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МЕТОД ОЦЕНКИ СОСТОЯНИЯ ЗАщИщЕННЫХ ПРОВОДОВ
ПРИ ЭЛЕКТРИЧЕСКОМ СТАРЕНИИ

В УСЛОВИЯХ ПОВЫШЕННЫХ ЗАГРЯЗНЕНИЙ И УВЛАЖНЕНИЙ

Basedмonмieldмexperienceшмtheмpaperмhasмprovedмtheмpracticalмimportanceмofмindingмaмsolutionмforмconditionм
assessmentмofмcoveredмconductorsмdueмtoмelectricalмageingмunderмmoistureмandмpollutionъмTheмanalysisмofм
combinedмimpactsмwithмrespectмtoмconstructionмandмmaterialмpropertiesмonмtrackingмerosionмofмcoveredм
conductorмandмplasticмcomponentsмofмOHLмaccessoriesмwasмperformedмforмtheмirstмtimeмeverъмAмhighщ
voltageмlaboratoryмsetupмforмacceleratedмageingмtestsмwasмdesignedъмAмdetailedмdescriptionмofмtheмtestмmethodм
isмgivenъмWeмhaveмdevelopedмaмmethodмforмassessingмtheмtechnicalмconditionsшмbasedмonмmeasuringмtheм
leakageмcurrentъмTheмgivenмdiagnosticмparameterмprovidesмtheмopportunityмtoмitsмwideмapplicationмwithinм
diagnosticмproceduresмforмconditionмassessmentмduringмelectricalмageingмinмmoistмandмpollutedмenvironmentsъ
COVEREDм CONDUCTOR;м CONDITIONм ASSESSMENTшм POLLUTION;м MOISTURE;м
ELECTRICAL AGEING; LEAKAGE CURRENT.

