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ABTOMATPBPIPS)BAHHBIFI CTEHA TPUEMO-CIATOYHbBIX
HNCIIBITAHUAUA ITOT'PYKHBIX QJIEKTPOABUT'ATEJIEN

Cpeny MHOTOUYHMCIICHHBIX ITpo0ieM pa3BuTus EnunHoil snextposneprerndeckoii cuctemsl (EDC)
Poccuu oHOM U3 TIIaBHBIX 3a71a4 SIBISIETCSI 00ECIIeUeHUE U TIOICpKAHNE HAIE)KHOCTH €€ pabOThI.
[Ton HanEXHOCTHIO B JAHHOM CIy4yae MOHUMAETCS BHIIIOJHEHHUE B MTOTHOM 00bEMe (QYHKIMIA Tpe-
YIOPEXKACHNS U yCTPAHEHUsI aBapuil U HEIUTATHBIX CUTyaluil.

Jlig peanuzanuy JaHHBIX 33]1a4 B aBTOMAaTU3UPOBAaHHBIE CUCTEMBI YIIPABJICHUS TEXHOJIOTHUYE-
CKHMH TPOLIECCAMH SHEProOOBEKTOB H00aBIAIOT UHGOPMAIIMOHHO-U3MEPUTENbHbIE CUCTEMbI
(MUC), rmaBHOM QyHKIMEH KOTOPBIX SBISETCS U3MEPEHUE, 3AIHCh, a TAKXKe epBUYHast 00paboTka
TEKYyIIHUX 3HAYEHUI HallpsDKEHUS U TOKA; TIO3UILIMSI KOHTAKTOB PeJie 3aIlMT B PA3IMYHBIX pexUMax
paboTHI CHCTEM M MX TIPUCOCTIMHEHUH, TAKUX KaK NpeJaBapUiHbIA, aBAPUHHBINA 1 TTOCIICaBAPUIHBIH,
(opMHpOBaHUE OCHMIIIIOPAMM MPOTEKAIOIIUX MTPOLECCOB U MPOTOKOJIOB aBAPUH, TAKIKE ONpee-
JIeHHe 1 HaOMIo/IeHue 3a apaMeTpaMyu HOpMajbHOTO PeKUMa paboThl CETH.

B crarbe paccmatpuBaeTcs pa3padoTka aBTOMaTU3MPOBAHHOTO CTEHA AJISl UCTIBITAHUH MOTPYXK-
HBIX JIeKTpozaBUrareneil. [IpoBeaeHne nprueMo-caTouHbIX UCTIBITAHUH CUIIOBOTO 3JIEKTPO0OOpY-
JIOBaHUS OYEHb CIIOYKHAS 3a/1a4a B CBSA3H C TEM, YTO HEOOXOIMMO ONEPAaTUBHO U3MEPSATh MTHOBEH-
HbIEe 3HaueHUs MH(OPMATUBHBIX MapaMeTPOB [JIs MPEIOTBpAIICHUS aBAPUMHBIX PEKUMOB
BBICOKOBOJIETHOTO 000pyaoBaHus. [Ipy MpoBeeHNU NCTIBITAHUH ANEKTPOABUraTeIel OUeHb BaKHO
KOHTPOJINPOBATh UH(POpMATHUBHBIE NapameTpbl. B ponu Hocureneit nudpopmaunu 8 AUUC npu-
MEHSIIOT JIeUCTBYIONINE (CPEAHEKBAAPATUUECKUE) 3HAUCHHS TOKA U HAMPSHKEHUS, aKTUBHYIO U
PEaKTUBHYIO MOLIHOCTH, KOTOPBIE HAa3bIBAIOT MHTEIPAJIbHBIMU XapaKTEPUCTUKAMU MIEPUOANYECKUX
cur"anoB (UXTIC), a takxe vactoTty. JJis pemienus: mocTaBiIeHHOM 3aa4u Mpe/jiaraeTcsi mpume-
HEHHUE anmpOKCUMAIIMOHHOTO MO/IX0/1a MPU U3MEPEHUN UHTErPajbHBIX XapaKTePUCTUK MEPUOIH-
YECKOI'0 CUTHAJA.

