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Ilin yac BUMIpIOBaHHSI HANPYIH YHiBepCAJIbHUMHU OJIOKAMH 30HPAHHA JAHUX BHHHKAE
MeTOIMYHA TMOXMOKA 4Yepe3 HeBPaXyBaHHA IXHiX BHYTPIlIHIX mapaMeTpiB BXiZHOro KoJja.
ExcnepuMeHTaIbHO BH3HAYEHO BXiIHI mMapaMeTpH BXiIHOro koja 9 6,10KkiB 30MpaHHs JaHUX
NI USB 6009, Takux sik eKkBiBaJeHTHMIi BXiIHHUI omip Ta eKBiBajleHTHe /iZKepeji0 HANpPYIH.
Jdas Becix 9 0/10KiB BH3HAYeHO HeNMEBHOCTI BH3HAYEeHHX BXiIHMX NapameTpiB. 3HauyeHHS
eKBIBAJICHTHHX OMNOPIiB  OTPUMAaHi  eKCINEePUMEHTAJIbHO TOPIBHSAHO 3i 3HAYEHHAM
eKBIBAJICHTHOT'O ONOpPY, BKa3aHUM Y cnienupikanii O10Kka.

Kuto4oBi cjioBa: ekBiBaJleHTHHUIi omip BXiIHOT0 K0/1a, eKBiBaJTeHTHA HANPyra BXiAHOIO
KO0JI1a, TeopeMa NMpo eKBiBaJeHTHHII reHepaTop, MeTOAUYHA MOXHOKAa BUMIPIOBAHHS HANPYTH,
LabVIEW, yniBepcajabnuii 610k 30upannst ganux, NI USB 6009,

The error of method appears when measuring voltage by data acquisition (DAQ) devices
because of neglecting their input parameters. The experimental determination of input
parameters, such as the equivalent Thevenin input voltage and resistance, for 9 DAQ devices
NI USB 6009 was carried out in this paper. Uncertainties for these parameters are given as
well. The experimentally determined parameters compared with that given in the device
documentation.

Key words: the error of method, LabVIEW, Thevenin equivalent circuit, NI USB 6009.

Beryn

HayxkoBi nmocnmimpkenns [1], maGoparopHi morpebu [2] 1 moOyt [3] YacTo BUMararmTh pPa3oBUX
BHUMIipIoBaHb pisHUX (iznunux BennunH (ad hoc BumiproBanus). KymyBatu ajsl [pOro crieniaibHi Npriaan
HenouinbHO. CIii MPUCTOCYBAaTH TUIOBI JIabopaTopHi Oyoku. Ha puHKY € mupokuid acopTUMEHT OJIOKiB
30upaHHs naHuX, Hampukian, NetDAQ 2645 (16-18 pospsais, 15958) ¢ipmu Fluke, USB-201 (12
po3psiaiB, 998) dipmu Measurement Computing, NI USB 6009 (13—14 pospsnais, 4518) ¢ipmu National
Instruments [4].

KoMmpoMicHUM 110710 cITiBBigHONIEHHS HiHA-(pyHKIioHaTbHICT, € NI USB 6009. Horo mepesaroro €
cymicHicth 3 mnporpamoio LabVIEW, ska 3a0e3meuye MOAYIBHICTH 1 THYYKICTh, TpadiuHy MOBY
MporpaMyBaHHs, PO3BHHYTHUN KOMILUIEKC OiONIOTEK MiANporpaM, MOXKIWBICTh ONpPAIIOBAHHS JaHHUX 1
MOCTIHO MOHOBIIIOBaHY 0a3y MPUKIAIB 3acTOCYyBaHHs [S].

IMpu 3actocyBanni NI USB 6009 wacTo HEXTyHOTh IapamMeTpaMH BXOAY aHAJIOro-nudpoBux
neperBoptoBauiB (ALIl), siki y moxymeHTauii abo BifcytHi, abo HempaBwibHi [5]. Lle yacom Beme no
3HAYHUX MOXHOOK, TOMY iX AOLITEHO BU3HAUYUTH OKPEMO.

Meroro poOOTH € JOCHTIDKEHHS MapaMerpiB ekBiBaJeHTHOI cxemu BxigHoro koma AIIIT NI USB
6009. Jlns nporo 1ocTaTHLO Mara3uHa ornopy HeBucokoi Tounocti — 0,1 %.

