TpexdasHoe namepenume IRC- un
RVM

OunarHocTtuka 6e3 Harpysku

AHanus 3apsgHoro Toka ans
onpepgeneHusa cnabdbix mecT

YnpaBrneHue npoueccom
M3MepeHUs Npu NOMOLLU MEHH

sebavir



CDS

Cucrtema ona auarHoCTUKK Kabens

OwvanekTpnyeckas
BpPeMEeHHOM UHTepBane

ANAarHoCTukKa BO

Nnbepanusauns aHepreTM4eckoro pbiHka U HoBble OPMbI
UMYLLEECTBEHHOrO MEHEXKMEHTa B CUNY 3IKOHOMMUYECKUX
npuyvH BedyT k Gonee ANUTENbHOMY MCMOMb30BaHUIO UMK
K Gomblwen  3arpyske  MMewWMXca  Npeanpuatui
3HeprocHabxeHus. MpumeHsas wHTerpanbHbIA aHanus,
nonb3oBaTenb MOXeT 0e3 HarpyskM CeTu OLeHUTb ee
COCTOsiHME, LeneHanpaBreHHO YNpaBnsaTbe NMHBECTULMAMA U
MOBbLICUTb HAAEXHOCTb.

MNepeHocHas KOMOVHMpPOBaHHas yCTaHOBKa CDS
nNpUMEHsieTCA  Kak  yHuMBepcanbHas  cuctema  And
ONANeKTpU4eCcKon [JuarHocTukM kabene ¢ usonsiuuen
PE/VPE, a Takke OymaxHo-macnsHbix kabenen ¢
NCMONb30BaHWEM U3BECTHbIX W3MepUTENbHbIX METOAO0B:
aHanu3 nsotepmuyeckoro Toka penakcaumm (IRC-aHanus) un
n3MepeHue Bo3BpaTHOro Hanpsbkenusa (RVM-ananus).

IRC-gnarHocTvka gaeT nHTerpanbHble AaHHbIE O COCTOSIHWM
CTapeHns 1 noBpexaeHusax kabenen cpefHero HanpsXxeHus
C n3onsuuen M3 NnonumaTurieHa Wnu CLUMTOro NonuaTureHa.
Bnarogaps 3TOMy MOXHO OLIEHWUTb 3KChyaTaumoHHY0
HaZeXHOCTb, BO3MOXHOCTb MPOBEAEHWUS WCMbITAHUA W
pemoHTa kabenen. Mpobnema kabenen ¢ NONUITUNEHOBOW
usonsiuMen  3aknw4vaeTcs B pas3pacTaHuu  BOOSHbIX
nepeBueB (water trees- TpumHrn). OHWM BO3HMKAKOT CO
BpeEMEHeM Nof  BO3feilcTBMEM  BoAbl, Tenna w
HanpsPKEHHOCTM Mons. 3TU MUKPOCKOMUYECKUE CTPYKTYpbI
MOCTENEHHO paspacTalTCcss W, B KOHLE KOHUOB, W3-3a
06pas3oBaHnst  3MeKTP.TPUUHIOB MPUBOAST K  KOPOTKOMY
3aMblKaHUIO M COOTBETCTBEHHO BbIXO4Y U3 CTPOs kabens.
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Puc. 1: CneBa - pa3poclueecs BOAsHOe AepeBLe, cnpaBa —
oOpa3oBaHne 3NEKTPUYECKOro AepeBLa

Onsa PE/VPE kabenei c uenbito 06paboTku pesynbTatoB
IRC-n3mepeHnii  ucnonb3yetcs MOAyNb NPOrpaMMHOro
obecneyeHns, peannsoBaHHbI Ha 0a3e HEYETKOM JOrMKU.
MHoroctyneH4yaToe  MHTEnneKTyanbHOe  NporpaMMHoe
obecneyeHne OUEHKM pe3ynbTaToB (HerpoHanbHas CceTb,
nanee — NN) yunutbiBaeT cneumanbHble KOHCTPYKLMOHHbIE
0ocobeHHOCTH kabens un knaccuduumMpyet COCTOSIHUE
ucnoityemoro  obbekta, BbldaBas  MHPOpMaUUO O
NPOrHO3MpyeMOI OCTaTOMHON NMPOYHOCTHU.

MporpammHoe obecneveHne codepXuT OaHK AaHHbIX C
aBTOMaTU3NPOBAHHBLIM MHOPMALMOHHLIM MOUCKOM GaHka
OaHHbIX Ans pacyeTa 3HadeHus npodyHoctn no DIN VDE
0276 «[aHHble O mMaTepmane» W NPOTOKONMPOBaHMNE
pe3ynbTaToB.

