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KoHuenuus oueHKH YaCTHYHBIX Pa3psioB
KUHIIT H.B., MIETPYHbKO H.H.

Ananuzupyomea memodonoeuueckue acnexmsi uccaedoeanus wacmuynvix paspsdoe (4P) e evicoxo-
sonvmuom obopydosanuu u npobaema muoxcecmeennvix YP. [lpu ocmbicausanuu croxcnoi kapmuns: 4P
803HUKaem 80npoc 0 Koauwecmee ucmounuxos P, unuyuupyowux smy croxcuyio kapmuny. Hayuonanrs-
noili cmandapm P® TOCT P 55191-2012, mak xce kak u mexcdynapoonsiii cmandapm MIK 60270:2000,
dexaapupys memoosl usMepeHuil 4acmudHolx paspados, uenopupyrom eonpoc 06 ucmoynukax 9P kak no-
menyuanbibix depexmax. Paccmompenst 60npocsl 2eHepuposanus nhocaedoeamesbHoCmu HacmuiHsX pe-
syabmamoe (4P) ucmoururom, sgedeno nousmue Keazudemepmunuposanno2o npoyecca 4YP. Cmaeumes u
pewaemca 3ada4a pazauveHus MHoxcecmea degpekmog 8 u30AAuuU Ha ocHose MHoxcecmea 4P, nopoxc-
dennbix amumu Oeghexmamu. I[lpedaazaemces pazpabomamsv npeodroNCeHUs K NONPAGKAM K YHOMAHYMIBIM

cmandapmam TOCT u M3IK.

KnmoueBbie CI0Ba: 8bCOK0BOABMHOE oﬁopydo&auue, u3oaauuA, Hacmu4Hsie pa:ipgdu, uccae-

dosatnue

TpajMUMOHHAS KOHUENIMS YACTHYHBIX PA3PA/IOB.
TeXHHYECKOE COCTOSIHHE 3JIEMEHTOB CHMJIOBONO BBICO-
KOBOJILTHOIO TpaHc(opMaToOpHOro 31ekTpoobopyno-
BaHMA B HauboJiblIei CTENEHM OMNpeiessieTcsl COCTos-
HUEM €ro M30JSIIMK, CBA3aHHOTO ¢ HATMYMEM, UHTEH-
CUBHOCTBIO W pacrnpe/e/ieHueM YacTHUHBIX 3JIEeKTpUYe-
CKMX pa3psioB, BO3HMKAIOIIMX KaK MPH €ro HOpMaib-
HOW pabote, TaK M NP AErpajaliy U30JSALUUU U J1pY-
TMX KOHCTPYKTMBHBIX JIeMeHTOB. OO0lIMe NMPHHUMITHI
M3MEPEHUIT YaCTHMUHOrO paspsila B COCTaBe BBICOKO-
BOJITHBIX MCIIBITAHMI TIPUBEACHbI B HALMOHAJIBHOM
cranjapre [l] ¥ COOTBETCTBYIOIIEM MEXIYHAPOJIHOM
cranaapre [2]. OaqHUM M3 rIaBHBIX HOPMATUBHBIX Napa-
METPOB CUMTAETCH «KAXYIUMIICA 3apsil»; 3TO MOHATHE H
€rocodbl ero uaMepeHus: 3apMKCMpoBaHbl HALMOHATB-
HBIMH M MEXJIYHapOOHBIMM cTaHmaptamu. Monenb Ka-
JKYILIErocs 3apsiia Co3/laeT WLUTIO3UIO TeXHUYECKOM Tpo-
CTOTBI M mnpaBwibHOCTH. OHA HESIBHO TMOJAraercsl Ha
NPEANookeHHe 00 OMHOPOAHOCTH 3IEKTPUYECKOTO
MoJisl, CAMHCTBEHHOCTH TMOTeHUMaTbHOro aedekra M
MHGOPMALUMHU O €ro MECTOMONOXEHHH.

MOJKHO CKa3aTb, YTO METOAbl JHATHOCTHKH, OCHO-
BAHHBIC HA «KaXYLIEMCs 3apsijie», B MPOCTbIX CIy4asix
VIOBJIETBOPSIIOT TMOTPeOHOCTH TpakTHKH. Bmecrte ¢
TEM, HECMOTpPsi Ha TO, uTo MccaenoBaHust YP Beayrest
Oonee 80 ner, ¢ pasBUTHEM METO/IOB M TPUBOPOB KOH-
TpoJIs U MOHMTOPHHIa B MocjiejHee BpeMsi Habnona-
€TCsl MOBBLILUECHHBIA MHTEpEC K 2TOi npodseme, mo-
ckoibKy YP siBisiioTCsi mepBMUHbIM 3neKTpodU3UUe-
CKHMM [POLICCCOM, OINpPeaesionMmM TeXHUYECKOe CO-
CTOssHHE  M30nsA1MU.  BricokokBaTMPHUHPOBAHHBIE
CMEHHAJIMCTB KOHCTATHPYIOT, YTO B 00JIACTM MHTEp-
npeTauuu pesyabratoB Hadmogenuss YP 1o cux nop
HeT J0CTATOYHOU scHoCcTH [3].

B TOCT uactuunmiit paspsn (UYP) onpenensiercs
KaK  «39JICKTPUUYCCKMUIA pa3psl, KOTOPBIA WWIYHTHPYET
JIMIIB YaCTh M3OJISILMM MEXIY JIEKTPOJaMH, Haxousi-
LIMMUCA 1O Pa3HBIMUA [MOTEHUMATaMu» (Onpesaene-

Hue 3.1). Crannapr M3OK onpenensier YP ananornu-
Ho: «partial discharge (PD) localized electrical
discharge that only partially bridges the insulation
between conductors and which can or can not occur
adjacent to a conductor».

