Cucmemu ynpaeninns, nagizayii ma 36'a3xy, 2020, eunyck 3(61) ISSN 2073-7394

VIK 681.2:621.3.072:621.317.725 doi: 10.26906/SUNZ.2020.3.041

B. B. MomapeHkoB

XapkiBchbkuil HallioHanbHUH yHiBepcuTeT [loBitpsinux Cuin imeHi IBana Koxeny6a, Xapkis, YkpaiHa

PO3POBKA METOAY OINIHKU METOAUYHUX ITOXUBOK KAJIIBPYBAHHSA
EJIEKTPOBUMIPIOBAJIbBHUX ITPUJIAAIB 3SMIHHOI'O CTPYMY
CUTHAJIAMH NTPSIMOKYTHOI ®OPMU TUITY «MEAH]IP»

AnoTtanisi. Merow crarTi € po3podka METOy OLIHKM METOAMYHMX MOXMOOK KayliOpyBaHHS €JICKTPOBUMIPIOBAIBHUX
NPHUIIAZiB 3MIHHOTO CTPYyMY CUTHalaMM HPsIMOKYTHOI ¢opmu. PesysnbraTu. IIpoBeneHa ouiHKa METOAMYHUX MOXHOOK Ka-
niopysanns EBII3C curnanamu npsmMokyTHOI ()OpMHU THITy «MEAHAP» IS IBOX TUIIOBUX BUJIIB BUMIpIOBAIBbHUX JIAHIIIOTIB
npuiaziB Po3risnaroTbest NPUKIaAHI aclieKTH OLIHKM METOIMYHUX MOXHOOK IpH KaJliOpyBaHHI €l1eKTPOBUMIPIOBAIBHUX
NPHUIIAZiB 3MIHHOTO CTPYMY CHUTHAJIaMU NPSAMOKYTHOI ()OPMU THITy «MEAHAP» IJIA JABOX THIIOBHX BH[IB BUMIPIOBAJIbHUX
JIAHIIOTIB NpUIaiB, 6e3 KOMIIeHcallii i 3 KOMIIeHcali€. 3a pe3ylbTaTaMy aHajli3y OTpHMaHi aHAJITHYHI BUPA3H JUIS BiJl-
HOCHUX 3Ha4YeHb METOIMYHHX MOXHOOK Y BUMIipIOBaJIbHUX JIAHIIOTIB IpHiiaay Oe3 komreHcanii i 3 komneHcaieto. [Tin-
TBEPJVKCHO 3a pe3y/IbTaTaMH aHaJli3y MOXJIUBICTD 3aCTOCYBaHHS CUTHAJIIB NPAMOKYTHOI (DOPMH THITY «MEaHIp» Ul Kali-
OpyBaHHS €JIEKTPOMArHITHUX HPUIIaJIB.

Karw4dosi cioBa: curHany npsMoKyTHOI (OpMH, €l1eKTPOBUMIPIOBAIBbHI NPUCTPOi 3MIHHOI'O CTPyMY, METOAUYHA I10-

XHu0OKa, KaJmiOpyBaHHsL.

Beryn

PiBeHb pO3BUTKY HAaYKH 1 TEXHIKM B 3Ha4YHIN Mipi
BH3HAYAIOTHCS TOYHICTIO, HAMIHHICTIO 1 CTaOLIBHICTIO
BJIACTHBOCTEH BUMIpIOBAIbHUX TpuiaaiB. EnexTpoBu-
MiproBaiibHI mpwiagu 3MmiHHOro crpymy (EBII3C)
MPEJCTABIAIOTH COO0I0 OJUH 3 HAMOLIBII MacOBUX BHU-
IiB BUMIprOBabHUX 3aco0iB. Kamiopysanus EBII3C
BUKOHYIOThCS 3a TpaauuiiHoo cxemoro [1]. ToGTo,
aHAJIOTOBUMH CHT'HAJIaMH CHHYCOiNaIbHOI (hopMH, NpH-
YOMY METPOJIOTIYHI BUMOTH 10 KamiOpaToOpiB TaKuX
CUTHAJIIB TIOCTIHHO IiJBUIIYIOTHCS. 3aJ0BOJICHHS IUX
BHMOT Bce O1JIbII BUKIIUKAE OB CXEMOTEXHIYHI TPY-
JTHOIII Ta BapTiCTh. AJie 3 PO3BHTKOM IM(POBOi BUMI-
PIOBAJILHOT TEXHIKH, B TOMY YHCJI IU(PPOBUX FeHEPATO-
piB (Ta KamiOpaTopiB) cHUrHaJiB [2], MEBHUI HAYKOBHI
iHTepec BHKIMKae mnpobiema kamiOpysanus EBII3C
CUTHAJIAMU HE CHHYCOINAJbHOI, a MPAMOKYTHOI (hopMu
TUITY «MeaHap». s BiATBOPEHHS SIKUX MOXYTb OyTH
BUKOPHCTaHI NU(POBI KajmiOparopH, sKi MalOTh 3HA4YHI
repeBary B MOPIBHAHHI 3 aHAJIOTOBUMH KaiOpaTopamu
CHHYCOiJaIbHUX CUTHAJIIB.

