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Pe3rome. CyIieCTBYIOIINE CUCTEMbI 3aUTHI M THATHOCTUKU HE CIIOCOOHBI BBISIBIISITH AaHOPMAJIbHBIH
HarpeB CUJIOBBIX KOHJICHCATOPOB, OOYCIIOBJICHHBIH Pa3BUTHEM WX BHYTPEHHHMX HEHUCIIPAaBHOCTEH.
B craree mpeayaraercsi METOAMKA, MO3BOJISIONIAs HA PaHHEH CTaguyu OOHApYKUTh TaKOW HArpeB.
JlaHHast MEeTOIMKA CONIEPKUT amIapaTHYIO YacTh U alTOPUTMBI. AmIapaTHasi 4acTh COCTOUT U3 MHK-
POMPOIIECCOPHOTO TPHOOpa, pa3pabOTAHHOTO ABTOPOM, M3MEPHUTEIBHBIX TPaHCHOPMATOPOB TOKa
U JIATYHUKOB TEMIEPATYphl. ITO 000PYIOBaHHE HEOOXOIMMO TMOIKITIOYNTh K KOHICHCATOPHOH ycTa-
HOBKE ¢ HOMHHAIIBHBIM HampsbkeHreM 380 B. B mporiecce paboThl mpubOp OCYINECTBISAET HEmpe-
PBIBHOE M3MEPEHUE TeMIepaTyphl MOBEPXHOCTH KOPIyca KaXKJI0ro KOHJIEHCATOpa YCTAaHOBKH, TEM-
nepaTypbl BHEIIHEH OKpYKarolIed cpe/ibl, HalpsHKEHUH U TOKOB CO CTOPOHBI HCTOYHUKA ITHTAHMS.
M3mepeHHble BEMUMHBI UCTIONB3YIOTCS B MAaTEMAaTUUYECKONW MOJIENIN TEIJIOBBIX IPOLIECCOB, TO3BO-
JISFOIICH PACCYUTHIBATH TEMIIEPATypPy HauOOJIee HArpeTOil TOUKH KaXKIOro KOHJICHCATOpa B PEIKUME
peanbHOTO BpeMeHH. 3aTeM BBIIOJHACTCS PAacyeT XapaKTePHCTHICCKON pasHOCTH AQ; MexIy cpea-
HeCyTO'-{HbIMl/l 3HAYCHUAMU TeMnepaTypr ;uxlanempmca U HAYAJIbHBIM Cpe)lHeCyTO‘lelM 3HAYCHHUEM
9TOH TeMIIepaTyphl 32 BTOpPBIC CYTKH OT Hayaja m3MepeHuil. Eciu BemmumHa AO; peBBICUT 3Hade-
HHE aOCOJIFOTHON MOTPENIHOCTH MOJCIUPOBAHKS, TO (DOPMUPYIOTCS IMATHOCTHYECKUE CUTHAIIBI
YPOBHEH OIAaCHOCTH aHOPMAJBbHOTO HarpeBa: HU3KUH, CPEIHUM, BHICOKUI M OYEHb BBICOKHM. Taroke
HEOOXOIMMO BHITIOJHATH PacyeT CKOPOCTH M3MEHEHHsI AO; U YUUTHIBATh MOJyYeHHBIC 3HAYCHHS TIPH
(hopMHUPOBaHUH YPOBHEH OMAcHOCTU. [Ipy HU3KOM U CPETHEM YPOBHSAX OMACHOCTH aHOPMAJIBLHOTO
HarpeBa peKOMEHAYeTCs paboTa CHCTEMBbI AUArHOCTHPOBAHUS Ha BU3YaIbHBIA CHTHAI, IIPU BHICOKOM
ypoBHE — paboTa Ha BU3yaJlbHBIN U 3BYKOBOW CHUTHAJIBI, & IPH OYCHb BHICOKOM YPOBHE — Ha OTKJIFO-
YeHHE KOHJIEHCATOpa OT ceTH. [IpuBeIeHHbBIC aNrOpUTMBI pa3paboTaHbl 3BpucTHUeckd. OKOHYA-
TENbHOE UX (OPMHUPOBAHKHE BO3MOXKHO TOJILKO IMOCJIE MHOTOJICTHEH JKCIUTyaTalldd TpeiaraeMoi
CHCTEeMBI THAarHOCTUPOBAHMS Ha pealbHBIX 00beKTax. BHenpeHue pa3paboTaHHOW CHCTEMbI CHU3UT
BEPOSITHOCTh BHE3AITHOI'O OTKa3a KOHJEHCATOPHBIX YCTAaHOBOK M COOTBETCTBEHHO TOBBICHT HAJIEX-
HOCTB CHCTEMBI JJICKTPOCHAOKCHHUS TIPEATPHUSITHSL.
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The Diagnosis Technique of Abnormal Heating
of Power Capacitors

