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G'HRUB «PD-Analyzer/65» PyKoBOACTBO MO 3KCnyaTaumum

1. BBepeHue

1.1. HasHaudeHue

Mpnbop «PD-Analyzer/6S» siBNsSieTCa yHMBEPCaNbHbIM PErncTpaTopomM nMnynbcos B B4 n CBY
AMana3oHax 4YacToT W BbIMYCKAETCA B NEPEHOCHOM U CTaluMOHapHOM WCMOSHEeHUU. B cTauMoHapHOM
NCrosiHeHUn 0bnacTb ero NPUMEHEHNs oNpeaensieTcs UCNosb3yeMbIMU AaTUYMKaMM.

Mpubop «PD-Analyzer/6S» B CTauMOHApHOM WUCMOAHEHUK, B KoMnnekTauusx «MDR-3/UHF»,
«MDR-6/UHF», «MDR-M» npegHa3HayeH AN1s1 MOCTOSIHHOMO MOHUTOPUHIA TEXHUYECKOrOo COCTOSIHWS
—Ee Y 3NEKTPUYECKON MaluMHbl  NoA
pabouMm  HanpsbkeHueM.  OnpepeneHue
TEXHUYECKOro COCTOSAHUS n3onauum
OCYLLECTB/IIETCA Ha OCHOBE peruncrpaumu, u
aHa/M3a WMHTEHCUMBHOCTU W pacripeaeneHus
NMMYNIbCOB YaCTMYHbIX pa3psaos (YP).

N3mepeHne YP npoussoauTcs npu
NMOMOLLM CreLmanm3MpoBaHHbIX AaTYMKOB.

B kavectBe  paTyuMkoB  MOryT
MCroNb30BaTbCA  AAaTYMKU -  QHTEHHbI,
NpeayCTaHOBMEHHbIE AN 3TUX  Lenen
npoussogutenemM 3M wim npu pemoHTe M
(komnnektaumm  «MDR-3/UHF»,  «MDR-
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Takxe B KadyecTBe OaTyMUKOB MOryT
MCNnonb30BaTbCA BbICOKOYACTOTHbIE

TpaHcdopMaTopbl TOKa (BbICOKOYACTOTHbIM
TpaHcdopmaTtop Toka Mapku RFCT) wnm
KOHAEHCcaTopbl CBSA3N (EMKOCTHbIE OMOpPHbIE
M30M1STOPbI) — KOMMNNeKkTaumst «MDR»1,

B npubope «MDR» peanu3osaH
Habop CaMbIX COBPEMEHHbIX CPeACTB M METOAOB OTCTPOMKM OT BHEWHWMX nomex. bnarogaps
BCTPOEHHOM B Npubop akcnepTHoM cncteme «PD-Expert», aBTOMaTM4YeCkM NpPOU3BOAUTCSA OLEHKA He
TONbKO YPOBHSI 4YaCTU4YHbIX paspsgoB, HO W onpefensietca Tun fgedekta. o BceM KaHanam
pernctpaumn 4P u3MepeHne nNpouM3BOAUTCS OAHOBPEMEHHO, 3@ CYET aHann3a CXeMbl YCTaHOBKM
AATYMKOB W PaA3HOBPEMEHHOCTU perncTpaumm WMMNyAbCOB B pasHbIX KaHanax npubopa MOXHO
YCTAHOBUTb MecTO AedekTa.

BakHbIM [OCTOMHCTBOM nNpubopa ABNSIETCS COXPaHeHMEe BCEX WMCXOAHbIX AaHHbIX, 3a CYyeT
yero, Nocfne YTOYHEHWS MEXaHW3MOB (uabTpaumm B npouecce 3KcnayaTauun npubopa, HOBble
aNropuTMbl MOTyT 6bITb MPUMEHEHbI, B TOM YKC/e, K AAHHBIM, MOYyYEHHbIM A0 YTOUHEHMS.

OnumoHanbHOo npubop MoXeT 6bITb AOMOSMHEH KaHanamu perncrpauun  TemnepaTtypbl,
BMIAXXHOCTM, TOKa, KOTOpble MOryT OblTb WCNOMAL30BaHbl AN  PerucTpaunmn  AOMNONHUTENbHBIX
napaMeTpoB, NPSIMO UM KOCBEHHO OMpeaensitoLmX COCTOSIHUE NU30NSLMMN.

PvicyHok 1. BHewHwuit Bua npuéopa MDR-6/UHF

1 Nanee, npubop PD-Analyzer/6S B CTAUMOHApPHOM WCMOMHEHWUX MpeAHa3HAUEHHbIN AN COCTOAHUS
n3onaummn 3M HasbiBaeTca «MDR»
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1.2.

OCHOBHble TexHM4YecKkMe mnapameTpbl

OnucaHue npubopa «MDR>»

npubopa «MDR-3/UHF»

«TexHunyeckme napameTpbl npubopa «MDR»:

NnpuBEAEHbLI B Tabnuue

Tabnuua 1.1 TexHnyeckne napameTpbl npubopa «MDR»

N2 TexHuueckuii napameTp 3HayeHune
1. Konun4yecTtso KaHanoBs permcrpaumm YP 3/6
2. Konnuectso kaHanoB n3mepeHust Temnepatypbl (Pt100) fo 7
3. KonnyecTBo KaHanoB U3MepEHUs BNAaXXHOCTU fo1l
4. KonnyecTso KaHanoB U3MepeHus Toka fo 3
5. KonnuyecTBo BCTPOEHHbIX BbIXOAHbLIX pene yrnpaBneHus (Cyxou 3 (2508, 6A)
NepeKUAHON KOHTAKT)
6. NHTepdelc cBs3n npubopa C KOMMbIOTEPOM RS-485, USB
Ethernet nnn
Fiber Optic Ethernet
(MHOromMoaoBOE MNKn
oAHOMOJO0BOE
OMNTOBOJIOKHO, pa3beM SC)
7. 0O6beM NamMaTn ANs XpaHeHUs apxvBea 256 M6
8. Pabouee HanpshkeHe KOHTPONMpyeMbiX 06EKTOB oT 3kB u Bblwe
9. YacToTHbIM anana3oH (HF) pernctpupyeMbix MMMynbCoB 0,1 + 20,0 Mru?
10. | YacToTHbIn anana3oH (UHF) pernctpmpyeMbix MMMynbCoB 450 + 1500,0 Mry?3
11. | Ovana3oH n3MepeHns MakcMMasibHOM aMMMTy bl MOBTOPSIHOLLMXCS] oT —46 no +14 nbB
YaCTMYHbIX pa3psiaoB B AnanasoHe yactot ot 0,5 go 20,0 My
12. | OvnanasoH M3MepeHns MMKOBOM MOLLHOCTY PaAnoYaCTOTHBIX ot =70 po -5 abm
MMMYyNbCOB B AMana3oHe vactoT ot 450,0 go 1500,0 My
13. | MapaMeTpbl 3NeKTponUTaH1s OT BHELUHNX UCTOYHUKOB:
— HanpshkeHne nepeMeHHoOro Toka ot 90 no 260 B
— 4acToTa NepeMeHHOro Toka oT49 po 61 'y
— HaNpsHKeHWe MOCTOSIHHOIO TOKa or 120 o 370 B
14. | BpeMs akcnnyaTauumn npubopa He MeHee 10 net
15. | mana3oH pabounx Temnepatyp -40 + +60 °C
16. | XapakTepuctuku kopnyca npubopa:
16.1 ANIOMMHUNEBBIN FrEPMETUYHbIN KOPMYC:
rabapuTHble pasmepbl | 400x260x110 MM
CTeneHb 3alunTbl OT BHELHUX BO3AeNCTBUIA | IP55
Bo3MoXHa ynnyHas ycTaHoBKa.
16.2 CTanbHou kopnyc:
rabapuTHble pa3mepbl | 390x216x61 MM
CTEMNeHb 3aLUMTbl OT BHELIHMX BO3AENCTBUN | 1pog
YCTaHaBNMBAETCS B 3aKPbITbIX, 3aLUMLLEHHbIX OT Bfark 1 Nbiau
MOMELLEHMSIX UM MOHTAXHbIX LWKadax YIMYHON yCTaHOBKM

2 MeTposiornyeckas nosepka permcrpaTtopa, CorfiacHo MeToauke nosepku 651-19-016 MIM, nposoanTcs
B AvanasoHe 4vactot 0,1 My + 20,0 Mlu.
3 MeTponornyeckas nosepka permcTpaTopa, CorfiacHo MeToauke nosepku 651-19-016 MM, nposoauTca
B Amana3oHe vactoT 450 My <+ 1200,0 Mru.
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G'HRUB «PD-Analyzer/65» PyKoBOACTBO MO 3KCnyaTaumum

1.2.1. WcnonHeHus npubopa

Mpnbop B NUTOM antOMMHMEBOM Kopriyce (CM. PUCyHOK 1) npefHasHayeH Ans YCTaHOBKW B
HeoTan/IMBAEMbIX MOMELLEHUSIX C TEMMEPATYPON OKpy>KatoLwero Bosayxa ot -40 + +65 °C.

[Ans n3mMeHeHust JOMyCTUMbIX KIMMATMUECKMX YCIIOBMIM 3KcnnyaTaumm (MO COrnacoBaHWUio C
3aKa3umMkoMm), npubop ycCTaHaBnMBaeTCs B MOHTaXHOM wkady (PucyHok 2). Hukakue papyrue

napaMeTpbl NpMbopa Npy 3TOM U3MEHEHbI He ByayT.

PucyHok 2. PD-Analyzer/3S BHYTpu MOHTa)HOro wwkada

1.2.2. Pexumbl paboTbl cCBETOAUOAOB U pene npubopa

Mpubop «MDR» nMeeT 5% cBETOAMOA0B, ONUCHIBAIOLLMX COCTOAHME NpUbopa:

1.

Ceetoamop «CocTtosiHne npubopa» («Status», 3eneHbin). [OpUT MNOCTOSIHHO MpU
HaxoxaeHnn npubopa B pexunMe MOHUTOpMHra. Yacto (npuMepHO 2 pasa B CeKyHay)
BK/IIOYAETCA/OTKNOYAEeTCa npu owmnbke wnan  HeucnpaBHOCTM npubopa. MeaneHHo
(NpuMepHO pa3 B 2 cekyHAbl) BKIOYAETCS/OTKOYAETCS BO BPEMSI perucrpaumm 3amepa.
He ropuT — npnbop BLIK/IIOYEH WX HEMCNPABEH.

Ceetoamoapl «ABapuiiHoe cocTosiHue» (S1-S3, kpacHble, MO OAHOMY Ha KaHan). FopsaT
MOCTOSIHHO MPW MPEBBILLEHNN YCTAHOBIEHHOMO aBapUIMHOro Mopora.

Ceetoamopn «Aapusi» (Alarm, KpacHbIi) rOpuT MOCTOSIHHO MpWU AOCTWXKEHUWM OAHUM U3
KaHanoB aBapuMMHOrO Mopora, MepuaeT — Mpyv AOCTWXKEHWMM OAHMM W3 KaHanoB
TPEBOXHOro nopora.

Mpubop «MDR» umeet 3 pene:

4.

Pene coctosHnsa npubopa (Status). Mocne BkAYeHWs NpubOp NepexoauT B PEXUM
TEeCTUPOBaHWS U NPOBEPKM BXOAHBIX KaHanos. ECv Bce NnpoBepKu BbINOMHEHbI, U Nprbop
nepewen B peXuWM MOHWUTOpPWUHra BKIOYaeTcs pene Status. Pene mocTosiHHO BK/OYEHO
npu HOpManbHOM pexwume paboTbl npubopa. Mpu BO3HUMKHOBEHUWM OWMOKM W Npu
BbIK/IIOYEHMM NpMBOopa KOHTaKTbl pene NepeksItovaloTcs B MICXOAHOE MOSIOKEHUE.

4 Komnnektauum MDR-M, MDR-6/UHF fononHuTeNbHO UMeloT 3 cBeToamoaa S4-S6



G|HRU5 «PD-Analyzer/65» PyKOBOACTBO MO 3KCnyaTaumm

5. Pene TpeBOXHOro coCTosiHMsi n3MepsieMblx napameTtpos (Warning). Pene 3aMbIkaeTcs npum
NPEBbILEHNN KOHTPOSIMPYEMbIMM MapaMeTpaMu Mnopora TPEBOXHOMO COCTOSIHUS U He
[AOCTVXKEHWUM MOpPOra aBapyMHOIO COCTOSIHUSA MO 060MY M3 KaHanoB. Pene oTKIoYaeTCs
MPU CHWMXKEHUW 3HAYEHUW MAPAMETPOB HMDKE MOpora TPEBOXHOMO COCTOSIHUS WM Mpw
MPEBbILLEHNN MOPOra aBapuMHOro COCTOSIHMS.

6. Pene aBapuMHOrO COCTOSIHUS M3MepsieMbix napameTpoB (Alarm). Pene 3aMbikaeTcsi npw
MPEBbLILLIEHNN MOpPOra aBapuvMHOrO COCTOSIHUS MO Ntob6oMy M3 kaHanoB. OAHOBPEMEHHO
3aropaeTcsl KpacHbI CBETOAMOA Ha naHenun npubopa. Pene oTkNOYaeTCs Npu CHUXXEHMM
3HaYeHus napameTpa Hwxke nopora.

1.3. OcobeHHOCTM paboTbl npubopa

Mpubop «MDR» He MMeeT OpraHoOB YMpaB/ieHWsl, MO3TOMY BCS HACTPOMKa OCYLLECTBNSETCS
npyv NOMOLLM NEPEHOCHOr0 WM CTaUMOHApPHOIO KOMMbIOTEPa.

Bce coBeplueHHble M3MepeHUs COXPaHsATCA B namatv npubopa, nocne ee 3anofiHeHWs
NprMbop HAYHET yAansaTb CaMble «CTapble» U3MEepPEHUs.

[ns onTUMM3aLIMK UCMOMb30BaHNS NPOCTPAHCTBA BHYTPEHHEN NaMSATU Npubopa 1 yBeIMYEHUS
CKOPOCTU Mepedadn AaHHbIX WUCMOoSb3YTCA anropuTMbl apXvMBauum, YTO MPUBOAUT K YBENNYEHWUIO
NPOAO/MKUTENBHOCTU COXPAHEHUS pe3yNbTaTOB M3MEpPeHUs U, KakK CeacTBue, K YBEIMYEHWUIo
MWHUManNbHOrO MHTEpBana Mexay U3MepeHuUsIMu.

OCHOBHOM pexuM paboTbl nNpubopa — M3MepeHWe MO pacnucaHuilo. Mexay W3MepeHUsMu
Npubop MOCTOSIHHO AeniaeT M3MepeHusl BHE pacnuncaHns 6e3 coxpaHeHust B SHeproHe3aBUCUMYHO
namsiTb. KputepreM Heo6XoaMMOCTM COXPaHEHWUSI pe3y/bTaToB TaKUX U3MEPEHUN SBNSETCS pe3Kun
POCT pa3psiiHON aKTUBHOCTM.

1.4. TvnoBble CxeMbl UCNOJIb30BaHUA Npubopa

1.4.1. CBY aHTEeHHbI
[lBa AaTumKa - aHTEHHbl YCTAHABAMBAKOTCS NPW U3roTOBAEHUU UM peMoHTe DM B NnoboBbIX
yacTsx. TpeTbsl aHTEeHHa YCTaHaBNMBAETCs Ha BBoAe B OM.
Mpy MCNONb30BaHWM TaKOWM CXEMbl M3MepeHusi KaHanbl npubopa AomkHbl pabotath B CBY
(UHF) anana3oHe 4acToT.

t H cratop ijlOﬁOBble

4actu

C—] Potop 1
C Cratop h
AutenHa 3¥| KaGenp / AHTEHHa 2
AHTeHHa 1

NMUTAHUA

/

MDR-3/UHF

PucyHok 3. Cxema pacnonoxxeHust CBY-aHTeHH

B wecTnkaHanbHOM KOMMAEKTaLUMM 3Ta CxeMa MOXeT ObiTb A0NONHeHa 1-3 AONONHUTENbHLIMM
aHTeHHamMn wnm 1-3 gaTunkamu, paboTtatowmmm B BY ananasoHe.

