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OITMCAHUE TUIIA CPEJICTBA U3MEPEHUI
M cTOYHNKH-U3MEPUTETN HaIlpsKeHUst 1 criibl Toka cepur Keithley 2400

Ha3znadenne cpeacTBa H3MepeHHil

HCcTOUHHMKKM-U3MEPHTENTH HAIPsDKeHNS U ciutbl Toka cepuu Keithley 2400 (nanee — HCTOYHHKH-
U3MEPUTENH) TIPEAHA3HAUCHBI /IS BOCIIPOU3BEICHHS U H3MEPEHUS HAIPSDKEHUS U CHIIBI IIOCTOSIHHOTO
TOKAa, H3MEPESHHUS JEKTPHUECCKOTO COIPOTUBIEHHS ITOCTOSHHOMY TOKY.

Onncanne cpeacTBa H3MEepEeHUN

HCTOYHUKH-U3MEPHUTETM BKJIIOYAIOT B Cce0s NMPEUM3MOHHBIE HCTOYHHK IIOCTOSHHOIO TOKA,
HACTOYHHMK IOCTOSHHOTO HANPSOKECHHUS, M3MEPHUTENbh ITOCTOSIHHOTO TOKa, M3MEPHUTENb ITOCTOSHHOIO
HANPSDKEHHS, a TaKkKe MHKPONIPOIEccop JUIS YIpaBlIeHHA pPeXHUMaMH PabOTEI U YCTPOMCTBO
UHAUKANUA. B peXuMme W3MEpEeHHs! SNEKTPHYECKOTO COUPOTHBICHHS Ha HCCIETYyeMBIH OOBEKT
[IOaeTCd MCIBITATENBHEI TOK W H3MEpSCTCS IaJCHHE HAampsIKeHUs Ha OOBEKTE, IPU 3TOM CHIIa
HCIBITATENLHOIO0 TOKA BBIOMpAETCS aBTOMATHYECKM B 3aBHCHMOCTH OT 3HAYCHHUS H3MEPIEMOIo
CONPOTHBIECHUS WM 3aJaeTcs MOJb30BaTeneM. FICTOYHMKM-M3MEPUTENN OCHAINEHbI BaKyyMHBIM
(IIyOpeCIeHTHRIM JIUCIIIEEM C MAKCHMAIBHBIM Pa3peNICHHEM 6 Pa3psIoOB.

Cepus Keithley 2400 Bxmouaet B cebst moguduxanum 2400, 2400-C, 2410, 2410-C, 2420,
2420-C, 2425, 2425-C, 2430, 2430-C, 2440, 2440-C, xoTOpble OTINYAIOTCS 3HAYCHUSAMU AUAIa30HOB
W TOTpemHocTell u3Mepenus BenmwunH. [locTaBimsemas 1o 3akasy ommus ¢ jAepucom “C” mpu
OJIMHAKOBBIX METPOJOTMYESCKHX XaApPaKTEPUCTHKAX HMMeeT JOMOJHHUTEIBHYI0 (QYHKIHIO ITPOBEPKH
LIEJIOCTHOCTA KOHTAKTOB HCIBITATEIBHOIO 00BheKkTa. Pa3zbeMbl A8 COSOUHEHWH ¢ M3MEPHTEIbHBIM
00BEKTOM PACIIOJIOKEHBI HA IEpeJHEN U 3a7Hel IIaHeIsX.

CBs3b ¢ KOMIIBIOTEPOM W JAPYTMIMH BHEITHUMM YCTPOHCTBAMM OCYHIECTBIISETCA C IMOMOIUIBIO
unrepgeticoB IEEE-488 (GPIB) u/umu RS-232, pa3peMBl KOTOPBIX YCTAHOBJICHEI HA 3a/IHCH TTAHCIH.

