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2.10 KBaiuTeT HA eJIEKTPHYHATA €HEPruja — TEPMHHOJIOTH]ja

3a monecHo pa3bupame Ha MHOTYTE TOMMH Off OBie pas3rjeflyBaHaTa
npobiieMaTuKa, BO MPOAOJKEHHE € [afieH TMperyiel M TOJKYyBame Ha
HajBaXKHUTE TEPMMHHU, 3acCTalleHd BO MpoblieMaTHKaTa Ha KBaJUTETOT Ha
eJekTpuyHa eHepruja. Bo Hajronmem e, gepUHULMATE c€ BO COIVIACHOCT CO
aKTYyeJTHUTE UHAYCTpUCKU craHaapau. OBoj ofjes ocoOeHO Ke O1ujie KOPUCEH 3a
eJIEKTPOMHXXEHEPUTE Off MaKEeJOHCKO TOBOPHO Mofipayje, OuiejKu TepMUHUTE
ce JaBaar MapajieJTHO W Ha aHTJIMCKM (KaKO MOKe J1a ce HajaT BO CTpyJIHaTa
JUTepaTypa Ha aHIJINCKU) W Ha MakelloHCKu. IlpuToa, Hemajkum ycBOeHa
TEPMHUHOJIONTYja, HUE€ HEKOM MMEHKM caMU T'M Ipefyiarame, CBECHU JeKa Tue
MOXKeOHu He ce HajpoopuTe.

> active filter = akTuBen ¢unrep

3aefHWYKM Ha3WB 3a HEKO] Off MHOTYTE JIeHEC MO3HATH pEIIeHuja 3a
EJIMMUAHUPAKBE HA XaPMOHUCKOTO U300INYYBakE.

> CBEMA curve = CBEMA kpuBa

30up Ha KpUBU KOU CE€ IIPUKa3 Ha CIOCOOHOCTHUTE Ha KOMIIJYTEPUTE A
rm m3fgpxKar Oe3 IOCIEeULIU Ppa3IUYHUTE BEJIWYMHU U BpEMETpacwa Ha
HanoHcku npeuku. IIpercraByBa mpowmssop Ha Computer Business Equipment
Manufacturers Association (CBEMA), 1 Kako TakoB J0OW penyTanuja Ha, e
(pakTO craHmapp 3a Mepewme Ha Nep(OpMaHCUTE HAa CUTE THUIIOBH OIpeMa U
€HEPreTCKU CUCTEMH.

> coupling = cnoj (Bpcka)

EneMeHT unm eJeMeHTH Off €NEKTPUYHOTO KOJIO WM eJeKTpUYHaTa
MpexXa KOM MOXaT Jla c€ CMeTaaT KaKo 3ae/[HUYKU 3a BJIe3HaTa U 3a U3jle3HaTa
MpeXa U IPEKY KOM ce OCTBapyBa B3a€MHHMOT TpaHc(ep Ha eHeprujaTa.

> crest factor = (pakTOp Ha TeMeHa BpexHOCT

BpepHocT koja ja mokaxkyBaaT MHOTY Off HHCTPYMEHTUTE HAMEHETH 3a
MOHUTOPHHI HAa KBAIMTETOT HA eJIeKTpuuyHaTa eHepruja. [IpercraByBa ogHOC
Mely TeMeHaTa BpPEJHOCT Ha W3MEPEHHOT OpaHOB OOJMK M HErosaTa
edekTuBHa BpenHocT. Ha mnpumep, ¢akTopoT Ha TeMeHa BPENHOCT Ha
CHUHYCOUfIeH OpaH n3Hecysa 1,414.

> critical load = KpuTH4YHO OoNTOBapyBame

Ypenu u ompema cO 4YM€ HENPABIWIHO (PYKLMOHUPAHmE Ce 3arpo3yBa
3apaBjeTo u 0e30eqHOCTa Ha MEPCOHANOT KOj TH OICIYXKYBa, IITO ITOHATaMy
pe3yaTupa BO LEJIOCEH INpPecTaHOK Ha (yHKuMjaTa, (PUHAHCUCKA 3aryda Hu
LITETA Bp3 OIlpeMaTa Ha KOPUCHUKOT.

> current distortion = cTpyjHo n3061MuyBame
N300nnyyBame Ha HAN3MEHNYHATA JIMHUCKA CTPY]a.
> distortion = u306;IMYyBame

Cekoe oTcranyBame Ofi HOPMAJIHUOT CHHYCEH OpaH, 3a Hau3MEHUYHU
TOJIEMUHH.
> dropout = ncmapn
ITpecTtanok Ha (pyHKIIMOHUPAKETO Ha ONpeMaTa, Kako MOoclefuiia Ha
IIyM, HATIOHCKA jamMa UJIY TPEKWH.
> dropout voltage = HanmoH Ha UcCHax
HamnoH npu Koj ypefoT ja oTKaxyBa cBojaTa (pyHKIHja.
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> electromagnetic compatibility = e1ekTpoMarseTHa KOMIATHOMIIHOCT
CnocoOGHOCT Ha ypefoT, onpeMaTa UJId CUCTEMOT, a (pyHKIMOHUpAAT
3a/I0BOJIUTENIHO O0OpPO BO CBOjaTa eJIeKTpOMarHeTHa OKOJIMHA, Oe3 fa
Mpeau3BUKYyBa HETOJIEPAHTHU €JIEKTPOMAarHeTHU MPEeYkW Bp3 OWIO IITO BO
OKOJIMHATA.
> equipment grounding conductor = 3a3eMjuTelleH NPOBOJHMK Ha
onmpeMara
[TpoBOAHUKOT KOj ce KOPUCTHU 3a MOBpP3yBam€ Ha JIEJIOBUTE KOM HE Ce
MOJl HAallOH BO HOpPMaJjlHa COCTOj0a, a KOM Ce JIJIOBU Ha CUCTEMOT KOj € TOJ
HAloH, CO 3a3eMjeHHOT MPOBOAHMUK (HEyTpajieH) Kako M CO 3a3eMjeHaTa
€JIEKTpofa.
> fast tripping = 6p30 nckiyuyBame
Ce opHecyBa Ha BHJI Ha [ellyBakbeé Ha peliejHaTa 3alllTUTa BO
€NIeKTPOCTONAHCKUTE TOCTPOjKM, BO KOM MPEKMHYBAUYOT HAa MOKHOCT WIH
JIMHUCKMOT MPEBKJIYUYyBay [€jCTBYBA MPEJl OCUTYPYBAYOT /ia ycIiee [a MPEeTOpH.
OBa ce HapekyBa YLIT€ W ClaCyBame Ha ocurypybBauor. EdwukacHo e 3a
OTCpaHyBalk€ Ha TPELIKM Off THUIIOT Ha NPUBPEMEHM KyCH BPCKH, 0O€3 ja ce
IIpEAU3BUAKA TPACH IIPEKUH.

> fault = rpemka, Kyca Bpcka
I'enepanHo, ce ofHECYBa Ha Kyca BPCKa BO €EHEPTETCKUOT CUCTEM.
> fault, transient = rpemka, o npuBpeMeH Kapakrep

Kyca Bpcka BoO cucTeMOT KOja OOMYHO € NMpeu3BUKaHa Of] yiap Ha IpoM,
rPaHKU Ha JIpBja WJIM XMBOTHU KOU MOXAT fa C€ OTCTPAHAT CO MOMEHTAJHO
NPEKMHYBaWkEe Ha CTpyjaTa.

> frequency deviation = (ppekBeHTHA NeBUjanuja

ITopact nnm HamanyBawke Ha MpeXHaTa (ppekBeHIja. BpemeTpaeweTo
Ha OBa (PPEKBEHTHO OTCTAllyBalke MOXKE f1a € Off HEKOJIKY IUKIYCH, a ce 0
HEKOJIKY YaCOBH.

> frequency response = )peKBeHTEH OArOBOP

Bo o0Onacra Ha npoOneMaTumkaTta €O KBAJUTETOT Ha €JEKTPUYHA
EHepruja, ce OfHECYBa Ha BapHjanyjaTa Ha UMIIeJJaHCcaTa Ha CUCTEMOT, WIIH IaK
Ha HEKO] MEpeH NpeTBOpyBay, BO pyHKIMja off PpeKBEHIIMjaTA.

> fundamental (component) = 0OCHOBHA KOMIIOHEHTA

KommnonenTa o mpB pep (50 wiu 60 Hz) og ®ypuepoBUOT pa3BUTOK Ha

epruorYHaTa FOJIEMHAHA.
> ground = 3eMja, 3a3eMjyBame

ITpoBoHa Bpcka, HAMepHa WJIM Clly4ajHa, MPEKy Koja eJIEeKTPUYHOTO
KOJIO WJIM OIlpeMaTa € MOoBp3aHa Co 3eMjaTa, WA CO HEKOE MPOBOJHO TEJO CO
pelaTHBHO TrojieMa Maca, Koe CIy:KM HamecTo 3emjata. 3abeaewixa: Ce
KOPUCTH 3a BOCIIOCTaBYBalke€ M OJpKYyBakheé Ha MNOTEHUHMJjAJIOT Ha
MPOBOJHUIIMTE HAa MOTEHIUjall HAa 3emjaTa (WJId MPOBOJJIUBOTO TEJNO) KOU ce
MOBP3aHM cO 3eMjaTa (MMPOBOMJIMBOTO TEINIO) U 32 OJBEyBame Ha CTPYUTE KOH U
of1 3eMjaTa (TPOBONIMBOTO TEJIO).

> ground electrode = 3a3eMiIMTE/IHA €JIEKTPOA

ITpoBogHMK unaM rpyna Ha NOPOBOJHULMA BO JUPEKTEH KOHTAKT CO
3eMjara, co 1jes1 00e30e1yBame Ha BpcKa co 3eMja.

> ground grid = go3eMHa MpeiKa

Cucrem o MefyceOHO OBpP3aHU T'OJIM IPOBOJHUIIM, COCTaBEHH BO €I€H
BHJ] Ha I1a0JIOH MM MpesKa Hajl HEKOja 00acT M MOCTAaBEH! Ha, WM 3aKOIaH!
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1oy MOBpIIIMHATA Ha 3eMjaTa. [IpumapHaTa 1jes Ha oBaa Jo3eMHa MpeKa € Ja ce
00e30enu 60e30eMHOCT 3a PabOTHUIUTE, CO OTPAHUUYYBaWkhEe HA MOTEHIMjaTHUTE
pa3iuKu BO CBOjOT NMEPHMETAp Ha 3aJ0BOJIMTENIHO CHTYPHOCHO HUBO, a 3a
CIlyyaj Ha MojaBa Ha BUCOKM CTPYHU U fioafame Ha KOJIOTO Ha KOe ce pabOTH MOf
HaIloOH M Toa Off OWJI0 KOW NPUYUHU WU Ha MPUMEP, NOPaA HENPABUIHOCT BO
COCEJHOTO CTPYjHO KOJO. 3a WucTarta LEeJ, 4YecTo ce ynoTpeOyBaaT W
MOBPILIMHCKY TPOBOJIMBY NOKPHUBKYU WM MeTajlHu npemasu. OBa He Mopa fa
Oujie UCTOBPEMEHO U peepeHTHA MpeXKa 3a CUTHAJIN.
> ground loop = no3emHa jamka
[TorenuujanHo mWITETHA jaMKa, KOja ce popMupa Kora JiB€ WJIN MOBEKe
TOYKH BO €[IeH EJEeKTPUYEH CUCTEM, KOM HOMHHAJIHO CE€ Ha J[03E€MEH
NOTEHIMjall, Ce MOBP3aHu IPEKY MPOBOJHA MMaTeKa TaKa IITO WX eJHaTa Uid 1
[IBETE€ TOYKM HE CE€ HA UCTUOT O3€MEH NOTECHIIM]AI.
> harmonic (component) = xapMOHHK
KomnonenTa op pepg morosem of efneH, ox ®PypueBnoT pen Ha
NEpUOANYHA FOJIEMHHA.

> harmonic distortion = xapmMoHHCKO N300 IM9yBame
IlepuonnyHO N300/1MUyBakhe HA CHHYCHUOT OpaH.
> harmonic filter = xapmonnckn ¢uiarep

Ypen 3a “dunrpupame” Ha €eH WIM TOBEKE XapMOHMIM O
EHEepreTcKNoT cucteM. [ToBeKeTo BakBH pellieHrja ce MAacCUBHU KOMOWHALUU Off
MHAYKTUBHOCT, KAIAIUTUBHOCT M aKTHMBHA OTHOPHOCT. [TOHOBUTE TEXHOJIOrHH
BKJIyUyBaaT aKTUBHM (UIATPH KOM INTO Taka MOXKAT fAa TU 33aJ0BOJAT
NOTpPEOUTE Of] peakTHUBHA €HEPIHja.

> harmonic number = peaen 0poj Ha XapMOHHMKOT

Llen Opoj, moOueH Kako offHOC Mefy (ppekBeHIjaTa Ha XapMOHUKOT CO

OCHOBHaTa (ppeKBeHIHja.
> impulsive transient = nmmnyJjicHa npeoana nojasa

Henapejna npomMeHa He co MHAYCTpHUcKaTa (ppeKBeHIHja, MpU cTaOuIHA
coctoj0a Ha HANIOHOT WJIA CTpyjaTa Koja € CO caMO €fIeH MOJAPUTET, UIN CaMO
MMO3UTHUBHA, UJIA CAMO HEraTUBHA.

> instantenous = MUTrOBeH

Kora ce ymorpeOyBa Kkako MoaucpukaTtop, 3a OfpeayBame Ha
BpEMETPACHETO HAa KPaTKOTpajHaTa Bapyjalyja; Oropapa Ha BPEMEHCKH OIICeT
on 0,5 no 30 uMkIIycH, Ha MHAYCTpUCKaTa (PpEKBEHIH]A.

> instantenous reclosing = MUrOBHO peBKIyYyBame

TepMmuH KOj ce KOPUCTHU IPH MOBTOPHOTO BKIIYUYBAH€ HA MPEKUHYBAYOT
BO €JIEKTPOAUCTPUOYyIHja, IITO € MOXKHO NOOP30 IO MPEKUHOT Ha CTpyjaTa Ha
rpemika. Tunuanoro Bpeme e Mefy 18 u 30 nukirycu.

> interharmonic (component) = MeryxapMoOHHK

dpekBeHTHA KOMIOHEHTa Ha MEpPUOUWYHA TOJIEMHWHA KoOja HE €
eI0OpOeH MHOXHUTEN Ha (PpeKBEHIMjaTa Ha KoOja € MpelBUiEH Jla padoTu
CUCTEMOT.

> interruption, momentary = npeknH, MOMeHTa/leH (TEPMHHOJIOTHja BO
€HePreTcKN CHCTEMH)

IIpexun co OrpaHMYeHO BpEMETPACHE, OrPAaHUYEHO CO IEPUOAOT
noTpeOeH 3a MOBTOPHO BpaKamwe Ha pabOTHAaTa cocToj0a CO aBTOMATCKO WIIH
MaHyeJIHO BKIIyuyyBawme. BakBuUTe€ NpPEKMHYBAYKM oOnepayud Mopa ja ce
3aBpIIaT BO BpEME KO€ HE HAIMUHYBA 5 MUHYTH.
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> interruption, momentary = mnpeKkuH, MoMeHTaleH (TepMHH BO
KBAJINTET HA eJl. eHepruja)
Bup Ha kpaTkoTpajHa Bapujanmja. LlenocHo rybeme Ha HamoHoT (< 0,1
eIMHUYIHY TOJIEMUHN) Kaj eIHa Wiu moBeKe a3z, 3a BpeMe nomery 30 muKIirycu
U 3 CEKYH/HU.

> interruption, sustained = npexun, Tpaen (eHePreTCKH CHCTEMM)
Cekoj MPEKHH KOj HE CE CMETa 3a MOMEHTAJICH.
> interruption, sustained = npexuH, TpaeH (KBaJIMTET HA eJl. eHEPruja)

Bup Ha monrorpajua Bapujanmja. LlesocHo rybeme Ha HamoHOT (< 0,1
CMIMHUYHY TOJICMMHHM) Kaj e[cH WiW moBeKe (a3HM MPOBOJHUIM, 32 BpeMe
IoroJjieMo of 1 MuHyTa.

> interruption, temporary = npexKus, NpuBpeMeH

Buj Ha kpaTkoTpajHa Bapujanuja. IlemocHo rybeme Ha HanoHoT (< 0,1
eMIMHIYHY TOJIEMIHN ) Kaj eHa W MoBeKe (asu, 3a BpeMe nomery 3 ceKyHau u
eflHa MUHYTA.

> isolation = m3onanmja

OppenyBame Ha €HA CEKIMja HA CUCTEMOT O] HECAKAHM BJIMjaHU]a Ha

NPYTH CEKLIUN.

> linear load = mmHeapen noTpomysaq

IToTpouryBauku eJIEKTPUYEH ypef, KOj BO cOcTOj0a Ha cTallMOHapHa padoTra
IIPETCTaByBa BO CYIITHHA KOHCTAHTHA MMIIE[JaHCa CIIpeMa HaIlOJHUOT U3BOP 3a
LEJIOTO BpEME Ha IUKJIYCOT Ha IPUMEHETUOT HaIIOH.

> long-duration voltage = nonrorpajaa sapujanuja

Bapupame Ha epekTUBHATa BPEHOCT HA HAIIOHOT Off HOMUHAJIHATA, 3a
BpeMe NOJI0JIrO Off €/{HA MUAHYTA.

> momentary = MOMEHTAJIHO

Ce xopucTu Kako aTpuOyT fia ja O3HAU rOJIEMUHATa Ha BPEMETPAECHETO
Ha KpaTKOTpajHa Bapujaluja, Ipu LITO OfiroBapa Ha Bpeme of 30 mukiycu o 3
CEeKYH/IM, IPY MHAYCTpPUCKA (ppeKBEHIH]a.

> noise = mym

Hecakanu enekTpu4HM CUTHAJIW KOM TPEU3BHKYBAAT HEIMOXKEITHU
epekTH BO KoJlaTa Ha KOHTPOJIHUTE CUCTEMH BO KOM ce mojaByBaaT. (Bo
TEKCTOB, CO TEPMUHOT KOHTPOJIEH CUCTEM CE MHUCIHM Ha OCETJIMBA €JIEKTPOHCKA
oTrpeMa, IeJI0CHA WIIH JISJIOBH Off Hea).

> nominal voltage (Un) = HOMHHAJIEH HAIOH

HoMuHanHa BpeHOCT KOja ce JOHECcyBa BO KOJIOTO MM CUCTEMOT U KOja
¢ KOHBEHIIMOHAJIHO yTBpJeHa Kako Kiaca Ha HanoH (Bo CAJI 208/120, 480/277
uu 600, a Bo EBpomna Ha mpumep 230/400 V).

> nonlinear load = HeIMHEapHO ONTOBapyBame

EnexkTpuyHO onToBapyBame€ KO€ MOBJIEKYBa JUCKOHTMHYHpAHa CTpyja
UM 4¥ja MMIIE[JaHCa Bapupa 3a BpeMe Ha OpaHOBHMOT IUMKIYC Ha Bie3HaTa
HaW3MEHUYHA CTPYja.

> normal mode voltage = HanOH BO HOpMaJIeH MOJ

HamnoHoT k0j ce nmojaByBa nmoMery akTUBHUTE IPOBOAHUIIM BO KOJOTO,
HarpuMep Mery ¢aszara u Hyjara.

> notch = 3acek

[IpexnHyBauko (WM APYro) MOpeMeTyBame Ha HOPMAIHUOT OpaHOB
OONMK Ha HAlOHOT IITO Tpae MOMAJIKy Of MOJIOBMHA LUKJIYC; CEKOraml € CO
CIPOTUBEH MOJAPUTET Off OPAaHOBHUOT OOJIHK.
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> oscillatory transient = ocuyunaTopna npeojHa nojasa

Henanejna mpoMena co pekBeHIuja pa3iauyHa oOff HMHAYCTpUCKATa
(¢dpekBeH1ja, Tpu cTabUIHA cOCcTOj0a HAa HATIOHOT UJIM CTPYyjaTa, Koja BKIIyuyBa
BPEHOCTHU M CO IO3UTUBEH U CO HETaTUBEH MOJIAPUTET.

> overvoltage = npeHanon

Ce cpekaBa mpy ONUIIYBAaKETO HA CHeUU(UYEH THUIl Ha AOJTOTpajHa
Bapujanyja, a ce OfHEeCyBa Ha HANOH KO] MMa BPEAHOCT 3a HajMaJIKy JIeCeT
IPOUEHTH HAJ, HOMHHAJHUOT HAIlOH, 3a MEPHUOJ Ha BpeMe NOJOAr Of] €Ha
MUHYTA.

> passive filter = macuBen ¢puirep

KomOunanuja of kajmemu, KOHAEH3aTOP! U OTIIOPHULY, IPOEKTUPAHH fia
eJIMMUHUpaaT efleH WIN oBeKe xapMouuiy. Hajuecto cpekaBana KoMOMHaIuja
e eJHOCTaBHa BpCKa Ha KaJjeM, BO cepHja cO KOHJEH3aTop, IITO “Ha Kyco” ro
OTCTpaHyBa IIaBHUOT U300IMUyBauYKU XapMOHUK Of] CUCTEMOT.

> phase shift = ¢pazno nomecryBame
N3mecTyBamke BO BpeMe Ha €[IeH HallOHCKM OpaHOB OOJIMK BO OfHOC Ha
Apyr (Apyru).
> power factor, displacement = (pakTOp HAa MOKHOCT HA H3MeECTYBaH€
dakTOp Ha MOKHOCT Ha KOMIOHEHTHTE HAa OCHOBHaTa (PpeKBEHIMja Ha
OpaHOBHTE OOJMIM HA HATIOHOT U CTpyjaTa.
> power factor (true)= pakTOp Ha MOKHOCT (BUCTHHCKH)

OnHOC ToMery aKTHMBHaTa MOKHOCT (BO BaTW) M MPUBUHATA MOKHOCT

(BO BoMTaMmepn).
> pulse = ummyc

bp3a u HeHasiejHa Bapujanuja co KpaTKOTPAJHO JI€jCTBO Ha (pu3mukarta
rojieMruHa, TPOCIENeHO CO Harjio Bpakame Ha WHUNHjadHaTa (MOYeTHA)
BpPETHOCT.

> reclosing = NOBTOpPHO BKJIyuyBame (PeBK/Iy4yBame)

[IpakTrKa Ha eJEeKTPOCTONAHCTBO Kaj HaJJ3EMHUTE BOJOBU 32 IIOBTOPHO
BKIIyUyBalk€ HAa NPEKUHYBAYOT, 3a KPATOK IMEPHOJ IO OTCTPAHYBAHETO Ha
rpenkara, Koe HellITO ja MMa IPEJHOCTA aKo Ce 3Hae JieKa MOBEKETO IPEIIKHU Ce
IMPEOHY WU IPUBPEMEHM 10]aBU.

> recovery time = BpemMe Ha NOBpaKkame

BpeMeHcKHOT HHTEpBAN IOTPEOEH 3a U3JIE3HUOT HAIIOH UJIU CTPYja fia ce
BpaTaT Ha NpONMIIaHaTa BPEAHOCT, [TOCIIE€ HArjo ONTOBAapyBawke UJIU MPOMEHA
BO MpexKaTta. Mcro Taka, MoXkKe 1a 03HauyBa BpEMEHCKHU MHTepBaj NOTpeOeH fa
ce BpaTH CUCTEMOT BO OllepaTUBHA COCTO]0a, 10 MPEKUH WU UCIaJ.

> sag = HaNmoOHcKa (cTpyjHa) jama

HamanyBamwe Ha epeKTHUBHATA BPEJHOCT HAa HAIOHOT MJIM HA CTpyjaTa Ha
BpeaHoct nomery 0,1 u 0,9 equHIYHY rOJIEMUHH, HAa MHAYCTPHUCKa (PpEeKBEHIIN]A,
BO BPEMEHCKH MHTEPBaJ BO Tpaewe off 0,5 NUKIYCH O €lHa MUHYTA.

> shield = mamT (okj0m)

IIpucyren e kxaj MepHMTE KaOnM, a ce€ OfHECyBa Ha IPOBOJIEH CIOj
(oOMyHO MeTalleH), KOj € HaHeCeH Bp3 M30JalfjaTa Ha IPOBOJHUKOT WM
rpymnaTta NpOBOJHUIM, CO LEJ Ja pepaynupa OWJIO KakBa Bpcka Mery Baka
3alUTUTEHUTE MPOBOJHMIM W HEKOM APYIM, KOM MOXaT Ja OupjaT M3BOp HA
HECaKaH! eJIEKTPOCTATHYKY WM €JIEKTPOMArHETHY MONHHA (IITyM).

> shielding = okionyBame
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IIpercraByBa ynoTpeba Ha NpoOBOAHA W/WiM (pepoMarHeTHa Oapuepa
noMefy TOTEHLMjaJeH W3BOP HAa NOPEMETYBayKW IIYM M OCETIUBO KOJIO.
OkJionuTe ce KOPUCTAT 3a 3allTUTa Ha Kabau (Co MOAaTONH, EHEPTeTCKU) UITH
€JIEKTPOHCKHU KOJIa.

> shielding (of utility lines) = 3aknoHyBame (Ha AUCTPUOYTHBHHUTE
BO/IOBH)

ITocraByBame Ha 3a3eMjeH NPOBOMHUK HaJl BOMOBHTE, CO 3ajaya ja I'd
IIPECPETHE yJgapuTe HAa TPOM U J1a TW 3afp>KM IPUTOA HACTAHATUTE CTPYH
HaJIBOP Of] EHEPTETCKUOT CUCTEM.

