MHCTUTYT 3aHEepPreTUKM,
WHcpopMaLMOHHBIX TeXHOMNorun
W YNpasnaoLWwmx cucTem

PejienHad 3a1IIMTA 1 AaBTOMATHKA CUCTEM
IIEKTPOCHAOKEHM S

Jlekusa Ne

3ammra or 0AHO(A3ZHBIX 3aMBIKAHUN HA 3eMJII0 B CETHAX C
U30JIMPOBAHHON HEUTPAJIBIO

CocraBun: Kysnenos /I. b.
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IlocTanoBKa 3aj1aun B ceTsx, paboTaronux ¢ H30JIMPOBAaHHOM HEHTPAJIbIO MIIM C HEUTpaJbio, 3a3eMIEHHOM
4yepes3 yroracsilyto KaTyniky (CeTu ¢ MajablMU TOKaMU 3aMbIKaHUS Ha 3€MJIIO ), 3aMbIKaHUsI OHOM (ha3bl Ha
3eMJTIO HE BBI3BIBACT KOPOTKOTO 3aMbIKaHUS, T.K. 3.]1.C. MOBPEXKAEHHOH (Da3bl HE NTYHTUPYETCS MOSBUBITAMCS
COCJIMHEHUEM C 3eMJIEH. BO3HUMKAIOIINI B MECTE MOBPEXKACHUS TOK 3aMbIKAETCA Yepe3 EMKOCTb IPOBOJIOB
OTHOCHUTEIBLHO 36MJIM U UMEET HEOOIBIITYI0 BETUINHY, HAIIPUMED, HECKOJIBKO JACCATKOB aMIiep.
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3ambIKaHUE Ha 3eMJIIO (pa3bl «A»
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CI/IMMCTpI/I‘IHBIG COCTABJIAIOIINE TOKOB U HaHpH)KCHI/Iﬁ IIpHU 3aMbIKaHHWH HAa 3CMJIIO (I)a3I)I «A»

PeanpHOE pacnpenesieHne TOKOB HYJIEBBIX ITOciIenoBaTebHOCTEN 310 B KOHKPETHON pacupeNEIUTENBHON CETH
10xB nokazaHo Ha cTp. 3:
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N3 nnpuBenieHHoM Ha pucyHke cxemsl pactipenenenus 310 B peansHol cetr 10 kB HY»)XHO ySICHUTB
cleayrouiee:

- emMKocmHou mox Hynesou nociredogamenvrHocmu 310 6 nenospesicoennvlx TUHUAX UMeem HanpasieHue
«OM TUHUU - K WUHAMY, 8 NOBDEHCOEHHOU TUHUU «OM WUH - 8 TUHUIO .

- emkocmuou moxk 310 6 nogpescoennou nunuu pagen cymme emMKOCMHbIX MOKO8 OM HENOBPEHCOCHHBIX

i 31, =31, +31,




OTHn ABa CBOMCTBA IIUPOKO UCITOJIB3YIOT IIPU BBIIIOJIHCHHUH PsAad 3alllUT OT 3aMbIKAHUA HA 3CMJITO.

BennunHa Toka 3aMbikadus [3=3/() B IpaKTUYECKUX pacyueTax g HACTPOUKH 3alTUT MOKET OMPEICIAThCS
yepe3 yaenbHyro EMKocTh Cya (MKD/Km).

I, =3w-Uy-Cy-1-107° (A)

rae Ud - pasnoe Hanpspkenue; | - 1mmHa SIEKTPUYECKHA CBI3aHHOU CETH, KM.

Benmnunna Cy1 3aBUCUT OT KOHCTPYKITUU CETEH M COCTABIISICT OPUCHTUPOBOYHO:
5.5+ 107 Mxd/x™m — nas Bozaymusix JIDIT;
—190 107 mxd/xm — ans kabenprbix JIDII,

B IMPAKTUKEC MOKHO BOCIIOJIBb30BATHCA TAKKEC U UMIICPUUICCKUMU (bOpMyJIaMI/I JJIsL OIIPCACIICHUA TOKA
3aMbIKaHHA .

