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INPUMEHEHUME AJITOPUTMOB BbBICTPOTI'O IPEOBPA3OBAHUA
®YPBE U JIMCKPETHOI'O NTIPEOBPA3OBAHUA ®YPLBE JIJIAA

OBHAPYKEHMUS, IOKAJIN3AIIMN 1 OHEHKN UCKAKEHUA
CUHYCOUJAJIBHOCTHU KPUBBIX TOKA N HAITPSKEHUA

AxmyanvHocms  pabomuvl  00yclo61eHA  HeOOX0OUMOCMbIO  JOKAIUIAYUU U  OYEHKU UCKANCEHUS
CUHYCOUOATLHOCIU KPUBLIX MOKA U HANPANXCeHUs O/ 6blAGIeHUs NPUYUHHO-CIeOCTNBEHHOU C8A3U NOABIeHUs
ucKasiceHull, NpAsUIbHOU UX OYEHKU U Onpedeienus UCHMOYHUKO8 2APMOHUYECKUX UCKAXMCEHUll C Yeavio
apexmusnozo npoeedeHUss MepoNpuUsmuUtl NO YAYHUIeHUI0 KA4ecmed U HAOEICHOCU INeKMpPOCHADICEHUs.
nompebdoumeneu.

Knroueevie cnosa: kauecTBO dJIEKTPOIHEPTUH, TAPMOHUKH, KOI(D(DHUINEHT TAPMOHHUK, UCTOUHHK HCKAKEHNS,
Brictpoe IIpeobpasoranue ®ypre, duckperHoe [Ipeodbpaszosanue Dypre.

Beegenne. Hanuuue HeNMHEMHBIX HArpy30K M POCT YHUCJA CUCTEM PpAaCIpPEIEICHHOM TI€Hepaluu
3JIEKTPOIHEPTUH NPUBOAAT K UCKKECHHUIO (POPMBI KPUBBIX HANPSDKCHUS U TOKA B CHCTEMaX 3JIEKTPOCHAOXKEHUS
(C3C), 10 ecThb K MOSIBICHNIO TApMOHHK TOKA M HAIIPSDKCHUS.

BosgeiicTBue TapMOHMK YpeBaTO HApyIICHHEM DPAaOOTHI YHEPreTHUECKOro OOOPYAOBAHWS M BPEIHBIM
BO3JICHCTBHEM HA 3JIEKTPONPHEMHHKHN TTOTPEOUTEIS.

[ocnencTBust BO3IEHCTBHSA TAPMOHHK TaK)Ke 3aBUCAT OT HCTOYHMKA FAPMOHHK, €ro pacroioxerus B COC
U XapakTepuCTUK ceTH [1]. OnHu U Te e TapMOHHUKH OT Pa3IUYHbIX HCTOYHUKOB MOTYT IIPOU3BOAUTE Pa3IUIHbIHA
3¢ GEeKT B 3aBUCUMOCTH OT UX (Ha30BOTO yIJia 10 OTHOIICHUIO K OCHOBHOM rapMoHHKe [2].

Junst 5 pekTUBHOTO POBEAEHHS MEPONPHATHI 10 MOBBILICHUIO Ka4eCTBa JIEKTPOIHEPTUH HEOOX0uMa
MpaBUJIbHAs OIIGHKA XapaKTEepUCTHK HCKa)KEHHs, KOTOpas BO MHOTOM 3aBHCHT OT NPHUMEHSEMOro MeToja
rapMOHHYECKOTO aHaN3a.

AHATU3 JUTEPATYPHBIX MCTOYHMKOB. KilaccuueckuM MeTOIOM aHajgu3a KadecTBa 3JIEKTPO3HEPTHH,
UCTIONb3YEMBIM B CHCTEMaX MOHHTOPHHTA KadecTBa IEKTpo3Hepruw, sisisiercs: [Ipeodpazosanne @ypre (I1D)
[3], B wactHOCTH — BEIcTpOe IIpeobpazoBanne @ypoe (BI1D) [4]. B ocHOBe [1® nexxuT npencTaBicHe CUTHANA,
KaK CyMMbI CHHYCOHJ pa3HOH 4acToThl. TO ecTh, aMIUIMTYIHO-BPEMEHHOE IpeJCTaBlICHHE Mpeodpazyercs B
YaCTOTHBIA CIIEKTP.

