ocyuiecTBieHa B pamkax MHTerpupoBaHHblx ACY TII, mox KOTOpbIMH NOHHUMAIOTCA
pacnpenesieHHble (TEppUTOPUANIBHO U (YHKUIMOHAIBHO) YIPABJISIONINE BBIUMCIU-
TEJIbHBIE CUCTEMBbI, 00ECIIeUrBAIOIINEe UHTETPALMIO KaK M0 MH(OpMaIUuU, Tak U 10
(GyHKUMSIM, BHIIOTHEHHBIC HA OJTHOTUITHBIX TEXHUYECKUX CPECTBAX.

Oxonomuueckuit 3¢ dext ot BHeapenuss ACY TII IIC Oyaet nomyyeH 3a cyeT
MOBBIIICHUS YCTOWYMBOCTU PAOOThI MEKCHUCTEMHBIX WU MAaruCTPaJIbHBIX CBSI3EH,
HAJEKHOCTU AJIEKTPOCHAOKEHUSI MOTpeOuTENeil, YMEHbIIIEHUsI OIMIMOOK MepcoHaa,
YMEHBIIICHUS 3aTPaT HA MOHTAXXHbIE M HAIAJ04YHbIe PaOOTHI, MPEIOTBPAILLCHUS B PSi-
Jie CllydaeB MOBPEKICHHUS OCHOBHOTO 3JIEKTPOOOOPYAOBaHUSA, & TAKXKE aBTOMAaTHYeE-
CKOI'0 BOCCTAHOBJICHHUS 3HEPrOCHAOKEHUS MOCIIE aBAPUMHBIX HAPYLIEHUH, YMEHbIIIE-
HUS TPYAO3aTpar MpHU SKCIUTyaTalluy BCIEICTBUE aBTOMATHYECKOTO BBISBIICHUS He-
HCIIPAaBHOCTEMN 3JIEKTPOOOOPYJOBAHUS U anllapaTypbl YIPABICHHUS.
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KPUTEPUU D®PEKTUBHOCTU MUKPOIIPOIIECCOPHO¥ PEJIEVTHOM
3AIIATHI

A.B. CmupHOB
Culupckuii penepanbHblii yHUBEPCUTET

Kpurepuu »¢hdeKTHBHOCTH MUKpONpPOLIECCOpHOU peneitHoi 3amuTsl  (P3)
OTIPE/IEIISAIOTCA C YUETOM HaJIeKHOCTU HecpabaThIBaHUS MPU OTCYTCTBUU MOBpEXKIe-
Huii. B ganHoii pabote mnsa ouenku rddextuBHocTy P3 ricnonb3yeTcs Hayka o Kaye-
CTBE, Ha3bIBaeMas kBamumeTpuend. OOBEKThl CPAaBHUBAIOTCA MEXYy COOOM U C HEKO-
TOPBIM HJICATBHBIM OOBEKTOM TIO PsITy CBOMCTB. XapaKTEpUCTUKH O0OBEKTa XapaKTe-
pusytotcs BekTopoM kputepuanbHbix cBoMcTB (KC)Y . LleneBas pynkius E(Y) 3aBu-
CHT OT 3TOTO BEKTOpA U SBJSICTCS KOMIUIEKCHBIM TIOKa3areieM kadectsa [1].

Ota uenesas GyHKUMS onpenenser Mepy 3p(HEKTUBHOCTH, UM MEPY HpHOIU-
KEHUSl K JTAJIOHY U €€ 3HAUYEeHHE OIpEAeAeTCs MO CIeAYIIEeH apu@MeTHYecKou
JUHEHHOHN popmyrie

Ea': Vi€
E ®

raev,— Becomocts i-ro KC, o.e.; e;— 3(b{eKTUBHOCTh |-TO BapuaHTa MO i-My

KC, o.e.
Benmnunnsl Becomocteit KCv, onpenensiorcs MeTogaMu 3KCHEPTHBIX OLIEHOK

(30). Onpenenenne >PpHEKTUBHOCTH €; BBIOIHAETCA HA OCHOBE MOKA3aTeNeH, n3Me-
PEHHBIX Y CpPaBHHUBAEMbIX OOBEKTOB WM ¢ mnomolibio 0. Pacuer KOMIUIEKCHOrO
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KpUTEpHUsl KadyecTBa HaymHaeTcs ¢ ompexaeneHus nepeuds KC B maHHOU 3amade u
o100pa CrennaIicToOB, 3HAIOIUX CBOMCTBa 00bekTa [1].
Tab6n. 1. MaTtpuiia paHroB KpUTepHUaIbHBIX CBONCTB.

