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PO3POBKA MOAEJI CTPYMOBOIO PENIEMHOIO 3AXUCTY B NAKETI
MATLAB/SIMULINK

Ha 6a3i MATLAB/SIMULINK nobyoosana mooenv padianvnoi mepesici 3 0OHOCMOPOHHIM JHCUBLEHHAM, KA
003607151 GUBHAMU B3AEMO36 130K NPOYECi6 8 Mepedci y GUNAOKY HOPMAIbHO20 pPedlcuMy pobomu, i y 6unaoky
MOJICTIUBUX NOUIKOOJICEHHS HA PI3HIN 6i00asi 6I0 Odicepena dicuslienHs. B pezynbmami 0ocniodcenns 6cmanosieno, wo
3anponoHOBaAHa MOOeNb NPUCMPOIO PENelHO020 3aXUCy RIOMEepONCYE NPASUNbHY NOBEOIHKY pene MAKCUMANbHO2O0
cmpymy 6 PpIsHUX pedicumax pobomu mepedci. Excniyamayiiini Xapaxmepucmuku npucmpor Oyau OoyiHeHi 3a
MpUDAZHUM KOPOMKUM 3AMUKAHHIM.

Hayxoea nosusna nonseae y po3pobneni mooeni enekmpuinoi mepedsici ma npucmpor MaKCUManbHO20 CIpPYMOBO20
3aXUCMY 3 YCIMA IHEEPCHUMU XAPAKMEPUCMUKU SUMPUMKU Yacy, nepedbauenumu cmanoapmamu ANSI/IEEE ma IEC.

Tpakmuuna 3nauywicms pobomu NOAALAE Y MONCIUBOCMT BUKOPUCMAHHI MO0 OJisl NepesipKu CeleKMUSHOCMI ma
YYMAUGOCMI 3AXUCTY Y GUNAOKY 3MIHU NAPAMEMpI8 Mepedci 6 Wupokomy O0ianasoui i y 6unaoky npogeoeHHs
docnioxcenb nio uac po3pooKu ma 600CKOHANIEHHA NPUCHPOI8 PeNeliH020 3aXUCIY, a MAaKoiC 051 HA8UAHHA 3000)8aUie
oceimu.

Knrouosi cnoea: SIMULINK-mo0ens, mooenrosanns peneiinozo 3axucmy, cmpymosuii 3axucmi, 360pOMHO-
3a1e)CcHa XapaKmepucmuKa UMpUMKU 4acy.

Bemyn.

Bynp-skuii mpucTpiii peneifHOro 3aXMcTy € KOMOIHALilo DPI3HUX THIIB pelie — pejle MaKCUMaJbHOro CTpyMYy,
MaKCHMAaIIbHOI Ta MiHIMaJbHOI HApPYTH, pelie YaCTOTH TOIIO. Y Ci BOHH paHilie OyIu eleKTpOMEeXaHIdIHUMH, a 3T0Z0M
HaIiBIPOBIIHUKOBUMU. B nanHumit wac mudposi pene 3aMiHAIOTH o0MIBa TWNHM. BOHM MaroTh OLIBIIY MIBUAKOZIIO,
KOMIIAKTHI Ta BUCOKY HaiiHicTh [1-4].

Pene MakcuManbHOTO CTpPyMY BHKOPHCTOBYIOTBCS JUISI 3aXHCTY CHCTEMH PO3MOALTY Ta JIHIM elneKkTporepenad Bif
Il HaJCTPyMiB, 110 BUHHKAIOTh B PE3YJIbTaTi KOPOTKOTO 3aMHMKaHHS abo mepeBaHTaxeHHs. KpiM Toro taki pene
BHUKOPHCTOBY€EThCS IS 3aXUCTy T€HEPATOpiB, CHIIOBUX TpaHC(HOPMATOPIB Ta ENEKTPOABUTYHIB. Pene cTpymy moBHHHI
3a0e3reuyBaTd 3MCHIICHHS pPYyHHYBaHb, 3alOMiSIHOT TAKUMH IOIIKO/PKEHb; OyTH MIBUAKOMIFOUUMH, HamidHUMHU 1
CENEKTUBHUMH. {11 3a70BOJICHHS TaKUX BUMOT, Y HU(POBUX MPHCTPOSX PEIEHHOIO 3aXHUCTy BHKOPHCTOBYIOTHCS
nepeBard 1MQPOBOI JIOTIKH, KOMYHIKalild, MOXJIMBICTb 30epiraHHs Ta o0poOku iHpopmarlii 3acobamMu CydacHHX
Mmikpormporiecopis [1-4].