AHTEHHbI Ha 106oBble YacTh M MoryT 6biTb YCTAHOB/EHbI TOMBKO MPW U3FOTOBNIEHUM UK MPU
KanuTanbHOM peMoHTe OM. B apyroe BpeMsi MOryT 6blTb MCMOSIb30BaHbl aHTEHHbI, YCTaHaBMBAEMbIE
Ha KOXyx DM BHYTpU Hero.
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1.4.2. BM ycTpoicTBa KOHTpONns
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PycyHok 4. Bo3MOXHble MecTa yCTaHOBKM BY yCTpoiCTB KOHTpoOns

K ycTponctBaM KOHTponsi, paboTatowmm B BY (HF) anana3oHe 4acToT OTHOCATCS YCTPOWCTBa
KOHTPO/IA MapoK:

e DRTD — BbICOKOYaCTOTHble TpaHChOpPMaTOpbl TOKA, OAEBaeMble Ha BbIBOAbI AaTYMKOB
TemnepaTypbl 06MOTKM cTatopa. CaM AaTuMK KOHCTPYKTMBHO BbIMOSIHEH TaK, YTO OH
NOAKSIIOYAETCA B Pa3pblB 3TUX BbIBOAOB.

e RFCT — BbICOKOYACTOTHbIV TpaHCcopMaTop ToKa.

e CC — koHzeHcaTop cBsi3W. OMOpPHbIA M30NATOP, C YCTAHOBNEHHOW BHYTPU EMKOCTbIO,
KoTopas obecrneumsaeT nepegadvy BY curHanos.

Bce paTuMku MOryT yyacTBOBaTb B aMMIMTyAHON unbTpaumMm unm gunbTpauum no BpeMeHU
NpubbITUS.
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2. O6wme BONpOChl NpoBeAeHUA U3MEPEHUI YaCTUUHbIX pa3psaaoB

2.1. TlMapaMeTpbl HaCTUUHbIX pa3psaaos

YacTuuHbIi pa3psiq — 3TO MCKPOBOM pa3psii OYeHb ManeHbKOM MOLLHOCTW, KOTOpPbIN
obpasyeTcs BHYTPWM M30N5UMW, UM Ha ee MOBEepXHOCTW, B 0b6OpyaoBaHWM CpeaHero U BbICOKOro
KnaccoB HanpspkeHus. C TeYeHMeM BpeMEeHM, Nnepuoanyecky NMOBTOPSIOWMECH YACTUYHbIE pa3psiabl,
paspyLlLaeT M305UMI0, NPUBOAS B KOHEYHOM uTore K ee npoboro. O6bIYHO paspyLleHne n3onsaumm
noa AEWCTBMEM YaCTMYHbIX Pa3psiA0B MPOMCXOAUT B TEYEHWE MHOTMMX MecsLeB, M Aaxe Nnet. Takum
0bpa3oM, perucTpaumsi YacTU4HbIX pa3psdoB, OLEHKA MX MOLWHOCTM W MOBTOPSIEMOCTM, a Takxke
NoKanusaumMs Mecta WX BO3HMKHOBEHWSI, MO3BOJSIIET CBOEBPEMEHHO BbISIBUTb pasBUBalOLLMECS
NOBPEXAEHNS U30MALUMN U NPUHSATb HEOBXOAUMbIE Mepbl AN UX YCTPaHEHUS.

Y1066l NpaBUAIBHO NOHUMATL NPUHLMMLI PaboTbl Npubopa HeobxoaAMMO onpeaennTb OCHOBHbIE
TEPMWUHbI U WHTErpasibHble MapaMeTpbl, OMNMCbIBaKOWME YacTU4YHblE paspsabl B BbICOKOBOSIbTHOM
obopyaosaHuu.

Bce vMetowmecss B Mupe cTanaapTbl no YP onpeaensitoT HEKOTOPbIA HAbop WMHTErpasbHbIX
BE/IMYMH, KOTOpbIE MOryT PacCyMTbIBaTbCA WIN HEMOCPEACTBEHHO U3MEpPATLCS MpU TecTe COCTOSHUSA
nsonauun. CTaHgapTbl pa3HbiX CTPaH MOryT pas/iMyaTbCsd B A€TansiX, HO, B OCHOBHOM, B OCHOBHbIX
MOHATMSAX OHX COBMAAAIOT.

Bce ctaHaapTbl no YP 6asupyloTcs Ha MOHSATUM «KaXyLMics 3apsa». Moa «kaxywmumcs»
3apsA0M MOHMMAIOT TaKoM 3apsi4, KOTOPbIA HEO6X0AMMO AOMOMHUTENBHO U MTHOBEHHO «BrPbICHYTb»
B KOHTponupyemoe obopyaoBaHue, YTobbl BOCCTAHOBUTbL PaBHOBECUE, HApYLUEHHOE BO3HMKHOBEHMEM
«BHYTpeHHero» muMmnynsca YP. B 3TOM onpeaeneHnn o4yeHb BaXKHbIM SBSETCA TO, YTO Mbl HE 3HAEM
napameTpbl peanbHOro 3apsifa, Hanpumep, BHYTPU ra3oBOro BKIKOYEHWs, a u3MepsieM (3amepsieM)
peaKLMI0 KOHTPOMPYEMOrO BbICOKOBOSIbTHOrO 06bEKTa CXEMbl HAa BO3HWMKLWIMIA YP. 3apsa noToMmy u
Ha3BaH «KaXyLUMMCS», T.K. Mbl TaK CYUTAEM, HE 3HAs UCTUHHOMO 3Ha4YeHUs peanbHoro YP.

N3mepsieTcs kaxywmics 3apsa YP B nKn (nukokynoHax). Eciu cnoxuTb Bce 3apsiabl,
3aperncTpMpoBaHHble B 060pyA0BaHWMM 3@ OfHY CEKYHAY, TO NonyumTcs Tok YP — Tok, mpoTekatoLmnii
B TOM Lienn, KOTOPYI0 KOHTPO/IMPYET AaTuMK, AONOMHUTENBHO 3@ CHET BO3HMKHOBEHUS YP. B cpeaHeM
3TOT TOK SAB/IIETCS YMCTO aKTUBHBLIM U XapaKTepU3yeT NOoTepy B U30SUMN U3-3a BO3HUKHOBEHUS YP.

McTopnyeckn BaXXHOM XapaKTEPUCTMKOM SIBMSIETC «MaKCUMalbHbI W3MEPEHHbIN 3apsig».
MoyTn BCE U3rOTOBUTENM BbICOKOBOSIbTHOIO 060PYAOBaHUS A0 CMX MOP MOJb3YHOTCS 3TOW BETMYMHOM
(ecnn BoObLWE 4eM-TO MNOMB3YKOTCA) NPU MPUEMHbLIX UCMbITAHMAX. KOHEeYHO, BCE MOHWMMAIOT, YTO
HY>XHO M3MepsiTb, MPUYEM YTO-TO CTAaTUCTUYECKM AOCTOBepHoe. B crapbix npubopax craTUcTuka
3a0aeTC BpeMEeHeM YyCpedHEHUsl, a B COBPEMEHHbIX npubopax 3TO pellaeTcs yaaneHnem u3
PAacCMOTPEHNS  CITyYalHbIX OAMHOYHBLIX BbIOpOCOB. Hanpumep, B onpeaeneHnyM aMepukaHCKoro
CTaHdapTa 3TO 3ByYMT TaK: «aMnauTyaa Hambonbluero NoBTOPSIOWErocs paspsaa npy HabnwoaeHuu
NMOCTOSAHHBLIX pa3psaos». CnegoBaTenbHO, 3TOT TEPMUH HE MpeaycMaTpuMBaEeT aHanu3 OTAENbHbIX
BblbpocoB. YT0OObI caenatb 3TO onpeaeneHne 6onee KOHKPETHbIM, OrPaHUYMMCH YYETOM TOMBbKO Tex
YP, KoTopble NOBTOPSItOTCS He MeHee 10 pa3 3a cekyHay. B HalweMm cnydyae, npu YacToTe NUTaoLLEN
cetn B 50 'epy, Mbl Nony4aeM, YTO OAWMH MMNYJIbC AOMKEH ObITb HE pexe, YeM 3a 5 nepruoaoB CeTu.
Ans ynobcTBa nonb3oBaHUS 3TOT TepMUH byaem 6paTb B cnegytowen hopMynnpoBke: MMNynbc YP
6yaeM cuuTaTb nepuoaMyeckyM MNOBTOPSOWMMCHA, €C/iM 4acToTa ero cnegosaHus coctasut 0,2
UMMynbCa Ha OAMH Nepuoj nuTatrowwen cetu. [lanee B TekcTe napaMeTp byaeT oTpaxaTbCs Kak Qoo.
[ns ynobcTea nonb3oBaHus byaeM aenaTb 3TO OAMHAKOBO AN Nobon yactoTel ceTtr, 50 1 60 Mepu.

LleHHOCTb 3TOro mapameTpa AOCTaTOYHO BblcOKa. MHOrve MeToAbl AMarHOCTUKM 6asmpyroTcs
Ha HeM, XOTSl, KaK OTAENbHO B3SThIA MapaMeTp OH CKOpee MNJI0XOM, YeM XOPOLUMI, NO KpavHen Mepe,
Npy NOCTOSIHHOM MOHUTOPUHre noa pabouvMMm HanpspkeHneMm. Mbl MMeeM MHOro obopyaoBaHusi, rae
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6onblune (no amnnutyae) YP XXMBYT YCnewHO roaamm, a Manble, HO C 60/blOoN YacToTon
MOBTOPEHMSI — O3HAYalOT peanbHyto Npobnemy.

Kak nocuutaTb notepu, Bbi3BaHHble YP. 3TO MOXHO caenaTb AOCTaTOYHO MPOCTO, Bedb
pu3nyeckn npu  Kaxaom umnynbce YP, Mbl AONOMHUTENBHO BMPLICKUBAEM M3  MUCTOYHWUKA
UCMbITAaTENIbHOrO  HanpshKeHUsI B KOHTPO/MPYEMbIM  OOBEKT  «KaXyliMncs» 3apsia.  3apsia
WHXXEKTUPYETCS MTHOBEHHO U CBSA3aH C KOHKPETHbLIM HaNPSXXEHWEM MUTAIOLLEN CETU. 3HAUMT SHEPrUs,
KOTOpasi AOMNONHUTENbHO BBOAUTCS B 0bopyaoBaHue (M3-3a) eanHuyHoro YP, paBHa 3apsaay,
YMHOXEHHOMY Ha MrHOBEHHOE HanpshkeHne Ha obbekTe. [lanee HyXXHO NpoCyMMMpPOBaTb BCe
UMMYNbCbl U NONYYNTb MNOJSHYIO 3Hepruio YP. ECcnv MOMHYIO 3HEpruio noaenntb Ha MOMHOE BpeMs
CyMMUPOBaHWSA, TO MNOJYYUM MOLHOCTb YP. ITOT MNapaMeTp Ha3blBAaeTCA «MNOTEpPU 3SHEPrun Ha
YacTUYHblE pa3paabl».

®opmyna:

P:%xiQixVi

roe:

P — MoLWHOCTb pa3pagos, BatT,

7 — BpeMs HabnoaeHus, cekyHa,

m —41cno HabnaeHHbIX UMMYbLCOB 3a BpeMs T, U

QiVi— aHeprus i-ro nmnynbca

BnonHe ouyeBnaHo, 4TO, HasMpysacb Ha a3oBOM pacnpeaeneHun umnynbcoB YP, MOXHO
paccyMTaTb MMHOBEHHOE 3HAYeHWe MPUIOXKEHHOMO HarnpshKeHUs, KOHeYHo, ecnin ¢ha3oBas npuBs3ka
UMMY/IbCOB BbIMOJSIHEHA MPaBUIbHO W [OCTOBEPHO paccyMTaHa MOWHOCTb. OAHako COBCEM He Bce
nNpubopbl  pernucTpupyroT (pas3oBoe pacnpefenieHMe UMMynbCoB, a eCcnn 3Ta GYHKUMS B HUX
peannsoBaHa, TO UCMONb3yeMbIN AaTYMK YP MOXET pernctpupoBaTb UMMynbCcbl YP ¢ ABYX unn gaxe
Tpex a3 ob6bekTa. Kakoe HanpshkeHne cneayeT 6paTb B TaKOM Crlydae, C Kakow ¢asbl?

[ns pelueHns 3Toro BoNpoca aMepuKaHCKMi ctaHaapT no YP npeanaraet Mcnonb3oBaThb elle
OAVH AMAarHoCTUYeCKMM napameTp, KOTOpbIM 4alwle Bcero HasbiBaloT PDI — «Partial Discharge
Intensity». B 3TOM napameTpe BMECTO MIHOBEHHOIO Hanps»KeHWs B MOMEHT MPOXOXAEHUS UMMybCca
YP, 6epeTcs ero AeMCTBYIOLLEE 3HAYEHME, T.€. OAMHAKOBOE HanpshKeHWe ANs BCEX MMMYMbCOB, @ He
nepcoHanbHoe Ans Kaxaoro. [NpoBoas CpaBHUTENbHbIE PacyeTbl, MOXHO Yb6eanTbCs, YTO UTOroBOe
pasniMune rnapamMeTpoB, PacCUMTaHHbLIX B MEPBOM M BO BTOPOM cCnydyasx, nexuTt B npegenax 20 %.
3TOro BMnOSIHE AOCTaTOYHO, YTO6bl KOPPEKTHO OLEHUTb YpOBEHb U CTpouTb TpeHa. MapameTp PDI
ABNSETCA OAHVMM M3 OCHOBHbIX, MCMOJSIb3YeMbIX AN OLEHKU MHTEHCMBHOCTM YP B KOHTPONMpPyeMOM
obbekTe.

Ansa npnbopos, namepsiowmx UHF curHan npu NOMOLM Creumann3MpoBaHHbIX aHTEHH, YacTo
MCMNO/b3YEeTCS He MOLLHOCTb MMMYNbCOB, a aHeprusl curHana (Energy), MKBT * cek.

Mo obomMm nonydeHHbIM nNapaMeTpam, npubop «MDR» paccuuTbiBaeT TPEHH WIN CKOPOCTh
pocra (BO CKOMbKO pa3 WM3MEHUTCA napaMeTp 3a rod). 3TWM MapaMeTpbl Takxke MoryT 6biTb
MCNO/b30BaHbl AN151 OLEHKM COCTOSIHWUSA 10600 BbICOKOBOILTHOIO 060pyA0BaHMUS.

HekoTopble npakTMyeckue CneuranucTbl, MWCNOMb3YIT W ApyrMe napameTpbl, HO UX
npakTnyeckas UeHHOCTb U MPUrOAHOCTb AN ANArHOCTUKW, MO HAWEMy MHEHUIO, CYLLECTBEHHO HUXE.
TeM He MeHee OHW, MHOrAA AOCTAaTOYHO YCMELWHO, MPUMEHSIIOTCA Ha NPaKTUKe.

2.2. AnroputMmbl paboTtbl npubopa
Ba)xHeMwen 3ajavend AMArHOCTMKM COCTOSIHUS M30ASUMM MO MapaMeTpaM  YacTUYHbIX
paspsiioB  ABNSIETCA  MNPOBEAEHME  KauyeCTBEHHOM oueHkn. OHa uMeeT CBOEN  Uenblo
anddepeHUMpoBaTb BO3MOXHbIM  TUN  AedekTa, BO3HMKLIEr0O B W30M8UMKW, a B waeane w

NIOKANIM30BaTb U MECTO €r0 BO3HMKHOBEHUS.
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Bce nsBecTHble MeToAbl M CNOCObbl AMArHOCTMKM COCTOSIHUSI M30MISILMM MOXHO 06beanHUTb B
ABE rpynnbl.

K nepsoi rpynne OTHOCSTCS MeToAbl, 6asupyrowmMecss Ha aHanM3e napaMeTpoB OTAENbHbIX
MMMNYbCOB YaCTMUHbIX Pa3psdoB. B HWMX aHanM3MpyloTCa aMNAWMTYAHbIE M YacTOTHblE MAapaMeTpbl
3aperncTpMpoBaHHbIX MMMY/IbCOB, @ TaKXXe CBA3M MeXAy UMMynbCaMu, NOCTYMNaloWwmMMmM OT AaTYMKOB,
YCTaQHOBJ/IEHHbIX B Pa3/IMYHbIX 30HAaX KOHTponvpyemoro obopyaoBaHusi. OCHOBHOE HasHayeHune
METOAOB 3TOW rpynnbl — MOBbILIEHNE AOCTOBEPHOCTM MPOBOAUMbLIX M3MEpeHMn 3a cyeT 6onee
3(PHEKTUBHON OTCTPOMKN OT MOMEX.

Ko BTOpoi rpynne OTHOCATCS MeETOAbl, 6asvpylolimecs Ha aHanuse aMmnanTygHoro W
aMNNUTYAHO-(Aa30BOro  pacnpefeneHnst 3aperMcTpupoBaHHbIX MMMYbCOB YaCTUYHbLIX Pa3psiaoB.
Llenbio 3TMX MeTOAOB SABMSIETCA OnpedenieHne TUMOB MMEWNXCs AedekToB M OueHKa BAMSHUS
AedekToB Ha OCTATOYHbIA PEeCcypC BbICOKOBOSILTHOM M30M8UMKW. DTO METOoAbl Hambonee BbICOKOro
YPOBHSI AMArHOCTMKWM, OTHOCSALUMECS K 3KCMEPTHbIM CUCTEMAM, MPUMEHSIEMbIE ANS  MOJyYeHus
KOHEYHbIX 3aK/It0YEHMI O COCTOSIHUM U30NSALUMMK.