> short-duration variation = KparkoTpajua Bapujauuja

Bapupame Ha epeKTUBHATa BPENHOCT HAa HAIOHOT Off HOMHMHAJIHATA 3a
BpeMe IOJOJITO Of NOJOBMHA LMKJIYC HO IOKPAaTKO WM €IHAKBO Ha €[Ha
MUHYTa, NpPU HMHAYCTPUCKA (PpeKBeHIUja. BoOOMYacHO [ONOIHUTENHO ce
KapaKTepu3upa BeJIUYMHATA Ha HAIOHCKATa BapHjaldja WU BPEMETPACHETO
Ha Taa Bapyjanyja (Ha MpuMep, MUTOBHO, MOMEHTAJTHO WJIN IPUBPEMEHO).

> signal reference grid (or plane) = perepenTna Mmpexa 3a CHTHAIN

CucreMm ojf MPOBOJHM MaTEKW MoMelry MefyceOHO MOBp3aHaTa Olpema
KOM TM peaynupaaT HWHAYUMPAHUTE HAMOHCKM IIyMOBM HAa HUBOA KOU
MHUHMMU3MPaAT MOXKHOCT 32 [I0jaBa Ha HEMPABUIIHO (DYHKIMOHUPAHE.

> sustained = Tpajun

Kora ce caka pma ce ompefennm rojleMuHaTa Ha BPEMETPACHETO Ha
HaIlOHCKUOT IIPEKUH; OiTOBapa Ha BPEMEHCKA paMKa KOja € KapaKTepUCTHYHA
3a IOJITOTpajHa Bapujanuja (IOJOJITo Of] eJHa MIUHYTA).

> swell = 3rolemyBame Ha HAIIOHOT

ITpuBpemeH nopact Ha e(peKTUBHATA BPENHOCT Ha HANIOHOT 3a IOBEKE
O] JeceT IPOLEHTH Off HOMHMHAJIHATa, NpU HMHAYCTpPHUCKa (PpeKBEHIH]ja, CO
BpeMeTpaecke Of II0JIOBIHA LUKJIYC 0 €JHA MUHYTA.

> synchronous closing = cHHXpoOHO 3aTBapame

I'enepanno, ce KOPUCTH CO 3HAUYEHE KA Ce 3aTBOpaaT CUTE TPH IOJIa
Ha KOH/IEH3aTOPCKHUOT IPEKNHYBAY BO CUHXPOHU3aM CO €HEPrETCKUOT CUCTEM,
a Cco IeJ1 la C€ MUHUMU3KpaaT NPEOJHNUTE 110jaBH.

> temporary = npuBpemMeH

Ce kopuctu T1Ipu  OIpPElENYyBakbeTO HAa  BPEMETPACHETO  Ha

KpPaTKOTpajJHUTE BapHjallid ¥ OrOBapa Ha BpeMe Off 3 CEKyHAu A0 | MuHyTa.
> total demand distortion (TDD) = mn3061mMuyBame Ha BKYNHATa
nodapana crpyja

OpHoc momery edekTHMBHaTa BPEJHOCT HAa XapMOHMCKAaTa CTpyja H
epeKTUBHATA BPEJHOCT HA OCHOBHHOT XAapMOHMK Ha HOMHHAJHAaTa WIH
MakcUMallHaTa nobapaHa CTpyja, u3pa3eH BO IPOLECHTH.

> total disturbance level = BKynnHO HUBO HA IPEYKH

HuBo Ha pJajeHO €NEKTPOMArHETHO IOPEMETYBAWKE, NPUYUHETO Of

30MpOT Ha CUTE EMUCHUH Of] CUTE JICJIOBH HA OIIpeMaTa BO AaflcHUOT CUCTEM.
> total harmonic distortion (THD) = BKynHO XapMOHHCKO
U300/ 1IM9yBam-e

Onnoc noMefy edeKTUBHATa BPEJHOCT Ha XapMOHHMCKaTa COfpXKUHA U
e(peKTUBHATA BPEJHOCT HA OCHOBHUOT XapMOHMK, M3pa3€H KAKO MPOLEHT Off
OCHOBHHOT XapMOHUK.

> transient = npeona nojasa
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OOGenexyBa TMojaBa WM TOJEMUHA KOja Bapupa nomery [Be
MOCJIEIOBATEHN CTAa0UIIHU COCTOjOH, 3a BpeMe Ha BPEMEHCKHU MHTEpBaj KOj €
KpaToK, CIIOPEJEHO CO BPEMETO Koe ce nmocMaTpa. [IpeogHara nojasa moxe ja
Oujile E[HONOJIApEeH WUMIIyJIC Off OW0 KOj TOJapuTeT WU MPUTYIIeH
OCIIMJIATOPEH OpaH co MPB MaKCUMYM Off OMJIO KOj TOJIapUTET.

> triplen harmonics = Tpojan xapMoHuIU

TepMHUH KOj 4eCTO ce OflHECYBAa Ha HEMAPHUTE MHOXKHUTEIN HA TPETHOT
XapMOHMK, KOU 3aciy>KyBaaT MOCEOHO BHMMAaHHWE MOpajl HUBHATA NPUPOAHA
TEHJCHIIAja 1a OMAAT CO HYJITH PEROCIEN.

> undervoltage = nogHanoH

Ce ynoTpeOyBa Kora ce caka fia ce OINHIIIEe MOCeOEH TUIl Ha JOJATOTpajHa
Bapujalnyja, a ce OJHeCyBa Ha U3MEPEHUOT HAMOH KOj UMa BPEIHOCT HajMaJKy
JieceT NPOLEHTH ToMaJla Off HOMMHATHATA, 32 BpEME MOJ0JT0 Off €JHa MUHYTA.

> voltage change = npoMeHa Ha HAIOHOT

Bapnjanmja Ha epeKTUBHATA WM BpBHATA BPEAHOCT HA HAIIOHOT MOMeETy
IBE TIOCIIEIOBATEIIHA HUBOA, CO HEJIE(PUHIUPAHO BPEMETPACHE.

> voltage distortion = H306;1MYyBamke HAa HAMOHOT
N306nmuyBame Ha HAN3MEHUYHUOT JIMHUCKY HATIOH.
> voltage fluctuation = (prykTyanuja Ha HanoHOT

Cepun Ha HAOHCKM MPOMEHU WY IUKJIMYHU Bapujalluy Ha HAIlOHCKAaTa

anBeJiona (0OBOJHUIIA).
> voltage imbalance (unbalance) = HecumMeTpHja Ha HATIOHOT

Cocroj6a npu Kkoja Tpu(pasHUTE HAIOHM CE pas3juKyBaaT IO CBOjaTa
roJeMUHa WIN MaK Ce U3MECTEHHM OJf HUBHOTO HOPMAJIHO MefyceOHO pa3Ho
noMecryBamwe ofi 120 crenenu, unm u asete. Yecto ce mpuka>KyBa Kako OTHOC
noMefy WMHBEp3HATa WIM HyJlTaTa KOMIIOHEHTAa Ha HANOHOT M JMpEKTHaTa
KOMIIOHEHTA Ha HAlIOHOT, BO MMPOLEHTH.

> voltage interruption = NnpeKuH HA HANIOH
HMcue3nyBame Ha HAlOjyBawkETO Kaj e/lHA WK MOoBeKe a3u.
> voltage regulation = peryi1anuja Ha HanoH

CreneH Ha KOHTpOJIa WIM CTAaOMIHOCT Ha e(eKTUBHATA BPEAHOCT Ha
HAIIOHOT IIPU ONTOBapyBameTO. UYecTo oy 3aeHO CO APYrd mapaMmeTpu, Kako
IITO ce MPOMEHM Ha BJIIE3HMOT HAIOH, IMPOMEHM Ha ONTOBApPYBAHETO WIN
TEeMIEepaTypHI IPOMEHH.

> vaweform distortion = n3061M4uyBame Ha OPAHOBHOT OOJINK

OrtcranyBame Off WHeallHaTa CHHYCHAa KpWBa, TpH WHAYCTPUCKA
(bpekBeHIMja, TPBEHCTBEHO KapaKTEpPH3UPaHO CO CIEKTPATHHOT COCTaB Ha
OTCTaIyBamETO.

2.11 [IBocMHC/I€eHH TEPMHHH

ITpomaBaunte Ha ompema, cO LeJd Aa T'M NpPUBIEYAT MOTEHIUjaJTHUTE
MYIITEPUHN, Kpeupaje CONCTBEHH HMHTEPECHU (ppa3y 3a OfpPENECHU TEXHUUYKHU
TEepMUHHU. 3a XKajl, MHOTY Off THE (ppa3d ce NMPEMHOTY JBOCMHCICHH 3a fa
MOXKaT fa OupaT npugaTeHW W KOPUCTEHW BO TEXHUYKUTE JOKYMEHTAIWH.
300poBHATE KOM cleflyBaaT KakKO WIyCTpalyja Ha OBJE€ Ka’KaHOBO, MMaaT
pa3nnyHa UCTOpUja HA MOjaByBake M ynortpeba. [Ipumep: blackout-ykuHyBa,
Opuiue, marfa BO HecBecT; blink-Tpemnka, cBeTka; brownout-3zaTemMHyBa; bump-

nac 31 Ipepasara 2008r.



OEUNT Ckomje: Jbybomup Hukomocku, Xapmonumm u gpyru nosp. Biaujannja Bo EEC 32

yAap; raw power-cypoBa, HeoOpaOOoTeHa MOKHOCT; clean power-uncTa MOKHOCT,
dirty power- Heuncra MOKHOCT; spike-KJIMH; wink-HAMATHYBaKke¢ U MHOTY IPYTH.

2.12 CBEMA kpuBa

Enen op HajuecTo KOpPHUCTEHUTE MOKas3aTeau 3a KBAJIUTETOT Ha
eHeprujata € TakaHapedyeHaTa CBEMA' KpuBa. [len o oBaa KprBa, U3BaoOK Off
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Cnuka 2.11 [len oq CBEMA kpuBata, KOja ce KOPUCTH KaKoO IIeJ 3a TIOCTHrakbe 3a
npu3BefieHaTa olpeMa M KPUTEpHjyM 3a (popMupame Ha M3BEIITaj 3a
BapujalluuTe Ha KBATUTETOT HA €JeKTpUYHATA EHEPrija

IEEE Standard 446, ko] Haofa mOpuMeHa BO aHAJIU3UTE Of] OBJE
pasriefyBaHata npoonematuka € npukaxkaH Ha Cmmka 2.11. OBaa kpuBa €
opuruHajiHO pa3BueHa o CBEMA, a co men ga gaje nmpukas Ha U3Ip3KIMBOCTA
Ha KOMIjyTepcKaTa OlpemMa Ha roJieMUHATa U BPEMETPACHETO HAa HAMIOHCKUTE
Bapupama BO EHEPreTcKuoT cucreM. Mako pjeHec mOcCTojaT MHOTY HOBH
MOJIEpHM KOMIIjYTEPU YU TOJIEPAHIUU HA MOTOpPE CIOMEHATUTE NMPEUYKHU HE Ce
BO onceroT Ha CBEMA, cenak oBaa KpuBa ce 3100M CO UMUIl Ha CTaHAAp[ 32
OocCeTiMBaTa ONpeMa Koja ce BrpajyBa BO CHCTEMOT M KOja € TapaHT 3a
MOfaTOIMTEe, KOW TNaK Cce WilycTpanydja Ha EBEHTYAJHUTE TPOMEHH BO
KBaJUTETOT Ha paboTaTa Ha TUE CUCTEMHU.

OckuTe Ha cnMkaTta TM OpeTCTaByBaaT TOJeMHHAaTa HAa HAMOHOT (Ha
opnmMHATaTa, BO %) W BpeMeTpaewmeTo (mukiycu 3a 60 Hz, Ha amciucara) Ha
pas3rielyBaHNoOT cay4yaj. TOUKHTE MOJ JOJIHATAa KpUBaTa Ce 3a COCTOj0a mpwu
KOja HacTaHyBa HMCHaj U OCTaHyBame 0€3 HalojyBambe, a KaKO MOCIEeAula Ha
HEJOCTAaTOKOT Ha eHepruja. ToukuTe mak, Haj TOpHaTa KpuBa, ce 3a COCTOj0n
MIpY KOW HACTAHYBaaT HaJpa3IMYHU HENPABWIIHU U IITETHU CATYAllMH U IPA KOU

' CBEMA e kpaTeHKa 3a efiHo 31pyxeHnue Bo CAJ] Ha IPOM3BOJIUTENNTE HA KOMITjyTEpH 1
cimyHa onpema (Computer Business Equipement Manufacturing Assotiation)
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HAjuecToO MCKIIydyBa 3allTUTaTa (Of TMPEHANOHHU), UMa MpEe3acUTyBambe U CII.
Tl'opnata kpuBa BcymHocT € gecpunupana o 0,001 nukiaycu Kaje iMa BpeJHOCT
on1 okoay 375 % Ha HanoHOT. Hue BOOOMYaEeHO ja KOPUCTUME OBAa KPUBA HEKAJIE
on 0,1 nMkiIycu ma Harope, BO CKJIQ[l CO OTPaHMYyBamaTa BO KBAJIHUTETOT Ha
MEPHHUTE UHCTPYMEHTH U PA3IMKUTE BO Je(PUHUPAHETO HA BPBHUTE BPEJHOCTHU
Ha rOJIEMUHATA HA HAIIOHOT, BO BPEMEHCKHU CETMEHTH ITOMAaJu Off €J€H IUKIIYC.

OBaa kpuBa ce KOPHUCTH BO TEKCTOB 3a Jia ja AepuHUpA CIOCOOHOCTA 3a
OIICTAHOK Ha Pa3HM MOTPOLIYBAaYM W YPEAM IPU 3allTUTATA Of BapUpame Ha
KBAJIMTETOT Ha €JI. EHepruja . 3a HarjegHo Jja ce MpUKaxkaT pe3ylTaTauTe of
MOHUTOPHUPAKETO Ha KBAIUTETOT HA €JI. €HEpruja, 4ecTo MaTu ce AojaBa u
TpeTa OCKa, 3a fia ce MpHuKaxe OpOjOT Ha HACTAaHM BO PAMKHUTE Ha ie(pUHUpAHA
KJeTKa Ha aMIUINTya # Tpaewe. AKO ce KOPHCTH caMO Kako
NBOJMMEH3MOHAJIHA CJIMKa, U aKO OpPOjOT HA CHUMEHM HAaCTaHW € MHOTY TOJIEM,
OM ce Jo0WIO TONEMO MPEKIONMyBawme M HaTpylyBalke Ha TOYKUTE Ha
HETpErjeeH HAUuH, ITO HE € MHOTY KOPUCHO.

3. XAPMOHMIIA

HcmpaBHa IpeTHOCTaBKa 3a MOBEKETO €JIEKTPOCTONAHCKM KOMIIAHUH €
JieKa CHUHYCHMOT OpaHOB OOJMK Ha HANOHOT, TE€HEpPUpPaH BO TOJIEMUTE
€JIEKTPUYHM LIEHTPAJI € HaBUCTUHA JoOap. Bo noBekeTo 061acTi, HAIOHOT KOj
ro IpeHecyBa AUCTPUOYTHMBHUOT CHCTEM € CO H300JMYyBame KOEe € JOcCTa
nomano of efgeH npoueHt. Cemnak, Kako JjgoafaMe A0 IOTPOLIYBAduTeE,
1300JIMYyBakETO CE 3rojieMyBa. 3a HEKOU ONTOBapyBamwa, OpaHOBUTE OOJIUIU
Ha CTpyjaTa ce eBaj CIMYHU Ha CUHYCEH OOJIMK. EJeKTpOHCKHTE KOHBEPTOPH
ja ceyart cTpyjaTa BO NPUBUIHO NMPOU3BOIHMA oOmunu. Mako mocrojaT HEKONKY
cliydam Kajie M300/IMUyBalkeTO € CIy4yajHO, TOoa € TMpef Ce UepUuoOu4HOo uau
xapmonucko. YmTe TOBeKe IINTO, Ol €IeH IUKIyCc (Ha eJNEeKTPUIHUTE
BEJINYMHU) KOH JPyr, IMaMe MHOTY ciiaba TpoMeHa WM Taa BOOIIITO He
noctron. CeBO OBa ja 3rojieMH ynorpedara Ha TEPMUHOT XAPMOHULU, CO KO] Ce
OIMIIIYBAaaT UCKPUBYBamkaTa BO OPAHOBUTE OOJIMIIN.

Kora Bo cegympaeceTTUTe TOAMHU Off MHUHATUOT BEK, €JEKTPOHCKUTE
KOHBEpPTOpPH 3a IpB AT BJIEroa BO YymoTpeda, ce jaBU 3arpuKEHOCT Mery
MHXXEHEpUTE Off EHepreTuKaTa KOM ce COMHEeBaa J1ajli JUCTPUOYTUBHATa MpeXka
Ke Oupie BO cocToj0a fa ce MpUCIOCcCOOM HAa XapMOHUCKOTO u3ob6mmnuyBame. Ce
[ojaBUja JIOLIM INPOTHO3M 3a CyJ0MHATa HAa EHEPreTCKUOT CUCTEM, aKO ce
N03BOJIM paboTaTa Ha THe ypeau. Mako rojem fies1 of TakKBUTE NpEABUYBamba
Oea mpeyBelIMYeHH, MpoOjIeMaThKaTa Koja Cce 3aHMMaBa CO aHajgu3aTa Ha
KBAJIUTETOT Ha €JeKTpUYHATa €Hepruja MM MAOJDKM royiema OJarofgapHoOCT
TOKMY Ha THe Jyfe, KOM CO Taa CBOja 3arpuXKEHOCT J[OIpHHEcoa fja ce
IpOIINpaT UCTPaXKyBawaTa Off Taa 00JacT, CO LITO ce A0jA€ 10 HOBU CO3HAHUja
3a CUTE acleKTH Ha MOoOpyBamke Ha KBAJUTETOT HA EHEprujaTa.

3a HEKOHW, XapMOHHCKOTO W300JMYyBalke € CeylITe Haj3HaydyacH
npo0jieM 3a KBaJUTETOT Ha €JleKTpu4yHaTa eHepruja. Mctuor um ce
CIIPOTHUBCTaBYBa Ha MHOTrY Of] KOHBEHIMOHAJHUTE IpaBWjia KOU BaXaT 3a
EHEpPreTCKUOT CHUCTeM, 4Hhe (PYHKIUOHHpAmkE € IIOBP3aHO CO OCHOBHATa
¢ppexkBennyja. [Topagu Toa, MHKEHEPOT Ce COOUyBa CO HECEKOjJHEBHA IOjaBa
yye pellaBame 0apa UCTO Taka HECEKOjIHEBHM ajJaTKU U HENO3HaTa OllpeMa.

nac 33 Ipepasara 2008r.



OEUNT Ckomje: Jbybomup Hukomocku, Xapmonumm u gpyru nosp. Biaujannja Bo EEC 34

Nako npobiemMuTe co XapMOHMIIATE MOXKAT Ja OMJaT TEILIKHU, THE CeNakK He ce
Taka OpOjHM BO €J€H EJEeKTPOJUCTPUOYTHUBEH CHUCTEM. 3a pas3jiuKa Of HUB,
HAllOHCKUTE jaMU M NPEKWHUTE Ha MPHUMEP, CE CKOPO YHMBEP3AJHU 3a CEKOj
HaIlOEH CUCTEM M T'M IPeTCTaByBaaT HajOPOJHUTE U Haj3HAUYajHUTE OTCTAllyBamba
O] KBaJIUTETHATa eJeKTpUYHA eHepruja. KOpuCHUUKUOT CEKTOP MHOTY OBEKe
CTpajia off MPOOJEMHUTE CO XapPMOHUIMUTE OTKOJIKY CAMOTO €JIEKTPOCTONAHCTBO.
IToceOHO 4yBCTBUTENIHA € MHAYCTPHUCKAaTa IPaHKa KOja CO CBOUTE PETYJIHPAHU
€JIEKTPOMOTOPHU TMOTOHM, JIAYHUTE M WHAYKIMOHUTE NEYKU U CIUYHO,
HaBUCTMHA € TIOrofieHa Ofi MNpoOJeMHUTE 4YHW] NPEAU3BUKYBad € TOKMY
XapMOHHUCKOTO M300IMYyBam-E.

XapMOHUCKOTO HM300JIMUyBalkhbeé HE € HOBa I0jaBa BO EHEPreTCKUTE
cucTeMu. 3a Hero ce 300pyBajio YIITE Of] CaMUTE MOYETOIM Ha IPOU3BOJCTBOTO
Ha Haum3MeHMuyHa ctpyja. IlpernepyBajku ja TexXHMYKaTa JuTepaTypa Of
TPUECETTUTE W YETHUPUECETTUTE TOAMHM HAa MHHATHOT BEK, MOXKAT Ja ce
MIPOHAjiaT MHOTY TPYAOBH Ha Taa TeMa. Bo Toa BpeMe, npuMapHu u3Bopu Ouiie
TpaHcopMaTOpUTe, a MNpHUMapeH MpoOJeM NpeTcTaByBaja WHAYKTHUBHATa
uHTepepeHnrja Bp3 HAJ3EMHUTE TeJI€(POHCKHN BOJOBH.

Co TEeKOT Ha TOAMHHTE, JOjIC€HO € A0 CO3HaHUE JIeKa aKO CHCTEMOT €
MPaBUJIHO MPOEKTHUPAH fla Ce CIpaBU CO CUTE Oapama Ha MOTPOLIYyBaYUTE, Masa
€ MOXHOCTAa XapMOHHULUTE [a MOXKaT /[a [peau3BUKaaT IITeTa BpP3
EHEPreTCKMOT CUCTEM, HaKO Ccelak He € UCKIYYeH HpoOIeMOT Co
TenekoMyHukanuuTe. [IpoGiiemMuTe BO CHUCTEMOT HAjYeCTO Ce 3rojieMyBaaT
KOTa KanalnyuTeTOT Ha CUCTEMOT CTalyBa BO pEe30HaHIMja CO MHAYKTUBUTETOT
Ha KpUTHYHATAa XapMOHHUCKa (ppekBeHIHja, KOE€ HEWTO [ApaMaTHU4YHO IO
3rojieMyBa HM300/IMYYyBak€TO HaJl HOpMajHaTa TrojieMuHa. VMako TakBH
npoOJeMHl MOXE fla HacTaHaT BO JUCTPUOYTHMBHUOT HANOEH CHUCTEM, Celak
HaJTEIKUTE ciydau OOMYHO ce CpeKaBaaT BO MHYCTPUCKUATE HANIOJHU CUCTEMH,
KaJie ce jaByBa MOM3pa3eHa pe30HaHIy]a.

XapMOHHNCKO H300,IM9yBamb€

I(t)

HenuHeapeH oTNOPHUK

V()

i |
Cnuka 3.1 CrpyjHa n300IM4EHOCT NIPEAU3BUKAHA Off HEJIMHEAPEH OTIIOP

XapMOHUCKOTO W300IMUYyBak-€ € TMOCHIENNlla Ha HEJIWHEApHUTE ypeau BO
EHEePreTcKUoT cucreM. HenuwHeapeH ypel € TO] Kaj KOro cTpyjaTa He €
MPONOPLUMOHAJIHA CO MOBeAeHUOT HanmoH. Cnumkarta 3.1. ro mokaxyBa OBa CO
CIly4ajoT Ha CHHYCOWJAJeH HAaNoOH MPUMEHET Ha eJHOCTAaBeH HeJMHeapeH
OTIIOPHUK BO KOj HAIIOHOT U CTPyjaTa Bapupaar criopef] mpukaxaHaTa KpuBa.
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Cnuka 3.2. Harnenna npercraBa 3a H3001M4eH OpaH Koj ce eKBuBajeHTHpa co Pypujeona
HU3a 0J1 XapMOHUYHH (DYHKIIUU

(3a cmyyajoT HAa HaW3MEHWYEH HAMOH U MHIYKTHUBUTET O€3 >Kele30 U KamaluTeT €
JMHEApEeH EJIEMEHT, OMIejK Ha CHHYCOWIANICH HAIlOH, peakiyjara € CHHYCOHIAIHA

CTpyja).

Taka, fofieka HallOHOT € NepeKTHO CUHYCOUAANIEeH, pe3yJITHpaykKaTa cTpyja e
n300/1n4eHa. 3rojeMyBambe Ha HalOHOT 32 CaMO HEKOJIKY IIPOLEHTH Ou UMao
3a IOCefulla YABOjyBalkbe Ha cTpyjaTa U JOOUBame Ha IIOMHAKOB OpaHOB
o6muk. Toa, Bo OCHOBa € WM3BOPOT HAa XapMOHHUCKOTO M300JIMYyBame BO
€HEPreTCKUOT CHCTEM.