MCTOYHVMKH-A3MEPUTENH BBITOJHEHE! B BHIE MOHOOJOKA B HACTOJBHOM HCIOJIHEHHH. Bun
HepeHel MaHeny MoKa3aH Ha pucyHKe 1. Bun 3anHell maHenu ¢ yKasaHHeM MeCTa HAHSCCHMs 3HaKa
YTBEPXKICHUS THIA W 3HAKA ITOBEPKH H CX€Ma ILIOMOMPOBKHM OT HECAHKIMOHHPOBAHHOTO JOCTYINa
ITOKa3aH Ha PUCYHKeE 2.
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Pucynok 1 — Byt nepesneit naHen HCTOUHMKOB-H3MepuTenel cepuy Keithley 2400
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MECTO TUIOMOHUpPOBaHUS (3aLIUTHBIN CTUKED)

MECTO HAHCCCHU A 3HAKA YTBCPKIACHU THUIIA B 3HAKA ITIOBCPKHU

Pucynok 2 — Buj 3anHelt naHemu HCTOUHHKOB-H3MepuTeneii cepun Keithley 2400

IIporpamvHoe o0ecnedeHUe

[IporpammHOe oOecriedeHne, YCTAHOBJIEHHOE Ha BHYTPEHHHUH KOHTPOJUIEP, BBIIOJIHIET
GYHKIMH YOpaBIICHHS PeKAMaMH paboThl, BBIOOpa MWANA30HOB, 33JaHus [apaMeTpoB WM (QYHKIMH
TIpeJCTaBIeHIs U 00pabOTKK H3MEPHUTEIIBHON NHPOPMATTHH.

YpoBeHb 3aNIMTHI MPOTPAMMHOTO OOECIIEYCHHS OT HelpeAHaMEepEeHHBIX U NpPEIHAMEPEHHBIX
M3MeHeHM «Hu3kuii» mo P 50.2.077-2014.

VnenTuduKaIlHOHHbIC JaHHBIE IPOTPaMMHOTO 00eCIIeUEH s TPUBECHEI B Ta0uIe 1.

Tabmuna 1 — UnerTnduxamoHHble JaHHBIE IPOrPAMMHOIO 00eCIIeUeHUS

HnenTrdukannoHHbIE TaHHbIE (TPU3HAKH) 3HayeHne

HnenTHduKainoOHHOEe HAUMEHOBAaHUE Keithley 2400 Firmware

Howmep Bepcun (uaeHTH(GUKAIIMOHHBIN HOMED) He HIke C32

MeTpoJorudeckue ¥ TeXHHYeCKHE XapAKTEePUCTHKH
MeTponorudeckue XapakTepUCTUKH MPENCTaBiIeHbl B Tabiuiax 2 — 7, TEXHUYECKHE
XapaKTEPUCTUKH TIPUBEACHBI B Tabnuie 8.

Tabmnna 2 — Jlnana3oHsl BOCIPOHU3BEICHHS U H3MEPESHHUS TOCTOSIHHOTO HANIPSDKEHHUS

O6o3Havenne MoauduKauii
2400, 2400-C | 2410,2410-C | 2420, 2420-C | 2425, 2425-C | 2430, 2430-C | 2440, 2440-C
+200 MmB +200 MB +200MB |  +200MB +200 MmB +200 MB
+2 B +2 B +2 B +2 B +2 B +2 B
+20 B +20 B +20 B +20 B +20 B +10 B
+200 B +1000 B +60 B +100 B +100 B | +40 B
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Tabnuna 3 — [[HaHaSOHbI BOCITPpOU3BECACHHU ] N H3MEPCHUSA CUJIBI ITOCTOSTHHOI'O TOKa B

- OGozHauenue MO U UKaHi _—_|
2400.2400-C | 2410,2410-C | 2420; 2420-C | 2425,2425-C | 2430,2430-C | 2440, 2440-C
! +1 MKA _ +1 MKA
| +10 MKA - %10 MxA - =10 MxA +10 MxA +10 MKA +10 MKA
| +100 MKA | £100 MxA +100 mxA +100 MKA +100 MxA +100 MxA
f +1 MA +1 MA +1 MA +] MA +] MA I MA |
. £10MA +20 MA +10 MA +10 MA +10 MA +10 MA
 +100MA | £100MA | =100 MA +100 MA +100 MA +100 MA
 £1A ] A . #lA 1A =] A +1 A
| #£3A +3A 3 A 5A

B ) | - +]0 A" B

1) B npepeiBicTOM pexXuUMe IpH UTHTELHOCTH UMITYJIbCa He oJiee 2,5 MC U CKBAXKHOCTH

| umInynecoB He Oosee 10 %.