D. L. Zalizny"
YP. O. Sukhoi State Technical University of Gomel (Gomel, Republic of Belarus)

Abstract. The existing system of protection and diagnostics are not able to detect abnormal hea-
ting of the power capacitors caused by its internal malfunction formation. The paper contains
a proposal of a technique that enables to detect such heat at its early study. This technique consists
of a hardware and an algorithms. The hardware consists of a microprocessor-based instrument
developed by the author, of measuring transformers of current and of temperature sensors. This
equipment must be connected to the condenser unit with a rated voltage of 380 V. In operation,
the device performs continuous measurement of the surface temperature of the casing of each con-
denser, the temperature of the external environment, voltage and current from the power source.
The measured values are used in the mathematical model of thermal processes that enables to cal-
culate the temperature of the hottest point of each capacitor in real-time. Then the calculation
of the intrinsic difference A8, between the average temperature values of the dielectric and the base
average value of this temperatures during the second day from the start of the measurements. If the A8,
value exceeds the value of the absolute error of simulation, diagnostic signals of abnormal levels
of heating, viz. low, medium, high and very high, are generated. It is also necessary to calculate the rate
of change of AB; and to consider the values obtained in the formation of hazard levels. For the low level
and the average level of hazard the operation of diagnostic system with a visual signal is recommended,
while for the high level of hazard it is recommended to use both visual and sound signals, and for the
very high hazard level the capacitor ought to be turned off from the source. The algorithms have been
developed heuristically. The final formation of the algorithms is possible only after the long-term opera-
tion of the proposed diagnosis system on real objects. The implementation of the developed system will
reduce the probability of sudden failure of capacitor units and, correspondingly, will increase the relia-
bility of power supply system of enterprise.
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BBenenune

CuUIIOBBIE KOHJICHCATOPBI UMEIOT TPU OCHOBHBIC 00JIaCTH MPUMEHEHHS B CUCTE-
Max 3J1eKTPOCHAOKEHUS: JJIsI KOMITEHCAIIMY PEaKTUBHON MOIHOCTH, JJIsI BEICOKO-
YACTOTHOW CBS3U MO BO3AYIIHBIM JIMHUAM SJIEKTPONEPENAUYd U JUISl CTIIAKUBAaHUS
BBIPSIMIICHHOTO HAIIPSDKEHHS. BO BCEX CITydasix K HUM JINOO TIPHIIOYKEHBI BEICOKHE
HAIpPSHKSHUS, MO0 Yepe3 HUX MPOTEKAIOT BBICOKHE TOKH, YTO MPUBOAUT K JIOCTa-
TOYHO CYIIECTBEHHOMY MX HarpeBy. [lon melcTBHEeM HaNpsbKEHHS BO3HUKAIOT JU-
ANIEKTPHYECKUE TIOTEPH, a TIOA JEUCTBUEM TOKOB — MOTEPU B JIEKTPOAAX U Tepe-
XOJHBIX KOHTaKTaX, PACCEUBAIOIIMECS B BUJIC TEILIOTHI.

Ecnu xonaeHcaTop MOJHOCTBIO KCIPaBEH, TO €r0 HAarpeB MOXKHO Ha3BaTh
ecTecTBeHHBIM. Ecii e BO3pacTaroT IUINEKTPUIECKHE TOTEPH, YBEININBACTCS
CONPOTHUBJICHUE TIEPEXOAHBIX KOHTAKTOB HIIU 3aCOPSETCS MOBEPXHOCTH KOPITyCa,
TO KOHJICHCATOp HarpeBacTCs JOMOJHUTENbHO. Takol ero HarpeB OyJeM Ha3bl-
BaTh aHOPMAaJbHBIM. AHOPMANBHBIN HAarpeB KOHIEHCATOpa pa3BUBAETCS MeE-
JICHHO, TOJIaMHU, U B KaKOH-TO KPUTUYCCKHUH MOMEHT MOXKET MPHBECTHU K OBICT-
pOMY Pa3BUTHIO aBAPUITHON CUTYAIIHH.
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B cratbe paccmaTpuBaroTCs aJTOPUTMBI U yCTPOWCTBO, TO3BOJIAIOIINE HA
paHHEeW CTaIuu BBIABIATH aHOPMAJIBHBIN HAarpeB CHIIOBOTO KOHAEHcaTopa, o0y-
CJIOBIICHHBIN €r0 MEAJICHHO Pa3BUBAIOLIMMUCS HEUCTIPABHOCTSIMHU.

CocTtosinne mpo0JieMsbl

OTKa3bl CUJIOBBIX KOHJEHCATOPOB — JOCTATOYHO YAaCTO BCTPEYAIOLIEECS SIB-
nenue. [IpHumHBI 0TKAa30B MOKHO Pa3[eiINTh HA JABE TPYHIBL: 00YyCIOBICHHBIC
OBICTPO M MEIJICHHO pa3BUBAIOIIMMMCS HEHCIPABHOCTAMU. B mepBoMm ciydae
KOHJIEHCATOPBl OTKIIIOYAIOTCSI OT CETH C MOMOIIBIO TOKOBBIX 3aIlUT M COOTBET-
CTBYIOIIMX KOMMYTAI[MOHHBIX allllapaToB. DTOT IIPOLECC IIPOUCXOJUT, KaK Ipa-
BUJIO, BHE3AITHO M NPHUBOAMT K ymiepOy Ha mpeanpustuu. Bo BTOpoM ciydae
MMeeTCsl BO3MOKHOCTh CBOEBPEMEHHOTO pPEarvpoBaHUs IMyTEM CUTHAIM3ALNH
U TIpeAyNpeKACHUS 00CTy KUBAIOIIEr0 IIEPCOHala O BO3MOKHOM OTKJIIOUEHHH.