MeToauka T0CTiIKEeHHA

V ineansnoro ALII Bxiguuii onip R ,,. —> oo 1 BXiguuii crpym /. — (0, BiH HE HaBaHTaXye

KOJI0, /1 BUMiproemMo Hanpyry. Peanbuuii ALl mae xoneunuii onip R ;. 1 cnoxusae ctpym /- . Tomy
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. . MET
ciaj Halpyru Ha BHYTPIIIHEOMY ONOPi R, CIOPUYMHSAE METOAUYHY NMOXUOKY Ay,  , Ky 3a pe3ylbTaToM
BuMiproBaHHs U ,,. MOXHA OLIIHUTH K

Ry T RW '[ADC = RW UADC/RADC > (1)

IToxuOxka Afng METONMYHA 1 BH3HAYACTBHCI HE

noxuOkoro AIIll, a #oro HeiIeaNpHICTIO MIOJI0 IHIIIOTO
napamerpa — BXiIHOrO OTopy.

Bxigni koma ALIT NI USB 6009 mictaTh MOAUILHHUK Ta
JOKepeno 3MilieHHs (Ui BuMiproBaHHS Hanpyru £10 B mpu
Hanpy3i xuBieHHS 5 B). Tomy ekBiBaJeHTHa cxeMa BXOIY
ALIT y pexumi “Single ended” micTuTh BHYTpIIIHI JKEPEIO

EPC. E,, ionip R, . JlocnianTu ix MOXHa 3a cXeMoro puc. 1,

ne 10 Bxoay AL migkimroueHo HaBaHTaKECHHS R, .

Puc. 1. lTioxniouenns naganmasicenns Jns BusHaueHHs mapamerpi Bxony AL — ioro EPC

R1 00 éxionoeo xona ALIT . .
E,, ionopy R, HeoOXiaHO:

1. Tligxmrountu 6ok NI USB 6009 no xomn’rorepa, 3amyctutu nporpamy LabVIEW, BcraHoBUTH
fioro AL y pexxum BumiptoBanus “Single ended”;

2. Iigkmrouutn 10 aHajgoroporo Bxoay Al O Ojoka Mara3suH OMOpIB 3 Jialla30HOM IX 3MiHH,
Hanpukiaz, Big 10 1o 90 kOwm;

3. Buwmipsaru 3a gonomororo AIIIl manpyru U, Ha marasuHi onopis /Uil 3Ha4€HHs OnopiB R, Bix

10 1o 90 kOm (neB’sath BuMiproBaHb). [l BHM3HayeHHA mnapamerpis £, i R, J0CTaTHbO JIBOX

pe3yabTaTiB BUMIPIOBaHb, ajie JijIs 3MEHIICHHS BIUIMBY BHIaIKOBUX NoxuOok ALIIl Bukopucraemo meron
HaJJIUIIKOBHUX piBHHHI);
4. TloBToproemo omneparii . 1 ... 3 ms pemrru cemu Bxois AL

5. Busnauaemo nmapamerpu E, i R,, nns Bcix Bxomais ALIL;
6. AHanizyeMO BCi OTpUMaHI Pe3y/bTaTh Ta IOPIBHIOEMO IX 3 XapaKTEPUCTHUKAMH, 3aJaHUMU
BUpoOHUKOM O51oky USB-6009.
Busnauennst napametpiB BxigHoro xona AL

3a pesyabTaTaMM MPOBEJEHUX BUMiproBaHb U, 1714 3aJlaHUX 3Ha4eHb R, MOJKHA CKJIACTH CHCTEMY

13 J1eB’ATbOX piBHAHb BUIY E, =1, (Ri +RW). Ane nns po3B’si3aHHSI CUCTEMH PIiBHSHB 3aco0amu
LabVIEW, nouinpHilie 11i piBHSHHS MOJATH Y TAKOMY BHTJISIII

R,U.

1
)
V takoMy BUNajKy, miacrapisioun orpumani U, ta R, y (1), ckinagaeMo MaTpU4yHE PiBHSAHHS, K€

po3B’sizyemo y LabVIEW 3a nmoromoroto ¢yskiiii Solve linear equations.vi

U
R U
1 EW 1 (3)
.......... * R T eeeee |
U
R9
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OnpanoBaHHs OTPUMAHUX pe3yJbTaTIiB

[TocioBHICTH OIpalfOBaHHS Pe3y/IbTaTiB:

. . . E R
1. 3 monepenHboi MporpaMu po3B’si3Ky piBHSHL MH 30MpaeMo OTpUMaHi 3HaueHHs ¥ Ta = " s
3HAXOJ/KCHHS CTaHIapPTHOT aOCOIFOTHOI HEMEBHOCTI 3a TUIIOM A.
2. 3HaxXoIUMO PO3IIUpPEHY aOCONIOTHY Ta BIJHOCHY HEMEBHOCTI pe3yJbTaTiB BUMIPIOBAHHS IS

piBHs nosipu 0.95.

