI0 KOMMYTALM0 3MePUTENbHBIX 1 NUTALOLLUX
Lieneit. Takoe yHUKaNbHOE COUeTaHie BOIMOXHOCTEN YCTaHABAMBAET HOBbIN CTaHZAPT CTOMMOCTM U 3QDEKTUBHOCTI ANA CUCTEM
MpPOBEPKY HarHeTaTeneil noyluek 6e3onacHoCTU U APYrUX 3374 TECTUPOBAHNA.

I/lsmepel-me COI'IpOTVIBJ'IGHI/II?I B HPGSBbI‘IaﬁIHO WNpoKoOM Aanana3oHe npun
NOCTOAHHOM TOKe Wi NOCTOAHHOM HanpAXeHnn

Mogenb 2790: cucTeMa TeCTMpOBaHIA NoayLLeK 6e30MacHOCTY
Ha OCHOBE UCTOYHMKA-U3MEpUTENA (O BCTPOEHHbIM LIMGPOBLIM
MYJETUMETPOM 1 CUCTEMOI KOMMYTaLIV

+ B ogHoM npubope - Bce Heobxoagumoe ans
KOHTPOJIA CMCTeMbI «MOAYLLKa 6e3onacHo-
CTU»; BOCMJIAMEHUTENS, 3aKOPaunBaoLLmX
32)KMMOB, COeUHNTENbHDbIX Lienei 1 conpo-
TUBNEHUA N30NALMN.

Mporpammupyembiit ICTOYHUK NOCTO-
AIHHOTO HanpseHus (50-500 B) obecne-
umBaet 6bICTpoe n3mepeHme 6onbmnx
CONpOTUBAEHUIA.

Mporpammupyembiit UCTOYHUK NOCTOAHHOTO
ToKa (0-50 mA) c aBTOMaTU4eCKUM noagep-
MKaHNeM pexunma «CyXux» KOHTaKTOB 3aLlyu-
LLIAeT OT HEeCAHKLIMOHMPOBAHHOrO cpabaTbl-
BaHA BOCMJIaMeHUTENS U TPaBMUPOBaHMsA
nepcoHasna B npoLecce M3sMepeHms Manbix
CONpOTUBAEHUI.

MopgynbHas apxuTeKTypa no3BonseT nerko
aflanTupoBsaTb Np1bop ANA TeCTUPOBaHUA
NpPOCTOro UK CABOEHHOFO HarHeTaTens, a
TaKXe AN paboTbl C O/HNM NN ABYMSA UCMbI-
TaTeNbHbIMM CTEHAAMU U [NIA PeLIeHNs cme-
LWaHHbIX 3aflay TeCTUPOBaHUA YCTPOICTB.

Bo3MOXHOCTb yBENNYEHNA YNCNA KaHaNOB
MYNbTUNNEKCOPa ANA MHOFOKaHaIbHbIX
n3mepeHui.

CopepxuT 6Y2-pas3pagHblii LUPpoBoi Mynb-
TUMETP C pa3HOO6Pa3HbIMM BCTPOEHHbIMY
GYHKLUAMUN U LUNPOKNMMN N3MEPUTENbHBIMU
AnanasoHamu.

BcTpoeHHblit 6Y2-pa3paHblil LUdPOBOIA MyNnbTUMETp MoZeM 2790 06ecneunBaeT BINoNHeHHe NONHOTO Habopa TOUHbIX U3Mepe-
Hii CONPOTUBIEHMI, NOCTOAHHBIX U NEPEMEHHBIX HANPAXEHMUiA U TOKOB, YACTOTbI, TeMMEPaTypbl 1 pa3Ho06Pa3HbIX BCoMoraTenb-
HbIX U3MepeHuii. Takue BCoMoraTenibHble M3MepeHUs YpoLLakoT CO3aHUE MHOTOYHKLMOHANbHbIX M3MEPUTENbHBIX KOMIEKCOB
ANA CMELLIAHHBIX 33aY, TaKVX KaK TeCTUPOBaHIe KOMNAEKCHBIX aBTOMOBUIbHBIX CUICTEM, BKMIOYAIOLLYX HECKObKO MOfYLLIeK 6e3-
ONacHOCTY M NPeHaTAXUTENei pemMHeii 6e30nacHoCTI, NoporpeBaTeneil CUAeHHIi, Nepekniouateneii, SIEKTPOMOTOPOB U Ap.

B03MOXHOCTb B3aMMOAENCTBUA C UHTENNEK-
TyanbHbIM/ aBTOMaTUYECKUMM CMCTEMaMU U
NpPOCTOIA MHTErpaLym ¢ BHeLWHUM obopyao-
BaHVEM [/ TECTUPOBaHNA.

Wutepdeiicoi GPIB, RS-232 n yudpoBsbie

(opmupoBaTeNb TECTOBbIX NOCNEA0BATENbHOCTE NO3BONAET yBENNUUTD NPOU3BOAUTENLHOCTD TECTUPOBAHUA bnaroaapa Bo3-
NIMHUM BBOJa-BbiBOAa 06ecneynBaioT rubkue

MOXHOCTU XpaHeHMA N aBTOMATIYeCKOro BbIMOJIHEHUA NPOrpamm. 370 N03BONAET UCKMIOUUTD 3a/1ePXKU, (BA3aHHbIE C BHELLHUM

KOHTPOANEpPOM 1 nepefiayeit faHHbIX.

ﬂpuuanne)«uocm, BXoAsdALlne B KOMMIEKT NOCTaBKK:
CNPaBOYHUK 1 PyKOBOACTBO N0/Ib30BaTENA HA (D;

NpoBOA 3NEKTPONUTAHUA;

Manas wnuuesas 0TBepTka.

TexHuueckune XapPaKTepuUCTuKN

(M. TexHUYeckue xapakTepucTukin mopenu 2700 Ha c. 83.

CKOPOCTb BbINO/IHEHNA OCHOBHOW
NOCNEAOBATEJIbHOCTU TECTUPOBAHWA
CUCTEMbI «MOAYLIKA BE3ONACHOCTW»

(Bpems npoBepKu BbIBOAOB KOpNyca M CONPOTUBNEHUSA
BOCNNaMeHUTeNs paBHa BpeMeHM NPOBePKM 3aKopa-
YMBalOLLEro 3aXKUMa 1 CONPOTUBIEHUSA U30NALNM)

0,55 (0,97) cekyHabl Ha NPOCTOIA (CABOEHHDII) HarHeTaTeNb
Npy NOCNEeA0BATENbHON BbIOOPKE KOMAHA U3 NaMATH.

1,0 (2,0) cekyHabl Ha NpoCToii (CABOEHHIN) HarHeTaTeNb
Npy NPOM3BOJbHON BbIOOPKE KOMaH[ 13 NaMATH.

BO3MOXHOCTW ynpaBiieHusa.

Cuctema komaHp SCPI o6ecneumnBaet yao6-
CTBO HanmMcaHMsA NPOrpaMm v BO3MOXHOCTU
pacwmpeHnus.

[iByxroanyHas neprmoanYHOCTb KannGpoBKm
MOAyNeil MUHUMM3NPYET CTOUMOCTb 06Cny-
XWUBaHUA 1 BPEMA NPOCTOA.

1,1/1,7 ceKyHpbl Ha NPOCTOi (CABOEHHDIN) HarHeTaTesb Npyu
HenocpeACTBEHHOM ynpaBeHu yepe3 uHTepdeiic GPIB.

(CyueToMm BbINONHEHMA KaXA0r0 U3MepeHuA B TeUeHNe 0FHOT0
nepuoAa HaNpsXeHNA NuTalLLeli ceTv ANA obecneyenna
(TaHAPTHOI TOuHoCTM, napameTp PLC=T).

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM

KEITHLEY

A Tektronix Company
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NpeobpasoBatenn uutepdeiica IEEE-
488 (GPIB) gnsa HacToNbHbIX NPN6OpPOB
1 aBTOMATU31POBaHHbIX KOMMNIEKCOB

lpeobpasoBatenu uHTepdeiica GPIB komnanum Keithley
M03BOAAET NIErko NoAKMKYMT WiHy |EEE-488.2 k nioboit
KOMNbIOTEPHOI C1CTeMe. ITU BICOKOCKOPOCTHbIE KOMMO-
HEHTbI 03BOMAT N03BOAAIT YPaBAATL 14 npubopamm ¢
uHtepdeiicom GPIB Ha pacctosAnun o 20 MeTpoB. OHu upe-
aNbHO NOAXOAAT ANA aBTOMATU3UPOBAHHOI U3MepUTENbHOIA
annapatypbl B labopaTopuAX 1 Ha NPOM3BOACTBE.

+ Mogenb KPCl-488LPA — 370 Hefioporas HU3Konpoub-
Has nnata npeobpazopatens untepdeiica GPIB - PCl
32 6ut/33 ML, KoTopas MoxeT paboTatb Npu yPOBHAX
curnanos PCI 3,3 Bunu 5B.

+ Mogenb KSUB-488B — 370 npeobpa3osartenb uTepdeiica
GPIB - USB, npeBpatuatowmii no6oit komnbiotep ¢ USB-
MOPTOM B NONHOGYHKLMOHANbHDII KOHTPOAEP LWKHI
GPIB. geanbHo noAxoauT ANA MCNONb30BaHWA B Nepe-
HOCHOM BapuaHTe C HOYTOyKaMMK, a TaKxe B TeX Cllyyasx,
KOT/ia B KoMMbloTepe HeT cBobogHoro cnota PCl.

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM

KEITHLEY

A Tektronix Company
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NcTOYHNKM NOCTOAAHHOIO TOKa 1 HanpAXeHuA

WUcTounukin nutaua komnaxuin Keithley ¢ 6bicTpoii AuHaMUYeCKoi peakumeil — He3ameHMble annapaTypa Npu U3MEePEHIN XapaKTEPUCTUK U TECTUPO-
BaHU NOPTATUBHBIX YCTPOICTB

TexHnuyeckaa nHpopmauyusa

cpaBHIIITEHbHaﬂ Ta6n|/|ua cneynanndnpoBaHHbIX UICTOYHNKOB
MOCTOAHHOIO HanpAeHnA

CpaBHIlITeﬂbHaﬂ Ta6n|n|.|a nporpamMmmunpyemMbiX aHa/1oroBbix
NCTOYHNKOB NOCTOAHHOIO TOKa N HanpAXeHunAa

BenukonenHoe couyeTtaHne BbIXOAHbIX napameTpos,
YHNBEPCAJIbHOCTU N NPOCTOTbI SKCIJ1yaTaynn

[lporpammupyemble aHanoroBble MCTOYHMKIN NOCTOAHHOIO TOKa U
Hanps»xeHuna cepun 2200

UcTOoUYHNKN, onTMMnN3npoBaHHbIe ANA BbICOKOCKOPOCTHOro
TeCTUPOBAHVA NOPTATUBHDbIX YCTpOﬁCTB C AKKYMYNATOPHbIM
nMNTaHNem

Mogenb 2308: nMUTaTOP aKKYMYNATOPOB Y 3apAAHBIX YCTPONCTB
MOPTATUBHbIX NPUOOPOB

TeCTI/IpOBaHI/Ie I/I3AEJ1I/II‘I'I C AKKYMYNATOPHbLIM NUTaHNEM B ya1ioBUAX,
MaKCMaJIbHO I'Iplll6]'llll)|(EHHbIX K peaJ/ibHbIM

IMuTaTop akkymynatopos mogenu 2302 1 UMUTaToPbl akKKyMYNIATOPOB
W 3apAAHBIX YCTponcTs mogenu 2306

BbicTpas AMHaMUYeCcKas peakLua Ha U3MEHAIILYIOCA HarpysKy
boicTpogencTByoLme NCTOUHNKK NuTaHna mogenen 2303 n 2304A

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company



NCTOYHUKN NOCTOAHHOIO TOKA U HANPAXEHUA

TexHn4eckas uHpopmaLua

ﬂpOFpaMMI/IpyENIbIe NCTOYHUKI NOCTOAHHOIO
TOKa 1 HalpAeHnA

/CTOYHMKM NOCTOAHHOTO TOKA U HanpaxeHua ¢0pMVIpyIOT Ha BbIX0[€e peryaupyemble noCcToAH-
Hble TOKN U HanpAMeHUA ANA NUTAHNA KOMMNOHEHTOB, Monyneﬁ n ychOﬁCTB, NcTouHnK nutaHma
AOJIKeH obecneunBath TabUNbHOE U TOUHOE HanpAMXeHue i Tok C MUHUManbHbIM LLYMOM Ha
Harpyske ntoboro Tuna: pESMCTMBHOﬁ, MHﬂyKTMBHOﬁ, HWU3KOOMHOIA, BbICOKOOMHOVA, (TaunoHap-
HOIl unm nepemeHHon. Hackonbko XOPOLUO UCTOYHUK NUTAHUA CNpaBNAETCA €370/ 3a7a4eil n
KaKoBbl NpefieNibHble 3Ha4Y€eHUA €ro NnapameTpoB, OnpeAeNnAlTCa CO0TBETCTBYOLWMUMMN TEXHUYE-
CKUMI XapaKTepUCTUKamun.

MCTOUHMK NUTaHUA UMEET [Ba OCHOBHBIX Perynvpyemblx NapaMeTpa — 3T0 BbIXOAHOE Hanpsxe-
HUe ¥ NPeAeNbHbIN TOK. 3HaYeHNA HTVX NapaMeTPOB BMECTe O 3HaUeHWeM Harpy3Ku onpepens-
10T peXIM PaboTbl UCTOYHMKA NUTaHUA,

bONbLWIMHCTBO UCTOYHNKOB NUTAHUA moryT pa60TaTb B ABYX peXumax. B pexume nctouHmuka
NOCTOAHHOIO HaNpAMeHUA NCTOYHUK NUTAHWA PerynupyeT BbIX0[HOe HanpAMeHue B CO0T-
BETCTBMW C YCTAHOBNEHHbIM 3HaYEHUEM. B pexume MCTOUHMKA NOCTOAHHOMO TOKA UCTOYHMK
NUTAHNA perynupyet Tok. Pexum nCTOYHMKA NUTaHNA 3aBUCKT OT 3alaHHbIX napameTpoB u
0T CONPOTUBAEHNA Harpy3Ku.

« PeXvM N0OCTOAHHOrO HaNPAXEHNA — 3T0 06bIUHbIil PEXMM PaboTbl NCTOUHUKA MUTaHUA.
B 310M pexume perynupyetca Hanpaxexue. BbixosHoe HanpaxeHe NoCTOAHHO U PaBHO
3HaYeHMUI0, 3aZ1aHHOMY NoNb3oBaTeNeM. BbiXopHoI TOK onpeenseTca CoNpoTuBIeHNeM
Harpy3Ku.

+ Pexum nocToAHHOr0 ToKa 00bIYHO CUNUTALTCA 3ALUUTHBIM PEXNMOM, 0AHAKO, OH MOXET 6bITb
NCNoNb30BaH 1 AnA fpyrux ueneit. B pexume NOCTOAHHOTO TOKa BbIXOZHOI TOK noaaepxmea-
€TCA NOCTOAHHBIM Ha YPOBHE,, Y(TaHOBJIEHHOM N0NIb30BaTeNieM B KaueCTBe BEPXHEro npeje-
Nla no ToKY. HanmeeHVle onpeAenAeTca ConpoTUBIEHUEM HArPpy3KU. Ecnm nctounmk nutanma
pa601aer B peXume UCTOYHNKA NOCTOAHHOr0 HANPAMEHNA U €ro TOK NpeBblLlaeT 3a/1aHHbIN
nosib3oBatenem npeaen, 710 UCTOYHNK NUTAHNA aBTOMATUYECKI NEPEKITIYAETCA B PEXIM
CTOYHMKA NOCTOAHHOTO TOKa. Ecam Tok Harpysku ynaet Huxe 3aflaHHOro npejena Toka,
WUCTOYHMK NMUTAHNA MOXET BEPHYTLCA B PEXUM UCTOYHNKA NOCTOAHHOTO HanpAMeHUA.