A Tenepb o6paTUMCA K LIEJIENONIAraHHUIO ITHX CTaH-
paproB. Tak, B OOLIMX MOJOXEHUSAX YMTaeM: «Xapak-
TEPUCTUKM YACTUYHBIX Pa3psIoB MU3MEpPAIOTCHA JUIA:

Onpefe/cHUs OTCYTCTBMSI YACTHUYHBIX pa3psiaoB B
M30JILIMM  UCTIBITYEMOro 00beKTa NMpPH HOPMHPOBAH-
HOM HanpsKCHHH, WHTEHCHBHOCTBH KOTOPHIX paBHa
MJIM BBILIE HOPMHUPOBAHHOIO 3HAYEHMS,

OTIpPEae/ICHUS XapaKTePUCTUK YaCTUYHBIX Pa3psiioB
M WX MHTEHCUMBHOCTH NPH HOPMHMPOBAHHOM Hanpsixe-
HUM;

ornpeje/IeHUs] HATNIPSKEHUsT BOZHMKHOBEHUsI M Ha-
NPsSDKEHUsT 3aTYXaHUSl YaCTUUHBIX Pa3psilioB».

To xe camoe M3 cranmapra M3K:

«The main objective can be subdivided in two
sub-objectives:

the recording, storage and evaluation of at least one
or more of the PD pulses related quantities;

the post-processing of the recorded data to evaluate
and to display additional parameters and
dependencies».

O6pautaer Ha ce69 BHUMaHME, YTO 3TH ONpesese-
HUSL B 3HAYUTEJBLHOM CTENEHM HOCAT aKaaeMM4CCKHH
XapakTep M Aaxe cojaepxar B cebe JEMEHT TaBTOJIO-
run («xapaktepuctuku YP usmepsiiorest mist ... onpe-
JieieHus xapaktepucTuk YP»...). OHM HEKOHCTPYKTHUB-
HbI, TaK KaK He OPMEHTUPOBAHBl HA SIBHO 3aACKNapHU-
POBAaHHYIO MPAKTUYECKYIO TTOJIE3HYIO Lieab. DTO NMPHH-
IAMMHAJIBHO TMOTOMY, YTO HAac uHTepecyer YP He kKak
HeKoe 31eKTpodu3nueckoe sBIeHUe, a Kak TposiBie-
Hue naedekToB (NMOTEHUMATbHBIX) BbICOKOBOJLTHOIO
YCTPOHCTBA. ABTOPBI CTATbH HE CTaBAT 3aj1ayci mose-
MMKY OTHOCHTENbHO Aekuapupyembix B TOCT TepMu-
HOB U (opmyauposok. Onnako npeaiaraempiii FOCT
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KOMIUICKT MOHSATHH HE MO3BOJSCT CTaBMTh WM pelIaTh
LeJIBIA psAA 3ajiay, CBA3AHHBIX C MHOXECTBEHHOCTBIO U
pasHoBpeMeHHocTblI0 YP.

Mpuoxectso UP u muoxectBo ucrouynukos YP. B
9TOM KOHTEKCTE MOXHO ObUI0 Obl chopMyIMpOBaTDL,
yro uccaenopaHue YP HaueneHo Ha OUEHKY TEXHHUE-
CKOTO COCTOSIHMSI BBICOKOBOJILTHOTrO 060pyjoBaHus, a
fonee TOYHO, LeNbIO ABAsETCH NMOMCK AedekToB (rmo-
TEHLMANLHBIX), KOTOPLIC SBJIAITCA McTOYHMKamu YP,
M OLIEHKA MX OMAacHOCTH C TOYKH 3PCHHUA JajibHeIeH
3KCIUTyarauuu obopynosanus. OgHako odpaTuM BHU-
MaHHMe, YTO BbIpAXCHUEC «MCTOYHMK YP» (Mamn ero sk-
BUBaIEHT) BooOwwe He BeTpeyaercs B Tekcrax [OCT u
M3K. CylecTBylOT BbIpaXEHHUS: «UCTOUHMK Harmps-
XEHMS», «MCTOYHUKH OIIMOOK», «UCTOUHUKHU MMOMEX»,
HO He <«MCTOYHHMK YP» (AMIb OAHO YNOMUHAHME:
«BIQXHOCTb M 3arpsA3HEHHE M30JIMPYIOLIHUX MOBEPXHO-
CTeil MOTYT CTaTh UCTOYHHMKOM YaCTHYHBIX Pa3psioB»).
IMonsarue «4YP» u «nedekT» B HEKOTOPOM CMBIC/IC CH-
HOHMMBI, KOrna peyb MaeT o eauHcrBeHHoM YP, Ho
Koraa (MOTEHUMANbHBIX) Ae(EKTOB HECKONLKO (Mau
MHOIO0), MECTa MX PACMOJIOXEHUs! Pa3NHYHbI, 3TH TMO-
HATHA HEOOXOAMMO YETKO Pa3/IMuMTh.

B u30ossumK peaibHOr0 BHICOKOBOJIBTHOTO YCTPOMCTBA
nojil pabouMM HaNpsKEHUEM TICHEPUPYETCH MHOXECTBO
YyacTMYHBIX paspsanoB. MHrerpansHas kapruia YP moxer
ObITE HOCTAaTOMHO CIOXHOH. Ee wM300paxeHHe MOXeT
MPEeaCTaRIATLCA TPEXMEPHOM (YHKLMEH MHOXECTBA MM-
nynscoB YP B KoOpaMHaTax: BpeMs — KaXYLUMIACH 3apsiL
— YacToTa ITOBTOPEHUS MMIYILCoB (puc. 1).