Ta6m/1ua 4 - Ilnanasomﬂ U3MEPCHUS BHGKTpI/I‘Ie_CKOFO COIIPOTHUBJICHUS ITOCTOSHHOMY TOKY B

O6o3nauenue MoaupuKaImii

2400, 2400-C,

O06o03HaueHue MoanpHUKai

2410, 2410-C

2420, 2420-C, 2425, 2425-C
2430, 2430-C, 2440, 2440-C

Bepxnuit npenen

Cuna HcnbITaTebHOTO
1)

Bepiﬁ_ﬂﬁ npenen

Cuna ucnbITaTeIbHOTO
1)

JuariaszoHa TOKa JuanasoHa | TOKa
<0,2 Om” <0,2 Om? '.
- 20m?Y - j 20M | 1A
. 200m 100 MA - 200m 100 MA
200 Om ~ 10mA 200 Om I 10 MA
2 kOm 1 MA 2 xOm 1 MA ‘
20 KOm 100 MKA 20k0m | 100 MxA |
- 200kOm | 10 MKA 200 kKOm 10 MKA |
 2MOwm  1wmkA 2 MOwm 1 mxA” __
. 20MOm 1 MKA 20 MOwm I MKA~
200 MOm 100 HA 200 MOwm ?
>200 MOm ? ) >200 MOm B

1) 3HaYCHMS CHIIBI TOKA YKa3aHbl IJI aBTOMaTHYECKOIr o pexuMa H3MCPCHHS, B PYYHOM PEXUME

3HAYCHUSA CHUJIBI HCIBITATCIIBHOI'O TOKa BI)IGI/IpaIOTCSI MMOJIB30BAaTCIICM.

2) B pyuHom pexume.

| 3) 5 MxA B Monu@ukaumsx 2440, 2440-C.
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Tabmuna 5 — llpenens! nomyckaemoil abconroTHOM HOrpeIIHOCTH BOCHPOHU3BEIEHUS U H3MEPEHHS

HOCTOAHHOI'O HAIlPSIXKCHU S

' Bocnpoussenenue WsMmepenue
MOI{HQ}HKaHHH IIHaHaSOH HAIllPpAXKCHHUA 12.3) HAlIPAKCHUS 1-2) ]
| ~ Bce +200 MB £(210%U+3-10°Dy) | +(1,2110%U + 1,5-10°Dy)
| Bee L #¥2B | #=210%U+310"Dy) | #(1,210%U + 1,5107Dy)
2 - + <
2440, 2440-C 10B | (15100 + 7.510°Dy)
2400, 2400-C 4 "
s = £(2:10%U + 1,2:10*Dy)
2410,2410-C, 2420,2420-C, |  +20B (L5100 + 510°Dy)
2425,2425-C, 2430, 2430-C i ~ v
2440, 2440-C +40B | +(1,510"U +7,5:10°Dy)
2420, 2420-C | +60B 4 4
= 2 4+ 2 JT + . .
| 2425,2425-C,2430,2430-C | +£100B 107U+ L.2107Dy) £(1,510°U + 5105Dy)
2400, 2400-C 2008 | B Y
2410, 2410-C 1000 B +(2:10"-U + 1-10*Dy))

|
[ |

OKpYXKarolen cpensl (23 +5

)°C

1) 3HaueHus TOTPENIHOCTH B TeueHue | Toa Hocie 3aBOCKOM HOJICTPOUKH IIpH TeMIepaType

2) O6o3navenns: U — 3HadeHue Hanpspkenus, Dy — BepxHuUii npeaen auana3osa HanpsHKCHHS.

3) nsa momudukarmit 2400, 2400-C, 2410, 2410-C 3nadeHus MOTPEIUIHOCTH AeHCTBUTENLHBI IIPU

| cue BerxoaHoro Toka I < 105 MA B HenpephIBHOM pexuMe, MPH CHIIE BEIXOAHOTO Toka I > 105 MA
| B TedeHue He Gonee | MUHYTHI.

Tabmuua 6 — [peensl fomycKaeMoit abCOMOTHOMH TOTrPELHOCTH BOCIIPOM3BEACHUS U U3MEPEHHS CUIIBI

IMOCTOAHHOI'O TOKa

BOCHpOI/ISBCZ[GHHC CHJIb!

