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G'HRUB «PD-Analyzer/65»

PYyKOBOACTBO MO 3KCM/lyaTauum

1. BBegeHue

1.1. HasHaueHue

PerncrpaTop 4YacTU4HbIX paspsiaoB B usonsummn «PD-Analyzer/6S» B komnnektaunm «GIS-DM»
(nanee komnnekT «GIS-DM») npeaHasHayeH Ansi NOCTOSIHHOrO MOHUTOPUHIA TEXHUYECKOro COCTOSIHUS
n30nAuMM  3nerasoBoro 060pyaoBaHWUS W APYroro BbICOKOBOILTHOro o6opyaoBaHus nod pabounm

diMRUS
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2Q

PermcrpaTop BbICOKOYACTOTHBIX UMMY/IbCOB | 3@

PD-Analyzer /6S 9

HF/UHF

QiMRUS
PD-Analyzer /6S

HF/UHF

PucyHok 1.1 BHeluHuiA Bua npubopa

HanpsHKeHueM. OnpepenexHne TEXHUYECKOro
COCTOSIHUSI M30M51UMM  OCYLLECTBNSIETCS Ha OCHOBe
perucTpaumMm M aHanu3a  UHTEHCMBHOCTU U
pacnpegeneHms UMysbCoB YaCTUYHBIX Pa3psifoB.

N3MepeHne npou3BOAUTCS NpU  MOMOLLM
CneuManmM3npoBaHHbIX aHTeHH. [N  3nerasosoro
obopyaoBaHMs UCNOMb3YIOTCS aHTeHHbl Mapok ACS,
AES.

B KkauectBe YCTPOWCTB KOHTPOAS MOryT
MCMNONb30BaTbCA aHTEHHbI, NpeayCTaHOBEHHbIE AN
3TUX uenen npousBoautenem KPY3. Heobxoammo
NMOMHUTb, YTO MNpPU MOAKIOYEHUN K BCTPOEHHbIM
AQHTEHHaM TaKXe AO0/HKHa WCNOoNb30BaTbCA 3aliuTa
Mapku «OVP-1».

[ononHUTENbHbIE  YCTPOMCTBA  KOHTpONSA
AN perucTpaumm  4acTUYHbIX  paspsgoB  MOryT
MOHTUPOBATLCH Ha MPOBOAHMKE 3a3eM/IeHMs] dKpaHa
oTXoasLero kabens (BbICOKOYACTOTHbIE
TpaHcdopmaTopbl Toka RFCT-1,4,7).

B npubope «PD-Analyzer/6S» peanu3oBaH
Habop CaMbIX COBpPEMEHHbIX CpeacTB M MEeToAoB
OTCTPOMKM  OT  BHEWHWX nomex. bnaropaps
BCTPOEHHOM B Npubop 3KcnepTHoM cucteme «PD-
Expert» aBTOMaTM4eckun npou3BOAUTCA OLEHKa He
TONbKO YPOBHS 4YaCTU4HbIX pa3psigoB, HO WU
onpegensietca Tun pgedekta. o BceM KaHanam

peructpaumn YP n3MepeHue nNpous3BOAMTCS OAHOBPEMEHHO, 3@ CYET aHaNM3a CXEMbl YCTAHOBKWM aHTEHH
M Pa3HOBPEMEHHOCTU PermcTpauLmMu MMMybCOB B PasHbIX KaHanax npubopa MOXHO YCTaHOBWUTb MECTO

AedekTa.

BaXkHbIM JOCTOMHCTBOM Mpubopa SIBNSIETCS COXPaHEHME BCEX UCXOAHbIX AaHHbIX, 3@ CUYET Yero
Mocre YTOYHEHUS MEXaHM3MOB (UNIbTPaLMM B MpPOLECce 3KCMyaTaumu npubopa HOBbIE aNrOpUTMbl
MOrYT 6bITb MPUMEHEHBI K AHHBIM, MOJTyYE€HHBIM 10 YTOUHEHUS.

OnuuoHanbHO npubop MoxeT O6blTb AOMOSIHEH KaHanamMu perucTpauuyM  TemrepaTypbl,
BIQXXHOCTU, TOKA, KOTOPbIE MOryT 6bITb MCMOMb30BaHbI A/ PErUCTPaUnM AONONHUTENBbHBIX NApaMeTpoB,
MPsSIMO UM KOCBEHHO OMPEAENSIIOLLMX COCTOSIHUE N30SI,

1.2. OnucaHue npubopa «PD-Analyzer/6S»

OCHOBHble TEXHWYECKME MapaMeTpsbl

npubopa «PD-Analyzer/6S» npuBegeHbl B Tabnuue

«TexHunyeckme napameTpbl Npubopa «PD-Analyzer/6S»:
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HRUB «PD-Analyzer/65»

Tabnuua 1.1 TexHnyeckne napameTpbl npubopa «PD-Analyzer/6S»

PykoBOACTBO MO 3KcnyaTauum

Ne TexHunuyecknin napameTp 3HaueHue
1. | KonnyectBo kaHanos perncrpaumm YP [0 6
2. | KonnyecTtBo kaHanoB n3MepeHust Temnepatypbl (Pt100) po 7
3. | KonnyectBo KaHanoB U3MepeHUs BNaXKHOCTU fo1
4. | KonnyectBo KaHanoB n3MepeHus Toka fo 3
5. | KonnyectBo BCTPOEHHbIX BLIXOAHBIX pene yrnpaBieHust (Cyxom 3 (2508, 6A)
NepeKUAHON KOHTAKT)
6. | UHTepderic cea3m npnbopa C KOMMbIOTEPOM RS-485, USB,
Ethernet nnn
Fiber Optic Ethernet
(MM wnnu SM, pasbeMm
SC)
7. | ObbeM namsATH Ans XxpaHeHus apx1Ba 256 M6
8. | Pabouee HanpshkeHne KOHTPONMpyeMbIX 06 bEKTOB oT 3 no 1000 kB
9. YacToTHbIM Anana3oH (HF) pernctpupyeMbix MMMynbCOB 0,1 + 20,0 Mru!
10. | YacToTHbI ananasoH (UHF) pernctpupyeMbix MMMynbCoB 450 + 1500,0 MIy?
11. | Arana3oH M3MepeHnst MakCcMMasibHOM aMMUTyAbl MOBTOPSIHOLLMXCS] oT —46 no +14 nbB
YACTUYHBIX pa3psaoB B gnanasoHe vactoT oT 0,1 go 20,0 My
12. | Anana3oH U3MepeHnst NMKOBOM MOLLHOCTU paAMO4aCTOTHbIX ot —70 po -5 gbm
MMMyNbCOB B AMana3oHe vactoT ot 450,0 o 1500,0 My
13. | NapaMeTpbl 3NeKTPONUTaHMS OT BHELIHUX UCTOYHMKOB:
— HanpshkeHne nepeMeHHoOro Toka oT 90 no 260 B
— Y4acToTa NepeMeHHOoro Toka oT49 00610y
— HaNpsHKeHMe MOCTOSIHHOIO TOKa oT 120 oo 370 B
14. | Bpems akcnnyaTtauumn npubopa He MeHee 10 net
15. | lmana3oH pabounx Temneparyp -40 + +60°C
16. | XapakTepuctuku Kopnyca npubopa:

16.1 ANOMUHUNEBBIN FrEPMETUYHbIN KOPIYC:
rabapuTHble pa3Mepbl
CTeneHb 3alnTbl OT BHELIHMX BO3AENCTBUM
Bo3MoyxHa ynMyHas ycTaHoBKa.

400x260x110 MM
IP55

16.2 CranbHow Kopnyc:
rabapuTHble pa3Mepbl
CTeNeHb 3aluTbl OT BHELIHUX BO3AENCTBUIA
YCTaHaBNMBAETCSA B 3aKPbITbIX, 3aLMLLEHHbIX OT BAaru v nbinm
MOMELLIEHMSIX UM MOHTAXHbIX LKadax Y/IMYHON YCTaHOBKM

390x216x61 MM
1P20

! MeTponoruyeckasi MOBEpKa perucrpaTopa, CorfiacHo MeToamke nosepku 651-19-016 MM, npoBoanTcs B
AvnanasoHe vactot 0,1 My + 20,0 Ml'u.
2 MeTposiornyeckasi noBepka perncrpaTopa, CornacHo MeToamke nosepkn 651-19-016 MM, npoBoanTCcs B
AvanasoHe vacrtot 450 My <+ 1200,0 Mlu.
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PyicyHok 1.2 MpuMep TUNOBOM CXeMbl NOAKTHOYEHUNIA kKoMniekTa GIS-DM

1.2.1. PexxuMbl paboTbl CBETOANMOAOB U pesne npubopa
Mpnbop «PD-Analyzer/6S» nmeeT 7 CBETOANOAOB, ONMMUCHIBAIOLWMX COCTOsSIHME Npubopa:

1. Ceetoagunopn «CoctosiHne npubopa» («Status», 3eneHbin). CBETUTCH MOCTOSIHHO B pexunme
Yacto mwuraet (npumepHO 2 pasa B CekyHAy) npu owunbke wunm
HeucnpaBHoOCTM npubopa. MeaneHHO muraet (NpUMEpHO pa3 B 2 CeKyHAbl) BO Bpems

MOHUTOPUHTAa.

perucTpaumm 3amepa. He ceetutca — an60p BbIK/1IOYEH NN HEUCTIPABEH.

2. Ceetoamoabl

«ABapuiMHOE COCTOSIHME»

(KpacHble,

no oAHOMYy Ha kKaHan). CeeTaTcs

NOCTOAHHO NpwU NpeBbILLEHUN YCTAHOBJIEHHOIO aBapMVIHOFO nopora.

Mpnbop «PD-Analyzer/6S» nmeet 3 pene:

1. Pene coctosiHus npubopa (Status). MNocne BkIOYEHWS NpUBOP NEPexoauT B PEXUM
TECTUPOBaHMS M MPOBEPKM BXOAHbIX KaHanoB. ECnvM Bce NpoBepKWM BbIMOAHEHbI M Npubop
nepeLlen B peXXMM MOHUTOPWHIA, BKIOYaeTcs pene Status. Pene NOCTOSHHO BKIKOYEHO Npw
HOpMasnbHOM pexunmMe paboTbl npubopa. MNpy BO3HUKHOBEHUWN OWMOKKM U NMPU BbIKIIOYEHUN

npubopa KOHTaKTbI pene NepektoyatoTcsl B MCXOAHOE MOOXEHNE.,

2. Pene TpeBOXHOro CoCTosiHMSA M3MepsieMblx napameTpos (Warning). Pene 3amblkaeTcs npu
NPeBbIWEHNN KOHTPONMPYEMbIMM MNapaMeTpaMuM Mnopora TPEBOXHOIMO COCTOSIHUA U He
JOCTVXKEHWMM MOpora aBapuMHOIO COCTOSIHMSI MO NtoboMy M3 KaHanoB. Pene oTkovaeTcs
MPU CHWXXEHWMM 3HAYEHUA MNaAPaMETPOB HUXKE MOpora TPEBOXHOMO COCTOSIHUSI WU MpU

npeBbILLEHNN NOpOora aBale‘/JIHOFO COCTOSAHUA.

3. Pene aBapuMHOrO COCTOSIHMSI M3MepsieMblx napaMeTpoB (Alarm). Pene 3aMblkaeTcs npwu
MPEBbLILLEHNN MOPOra aBapUMHOIO COCTOSIHUS MO NoboMy K3 kaHanoB. OAHOBPEMEHHO
3aropaeTcsl KpacHbld cBeToamMoa Ha naHenu npubopa. Pene OTKMOYAETCS MPU CHUKEHUU

3Ha4YeHUA NapaMeTpa HMXKe nopora.
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1.2.2. CBY (UHF) aHTEeHHbI
B KPY2 B KauyectBe aHTEHH MOryT BbICTYNnaTb YCTPOWCTBA, NpeayCcTaHOB/EHHbIE
npoussoanTenem KPY3J. Mpu NOAKIOYEHUN K TAaKMM @aHTEHHaM HeobX0AMMO MCMOb30BaHME 3aLUMTHbIX
anemeHToB OVP-1 13 KoMnnaekTa npubopa (MM U3 KOMNAEKTa aHTEHH, BCTPOeHHbIX B KPY3) (Puc. 1.3).

PucyHok 1.3 T-koHHekTOp N-type ¢ hunnbTpom HM3kmx Yactot OVP-1

Ecnn BCTpOEHHbIX aHTEHH HeT, HO KPY3 mMeeT pagvonpoHuLaeMble U30MSUMOHHbIE 6apbepsl
WM OKHA, TO B 3TOM C/ly4ae MOXHO Mcnosb3oBaTb CBY-AHTEHHY «AES» (Puc. 1.4).

PucyHok 1.4 CBY-AHTeHHa Mapku «AES»

HeobxoanMMo MOMHWUTb, YTO M aHTEHHbI, BCTpOeHHble npomnssoanteneM KPYD, n CBY-AHTEHHbI
«AES» unmeioT BbIXOAHOW curHan B Amana3oHe UHF. AHTeHHbl, BCTpoeHHble B KPYD npou3BoauTenem,
nmetoT 60nbLUYI0 YYBCTBUTENBHOCTb M MOMEXO3ALUMNLLEHHOCTb.

1.3. OcobeHHOCTH paboTbl Nnpubopa

Mpubop «PD-Analyzer/6S» He WMeeT OpraHoB YMNpaBfeHWs, MO3TOMy BCA HacTpoika
OCYLLECTB/SIETCS NPU MOMOLLM NEPEHOCHOIO MM CTALMOHAPHOIO KOMMbOTEpa.

Bce BbINONTHEHHbIE U3MEPEHUS! COXPAHSAIOTCA B SHEProHe3aBUCUMMOKN NamsTu npubopa. Mocne ee
3arofiHeHns NpuMbop HauyHeT yAansiTb CaMble «CTapble» W3MEpeHWsl M COXPaHsiTb HOBble Ha MEeCTo
yAaneHHbIX.

[ns onNTMMU3aUMM UCMOSb30BaHUSA MPOCTPAHCTBA BHYTPEHHEN MaMsiTU Npubopa U yBeNNYeH s
CKOPOCTU Mepedayn AaHHbIX WCMOJb3YTCA anropuTMbl apxXvMBauuy. YTO NPUBOAWUT K YBENMYEHUIO
NMPOAOC/HKUTENIBHOCTM  COXPAHEHUS! pe3yNbTaTOB W3MEpPEHUsl W, KaK CNeacTBUE, K YBEIMYEHUIO
MWUHUMANbHOrO UHTEPBANa MeX/y U3MEPEHUSMU.

1.4. MoHTax npubopa

MOHTaXX W MOAK/OYEHNE Npubopa M aHTEHH OCYLLECTBASIETCS COMMIAaCHO PYKOBOACTBY MO
MOHTaXXy, KOTOPO€E pa3pabaTbiBaeTCs /1S KaXKaAoW NOCTaBKM OTAESBHO.
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2. O6wme BONpOChl NpoBeAeHUS U3MEPEHUI YaCTUUHbIX pa3psaaoB

2.1. TMapaMeTpbl HaCTUUYHbIX pa3paaos

YacTnuHbIA pa3paa — 3TO UCKPOBOWM pa3psii O4eHb ManeHbKOM MOLLHOCTW, KOTOpbIN 0bpa3yeTtcs
BHYTPU M30N5LMN UM Ha €e NOBEPXHOCTU B 060pyA0BaHUN CpefHEro U BbICOKOrO KacCOB HaMpshKEHUSI.
C TeuyeHMeM BpeMeHM NepuoanYecKn MOBTOPSIOWMECT YaCTUYHbIE pa3psiabl Pa3pyLllalnT M30M[uMIo,
NpUBOAS B KOHEYHOM MTOre K ee nNpoboto. O6bIMHO pa3pylueHVe M30NSUMK NoA AEUCTBUEM YACTUYHBIX
paspsioB MPOUCXOAMT B TEYEHMe MHOrMX MecsaueB M Jaxe neT. Takmm 06pasoMm, perucrpaumst
YaCTUYHbIX pPa3psaoB, OLEHKA MX MOLHOCTM U MOBTOPSIEMOCTM, @ TaKXe JloKanu3auuss Mecta WX
BO3HWKHOBEHWNSI MO3BOJIIET CBOEBPEMEHHO BbISIBUTb Pa3BMBAIOLIMECS MNOBPEXAEHUS U30M8UMU U
NPUHATb HEO6XOAMMbIE Mepbl ANS UX YCTPaHEHWUS.

YT06bI NPaBWILHO MOHUMATL NpUHUMNLI paboTel Npubopa, HeobxoaMMO onpeaennTb OCHOBHbIE
TEPMUHbI W UWHTErpanbHble MapaMeTpbl, OMUCbIBAlOWME YacTU4YHbIE pa3psiabl B  BbICOKOBOSIbTHOM
obopyaosaHuu.

Bce umetowmecs B Mupe cTaHaapThl no YP onpedensitoT HEKOTOPbIN Habop WMHTerpasbHbIX
BE/IMYMH, KOTOPble MOryT PacCyUTLIBATLCA WM HENOCPEACTBEHHO M3MepSITbCA MpU TecTe COCTOSIHUS
nonaumun. CraHaapTbl pasHbIX CTpaH MOryT pas3nunyatbCs B AeTansiX, HO B OCHOBHbIX MOHSATUSIX OHU
COBMajatoT.

Bce ctaHmapTtbl no YP 6a3vpytoTCst Ha MOHSTUM «KaXylMhca 3apaa». [og «Kaxymmcs»
3apsA0M MOHMMAIOT TaKoW 3apsif, KOTOpbIM He06X0AMMO AOMOMHUTENbHO M MIHOBEHHO «BMPbICHYTb» B
KOHTponMpyemoe o06opyaoBaHune, 4Tobbl BOCCTAaHOBUTb paBHOBECME, HapylleHHOe BO3HMKHOBEHMEM
«BHYTpEHHero» umnynbca YP. B 3TOM onpeaeneHnn o4yeHb BaXKHbIM SIBASIETCA TO, YTO Mbl HE 3HAeM
napameTpbl peanbHOro 3apsiAa, HanpuMep, BHYTPU ra30BOr0 BK/IKOYEHWUS, a U3MepsieM (3amepsieM)
peaKkLMio KOHTPOSIMPYEMOro BbICOKOBO/IbTHOrO 06bekTa CXeMbl Ha BO3HMKWMKA YP. 3apsg notoMmy wu
Ha3BaH «KaXYyLUMMCS» T. K. Mbl TaK CYUTAEM, HE 3HAst UCTUHHOIO 3HaYeHus1 peanbHoro YP.

N3mepsieTcs kaxywminca 3apsa YP B nKn (nukokynoHax). Ecnn cnoxuTb Bce 3apsiabl,
3aperncTpMpoBaHHble B 060pyA0BaHUM 3@ OAHY CEKyHAY, TO nonyumTcs Tok YP — Tok, npoTekarowumi B
TOW Lenu, KOTOPYHK KOHTPONMPYET AaTYMK AOMNOMHUTENBHO 3a CYET BO3HMKHOBeHMSI YP. B cpegHem aToT
TOK SIBMISIETCS YMCTO aKTUBHLIM M XapaKTepu3yeT NoTepu B U3015UMN U3-32 BO3HUKHOBEHUS YP.

cTopnyeckn BaXXHOM XapaKTEPUCTUMKOM SIBNSIETCS «MaKCUMaslbHbI M3MEPEHHbIN 3apsia».
MoyTn BCE WM3rOTOBUTENWN BLICOKOBOSILTHOrO 060pYAOBaHMS A0 CMX MOP MOJSIb3YHOTCS 3TON BEMYMHOM
(ecnn BoobLE YEM-TO NOMBL3YIOTCSH) MNPU MPUEMHBIX UCMbITaHUSAX. KOHEYHO, BCE MOHUMAIOT, YTO HYXXHO
N3MepsATb, MpUYeM 4YTO-TO CTaTUCTUYECKM AOCToBepHoe. B cTapbix npubopax craTUCTMKa 3afaeTcs
BpEMEHeM YyCpedHeHWs,, a B COBpPEMEHHbIX Npubopax 3TO pellaeTcs yaaneHMeM M3 pacCMOTpPeHust
CNyYalHbIX OAWHOYHBIX BblIOpPOCOB. Hanpumep, B onpeaeneHnyM aMepuKaHCKOro CTaHAaapTa 3TO 3BYYMUT
TaK: «amnauTyaa Hambonbluero NOBTOPSAIOLWErocs paspsga Npy HabnaeHWM NOCTOSIHHLIX Pa3psaoB».
CnepoBaTenbHO, 3TOT TEPMUH HE NpeayCMaTpUBAET aHann3 OTAeNbHbIX BbIbpocoB. YTobbl caenatb 31O
onpeaeneHve 6onee KOHKPETHbIM, OrPaHMYMMCS YYEeTOM TONMbKO Tex YP, KOTopble MOBTOPSIOTCS He
MeHee 10 pas 3a cekyHay. B HaweM cnyyae npu YactoTe nuTawoLen cetm B 50 Fepu Mbl NoslyyYaeM, yTto
OOMH UMMYNbC AO/MKEH OblTb He pexe, 4YeM 3a 5 nepuopoB cetn. Ansd ynobcrea nosib30BaHUS 3TOT
TepMuH byaem 6patb B cneaytowen dopmynnpoBke: uMmnynbc YP ByaeM cuuTaTb NEpUoanYEecku
MOBTOPSIIOLLMMCSl, €C/IM YaCTOTa ero cnefoBaHus coctaBuT 0,2 MMMynbca Ha OAWMH Mepuoa NUTatoLen
cetu. Janee B TekcTe napameTp byaet oTpaxaTbcs kak Q02. Ans yaobctBa nonb3oBaHus byaem aenatb
3TO 0AMHAKOBO Ans Mobow yacTtoTbl cetn 50 n 60 Mepu.