Kpurepuanbubie cBolicTBa
Maxcnmym Munumym MHHHMyM Maxkcumym
DKc- | HaJgeKHOCTH pado- yiiepoa B
CTOMMOCTHU TEXHUYECKOTO
IepPT | Thl MUKPOIIPOIIEC- . 99C ot Heno-
B YCTPOUCTB COBEPILICH-
COpHBIX YCTPOMCTB OTIIyCKa 3JIEK-
P3 CTBa
P3 TPOIHEPTHH
1 1,5 3,5 3’5 115
2 1 3 2 4
3 1,5 3 4 15
4 1 3 2 4
3) 1 4 3 2

[TokaxkeM NMpUMEHEHHE METO/1a KBAIMMETPUH Ha NMpUMepe aHainu3a 3PQPeKTrB-
HOCTH Pa3IMYHbIX BapuaHTOB MuUkponpoieccopuor P3 JIDII. PaccmatpuBaem deThI-
pe KC: makcumym HagexHocTH pa®oTel P3; MHHMMYM CTOMMOCTH ycTpoiicTBa P3;
MUHHUMYM yliep0a B 35ekTposHepreTudeckoil cetu (39C) OT HEAOOTIYCKa IEKTPO-
JHEPIrUM Npu OTKazax P3; MakCuMMyM TEXHMYECKOIO COBEpPIICHCTBA. Pe3ynbpTaThl
oIpoca MTH CHeluaaucToB B obsactu P3 npusenensl B Tabnuue 1. [lpu onenke Be-
comocrerr KC ucnonesizyercs meton panrosoi koppessinuu. Bcem KC kaxnapiii skc-
HepT [0 Mepe YObIBaHHSI BECOMOCTH PUCBAMBACT OIICHKY, Ha3bIBAEMYIO paHrom [1].

Becomoctu KC omnpeaennum 1o ciexyronmm BeIPaKEHASIM

| @
Wi:]__A.(n.N)_l—i—n_l’ (3)
2% @)

rae N — 9HCiI0 SKCIEPTOB; W, — KO3 GHUIMEHT 3HaunMocTu; | — Homep KC; n —
yrcno KC; A— cymma panros i-ro KC, a, — panr i-ro KC, 3anansslii K-m skcriepTom.

PesynbraThl pacuera Becomocteit KC nmpeacTaBiieHsl B Tadauie 2.
Tab1. 2. Koapurmentsl BECOMOCTH KpUTEPUATHHBIX CBOMCTB.

Kpurepuanbnbie cBolicTBa
MuHnmym
MuHHMYM CTOHMMO- Maxkcumym
Beco- | Makcumym Y ymep6a B 39C Y
CTH MUKPOIIPOLIEC- TEXHUYECKO-
MOCTh HaJIe)KHO- . OT HEJOOTIYC-
COPHBIX YCTPOWCTB ro COBEp-
ctu P3 Ka BJIEKTPO-
P3 IIEHCTBA
SHEPIruun
4 0,378 0,171 0,211 0,239

Omnpenenenue >dpdextuBHOCTH € B Bapuantax P3 mo kaxaomy n3 KC npowus-
BOJIUTCSI TIPU pacueTe MoKaszaTeyield Yy, y CPaBHUBAEMBIX OOBEKTOB, WM HKCIIEPTHOM
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orieHkou. Ilepexos OT YMCIIEHHBIX TMOKa3aTejied K OTHOCUTEIbHBIM E€IUHHUIIAM BbI-
MOJIHAETCS C MOMOIIBIO JIMHEWHOTO Mpeo0pa3oBaHus, Mo cieayrouieit popmyse

& = yi: — yiH
Yi =i (5)

rae Y, - MakCHMalbHOE M3 BCEX BAPMAHTOB 3HAYCHHUE MMOKA3aTels; Y, - MHUHH-
MaJIbHOE 3HAUE€HHE NTOKA3aTelsl; Y, - 3HaUCHUE M0Ka3aTels B JAHHOM BapHaHTe.