2.2.1. AHanus napaMeTpoB YaCTUUYHbIX pa3psaaoB

Mpn nomowm MeToAOoB [AaHHOM Trpynnbl obecneumBaeTcs HeobxoaMMasi AOCTOBEPHOCTb
NpoBeAEeHUs perncTpaumMm YacTUYHbBIX pPa3psgoB B BbICOKOBOLTHOM 060pyAOBaHMKM  pasfiMyHbIX
TMnoB. Bce 3T mMeToabl, 06bIYHO, peann3oBaHbl Ha annapaTHOM YPOBHE, 3aloXeHbl B
n3mepuTesnbHble NPUOOPbI U3roTOBUTENAMU TEXHUYECKNX CPEACTB.

Kak yxe roBopuiocb Bbile, OT/MYME COBPEMEHHBLIX MNPUOOPOB PpermcTpauum 4YacTUYHbIX
pa3psaoB OT ocumniorpacdoB COCTOMT B TOM, YTO BbIXOAHOW MHGoOpMaumeln npubopa siBNSETCs He
TONbKO OCLMMIOrPaMMa, HyXAatoLascs B AOMOSHUTENBHOW 3KCMEPTHOM OLEHKE, a elle U MTOorosast
NMHMOPMaUnNs 0 KOIMYeCTBE MMMNYNbCOB, OTBEYAlLWMX onpeaeneHHbIM TpebosBaHMsM. Becb npouecc
OUEHKM MnapaMeTpoB WMMY/IbCOB MPOUCXOAMT B MNpubope B pexuMme peanbHOro BpeEMEHU, B
COOTBETCTBUM C 3a/TOXKEHHLIMU B TEXHUYECKYIO YacTb nNpubopa anropytmamu.

Yem npubop coBpemeHHee, TeM 6onbluee KOIMYECTBO AMArHOCTUYECKUX anropuTMOB
peanv3oBaHO B €ro TEXHUYECKOM M NPOrpaMMHOM 4Yactu. Yem 6onblue peannsoBaHO TakMX
anropuTMoB, 60NbLIMMKN BO3MOXHOCTAMM 0bnagaeT cneumanmcT. OTO NO3BONSET eMy 3aHMMATbCS He
6EeCKOHEYHbIM PYTUHHBLIM NPOCMATPMBAHMEM OCLMINIOrPaMM, a AMarHOCTUKON COCTOSIHUSI U30M1siLuK B
NPsSIMOM ee MOHUMaHUu.

PaccMoTpuM Hambonee BaXkHble Cnocobbl aHanu3a napamMeTpoB YacTUYHbLIX pa3psiaoB.

2.2.1.1. Bblbop ananasoHa 4acToT YaCTMYHBIX pa3psaoB

OoHMM ¥3 Havbonee BaXHbIX BOMPOCOB, BO3HMKAKOWMIA NPU MNPOBEAEHUU AWUArHOCTUKU
COCTOAHUA M3014UMnM NO 4YaCTUYHbLIM pa3psanaM, ABJIAETCA Bbl60p AnanasoHa 4acTtoT, B KOTOpPOM
npeanonaraeTcs NpOBOAUTb M3MEPEHWsl MapaMeTpPoB YacTWU4HbIX pa3psgoB. B atom Bonpoce, B
peKoOMeHAaUMSX pasnYHbIX hUPM, M3roTOBUTENEN AMArHOCTUYECKOro obopyaoBaHUs, CyLLeCcTByeT
OYeHb LUMPOKMIA pa3bpoc B mapaMeTpax 3TOro Avanas3oHa YacToT OT COTeH Kunorepu, Ao rurarepu,.

Bonpoc BblbOpa 4acTOTHOrO [Auana3oHa HeOAHO3HayeH, B HEM €CTb  HECKOJbKO
NPOTMBOMOJIOXHbLIX aCNeKToB, KOTOpble NonpobyemM pacCMOTpPETb.

a) I'IapaMeprl «KKaXyLlerocsa» 4aCtnyHoro pa3psaa.

Y1066l OTBETUTH Ha OAMH acCneKT 3TOoro BOMpoca, Heo6X0ﬂVIMO BCNOMHUTb, KaKue
SJIEKTPUNYECKMNE MapaMEeTpPbl Mbl U3MEPAEM, YTO Mbl CYNTAEM «U3MEPEHHbLIM YaCTUYHLIM pa3paaoM>.
ECTeCTBeHHO, YTO Mbl HE MOXXEM MPOBECTUN «MpsAMble» U3MEPEHNA NMAPaAMETPOB YaCTUYHbIX pa3psaaoB
B u30naumn. CrnOXHOCTbIO SIBNSIETCA TO, YTO paspsdbl OBbIMHO MPOMCXOAAT HE TOMbKO BHYTPM
Kopryca 060pyaoBaHus, HO U Aaxke BHYTpU camoi usonsumn. Kpome Toro, HamnpsikeHusl, C KOTOpbIMU
paboTaeT KOHTponmMpyemoe 060pyaoBaHMe, HbiBAaeT HACTONbKO 6OMbLIMM, YTO HU O KaKUX «MNPSIMbIX>»
N3MEpPEHUSX O peun He MOXET OblTb.

10
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Mocne KaXxaoro YacTMYHOMO pa3psiia BHYTPY 000pyAOBaHMSI M3 MUTAIOLLEN CETU NMPOUCXOAUT
MMMNyNbCHast  «MOAKayka 3HepruM», HeobxoauMmasi Ans  BOCCTaHOBNEHWS  pacrnpeaeneHus
3M1EKTPUYECKOr0 MOMISl, WCKaXKEHHOro pa3psiioM. WMEHHO 3TOT 3MeKTPUYECKUM WUMMYNbC  Mbl
PErMCTPUpPyEM MpyU MOMOLUM HALUMX AATYMKOB, YCTAHOB/IEHHBIX «BOKPYM» YEPHOro SiLiMKa, KOTOPbIM
HaM NpeACTaBnseTCcs KOHTponnpyemoe ob6opyaoBaHume.

M3 3TOro cneayer O4YeHb BaXKHOE 3aK/toueHue. PerncTpupyembll MMMYNbC «OT Y4aCTUYHOMO
pa3psiia», KOHEYHO, UMEET CBS3b C MapaMeTpaMy MPOM3OLLEALLErO BHYTPU YaCTUYHOrO pa3psaa, Ho
BO MHOMoM (MOXHO CKa3aTb MPaKTUYECKM TMOJIHOCTbIO), OH CHOPMUPOBAH 3N1EKTPOMArHUTHLIMM
napamMeTpaMn KOHTponupyemoro obbekta. Ha napameTpbl pernctpupyemoro npubopoM uMmnynbca
OKa3blBalOT BMSIHME MHOrMe (akTopbl - reOMeTpuYeckne pasMepbl 0bbekTa, ero BHYTPEHHME
3M1EKTPOMarHUTHbIE CBSA3U, MECTO BO3HMKHOBEHUS AedeKTa.

3aK/loyasi 3TOT, BeCbMa MOBEPXHOCTHbIM, aHaM3 OCOBEHHOCTEW W3MEPEHUSI YaCTUYHbIX
paspsaaoB cneayeT ckasaTb cnegylouwlee. M3mepeHusi B CaMOM BbICOKOYACTOTHOM AuMana3oHe MMET
CMbIC/T TO/IbKO MPU KOHTPOJSIE «MPSIMOrO» 3/IEKTPOMArHUTHOrO W3/yYEHUS] Ha MOACTAHUMM NpU
nomMoww 3oHAa. [lpu BbIGOpPE YaCTOTHOrO [Avana3oHa AN MPOBEAEHUSI U3MEPEHWUN BHYTPU
obopyaoBaHMSI MPaKTUYECKM BCerga cneayer OpPUEHTUPOBATbCS HE Ha MnapaMeTpbl «UCTUHHOMO
MMMyNbCa», @ Ha NapaMeTpbl «TPaHC(HPOPMMPOBAHHOTO MMMy/bCa», PErMCTPUPYEMOr0 CHapyXwu
obbekTa. MpKn 3TOM yallle BCEro 0KasblBaeTCs, YTO CaMblil BbICOKOUYACTOTHbIN MMMNYbC, BO3HUKLLUA B
cepeavHe KabenbHOW NMHMKM, Ha KOHLIEBOW pa3genke, rae Mbl 06blYHO yCTaHaBMBaEM CBOWM AaTyMK
YaCTUYHbIX pa3psaoB, OyaeT uMeTb YacToTy He 6onee ogHoro Merarepua. AHanorMyHasi KapTuHa
MMEET MECTO BHYTPU KPYMHbIX 3/IEKTPUYECKMX MALLWH U TPaHCHOPMATOPOB.

b) CBA3b peanbHOM «30HbI YyBCTBUTEILHOCTU» AaTUMKa YaCTUYHBLIX Pa3psiaoB C ero pabouen
4aCTOTOW.

YeM Bblle YacTOTa BbICOKOYACTOTHOMO MMMy/bca, TeM C 6OMbLUEA CKOPOCTHIO OH 3aTyxaeT B
HEOAHOPOAHOM KOMIMJIEKCHOM cpefe, B BuAEe KOTOPOM YAOBHO nNpeacTaBnaTb BCE  KPYMHble
BbICOKOBOJIbTHbIE MaLUMHbI M annapaTtbl. NS AMArHOCTMKM COCTOSIHUSI M30/1[UMM MO YaCTUYHbIM
paspsigam 3TO MMeeT o4eHb 6oMblloe 3HaYeHMe.

[ns npuMepa pacCMOTPUM CTATOP KPYMHOM 3MEKTPUYECKOM MaluWHbl, Ans KOHTponst YP B
KOTOPbIX Hanbonee 4acTo MCMONb3YIOT BbICOKOYACTOTHbIE KOHAEHCATOPbI CBS3W, MOAK/IIOYAEMbIE K
BHELLHMM KneMMaM 06MOTKW. ECnm YacTUYHbIA pa3psig BO3HMKAET BO6IM3M BHELIHMX KEMM O0BMOTKM,
TO NpobneM C perucrTpaumen MMnynbca HeT. ECn e YacTUYHbIA pa3psis Takou XKe MHTEHCMBHOCTY
BO3HMKHET Ha «MPOTMBOMOMIOXHOM» YacTu 06MOTKM, BO6IM3KM HENTpanbHOM TOYKM OBMOTKM, TO 3TOT
nMnynbC 6yaeT UMEeTb B 30HE HALLEro AaTyMka CyLLECTBEHHO MOHMXKEHHYIO amMnnauTyay. Kpome Toro,
YyacToTa MMNyNbCa, 3@ CYET 3aTyxaHusl BHYTPU OOMOTKM, 3HAYMTENIbHO CHM3WUTCHA. PeanbHO 3TO
Bblpa3uTCs B 3aTArMBaHUKM nepeaHero poHTa MMnynbca. Ha npakTuke 3TO MpUBEAET K TOMY, YTO
MMNYNbCbl OT OAMHAKOBbIX YAaCTUYHbIX Pa3psiAos,

%@ %@ %@ HO BO3HMKWIKMX B Ppa3HblX 4YacTax 06MOTKM,

npubopoM 6yaeT  WMHTEpNpeTUpoBaTbCs  Kak
MMMNYNbCbl Pa3IMYHON MHTEHCMBHOCTM, CO BCEMM

A BbITEKAIOLMMM OTCIOZA NOCIeACTBUAMM.
OTcroga cnepyet npocTo
AVarHOCTUYECKUM NpU3HaK, WHoraa

OKasblBatoLwmincs NPaKTU4YeCKM nNone3HbIM MNpun
OLIEHKE BEpPOATHOro MeCta BO3HUKHOBEHUA

Aedekta B n3onauum. Yem bonee

BbICOKOYACTOTHbIM ABNSAETCA

PuCyHOK 5. BnvsiHue MecTa BO3HUKHOBEHWSI 3aperucTpupoBaHHbI  UMMyNbc, TeMm 6nnxe K
YacTMYHOro paspsaa Ha popMy perucTpupyemoro AaTymKky pacnosaraeTcs 30Ha ero
“mMnvIibCa BO3HWKHOBEHMA. YeM Kpyye nepeaHuit hpoHT

11
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UMMynbca YaCTUYHOro paspsifa, TEM BbILLE ero YacToTa.

Takon AMarHOCTMYECKUA NoAXOA MPOAEMOHCTPMPOBAH Ha PUCYHOK 5. Ha Hem, B kauecTBe
npuMepa, npvBeaeHa kabenbHasi NMMHUS, B KOTOPOWN yKasaHbl TP MeCTa BO3HMKHOBEHMSI YaCTUYHbIX
paspsaoB. Yem 6nmxe K NEPBMYHOMY AATUMKY BO3HMKAET YAaCTUYHbIA paspsif, TEM Kpy4ye nepeaHvn
(poHT perucTpupyemoro umnynbca. Kpome TOro, nNo Mepe yganeHuss OT AaTuuKka, CHUXAETCSs
amMnanTyaa perucTpupyeMoro uMmryrbca.

c) Csizb paboyero AvanasoHa YacToT W3MEPUTENIbHOW CXEMbl PErMcTpauMn YacTUYHbIX
pa3psiAoB C AMana3oHOM YacTOT aKTUMBHbIX MOMEX.

Ba)xHbIM MapaMeTpoM, OnpeaensoWmnM HXenaTesbHbld  AMana3oH 4acToT M3MepUTENbHOM
CXEMbI, SIBNSIETCA €ro CBsA3b C [AMana3oHOM 4acToT nomex. Hambonee onacHbiMW, U TpyAHO
YCTPaHUMbIMK, B TPAHCPOPMATOPHOM 060pyA0BaHUKN SBNSIOTCS MOMEXM OT KOPOHHbLIX pa3psiaos.

CyLLeCTBYEeT HECKOMbKO Pas/MyHbIX B3rNS40B HAa YaCTOTHbIA AMana3oH, B KOTOPOM BfMSIHUE
KOPOHHbIX pa3psiaoB Hanbonee cnnbHO. OAHM aBTOPblI CYMTAIOT, YTO BMSIHME KOPOHHbLIX pa3psiaoB
MaKCMMasnbHO B AManas3oHe 4acToT, MeHblueM, 4yeM 5 Merarepu. EcTb paboTbl, B KOTOPbIX 30HA
MaKCMMasbHbIX MOMEX onpeaeneHa B YacTOTHOM Auana3oHe oT 5 go 20 merarepu. [ns Toro 4tobbl
npooanTb M3MepeHuss B CBY (UHF) avana3oHe 4acToT M MMETb XOPOLUYKD OTCTPOWKY OT MOMEX,
HY>KHO NPOBOAUTb U3MEepeHUs B AMarnasoHe 4acToT, npesbiwatowem 200 Merarepu.

CunbHoe pasnuune Mexay MHhopMaLmen pasHbiXx aBTOPOB, OYEBUAHO, 0OYCNIOBNEHO TEM, YTO
BCE 3TW WCCNefoBaHUA MNPOBOAWMAUCL ANS pa3HblX TUMOB BbICOKOBOMLTHOIO 0bopyaoBaHus. He
CYLLEeCTBYET OAMHAKOBbLIX PEKOMEHAAUMM AN BCEro BbICOKOBOSILTHOrO 060pyaoBaHus. B kaxaom
KOHKPETHOM Cflydae WHQOpPMaTMBHAs YacTOTHash 30Ha, B KOTOPOM MPUCYTCTBYIOT YaCTUYHbIE
pa3psiabl, @ BAUSHUE NOMEX MUHUMAJIbHO MOXET pa3nnyaTbCs.

2.2.1.2. CpaBHeHWe UMMNynbCOB YaCTUYHBIX pa3psaos Mo aMnanTyae

OOVvH n TOT Xe MMNY/SbLC OT YaCTUYHOro paspsifa, BO3HUKLLIErO BHYTPWU KOHTPOSIMPYEMOro
060pyZI0BaHMs, MOXET BbITb 3aperncTpUpoBaH HECKOSIbKMMU AaTUMKaMK, YCTaHOB/IEHHBIMU B PasHbIX
TOYKaXx.

3TN CUrHanbl, 3apeructpunpoBaHHbleé HECKO/IbKMMKU AaT4YUMKaMM OT OAHOro wuMnynbCa
4aCTU4HOro pa3psaa, 6YD,YT MMETb HEKOTOPbIE OT/INYUA. B OCHOBHOM, 3T OT/INYUA 6y,EI,YT
3aKNK4aTbCA B ABYX NapameTpax. Bo-nepBbix, cvrHanbl 6yayT MMeTb pasHyto amnauvtyay, T. K. npu
NnpoxoXaeHnn B o6opyL|OBava| curHan ocnaburtbces. BO-BTOprX, pasHbiIMM AaT4YMKaMU CUMHan
3aperncTpupyeTca co caBuroM BO BpPEMEHMU. 370 0b6bBACHSAETCA pasnnymeMm BO BPEMEHU ABUXEHUA
nMmnynbCa OT Me€CTa BO3HWKHOBEHUA ,D,ed)eKTa A0 MeCTa YCTaHOBKM AaT4UKa. JTa pa3HnLua MOXET
COCTaBJIATb AECATKM HAHOCEKYHA.

