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1. BBegeHue

1.1. Ha3HauyeHue
N3mepuTenb yacTuuHbix paspsgoB «PD-Analyzer/3P» (ganee no TekcTy - npubop) npeaHasHadeH Ans
perncTpauumM 1 aHanusa pacnpeaesieHnsl YacTUUHbIX PaspsaoB B M30MSIUMM BbICOKOBOSILTHOrO 060pyAoBaHMs
PasMYHOrO TUMa.

Hanvune B npubope MaKCMManbHOrO BO3MOXHOIO KOMMMEKTa anmnapaTHbIX M MporpaMMHbIX CpeacTB
OTCTPOMKM OT UMMY/IbCHBIX MOMEX, AeNaloT AaHHbIM NPUMEOP OAHUM M3 CaMblX 3MEKTUBHBIX U3 UMEIOLMXCS B
HACTOSILLEE BPEMS HA PbIHKE.

MNonb3oBaTesib MOXET CAMOCTOSATENbHO KOHCbl/IprVIpOBaTb N3MEPUTESIbHYIO HYaCTb an60pa, ana pa60TbI
B pEXXNME peasibHOro BpEMEHN, UCMONb3YyA.:

- aHanmu3 opMbl KaXkaoro UMMy bCa;
- aMNANTYAHYO DUIbTpaumio;

- pa3HuUy BO BpeMeHM Mpuxoda MMMYNbCOB MO KaHanaMm (aHanu3 BpeMeHu npubbitus — «time of
arrival»), c pa3pelieHnem B 2 Hc;

- KOHTPO/1b NONAPHOCTN NMNYNbCOB MO HECKOJIbKMM KaHa/llaM OAHOBPEMEHHO,
- BCTPOEHHbIE KaHaslbl KOHTPOA LWYMOBbBIX CUTHAOB.

YHUKANbHOM OTNIMYMTENbHOM 0COBEeHHOCTbIO Npubopa «PD-Analyzer/3P», oTcyTcTByioLWleA B npubopax
NMpousBOACTBa ApYrMx upM, SBRASIETCS Ha/MuMe BCTPOEHHOM 3KCMEepTHOW cucTeMbl  «PD-Expert».
Wcnonb3oBaHne B «PD-Expert» Habopa pasnuuHblX cnocoboB npeacTaBfieHuMs UM aHanusa pacnpegeneHus
YaCTWMYHbIX pa3psgos, BrkIovas «PD-Cloud», a Takke HanuMume BCTPOeHHOW 6a3bl 06pa3oB AedekTos,
No3BONSET BbISABNATL M AnddepeHuMpoBaTb pas3iMyHbIE TUMbl U MeCTa BO3HUKHOBEHUS AedEeKTOB B U30MSALMMN.

Mpnbop Mapkm «PD-Analyzer/3P» npegHa3HayeH Ans UCMNONb30BaHUS MOArOTOB/IEHHLIM MEPCOHANOM B
YCMOBUSIX HayYHbIX LEHTPOB U1 labopaTopuii, NPpOU3BOACTBEHHbIX LIEXOB U B MONIEBbLIX YC/IOBUSIX.

Mpubop MOXET MPUMEHSATLC B YCNOBUSIX BO3AEMCTBMS MOBLILWEHHbLIX 3M1EKTPOMArHUTHBLIX Mosel
MPOMbILLIEHHOW YaCTOTbl - Ha pacnpeaennTenbHbIX NOACTAHLMSIX.

Mpubop MMeeT MeTannMyeckuii 3alWTHBLIA KOphyc, obecneunBaroWMin 3almuTy OT MblM W OpbI3T.
YnpaeneHve npubopoM OCYLLECTBASIETCS MPU MOMOLUM HOYTOYKa. HacTpoeHHbI npy noMoLm HoyTOyka npubop
MOXeT YHKLUMOHMPOBATL CAMOCTOATENILHO B PEXUME MOHUTOPUHIA.
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PucyHok 1 BHewHuit Bup npubopa

M3MepeHre Npov3BOAMTCS MPU MOMOLLM CMELManM3UPOBaHHbLIX AaTYMKOB. KOHKPETHLIM TUMN AaTyuka
BbIBUPAETCS UCXOAS U3 KOHTPONMPYEMOro 060pyA0BaHMSt U BO3MOXHbBIX METOAOB MOAKTOYEHNS.

1.2. TexHuuyeckue xapakTepucTtuku npubopa «PD-Analyzer/3P»
OcCHOBHble TexHW4yeckue napameTpbl npubopa npuBeneHbl B Tabnuue «TexXHUYecKue napameTpbl
npunbopa «PD-Analyzer/3P»:

Ta6bnuua 1.1 TexHuueckme napamertpbl npubopa «PD-Analyzer/3P>»

No TexHu4eckuii napameTp 3HayeHune
1. Konnuectso kaHanos peructpauun YP, He bonee 3
2. Pabouee HanpshkeHne KOHTPONMPYeEMbIX 06bEKTOB ot 3 no 1000 kB
3. WHTepdelic cBs3m npubopa ¢ komnbioTepom® USB, Wi-Fi
4, 06beM NamsATK Ans XpaHeHusl apxmea, M6 256
5. YacToTHblvi ananasoH (HF) peructpupyeMbix uMnynbcos, My, 0,1 +20,0
6. YacToTHbIl ananasoH (UHF) pernctpupyeMbix uMnynbcos, My’ 450 + 1500,0
7. BHewwHas cuHxpoHnsaums (SYNC) 0,1-5B
8. YacToTa BHELWHEN CUHXPOHM3aLMK 25-400 Iy
9. CVHXPOHU3aUMs C CeTbo N0 paanoKaHany da
10. Twun BCTPOEHHOMO akKyMynsiTopa Li-ion
11. EMKoOCTb akkyMynsiTopa 6,8 A/uac (12 B)
12. Bpems paboTbl OT akKyMynsaTOPOB B peXuUMe perncrpauumn, He MeHee, vac 8
13. Bpemsi nonHoit 3apsiaku, He 6onee 5 vacos

90-260 B AC 50/60 'y,
14. HanpspkeHne nutaHus
120-370B DC

15. labapuTHble pa3Mepbl kelica npubopa, MM 225x155x50
16. labapuTHble pa3Mepbl kelica C AaTyMkamm, MM 546x347x197

! HeobxoamMo ncrnonb3osaTh kabenb ¢ ceyennem 24AWG n 6onee. Bonbluee 3HaueHVe Ynucna CooTBETCTBYeT
MeHbLUEMY CEYEHUIO.

2 MeTponoruyeckas nosepka perucrpartopa, CoracHo Metoauke nosepkn 651-19-016 Mr1, nposBoanTcs B
AnanasoHe 4vactoT 450 MINy + 1200,0 Mru.
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1.3. Mopspok BbiNnonHeHUs pabort
MpoBeaeHWe  MOATOTOBUTENbHbIX K M3MepeHusM  paboT  npov3BoAMTCS B CleayloLlen
nocneaoBaTeNbHOCTH:

e Bblbop MecCT yCTaHOBKM M TMMNA MCMOSIb3YEMbIX AATYMKOB;

e MoOHTaX M NoakNoYeHe AaT4YMKOB U npubopa cornacHo TpebosaHmam MTE;

e YCTaHOBKa Ha MEPEHOCHONM WM CTauMOHapHbIA KoMmbloTep nporpamMmbl INVA-Portable 1 USB-
JpaiBepa npubopa;

¢ Hactpolika npubopa cornacHo n.3.6;

e [pn ncnonb3oBaHMn JaTumkoB cepum «RFCT» Unn «KOHAEHCAToOp CBSA3M» MMEET CMbIC NPOBECTH
KannbpoBKy U3MepPUTESbHbBIX LiEMNeN.

1.4. Pa3bembl npubopa

5
1

6
2

7
3 10
4 11
8
9

PucyHok 2 JinueBas naHesnb npubopa

KOHCTPYKTMBHO npubop BbLINOMHEH M3 ABYX GNOKOB: u3MepuTenbHOro moayns «PD-Analyzer 3» u
Moaynsi nuTaHus «PD-Analyzer PS». Ha nvueBon naHenu npubopa pacrnonoXeHO MHOXECTBO 3/1EMEHTOB M
pa3beMoB Ans paboTbl C NpMBOPOM.

1 — kopnyc usmeputensHoro Moayns npubopa «PD-Analyzer 3»;

2 — SMA-pa3beM Ans noaKIYeHns aHTeHHbl 433 MIY, Ana npueMa curHana ot gatumka PFR-2;
3 — SMA-pa3beM 15 NoAKNIoYEHNSt aHTeHHbI 2,4 Ty ana pabotel no Wi-Fi;

4 — BNC-pa3beM Ans NOAK/IOYEHUSI UCTOYHMKA BHELIHEN CMHXPOHM3aLUumK;

5 — pa3beM «USB» ang nogknoveHns K KOMNbloTepy;

6 — pasbeMbl A1 NOAK/IYEHUS Moayns NuTaHus npubopa PD-Analyzer PS, neBbiii 1 NpaBblil pa3beMsbl
abCcontoTHO paBHOMPAaBHbIE, U NMPeAYCMOTPEHbI ANS AaNbHEWLLero paclumpenust gyHKUmin npubopa;

7 — cBeToamnoa «CraTyc», OMUCHIBAIOLWMI TeKyLlee cocTosiHue npubopa;
8 — kopnyc moayns nuTaHua «PD-Analyzer PS»;

9 — BNC pasbeM C CUrHaNoOM CMHXPOHMU3aLUMK, UMEIOLLMM TOT € CABUI U a3y, YTO U CETb, OT KOTOPOW
MPOM3BOANTCS 3apsaKa MOAyNs NMUTaHUS B HACTOSLLUIA MOMEHT;

10 — pasbeMmbl AN NOAKIOYMEHUS M3MepuTenbHoro moaynsi «PD-Analyzer 3», neBbl1 M npaBblii
pa3beMbl abCOMIOTHO paBHOMPABHbIE, M NMPeAyCMOTPEHbI A1 AaNbHENLWIEro pacluMpeHns GyHKuuiA npubopa;

11 — cBeToamon «CTaTyc» — MHAMKAUMSA 3apsiaa 6aTapen.

<,
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YacTb pa3beMoB pacnosioXeHa Ha TbINIbHOW CTOpPOHE npw6opa.

12

13

PucyHok 3 TbiibHag naHenb npubopa

12 - pa3beMbl SMA 15 NOAKMOYEHNS AATYMKOB YAaCTMYHBIX pa3psifoB;
13 - pa3beM ans 3apsiaky 6aTapein Moayns NUTaHuS.

1.5. Pexxumbl paboTbl cBEeTOAMOA0B
Ceetoanopn «CTaTyc» U3MEpUTESNIbHONO MOAY/Sl FAaCHET M 3aXXMraeTcs ¢ YactoTtoi npumepHo 0,5 'y BO
BPEMSI MPOBELEHWUSI U3MEPEHWUI WK MPU Mepesarpyske npubopa, € YacToTol mpuMepHo 2 'L Npu Hanuymm
owmnbok ObHapy>KeHHbIX B XOA4e CaMOTeCTUpoBaHusl. B ocTanbHOe Bpems, Npy Hannuum NUTaHUs CBETOAMOA
FOPUT NOCTOAHHO, N HE TOPUT NpPU €ro OTCyTCTBUN.

CeeToaunop <<CTaTYC>> Moayna NUTaHua roput TONMbKO BO BpPEMA WUCMOJSIb30BAHUA WU HE TOPUT, KOraa
OTCYTCTBYET MOAKIOYEHNE U3MEpPUTENbHOro Moayns. Mpy NOAKIOYEHUU BHELIHEro UCTOYHMKA HarpshkeHus,
BO BpPEM4A Npouecca 3apaakun, CBETOAMOA NEPEXOANT B PEXUM MEPLAHUA.

1.6. [aTumkm namepeHuss YP n oononHUTENIbHbIE NPUHAANIEIKHOCTHU
CraHaapTHO Ha BbIGOp NpeanaraeTcs TPM KOMMJIEKTa AaTYMKOB, MOCTABSIEMbIX B OTAEMbHbIX Kelcax:

PucyHok 4 Ha6op gatunkoB PD Sensors — CL

Habop aaTumkoB ans usmepeHust YP B M30n15LUMKN KabenbHbIX IMHUI COCTOUT U3 TPEX AaTUMKOB MapKu
RFCT-4, TectoBoro reHepatopa GTI-R 1 TOKOBbIX KNELlen ANs CUHXPOHU3aLUmmK ¢ da3oi ceTu.

<D,
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PucyHok 5 Ha6op gaTunkos PD Sensors — GIS

Habop patumkoB «PD Sensors - GIS» npeaHasHadeH ans usamepeHuns YP B KPYD n coctouT m3 Tpex
AaTtumkoB AES n Tpex dunbtpos OVP-1.

PucyHok 6 Ha6op gatuukoB "PD Sensors - RM"

Habop «PD Sensors - RM» coctouT 3 Tpex paatymkoB Mapkm CC-12/U mn ogHoro DRTD-3, wu
npeaHa3sHa4dyeH ang nsMepeHus YP B n30149UMn INEKTPUYHECKMX MaLLUH.

Tak e, BO3MOXHO WCMONb30BaHMe AaHHOro npubopa ¢ ApyrMMmn gatumkamu npoussoactea OO0
«[AnMpyc», npeaHasHa4veHHbIMK ansa namepenns YP B BY n CBY ananasoHax 4acToT.

Hwke npuBeaeHa KpaTkas MHGOPMauMsi MO OCHOBHbIM TWMaM AaTyunkoB, 6onee noapobHyto
NHGOPMaLNIO MOXHO HaWTK Ha canTe OO0 «AnuMpyc».



https://dimrus.ru/sensors.html

TR
(] | M R U 5 PD-Analyzer/3P. PykoBoACTBO 110 3Kcriiyaraymm

1.6.1. laTunkmu mapok «RFCT>»

Ons wn3mepennit B HF amanasoHe, B 3aBMCMMOCTM OT He0b6XOAMMOrO BHYTPEHHEro AuMaMeTpa,
NCNoNb3yrTCa AaTumkn Mapok «RFCT-4» nnm «RFCT-5».

BHuMaHue! [laTuMku yCTaHAB/IMBAlOTCSA TOJIbKO Ha 3/IeMEHTbl 3a3eMJIeHMsl, TaK KaK OHMU
! Y.  WUMEeKT M30JIAUMI0 Ha HanpshxeHue He 6onee 500 BosbT.

Aatunk «RFCT-4»

3TOT BbICOKOYACTOTHbIA [AaTYMK OT/IMYAETCS 6OMbLWMM  BHYTPEHHWMM [AMAMETPOM W Pa3beMHOM
KOHCTpyKumen. C uenbio obecreyeHnsi 6e30MacHOCTM M3MEpUTENbHBIX Leneid, M3-3a 60JbLIOro CeYeHus
BHYTPEHHEr0 cepAieyHuKa, BO BTOPUYHYIO 06MOTKY AaTuMKa BKIOUYEHbI OFPaHUYUTENN NepPeHanpsiXeHNH.

PucyHok 7 [laTuMK YaCcTU4YHbIX pa3psaosB Mapku «RFCT-4>»

[aTuMKk npepHasHayeH [Ans MOHTaXa Ha HelTpanu TpaHchopMaTopa M LUMHAX  3a3eMJIeHMS
obopyaoBaHus. Kopnyc AaTuMka pasbeMHbIM - M3 ABYX 4YacTel, ans yaobcTBa MOHTaXa Ha 3MeMEHTaXx,
UMEIOILMX XKECTKOE KpersieHne. BHYTPEHHMM OuMaMeTp AaTyuMka, 4Yepe3 KOTOpbIi MOXET MpOXOAWUTb
TOKOBEAYLLUMI 3MIEMEHT KOHCTPYKLMM KOHTPONMPYEMOro 060pyA0BaHUs, COCTaBASeT 56 MM.

Mpn MOHTaXe Ha aneMeHTax 060pyAoBaHWsl, MO KOTOPbIM MPOTEKAET TOK MPOMBbILSIEHHON YacToTbl
6onee 50A, coeanHSATb MOMOBUHKM [AaTuMKa HYXXHO C M30/MpYIOLIEN NPOKNAAKOW TOMWMHOM A0 3 MM. 3TO
HY)XXHO fenaTb Ans TOoro, 4Tobbl M3bexaTb HacblleHus cepaevHuka. Yem 6onblue 6yaeT TOK NPOMbILLIIEHHON
YacTOTbl, KOTOPbIA MPOTEKAET MO 3MIEMEHTY KOHCTPYKUMM 060pyAOBaHMsl, Ha KOTOPOM CMOHTMPOBaH AaTuuk,
TeM 6osbLie Ao/MKeH BbiTb HEMArHUTHLIN M He MpoBOASAWMI 3a30p. B nuHelike aatymkoB RFCT npov3BoacTsa
000 «[uMpyc» MpUCYTCTBYIOT AaTyMKM CO BCTPOEHHbLIMW W30AMPYIOWMMU MPOKIaAKAMKM, pacCUMTaHHble Ha
paboTty 6e3 HacbiweHuss Npu Tokax Ao 1000A.

[Ana NOBbILWEHNA YYBCTBUTE/IbHOCTU CUCTEMbI n3MepeHus YP B KabenbHbIX IMHUAX Ha Bcex

3a3eMJIeHUSIX 3KpaHa KOHTPOJIMpyeMbiX KabesibHbIX JIMHWUIA, HA KOTOPbIX He YCTAHOBJIEHbI

AATYMKKM, peKOMeHAyeM YyCTaHaB/MBaTb (PUALTP BbICOKMX 4YactoT TMuna HFS wnm «PD-
Filter».
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Aatuuk YP mapkn «DRTD-3>» onsa namepeHui B CTaTopax 3J/IEKTPUYECKMX MALUMH

PucyHok 8 flatunk DRTD-3

Hdatunk «DRTD-3» npeaHasHadeH AN perncrpaumMmM YacTUYHBIX paspsiioB B 06MOTKax CTaToOpOB
KPYMHBIX 3NEKTPUYECKUX MALLIWH, FEHEPATOPOB 1 BbICOKOBOJILTHBIX 3/IEKTPOABUraTENEN.

Mpn wcnonb3oBaHUM ANs  perncTpaumm  4YacTU4UHbIX pa3psgoB B usonaumm obMOTKM  cTaTtopa
TEPMOMETPOB COMNPOTUBNEHUA, BCTPOEHHbLIX B MNa3bl CTaTOpa MeXAay CeEKUUAMU 0bMOTKM 1 npeaHa3Ha4Y€HHbIX
NSl KOHTpONS TemMnepaTypbl 06MOTKKM, HEO6XOAMMO MCMONb30BaTb AAaTUYMKN Mapkn «DRTD-3».

[aTunk cocTouT M3 Tpex ManorabapuTHbIX BbICOKOYACTOTHLIX TpaHcdopMaTopoB cepum «RFCT-3»,
3a7MTbIX KOMMayHAOM B OTAE/bHblE KOPMyca, M PacrofIOKEHHbIX Ha OAHOW NJiaTe C BUHTOBLIMU KIIEMMaMMW.
Ka)l(p,blﬁ MOAyNb AaTyMKa BKJIKOYAETCA B pa3pbiB NMpoBOAOB, MAywmMxX OT OAHOro TEPMOMETPA COMpOTUBMIEHUA
BHYTPWU 06MOTKM K M3MepUTENbHOMY NpUBopYy KOHTponst Temnepatypbl. CoeaAnHUTENBHBIX NPOBOAOB OT KaXA0ro
AaTyMKa BHYTPU 06MOTKM craTopa MOXET 6bITb TPU WUNN YETbLIPE, B 3aBUCUMOCTU OT VICI'IOJ'Ib3y€MOI7I CXEMbI
BKJTIOYEHNA TEPMOMETPOB COMNPOTUBNEHUA.

BbICOKOYACTOTHbIE CMIHAMbI OT YaCTUYHbIX Pa3psiAoB B M30MAUMM 0OMOTKM CTaTOpa HaBOASTCS B CaMOM
TEPMOMETPE COMPOTUB/IEHUS M B COEAUHUTENbHBLIX MPOBOAAX, MPOSIOXKEHHLIX BHYTPWM Masa cTaTopa Mexay
CeKuMsiMM 0BbMOTKM. Brnarogaps HanuumMio BbICOKOYACTOTHOrO TpaHcchopMaTopa TOKa WM3MepUTENbHbIE Lienwu
KOHTPOMS YaCTMYHbIX pa3psifioB rafbBaHWYECKU He CBs3aHbl C M3MepuTeneM TemnepaTtypbl. CurHanbl OT
YaCTUYHBIX pa3psiAoOB C  Bbixoda TpaHcdopmaTopa Toka MO KoakcuManbHOMy kabeno nepepatoTcs B
“3MepUTESbHbIN NPUMEOpP ANS PerncTpauum 1 aHaamsa.

MoHTupoBaTb AaTumk «DRTD-3» enatenbHO MakcMManbHO 65IM3KO K MeCTy BbIXOA4a MPOBOAHWMKOB OT
TEPMOMETPOB COMPOTMB/IEHNS U3 KOpMyca CTaTopa 3/IEKTPUYECKON MallMHbI, YTOObl MaKCMMasnbHO M36exaTb
3aTyXaHusl CUrHanoB OT YaCTMYHBIX pas3psaoB B COoeaMHUTENbHOM Kabene. Mnaty patumka «DRTD-3»
HeobxoaMMOo 0653aTeNbHO 3a3eMsSTb, UCMOb3Yys ANs 3TOro CrneumasnibHoe KpenexHoe 0TBepcTue.

Ecnu TepMOMETP COMPOTUBIIEHMSI MOAKIIIOUEH MO TPEXNPOBOAHON CXEME, TO HY)XHO He 3aAeiCTBoBaTb
HWXXHME KnemMMbl. HeobxoanMo MOMHUTb, UTO HeNb3s M3MEHATb MOC/eA0BaTeNbHOCTb XN kabens Ha Bxoade U
BbIXO4e AaTumka, 4Tobbl He HapywuTb paboTy npubopa namMepeHunst TemnepaTypsbl.

[ns npoBeaeHus KanubpoBKW AaTunkoB Tuna «DRTD-3» Heo6x0AMMO MCMONb30BaTb OTKI/IOUEHHbIN
peXnM paboTbl 3MEKTPUYECKON MaLLMHbI, XOTS CaMO MOAK/OUYEHNE AaTUMKa MOXHO MPOU3BOAUTbL U B MpoLecce
paboTbl 060pynOBaHUS.

1.6.2. KoHaeHcaTopbl CBSA3U
OCHOBHOE HasHayeHwe u3MepuTeNbHbIX KOHAEeHcaTopoB cBa3n Mapku «CC» (Coupling Capacitor) —
perncTpaums YacTM4YHbIX pa3psaoB B BbICOKOBOMLTHBIX Lensax. KoHaeHcaTopbl €BA3M Mapku «CC» MOHTUPYOTCS
PSAOM C KOHTPONMMpyeMbiM 060pyAOBaHMEM U SBASKOTCS E€AMHCTBEHHLIM TUMOM AAaTUYMKOB, KOTOpbIE
HENocpeaCTBEHHO U raJibBaHNMYECKN NOAKTHOYAOTCA K BbICOKOBOJIbTHbLIM LIEMNSAM.


https://dimrus.ru/images/stories/drtd3.jpg
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BbICOKOBO/IbTHBIM  U3MEPUTENbHBIM KOHAEHCATOpP CBA3W NpeAcTaBnsieT coboli Habop A0CTaToOYHO
60NbLIOro KOMMYECTBA MOCNEA0BATENbHO BK/IHOYEHHBIX KOHAEHCATOPOB, YTO HEo6X0AMMO ANsi MOoyyYeHus
BbICOKOr0 paboyero HanpsxkeHus. OBblMHO TaKOM WMHTErpasibHblii KOHAEHCATOP SB/SETCH BEPXHUM M/IEYOM
€MKOCTHOrO AENUTENS HAMPshKeHUs. HukHee nieyo U3MepuTESIbHOro AeNUTENs MOXET 6biTb CMOHTMPOBAHO
HEMOCPEACTBEHHO BHYTPWM KOHJEHCATOpa CBSA3W, @ Yalle BCEro SBMSETCA BHELIHUM  AOMONHUTENbHbBIM
3N1EMEHTOM. MHOra B KQYeCTBE HWXKHErO Mneva AenWUTeNst HanpskKeHUst MOryT 6biTb UCMOMb30BaHbl BXOAHbIE
Lienun n3MepuTeNnbLHoro npuéopa.

PucyHok 9 KoHaeHcaTop cBsian Mapku CC-12/U

OTAMuMTENbHBIM MapaMeTPOM KOHAEHCATOPOB CBA3M Mapkn «CC-XX/U» sBnsieTcs noBbllWEHHas!
BHYTPEHHSAS €MKOCTb, 3HAYUTENIbHO NPEBbLILIAIOLLAS EMKOCTb KOHAEHCATOPOB CBA3N Mapku «CC-XX/M».

DTO sABNSIETC AOCTOMHCTBOM AN KOHAEHCATOPOB CBSI3W, TaK kak 6rarogapsi 3TOMy 3HAuWTeSIbHO
MOBLILLAETCS peasibHasi YyBCTBUTENBHOCTb CUCTEM PEerMcTpaumMn M aHanusa YacTUYHbIX pa3psiioB B M3015SUMK
BbICOKOBO/IbTHOrO 060pyA0BaHusI.

BTOprM AOCTOMHCTBOM UCMO1Ib30BaHNA KOHAEHCATOPOB CBA3U MOBbILLIEHHON EMKOCTU SIBNSIETCS! TO, 4YTO
Nnpn NpoBeAEHNN PETNCTPaUnmn CylLeCTBEHHO CHMXXAETCA BpeEAHOE BINAHUE BbICOKOYACTOTHbIX MOMEX, KOTOpPbIE
HaBOAATCA Ha CUrHanbHble Kabenu n BxodHble Lenm n3MepuTenbHbIX I'IpVI6ODOB.