˥˸̅̈̄̅˹˷̄˷м̆ ̇˷́̉˿̎˼̈́˷̖м˹ ˷˽̄̅̈̉̓м̇ ˼̏˼̄˿̖м˾ ˷˻˷̎˿м̅ ̍˼̄́˿м̉ ˼̌̄˿̎˼̈́̅˺̅м̈ ̖̅̈̉̅̄˿̖м˾ ˷̐˿̐˼̄щ
̄̒̌м̆̇̅˹̅˻̅˹м˹м̊̈̂̅˹˿̖̌м̔̂˼́̉̇˿̎˼̈́̅˺̅м̈̉˷̇˼̄˿̖м̆̇˿м̆̅˹̒̏˼̄̄̒̌м˾˷˺̖̇˾̄˼̄˿̖̌м˿м̊˹̂˷˽̄˼щ
̄˿̖̌ъм̇ ̆˼̇˹̒˼м̆ ̇̅˹˼˻˼̄м˷ ̄˷̂˿˾м́ ̅̃˸˿̄˿̇̅˹˷̄̄̅˺̅м˹ ̅˾˻˼̀̈̉˹˿̖м̇ ˷˾̂˿̎̄̒̌м̋ ˷́̉̅̇̅˹м̄ ˷м˿ ̄̉˼̄щ
̈˿˹̄̅̈̉̓м̇ ˷˾˹˿̉˿̖м̉ ̇˼́˿̄˺̅˹̅̀м̔ ̇̅˾˿˿м˾ ˷̐˿̐˼̄̄̒̌м̆ ̇̅˹̅˻̅˹шм˷ м̉ ˷́˽˼м̆ ̂˷̈̉˿́̅˹̒̌м̔ ̂˼̃˼̄̉̅˹м
̂˿̄˼̀̄̅̀м˷̇̃˷̉̊̇̒м̈м̊̎˼̉̅̃м̅̈̅˸˼̄̄̅̈̉˼̀м́̅̄̈̉̇̊́̍˿̀м˿м̈˹̅̀̈̉˹м̆̇˿̃˼̖̄˼̃̒̌м̃˷̉˼̇˿˷̂̅˹ъм
˧˷˾̇˷˸̅̉˷̄˷м̂˷˸̅̇˷̉̅̇̄˷̖м˹̒̈̅́̅˹̅̂̓̉̄˷̖м̊̈̉˷̄̅˹́˷м˿м̃˼̉̅˻˿́˷м̆̇̅˹˼˻˼̄˿̖м̊̈́̅̇˼̄̄̒̌м˿̈щ
̆̒̉˷̄˿̀м̄˷м̔̂˼́̉̇˿̎˼̈́̅˼м̈̉˷̇˼̄˿˼м˾˷̐˿̐˼̄̄̒̌м̆̇̅˹̅˻̅˹м̆̇˿м˹̅˾˻˼̀̈̉˹˿˿м̈̅̂˼˹̅˺̅м̉̊̃˷̄˷шм
̃̅˻˼̂˿̇̊̐̕˼˺̅м˾˷˺̖̇˾̄˼̄˿̖ъм˦̇˼˻̂̅˽˼̄м̃˼̉̅˻м̅̍˼̄́˿м̖̈̅̈̉̅̄˿̖м˾˷̐˿̐˼̄̄̒̌м̆̇̅˹̅˻̅˹м̄˷м
̅̈̄̅˹˼м˿˾̃˼̇˼̄˿̖м̆̅˹˼̇̌̄̅̈̉̄̒̌м̉̅́̅˹м̊̉˼̎́˿ъм˥̆̇˼˻˼̂˼̄м˸˼˾̇˷˾̃˼̇̄̒̀м˻˿˷˺̄̅̈̉˿̎˼̈́˿̀м
̆̇˿˾̄˷́шм˷м̉˷́˽˼м̅˸̅̈̄̅˹˷̄˷м˹̅˾̃̅˽̄̅̈̉̓м̊̄˿˹˼̇̈˷̂̓̄̅˺̅м˼˺̅м̆̇˿̃˼̄˼̄˿̖м˹м˾˷˻˷̎˷̌м̅̍˼̄́˿м
̖̈̅̈̉̅̄˿̖м˾˷̐˿̐˼̄̄̒̌м̆̇̅˹̅˻̅˹м̆̇˿м˿̌м̔̂˼́̉̇˿̎˼̈́̅̃м̈̉˷̇˼̄˿˿ъ
˞˗˰˟˰˜ˤˤ˲ˠм ˦˧˥˙˥˛;м ˩˜ˬˤ˟ˮ˜˨ˡ˥˜м ˨˥˨˩˥˶ˤ˟˜;м ˞˗˚˧˶˞ˤ˜ˤ˟˜;м
˪˙ˢ˗˝ˤ˜ˤ˟˜;м˴ˢ˜ˡ˩˧˟ˮ˜˨ˡ˥˜м˨˩˗˧˜ˤ˟˜;м˩˥ˡм˪˩˜ˮˡ˟ъ

Studiedм experienceм ofм operationм andмmainteщ
nanceмofмэьщя5мkVмoverheadмlinesмфOHLхмinмdiferentм
countriesм hasм shownм theм signiicantм inluenceм ofм
moistureмintensityмandмenvironmentмpollutionмlevelм
on the rate of electrical degradation and erosion of 

coveredмconductorsмфCCхм[эщ5]ъмDueмtoмhighмelectricм
ieldмstrengthмacceleratedмageingмofмpolymericмcoverщ
ingмmaterialм takesмplaceъм Itм leadsм toмhighм faultм inщ
dexesмonмOHLмandмlimitsмCCмlifetimeъмTheмintenщ
sityм ofм moistureм penetrationм andм environmentм
pollutionм levelм signiicantlyм inluenceм onм ratesм ofм
defects concentration and its growth inside CC unщ

derм combinedм electricм andм mechanicalм loadsм onм
OHLъмInмthisмcaseмservicemenмfromмpowerмnetworkм
utilities are faced to the actual needs for diagnostic 

of CC for earlier detection of defects with aspects 

to operating conditions on OHL. 