Haun6onee BaxHbIMu napameTpami AnA ntoboil 3apaun ABNAIOTCA MaKCUMaNbHOE HanpaxXeHwe,
MaKCUManbHbIi TOK 1 MaKCUMaibHasA MOLLHOCTb, KOTOPbIE MOXET 06eCneunTb UCTOUHIK NUTa-
HUA. BaxKHo, 4T0BBI UCTOUHUK NUTAHUA MOT 0TAABATb MOLLHOCTb NPU TPebyeMbIX 3HaUEHNAX
HanpsXeHua 1 Toka. ITI TpU NapameTpa Heo6XoANMo NPOBEPUTH B NEPBYI0 ouepesp.

UnTepoeiicHan

T Knasuarypa

| [lucnneii

Mukponpoyeccop

lanbBaHnyeckas
pa3BA3ka

3awura
0T nepe-
Heperynupyemoe :
TpaHchopmatop peryupy — HaDIRE
Bxo " TIOCT. HarpAKeHM JIuHeitHbIi HuA Bbixoa
Hanpaxe- BbINPAMUTENb peryndtop (perynupyemoe
HU nTa- ToCToAHHOE
HuA 50 Ty HanpsxeHuu
WM TOK)

Llenb
06parTHoii (A3

Puc. 1. ynpomeHHaﬂ CTPYKTYpPHaA CXxeMa nporpammupyemoro NINHEHOr0 UCTOYHUKA NnTa-
HUA C L|VI¢pOBbIMI/I 11 aHa/IoroBbiMu LienAMIN ynpaBieHna

MorpewHocTb U paspelueHne

B npowwnom ans perynupoBKy BbIXOAHOTO HANPAXKEHIA WM TOKA B MCTOUYHIKAX NUTaHUA
UCNOb30BANMCH NOTEHLMOMETPBI. B HacToALLee BpemMA MUKPONPOLIECCOPbI MONYYatoT 3HaueHus
3TUX NAPaMETPOB C NAaHeNM YNPaBNEHUA UCTOUHMKA NUTAHUA UM AUCTaHLMOKHO. Tocne 3Toro
undpo-aHanoroBblii npeobpasosatens (L|AM) nepeBognT uudpoBoe 3HaueHne napameTpa B
QHanoroBylo BENMUMHY, UCMOb3YEMYI0 aHaIOTOBbIM PETyNATOPOM B KauecTBe OMOPHOT0 YPOBHA.
Pa3peLueHue 3aaaBaeMoro NnapameTpa i ero NorpeLLHoCTb ONpeaenaiTCa KayecTBOM Lindpo-
aHanoroBoro Npeo6pa3oBaHms 1 NPOLECCOM PerynupoBaHus.

Haﬂpﬂ)KeHI/Iﬂ W TOKW, Ha3blBaeMbl€ TaKXe npeaenamn Uian nporpammupyembiMmn BenYnHamu,
VNMEIOT pa3peLleHne N NOrpeLlHoCTb, yKa3aHHbIe B TEXHUYECKNX XapaKTepUCTUKaxX NCTOYHMKa.
Pa3pemeHMe onpeaenaet MUHUMANbHbIIA LWar, ¢ KOTOPbIM MOXET yCTaHaBJINBATbCA BbIXOZHOIA
napameTp, a NOrpeLlHoCTb ONUCbIBAET CTENEHb COOTBETCTBUA BbIXOAHOr0 NapamMeTpa MeXayHa-
POZHbIM CTaHfapTaM. Kpome BbIXOAHbIX NApPaMETPOB UMEKTCA TEXHNYECKINE XaPAKTEPUCTUKIA,
OTHOCALLMECA K U3MEPEHUAM UNU oGpaTHomy CYNTbIBAHUIO YCTAHOBJIEHHBIX 3HaYeHWIA, He (BA3aH-
Hbl€ HENOoCpeCTBEHHO C pa3peLLeHnem U TOUHOCTbH YCTAHOBKI BbIXOAHOTO TOKA U HaNpAXeHUA.

BONbLIMHCTBO UCTOUHUKOB NOCTOSHHOIO TOKA M HANPAXKEHMS OCHALLEHO BCTPOEHHBIMM Liens-
MV U3MEPEHIA HaNPAXKEHNA 1 TOKA. ITV Lieni U3MepAIOT HanpsiKeHue 1 ToK, Gopmupyemble
UCTOYHMKOM NUTAHMA. [OCKONbKY 3TH LieNU CYNTBIBAIOT 3HAUEHUA HaNPAXKeHNSA, TOKA U NoZatT
11X 06PaTHO B NCTOUHUK NUTAHNS, MONYYeHHbIE Pe3yNbTaTbl Ha3bIBAIOT TaKXKe NOKa3aHUAMM
o6patHoro cunTbiBaHuA («reedback»). bonbLMHCTBO NPOPECCMOHANBHBIX UCTOYHMKOB NUTAHUA
0CHALLeHbI LIENAMY 06PATHOTO CYNTBIBAHIA, UCMONb3YIOLMMY aHANOTOBO-LIMGPOBbIE Npeobpa-
3oBaten (ALLM), v TexHWueCKue XapaKTepUCTUKY 3TUX BCTPOEHHBIX U3MEpUTENbHBIX NpubopoB
QHaNornyHbl XapakTePUCTUKAM LIMGPOBLIX MyAbTUMETPOB. McTOUHNK NuTaHus oToBpaxaeT
13MepeHHble 3HaUEHUA Ha NepesHelt NAHeNM U MOXET NepefaBaTb UX Yepe3 CTaHAAPTHbIN
UHTEPGENC, eCN OH UMEETCA.

MorpewHoOCTb BbIXOAHBIX NApaMeTPOB

[TorpeLuHoCTb BbIXOAHbIX NApaMeTPOB onpefenseT, HackoNbKo 6nu3sko perynmpyeMbll?] napametp
HAX0AUTCA K (BOEMY TEOPETUYECKOMY 3HAUYEHUIO, 3aJaBAEMOMY MEXYHAPOAHBIM CTAHAAPTOM.
BbIXx04HaA NOrpeLuHoCTb UCTOYHMKA NUTaHNA 06ycnoaneHa rMaBHbIM 06pa30M owmbkamu LIAM,

B TOM Uncne NOrpeLHoCTbIo AUCKPEeTU3aL K, U NPpoBepAETCA NyTemM U3MepeHUs perynupyemoro
napameTpa C NOMOLLb0 nosepeuuoﬁ I'IpQLlI/ISVIOHHOVI M3MEpI/1TeJ'IbH0171 CUCTEMDbI, NOAKNIOYEHHON K
BbIX0AY UCTOYHUKA NUTAHMUA. I'Iorpeumoab BbIXOAHbIX NapaMeTpoB onpe/ieNnAeTca Kak:

+(% o1 YCTaHOB/NEHHOr0 3HaueHuA + CMeLLeHpe).

B KauecTBe npumepa paccMOTPUM UCTOUHUK NUTAHWA, NOTPELUHOCTb BLIXOAHOTO HaNpAXKeH!s
K0TOpOro yka3aHa B Buge +(0,03% + 3 mB). Ecnu BbixozHOe HanpAXeHue 3aaHo paBHbIM 5 B,
ero norpeLuHocTb coctasnaer (5 B) x 0,0003 + 3 mB, unw 4,5 mB. MorpeLuHocTb BbIXOAHOTO TOKa
OnpeAeNAeTCA U PacCUUTbIBAETCA AHANIOTUYHBIM 00Pa3oM.

PaspeLueHue npu ycTaHOBKe NPOrpamMMnpoBaHum
napametpa

Pa3peLueHue ycTaHOBKY NapameTpa — 3T0 HaMMeHbLUEee U3MEHeHUe HanpAXeHUa UK Toka
NCTOYHIKA NUTaHWA, KOTOPOEe MOXeT BbITb 3afaH0. Ecnu MCTOYHVK NuTaHuA ynpasnseTca no
nHTepdelicHol WwuHe, Hanpumep GPIB, 3ToT napameTp NHOrAA Ha3bIBAIOT pa3peLLeHnem npo-
rpaMMUpOBaHNA NapameTpa.

I'Iorpeu.u-locn: N pa3pelueHne 06pa'r|-|oro CYNTbIBAHNA

n0rp€LLIHO(Tb 06paTHOr0 CYUTbIBAHWA NHOTAA HA3bIBAIOT NOTPELLHOCTBI0 U3MEPEHNUA. OHa
onpefenaet, HaCkoNbKo 6nn3Ka BeNNUMHa, N3MepeHHaA CaMUM UCTOYHUKOM, K TEOpPETUYECKOMY
3HAUYEHUI0 BbIXOAHOT0 HanpAXeHna (c Y4YETOM NOrpeLlHoOCTU YCTaHOBKK napameTpa). Kakn g ay-
yae uM¢pOBOFO MYNbTUMETPA, 3Ta NOrPeLHOCTb NPOBEPAETCA C NOMOLLbI 3TA/IOHHOT0 CPeACTBa
N3MepeHuna. norpeLUHOCTb 06paTHoro CYATbIBAHNA ONpeAenAeTCa Kak:

+(% 0T N3MepEHHOr0 3HaUEHMS + CMELLEHNE).

Pa3pelwenue OﬁpaTHOI'O CYNATbIBAHNA — 3TO HAUMEHbLUEE U3MEHEHIE BbIXOAHOMO HaNPAXeHUA
VNN TOKA, U3MePEHHOro CamiM UCTOYHUKOM NMUTAHNA, KOTOPOE UCTOUHUK nocobeH PasnuunTh.

KEITHLEY

A Tektronix Company
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NCTOYHUKN NOCTOAHHOIO TOKA U HANPAXEHWUA

HectabunbHOCTb NO Harpyske

HectabunbHoCTb N0 Harpy3ke — 3To Mepa CocobHOCTY UCTOYHMKA MUTaHUA NOLAEPKVBATD
He3MeHHbIMY BbIXOHOE HANpseHUe U BbIXOZHOI TOK Npu M3MeHeHUU Harpy3ku. OHa Bbipa-
KAeTCA Kak:

+(% 0T HaCTpOiKM + CmeLLeHue).

HecTabunbHOCTb MO NUTaHUIO

HecTabunbHOCTb N0 NUTaHUI0 — NPU U3MEHEHINU CETEBOTO HANPAXeEHNSA — 3T0 Mepa CNocobHOCTH
VCTOYHUKA MUTAHUA NOAAEPKUBATL HEU3MEHHBIMI BbIXOAHOE HANPSKEHHE 1 BbIXOAHOI TOK Npyt
U3MEHEHIAX BXOAHOTO HANPSXEHNSA U YaCTOTbI NUTaloLLEN CeTH BO BCEM AONYCTUMOM AManaso-

He. OHa BbIpaXaeTea Kak:

+(% 0T HaCTPOIKM + CMeLLeHIe).

Mynbcayuu n wym

lapa3uTHble nepemeHHble COCTABAANLLYE HA BLIXOAE MCTOYHUKA NUTAHUA NOCTOAHHOTO TOKA
WM HANPAXEHUA Ha3bIBAIOTCA NYAbCALMAMM 1 LUYMOM UM NEPUOANYECKMIA U CYYaiiHBIMM
otknoHeHnamu (PARD). ina XapakTepuctuku PARD yka3biBaoTca AnA 3a4aHHOI nonoce 4actot
ANA TOKa 1 Hanpsxexua. Xapaktepuctuku PARD Ana Toka npumeHAIoTCA npu paboTe NCTOUHMKA
NUTaHUA B PeXVME UCTOYHUKA NOCTOAHHOIO TOKA, OHI YaCTO YKA3bBAKOTCA B BU/E CPeHEKBa-
Lpatuueckmx 3Hauenuit. Mockonbky dopma npeacrasnenus PARD He onpegeneHa, xapaktepu-
ctuky PARD Ana HanpsxeHna 06bIYHO BbIPaXaloT Kak B BUAe CPeHeKBaAPaTUYeCKOro 3HaueHNa
HanpAXeHUA, KOTOPOe MOXET CYXNUTb ANA ONpezieNeHna MOLLHOCTI LLYMa, Tak U B BUAE pa3ma-
Xa HanpAXeHWs, 4To MOXeT UMeTb 3HaueHue npu paboTe MCTOYHMKA Ha BbICOKOOMHYIO Harpy3Ky.

_ R
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WcToumnk I Vs HATPY3KY
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V13mepenue nposona

Puc. 2.

[laxe He NPUHIMAus BO BHUMAHWE NOTPELIHOCTb UCTOUHIMKA NUTAHMS, HENlb3A FapaHTUPOBaTb,
4T0 3aMPOrpaMMIPOBAHHOE BbIXOAHOE HANPSKEHUE B TOUHOCTI PABHO HAMPAXKEHMIO H Harpy3-
Ke (TeCTMpYemMOoM YCTPOICTBE). 3T0 NPOMCXOANT NOTOMY, UTO UCTOUHUK NUTAHMA C ABYMSA BbIXOA-
HbIMI KIEMMaMi Peryampyert BbIXOAHOE HaNPsKeHNe TONbKO Ha BbIXOAHBIX KNEMMaX, HO He

Ha Harpy3ke. O4HAKO HANPSXKEHNE HA HaTPy3Ke He PABHO HAMPSAXKEHUIO HA BLIXOAHbIX KNIEMMax
UCTOYHIKA MATAHWA. VICTOUHUK MATAHUA W HArpy3Ka pa3AeneHbl NPOBOAHMKAMM, 0051afaloLMMI
CoNpoTMBAEHUEM R ..., KOTOPOE ONpeAeNaeTcs ANMHOi NPOBOAHIKOB, NPOBOAUMOCTbIO MaTe-
puana NpoBOAHUKOB 1 X GopMOoii. HanpsxeHue Ha Harpy3Ke onpeaenseTcs BblpaxeHuem:

* * *
v v 24, VzanporpaMMmpoaaunoe_Z [ R

Harpy3ku
Ecnm Harpy3ka noTpebnsieT 60O/ TOK, TOK Harpy3kM |, .. BENUK 1 NaAeHUe HANPAXeEHU Ha
MPOBOAAX V5., MOKET COCTABUTD HECKONbKO AECATbIX LOJIEN BONbTA, 0COGEHHO NPM ANMHHbIX
COeAMHUTENbHbIX MPOBOAIAX UCTOYHNKA MUTAHIA, KaK 3TO ObIBAET B (Tyuae aBTOMATU3MPOBAHHOIA
13MepuTenbHoi annapatypbl. HanpsxeHue Ha Harpy3ke MoxeT 6b1Tb Ha 80—160 MB MeHblue,
yem HeobxogMmoe HanpsxeHue (Mpu Toke 0T 2 40 4 A yepe3 NPOBOAHUK ceyeHnem 1,3 Mm?).

Harpysku — ! 3anporpammupoBanHoe npogoga nposoaa’

HenocpecTBeHHOR U3MepeHMe HaNPAXEHNA Ha Harpy3Ke peluaeT npobnemy nageHna Hanpa-
KeHWA Ha N3MepuTenbHbIX Kabenax. OHO NPOU3BOAUTCA C NOMOLLbI0 AOMOAHUTENBHON Napbl
MPOBOAA0B, NOAKIIOYAIOLLMX HArPY3KY K BLICOKOOMHOMY BXOZY BONbTMETpa. MocKonbKy Mo 370l
Lieny TeueT 0ueHb Maniblii TOK, MaZeHue HanpAXeHA Ha U3MepUTENbHbIX NPOBOAAX NpeHebpe-
KUMO Mano, v 0Ha MCTIONb3YeTCA B KayecTBe Lienu 06paTHoil CBA3M ANA yNPaBeHNA MCTOYHMKOM
MUTaHNA.