1.6.3. CBY (UHF) aHTEeHHbI

PucyHok 10 CBY aHTEHHbI

€



diMRUS

PD-Analyzer/3P. PyKoBOACTBO 110 3KCr/lyaraumm

Ha pucyHke «pucyHok 10» MokasaHbl aHTEHHbI, NMPUMEHsIEMble B Npubope Ans npremMa paanocurHanos

B UHF amanasoHe. [aHHble aHTEeHHbl MOryT O6biTb MpuMMEHeHbl ans obcnepgosaHua obopyaosaHus OPY,
nozBecHou nsonsumm BI.

1. Jloronepuoanyeckas HanpaBfieHHasi aHTEHHA, HamnpaB/seMas Ha UCCieyeMblii 06bEKT.
2. YHuBepcasbHas HeHanpaB/ieHHas WThIpEBAs TENECKONUYECKas aHTEHHA.

B KPY2 B KkauecTBe aHTeHH, MOryT BbICTynaTb AAaTYMKK, NpeaycTaHoBMeHHble npounssoanTeneM KPY3.
Mpy NOAKTIOYEHNM K TaKUM aHTEHHaM HeobX0AMMO MCMONb30BaHME 3alMTHBIX 31eMeHToB OVP-1 13 komnnekTa
npubopa (Mn U3 KOMNJIeKTa AaTYMKOB BCTPOEHHbIX B KPY3).

PucyHok 11 T-koHHekTOop N-type, ¢ punbTpom HM3KkMX yacrtor OVP-1

Ecnn BCTPOEHHbIX AATYMKOB HET, HO KPYD mMeeT paavonpoHMUAEMble M3OMSIUMOHHbIE 6apbepbl nau
OKHa, TO B 3TOM C/lyyae MOXHO WCMO/b30BaTh AaTUMKM «AES» (CM. pucyHok 12).

—
O 0

PucyHok 12 laTunk Mmapku «AES»

HeobxoaMMO NMOMHUTb, YTO M aHTEHHbl BCTPOEHHble npoussoauTenem KPYD n gatumkm «AES» umetot

BbIXOAHOM curHan B auanasoHe UHF. [aTumku, BCTpoeHHble B KPYD npousBoauTeneM MMeloT 605bluyio
YyBCTBUTENIbHOCTb M MOMEX03alUnLLEHHOCTD.

1.6.4. TokoBble KNeLwm

B psine cnyyaeB (Hanpumep, npu usmepeHun YP B v3019UMM KabenbHbIX JIMHWI) ANS MOyYeHus
CUrHana CUHXPOHU3ALMK C CETbIO MOXXHO BOCTOJIb30BaThCS TOKOBLIMU KiELLAMMW.

G2
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w ouTPUT A

AC100mVIA (MAXSA) | A\ o
NowruT

ACIDC 10mV/A (MAX 60A) )

PucyHok 13 TokoBble Kjiewm

[ns aToro, HeobxoamMMmo:

1. BbibpaTb Avana3oH n3MepeHns Toka Tak, 4Tobbl CK3 BbIXOAHOrO CUrHasa nonaaasno B Anana3oH
ot 0,1 npo 5 B.

2. ToakniounTb BbIXOA TOKOBBIX KELIEN K M3MepuTenbHoMy Moaynio PD-Analyzer 3;
3. Bknountb TOKOBbIE Knewn npu noMoLln noBopoTa NeEpeEKtoYaTeNd Anana3oHOB USMEPEHNUA,
4. W36aBUTbCS OT NOCTOSIHHOM COCTAB/ISIIOWEN B BbIXOAHOM CUTHAJIE HAXATUEM Ha KHOMKY «Zero».

HeobxoaMMoO MOMHWTBL, YTO CMrHan Toka (Ha BXOAE TOKOBbIX Kiellen) U HanpskeHus (B o6bekTe)
MMEIOT pa3Hblii a3oBbii caBUr. B kabenbHOM nMHWMM 6e3 Harpy3ku OH coctaenser -90° (+270°). Moa
Harpy3kol (a3oBblit CABUI 3aBUCUT OT COOTHOLLIEHMUSI MHAYKTUBHOW M EMKOCTHOM COCTaBASIIOLLMX TOKa.

1.6.5. AHTeHHbI 6ecnpoBOAHON CBA3M
B kOMMNneKkT npubopa BXOAMT TPW aHTEHHbI Af1s 6ecnpoBOAHON CBS3M (CM. pUCYHOK 14).

PucyHok 14 AHTeHHbl 6eCnpoBOAHOI CBA3M

Ha pucyHke cneBa-HarnpaBo pacrosioXeHb!:

1. AHTeHHa 433 MI'y c SMA pa3zbeMoM Ans noakntoyeHns Kk SMA pasbeMy «SYNC»
nsmeputenbHoro Moaynst PD-Analyzer 3;

2. AHTeHHa 2,4 [Ty c SMA pa3beMOM Ans NOAKNIOYEHUS K pasbeMy «Wi-Fi» nameputensHoro
Moayns.

AHTEeHHa 1 npegHa3HayeHa Ansl MOMYYEHUS CUMHANA CUHXPOHM3aUMM C CETbIO MPOMBILIEHHON YacToTbl
OT patyuuka PFR-1 nnu PFR-2; aHTeHHa 2 npeAHa3HayeHa ANns nepefayn AaHHbIX OT U3MEPUTENBHOO MOAYns K

G
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HoyToyky (MK) no 6ecnpoBogHoMy uHTepdeicy Wi-Fi. Ecnum  ykasaHHble YHKUMM HE MJIaHUpYEeTCS
MCNO/b30BaTb B NpOLIECCe U3MEepeHUs], TO aHTEHHbI MOAKYaTh He 06s3aTenbHO.

1.6.6. OnucaHue npueMonepeaaTyMKa CUHXPOHU3UPYOLKNX curHanoB «PFR-2»
MpremonepeaaTymMKk CUMHXPOHU3MPYIOWMX CcurHanoB «PFR-2» (panee — npuemonepepatunk «PFR-2»),
MOKasaHHbIM Ha PUCYHKE MpeAHasHayeH A1 Nepeaadn Wav MpyveMa Mo paganoKaHany CUHXPOHU3UPYOLLMX
CUrHanoB. B kauecTBe MCTOYHMKA CUHXPOHM3MPYIOLMX CUrHANOB MOXeET ObiTb MCNOMb30BaH TpaHcopmaTop
HanpsbkeHus (TH) nnu nutatowas ceTb.

PucyHok 15 BHewHuii Bug «PFR-2»

MpuemonepeaaTyMK NMTAETCA OT CETU MEPEMEHHOINO HarnpsiKeHWsl. AHTEHHa BCTPOEHa BHYTPb Kopryca
npuemMonepeaaTymka.



TR
(] | M R U 5 PD-Analyzer/3P. PykoBoACTBO 110 3Kcriiyaraymm

2. O6wme BONpPOCHl NpoBeAEeHUs U3MEPEHNH YaCTUYHbIX pa3psaaoB

2.1. MapameTpbl YaCTUYHbIX pa3psaaos

YacTuyHBbIi pa3psaa — 3TO UCKPOBOWM paspsi[i O4EHb MasieHbKOM MOLLIHOCTW, KOTOPbIM 06pasyeTcst BHYTpU
U30NAUMKN, UM Ha ee MOBEPXHOCTU, B 060PYyA0BaHUM CPEAHErO M BbICOKOrO K/1aCCOB HanpshkeHus. C TedeHMeM
BPEMEHW, NEePUOANYECKN MOBTOPSIOLIMECH YacTUYHbIE pa3psidbl, PaspyLlaeT M30MsSUMI0, NPUBOAS B KOHEYHOM
utore Kk ee npoboto. O6bIYHO paspylleHne U30MAUMM NoA AEMCTBMEM YaCTWUYHbIX Pa3psifioB MPOUCXOAWUT B
TEYEHVWE MHOMMX MecsueB, M Aaxe neT. Takum 06pasoM, perncrpaums YacTUYHbIX paspsiaoB, OLEHKa WX
MOLLHOCTM M TMOBTOPSIEMOCTM, @ TaKXe JIOKanM3auusi Mecta WX BO3HWKHOBEHWS, MO3BO/ISIET CBOEBPEMEHHO
BbISIBUTb Pa3BMBAIOLLMECS NMOBPEXAEHUS U30/IALMM U MPUHATL HEOBXOAMMbIE MEPbI S UX YCTPAHEHUS.

Utobbl MpaBUIbHO MOHMMATb MPUHLUMMBLI paboTbl MNpubopa Heo6XoAMMO OMpPEeNenUTb OCHOBHbIE
TEPMUHbI U MHTErpasibHble NMapaMeTpbl, ONUCHIBAIOLLME YACTUYHbIE Pa3psiabl B BbICOKOBOSIbTHOM 060pyA0BaHUM.

Bce uMetowmecss B Mvpe CTaHAapThl Mo YP onpeaensitoT HEKOTOPLI HAabop WMHTErpasibHbIX BEINYMH,
KOTOpble MOIyT pacCYMTbIBaTbCA WM HEMOCPEACTBEHHO M3MepSATbCS MPU TECTe COCTOSIHUS  M30MALUMM.
CTaHaapThl pasHbIX CTpaH MOryT pas3nuuathCA B [€Tanax, HO, B OCHOBHOM, B OCHOBHbIX MOHATUSIX OHM
COBMaJaloT.

Bce ctaHaapThl no YP 6a3vpyloTca Ha MOHATUM <KaXKyLMACS 3apsaa». MoA «KaXKyLMMCs» 3apsioM
MOHMMAIOT TAKOW 3apsfl, KOTOPbI HEO6XOAMMO AOMOSIHUTENBHO M MIHOBEHHO «BrMpPbICHYTb» B KOHTPO/IMpyEMOe
obopyaoBaHue, 4TO 6bl BOCCTAHOBUTHL PaBHOBECME, HAPYLUEHHOE BO3HWKHOBEHMEM «BHYTPEHHero» MMnysbca
YP. B 3TOM onpedeneHMn O4YeHb BaXkKHbIM SBSIETCS TO, YTO Mbl HE 3HAeM MnapaMeTpbl peanbHOro 3apsaa,
HanpuMmep, BHYTPM Tra30BOr0 BK/OYEHMS, a wu3MepsieM (3aMepsieM) peakuuio  KOHTPOMpPYeMoro
BbICOKOBO/IbTHOrO 06bEKTa CXEMbl Ha BO3HMKWMIA YP. 3apsia MOTOMY M HasBaH <«KaXyLUMMCS», T. K. Mbl TaK
CYMTaAEM, He 3Hasd UCTUHHOrO 3HayeHns peasbHoro YP.

M3mepsieTcss  kaxkywmiics 3apsa YP B nKn (nuko KkynoHax). Ecnim cnoxuTb Bce  3apsabl,
3aperncTpmMpoBaHHble B 060pyA0BaHMM 3@ OfHY CEKYHAY, TO NOAy4nTcs Tok YP — TOT TOK, KOTOpLIN npoTekaeT
B TOM Lenu, KOTOPYIO KOHTPONMPYET AaTyMK, AOMOMHUTENBHO 3a CYET BO3HWKHOBEHUS YP. B cpegHeM aToT Tok
ABNSIETCH YNCTO aKTUBHLIM M XapaKTepu3yeT NnoTepu B U30119UMK U3-3a BO3HUKHOBEHUS YP.

McTopuueckn BaXkKHOM XapaKTEpUCTUKOW SIBMSIETCA «MaKCMMasbHbI U3MepeHHbl 3apsig». Moyt Bce
W3roTOBMTENN BbICOKOBOJIbTHOFO 060PYA0BaHWNA A0 CUMX MOP MOJb3YHTCH 3TOW BENMYMHON (ecnn Booblie YeMm-
TO MONb3YIOTCSA) MPU MPUEMHBIX UCTIbITAaHUAX. KOHEYHO, BCE MOHMMALOT, YTO HYXXHO M3MepsiTb, MPUYEM YTO-TO
CTaTUCTUYECKM AOCTOBEpHOEe. B cTapbix npubopax CTaTUCTUKA 3aJaeTcs BPEMEHEM YCpefHeHWs, a B
COBPEMEHHbIX NpUbopax 3TO pellaeTcs yAaneHWeM W3 PacCMOTPEHUst ClyYalHbIX OAMHOYHBLIX BbIGPOCOB.
Hanpumep, B onpeaeneHny aMepukaHCKOro CTaHgapTa 3TO 3BYyYMT TaK: «amnauTyaa Haubosnbliero
MOBTOPSIIOLLErOCs paspsga Npu HabnoaeHUM MOCTOSHHBIX pa3psiaos». CrefoBaTenbHO, 3TOT TEPMUH He
npeaycMaTpuBaeT aHanu3 oTAenbHbIX BbIOpocoB. YT0oObLI caenaTh 3TO onpeaeneHve 6onee KOHKPETHbIM,
OrpaHNYMMCS YHETOM TOMbKO Tex YP, KoTopble NMOBTOPsOTCS He MeHee 10 pa3 3a cekyHay. B Hawem cnydae,
npy YacToTe nuTarowen cetv B 50 repu, Mbl MNOAy4YaeM, YTO OAMH UMMNYNbC AOSIKEH ObiTb HE pexe, YeM 3a 5
nepvoaoB cetu. Ans yaobcTea Nonb3oBaHUsS 3TOT TepMUH ByaeMm 6paTh B cneaytolleit popMynmpoBKe: UMNYbC
YP byaeM cuuTaTb NepuoaMyecky NMOBTOPSIIOLLMMCS, €CM YacToTa ero cnefoBaHus coctasuT 0,2 UMMynbca Ha
OAVH nepwog nuTalowen cetn. [lanee B TekCTe napameTp OyaeT oTpaxaTtbCs Kak Qop. [ns ypobctsa
nonb3oBaHus 6yaeM fenaTb 3TO OAMHAKOBO Ans Mobol yacToThl ceTr, 50 1 60 repu.

LleHHOCTb 3TOro napameTpa AOCTATOYHO BbiCOKa. MHOrMe MeToabl AMArHOCTUKM 6a3npyloTcs Ha HeM,
XOTSl KaK OTAENbHO B3SiThIi MApaMeTp OH CKOpee M/IoXOM, YeM XOpOLUWI, Mo KpalHelh Mepe, npu NMoCTOSSHHOM
MOHUTOpUHre nog pabounmM HanpspkeHneM. Mbl nMeeM MHoro obopyaosaHus, rae 6onbwmre (Nno amnauntyge) YP
XKMBYT YCMELWHO roAaMm, a Masnble, HO C 60/bLLION YaCTOTON NOBTOPEHNS — 03HAYaloT pearnbHyo Npobnemy.

Kak nocuutaTb noTepu Bbl3BaHHble YP. 3TO MOXHO cAenaTb AOCTaTOYHO NpoCTO, BEAb (bM3VI‘-IeCKVI npu
Ka>XaoM uMnynbce YP, Mbl AONOAHUTENBLHO BMPbICKNBAEM U3 UCTOYHUKA WUCNbITATENIbBHOIO HaNps>XeHUa B
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KOHTPO/IMPYEMbI OBbEKT «KAXYLUMICS» 3apsad. 3apsa MHXEKTUPYETCS MIHOBEHHO M CBSI3aH C KOHKPETHbIM
HaNPsDKEHWEM MUTAIOWEN CETU. 3HAUUT 3HEprusl, KoTopasi AOMONIHUTENBHO BBOAWUTCS B 060pyAoBaHue (M3-3a)
eanHnyHoro YP, paBHa 3apsfy, YMHOXEHHOMY Ha MrHOBEHHOE HanpshKeHWe Ha obbekTe. [anee Hy»XHO
NPOCYMMUPOBATbL BCE UMMY/IbChbl U MONYUUTb MOJHYIO 3HEpruto YP. EC/iM NoNMHyo 3HEpruo NoaenuTb Ha NosHoe
BPEMSI CYyMMUPOBAHMS, TO MOJTyUMM MOLLHOCTb YP. DTOT NnapaMeTp HasbiBAETCA «MOTEPU SHEPTUM HA YaCTUUHbIE
pa3psabi».

®opmyna:

roe:

P — MOLWHOCTb paspaaos, BaTr,

T— BpeMs HabnioeHns,, CeKyHa,

M —41Cno HabniofeHHbIX MNYNLCOB 3a BpeMsi T, 1
Q;V; — 3Heprus i-ro uMnynbca

BnonHe oueBnpHo, 4To, 6asmpysacb Ha (a3oBOM pacnpefeneHun UMnynbcoB YP, MOXHO paccuuTaTb
MIrHOBEHHOE 3HAYEHUE MPUSTIOXKEHHOIO HarnpsaAXeHUda, KOHEYHO, eCcnn q)a3osa;| NpMBA3Ka MMMNynbCOB BbINO/IHEHA
NPaBWIbHO U AOCTOBEPHO paccyMTaHa MOWHOCTb. OAHAKO COBCEM He Bce npubopbl pernctpupytoT ¢asosoe
pacrnpeaeneHne UMMybCOB, @ €C/IM 3Ta (PyHKUMS B HUX peann3oBaHa, TO MCMOMb3yeMbll gaTtuMk YP mMoxeT
perncTpupoBaTb UMNYbCbl YP ¢ ABYX Mnu aaxe Tpex a3 obbekTa. Kakoe HanpsbkeHue cneayeT 6paTb B TaKOM
cnyyae, ¢ kakow asbl?

[nsi pelleHnst 3TOr0 BOMpOca aMepuKaHCKWii cTaHaapT no YP npeanaraeT MCMNofb30BaTb €lle OAWH
JINarHOCTMYECKMIN NapaMeTp, KOTOpbIM yvalle Bcero HasbiBaloT PDI — «Partial Discharge Intensity». B 3ToM
napaMeTpe BMeCTO MrHOBEHHOrO HanpsbkeHWss B MOMEHT MpoXoXaeHus umnynbca YP, Hepetca ero
[ENCTBYIOLLEE 3HAYyeHMe, T.e. OAMHAKOBOE HarpshKeHVWe A1 BCEX WMMYNbCOB, @ HE MEepCOHaNlbHoe Ans
kaxxgoro. lpoBoas cpaBHUTENbHbIE pacyeTbl MOXHO ybeanTbCs, 4YTO WTOrOBOE pasnnyMe napaMeTpos,
paccyMTaHHbIX B NMEPBOM M BO BTOPOM CiyyasXx, nexuT B npegenax 20 %. 3Toro BAOSHe AOCTAaTOYHO, YTO 6bl
KOPPEKTHO OLIEHUTb YPOBEHb U CTpouTb TpeHA. lNapameTp PDI aBnsetrcs oAHMM U3 OCHOBHBbIX, MUCMOSb3YEMbIX
NS OLLEHKN MHTEHCUMBHOCTM YP B KOHTpOMpyeMoM obbekTe.

2.2. AnroputMmbl paboTbl npubopa
BaxxHelwen 3apayeit AMArHOCTMKM COCTOSIHMSI M30MSUMM MO NapamMeTpaM YacTU4UHbIX paspsiaoB
ABNSIETCA NPOBEAEHNE KAYyeCTBEHHOM oueHkM. OHa UMeeT CBOel Lenbio anddepeHumpoBaTb BO3MOXHbBIA TUN
necbeKTa, BO3HMKLLEro B n30n4uunn, a B naeane n noKasan3oBatb U MECTO €ro BO3HUKHOBEHUA.

Bce u3BecTHble MeToAbl M Cnocobbl AMArHOCTUKM COCTOSIHUSA M30MSILMUM MOXHO O6beauHUTL B [BE
rpynnbl.

K nepBoi rpynne oTHOCATCS MeToAbl, 6a3upylolimecs Ha aHanv3e napaMeTpoB OTAENbHBIX MMMY/bCOB
YACTWUYHbIX pa3psiaoB. B HUX aHanM3MpyloTCs aMniMTyAHbIE M YacTOTHbIE MapaMeTpbl 3aperncTpUpOBaHHbIX
UMMYSbCOB, @ TakXKe CBA3WN MeXay MMMynbCcaMu, NOCTYNaloWMMU OT AAaTYMKOB, YCTAHOBSIEHHbIX B PasfMyHbIX
30HaxX KOHTponupyemoro 06opyaoBaHusi. OCHOBHOE Ha3HayeHWe MEeTOAOB 3TOM rpynnbl — MOBbIWEHUE
JOCTOBEPHOCTM MPOBOAUMBIX U3MEPEHUIA 3a cyeT 6onee 3¢hdEKTUBHOM OTCTPOMKM OT MOMEX.

Ko BTOpOW rpynne OTHOCATCS MeToAbl, 6asupylolnecs Ha aHanvM3e aMmiMTyYAHOro U aMrIMTyaHO —
(a3oBOro pacrnpeaeneHus 3aperucTpUpoBaHHbIX WMMY/IbCOB YacTMYUHbIX pa3psaoB. Llenbio 3Tux MeToaos
SBNAETCS OMNpeaeneHne TUMoB MMelLNXCs AedekToB M OLeHKa BUSIHWUSA AedeKTOB Ha OCTATOYHbIA pecypc
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BbICOKOBO/IbTHOM  M30M1AUMK. 3TO METOoAbl Haunbonee BbICOKOro YPOBHA AWarHOCTUKW, OTHOCALWMECA K
3KCNEPTHbLIM CUCTEMaM, NMPUMEHAEMbIE AN NOJTYHYEHNA KOHEYHbIX 3aK/0YEHNIA O COCTOSIHUM U30NSLNN.

2.2.1. AHanus3 napaMeTpoB YaCTUYHbIX pa3psaoB
Mpy noMoWM METOZIOB [AaHHOM rpynnbl obecneynBaeTcss HeobxoauMasi [OCTOBEPHOCTb MpPOBEAEHUS
perncTpaumm YacTUYHBIX pa3psdoB B BbICOKOBO/ILTHOM 060pyAoBaHMM pas3fiMyHbIX TUMOB. Bce 3T MeToabl,
O6bl‘—IHO, peann3oBaHbl Ha annapaTHOM YPOBHE, 3a/l0XKEHbl B WU3MEPUTESIbHbIE I'IpVI60pI:I N3roToBUTENAMA
TEXHNYECKUX CpeacCTB.

Kak y>ke roBopuiocb Bbille, OT/IMYME COBPEMEHHbIX NMPUGOPOB PErMCTpaLMM YacTUYHbIX paspsigoB OT
ocumnnorpacoB COCTOMT B TOM, YTO BbIXOAHOM WHbOpPMauMei npubopa SBNSIETCS He OCUMIIOrpaMMma,
HY)XXAIOLWAACA B AOMNOSIHATENBbHOMN 3KCMEPTHON OLIEHKE, @ MTOroBasi MHGOpPMaUMs O KOJIMYECTBE MMMY/bCOB,
OTBeYallLMX onpeaeneHHbIM TpeboBaHUAM. Becb MpoLECC OLEHKM MapaMeTpoB WMMYMbCOB MPOUCXOAUT B
npubope B pEXMME peasnbHOro BPEMEHM, B COOTBETCTBUM C 3a/IOKEHHBIMM B TEXHWYECKYID YacTb Npubopa
anropuMTMamu.

YeM npubop coBpeMeHHee, TeM 6obllee KOMYECTBO AMArHOCTUYECKUX aNrOPMTMOB peasin3oBaHo B
€ro TEexXHWYECKOW M MporpaMMHON 4YacTu. Yem 6onblue peann3oBaHO TakKUX anroputMoB, 60MbLIMMM
BO3MOXHOCTSIMM 0bBnafaeT Crneuuannct. 3TO MO3BOMSIET €My 3aHMMaTbCA HE PYTUHHBbIM 6ECKOHEYHbIM
npocMaTpuBaHWEM OCLM/IIONPaMM, @ AMArHOCTUKOMN COCTOSIHMS! M30MSLMK B NPSIMOM €€ MOHMMaHWM.

PaccMoTpuM Hanbonee BaXkHble Crocobbl aHaIM3a NapaMeTpoB YaCTUYHBIX Pa3psioB.

2.2.1.1. Bbibop agnanaszoHa YacTOT YaCTU4YHbIX pa3psaaoB

OnHMM M3 Haunbonee BaXkKHbIX BOMPOCOB, BO3HWKAMOWMWA NMPU NPOBEAEHUM AWNArHOCTMKW COCTOSIHUS
M30MSUMM MO YacTUMYHLIM paspsgaM, sBAsSeTCs BbIOOP Auanas3oHa 4acToT, B KOTOPOM Npeanosfaraercs
NpoBOAUTL M3MEPEHMSI MapaMeTPOB YacTUYHLIX pa3psiaoB. B 3ToM Bonpoce, B pekoMeHAaUMsiX pasfiMyHbIX
vpM, M3roToBUTENEN AMArHOCTMYECKOro 0bOpYAOBaHMSI, CYLLECTBYET OYeHb LUMPOKUIA pa3bpoc B napameTpax
3TOro AManasoHa YacToT OT COTEH Kuiorepy o rurarepu.

Bonpoc Bbi6opa 4YacTOTHOrO AMana3oHa HEOAHO3HA4YeH, B HEM €CTb HECKOJSIbKO MPOTMBOMOMOXHbIX
acreKToB, KOTOpble NonpobyeM paccMOTPETb.

a) MapaMeTpbl «KaXkyLLEerocs» YacTUYHOro paspsiaa.

YTobbl OTBETUTbL Ha OAMH ACMEKT 3TOro BOMPOca, HEO6XOAMMO BCMOMHUTb, KaKWE 3MEKTpUYEcKue
napaMeTpbl Mbl U3MEPSIEM, UYTO Mbl CHMTAEM <MU3MEPEHHBIM YACTUUHBIM pPa3psaoM». ECTECTBEHHO, UTO Mbl He
MOXXEM MPOBECTU «MPSAMbIE» U3MEPEHMSI NMAPAaMETPOB YaCTUYHbIX Pa3psaoB B U3onaumnn. CNoXXHOCTbIO SBNseTcs
TO, YTO pa3padbl 06bIYHO MPOUCXOAAT HE TOMbKO BHYTPU KOpryca 060pyAoBaHWUs, HO W [aXe BHyTpU CaMou
usonaumMn. KpoMme TOro, HamnpsKeHusi, C KOTOpbIMM paboTaeT KOHTponupyemoe o6opyaoBaHue, 6biBaeT
HACTO/NbKO 6OJbLUMM, YTO HU O KaKuX «MPSMbIX» U3MEPEHUAX O PEYN HE MOXKET BbiTb.