AHani3 jiteparypu. B nanmit yac 1ocuth noxia-
JTHO JIOCITIKEHI 0COOIMBOCTI KaxiOpyBaHHs 1 MOBIpKH
EJIEKTPOMEXAHUYHUX BUMIPIOBAILHHUX IPUIIAJIB 3MiH-
HOT'O CTPYMY CTOCOBHO KaliOpyBaJbHUX CHUTHAIIIB Mpsi-
MOKYTHOI (opmu B [3], a Oinbln TIMOOKI JOCIIIKEHHS,
pe3yNbTaTH SIKUX MiITBEPIUIN HOBU3HY 1 €()EKTHBHICTD
uporo migxomy, HaBeneHo B [4]. Tlepmri TeoperwyHi
JIOCITIJPKEHHS] IPOBEICHI 1 JUIsl MOBIPKH €JIEKTPOMEXaHi-
YHUX BHMIPIOBAIBHUX NPWIAAIB 3MIHHOIO CTPYMY
aHAJIOTOBMMU CHTHAJIaMH CIICIiaibHOI hopmu [ 5, 6].

AJie IbOTO HEJOCTATHLO JUISI PO3BUTKY Teopil Ka-
niopysanus EBII3C aHamoroBuMu CHTHaJaMu IPSMO-
KYTHOI (pOpMU 10 TaKoro piBHs, SIKHH JO3BOJIHUTH MOTIM
niepeiitu 10 kaniopyBanus EBII3C mudpoananoropumu
CUTHaJIaMHu J0BLTBHOT popmu [7-10].

MeTo10 cTaTTi € po3poOKa METOMY OILIIHKKA METO-
JIUYHHUX TTOXMOOK KajiOpyBaHHS EJNEKTPOBHUMIPIOBAJIb-
HUX MPUIAJiB 3MIHHOTO CTPYMY CHUTHAJIAMH HPSMOKYT-
HOi (opmu. JlaHe muUTaHHA NOTPEOYE IMOCIITOBHOTO

BUPILIEHHS HU3KU TEOPETUYHUX | NPUKIIAIHUX 3aBJaHb.
Tomy, mpoBeneHa OIiHKa METOIUYHHUX ITOXHOOK Kajio-
pyBanust EBII3C curnanamu npsiMokyTHOi opmu THITY
«MeaHJp» Ui JBOX THUIOBUX BH/IB BUMIPIOBAJIBHUX
JIAHIIOTIB MPUJIA/IIB.

OcHoBHUi MaTepian

Buxozasuu 3 BHIllE CKa3aHOTO, MPUPOJHIM BUIIIS-
Jlae TOCIipKeHHs MoxuBocTi kaniopysanus EBIT3C i3
3aCTOCYBAHHSIM CHTHAIB TMPSIMOKYTHOI (OPMH THITY
«MeaHzipy» OMMKYMMH J0 PeabHUX BUMIPIOBAHHM CHT-
HaJliB HiXK CHHYCOiTaJIbHUH CUTHAJI.

Yacosa miarpama kamiOpysansHoro curnany (KC)
OPSAMOKYTHOI (OPMH THIYy «MeaHIp» TMpUBeIcHA Ha
puc. 1, aHaTITHYHO BOHA OIHCYETHCSI BUPA30OM

'UO’
'UOa

eciu 0< t <T/2;

u(t)=u=
ecuu T/72 <t < T,

ne Uy — amrutityna KC nipssMoKyTHOI (hopMH THITY «Me-
aunp»; T — nepion KC npsMokyTHOI GopMu THITY «Me-
aHzIp».

u(r) M

I

Puc. 1. KaniOpyBanbHuii curaan npsiMoKyTHoi Gopmu
Tuny “Meannp”

