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3.9 EdekTnTe Ha XapMOHHUCKOTO H300/1MYyBambe

3.9.1 Buamjanue Bp3 KOHAEH3aTOpPHTE

79

[TprcycTBOTO Ha HATIOHCKU XapMOHHIIA MOXE J1a IPEIN3BUKA 3TOJIEMEHU
CTPYH U 3TOJIEMEHH HAallOHU Ha KOHJeH3aTopuTe. [IpBaTa rmojaBa Moe J1a 10Besie 10
NperpeBame Ha KOHJIEH3aTOPUTE M ITPETOPYBakE HA 3aIITUTHUTE OCUTYPYBA4H, BO
KpajHa JIMHUja U eJIeKTpuueH npoOuB. Bropara nojaBa Moxxe aa 10Beze 110
eJeKTpUYCH MpoOuB. Bo cexoj cirydaj pe3ysiTaTtoT € mpeaBpeMEH MCIaj 01 TOTOH -

XaBapuja.

ANSI/IEEE 18-1980 cranpgapgor ru cneudpuuupa CIAeJHUATE TpajHu
KOH/IEH3aTOPCKU apaMeTpH:

135 %

HATIMCHATA IIOYKA,;
110 % op HOMHMHATHUOT €(EKTHBEH HANOH, BKIIYYyBajKu TH
XapMOHMIUTE, a 0€3 TPAaH3UECHTHUTE;
180 % opm HOMHMHanHaTa e(EeKTUBHA CTpPyja, BKIYyYyBajKu T'M U

OCHOBHATa M XapMOHHUCKAaTa CTPyja;

on HoMmmHaimHaTa MOKHOCT (kVAr),

HaBCICHa Ha

120 % op BpBHUOT HAIIOH, BKIIYYUTEIHO U XapMOHUIIUTE.
TaOemara 3.1 e mpernen Ha NpuUMep 3a OLEHKA Ha KOHJEH3aTop, CO

KOPHUCTEHE Ha KOMjyTepcKa Iporpama 3a TaOellapHU PECMETKH, KOj € 3TOHO

CPENCTBO IIPU OLEHKA HA pa3jInYHa ONTOBAPEHOCT HA KOHJEH3aTOPUTE.

TABEJIA 3.1 TIpumep 3a ouenka na kougenszarop (IEEE Standard 18-1980)

IMogaTony 3a KOHIEH3aTOpCKaTa GaTrepuja’:

Howm. MoKHOCT Ha GaTepujara: 1.200 | kvar
HowmmuHanen HanoH: 13.800 | V (daza-caza)
PabGoTeH HanoH: 13.800 | V (daza-caza)
Hamnojxa xomneH3anyja: 1.200 | Kvar
l'oneMuHa Ha OCHOBHATA CTpyja: 50,2 | A
OcHoBHa (ppekBeHIMja: 60 | Hz
PeakTaHca (KamanuTuBHA): 158.700 | O

XapMOHMYEHA COCTaB Ha HATTOHOT Ha coOMpHMIATa (ToOueHa CO Mepeme):

XapMOHHUK dpekBennyja Hamnon, V, Hamnon, V, JIunucka crpyja, I,
op. (Hz) % OJ1 OCHOBEH V) % OJ] OCHOBHATa
1 60 100,00 79674 100,00
3 180 0,00 0,0 0,00
5 300 4,00 318,7 20,00
7 420 3,00 239,0 21,00
11 660 0,00 0,00 0,00
13 780 0,00 0,00 0,00
! [IpuMepOT € 3eMeH Off aMEPUKAHCKA JIATEPATYPa, 3aT0A HOMAHAIHATE HATIOHU
(ppekBeHIjaTa ce HEBOOOMYAEHH 32 HAILIUTE YCIOBH
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17 1020 0,00 0,00 0,00
19 1140 0,00 0,00 0,00
21 1260 0,00 0,00 0,00
23 1380 0,00 0,00 0,00
25 1500 0,00 0,00 0,00
U, 13800
Ung..z "=7=7967V
RN Y
M3o6mnuyBame Ha HATTIOHOT: 5,00 % —Ja2 5 32
EdexkTnBeH HanoH HA KOHJEH3aTOPOT: 7977,39V 2 2 2
b P = U, ;1> +0,04* +0,03

M306n1uuyBame Ha CTpyjaTa Ha 29,00 % _ Jrn2 2

KOHJIEH3aTOPOT: =v207+21

EdexTuBHa cTpyja Ha KOHAEH3aTOPOT: 52,27 A - 50 2\/12 1022 +0212

OueHka Ha KOHJieH3aTopcKaTa OaTepuja:

ITpecmeTano (%) I'pannna (%) HapmunyBame
rpaHMIA

BpBeH HanoH’ 107,0 (=100+4+3) 120 Hema
EdexTuBen Hanox 100,1 (_7977) 110 Hema

7967
EdekTuBaa crpyja 1041 (_5227) 180 Hema

50,2
Moxknoct, kVAr 104,3  (s=301=3-7977-52,27) 135 Hema

OcHoBHaTa cTpyja Opu NOJHO onToBapyBawme 3a 1200-kVAr KoHjeH-
3aTopcKa 6aTepuja ce ofjpeyBa of:

;o Qc _ 1200
©J3.U 3x138

Kase Q. e TpudazHara MOKHOCT Ha OarepmjaTta KoHpuenzatopu (kVAr); U e

=50,24 . [3.12]

JIMHUCKHUOT HAIOH BO KV e(peKTI/IBHa BpPEOHOCT.

KoneH3aTopoT NPBEHCTBEHO € U3JI0KEH HA IBA XaPMOHUKA: NETTUOT U
ceqgMuoT. HamoHckoTo wu3o0nmuyBawme coupxku 4% of nertuor u 3% of
cepmuoT. OBa pesyatupa BO 20% XapMOHHCKa CTpyja Ha NEeTTHOT U 21%
XapMOHMCKa CTpyja Off CEIMHOT XapMOHMK. Pe3ylTaHTHHUTE BPEFHOCTU BO
CIIy4ajoB c€ JOBOJIHO MOJ| AO3BOJIEHATa TPaHUIA CIOPEN CTaHJAPAUTE, IITO Ce
rjiefa of JHOTO Ha TabelaTa.

3.9.2 Baumjanue Bp3 TpancgopmaTopure

TpancopmaTopuTe ce NPOEKTHPaHU [la ja MpeHecyBaaT OapaHaTa
MOKHOCT KOH TOBp3aHHUTE TMOTPOILIyBaYd, CO MHHHAMAJIHM 3aryOu, Ha

*JloruuHO € /1a ce CMeTa [eKa TeMEHHUTE BPEIHOCTH Ha BHIIMTE XaPMOHMITH areGapcky ce 0/[aBaart
Ha TeMEHaTa BPEAHOCT Ha OCHOBHHOT XapMOHUK, OMIEjKH BUIIUTE XapMOHHUIIM CE CO IIOBHCOKA
(dpexBeHInja U JoeKa Tpae eHaTa MOJIyIepHoia Ha OCHOBHUOT XapMOHHK, BP3 Hea BO OKOJIMHATA Ha
HEj3MHUOT MaKCUMYyM Ke ce 110jaBaT MOJyNepHOANTE U Ke Ce J0/1aBaaT v BO HajJIolI Cly4aj CUTe Ou ce
COBIIaJIHaJIe TOKMY BO TEMEHATa BPEJHOCTEAHA BP3 Apyra.

Iac 80 ITpenaBama 2008r.




OEUNT: Jby6omup Hukomocku: XapMoHHIM U Ipyru HoBp. Binjanuja Bo EEC 81

MHAYyCTpUCKa (PpeKBeHIrja. XapMOHKUCKATa TUCTOp3Hja (M300JIMICHOCT), TIpeN
ce Kaj cTpyjaTa, a JAEJIYMHO M Kaj HAMOHOT, 3HadyajHO Ke JompuHece 3a
NONATHOTO 3arpeBame. 3a Ja Mpowus3BegaT TpaHcopMmMaTop KOj Ke ce
IPUCIOCOOM HA TMOBHUCOKHTE (PPEKBEHIMM, NPOEKTAHTUTE INpaBaT pa3HU
BapWjaHTH Ha MPOEKTH, KaKO IITO € KOPUCTEHETO Ha KOHTHUHYHUPAHO
TPAHCIIOHMPAH KaleJl Ha MECTOTO Off MAaCHBEH NMPOBOJHUK UJIM CTABAHETO Ha
noBeKe KaHalM 3a Jajewme. ['eHepaHo npaBuiio €, TpaHcopMaTOPOT BO KOj
U300/IMYyBAKETO Ha CTpyjaTa HaJMHUHYBa MEeT NPOLEHTH € KaHguaaT 3a
NICHOMUHUpamke (HamalyBamke HAa HOMHHAJTHAaTa MOKHOCT, BO OpPUTHMHAJ Ha
aHru.”derating”) mopagy XapMOHUIH.

Nma Tpu edekTu KoM pe3yiaThpaaT BO 3rOJIEMEHO 3arpeBame Ha
TpaHcOPMATOPOT, KOTra CTpyjaTa Ha ONTOBapyBamke BKIYYyBa XapMOHUCKHU
KOMITOHEHTH:

1. Edgekitiusna epeonociti Ha ciupyjaitia. AXKo TpaHcOpMaTOpOT €
NU3ajHApAaH caMO 3a HOMHHAJIeH H3HOC Ha MOKHOCT Bo kVA Ha
ONTOBAPYBAaKkETO, XAPMOHHCKUTE CTPYM MOKAT Jila JOBElIaT [0 Toa ja
ehekTUBHATA BPEHOCT HA CTpyjaTa Ha TpaHCPOPMATOPOT OWjie MOrojeMa Off
npoekTrpaHaTa. Toa mak pe3yiaTupa BO 3roJieMeHH 3aryOou BO MPOBOTHUIUTE
(6akapor).

2. 3azybu 00 euopnu ciupyu. Toa ce WHAYUMpPAHWUTE CTPYH BO
TpaHcOpMaTOPOT, TPUUMHETH Off MarHeTHUTE (iaykcoBu. OBrUE MHAYIMPAHH
CTpPyd TedaT HHW3 HAMOTKWTE, BO jaApOTO W HU3 JPYTUTE MPOBOAHM JIE€IIOBU
U3IIOKEeHH Ha  MarHeTHOTO TOJie W Cco3/[aBaaT pAofaTHu 3aryom. OBaa
KOMIIOHEHTa Ha 3aryouTte BOo TpaHCOPMATOPOT ce 3roJeMyBa cO KBapaTOT Ha
¢pekBeHIMjaTa HA CTpyjaTa Koja TH MPEAU3BUKYBa 3aryouTe MOpagud BUOPHU
crpyu. [Topagu Toa, oBaa craHyBa MHOTY BakHa KOMIIOHEHTa Ha 3aryouTe BO
cymaTa Ha 3aryouTe Ha TpaHC(OPMATOPOT KOM NMPEAU3BHKYBAaaT XapMOHHUCKO
3arpeBame.

3. 3azybu 6o jaopoiuo. IlopacToT Ha 3arybmTe BO jagpoTO, BO
IIPUCYCTBO Ha XapMOHUIM, K€ Onfie BO 3aBUCHOCT Off €(peKTOT Ha XapMOHUIUTE
Bp3 JOBEICHUOT HAIOH M Off KOHCTPYKIIjaTa Ha CAMOTO jaipo. 3roleMyBambeTO
Ha HAINOHCKOTO WM300JIMYyBamke MOXE Ja T 3roJieMd BHOPHUTE CTPYH BO
TUMOBHTE Ha jaapoTo. [TocnenuuuTte o ceBo oBa ce BO AUPEKTHA 3aBUCHOCT Off
nebenvHaTa Ha JHMMOBHTE M Off KBAJIMTETOT HAa MaTepHjalioT Of KOj €
u3paboTeHO jagpoTO. 3TOJIEMyBakheTO Ha OBHME 3ary0u MOpajgd XapMOHHUIM,
reHepajHo, He € TaKa KPUTUYHO, KAaKO BO CIIy4ajoT CO MPETXOJHUTE /IBa BUAA.
(Hume ke mocMaTpame ympocTeHa OIieHKa, Kajie OBHe 3aryon ce 3aHeMapyBaar).

YnarcrBaTta 3a eHOMUHUpakEe Ha TpaHC(OPMATOP ce AeTalIu3upaHu BO
ANSI/IEEE Standard C57.110. Tabenmata 3.2 uaycTpupa €AeH NOETHOCTABEH
npuon’. ITosHatmor K akTop KOj ce KOPHCTH BO mNpoOsieMaTHKaTa Ha
KBaJIUTETOT Ha eJIEKTPUYHATA €Hepruja 3a IeHOMUHUpPame Ha TpaHchOopMaTop
UCTO TaKa € BKJIy4YeH BO Taa Tabedna.

IIpumep HA TeHOMUHHpabe (TepaTHpame) HAa eHepreTcKn Tpancgopmarop
ONTOBApPEH CO HECHHYCOUJIA/IHA CTPYja

3 TIpuMepOT € 3eMEeH Off aMEPUKAHCKA JINTEPATYPA, IITO MOXKE Jla CE Opa3u Ha HEKOH
HOMUHAJTHU BPEJHOCTH U COOJIBETHUTE TPECMETKH
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AXO TpaHC(OPMATOPOT € ONTOBAPEH CO HECHMHYCOWIAIHA CTpYyja (IPUCYTHH CE BUILIA
XapMOHMWIIM), TOrall TOj MOBEKe ce 3arpeBa M Tpeba f1a ce JeKJapupa 3a nomana
MOKHOCT, OJHOCHO 7a ce ‘mepaTupa’ WM “IEHOMUHHpPA” W Jja My C€ OfIpefu MApyra
nomana HOMHMHAJIHA MOKHOCT OffHOCHO HOMMHAaNHa cTpyja. COCTaBOT Ha BHIINTE
XapMOHMIIM OOMYHO € MO3HAT Bp3 6a3a Ha Mepeme. Ce 6apa Koja € Taa eKBUBAJIECHTHA
epeKTUBHA BPETHOCT Ha CTpyjaTa O OCHOBHHOT XapMOHHUK KOja OJroBapa Ha
peanHaTa coctoj6a Ha M300IMUYEeHATa CTPyja Koja ce jaByBa Bo mpakcata. Hakyco, ce
Oapa eKkBHBaJeHIMja Ha 3aryOWTe TpU CUHYCOMJATHU YCIOBH 32 KOU
TpaHcOpMaTOPOT € MPOEKTHUPAH, 1 32 HECHHYCOM/JAJIHU, BO KON PabOTH.

Ila ru mocmaTpaMe 3aryoute Ha TpaHcOpMaTOpOT, OUJIEjKU THE CE MEPOIaBHA
3a 3arpeBameTO OJJHOCHO 32 HOMHMHAJIHUOT TOBap W HOMHMHAJIHATA CTpyja Koja Toj
MOKe€ TPajHO Jia ja MojJHece.

TABEJIA 3.2 Ioegnocrasen npumep ox C57.110 - Ouenka ua rpancgopmarop n
npecmeTka Ha K -chakTop

IIpumep

XapMoHHKCKa IMCTpUOyIMja Ha TpaHchopMaTOpcKaTa CTpyja Ha ONITOBAPYBAE:
XapMOHUK Crpyja dpekBeHIMja Crpyja I’ I’x h’
(%) (Hz) (e.r.)
100,000 60 1,000 1,000 1,000
1,600 180 0,016 0,000 0,002
26,100 300 0,261 0,068 1,703
5,000 420 0,050 0,003 0,123
0,300 540 0,003 0,000 0,001
8,900 660 0,089 0,008 0,958
3,100 780 0,031 0,001 0,162
0,200 900 0,002 0,000 0,001
4,800 1020 0,048 0,002 0,666
2,600 1140 0,026 0,001 0,244
0,100 1260 0,001 0,000 0,000
3,300 1380 0,033 0,001 0,576
2,100 1500 0,021 0,000 0,276
BkynHo: 1,084 5,712
5,712/1,084 K ¢akrop: 5,3
Cranpapaso geHomuaupame (ANSI/IEEE C57.110-1986): 0,87 e.r.
I1pernocraBeH akTop Ha 3aryom nopajayn BUopHu cTpy (Prcr) =8 %

3ary6oute nop toBap (Load Losses) P, ce enHakBu Ha 30uMp Ha 3aryoum BO

6akapor /R (Ilynosu 3ary6u) m 3ary6u 3apamm Buopau ctpyu (Eddy currents) Py,

cekajie Kajie THe CTPYH MOXe Jia ce MojaBat (BO HAMOTKHTE , BO 3K€JI€30TO, BO Ka3aHOT
Ha TpaHcoOpMaTOpPOT, U BO JPYTM KOHCTPYKTHBHU €IIEMEHTH Kaje MoXe [a
NPOHUKHAT pacTypHuTe (piykceBr). Taka, BO OMIIT CIy4aj BasKu:

P, =I’R+P,. (BO (PMBHYKY eIUHNIM, BATH) (1)

AKxo paBeHKaTa (1) ja HanuIIeMe BO eAMHUYHM TOJIEMUHH (€.T; p.u, per unit) 1 3a
HOMUHAIIHY YCIIOBY, IPU CHHYCOMIAIIHA CTPYja, BAXKM:

P, =1+P, , (BO €IMHUYHH TOJIEMUHH, P.U). (2)
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Hugekcor R cTom 3a 1a 03HAYM HOMUHAJM YCJIOBH (Ha aHrJ. “Rated”).

3ary0uTe Off BHOPHU CTPYH C€ MPONOPUUOHAIHY CO KBaJ[paTOT HA CTpyjaTa 1
(pekBeHIMjaTa (OTHOCHO PEOT HA XaPMOHHKOT):

max

Py =K.Eclzh2 Ecz] h? (3)

kajge K, e KoeuuueHT Ha ponopuuoHanHocTa. 'opnaTa paBeHka Tpeba jja e

3aJ{0BOJICHA ¥ IIPH IIOCTOEH-E CaMO Ha OCHOBHHOT XapMOHUK U IIPU IOCTOEHE Ha CUTE
xapMoHuIm of h, o h

AKo nocmarpaMe ciydaj Ha IOCTOEH-€ Ha BUILINA XapMOHUIY, IPA HOMUHAJIHHA
BPEIHOCTH Ha 3aryounTe U U3Pa3eHO BO EAUHUYHYU BPEHOCTH 33 CUTE CTPYHU Ke
nooueme:

max

P, = ZI 2+ ZI h? |Pyep  (BO €IUHUYHY FONEMUHN) 4)
h=1

Ospexa e P, , daxkTop Ha 3aryOouTe Off BUOPHH CTPYH IOJ] HOMUHAJIEH TOBAp.

daxTopoT K KOje ce KOPUCTH 3a ilepaTUpamke Ha €eHEPreTCKH
TpaHcopMaTopu ce IpecMeTyBa 10 popMynara:

max

21 h*

K = h— U OJIOBJIE BaXK! U3Pa30T KOj NOKACHO K€ T'0 yInoTpeOume:
wy
2]
h=1
1max max
21 h? =K Z I} wcTo Taka M3pa3eHa BO eIMHIYHU TOJIEMUHH. (5)

h=1 h=1

Axo ru komOuHupame paBenkute (1), (4) u (5) ke gobueme:

1+PEC—R=ZI;+K ZIZ X Ppe_p (6)

Bu Moxkerno f1a ce peye jieka eBaTa cTpaHa Baxky 3a HEM300IMUeHA CTPYja, a lecHaTa
3a N300IMY€EHa.

hmax

. 2 .
Ce 6apa ekBUBaJIEHTHA BPEAHOCT Ha e(hpeKTUBHATA BPETHOCT HA CTpyjaTa Z[ , Koja
h=1

hmax

ja 3aJl0BOJTyBa OBaa paBeHKa. AKO pelmme o ZI ,12 Ke qooueme:
h=1
Z _ 4 B g
2=
p 1+ KPy
1 OIOBJIE

max

Ief pu ZI

kage P.. , = dakTop Ha 3aryou nnopagu BUOPHH CTPYH;

()

h = pepeH 6poj HA XapMOHUKOT;
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I, =xapMOHHCKa cTpyja.

Crnopep; Toa, IEHOMUHUPAKHETO HA TPaHC(HOPMATOP MOKE Jla ce MPECMETa aKo
ce 3HAe eOUHUYHUOW (hakiiop Ha 3azybou uopaou euopnuie cuipyu. Toj dakTop ce
orpefeyBa Ha eJIeH Off CJIeIHUTEe HAUMHU:

1. Co HeroBO JOOMBaKE Off MPOU3BOUTENOT.

2. Co xopucteme Ha MOAATOLUUTE Off TPAHCPOPMATOPCKUOT TECT U
nponenypara fageHa Bo ANSI/IEEE Standard C57.110.

3. IIpexy Tunu4HU BpegHOCTH, Oa3MpaHK Ha THIIOT Ha TPaHC(OPMATOPOT

1 HeroBata roinemusa (Buau TabGena 3.3).

TABEJIA 3.3 Tunuyau Bpegnoctn3a P, ,

Cys

Co Mmacno

3a rope HaBEAEHUOUT NIPUMEP BAXKMU:

1+0,08
——— =087 (p.u.
1+5,3%0,08 (pu)

Cnopen roae [, (A)=0,871,(A) OTHOCHO PH UCT HOMUHAJIEH HATIOH MOKHOCTA

[eﬂ' (pu) =

Tpeba fa e 87 % of HOMUHAJIHATa MOKHOCT.

HUckaygomu. Yectu ce cnydaute Kora TpaHCOPMATOPUTE HEMaatT
npoOJieM CO XapMOHUIM CHOpeJ, TOPHUTE KPUTEPUjyMH, a cemak padoTaT co
3rOJIEMEHO 3arpeBarmhe WU HEeMPaBWIIHO, IOpagy IPUYMHA KOja U3rjefia ieka e
npeonToBapyBamwe. Yect caydaj Kaj TpaHcOpMaTOpUTE CO 3a3€MjEeHO
SBE3UIITE € IITO JUHUCKUTE CTPYU COAPKAT OKONY 8% OJ] TPETUOT XapMOHUK,
IITO € PEJaTUBHO HUCKO, a TpaHCcOpPMATOPOT Ce 3arpeBa Kako fia € Oapem
HOMUHAJIHO ONITOBAPEH. 30IITO BAKBHOT TPAHC(OPMATOP IO IOMUHYBA TECTOT
3a 3arpeBame BO (paOpuKaTa, a MOXEOU U TECTOT 3a NPEONTOBAPYBAKE, & HA
KpajoT He paboTH KaKo IITO ce 0YeKyBa Off HEro, Bo npakcata? He 3emajku ru
BO NIpPEBUJ E€BEHTyaJTHUTE MEXaHMYKU NPOOJIEMH CO JaicHeTo, NOoOpU ce
IIAHCUTE JieKa MOCTOM HEKO] MPOBOJAEH €IEMEHT BO MarHeTHOTO IOJIE IITO €
IIOJ] BJIMjaHKE Ha XapMOHUCKH (p1yKcoBH. TpH O HEKOIKYTE MOXKHOCTH CE:

1. daykcoBuTe Ha HyJaTaTa KOMIIOHEHTa Ke “m30eraat” oOf jagpoTO Ha
TpaHcgOpMaTop co TpH cTonba, ci. 3.20.