Jnst epeBipKy TPaBUIBHOCTI POOOTH PENIEHHOr0 3aXHMCTy 3pYyYHO BHKOPHUCTOBYBATH 3aCOO0M CHMYIIIII PEeXXHUMIB
po0OTH €JEeKTPUYHUX MepeX. Taka cuMyJsLis 3pydHa IIijJ 4ac HPOEKTYBaHHS CHEPrOCHCTEMH SIK JOCIIIHHLIbKHUIL
IHCTPYMEHT 1 ITiJ{ Yac HaBYaHHS 3M00YBaYiB OCBITH, MO0 3pO3yMITH POOOTY MPHUCTPOIB 3aXHUCTY B PEaTbHOMY Yaci.
Hapasi B CBiTi BUKOPUCTOBYIOTH pi3HOMaHITHI mporpamHui 3acobu — ETAP, DigSilent, Power World Simulator. 11i
iHCTpyMeHTH OaraTo()yHKIIOHANBHI, aje MAJOJOCTYIHI Ul BITYM3HAHUX 3aKIIQJiB OCBITH Ta CKJIQJHI IJIS HABYAHHS.
MATLAB nporonye iHCTpYMEHTH aHali3y CHCTEMH EJIEKTPOIIOCTadaHHsS 3 BIIKPUTHM BUXITHHUM KopoM. Lleit HaOip
IHCTPYMEHTIB OXOIUTIOE 0araTo eNeMEHTIB €HEProCHCTEMH, ajieé Ma€ He3HA4Hy KiJIbKICTh MOIYJIB JUIsI KOMIIOHEHTIB
cucreMu 3axucry [5]. B pobGorax [6-8] po3poOieHi MoOmeni OKpeMHX pelie MaKCHMAaIBHOrO cTpyMmy, a B [9] —
mo0Oy/I0BaHa MOJEIb Pejie HAmpsMKy MOTYKHOCTI. IlepeBipka CEIeKTHBHOCTI pOOOTH 3aXUCTIB BUMAarae J0JATKOBHX
JIOCITIIKEHD.

Mamepian i memoouka 00cniorzcenns.

3axucHi QYHKIII pene, sIK BXiTHI, TaKk 1 BUXiZAHI €JIEMEHTH BHMIipIOBaHb, XapaKTEPUCTHKH BHUTPHUMKH dHacy i
(dyHKIIOHaIbHA JIOTiKa poOoTH perne HaBeeHi B [ 1] 1 mokasani Ha puc 1.

KinbkicTh BXimHOT €Heprii BUMIpPIOETHCS BEIMYMHAMHU CKJIAIOBUX CHUTHANIB, TOOTO CTPYMIiB 1 Hampyr, SKIIO
Heo6xinHo. IxHiil piBeHs Ta BiAMOBiAHMIL /A 1BOTO cTaHAAPT 3a3Hadeni B [10]. BxiaHa eHepris Moe IPUXOIUTH Y
(dopMi TIepeTBOpEHHMX XBWIJIb CTPyMy 1 Hampyrd abo y BHIVIAJl JaHUX uepe3 KOMYyHiKamidHud mopt y dopmi
BiZMOBiHOTO TpoTOKOIy. OTKE, Ul BUMIPIOBAJILHOTO peJie BKa3y€EThCS THIT €HEPTii, 0 3aCTOCOBYETHCS A (QyHKIIT
3aXHCTY:

e  BHUMIpSHUHA CTpyMY (a3u;

e BUMIpSHUH TpU]a3HU CTPYM;

e BHUMIpSHUIA CTPYM HelTpani abo nqudepeHuiiHui cTpyM;

e  BHMIipsHa IIpsMa, 3BOPOTHA 200 HYJILOBA ITOCIIIOBHICTh CTPyMY.

KpiM TOTO0, BCTaHOBIIOETHCS CIIOCIO BUMIPIOBAaHHS BXIHOI €HEpril:

e  3HAYCHHS JII0YOTO CHTHAIY;
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e  [ifoue 3HAYCHHS OCHOBHOI CKJIIOBOT CUTHAIY;

. Zitode 3HAYCeHHS CIIeU(ITHOT CKIIaI0BOi TAPMOHIKH CUTHANY:;
®  MIKOBOTO 3HAYEHHS CHI'HAIY;

®  MUTTEBE 3HAYCHHS CHUTHAIY.