Mocne KaxAoro YacTUYHOro paspsaa BHYTpU 060pyAOBaHWMS W3 MNUTAIOWEN CETU NPOUCXOAUT
MUMMNYNIbCHAA «MOJIKayKa 3HEprumn», Heobxoanmas [ns BOCCTAHOB/EHWUS pacrnpeaeneHns 3NeKTpUYecKoro rnons,
WCKaXXEHHOrO pa3psaoM. MIMEHHO 3TOT 3NEKTPUYECKUIA UMMYSbC Mbl PErUCTPUPYEM MpPU MOMOLUM  HALLUX
OAaTUYMKOB, YCTAHOB/IEHHbIX <«BOKpPYr» 4epHOro 4iinka, KOTOpbIM HaM MNPEACTaBNAETCA KOHTpPOMpyeMoeE
obopynoBaHue.

M3 3TOro cneagyeTt o4YeHb BaXXHOE 3aK/HOYEHUE. PernmcTpupyeMblil UMMNYbC «OT YacTMYHOrO paspsiaa»,
KOHEYHO, UMeeT CBSA3b C NMapaMeTpaMu MpoM30LIeLero BHYTPM YacTUYHOro paspsiga, HO BO MHOroM (MOXHO
CKa3aTb MPAKTMYECKM MOMHOCTbIO) OH CPOPMMPOBaH 3MEKTPOMAarHUTHLIMW MNapaMeTpaMuM KOHTPOIMPYEMOro
obbekTa. Ha nmapaMeTpbl pernctpupyeMoro npubopoM MMMyfnbca OKasblBalOT BAWUSHWE MHOrMe (hakTopbl -
reoMeTpuyeckne pasmepbl 0b6bekTa, €ro BHYTPEHHME 3/IEKTPOMArHWTHblE CBA3M, MECTO BO3HWMKHOBEHWS
fedekra.

€D
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3aknoyast 3TOT, BecbMa MOBEPXHOCTHbINM, aHanM3 OCOBGEHHOCTEN WM3MEpEeHUS! YaCTUYHBLIX PaspsiaoB
crnefyeT CkasaTb cnefytollee. M3MepeHus B CaMOM BbICOKOYACTOTHOM AMarasoHe MMEKOT CMbICT TOJIbKO Mpu
KOHTPOJIE «MPAMOro» 3JIEKTPOMArHUTHOrO M3/TyYEHWS Ha MOACTaHUMM MpU MoMoWwM 3oHAa. [pu Bbibope
YACTOTHOrO [ManasoHa AN18 MPOBEAEHUS U3MEPEHWI BHYTPWM 060PYAOBAHUA MpaKTUYECKW Bceraa creayert
OPUEHTUPOBATLCA HE Ha MNapaMeTpbl «UCTUHHOrO WMMyNbCa®, @ Ha MapaMeTpbl «TPaHChOPMUPOBAHHOIO
WMNynbCa», PErNCTPUPYEMOrO CHapyXu obbekTa. [pyM 3TOM yalle BCEro OKa3blBAETCs, YTO CaMblii
BbICOKOYACTOTHbIN MMMYNbC, BOSHUKWIMA B CepeavHe KabenbHOM NIMHWM, Ha KOHLEBOW pasdesike, rae Mbl
06bIYHO YCTaHABNMBAEM CBOM AATYMK YACTUYHBIX pa3psiaoB, ByAeT UMeTb YacToTy He 6osiee 0aHOro Merarepua.
AHanormyHas kKapTuHa MMeeT MECTO BHYTPU KPYMHbIX 3/IEKTPUYECKMX MALLIMH U TpaHchOpMaTOpOB.

b) CBsI3b peaanoﬁ «30Hbl YYBCTBUTENIbHOCTU>» AaTHMKaA HYaCTUYHbIX pa3paaoB C €ro pa6oqel71 YacTOoTOM.

YeM Bbllle 4acToTa BbICOKOYACTOTHOMO WMMYyNbCa, TEM C 6OMblUe CKOPOCTbIO OH 3aTyxXaeT B
HEO/IHOPOJIHOWM KOMMJIEKCHOW cpeae, B BUAe KOTOpPOM yAOBHO NpeacTaBnsTh BCE KPYMHbIE BbICOKOBOJbTHbIE
MalMHbLI U annapaTtbl. NS AMArHOCTUKM COCTOSIHUS M30MSLUMM MO YacCTUYHBIM paspsfiaM 3TO UMEET O4YeHb
60/bLLIOE 3HaYEHME.

Hanpvmep, paccMOTpMM CTaTop KPYMHOW 3MEeKTPUYECKOM MaluvHbl, Ansi KOHTponst YP B KOTOpbIX
Havmbonee 4acTo WMCMOb3YIOT BbICOKOYACTOTHLIE KOHAEHCATOPhLI CBS3W, MOAK/OYAEMblE K BHELWHUM KiemMMaMm
06MOTKW. ECM YacTUYHbIN pa3psaa BO3HMKAET BOAM3WM BHELIHUX KNeMM 06MOTKM, TO npobnem c perncrpaumen
uMnynbca HeT. ECnM >xe 4YacTWYHbIN pa3psii TakoM XK€ WHTEHCMBHOCTM BO3HWMKHET Ha <«MPOTUBOMOMOXHOMN»
4acTn 06MOTKM, B6IN3N HEWTPaNbHOW TOYKM OBMOTKM, TO 3TOT UMMY/bC ByAeT UMETb B 30HE HaLero AaTyuka
CYLLECTBEHHO MOHWXEHHYI0 amnnuTyay. Kpome Toro, yacrtota UMnynbca, 3a CYET 3aTyxaHusi BHYTpU O6MOTKM,
3HAYUTENIbHO CHU3WTCS. PeanbHO 3TO BbIPA3UTCS B 3aTsrMBaHWM nepeaHero poHTa umnynbca. Ha npaktuke
3TO MpUBEAET K TOMY, YTO UMMYSbChbl OT OAMHAKOBBLIX YaCTUYHbLIX Pa3psifoB, HO BO3HMKLIMX B PasHbIX YacTsix
06MOTKM, NpMOOpPOM 6yAEeT WHTEpPNpPeTMPOBaTbCS KakK WMMMYSbChbl Pa3fIMYHOM WHTEHCMBHOCTM, CO BCEMM
BbITEKAKOLWMMM OTCOAa NOCNeACTBUSMU.

OTcrofa cneayeT NpPoCTOM AMarHOCTUYECKMI MPU3HaK, MHOrAA OKA3blBAOLWMINCS NMPaKTUYECKU MOJE3HbIM
NpW OLEHKE BEPOSITHONO MecTa BO3HMKHOBEHMS AedekTa B usonsaumm. Yem 6onee BbICOKOYACTOTHLIM SIBNSIETCS
3aperncTpyMpoBaHHbIM UMMYNbC, TeEM BNMKe K AaTUYMKY pacroniaraeTcsl 30Ha ero BO3HMKHOBEHMS. YeM Kpydye
nepeaHuiA GPOHT MMMNYJIbCa YaCTMYHOMO paspsaa, TEM BhilE €ro yacToTa.

Takon ANArHOCTUYECKMI noaxon
@ @ @ NPOAEMOHCTPUPOBAH Ha pUCYyHKe «PucyHok 16». Ha

HeM, B KayecTBe npuMmepa, npusefeHa kabenbHas
NMHUSA, B KOTOPOW  yKasaHbl TpUM  MecTa
BO3HMKHOBEHWS YaCTUYHBIX pa3psgos. Yem bavxe K
MEepBMYHOMY  [ATYMKy  BO3HMKAET  YaCTUYHbLIN
pa3psag, TeM Kpyue nepeaHui (ppoHT
peructpupyemoro umnynbca. Kpome toro, no mepe
yoaneHuss OT fAaTuuka, CHWXKaeTcsa aMnauTyaa
perncTpupyemoro uMnysbca.

[aHHbIl 3¢deKkT Nerko MOXXHO NPOBEPUTL B
npoLecce NpoBeAeHNs! KanMBPOBKU U3MEPUTESIbHOM
PucyHok 16 BnmsHue mecta BO3HUKHOBEHUS YaCTUYHOIO uenu npu noMowm KanmbpoBOYHOro reHepaTtopa.

PaspAAa Ha GpopMy peructpupyemoro umnynLca [ns 3Toro HeobxoaMMo KanMbpOBOYHBLIM UMMYMbC
WHXXEKTMPOBaTb, MOOYepeHO, B Ha4ano obMoTKM, U
B HEMTpasnbHYyl0 TOUKy 0OMOTKM CTaTopa, W OnpeaensiTb Npu 3TOM YyBCTBUTENbHOCTb U3MEPUTESIBHON CXEMbI.
Mpn 3TOM MOXHO AOCTAaTOMHO TOYHO ONPefenuTb KOMMYECTBEHHOE 3HaudeHue KoadduuveHTa 3aTyxaHus
YaCTUYHbIX pa3psaaos B 06MOTKe.

MNonyunB peanbHOe 3HauyeHwe KOBd)d)MLI,MEHTa 3aTyXaHusa uMnNynbCoB B 06MOTKE, MOXHO NPUHATDb
peweHne, aonycrmMma N Takas norpewHOCTb NU3MepeHNa 4YaCTUYHbIX paspsaa0B (pa3HV|ua B aMninTyaax U €Ctb
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MOrpeLHOCTb U3MepeHus). Ecnn pasHuua B 4yBCTBUTENILHOCTM cocTaBuT A0 20 — 30 NpoLEHTOB, TO C TaKoW
MOrpeLHOCTbIO, HABEPHOE, MOXHO COrnacuTbCs. ECnn 4yBCTBUTENBHOCTY ByayT pa3nmMyaTbCs B HECKOSbKO pas,
TO AN NPAKTUYECKMX U3MEPEHMI 3TO HEAOMYCTUMO. LIeHHOCTb TakMX U3MEPEHWI HEBENMKaA.

Cpasy »e BCTaeT BaxHbli BonpoC. OYEBMAHO, YTO AN KaXKAOro [aTuMka CyLlecTBYeT 30Ha
YyBCTBUTENIbLHOCTM, B KOTOPOM €ro MCrosib30BaHWe He NPUBOAUT K 60JIbLLOI MOrpellHOCTY U3MEPEHMI, KaKOBbI
pa3Mepbl 3Toi  30HbI? CneacTBMeM 3TOr0  BOMPOCa CTAHOBUTCS  CNEAyloWwMii  BOMPOC, €CIM  30Ha
UyBCTBUTENIbHOCTM [AHHOMO [AaTYMKa HE 3aXBaTbiBAa€T BECb O6bEM KOHTPO/IMPYEMOro 060pYAOBaHWsA, TO,
CKO/bKO )X€ BCEro HYXHO TaKMX AATYMKOB, YTOBbl CHATb 3TO OrpaHuyeHue. MOHATHO, YTO YEeM MeHblue Ans
NPOBEAEHNS] U3MEPEHUI HYXXHO AaTUMKOB, TEM 3TO JlyYlle.

Mbl noOAOLWWM K CaMOMy Ba)XHOMY BOMPOCY, @ Kakue e AaTYMKK, Nydlle, Kakne UMeT 60bLyo 30HY
KOHTPONS YacTMUHbIX pa3psagoB B usonsaumu. OTBET 34eCb MPOCT, YeM Huxe paboyas 4acToTa AaTtuvka, npwu
MPOYMX paBHbIX YCMOBMSIX, TEM LUMPE €ro «30Ha OTBETCTBEHHOCTU». B Hambonbliel Mepe MHGPOPMATUBHBI
patumkm cepum RFCT (Radio Frequency Current Transformer), koTopble paboTaloT B [0CTaTOYHO LUMPOKOM
[AnanasoHe 4acToT WM MO3BONSIOT KOHTPO/IMPOBaTb YaCTUYHble pa3psdbl BO BCEM 0O6bEME BbICOKOBOJIbTHOMO
obopyaoBaHusa. KoHpeHcaTopbl cBsiau Mapkum CC (Coupling Capacitors) Bbigensitor wmMnynbcbl B 6onee
BbICOKOYACTOTHOM AMana30He. |-|O3TOMy 30Ha UX 4yBCTBUTENbHOCTU CYLLECTBEHHO MEHbLLE.

c) CBsi3b pabouyero AuanasoHa 4YacToT M3MEPUTENbHOW CXEMbl PErMCTPaLMM YacTUYHLIX pa3psaoB C
AMAMNa3’0HOM YaCTOT aKTUBHbIX MOMEX.

BaXkHblM MapaMeTpoM, OnpefensiioWnM XenaTenbHbld ANanas3oH 4acToT WU3MEPUTENIbHOM CXEMb,
SIBNSIETCS €ro CBsi3b C AMAMNa3oHOM 4acToT noMex. Haubonee onacHbiMM, W TPYAHO YCTpaHWMbIMKW, B
TpaHchopMaTOpHOM 060pyA0BaHMN SABNSIOTCSA NMOMEXM OT KOPOHHbIX pa3psiaoB.

CyLLecTBYET HECKO/IbKO PasiMyHbIX B3r/SA0B Ha YaCTOTHbIV AManasoH, B KOTOPOM BJIMSIHWE KOPOHHBIX
paspsaanos Hanbonee CcubHO. O,qHVI dBTOpPbl CYUTAIOT, YTO BJIMAHUE KOPOHHbIX pPa3paaoB MaKCMMallbHO B
Anana3oHe 4acTtoT, MEHbLlEM, 4YEM 5 Merarepu. Ectb pa6OTbI, B KOTOpPbIX 30Ha MaKCMMaJibHbIX MOMEX
onpefeneHa B 4acTOTHOM AmanasoHe oT 5 go 20 merarepu. EcTb nHdopMaums o ToM, 4TO ANs TOro, 4Tobbl
OTCTPOUTBCSA OT MOMEX, HY>XHO MPOBOAMTbL U3MEPEHUS B AMANA30He YacToT, npesbiwatowem 200 merarepu,.

CunbHoe paznuuve mMexay MHbopMaumei pasHbiX aBTOPOB, OY4EBUAHO, OBYC/TIOBNEHO TEM, YTO BCE 3TU
“ccnenoBaHvsl NPOBOAWMNCH AN PasHbIX TUMOB BbICOKOBOIbTHOrO 060pyaoBaHus. He cyllecTByeT oAnHaKoBbIX
pEKOMEeHZaLMIN, B KaXaoM KOHKPETHOM Cllydae HeobxoauMo NMPOBOAWTL CrieumasibHble UCCIeaoBaHusi, YTo6b
BbISIBUTb MH(OPMATMBHYIO YaCTOTHYIO 30HY, B KOTOPOM NMPUCYTCTBYIOT YacTUYHbIe paspsabl, @ BAMSIHUE MOMeX
MWHWUMANbHO.

2.2.1.2. CpaBHeHMe MMNY/IbCOB YaCTU4YHbIX pa3psAoB No aMMTyAe

OavH n TOT Xe WMNyNbC OT YaCTUYHOrO paspsifa, BO3HMKLWIEr0 BHYTPUM  KOHTPOAMPYEMOro
obopyaoBaHusl, MOXET OblTb 3aperMcTpMpoBaH HECKONIbKMMU AaTYMKaMW, YCTaHOBMEHHbIMW B PasHbIX TOYKaX.
Hanpumep, paspsia B BbICOKOBONbTHOM 06MOTKe a3kl «A» cunoBoro TpaHcdopmatopa, 6yaer
3aperncTpmpoBaH BCceMW TpeMs AaTyunmkamu Mapku DB, ycTtaHoBneHHbiMM Ha [MH BbICOKOBOMLTHLIX BBOAOB
TpaHcgopMaTopa. ITOT Xe curHan byaer 3aperncTpupoBaH AaTyMkaMmu, MOAKMOYEHHBIMM K 06MoTke CH mnn
HH.

3TW CWUrHanbl, 3aperncTpupoBaHHble HECKONbKMMU AaTyuMKaMy OT OAHOMO0 WMMyNbCa 4YacTUYHOIO
pa3psiga, 6yayT UMETb HEKOTOPbIE OTIMYMS. B OCHOBHOM, 3TW OTNMYMS ByayT 3aKnouaThCsl B ABYX NapameTpax.
Bo-nepBbIx, curHanbl 6yayT MMETb pasHyilo amnauMTyay, T. K. Mpu NepeHaBoake B coceaHue (asbl curHan
0Cnabutbes. Bo-BTOpbLIX, pasHbIMM AaTYMKaMM CUTHAN 3aperucTpupyeTcs cCO CABUMOM BO BpPEMeHW. 3To
O6BLSICHSIETCS Pa3IMUMEM BO BPEMEHW [ABWXEHWS WMMMy/nbCa OT MecTa BO3HMKHOBEHMS AedekTa A0 MecTa
YCTaHOBKM AaTuMKka. ITa pasHMLUA MOXET COCTaBNATb AECATKM HAHOCEKYHA.

PaCCMOTpVIM 0COBEHHOCTUN MCNOIb30BaHNS B NpaKTuKe pa3nmqm7| aMnnnTya CUrHanoB, BO3HUKLINX OT
OAHOro 4acCTM4yHOro paspsaa, HO 3aperncTtpupoBaHHbIX AaTYMKaMWK, YCTAHOBNEHHbIMKA B pPa3HbIX MeCTax
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KOHTpOnMpyemMoro o60pyaoBaHus. MNpu 3TOM elle pa3 HamOMHWUM, YTO aHanM3 TakUX OCOBEHHOCTEW CUrHanoB
JIO/DKEH MPOBOANTLCS B NpUBOpE Ha anmnapaTHOM YPOBHE, B PEXMME PEeasibHOro BPEMEHM.

OueBWaHO, YTO NpW NepeHaBoake curHana (c ogHol dasbl TpaHchopMaTopa Ha Apyryto dasy, ¢ oaHOM
cexkumm 06MOTKM Ha ApYryto, C OIHOM KabenbHOW IMHWMKM Ha APYryi0), aMIIMTyaa HAaBeAEHHOrO CUrHana MeHblue
aMMNUTYAbl MEPBUYHOIO CUrHana. 3TO SABMASETCA CaMbiM BaXKHbIM aMMUTYAHLIM MPU3HAKOM YaCTUYHOIO
paspsaa npu MHOTOKaHA/IbHOW PErncTpaumnu, npy MoMOLLM KOTOPOro MOXHO YTOYHUTb, @ MHOTAA M yKasaTb
TOYHO, MECTO BO3HWUKHOBEHUS AedekTa B U30naUUM.

2.2.1.3. OueHkKa B3aMMHOro BpeMeHu npuxoaa MMNysbCoB

MpuMeHeHNe AaHHOrO MeTofa 6asnpyeTcs Ha MpOCTOM (U3MYECKOM SIBIEHUM — yyeTe KOHEYHOro
3HAYEHWs1 CKOPOCTU ABWMXXEHWS BOJHbI (3/1EKTPOMArHUTHOIO MOJIA) BHYTPU KOHTPOIMPYEMOro o6bekTa.

C y4yeToM TOro, 4TO [AM3/EKTpUYEcKasi MPOHWLAEMOCTb Cpedbl BHYTPU KOHTPONMPYeMoro o6bekTa
OT/IMYAETCS OT AMSNEKTPUYECKON MPOHMLIAEMOCTM BakyyMa (BO3Ayxa), CKOPOCTb ABWDKEHMSI BOSHbI B O6beKTe
Bceraa 6ydeT MeHblue CKOPOCTM ABWDKEHWSI BONHbI B BakyyMme. B cpegHeM, MOXHO CUMTaTb, YTO CKOPOCTb
JBWKEHMS BOMHbI B 06bekTe cocTaBnser 0,55 — 0,65 OT CKOpOCTM BOSHbI B Bakyyme. OTcloaa crnefyeT, yto
OAVH METP pacCTOSIHUSA BHYTPY O6BbEKTA BOJIHA 3/1IEKTPOMArHUTHOrO MONs NPeoAoneBaeT 3a 6 — 7 HaHOCEKYHA.

[aHHbIA MeToA NOKANM3aLUMN MECTa BO3HMKHOBEHUS AedeKTa B M30MALUMM 0COBEHHO 3DhEKTUBEH NpU
AMArHOCTMKE COCTOSIHUS M30NSIUMKM  KabenbHbIX JIMHWMA U KPY. [daHHble O06beKTbl MMEIOT 3HAuMTESbHbIE
NUHeNHble rabapuTbl, BHYTPU KOTOPbIX MOXHO KOHTPONMPOBATb Pa3HOBPEMEHHOCTb NpUXoda WMMMynbca K
Pa3MYHbLIM AaTyYMKaM.

MpY MCMOMb30BaHWKM AAHHOrO MeToAa Heo6XoAMMO MOMHWUTb, YTO A/IMHA COEAMHUTENbHLIX JIMHUIA OT
AATUYMKOB 10 M3MEpUTENbHOro Npubopa A0/MKHA 6biTb OAMHAKOBOW. ITO aBTOMATUYECKM CNiedyeT U3 TOro, YTo U1
B 3TUX COEANHUTESbHBIX Kabensx Mbl UMEEM TaKylo Xe CKOPOCTb ABMXKEHUS BOMTHbI 3N1IEKTPOMArHUTHOrO Noss.

He nulWeH npaKTUYEecKOro CMbiC/ia BapWaHT CO3[aHWsi M3MEpUTENIbHOW CXEMbl, B KOTOPOW AMHA
M3MepUTENbHbIX Kabenel OT pasHbiX AAaTYMKOB MOXET CreuMasnbHO BblGMpaTbCs HE OAMHAKOBOW. MMpu 3TOM
MOXHO CO3AaTb TaKue YCNoBUs, Koraa npubop 6ydeT CpaBHMBATb HE «MpsMOE» BPEMsi Mexay NpuxoaoM
MMNYNbCOB OT AAaTUYMKOB, @ «OTHOCUTENIbHOE» BPEMsl, KOrda B ajropuTM OMnpeaeneHus BpeMeHW Mpuxona
UMnynbcoB 6yAeT BBeAEHa 3afepXKKa. YMeHbluas AnNuMHY Kabens OT OAHOro WKW ApYroro AaTuvka, MOXHO
A06UTHLCA 3a1€PXKKM BO BPEMEHM MPUX0Ja UMMYJIbCOB CO 3HAKOM MJIOC, UM MUHYC.

2.2,1.4. CpaBHeHMEe UMINYJIbCOB MO NOJIIPHOCTH

Mcnonb3oBaHne ™MeToda <«pas3bopku» MUMMYNbCOB HA «MNOME3Hble» W  «IIYMOBbIE» MPU NOMOLUU
CpaBHEHUA NMONAPHOCTU ABNAETCA AOCTAaTOYHO PacnpoCTpaHEHHbIM. Camoe rNaBHOE, YTO HY>XHO NOHMMaTb Mpwu
3TOM, 4TO CbVI3I/ILIECKaFI mMoaenb MNMpUYNH BO3HUKHOBEHUA pa3HULbl B MONAPHOCTU UMNYNbCOB OT pPa3HbIX
[aTuMKOB, AO/MKHa 6biTb AOCTaTOYHO 060CHOBaHa. Henb3s MPOCTO MCMonb30BaThb haKT, YTO MOMASIPHOCTb, Y
CUrHana v NnoMexu, oKasasICb Pas/MyHbl, 3TO He AO/MKHO ObITb MPUYMHOM NMPUMEHEHUs MeTofa. Heobxoammo
MOHMMaTb, 4TO 3TO COOTBETCTBYET (DM3NYECKON KApTMHE  pPacrnpoCTPaHEHWs  MMMYbCOB  BHYTPW
KOHTpOIMpyeMoro obbekTa.

2.2.2. OueHKa COCTOSIHUA U AMarHocTukKa aedeKToB U3051LUMM No pacnpeaesneHno
MMMYJIbCOB YaCTUUYHbIX pa3pafoB
B 3ToM pasaene Mbl nonpobyeM paccMOTPETb ABa OCHOBHbIX Criocoba, Hanbosiee YacTo MCNosb3yeMblX
Ha NpaKTuKe And OUEHKU CTENEHU BIIUAHUA 3apPerucTtpupoBaHHbIX YaCTUYHbIX paspAaaoB Ha HaAAEXHYK0 U
6e3aBapuiiHyto paboTy KOHTPOJIMPYEMOro BbICOKOBO/IbTHOFO 060pYyA0BaHMSI.

Ha3HaueHue 3TWX ABYX AMArHOCTUYECKMX METOAOB PasfMuyHO. Ha OCHOBaHWMM aHanv3a aMnauTyaHO —
(a3oBOro pacrnpezeneHnss UMMyNbCOB YaCTUYHbIX pa3psdoB yalle Bcero ygaeTcs auddepeHuMpoBaTb Tvn
fedeKTa, MMEIOLWerocs B U30M5SUMU BbICOKOBONbTHOrO 060pyaoBaHus. Takas uHdopMaums, naoc noapobHas
MHGOPMaUMA 0 BHYTPEHHEN KOHCTPYKUMM M301SUMM B AaHHOM 060pYAOBaHWM, OKa3blBaeTCs OYEHb MONE3HOM

JNS OLIEHKWN OMACHOCTU 0BHapy)XeHHoro aedekTa.
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Mpy noMowM aHanM3a TEHAEHUWUN, B WM3MEHEHUW 3aperucTpMpOBAHHOW MHTEHCMBHOCTM MNPOSIBNEHUS
YaCTUYHBIX PaspsioB B M30MAUMM, OBbIYHO OLIEHMBAETCS cocTosiHue AedekTa. MpUHUMMAETCS OYeHb BaXKHOE
pelieHne, SBNsSieTcs N AedeKT CTalMOHapHbIM, WK Xe pa3BuBalolmMca. Hanbonee onacHbIMU SIBNSIIOTCS
nedekTbl Pa3BMBAIOLIMECS, KOTAa 30Ha, UM UHTEHCMBHOCTb, AedeKTa NOCTENEHHO yBeNMUYMBaeTcs. Hanuune
MONIOXXUTENBHOTO TPEHAA B MHTEHCMBHOCTM YacCTUYHbLIX pa3psAoB SIBSETCA Haubonee onacHbiM MpU3HAKOM
pasBuTUS AeEKTOB B U30/ALMN.