Huckpernoe IIpeoOpaszoBanne Dypre ([AIID) oOecrieuymBaeT dYaCTOTHBIH aHANH3 TUCKPETHBIX
NEepHOJMYECKUX curHajoB. DyHnameHnrtanpHoe ypaBHeHue st N-touewynoro I1® curnanma X(N) BBIDIAAAT
cienyrommM oopaszom [5]:

.2

XK= x(nye ",

roe k=0, 1,2 ... N-1.

Jns curnana X(n) npu konudectBe BhIGopok N=2' (L — uesnoe 4ucno) npuMeHUM airoput™ BeicTporo
[Ipeo6pazoBanus Oypwe (BIID), ocHOBHAS 11ebh KOTOPOTO - yekopeHHOoe Bbraucienust 1D mytem cokpamieHus
TpeOdyeMoro 4ncia onepanui yMHOXKEHHS 1 CIIOKCHHUSI.

[IpeobpazoBanre ypre gaeT 4YacTOTHYIO HHPOPMALMIO O CUTHAJIE, TO €CTh TOBOPHT HAM O TOM, KaKoe
COJIEpKAaHNE KaXKIOM 4acTOTHI B CHTHAJIe HA MCCIENyeMOM HHTepBane u3MepeHus. OnHAKO B KaKOl MOMEHT
BPEMEHU BO3HMKJIA Ta WJIM MHAS YaCTOTA U KOTJja OHA 3aKOHYMJIACh — HA 9TH BOIIPOCHI OTBET NOIYYHUTh HE YACThCS
[6]. YacTuuHBIM BBIXOOM U3 3TO# cuTyanuu sBisiercst OkonHoe [IpeobGpasoBanue Oypoe (OIID) ¢ nBrKyILIEHCS
10 CUTHaJly OKOHHOM (yHKIHMeH, IMEIoIeil KOMIAaKTHBIH HocHuTeNb. [ TUCKpeTHOro curHana X(N) ypaBHeHHe
OI1® BT AUT ClieayromuM obpazom [5]:

o0
X(n,2) = > x(n+m) o(m)e ",
m=—%
rje w(M) — OKOHHAsT PYHKIIHS.
I'maBHO¥ TPOOIEMOI B HCIOJIBL30BAaHUM OKOHHOTO TpeobpazoBaHus Dypbe Il MONTYYSHHS YaCTOTHO-
BPEMEHHOH XapaKTePUCTUKM CUTHAJIAa SBISIETCS TaK Ha3bIBAeMBIN NPUHIMIT HeompeneneHHoOCTH [ elzenOepra
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[7], xoTopslii Bo3HHKaeT WISl MApaMeTPOB BPEMEHH M YaCTOTHI CHTHAA. B €ro OCHOBE JIEKHUT TOT (BaKT, 4TO
HEBO3MOXKHO CKa3aTh TOYHO KaKas 9YacTOTa MPHCYTCTBYET B CHT'HAjJ€ B JAHHBIH MOMEHT BpPEMEHH (MOXHO
TOBOPHUTH TOJBKO MPO IHANa30H YacTOT) W HEBO3MOXKHO CKa3aTh B KaKOH TOYHO MOMEHT BPEMEHHM YacTOTa
NPUCYTCTBYET B CUTHaJIe (MOYKHO TOBOPUTH JIMILB NP0 nieprot Bpemenn). Takxe miist Oxonnoro [IpeoOpasoBanus
Oypre xapakrepeH 3QQeKT pacCIIMPeHus CIEKTpa CUTHaJa.

Jns CHWKeHWs BIMSHUWS TIPUHIMIIA HeompeleleHHocTH ['eiizeHOepra ObUIO CO3IaHO BEWBIET-
npeobpa3oBanue. Y paBHEHHE HEMIPEPBIBHOTO BelBieT-npeobpasosanus ¢pyukuun f(t) umeer Bun [6, 8]:

+o0
i s) =— [ O] =5 ],
Jlsl 2 s

IJI€ T - CABMT [0 BPEMEHM, S - MacIiTad, a /" - MaTepUHCKHIl BeiBieT.