B crarbe onuceiBaeTcs CylHOCTh alIPOKCUMALMOHHOIO MOAX0/a, OCHOBAHHOTO Ha IPUMEHE-
HUE arpUOpHON HH(OPMALIUY O XapaKTepe CUTHAJIA MIPH JalbHENIIel 3aMeHe MHTerpajJbHbIX Mpe-
oOpa3oBaHuil apu(PMETHUECKUMH ONepalMsIMU C TOUCUHBIMH OLleHKaMu. PaccmarpuBaercs pas-
paboTaHHBI METOJ Ha OCHOBE aNMPOKCHUMAIIMOHHOTO MOAXO0Ja U HMHTEJUIEKTyaJlbHOTO
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U3MEPHUTEIBHOTO TPeoOpazoBaTess A ONEPaTUBHOTO U TOYHOTO KOHTPOJIsI MH(OPMATHBHBIX Mapa-
METPOB IIPU UCHBITAHUU MOTPYKHBIX JIEKTPOJBUraTesiell 3a Bpemsi He OoJiee Moyynepuosa, yto
MO3BOJISIET HE JOMYCTUTh aBAPUNHHBIX U MTPelaBapUiHBIX PeKUMOB padboThL. [IpuBOASTCS OCHOBHBIE
BBIBO/IBI 110 BHEJJPEHUIO pa3pab0TaHHOTO METOa ONPEIEICHUsI HHTErPAIbHBIX XapaKTEPUCTHK.

KuroueBble cioBa: annpokCUMalMOHHBIA METO U3MEPEHUH, aKTUBHAsI MOLTHOCTb, TAPMOHHU-
YECKHE CUTHAJIbI, MTHOBEHHbIE 3HAUCHUS, IOMOJHUTEIbHbIE CUTHAIBI, (ha30CIBUTAONINI OJIOK,
rapMOHMYECKAsl MOJEIIb, IOIPEIIHOCTD, NHTErPAIbHbIE XapaKTEPUCTUKHU NEPUOANUECKUX CUTHA-
JIOB, MHTEJIJIEKTYa IbHbI U3MEPUTEIbHBIN TPe00pa3oBaTelib, PEAKTUBHASL MOITHOCTb.

STAND OF RECEIVING-CONTINUOUS TESTS
OF SUBMERSIBLE ELECTRIC MOTORS

Among numerous problems there is development of the Uniform Electrical Power System of
Russia, one of the main tasks is providing and maintenance of reliability of work of EEC. Reliability,
in this case, is understood as performance in full of functions prevention and elimination of accidents
and emergency situations.

For realization of these tasks add the it is information-measuring systems (IIIMS) which main
function is measurement, record and also preprocessing of the current values of tension and current
to automated process control systems of power facilities; a position of contacts of the relay of
protection in various operating modes of systems and their accessions, such, as preemergency,
emergency and postemergency, formation of oscillograms of the proceeding processes and protocols
of accidents, also definition and observation of parameters of a normal working hours of network.

In article development of the automated stand for tests of submersible electric motors is
considered. Carrying out acceptance tests of power electric equipment very difficult task because
it is necessary to measure quickly instant values of informative parameters, for prevention of
emergency operation of the high-voltage equipment. When carrying out tests of electric motors it
is very important to control informative parameters. As data carriers in AIIS the operating (mean
square) values of current and tension, active and jet apply of power which call the integrated
characteristics of periodic signals (ICPS) and also frequency. For the solution of an objective it is
offered applications of approximating approach at measurement of integrated characteristics of a
periodic signal.

In article the essence of the approximating approach based on application of prior information
on the nature of a signal at further replacement of integrated transformations with arithmetic
operations with dot estimates is described. The developed method on the basis of approximating
approach and the intelligent measuring converter for operating and exact control of informative
parameters at test of submersible electric motors in time no more half-cycle is considered that
allows not to allow emergency and preemergency operation of work. The main conclusions on
introduction of the developed method definitions of integrated characteristics are given.

Key words: approximation measurement method, effective power, harmonic signals,
instantaneous values, additional signals, phase-shifting unit, harmonic model, error, integral
characteristics of periodic signals, intelligent transducer, reactive power.harmonic signals,
instantaneous values, additional signals, phase-shifting blocks, harmonic model, error.

CuioBoe 351eKTpo00OpyAOBaHUE SIBISETCS
CJIO’KHBIM 3JIEKTPOIHEPTeTUUYECKUM OOBEKTOM,
KOTOPBIH UMEET OOJIBIIOE YHCIO KOHTPOIUpPYe-
MBIX TTapamMeTpoB. B HeTsAHOM MpOMBIIIIIIEHHO-
CTHU 1pH 100bIYe HE(PTH OCHOBHBIM 3JEKTPO00O-
pyioBaHUEM SIBISIOTCA TOTPYXHBIE
anekrpoasurarenu (I19]1), obramarorue BbICO-
KOW MOIIHOCTBIO, HACOCHI, a TAKXKE YCTPOHCTBA

aBTOMATHUYECKOTO YIIpaBJI€HUS, pEJICUHOU
3aILUTHI U pa3JIMYHON IIPOTUBOABAPUNHOMN aBTO-
MaTHKH.