— pozaymnelie JIDI [; = ;IT:; (A)

—kabensnbie JIDIT I3 = % (A)

rae U - nnHeliHOoe HanpsibkeHue, KB / - nniHa cetei, km



CxemMa pacnpeneneHns TOKOB HYfeBOM NocrnenoBaTenbHOCTH
npu ogHodasHOM 3aMblKaHUM Ha 3eMIT0 B ceTax 6—35 kB

g | SHEHOHR SARDOTHORD TOKR TVERNE
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a
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Ql Cu H
~ e —— e
L Iex =350
Q g (] )—
Q Ios - c YaenoHble 3HaYeHWn eMKOCTHBIX TOKOB B KabenbHbix CeTax,
‘ L™ Wi
i Ceuenne | YaensHOe 3HaYeHne eMKOCTHOMO TOKa I, A/KM
xun kabens, NPU HaNPAXeHWH ceTn
Mm° 6 kB 10 kB
16 0,40 . 0,55
L '-||||ﬂ|ll|lll]'Ilnnnuu... gg g'gg . g'gg
Q% - M e Lo 50 0,68 f 0,80
i ) 70 0,80 | 0.92
— o = a5 0.90 | 1,04
120 1.00 _ 1,16
150 1,18 ‘ 1,30
Omopa TOKOB HyJIEBO/ NOCAEIOBATENLHOCTH B JIMHMAX CeTH 199 1,25 | 1,47
- " 240 145 170
€ M30JMPOBAHHOA HEATPaNLIO : :




IIpuMepsbl 3a1IUT OT 3aMbIKAHUSA (ha3bl HA 3eMJIIO

3amuTa oT 3aMbIKaHus HA 0a3e (PUIbTPAa TOKA HYJIEBOI MOCJIe0BATEIbHOCTH.

J71s1 TOKOBBIX 3aIIUT OTXOSIIINX (PUIECPOB UCTIOJIB3YIOTCS CIeI[MaIbHbIe TpaHCHOPMATOPhI TOKA HYJIEBOM
nocienoBarenpHocT (TTHII):
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[lepBuuHbIi TOK cpabaThIBaHUA 3aIUTHI, BeIMOJHEHHON Ha pese PT-40/0,2 unu PT3-50, BeiOupaeTcs U3 ycaoBus
HecpabaThIBaHUS 3aITUTHI OT OPOCKa COOCTBEHHOTO EMKOCTHOTO TOKA JJMHUU MPU BHEIIIHEM 3aMbIKAaHUU Ha
3€MUIIIO 110 BBIPAKEHUIO:

rae Kotc - koagdunment orcrporiku (1,1+1,2); K6 - koagdpuuneHT, yauTbIBaromuii Opocox cOOCTBEHHOTO
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E€MKOCTHOT'O TOKa IIPH BHEITHUX TIEPEMEKAIOIMMXCS 3aMbIKaHUAX Ha 3eMJTt0; 1C - COOCTBEHHBIN €MKOCTHOM TOK.
Onpenenenne 1C npousBoguTes:

Tt KaoeapHoM JIDII:

rae Ico — BenuunHa Ic Ha 1 KM IJIMHBI OJHOT'O Ka0ens; [ - JJIMHA TUHUH; N - YUCJIO KaOCIbHBIX JIMHUH;

st Bo3aymHou JIDIT:

Icr — [{1[.}.&-*1 x4

]

rae [ - mmHa nuanu, Icosn BenmmumnHa 1C Ha 1 kM utnHel B

[Ipu OpUEHTUPOBOYHBIX pacueTax BEIUYUHY yaeabHON eMKocTh Cya MOKHO TpUHUMATH 5,5- 10-3 MD /xkMm u1st
BO3YIIHBIX TUHUN U 190-10-3 MD/kM 111 TpeXKUIBHBIX KaOeabHbIX JIDTII.

3amuTa OT 3aMbIKAHUS HA UCIO0JIb30BAHUYU BBICIIUX TAPMOHHUK
B KOMIIEHCUPOBAHHBIX CETAX CIAEAYET MPUMEHATh YCTPOUCTBO Y C3-3M, pearnpyronye Ha CyMMY BBICIINX

FapMOHUYECKUX TOKOB 3aMbIKaHUs HA 3eMuiIto0. [Ipu aTtom YC3-3M ycranaBimMBaeTcs OJJHO HA CEKLHIO WIIA Ha

11



BCIO TIOJICTAHITUIO U MOJKIIIOYAeTCs K TpaHc(PopMaTopaM TOKa HYJIEBOM MOCIIEI0BATEIIbHOCTH JIMHUM
MOOYEPETHO, C MOMOIIBI0O KHOMTOYHOTO paclpeieuTeNs1. 3aMbIKaHUE Ha 3EMJTI0 OTIPECIISETCS M0 HanOOoJIbIIeMy

nokazanuio npubdopa PA.