Intensive processes of tracking erosion of CC under 

moistureмandмheavyмpollutionмconditionsмareм locallyм
observedмnearbyмofмaccessoriesмixingмCCмtoмpoleмinsuщ
lators. The fact is that there is a high concentration of 

nonщuniformмelectricмieldмwithмhighмstrengthъмBesidesм
thereмareмaмnumberмofмdesignмfactorsмformingмsuitableм
conditions for high local distribution of electrical 
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chargesмunderмcombinedмhighмelectricмieldм stressesшм
humidityмandмpollutionмlevels:

эхмloatingмelectricalмpotentialsмalongмCCмsurfaceм
leadingмtoмsurfaceмdischargesмandмformingмconductiveм
carbonмpathsмwithinмXLPEмфcrossщlinkedмpolyethyleneхм
covering;

юхмelectricalмchargesмbetweenмinsulationмmaterialsм
withмdiferentмdielectricмpermittivityъмAsмexampleшмitм
canмbeмdueмtoмtheмinstallationмofмceramicмpostмinsulaщ
torsмonмOHLмinмenvironmentмwithмhighмhumidityмandм
pollutionмlevelsъмParticularlyшмdielectricмpermittivityм
ofмXLPEмcoveringмandмtraditionalмceramicмpostмinsuщ
latorsмdifersмinмthreeмtimes;

яхмmetalмpartsмofмinsulatorsмandмittingмaccessoriesм
forмCCъмTheмuseмofмloatingмhelicalмittingsмcanмcauseм
surface tracking of XLPE sheathed conductor in 

coastalмenvironmentsм[4шмэь]ъмTheмcombinedмuseмofм
piercingмclampsмandмloatingмhelicalмittingsмleadsмtoм
formingмofмnonщuniformмelectricalмpotentialsмdistribuщ
tionмalongмCCъмTheseмaccessoriesмfromмelectricalмpointм
of view can be considered as secondary electrodes 

charging with electrostatic voltage. It provides the 

formingмofм leakageм currentsм alongмCCм surfaceъмAsм
resultшмtrackingмerosionмofмXLPEмsheathedмconductorsм
takesмplaceмфigъэшмaхъм

FigъмэъмTrackingмerosionмofмCCмcloseмto:
aхмittingмaccessories;мbхмpostмceramicмinsulator

Electricalмandмthermalмefectsмcanмleadмtoмdamageм
not only CC but plastic accessories. In this case a low 

electrical tracking stability of CC can be the reason 

ofм decreasingм эьщя5мkVмOHLм reliabilityъмForмhighм
reliabilityмitмisмimportantмonмdesignмstageмtoмturnмatщ
tentionм toмenvironmentмconditionsмalongмэьщя5мkVм

OHLмincludingмtheмexistingм levelsмofмhumidityмandм
pollutionъмItмhelpsмtoмprovideмcompatibleмdesignsмofм
CCмandмittingмaccessoriesмфinclъмmaterialsхмwithмaimм
toмdecreaseм theмefectмofм trackingмerosionм inмheavyм
environmentъммUnfortunatelyшмupмtoмnowмtheseмaspectsм
areмnotмfullyмconsideredмwhileмOHLмdesignъмMoreoverшм
thereм areмnoм anyм requirementsм regardingм trackingм
stability of accessories for CC in European standard 

ENм5ья97щюъмAsмtoмRussiaшмthereмisмnoмanyмstandardм
regarding accessories for OHL with CC. For this 

reason there are a lot of cases when unsuitable designs 

ofмCCмandмaccessoriesмuseъмItмleadsмtoмformingмofмsuitщ
able conditions for tracking erosion of CC in heavy 

environmentsъ
4хмvolumeмcontentмofмcarbonмфсхмinмcoveringмmaщ

terial of CC. Carbon is added to polyethylene for 

increasing of CC ultraviolet resistance. But it should 

beмnotedмthatмcarbonмasмaмsemiconductorмincreasesм
theмconductivityмofмcoveringмinsulationъмItмformsмtheм
conditions for tracking discharges on the wetted and 