B HayuHol nuTeparype W MaTeHTHBIX 0azax Mano WHGOpMAIHK O CUCTEMax
paHHEro JUarHOCTHPOBAaHMS CHIIOBBIX KOHAEHcaTopoB. Tak, B [1] paccmarpuBa-
eTcs METOAMKa ITUarHOCTHPOBAHMs KOHAEHCATOPOB I MpeoOpasoBaTeneil ya-
CTOTBI, OCHOBaHHAasI HA METO/Ie SKBUBAJICHTHOTO COMPOTHUBIEHUI. MeToauKa He
YUWTHIBAET BIHMSHHE COMPOTHUBICHHH MEPEeXONHBIX KOHTAKTOB, a TAKXKE yXYI-
LIEHUE YyCNOBUM oxjaxnaeHus. B [2] mpeanaraeTcss maTemMaTHuecKash MOJIEIb
TEIUIOBBIX IPOIECCOB AIEKTPOIUTHYECKOTr0 KOHJIEHCATOPa, B KOTOPOU HCIOIb-
3yeTcsl METOJ] KOHEYHBIX 3JIEMEHTOB M KOTOpas He TO3BOJSET PacCUUTHIBATH
TEMIIEpaTyphl KOHIACHCATOPA B PeaJbHOM BPEMEHH. Y CTPOICTBO, ONUCHIBAEMOE
B [3], Ha OCHOBE KOHTPOJISl HANPSDKEHHUS Ha OTKIIOUEHHBIX KOHIEHCATOpax I03-
BOJISIET OOHApPY>KUTh PsJIbI KOHJIEHCATOPHOH YCTaHOBKH, B KOTOPBIX MMEIOTCS
MOBPEX/ICHHBIE KOHIEHCATOPHI, U HE CIIOCOOHO BBISBIATH PAa3BUTHE MOBPEXK/IE-
HUHM B yCTAHOBKE HA paHHEH CTaJUH.

Cucrema, mpeacTaBiieHHas B [4], KOHTpOIHUPYET MapaMeTphl OKpY’Karomliei
Cpellbl BO3Jie KOHJEHCATOpa M CUTHAJIM3UPYET, €CIIM OHU BBIXOJAT 3a JIOIMYCTH-
MBI/ ypOBEHb. AHAIN3 COCTOSIHUSI CAMOTO KOHACHCATOpa MPU 3TOM HE IMPOU3BO-
IUTCsI. YCTPOMCTBO [5] crmoCOOHO M3MEPSITh CKOPOCTh M3MEHEHUST EMKOCTH CH-
JIOBOTO KOHJIEHCATOpa, HO HE OCYIIECTBISCT KOHTPOJS KaKUX-IMOO €ro Tero-
BbIX mapameTpoB. [Ipubop [6] BemoNHAET HYHKIMH 3aIIUTH KOHACHCATOpa Ha
OCHOBE M3MEPEHMS €ro HaIpSKEHUH M TOKOB. TeruioBble mapamMeTpbl HE KOH-
TposupytoTcs. B [7] mpemioxkeHO BCTpauBaTh CHCTEMY TEIUIOBOM 3alllUThHI
HETOCPEICTBEHHO B KOHZEHcATop. [Ipu 3ToM (UKCHPYIOTCS 3HAYEHUS] MAKCH-
MaJIbHO JOMYCTHMBIX TEMIEpaTyp, YTO HE IO3BOJIET HA paHHEW CTAaIuU BBISIB-
JISATh PA3BUBAIOIINECS HEUCIIPABHOCTH. Y CTPOMCTBO [8] OCYIECTBIsSET IPOrHO-
3UpPOBaHKE Pa3BUTHS AC(PEKTOB B IJICKTPOIUTHUCCKUX KOHIEHCATOpax, MpHMe-
HSIOIINXCS B CUJIOBOM 3JIEKTPOHHUKE.

Taxum o0pazoM, pa3paboTKa CUCTEMBI, O3BOJISIOLIEH B PEKUME PEabHOIO
BPEMEHH BBIABIIATH aHOPMAJIBHBIN HarpeB CUIOBOTO KOHAEHCATOpa, — 3TO aKTy-
aspHas 3a/1a4a.

AnnapaTHaﬂ YaCTb CHCTEMbI JTUATHOCTHPOBAHUA

OcHOByY arnmapaTHON YacTH MpelylaraeMoil CHCTEMBI JHarHOCTHPOBAHHS CO-
craBisieT ipubop KoHTpons u pacuera Temneparyp ([IKPT) anexrposneprernye-
CKOTO 000pyI0BaHMs, pa3paboTaHHBIN aBTOpOM B pamkax 3amanus Ne 1.1.22 ['ocy-
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JapCTBEHHOW MporpaMMBbl Hay4dyHbIX uccieaoBanuii B 2015 1. [9]. IIpubop pea-
JU30BaH Ha OCHOBE COBPEMEHHOIO BOCBMHUPA3PSIAHOTO MHUKPOKOHTPOJI-
nepa ¢upmer Atmel AT90USB1286, mmeromero mnaMsaTh Nporpamm 00be-
MoM 128 kunoGaiit. @ortorpaduu nunesoit nanenu makera [IKPT, a takxe on-
HOTO M3 PKPAHOB U IEYATHON IIaThI €ro IU(PPOBOH YacTH IMOKa3aHbl Ha pucC. 1.