Ycrporicteo YC3-3M
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3A0 «PANYC Aemomamuka»

Mpnbop ansa noncka HeENOCPeaCTBEHHOIo
MecTa oaHOda3HOro 3aMblKaHNSA Ha 3eMITH0
B ceTax 6—35 kB «KBaHT»

« OueHKa ToKa Harpysku Ha
BO34YLUHbIX NMTMHUSX 3TEKTPO-
nepegauun (BJ1) 0,4-35 kB

*  KoHTpornb Hannums HanpsKeHUs
Ha BJ1 6-35 kB

« OnpegeneHve mecTa
ogHodasHOro 3aMblKaHUS Ha
3eMInK B ceTax 6—-35 kB

 OnpepeneHne mecta obpbiBa
npoBoda B ceTax 6—35 kB

» OnpegeneHne onopeil,

HaxoasLlenca noa HanpsXXeHnem
6-35 kB

» CBeTOBYIO NPOBEpPKY
MCNpaBHOCTU 06ECTOUYEHHbIX
npeaoxpanuTenei unm
LIeNOCTHOCTU 3NEKTPUYECKON
uenu
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,P 3A0 «PAONYC Aemomamuka»

Mpubop ans noucka HenocpeacTBEeHHOro
MecTa ogHoda3HOro 3amMblKaHUA Ha 3EMIK0
B ceTax 6—35 kB «KBaHT»

aﬂeKTDHHeCKaﬂ dHTEHHAa

~ N
«KoHTp.» KOHTpONL i ]
WCNPaBHOCTH — «1:1000» TMowck -
«U, KV» KOHTpOb KoHTP 1:1000. 3aMbIKaHWS Ha 3EMNI0 ==
H4anpsixkeHuna 6—35 kB U, kv A— 1-100 «1:100» Mouck
«20 A» KoHTponk 3aMblKaHus Ha 3eMnio
Toka Ao 20 A e \ 1 10‘* «1:10»  TMowuck
«50 A» KOHTDONb | 50 A @ 1 + 3aMblKaHus Ha 3eMnio ]
Toka o 50 A '100 A FU | «1:1» MNouck e
«100 A» KOHTDOAL 3aMblKaHWs Ha 3EMAI0
100 A
Toka go 100 «FU» Mposepka | .
«Pexxmm»  Boibop =) npegoxpaHvTenei
EXUM Bxn
pexuma paboThl Iy
“\ D é\ MarHuTHbIA SaT4rEK
-‘H"""'-...
BelknioyaTens nMTaHms

OTtkn. |

\ J

Paavem ona nogxnioveHun kabens
npy NPoOBEpKe NpefoxpaHvTensgi

Oprassl ynpaBiIeHHS IPHOOPOM OpuenTtanus npudopa npu padore
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3AO «PAOUYC Aemomamuka»

YCcTpomncTBO onpeneneHns npucoeanHeHUs
c ogHoda3HbIM 3aMblKaHUEM Ha 3eMIto
B CETAX C U30NTMPOBAHHOM NN KOMMNEHCUPOBAHHOW HENTpParbo
HanpsbkeHnem 6—10 kKB «Cupuyc-033»

f
i

i?:’

sesssssssssce
E 8 E &
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,? 3A0 «PAONYC AemomamukKa»

OcobeHHOCTH yCcTpoKncTBa

* [logkntoyeHne NepPBUYHLIX U3MEPUTESBHBIX TpaHCOopMaToOpOB ToKa
Hynesou nocnegosarensHocTn (TTHI) K ogHOMY 1 TOMY Xe BXOOQHOMY
pasgenuTenbHoMy TpaHcdopmaTopy B YCTPONCTBE C MOMOLLbIO
nepeknoYyaTens, OpraHM3oBaHHOrO Ha KOHTaKTax pene