WcTOUHMKI NUTaHNA € ObICTPOI AMHAMIUYECKOIA
peakLueit

WcTounmMKn nuTaHnA cneumanbHoro HasHavenna cepum 2300, Bbimyckaemble komnatueii Keithley,
npeAHa3HaueHbl ANA TOro, 4ToObI NOAAEPXMBATL CTabUNbHOE BLIXOAHOE HANPAXEHIE B CAMbIX
CNOXHBIX YCOBUAX HAr pyeHus, Hanpumep, Npy BHE3aMHbIX 60MbLUMX N3MEHEHUAX Har py3KH,
KOTOpbIe C0371al0TCA COTOBbIMM 1 6eCpOBOAHbIMY TenedoHamu, MOBUALHBIMU PafUOCTaHLV-
AMU, beCnpOBOAHBIMM MOZIEMaMI 1 YTMM NOPTATUBHBIMM YCTPOIACTBAMY PaZnoCBA3N. ITH
YCTPOIACTBA 06bIYHO NepexoAAT OT YPOBHeli NoTpebeHn ToKa B peXuMe 0XMAaHNA, COCTaBNA-
tomx 100—200 MA, K ypoBHAM 0 800 MA — 1,5 A, uTo 03HauaeT u3meHeHue Harpy3ku Ha 800%
u 6onee. [inA TpaANLIMOHHBIX UCTOYHMKOB NUTaHUA 00bIYHO 33AAIOTCA NapameTpbl NepexoAHOro
npowecca npu u3meHeHun Harpy3ku Ha 50%. [ina uctounnkos nutaxua Keithley cepun 2300
rapaHTUpYIOTCA NapameTpbl NEPEXOAHOT0 NPOLLECca Npyu NP U3MeHeHUN Harpy3ki Ha 1000%.

CTabunbHOCTb BO BpeMsA GbICTPbIX N3MeHeHNIl HarpysKu

Korna ycTpoiicTBo MObUAbHOI paanoCBA3M NepexoAnT B pexim nepefady Ha NONHON MoLL-
HOCTY, BbIXOAHOE HanpseHue TPAANLIMOHHOTO UCTOYHIKA MUTAHWUA 3HAUNTENbHO CHIXAeTCA
[0 TeX Nop, NOKa ero Lienb yNpaBeHna He Cpearnpyer Ha pe3koe 3MeHeHue Harpy3Ku.
TpanuLMOHHbIE MCTOYHNKI NUTAHNA YXYALIAIT CTabUABHOCTb PaboTbI ANA BCeX TUNOB HArpy3ku
npu NepexoAHbIX npoLieccax. B pesynbTare 6onbLLIOE CHINKEHNE HANPAXKEHNA 1 ANUTENbHbIN
nepuos BOCCTAHOBMEHNA TPAAULIMOHHOTO UCTOYHIKA MUTAHUA MOTYT NPUBECTM K TOMY, 4TO
BbIXOAHOE HaNpsXeHue ynajeT Hixke MIUHIMANbHO JONYCTUMOTO YPOBHA BXOAHOTO HaNpaAKeHNsA
TecTupyemoro ycrpoiictsa (TY). B pesynbrarte TecTupyemoe ycTpoidcTBO M3-3a cpabaTbiBaHua
BHYTPeHHero NoporoBoro ycTpoicTBa MOXeT OTKKUUTLCA BO BpeMsA TeCTUPOBAHNA, NpK 3TOM
6yzeT 3aperncTpupoBaH NIOXHIIA 0TKa3, BANAIOLLWIA HA BbIXOZ FrOTOBOI NPOAYKLMN U CTOUMOCTb
MPOU3BOACTBA.

JicTouHMKM nUTaHNA ¢ BbICTPOIl AMHAMUYECKOil peakumeit cepun 2300 06ecneunBatoT CHUXeHNE
Hanps>eHns B0 BPEMSA NEPEXOAHbIX NPOLECCOB MPU 6ONbLUINX U3MEHEHUAX HATPY3KH He bonee
yeM Ha 200 MB ¢ yueTom BHOCUMOTO CONPOTUBIIEHNUA ANUHHBIX IPOBOAHUKOB MEX Ay UCTOY-
HIKOM NUTAHUA 1 TECTUPYEMbIM YCTPOiICTBOM. TakM 06pa3om, NCTOUHUKI NUTaHUA cepun
2300 obecneurBaloT NUTaHUe TECTUPYEMOrO YCTPOICTBA NPU NOBBIX YCNOBUAX TECTUPOBAHMA U
npesoTBPALLAT NIOXHbIE 0TKa3bl (puC. 3).

TouHble YyeTbipexnpoBoaHble N3MepeHunaA

[InA TOYHOr0 NOAAEPKAHNA 33JIAHHOTO HANPAXKEHNA HA TECTUPYEMOM YCTPOICTBE B UCTOUHMKAX
nuTaHna cepum 2300 MCNONb3yeTcA YeTbIpexnpoBOAHaA CXeMa NOAKIIOYEHNA, B KOTOPON iBa
MPOBO/A MCMONb3YIOTCA ANA NOAAYN NUTAHNS, a ApYTIe IBa NPOBO/A CIyXaT ANA U3MepeHnsa
HanpAXeHNA HenoCpeACTBEHHO Ha TeCTUPYeMOM YCTpOIicTBe (Harpy3ke). 3mepenue Hanps-
KeHWA Ha Harpy3Ke KOMMeHcUpyeT NMiobble NajeHA HaNPAXeHIA B ANNHHBIX U3MePUTENbHbIX
MPOBOAHUKAX MeX/Y MCTOUHMKOM MUTAHNA 1 Harpy3Koii. Kpome Toro, AnA AOCTUXeHUA Manoro
CHVUXKEHUS HANPSXEHNA NPY NePeXo0M NPOLIECCe It MEHDbLUEHUS ero NUTEbHOCTI B 3TUX
WCTOYHMKAX NUTAHUA UCMOAb3YETCA LIMPOKONONOCHI BLIXOAHOM Kackaa (puc. 4).

Ry, Ty

Tok notpebnenua
GecnpoBoAHoro Tenedoxa
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Puc. 3. CpaBHeHMe OTK/MKA Ha N3MEHEHIE Harpy3KN UCTOYHIKA NUTaHNA 06LLero HasHaue-
HUA ¥ ncTouHNKa nuTanma Keithley cepun 2300 ¢ GbicTpoil AMHaMUYECKOil peakLyeil.
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TexHn4eckas uHpopmaLua
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Mogenb cxembl coefuHeHNA no NOCTOAHHOMY TOKY

Puc. 4. YeTbipexnpoBopHan cxema NOAKNIOYEHNS, UCMONb3yeMan B UCTOYHNKAX MUTaHNA
cepum 2300, 06ecneynBaeT NPUNOKEHNE K Harpy3Ke TOYHOrO HaNpAXKeHNA

B ncTouHMKax nuTaHNA Takoro TMNa Yacto UCMONb3yKTCA METOANKM, N03BONAILLVE ONpese-
NUTb 06PbIB AN OTCYTCTBUE KOHTAKTa B U3MepuTeNbHOI Lieny. 06pbiB HapyLUaeT ynpaBneHve
NCTOYHWKOM NUTaHUA € 06paTHON CBA3bI0. B 3TOM Cnyyae BbIX0OAHOE HAaNpAXeHWe UCTOYHIKA
MUTaHNA 0Ka3bIBAETCA HeynpaBaAeMbIM U HeCTabUNbHBIM, B pe3yNibTaTe Yero K TecTupyemMomy
YCTPOIACTBY MOTYT ObITb NPUA0XeHbI HeAONYCTUMble HanpaxeHWs. B cnyyae obpbiBa B 3mepu-
TeNbHOI Lenu UCTOUHUKM NuTaHna cepun 2300 160 NepeKnioualnTca Ha BHYTPEHHee NoKasbHoe
n3MepeHue HanpaxeHna, 6o curHanu3upyioT 06 aBapuitHoi CUTYaLMK M OTKIOUAIOT BbIXOAHOE
HanpaxeHue.

MMuTayma akkymynaTopHoii 6aTapen ¢ UsMeHAKLWUMCA
BbIXOAHbIM CONPOTUBAEHNEM

YcTpoiicTBa MO6UABHOI CBA3N MUTAIOTCA OT aKKYMYNATOPHbIX 6aTapeil, n ANA UX TeCTUPOBaHMA
UCTOUHUKM NUTaHNA Mogeneii 2302 1 2306 TOUHO UMUTUPYHOT paboTy aKKyMyNATOPHOIi 6atapeu.
OHK CNOCOBHBI M3MEHATb BbIXOAHOE CONPOTUBAEHME, YTO N03BONIAET NPOBEPATL TeCTUPYeMoe
YCTPOCTBO B YCNOBYAX, MAKCUMANbHO MPUONMKEHHBIX K peanbHbIM.

Kpome Toro, 3T1 MCTOYHMKYM MUTaHNA MOTYT BbINOAHATL (GYHKLMIO NPOrPamMMuUpyemMOoii INeKTPOH-
HOI Harpy3Ky 1 NoTpebnATL TOK ANA MMUTALMI Pa3PAXKEHHOI aKKyMynATOpHoii 6atapeu B npo-
Liecce 3apaza. Takm 06pa3om, 0K 1 TOT Xe UCTOUHIK MOXHO MCMIONb30BATb KaK ANA NUTaHNA
TeCTUpyemoro yCTpoiiCTBa, TaK U ANA TECTUPOBAHWA Lieneil ynpaBneHna 3apaaom 1 camoro
3apAAHOro yCTPOVCTBA.

Mogaenu 2302 n 2306 N03BONAIOT U3MEHATH BbIXOAHOE CONPOTUBIIEHUE U TEM CaMbiM UMUTUPO-
BaTb U3MEHeHMe BHYTPEHHEro UMNefaHCa akKyMynaTopHoii 6atapei. Takum 06pa3om MOXHO
MOEeNMpoBaTh NoBefeHIe akKyMyNATOPHOI 6aTapem Npu UMNYNbCHBIX TOKOBbIX Harpy3kax
MOPTAaTMBHBIX YCTPOICTB, TAKIX KaK MOOMIIbHbIE TenedoHbl. IT0 aeT BOIMOXKHOCTb U3r0TO-
BUTENAM NOPTATUBHDIX YCTPOIACTB UCMbITATb WX B YCIOBUAX, ONU3KMM K peanbHbIM yCIOBUAM
JKCnNyaTauum.

Mpy UMNYAbCHOM YBENMYEHUN TOKA HArpy3Ky NOPTATUBHOIO YCTPOICTBA BbIXOAHOE HANPAXEHUe
aKKYMyNATOPHOIA 6aTapen yMeHbLUAETCA Ha BEMUUMHY, PABHYIO NPOU3BEALHMI0 M3MEHEHNS TOKa
Ha BHyTpeHHee conpoTuBneHue 6atapen. Hanpsxetve 6atapen Ha NpoTAXeHUN MMNYNbCa TOKa
MOXKET yNacTb HIKE MAHUMAIIbHO AOMYCTMOrO YPOBHS HANPSKEHNSA UTAHIA YCTPOICTBA,

11 OHO ABTOMATUYECKY OTKAIOYMTCA MO JOCTUKEHUM 3TOr0 Nopora. [1ocKoNbKY BHYTPeHHee
CONPOTUBIIEHNE YBENUUNBAETCA 110 Mepe pa3pAza 6aTapen, STOT NOPOToBblil YpOBEHb MOXET
6bITb OCTUTHYT PaHbLLE 0XVAAEMOr0 U3-3a COBMECTHOTO BAUAHNUA YMeHbLUEHIS HANpsXeHua
6aTapeu v yBeMueHUs NajieHNs HaNPsKeHs Ha BHYTPEHHEM CONPOTMBAEHUN GaTapev npu ee
paspsaze. BcneacTaue 310ro cpok Cy6bl akKyMynATOpHOI 6aTapen MOXeT 0Ka3aTbCs MeHblue
OXUAAEMOTO.

ConpoTuBneHue baTapeu CefyeT yunTbIBaTh NP OLEHKE BpeMeHHU, KOTopoe MOBUbHbIN Tene-
$oH MoXeT npopaboTaTb B peXuMe pasroBopa, 1 XapakTepuCTUK pexmuma 0XuaaHna, nockonb-
Ky AN1A €10 aBTOMATIYECKOr0 OTKNKUEHIA AOCTATOUHO CHINKEHUA HANPAXEHUA MUTAHNA HIXe
nopora Bcero Ha 100—200 MKC. 3T0 ABJIEHME LIMPOKO PACMPOCTPaHEHO B TeneoHax (TaHAapTa
TDMA, TaKux Kak MobunbHble Tene¢oHbl GSM, B KOTOpbIX TOK NOTpebneHna Bo BpeMA paamo-
nepefaun mexsetca B 7-10 pa3. Paspabotumkam Heobxoaumo Mogenuposatb paboty batapen
B peanbHbIX YCIOBYUAX, 4T0ObI ONpeAentTb COOTBETCTBYIOLLMI NOPOrOBbINA YPOBEHb HU3KOTO
HanpsxeHua 6atapeu. MHxeHepam no MCNbITaHUAM HE0OXOAMMO MOAENNPOBATb paboTy baTa-
pey B peanbHbIX YCN0BYAX, 4T0ObI ybeanTbCA B TOM, 4TO CpabaTbiBaHe NOPOroBoo yCTPoiicTBa
NPOUCXOAUT NPV 33AaHHOM HanpPAXeHUI, 1 He NPU HONbLUEM HANPAXKEHNH.