Bbruncnenus no ¢opmyne (5) NpoBOASATCS MpPH  BHIIOJHEHUM YCIIOBUS:
y," <Y, <y,". BemonHuM oneHky ¢ dextuBHOCTH €; 1o Kaxaomy KC.

KC 1. Ilpu ouieHKe HaJEKHOCTU YUUTBHIBAEM TOJBKO JOXKHBIE U HECEJIEKTHUB-
Hble cpabarbiBaHus P3, Tak Kak OHM NPOUCXOASAT 4allle, 4YeM OTKa3bl B cpabaThIBa-
HuU. Jl0Js JTOXKHBIX U HECEIEKTUBHBIX cpabaTeiBaHui paBHa okoiyio 70 % ot ob1ero
KoJInuecTBa HapyueHuit B padbore P3 [2]. PaccMoTpum BapuanTsl ycTpoiicTB P3.

OmnpenenuM BEpOSTHOCTb HecpabaThIBaHUS JIJIs IEPBOTO BapHaHTa 3aIIUTHI Ha
puCyHKe 1, a, OTHOCUTEIBHO JOKHBIX U HECEIEKTUBHBIX CpabaThIBaHUI

PA(t) = e’“ ’ (6)
r7ie A - MHTEHCUBHOCTh OTKa3a B (pyHKIIMoHHpoBaHuu P3.
Jor nyecknin
1 aneveHt U
AL 1
=yl
Jlor nyecknin Jlor nyecknin Jlor nyecknin
1 areveHt U 1 aneveHt U areveHt N
1 A, 1 —1B 1| 1 1

> —

;
T

Jlor nyeckun
1 anemeHt U

)

a) b) c)
Puc. 1. Jlornueckue cxemMbl BAPUAHTOB YCTPOMCTB PEIEHHOMN 3aIIUTBHI.

Bpewmst skcmyaTanuu t = 1 101, HHTEHCUBHOCTD U3JIMITHUX CpabaThIBAaHUHA A
=0,07 1/rox [2], Pa (t) = 0,932, a BepoATHOCTH U3IHUIITHETO cpadaThIBaHUS paBHA

Qult)=1-PR:(t). (7)

BepositHOCTh HecpabaTbiBaHus 1 Bapuanta P3 Ha pucyHke 1, a paBHa
Q,(t)=0,068. BeposiTHOCTH U151 BTOpOro BapuanTa P3, Ha pucyHke 1,6, eciid HCIIONb-
3yeTcst TOJIbKO ojuH 010K, paBHBI Pp (1) = Pg (1) = 0,932 u Qa(t) = Qg(t) = 0,068.
OmnpenenuM BEpOSITHOCTD M3JIHMIIHETO cpadaThiBaHus ycTpoicTBa P3 ¢ yueTom o6oux
6moxkoB A u B

Q,..(t)=Qu(t)-Qs(t). 8)
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Or ka3 ouct embl P3

Jlor nueckuin
aneveHt N

Jlor ndeckime

arevenTu 1 7 - A

®» G ®» O ® @

Puc. 2. JlepeBo 0TKa30B JI TPETHETO BapruaHTa PEJICHHON 3aIUThI.
Paccuntaem HaeKHOCTD I TPEThEro Bapuanta P3, B KOTOPOM HCIIOb3YyETCs
CXeMa C r0JIOCOBAaHUEM «JIBa U3 TPEX» U MOCTPOUM JIEPEBO OTKA30B [3]

Q,.(1)=0u(0) (1) +Qu(1)Q: 1)+, 0)-0- 1) -
OtHocutenbHylo oueHky nepsoro KC nng kaxaoro Bapuanra P3 €55 naaum c
MIOMOIIIBIO0 BEPOSTHOCTH M3IIUIIIHETO CpabaThIBAHMS, HCIIOB3YS BhIpaKeHHE (5).
KC 2. Croumocts yctpouictB P3 ompenenseTrcs cTOMMOCTBIO TEPMHHAIOB U
IPOrpaMMHOro odecrnedyeHus. PaccuntaeM OTHOCUTEIBHYIO OLIEHKY €5 BToporo KC

—1 -1
rze | — Homep cBoiicTBa; N — UHCIIO DKCIIEPTOB; B;— CyMMa PaHIOB |-TO BapH-

aHTa.