PaccMOTpM  OCOBEHHOCTM WCMOMb30BaHMS B MpakKTUKE PasnMuuiA  aMnaMTya CUrHanos,
BO3HUKLLKWX OT OAHOro 4aCtu4yHOro paspsdaa, HO 3aperncCtpupoBaHHbIX AaT4YMKaMU, YCTaHOB/1IEHHbIMU
B pa3HbIX MecTax KOHTponMpyemoro ob6opyaosaHus. [pn 3TOM elle pa3 HanOMHMM, YTO aHaNn3 Takux
0COBEHHOCTEN CUrHANOB [O/MKEH NPOBOAMTLCS B NpuMbope Ha annapaTHOM YPOBHE, B pexume
peanbHOro BpeMEHM.

OueBMAHO, YTO MpW NepeHaBoAKe curHana (C oaHoM dasbl Ha Apyryto dasy, C OAHON CeKumu
Ha Apyrytlo, C OAHOM KabenbHOW NMHWMM Ha APYryl), aMnauTyda HaBeAEHHOro CUrHana MeHblue
aMnnTyabl NEPBUYHOIO CUrHana. JTO SBNSETCS CaMbiM  BaXXHbIM aMnnTygHbiIM  NMPU3HAKOM
YaCTMYHOro pa3psiaa Npu MHOroKaHasibHOM permcTpauum, npy rnoMoLLM KOTOPOro MOXHO YTOYHWUTL, a
MHOrAa U yKasaTb TOYHO, MECTO BO3HWKHOBEHMS AedekTa B U30NSALMM.

MPUMEHUTENBHO K MHOFOKAHaNbHOM perMcTpaumMm CUrHaNoB YaCTUYHbLIX pa3psaoB, Koraa Ha
KOHTPO/IMPYEMOM O6bEKTE YCTaHAB/IMBAETCA HECKONbKO [aTyYMKOB, HeobXxoauMo  onpeaensiTb
Ko3(pULUMEHTbI NEPEHABOAKN CUTHaNa W3 OAHOM TOUYKM B KaXabld W3MEPUTENbHbIA  KaHan.
SKCrnepuMeHTanbHO onpeaensemble KO3MMUUMEHTbI NepeHaBOAKN C KaHana Ha KaHan npowe Bcero
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NpeacTaensiTe B BuMAE MaTpuubl nepeHaBoaku. [Mpu noMowmM 3TOW MaTpuubl NPOM3BOAUTCA
BbISIB/IEHWE MeCTa BO3HUKHOBEHMSI AedeKTa.

2.2.1.3. OueHkKa B3aMMHOro BpeMeHU nNpmuxoaa MMMnynbLCcoB

MNpuMeHeHne paHHOro Metoaa 6asvpyeTcs Ha MpoOCTOM (U3MYECKOM SIBIEHUM — yyeTe
KOHEYHOr0  3HayeHUsl CKOpPOCTM  ABWMKEHMSI  BOSIHblI  (3N1EKTPOMArHUTHOMO  MOM)  BHYTPWM
KOHTPONIMpYyeMOro obbekTa.

C yyeToM TOro, 4TO AM3NEKTpUYEcKasl MPOHMLAEMOCTb Cpefbl BHYTPW KOHTPOIMPYEMOro
obbekTa OTMYAETCS OT AMSNEKTPUYECKOM NMPOHMLAEMOCTU BaKyyMa (BO34yXa), CKOPOCTb ABWXXEHMSI
BOJIHbI B 06bekTe Bceraa byaeT MeHblue CKOPOCTM ABMXKEHMSI BOSHbI B BaKyyMe.

[aHHbIA MeToA NoKanu3aumMM MecTa BO3HMKHOBEHMSI fedeKkTa B M30N1SuumM  0COHBEHHO
3(PHEKTUBEH MPU AMArHOCTUKE COCTOSIHUSI U30NSUMKW KabenbHbIX NMHUMIA 1M PY. [laHHble 06bLEKTbI
MMEKT  3HAUMUTENbHblE JIMHEMHble rabapuTbl, BHYTPU KOTOPbIX MOXHO  KOHTPONMPOBaTb
pa3HOBPEMEHHOCTb NPUXoAa UMMysbCa K PasIMyHbIM AaTUMKaM.

Mpy MCNonb30BaHWM [AAHHOMO MeToAa HeobXOAUMMO MOMHWUTb, YTO AJIMHA COeAMHUTENbHbIX
NMHWIA OT AATYMKOB A0 W3MEpPUTENbHOrO npubopa Ao/mkHa 6biTb OAMHAKOBOM. 3TO aBTOMAaTUYECKU
cneayeT U3 TOro, YTo U B 3TUX COEANHUTENbHBIX Kabensix Mbl MeeM TaKyto XKe CKOpPOCTb ABMXKEHMS
BOJIHbI /1IEKTPOMArHUTHOIO NONS.

He nuweH npakTUYecKoro CMbICNia BapvaHT CO34aHUSt U3MEPUTENbHOM CXEMbl, B KOTOPOW
AJIMH@ UM3MepUTENbHbIX Kkabenem OT pasHbiX AaTYMKOB MOXET creumasnbHO BblbuMpaTbcs He
OAMHaKoBOW. [MpM 3TOM MOXHO CO34aTb TakMe YCoBUS, Koraa npubop 6yaeT CpaBHMBATb He
«npsiMoe» BpeMsi MeXAy MNpYUXOAOM MMMY/bCOB OT AATYMKOB, @ «OTHOCUTENbHOE» BpeMs, Koraa B
anropuTM onpeaeneHns BpeMeHU Npuxoaa MMNynbcoB 6yaeT BBeAeHa 3aAepKKa. YMEHbLIas ANNHY
kabens OT OAHOrO WM ApPYroro AaTymka, MOXHO A06MTbCS 3af4epXXKu BO BpPeMeHM npuxoaa
MUMMNYNbCOB CO 3HAKOM MNJIKOC U MUHYC.

2.2.1.4. CpaBHeHWe UMNysbCOB MO MNONSIPHOCTH

Mcnonb3oBaHue MeToaa «pa3bopku» MMMYNbCOB HA «MOJMIE3HBLIE» N «LYMOBbIE» MPU MOMOLLU
CpaBHEHWNSI MONSPHOCTU SABNSIETCS AOCTAaTOYHO PacrnpOCTpaHeHHbIM. CaMoe rnaBHOE, YTO HYXHO
NMOHMMaTb MpU 3TOM, 4YTO uM3M4eckas MoAeNnb MNPUYMH BO3HMKHOBEHMS pPa3HULblI B MOASPHOCTH
MMMNYNbCOB OT pasHblX [AaT4YMKOB, AO/MKHA OblTb A0CTaTOMHO 060CHOBaHa. Henb3s NpoCTo
MCNO/b30BaTb (haKT, YTO MONSPHOCTb, Y CUrHaNa M MOMEXW, OKa3asMCb PasfinyHbl, 3TO HE AOHKHO
OblTb NPUYMHON NPUMEHEHUS MeToAa. HeobxoanMMo MoHMMaTb, YTO 3TO COOTBETCTBYET (DU3NYECKON
KapTWUHE pacrnpoCTpaHEHNS UMMY/IbCOB BHYTPWU KOHTPOMPYEMOro 06bekTa.

2.2.2. OuyeHKa COCTOSSHUSS M [AUMArHoCTuka pAedekrToB M3oNsAUMKM  Nno
pacnpeaeneHmo UMNyJibCoOB YaCTUUYHbIX pa3psaaoB

B aTOM pa3gene Mbl nonpobyeM paccMOTpeTb ABa OCHOBHbIX Cnocoba, Havbonee 4vacTo
MCMOMb3yeMbIX Ha MpaKTUKE AN OUEHKM CTeneHu BAUSHUS 3aperucCTpUpOBaHHBIX YaCTUYHBIX
paspsiioB  Ha HaAeXHylo W 6e3aBapuiHyl0  paboTy  KOHTPOSIMPYEMOrO  BbICOKOBOJSIbTHOrO
obopyaosaHus.

HasHaueHve 3TUX [ABYX AMArHOCTUYECKUX MEeTOAO0B pas/MyHo. Ha OcHOBaHuKM aHanmsa
aMNAnTyaHO-(a3oBoro pacnpeaeneHnss MMMNynbCoB 4YaCTUYHbIX Pa3psiaoB 4valle BCero yaaeTcs
AnddepeHumMpoBaTb TUMN AedekTa, MMEIOLWEerocs B M30M8uMyM  BbICOKOBOSILTHOMO 060pyaoBaHus.
Takasi HdbopMaums, Nc NoapobHas MHGOPMaLMS O BHYTPEHHEN KOHCTPYKLUMM M30SLMU B AAHHOM
060pyaoBaHMK, OKa3blBAETCS OYEHb NMONE3HOM A/1S1 OLEHKM ONAcHOCTU 0BHapy>eHHoro aedekTa.

Mpn nomowwM aHanu3a TEeHAEHUMM, B W3MEHEHUW 3aperMcTpUpoBaHHOM WHTEHCMBHOCTU
NPosIBNIEHMS YaCTUYHbIX Pa3psaoB B M30M8UMKM, O0ObIMHO OLIEHMBAETCS COCTOsiHMEe aedekTa.
MNpyHMMaeTCca O4YeHb BaXXHOe pelleHue, aBnseTcd M aedeKkT CTauMOHapHbIM, WK XKe
pa3suBalowmmcs. Hanbonee onacHbIMM ABNSAIOTCA AedeKTbl pa3BuMBaloOLLMecs, Korga 30Ha, WK
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WHTEHCMBHOCTb, AedeKkTa MOCTENEHHO YBENMYMBAETCA. HanuumMe NONOXMUTENBHOrO TpeHaa B
MHTEHCMBHOCTM YacCTUYHbIX PaspsfoB SIBNSETCS Haubosnee onacHbIM NMpU3HakoM pasBuTUS aedekToB
B U30N9UMK.

O6a 3T MeToda SABNAIOTCA B3aMMOAOMONHSAOWMMA. BbiBOAbI OAHOMO METOAa MO3BOSSOT
PacLWMpUTb, MM Xe HaobopoT, AudbdepeHLMpPOoBaTb 3aKNOUEHNSs, MOJTyYEHHbIE C MUCMOSb30BaHNEM
ApYroro Metoza.

2.2.2.1. AHanu3z  aMnauMTyaHo-a3oBOro  pacnpeaeneHuss  UMMNyabCcoB B
BbICOKOBO/IbTHOM 060pyZI0BaHNN — OCHOBa ANs onpeaeneHuns Tmuna agedekra B U30nsumum

Ansi aHanu3a AedhekToB B U30/1SILUMKU MOXKHO MCMOMb30BaTb HECKOMIbKO TUMOB «rpacnyeckoro»
NpeacTaBneHns pacrnpeneneHns 3aperncTpupoBaHHbIX UMMYNbCOB YAaCTUYHLIX pa3pagoB. PasnunyatoT
[Ba Hauboree 4acTo MNPUMEHSIEMbIX Ha MPaKTUKE pacnpefeneHnsi: amnauTyAHO-4acToTHOe, W
amMnnnTyaHo-dasoBoe (YacTOTHOE) pacripesenieHme UMMYbCOB YacTUYHbIX Pa3psiioB.

PaCCMOTpeHVIe Ha4yHEM C aMMINTYyaAHO-4aCTOTHOIrO pacnpeaeneHmna nMnynbCcoB.

N 4 Mo cBOeMy nepBMYHOMY OrMpeaeneHunio
aMnIMTYAHO-YacToTHOE pacnpegeneHve
@ BbICOKOYACTOTHbIX nMnynbcoB AOJ1XKHO
NnoKa3blBaTb, KaKoe€ KOJIMYECTBO UMIY/1bCOB
JaHHOW aMnAuTyAbl ObINO 3aperucTpupoBaHO B

@ npoLecce npOBEAEHNS M3MEPEHMN YaCTUYHBIX
pa3psgoB.  [puMep  Takoro  amnauTyAHO-

! - YaCcTOTHOro pacnpeaeneHus UMNybCoB
Qnk npuBeAeH Ha PUCYHOK 6. Mo ropusoHTanbHOW

PUCYHOK 6. AMMIMTYAHO-4aCTOTHOE pacripesenehme | OCU TPacuKa OTMOXKEHbI 3HAUEHUS KaXKyLLUXCA
UMMNYNbCOB YaCTUYHbIX Pa3psaoB 3apsaoB 3aperncTpupoBaHHbLIX MMMYNLCOB (MK

aMnNAuUTyabl UMMYNbCOB B MWNMBOMbTAX), a Mo
BEPTMKA/IbHON OCKU OTNIOXKEHbI KOJIMYECTBO MMIYJ1bCOB.

HeobxoaMMO O4YeHb XOpOWO MOHMMAaTb Cleayrowy O0COBEHHOCTb MPUHSTON  34echb
TepMUHONOrMKN. Hanuume B 3TOM HaMMEHOBaHWM rpaduka TepMUHa «4YaCTOTHOE pacrnpeneneHue»
HMKaK He CBA3QHO C YacCTOTHbIMM CBOMCTBaMM 3apermCTPMPOBAHHBLIX CaMUX MMMYNbCOB YacCTUYHbIX
pa3psgoB. OTO HMKAK HE CBSI3AHO HW C KPYTM3HOM nepeaHero (poHTa peanbHOro MMMNysbca
YaCTMYHOro paspsaa, HU C AIMTENbHOCTBbIO 3TOr0 MMMyAbCa. TEPMUMH «4YacTOTHOE pacnpeaeneHve»
MCNONb3yeTCs 34eCb KakK MapaMeTp, MOKa3blBalOWMMN HEKOTOPYKD KOIMYECTBEHHYID CTOPOHY
pe3ynbTaToB, @ MMEHHO KOMIMYECTBO MMMYSIbCOB YAaCTUYHbLIX Pa3psaos. B aHHOM KOHKPETHOM ciy4yae
30eCb, Ha MNpPUMBEAEHHOM, HA PUCYHKE aMMAUTYAHO-4YacTOTHOM rpaduke, paccMaTpuBaeTcs
pacrpegeneHue UMMybLCoB, CrpynnUMPOBaHHLIX MO NPUHUMIY paBeHCTBa aMnaUTyA.

Ha >ToM pucyHKe mMoKasaHbl ABa HECKONbKO pasnuyarowmxca rpaduka. padmk 1
COOTBETCTBYET MHTErpanbHOMYy pacnpeaeneHnto MMNybCoB YaCTUYHbBIX pa3psiaos, KOrAa NpoucxoanT
CyYMMUpPOBaHWE UMIMYNbCOB MO Mepe YBENNYeHUs NMOpPOroBOro 3HayeHns amnautyabl. Camyto Manyto
aMMNNTYAY «NpeoaonieNnin» BCe 3aperncTpMpoBaHHble NpMbopoM nMnynbebl. B npaBon yactu rpadmka
HaxoAsATCA TOJIbKO Te€ WMMMYJbCbl, KOTOpble UMEKT Haubosbllyld amMnavTydy, Npeofoneny TOSbKO
camble 6onbLIMe, MO aMNInTyae, NOPoru.

pacdwmk 2 COOTBETCTBYET ApyroMmy, AvddepeHuManbHOMY MpeAcTaBAeHUIo pacrnpeaeneHus
MUMNYNbCOB YaCTUYHBLIX paspsaoB. Ha HeM KaXaoMy 3HayYeHuo aMnnauTyAbl COOTBETCTBYET
3aperucTpMpoBaHHOE KOMMYECTBO TONbKO TeX WMMYSbCOB, KOTOpble WMENU COOTBETCTBYHOLLYIO
noporosyto (nNac-MuHyc) amnnuTyay. Oba rpadmka AOCTaTOMHO 4acTO MCMONb3YHOTCA B MpaKTUKe
aHanu3a, AN HEeKOTOpbIX 3a4ay AMAarHOCTUKW MNpearnoyvTUTESIbHEE WHTErpanbHoe npeacTasfieHue
pacrnpeaeneHns UMnynbLCoB, AN Apyrmx — anddepeHumanbHoe.
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bonee NHbOPMaTUBHBIM

KT STVLer £, A ABNAEeTCA amnAnTyaHo-da3osoe

i ! (vacToTHOE) npeacrasneHve

pacnpeaeneHus MMMNyNbCOB

, YacTMYHbIX  pa3psiaoB.  [pumep

v*{t. . 3 Q . (,L_(O e s Q TaKoro pacripefeneHns nokasaH Ha
! PUCYHOK 7.