OyHKumum muTauum 6atapen mopeneii 2302 u 2306 MoXHO MCMONb30BATb Kak ANA TeCTUPOBA-
HUA OTZENbHBIX Y3M0B, TaK v FOTOBbIX M3aenuii. Hanpumep, xapakTepucTukin notpebnexna pagu-
0YaCTOTHOrO YCUANTeNA MOLYHOCTI ANIA MOPTATUBHBIX YCTPOICTB MOTYT ObITb U3MEPEHbI NpK
pabote 0T aKkymynaTopHoii 6atapen. o Mepe pa3pada 6atapeu ee HanpsXeHue yMeHbLLALTCA,
a BHYTPeHHee CONPOTUBAeHe Bo3pacTaeT. [Ind nopaepxaHus Tpebyemoit BbIXOHOI MOLLHOCTY
ycunutenb notpebnaer ot 6atapen Heu3MeHHy MOLLHOCTD. [03TOMY N0 Mepe yMeHbLUeHNA
HanpsXKeHNA 11 BO3PacTaHuA BHYTPEHHEro CONPOTUBIIEHNA BO3paCcTaeT TOK, noTpebndemblit
yeunutenem ot 6atapen. C yBennyeHnem BHyTPEHHEro CONPoTUBAeHNA baTapen Kak NUKOBbIN,
TaK 1 CpeSHII TOK 3HAUMTeNbHO BO3pacTaloT (cpuc. 5). [Ln ycunutens MOLHOCTU HeobXo4umo
YKa3aTtb noTpe6asemyio MOLYHOCTb. Ho npu 3ToM pa3paboTunk nopTaTMBHOO YCTPOiCTBa AON-
KEH 3HaTb, Kak byfeT BecTU ceba ycunuTenb MOLHOCTY Npy pa3pafe baTapen, uTobbl BbibpaTh
COOTBETCTBYHLLYH aKKyMyNATOPHYI0 6aTapelo M ybeAuTbCA B TOM, UTO OHa CMoCOOHa 0TAABaTh
Heo6XoAMMblIii TOK v 0becneunsaTb Tpebyemoe Bpems paboTbl 10 3aMeHbl UK NOA3aPAAKI.
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Puc. 5. MoTpe6neHue ToKa B pexume nepefauit 1 cpegHee NoTpebneHue Toka paguoya-
CTOTHBIM yCUNUTENEM MOLLHOCTY, paboTaloLem B UMNYNbCHOM PeXuMe NPy NUTaHUM oT
UCTOYHUKA NUTaHUA Mogenn 2302 unu 2306, UMUTUpPYIOLLEro aKKyMYNATOPHYIo 6aTapeto
C HOMUHaNbHbIM BbIXOAHbIM HanpsxeHnem 3,60 B 1 BbIxoaHbIM conpoTusneHnem ot 0,00
100,51 Om.
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NCTOYHUKWN MOCTOAHHOIO TOKA N HAMPAMEHWA

(opMmynbl U UANKCTPALMM BINAHUA BHYTPEHHETO CONPOTUBIIEHNA aKKYMYNATOPHOI Gatapem

Ha e BbIXOZHOE HaNpsXeHue NpUBEAeHb! Ha PUc. 6a, 6. Kak BUAHO, NageHme HaNpAXeHus Ha
BHYTPeHHeM CONpOTUBNEHNY aKKyMyNATOPHOI 6aTapen Bo BpEMA UMMYNIbCa TOKA MOXET Cyliie-
CTBEHHO YMEHbLLATh £€ BbIXOHOE HaNpsKeHNe.

Voarapes — HAMPAXEHIE WAEANBHOTO UCTOUHUKA HANPSKEHWS,
Ri(t) — BHyTpeHHee conpoTuBneHue 6atapen,
Raposoza — CONPOTUBAEHME Kabereil M COBAMHUTENIbHDIX POBOAOB,

TY — TecTupyemoe ycTpoiicTBO

+ EOMR,,yy,, MaN0 110 cpaBHenmio ¢ Ry(t) u R (t) MOXHO cunTaTb MOCTOAHHbIM Ha POTSKEHIM

umnynbea Toka v pasHbiM R (t) =R, T0

+ HanpsXeHUe Ha TECTVPYEMOM YCTPOICTBE MOXHO BbIPa3uTh Kak V(t) = Vg, ..., — IR () =
Vﬁarapew - I(t)RI’
« rae I(t) —Tok uepe3 batapeto.
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Puc. 6a. MpepacTaBneHue akkymynaTopHoii 6atapen B BUAe UAeanbHOro MCTOYHMKA Hanps-
KEHNA C NepeMeHHbIM BHYTPEHHIM CONPOTUBNEHMEM U €ro NOAKIIOYEHIE K TECTUPYEMOMY
YCTPOICTBY

Puc. 66. BbixogHOe HanpsxeHKe akKyMynATOPHOI! 6aTapen NPy UMNYNbCHOM TOKe Harpy3ku

V|MI'Iy1'IbCHbII‘/'I TOK N N3mepeHune manbiXx TOKOB

Mpy MCNoNb30BaHMM TPAAMLMOHHOTO MCTOUHINKA NUTAHIA C ME/NIEHHOI AUHAMUYECKON peak-
Lmeil AN TeCTUPOBaHIA 6eCNPOBOAHBIX YCTPOICTB HEOOXOAMMO UCMONb30BATL KOHAEHCATOP
60/1bLLI0I eMKOCTM AN1A1 CTAOMAN3ALMN BLIXOAHOTO HANPAXKEHUA NPY ObICTPbIX U3MEHEHUAX
CONpOTUBAEHNUA Harpy3KiA. 1Mo 3Toil npUuMHe ANA U3MEpPEHUA TOKa Harpy3KM B ee Lenb TpebyloTca
BKJIOUNTb N3MEPUTENbHDIA PE3UCTOP 1 LUGPOBOII0 MyNLTUMETP. M3mepuTeNbHbIil peanctop
YBENMYMBAET CONPOTUBIIEHIE LieMi 1 eltie 60MbLLe ycunMBaeT Npobnembl, CBA3aHHble C yMeHb-
LeHMeM HaNPXEHWA Ha Harpy3ke. McTounnkn nutanma Keithley ¢ 6bIcTpoii AMHamuyeckoit
peaKwmeil yCTpaHAKT Heo6X0AUMOCTb UCNONb30BAHMUA BbIXOAHOTO KOHJEHCATOpa U N03BONAIOT
Leni 06paTHOrO CYMTBIBAHMA UCTOUHMKA NUTAHNA HENOCPEACTBEHHO U3MEPSATH TOK Harpy3Ku
(puc. 7). OnbiT Komnanuu Keithley B u3amepexum manbix ToKoB N0o3BonAeT U3MePATH TOKM B
pexume oXuaaHus ¢ paspeweHinem 0,1 MKA. ITU UCTOYHMKI NO3BONAIOT TaKxe U3MepATb
UMNYNbCbI TOKA pajuonepeaaloLyyx yCTpoiicTe Npu nepeaye UMdpPoOBbIX AaHHbIX. B 3TOM cnyuae
MOryT 6bITb 3aPErucTpUpOBaHbI MMNYbCbI ANUTENbHOCTBIO BCEro 60 MKC.

Lindposoit
MyNbTUMETP
| R
ctounea varpyan avep.
e
TpaauumoHHblit uctouHnk  +
NUTaHNA C MeIEHHON i C Y
IUHAMUYECKOI peaKumeit
Konpencarop ana
cmﬁmnwsaumm HanpaxeHua
Iumwm = I»«arpysm
—
McTouHmK nuTaxua +
CBbICTPOiA AMHaMUMueckol Y
peakumeii cepun 2300

Puc. 7. Uctounnk nutanus Keithley cepun 2300 ¢ 6bicTpoit auHamnyeckoi peakumei nsmeps-
€T TOKM Harpy3ki 6e3 AoNONHUTENbHbIX BHELIHIX NPUGOPOB 1 31eMEHTOB
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NCTOYHUKKN MOCTOAHHOIO TOKA N HANPAXEHWUA

CpaBHI/ITEJ'IbHaﬂ 'ra6n|n|.|a cneunannsnpoBaHHbIX UCTOYHNKOB MNOCTOAHHOIO

HanpAaXeHnAa

Mogenb 2302 2303 2303-P) 2304A 2306 2306-PJ 2306-VS 2308 248
Konuuecteo kananos 1 1 1 1 2 2 2 2 1
BbixoaHas MOLHOCTD Makc. 60 BT B 3a- 45 Bt 45 Bt 100 Bt Makc. 50 BT Maxc. 50 BT, B Makc. 50 BT Makc. 50 BT 25B1

BUCUMOCTH OT Ha- 33BUCMMOCTUOT ~ 3aBUCMMOCTUOT ~ 3aBUCMMOCTUOT  3aBUCUMOCTY OT
npAXeHus; onTu- HanpaxeHua u HanpaxeHua u HanpaxeHua u HanpaxeHua u
MU3MPOBaHbI ANA MOLLHOCTI, NOTPe-  MOLLHOCTH, NOTPEe-  MOLYHOCTH, MOTPE-  MOLYHOCTH, MOTpe-
MaKCUManbHoro il Apyrum il Apyrum il Apyrum it Apyrum
TOKa NpY HU3KOM K ontu- K ontu- K ontu- K ontu-
HanpaxeHun MU3UPOBAHbI ANA  MU3UPOBAHbIANA  MU3UPOBAHbI ANA  MU3UPOBaHbI ANA
MaKCMManbHOr0  MaKCUManbHOr0  MaKCUManbHOr0O  MaKCUMasbHOro
TOKa MPUHU3KOM  TOKAMPUHU3KOM  TOKAMPUHUKOM  TOKA NPU HUKOM
HanpaxeHun HanpaxeHun HanpaxeHun HanpaxeHun
BbixopHOe HanpaxeHue 0-158B 0-158B 0-158B 0-20B 0-158B 0-15B 0-15B 0-15B 010 80+5000B
MakcumanbHblil NOCTOAHHDBINA 5Anpn4B 5Anpu9B 5Anpu9B 5Anpn20B 5Anpu4B 5Anpu4B 5Anpu4B 5Anpu4B 5mA
BbIXOAHOM TOK
Perynupyemoe BbixogHoe conpo-  0—10m, pa3peLue- 0-10m, paspe- 0-10m, pazpe- 0-10m, pape- 0-10m, pape-
TUBNEHne Hue 10 MOM werne I0MOM (B wexne 10MOM (B wekne 10MOM (B wekwne 10 mMOm (8
KaHane 1) KaHane 1) KaHane 1) KaHane 1)
Tok B pexiume notpe6urens 3A 2A 2A 3A 3A 3A 3A 3A 1mKA
YyBCTBUTENLHOCTb NPY N3Mepe- 100 HA 100 HA 10 MkA 100 HA 100 HA 10 MKA (kaHan 1) 100 HA 100 HA
HUM NOCT. TOKa 100 HA (KaHan 2)
W3mepenne guHamuyeckoroToka [ 5A: i 5A: i 500 | 5A: | 5A: | 500 il 5A: | 5A,
BpemaA uHTerpu- BpemaA uHTerpu- MAn 5 A: Bpema BpemA UHTerpu- BpemaA uHTerpu- MA W5 A: Bpema BpemA uHTerpu- 500 MA, 50 MA n
poBaHuA 33 MKC pOBaHUA 33 MKC  MHTErpupoBaHuA poBaHuA 33 MKC pOBaHMA 33 MKC ~ MHTErpupoBaHuA poBaHunA 33 MKc 5 MA: Bpema -
—833mc —833mc 33 MKc— 833 mc —833mc —833mc 33 MKc— 833 mc —833mc Terpuposanua 33
MKC — 833 mc
BHewwHui 3anycK NCTOYHMKA Ha- Her Her Her Her Her Her Jit} Her Her
NPAKEHUA U U3MEPeHNA TOKa
Morpewnoctb
Mo HanpsxeHmio 0,05% 0,05% 0,05% 0,05% 0,05% 0,05% 0,05% 0,05% 0,01%
Mo Toky 0,2% 0,2% 0,2% 0,2% 0,2% 0,2% 0,2% 0,2% 0,01%
OcHOBHble 0C06eHHOCTH
lporpammupoBanme B T.. [EEE-488 B T.u. [EEE-488 B T.u. [EEE-488 BTM. [EEE-488 BTM. [EEE-488 BTY. BTY. BTY. BT,
|EEE-488 |EEE-488 Bkntouas IEEE-488 IEEE-488
06HapyxeHue pasoMKHYTbIX U3Me- lla Jit} Jit} Jit} la Her
pUTENbHbIX NPOBOAHUKOB
Lindpooit BonbTMeETP Jit} Jit} Jit} Jit} [la, 1 Ha KaHan [la, 1 Ha KaHan [la, 1 Ha KaHan [la, ana KaHana 2 Her
AHanoroBbli BbIXof, 1 aHanoroBblit
BbIXOA
Mopt ynpanenua pene 4 1 1 2 4 4 Het 4 Het
Mogynb BbiHoCHOr0 Aucnnes (onu.) JIE] Jla Jla Jla Jla Jla Her Jla Her
CE lla la lla Jit} lla JiF} JiF} JiF} lla
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NCTOYHUKWN MOCTOAHHOIO TOKA N HAMPAMEHWA 85

CpaBHuTeNbHaA TabnMLa NPporpaMmmMmmnpyembiX aHaNIoroBbIX MICTOYHNKOB
NOCTOAHHOIO TOKA 1 HaNpPAXeHus

Mogenb

2200-20-5 2200-30-5 2200-32-3 2200-60-2 2200-72-1

CrpaHuua 74 74 74 74 74
KonuuecrBo kaHanos 1 1 1 1 1
BbixoHasa MowWHOCTD 100 Bt 15081 96 Bt 15081 86BT
BbixoHoe HanpaxXeHue ot01020B 01010308 010p032B 01080608 010p072B
BbixoaHoIi TOK 0T0n05A 010n05A 010n03A 010002,5A 010n01,2A
Pexumbl pa6otbi cv/eex cv/eex cv/eex cv/ee cv/ee
PaspelueHue ycTaHOBKM ¥ 06pPaTHOTO CYHUTHIBAHNA:

Hanpsxenua 1mB 1mB 1mB 1mB 1mB

Toka 0,1mA 0,1mA 0,1mA 0,1mA 0,1 mA
0cHOBHasA NOrpeLHoOCTb:

10 HanpAXeHuio +0,03% +0,03% +0,03% +0,03% +0,03%

10 TOKy +0,05% +0,05% +0,05% +0,05% +0,05%
OcHOBHble YepTbl:

lporpammupoBatue IEEE-488 u USB IEEE-488 u USB |EEE-488 n USB |EEE-488 u USB IEEE-488 n USB

[JInctaHumMoHHoe u3mepeHue JiF} lla JiF} Jit} Jit}

BHeLuHmii 3anyck lla lla lla Jit}

Pazbembl Ha nepeaHeii v 3aaHeit JiF} JiF} Jit} Jit} JIE]

naHenax

CoxpaHeHwe HacTpoek 40 Ayeek namaTin 40 Ayeek namaTin 40 Ayeek namaTin 40 Aveek namatin 40 Aveek namati

Pesxum pabotbi no cnncky 7 CNUCKOB, 7 CNUCKOB, 7 CNUCKOB, 7 CNUCKOB, 7 CNUCKOB,

80 waros B cnucke 80 waroB B cnucke 80 wwaroB B cnncke 80 wwaros B cncke 80 waros B cncke

3awwTa naponem lla lla Jit} Jit} JIE]

[JlncraHumonHas bnokuposka JiF} lla Jit} lla JIF]

Lindposas MHAMKaLMA Hencnpas- lla Jit} Jit} JIE] JIE]

HocTeit

AtTecrauua CSA/CE CSA/CE CSA/CE CSA/CE CSA/CE

* (V — pexum UCTOYHKA NOCTOAHHOTO HanpsxeHusa, (C — peXmMM UCTOYHNKA NOCTOAHHOTO TOKA.
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NCTOYHUKN NOCTOAHHOIO TOKA U HANPAXEHUA

BenukonenHoe coueTaHne BbIXOAHbIX NapaMeTPOB, YHNBEPCaNbHOCTY 1 NPOCTOTbI
3KcnnyaTauum

I'IporpaMMMpyeMble dHaJ10roBble NCTOYHWKI MOCTOAHHOIO TOKA U HAMPAMKEHNA CEPUN 2200

« MaTb mogenen ¢ BbIXOAHOW MOLHOCTbIO
ot 86 Ao 150 BT 1 BbIXOAHbIM HanpaXKeHnem
ot 20 fo 72 B ynoBneTBOpAIOT WMPOKWIA KPYT
Tpe6oBaHUii K SNeKTPONUTaHUIO.

OCHOBHas NOrpeLHOCTb MO HaNPAXeHNHo
0,03% 1 0CHOBHasA NOrPeLLHOCTb MO TOKY
0,05% o6ecneunBaloT NONyYEHNE TOUHbIX

KETAEY 2200305 v
AaHHbIX B npouecce NcnbiTaHNW.

Bbicokoe paspelueHe BbIXOAHbIX Napame-
TpoB 1 n3mepeHui - 1 mB n 0,1 MmA - nosso-
NAT TECTUPOBaTb MaIOMOLYHbIE Lienu

M YCTPONCTBa.