DyHKIIOHAIBHA JIOT1Ka
i Topir(u) mi(it B
pir(u) (i) i
Bxizsa ¢ e > CHIHAT
3 1 Butpavka
€HepTif
. . 5 1 gacy
BumiproBatbHi Eneprisa 1 1
_____ > €IEeMEeHTH o e o _ﬂ- 1
(06po6Ka cHrHaTiB) | 1 +
I - >
I CHrHan Ha
| Yac CIPALFOBAHHA
) >
Jsitixosi Bm‘pm'mca 3 o0macTi (by}jxmoﬂam,ﬂm T ko
BXIJIHI CHTHATR 9 JIOT1KM BUKOHAHHA M1ii pene / BHXi/THI CHTHATH

Pucynox 1 — @yuxyionanvruil 610K diaepam 6UKOHAHHS 3AXUCTY

Crangapr [10] BcTaHOBIIIOE 1Ba TUITH XapaKTEPUCTHK 3aJISKHOCTI Yacy:

e  He3awIeXHY (TOOTO BU3HAYEHY 4aCOM BUTPHMKH);

e 3ajexHy (TOOTO 3BOPOTHO NMPOHOPLIHHY Yacy BUTPUMKH).

YacoBa XapaKTepUCTHKA BU3HAYAETHCS YacOM CIIPAIIOBAHHS BiJl MOMEHTY CTaHy, KOJM BXiJlHa €HEPris MEepeBUIILyE
3HaueHHs ycTaBKU Gs, 1 JO MOMEHTY, KOJIH peJie CIIPalboBYE.

HesanexHa xapakTepucTHKa 4acy BU3HAYAETHCS TEPMiHAMU, [0 BU3HAYAIOTH 3HAYCHHS YCTABKH XapaKTEePUCTUIHOL
BenmnunHU (Gs) Ta Yac crparifoBaHHs top. SIKIIO 3aCTOCOBYETHCSl HE3aleKHa BUTPUMKA 4acy, TO pele 4acy 3 L€l
BUTPUMKOIO TTO3HAYAIOTH AK PEJIE€ MUTTEBOTO CIIPALFOBAHHS.

Jst pene 3 3aJI€KHOI0 XapaKTEePUCTUKOIO Yacy 3aJIeXHICTh BUTPUMKH 4acy OOUYHCITIOETHCS 3a (hOPMYIIOLO:

t(G)=TMS| ——+c¢|,
G
6)

> (1)
ne t(G) — TeopeTHUHMit yac crpaloBaHHs NpH MocTiiiHoMy 3HadeHHi G; k, ¢, a — moCTiiHi, 1[0 XapaKTepu3yoTh BUOIp
3anexxHocTi; G — BUMIpsAHE 3HA4YCHHS XapakTtepucTHuHoi BenmuuHM; (Gs — 3HA4YeHHS ycTaBKH; TMS — peryiboBaHa
yCTaBKa yacy.

I'padivna 3aneKHICTh XapaKTEPUCTHKH Yacy HAaBEEHO PHC. 2.
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Pucynox 2 — 3anesicna xapaxmepucmuxa uacy

Jnst xoopauHaLii KiTBKOX pere 13 3aleKHOI0 XapaKTepUCTUKOI 1 JaHHMH YMOBaMH TIOBEIiHKAa peje Mae
3a0e31euyBaTh 3aICXKHICTh, HaBEICHY B (hopMyIi:

To
L ogien
0 t(G)

@)
ne To— Jac crpalffoBanHsl, 10 3MiHIO€ThCs BeMMUNHOIO G; t(G) — TeopeTHYHMI Yac CIIpaIfoBaHHs B C IPU TOCTIHHOMY
3HaueHHi G; G — BUMipsHE 3HAUYEHHS XapaKTePHUCTHYHOT BETHUNHH.

Jlnst 3a0e31e4eHHs] CeNeKTUBHOCTI Yacy MDK PI3HUMH MaKCHMaJbHHMH CTPYMOBHMH 3aXHCTaMU B PI3HHX TOYKax
Mepexi, 3a3BU4ail BUKOPHCTOBYIOTHCSI Pi3HI BUTPHMKH uacy. BapiaHTH BUKOHaHHsS MOKa3aHi Ha MPOCTOMY BHIAJIKY
TPHOX MaKCHMAJIFHIX CTPYMOBHX 3aXHCTIB, SIKi 3'€1HaHI mociinoBHO (puc. 3). HaiimpocTimie e 3poOuTH 3a T0OMOT 010
HE3aJIeKHOT BUTPUMKHM 4dacy (puc. 4). Y CKIaHINIMX BUIAJKaX BHUKOPHCTOBYIOTHCS 3aJISKHI BiJ] CTPyMy amrep-
CEeKYH/IHI XapaKTEepUCTUKH (pHC. 5).

v

? ?

