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RANGE#

{0

High accuracy, high speed for
general purpose measurements

15 measurement functions,
including capacitance and
thermocouple measurements

Dual-line display allows
concurrent measurements

TMC-compliant USB 2.0
interface for use with SCPI test
commands

GPIB option for use in system
applications

Includes PC software utilities
for graphing and data sharing
in both Microsoft® Word and
Excel

Rugged construction for
durability in bench/portable
applications

Includes all accessories, such
as start-up software, USB cable,
power cable, and safety test
leads

CE compliant and cuslisted

1.888.KEITHLEY (u.s. only)

www.keithley.com

APPLICATIONS
Built for Production Testing

The Model 2110 Digital Multimeter
is ideal for applications in manual,
semi-automatic, and automatic
testing of low-cost electronic
devices, circuits, modules, electrical
components, and semiconductor
components. Key features include:

» Speed: up to 50,000 readings
per second

e Control: GPIB (optional) and USB
interfaces, accepting SCPI (IEEE-
488.2) commands

+ External BNC trigger lines

* NIST traceability (with included
calibration certificate)

Built for General Purpose Uses

The Model 2110 Digital Multimeter
is also ideal for bench uses such
as research, development, service,
calibration, and teaching. Bench-
oriented features include:

e Accuracy: 0.012% basic
DCV accuracy

 Easy-to-operate panel

» Easy waveform plotting and
data collection with KlI-Tool and
KI-Link

 Store up to 2000 readings

A Greater Measure of Confidence

5%2-Digit Dual-Display Digital Multimeter

The Model 2110 5%2-Digit Dual-Display Digital
Multimeter combines a compelling price with a
comprehensive set of capabilities, superior
measurement accuracy, and high speed for

a broad range of applications. It features 15
measurement functions and 7 math functions
and has dual-line display capability, which
allows it to display two different measurements
concurrently. The Model 2110 is an unbeatable
value for production, R&D, and test engineers,
scientists, and students making a wide variety of
measurements in portable, bench, and system
applications.

High Accuracy, Abundant
Capabilities, Low Cost

The Model 2110 provides precision and a rich
set of capabilities at a value price. It has 0.012%
one-year basic DC voltage accuracy and 0.020%

one-year basic resistance accuracy up to the
100k<2 range.

The Model 2110 provides a wide number of
measurement ranges and functions:

¢ DC voltage: 0.1V, 1V, 10V, 100V, and 1000V
¢ AC voltage: 0.1V, 1V, 10V, 100V, and 750V

* DC current: 10mA, 100mA, 1A, 3A, and 10A
* AC current: 1A, 3A, and 10A

* Two- and four-wire resistance: 100€2, 1kQ),
10k€2, 100k€2, IMQ2, 10MQ, and 100M<C2

Frequency: From 10Hz to 300kHz
Capacitance measurement: 1nF, 10nF, 100nF,
1uE, 10uF, 100uF

Thermocouple measurement: J-, R, S-, T-, E-,
N-, B-, C-, and K-type thermocouples
Temperature (RTD and NTC Thermistor)
measurements

* Diode measurement

Continuity test

Programmable A-D converter and filter
settings for signal to noise optimization.
Additionally, seven mathematical operations
can be performed on measurement readings:
percentage, average, min/max, NULL, limits,
mX+b, dB, and dBm testing.

Speed

At 5% digits, the Model 2110 delivers up to

200 readings/s via the USB remote interface.

At the fast 4-digit setting, it reads up to 50,000
readings/s and up to 30,000 readings/s into

the buffer, making it ideal for production

and monitoring applications in which speed

is critical.

KEITHLEY

A Tektronix Company

www.tehencom.com

wv
c
o
=
o
—
=
a
o
2
e
[
s
S
1)
a
S
o
=
(S
c
5]
o
€
(]
e
(7]
>
(V)]
S
o
Ne]
=
=
(]
=
8o
3
&
To]
-—
(7]
o
(9]
2
o
-

DIGITAL MULTIMETERS & SYSTEMS



00O "TexaHkoM" KoOHTponbHO-U3MepuTesibHble Npubopbl 1 o6opyaoBaHne www.tehencom.com

5%2-Digit Dual-Display Digital Multimeter

2110-100: 5'2-digit USB Digital
Multimeter (100V)
2110-120: 5'»-digit USB Digital
Multimeter (120V)
2110-220: 5'»-digit USB Digital
Multimeter (220V)
2110-240: 5'»-digit USB Digital
Multimeter (240V)

2110-100-GPIB: 5>-digit
USB and GPIB Digital
Multimeter (100V)

2110-120-GPIB: 5'»>-digit
USB and GPIB Digital

Multimeter (120V) All accessories, such as start-up software, USB cable, power cable, and safety test leads,
2110-220-GPIB: 5'»-digit are included with the Model 2110.

USB and GPIB Digital

Multimeter (220V) Simplicity
2110-240-GPIB: 5'»-digit The Model 2110 is operational and intuitive to use right out of the box. The functions on the front

USB and GPIB Digital panel are user friendly and easy to read. Its KI-Tool and KI-Link software allow users to quickly con-

Multimeter (240V) trol the instrument over GPIB (if equipped) or USB, record measurements, and display time-series
plots of the data. Its LabView® and IVI drivers give more-advanced customers even more control
over the instrument. Both the TMC-compliant USB remote interface and the GPIB interface allow

Reference Manual on CD, easy re-use of existing SCPI programs.