N3mepenue cuinl

Monuduxaius Jluanazon 12) [2)
| ] - HOCTO_HHHOFO TOKa IIOCTOAHHOI'O TOKAa |
| 2400, 2400-C, 2410,2410-C | =1 mxA +(3,510"1+610%D) | +2,910%1+3-10%Dy)
BCE +10 MKA +(3,3-10"1+2:10%Dy) | +2,710%1 + 7-10°-Dy)
L BCe +100 MkA | %(3,1-110%1+2-107-Dy) +(2,5:10%1+6:10°D))
_ BCE £l MA +(3,4'10"1+2-107"Dy) +(2,7-10%1 + 6:10°-Dy)
Bce Kpome 2410, 2410-C +10 MA 4 4 4 5
L = :§:4 . J+2- . + . I+ 6- D
| 2410 2410 ¢ S (7,510 1+2:10%Dy) _(3,510_1 610Dy
| Bce | £100MA | #(6,6:1071+2:10%D) | £(5,510"1+610°D)) |
| 2400, 2400-C, 2410, 2410-C | £(2,7-10°1+ 910D " | £2.2:1071+5,7.10"Dy)
2420, 2420-C, 2425, 2425-C, +1A T ot o e
2430, 2430-C, 2440, 2440-C +(6,7-10 1+_910 D)) ﬂ-:(6,610 1+5,710%D)
2420, 2420-C +(5,9-10%1+ 9-10*D)) 4 4
+3 A > = +(5,2-1071+ 5,710
2425, 2425-C, 2430, 2430-C +(5,9:10%1 +9,33-10".Dy) (5.2:1071+5,7:107"Dy)
2440, 2440-C +5 A (110714 1,08-10°Dy) | +(1-1071+6,84-107D))

| OKpy>Karowen cpensl (23 £5

)°C

1= - "
’!I 1) 3Ha‘{CHI/I5i [TOI'PCIIHOCTH B TCUCHUE 1 rojia 1mocie 3aBoJACKOU IIOACTPOUKH Inpu TeMHepaType

2) O6osnayenus: I — 3nauenue cuibl Toka, Dy — BEpXHUIA Ipe/ieN MANa’oHa CHIIbI TOKa.
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Tabmuma 7 — llpenenst gomyckaeMod aOCOMIOTHOW NOTIPEIIHOCTH HM3MEPEHHs 3JIEKTPUYCCKOrO

COITPOTUBJICHHUA ITOCTOSIHHOMY TOKY

Moaudukauus

Bepxfinii npenen

3HaueHus IIPEOCIIOB IMOTPEITHOCTH

+R (81 + Spyy) ¥

.

 #R-(8si + )
+(1,7-10%R + 1,510 Dg)

+(1-10°-R + 1,5:10™-Dg)
+(1,1-10°R + 3-10'4-DR)
+(8-10 R+LS 10' Dg)
i(910 R+510" De)

- (710" R+1510 Dr)

+(8- 10 R+3-10" DR)

+(6-10™ R+1510 Dg)
:i:(710 R+3-107 Do)

+(7-10%R + 310" Dr)

+(1,1-10” R+1510 “Dp)

(7107 R+1510 Dp)

i(lll() R+5107 DR)
+(1,2-107 R+1210 Dr)

+(1,2107R + 310" D) ]

(6,6 10 R+5107 Dr)

+R-(8g; + Omu) *

[ auariazoHa _
2420, 2420-C, 2425, 2425-C - 0n?
2430, 2430-C, 2440, 2440-C = -
2400, 2400-C, 2410, 2410-C -
2420, 2420-C, 2425, 2425-C 20m”)
2430, 2430-C, 2440, 2440-C )
Bee kpome 2410, 2410-C
ISt vt I 2  E—
2410,2410-C 0Ow
Bce kpome 2410, 2410-C
20
2410,2410-C 0 Om
BCE Kpome . 2410,2410-C
2 kO
2410, 2410-C oM
Bce kpome 2410, 2410-C
- 2
2410,2410-C 0 xOm
‘Bee KpOMe 2410 2410-C
2
2410, 2410-C POKO
BCE KpOME 2410,2410-C
2410, 2410-C MOw
Bce kpome 2410, 2410-C
— R ke 20M
2410, 2410-C On
2400, 2400-C
A 2 — i ey 2 I
) 2410, 2410-C B 00 MOw
2420, 2420-C, 2425, 2425-C 3
| 2430,2430-C, 2440, 2440-C 200 WO
>200 MO

COTIPOTHUBJICHUS.
3) B py4HOM pexuMeE.