CylIeCTBYET AOCTATOYHOE YUCIIO METONOJOTHH, pe-
KOMCHOALMIA M HOPMATUBHBIX AOKYMEHTOB (Hanpu-
MEpP, PYKOBOJACTBA MO MCIOJb30BAHUIO Pa3IMYHBIX
TEXHUYECKUX CPEACTB M3MEPEHHsi M KOHTDOJIS) UIA
MHTEPIpeTaLHH 3TOH MOAENH, YTOOLI MOJIYYUTh HEKO-
TOpbI€ OCMBICIICHHBIE TIPEANIONIOKEHHSI 00 UCTOYHHUKAX
YP mnM KONMYECTBEHHBIX OLEHKAX OMAacCHOCTH ITHUX
ABJICHUNU. Takue MeToibl, KaK INpaBuiio, He YYUThIBA-
10T HEKOTOPBIE UCXO[HbIE MONOXEeHUsA. Tak, €C/iM B Ka-
4YeCcTBE OCHOBHOIO KPHUTEPHs IMpeArnoaraeTcd MakcH-
MyM HUMITyabCca cpeau Beex YP, To 3meck HesBHO mpen-
rnojiaraercsi, Yto UCTOYHUMKOB YP MHOro, Ho Bce OHHM
HECYLIECCTBEHHBI TIO CPABHEHHMIO C «MaKCHMAJIbHbIM».
Ecny Xe Bce MHOXECTBO KaXYLUIMXCH 3apsiloB MHTEr-
pUpPYETCH, TO HEABHO TMPEAIoJiaractcsi, YTO BCC OHHU
MOPOXJIEHBl ONHUM Je(HEKTOM; TO XK€ MOXHO CKa3aTb
006 obpabortke cepun YP. A 4TO Xe MMeeT MECTO Ha
caMmoM nene? Takas 3anaya MOXeT ObiTh KpaTKo cop-
MYJIMPOBaHa CJIEAYIOIMMH BOTIPOCAMM: CKOJIBKO BCEro
YP umnynbcoB? U cKosibko BCero YP-HCTOUHMKOB OT-
paxaeT 3Ta MHTerpajbHasl KaptuHa?

Chopmynupyem npocmeiuyto 3adauy. [lpeanono-
KUM, 4TO cepusi M npubausnTeNbHO paBHbIX YP M-
MyJIbCOB PErUCTPUPYETCsl B TEYEHHUE BpeMeHM Haduio-
JIeHUs, HanpuMep, B TeYyeHME nepuona padouero Ha-
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Puc. 1. [Ipumep dyHKUMH MHOXKeCTBA HMITyibcoB YP

npsokeHus. Borpoc cocToMT B TOM, Kakasi U3 TPeX M-
NnoTe3 BepHa:

€IMHCTBEHHbIH (MOTEHUMANIbHBII) AedeKT reHepu-
pyer cepuio YP Bcex M UMITYILCOB,

N pasnnyHbIX AeeKTOB, HAXOMSIUMXCS B pasivy-
HBIX TOYKAX AKTMBHOIO TMPOCTPAHCTBA W3OJSALMM, re-
HEPUPYIOT MO eAuHCTBeHHOMY YP;

MMEET MECTO NPOMEXYTOUHBIH BAPHUAHT, U CYLIECT-
yer N<M pasnuunbiX YP-UCTOUHHMKOB ¢ KOPOTKMMHM
cepusimu YP?

TTOHSITHO, YTO OLCHKM pPeaJbHOM ONACHOCTH MHO-
xectBa YP B 9THX Tpex ciiyyasx CyLIECTBEHHO pa3/iH-
yaiorcsl. PeuieHue Takoi npocmeiiwen zadawu npej-
CTaBJISIETCA KJIIOUOM JUIsi MPOOAEMbl aHANM3a CJI0XKHOM
UHTEerpaibHOi KaptuHbel YP.

Muoxecteennbie UP, kaniuOpoBka u H3MepeHHs Ka-
Kymmxcs 3apanoB. KpaTtko OCTaHOBHMCSI Ha MMOINBITKE
NPOABUHYTL pellieHUe 3alayu auardHoctuku YP, cre-
Jlys TPAAMLMOHHON KOHLICTILIMK O KaXyLlemcs 3apsiie,
ero kanudposke W uameperni. [Ipoananusupyem no-
JiyueHHBbIC B [4, 5| pe3yabTarbl, UMEKILIHE OTHOLIEHHE
K paccmarpupaemoit npoGneme. Tak, Hampumep, B
TpaHcdOpMaTOpe peabHO CYLLECTBYET HECKONBKO (1)
NMOTEHUHAIbHBIX UCTOUHUKOB YP M uMmeercs npuuum-
NUHaibHasl BO3MOXHOCTbL PErUCTPUPOBATH HX CHIHAJBI
C MOMOIUBIO HECKONBKUX (m) perncTpatopos P,...,P,.
B kiaccuueckoM ciyyae ¢ eIMHMYHBIM KaXyIIMMCs
3apsiaoM M eAMHHYHBIM YP ucnonbsyercs npocreitas
MPOTIOPLUMS MEXAY KaJIUOPOBOYHBIM MpPHpallEHHEM
HANpPSOKCHUST M 3apsA[oM, ¢ OJHOI CTOPOHBI, U U3Me-
PCHHBIM TPHPAIIEHUEM HANPSXKEHUS M KaXYLIMMCH
3apsizoM, ¢ apyroii. Ilepexoa K MHOXECTBY NOTEHIH-
anbHBIX YP ¥ MHOKECTBY BO3MOXHOCTEH KalMOPOBKM
COOTBETCTBYET €CTECTBEHHOMY Iiepexoay K Oonee
CNOXHOW (popManu3au MM DIEKTPUYECKOH CXeMbl 3a-
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MELIEHMS, MCIMOJB3YIolEeH OOBIYMHBIE METONbI TEOPUMH
SNCKTPHYECKHUX I1IETICii, B TOM YMC/I€ — MOJEIbL MHOIO-
MOJIFOCHUKA.