TpeTuor, AEeBETTHOT, METHAECETTUOT UTH. XapMOHMK CE€ JIOMUHAHTHO
HyJTa KoMrnoHeHTa. Criopey Toa, ako BPCKUTE Ha HaMOTKHUTE OfrOBapaar fia
OBO3MOKAT TEK Ha CTPYUTE Ha HyJTaTa KOMIIOHEHTa, OBHE XapMOHUCKH
(pykcoBu MoxaT pa mpefu3BUKaaT AOAATHO 3arpeBame BO PE3EpBOAPUTE,
CTErHTe BO JafIpOTO WTH. IITO HE OM MOKENO Jja ce OTKpHE IpPU TECTOBU CO
ypaMHOTEXEHU TpH (pa3u uinu npu efHodazHuTe TecToBU. OCcyMTe NMPOLEHTH
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Ha JIMHUCKA CTpyja, CIOOMEHATH TMOrope, INpeHecyBaaT Ha HEYTPAIHUOT
IPOBOJIHMK CTPYja CO TPET XapMOHUK Koja € 24% op ¢a3HaTta crpyja. Jobap
nen o pIYKCOT Ce pacejyBa OKOJY jafipoTO U To ondgaka KOTEeNOT U OKOJTHUOT
npoctop. CuMnTomu fieka ce padOTH 3a BaKOB ClIy4aj € [10jaBa Ha 3aropyBambe
Y HaJyByBamk€ Ha 00jaTa Ha Ka3HOT WJIM 3a 3arpeBamETO KOj ce MaHupecTupa
Ha u3BofuTE (YBOTHUTE M30JIATOPU HA TPAHC(OPMATOPOT).

chnykc BO BPCKa CO Ap>KayoT Ha nperpeaHn TOYKM Ha KasHoT
MOXe [la OCUrypyBayoT WiN U30S1aTOPCKUOT YBOA — MPeav3BUKaaT UCTyKaHa UM HaropeHa

60ja
L ad

\YAAYARY/

0 cekBeHTEH hNYKC UAEHTNYEH
BO TpuTe ctonba

Cn.3.20. dayke co HYyJITH peociesi BO TPU CTOJIOEH TpaHcOpMaTOp BIEryBa BO
pe3epBOapoT, BO3AYXOT U IPOCTOPOT 3a MaCJIO.

2. EnHonacounuTe M3MecTyBama BO CTpyjaTa MOXKaT MCTO Taka ja
nonpuHecaT (QIyKCOT ia MoOerHe npeky rpaHunuTe Ha jagporo. Toa Ke craHe
3aCHTEHO 10 U3BECHa MepKa, Ha IpUMEp NpU MO3UTUBHATA IOJyNEepHOAa, 3a
pa3nmka ojf HeraTuBHaTa. I[locTojaT MHOTY €JeKTPOHCKH KOHBEPTOPH KOH
npou3BefyBaaT OpaHOBU OOJUIM HA CTpyjaTa KOM HE C€ CHUMETPUYHH, WIH
nopajy HecakaH clly4yaj Wiau nopagu am3ajHoT. OBa Moxe Ja pe3yiaTupa BO
Majio eIHOHACOYHO W3MECTyBalme¢ Ha CTpaHaTa Ha TpaHCPOPMATOPOT KOH
noTpolryBadyoT. M Mana KonnuuHa Ha €JHOHACOYHO M3MECTYBame € JIOBOJHA
7la Mpen3BUKa NpoOaeMH Kaj MOBEKEeTO eHEPreTCKH TpaHchopMaTopu.

3. Moxe fa TocTojaT HEKOW CTPYKTYpH 3a 3aTerame, (asHuTe
U3BOJY WU HEKOj APYT MPOBOJEH €JIEeMEHT, KOU ce MPeOINCKy 0 MarHeTHOTO
none. Toa Moxke ma Owupe JOBOJHO Mallo MO TOJEMUHA [la HE MOCTOH
3a6enekauB eekT BO BUJ Ha 3aryOm Ha WHAyCTpUCKa (PpeKBEeHIMja, HO MOXKe
lla ce co3dajie TOIUla TOYKa KOora ce MMa W3J0XYBarmhe Ha XapMOHUCKHU
aykcoBu.

3.9.3 Buamjanune Bp3 MoTOpHTE

Mortopute MoxaT fa OujaT MOABPrHaTH Ha 3HAYajHO HaINperame
nopagu M300JMYYyBAaKHETO HA HANOHOT. XapMOHUCKOTO H300JUYyBalke Ha
HAMoOHOT Ha BJIE30BUTE HA MOTOPOT C€ NMPEHECYBA BO XapMOHUCKHU (PJIYKCOBH BO
MOTOPOT. XapMOHUCKHUTE (DIIYKCOBU HE yUECTBYBaaT 3HauajHO BO MOMEHTOT Ha
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MOTOpPOT, HO pOTHpaaT co (PpeKBEHIMja KOja € pa3lMyHa Off CHMHXpOHaTa
¢dpekBeHIja HAa POTOPOT, HUHAYUUPAJKH BHUCOKO(PEKBEHTHU CTPyH BO
poropoT. EdekToT Bp3 MOTOpPOT € UCT CO TO] Ha MHBEp3HAaTa KOMIOHEHTa Ha
CTpyjaTa Ha OCHOBHa (ppeKBEHIU]a: JOJATHUTE (PIIYKCOBU MHAYLHMPAAT AOAATHI
3aryou. Hamanena edgukacHocT, 3aeqHO CO 3arpeBame, BUOpalyja U IIyMOBH,
CUMIITOMH C€ 3a XaPMOHUCKO U300/IMUyBakbEe HA HATIOHOT.

Ha xapMonuckute ¢QpekBeHIUH, MOTOPUTE OOMYHO MOXKaT [a ce
IIpeTCTaBaT NPEKy peakTaHcaTa Ha 3aKOYEH pOTOp, MOBp3aHa BO MpexKara.
KoMnoHeHTuTE Ha XapMOHUCKUOT HAIMOH Off IOHU30K PEfl, 3a KOU BEJINYAHUTE
ce MOBUCOKHM W NPUBUAHATA MMIEAAHCA HA MOTOPOT € IIOHHUCKA, OOMYHO CE U
HajBa*KHUTE 3a MOTOPUTE.

OO6uuyHo Hema mnoTpeba Off JACHOMUHUpalkEe Ha MOTOPUTE aKO
HaNOHCKOTO HW300JIMUyBamke€ OCTaHyBa BO TrpaHunurte, nponuinanu op IEEE
Standard 519-1992, xou ce 5% THD u 3% 3a cekoj NOEUHEYEH XapMOHMUK.
[TpoGneMu co 3arpeBambeTO ce jaByBaaT KoOra M300JMYYBAHETO HAa HANOHOT
nocturayBa 8 ngo 10% um moBucoko. TakBarta paucrop3uja Tpeba fa Owuje
KOpErmpaHa, ako Ce caka Jla ce Ofip>Ki paOOTHHUOT BEK Ha MOTOPOT.

Moropure ce BO nmapajena co UMIIElaHcaTa Ha EHEPreTCKUOT CUCTEM BO
OJTHOC Ha TEKOT Ha XapMOHHUCKaTa CTpyja, Ma TE€HEpaJTHO NpEeAu3BUKyBaaT
HaMaJlyBawk€ Ha MpeXHaTa MHAYKTUBHOCT. [fanu € oBa IITETHO IO CUCTEMOT,
3aBHCH Of] JIOKalldjaTa Ha pEe30HAHNMjaTa HA CHCTEMOT CO BKJIYYyBaWmETO Ha
MOTOPOT. MOTOpPUTE MOXKAT IO MAJIKY Jja y4ECTBYBaaT BO IPUTYLIYBAKHETO HA
HEKOM Of] XapMOHHUCKHATE KOMIIOHEHTH, BO 3aBHCHOCT Off OSHOCOT X /R BO
€KBUBAJIEHTHOTO KOJIO HAa 3aKOYE€HUOT poTop. Bo cucremure co MHOTY MOTOpH
CO MaJIM MOKHOCTH, KOY UMaatT Hu30K X /R OgHOC, OBa MOKE N1a IIOMOTHE Ja ce
ocnabM XapMOHHUCKaTa pe3oHaHIMja. He Moxe jga ce cMmeTa Ha oBa Kora
cTa”yBa 300p 3a roJIEeM:A MOTOPH.

3.10 KapakTepuCTHKH HA peaknujata (OArOBOPOT) HA CHCTEMOT

Bo eHeprerckuTe cHuCTEMHU, ONTOBOPOT Ha EHEPreTCKUOT CHUCTEM €
MOJIeJHAKBO BaXKEH KAKO M U3BOPUTE Ha XapMOHUIM. BeylHOCT, eHepreTckuTe
CUCTEMU C€ [OCTa TOJIEPAaHTHM KOH CTPYUTE€ UHJeKTHUPAHU MPEKY
ONTOBapyBamaTa IMPOW3BEyBauM HAa XapPMOHMIM C€ JIOAeKa IOCTOM HEKOja
HEMOBOJIHA MHTEpaKIfja cO MMIefJaHcaTa Ha cUCTeMOT. MNeHTHu(UKYBakeTO
Ha U3BOPUTE € caMo MOJIOBHHA Off padoTaTa NPy aHAIU3UTE HA XapMOHMIIUTE.
OaroBopoT Ha €HEPreTCKUOT CUCTEM Ha CeKOja XapMOHHCKa (PpeKBEHIHja TO
ofjpedyBa BHCTHMHCKOTO BJIMjaHME HA HEJIWHEAPHOTO ONTOBAapyBamke BP3
U300/IMYyBAKETO HA XapMOHUCKUOT HATIOH.

3.10.1 mnenanca HA CHCTEMOT

Ha mnpnycrpucka ppekBeHyja, €HEPreTCKUTE CUCTEMU NPBEHCTBEHO CE
WHIYKTUBHA ¥ €KBUBAJICHTHATAa UMIEAAaHCa IOHEKOrall ce HapeKyBa
€HOCTaBHO KaKO peakTaHca Ha Kyca Bpcka. KanmanuTwBHWTE BiMjaHHWja IIO
IIPaBWJIO CE€ 3aHEMApPEHMU BO JUCTPUOYTHUBHUTE W MHAYCTPUCKUTE E€HEPrEeTCKU
cucreMu. EfHa 0 HajyecTO KOPUCTEHHTE TOJEMUHM BO aHAJIWU3UTE Ha
XapMOHHUIUTE Ha E€HEPreTCKUOT CHCTEM € HMIIe[JaHcaTa Ha Kyca BpCKa BO
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TOUYKaTa Off MpeKaTa Kaje € JOoUMpaH KOHJAEH3aTOPOT. AKO HE € JUPEKTHO
OflpeIJINBa, MOXE Of] MOAAaTOLUTE 32 MOKHOCTAa Ha Kyca BpCKa WM 3a CTpyjaTa
Ha KycaTa BpCKa, Kako LITO cJIeAyBa:

2
ZSC=RSC+J'XSC=U4= U ... [3.18]
S. B3I,

Kajie Z, € WMIIeJjaHcaTa Ha Kyca BpPCKa, OMHU;
R, € aKkTuBHaA OTHOPHOCT Ha Kyca BpCKa, OMU;
X, € peakTaHca Ha Kyca BpCKa, OMU;

U e NUHHUCKHUOT HamoH (HamoH ¢a3a-dasza), kV;
S, e Tpuda3Ha MOKHOCT Ha Kyca BpcKa, MVA;

SC

I e crpyjaTa Ha Kyca BpcKa, kKA.

SC

Z c (ba?»OpCKa TOJIECMHHA, COCTAaBC€HA O] aKTUBHA OTIOPHOCT U

sc

peakTaHca. AKO NOAATOLUTE 3a KycaTa BpCKa HE cCOApxKaT MH(oOpManuu 3a
¢pazHmoT aron Ha Z _, MOXe CIOOO/IHO fla ce 3eMe JieKa UMIIeJJaHcaTa € YUCTO

s
peakTuBHa. OBa e moceOHO pmoOpa WPETNOCTaBKa 3a WHAYCTPHUCKUTE
SHEepPreTCKN CUCcTeMH (3a cCOOMpHHMIIaTa HajOJIMCKa [0 HalojHAaTa Mpeska) W 3a
noBeKeTo ejekTpocTomaHcku. Kora Toa He e ciydaj, Tpeba fa ce HampaBu
HaIMop MOPEaNUCTUYKH 1 MTOTOYHO Jla Ce Of[pein aKTHUBHATA OTIIOPHOCT OupiejKu
TOa Ke WMa BiHWjaHHE Bp3 pe3ylaTaTUTe, Kora Ke ce 3eMaT MpeaBup
KananuTeTHTe.

WHAyKTUBHUOT e/l Ha HMIeflaHcaTa Z_ ce MeHyBa JIMHEapHO cO

¢pekBennyjaTa. ['penika BO aHAIM3UTE HA XapPMOHUIUTE CE€ MPaBM KOra ce
3a00paBa f1a ce MpecMeTa peakTaHcaTa Ha (PpeKBEHIMjaTa Ha XapMOHUKOT.
PeakrTaHcaTa Ha 4 -THOT XapMOHHUK c€ OfIpeAyBa O peaKTaHcaTa Ha OCHOBHATa
nMnenanca, X, Cllopen:

X, =hX, oo [3.19]

A kako crou paborata co akTuBHUTE oTnopu? Jlanu u THe 3aBHCaT OX
¢pexsenuujata? 3a xain, na! Ho BO MOBEKETO €HEPreTCKH CUCTEMU, FEHEPAIHO
MOXe Jla ce MPETIOCTaBM JiekKa aKTUBHATa OTIOPHOCT HE ce MEHYBa 3HayajHo,
pasriielyBajKku ru e(eKTUTe Off XapMOHUIUTE MOHUCKU Off EBETTHOT. 3a
BOJIOBUTE M KaOJINTE, aKTUBHATA OTIHOPHOCT Bapupa CO KBaIPAaTHUOT KOPEH HA
¢dpekBeHMjaTa, Ha TOBHCOKAa (PpeKBEeHIMja Kora CKUH e(geKTOT cTaHyBa
3HayYaeH BO MPOBOAHUKOT. MCKIy4OK Off MpaBUIIOBO € CIy4ajoT Kaj HEKou
Tpancopmatopu. [lopagu 3aryouTe mopaju BUOPHU CTPYU OJf pACTypHUTE
(parykcoBu, MpUBUIHATA aKTUBHA OTIIOPHOCT Kaj MOTOJIeMUTe TpaHcopMaTopu
MOXe JIa Bapupa CKOpO MPOINOPLIMOHATHO cO (pekBeHujaTa. OBa Moxke fa
“Ma MHOTY io6ap eeKT Bp3 NPUTYIIyBalkeTO Ha PE30HAHIIAjaTa, KaKo IITO Ke
ce Buau mnofony. Bo momanute TpaHchopmatopu, momanu of 100 kVA,
aKTUBHATAa OTHOPHOCT HA HAMOTKHUTE € YeCTO TOJIKYy rojieMa, CiopeiOeHO Co
APYruTE€ WMIIEJaHCH, IITO TH 3aceHyBa €(EKTUTE O] BHOPHUTE CTPYU Of
pactypauTe (IIYKCOBM W MMa Majla MPOMEHA BO IiejaTa NMPUBHAAHA AKTHUBHA
OTIIOPHOCT, ce Aofieka ppekBeHnujata He focturie 500 Hz. Cekako, momanuse
TpaHcopMaTopu MOKaT fa uMmaaT omgHoc X /R op 1,0 mo 2,0 Ha OCHOBHa
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(¢pekBeHIMja, TofleKa Kaj ToJeMuTe TpaHcPOPMaTOPU BO MOTCTAHULIUTE, OBO]
ONTHOC JocTUTHYBa BpeaHocT Mery 20 u 30. Cnopes Toa, ako cOOMpHUIIATa KOja
ce MpoydyBa € JOMHHHMpaHa oOf TpaHc(opMaTOopcKaTa HMMIIElaHCa a HE Off
UMIIe[JaHCcaTa Ha JOBOJHHUOT BOJ, MOJIEJIOT HA CUCTEMCKAaTa UMIIEefjaHca Tpeba fa
ce pasriefyBa INOBHMMATENIHO. 3aHEMapyBalkeTO HA aKTHBHATa OTIIOPHOCT
MOXE Ja [OBefe [0 NpeiBuAyBamba 3a IPErojeMo XapMOHUCKOTO
N300/IM9yBabE.

Bo uHaycTprUCKUTE €HEPreTCKU CUCTEMHU, EKBUBAJICHTHATA PEAaKTaHCa HA
CUCTEMOT 4YecTO € [IOMHUHUpaHa Off WMIIeJJaHcaTa Ha  HAIOJHUOT
Tpancopmarop. HoOpa ampokcumanmja 3a X, MOXe fga ce Oa3upa Ha

uMIIefjaHcaTa Ha TpaHcopMaTopoT X, , aKo:

Xse ® Xy ...[3.20]

Mako oBa paBeHCTBO HE € coceMa TOYHO, Celak OIIITO BaXu JeKa
uMIieflaicaTta Ha TpaHcgopmaTtopoT € 0apeM 90% oj BKynHaTa UMIIEflaHCca, a
00uyHO e 1 moBeke. OBa OOMYHO € MOBOJIHO Jla ce MpecMeTa Jlalu Ke uMa Wiu
HEe 3HavyaeH npoOjeM CcO XapMOHHUCKa pe3oHaHIuja. MmmnegaHcaTta Ha
TpaHcOpMaTOPOT BO OMHU MOKE Jla ce OIpeJiesu Off MPOlLleHTHATa UMIIelaHca
Ha Kyca BpcKa, u, , KOja ce Haof'a Ha HaTNHCHATa IJI0YKa Ha TpaHCc(opMaToOpoT
npeKky paBeHkata: (U, € HOMHHAJHHOT JIMHUCKYU HANOH, a S, € HOMHMHAaJIHaTa
IPUBUHA MOKHOCT):

U?  u,[%]

L= x = .. [ 3.21]

S, 100

OBa co3pmaBa mpeTHoOcTaBKa [eKa HMIEflaHcaTa € JAOMHMHAHTHO
peaktuBHa. Ha mnpumep, 3a tpanchopmarop op 1500 kVA, u,= 6%,

€KBMBAJICHTHATa UMIIelaHCca Ha cTpaHaTa of 480 BoTH" €:

2 0 2
C_Us w6 (O80T 06 = 0.00920] . [3.22]
S 100 1,5

3aBucHOCTA Ha UMIleflaHcaTa of] (ppeKBeHIjaTa 3a UHIYKTUBEH CUCTEM
Ke m3riiena Kako Ha ciamka 3.21.

PeanuuTe eHepreTckum CHCTEMH HE CE€ OJHECYyBaaT TaKa €JHOCTABHO.
BakoB noegHOCTaBEeH MOJIEN ja 3aHEMapyBa KalalMTUBHOCTA, IITO HE CMEE Ja
CE HAIIPABU BO aHAJM3UTE HA XapMOHULIATE.

MmneHpaHca (Q)
0.1 1

Ix

0.08
0.08
0.04 4

0.02

0 300 600 900 1200 1800
®dpekBeHymja (Hz)

* mpuMep 3eMeH OJI aMepHKAHCKA JINTepaTypa
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Cn.3.21 3aBucHOCT Ha UMIlelaHcaTa Of (PpPEeKBEHIUjaTa 3a UHAYKTUBEH CUCTEM
3.10.2 Umnepanca Ha KOHAEH3aTOP

Konpgensaropure (Kom ce moBp3yBaatr mapajieiHo, Mefy ¢asza u 3emja),
ynoTpebeHn OUio Kaj MOTPOIIyBavYnTE 32 KOpEKIKja Ha (paKTOPOT HA MOKHOCT,
OMJIO BO CaMMOT €JIEKTPOCTONAHCKU JUCTPUOYTUBEH CUCTEM, ApaMaTHYHO ja
MEHyBaaT 3aBHCHOCTa Ha WMIIeJJaHCaTa Ha CHCTEMOT Of (peKBeHIHjaTa.
Konpienszatopute He co3faBaaT XapMOHUIM, HO W3BECHO XapMOHHUCKO
n300MYyBakhe Cemak MOXaT fa My Ce MNPUNHIIe Ha HUBHOTO MPHUCYCTBO.
logeka peakTaHcaTa Ha WMHAYKTUBHUTE KOMIIOHEHTH C€ 3ToJieMyBa
IPONMOPIMOHAIHO €O (ppeKBeHIMjaTa, KanaquTUBHATa peakTaHca, X ,, 3aBUCH

00paTHO MPOMOPIUOHATHO CO f:
x.- L

27C
kage C e kamamurTeToT, BO papagu. OBaa rojiieMuHa PETKO € MO3HaTa Kaj
EHEePreTCKUTe KOHJEH3aTOpu. 3a HUB OOMYHO € MOo3HaTa KamaluTHBHATA
MOKHOCT BO kVAr mnu MV Ar npu gajeH HanoH. EXBUBaJleHTHAaTa KanaluTUBHA
peakTaHca mo ¢paza Ha OCHOBHaA (ppeKkBeHIMja 3a KOHJEeH3aTopcka OaTepuja,
MOZKE J1a ce OIpeenn Of;

.. [3.23]

U2
TS

c

X (U,B0kV, S BOMVA, u X vo Q) ... [3.24]

3a TpudasHu O0aTepuu, ce 3aMEHYBA JIMHUCKUOT HAIllOH M TpudasHaTa
peakTuBHa MOKHOCT. 3a Tpudasna, 1200-kVAr, 13,8-kV-Ha KOHJeH3aTOpCKa
OaTepuja, peaKkTaHcaTa HAa AUPEKTHATAa KOMIIOHEHTA BO OMHM Ke Oupie:

2 2
X, = z _1B8 =158,7[Q] .. [3.25]
Bexou:

HpeCMeTKa Ha UIMIICJAHCUTC HA €JICMCHTUTC HA
EJIeKTPOEHepI‘ETCKI/IOT CUCTEM

IIpecmeTkaTa Ha UMIIEJAHCUTE HA EHEPreTCKUOT CUCTEM € NOTpeOHa co
LeJl Jla ce MpOoydyyBa OJHECYBAKETO HA EJIEKTPOEHEPTreTCKUOT CUCTEM IpHU
HOpPMaJIeH MOTOH WJIM BO Cy4aj Ha rpeliku (Kycu Bpcku). HajsaxHu eneMeHnTn
Ha €[leH eJIeKTPOEHEPreTCKU CUCTEM ce TeHepaTOpHuTe, TpaHc(hOpMaTOpUTE,
BOJIOBUTE, KabauTe, MoTopuTe. MIcTo Taka u Apyru NOTpOIIyBauu. 3a MpeXuTe
O] TIOBHCOKa KJjlaca Ha HAaMOH HajBaKHH C€ peaKTaHCUTe (MHAYKTUBHUTE
otnopu). Tue mecHo MoXke fa ce Jo0ujaT OJHOCHO MpecMeTaaT Bp3 OCHOBA Ha
KaTaJoOMIKUTe mnofaTonu (T. HAp. MOAATONM Off “HATNHCHATA IUIOYKa”) Ha
ypeauTe - JIEMEHTUTE.

@u3nykn BeJHYHMHH. 3a ONHWC Ha CTallMOHApHATa COCTOj0a Ha CHCTEMOT
NOoTpeOHM ce 4YeTupu BeauunHu U Toa: Ke rm Oesiexxume CO HUBHUTE
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BOOOMYAEHM O3HAKM, TOJEMHU JATMHCKM OyKBM M Toa, HamoH U, cryja [
uMrieianca Z W MOKHOCT S wmm efuamiy ce ammep (A), ot (V), om(Q) , Bat
(W). Cure THe ce TMOBp3aHHM TPEKy 3aKOHUTE HA EJIEKTPOTEXHMKATa, OMOB
3aKOH, paBE€HKAaTa 3a MOKHOCT M CJI.