[13]] siBnsieTCst BBICOKOBOJIETHBIM 000PY/I0Ba-
HUEM, U BBIXOJ] €T0 U3 CTPOSI IEKTPOABUraTeNs
MOJKET IPUBECTU K aBapUUHON CHUTyallUu U
0onpuM (UHAHCOBBIM TTOTEpsiM. B mporecce
UCIIBITaHUS JIEKTPOABUTaTENIeH HE0OX0IUMO
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MI'HOBEHHO ONPEAEIATH OBBIILIEHHOE HAIPsIKe-
HUE€ U MPOLECCHl pa3pyllEHUs, CBA3AHHbIE C
TEIJIOBBIMU MpPOLIECCaMU HarpeBa 0OMOTOK, a
TaKXKe MPOOOH HIIEKTPUUECTBA BBICOKOTO HAIPsi-
KEHUS, JJI UCKJIFOUEHUs TaJbHEHIIEro paspy-
LIEHUS AIEKTPOABUTATEIIS.

[ToaTOMY IIpM UCIIBITAHUU IEKTPOABUTATE-
Jei OY€Hb BaKHO KOHTPOJIUPOBATH BOZHUKHOBE-
HUE aBapUHHOIO peXKHUMa C IMOMOIIBIO onepa-
TUBHOTO U3MEPEHUs HH(POPMATHUBHBIX
napamMeTpoB 3a BpeMsl He Oosiee mosynepuoaa
nurtaroniei cetu. Heo0xoauMocTs onepaTur-
HOT'O KOHTPOJIS 3aKJIFOUAETCs B MUHUMHU3ALUU
BO3MO’KHOIO yiiepOa NpHu UCIBITAHUU HEUC-
MPaBHOTO IeKTpoaBUTares [ 1-4].

[Ipu npoBeaeHnn NpueMoO-CcAATOYHBIX UCIIBI-
tanuil I19/] HeoOXonMMO KOHTPOIMPOBATH
nH(OpMaTUBHBIE TapaMETPhI, TaKUe KaK Cpe-
HekBaapaTuueckoe 3HadeHue (CK3) Toka u
HaNpsHKEHUS!, AaKTUBHBIE U PEAKTUBHBIE MOIIIHO-
CTH, KOTOPBIE€ HA3bIBAIOTCSI MHTErpaJIbHBIMU
XapaKTEpPUCTUKaMU NEPUOINYECKUX CUTHAJIOB
(MXITIC), a Takke CONMPOTUBICHUE U3OJISLIHH.

CoBpeMeHHOE IEKTPOU3MEpPUTENIbHOE 000-
pyZlOBaHME, KOTOPOE MO3BOJISAET U3MEPUTS Napa-
METpBbI AEKTPOJBUraTeIeH, HE 00ecreurBaeT
HYXHOE€ OBICTPOJCUCTBHE U TPEeOyeMyIO TOY-
HOCTb JJs TMPOBEAEHUS HUCHBITAHUH.
Hcnonb3yemble B HacTosIIEE BpeMs ObICTpOIEH-
CTBYIOIIUE CUCTEMBI 3aIIUT HE 00J1aal0T HE0O0-
XOJIMMOW TOUYHOCTBIO, IOATOMY IIPUEMO-CAATOY-
HbI€ CTEHJIbl OCHAUIAIOTCS KaK CHUCTEMaMH
M3MEPEHHUSI AEKTPUUECKUX M1apaMeTpoB, TaK U
CHUCTEMAMHU ONEPAaTUBHON 3aIIUTHI.

B crarbe paccmarpuBaeTcs pa3paboTka aBTo-
MaTH3UPOBAHHOTO HHPOPMAIIMOHHOTO-U3MEPH-
TenbHOTO mpeobpazosarens (AUUNIT), mozBoss-
IOIIIETO ONEpPaTUBHO, C BHICOKOW TOYHOCTHIO,
KOHTPOJIUPOBaTh MH(GOPMATUBHBIE MTapaMeTphbl
npu ucnbiTanuu 1191 3a Bpems He OGosee moiry-
MIEpPHO/IA, YTO TIO3BOJISIET HE IOMMYCTUTh aBapHii-
HBIX U MpeAaBapUiHBIX PEKUMOB PAOOTHL.