IIpencraBumo ¢yukmito u(f) psoom Dyp’e, Tomi
Maemo [7] :
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e ® =271/ T — KojloBa 4acTOTa OCHOBHOI (TIEpIIoi) rap-
MoHiku KC npsiMmokyTHOi (hopmu Tumy «meanapy u(f).
OTpuMaemMo BUpa3 Uil IpaaylOBalbHOI XapakTe-
puctuku EBIT3C npu BXigHOMY CHUTHaIII NPSIMOKYTHOL
¢dopmu. Y 11boMY BUNAAKY HAIpyra Moke OyTH IoJaHa
psanom Oyp’e.
Usjest - o i m, (1)
2k +1)
ne Uy — amIniiTyia cUrHaimy npsIMOKYTHOI (opMu THITY
«MeaHp».
Toni ammutityma (2k + 1)-oi rapmoHiku ctpymy i(f)
B BUMiproBaibHOMY Jnanito3i EBII3C, mo kxaniopyers-
Csl, BU3HAYAETHCS BUPA3OM:

Lﬂ., k 0_’ 2)
R[1+€E(jk)]

ne e=Z/R;
&(q) = Zi(gwn)/q;

q = jo/wy;
Zy =|Z,(joy)| -

MOJYJIb YaCTOTHO-3AJISKHOI CKJIaJ0BOI KOMIUIEKCHOT'O
MIOBHOT'O OIOPY BUMIipIOBAILHOTO JlaHmora Z(jo); R —

Ly =

€KBIBAJICHTHUH aKTHBHHH OIip, € CyMOIO BXiJHOTO aK-
TUBHOTO ONOpY KamiOpaTtopa (reHeparopa), aKTUBHOTO
oropy kaniopyemoro EBII3C i oOmexyBanbHOro (mo-
JIATKOBOT'0) OMOpY, IO MiJKIIOYAETHCS MOCIIIOBHO 3
npwiagoM (IpH KaniOpyBaHHI BOJIBTMETPIB — MOXKe
OyTu BIICYTHIM); ) — KOJIOBA 4acTOTa OCHOBHOI rap-
MOHIKH CUTHAJIB MPAMOKYNHOT GOPMHU THITY «MEAHIP».

I'panmyroBanbHa XapakTepUCTHKA KalxiOpyBaHHS
EBII3C Bu3HauaeThcs KBaJIpaTOM CEPENHBOIO KBaJpa-
THYHOTO 3HAUCHHA CTpyMmy 3 ypaxyBauusm (1), (2)

MaeMo:
2
2 1$¢ 4U;
[ = [zk 1 = S Py (3)
22% TR
& 1 n? A mg
e S = Z—2=—+n2—;’th—”; 4
i Qk+1) 4 gy 2
qn, A, — BIOMNOBIAHO TONIOCH 1 JIMIIKK JpiOHO-parfio-

HaJIbHOT QYHKIIT
1
[1+&(@)][1 +e&(=¢)]

Bci enekTpoMartiTHi aMnepMeTpu Ta BOJIBTMETPH
3MIHHOTO CTPYMY MOXJIMBO MOIUTUTH HA JIBI TPYIH:
MPWIAJHY, B IKUX Maja iHAYKTUBHICTH BUMIipPIOBAILHOTO
MeXaHi3My He KOMIIGHCOBaHa €MHICTIO (puc. 2, a), i
NpWwiIagnd, B SKAX Taka KOMIICHCAIlSI 31HCHIOETHCS
(puc. 2, 6).

OTpuMaeMoO BHpa3 IS METOAMYHOI IMMOXUOKH
EBII3C nepuioi Ta 1pyroi rpyim.

Jis mpunagiB mepmioi TpymM CHpaBeIUIMBI PiB-
HSTHHSI

R(q)=

R= I""I‘RO;

. L

ry

a 6
Puc. 2. EBII3C nepmoi(a) Ta apyroi (6) rpyn

Z,=pL;

&9 =g
g =myL/R.
B npoMy BUNangKy € 10 OJHOMY ITOJIOCY B JIiBid

(q1=—1/¢) 1 B mpasiii (¢/1 = 1/¢) HaniBIUTOIIMHAX.
3 Bupasy (4) 3HaX0IUMO, IO

2 2
g _m . _m(_2) (5)
4 2 4l x

[MixcraBnsroun piBasiHHA (5) 10 BUpaszy (3), orpu-
MaeMo

U
1==20-5). (©)
R T

BukopucroBytoun piBHICTH (6) oTpuMaeMo BHpa3
IUTS. BITHOCHOT METONUYHOI TOXHMOKH KaaiOpyBaHHS
EBII3C nepmoi rpynu  npu KanuOpyBaHHI CUTHAJIAMU
THUITY «MEAHIP»:
O)OL

s =1=Uo/R__&__ ool ;
""" U,/JR  m nR @

AHaNOru4HO IS BiJHOCHOI METOJIMYHOI MOXUOKH
kaniopyBanus EBII3C npyroi rpynu curHaiamu THITY
«MeaHJp» OTPUMAEMO
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51, = _E(_;+_§J.
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[Ticnst 0O4MCIIEHHS TTONIOCIB ¢, 1 TUIIOK A, HYHK-
uii R(g), maemo
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e (g — a1 +92)2q;