LleHHOCTb 3TOro napaMeTpa AOCTAaTOMHO BbiCOKA. MHOrMe MeToabl AMarHOCTUKKN 6a3mpyroTCs Ha
HEM, XOTS KaK OTAENbHO B3SIThI MapaMeTp OH CKOpee MJIoXoM, YeM xopowui. Mo kpalHel Mepe, npu
NOCTOSSHHOM MOHWUTOPWHre nog paboynM HanpsbkeHneM. Mbl nMeeM MHOro obopyaosaHus, rae 6onbline
(no amnnutyae) YP xuMBYT yCnewHo rogamu, a Manble, HO C 60/bLLIOM YacTOTOM MOBTOPEHMS, O3HAYa0T
peanbHyto npobnemy.

Kak nocunmtaTb noTepu, Bbi3BaHHble YP. 3TO MOXHO caenaTb AOCTAaTOYHO MPOCTO, Bedb
ur3nyeckn npu Kaxxaom mmnynbce YP Mbl AONONHUTENBHO BNPbLICKMBAEM U3 UCTOYHMKA UCMbITAaTEbHOIO
HaNpsHKEHUSI B KOHTPO/IMPYEMbIA OOBEKT «KaXKyLUMACS» 3apsid. 3apsad MHXEKTUPYETCS MIHOBEHHO M
CBSI3aH C KOHKPETHbIM HamnpshKEHMEM NUTAlOWEN CETW. 3HAYMT, SHEprusi, KoTopasi AOMNOSIHUTENbHO
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BBOAUTCS B obopyaoBaHve (M3-3a) eauHuyHoro YP, paBHa 3apsdy, YMHOXEHHOMY Ha MrHOBEHHOe
HanpsbkeHne Ha obbekTe. [lanee Hy>KHO MPOCYMMMPOBaTb BCE MMMYMbCbl U NMOAYYUTb MOSHYK SHEPrUto
YP. Ecnun NonHyto 3HEpPruio nNoAennUTb Ha NoJIHOE BPeMS CYMMUPOBAHUS, TO NMOYyYMM MOLLUHOCTbL YP. 3TOT
napaMeTp Ha3blBAETCA «MOTEPU IHEPTUU Ha YACTUYHbIE Pa3psabl».

®opmyna:

P:%xiQixVi

roe:
P — MOLWHOCTb pa3panos, BatT,

7 — BpeMs HabntoaeHus, CekyHa,

m —41cno HabnaeHHbIX UMMYbLCOB 3a BpeMs T, U
QiVi— aHeprus i-ro nmnynbca

BnonHe o4eBnaHO, 4TO, 6asmpysace Ha a3oBOM pacnpegeneHnn uMnynbcos YP, MOXHO
paccyuTaTb MrHOBEHHOE 3HA4YeHWe MNPUIOXKEHHOrO HanpsKeHusl, KOHeYHo, ecnn da3oBasi npuBsiska
WMIMYNbCOB BbIMNOSIHEHA MPaBUbHO W AOCTOBEPHO paccyMTaHa MoOWHOCTb. OQHAaKo COBCEM He Bce
nNpnbopbl perncTpupytoT a3oBoe pacrnpeaeneHe UMnynbCoB, a €CN 3Ta PyHKUMS B HUX peann3oBaHa,
TO WCNONb3YEMbIN AaTuMk YP MOXET perncTpupoBaTb MMMyfnbCcbl YP Cc AByx unu paxe Tpex ¢as
obbekTa. Kakoe HanpskeHve cneayeT 6paTb B TakOM Crlydae? ¢ Kakon ¢asbl?

[insi pelseHns 3Toro Bonpoca aMepuKaHCKMM CTaHaapT no YP npegnaraeT MCnonb3oBaTh €Lle
OZMH AMArHOCTUYECKUI NapaMeTp, KOTOpbIN Yalle Bcero HasbiBatoT PDI — «Partial Discharge Intensity».
B 3TOM mapameTpe BMECTO MrHOBEHHOrO HamnpshKeHUst B MOMEHT MpoxoxzaeHus umnynbca YP bepetcs
€ro AencTeylollee 3HayeHne, T.e. OAMHAKOBOE HaMpshKEHME A/ BCEX MMMYMbCOB, @ HE MEpPCOHasbHoe
Ans  kaxgoro. [poBoAs CpaBHUTENbHbIE pacyeTbl, MOXHO Yb6eauTbCs, 4YTO WTOrOBOE pasnuuue
napamMeTpoB, PAacCYUTaHHbIX B NMEPBOM WU BO BTOPOM Cny4yasix, nexut B rnpegenax 20 %. 3Toro BnonHe
[AOCTaTOYHO, YTObbl KOPPEKTHO OLEHUTb YPOBEHb M CTpouTb TpeHa. MNapameTp PDI aBnseTca ogHUM m3
OCHOBHbIX, NCMOMb3yeMbIX A4/ OLEHKN MHTEHCMBHOCTM YP B KOHTpONMpyeMoM obbekTe.

Ansa npubopos, namepsowmx UHF curHan npu noMowmy cneumanm3npoBaHHbIX aHTEHH, 4acTo
MCMONb3yeTCs He MOLWHOCTb MMMYNbCOB, @ 3Heprus curHana (Energy), MKBT * cek.

Mo 060uM nonyyeHHbIM NapameTpam Npubop paccUnTbIBAET TPEHAG Wn CKOPOCTb pocTa (BO
CKONMbKO pa3 WM3MEHWUTCS MnapaMeTp 3a rod). 3T MnapaMeTpbl Takxke MOryT ObiTb MCMOMb30BaHbI ANS
OLIEHKM COCTOSIHUS NI06Oro BbICOKOBOSIbTHOMO 060pyA0BaHuMs.

HekoTopble MpakTMyeckne CrneunanucTbl WUCNONb3YT UM ApyrMe napaMeTpbl, HO  UX
NpaKTU4ecKas LEHHOCTb M NPUrOAHOCTb AN AMArHOCTUKKM, MO HALEMY MHEHWMIO, CYLLECTBEHHO HUXE.
TeM He MeHee OHW MHOrAa AOCTATOYHO YCMELHO NMPUMEHSAIOTCS Ha MpaKTUKe.

2.2. AnroputMmbl paboTbl npubopa

BaxxHenwwen 3agayert AMarHOCTUKM COCTOSIHWUS M30M1SUMK MO NapaMeTpaM YacTUYHbIX pa3psaoB
ABNAETC MPOBEAEHME KauyeCTBEHHOM oueHkM. OHa WMeeT cBoer uenbio  aAuddepeHuMpoBaTb
BO3MOXHbIN TN fAedekTa, BO3HMKILEr0 B M3015SUMM, @ B MAeane W JoKanM3oBaTb M MECTo €ero
BO3HWKHOBEHMWSI.

Bce n3BecTHble MeToabl M CNOCOBbl AMArHOCTUKM COCTOSIHUSI U30M1SILMN MOXHO O6beaVHUTL B
ABE rpynnbl.

K nepBoit rpynne OTHOCATCS MeToAbl, 6a3upylolMecs Ha aHanM3e MNapaMeTpPoB OTAENbHbIX
WUMMNYNbCOB YacCTMYHbIX PaspsiaoB. B HUX aHanuM3upyloTCs aMmUTYAHbIE M YacTOTHblE MapaMeTpbl
3aperncTpMpoBaHHbIX MMMYNbCOB, @ TakXXe CBS3M MexAay MMMynbcaMu, MOCTYNaloWMMU OT AaTYMKOB,
YCTaHOB/EHHbIX B Pa3NMYHbIX 30HaX KOHTponupyemoro obopyaoBaHusi. OCHOBHOE Ha3HauyeHWe METOAOB
3TOM rpynnbl — MOBbILEHNE [AOCTOBEPHOCTM MNPOBOAMMbBIX U3MEpPeHUn 3a cuyeT 6onee addekTUBHOM
OTCTPOMKW OT MOMEX.
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Ko BTOpoi rpynne OTHOCSTCA MeToAbl, 6OasupylolMecs Ha aHanvMse aMrauTygHoro W
aMMNIMTYAHO-(A30BOro pacnpeaeneHns 3aperncTpupoBaHHbIX MMMYbCOB YaCTUYHBIX pa3psaoB. Llenbto
3TMX METOMOB SIBNISIETCA OnpefesneHne TUMOB UMeoLMXCsl AedekToB M OUeHKa BAUSiHUS AedeKToB Ha
OCTaTOYHbIV PECYpC BbICOKOBOJSIbTHOW M30M5LUMKU. ITO MeToAbl Hanbonee BbICOKOro YPOBHS AMArHOCTUKM,
OTHOCSILIMECS K 3KCMEPTHbIM CUCTEMAM, MNPUMEHSIEMblE NS MOMYYEHUS KOHEYHbIX 3aK/THOYEHUA O
COCTOSIHUM M30NSUMK.

2.2.1 AHanus napaMeTpoB HaCTUYHbIX pa3psaaoB

Mpu nomowm MeToAOB AaHHOM rpynnbl obecneuymBaeTcs HeobxoauMasi [AO0CTOBEPHOCTb
NpoBeAEeHUs1 perncTpauum YacTUYHbIX PaspsiAoB B BbICOKOBOSIbTHOM 060pyAOBaHMM Pas/iMYHbIX TUMOB.
Bce 31 mMeToAbl 06bIYHO peann30BaHbl HA annapaTHOM YPOBHE, 3a510KeHbl B U3MepuTenbHble Npubopbl
N3roTOBUTENSAMU TEXHUYECKUX CPeaCTB.

Kak yxe roBopuiocb Bbllle, OTAMYME COBPEMEHHbLIX NPUOOPOB perncTpauum YacTUYHbIX
paspsiioB OT ocumnnorpadoB COCTOMT B TOM, YTO BbIXOAHOM WHGoOpMauuen npubopa SBNSETCS He
TONbKO OCUMNOrpamMMa, HyXAawowasics B AOMOSIHUTENbHON 3KCMEPTHOW OLEHKE, a €lle M UTOorosast
NMHMOPMaUnNs O KOMMYeCTBE MMMYNbCOB, OTBEYaloWMX ornpeaeneHHbiM TpebosaHusiM. Becb npouecc
OLIeHKM NapaMeTpoB MMMY/bCOB NPONCXOAUT B NpMbope B pexnme peasibHOro BpEMEHW, B COOTBETCTBUM
C 3a/TOXXEHHBIMW B TEXHWYECKYIO YacTb Npubopa anroputMamu.

Yem npubop coBpeMeHHee, TeM 60nbluee KOMAMYECTBO AMArHOCTUYECKMX anropuTMoB
peanM30BaHO B €ro TEXHNUYECKOM M MPOrpaMMHON YacTu. Yem 6onblue peann3oBaHO TakMX asropuTMOB,
601bWNMK BO3MOXHOCTSMM ObnagaeT crneumannuct. 3TO NO3BOMSIET eMy 3aHMMaTbCd He 6eCKOHEeYHbIM
PYTUHHBIM MPOCMATPMBAHWEM OCLMIIONPaMM, @ AMArHOCTMKOM COCTOSHUS M30MisiuMM B MpsSIMOM ee
NMOHUMaHUN.

PaccMoTpuM Hambonee BaXkHble Cnocobbl aHann3a napamMeTpoB YacTUYHbLIX pa3psiaoB.

2.2.1.1. Bbibop Avana3oHa 4acToT YacTUYHbIX Pa3psaoB

OaHMM K3 Havbonee BaXHbIX BOMPOCOB, BO3HMKAMOWMIA MpU MPOBEAEHUN AMArHOCTUKM
COCTOSIHMSI M30M1SIUMM MO YaCTMYHbIM paspsfaM, SBNSeTCs BbIGOp AMana3oHa 4acToT, B KOTOPOM
npeanonaraeTcs MpoBOAUTb M3MEPEHWUst MapaMeTpoB YacTUYHbIX paspsigoB. B 3TomM Bompoce B
pEeKOMeHAAUMAX pa3fiMyHbIX (UPM-M3roTOBUTENEN ANArHOCTUYECKOro 060pyAOBaHMSl CyLLECTBYET OYEHb
LUIMPOKMIN pa3bpoc B NMapaMeTpax 3TOro AvarasoHa YacToT — OT COTEH Kunorepu, Ao rurarepu.

Borpoc BblbOpa 4YacTOTHOrO AManasoHa HeogHO3HayeH. B HeM ecTb  HECKOSbKO
MPOTMBOMOJIOXKHBIX aCMeKTOB, KOTOPbIE NONPobyeM pacCMOTPETb.

a) MapamMeTpbl «KaXyLLerocs» 4aCcTUYHOro paspsaa.

YTtobbl OTBETUTH Ha OAMH acMeKT 3TOro BOMpoCa, HEObXOoAMMO BCMOMHUTb, Kakue
3NEKTPUYECKME MapaMeTPbl Mbl M3MEPSIEM, YTO Mbl CYUTAEM <U3MEPEHHBLIM YACTUYHBLIM Pa3pPsSAOM».
ECTecTBEHHO, UTO Mbl HE MOXEM MPOBECTU «MPSIMbIE» U3MEPEHNS MAPaMETPOB YaCTUYHbLIX pa3psiaoB B
nsonaumm. CroXXHOCTbIO SIBASIETCA TO, YTO paspsiiibl 0ObIYHO MPOUCXOAST HE TONbKO BHYTPU Kopryca
060opyaoBaHMs, HO M Aaxe BHYTPY CaMoW M3onsaumu. Kpome TOoro, HanpskeHWusi, ¢ KOTOpbIMK paboTaet
KOHTponunpyemoe obopyaoBaHune, 6biBaeT HACTONbKO 60MbLIMM, YTO HU O KAKMX «MPSAMbIX» U3MEPEHUSIX
O peyn He MOXET bbITb.

Mocne KaXaoro 4aCTUYHOro paspsiaa BHYTpU 060pyAOBaHWS M3 MUTAIOLLEN CETM MPOUCXOAUT
MMMNySbCHas «MNoAKadka aHeprum» Heobxoammasl Ans BOCCTAHOBEHUS pacnpefeneHnst 3NeKTpUYeckoro
Monsi, UCKaXXEHHOro pa3psiaoM. MMEHHO 3TOT 3MEKTPUYECKMI UMIYNbC Mbl PETUCTPUPYEM MPU MOMOLLIU
HallMX [OaTYMKOB, YCTAHOBNIEHHbIX «BOKPYr» YEepHOro SlMKa, KOTOpPbIM HaM MpeacTaBnseTcs
KOHTponMpyemoe obopyaosaHue.

M3 3TOro cneayer O4YeHb Ba)XHOE 3akJ/lloYeHWe. PerncTpupyembii UMMYSbC «OT YacTUYHOro
pa3psiia» KOHEYHO, MMEET CBS3b C NapaMeTpaMu NMPOU3OLLEALIEro BHYTPU YaCTUYHOrO pa3psaa, HO BO
MHOMOM (MOXHO CKas3aTb, MpPaKTUYEeCKM TMOSHOCTbIO) OH COPMMPOBAH  3NEKTPOMArHUTHLIMU
napameTpamMn KOHTponupyemoro obbekTa. Ha napameTpbl perncrpupyeMoro npubopoM uMnynbca
OKa3blBalOT BAMSHME MHOrne akTopbl: reoMeTpuyeckne pasmepbl 06bekTa, €ero BHYTPEHHue
3N1eKTPOMarHUTHbIE CBSI3N, MECTO BO3HMKHOBEHMS AedekTa.
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3akntoyasi 3TOT BecbMa MOBEPXHOCTHbIN aHaM3 O0COBEHHOCTEN WM3MEPEHUSt  YaCTUYHbIX
pa3psaoB, credyeT ckasaTb creaytollee. V3MepeHus B CaMOM BbICOKOYACTOTHOM AMaAna3oHe MMET
CMbIC/T TOJTILKO MPY KOHTPOJE «MPSAMOro» 371EKTPOMArHUTHOIO M3/TyYeHUS Ha MOACTaHLUMM MPY MOMOLLM
30HAa. MMpu BbIGOpe 4YaCTOTHOrO AManasoHa AN NPOBEAEHUS U3MEpPEeHWIn BHYTpYM 06opyaoBaHMs
NMpakTUYeCKU BcCeraa CrefyeT OPUEHTMPOBATbCS HE Ha MapaMeTpbl «UCTUHHOMO MMMysbCa», a Ha
napameTpbl «TPaHC(hOPMUPOBAHHOTO UMIMY/bCa» PErMCTPUPYEMOrO CHapyXW obbekTa. Mpu 3ToM valle
BCEro OKa3blBAETCsl, YTO CaMblil BbICOKOYACTOTHbI MMMYSIbC, BO3HUKLILWI B CepeanHe KabesibHOM NMHWUMK,
Ha KOHLIEBOM pa3genke, rae Mbl 06blYHO YCTaHABNMBAEM CBOW [AATYMK YaCTUYHBIX paspsadoB, Gyaer
MUMETb 4YacToTy He 6oree ogHOro Merarepua. AHanornMyHasi KapTMHa MMEET MECTO BHYTPU KpPYMHbIX
3MIEKTPUYECKUX MALLUMH M TpaHcgopMaTopoB.

b) CBsi3b peanbHON «30HbI YyBCTBUTE/ILHOCTU» AATYMKa YaCTUYHBIX pa3psaoB C ero paboyeln
YaCTOTOMN.

YeM Bbllle YacTOTa BbICOKOYACTOTHOMO MMMYsbCa, TEM C 6OMblUEN CKOPOCTbIO OH 3aTyXaeT B
HEOAHOPOAHOM KOMMMEKCHOW cpeae, B BuAE KOTOPOW YyAOBHO nNpeactaBnsaTb BCE  KPYMHble
BbICOKOBOJIbTHbIE MawwWHbl M annapatbl. [nd AWMArHOCTUKW COCTOSIHUS U30NAUMM MO YaCTUYHBLIM
pa3ps4aM 3TO UMeeT O4YeHb 60sbLIOe 3HaYeHue.

[na npuMepa pacCMOTPUM CTaTOp KPYMHOM 3N1EKTPUYECKOM MaluuHbl, Ans koHtpons YP, B
KOTOpbIX Hambonee 4acTo MCNOMb3YIOT BbICOKOYACTOTHbIE KOHAEHCATOpbl CBS3W, MOAK/IYaeMble K
BHELLHMM KneMMaM 06MOTkM. ECiM YacTUyHbIM pa3psa BO3HUKAET BOMM3N BHELLHWUX KJIEMM 0OMOTKM, TO
npobneMm c perucrpauvend umnynbca HeT. Ecnm ke 4acTU4YHbIM paspsii Takoh XXe WHTEHCMBHOCTU
BO3HUKHET Ha <«MPOTWMBOMOMIOXHOM» YacTu OOMOTKM B6GMM3WU HENTpanbHOW TOYKM OBMOTKWM, TO 3TOT
UMnynbC 6yaeT MMEeTb B 30HE Halero JaTumka CyLWeCTBEHHO MOHWXEHHyto amnautyay. Kpome Toro,
YyacToTa MMMY/bCa 3a CYET 3aTyXaHUst BHYTPU OOMOTKM 3HAUMTENIbHO CHU3UTCS. PeanbHO 3TO Bblipa3uTcs
B 3aTArMBaHWW nepeaHero (poHTa MMNyfbca. Ha npakTuke 3TO npuBedeT K TOMY, YTO MMMyNbCbl OT
OOMHAKOBbIX YaCTU4HbIX Pa3psiaoB, HO BO3HMKWWMX B pasHbIX 4YacTax o6bMoTku, npubopoMm 6yaer
WHTEPNPETUPOBATLCA KaK WMMMYNbCbl Pa3fIMYHOM MHTEHCMBHOCTM CO BCEMM BbITEKAKOWMMKM OTCHOAA
NnocneAcTBUAMM.

OTcroga cneayeT NpoCToM AMArHOCTMYECKUA MPU3HAK, MHOrAa OKasblBaloWMICA MpaKTUYECKH
Mone3HbIM MpU OLEHKe BEepOsSTHOMO MecTa BO3HWKHOBEHMS Aedekta B u3onsdumMn. Yem 6onee
BbICOKOYACTOTHbIM SIBNSIETCS 3aPErMCTPUPOBAHHLIA MMMYNbC, TEM 6vke K AaTYMKY pacrosiaraeTcs 30Ha
€ro BO3HMKHOBEHUS. YeM Kpydye nepeaHuit OpOHT MMMyNIbCa YacTMYHOrO paspsiaa, TEM Bbille €ro
YyacToTa.