Specifications, LabVIEW® Driver, i
Keithley 1/0 Layer, USB Cable, Startup Software, PC Utilities Included

Power Cable, Safety Test Leads, The KI-Tool application provides charting and graphing capabilities without programming to simplify
KI-Tool, and KI-Link Add-in setup, checkout, and basic measurement applications requiring graphical data representation. Scale,
(both Microsoft Word and Excel offset, and level can be adjusted to fine-tune images for visual evaluation of signal and noise elements
versions), Calibration Certificate over time. It also includes tabular data and SCPI command prompt windows for maximum flexibility.
Data sets can also be saved to disk files.
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The Microsoft Excel Add-In utility is also included and provides quick data import into a standard
Microsoft Excel spreadsheet, including selectable graphing, instrument settings, and number of data
points collected. Data can then be analyzed through standard or optional Microsoft Excel functions,
——— including graphical, statistical, and trend charting.

A version supporting Microsoft Word is also included
for direct data import into reports.

LabView, IVI-C, and IVI-COM drivers are also supplied
P sus—— to allow for increased flexibility in integrating the

\ hnge A0 - Model 2110 into new and existing systems and
e test routines.
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KI-Tool simplifies basic measurement
applications through every setup and
graphical data representation.

1.888.KEITHLEY (u.s. only)

KEITHLEY

A Greater Measure of Confidence A Tektronix Company
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5%2-Digit Dual-Display Digital Multimeter
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DC CHARACTERISTICS

DC VOLTAGE

Accuracy’

TEMPERATURE (THERMOCOUPLE) CHARACTERISTICS

*(% of reading Temperature Thermocouple Accuracy' +°C
Input + % of range) Coefficient Type Range 1 Year, exclusive of lead accuracy

Range  Resolution Resistance 1 Year, 23°+5°C 0°-18°C & 28°-40°C B 600 to 1800°C 15
100.000 mV 1uv 0.012 + 0.004 0.001 +0.0005 (0 0 to 2300°C 15
1.00000 V 10 uv 0.012 + 0.001 0.0009 + 0.0005 E ~250 to 1000°C 15
10.0000 V 0.1 mvV 10 MQ 0.012 + 0.002 0.0012 + 0.0005 J =200 to 1200°C 10
100.000 V 1mv 0.012 + 0.002 0.0012 + 0.0005 K —200 to 1350°C 1.0
1000.00 V 10 mV 0.02 +0.003 0.002 +0.0015 N ~200 to 1300°C L0

R 0 to 1750°C 15

S 0to 1750°C 15

DCI (DC CURRENT) Accuracy’ T —250t0 400°C 15
*(% of reading Tempe_ra.ture 1. Specifications valid after two hour warm-up;
Shunt + % of range) Coefficient a. ADC set for continuous trigger operation.

Range  Resolution Resistance 1 Year, 23°+5°C 0°-18°C & 28°-40°C RTD AND NTC THERMISTOR MEASUREMENTS: Accuracy +0.8°C, 1 year, exclusive of lead
10.0000 mA 0.1 uA 51Q 0.05 +0.020 0.005 + 0.002 accuracy. PT100, D100, F100, PT385, PT3916, SPRTD (R-Zero, A4, B4, Ax, Bx, Cx, and Dx), NTCT
100.000 mA 1pA 51Q 0.05 +0.010 0.005 + 0.001 (A, B, and C), and user-definable RTD.

1.00000 A 10 uA 0.1Q 0.150 + 0.020 0.008 + 0.001
3.0000 A 100 uA 01Q 0.200 + 0.030 0.008 + 0.001 CAPACITANCE CHARACTERISTICS
10.0000 A 100 pA 5 mQ 0.250 + 0.050 0.008 + 0.001 Accuracy'
Test +(% of reading + % of range)
Cl + 0
RESISTANCE? Accuracy' Range Current 1 Year, 23° £5°C
+(% of di T t 1.000 nF 10 A 2.0 +0.80
(% of reading emperature 10.00 nF 10 A 1.0 + 050
Test + % of range) Coefficient 1000 0F 100 A 10 + 050

Range Resolution  Current 1 Year, 23° +5°C 0°-18°C & 28°-40°C 1.000 uF 100 pA 1.0 + 050
100.000 € 1 mQ 1mA 0.020 + 0.020 0.003 + 0.0005 10.00 uF 100 pA 1.0 + 050
1.00000 kQ 10 mQ 1mA 0.020 + 0.003 0.003 + 0.0005 100.0 uF 1 mA 1.0 + 0.50
10.0000 kCQ 100 mQ 100 pA 0.020 +0.002 0.003 + 0.0005 1. Specifications valid after two hour warm-up.