BeiiBnet-npeoOpazoBanue BeIMONHSETCS aHaMOrmdHO OII® — curaanm nmepeMHOXKaeTCs C ABHKYIICHCS T10
CUTHaITy BelBJeT-QpyHKINEH Takxke Kak U ¢ okoHHOU pyHKuuer mpu OIID. Ho ects nBa ommmums Mexay OIID u
BeliBieT-Tipeobpasosanrem [6]:

1. He Bemomnnsercs [1D B3BeeHHOTO ¢ BelBIeT-(OyHKIMEH CUTHATIA.
2. Illmpunra oxHa m3MeHsieTcs. Tak 49TO mpeoOpa3oBaHWE BHIYHCIACTCS U KaKAOH CHEKTPaIbHOU
KOMITOHEHTBI, YTO SBJISIETCS] HAaHOOJIee Ba)KHBIM CBOMICTBOM BEWBIIET-NIPE0Opa3OBaHUsL.

IlonaTue BelBieTa O3HAa4YaeT BOJHY, KOTOpas MPOXOIUT yepe3 CUTHAN U SIBJIAETCS OKHOM HEKOTOpOH
MIMPUHBI (MaciuTaba) Ui HEKOTOPOTO MECTOIOJIOKEHUSI BO BPEMEHH, B IpOIecCe MHTETPUPOBAHUS CHTHAJA.
MarepuHckuil BeWBieT - 3T0 (QyHKUMS, KOTOpas SBISETCS MPOTOTUIIOM JUIA BCEX OKOH, KOTOpbIe OyayT
TeHepHpOBaThCS BO BpeMs BeiiBiner-mpeoOpazoBaHus. CABHT 1O BPEMEHM pErylUpYyeT ABHKEHHE
TeHEPUPOBAHHBIX OKOH MO0 BPEMEHHOM KOMIIOHEHTe curHana [8].

Ionsarne macmTaba sBIseTCs OOPAaTHBIM K IMOHATHIO ITUPUHBI OKHA. UeM MEHbINe IHPHHA OKHA, TEM
OospIie MacmTad, TO €CTh OKHO 3aXBaTHIBaCT MEHBIITYIO YAaCTh CHTHAJIA M CHTHAJl MHTETpUpYeTCs 0oJiee NeTalbHO.
Yem Oomplle MUpHHA OKHA, TEM MEHBIIHNA MacmTad, TO €CTh OKHO 3aXBaTHIBACT OOJBINYI0 YacTh CHTHANA U
CUTHAJI, COOTBETCTBCHHO, WHTETPUPYETCS MeHee IeTaibHO. TakuM o0pazoM, BeHBIeT-ipeoOpa3oBaHHE, B
otmmuue ot OII®, KoTOpoe MMEeT MOCTOSHHBIN MacmTad B JF000 MOMEHT BPEMEHH JUIS BCEX YaCTOT, HMEET
Jydlee MpeacTaBlIeHHe BPEMEHH U Xy/IlIee MPEeACTaBIeHHEe YacTOThl Ha HU3KHUX YacTOTaX CUrHAJa W Jydllee
MpeCTaBICHUE YaCTOTHI C XyALINM IpecTaBIeHHEM BPEMEHH Ha BBICOKHMX 4acTOTax curHana. M3 atoro cienyer,
4YTO BEWBJIET NpeoOpa3oBaHME [aeT BO3MOXKHOCTh YMEHBIIMTh BJIMSHHE IPHHIMIIA HEONPEIeICHHOCTH
Ieiizenbepra Ha MOJY4EHHOM YaCTOTHO-BPEMEHHOM MpeCTaBieHnn curHana. C ero moMouipo HU3KUe 4acTOThI
HUMEIOT 0oJiee AeTaNnbHOE MPEeACTaBICHNEe OTHOCUTEIHHO BPEMEHH, a BEICOKHE - OTHOCHUTENIFHO 9acTOTHI [8].