HenocpeacTBeHHOE M3MepeHUe HanpsXKeHUs
Ha Harpy3ke o6ecneyunBaeT npunoXeHue
K Harpy3ke Tpe6yemoro HanpsxeHus.

WHTtepdeiicbl GPIB 1 USB B ctaHpapTHOM
MCNONHeHVN ANA YR06CTBa aBTOMATU4ECKOro
ynpasneHus.

[Iporpammupyemble MCTOYHUKYN nuTaHA cepun 2200 obecneunBatoT LWNPOKKIl AUanasoH
BbIXOAHbIX HaNPAXEHWI ANA TECTUPOBAHUA 1 U3MEPEHNA XapaKTePUCTUK JNIEMEHTOB, CXeM,
Mopyned v roToBbIX YCTPOIACTB B UCCNeA0BaTeNbCKMX Nabopatopuax, B npoLecce pazpabotok MpuHapnexHocTy, BXoAALME B KOMNEKT NOCTaBKM:
1 NpoMbILLAeHHOro TecTupoBaxuA. Cepua 2200 BKniouaeT NATbL MoZeneii ¢ BbIXOAHbIMU Hanps-
KeHuamu ot 20 40 72 B n BbIxoAHOI MOLHOCTbI0 86, 96, 100 1 150 BT. 3TM MCTOYHMKYM NUTaHUA
MOryT paboTarb Kak B KauecTBe UCTOUHIKOB NOCTOAHHOIO TOKA, TaK U B KaUECTBE UCTOUHUKOB (D c gokymenTauueii u Apaitsepamu Ans LabVIEW u IVI-COM.
MOCTOAHHOTO HanpsxeHuA. OHy paboTaloT B aBTOMATU3MPOBAHHbIX CUCTEMAX TECTUPOBAHNA TaK

e IQHEKTUBHO, KaK 11 B IHCTPYMEHTaJIbHbIX KOMMIEKCaX C py4HbIM ynpaBieHueM.

(S-1638-12 — 0TBETHbIN pa3bem ANA 3ajHeli naHenw;

Wcrounmkn nutanua Keithley cepun 2200 o6nagatot pasom ocobeHHoCTeil, N03BOAAKLLNX NETKO
1 BbICTPO MONYYaTb HEOOXOAMMbIE PE3YNbTATbI.

+ Jucnneii ¢ AByMA cTpOKamm 0To6pasaeT kak 3anporpamMMiupoBaHHble
HaCTPOIIKM, TaK M GaKTUYeCKIne 3HAUEHNA BbIXOBHOTO HAMPAXEHUA 1
TOKa. IT0 N03BOAAET ONEPATUBHO OBGHAPYUBATb, aHANU3UPOBAT U
YCTPAHATD BCe PACXOXJEHNA MEXZY PACUETHBIMIN U aKTUYECKUMIA
BbIXOAHbIMYU NapaMeTpamiu.

-]

« Pexum cnucka no3sonseT C03aBaTb NOBTOPAEMbIE TECTOBbIE NOCNE-
[0BaTENbHOCT, CopepxalLe 0 80 AeicTBHiA. 3T0 NO3BOASET NIETKO
MPOBEPUTb INEMEHT, MOAYNb NI YCTPOICTBO BO BCEM IKCMAyaTaLM-
OHHOM /IanasoHe.

« (xema 06paTHOT0 CYUTBIBAHMA HANPAXKEHUA HA HaTy3Ke YCTpaHAeT &.
BNUAHNE NaZieHNA HANPAXKEHNUA HA COBAVHUTENbHDBIX MPOBOZAX NCTOY- € E_;—TL
HUKa NuTaHus, 6naropapsa yemy obecneynBaeTca noaaua 3afiaHHoro
HanpsXeHUA Ha Harpy3Ky (TecTupyemoe ycTpoiACTBO).

3aHAA NnaHenb UCTOYHMKA NuTaHNA cepun 2200.

Keithley « U3mepeHns n TectupoBaHme « CnpaBoYHMK NO NPOAYKLUM
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NCTOYHUKN NOCTOAHHOIO TOKA U HANPAXEHWUA

UcTouHuKN, onTMN3nNpoBaHHbIE ANA BbICOKOCKOPOCTHOro TeCTUpOoBaHNA
NOPTAaTUBHbIX yCTPOI‘/'ICTB C aKKYMYJIATOPHDbIM NTaHNEM

Mozenb 2308: muTaTop akKyMynATOPOB 1 3apPA/HDIX YCTPOIACTB NOPTATUBHbIX NPUOOPOB

KEITHLEY

N = ()

7308 PORTABLE DEVICE BATTERY CHARGER SIMULATOR A o 3,
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[1ByXKaHanbHblii UMUTATOP aKKyMYNATOPOB M 3apAAHbIX YCTPOICTB Mogeny 2308 — 370 cnewn-
QNM3MPOBAHHDII UCTOYHUK NUTaHWA, NPeAHA3HAYeHHbIR ANA TECTUPOBAHMA MOBUNbHBIX Tene-
$OHOB 1 ApYruX paboTaloLLuX OT aKKYMYNATOPOB NOPTATUBHBIX YCTPOICTB 11 PAAMO3NIEMEHTOB.
Mogenb 2308 ABnAeTCA 3aKOHYEHHBIM peLLeHneM ANA NOAaUM MUTAHNA K NOPTAaTUBHBIM YCTPOIA-
CTBaM 11 U3MepeHuA TOKa NOZ Harpy3Koii v MMeeT B KaHana, OANH U3 KOTOPbIX ONTUMU3NPOBAH
ANA UMUTaLMK aKKyMynATOpHoIi 6aTapw, a BTOPOIA — ANA NMUTALMM 33PAFHOTO YCTPOIACTBA. ITO
YNpOLLAeT BbINOMHeHVe TECTOBbIX ONepaLiuii, TaKuX Kak Nofaya perynupyemoro HanpaxeHua K
MOpTaTUBHOMY TeCTUPYeMOMY YCTPOIACTBY, U3MepeHie NoTpebnaemMoro UM ToKa, onpe/ienexne
06LLeit noTpebnaemoil MOLLHOCTI (AnA pacyeTa cpoka cnybbl 6atapem) u npoBepka Lenu nog-
3apAaKN. Hixke nepeyncneHbl HeCKONbKO (YHKLMOHaNbHbIX BO3MOXKHOCTE, KOTOPbIe N03BOAAIT
MaKCMManbHO YBENNYUTb BbIXOZ NPOAYKLIMY 1 M36€XKaTb JIOXKHbIX 0TKa30B.

« TlonpepaHue cTabUNbHOTO NOCTOAHHOTO MUTAIOLLETO HANPSXKEHUA B Nt0BBIX YCNOBUAX, B TOM
uncne Npu 6obLLMX U3MEHEHUAX TOKA HarPy3Ky, KOrAa TecTpyemoe YCTPOicTBO NouTH
MrHOBEHHO NEPEXOAMT U3 PEXMMA CHA UNN OXIBAHNA B COCTOAHUE NEPeSaym Ha NONHoi
MOLLHOCTH.

+ Hanuuve yeTblpex AMana3oHoB TOKa npu YyBCTBUTENbHOCTU 10 100 HA anA TOuHOrO nimepe-
HUA TOKOB OT HECKONbKIX MUKpPOamnep Ao 5A.

+ BbinonHeHme GbICTpbIX M3MEPEHNii TOKOB Harpy3KM, B TOM YMciie y3KNX MMMYIbCOB TOKA
LAMTENbHOCTBIO BANOTb A0 50 MKC.
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+ CneunannsnpoBaHHbIN fBYXKaHaNbHbIN
VCTOYHMK NUTAHUA ANA Pa3paboTKm U TecTu-
POBaHNA NOPTATUBHBIX YCTPOWCTB C aBTOHOM-
HbIM MUTaHKEM.

WckniountenbHO GbICTPbIN OTKMK Ha
MMNYNbCHOE N3MEHEeHNe ConpoTHBIe-
HUA HarpysKu.

ONTUMU3NPOBAHHDIN MO GbICTPOAEICTBUID
Habop KoMaHp ANA COKpaLLeHNA BpeMeH
TeCTMpOBaHMA.

Perynupyemoe BbIXOgHO€ CONPOTUBIIEHNE
ANA MOfEeNNPOoBaHUA GaKTNUYECKOro OTKAN-
Ka GaTapen.

MopenupoBaHue pa3psKeHHOro akKyMyns-
TOpa C BbIXOAHbIM TOKOM 10 3 A ANiA TeCTMpO-
BaHUA 3P PEKTUBHOCTM CXEMbI yNpaBieHNA
noasapsAaKon.

Bropoi KaHan gna mogennpoBaHmna 3apAagHo-
ro ycTpoiicTBa.

I/I3mepeHv|ﬂ NMUKOBOIro MMNYNbCHOTO, CpeaHe-
ro N NOCTOAHHOIO TOKa.

YyBCTBUTENbHOCTb M3MepeHus ToKa 100 HA.

AHanoroBbii BbIXOA ANs PErucTpauuy 1 aHa-
nu3a Gopmbl TOKa Harpysku.

lpuHapnexHocTh, BXoAsAwe B KOMNIEKT NOCTaBKM:
(S-846 — 0TBETHbIE KNEMMbI 151 BbIXOLHbIX Pa3beMOB;

(D c goKkymeHTauueli.

1, &

F‘.t

5

3aaHAs naHenb mogenu 2308
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NCTOYHUKN NOCTOAHHOIO TOKA U HANPAXEHUA

TECTI/IPOBaHI/Ie I/I3AEJ1I/II7I C aKKYMYNIATOPHbIM NTaHNEM B YCN10BUAX,
MaKCMaJ1IbHO I1p|/|6!1I/I)KEHHbIX K peéa/ibHbIM

WmuTarop akkymynatopos mogenu 2302 u MUTaTopbl aKKYMyNATOPOB
W 3apAaHbIX YCTPOIACTB Mogeni 2306

+ WckniountenbHo GbICTpbIi OTKIIMK Ha Nepe-
najpbl TOKa HarpysKu.

BO3MOXHOCTb BbIGOPA O[HO- UNW ABYXKa-
HaNbHOrO NCTOYHMKA NUTAHNA,

Perynupyemoe BbIXOAHOE CONPOTMBAEHUE
INA MOAeNUpPOoBaHNA OTKNNKa 6aTapen.
BHewwHWiA 3anycK Ans 6bICTPOro NowWaroBoro
M3MeHeHunAa HanpskeHus (mogenb 2306-VS).

[lnana3oH uMNynbcHbIX TOKOB A0 500 MA
(mopenb 2306-PJ).

M3mepeHnA NMKOBOro MMNYNbCHOTO, CpefHe-
ro 1 6a3oBoro ToKa.

YyBCTBUTENIbHOCTb U3MEPEHNA NOCTOAHHOTO
ToKa 100 HA.

MoTtpebneHne Toka fo 3 A, BbIXOAHOM
OniHOKaHaNbHbIil UMUTATOP aKKYMYNATOPHbIX 6aTapeii Mosenu TOK A0 5 A.
2302 1 ABYXKaHaIbHbIIl IMUTATOP aKKYMYNATOPHHbIX 6aTapeii 1
3apAIHBIX YCTPOIACTB Mogen 2306 ABAAIOTCA UaeanbHbIMM NPUGOPaMu ANS Npo- OGHapy»eHue pasoMKHY ThiX M3MepuTenb-
W3BOACTBEHHDIX UCMbITAHUI NOPTATUBHDBIX U3AeNNIA C aKKYMYNATOPHBIM NUTaHNEM, B HbIX MPOBOAHNKOB.

YaCTHOCTK, TeNeKOMMYHUKALNOHHbIX y(TpOVI(TB. lickmounTenbHo 6bI(Tpaﬂ ANHaMnyeckan
peakuua 1 BO3SMOXHOCTb peryanpoBaHuaA BbIXOLAHOr0 CONPOTUBNEHNA obecneymBaiot aKcnny-
aTaUWoHHbIe NapameTpbl U NOBeJeHIE UCTOYHIKA, NEHTUYHbIE HACTOALLIUM aKKYMYNATOPaM.
370 1aeT BO3MOMHOCTb UCMbITbIBATH nopTaTuBHble yCTpOl7ICTBa B y(J10BUAX, MaKCUMaJIbHO

+ BcTpoeHHbIil undpoBoii BonbTMETp.

MPUONUKEHHDIX K YCUI0BUAM IKCMTyaTaLluk U YCTPAHUTB NOXKHbIE 0TKa3bl, XapakTepHble npy MpuhapnenHocT, BXOAALLME B KOMN/IEKT NOCTaBKK:
UCNONb30BaHUY TPAANLIMOHHBIX UCTOYHUKOB MUTAHUA C MeANIEHHOI AMHAMIYECKOV peakLueit. DYKOBOACTBO 110 3KCTTyaTaLuy v TeXHUYECKOMY
Perynupyemoe BbIX0HOE CONPOTUBNEHUE N03BONAET UMUTUPOBATL PaboTy aKKYMyNATOPOB pas- 06cyxMBaHuI0;

NINYHBIX TUMOB, @ TaKe akKyMyNATOPOB B KOHLe cpoka cnyx6bl. Mogenu 2302 n 2306 obecne-
YMBAIOT CAMY'0 BbICOKYH0 NPOU3BOAMTENBHOCT, MAaKCUMANbHO YNPOLLA CUCTEMbI TECTUPOBAHUA
6naropapa TOMY, 4TO 3T! NPUBOPbI MOTYT U3MEPATH Kak NOCTOAHHIIA, TaK 1 UMIYALCHbI TOK.

(S-846 — 0TBETHbIE KNEMMb 1A BbIXOAHbBIX pa3bemoB.
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3agHAs naHenb mogenu 2306
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NCTOYHUKN NOCTOAHHOIO TOKA U HANPAXEHWUA

BbICTpaﬂ ANHaMnyecCKan peakuns
Ha NU3MEHAIOLLYI0CA Harpy3Ky

bbiCTpoaeicTBYIOLLME NCTOYHUKI NUTaHNA Mogenen 2303 n 2304A
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WcTounmkn nutanua mogenei 2303 (45 Br) u 2304A (100 Br) obecneunsalot perynupoBKy Hanps-
KEHUA U MOHUTOPYUHI MOLLHOCTI 414 aBTOMATUYECKOro TECTUPOBAHIA NOPTATUBHBIX YCTPOACTB C
aKKyMyNATOPHbIM NUTaHNeM. BbIXoHOI TOK 060MX UCTOUHMKOB COCTaBNAET 5 A, uT0 N03BONAET C
3anacom yA0BNeTBOPUTb NOTPEOHOCTH pa3paboTuiKoB NOPTATUBHBIX YCTPOICTB. Paspeluenme 100 HA
(10 kA y mogenu 2303-PJ) no3BonAET TOUHO KOHTPONMPOBATL TOKM B PEXXMME 0KIZAHUA C OCHOBHOIA
norpewuHocTbio 0,2%. bbicTpas AnHamuyeckas peakuyua obecneynBaeT UMUTALMIO aKKyMynATOpa,
MpV 3TOM BPeM# YCTaHOBNEHNA HaNpAXeH!A Ha 3aJaHHOM yPOBHe € norpeLuHocTbio 100 mB He npe-
BbilUaeT 40 mkc. CnocobHOCTb 3TMX NpUBOPOB paccenBaTh TOK Ha BHYTPeHHEM CONPOTUBAEHUH N03B0-
NAET M IMUTVPOBATb XapaKTePUCTUKIN Pa3PAXKEHHOTO aKKyMYNATOPa ANA TeCTUPOBAHUA 3apARHBIX
YCTPOMCTB 1 OTHOCALLMXCA K HUM SNEKTPUUECKIX Lieneid. [ToMUMO 3MepeHs NOCTOAHHOTO TOKa, 3T
NCTOYHUKI NO3BONANT M3MEPATb UMMYbCbl TOKA ANUTENbHOCTbI0 0T 60 MKC A0 833 mc. Mogynb anc

+ ONTUMU3NPOBaHbI ANs TECTUPOBAHMA
YCTPOWACTB C aKKYMYNATOPHBIM NMUTaHNEM.