Ha TakoM rpacvke

MoKa3bIBaeTCs pacnpegeneHume

B L == 1 | wmnynbcos no amMnAnTyae,

PucyHoK 7. MpuMep pacnpeaeneHnst UMMybCoB YaCTUYUHbIX ¢a3OBOMYv yrny HanpsXxeHns

paspsaos niTaloWEen CetTM W KONYeCcTBy

UMNynbCoB. Takoe pacnpegeneHue
MOSIHOCTbIO OMWCHIBAETCS MaTpuUeW, B KOTOPOM eCTb CTPOKM, pasfiMyarolimecs no amnnuTyae,
cTonbupl, COOTBETCTBYIOLWME onpeaeneHHbiM (ha3oBbiM 30HaM nuTarowero HanpskeHus (ot 0 go 360
«3NIEKTPUYECKMX» TpaflycoB). B kaxaon sueilke MaTpuubl CTOMT UWUCNO, KOSMYECTBEHHO
NMoKasblBalollee, CKO/IbKO WMMYNbCOB  YaCTUYHBLIX pas3psgoB C  TakuMy  napaMetrpamu  6bi1o
3apernctpmpoBaHo. CriOBO «4acCTOTHOE» B HaMMEHOBaHUWM TaKWUX AMarpaMM 4acTo OMycKaroT,
Ha3blBas UX NPOCTO aMNIUTYAHO-(ba30BbIMM AMarpaMMamMM.

BaxXHbIM  SIBNSIETCA  BOMNPOC,

HV —5— rnoyemy YaCTUYHbIE paspsabl

CH T BO3HMKAIOT B 30HE HapacTaHus

= Cd HanpshKeHUs1 nNUTaloWeNn CcetTn, U

¢ C2 - npaKTUYecKku MOSTHOCTbIO
% OTCYTCTBYIOT B 30He, roe

HanpsiXeHue, OTHOCUTENbHO

aMMAUTYAHOro 3HaYeHus!,

yMeHbliaeTcd. Ha  pucyHok 8
npveeaeHa nHdbopmauus, npv
MOMOLUM KOTOPOM Mbl MOMbITaeMcs,
XOTS Obl NOBEPXHOCTHO,
NpoOaHanu3MpoBaTb 3TO  COXHOEe
(pusnyeckoe sBneHue.

Ha pucyHke, cnpaBa BBepXY YCNOBHO MOKa3aH Cl0M BbICOKOBOSILTHOM M30N8UMKN C AedekToM
TUMNa «rasoBoe BK/OYEHME» B cepeanHe. Psaom ¢ aedeKToM nokasaHa yC/ioBHasi CXeMa 3aMeLleHust
Cos N30M15UMKN, COCTOALWAs U3 TPeX 30H, KaXKaasi U3 KOTOpbIX NpeacTaB/ieHa Ha CXeMe 3aMeLleHns B
BMAE OTAENbHOro KoHaeHcaTopa. KoHnaeHcatopbl C1 M C2 noKasblBalOT YYacTKM HOPMasibHOM
nsonsiumm, a koHaeHcatop Cd mopgenupyet aedekt B usonsumu. Ha rpaduke cneesa BHM3Y MokasaHa
CMHyCOMAA MUTAlOWero HarnpshkeHus. Ha 3ToM >xe rpaduvke noka3aHo M3MEHEHWe HanpshKeHWUs Ha
30He aedekTa, B QYHKUMN BPEMEHU, N YACTUYHbIE pa3psaabl, KOTOPbIE BO3HWUKAOT B 3TON 30HE.

Mpy pocTe MpUNOXKEHHOrO K M30MSUMWM HaNpPsHKEHUs MO CXEMEe 3aMelleHuns M30naumm
HauyMHaeT npoTeKkaTb TOK, MPOMOPLMOHASIbHBLI MFHOBEHHOMY 3HAYEHWIO WM CKOPOCTM M3MEHEHMS
nNUTaloOLWEro HanpsbkeHusl. Ha KaXaoM KOHAEHCATope CXeMbl 3aMelleHMsl HauduHaeT BOo3pacTaTb
HanpshpKeHWEe, CyMMa HanpsbkeHWA Ha Tpex KOHAEHcaTopax BCEeraa PaBHAETCA MPUIOXKEHHOMY
HanpsHKeHuIo.

Mpy BO3pacTaHWUM HaMPSHXKEHWS Ha ra3oBOM (BO3AYLUHOM) BK/IKOYEHMM A0 NPOOOMHOMO
3HayeHuss (bonee 3 kB/MM pans Bo34yxa), BO3HMKAKOT 4YacTU4Hble pa3psabl. B pesynbrate
BO3AENCTBUSI KaXXAOro YaCTUUYHOro paspsiia NageHue HanpshKeHns Ha 30He AedekTa YMeHbLMUTCS, a
HanpshxeHne Ha koHAaeHcaTopax Cl n C2 Bo3pacTaeT. MMOCKOoNbKy HanpshkeHue NUTaloLEen CeTu elle

PucyHok 8. PacnpeneneHve Hanps»KeHHOCTU NOMS B 30He
AedekTa n3onsumm
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pacTeT, TO HanpsbkeHne Ha aedekTe onsdTb noapacTaeT A0 NPOOOMHOro HaMPSKEHUS, MPOMCXOAUT
HOBbIN pa3psiAa, Y ONSTb 3TO MPUBOAUT K POCTY HaNPSKEHUS Ha ydacTKax 6e3aedekTHON N30sLmnK.

HacTynaeT Takoli MOMEHT BpeEMEHM, KOoraa NUTaoLee HanpsXKEHWE eLle pacTeT, HO MOCKOSIbKY
OHO MPaKTMYECKM MOSIHOCTbIO COCPEAOTaYMBAETCA Ha y4yaCTKaxX MCMpPaBHOM M30MSILMM, HanpshKeHue
Ha 30He AedekTa He MOXET BbIpacTu A0 NPOBOMHOrO 3HAYeHUs. HTEHCUBHOCTb Pa3psaaoB MaZlaeT U
6nm13n 90 rpagycoB paspsabl NpekpawaoTcsl NONHOCTLIO.

Ha y4yacTKe CHWXEHMSI MUTAIOWErO HanpPsHKEHWUS, OT aMMAUTYAHOrO 3HAYEHUS OO0 Hyns,
YaCTUYHBIX pa3psiioB B 30He AedekTa He NPOUCXOAUT, T. K. UMEET MECTO CHUXXEHME HanpsXKEHNUS Ha
BCEX TpeX KOHAEHCATopaxX CXeMbl 3aMelleHuns. HanpsbkeHue Ha 30He aedekTa Tak XKe YMeHbLUaeTcs,
MPEANOCHINIOK ANt BOSHUKHOBEHWNS YACTUUYHBIX pa3psaoB oT AedeKTOB BHYTPU U30NSLIMKN HET.

B MOMEHT nepexofa MMTAOLWLEro HaMpPsHKEHUSI Yepe3 HYNEBYIO JIMHWUIO HanpsKEHUE Ha 30HE
AedekTa He paBHsieTCsl Hynto. OHO MMEET KaKoe — TO OCTAaTOYHOE 3HaYeHMe C NONSIPHOCTLIO, KOTopast
COOTBETCTBYET pacrnpeaeneHnio  HAMPSHKEHHOCTM  3MIEKTPUYECKOrO MONS B MPeAWECTBYHOLLYHO
MOSYBOHY MUTAIOLLEr0 HanpshkeHusl. Heobxoammo, 4Tobbl HanpshKeHWE NUTAIOLLEN CETM, KOTOpOoe
yXXe€ WMeeT B [daHHbli MOMEHT MPOTUBOMOMIOXHYIO MONSPHOCTb, CMOI0 CKOMMEHCUPOBaTb
OCTaTOYHbINM 3apaa Ha 30He AedekTa. B ntore 3to NnpuBeaeT K HEKOTOPOMY (Da3oBOMY 3anas/blBaHUIO
MMMY/IbCOB OTHOCMTENIBHO TOYKM Mepexoaa HanpshKeHUsI Yepes HOJb.

Ha pucyHok 9 npuBeaeH cnydai
HV HanMumsi Tpex AedeKToB B WU30sUMH,
PaCMoOnOXeHHbIX A0CTaTOYHO  65m3Kko
Apyr  OT  gpyra, v ciydyan
D1 D2 pacnpegeneHHoro gedekta. MNpu 3TOM
obLwas aneKTpuyeckas cxema
Coi== Cm== Cbp3= 3aMeLleHus 30Hbl nedexTa,
npuBeAeHHass  CrnpaBa,  CTaHOBMTCS
6onee CNIOXXHOM. MosiBnsatoTCS

T T T FOpU30OHTaslbHble  E€MKOCTHble  CBSI3n
7 © © © MeXay NOKaNbHbIMKM 30HaMK aedekToB,
00yCNoBMEHHbIE B3aWMHbLIM  B/IUSIHUEM
AedexkToB Apyr Ha Apyra. Mpu Hanumumu
HECKOJIbKMX nedeKTHbIX 30H
BO3HWKHOBEHME YacTMYHOrO paspsiia B OfHOM AeeKTHOM 30He, MpaKTUYeCKu Bceraa npuBOAUT K
nepepacrnpeaeneHnio  HanpsiXXEHHOCTEN 3NEKTPUYECKOro MOMs BOKPYr APYrMX 30H [AedheKToB,
PacrnonoXeHHbIX Hedaneko Aapyr OT JApyra. OTo co3aaeT euwe 6onee  CNOXHYK  KapTUHY
pacnpefeneHns 3MeKTPOMarHUTHOMO MONS, W, Kak CNeACTBUE, CNOXHYH KapTWUHY BO3HUKHOBEHMS
pa3psaoB. AHanu3 ha3oBOro pacrnpeaeneHnst YacTUUHbIX pa3psiioB, UMEIOWNA LIENbIO BbiSIBIEHUE
TMNA M MeCcTa BO3HWKHOBEHUS AedekTa, B 3aBMCMMOCTM OT TUMA M pacnpegeneHns aedekta,
(hazoBoOro yrna v amnauMTydbl MPUIIOXXEHHOrO HanpsHKEHUS MUTAIOLEN CETH, CTaHOBUTCS 6Gonee
CNOXHbIM.

Mpn HeOBXOANMMOCTU MOXHO MPOAHANN3MPOBaTh BUSIHUE AedeKTHbIX 30H ApYr Ha Apyra, yTo
[AaCT BO3MOXHOCTb OLEHWTb OCOBEHHOCTM BO3HUKHOBEHWUS AedEKTOB B U30MSUMW  Pas/IMYHOIO
obopyaoBaHusi. Mpy 3TOM cnegyeT NpuMHMMaTb BO BHUMMaHME OCOBEHHOCTW WCMOMIHEHUSI U30MSILUN,
HanpuMep, BO3HMKHOBEHME AeeKTOB B 30HE BbixOoAa N060BbLIX 4YacTell M3 nakeTa cratopa (npu
NOKANIbHOM  pacnpeaeneHnm aedeKkToB) OTMYaeTCs OT (PU3MYECKOM KapTUHbI MHOXECTBEHHbIX
AedeKkToB B MNPOTSHKEHHOM KabenbHOM nuHWMM (B Crlyyae pacnpeaeneHHon 30Hbl AedekToB B
n3onsaumm).

|_<
|_<
I

PucyHok 9. CxeMa 3aMeLLeHNs CNOXXHOMO, MHOXECTBEHHOMO
WK pacnpeneneHHoro gedekta n3onaumm
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Takon e «NPUKUAOYHBIA» aHanu3
S 1: A(+) <A(-) MOXET 6bITb MCMONb30BaH NMPUMEHUTENBHO K
2 2: A(+) = A) pucyHok 10, npuBegeHHOMY Hwxe. Ha Hem
aHanu3npyeTcs BNUSIHWE MecTa
BO3HMKHOBEHUSA AedeKTa BHYTPU U301aumm,
6nvxe K 3eMNaHOMY 3SNeKTpoay, WM K
BbICOKOBOJ/IbTHOMY Ha COOTHOLLEHNE
amnnuTyq NONOXUTENbHbIX n
A(+) A=\ —- OTPULATENbHLIX ~ UMMY/ILCOB  YACTUYHbIX
pa3psgoB. B cOOTBETCTBMM € HalwuWM

T aHaNIM30M CMelleHne MecTa BO3HUMKHOBEHWS
F_J_I fedeKkTa BHYTPU WM30MSUMU SKBUBANEHTHO,
) AN CXeMbl 3aMelleHuMs Ha PUCYHOK 8,

U3MEHEHUIO COOTHOLLUEHUSA BESINYMH

PucyHok 10. BnnsHne MecTa BO3HMKHOBEHMS aedekTa B eMocTel Cl w2 B esvNbTaTe
N30M19UMM Ha aMNANTYAHO-4acCTOTHOE pacnpeaeneHne ) pesy

MMMYNbCOB YaCTUYHBIX Pa3psoB N3MEHAETCA COOTHOLWIEHNE Mexay

aMMInTyaamMum NONOXXUTENTbHbIX n

M3onaums
@]

OTpULATENbHbIX YaCTUYHbIX Pa3ps/oB.

Ana npuMepa BO3MOXHOCTEN NPaKTUYECKOro NPUMEHEHUS aMNNTYAHO-(Da30BbIX AMarpamMM, B
obLieM BMAE, PacCMOTPUM BNIMSIHUE MECTA BO3HUKHOBEHMSI AedeKTa B M30MSILMU BbICOKOBOJSIbTHOMO
060py0BaHMS Ha BMA aMIIMTYAHO-(DA30BOro pacrnpeaeneHns UMIMybCOB YaCTUYHbIX pa3psaos. [Ans
60/blUel HAarNAAHOCTY NPOUINIIOCTPUPYEM 3TOT aHaNM3 Npu NOMoLM pucyHok 10.

B cnoe usonauuM KOHTpOAMpYeMOro 060pyAOBaHUS BbIAENM TpU XapaKTepHbIX, Haubonee
4aCTO BCTPEYAIOLLMXCS, MECTA BO3HUKHOBEHUS AedekTa:

Touka «1» — B6/IM3U BbLICOKOBOMILTHOrO 311eKkTpoda (BBOA TpaHcdopMmaTtopa, Xwuna kabens,

wnHa KPY);
Touka «2» — BHYTPMU C/1051 BbICOKOBO/IbTHOW M3015UMK;
Touka «3» — BOMM3M 3EMNSHOrO 3neKTpoda. 3TO MOXET ObiTb  BblpaBHMBAOLLNIA

NONYNpOBOASILUMI CNOW B M30M8UMKM, pa3fenka KabenbHOM NMHUKM, 3KpaH MydTbl, 3MEMEHT noa
«MJ1aBaloLWMM>» MOTEHUMANOM, U T. A.

He BpaBasicb B (pmsmyeckne noapobHOCTU BO3HMKHOBEHWUSI pa3psiioB Ha PasHbIX Yy4yacTkax
nzonsuum, 6yaeMm, ¢ NpUeMneMon Ans Hallero OLEHOYHOro aHaaM3a TOUYHOCTbIO, CUYMTaTb, YTO BCE
YaCTUYHblE pa3psabl COCPeAOTOYEHbI B [ABYX, AOCTAaTOYHO Y3KMX YrioBblx 30Hax. CornacHo
MOSICHEHMIO K PUCyHOK 10, 3TW 30HbI pacnonaralTCcs Ha Yy4yacTkax BO3PacTaHUSt HanpsKeHus
MUTAIOLLEN CETU.

Mpn  MONOXWUTENbHOM HAMpsHKEHUM BCE YacTM4YHble paspsigbl MMEKT  OTpULATESNbHYIO
MONSIPHOCTb M COCPeNoTOYEHbl B OAHOM (ha3oBor 30He, Ao 90 rpaaycoB (paspsiabl C aMNIMTYAOM
«A-»). Tpu OTPULATENBHOM HaMpsHKEHUM MUTAIOWENA CETM BCE YacTU4YHble paspsabl MMEKT
NONOXMNTENbHYIO MONSPHOCTb M COCpPeAoTOYeHbl B yrnoBon 3oHe Ao 270 rpapycos, (pa3psigbl C
aMMANTYON «A+»).

Touka «1», rae BO3HMK AedeKT M30159UMM, COOTBETCTBYET Cy4ato, KOrAa pa3pss BO3HMKAET
NPaKTUYECKM Ha BbICOKOBOSIbTHOM 3/1€KTpoAe. ITO KNACCMYECKUA KOPOHHbIA pa3psd, €O BCcemu
BbITEKAOLMMUN NMOCNEACTBUAMU. Ha NONOXUTENBHOM NONMYBOSIHE NMUTAIOLLErO HAMPSHKEHWUS UMMNYNbChI
OTpULUATENbHbIX pPaspsiaoB  «A-» MMET MakKCUMMalbHYH WHTEHCMBHOCTb. Ha oTpuuatensHomn
MOSYBOJHE MUTAIOLLErO HAMPSHXKEHUSI MONIOXUTENbHbIE Pa3psiabl «A+» UMEIOT CYLLECTBEHHO MEHBLLYHO
amnnuTyay.