?

Pucynok 3 — Tpu maxcumanvri cmpymosi 3axucmu, 3'¢OHani nociiooeHo

Yac : Cry 3
1 CryTirs
Crymne 2 Crymizs 2
CrymiHb 9 Crymite 1 Crymitm 1

- =
Micire 3.

Pucynox 4 — Maxcumanvui cmpymosi xapaxmepucmuxu i3 He3anNeHCHUMU UMPUMKAMU 4ACY
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Micte k3.
Pucynok 5 — Ineepcrni maxcumanoHi cmpymosi Xapaxmepucmuxkuy 3i cmynenem Mummeso2o 8i0KI0YenHs

[aBepcHa ammep-ceKyHOHA XapaKTEepPHUCTHKAa MJO3BOJISIE MIHIMI3yBaTH dYac BIiAKITIOYEHHS MOIIKO/DKEHHS Ta
rapaHTyBaTH CEICKTHBHICTh. JIJis rapaHTil CENEKTHBHOCTI 3aXUCTIB TMepen0davaeThCs BUUIATOKCHHS Yacy
CIPAITIOBAHHS IIMX 3aXHCTiB. Y MPOCTOMY BHIIAJKY i3 ABOMA MOCHTIJOBHUMH 3aXHCTAMHU TaKe BiIUIaTOJKCHHS 3aJIC)KUTh
BiJl HACTYITHUX (haKTOPiB:

° PI3HUII MiXK YaCOM CIIPAIIOBAHHS IIUX 3aXHUCTIB;

e  Yac BUMKHEHHS BUMHUKada, HAHOIMKYOTO IO MiCIlsl TIOMIKOKEHHS,

®  Yacy NMOBEPHEHHS 3aXWCTY;

e 3amac BiJUTaroJPKEHHS BiJl HETOYHOCTI.

3abe3neueHHs] CEEKTUBHOIO BUMKHEHHSI TTOIIKO/KCHHS BHMAara€ 3HA4HOI KUTBKOCTI PO3paxyHKIiB Ta MMOOYyIOBH
aMIep-CeKyHIHUX XapaKTePUCTHK YCiX 3aXUCTi B YChOMY JMialla30HiI CTPYMIB MOIIKO/DKEHHS. ToMy, JUIsl OMIHKA
MIPaBUIIBHOCTI pOOOTH 3aXKCTIB IOIMIILHO MPOBECTH iX iMiTaIliiiHe MOIETIOBaHHS.

Hns posmoxinsHOi Mepexi 10 kB THoBOI0 € pamianbHa cxema >KUBICHHS (puc. 6), sSka CKIagaeThCs JDKepena
JKUBJICHHS, JKUBJIA4Yoi JiHii JI1, Tppox posmoauipbHux JiHid JI2...JI4, B KiHIII SKHX pO3TAlIOBaHE KOMILJICKCHE
HaBaHTaxeHHs S1...S3. Ha puc. 7 mokazaHa TecToBa MOJENb TaKOli MeEpexi, fSKa CKIaJeHa 3aco0aMU MaKeTy
Matlab/Simulink [12]. Ha Bumwukadax QFI...QF4 BcTaHOBIEHO MaKCHMAalbHUN CTPYMOBHMI 3aXHCT i3 3aJIEKHOIO