pollutedмsurfaceмofмCCъмThereforeшмaмdesignerмduringм
selectionмofмCCмshouldмpayмattentionмtoмcomponentм
contentмofмCCмcoveringмinмtermsмofмcarbonмquantityъм
Theмmaximumмorмminimumмvolumeмcontentмofмcarщ
bonмshouldмbeмdeinedмrelatedмtoмexistingмenvironщ
mentalмconditionsмalongмdesignedмOHLмrouteъмUnщ
fortunatelyшмtheмlastмstandardмGOSTмRмяэ946щюьэюм
[6]мregardingмtheмgeneralмrequirementsмforмCCмdoesnօtм
considerмthisмaspectъмMoreoverшмthisмstandardмфclauseм
5ъюъ5хм onlyм setsм theмminimumмvolumeм contentм ofм
carbonм insideм coveringм materialм whichм equalsм toм
юш5съмItмisмnecessaryмtoмnoteмthatмinмmountainмareasм
withмcleanмenvironmentмtheмuseмofмCCмwithмhighestм
valueмofмvolumeмcarbonмcontentмinsideмcoveringмmaщ
terialмisмsuitableъмOppositelyшмwhileмthereмisмanмenviщ
ronmentмwithмhighмlevelsмofмhumidityмandмpollutionм
volumeмcarbonмcontentмshouldмhaveмminimumмvalueъм
Theмexistingмexperienceм[7шм8]мabroadмhasмshownмthatм
юш5мсмofмcarbonмcontentмisмenoughмforмinitiationмofм
trackingм erosionмofмCCмoperatedм inмmoistureм andм
pollutionмenvironmentмфigъмэшмb). The last investigaщ
tionsмhaveмshownмthatмvolumeмcarbonмcontentмsigщ
niicantlyм inluencesмonм speciicмpropertiesм ofмCCм
surfaceм[9]ъмItмincludesмwaterмadsorptionмandмsurfaceм
wettingмabilityмwhichмareмimportantмwhenмCCмuseмonм
OHLօsмinмareasмwithмhighмwindмandмsnowмloadsшмtemщ
peratures. Increasing wetting ability of CC surface 

leadsмtoмformingмofмsolidмconductiveмwaterмilmsмandм
leakage currents;

5) cracks and another defects inside CC covering. 

Anyмoutsideмorм insideмmechanicalмdamagesмofмCCм

a)

b)
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covering can exist during CC operation on OHL unщ
derмserviceмloadsъмAlsoмmechanicalмdefectsмcanмoccurм
duringмproductionшмstorageшмtransportationшмassemblyм
ofмCCъмCracksмgrowмdueмtoмsimultaneousмexistenceмofм
internalмdefectsмinsideмcoveringмmaterialмstructureмandм
highмoperatingмloadsмonмOHLъмUnderмcombinedмimщ
pactsмofмnonщuniformмelectricмieldшмmechanicalмloadsшм
humidityмandмpollutionмtheмdischargesмandмelectricalм
ageing occur along CC surface with cracks. High inщ
tensity of discharge activity leads to tracking erosion 

of CC with its failure. Also cracks can occur due to 

missingм ofм adhesionм betweenм aluminumмcoreм andм
XLPEмcoveringъм Itм concernsмwithм existingмofмnonщ
uniformмmolecularмstructureмinмlocalмvolumesмofмpolyщ
ethylene which are closed to CC core. It is due to 

productionм speciics:м aм sizeмofмXLPEмvolumeмwithм
possible structure heterogeneities and cracks can be 

upмtoм4ьсъмLocalмmissingмofмadhesionмleadsмtoмformingм
of air inclusions and partial discharges under applied 

operating high voltage. It results in tracking erosion 

andмdecreasingмofмCCмremainingмlifetimeъ

Research problem statement

Provided analysis has found that considered chalщ
lenge of CC tracking erosion is not studied enough. 

Itмletsмusмformulateмtheмtasksмofмperformedмresearchм
withмaimмtoмindмaмdiagnosticмparameterмandмuseм itм
withмdevelopedмmethodмforмconditionмassessmentмofм
CC while tracking erosion takes place.