Touka «3» BO3HWKHOBEHUSI AedeKTa B U30MsILUMK, HAa PUCYHKE COOTBETCTBYET C/lyyalo, Koraa
YaCTUYHbIM pa3psa BO3HWUKAET BO6/IM3M, MM HA CaMOM 3eMJISIHOM 3nekTpoae. B 3ToM cnyyae paspsiapl
BO BpPeMSs NMOJIOXXWUTENBHOMO MUTAIOLWEr0 HanpshkeHust (pa3paabl C aMnauTyaon «A-»), 6yayT MeHbLUE,
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yeM paspsabl BO BPeEMS OTpULIATENbHOM MOMYBOSHLI MUTAMOWEro HanpshkeHus (paspsabl C
amMnnuTyaon «A+»). [laHHOe pacnpefeneHue MMMyNbCOB pPa3psiAoB MPOTMBOMOMOXKHO, YEM Mpu
Ha/IM4MKN B KOHTPONMpPyeMoM 060pyA0BaHNN KOPOHHbIX pa3psiioB HA BbICOKOBOJSIbTHOM anekTpoae. Ha
NpakTuKe 3To 6bIBAaeT Npu NpobnemMax B NosynpoBOAALLMX CNOAX KabenbHbIX TMHWUIA U 06MOTOK, Npw
yTeukax B /1060BOM 4acTu OBMOTKM CTaTopa, NMpu OcCnabneHun KpenneHusi CTepXXHeW O0OMOTKM
cTaTopa B nasax.

Touka BO3HWKHOBEHUSI AedeKkTa «2» ABMSIETCS MPOMEXYTOYHbIM BapuvaHTOM, KOoraa paspsiabl
BO3HMKAKOT B rnybuHe cnos m3ondumn. B aToM cryyae aMnnuTtyabl pa3psaos, (3aperucTpupoBaHHbIX
Ha MOJOXWUTENbHON, W OTPULATENbHOW MOJIYBOMIHE NUTAIOLWIEr0 HanpshkeHus), 6yayT npuMepHo
OoAVHaKoBbIMKU. Takasi KapTWHa pacnpeaeneHust pa3psaoB 6biBaeT npy HEMpaBWILHOW MPOMNUTKE
N30MALUMM, HanMuMM BHYTPEHHMX TeMnepaTypHbiX pa3pyweHuit. Ecnn Touka pedekta 6yaer
CMewaTbCs OT LeHTpa B Ty WM WHYIO CTOPOHY, OyAeT W3MEHSATbCS COOTHOLUEHWE aMMuTya
NMMYNbCOB YaCTMYHbIX Pa3psiaoB B KOHTpoONMpyemMom obopyaoBaHuu.

[aHHbI aHanM3 MNNCTPUPYET TOT AKT, YTO TONBKO MO COOTHOLIEHWUIO WMHTEHCUBHOCTM
YaCTUYHbIX pa3psaoB (eCTECTBEHHO, XOPOLIO «OTCTPOEHHbIX» OT MOMeX) Ha ABYX nosynepuoaax
MATalOWEN CETM, MOXHO OMEPaTMBHO W [AOCTAaTOMHO HAAEXHO OLEHUTb, Ha KAKOM Yy4yacTKe
KOHTPONMPYEMOW M30NSILMKN BbICOKOBOJIbTHOrO 0B60PYAOBaHUS MPOMCXOAAT YacTUYHble paspsibl, Ha
BbICOKOBOJSIbTHOM 3M1eKTpoAe, U B61M3M 3eMISIHOIO 3N1eKTpoaa.

2.2.2.2. AHanu3 4acTOTHbIX CBOMCTB YaCTUYHbIX pa3psaos

MHOro AONONHUTENBHOW MNOAE3HON MHMOPMaLIMKM O NPUPOAE YaCTUYHbIX Pa3psSiAOB, U MecTe UX
BO3HUKHOBEHWSA B KOHTPONMPYEMOM 060pyAOBaHUW, MOXET OblTb MOSTyYEHO Ha OCHOBAHMWM aHanM3a
(opMbl 3aperncTpupoBaHHbIX MMMYNbCOB — YACTOTHBIX CBOWCTB YaCTMYHbIX pa3psioB B M3018UMK
obopyaoBaHus.

Mpy 3TOM OYeHb BaXXHO MOHUMAaTb, YTO Mbl pacCMaTpMBAEM He CBOMCTBA CaMOr0 YaCTUYHOMO
paspsaa, @ peakumito KOHTponupyeMoro obbekTa Ha BO3HMKWMM pa3psd. OAWH M TOT XXe UMMYbC,
MMEIOLWMI OAMHAKOBbIE MapaMeTpbl, HO BO3HWUKLIMM B pa3HblX TOYKax O6bEKTa, Mpu perncrpaumun
6yoer wMeTb pas3nuuHble YacToTHble napameTpbl. OTcloga cnegyeTr BaXHOe CneacTsue, 4TO
MUMMYNbCbl, BO3HMKLIME B OAHOM 30He, 6yayT MMeTb OAHM YacCTOTHble CBOWCTBA, @ BO3HMKILWE B
APYrov 30He — Apyrve YacToTHble CBOMCTBA. MIMEHHO 3TO MOXET NO3BOMMTb AMArHOCTaM Co34aBaTb
ANArHoCTMYeCcKne npaewna, pasgensiowme uMnybCbl No Npupoae BO3HUMKHOBEHMS M NIOKaLMM MecTa
fedekTa.

OCHOBHbIMM YaCTOTHbIMWU CBOMCTBaMW WMMIMY/IbCOB MOXHO CYMTaTb ABa NapaMeTpa - 4acToTy
MMMy/bCa YaCTUYHOrO paspsaaa, U ANMUTENBHOCTb 3aTyXaHus KonebaHui.

- YacToTa uMnynbca YacTMYHOro paspsiga.

[laxke B 3TOM, Ha nNepBblA B3rNs4, MNPOCTOM BOMPOCE, Kak M BO BCEM MPAKTUYECKOM
NMPUMEHEHUN TEOPUM YACTUYHbIX Pa3psiAoB, €CTb OnpefeneHHble CIOXHOCTM. YacToTy mmnynbca
MOXHO OnpeaensTb, cneays KacCMYeckorM Teopuu, MO MONHOMY nepuody KonebaHusi, a MOXHO
TONbKO MO NEpBOM BOMHE WMMMYNbCa, MCMOMb3ysl YABOEHHOE 3HAYeHWe ASIMTENbHOCTU 3TOW
NnonyBONHbI. [py 3TOM NErko MOXHO MOMYyYUTb YACcTOTY MMIMysbCa, pasnuyatowyocs Ha 50%. I3T1o
0ObsICHAETCA TeM, 4YTO 4acTOTHble CBOMCTBA WMMMy/nbCa, Ha NEpPBOM MOSyBOSIHE, @ OCOBEHHO Ha
nepeaHeM (poHTE, CyLLECTBEHHO U3MEHSIIOTCS.

[laHHoe 06CTOATENbCTBO BHOCUT B aHalM3 YaCTOTHbIX CBOWCTB WMMYJ/IbCOB  YaCTUYHbIX
pa3psiAoB  OMpedenieHHbI  CyObeKTMBM3M, HO HE OKa3blBaeT CyLEeCTBEHHOr0 BWSHUS Ha
[ANArHOCTMYECKNe BO3MOXHOCTW 3TOro Metoaa. OCHOBHOE — MPUMEHSTb OAMHAKOBble MpaBwia K
onpeaeneHnio YacToTHbIX CBOMCTB MMMY/bCOB YaCTUYHbIX Pa3psiaoB. s OLEHKM YacTOThl MMMybCa
YaCTMYHOro paspsgda Mbl NpefnaraeM UCNosb30BaTh YABOEHHYIO ANIUTENbHOCTb OCHOBHOMO, NEPBOro
nMnynbca.
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TO 3HaYeHne YMHOXAEeTCs Ha ABa, M NOy4aeTcs Nepuoj UMMNybca YacTUYHOro paspsaaa, no
KOTOPOMY OMpeaensieTcs Kaxylascs yactota. [MoHATME «KaXyLLencs 4acToTbl» 34eCb BBEAEHO MO
TOM MPOCTOA MPWUYMHE, YTO Mbl UMEEM WMIMYNbChl, Pa3NMyaloLMecs AMTENbHOCTBIO MepeaHero u
3aaHero poHTOoB. KpoMe Toro, 3TM MMMynbChl SABASIOTCA 3aTyxalowWwmnMm, NpUyYemM 4yacrtora, Nno mMepe
3aTyxaHusl, 06bIYHO U3MEHSETCS.

- AnnUTenbLHOCTb MMMyNbca YaCTUYHOro paspsaaa.

DTOT napaMeTp MOKasblBaeT, KakK AO0Nr0 AJIUTCA peakuusi KOHTPONIMpyeMoro obbekTa Ha
BO3HUKLLMIA B U30M1SLUMN MMMYNbC YaCTUYHOMO pa3psiaa.

BpemeHHON MHTepBan OT Hayana, u A0 3aBepLUEHUs UMMYMbCa, TaKXe MOXET OnpeaensTbCs
HEeCKONbKMMM MeTodaMK. Yalle BCero Mcnosib3yeTcs HEKOTOpoe 3HaveHne KoadduumeHTa 3aTyxaHus,
Hanpumep, 0,1 nnm 0,05. Mpun konebaTenbHOM YMeHbLUEHUN KOHTPOMPYETCS aMMIMTyAbl UMMNYS1bCOB.
Mpn CHYXEHUN aMNAUTYAbl 4O TaKOro YpOBHSI, OTHOCUTENIbHO aMMAUTY/bl MEPBOro UMMy/bCa, CUrHas
YaCTUYHOro pa3psaa CYMTAETCS 3aTyXLUMM,

Oba yacToTHbIX MapaMeTpa MMNynbLcoB YP He ABNAIOTCA CTauMOHApPHbLIMW, OHU 3aBUCAT OT
MHOIMX ApYrux peanbHblX napameTpoB. OauH U TOT xe AedeKT, HO BO3HWKLLUMIA B Pa3finyHbIX 30HaX
KOHTpONuMpyeMoro obopyaoBaHUs, NMPUBOAUT K MOSIBAEHMIO UMMYSbCOB C Pa3/IMYHbIMU YaCTOTHbLIMM
cBoncTBamMu. Ho ABa pasnuuHbiX AedekTa, Aaxe BO3HWKLLMX Ha OAMHAKOBOM yAaneHuM OT AaTuuka,
6yayT UMeTb pa3nIMyHble YacTOTHbIE CBOMCTBA.

Ha sTane peructpauum MMMynbCOB MpaKTUYeckasi LEHHOCTb 3TUX MapaMeTpoB He CTosb
3HauuTenbHa. HeobxoanMo «HabpaTb» HEKOTOPOE KOMMYECTBO CTaTUCTUYECKON MHGOpMaumKn, ob6bem
KoTopoi 6yaeT ApocTtatodeH Ansi 0606LWeHUs CBOMCTB MMMyNbCOB. MakcuManbHO 3(dEKTUBHO
YaCTOTHble CBOWCTBA WMMYNbCOB MOXHO WCMONb30BaTb Ha 3Tane aHanu3a pacnpefeneHus
UMNyNbCcoB. WMMEHHO NO3TOMY [AaHHbli  MeTof nepeHeceH B pasgen obwero aHanusa
3aperncTpMpoBaHHbIX UMMYNbCOB.

B 3TOM MeTOAEe BCe UMMY/bCbl, BHE 3aBUCMMOCTM OT MX aMNAUTyabl, HEO6XOANUMO pa3MecTUTb
Ha CTAaTUCTUYECKOM YCMOBHOW MNOCKOCTU. OCAMU KOOpAMHAT 3TOM MAOCKOCTM ByayT: no ocu Y byaem
OTKNagplBaTb, AN Kaxaoro umnynbca, anutenbHocTb (ocb Y), a no ocn X byaem OTKnagbiBaTb
4acToTy UMMNYSbCOB.

Ana ynobcrtBa aHanu3a M MPaKTUYECKOro MPUMEHEHUS AAHHOMO AMAarHOCTUYECKOro MeToaa
Ha30BEM 3TO YC/IOBHYIO MJIOCKOCTb «BPEMS - YAaCTOTHOM» MIOCKOCTbO, unn «TF» (Times Frequency)
MTOCKOCTBIO.

MMnynbCcbl OAHOW Npupoabl U MecTa

They _ BO3HWUKHOBEHWS, ByayT cocpenoToyeHbl Ha TF
200 === 25 5~ 1 MAOCKOCTM B  OAHOW  JIOKanbHOW  30HE.
7/ \ v
alal Y WMnynbcbl  gpyrovi  mpupogsl M MecTa
;"x X Xh;( x‘= BO3HMKHOBEHMS,, KaK W WMMY/bCbl OMEX,
100 ‘\xxxi o] - 6yayT cocpenoTauMBaTbCs B APYrMX 30HaX.
——\\ X,’ .
X Xy RN AHanu3  pacrnipefeneHns  MMMNynbCOB  Ha
Tt ’ .'X)‘ J;F(‘; MIOCKOCTU  MO3BONUT  JIOKaNM30BaTb  UX
1RS¢ .
X/ FMry | napametpol. MpuMep TakoW oKanMsaumu
& ; . MMMNY/bCOB MPUBEAEH Ha PUCYHOK 11.
0 5 10 [Inn ~ 6onee  MONHOrO  aHanu3a
HECKOSTbKMX napameTpoB YACTUYHBIX
PucyHok 11. PacnpeneneHne nMnynbCoOB YaCTUYHbIX Pa3psI0B MOHO MepeiiTH, oT AByxMepHol TF
I

MJIOCKOCTM, K TPEXMEPHOW, BBeAs, [AOMOSHUTENbHO, B PACCMOTPEHME aMMAUTYAbl WMMYNbCOB,
oTK/lagblBasi MX Mo ocv Z. B aToM cnyyae MoXHO roBoputb yxe o «PD-Cloud» aguarpammax. 3Tu
[AvarpaMMbl  Mo3BONSIOT ele 6onee 3PpheKTUBHO pasaensTb 3aperucTpUpoBaHHbIE  MMMYIbChI
YaCTMYHbIX pa3psiAoOB MO NPUPOAE M MECTY MX BO3HUKHOBEHMSI, OTAENSTb UX OT MOMEX.
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2.2.2.3. AHann3 M3MeHEeHUs MHTEHCMBHOCTW 4YacTUYHbLIX pa3psaoB B npouecce
aKcnnyaTaumm obopyaoBaHus

Ha pUCyHOK 12 npueeaeHa

PD i ? CTaHAapTM30BaHHas KpvBasi N3MeHeHUs

MHTEHCMBHOCTM  YaCTWYHbIX  paspsigoB B

Alarm /.i npouecce AnUTENbHOM paboTbl M CTapeHus

M30M1SIUMM  BbICOKOBOJSIBTHOrO  060pYyA0BaHMSI.
OTO YCNOBHas <«JIMHUS  XKWU3HWU»  U30NSILNK,
cnpaBeanvBas ans 60MbLIMHCTBA
® =t BbICOKOBOJ/IbTHOr0 060pyA0BaHUS.

Ha nepBoM 3Tane >U3HM UM30NAUMUK,
PucyHok 12. 3MeHeHne MHTEHCUMBHOCTU YaCTUYHbIX
paspsii0B B NPOLECCE paboTbl BbICOKOBOLTHOMO nocne €€ M3rOoTOBNEHMA, MNPUHMMAOTCA  BCE

obopynoBaHust Mepbl AN1s TOro, 4Tobbl YNyylWWUTb COCTOSIHUE
n3onauun. Ha 3ToM aTane MoXeT NpoBOANTLCS
[AOMNOSTHUTENbHAsA CyLUKa U30M5UMK, OUNCTKA, YCTpaHeHue Menkux aedekTos.

lNepvoa BpeMeHM «2» ABNSIETCA OCHOBHbIM AN HOPMasbHO  U3rOTOBJSIEHHOMO M
3KCNyaTUpPyeMOro BbICOKOBOMLTHOrO 060pyAOBaHWs, B wuAaeane OH WMEET MaKCUMalsbHYHO
ANUTENBHOCTb. B TeyeHue 3Toro BpeMeHn YpOBEHb YaCTUYHbIX pPa3psgoB HEBEWK U NPaKTUYECKN He
n3meHsietcs. ObopyaoBaHMe 3KcChnyaTupyeTcs 6e3 OorpaHUYeHWil, WMHTEpPBaNbl BPEMEHU MexXAay
MPOBEAEHMSIMU U3MEPEHMIN YaCTUYHbIX pPa3psoB ONPEAEnstoTCS UMEKLWMUMUCS Ha NpeanpusTimn
HOpMaTMBaMW. Yalle BCEro M3MEpPEHUst YaCTUYHbIX pPa3psaoB B KOHTPOMMPYEMOW  M30NSUMM
COBMeELLAIOTCS C NPOBOAMMBIMU pernaMeHTHbIMU U PEMOHTHbIMKU paboTamu.