ITop usnuka BeauyuHaA Ha €[IEH €IEMEHT pa30upame €lHO MEPIUBO CBOJCTBO
Ha TOJ €JIEMEHT, MPOILIEC UIU COCTOj0a, CO KOE MOXKE fla c€ BpIIAT ONEepaluuTe
coOupame, oJ3eMame, 1 Taka BaxKu:

BEJIMUMHA = OpPOjHA BPEAHOCT X EUHULIA.

duznukuTe BEIUYNHU M u3pa3dyBaMme Bo Sl cucreMoT Ha efuHULM. [103BOJIEHH
ce npeduUKCUTEe MAINA, MUKPO, MEra, Tepa.

PenaruBau BemmuuHu (per unit, p.u.). Kaj pesaTuBHuTE BENIUYNHN €UHMUIIATA
3a Mepeme 1o AedUHUIIN]a € efieH, OufIejKu Tue ce fiepuHupaaT Kako OTHOC:

BCJIIMYHHA

pe1aTuBHA BEJINUYNHA =
0Oa3rcHa BeJIUMYrnHAa

Bunejku yeTupuTe BeIMYMHU KOW HU ce HYKHU (HAIlOH, CTpYyja, UMIIeJlaHCca U
MOKHOCT) MefyceOHO ce MOBp3aH! CO 3aKOHW, 3a J1a C€ BOCIOCTAaBU CHCTEM O]
peNaTUBHU BEJIMYMHM, MOTPEOHN HU ce camo fiBe Oa3ucHu BeanuuHu. OOUYHO
Kako 0a3MCHM BEJIMYMHU ce Oi0MpaaT HAalOHOT U MOKHOcTa. Taka ce mjoOuBaat
NpOoYyeHuoT “per unit” (1.y.) CHCTEM OMMJIEH BO aHTJINCKOTO TOBOPHO NofApadyje,
a ce MpUMeHyBa U Kaj Hac.

Hexka ru Oenexmme OBHE BEIMYMHU CO Maja OykBa W anoctpod mpeq
oykBara. Curte mmnepaHcu Tpeba jga OMjaT MpecMEeTaHW Ha MCTO HAIOHCKO
HUBO. [Ipym OBOj crcTeM HEKOW BEJIMYMHU Ce YCBOjyBaaT 3a 6a3ucHU (OOMYHO
U, m S,), 1 cCO HUBHa NOMOIII ce W3paszyBaar japyrure. Ho um 3a pgpyrure

BEJIMYMHU MOXKE Jla ce IpecMeTa COOABeTHa Oa3Ha BENIMYMHA, BP3 OCHOBAa Ha
ycBoeHuTe. buaejku BennuuHuTe Mefy cebe ce MOBpP3aHM CO 3aKOHHUTE Ha
eJIEKTPOTEeXHUKAaTa, 1 Mef'y O6a3HUTE BEJIMYMHU K€ BasKaT aHAJIOIHU Pelalluu:

Sp = \/gUBIB (1); Uy = \/EIBZB
2)

AKo 3a 6a3uCHM BeJIMYMHU ce ycBojaT U, u S, 3a cUTe APYrU U3pa3eHH MPEKyY
HUB Ke OUjar:

Axo ce uckopucrat (1) u (2) 3a umnegaHcata BO € JUHUYHU TOJIEMHUHU Ke ce
goomue:

Z sy S,
ZB UB UB

'

(7)
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HOlepeJIaTl/IBHI/I BCJINYUHMH. OBOj CUCTCM € NTO3HAT YIITC U IIOJ] O3HAKaTa

[

U € OMWIEH BO TepMaHCKaTa mpakTuka. [Ipm oBOj cucteM ce ycBojyBa camo
efiHa 0a3Ha BelIM4YMHA U Toa HanoHoT U, . OBOj cUCTEM € MHOT'Y €IHOCTaBEH U

3rofieH 3a mpuMeHa. TaGenarta 1 pgaBa mpersen Ha fAeUHUIMUTE Ha JBaTa
MOrope ClIOMHATH CUCTEMH.

Tabena 1: nepuHUIIM]a HA CHCTEMUTE 32 PECMETKA HA BEIMYUHUTE

PU3NYKY eMUHALI
OM cucreM
Hewma 6a3ucHa BemunHa

p.u cucreM
(penaTUBHY SUHWUIIN )
nBe OA3MCHU BEJTMYNHH,

Uy, S,

%

CUCTEM

MOJypEJJaTUBHU €INHUIHA
cIHa 0a3rcHaA BeJIMYNHA

U
Hanon U " _ U u :LIOO (%)
U, U
Crpyja 1 o1 Ys P=1U, (MVA)
Sy
Nmnepanca Z NRAY: z ( % j
z= =77
U; U; MVA
Moxknroct S ' S Sx100 %
§=— §=0X%
S, MVA

IIpeTBOpamETO Of €/IEH BO IPYT CUCTEM € JIaJIcHO BO TabeaTa 2:

TaGena 2: IIpeTBopame 0 OM - CUCTEM BO

0

CUCTEM U 06paTHO

% %
On BO OM - CHCTEM Op oM - cucTeM BO
MVA MVA
1
U (kV)=u (% U, (kV %)=U ———— 100
(kV)=u ( )100 s (kV) u (%) U W)
I (kA)=i (MV A); i (MVA)=1 (kA)U, (kV)
U, (kv)
% \ (U, kV)) ( % j_ 100
Z|\Q)= 5 A |=7(Q)———
@) Z(MVA] 100 MVA ( )(UB(kV)Y
S(MVA)=S( % ji s( Vo ]:S(MVA)IOO
MVA)100 MVA

HpeCMeTKI/ITe Ha UMIICTAHCUTE OJHOCHO Ha PEAKTAHCUTE Ha ypeauTe CC BPIIU
CO MOMOIII Ha KaTaJOIIKHUTEC IMOJaTOI (IIOI_IaTOI_II/I O]l HaTIIKMCHATa IUIO‘IKa) nimn

reOMETPUCKUTE NTUMCH3UU.

mac
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TabGenara 3 paBa nperyeq] Ha MIPECMETKUTE HA UMIIEJAHCUTE HA YPEAUTE BO OM

%
0
CHCTEMOT, a TabejiaTa 4 - BO CHCTEMOT .
MVA

TaGena 3: [IpecMeTKa Ha UMIIEIAHCUTE HA €IEMEHTHUTE Off CUCTEMOT BO ()

Enement/anapar HNMnepanca 3a pupeKkTeH 3abenemka
CUCTEM
. 3 .
CZIHXP(;Ha 7 (%) UZ, X, cyOTpaH3WMEeHTHA
MaIlH =
¢ 100 S peakTaHca BO %;

(reneparop, nG S )
MoTO) . HOMIHAJIHA MOKHOCT

G-

R, =0,05X,;S,, >100MVA
R, =0,07X,;S,, <100MVA

Tpanchopmarop

HLQ

ukT(%)U_jT

" 100 S,
=ukr(% i12T

100S,,,

X, =Z; R}

T

T

U, HOMHHAJHUOT HAaIlOH Ha
TpancopmaTopoT, Ha NN
crpaHa uiav Ha VN cTpaHa

S, HOMHIHaJHaTa

MOKHOCT Ha
TpaHcOpPMaTOpPOT

u, (%) HaIlOH Ha Kyca BpcKa Ha
TpaHcopMaToppoT BO %

3a BUCOKOHAIIOHCKH
TpaHcopMaTOpH BaXu

X, ~Z,

ACHHXPOH MOTOp

OFE

InM UnZM
y =
Ia SnM

R, =01X, ako P, 21IMW

R, =0,15X,,,ako

S',), HOMHHAJIHA IPUBUHA

MOKHOCT

S ., =—2—: I crpyjana
17cosp

nymTambe Ha MOTOPOT

P, <M .
nM W 1 ,,, HOMHUHAJIHA CTpYja Ha
MOTOPOT.
P, HOMHHATHAa MOKHOCT Kaj
BHCOKOHANIOHCKH MOTOPH.
R, =042X,, Huckonanoncku motopu,
3ae[{HO CO MPUKJIYYHNOT Kabes
0 2
PeakTop 3a ~ ”r( /0) U2, S, TPOOJIHA IPUBU/HA
OTpaHNYyBame Ha D= o .
cTpyjaTa 100 S, MOKHOCT S, ;) = \/gUnDlnD
/B m 1,,, HOMUHaIHa cTpYja
U ,, HOMUHaJIEH HAallOH
U, HOMUH. T1aJ] HAa HAIOH, %
Wmvnepanca na LU, S} TOYETHAa MOKHOCT Ha Kyca
HaIojyBame BO 0=
S BpCKa BO MECTOTO Ha
Mpexkarta %)
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iy +Q X,=0995Z, NpUKIbYdyBambe O
’ U, HOMUH. HATIOH Ha
MpexarTa
RQ =0,1X 0 AKO HeMa ITIOTOYHM OJaTOLN

IIpenocen
HaJI3eMEH BOJ WA
Kaben

X,,R, ce cnenudpuunn
OTIIOPH O €JMHNLA JOJKUHA

ITapanenno
MPUKIIYYEH
PEaKkTop Uin
KOHJIEH3aTOp

L1

U; U;
XD =" ; XC ="
SnD SnC

S, p»S,c c€ HOMIUHATHUTE
MOKHOCTH
U, e HOMMHATHUOT HAIlOH

TaGesna 4: [IpecMeTKa Ha UMIEJAHCUTE HA eJIeMEeHTUuTe Off cucTeMoT Bo %/ MVA

Enement/anapar

MMmnenanca 3a TUPEKTEH
CHCTEM

3abeemnika

CuHXpOHa MallInHa
(rerepatop, MOTOD)

-

X

_ d
Xg ——S
nG

r, =0,05x.;S, . >100MVA
rg =0,07x,;8,. <100MVA

X, cyOTpaH3UEeHTHA peaKTaHca
BO %;
S, HOMHHAJIHAa MOKHOCT

Tpanchopmarop

HLO

_ Uy

nT

U ,; HOMHHAJTHUOT HAIlOH Ha
TpaHncopmaTopoT, Ha NN
cTpaHa wi Ha VN cTpaHa

S, HOMHHAJHaTa

MOKHOCT Ha TpaHcOpMaTOpOT
u, (%) HaIlOH Ha Kyca BpCKa Ha
TpaHchOpMaTOppoT BO %

3a BICOKOHANOHCKHU
TpaHchOPMATOPH BaxKu

X, =Z,

ACHHXPOH MOTOP

OFE

1, 100%

X, =
" I SnM

a

S, HOMUHAJIHA MOKHOCT

P
_ nM ., .
v =——: I, cTpyja Ha
ncose
MyIITakbe HAa MOTOPOT
[ ,,, HOMHHAJHA CTpyja Ha

Sn

MOTOpOT.

r, =0,lx,, ako
P, 1MW

nMp
ry, =0,15x,, ,ako
P, <IMWwW

P ,, HOMHMHaIHA MOKHOCT Kaj
BHCOKOHANIOHCKU MOTOPOM.

ry =0,42x,,

Huckonamnoncku MOTOpPHU,

mac
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3da€JJHO CO IPUKJIYIHUOT Kaben

Peakrop 3a u, S, IpOOJIHA IIPUBU/IHA
X =

OrpaHWYyBam-€ Ha pTg ]

(yrr)yjleql nD BJ()I(Ii()CT‘:;nl) =/ 3l;fnl)‘rnD

/- } m 1,,, HoMHuHaIHAa cTpYja

U,, HOMHUHaJICH HAallOH

U, HOMUH. T1aJ] Ha HaloH, %

o " ,
Vmnenanca na _110% S} TOYETHAa MOKHOCT Ha Kyca
HalojyBambe BO Z0 = S
%0 BpCKa BO MECTOTO Ha
Mpexara
Q x, = 0,995z, IPUKIbY4yBatbe ()
03050200,
s fh U,, HOMWH. HAallOH Ha MpeXkara
ry =0,lx, AKO HEMa TIOTOYHY MOJATOII
[IpeHocen Ha3eMeH X, 0100% X,,R, ce cnenudununu otnopu
X, =————;
BOJ MiTH KaGert L U2 ’ IO ENVHUIA JOJKIHA
——-———]%L-m n
- U, e HOMIHAJTHHOT HAIOH Ha
R, 100% "
r, = 5 KO] ce Haora BOJOT
Un
[MapanenaHo _100%  100% S.psS,c cec HOMUHATHATE
NPUKJTy4YeH peakTop | ¥p = g Xe = S p
D nC MOKHOCTH

HJIA KOHACH3aTOp

L1

Un € HOMHMHAJTHUOT HAIlOH

Hanomena: Ao He ce pacrojiara co TOYHHU MOAATOLM Off HaTHHCHATa IUIOYKa
Ha amapaTtoT - YpeAoT, BO NpHUPAYHMIM M KaTajJo3W MOXKE fla ce HajaaT
BOOOMYAEHN BPENHOCTU 3a HAMOHOT Ha Kyca BpCKa W JIPYyrd MOAATOLHU 3a
TpaHcopMaTOpUTe, KaKO W TOAOJKHUA OTIOPU M PEaKTaHCH IO eJuHUIa
MOJKMHA 32 MPEHOCHUTE BOJOBU M KabOenuTe, 3aBHCHO Off HUBHHOT THUN U
KOHCTPYKIIHja.

IIpnMepu HA IpecMeTKA BO OM - CHCTEMOT

3a moyeToK ke pAajieMe NpUMEepH Ha IpecMeTKa BO OM - CHUCTEMOT KakKo
nopa30OupPIINBYU 3a CTYIEHTUTE.

1. HJapena e cunxpona mammHa co S,.=50 MVA; U, =10,5 kV; cos¢.=0,8;
x,=14,5%
"o, \ 712
Pewenue: XG:%%=(14,5/100)/(10,52/50)=0,32 O
nG

R,=0,07X,=0,0224 Q.

2. ageH e pgBoHaMoTeH TpaHchopmaTtop: S,,=50MVA; %zllOkV/lO,SkV;

2
u,=10%; u,,
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=0,5% nnu MoKHOCTa Ha 3aryoute Bo 6akapotr P, =249 kW
0 2
%g—‘:(10%/100)(1102/50):24,2 Q (mpecmerano Ha 110 kV

nT
HAIMOHCKA CTpaHa)

0 2
R, =%g—‘: (0,5%/100)(110%/50)=1,21 Q cBeaeno nHa 110 kV HamoHcka

nT
cTpana
X, =+Z; R} =24,17 Q cBegeno Ha 110 kV HanmoHcKa cTpaHa.

Pewenue: 7, =

3. HMHGI{&HC& Ha nmoropHaTa Mpe€>ka BO TOYKaTa Ha IMIPUKJIIYyIyYBalbC.
S,,=2000 MVA; U,, =110 kV
LU,
Pewenue: 7, = Y =1,1(110%/(100x2000)=0,06655 Q.
¢ 1008

kQ
X,=0,9957,=0,06622 Q; R,=0,1Z,=0,0066 O

4. KaGen 3a Hau3meHn4Ha crpyja Tin N2XSY 18/30 kV 1x500 RM/35
R,=0,0366 Q/km; X,=0,112Q/km; /=10 km; U, =30kV.

Pewenue: R, = R, /=0,0366Q /kmx 10 km = 0,366CQ.
X, =X, £=0,112 Q/kmx10km=1,12 Q.

5. PeakTop 3a orpaHnvyBame Ha CTpyjaTa Ha Kyca BpcKa
u,,=5%; 1,,=500 A; U, =10kV.

unD (%) UjD
1 00 \/glnD UnD

etwenue: X , = =(5x 3 x Vx0,5 kA)=0, .
P . (5x10%)/(100+/3 x10 kVx0,5 kA)=0,577 Q

Jla mpecMeTame HEKOJIKY UMIIEJaHCM U BO cUCTEMOT %/MVA 3a ucrtute
clyJau:

6. TpancgopmaTop, HCTHOT cay4daj Kako norope Bo %/ MVA

o 0 0 0
Pewenue: z, =% = 10% =0,2 h 7 :ﬁ:M:O,Ol h
Zn  SOMVA  MVA S . S0MVA MyA
%
X; =+zp — 17 =0,1997 —
T T T MVA

7.Mpexa BO npuKIIlydyHaTa To4Ka (J, ICTHOT Clly4aj Kako norope Bo %/ MVA
_ 0% _ 110% oo %
¢ s 2000MVA  MVA’

0 0,
xp = 09952, = 095472 1 =01z, = 0,055
M4 M4

Pewenue:
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8.Ka6emn (uctmor ciydaj Kako morope) Bo %/ MVA

0
Pewenue: r, =(R'(100%)/U> = 0,0366£10km100% /(30kV )’ = 0,041 %,
km MVA
, ) 9) 2 %
x, = (X'100%)/(U2) =] 0.112="-10km100% |/(30kV }* = 0,124——.
fem MVA

9.PeakTop, city4yaj UICTO Kako 1norope, Bo %/ MVA:
u,, (%) 5% %
ToMvA

Pewenue : x, = = =
Y3U 1, \310kV0,5k4

3.10.3 ITapaneana pe3oHaHIMja

Cure Kona KoM cOApKaT ¥ KalalUTUBHOCT U MHAYKTUBHOCT, IMaaT €jHa
wim 1moBeke mpuponHm (comcTtBenm) ¢pekBennun. Kora emgHa of Twme
¢pekBeHuu ce coBmafa co (PpekBeHIMjaTa KOja ja HAJIOXyBa €HEPreTCKUOT
CHUCTEM, MOXKE fa M0jAe [0 MOojaBa HAa PE30HaHIWja, NMPHU KOja HANOHUTE WU
CTpyUTE Ha Taa (ppekBeHIUja MPOAOJIKYBaaT fla MOCTOjaT CO MHOTY BUCOKH
BpenHOCTU. Toa € 00jacCHYyBakbeTO Ha MOBEKETO MPOOJIIEMU CO XaPMOHUCKOTO
U300/IMIyBakh-€ BO EHEPTeTCKUTE CUCTEMH.

Ha xapmonuckute QpekBeHIMH, TOCMAaTPaHO Off TNepCreKThBa Ha
XapMOHHUCKHTE MU3BOPH, MAapaleHO MOCTaBEeHUTE KOHIEH3aTOPHU Ce MojaByBaaT
BO Tapaliesia cO EKBHMBAJEHTHaTa WMIIE[JaHCa Ha CHUCTEMOT, Kako IITO €
nokaxasno Ha Cnuka 3.22.

Ha (pekBeHnun pa3auyHud Off OCHOBHAaTa, TI'€HEpAaTOpUTE Ha
EHEepPreTCKNOT CHUCTEeM IMpeTcTaByBaaT Kyca Bpcka. Tue ce u3BOp camMo 3a
ocHOBHaTa (ppekBeHyja. Ha ppekBennuuTe Kage X, 1 BKynHaTa peakTaHca Ha

cucreMor X CE€ CJJHAaKBH, IpHUBHIHATA HUMIICJAaHCA Ha IapaljcjHaTa

m

KoOMOMHanuja Z, oj MHAYKTHBUTETOT M KallAlUTETOT, CTAaHyBa MHOTY TOJIEMa.

OsBa pesynTupa BO TUNWYHU YCIOBH HA MapayielHa pe3oHaHia. EdekTor Ha
MEHYBaETO Ha roJIeMUHATa Ha KOHJIEH3aTOPOT BP3 UMIIEflaHCcaTa, TJIeJaHo Off
U3BOPOT HA XapMOHUIIM, MO3KE Jla C€ BU/IM HA WCTaTa CIMKa, Off Kajie ce Iyiefia u
ciopenbaTta co cay4yajoT Kora Hema KOHjeH3aTop. JacHO e Jieka ako efeH Off
MakCIMyMHUTE ce coBmara co pekBeHIWjaTa Ha XapMOHHCKaTra CTpyja
mpom3BefieHa Of] MOTPOIIYBAYOT, K& MMa MHOTY TOTOJIeM HANOHCKHU Maj BO
eKBUBAJCHTHATA UMIIEIaHca Z, , OTKOJKY 6e3 KOHJeH3aTOpH.
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(a)Cwnctem co noTeHumjan 3a npobnemu (6)EkBMBaNEHTHO KOO
CO MapanersnHa pe3oHaHumja

i

: X usBop Xc x'l'
X ) X naBop

T
XapmoHuyeH
X T U3BOp
10%
m 4
kvar, SJ/S:
| cap ) ¢/ Ptx
Zy 5| VA
be3 KoHgeH3aTo
20 | A Y
10 1
0 + — -

1 5 9 13 17 21
XapmoHunyeH 6poj, h
®peKBEeHTEH 0roBOP Ha CUCTEMOT CO NPOMEeHa Ha KanauuTeToT n3paseH penaTMBHO BO OAHOC Ha
TpaHcopmaTopoT Z1=1.0
SC .
[MapameTap 3a pa3HWTe KpuMBKM € OAHOCOT — . Zh e mapajielHa KOMOUHAaIMja Ha Xc U BKYITHUOT

Ix

(X, +X.,)

MHAYKTUBHUTET HA HANlOjHAaTa MpeKa Ha fjafieHa (ppeKBeHIuja h: 7 n= X . ivor

Cn.3.22 Bnujanuje Ha BeIMUMHATA HA KOHAEH3aTOPOT BP3 NapajieHaTa pe30HaHTHA
¢pexkBeHnmja

Pe3onanTHaTa ppekBeHIMja 3a MHAYKTUBHO-KAMAIMTABHA KOMOWHAIIA]a MOXKeE
lla ce mpecMeTa cO TMoBeKe (POPMYINH, BO 3aBUCHOCT Of] PACIOJIOXIMBUTE
nopaTtony. OCHOBHATa paBeHKa 3a pe30HaHTHATa (PpEKBEHIIN]a €:

i __ L
" andLC oo [ 3. 26]

AHanuTnyapuTe Ha EHEePreTCKMOT CHCTeM OOMYHO TH HemaaT
nofaTtouuTe 3a BpegHocTuTe Ha L m C, ma mpedepupaaT APYTH HU3pa3i.
NmeHo, Twe rO mpecMeTyBaaT PE30HAHTHHOT XapMOHUK, /., Oa3upaH Ha

MMIIEIaHCUTE HAa OCHOBHATA (PpEKBEHIIM]a, KOPUCTE]KH CE CO:

po= |[Xe o [Se o | Sux100 . [3.27]
X S Scxuk(%)

sc c

Kane: hr = PC30HAHTCH XapMOHHUK;
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X. = peakTaHca Ha KOHJEH3aTOPOT, OMU;

X, = peakTaHca Ha Kyca BPCKa Ha CUCTEMOT, OMH;

S, = MOKHOCT Ha Kyca BpcKa Ha cucTeMoT, MVA;

S. = HOMMHAJIHa MOKHOCT Ha KOHJieH3aTopcKkaTa 6aTepuja, MVATr;
Stx

u,(%) = mMIeaHca Ha Kyca BpCKa IOHIDKYBAaYKHOT TPAaHC(OPMATOP

= MOKHOCT Ha NOHIZKYBAaUYKHOT (step-down) Tpancopmartop, kVA;

n3pa3cHa BO NPOLCHTH;

Ha npumep, 3a wuHAycTpucka coOMpHHMIIA Kaje UMIEJaHcaTa Ha
TpaHCc(OPMATOPOT € TOMUHAHTHA, PE30HAHTHUOT XapMOHHUK 3a 1500-kVA, 6 %
-eH TpaHcgopmaTop u 500-kVAr KoHfeH3aTopcka 6aTepuja e:

=17,07 ... [3.28]

Q

5,100 _\/1500><100
"\ S u, (%) 500 6

3.10.4 EdexToT Ha aKTUBHATA OTIOPHOCT M AKTHBHHOT TOBAP

®akTOT WITO pe30HaHTHAaTa (PPEKBEHIH]A CE€ COBMAlra CO JOMUHAHTHUOT
XapMOHUK Ha XapMOHMCKHOT W3BOp, HE CEKOoraml € IpHYMHA 3a ajapM.
[IpurymyBaweTo IITO IO cO3[jaBa aKTUBHATa OTHOPHOCT BO CUCTEMOT € YeCTO
JIOBOJIHO fla chpeun KartacTpodanuu Hanonu u crpyu. Cnmkarta 3.23 ru
MOKa)KyBa KapaKTEpPUCTUKUTE Ha HMIIE[JaHCaTa Ha MapalieIHO PE30HAHTHO
KOJI0, 32 pPa3JIMYHU TOJIEMUHHU Ha aKTUBEH TOBap, BO Mapa’sesia co KanauTeToT.
Camo 10% akTHBHa OTIIOPHOCT MOXKE Jla MMa KOPUCHO BJIMjaHHWE Bp3 BpBHATa
uMIeanca. AKO craHyBa 300p 3a 3HauuTENHA AOJDKMHA Ha JIMHUUTE WU
Kabmute mnoMely KOHJEH3aTOpCKaTa COOMpPHHMIIA W HAjOJMCKUOT HANOEH
TpaHcopmaTop, pe3oHaHcaTa Ke Ouje mnpupyuieHa. Boposure m kabaurte
MOXaT [a I@peTcraByBaaT 3HA4YacH YAE]l Ha AaKTHUBHA OTIOPHOCT BO
€KBUBAJIEHTHOTO K0J10. OTIOPUTE HA BOJOBUTE W MOTPOILIYBAUUTE CE€ IPUUUHA
IITO PETKO ce CilydyBaaT KaTacTpodalHHM IMOCIEefULH Off PE30HaHLMja BpP3
KOHJIEH3aTOpPUTE BO AUCTPUOYTUBHUOT cucTeM. Toa He 3HauM ieKa HeMa fia ce
[0jaBaT pPE30HAHIMKM, HO ONIITO 3€MEHO HeMa Ja HacTaHe OIITETyBame Ha
KOMIIOHEHTHUTE Ha €JI€KTPOEHEPIeTCKUOT CUCTEM.