AGcomoTHy craHmapTHy HemeBHiCTh U, Ty A 3a3BH4ail BUKOPHCTOBYIOTH [JIS OLIHIOBaHHS

KUTBKOX OJJHAKOBUX BUMIpIOBaHb [6—8], y HamoMy BUMaAKy BuzHadaemo U , sk

U, = 4)

\/; )
ne S — cepeTHbOKBApAaTHYHE BiIXUIICHHS BUOIPKU; 71 — KUTBKICTh MPOBEIEHUX BUMIpIOBaHb (Y HAIIOMY
BUNAAKY n=9).

AOGcomoTHa po3urpeHa HeneBHicTh U, pe3yabTaTiB BUMIPIOBaHb [6—8] cTaHOBUTH

U, =k, U, (5)

ne k, — xoediuieHT po3mupeHHs, sikuit 11 piBHs goBipu 0,95 Gepemo 3 Tabmuii posnoainy CTbroneHTa,
00 caMme 11ell PO3MO/IiJI BUKOPUCTOBYIOTH JIJIsl aHAI3y HEBEIHMKOI KUIBbKOCTI BUMiptoBaHb. OCKiUIbKK B HAC 9
BUMIPIOBaHb, TO KUIBKICTh CTYICHIB CBOOOIM € Ha OJMHUIIO MEHIIA, TOOTO V =&, y TaKkOMy BHUMIAJKY
k, =2306.

BinHocHI po3mmMpeHi HEMEBHOCTI pe3ynbTaTy BUMiproBaHHS BHyTpimHb0i EPC E,, Ta omopy R,

BH3HAYAKOTh 32 (hOpMYyJIaMU

U (R
100%, U ,,.(Ry )= %100%, (©)

w w

U (E, )
Up,rel(EW) :pE—W

ne E, ta R, — 3HadeHHs BHyTpimHiX exBiBaseHTHoi EPC Ta eKkBiBaleHTHOro omopy BiINOBiAHO,

OTpUMaHi B pe3yJIbTaTi po3B’sI3aHHS CUCTEMH PIBHSHB (2).
3. Jliama3oH JgaHWUX JIOPIBHIOE pPI3HMII MDK HalOUIBIIMM Ta HAWMEHIIMM 3HAYCHHSIMU
ekBiBasieHTHOT BHYTpimHL0I EPC Ta omopy po3paxoByBaiu JUiss KOXHOI'O Jiarna3oHy BHMIPIOBaHHS

HaTpyTH 3TiAHO 3 hopMynaMu

r(EW) = EW,MAX _EW,MIN > r(RW) = RW,MAX - RW,MIN’ (7)

4. MinnuBicTh AaHUX IUIA ekBiBajeHTHoi BHyTpimHbOi EPC Ta omopy pospaxoByBamu mist

KOJKHOT'O Jliania3oHy BUMIpIOBaHHS HAIIPyry 3a (hopmynaMu

E R
viEy )= Ev 000, v(r, )= "B 10095, ®)
Ey R,
ne EW, EW — cepelHe 3Ha4YeHHs ekBiBaneHTHOI BHyrTpimHboi EPC Ta omopy Bimmosimuo; r(E, ),

r(R,, ) — MiHIMBICTh TaHUX ekBiBaneHTHOI BHYTpinHboi EPC Ta omnopy.

Pe3yabTaTtu gocaigkenn

OtpumaHi pe3yabTaTi BU3HaueHHs napameTpiB Bxony AL 3Beneno y ta6m. 11 2.
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Buytpimns EPC £, AII 610xa NI USB 6009

Tabnuys 1

Jlianazon BumiproBanHs, B +10 0-1B 0-5B 0-10B
Cepenre 3HadeHHs BHyTpimHboi EPC £, , B 1.3895 1.3902 1.3896 1,3875
BimHocHa po3nipeHa HEMeBHICTh Pe3yJIbTaTy BUMIipIOBaHH, %o 0,61 0,55 0,70 0,62
MakcumanbHe 3auenns BHyTpinmboi EPC £, , B 1,412 1,4123 1,41 1,4119
75 % kBapTHIIb 3HAYCHHs BHYTpimHb0i EPC £, , B 1,3938 1,3945 1,3945 1,3915
MenianHe 3HaYeHHS BHYTpitHb0i EPC EW ,B 1,391 1,391 1,393 1,3851
25 % xBapTiiIb 3HaueHHs BHyTpimHb0i EPC £, , B 1,3834 1,392 1,3823 1,3803
MinimanbHe 3HaueHHs BHyTpimnboi EPC E), , B 1,3692 1,3763 1,3716 1,3733
Jlianason narux 7(E, ), B 0,0428 0,036 0,0384 0,0386
Minnusicts nauux V(E, ), % 3,1 2,6 2.8 2.8
Tabnuys 2
Buytpimniii onip R, AIIII 6;10xa NI USB 6009
JHiana3ox +10B 0-1B 0-5B 0-10B
Cepe/iHe 3HAYCHHS BHYTPILIHBOrO oropy R, , Om 143089 143255 143076 142816
BimHocHa po3mipeHa HEMeBHICTh Pe3yJIbTaTy BUMIipIOBaHHS, % 0,77 0,68 0,72 0,74
MakcuManbHe 3Ha4eHHs BHYTPILIHBOrO omopy R, , OM 145789 145812 | 145487 145746
75 % KBapTHIIb 3HAYCHHS BHYTPIIIHBOrO omopy R, , OM 143621 143778 143635 143337
MenianHe 3HaYeHHs BHYTPILIHBOrO oropy R, , Om 143152 143403 143501 143727
25 % KBapTWIb 3HAYCHHS BHYTPIIIHBOrO omopy R, , OM 142580 142406 142339 142126
MinimMaibHe 3HaYeHHS BHYTpimHbOro onopy R, , Om 140357 141566 140686 140970
Jlianason garux 7( R, ), Om 5432 4246 4801 4776
Minnusicts nauux V(R ), % 3,8 3,0 3.4 3.3
Tabnuys 3
Henesnicts THy B AL 6;10ka NI USB 6009
Tunose 3nauenns npu 25 °C, B 0,0049
MaxkcumainbHe 3HaueHHs, B 0,046