Description of developed experimental installation

for laboratory tests

For laboratory accelerated ageing tests of CC unщ
derм combinedм impactsм ofмmoistureм andм pollutionм
environmentмanмexperimentalмhighмvoltageмinstallationм
hasмbeenмdevelopedмфigъмюхъм

One of features of the test installation is a posщ
sibiщlityмtoмprovideмtheмagingмtestsмofмCCмwithмmodщ
elingм diferentм environmentм conditionsъм Itмwouldм
deineмtheмweightмratioмofмeachмfactorмinмelectricalм
ageing:мintensityмofмelectricмieldшмhumidityмandмpolщ
lutionмlevelsшмdiferentмaccessoriesмdesignъмOperatingм
voltage is applied to CC under test (CCUT) powщ
ered with SF6мtransformerмtypeмIOGщ5ьъмItмisмposщ
sible to provide a control of test voltage and current 

loadъм Nominalм voltageм ofм transformerм primaryм
windingм isм ююьмVъмTestм voltageм isмmeasuredмwithм
voltageм transformerм typeм JDQXFщ66ъм Measureщ
mentsмmethodsмareмsetмinм[эь]ъPositionsмofмCCUTм
are corresponding to operating conditions on OHL. 

CCUTмareмinstalledмinмaмtestingмroomмwithмequipщ
mentмforмmodelingмsaltмfogмenvironmentмandмdiferщ
entмoperatingмconditionsмonмOHLмclosedмtoмseasideшм
zonesмwithмhighмpollutionмlevelsшмetcъмSaltмfogмenviщ
ronmentмisмformedмwithмsprayмinмtheмairмofмaqueousм
solution of NaCl. It is technically provided with 

using of special sprayers installed on two opposite 

wallsмofмtestмroomъ

FigъмюъмSchematicмdrawingмofмinstallationмforмacceleratedмageingмtestsмofмэьщя5мkV
coveredмconductorsмwithinмwettingмandмpollutionмconditions:м˩˟мտмSF6 power supply

sourceмtypeмIOGщ5ь;м˙эшм˙юмտмhighмvoltageмbushings;м˧эшм˧юмտмsaltмfogмsprayмdisperser;
ˡэшмˡюмտмcrossarmsмofмendмsupports;м˟эщ˟6мտмtensionмinsulators;м˦эщ˦ямտмcrossarms
ofмintermediateмsupports;м˨эщ˨ямտмcoveredмconductorsмunderмtest;м˗э˗юшм˗я˗4мտмcross

connectionsмforмprovidingмclosedмloopмofмcircuit;м˩ˤмտмSF6мvoltageмtransformerмtype
JDQXFщ66;м˩˩мտмSF6мcurrentмtransformerмtypeмTBMO
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BeforeмtestingмCCUTօsмsurfacesмshouldмbeмcareщ
fullyмcleanedмfromмanyмpollutionшмfatsшмoilsшмetcъмWhileм
cleaningмnoмanyмdamagesмofмCCUTօsмsurfacesмshouldм
be occurred. To characterize pollution level a salt fog 

densityмasмaмmainмparameterмisмconsideredъмTheмpaщ
rameterм isмcontrolledмaccordingм toм theмratioмofм speщ
ciicмconductivityмofмsaltмsolutionмatмcurrentмtemperaщ
tureмandмroomмtemperatureъмAsмadditionalмparameterм
describingм theм intensityмofмmoistureм andмpollutionм
impactsмonмCCUTмtheмconsumptionмofмaqueousмsoluщ
tion needed for every salt fog sprayer could be conщ
sideredъмDuringмtestsмtheмintensityмofмmoistureмimpactм
on CCUT in vertical and horizontal planes equals to 