TakoM [AMarHOCTMYECKUA NoAxod NPOAEMOHCTpUpoBaH Ha Puc. 2.1. Ha HeM B KadecTBe
npuMepa npuBeaeHa kabenbHasi NMHUSA, B KOTOPOM YyKasaHbl TPU MeCTa BO3HMKHOBEHWSI YaCTUUHbIX
pa3psiaoB. Yem 6amxke K NEPBMYHOMY AATUMKY BO3HMKAET YaCTUYHBLIN paspsia, TEM Kpyde nepesHui
(PpOoHT perucTpupyemoro mumnynbca. Kpome TOro,

%CD ?® §® no Mepe YyaaneHna OT [AaTyuuKa CHUMKaAETCA

amMnAnTyaa perncTpupyemMoro UMnysnbca.
c) CedaA3b paboyero AauanasoHa 4actoT

A N3MEPUTENIbHOW CXEMbl PErUCTPaLMM YacTUYHbIX
pa3psiAoB C AMAna3oHOM YacTOT aKTUBHbIX NMOMEX.

BaxkHbIM MapamMeTpoM, Onpeaensowmnm
)XenaTenbHbI AManas3oH YacToT M3MEepUTESIbHON
CXEMbl, SIBNSIETCS ero CBsi3b C AMana3oHOM 4acToT
nomex. Hambonee onacHbMM U TPYAHO

YCTPaHUMbIMU B TpaHchopMaTOpHOM
060pyfoBaHUM SBNSILOTCS MOMEXU OT KOPOHHbIX

pa3psaoB.
PuCyHOK 2.1 BnsiHve MecTa BO3HWUKHOBEHMS CyliecTByeT =~ HECKONbKO  Pas/inuHbIX
YaCTWYHOrO Paspsiaa Ha hopMy PErvICTPUPYEMOro B3rNSJOB Ha YaCTOTHbI AManasoH, B KOTOPOM
nUMnynbca BIMAHNE KOPOHHbIX pa3psaanoB Hamnbonee CunbHO.

OaHu dBTOPbl CHUTAlOT, YTO BJIMAHME KOPOHHbIX
pa3ps40B MakCMMalbHO B AMana3oHe 4acToT, MeHblleM, YeM 5 Merarepu. EcTb pa6OTbI, B KOTOPbIX 30Ha
MaKCMMasibHbIX MOMeX oripefesneHa B YacTOTHOM Auanas3oHe oT 5 go 20 merarepu. Ansa Toro 4TObbI
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npoBoanTb n3MepeHns B CBY (UHF) ananasoHe 4acToT M MMETb XOPOLLYH OTCTPOMKY OT MOMEX, HY>HO
NPOBOAUTb U3MEPEHNS B AMara3oHe YacToT, npesbilatolem 200 mMerarepl.

CunbHoe pasnuune Mexay MHdopMaumeln pasHbiX aBTOPOB, OYEBMAHO, OBYC/IOB/IEHO TEM, YTO
BCE 3TWM WCCNEeNOBaHUS NPOBOAMNMUCL AN Pa3HbIX TMMOB BbICOKOBOMLTHOMO 060pydoBaHus. He
CYLIEeCTBYET OAMHAKOBbLIX PEKOMEHAALMM AN BCEro BbICOKOBOSILTHOrO 060pYyAOBaHUA. B kaxaom
KOHKPETHOM CJlydae MH(OpMaTMBHasi YacTOTHasi 30Ha, B KOTOPOW MPUCYTCTBYHOT YaCTMYHbIE paspsabl, a
B/IMSIHWE MOMEX MUHMMASIbHO MOXET PasnMyaThCs.

2.2.1.2. CpaBHeHMe MMMNYyNbCOB YaCTUYHBIX Pa3psaoB No aMnauTyae

OOvH U TOT Xe WMMY/bC OT YaCTUYHOrO paspsdad, BO3HMKLIErO BHYTPU KOHTPO/IMPYEMOrO
0bopyzoBaHMsi, MOXET OblTb 3aperncTprpoBaH HECKONbKMMM AaTyMKaMu, YCTaHOBMEHHBIMU B pasHbiX
TOYKaXx.

3TU CUrHasbl, 3aperncTpUpPOBaHHbLIE HECKOMIBKMMU AATUMKAMK OT OAHOMO MMMYJibCa YaCTUYHOrO
paspsaga, 6yayT MMETb HEKOTOpble OT/IMUMS. B OCHOBHOM 3TV OTNMuMs ByayT 3ak/ouyaThCa B ABYX
napameTpax. Bo-nepBblx, curHanbl 6yayT MMETb pas3Hyld amnauTyay, T. K. MpyU NPOXOXAEHUW B
060pyIOBaHNN CUIHANM 0CNabuTbCs. Bo-BTOPbIX, pa3HbiIMM AaTuMKaMM CUrHan 3aperucTpupyertcs Co
COBUIOM BO BpPEMEHWU. JTO OOBLSACHSAETCS pas3fIMUMEM BO BPEMEHU [BMXKEHWUS MMMyNbCa OT MeCTa
BO3HMKHOBEHMS] AedeKkTa A0 MecTa YCTaHOBKM AaTuMka. ITa pa3HML@ MOXET COCTaBNsATb AECATKM
HaHOCEKYHA.

PaccMOTpUM OCOBEHHOCTM WCMOMb30BaHUA B MPAKTUKE Pa3Nuuuii  aMnUTya  CUrHamoB,
BO3HMKLIMX OT OAHOrO0 YaCTMYHOrO paspsaa, HO 3aperMcTPUMpPOBaHHbLIX AaTyYMKaMu, YCTAHOBNIEHHbIMU B
pa3HbIX MecTax KOHTposmpyemoro obopyaoBaHusl. Mpy 3TOM ele pa3 HanoMHWUM, YTO aHasu3 Takux
0COBEHHOCTEN CUrHaNoB [O/HKEH NMPOBOAUTLCA B NMPUOOpE Ha anmnapaTHOM YPOBHE B PEXMME peasibHOro
BPEMEHMW.

OyeBMAHO, YTO NMpY NepeHaBoaKe curHana (c oaHow dasbl Ha Apyryto dasy, C 0AHOW CEeKLUMK Ha
APYrylo, C OAHOW KabenbHOW NIMHWMM Ha ApYrylo) aMnuTyaa HAaBeEHHOrO CMrHana MeHbLUE aMnuTyabl
NEepBUYHOIO CUrHana. 3TO SIBMISIETCA CaMbiM BaXKHbIM AMMAWUTYAHbIM MPU3HAKOM YacCTUYHOrO paspsiga
Npy MHOrOKaHasIbHOM permcTpaLmm, Npy NoMoLLIM KOTOPOro MOXHO YTOUHWUTb, @ MHOMAA M YKa3aTb TOYHO
MECTO BO3HMKHOBEHMSI AeEKTa B U30NALMM.

MPUMEHMTENBHO K MHOrOKaHaNbHOW PEerMcTpaunmM CUrHanoB YacTUMYHBLIX pa3psiaoB, Koraa Ha
KOHTPO/IMPYEMOM  OObEKTE  YCTaHaB/MBAETC HECKOSIbKO  AaTYMKOB, HeobxoaMMO  Onpeaensitb
KO3(hDUUMEHTbI MEPEHABOAKM CUTHANA M3 OAHOM TOYKM B  KaXAbli WU3MEPUTENbHbIA  KaHan.
DKCNepUMEHTaNbHO onpeaensieMble KO3UUMEHTbI NMEPEHABOAKM C KaHana Ha KaHan Mnpolle BCero
NpeacTaBnsATb B BUAE MaTpULbl NepeHaBoaKku. Mpy NMOMOLLM 3TOW MaTpuubl NMPOM3BOAMTCS BbISIB/IEHNE
MeCTa BO3HMKHOBEHUS AedekTa.

2.2.1.3. OueHka B3aMMHOro BpeMeHu npuxoaa MMnysbcoB

MpuMeHeHne pAaHHOro Metofa 6asvpyeTcs Ha NpPOCTOM (DM3NYECKOM SBMIEHUU — Yy4yeTe
KOHEYHOr0 3Ha4YeHUs1 CKOPOCTU ABMXKEHUS BOJTHbI (3N1€KTPOMAarHUTHOMO MoJist) BHYTPU KOHTPOIMPYEMOrO
obbekTa.

C yyeTOM TOro, 4YTO [AM3NEKTPUYECKAs MPOHULI@AEMOCTb Cpeabl BHYTPU KOHTPOMMPYEMOro
0o6beKkTa OT/IMYAETCA OT AMINEKTPUYECKOM MPOHULIAEMOCTM BakyyMa (BO34yxa) CKOPOCTb [ABUMXXEHUS
BOJIHbI B 06beKkTe Bceraa byaeT MeHblle CKOPOCTM ABUXXEHMS BOMHbI B BaKyyMe.

[aHHbIM  MeToA /oKanuM3auuMnm MecTa BO3HUMKHOBEHMS fJedeKkTa B M3018uMM  0COBEHHO
3(pheKTUBEH NPU ANArHOCTUKE COCTOSIHUSI M30NSIUMKN KabenbHbIX NMMHUIA U PY. [laHHble 06beKTbl UMEIOT
3HauUUTENbHbIE JIMHENHbIE rabapuTbl, BHYTPU KOTOPbIX MOXHO KOHTPONMPOBATb Pa3HOBPEMEHHOCTb
npuxoaa UMNysbca K Pas/IMyHbIM AaTUYMKaM.

Mpy MCNonb30BaHUM AaHHOrO MeToda HeobXoAMMO MOMHWUTb, YTO ANIMHA COEANHUTENbHbIX
NMHWIA OT AAaTYMKOB A0 M3MEPUTENbHOrO Mpubopa AO0/MKHA ObiTb OAMHAKOBOM. ITO aBTOMATUYECKU
cneayeT U3 TOro, YTO U B 3TUX COEAMHUTENbHBbIX Kabensx Mbl MMEEM TaKyH XXE€ CKOPOCTb [ABWXXEHUS
BOJIHbI 3N1IEKTPOMArHUTHOMO NONS.

He nulLEeH NpaKTUYeCKoro CMbIC/ia BApUaHT CO3AaHusl U3MEPUTENIbHOM CXEMbI, B KOTOPOW A/IMHa
N3MepUTENbHbIX Kabenel OT pasHblX AaTUYMKOB MOXET CrielmanbHO BbiGMpaTbCs He OAMHAKOBOW. Mpu
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3TOM MOXHO CO3AaTb TakMe YCNoBuMsi, Koraa npubop 6yaeT cpaBHMBATL HE «MNpsiIMOE» BPEMsi Mexay
NpUX0AOM WMMY/bCOB OT AATUMKOB, @ «OTHOCUTENIbHOE» BpEMsl, KOrAa B anropuTM OnpeaeneHus
BPEMEHN MpMxoda MMMybCOB OyaeT BBeAEHa 3afepXXka. YMeHblas ANMHY Kabens OT OAHOro Wau
APYroro AaTyMka, MOXHO A0OMTbCS 3aAepXXKM BO BPEMEHW MpUXOAa MMMySIbCOB CO 3HAKOM MJIHOC WK
MUHYC.

2.2.1.4. CpaBHeHune MMnynbCoB Mo MNonspHOCTH

Mcnonb3oBaHne MeToaa «pa3bopKu» MMMYNbCOB Ha «MOJIE3HbIE» U «LUYMOBbLIE» MPWU MOMOLLM
CPaBHEHMSI MONSIPHOCTM SIBNSIETCS [IOCTATOMHO PacnpocTpaHeHHbIM. CamMoe [NlaBHOE, 4UTO HYXKHO
MOHMMaTb MpU 3TOM, 4YTO M3NYECKass MOAENb MPWUYMH BO3HMKHOBEHUSI PasHWLbl B MOMSPHOCTU
MMMYNbCOB OT PasHbIX AAaTYMKOB AO/MKHA ObiTb AOCTaTOYHO 060CHOBaHa. Henb3s NPOCTO MCMOMb30BaThb
(baKT, YTO MONSAPHOCTb Y CUrHana M MoMexu OKasalnCb PasnNyHbl. ITO HE AO/MKHO ObITb MPUUMHOM
NpUMeHeHnss MeToda. HeobxoaMMO MOHMMATb, UYTO 3TO COOTBETCTBYET (U3MYECKOW KapTUHE
pacnpoCTpPaHeHMsl UMMYSIbCOB BHYTPU KOHTPOSIMPYEMOro 06beKTa.

2.2.2 OueHKa COCTOSSHUA U AMarHocTuka aedekToB U30nsumnm No pacnpeaeneHuno
MMNYJIbCOB YaCTUUYHbIX pa3psaos

B 3ToM pa3sgene ™Mbl nonpobyeMm paccMOTpeTb [Ba OCHOBHbIX criocoba, Havbonee uvacto
NCNONb3YeMbIX Ha MPaKTUKE ANS OLEHKU CTENEHW BAUSIHUS 3aperucTpupoBaHHbIX YaCTUYHbIX pa3psaoB
Ha HaAEXHY0 1 6e3aBapuiMHyt0 paboTy KOHTPOIMPYEMOrO BbICOKOBOJIbTHOrO 060pYAOBaHUS.

HasHauyeHve 3Tux ABYX [AMArHOCTUYECKUX MEeTOAOB pasnnyHo. Ha ocHoBaHuu aHanusa
aMNUTYAHO-ba30BOro  pacnpegeneHus MMMyNbCOB  YacTUYHbLIX PaspsiAoB  Yalle BCero yAaeTcs
b depeHumpoBaTh TMN AedekTa, UMEILErocs B U30159UM1 BbICOKOBOSIBTHOMO 0bopyaoBaHus. Takas
nHdopMaums, nnoc noapobHas MHGOpMauMs O BHYTPEHHEW KOHCTPYKUMM M30M18uMM B A@HHOM
060py10BaHMK, OKa3bIBAETCS OYEHb MOSIE3HONM ANS OLIEHKM ONAacHOCTU 0BbHapy)XeHHoro aedekTa.

Mpu nNOMOWM aHanM3a TEHAEHUMA B W3MEHEHWMW 3aperMcTpMpoBaHHOM MHTEHCMBHOCTYU
NPOSIB/IEHMS YAaCTUYHbIX Pa3psfoB B U30N5LMKN OBbIYHO OLIEHWMBAETCS COCTOsIHME AedekTa. MNpuHUMaeTcs
OYeHb BaXHOE peLleHue, ABNSETCA NN AedekT CTauMoHapHbIM WK Xe passuBalowmMmcs. Havbonee
OMacHbIMU ABNSAIOTCA AedeKTbl pa3BUBAOLLMECS, KOrAa 30Ha UM MHTEHCUMBHOCTL AedekTa nocTeneHHo
yBennumBaeTcs. Hannume nonoxuTenbHOro TpeHAa B MHTEHCMBHOCTWM YacTUYHBLIX Pa3psioB SBNSETCS
Hanbonee onacHbIM NPU3HAKOM pa3BUTUS AEdEKTOB B U30/ALMMN.

OTn oba MeToda ABNSAIOTCA B3aMMOAOMOSHSAWMMK. BbiBOABI OAHOMO MeToAa MO3BONSIOT
pacwmputb UM e, HaobopoT, AudbdepeHUMpoBaTh 3aKOYEHUs, MOSyYeHHblE C WUCMOSb30BaHUEM
Apyroro Metoaa.

2.2.2.1 AHanus amMnMTyaHo-(ha3oBoro pacnpeaeneHus UMMNYbCOB B
BbICOKOBO/IbTHOM 060pyA0BaHMM — OCHOBA A/151 onpeaeneHuns Tuna gedekra B n3onauum

[ns aHanusa aedeKkToB B M30MSILMM MOXHO MCMOMb30BaTb HECKOJSIbKO TUMOB «rpacmyeckoro»
NpPeaACTaBNEHNS pacrpeAeneHnst 3apermcTpUpoBaHHbIX MMMYbCOB YacTUYHbLIX pa3psaoB. Pasnuuatot
ABa Hambonee 4YacTo MNPUMEHSIEMbIX Ha MpaKTUKE pacrnpeaenennsi: aMrnIMTy4HO-4YacTOTHOE, W
aMnNnUTyaHO-(a3oBoe (4acTOTHOE) pacrpeaesieHne MMMNYIbCOB YaCTUYHBIX Pa3pszoB.

N PaccMOTpeHWe HayHeM C  aMMAUTYAHO-

} YaCTOTHOroO pacnpeaeneHns UMMyJsbCoOB.

0) Mo cBoeMy NEepBUYHOMY OMpeaeneHuno
aMMANTYAHO-4acTOTHOe pacrpeaeneHve
BbICOKOYACTOTHbIX MMMY/IbCOB [AOSIKHO MOKa3blBaTb,
® Kakoe KONMYECTBO MMMYNbCOB [AAHHOM aMMauTyabl

6bl/10 3aperMcTpuMpoBaHoO B MpoLecce NpoBeAeHUs
M3MEPEHUN YaCTUYHbIX paspsiaoB. [puMmep Takoro
& N aMMIMTYAHO-YaCTOTHOMO pacnpeaeneHns MMNynbcoB
[ Q K npuBegeH Ha Puc. 2.2. o ropu3oHTanbHOM ocu
rpacdmka OTNOXKEHbI 3HAYEHUSI KaXKYLUMXCS 3apsiaoB
3aperMcTpMpoBaHHbIX MMMYNbCOB (MM amMnauTyabl

PucyHok 2.2 AMNANTYAHO-4acTOTHOe
pacnpeaeneHne UMNynbCoB YaCTUYHbBIX pa3psaos
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MUMMNYNbCOB B MUIMBOMbTAX), @ MO BEPTMKA/IbHOM OCU OT/IOXKEHbI KOJIMYECTBO MMMYJ/IbCOB.

HeobxoaMMO OYeEHb XOpOWO MOHMMAaTb CNEAYIOWY OCOBEHHOCTb MPUHSITOM  3AEeChb
TEPMUHONOrMK. Hannumne B 3TOM HaMMeHOBaHUN rpadmka TeEpMMHA «4ACTOTHOE pacrnpeaeneHmne» HuUKak
He CBSI3aHO C YacCTOTHbIMM CBOWCTBAMM 3apErnCTPUPOBAHHbLIX CaMUX MMMY/IbCOB YacTUYHbIX pa3psiaoB.
3TO HMKaK He CBSA3aHO HM C KPYTWU3HOWM nepeaHero )poHTa peanbHOro MMMybca YacTUYHOMO paspsiaa,
HU C ANUTENbHOCTLIO 3TOr0 MMMyNbca. TEPMUH «4acTOTHOE pacnpeaeneHne» UCMnonb3yeTcs 34ecChb Kak
napaMeTp, MoKa3blBaloWMiA HEKOTOPYIO KOMMYECTBEHHYIO CTOPOHY pPe3y/bTaToB, @ MMEHHO KOIMYECTBO
NUMMYNIbCOB YaCTUYHbIX pa3psiaoB. B AAHHOM KOHKPETHOM Ciyyae 34eCb Ha NpUBEAEHHOM Ha PUCYHKe
aMMANTYAHO-4acTOTHOM rpacdmke paccMaTpyBaeTCsl pacnpeaesnieHne UMMynbCoB, CrpynnMpOBaHHbIX MO
NPVHLMMNY paBeHCTBa aMNAnNTYA.

Ha 3TOM pucyHke nokKasaHbl [ABa HeCKOSIbKO pasnuuyatrowmxcs rpadmka. padmk 1
COOTBETCTBYET WHTErpasibHOMY pacnpeaeneHunio MMMyIbCOB YAaCTMYHBIX paspsiaoB, KOrAa MpoMCXoauT
CYMMUPOBAHME WMMY/IbCOB MO Mepe YBEMYEHMSI MOPOroBOro 3HadeHus amnauntyabl. Camyto Manyto
aMMNnTYAy <«MNPeOAONenU» BCE 3apPeErMcTpupoBaHHble NpMOOPOM UMMYNbCbl. B npaBoi yactu rpaduka
HaxoAsTCs TOSMIbKO TE€ WUMMY/bCbl, KOTOpble UMET Hanbonbluytd amnautyay. «lpeogonenu» TONbKO
camble 6onbLmMe No aMmnNaAUTyAe Noporu.

papuk 2 COOTBETCTBYET ApyroMy AuddepeHuManbHOMY NpeacTaBleHno pacnpeaeneHums
UMMYNbCOB  YaCTU4HbIX paspsiaoB. Ha HeM  KaXaoMy 3HayeHuto  aMnauMTyabl  COOTBETCTBYET
3apErMcTpMpoBaHHOE KO/IMYECTBO TOSIbKO TeX WMMY/SbCOB, KOTOpble WMENM COOTBETCTBYIOLLYIO
noporosyto (nnoc-MuHyc) amnnautygy. Oba rpadmka AOCTAaTOYHO 4acTO MCMONAb3YHOTCS B MNpPaKTUKe
aHanu3a, Ansl HEeKOTOpbIX 3afJay AMAarHOCTUKM NpeanodTUTeNlbHee WHTerpanbHoe npeacTaBneHne
pacnpegeneHns UMNynbLCoB, ANs Apyrnx — auddepeHumnancHoe.

bonee wHpOPMaTMBHBIM  ABNSIETCA  aMMIMTyAHO-(pa3oBoe (4acTOTHOE) npeacTaBfieHne
pacnpeaeneHunst UMNybCOB YaCTUYHbIX pa3psaos. [puMep Takoro pacnpeaeneHms nokasaH Ha Puc. 2.3.