4) dopmMyna s pacdeTa NOIPEUTHOCTH B PYYHOM Pexume; dgy —
IOTPEIIHOCTH CHIIbI YCTAHOBICHHOTO HCIBITATENBHOTO TOKA, dvu — OTHOCHTENbHAS
HOrpeInHocTh u3Meperust Hanpsokenus U = 'R, cooTBercTByromero 3gayenuio R

1 =RGutomn”

+(6,6'10° R + 1,2:10*Dg)

| 1) YucsioBble 3Ha4€HNS HOIPEITHOCTH ISl aBTOMATHIECKOTO PEKUMa “Normal” B TeueHHe
| 1 roa mocie 3aBOACKOM TOACTPOMKM Py TeMIeparype okpy xkaroulei cpempl (23 £5) °C.
2) O6osnayenus: R — 3Hauenue conporusienys, Dr — BepXHUi Ipejen Auamna3ona

OTHOCHTCIIbHAA

.

U3MEPACMOTO CONIPOTHUBIICHNS U 3HAUeHUIO | CHUITBI YCTAHOBJICHHOI'O MCIIBITATC/ILHOTO TOKa.
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Tabuna 8 — OcHOBHBIE TEXHHYECKHE XAPAKTEPUCTHKH _

['abaputHble pasmeps! (6e3 pydKH U HOKEK), MM |-

Macca, kr, He Gomee

| umpuna | rmybmna | seicora |
213 370 89

Moaupuxaunu 2400, 2400-C, 2410, 2410-C, 2420, 2420-C | 3.21

Moudukanuu 2425, 2425-C, 2430, 2430-C, 2440, 2440-C | 4,10

Hamnpsoxenus CETH NHUTanus, B ot 100 no 240

YactoTta cern muranus, ' 150

HotpeOnaevas wommocts, Br, we 6onee
_ Momudukauun 2400, 2400-¢c 190
| Momupuxanuu 2410, 2410-C 210
 Mouincarmm 2420, 2420-C R —

~ Monugukanwu 2425, 2425-C, 2430, 2430-C 250

Momuduxanun 2440, 2440-C | 240 o

______ ' PaGouue YCIIOBUS IPUMCHEHUS
| TeMIIEpaTypa OKpYKAIOMIEro BO3AYXa, °C ot 0 110 50
| OTHOCHTEIbHAs BIAKHOCTh BO3IyXa, Y% 1o 70 mpu temnepatype 35 °C

3Hak yTBepiKIeHUs THIIA
HAHOCHTCS Ha 3aIHIOKO MAHENb KOPITyca HCTOYHUKOB-U3MEPHTENEH B BUC HAKIICHKA U HA TUTYIbHbBIH
JIACT PYKOBOJICTBA 110 JKCIIIyaTalluH THIIOTPA(CKHM CIIOCOOOM.

KomniexTHOCTB cpeacrBa usmepennii
npeAcTaBiaeHa B Tabiue 5.

Tabmina 5 — KoMIJIeKTHOCTb MCTOYHUKOB-U3MEPUTENEH

| HaHMeHOBaHHe u o0o3HaveHue Koxa-so
‘ VcTounuk- I/ISMepI/ITeHL HATIPSHKCHMS U CUJIbI TOKA CEPHU Kelthley 2400: | wr. 1o
- Moymduraus 2400, 2400-C, 2410, 2410-C, 2420, 2420-C, 2425, 2425-C, 2430, X
2430-C, 2440, 2440-C - - saxasy
" KomIuiext I/B_MépI/ITeJ'II)HBIX xabeseit 8605 B  lwmr.
| Kabens ceTeBoit 110 3aKa3y
| PyxoBojicTBO 10 sKcmumyaTanmu i lwr. ]
\ Merozmka nosepku KI2400/MII-2019 1 1.
IToBepka