Mepnoa BpeMeHW «3» XapaKTepu3yeTCsl BO3HWMKHOBEHMEM B KOHTPONMPYEMOWN W30MsLUK
AedeKToB B HadanbHbIX CTaguMsX pa3BuUTMA. Yalle BCero 3TO BbI3bIBAETCA MNPOLECcCaMn CTapeHus
N30/19UNN, MHOTAA MEXAHNYECKUMW MOBPEXAEHNAMN BEPXHUX CIIOEB M30M18unn. Ha 3TOM BpeMeHHOM
3Tane HabnogaeTcs YCTOMYMBLIN TPEHA B POCTE MHTEHCMBHOCTM YacTMYHbIX Pa3psiAoB, OT U3MEPEHUSsI
K M3MEpEeHMIO KONMYeCTBO M 06Lasi Heprusi YacTUYHbIX pa3psaoB BO3pacTaeT. Bo3HMKLME 30HbI
nedekToB pacwmpsitotcs.  MHTepBanbl BPeEMEHW Mexay NPOBEAEHUEM W3MEPEHWUM YaCTUYHBIX
pa3psaoB CyLeCcTBEHHO COKpallaloTcs. BennumHa sTux nHTepBanos Mexay U3MepeHUsMy 3aBUCUT OT
peanibHOM CKOPOCTU POCTa MHTEHCMBHOCTM YacCTMYHbIX pa3psigoB. O6bIMHO rpaHMua 3TOro 3Tana
XXW3HW BbICOKOBOJSIbTHOM M30/1SILMM COOTBETCTBYET YBENNYEHWNIO MHTEHCUBHOCTU YaCTUYHBIX pa3psaaoB
B 4 — 8 pas.

BpeMeHHOW MHTepBan «4» COOTBETCTBYET (ha3e, korda AedeKkTbl U30MSUMN YXKE HauMHaoT
pa3BMBaTbC «1aBUMHOOOpPa3HO». OHM YXEe HACTONbKO pPasBUIUCL «B LUMPUHY», 4YTO WMEKTCH
NpeanocbIKKU ANs nepexoda Ha ApYroM ypoBeHb Aerpafjaunmn msonsaumu. Hanpumep, OOPOXKM
HayrnepoXnBaHusa M3018UMKU NO NOBEPXHOCTU, HAa3blBAaeMble «TpekaMmn», UMEKT HacTONbKO 60bLUYyO
A/TMHY, YTO TOKM MO HWUM MHTEHCMBHO HA4yMHAKOT BO3pacTaTb. B pe3ynbTaTe AOPOXKM HayMHaoT
PacLLUMPSATLCS W yrnybnaTbesl, elle 6onblie akTUBM3NPYs NpoLecc obLuern aerpagaummn nsonsuuu.

NHTepBan BpeMeHW «5» HauMHaeTcd B TOT MOMEHT BpEeMeHW, Korga WHTEHCUBHOCTb
YaCTMYHbIX Ppa3psaoB HAYMHAET MpeBbiaTh AOMNYCTUMOE 3HadeHue. lNpakTuyeckn Bcerga, eciv He
NPYHUMaTb CrneunasnbHbiX Mep MO YCTPaHEHWO UMelWwnxcs aedekToB B u3onsaumu, pabota
BbICOKOBO/IbTHOrO 060pYyA0BaHUSI Ha 3TOM Y4YacTKe 3aKaHYMBAETCS aBapuNHO.

KauecTBeHHO KpuBasi Ha puUCYHOK 12 cnpaBeanveBa Ans n0b60Oro BbICOKOBOSIbTHOMO
obopyaoBaHusa. KonnuyecTtBeHHble MapaMeTpbl UHTEPBAsIOB BPEMEHWU, WX AIUTENbHOCTb U 3HaYeHUs
WMHTEHCMBHOCTU YaCTMYHBIX pa3psdoB, MMeT 6onbluvMe OTAnuYMs ANS pasfMyHbIX TUMOB M MapokK
BbICOKOBOJSIbTHOro obopyaosaHus. [Jaxe oauMHakoBoe 060pyAoOBaHWE, HO MMeoWee pasHble rogbl
BbiMyCcka, MOryT WMeTb [AOMyCTUMble  3HAyYeHUS WMHTEHCMBHOCTM  YaCTU4HBbIX  pa3psifios,
pasnuyarowmecs B HeCcKoNbko pa3. Ob6blMHO 3TOT BOMPOC PelaeTcsd Ha OCHOBaHWW CKOPOCTU

q

DO ® @
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N3MEHEHUSI MHTEHCMBHOCTM YaCTUYHbIX pa3psiaoB. Yem BbicTpee pacTeT MHTEHCMBHOCTb, TeM bonee
OMACHbIMU SIBNSIKOTCS 3TN pa3paabl ANs U30NSLUKM KOHTPONMpPYEMOro 060pyaoBaHus.

2.2.2.4. CBsI3b MHTEHCMBHOCTM YaCTWUYHbIX Pa3psaoB C MapaMeTpaMu OKpYXKatoLen

cpeabl U pexxumamun paboTbl 0bopyaoBaHus

I'Iepep, BbidBNEHNEM TGH,D,EHLI,VIVI B WU3MEHEHUUN WMHTEHCMBHOCTU YaCTUYHbLIX pa3pdaaoB BO
BPEMEHN HeobXxoaMMOo ybeauTbCs, YTO 3TU W3MEHEHWS He CBs3aHbl C  PEXMMOM  paboThl
BbICOKOBOJIbTHOrO 060pyA0BaHus. [ns 3Toro HeobxoanmMo nonpoboBaThb BbISIBUTH CBSI3b MapaMeTpoB
pa3psiaoB C «BHEWHMMW» MapaMeTpaMm, 3HaYEeHUs1 KOTOpbIX HeobxoanMo (hMKCMPOBaTb MpU KaXaoM
npoBeaeHHOM U3SMEPEHUN.

BaXkHbIMK SIBNSAOTCA Ccneayowmue napameTpsbl:

- BnaxHocTb 1 TemnepaTypa okpyxatowen cpeabl. OCOBEHHO 3TO BaXXHO MpW MPOBEAEHUN
N3MepPEHUN YaCTUYHbIX pa3psiAoB B TpaHchopMaTopax.

- [lapameTpbl TennoHOCUTENS B CUCTEMax OXNAKAEHWS reHepaTopoB. Harnpumep, npu
YBENMNYEHNUN KOJIMYECTBA BOAOPOAA B CUCTEME OXNaXXAEeHUA reHepaTtopa MOXET PE3KO U3MEHUTbCA
YpOBEHb YaCTUYHbIX pa3psiioB B HECKONbKO pa3. Mcnonb3oBaHue BOAOPOAA BMECTO BO3AyXa PesKo
CHUWXXaeT MHTEHCMBHOCTb YaCTUYHbIX pa3psaaos.

- Hanp;|>|<eHMe nMTaromeM CETU, KOTOPOE MU3MEHAETCA B 3HAUUTENbHbIX MNpeaenax, MOXET
TaKXXE€ nNnoBINATb Ha YPOBEHb YaACTU4YHbIX pPa3paaos. YBenuyeHue Hanpsa>XeHna YyBENMUYUBAET
MHTEHCUBHOCTb UMIMYJIbCOB.

- Pabouas TemMnepaTtypa cTtaTopa 3neKTpoaBuraTenst uam reHepatopa. MIHTepecHbIM siBnsieTcs
TO, YTO B 3aBMCMMOCTU OT ThNa MU3014UMN MOXET UMETb MECTO NONOXWUTENbHBIN U OTpMLlaTeﬂbeIVI
KO3 ULMEHT CBSA3M MHTEHCUBHOCTU YaCTUUYHBIX pa3psiioB C TEMMNEPATYPOM.

- Harpy3ka koHTponvpyemoro obopyzoBaHus. CBsi3b 34€eChb, BEpOSITHEE BCEro, Onpeaensiercs
BHYTPEHHUM HarpeBOM M30M15LUMK, NPSMOIN CBS3M MHTEHCMBHOCTM YaCTUYHBIX Pa3psifoB C Harpy3Kou,
06bI4YHO He yaaeTcs 0bHapyXuTb.
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3. MporpammHoe o6ecneueHne INVA

Komnnekc nporpamM INVA, ncnonb3yembiii ¢ npubopoM «MDR>» COCTOUT U3 LIECTU OTAENbHbIX
KOMIMOHEHTOB:

1. Bba3a gaHHbix MySql. Ecnu nokanbHasa ceTb, coaepxuT CYB[ MySql, To cywecTsytoLas
CYB moxeT 6blTb MCNOMb30BaHa AN XpaHeHWs AaHHbIX npubopa. ObpatuTtech K
nepcoHany, agMMHncTpupytowemy CYB/ ans co3aaHns NOAKMOUYEHUS K HEN.

2. KoHdwurypatop basbl JaHHbix INVA n npubopos (INVA Config Editor). MoxeT 6biTb
MCNONb30BaH Kak CPeACTBO HACTPOMKKN NapaMeTpoB NpubopoB.

3. Cnyxba cepBepa (INVA Server). HasHauyeHue 3TOM Cnyxbbl — aBTOMaTU4ecKas
nepegava AaHHbIxX B basy [anHbix (BA).

4. KoHdurypatop INVA — MOHMTOp - MPUNOXEHME, 3aHMMAtoLeecsl CO3JaHUEM CXeMbl
otobpaxeHns ansa INVA - MoHuTOop. Cxema oTobpaxkeHusi cO34aeTcs AN KaXaoro
obbekTa OTAeNbHO.

5. INVA — MOHUTOp - NpuWoXeHue, 3aHuMMalolleecs aBTOMaTUYECKUM OTObpaxkeHWem
HOBbIX A@HHbIX Ha CXEMEe KOHTponmMpyemoro obopyaoBaHus.

6. USB-ppairiBep npubopa. [paiiBep HeobxoauMO YyCTaHaBnMBaTb TONIbKO  MpU
MCMONb30BaHUN NPSAMOro noaktoveHns K npubopy nocpeacrtsoM USB-kabens.

[Ana noakntoyeHns K npubopy npu NoMoLum HoyTbyka nnu Anst NpoBeAeHnst NyCKOHaNago0uHbIX
paboT MoxeT 6bITb MCNONb30BaHO nporpaMMHoe obecnedyeHne INVA Portable. 3Tta nporpamma He
Tpebyet Hannuunsa CYB MySql.

Mporpamma INVA Portable ncrnonb3yeT Te e cnocobbl Ans NpOCMOTPa M aHanu3a AaHHbIX,
4yto 1 komnnekc nporpamMm INVA. OnucaHue paboTbl C AaHHbIMW NPOrpamMMaMu He BXOAUT B 3TO
PYyKOBOACTBO. HuxXe npvBeaeHO onucaHue OKOH, crneumduyHbiX ans npubopa «MDR» Ha ocHoBe
nporpammbl INVA Portable.

3.1. Hacrtpoiika npubopa
Bce HacTpoWiku crpynnupoBaHbl B TpU BKIAAKM:

e [lapameTtpbl Npnbopa;

e Peructpaunsa 4YPp;

e [loporu.

B npaBoi 4acTv OKHa pacnonoXeH psig KHOMOK:

e 3anucaTb B Npubop — OTMNpaBnsieT BCE HACTPOMKWM B npubop. Mpubop AomkeH 6biTb
NOAKMIOYEH K KOMMbIOTEPY;

e 3aKpbITb — 3aKpbIBAET OKHO MPOCMOTPa U peAaKTUPOBaHWS HacTpPOeK;

e 3arpy3uTb — 3arpyaeT HaCTpoWKM M3 BHewHero daina. [aHHasi KOMaHZa MOXeT
6bITb MCNONb30BaHa AN BOCCTAHOB/IEHUSI HACTPOEK M3 Pe3epBHOM KOMUW, CO3A4aHHOM
paHee.

e COXpaHUTb — COXPaAHSIET HAaCTPOMKM BO BHEWHMIN (haiin. [JaHHash KOMaHAa MOXET 6biTb
MCNoNb30BaHa AN CO34aHUsi PEe3epBHOM KOMMM HacTpoek npubopa, nepea ux
N3MEHEHWNEM.

e [IOMOWHMK HACTpOMKkM wm3MepeHns YP — 3anyckaeT OKHO MOMOLWM HACTPOMKM
N3MepeHNs B 3aBUCUMOCTU OT MU3MepsieMoro obbekTa 1 UCNob3yeMblX AaTYMKOB.
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PucyHok 13. Bknaaka "MapameTpbl nprbopa
v
«MecTto yctaHOBKM npubopa» - onucaHne MecTa MpoBeAeHNs W3MepeHun. 3JTa

nHdopMaLnsa SBNSETCH AONONHUTENBHOW (CPaBOYHON).

B rpynne «MnaHMpOBLUMK» 33a[aeTCs pacnncaHMe aBTOMATMYECKOro 3amnycka W3MEpPEHU.
3anpeT NpoBeAeHUst U3MEPEHWUI MO PacrMCaHMIO OCYLLECTBSETCA NepeknoyaTenieM «OCTaHOBUTb
MOHUTOPUHI>».

Mpnbop MoXeT coxpaHaTb MHDOPMaUMO 06 M3MEPEHHBIX AAHHLIX B TPEX PEXMMAX, KaXAblM
Cneayowmi BKIKOYAET AaHHbIE NpeablayLmX:

e KpaTkoe — TO/IbKO YPOBHW aMMnAUTYA U MHTEHCMBHOCTU 6€3 AaHHbIX O pacnpeaeneHum
NMMYNbCOB;

e C napaMeTpaMu uMMNyNbCOB — B 3TOM pexuMe pobaenserca uHdopMauus o
MapaMeTpax KaXaoro UMMynbca, UCMOosb3YHOWAsca AN NOCTPOEHNUS pacrnpeaeneHnn n
aHanu3a PD-Expert;

e C ncxogHbIMM cUrHanamnm — B 3TOM pexunMe aobasnsercs uMHgopMaums o dgopme
KaXxaoro nMMnynbca.
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-
Kondwmrypauna npubopa # 129 (GIS-DM) ti_:hJ

Maparerpel nputiopa  Peructpaumra HP ] Maoporu LIP]

O6wue napameTpel vamepeHua P Sanucate B

ba30Ban CUHXPOHU3AUMA | Her | |Beayw Wsmepare (50 nepuoaos CABMraTe dasy Ha 0 npudop
CETH
BHYTEHHAR CHHXPOHH3AUMA ’W‘ 5000

DononHKT & MbHoE
Bpema perucrpau [1280 +| we Maysanocte fnone  v| ke yopnerme BU(HF))1 7| Pastal X Zakpore

HrNYAbca urnyieca 4P
KaHana

;I;iilr—:;;:mnasun o7 1- 3|TUJ‘IDKU HF j 4- B|TUanU LHF j 500
poEEHs

g i -40 By 3arpysvme
[~ Moate. cocTosHkA [¥ ABTOTPMrEpOESHHE L | 2000 HMIFEER ,7 B

[ MocToAHHE MoHWTOpKHE FDI 1] 1]

MNapareTpe! uatepeHua P No kaxnomy KaHany CospatiTE

M| pPp1 W PD2

0 6wme napameTpel KaHang

YyscTeHTenbhocte  |10.00 vkn/B P asa paryvka A -

JlononHUTENEHBIE NAPAMETLT

JnuHa kafensHoli auHud, p- | 1000
Koo dpuumenT ukopoueHua |1.83

M pDs| W PDB

M PD3 M PD4

HacTpours ¢UALTPH

[orot Hu
HACTROAKK
H3MepeHuA Y

PucyHok 14. Bknagka "Perncrpaums YP"

«ba3zoBasi CUHXPOHM3aALUS>»> - CNOCO6 CUHXPOHU3AUMM BHYTPWU rpynnbl Npnbopos.

«N3mMepATb ... NEpUoAOB CETU» - KOMMYECTBO MEpPUOAOB MNPOMBILIEHHOW 4acToThbl, B
TeyeHue KOTopbIX 6yaeT Npon3BOANTLCH U3MEPEHNE BO3HMKAIOLLMX UMITY/bCOB.

«CaBuraTtb a3y Ha...» - yron onepexeHust UICTOMHUKOM BHYTPEHHEW CMHXPOHM3auun dasbl
A NpOMBILLNEHHOW CETW.