0 % oTnopeH ToBap

20%

Cnuka 3.23. EdexT Ha OTIIOpEeH TOBap Bp3 NMapaseiiHaTa pe3oHaHca
HajnpoGiemaTnyHuTe pE30HAHTHM YCIOBM C€ IOjaByBaaT Kora

KOHJIEH3aTOPUTE CE€ WHCTAJMpPaHW Ha COOMPHULUTE BO JUCTPUOYTHBHATA
TpacpocTaHna WK BO MHAYCTPUCKUTE pa3BONHM MOCTPOJKU. Bo oBue ciyyan,
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Kora TpaHc(pOpMaTOpPOT JOMUHUpPA CO UMIIEaHCAaTa HA CUCTEMOT U MMa BUCOK
X /R ofiHOC, peJlaTMBHATa aKTHBHA OTIIOPHOCT € Majia ¥ COOIBETHHOT BPB Ha
UMIle[laHcaTa Ha MapajiejlHaTa HMMIIeflaHca € MHOTy ocTtap W Bucok. OBa e
3aeHMYKA MPUYMHA 32 fAe(eKTU Ha KOHJEH3aTOp, Ha TpaHcopMaToOp WK Ha
OCTaHaTaTa oOmpemMa Ha onrtoBapyBameTo. Kora ce mocraByBaar
KOHJICH3aTOPUTE BO MHAYCTPUCKUTE TIOTOHM U BO JUCTPUOYTUBHUTE
TpadocTaHMIM, cekoram Tpeba J[a MNPeTXOAW aHalu3a 3a OIacHOCTa Off
pe30HaHIy]a.

Crnopep kaxkyBamwaTa Ha WHXKEHEpPUTE Off IpakcaTta, Kaj okoay 20% of
UHJIYCTPUCKUTE MHCTAJAlMM, 32 KOM HE Ce HANpaBEHU MPETXOJHU CTYAHUH, CE
jaByBaaT NpeKkuMHU U JedeKTH Kako Mociefulia Ha pe3oHaHca. BeymHocr,
of0MpajKu ja ToJeMHUHATa Ha KOHJEH3aTOpOT, CO KOj ce caka fla ce Koperupa
(phakTOpOT HA MOKHOCT, CO KOpHUCTEWHE€ Off crneyudukanmjata Ha
MPOU3BOJIUTEIOT Ha KOHJIEH3aTOPHU U IMpaBejKU T'M MPEeCcMEeTKUTE Bp3 Oas3a Ha
CpeflHaTa MeceuyHa CMETKa 3a peakTHBHA €Hepruja, ce O BO TEHCHIM]jA ILITO
pe3yJiTHpa BO KOMOMHalLMja IITO I'O ja JOBEAyBa pe30HaHIMjaTa Ha CUCTEMOT
BO OJIM3MHA HA METTHOT XapMOHMK. OBa € €fleH Of] HAJJIOLINTE XapMOHMIM Ha
KOj OM ce morojuiia pe3oHaHIujaTa, OWejKu TOj € MOCTOjaHO HajrojieMara
KOMIIOHEHTA BO TPU(pa3HUTE CUCTEMH.

Ilorpemna e mnoMuciaata [eKa AaKTHBHUTE OINTOBapyBawka TIH
OpUTryllyBaaT  XapMOHMIUTE OTH, BO OTCYCTBO Ha  pe30HaHIW]a,
ONTOBapyBamaTa Of] CEKAaKOB BUJI K€ MMaaT MaJj yjell BO XapMOHUCKUTE CTPYH
U PEe3yJTaHTHOTO HANOHCKO M300nmuyBame. [loBekeTo off cTpyuTe Ha BHIIMTE
XapMOHUIM K€ TeyaT Ha3aj KOH eHepreTcKuoT u3Bop. Kako u fa e, Mmoxe fia ce
peue JeKka aKTUBHUTE TOBAapH Ke ja MPUTYIIyBaaT pe30oHAaHcailld, ITO Ke BOAU
KOH 3HaUYMTEJIHA PEeyKIMja Ha XapMOHUCKOTO U300JIMUyBamE.

MoTopHuTe onTOBapyBama ce MPBEHCTBEHO MHAYKTUBHY U HE CO3/]aBaaT
rojieMu TNpuAyllyBawma. Tue mak, MOXKaT fla To 3rojeMaT M300JUYyBameTo,
NpeKy MEHyBalk€ Ha pe30HaHTHaTa (PpEeKBEHIMja Ha CUCTEMOT MOOJMCKY 70
HEKO] 3HauaeH XapMOHMK. MaluTe MOTOpPH, CO MOKHOCT BO PaHT Ha JIeJd Of
KOHCKa CHjla, UMaaT 3Ha4YaeH yJesa BO NMPUAYIIYBAHETO OTH Kaj HUB OJHOCOT
X /R e nmoMan OTKOJIKY Kaj TOJIEMUTE MOTOPH.

Be:xou: IloBTOopyBae 3a mojaBara pe30HaHUMja
Pe3onannuja Bo cepucKo 1 napaiejno RLC KO0

ITojaBaTa pe3oHaHIMja € TECHO IOBp3aHa cO MpobOiemMaTHKaTa Ha
KBAIMTETOT Ha eJeKTpUYHaTa eHepruja, OujejKku HEKOWu MNpoOJeMH Co
KBaJIUTETOT Ha eJIeKTpUYHATa €Hepruja HacTaHyBaaT MpU YCJIOBU Ha
pe30oHaHIuja WK OJIMCKY 10 pe3oHaHnuja. ONimTo, moj pe3oHaHnrja BO €IHO
€JIEKTPUYHO KOJIO ja pa3zbupame cocToj0a Kora uMIielaHcaTa Ha Toa KOJIO
JIOCTUTHYBa €KCTPEM - MUHUMYM WK MakcumyM. Ha mpumep, cepuckoro LC

1 .
Koo uMa ummnenanca: Z(o) = jol +——~ KOJa HMa eKCTPeM Ha MOAYIOT 1Z|=0
ja

1
3a @ =—. McTo Taka, ekcTpeM (MakCUMyM) Ha |Z| nocTou u 3a @ >0 u

JLC

® —> 00 KOTa e |Z|:oo.
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Bo rabenara 1 Ha6pOeHI/I ce CBOjCTBaTa Ha CCPUCKO U MapaJICIHO PE30OHAHTHO

KOJI0.

Tab6ena 1: Cepucko 1 napalieIHO PE30HAHTHO KOJIO

THII Nmnenanca ApmuTaHnca PesonanTHa nema
npu npu ¢pexBeHmja
pe3oHaHIMja | pe30oHaHIHja
(mopya) (mopya)
Cepucko MuHrMyM Makcumym 1
— I R XuL XuC
VLC >
> —
U U Uc
Uy, -
ITapanenno | Makcumym Munumym 1
VLC

BapawmeTo Ha pe30HAHTHUTE YyciIOBH (pe30HAHTHaTa (ppekBeHIWja @, ) ce

cBelyBa Ha Oapame Ha eKCTpeM Ha (pyHKIMjaTa |Z(a))| Hajuecro ce ucrpaxysa

uMIeflaHcaTa Ha HEKOja COOMpHHUI]Ja Ha EHEpPreTCKHMOT CUCTEM Kajie ce
NPUKIydyBaaT NOTPOINyBaunuTe (Taka HapedeHa ‘TOYKAa Ha 3aeJHUIKO
npukiIydyBame”, uian “point of common coupling”, PCC). Konoro u HeroBata
€KBUBAJICHTHA IlIeMa BO PEAJHUOT E€HEPreTCKM CHCTEM MOXKE [a € MHOTY
CIIOKEHO U HE € JIECHO Jla ce Ofpefn pe3oHaHTHaTa ¢peksBeHiuja. Ho mo
HYMEpPUUKH MaT MOXE Jla ce 3aMEHyBaaT pa3HU BPEHOCTH Ha (PpeKBEeHIjaTa
@, CUCTEMATCKU IOYHYBajKM Of] HEKOja Majla BPEJHOCT CO Maju INpUpacTu
ofIejKM 10 HEeKOja rojieMa BpeHOCT U TaKa IPecMeTYyBajKu ja uMIefaHcaTa ja
ce ofpenu ekcrpeMoT. OBaa MOCTanKa € HapedeHa (IpeK6eHitinO CKeHupare
(frequency scan).

Ipyr MeTop € Ja ce ucnuTyBa (pa3HUOT aroyl ¢ Ha |Z(a)) = Ze'? . Kora asuuor

arojl MMHE HM3 HyJa (MMIIelaHcaTa CTaHe peajiHa BEJMYMHA) , OBa € MOXKHA
TOYKa Ha pe30HaHIyja.

Jlocera pedyeHOTO TMPEeTNoCTaByBa J€Ka uMIelaHcaTa € ((yHKOUja Of
(pekBeHnyjaTa U ce MeHyBa co mpomeHa Ha ucrata. Ho Bo mpaxrtukara, BO
E€HEpPreTCKUOT CUCTEeM (PPEKBEHIMHUTE ce (PUKCUpPAHU M M3HECyBaaT, OCHOBHA
®, 1 BAIIATE (ppekBeHuun hw,, h=23,.h_, a OOMYHO MapaMeTapoOT KOj ce

max
MeHyBa e Kamauureror C. Ha mpumep, Toa € IpH AUMEH3MOHHPAHmE Ha
napajelHO IIOCTaBEHUTE KOHMIEH3aTOPH 3a KOMIIEH3alydja Ha peaKTHBHATa
MOKHOCT (mopgoOpyBame Ha (pakTopoT Ha MokHocT). [Ipm m3bopor Ha C
MOXHa € u3BecHa cnobopa Ha u36op. OHue n3Hocu Ha C KOU IMpEeu3BUKYBaaT

€KCTPEMHHM BPETHOCTH HA |Z(a)] Ha eJlHa COOMPHMIIA KOja ce aHalIu3upa, Tpeda

na ce 3Haat u u3bernat. Cera mO3rofiHO € f1a ce mpecMeTyBa (pyHKIjaTa |Z(a))|

KaKO 3aBHUCHOCT O] KaIllaouTe€TOT C, OOHOCHO [a CC H3BpIIA xaﬂat;uu‘meno
CKeHupame (Capacitance scan).
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CepI/lCKO PE30HAHTHO RLC KOJIO

CepI/ICKOTO PE30HAaHTHO KOJIO JaJJ€HO € Ha CJIMKaTa BO Tabenara 1. 3a Hero
BaKu:

2
Z(w)=R+ j(a) —éj =Ze'” wonosne |Z(w) =,|R* + (wL —éj Kaje

1
@ =arctg ——=. 3awl =—— OAHOCHO @, =

1
oC JLC’

ce jJgoOmBa

4 magnitude
1z1 A \
/ 2
a
R » C
>
€3]
phaseof Z A 90 4phase
%0 0 - atan (URL)
0 -90
-90
> = C
1HLC @ 0 1
weL
1
Cua. 1. Mopyn u ¢paza Ha uMIefanca Ha Cn. 2. Mopnyn u aza Ha uMIeaHca Ha cepI/ICKo RLC xomno
cepucko RLC Kono 3aBUCHO Of 3aBUCHO Off KAMAIUTETOT

¢ppekBeHIjaTa

Cnmkara 2 ja mpuKakyBa 3aBHCHOCTa Ha MOAIYJIOT U (ha3aTa Ha UMIIefJaHCcaTa Off
kananmutretor C npu (pUKCHA (PpeKBEeHIUja @ = @, (KAaNAUTHBHO CKEHUPAHHE).
Bo 0BOj cayuaj, nogpayjeTo Ha MEHyBalk€ Ha MOAYJIOT U (pa3aTa He € UCTO CO
NofipayjeTo KakKo Kaj (PPEeKBEHUUCKOTO CKeHupawme. OBa e 3aroa IITO
(pukcHata ¢pekBeHIWja @, HEe MoOpa J1a € pe30oHaHTHaTa (peKBeHIHja U
MonysoT u ¢aszata 33 C >0 u C—> oo He COOABETCTBYBaaT CO MOAYJIOT U
¢azata mpu ® >0 U ® —>oo. ACUMOTOTHTE HA ClIMKa 2 3a |Z| u ¢ ce
nobusaat ako ce craBu C — o .

IIpu ppexBeHn ® > @,,, UMIEaHcaTa Ha CEPUCKOTO KOJO € MHAYKTUBHA, a

npu (PpEeKBEHIMA @ < @,,, Taa € KalaluuTUBHA.

IIpu KOHCTaHTEH NPUIIOXKEH HANIOH HAa CEPUCKOTO PE30HAHTHO KOJIO, CO
npubIMXKyBakhETO KOH pe30HaHTHATa (ppeKkBeHIuja o, , pacte cTpyjata / BO

rez %

. U
KOJIOTO [A0 HajrojgeMaTra BpCIHOCT ]:E ogpeacHa camMoO CO OTHOPOT.

OnHoCOoT:
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d:R\/E:i’
L \/f
C

CC BHKaA "“ IIpuayllyBambe ” HaA CEPHUCKOTO PE30HAHTHO KOJO. PeunnpquaTa

1 1 L 13 ”
BPEHOCT Ha NPUAYLIYBAKETO O = 3 :E pel ce BUKa ‘JoOpHrHA” Ha KOJOTO.

Co npubnmKyBabeTO KOH pe30HaHTHATa (PPEKBEHIM]a, HAMIOHOT HA MOEANHUTE
KOMIIOHEHTH Ha CEPHUCKOTO PE30HAHTHO KOJIO pacTe U MOCTOM OINACHOCT THE
KOMITOHEHTH Jla ce mpeonToBapat. Baxar ciielHuTe 3aBUCHOCTH:
1 U

joC 7~
Ha oBue paBeHKE MOXe Jja UM ce fajie ¥ apyra ¢opma, IOrojHa 3a aHalln3a 3a
pe30HaHTHATa cOCTOj0a:

.U
UL:JWLE n U,

UL — a)rez n UC — @
U 2 U 2
d2 + @ _ a)rez d2 w _ a)rez
wrez @ a)rez w
U< U, 1
33 w = a)rez BaxXn 7 = 7 = E = Q , a OBa 3Hauu [J€Ka ¢€JUHCTBCHO

IpUAYLIYBAakETO d I'M OTpaHMYyBa OBUE NOpAcTU Ha HamoHute. bunejku QO e
nocra noroaemo of 1, Hanonute U, u U, ce gocra norosnemu of U .

HapaJIEJIHO PE30HAHTHO RLC KOJIO

IllemaTa Ha KOJNOTO € MpUKaxkaHa Bo Tabenarta 1. 3aBUCHOCTUTE HA Z U @ Of
@ JafeHo e Ha cnmkaTta 3, a 3aBucHOcTa off C 3a ¢ukcHa pekBeHlIrja o, ,

naneHa € Ha cnukara 4. 3a0enexxyBaMe fieka cera UMaMe MakCUMyM Ha Z #
MUHYBalkhe HU3 HyJla HA ¢ TPHW pe30HaHTHaTa (PpEKBEHIMja MPU JBaTa HAUYNHU
Ha CKCHUPAH-E.

3a mapajesHoTo KOJIO MOJIECHO ce MpecMeTyBa aiMuTancaTta Y a off Hea
1 AMIIEaHcaTa:

z-L.
Y
1 1 1 1
Y=—+joC—j—=—+jloC—-——|.
R 7Tl TR ‘]( a)L)
. 1 1
IIpn pes3onaHTHa ekBeHIja € @wC =— OJHOCHO ®, =——=. loram e
pu p $p j s Jic

1
Y = - © MHHHMAIHA, & Z=|7Z]=—=R emakcumanHa. AKo e nputoa R =0 u

1
Vi
Z=0nY=0o.

AKO HHU3 TMapalielHOTO PE30HAHTHO KOJO Tede efHa HapuHaTa CTpyja
(nedpuHMpaHa off CTpyeH U3BOP), TOTAIIl IPH pe30HaHIIM]ja K& MOpacHe HAOHOT
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Ha KojoTo. CHTe eJeMEeHTH Ha KOJOTO Ke ce HajaaT HANOHCKM (U CTPYjHO)
IIPEONTOBAPEHN.
Amagnitude

R

%magnitude
R
% LR
W \JRZ+ A2
T
(0] o
A phase C
90 pphase
atan (—B—)
0 L \
o
@
= -90
1HLC
¥
1/C.)'2L1 C
Cn. 3. Moayn u ¢a3a Ha UMIIefJaHca Ha Cn. 4. Monyn u ¢a3a Ha UMIIeflaHca Ha TTapajieIHO
napanenso RLC Koo 3aBUCHO of RLC kom0 3aBUCHO Off KaNanyuTETOT
¢pekBeHIjaTa

UM oBnie Mmoxe f1a ce nepuHupaaT BEIUUYNHUTE:
1 [L 1
IMpunymyBamwe: d = E\/; u poOpuHa Q= rk (BaGenexxu meka cera

OPUAYIIYBAKETO Ce MpecMeTyBa KaKO PEUMIPOYHA BPETHOCT BO OJHOC Ha
copmynara 3a cepucko kono. [lobpuHaTta € BO mpakcata Man Opoj, MHOTY
nomaJ of 1).

Crpyute HU3 MOEAUHU KOMIIOHEHTH Ha MapajieIHOTO PE30HAHTHO KOJIO
pacTat BO OJIM3MHA HA pe30HAHTHATa (PpEeKBEHIM]A:

1 7 1
I, =——= n [I.=joC—.
JjoL'Y Y
1
3a w=o0,, Baxxu [.=1, =7 u 61/1116]1(1/13 € Majlo, CTPYUTE HHU3

UHAYKTUBUTETOT U KamaUTETOT MOXKe 3HAaTHO fla ja HaJMUHAT BKyIHAaTa
cTpyja / ¥ THE eIEeMEHTH Ha KOJIOTO MOXE Jla c€ OLITETaT.

JIpyr oOJIMK Ha OBHE 3aBUCHOCTH €:

@ a)rez
I_C — rez il ]_L — w
1 2 1 2
d2 + w _ a)rez d2 + w _ a)rez
w w a w

rez rez
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3.11 Ilpunnmny 3a KOHTPOJIAa HA XAaPMOHMIUTE

Oga mornasje I ONUIIYBa HEKOU Off OCHOBHHUTE MPUHIMIY 32 KOHTPOJIA
Ha XapMOHUIINTE.
OCHOBHO, XapMOHHIIUTE CTaHyBaaT MpoOJIeM aKo:

- N3BOPOT HAa XapMOHMCKU CTPYU € IPETOJIEM;

- ITaTekaTa mo Koja ce ABMXKAT XapMOHUIUTE € MPEAoJIra, pe3yaTupajku
BO BHCOKO HAIIOHCKO H300JIMUyBame WIM TEIe(OHCKM M KOMaHJHU
IPEYKH;

- OI[I‘OBOpOT Ha CUCTEMOT UCTAKHYBa €ICH NN MoBeKe XapMOHUIIN.

Kora ke ce mojaBu mpoOJeMOT, OCHOBHM ONIMM 3a KOHTpOJa Ha
XapMOHUIUTE Ce:

- PenyunpaH)e Ha XapMOHHUCKUTE CTPYU NPEAU3BUKAHU O OITOBAPYBAKETO;

- JonaBame Ha (PUITPH 32 OTCTPaHYBamkE HA XapMOHUCKHUTE CTPYU HABOP
OJl CUCTEMOT WJIU OJIOKMPaK€e Ha CTPYUTE fia BIE3aT BO CUCTEMOT;

- MGHYBaH)e Ha (bpeKBeHTHI/IOT OJ3MB Ha CUCTEMOT CO (1)I/IJITpI/I,
WHAYKTUBUTCTU U KOHACH3AaTOPH.

3.11.1 Pepynupame Ha XapMOHHCKHTE CTPYH BO ONITOBAPYBamaTa

Hajuecro, MHOTY ManKy MOXe J1a ce HallpaB¥ CO IOCTOeYKaTa olpema
KOja € BO IIOI'OH, 32 [lJa 3Ha4ajHO ce peflylypa KOJMYNHATA HA XapMOHMIIU LITO
Taa ru cospasa. Jloneka npeso3OyneH TpaHcopMaTOp MOXKE [la ce BpaTH BO
HOpMaJIEH PEXUM IIPEKY HaMallyBamk€ Ha JOBECHUOT HAIOH, JaYHUTE YPEIU U
MOBEKETO €JIEKTPOHCKUM KOHBEPTOPU CE€ OTPAaHUUYEHU Off CBOUTE IPOU3BOJHU
KapaKTEPUCTUKMU.