B mocneaHne rogpl MOSIBUIOCE MHOTO pabOT MO NMPUMEHEHHIO BEHBIIET-aHAIM3a JJIS OLIEHKH KayecTBa
anekTposHepruu [9-12]. OxHako ero UCIOIB30BaHUE COMPSIKEHO C ONPeIeIEHHBIMU TPYAHOCTSAMU:

1. 3aBuUCHMOCTbH Pe3yJIbTaTOB OT BEIOOpA MAaTEPUHCKOTO BEHBIIETA.
2. TI® GonpmmHCTBA BelBIET-(QYHKINN, KaK MPABIIIO, JaeT OOJBINE OJHON TApMOHUKH B CIIEKTpE.
3. CHoXHOCTH Iepexofia OT BEeHBIET-K03(p(PUIIMEHTOB K TapMOHUKAM.

ITo aHanu3y nuTepaTypHBIX HCTOYHUKOB MOXKHO CIENIATh BBIBOJI, YTO HA CETOIHSIIHUN JEHb JUIS aHAIH3a
TapMOHMYECKOTO0 COCTaBAa KPUBBIX TOKA M HAIPSKEHHs NpHMeHseTca aaroput™ BIID, koTopelii HE MO3BONIAET
OLICHUTb M JIOKAJIM30BAaTh MCKa)KEHHUE, BHOCUMOE PE3KOIIEPEMEHHON HENMHEWHOW Harpy3koil. IIpumenenue
BEHBIIET-IpeOOpa30BaHus JJI PELICHHS 3aJad OIEHKH KauecTBa JJIEKTPOSHEPTHMH 3aTPYAHHUTEIHHO M IIOKa
HAaXOAMTCSI Ha CTaAuM ucciienoBanuil. CrenoBarelbHO, 3a1aua BIOOpa ONTUMAJIBHOTO aJITOPUTMA T OLIEHKH U
JIOKQJIM3ALMY UCKAKEHUS KPUBBIX TOKA U HAIPSKEHUS MO-IIPEKHEMY aKTyallbHa.

Henru w 3amaum wucciaenoBaHusi. llenpro gaHHOW pPaOOTHI SABJISAIOTCS WCCIEAOBAHUS METOJOB
TapMOHHYECKOI0 aHAIM3a C LEJbI0 JIOKATU3aUN UCKaXKEHUS U OLIEHKH €ro BEJTUYHHBI.
Jis peanu3anuy MoCTaBICHHON eI HEOOXOAMMO PEIIUTh CICAYIOUINE 3a1a4uu:

e ripoBecTH aHanu3 ocobenHoctet 11D u BI1D;

® [IPOBECTH MaTeMaTHYECKHE BBIKJIA/IKH, 0OOCHOBBIBAIOIINE BO3MOXXHOCTH COBMECTHOTO HCIIOJIb30BAHMS
BII® n JI1P;

® 110 pe3yabTaTaM HCCIEAOBAHUH CAENATh BBEIBOJIBI.

Matepuan u pe3yabTathl HccieaoBanuii. Ocobennocteio BII® sBuseTCS TO, 9TO ¢ MOMOIIBIO 3TOTO
npeo6pa303aH1/Iﬂ BBIYUCITIAKOTCA Cpa3y BCE€ KOMIIOHCHTBI BBIXOJHOI'O CIICKTpa CUTHAJIa. B pe3yabTaTe HCXOHHLIﬁ
curnan X(t) mpeacTaBiseTcst, Kak CyMMa CHHYCOHU/T (TApPMOHHK) Pa3HOM 4aCTOTOTHI:

X(t) = A sin(ot + o)) + A, sinQot + a,) +...+ A, sin(not + «,) , 1)
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rme A1, Az, ..., An — aMIDIITY B TAPMOHHYECKHUX COCTaBIIONMX curHaia X(t); @ — yriosas gacrora; a1,
a2, ..., 0n — (pa3a TApMOHMYECKUX COCTABIIIONINX CUTHANA; N — MAKCHMAaIBHBIA MOPSIOK TaPMOHUK.

MosxHo yTBepKaaTh, uTo BIID sBIsSeTCS MHAMKATOPOM HAJIWYMS B CUTHAJE Ha MHTEPBAJC U3MEPEHMS
OIpeIeNIEHHBIX FTAPMOHUYECKUX COCTaBIISIONIHX.