Ob6a 3™ MeTofa ABNSIOTCS B3aMMOAOMOMHAOWMMKU. BbiBOAbI OAHOMO MeToAa MO3BONSIOT PacLUMpUTDb,
nnm xe HaobopoT, anddepeHUMpoBaTb 3aK/IIOYEHNS, MOYYEHHbIE C UCMOIb30BaHMEM ApPYroro MeToaa.

2.2.2.1. AHaAM3 aMNIMTYAHO — (pa30BOro pacrnpenesieHusi UMMNyJ1IbCOB B BbICOKOBOJIbTHOM
o60pyaoBaHUM — OCHOBA AJ1 onpeaesieHns Tuna aedekra B U30NnaUnn

Ons aHanuza pedekToB B M30MSUMM MOXHO WCMOMb30BaTb HECKONbKO TUMOB «rpadumyeckoro»
NpeacTaBneHns pacnpefeneHns 3apermcTpupoBaHHbIX MMNYNbCOB YacCTUYHbIX pa3psgoB. PasnuualoT aga
Hanbonee 4acto NPMMEHSIEMbIX Ha MpaKTWKe pacrnpefeneHns: amrnaMTyaHO - 4YacTOTHOe, M aMMIMTyOHO —
(dazoBoe (4acTOTHOE) pacrnpeaesnieHne NMMNyNbCOB YaCTUYHbIX Pa3psiaos.

PaccMOTpeHne HauHeM C aMNANTYAHO - YaCTOTHOro pacnpeaeneHnst UMy bCoB.

Mo cBoeMy MepBMYHOMY OMpeaeneHuto aMnauTYAHO - YacTOTHOE pacnpefeneHue BblCOKOYACTOTHBIX
UMMY/bCOB [O/MKHO NOKa3blBaTb, Kakoe KOIMYECTBO UMMY/bCOB AAHHOW aMnauTyabl 6bl10 3aperncTpupoBaHo B
npouecce MpOBEAEHWUSI M3MEPEHWUM YaCTUYHbIX pa3psaoB. [puMep Takoro aMMAMTYAHO - YacTOTHOMO
pacrnpeaenernst UMMybCOB NPUBEAEH Ha PUCYHKE «PucyHOK 17». Mo ropmsoHTasibHOM ocu rpadmka OT/IOXKEHDI
3HAYEHUS  KaXYLUMXCS 3apsiaoB  3aperncTpyMpoBaHHbIX  MMMyNbCoB (MM aMnAMTyAbl  MMMYNbCOB B
MWINIMBO/IbTAX), @ MO BEPTUKAbHOM OCU OT/IOXKEHBI KOIMYECTBO UMIY/IbCOB.

HeobxoaMMO O4YeHb XOpOoLWO MOHUMaThb
N 4 Crneaytowyto  0CO6eHHOCTb  NPUHSATOM  34ecb
TepMuHonorun. Hannume B 3TOM HanMeHoBaHUK
@ rpacdmka TePMMHA «4aCTOTHOE pacrnpeaeneHve»
HMKaK He CBSI3aHO C YacTOTHbIMKW CBOMCTBaMM
3aperncTpMpoBaHHbIX cammx MUMMYNbCOB
@ YaCTMYHbIX Pa3psaoB. OTO HUMKAK He CBSA3aHO HU
C KpYTM3HON nepepHero poHTa peasibHoro
MMMOyNbCa  YacTMYHOrO  pa3psfga, Hu ¢
> LNUTENbHOCTbIO  3TOr0  MMMynbca.  TepMUH
Qnk «4acTOTHOe  pacnpefeneHve»  UCNonb3yeTcs
34€ecb Kak napameTp, rMoKa3blBaroLLni
HEeKOTOpYHo KOJIMYECTBEHHYIO CTOPOHY
pe3ynbTaToB, @ UMEHHO KOJIMYECTBO MMMYbCOB
YacTMYHbIX pa3psigoB. B gaHHOM KOHKpPETHOM
cnyyae 34ecb, Ha MNpuBEAEHHOM Ha pPUCYHKE aMMaUTyAHO - 4YacTOTHOM rpaduke, paccMaTpuBaEeTCs
pacnpegeneHne MMMNybCoB, CrPyNMNMPOBaHHbIX MO NPUHLMMY paBeHCTBa aMManTYA.

Ha 3TOM pucCyHKe nokasaHbl ABa HECKOSbKO pasnunyarowmxcs rpaduka. Mpaduk 1 cooTBeTcTBYET
WHTErpasbHOMYy pacrnpefeneHnio  MMMNyAbCOB  YacTUYHBIX  paspsiaoB, Korga MpovcxoauT  CyMMMpoBaHue
UMMYIbCOB MO Mepe yBEeNNYEHUs MOPOroBOr0 3HaYeHUs aMnanTyAel. CamMylo Manylo aMnanTyay «npeogonenms»
BCE 3aperncTpvpoBaHHble NpubopoM uMMynbCbl. B npaBoi YacTu rpacuka HaxoAsTCs TOSMbKO Te WMMMYSbCh,
KOTOpble MMEKT HanbonbLUY0 aMNIMTYLY, NPEOA0NENU TONbKO CaMble H60sbLuMe, MO aMNAMTyae, NOpPOoru.

padumk 2 cooTBeTCTBYET ApyroMy, avddepeHumanbHOMy NpeacTaBieHnio pacnpeaesneHns uMnynbcos
YacTMUHbIX pa3psaoB. Ha HeM KaxaoMy 3HAYEHWIO  aMmuTyabl COOTBETCTBYET 3aperncTpupoBaHHOE
KOJIMYECTBO TOMbKO TeX WMMyNbCOB, KOTOpble MMeNW COOTBETCTBYIOWYIO MOPOroBytd (MAKC — MUHYC)
amnutygy. Oba rpaduvka [OCTaTOMHO 4YacTO WCMOJSb3YIOTCS B MpaKTUKE aHanuia, ANs HEeKOTOpbIX 3ajad
[VArHOCTMKM MpeanoyTUTEeNbHEE MHTErpanbHOe MpeacTaBleHWe pacnpefeneHnst UMNyNnbCoB, ANS ApYyrux —
anddepeHumansHoe.

PucyHok 17 AMNAUTYAHO - YaCTOTHOE pacnpeaeneHve
MMNYJ/IbCOB YaCTUUHbBIX Pa3paaos

GO
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— : = : : : bonee MHDOPMATUBHBIM

N SBNSIETCA  aMmMTyaHo —  (hasoBoe
) ' : (4acToTHOE) npeacTasnexve
/ pacrnpeaeneHnsl UMMyIbCoB YacTUYHbIX
! paspsiaoB. Mpumep TaKoro

\. - pacnpedeneHns rMokasaH Ha pUCyHKe
- -
——1 ?— — ——

«PuicyHoK 18».

|7\75.

/ Ha TakoM rpacguke

o / MnoKa3sblBaeTc pacnpegeneHue

\ / MMNyNbCOB MO aMnauTyae, a3oBoMy
. I . / VIl HanpskeHUst MUTAlOLLEN CETU U

\\ // KOJIMYEeCTBY MMMY/IbCOB. Takoe
TR RS MM N R M mmem pacnpeaeneHue NMOJSIHOCTbLIO
" | onucbisaercs MaTpuLEN, B KOTOPOM

PucyHok 18 NpumMep pacnpeaeneHns UMNys1bCoB HaCTUUYHbIX €CTb CTpPOKM, pasivyarowmecs no
amnauTyae, cTonbupbl,

COOTBETCTBYIOLME OnpeaeneHHbiM $a3oBbiM 30HaM nuTaiowwero Hanpsxkenus (0T 0 go 360 «3nekTpuyeckmx»
rpagycoB). B kaxpgol siueiike MaTpuubl CTOMT YMCNIO, KOJIMYECTBEHHO MOKa3blBalOLEE, CKOIbKO MMMYbCOB
YaCTMYHbIX pa3psAaoB C TaKMMKM napaMeTpaMun 66110 3aperncTpupoBaHo. CNoBO «4acTOTHOe» B HaMMeHOBaHMU
TaKuMx AvarpaMM 4acTo OrMyCKatoT, Ha3biBast MX MPOCTO aMMANTYAHO — (ha30BbIMKU AMarpaMMamu.

BaxkHbIM SBNSIETCA BOMPOC, NOYeMy YaCTU4Hble paspsfibl BO3HUKAIOT B 30HE HapacTaHWs HanpsKeHus
nuTalowWwen cetv, WM MNpaKTUYEeCKM TMOSMHOCTbIO OTCYTCTBYIOT B 30HE, FAe HanpsKeHWe, OTHOCUTENbHO
aMNAUTYQHOrO 3HaveHus, yMeHbluaeTcs. Ha pucyHke «PucyHok 19» npuBepeHa uHdbOpMaums, npu nNoMoLu
KOTOPOW Mbl NOMbITaeMcsl, XOTs1 6bl MOBEPXHOCTHO, MPOaHaIM3MPOBaTb 3TO CIIOXHOE PU3NYECKOE SIBIEHME.

Ha pucyHke, crnpaBa BBepxy YC/IOBHO

HV MoKasaH C/loM BbICOKOBOJIbTHOM M30MSLUMKN  C

C 1 __T_ AedeKToM Tuna <«rasoBoe BK/OYeHWe» B

= C 1 cepeamHe. Pspom ¢ pedekToM  nokasaHa

R d 1 YCNOBHasi CXeMa 3aMeLleHus Cros M30nsaumu,

Cz2 COCTOALAA M3 TPeX 30H, Kakaas U3 KOTOPbIX

% npeacraBneHa Ha CxeMe 3aMelleHns B Buae

oTAenbHOro KoHaeHcatopa. KoHaeHcatopbl Cl1 1

C2 nokasblBatoT y4acTKu HOpMasbHOM

nsonsumMm, a koHgeHcatop Cd Mogenupyet

fedekt B usonauun. Ha rpacduke cnesa BHU3Y

rnokasaHa CuMHycouaa MUTAIOLLErO HarpsKeHus.

Ha 3ToM >e rpadmke nokasaHO W3MeHeHue

HanpsbkeHMss Ha 30He gedekta, B yHKUUK

PucyHok 19 PacnpepneneHue Harnps>KeHHOCTU Nons B BPEMEHW, W YacCTUYHblE paspsiabl, KOTOpble

30He AedpeKTa U3ONALUMN BO3HMKAIOT B 3TOIf 30He.

Mpn pocTe MPUAOXKEHHONO K M30A5UMM

HaMNpsXKeHWs1 MO CXeMe 3aMeLLEHUs U30ASAUMM HAYMHAEeT NPOTEKaTb TOK, MPOMOPLUMOHANbHLIA MIHOBEHHOMY

3HAUYEHMIO N CKOPOCTU M3MEHEHMS NUTAIoWero HanpshkeHuWs. Ha KaXxaoM KOHAEHCATOpe CXeMbl 3aMeLleHus

HauMHaeT BO3pacTaTb HanpshKeHWe, CyMMa HamnpsHKEHUA Ha Tpex KOHAEeHcaTopax BCeraa paBHSETCS
NPUIOXKEHHOMY HaMPSHKEHUIO.

Mpy BO3pacTaHWM HaNps>KeHWs! Ha ra30BOM (BO3AYLUHOM) BK/OYEHUM A0 NPOBOMHOMO 3HaYeHus (bonee
3 kB / MM gns Bo3ayxa), BO3HMKAIOT YacTUYHblE pa3psiabl. B pe3ynbTaTe BO3AEMCTBMS KaXKAOro YacTUYHOMO
pa3psga MageHne HanpshbkeHus Ha 30He gedekTa YMEeHbLUWUTCS, a HanpsbkeHue Ha KoHgeHcatopax Cl mn C2
Bo3pacTaeT. [locKoNbKy HampshKeHWe MUTaloLEN CETM elle pacTeT, TO HanpskeHue Ha paedekTe onaTb
noapactaeT A0 NPOBOMHOMO HanpshKeHWs, MPOMCXOAMT HOBLIA pa3psid, U OnsaTb 3TO NPUMBOAMT K POCTY
HanpshKeHMs1 Ha yyacTkax 6e3aeeKkTHON U30asUmnn.

HacTynaeT Takoii MOMEHT BpPEMeHM, KOrAa MUTAlOLEe HaMpsKeHWEe €elle pacTeT, HO MOCKOSbKY OHO
MpaKTUYeCKM MOMHOCTbIO COCPeAOTauMBaEeTCs Ha YyyacTKaxX WCMpaBHOM W3015UMKM, HanpsbkKeHWe Ha 30He

G
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AecdekTa He MOXET BbIpacTh A0 NPoboMHOro 3HayYeHMsl. MIHTEHCMBHOCTb pa3psiaoB nagaet v 6:amsun 90 rpagycos
pa3psabl NpekpaLlatoTCs MNOSHOCTLIO.

Ha yyacTke CHWXEHUS MUTAIOWEro HampshKeHWsl, OT aMNAMTYAHOrO 3HaYeHUs A0 HyNs, YacTUYHbIX
pa3psaoB B 30He fedekTa He MpoucxXoauT, T. K. MMEET MECTO CHUMXKEHME HanpshKeHWs Ha BCex Tpex
KOHAEHCaTopax CXeMbl 3aMelleHus. HanpsbkeHune Ha 30He aedekTa TaK Xe YMeHbLUaeTcs, Npeanochkiiok Ans
BO3HMKHOBEHWS YaCTUYHBIX pa3psaoB OT AeeKTOB BHYTPU M30M5UMKN HET.

B MOMeHT nepexoda NUTAOLLEro HanpsKeHWs Yepe3 HyMeBYHO JIMHWUIO HampshkKeHue Ha 30He aedekTa
He paBHsieTca Hynto. OHO MMeET kakoe — TO OCTaTOYHOE 3Ha4YeHWe C MONSPHOCTbIO, KOTOpasi COOTBETCTBYET
pacnpefeneHnio  HanpsXKEHHOCTU  3NIEKTPUYECKOTrO MOAS B MPEAWECTBYIOWYI0 MOMYBOMHY NUTaloWero
HanpskeHusl. HeobxoanMMo, 4Tobbl HanpshkeHWe nuTalowWwein ceTu, KOTOpoe YXe WMMEET B AaHHbl MOMEHT
MPOTUBOMONOXHYIO MOMSIPHOCTb, CMO/I0 CKOMMEHCMPOBATL OCTATOYHbIA 3apsa Ha 30He AedekTa. B uTore 310
npvBeaeT K HeKoTOpoMy (ha3oBOMY 3ana3AblBaHUIO MMMY/IbCOB OTHOCUTENbHO TOYKM NEpexoda HanpsKeHus
yepes Hosb.

Ha  pucyHke  «PucyHok — 20»
HY rpuUBEAEH Cydalt Hanuuusl Tpex AedekToB
9 9 o B M30N5UMM, PACMONOXEHHBIX AOCTaTOYHO
L 1 L 6nmM3ko Apyr OT Apyra, WauM  Cniyyau
T T pacripegeneHHoro aedekta. [pu  3TOM
D1 D2 4 oblWwas 3neKTpuyeckas cxema 3aMeLLeHus
=SN=" | ] ] 30Hbl fedekTa, npuBeaeHHas Crpasa,
D Cor= Cp2= Cp3— cTaHoBMTCS Gonee CroxHoM. MosBnsiOTCS
3 rOpU30OHTasIbHbIE €MKOCTHbIE CBSI3U MeXAy
JTOKaNbHbIMM 30HaMu LedekTos,
_— 06YyC/IOB/IEHHbIE  B3aWMHbIM  BJIUSIHUEM
1 T T nAedektoB Apyr Ha Apyra. pu Hanuumu
HECKOMbKNX fedeKTHbIX 30H
BO3HMKHOBEHME 4YaCTMYHOro paspsga B
ofHOM pedeKkTHON 30He, NpaKTUYECKM
BCeraa nNpuBOAUT K MepepacrnpeneneHuio
HanpsPKEHHOCTEN 3MEKTPUYECKOro MoSs BOKPYr APYrux 30H AedeKTOB, PacrofiokKeHHbIX Hedaneko Apyr OT
Apyra. 2To co3gaeT ewe 6onee CNOXHYIO KapTWHY pacrnpefeneHusl 3MeKTPOMarHUTHOrO Mons, W, Kak
CneacTeme, CIOXKHYK0 KapTUHY BO3HMKHOBEHMS pa3psgoB. AHanu3 a3oBOro pacnpefeneHns 4acTUYHbIX
pa3psiaoB, MMEKLWNIA Lenblo BbiSIB/IEHWE TWMa M MecTa BO3HWMKHOBEHMSI AedeKTa, B 3aBUCMMOCTM OT Tuna u
pacnpeaenenns pecdekta, ¢asoBOro yrna U amnauMTyAbl MPUIOKEHHOrO HanpsHKEHUS MUTAlOWeR CceTu,
CTaHoBUTCS 60nee CroXHbIM.

Mpn HEobX0AMMOCTM MOXHO MPOAHANU3MPOBaTh BAUSIHWE AedeKTHbIX 30H APYr Ha Apyra, 4To Aact
BO3MOXHOCTb OLEHUTb 0COHBEHHOCTM BO3HUKHOBEHMS AedeKToB B M30M58UMK pasnnyHoro obopyaosaHus. Mpu
3TOM cnegyeT MNpUHMMaTb BO BHMMaHWe OCOBEHHOCTW WCMOSIHEHMS WU30M[UMM, HanpuMmep, BO3HWKHOBEHMWE
fedeKkToB B 30HE BbixoAa NI0BOBbIX YacTel U3 nakeTa crtatopa (Mpu NoKanbHOM pacnpefeneHve aedekToB)
OT/IMYAETCS OT (HM3NYECKON KapTUHLI MHOXECTBEHHbIX AedeKTOB B NPOTSHKEHHON KabenbHOW SIMHWUK (B Cyyae
pacrnpeaeneHHoi 30Hbl AeheKTOB B U30MSLMN).

Takoi e «NPUKUAOYHBIA» aHann3 MOXET OblTb WUCMOSIb30BaAH MPUMEHUTENBHO K PUCYHKY «PUCYHOK
21», npuBegeHHOMY HmxKe. Ha HeM aHanu3npyeTcs BAMsiHUE MecTa BO3HMKHOBEHWS aedekTa BHYTpU M3015aumun,
6nmxe K 3eMISSHOMY 3/1€KTpoAY, WM K BbICOKOBOSIbTHOMY Ha COOTHOLWUEHWE aMMmuTyA MOSIOXKUTENbHbIX W
oTpuUaTeNbHbIX MMMY/IbCOB YaCTUYHbIX paspsaoB. B COOTBETCTBUM C HAWMM aHanM30M CMeLleHVWe MecTa
BO3HWKHOBEHMS aedeKTa BHYTPU U30MSILMM SKBUBASIEHTHO, ANS1 CXEMbl 3aMeLLEHUS Ha pUCYHKe «PucyHok 19»,
W3MEHEHWIO COOTHOLUEHNS BennuuH emkocter Cl m C2. B pesynbTaTe M3MEHSIETCS COOTHOLWEHUE Mexay
aMNINTYAaMU MOSIOXKUTENbHBIX M OTpULIATENbHBIX YaCTUYHbIX pa3psiaoB.

<

/

PucyHok 20 Cxema 3aMeLleHns C/I0XKHOIr0, MHO)XXEeCTBEHHOIro uimn
pacnpenenieHHOro aedekra u3onsauum

&
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[ns npyMepa BO3MOXHOCTEN MPaKTUYECKOro
NPUMEHEHNST aMNAIUTYAHO — (ba30BbIX AMarpamMM, B
obwemM BuAe, pacCMOTPUM  BAMSIHME  MeCTa
A(+) < A(-) BO3HWUKHOBEHMUS nedekTa B msonaunmu
BbICOKOBOJIbTHOIO obopyanoBaHusi Ha BUA
amMnnTyaHo — a30Boro pacnpeaeneHms MMMnyabCoB
3 3: A(+)>A(-) YaCTMYHbIX pa3psaoB. [ns Gonblueit HarnsAHOCTY

i’ NpoNNNCTPUPYEM 3TOT aHanM3 npuv  NOMOLLU
pUCyHKa «PUCYHOK 21».
4 B cnoe  wu3onauMM KOHTpONMPYemoro
) obopyfoBaHMS  BbIAENMM  TPU  XapaKTEPHbIX,
A(+) ___________ ﬂ Haubonee yacrto BCTpeYaroLwmxcs, MecCTa

~HV

N3onauusa
(@]
N
N
>
—~~
+
e
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>
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BO3HMKHOBEHUS aedekTa:
- = Touka «1» — B6AM3N BbLICOKOBOJSILTHOIO
J_I anekTtpoaa (BBOA TpaHcdopmaTopa, Xwuna kabens,
B O wuHa KPY);
Touka «2» — BHYTPU C/I0S1 BbICOKOBOJIbTHOW

n3ongauuu,
PucyHok 21 BnnsiHme Mecta BO3HUKHOBEHUSA AedeKTa B
M30/1ILMM Ha aMIUIMTYAHO - YaCTOTHOE pacnpeaeneHmne Touka «3» — BO/IM3W 3eMNSIHOTO 3N1EKTPOAA.

MMNYJIbCOB YaCTU4HbIX Pa3psAoB 370 MOXeT 6bITb BblpaBHMBaIOLLMI
MonyrnpoBoAsiLUMA  COM B M30MsiUMK,  pa3fenka
KabenbHOW NIMHWK, 3KpaH MydTbl, SNEMEHT MOA «MNaBaloWMM» NOTEHUMANOM, U T. [.

He BpaBasicb B du3anyeckne noapobHOCTM BO3HWKHOBEHMS Pa3psifoB Ha pasHbiX y4acTKax M30M15uumi,
6ynem, C NpvemneMoi Ans Halero OLEHOYHOro aHanM3a TOYHOCTbIO, CYMTaTh, YTO BCE YaCTU4Hble pa3psabl
COCpeoTOYeHbl B ABYX, AOCTATOYHO Y3KMX Yr/0BbIX 30HaX. COrnacHO NOSICHEHWIO K PUCYHKY «PUCYHOK 21», 3Tn
30Hbl PacronaraloTCst Ha y4acTkax BO3pacTaHWsi HaNpsHKEHWS NUTatOLEN CETW.

Mpy NONOXWUTENBHOM HAMpPSXXEHWM BCE YacTU4Hble pa3psadbl UMEOT OTpuUaTenbHY MONSPHOCTb U
COCpeaoToYEHbl B 0fiHOM (ha30BoM 30He, A0 90 rpaaycos (pa3psabl C aMnauTyaon «A-»). Mpu oTpuuaTenbHOM
HaNpPsXKEHWUWN NMUTAIOLLEN CETU BCE YaCTUYHbIE pa3psiabl MMEKOT MOSIOXKUTENbHYIO NONSPHOCTb U COCPEAOTOYEHSI
B Yrn0BOM 30He Ao 270 rpaaycos, (pa3psabl C aMAAnTyLoN «A+»).

Touka «1», rge BO3HWK JedeKT M30n9uUMK, COOTBETCTBYET Cy4yalo, Koraa paspsia BO3HMKaeT
MpaKTUYeCKM Ha BbICOKOBOMIbTHOM 3MeKTpofe. 3TO KNacCMYeCKUA KOPOHHBIA paspsd, CO BCEMU BbITEKAKOLWMMM
nocneacTemsaMU. Ha nonoxuvTenbHoN NonyBosiHe NUTAKOLWEro HanpsXXeHWst MMMYbCbl OTPULUATENbHbIX Pa3psaoB
«A-» MMET MaKCUManbHYyl0 WMHTEHCMBHOCTb. Ha oTpuuaTenbHOM MNOMYBOSIHE MUTAOWErO  HaMpsKeHus!
NONOXUTENbHbIE pa3psiabl «A+» UMEIOT CYLeCTBEHHO MEHbLUYIO aMMNIUTYAY.

Touka «3» BO3HWMKHOBEHMS fedekTa B W30MSUMM, HA PUCYHKE COOTBETCTBYET C/yyalo, Korga
YaCTWUYHBIVA pa3psd BO3HWKAET B6/IM3KU, WK Ha CaMOM 3eMISIHOM anekTpoge. B aToMm cnyyae pa3psiabl BO BpeMs
MOSIOXKMTENBHOMO MUTAIOLLEro HanpskeHusl (pa3psdbl C aMmaMTyaon «A-»), 6yayT MeHblue, YeM paspsabl BO
BpeMsi OTpuUATeNlbHOM MOJYBOMHbLI MUTAOLEro HanpsbkeHus (pas3psgbl € amMnmTygon «A+»). [laHHoe
pacnpefeneHne UMMynbCoB paspsaoB NPOTMBOMOIOKHO, YEM MpPU HanMYMK B KOHTPOIMPYEMOM 060pYyLOBaHWM
KOPOHHbIX pa3psiioB Ha BbLICOKOBONMLTHOM 3nekTpofe. Ha npakTuke 3TO0 6biBaeT npu npobnemax B
MONYNPOBOASILUMX CNOSIX KabenbHbIX JIMHWI U 0BMOTOK, MpW yTeykax B N060OBOM YacTh 06MOTKM CTaTopa, npu
ocnabneHun KpenneHus ctepXxHelr 06MOTKM cTaTopa B nasax.