100.000 k€2 1 Q 10 pA 0.020 +0.002 0.003 +0.0005 a. ADC set for continuous trigger operation.
1.00000MQ2 10 Q 1 uA 0.030 + 0.004 0.005 + 0.0005 b. Null enabled.
10.0000MQ2 100 Q 0.1 uA 0.200 + 0.004 0.05 +0.0005
100.000MQ2 1 kQ 0.1 uA 2.000 + 0.005 05 +0.0005
ACCESSORIES AVAILABLE
DIODE TEST Accuracy’ 4299-3 Single Rack Mount Kit
+(% of reading Temperature 4299-4 Dual Rack Mount Kit
Test + % of range) Coefficient 4299-7 Fixed Rack Mount Kit
Range Resolution  Current 1 Year, 23° +5°C  0°-18°C & 28°-40°C 5805 Kelvin Probes, 0.9m (3ft)
1.0000V 10 uv 1 mA 0.020 + 0.030 0.002 + 0.0005 5805-12 Kelvin Probes, 3.6m (12ft)
5808 Low Cost, Single Pin, Kelvin Probes
CONTINUITY Accuracy! 5809 Low Cost, Kelvin Clip Lead Set
+(% of reading Temperature 6517-TP Thermocouple Bead Probe (K-Type)
Test + % of range) Coefficient 7007-1 Shielded GPIB Cable, 1m (3.3 ft)
Range Resolution  Current 1 Year, 23° +5°C 0°-18°C & 28°-40°C 7007-2 Shielded GPIB Cable, 2m (6.6 ft)
1000€2 10 mQ 1mA 0.020 + 0.020 0.002 +0.0005 8605 High Performance Modular Test Leads
1. Specifications valid after two hour warm-up. 8606 High Performance Modular Probe Kit
a. ADC set for continuous trigger operation. 8680 RTD Probe Adapter
b. Input bias current <30pA at 25°C.
c. Measurement rate set to 10 PLC. 8681 Low Cost RTD
2. Specifications for 4W ohms mode. For 2W ohms, use zero null or subtract lead resistance from displayed reading.
a. Maximum lead resistance 10% of range per lead for 100Q and 1kQ ranges; add 1kQ per lead for all
other ranges. SERVICES AVAILABLE
2110-3Y-EW 1 Year Factory Warranty extended to 3 years from date of shipment
MEASUREMENT NOISE REJECTION DC (60Hz/50Hz) at 5.5 DIGITS EI;?;;Y'%ATA lY;“;)afl"“"ywﬁ"a“‘y f’k‘)‘e‘fded ‘°‘5h‘ye’"s e ‘:a‘e 01; Sh‘p;“e‘; -
CMRR: 120dB for 1kQ unbalance in LO lead. C/ZHO-SY-DATA 3 (Z-540-1 comp;ant) ca;bratfons thh?n 3 years 0f purchase for Model -
NMRR: 60dB for line frequency =0.1%. /2110-5Y- 5 (2-540-1 compliant) calibrations within 5 years of purchase for Model
C/2110-3Y-ISO 3 (ISO-17025 accredited) calibrations within 3 years of purchase for Model 2110
C/2110-5Y-I8O 5 (ISO-17025 accredited) calibrations within 5 years of purchase for Model 2110

1.888.KEITHLEY (u.s. only)

www.keithley.com

A Greater Measure of Confidence

KEITHLEY

A Tektronix Company

Model 2110 specifications
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2110 5%2-Digit Dual-Display Digital Multimeter

GENERAL

AC CHARACTERISTICS
c ° INPUT BIAS CURRENT: <30pA at 25°C.
FREQUENCY A':D PERIOD (00 of A;_curaczl‘ . ) ng‘ei;:i'c‘;::"te INPUT PROTECTION: 1000V all ranges (2W input).
requency (% of reading + % of range .
Range (Hz) 1 Year, 23° +5°C 0°-18°C & 28°-40°C AC CMRR: 70dB (for 1kQ unbalanc: LO lead).
100.000 mV o 10-40 003 0.002 POWER SUPPLY: 100V/120V/220V/240V.
750.000 V2 40-300k 0.02 0.002 POWER LINE FREQUENCY: 50/60Hz auto detected.
POWER CONSUMPTION: 25VA max.
ACV (AC TRMS VOLTAGE) Accuracy’ Temperature DIGITAL 1I/0 INTERFACE: USB-compatible Type B connection, GPIB (option).
£(% of reading + L ENVIRONMENT: For indoor use only.
% of range) Coefficient OPERATING TEMPERATURE: 0° to 40°C
Range Resolution Frequency 1 Year, 23°+5°C 0°-18°C & 28°-40°C U oAU R e .
10 Hz—20 Kiiz 012+ 005 001+ 001 OPERATING HUMIDITY: Maximum relative humidity 80% for temperature up to 31°C.
2 IOO'OI(;O my ltlgv 20 kHz—50 kHz 0.25 + 0.05 0.02 + 0.02 STORAGE TEMPERATURE: —40° to 70°C.
.S 50 kHz—-100 kHz 0.65 +0.08 0.04 +0.02 OPERATING ALTITUDE UP TO 2000 M ABOVE SEA LEVEL.
“— 750.000 V2 10 mV
s 100 kHz=300 kHz 5.00 + 050 02 +0.02 BENCH DIMENSIONS (WITH HANDLES AND BUMPERS): 107 mm high x 252.8 mm wide
= % 305 mm deep (3.49 in. X 995 in. x 12.00 in.).
E=N  ACI (AC TRMS CURRENT) Accuracy' WEIGHT: 2.23 kg ( 492 Ibs.).
8_ *(% of reading + Temperature 8 ) ) I
h % of Coefficient SAFETY: Conforms to European Union Low Voltage Directive, EN61010-1. Measurement Cat 1
of range) 1000V and CAT II 600V,
= Range Resolution Frequency 1 Year, 23° £5°C  0°-18°C & 28°-40°C EMC: Conf 5 ) ion Directive 89/336/EEC. EN61326.1
R 10000 Ato 10 iAo 10 Hz=900 Hz 030+ 0.06 0021 001 : Conforms to European Union Directive 89/336/EEC, EN61326-1.
— 3.00000 A 100 A 900 Hz—5 kHz 1.50 + 0.15 0.02 +0.01 WARRANTY: One year.
[}
10 Hz—900 Hz 0.50 +0.12 0.02 +0.01

o
§ 1000004 100 A 900 b5 ki 2550 +0.20 0.02 + 001

1. Specifications valid after two hour warm-up.

a. Slow AC filter (3Hz bandwidth).

b. Pure sine wave input greater than 5% of range.
2. 750VAC range is limited to 100kHz.