OtnnuutensHol ocOeHHOCTRIO [III® mo oTHomieHHI0 Kk BIID sBnseTcs BO3MOXKHOCTh aHAIM3HPOBATH
WCXOAHBIA CUTHAM MO Ka)A0H rapMOHUKe OTAeIbHO [13].

Cornacuo [14], mis cuctem 3yekTpocHaOkeHus 4yactoroit 50 I'm B kadyecTBE OCHOBHOTO HMHTEpBaia
BpEMEHM MPU U3MEPEHUM TOoKa3aTeliell KauecTBa AJIEKTPOIHEPTUU MPUHUMAETCS MHTEPBaJl JUIUTENbHOCTHIO 10
[IEPUOJ0B FAPMOHUKU OCHOBHOM YaCTOTHI.

C menpio meTamu3alii 9YacTOTHOTO HAITONHEHWs CHTHAJla Ha WHTEpBaje W3MEPEHHUS NPOBEIAEM pacdeT
TOUYEK CIIEKTpPa, MONydeHHBIX B pe3yiprate BII®, mcmonsdys [duckpernoe I[Ipeobpasosanme Dypoe (AIID)

(puc.1).

Jetanuvza- |

TOYKaM LU 10
« CIIEKTpa « IICpHOIaM

Bxonurie

JTaHHbIE
A\

PI/IcyHOK 1- YCOBGPLHGHCTBOBaHI/Ie METOAa rapMOHHUYCCKOI'0 aHaJIn3a

[ 3TOro HE0OXOOMMO YMHOXXHTH KaXKABIH NEpHOZ MCXOAHOTrO curHaia (1) Ha OCHOBHOM HHTEpBaie
U3MEPEHUs HAa CHHYCOMJIbI U KOCHHYCOUABI €MHUYHON aMIUTUTYABI C 4aCTOTAMH, IOJIyYEHHBIMH B PE3yJbTaTe
BII® curnana, u IpOUHTErPUPOBATH HA UHTEPBAJIE 27.

[IpousBeneHne CHHYCOUABI C aMIUIUTYIOW Aji, 4acToToil N1 M (a3oil a1 HA CHHYCOMIY EIMHUYHON

aMILTATY/IBI C YaCTOTOM Ny U (a3oit az [15]:

A sin(nt + o) sin(n,t + a,) = %(cos(nlt +ay —Nt—a,) —cost +ay +Nt+a,))=

= ﬁcos((nl —n)t+ (e, — o@)—%cos((nl +n)t+ (o + @)=

BN

= (cos(n, —n,)tcos(e, —a,) —sin(n, —n)tsin(e, —a,))—

(cos(n, +n,)tcos(a, + a,) —sin(n, +n,)tsin(e, + a,)) =

A

=—tcos(, —a,) cos(n, —n,)t ey

A A

—?cos(oz1 +a,)cos(n, +n,)t + ?sin(al +a,)sin(n, +n,)t

sin(ey, —a,)sin(n, —n, )t —

I\J,_J>N‘,_J>N

HeonpeneneHnslii nHTErpai NpOU3BEIEHHUST CHHYCOUIbI C aMIUIMTYA0M A1, 4acToToi N1 u dazoit o1 Ha
CHHYCOHY SANHUYIHON aMIUTUTY/IBI C 4aCTOTOM Ny U has3oit ap [16]:
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j A sin(nt + a,)sin(n,t + a, )dt = %cos(a1 - az)j cos(n, —n,)tdt—

- %sin(oc1 - o;z)jsin(n1 - nz)tdt—%cos(oz1 + az)_[ cos(n, +n,)tdt +

+%sin(al +a)[sin(n, + 0, tdt = %cos(al o) —sin(n, —n,)t -

1 2

—ﬁsin(oc1 —a,)| - cos(n, —n,)t —ﬁcos(o:1 + cxz)Lsin(n1 +n,)t+
2 172 2 L+,
+ﬁsin(ozl +a,) - cos(n, + Nt = A cos(ey = a,)sin(n, =Nyt
2 ; +1, 2(”1‘”2)
N Asin(e, —a,)cos(n —n,)t A cos(a, +a,)sin(n, +n,)t N A sin(a, + a,) cos(n, +ny)t
2(”1 - nz) 2(n1 + nz) 2(n1 + nz)