Puc. 1. Bueunuii Buj TuiieBoi NaHeIu, SKpaHa ¢ U3MEPEHHBIM TOKOM
U w1aThl (UQPOBOil YacTh mpudopa KOHTPOIIS U pacyera TeMIepaTyp

Fig. 1. Appearance of the front panel, display demonstrating the measured current
and the digital board of the device for temperature control and calculation

[Tpubop mMeeT ABYXCTPOUHBIA TUCIIICH, KHONKH TEPEIBMKEHUS IO MEHIO
U BOCEMb CHI'HAIBHBIX CBeTOAMONOB: «[lutanme», «Paborta», «3anmce B ma-
MATHY», «CBSI3b C KOMITBIOTEPOMY», « AHOPMAIIbHBIA HarpeB — 1-ii ypoBeHb oliac-
HOCTHY, ..., KAHOpMaJIbHBIA HarpeB — 4-if ypOBEHb OMACHOCTWY; MIO3BOJISIET BhI-

TIOJTHATH M3MEPEHUS HAPSHKEHUH, TOKOB U TeMriepatyp (Ttadm. 1).
Tabauya 1
OcHOBHBIE TeXHHYECKHEe XapAKTePUCTUKH NPHOOPa KOHTPOJISI U pacyeTa TeMIepaTyp

Main technical characteristics of the device for temperature control and calculation

AbcomoTHast Komnmuecto
W3mepsiemas BenmuunHa [uanazon
MOTPEIIHOCTD KaHaJIOB
HarmpsikeHne MoCTOSHHOE U [IEPEMEHHOE,
B (true RMS) 0-400 +0,2 3
Toxk nepemennsiii, A (true RMS) 0-10 +0,1 3
Temmnepartypa, °C 0-70 +0,1 6

[IporpammHoe obecrieueHre nprudOpa BBHIMOIHAECT HEOOXOAUMBIE PacueThl U
OCYILECTBIISIET BBIBOJ BCEX M3MEPSIEMBIX U OCHOBHBIX PAacUETHBIX BEJIWYHMH HA
quctoied. lpuHnpnuaneHas cxema NOAKIIOYEHHS MPEJIaraéMoM CUCTEMBI Jyar-
HOCTHPOBAaHHS K KOHJIEHCAaTOPHOW YCTaHOBKE C HOMMHAJIBHBIM HAaIPsDKEHU-
eMm 380 B mpuBeaena Ha puc. 2.
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Puc. 2. Cxema TMOAKIIFOYCHUS CUCTEMBI IUAarHOCTUPOBAHUA CUJIIOBBIX KOHACHCATOPOB

Fig. 2. Wiring system for the diagnosis of power capacitors

K mensim HanpsbxeHnst npuOop NOJKIIOUEH HEMOCPEACTBEHHO, a K LEIsIM TO-
Ka — 4epe3 H3MepHTelbHbIe TpaHcopmaTopbl. K Kopmycam KoHAEHCATOpOB
NPUKPEIUISIOTCS JATYUKH TeMrepaTypbl. TpeOyeTcst Takke JaT4yvK Jisl u3Mepe-
HUSI TEMIIEPATYPhl BHEIIHEH OKPYXAlOLIEH cpeibl, KOTOPBIA, KaK IOKAa3bIBAIOT
pacuetsl [9, c. 141], HeoOXoAMMO YCTaHOBUTH Ha pacctosHuM 10 cMm ot Oinu-
JKaillllero KoHIeHcaTopa.

AJTropuT™MBbI padoThI CHCTEMBI AUATHOCTHPOBAHMSA

Jlist BBISIBIEHMST aHOPMAaJbHOI'O HarpeBa Ka)KIOro CHJIOBOIO KOHJEHcaTopa
HEOOXOIMIMO B PEKHME PEaTbHOI0 BPEMEHH BBITIOJIHATD YETHIPE OCHOBHBIX 3Tarla:

e U3MEpEeHUE TpeOyeMBbIX BEIUYHH (pHC. 2);

e pacyeT MOTepPbh AKTUBHON MOIIHOCTH AP;

e pacueT TeMIIepaTypbl HanOoJee HarpeTol TOUKH TUAIICKTPUKa 0;

e aHANIN3 AUATHOCTUYECKHUX MapaMETPOB.