Model 2110 rear panel.

Specifications are subject to change without notice. All Keithley trademarks and trade names are the property of Keithley Instruments, Inc.
All other trademarks and trade names are the property of their respective companies.

KEITHLEY
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KEITHLEY INSTRUMENTS, INC. B 28775 AURORA RD. B CLEVELAND, OH 44139-1891 W 440-248-0400 M Fax: 440-248-6168 M 1-888-KEITHLEY B www keithley.com

GERMANY
Germering

Ph: 089-84930740
Fax: 089-84930734
info@keithley.de
www.keithley.de

INDIA

Bangalore

Ph: 080-30792600

Fax: 080-30792688
support_india@keithley.com
www.keithley.in

FRANCE

Les Ulis

Ph: 01-69868360
Fax: 01-69868361
info@keithley.fr
www.keithley.fr

BELGIUM
Sint-Pieters-Leeuw
Ph: 02-3630040
Fax: 02-3630064
info@keithley.nl
www.keithley.nl

CHINA

Beijing

Ph: 86-10-8447-5556
Fax: 86-10-8225-5018
china@keithley.com
www.keithley.com.cn

MALAYSIA NETHERLANDS
Penang Son

Ph: 60-4-643-9679 Ph: 040-2675502
Fax: 60-4-643-3794 Fax: 040-2675509
sea@keithley.com info@keithley.nl
www.keithley.com www.keithley.nl

KOREA

Seoul

Ph: 82-2-574-7778
Fax: 82-2-574-7838
keithley@keithley.co.kr
www.keithley.co.kr

ITALY

Peschiera Borromeo (Mi)
Ph: 02-5538421

Fax: 02-55384228
info@keithley.it
www.keithley.it

JAPAN

Tokyo

Ph: 81-3-6714-3070
Fax: 81-3-6714-3080
info.jp@keithley.com
www.keithley.jp
UNITED KINGDOM

SINGAPORE TAIWAN
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Singapore

Ph: 65-6747-9077
Fax: 65-6747-2991
sea@keithley.com
www.keithley.com.sg

Hsinchu

Ph: 886-3-572-9077
Fax: 886-3-572-9031
info_tw@keithley.com
www.keithley.com.tw

© Copyright 2012 Keithley Instruments, Inc.

Bracknell

Ph: 044-1344-392450
Fax: 044-1344-392457
info@keithley.co.uk
www.keithley.co.uk
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9.5.12



000 "TexaHkoM"

KoHTponbHO-u3MeputenbHble Npubopbl U o6opyaoBaHue

LNOPOBbLIE MYJIbTUMETPbI U CACTEMbI CBOPA JAHHbIX

TexHu4eckasa nHpopmauua

LindpoBble MynbTUMETPbI NPe0GpasyioT aHanorosble CUrHasbl
B LMOpOBbIe. B 06uiem cnyuae undpoBble MynbTUMETpbI
BbINONHAIT, KaK MUHUMYM, NATb TANOBbIX QYHKLMIL: u3Mepe-
HUE MOCTOAHHOTO HANPSKEHNS, IEPEMEHHOTO HAMPSXEHNS,
NOCTOAHHOTO TOKA, EPEMEHHOTO TOK 11 CONPOTUBAEHUA.
TexHuueckme XxapakTepucTukin UGPOBbIX MyNbTUMETPOB
Pa3NuYaloTCs, Ho GONLLUIMHCTBO 3TMX NPUGOPOB NOCTPOEHBI

B COOTBETCTBUM CO CTPYKTYPHBIMYU CXEMaMU, aHNIOrMYHbIMU
NpeACTaBeHHoil Ha puc. 1.

MpeobpasoBaHue aHanoroBoro
curHana B yuégposon

Ananoro-uudposoii npeobpasosatens (ALIM) npeobpasyet
BXOZIHO/ aHanoroBblii curian B undpoBoil curnan. 0T Hero,

B OCHOBHOM, 3aBUCAT KNioyeBble XapakTepucTuki npubopa:
CKOPOCTb U3MePEHHiA, INHEHOCTD, pa3pelLeHue, NofaBneHne
CMHda3HOA NoMexy 1 TOUHOCTb. LindpoBoii BbIX0OAHOI curHan
0T06PaKAETCA UMK PerncTpUpyeTCa pa3NuHbIMU cnocobamu.
Ero moxHo BU3yanbHo HabloAaTh Ha Ancnnee nepenHeit
naHenu B YNCNOBOM BIE BMECTe C JOMONHUTENbHOI UHOp-
mavveit. Kpome Toro, uudpoBoii curHan MoxeT 0AHOBPEMEHHO
nepefaBatbca yepes BHewwHuii unTepdeiic (GPIB, RS-232, USB
unu Ethernet) Ha KomnbloTep Ana AanbHeiiwwei obpaboTki.

PaspeuieHne

PaspeLuenue onpefenaeTca Kak HaMeHblLee U3MeHeHNe cur-
Hana, KOTOpoe MOXeT ObITb 3aperucTpupoBaHo B kakom-116o
ANana3oHe, 0THeCEHHOE K 3TOMY Auana3oHy. Hanpuwep, eciu
npubop oTobpaxaer B kakom-n16o AuanasoHe MakCManbHoe
3HaueHue 19 999 1 HaumeHbLLee perucTpupyemoe n3meHeHue
BXOJIHOTO CUrHaNa cocTaBnAeT £1 nocneaHen 3Havalled
umndpbi (LSD), To paspetwenue pasHo 1/19 999, unn 0,005%.