Bucnosku

Otpumani 3HaueHHs apaMerpis BXigHoro koma AL Goka 30upanHs AaHUX A00pE y3TOKYIOThCS
i3 HopMOBaHUMY Y [4] 3HAYEHHAMH. IX BifXMJIEHHS Bi CepeIHHOro 3HAUeHHs Maji. BoHM BiamoBinaoTh

AOIMyCTUMUM BiI[XI/IJ'IeHHHM napaMeTpiB €IIEMEHTIB CXEMHU.

VY nokymeHTaiii Ha OJ0ku 30upaHHs AaHUX, 30kpema, Ha NI USB 6009, 3a3Buyaii BkazaHO JUIIE iX
BXimHuil omip. Yepe3 Te, mo 1eld BXIAHUKA ONIp HEBUCOKUH, CIiJi BPaxoBYyBaTH HOro 3HAYCHHS,
00po0IIsiIoUuM pe3ynbTaTH BUMiproBaHHs. OJHAK y JOKyMEHTallii He BKa3aHO JOMyCTUMHX MEX BiIXUICHHS
BXiIHOTO OMNOpY BiA HOMIiHaJdbHOro 3HaueHHS. L{i BiaxuimeHHS mix vac 0OpoONEHHS pe3yJbTaTiB
BHUMIPIOBaHHS y KOJiaX, BUXIHUU OMIp SKHUX CIIBBUMIPHHUH i3 BXiJHUM OMOpOM OJioKa 30MpaHHs JaHHX,
MOXYTh TNPHUBECTH [0 METOAMYHUX IOXMOOK, SIKI CYTTEBO PO3IIUPIOIOTH HEMEBHICTh PE3yJbTaTiB

BHUMIPIOBAaHHSI.
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Ini napameTpu BX0iB 0710KiB 30MpaHHs JaHUX (3HaueHHs BHYTpimHb0i EPC E, , BXiJHA €MHICTh

TOII[0) YaCTO B3araji He BKa3ylTh Y HOPMATHUBHIN YaCTHHI JOKyMeHTallii. Yacom, siK 1€ CIOCTepiraeMo y
nokymenranii Oigoka NI USB 6009, naBemneHo cxemy BXigHOro kojia. Ha Hill Bka3aHO 3HaueHHS
rapaMmeTpiB €JIEMEHTIB, aje He BKa3aHO iXHIX JOMYCTUMHX BIIXMJIEHb. A II¢ TAKOXX MOXE MPUBECTH 0
CYTTEBUX METOJAMYHUX ITOXHUOOK.

3anponoHoBaHWI MeToJ] BU3HAYEHHs TapameTpiB BximHoro koma ALl OnokiB 30MpaHHS JaHHX
n0BOII TpocTHil. Moro MOKHA J0IATKOBO BHKOPHCTOBYBATH JUISl MPOBEIEHHS EKCIIEPHMEHTAIbHHX
JOCIIDKeHb, Tak MOXKHA MIJIBUIIUTA TOYHICTh PE3yJIbTATIB BUMIPIOBAHb 3a JIONMOMOI'OK0 OJIOKIB 30MpaHHs
JAHUX BHACHIZOK BUKOPHCTaHHS i OOpOOJICHHsI JaHWX IHAMBIAyalbHUX 3HA4YeHb MapaMeTpiB IXHIX
BXOJIiB. Takok MO’KHA BUKOPHCTATH OCOOJIMBOCTI BX1JIHOTO KoOJia OJIOKIB 30UpaHHsI JAHUX ISl CIIPOIICHHS
CXEMH IIiJ1 Yac aJ-roK BUMIPIOBaHb.
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