ocyecTasercss mo gpokymenty KI2400/MII-2019 «I'CH. McTouHMKH-H3MEPHTENH HANPSKCHHS M
cuiipl Toka cepun Keithley 2400. Metoauka moBepku», yTeepxkaennomy 3AO «AKTU- -Mactep»
22.04.2019 r.
OcHOBHBIE cpe/ICTBA TTOBEPKH:
- MynsTUMeTp Agilent 3458 A; peructpannonsbit Homep 25900-03;
- kaybparop muorodynkuuoHansHeii Fluke 5730A; peructpanuosHbIif Homep 60407-15;
- Mepa 57eKTPUIECKOT0 CONPOTHBRIICHUS YHHBEpcalbHast onHo3Haunas MC 3080M 0,01 Q knacca
TouHoctn 0,01; perncrpaumonnsii HoMep 61295-15 (s moaeneit 2420, 2425, 2430, 2440).
Homyckaercs mpuMeHeHne aHaJIOrHYHBIX CPEACTB MOBEPKH, 0OECIIeUMBAIOIINX onpezneneHue
METPOJIOTHYECKUX XAPAKTEPUCTHK MTOBEPSAEMBIX CPEJCTB U3MEpEHHH ¢ TpeGyeMoit TOUHOCTHIO.
3HAK TIOBEPKM HAHOCHTCH 3aJHIOK IaHeNbh KOpITyca HCTOYHUKOB-U3MEPHTEIIEH B BHUIE
HaKIeHK (MECTO HaHECEH A TI0Ka3aHOo Ha PUCYHKE 2) /UM Ha CBUIETEIBCTRBO O MTOBEPKE.

Caenenus o MeToaMKAaX (METOAX) H3IMepEHUT
OPUBEJCHBI B DKCIUTYaTAUMOHHOM JOKYMEHTE.
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HopmaTupHbIE [J0KYMEHTBI, YCTAHABIMBAIOIMHE TPeGOBAHHS K HCTOYHHKAM-H3MeEPHUTEIAM
HANIPSKEHHs ¥ cuJibl Toka cepun Keithley 2400

['OCT 8.027-2001. I'CH. T'oeynapcteHHas NOBEpOYHAsS cXeMa Ul CPEACTB H3MEPEHHHN
HOCTOAHHOTO 3TEKTPHYECKOTrO HANPSKEHUS B SJICKTPOABIKYIIEH CUIBI

I'OCT 8.022-91. I'CH. T'ocyapcTBEHHBI STAIOH M TOCYAAPCTBEHHAS ITIOBEPOYHAsl cXema s
CPEACTB U3MEPEHMH CUIIBI ITOCTOSIHHOTO 3JIEKTPUYECKOr0 TOKa B juanazone 1-107° = 30 A

I'CU. TocynapcTsenHas mnoBepouHas cXema /IS CPEACTB H3MEpEHHil IEKTPUUECKOTO
conporuBienus (npukas Poccrannapra ot 15.02.2016 . Ne 146)

H3roroBurenn
Komnanusg “Tektronix (China) Co., Ltd.”, Kurait
Anpec:1227 Chuan Qiao Road, Pudong New Area, Shanghai 201206, P.R.C
Ten. (8621)38960893; Maxc: (8621)58993156
E-mail: moscow@tektronix.com

3asBuTEAD
Ob1mecTBO ¢ OrpaHuueHHOM oTBeTCTBEHHOCTIO «MacTep-Tyi» (000 «Macrep-Tymn»)
Agpec: 127106, r. Mocksa, HoBoiaasikuuckuii ipoesn, . 8, crp. 4, oduc 315
Ten./(pake: (495)926-71-85
Web: http://www.master-tool.ru
E-mail: info@master-tool.ru

HenbiTaTeibHBIA HEHTD

3akpeiToe aknuonepHoe obmectso «AKTU-Macrepy (3A0 «AKTH-Macrep»)

Ajpec: 127254, r. Mocksa, Oropoausiii ipoess, 1. 5, ctp. 5

Ten./daxc: (495)926-71-70

Web: http://www.actimaster.ru

E-mail post@actimaster.ru

Arrecrar akkpeputamuu 3A0 «AKTH-Mactepy 1O TIPOBEIEHHIO HCHBITAHMIA CpPENCTB
U3MEpeHUH B 11X yTeepxaeHus Tuna Ne RA.RU.311824 ot 14.10.2016 1.

3amecTuTens

Pykoponurens @enepaibHOro
arcHTCTBA MO TEXHUYECKOMY
PEryImpoBaHuIO0 U METPOJIOTAHN _ 4;:--""" !

) 2 A.B. Kynemos
M TR e 20191
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