Touka BO3HWMKHOBEHMS pJedekTa «2» SBASETCS NPOMEXYTOYHbIM BapuaHTOM, Korga pa3psijbl
BO3HMKAKOT B rnybuHe cnos usonauuu. B 3TOM cnydae amnauTydbl pa3psagos, (3aperMcTpvpoBaHHbIX Ha
MOSIOXKMTENbHON, U OTPULATENbHON MOMYBOSIHE NWUTAMOWLEro HanpsbkeHus)), 6yayT MpUMEPHO OAMHAKOBBLIMM.
Takas KapTWHa pacnpefeneHus paspsigoB OblBaeT Mpyv  HENPaBWLHOM MPOMUTKE M30MSILMM, HalM4uuu
BHYTPEHHMX TeMMepaTypHbIX paspylweHui. Ecnm Touka gedekta bydeT cMewlaTbCs OT LEHTPa B Ty WK MHYHO
CTOPOHY, 6ydeT M3MEeHATbCS COOTHOLIEHWE aMMaWUTyd MMMYNbCOB YaCTUYHBLIX pa3psaoB B KOHTPOAMPYEMOM
obopynoBaHuu.

[JaHHbIN aHanu3 UNNICTpUpYeT TOT akT, YTO TOMbKO MO COOTHOLIEHMIO MHTEHCUMBHOCTM YaCTUYHBIX
pa3psiaoB (ECTECTBEHHO, XOPOLLO «OTCTPOEHHLIX» OT MOMEX) Ha ABYX Monynepuodax NWUTaloLWeln CeTH, MOXHO
onepaTMBHO M JOCTaTOYHO HAAEXKHO OLEHUTb, Ha KakoM y4YacTke KOHTPOAMPYEMOM U30NSILMKN BbICOKOBOSIbTHOMO
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060pyI0BaHNA MPOUCXOAAT YacTUYHble paspsiabl, Ha BbICOKOBOMLTHOM 3/1EKTpoAe, WM BOMM3M 3EMSIHOTO
anekTpoaa.

2.2.2.2. AHanM3 YaCTOTHbIX CBOMCTB YaCTUUHbIX pa3psaos

MHOro MoJSIE3HOM [OMONHWUTENbHOW MHMOPMaUMK O MPUPOAE YaCTUYHBIX Pa3psaoB, M MecTe MX
BO3HMKHOBEHUSI B KOHTPO/IMPYEMOM 060PYZAOBAHWM, MOXET 6biTb MOSyYEHO HA OCHOBAHUM aHanM3a (OopMbI
3apErMcTprpoBaHHbIX UMMYJIbCOB — YACTOTHbIX CBOMCTB YaCTUYHbIX Pa3psiioB B M301SLMM 060pYAOBAHMSI.

Mpv 3TOM O4YeHb BaXXKHO MOHMMaTb, YTO Mbl pacCMaTPUBAEM HE CBOWCTBA CaMOro YaCTMYHOro pa3psaa, a
PEaKUMI0 KOHTPONMPYEMOro 06bekTa Ha BO3HMKLIMIA pa3psid. OAuH M TOT XKe UMMyNbC, UMEOLWMI OAMHAKOBbIE
napaMeTpbl, HO BO3HMKLIMIA B pasHbIX TOYKax 06beKTa, NpU peructpaummn 6yaeT UMeTb pasninyHble YacTOTHbIE
napameTpbl. OTCloAa CNeayeT BaXKHOE CNEACTBUE, YTO UMMY/bChl, BO3HMKLUME B OAHOW 30He, 6yAyT UMETH OAHM
YaCTOTHblE CBOMCTBA, @ BO3HMKWMWE B APYroi 30He — [ApyrMe 4acTOTHble CBOWNCTBAa. MIMEHHO 3TO MOXeET
Nno3BO/IMTb AMArHoCTaM co3AaBaTh AMArHOCTMYECKME MpaBwia, pasfensioline WMMMynbCbl Mo npupoae
BO3HMKHOBEHMS 1 JIOKaLUMM MecTa aedekra.

OCHOBHbIMM YacCTOTHbIMW CBOMCTBaMM MMIMYJIbCOB MOXHO CYMTaThb /Ba MapaMeTpa - YacToTy MMNysbca
YaCTUYHOrO paspaaa, U AJIMTENBHOCTb 3aTyxaHusi KonebaHui.

- YacToTa MMnynbca 4acTMYHOrO paspsja.

[Jaxke B 3TOM, Ha NepBbIi B3rns4, NPOCTOM BOMPOCE, Kak U BO BCEM NMPAKTUYECKOM MPUMEHEHUM TEOPUM
4YaCTUYHbIX pa3psaaoB, €CTb OnpeAdesiEHHbIE  CITOXXHOCTW. l-|aCT0Ty nMnynbCa MOXHO ONpeaenAaTb, cneaysa
KJTaCCMYECKON TeopuW, MO MOMHOMY nepuody KonebaHusi, a MOXHO TOSIbKO MO MEpPBOW BOJSIHE MMMYy/bCa,
UCMOSb3ys YABOEHHOE 3HAaYEHWE ANUTESIbHOCTM 3TOW MOJYBOSHbI. [pW 3TOM NErko MOXHO MOYYUTb YacToTy
UMMNynbca, pasnuuatollytocss Ha 50%. 3To 06bACHAETCA TEM, YTO YacTOTHbIE CBOMCTBA MMMY/bCa, Ha NEpBOW
nonyBosiHe, @ 0CObeHHO Ha nepeaHeM PpPOHTE, CYLLECTBEHHO M3MEHSIIOTCS.

[aHHoe 06CTOATENBCTBO BHOCUT B aHann3 4YacCTOTHbIX CBOWCTB MMNYyNbCOB YaCTU4YHbIX pa3psanoB
OI'Ipe,D,eJ'IeHHbIl\/'I CY6'beKTVIBVI3M, HO He OKa3blBaeT CyLleCTBEHHOIo BJIUAHUA Ha ANArHOCTU4YeCKne BO3MOXXHOCTU
3Toro Metoaa. OCHOBHOE — NPUMEHSITb OAUHAKOBbIE MpaBuaa K onpeaeneHnto YacToTHbIX CBOWCTB MMnNynbCcoB
YaCTUYHbBIX pa3panoB. 18 OUeHKM 4acToTbl MMIMyJSbCa YaCTUYHOrO paspsga Mbl npegnaraeM MCnosib30BaTb
YABOEHHYIO ANNTENNIbHOCTb OCHOBHOIO, NEPBOro UMMynbca.

D70 3Ha4YeHne YMHOXAETCs Ha ABa, M NoydaeTcs nepuoa uMnysibca YacTUYHOro paspsiga, no KOTopomy
ornpepenseTca Kaxylasaca Jyacrota. lNoHaTre <<|<a>|<yu_le17|c;| 4acToTbl» 3[€Cb BBEAEHO MO TOM I'IpOCTOl‘/‘I npnynHe,
YTO Mbl UMeeM UMMNYJNbCbl, pasnnyaloimecd ANNTENbHOCTbIO NepeaHero U 3agHero CprHTOB. Kpome Toro, 3tn
MMNYNbCbl ABNAIOTCA 3aTyXalownMn, npuyem 4actoTta, Nno Mepe 3aTyxaHus, 06bIYHO M3MEHSIETCS.

- AnnTenbHOCTb MMMYNbCa YaCTUYHOMO paspsaa.

70T napaMeTp MNMOKa3bIBAE€T, KaK AOMAI0 AINTCA peaKuna KOHTPOIMpPyeMOro ob6beKkTa Ha BO3HMKLIWI B
n3onaumm nMmnynbC 4aCtTU4YHOro paspsaa.

BpemeHHON wHTepBan OT Hayana, W [0 3aBeplleHUs UMMybCa, TaKkKe MOXET OnpeaensTbCs
HeCKONMbKMMKM  MeTofdaMu. Yalle BCero MCNoNb3yeTcs HEKOTOpoe 3HayeHue KoadduUMeHTa 3aTyxaHus,
Hanpumep, 0,1 mnan 0,05. Mpu konebaTenbHOM YMEHbLUEHUN KOHTPOSMPYETCS aMnauTyAbl UMMynbcoB. [pu
CHWKXEHUW aMMnTyAbl A0 TaKOro YPOBHS, OTHOCUTENIbHO aMMuTydbl NepBOro UMMynbca, CUrHana 4acTUYHOro
pa3spsifa CYMTaeTCa 3aTyxXLWwnm.
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O6a YacTOTHbIX NapaMeTpa MMMynbLCcoB YP He SABNSAIOTCA CTALIMOHAPHLIMW, OHWU 3aBUCAT OT MHOMUX
JPYruX peasnbHbIX napaMeTpoB. OAMH U TOT e AehEeKT, HO BO3HMKLLIMIA B Pas3fIMUHbIX 30HAX KOHTPONMPYEMOro
060pyaoBaHusl, NPUBOAMT K MOABEHWMIO WMMYNbCOB C PasMYHbIMU YacTOTHbIMM CBOWCTBaMM. Ho pfBa
pasnMuHbIX JedekTa, [AaXe BO3HMKWWMX Ha OAMHAKOBOM YyAaneHuW OT AaTumka, 6yayT MMeTb pasfMuHble
YaCTOTHbIE CBOMCTBA.

Ha aTane perucrpauuv uMnynbCOB NpaKTUYeckasl LEHHOCTb 3TUX MapaMETPOB He CTO/b 3HAYMTENbHA.

Thc 4 Heobxoammo  «HabpaTb»  HekoTopoe
HC 4 — KONIMYECTBO CTaTUCTMYECKOM
200 TSR TR 1 nHdopMaummn, obbeM KkoTopoW 6yaert
SRR N [OCTaToyeH Ans 0606lLeHns CBOWCTB
/ );)s( = )f\‘ MMNybCOB. MakcnManbHO 3dEKTMBHO
{X % ); XJ:( i YaCTOTHbIE CBOWCTBA MMIMY/IbCOB MOXHO
1 1
100 -\ X x/ ] 1 MCnonb3oBaTb Ha  3Tane  aHanu3a
\)s( b X// /’)i\\— pacrnipefeneHns  UMNynbLcoB. KMMeHHO
~ " ! v
----- :X)‘( J;(‘. NMosTOMYy AaHHbIM METOA MNepeHeceH B
LB B
asgen obuero aHanu3a
\(\B/ FMrLI' p il L
3apermcTpUpoBaHHbIX UMMYJIbCOB.
(\ 1 1 .
0 5 10

B 3TOM MeTOme BCe MMMYSbChI,
PucyHok 22 PacnpepneneHne MMnysibCoB YaCTUYHbIX pa3paaos Ha TF BHE 3aBACMMOCTM OT WX aMMnNTYAbl,

NJI0CKOCTH HeobxoamMMo pa3MecTuTb Ha
CTATUCTUYECKON YC/TIOBHOW MJIOCKOCTMY.
OcsMM  KoOpAMHAT 3TOW MNOCKOCTM 6yayT: no ocu Y 6ydeM oTkIaAbiBaTb, ANS KaXAoro MMMNysbCa,
anntenbHocTb (ocb Y), a no ocu X 6yaem oTknaabiBaTh YacTOTy MMMYSbCOB.

Ans ypobcTBa aHanM3a v NpakTUYecKoro NpUMeHeHns AaHHOro AMarHOCTUYECKOro MeToda Ha30BeM 3TO
YCNOBHYIO MIO0CKOCTb «BPeMsl - YaCTOTHOWM» MAOCKOCTbIO, Mn «TF» (Times Frequency) nnockocTbio.

MMnynbcbl 0fHOM NpUPOALI M MecTa BO3HWKHOBEHUS, ByayT cocpefoTodeHbl Ha TF MAoCKoCTU B OAHOWM
NoKanbHOW 30He. WMNynbCbl ApYroi mpupoabl M MecTa BO3HWKHOBEHWS, KaK M MMMynbCbl Momex, 6yayTt
cocpegoTauMBaTbCs B APYrMX 30HaxX. AHanu3  pacnpefenieHust WMMMyAbCOB  Ha  MSIOCKOCTM  MO3BOSIUT
nokanu3oBaTh UX napaMeTpsbl. MpyMep Takon nokanmnsaumMm UMMNybLCOB NPUBEAEH Ha PUCYHKE «PUCYHOK 22».

[ns 6onee MOSIHOrO aHanM3a HECKOJSIbKMX MapaMETPOB YaCTUYHbLIX pa3psiioB MOXHO MepenTu, OT
[ByxMepHol TF niockocTH, K TPEXMEpHON, BBeas, AOMOMHUTENIbHO, B PaCCMOTPEHME aMMAUTYAbl MMMNYSbCOB,
oTKnagpiBas Mx Mo ocM Z. B 3TOM cnydae MOXHO roBopuTb yxe 0 «TFA» amarpammax (Times Frequency
Amplitude). 3T1 anarpammbl NO3BONSIOT elle H6onee 3PEKTUBHO pa3aensTb 3aperncTpMpoBaHHbIE MMMYNbChI
YaCTMYHbIX pa3psigoB MO NpuUpoae U MecTy
MX BO3HWUKHOBEHUS, OTAENSATb UX OT MOMEX.

PD 4

2.2.2.3. AHanu3 UsMeHeHus
Al arm f MHTEHCUMBHOCTMN YaCTUYHbIX pa3psifioB

B npoLuecce 3KcnyaTaumum
ob6opynoBaHuns

|

| Ha  pucyHke  «PucyHok  23»
: npuBedeHa CTaHAAPTM30BaHHas  KpuBas
| M3MEHEHUS]  MHTEHCMBHOCTM  YaCTWUYHbIX
: @ t pa3psaoB B MpoLEecce ANUTENbHON paboThl
i > M CTapeHus W30MSIUMM  BbICOKOBOSIbTHOMO

D@ @@
! ! !
& T I
obopynoBaHus. DTO  YC/IOBHAs  «JIMHUS

PucyHok 23 U3MeHeHne MHTEHCUBHOCTU YaCTUYHbIX pa3psiaoB B XU3HK>»  n3ondauumun, cnpasegnmeada  ansa
npouecce paboTbl BbICOKOBOJIbTHOIr0o 060pyaoBaHUs 60MbLLUMHCTBA BbICOKOBO/ILTHOIO

obopyaoBaHus.
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Ha nepBoM 3Tane XW3HWU M30MSILUMK, NOC/E ee U3roTOB/IEHUS, MPMHUMAIOTCS BCE MepbI AJ1st TOro, YTO6bI
YNYYlUTb COCTOSIHUE M30MsiIUMKW. Ha 3TOM 3Tane MOXEeT MpOBOAMTLCA [OMOSMHWUTENbHAS Cylika W30Msumm,
OYMCTKA, YCTPAHEHME MENKUX AehEKTOB.

Mepvioa BpeMeHU «2» SIBASIETCA OCHOBHbIM [ HOPMAJIbHO W3rOTOBJIEHHOTO W 3KCMyaTMpYeMoro
BbICOKOBOJ/IbTHOrO 060pYyAOBaHWsl, B Waeane OH WMMEET MaKCMMallbHYH ANUTENbHOCTb. B TeueHue 3Toro
BPEMEHM YPOBEHb YAaCTUYHBIX Pas3psAOB HEBENMK W MPAKTMYECKM He u3MeHsieTcs. O6opyaoBaHue
3KCNNyaTupyeTcs 6e3 OrpaHWYEeHWn, WHTEpPBanbl BPEMEHW MeXAy NPOBEAEHUSAMU U3MEPEHUN YaCTUYHbIX
pa3paaoB ONpeaensoTCs UMELUMUCS Ha NpearnpusTUM HopMaTMBaMu. Yallle BCEro U3MEPEHWUS! YaCTUUHbIX
pa3psoB B KOHTPONMMPYEMOW WM30MSLMM COBMELLAIOTCS C MPOBOAUMBIMUA PErfaMeHTHbIMA U PEMOHTHbLIMM
paboTamu.

Mepvoa BpeMEHM «3» XapaKTeEpU3YyeTCsl BO3HWKHOBEHMEM B KOHTPOAMPYEMON u3onsaumu AedekToB B
HayasnbHbIX CTaausiX pasBuTUs. Yalle BCEro 3TO Bbl3blBAaeTCA Mpoueccamy CTapeHus U30AaumMW, WHOrAa
MEXaHWYECKMMU MOBPEXAEHUAMU BEPXHMX C/I0EB M30MsuMM. Ha 3TOM BpeMeHHOM 3Tane Habnwogaercs
YCTOWUMBLIN TPEHA B POCTE MHTEHCMBHOCTU YacCTUYHBIX PaspsifioB, OT M3MEPEHUS K U3MEPEHUIO KOJIMYECTBO
obLas 3Heprns 4acTMYHbIX paspsiaoB Bo3pacTaeT. BoO3HMKILME 30HbI AedeKToB pacwmpsioTcs. MHTepsansl
BPEMEHW MeXAy NPOBEAEHUEM M3MEPEHWUI YACTMYHBIX Pa3psiAoB CYLIECTBEHHO COKpallatoTcs. BennumHa 3tmx
MHTEPBAZIOB MeXAy U3MEPEHNAMU 3aBUCUT OT peaanoﬁ CKOPOCTU pOCTa MHTEHCMBHOCTU YaCTUYHbIX pa3psaaoB.
O6blYyHO rpaHula 3TOro 3Tana >XM3Hu BbICOKOBOJIbTHOM n30149UmMn COOTBETCTBYET YBENYEHUIO MHTEHCUBHOCTU
YaCTMYHbIX pa3psaos B 4 — 8 pas.

BpeMeHHoOI MHTepBan «4» COOTBETCTBYET (a3e, Koraa AedeKTbl U30NALMM YXKE HAUMHAIOT Pa3BUBATLCS
<<)'IaBVIHOO6pa3HO>>. OHun Y>X€ HACTONIbKO pPa3BU/INCb «B LUMPUHY>», YTO MMEIOTCA NPEANOCLIZIKKU ANA nNeEpexoaa Ha
[PYrovi ypoBeHb Aerpafaumu u3onsumu. Hanpumep, AOPOXKW HayrnepoXuBaHWs U30ASUMKU MO MOBEPXHOCTH,
Ha3blBa€EMbIE «TpEKaMW>»>, UMEIKT HACTOJIbKO 6OJ'IbLIJYIO OJIMHY, 4TO TOKM MO HWUM UHTEHCMBHO Ha4MHalOT
BO3pacTaTb. B pe3ynbTaTe [OOPOXKM HAUMHAOT PaclUMpATbCA UM YrnybnsaTbesl, elle 6onblue aKTUBM3MPYS
npouecc obLiei aerpagaumm M3onsUUn.

MHTepBan BpeMeHM «5» HAUMHAETCA B TOT MOMEHT BPEMEHW, KOraa WHTEHCMBHOCTb YaCTUYHbIX
paspsfioB Ha4MHAET nMpeBblliaTh AOMYCTUMOE 3HadeHue. [lpakTUYeckM BCeraa, €eciv He MNpUHUMMaTh
cneumanbHbiX Mep MO  YCTPaHEHWUIO WMelolmnxcs aedeKkToB B M301SUMKM, paboTa  BbICOKOBOSILTHOMO
060pya0BaHNA Ha 3TOM YYaCTKE 3aKaHYMBAETCS aBapuiHO.

KauecTBeHHO KpuBasi Ha puUCyHke <«PUCyHOK 23» cnpaBeanvBa Afs 060ro  BbICOKOBOSLTHOMO
obopyaoBaHus. KonnyecTBeHHble MNapaMeTpbl WHTEPBANOB BPEMEHM, WX [ANUTENbHOCTb W 3HAYeHus
MHTEHCMBHOCTU YaCTMYHbLIX paspsigoB, WMMET 6oMbluMe OTIMYMS ANS  Pas/iMuHbiX TUMOB WM Mapok
BbICOKOBO/IbTHOrO 060pyAoBaHus. [axe oauHakoBOe 060pyAOBaHWE, HO MMEIOLEEe pasHble oAbl BbiMycka,
MOryT UMETb AOMYCTUMblE 3HAUYEHUSI MHTEHCMBHOCTU YacTUYHBIX pa3psiaoB, Pasivyalonecs B HECKOBbKO pas.
O6bIYHO 3TOT BOMPOC PELIAETCS HAa OCHOBAHUM CKOPOCTU M3MEHEHMSI MHTEHCMBHOCTM YaCTUYHbIX pa3psiaoB. Yem
ObICTpee pacTeT WHTEHCMBHOCTb, TeM 6o/see  OnmacHbIMKU - SIBASKOTCS 3T paspsagbl  ANs  U30M[umm
KOHTPONIMpyeMoro 06opynoBaHusi.

2.2.2.4. CBs3b MHTEHCMBHOCTM YaCTUUYHbIX pa3psAoB C NapaMeTpaMMn OKpyXalowen cpeabl U
pexxuMmamm paboTtbl 060pyaoBaHus

Mepen BbISIBNEHMEM TEHAEHUMN B W3MEHEHUM WMHTEHCMBHOCTM YacTUYHbLIX Pa3psiioB BO BPEMEHU
Heob6x0aMMo ybeanTbCs, YTO 3TU U3MEHEHUS He CBSA3aHbl C PEXXMMOM paboThbl BbICOKOBONLTHOrO 060pyAoBaHMS.
[ns atoro HeobxoanMo nonpoboBaTh BLISBUTH CBSA3b NapaMeTpPoB pa3psaoB C «BHELHWMW» NapameTpami,
3HaYeHUs KOTOPbIX HE06X0AMMO (PUKCUPOBATbL MPU KaXAO0M NPOBEAEHHOM U3MEPEHUU.

BaxxHbIMK ABNAOTCA Criegylowmne napameTpsl:

- BnaxkHocTb M TeMmnepaTypa oKpyxatowlei cpefpbl. OCO6EHHO 3TO BaXXHO MPU NPOBEAEHUN U3MEPEHWI
YaCTUYHBIX pa3psaoB B TpaHcdopMaTopax.

€D
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- MapaMeTpbl TEMNIOHOCUTENS B CUCTEMAX OXaXAEHWs reHepaTopoB. Hampumep, npu yBenvyeHuu
KOJIMYEeCTBa BOAOPOJA B CUCTEME OXJIAXAEHWUS reHepaTopa MOXET pPe3KO M3MEHWTbCS YPOBEHb YaCTUYHbIX
pa3psAoB B HECKONMbKO pa3. Mcrnonb3oBaHMe BOAOPOAA BMECTO BO3Ayxa Pe3KO CHMXKAeT MHTEHCUMBHOCTb
YaCTUYHbIX Pa3psoB.

- HanpsbkeHue nuTaloLLEeN CETN, KOTOpOE WU3MEHAETCA B 3HaA4YUTENbHbIX Mpeaenax, MOXET TakXxe
NoBMMSATb HA YPOBEHb YacCTU4YHBIX pPaspsaoB. YBEMUEHME HarpshKeHusl YBENMUMBAET WMHTEHCMBHOCTb
MMNynbCoB.

- Pabouasi TeMnepaTypa cTaTopa 3/eKTpoABUraTensi Uin reHepaTopa. MHTEpecHbIM SIBNSIETCS TO, YTO B
3aBVCMMOCTM OT TUMa U30NIALMN MOXKET UMETb MECTO MONOXUTENbHBIN U OTPULATENbHBIN KO3(MOULMEHT CBS3M
MHTEHCMBHOCTU YaCTUYHbIX Pa3psioB C TEMMNEPATYPONA.

- Harpyska koHTponupyemoro obopyaoBaHus. CBSi3b 34eCb, BepOsSTHEE BCero, onpegensiercs
BHYTPEHHVM HarpeBoM M30JIsILMM, NPSIMON CBSI3W MHTEHCMBHOCTM YaCTUYHbIX PaspsifioB C Harpy3kon, 06bIYHO He
yaaeTcs obHapyXuTb.

2.3. Jlokauus
Ba)HbIM MpeuMMyLecTBOM MpU perucTpaumm n aHanmie 4YacTU4UHbIX pa3psigoB B usonsaumm KPYD un
KabenbHbIX JIMHUIA SBMSIETCS BO3MOXHOCTb YAANIEHHOM JloKauMW MEeCT BO3HMKHOBeHMsI fdedekToB. Ecim B
KabenbHOW JIMHUM BO3MOXHbI 2 TUMA JoKauum — pedieKTOMETPUSt 1 NoKauusl Mo Pa3HOCTU BPEMEHM MpUXoAaa
uMnynobcos, To B KPYD € ucnonb3oBaHUeM
CBY gaTumKoB nokKaums BO3MOXHA TOMbKO MO

PD : pa3HOCTN BpeMeHU Nnpuxoaa UMMybCOB.
rl'l b "I—} Astf
/ : i/ _ J : CBY UMY NbCh yp
( \ T !I / } u—& 4 pacnpocTtpaHsitotcs B KPYD €O CKOpPOCTbIO
AS1 : " 2s2 ASs 3NEeKTPOMarHMTHOM BOJHbI (ckopocTbio
I
l

I
I
: ceeTa).
JA
: Fas CkopocTb cBeTa = 300000000 M / ¢ =
I 4t 0,3 M/ Hc.

OTO O3Ha4yaeT, 4To uMmnynsc 4P
pacnpocTpaHseTcss OT MCTOYHMKA BO BCEX

PucyHok 24 MpuvHUMN loKaLMu No BpeMeHu npuxoaa UMnyJsibCoB
HanpasneHUsIX CO CKOPOCTbiO 1M 3a 3.3HC.

5 Pacuer NCTOYHMKA pa3psiaHoW
I( 3' AKTMBHOCTM BbINOMHSeTCA no ¢dopmyne d =
F'D/ (D-0.3t)/ 2.

/

W

\ A\
Lc‘AS1

Ecnu paccrosiHue Mexay AaTuvkamu
M3BECTHO - MOXHO MPOBECTU abCOMIOTHYHO

7

/]

LS

-
-

!A82\7_| fiokaumio  UCTOYHMKa YP  oTHocuTenbHo
N Jatuvka 1 unm 2.
Ecnn paccTtosHne mexay aatymkamu
(D) HeusBeCcTHO, TO foOKauus BCE paBHO
BO3MOXHa, TOJIbKO nokauusa 6yneT
OTHOCUTENIbHO ueHTpaanon TOYKM
PucyHok 25 OTHOCUTEsNIbHas JIoKaLusa No BpeMeHu npuxoaa paccTosiHnS mexay JaTymKamm
MMNy/IbCOB

(oTHOCUTENbHAs nokauus).