« 3aMKHyTOe coCTOAHMe BXxoaoB kaHanos 310 oT nepeuyHbiX TTHI
B HEMOAKIKOYEHHOM (HEBLIOpaHHOM) cocToAHUN. [logKnoYeHne K BCTPOEH-
HOMY TpaHcdopMaTopy TONbKO Npu onpoce Ha Bpems nopagka 0,5 ¢

» NlamepeHune cocTaBa rapMoHuK B Toke 310 oT nepsoun 4o 11-i, Bkno4yas
TONBbKO HeYeTHble. [lepBas rapMoHMKa MOXET 0cnabnaTbes

« BoaMoxHOCTb NOBTOPEHUA UNKITa USMEPEHNA (nocne,qoaaTeanoro
OornpocCa BCeX KaHalloB TOI{a) OT KHOIKW Ha yCTpOﬁCTBe, Nno BHEWHEMY
ANCKpPEeTHOMY BXo4y UK OUCTaHUMOHHO Mo J'II'060My M3 KaHalioB CBA3U

17



3AO «PANYC Aemomamuka»

Cxema nogknioyeHus yctponctea «Cupuyc-033»

1 TTHM TTHN

Y : 4
3Uo-1  3Uo-2

—»13l0-1  3lo-13}—
P 310-2  3l0-14 jel———
¢
q

P»1{310-12  3l0-24

Myck  Cpab. ; Ha curnanusauuio

BHewHui Otka3s
PP «Cupnyc-033»
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3A0 «PANYC Aemomamuka»

[epenHsas naHenb ycTpoicTBa

@ 033 obuapyweno

Npucoeaunne O

3U8-2 =848 sV

18.88.2007 12.56.05
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,P 3A0 «PAOUYC Aemomamuka»

[locTonHCcTBa yCcTpOICTBA

 [lpocToTa NOAKMHYEHUS:

— He TpebyeTtca dasuposka TTHI;

— He 3aBUCUT OT HanM4nsa U cTeneHn KoOMNeHcauum HenTpanm ceTu;
— MOXHO NoAKnw4aTh oT 3-X 40 24-TU NpuUcoeanHEHUN

* He TpebyeTca npuMeHeHWe OONOMHUTENBHOIO YCTPOUCTBA
3eMMSAHON CUrHanNn3auum — ecTb CBETOAMOL N BLIXOOHOE pene
«3emMns B ceTu» (C 3agaBaeMou BblAepKKOW Ha cpabaTtbiBaHKe)

* BO3MOXXHOCTb NOAKMOYEHUS K Uendam Kak 3Uo ot Pa3OMKHYTOIo

«TPEeYyroribHUKay, Tak 1 K «3Be3ae» Harnps>XeHUn ¢ pac4eToM 3Ha4YeHus
3U0 camum yCcTPOUCTBOM (pasgenbHO Mo KaXXaou U3 ABYX CeKUnn)

« Bo3MOXHOCTb Noncka BTOPOro «Mogo3puUTeNlbHOro» NpUcoeanHeHns
MO YPOBHK CYMMbI BbICLUMX rAPMOHUK B Toke 310

20



IP 3AO «PAOAUYC Aemomamuka»

Bo3moxHOCTM ycTpoiicTBa

* MIHouKkauua Ha aKkpaHe KpaTKoro HassaHua npucoeguHeHmnsa ¢ O33
(onuHou go 16 cMMBOSOB), BBEOEHHOIO B KA4YeCcTBe YCTaBKU

» BBog peanbHoro koadduuneHTa nepBUYHbIX TpaHcopMaTopoB ToKa
HYINEBOW NocneaoBaTeNbHOCTU Pa3eribHO Mo KaXXaoMy U3 KaHarnos (9—99)

* BO3MOXXHOCTb UCKSTIOYEHUSA HEUCTOJIb3YyEMbBIX BXOOHbLIX KaHalloB TOKAa 310
ana ymeHbweHnAa aJiMTerieHOCTU LUKIia oripoca

« Hanuuune perne «OTKas» ¢ HOpPpMaJlibHO 3aMKHYTbIMW KOHTAaKTaMu1 OJ14
CUrHalin3auunn OoTKasa yCTPOﬁCTBa Ui rponagaHnAa ero onepTtoka