PWM noromure KoM HamojyBaaT €JHOHAcOYHa KOHJEH3aTOpCcKa
coOMpHHMIIa JAWPEKTHO Of HANOjHUOT HAU3MEHHWYEH JO0BOA CE€ €JHU Of
MCKJIYYOIIUTE Of] KaskaHOBO. [lolaBamkeTO Ha JIMHUCKU peakTop (MPpUAYIIHAIA)
CEPUCKH, 3HAUNUTEITHO KE TH peylpa XapMOHULIUTE, a K€ CO3/jajic 1 KOPHUCHA
3alITHATA Of IIPEOJIHU I10jaBH.

IToBp3yBameTo Ha TpaHcopmaTopute (T. H. TpyNa Ha BP3yBambe) MOXKe
la AONPHHECE 3a HaMajlyBake HA XapMOHUUUTE BO TpHU(A3HUTE CUCTEMHU.
HN3mecrtyBameTOo Ha  MNOJOBHHATA  Off  O-IYJICHUTE KOHBEPTOPH  BO
ONTOBAapyBamETO Ha IMOCTpojkaTa 3a 30 cTeneHu MOXKe [la JOHece KOPHUCHO
NpUOIMKYBake N0 12-MyJICHUTE ONTOBapyBama CO APAMAaTHYHO PEAYLUPAHE
Ha METTHOT W Ha CEAMHOT XapMOHHMK. TpaHcopmaropuTre BO BpcKa
TpHUjaroiHuK (“menta” Bpcka) MOXKaT a To OJOKMpaaT TEKOT Ha XapMOHMIUTE
CO HYATH pepocieq (THMAYHO TpojHUTE). HamMoTKMTEe BO BpcKa sBe3na u
IpeKplleHa SBe3fla KOM Ce 3a3eMjeHH Kaj TpaHcopMaTOpuUTe MOXKaT HCTO
Taka fia TW OBElaT TPOJHUTE XapMOHUUY HAABOP Of BopoT. EjxHa Mepka Ha
IIpeBEHIMja € 1a ce n30ernyBa HabaBKa Ha HOBA OllpeMa Koja EMUTHpPA TOJIEMO
KOJIMYECTBO XAPMOHUYHM CTpPYH, HAIpuMep, Kora ce HabaByBaaT MOJIEPHHU
€KOHOMUYHU CBETHUJIKN.
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3.11.2 ®uarpupame

[Mapanennure (maHT) ¢uaTepu padoTaT cO Kyco Bp3yBame Ha
XapMOHUCKHTE CTPYH, IITO € MOXKHO MOOJIUCKY IO U3BOPOT HA M300IMIYBAHE.
OBa ru ApXu CTPyUTE MOAAJIEKY Of HAMOJHUOT cUCTeM. Toa € M HajuyecTo
KOPHUCTEH HAYMH Ha (PUITpHpame, Kako O €KOHOMCKHM NpPHYMHU, Taka U
MOpajii TOA IITO C€ CTPEMU J1a TO OfIp>KM HEM300JUUYEeH HAMOjHUOT HAMOH HO U
7la ja OTCTpPaHMU XapMOHKCKAaTa CTpyja.

JIpyr MeTop € cepucKu ¢Guiarep IITO M OJOKUPa XapMOHUCKHUTE CTPYH.
OBa e mapajielHO HAarofHO KOJIO IITO MNpPEeTCTaByBa BHCOKAa HMIIE[laHCa Ha
XapMOHHUCKaTa cTpyja. He ce kopucTtu 4ecTo OTH € TEIIKO Jia ce U30Jupa, a u
HAMOHOT Ha ONTOBAPYBamETO € AocTa n300anueH. [IpuMmeHyBaHo perieHue e ga
BO HEYTPAIHAOT MPOBOJHMK Ha 3a3€MjEHOTO SBE3JUINTE ce OJIOKHpPA TEKOT Ha
TPOjHUTE XapMOHHUIM, a CEyIITe fa ce 3aApXKu A0OpOTO 3a3eMjyBame 3a
OCHOBHaTa (ppeKBeHIIHja.

AxTuBHuTe (UATPU paboTaT €O EJEKTPOHCKO ydpiame Ha
XapMOHHMYHATa KOMIIOHEHTa Of] CTpyjaTa Bo HenmHeapHHOT ToBap. (IToBeke
nHopMalyy 3a GUITpUpPamkE ce IajieHn Bo 1eyoT 3.15).

3.11.3 MenyBame Ha ()peKBEHTHHOT OJ3UB HA CHCTEMOT

HenoBonHMOT Of31MB Ha CUCTEMOT Ha XapMOHHWIM MOXKE J1a ceé MEHYyBa
MpeKy noBeke MEeTOH:

- Co ponaBame Ha mapaneineH (maHT) ¢uiarep. OBa He caMO IITO T'H
Of1BOjyBa NMPOOJIEMAaTUYHUTE XapMOHUIM Off CUCTEMOT, TYKy ¥ KOMIUIETHO IO
MEHYBa OfI3UBOT Ha CUCTEMOT, MHOTY 4E€CTO, HO HE ¥ CEKOralll, Ha Iofo0po.

- Co pomaBame Ha peEakTOp 3a pasrofyBamke Ha cucTeMOT. Jlommure
pe30HaHCU OOUYHO ce Mel'y MHAYKTUBUTETOT Ha CUCTEMOT U KOHJIEH3aTOPUTE
3a Kopekiyja Ha (pakTOpoT Ha MOKHOCT. PeakTOopoT MOpa fa ce popane mefy
KOHJIEH3aTOPOT U CUCTEMOT. EJIeH Off HAUNHUTE € €[HOCTABHO, PEaKTOPOT fia Ce
CTaBU BO CepHja CO KOHAEH3aTOPOT U ja IOMECTU Pe30HAaHcaTa Ha CUCTEMOT 0e3
lla TO HarofyBa KOHJEH3aTOpOoT 3a jAa cos3mafe ¢unrep (Bo repmanckara
auTepaTypa MO3HATO Kako “Verdrosselung” uiy IpuaymryBame).

- Co MeHyBamke Ha ToJleMHHaTa Ha KOHfeH3aTopoT. OBa € efeH of
Haje(pTUHHATE HAUMHU 32 CUTE BUJJOBHA Ha KOPUCHHIIN.

- Co nmoMecTyBamwe Ha KOHIEH3aTOPOT BO TOYKA Off CHCTEMOT CO pa3JInYHA
UMIIeJJaHCa Ha Kyca BpCKa WM CO TNOBUCOKM 3aryOm. OBa He € TONKY
IMPUMEHIIBO Ka] MHAYCTPUCKUTE KOPUCHULM KaJie KOHAEH3aTOPOT HE MOXKE fia
ce TIOMECTH JIOBOJIHO 3a J]a c€ NOYYBCTBYBA pa3iuKa.

- Co orcTpaHyBalke Ha KOHJIEH3aTOPOT M E€QHOCTAaBHO IpudaKame Ha
MMOBUCOKM 3aryou, NOHU30K HANlOH W NIEHAIW NMOopajn Jou (PaKTOp Ha MOKHOCT.
AKO € TEXHUYKU U3BOJJINBO, OBA YECTO € HAJAOOPOTO PEILIEHUE, O] EKOHOMCKA
CTpaHa.

3.11.4 Kaj ereKTpoaucTpuOyTHBHHTE HANIOjyBa4YH

OpHocoT X /R Kaj pMCTpUOYTUBHUTE HANOjyBayd € T€HEPATHO HU3OK.
Croper Toa, WCTaKHyBalmbeTO Ha XapMOHMLIUTE TIpU pe30HaHCa CO
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KOHJICH3aTOPCKYU OaTepyny Ha HAMOjHUTE AOBOIM € oOnuHOo Giaro. Ho, Moxke fa
Oupie 1 3a0eeKIIMBO KOTra KOHJeH3aTopcKaTa 6aTepuja ce ctaBa Mmoj| TOBap u
MOXe CeyllTe Ja Tpeau3BUKa HENpPaBWIHOCTU Kaj ompemarta. VIHkeHepute
MOXaT OOMYHO Jla TM CTaBaT OaTepuUTe HA HAMOJHUTE JOBOAM Kajie IITO
cakaaT, 6e3 Ja ce TpWKaT 3a XapMOHHUIUTE, 1a aKO Ce TOjaBH MpOOJeM,
pElICHHEeTO Ce COCTOM BO ITIOMECTyBame¢ Ha OaTepwjaTa WM MPOMEHAa Ha
rojieMUHaTa Ha KOHJCH3aTOPOT.

MHory npo6yieMr coO XapMOHHMIIUTE TIOPaJid A0aBakeTO Ha GaTepuy Ha
HATIOJHUTE JIOBOJIM CE TOpaau 3rOJIEMyBakbeTO HAa TPOJHUTE XapPMOHUIM BO
HEYTPATHOTO KOJIO Ha HAMOJHHOT MOBOA. 3a fa ce NPOMEHH TEKOT Ha
XapMOHHCKHTE CTPyM Ha HyJTaTa KOMIIOHEHTa, Ce MpaBaT NPOMEHH BO
HeyTpajiHaTa BpcKa Ha OaTepumTe MOBp3aHHM BO SBe3la. AKO ce caka Jla ce
OJIOKMpa TEKOT, HEYTPAJHMOT TPOBOJNHHK Ce€ oOcTaBa fAa ‘nebmu’ (HE ce
3a3eMjyBa).

MHory mnaTtu, mpoOJeMUTe CO XapMOHWIWTE Kaj JUCTPUOYTUBHUTE
HATIOJHU JJOBOJIM MOCTOjaT caMo NP MaJIO ONTOBapyBamwe. HamoHoT pacre, mTo
ro MpeAn3BUKYyBa TpaHC(OPMATOPOT fla co3AaBa nmoBeke xapmoHunu. OcranyBa
nmoMan TOBap Ja ja TOpWTYIIM pe3oHaHcaTa. VIckiayuyBameTo Ha
KOHJICH3aTOPHUTE BO TOj MOMEHT I'0 peliaBa mpooaeMoT.

Kora m3o00nuueHuTe CTpyH NOTEKHYBaaT Of] AUCIEP3UPAHU W3BOPH,
OOWYHO Ce HACTOjyBa jla ce MOCTaByBaatT (pUITEPH MO TUCTPUOYTUBHAOT HATIOCH
BOJI Ha HEKOJKY MecTa. Co OBa ce CKpaTyBa MmaTekara Ha CTPYjHHTE XapMOHUIIH
CO IITO Ce HaMallyBaaT TeJIe()OHCKUTE MPEYKH W XapMOHMYHUTE MaJlOBU Ha
HATIOH JIOJK BOJOT. MIcTO Taka, MOBOJIHO € Jla ce cTaBaT (DMITPU HA KPajoT Off
HamojHUOT BOJ. Toramr BepojaTHOCTa fieKa Ha JPYrM MecTa HAMOHCKOTO
M300/1MYyBathe Ke TH Haj[MUHE TPAHUIUTE, € TTOMAJIa.

HeomxomHo € ma ce mpaBaT CTyAuM Ha XapMOHUIIMTE Kaj cekoja
norojieMa KOHJIGH3aTOpCKa OaTepuja WHCTaTUpaHa BO JAUCTPUOYTUBHHOT
cucteM. He Tpeba jga ce moTmmpaMe Ha MpeTHOCTaBKaTa JieKa IOCTOjaT
aKTUBHU 3ary0u W fieKa pe3oHaHnujaTa caMa Ke ce mpuaymm. CTaBameTo Ha
¢punrep BO mOTCTaHWYHATA OaTepwja HEMa CO CHTYPHOCT fa TH Ppeln
npoOJeMuTe BO HAMOJHUOT [IOBOJ, OCBEH aKoO MmpobOieMoT Oa3upa Ha
pe30HaHcaTa Ha KOHJIeH3aTopcKaTa 0aTepuja BO MOTCTAaHHUIIATA.

3.11.5 Bo eneKTpuYHHTE NOCTPOjKH Kaj KPajHUTE KOPHCHAL

IIpBo, ce mpoBepyBa f1ajii MOKe a ce YIOTpeOu pa3inyHa rojleMuHa Ha
koHaeH3aTop. [loHekorail, MMa TOJKY MHOTY KOHIEH3aTOpH MOBpP3aHU CO
ONTOBapyBamara, IITO € HEBO3MOXKHO fla Ce HCKOHTPOJUpa BpegHOCTa Ha
kanaguTeToT. Cemak, cO CEKIMOHMPAHM KOHAEH3aTOpPCKU OaTepud KOU ce
yKJIy4yBaaT €TalmHoO U CO aBTOMATCKUTE KOHTPOJEepHu Ha (PaKTOPOT HA MOKHOCT,
MOXEH € M300pOT Ha KOHTPOJIHA IlleMa Koja ja n30erHyBa KOH(urypamnujaTa
IITO CO3/1aBa MPOOIEMHU.

HNHcranupameTo Ha (uiaTep BO CUCTEMHUTE HAa KPajHUTE KOPHCHUIM €
MOATPAaKTUBHO, MPAKTUYHO M EKOHOMCKH, OTKOJKY Kaj eJeKTPORUCTPHUOY-
TUBHUTE cucTeMu. Kpurepuymure 3a HMHCTalupame Ha (QUITEpP Ce JIECHO
OCTBapJINBH, a pUITEepCcKaTa orpeMa Moxe Jia ce HabaBy Ha 1Ma3apor.

Tpeba ma ce mpaBaT CTYAMM 3a CUTE€ KOHIEH3aTOPU HMHCTAJIUPaHU BO
UHAYCTpUCKHATE cucTeMu. CHUCTEMHUTE ce€ TEHEpPANHO TOJKY KpaTKH, ILITO
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3aryouTe BO BOJIOBUTE C€ HEJOBOJIHM Ja ja MPUTYLIAT pe30HaHcaTa, aKo
nocrou. Hekom moOcCTpojkM ce MCKIYYOK, OufiejKu KOHIEH3aTOPUTE Ce
MHCTAJIMpaHU BO OJIM3MHATAa HA ONTOBapyBawaTa M MMa [OBOJHO aKTHUBHA
OTIIOPHOCT BO BOJOBUTE fAa 3alUTUTH oOf MnpoOiemu. OcCBeH Toa, HEKOH
ONTOBapyBawka 3HAYMTENHU MPUOHECYBAAT BO MPUTyIIyBameTo. MefyToa, He
CMee Jla ce cCMeTa Ha OBaa NOBOJHOCT KaKO Ha INpPaBUJIO, Ce JOieKa HE ce
HanpaBu cTyauja. AKO HEKO] MHCTaJupa KOHAEH3aTOpH 3a IpB mat, Tpeba fa
UMa Ha yM J[ieKa OpoOJeMUTE CO pe30oHaHcaTa ce IMOMAJIKy JIOIIM Kora
KOHJIEH3aTOPUTE Ce NMMOMECTEHU BO MOTOHCKAaTa cajla MOOIHNCKY 10 MOTOpUTE
UJIM Kaj yIPaBYBAUYKHMOT LIEHTAp HA UCTUTE.

3.12 Jlouupame HA U3BOPUTE HA XaPMOHHUII

Kaj namojuure BOAOBM HA pajujaJHUTE JUCTPUOYTHBHU CHCTEMU U
€HEepPreTCKUTE MOCTPOJKU HA MHAYCTPUCKUTE CUCTEMHM, TJIaBHATa TEHACHIMja €,
XapPMOHHUCKHUTE CTPYM Ja TedaT Of ONTOBAPYBAKETO KOE T'M CO3[aBa, KOH
U3BOPOT Ha eHepreTckuor cucrteM. OBa e wmnycrpupaHo Ha Crnuka 3.24.
HNmnenancata Ha €HEPreTCKUOT CHUCTEM € HOPMAJIHO HajHHCKara Koja “ja
riefaat’ xapMoHHUcKHUTe cTpyd. Cropej Toa, IIaBHHOT JI€Nl Off CTpyjaTa Teue
KOH U3BOPOT.

Cn.3.24. IIpoToK Ha cTpyjaTa Ha XapMOHHMIUTE BO pajjajieH eHEPreTCKU CUCTEM

CnoMmeHaTaBa TEHJIEHIMja, MOXKE Jla Ce UCKOPHUCTH 3a JOLUpame Ha
u3BopuTe Ha xapMoHuiu. Co KOpHCTEHE Ha olpeMa 3a MOHMTOPHHI Ha
KBAJIINTETOT HE €JEKTPUYHATA EHEpruja, ciocoOHa fla ja Mepd XapMOHHCKaTa
COApXKMHA Ha CTpyjaTa, €JHOCTABHO C€ MepaT CTPyUTe BO CEKOja TpaHKa,
MMOYHYBA]KH Of] HOYETOKOT Ha KOJIOTO U CIEMIEJKHA I'M XapMOHULIATE 10 U3BOPOT.

Konpensaropure 3a Kopekuuja Ha (paKTOpOT Ha MOKHOCT, MOXarT fia ja
MEHYBaaT OBaa IlleMa Ha TeK, OapeM 3a efeH of xapmoHunute. Ha npumep,
NIO/laBakbETO Ha KOHJEH3aTOP Ha MIPETXOHOTO KOJIO0, KAaKO IITO € MOKaXXaHO Ha
Cnuka 3.25, MOXe J1a OTKJIOHU rojieMa KOJIMYKMHA Ha XapMOHUCKHU CTPYH BO TOj
nen op konoro. Kopucrewmero Ha mpouefypaTa ONMIIAHA IOrOpe, MOXE ja
IpeJu3BHKa CIEflehe Ha CMEHETAaTa IaTeKa, IITO BOAU KOH KOHJEH3aTOpCcKaTa
OaTepuja HaMECTO KOH HM3BOPOT Ha XapMmoHuuu. Ilopagu Toa, reHepanHo e
NOTPeOHO NMPUBPEMEHO Jla CE UCKIIy4aT CUTE KOHAEH3aTOpH, 3a MOJIECHO fa ce
JouypaaT U3BOPUTE HA XAPMOHUIY.
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HopmaneH nat
CmeHeT nar

S A

Cn.3.25. KoHeH3aTopoT 3a (pakKTOp Ha MOKHOCT MOXE Jla TO CMEHU MPaBeLoT Ha
IPOTOKOT Ha €JHA Of] XapMOHMYHNUTE KOMIIOHEHTH BO CTpYyjaTa

OOuYyHO € MHOTY JIECHO [1a Ce€ HANpaBU pa3jinka Mefy XapMOHHCKUTE
CTpYyM KOU Ce€ TOpaju aKTYEJIHUTE U3BOPU U XAPMOHHUCKHUTE CTPyH KOH C€
oceOHO MPUCYTHHU MOPAAW pe30HaHcaTa IITO ja BKIydyBa KOHJEH3aTOpCKaTa
OaTepuja. Pe3oHaHTHUTE CTPyW MMaaT eieH JOMMHAHTeH XapMOHHK KOj “jaBa”
Ha BPBOT Ha OCHOBHHMOT CHMHYCeH OpaH. AKO ce MpOCTyaupaar OOJUIUTE Ha
CTpyjHUTE OpaHOBHU, IPETCTaBEHN MOPAHO BO TEKCTOB, HE MOCTOU HUENIEH KOj
co3/laBa eAMHEYHAa XapMOHHUCKa (PpeKBeHIHja IITO ce JoflaBa Ha OCHOBHATA.
Tue umaaT, Ha HEKOj HAUMH, TPOU3BOJIHU OPaHOBU OOJMIIM, BO 3aBHCHOCT Off
(heHOMEHOT Ha W300IMUYBaKHETO, HO COMAPKAT HEKOJKY XapMOHHUIU CO
3HAUMTEJTHNU TojeMuHu. EfqnHedeH, rojiemM, 3HauaeH XapMOHHUK, CKOPO CeKOralil
3HAYM pe30HaHcAa.

OBoj pakT MOXKe Jja ce UCKOPUCTH Jla c€ OfpEeAy Aajyu MOCTOojaT yCIOBU
3a TOCTOeHEe Ha MPOOJIEMU CO PEe30HaHCa BO CHUCTEMHU CO KOHAEH3aTOPH.
EnHocraBHO, ce Mepu cTpyjaTa BO KOHJIEH3aTOpUTE. AKO COMNpKH rojema
KOJINYMHA Ha HEKO] XapMOHHK pa3jNYeH Ofi OCHOBHHMOT, MOXe Jla Ce 3aKIIyun
lieka KOHJEH3aTOPOT Yy4YecTBYyBa BO PE30HAHTHOTO KOJO CO EHEPreTCKHUOT
cucreM. Cekoraii, HajpBo Tpeda fa ce NpoBepaT KOHIEH3aTOPCKUTE CTPYH, BO
CEeKOM MHCTAaJIalliU Kajie TOCTOM COMHEX fieKa MOXKaT Jla ce jaBaT MpoOIIeMH cOo
XapMOHUIUTE.

3.13 Ypenu 3a puarpupame Ha XapMOHHUCKOTO H300IMIyBaAmbH€

[TocTojaT ABE OCHOBHU KJIacu Ha (PUITPH:
1. TlacuBHu puntpu;
2. AKTuBHM (PUITPHU.

3.13.1 INacuBun puarpu

[TacuBHuTe UATPE ce cocTojaT Of €JIEeMEHTH CcO Tpupofa Ha
UHAYKTUBUTET, KalallUTET M aKTHBHA OTIOPHOCT. PenaTuBHO ce MOEBTHUHU, BO
copenba co OCTaHATHTE pelIeHHja 3a eNMMHUHUApalke Ha XapMOHHCKOTO
n300IMYyBamke, HO IO MMaaT HEJOCTATOKOT Off MOTEHIUjaJHU, HEMOBOJIHU
MHTEpaKIuu CcO eHepreTckuoT cucreM. Ce KopucTaT 3a fa Td OfBelaT
XapMOHUIIUTE BOH MpeKaTa WM Ja ro OJOKHMpaaT HUBHUOT TEK IOMery
JIEIIOBUTE Of] CUCTEMOT, CO HaroflyBame Ha €JIEeMEHTHUTE 1a CO3/1afjaT pe30HaHca
Ha oj0paHa xapMoHHcKa ¢pekBeHnuja. Cnukata 3.26 mOKaxkyBa HEKOJKY
TUTIOBH Ha (PUIITEPCKU Kosa (CIMKaTa ce OfHecyBa Ha KOJOTO caMoO 3a eflHa

aza).
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:
=

eANHeYHo oA 1-pen oA 2-pef oA 3-pef
HarogeH BMCOKO BMCOKO BMCOKO
nponyceH nponyceH nponyceH

Cn.3.26. Onrra koH(Urypaiyja Ha nacuBeH puirrep

Hajuect Tun Ha macuBeH (puiTep € efnHEeYHO-HarofeH “3acek” (notch)
¢puntep. Toa e HCTOBpEeMEHO U HAjeKOHOMUYEH (PUITEP M € JOBOJIEH 3a
npuMeHa. [Ipumep 3a Tunmyen 480 V-eH ¢unTepcka miemMa € MpUKakaH Ha
Cnuka 3.27. OBOj punTep € CepuCcKM HATrOJEH Ja MOKaXKyBa HUCKA MMIIe[laHCca
3a OfjielHa XapMOHHMCKa crpyja. IloBp3aH € mapanesHo CO €HEPreTCKUOT
cucreM. Crnopepy Toa, XapMOHHUCKHUTE CTPyd C€ IPEHACOUYEHU O] HMBHATa
HOpPMaJIHa NaTeKa Mo BOAOT KOH ¢unrepoT. OBue ¢puiaTpu MoxXaT ja npasatT
KOpekigja Ha ((pakTOpoT Ha MOKHOCT, IMOKpaj] TOTHCHYBAKETO Ha
XapMOHULUTE.