BUTPUMKOIO Hacy.
@

I:]GF 1
4

TA1.TA3

A1

m

I';xl (@) ) (@) ]
arz ar3 ar4

L 744 | [747. [ LrAm.
E TA6 E TA9 TA12

T
I

/12 /13 N4

51 52 53
Pucynok 6 — Cxema mepexci 10 kB

Ha ocHOBi ammep-ceKyHIHHX iHBEPCHHX XapaKTePUCTHUK BHUTPHMOK Hacy CKJIafeHa MOJENb IPUCTPOIO PEJICHHOro
3aXHCTY 3 BUMHKAIOUUM ejeMeHToM (puc. 8). CUrHain Ha BUMKHEHHS BUMHKAIOUOro eJIeMEHTa II0/Ia€ThCsl 3 BUXoay R
MIPUCTPOIO PENEHHOr0 3aXKCTY, B 3aJISKHOCTI BiJj BATPHUMKHU Yacy. 3aXMUCT MOXE CHPAIIOBATH B PEKUMI HE3aJISKHOT
BUTPUMKH 4acy a00 B PeXHMI i3 3aJIe)KHOIO Bil CTPyMY IHBEPCHOIO BUTPUMKOIO dacy. [lyist iHBepcHOI amriep-ceKyHIHOT
XapaKTepUCTUKH TiependaueHi J1Ba BUAM CTaHAAPTHUX KPUBHX, 1[0 I'PYHTYIOTHCS Ha CTaHAApTax JBOX MDKHAPOJHHUX
opranizaniii: ANSI/IEEE Tta IEC [11].
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Pucynox 7 — Tecmosa modenv mepexci 10 kB

>»—]
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G

»
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Pucynox 8 — Mooenv npucmpoio peneiino2o 3axucmy 3 UMUKAIOUUM eNeMEHMOM

Bbnok Display oTpumye curranu 3 Buxoay m koxkHoro npuctporo QF i mokasye:
- yac poOOTH MIPHUCTPOIO;

- IEPBUHHUI CTPYM TpaHChOpMaTopa CTpyMy;

- BTOPMHHHH CTpyM TpaHc(hopMaTopa CTpyMmy;
- KpaTHICTh YCTaBKH.
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Ha ninii JI2 gyepe3 0,05 ¢ micns 3amycky Mojeni BUHHKae Tpuda3He KOPOTKE 3aMUKaHHS. AMILTITYHE 3HAYCHHS
CTpYMY KOPOTKOTO 3aMUKAHHS CTAaHOBUTSH 4,44 KA.
YcraBky cTpyMy CHpalloBaHHs Ta BATPUMOK 4acy 3axuctiB Ha QF1 ta QF2 nokasani Ha puc. 9 Ta 10.

Block Parameters: QF1 xl

~MpucTpii 3axmcTy (mask)

BNoK NPUCTPOIO 3aXUCTY CKNagacTes 3 TpaHcdopmaTopa cTpyMy, BUMUKAUa i pene MakcuMansHoro crpymy.

Pene mae iHBEpPCHI XapakTepucTuky cnpauroBanHs 3rinHo [EC 60255 Ta ANSI.

- NapameTpu
~ MNapameTpu TpaHcdopMaTopa cTpyMy
MepauHHmit crpym TCI1, A / 5A |300

Ll L

Yacrora, My |50

~ MNapameTpu cnpawBaHHA 3aXucTy
KpaTtHicts cTpymy cnpauioBanHa ao 11 (2...200),% |158 J MuoxmHuk vacy (0,01...1) |0.[}2 J

¥ [o3Bin BMUKaHHs pene

Tvn craHpapTHoi kpuedi |11. IEC IneepcHa |

MNoBymysaTi XapakTEPUCTHKY BUTPUMKMN Yacy |

ok | cancel | Hep | Aoy |

Pucynox 9 — Jlianozoge gixno npucmpoio saxucmy QF1

Block Parameters: QF2 x|
~MpucTpiii 3axucTy (mask)

BNoK NpUCTPOIO 3aXUCTY CKNAAaeTcs 3 TpaHchopMaTopa CTPyMy, BUMUKAYA | pene MaKcMMarbHOro CTpYMY.

Pene mae iHBEpCHI XapakTepuCTUEKM CnpaukoBaHHa 3rigHo IEC 60255 Ta ANSI.

MapameTpu
~MNapameTpy TpaHchopMaTopa CTpyMy
MNepsuHHMiA ctpym TC I1, A / 5A

Lol Lo

Yacrora, Ny |50
~NapameTpy CpaLBaHHs 3aXMCTy
KpaTHicTe cTpymy cnpautoeaHHa go I1 (2...200),% | 159 J MHomHuMK vacy (0,01...1) |0.02 J