3a fma craHe mojaBaTa IOjacHa, Aa JajeMe HEKOU NpumepHu. AKTHUBEH
OTMOp, KananuTeT ¥ MHAYKTUBUTET BO €IHO €NEKTPUYHO KOJIO 32 Hau3MEHUYHA
CTpyja ce “ JIuHeapHu ” ejeMeHTH. Kpurepujym e: ako Ha HUB NMPHUKIyIUMe
HaM3MEHWYEeH CHHYCOU/aJIeH HalloH, Ke jo0neMe CHHYCOMAaIHA CTPYja HU3 HUB.
Ho epgna puoma e HenMHeapeH €JEMEHT BO €JHO €JIEeKTPUYHO KOJIO 3a
HaM3MEHUWYHA CTpyja. AKO Ha UCTaTa ce MPHUKJIYYN CHUHYCOUJaJeH HAIOH, HU3
Hea Ke IIpoTeue CTpyja BO BHUJ Ha  €HOHACOYHH MOJNyOpaHOBU -
nonycunycoupgu. Crnopen @ypue, TaKBHOT CUTHAJ ce Pa3/I0KyBa Ha OECKOHEUEH
30Mp Ha CHHYCOUAU CO HorojieMu ¢pekBeHuuu (1en Opoj HmaTé Iorojaema
¢pexBennuja o ocHoBHata). Cropef Toa, CEKOj MOKOMIUIUIMPAH CKJION KOj
COfIpKM E€JIEMEHTHU Of] eJIeKTPOHMKAaTa, Kako HITO Ce AWOAM, TPaH3UCTOPH,
TUPUCTOPH, TPHUjalld W APYTH CIWYHH, € BCYITHOCT HEJMHEapeH eJIEMEHT, U
CIIOpel TOA W M3BOP HA CTPYjHU, a KAaKO TOCIEAMIA HAa Toa M HA HANOHCKU
XapMOHHMIM. A BaKBM EJEKTPOHCKM CKIIONOBM Ce€ Haj3acTameHd BO
eHEepreTCTKaTa eJeKTPOHMKA 3a PEryJlNpaHo M YIPAaBYBAHO KOHTPONIUpPAkE Ha
eJIeKTpUYHATA €Hepruja HU3 pa3Hy MOTPOIIyBaUYM, KaKo IITO Ce PEeTyInpaHUTe
€JIEKTPOMOTOPHH TIOTOHU, IEYKH U IPYTH.

CnukaTta 3.2 mnokaxyBa fieKa CEKOj NEepHOAMYEH, U300JMYeH OpaHOB
006IIMK, MOXKe Jla ce TIPEeTCTaBM KaKo cyMma Off cuHyconan. Toa e Kora GpaHOBUOT
00ONIVK € USHTUYEH Off efIeH IUKJIYC 0 CICTHUOT M KOra MpeTcTaByBa cyma Ha
YUCTO CHHYCOWAATHN OpaHOBM KOMIIOHEHTH BO KOM (ppeKBeHIjaTa Ha ceKoja
OfiJielIHa CHHyCOW/a € IeJTOOpOeH MHOXKHUTEN Ha OCHOBHATa (ppeKBeHIWja Ha
n3001uYeHNOT OpaH. TakBUTE KOMIIOHEHTH C€ HapeKyBaaT BHIIM XapMOHHIH
Ha TOJAOBHMOT TmepuopnueH OpaH. LlenoOpojHHOT MHOXWTEN  He
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(¢pekBeHIMjaTa Ha BUIIWTE XapPMOHMUIM BO OJHOC Ha (peKBeHIUjaTa
NOjIOBHAOT OpaH (OCHOBHHMOT) ce BuKa “pex” Ha xapmoHukor. Cymara of
CUHYCOMJM ce TnpHuKaxyBa Kako ®PypuepoBu pef, crnopef TOJIEMUOT
MaTeMaTuyap KOj rO MMa OTKPUEHO OBOj KOHIIENT Ha aHalW3a U CHHTE3a Ha
NEPUOANYHNATE (PYHKIINN.

IIpepnocra o ynotrpebata Ha ®yprepoBHUOT pef 3a MPETCTaByBawke HA
n3001M4YeHuTe OpaHOBH OOJIMIIM CE OIJIefia BO TOA IITO € MHOTY MOJIECHO Jia ce
Hajie OfrOBOPOT HAa CUCTEMOT Ha BJE30T KOj € cuHycoupaneH. Cucremor ce
aHaJIM3Upa OJIBOEHO, CceKOj XapMOHMK mnoceOHo. [loroa, m3nesute 3a cekoja
¢pexBennyja ce KoMOMHMpaaT u popmupaaTt HoBu PypuepoBu peloBH, Off KOU
MOKe Ja Ouje mpecMeTaH M3JIE3HUOT OpaHoOB OOJIUK, aKo ce caka. Yecromnary,
OJ] THTEPEC CE CaMO BEIMYMHUTE HA XapMOHUIINUTE.

Koiza u obeuwie, u iio3uiuuénauia u HeaUIUBHAIUA UOAYUePUOOA HA
Opanosuoiu o00aux umaaui uoeHiu4en o06auxk, Dypueposuilie peoosu
coopicaiu camo neuapuu xapmonuyu. OBa Hy U TOHATAMOIIIHO yIIPOCTYBahE
3a TOBEKETO CTYAMM 3a E€HEPreTCKUTE CHUCTEMH, OWJIEjKH MOBEKETO Ypeau
pOM3BEAyBaYM Ha XapMOHWIM KMMaaT WCTH OONMIM 3a fBaTa IOJAPUTETH.
BceymHocT, mprcycTBOTO Ha MapeH XapMOHHMK € 4YeCcTO JOBOJIEH J0Ka3 Jla ce
3aKJIy4H JIeKa HEILITO HE € BO PEJl - WIM CO OIpemMaTa, Wiu cO MPEeTBOPYBAdyOT
KO] Cc€ KOPHUCTH BO MepewmeTo. Mckiyyouu oOff oOBa ce NOJyOpaHOBHUTE
UCIpaByBaul W JIAYHUTE TNEYKW, KOra JIaKOT € ciydaeH. Toram HaBHCTHHA
MOCTOjaT ¥ MAPHUTE XapPMOHHMIIH.

Boo6uuaeHno, xapMOHUIIUTE Off HAjBUCOK pef (of Haf 25-0T 1o 50-0T, BO
3aBHCHOCT OfI CHCTEMOT), Ce 3aHeMapJIMBM BO aHANIM3UTEe Ha cucreMoT. Mako
MOKaT fla Ipen3BUKaaT UHTepgepeHIrja Kaj eJeKTPOHCKUTE Ypeau co Mana
MOKHOCT, OOMYHO HE c€ IITETHU MO EHEePreTCKUOT cucteM. Mcro Taka, MHOTY €
TEIIKO fja ce co0epaT [OBOJHO TOYHM IOAATOLM 32 MOJEIHpame Ha
EHEePreTCKUOT CUCTEM 3a OBHE (PPEKBEHIUM.

AKO TO mojenuMe €HEpreTCKUOT CUCTEM Ha CEpPUCKM M IIAHT
(mapamenHu, KOH 3emjaTa) e€JEeMEHTH, IITO € W BOOOMYAacHa TNPAKTHKA,
HaJrOJIEMHUOT JIeJ Off HEIMHEApPHOCTUTE BO CUCTEMOT I'M HaofaMe TOKMY BO
napanenanute. CepuckaTta UMIelaHca Ha €HEPreTCKAOT JUCTPUOYTUBEH CUCTEM
(uMmemancaTa Ha Kyca BpcKa Mefy HM3BOPOT W TOBApoOT) € MPEHO3HATIUBO
nuHeapHa. Bo TpaHcopMaTopuTe, U3BOp Ha XapMOHHIM € MMIIelaHcaTa Ha
MarHeTm3upame Ha “T” MojienoT; WMIlefaHcaTa Ha pacTypame (cepuckara) e
muHeapHa. Cuopeo wioa, 2naHU U380PU HA XAPMOHUCKO U300au4yearwe ke
6uoaiu kpajuuiie kopucnuyu. OBa He 3HAUM IeKa CUTE KPajHU KOPUCHULU KOU
ce MPHUYMHA 32 XapMOHMCKO M300JIMUyBamke Ce 3Ha4YajHU U3BOPU HA MCTUTE, HO
CO OBa Ce caka Jla ce HarjacH jleKa XapMOHHMCKOTO M300JuYyBalkbe MOTEKHYBA
O]l ONTOBapyBamaTa Off HEKOM KpajHU KOPHUCHUIM WIM Ofi KOMOMHaluja Ha
ONTOBapyBamwAa.

MaremMaTH4Ka OCHOBA HA BUIIIUTE XapMOHUIH

MacremMaTnukaTa OCHOBA Ha BUIIIMTE XapMOHUIM Oa3upaHa € Ha paboTaTa Ha
¢pannycknor matrematnaap Pypue (Fourier). AKo e 3a1ajieHa IepruonIHATA
¢yukuuja f(x) koja uma mepuopa T , MCTaTa MOXKE J1a CE 3AMEHH CO

TPUTOHOMETPUCKA CyMa U TOa HpI/I6JII/I)KHO nJIn TOYHO:
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a
Sn(x):7°+a1 COS @X + @, COS 2aX + ...+ &, COS NWX + )

+Db, sinwx + b, sin 2aX + ... + b, sin nwx

2 .
Kajie @ :?ﬂ. 3a T =2r,Baxn o=1. ®ynkuujata f(x) Moxe na nma 6uno0

KakBa Mpupoja, Ha npumep, X u f (X) la ce JOJKUHU, pealiHi OpoeBH, X Jia €
Bpeme a f (x) 7la e HeKoja (pu3muka BennuuHa (JOIKIHA, IPUTUCOK, CTPYja,

HAIlOH 1 cJ1.) 3aToa, 3aMeHaTa Ha ejlHa IepUoANYHa (PYHKIIUja CO
TPUTOHOMETPHCKA CyMa e KOPHCTH BO MHOTY 0OJIaCT! HA TEXHUKATA (HaImp.
Teopuja Ha ociminanun). Bo Hammot npo6iem, Xu T uMaaT npupoja Ha Bpeme,
a f(x)is,(x) ce cTpyja mmm Hamom.

AnpokcumanmjaTa S, (x) 3a dpynkumujata f(x) e Hajno6pa (Bo cMucia Ha
HajMaJa cpefiHa KBaJpaTHa rpelika), ako 3a KoepuIueHTuTe a, u b,
(k=1,2,..n) ru ogGepume PypueoBnuTe KOePUIMEHTH 32 3a/jaicHaTa (PyHKIHja:

2 T 2 Xo+T 2 T/2
a, = ?I f (x)cos kaxdx = T J- f (x)cos kaxdx = T I[f (x)+ (= x)]cos keoxdx
0 Xo 0

k=0,1,2..n
)

Xo+T
f (x)sin kaxdx =% I f (x)sin keoxdx =

Xo

2T
bk: ?

S ey =

/2
% “f (x)+ f (= x)]sin kaxdx
0
k=0,1,2..n

OBue (popmynu Bo TUTEpaTypaTa MOXKE fla C€ CPETHAT M BO OOJIUKOT KOj BasKu
3aT =27 (w=1):

2 o+27 T
a, :l J. f(x)cos kxdx :l I f(X)COS kXdX:l“f(X)"‘ f(_ X)]COS kxdx
T T % 5
k=012,.n
3)
1 2 1 p+27 1 A
b, =— [ f(x)sinkxdx=— [ f(x)sinkxcx =— [[f (x)+ f (= x)]sin kxdx
9 Ty 7%
k=012,.n

Axo s, (x) Mpu N — o0 32 HEKOE MHOXKECTBO X KJIOHU KOH OfIpefieHa TpPaHuIia

s(x), Toram 3a THe BpeHOCTH Ha X JO6MBaMe KOHBEPreHTEH pejl Ha
3ayiajieHaTa pyHKImja:

a
S(X):?O +a, cos@X + @, oS 2aX + ...+ a,, Cos NX +

(4)

+b, sinawx + b, sin2X + ...+ b, sin nwX
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®ypueoBuOT pej MoOXe fAa Ce HamMWile M BO CIEHHOT OOJHK, aKO ce
MCKOPHCTAT HEKOW TPUTOHOMETPUCKH UCHTUIHOCTH:

S(X) = a—2° + A sin(a)x + (/’1)"' A, sin(2a)x + g02)+ A, sin(na)x + @, )

kaze ce A =.a; +b; u tge, :z—k. (3)

k
OnpenyBameTo Ha PypreoBHOT pef 3a AaficHa pyHKIM]ja ce BUKa Pypueosa
aHaiam3a. MHOXeCTBOTO Ha ammuutyaute A, , kK =1,2,..n YnHAT e[leH AUCKpeTeH
aMIUIUTY/AEeH cleKTap, a (pa3HUTe ariii ¢, YMHAT €[IcH AUCKpeTeH (pa3eH
crmeKTap.

Kaxko npumep, 6e3 fa cipoBeieMe MaTeMaTUYKO PEILIaBakbe [a BUAUME KaKOB €
pa3BojoT Bo PypueB pep Ha nepuoguyHa (PYHKIMja BO BUJ HA NPaBOAroJIHUK,
CIopefi TOAOJHUTE [iBe CAuKU. BakBu cinyyaum Ha OpaHOBM OONMIM MMa Kaj
CTpyjaTa Koja ja mpon3BelyBaaT HeKOU Tpuda3Hu MOCTHU UCTIPABYBAYH.

Mo 3

, M 27F

. R SO B IS N

ENESERREEY el e

[ '{Tﬂ R KK Y S S N D
ITpaBoarosnen 6pan Nwmnysncen 6pan

Pa3Bojor, 3a nmpaBoarosiexn OpaH f1aBa:
41| . 1 . 1 . 1 .
y=a—|sin X+—sin3X+—sin S5X+—sin 7X+... |;
Vs 3 5 7

a 3a UMIyJICEH OpaH:

23

y=a— cosX—lcos5X+lcos7x—icosllx+... .
Vs 7 11

I/IHTepGCHO € ITO KOJKY Ppe€aoT Ha XapMOHHUKOT IIOBUCOK, HEIroBaTa
aMIIJINTyla € moMaJia.

HanoHcko nim CTpyjHO N300/ IM4yBambe

300pOT XapMOHHUILIA YECTO ce ynoTpeOyBa 0e3 HEKOe MOCeOHO JOfATHO
oOjacHyBawe. Ha mnpumep, Moxke fja ce 4Yye [eka HEKOj peryjupas
€JIEKTPOMOTOPEH MOT'OH WM HEKOja MHAYKTUBHA Meuka He paboTaT MpaBUITHO
nopaau xapmonunu. lIto 3Haun Toa? MoxKe fa 3Ha4M €IHO Off TpUTE padbOTH:

1. XapMOHUCKHTE HAMOHU Ce TperoyieMu (HAMOHOT € MPEeMHOTY
M300JIMYEeH) 3a Jla yNpPaBYBameTO MPABWIHO TM OJpENM ariiiTe Ha Tajieke.
3Hauu, HEIOCTATOKOT € BO HAIIOJHUOT HAIOH.

2. XapMOHUCKHATE CTPYHM C€ TPETOJIEMU 3a KamaluTeTOT Ha HEKOj
ypEn BO CUCTEMOT Ha HAINOJyBamke KAaKO IITO € TPaHC(POpMaTOpOT, Ma TOj MOpa
fa paboTU cO MoMajla MOKHOCT Off NpefBHeHaTa. 3HauW, NMPUYMHA € BO
MOTPOILIYBAYOT, KOj MOBJIEKYBa MPEMHOTY U300JIMYEHA CTpYja.
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3. XapMOHHCKHUTE HAMOHU C€ MperojieMu OujejKu XapMOHUCKUTE
CTpYM NpEAu3BUKAHU Ol ypeAoOT ce MperojieMu 3a JajeHaTa cocrojda Ha
cucteMOT. (CTMYHO KaKo BO T. 2, HO TIOCTOM cnerududeH mpodiieM, HapuMep,
HacTaHaJla pe30HaHIHja)

Kako mTo cyrepupa mnoropHaBa JHCTa, MOCTOjaT TPUUYUHCKO U
NOCIeANYHA Bpcku Mefy Hamonute u crpyute. Cropep Toa, TEPMHUHOT
XapMOHUIM € [e(UHUTHBHO MNPEMHOTY JBOCMHCIEH 3a Jla OIUuIIe HEKOj
npoosem.

Henuneapuure ypeau ce cMeTaaT 3a M3BOPH Ha XapMOHHUCKH CTPyd U
MHjeKTOPH Ha UCTUTE BO €HEPreTCKUOT CHCTeM. 3aToa, BO CKOPO CUTE aHAIIN3H,
JIOBOJIHO € la ce TPeTHpaaT OBUE MOTPOIIYBAUU-TIPOU3BOUTENN HA XapMOHUIIN
€[IHOCTAaBHO KaKO CTpyjHU u3Bopu. MckiaydomuTe Off OoBa NMpaBWiIO Ke Oupar
NlaJieH! MOMIOLHA.

N306nn4eH HanoH

I Mag Ha HanoH
O

]
Yucra

cuHycomga MU3obnuyena
cTpyja

cn.3.3. XapMOHI/I‘IHI/I CTPpyd KON TE€YAT HU3 CUCTEMCKATa UMIICIaHCa
pe3yaTupaaT BO XapMOHUYEH HAIIOH Ha TOBApPOT

Kaxko mrro nokaxysa Cnuka 3.3, HAlIOHCKOTO U300/IMUyBame € pe3yaTaT
Ha M300IMYEHUTE CTPYyH KOHM TIOMHHYBaaT HHM3 JIMHEAPHUTE, CEPUCKU
UMIElaHCu Ha AUCTPpUOYTHBHHMOT cucteM. Mako Oelle mpeTmocTaBeHO jeka
U3BOPHHATE COOWMPHHUIM HMaaT caMO HAllOH CO HMHAYCTpHCKa (peKBEeHIH]ja,
XapMOHUCKHUTE CTPyd KOM IIOMUHYBaaT HHU3 WMIIEaHCaTa Ha CHUCTEMOT
Ipeln3BUKYBaaT HAMIOHCKH Maj] 3a ceKoj xapMoHuK. OBa pe3yaTupa BO MojaBa
Ha HAIIOHCKU XapMOHMIIA BO COOMPHUIIUTE Kaj HOoTpouryBauuTe. 'onemMuHaTa Ha
HAMOHCKOTO U300IMYyBamke 3aBUCU Of] UMIIelaHcaTa 1 Off CTpyjaTa.

Jlogeka XapMOHHMIIUTE Ha CTpyjaTa Ha ONTOBAapyBame BO KpaeH CIydyaj
Ipen3BUKYyBaaT HANOHCKO H300/1MYyBame, Tpeba f[a ce MOTEeHIHpa feka
ONTOBAapyBaKETO HEMa KOHTpOJIa Bp3 HANOHCKOTO H300auvyBame. VMmeHo,
UCTO ONTOBApYBame, Ha /IBE PA3INYHU JIOKAIMU BO CUCTEMOT, K& pe3yJTupa BO
[IBE PA3JIMYHU BPEJHOCTHU 3a HAMTOHCKOTO M300anuyBame. OBOj (pakT € OCHOBa
3a nopienba Ha OITOBOPHOCTHTE 32 KOHTPOJIAa HA XapMOHMIIUTE IITO Ce Haofa BO
cra"gapaure, Kako mrto e MEEE crangappot 519-1992:

1. KonTponarta Haj XapMOHMYHATa CTpyja WMHJEKTHpPaHa BO CHUCTEMOT C€
Clly4yyBa Kaj IOTPOLIYBAYOT Ha KPajHUOT KOPUCHHUK.

2. IlpeTnocrtaByBajKu JieKa WHJEKTHPAmkETO HA XapMOHMYHATa CTpyja € BO
pa3yMHM FpaHMIM, KOHTpOJaTa Hajl HallOHCKAaTa AUCTOP3HUja CE BPIIM Off OHHE
KOM ¥MaaT KOHTpoOJa Haj CUCTEMCKaTa uMIleJaHca T.e. (upMure
ucropayaTesy Ha €J1. eHEpruja.
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Mopa pa ce Oupe BHMMATEJEH Kora ce omnuiyBa (PEHOMEHOT Ha
M300/IMYyBakETO, 3a fla ce pa3depe jeKa IMOCTOjaT CYIITECTBEHW pa3IuKu
noMery NMpUYMHUTE U €(PEKTUTE Off XapMOHHUCKUTE CTPyd M HanoHu. [lopagu
CEeTO Jiecera KaxkaHo, TEPMUHOT XapMOHUIM MOpa Jla c€ KOPUCTU BO COTIIACHOCT
CO OHA 3a IITO ce OfiHecyBa. Taka Ha mpuUMep, Kora ce KOPUCTH BO PEUYHUKOT HA
€JIEKTPOCTONAHCKUTE KOMIIAaHUM, TEPMUHOT XapMOHUIM CE€ OJ[HECyBa Ha
HanoHoT. Bo apyru cny4dan, ce ofHecyBa Ha CTpyjaTa UTH.

XapMoHMIY WM IPEOHN M0jaBH

XapMOHUCKOTO N300JIMYyBakh-e Ceé OKPUBYBA 32 MHOTY TOPEMETYBamka Ha
KBAJIUTETOT HAa €JeKTPUYHATA €HEpruja Mako BUCTUHCKATA MPUYMHA YECTO ce
IpEeofHUTE TOjaBu. MepemeTo BO HEKOj cayyaj MOXKe f1a moKaxke M300/InYeH
OpaHOB OONHMK CO OYUINIEAHH BUCOKO(PEKBEHTHH KOMIOHEHTH. Iako
IpPEYKUTE Off NMPEOAHUTE IMOjaBU COAPKAT BUCOKO(PEKBEHTHH KOMIIOHEHTH,
IPEOHUTE TOjaBU U XapPMOHMIUTE CE€ NMPENO3HATINBO Pa3jINYHM TOjaBH U ce
aHajnu3upaaT pas3nuyHO. bpaHOBUTE O0OMMIM TOpagu TNPEOJHHM IOjaBU
MOKaXKyBaaT BHCOKM (PPEKBEHIIMM CaMO HAaKpaTKO OTKaKO ce chaydmia
HeHajlejHaTa W Op3a MpOMeHa BO EHEPreTCKUOT CUCTeM. Tue BUCOKHU
(bpekBeHIIUUTE HE MOpa fa ce M XapMOHUIM;, TUE CE€ TaKBH KaKBH IITO Ce
OpUPOAHNATE (PPEKBEHIMM HAa OCHWIMpAlke Ha CUCTEMOT, BO BpPEMETO Ha
npeknHyBaukara omnepanuja. OBue (ppekBeHIMM HeMaaT HUKaKBa BpCKa CO
OCHOBHaTa (ppeKBEHIIMja HA CUCTEMOT.

XapMoHMIITE, 1O Ae(UHULK]A, Ce T0jaByBaaT BO cTaOWIIHA cOCTOj0a U
ce 1eJ00pOjHI MHOXUTENIM Ha OCHOBHATa (ppeksBeHnuja. M300nmuyBameTo Ha
OpaHOBHOT OOJMK KO€ CO3[jJaBa XapMOHUIY € MPUCYTHO KOHTUHYHPAHO WU
HajMajky HEKOJKY CeKyHAu. TpaH3ueHTHTe OOMYHO MCuYe3HyBaaT IIOcCje
HEKOJIKY IuKiycu. Tue ce moBp3yBaaT co IPOMEHHUTE BO CUCTEMOT, KaKo IITO €
BKJIyUYyBaWkETO Ha KOHJAEH3aTOpPCKM OaTepuu. XapMOHUIUTE HaK, ce
MOBP3yBaaT cO KOHTUHYUPAHO pabOTEHE Ha ONTOBAPYBAETO.

Enen cinydaj kora pa3iukaTa Mery ABEBE ONUIITYBaHU I10jaBH € HEJaCHA €
CTaBaW-ETO MOJ] HAMIOH Ha eHepreTcku TpaHcdopmaTop. OBa e npeopiHa nojasa,
HO MOXE J1a CO3[laBa 3HAYUTEJIHO M300JMUyBamke€ Ha OpPaHOBUOT OOJIMK, 32
BpeMe Of] IOBEKE CEKYH/IM U Ce 3Hae JeKa BO30yyBa pe30HaHIAja HA CUCTEMOT.

I1e10CHOTO XapMOHHUCKO U300/ IMYyBame 1 e(peKTHBHATA
BpeIHOCT

[TocrojaT HEKOJKYy MEpKM KOM ce KOpHCTaT 3a WHAUKandja Ha
XapMOHWCKaTa COApPKMHA Ha OpaHOBHOT OOJIMK CO €ieH equHCTBeH Opoj. Exna
O HUB € W CO NOMOIITAa Ha IEJOCHOTO XapMOHHCKO m3o0mmuyBame (Total
Harmonic Distortion) (THD), koe Moxe fa ce mpecMeTa W 3a HAlOH WM 3a

cTpyja:

. [3.01]
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Kajne M h € e(peKTI/IBHaTa BPEIHOCT Ha XapMOHUCKAaTa KOMIIOHEHTa CO pef h, Ha

pemmuunata M. THD(M) e wMepka 3a edekTHBHATa BpPEHOCT Ha
XapPMOHUCKHUTE KOMIIOHEHTH Ha M300IMYECHUOT OpaHOB OOJMK, IITO YKaXyBa
NOTEHIMjaHaTa MOK 3a 3arpeBame NPEAU3BUKAHO Off XaDMOHMIUTE, BO OIHOC
Ha MOKTa Ha OCHOBHMOT XapMOHUK.