OwnarHoctuka kabensi metogom RVM ocyuiectBnseTcs no
NPUHLMNY W3MEpPeHUs BO3BPaTHOro HanpsbkeHusi. lMocne
onpedeneHHon asbl  3apsagkM U KpaTKOBPEMEHHOW
paspsiokM  eMKOCTM UchbITyeMoro ob6pasua npoucxoauTt
perucTpauns XapakTepuUCTUMKM BO3BPATHOIO HarnpshkeHus
Ons onpegeneHns BNaXXHOCTN B BYMaXXHOW N30Msaunn.

M3-3a noBpexaeHuii obonoyku (nokanbHasi Kopposusl) u
00yCnoOBMNEHHOr0 CTapeHVeM paspyLUeHus Lenmnionossl B
n30nsiuMK  MoBbILAeTCs cogepxaHve Bogbl. [py aTOM
MOCTEMEHHO MNPOAOIKAET YMEHbLUATLCS 3MeKTpuyeckast
NPOYHOCTL Kabend, noka OHa He [OCTUrHET BeNUYWHbI
paboyero HanpshxeHus, Korga akcnnyaTaumns kabens yxe He
HagexHa. Cpok cnyxbbl Takoro kabens CUnbHO 3aBUCUT OT
KayecTBa NPOM3BOACTBA U YCNOBUIA NPOKNaaKu.

Puc.2: Koppoausi BHelwHel 060NoYkM U nokarnbHas
KOppO3usi CBMHLIOBOM 060M04KHN

OueHka cocTosiHust kabenst metogom RVM ocyuecTtsnsieTcs
Ha OCHOBaHMM XapaKTepHbIX KOA(PDULUNEHTOB N NOPOroBbIX
3HAYEHUN.

Mpu agnarHocTnke kabenein yctaHoBko CDS He ObiBaeT
npo6oes 3KCNNyaTupyeMbIX kabenen, Tak KaK
ucrnonb3yemoe AN OUArHOCTUKM BbIXOQHOE HanpshKeHue
coctaBnsgeT nuwb 10% pabovero HanpskeHus kabens.
Bnarogapsi aToMy MOXHO O4€Hb TOYHO OLEHUTb U MOBLICUTL
HaZleXXHOCTb 3HeprocHabxeHust kabenbHbIX nuHWi. [Mpu
obcnefoBaHUM NOBPEXAEHHbIX KabernbHbIX NUHWUA MOXHO
[OMONHUTENLHO OnpeaenuTb Heo6XoAMMOCTb OGHOBMEHUS
BCero kabens unu nuib oTAenbHbIX y4acTkoB. bnarogaps
3TOMY NMPOUCXOAUT 3HAYUTENbHAs SKOHOMUSI 3aTparT.

IunarHoctnyeckas yctaHoBka CDS ans usmepenus Toka
penakcauum/Bo3BpaTHOro HanpshkeHus 6bina paspaboTaHa
B cogpyxectBe c¢ [OpHbIM yHuBepcuteToMm r.Bynneptans.
KoadpdbmumeHTsl oueHkn pesdynetatoB metogom RVM npwu
ucnones3oBaHun yctaHosku CDS paspabatbiBanvcb npu
yyactum YHusepcuTeTa r.3ureH.



MpuHUMN namepeHus

C NMOMOLLIbI0 COOTBETCTBYHOLLErO ynpasrneHus
nepekntoyatenem ycraHoBka CDS moxeT pervctpupoBatb
pasnuyHble U3M. BenuuuHel. MamepeHune toka (IRC-aHanus)
Ans obHapyXeHWss M3MeHeHW npoLeccoB nonspu3auum,
CBHA3aHHbLIX CO CTapeHueMm, nNpPOoUCXOAWUT MpU  HU3KOM
COMpPOTMBNEHUN, U3MEPUTENbHBIN TOK MpU 3TOM 3aTyxaeT
3KCnoHeHuunanbHo. N3ameperne HanpsxeHns (RVM-aHanus)
TpebyeT BbLICOKOOMHYID W3M. cxemy nAnd obHapyxeHus
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Puc. 3: MpuHUMN n3mMepeHus 4ns onpeaeneHns BpeMeHHbIX
napameTpos.

Bcneocteue  OuaneKkTpMYEcKOro CTapeHWs  U3MEHSTCH
MOpdOnorMyeckne CBOMCTBA M3OMSUMM U OTpaXKalTCs Ha
XapakTepHOM ana CTapeHunda y4qyacTke crneKkTpa
nonapusauun.