Brrumciienne nHTErpanbHON CyMMBI IPOU3BEICHHUS CHHYCOHIBI C aMILTUTYA0H A1, 9acTOTOM N1 1 (azoit a1
Ha CHHYCOUJY CIMHUYHOM aMIUTUTYABI C YaCTOTOH Ny U (a3oil ¢ Ha UHTEpBaJe 27 MPOU3BOAUTCS MO PopMyIIe
Herotona-Jleit6numna [17]:

27 (Aicos(al_az)Sin(nl_nz)t +

_[Aisin(nlt +a;)sin(nt+a,) =

0 2(n1 - nz)
N A sin(a, —a,)cos(n —n,)t A cos(a; + a,)sin(n, +n,)t N
2(”1_n2) 2(n1+ nz)
. Asin(a, + a;)cos(n, + nz)tJ ” _ Acos(a; —ap)sin(n, —n,)2z
2(n1+ nz) 0 2(”1_n2)
N Assin(a, —a,)cos(n, —n,)2z A cos( +a,)sin(n, +n,)27 N
Z(nl - nz) 2(n1 + nz)
N A sin(a; +ay)cos(n +n,)2z A cos(a, —a,)sin(n, —n,)0
2(n1+ nz) 2(n1_n2)
_ Asin(a, —a,)cos(n, —n,)0 N A cos(a, +a,)sin(n +1n,)0
Z(nl_nz) 2(n1+n2)
_ Asin(e, +a,)cos(n, +n,)0 _ A sin(e, — a,) N Asin(e +a,)
2(n1+ nz) Z(nl_nz) 2(n1+ nz)
CAsin(a —a,)  Asin(e +ay) 0
2(n1_n2) 2(n1+n2)
WHTerpanbHas cyMMa MPOM3BEICHUS IBYX CHHYCOW pa3HOW 4acTOTHI HA HHTEpBaJIe, KPaTHOM 27, paBHA

HYJIIO.
[TpousBeneHne CUHYCOMIbI C aMIUIUTYynoW Ai, yactorod N u ¢(a3zoll a1 Ha CUHYCOMJY EIUHUYHOM
aMIUTATYBI C 4aCTOTOM N U ¢a3oit oz (oguHaKoBas yactora) [15]:

A sin(nt+ e ) sin(nt+ a,) = %(cos(nt +a, —Nt—a,) —cos(t+a, + Nt+a,))=

- %(cos(o:1 —a,)—cos(2nt + (o, + @) )) = W N
—%(COSZHtsin(al +a,)—sin2ntcos(e, + a,)) = W 3

_ Acos2ntsin(e; +a,) N A ssin2ntcos(e, + «,)
2 2

HeomnpeneneHnHplit HHTETpal MPOM3BEACHUS CHHYCOUIBI C aMIUIMTYI0W Aj, 4acToToil N m asoit a1 Ha
CHHYCOUY €IMHUIHON aMIUTUTYIBI C YaCTOTOM N M (a3oii o, (oauHaKoBas yactoTa) [16]:
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[ Asin(nt + ay)sin(nt + o, )dt = A&COS(ZF“Z) [at- A&S'”(Oz‘lmz) [ cosantdt+

+ A0 ) [ ot - A COS(;‘l o) Asint ta,) (lein 2nt) +
n

2 2
L Acos +a,) (_1(:032“,[): Acos@ —a,) Asin(a +a,)sin2nt
2 2n 2 4n
_ Acos(, +a,)cos2nt
4n

WuTerpansHas cymMma Mpon3BeACHUS CHHYCOUIBI C aMIUTUTYA0H A1, 9acTOTOH N 1 Ga30i a1 Ha CHHYCOHUTY
eAMHUIHOW aMIUTUTYIBI C 9acTOTOM N U (ha30ii o Ha mHTEpBaie 27 (OMHAKOBAs YacToTa) o ¢popmyne HerotoHa-
Jleitornma [17]:

A cos(y, — a,) . Asin(a, +a,)sin2nt

2J?Aisin(nt +a,)sin(nt+«,) :(

2 4n
2 .
_ Acosle +a2)cosznt) _Acos@ma), A sin(e, +az)M_
4n o 2 an
—Acos(a, +a,) cosjnz;z - Aicos(;zl “%) g, A sin(e, +az)w+
n
cos2n0