[+ [03Bin BMUKaHHSA pene

Tvn cranpapTHoi kpuaoi [11. IEC Ineepcya x|

MobynysaTv XapakTEPUCTHKY BUTPUMKM Yacy |

oK | cancel | Hep | Appy |

Pucynox 10 — [ianozose sixno npucmpoio saxucmy QF2

Ha puc. 11, 12 HaBeneHi rpadiky 3MiHH CTpyMy Ta Halpyry B MICISIX BCTAHOBJICHHS 3aXHCTIB ITiJ] 4aC HOPMaJIbHOTO
PEXUMY, BUHUKHEHHS KOPOTKOT'0 3aMHUKaHHS Ta HOro BUMKHEHHS I CEIEKTHBHOTO BUMKHEHHS ITOLIKODKEHHS.
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Pucynox 11 — 3mina cmpymy ma nanpyeu na ninii JI1 3a TMS =0,02
x10% Hanpyra, B
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Pucynox 12 — 3mina cmpymy ma nanpyeu na ninii J12 3a TMS=0,02
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Ha puc. 13, 14 naBezneHi rpadiky 3MiHU CTPyMY Ta HAIPYTH B MICI[SIX BCTAHOBJICHHS 3aXMCTIB MiJl 4aC HOPMAJIbHOTO
PEeXKHUMY, BHHUKHEHHSI KOPOTKOTO 3aMHUKaHHS Ta HOro BAMKHEHHS JUISl HECEIICKTUBHOTO BUMKHEHHS MTOIIKODKSHHS.
x10* Hanpyra, B

1.5

)T
MENE

R VIR VIR
Y

-1.5

| et
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—— =l
[
I
)

0 002 004 006 008 01 012 014 016 018 02
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CTpyM,A

5000

-5000

0 0.02 004 006 0.08 01 012 014 016 018 0.2
Offset=0 Time (seconds)

Pucynox 13 — 3mina cmpymy ma nanpyeu na ainii JI1 3a TMS =0,01
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Pucynox 14 — 3mina cmpymy ma nanpyeu na ninii’ JI2 3a TMS =0,02

B BkazaHuX BHIIaJKax 3axHCT MPAILIOE i3 33JaHOI0 BUTPUMKOI Yacy 1 BHMHUKAae IOIIKO/pKeHHs. [loBeniHka
MPUCTPOIO 3aXWCTy CBiAYUTH, IO 3aMpPOIOHOBAHY MOJAETh MOXKHA BHKOPHCTOBYBATH B MMONANBNIIA POOOTI mis
PO3pOOKH ANTOPUTMIB CTPYMOBHX 3aXHUCTIB JIiHIMH.
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Bucnosku

Ha 6a3i MATLAB/SIMULINK mnobymoBana mopens paiaibHOl Mepexi 3 OJAHOCTOPOHHIM JYKHUBJICHHSM, SKa
JIO3BOJISIE BUBYATH B33a€EMO3B’SI30K IPOILIECIB B MEPEXi Yy BUMAAKY HOPMAaIBHOIO PEXHUMY pOOOTH, 1 y BHUNAAKY
MOJKJIMBHX TOIIKOPKEHHS Ha Pi3HIN Bigmami Bif Jpkeperia >KUBJICHHA. B pe3yibTaTi AOCHIIKEHHS BCTAHOBIECHO, IO
3alpOIIOHOBaHA MOJIEIb IPHCTPOI0 DPENEHHOro 3axXHCTy MiATBEPDKY€E NMPAaBWIBHY ITOBEAIHKY pelie MaKCHMalIbHOTO
CTPyMy B Pi3HHX peXuMax poOoTH Mepexki. ExcrutyararfifiHi XapakKTepHCTHKH MMPUCTPOIO OyJIU OIiHEH] 3a Tpuda3HuM
KOPOTKMM 3aMHMKaHHsM. [loBemiHKa TIPUCTPOIO 3axHCTy CBIYWTH, IO 3alpPOIOHOBAHY MOJEIb MOXKHA
BUKOPHCTOBYBATH B TOJAANIBININA POOOTI AJIsi PO3POOKH ATOPUTMIB CTPYMOBHX 3aXHCTIB JiHIH. [ BIOCKOHAIEHHS
MOJIeITi TIPUCTPOI0 HEOOX1THO JOCHIJUTH BIUIMB MapaMeTpiB MOJICITIOBaHHS, TAKUX SK IaHI JDKEpena KUBIICHHS, JTiHIN
eJIEKTpoIlepe/iay, HABAaHTAXKEHHS Ta BUJI ITOILIKO/PKEHHS Ha IIapaMeTpy poOOTH IIPUCTPOIO 3aXHCTY.

HaykoBa HOBH3HA TOJIsTaEe y po3po0IeHi MOJIENTi eEeKTPUIHOI MEPEXi Ta IPUCTPOI0 MAKCUMAIBHOTO CTPYMOBOTO
3aXHCTY 3 yCiMa IHBEPCHUMH XapaKTEPUCTHKU BUTPUMKH 4acy, nepeadadenumu cranpapramu ANSI/IEEE Ta IEC.