Ha puc. 2 ucroununku toka J k OTpaxaroT BO3MOX-

HOCTH KaIMOPOBKM, MCTOUHMKHM J P HpeacTaBisiioT
TokKH YP. OrMeTuM, 4to npu dopManu3aLuy 3a1a4u B
MaTpHYHBLIX MOCTPOCHUAX [4] mapaMeTphl C]qp ucC 2up
UL TIPOCTOTBI MCKJIIOUEHBI M3 paccMmoTtpenus. Cxema
puc. 2,6 okasanach Obl B NMPHHIIMIE KOHCTPYKTHBHOM
JAHarHOCTUYECKON MOJEJBIO, €Ciu Obl C €€ MOMOIIBIO
YAQIOCh MEPEYHCIUTE BCE /1 BO3MOXHBIX (TTOI03peBae-
MBIX) MCTOYHHKOB YP M 3a1aTh MpPH 3TOM 4YMCIEHHBIE
3HAYEHMUSI BCEX YACTUYHBIX eMKocTeil. OnHako Takas
cuTyauusi HepeasbHa. lanee, Kak u B [4, 5], cuuTaem,
4TO Ha OCHOBE KOHLEMLIMM Kaxyllerocs s3apsja He
yaaercst nmocTpouTh 3G(HEKTUBHBIN WHCTPYMEHT IMAr-
HOCTHKH MCTHHHBIX 3apsiIoB MHOXeCTBeHHbIX YP B
BH/IE [IOCTOBEPHBIX W YAOOHBIX 3KBHBAJIEHTHBIX CXEM
JIMOO0 HEKHMX HMHTErpaIbHBIX MapaMeTpoB.

AJbTepHATHBHAS KOHUENUIHMS ONMCAHHSA HCTOYHHKOB
YP. Ilepen HamMu CTOMT mpobieMa aHanM3a MpPUHAMI-
NEXHOCTH TNpou3BONIbHBIX YP M3 MHOXecTBa perucr-
PUPYEMBIX K OTHENBbHBIM McTOUHMKaM YP, a Takxe —
nepeyncieHue U KinaccuduKkalus UCTOYHUKOB. B Ka-
4eCTBE UCTOYHUKOB YP BLICTYIAIOT MHOPOAHBIE BKJIIO-
YCHHUsS B M30JSILMM KaK MOTeHUUaNbHbIe aedekTs (aa-
Jiee, Ui KpPaTKOCTH, ONPEAE/IEHUE <«ITOTCHLHANIbHbIE»
onyckaercd). I[Ipouecc YP B obuiem ciyuae siBisiercs
PEJIdAKCAllMOHHBIM, U MHOXECTBEHHOCTh HABII01aeMBIX
YP obycnosnnBaeTcsi KAK MHOXECTBEHHOCTBIO Je(heK-
TOB, TAK U BO3MOXHOCTHIO MHOTOKPATHOIO TOBTOpE-
HUSA UMIYIAbCOB B BUAe cepur YP B KaXmoM M3 HHX.
[lia pacniozHaBanus MCTOYHMKOB YP kak medekToB u
UX Kjuaccupukauuu HeoGXOIUMO TIEPEYUCITUTL OCHOB-
Hble cBoWcTBa aedekroB. O000wmas mybaMKaLMK
[6—12], dopmanu3yeM nepeuuciieHHE NMapamMeTpoB Je-
(EKTOB U TNPHHATHIX OrpaHUYEHMIA.

J?

Puc 2. O6biuHas cxeMa KaiuMGpoBKH (@) M KBHBAJIEHTHAs cXeMa
KTMOPOBKM M PErHCTPALIMM JUTA JBYX He3aBHCHMMbIX UP u jByx To-
4eK perucrpaui (6)

IMpeanonoxuM, 4To UMEETCSI MHOXECTBO aedeKToB
N; nnsa cepuu YP B nMpoM3BOJIBHOM BKJIIOYEHHM C HO-
mepoM k=(l,..,/N) B KauecTBe MapaMeTpoB M JAOMNYyILIE-
HHI MPUHHUMAKTCH CIICAYHOLIHE NaHHbIC:

a) XapakTEepHbI pa3Mmep BKIIIOYEHHS d ;

0) dopma BxTIOYEHUs (B MpOCTEMIIEM Clayyae —
chepuueckan);

B) TEOMETPUYECKHE KOOPAMHATHI BKJIIOUEHHUS (X
Yir )5

I) KapTHHa 3JIEKTPHYECKOIr0 MoJIi B aKTUBHOM
MPOCTPAHCTBE YCTPOMCTBA; MAKCUMAJILHYIO HATIPSKEH-
HOCTh paboy4yero 3/JeKTPUYECKOTO TMONS B AAHHOM TOY-
K€ aKTMBHOIO MPOCTpaHcTBa £, (X, .y, ,2; ), HE UCKa-
JKEHHOTO BKJIIOYEHHEM, MOXHO CUMTATh «IHEPreTHue-
CKOH KOODAMHATOH» BKJIIOUCHMSI.

Hanee cuutaem, 4TO:

1) paboyas HaNpPsAXKEHHOCTb BHEINHEro 3JIEKTpUYe-
CKOTO ToJIA B IaHHOM TOYKE M3MEHSETCS MO CHHYCOM-
NaIbHOMY 3aKOHY,

2) mpuHYXIeHHasi HaNpsDKEHHOCTh (MPH OTCYTCT-
BuM YP) 3/1€eKTpUYECKOro Mojis BHYTPH BKIIOYEHUSA
OIpEAENAETCS B COOTBETCTBMH ¢ (hopMoii BKITIOUEHHSA
¥ COOTHOLICHWEM AU3JIEKTPHYECKHX TPOHULIAEMOCTE
OCHOBHOH H30JIALIMM M BHYTPEHHEr0 BKJIIOUEHUS;

3) npUHYXIEHHOE HANpPSDKEHWE Ha BKIIOYEHUH Uiok
3aBHCHT OT pasMepa BKJIIOYCHMSI M TIPMHYXIEHHOW Ha-
TIPSDKEHHOCTH  3JIEKTPHYECKOTO TIOJIA W MMEET B

Unok =U . sin(wt); (1)

4) HanpsikeHue 3axuranus YP Bo BKIIOYEHHH
U sk OTIPE/ICIIHETCS 1O 3aKOHY IMamena mu6o Ha OCHOBE
CIPAaBOYHBIX JAHHBIX;

5) HanpsokeHHe noracaHus paspsiga U [k CBS3aHO C
MOJIAPA3aLlMOHHBEIMM TNTapamMeTpaMu M30JsuKd U BAX
paspsina [8];

6) UCTUHHBII 3apsia Qk MOXET ObITh OLIEHEH Ha OC-
HOBE pasMepa BKJIIOYEHHUS M IHUIMEKTPHUECKOM IpO-
HHULIAEMOCTH ero Marepuana [4];

7) mockonbky mnpouecc YP npeacraeasier co6oit
peNaKCallMOHHbBIN NpPOoLECe 3apsiia U30JSLMM U pa3psi-
Jla ero 4epe3 BKJIIOYEHHME, N00aBISeTCs B KAYEeCTBE Ma-
paMeTpa HadalbHOE YCIOBUE U{)k;

JOTONIHUTENIBHO (11 TNPOCTOTHI) MPEATIOIOXHM,
4TO:!