эмmmыminъмForмeveryмpollutionм levelмCCUTмofмallм
phasesмareмtestedмbecauseмusingмofмwireмlinksмformingм
the looped circuit for current. Average surface polluщ
tionмdensityмforмCCUTsмisмямmgыcmю. During tests salt 

fogмconductivityмatмroomмtemperatureмequalsмtoмюьюш6м
mSmыcmъмItмcorrespondsмtoмsolutionмdensityмequalsм
toмюю4мgыlъмOverallмtestмdurationмisмэьььмhoursъмDateм
ofмtestмbeginningмisмonмFebruaryмэ8шмюьэ4ъмMeasuredм
leakageмcurrentмisмtakenмasмtheмmainмdiagnosticмindicaщ
torмforмassessmentмofмCCмelectricalмageingмdegreeъмTheм
analysis of latest investigations of tracking stability of 

polymericмinsulationмmaterialsмforмhighмvoltageмOHLм
applicationsмletмtoмchooseмaмirstщtoщthirdмharmonicsм
ratioмofмmeasuredмleakageмcurrentъмHarmonicsмcontentм
isм analyzedмwithмusingмFourierм transformъмLeakageм
currentмisмmeasuredмwithмFLUKEмiюьььlexмфigъмяхъ

FigъмяъмInstrumentмforмleakageмcurrentмmeasurements
FLUKEмiюьььlex

Theмmeasuringмinstrumentмhasмaмdesignмprovidingм
its safe using without throughout electrical connecщ
tionмtoмCCUTъмItмconsistsмofмaмtransducerшмaмtoroidalм

coil and connecting coaxial cable. Toroidal coil has 

aмwindingмwhichм isмixedмonм thinмplasticм tubeм andм
coatedмwithмinsulationмmaterialъмOneмoutputмofм theм
winding is constantly connected to integrator. Anщ
otherмoneмwindingмoutputмhasмaмtemporaryмconnectionм
forмmeasurementмofмleakageмcurrentsмwithoutмelectriщ
calмconnectionъмToroidalмcoilмhasмaмlexibleмdesignъм
Measurementмintervalмisмэмminмwithмsavingмresultsмinм
databaseмconsistingмofмmeasurementмdataмduringмю5ьм
cyclesмofмoperatingмcurrentмfrequencyмequalsмtoм5ьмHzъм
Fourierмanalysisмofмmeasurementмdataмprovidedмharщ
monicмcontentsмofмleakageмcurrentsъмTheмirstшмthirdм
andмifthмharmonicsмofм leakageмcurrentsмhaveмbeenм
studied for detailed analysis.

Analysis of results 

Onмtheмbasisмofмmeasurementмdataмtheмcomparisonм
of leakage currents through CCUT with its acceptable 

valuesмwhenмpollutionмandмmoistureмimpactsмareмlowщ
estмisмprovidedъмWhileмpollutionмandмmoistureмimpactsм
areмabsentм theмmaximumмleakageмcurrentмequalsм toм
ьшямmAм[ээ]ъмDuringмtestsмtheмvisualмdecoloringмofмCCм
surfaceмisмobservedмatмleakageмcurrentsмupмtoмюտ5мmAм
фigъм4хъмTheseмmeasuredмvaluesмofм leakageмcurrentsм
areмtheмlowestъмGraphsмofмtimeщdependentмfundamenщ
talмharmonicмofмmeasuredмleakageмcurrentмduringмtheм
periodм fromмэ8м toм юэм dayм afterм testм beginningм areм
shownмinмigъм5տ7ъмAccordingмtoмtheмdataмfundamenщ
talмharmonicмisмbeingмincreasedмfromм6щ8мmAмupмtoм
эьտэюмmAмduringмэьмhoursмonмэ8th day of testing. As 

resultшмwaterмevaporationмandмdryingмofмCCUTмsurfaceм
are observed.