EdexkTrBHaTa BpEHOCT Ha NIEIMOT OpaHOB OOJNUK (KOj € COCTaBEH Off
noBeKe XapMOHMIIM) HE € cyMa Off HMHJMBUAYaJHUTE KOMIIOHEHTU TYKy €
KBaJIpaTeH KOPEH OJf CyMaTa Ha KBaJpaTHUTE:

n
. 2 2 2 _ 2
My = M7+ M2+ + M2 M, = [Y M
h=0
Kaze M o € €AHOHACOYHAaTa KOMIIOHCHTA, dKO TaKBa IIOCTOM.

Bpckata Ha THD co edekTuBHaTa BpeJHOCT Ha OpaHOBHOT OOJIUK € CIIOpEN
cliesiHaTa paBeHKa:

Ha npumep, Heka cln1oXXeHHOT OpaHOBH OOJIMK MMa e(peKTUBHA BpegHocT M, n

HeKa € COCTaBeH OfI KOMIIOHEHTHTe 4N e(MEKTUBHH BPETHOCTH Ce
M,,h=L..h_ :

U, =U,{/1+THD(U ) ; 1y =1,y1+THD(I) .. [3.02]

(rms wmnm Ha apyrm Mecta RMS joara Kako KpaTeHKa off Root mean square IITO 3HaUM KOPEH
OJ cpefiHa BPEMHOCT Ha KBafpaTHTE, a Toa ¢ fAeuHUIHjaTa 3a e(peKTUBHA BPEAHOCT Ha efieH
CHTHAJ, HAMOH WM CTpyja. 3aToa, BO aHIVIMCKa JuTeapTypa Hamecto mHaekcor €f wmoxe na ce
cpetHe uHIEKCOT FMS).

THD e MHOTY KOpHUCHa rOJIEMHAHA 32 MHOTY IPUMEHH, HO MOpa J1a Oupjar
cchaTeHn HEeroBuTe orpaHndyBama. Moxe fa mokaxe KOJKY eKCTpa TOIJIMHA
K€ ce peanm3Wpa Kora Hu300JIMYEH HANOH K& CE€ [IOHECe Ha aKTUBHO
onToBapyBamwe. HMKAaIMja € U Ha JofaTHUTE 3aryOou, MPUYMHETH Of] TEKOT Ha
cTpyjaTa HU3 HeKOj mpoBofgHuk. Ho, He e mobap MHAMKATOP HAa HANOHCKOTO
Hamperame BO KOHJeH3aTOpuTe OUlejKu Toa 3aBUCU Off BpBHATaTa BPEIHOCT
Ha HaMmoOHCKOT OpaHOB OOJIMK, a HE Ha HeropaTa e(geKTUBHA BPEJHOCT WU MOK
3a 3arpeBarbe.

XapMOHUCKHTE HANOHM CKOpPO CEKOraml ce OflHecyBaaT Ha
(yHIaMenTamHaTa’ BPEMHOCT Ha OPAHOBUOT OOJHUK (M Ce MepaT KaKko MPOLEHTH
on (yHIaMeHTalHaTa BPEIHOCT), BO BPEMETO Ha 3E€MambEeTO Ha HPUMEPOKOT.
Bunejkn HamoHOT Bapupa 3a caMO HEKOJKY NpOLEHTH, (3HauW, HeropaTa
BPEIHOCT MHOT'Y HE ce MEHYBa, (Hamp. HUCKUOT HamoH Moxe fa 6uae 230 +/- 20
V) wHanoHnckuoT THD e ckopo cekoraiil 3Ha4aeH (CMHCIEH, JJornieH) 6poj. OBa
He € cilyyaj co cTpyjaTa. Mana crpyja Mmoxe fa uMa Bucok THD, a ga He Oupe

? Tlop “@ynpamMeHTa Ha” CEKOTall BO TEKCTOB FO pa3dupaMe OCHOBHHOT XapMOHHK, T.€.
XapMOHUKOT €O pefieH 6poj 1.
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cepuo3Ha 3akaHa 3a cucremMoT. Co orjej Ha Toa IITO, MOBEKETO ypeau 3a
MOHUTOpHHT faBaaT THD Oa3upaH Ha 3€MEHHMOT NPUMEPOK BO MEPEHHOT
MOMEHT, KOPHMCHHKOT MOXE fa Oujie NOTpelIHO HaBEJEH Ha MHClIa JeKa
cTpyjata € onacHa. Hekou aHanuTtuyapu ce mmaaT OOMAECHO [a ' M30erHaT
OBHUE MOTENIKOTUHU, CO BKIIyUyBalk€ HA TEPMHUHOT M300JUYyBalke Ha BKyITHATa
nobapana crpyja Tt.e TDD, Ha MecroTro og THD, TepMuH KOj ciiyku Kako
ocHOoBa 3a cMepHuuure op craggapgotr IEEE Standard 519-1992 (tamy e
h

max 5
I h

TDD(1) = —“T

>

Bewxon:
E¢exTneaa n TeMeHa BpeJHOCT

EdexTuBna BpeHocT (Ha aHTIIMCKU: Toot mean square value miu rms value) Ha
€/IHa epuouYHa BEJIMYNHA HA IIPUMEDP CTPYyja €:

lT-zd
T-([I t

Co edekTHBHATA BPEAHOCT HA CTPyjaTa € MOBp3aH e(heKTOT Ha 3arpeBame Kora
Taa Te4ye HU3 HEKO] OTIOP, a CO CPeIHATa BPEJHOCT - KOJUUYECTBOTO MPOTEYEHO
eJIeKTPUYECTBO.AKO NMEPUOANYHATA BEIMUYMHA € CUHYCcOuja, Mef'y TeMeHaTa |
epeKTUBHATA BPETHOCT BIIaJie€ OJHOCOT:

a cpeHAa BPEeXHOCT: I, == I idt

|
=2 =1,414.

ef

Axo ¢yHKnzjaTa e n306mmyeHa (MPUCYCTBO HAa BHINM XapMOHHIIN) OBO]
OJJHOC MOXe fa 6unge m moman u noroneM of 1,414. Mefy edexktuBHaTa u
cpefHaTa BPEJHOCT MaK Kaj CMHycoupaaTa, ogHOcoT € 1,1. AHamorHo Bpeau u
aKO BEJIMYMHATA € HaIOH.

MHoOry oOjf TMOEBTHHHTE aMIEPMETPU W BOJITMETPH MepaT BCYITHOCT
CpefiHa BPEJHOCT, HO CO BrpajieH KOe(UIMEHT BO caMaTa oKa3Ha ckaia of 1,1
THE TIPW YHUCT CHHYCOHMJAJIEH OOJIMK MOKaXyBaaT e(eKTUBHA BPEMHOCT. AKO
OOIMKOT HE € CHHYCOM/IaJICH, THE TTOKaXKyBaaT MOrpelTHa BpeJHOCT.

JleHec mpeoBafyBaaT eJIeKTPOHCKH MEPHH MHCTPYMEHTH Kaj KOM MOXKe
pPEeIAaTHBHO TMOJIECHO Jla Ce OCTBAapu Mepeme Ha edeKThBHa BpemHocT Toa He
3Ha4YM JIeKa [OpaHO He IOCTOeNie MHCTPYMEHTH KOM IOKa)KyBaaT BUCTHHCKA
eeKTHBHA BPEJHOCT HA HANOHOT M cTpyjaTa. [locToesne, HO Tue 3a Mepeme
KOpHUCTeJie HEKO] (PU3NYKN e(eKT KOj 3aBUCU Ofi €(peKTHUBHATA BPEAHOCT Ha
BEeIMUMHATA KOja Ce MEepH, Ha MpUMEpP 3arpeBame Ha KHIa Kaj Mepeme Ha
CTpyjaTa, OTHOCHO €JIEKTPOCTaTHYKA CUJa Kaj €JIEKTPOCTATUUKUOT BOJITMETAP.
Ho cekoram, mna wu jeHec, Kora BO MepHaTa TEXHHKAa JOMUHHpaaT
€JIeKTPOHCKHUTE MHCTPYMEHTH, MEPEHETO Ha BUCTHHCKA e(heKTHUBHA BPEIHOCT €
CBOjCTBO Ha IOCKaNuTe NHCTpYMeHTH. Ha HuB cToun o3HakaTa “true RMS”.
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3arToa, BaXHO € [1a 3HaeMe CO KaKBU MHCTPYMEHTH pacrojiarame. 3Hauu
WHCTPYMEHTUTE KOW MepaT BUCTHHCKA e(eKTUBHA BPEJHOCT, UCMPABHO Ke
MepaT e(peKTUBHA BPEAHOCT M KOTa OOJIUKOT COMP3KM BUIITM XapMOHUIIM M KOTa
ce pabotu 3a upeanHa cunycoupa. Ce pa3Oupa, U OBJie MMa HEKOja 'PaHUIA Ha
U300JIMYEHOCT JI0 KOja MEPEHETO € TOYHO, ILITO MOXKE Ja C€ BHUAUA Off
TEXHUYKOTO YMAaTCTBO HAa MHCTPYMEHTOT. Hekom of MofepHuTEe MHCTPYMEHTHU
KOM MepaT BUCTHMHKA e(peKTHBHA BPEIHOCT, MMAaT MOXKHOCT Jia ja U3MepaTt u
TeMEeHaTa BpefHocT. 1 0oBa CBOJCTBO HM € NMOTPEOHO 3a OTKPUBAKE HA BUILIUATE
XapMOHUIIN.

®akTop HAa TeMeHATa BPEIHOCT, (PaKTOP HA OOJIMKOT (aHTJIHCKH: crest factor)

ITox oBOj moum ro pazdbupame OJHOCOT HAa TeMEHaTa KOH e(eKTUBHATa

BpeHOCT. BUjoBME fieKa 3a CHHYCOMja TO] OJHOC € V2 onHocHO 1,4142. Ako
OOJIMKOT OTCTanyBa OJf CHHYCOW/Ia, ¥ OBOj OIHOC OTCTaIyBa Off OBaa BPEJHOCT.
3Haun, TOTPeOHO € 1a TO YTBPANME OBOj OHOC 32 HAMIOHOT WX CTpyjaTa. AKO
M3MEPEHNOT (haKTOp € pasindeH Off /2, TOTall OBa 3HAYM JeKa Ce IPHUCYTHH
BUIIIM XapMOHUIIM BO MepeHaTa BeauuyuHa. [1o mpaBuiio, KOJKy € morosiema

nmobueHaTa pasjimKa BO OJHOC Ha V2, TOJIKY € IOorojieMa COfp>KMHATa Ha
BUIIIUTE XapMOHuIM. Kaj HalOHCKUTE Meperha, THITMYHO € Jla ce JoOue momasa

BPEHOCT Off V2 (3aTaneH o6GIMK HA HATIOHOT), OfieKa Kaj CTPYjHUTE Mepema -
ce J00MBa OOMYHO BPEIHOCT MOrojieMa of V2.

OTkako ce yTBpAu NPUCYCTBO HAa BHIIK XapPMOHUIMY, NOHATAMOIIHUTE
KBAaHTUTATUBHM CO3HaHUja MOXe fa ce paodumjaT ako ce ymorpedar
MOHATAaMOIIHU CHELUjaIn3upaHd MEPHU HUHCTPYMEHTU 3a BaKBU MEpema,
OJJHOCHO C€ aHTaxkKMpa CIHelyjalucT o npobiemMaTukara.

IToepHOCTaBeH HAYWH f1a c€ YTBPAW MPUCYCTBOTO HA BUIIM XapMOHUIIH
BO CTpyjaTa, € co ynoTpeba Ha CUMYJITAaHO MEpEHme Ha UCTa CTpyja CO JiBa
WHCTPYMEHTH, Of] KOM €JHUOT MEPU BUCTUHCKA e(DEKTUBHA BPEAHOCT, a IPYTHOT
epeKTUBHATA BPEHOCT ja MEpU MPEKy Meperme Ha CpefHaTa BPEIHOCT. AKO
MEpUMe CO CTPYjHM KJemTH (3rojieH HaudWH, OWjejKum He Mopame Ja ToO
NpEeKHHYBaMe CTPYJHOTO KOJO) eflHaTa CTPyjHa KIeIlTa € IIOCOBpIIEHa
(manpumep Fluke 33) a jgpyrata Hekoja MOETHOCTaBHA, KOja MeEpU TPEKY
MEpEmE Ha CpefHaTa BPEJHOCT, OM JOoOuie pasjvuvyHu U3MEPEHU BPENHOCTH,
cn.1.
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ci.1: CumynTaHo Mepewe Ha cTpyjaTa co JBe
CTPYjHM KJIELITU KO paboTaT Ha pa3iIuyeH
MepeH MPUHIAI

N Bo 0BOj ciyuaj, mocie AujarHOCTULUPAHETO,
NoTpeOHM Cce  HaTaMOIIHM  Mepewa U
UCIUTYBaka aKO cakaMe fa  jgoOueme
noyyIaboKy CO3HaHM]a.

IIpumepn:

1. 3agaya Hajnu ja edpekTuBHATa BPEAHOCT Ha
crefpHuTe (PyHKIMYU (CUTHAIN):

a)u, cosot, T= 2”
a)o
2
c.1 6) U, cos(w,t)+U, cos3mt, T="—.
®

0

Pewenue:

. : 2
a) 3a ¢pynkumjata: U sinot, T :—7[, uMame:

@,

T T T
Uy == [ £2(0)dt = |2 [UZ cos? dt =u, [ [1H00 2 gt
7] 7] T

0
u. 1 lt+sm2a)0t
T 2 4o,

T=Um 1 l_l_+sin2a)oT U, l+lsin2a)oT _
0 T2 4o, 2 T 4o,
sin 2@ 2z

U, l+&—w° =U,, 1+Lsm4ﬂ' Yn = =141U,
2 27 o, V2 27 4 V2

6) 3a dpynkuujata U, cos(w,t)+U, cos3w,t, T = 2 uMame:
®

0

_ L 2
rms_ T'(l).

-
\/TLJ.(U; cos’ @t +U; cos’ 3wt +2U U, cosm,tcos3m,t)dt =
0
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+U_ U, cos2w,t+U U, cosdm t)dt =

l]» 1+c052a)t+U21+cos6a)ot
T, "

(I1 +1, + I3), kage |,,1, 1 |; ce coogBeTHUTE NHTErpANH.

[IpBuoT MHTErpan BeKe ro MMaBMe BO 3ajilavyaTta 1noj 1 u Toj e:

BropuoT unTerpan gasa:

|2

T 1+ cos 6w, t T
ljUﬁ cos’ 3a)otdt=UﬁjMdt=Uﬁ l ‘ +ljcos6w tdt
T+ 0 2 2 2
1Loof1o 1 1 .
=—U; —T+—I—coszdz =lUﬁ LY PR |12
T "2 "2 6o, T "2 1o,
U2
L EE —(o VY EEIVEES
T 2 Ro T "2 2

IIpm oBa e KOpHCTEHA CMEHATa:

Z="060; dt=LdZ; t=0=12=0; t=T:>Z=6a)OT=6a)02—7[=127r
6(00 @,

TpeTuot uneH kaje pyHKIHUjaTa € TPOU3BOJ HA ABETe (PYHKIMH CO PA3TUUHU
¢pexBennuu Ke gane:

T T
I, = lJ-2U U, cosa tcos3m, tdt = lJ.(U U cos2at+U U, cosdmt)dt =0
T 0 T 0

€ OUMIJIeTHO HYJIa, HO ¥ BO IpeTxofgHata popma Toa O6u Tpebdayno fila € jacHO
OujejKu BeTe MOJUHTErpajHu (PYHKIUHU C€ OPTOTOHAJIHHU (PYHKIMH, a KAKO
TakBHM, HHTErpaj Off HUBHHOT IPOM3BOJ 3a 1ieJ Opoj Mepuoju € €JHAKOB Ha
Hy7a (BUAM MaTeMaTHUUKU NMPHUPAYHUIM). 3HauM, e(peKTHBHATA BPETHOCT Ha
LEJINOT CUTHAJ €:

R R R R et

OI[ OBOj NpuUMEP MOKEMC 1a U3BJICUYCMC J1BA BA2KHU 3aKITYyHYOLU:
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1.

HuTerpan Bo mena nepuoja oj MpOU3BOA Ha [ABa BUIIU XapMOHUIU CO
pa3nuuHa (peKBeHIWja € eIHaKOB Ha HyJa (3apagd B3aeMHaTa
OpTOTOHAJTHOCT Ha ¢yHKHuuTe). OTTyKa clemyBa, leKa ako egHaTa
(pyHKIMja € HAmOH a gpyraTta cTpyja, BAKBUOT NPOU3BOJ HEMA Ja flaje
CpefiHa MOKHOCT, OJJHOCHO CpefiHaTa MOKHOCT € €JHaKBa Ha HyJa.
3HauM BUWIIM XapMOHWIM CO pa3iuveH pef (BKPCTEH ped) He JaBaaT
aKTHBHA MOKHOCT!

.
P :J‘Ui sinio,t- 1 sin jo,t=0, i#]j
0

CnoxeH curHan, KOj € COCTaBeH Of MOBeKe BUIIM XapMOHHWIHU, UMa
epeKTHUBHA BPEIHOCT KOja ce JoOMBa Kako KBajpaTeH KOPEH Of] cymaTa
Ha KBaJ[paTUTE Ha MOEAUHUTE e(DEKTUBHU BPEIHOCTA HA KOMIIOHEHTHTE:!

Upe = U2 +U2 +..4+U;

1rms 2rms irms

Ofl IITO cleflyBa icKa WIEHOBHATE CO Majl 3HOC MHOTY MAJKy IPUOHECYBaaT
KOH BKyIHaTa e(peKTUBHA BPETHOCT.
Ha npumep, Heka e majiajieH eieH CUTHAJ KOj TH UMa CJIETHUTE XapMOHUIIN:

pen 1 3 5 7
HN3zHoc, % 95 5 3 1,5
M3Hoc, penaTuBHM efl. 0,95 0,05 0,03 0,015

EdexkTuBHaTa BpegHOCT €:

U, =Ug =\/O,952 +0,005% +0,03* +0,015° =0,952

AKO ro 3aHeMapuMe Ha IIpUMep TPETUOT XapMOHUK, Ke foOueme:

U, =U, =4095>+0,03’ +0,015> =0,9506

3amaua 2: [a ce ogpenu epeKTUBHATA BPEIHOCT HA HAMIOH KOj € 3a/1aJIeH CO:

T .
u=U zate [O,%} u=03ate {E,T] (Hampraj ro curHanor!)

Uity
U

0.000ms 10.00mz 20.00mz 30.00ms 40.00mz
T/2 T

Pewenue:

IAC
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T T/2 T
U, = lJ‘ uidt = |1 '[uzdt+ j u’dt dt:\/l(uzt-ﬂ/z+0):\/U2l1:U 1.9
T4 T3 s T T2 2 \2

3agaua 3:. Jla ce ofpenu egeKTHMBHATA BPEJHOCT HAa CHUTHAJI CO OOJUKOT:
(Haupraj ro 06auKOT!)

u:U,3ate{O,I}, u=-U 3a te[I,T]
2 2

Uity
U

-U
0.000ms 10.00ms 20.00ms 30.00ms 40.00ms

T/2 T

Pewenue:

o, - Huzm _ J;(Tfuzdt+i<_u>zdtj U H}@g)) U

3amaua 4: [la ce onpenu edeKTUBHATA BPEJHOCT HA HAMOHOT KOj € MafieH CO

u=U_sinot 3a te{O,%} u=0 3a te[g,T](HaupTaj ja ciukara Ha

curHanor!).
uith
Bt
u} t
0.000ms 10.00ms 20.00ms 30.00ms= 40 00ms
T2 T
Pewenue:
T T/2 T/2
U, = ljuzdt - 1L fuzsin?etdt = U, L | 1zcos2at 4 _
T5 LI T 9 2
U, 1L s ~ L in2et 17 =u, 1T =uml
T2 " 4o 0 T4 2
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Bapaua 5: [la ce oppenu edeKTHBHaTa BpPEJHOCT Ha HAMOHOT MajieH Co

. : T
paBenkara: U=U_sinot 3a te{o,-ﬂ; u=-U_sinot, 3a tE{E’T}

(Hamupraj ja ¢pyHknmjarta).
3amavara Ke ja pemmMme KOPUCTEjKM TH JOcera W3BEJeHUTE 3aBUCHOCTH W
pemennja. MiMeHo, Ke ja pa3fenuMe fmajieHaTa (PyHKIMja Ha JBE MOCTUHEYHU

T T
¢yHKIMY 32 KOU BaxaT 3aBucHOCcTUTE Off 0 10 By " O] 3 o T.

—— u.\) (u.\) U,
Uef:U12ef+U22ef: (2j+(2j=\/5

ulty U7, sin qx T

0 /A\.f’ /\v/\\a/\\

0.000ms 10.00ms 20.00ms 30.00ms 40.00ms
T/2 =7, sin @

3.5 MokHocT 1 (pakKTOp Ha MOKHOCT

XapMOHUCKOTO H300JMYyBake ja KOMIUIMIMpPA IpecMeTkara Ha
MOKHOCTa ¥ Ha (PakTOpOT Ha MOKHOCT, 3aToa IITO MHOTy Of
MOEIHOCTaByBalkhaTa KOU WHXEHEPUTE T'M KOPUCTAT NPU IMPECMETKUTE IPH
UHAyCTpUCKaTa (PpEeKBEHIMja IPHU CUHYCOY[AJHU YCJIOBU, €JHOCTAaBHO HeE
MOXKar fia ce IpUMEHar.

ITocrojat Tpu cTaHIapAHM FOJIEMUHHU IIOBP3aHHA CO MOKHOCTA:

Ilpusuona moxmocit, S. Ilpom3Bong Ha edeKTHBHATA BPETHOCT Ha
HamoHOT M eeKTUBHATAa BPEJHOCT Ha crpyjara, S=U_.l ; (3a0enemxa’).

OBaa necuHMIIAja BaXKU M 32 CHHYCOWJAJIHU, W 3a U300JUYCHU YCIOBH (HO BO
obara ciay4au Mopa Ja BHumMaBame U, u |, mpaBUIIHO a 'M mpecMeTame).
Akiuusna moxknociu, P. CpeHa cTanka Ha NpefaBamke Ha €Heprujara,
WM CpefHa BpPEeJHOCT Ha MOMEHTaIHaTa MOKHOCT, cpaTeHa Kako (pyHKIja Off
BpeMme. BakBara pneduHMIMja € ommTa M BaXXM U 332 CHHYCOUAJIHM M 3a
HECHHYCOUMIaIHY YCIIOBY; MaTeMaTH4Ku Taa ce IpecMeTyBa Co:

p—u(tit): P :le:u(t)i(t)dt (3.00)

*Bo aMepHKaHCKa JUTepaTypa HaMECTO UHAEKCOT ef ce KOpHUCTH HHAeKcoT 'MS Koe
O3HauyBa MCTO, e(peKTUBHA BPEIHOCT, U Joafa off “root mean square value”. Naprimer U rms

namesto U .
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Bo ycnoBu Ha M300JIMYEeHN HAMIOHU U CTPYH, BO aKTUBHATa MOKHOCT MMaaT Jel CUTe
NPOM3BOAM HAa XapMOHMIMTE Ha U W | Kou ce of uctu pen. [IpomsBoaure Ha
KOMIIOHEHTUTE CO PAa3JIM4€H pel — BKPCTEHUTE IMPOU3BOAM, HE JaBaaT aKTUBHA
MOFHOCT, TYKy pE€akTUBHA. 3a OBa MOETr3aKTHO, BUJU MOTaMy).

Peaxkitiusna moxknociu, Q. [lenot on npuBugHaTa MOKHOCT, KOj HE € BO
¢aza co akTuBHaTa MOKHOCT. (PeakTuBHaTa MOKHOCT HE BpIIM KOpPHCHA padoTa.
BeymHocT TOa € MOKHOCT KOja TOCTOjJaHO OCHMIupa Melry HHAYKTHBUTETOT M
KaIayTeToT ¥ MPUTOAa MPEeIU3BUKYBa aKTUBHHU 3aryoH).

3a cMHyCcOWJIaTHH YCJIOBYM Ha HATIOHOT M CTpyjaTa (HeM300JMYCHU) HO U
Kaj M300JIMYEHN YCIIOBH, HO CaMO 3a OCHOBHaTa (ppeKBEHIMja, BaXKaT CIECIHUTE
TOJIEMUHU, OMTHOCHO PaBEHKMU:

P =Scosd ...[3.03]
Q=Ssinf ... [3.04]

kage 0 e azen aron momelry HamoHOT u cTpyjata. Mcro Taka mocrou M

I[PaBOAroNicH TPHjaroJHMK Ha MOKHOCTHTE M 3aBHCHOCTa S =.P°+Q°.