CnukaTta TmOKaxyBa KOHJEH3aTOpcka OaTepuja TMOBp3aHa  BO
TPUAroJHMK, IPETBOPEHA BO (PUIITEP CO AOJaBakhe HA MHAYKTUBUTET BO CEpHja.
Bo 0BOj ciy4aj, HATOIEHNOT XapMOHUK, / € MOBp3aH CO peaKkTaHcaTa Ha

zasek >

OCHOBHaTa (ppeKBEHI]a MPEKY:

— XC
zasek
3X
4 .. [3.29]
(a)TunnyHa KoHdurypaumja (6)eKkBMBaNEHTHO KOJIO Ha CUCTEM
Ha HUCKO-HarNoHCKu huntep co cunTtep

As B8 \A,
Xe X
XapMoOHW4eH

B *—’W‘—Z‘i{—& Xoc X u3Bop

c
* : camo KoHgesaTop

KoHfAeH3aTop
¥} npeTBOpEH BO
cpunTtep

XapmoHu4eH 6poj h
bpekBeHUUCKa peakumja Ha CUCTEMOT Koja ogroBapa Ha ZI1=1.0

Cn.3.27. Co3pgaBame Ha IETTO-XapMOHUYEH HarojieH (pUaTep U HETOBUOT €(PEKT BP3
peakuujaTa Ha eHepreTCKUOT CUCTEM
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Tpeba ma ce mpumeTn feka X, = X, BO CIIy4ajoB € peakTaHcaTa Ha

efHaTta CTpaHa Ha TPUATOJHUKOT (IMpM KOHAEH3aTopcKa 6aTepuja MoBp3aHa BO
TPHUjarojHMK), a HE € peaKTaHCca Ha eKBUBAJEHTHATa rpaHKa pasa-HeyTpaia.
(AKO TO KOpHCTEeBME IIMHHCKMOT HAmoH ® Tpuga3sHaTta MOKHOCT Ha
KOHJICH3aTOPOT 3a IpecMeTKa Ha X,, Hemamle Aa ce penu co 3). Ako

TPUJaroJIHUKOT Ha KAMalUTeTH C€ EKBUBAJICHTHUPA CO SBE3[a, C€ J00OMBA TOYHO
memMara Ha 3 eIMHAYHYU TapayieTHu GUITpH Bo cekoja ¢aza cropen ci. 3.26.

Enen BaxkeH crnopefeH edgekT off AofaBameTo (uiaTep € IITO Toa
co3/laBa OCTpa TMapaliellHa pe30HaHTHAa TOYyka Ha (QpeKBeHIujaTa Mof
¢pekBennujaTa Ha 3acekoT (Cnuka 3.27c). OBaa pe3oHaHTHa (ppeKBeHIHUja
Mopa fa Ouje Ha CUTYpPHO pacTojaHWe Ofi OWJI0 KO] 3HayaeH XapMOHWUK.
duntpuTe OOGMYHO Ce HAropyBaaT HEIITO IOHUCKO OTKOJKY WITO Tpeba 3a
XapMOHUIUTE, 32 f1a ce co3/aje efaHa Oe30eqHOCHA TpaHMIla, a BO Clydaj Ha
IpoMeHa Ha IMapaMeTpuTe Ha CHCTeMOT. AKO ce HarogaT TOYHO Kako
XapMOHUKOT, TPOMEHHTE BO KaNalUTUBHOCTA WM HMHAYKTUBHOCTA 3apaju
TeMmrepaTypaTa WM HEKOj aAedekT, MOXKe J[a ja HM3MecTd TIapaneirHaTa
pe30oHaHca TMOBHCOKO, TOKMY Ha (ppekBeHIHjaTa Ha xapMOHHMKOT. CeTo OBa,
“Ma 3a TOocJiefihlla CUTyalyja Koja e moJioma u of Taa 6e3 dunrep, ougejku
pe3oHaHcaTa, FeHEepalIHO € MHOTY OCTpa.

Op oBaa mpuuuHa, GUITPUTE ce NOAABaaT BO CUCTEMOT, IOYHYBAjKH CO
HaJHACKUOT XapMOHUK KO] co3piaBa npobsuemu. Ha npumep, mHCTanmpameTo Ha
(puntep 3a ceIMHMOT XapMOHMK, IMOBJIEKYBa HMHCTajJWpame Ha (uiaTep U 3a
neTTnoT xXxapMoHMK. HoBaTa mapanenHa pe3oHaHca CO NPHUCYCTBO CaMO Ha
(punTep 3a ceqMUOT XapMOHUK, K& Onjie MHOTY OJIMCKA [0 METTHOT, IITO OMIITO
36MEHO, € KaTacTpogaiHo.

Kondurypanujata Ha uUATEPOT Off MPETXOAHATA CIUKa HE [03BOJIyBa
CTpyH €O HyJTa KOMIIOHEHTa, OHJEjKM KOHJEH3aTOpPOT € TIIOBp3aH BO
TpuarojHuk. Toa ro npasu Bo rojemMa MepKa Hee(DeKTHBEH 3a (PUITPUpaE Ha
Tpojuu  xapMmoHunu. CHpoTHBHO Ha  HEro, KOHJIEH3aTOPUTE  BO
NMUCTPUOYTUBHUTE CHCTEMHU ce HOBp3aHU BO sBe3fla. OBa faBa MOXKHOCT 3a
o0e30eqlyBambe Ha MaTeKa 3a TPOJHUTE XapMOHUIM CO HYJITa KOMIIOHEHTA, CO
elHOCTaBHa IIpOMEHa Ha HeyTpainHaTa Bpcka. CTaBameTO peakTop BO
HEYTpPaJHUOT MPOBOJAHUK HA KOHAEH3aTOPOT € BOOOMYAaeH HauuH fAa ce
npucunn  OatepujaTa ja TI'Mm  (UITpUpa caMO XapMOHHMLIUTE CO HYyJTa
KOMIIOHEHTa. TeXHNKaBa ce KOPUCTH 3apajyl elIMMUHUpPalkE Ha Telle(OHCKUTE
cMeKaBamwa. PeakTop co OTIen ce cTaBa BO HEYTPATHUOT IPOBOJIHUK U OTLENOT
ce peryiupa jla T'd MUHUMHU3Upa Tele(OHCKUTE NPEUYKH, 3aBHCHO Of] TOA KOj
XapMOHUK IIpaBU MPOOIIEM.

ITacuBHuTE (pUnTpU Tpeba ceKoralll ia ce craBaaT Ha cOOMpHULATa Kajie
X, MOXe Jja ce O4eKyBa Ja OCTaHe KOHCTaHTeH. [lofeka (ppekBeHIMjaTa Ha

HaroyBawmeTO Ha (PUITEPOT Ke ocTaHe (pUKCHpaHa, NapajejiHaTa pe30HaHca
Ke ce MEHyBa CO IIpOMeHaTa Ha HMMIleflaHcaTa Ha cucrteMoT. Ha mpumep,
napajejiHaTa pe3OHaHTHAa (PpPEeKBEHIMja 3a IIOTOH CaMO CO pPe3epBHOTO
reHepupame (pe3epBeH JIOKaJeH TeHepaTop), BepojaTHO Ke OwWje MHOTY
MIOHKMCKA OTKOJIKY KOra € IoBp3aHa co Mpexkara. Taka, (pUATpUTE Ce YecTO
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UCKIIyYEeHH TpU pe3epBHO reHepupame. (OBa mpaBmiio BaxKu 3a MpeTNpujaThja
KaJie UMa pe3epBHO reHepupame).

duntpute Tpeba mAa ce mMpoeKTUpaaT Taka, MITO MPUTOA Ce MMa Ha yM
KanaiuTeToT Ha cobupHunaTa. I[IpoekTaHTUTe YecTO ce BO UCKYIIEHHE Aa To
npeoekTupaaT (GUITEPOT fAa Ouse BO cocTojba fa ja ofBefie 1iejiaTa CTpyja Ha
BUIIIUTE XapMOHWMIM KOWM TH co3faBa ToBapoT. Ho, ako mma Makap m mana
MO33aJUHCKO M300/IMUyBake Ha HAMOHOT M COOMpHHMIATA Kaje (PUITEpPOT ce
MOCTaByBa € MHOTY KpyTa (MMa rojema CTpyja Ha Kyca BpCKa), MOXHO €
(untepot fa ce Hajae CTPYjHO MPEONTOBAPEH (BCYITHOCT (PUITEPOT € TOIATHO
ONITOBApEH 3apajii CTPYH KOW jloaraaT Off HAllOjHUOT CUCTEM).

3.13.2 AxTuBHEU uaTpN

AKTHBHUTE (WITPH CE€ pENaTHBHO HOBM THUIIOBM Ha Yypeaud 3a
eJIMMUHUpake Ha XapMoHUIM. ba3upanu ce Ha coducThIMpaHa €HepreTcka
€JIEKTPOHMKA U C€ MHOTY Iockanu off nacuBHute ¢untpu. Cenak, Tue umaat
CYLITECTBEHA MPEJHOCT IITO HE pPE30HMpaaT co CHTEMOT. Moxkar pma ce
KOpPUCTAaT BO MHOIY TEUIKW YCIOBH Kajie NMAacUBHUTE (PWITPU HE MOXAT fa
paboraT eduKacHO MOpagd ONACHOCTAa Off MapajejHa pe3oHaHca. Tue ucro
Taka ce coouyBaaT cO IOBEKE Of] €[JIcH XapMOHHUK BO UCTO BpeMe U ce OopatT co
OCTaHATUTE MpOOJEMHM INTO IO 3aceraaT KBAIUTETOT Ha €JEKTpPUYHATA
eHepruja, kako Ha npuMep ¢uukepure. [ToceOHO ce KOPUCHM 32 MHOTYMOKHH
HEJIMHEApHU ONTOBAapyBamwa, HANOJyBaHMW Off PENaTHBHO CJIa0M TOYKH Ha
EHEPreTCKUOT cHUcTeM. TakBM ce Ha MpPHUMEP €JEKTPOJayHU IEeYKH 32

HaW3eHUYHA CTPYja.
. (7 \
(9 s . — %E

1

OR HeaneapeH
T ToBap

Cnuka 3.28. [IpuMmeHa Ha aKTUBEH (puiITep 3a HEIMHEAPEH TOBAp

OcHoBHaTa ujieja € 1a ce HaJIONOJHU JAEJOT Off CHHYCHHOT OpaH ILITO
HEJOCTUTa BO CTpyjaTa BO HEJIMHEApHOTO onToBapyBamwe. Cnukata 3.28 ro
WIYCTpUpa OBOj KOHIENT. EJEKTPOHCKOTO ympaByBame THM CJIEAM HATMOHOT
U/UuM CTpyjaTa, MEcTejKH ja eHepreTckaTa eJeKTPOHMKA Jia ja CIefu cTpyjaTa
Ha ONTOBAapYBaWkETO WM HANOHOT M fla ja MPUHYAU fa OWje CHHYCOWIAITHA.
Kako mto ce riepga, BO urpa ce ABa OCHOBHU MPHOAM: €[IeH IITO KOPHUCTH
UHAYKTUBHUTET KOj CKJIaiupa CTPYyja 3a UHjeKTHPame BO CUCTEMOT BO COO/IBETEH
MOMEHT U JIpYT KOJ COfIp>KM KOHfIEH3aTOp. 3HauM, MOpa a IOCTOU U pe3epBoap
3a JIONOJIHATEIHA €Hepryja, cogpxxaHa Bo L unu C. Mma u3Bendu co eHepruja
akymMynupaHa BoO 3aMmMajuu  wmacu. Cnopepn Toa, JofeKka CTpyjaTa Ha
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ONTOBAPYBAKETO € M300JMYEHA A0 TOJEMHMHA OIpefeieHa Off HEJIMHEAPHUOT
TOBap, CTpyjaTa 1WTO ja “Tiefja”’ CUCTEMOT € MHOTY ITOBEKE CUHYCOUJIaTHA.

AxTuBHUTE (PUIATPH MOXKAT MCTOBPEMEHO [a IO Kopermpaar u
(pakTOPOT HAa MOKHOCT ¥ XapMOHULUTE.

3.14 Ilpouenypa 3a npoy4yyBame HA XapMOHMIINTE

CrnenyBa mpeanHaTa IpouUefypa 3a aHAJIU3UPambEe Ha XapMOHUIWUTE BO
€HEpPreTCKUOT CUCTEM:

- Ce oppenyBaaT uenure Ha cryaumjata. Ha mnpumep, menm e pma ce
uleHTU(UKYBa NpUYMHATA KOja IITO 'O CO3[aBa IMOCTOEUYKUOT MPOOJIEM, aKO
TaKOB IIOCTOM M Jla ce pelu MCTHOT. [pyra nen moxe fa Ouje Ha IpUMeEp,
aHanW3a Jald MOXE MOTOHOT Ja Cce€ NPOIIUPH, CO MOfaBamke Ha HOBA
IIPOM3BOJIHA OIpeMa Koja COApPXKU PEeryjMpaH €j. MOT. IOTOH W/WIK JOJaTHU
KOHJIEH3aTOPH;

- Ce mnpaBu mnO4YEeTHa KOMIjyTepcKa cUMynanuja, Oa3WpaHa Ha
UH(pOpMaUNUTE CO KOU ce pacnoiiara. Mepemwara ce cKalu BO IOIJIE]l Ha BpeMe,
OllpeMa U MOXEH IIPEKUH Ha ONEpalUNTe Ha IOCTpOjKaTa. 3aToa € nogoopo ja
ce uMa Hjieja ITo Aa ce 6apa u Kajie, Ipef fia ce MOYHE;

- Ce mpaBaT Mepewma Ha MOCTOEYKATa COCTOj0a CO XapMOHHUIUTE, CO
KapakTepu3upawe Ha W3BOPUTE HA XapMOHHMIM U U300JUYYBAHETO Ha
CHCTEMCKATa COOMPHULIA;

- Ce kanuOpupa KOMIIjyTEPCKUOT MOJEJI CO KOPUCTEHE HA MEPEHATA;

- Ce npoydyBaaT HOBUTE yCIOBH BO KOJIOTO WX IIOCTOEYKHUOT MPOOIIEM;

- Ce pasBuBaaT peuieHuja (¢unrep, UTH.) U ce OTKpHBAaT MOXKHHUTE
uHTEpakuuu BO cucremMoT. Ce aHanM3Upa OCETIMBOCTA HA pPE3YyITaTOT
BapupajKu HEKOM Ba>KHH ITapaMEeTPH.

- ITo mHCTanmupameTo Ha MPENJIOXEHUTE pEILIEHUja, Ce NPAaBU MEPEHE
(MOHUTOPUHT), 32 1a ce BepuuIypa 1ajy CUCTEMOT pabOTH MIPABUIIHO.

OBaa npoueaypa 60apa npucTamn g0 KOMIJyTEPCKHU ajlaTKU 3a aHajau3a u
aJleKBaTHAa MEpHa OIlpeMa.

Mopa fa ce npu3Hae, HE CEKOrall € MOXHO [a Ce HU3BEJE CEKOj Of
HaBEeJICHUTE YE€KOPH Ha 3a0BojuTeHO HUBO. Hajuecto npeckoknaraTa asa e
elHaTa WM JBeTe MepHU (pa3u, MOpau TPOUIOLUTE HA BPEMETO U NMATYBAHBETO
Ha MHXXEHEPOT U Ha ynorpebaTa Ha ompemarta. VICKyceH crenujaaucT MoxXe €
BO COCTOj0a Jla TO pely NpoOieMoT 0e3 Mepema, HO CTPOro ce Ipenopavysa ja
ce u3BefaT OapeM MHUILMjaTHUTE MEpPEema, ako € MOXKHO, OUJIejKU ce TIPUCYTHU
MHOTY CKpHEHM U3HEHAlyBama.

3.15 CumeTpu4HM KOMIOHEHTH

NmxeHepurte BO e€HepreTukaTa TpPaJUIUOHATHO TH KOPHUCTAT
CUMETPUYHHATE KOMIIOHEHTH KaKO MOMOII BO pa30UpameTo Ha OHECYBAHETO
Ha TpudasHuTe cucremu. Taka, Tpruda3HUOT cUCTEeM ce TpaHchopMupa BO Tpu
efnHOo(ga3HU CUCTEMHU KOH CE MHOTY TIOeTHOCTABHU 32 aHAIIN3a.

MeTonoT 0BO3MOXYBa OWJIO KOj CHCTEM Ha HEypaMHOTEXKeHH (pa3Hu
cTpyu (WM HATNOHM), a ce TpaHcOpPMHUpPA BO TPH YPAMHOTEXKEHH CHCTEMH,
NIUPEKTEeH, WHBEP3€H W HYITH CHCTeM. [{MpEeKTHHOT CHCTEM COApXHU TpH
CUHYCOMM WM3MecTeHM mnomery cebe 3a 120 cremenu, co HopmanieH, A-B-C

Iac 112 ITpenaBama 2008r.



OEUNT: Jby6omup Hukomocku: XapMoHHIM U Ipyru HoBp. Binjanuja Bo EEC 113

¢azen pegocnen. CuHycouguTe Ha UHBEP3HUOT CUCTEM CE MCTO Taka Mel'yceOHO
MU3MeCTeH! 3a 1o 120 cTeneHu, HO MMaaT CIPpOTUBEH pepociey Ha ¢asute (A-C-
B). CuHycoupuTe Ha HyJITaTHOT CHCTeM ce BO (asa mery cebe. (I[Tomeramno 3a
CHMETPUYHHATE KOMIIOHEHTH Ke ce JJO3Hae Ha BeXKON)
Bo nepgeKTHO ypaMHOTEKEHATE CUCTEMH:
. Xapmonunute og pegh=1,7, 13, ... ce CO YUCTO JUPEKTEH
penocnen. Pegor ce nobusa op 3n+1;n=0,1,2.3,...;
. Xapmonumure ox pemx h = 5, 11, 17, ... ce co 4ucro
MHBEP3€EH pepocnen. Pepor ce modbusa ox 3n—1;n=1,23,... ,
. Tpojuure xapmonunu (h = 3, 9, 15, ...) ce cO YMCTO HYJITH
penocnen. Pegot ce nobusa op 3n;n =1,2,3,....
J10Ka30T 3a TOPHOTO TBPAECHE MOKE Jla CE HAIPABU HA COCEMa aHAJIOTeH Ha4YuH
KaKO IITO TOA C€ HAMPABU 3a HYJITUOT CUCTEM Off TPETH PENl BO MOraasjeTo 3.6.

Bo cnywanmTe Kora cuCTEMOT € BO paMHOTEXa, TEPMUHUTE POjHU
XapMOHUUU U HY AU pe0ocae0 ceé CHHOHUMHHU, HO CaMoO IOJ] HaBEJJEHUOT yCJIOB.
Kora oBaa cocroj6a e HapyllleHa KOj U la € XapMOHHMK MOXe Jla Oufie JeITyMHO
COCTaBEeH O] KOj 1 J1a € pefloce.

XapMOHUIUTE Off IUPEKTHUOT PEAOCIIe]] Ce OJHECYBAaT BO CUCTEMOT Ha
BooOnyaeH HauuH. [IpecmeTkaTta Ha CTpyuTe M MAJOBUTE HA HAMOH, OWIIO
pavyHO WU TPEeKy MporpamMu ce o0aByBa CO KOPHCTEHE HUMIIETaHCUTE Off
IUPEKTHUOT cucTeM. Tpeba fja ce BHMMAaBa Ha CIETHOTO:

Kora Bo TpaHcopMaTOpOT NOCTON BPCKa BO TPUATOJIHUK, OUJIO Kajie BO
cepHja co M3BOPOT HAa XapPMOHHUIMU M €HEPreTCKUOT CHCTEM, IOBOJIHA € CaMO
eKBUBAJICHTHATA IlIeMa Ha AUPEKTHUOT PEfoclef] 3a fa ce OMpefesu Of3UBOT
Ha CHCTEeMOT. XapMOHHMIMTE Ha HyJTaTa KOMIIOHEHTa ce Omokupanu. Toa ce
riefa Ha cit. 3.29, kajie ce ryefia Koj CUCTeM Kajie ce PUMEHYBa.

OOeTe, 1 TUPEKTHATA U MHBEpP3HATAa €KBHUBAJEHTHA IIEeMa HAa CUCTEMOT
uMaaT UCT OATOBOpP Ha XapMoHHIMTe. Moxe fa ce KOPUCTU UCT MOJEN Ha
KOIIOTO 3a iBeTe. AKO BO MepemaTa ce TojaByBaaT TPOjHATE XapMOHHIH (Ke ce
NojaBaT NMpH HEYPaMHOTEXXEHN W3BOPH), HEMA Ja OWIAT O HYJITH PEefocieN n
Ke MOoXarT Jla ce aHAJIU3UpaaT co UCTHOT MOJIEIL.

CaMo MO3UTUBEH U
HeraTvMBeH pegocnes,

notpe6eH
3 chaseH mogen

RPN

[lIOBOSIEH e Mogen cuTe pefocneam
of Avp. pegocneq,

Cnuka 3.29. Biujanue Ha TpancopMaTopcKkaTa Bpcka Mpy MOJIETUPAKBETO MPU
aHaJIM3a Ha XapMOHUYHHUOT TE€K BO MPEXKUTE.

> CHCTEMOT € ypaMHOTEKeH aKo MMa HCTH MIIEaHCH BO ceKoja dasa i Bo cekoja asa ce
CITydyBaaT UCTH MPOIIECH caMO BpeMeHcaKu n3MecTenn 3a 120 cremeHn
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TexHukaTa Ha CUMETPUYHU KOMIIOHEHTH ja ryOm poOpaTa cTpaHa Kora Tpeba
la ce aHalW3upa YETUPUBOJAEH [UCTPUOYTUBEH HamNojyBay, co OpoOjHHU
efHo(a3Hu oNToBapyBamwa. Tpebda fa ce aHanu3MpaaT €KBUBAJICHTHU IIEMU 3a
IUPEKTEH U HyNTU cucTteM. He e mpakTHYHO payHO aHalW3Upame Ha CUCTEMOT,
U TOBeKe KOMjYTEPCKHM MPOTrpamMu CIIOCOOHU 3a TOYHO MOJEJIUpame Ha OBHE
CIUCTEMHU €[IHOCTAaBHO  T'M TocTaByBaaT 3-(pa3HU MOBP3aHM PABEHKU MU TH
pelaBaar.

Kaxko 3akaydok, MHOTY XapMOHUYHU cllydyad MOXaT fla C€ aHaIu3upaaT
CO MPHUMEHA HA MO3HATUTE TEXHUKM Ha CHMETPUYHU KOMIOHEHTH. Bo ciyyaj Ha
Tpuda3HUTE WHAYCTPUCKM TOBApU, CKOpPO CHTE TOBapM MOXaT fa ce
aHaIM3UMpaaT coO MPUMEHA Ha MMIENAaHCEH MOJeN Ofi AUPEKTEH pefocie.
Haj3sHauntennu wuCKIydouM ce€ XapMOHUIM Off efHO(a3HUTE TOBapu Ha
MUCTPUOYTUBHUATE HAIOjyBayKU KOJia BO MHAYCTPUCKUTE M KOMEPLHjaTHUTE
3rpaju.