[pakTHyHa 3HaYymicTh poOOTH MONATAE Y MOKIMBOCTI BUKOPUCTAHHS MOZETI U TIEPEBIPKH CETICKTUBHOCTI Ta
YYTJIIMBOCTI 3aXUCTy Yy BHUMAAKY 3MIiHH IapaMeTpiB Mepexi B ITUPOKOMY Jiama30Hi i y BHIAAKY IPOBEICHHSI
JIOCITI/DKEHb 1Ml Yac po3pOOKH Ta BJOCKOHAJICHHS MIPUCTPOIB PEJICHHOI0 3aXUCTY, a TAKOXK Ul HaBYaHHS 3100yBadiB
OCBITH.

CIIMCOK JIITEPATYPU

1. Sidhu, T.S.; Sachdev, M.S.; Wood, H.C. Design of a microprocessor-based overcurrent relay. In: IEEE Western
Canada Conference. 1991. P. 41-46.

2. Yalla V.V.S. Murty, a and W.J. Smolinskib. Design and implementation of a versatile digital directional
overcurrent relay. In: J Electr Pow Syst Res January 1990. 18(1). P. 47-55.

3. Benmouyal G, Meisinger M, Burnworth J, ElImore WA, Freirich K, Kotos PA, Leblanc PR, Lerley PJ, McConnell
JE, Mizener J, Pinto de Sa J, Ramaswami R, Sachdev MS, Strang WM, Waldron JE, Watansiriroch S, Zocholl SE.
IEEE standard inverse-time characteristic equations for overcurrent relays. In: J IEEE T Power Syst. 1999. 14(3). P.
868-872.

4. Jhanwar V, Pradhan, AK. Accurate Overcurrent Relay Algorithm using Fundamental Component. In: Power
System Technology and IEEE Power India Conference. 2008.

5. Vahidi, B., Esmaeeli, E. MATLAB-SIMULINK-Based Simulation For Digital Differential Relay Protection of
Power Transformer for Educational Purpose. In: J Comput Appl Eng Educ. 29 SEP 2010.

6. Aman, Muhammad Mohsin, et al. "Digital directional and non-directional over current relays: modelling and
performance analysis." NED University Journal of Research. 2011. Vol. 8, No. 2. Dec. p. 70. Gale Academic OneFile,
link.gale.com/apps/doc/A297138117/AONE?u=googlescholar&sid=googleScholar&xid=bedb4e49. Accessed 11 Feb.
2022.

7. Maji P., Ghosh G.. Designing Over-Current Relay Logic in Matlab. IJSER, Vol. 8, Issue 3, March 2017.

8. Hussin H., Idris M. H., Amirruddin M., Ahmad M. S., Ismail M. A., Abdullah F. S., and Mukhatar N. M..
Modeling and Simulation of Inverse Time Overcurrent Relay Using Matlab/Simulink. IEEE 12CACIS. 22 October
2016.

9. Imumyx JA.C. Imitauiiina Mozmenb (yHKUIOHYBaHHS HalpaBleHOro pejeldHoro 3axucry. KomyHanbHe
rocrogapctBo Mict. Cepisi: EHeproedekTnBHa TeXHiKa Ta TEXHOJIOTI] B KHUTIOBO-KOMYHaIbHOMY TocmomapcTsi. 2014.
Bumyck 118(1).

10. IEC 60255-151:2009 Measuring relays and protection equipment — Part 151: Functional requirements for
over/under current protection/

11. ABB. VYcrpoiicTBo 3amuThl, ympaBieHHss U aroMatuku nuHHH REF615. Texnumueckoe crnpaBoyHOE
pyxoBoncTBo. Unentuduxannonnsii Homep 1MRS756887, Bepcus nmpoaykra 4.0, pegakums F. ABB. 11.05.2012.

12. Help Center Mathworks: Be6-caiir. URL: https://www.mathworks.com/help/physmod/sps/powersys/.

REFERENCES

1. Sidhu, T.S.; Sachdev, M.S.; Wood, H.C. Design of a microprocessor-based overcurrent relay. In: IEEE Western
Canada Conference. 1991. P. 41-46.

2. Yalla V.V.S. Murty, a and W.J. Smolinskib. Design and implementation of a versatile digital directional
overcurrent relay. In: J Electr Pow Syst Res January 1990. 18(1). P. 47-55.