Pa3peLuenue 06bluHO BbIpaXaloT B BUAE LENOTo Yncna 1 40mu,
Hanpumep, 5% pa3pagos. Llenoe uncno npeacrasnaet konu-
YeCTBO Pa3pALOB, B KOTOPbIX MOTYT 0TOBpaaTbCA LUPpbI

o1 0 70 9. [lons yKa3blBaeT Ha TO, UTO CaMblii CTapLUMil pa3pAn
UMEET 0/IHO WM HECKONBKO OTANYHDIX OT HYNA COCTOAHUIA,

B CNyyae 0603HaueHna 2 B CAMOM CTapLLUem paspage MoryT
0T06paxaTbcA UNPpbi 0, Tunm 2.

YyBcTBUTENBHOCTD

YyBCTBUTENLHOCTb NOX0XA Ha pa3peLLeHIe B TOM OTHOLLe-
HIM, 4TO OHa XapaKTepu3yeT HauMeHblUee M3MeHeHue BXOp-
HOro cUrHana, kotopoe cnocobeH 3aperncTpuposatb npubop.
0nHaKo YyBCTBUTENLHOCTD BbIPaXaeTCA He B IONAX WWKaNbI,
a B aOCONIOTHBIX eANHNLIAX M IPUMEHSAETCA K CAMOMY HIXKHe-
My AvanasoHy u3mepAemoii BennumHbl. YyBCTBUTENbHOCTD
LMpoBOro MynbTUMeTPa C papeLueHinem 7% pa3papos
coctanaet 10 HB, ecin ero camblil HUXKHUIE AUanasoH u3me-
penua 200 mB (6e3 yueta BIMAHMA LWyMa aHAOroBbIX Lienei).

MorpewHocTb

MorpewwHoCTb ONpeAenseTca B BUAE YNCIA, COCTOALLETO

13 1BYX 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 HIXKHEI TpaHuLie AnanasoHa, Tem
6onbLuKii BKNA/ B NOTPELUHOCTb AET Caraemoe, BbipaxeHHoe
B MPOLIEHTAX OT AManasoHa. Yem bnike u3mepsemasn Benu-
UMHA K BepXHeli rpaHuLie A1ana3oHa, Tem bonbLuuil BKnaj B
MOrpPeLLHOCTb A T Cllaraemoe, BblpaeHHoe B NpoLieHTax oT
noka3aHuii. Haunyuuas TouHoCTb JOCTUraeTcA BONM3M Bepx-
Heli rpaHuLbl Anana3oHa.

AtTeHioatop Mpeobpazosatenb 7
| nepemerHoro TIEPEMEHHOr0 u;v?ﬁi%”
Nepen. HanpsxeHus HanpsxeHus
d) Mepem. * m
Bxoa BonbTMeTpa (@) npposble
(HI) P ocr. (™ Arrentoatop Mocr. AU BbIXOHbIE
nocroskHoro —————————————O-€0O— u > TopTb
Q HanpsxeHna Conpotuenetne O (IEEE-488,
V3mepeHue Toka USB, RS-232
ConpoTyBnenue + Ethérnet) ,
Tpeuu3noHHoe
BX0A 5. IPecpasoBarens el
Mpeuun3noHble conpoTUBNEHHiA onopHoe
WyHTH HanpsxeHue
Bxon
BonbTMeTpa (LO)
<7
Puc. 1. CrpykTypHas cxema LdppoBoro MynbTUMeTpa
2
g 00075 -
==
%; 0.0060 - 514
L 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 HeoNpepeneHHoCTb Pe3yNbTaTos 3MepeHuii Ans 5%- 1 6%-paspsHbIX LUQPOBbIX MyNbTMETPOB.

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

+5 °Cu HTepBanoB mexny kanubposkamu 24 vaca, 90 AHeil
UK 0AMH rogl. MorpetHoCTb MOXKHO CHU3UTD, yMeHblLUAs
[AMana3oH U3MeHeHNA TeMnepaTypbl OKpyKatoLLieil cpesbl n
BblbUpas 6onee KOPOTKME MHTEPBAsbI MEXAY KanubpoBKamu.
Ha puc. 2 nokazaHo BANAHMe ypOBHA BXOAHOT0 CUrHana Ha
HeonpezeneHHoCTb M3MepAeMoii BeNMUMHbI B pabouem
ZAnanasoHe. lorpeLHocTb 060X U3MepuTenbHbIX NPU6OpoB
3a/laHa Kak +(0,1% + 1 en. nocneaHero 3Haka).

Harpy)Keume N BXOAHOe conpoTuBneHne

HarpyxeHve uenu — 370 BoO3MyLLEHuUe, BHOCUMOE B U3Meps-
€eMYI0 LieMb 13-33 HeBECKOHEUHOTO BXOLHOTO CONPOTUBNIEHNS
undpoBoro MynbTUMETpa. BxoaHoe CoNpoTHBIEHUe NpesCTaB-
NEHO SKBUBANIEHTbIM aKTUBHbIM COMPOTUBIIEHUEM Ut MKOCTbIO
BXOZHbIX KNeMM LU$POBOro MynbTUMETpa.

Owmbka, 0bycnoBneHHas Harpyxenuem (puc. 3), npeacTaBnaet
€060i PasHOCTb MeXAY HanpsXeHneM, U3MepeHHbIM npubo-
pom (V,,), v HanpaxeHuem uaeanbHoro ncroutuka (V).