Fig. 4. Visual decoloring of CCUT surface as an initial sign

of tracking erosion

WaterмevaporationмfromмCCмsurfaceмleadsмtoмdeщ
creasingмleakageмcurrentмduringмshortмtimeъмButмthenм
the current increases after increasing of conductivity 

of pollution layers due to high concentration of salt 

pollution on CCUT surface. The visible signs of CC 

tracking erosion are observed after 543 hours of testщ
ingмфigъм8хъмOnмюэthмdayмofмtestingмfundamentalмharщ
monicмofм leakageмcurrentмdecreasesм inмям timesмandм
equalsмtoм4տ5мmAмфigъм7хъ



St. Petersburg Polytechnic University Journal of Engineering Sciences and Technology. 3(249)’ 2016

68

Figъм5ъмTimeмdependentмfundamentalмharmonicмofмleakageмcurrent
onмэ8th day of testing 

Figъм6ъмTimeмdependentмfundamentalмharmonicмofмleakageмcurrent
onмэ9th day of testing

Figъм7ъмTimeмdependentмfundamentalмharmonicмofмleakageмcurrent
onмюэth day of testing
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Figъм8ъмVisualмdecoloringмofмCCмsurfaceмatмmaximumмleakageм
current

AfterмFourierмtransformмtheмяrd and the 5th leakage 

currentмharmonicsм areм foundъм Itsм timeмdependentм
functionsмcorrespondingмtoмtheмtimeмintervalмfromмэ8th 

toмюэthмofмtestingмareмdeinedъмAnalysisмofмtheseмfuncщ
tionsмfoundмsmallмchangesмofмtheм5th leakage current 

harmonicм inм comparisonм withм theм яrdм harmonicъм
Thereforeшмtheм5thмharmonicмofмleakageмcurrentмisмnotм
consideredъмAsмaмresultшмaмdiagnosticмparameterмequalsм
to the ratio of the 3rdмleakageмcurrentмharmonicмtoмitsм

fundamentalмharmonicм isм oferedъмThisмdiagnosticм
parameterмIяыIэмwouldмbeмusedмasмanмindicatorмdeщ
scribing technical condition of CC while tracking 

erosionмunderмcombinedм impactsмofмhighмmoistureм
and pollution is observed. 

Forмuniversalмapplicationмofмdiagnosticмparameterм
itмisмnecessaryмtoмexcludeмfromмconsiderationмitsмposщ
sible deviation depending on the characteristics of 

measuringмequipmentъмAsмresultшмtheмbandsмofмdiagщ
nosticмparameterмchangesмareмdeinedъм Itм shouldмbeм
notedмthatмthisмapproachмdoesnօtмrestrictмtheмuseмofмtheм
parameterъмMoreoverшмtheмbandsмletмtoмilterмrequiredм
dataмfromмaмwholeмspectrumмtoмassessмaмtechnicalмconщ
ditionмofмCCъмTheмmarkerмforмrestrictingмtheмbandsмofм
diagnosticмparameterм changesм isм basedмonм theм freщ
quencyмofмoccurringмofмdiferentмvaluesмofмdiagnosticм
parameterмfromмtheмbandsмduringмtestsмфigъм9шмэьхъм

Figъм9ъмFrequencyмofмoccurringмofмdiagnosticмparameterмIяыIэмwithin
theмbandм[ьшэ5÷ьшюь]мduringмacceleratedмageingмtests

FigъмэьъмFrequencyмofмoccurringмofмdiagnosticмparameterмIяыIэмwithin
theмbandм[ьшюь÷ьшю5]мduringмacceleratedмageingмtestsм
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СПИСОК ЛИТЕРАТУРЫ

Onмtheмbasisмofмknownмrelationsмtheмoferedмmarщ
kerмhelpsм toмdeineм theмprobabilityмofмoccurringмofм
diagnosticмparameterмbelongingмtoмdiferentмbandsъмItм
characterizesм theмdynamicмpropertiesм ofм electricalм
ageingмofмCCъмTheмanalysisмofмgivenмgraphsмletмtoмindм
theмsimilarмcharacterмinмmarkerмchangesмinмtwoмconщ
sidered bands.

It opens the possibilities for use of diagnostic paщ
rameterмwithмtheмaimмtoмassessмaмtechnicalмstateмofмCCм

fromмoperationмinмheavyмenvironmentъмFixedмtimeмofм
detection of visual tracking erosion signs of CC durщ
ingмtestsмcorrelatesмwithмdynamicмpropertiesмofмoferedм
markerъмTheмageingмdegreeмofмCCмincreasesмwithмinщ
creasingмofмfrequencyмofмdiagnosticмparameterмoccurщ
ring in two bands. 