3.16 Mopaemmpame Ha XapMOHUCKH H3BOPH

IoBekeTo aHanmM3W Ha XApPMOHHWIUTE C€ MpaBaT CO KOPUCTEHE Ha
CTAalMOHApEeH PEeXWM ¥ TEeXHWKM Ha pellaBakbe Ha JUHEApHO KOJO.
XapMOHUCKHTE U3BOPHU, KOW CE€ HEJIMHEAPHH EJIIEMEHTH, TeHePaTHO ce 3eMaaT
lieKa ce MHjeKTUPAYKH U3BOPH BO JIMHEAPHUTE MOJIETN Ha MPEKH.

3a MoBeKeTO CTYAWH Ha TeK Ha XapMOHUIM, MOTOJHO € Ja ce cMeTaar
XapMOHUCKHTE U3BOPH KaKO €THOCTaBHM M3BOPU HA XapMOHUCKHU cTpyn. OBa e
HOMHWHAJICH CIIy4aj 3a YpeluTe Ha EHEepPreTCKUOT CHCTeM KOora HamoHCKaTa
M300JIMYECHOCT BO CEPBUCHATA COOMPHMIIA € PEJIaTHBHO HMCKA, moMaina off 5%.
Oga e unyctpupano Ha ciuka 3.30. Kajie eJIeKTPOHCKAOT KOHBEPTOP € 3aMEHET
CO U3BOP Ha CTPYja BO EKBUBAJICHTHO KOJIO.

[Awnjarpam Ha efeH Bog

HenuHeapeH ToBap

EkBuBaneHTHo Kono

G}W' | ‘CchpreH

n3Bop

Cn.3.30. IIpeTcTaBa Ha HEJIMHEAPEH TOBAp CO XapMOHUYEH CTPYEH M3BOP 3a aHaIu3a

BpepHocTuTEe Ha MHJEKTUPAHUTE CTPYH Tpebda Jja ce ONpeeiyBaaT CoO MEPEHE.
Bo oTcycTBO Ha TOa M Ha 00jaBEHU NOJATOLM, MOXE Jla Ce MPETIOCTABYU JieKa
XapPMOHHUCKHOT COCTaB € MHBEP3HO NPOIMOPLUUOHAIEH Ha XapMOHUCKHOT OpOj.
Taka, cTpyjaTa Ha NETTUOT XapMOHUK € eflHa neTTuHa uiu 20% of OCHOBHATA,
uTH. OBa e u3BefgeHo o PypuepoBHOT pepi 3a KBajipaTeH OpaH, LITO € BO
OCHOBaTa Ha MHOry HeinmHeapHu ypenu. Cemnak, He ce IPUMEHYBa JOBOJIHO
noopo kaj PWM noronute u SMPS HanojyBawaTa, KOM ©MaaT MHOTY IIOBHCOKA
XapMOHHUCKa cofpKuHa. TaOemata 3.4 r'm NOKaKyBa TUIUYHUTE BPEJHOCTH
NOTpeOHM 3a aHAIM3H, 32 HEKOJIKY TUIIOBU Ha YpEe/u.
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TABEJIA 3.4 Tunnuno XapMOHHCKO H300/IHIyBamb€ 32 MOBaXKHATE ypeau, (Bo %)

XapMOHUK PWM noron JIauHO OCBETIIEHUE SMP HamnojyBame

100 100 100

20 70

90 7 40

80 3 15

24

75 1,8

70 0,8

ES . .
) 3a egHodazHo uinyu TpudaszHo HebaTaHCUPAaHO MOJIENINpamke, MHAKY TPOJHUTE CE YCBOjyBaaT HyJja.

Kora cucremMoT e 611cKy 10 pe30HaHca, EAHOCTAaBeH MOJENl Ha CTPyeH
U3BOp Keé [lajie M3BOHPEAHO BUCOKO IHPEJBUAYBalkE€ 3a HAMOHCKOTO
n3odnmuyBame. Mopenor ce oOuayBa Ja BHECE KOHCTaHTHA CTpyja BO BHCOKa
uMIeflaHca, IITO He € BajujHa Mpe3eHTanuja Ha peanHocTa. Yecro, oBa HeMa
MOCIIENIIN, 3aTOa IITO HajBaXKHaTa paboTa Mpef ce € 1a ce 3Hae JIeKa CUCTEMOT
HE MOXeE VCIEeIIHO fa ce omepupa BO pPE30HaHCa, IITO € BUAJIUBO Of
efHOcTaBHMOT Mofed. [loroa, Kora pe3oHaHcara Ke Oujie OTCTpaHeTa co, Ha
MpUMEDP, NOJaBambe Ha (PUITEP, MOENOT Ke faje peaneH oarosop. Cenak, 3a
MOJIEJINPakETO, CTYACHTUTE Ke YJaT BO IOHATAOUIHUOT T€K Ha CTYAUUTE.

3.17 IlpoekTt na xapmonucku ¢uarep®

[TpoekTupameTo Ha (UITEP 3a XapMOHMIM € IPETCTAaBeHO MpPeKy
npuMep, unycrpupad co Cnuka 3.32. ®unrepor ce mnpeiBUayBa 3a NETTHOT
xapMOHMK. Toj e 3a HomuHaneH HanoH 480 V u € o TUNOT HarojieH Ha eJgHa
¢ppexBennyja.

duntepoTr ce HarogyBa HEWITO MAJIKy IOJ] XapMOHUCKaTa (ppeKBEHIIN]a
3a Koja € HameHeT. OBOj MeTOJ NO3BOJYBa TOJIEPAaHUUH BO (PUITEPCKUTE
KOMIIOHEHTH M T'O WITUTUA (PUATEPOT Off cOocToj6a BO KOja TOj MOXKE fHa ce
OfiHEeCyBa KaKoO IMPEKTHa Kyca BpcKa 3a LITeTHAaTa XapMOHMCKa cTpyja (BO TOj
ciydyaj cTpyjHo Om ce mpeonrtoBapmi). OBa mcTo Taka My o6e30efyBa Ha
(punTepor BpuIewme Ha cBojaTa (PYHKIH]jA, CO PEAYLIMPAKBE HA ONTOBAPYBAHETO
Ha NoeuHUTEe KoMmoHeHTH. [IpuToa, ce MUHMMM3Upa MOXKHOCTA Off ONlacHa
XapMOHHUCKAa pEe30HaHCa aKO CHCTEMCKHTE IapaMeTpu ce IpoMeHaT M Ja
IIpein3BUKaaT NOKauyBamke Ha HaperylaupaHaTa (ppekBeHIyja.

% 1 oBsie ce paGoTH 3a IPEMEp 3eMeH Off aMePUKAHCKa TUTEPaTypa, IITO Ce Ofipa3yBa Ha
KOPHUCTEHE Ha OCHOBHA (ppekBeHnuja 60 Hz u coogseTHN HOMUHANHY HanoHy . Ha mpumep Bo

npecmerpkute ¢ @ = 271f =377rad ' (namecto @ =314 npu £=50 Hz)
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480 BONTHa NUHWja

— [

PeakTop

/TN

\z>/ KoHpeHsaTop 3a Kopekuuja
E Ha (haKTopOoT Ha MOKHOCT

Cn.3..32: IIpumep 3a HUCKO-HANIOHCKA KOH(puUrypanuja Ha puirep.
(Konpmenszaropckara 6aTepuja MOXe f1a € OAIOPaHO MPUCYTHA BO IOTOHOT, a CO
lIoflaBab¢ Ha COOIBETEH MHAYKTUBUTET, CE TOOUBA HATrOJICH (puiITep).

ITocrankara e cjIegHara:

- HajnpsuH ce ycBojyBa eJHOHArOINIMB TapaJeseH (ManT) puiarep
U ce MOCTaByBa 3a HajHUCKaTa reHepupaHa (PpeKBEHIH]a;

- Ce omnpepenyBa HUMBOTO Ha HM300IMYyBak€é Ha HAMOHOT Ha
HUCKOHANOHCKaTa coOMpHUNA (TMpeKy Mepewme Ha BHIINTE
XapMOHUIM Ha HAllOHOT Ha COOMpHHUIIATAa Kajie ce IpejBHUBYBa
¢unrepor);

- Ce MCHYBaaT CJICMCHTHUTC Ha (1)I/IJIT€pOT CIIopC]I HABCICHUTC
TOJICpAaHIIMA U CC ITPOBCPYBa eq)eKTI/IBHOCTa Ha UCTHUOT;,

- Ce npoBepyBa KapakTepucTUKaTa Ha (PPEKBEHTHUOT O3B, 32 a
ce YTBPAM Jaju HOBOKpeHpaHaTa MapayejlHa pPe30HaHCa HE €
0713y 10 HEKOja XapMOHMCKa (PpeKBEHIN]a;

- Ako e noTpeOHO, ce coriefyBa noTpedaTta Off HEKOJIKY (PUITpH,
Kako IITO ce€ MeTTHOT M CEeAMHOT WU TPETHOT, HNETTHOT H
CEeIMUOT.

Tabenmata 3.5. ru npukaxkyBa pe3yjaTaTHUTE Off IpolefypaTa 3a HIPOEKT Ha
¢punTepot co ynorpebaTa Ha KOMITJyTEPCKU Iporpam 3a TabeapHu MPecMeTKA
*nanpumep, Exel. MeTonuTe Kou ce KOPUCTEHU OBJIE CE:

AKTyenHaTa MOKHOCT Ha KOMIIEH3allja Ha OCHOBHaTa (PpEKBEHIMja
nmoOueHa off iIepaTupaHuoOT KOHIeH3aTop (6aTepuja) u3HecyBa:
(EBeHTyalHO KOHJIEH3aTOPOT Ce MPOMEHYBa BO OJHOC Ha HEroBaTa 3aTeKHATa
TOJIEMUHA, CE JlepaThpa, HaMallyBa, WU MMaK aKTYEJIHAOT HAIlOH € pa3jnyeH Off
HOMUWHAJTHHOT)

_s [ Y (3.30)

c,act c,nom U

nom

Bo 0BOj cnyyaj, HOMUHATHUOT U aKTYEJHUOT HANOH CE UCTH, TaKa ILITO
aKTyeJHaTa MOKHOCT Ha KOHJEH3aTOPOT € HOMMHalHaTa MOKHOCT , 500 kVAr.
CrpyjaTta Ha ocHOBHaTa ((ymaMeHTamHaTa) (PpeKBEeHIHja 32 KOHJECH3aTOPOT-
O6aTepujaTa ce JOOMBa KaKoO:
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S 500
I, =—2o = —601,4 A. 3.31
e Bu., 30,480 (331

ExBuBanenTtHa egHoga3zHa MMIIe[JaHCa Ha KOHJEH3aTOpPOT - Oarepujarta ce
MpeCMETyBa KaKO (ce ImocMaTpa €KBUBAJICHTHA BpCKa BO SBGSIIa)Z
U, 0480°

nom
cy S

X

= 0,4608Q) (3.32)

c,nom >

HNmnenancata Ha (PUITEPCKUOT peakTop (MHIYKTHBUTET) ce A0OHMBA KakKoO

(HamecTo 5 3a n, ce ycBOjyBa OHUCKA BpeHOCT 4,7):

X, 04608
2 2

n b

X, = =0,02086Q (3.33)
BxiyuyBajku ro (UITEpPCKHOT peakTOp ce 3rojeMyBa (yHJaMeHTaJTHaTa
CTpYyja 10 BPEIHOCT:

Yoom __ 0480 =629.9 A (3.34)

V3(X,. +X,) +/3(~0.4608+0.0209)

IMopamgu dakToT MTO (PUATEPOT BieUe MOBEKe CTpyja HAa OCHOBHHOT
XapMOHI/IK OTKOJIKy KOHH6H3aTOpOT Kora € cawm, HO6I/I€HaTa peaKTI/IBHa
MOKHOCT 3a KOMHCH33HI/Ija € InoroJjieMa oOjJ HOMHHaJIHaATa MOKHOCT Ha
KOHHCH?:aTOpOT " Cce OHPGHYBB. CcO paBeHKaTa

FLgyer —

S ica = V3U oDy = /3 x480% 629,9 = 524 kVAr (3.35)

Homunanuute mnopaTomnu 3a KOHAEH3aTOPOT Tpeba ja ce crnopepar co
HErOBUTE CTaHAApJHMU IPAHUIM HA ONTOBApyBame KaKo IITO € NMPUKa’KaHO Ha
NoJHUOT fien of Ttabemarta 3.5. Cnenudukanuute 3a (PUIATEPCKUOT PEaKTOP
Tpeba fa TM BKJIydYyaT M BHIIUTE XapMOHMIM M OCHOBHMOT XapMOHHMK Ha
crpyjata. Crpyjara Ha BHIIATE XapMOHMIM Tpeba nma ce ofpeau
IPETIIOCTABYBAjKN fleka € MPUCYTHA HEKOja peaslHa BPEHOCT Ha MO3aJMHCKa
M300JIMYEHOCT HA HAIOHOT Of IpyruTe U3BOpu. Bo 0BOj ciiyuaj, n300andeHocTa
Ha IUCTpUOYTUBHUOT HAIOH € ycBoeHa 1.0 mponeHT.

KapakTepuctuku Ha HarogeHoOCT Ha (QUITEPOT ce ONUILIAHU CO
¢pakTopoT Ha foOpora Q. Pakropor Q mpeTcraByBa MEpPKa Ha OCTpUHATa HA
HarojieHocTa U 3a OTIOPOT R Ha CEpUCKUOT (uiaTep U ce OfpeAyBa co
paBenkara 3.36:

0= (3.36)

Kajie 1ITo:
R = cepucku oTnop Ha (PUITEPCKUTE EIIEMEHTH
n = peryimpaH XapMOHUK
X, = peakTaHca Ha (PUITEPCKUOT peaKkTop Npu (pyHIaMEeHTalHa
(ppexBeHnyja

TunmyHo, BpeHOCTa HA R CE€ COCTOM caMO Of OTHOPOT Ha peakTopoT. OBa
OOMYHO pe3yJTHpa BO MHOTY rojieMa BpeJHOCT Ha () ¥ MHOTY OCTPO /I€jCTBO Ha

¢untepor. OBa € HOPMAJHO 3aIOBOJIATEIIHO 3a TUINUYHHA ETHO(PUITEPHU
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alyMKalM W pe3yaTupa BO (uiITep KOj ce paKyBa €KOHOMHUYHO (Manu
eHepreTcku 3aryom). [ToHekorart, MoKeInHo € 1a ce BOBelaT HaMepHU 3aryon
3a Jla ce MPUTyLIU OArOBOPOT Ha cUCTEMOT. OTNOPHUKOT OOMYHO Ce JOfiaBa
napasieJJHO Ha peakTOpoOT, 3a Jia ce CO3/iajie BUCOKO-IponyceH gpunrtep. Bo oBoj
ciy4daj, O ce ofjpefyBa cO MHBep3uja Ha paBeHkara 3.36, Taka Jla rojemMuTe

OpoeBH TO oOfpa3yBaaT OCTPOTO HarofyBame. Bucoko-mpomycHure ¢uatpu
00uYHO ce KopucTtaT camo Ha 11-te u 13-re xapMOHMIIM ¥ TOBUCOKO. OOUYHO
HE € €eKOHOMMYHO Jla ce paboTH co TakoB (pUiATEpP HA 5-OT U 7-OT XapMOHUK,
nopajy 3aryonuTe u JUMEH3UHUTE Ha OTTIOPHUKOT.

Peakroputre koum ce ynoTpebeH:m 3a morojemMu (UITpU ce OOMYHO
U3rpajiecHu CO BO3AYIIHO jafpo, KOe fjlaBa JUHEApHU KapaKTEPHUCTUKU BO OJHOC
Ha (PpeKBeHIjaTa u cTpyjaTa. PeakTopute 3a moManute QUATPU U pUATpUTE
KOM MoOpaaT fia ce IOCTaBaT BO OTpaHMYEH MPOCTOP WU OIHUCKY [0 YETUIHU
CTPYKTYpH C€ M3TrpajieHu cO Yeau4yHo jagpo. OOuuHO. = 5% TonepaHuuja BO
peakTaHcaTa e npudaTiuBa BO MHAYCTpUCKU npuMmeHH. OgHocoT X /R 3a 60
Hz, e oouuno nomety 50 u 150. Moxke fia ce ynoTpeOu cepucku OTIIOPHUK 3a fia
ro Hamajad OBOj] OAHOC, ako ce Oapa, Aa HpousBefe (UIATEP CO MNOBEKe
npuryuyBamwe. PeakTopot Tpeba na Oupie co TaKBM HOMUHAJIHU MMapaMeTpH, 3a
la U3PKU KPaTOK CIIOj MoMefy peakTOpoT U KOHAeH3aTOpoT. [IpoekTupannoT
(0 3a BHUCOKO-TIpONMYyCHaTa KoHurypaumja Moxe jga oupe 1 mnm 2 3a pa ce

noOue 0J1aro HakJIOHEeTa KapaKTEepUCTHUKA HAJ] HarojeHaTa (hpeKBEHIIN]a.

duntpuTe 3a MHOTY BHCOKAa MOKHOCT, 3a Tpu(pa3HUTE MPUMEHH KaKO
IITO Ce CTaTUYKUTE CHCTEeMH 3a KomreHsamnuja (Static Var Systems), cKopo
cekorail BKJIy4yyBaaT 5-TW U 7-MU XapMOHUIU, OWEC]KM OBHME CE HAJTOJIEMHTE
XapMOHUIIM TpPOM3BEAEHU Off O-mMmysncHHOT MocT. IloBpemeHo, oBa
Ipen3BUKYBa CUCTEMCKA pe30HaHca OMMCKY 10 3-0T XapMOHMK IITO MOXe fJa
Oapa TpeTOXapMOHWYEH (PUIITEP.

Hukoj He Ou moMuciami fieka TPETHOT XapMOHUK Ou OUJ mpoOiaeM BO
Tpua3HUOT MOCT, HO HEYPAaMHOTEXKEHOCTHTE BO paboTaTa Ha MOCTOT WU BO
CHCTEMCKHUTE MapaMeTpH CO3[aBaaT Mald KOJIMYECTBA HA HEKapaKTEPUCTHUYHU
XapMOHUIM. AKO CHCTEMOT Ce€ CTpeMH KOH pe30HaHIMja Ha OBUE XapMOHUI,
¢unTpute Tpebda a ce ynorpeoar.
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TABEJIA 3.5 IIpuMep 3a 1poeKT Ha XapMOHHWYEH (puiTep

[MpecmeTka Ha HUCKO HAaNOHCKM ounTep |

119

NMHOOPMALMN 3A CUCTEMOT :
Cneundmkaumja 3a QuUITEpoT: 57TT1n
KoHgeHsaTtop 6aTepwvja: 500 kvar
MopaTok 3a cTyjaTa Ha 6aTepujata : 601 A
HoMuHaneH HanoH Ha cobupHuua: 480 V

CT1pyja Ha koHAEeH3aTop (BUCTUMHCKA): 601,4 Amps

HarogyBaHe Ha XapM.: 4.7 th
MmMnepaHca Ha KOHAEH3.)

(ekBMBaneHTHa Ha sBe3fa): 0,4608 ('
ViMnepaHca Ha peakTop: 0,0209 Q

CTpyja HU3 hunTepoT 3a
NOJIHO ONTepeTyBare (BUCTMHCKA): 629,9 A

CTpyja HU3 hunTepoT 3a
MOJIHO ONTepeTyBare (HOMUHaNHa): 629,9 A

1500 kVA
6,00%

Mopat. 3a TpaHcgopmaTop:
(HomuHaiHa MOK v uMmne[. Ha K.B.)

OnToB. co cTpyjHK xapm®.:30,00% Fund
anMcTpubyTeHa xapm. ctpyja:'® 47,7 Amps

NMPECMETKA HA KOHOEH3ATOP:
Edb. Bpea, Ha cTpyja Ha dounTep: 669,9 Amps '

HarnoHcku xapM. Ha kanayutet' 36,4V

eeKT. Bp. Ha HaMoH Ha KoHAeHs: 504,1V '°

FPAHNYHA BP. HA KOHIEH3ATOPOT: (IEEE Std 18-1980)

®pekBeHUMja Ha CUCTEMOT
KoHgeH3aTop 3a HamnoH
MOKHOCT Ha KoHA. 6aT.

BKyrnHO xapM. onTepeTyBake

HarogyBawe Ha (ppekBeHumja

60 Hz

480V
60 Hz

500 kvar

500 kVA

282 Hz=4,7*60

BpegHocT Ha kKanauMTeToT

(ekBMBaneHTHa Ha sBe3fa)

Hom.Bpeg. Ha peakTop:

O6esbeeHa KoMmneHsaumja:

KopucHuyika ctpaqa U, :
(N13BOp Ha xapMOHWYeH HaroH)

ToBap Ha CTpyjHU XapM.:

Makc.BkynHa.xapm.cTpyja:
OcCHOBEH HamoH Ha KanauyuTeToT:
Makc. HanoH (Tem. Bp.):

Makc. cTpyja (Tem. Bp.):

. 5756,5 uF’

0,0553 mH

524 kVAr

1,00% THD

1804 A °
2281 A !

5028V 1

5392V

858,0 Amps

KOH®UTYPALIMJA HA GDUNTEPOT:

(112% 3a TemeHaTa Bp. Ha HanoHoT oa: (504,1+36.4)/480=1.12)

paHunua [obueHo | teemmnann _
HarnoH, TemeHa Bp. 120% 112% - IT I
Crpyja: 180% 111% B g fm
Kvar: 135% 117% |
RMS HanoH: 110% 105% !Lm/x N
(7

CNELMOUKALMN HA ONBAJHUPAH GUNTEPCKUOT PEAKTOP: (BMAM crefHaTta cTpaHvua)

;
C= 1
X

¢

¥ Tonky n3HecyBa cTpyjaTa oji 5-TH XapMOHHK KOja Ce CO3/laBa BO OTOHOT
? =601x0,3 6upejku nma 30% CTpyH Ha 5-THOT BHIII XapMOHHMK, HAIIP. JOOUEHO CO MEPEHE
" Tonky u3HecayBa cTpyjaTa Off 5-TH XapMOHHK KOja joafa BO (PUITEPOT Off MUCTPUOyLHjaTa,

6uy. o TaMy ce JoOMBa BeKeH N300IMIEH HAIOH

' =180,4+47,7

2 =4630° +228°
- IX 3 =629,9x0,4608x1,73
! 0.4608

Y 1x 3 =228
15 =502,8+36,4

1o _ /4807 + 36,4

1,73 =36,4V

mac
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PeakTopcka nmnegaHca: 0,0209 €2 VIHOYKTUBHOCT Ha peakTopoT: 0,0553 mH

OCH. XapMOHUK Ha CTp. : 629,9 Amps XapMoHuyHa cTpyja: 228,1 Amps

3.20. TesleKOMYHNKAIMCKH NPEYKH

XapMOHUYHNUTE CTPYU KOU TEYAT HU3 NUCTPUOYTUBHUOT CUCTEM, WIIA BO
IIOCTPOJKUTE HAa KpajHATE KOPUCHMLIM MOXKAT [a CO3[ajaT MpPedykd BO
KOMYHUKAIMCKUTE KOJa KOW TH JleJlaT UCTUTE MaTuinTa. (pusnuku ce Oim3y)
Hanonute wuHAynMpaHu BO NapaleTHUTE IPOBOAHUIM Off BOOOMYAECHUTE
XapMOHUYHM CTPYH, YECTO NaraaT BO (PPEKBEHTHO NOApayje Ha HOPMAITHHUOT
TOBOpPEH OIlcer Ha KOMYHHUKanwjata. XapMmoHmiutTe nomery 540 Hz (9-tm
xapmonuk'’') 1 1200 Hz (h=20) ce moceGHO cMeKaBauyku. MHIyIMPAHUOT HAIIOH
IO aMIep Of CTpyjaTa ce 3rojemyBa co ppekBeHyjaTa. TpojHUTE XapMOHULU
(3-or, 9-0T, 15-0T) ce npoGIeMaTUIHN TTOCEOGHO BO YETHPUTIPOBOTHUTE CUCTEMHU
Oouejku Tre ce Bo (paza BO CUTE MPOBOJHULMU Off TPU(A3HOTO KOJIO, U CHOPEN
TOA ce JOofaBaaT JMPEKTHO BO HEYTPAIHUOT INPOBOJHUK, KOj HAJMHOIY €
U3J10EH KOH KOMYHUKAIUCKUTE KOJa.