B paspaborannom ANUII npumensiercs
anMnpOKCUMALIMOHHBIN MOAXO/ AJIsl HAXO0XKIEHUS
WHTETPAIBHBIX XapakTepucTuk. [Ipumenenue
anMnpoOKCUMAaIlMOHHOTO MOAXO0/Aa NMPUBOAUT K
Pe3yabTaTUBHOMY PELICHUIO U 1aeT 00IIEMETO-
JOJIOTUYECKYIO MIaTdopMy AJis MPUBEICHUS K
€AMHOMY BUJY U3MEPUTENIBHBIX CPEICTB U UX
JaJIbHENUIIEMY METPOJIOTHYECKOMY aHAJIU3Y
[5-7].
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CyuHoCTh anmpoKCUMAIIMOHHOTO MOAXO01a
3aKJIFOYAETCS B CJIEAYIOIIEM: KOT/1a U3MEPUTEIb-
HBI CHUTHaJ annpoOKCUMUPYETCS MOEIbIO,
TOT/a, U3MEPSIsl m 3HAYECHUN CUTHANA TIPU pa3-
JUYHBIX, B O0IIEM ClTydae MPOU3BOIBHBIX, 3HA-
YEHUSIX apryMeHTa f, BO3MOXKHO CKOMIIOHOBATh
CHUCTEMY M ypaBHEHHI, KOTOpas peuieHa OTHO-
CUTEJILHO 3TUX TTapaMeTPOB:

xM (tla ala"'am) = x(tl);

x,(, ,a,..c,)=x(t)

[Ipumenenune anpuopHOi WHPOPMAIUU O
XapakTepe CUrHajia JAaeT BO3MOXKHOCTh MPOU3-
BECTH 3aMEHY MHTETPalbHBIX MPeo0pa3oBaHu
apuPMETHUCCKIMH OTICPAITUSIMHU C TOUCTHBIMHU
onegkaMu. Takoil moaxox JacT BO3MOXKHOCTE
MPOU3BECTH 0000IIIEHNE N3BECTHBIX METOOB,
AJITOPUTMOB U CPEJCTB U3MEPEHUIN UHTETPAITb-
HBIX XapaKTEPUCTUK CUTHAJIOB, a TAaKXKe pa3pa-
0aTeIBaTh COBEPIIICHHO HOBBIE [0, 7].

B o0mem cayuae, KauyecTBO pELICHUS
alnmnpoOKCUMAIIMOHHBIX 3a/a4 OIEHHUBaeTCs
pe3yIbTHPYIONIEH MOTPENIHOCThIO, KOTOpas
BKJIIOYAET B ce0sl BCE, UTO OMPEIEIIEeT KaKoe-
1100 HECOOTBETCTBHE MOJIEIH C MOJEIUPYEMOM
3aBUCUMOCTHIO [8]. Korna curnansl ciyvaiinbie,
9TO WMHTETPaJbHBIC, CPEIHECKBAIPATUUCCKUE
XapaKTepUCTUKH. B ciiydae kBa3uaeTepMUHUPO-
BAaHHBIX CUTHAJIOB €CTh BEPOSTHOCTH MOTYYCHHUS
Oosee rpyObIX XapaKTEPUCTHK PAaBHOMEPHOTO
pUOIMKEHUS], HO /1JIs1 BBISIBIICHUS TAKOTO BUJIA
OIICHOK HEOOXOAMMO 3HATh peaJbHYI0 almpoK-
CUMUPYIOIYIO 3aBUCUMOCTb.

B AUUII peanuzoBaH MeTOJl OnpeaeIeHUs
MapaMeTpoB M0 MTHOBEHHBIM 3HAYCHUSM BXOJI-
HBIX CHUTHAJIOB Ha OCHOBE (OpMHUpOBaHHS
JIOTIOJTHUTENBbHBIX curHaioB ([{onC) Hanpsbke-
HUS ¥ HCTIOJIb30BAHUS UX XapaKTEPHBIX TOUEK.

Paszpaborannsiii meton uzmepenus UXIIC
MCKJII0YaeT MOTPEIIHOCTh M0 MO0 (azo-
casuraromiero 6moka (Ob), mockoiapKy mpu ero
peaan3alnny UCTIOIB3YIOTCS TOJIBKO MIHOBEH-
HbIe 3HaueHUs (Mr3) BXOJHBIX CHUTHAJIOB, U HE
npeaycMarpuBaeT GOPMUPOBAHHE JTOTIOTHU-
TEJBHBIX UHTEPBAJIOB BpeMeHHu [9].