Ha TakoM rpadmke
STOQINE 1 MoKasblBaeTcs pacnpeaeneHue
MMMyNbCOB MO aMniuTyae, hasoBoMy
, Yry HampsbkeHusi MuTalowen cetm u
X KOMNYECTBY MMMy bCOB. Takoe

e 5. & i . g | Pacrpenenerive ] MO/HOCTbIO
OMMCHIBAETCSl MATPULIEH, B KOTOPOIt eCTb

CTPOKM, PasnnMyaloLmecst No amnianTyae,
cTonbupl, COOTBETCTBYHOLUME
onpedeneHHbiM  ha3oBbiM  30HaM
E E E === | nuTatowero HanpskeHus (ot 0 go 360
* | «anekTpuyeckux» rpaaycos). B kaxaoi

PucyHoK 2.4 MpuMep pacrnpeaeneHns MMyibCoB YaCTUUHbIX AYeMKe  MaTpuubl  CTOUT  4KUCnO,
paspsiaoB KOJTMYECTBEHHO rokasblBatoLLee,

CKOJ1bKO nMnNynbCcoB YaCTUYHbIX

HV pa3psaoB C TakKuMy napaMeTpamm 6bi1o
5 3aperncrpmposaHo. CnoBo «4acTOTHOe»

C1 B HauMEHOBaHMM TakKuX Auarpamm

Cd L 4aCTo OMyCKaloT, HasblBasg WX MPOCTO
C> 1 aMNAnTyaHO-(da3oBbIMK AnarpaMMamMu.
; BaxkHbIM  BNSieTCH  BOMpoC,
% NnoYeMy YacTUYHbIE pa3psaabl BO3HUKAKOT

B 30HE HapacCTaHus  HanpshKeHus
nuTaloWen CeETM UM NPAKTUYECKM
MOJTHOCTbIO OTCYTCTBYKOT B 30He, rae
HanpshkeHue OTHOCUTENBHO
aMMAUTYOHOr0 3HAYeHUs1 YMEHbLUAETCS.
Ha Puc. 2.4 npuBeaeHa uHdopmaums,
Npy NOMOLUM KOTOPOW Mbl MOMbITAaEMCS
PucyHok 2.3 PacnpeaeneHue HanpsiXKeHHOCTM NoMs B 30He XOTS 6bl NMOBEPXHOCTHO
aedekTta nsonsaumm

=
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NpoaHann3nMpoBaTh 3TO CIOXKHOE PU3MYECKOE SIBNEHME.

Ha pucyHke cnpaBa BBepXy YCMOBHO MOKa3aH C/IOM BbICOKOBOSILTHOM M30nsUMM C AedheKTOM
TMNA «ra3oBoe BK/OYeHMe» B cepeamHe. PsaoM ¢ aedekToM MokasaHa YCNoBHas CXeMa 3aMelleHus
CNos M30N5UMKN, COCTOALWAA U3 TPeX 30H, KaXKAas M3 KOTOPbIX MpeACTaB/ieHa Ha CXeMe 3aMeLleHus B
BUAE OTAENbHOrO KoHAeHcaTopa. KoHaeHcaTopbl C1 M C2 NoKasbiBatoT Y4aCcTKU HOPMasibHOM M30Maumu,
a koHaeHcaTtop Cd mopenupyeT aedekT B m3onaumn. Ha rpadvke cnesa BHM3Y MOKasaHa CUMHycouaa
nuTatoLWwero HanpskeHus. Ha 3ToM e rpacduvke nokasaHo U3MEHeHMEe HaMNpsXXeHUs Ha 30He AedekTa B
(PYHKLMM BPEMEHW M YaCTUYHblE pa3psiabl, KOTOPblE BO3HMKAKOT B 3TOW 30HE.

Mpy pocTe NpUOXKEHHOro K U30M5UMM HanpsKeHUs No CxeMe 3aMeLleHnst U30nsUmMmM HaumHaeT
NpoTekaTb TOK, MPOMOPLUMOHAsbHbIA MFHOBEHHOMY 3HAYEHWMIO W CKOPOCTU W3MEHEHWUSI MUTAMOLLEro
HanpspkeHusl. Ha KaXkaoM KOHAEHCaTope CXeMbl 3aMeLleHnsl HAYMHAEeT Bo3pacTaTb HanpshkeHune. Cymma
HaMNpPSHKEHMIN Ha TpeX KOHAEHCATOpPaxX BCErAa PaBHAETCS NPUTOXKEHHOMY HaNPSHXKEHMIO.

Mpun BO3pacTaHMM HAMPSXKEHUSI HA ra30BOM (BO34YLIHOM) BK/IHOYEHWUM A0 NPOBOMHOMO 3HaYeHUS
(bonee 3kB / MM ana Bo3ayxa) BO3HMKAKOT YaCTMYHbIE pa3psaabl. B pe3ynbTaTe BO34EMCTBUS KaXXaoro
YaCTUYHOrO paspsiaa MNadeHWe HanpskeHWst Ha 30He pAedekTa YMEHbLMWTCS, a HarnpsbkeHne Ha
kKoHaeHcaTopax C1 u C2 Bo3pacTtaeT. [1OCKONbKY HanpsbkeHUe nuTalowen ceTu ele pacTeT, To
HanpsbkeHWe Ha aedekTe onaTb NoAPacTaeT A0 NPOOOMHOro HaMpsHXKEHUS, NPOUCXOAUT HOBbIM pa3psia,
M ONSITb 3TO NPUBOAMT K POCTY HanpsXeHUs Ha ydacTkax 6e3aedhekTHON n3onaumu.

HacTynaeT Takon MOMEHT BpeMeHM, Kora NuUTaloLee HanpsXeHUe elle pacTeT, HO MOCKOJbKY
OHO MPAKTUYECKN MOSIHOCTbIO COCPEAOTaUYMBAETCA Ha YYacTKax MCMPaBHOW M30MSILMM, HAMPSKEHUE Ha
30He AedeKkTa He MOXET BblpacTv A0 MPO6OMHOro 3HayeHus. VIHTEHCMBHOCTb paspsiioB NagaeT, U
B61m3M 90 rpaaycoB paspsabl NpekpaLlaoTcs NoHOCTbIO.

Ha yyacTke CHWXeHWUs NUTaloWero HanpshkeHus OT aMMUTYAHOro 3HadeHus A0 Hyns
YaCTMYHbIX pa3psiaoB B 30He AedeKTa He NMpoucXoauT, T.K. MMEET MECTO CHUXKEHWE HanpshKeHUs Ha
BCEX Tpex KOHAEeHcaTopax CXeMbl 3aMelleHuns. HanpspkeHne Ha 30He AedekTa TaK XKe yMeHbLUAeTcs.
MpeanocbiNoK ANs BO3HUKHOBEHMS YaCTUYHBIX pa3psiaoB OT AedeKTOB BHYTPU M30MSUMK HET.

B MOMeHT nepexoda MUTAIOWEro HanpsKeHWs Yepe3 HYNEBYI JIMHUIO HarpshkKeHWe Ha 30He
fedekta He paBHSAeTCs Hymo. OHO MMeeT KakKoe-TO OCTaTOYHOEe 3HayeHWe C MONSAPHOCTbIO, KoTopas
COOTBETCTBYET pacnpeaeneHno HanpsKeHHOCTU 3N1eKTPUYECKOro nons B NpeawwecTBYOLWYO NoayBOSHY
NUTaloLWero HanpsbxeHusi. Heobxoanmo, 4TO6bl HaMpsHKeHWE NMUTAlOLEN CETWU, KOTOPOe YXe UMEET B
AA@HHbIA MOMEHT MPOTMBOMOJIOXHYH MONSIPHOCTb, CMOI/I0 CKOMMEHCMPOBATb OCTaTOYHbIN 3apsa Ha 30He
fedekTta. B utore 310 npuBedeT K HeKOTOpoMy (ha30BOMY 3ana3dblBaHWIO UMMY/IbCOB OTHOCUTENbHO
TOYKWN Nepexoaa HanpsKeHUs Yepes Hosb.

Ha Puc. 2.5 npuBegeH cnydau
Hanuuus Tpex [AedekToB B U30MsSLUMK,
HV ) PacroNOXeHHbIX A0CTaTOUHO GNM3KO ApYr
1 I OT Apyra, Win crnyyaw pacnpefeneHHoro
—_ —_ naedexTa. Mpy 3TOM 06LLas aneKkTpuyeckas
CXeMa  3aMelleHusi  30Hbl  aedekTa,
npuBeAeHHas crpaBa, CTaHOBMTCA 6onee

Coi== Cm;m=— Cp3=— CNOXHOMN. TlOSIBNSIOTCS FOPU3OHTAsIbHbIE
D3 €MKOCTHble CBSI3U MeXAy JIOKaSlbHbIMM
= 30HaMu aedeKkToB, obycnosneHHble

e e e B3alMHbIM BAUSHMEM AedeKTOB ApYyr Ha

T T T apyra.  pu  HanuuuMmM  HECKONbKMX
7 ® b 6 AedeKkTHbIX 30H BO3HWKHOBEHWE
YaCTUYHOro paspsza B OfHOM AedeKTHOM
30He MpaKTUYecKn Bceraa NpuBOAMT K
nepepacnpeaeneHnto Hanps>KeHHOCTEN
3/1EKTPUYECKOr0 MONsi BOKPYr APYrMX 30H
AedekToB,  pacnofioXEHHbIX  Heaaneko
ApYr OT Apyra. OTO co34aeT elle 6onee CNOXHY KapTUHY pacrpeaeneHunst 3NeKTpoMarHMTHOro nons u,
KaK CneacTsue, CIIOXKHYH KapTWUHY BO3HWKHOBEHMSI pa3psinoB. AHanu3 (a3oBOro pacnpeaeneHus
YACTUYHbIX pPa3psgoB, WMEIOWMMA Lenbio BbiSIBIEHWE TUMA WM MeCTa BO3HMKHOBEHUS aedekTa B

IH

PucyHok 2.5 CxeMa 3aMelLeHNst CNIOXKHOMO, MHOXXECTBEHHOIO
UNK pacnpeaeneHHoro aedekTta nsonsumm
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3aBUCUMOCTM OT TuWMa W pacnpepeneHns fedekra, (a3oBoro yrna v amnauTyabl NPUIOXKEHHOro
HaNpsHKEHMSI MUTAIOLLEN CETU, CTAHOBUTCS 60s1ee CNOXKHbBIM.

Mpn HeobxoaMMOCTN MOXHO MpOaHann3MpoBaThb BAUSIHWE AedeKTHbIX 30H ApYr Ha Apyra, yTo
[JACT BO3MOXHOCTb OLEHUTb OCOBEHHOCTM BO3HWKHOBEHMS AedeKTOB B W30149UMM  PasIMyYHOro
obopynoBaHusa. pu 3TOM cneayeTr MpUHMMaTb BO BHMMaHWe OCOBEHHOCTM WCMOSHEHUS U30NSAUNN.
Hanpumep, BO3HMKHOBeHME AedeKTOB B 30HE BbiXxoaa NI0O0BLIX YacTel M3 nakeTa cratopa (npw
NOKANIbHOM  pacrnpeaeneHnn AedekToB) OTAMYAeTC OT  (U3MYECKON KAPTUHbI  MHOXECTBEHHbIX
AedekToB B NPOTSXKEHHOW KabenbHOM NMHWMM (B Cyyae pacrnpeaeneHHon 30Hbl AeeKTOB B U30NSLUMN).

TV Takon e <«NPUKMOOYHbIA» aHanu3
& 1: A(+) <A() MOXeT OblTb WMCMONb30BaH MNPUMEHUTENBHO K
5 2 A(+)=A() Puc. 2.6, npuBegeHHOMy Hwxe. Ha Hem
o ' AHaNM3MpyeTCs BAUSHWE MeCTa BO3HUKHOBEHMS
3 3: A(+)>A(-) fedekta  BHYTpM  u3onaumm  6amke K
7. 3eMJISSHOMY 3M1eKTPOAY WK K BbICOKOBOSIbTHOMY
Ha COOTHOLUEHME aMNAUTYA MOSOXUTENbHBIX U
y OTpULATENbHbIX MUMMNYbCOB YaCTUYHbIX
pa3psaos. B COOTBETCTBUM C HALWIMM aHANU30M,
® CMELleHne MecTa BO3HMKHOBEHWs [JedekTta
BHYTPU M30MUMN 3KBUBANIEHTHO A1 CXEMbI
[ | - 3aMeweHmss Ha Puc. 2.6 mn3MeHeHuio
J_I COOTHOLUEHUs BennumH emkocten C1 n C2. B
- pe3ynbTaTe U3MEHSIETCS COOTHOLUEHUE MeXAay
® amMnAuMTyaamu MOMOXUTESbHbIX n
OTpuLATENbHbIX YaCTUYHbIX pa3psaos.
PUCYHOK 2.6 BnnsiHWe MecTa BO3HUKHOBEHMS fedekTa B Ans npumepa BO3MOXHOCTEN

U30M1AUMM Ha aMMIMTYAHO-YaCTOTHOE pacrpeaesieHme NPakKTU4ECKOro  NMPUMEHEHNSA  aMNNTYAHO-
UMMYNbCOB YAaCTUYHbIX pa3psaoB Cba30BbIX AnarpamMm B 06|J.l,eM BMnae paCcCMOTpuUM

M3onaums

o

B/IMSISHUE MeCTa BO3HMKHOBEHMSI AedekTa B
N30M19UMN BbICOKOBONBTHOrO 060pyaoBaHMs Ha BUA aMNIMTYAHO-(A30BOro pacrnpeaeneHms UMnybCoB
YaCTMYHbIX pa3psaoB. [ns 6onbluer HarnsiAHOCTU NPOUIIOCTPUPYEM 3TOT aHanv3 npu nomoLwm Puc.
2.6.

B cnoe wmsonauum KOHTponuMpyemoro ob6opyaoBaHUS BbIAEMM TpU XapaKTepHblX, Hanbonee
4acTO BCTPEYAIOLLMXCA MECTa BO3HUKHOBEHUS AedekTa:

Touka «1» — B6MM3N BbICOKOBONBTHOIO 3neKkTpoda (BBOA4 TpaHcdhopmaTtopa, Xuna kabens,

wuHa KPY);
Touka «2» — BHYTPM C/1I051 BbICOKOBOJIbTHOW M3015UMK;
Toyka «3» — BOAM3M 3eMNSIHOMO 3MeKTpoda. 3TO MOXET ObiTb  BblpaBHUBAOLLMM

NONMyNpOBOASILUMI CMIOM B M30NMAUMKM, pa3fenka KabenbHOW JSIMHWMM, 3KpaH MydTbl, 3/1EMEHT rof
«MNaBaoWmMM» NOTeHUManoM 1 T. 4.

He BpaBascb B (u3anyeckne noapobHOCTM BO3HMKHOBEHMS paspsAoB Ha pasHblX y4vacTKax
nzonsiumm, 6yaem C NpueMnemMon Ans HAWEro OLEHOYHOrO aHaiM3a TOYHOCTbIO CUMTaTb, YTO BCe
YacCTUYHbIEe pa3psabl COCPeAOTOYEHbI B ABYX AOCTAaTOYHO Y3KMX YIOBbIX 30HaxX. COrnacHO NOSICHEHWUIO K
Puc. 2.6, 3T1 30HbI pacrnonaraloTCsl Ha y4acTKax BO3PACTaHUS HaMNpsXKeHUs! MUTAOLLEN CETH.

Mpy NONOXWUTENbHOM HAMpPSHKEHWM BCE YaCTU4Hble pa3psdbl  UMET  OTpuLaTeNbHYHO
NONAPHOCTb M COCPEAOTOYEHbI B 0aHOM (ha3oBor 30He Ao 90 rpaaycoB (pa3psiabl C aMIAUTYaon «A-»).
Mpn OTpMUATENIbHOM HaMpsXKEHWM MUTAIOWEN CETU BCE YACTUYHBbIE pa3psabl MMEKT MOMOXMUTENbHYIO
NONAPHOCTb M COCPeAOTOUEHbI B YII0BOM 30He A0 270 rpagycoB (pa3psaabl C aMnnTYAoN «A+»).

Touka «1» rge BO3HMK AedeKT U30nsuMmn, COOTBETCTBYET C/lyyaro, Korga paspsii BO3HMKAET
NPaKTUYECKM Ha BbICOKOBOSIbTHOM 3/1EKTPOAE. IDTO KIACCMYECKUM KOPOHHBIA paspsii, CO BCEMU
BbITEKAOWMMM NOCNEACTBUAMU. Ha MNONOXWUTENBbHOW MOMYBOMHE MUTAOLWLErO HaMpshKeHWUsT UMMNYbCh
OTpULaTENbHbIX Pa3psaaoB «A-» UMEKT MaKCUManbHYK MHTEHCMBHOCTb. Ha oTpuuaTenbHOM NonyBOSHe
NUTaoLWEro HanpsXXeHWs NoNoXUTENbHbIE pa3paabl «A+» UMEIOT CYLLEeCTBEHHO MEHbLUYIO aMNanTyay.

Touka «3» BO3HWKHOBEHMS AecdeKTa B M30M5SUMM Ha PUCYHKE COOTBETCTBYET C/ly4dato, Korga
YaCTUYHbIA pa3psa BO3HMKAET B6M3N MM Ha CaMOM 3eMJISHOM 3nekTpoge. B aToM cnyyae paspsigbl BO
BPEMSI MOJIOXXMTENIbHOrO MUTAIOLLEr0 HanpskeHus (paspsiabl C aMnuTYaon «A-») ByayT MeHbLUE, YeM
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paspsabl BO BpeMsl OTpvLUATeNbHOW MOMYBOSIHbI MUTAIOLLEro HanpskeHus (paspsigbl C aMnauTyaon
«A+»). [aHHoe pacnpegeneHve WMNyIbCOB pa3psiioB MPOTMBOMOMOXHO, YeM npu Hanuuun B
KOHTPOMpyeMOM 060pyA0BaHNMN KOPOHHbLIX Pa3psii0B Ha BbICOKOBOSILTHOM 3M1eKTpoAe. Ha npakTuke 3Tto
bbiBaeT npu npobnemMax B MNOMYMNPOBOAALMX CNOSX KabenbHbIX JIMHUMA M OBMOTOK, MpU yTeykax B
noboBoi YacT 06MOTKM cTaTopa, Npy ocnabneHnn KpenneHust CTep)kHe 06MOTKM CTaTopa B nasax.

Touka BO3HMKHOBEHUSI AedeKkTa «2» SBNSETCS MPOMEXYTOYHbIM BAapuaHTOM, KOrAa pa3psabl
BO3HMKAIOT B rnybuHe cnos msonsauuu. B aToM cnyvae amnamTyabl pa3psiaos (3apermcTpupoBaHHbIX Ha
MONOXMUTENbHOM U OTPULATENbHON  MOSlYBOSIHE  MUTAIOLLErO  HanpshkeHwus) 6yayT MpUMEpPHO
OfMHaKoBbIMW. Takasi KapTWHa pacnpeaeneHus paspsifoB OblBaeT MpU HEMpaBWSIbHOW NPOMUTKE
U30MSILMM, HaNMUYMM BHYTPEHHMX TeMnepaTypHbIX pa3pylieHuid. Ecin Touka aedekTa ByaeT cMmellaTtbes
OT UEeHTpa B Ty WM MHYIO CTOPOHY, ByAeT U3MEHSATbCA COOTHOLUEHME aMMIMTyA UMMY/IbCOB YAaCTUYHBIX
pa3psaoB B KOHTPOMpPyeMOM 060pyA0BaHUN.

[aHHbIA aHanM3 MAMIOCTPUPYET TOT (PakT, YTO TOMbKO MO COOTHOLUEHMIO WMHTEHCMBHOCTU
YaCTUYHbIX pa3psaoB (eCTeCTBEHHO, XOPOLWO «OTCTPOEHHbIX» OT MOMeX) Ha AByX nonynepuoaax
MATalOWEN CETU MOXHO OMEPaTUBHO W [AOCTAaTOYHO HAAEXHO OUEHUMTb, Ha KaKOM yd4acTke
KOHTPOJIMPYEMOM M30MSILUMM BbICOKOBOSILTHOrO 060pYyA0BaHMSI MPOMCXOAAT YaCTUYHbIE paspsiabl — Ha
BbICOKOBOJIbTHOM 3/1eKTpoAe unn B6n3n 3eMISIHOro 3nekTpoaa.