Nctounnk PD = (D-0.3dt) / 2,

rae dt-pasHocTb BpeMeHW «npuxoaa®» UMMysbca, HC.
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[ns npoBefeHusl nokaumMuM WUCTOYHWMKA paspsigHOM aKTMBHOCTM HEOBXOAMMO MpPOBOAMTb M3MEPEHUS
CUHXPOHHO. Kaxabli npubop «PD-Analyzer» npoBOAMT u3MepeHusi abCoNMIOTHO CUHXPOHHO MO BCEM
n3MepuTesbHbIM KaHanam.

2.4. PednekrtorpacdpupoBaHme

Meton pednekTorpacdmnm [OCTATOYHO LUMPOKO TPUMEHSIETCS B MpaKTUKE AN MoucKa MecT
BO3HWKHOBEHUS AedekToB B KabenbHbIX NIMHWUAX. MeToa A0CTaTOYHO MpocT U 3hdeKTUBEH, HO U HE NULIEH
HEKOTOpbIX HefocTaTkoB. OCHOBHbIMM HeLoCTaTKaMu SIBMISIOTCS  ABa. Bo-nepBblX, AMArHOCTMKA MOXET
NpOV3BOAUTLCS TONbKO Ha OTK/IIOUEHHOM KABGENbHOM NIMHWM. BO-BTOPLIX, [AMArHOCTMpyeMblt AedekT B
M301AUMKN KabenbHOM NIMHUM AO/MKEH ObiTb «Pa3BUT» [0 TaKOW CTEMEHW, YTO B ero 30He BOJIHOBbIE CBOWCTBA
KabenbHOW NIMHWUM 6bINM U3MEHEHbI, TOJIbKO B 3TOM C/Tydae BO3MOXHO OTpaXkeHune (0T 30Hbl AMarHoCTUpYyeMoro
AedekTa) YacT 3HepPrum TECTOBOrO MMMYyIbCa.

Mpn nomowwm npubopa «PD-Analyzer», uMmelowero B CBOEM COCTaBe MOAy/b perucrpaumn (opmbl
MUMMNY/IbCOB  YaCTMYHBIX pPa3psaoB, Takke BO3MOXHO MpoBeAeHMe JloKanm3auuyM MecTa BO3HMKHOBEHMS
naedexkToB B U30n4UMn. Mcnonb3yeMslii Mpyu 3TOM MeToA «MoandULMpoBaHHON» pednekTorpacdun npuobpeTtaeT
HoBble CBOWCTBa. OTnMuMe AaHHOro MeToda pednekTorpadum OT «CTaHAAPTHOrO» 3aK/OYAETCS B TOM, YTO B
KayecTBe TeCcTupylowero MMnyabca WCMosb3yeTcsd He MMMYAbC OT BCTPOEHHOro B MNpubop reHepaTtopa, a
MUMMNY/IbC YaCTUYHOMO pa3psaa, BO3HMKAIOLWEro B 30He BO3HMKLIErO AedekTa M301aumn, Unn faxe BHe ee.

| YacTuyHbIn
paspsg
N
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PucyHok 26 Ucnonb3oBaHWe UMMNYJIbCOB YaCTUYHbIX pa3psifoB
ANs noucka Mmecra gedekra B kKabesibHOM JIMHUMU

Ha pucyHke (pucyHok 26) npuBegeHa WAMOCTpaums, MOACHSIOWAS MWCMonb30BaHWE B MeTode
pednekTorpadum WMMMNYNbCOB YacCTUYHbLIX pa3psgoB OT JdedekTa, SBMASOWErocs WMCTOYHUMKOM YacCTUYHbIX
paspsgoB. B mecte Hanunuus gedekta kabenbHOW NIMHUM BO3HMKAET YaCTWYHbBIA paspsf, WM, COOTBETCTBEHHO,
3J'IeKTp0MaFHVITHbIl7I mMnynbC. M3 30HblI BOBHMKHOBEHUS OH Ha4yHET, Nno KkabenbHou JIHUKN, PacnpoCTpaHATLCA B
06e CTOpOHbI, B HampaBneHWU KOHLEBbLIX pa3genok kabenbHou nuMHWM. C OfHOW CTOPOHbI, Ha PUCYHKE 3TO
CneBa, Korga MMNynbC AOCTUIHET AaTymka, TO OH 6yaeT 3aperncrtpuposaH npubopom «PD-Analyzer».
MpnbaM3MBLINCL K MpaBoMy KOHLY kabens, B MecTe M3MEeHEHUsS BOJIHOBOrO COMPOTMBIIEHUS, YacTb SHEprum
UMMy/ibCa YaCTUYHOMO pa3psfa OTPaswuTCs, U OTPaXKEHHbIA UMMYNbC, MeHbLUEN aMnnuTyabl, byaeT ABUraTbCcs B
obpaTHOM HanpaefneHun. B TOT MOMEHT, korga WMMMynbC MpUAET K NIeBOMY KOHLUY kabens, oH Taioke 6yaer
3aperncrpyposaH npubopom «PD-Analyzer».

Ecnu, B MOMEHT npuxoaa MNepBoro, «npsiMoro» UMMysbCa, HAYHETCS perMcTpaumns BpeMeHHo! (opMbi
CUrHanoB, TO BPEMEHHas AnMarpamMma no 3ToMy KaHany 6yaeT MMeTb NPUMEPHO TaKoM BMA, Kak 3TO MNOKa3aHo Ha
pucyHke. OCHOBHOM WMHTEpPEC, ANS AMArHOCTMKM MecTa BO3HMKHOBEHMs aedekTa, Ha 3TON AuarpaMMme UMeeT
BpPEMEHHOE 3ana3ablBaHNE BTOPOro, OTPaXKEHHOrO MMMyMbCa, OT NEPBUYHOrO MMNysbca. KonmnyecTBeHHO, 3TO
BpeMsi ObI/10 3aTpayeHO «OTPAXKEHHBLIM®» UMMY/IbCOM Ha ABUXXEHWE, OT MECTA BO3HWKHOBEHMSI, K MPaBOMY KOHLIY
kabens, U BO3BpaLUEHMIO 0BpaTHO [0 30HbI BO3HMKLIEro AedekTa. [BMXEHME OT 30Hbl AedekTa K JieBoMy
KOHLY Kabens y Ka»xaoro UMnynbca 3aHUMaeT OANHAKOBOE BPEMS, T. €. HE U3MEHSIET BPEMSI 3ana3ablBaHusl.
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ToyHas AMarHocTka MecTa BO3HWMKHOBEHUS pAedekta B KabenbHOM /MHWKM, MpU  MPaKTUYECKOM
NPUMEHEHUM METOAA, 3aTPYAHSIETCS MO HECKOMBKMM NMPUYMHAM.

Bo-nepBbIX, CKOPOCTb ABUXXEHUS 3/IEKTPOMArHUTHOM BOJHbI B KabenbHOW NIMHUM pasfnnyHa y Kabenem
pasnnyHoM Mapku. OCHOBHasi MNpUYMHA TaKOro pasnMuMsi — pasfivdHble CBOWCTBA AMSNEKTPUKOB U
KOHCTPYKTMBHbIE OT/INUMSI KabenbHbIX JIMHWIA. M3-3a 3TOro Npu OAMHAaKOBOM BpEMEHM 3amnasabiBaHusl npuxoaa
«BTOPOr0O UMIMyNbCa», MECTO pacnonioxeHus aedekta B KabenbHbIX JIMHUAX MOXKET U3MEHSITbCS, B 3aBUCMMOCTU
OT CKOPOCTW ABVDKEHUSI UMMYTIbCA.

Bo-BTOpbIX, peanbHas pecdnekTorpaMMa MOXET Mo (opMe OT/IMYaTbCs OT UAeasbHOM, NPUBEAEHHOW Ha
puUcyHke (pUCyHOK 26). Ha «nonesHble» curHanbl oT AedekTa HaKiadblBaloTCs OTPaXXEHWUS OT COEAMHEHWMN,
MydT. ONna ycTpaHeHust BAUSIHWS 3TOro 3ddekTa MOXHO, Npu NEpBUYHON Kanubposke npubopa, 3anuckbiBatb
«OMOpHYL0» pedNIEKTOrpaMMy, CHATYIO KlacCMyeckuM cnocoboM. Mo aTor pecdnekTorpaMMe MOXHO YTOYHMWTb
CKOPOCTb pacrpoCTpaHeHNs MMMyNbCOB B AAHHOM Kabene, u MeCcTo pacnonoxeHus MydT. 3aTeM, B npouecce
aKcnayaTaumm npubopa, NpuM BO3HWMKHOBEHWM peanbHbIX MMMY/IbCOB B JIMHUK, 3anyckaeTcs pedneKToMeTp, U
KapTVHbI pacrpeaeneHnst UMMySIbCOB COMOCTaBSAOTCS. 3Hasi TOYHbIE PacCTOSIHWS A0 MECT COeAMHEHWUIA MOXHO
JaXke YyTOYHUTb MecTo aedekTa.

B-TpeTbux, M3MepeHWe BpPEMEHHOr0 pacnpefeneHus UMNyIbCcoB B KabenbHOW NIMHUKM, nof paboumm
Hanps>»XeHUnewM, 06bl‘-IHO, YCNOXHAETCA HaTMYMNEM 60NbLUOr0 KONMMYECTBa MOMEX. ,ﬂﬂﬂ noaaBneHns CﬂyanIHbIX
nomex npubop «PD-Analyzer» BbibupaeT B kayecTBe MecTa AedekTa Hanbonee NOBTOPSIOLLEECS 3HAYEHNME.

B camom obuiem cnyyae, CkOpoCTb pacnpoCTpaHEHUS UMMNYSbCOB YaCTUUHbIX Pa3psaoB MOXHO NMPUHSATb
paBHOM OAMH MeTp 3a BpeMsi 6 — 7 HaHOCeKyHZ. Mpu AnMTEeNbHOCTY perncTpauum GopMel UMMynbca pasHoin 80
MUKPOCEKYHA, UMMYMbC OT YaCTMYHOrO pa3psiaa «npoberaet B kabesibHON NIMHUM pacCTosiHWE, MpeBbIWatoLee
13 kunomeTpoB. TakMM 06pa3oM, Yy4uTbiBasi ABYKpaTHbI MpoBer MMMynbcoM KabenbHOM NUHUKM, NpubopoM
«PD-Analyzer» MOXeT AMarHoCcTMpoBaTbCst kabenb obLiei AMHONM A0 WeCTU KUTOMETPOB.

Pernctpauns opMbl KaXXaoro UMMysbCa 3HAaUYUTENIbHO YBEMUMBAET KOMMYECTBO U3MEPSEMbIX AaHHbIX
M YBENNUMBAET CIOXHOCTb BblUMCIEHMIA. Tak kak npubop «PD-Analyzer» n3MepsieT C AOCTaTOYHON TOYHOCTbLIO
BPEMSI pErucTpauuM Kaxxaoro MMMynbCa, TO, KaK OTpaXXeHWe MOXHO paccMaTpvBaTb JIOGOM MMMynbC,
N3MEpPEHHbIA MOoC/e NEepBOr0 B TEYEHME BPEMEHM He GOMbLUEro, YeM ABOMHOM «npober» KabenbHoW NUHMMU.
Takol noaxon AaeT AOMOSHUTENbHbIE MPEUMYLLECTBA — NPU OAHOBPEMEHHOM M3MepeHUn YP C pa3HbIX CTOPOH
30Ha YyBCTBMTENbHOCTM NPUOBOPOB YBENMUMBAETCS, TaK Kak MOryT OblTb M3MepPeHbl Te MMMNYNbCbl, KOTOpble 6bl
«3aTyxu» MpU PacipoCTPaHEHUU K OAHOMY W3 KOHLOB kabenbHoW nuHuWM. HeobxoauMo NOHWMMaTb, 4TO
obecneyeHne «OAHOBPEMEHHOCTU» W3MEPEHMII BHOCUT CBOKO MOrpeLHOCTb B TOYHOCTb JIOKALMK, Hanpumep,
GPS — npvMepHo 15 MeTpoB.

[JOCTOMHCTBOM faHHOro Metoda (pednektorpadupoBaHus) SBASETCS:

- BO3MOXHOCTb AMarHOCTUKA KabenbHbIX J'II/IHI/II‘/JI, HaXoadaLwmnxcsa nog pa60qV|M Hanps»KeHneM,
- BblgBneHne BO3HMKAKOLINX ,D,erEKTOB M30N9UMM  KabenbHOM JIMHWM Ha HauvanbHbIX 3Tanax Wux
pa3BUTUA.
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3. MporpamMmHoe o6ecneueHne INVA Portable

3.1. CocrtaB u HasHaueHue MO
MO INVA Portable, ucnonbayemoe c npubopom «PD-Analyzer/3P» coctouT K3 AByX OTAENbHbIX
KOMMOHEHTOB:

1. HenocpeactBeHHo npunoxeHne INVA Portable - npunoxeHue, 3aHMMalolleecs 3arpy3kon,
XpaHeHWEeM, OTOBPaAXKEHNEM M aHaNN30M UaMepeHuin npubopa «PD-Analyzer».
2. USB-gpaiBep npubopa.

3.2. Tpe6boBaHus K KOMNbIOTEPY
Ons komdopTHo paboTthl ¢ MO INVA Portable HeobxoaMm komnbioTep (MM HOYTOYK) obnazatoLuii
CnefyroWwyMn XapakTepucTUKamu:

e [poueccop Intel Core i3 u BblwweE;

e OnepatmBHas namsitb 2I'6 n 6onee;

e PaspelueHune akpaHa He MeHee 1280x720;
e OC MS Windows 7 unu 6onee nosgHss.

3.3. YcraHOBKa nporpaMMHoOro obecneueHus
3anyctute ¢dann InvaPortable\setup.exe n3 komnnekta MO W cnegynTe NoacKaskaM MpoOrpaMMbl —
yCTaHOBILUMKa. [ns KoppekTHoi pabotbl npunoxeHuss INVA Portable Tpebyetca Microsoft .Net Framework
Bepcun 4.0.3 1 BblLLE.

[ns ycraHoBku USB-apaiiBepa npwbopa 3anyctute dain USB12\InstallDriver.exe n3 komnnekra MO ¢
npaBaMy agMUHUCTPATOpPa M CneayvTe noackaskaM NporpaMMbl — YCTaHOBLLMKaA.

MporpaMMHoe obecneyeHne 1 apaiiBep npoTectupoBaHo Ha OC MS Windows 7 u HoBee.

3.4. 3anyck nporpaMMHOro obecneuyeHms

[ns 3anycka HaauTte B MeHto «[Myck\Mporpammbl\Dimrus\» nyHkT iNVA (Portable) n HaxmuTe Ha Hem
NEBYIO KHOMKY MbILLN.
Tarke, 3anyck nNporpaMMHOro obecrneyeHusl OCYLLEeCTBNSETCS ABOMHBIM LUEMYKOM JIEBOW KHOMKW MbIWK HA

spnblke nporpammel «Inva (Portable)» Ha paboueM cTone, B COOTBETCTBUM C PUCYHKOM PUCYHOK 27.

[d

Inva
(portable)

PucyHok 27 Sipnbik nporpaMmsl

Bua nporpaMmbl nocne 3anycka, M306paxxeH Ha pucyHke (pucyHok 28).
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PucyHok 28 BHewHuii Bug nporpammbl iNVA Portable

3.5. Pa6orta c nporpamMmmon
OKHO nporpamMMbl COCTOUT U3 YeTblpex obnacrei:

e CTpoka MeHI0 (BEPXHSIS YacTb);

e Crpoka craTyca (HMXHSIS YacTb);

e OkHo cTpykTypbl B/l (neBas yacTb);
e OKHO NMpPOCMOTpa M aHann3a AaHHbIX.

CTpoKa MEHI0 COAEPXUT CreaytoLme NyHKTbI:

o «®aiin» - coaepXXuUT KOMaHAy BbIX0Aa M3 NporpamMMbl, CO3AaHUS U 3arpy3ku apXMBOB AaHHbIX;
e «Bua» - napaMeTpbl BHELLHErO BUAA NporpaMMbl;

e «MHCTpYyMeHTbI» - MeHI0 BbibOpa Manku XpaHeHUs AaHHbIX;

o «f3blk» - BbIGOP sI3blka MHTepdeiica nporpamMmbl;

e «[loMoub» - MHOPMaLUWa O KOMMAHUU-U3roTOBUTENE NPOrpaMMbl U OBHOBIEHNE NPOrpaMMbl.

Bonbwas u Haubonee BaxHasi YacTb paboTbl C MPOrpamMMoN MPOM3BOAUTCS MPU MOMOLWM Bbl6Opa
Pa3NNYHbIX 3/IEMEHTOB B OKHE CTPYKTYypbl B/l ¥ NpoBeAeHUs Haa HUM omnepaumii Npy NOMoLM BbIGopa KOMaHAb!
13 BCM/bIBAOLLEr0 MEHIO, NOSIBASIIOLErOCs NPU HaXaTum NPaBoN KHOMKMN MbILLW.

CTpykTypa B[l — ApeBoBMAHAs!, U MOXET COAEPXaTb 3IEMEHTbLI Pa3fIMYHbIX TUMOB:

e PD-Analyzer 3 - kopeHb AepeBa;

e [lanka - aNeMeHT, XpaHsLLUIA U3MEPEHMS], UCMONb3YETCA ANS YNOPSAOYEHUS AaHHBIX;
e l3MepeHue — coaepxaT pesy/bTUpyoWwne AaHHble NPOBEAEHHOI0 N3MEPEHHUS;

e ®daiin HacTpPOeK — COAEPXKUT HACTPOMKN NPOBEAEHUSI U3MEPEHUIA.

HenocpeactseHHO psigoM C 3sneMeHTOM «PD-Analyzer 3» npw nogkntodeHun npubopa USB-kabenem
oTobpaxkaeTca cratyc 6atapen — npouecc 3apsiaa (BO BpeMs 3apsaku), YpoBeHb 3apsga (6e3 nogkiioyeHus
BHELLHEro HanpsbKeHus) unm nHamkaums cbos 3apsiaku 6atapem.

G
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Hap aneMeHTaMu pasHbIX TUMOB AOCTYMHbI Pa3/iNyHbIe onepaumn. Kaxaomy s/ieMeHTy MOXHO AonucaTb
TEKCTOBbI KOMMEHTaPWI, NS 3TOr0 HYXXHO Pa3BepHYTh MoJie BBOAA KOMMEHTapUS:
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PucyHok 29 Inva Portable BBog koMmeHTapus

BBeaeHHbIi KOMMeHTapuii 6yaeT oTo6paXxaTbCsl B 3TOM OKHE NMpU NMOBTOPHOM BbI6OpPE 3TOr0 3/1EMEHTA
WK BO BCM/IbIBAKOLLEN MOACKA3Ke, NPY HABEAEHUM YKA3aTeNs «MbllUM» HA 3TOT 3/IEMEHT. DNIEMEHTbI UMEloLLMiA
KOMMEHTapuii 0603HaYaloTCs CUMBOJIOM «i».

3.5.1. MeHto anemeHTa «PD-Analyzer 3»
MeHio anemeHTa «PD-Analyzer 3» coaep>uT crnefylowmne snemMeHTbl:

e «l/3MepeHue B peanbHOM BpPEMEHU» - U3MepeHue U oTobpaxeHne AaHHbIX C U3MepUTENbHBIX KaHanoB
npubopa Ha KOMMbIOTEPE, MUHYS COXpaHeHue B npubope (cM. n. 3.7.1);

e  «3anyck OAMHOYHOrO M3MepeHus» - 3Ta KOMaHAa OCYLLECTBSET 3anyCK OAHOKPATHOMO M3MepeHus Mo
TEKyLMM HacTporkaM npubopa W nepefadvy ero Ha KOMMbOTep ANs AalbHeWlero npocMoTpa U
aHanu3a;

o «Cepusi U3MepeHUIr» - 3Ta KOMaHAa OCYLLECTBASIET 3aMyCK Cepun U3MepeHuin OAHOro 3a ApyruM (cM. .
3.7.2).

e «HacTpoviku npmbopa» - KOMaHaa NO3BOMSIET 3arpy3nTb M3 NpUbOpa B KOMMbIOTEP HACTPOWkK Npubopa,
NCNosb3yeMble B TEKYLLMIA MOMEHT, A1 NOCeayoLero NpocMoTpa Uu peaaKTMpoBaHus;

e «KanubpoBka» - KOMaHAa OCYLLECTBASET 3aMyCK OKHa BbIMOIHEHWS KanMbpoBKu;

e  «3arpysuTb BCe HOBble AaHHble» - MO 3TOW KOMaHAe nporpaMMma 3arpyxaeT [aHHble BCeX U3MepeHun,
COBEpLUEHHbIX MO3AHee NOCNeaHero coxpaHeHHOro B 6ase nsMepeHus. [laHHble CKNaablBalOTCS B Manky
«Bce gaHHble»;

e  «3arpysuTb faHHble No BbI6OPY...» - MO 3TOW KOMaHAe NporpaMMa 3arpyXaeTt AaHHble BCeX U3MepeHuN,
COBEpLUEHHbIX MO3A4Hee MnoCnefHero CoxpaHeHHoro B 6asze wu3MepeHus. Kaxpgoe wsMepeHue
Heobx0AMMO «nepeTalumTb» B Nanky Ha3HavYeHus ;

e «HacTpoiiku BpeMeHu npubopa» - KOMaHAa MO3BONSET CKOPPEKTUPOBATL TEKYLUYHO AaTy U BpeMsl B
npubope;

e «[lapaMeTpbl CBA3W» - 3aMyCKAeT OKHO HAaCTPOWKM NapaMeTPoB MOAK/OUEHUS K Npubopy;

e «QuyuCTUTbL NaMsATbL Npubopa» - yaanseT Bce AaHHblE U3MEPEHUI, COXpaHEHHbIE B NaMsTy Npubopa;

e «JlobaBuTb Nanky» - AaHHas KOMaHAa A06aBNSET NanKy AN XpaHeHUs AaHHbIX.

G
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3.5.2. MeHI0 Nanku
MeHI0 nanku COAEPXKMT BCE KOMaHAbl U3 MeHI0 3neMeHTa «PD-Analyzer 3» 1 AONONMHEHO cneayloWwmMm
KOMaHAaMu:

e KoMaHaa «CoxpaHUTb HacTPOWKK NpUBOpa» - COXPaHAET HACTPOMKM, XPaHSALLMECS B AAHHbIA MOMEHT B
npubope B BblI6paHHyto nanky. CoXxpaHeHWe He NPOM3BOANTCS, EC/IN OTCYTCTBYET CBSA3b UM HACTPOKU
MO/THOCTbIO COBMAAAIOT C YXKE XPaHALWMMUCA B 3TOW Nanke;

e «BcTaBWTb» - BCTABNSIET paHee Bbipe3aHHYHo Marnky B BbiIGpaHHYO CO BCEMM BIOXEHHbBIMM 3/1IEMEHTaMU;

e  «BcTaBWTb 3aMepbl» - NEPEHOCUT BCE AaHHbIE U3 BbIPE3AHHONM Manku B BbIGpaHHYIO;

e KoMaHaa «Bblpe3aTb» - NPOM3BOAUT BbipE3aHue Nanku Ans Nocneayollen BCTaBk1 B ApYryio;

e  «J[l06aBUTb Nanky» - A06aBNEHNE MYCTONM BIOXEHHOW Nanku;

o «[lepenMeHOBaTb» - KOMaH/la NePENMEHOBaHUS BLIBpaHHONM Nanku;

e  «OuNCTUTb Nanky» - yaanser Bce AaHHbIE U3 BbIBpaHHOM Nanku. He yaanseT BNOXeHHbIe Nanku 1
[aHHbIE U3 HUX;

o «YOanuTb» - yaanseT nanky, BCE XPaHSALLMECS B HEN IaHHbIE W BIOXEHHbIE NaMKu.

3.5.3. MeHI0 u3MepeHuna
MeHI0 U3MepeHnst COAEPXUT Cneaytowmne KoMmaHabl:

e «OTKpbITb» - BblbMpaeT u3MepeHue Ans nNpocMoTpa (Hanpumep, 3anuMcb U3MEPEHUs B peasibHOM
BpPEMEHMN);

e «Jlokaumsa» - 3anyckaeT OKHO NOKaLMW MO pasHuLEe BPEMEHWN NpuUbLITUS UMMYNbCca MeXay ABYMS
Jatynkamu (cM. n. «Jlokaums paspsaos B KPY3»);

e  «[INarHOCTMKa» - COCTaBNSET AUArHOCTUYECKNIA OTYET MO BbIBPaHHOMY M3MEPEHUIO;

e «YpanuTb» - yaanseT AaHHble C AMCKA KOMMblOTepa.

®aiinbl AaHHbIX U3MEPEHMUI U HAaCTPOEK MOXHO «MepeTackmBaTb» NPU MOMOLLM MbILWX B Apyrve narnku.

3.5.4. MeHI0 (haina HacTpoek
MeHI0 U3MepeHnst COAEPXUT cneaytowmne KoMmaHabl:

e «OTKpbITb» - NPY BblIGOpe 3TON KOMaHAbl 0TOOPaXKaeTCsl OKHO coAepyKallee BCE HAaCTPOMKM
XpaHsimecs B daiine, nx MOXXHO U3MEHUTL M 3anucaTb B Npubop (cM. n. 3.6);
e «Ypanutb» - yaansieT ¢ain HacTpoek npubopa C Ancka KomnbloTepa.

3.6. Hacrpoiika npu6opa
Bce HacTpoiiku crpynnmMpoBaHbl B TpU BKIaAKK:

e [lapameTpbl perncrpauumn YP;
e [lapaMeTpbl COXpaHEHUS N KPaTKOBPEMEHHOIO MOHUTOPWHra.
e [lapaMeTpbl NoaKItoYeHNS No becnpoBoaHOMY UHTepdency «Wi-Fi».