[ockonbky [MKPT u3mepsier MrHOBEHHBIC 3HaueHHsI (Da3HBIX HANPSKEHUM,
COOTBETCTBYIOIINE BEIWYMHBI JIMHEHHBIX HANpPSKEHUH MOXKHO TOJIy4aTh pac-
4yeTHBIM IyTeM. Ha kakmom k-M MHTEpBajie pacyera JEHCTBYIOIIUE 3HAUYECHUS
(true RMS) nuneiinsix HanpsbkeHuit U », U, 3, U | OyAyT paBHBL:

2 1 & 2
Uipp = _Z( ”2,5)‘ — (”1,:' ”2,{) ;
T, 5 m-_
2 1 & 2
Uyzp = _Z( i ”3,1‘)‘ — (uz,i "‘3,:') ’ (D
T, = m-_
T & 2 1 2
_ c
Usin = T_Z(“m “1,[)_ — (u3,i ul,i) )
d i=l m-_

r7e | — HOMEp MHTEpBajia U3MEPCHUs; Uy, Uy, U3 — MTHOBEHHbBIC 3HaYCHUS (a3-
HBIX HAaIPHKCHUH COOTBETCTBYOIMUX (a3; 7T, — mephoj| HaNpsHKEHHS CETH;
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T, — TO ke MUCKPETHU3AIMH MO KaHaJlaM TOKa M HAMPSDKEHUS; M — KOJTUYECTBO
M3MEPEHHBIX 3HAYCHUI HANPSHKEHUS 32 MIEPUOJ] HAITPSDKCHUS CETH.

[Torepu aKkTUBHOI MOIIHOCTH B KOHJIEHCATOPE OMPEIEINM B COOTBETCTBUHU
c[10, c. 190]

AP = AP, + AP, ~0,16AP, =0,16-21fC,tgd(U}, +U3, +U3, ), 2)

rae AP, — motepu B qudiekTpuke; AP, — TO K€ B MeTajlle 3JIeKTPOIoB; f — Ja-
cToTa HanpspkeHus cetd; C,,; — AIMeKTpUIecKasi eMKOCTh KOHJIEHCATOPa; O — yroi
JTUDIIEKTPUUECKUX MTOTEPD.

J1s UCKITIOYeH sl BIUSHUS OCTaTOYHOTO HAIIPSDKEHUS Ha pacueT AP mpH OT-
KJIFOUEHUH KOHAEHCATOpa OT CETU HYXKHO KOHTPOJUPOBATh TOKU YEpe3 BCE €ro
JJIeMeHTHL. B ciydae OTCYTCTBHSI TOKa B COOTBETCTBYIOIIEM JJIEMEHTE pac-
4yeT AP nomkeH ObITh mpekpaiieH. [lostomy Gopmyny (2) He0OX0IUMO TOMOI-
HUTH YCJIIOBHEM HAaJM4YWs COOTBETCTBYIOIINX TOKOB. s Tpexda3noro xoHeH-
caTopa ¢ BHYTPEHHHUMH TaKE€TaMH, COSAMHEHHBIMH B TPEYTOJBHHK, 3TO OyIyT
¢dasubie TokU [, I3, I51. HemocpencTBeHHO M3MEPUTh TOKM HEBO3MOXKHO, IM0-
3TOMY WX 3HAYEHUS HY)XHO MOJYyYUTh PACUETHHIM MyTEM HA OCHOBE H3MEpEH-
HBIX MTHOBEHHBIX 3HAUCHHUI JTUHEHHBIX TOKOB ij, I», i3 1O aHajgoruu ¢ (1) mist
JINHEUHBIX HAIIPSODKCHUM.

Jloruveckuie BhIpaKeHUs, JONOJHSIONME (2), 3alMIIeM CIEAYIOmUM 00-
pazom:

(11,2 <Imin)_>(U1,2 ZO);

(12,3 <Imin)_)(U2,3 ZO); (3)
(13,1 <[l ) - (U3,1 = )’

rae Inin — MUHUMaQJIBHOE 3HAYEHUE TOKA 4epe3 KOHJAEHCATOp MPU HAIUYUU MIPU-
JIOXKEHHOTO IEPEMEHHOTO HAITPSKCHHS.
3naueHue I, MOXXHO OIIPeNIeIHTh 0 hopmyIe

Imin = UHOM 2 fk3an i (4)

rae Uyoy — HOMHUHAIBHOE JCUCTBYIOIIEE 3HAUCHHE HalpsbKEHHS KOHIIEHCATOPa;
kyan < 1 — KOO QUIMEHT 3amaca, YIUTHIBAIOIINNA BOZMOKHOE CHUKEHHE EMKOCTH
KOHJIEHCATOPa ¥ MPHIIOKEHHOTO K HEMY HaIIPsDKeHUS (MOXKHO TIPHHSATH Ky = 0,5).

B cnyuae rpynmel konneHcatopoB C,,; — 9TO CyMMapHasi eMKOCTb, TIOJKITIO-
YEHHAasl K KOHTPOIUPYEMOMY HampspkeHuto. [Ipy Hanuuny pacyeTHbIX 3HAYEHUN
norepb AP M U3MEPEHHBIX 3HAYEHUM TEMIIEpaTyphl IOBEPXHOCTU KOPIyCca KOH-
TPOJTUPYEMOTO KOHJICHCaTopa 0, U TemrepaTypbl BHEIIHEH OKpYKAIOIIeH cpe-
el 05 (puc. 2) Ha OCHOBE MAaTeMaTHYECKOW MOJIENH TEIUIOBBIX IMPOIEccoB [9]
HEOOXOJIMMO pacCUMTHIBATH 3HAYCHHUSI TEMIIEpaTyphl HanOoJIee HarpeToil TOYKH
IVRJIEKTPUKa 0 B COOTBETCTBHH C BBHICOTOH YCTaHOBKH JIaTUMKA TEMIEpPaTyphI
IMOBCPXHOCTH, T. €. HA OI[HOI71 TOpHU30HTAJIX C HUM.