2.2.2.2 AHanu3 YacTOTHbIX CBOMCTB YaCTU4YHbIX pa3psiioB

MHOro AOMONMHWUTENbHON MONe3HOM MHMOPMaLMKM O NPUPOAE YACTUYHBIX Pa3psoB U MecTe UX
BO3HWKHOBEHUS B KOHTpPO/MpPYyeMOM o60pyAoBaHUM MOXeET ObiTb NOMy4eHO Ha OCHOBAaHUWM aHanusa
(OpMbI  3aperncTpMpoBaHHbIX MMMYIbCOB — YaCTOTHbIX CBOWCTB 4YaCTWM4YHbIX Pa3psaoB B U3015SUMM
obopyanoBaHus.

Mpyn 3TOM O4YeHb BaXXHO MOHMMATb, YTO Mbl pacCMaTpuBaeM He CBOMCTBA CaMOro YacTUYHOrO
paspsga, a peakumio KOHTPOIMpyemoro obbekTa Ha BO3HUMKWWMW pa3psa. OauH M TOT Xe MMNYNbC,
UMEeIOLMA OAMHAKOBbIE MApaMeTpbl, HO BO3HUKLLMIA B pa3HblX TOYKax 06bekTa, NMpu perucrpaummn byaet
MMETb pas3fMyHble 4YacToTHble napameTpbl. OTCOAa CneayeT BaXHOe CNefcTBue, YTO MMMYIbCh,
BO3HMKLIME B OAHOM 30He, 6yayT MMEeTb OAHM YacTOTHble CBOMCTBA, @ BO3HWKILME B APYrON 30HE —
APYrue YacToTHble CBOMCTBA. VIMEHHO 3TO MOXET MO3BOSIMTb AMArHOCTaM CO34aBaTb AMArHOCTUYECKME
npaswna, pasgenstowme uMnynbCbl MO NpUpoae BO3HUKHOBEHUS U floKauum MecTa aedekTa.

OCHOBHbIMM 4aCTOTHbIMW CBOMCTBaMM WMMY/NbCOB MOXHO CYMTaTb ABa MapaMmeTpa: 4acToTy
UMMyfbCa YaCTUYHOMO paspsaa U ANUTENBHOCTb 3aTyXaHusi KonebaHui.

- YacToTa uMnynbca YacTMYHOro paspsiaa.

[laxke B 3TOM, Ha NepBbIN B3rnsA4, NPOCTOM BOMPOCE, Kak M BO BCEM NPAKTUYECKOM NPUMEHEHUN
TEOPUWN YaCTMYHbIX pa3psaoB, eCTb OnpeaenieHHble CIOXHOCTM. HYacToTy MMnyfbca MOXHO OnpeaensTb,
cnepys KnaccMyeckon Teopuu, No MOMHOMY Mnepuoay KonebaHusi, a MOXHO TONbKO MO NEepBOM BOHE
“Mnynbca, UCMONb3ys YABOEHHOE 3HauYeHWe AJMTENIbHOCTM 3TOW MOMyBOSHbI. [Py 3TOM Nerko MOXHO
nony4nTb YacToTy MMNyfbCa, pasnunyalowytocs Ha 50%. 31O 06bACHSETCS TeM, YTO 4YaCTOTHble
CBOMCTBA MMMyfbCa Ha MNepBOM MOSyBO/HE, @ OCOBEHHO Ha nepegHeM (POHTE, CyLLEeCTBEHHO
N3MEHSI0TCS.

[laHHOe 06CTOATENbCTBO BHOCMT B @HA/IM3 YaCTOTHLIX CBOMCTB MMMY/IbCOB YaCTUYHbIX pa3psiAoB
ornpeaeneHHbln  Cy6beKTMBM3M, HO HE OKa3blBaeT CYLUECTBEHHOrO B/IMSHUSI Ha AMArHOCTU4YecKue
BO3MOXHOCTM 3TOr0 Metofa. OCHOBHOE — NPUMEHSTb OAMHAKOBbLIE MPaBWa K OnpeaeneHnio YacTOTHbIX
CBOMCTB MMMYNbCOB YaCTUYHbIX Pa3psagoB. [N1S OUEHKM 4acTOTbl MMMyNnbCa YacCTUYHOrO paspsda Mol
npeasaraeM UCNonNb30BaThb YABOEHHYIO ANUTENBHOCTb OCHOBHOMO NEPBOr0 MMMNY/bCa.

OTO 3HayeHMe YMHOXAEeTCs Ha ABa, M NOMy4aeTcs nepuoa MMMynbca YaCTUYHOMO paspsiaa, Mo
KOTOPOMY onpefensieTcs Kaxylascs yactoTa. MoHATMe «KaxyLuencs 4acToTbl» 3A4eCb BBeAEHO No TOM
NPOCTOW MPUYMHE, YTO Mbl MMEEM WMMYJbChl, Pa3nnyalolmecss AUTENbHOCTBIO NepeaHero u 3agHero
(poHTOB. KpoMe TOro, 3Tv UMNysnbCbl SABASIOTCSA 3aTyXaloWWMKU, NMPUYEM 4YacToTa MO Mepe 3aTyxaHus
06bIYHO M3MeHseTCS.

- AnnTenbHOCTb UMMYbca YacTUYHOro paspsaa.

OTOT napaMeTp MOKasbiBAeT, KakK [OAro AJIMTCS peakumsi KOHTpo/iMpyeMoro obbekTa Ha
BO3HUKLLMIA B U30M1SILMKN MUMMYNbC YaCTUYHOMO pa3psiaa.
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BpeMeHHOW WMHTEpBan OT Hayana v 4O 3aBepLUeHVsl UMMySbCa TakXKe MOXET onpeaensTbCs
HECKONbKUMM MeToAaMu. Yalle BCero MCNosb3yeTcsl HEKOTOPOEe 3HayeHne KosdpduuMeHTa 3aTyXaHus,
Hanpumep, 0,1 nan 0,05. Mpu konebaTenbHOM YMEHbLUEHUN KOHTPONMPYETCA aMnanTyAbl UMMYSbCOB.
Mpy CHWXeHUM amMnanTyabl A0 TAKOro YPOBHS OTHOCUTENIbHO aMMMTyAbl MEpPBOr0 UMMysibCa CUrHas
YaCTMYHOro paspsa CUUTAETCH 3aTyXLLUUM.

Ob6a 4yacTOoTHbIX MapameTpa uUMNynbcoB YP He SABNAOTCA CTaumoHapHbIMU. OHW 3aBUCAT OT
MHOTMX APYrux peanbHblX napameTpoB. OauH U TOT Xe AedekT, HO BO3HMKLIMI B Pas3fNyHbIX 30HAX
KOHTpOnnpyemoro obopyaoBaHusi, MpUBOAUT K MOSIBIEHUIO MMMYNbCOB C Pa3/IMYHbIMU YACTOTHLIMU
cBoncTBaMu. Ho ABa pas3nuuHbix AedekTa, AaXe BO3HMKLLMX Ha OAMHAKOBOM yAaneHWn OT AaTyuumka,
6yayT MMETb pa3/IMYHble YacTOTHbIE CBOMCTBA.

Ha sTane peructpaumMu MMMynbCOB MNpakTUyeckas LEHHOCTb 3TMX MapaMeTpoB He CTOMb
3HaunTenbHa. HeobxoamMmo «HabpaTb» HEKOTOPOE KOMMYECTBO CTaTUCTUYECKOM MH@OopMaummn, obbeM
KoTopo 6yaeT poctatoueH Ans 06006WeHns CBOMCTB MMMYNbCOB. MakcuManbHO 3¢hdeKTUBHO
YaCTOTHblE CBOMCTBA MMIMY/IbCOB MOXHO MCMOSIb30BaTh Ha 3Tane aHanv3a pacnpefeneHus MMMyibCcoB.
IMEHHO MO3TOMY [aHHbIA MeToA MepeHeceH B pasgen obuwero aHanusa 3aperMcTpUMpoBaHHbIX
NMIMY/bCOB.

B 3TOM MeTOAe BCe MMMYNbChbl, BHE 3aBUCMMOCTU OT UX aMManTydbl, HEO6XOAMMO pa3MecTUTb
Ha CTaTUCTMYECKOM YCNOBHOM MNOCKOCTU. OCAMM KoopaMHaT 3TOM nnockocty GyayT: no ocv Y 6yaem
OTK/1aAbIBaTb A1 KaXAO0ro UMMynbca AnnTenbHoCTb (ocb Y), a no ocu X 6yaeM OTkIaAbiBaTb YacToTy
NMMY/bCOB.

Ana ynobcrtBa aHanusa M NPaKTUYECKoro MpUMEHEHUs AaHHOro AMAarHOCTUYEeCcKoro Metoga
HA30BEM 3TO YC/OBHYI MJIOCKOCTb «BPEMSI-4AaCTOTHOM» MOCKOCTbIO unu «TF» (Times Frequency)
NIOCKOCTbHO.

MMnynbcbl 0aHOM Npupoabl U MecTa
THc BO3HWKHOBEHUSI ByayT cocpeaoToyveHbl Ha TF
200 bomm e L MIOCKOCTU B o,cLHoﬁ NOKanbHOM  30He.
/5:(;( N WMnynbcbl  Apyron npuvpogbl M MecTa
S BO3HWKHOBEHUS, KaK W WMMYbCbl MOMEX,
X \ 6yayT cocpeaoTauMBaTbCs B APYrMX 30HaX.
i AHanu3  pacnpefeneHns  MMMyIbCOB  Ha
/ m NJOCKOCTM  MO3BONWUT  JIOKANM30BaTb  MX
B napameTpbl. [lpuMep TakoW oKanMsaumm
),(‘; UMMNyNbCOB NpuBeAeH Ha Puc. 2.7.
X/ F My Ona 6onee nofHOro aHanusa
! s HECKOSIbKUX napameTpoB YaCTUYHbIX
0 5 10 pa3psiIoB MOXXHO NepenTn oT AByxMepHou TF
NAOCKOCTH K TpexMepHoWn, BBEAS
PucyHok 2.7 PacnpeneneHne MMnynbCoB YacTUYHbIX AOMNOJIHUTENBbHO B PAacCMOTPEHNE aMIJIUTYAbI
paspsaoB Ha TF nnockocTu MUMMYNbCOB, OTKMaAablBas X No ocn Z. B aTom
Cnyyae MOXHO rosopuTb yxe o0 «PD-Cloud»
Avarpammax. OTW auvarpammbl NO3BONSIOT ewe 6onee ahheKTUBHO pasaensaTb 3aperncTpupoBaHHbIE
MMMNYNbCbl YaCTUYHbBIX Pa3psAoB MO NPUPOAE M MECTY UX BO3HMKHOBEHWS, OTAENSTb UX OT NMOMEX.

100 {--\X

_____

2.2.2.3 AHanuM3 u3MEeHeHUs MHTEHCMBHOCTW YaCTU4YHbIX pa3psgoB B npouecce
3KCnyaTaumm obopyaosaHus

Ha Puc. 2.8 npuBeaeHa CTaHAapTU30BaHHAs KpuBasi M3MEHEHUS MHTEHCMBHOCTM YacCTU4YHbIX
paspsAoB B Npouecce ANIMTENbHON paboTbl M CTAapeHUst M30M1SLMK BbICOKOBOIbTHOMO 060pyA0BaHuMs. ITO
YCNOBHAas  <«JIMHWS  XM3HM»  U30M8UMKM, ChnpaBeavMBasi Anst  GONbLUMHCTBA  BbICOKOBOJSIbTHOMO
obopyaoBaHus.

Ha nepBoM 3aTane >Xu3Hu 130naumMm Nocse ee U3roToB/IEHMS] MPUHUMAIOTCA BCE Mepbl Ansl TOro,
yTOObI YNYYLINTb COCTOSIHME M30nsaumnM. Ha 3TOM 3Tane MOXET NpPOBOAWTLCS AOMOSHMTENbHAs CyLllKa
M30/1SILMK, OYUCTKA, YCTPAHEHNE MeNKMX AeeKTOB.
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Mepuoa  BpeMeHM  «2»  ABNSIETCS
OCHOBHbIM AJ11 HOPManbHO M3rOTOB/IEHHOMO U

PD A 3KCNyaTUPyEMOro BbICOKOBOJIbTHOIO
06opynoBaHus, B  uaeane  OH nmeeT
Alarm f MaKCUManbHY0 ANUTENbHOCTb. B TeyeHue 3Toro

BPEMEHW YPOBEHb YaCTUYHbIX Pa3psioB HEBEMK
M NpaKTUYeckn He um3MeHsieTcs. O6opyaoBaHue
3KCnnyaTupyeTcs 6e3 orpaHuyeHuin. MHTepBanbl
BPEMEHU MeEXAY MNPOBEAEHUSAMU  WU3MEPEHUM
YaCTUYHbIX pa3psiaoB onpeaensoTcs
@ t MMELMMUCS Ha NpeanpusTuM HopMaTUBaMMU.

» | Yalie BCero MamMepeHus YacTUYHbIX Pa3psaoB B
KOHTPOMIMPYEMON  M30MSLUMW  COBMELLAIOTCA  C

nposoANMMbIMU pernaMeHTHbIMM U PEMOHTHbLIMU
PucyHok 2.8 UN3MeHeHne MHTEHCMBHOCTU YaCTUYHbIX pa6OTaMV|.

pa3psoB B npouecce paboTbl BbICOKOBOILTHOMO Mep1oa BPEMeHN «3» XapaKTepusyeTcs
06opyAoBaHUs BO3HWKHOBEHMEM B KOHTPOSIMPYEMOW W30MSILUK
nedekToB B HayanbHbIX CTaausix pas3BUTUS. Yalle BCEro 3TO BbI3bIBAETCS MPOLIECCAMU CTapeHust
M30MAUMKN, MHOTAQ MEXAHWYECKMMU MOBPEXAEHWUSIMU BEPXHMX C/IOEB M30MSuUMW. Ha 3TOM BpeMeHHOM
3Tane HabnaaeTcs YCTONUYMBLIA TPEHA B POCTE MHTEHCMBHOCTM YaCTUYHbIX pa3psagoB. OT n3MepeHus K
M3MEPEHUIO KOSIMYECTBO M 06LLAas 3HEPrusi YacTUYHbIX PaspsaoB BO3pacTaeT. Bo3HMKLIME 30HbI
nedekToB paclumpsitoTcs. VIHTepBanbl BpEMEHU MeXAay NPOBEAEHWEM M3MEPEHMI YAaCTUYHBLIX Pa3psiaoB
CYLLECTBEHHO COKpaLLalTCs. BennunHa 3TUX MHTEPBANoOB MeXAy WM3MEPEHWSAMMU 3aBUCUT OT peasibHOM
CKOPOCTM POCT@ WHTEHCUMBHOCTM YaCTMYHbIX pa3psiaoB. O6bIMHO rpaHMuUa 3TOr0 3Tanma  KM3HM
BbICOKOBOJIbTHOM M30M151LMN COOTBETCTBYET YBE/IMYEHMIO MHTEHCMBHOCTM YacCTMYHbIX pa3psiaoB B 4 — 8
pas.

@

D@ ©

BpemMeHHON WHTepBan «4» COOTBETCTBYET cha3e, Korda AedeKTbl M30AAUMKM YXKE HauMHatoT
pa3BMBaTbCS «/1aBMHOOOPa3HO». OHM YyXe HaCTONbKO PasBUIMCb «B LUMPUHY», YTO WMeoTCs
NpeanocblIKU  ANs NMepexoJa Ha [ApYyroil ypoBeHb Aerpajaumu usonsiumMu. Hanpumep, [A0pOXKU
HayrNepoX1BaHUsl M30/1SIUMM MO NMOBEPXHOCTW, Ha3blBaeMble «TPEKaMU», UMEIOT HACTOSIbKO 60bLUYHO
AJIMHY, 4TO TOKM MO HUM WMHTEHCMBHO HA4MHalOT BO3pacTaTb. B pesynbTaTe AOPOXKM HauMHaKOT
PaCLUMPATLCS U YINybnsThCs, elle 60nblie akTUBU3NPYS NpoLecc obLueit Aerpaaauny Uonsaumm.

MHTepBan BpeMeHn «5» HauMHAETCst B TOT MOMEHT BPEMEHM, KOrAa MHTEHCUBHOCTb YaCTUYHBbIX
pa3psfoB HauMHaeT MpeBbIWaTb AOMYCTUMOE 3HauyeHue. [pakTMYecKu BCeraa, €civ He MpuHUMaThb
crneuuanbHbiX Mep MO YCTPAHEHUIO MMelWMXCa AedeKTOB B M307sUMM, paboTa BbICOKOBOSILTHOMO
060py0BaHMS Ha 3TOM y4acTKe 3aKaH4YMBaeTCs aBapuiHO.

KauecTBeHHO KpvBasi Ha Puc. 2.8 cnpaBeanvBa Ansi Nto6oro BbICOKOBOSIbTHOrO 060pyA0BaHuMS.
KonnuyecTBeHHblE NapaMeTpbl MHTEPBANIOB BPEMEHWU, WX AJIMTENBHOCTb M 3HAYEHUS] UHTEHCMBHOCTU
YACTMYHbIX Pa3psiA0B MMEIOT 6OsblUMe OT/IMUMA ANSt Pa3fIMYHbIX TUMOB M MApOK BbICOKOBOILTHOIO
obopyaoBaHus. [laxke oanHaKkoBoe 060pyAOBaHWE, HO MMeEloLee pa3Hble rodbl BbiMycka, MOryT UMETb
AOMNYCTUMbIE 3HAYEHUS] MHTEHCMBHOCTM YacTUYHbIX pa3psiAoB, Pa3/IMYaloLIMECS B HECKONbKO pas.
O6blYHO 3TOT BOMPOC PELIAETCS HA OCHOBAHMWM CKOPOCTM W3MEHEHMSI MHTEHCMBHOCTM YacCTMYHbIX
pa3pagoB. Yem 6bICTpee pacTeT MHTEHCMBHOCTb, TeM 6osiee onacHbIMU SIBMISIKOTCA 3TW paspsabl Ans
U307 KOHTPONMPYEMOro 060py0BaHuS.

2.2.2.4 (CBSI3b MHTEHCMBHOCTWU YaCTMYHbIX Pa3psiAoB C MapaMeTpaMy OKpyXXatoLlen
cpeabl 1 pexxumammn paboTbl 060pyaoBaHus

Mepen BbISIBNEHWEM TEHAEHUMA B M3MEHEHWM WHTEHCMBHOCTM YaCTUYHbLIX pa3psaoB BO
BPEMEHM He06XoAMMO Yy6eauTbCs, YTO 3TM W3MEHEHWsl He CBSi3aHbl C  PEXMMOM  paboTbl
BbICOKOBOJ/IbTHOro 060pyaoBaHusi. [ns 3Toro Heob6xoaMMo MonpoboBaTh BbISIBUTH CBSI3b MapaMeTpoB
paspsaaoB C «BHELWHMMW» NapaMeTpamu, 3HAYEHUSI KOTOPbIX HEOBX0AMMO (UMKCMPOBaTb MPU KaXKAOM
NPOBEAEHHOM U3MEPEHMUM.

Ba)xHbIMK SIBNSIOTCS CleaytolimMe napameTpsbl:
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- BnaxHocTb M TeMmnepaTypa Okpyxatowen cpeabl. OCO6EHHO 3TO BaXKHO MpWU MpPOBEAEHWUM
M3MEPEHMI YaCTUYHbIX pa3psazoB B TpaHcdopMaTopax.

- MMapameTpbl TenjoHOCUTENS B CUCTEMAX OXNaXAEHUS reHepaTopoB. Hanpumep, npu
YBE/IMYEHNN KONMYECTBA BOAOPOAA B CUCTEME OXSIAXAEHWUS reHepaTopa MOXET Pe3ko M3MEeHUTbCS
YPOBEHb YaCTUYHbIX paspsiioB B HECKOSbKO pa3. Mcrnonb3oBaHMe BOAOpOAa BMECTO BO3AyXa PeE3KO
CHMXKAET MHTEHCUBHOCTb YaCTUYHBIX Pa3psiAoB.

- HanpsixeHve nuTatoLen CeTM, KOTOPOE U3MEHSIETCS B 3HAUUTENbHbIX Npeaenax, MOXeT Takke
NOBNMMSTb HA YPOBEHb YaCTUYHbLIX Pa3psdoB. YBENMUEHUE HaMpPSKEHWUS YBENMUMBAET WUHTEHCMBHOCTb
MMIY/IbCOB.

- Pabouasi TemMnepaTypa CTaTopa 3/eKTpoABUraTensl UM reHepaTopa. MHTEpECHbIM sIBNSEeTCs
TO, YTO B 3aBWCMMOCTU OT TWMA M30MSALUUM MOXKET UMETb MECTO MONIOXKUTENBHBIN U OTPULIATESNbHbIN
KO3(PULIMEHT CBSI3M MHTEHCMBHOCTM YaCTUYHBIX Pa3psiioB C TEMMEpaTypon.