8) Bpems rnpouecca pa3psga enuHuaHOro YP cye-
CTBEHHO MEHBIIIE Tepuoja pabouyero HampsKeHWs;

9) 3HaYECHMS HATIPSKCHUS 3aKMIAHUS M 1OracaHusl He
M3MEHHIOTCS BO BPEMSs peJlakcaliMOHHOrO npoiecca YP;

10) BHeIIHEEe 3/IEKTPUYECKOE TMOJIE BOCCTAHABIMBA-
€TCd 10 TNPHHYXIEHHOTO 3HAa4YeHMs NPAKTHYECKH
MTHOBEHHO MOC/Je IOracaHusi paspsjaa.

Takum o0Opa3oMm, Kaxiaoe k-€ BKJIOYEHUE OIHO-
3HAa4YHO AacCOUMMPYETCss C MHOTMMMH TMapaMeTpamMu
Woi> Usis Ues Uggt [9,10]. Beenermem B paccmor-
PEHHUE 3THUX HaANMpsOKEHWM MHIWBHIYANWU3MPYETCS Me-
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(dexT. B mepBbIX Tpex rnapaMeTpax KOCBEHHO TIPOSIBIIs-
10T cebs pa3Mep BKIIIOYEHHUs M ero ¢hopma, reoMeTpu-
YeCKMEe KOOPAMHATBI, CTPYKTypa pabouyero mnojs B 3a-
JaHHOW TOYKE AKTHMBHOI 00JaCTH BBICOKOBOJIBTHOIO
VCTPONCTBA, AMINEKTPUUECKUE CBOMCTBA OCHOBHOM
M30JISILIMK M BKJIIOYEHMS, MOJISPU3aLIMOHHbIE MapaMeT-
pbl M30JIILIMM, @ TAKXKe CBOMCTBA BOJIbT-aMIIEPHOM Xa-
pPakTEpPUCTUKM YaCTMYHOrO paspsga. HavanbHoe ycio-
BUE U(ch ABJIACTCA CAYYaiHbIM 3HAYEHHUEM U HAXOOMT-
ca B mpepenax: U, >Uy >-U . TlepeuncieHHbie
paHee mapaMeTpbl, OTPAHUYEHUs U TIPEANOJIOXEHUSA B
COBOKYITHOCTM Ha30BeM KBa3WIeTepMHHHMPOBAHHOM
moaensio YP. B uesoM 3ta Moaens He MPOTUBOPEYUT
3ApaBOMY CMBICY M 3HAHMSM, HAKOIUIEHHBIM IIpH
u3yyeHun ¢eHomeHa YP.

MOyHKUHH, XapaKTepu3ylompe KBa3HAeTePMHHHPO-
panHblii npouecc YP. Kaxnaa ¢pyHKuMa pealbHOTO Ha-
MPSDKEHUsE HA BKIIOYCHUH U (wf) Ha WHTEpBaJie Ha-
omonenus [0, 7y;] npeacrasnser coGoi penakcalMoOH-
HbIH TpoLecC 3apsiia U pa3psia M30JSLUMHM B OKPECT-
HOCTH BKJIIOYEHUS M HMMeeT crneuuduUecKrii BHI
(puc. 3,a). OyHkuus Uy (wt) MoxeT OBITH JIETKO pac-
CYMTAHA HA OCHOBE IMApaMETPOB KBa3WIAETEPMHHHPO-
BaHHOU Mozaenu; ¢opManM30BaHHLIH AITOPUTM pacye-
Ta M3JI0XeH, Hanpumep, B [9, 10]. Kaxnplii enuHuY-
Hblit j-it YP B cepuM k-ro BKIIIOYEHMS BO3HHUKAeT B
MOMEHT BPEMEHH f,. U CO3HAET IKCMNOHEHLMAJIbHbIN
MMIYJIbC TOKA C aMIUIMTYa0M [ > ¥ OH MpOJIOJDKaeTCs
B TEYCHUE BPEMEHH Ty, (puc. 3,a). Tox YP npeacras-
Jiger coboil CepuI0 MMITYILCOB (Il MPOCTOTHI MM-
MYJbCbl MPUHATHI OAHOIOJISPHBIMH):

n n
"k =J§1ikj =Pk l}élexp((t—rkj) /T

U —=14) =10 =1y =T 4p)), (2)

rae /3 — HavaibHOEe 3HaYeHMe ToKa 3axuranus YP; n,
— YMUCJIO MMMYIBCOB B k- CepuM; T — MNOCTOAAHHAsA
BpeMeHM paspsaa; 1(f) — QyHKIMSA eTMHUYHOTO CKavyKa.

3asucumocty npouecca or napamerpos{U, U,
Unk’ UOk} npuseaeHsl Ha puc. 3. Tlpu yBeJIU4YEHHUH
MPUHYXKICHHOTO HaIpsDKeHUs Umk YBEJIMYMBAETCS
YHCJIO MMIYJIBLCOB (pHC. 3,6), YMEHbILIEHUE HaTpsKe-
Husg U, YMEHbIIAeT YMCJIO MOCHe10BATEBHEIX MM-
MyJbCOB (pUc. 3,6) U U3MEHEHME HAYAJILHOIO YCJIOBHA
UUk NMPUBOAUT K CABUTY (HEJIMHEHHOMY) BCEH CepUM
MMITYJIBCOB.