OOuyHO O0BOj OfgHOC Mefy TpUTE€ MOKHOCTM C€ HpHKaXxyBa BO BHJI Ha
IIPaBOAroJieH TPHUjaroJHUK:

o P

dakTopor cosb ce HapekyBa ¢pakiiop Ha mokHnocii. bunejku(3.03) u
(3.04) BaxkaT camMO 3a CHHYCOMJAHM BEJIUYMHU (M MOKOHKPETHO, 32 MPBUOT
OJH. OCHOBHMOT XapMOHWK), a aKTHBHAa MOKHOCT W (paKTOp Ha MOKHOCT ce
neuHUpaaT U BO HECMHYCOUJIAJIHU YCIIOBH, 3a 1a HeMa 3a0yHa, U3pa3oT cosd
MONPENM3HO HOCK HACTIOB “(hakxiuiop Ha iiomeciiyeawe ” , Oupejku aron 6
MOXe f1a ce iepuHIpa caMO BO CHHYCOHMJATHU YCIOBHU. (32 M300JIMYCHH YCIOBH
npecmetkara Ha P,Q,S e cnopen npyru dopmynnu, BUIU HOTamMy)

ITocroewmeTo Ha Tpu MOKHOCTH € KapaKTepUCTHYHO 3a KojaTa Ha
HaM3MEHNYHA CcTpyja. BeymHocT, Toa € pe3yiaTaT Ha MOCTOEHETO Ha (pa3Ha
pasnuka Mefy HalmoHOT M cTpyjaTa. AKO (pa3HaTa pa3nmnka € rojiemMa, Ipu UCTo
P (kopucHO ynoTpeGeHa MOKHOCT) Ke MOCTOM morojieMo Q m CHCTEMOT Ke

paboTH HepaluMOHATHO: CTpyjaTa Ke Oujge rojema, HaKo KOPHUCHO
ymotpebeHaTa MOKHOCT Ke Owmpe Mana. 3aToa, peakKTWBHaTa (WM YIITE
HapedyeHa “jamoBa”) MOKHOCT Q ce HacTojyBa jja Omjie ITO MmoMaja, OfHOCHO

¢a3znara paznuka Mefy HAIOHOT W CTpyjaTa jia Oujie momMasna, o MOXKHOCT Ja
HeMa (pa3Ha pas3iuka. Toa e 1enTa U Ha UCIOpPAavYaTeOT U Ha KOPUCHUKOT Ha
en. eHepryja. VMcmopadaTenoT ro CTUMyIHpa MOTPONIYBAuOT fla MMa BHCOK
(hakTOp HAa MOKHOCT, 6aU3y A0 1, MpeKy NeHalu BO CMETKaTa 3a MOTPOIIIeHA €Jl.
EHepruja M mpe3eMeHaTa peakTMBHAa MOKHOCT. OBaa mpoOisiemaThka, MMEHO,
HaMallyBalkbeTO Ha (PaKTOPOT Ha MOKHOCTA, criafa BO pallMOHATHO KOPUCTEHE
Ha eJl. eHepruja. bupiejku eHepreTCKUOT CUCTEM € IPETEKHO UHIYKTUBEH, 3a f1a
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ce HaManu (pa3HaTa pas3nuKa U peaKTUBHATa MOKHOCT, M BO AUCTpuOyLujaTta u
Kaj MOrojJeMHUTE MOTPOIIyBa4d C€ HHCTaaupaaT KOHJEH3aTOpU 3a
‘KoMIeH3anyja” WM 3a ‘monpaBka Ha (paKTOTOT Ha MOKHOCT .

IToomto n nonmpakTuyHa fepuHUnKja € PakTOpOT HA MOKHOCT fia ce
neuHUpa TOOMMITO, JAa BaXW M 32 HECHHYCOMWJAIHU YCIOBH. (BO
noHatamMoImmHnoT TekcT-PF, o power factor) kako:

pE-"

S ... [ 3.05]
Kajge S m P ce necpmHMpaHn Ha HajommT HAYMH, Taka Ja BakaT M 3a Clly4yaj Ha
N300/IMYEHN HAIlOH U cTpyja. Baka peduHupan (pakTop Ha MOKHOCT C€ BHKa
BHCTHHCKH (paKkTop Ha MOKHOCT (true power factor). Cera HeMma jaceH
KOHIENT 3a aroJ Ha (pa3Ha pasjiMKa IPU CATyallud CO MU300JIUYEHU HANOH U
crpyja. Cera P u S ce nedpuHMpaaT Ha CI€JHUOT HAUUH:

S=U.l,.,.=U

rms ° rms

... [3.06]
1 .
P :?'([u(t)l(t)dt oo [ 3. 07]

Kora nanonor, U , e 1[eJIOCHO co OCHOBHA (ppeKkBeHIMja (HeU300IMICH,
OHOCHO CHHYCOWJAJICH), WM TaK Cce IMOCMaTpa ¢aMo0 KOMIIOHEHTaTa co
ocHOBHa (ppekBenyja U ,|,, P ce noOuBa no no3Harata opmyJa:

A A

qulzllcosﬁl:Ulllcosﬁl:UlllcosH1 ... [3.08]

IITO TOKaXxyBa JeKa CpefHaTa aKTUBHA MOKHOCT € (yHKIHMja camMo Of
FOJIEMUHUTE 32 OCHOBHaTa QpekBeHIMja. bupejkm un3001MYyBakbETO Ha
HAIlOHOT € MHOTY HUCKO BO €HEpreTcKuTe cucreMu (momano on 5%), oBaa
paBeHka € JoOpa ampokcuMmaiyja, 0e3 orjej Ha Toa KOJKy € HM300Ju4yeHa
cTtpyjata. Ho ako u HamoHOT € MHOTY M300JM4YeH, mpecMeTrkara Ha P e MHory
IMOCJIOKCHA, BUAU MTOTaAMYy.

On nmpyra crpaHa, IpUBUAHATA W PEeaKTHBHATa MOKHOCT ce BO 3HaYacH
lea 3aBHCHM Off u3oOnmuyBameTo. [IpmBmaHaTa MOKHOCT € MepKa 3a
NOTEHIMjaJTHOTO HAIlpeTame Ha ONTOBAPYBAKkETO, BP3 TEPMHUUKATAa CHOCOOHOCT
Ha cucteMoT. [IponoprimonanHa e Ha e(peKTUBHATA BPEAHOCT HAa M300/IMUeHaTa
CTpyja W Hej3uHaTa MpecMeTKa € eHOCTaBHa, MaKo € HeIITO MOKOMIUIAIIpaHa
OTKOJIKY 3a CHHYCOMAaJeH ciy4daj. McTo Taka, MHOTY CTPyjHM MEpHH COHJU
cera MoOXaT AMPEKTHO fia ja TMOKaXkaT BHCTHHCKaTa e(eKTHBHA BPETHOCT Ha
n300MYeHNOT OpaH Ha CTpyjaTa.

ITocTom oppeneHo HecoriacyBame Mery M3ydyBaunTe Ha XapMOHHIUTE,
KaKko ja fepuaupa Q, BO MPUCYCTBO Ha XapMOHUCKO M300amayBame. On npyra
CTpaHa, ce CMeTa ieKa € MHOTY MOBaXKHO olpefeyBameTo Ha P mHa S. P
MOKaXKyBa KOJIKYy €Hepruja € KOHCymmpaHa (BO €IMHHUIIAa BpeMme), ofieka S e
MoKa3aTel 3a KalmauTeTOT Ha CHCTEMOT KOj € TOTpeOeH 3a fa ce ucTpudynpa
P . Camo 3a cebe, Q BCyHIHOCT BOOMIITO HEe € KopucHa. Cekorai ce TpyauMe
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Taa Jia € momasa, OujiejKu Hej3MHOTO NPUCYCTBO BO CUCTEMOT €€ MEHAIN3HUPA Of
CTpaHa Ha M3MOPAvaTesIOT Ha €Jl. EHEePruja.

PeakTBHaTa MOKHOCT, KOra IMOCTOM HM300JIMUyBame, UMa €[IHa Jpyra
HEOOMYHOCT. BeylHoCT, MOKe M He € IPUKJIIa[IeH Ha3UBOT PEaKTUBHA MOKHOCT.
KoHuenToT 3a Tek Ha peakTUBHA MOKHOCT BO €HEPIeTCKUOT CUCTEM € II1a00KO
BCaJieH BO caKamwaTa Ha MoBeKeTo MHXeHepu. OHa IITO MHOTYMHHAa HE TO
chakaaT e TO OBOj KOHUENT € BaJU/IeH caMO 3a CUHYCOHUJlaJIHA CTallMOHApHA
cocroj6a. Kora nocrou m3o6nuuyBame, KOMIOHEHTaTa Off S IITO OCTaHyBa
OTKaKo ce of3zeMe P He e KoH3epBaTHBHA (T.e. HE TIOMJIEKH Ha MPABUIOTO 32
KOH3€epBalja WM KOHTHHYMTET, KOe IpousieryBa oj npeuotr Kupxodgos
3aKOH), T. CyMaTa Ha PEaKTUBHUTE MOKHOCTH HE € HyjJa BO HEKO] ja3oll.
HNmeHo, 3a cuHycoWpjajeH cllydaj ce HpeTHOCTaByBa jekKa KOJIMYMHUTE Ha
MOKHOCT TeyaT HU3 CHCTEMOT Ha KOH3€pBaTHBEH HauyuH, T.e. ajarebapckara
CyMa BO HEKO]j ja30J1 € HyJIa.

Osa He 3HauM jieka 3a P wnm 3a cTpyjaTa, Ha IPUMEP, HE BaXKU 3aKOHOT
3a OfIpKyBam€ Ha eHeprujaTa OupiejKu Toj 3aKOoH 1 KupxoBUTE 3aKOHM 3a CTPyH
ce ceylITe MPUMEHJIMBH 32 CeKOj OpaHOB OONMMK. PeaKTUBHUTE KOMIIOHEHTH CE
BCYILIIHOCT KBaJ[paTeH KOPEH Of] cymaTa Ha kBajgpaTuTe. OBa I'm HaTepa HEKOU
aHAJIIMTUYApH J1a npeioxKaT Q fa ciayxu 3a o0eNneKyBambe Ha OHUE PEaKTUBHI

KOMIIOHEHTH KOM CE€ KOH3E€pBATUBHU, M [la CE CO3/1aje HOBA IOJIEMHUHA 3a THE
mrTo He ce. TakBaTa roleMmHa ce BHKA peaKuiu6Ha MOKHOCUWL Ha
oucuwiop3ujaiua, D . Hej3unaTa MepHa eJUHHLAa € BO BOJTAaMIIEpU PEaKTUBHU
(ucto kako 3a Q), HO He MOXe TOYHO fla ce KaxKe JieKa TOoJIeMHHaBa ce
OJlHECYBA KAaKO MOKHOCT OHMJEJKM HE Teuye HHU3 CHUCTEMOT Ha HA4YWMH KOj €
CBOjCTBEH 3a MOKHOcTa. D ru mpeTcraByBa cuTe BKPCTEHH ( j # i ) IpOM3BOIHT
Ha HAIOHOT W CTpyjaTa Ha pas3inyHu (PPEKBEHIMM KOUM HE [aBaaT CpefHa
MOKHOCT.! PaBeHKUTE 3a CIOMEHATUTE TOJIEMUHY CE CIIEHUBE:

S=4P’+Q’+D’ ... [3.09]
Q=> Ul sing, . [3.10]
k

(camMo MpoM3BOINTE HA XaPMOHUIIUTE CO UCT pef).

Crnopent Toa, D Moxke fa ce openu cropep;

D=y$*-P*~Q’ e [3.11]

Ha aynuropuckm BexKOu, Ha CTYJEHTUTE K& MM C€ IIOjaCHM MaTeMaTH4KaTa
OCHOBA Ha IIOCTOEH-ETO HA OBUE YETHUPH MOKHOCTHU BO CIlly4a] HAa M300JIMYEHU
HaloH u cTpyja. OBae HAKpaTKO co 300pOBH fia JOOOjaCHUME YUITE U CIEAHOTO:
AXO cTpyjaTa ¥ HallOHOT ce M300JIMYEeHH, 32 HUB aHAJIIOTHO Ha paBeHKaTa (3.00)
BO IpecMeTKaTa Ha MOKHOCTHUTE BJIETyBaaT CyMH Ha (pypueoBUTE pEloOBH 3a

* AKO ce HHTerpmupaaT IPOU3BOJUTE HA CHHYCOMIATHA BETMYMHI KO IMAAT Pa3INIHN
(ppexBeHIUy (KaKOB IITO € CIIy4ajoT CO BUIINTE XapPMOHUIM) Ke ce Jobue HyJia, CBOjCTBO
MO3HATO Off MAaTeMaTHKaTa KaKo “OpTOrOHATHOCT Ha TPUTOHOMETPHUCKUTE (PYHKIIHM.
HHTerpanoT Ha XapMOHHCKHTE KOMIIOHEHTH Ha HAITOHOT U CTPYjaTa CO UCT pPeJl, 1aBaaT aKTUBHA
MOKHOCT U PeakTHBHA MOKHOCT. 3a TaKBUTE MPOU3BOIM CpPeIHATA BPEIHOCT HA MHTETPAJIOT HE € HyJIa.
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hmax hmax
HAIOHOT 1 cTpyjata, T.e. i(t)= ) i, (t) u u(t)= > u, (t), na npoussogure co ncro
1 1

h (uct pem Ha XapMOHHMKOT) Ke JjajlaT M aKTWBHA M PEaKTHBHA MOKHOCT, a
“BKpcTeHHTE” MPOU3BOAU (CO pa3MUeH pejj Ha XapMOHHMKOT) Ha HAMOHOT W
cpTpyjarta, Ke pajgaT MOKHOCT Ha guctop3uja. EquHunum Ha Mepewe Ha P ce W
(BaTm), a emuHUIH 32 Mepeme HA Q u D ce VA (BOXT - ammepn peakTUBHH) a

3a S ce VA (BOJIT-aMIlepH).

Hexou mnpedepupaar ga KopucTaT TPOAUMEH3MOHAJIEH BEKTOPCKHU
naujarpaMm, 3a o0jacHyBam€ Ha B3a€MHUTE BPCKM Ha KOMIIOHEHTHUTE, IITO €
nokaxaHo Ha Cnuka 3.4. P m Q 3emaaT y4yecTBO BO TpPagULMOHAIHUTE
CUHYCOMJAJIHU KOMIIOHEHTH BO S, flogjeka D rm mpercraByBa JOaTHUTE
YYECHUIY BO NMPUBUIHATA MOKHOCT, KOM C€ MOCJIEINIA HA XapMOHMIIUTE.

D

—s p

Q
Cnuka 3.4 Bpcka nomery KOMIIOHEHTUTE Ha IPUBAHATA MOKHOCT

Bo T'epmaHckuTe HOpMH 3a OTHOCOT Ha OBHE TPU MOKHOCTH CE JlaBa BaKOB
naujarpam:

Onosje ucnara neka Q =/Q) + D’ .

KomnoneHnTaTa Ha peakTHBHaTa MOKHOCT IIpA OCHOBHaTa (PpeKBEHIM]ja-
Q, € KOpHCHa Kako IIOMOII Ha WHXEHEpUTE NpH AMMEH3UOHHPAHETO Ha
KOHJEH3aTOpPUTE 3a KOopeknuja Ha (pakTopoT Ha MOKHOCT. KoHpeHzaTopure
MOKAT fla TO KoperupaaT camo Q, (mHAeKcoT 1 mokaxKyBa fieka ce paboTH 3a
NPBHOT XapMOHUK). TepMUHOT ¢hakiiop na uomecuiysarwe CIy>Ku ia ce ONMIIE
(pakTOpOT Ha MOKHOCT CO 3€Malme CaMO Ha KOMIIOHEHTHTE CO OCHOBHA
¢ppexBennyuja. THCTpyMEHTHUTE 3a CIEfAeHEe Ha KBAJIUTETOT Ha €HeprujaTa ja
IpUKaXkyBaaT OBaa roJieMHUHa MCTO KaKO U BUCTUHCKUOT (paKTOpP Ha MOKHOCT,
LITO € rojleMuHara, gepunupana kako PF , Bo pasenkara 3.05. MHory ypenu,
KaKoO IITO Ce Ha IPHUMEP PEryJIUpaHUTE E€JIEKTPOMOTOPHU HOroHn co PWM
(Pulse Width Modulation = UMITyJICHO-ITUPOYMHCKA MOJYJIaNdja), UMaaT CKOPO
e[MHNYEH (PaKTOp Ha IOMECTYBame, HO BUCTHHCKUOT (paKTOp Ha MOKHOCT
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Moxe f1a oupe o 0,5 mo 0,6. KoHAeH3aTOpOT Ha Hau3MEHUYHATa CTPaHa MOXe
lla CTOpY MHOTY MaJjIKy 3a fia F'O MOIPaBi BUCTHUHCKUOT (PAKTOpP HA MOKHOCT BO
0BOj cay4yaj. BeymHocT, ako Toa pe3yiThpa BO pPE30HaHIMja, AUCTOp3HUjaTa
MOXE M J1a ce 3rojJeMH, IITO Ke& JOBEele A0 cMalyBawke Ha (PakTOpOT Ha
MOKHOCT. BUCTHHCKHOT (paKTOp Ha MOKHOCT MOKaXyBa KOJKY TojJeM Tpeda a
Oupie IUCTPUOYTUBHUOT CUCTEM 3a Jla TO MPEHECyBa JJaJIcCHUOT aKTUBEH TOBAp.
Bo pasrimegyBaHnMoB 1NpuMEp, KOPUCTEHETO caMO Ha (aKTOpPOT Ha
MIOMECTYBame Ke& Jaje HETOYHO YYBCTBO HA CHUT'YPHOCT JieKa ce€ € BO pef.
EnuHcTBeHa HajeXx 3a MmogoOpyBame € Ja ce Hamalu H300JIMYeHOCTa Ha
CTpyjaTa Uu HallOHOT WK OOeTe.

Muory MepHEm ypeau (32 Mepeme Ha TOTpOIeHaTa eHepruja u
npe3eMeHaTa MOKHOCT) 6m ro 3abenexkane camo Q,. 3a cpeka BO MOBEKETO

cllydad cTpyjaTa BO MEpHaTa TOYKa Ha LEJIOTO MpeTHpHjaTHe HE € MHOTY
n300JMYeHa KaKo Kaj CTPYUTE Ha MHAMBUYaTHW TOBApH U IpellkaTa € Maja
(v BO KOpHCT Ha moOTpoulyBavor). Mma WcKiydyonm Ha OBa, Kako INTO ce
OYMIIHUTE CTAHUUY Kajge mTo PWM e eNMHCTBEHMOT TOBap Ha MEPEHETO.
Jogeka MepewmeTO Ha eHeprmjata Tpeba fa Oupje AOBOJHO TOYHO aAKO €
IpPUCyTHA HHCKA HM300IMYEHOCT HA HAINOHOT, CENaK IIPU MEPEHETO Ha
npe3eMeHaTa peakTHBHA MOKHOCT OM MOXKEJIO Ja MMa CYIITMHCKA TIpelika.
3aToa, 3a TOUHO MEpewme Ha €HeprujaTa U MOKHOCTA JIEHEC ce NPEeMHUHYyBa Ha
NUTUTAJIHO MEPEHE KOE T HeMa cl1ab0CTUTE Ha KIAaCUYHOTO - aHAJIOTHO.

KpajHuot pesyarar e mTo gucTop3ujaTa pe3yJTHpa BO JOJATHU CTPYjHU
KOMIIOHEHTH KOM TedaT HU3 CUCTEMOT M KOM HE JjaBaaT €Hepruja BO Mpexkara,
OCBEH WITO Ce NPUYMHUTENN Ha 3aryOu BO €JIEMEHTUTE Ha CHUCTEMOT HU3 KOU
nomuHyBaaT. OBa MMa 3a NOCIEJUIM [eKa CUCTEeMOT Tpeba fa Oupie u3rpajieH
3a MIOroJIeM KalaluTeT, 32 [1a ja IpeHecyBa MOKHOCTa Ha MOTPOLIYBAYNTeE.

Bexon: MOKHOCT BO CHHYCOMJAJIHA 1 HECHHYCONJAIHA YCIOBH

MomeHTanHaTa MOKHOCT BO €IHO KOJIO CO Ham3MEHUYHa CTpyja coO
MOMEHTAJTHI BPEJHOCTH Ha HAMoHOT U(t) 1 cTpyjaTa i(t), ce mpecmeTyBa of:

p(t)=u(t)i(t) (1)

OBaa paBeHKa BaxkKl M 32 CHHYCOU/IAJIHU U 32 HECUHYCOUJIAJIHA HATIOHU U CTPYH.
OmnmTo 3eMeHO, MOMEHTATHATa MOKHOCT BO TEKOT Ha €Ha Mepuojia MoxXKe Ja
Owjie ¥ MO3WTHBHA W HeraTuBHa (IMTO (PU3WIYKH 3HAYN IeKa MOKHOCTA OJJHOCHO
eHeprujaTa Teue WIM Off K3BOPOT KOH MOTPOIIYBAauOT Wi 0OpaTHO). MHory e
Ba)kKHA CpeJHaTa BpemHOCT P Ha MOMEHTajlHaTa MOKHOCT p(t) BO TEKOT Ha

e/lHa TIepuoya:
1 o
P=— ! u(t)i(t)dt 2)

AKO cTpyjaTa 1 HallOHOT C€ YUCTO CUHYCOM/AJIHHU, THE Ce IIPETCTABEHU CO
PaBEHKHUTE:
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u=~2U cos(at +¢,) (3a)
i =21 cos(at + ¢,) (36)

kafie U u | ce cooBeTHUTE €(DEKTUBHYU BPENHOCTH, & ¢, U @, CE COOJBETHUTE
nouyeTHu ¢asu. Taka ce pobusa:

p(t)

u(t)i (t)= 2UI [cos(a)t + @, )cos(a)t + @ )]=
= 2UlI %[cos(a)t + @, + ot + g, )+ cos(a)t + @, —ot -, )]=

= Ul cos(2at + @, + ¢, )+Ul cos(p, —¢,) =
= Ul cos@ +Ul cos(2at + ¢, + ;) (4)

IPH IITO € 3aMEHETO: @ = @, — @, (5)

3a (pa3HaTa pa3iauka Mery HallOHOT U CTpyjaTa.

['negaMe feka MoMmeHTamHata MokHocT p(t) ocummmpa okomy — cpefHaTa
BpenHocT Ul cos¢ co nBojHa ppekBennyja. OBaa cpejHa BpEHOCT € HapeKyBa
aKTHBHA MOKHOCT P . 3Hauu:

P=Ulcosg. (6)
AXTHBHaTa MOKHOCT ce Mepu Bo Batu (W).

ITpomsBomor Ul ce HapekyBa ‘npuBujiHa MOKHOCT M ce oOeiexyBa co S.
3Hauu:

S =Ul (7)
ITpuBugHaTa MOKHOCT CE Mepu BO VA.

Bo paBenkata (4) Moxe [1a ce eJTMMUHUpPA UK arojioT ¢, UK arojioT ¢, co
3aMeHara:

Py =@+ WA @ =Q, =@
Taxka ce gfo6uBa:

p(t) =Ul cosg +UlI cos(Za)t +¢, + ¢, + (p)z Ul cosp + Ul cos(Zwt +2¢, + (0):
= Ul cos @ +Ul[cos(2at + 29, )cos ¢ — si(2at + 2¢, )sin p] =
= Ul cosg +UI cos(Za)t + 29, )COS(p -Uul sin(2a)t + 20, )sin(p.

p(t)=U| cosg +Ul cos(Za)t + @, —(o+(ou): Ul cosgp +UI cos(2cot + 20, —go):
= Ul cos @ +Ul[cos(2at + 29, )cos ¢ + cos(2at + 2, )sin p]=
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= Ul cosgp +Ul cos(2a)t + 20, )cos @+ Ul cos(2a)t + 20, )sin Q.

N Bo nBaTa cnyyau ce goOuBa ciuyeH pe3ynTar. [IpBHOT uieH e akTHBHaTa
MOKHOCT, OIHOCHO CpefHaTa BPEAHOCT, a BTOPHOT WIEH € OHOj JAed Of
aKTMBHAaTa MOKHOCT KOj OCHMJIHpa CO MBOjHa (ppeKkBeHIuja, HO HeromaTa
cpefHa BPEMHOCT € Hyjda. TpeTHoT fen mak, € UCTO Taka OCHHUIATOPEH JIeN CO
nBOjHA (ppeKkBeHIMja KOj UCTO TaKa JlaBa CpefiHa BpegHoCT Hyna. Toj fmen ro
BHKaMe peakTUBHAa MOKHOCT. [ToTOYHO, peakTuBHa MOKHOCT C€ BHKA U3Pa30T:

Q=Ulsing
Toj ce Mepu BO peaKTUBHH BOJIT-amIiepu, VAr.

PeakTuBHaTa MOKHOCT IOTOBOPHO CE€ CMETa 3a MO3UTHBHA, aKO arojoT ¢ ce
naora mery 0° u 180°, ogHOCHO aKo cTpyjaTa 3a0CTaHyBa 3aj HAOHOT.

ITonaTamy, BaxkaT OJHOCUTE:

Q=+/S*—P? ognocHo S =+P>+Q>. 0 P

OpoBpe noafame 10 TPUAroJIHUKOT HA MOKHOCTHUTE:

KonmyHukoT Ha akKTHBHaTa u NpuBUaHATA MOKHOCT C€ BHKa q)aKTOp Ha
MOKHOCT U UMa Iprupoda Ha aroJi:

oS _P
% g

Hecunyconpaanm ycioBu

AKO ce mocMaTpaaT HECHHYCOHIAJIHU CTPYH M HAallOHU KOM CE€ ONMIIIaHU
KaKO CymMa OfI OCHOBHMOT W BHWIIUTE XapMOHUIM (CrOpey pa3BUTOKOT BO
dypueB peq) OTHOBO aKTHBHATa MOKHOCT Ke ce JoOme KaKO cpefHa BPEIHOCT
Ha MOMEHTaJIHaTa MOKHOCT BO TEKOT Ha efHa nepuopa. Ke ce mokaxke neka

aKTMBHAa MOKHOCT JaBaaT caMO INPOU3BOJUTE HA HANOH M CTpPyja CO HUCTa
¢pexBennyja. 3Hauu, 1 HaTaMy Ke BaXKu:

ulty(ey.