3. Benmouyal G, Meisinger M, Burnworth J, EImore WA, Freirich K, Kotos PA, Leblanc PR, Lerley PJ, McConnell
JE, Mizener J, Pinto de Sa J, Ramaswami R, Sachdev MS, Strang WM, Waldron JE, Watansiriroch S, Zocholl SE.
IEEE standard inverse-time characteristic equations for overcurrent relays. In: J IEEE T Power Syst. 1999. 14(3). P.
868-872.

4. Jhanwar V, Pradhan, AK. Accurate Overcurrent Relay Algorithm using Fundamental Component. In: Power
System Technology and IEEE Power India Conference. 2008.

5. Vahidi, B., Esmaeeli, E. MATLAB-SIMULINK-Based Simulation For Digital Differential Relay Protection of
Power Transformer for Educational Purpose. In: J Comput Appl Eng Educ. 29 SEP 2010.

37


https://www.mathworks.com/help/physmod/sps/powersys/

ISSN 2074-2630 Haykosi npaui JouHTY. Cepia: « Enexkmpomexuixa i enepeemurxay Nel(26)’2022

6. Aman, Muhammad Mohsin, et al. "Digital directional and non-directional over current relays: modelling and
performance analysis.” NED University Journal of Research. 2011. Vol. 8, No. 2. Dec. p. 70. Gale Academic OneFile,
link.gale.com/apps/doc/A297138117/AONE?u=googlescholar&sid=googleScholar&xid=bedb4e49. Accessed 11 Feb.
2022.

7. Maji P., Ghosh G.. Designing Over-Current Relay Logic in Matlab. IJSER, Vol. 8, Issue 3, March 2017.

8. Hussin H., Idris M. H., Amirruddin M., Ahmad M. S., Ismail M. A., Abdullah F. S., and Mukhatar N. M..
Modeling and Simulation of Inverse Time Overcurrent Relay Using Matlab/Simulink. IEEE [2CACIS. 22 October
2016.

9. Shimuk DS Simulation model of directional relay protection operation. Municipal utilities. Series: Energy
efficient appliances and technologies in housing and communal services. 2014. Issue 118 (1).

10. IEC 60255-151:2009 Measuring relays and protection equipment — Part 151: Functional requirements for
over/under current protection/

11. ABB. VYcrpoiictBo 3amuThl, ympaBieHuss W aromatuku nuHAH REF615. Texumueckoe crnpaBoYHOE
pyxoBoxcTtBo. Unentudukannonnsiii Homep 1MRS756887, Bepcus nmpoaykra 4.0, pegakuus F. ABB. 11.05.2012.

12. Help Center Mathworks: Be6-caiir. URL: https://www.mathworks.com/help/physmod/sps/powersys/.

Haoitiwna 0o peoxonezii Peyenzenm:

A.V. HADAI!
Lutsk National Technical University

Development of a model of current relay protection in the MATLAB/SIMULINK. Based on MATLAB /
SIMULINK, a model of a radial network with one-way power supply and three radial lines with a complex load at the
end of each line is built. The model allows you to study the relationship of processes in the network in the case of
normal operation, and in the case of possible damage at different distances from the power supply. The proposed model
of the current protection device consists of a three-phase current meter, a switching element and a display. In the dialog
box of the device, the primary current of the transformer current, the mains voltage frequency, the multiplicity of the
protection tripping current and the tripping time multiplier are set, and the type of the standard curve of the protection
tripping time characteristic is selected. A protection device with inverse time delay characteristics measures the RMS
value of three-phase AC. The switch-off signal is given from the output of the relay protection device, depending on the
time delay. The display shows the operating time of the device, primary and secondary currents and setpoint
multiplicity. The performance of the device was evaluated by a three-phase short circuit. As a result of research it is
established that the offered model of the relay protection device confirms correct behavior of the relay of the maximum
current in various operating modes of a network. The behavior of the protection device indicates that the proposed
model can be used in further work to develop algorithms for current protection of lines. To improve the model of the
device, it is necessary to investigate the influence of simulation parameters, such as data on power sources, power lines,
load and type of damage on the parameters of the protection device.

The scientific novelty is the the developed models of the electric network and the device of the maximum current
protection with all inverse characteristics of endurance of time provided by the ANSI / IEEE and IEC standards.

The practical significance of the work is the possibility of using the model to test the selectivity and sensitivity of
protection in the event of changes in network parameters in a wide range and in the case of research in the development
and improvement of relay protection devices and training.

Key words: SIMULINK-model, modeling of relay protection, current protection, inversely dependent characteristic
of time endurance.
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