Owmbka, 0bycnoBneHHas nafeHnem Hanpsxenus (puc. 4),
npeacTaBnAeT 060/ PasHOCTb MeX Ay PaCcYeTHbIM TOKOM,
Tekywum yepe3 Harpysky (R,), u u3mepexHbim Tokom (I,,),

BbI3BaHHYI0 KOHEUHbIM NaZieHneM HanpsXeHUA Ha u3mepu-
TenbHoM npubope.

JByxnpoBoaHas 1 YeTblpexnpoBofHas
CXeMbl U3MepeHNA CONPOTUBAEHMI

LindpoBoii mynbTUMETp C ABYMA BbIBOAAMI NOJAET U3Me-
PUTENbHbII (30HANPYIOLLMNIT) TOK Yepe3 COeANHUTENbHbIE
NpoBOAA, KOTOPble 0AHOBPEMEHHO MOAKNIOUEHBI KO BXOAAM
unpoBoro BonbTMeTpa. Takas ABYXNPOBOAHAA CXeMa
U3MepeHus conpoTBNeHNi B 60NbLUMHCTBE 333y paboTaeT
X0powwo . OAHAKo NajieHne HaNPAXEHUA Ha COeAMHUTENbHBIX
NpOBOAAX C CONPOTUBAEHNEM R, MOXeT NpUBECTY K CyLLje-
CTBEHHbIM MOTPELUHOCTAM NPU U3MEPEHUN MaTIbIX CONPO-
TUBNEHUit (puc. 4, 5).

YeTbIpexnpoBoAHaA CXeMa U3MepeHIs CoNpoTUBNEHMIT (cxema
KenbBuHa) N03B0AAET UCKMIOUUTH NafieHIe HANPAXKeHNS Ha
COE/AMHUTENbHbIX NPOBOAAX LIENW BONILTMETPA NyTEM N0A-
KNIOYEHUA U3MePAEMOro ConpoTuBAeHus R, K BObTMETpY
MY NOMOLLM ABYX AONOAHUTENbHbIX NPOBOAOB. TOCKONbKY
113-32 BbICOKOr0 BXOZIHOTO CONPOTUBNEHNA BOJITMETPA TOK B
€70 LYk Ha MHOT0 NOPAAKOB MEHbLLE 30HAMPYIOLLEro TOKa,
MafeHnemM HanpsKeHIa Ha COeMHUTENbHbIX MPOBOAX Lienk
BOJITMETPA MOXHO NpeHebpeub.

KEITHLEY
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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, Ana Yu M R,
QyHKyna YBenuuenne Bnunsxue Ha norpewHocTb, Ownw6Ka, 06ycnoBnenHas — =l _ Vi
06YCNoBNEHHYIO HarpyXeHuem najieHneM HanpsxeHna - |S - VS
HanpaxeHue noctoaHHoe R YBennuenue
Han M:;::ﬁ::j:::;:uoe R YMmeHblueHne LM rae VB_ MaKCUMaTbHOE Nlafiexie
l;nu nepemenHoe ! Y = | Vg Hanpaxenus, a IFV_TOKJ
fs COOTBETCTBYIOLLMI BCeiA LWKane.
Hanpsaxenue nepemenHoe 1y YBennuenne
HanpaxeHue nocToAHHoe Yactota Ysennyenue

Puc. 3. MorpewHocTb, 06ycnoBNeHHaA HarpyxeHnem

/13-3a BbICOKOT0 BXOIHOMO UMNEflaHca B VI3MepVIT€J'IbHOl7I uenu

- M WcTnsHoe nagenne
TeyeT 0ueHb Manbii TOK, NI03TOMY Ha NPOBOAHUKAX NIPAKTUYe-  TAHUA 1 CUHGASHOM NOMEXM Onseckoe nagene e o
CKW HET OMUYECKOr0 NTaieHINA HAMPAKEHNA U HAMPAKEHYe Ha .

A P P MloMexy 0T CeTU NTaHWA — 3T0 NOMeXH, MPUMELLNBaloLLUeCs o BL o

13MepUTENbHBIX KNEMMaXx PaBHO HanpAXeHMIo, C034aBaemo-
My Ha conpoTusnerum R, (puc. 5).

Y MynbTumerp TOK
BbiCTpOAiiCTBIE 1 BpEMSA YCTaHOBNEHNA KoadduumeHT nogaBneHuns nomex ot ceti nUTaHNA (NMRR) Ry
) YKa3blBaeTcA B eumbenax Ha uactote nuTatoweit cetv 50 My 1o ]
Bpem# ycTaHoBAeHuA MoKa3aHiit U3MepuUTenbHOTo npubopa unm 60 M. Momexw 0T ceT NUTaHUA NPOABNANTCA B BUAE PR — °
06yCnoBneHo ero BXoAHbIMYU Lenamu. CKopocTb CHATUA {MIYTTbCOB WM OTKMOHEHIA NOCTOSHHOTO CUTHANA. P P P R,

noKazaHuii, um 6hI(Tp0,[|eI7I(TBI/I€, 3aBUCUT OT BPEMEHN
YCTaHOBNEHUA. B nyyae an60pOB C BbICOKMM pa3pelleHnem
ANA JOCTUXKEHNA HOMUHANbHOI TOYHOCTI MOXET 0Ka3aTb(A