«BHYTPEHHAI CMHXPOHM3ALUMSA>» - CUHXPOHM3AUMSA C YacTOTOM MPOMbILSIEHHOW CETW.
[onyctumbl cnegytowme 3HavyeHus:

e BHewHssa - Haubonee TOYHLIN CMOCO6 CUHXPOHM3aUMW. B kayecTBe MCTOYHMKA
NCMONb3yeTC  BHELWHWMN  UCTOYHWK  HaMpsbKeHWsi, HanpuMep, UW3MepuTenbHbIX
TpaHcchopMaTopoB HanpskeHus (TH).

e TOK Harpysku/pagvMoKkaHan — CMHXpPOHU3aums oT curHana ¢ gatumka IFCT-5A/PFR-1;

e [0 NUTaHMIO — CUHXPOHM3aUMS C CETHIO NPV MOMOLUM MUTAlOLen ceTu. B aTom cnyyae,
Yalle BCero BO3HMKaeT HeonpeaeneHHbIn caBur asbl OTHOCUTENBHO MPOMbILLIEHHOM
ceTu;

e (CBobogHas — HecBsi3aHHOE C CeTbl M3MepeHue. [O/MKHO MCNONb30BaThCA TOMbKO B
Cfly4ae OTCyTCTBUSA N06bIX APYrMX NCTOYHNKOB CUHXPOHU3aLMMN.

«BpeMsi perncrpaumm» - BpeMs, B Te4eHMe KOTOPOro pernucTpupyetcs opma curHana.

«lMay3a nocne uMnysibca» - MHTEPBaN BPEMEHW MNOC/e «BPEMEHU PErNCTpaumMmn», B TeYeHMe
KOTOPOro BCE M3MEpEHHble WMMYSbCbl CUYATAKOTCA HE CaMOCTOATESIbHbIMKU, @ MPOAO/HKEHNEM YXKe
N3MEpPEHHOTrO.

«[lonosIHUTEeNbHOE YCW/IeHUe KaHana» - MOXEeT WCNonb30BaTbCa ANS  YCUIEHUS
MMMYNbCOB Manon aMnanTyabl (YBENMYEHUs1 YyBCTBUTENBHOCTM Npubopa) Npu OTCYTCTBUM UMMY/bCOB
60/bLLION aMNNTYbI.

«YacToTHbI AMana3soH» - BbibMpaeTCs B 3aBUCMMOCTM OT WUCMOMb3yeMblX AaTymMkoB. OH
3aaeTcs Ans TPOMKM [aTyMKOB, TO €CTb €C/iM eCTb HeobXO0AMMOCTb MPOM3BOAUTbL M3MEpPEHWE B
pa3HbIX AManasoHax YacToT, TO AATUYMKWN AO/MKHbI 6bITb NOAKMIOYEHbI HA Pa3Hble «TPOWKW» KaHasoB.
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MNepekntoyatenb «MOCTOAHHBIA MOHUTOPUHI PDI» fomkeH ObiTb BKIKOYEH — ANns TOro,
4yTobbl He 6blNM MponylleHbl AaHHble Pe3KO OTANYaromMecs OT «cpeaHux». WM3mepenue 6yaet
3anyLweHo NoMMMO pacnncaHus, ecnn yposeHb PDI pe3ko BelpacteT B N pas, M 3TO MpeBbllLIEHUE
6yaet 3admKCMpoBaHO B TeyeHun He MeHee T cekyHA. 3HadveHne N BBOAUTCS B nose «3anyCcTUTb
u3MepeHue npu ysenuuyeHum PDI B ... pa3a», 3HadeHne T — B Nno/ie «4INTENIbHOCTbIO...CeK>.

Mocne pabotbl «MOMOLWHMKA HACTPOMKM u3MepeHuss YP» K3MeHsoTCA cneayrowme
napameTpbl:

e BkJtOYEHHbIE U3MepuUTEeSNbHbIE KaHarbl;

e ®a3bl 06bEKTOB, NOAKNIOYEHHBIX K AaTYMKaM;
e  [1NMHbI KOHTPONMPYEMbIX KAabENbHbIX TMHWI;
o KoadhduumeHTbl yKopoyeHus;

e AnroputMbl unbTpaumu;

e BpeMs perncrpauun MMnynbea;

e [lay3a nocne nmnynbca YP;

e YacToTHbIM AnanasoH uamepenus YP.

B OKHe MoOMOLLHMKA HacTpoVkM HeObXoaMMO BblbpaTh cnocob Mcnonb3oBaHus npubopa (cxemy
pacnpeaeneHns 4aT4YMKOB) M 3a4aTb AOMOHUTENbHbIE NapaMeTpbl (ANIMHbI KabesbHbIX IMHUIA).

MNapameTpsl usmeperus YP —25—

War 1. BeiGepure cxery KOHTPONA OFEEKTd

BBICORDBEONETHEIE KAGENEHEIE NHHMM:
% 3 oaHOPazHEIX Katend [3 gatauka RFCT wiunu 3 COR-5/AEST

™ 3 onHopazHel kadend [3 gatuuka RFCT w1 AES]
(™ B onHOPazHelx Kadensi [naruuen RFCT]
(™ B TpexpasHe katensd [natudku RFCT]

KPY3:
™ OgHogazHoe KPY3 [namaukn AES]

" TpexpasHoe KPY3 [aatuuku AES]
3nempwecme MAWHHE

" 36 aHrenH [aaruqed CBY ananazona)

" 1-3CBY aHrerHs v 1-3 patuska BY auanasona
™ 4 gatudka Mapkd CC

" B patuikos maped CC

o Danee>> X Orraena

PucyHok 15. MOMOLIHMK HacTPONKK
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PucyHok 16. Bknagka "Moporn"

MapaMeTpbl, NPUBEAEHHbIE HAa BKIAAKE «MOPOrU» OnpeaensitoT KOHTPOIMPYEMbIE NapaMeTpbI
W X NpeaesbHble 3HaYEHUS.

MosiBNEHNE 3TUX HAaCTPOeK 06YCMIOBNEHO HECKONIbKMMMU MOMEHTaMM:

e BO-NEPBbIX, HET YTBEPXXAEHHbIX HOPM, HO OHU MOSAIBNAIOTCS;

e BO-BTOpPbIX, BbICOKasi aMNAUTyAa MMMYNbCOB UM BOMbLLOE MX KOMMYECTBO MOXET OCTaBaThbCA
CTabubHbIM B TEYEHWE AONTOr0 BPEMEHW, TOMbKO M3MEHEHWE 3TUX BENUUYMH BO BPEMEHU
CBUAETENLCTBYET O TOM, YTO B M30NISILMM NMPOUCXOAST YXYALLEHNS;

e B-TPETbMX, U3MEHEHME YPOBHS — 3TO MoKa3aTeslb CKOPOCTU pasBUTUA aedekTa, a He CTENeHU
pasBuTUa aedekTa.

Mo3TOMy B HacTosilee BPeMsl HEBO3MOXHO CKa3aTb, KAKOM M3 MapaMeTpoB BaXKHee M\uau
6y[EeT NPUHAT B KAYeCcTBe CTaHAapTa.

Mbl NpUHSAKN, 4TO Hambonee nokasaTenbHbl TPeHA (TO eCTb CKOPOCTb POCTa), 0COBEHHO TpeHa
PDI.

3.2. [pocMOTp AAHHbIX

Bbibepute koMaHay «OTKpbITb» M3 MEHIO M3MepeHus. B npaBoi 4YacTu OkHa MporpaMMbl
OTKPOETCS NPOCMOTP COXPAHEHHBIX AaHHbIX.

B HMXHEN yacTn okHa OTOBpasnTCA TpeHA U3MeHeHUsl napaMeTpoB YP Bo BpeMeHu, No BCEM
[aHHbIM M3MEpPEHUI, XpaHsWwmMMcs B nanke. M3MeHWTb Habop oTobpaXkaeMblx B TPeHAE KPWBbIX

MOXXHO MPX NOMOLLUN KHOMKK « El_*“-1‘». Mpw BbIGOPE NEBOV KHOMKOW MbIlUM TOYKN Ha TPEHAE B BEPXHEW
YacTU OTKPbIBAOTCS MNOAPOOHbIE 3TOM0 JaHHble M3MepeHust (aHanorMyHo AEWCTBUIO KOMaHZbl
«OTKPbITb» Ha 3TOM U3MepeHUM B OKHe CTPYKTypbl B1).
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PucyHok 17. MpocMoTp TpeHaa U aMnanTyaHo-da30Boro pacnpeaenenuns YP

MpoCMOTP A@HHLIX OAHOMO U3MepeHUst AOCTYMEH B MATU peXuMax:
e AMNAnUTYAHO-(a30Boe pacrpeneneHune;
e 3d;
e PD-Cloud;
e PD-Expert;
e Jlokauusl pa3psaoB B KabenbHON NIMHWK.

3.2.1. AMnauTtyaHo-(pasoBoe pacnpeaesieHue

Ha s3ToM pacnpegeneHun no BepTUKANbHOM OCM OT/IOXKEHA aMnauTyda MMMynbCoB, MO
rOpU30HTaNbHOW — hasa MPOMbILLNIEHHOW YacToTbl. Kaxabll OTAENbHbIN MMMYyNbC M306paxaeTcs B
3TOM KOOpAMHATHOM nnockoctn. Bce pacnpeaeneHve pa3buBaeTcs Ha Tabnuuy, C OnpeaeneHHbIM
WwaroMm no amnautyae u dase. MNpu nonagaHun 6OMbLLIOrO KOAMYECTBA MMMYNbLCOB B OAHY SYENKY
Tabnmubl BCe MMMY/bCbl 3TOM SYEMKM OKpalLMBalOTCS 60Mee MHTEHCMBHBLIM LIBETOM. LiBeT — 3TO
XapaKTepUCTUKa 4acTOTbl BO3HWMKHOBEHMS WMMMY/IbCOB CO CXOAHbIMW aMMAWUTYAHbIMU U (hA30BbIMU
napameTpamu. LiBeToBas LWKana NnpuBeAeHa HMXe pacrnpeaeneHui.

Bbibop (NpubnumkeHWe) oAHOro KaHana OCYLECTBASIETCS MPU MOMOLWUM ABOMHOIO HaXaTust
NEBOM KHOMKM MbILLN,
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3.2.2. 3D-pacnpepeneHue
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PucyHok 18. 3D-pacnpegeneHue

Ha aTOoM pacnpeaeneHun Takxe No BEPTMKANbHOW OCK OT/IOXKEHa aMNAUTyAa MMMY/bCOB, MO
rOpM30HTaNbHOM — (pa3a NPOMBbIWIEHHOM YacToTbl. Kaxkabli UMMynbC OTOBpaXkaeTcs OTAENbHO, Ha
TOM Mepuoae, Ha KOTOPOM OH 6bin M3MepeH BO BpeMst peructpaummn YP. Bce BMecTe OHM 06pasytoT
TaKoe Xe aMnnTyaHo-(a3oBoe pacnpeaeneHne (M306paxxeHo Ha 3aJHeN NI0CKOCTH).

MpubnmxeHne n oTaaneHue rpaduka OCYWECTBASETCS MpPU MOMOLLM BpaLLEHMS KONecuka
MbILLIM, CABUI — NPY MOMOLLM NEPEMELLEHNS MbILLKM C OAHOBPEMEHHBIM YAEPXXaHNEM KOMECHKa MbIlUn B
HaXXaTOM COCTOSIHUM, BpaLLEHWE - NPV NOMOLLN NEPEMELLEHUS MbILUN C OAHOBPEMEHHBLIM yAEPXXaHNEM
MpaBoOW KHOMKM MbILUKN B HAXKGTOM COCTOSIHWM.

3.2.3. PD-Cloud
ITO TaKXKe TpexMepHoe pacnpeaeseHne, Ho OCK ero cneaylowme:
e T1 - pnMTENbHOCTL NEPBOM NOMYBOMHBLI MMMNybca YP;
e T2 — nonHasa 4nMTEeNbHOCTb UMNybca YP;
e ®da3a NpOMbILLIEHHON YaCTOThI.
YnpasneHue CABUIroM M MacliTaboM OCyLLECTBNSIETCA TakxKe, Kak U B 3d pacnpeaeneHunu.

AunanTyaro- -dasosan nnockocTs Pacnpeaenenme 3D PD-Cloud  PD-Expert
[ Kawan 1 (HF), 03.04.2014 20:57:04 B
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PucyHok 19. PD-Cloud
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CnpaBa pacnonoXeHbl 3M1eEMEHTLl YrpaBieHNs M NPOCMOTpa CedyeHus pacripegenenuns PD-
Cloud B Tpex nnockocTsiXx. [lBurasi NeBOM KHOMKOW MbIlLM TpaHuLbl BbIAENEHHOMO OKHa B 3TWX
NMOCKOCTSX, MOXXHO BbIOpaTb 30HY Anst aHanusa cuctemon PD-Expert. Bbibop 3TOM 30HbI SIBNSETCA He
obsi3aTenbHbIM, 3TO AOMONHUTENbHbIE AaHHbIe Ans paboTel PD-Expert.

3.2.4. PD-Expert

B BepxHeM uacTu OkHa oTOobpaxeHO amnauTyaHo-ba3oBoe pacnpeaeneHne obnacty,
BblbpaHHON Ha Bknagke «PD-Cloud», cnpaBa — npuBeaeHO 3aknalueHne cuctembl PD-Expert

OTHOCUTENbHO 3TOMN 06NacTu.

b nnocrocts P 30 PD-Cloud | PD-Expert

AHanns o6nacTH, seipaHHol B okHe PD Cloud’
#1

B

SESSANE
s ndgsng

o 45 90 135 180 225

MowwocTe=60,23MBT _ Amnanutyaa=0,338 Ko umn.=296

ABTOMaTHYECKHH aHanM3

#

AecbexTsi

Aegermos & ssl6paHHolU 30He He 3adUKCUPOBaHo

NpoBoaHMK Nog, "

Mcrounuk: Kanan 1
sa: A

cTo: 78.07MBT (68% OT 06lueii MoLHOCTH)
na: 0,33 B
JloctosepHocTb: 100%
Omvicanve: Momer w3 ceba motoe
5

BHyTpH

HHA KOHCTPYKTHBHBIX

90 135 180 225

MowocTs=114,284B1 _ Amnniryaa=0,338_ Kon. uan.=568

PucyHok 20. PD-Expert

B HWHeN 4acTu, npvBeaeH aHanu3 obnacTtel, BblbpaHHbIX cuctemon PD-Expert Bo Bcex
N3MepuTENbHbIX KaHanax no aBToMaTU4eckuMm anroputmam. CrnipaBa OT Ka)xaol obnacti npueeaeHo
3aK/toyeHne o Tune aedekTta, BO3MOXHbIX MECTaX ero BO3HUKHOBEHUSI, CTEMEHW Ero ornacHoOCTH.
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4. 3ameHa npubopa Ha npubop u3 3UMN
Mpn HeucnpaBHOCTM npubopa M Hanuumm ero B coctaBe 3UIM, MOXHO BOCCTaHOBUTb
paboTOCNOCOBHOCTb CUCTEMBI 3aMeHON Npubopa.

[Ans 3Toro Heo6xoANMO BbINOSTHUTL pan onepau,MVl.

1.

7.
8.

CoxpaHute B aiin nocnegHne HaCTPOMKM HeucnpaBHOro npubopa C  MOMOLLbIO
nporpammbl INVA Config Editor u3 coctaBa komnnekta MO INVA.

OTKNtoUMTE NUTaHMe Npubopa.

CHMMUTE CTapblii M YCTAQHOBUTE HOBbIN NPUBOP, C aHANIOrMYHbBIM NMOAK/IIOUYEHMEM Kabenei.
He 3akpbiBaiiTe KpbiLLKY nNpubopa.

MopanTe HanpshkeHne nuTaHuMa K noaknoumTech K USB-pasbeMy B HOBOM npubope npu
nomowum USB kabenst ¢ ceyueHneM He meHee 24AWG.

C nomouwbto nporpammbl INVA Portable ounctute apxms npmbopa.

C nomowbto nporpammbl INVA Portable npousseanTe 3anucb HacTpoek w3 dhaina,
nosnyyeHHoro B N.1 B npunéop.

OTkntoumTe USB-kabenb v 3aKpoinTe KpbiLKy npuéopa.

MNepe3arpy3ute npubop.

PaboTocnocobHocTb Nprbopa BOCCTaHOBEHA.

UHdopmMauusa o npeanpuaTUN-U3roToButene

000 «ANMPYC» (r. MNepmb)

Pa3paboTka v NocTaBka NpubopoB 1 MPOrpaMMHOro o6ecneyeHnst No AMarHoCTUKe ans
PA3NYHBIX OTPACcNei NPOMbILLIIEHHOCTW.

Poccus, 614500, Mepmckuin kpaw,
4. BaHioku, LLloccelHbiv Bbe3A, A.2

Ten.: (342) 212-23-18, 212-91-93

Anpec B MHTepHeTe: http://dimrus.ru

e-mail: dimrus@dimrus.ru
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