Meron ocHOBaH Ha TOM, 4TO (GOPMUPYIOT
nepBblii 1 BTopoil [JonC HanpsikeHus, KOTopble
CABUHYTHI OTHOCHTEIHHO BXOIHOTO 10 (a3ze Ha
yriel Aol u 2A00 COOTBETCTBEHHO B CTOPOHY
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onepexxeHusi. B MOMEHT, korma mpoUCXOAUT
Mepexo/i BTOPOro JOMOTHUTEILHOTO HAMpsHKe-
HHUS Yepe3 HOJIb, UBMEPSIOT nepBbie Mr3 BXoj-
HOT'O HarpsiKeHUs U Toka. B MomMeHT nepexona
nepsoro JlonC HanpsikeHus yepe3 HOJIb U3Me-
PSIIOT BTOPbIE MTHOBEHHBIE 3HAYEHHS BXOJTHOTO

u(?)]

3

HanpsbkeHust M Toka. UXIIC onpenenstor mo
M3MEpEeHHBIM Mr3 BXOJHOIO HalpsHKeHUs U
TOKa.

I'paduxu nporeccoB, MOSCHSAIOMINUE METO,
IIPUBEJICHBI HA PUCYHKE 1.

\ 4

Pucynoxk 1. I'padguku nporeccos, mosicHsronue npuHiun padorsr MAITT

Ecnu BXOHOW CUTHAJI HAPSKEHUS U TOKA
COOTBETCTBYIOT MOJICJIM TAPMOHUYECKOTO
curnana u,(t)=U,,sn ot u

i(t) =1, sin( ax + @), 70 HonC HanpsikeHus
npumyT BUI: u, (1) =U, , sin( ot + Acx),
u,(1)=U, ;sin( ax +2Acr),

me U,,, U,n U,
HUS BXOJTHOTO U JIOTIOJTHUTEIHHBIX HAITPSDKCHHH.

B moment Bpemenu (MB) ¢, korna Bropoe
JOTIOTHUTEIHHOE HATIPSHKEHUE TIEPEXOIUT Yepes
HOJTb U3 OTPHUIATEIILHOM TIOTYBOJIHBI B TIOJOKH-
TeNbHYI0, Mr3 HanpskeHus ¥ Toka OyyT paBHbI

— aMIUIMTYIHbBIC 3Ha4YC-

B MB ¢, , korna nepsbiii JlonC HanpsikeHust
MEPEXOAUT Yepe3 HOJIb U3 OTPULIATENILHOM MOy~
BOJIHBI B TTOJIOKUTENIbHYI0, MTHOBEHHBIC 3HAUE-

HUS HaAIIPsSXKCHUA W TOKa IMPUHHUMArT BU:
U,=U, sn(-Ax) u I, =1 sn(p-Aax)-.

Ecau ucnonb3oBate Mr3 curHaioB npu yrie

T .
casura ®b Aa < 2 TO MocJe npeoOpa3oBaHuit

MOJTYYUM BBIPQKEHUS JIJIS1 ONIPEJICIICHUST OCHOB-
aeix UXIIC:

V2u?

Uos = 7= (1)
aU; -U;
1 2 (2[1U2 _12U1)2
Iy = =15+ ;
CK3 7|72 4U22 _U12 2)
P= Uzl]zU] _Ile)U] _2U22]2J. (3)
4U -U? ’
Q:(IzUl_Ile)Uz . (4)
Jau? -u?

Cxema MUII, ¢ moMoI11bI0 KOTOPON MOXKET
OBITH peaNM30BaH paccMaTPUBAEMBbI BBIIIE
METO/I, TOKa3aHa Ha PUCYHKE 2.

B coctaB AWUUII Bxonar: IIITH, IIIIT — nep-
BUYHBIN TIpeoOpazoBaTeb HANPSHKEHUS U TOKA,
®b — ¢azocasuraromuii 610k, H-O — Hynb-
opran, ALl — ananoro-niudposoi npeodpazo-
Barenb, KHT — koHTposiep.
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IIpepriBaHus
—=> Ob2 —>{ H-Ol1
Odb1 >{ H-O2
U(t) T
——>{ [I[IH > AL =
i(t) vy ¥
—— . <] KHT
[T > ALIRE= 10001
I L2

Pucynok 2. Cxema AUUII, peanuzyromniast MeTO

B ocHOBy (yHKIIMOHUpOBaHUS pa3paboTaH-
Hou MHII kOHTpOIIS 3IIEKTpUUECKUX IapaMe-
TPOB IIEKTPOJIBUTATEIICH 3aI0KEH METO]T U3MeE-
PEHMSI UHTETPATBHBIX XapaKTEPUCTUK 10 Mr3
CUTHAJIaM, pa3JCJIEHHBIM B NPOCTPAHCTBE.
PaspaboTrannas cuctema mo3BoJIsIeT U3MEPSITh
Bech komIuieke UXIIC, a Takxe 4acToTy BXOJ-
HBIX CUTHAJIOB.
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