» [dononHutenbHoe BbixogHoe pene «O33 obHapyXeHo», cpabaTbiBatoLLee
nocrie BbIMOMIHEHNA LUMKNa onpoca U 0OHapyXXeHUs NoBpeXaeHHOro
npucoeanHeHUs (No NPEeBLILLEHUIO YyCTaBKKU No TOKY 3|0 BbICLUMX rapMOHMVIK)

» CoxpaHsaemasa namaTtb Ha 50 nocnegHux cpabaTbiBaHUN UNU NPUHYAN-
TerNbHO 3anyckaeMblX LUMKITOB onpoca ¢ JaTon U BpEMEHEM 3anycka
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CACHEC JAMLIEIHAA

Bo

[xadbr onpeneneHust IPUCOCTUHEHUS C

O,Z[HO(l)a?;HI:IM 3aMbIKAHHUECM Ha 3€MIJIIO

[IIDPA-033-1001, ISPA-0O33-2001
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AYTI'OI'ACAIINUE PEAKTOPBI B CETAX CPEAHEI'O HAITPAKEHUA

KOMHBHC&IH/IH €MKOCTHbBIX TOKOB 3aMBbIKaHHUA HA 3€EMJIIO

23



JIBoiiHas onacuocts 0O33:

1. nonaganue yenoBeka NoJ ACUCTBHE IIArOBOr0 HAIMPSIKEHUS, OKA3aBIIETOCS B CIIy4allHOM MECTE
BO3HUKHOBEHHS HEUCIIPABHOCTH;

2. BO3HMKHOBEHHE 3JIEKTPUUECKON TYTH, KOTAAa EMKOCTHOM TOK CTAHET IIPEBBIIIATh BEIUUUHY B 20 ammep.
['openue nyru paspyuiaeT U300 TPOBOIOB U Kabesel, mepeBoAuT ogHO(pa3HOE 3aMbIKaHUE B IBYX- WU

TpCX(i)aSHOG K3 co BceMu HeraTUBHBIMH ITOCJICACTBUSMM. Ee ,Z[GﬁCTBI/IG OT'PAHUYUBAIOT 3alIUTHBIMHA

yCTpoucTBaMu. Cxema KoMneHcaymn eMKOCTHOro Toka
n A ia R
L a
E
Ha3naveHue ayroracsaimmx peakropos M / Is3
&
M =
' il

Toct =IL+1I33 Ca Ce Ce
} I3 4 Ics

|
I

24



OOMoOTKa KaTymiku L BKIIFOYaeTCss MEKy HEUTpasibio TeHEpaTopa U KOHTypoM 3emiid. OHa oOnamaer
VHAYKTUBHBIM COIIPOTUBIIEHUEM, KOTOPOE MOXKHO PETYIUPOBAThH MOCPEACTBOM ITEPEKIFOYEHHS YMCIIA BUTKOB.
N3meputenbHbiil Tpanchopmatop TA mo3BoJII€T KOHTPOIUPOBATH TPOXOASIINN TOK JJIsI IPUHATHUS
JIEMCTBEHHBIX MED.

Takoi crioco6 MoaKII0YeHUsI 0OMOTKHM KaTYIIIKH MO3BOJISET CO3/1aBaTh MOCJIEI0BATEIIbHYIO IIEMOYKY,
COCTOSIIIYIO U3 EMKOCTH U MHAYKTUBHOCTH, K KOTOPOH MPUIIOKEHO HAIPSHKEHUE UCTOYHUKA (a3bl ¢
MOBPEXKACHHON U30JISILIACH.

EMKOCTHOM U MHIYKTUBHBIN TOKW HaXOAATCS B MPOTUBO(dAa3e, CABUHYTHI Ha 001t yroa 180 rpamaycos.
JlelicTBHE EMKOCTHOTO TOKA OTPAHUYMBAECTCS UHIYKTUBHBIM, HAITPABJIEHHBIM BCTPEYHO. B nrore cymmapHas
BEIIMYMHA, IPOXOIAIIAs YEPE3 MMOBPEKACHHYIO N3OSN0, 3HAUYUTEIIBHO YMEHBIIAETCHI.