KC 3. Ymep6 B 39C 0T HEZ0OTITyCKa 3JIEKTPOIHEPrUu JUisi BapuaHToB P3
OTIPEIEISIETCS IPU HECEIIEKTUBHBIX WJIU JIOKHBIX CpadaThIBAaHUAX C yUETOM yIEeIbHO-
ro ymepoa y, = 3,6 $/kBtu [1], pacueTHOI BEepOSATHOCTH OTKa30B Qp3 M 3aTaHHOM
BenmuyrHe notepb MomHocTu AP= 160 MBT, 00yc10BIEHHBIX OTKIIFOUEHHEM JINHUA

YV =8760-V,-Q,, - AP. (11)

OTHOCHTEBHBIE OLICHKH TPETHETO CBOMCTBA €3j MOJyYUM C IIOMOILBIO JIMHEH-
HOTO npeodpazoBanus o Gopmyse (5) as kaxaoro Bapuanta P3.
KC 4. Penelinas 3ammra 10JKHa cpabaThiBaTh, HE Hapyllas padoTy OCTAIbHOMN
4acTH dHEProcucTemsl [4]. OLIEHUM €45 YETBEPTOE CBOMCTBO SKCIIEPTHBIM ITyTEM.
B tabnuie 3 npuBeaeHa KOMIUIEKCHas OlleHKa 3(hPeKTHBHOCTH BapuaHTOB P3.
Tabn. 3. KommnekcHas onieHka 3 QeKTHBHOCTH pesIeHHOM 3aIUTHI.

Bapuants | 1 =0378 | v, =017 | v=0211 | v,=0289 | _ _ anv_ N
P3 OtHOCUTENBHBIE OLICHKU () ()EKTUBHOCTH, € =

1 0 1 0 1 0,410

2 1 0,667 1 0,667 0,862

3 0,841 0,333 0,841 0,333 0,632

3HaueHHEe KOMIUIEKCHOTO KpuTepusi 3(h(PEKTUBHOCTU SIBISETCS HAUOOIBIIUM
JUTsl BTOPOTO BapuaHTa P3, mo3TOMy OnTHUMalIbHBIM SIBJIIETCS BTOPOM BapUaHT.
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DEVELOPMENT OF ADVANCED TECHNOLOGY FOR HIGH VOLTAGE
TRANSFORMER WINDING CONDITION CONTROL BASED ON
PROBING IMPULSE OF NANOSECOND DURATION

A.V. Lavrinovich!, A.V. Mytnikov
TomskNIPIneft*
Institute of Power Engineering, National Research Tomsk Polytechnic University

Abstract

The paper deals with the experimental research of the pulsed method of trans-
former winding control in comparison with FRA technology. A new approach to
winding condition control technology is described. The proposed method is based on
short (compared with a typical pulsed technology) probe pulse and front pulse dura-
tions. The experimental results of sensitivity growth at decreasing front pulse dura-
tion are shown. The experimental equipment and measurements are described. A
comparison of the experimental results of the proposed technology and FRA is given.
It is shown that shorter front of probe pulse duration allows upgrading sensitivity of
the diagnostic procedure.

INTRODUCTION

Smart power grid includes big amount of high voltage transformers of different
types and power range. To provide a stable operation of any smart grid is necessary
to control high voltage equipment condition, first of all, power transformers. At the
same time, park of power transformers are old enough and have been working al-
ready 30-40 years and more. That is why the development of technologies of high
voltage transformer condition control is an important task for any smart grids. The
pulsed method to control a condition of transformer windings was proposed and de-
scribed in 1966 [1]. The principle of the method consists in applying probing stand-
ard lighting impulse of 1.2/50 microsecond with the amplitude around 300 V to one
of the windings. Other windings were short-circuited and the shunt which gave a re-
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