+ A cos(e, +a,) - Arcos(e, —a,)
n

st ciydaeB ;=0 U ap=7/2 MONy4aeM CUCTEMY YPaBHCHHIA:
Arcos(y—0)=a

A cos(e, —%) —b

501058
Arcosa, =a
Azsing, =b’

rJie 8 — 3HaUeHHE UHTETPAIbHON CyMMBI TPOM3BEICHUS CHHYCOU/IBI C aMIUTUTYI0M A1, yacToTol N U (a3oit
01 Ha CHHYCOWJIY €IMHHYHON aMIUIMTYIbl C 4YacToTo N u (asoil ay=0 Ha wHTepBayse 27, b — 3HaYeHue
MHTETPaJbHOW CYyMMBbI TPOW3BE/ICHHUS CHHYCOUABI C aMIUIMTYyxoW Ai, 4acToToil N u azoil a1 Ha cUHYycOMIY
CAMHUYHOW aMIUTUTYIbI C YaCTOTOM N U (a30i ax=7n/2 Ha UHTEPBAIE 27.

B pesynbrate Uil KaXIOH TapMOHMYECKOH cOCTaBistolmeld Ha |-M meprnome OCHOBHOTO HMHTEpBaja
U3MEPEHUs MOJIy4aeM CUCTEMY YPAaBHEHHM:

A, mcosa, =a,
,

A, msinay, =b,
rae Ax — amruatyaa K-ii rapMOHHMKH curHana Ha |-M mepuosie OCHOBHOTO MHTEpBaia W3MepeHms; K —
HOPSIOK TapMOHUKY; |=1+10 — mOpsIIKOBBI HOMEp IeproIa Ha OCHOBHOM MHTEpBalie U3MepeHus; ok — dasa K-it
rapMOHHMKH Ha |-M meprole OCHOBHOTO MHTEpBaja M3MEPEHHs; 8k — MHTErpalbHas CyMMa Ha UHTepBaie 27
NPOU3BEICHHS CUTHAJIA HAa QYHKIMIO CHHYCa SIMHUYHOM aMIUTUTYAb! K-i rapMOHUKH Ha |-M nieprozie OCHOBHOTO
WHTEpBAa W3MEPEHMs; Dy — MHTErpajgbHas CyMMa Ha HMHTEpBaie 27 TMPOM3BEACHUS CHTHANA HA (YHKIIUIO

KOCHHYCA eTMHUYHOM aMIUTHTY/IbI K-if rapMOHUKY Ha |-M mieproie OCHOBHOTO HHTEpBasia M3MEPCHHSI.

Cucrema ypaBHeHHH (2.8) HEe 4TO WHOE, KaK TPUTOHOMETPHUYECKOE MPEICTABICHNE KOMIUIEKCHOTO JUCiIa

()

Z, =28y +jbkI [116]. Torna ammumuryma k-it rapmoHuueckoil cocraBistoiiedi Ha |-M mepuose OCHOBHOTO

I/IHTepBaJ'Ia HSMepeHI/Iﬂ OHpe,Z[CHﬂeTCH, KakK:
|24]

A, = '
T
rae |ZkI | - MOJTYJTb KOMIUTEKCHOTO YHCIIA Zy.
®asa k-it rapmonuky Ha |-M epro/ie OCHOBHOTO MHTEPBAIa U3MEPECHUSI:

oy =argzy,
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Tzie arg Zy — apryMeHT KOMIUIEKCHOTO YHCTa Zk.

Takxum 06pazom ¢ moMotnsio gonoaauTensHoro JI® mo neprnogam rapMoOHUKE OCHOBHOM yacToThl ([AI1D
0 TIEPHOJIaM) YAAeTCs JIOKAJIM30BaTh BPEMsI MOSBICHUS W MCUC3HOBEHUS BBICIINX TAPMOHUK C TOYHOCTBIO JIO
OJTHOTO NEpHOo/ia FTaApMOHUKH OCHOBHOI 4acTOTHI (puc.2).