Hrak, eciiu 661 ObLIHM 334aHBI TapaMeTpbl Ae(eKTOB
{Umk’ Uak’ Unk’ Ul)k}' k=(l,..,N), To B paMKax KBa3u-
JIETepPMMHUPOBaHHOM Momenu YP npobGnema pacuera
Bcero mHoxecrBa YP pewraercss ogHO3HAYHO.

Wnrepnperauus wunterpanbhoii kapruast YP. O6-
WA BUI MHOXeCTBa (MHTErpajibHOM KapTHHBI) 3ape-
'MCTPUPOBAHHBIX- YP MOXeT npeacTtaBuTh B BUIE CyM-
Mbl UP oT Bcero MHOXeCTBa MCTOYHMKOB!

U,:U; : U iU, =1.25:1.0:0.65: 09

/8 .
\ -
Us \\ kip(7)
% u(r)
Uh \ === p(f)
\
\
Lo
X }t TR e
\\
/
X /
/
/
N
a)
! Uyl :Up:Uy= 2.0:1.0:0.65:0.9
ot

U,:Uy :Up= 1.1:1.0:0.2

s Uo=0.25 U3
Ua=0.5 {45
U,=08U,

I///
i

6)
Puc. 3. TlpuMep KBasuaeTepMHHMpOBaHHOTO npouecca YP: @ — 06-
it BU;, 6 — BAUAHHE YBEIHUECHHA MPUHYKIEHHOTO HAMPSIKEHHS
6 — BApHALIMA HAYATLHOIO YCIOBHA

N N
Iper(r)=k21hk:'k(r)=kEIkkfk(!k(rkj)), J=Ln,(3)

rae  KO3(pOUUMEHTbI /1, XapaKTepHU3yioT 3aTyxaHue
curHanoB oT umnyascoB YP Ha myTtH pacnpocrpane-
HHUA AedeKT — cHcTeMa MOHMTOPHHIA.



«3JIEKTPHYECTBO» Ne 2/2018

Konuenyus ouenku acmu4Hwix paspaooe 31

Bu3yalbHO 3Ty KapTMHY MOXHO MpEJACTaBUTb, Ha-
MpUMEpP, B BUAe pHC. 4.

[Mockonbky K0a(hdHIIMEHTB 3aTyXaHHWsi HEHU3BECT-
HBI, TO aMIUTMTYasl uMnyabcoB YP TokoB ot otaens-
HBIX MCTOYHUKOB HeMH(OpMaTHBHBbI. 3ajaya AMarHo-
CTHKH COCTOMT B TOM, YTODBI pasae/iMTh 3TY CJOXHYIO
KapTHHY Ha (parMeHThI, KOTOpPbIE COOTBETCTBYIOT OT-
JenbHBIM McTouHukaM YP. Camoe mpocToe pelueHHe
COCTOMT B CEJIEKLMM MMITYJILCOB 0 aMruiutyie. OaHa-
KO, €CJIM paccMaTpuBarh mnocienosBateabHocts YP
MPUMEPHO PAaBHOH aAMIUIMTY/bI, TO HeOOXOAMMO Bep-
HYTbCS K 3amave, chopMyJIMpoBaHHON paHee. MHBapu-
aHTaMu rnocsenosarejibHocteid YP, accouMupoBaHHbI-
MK C OTACJIbBHBIMH Jled)CKTElMH, OCTAKTCA MHOXECTBaA
MOMEHTOB  BpeMeHM  ayieMeHTapHpix YP {r]g}
(j=1,...,nk. k=1,...,N) Ha uHTepBane HaGIOJAEHUSA MPO-
uecca [0, Tyl

Ha3zoBeM MHOXECTBO MOMEHTOB BpPEMEHH Tk ={rkj}
npasuAbHoOl TOCIEA0BATEIBHOCTBIO, €CJIM OHA COOTBET-
CTBYET HEKOTOPOW TIOC/IEA0BATEIbBHOCTH HMITYJILCOB
YP. HerpyaHo nokasatb, 4TO He BCfIKas IOceoBa-
TENLHOCTh {f } SBJISETCA NPAaBUILHO. [Mockonbky
MHOXECTBO MapaMeTpOB — HaNpsKeHHi {Umk, U}k,
Unk’ UM} — AJITOPUTMUYECKH OJHO3HAYHO I'eHEPH-
pyeT MOC/IEA0BATENLHOCTh Tk‘ TO MOXHO BBECTH B
paccMoTpenue koHuenuuio YP-nipeobpa3osBanusi, Ha-
3BaB ero PDT:

T, =PDTU,, U .U,y Uy )

YP-npeobpazoBaHue MHBAPUAHTHO OTHOCUTEJIBLHO
abCOMIOTHBIX 3HA4YeHHI BCeX YIOMSHYTHIX HarpsKe-
HHUIif, M U151 IPOCTOTHI MOXHO ONEPUPOBATh JIMIIb C MX
OTHOCHUTEJIbHBIMU 3HAYEHHUSIMU:

Tk =PDT(Umk ’Usk 'Unk ’U{}k i
=PDTW ;. .U Ui Uoic) @

IMpuHsiB B KavyecTBe Ga3MCHOIrO 3HAYEHUs Harps-
KeHua saxuranus YP, MoXHO 3anmucarhb:

n

Puc. 4. IMpumep uHTerpaibHoil KapriHel YP B KoopaMHaTax: aMm-
IUTMTYAa 3aperdctpuposaHtoro toka YP — GespasmepHoe Bpemsi
(nurteppan HabmiogeHust YP — oauH mepuoa pabouero Hampske-
HUs)

* *

(Umk L Unk ’

. -1
UOk)PDT (Tk ).