Tok 3apsiakv BO BpeMs hopmmpoBanus dasbl kak npun IRC-
aHanm3de, Tak u npu RVM-uamepeHun aBTOMaTUYECKU
coxpaHsieT B namaTy BblbpaHHytlo ¢dasdy u ang kabens c
BSI3KOM nponutkon un ¢ msonsaumen PE/VPE ocywecTtBnsieT
aHanu3 B 3aBMcuMMocTM OT obbekta. bnarogaps atomy
MOXHO permcTpupoBaTtb foKanbHble 3deKTbl CTapeHus,
Takne Kak oyeHb OonbluMe BXOAHbIE/BbIXOOHbLIE TPUMHIM
Unu caenatb 3akrnoyveHne o NPOoNUTaHHbIX BNaron Mydrax.
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Puc. 4: dnanekTpuyeckuit 0OTBET BO BpEMEHHOM Anana3oHe

IRC-aHanus

Ha ocHOBaHWM MOMeBbIX WCMbITAHWIA COCTapuBLUMXCSH B
npouecce akcnnyatauuu kabenem  Obin cocTaBrieH
obWMpHbLIN  BaHK AaHHbIX, COAepXaliuii BCIO  BadKHYIO
uHdopmaumio 06 umccnegyembix  yyacTkax.  OueHka
npovcxoauT aBTomatuyecku. MNpw aTTectaumm Nnpu NOMoLLM
nporpammHoro obecneyeHnsa-NN unccnegyembiii B AaHHbI
MOMEHT  y4actok knaccudpuumpyetca B IRC-knacc
cTapeHusi. Kaxgbli knacc comnoctaBnsieTcs € TUMWYHON
OCTaTOYHOM MPOYHOCTLIO, KOoTopass 6Obina onpegeneHa
60MbLWMM KONMYECTBOM U3MEPEHWIA.

Bnaro,qapﬂ 9TOMY nosfb3oBaTeslb MNoJfiydaeT TEeXHU4YeCKu
BaXXHbIN napameTp, ABNSAOWNACA BaXKHbIM MOKasaTenem
Aana npuHATHA pelleHnda no JanbHewnwen KCnnyaTauum
KabernbHOM NMHUK UK No ee PEMOHTY NN 3aMeHe.
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Puc.5: OnpepeneHune knacca ctapeHus metogom IRC

RVM-aHanus

RVM oueHka 0CHOBbIBAETCA Ha MOPOroBbIX BENNYUHAX, T.€.
OLEHMBAKOTCS HENMHENHOE COOTHOLUEHWE BO3BPaTHOrO
HanpshKeHMs OT cogepXaHus Bnaru npu pasHbIX 3apsigHbIX
HanpsbkeHnMsax U dopma Kpueon. [na onpeaeneHust
HENMHENHOCTU U3MEePSIIOTCS HavarnbHas KpyTusHa (ppoHT)
BO3BPATHOrO  HampsbkeHWst  Ons OBYX  3apsiaHbIX
HanpsPKeHU, Haxoasawmxces B cooTHoweHun 2:1 (2 kB un 1
kB). OTHOWweHMe HavanbHbIX (PPOHTOB Apyr K Apyry npwu
naeansHo cyxux kabensix umeet 3HaveHne 2.0 n oHo Gyaet
npubnuautensHo 1.5 B 3aBUCMMOCTY OT BNaXHOCTK kabens.

OTtHolweHne Q, 03Ha4aeT cnegyoLee:

2.00... 1.87 cyxon

1.86... 1.65 BnaxHbIn
<1.65 MOKPbIN
B kayecTBe (hM3nyeckoro KpUTEpUsS OLEEHKN OTHOCUTENBHO
RVM-gopmbl KpuBOoM  BGymaxHo-mMacnsiHoro  kabens
cyMTaeTca cTapeHue OymakHO-MacnsHOW M30Mmsaumu, T.e.
paclienneHme Lennonosbl U OAHOBPEMEHHOE YBENUYEHNE
cogepxaHuss Bnaru B wmsonauun. KoadpduumeHt p

yBenuyMBaeTCa CO CTapeHuem/Bnaron, Mno OnbITy, €crnu
kabenb nponuTaH Braron Bbiwe p = 0,2 .
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Puc. 6: BosBpaTHoe HanpsbkeHue 3-x OyMaxHO-MacnsiHbIX
kabenen n nx p-ko3ULMEHTHI

Pacyet p-koahduuMeHTa OCYLLECTBMNAETCA Ha OCHOBE
CYLLECTBEHHbIX  MapameTpoB  ¢hopMmbl BO3BpaTHOro
HanpsbkeHus, Makc.HanpsbkeHns Uy [V], MOMeHTa BpeMeHu
Makcumyma tm [s] n HavanbHoro dpoHTa s [V/s].