" Hexoauwii cursan i
1 Cnexrp

' : ) ‘ ' . . J "

Hexonumin cnraan no nepnogam

Marpiua aMuHTyY 1 10 NepHOIAM

Au f\'.: AU .'\n Au A\o Ai‘ Au .‘\'.-i Au(l

A,

Pucynox 2 — Moaudukarms MeToa rapMOHUYECKOTO aHAIN3a

BoiBoabI:

® B JJIEKTPOIHEPTETHUKE Hanboyiee paclpoOCTPAaHEHHBIM METOJOM TapMOHHYECKOTO aHaln3a MCKaXEHHS
KPHUBBIX TOKA U HAINpsDKeHUs siBIsieTcst beictpoe [IpeobpazoBanne Dypre;

® HU OJMH W3 CYUIECTBYIOLIMX METOJOB TapMOHHYECKOr0 aHalW3a HE MO3BOJISIET C JIOCTaTOYHOM
TOYHOCTBIO ONPEEIUTh TAPMOHHUKY U OJHOBPEMEHHO JIOKAJIM30BATh BPEMS €€ MOSIBJICHUS U NCYE3HOBEHUS;

® UI CHW)KCHUS BJIHMSHUS TIPUHIINIIA HEOIpeaelleHHOCTH [ eii3enOepra menecoodpa3sHo KOMOMHHPOBATh
METO/bl TAPMOHUYECKOTO aHAJIN3a;

npumeHerre J[I® 1o mepuomamM TO3BOJISIET JIOKAM30BaTh BpEeMs  ITOSBIICHUS/UCUE3HOBEHUS
TapMOHHYECKOM COCTaBIISIIOLIEN C TOUHOCTBIO JI0 IEPHO/Ia TAPMOHUKH OCHOBHOM 4aCTOThI
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A. Voloshko, Dr. Sc. Sciences., Prof.

D. Filyanin

National Technical University of Ukraine «Kiev Polytechnical Institute»

DETECTION AND LOCALIZATIN OF POWER QUALITY DISTURBANSES BASED ON FAST
FOURIER TRANSFORM AND DISCRETE FOURIER TRANSFORM

The urgency of the work is due to the need to localize and evaluate power quality distortion for

understanding the cause-effect relation of the appearance of distortions, their correct evaluation and identify
sources of harmonic in order to improve power quality.

Key words: power quality, harmonics, total harmonic distortion, distortion source, Fast Fourier Transform,

Discrete Fourier Transform.
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YK 621.311

A. B. BoJiomko, 1-p TeXH. HayK, mpog.
J1. B. ®dinsnin
Hauionansuuii Texniunmii yniBepcuter Ykpainu «KuiBebkuii noairexuivunmii incturyt imeni Iropst Cikopcebkoro»

BUKOPUCTAHHA AJITOPUTMIB IBUJKOT'O IEPETBOPIOBAHHSA ®YP’€ TA
JUCKPETHOI'O HEPETBOPIOBAHHSA ®YP’€ VIS BUSABJIEHHS, IOKAJTU3ALIMH 1 OIIITHKA
CIIOTBOPEHHSA CUHYCOITAJIbHOCTI KPUBUX TOKA I HAIIPYTH

Axmyanvuicms pobomu 006ymoeiena neodXionicmio 10Kani3ayii ma oyiHKu CHOMBOPEHHA CUHYCOIOANIbHOCTI
KpUGUX cmpymy i Hanpyeu Ol GUAGIEHHA NPUYUHHO-HACIIOKOB020 36'A3KY NOAGU CHOMEOPEHb, NPAGUNLHOI iX
OYIHKU MA BUSHAYEHHA O0NHCEPEN SAPMOHIYHUX CHOMBOPEHb 3 MEMOI eeKmusHo20 NPogederts 3ax00i6 wooo
NOMINWERH s AKOCMI Ma HAOIIHOCMI eIeKMPONOCMAYAHHS CHOJCUBAYIE.

Knrouosi cnosa: AKicTh eNEKTPOCHEPTii, TApMOHIKH, KOS(DII[IEHT TApPMOHIK, JKepeno crioTBopeHHs, [1IBunke
IlepetBopenns @yp'e, Auckperne IleperBopenns Oyp'e.

Hamiimna 27.09.2017
Received 27.09.2017

ISSN 2308-7382 (Online) 131