+ WckniountenbHo 6bICTpa'i| AWHaMn4yeckKaAa
peakuyua Ha U3MeHeHue Harpysku.

+ BbixogHOI TOK B HenpepbIBHOM pexume 5 A.

+ VI3mepeHns NMKOBOro MMNYNbCHOTO, CpefiHe-
ro 1 MOCTOSAAHHOTO TOKa.
YyBCTBUTENBHOCTb M3MEPEHUA NOCTOAHHOTO
ToKa 100 HA.
MOZEJb 2304A:
BbIXoAHaA MoLiHocTb 100 BT (20 B npu 5 A);
paccesiHue Toka Ao 3 A Ha BHyTPeHHeM
CONpOTUBNEHNN.
MOZAENb 2303:
BbIXOfjHas MOLWHOCTL 45 BT (15B npn 3 A,
9B npu5A);
paccesHue Toka Ao 2 A Ha BHyTpeHHeM
CONpOTUBAEHUN.

I'Ipuuanne»(uocm, BXoasdALue B KOMMIEKT NOCTaBKK:

PYKOBOACTBO N0 IKCAYaTAL N U TeXHUYECKOMY
00CNyXMBaHMIO;

(S-846 — 0TBETHbIE KNEMMbl A1A BbIXOAHBIX Pa3beMOB.

TaHLWOHHOTO ynpaBnieHua n 0T06pa)KeHV|ﬂ (npmo6pETaeTcn LONONHUTENbHO) N03BONAET YCTaHOBUTb
@am ﬂpl/l60p BHe N0/A 3peHua. Bxogpl LWI(I)pOBOFO BONbTMETPA Aal0T BO3MOXHOCTb 0601M MCTOYHM-
Kam U3MepATb n 0T06pa)KaTb NOCTOAHHbIE HAaNpPAXEHUA B nto6oii Touke U3MepuTeNbHON CMCTEMBI,
4TO NO3BOJNIAET COKPATUTL PACX0Abl U (GKOHOMUTL MeCTo, HeobxopuMble B nyyae I'IpVIOﬁpeTEHI/Iﬂ

0TAeNbHOro LlVId)pOBOI'O MynbTUMETpa.
r \ e i
e A
HII ) === |
o - ——~
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3aaHas naHenb mogenu 2304A
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TecTpoBaHmMe ONTO3NEKTPOHHbIX YCTPOUCTB

Komnanus Keithley npepnaraet wpokmii BbIGop CpeACTB U3MepeHnil AnA cneundnuHbIX 334a4 ONTO3NEKTPOHHOI NPOMBILLNEHHOCTH. ITO yHUBEP-
CalibHble BbICOKOUYBCTBUTENbHbIE NPUOOPBI, MCTOUHIKIA-U3MEDUTENN 1 CTIELMATIbHbIE CPECTBA U3MEPEHNS 115 ONTO3NIEKTPOHMUKIL.

TexHnuyeckaa nHpopmauyusa

CpaBHUTeNbHaA Tabnuua annapatypbl AN TECTUPOBaHUA
OMNTO3/IEKTPOHHbIX YCTPOWMCTB

Cucrembl ANA NSMEPEHNA BaTT-aMIMEPHbIX N BOJIbTaMIMEPHbIX XapakTePUCTUK
(LIV)

EAnHCcTBeHHaA B oTpacnu cuctema AnsA UsmepeHua BaTtr-aMmnepHbIX
1 BO/IbTaMmnepHbIX xapaktepuctuk (LIV) B umnynbcHOM pexnme
Cc TepmocTabunusaunen

Cuctema TeCTMPOBaHMA MMNYNbCHbBIX fla3epPHbIX ANOA0B Mmogenu 2520

CpeacTBo N3mepeHus oNTUYECKON MOLHOCTY B UMNYJIbCHOM peXxnme

LLlapoBow nHTerpupytowmin dotometp mogenu 2520INT ana umnynbCHbIX
N3MepeHni

Cucrema Tepmoctabununsaumm TeCTMpyemMoro ycTponcrea
VictouHnk-nsmeputens mogenn 2510-AT TEC

CpeAcTBO N3MepeHUs ONTNYECKON MOLLHOCTY B HenpepbiBHOM
pexume

LLlaposow nHTerpupytowmn gotometp mogenm 2500INT

LLinpokodyHKLMOHaNbHasA CUCTEMa TECTMPOBaHUA NNa3epHbIX ANOAO0B

Cuctema System 25 anda n3mepeHnsa BaTT-aMnepTHbIX U BOSIbTaMMNEPHbIX
xapaktepuctuk (LIV) naszepHbix Anoaos

MpuHagneXxHoCTU AnA yao6CcTBa TECTUPOBaHUA Nla3epPHbIX ANOA0B
Mogynu KpenneHuna nasepHbix ANOJ0B

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
KEITHLEY

A Tektronix Company
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TexHn4eckas uHpopmauua

[ina nsmepeHna xapaktepucTnk
aKTUBHbBIX ONTO/IEKTPOHHbIX
YCTPOWICTB HEJOCTATOYHO TOJIbKO
NCTOYHMKA TOKa

Mpamoe L

HanpaeHme
(V).

Tok s
BCTPOEHHOTO

eTekTopa (1)), A dud ¢
B
biX0HaA Vi

onTiyeckas
MOLLHOCTD
(L), mBr

TectupoBanue
Ha neperv6ol
(dL/dl)

Mpamo’ii Tok (1,), MA

Puc. 1. Knaccyeckune xapakTepucTiki nonynpoBoAHUKO-
BbIX la3epHbIX ANOAOB.

AKTUBHblE ONTOINIEKTPOHHbIE NPUBOPbI NOCTPOEHDI Ha CTaH-
LapTHbIX NOAYNPOBOAHMKOBbIX Nepexofax. [1ns ux nonHoro
TeCTUPOBAHUA TPebyeTCA M3MepeHue NPAMbIX 1 00paTHbIX
BO/IbT-aMMepHbIX XapakTepucTuk. XoTa 0bbluHble Apaiisepbl
Na3epHbIX AMOLOB YCNELUHO MCMIONb3YIOTCA B ONTUYECKNX Nabo-
paTopuAX B KauecTBe NCTOYHUKOB TOKA HaKAuKI, OHIN He Nop-
XOAAT ANA KOMNNEKCHOT0 aHanu3a STuX NonynpoBOAHNKOBbIX
ycTpoiicTB. UcTounuku-usmeputenn komnaxum Keithley umeiot
BCe Heo6X0ANMble GYHKLMM GOPMUPOBAHNA CUTHANOB U U3Me-
PEHMWii, ONTUMU3NPOBAHHbIE ANA ONPEAENEHMSA XapaKTEPUCTUK
MoNyNpPOBOAHMKOBBIX YCTPOCTB.

Tectuposatie V,

Tectuposatve |

Tecuposatve V,

Puc. 2. Onpepenenme xapakTepuCTUK NONYNPOBOAHNKOBbIX
nepexopoB TpebyeT n3mepeHus 06paTHOro HanpsxeHNs
npo6os (Vy), Toka yTeuku (I,) n npamoro HanpsxeHus (V).

OnpezeneHvie NonHoro Habopa xapakTepuCTUK aKTUBHBIX
OMTO3NEKTPOHHbIX YCTPOICTB TpebyeT NpUnoxeHNs Kak
NPAMBIX, TaK M 06paTHbIX TOKOB U1 HanpsxeHuii. Hanpumep,

TecTupoBaHue 06paTHOro HanpsXeHus Npobos TpebyeT Bo
BPEMA U3MEPEHNA HaNpPAXKeHNA N0AaUM 04eHb MANOro, TOYHO
3apiaHHoro o6patHoro Toka (10 HA). OrpaHuueHue no ToKy Tk
NpeoTBpALLAET HeobpaTUMOe NOBPEX eHNe YCTPOIACTBA, B
T0 e BpeMA NM03B0JAA TOYHO U3MEPUTb HaNpsXeHNe Npobos.
3Han HanpaxeHue Npobos, MOXHO BO BPEMA U3MepeHus Toka
YTEUKM NPUNOXMUTb 06paTHOE CMELLIEHIE, KOTOPOE He NoBpe-
LT YCTPOICTBO. 3HaUeHMe TOKa YTEUKH YacTo UCoNb3ykT Ana
JOMYCKa YCTPOACTBA K AANbHEMLIUM UCTIBITAHUAM.

l'|9TblFIEXKBalllpaHTHail BbIXOAHaA
XapaKTepuctnka NCToOYHNKa

>

g +100MA

+1A

2008 -208 +208 +2008
| | |

— —100mA

— He HIDKe 3a1aHHOM

=1A

Puc. 3. Mopenb 2400 no3sonAeT npuknagbisath Hanpsaxe-
HIe 1 NofaBaTh UM paccenBatb TOK. [lpyriie NCTOYHNKN-
M3MepUTENN UMEIOT PasNnyHble AnanasoHbl, 0becneynsas
OYeHb LWNPOKMe AUHaMNYecKne AuanasoHbl: ot 1 MKA fo 5 A
not 200 mB go 1000 B.

VlcTounHmMKn-n3mepuTenu couetaiot B cebe Npeum3noHHble
CTOYHUKM, paboTaloLLme B YeTbIpex KBaApaHTax (cM. puc. 3) u
CpencTBa U3mMepeHua. [lnanasoHbl ICTOYHUKOB U U3MepuTeneii
06ecneurnBaioT 0ueHb LIMPOKIE AUHAMUYECKNE AMANA30HbI:

ot 1 MKA 0 5 Au ot 200 MB ao 1000 B. Takue wiupokue anHa-
MIYECKHe Mana3oHbl NO3BOAKT TECTUPOBATD Pa3HO0Opa3-
Hble YCTPOICTBA OT MaNOMOLLHbIX N1a3epHbIX Auof0B Ha AlGaAs
10 N1ABUHHDIX KDEMHMEBbIX (GOTOAMOZOB.

Amnepuierp .

Bonsrwerp/Kourpons
HAPAAEHNS Ha Karpy3Ke

BuiXOZHOE HANAKEHHE By /B, HI

Hanpsixetine naTy  Usw. Hi

Werounik

"~ [ ]

Hanpmeine ka Ty Uaw. LO

BoiogHoe
HanpAKeHie

Bx./Bbix. LO

Puc. 4. B pexxuime UCTOYHIKA TOKa NCTOYHUK-N3MepUTENb
nopiaeT ToK, U3MepAA Npu 3ToM HanpsaxeHue. MsmepeHne
HanpAXeHNA Ha TECTMPYEMOM YCTPOICTBE rapaHTUPYET, 4To
3a/jaHHOe NOPOroBoe HanpsXeHNe He GyfieT npeBbiLLeHo.

BuXoZHOE HanpAKeHHE gy /B, HI

AvinepMeTp/cooTercrame ‘

Wcrounmk
Toka

HanpaxenveaTy  Vsm. HI

Bonbverp

[ ]

06parias 8735 A1 NOACTPOTK

U LB E D Hanpmneneraly. _iaw. L0

Buixogoe
Hanpeiie

Bx./Bbix. LO

Puc. 5. B pexunme NCTOYHNKA HaNPAXKEHNA NCTOYHUK-N3Me-
puTenb NPUKNapbiBaeT HaNpAXeHe 1 M3MepseT ToK. Mame-
peHue HaNPsXeHNUA Ha TECTUPYEMOM YCTPOIICTBE rapaHTu-
PYeT NPUNOXKEHNE K HEMY XeNaemMoro HanpaxeHNs.

MpoBepKa NoAKNIOYEHNA YCTPONCTBA

Bce nctounmku-usmeputenu cepun 2400 moryT 6biTb
ZIOMONHUTESNIBHO OCHALLEHbI (YHKLMEN NPOBEPKI KOHTAKTOB,
KoTopas nepej noJayeil NUTaHUA Ha TeCTUpyemoe YCTPOiCTBO
WY Nepes BbINONHEHMEM U3MEPUTENbHON NOCei0BaTE b-
HOCTV @BTOMATUYECKIN NPOBEPAET KAUeCTBO BCEX KOHTAKTOB
U3MepUTENbHBbIX Leneil. Ha puc. 6 nokasax ciyyaii, koraa
npoBepKa KOHTaKToB 06Hapy»una o6pbIB B Lieny n3mepeHua
HanpaxeHua Ha TecTupyemom yctpoiicTae. Mpu 06pbiBe 370l
Lienv u3mepeHue NajieHNa HaNPAXeHNA Ha Harpy3ke U, C0oT-
BETCTBEHHO, NPOXOKAEHIE TeCTa 6bII0 Obl HEBO3MOXHO.

GUARD
Tear

npoiizien

[T Vam. GUARD

Awnepmetp KOHTAKTOB (350 MKC)

Bx./Bbix. HI

M3m. HI

BonbTmerp.

Ucrousnk
WanpaxeHn (RononkuTenbHo)
Wm0k Yo L0

fa
Bx./Bbix. LO I

v

Puic. 6. DyHKLMA NPOBEPKI KOHTAKTOB Nepes Havanom
TECTUPOBAHWSA NPOBEPSAET KAYECTBO KOHTAKTOB NUTAIOLYMX,
13MePUTENbHBIX 1 OXPaHHbIX Lieneil ¢ TeCTUPYeMbIM YCTPOil-
CTBOM.

Msmepel-wle HanpAXeHWA Ha
TecTupyemom YCTPOI‘/'ICTBE

VlcTouHuKI-M3mMepuTen NO3BONAIOT UCMONb30BATh ANA U3Me-
PeHuii ABYX- WA YeTbIPeXNpOBOAHYH CXeMy coeauHeruil. [pu
[ABYXNPOBOAHOI CXxeMe 1A N3MepeHN HanpsAXeHna 1 nogaun
MUTaHNA NCNONb3YKTCA OAH 1 Te e COeIMHUTENbHbIE Npo-
BOA\Q, kaK NOKa3aHo Ha puc. 7a. Mpy nogaye 60bLUnX TOKOB
najieHue HaNpAXeHNA Ha CoeIMHNTENbHbIX NPOBO/AX CTaHO-
BUTCA CYLLLECTBEHHBIM N10 OTHOLLEHMIO K NPAMOMY NaZeHuto
HanpaXeHNa Ha TeCTUPYeMOM yCTPOVCTBe.

KEITHLEY

A Tektronix Company
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Bbix. M3m.
HI HI
+
WcTouHmK-usmeputens \ 4 N
BN
Bbix. W3m.
L0 L0
Puc. 7a. [iByxnpoBogHble n3mepeHus
Bbix. M3m.
HI HI
+
WcTounmnk-usmeputenb N
-\
Bbix. M3m.
L0 L0

Puc. 76. YeTbipexnpoBogHble n3mepeHus (cxema KenbsuHa)

Mpy YeTbIpeXNPOBOAHBIX N3MepeHAX ANA U3MepeHna naje-
HUA HANPAXKEHWA HA TeCTUPYEMOM YCTPOICTBE UCNOMb3YI0TCA
CnewyanbHble U3MepuTebHbIe NPOBOAHMKM. [TockonbKy Lenb
13MepeHUA HanpAXeHUA MMeeT 04eHb BbICOKOE BXOAHOR
CONPOTUBNEHME, TOK Yepe3 COeAVHUTENbHbIE TPOBOAHUKN
npexebpexumo man. OMuyeckoe najeHne HanpAXKeHUA Ha
COeMHUTeNbHbIX IPOBOAAAX BO BPEMA U3MepeHUs CoCTaBnAeT
Upe3BblYaitHO Manylo AONI0 HANPAXKEHNUA HA TeCTUPYEMOM
YCTpoiACTBe.

