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PNhLU3PL UbNHNY NRLUUNRG-3UL 2UPPP LULUSTNRUL

Llhwpuwagnyws £ swthhs uwpp’ niiwluwht Yepwwihnfuhsny, nph dpuignwih wuwjw-
hnynwiu hpwywuwgywsé b LabVIEW gpuwbhlulwu dpwgpwynpdwu dhowywypnid: Quithhy

2newl hwywpyws £ NIELVIS wpluwwnwupwiht Yuywuph Ypw, npny £ swihhy 2npwih
Glowiht wqnwuowuubpp thnjuwugynd Gu hwdwlwpgshu W thnywswihwihu  dbennny
swthynuw £ Ypwwihnfuhsh niuwynyeyniup' LabVIEW dhowyuwypnid: hpwlwuwgywsd b sw-
thhs uwpph wotuwwnwuph Ybpndnieiniu b ufuwjwupubph quwhwwnid:

Unwugpuyhti pwnbp. swihhs uwpp, niuwywihtu YEpwwihntuhs, LabVIEW gpw$h-
Ywywu dpwagpwynpdwu dhowywyn:

Lbpwénipyniu: LEpywjndu LabVIEW dpwgpwynpdwu dhowywypp wyjun-
pbu Yppwnynd £ wynndwinwgyws punwynpdwt b swihhs hwdwlywpgbpnud'
npwbu dpwgpwiht wwwhnynwi: LabVIEW-nd gwwin wybih hbon | uwluwgdti
SCADA hwdwlwngbp, pwtu wjwunwlwu twfuwgddwu dhongubpny: tw wwy-
dwuwynpywd £ upwuny, np uw uygpniupnpbu dpwgpwynpdwt wy| dhowdwip
Ywd wuqwd unp <<thpjhunthwynip)niu>>: LabVIEW-h qluwygnp wnwybiinyeniuu
wju Lk, np wju hbpwnptu hunbigpynw £ dbd pwuwynipjwdp uwppbiph hbun:
LabVIEW-u hwdwpynud £ pwpép Ywpgh dpwgpwynpdwtu dhowywyn, nphu ki
hwytEiny npw gpuwbhywlwt jhubip’ eny| £ nwihu <<ng dpwgpwynpnnubipht>>
htigunniejwdp dpwagpwynpb| W ywnwdwpb) pwpn hwdwywnpgbp [1,2]:

NI ELVIS wyfuwwnwupwiht Yuwjwupp dnnnijwp jwpnpwunnp-inGuuhlwywu
hwppwYy E, npp ubpwnnd £ oughingpwd, pwiht dniwunpdbunn, $niuyghwubph
gbubpwunnp, Ywpgwynpynn utdwt wnpnip b hwéwfuwlh ogunwgnpdynn thnp-
dwpwpwlwu wy| uwppwynpnidubp:

dbpnhpjwihg Glubind' hpduwydnpynd £ updwsd dpwgpuwihu dhowyduwjpph W
w2fuwwnwupwipu hwppwyh oginwgnpddwdp swithhs uwpph bwfuwagdndp:

Uwpph ufwpwugpnipeniup: Uluwwnwupnd tfupwgpywd b nivwlwhu
Ybpwwihnfuhsh niuwynipjwt swihdwu swihhs uwnppp: Cunhwunyy dGennp W sw-
thhy ufubdwu, npny Yuwnwpynd E swihndp, ufupwagpdwé Gu [3, 4]-nwd, npintin
ogunwgnndynid £ swithhs uwnp’ dhypnynuwnpniiph hhdph Ynw:

Unwotwjphu Ybpwwihnfuhsh niwwynigjwu swihnwip LabVIEW dhowywy-
pnud Uywpwgpyws £ [5] wotuwwnwupnid, npp pwywpwp wpryniupubpp hhdp hwu-
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nhuwgwu hbnwgqw woluwwnwupubpp swpniuwlbint' nh$bpbughw) Yepwwihn-
fuhsh Wwpwdbwptpp swihbine hwdwp swihhsh dnnGwynpdwu hwdwp:

Uwppp twfuwgdtint hwdwp ogqunnwgnpdyty Gu NI ELVIS (National Instruments
Educational Laboratory Virtual Instrumentation Suite) wofuwwnwupwjhtu Ywjwupp L
LabVIEW dpwgpwihu dhowdwipp (uy. 1):

NIELVIS

wuunnmbpuyht
Juywi

Uuhunnwljwmb
hundwlpupghy

bnihghntuy
ghhkpunnnp

usB

Oughjngpumd
(ugmnh “0”)

[

Oughngnup
(quryninh “17)

UYy. 1. Hhdpbpbughwy nibwluyht Yepwwihnfuphsh niiwlnypywil swhdwt swithhs pnpwb

NI ELVIS woluwwnwupwiht Ywjwuph pwg hwppwyh hhdph ypw hwdwpyt
£ uy. 1-nud ywuwybpdwsd upubdwu: Upubdwind ywwybpdwd Gu hGinlyw| piny-
ubpp. 1- €1 L €2 nwwlwjphu YEpwwihntuhsubp (N4), 2, 3 - gnpdnipwiht nidb-
nuwgnighsubip (LM 324 N), 4 - udnipwihtu nkghuwnp, 5 - NI ELVIS-h $niuyghnuw
gbubpwuwnp, 6, 7 - NI ELVIS-h oughingpw$ (uuwninpubp 1 U 2), 8 — wuhwww-
Ywu hwdwlwpghs' LabVIEW dpwgpwihu wwwhnddwdp [6]:

Uwpph swthhs onpwinw (uy. 1) N4-ubpptu hwonpnwpwn, EGYnpwywu
thnfuwugwwnhsny (EP) dpwgwd £ R udnpwjhu ntighuwnnpp: Wu dhwgdwdp
uinwgywsd [wpdwt pwdwuwpwpp uungynd b f =5042gU 1 &9 uhunwunhnuwy
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wqgnwuowuny' NI ELVIS woluwwnwupwihu Yujwuph gbubpwwnphg: uithhs
onpwh bpwihu dudnuygyniuutipu tu U (wpdwu pwdwuhsh punhwunip wpnuip)
W Uy (N4-h ypuwyh qupnwdp) qwipnwubipp, npnup gnpdniypwihu nidtinugnighsutiph
dhongny thnfuwugynd Gu NI ELVIS wpfuwwnmwupwihtu Ywjwuph oughingpwdbhp
<<0>> b <<1>> Jwwninhubphu: Gpwjhu wndjwiubpp NI ELVIS-hg USB wnpwnhp
dhongny thnfuwugynid tu hwdwlwngshu, npuntin LabVIEW dhowdwjpnid, EjGYwn-
pwlwu thnfuwugwnhsh Gpynt nhppbipnud swithynd £ upqud (wpnwdubph dhol
thnywjhu 2tinnudp:
Cunhwunip nbiwpnd ¢ wuljwu hwdwp Ywpnn Gup gpti [3].

ImUs/Uyx) _ ImI(R=jX)/I(=jX)] _ R _ WRC:
Re(Us/Ux)  Re[l(R—jX¢)/I(-jXo)]l  Xc '

tgp = (1)

ElGyuwpwlwu hnfuwtugwinhsh <<1>> b <<2>> nhppbiph hwdwp hwdwww-
nwufuwlwpwp unwunwd Gup. tg@; = wRC1 L tg @, = wRC2:
dbpohu bpynt pwuwdlbpu hpwphg hwubiny' unwunwd Gup.

tgp; —tg @, = wR(C1 - C2), )

hGinluwpwp'

C1 = L1824 oo, 3)
wR

Pwuwadl (3)-n hwoywplubpp Ywwwnpbint hwdwp ogunwgnpdyb) £ €2
niwynijwu wju wndtipp (€2 = 50.0676),wyd, npp uinwgyti| £ pwpép dagpinnt-
pntu niubignn NI PX1-4072 FlexXDMM jwpnpwunnp uwppny’ 30 wuntu swihnuiubp
Yuwuwnwpbind b dowybiny unwgywd wprynuputipp: Laywsd uwppp dhusk 300
wd swihdwu nhpnyentd nuh 0.05 wd enyjwwnpbih ufuwwuph dwlwpnwy [7]:

NI ELVIS-h oughingpwdht thnfuwugwd wqnuwuowuubipp LabVIEW dhow-
Juypnu unwuwint bW dwybine hwdwp gpdt £ uy. 2-nd ubpyuywgywsd dpwghpp [8]:
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UY. 2. Quihhsp spwgpuyhtl wwwhnydwb G-4nnp
LY. 3-nud ubpyujwgyws k (3) pwuwaslny Cl-p hwodwnyh dpwghpp:

N
1= ({tan(d)-tan )}/ (314" pow(L0,5) *55.208 *pow(10,3]))
o} degrees to radians “pow(10,12)+50.0676;
hift angles (1, 2) - [le/18000" g} cL
ﬁ|§[> degrees to radians | £ lﬁ@
= Aa 180,00 pilf] 5
9 | f
[ Ira

LY. 3. C1 muwlynipywt hwpduplyp Ghpwdnwgnh G-Yynnp

Oguwgnpdnnh huwnbp$bjuu niup uy. 4-nd ywuwnybpgwsd nbupp: Npwbtu
swithhs uwpph swthdwu wpryniup, dpwgpp nhdwjht wwwnthwunwd unwunwd Gup
Cl-h wpdtipp, npp ubpluwjwgunud £ 10 swihnuubph wpryniupubph dhoht wip-
dtipp:
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UY. 4. 2uithhsh Spwgnuyhti wwwhnydwl ogynwugnnpdnnh htpbindlyup

Uwpnph wofuwwnwuph ybpndnyejuu W ufuwjwupp quwhwunbint hwdwp Yu-
wnwpyb £ 30 wuntu swihnd (n = 30), W uwpph €1; gnigdniupbph hwdwp npnayt Gu.

= swipintdubiph wpryniupubiph dhohu wipdtipubipp. €1, = 3. C1; /30,

* wnwudhu swihnwubiph wpryniupubiph dhoht pwnwynwiwihtu otinndubipp
dhghu wndtiphg.

2(€1;-C1y)?
n-1

)

O'(Cll) =

* uwpph swihdwu wpryniupp' 0.9 Junwhbihniyejwu hwjwuwlwuniegjwdp.
Cl, =C1ly+20(C1)):

Pwgwndwl ufuwjwuph wndtiph wpunwddwu hwdwp C1-h wpdtpp swihybi
E pwpép dogpunnienitu niutignn NI PXI1-4072 FlexDMM jwpnpwwnnp uwppny, npp
dphusk 300 wD swihdwu whpnypenud niwh 0.05 wd pnyjwwpbih ufuwwuph Jw-
Yupnuw [7]:

Quihnuubiph wpryniupubipp LabVIEW Spwgpwjhtu dhowdwypnid® (C1;(1)), L
NI PXI-4072 FlexDMM uwpph dhongny (C1;(2)), huswbu twl tupqwd nyjwiutnp
dowydwu wpryniupubipp' (C1,, 0(C1;) W C1,), pEpdwd Gu wnnuwynud:
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Quihnidulinh wpnyniuptpp

Unyniuwly

i c1;(D), wyd €1;(2), wd
NI PXI-4072 FlexkDMM Uwluwgdwd swithhs uwnp

1 99.7817 98.3623
2 99.7675 98.1781
3 99.7724 98.4558
4 99.7999 98.3008
5 99.7990 98.2803
6 99.8047 98.3286
7 99.7869 98.349
8 99.7741 98.0343
9 99.8251 98.4773
10 99.7951 98.1401
11 99.7805 98.4405
12 99.7898 98.4352
13 99.8043 98.418
14 99.7776 98.414
15 99.8206 98.3346
16 99.8099 98.4558
17 99.8234 98.2405
18 99.7960 98.3904
19 99.7822 98.1089
20 99.7756 98.0873
21 99.8098 98.3584
22 99.7780 98.0773
23 99.7979 98.3749
24 99.7768 98.487
25 99.7606 98.309
30 99.7699 98.1505
31 99.7729 98.4033
32 99.7784 98.205
33 99.7916 98.0528
n=30 99.7892 98.0187
Cly = Z €1, /30 99.78971 98.28896
iy = Y(C1, - C1p)? 0.01709 0.14743

‘ n—1
C1l, =C1ly+20(C1y) 99.78971+0.03418 98.28896+ 0.29487
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LabVIEW Spwgpwjht dhowywjpnd nitwynigjut swihdwt pugwpdwy
utuwwuph wnpdtpp hwodupyynid £ hbnlyw) pwuwaélng.