Givenмresultsмofмtheмresearchмprovesмtheмpossibiщ
lityмtoмuseмtheмcorrelationsмforмassessmentмofмtechnicalм
conditionмofмCCмoperatingмinмheavyмenvironmentмwithм
highмmoistureмandмpollutionмlevelsъм



Electrical Engineering

71

SOLOVYEV Yurii V.– ALSIBмCompanyмLtdъ
эюшмMichurinskayaмStъшмSaintщPetersburgшмэ97ь46ъ
Eщmail:мyuryъsolovyev@yahooъcom
ǓǐлǐǄǞǇǄ ǠǲǪǫ ǄǭǢǦǪǮǪǲǰǤǪǹ տм́˷̄˻˿˻˷̉м̉˼̌̄˿̎˼̈́˿̌м̄˷̊́м˺˼̄˼̇˷̂̓̄̒̀м˻˿̇˼́̉̅̇
˥˥˥м«ˡ̅̃̆˷̄˿̖м˗ˢ˨˟˘»ъм
э97ь46шм˨˷̄́̉щ˦˼̉˼̇˸̊̇ ш˺м̊̂ъмˣ˿̎̊̇˿̄̈́˷̖шмэюъ
Eщmail:мyuryъsolovyev@yahooъcom

NAZARYTHEV Aleksandr N. – PetersburgмPowerмEngineeringмInstituteмofмprofessionalмdevelopmentъ
юяшмAviatsionnayaмstъшмSaintщPetersburgшмRussiaшмэ96эя5ъ
Eщmail:мnazarythev@mailъru
ǏАǉАǒǝǙǇǄ АǭǧǬǳǢǯǦǲ ǏǪǬǰǭǢǧǤǪǹ տм˻̅́̉̅̇м̉˼̌̄˿̎˼̈́˿̌м̄˷̊́м̇˼́̉̅̇м˦˼̉˼̇˸̊̇˺̈́̅˺̅
̔̄˼̇˺˼̉˿̎˼̈́̅˺̅м˿̄̈̉˿̉̊̉˷м̆̅˹̒̏˼̄˿̖м́˹˷̂˿̋˿́˷̍˿˿ъ
э96эя5шм˨˷̄́̉щ˦˼̉˼̇˸̊̇ ш˺м̊̂ъм˗˹˿˷̍˿̅̄̄˷̖шмюяъ
Eщmail:мnazarythev@mailъru

TADZHIBAEV Aleksei I. – PetersburgмPowerмEngineeringмInstituteмofмprofessionalмdevelopmentъ
юяшмAviatsionnayaмstъшмSaintщPetersburgшмэ96эя5ъ
Eщmail:мiec@peipkъspbъru
ǔАǆжǊбАǇǄ АǭǧǬǳǧǫ ǊǣǲǢǥǪǮǰǤǪǹ տм˻̅́̉̅̇м̉˼̌̄˿̎˼̈́˿̌м̄˷̊́м ˷˹˼˻̊̐̕˿̀м́˷̋˼˻̇̅̀
«˛˿˷˺̄̅̈̉˿́˷м̔̄˼̇˺˼̉˿̎˼̈́̅˺̅м̅˸̅̇̊˻̅˹˷̄˿̖»м˦˼̉˼̇˸̊̇˺̈́̅˺̅м̔̄˼̇˺˼̉˿̎˼̈́̅˺̅м˿̄̈̉˿̉̊̉˷
̆̅˹̒̏˼̄˿̖м́˹˷̂˿̋˿́˷̍˿˿ъ
э96эя5шм˨˷̄́̉щ˦˼̉˼̇˸̊̇ ш˺м˗˹˿˷̍˿̅̄̄˷̖м̊̂ъшмюяъ
Eщmail:мiec@peipkъspbъru

СВЕДЕНИЯ ОБ АВТОРАХ/AUTHORS

©мPeterмtheмGreatмStъмPetersburgмPolytechnicмUniversityшмюьэ6