HeoBX0AUMO NOZI0KATh HEKOTOPOE BPeMA ANA NONHOTO YCTa-  KoadduuteHT nogaBneHns cudasHoii nomexit (CMRR) xapak- Werounuk (HI) — -
HOBJNIEHWA BXOZHOTO CUTHana. Tepy3yeT CNOCOBHOCTb U3MEPUTENbHOFO NpUBOPa NOAABAATD Mymsn o™ (HD pA § ;
" X
Ha ckopocTb U3MepeHIs BIMAIOT HECKONbKO NTapaMeTpoB, B curHan, o6Lywii Ania 060X BXOLOB U3MePUTENIbHOTO npuGopa. merp Hctoukuk &8; —
30T NapameTp 06bI4HO M3MEPAIOT € HeChanaHCMpoBaHHbIM P

TOM YMCe NOCTOAHHAA BPEMEHM MHTEr PUPOBAHUA, BbIPaXeH-
Has uncnom nepuogos Hanpsmxexua nutatowweii cetu (NPLC),
!N udpoBoro GunbTpa, aBTOMATMYECKOE NEPEKNHYEH e
[AMana3oHoB, aBToOMaTHYeckas koppekuua Hyna (AutoZero),
3a/lepKKM 3anycKa v napameTpbl HaCTpoiiku gucnnea. na
AOCTVXKEHUA MaKCUManbHoil CKOPOCTY 3MepeHuii cnepyeT
YCTaHOBWTb ClieAyIoLLMe NapaMeTpbl:

NoCToAHHaA BpemeHu uHTerpupoBanms: 0,01 NPLG

QUABTp: OTKNIOUEH;

AManazoH: GUKCupoBaHHbIi (6e3 aBTomMaTnyeckoro

Puc. 4. Owm6Ka, 06ycnoBneHHas naaeHem HanpsxeHns

lNopaBneHne nomex ot ceTn

K BXOAHOMY curHany. bonbLuas yactb nomex oT ceTu NuTaHNA
COBMAJaeT C YacToTOi NUTAIOLLeN CETH 1N e FTapMOHUKAMN.

NMRR = 20Ig (MakcumanbHas amnanTya nomexu Ha Bxoge)/
(MakcumanbHas owwn6ka, BHOCUManA NOMEeXoil)

conpotugneHnem 1 KOM B OZHOM U3 COEAMHUTENbHBIX NIPO-
BO/I0B. YBeNMueHMe HecbanaHcupoBaHHOM0 CONPOTUBEHNA
npuBeZeT K yBennuenmto cundasHoii nomexu. CMRR onpepe-
NAIT ANA NOCTOAHHOTO CUrHana Ha yactote 50 Ny nan 60 [y n
BbipaxkatoT (kak u NMRR) B geunbenax. CMRR npumeHsioT kak
K U3MepPEHNAM NOCTOAHHDIX, TaK 1 NePEMEHHbIX CUTHANOB.
(uHda3Has nomexa NpoABNAETCA KaK OLIMOKa CMeLLeHNs,
HaNoXeHHaA Ha Noe3HbIil CUTHa.

HI U3meputenbHblii =

Usmeputens- gy
Hblli TO|

4-npoBojiHaA CXeMa U3MepeHua
conpoTueneHuit

MV

Puc. 5. [IByxnpoBopHan 1 YeTbIpexnpoBo/HaA CXeMbl N3Me-
peHuA ConpoTUBAEHNI

rPy3KK NapameTpom ABNAETCA MAKCUMaNbHOE HanpsXKeHue
CUH(A3HOTO CUTHaNa, IPU KOTOPOM MOXET PaboTaTb u3me-

Bbi60pa AManasoHa); 3awwuTa ot neperpysku pUTENbHbIIA PUGOP: 3T0 MaKCUMANbHO HaNPSKeHIe OTHO-
aBTOMATUYeCKas KoppeKLmA Hyna (AutoZero): oTKnio- 3aluuTa 0T neperpysKu ABNAETCA CpeaCcTBOM obecneyenna CUTENbHO 3a3eMIIeHNs, KOTOpOe CNocobeH BblepxaTb BXOA
YeHa; INeKTPUYECKOI HAZEXXHOCTM M AOMKHa 0becneynBaTh AoCTa- Hu3koro notexumana (LO) unu o6wmii Bbisog (COMMON).

3afiepxka 3anycka: = 0,0;
oTobpaxeHue Ha aucniee: OTKNKYEHO.

CnenyeT NoAYEpKHYTb, UTO HACTPOIiKY, 06ecneunBaioLme
HaboNbLLYI0 CKOPOCTb, He 06eCNeUMBAIOT MAKCMMaNbHYI0
TOYHOCTb.

TOUHYI0 3aLLUTY U3MePUTENbHOrO NPU6OPa OT 06bIUHBIX CeTe-
BbIX HanpAxeHuit. Kak npasuno, Haubonee uyBCTBUTENbHbIMM
K BbICOKMM HanpseHnAM ABAAIOTCA CAMbIVi HUKHMIA AMana3oH
13MepeHua HanpsaxeHus (Hanpumep, 100 MB) n aanasoHbi
13MepeHuA conpoTUBIEHMIA. AHANIOTYHBIM 3aLLuTe OT Nepe-