MHave, uMesi npasunbhyo TOCIEN0BATENbHOCTD,
COCTOSILIYIO, 1O KpaiHeil Mepe, M3 Tpex 3JeMEHTap-
HbIX YP, MOXHO MONYYUTH OTHOCHUTEJIbHBIE 3HAYCHUS
3HEpPreTU4ecKoit KoopauHate! (dnmsoct YP k obnac-

"
TH MaKCUMAJIbHOM HaIPSKEHHOCTH) Umk’ HHGOpMa-
*
LMI0 O JUIMTEJIBHOCTH ropeHus YP U“k M BCIIOMOTa-

*®
T€JILHOE 3HAYCHHE — Ha4YaJlbHOC YCJIOBHMC UOk'

[MoayyeHHbIE Pe3yabTaThl MOXHO C(POPMYJIMPOBATE
B Buae JIeMMbI: '
1. JInsi BCSIKO#I TPOMKM OTHOCHTEJILHBIX HallpsiKe-

wait (U, 1, U;, U{;). U; =l 1>U:, >0, |U6|<0.

m?
BoaMozkHo YP-npeoGpaszopanue PDT (U;k - & U;k, U(;k g

=T, M OHO TCHEPUDYCT NpaGUAbHYIO YP-nocnenosa-
TEJIbHOCTb.

2. He Bcsikas nocneposarenbHocts Ty € Ty sapasier-
cs NpaeuAbHol, T.€. He JUISl BCSIKOU IOC/IEN0BATEIbHO-
cru Ty Bo3MoXHO obpatHoe YP-mpeobpasosanue.

[Mynkr 1 JleMMBl A0Ka3bIBA€TCA AINOPUTMHUUYECKH;
st m. 2 JleMMbl OCTaTOYHO OMPOBEPTraloLLEro TpH-
mepa. Tak, HETpPyAHO TIIOKa3aTb, 4YTO MHOXECTBO
wT={25°,88°,89°}, (0T, =[0,90°) wHe sBnsieTcst npa-
BUTBHBIM.

Tenepp MOxHO chOPMYIMPOBATHL pEelIEHUE 3aa4yM
JUATHOCTHKH MCTOYHHMKOB MHOXeCTBeHHbIX YP.

JlomyCTHM 3aperucTpMpoBaHa Moc/Ie10BaTe/IbHOCTh
MMITYILCOB TOKOB YP ¢ npUMepHO OJIMHAKOBBIMHM aM-
IUIMTYaMM Ha MHOXECTBE MOMEHTOB BpPEMEHH

T0(|T0|=M). Kak u paHee, 3amaeMcss BOIIPOCOM:

CKOJIBKO MCTOUHMKOB UP oTpaxaer 3Ta MHTErpajibHas
KapTHHa?

OtBer Ha 3TOT Bonpoc aaer 1. 2 Jlemmbl. Hanpu-
Mep, TEOPETHYECKH BO3MOXHO YCTPOMTEH TMOJIHBIN Me-
peGop ToveK (C rmoaxoAaswen Masd TOYHOCTH AMCKPET-
HOCTBIO) B TPEXMEDHOM ITPOCTPAHCTBE TAapaMeTpPOoB
{U;,Ul: ,UJ } M MOMYYUTH AUCKPETHOE MHOXECTBO BCEX

npasuavibix nocnepoparenbHoctei {T,}. IlpaBunbhbie
MOC/EA0BATEIbLHOCTH MOXHO YIOPSAAOYUTH IO JUTHHE
H, HaYMHasA ¢ CaMbIX JJIMHHBIX, MPUMEHHWUTE CJICAYIO-
LK aJITOPUTM.

Iepeuynbiii anaaus. 1-s51 urepauuns. Haxoauresa
Kakasi-nmm6o rnocnenosatensHocts Tg,  siBasiomasics
noamHoxectsom Ty,  duKcHpyIOTCs — mapamerpsl

* * *
(U pps Ups Ups) M «IMHa» T10C/IENO0BATEILHOCTH Ay

ms?* §

* * * -1
00, DT )

M OHAa MCKIIOYAaeTcss M3 TIOJHOIO  MHOXECTBa
Mposepsietcs ycaosue Ty = ecin aa, T0 aHAIU3

3aKOHYECH.
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Urepauns k-s. Haxonum kakyw-nubo rocme-
nosatenbHOCTh Ty,  SIBJSIOLIYIOCS  MOAMHOXECTBOM
TO{k—l)' (ukcHpyeM napaMeTpbl U MCKIIOYAEM ee 3/1e-
MEHTHI M3 JAJbHEHILEro pacCMOTPEHMS:

(U s $U g U PDT (T );
Tok =Tok—1y) \ Ts-

[MpoBepsaeTcs yCIOBHE T{}k =(J. ecnu aa, TO TIpel-
BapHUTEJbHBIA aHaJIM3 3aKOHYEH.

TIpomexcymounniii ananus. Tlocne MepBUYHOTO aHa-
JI3a B OCTATKE MOTYT OKa3aThbCA MOTEHLHalbHbIE I10-
CEeJ0BATEIBHOCTH JIMHOH B OJMH M ABa MMITYJIbCA.
IMoBTOpsieM TMPOLEAYPY MNpeABapyTe/IbHOIO aHaIu3a,
BLIOMpAs U3 MHOXKECTBA BCEX MPABHJIBHBIX MOCIEI0Ba-
tenbHOcTeH {T } MOAMHOXeCTBa JUIMHOW B ABA UM-
TyJIbCa.

Oxonvtamensubiii anaau3. Tlocae TIPOMEXYTOUHOTO
aHAIM3a MOTYT OCTAaTbCAd MCKITIOUUTE/IbHO OJUHOYHBIE
UMITynbChl. OOBeIMHssT PE3yIbTaTkl BCEX TPEX I3TaroB
aHamM3a, MONMydaeM MnpasaononobHoe peureHue 3ana-
yn. Pa3buenue mHoxectsa T, mpeacraHer B BUAE MO~
KPBITHSL:

Ty=UT,, k=l..,N.