HcTouHk WsnmepHTen
Boix. HI

A
Guard

HUKa HanpsxeHus (cM. puc. 8). Manas pasHoCTb NoTeHwManos
MEX 1y BbIXOJOM MCTOYHIKA HANPAXKEHNS 1 OXPAHHbIM NEK-
TPOAOM HEMTPaNU3yeT BO3MOXKHbIE MyTU yTeUKM. ITOT METOA
Tpe6yerT npuMeHeHus 0NONHUTENbHOT0 MHCTPYMEHTANBHOTO
YCUUTENA, KOTOPbIiA NOAAEPXKMBAET NOTEHLMAN OXPAHHOTO
3NeKTPO/IA Ha YPOBHE NOTEHLIMANA UCTOYHIKA HAMPSAKEHNA I
MEET 0CTaTOYHbIiA BLIXOAHOI TOK 4151 KOMNEHCALMM Nto6bIx
TOKOB YTEUKM Ha 3eMJTH0.

B03MOXHOCTb NPOrpaMMUpOBaHNA
ycnoBuii OpMMpPOBaHNA CUTHANOB
3anycka

B TpaauumoHHbIX npubopax 06bIYHO MCNONb3yeTCA NpocTan
B3aNMOCBA3b MeX/Y BXOJHbIMY 1 BbIXOAHBIMU CUTHaNaMm
3anycka. B 37om cnyyae pa3paboTumky NpUXoAMTCA pelatb
CNOXHYI0 337134y CHHXPOHI3ALMN Pa3NUYHBIX NPUGOPOB.
MpocTble BXOAHbIE U BLIXOAHbIE CUTHANbI 3aMycka YacTo He
M03BONAIOT YUUTHIBATb Pa3HULIbI B NOBEAEHINN NPUOOPOB UK
CUHXPOHU3UPOBATb HECKONbKO MpubopoB. Ha puc. 9 nokasaHa
(XeMa 3aMycKa, UCob3yHLAACA B 60NbLUIMHCTBE U3MepU-
TeNbHbIX NPUOOPOB iNA ONTOINEKTPOHHBIX YCTPOIACTB.

Bxoawoit Onepauvia u3MepuTeNbHoro npubopa BbixoaHoit
CUrHan — (cumTbiBaHue otcyeta ALIM, > (UrHan
3anycka KOMMYTaLWA KaHana u 1.n.) 3anycka

Puc. 9. TunoBas cxema B3aMMOAEICTBIA BXOAHOTO 1 BbIXOA-
HOro CUrHanoB 3anycka

B npubopax cepun 2400 n3mepuTeNnbHbIii LKA pa3feneH Ha
TPU YaCTH, KaK MoKa3aHo Ha puc. 10. 310 dpa3a noaum nutaHua
S, baza 3azepxku D u ¢pasa u3mepenua M, Ha3biBaeMble TaKxe
umknom SDM. Mopenb 3anycka, ucnonb3yemas B npubopax
cepun 2400, no3BonsAeT 3anporpaMmMuUpoBaTh Kax Ayt dpasy
SDM umKna Takum 06pazom, utobbl 0Ha Mora GbITb 3anyLueHa
BXOAHbIM cUrHanom. lpubop MoxHo 3anporpammupoBatb i
Takum 06pazom, utobbl 3aBepLLeHme Nboii hasbl hopmupo-
BaNo BbIXOAHOI CUrHanN 3amycka.

B oTnuume oT MHOTIX NPUGOPOB, MMEIOLLNX OANH BXOAHOI
11 OMIH BBIXOZHOI CUTHAN 3anycKa, B npnbopax cepun 2400
1CNoNb3yeTca WiHa 3anycka Trigger Link.

Merannuueckas nnactiia
Nepen _
nopayeit Mepen Mepen
Boix L0 D7 NMTaHUA  3aAepXKOi  U3Mepenvem BxoaHble curkansl
3anycka npubopos
cepum 2400
Puc. 8. Cxema 0XpaHHOr0 SKpaHNPOBaHNA NOAAEPXKMBAET ] S , D mMm
l0Aa4a NUTaHA anepxKa
NOTeHLMan OXPaHHOTo ANEKTPOAA PaBHbIM NOTeHLMany e _
3NeKTPOAa “BbIX0A, BbICOKNI NOTEHLMan» BbIX0AHbIE CHTHAbI
3aMycka npubopos
Mocne Mocne Nocne cepun 2400
|/|3M6peHl/Iil MaJiblX TOKOB Sonaw  sanenus —J

TPEGYIOT AKTUBHOro OXpaHHOro
3KpaHNpoBaHuA

Wcnonb3ytoLieeca ToIbKO B NPEUN3UOHHOM U3MEPUTENbHOM
060pyn0BaHIM AKTUBHOE OXPAHHOE IKPAHUPOBAHUE MUHUMM-
3UPYeT PasHOCTb MOTEHLIANIOB MEX/1Y METANMYECKIMM fieTa-
NAMU iepXaTeNs u3mepsemMoro 06pasua i BbIXoA0M UCTOY-

Puc. 10. Cxema BXOAHbIX 1 BbIXOBHBIX CUTHA/IOB 3anycka npu-
6opos cepum 2400

TouHoe U3mMepeHue XxapaKTepPUCTUK aKTUBHBIX ONTO3NEKTPOH-
HbIX 3/1eMEHTOB YacTo Tpe6yeT COBMECTHOIA paﬁOTbI HecKonb-
Kix npu6opos. Hanpumep, Aga npubopa cepum 2400 moryT

UCNONb30BaTHCA COBMECTHO: OANH UCTOUHMK-U3MepUTENb
UCNoNb3yeTcA ANA NUTaHUA YCTPOICTBA, a BTOpoii npubop,
NOAKMIOYEHHDI K GOTOAUOAY, — ANA PETUCTPALIMU ONTUYECKO-
T0 OTKNMKa aKTUBHOTO YCTpoiicTBa. Ha puc. 11 nokasakbl Aa
npubopa cepuy 2400, paboTaloLLiue CUHXPOHHO ANA U3MepeHNs
XapaKTepUCTUK CBETORMOAA.

Mpubop Ne 1 cepum 2400

(cBeTopuon)
3ANYCK

TRIG:INP SENS
Line #1
A 4

S |D M

TRIG:OUTP SOUR
{ Line #2

Tpu6op N° 2 cepum 2400 (poToavos)

TRIG:INP SOUR
Line #2

S |D M

TRIG:0UTP DEL
Line#1 Y

Y

Puc. 11. Curnanbi 3anycka uvkna SDM npu cuHxpoHn3aLmm
ABYX npubopos cepuu 2400.

Kak BugHo Ha puc. 11, BXOAHOIA U BbIXOAHOI CUTHAMbI 3aNycKa
(BA3aHbI ¢ pa3nnyHbiMu $azamu umkna SDM, utobbl obecne-
4NTb 0ZHOBPEMEHHOE BbINONHEHE U3MepeHuii napameTpoB
(WA v oToamnoaa. Takoil e METOL MOXKHO MCTIONb30BaTb,
yT06bI rapaHTMPOBaTb 3aBepLLUeHIe MPOLIECCa yCTaHOBNEHNA
BbIXOAHOrO TOKA Nepef BbiNONHEHNeM U3MepeHuii OnTuYecko-
ro CNeKTPa C NOMOLLbIO AONONHUTENbHOTO Npubopa.

MonHas 3awuTa TecTUpyemoro
ycTpoiicTBa

Jawuta TecTupyemoro yCTpOVICTBa —nepBooyepeHan 3afava
npu TeCTMPOBaHUN ONTO3/IEKTPOHHbIX y(TpOVI(TB. cTounuku-
U3mMepuTenn ngeanbHo I'IpMCﬂOCOﬁJ'IeHbI ANA C03/aHunA 6e3-
OMACHBIX 3/1eKTPUYECKNX CXeM TeCTUPOBAHNA YYBCTBUTENbHbIX
AKTUBHbIX ONTO3NIEKTPOHHbIX y(TpOVICTB.

+ B 06bIYHOM pexxume OTKNIOUEHHOT0 BbIXOAHOTO CUrHaNa
HanpsXeHue Ha BLIXOAHBIX Knemmax copacbiBaeTca o
HynA. 3Ta onepauma pa3paxaer TeCTUpyemoe ycTpoiicTBo 1,
yT0 60nee BaXHO, 0BecneynBaeT PaBeHCTBO HyNIo SHEPriK,
3aNaceHHoIA B MHAYKTUBHOCTY COBANHUTENbHBIX POBOOB.
CKopoCTblo pa3pAAa MOXHO YNpaBAATL NyTeM yCTaHOBKY
HY>XHOTO IMana3oHa NCTOYHMKA HanpsxeHus. 3To obe-
cneynaet bonee 6naronpuATHbIA pexum paboTbl, yem
UCNONb30BaHMe 3aKOPauMBAKLLNX Pene B TPAANLIMOHHBIX
(XeMax ynpaBeHuA Na3epHbIMI N0AAMM.

. MCTOHHMKM-M3MEpMTEJ’IM obecneunBaioT 3ajaHue HYXHOro
najeHnA Hanpa)eHua, Bbl60p [inanasoHa and 3aflaHua
NajeHNA HanpAXeHUA, 4To rapaHTUPYeT 3aLluTy ncnbl-
TbIBaeMoro y(TpOVI(TBa 0T neperpy3ok no ToKy unu no
HanpAXeHuio.

« QyHKLMA NPOBEPKI KauecTBa KOHTAKTOB M03BONAET Nepes
nofiaveil IUTaHUA Ha TeCTUPYEMOe YCTPOVCTBO YoeauTbeA
B TOM, YTO BCE COBAVHUTENbHBIE POBOZA UMEIOT X0OLLIUiA
IMNEKTPUYECKMiT KOHTAKT C YCTPOIICTBOM.

CnepyeT 0TMETUTb, YTO B UCTOYHNKAX-U3MePUTENAX KOMNaHUK
Keithley ncnonb3oBaH MHoroneTHuii OMbIT TeCTUPOBaHMA
NoNyNPOBOAHIKOBBIX JNEMEHTOB 1 MPELIM3UOHHbIX N3MepeHuii
XapaKTepUCTUK HaMHOTo bonee YyBCTBUTENbHBIX YCTPONCTB,
YeM aKTUBHDIE ONTO3NEKTPOHHbBIE KOMMOHEHTbI.

Keithley « U3smepeHus n TecTupoBaHue « CNpaBOYHMK NO NPOAYKLUM
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CpaBHUTeNnbHasA Tabnuuya annaparypbl A1 TECTUPOBaHIA ONTOEKTPOHHbIX
YCTPONCTB

Cuctembl ANA N3MepeHNs BaTT-aMNepHbIX U BONIbTaMMepHbIX XapakTepncTuk (LIV)

2602A 2612A Cucrema 25 2520
Makc. Mutarowunit Tok 3 AHenpep./10 A B UMNyNbCe Ha KaHan 1,5 AHenpep./10 A B umnynbce Ha KaHan 5A 5A
Pexum ncrounnka HenpepbiBHbIil curHan MmnynbcHbIii/ HenpepbiBHbIil cUrHan HenpepbiBHbIil curHan MMnynbCHbIii/ HenpepbiBHbIiA CUrHan
Konuuecteo kaHanos 1 apaiiBep nasepHoro An0Aa, 1 apaiiBep nasepHoro AN0AQ, 1 ApaiiBep na3epHoro ANOAQ, 1 ApaiiBep na3epHoro ANOAQ,
113mepenme Toka GoToamnoaa 1 u3mepeHue Toka GpoToAM0Aa 1 u3mepeHue Toka GpoToaMoaa 1 u3mepeHue Toka GpoToaMoaa
N3mepeHne onTnYeCcKoi MOLLHOCTU N3mepeHue Toka dpoToguoaa
2502 6487 6485 2635A/2636A
W3MEPEHME TOKA
Or 15 ¢A 20 A 20 A 120 pA
llo 20 MA 20 MA 20 MA 10A
HANPAXKEHWE CMELLEHNA OOTOANOAA 100 B (kaxablii kaHan) 5008 Het 2008
OCHOBHDIE YEPTDI
OnTuYeckas U3MepuTENbHas ronoBKa Cepua 2500INT (Si n Ge) (190-1800 Hm) ~ Cepua 2500INT (Siv Ge) (1901800 Hm)  Cepua 2500INT (Si v Ge) (190-1800 Hm)
Konnyecto kaHanos 2 1 1 1/2
Tun pasbema TpuakcuanbHblii (¢ OXl))aHHbIM 3nekTpo-  TpuakcuanbHblit (¢ OXl))aHHbIM 3NeKTpo- KoakcuanbHbiii (BNC) TpuaKcuanbHblii (C 0XpaHHbIM INEKTPOZOM)
nom oM
BHeLwuHue uHTepeiico! GPIB, RS-232 GPIB, RS-232 GPIB, RS-232 GPIB, RS-232, Ethernet (LXI)

[ paiiBepbl lazepHbIX AUOAOB U NICTOYHUKUN NUTAHUA CBETOANOAOB

6220
2601A 2611A 2401 2420 2440 2520 6221
WUCTOYHUK TOKA
or 5nA 5nA +10nA +500nA +500nA 70 MKA 80 0A
llo 3 AHenp./10 A B umnynb- 1,5AHenp./10 AB um- +1,05A +3A +5A +5A +100 MA
Ce Ha kaHan nynbce Ha KaHan
Pexum Henpep./umMnynbCHbIi Henpep./uMnynbCHbIi Henpep. Henpep. Henpep. Henpep./uMnynbCHbIi Henpep./uMnynbCHbIi
W3MEPEHUE HANPAMEHMA
or 1mKB 1mkB 1MKB 10 MKB 10 MkB 60 MkB 10 HB (c2182A)
Jlo 408 2008 218 608 408 108 100B (c2182A)
OCHOBHbIE 0COGEHHOCTH
Tun pasbema BuHTOBbIE KNeMMbl BuHTOBbIE KNleMMbl LWiTbipeBbie (Tuna LWiTbipeBble (Tuna LTbipesbie (Tvna 10 0m BNC TpuakcuanbHblii (c oxpan-
«BaHaH») «baHaH») «baHaH») HbIM 371eKTPOAOM)
BHetuHme uHTepdeiic! GPIB/RS-232, TSP, GPIB/RS-232, TSP, GPIB/RS-232 GPIB/RS-232 GPIB/RS-232 GPIB/RS-232 GPIB/RS-232, Ethernet
Ethernet (LXI) Ethernet (LXI) (Tonbko Mopens 6221)
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EaunHCcTBEHHanA B oTpacnn cucrtema gna nsmepeHnAa BatT-aMmrnepHbIX

1 BONbTaMmnepHbIX xapakrepuctuk (LIV) B umnynbcHom pexume
6e3 HarpeBa NasepHbIX ANOA0B

(ucTema TeCTMPOBaHNA UMNYNIbCHDBIX
Na3epHbIx AnoaoB mogeni 2520

TouHas CUHXPOHM3ALNA NOAAYN MUTAHUA 1 U3MEPEHUIA

B Mogienn 2520 obecneunBaeT BbICOKYI0 TOUHOCTb axe Npy

TeCTUPOBaHUN UMMYNbCaMit C LWUpHOIA Beero 500 He. Mopenb

2520 no3sonset npoBoauTh U3MepeHue LIV-xapakTepuctuk 1

B UIMMYNbCHOM PeXxuMe Npy ToKe 10 5 A 1 B HenpepbiBHOM I il |
-8

s mona) s o = ' .-"._
i ) o ) e ey '7....:]

pexume npu Toke 4o 1 A. Bo3MoXHOCTb TeCTMPOBaHNA B
UMNYAbCHOM PeXiMe N03BOAAET UCMOAb30BATb 3Ty CUCTEMY

| &
)| —
ANA NPOBEPKY WHPOKOT0 aCCOPTUMEHTA Na3ePHbIX ANOA0B. =

ApxuTekTypa ¢ 6a30BbIM 6710KOM U BLIHOCHOIH UCMbITaTeNbHOI
TONIOBKOV YNyYLLaeT TOYHOCTb M3MEPEHMii B UMMYNbCHOM
pexvme.