1

T

OcBeH TOa, BaxX u:

u(t)= Zn:ﬁU cos(kat + @, )
k=1

i(t)= Zn:\/zl ,cos(fat+¢,)
=1
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kazge U, u |, ce epeKTUBHUTE BPEAHOCTU HA XapMOHULUTE, @ K 1 { € HUBHUOT
pen.

Cera MOMeHTaIHaTa MOKHOCT €:
() I(t (Z\/_U cos ka)t+(puk ](Zn:\/zl(,cos(ﬁa)t%r(pw)]:
=1
Z(Z{U cos(kat + @, Z l, cos(lat+ ¢, )D
k=1

(=1

Zn:Zn:Uk I COS(ka)t + @y )cos(ﬁa)t + qo,() =

=1" (=1
n
22U,
=1
n

ZUKU cos[(k + £)at + o, +,, |+ cos|(k = O)ot + (o, — ;. )} =

1 (=1

UkI(cos[k+€)a)t+gouk+(p,f +i2uk|[cos[k E)a)t+((puk (pW)]
k=1 /=

=1 /=1 =

Zn:U I cos[(k+€)wt+gouk+(p,,]

k=1 ¢=

n U1, cosl(k — )t + (py — @, )]+

(=
k(¢

Il
\S)

cos(ka)t + @, +lot+ @, )+ cos(ka)t +@, =lot—g, )] =

I
8]

M
l\)lr—‘

>

M=f

X

Il
p=l
L

k=1

n

+ U, COS(("uk _(/’if)'

k=¢=1

[TocneguuoT cyMaHj BO paBeHKaTa ja flaBa aKTUBHATa MOKHOCT, MPH IITO
KOMIIOHEHTaTa 3a K=/=1 ja paBa akTHMBHaTa MOKHOCT Ha OCHOBHHOT
xapMoHUK. CymMaHInTE 32 KOW Baxku K =/ >1 Off MOCIETHNOT WIEH T'W JlaBaaT
aKTHUBHUTE MOKHOCTM Ha BHIINTE XapMoHMIHM. [IpBHOT cymaHpg ja p#aBa
peakTuBHaTa MOKHOCT Q, a BTOPHMOT CyMaH/] ja jaBa MOKHOCTa Ha JUCTOpP3Hja

(n306nmmuyBame) D. BpeMeHCKMOT TeK Ha THE MOKHOCTH OCHUJIMPA OKOIY
BpeiHOCTa HyJa.. CuTe 0BUE MOKHOCTH MOXKE J1a C€ MPETCTaBaT BO KOMIIEKCHA
¢opMma kako BekTopu. Mefy MOKHOCTHUTE BajeaT CIEJHUTE OHOCH:

S*’=P*+Q +D?
IITO OirOBapa Ha CIIMKATA.

, P
Buctunckn pakTOp Ha MOKHOCT € OJHOCOT (true power factor) S
a (haKTOpOT HAa MOKHOCTA Ha m3MecTyBame (displacement power factor) e

cosQp =—
1
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Kajie S, e MpUBUHATAa MOKHOCT CaMO Of] IPBUOT XapMOHUK (OCHOBHHOT).

JdujarpaM Ha MOKHOCTHUTE 32 HECUHYCOMTAIHY YCIOBU

3. 6. TpojHu XapMOHUIIH

TpojHu XapMOHHIIM ce HEMAPHUTE MHOXUTEIN HAa TPETUOT XxapMoHUK (h
= 3,9, 15, 21, ...). Tue 3acaykyBaaT moceOHO BHUMaHWE OUJICjKU OTOBOPOT
(peakmjaTa) Ha CHCTEMOT € YeCTO 3HaYajHO Pa3INICH 32 TPOJHUTE XapMOHHUIN
OTKOJIKY 3a OcTaHaTuTe. TpOjHUTE XapMOHMIM CE€ BaXEH MPEAMET Ha
pas3riefyBambe Kaj CHCTEMUTE CO 3a3eMjeHa sBe3fla (TakoB € pa3BOAOT —
WHCTajanuuTe Ha HU30K HamoH 400/230V), co cTpyja Koja Tede HU3 HeyTPATHUOT
OpPOBOAHMK. [IBa THUNMWYHM NpPOOJEMH INPHUTOA CE IMPEONTOBAPYBAKETO Ha
HEYTPAJIHAOT MPOBOJHUK U TEJIE(POHCKUTE MPEUKH.

3a cucremor Ha Cnmka 3.5 kOj mMa NEepEKTHO YPaMHOTEKEHU
efHO(a3HU  ONTOBapyBawma, MPETIIOCTaByBaMe€ fieKa ce  IPUCYTHHU
KOMIIOHEHTUTE Ha OCHOBHaTa (PpeKkBEeHIMja M Ha TpeTHOT XapMoHHMK. Co
coOMpame Ha CTPYUTE BO TOUKaTa N, KOMIOHEHTHTE Ha OCHOBHATa CTpPyja BO
HEYTPAIIHUOT TPOBOJHUK ce Hyjna (Owpaejku ce ¢a3Ho m3MmecTtenm 3a 120
CTETIeHH ), HO KOMIIOHEHTUTE Ha TPETHOT XapMOHHMK C€ 3a pa3jiuKa Off OBUE, TPH
naTv NoroJieMu, OMjejKu THEe MPUPOJHO ce coBmaraaT mo ¢asa U BO BpeMe
(Mefy HUB HeMa (hpa3HO IOMECTYBabE).

OBaa cocroj6a MOXe Ja ce fAoKaxe W aHanuTuThuuku. Heka ce
HaBHUCTHUHA TPUTE HEJIMHEApHU OINTOBapyBawma BO cUTE TpHU (pa3W MOTIOIHO
ypaMHOTEXeH! (CHMETPUYHU) OJHOCHO, IITO Ce CIy4dyBa BO mpBaTa ¢as3a, ucCTo
ce ciaydyyBa M BO BTOpaTa M BO TpeTaTa, HO BPEMEHCKH MomecTeHo 3a 120
OHOCHO 240 eNTeKTPUYHU CTENECHU:

3a cTpyuTe off IPBUOT XapMOHUK MOXKEME J]a HalluIlIeMe:
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A

N,
Ao e (1
g

N

HeyTparHa cTpyja He COAP>K1 OCHOBHa,
TpeTtnoT xapMmoHuk e 300% op pasHaTa cTpyja
Ha TPETHOT XapMOHHK

Cnuka 3.5. Bucoku cTpyu Bo HeyTpajiaTa Kaj Kojia KOU I' TOCTY>KyBaaT
efHo(a3HuTEe HETMHEAPHH TOBApU

i, =1, sin(wt +¢,)
. . 2r
g =14 sm(a)'[+go1 —?j

, . 2-2rx
le =1, sin a)t+(p1—T

Crnopen Toa, THE NpEeTCTaByBaaT CUMETPUYEH CHCTEM HAa TPU CTPYHd CO
nupekTeH penocnef (A-B-C). Bo BekTopcku u pa3opcku Aujarpam Tre 6u ouie
npeTcTaBeHn co 3 eAHaKBM BekTopu u3Mecrenun 3a aron 120°. Toa e
T.H. " JUPEKTEH CUCTEM " .

Crpyure Ha TpEeTHOT XapMOHHMK (ako HOcTojaT) Ke OHAaT WU3pa3eH:u Co
CIIEIHUTE PABEHKH:
o =1, s1n(3a)t+go3)

g =1, sin[3a)t + o, —3?) =1, sin(30t + ;)

e =14 sin[3a)t +@, — 3%) = 1, sin(3at + @, )

Crnopen Toa, THEe MpeTCTaByBaaT TpHU HMCTOBpeMeHM (McTO(a3HM) CTPYyH KOU
rpapuukun O6M ce MpeTCTaBWie CO TPH HCTOBPEMEHH CHHYCOMU CO UCTa
aMIUTUTY/Ia WU TPU KOJMHEAPHU BEKTOPH CO MCTA TOJIEeMUHA (BO BEKTOPCKH -
cazopcku gujarpam). Toa e T.H. “ HyJATH cucTeM ” . Moxke Jia ce JoKaxe Ha
UCT HAYMH fIeKa BaKBU OJHOCH MOCTOjaT ¥ 3a JPYTUTE BUIIU TPOjHU XaPMOHUIH.
Cure THE ce off “HYJITU pefociesn’ .

Bpckure Ha TpaHCOpMATOPOT MMaaT 3HAUYAjHO BIWjaHUE BO TEKOT Ha
CTpPYUTE Ha TPETHUOT XapMOHMK Off e[HO(pa3HUTE HEJIMHEAPHU ONTOBApPYBamA.
JIBa cimyyam ce nmpukaxanum Ha Cnmka 3.6. Bo TpaHcdopmaTopoT €O BpcKa
SBe3/la-TPUArojJHUK, TPOJHUTE XAapPMOHHUIM CE TMOKaXkaHW KaKoO BJEryBaaT BO
CTpaHaTa Ha sBe3jara.
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Bupejku ce Bo ¢asa, ce cobrpaaT BO HEYTPATHUOT
MPOBOAHMK. BpckaTa BO TpHarosHMK co3fiaBa €fieH

] KpyI Ha paMHOTEXa, Taka Jla OBUE KpyXkaT, HO
s S OCTaHyBaaT 3aTBOPEHM BO TPUArOJHUKOT U HE ce
‘_J m | 7 1ojaByBaaT BO JIMHUCKUTE CTPyHM Ha CTpaHaTa Ha

TpuaronHukoT. Kora crpyute ce BO paMHOTEXa,

CTPYUTE Off TPOJHUTE XapMOHUIM CE€ OJIHECyBaaT

coceMa HUcCTo Kako CTpyuTe Ha HYyJTaTa

KOMITOHEeHTa, IITO THe BCyHIHOCT U ce. OBOj TN Ha

_1 - = TpaHcOpPMaTOPCKO MOBP3YBake € Haj3acTaleHo BO

% IUCTPUOYTUBHUTE MOTCTAHMIM, CO BPCKa BO sBe3fa
_I “l m | KOH IIOTPOIIIYBayuUTE.

KOpI/ICTeHneTO Ha BpCKa CcO 38_3€MjeHa SBE31a

3.6. ITpoTOK Ha TPETO

XapMOHHMYHA CTPYja BO

TpudasHu TpaHcopmaTopu
MIPUCYTHHU CE€ HAa 00ETe CTPaH! BO €[IHAKBU U3HOCH.

Hekon BaxkHU 3aKITy4OIH Off IO0Cera M3BEJEeHOTO Ce:

1. TpancdopmaTopute, MoceOHO HEYTPATHUTE BPCKH, CE€ CKJIOHU Ha
perpeBame Kora INOCIyKyBaaT €qHO(a3HM NMOTPOILIyBAa4YM Ha CTpaHaTa Ha
sBe3JjaTa, KoM MMaaT BUCOKa COAPIKUHA HA TPETU XapMOHHUIIH.

2. MepemweTo Ha JMHHUCKATA CTPyja Ha TpaHC(POPMATOPOT Ha CTpaHaTa
Ha TPUJaroJHUKOT HEMA Jla MMOKaXXe TPOJHU XapMOHUIM U CO TOA HEMA fia afie
BHCTHHCKA MEPKa 3a 3arpeBambEeTO Ha TPAHC(POPMATOPOT.

3. TekoT Ha cTpyuTe Off TPOJHUTE XapPMOHMIIM MOXKE fa Oujie MpeKuHaT
CO COOJIBETHO TOBP3yBam€ Ha TpaHC(POpMaTOpPOT.

OrcrpaHyBambeTO Ha BpcKaTa Ha HeyTpajaTa co 3eMja Ha eflHaTa
UJIM HA JIBETE€ CTPAaHM Ha SBe3[aTa, ro OJIOKMpA TEKOT Ha CTpyjaTa CO TPOjHU
xapMoHuI. Bpckata BO TpHaroJHuK ro OJIOKHpa TEKOT BO JIMHUCKUTE
npoBogHALM. Moke fa ce 3a0enexu feka TpaHcPOPMaTOPUTE CO TPH JaJpEHNI
cronba ce ofHecyBaaT Kako fa uMaaT “(aHTOMCKU” [elTa TepUUEepHU
HaMOTKu. [loBp3yBameTO sBe3/la-sBe3da, CO caMO €Ha HeyTpalHa TOouKa
MOBp3aHa Cco 3eMjaTa, CeyIITe € BO cOCTOj0a fa CipoBeyBa TPOjHI XapMOHHUIIN.

OsBue npasuia 3a TPOJHUTE XapPMOHUIM Ce IPUMEHYBAaT caMo 3a yCIOBH
Ha paMHOTEXHO onToBapyBame. Kora ¢asure He ce BO paMHOTEXa, CTPYUTE
O]l TPOJHUTE XapMOHHMIIA MOKAT Jla ce MojaBaT U TaMy Kaj IITO HE ce OYeKyBaar.
Hopmanna cocToj6a 3a TpOjHUTE XapMOHHUIM € Jja OMAaT HyJTa KOMIIOHEHTA.
Bo TekOoT Ha HEpaMHOTEXHHM COCTOjOM, MOXKAT fa MMaaT JUPEKTHA W/WUIN
WHBEP3HA KOMIIOHEHTAa. BakoB e ciy4ajoT co TpudasHara nayHa nedka. Mako
ce HamojyBa IpeKy TpaHcOpMaTOpCcKa BpcKa TPHATOJHHUK-TPUATOJHUK,
TPETOT XapMOHUK C€ II0jaByBa CO FOJIEMH BEJIMYMHU BO JIMHUCKATA CTPYja, Kora
IeyKaTa Oeprupa BO HEYPAMHOTEKEH PEKUM.

Ho xora cucTeMOT € MNpeTeXXHO YPaMHOTEXKEH TPOJHUTE XapMOHUIMU Ce
OJHECYBaaT Ha ONMMIIAHUOT HAYMH.
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3agaum:
CumeTpryHH KOMINOHEHTH

OpHOCOT Mel'y HallOHUTE U CTPYUTE Ha €fieH TpU(a3eH CUCTEM 3a HAN3MEHUYHH
cTpym (3a cranmmoHapHa cOCTOj6a) MOXKE J1a ce MPETCTaBU CO €[[HA MaTpUyHa
paBeHKa, OJHOCHO CO IOMOII Ha MaTpulia Ha MMIIEJAHCA WM HAa aJMUTAHCH.
Cure elleMEHTH Ha €HEPreTCKHOT CUCTEM KaKO IITO ce BOJOBHUTE, KaOuTe,
TpaHcOpMaTOPUTE M MAIIMHUTE MPUTOA MOKE J1a MMaaT B3aeMHH BPCKU Off
rajBaHCKa, MHAYKTHBHA WU MaK KanauuTuBHa npupopa. Ha cnukara 1 majgen e
€lcH NpHUMEP Ha KpaTOK OTCEYOK Off €[EH BO3[YIIEH BOJX W Ha HEro ce
UJTyCTPUPAHU OBHE B3a€MHU BPCKH.

Selbstkoeffizienten Koppelkoeffizienten

- N

Rl L'dl L dl Lidl cidl Cpdl Gpdl Gpdl
TO—I:}—”“—LMJ» [j O
SO—{:—"JVLLNJ
R

Il
JU 1
lings quer

i

Cn.1 MHpuHATE3UMATHO MaJl IEJ Off €IeH BO3AYLIEH BOJI CO XOMOI'€HO paclpefieieH:
napaMeTpu.

OpHOCOT Mef'y CTpyHTe M HanoHuTe Ha cucteMoT RST riacu:

| —
o)

Uy Zeg Zgs Lgr
Z

;SR ;SS st |7 Ls ERST:ZRSTIRST (1)
U Liw Ly Ly

—

OBpe HeMa f1a HaBJIeryBaMe BO HAUMHOT Ha COCTABYBaWbEeTO Ha MaTpulaTa Z oo

Ha €JIcH EHEPreTCKU CHUCTEM WIM €[Ha KOMIIOHEHTa Ha cucreMor. Toa e
IIpeIMET Ha TeopujaTa Ha €JEeKTPUYHU Kosla. BpelHOCTUTE HA UMIIEJaHCUTE BO
UMIIElaHCHAaTa MaTpulla MOXe BO ONINUT ciydyaj cuTe fa O6upaT pasnuyHu. Ho
ouejkn Tpuga3HUOT CUTEM € IUKIUYHO - CUMETPUUEH, BO IpaKkcaTa MocTojaT
caMo COIICTBEHUTE UMIIEIaHCH Ha ceKoja ¢a3a U Be UMIIEJaHCH Ha cripera Mery
¢dazure. Taka ce foOMBA UMKMYHO - CAMETPAYHA MaTPHULA:

Url |24 Zs Zc | |lg
L_Js = ;c ;A ;B ) ls (2)
U:; | [Ze Zc Za] |1+

MHOKeCTBOTO BpCKM Mery MOEAMHN KOMIIOHEHTH Ha TPU(A3HUOT CUCTEM T'H
yCIOXKHYBa IOCTalKUTE 3a IpecMeTKa OcoOeHO INpH IpecMeTKaTa Ha
pacnpocTpaHeTd  MpexHu. 3aroa ce MW3HAUUla €eJlHa MaTeMaTH4Ka
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tpancpopmamuja koja Tpudazanor PCT cucrem (pu3mukum cucrteM) TO
peTBOpa BO €fieH Apyr cucreMm (mpecmeTkoBeH). TakBaTa TpaHcgopmanuja
TpeOa ia M UMa CJIEIHUTE CBOjCTBA:
o Tpanchopmupanute HanoHu Tpeba [a 3aBUcaT caMO Of €[Ha
TpaHcopMupaHa CcTpyja;

e [Ilpu cumerpmyeH mnoroH Ttpeda caMO e€JHAa KOMIIOHEHTa fa Owuje
pa3inyHa Off Hyja;

e Tpeba ma ce 3auyBa JMHEAPHUOT OJHOC Mely HANOHOT W CTpyjaTa,
OJJHOCHO, TpaHcdopMalyjaTa Tpeda ja € IMHeapHa.

e [lpu cumeTpuueH pexum Tpeba 1a ce 3apxKaT CTpyjaTa U HAIIOHOT Ha
OJJHOCHATa KOMIIOHEHTA.

Ce 6apa matpuna Ha Tpancopmanyja T, Taksa ga Baxu U, = TU or
Bapanara TpaHcdopmanyja Tpeba NmpuToa fa OBO3MOXKHU pa3pyXKyBame Ha

TpUTC CUCTEMH Ha TAKOB HAYUH, IITO TPUTEC KOMIIOHCHTHU J1a C€ Pa3pPyKCHU Ha
CICIHNOT HAUYHH:

Ug| 1[Z0 0 0 |1
U=l 0 £, 0L 3)
U, 0 Z,|[1

OsBue Oapama 'l UCIOJIHYBa TpaHc(OpManyjaTa BO CAMETPHYHH KOMIIOHEHTH,
KOja 3a HAllOHUTE M CTPYHUTE MPeKy TpaHcopmanumoHaTa MaTpuua 1 Koja
criopef; paBeHkara 4 e nmpercraBeHa 3a Hanonure. IIpuroa gaxkropor 1/3 e nen
of TpaHcopmaljaTa u mpumnara Ha Matpunara T .

U, :%(QR +Ug +QT)

U, | 11 1] Uqg :
U, :5 1 a 92 |Us U, ZE(L_JR +aU +a2QT) (4)
§] 1 a® al|U

=2

U, = Ue ey, ray,)

OopatHata Tpanchopmanmja of cucreMoT 012 Bo cuctemor RST ce Bpium co
MaTpunara T ' cropej paBeHKaTa 5:

Uy =1U, +U, +U.)

U, | 1 1 1 U, )
U, :E 1 @2 a ||y, Us :E(Llo "'azul +all2) )
U, I a gZ U,

U, = (U, +au, +a%u,)

U 3a cTpyuTe BaxkaT aHaJIOrHU TpaHcopMalyn.
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3a Tpancdopmanuornte Matpumy T u T~ Baxm:
T-T'=E, (6)

2
kane E e equanuna matpuna. OnepaTopure a U @  ce KOMIUIEKCHU OpOeBU U
yIIITE CE HAapEUSHH ONEepaToOpH 3a “BpTewe” U TUE Ce:

1 .3

a=e™ —_— 4 jX2
- 2 2

e 1 A3
2 j1240°
a’=e == 7
a 5715 (7)
l+a+a’ =0

3a TpaHcopmManuja Ha UMIIEJAHCHUTE MAaTPHUIM BaXkaT paBeHKHTE (8) cropen
npaBWiIaTa 3a MHOXEHE Ha MAaTPHUIU U 3eMajKu TW MPeNBUNl U paBeHKuTe (4) n

(6).

TUger = IZRSTI_IERST (8)
Emz = Zou '1012

M Taka 3a TpeTBOpare Ha uMIegaHcuTe of TpudasHuoT cucteM Bo 012
CHCTEMOT, Baxku paBeHKaTa (9):

Zo =;A +;B "’Zc

Zl :;A"‘@z;s"'@;c (9)

LZ,=L,+alg +§2;c
Nmnenancure Ha “mupekTHHOT” (co MHAEKC 1) M “WHBep3HHMOT (CO MHAEKC 2)
CHCTEM Ce ONIITO 3eMEHO efHakBU. OBa BaXW 3a CUTE€ HEPOTHPAUKHU YPEHH.
“Hynrata” wmmnenanca (uwupekc () HajuecTo WMa TOWHAKBa BPEHOCT Of
NUpeKTHaTa U MHBep3HaTa. AKO He IIOCTOU B3aeMHa BpcKa Mefy pa3ute, KakoB
LITO € Ha IpUMep, cIy4yajoT Kora ce HoBp3at Tpu efHoa3Hu TpaHchOpMaTOpH
na paboraT Kako TpudaszeH TpaHC(OpMATOp, TOrall HyJTaTa UMIEJaHca e
e/[HaKBa Ha IMpEeKTHATa U HHBEP3HATA.

Hanonckunor BekTtop Ha RST cucreMoT € nuHeapHO MOBP3aH CO HAITOHCKUOT
BeKTOp Ha cucTeMOoT 012. AHAJIOTHO BaKu U 3a CTPYUTE.

AKO nocTou caMo efieH HanoH Ha 012 cucTeMOT U TOa HyJITHOT, TOTalll BaXKu:

U 11 1][u,] [u,
Us =1 a° a || 0 |=|U, (10)
U 1 a a’||0]| |U

=T =0
Mefty tpute Hanonu Ha cucteMoT RST Hema ¢as3Ha pasnuka. Hyntuor cucrem
e cnopepi Toa egHodaszeH cucrteM. Cnukarta 2 ro jaBa BEKTOPCKHOT Jujarpam

Ha HAIIOHUTE Of RST cucreMoT 1 HaIOHOT Ha HYJTHUOT CUCTEM.
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+Re

Ui Ui Unn Uy

elut

+Im <‘
-

,
A Us=a'l,

EN Up=a yz

Cn. 2. Bektopcku
[ujarpaM Ha HaIlOHHUTE
Ha RST cucreMor 1 Ha

HYJTHOT CUCTEM IPH
OTCYCTBO Ha AUPEKTEH
U UHBEP3EH CHCTEM.

Ca. 3. Bekropcku gujarpaM
Ha HanoHuTe Ha RST
CHCTEMOT U AUPEKTHHOT
CHCTEM BO CIIy4aj Kora He
MOCTOU HYJITH U MHBEP3€H
CHCTEM.

Ca. 4. BexkTopcku gujarpam
Ha HanoHuTe Ha RST
CHCTEMOT U HHBEP3HUOT
CHCTEM BO CIIy4Yj KOra He
MOCTOU HYJITH U JUPEKTEH
CHUCTEM.

3a ciyyJaj ga mocTou camo efieH, IUPEKTHUOT CUCTeM, K& BaXKu:

U1t 1 17[0] [y,
Us|=|1 a* a|-|U,|=[a’U,
U, [1 a a||0] |ayU,
(11)

Cera ce goOuBa efieH Tpudas3eH CHUCTEM CO MO3UTUBEH pefocieq Ha ¢as3ute
RST, nupekrten cucrteM, ci.3. Ha cnukara ce riega BEKTOPCKU JujarpaM Ha
HanoHuTe Ha RST cucTEMOT 1 HAaIOHOT HA AUPEKTHUOT CUCTEM.

Bo ciyuaj ja moctou caMo efieH, MHBEP3€H CUCTEM, K€ BaXKH:

U1 11 1][0] [u,
Us[=|1 a° al| 0 |=]aU, (12)
U, | [1 a a’||uU,| |a’u,

Ce pob6buBa Tpu(aszeH CHUCTEM CO CIPOTUBEH (MHBEpP3E€H) CMEp Ha BPTEHE Ha
dazure R,S,T, T.e. unBep3eH cucreMm. Cnukara 4 To JjaBa BEKTOPCKHUOT Jiujarpam
Ha HanoHuTe Ha RST cucTeMOT 1 HaNOHOT HA UHBEP3HUOT CUCTEM.