B npaBoi1 YacTM OKHa pacrnofioXXeH psii KHOMOK:

e 3anucaTb B Npubop — OTMpaBASieT BCE HACTPOMKM B npubop. Mpubop AomkeH 6biTb NOAKMOYEH K
KOMMbIOTEPY;

e 3aKpbiTb — 3aKpbIBAET OKHO NMPOCMOTPa M peAaKTUPOBaHNA HaCTPOeK;

e 3arpysuTb — 3arpy>aeT HaCTPOMKU U3 BHELLHEro daina;

e  CoXpaHUTb — COXPaHSIET HAaCTPOMKM BO BHELLHWI haiin;

e [IOMOLLHMK HACcTPOWKK M3MepeHust YP — 3anyckaeT OKHO MOMOLLM HAaCTPOMKN U3MEPEHUSI B 3aBUCMMOCTY
OT n3MepsieMoro 06bEeKTa U UCMOSb3YEMbIX AAaTUMKOB.
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Kondurypayma nputopa X

Peructpayna 4P Mownwtopurr Mapametpe Wi-Fi
OBWwmWe napameTpel W3mepeHua YP 5
ANMEaTE B
CHMHXP. € 4aCTOTOW CETW | paguokaHan ~ | 50,000 2 npuéop

NzmepaTe NEpPUOADE CETH CaswraTte dasy Ha :

Bpema permcTpaunn 5120 v | ne Maysa nocne p— x 3aKpeITE
WMAYABCa umnyneca 4P !
YactoTHeii ananason YP ana | I "10”0“”;1':2::3: Amo | pasia)
KaHaNoE BY(HF) kanana 3arpysuTe
ABTOTpmreposaHme m{) HacrpowTb »
CoOXpaHUTE
DﬂocroaHthﬁ MOHWTOpWHT YP Z HatTpouTe »

MapameTpel M3MepeHKA HP No kaxaoMy KaHany

OBWKWe NapaMeTpel KaHana JononHUTeNEHEIE NapaMeTpel
PD1 YyBCTBMTENBHOCTE HKn/B AdanHa kaBensHoN AuHum, M | 1000 =
dasa paTunka A ~ Koz duumeHT ykopo4eHua m
o02 na duert yx0p hes 2]
PD3 \'} HacTpouTh GHUALTPLI »

MomowHME
HacTpoiikn
W3mepeHua YP

PucyHok 30 Bknagka "Perucrpaums YP"

«CMHXPOHM3ALUMS C YAaCTOTOM CETU» - CMHXPOHM3aLMs C YacCTOTOM MpOMbILIEeHHOW ceTu. B «PD-
Analyzer 3»[0CTYyMHbI Cleayowme MCTOYHUKU CUHXPOHM3ALMN:

e PaanokaHan — CMHXpOHW3aumMsa no curHany aatymka PFR-1;

e BHewWwHsAsS — CMHXPOHM3AUMA C CETbIO MPU MOMOLLM U3MEPEHUS YacCTOTbl CMrHana, NoaKAKYEHHOro Ha
BX0A «Sync» npubopa;

e (CB0bOAHaAs — HecBsi3aHHOE C CETbI0 U3MEpPEeHMe. ITOT BMA CUMHXPOHWU3AUMWM OO/MKEH MUCNOIb30BaTbCH
TONbKO B C/lyvae OTCYTCTBUS HOBbIX APYrMX UCTOMHUKOB CUHXPOHMU3aLMu.

«N3MepsaTb ... NepuoAoB CEeTU» - KOMYECTBO Mepuosos I'IpOMbILIJJ'IGHHOVI 4acCToThbl, B TEYEHUE
KOTOPbIX 6Y4D,ET npon3BoAnNTbLCA U3MepeHne BO3HUKaLWmnx MMNynbCoB.

«CaBuratb ¢asy Ha...» - Yrojl ONEpPeXeHUs UCTOYHMKOM BHYTPEHHEN CUHXPOHM3aumn ¢asbl A
NPOMBbILLSIEHHOW CETU.

«BpeMsi perucrtpaumm MMNynbCa» - BPEMS, B TEYEHNE KOTOPOro permcrpupyetcs dopma curHana
Kaxxgoro umnynsca YP.

«May3a nocne uMnysbca» - WHTEpBas BPEMEHU MOC/IE <BPEMEHW PErucTpaummu», B TeyeHue
KOTOPOro BCE M3MEPEHHbIE MMMYJbChbl CYUTAIOTCS HE CAMOCTOSITENBHBIMM, @ NPOAO/HKEHUEM YXKE U3MEPEHHOTO.

«4acToTHbIiA AManasoH» - BbI6VIpaeTC$| B 3aBMCMMOCTM OT TuMa WMCMONb3yemblX AaTynmkoB. OH
3a[a€eTcAa Ansa BCEX KaHaoB 0OAHOBPEMEHHO.

«J[1oNONHUTENIbHOE YCUJIEHME KaHana» - MOXET UCNOMb30BaTbCs ANS YCUNEHWUS UMMY/IbCOB Manown
aMnAnTyabl (YBEUYEHUS! YyBCTBUTENBHOCTM NpU6opa) Npy OTCYTCTBMM UMMYNbCOB 60/bLIOK aMIANTYbI.

Mepekntoyatens «MOCTOAHHBIN MOHUTOPUMHI PDI» fomkeH 6biTb BKIOYEH — ANS TOFO YTOObI He
6bIMM  MponyLweHbl AaHHbIE PE3KO OT/MYalolMecs OT «cpegHux». M3mepeHue 6yaeT 3anyleHo NoMMMO
pacnucaHus, ecnim ypoeeHb PDI pe3ko BblpacteT B N pas, 1 3T0 npeBbilieHne byaeT 3ahMKCMpoBaHO B TEYEHMM
He MeHee T cekyHA. 3HadyeHne N BBOAUTCA B nosne «3anyCTUTb U3MepeHue npu ysBenunyeHum PDI B ...
pa3a», 3HayeHne T — B nosie «4/INTeNbHOCTbIO...CEK>.

G
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MapameTpbl HENPEPBIEHOND MOHWTOPWHTE X
[ononHUTENbHOE M3MEPEHKE NMPH YBENMYeHKk PDI e

38MYCTUTL USMEPEHKE NP 0 0iE
yeenu-eHun PDI B =] pas(@)

B TEHEHWE HE MEHee 10 | cex

Bpema Hakonnenua PRPD 30 | cex

W yoTanosnTs X omena

PucyHok 31 MNapameTpbl HENPEepbIBHOrO MOHUTOPUHIa

OkHo «lMoMOLWHMKA HAacTPOMKM U3MepeHuss YP» NoOMoraeT HacTpOUTb MapaMeTpbl U3MEPEHUS U
anroputMbl unbTpauun. B OKHE MOMOLUHMKA HACTPOWMKM HeobxoauMOo BbIGpaTb CMoco6 WCMoNb30BaHUS

npnbopa (CxeMy YCTaHOBKM [aTYMKOB) M 3a/laTb AOMONHUTESbHbIE NMApaMeTPbl (ANNHbI KABENbHBIX IMHUIA ).

Mapamerpel usmepenna YP *
LWar 1. BuifepwuTe ctemy KOHTPOAA 06bekKTa
BLICOKOBONETHEIE KAbenbHEIE AMHKMN:
@ 3 ogHodazHex Kabena [BY gaT4amkm]

O 3 TpexdrazHex kabena [BY gatumen]
KPY3:
O OaHodasnoe KPY3 [CBY gatyukm]

OTpequasHoe KP¥3 [CBY gaTynim]
3NeKTPUYECKHE MaLWNHEI
O 1-3 BHYTPEHHKWY aHTeHH [AaT4ukn CBY gnanazona)

O 1-3 pat4wka BY gnanasoHa

o danee X Otmena

PucyHok 32 MNMoMOLHUK HAaCTPONKN U3MEPEHMUS

Mocne paboTbl «MOMOLHMKA HACTPOUKMN M3MepeHus YP>» 13MEHAIOTCS CnefyolmMe napaMeTphbl:

e  Bk/oUyeHHble n3MepuTeNbHbIE KaHasbl;

e  (®a3bl 06BHEKTOB, MNOAKOYEHHBIX K AaTUMKaM;
e [IMHbI KOHTPONMUPYEMbIX KabenbHbIX JIMHWN;
e KoahpuumeHTbl YKOpoUeHus;

e ANropuTMbl hunbTpaumu;

e Bpems pernctpaumm MMNynuea;

e [laysa nocne umnynsca YP;

e YacToTHbIM AMana3oH uameperus YP.
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Bce ocTanbHble NapaMeTpbl OCTaloTca 6€3 U3MEHEHUIA.

Kendurypauna npubopa (PD-Analyzer 3) et
Pernctpaumna 4P MOHWTOPWHT  Mapametpel Wi-Fi
MAaHMpoBLMK 3anncaTh B
Pexmm Mo pacnucadum npuop
Yacw MuHyTE A~
3 x 3aKkpuITh

3arpysuTh

CoXpaHnTE

W o~ o o e o fa o
=
wn

=]

ra
P
=
=TT - - - T - - - T - I ]

[=TRN =T = T = R = T =]

w

CoxpaHeHne gaHHex 4P

Pexum CHUHOAHBIMK CUTHAAaMKA e
COXpaHeHWA

155

A

MoMoWHKE

O BkarouuTb MamepeHne YP no pacnucaHuio HacTpOFiKA

HEMepeHua 4P

PucyHok 33 Bknagka "MOHUTOPUHT"
Mpubop PD-Analyzer MOXeT UCNONb30BaTbCA A1 KPaTKOBPEMEHHOMO MOHUTOPUHIa.

B rpynne «MnaHMpOBLUYMK» 3adaeTcs pacnvcaHWe aBTOMATMYECKOro 3arnycka M3MepeHuid. Bcero
MOXeT 6bITb 3agaHo 50 nyHKTOB pacnucaHusl. 3HadeHune «0 4vacoB, 0 MWMHYT» COOTBETCTBYET OTCYTCTBUIO
M3MEpPEHUsI MO 3TOMY MYHKTY pacnucaHus. Takke npubop MOXET OCYLUECTBNSATb M3MEPEHMsI Yyepe3 3aAaHHbIN
WHTEpBas BpEeMeHW, [Ans 3TOro nepeknoyaTtesb «PeXuM» Hago rnepekniounMTb U3 3HadeHus «llo
pacnucaHmio» B 3HadeHne «Yepes nHtepsan». Nepesosa npubopa B peXXMM MOHUTOPUHIA OCYLLECTBASETCS
nepexsnoyatenem «Bkarountb usmepeHue YP no pacnucaHuio».

Mpv BbINOMHEHMWN M3MepeHust (NI060ro TMna: B peXMMe MOHMTOPUHIA, OANUHOYHOIO Un cepun) npubop
MOXET COXPaHATb MHMOPMaLMo 06 M3MEPEHHbIX AaHHbIX B TPEX PEXMMaX, Kaxabld Cneaylowmi BKIOYaET
OaHHblE NpeabliayLwunx:

e KpaTkoe — TO/bKO YPOBHWM aMMAUTYA U UHTEHCMBHOCTM 63 AaHHbIX O pacnpefeneHnn UMnynbcos (ans
NMOCTPOEHNS BPEMEHHbIX TPEHAOB);

e C napameTpamy MMMynbCOB — B 3TOM pexuMe aobasnsetcs MHbOpMauus 0 napameTpax Kaxaoro
UMMysbca, UCMOSb3YIOLWANACS ANs NMOCTPOEHUS pacnpeaeneHuii u aHanusa PD-Expert;

e C ucxogHbIMM curHanamMm — B 3TOM pexxume fobasnsercs nHdopmaums o GopMe Kaxaoro Mmnysbca.
[JaHHbIN pexkuM HeobX0AMMO MCMONb30BaTb NMPU BbINOHEHUN NOKaUMKU B KabenbHbIX JIMHUSIX.

Mpunbop MOXET OCYLLECTBAATL Nepeaady AaHHbIX No 6ecnpoBoaHoMy MHTepdeicy WIFi, Ho napameTpbl
nepeaayn AaHHbIX A0MKHbI ObITh NpeABapUTebHO YCTaHOBMEHbI MO MHTepdeicy USB.

GO
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Kondurypauua npubopa (PD-Analyzer 3) X
Peructpauma YP  Monutopudr Tapametper Wi-Fi

FPexum pasoTe Wi-Fi: 3anucaTtk B
npyvéop
@ OTKAKYEH [40CTYNHO NOJgKNOYeHKe Toaeko no USE)
OTqua AocTyna (NprBop co3gaeT ceTw)

O KAWEHT CTH [NpWEOp NOKNKOYAETCA K CYLLECTEYHWEN CETH] x 3aKpeITE

Mma ceti (551D
3arpyanTe
Mapone

[JNokasate napone

CoxpaHuTE
IP

Met mask

Gateway

MpoTokon oBmeHa

MoMoWHWE
HacTp ok
HiMepeHKa 4P

PucyHok 34 MapameTpbl WiFi

Mo kaHany WiFi npubop MOXeT nepeaaBaTb AaHHbIE B ABYX peXMUMax:

e Touka poctyna;
e KnueHT ceTu.

B pexvme Touku focTyna npubop caMm co3gaeT 6ecnpoBOAHYIO CeTb, K KOTOPOW AOMKEH NOAKIOUNTLCS
koMmnbtoTep (HOyToyK). Mpu 3TOM IP-agpec KOMMNbioTEPa AOMKEH UKW BXOAUTb B MOACETb Npubopa, 3adaHHyto
Ha 3TOW CTpaHuLe HacTpoeK, Unu AOoMKeH 6bITb HACTPOEH Ha aBTOMaTMYECKoe MoJlyyYeHue.

B pexxume «KnueHT ceTu» npubop NoakItoHaeTCs K CyLecTBytoLlen 6eCcnpoBOAHOM CETU.

O6palueHune Kk npnbopy MoXeT HbiTb BbIMOMHEHO C /0600 KOMMbIOTEPA BXOASLLErO B JIOKANbHYIO CETb,
ncrnonb3ys IP-agpec npmbopa.

AnvHa napons gomkHa 6biTb oT 8 A0 15 cumBonoB. [AnnHa Ha3BaHUs HecnpoBoAHON ceTu — He Bonee
19 cumBoOnOB.
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3.7. MNMpoBeaeHne naMepeHun
Mpubop MOXET AenaTb ABa TuMa WM3MEPEHMI: CTaHAAPTHOE U BbiCTpoe (AN U3MEPEHUS B PEXUME
peanbHoro BpeMeHu). KonMuyecTBO AaHHbIX B «6bICTPOM» DPEXMME MEHbLUE YEM B «CTaHAAPTHOM» MO3TOMY
pesynbTathl paboTbl anropuTMOB (DUNLTPALMM M CUCTEMbI OMPEAENEHUs TUMa AedeKTa MOryT HE3HAUUTENbHO
pasnMYaTLCA. «BbICTPbIN» PEXNUM U3MEPEHWUS — OLIEHOYHBIN.

MepekntoueHne Mexay peXxxMMami Npou3BOAMTCS aBTOMATUYECKMU.

3.7.1. N3aMepeHue B pe)xmMe peasibHOro BpeMeHu
Mpn BbibOpe KOMaHAbl «M3MepeHvne B pexuMe peasibHOr0 BpPEMEHW» OTKPbIBAETCS OKHO MpOCMOTpa
[l@HHbIX, U3MEpeHMe 3anyCcKaeTcs aBTOMaTMYeckn. ECiM B MOMEHT OTKPbITUS OKHA M3MEpeHWe He MOXET ObiTb
3anyweHo (HanpuMep, BbiK/OYEH AaTunk PFR-1) namepenne fomkHO 6bITh 3anyLeHo Nosib30BaTeneM.

Vismepenme 5 peanshom spemenn - o x
Bee kaHankt ol Kanan 1 F
®  Kamanl = 25 185
4 i
s i
- . -25 dém 0 g
lo a5 oe ajs am zsare/Bis s -35 dBm
BHeprus=2566,50 mcBr*c_Aun.=-2821 dBm)
-45 dém
@ _ Kanan2
55 dBm
5
s
3
-65 dBm g
:
z
3
, 75 dim E
R AN oY R
SneprinA=0.00 mkBT'c Q 3ueprun=3322,10 mxBree |
Aunantyga=-28,21 dBm
Kon. umn.=2270
[€] Kanan 3 BnaxH. Bo3ayxa=19%
= OORRO®Y Teunep. nozayxa=28°C
e7 \ 3Heprua, MKBT*c
-89 ‘\ E|
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-7
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s o0 11s a5 210 /s 3 E
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PucyHok 35 U3MepeHue B pe)xmMe peasibHOro BpeMeHu

B 3TOM pexwuMe oTobpaxkaloTcs AaHHblE C U3MEPUTENBHOrO KaHana (AaTuuka) U3MepeHHble B TeyeHue
OfHOW ceKyHAbl. B npaBol 4acTu OkHa Npov3BOAMTCS onpefeneHve Tvna Aedekta npy nomowm cucrtemsl PD-
Expert. B HMXHeN 4acTM OkHa OTOBpaXkaeTcsl M3MEHEHMEe MOLLHOCTM CUMrHanoB YP 3a HEKOTOpLIN MHTepBan
BpeMeHW. B neBon yacTu okHa oTobpakeHbl faHHblIe CO BCEX BKJTIOYEHHbIX B PErUCTpaumio KaHanos npubopa.

Mexay 3d pacnpeaeneHnem YP 1 TpeHAOM MOLLHOCTM HaxoasTCsl KHOMKWU YNpaB/iEHNst OTOBPaXXeHUEM U
perucTpauue:
¢ « ®>> - OTKPbIBAET MEHIO AOMOSIHUTENbHLIX NapaMeTpoB (CM. pUcyHok 36).
o «

» - 3alyCKaeT N3MepeHUe nocne o0CTaHOBKU UJTU NMPUOCTAaHOBKMW.

° <« ®»- npuocTaHoBka M3MepeHusi. MNpu NpUOCTaHOBKE 3aMMPAET TOMbKO OBHOBNEHWE TPEXMEPHOMO
pacrnpegenenusi. Mi3MepeHue, HaKoMeHMe M 3anucb He npepbiBatoTcs. Mocne OTMeHbl MPUOCTaHOBKM
(KHOMKOM 3anycka) 0TOBpaXXeHWe HAUMHAETCS C AAHHbIX, aKTyaslbHbIX B TEKYLUMIA MOMEHT.

o K ®>> - OCTaHOBKa m3MepeHus. pu NoOBTOPHOM 3amnycke MU3MepeHus Uctopus (Ha nnockoct PRPD u

TpeHae MowHocTH) byaeT ouniieHa.
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o « ©>> - KHOrMKa Bbl60pa M3MEPUTESIbHOIO KaHana,

* ©>> - 3anycK 3anucu AaHHbIX. Mpu 3anyu.teHHoﬁ 3anncu npeBpallaeTca B KHOMKY OCTaHOBKW 3annucu
M OAHOBPEMEHHO CITYXXUT UHAMKATOPOM 3alNnCn — Ha4MHAET MEPLATb.

Hakonnenwe A-© naockocmw, cek Amnnutyaa HF (3D)
5 32 120w ApanTWEHaA Wkana

XpaHuTb WCTOPUID (rpadees), M- HKA

g 1.0 25
Henpospaunocms Amnauwtyga UHF (3D)
a 0.50 1 | AfanTUEHER Wkana

MokaswEaTs MMM, NoCHe SUALTRaLMM dBm
[#] Wlkana & HKn

PucyHok 36 MeHI0 A0NOMIHUTEJIbHbIX NapaMeTpoB

MNepeBoa wkanbl n3 BonbT B oau KynoHa KoppekTHO paboTaeT Tonbko B Avana3oHe vactoT HF nocne
BbIMOJIHEHUS NMPOLEeAypPbl KaMbpoBKu.

MpaBee KHOMOK yNpaB/ieHNsl pacrosioXXeHa CBOAHAs TeKyllas MHdhopMaums:

e 4acCToTa UCTOYHWUKA CMHXPOHM3aLUNN,
e 3HEprusa nnn MOWHOCTb NMMNYNbCOB;
e aMnanTyaa MMNyJsibCoB.,
e  KO/MYeCTBO UMMYJIbCOB,

YnpaBneHuve BpalleHveM, MaclwTaboM u nepemeLleHreM rpaduka NpPOU3BOAWUTCS aHaNIOMMYHO PEXUMY
3d (cm. n. «3d pacnpeneneHue»).

3.7.2. Cepusi U3MepeHun
MN3MepeHus BbIMOMHAKOTCA MO TEKYLMM HacTpoikaM npubopa. KofMyecTBO COXPaHSIEMbIX AaHHbIX

TakKe onpeaensieTcs HacTpovikamMu npubopa.

Mepea HayanoM CepuM W3MEpeHW CO3AAETCS HOBasi Manka, B Hee MoMelaeTca calin HacTpoek
npubopa, 3aTeM 3anyckaeTcs u3MepeHue. locne OKOHYaHWS M3MEpeHUs MporpaMMa 3arpyKaeT ero Ha
KOMMbIOTEP 1 3arycKaeT creaytoLlee.

Cepus “3MepeHU NPepbIBAETCS C MOMOLLbLI0 KHOMKKU «[pepBaTh CEPUI0 U3MEPEHNIN» .
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3.8. MpocMoTp AaHHbIX
Bbibepute KoMaHay «OTKpPbITb» U3 MEHIO M3MepeHusi. B npaBoi 4acTM OKHa MporpamMbl OTKPOETCS
MPOCMOTP COXPaHEHHBIX AaHHBbIX.

B HWKHEl 4acTu OKHa O0TOBPasuTCA TPeHA U3MEHEHWs napamMeTpoB YP BO BpPEMEHW, MO BCEM AAHHbIM
U3MEPEHWI, XPaHAWMMCS B Manke. M3MeHWTb Habop OTo6paXkaeMblX B TPEHAE KPUBbLIX MOXHO MPU MOMOLLM

KHOMKN  « DG». Mpu Bbl60pe NEBON KHOMKOM MbIM TOYKM Ha TpEHAE B BerHeﬁ 4acTn OTKpbIBAOTCA
I'IOLl,pO6HbIe 3TOro AaHHblIE U3MEPEHUA (aHaJ'IOFVILIHO [AENCTBUIO KOMaHbl «OTKPbITb» HA 3TOM U3MEPEHNN B OKHE

CTPYKTYpbI B1).
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PucyHok 37 NMpocMoTp TpeHaa M aMmMTyaHo - ¢pasoBoro pacnpeaenexHus YP

MpOCMOTP AaHHbIX OAHOTO M3MEPEHUS AOCTYMNEH B LUECTU pPeXuMax:

e AMNAMTyaHO-ba30BOE pacnpeaeneHuve;
o [lonHoe PRPD pacnpeneneHuve 3a UHTepBan BpEMEHMU;

e 3d;
e PDCloud;
e PD-Expert;

e Jlokauusa pa3pamoB B KabenbHOW IMHUM.

3.8.1. AMnautyaHo-(a3oBoe pacnpeaesnieHue
Ha 3ToM pacnpezeneHun no BepTUKanbHOM OCKM OTNIOXEHA aMnMTyAa MMMYNbCOB, MO FOPU3OHTANbHOM
— ¢haza nNpOMbIWNEHHON YacToTbl. Kaxkablii OTAENbHbLIN UMMNYNbC WM306paxaeTcs B 3TOW KOOPAMHATHOM
nnockocTu. Bce pacnpepenenvie pasbusaetcs Ha Tabnuvuy, C onpeaeneHHbIM LWaroM no aMnanTyae u gase. Mpu
nonagaHun OONbLIOr0 KOMMYEeCTBa MWMMYNbCOB B OAHY SYelKy Tabnuubl BCE WMMNYNbCbl 3TOA  SYENKM
OKpaluMBaloTcst 60nee MHTEHCMBHBLIM LIBETOM. LIBET — 3TO XapaKTepucTuka YacToTbl BOSHUKHOBEHUS UMMYNIbCOB
CO CXOAHbIMM aMMAWUTYAHbIMK M (ha30BbIMM NMapaMeTpaMu. LiBeToBasi LWKana npuBeaeHa HUXe pacrpeaeneHnit.

Bbibop (NpubnvxeHWe) OOHOrO KaHana OCYLIECTBASETCS MpPU MOMOLUM ABOMHOMO HaXaTusi NeBOW
KHOMKM MbllM Ha obnacTh 3arofioBka kaHana. Bo3BpaT ko BCeM rpacdmkaM TakXe OCyLeCTBNSIETCS ABOMHbIM
LLENYKOM JIEBOM KHOMKM MbILLK MO 06/1aCTV 3arosioBka.
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3.8.2. NonHoe PRPD pacnpeaeneHune 3a MHTepBan BpeMeHn>

Bknaaka «MonHasi PRPD 3a Y4:MM:CC» oTobparkaeTcs B OKHE NPOCMOTPA eC/v B HACTpoKikax npubopa
BKJ/IIOUYEH MOCTOSIHHBIN MOHUTOPUHI YP. Mpn 3TOM B OKHE OTOBpaXkaloTCs BCE MUMMY/bChbl 3apErncTpUpoBaHHbIE
npubopoM 3a MHTEpBan MeXAy M3MEepeHMsIMM MO pacnucaHuio. MHTepBan HakonjeHusi oTobpaxaeTcs B

3arosioBKe 518 NPOCMOTPa UCXOAHbLIX AaHHbIX. [TPOCMOTP AaHHLIX aHanornyeH okHy PRPD.