- Harpyska koHTponupyemoro obopyaoBaHusl. CBsi3b 34€Cb, BEPOSITHEE BCEro, OMNpeaensieTcs
BHYTPEHHWM HarpeBoM M30nauun. MpAMOV CBSA3M MHTEHCMBHOCTM YaCTUYHBLIX PaspsAoB C Harpyskom
06bIYHO He yaaeTcs 06HApYXUTb.

2.3 Jlokauus

BaXKHbIM NpenMyLLEeCTBOM NpU perncTpaumm u aHanumse 4YacTU4HbIX pa3psaaos B nsonsaumm KPYD
M KabenbHbIX  NIMHWUIA  SBNSIETCA

BO3MOXHOCTb  YZa/lEHHON  JIOKauum
op/ | MeCT BO3HWKHOBEHMS fedekToB. Ecnn B
La : POTI. KabenbHOM NMHUM BO3MOXHbI 2 TWNa
rﬂ / I n_) | nokaumu: pednekToMeTpms U nokaums
F Tt X 1 7 / [ | MO  PasHOCTM  BpEMEHM  Mpuxoaa
Lu L7 u—& I UMNY/bCOB, TO B KPY> C
As1 | A2 O ucnonb3oBaHneM  CBY  pgaTumkoB
| [ noKkaums  BO3MOXHA  TOJIbKO MO
' l l /\ A pa3HoCTH BpeMeHu npuxoaa

: : ' MMMYNbCOB.
P CBY UMMy NbChI Yyp
pacnpoCcTpaHAKTCA B KPY2> co
CKOPOCTbO 3/1IEKTPOMArHUTHON BOJIHbI

PucyHok 2.9 MNMpuHUMN nokaumm no BpEMEHU nNpmuxoaa UMMyabCoB (CKOpOCTbIO CBeTa).

Ckopoctb cBeta = 300000000
Mm/c = 0,3 M/HC.
3TO O3Ha4yaeT, yYTo UMNynbCc YP pacnpocTpaHseTcs OT UCTOYHMKA BO BCEX HarnpasfeHUsiX Co
CKOpOCTbIO 1M. 3a 3.3HC.
PacyeT UCTOYHMKA pa3psiAHON aKTMBHOCTM BbiNosHsieTcsa no ¢gopmyne: d=(D-0.3t)/2.
Ecnn paccrtosiHne mexay aatuvkamu (D) (Puc.2.10) n3BecTHO, MOXHO MpOBECTU abCONOTHYIO

VB
Lt‘AS1

!A82|7_| [aTunKaMmn (OTHOCUTENbHAs NoKaLms).
Nctounnk  PD=(D-0.3dt)/2, rpe dt-
Pa3HOCTb BPEMEHWN «NpUX0Aa» UMMNyNbCa, HC.

Ana npoBeaeHus oKauMuM UCTOYHMKA
pa3psaHOA aKTMBHOCTM Heob6xoaMMO MNpOBOAUTb
M3MEPEHNSI CUMHXPOHHO. Kaxabl  6-KaHanbHbIV
npubop  MNpoBOAMT  M3MepeHuss  abConTHO
PucyHok 2.10 OTHocuTenbHas nokaums no BpeMeHn CMHXPOHHO. Bonee CIIOXKHas 3a1aua _

MpMXOAa MMyNbCoB CUHXPOHM3aLMS N3MepeHuii HECKOMbKNX
npubopos. C 3TON Uenblo KOMMANIekTbl «GIS-DM»

I( D 5] JIOKauUmio NCToYHMKa YP oTHoCMTenbHO Aatuvka 1
| nnn 2.

PD/ | Ecnn pacctosiHme mexay aatumkamu (D)
rﬂ ';/ : n_) HEM3BECTHO, TO NIOKAUWUs BCE paBHO BO3MOXHA.
£ — A 7 7 Tonbko nokaums 6ynet OTHOCUTESLHO

. / LI_& LUEHTPaANbHOM  TOYKM  paCCTOSHUA  Mexay
!
[
|

N~
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o6beanHATCA B CETb npn NOMOLLN OMNTUYECKON NIUHUN.

MepBbilt NpUBOP B «LEMOYKE» HA3HAYAETCA [aBHbIM, OCTallbHble — BeAOMbIMW. [NaBHbIiA
npubop BbLINOSHAET Mpoueaypy KanvbpoBKM 33[epXXeK B OMTUYECKOM KaHane W 3anyckaeT
OAHOBPEMEHHYIO PErncTpaumio M3MepeHuii. Bce 3aaep)kky pacnpocTpaHeHUst kKOMaHZ OT npubopa k
npubopy B ONTMYECKOM KaHase CMHXPOHM3aLMKN YUUTLIBAOTCA NpY NPOBEAEHUN PacUETOB.

PykoBOACTBO MO 3KCnyaTaunm

1. NaBHbIN 2. Begombiin | -

PyicyHOK 2.11 CUHXPOHU3ALIMSI M3MEPEHWMI MO ONTUYECKON NIMHWUM

B pesynbTaTe CMHXPOHHOWN perncTpaumn Kaxkabih uMnynbc YP MMeeT BpeMmsi perucrpauum c

TOYHOCTbIO A0 10HC. B AanbHenwem BpeMs «NpuBbITUS» MMMYNbCa YTOUHSETCS CNeLMann3npoBaHHbIMK

LUM@POBLIMM anropyTMaMm No ¢opMe MMMybca, YTO NO3BOASET AOOUTLCS TOYHOCTU NOKaUMKM nopsiaka
3Hc (1 meTp).
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3 MporpammMmHoe o6ecneyeHne INVA Monitor

Komnnekc nporpamm «INVA Monitor» ucnonb3yembit ¢ koMnnektoM «GIS-DM» coctouT m3
LLeCTU OTAENbHbIX KOMMOHEHTOB!:

1.

basza gaHHbIXx MySql. Ecnn nokanbHas ceTb cogepxunt CYB MySql, To cywectsytowas CYB/]
MOXeT 6bITb MCNOAb30BaHa AN1s1 XpaHeHus AaHHbIX npubopa. ObpatuTecb K nepcoHany,
aaMuHUCTpupytowemy CYB[], ansg co3aaHms NOAKMIOYEHNS K HEM.

KoHdurypatop bBasbl [aHHbix u npubopos («INVA Config Editor»). Moxer 6bITb
MCNOMb30BaH Kak CPeACTBO HAaCTPOMKM MapaMeTpoB Npubopos..

Cnyxb6a cepepa («INVA Server»). Ha3HaueHue 3TOM CnyxObl — UYTEHWE AAHHbIX U3
npunbopos, 06paboTka 1 coxpaHeHue AaHHbIX B ba3sy [daHHbix (BA).

KoHdwurypaTop Bu3yanbHoM uYactu («Inva Editor») — npunoxeHue, 3aHMMatoLleecs
co3aaHneM cxeMbl otobpaxkeHnss ans MO «INVA Monitor». CxemMa oTobpaxkeHus co3gaeTcs
ANS KaXaoro obbekta oTAenbHO.

«INVA Monitor» — npunoxeHne ans oTobpaxeHusi AaHHbIX. Mcnonb3yeTcs onepatopamu
NNn amcneTyepamu.

USB-apaviBep npubopa. [lpaBep Heob6xoaMMO yCTaHaBAMBATbL TOMbKO MPW MCMOSb30BaHWUM
NpsMOro NoAKA4YeHns K npubopy nocpeacrsom USB-kabens.

Bcto Hactpoviky MO u npvbopoB OCYLECTBASIIOT Led-MHXKEHEPbl (DUPMbI-M3roTOBUTENST UK
cneumanbHO 0byyeHHble MpeAcTaBUTENIM MOHTAXHOM OpraHM3aumn. [ns noakayeHus K npubopy npu
noMoWM HOyTOyKa MM ANl NpoBeAeHMs MYCKOHANaAouHblX paboT MoxXeT 6biTb MCNOIb30BAHO
nporpaMMHoe obecnedveHne «Inva (Portable)». 310 MO He TpebyeT Hanuuusa CYB[ MySqgl, n ee MOXHO
6ecnnaTHO ckayaTb C odpuumManbHOro canta http://dimrus.ru.

MNporpamma «Inva (Portable)» ncnonb3yeTt Te xe cnocobbl Ans NpoCMOTPa U aHanu3a AaHHbIX,
yTO M KOoMMekc nporpamMm «INVA Monitor». MoapobHoe onuncaHne paboThbl C AaHHLIMK NPOrpaMMaMmn He
BXOAUT B 3TO PYKOBOACTBO. [ O3HAKOMIEHUSt UCNONb3yMTe OTAeNbHble pykoBoacTBa Ha MO «Inva
(Portable)» u pykoBoactBo Ha MO «INVA Monitor». Hwxe npvBeaeHO KpaTKOe OnMcaHUe OKOH,
cneundunyHbiX ana komnnekta «GIS-DM» Ha ocHoBe nporpamMMmbl «Inva (Portable)».

3.1

Hacrpoiika npubopa

Bce HaCTpoWKkKM CrpynnupoBaHbl B TPU BKIAAKW:

MapameTpbl Npnbopa;
Perncrpauus 4P;
Moporu.

B npaBoi YacTu OKHa pacrnonoXeH psi, KHOMOK:

3anucatb B nNpubop — OTMNpaBnsieT BCE HACTpoviku B npubop. Mpubop aomkeH 6biTb
NOAK/IOYEH K KOMMbIOTEPY;

3aKpbiTb — 3aKpbIBAET OKHO MPOCMOTPA U peAakTUpOBaHMS HACTPOeK;

3arpysuTb — 3arpy»aeT HacTpOMKM M3 BHewHero danna. [JaHHas KoMaHZa MOXET 6biTb
MCNoNb30BaHa AN BOCCTAHOBMIEHMS] HACTPOEK U3 Pe3epBHOW KOMWUKM, CO34aHHON paHee;
CoXpaHWUTb — COXPaHSIET HACTPOMKN BO BHeEWHWM dain. [JaHHasi KOMaHAa MOXET ObiTb
MCNonb3oBaHa [ANs CO3A4aHMsS PE3epBHOM KOMWMM  HACTpoek npubopa nepeg  ux
N3MEeHeHneM;

MOMOLLHMK HacTpOMKKN n3MepeHuns YP — 3anycKaeT OKHO MOMOLLM HAaCTPOMKN U3MEPEHMSI B
3aBUCUMOCTM OT M3MepsieMoro obbekTa 1 UCMob3yeMblX A4AaTHMKOB.
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Kondurypauws npuBopa £164 (GIS-DM)

3aB0JCKOW HOMED NpUBopa

164

MapameTpel NpME0OPa  Permcrpauyma P Moporn YP

oS

PykoBOACTBO MO 3KcnyaTauum

MecTo yeTaHoOEKRM NpUBopa

x

3anncaTe B
npuEop

YacoBoil noac |GMT +4 | Yacos | :00 “ | MUH, l:l
MoacTaHumMa
s KJ\/Aueiika KPY3 X 3axp
Aapec npuBopa 1 = MNaHWPOBWK
CropocTh 6uT/eeK 115200 w Pesim Mo pacnucaHnmg SrmEe
YeTHocTe MNONE 1stop  ~ Yackl MUHYTE ~
MpoTekon o6MeHz MODBUSRTU 1 3 0
2 & o Coxpanmb
Ethernet
ern 3 9 0
o] C L
IP . . .
5 15 0
Net mask EI 6 18 0
Gateway 192|168 El 7 21 0
] o 1 W

MpoTokon o6meHa MODBUS RTU

Mepeaaya AaHHb Ethernet <-> RS485" COXpaHeHWe AaHHEX YP

Pexcim C NapameTpamu UMNynecol ~

[[] Pazpewnte nepegauy AaHeix 418 NOAKNOYEHHEX NPUEOP OB COXpaHEHNA

MogenioyeHe NpuBopel ¢ agpeca (1

0

= 152

A0 appeca 255

I

MomowHE
HacTpoiku
n3MepeHna YP

OTKNYUTL M3MepeHne YP

PucyHok 3.1 Bknaaka "MapameTpsbl npubopa”

«MecTo ycTaHOBKM nNpubopa» - on1caHWe MecTa NpoBefeHUsl U3MepeHnit. ITa uHdopMaums
SIBNSIETCS AOMOMHUTENBHOW (CNPaBOYHON).

B rpynne «MnaHMpoOBWMK» 334aeTC pacnucaHMe aBTOMATMYECKOro 3amnycka W3MEpPEeHWN.
3anpeT nNpoBeAeHMsI U3MEPEHUM MO PacnuMCaHUKO OCYLLECTBASETCS nepekovateneM «OTKIIOYUTD
nsMmepeHue YP».

Mprbop MOXET COXpaHsiTb MHMOPMaLUMIO 06 M3MEPEHHbIX AaHHbIX B TPeX pexuMax. Kaxabii
cneayowmii BKIIKOYAET AaHHble NpeablayLmX:

e KpaTkoe — TONbKO YPOBHW aMNAUTYA U MHTEHCMBHOCTU 6€3 AaHHbIX O pacnpeaeneHum
UMMYJbCOB;

e C napameTpamMu MMMynbCOB — B 3TOM pexuMme aobasnserca MHbopMaums O napameTpax
KaXXaoro MMnysnbca, MCMosb3YHLWasncs Ans NOCTPOeHMsl pacrnpeaeneHnuin u aHanmsa PD-
Expert;

e C MCXoaHbIMKM CUrHanNaMmn — B 3TOM pexxume gobasnseTcs nHpopmaums o dopme Kaxaoro
nMnynbca.
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Kondurypauna npuéopa #164 (GIS-DM) x
MapameTpsl npuéopa Perncrpauna YP Moporu YP
Cfwme napameTpel nsmepeHna HP e e T
CHHXPOHW3ALMA NIMEDEHHH | Het | Begywmii v npuBop
CHHXP. € YACTOTOM CETH | no nuTanm ~ | 50,000 = Ty |-’13'“€pﬂ'fb E:%MMOE ci:‘l;a:; -
AononHuTeneHoe x JakpoiTe
Bpema perncrpauimn Maysa nocne

MMAYLCa 5120~ |HC umnyabea yp LOTKM | He YCHMHMSE:[:H? AsTo ~ pas(a)
YactoThulil guanason YP 1-3/HF e 4-6|HF =
ANA KAHANOB 3arpysuTe
ABTOTPUrepOBaHKHE hﬂ]'[]_) Hactponte »

CoXpaHuTe
[J NocTosHHLIf MOHMTOPUHT HP /-, HacTpouTs »

MapameTpel MzMepeHa YP No kaxaomy kaHany

PD2 PD3 PD4 PD5 PD6

OBWWE NapaMeTpPhl KaHana
YyscreuTenskocts | 10,00 5| HKn/B Paza gaTumka A ~

JonoAHUTENEHEIE NapaMeTPEl

JAMHaE KaBeneHO AMHUK, M -
Kozd uUMEHT yropoYEHKA

v
V HacTponTb dHMNbTpbI &
MomMowHKE

HACTPOFKK
M3MepeEnna YP

PucyHok 3.2 Bknagka "Peruncrpaums YP"

«CMHXPOHMU3aLMSA U3MEPEHUIN>» - CNocob CUHXPOHM3aLMK BHYTPU rpyrnmnbl Nprubopos.

«N3MepATb ... NepuoaoB CeTU» - KOIMYeCTBO NepuoaoB I'IpOMbILIJJ'IGHHOVI 4acToThbl, B TEHYEHUE
KOTOpPbIX 6y.u.eT npon3BoaANTbCA U3MEPEHUE BO3HUKAOLLMX UMMNYTbCOB.

«CaBuratb a3y Ha...» - Yron onepexxeHnst ICTOYHNKOM BHYTPEHHEW CMHXPOHM3aummn ¢asbl A
MPOMBbILLIEHHOW CETW.

«CHHXP. C YaCTOTOM CETU» - CMHXPOHM3aLMSA C YACTOTON NPOMbILLIEHHOW ceTW. [onyCTUMbI
cneaytoLme 3HayeHus:

BHewHsis — Hambonee TOYHbLIM CMNOCO6 CUHXPOHM3aUMWM. B KayecTBe WCTOYHMKA
MCNOMb3YETCS BHEWHWMA WCTOYHUK HamnpsbKeHWUsl, HanpuMep, BbIXOA4 W3MEPUTENbHbIX
TpaHcchopMaTopoB HanpskeHus (TH).

TOK Harpysku/pagvMokaHan — CMHXpOHM3aumMsa oT curHana ¢ gatuvka IFCT-5A/PFR-1/ PFR-
2;

Mo NUTaHWUIO — CMHXPOHM3ALMS C CETbIO NMPW MOMOLUM MUTatoLen cetTn. B 3ToM cnyyae
yalle BCEro BO3HMKAET HeonpeaeneHHbii caBUr asbl OTHOCUTENbHO MPOMbILLIEHHON
cetu;

CeobogHass — HecBA3aHHOE C CeTblo M3MepeHue. [O/MKHO MCMOoSb30BaTbCA TOMbKO B
Cny4dae OTCyTCTBUS NO6bIX APYrMX UCTOYHMKOB CUHXPOHM3ALMMN.

«BpeMsi perucrtpauMm uMnysbCca» - BpeMs, B TeYEHME KOTOpPOro pernctpupyetcs gopma
curHana.

«May3a nocne uMmnynbca YP» - WHTEpBan BpEeMEHW MOCNEe <«BPEMEHM perncrpauun» B
TeYeHWe KOTOPOro BCE WM3MEPEHHbIE MMMYNbCbl CYATAIOTCA HE CAaMOCTOSITE/IbHbIMK, @ MPOAO/HKEHNEM
y>X€ N3MepeHHoro.
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«J[lononHuTenbHoe ycwieHne BY KkaHana» - MOXET WCMonb30BaTbCs AN YCUNEHUS
MMNYNbCOB Manol aMnuTyabl (YBENMYEHWUs YyBCTBUTENBHOCTU Npubopa) Npu OTCYTCTBUM MMMY/bCOB

60MbLLOV aMNANTYAbI.

«Y4acToTHbIA AManasoH» - Bbl6VIp8€TCFI B 3aBMCMMOCTM OT MCMoJSib3yeMblX AaTymMkoB. OH
3a[a€eTca and TpOVIKVI [ATUnKoB. TO eCTb ecnn ecTb HeobxoaAMMOCTb nponsBoanTb U3MEPEHNE B pPa3HbIX
Anana3oHax 4acTtoT, TO AaTYUKKU AOJDKHbI 6bITb NOAKNOYEHBI Ha pa3Hble <<TpOl‘/lIKM>> KaHanoB.

Mepekntoyatenb «MOCTOAHHbIA MOHUTOPUHI PDI» fo/mkeH OblTb BK/OYEH AN TOrO, YTOObI
He 6blnn NponyLleHbl AaHHbIE, PE3KO OTAMYaKoLWmMecs OT «cpeaHux». Ecnm yposeHb PDI pe3ko BblpacTeT
B N pa3 un 370 npeBblleHne byaeT 3adMKCMpOBaHO B TeyeHWM He MeHee T cekyHa, byaeT 3anyLieHo
[IOMNOSTHUTENBHOE U3MEPEHME BHE pacnucaHus. 3HadyeHne N BBOAMTCA B Mosie «3anyCcTUTb U3MepeHue
npuv yBenunyeHuun PDI B ... pa3a», 3HadyeHne T — B MNojie «B Te4eHUe He MEHee ... CeK» OKHa
«[lNapameTpbl HENPEPLIBHOMO MOHUTOPUHIA».

Mocne paboTsl
napaMeTpbl:

MapameTpel HENPEPBIBHOD MOHWTOPWUHIE
AononHATENEHOE MMEPEHWE NPW YBENWHYEHW PDI

3aMyCTUTE HIMEPEHWE MK 0 e
yEEnueH PDI B =| pas(a)

E TEHEHNE HE MeHee 10 = Ccex

Bpema HakonneHa PRPD 30 | cex

/ YcTaHosnTb x OTtmena

3.3 OkHO "MapaMeTpbl HENPEPLIBHOIO MOHMUTOPUHIA"

«MoMOWHMKA HACTPOUKM usMepeHusa YP»

¢ BkoueHHble naMepuTesnbHble KaHanbl;
e ®a3bl 06LEKTOB, MOAKMOYEHHBIX K AaTYMKaM;

JIMHbI KOHTPONIMPYEMbIX KabenbHbIX IMHUIA;

KoadhdurumeHTbl yKopoyeHus;
ANropuTMbl unbTpaumm;
Bpems perncrpauuv nMnynbca;
MNay3a nocne nMnynbca YP;

YacToTHbIV AnanasoH n3MepeHns YP.