B kauecTBe IMAarHOCTHYECKUX MApPaMETPOB BBIOEPEM XapaKTEPUCTHUYECKYIO
paszHocTb AD; U CKOpPOCTh ee n3MeHeHus v,. [lapameTrp AB, momkeH OBITH paBeH
MPEBBILICHUIO CPEIHUX 3HAYCHUH TEMIepaTypsl AUAIEKTPUKA KOHAeHcaTopa 6,
3a CyTOYHBIC MHTEPBAJIbl HaJl HAYaJbHBIM CPEIHUM 3HAaUEHUEM 3TOH TeMIlepaTy-
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PHBI 32 BTOPBIE CYTKH OT Hadajxa U3MEPEHHUH C yYETOM IMOTPEIIHOCTH MOJEINpPO-
BaHUS ¥ TO3BOJIATH BBISIBUTH HAJIMYHE aHOPMAJIHHOTO HArpeBa KOHAEHCATOpA.
[Tapamerp v, JOOMKEH XapaKTEPU30BaTh CKOPOCTh Pa3BUTHsSI HEUCIPABHOCTHU
B KOH/ICHCATOPE.

3HaueHus AD; paccuuTaeM Mo ajaropuTMy:

Ael,k = Q,cp,k _Q,cp,Z _AQnax;

1 n
e1,cp,k Z_Z Q,j,k;
ns

k>2;
24-3600
n=————
At

)

’

rae k — HoMep CyTOYHOro MHTepBana; 0., — CpeiHee 3HAYEHUE TEeMIIepaTy-
pbl 0, Ha k-M uHTepBaie; 0, ., — TO e Ha BTOPOM CyTOYHOM HHTEpBaJe mocie
Hauyana usMepeHui; Aby,x — MakcumaibHasi a0COJFOTHAS MOTPELIHOCTh pacueTa
TeMmIeparypsl 0, Mo MaTeMaTH4ecKOi MOJIENH MO OTHOIIEHHIO K PEabHBIM 3HA-
YeHMsSM 3TOHM TemmepaTypsl; At — Mepuoj AUCKPETU3aluN MO KaHajlaM TeMIle-
patypsl; j — HOMEp MHTEpBala U3MEPEHUS U pacieTa, COOTBETCTBYIOLIUN IIepu-
oly AMCKpeTu3aluuu Af; n — KOIMYECTBO j-X MHTEPBAJIOB 33 OAWH CYTOYHBIX
UHTEpBAI.

B TeueHue mepBBIX CYTOK Ha pacueTsl OylIeT AeicTBOBAThH OIIMOKA Hadallb-
HBIX YCIIOBUM MaTeéMaTHYeCKOH MOJENHN, TaK KaK BpEMs YCTAHOBJIICHUS Iepe-
XOJHBIX TEIJIOBBIX MPOIECCOB JI CPETHECTATHCTUYECKOIO CHUIIOBOTO KOH/IEH-
caTopa ¢ TEIUIOBOW IOCTOSIHHOM BpeMeHM T =4 4 cocTaBuT: 5t =5 -4 =20 4.
U3 s1HX ke cooOpakeHHH BBIOpaH CYTOYHBIM MHTEPBAN IS pacyeTa CPeaHUX
3HAYCHHI TeMIepaTypsl 0.

JlaGopatopHble HcclenoBaHUA MOKA3aiHM, YTO 3HAUYEHHE MOIPEIIHOCTH MO-
nenupoBanus AO,,, Haxogutcs B npeneiax 4 °C [9]. OkoHYaTeapbHO 3TO 3Ha-
YeHHE MOKHO IMPHUHATH TOJBKO IOCIE 3KCIIEPUMEHTANBHBIX HCCIIECJOBAHUN Ha
paboTaromux KOHIEHCATOPHBIX YCTAHOBKAX.

Juarnoctudeckuii mapamerp v,, °C/d, Ha k-M HHTEpBaje OIpPEAeIHM IO

dhopmymne

AB,, —A®
vy = ——L i ML k>4, (6)

[Tapametp v, paBeH CKOPOCTH M3MEHEHHS XapaKTEPUCTHIECKON Pa3HOCTH 3a
OJIMH CyTOYHBIN HHTEPBAJL.