+ YnpoujaeT nsmepeHue BaTT-aMnepHbIX 1 BONb-
TamnepHbIX XapaKTepucTuk (LIV-xapakTepucTuk)
nasepHbIX ANOAOB 1O MOHTaa B KOPNYC NACMONb-
30BaHMA aKTUBHOI TepmMoCcTabunmsauum.

+ KomnnekcHoe pelueHne gna nsmepeHus
LIV-xapakTepucTuk Ha ypoBHe Kpuctanna
VAN NAACTUHBI.

+ CoyeTaeT BO3MOXXHOCTU BbICOKOTOYHOTO 13Me-

putena n NCTOYHNKa NUTaHWA B HenpepbiIBHOM
N UMNYNbCHOM peXunmax.

T

I'Ipuuan,ne»(uonu, BXoadAwme
B KOMMJIEKT NOCTaBKK:

PYKOBOZACTBO N0 IKCMAyaTaLyy;
KpaTKoe pyKOBOACTBO IKCMNyaTaLuy;
TpUakcuanbHble kabenn (2);

KoakcuanbHble 10-omHble BNC-kabenu (4).

CpeacTBO N3MepeHNA ONTNYECKO MOLLHOCTY
B UMMYNbCHOM peXxume ana mogenm 2520

[LlapoBoii unTerpupytoLmii potometp mogenu 2520INT
LNA UMNYbCHBIX M3MepeHMiA

KopoTkue umnynbcbl, npu KoTopbIx MoXeT paboTaTh Mopenb 2520, B coueTaHun ¢ bbICTPOAEICTBIEM LIAPOBOFO UHTEFPUPY-
folwero gotomeTpa mogenu 2520INT genatot 3Ty KombuHaLwio pU6OPOB AeaANbHON ANA U3MEPEHUA ONTUYECKOI MOLL-
HOCTI N1a3epHbIX A10A0B Ha YPOBHE NAACTUHbI WM KPUCTaNNA, MPEX e Yem 3TH YCTPOICTBA BYAYT CMOHTUPOBaHbI B
mopynu Tepmoctabunu3auun. lpu noakntouennn dotometpa 2520INT k mogenu 2520 nocpeCTBOM ManoLyMALLEro
TPUaKCUanbHoro kabena BO3MOXHO NpoBe/ieHIne BbICOKOTOUHBIX MPAMbIX M3MepeHUii ONTUYECKOI MOLLHOCTY S1a3epHbIX
[VI0f0B.

+ ONTMMKU3MPOBAH ANIA UMMYNbC-
HOro TeCTMPOBAHUA Nasep-
HbIX ANOJOB.

+ BcTpoeHHbIN repmaHue-
Bblli AeTEKTOp.

+ OpraHu4Ho coyeTaeTcs € CucTe-
MO TECTUPOBaHMNA Na3epHbIX
anopos mogenu 2520.

Hpuuan,ne»mocru, BXoadAlue
B KOMMJIEKT NOCTaBKK:

KpaTKoe pyKoBOACTBO N0 3KCnnyaTaluu;

ZJaHHble kanubpoBky (nocTaBnaloTCcA
B BIA/Ie HaneyaTaHHo Tabnuibl U B
3NeKTPoHHOM Buge B popmarte CSV);

0CHOBaHUe;

cToitka 1/4-20 ana kpennenms.
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Cncrema Tepmocraﬁvmmsauvlm TecTnupyemoro YCTpOﬁCTBa

nomotwyu yndposoro NUA-perynatopa.

UcToununk-uzmeputens mogenm 2510-AT TEC + OBecreuBaT KOHTPON TeMNepaTyPbi MM

MpepHa3HaueH AnA noaaepKaHuA 3aaaHHoON
TemnepaTypbl la3epHbIX ANOAHbIX MOAYNEl
BO BpeMms TeCTUPOBaHUA.

KETHIEY Mopenb 2510-AT npeoCTaBNAET BO3MOX-

HOCTb aBTOnO,qCTpOI‘/’IKVI Temnepatypbl no
CUrHany tTepmopgatymka.

o |
C

LLinpoKwuit frMana3oH ycTaBoK TemnepaTypbl
(o1 -50 °C pgo +225 °C), BbicOKOE pa3pelueHmne
(+0,001 °C) n crabunbHocTb (+0,005 °C).

COBMECTUM C LIUPOKMM aCCOPTUMEHTOM
[aTuYMKOB TeMNepaTypbl: TepMUCTOpamm,
TepMOpPe3nCTOPaMK 1 MHTErpasbHbIMM AaT-
ynkamu (IC).

MoppepuBaeT NOCTOAHHYIO TEMNEpaTypy,

, TOK, HanpsiXKeHue 1 CONPOTUB/IEHMNE AaTuMKa.
NcTounmki-usmeputenu mogeneit 2510 n 2510-AT TEC npesHa3HaueHbl AnA obecneyeHna TouHoro ! P p A

KOHTDO/IA TEMNEpaTypbl TENEKOMMYHUKALUOHHBIX Ja3ePHbIX A10Z0B BO BPEMSA TeCTUPOBAHUA. OyHKLMA N3MepeHna CONPOTUBIEHUA Ha
311 npubopbl pa3paboTaHbl Ha 0cHoBe onbiTa Komnakum Keithley B co3ganun bbicTpoaeiicTBytLNX nepemMeHHOM TOKe NO3BONAET 06HapyMBaTh
UCTOYHUKOB-3MepUTENeld, paboTaloLLnx Ha NOCTOAHHOM TOKe, KOTOpbIN NCMOIb30BaH AA TOUHOTO MeXaHNuecKme NoBPeXAEHNA dNeMeHTa
ynpaBneHua TepMO3NeKTPUYECKUM OXNaJuTeNnem Moayna MenbTbe (TEC).
r— = nasepHoro gnoga. Mogenb 2510-AT paciumpAeT BO3MOXKHO-
b cTi mopenu 2510 v 06ecneynBaeT BO3MOXKHOCTb aBTOMATH- M3mepseT n oTo6paxaeT Bo Bpems LK
H yecKoli MOACTPOIIKN TemnepaTypbl. IT0 M3baBaAeT nob30- KOHTPONSA NapameTpbl 3niemeHTa MenbTbe.

Bateneil 0T HeOBX0AUMOCTY IKCMePUMEHTANbHO OnpeensTh
ONTUMaNbHble 3HaueHns Ko3hduumentos MUI-perynatopa
:]Zr:ggggsgguanbﬂo—wHTerpaano— AU(gepeHLHanLHOro TpuHapnexHoCTH, BXOAALME B KOMNIEKT NOCTaBKM:

PYKOBOACTBO 10 3KCNAYaTaLy;

BXOAHOI/BbIXOAHOI pa3bembl.

CpepcTBO U3MepeHNs ONTNYECKON MOLLHOCTH
B HenpepbIBHOM peXunme

LlapoBoii uHTErpupytoLLmil poTomeTp
mogenu 2500INT

[lpu noaKntoueHun WwapoBoro uHTErpupytLLero potometpa mogenn 2500INT K BYXKaHaNbHOMY UCTOUHUKY-U3MEPUTENIO MOZe-
nn 2502 nocpeACTBOM ManoLLyMALLEro TpUaKCManbHoro kabena BO3MOXKHO NPOBefeHIe BbICOKOTOUHBIX NPAMbIX U3MepeHuii
ONTUYECKOI! MOLLHOCTY J1a3ePHbIX AVOA0B B BaTTaX. LlapoBoii poToMeTp ynpotaet npoueaypy TecTUPOBaHUA Na3epHbX A0A0B
B MpoLiecce NPON3BOACTBA , YCTPaHAA 00bIYHO BO3HNMKAIOLLMe NPpobAEembI NPY N3MepeHIu ONTUYECKOI MOLLHOCTH, (BA3aHHbIE C
10CTUPOBKOIA ieTeKTopa, npodunem nyua, nonApu3sauueii u 06patHbim oTpaxeHnem. Mogenb 2500INT BbinyckaeTca ¢ KpemHue-
BbIM, FepMaHVeBbIM AETEKTOPOM M 0XNaX AaeMbIM [ETEKTOPOM U3 apceHnAa MHANA 1 apCeHNAA TN, KaXablil U3 KOTOPbIX
KanubpoBaH ¢ UHTerpupyloLLeil chepoit.

+ KpeMHuneBbIii, repmaHneBbIil AeTeKTop lpuHapnexHocTy, BXoaAwme
WK OXNaXAaeMblil JETEKTOP U3 apCeHm- B KOMNIEKT NOCTaBKu:
fia MHANA 1 apceHnaa rannma. KpaTKoe pyKoBOZACTBO N0 IKCMAyaTaLuy;

+ MaTtepuan noKpbITUA BHYTPEHHe KannbpoBouHble AaHHbIe AN WWapoBoro
nosepxHocTu cpepbl Spectralon® obe- doTomeTpa;
CneynBaeT BbICOKYI0 OTpaXaioluyto KOHTPO/NEP TEPMONEKTPUYECKOr0 0X1au-
CNoco6HOCTb. Tena (coctas komnnekte ¢ 2500INT-2-1GAC).
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mI/IPOKOd)yHKLII/IOHaHbHaﬂ <ncrtema TeCTpoBaHNA Nla3epHbIX ANO0A0B
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(ucrema System 25 ans M3MepeHnA BaTT-aMnepTHbIX 1 BOIbTAMMEPHbIX

|
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xapakTepuctuk (LIV) nazepHbix anomos

+ CkaHupoBaHue n nsmepenue 400 Touek
MeHee YyeM 3a 8 ceKyHp,.

+ ICTOYHMK TOKa C CKNIOUUTENBHO MabiM
wymom (50 MKA) AN HaKauku nasep-
HOro anopa.

+ lnana3oH ToKa Haka4Ku Nla3epHoro
avoga o5 A.

« lUnHa nuHum 3anycka Trigger Link, namaTb
nporpamm u 6ydepHas namaTb obecneynsa-
10T BO3MOXHOCTb aBTOMATUYE€CKOro BbINos-
HEHMNA TeCTOBbIX NOCNEA0BATENIbHOCTEI.

Cucrema System 25 komnanun Keithley ana nsmepenns LIV—xapaktepucTuk pa3pabotaHa B CO0TBeTCTBIM C NOTpeBHOCTAMU Npon3-
BOZCTBA la3epHbIX AMOAHBIX MOAY/eil , N03BONAA YBEANYUTL NPON3BOAUTENBHOCTD M BbIXOA rOTOBOI NpoayKumuu. Cuctema System 25
AnA n3mepenus LIV-xapakTepucTuk couetaeTt B 0fHOM annapaTHoM pelLeHnn GyHKLUM N3MepeHNA NOCTOAHHBIX TOKOB, HanpxXeHui,
ONTUYECKO MOLLHOCTY 1 TOYHOTO KOHTPOAA TEMNepPaTypbl YCTPOIACTB, HE0OX0AMMbIe ANA TECTUPOBAHUA J1a3ePHbIX AVOAHBIX MoAyned.
C1cTema coCTOUT M3 HAAEXHDIX 1 BbICOKOTOUHBIX MPU60poB npon3BoACcTBa KomnaHun Keithley. basosas kondurypaums moxeT 6bITb
nerko MoanduULMpoBaHa Ana LobaBneHNa HOBbIX U3MepUTeNbHbIX GyHKLMiA A coepuHenmit. Komnanus Keithley paspa6otana pag
CTaHAAPTHbIX KOHPUTYPaLWil CUCTEMbI, BKIOYAOLLMX Kabenu 1 nepexofHUKK ANA NOAKNIOUEHNA TeCTUPYEMbIX YCTPOCTB 1 LUMH
yNpaBneHuaA 1 3anycka. Takxe B KOMMIEKT NOCTaBKM BXOAUT Kpenex AnA YCTaHOBKY Npu6OPOB B annapaTHyIo CTOIAKY.

"pl/lHaAJ'IE)KHOCTI/I anAa WJ,06CTBa TeCTUPOBaHNA Nla3epPHbIX AN0A0B

Moaynu KpenneHua na3epHbIX 4107108

Mogynu kpennexua 8542, 8544 u 8544-TEC Ana nasepHbix A0A0B 06ecneunBaloT BbICOKOCTabUAbHOE perynupo-
BaHUe TeMnepaTypbl TeCTUPYeMblX YCTPOICTB B COCTaBe YA00HOI NNaTGOPMbl TECTUPOBAHIA N1a3ePHbIX AU0A0B,
npUMeHAeMbIX B Chepe TenekoMMyHUKaLWii. MeloTca Tpu pasnuyHbIX KOHCTPYKLMN KPenexHoro y3na, kaxaaa

113 KOTOPbIX COBMECTUMA C M3BECTHBIMM CUCTEMaMK MPo3BOACTBa komnaHum Keithley ana nsmepenus LIV-
XapaKTepUCTUK Na3epHblx AN0A0B. B moaynax cepum 854x MoryT 6bITb yCTaHOBNEHBI BCe TUMbI Na3epoB B 14-BbiBO-

LHbIX kopnycax DIL unu Butterfly.

« Ynpouaet KoHdUrypuposaHue
cuctem ans nsmepeHus LIV-
XapaKTepucTuK.

Mpepnaraetcs BbIGOP 13 TPEX KOH-
CTPYKUWIA Y3N10B KPenneHus, Kaxaas
13 KOTOPbIX OCHaLLEeHa BCeMM HE06-

XoAUMbIMW Kabenamu.

Mpw KomnnekTaLuu Tepmo3neK-
TPUYECKUM OXNaguTenem npeg-
YCMOTPEH KOHTPOJIb OKpY»KatoLuei
Temnepatypbl.

Hpunanne)lmocru, BXoAsALMe B KOMMIEKT
NocCTaBKu:

8542-301 — LIV-kabenb AnuHoii 1,8 M AnA nogKnoueHns
mopeneii 2500 1 24xx K MOAYNI0 KpenneHua nasepHblx
ZN0A0B(NoCTaBAAETCA C MOAYNAMM 8542, 8544 1
8544-TEC);

CA-321-1 - kabenb perynupoBaHuA Temnepatypbl
AnnHoii 1,8 m ana coeanHenna mogenu 2510 c mopynem
KpenseHua na3epHblX 41008 (NOCTABAAETCA C MOAYNA-
MK 8542 1 8544);

CA-322-1 - pBoitHoli Kabenb perynupoBaHyA Temnepa-
TYpbl ANNHON 1,8 M ANA coenHeHus ABYX Moaenei 2510
CMoZynem KpennieHna 1aepHblX AN0A0B (NOCTaBAALTCA
cmozynem 8544-TEC).
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