M3MEHAIOTCA cCneayowme

B okHe MOMOLUHMKA HacTpoMku HeobxoamMMo BbibpaTb cnocob Mcrnonb3oBaHMsl npubopa (cxemy
YCTQHOBKM W MNOAKIIOYEHUS AATYMKOB) M 3aAaTb AOMOMHUTENbHblE napaMeTpbl (47MHbI KabenbHbIX

NNHWRA).
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MapameTpel vsmeperna YP X
LUar 1. BuiGepuTe CEMY KOHTDOAA 06BEKTa

BhICOKOBONLTHEIE KABENbHEIE MMHWN:
@ 3 opHodasHe kaBena [3 gatuuka RFCT wiunn 3 CDR-S/AES]

O 3 opHodasHeK kaBena [3 gatduka RFCT u 1 AES]
O 6 ogHohazHEN Kabenei [gaTymkn RFCT]
O 6 TpexdazHex kabenei [gatunkuw RFCT]

KPY3:
O OpHodasHoe KPY3 [CBY gaTumkn]

OTpedea;Hoe KPY3 [CBY gaTumku]

SNEKTPUHECKME MALIMHEL

O1-6 BHYTPEHHWX aHTeHH [gaT4MKkn CBY gnanasonal
O1-3 CBM aHTeHHBI W 1-3 gaTymka BY gnanasona

O4,qa'rwmna Mapkn CC

~/ Hanee » x OTmeHa

PyicyHOK 3.4 MOMOLLHMK HaCTPOMKM

Kondurypauna npubopa £164 (GI5-DM) X

MapameTpel npuGopa  Permcrpauua 4P Moporn HP

TPEHWYHEIE 3HAYEHWA NAPAMETPOE 3anucate B
o Pexum paBoTel pene BEAKYEHD ~ npuéop
TPaHWLE YDOEHER PDIn Q02 [ppy # Be
KaHana
W Cuvtate 100 -
Mopork CoCTOAHWA NO MOLWHOCTH KMNYyAeCos (PDI)
3aKpeITh

[ Bkauute ] NogTeepxaeHue cocToaHua X 32k
MpejentHeE THAYEHWA COCTOAHMIA Ana kaHana PD1

YpOBEHS YXYALIEHHOTO mBT Jon. napameTpel TpeHaa »

COCTOAHMA —

YpoBeHs NpejasapuitHoro = B 3arpysute

CoCToaHMA 10 =1| MET Jon. napameTpel pacdeTa amnanTyae 4P » B

Mopork CoCTOAHWA NO aMNANTYAE MMnyneca (Q02)
[ Braruute
MpegencHble SHAYEHWA COCTOAHKE AAA kKaHana PD1

CoXpaHute

¥pOBEHb VXYAWEHHOMO nkn
COCTOAHKA

¥poBeHs NpejasapuitHoro -
COCTOAHKA 5000 | mikn

Mopord CoCTOAHKWA NO M3MEHEHKKD NapameTpos YP (Tpeng)
[ Tpera mowHo Tk

TpeHs aMnanTyasl
CKopoCTh pocTa npu
VXVAWEHHOM COCTOAHNN
CkopocTe pocra npu
NpeAasapuitHoM COCTORHUM

10,00 5| pas/rog

20,00 5| pasrog

EbICTROE USMEHEHWE NAPAMETPOE YP (CKaYOK]
I:‘Emrrpoe M3IMeHeHWe PDI

DEbIL‘rpOE usmeHeHne Q02
VisMeHeHWE NpU YXyALEHHOM
COCTOAHKMK

MameHeHWe npu
NpeaasapuiHOM COCTORHUMN

MoMowHKE
HACTPOFiKkM
namepeHua Y

PucyHok 3.5 Bknagka "Moporn"

MapaMeTpbl, NPUBEAEHHBIE HA BKIAZAKE «MOPOrk» ONpeaensitoT KOHTPOMPYEMbIE NapaMeTpbl 1
WX NpeaesibHble 3HaYeHUs.
MosiBNEHNE 3TUX HAaCTPOEK 0BYCIOBNEHO HECKONbKMMIU MOMEHTAMM:
e BO-TNEPBbIX, HET YTBEPXKAEHHbIX HOPM, HO B CKOPOM BPEMEHW OHU MOSBSTCS;

e BO-BTOpPbIX, BbICOKad aMninTtyaa MMNysibCoB WA 605bLIOE MX KOMYECTBO MOXET OCTaBaTbCs
CTabunbHbIM B TeYyeHue A0NAroro BpeMeHN. TONbKO M3MEeHeHWe 3TUX BeNYUH BO BpeMeHwu
CBUAETENLCTBYET O TOM, YTO B U30JIALIMN NPOUCXOAAT yXyALUEHUS,

25



diMRUS

«PD-Analyzer/65»

PykoBOACTBO MO 3KcnyaTauum

e B-TPETbUX, USMEHEHUE YPOBHA — 3TO NOKA3aTEJIb CKOPOCTU pa3BUTUA D,ECDEKTa, a HE CTeEneHn

pa3BuTHs aedekTa.

Mo3TOMy B HacTosiLLiee BPeEMS HEBO3MOXHO CKa3aTb, KaKOM M3 napaMeTpoB BaXkHee n\mnu byaet
MPUHAT B Ka4eCcTBe CTaHAapTa.

Mbl NpuHSAAM, 4TOo Hanbonee nokasaTenbHbl TpeHA (TO eCTb CKOPOCTb poCTa), 0COBEeHHO TpeHa

PDI.

3.2

MpocMOTp AAHHbIX

BbibepnTte koMaHZy «OTKpbiTb» M3 MEHI M3MepeHusi. B npaBo/ 4acTM OKHa Nporpammsl

OTKPOETCA NPOCMOTP COXPaHEHHbIX AdHHbIX.

B HMXHEN YyacTM OkHa OTOOpa3nTCs TpeHA M3MEHeHWUs napameTpoB YP BO BpeMeHM MO BCEM
A@HHbIM U3MEPEHUI, XpaHsiWwmMca B nanke. M3MeHnTb Habop oTobpakaeMbiX B TPEHAE KPUBbLIX MOXHO

npy NMOMOLLUN KHOMKKN « [;___|—0». I'IpM Bbl60pe NEBOV KHOMKOW MbILUN TOYKWU Ha TPEHAE B BerHel‘/i 4actu
OTKpPbIBAOTCA I'IOﬂ,pO6HbIe 3TOro0 AaHHble U3MEPEHUA (aHaJ'IOFVI‘—IHO ,D,GVICTBVII-O KOMaHAbl «OTKPbITb>» Ha

3TOM U3MEPEHNUMN B OKHE CTPYKTYpbl B/1).

Devices « | CDR: Alldata/é/4/2014 5:59:22 PM Close

© oo uss

PRPD | 3D PD-Cloud  PD-Expert
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PucyHok 3.6 MpocMoTp TpeHda 1 aMnanTyaHo-da3oBoro pacnpeaenenns YP

MpoCMOTP AaHHbIX OQHOIrO U3MepeHus AOCTYMNEH B LWEeCTU pexumax:

e AMnnuTyaHo-(asoBoe pacnpegenenune (PRPD);
¢ [lonHoe PRPD pacnpegeneHue 3a MHTepBas BpEMEHW;

e PacnpepeneHne
e PD-Cloud;
e PD-Expert;

3D;

e Jlokaumsi paspsiaoB B KabenbHON NMHUN.

3.2.1 AmnautyaHo-cha3oBoe pacnpeaeneHme

Bknagka «PRPD» npuMmeHseTca Ons rnpocMoOTpa MCXOAHbLIX AAHHbLIX B pPeXWMe aMmiuTyaHo-
(ba3oBOro pacnpezeneHns no BCeM KaHanaM. Ha 3ToM pacnpeaeneHuy no BepTUKaNbHOM OCU OT/IOXKEHA
aMMNnTYAa MMMNYAbCOB C YYETOM MOJISIPHOCTM, MO FOPU3OHTaNbHOW — hasa MPOMbILLNIEHHOW YacTOTbl.
Kaxkabli oTAenbHbIN UMNYNbC M300paXkaeTcsl B 3TOM KOOPAMHATHOM NockocTu. Bce pacnpeneneHune

pa3buBaeTtcsa Ha Tabnuuy
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G'HRUB «PD-Analyzer/6S» PyKOBOACTBO MO 3KCnyaTaumm

C onpegeneHHbIM WaroM no ammautyge u dase. Mpu nonagaHum 60AbLWOro KONMYecTBa
MUMMYNbCOB B OAHY SiUeiiky Tabnuubl BCE MMMYNbCbl 3TOM SAYEMKM OKpalLMBalOTCs 605ee MHTEHCUBHBIM
LBETOM. LiBeT — 370 xapaKTepucTuka 4actoTbl BOSHUKHOBEHWUSI UMMY/IbCOB CO CXOAHBIMM aMMIMTYAHbIMU
n ha3oBbIMK NapameTpamu. LiBeToBas LWKana NnpuBeaeHa HMXe pacnpeaeneHui.

Bbibop (MpubnmxeHWe) OAQHOMO KaHana OCYLECTBMSIETCS MPU MOMOLUM [ABOMHOMO HaXXaTus
NEBOM KHOMKM MbllUM Ha o06nacTM 3arofoBka kKaHana. Bo3BpaT Ko BCeM rpadukaM Takxke
OCYLLECTBNSAETCA ABONHBIM LLEMYKOM IEBOM KHOMKM MbIlwM Mo 06n1acTy 3aronoBka.

3.2.2 NonHoe PRPD pacnpeaneneHue 3a MHTEepBaJl BpeMeHH
Bknagka «MonHas PRPD 3a Y4:MM:CC» oTobpaXxaeTcsi B OKHE NPOCMOTPa, €C/IM B HAaCTPOMKax
npubopa BK/IOYEH MOCTOSIHHLIA MOHWUTOPUHI YP. [pn 3TOM B OKHe OTOOpaXkatoTCs BCE MMMYSbChl,
3aperncTpMpoBaHHble nNpubopoM 3a MHTepBan Mexay W3MepeHusMM N0  pacnucaHuio. MHTepsan
HaKonfeHnss otobpaxkaeTcs B 3arofioBke AN NPOCMOTPA WMCXOAHbIX AaHHbiX (Puc. 3.7). TMpocMmoTtp
OaHHbIX aHanorn4yeH okHy PRPD.

m
X

3amep or 31.05.2017 8:00:00 (LUN-A, Cable B (CDR-2))
aiin © © 3arpyzars passeie UP fokauus UP

PRPD  Monwan PRPD 22 02:55:30  Pacnpegenewse 3D PD-Cloud  PD-Expert  Jlokauua paspaos & kaBenswol ankim

02 —— 0.2 —— B

\\\ ’/,

L L h I I I I I I I
457 90 135° 1207 225 270" 315 361 - 450 90 135° 180° 225 2707 315 361

Mownocre=7.11MB1_ AmnauTysa=0.0468 _Kon. amn.=7996491 £100Tw: 71 % Mowpnocre=1.04mB1 _Amnauryaa=0.0178 _Kon. umn.= 1859344 l
w c - Iwpan mydrei/ Joint's shield A -

Napamerpe B D{j

\\\ ,/ ) \\\ ,/'

I I I I I 1 L I I I I I L I

45° %0° 135° 180° 25° an° 315° I 45° %0° 135° 180° 25° a7° 315° 36
Mownocrs=0.74mB1_AmnnuTyaa-0.0188 _Kon. wmn.=2373751 ’ Mouwmocr=0.000401mBr 0178 Kon. wmn.=1336 50 fu:53 %/

Useroman uncana, HF: 0 S w— 2 e Cnroxpoumzas: 5030 My

PucyHok 3.7 MNonHast PRPD
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C"HRUB «PD-Analyzer/6S5» PyKoBOACTBO MO 3KCnyaTauum

3.2.3 3D-pacnpepeneHue

PRPD Moaras PRPD sa 00:02:16 Pacnpeaenetive 3D PD-Cloud PD-Expert Jlokauwa paspAA0E B KaGeNLHOH AMHHKW

1 Karan 1 | - Karan 3

o 12,4627 165, o et Wl : | = 4 4

@

1934 1521 8

1Y

Eo,uoo ; e .I;.;“‘ig}:*.‘. og
: | 5 : 5

4' 5443 (S ﬁ;
o - e L e Mg e up %
{ii

208ub i 2

Curxponmsaua: 50,03 Ty

PucyHok 3.8 3D-pacnpeaeneHue

Ha 3ToM pacnpeaeneHun Takxe Mo BEepTUKaNbHOM OCK OTNIOXEHA aMnAuTyaa MMMYnbCoB, MO
ropv30HTanbHOM — (pa3a NPOMBbILLNIEHHON YacTOTbl. Kaxablh UMNyNbC OTOOpaXaeTcs OTAENbHO Ha TOM
nepvoae, Ha KOTOPOM OH 6bln M3MepeH BO BpeMsi pernctpaunm YP. Bce BMecTe oHM 06pasytoT Takoe Xe
aMNAUTyaHO-ha3oBoe pacnpeaeneHme (M306paxkeHo Ha 33/IHeN NIOCKOCTH).

Mpubnmxenne n oTaaneHne rpaduka OCYLLECTBNSETCS MNPV MOMOLUM BpaLLEHUS KONecuka
MbILLIW, CABWI — MPWU MOMOLLM MEPEMELLEHNS MbIlIM C OAHOBPEMEHHBIM YAEPXXaHNEM KOJIECMKa MbIlLN B
HaXXaTOM COCTOSIHMM, BpaLUEHWE - MPU MOMOLUM MEPEMELLEHNS MbIlIM C OAHOBPEMEHHbBIM YAEPXKAHUEM
NpPaBoW KHOMKM MbILLW B HAXKATOM COCTOSIHUMW.

3.2.4 PD-Cloud

Bknagka «PD-Cloud» npumeHsieTcs Ansi NpocMOTpa MCXOAHbIX AaHHbIX B 3D pacnpepeneHum
CrpynnupOBaHHbIX MO MapaMeTpaM MMMNYNbCoB M C y4yeToM ¢asbl ceTn (Puc. 3.9). Mo ocn X npu aTOM
OTKNaabIBaeTcs a3a NpPOMbILLSIEHHOM CETU, Ha ocu Y — obLas aAnnTenbHoCcTb uMnynbca (T2), a no ocu
Z — AMTENbHOCTb NEePBO NOMYBOSHbI MNynbca (T1).

[ns BpalleHus TpexMepHoM 0bnacTu HeobXoAMMO HaXaTb MPaBYl KHOMKY MbIlUM Ha 061acTb
rpadvka K, yaepxuBasi ee, Npou3BecTu BpalleHue. MacwTtabupoBaHve rpacvkoB MPOUCXOAUT MNpu
NMOMOLLM BpaLLEHNs KOeCKa MblLLn.

B BepxHeM neBOM yriy MOXHO BblbpaTb kaHan npubopa (AaTuuk), AaHHble KoToporo 6yayT
aHaNM3MpoBaTbCs.
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G'HRUB «PD-Analyzer/6S» PyKOBOACTBO MO 3KCnyaTaumm
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PucyHok 3.9 PD-Cloud

Mpy NOMOLUM TPEXSTy4eBOro aneMeHTa yrnpasieHus 1nm nepeMelleHns 06nactu BblaeneHus Ha
TPEXMEPHOM pacnpefeneHny Bblbepute WHTepecylowyto obnacte. B npaBoM 4yactu okHa 6yayT
BblA€NEHbl LBETOM WMNyNbCbl, BXoAswme B BblOpaHHYdO 06nacTtb. WMnynbcbl, He BXxoAswme B
BblbpaHHyto 06nacTb, 6yayT 3akpalleHbl CepbIM LIBETOM.

HenocpeacTtBeHHO MOA TPEXMEpPHbIM pacnpenenieHNeM BbIBOAUTCA OMNepaTMBHOE 3aK/toYeHue
cuctembl PD-Expert anst MMNynbCcoB, BXOAALWMX B BblAeNEHHY0 061acTb.

3.2.5 PD-Expert
B maHHOM OkHe oTobpakaloTcs pe3ynbTaTbl aBTOMATMYECKOM AMArHOCTUKKM MO BblGpaHHOMY
namepeHunto. ns kaHanoB, YP B KOTOPbIX He HaWAeHbl, 3aKIO4YeHVMe He BbiBOAMTCA. [Ns Kaxaoro
KaHana MOXeT OblTb BbIBEAEHO HECKOSIbKO 3ak/ouveHui, ecnu cucteMa PD-Expert cMorna BbISIBUTH
HEeCKONbKO 06nacTei co CXOAHbIMM YaCTOTHLIMM XapaKTepUCTnkaMu B pacnipeaeneHnn PD-Cloud.

PRPD MonHas PRPD sa 00:00:59 Pacnpeaenenme 3D PD-Cloud PD-Expert JNokauma paspagoe B kabenbHOM AMHWK

ABTOMaTMYECKMH aHaNW3
[] Monnas PRPD 3a 00:00:59

Kanan 1
YP B M30NAUMM BEAKIM BBICOKOBONBTHOIO 3NEKTPoa
+ = Metodnmk: Kavan 1
T P \\ Daza: A
' b | 4 — S -
/ o, OnacHocTb: AaHHbIA AedeKT onaceH
* A T -
‘&” Mowrocte: 3,21MBT (99% oT obwen MoWHOCTH)
oK Amnnmtyna: 0,045 B
t o“' Y
h 4l W JocToBepHocTe: 99%
34 L Onvicanne: fedeKT Takoro TMNa Bo3HWKAET B TOM
_ * N // cny4ae, Kor/a Ha BbICOKOBO/IbTHOM
whor ’ INEKTPOAE UMEIDT MECTO FrEOMETPUYECKHE
’. ] v O AedeKTbl (NOKaNbHbIE BLICTYMLI, OCTPble
45° 90° 135° 180° 225° 270° 315° 3601 Kpas, "yrabl").
MowWwHocTL=3,24MBT  AMnawTyaa=0,045B Kon. umn.=273 &
100 Mu;: 74 %

PucyHok 3.10 PD-Expert

B okHe npuBeaeH aHanu3 obnacteit, BblIbpaHHbIX cucTeMon PD-Expert Bo BCeX M3MepUTENbHbIX
KaHasiax Nno aBToMaTU4yeckum anroputmaM. Cnpaea OT Kaxaow 061acTi NpMBEAEHO 3aKJIlOYEHME O TUNe
fAedekTa, BO3MOXHbIX MeCTax ero BO3HMKHOBEHMS, CTENEHN ero ONacHOCTW.
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3.2.6 Jiokauus pa3psnoB B KabenbHOW IMHUM METOAOM ped/ieKTOMEeTpum

JNokauns npoussoantcs MetogoM TDR (Time Domain Reflectometry) nytem aHanu3a BpemeHu
OTPaXEHWSI CUrHana OT COeAMHUTENbHbBIX U KOHLEBLIX MY(dT.

PykoBOACTBO MO 3KcnyaTauum

Mpnéopsr «

@006
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B Hactp. 17 wona 2023 1. 174741
) HF 17 wiona 2023 1. 17:45:37
[ Rec 17 wons 2022 r. 17:44:23
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PucyHok 3.11 Jlokaumsi pa3psiioB B KabenbHON IMHWK

B neBov 4yacTM OKHa 3ajaeTcs «nacrnopT» KabenbHOW NIMHWMM — ee ANuHA, Ko3phuuneHT
yKOpoYeHUsi. MydTbl 1 pacCTOSIHUA MeXAY HUMWU 334aeTCsl ABOMHBLIM HaXaTMEM JIEBOM KHOMKMW MbIWMX Ha
cxeme KJ1 B BepxHel yactu okHa (cM. Puc. 3.11).

B npaBoi 4yacT OKHa — CnMCOK Hambonee 4acTo 3aperMcTpUpoBaHHbIX pednekTorpamm,
CrpynnMpoBaHHbIX MO nogobuio ¢opmbl MMmnynbca. Bce cxoxue curHanbl ycpeaHstoTcs. Jlokaums
Nnpou3BOAUTCS ANS BbIOPaHHOrO M3 CNMCKa TuMA WMNYNAbCoB. [ns Hambonee TOYHOW NoKaumm
pekoMeHayeM BblibMpaTb MMMYNbCbl C MaKCUMasibHOM aMMIUTYAOMN.

Mo ueHTpY B yBeNMYeHHOM MacwTabe oTobpaxkaeTcs BbibpaHHas M3 cnvcka pediekTorpamma,
a Huxe eé PRPD pacnpeneneHve.

Pe3ynbTaT aBTOMATMYECKOro pacyeTa Mo ycpeaHeHHOM ¢opMe WMMYNbCOB BbIBOAWUTCS B
BEPXHEN 4acTM OKHa nog rpadmyeckum usobpaxeHneM KJT u BblgeneH KpacHbIM LBETOM. MecTto

pacrnonoxenuns paedekta 0603HAYEHO «MOJSTHUEN» ¥ Ha cxeme kabenbHON NMHWM. MNepemeluas
3NeMeHT, 0603HavaloLWMi MEeCTo pacrnofiokeHus aedekTa, MOXHO BMAETb MpeanonaraeMoe MecTo
Havasna «oTpaXkeHus» Ha pedneKkTorpamMmme.

3.2.7 Jlokauusi UICTOMHMKA pa3pssAHON aKTUBHOCTHU NO BPpEMEHM npuxoaa

Jlokaums WUCTOYHMKA Pa3psAHON aKTMBHOCTM Mpou3BoaMTCs nporpamMmont «INVA Monitor» B
aBTOMaTUYECKOM pexuMe, a Takke MOoXeT ObiTb MpoaHanM3upoBaHa W YTOYHEHA MEepCOHAsIoM,
NPoBOAALLNM NPOLIECC ANArHOCTUKW.