JnarHocTuyeckue mapaMmeTpsl HEOOXOAUMO CPaBHHUBATH C MX MOPOTOBBIMH
3HAYSHHUSIMH TSI TIOJTYy9EHHUSI YPOBHEH OMacHOCTH aHOPMAaJFHOTO HarpeBa KOH-
neHcaropa. sl xapakTepHCTHUECKOW pa3sHOCTH A, paccMOTpUM ee Mepexon
C OTPHLIATENBHOTO 3HAYEHHS B TIOJIOKUTENbHOE. J[JI51 CKOPOCTH v, BBIOEpEM I1o-
por, oO0YyCIIOBICHHBIH MOTPEIIHOCTBIO MoAenupoBanus. Ecau Ha k-M mHTepBa-

AO
JE V. 1 < ﬁ , TO 6y,E[CM CUUTAaTh, 4YTO UMECT MCCTO OTHOCHUTCIBHO MCIJICHHAA
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CKOPOCTh Pa3BUTHUS HEHCIPABHOCTH B KOHAEHCATOpE, B NMPOTUBHOM Clyyae —
OTHOCUTENBLHO OBICTpasi CKOPOCTh Pa3BUTHSI HEMCIIPABHOCTH.
Hcnone3yeM crneayronyi alropuT™ BBISIBICHHS aHOPMAJIBHOTO HArpeBa:

(40, >0) A (v, >0)|>(G=G 1

G
S = (7)
m
AO AD
A =1(5>0,7)A | v, < —2 NV [ (5,>03)A v, =2 —25 ],
k (k ) x,k 24 (k ) x,k 24

rae k — HoMep CyTOYHOro uHTepBaia; G — CYeTUMK POCTa CyTOYHBIX HHTEPBAJIOB
CpeaHux 3HAUYEHUH TeMICpaTypbl, m — o6mee KOJIMYCCTBO CYTOUYHLIX MHTCPBaA-
JIOB B IpOLIECCE aHAIM3a aHOPMAJIBHOI'O HAarpeBa; s — OTHOCUTENbHOE KOJIU4e-
CTBO CYyTOUYHBIX MHTEPBAJOB POCTA CPEIHUX 3HAUCHUH TeMIlepaTypsl; A — Oyie-
Ba QYHKIMS — MHAUKATOP HANWYHS aHOPMAJIBHOTO Harpesa.

PaccmoTpum moapobuee padoty anropurMma (7). [lepBoe normyeckoe ypas-
HEHME BBIIBJIAECT CUTYalMIO, YKa3bIBAIOIIYI0 Ha BO3MOXKHOCTb aHOPMAaJbHOTO
HarpeBa, KOrja M XapakTepUCTHUYECKas pPa3HOCTb, U €€ CKOPOCTb MU3MEHEHMS
Oonpme Hyna. Ecnu BeIpakeHHe B KBaApaTHBIX CKOOKAax PaBHO JIOTMYECKOM
€MHUIIEe, TO BO3MOXHBI [[BAa BapHaHTa: 100 IPOU30ILIO ECTECTBEHHOE YBEIH-
YeHHUEe I0Teph B KOHJECHCATOPE, OOYCIIOBIEHHOE IIOBBIIIEHUEM I10]IaBA€MOr0
HaNpsDKEeHUs], THO0 B KOHAEHCATOPE Pa3BUBACTCS HEUCIPABHOCTD, IPUBOISIIAS
K €ro aHopMmajabHOMY HarpeBy. [Ipu mo00M M3 3THX BapuaHTOB c4eTYHK G WH-
KPEMEHTHUPYETCSI.

[TapameTp s BO BTOPOM ypaBHEHHUM IOKa3bIBAET OTHOCUTENIbHBIN BKJIaJ BO3-
MO>KHOH CHTyallii aHOPMaJIbHOTO HarpeBa Ha BpeMEHHOM HHTEpBaJle aHAIN3a.

TpeTbe ypaBHEeHuUe, 3anucaHHoe B Buae OyineBoil pyHKIMHU, IPUCBaWBAET Ma-
paMeTpy A JIOTHYECKYIO €MHUILY, KOrJla HAJIMUYUE aHOPMaJIbHOTO HarpeBa BbI-
SIBJICHO C BBICOKOW CTENEHBIO BEPOSTHOCTH. BhIpa’keHUE B MEPBBIX KBAIPATHBIX
CKOOKax XapakTepU3yeT CHUTYAI[MI0 OTHOCHTEIBbHO MEAJICHHO pa3BUBAIOILCHCS
HEHUCTIPAaBHOCTU B KOHJEHCATOpe, Koraa mapamerp s npesbimaer 70 % (Oonee
JIByX TpeTeil OT BCero MHTepBajia aHaiu3a). BeipakeHre BO BTOPBIX KBaJApaTHBIX
cKoOKax yKasbIBaeT Ha OTHOCHTEIBHO OBICTPO Pa3BUBAIOIIYIOCS HEUCIPABHOCTD
B KOHAEHCATOpe, Korjaa 3HaueHue s mpesbimaet 30 % (yCIOBHO — OKOJIO OJTHOM
TPETH OT BCEro MHTEpBaJia aHanu3a). B ciyuae, ecinu A = 1, HeoOXoAMMO OTIpe-
JIEJIUTH TEKYLINI ypOBEHb ONTACHOCTH aHOPMAJIBHOIO HarpeBa KOHeHcaTopa.