Tpucazuute cucTemMu 3a HAaW3MEHUYEH HAMOH BO OIIIT Cy4aj ce TpajiaT KakKo
IUKIMYHO CUMETPUYHU U Taka ce moronysaat. Ce IITO ce ciydyBa BO eHaTa
daza, ce cayyyBa WM BO JpYruTe, caMO BpEeMEHCKHM MomecTeHo 3a 120 en.
crenieHu. Toa Ou Tpebasio fga BaxKM U 3a CTPYUTE KOM ce€ MU300JMYEHU OTHOCHO
ce COCTaBeHU Of] BUIIM XapMOHHUIU. [la mocmaTpame efiHa CTpyja iR(t) Koja

pa3BueHa Bo Pypues peq ce mpeTcTaByBa Kako:
iR(t)zz\/Elh sin(hat + ¢, ) (13)
h=1

ce q00uBa, TPrHYBajKu Of OMIIITATa 3aBUCHOCT:
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Is (t): iR(t - (T /3))
(14)

Ir (t):iR(t+(T /3))

crpymre i (t) u i, (t):

is(t)zi\/zlhsin(ha)t—hz?ﬂ+(ohj (15)

h=1

I (t):i\/ilh sin[ha)t+h27ﬂ+(ph)

h=1

) ) 27 ,
[TpuToa Kaj XapMOHUIIUTE CE jaByBa aroJy Ha (pa3Ha pas3iauKa off @ = ihT Mery

¢azure R, S m T. XapMOHUIUTE UCTO Taka TpajiaT KOMIIOHEHTH Kou (Tpu
UKJIMYHA CUMETpHja Ha Tpua3HUTE BEIUYMHU) HCTO Taka ce BpPTAT BO
NUPEKTEH, NHBEP3EH M XOMOMOJIapeH (HYJITH) CMEp, 3aBUCHO Off HUBHUOT pef
(h=0,1,2,3...), kaKo cieqyBa:

3h+1 JIupekTeH cucrem

3h—1 WHBep3eH cucrem

3h Hyntu cucrem.
Bo cumeTpuyHO u3rpajeHu TpudazHU MpPEXU CTPYUTE Ha HYJITHOT CUCTEM
Te4aT BO TPOEH HM3HOC HU3 HEYTPaJHUOT IIPOBOJHUK M 3emjaTa. AKO
SBE3/IMILITETO HE € 3a3€MjEeHO, K€ Ce jaBH Ha COOABETHaTa (ppeKBeHIUja efHa
KOMIIOHEHTA Ha BHIII XapMOHUK HA HAIIOHOT Ha SBE3JUIITETO CIpeMa 3eMjaTa.

IIpumepn:

1. ’'pa¢nuxo oxpenyBame HA CHMETPHIHATE KOMIIOHEHTH
3a Tpudaszuuor cucrem op da3nu Hanonu U ., U, U, KOj € mpeTcraBeH Ha

cimkara 5, Jla ce KOHCTPyHpaaT COO[BETHUTE HAIOHM Ha CHMETPUYHU
kKoMmnoHeHTH (cucteMoT 0,1,2). Pe3ynTaToT 1 mpouecoT Ha pellaBame € AajieH
Ha CIL. 6.

2. [IpecMeTKOBHO ofipeyBambe HA CHMETPHYHITE KOMIOHEHTH
la ce mpecmeraaaT COOJBETHUTE CHMETPUYHU KOMIIOHEHTH, aKO € JaJieH
TpugazHuotT cucrteM ctpyu RST: 1, =0kA; I =1+ JSKA;, I =(-1+ JSKA.

Pewenue:
Jla ru mpeTBOpHUME NOAATOLMTE BO MojapHa popMma:

Lp =0kAe’; 15 =501kAe™®; I, =501kAe’"

AXo ce mpuMeHHu paBepHKaTa (4) ce mo6uBa:

1, =%(LR +lg+l)= %(Oejo +5,01e)™% 15,010 kA
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T+Rc

+Im

Cn. 5. HecumeTpuueH cuctem off Tpu (pa3HU HATIOHU

+Im

Ci. 6. KoHCcTpyKIIMja Ha CUCTEMOT CUMETPUYHU
kommoHenTu 0,1,2 3a cucTeMOT Off ciIuKaTa 5.

1 1/ . . . 4
ll:EQR+QB+@fh):§@@°+iom”“em°+iMem”@”“%A

= L(0e™ 45,0167 1+ 501674 kA
3 b b

1 1/ . . . .
1,= —(lR +a’lg +al, ): g(OeJO +5,01e7%e ) 1 501e 11111 )kA

= L(0em 45,0170 4 501012 A
3 b b

ITocne pelaBameTo, ce goounsa:
1, = J3,275kA; 1, =—]1,070kA; 1, =-]2,204kA
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3eMajku I'M NpeaBuj FPEUIKUTE BO IPECMETKUTE, MOXE fla ce NOKaxKe jeka
cymaTa Ha CTPYUTE Ha CUMETPUUYHUTE KOMIIOHEHTH € e[lHakBa Ha Hysa. Of oBa
ce 3aKJIydyBa JIeKa OBOj Cy4aj BCYIIHOCT IIPETCTaByBa Cllydaj Ha [JBOIOJHA
Kyca BpCKa €O IOIHp Ha 3eMjaTa.

N3BOPU HA BUIINTE XAPMOHMUIIN

Kako mro ce Buie of NPETXOAHOTO H3JIarawke, BUIIATE XapPMOHMIM Ha
CTpyjaTa TH cO3[aBaaT HeJWHeapHUTe noTpoumryBauu. Hajuecro Baksu ce
MOTPOIIYBAaYATE BO KOM KMa BrpPajIcHO €JIEeKTPOHUKA U HMHAYCTPHUCKA
€JIEKTPOHNKA. A TaKBUTE NOTPOILIYyBAauM CE IMOBEKE CE MHOXKAT, 3apajii ce
IorojieMaTa aBTOMaTH3allMja, IMOJIECHO YIIpaByBame, 3rojeMeHa KOHTpoJia U
e(PpUKaCHOCT Ha KOPUCTEHETO Ha €Heprujata u cimyHo. He HaBieryBajKku BO
JieTaJieH ONMC Ha (DYHKIMOHUPAKETO Ha BaKBUTE ypedu KOW TM UMa MHOTY (H
KOM CTYICHTUTEe Ke T'M M3y4dyBaaT BO J[PYTW MpEAMETH) OBIAe Ke T'M HaBereMme
caMO MOBAXXHUTE M MOKAPAKTEPUCTUUYHU NPETCTABHUIM W HUBHUTE MOBAXKHU
CBOJCTBa BO BpcKa cO BUILIATE XapMoHuuu. [Tofony ce mpumepu Ha IIEMH Off
MHAYCTPHUCKATa €JIEKTPOHMKA CO KPAaTOK OINKC HAa HUBHATA (PyHKIM]a U HAMEHA.

3N

EnHononynepnogHOo wucnpaByBalkbe. MHOTY HEMOBOJIHO 3a €HEPreTCKUOT
cucTeM OMJIejkH cO3/1aBa €THOHACOYHA KOMIIOHEHTA, M HACTaHyBa T.H. “‘€THOHACOYHO
U3MECTYBambE .

JIBononynepnogHo wucnpaByBawe. JleBo, co TpaHchopmaTtop co cpefeH
U3BOJ U [IBE€ AUOU; IECHO, CO IPEloBa BpCKa

b

L= U | /\

- - _._?f

Y +3

EnnononynepuogHo ucnpaByBambe, CO KOHAEH3aTOp 3a ‘Terame’
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Pont tout thyristor :

™ T <

Thé Th3

2

YnpaByBaH UCIpaByBauyKu MOCT CO TUPUCTOPHU

Modulation de largeur d ‘impuision (MLI) :

Tﬂs

1
1 H h
commande
: h

Principe de fonctionnement :

|Allure du courant

IIpeo6Gpa3yBau egHOHAcOYHa BO HaW3MEHUYHA. Osoj npeoGpasyBad € BO
cocToj6a ENHOHACOYHHOT HANlOH fa IO TNPETBOPH BO HAW3MEHMYEH CO KOHCTAaHTHA WIIU
npoMensnBa (ppekBeHnuja. [JoGMeHnoOT HANOH W CTpPyja HE Ce CHHYCOWJAlHU, HO CO pa3Hu
pekumu Ha pabora (yopaByBambe) MOXKe [a ce IPUOIIKAT 0 CHHYCOWIA.

IlImpuacko wmmmysicHa Mopyianmja (PWM Mopynammja pulse width mode) Ako
tpan3ucropute 11 m T2 mpoBegyBaaT BO HWCTO Tpaewme, Ke ce Ao0HujaT ABa UMYJICH, €leH
MO3UTHBEH M €[leH HEeraTMBEH CO UCTO Tpaewe M CpefiHaTa BpPEAHOCT Ke Oufe Hyna. AKO
MO3UTUBHUOT UMIMYJIC Tpae MOJOJTo, CpefHaTa BpegHOCT Ke Oupge mo3uTuBHa u oopaTHo. Co
MOJlyJlUpalke Ha IIMpUHATa Ha THE UMIIYJICU, ce AOoOMBa ciej Off IPyIH Ha UMIYJICH uuja
cpefieHa BPEIHOCT € CUHYcOoHja. AKO NPUEMHHMKOT € WHAYKTUBEH, Ke ce Jobue OOJMK Ha
CTpyjata Kako Ha cnukata. KomaHgaTa Ha 0BOj IpeoOpa3yBad ce OCTBapyBa cO KOMOMHAIM]ja Ha

nBa HamoHM (curHanu): EpHuoT TpumaromneH (Hocau) co (ppeKkBeHIHja fp U [PYTHOT
cuHycougajgeH (MOAyIaTop) co (PpeKBeHIH]ja fm. AKO HamoHOT Ha HOCAYOT € TOTOoJeM
OJIOLITO HAa MOAYJIATOPOT, Ke ce ynpaByBa T1, Bo cipoTuBHO ce ynpaByBa T2. OpHOCOT Ha fp

u fm MpaBM f1a ce foOMjaT pa3HM TUIIOBU Ha YIIPABYBaheE.
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HpepTBopyBaq Hau3MeHN4YHa BO Haum3Me€HM4YHa. Co KOHJEH3aTOp BO
e[HOHacOYHaTa cOoOWpHHUNA, (HAmoHCKM Tum). HaMmeHeT 3a ympaByBale Ha MOTOpH 3a
HaM3MeHHMYHa CTpYyja - AaCHHXPOHHU. MPEXXHUOT MOCT € CO AMOMU U NMPOU3Be[yBa eJHOHACOYEH
HaIlOH Ha cpefiHaTa COOMPHUIIA, & MOTOPCKUOT MOCT € CO THPUCTOPH - yIpaByBaH. MOXKHO e
eJIEKTPUYHO KOUeHe CO BpaKalme Ha eHeprujata Bo mpexara. KomoTo co T u R chyxu 3a
3alITUTA Of] IPEHAIOH.
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Cam4HO Kako MpeTXOfHaTa CluKa, HO CO MHAYKTUBUTET BO €HOHACOYHATA
coOGupHuUIa (CTPyEH THII).
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HuknokonBeptop. CinyXu 3a NpeTBOpame Ha €HEpruja co HaMMEHUYECH
HaroH of] effHa (PpeKBEHIM]a, BO HAN3MEHUYEH HAIOH €O Jipyra (ppeKBeHIH]a.

3.7 Eqnogazan HanojyBama

EnexTpoHckure npeobOpasyBaun (KOHBEPTOPH) HA MOKHOCT, CO HMBHHOT
KamamuTeT 3a NPOW3BOJCTBO HAa XapMOHUCKU CTPYH, JIEHEC ce HajBakHaTa
Kjlaca Ha HEJIMHEApHU OINTOBapyBakba BO  EHEPreTCKUOT  CHCTEM.
EnekTpoHukaTa JleHEC € COCTaBeH JieJl Ha €HepreTckuTe cucreMu. Tyka ce
BKJIyUCHH  peryJupaHuTe  eJeKTPOMOTOPHU  TIOTOHHU,  EJIEKTPOHCKUTE
EHEepPreTCKN HamojyBama, €JHOHACOYHUTE TIIOTOHW, TIOJIHAUYW Ha OaTepuw,
UCTPaBYBAUN/UHBEPTOPHU, EJIEKTPOHCKUTE MPUTYIIHUIM (32 EKOHOMHYHH
(IIyOpECICHTHN CBETHIIKK) W MHOTY JIPYTH.

Hajronema rpmxka Bo KoMepluujaJHUTE OOJeKTH € IITO HalojyBamaTa 3a
efHO(a3HaTa  eJEeKTPOHCKAa OIllpeMa  co3faBaaT IpPEMHOTYy  TOJEeMO
n3o06amuyBame. TpeHIoT Ha MprUMeHa Ha ypeiu KOU ce HalojyBaaT MPEKy BaKBH
ypeau e TOCTOjaHO BO MOPAcT, a KOMITjyTepUTe, Ha IPUMEDP, CE CEKOjIHEBUE.

L1
120 VAC - ¢t [Npekuny- N E
Bayka 3 DC
KOHTpoOna
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Cnuka. 3.7. IIpekunyBauka 1iema Off 3a €HepreTCKO HallojyBame Ha €JIEKTPOHCKUTE

ypenu
witch mode power su
SMPS Switch mode p pply

ITocTapuTe TEXHOJIOrMM KOPUCTAT METOAM 3a YIPaBYBamkhE€ HA HAIIOHOT
OJ] Hau3MEHHMYHATa CTpaHa, KakKo LITO ce TpaHCOopMaToOpuTe, 3a peayLpame
Ha HalNoOHOT, Ha HUBO Koe TO Oapa €JIHOHACOYHHOT MPUKIYUOK.
MHnykTuBATETOT Ha TpaHCHOPMATOPOT co3faBa fodap eeKT NPEKY Meriame
Ha OpaHOBMOT OOJMK Ha BJE3HATa CTPyja, PEAyUUpajKu ja XapMOHHUCKATa
coppxuHa. HoBara TexHonoruja, TakaHapedeHute switch-mode power supply-
SMPS (Cnuka 3.7), kopuctu dc/dc TeXHHKM Ha KOHBep3Huja, 3a fa ce jodue
I1alIoK HAllOHCKU €[JHOHACOYEH u3Je3, CO Majld M JIECHU KOMIIOHEHTH.
Brie3HnoOT AMOIEH MOCT € IUPEKTHO MOBp3aH HAa Ham3MeHWYHaTa nuHuja (230
V), co mTOo € enuMuHUpaH TpaHcdopMmaTopoT. OBa pe3ynTupa BO Ipydoo
peryiaupaH HamoH Ha KOHAeH3aTopoT. OBOj €JHOHACOYEH HAIOH, MOHATaMy
MOBTOPHO C€ KOHBEpPTHpPAa BO HaW3MEHUWYEH CO MHOTY BHCOKa (PpeKBEHIH]a,
IIpeKy TakaHapedeH switcher, O IITO MOBTOPHO ce ucnpasysa. Komnjyrepure,
nevyaTayuTe, KONUp-alapaTUTEe M ceTa Jpyra eJeKTPOHCKa OIpeMa, cera
yHHUBEp3aJHO KopucrtaT camo SMPS HanojyBawa. ['naBHuUTE npeHOCTH Off TOa
ce MajaTa Maca, KOMIIAKTHaTa TOJIEMUHA, €(PUKACHOTO (PYHKIUOHHPAHE U
HEMaWkETO MoTpeda of TpaHchopmartop. Tue OoOMYHO TOJEpHpaaT TOJIEMU
Bapvjaluy BO BIIE3HMOT HAaNOH. bupiejkm HemMa rojgeM WHAYKTHBUTET Of
HaW3MEHMYHATA CTpaHa, BJE3HaTa CTpPyja BO HAIlOJyBAaHKETO BIIETYBA BO MHOTY
KpaTKU MMIIYJICH, TakKa IITO KOHAEH3aTOopoT C; MOBTOPHO IO HaJONOJIHyBa
CBOjOT TOBAp NpU CEKOj MOIYIUKIYC.

Cnukara 3.8. ja unyctpupa OpaHoBaTa popMa Ha CTpyjaTa U CIEKTapOT
3a LEJ0TO KOJIO, KO€ HalojyBa MHOTY €JEKTPOHCKU OIPEMHU CO €Hepruja co
npeknHyBau Ku Moj (SMPS-switch mode power supply).

+256R

8A

_2=Bﬁ I L

DO

25.8A/DIV VERTICAL 3.3MS/DIV HORIZ

Fundamental amnps: 58.5 A rm=

Fundamental freq: 60.0 H=z

HARM PCT PHASE HARM PCT PHASE

FUND 100.0% -~-37° 2nd 0.2% 6§
3rd 65.7% -97° 4th 0. 4% -72°
5th 37.7% —~166" 6th 0.4% —-154°
7th 12.7% 113° 8th 0.3% 112°
9th 4.4% —46° 10th

11th 5.3% -~-1858° 12th 0.1% 142°
13th 2.5% 92° 14th 0.1x% 65"
15th 1.9% -51° 16th

17th 1.8% --151° 18th

19th 1.1% 84° 20th

21st 0.6%x -41° 22nd

23rd 0.8% —148° 24th

25th 0.4% 64° 26th

27th 0.2»% =25° 28th

29th 0.2% —122°* 30th

31st .0.2% 102° 32nd

33xd 0.2x% S6° 34th

Cnuka 3.8. SMPS cTpyja u XapMOHUYEH CcIIEKTap
Ocobena kapaktepuctuka Ha SMPS HamojyBawaTa € roJjiemarta

COApIKMHA Ha TPETHOT XapMOHMK Ha CTpyjaTa BO BKynHarta ctpyja. Co orneq Ha
TOA WITO TaKBUTE KOMIIOHEHTH C€ cOOMpaaT BO HEYTPAIHUOT NPOBOJHUK Ha
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Tpuga3HUOT CUCTEM, 3roJieMeHaTa ynoTpeOa Ha BaKBHTE HAIlOjyBamka BHECYBa
3arpr>KEHOCT MOPaJu MOXKHO IIPEONTOBapyBalkbe Ha HEYTPATHUTE MPOBOHUILY,
IITO TMOCeOHO BaXW 3a IMOCTapuUTe 3Tpaju Kaje TUe Cce HEJOBOJIHO
IUMeH3nOoHUpaHu. ONUITYBAaHUOB CIIy4aj € JOBOJIHA IIPUYNHA 3a 3arPUKEHOCT U
NOpajil MOXKHOTO NMPErpeBamke Ha HANOJHUTE TPaHCHOPMATOPH.

SMPS mHamojyBamaTa HaofaaT TMpUMEHa U Kaj EJIEKTPOHCKUTE
NPUTYLIHUIY, BO CHUCTEMHUTE 3a (PIYOPECHEHTHO OCBETIyBame. Bucokara
¢dpekBeHMja, KOHTPOJHMPAHUOT U3JE3€H HAMOH, INTO € MOXHO CO
TPAaH3UCTOPCKA  HHBEPTOpH,  ja 3rojieMyBaar edukacHOocTa  Ha
(pnyopecueHTHaTAa CBETWJIKA M [O3BOJyBaaT MOCO(UCTHIHMPAHA KOHTPOIIA,
Kako WITO € Ha IpUMep 3aTEMHYBAKBETO. XapMOHUCKUOT COCTaB Ha CTpyjara,
KOja ce MHJEKTHpa CO MHOTYTE EJIEKTPOHCKHM NPUTYIIHUIM, WU3IJIEfa MHOTY
CIMYHA Ha HaIojyBamkaTa KOM C€ KOPHUCTAT Kaj KOMIJyTepuTe U [pyrara
€JIEKTPOHCKA oOIlpeMa. 3TOJEMEHOTO TE€HEpUpalke Ha XapMOHMIHM  Off
(pi1yopecieHTHOTO OCBETJIEHHE, MOXE f1a OMjle MHOTY 3Ha4ajHO OUfIE]KHU JIETOT
Ha OCBETJIYBaHkETO BO BKYITHOTO ONTOBAapyBakkhE BO €/IHA 3Trpajia € MHOTY TOJIEM,
Mery 40 1 60 TpOLEHTH.

Bo mnocnepHo BpeMe ce mojaByBaaT M IPOU3BOJUTENH CO IOYCOBPIIEHA
KOHcTpyKuyuja Ha SMPS mTo gaBaaT nouuct oOJIMK Ha cTpyjaTa

3.8 Tpudazun KkonBepTopu

Tpuda3zuure eneKTpOHCKM KOHBEPTOPU €€  pa3luKyBaaT  Of
efHo(a3HUTE Npef ce MO Toa IITO HE reHepupaaT TpeTu xapmoHuiu. OBa e
rojeMa IMpegHocT, OTU ce paboTH 3a HajroneMaTta KomnoHeHTa. Ho, kako u fa
e, THE CeyIITe MOXaT fia OWfaT 3HayajHW U3BOPH HA XapMOHUIM, KaKo IITO ce
rnepa of Cnuka 3.9. OBa € THNIMYEH ClIy4ya] Ha PEryJMpaH €IEeKTPOMOTOPEH
MIOT'OH Off TUIOT CTPYEH U3BOP. XapMOHMUCKHUOT crnekTap aajeH Ha Cnuka 3.9 e
UCTO TakKa THUNMYEH W 3a BIIe3HaTa CTPyja Ha €IHOHACOYEH MOTOp.
WuBepTopuTre’ 3a €JEKTPOMOTOPHU TIOTOHM Off TUINOT ,,HATIOHCKM U3BOp™ (Ha
npuMep op Tunor PWM) MoxaT fa uMaaT MHOTY IOTOJIEMH HHBOAa Ha
n300JMYyBake OJHOCHO NUCTOP3Mja, KaKo IITO MOXe M Aa ce Bugu o Ciuka
3.10.

Bne3zor Bo PWM mnoros, reHepajiHO € Au3ajHHpaH Kako TpudaszHaTa
Bep3nja Ha SMPS HamojyBameTo Kaj Kommjyrepute (uma TpudaszeH
UCIIpaByBavKu MOCT). McnpaByBayoT ce HamojyBa AUPEKTHO OJ HAN3MEHUYHATA
COOMpHMIIa ¥ JOBeIyBa MHCHOPAaBEeH HAIOH KOH TOJEM KOHJEH3aTOp Ha
efHOHacoyHaTa coOumpHuna. Co MajKy HaMEpHO [OMajJcH WHAYKTHBUTET,
KOHJIEH3aTOPOT C€ ONTOBapyBa BO MHOTY KpaTKW HMIYJCH, CO3[aBajKu
BIIEYATJIUB, “3aJa4KO YBO” OpaHOB OOJMK HAa HaM3MEHHMYHATa CTPyja, CO MHOTY
rojemo uzoobnuuysame. [Jogeka SMPS ce co MHOry Manu ontoBapysawa, PWM
MOTOHUTE ce ynoTpeOyBaat 3a onteperyBama 1o 500 hp (hp e kparenka op horse
power IITO 3HA4Y1 ”KOIbCKa cuaa“ u npeTCTaByBa €UHUIIA 34 MOKHOCT TpaguluoOHaIHO
IpUCYyTHA BO AaHIJIO-CAKCOHCKO TOBOpPHO mopapadvje. lhp = 0,7457 kW). OBa e
OIlpaBJaHa IPUYNHA 3a TPUXKa Ha €JIEKTPONMHXKEHEPHUTE.

> VIHBepTOp MPEeTBOPa 0J1 SAHOHACOUCH HAMIOH BO HAM3MEHMYEH CO peryInpaHa GppexBeHija
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Cmuka 3.9. Crpyja u xapmonuueH cnekrap 3a CSI - Bug  ASD (CSI goara op: “current
source invertor U “peryJIMpaH NOTOH CO CTPYEH U3BOP”)

% Ha ocHoBaTa
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Cauka 3.10. Ctpyja u xapMoHHUeH criektap 3a PWM tun ASD. (PWM poara on Pulse
Width Modulation uny mmpuHCKo - uMIyJicHa Moaynanuja). ASD e adjustable speed drive
W eJIEKTPOMOTOPEH TIOTOH CO yNpaByBaHa Op3HHa.

3.8.1 Eanonacoynu noroHu

HcnpaByBameTO € eAMHCTBEHUOT YEKOP KOj ce Oapa Kaj €eMHOHACOYHUTE
noronu. Ilopagm Toa, THe ja uMaaT TMpegHOCTa TOPajM pPEJATUBHO
€[IHOCTAaBHUTE ynpaByBauku cucteMu. CriopeieH! cO Hau3MEHUYHUTE TOTOHH,
€[IHOHACOYHNUTE HYAAT MOIIMPOK OP3MHCKM OIICeT Ha perynanyja U MOrojemM
OYeTeH MOMEHT. TpolionuTre 3a KynyBawe U Of[p>KyBalke Ha €JHOHACOYHUTE
MOTOpH C€ TOJIeMH, JIOieKa IieHaTa Ha €JEeKTPOHCKHTE Yypeiu mafa cekoja
roguHa. Cropeqi Toa, EKOHOMCKUTE NPUYNHM ja ONpefeslyBaaT U OrpaHuyyBaaT
IIpYMMeHaTa Ha €lHOHACOYHUTE MOTOPHU.