A= C14(2) — C1,(1) = 1.5007 % (4)

Niuwynejwt swihdwu hwpwpbpwywu ufuwwupp nyjwg swihhsny Yug-
dnud k.

— (A — .
5(C1) = (610) +100 = 1.5039 %: (5)

Gqpulwgnipyniu: Nwwlwihu Yepwwihnfuhsh wwpwdbunpbph swhdwu
hwldwp twhuwgdyb] W nwunwuwuppdb) £ swihhs uwpp, nph dpwgpwynpnwip b
Ywnwywpnut ppwlwuwgywsd Gu dwdwuwlwlhg LabVIEW gpwdhlwlywu
Spwapwynpdwtu dhowywipnud, huYy uwppwiht dwup twfuwgdwsd £ NI ELVIS

wfuwwnwupwiht Yuywuph hhdph ypu:
Ywwnwpwd thnpduwlwu swihnwutiph wpryniupnd hwuwnwwnyb £, np

ubipyuwjwgqwsd deennny Jupbih £ hpwlwiwgut) niuwlywiht Yepwwhntuhgh
wwpwdbwnpbph swhnud* 1.5039% ufuwjwupny:

Lhwpwgndwd thnpdwpwpwlwt wypuwpwipbbpp Gugpwnpyly Gt <wywu-
ppwibh wqquht swpywpwqhypwlwt wpnpuwgpnphwibinnd (ANEL):
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JI.C. ABPAAMSIH

MPOEKTUPOBAHUE EMKOCTHOT'O U3MEPUTEJILHOTO
YCTPOMCTBA C HCIIOJIb30OBAHUEM ®A30METPUYECKOI'O
METO/JIA

OrmicaHo H3MEPHTENBHOE YCTPOHCTBO ¢ EMKOCTHBIM IIpeoOpa3oBaTelieM, IIPOrpaMMHOE
obecrieyeHre KOTOPOro peajn3oBaHo B rpaduueckoil cpeae nporpammupoBanus LabVIEW.
WsmepurensHas mems coOpana Ha pabodeit cranmmm NI ELVIS (National Instruments
Educational Laboratory Virtual Instrumentation Suite), ¢ MOMOLIBIO KOTOPOH BBIXOJHbIE
CHTHAJIBl M3MEPHTEIBPHON LETH HepeaatoTcsi Ha KOMIBIOTEp, H METOJIOM (ha30BOTO CIIBHIA
u3Mepsiercs MKOCTh mpeodpaszoBateins B cpene LabVIEW. IlpoBenen aHanu3 paboThl U
JlaHa OLEHKA MOTPELIHOCTH U3MEPHTEIBHOTO yCTPOICTBA.

Kniouegvie cnosa: nameputelbHblil IpuOOp, EMKOCTHOH NpeoOpa3oBatesb, rpadu-
geckas cpena nporpammupoBanus LabVIEW.

L.S. ABRAHAMYAN

DESIGNING A CAPACITANCE MEASURING DEVICE USING THE
PHASE-METRIC METHOD

A measuring device with a capacitive converter is described whose software is
implemented in the graphical programming environment LabVIEW. The measuring circuit
is assembled on the NI ELVIS workstation (National Instruments Educational Laboratory
Virtual Instrumentation Suite), through which the output signals of the measuring circuit
are transmitted to the computer and the capacitance of the transducer is measured by the
phase-metric method in the LabVIEW environment. The performance analysis and an
estimation of precision of the measuring device are performed.

Keywords: measuring device, differential capacitive transducer, LabVIEW graphical
programming environment.
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