Brinenum 4eTbipe YpOBHSI ONMACHOCTH: HU3KUM, CpEeOHUM, BHICOKHA U OYCHb
BBICOKHH. [IprucBOMM MM HOMEpa, COOTBETCTBEHHO: W = 1; w =2; w =3; w = 4.
3naueHure w = ( moka3pIBaeT OTCYTCTBUE aHOPMaNbHOTO Harpesa. [loporu atux
YpOBHEH OmpeaenuM Ha OCHOBE XapaKTepUCTUIECKON pazHocTh AO| mipu ee Te-
pexojie dyepe3 3HaAUYeHHs, KpPaTHbIE TIOTPEITHOCTH AO,,x. Takoi anroput™m peanu-
3yeTcs B BHJE BIOXKEHHBIX YCJIOBHBIX OIEPaTOPOB HA JHOOOM M3 SA3BIKOB IIPO-
rpaMMHpOBaHus. MaTeMaTH4ecKH 3aIlUIIeM €ro C MOMOIIBIO JOIMYECKUX ypaB-
HEHHI, pa3MEILCHHBIX B Ta0. 2.

B Tabn. 2 mpencraBieHsl alTOPUTM, OCYLIECTBISIONINNA ObICTpbIC TEPEX0IbI
MEXIy YPOBHSAMH OIIACHOCTH IIPU POCTE ONACHOCTHM AHOPMAJILHOI'O HarpeBa
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KOHJICHCATOpa, W MOCTETICHHBIC MTEPEXObI MPY CHIKECHHUU OMAcHOCTH. TO ecTh
HOMED YPOBHS OMACHOCTH CKaYKOM MOKET M3MEHUTKCS ¢ 0 Ha 4, HO CHIKAThCS
OyJeT MaKCHMyM Ha OJTHO 3HaUCHHE KaKJble CyTKU. Takas mociieZloBaTeIbHOCTb
MTOBBINIACT OMEPATUBHOCTh PEArMpPOBAHUS HA aBapUIO M CHIDKACT BEPOSTHOCTH
OIINOOYHOM HEAOOIICHKH OITACHOCTH.

[Ipu HU3KOM U CpeIHEM YPOBHSIX ONACHOCTH MOXHO PEKOMEH0BATh PadoTy
CHCTEMbI JUArHOCTUPOBAHMSI HA BU3YalbHBIA CUTHAJ, MPU BHICOKOM YPOBHE —
paboTy Ha BU3YAIbHBIN M 3BYKOBOW CHUTHAJIBI, a P OYEHL BHICOKOM YPOBHE —
Ha OoTKJI0ueHue KoHaeHcaropa ot cetu. B IIKPT npexycmorpena curnanuzanus

YPOBHEH OIIACHOCTH aHOPMaJIbHOTO Harpesa (puc. 1).
Tabauya 2
AJITOPUTMBI JIUIS1 OTIPe/ieJIeHHsI YPOBHEl OMAaCHOCTH AHOPMAJILHOT0 HArpeBa
CHJI0BOI'0 KOHeHCcaTopa

Algorithms to determine the levels of the risk
of the power capacitor abnormal heating

VYcnosue 1 Ycnosue 2 Pesynbrar
(Ak =1) (/\ @,{9 ()% (/\ Qk@ <4}§) — HU3KMH W =0 Wy =
YPOBEHb ONAaCHOCTH W >1 we =wy —1
(Ac=1) (» A0 =pQ) (n A0 % AQ) - cpen- | Wi <2 Wi =
HUH ypOBEHb ONACHOCTU Wiy >2 w =w_ —1
(Ac=1) (» 80 2 AQ) (r AB 3< AQ) —Berco- Wiy <3 wy =3
KU YPOBEHb OIIACHOCTH W >3 W =wy —1
(Ak :1) (/\ A3 éﬁ) — OYeHb BBICOKHI YpOBEHB W <4 —
OIIACHOCTH
A, =0 — aHOpMAJILHBIA HArPEB OTCYTCTBYET w1 >0 wp=w_ —1

OTMeTHM, 4TO MPUBEACHHBIC aITOPUTMBbI BEISBICHUS aHOPMAJILHOTO Harpe-
Ba CHJIOBOTO KOHJIEHCATOPa pa3paboTaHbl SBPHCTHYECKH, T. €. HA OCHOBE JIOTH-
yeckux paccyxieHuid. OkoHYaTelbHOe WX (OpMUpPOBaHUE BO3MOXKHO TOIBKO
MOCIIe MHOTOJICTHEW KCILTyaTallMH MPEAJIaraeMoil CUCTEMbI TUarHOCTHPOBAHHS
Ha peaybHBIX 00BEKTAX.

BBIBOJ]

IIpennaraemasi cucrema IHArHOCTHPOBAHHUA MOXKET OBITH NMPHMEHEHa Kak
C WCIIOJIb30BAaHUEM CITEIUAILHBIX alMapaTHBIX CPEACTB (MPUOOpa KOHTPOIS H
pacueTa Temreparyp 3JeKTPOIHEPreTHIECKOro 000pYI0BaHMs), TAK H B COCTABE
NPOTPaMMHOTO 00eCIieueHHsT CYIIECTBYIONIMX CHUCTEM 3allUThl MPH HaJTHYUH
B HUX TeMIIepaTypPHBIX KaHaJoB. BHeIpeHre 3Toil cucTeMBbl CHU3UT BEPOSITHOCTD
BHE3aITHOTO OTKa3a KOHAEHCATOPHBIX YCTAHOBOK M COOTBETCTBEHHO IOBBICUT
HAJEKHOCTh CUCTEMBI 3JIEKTPOCHA0KEHNS TTPEIIPUSTHSI.
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