[MizcraBumo 1ie#t Bupa3 y popmyay (5) i micis ne-
PETBOPEHb MaEMO
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Ilpu €, o<< 1 cniBBigHOIIEHHS (8) CYTTEBO CIPO- «MeaHAp» U4 IBOX THUIIOBHUX BHUJIB BUMIpIOBaJIbHUX
LIYETHCS: JAHIIOTIB MpUiaAiB: 0e3 KOMIIeHcallii i 3 KOMIIeHca-
I Li€I0 IHAYKTUBHOCTI KOTYIIKHM BHMIipIOBAIBHOTO Me-

81, = &Y _ Dok (9)  xaHizmy.

o m 7R Otpumani aHanituuHi Bupasu (7), (9) mist BigHO-
CHHX 3Hau€Hb METOJMYHHUX MOXHOOK /i 000X BUJIB
BUMIpPIOBaJIbHUX JIAHIIOTIB TPHWJIaLy, 3 SKHX BHUJIHO,
110 TOXUOKU PiBHI IT0O MOAYJIIO Ta IPOTHIIEXKHI 32 3Ha-
KOM.

Pe3ynpratn aHanizy METOAWYHHX MOXHOOK am-
MepMeTpiB 1 BOIBTMETPIB ITOKA3ye, IO i MOXUOKH Ha
gactoti 50 I'Il ZOCTaTHRO Mayi MOPIBHSHO 3 KJIACOM
TOYHOCTI, 110 KaJiOpPYyIOTh €S, 1 HUIMH MOXHA 3HEXTY-

Bucnobku Baty. Lle miATBEpIKYE MOKIMBICTS 3aCTOCYBAHHS IS

IIpoBeeHo OIiHKY METOAWYHUX IOXMOOK Kanli-  KaniOpyBaHHs €NEKTPOMArHITHHX aMIIEpMETpiB i
OpyBaHHs €JEKTPOBUMIPIOBAILHUX IPUIA/IiB 3MiHHO-  BOJIBTMETPIB CHTHAIB NPAMOKYTHOI (QOPMHU THITY «Me-
ro CTpyMy CHTHaJlaMH TNPSIMOKYTHOI ¢opMu Tumy  aHAp».

Omxe, 3 Bupasis (7), (9) BuaHO, 110 MOIYJII BiJHO-
CHOi METOIUYHOI MOXMOKH KaliOpyBaHHS €JIEKTpOMar-
HITHUX aMIIEpMETPIB i BOJIBTMETPIB CHT'HAJIaMU MPSMO-
KYTHOI ()OPMH THITy «MEaHIp» OJHAKOBI Ta BH3HA4a-
I0ThCSl CTaBJICHHSM 1HIYKTHBHOI'O OIIOPY BUMIipIOBAJIb-
HOI'0 MeEXaHi3My Ha poOOYiil YacToTi 10 aKTHBHOTO
OITOPY BHUMIPIOBAJILHOTO JIAHIIOTA IPUIIAJLY.
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Development of methodological errors assessment method calibration electric measuring devices
of current rectangular wave from the «<meander» type

V. Mosharenkov

Abstract. The aim of the article is to develop a method for estimating methodological errors in calibration of AC electri-
cal measuring instruments with rectangular signals. This article deals with the applied aspects of estimation of methodological
errors in calibration of alternating current electrical measuring instruments with rectangular «meander» signals for two typical
types of instrument circuits, without compensation and with compensation. Mathematical models of calibration of electromag-
netic measuring devices with signals of rectangular meander type and conditions of its equivalence to classical calibration of sine
wave signals were obtained. It is shown that the introduction of a correction factor for the calibration of electromagnetic measur-
ing devices with signals of rectangular shape of the type "meander" is possible provided that its amplitude is equal to the mean
square value of the sinusoidal signal in the corresponding markings of the scale of the device. These models and equivalence
conditions are also valid for electrodynamic ammeters and alternating current electrical measuring instruments. According to the
results of the analysis, analytical expressions were obtained for the relative values of methodological errors in the measuring
circuits of the device without compensation and with compensation. The results of the analysis confirmed the possibility of using
rectangular waveforms of the "meander" type for calibration of electromagnetic devices. The developed method allows to esti-
mate the methodological errors in calibration of alternating current electrical measuring instruments using rectangular signals.
The results of the analysis give analytical expressions of the relative values of methodological errors in the measuring circuits of
the device. The results of the analysis confirmed the possibility of using rectangular waveforms of the «meander» type for cali-
bration of electromagnetic devices.

Keywords: rectangular signals, electromeasuring devices of alternating current, methodological error, calibration.
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