3amep ot 31.05.2017 8:00:00 (LUN-A, Cable B (CDR-2))
ain @ @ 3arpysurs aarhsie UP flokauus 4P

PRPD  Momnan PRPD 3a 02:55:30  Pacnpegenene3D  PD-Cloud  PD-Expert

NoKawAn paIpRACE & KABENSHOR NMHNH

| 1
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| I I
a5 20° 125 180° 225°

I
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I
225°

0468 Kon. mmn.=7996491 50 [u: 29

/100 Tu: 71 %

0178 Kon. nmn.=1859344 50
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's shield

L L L L L
a5 0" 135 180° 2257

L
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L L L L
25 0" 135 180°

L
2257

L
"

L
315 361

Mowrocrn=0.74mBr _ Amnaurysa=0.0188  Kon. nmn.=2373751 50

T 0%/ 1000 0%

Mouyocro=0.000401mBr _ Amnamrysa=-0.178  Kon. umn.=1336 50 Fuy:53 %/ 100 [ 47 %

LUnetosan wkana, HF: 0 M W7 n/cex

3.8.3. 3d pacnpepenenue

PucyHok 38 Nonnasi PRPD

Cunxponnsauns: 50.30 My

-0.23B

0358

= I

Yacrmoma enedosanus,

umMn

7

Ha »3ToM pacnpegeneHuM Takxe no BepTMKaﬂbHOVI OCKM OTNIOXKEHa aMnnTyaa WMNynbcoB, Mo

PucyHok 39 3d pacnpegeneHnue

Napaverp @ p5e

FOpMBOHTaHbHOVI - d)a3a I'IpOMbILIJJ'IeHHOﬁ YyacToTbl. Kaxabii nmMnynbC 0To6pa>KaeTc5| OTAENbHO, Ha TOM

nepuoge, Ha KOTOPOM OH 6bln M3MepeH BO BpeMsi pernctpaumm YP. Bce BMecTe oHM 06pasyloT Takoe xe

aMnnuTyaHo-das3oBoe pacnpeaeneHune (M306paXkeHo Ha 3afHel NI0CKOCTH).

MpubnvxeHne 1 oTaaneHue rpacdmka OCyLECTBASIETCS NpYU NOMOLLWM BPALLEHMS KOMECMKA MbILLIW, CABUM
— MpY NMOMOLUM NEPEMELLEHNS MbILIN C OAHOBPEMEHHBIM YAEPXKAHWMEM KONIECMKA MbILLN B HAXATOM COCTOSIHUM,

3 3Tn paHHbIE AOCTYMHBI NPU BKIIOYEHNM ONLUMIA «[TOCTOSHHBIN MOHUTOPUHI YP» 1 «BKiounTb n3MepeHne YP
MO pacrnMcaHuio» B HACTpoikax npubopa
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BpALLEHME - MPX MOMOLUM MEPEMELLEHUSI MbIlLKM C OAHOBPEMEHHbIM yAepXXaHWEM MPaBOW KHOMKW MbllW B
Ha)KaTOM COCTOSIHUW.

3.8.4. PD-Cloud
Bknagka «PD-Cloud» npuMeHsieTcs ansi NpoCMOTpPa WCXOAHbIX AaHHbiX B 3D pacnpepeneHuu,
CrpynnUpPOBaHHbIX MO MapaMeTpaM UMIYbCOB M C y4eToM (dasbl ceTn (cM. pucyHok 40). Mo ocn abcumcc npu
3TOM OTK/1aAbIBaeTCa (pa3a NPOMbILLIIEHHOW CETU, HA OCM OpAMHAT — obLas ANUTENbHOCTL MNynbea (T,), a no
OCW armKkaT — ANUTENbHOCTb NEPBOW NMONYBOSIHbI MMynbea (T;).

[ns BpalleHusi TpeXMEpPHOM 0611acTu HEOBXOAMMO HaXKaTb MPaBYH KHOMKY MbILK Ha 06nacTb rpaduka,
W yaepXvBasi ee, NpoM3BeCcTM BpalleHue. MacwTtabupoBaHve rpacdvkoB NPOMCXOAUT MpPU MOMOLUM BpaLLeHNs
KOMecrKa MbiLLu.

B BepxHeM 5E€BOM YIJly MOXHO BblbpaTb kKaHan npubopa (AaTymk), AaHHble KkoToporo 6yayT
aHaNM3NpPOBaTbLCS.

3amep ot 10,12.2015 18:00:06 (CDM-30) - 8 X

Qaiin @ @ 3arpysums garmsie YP fokauus UP

PRPD PD-Cloud PD-Expert «
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PucyHok 40 OkHo TTI-pacnpeneneHus

Mpy noMowM Tpexslyd4eBOro 3MeMeHTa YMpaBleHWs WM nepemelleHns obnactu BblAeNeHus Ha
TPEXMEPHOM pacnpeaeneHnn BbibepuTe MHTepecylowyo obnactb. B npaBoi YacTu okHa 6yayT BblAeneHbl
LBETOM WMMMYSbChbl, BXOAALME B BblbpaHHyt0 obnactb. MMNynbchbl He Bxoaswume B BblibpaHHyto obnactb 6yayT
3aKpalleHbl CepbiM LIBETOM.

HenocpeacTBeHHO NoA TpeXMepHbIM pacnpefeneHneM BbIBOAUTCS OMepaTUBHOE 3aK/IlOYeHME CUCTEMBI
PDExpert, Anst MnNynbCoB, BXOASLMX B BblAeNEHHYO 06nacTb.

3.8.5. PD-Expert
B pnaHHOM OKHe 0T06pa)Ka}OTC$I pe3ynbTaTtbl ABTOMaTU4YECKOMN ANarHOCTukKn no Bbl6paHHOMy
NU3MEPEHMUIO.
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PRPD Monvas PRED =a 00:00:59 Pacnpegenenwe 3D PD-Cloud PD-Expert Jokauma pazpagos B KADENEHOM AMHMK

ABTOMaTH4ECKMH aHanus
[] Monnasa PRPD sa 00:00:59

m Kauan 1
YP B M301AUMM B6IM3KH BLICOKOBO/ILTHOrO 3NeKTpoAa
{ ==t = Uetoynmk: Kanan 1
v L p \
L AN ®daza: A
i } & . OnacHocCTk: AaHHbIA gedeKT onaceH
|/ ‘iﬁi Ll MouHocTs: 3,21MBT (99% oT 061iei MOLHOCTH)
ok + Amnnutyaa: 0,045 B
t o“' Y
ol N % * N LY JocToBepHocTh: 99%
af' A \ Onucanue: fledeKT Takoro TMna BO3HMKAET B TOM
) :3 \\\ //' cny4ae, Korja Ha BblCOKOBOJIETHOM
L B 3INEKTPOAE UMEIDT MECTO reoMeTpuyeckie
1 :| ) O e Y eeKThl (NoKanbHble BbICTYNbI, OCTpble
A Y P
45 90° 135° 180° 225° 270" 315° 360 Kpasa, "yrabl").
MowHocTe=3,24MBT  AMnauTyaa=0,0458 Kon. mmn.=273 /
100 I'y: 74 %

PucyHok 41 PD-Expert

B okHe npvBeaeH aHanus obnacTeil, BbIbpaHHbIX cucTeMoin PD-Expert Bo Bcex M3MepuTenbHbIX KaHanax
Mo aBTOMaTMYEeCKUM anroputMam. CrpaBa OT KaXaol 06nacTu MpuBeAeHO 3akitodeHue o Tune pedekTa,
BO3MOXHbIX MECTax ero BO3HWKHOBEHUS, CTEMEHN ero OnacHoCTU.

3.8.6. Jlokaums paspspoB B KabesbHOWN IMHUM MeTOAOM ped/IeKTOMEeTpPUM
Jlokaumsa npoussoamTca metogom TDR(Time Domain Reflectometry) nytem aHanv3a BpemeHu
OTpaXKeHWs1 CUrHana OT COeAMHUTENbHBLIX U KOHLEBbLIX MydT.

Jamep o7 31.05,2017 5:01:00 (LUN-A, Cable B (CDR-2)) - 8 X
®ain @ @ 3arpysams aarnsie YP Nloxkauus UP

PRPD  TMonWas PRPD 32 025803  Pacnpeaenenwe3D  PD-Cloud  PD-Expert  /loKauwa paspaace & KaGenkHoii MU «
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PucyHok 42 Jlokauums

B neBoW yacTV OkHa 3afaeTcst «MacnopT» KabeslbHoON MHUKM — ee ANnHA, KOIDMULMEHT YKOPOUEHMUsI.
MydTbl U pacCTOSIHUSA MEXY HUMW 33[1a€TCA ABOVHBIM Ha)KaTUEM NEBOW KHOMKWU MbIlLK Ha cxeMe KJT B BepxHeit
4yacTu OKHa.

B npaBoit yacTu okHa cnucok pedniekTorpaMM, CrpynnupoBaHHbIX No noaobuio opmbl MMNynbca. Bee
CXOXWE CUrHanbl ycpeaHsoTca. Jlokaumsa npou3BoAWUTCA Ana BbIGpaHHOrO M3 crmncka Tuna UMMynbcoB. [ins
Hanbonee TOYHOWN NoKaLMK PEKOMEHAYEM BbIOMPATh MMMY/bChbl C MAKCMManbHOW aMnInTy oM.
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[anee un306paxkeHO amnauMTygHO-(ha30BOE pacnpeneneHne, Ha KOTOpOM BblbpaHHast Bamu rpynna
pecdneKkTorpaMm MMeeT LBETHOE OTObpaXkeHne, BCe OCTasbHble UMMYNbChl - Cepble.

Pe3ynbTaT aBTOMATUYECKOr0 pacyeTa Mo YycpeaHEHHOM OpME MMMYSbCOB  BbIBOAUTCS noa
rpacdmyeckum nsobpaxeHmeM KJ1 n BblgeneH KpacHbiM UBETOM. Mecto pacnonoxeHus gedekta 0603Ha4eHo

«MOJHMEN» (« %») Ha cxeMe kKabenbHOM NMHMK. MepeMellast 3neMeHT, 0603HauYaloLWmMi MECTO PacriofoXeHUs
AedekTa, MOXXHO BUAETL NpeArnosiaraeMoe MecTo Havana «OTPaXKeHMs» Ha pednekTorpamMme.

3.8.7. Jlokaumsa paspsgos B KPYD

Mpy NpoBEAEHMM JIOKALUMWM CaMOCTOSITENIbHO HeobxoaMMmo BbibpaTb AaTuMKM B MH(OPMaLMOHHOM
Tabnuue napametpos YP. 3anyck fioKauMmn OCyLLECTBASETCS BbI30BOM (yHKUMM Jlokaumst YP (cM. pucyHok 43).

Noxauma YP <300 m/22 mrona 2016 r. 11:58:44> x
® Opwn npuSop ) [lea npubopa
Bribop ucrounmka curiana

MeTounmk curiana 1 McTouHMK cHrHana 2

i@ KaHan 1 () KawWan 1

) Hawan 2 (®) Kanan 2

) Hanan 3 () Kawan 3

) Hanan 4 () Kanan 4

) Hanan 5 () Kanan 5

) Hawan 6 () Kanan 6

MpameruTs Otmena

PucyHok 43 OkHO Bbi6Opa KaHaNoB 1Sl JIOKaLumn

OKHO pe3ynbTaToB /IoKauMmM BKIOYAET B cebs:

1.

AMNAnTyaHO-ba3oBoOe pacnpefeneHve UMMyNbCoB C 2-X BblbpaHHbIX MNpuMOOpPOB M KaHanos
M3MepeHust B BEPXHEM YacTu OKHa. B 3TMX OKHax eCcTb BO3MOXHOCTb BblbOpa OTAENbHON rpynmbl
WUMMNYNbCOB ANs flokauuu. BblbpaHHas rpynna WMMNyAbCOB MOACBEYMBAETCA CUHWM  LIBETOM.
M3MeHWUTb pa3mep rpynnbl MOXHO 3a)KaB JIEBYIO K/aBWLLY MAaHUMYNATOpa Ha Yriy BbiGpaHHOW 30HbI
N nepemelyas ero. [lpy 3TOM BO BTOPOM OKHE aMMAnTyAHO-(a3oBoOro pacnpeaeneHus UMnysbChbl,
COOTBETCTBYIOLUME NO BpeMeHu BblbpaHHbIM, OTObpaxatoTcs uBeToM, OcTanbHble UMNYfbCbl He
YUYacTBYIOT B MNpoueaype nokaumMm u otobpaxaloTcs cepbiM UBeTOM. CyllecTBYeT BO3MOXHOCTb
nepeknoyaTe rpynny BblbOpa CWUrHanoB Mexay 2-Msi kaHanaMu KHOMKon [<>], Haxogsemncs
Mexay rpadukamu.

OkHO pacnpegeneHvs UMMyNbCOB NO AnMHe obbemMa KPYD € yKkasaHMeM pacyeTHOro
MECTOMOMOXEHUS UCTOYHMKA PA3pSAHON aKTUBHOCTU B HUXKHEW YacTu OKHa.
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Hacrpoiiku

PucyHok 44 OKHO sioKaLMu pa3psAHOA aKTUBHOCTU

[ns aHanu3a M NoKauMu MOXHO BbIGpaTb rpynmny WMMNYIbCOB HEMOCPEACTBEHHO Ha aMMIMTYAHO-
($a3oBOM pacnpeneneHny, nepeasurasl rpaHvlbl Bbl6paHHOW o6nacTu. BbiGop rpynnbl UMMYbCOB MOXHO
[lenaTb KaK Ha ofjHOM (N1leBOM), TaK MU Ha ApyroM (npasoM) pacnpeneneHum YP.

MepeknioyeHne BbIGOpa NPOU3BOAUTCS B OKHE HACTPOEK NapaMeTPOB JIOKALMKM, B KOTOPOM HaxoAsiTCS

cneayrowme nyHKTbl:

Cnocof nokawHm

* (OTHOCMTENEHDE HMIMEDEHME, M

ABCONKTHOS M3MEPEHME

MaKCHMANEHDE paccToAHME

20

ABCONKTHOS PACCTOAHME, M

MapameTpel 0GBEKTA NOKALMM

KozdduymeHT yropodeHMa

Bosgyx 1,0002926 ~| Jobasute

3ajepHKa CMrHana B M3Mep. Lenax

v 3ajepiika B HAaHOCSKYHARX
3agep:ka 1, HC

0
3agep:ka 2, HC

0

BriSop rpynnel CHrHANOE

* Ha nesom rpadmke

Ha npascm rpagmke

PucyHok 45 Hactpoiiku napaMmeTpoB
nokaumm

«Cnoco6 nokauun». No3sonsieT BbIbpaTb 0ANH U3 OBYX
TUNOB  JlOKauMm  —  OTHOCUTENbHYKD UM abComMIOTHYIO.
OTHOCHTENbHAs MCNONb3YeTCs B TOM Clyvae, eCciM He M3BecTHa
annHa obbekta (obbema KPY3 Mexay AaTyuMkamu) M nokauums
NpOU3BOANTCA OTHOCWUTENbHO LeHTpa obbekTa. A6contoTHas
NOKaUMs1 UCNONb3YETCS NPU U3BECTHON AJIMHE U AAeT pesyfbTaT B
abconoTax eauHULUax, a He OTHOCUTESbHO LieHTpa.

«MakcuManbHOE PacCTOsIHME» - MpU OTHOCUTENLHOM
NoKauuu 3TOT NapaMeTp 3aJaeT MaKCUMarbHYyI0 30HY A/ aHanIu3a
BPEMEHM MpuXoda WMMyNbCoB. WMNynbCbl C pasHuUend Mo
BPEMEHW, KOTOPOMY COOTBETCTBYET paccTosiHue 6osee 3aaaHHOro
He aHanM3upyloTCs.

«AGCONIOTHOE paccTosiHue» - npu  abCcontoTHOM
NIoOKauuy 3TOT MapaMeTp 3ajaeT pacCTosiHMe Mexay AaTyukamm
AN aHanM3a BpeMEeHW npuxoda WMMNyNbCoB. WMnynbCbl C
pasHMUei MO BPEMEHW, KOTOPOMY COOTBETCTBYET pacCTOsiHWE
6onee 3a4aHHOro He aHaNM3NPYLOTCA.

«KoachcpumumeHTt ykopoueHuss» -  KOIDPUUMEHT,
MokasblBalowWmii, BO CKOJIbKO pa3 CKOPOCTb PacnpoCTpaHeHus!
BOJIHbI B 06beKTe MeHbLLE YeM CKOPOCTb CBETa B BaKyyMe.

«3apep)XKa CUrHana B U3MEpPUTENbHbIX Lensax» -
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NO3BOMAET 3a4adTb U YY4ECTb pa3HULY B AJIMHAX KabenbHbIX IMHUIA 2-X AaTYMKOB.

«Bbl6Op rpynnbl CUrHasoB» - BbIGOp OAHOrO M3 2-X aAMMNAUTYAHO-GA30BbIX pacrnpeaeneHui
MMMY/bCOB Ha KOTOPOM OYAET OCYLIECTBAATLCA BbIGOP rPynnbl UMMYNbLCOB ANS NoKauuu. Bbibop rpynnbl C
MaKCMMaJIbHOW aMMAMTYAoW MMMYNbCOB M MUHMMAJIbHBIM 3HAYEHMEM LUIYMOBbIX CUMIHAsMoOB Mo3BonsieT 6onee
TOYHO MPOBECTU aHANN3 U JIOKALMIO UCTOYHWUKA pa3psSAHON akTUBHOCTM.

3.8.8. Manenb «MapameTpbI»

[nsi HacTpoikn oTOBpaXkeHMsl UCMONb3yeTca NaHesb «MapaMeTpbl» C NPaBOM CTOPOHbI OKHa aHasv3a
YaCTUYHbIX pa3psaoB (pUCYHOK 46).

-
%7 [¥] Moxasbisats wmn. nocne dunsTpaunmn
(® MNonwsosatensckne duneTpel () DunasTpsl npuiopa

Hactpoikm duastpaumm

[] Cerka 256x256
OBuymia macwTab
[] Wkana e Kn

O6wmii daszoebiii caswr 0 @

Pazmep Touwm: )

PD Expert

ObbweauHATs ogHoTHNHLIE YP
OrodpamaTs AMArHOCTHUECKME 30HLI

|:| NMpu guarnoctrke YP coeurats dazy Ha 120°

LeeToEan wkana

Kon-go wmn. va PRPD
[] AgantneHas wkana
53.7 umn. [ cex. ]

Amnawtyga HF (3D)
[] AnantueHas wkana
19.204  wHn ]

Amnnutyaa UHF (3D)
AJanTHBHAA WKANE

-20.0 dBm

MacwTad

ﬂ [] ®urcuposanHsi macwrad
Makc. HF, HKn

20,0
Makec, UHF, dBm

-20.0

YpoBeHE Wyma

HF [] ) 5.00  ukn

PucyHok 46 NMaHenb «MapameTpbl>»

Mcrnonb3yeMble napamMeTpbl MMEIOT CeayoLMiA CMbIC:

1. «[loka3biBaTb UMM. nocne puabTpaunm» — punbTpauus Wyma, BbiaeNIeHNe TONbKO YaCTUYHbIX
pa3psiAoB, BO3MOXHO TakXXe NpUMEHeHne Nosb3oBaTenbCknx hunbTpos (pUCyHOK 47);

2. «Cetka 256x256» — pacyeT MMMYbCOB MO CETKE;

«O06Wwuit MacliTab» — ycTaHoBKa 06LLero Maclutaba no BCEM KaHanam;

4. «llkana B HKn» — Bbibop pa3mepHocTn amnanTyabl YP, HKn nnn BonbT;

w
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5. «O61wwmi da3oBbIf CABUM» — UCMONb3YETCS AN caBura (asbl BNIEBO NpY aHaNIM3eE.

Ha naHenn «PD Expert» pacnonaratotca napameTpbl Bblbopa OTOOpaXkeHusi AaHHbIX B pexume
akcnepTa: «06beanHaTb OQHOTUMNHBIE YP>» 1 «OTObpaXkaTb AMArHOCTUYECKME 30HbI».

Ha naHenu «LlBeToBas wWKana» MOXHO WCMOMb30BaTb AJ1s HAacTPOWKM LIBETOBOM raMMbl rpadukos
(PUKCMPOBaHHYIO LWIKaNy MM aganTyMBHYI0. AJanTuBHAsA LWKana 6epeT MakCMManbHOE 3Ha4yeHWe Mo KaHanaMm, a
(bukcupoBaHHasi — Mo 3agaHHOMy 3HauyeHuto. Ans amnnuTtyaHo-¢aszosoro u PD-Cloud pacnpeneneHnin B
KayecTBe 3Ha4YeHUs1 UCNOMb3yeTCs KOMNYECTBO MMMYNbCOoB, Ans 3D pacnpeaeneHns — aMmnantyga uMnynbcos. C
nomoLbto ckponnepa «Lar» MoXHO peryimpoBaTh LUMPUHY 30HbI OAHOIO LIBETA.

Ha naHenu «Macwtab» MOXHO 334aTb (DUKCMPOBAHHBLIA MacluTab oTobpaxkeHus rpacMKoB U ero
pa3MepHOCTb MO OCSM.

3.8.9. ®unbTpauma MMnysibCoB

OcobeHHocTbio npubopoB «PDAnalyzer 3» ABNsSeTca TO, YTO OHU PErUCTPUPYIOT MMMYJbCbl Ha BCEX
KaHanax OAHOBPEMEHHO, a Moc/ie 3TOro yXe MPUHMMAIOT PeLleHMe: KakoW AaTuuKk 6bl1 pacrnonoxeH 6avxe
BCEro K UCTOYHMKY MMNynbca. Mpu 3TOM ecny nornyeckue npasuna 6biiM HAaCTPOEHbI HEBEPHO, @ PacyeTHble
[aHHbIE O KaX[OM MMMy/bCe COXPaHSNNCb, TO BCEraa €CTb BO3MOXHOCTb OTMEHUTb (DUIbTPALMIO CAENAHHYIO
Np1M6opOM, U HANIOXMTb HOBbIE NTOTMYECKUe NpaBuna.

Ha naHenn «Onepaunn» nepekodatenb «lokasaTb MMNyNAbCbl Nocnie ¢GuabTpauum» OTBEYaeT 3a
KONMYECTBO 0TODpaXkaeMblX AaHHbIX. ECin BbIbpaThb «llonb3oBaTenbckne GpunbTpbl», TO CTAHOBUTCS AOCTYMHbLIM
cTpoka «HacTpoiika cunbTpaummM», HaXKaB Ha KOTOPYHD, OTKPLIBAETCS OKHO HACTPOMKM MOJSIb30BATENbCKUX
¢dunbTpoB (pucyHok 47).

JlocTynHO TpM TUMa Mosib30BaTeNbCKMX (GUNBTPOB: «AMNIUTYAHast dunbTpaums», «dunbTpaumst no
BPEMEHW Npuxoaa», «dunbTpaums No BPEMEHW NponeTa».

®unbTp No amnnnTyze paboTaeT cieayowmM 06pa3oM: eCim MMYNbC OAHOBPEMEHHO M3MEPEH Ha ABYX
unu bonee kaHanax, TO UCTOYHWMKOM MMNyNbCa SIBASETCS TOT KaHasl, Ha KOTOPOM aMMmAWTyAa MakCMMasbHa.
Heobxoanmo BbIOpaTh KaHanbl A5t CPAaBHEHUS, YCTAHOBUTb 3HAaYeHMe MaKCMMasibHOM aMnWUTyabl U UHTepBana
BPEMEHW CPaBHEHMUSI.

®unbTp No BpeMeHW npuxoga paboTaeT creayowmM 06pasoM: ecin UMMyNbC OAHOBPEMEHHO M3MEpPEH
Ha ABYX WM 6onee KkaHanax, TO WCTOYMHWKOM WMMynbca SBASETCA TOT KaHas, Ha KOTOPOM OH Obin
3aperncTpmMpoBaH nepebiM. TO eCTb, Mbl AO/MKHbI A/ KaXAOro KaHana 3afaTb KaHasbl, C KOTOpbIMM Mbl 6yaeM
CpaBHMBaTb. ECIM HM OHOrO KaHana Ans CPaBHEHWS He BbIGpaHO, 3HAuYWT, GULTP ANS 3TOro KaHana
OTKJ/TOYEH.

®unbTp No BpeMeHW nponeta paboTaeT cneayowmM obpasom: eciv UMMyNbC OAHOBPEMEHHO U3MEPEH
Ha ABYX wnu bonee kaHanax, U Bpems Npuxofa Mexay UMMynbcaMy MeHee 3aaHHOro B HacTpolkax hunbTpa,
TO MMNYJbC CYUTAETCSH <UCTUHHBIM» U He DUNbTPYeTCS.
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MonbsoBatensckue GUALTPEI - O X

DMnsTpLI

? AmnauTtygHaa dmnsTpayMa
? [] ®unuTp no epemens npuxoga umnyasca

? [] ®unbTp no BpemeHH NPOAETa MMNYALCA

Hananm ana dunstpaumu [ | Boe Hananw MapameTpel duneTpa

& 4 AmnnuTyga

Kanan 1 3HaueHWe amnamtyasl 70

Kanan 1 4 [lpouee
anan 2 WHTepsan epemenn, nc 100
Hanan 3
HaHan 4
HaHan 5
Hanan 6

Hanan 2

Hanan 1
Hanan 2

HaHan 3

MpumeruTs Ommerna

PucyHok 47 OKHO HAacTpoWku huabTpaLmMmu MMNys1bCOB
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PD-Analyzer/3P. PyKoBOACTBO 110 3KCr/lyaraumm

Kpatkas nHdopMmaumsa o pupme:

000 «ANMPYC» (r. NMepmb)

Pa3paboTka 1 noctaska NnpMbopoB 1 NporpaMMHOro obecneyeHms no
ANArHOCTMKE ANS Pa3NINMYHbIX OTpac/iel NPOMbILLIIEHHOCTH.

Poccus, 614513, MNepMckuin kpaw, MepMcKkniA panoH,
4. BaHioku, LLlocceliHbin Bbe3a, A.2

Ten./dakc: (342) 212-23-18
Aapeca B uHTepHeTe:  dimrus.ru
dimrus.com

e-mail: dimrus@dimrus.ru

e-mail: dimrus@dimrus.com
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