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

Keithley « U3smepeHus n TecTupoBaHue « CnpaBoOYHMK N0 NPOAYKLUM
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CpaBHuTenbHas Tabnuua uuppoBbIX 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 MkB 100HB 10HB 10HB 1HB
MakcumanbHoe 3HaueHue 10008 10008 10008 11008 1100B
0cHOBHasA NOrpelHoCTb 0,0038% 0,002% 0,0018% 0,0018% 0,0006%
[} (oTHOCUT p ) . . 110 JONONHUTENbHOMY 3aKa3y MO AOMONHUTENbHOMY 3aKa3y
TMuKoBbie BbIGPOCHI NPY NOCTOAHHOM HaNpPsAKEHUN . .
HEPEMEHHOE HanpaxeHue (M(TMHHOE (pefHeKBagpaTnyeckoe 3Hat|e|w|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 —2MIy
ab, 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-npoBopsHasn cxema)
YyBCTBUTENBHOCTD 100 mkOMm 100 mkOm 1MKOM 1mMKOM 100 HOm
MakcumanbHoe 3HaueHme 100 MOm 120 MOm 120 MOm 170m 170m
0cHOBHasA NOrpelHoCTb 0,015% 0,008% 0,0032% 0,0032% 0,0007%
TecTMpoBaHue LieNOCTHOCTH Lienei . . .
TectupoBanme auopoB . . .
KomneHcauus cmewenus . . .
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
Jluana3zox 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 CpefiHeKBaApaTHUeCKoe 3HaueHue)
YyBCTBUTENbHOCTD 1MKA 1MKA 1mKA 100nA 100 nA
Nunanazon 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 KMy 20Ty — 100 kly
061y1e XapaKTepUCTUKM
WHrepdeiicol USB GPIB, RS-232 GPIB, RS-232 GPIB GPIB
YnepxaHue nokasaHuit . . .
Lindposbie nuunm Bopa-BbiBofa . . .
NamATb AnA pe3ynbTaToB U3MepeHuit 2000 oTcueToB 1024 otcueToB 1024 otcueToB OnuuoHanbHo o 30 000 OnuuoHanbHo ao 30 000
MakcumanbHasa ckopocTb U3mepeHuit 2000 oTcyetoB/c 2000 otcyetos/c 2000 oTcyeToB/c 2000 otcyetos/c 2000 oTcyeToB/c
W3mepenna Temnepartypbl Tepmope3ucropom (RTD) Tepmonapoii Tepmonapoii, Tepmope3u- Tepmonapoii, Tepmope3u- Tepmonapoii, Tepmope3u-

cTOpoM cTopom cTOpOM

Imynauma asbika 34401A 8840/42,196/199 196/199 HP 3458
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Mopenb 3706A 2015, 2016 2700 2701 2750
Kon-Bo paspsapos 7% 6% 6% 6% 6"
Kananbl pacumpenns 576 80 80 200
TNocTosHHOE HanpAXKeHne
YyBcTBUTENbHOCTD 1048 100 HB 100HB 100 HB 100 HB
MakcumanbHoe 3HaueHue 3008 10008 1000 B 10008 10008
0CHOBHaA NOrpeLHoCTb 0,002% 0,002% 0,002% 0,002% 0,002%
OTHOwWeHune (nnatoit MynbTUNNEKCOPa Cnnatoil mynbTUNNEKcopa (nnatoil MynbTUNNEKcOpa
TMuKoBbie BbIGPOCHI Ha MOCTOAHHOM HaNPAKEHUN
ﬂepemeuuoe HanpaxeHue (M(TI/IHHOQ (peaHeKBaApaTnyeckoe SHa‘IEHMe)
YyBCTBUTENBHOCTD 100 HB 100 B 100 HB 100 1B 100 B
MakcumanbHoe 3HaueHune 3008 7508 7508 7508 7508
0cHOBHaA NOTpPeLIHOCTb 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, rapmoHuK® 20y — 20Ky
AMNAUTYABI FAPMOHNK Mogundukauun «-P»
WcToYHMK rapMoHnyecKoro curiana 4B/9B (10 Iy —20 kTu)
ConpoTtuBnenus (2/4-npoBopgHan 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 NOrpeLHoCTL 0,004% 0,008% 0,008% 0,008% 0,008%
TecTupoBaHue LeNoCTHOCTH Leneit . . . .
TecTupoBaHue fU0A0B .
KomneHcauns cmewenua . . . . .
W3mepeHue npu ManbiX TOKax U NafieHUAX Hanpsxe- . .
Huit (dry circuit)
MocToAHHDIN TOK . . . . .
TMocToAHHDIN TOK
YyBcTBUTENbHOCTD 1nA 10HA 10HA 10HA 10HA
JNnanazox 10mMKA-3A 10mMA-3A 20mMA-3A 20mA-3A 20mMA-3A
0cHOBHasA NOTpPeLIHOCTb 0,03% 0,03% 0,03% 0,03% 0,03%
TNepemeHHbIN TOK (MCTUHHOE CpeiHEeKBafpaTMyecKoe 3HaueHue)
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 3Tu—5kly 3Tu—5kMy 3Tu—5kMy 3Mu—5kly
06Ly1e XapaKTepuCTKu
WuTepdeiico GPIB, LXI/Ethernet, USB GPIB, RS-232 GPIB, RS-232 Ethernet, RS-232 GPIB, RS-232
YpepxaHue nokasaHuit . . .
LinppoBbie nuHuM BBOAA-BbIBOAA 14 2 8Bopa/5 BbiBoA (TT/) 28BoA/5 BbIBOA (TTIT)
Namatb oTcyeToB 650000 oTcyeToB 1024 oTcyetoB 55000 otcyetoB 450000 oTcyeToB 110000 oTcyeToB
Makd CKOpPOCTb pennit > 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, TepMopesucrop,

TepmMuCTOp

TepMUCTOp

TepMuUCTOp

TepmucTop
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