Ha W3MOXEHHBIX MNPUHIMIIAX OCHOBaH Crocod
KOHTPOJISI TEXHUYECKOTO COCTOSIHUA 3JIEMEHTOB BBICO-
KOBOJIETHOrO obOopymoBanust [13], Bxioyamomui B
cebsl peruCTpalMio WHTerpalbHOM KapTHHBl YP B HUX
B TEUCHME HE MEHEE OJHOTO Meproza paboyero Hamps-
XEHHUS C TOYHOCTHIO, 0OecreuMBalolIel pacrno3HaBa-
Hue otaeabHbIX YP u manpHellyio OLIEHKY KOJIH4YecT-
Ba M TapaMeTpoB MCcTOYHMKOB YP Kak moreHUHalIb-
HBIX Oe(EeKTOB H30JALMM 31eMeHTa 000pYJI0BaHMS.

PaccMOTpUM MpPOCTEHLIYIO SHEPreTHYECKYyl0 OLICH-
Ky Ui Hekotoporo k-ro ucrouynuka YP:

q; =rk13k — HCTp!HHHf{ 3apsin k-r0 MCTOYHHKA,;

9 =7 kI k — OCTaTOUHEIN 3apsn k-ro MCTOYHU-
Ka.

Cuwmras, uro [,:1 , =U_ U, :U:ﬂv MOJIy4YUM

3HAY€HHE TOKa Ha HHTEpBAIC HaﬁﬂlOﬂCHHﬂ:
‘Ik *
=Gy = ay)ny [ Ty=1yny ?{;(I_Unk)‘

Ouenka onacHoctH YP cBsizaHa ¢ KBampaTHYHOM

XapaKTEPUCTHKOM, T.e. C WX IHEPreTUIECKUM BO3/Ei-

2 iy 2
CTBHEM, TaK 4TO Ik Isk"k’

koB noaMHoxectB YP cHuxkaer o0uLIyio JHepreTuue-
CKYIO OLIEHKY OMacHOCTH Bcex Habmonaemuix YP B co-

H BBISIBJIEHUC HCTOYHH-

N N ;
BOKYIHOCTH, MOCKOJBKY 2, nﬁ < N[I) (X n.=Ny)
k=1 k=1
ans moboro pasduenusas N, Ha (GparMeHThl 7, .

Takum 00pa3oM, eclu eCTb OCHOBaHHMSI CUMTAaTh,
4yTO MHOXECTBO perucTpupyembix YP mnopoxaeHo
MHOXECTBOM MCTOYHWKOB M HC BBISABJAATL 3TH MCTOY-
HUKH, OLIEHKH OMACHOCTU MHTErpajibHOi kapTuHbl YP
OKa3bIBAIOTCA 3aBEOMO 3aBBILLIEHHBIMH.

Bwsoapl. 1. HaumoHnanesHseiii crangapt PO I'OCT P
55191—2012, Tak Xe Kak U MEXIYHapOAHBI CTaHaapT
MBK 60270:2000, mexiapupys METOAbl W3MEpPEHM
qacTHYHBIX Pa3psi0B, MTHOPUPYET BOTIPOC 06 MCTOY-
aukax YP kak noreHuManbHbiX nedekrax. [Mpu Hamm-
YWUU MHOXKECTBEHHbLIX pa3psloB CIEIYET pas3in4yarh
MHOXeCTBO Je(DeKTOB (MOTEeHUHANBHBIX) B H30JIALUN
1 MHoxecTBO UP, mopoxneHHBIX 9TUMU AedeKTaMu.

2. TIpuMeHeHMEe MOCH KaxylLIerocs 3apsiaa K Ciy-
a0 MHOXECTBEHHBIX 3apsiiOB MPEACTABIISICTCS HEMPO-
JYKTHBHBIM.

3. Beenenue Monmenu npouecca YP kak kBasuue-
TC]JMHHHDOB&HHOTO npoueccca no3BoOJIsAET pa3BUTh TEO-
puio YP B HanpaBieHuu auddepeHIMalni OTACTb-
HbIX UCcTOYHMKOB YP, xapaktepusysd 3TH HMCTOYHHKH
HabOpOM MMOTEHUUAJBHO M3MEPHUMBIX MapaMeTpOB.

4. BeeneHa unes YP-mpeoOpasoBaHusA, ONHO3HAY-
HO CBSI3bIBAIONIEro mapaMerpbl McTouHHMKa YP ¢ no-
C/IeIOBATEILHOCTBIO MOMEHTOB BpemeHM cepuu YP.
Teopus W aIropuT™Mbl obpaTHoro npeodpazosanus YP
HYXJIAIOTC B JAJIbHEHIIMX MCCIIEAOBaHUAX.

5. Heobxomumo paspaboTarb IpeIOXEHHS (1Oo-
npaBku) K cranaapram TOCT P 55191—2012 u MBK
60270:2000.
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A e m o p v: Kunuum Huxoaati Bradumuposun oxon-
yun Hoeocubupckuii 31eKmpomexHuMecKull UHCmumym
(HOTH) 6 1960 2. B 1986 . ¢ Mockosckom snepeemu-
YeckoM UHCmumyme 3auiumun 0oKmopckyro duccepma-
yuto «/luaenocmuxa 3nexmpuyeckux uyeneii. Teopus u
memodor». Trasneiii Hayuuwii compyonux Hucmumyma
aemomamuku u npoueccoe ynpaeaenus (HAITY) [BO
PAH. Ipogpeccop HABDY.

ITempynoko Hamaava Huxoaaeena oxonuuna Qusu-
yeckuii paxyaemem JaneHesocmounoeo 20cydapcmeen-
Hoeo ynusepcumema 6 1985 . B 2002 2. ¢ HAIIY /IBO
PAH 3awumuaa kandudamckyio duccepmauyuro <Anaius
npoueccog 00pa3o6aHus U pacnpocmpaHerus 31eKmpo-
MAZHUMHbIX U3AYMEHUL 8bICOKOGOABNIHO20 INEKMPOIHEP-
zemuyeckoeo 00opydoeanus». Cmapuwiuil HAy4Huili co-
mpyonux HAITY J[BO PAH.
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