IToBekeTo efHOHACOYHM IOTOHM KOpPHCTAT MLIECTIYJICEH MCIpaByBady,
npukaxaH Ha Cnuka 3.11. Mocror e Tpu ¢a3eH 6 myiceH W ymnpaByBaH (co
TUPUCTOPH).
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[Toronemute MoXkat fa KopucTtaT u 12-mysceH ucnpaByBau. Toj ru pepynupa
HEKOM Off TOroJIEMHUTE XapMOHUIIM HA HAaU3MEHNYHATa cTpyja. [IBaTa HajrosemMu
XapMOHUIM Ha CTPYHUTE 3a IIECTIYJICEH MOTOH ce MeTTHOT U ceAMHoT. Tue ce
MHOTY TpoOJeMaTHyHH, IITO Ce OfHEeCyBa [0 OATOBOPOT Ha CHCTEMOT (Ha
MOHUCKUTE XapMOHMIIM € rojieMa BEpOjaTHOCTA 3a HaCTaHyBakkhe Ha mapajesiHa
pe30HaHca, OujlejKu pe30HaHTHaTa (PPEKBEHIM]a HA €HEPreTCKUOT CUCTEM Ce
Haofa oOMYHO BO oBa moppayje). Op 12-myJIcHUOT HUCIpaByBad BO BaKBa
IpUMEHa, ce OYeKyBa fa eJauMuHupa okomay 90% opf MEeTTHOT U CEeAMHOT
XapMOHUK, BO 3aBUCHOCT Of] HEpaMHOTeKaTa Ha cucTeMoT. HeoctaTok Ha OBOj
UCIpaByBay € MITO IleHaTa ce 3rojieMyBa MOpajy AoAaTHaTa €JIeKTPOHHKA U
noTtpebarta of yure efieH Tpancopmatop. Beymnocr, 12 myscHEOT HacodyBay
ce cocTou of /iBa 6 MyJICHH, KOM CE€ HAIojyBaaT WM Off ABa TpaHchopMaTopu
WM Off efieH TpaHCOopMaTOp €O JBE CEKYHIapHM HAMOTKHU Kou 06e30efyBaaT
noTpeOeH (a3eH MoMak 3a 2 - Ta 6 MyJICHATE HACOUyBaUH ).

6 - umnynceH
TUPUCTOPCKHU

ncnpaByBay f\]\J

v(t)

VA |
VB none mopa ga ce o6esbegu
Ve Eo,q WUCTUOT unu nocebeH cHabayBay

Ty

Cmuka 3.11. Llecr - myncen ASD (adjustable speed drive = peryiupaH ejaekTpo
MOTOPEH IIOTOH) CO €JHOHACOYHA CTpYja

3.8.2 HausMeHHYHN MOTrOHH

Bo Hau3MeHnYHUTE TOTOHHU, U3JI€30T HAa UCIPABYBAYOT € HUHBEPTUPAH fia
co3/laBa HaM3MEHUYEH HAMIOH CO MPOMEHINBa (PpeKBeHIja 32 MOTOPOT. (OBfe
ce paboTM 3a MOTOp 3a HaW3MEHHWYHA CTpyja, OOWYHO aACHHXPOHECH).
HNuBepropute ce KiacuuMpaHnd KaKo MHBEPTOPH co HamoHcKM u3Bop (VSI,
noara ox “Voltage Source Inverter”’) unu uHBepTOpH cO cTpyeH u3Bop (CSI moara
o “Current Source Inverter”). VSI 6apaaT KOHCTaHTEH €IHOHACOYCH HAIIOHCKU
BJIE3 Ha MHBEPTOPCKUOT cTeneH. OBa € MOCTUTHaTO cO KOHAeH3aTop unu LC
¢punTep Bo egHOHacouHaTa coOWpHUIA (€THOHACOUHA COOMPHHUIIA € BpCKaTa
Mery JIEBHOT U IECHUOT TpHudaszeH Moct, ci. 3.13). CSI nak, 6apaaT KOHCTAaHTEH
crpyeH Bie3. Tyka ce cTaBa cepucKu KajeM (MHIYKTUBUTET) BO €THOHACOYHOTO
Koyo. Hau3MeHnuHnTE MOrOHU, reHepajTHO KOPUCTAT CTaHAAPAHU aCMHXPOHHU
MOTOpH cO Kade3eH poTop. TakBUTEe MOTOPU ce €JHOCTABHM IO KOHCTPYKIHja
U W3APXKJUBH, CO PEIAaTUBHO HHUCKa I[ieHa M OapaaT MajKy OJp>KyBambe.
CHHXpOHHMTE MOTOPHU C€ KOPUCTAT Tamy Kaje ce Oapa mpenu3Ha KOHTposa Ha
Op3uHaTa.

Kondurypanujata Ha BOoOOn4YaeH Hau3MEHNYEH ITOTOH ce cocTon off VSI,
CO NpHMEHa HAa TEXHUKM Ha 0asa Ha WMIYJICHO-IIMPOYMHCKA MOAYyJanuja
(PWM), 3a cuHTeTH3Upake Ha HAaW3MEHNYEeH OpaHOB OOJUK BO BHJ] HAa HHU3a Off
eTHOHACOYHH MIMITYJICH CO TpOMeHInBa mmpounHa (Cnuka 3.12).
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Cnuka 3.12. PWM ASD
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Cnuka 3.13. 'onem ASD 3a Hau3MeHH4YHa CTpyja

&

AC
—{ MOTOR

&

v(t)

k

Nusepropor Kopuctu uim gate turnoff (GTO) TUPHCTOPH WM E€HEPreTCKH
TpaH3MUCTOpPH 3a oBaa uen. MomenTHo, VSI PWM noronurte HygaT Hajrojema
e(pUKACHOCT 3a IIUPOK OIICET Ha Op3MHM 3a ITONOHU CO MOKHOCT Off oKoiy 500
KOWCKU cuiu. [Ipyra HUBHA IPENHOCT € IITO cera Hema norpeda ja ce MeHyBa
M3JIE3HMOT HANlOH Ha MCIpPaByBayoOT 3a fAa Ce KOHTpoimpa Op3uHaTra Ha
MOTOpOT. OBa J03BOJyBa UCIPABYBAYKUTE THUPUCTOPU ja OMAaT 3aMEHETHU CO
NHUOAY ¥ TUPUCTOPCKOTO YIIPAaBYBayKO KOJIO 1a OWfie EJTMMUHUPAHO.

IMoronute co MHOTy ToslemMa MOKHOCT KopucTaT SCR (silicium controlled
rectifiers) mcmpaByBaum m mHBepTOpu. OBHE MOXKAT Jla OWIAT WIECTIYJICHH
(Cnuka 3.13) miam Kako Kaj TOJIEMHTE €THOHACOYHW MOTOoHU, 12-mysicHu. VSI
noronute (Cnuka 3.13a), ce orpaHMYeHH BO MPHMEHATa CaMoO 3a MOTOHU KOW
Hemaat moTpeba off Harim npoMeHu Ha Gp3mHaTta. CSI moronmre nak, (Cnmka
3.136), mmaaT JOOpHM KapaKTepUCTHKHU 3a 3a0p3yBame/ycrnopyBame, HO 6apaaT
MOTOp €O KamanuThBeH (PaKTOp HAa MOKHOCT (CHHXPOH WM acCHHXPOH CO
KOHJICH3aTOpPH) WM JOAATHO YIPaByBAauko KOJO 3a KOMyTalyja Ha
UHBEPTOpPCKUTE THupuctopu. Bo obata ciayuam, CSI moroHor Mmopa pga e
KOHCTpyHMpaH 3a ymnorpeba 3a cnenuduyeH MoTop. Tupucropure BO
WHBEPTOPUTE CO CTPYEH M3BOP MOpA Aa OUaT 3alITUTEHN Of] HAIOHCKY IIAJIIN,
LITO ja 3roJIeMyBa IleHaTa Ha BAKBHOT THUII HA IIOTOH.

3.8.3 Baujanue Ha padOTHHTE YCIOBH
M3001m4yBambeTO Ha  HamojHaTa cTpyja BO  peryjiMpaHuTe

CIICKTPOMOTOPHU IIOTOHM HE € KOHCTaHTHO. BpaHOBI/IOT 00K ce MCHYBa
3HAYUTECIHO, 3a pa3jiIndyHu 6p31/IHI/I 1 BpEIHOCTHU HAa MOMCHTOT.
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Cnukara 3.14. mokaxyBa JiBe paOOTHU cocTojoum 3a PWM perynupan
eJlekTpomarieTeH mnoroH. Jlogeka OpaHoBata d¢opma Ha 42% Op3uHa
IPOMOPIUOHATIHO € MHOTY MOM300JMYeHa, MOTOHOT HMHjeKTHpa 3HAUYUTETHO
MOBACOKM XapMOHWYHU CTPyd IpH HOMHMHanHa Op3uHa. OBa Ke Owupne
OrpaHMyyBadyku (pakToOp 3a ypenoT, a He HajpucokuoT THD . MuxeHnepure Ou
Tpeballo Ja T'M MMaaT BO NPEABUJ MOAATOLUTE U MEpewmaTa Ha OBHE IOTOHU
Ipeq fia ' IpaBaT OJJIYKUTE BO IPOEKTHUTE.

Ih N !.. .'
Amperes B’ 1B

Rated Speed 42% Speed

9 11 13

3 5 7

Harmonic Number, h

Cnuka 3.14. Epext Ha PWM ASD 6p3muHaTa Bp3 CTPYjHATE XapMOHUIM Ha HAW3MEHUYHATA
crpana (Ha cimkara, 3a cekoj XapMOHUK, ITPBHOT CTOJIO OffroBapa Ha HOMUHAJIHATA Op3WHa)

3.8.4. E¢exTTe HA NPUryIIyBaYKi MHAYKTHBATET BO HAN3MEHNYHOTO KOJIO
BP3 XapMOHHUIATE

BxnyuyBamwe Ha nofaTHa peakTanca nomelry ASD u HamojHaTa Mpexa ja
peayuupa xapMOHMYHATa COApP>KMHA BO CTpyjaTa Ha HamojHUOT poBof. OBa e
nocebHo edekTuBHO 32 PWM mnoronute. Cnmkara 3.15. mokaxyBa IiemMa Ha
CTPYJHO M300JMYyBake BO 3aBUCHOCT Off OTHOCOT Ha MOKHOCTa Ha MOTOHOT BO
KUJIOBOJIT aMIIEPU U MOKHOCTA Ha TPaHC(OPMaTOPOT BO KMJIOBOJIT aMIEpPH 3a
[IBa pa3JIMYHU ciaydau: co U 0e3 Tpu NPOLEHTHa NpuaylHALna. MiMnenancara Ha
NpUAYLIHALIATA € JajeHa BO OfHOC Ha MoKHocta Ha ASD. Ilpukaxkanu ce
OpaHoBHuTEe (POpPMH 3a CE€KOja KpajHOCT Ha mnoppayvjetro Ha ASD. bBbpanosa
¢opMa co morosema aMIJIATY/la c€ OHECYBA Ha CIy4ajoT O0e3 MPUAYIIyBamE.

I(t) 3a 5% kVA

O Bes npugywysatbe 4 Co npuaylyBatbe I(t) 3a 33% kVA
o whoa 0

Tranccbopmatop Y Mpugywysarsdl *
5%Z 3%2

130% 1
asp (Haxfmr kVA) (Ha ASD kVA)

110%

w0%

I THD
7%

0%

3 L_’-____-_-————
*

0% 0% 15% 20% 5% 30%

ASD kVA
Tpanctpopmatop kVA

Cnuka 3.15. EdpexTu o npuaylyBambeTo BO BOJOT Ha HAM3MEHUYHATa cTpyja 3a ASD
CTPYjHUTE XapMOHHUILIN.
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Bo3MoxHO € MHOTY OMTHO NOJOOpYyBame CO JOlaBamke Ha NMpUAyIIyBady,
HamanyBajku ja THD Ha ctpyjata of 90% mo 100% ma ce go 30% po 40%.
WHayKTUBATETOT Ha MNPUAYNIHULATA ja HamMailyBa Op3WMHATA CO KOj
KOHJICH3aTOPOT Ha eJHOHAcOYHaTa CTpyjHa COOMpHHIIA MOXe fa Ouje
HAMOJTHET W TO MPHUHYJyBa MOTOHOT Jla MOBJEYE CTPyja 3a MOAOJT TEPHO.
Kpajuuor egexTor € cTpyja coO MOHHCKA BEJIMYMHA CO TOMajla XapMOHHWYHA
COAp>KMHA TOfIeKa CeyIITe ja MpeHecyBa ucTaTa eHepruja.

ITpunymyBamara nomaraar jja ce€ EIMMUHAPAAT IPEYKUATE BO IIOTOHOT
(MpUHYTHN UCKITYYyBamka) KOM loaraaT off MPEOJHUTE MOjaB! Ha BKIIYIYBAHETO
U CKIIY9YBAaKETO HA KOHIEH3aTOPH.

3.9 Jlaunm ypeau

OsBaa kareropuja Ha ypeiu I'l BKJIy4dyBa JAYHUTE MEYKH, anapaTuTe 3a
3aBapyBambe KaKO M CBETJIIOCHUTE CHCTEMM Ha 0a3a Ha Mpa3HEHE BO TaCOBH
(bnyopecuenTH, HaTpUyMOBa Tapa, JXKUBUHA TIapa), CO MATHETHH MPUTYITHALIA
(He co eneKTpoHCKM). JIaKOT mpeTcTaByBa HAMOHCKHA W3BOP BO cepHja co
peakTaHca KOja ja OTpaHU4yBa CTPyjaTa Ha pa3yMHa BPEHOCT.

KapakTepucTukure HamoOH-CTpyja Ha €JEKTPUYHHUTE JIAKOBU CE HEJU-
HeapHu. [Tocne manewmeTo Ha JaKOT, HAOHOT omnafa Kako IITO pacTe JlayHaTa
CTpyja, OrpaHuyYeHa caMO Of UMIIeJJaHCcaTa Ha €HEpPreTCcKUuoT cucremM. OBa my
JaBa Ha JIAKOT T.H. “HEraTMBHA” OTIOPHOCT 3a [€JI OJf HErOBUOT pPabOTEH
LUKITYC.

Bo d¢dayopecuenTHuTe ypeau, mojgaTHaTta ‘“TpUTyIIHA® UWMIEaHca €
HEOINIXOJHA 3a fla ja OrpaHWyd CTpyjaTa BO PAMKUTE HA MOXKHOCTUTE Ha
aryopecuieHTHaTa CBETHIIKA U Jia TO cTrabunu3upa itakot. Crnopep Toa, OBOj THII
Ha OCBETIICHHE HMMa €JIEMEHT KOj € HaJBOpEIHA MMIEJaHca M Ce HapeKyBa
MPUTYIIHUIA. MarHeTHUTE MNPUTYIIHULOMA M HE C€ HEKOM OWUTHM WM3BOPHU Ha
MOJAaTHU XapMOHUIHU. [JTaBHOTO XapMOHHMCKO W300JM4YyBame poara of
OJTHECYBAaWETO Ha JIaKOT. HeKom eNeKTPOHCKU NPUTYLIHWIM, KOU KOPHUCTAT
SMPS nHanojyBamwe 3a nopoOpeHa e(pUKacHOCT, MOXKaT fia IO AYIUTUpaaT WId
TPUIIAPAaaT HOPMATHUOT XapMoHHCKM wu3ne3. Hekom mak, crneumjanmHo ce
IW3ajHUPAHM 1a TM MUHUMU3UPAAT XapMOHHULIUATE.

Kaj enexTponaunuTe meuku, orpaHMuyBaykaTa MMIEaHca € Tpef ce
KabeloT Ha TIevykara, 3aeJHO CO [ell Off EHEPreTCKUOT CHCTEM U
TpaHcOpMaTOPOT Ha nedkata. HopManHo 3a oBuE ypeau € KOPUCTEHETO Ha
crpyu u 1o 60.000 ammiepu.

EnexkTpuuHnOT 7aK HajioOpo ce mpeTcTaByBa KaKO M3BOP HAa HAIIOHCKHU
XapMOHMIM. AKO Ce CTaBH MEpPHa COHJa JUPEKTHO MapaJieTHO Ha JIAKOT, MOXKe
na ce HaOJbygyBa HErOBHOT Tpamne3oujeH OpaHoB oOnuMK. BenmumHata Ha
HCTUOT € BO HAjroJieM el (PyHKIMja Of] JOJIKMHATA Ha JIAKOT. VIMnefancuTe Ha
NPUTYLIHUIUTE WA BOJAOBUTE HA IeYyKaTa ce OfHecyBaaT Kako Oadep, Taka
IITO HANOHOT Ha HAINO]yBamkE € caMO yMEPEHO M300nmyeH. JlayHnmoT ToBap,
Cliopej; ToOa, M3JeryBa JeKa € pellaTUBHO CTaOWJIeH W3BOpP Ha CTPYjHH

XapMOHUIY, HITO € KapaKTECPUCTHUKA 3a IMOBEKETO aHaIN3M.
/GO0

v (1\/
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Cn.3.16 ExBuBaseHTHO KOJIO HA €JIeKTpOJIayeH ypes

Ha caukara 3.17 mageHa e wu3MepeHaTa CTpyja HHM3 (QIIyopecleHTHa
JaMIlia ¥ HEj3MHMOT XapMOHHMCKM cnekrap. Jlammara wMa MarhHeTHa
OpUrymHuna. XapMOHHUCKATa COApXKUHA Ha OBOj OpaHOB OOJIMK € CIMYHA Ha
Taa M Kaj OCTaHaTUTe Ja4yHM ypeau. TpudasHute jayHu ypeau (Ha mpumep,
eNeKTPOJIauyHK TIEYKHM 32 TOICHE JKelIe30) MoXaT fa ce HpHucrnocodaT fa Tu
OpEeKUHyBaT TPOJHUTE  XapMOHMIM CO KOPHUCTEHE Ha  COOJIBETHA
TpaHcopmaTopckaTa Bpcka. Cemak, HE MOXeE Jla ce 3aBHCU caMO Of OBa
IpEeKNHYyBawke, MOpafil YEeCTOTO HEYPaMHOTEXEHO paboTeme BO TEKOT Ha
¢a3zaTa Ha TONEHE HA METANIOT.

+25R T T

o - v -

7]« AU AN R S

—-250 A

"12.5A/DIV VERTICAL 3.3MS/DIV HORIZ

Harmonic Percent Phase (deg)

Fund 100.0 124
2 0.2 136
3 19.9 . =144
5 14 62
7 32 -39
9 2.4 -171
11 1.8 111
13 0.8 17
i5 0.4 -93
17 0.1 -164
19 0.2 -99
21 0.1 160

Cn.3.17. EdexT Ha (hayopecueHTHO CBETI0 Ha CTPyjaTa U XapMOHUYEH CIeKTap

Bo TekoT Ha (pazaTa Ha mpoumcTyBame(paduHUpamkEe) HA METaNoT, JIAKOT €
noctabuieH, TAKBOTO NOHMUIITYBalke € mogoOpo. Tpeba ga ce mma Ha yMm JeKa
BOOOWMYAEHUTE HAIOJHU TpaHC(OpMATOPU NMOBP3aHM BO BpPCKa SBE3/la-SBE3fia
HEMa Jla ro cpeyaTr TEKOT Ha TPOJHUTE XapMOHUIM, O€3 Orje]] Ha TOa KOJIKY ce
ypaMHOTeXeHU hasure.’

3.10 Ypenu xom ce 3acutyBaar

Omnpemara koja cnafa BO OBaa KaTeropuja BKJIydyBa BO CBOJOT COCTaB
TpaHcoOpMaTOpu # JAPYrH EJIEeKTPOMATrHETHH YpeAu CO YEeJIHMYHO jafpo,
BKJIYUYUTEIHO U MOTOpU. XapMOHHIIUTE ce TeHepupaaT Mopajnu HeJuHeapHUTe
KapaKTEepUCTUKN HAa MarHETU3NPAhE Ha YEIHUKOT.

Eneprerckure TpaHcopMaTopu ce TpOEKTUpaHU fa pabdoraT
HOpPMaJHO TOYHO TOJi KOJEHWYHAaTa TOYKa Ha KapaKTepucTHKaTa Ha
MarHeTu3upame. PaboTHaTta rycTmHa Ha (PIyKCOT BO TpaHC(OPMATOPOT ce
ofn6upa MpeKy KOMIUTAIIpaHa ONTUMHU3alMja Ha IleHaTa Ha KeJe3HUTE JICIOBH,

% IIpu mpOEKTHPAETO Ha (hIIyOPECIEHTHOTO OCBETIEHIE BO KOMEPIHMjATHUTE 3TPajiH, Ce
HAaCTOjyBa Jia ce MOCTUTHE YpaMHOTEXKEH TOBap Ha cekoja of pasute, Co el 1a ce CBefe Ha
HajMaJia MOsKHa MEepKa M3HOCOT Ha TPOjHUTE XapMOHUIIN KON OM Teuesie KOH MpesKaTa
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3aryouTte BO TMpa3eH oOf, WMyMOT U OpojHu apyru ¢axkropu. MHory
€JIEKTPOCTONAHCKN KOMIIaHUM KaKO KPUTEPHUjyM 3a HabaBKa Off 10OaByBauuTe
Ha TpaHcopMaTopu OapaaT MUHMUMHU3HMpAHkE Ha 3aryOu U BO Ipa3eH Of U MOJ
TOBap, Taka IITO NOCIEelHABE ce oOugyBaaT Ja TW HampasaT
TpaHcOPMATOPUTE ONTHMAJIHU CO HajMajlyd BKYIHHM €BAIYyUPAHU TPOILIOLH.
OBa pe3yaTupa BO 3rojieMeHa KOJIMYMHA Ha 3KEJNe30 BO JaJpOTO M MOBHCOKA
KpHMBa Ha 3aCUTYBamE, IITO aBa IOHUCKU XapMOHUCKU CTPYH.

Hanon

100% - Koneno

Crpyja

Ci.3.18 MarneTHa KapakTepUCTHKa Ha TpaHCOpMaTOp

Haxko crpyjaTa Ha Bo30ygaTa Ha TpaHC(OPMATOPOT € OoraTa co XapMOHUIIM Ha
HopMasieH paboreH HamoH (Cnmka 3.19), Taa TUNWYHO M3HECYBa NMOMANIKY Off €fieH
MPOLIEHT Ofi HOMUHAJHATa CcTpyja. 3aToa, TpaHChOpMaTOPUTE U HE ce Taka MpeIMET
Ha 3arpuXKEeHOCT, KaKO ITO € CIy4ajoT CO €JEeKTPOHCKUTE KOHBEPTOPH W JIAYHHUTE
ypenu, KOU CO3[aBaaT XapMOHUCKYU CTPYH KOM JOCTUTHYBaaT rojeMuHH U g0 20% of
HOMMHAJHaTa, na u noseKe. Cemak, HUBHHOT €(EKT € 3a0elIexXNIUB Ipefl ce BO
€JIEKTPOAUCTPUOYTUBHUOT CUCTEM, BO KOj C€ MPHUCYTHH CTOTHULIM TPaHC(HOPMATOPH.
3abeneXuB € 3HauajHUOT NOPACT Ha TPOJHU CTPYJHU XapMOHUIIM BO PAHUTE YyTPUHCKU
4JacoBH, KOTr'a ONTOBAPYBamkETO € HUCKO M HAIOHOT ce noaura. BozOyaHara crpyja Ha
TpaHCOPMATOPOT € MOBUAJINBA TOrall OUejKu HEJOBOJIHATA IOTPOLIYBauKa HE € BO
cocroj0a fa ja MOTUCHE, TaKa LITO 3TOJEMEHUOT HAIOH NPEAU3BUKYBa CO3[aBakbEe Ha
norojgemMa Bo30ygHa cTpyja. HamoHCKOTO XapMOHHCKO HM300/IMYyBamke  Of
npeBO30yAyBakETO HA TPAHC(POPMATOPOT € TEHEPANHO OYMIJIEJHO CaMO IIPH OBHE
yCIIOBH Ha calb ToBap.

=
\

o
|
_

002 a.09 s08 007 oon
Bpeme ()

I . | a—
" ) »

- o

MaruuTyaa (%)
'EE R EREEREE]

®@pexsenyuja (Hz)

Cn.3.19 XapMOHMYEH cnieKTap Ha MoOyHaTa cTpyja Ha TpaHchOpMaToOpOT

Hekowu TpancopmaTopu HaMmepHO paboTaT BO PErMOHOT Ha 3acuTyBamwe. Enen
TaKOB NPUMEp € TPOJHUOT TpaHcoOpMaTOp KOj ce KOPUCTH 3a reHepupambe Ha 180
XepIy 3a MHIYKIUOHHUTE MEYKH.

MotopuTe UCTO Taka MOKa)yBaaT HEKOja AUCTOp3Uja BO CTpyjaTa Kora ce
MpeBO30yieHU, MaKO TeHepajiHO, Toa M HeMa Hekou nocinepunu. Cemnak, Mocrojat
HEKOM Malli eflHO(pa3Hu MOTOPH CO MOKHOCT BO HMBO Ha KOH-CKa CHJIa MJIM TIOMala,
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KOM MMaaT CKOpO TpuarosieH OpaHOB OOJMK, CO 3Ha4YaeH YJed Ha CTPYU CO TpeT
XapMOHHK.

BpanosunoT o6nuk npukaxan Ha Cnuka 3.19 e 3a egHoda3Hu uin 3a Tpuda3Hu
TpaHcopMaTopu co 3a3eMjeHo sBe3puinTe. CTpyjaTa OUMIJIEHO COMP3KM TrojemMa
KOJIMYMHA HA TPET XapMOHWK. BpCKUTE BO TpUMArodHWK M HE3a3eMjeHO SBE3NUIITE
3aIITUTYBaaT Off TeK HA XapMOHUIM Off HYJITa KOMIIOHEHTa, KakKBU INTO M C€ IO
npupopa Tpojuute xapmonunu. Co Toa, TUHUCKATa CTpyja Ke Oupe ocimobojeHa off
OBHE XapMOHUIM, 6apeM JIofieKa HeKajie He ce TI0jaBu HepaMHOTeXa.
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