M3mepeHnss B noneBbiXx U nabopaTopHbIX
yCnoBUAX

CDS — nepeHocHas yCTaHOBKa; NOAKMOYEHME K kabento us-
32 HE3HA4YUTENbHOro M3MEpUT. HaMNPSPKEHUS OYEHb NPOCTOe
n GbicTpoe. o BO3MOXHOCTM HAOO OTCOEOUHWUTb 3KpaH
kabens 1 xuny Ha ganbHEM KOHLE OT pacnpeaennuternisHoro
YCTPOMWCTBA.

Puc. 6: YctaHoBka CDS npu nonesbix usmepeHusx

Ocob6eHHOCTU paboThl

[ ] OnpepeneHne cocTosiHWA kabens ¢ nsonsiynen ns
PE / VPE / BymaxHO-MacnsaHoN, He noBpexaas ero

[ ] MpocToe ynpaBneHne 1 aBTomaT. npoLecc
n3MepeHus

] TpexdasHoe napannenbHOe n3mepeHue Toka u
HanpsbkeH. Bpems nonHoro namepexus — 1 yac

[ | Bonbuwon guHamudecknin ananasod ans IRC-
M3MepEeHU, MPOBOAMMbBIX HA MPOTSHKEHHbIX Kabensix

[ ] M3amepeHne 3apaagHoro Toka Ha dase
hopMMpoBaHUSA

u YnyJdlweHHasa TexHuka ounbTpaumm ans
nHAayump.kabenen

[ ] YBenuyeHHas eMKOCTb akKyM. ansi

nocnea.n3mepeHunmn

| Pacwmp.ananasoH ans hopMmpyoLL,. HanpsiXXeHun
0o 5 kB-amnarHocTtrka BbICOKOBOSbTHBLIX Kabenen

O0BbemM nocTaBkKu

[ ] BbicokoBONbTHBIN 60K 1 610K ynpaBneHus

u Laptop koMnbloTEP C MHCTANMPOBAHHbLIM
nporp.obecneu.

[ ] KomnnekT kabenen

| PykoBoAcTBO No aKcnnyatauumn

DIN 1SO 9001

sebaxmT

Mpn obcnemoBaHmMn B nabopatopum UM B KakoM-nnmbGo
BbICOKOBOJIbTHOM OTCEKe MOXHO 6e3 npobnem ucnbiTathb,
Hanpumep, 10-Tn MeTpoBble Kyckn kabens.

YcTtaHoBko CDS MOXHO NpoBOAUTL Kak OAHOMa3sHble, Tak
N TpexdasHble N3MePEHUSI.
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Puc. 7: N3amepeHune yctaHoskon CDS Ha BB-cteHge

TexHn4YecKue AaHHbIe

- 130 HA ... 130 HA
0..5000B

[Junana3oH nsm.toka
[unanasoH n3m.HanpskeHus
Makc.BbIxod.HanpspkeHne 5kB

M3mepeHune conpotmenenHma go TQ

115/230B; 50/60y
3 MA

50 BatT (6e3 Laptop)
490 x 550 x 415 Mm

[MuTtaHue oT ceTn

DC-1ok 3apsagku
MoTpebnsiemas MOLLHOCTb
Mabaputel (B x W x IN)

Bec 26 kr (6e3 Laptop u kabens)

KABELMESSTECHNIK GmbH

] hagenuk/\\ KMT

Hawwa npovsBogcTBeHHas nporpamma: npnbopsl 1 nameputensHble nabopatopumn ong obHapyXeHusi noBpexaeHun B kabensx ceasu,

cunoBbIX kabensix, a Takke Ha TpyGonpoBoaax U kaHanax ¢ TpaccononckoBoe obopynoBaHve ¢ CemuHapbl
SebaKMT Vertrieb: 96148 Baunach Tel. (0 95 44) 6 80, Fax (0 95 44) 22 73, E-mail: sales@sebakmt.com
Hawu coBMecTHble npegnpuaTusa B ctpaHax GHI:

Ceba Cnektpym / Ceba OHepro: Mocksa, Poccus, Ten.: +7 095 234 9161, ®akc: +7 095 234 9160

Ceba 3nektpym: XapbkoB, YkpaunHa, Ten/®akc: +38 057 738 31 73

OcrTaBnisiem 3a co6ol NpaBo Ha TeXHUYECKUE U3MEHEHUSI

Internet: www.sebakmt.com