Jlyroracsiiye peakTopbl MOTYT CO3JaBaThCA 10T MHANBUIyaJbHbIEC YCIOBUS SKCILTyaTalluu, HE TPEOYIOIIHE
CIIELIUAIIBHBIX HACTPOECK IS INHUWA OTPAHUYEHHOW JUIMHBI UJIA U3TOTABIMBATHCS ¢ BO3MOKHOCTBIO PETYJIUPOBKH
VHAYKTHUBHOTO CONPOTHUBJICHUS KATYIIKU:

1. ctynenuaro:

2. IJIaBHO.

B nepBoM ciryyae M3MEHEHUE WHIYKTUBHOCTH OCYIIECTBIIAECTCS 32 CUET NEPEKIIOYEHHS YrciIa OOMOTOK,

IIOAKIIFOYCHHBIX K OTIIAMKaM.
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[;1aBHYIO pEryIMpPOBKY BBINIOJHSOT:

- IUIYHKEPHBbIE KOHCTPYKLHH, PETYIUPYIOMINE BO3AYIIHBINA 3a30p MAarHUTOIIPOBO/IA;

- p€aKTOpPBI C MOJAMArHUYUBAHUEM ITOCTOSIHHBIM TOKOM,
VCTIOJIB3YIOIIUE TPUHIIUITBI MATHUTHBIX YCUIIUTEIICH.

Bune! ynpasienus

Jlyroracsiiue peakTopbl MOCTOSSHHON WHIYKTUBHOCTH CO3Aat0Tcs 0e3
CHCTEM YIIPABJICHHUS.

s perynupoBaHusi MHIYKTUBHOCTH UCIIOJIB3YOTCS KOHCTPYKIIUU C:
- PYYHBIM MEPEKITIOYEHUEM Yrciia pabOTAIOIINX BUTKOB. DTOT
MPOIIECC HE TOJIBKO TPYAOEMKUM, HO U TPEOYET CHATHS HAIPSKEHUS
C PeaKkTopa;

- IPUBOJIOM, paOOTaIOIINM aBTOMATUYECKH TOJT Harpy3KOou CETH;

- U3MEPUTEIIEM EMKOCTH, ITO3BOJISIOIINM aBTOMAaTUYECKHU
MOJICTPAUBATh MHAYKTUBHOCTB IOJT PE3YJIbTAT 3aMeEPa 3a CUET

IJIABHOTO PETYJIMPOBAHUS TOKA.
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Cxema noakiaoyenus JII'P k neiitpaau cetu 35 kB u 6-10 kB ¢ nomombro TN

T -110/220 kB
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m
L
(=]
[
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n
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Signal

Signal mag.

0 e | =120
=
E 100
]
-10 E T
L @b
i i i i i i lE'.
1] .01 002 o003 004 005 006 007 OO08 009 01 % 60 |
Time (s) g
4.':' -
BpeMeHHaﬂ I[PIanaMMa TOKa HYHGBOﬁ 20
ITIOCJICI0BATCIIBHOCTHAU a

CnekTpanbHbIM aHAJIN3 BBICIIMX TAPMOHUK MPEACTABIICH HAa pUCYHKaX. [[0sBIIEeHME «BCILIECKA» BBICIINAX
rapMOHMK yKa3bIBAa€T HA HAJTUYHUE B CETU OAHO(A3HOTO 3aMbIKaHUs Ha 3eMIt0. C MOMOIIBIO TTOKa3aHuM OJ10Ka

BBIJICJIEHUSI MOKHO ONPEJIECIINTh B KAKOW YaCTH MOJCIMPYEMOUN JTUHUU nipour3onuio O33.

FFT analysia

Selected signal: 5 cycles. FFT window (in red): 4 cycles Fundamental (S0Hz) = 0.4504 , THD= 543.42%,
: ; : : o . . : - - .

10r 140

a 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Frequancy (Hz)
B HaA4YaJI€ JIMHUUA

CH@KTpaHLHLIﬁ AHAJIN3 BbICHINX T'ApMOHUWK B HA4YAJIC JIMHHUH
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IP 3A0 «PAOUYC Aemomamuka»

Pasnu4Hblie hopmbl A4X UncpoBoro dounbTpa BbICLUMX HYaCToOT,
peanuayemble B ycTpouctee «Cupuyc-033»

5% }

V—h

0 s50ry 150y 250y 350 My 450y 550 Iy
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