Pe3synbTaT nokaumm oOTOBpakaeTcs B IKCMEPTHOM OTYETE O COCTOSHUMM 060pyAoBaHUS
nporpammbl «INVA Monitor».

Mpy npoBefeHMn NoKauumM CaMoCTOATENbHO HEObX0AMMO NpeaBapuUTeNbHO BblbpaTh AaTUMKKU B
nHdopmMaumoHHon Tabnuue napametpos YP KPY3 nporpammbl «INVA Monitor».
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PYyKOBOACTBO MO 3KCM/lyaTauum

Jardue AmMnanTyaa IHEPIWA ::ai?-?;;;azl]:ra ;:ii?:ﬂj pacr
D220.6.1-3 (W2E) -
v . Maza A -67 dBm 0 meBr*c 0 pazfrog 0 pazfrog
. Daza B -67.9 dBm 0 mrBr*c 0 paz/roa 0 paz/roa
. Traza C -61.1 dBm 0 meBr*c 0 paz/rog 0 paz/roa [
D220.6.4-6 (W2E)
W . Caza A -&67 dBm 0 meBr*c 0 paz/roa 0 paz/roa =
) P— — [ ~ - ~ - [

[paduk nameHennA napamerpa  flokaywa HP

PucyHok 3.12 Tabnuua napametpos YP KPYD

BblbpaHHble AaTuMKM BblAENsOTCA Ha oblwen cxeme KPYD (3eneHbiM), 4TO O3BONSIET
BU3YaNlbHO KOHTPOMIMPOBATb CAENaHHbIN Bbi6op. HeobxoaMmo BbIOpaTb 2 AaTuMka, HaxXOASLMXCS B
OZIHOW SiYEeMKe UM Ha OJJHOM CUCTEME LUMH A5 NPOBEAEHUS IOKaLU.
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PucyHok 3.13 Cxema KPY3 c BblbpaHHbIMK 4151 TIOKaumMy AaT4mMKaMu.

3anyck anropuTMOB JIOKAUMM OCYLUECTBSIETCA HaXXaTUEM KHOMKW «Jlokaumsi YP» BHU3Y

NHGOpMaLNOHHOM Tabnuubl KPY3.

B nporpamme «Inva (Portable)» Bbi6op npubopoB W KaHanoB Wu3MepeHus (AaTYMKOB)
NPOU3BOAUTCS NPU MOMOLLM AOMNOSTHUTENBHOMO OKHA «Bbl6Opa MCTOYHMKA CUrHana».

@ Inva Portable

Daiin Bug WMHcTpymeHTEl Azelk Momows
Mpubopmi « X B o]
@ ® @ ® PRPD Pacnpegenenue 30 PD-Cloud PD-Expert Nlokauma paspagos 5 KabenoHoM AMHMKM
=~ 1
> & AR700 USE | [
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MMNYNbCOB AN NOKauMW. BblbpaHHasi rpynna MMMynbCOB MOACBEUYMBAETCA CMHUM LBETOM. M3MEHUTb
pa3Mep rpynbl MOXHO, 3a)KaB NIEBYIO KNaBWLLY MaHWNYNSTOPa Ha Yriy BbI6paHHONM 30HbI U NepeMellas

MRUS

«PD-Analyzer/65»

* QOawn npuop Aea nprbopa

MeTounuk curHana 1

* Hanan 1
HaHan 2
Hanan 3
Hanan 4
Hanan 5

HaHan 6

Nokauwnsa YP <01.06.2014 - 30.06.2014/17 wrona 2014 r. 23:00:01>

Bribop McTOYHKMKA CUrHana

McTounuk curiana 2

Kanan 1
* HaHan 2
Hanan 3
Hanan 4
Hanan 5

Hanan &

Mpusmetints

PykoBOACTBO MO 3KcnyaTauum

X

Otmena

PucyHok 3.14 Beibop npnbopoB v kaHanos Ans nokauumn «Inva (Portable)».

OKHO pe3ynbTaToB JIOKaLMK BKOYAET B cebsi:
AMNNUTYAHO-a30Boe pacrnpeaeneHne UMMYNbCOB C 2-X BblGpaHHbIX NPUMEOPOB M KaHasoB
M3MEPEHMS B BEPXHEM 4YacTU OKHAa. B 3TMX OKHax eCTb BO3MOXHOCTb Bbl6Opa OTAENbHOW Ipymnnbl

ero. Mpy 3TOM BO BTOPOM OKHE aMMMTyAHO-(a30BOro pacnpeaeneHnss UMnynbCbl, COOTBETCTBYOWME
Mo BpeMeHW BblbpaHHbIM, OTObpaxatoTcs LBeToM. OcCTanbHble MMMYNbChl HE y4acTBYIOT B npoueaype
nokaumm n otobpaxatoTcs cepbiM LBeTOM. CyllecTByeT BO3MOXHOCTb MepektovaTb rpynny Bblbopa
CUrHaNoB MexXay 2-Msi KaHanaMu KHoMkow [<>], Haxoaswencs mexay rpacdvkamu.
OKHO pacnpegeneHnst MMMyIbCoB MO AnnHe obbeMa KPYD C  ykasaHMeM pacyeTHOro
MECTOMONOXEHMS! UCTOYHWNKA Pa3psaAHOM aKTUBHOCTM B HUXKHEMN YacTU OKHa.

32

Hactpoiiku
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1807 225° 270 3150

wmn.=91

PacueTHOE MECTOMONOKEHHE MCTOMHMKE HP: 0,9M (OTHOCHTENIEHO LIEHTPE MEXAY AATHHMKaMH)

PucyHok 3.15 OKHO NoKauun paspsaHon akTUBHOCTM.

HekoTopble mapameTpbl /OKaUuuM MOXHO W3MEHUTb BO BCM/bIBAKOLEM OKHE HacTpoeKk CleBa
(Puc. 3.16).
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Crocob nokaumm

() OTHOCHTENEHOE WSMEPEHWE, M

(@) ABconTHoE MaMepeHue

MakcumansHoe paccToaHue
500

ABConKTHOE PAaccTOAHME, M

500

[] AsTtomatmueckan dwmnsTpauma

MapameTpsl 08beKTa NOKALHM

Hozdiduupment yropouenna | Tz 1.5 J: {

Jagep#Ka CHIHANA B M3MED. LENAx .
JafepHKa B HAHOCEKYHOAX
Japgepwka 1, HC

a

Jagepska 2, HC

a

BuiBop rpynnel cMrHanoe ons duasTpaumK

HacTporku

(@) Ha nesom rpadmee

() Ha npasom rpadute

PucyHok 3.16 HacTpoliku loKaLmmu no BpeMeHU Npuxoaa UMysbca

«Cnocob nokauuun». No3sonseT BblbpaTb OAMH U3 ABYX TWUMOB SIOKALMMU: OTHOCUMTENbHYIO UK
abcontoTHyo. OTHOCMTENbHAs MCMOMNb3YeTCs B TOM Cllydae, eC/in He U3BeCcTHa AnnHa obbekTa (obbema
KPY3 Mexay pAaTuvkamu) M fokaums MNpou3BOAMTCS OTHOCUMTENbHO LeHTpa obbekTta. AbcontoTHast
NOKaUMsl MCNoNb3yeTcsa MNpu M3BECTHOW AJIMHE W JaeT pe3ynbTaT B abcontoTax eauHuuax, a He
OTHOCUTENBHO LeHTpa.

«MakcuMmanbHoe paccTositHue». [py OTHOCMTENbHOM NoKauuu 3TOT MapaMeTp 3adaeT
MaKCUMasbHYO 30HY A/s aHanM3a BPEMEHWU Mpuxoda MMNynbCoB. MIMNynbChbl C pasHULEN MO BPEMEHM,
KOTOPOMY COOTBETCTBYET paccTosiHMe 6onblle 3aAaHHOro, He aHaIM3UpPYIoTCS.

«A6CONOTHOE paccTosiHne». py abCoNMOTHOM NoKaLMK 3TOT NapaMeTp 3a4aeT pPaccTosiHue
MeXAY AaTuMKaMU AN aHanM3a BPEMEHM MpUXOoAa MMMY/bCOB. VMMyNbCbl C pasHULEN MO BPEMEeHM,
KOTOPOMY COOTBETCTBYET pacCTosiHME 60/blLUE 331aHHOIO, HE aHaANN3NPYHOTCA.

«KoadpdpmumeHT ykopoueHuss». KoapduUMEHT, NOKasbiBaOLWMA, BO CKONbKO pa3 CKOPOCTb
PacnpOCTpaHeHNs BOJSIHbI B 06bEKTE MEHBILLIE, YEM CKOPOCTb CBETA B BaKyyMe.

«3apgep)Ka CUrHasia B U3MepuTesibHbIX uensax». Mo3BonseT 3aaaTb M y4yecTb pa3Huly B
JUTMHAX KabesnbHbIX IMHUI 2-X AAaTYMKOB.

«Bbl6Op rpynnbl CUrHanoB». Bblbop 0gHOrO M3 2-X aMnnMTyAHO-(a30BbIX pacnpeaeseHui
MMMYNbCOB, HAa KOTOPOM ByAEeT OCyLeCTBAATLCSA BbIGOP rpynmnbl UMMYNbLCOB Afs NIoKaumn. Beibop rpynnbi
C MaKCMManbHOM aMMAWUTYAOM MMMNY/bCOB M MUHWMMASbHBIM 3HAYEHWEM LIYMOBbLIX CUrHanoB MO3BONSIET
60s1ee TOYHO NPOBECTU aHANM3 1 NOKALMIO UCTOYHMKA Pa3psiAHOM aKTUBHOCTM.
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https://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C_%D1%81%D0%B2%D0%B5%D1%82%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B0%D0%BA%D1%83%D1%83%D0%BC
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3.2.8 nMaHenb «MapameTpbi»

[ns HacTponkun oTobpaxxeHusi MCnonb3yeTcs naHenb «llapameTpbl» C MpaBoM CTOPOHbI OKHA
aHanmsa YacTu4HbIx paspsagos (Puc. 3.17).

MNapameTpsi »
\._/ Mokasslgats MMM Nocae dUABTPALMH

(@) Monbsosatenscrme GUALTPEL

(") ©uneTpe npubopa

Hactpoiikm dmnsTpanmm

[] Cetra 256x256

O6wmit macwTab

[ Wkana e vKn

O6wHit hasoBbIfA cABMT 0[] Coxpanure

Pazmep Toukm: ]

PD Expert
06 beguuaTe ogHoTHNHBIE YP
OrtoBpamars AHArHOCTHYECKHE J0HBI

[C] Npu amuarnocTmre YP casurate dasy va 120°
MacwTab

mB

[ ®ukcuposaHebit macwTad

0,0
1000,0
[] YposeHs wyma

5.0

Y YECTEMTENBHOCTE JATYHMKOE

padmK amMNAMTYA3-KONMYECTED HMTYNLCOE

PucyHok 3.17. MNaHenb «lapameTpbi»

Mcnonb3yeMble NapaMeTpbl UMET CneayoLwWwmiA CMbICI:

«[lNokasbiBaTb UMM. Nocne GuabTpaumum» - CKpblTb/MoKa3aTb OTGWUILTPOBaHHbIE NMPUOOPOM
nnu MO nMnNynbChbl;

«[lMonb3oBaTenbckne GuUnbTpbI» - NCNOb30BaHWe GunbTpos MO;

«OunbTpbl Npubopa» - WUCNOAb30BaHME TONbKO (GUALTPOB Npubopa, BKIKOYEHHbIX B
HaCTpOWMKax Npu BbINOSHEHUN 3aMEPOB;

«HacTpoikn ¢unbTpaummn» - OTKPbIBAET OKHO Anst HacTporkn punbtpos MO (puc. 3.18);
«CeTka 256x256» - BblbpaTb TMM OTOGpPaXeHUsI MMMNYNbCOB: B BMAE TOYEK MM B BUAE
MaTpulbl pa3MepoM 256x256 sueek;

«06wmi MacwTab» - YCTAHOBUTbL/OTKIIOYMTL O6WMA MacwTab ans rpadukoB pasHbiX
KaHanos;

«llkana B HKn» - BbI6paTb eaAnHULbI U3MepeHns aMnAnTyabl MMNynNbCcoB (B nnm HKN);
«O6wmin  has3oBbIA CABUM» - YCTAHOBUTb [OMOSIHUTENbHbIN (Pa3oBbId CABUI AN BCEX
KaHanos;

[BWXOK Ans perynvpoBaHusl pa3Mepa TOYKM Ha rpaduke.

®yHKUMM BCTpOEeHHON cucteMbl PD-Expert:

«06beanHATL oAHOTUMNHBIE YP» - nporpaMMHOoe obbeauHeHwe YP B rpynnbl CO CXOXMMU
npu3HaKkamu;

«OTObpaxaTb AMarHocTuyeckue 30Hbl» - Ha BKknagke «PD-Expert» Ha rpadgukax PRPD-
pacnpeaeneHns NoACBEeYMBalOTCS 30HbI C YYETOM pacrpeaeneHuns YP;
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e «CpaBuraTb 30HY Ha 120°» - y4éT nepeHaBefeHns uMnynbLcoB YP ¢ oaHol dasbl Ha Apyryto.
Mone «MacwTab»:
e [lpn BbibOpe UKCMpoOBaAHHOrO MacwTaba cnegyeTr YyCTaHOBUTb  MWHUMMANbHOE U
MaKcMMasibHOe 3HayeHus WKanbl B MB;
e [lpwn BblbOpE YypoBHS WyMa B MB, YP HuKe yKa3zaHHOro 3Ha4YeHusl mopora He oTobpaxaroTcs;
e «YyBCTBMTENLHOCTb [AAaTYMKOB» - TMPU  HaXaTUM OTKPbIBAETCH OKHO MpOCMOTpa M
pefaKTUpOBaHUS YyBCTBUTENIbHOCTM KaHasoB, onpeaeneHHbIX Npu KanmbpoBke;
«padvk aMNInTyAa-KONMYECTBO MMMNYbCOB» - MPU HaXKaTuM OTKPbIBAETCS OKHO OTObpaxeHus
3aBUCMMOCTU KOJIMYECTBA 3aperncTpupoBaHHbIX 3a Nepuos U3MepeHus UMMYNbCOB OT UX aMnnuTyabl
ANS KaXKAoro KaHana.

3.2.9 O®unbTpaums MMNyJibCOB

OcobeHHocTbio NpubopoB «PD-Analyzer/6S» SBNSeTCs TO, YTO OHW PErnCTPUPYIOT MMMYNbChl Ha
BCEX KaHanax OJHOBPEMEHHO, a MoCse 3TOr0 YXe MNPUHMMAKOT pelleHMe: KakoM JdaTuuk 6bin
pacrnonioxeH 6nauMke BCEro K WMCTOMHUKY wMMMynbca. [pu 3TOM ecnn nornyeckume npasuna 6binu
HacTpOeHbl HEBEPHO, @ pacyeTHble [AaHHble O KaXAOM WMMyfibCe COXpPaHsNUCb, TO BCerga ecTb
BO3MOXHOCTb OTMEHWUTb (DUNbTPaUMIO, CAENAHHYIO NPUOOPOM, U HANOXUTb HOBbIE NIOrMYECKNe npaBuna.

Ha naHenn «Onepauuun» nepekntovatenb «[lokasaTb UMNYNbCbl NOCNe PpUIbTpauumn» oTBevaeT
3a KOnM4yecTBo otobpaxkaeMblX AaHHbIX. Ecnn BbibpaTh «[lonb3oBaTensckme GunbTpbl», TO CTAHOBUTCS
AOCTYNHbIM CTpOKa «HacTpoiika unbTpauumM», HaXaB Ha KOTOPYID OTKPbIBAETCS OKHO HACTPOMKM
nonb3oBaTenbckux epunstpos (Puc. 3.18).

JocTynHO  Tpu  Tuna  NoONAb30BaTENbCKMX  DUALTPOB:  «AMMAUTYAHas  unbTpaums»,
«DunbTpaums no BpeMeHn npuxoaa», «dGunbTpauns No BpeMeHN NponeTa».

®unbTp No amnauTyae paboTaeT cneayowmm obpa3oM: ecim UMMynbC OAHOBPEMEHHO M3MepeH
Ha ABYX unn 6onee kaHanax, TO UCTOMHWKOM MMMyfbCa SBASETCS TOT KaHasn, Ha KOTOPOM aMniuTyaa
MaKcuManbHa. HeobxoaMmo BbibpaTh KaHambl ANs CPaBHEHMUS, YCTaHOBWUTb 3HAYeHWEe MaKCUMasibHOW
amMnNAnTyabl U MHTEpBana BPEMEHN CPaBHEHWS.

®dunbTp No BpeMeHn npuxoaa paboTaeT crneayowmnM obpasom: ecnnm UMMNYNbC OAHOBPEMEHHO
n3MepeH Ha ABYX unun 6onee KaHanax, TO UCTOYHUKOM UMIMyfbCa SBASETCS TOT KaHasn, Ha KOTOPOM OH
6bln 3aperncTpmMpoBaH nNepsebiM. TO eCTb Mbl AO/MKHbI AN KaXA0ro KaHana 3af4aTh KaHanbl, C KOTOPbIMU
Mbl byaem cpaBHMBaTb. ECM HM OAHOrO KaHana Ans cpaBHEHUS He BbIOpaHo, 3HAUUT, PUNbTP AN 3TOro
KaHana OTKJIOYEH.

®unbTp NO BpeMeHu nponeta paboTaeT cneaylowmM obpasoMm: ecnn UMMybC OAHOBPEMEHHO
M3MepeH Ha ABYX unu 6onee KaHanax WM BpeMs Mpuxoda Mexay WMMynbCaMu MeHee 3a[aHHOro B
HacTpoikax unbTpa, TO UMMYNbC CYATAETCA <KUCTUHHBIM» U HE PUNBTPYETCS.
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C" «PD-Analyzer/6S5» PyKoBOACTBO MO 3KCnyaTauum
Monb3oBaTensckme GuALTPLI [ 4
PunsTpel

E AMnamMTygHAA DHABTPALMA
? [[] ®unbTp no epemenn Npuxoaa Wmnynbca

E [] ®unbTp no epemenu NponeTa umnybca

Kananw gna dunstpaumm [ | Bee kanans MapameTtpsl duasTpa

4 | 4 Amnautyaa
u 3naueHue amnauTygsl 60

4 [lpouee

U
v
W
Jkpan mydTol/ Joint's shield
HaHan 5
HaHan 6

WHTepsan epemenn, ve 700

M u

Mpumetiuis Omuaena

PycyHok 3.18. OKHO HacTporku unbTpaLmm UMMybLCOB



G'HRUB «PD-Analyzer/6S» PyKOBOACTBO MO 3KCnyaTaumm

4 3ameHa npubopa Ha npu6op us 3UMN

Mpn HeucnpaBHOCTM npubopa W Hanuuum ero B coctaBe 3UIM MOXHO BOCCTAHOBWUTH
paboTOCNOCOBHOCTb CUCTEMBI 3aMeHOMN Npubopa.
lnsi 3TOro Heo6x0AMMO BbINONHUTL PAA Onepaumii.

1.

2.
3

U

7.

CoxpanuTe B (hann nocnegHne HacTpoMKM HEUCNpaBHOrO Npubopa C NOMOLLbIO MPOrpaMMbl
«INVA Config Editor» n3 cocraBa komnnekta MO «INVA Monitor».

OTknounTe NuTaHue npubopa.

CHMMUTE CTapbli U YCTAHOBUTE HOBbIA NPMOOP C aHANOrMYHbLIM MOAK/OYEHNEM Kabenew.
He 3akpbiBaiiTe KpbILWKY npubopa.

MopaiiTe HaNpsXXEHWE NUTaHUS U noaka4ymTech Kk USB-pasbeMy B HOBOM npubope npu
nomowm USB kabens ¢ ceyeHneM He MeHee 24AWG.

C nomowbto nporpammbl «INVA (Portable)» ouncrute apxus npubopa.

C nomouwbto nporpammbl «INVA (Portable)» npousseauTe 3anmcb HacTpoek w3 daiina,
nony4eHHoro B n.1 B npubop.

OtkntounTe USB-Kkabenb 1 3akponTe Kpblky npubopa.

Pab0TOCNOCOBHOCTL CUCTEMBI MOHUTOPUHIA BOCCTAHOB/EHA.
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UHdopmMmauumsa o npeanpuaTunM-u3rotoBurene

000 «AUMPYC>» (r. NMNepmMb)

Pa3paboTka 1 NocTaBka NpubopoB M NpOrpaMMHOro obecneyeHuns no AMarHoCTUKe ans
Pa3NIMYHbIX OTpPac/eN NPOMbILLIEHHOCTH.

Poccusi, 614500, Mepmckuin kpa,
4. BaHioku, LoccenHbin Bbe3A, 4.2

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

Apapec B nHTepHeTe: http://dimrus.ru

e-mail: dimrus@dimrus.ru
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