XapMOHUYHUTE CTPYH BO EHEPreTCKUOT CHCTEM CE€ CBp3yBaaT BO

KOMYHMKAIMCKATE KOJla WM CO MHAYKIH]JA WU CO AUPEKTHO CIPOBENYBAME.
Cmuka 3.33 wunycTpupa BiIHWjaHWEe Off HeyTpajlaTa Ha  HaJ3€MHHOT
AUCTpUOYyTUBEH BOJ MO maT Ha umHAyKOMja. OBa Oelle TEXOK HpoOjeM BO
BpeMETO Ha Telle(pOHCKUTE Kojla co oTBopeHu unu. Cera co ynorpebaTa Ha
3alITATEHN IPOBOJHMIM CO YCYKaH IMap XUIU 3a TeJe(OHCKHUTE KOJa, OBOj
HayWH Ha BpCKa HE € TOJKy BaXKeH. [{MpPEKTHOTO MHAYKTUBHO Bp3yBame €
€IHaKBO BO JiBaTa CIIPOBOJHMIMU, H PE3YyJITHPA cO HYJITH MHAYLMPAH HANOH BO
jamMKaTa popMupaHa oj] IPOBOJHULIUTE.
NHAYyKTUBHOTO CBp3yBame MOXE Aa Oupie MpoOseM, aKO BUCOKO(PEKBEHTHUTE
CTpPYH C€ WUHAyUMpaHH BO IITUTOT KOj TH ONKPYyXyBa TenedOHCKUTE
npoBopHuny. CTpyjaTa Koja Tede BO IITUTOT MpPeAn3BAKYBa Naj Ha HanmoH IR
(c.3.34), mTo pe3yaTHpa BO MOXKHA pa3jiiKa Ha MOTCHIWjaJl Ha 3a3eMjCHHUTE
TOYKHM BO KpaeBUTE HA TeIE(OHCKUOT Kalell.

N
/.
y / | e
N/ ——
// CTpv‘a
- auvja
—Gon 3a KOWY Hme
/ =
dnykcHa nuHuja

17 ce mucim Ha cucremot 60Hz
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Cn.3.33. IHAYKTHBHO CBP3yBake Off EHEPIeTCKU CTPYEH CUCTEM CO TeJIe(POHCKOTO
KOJIIO

m yBpTeH nap
AN

l ‘ 7

< E | wrunT WTHUT

Ci.3.34. IR naj Ha HanOH BO KaOJIOB LITUT IITO PE3yJITUPa BO MOKHHU Pa3/IUKU BO
TOYKHTE Ha 3a3€M]yBaHkETO Ha KPA€BUTE HA KaOENOT

Vioor V¢ = curHan

3a KOMyHUKaLuja

HeyTpareH t
!

KOMYHUKaLMOHaH Kabern

3anyTtaHa
M cTpyja
T =)

Cn.3.35.ITpoBofiHa BpcKa HU3 OIIIIT 3a3€M]yBayKy MaT

CrpyuTe BO OKJIONOT MOKAT jla OujaT NMpeAu3BUKAHM U Off AMUPEKHO
npoBofeme. Kako mro e uiaycrpupano Ha ci1.3.35 IITUTOT € BO Mapajena co
3a3eMjyBauYKUOT MaT Ha €HEPreTCKUOT CHUCTeM. AKO JIOKAJTHUTE 3a3eMjyBauku
NPOBOJIHUIIM C€ TaKBH IITO pejaTUBHA rojieMa CTpyja Tedye HHU3 OKJIONOT,
roJIEeMHOT Taji Ha HamoH IR BO OKJIonoT, Ke mpegu3BuKa MOKHA MOTEHIUjaTHa
pasiyKa BO 3a3eMjyBauyKHUTE TOUYKHM HA KpaeBUTE Ha TeIe(OHCKUOT Kabed.

3.21. KoMnjyTepcku cpeacTBa 3a aHAJIN3a HA XapMOHUIUTE

Opn nperxopmHaTa AWCKycHja ja AoOOMBME WjejaTa 3a TUIOBUTE Ha
aKTUBHOCTHU KOM MOpa fia OujjaT U3BEJIeHN 3a CIIPOBEyBamhe Ha XapMOHUYHATA
aHalIM3a Ha EHEPreTCKUTE CUCTEMU. 3a CUTE, OCBEH 3a HajeJHOCTABHUTE KOJa,
HOTPEOEH € YCOBPIIEH KOMjyTEepPCKH ITPOTPaM.

IIpBo, Tpeba fa ce Kaxe geka eJHO eJHOCTaBHO KOJIO ce M0jaByBa 4eCTO
BO MaJli HUHAYCTPUCKA CHCTEMU M MOXKHO € fja ce oOpabdoTu cO payHu
kankynanuu (cin.3.36). Toa e Koo co egHa cCOOUPHUIIA CO €leH KOHIEH3aTOoP.
JIBe paboTH MOXKaT Jja ce cTOpaT peaTUBHO JIECHO:

1. la ce opmpenu pe3oHaHTHaTa (ppekBeHIMja. AKO Taa € OIHMCKY JI0
MOXHHUOT ONaceH XapMOHMK, WM MOpa ia C€ CMEHHM KOHJIEH3aTOPOT MU
a ce MpoeKThpa pUITep.

2. Jla ce HampaBM IpPOLEHKA HAa HAMIOHCKOTO H300/IMYyBamkbe IMOpagu
crpyjara, /,. Hanonor U, e gajeH co paBeHKara:

v, =| — Krjel (3.37)
I—’LC + joRC
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h=23... ® = 2nfih

XapMoHH14eH

wﬁé:ﬂ_@ n3BOp

W h=2,3,4,

- 4
Cn.3.36. EqHOCTaBHO KOJIO KO€ IIITO MOXE PavHO jja Ce aHaIu3upa

AKo pe3oHaHTHaTa (ppekBeHIMja He € OJHUCKYy [0 3HAYUTEeNeH
XapMOHMK, M TpOIEHeTaTa HANOHCKa MAWCTOP3Wja € HHUCKa, alulMKanujaTa
CUT'YPHO Ke Oujie ycreuHa.

3a kani, He CUTE MPaKTHYHU Cllydau MOXarT fia ce MPETCTaBaT CO TOJKY
€JHOCTaBHO KoOJI0. BcymHOCT, mofgaBambeTO Ha camMO €[IHa CHOjHUIA CO
KOHJIEH3aTOpP Ha €JHOCTAaBHOTO KOJIO KakKo Ha ¢i1.3.36. ro mpaBu MpOOJIEMOT
BUCTMHCKHM IpPEAU3BUK JAypH M 3a HajpoOpute aHanutmyapu. Kako m na e,
KOMIIJyTEPOT MOKE [Ia ja 3aBpIIX UcTaTa padoTa 3a MHOTY KyCO BpEME.

3a ga ce ynoTpedaT KOMJyTEPCKUTE CPEACTBA KOM CE Ha pacrosarame,
QHAINTUYApPOT MOpa Jla My ja ONMIIE Ha MpPOrpaMoT KOH(Urypanujata Ha
KOJIOTO, TOBAPOT U n3BopuTe. Mopa f1a ce codepat ciieJHuBE MOAaTOLH:

- Nmnenancara Ha TpaHcOpMaTOpPOT U HA BOAOT

- TpancopmaTopckuTe NOBP3yBamkha

- BpennocTn n nokanym (MHOTY BaxkKHO!) Ha KOHIEH3aTOPOT
- XapMOHWYEH CIIEKTap Off HEJIMHEapHUTE TOBApU

- Hamnonu Ha eHepreTCKuoT U3BOp

OBue BpegHOCTM BJEryBaaT BO IporpamaTta IITO TW IpUIarogysa
UMIIEJIJaHCUTE 3a (PPEKBEHIMUTE HAa XapMOHHUIMTE W TO MPECMEeTyBa TEKOT Ha
XapPMOHUCKHUTECTPYH HU3 CUCTEMOT.

3.21.1. Mo:KHOCTH HA IPOrPaMHUTe 32 XapMOHHYHA AHAIN3A

IIpucpaTnue kommjyTepcku coTBep 3a XapMOHMYHA aHajlu3a Ha
E€HEePreTCKUOT CUCTEM Tpeda ia ' UMa CIEAHUBE KapaKTEPUCTUKU:

e Tpeba na e cnocoOeH 3a paboTa CO roJIeMl MPEXKH CO HajMaJIKy HEKOJIKY
CTOTHUHH a3y,

e Tpeba ma e cnocobeH 3a padboTa co TpudasHH MOJEIU CO MPOU3BOJHA
ctpykrtypa. He cute Koma mnoceOHO oOHUE Ha HAUCTPUOYTUBHHUTE
HamojyBaud ce TMOJJIOXKHU Ha TOYHO peIIeHue, CO YPaMHOTEXKEHU
MOJIEJTN Ha TUPEKTHUOT CUCTEM.
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e Tpeba pa e cmnocoOeH 3a MOJEIMpamke Ha CHCTEMHM Off JUPEKTEH
penocinen. Kora Hema fga mMa HyJATH XapMOHUIM, HEMa CMHCIA fla ce
ry0aT KOMITjyTEPCKUTE PECYPCH 3a Liesl Tpuda3eH MOJIeI.

e Tpeba ga MOXKe fa ja aHaJIU3Upa UIEAaHCAaTa HAa CUCTEMOT IMPHU Pa3HU
(pekBeHIIMM CO TOCMaTpame Ha Manu (PpEeKBEHTHU WHTEpBaIu (HA
npumep 10 Hz), 3a ma ru pa3Bue KapaKTePUCTHKUTE HA CHCTEMCKUOT
(bpekBeHTEH OArOBOp HEONXOMEH 3a WAeHTU(UKAIUja HA PE30HAHCHTE.
(OBa ce BMKa (PPEKBEHIMCKO CKEHUPAHHE)

e (CnocoOeH 3a wu3BelyBalkbe Ha CUMYJTAHO pellaBakbe Ha OpOjHU
XapMOHUYHM W3BOpHU, 3a Ja Ce€ HpOLEHHM aKTyejJHaTa CTpyjHa u
HaloHCKaTa JucTop3uja.

e Tpeba ma mma BrpajieHu MOJIEIU 32 BOOOMYACHUTE XAaPMOHUYHU U3BOPH.

e Tpeba pma rum [J03BOJM M CTPYJHATE M HAMOHCKUTE MOJENIM Ha
XapMOHUYHUTE U3BOPHU.

e Tpeba ma Moxe aBTOMATCKM fa TW mpujarogu (pa3HATE arid Ha
u3Boputre OaszupaHu Ha (pa3HUTE aram Ha (pyHAAMEHTaJHaTa
¢dpekBeHyja.

e Cnoco0eH f1a ja Mofenupa Koja ouso TpancopMaTopcKa BpeKa.
e Jla MOXe J1a TM U3JIOXKH PE3yJITaTUTE HAa HAUMH C(PaTINB 32 KOPUCHUKOT.

3. 22. Hopmu 3a BHIINTE XapMOHULH

I[Ipy HOpMEpameTO MOCTOM €[IeH OMNIUT NPUHUUI KOj BEIu [AeKa
MHTEPECUTE Ha JBaTa cy0jeKTa a Toa Ce€ MCIOopPayvyaTeJoOT U KOPUCHUKOT Ha
eJeKTpUYHaTa eHepruja Tpeba pma ce ycoriacaT, IMOYHATYBAajKHM IIPUTOA
€KOHOMCKM U TEXHHYKM OrpaHuMUyBama. 3a fa ce NOCTUTHE OBa, MOXKHHU ce
cnegaute 3acgatu: 1. OrpannyyBame Ha €MHUCHjaTa Ha BUIIATE XaPMOWHHIIM
(cTpyuTe Ha moTpomryBaunTe); 2. HamamyBame Ha BpckaTa Mely ypeauTe Kou
EMUTHpaaT MNPEeYKW U YpEeAuTe KOM Cce IMONpPedyBaHU Off HpeuykuTe; 3.
3rosieMyBame Ha OTIIOPHOCTA KOH NPEYKHU Ha ypeauTe.

Emncuja Ha BHIIKM XapMOHHUIM BO MpeXaTa 0Jf CTPAaHA HA NOTPOINYBAYHTE

OBa e 0OBpcka Ha KOPUCHULHUTE Ha €EJIEKTPUYHA EHEepruja ja ce
ycoriacat co oBue 0apama. Cekako, ' 3acera ¥ NpoOU3BOUTEIUTE Ha ONpema.
Hopwmute (crangapauTe) MOCTOjaHO ce BO pa3BUTOK W MpoMeHH. Bo mocrnenHo
BpeMe ce TMOBeKe ce HamylITaaT HAlMOHAJHUTE HOPMH, a Cce NPEMHHYBa KOH
esponckure. Taksu ce EN61000 gen 3-2 u mefynapoguuotT IEC 1000 - 3 - 4.
HNako oBue HOpMU ceyITe ce MPEeJJIor, celak Ke MpuKaxkeMe efieH Mall e Off
HuB. ima eqHM npaBuia 3a anapaTy KOW 3eMaaT cTpyja o 16 ammepa, a apyru
3a MOjakuTe MOTPOIIyBayl. 3a amapaTUTe KOU 3eMaaT cTpyja norosjema of 16
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aMmIepa, CUTe ciydal Ha OIlCHKa ce IMOJEJIEHM Ha TpHU CTENEeHH, IPB, BTOp U
TpeT.
Crenenor 1 ru omndaka amapaTture Kaj KOM MOKHOCTa Ha Kyca Bpcka S, BO

MECTOTO Ha 3aeJHMYKO TPUKIyUYyBamke Ha MOTpoInyBavyoT (point of common
coupling) e HajManky 33 maTé MOrojieMO O MOKHOCTa Ha amapaTroT KOj ce
aHaIW3Upa. 3a CTENEHOT 1 NO3BOJIEHUTE EMHUCUU HAa CTPYJHU BUIIM XaPMOHUIIN
mameHu ce Bo Tabenara 1.

Tabena 1: 'panunu 3a eMuTupame Ha Buiy xapmonuuy cnopep IEC 1000 - 3 -4, creneH 1.,

&>33, I, >16 A.
S

n

Pepmaxapm. | [, /I (%) |Pemmaxapm. | [ /] (%)
3 21,6 21 <0,6
5 10,7 23 0,9
9 72 25 0,8
11 3,1 27 <0,6
13 2,0 29 0,7
15 0,7 31 0,7
17 1,2 >33 <0,6
IMapuu <8/h nm £0,6

TabGenata 1 majeHa € camo Kako nmpumep. 3a creneHuTe 2 U 3 KOU Baxkar 3a

"

S
[pyTH ie(puHUpaHU YCIOBU Ha S—k U TUIIOT Ha MOTPOILIYBAYUTE, yIIaTyBaMe Ha

n

CIIOMHATHUOT CTaHJAPN.
Hupo Ha mOAHOCIHBOCT

ITon oBOj mouM ro noppazOrpamMe HUBOTO HA BUIIM XaPMOHMIM BO HAOJHUOT
HaIlOH, ¥ TOa € OOBPCKa Ha UCIIOPAavaTeNIOT Ha eJIEKTPUYHATA EHEPTHja.

CrpyuTe Ha BHIINTE XapMOHMIM MUHYBAajKM HHM3 MMIEAaHCUTE Ha MpexKaTa
(nMIeancuTe ce 3aBUCHU Off (PpeKBeHIMjaTa) NPEAM3BUKYBaaT TajJoOBH Ha
HallOHM Ha BUIIW XapPMOHMIM KOU CE€ CyNepHOHMpaaT Ha OCHOBHHOT XapMOHUK
Ha HaIloHOT.

3aroa, ce jaByBaaT CTpPyH Ha BUIIM XapMOHHIU M HHU3 OHHE EJIEMEHTH Off
MpexkaTa, KOW caMHTe 1Mo cebe He TeHepupaaT BUIIM XapMOHWIM (Ha MpuMep,
KoHfIeH3aTopuTe). Tue crpym 6m MosKele la GuigaT gocTa TOJIeMH, 3aBUCHO Off
UMIElaHCUTEe Ha THE eJeMEeHTU. 3aToa, ce MOCTaByBa OrpaHMYyBamke M Ha
HAMOHCKUTE XapMOHMIY BO HAIIOJHUOT HATIOH Of] MpeXKaTa.

Bo Tabenara 2 pganmefeHu ce YTBPACHUTE BUIIM XapMOHHUIM HAa HANIOHUTE BO
jaBHUTE M WHAycTpuckuTe Mpeku (cnopen VDE 0839 nen 2-2; EN 61000 gen 2-2)
U 32 HICKOHAIIOHCKUTE MPEKU.
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Tadena2 : HuBo Ha MOHOCIMBOCT 3a BUIIMTE XapMOHUIIM Ha HAMOHOT (pedepeHTHH
HUBOM 32 XapMOHWUIIN)

pen HHMBO Ha IMOJHOCIUBOCT BO %

h HUCKOHAIL. | CpeHOHATl. HNupycTpucku MOCTpOjKH

Mpexa MpesKa
Kknaca 1 KJtaca 2 Kmaca 3

5 6,0 6,0 3,0 6,0 8,0

7 5,0 5,0 3,0 5,0 7,0
11 3,5 3,5 3,0 3,5 5,0
13 3,0 3,0 3,0 3,0 4,5
17 2,0 2,0 2,0 2,0 4,0
19 1,5 1,5 1,5 1,5 4,0
23 1,5 1,5 1,5 1,5 3,5
25 1,5 1,5 1,5 1,5 3,5
>25 0,2+0,5%25 | 0,2+1,3*25/h | 0,2+12,5/h | 0,2+12,5/h 5% (1 1/ h)

/h THD =5% | THD =8% THD =10%
HETIApHMU, BPETHOCTH Ha h memBu co 3 *1)

3 5,0 5,0 3,0 5,0 6,0

9 1,5 1,5 1,5 1,5 2.5
15 0,3 0,3 0,3 0,3 2,0
21 0,2 0,2 0,2 0,2 1,75
>21 0,2 0,2 0,2 0,2 1,0

nmapHU BPETHOCTH Ha h

2 2,0 2,0 2,0 2,0 3,0

4 1,0 1,0 1,0 1,0 1,5

6 0,5 0,5 0,5 0,5 1,0

8 0,5 0,5 0,5 0,5 0,5
10 0,5 0,5 0,5 0,5 1,0
>10 0,2 0,2 0,2 0,2 1,0

*1) BpenroctuTe 3a 3. m 9 BHII XapMOHHK BaxkaT 3a CPEHOHAIIOHCKATa
o0J1acT caMO 3a MpEXHTE 3a eJHO(a3Ha HaU3MEHNYHaA cTpyja. Bo Tpudasuure Mmpexun
3a HaW3MEHNWYHa CTpyja Tpeba fa ce 3eMe 1/3 of HMBOTO Ha NOJHOCIUBOCT Ha rope
HaBEJICHUTE BpeJHOCTH. BO HUCKOHANOHCKUTE MpEXH BpElaT AaJeHUTE HUBOM Ha
HOJHOCTUBOCT.

ITpu oBa HUBOTO HA MOJHOCIMBOCT 3a HUCKOHAIIOHCKYU M CPETHOHAIIOHCKU MPEKH 70 25
-TM XapMOHUK C€ UJIEHTUYHH. 3a MHAYCTPUCKUTE MOCTPOJKU BaXkaT MAJKy ITOMHAKBU
BpenHocTH (VDE 0839 e 2-4 u EN 61000 gexn 2-4). Tamy ce gedunupaat 3 Kiacu:
Kiaca 1: 3amrutenu HamojyBamwa, HamojyBamka Ha KOMIjyTepu coOM 3a aBTOMAaTCKa
00paboTKa Ha NOAATOLM, aBTOMATUKH, TEXHUUYKHU J1aOOpaTOpHH, 3alITUTH; omaTeH
yenos: THD(U ) = 5%

2. Knaca 2: Touka Ha NPUKIy4YyBamke CO JaBHUTA MpPEXKa, HUBO HA IMOJHOCIMBOCT
ciopen VDE 0839 nen 2-2 u en 88. HonaTen ycnos: 7. HD(U ) =8%

3. Knaca 3: BHaTpelHn NpuKIIy4OlIX Ha OIpeMa, KaKo amapaTH 3a 3aBapyBame, IpH
YeCTH CTapTHpama Ha MOTOPH, IIOCTPOjKH 3a HacoueHa (WCIpaBeHa) CTpyja W APYIH.
HopaTeH ycioB: THD(U) =10%
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Bpepgnocture Bo TabGenmaTa 2 3a WMHAYCTPUCKHUTE TOCTPOjKH CE€ JOMYIITCHU
Tpajuo. KpatkoBpemeno, 3a Bpeme o 10% op enen untepnai ox 150 cexyHau,
MONYIITEeHHN ce u 1,5 mTaTu morojxeMu BpefHOCTH.

IIpenopakara IEEE 519

OBaa npenopaka € focra IeHeTa BO CBETOT U IUTHpAHA BO NMyOIMKalUU 1
ACTpaxKyBamwa. Taa mpep ce ce 3aHMMaBa CO BUIINTE XapMOHMIM Ha €[eH
focTa KomiuieTeH HaunH. Ho mMa mocra pa3nuku BO OJHOC HA €BPOICKUTE
HOPMH U NIPENOpPaKH, ¥ BO OHOC Ha MPONHIIAHUTE OpOjYaHu M3HOCHU, U BO
OJTHOC Ha Je(PMHUPAHETO HAa HAIIOHCKUTE HMBOM, KAKO BIIPOYEM CKOpO CE
LITO € KapaKTEPUCTUYHO 3a AMEpHKa BO OTHOC Ha OHa IITO € eBponcko. Ho
MMa €JHO MHOTY JOOpPO CBOJCTBO KOE c€ KOMEHTHpa CO U3pa3oT [eKa “‘osaa
iipeiiopaka epwiu  UpasedHO  paciipedeaysare Ha Upasaiia  Mmezy
uompoutysaiuite 60 CMUCAA HA UCKOPUCIUYBAMETUO HA KAUAuUIUeloul Ha
mpexcaiia 3a emuiduparbe Ha upeduxku”. IMeHo, Toa ce cocTom BO (PAKTOT
LITO OBaa IIpenopaka [O3BOJEHUTE EMUTUPAHU CTPYM Ha BHUUIUTE
XapMOHMIIM Ha KJIMEHTOT I'M MPaBW 3aBUCHU O]l MOKHOCTAa Ha Kyca BpKa BO
MECTOTO Ha 3e[[MHUYKH TPUKIYYOK W Off Tpe3eMeHaTa (JOoroBopeHara)
MOKHOCT Ha moTpoiryBayoT. OBa ce riefa oOf NOAONYy MpHUKa’KaHUTE
TaOIHIIH.

Ha npumep, 3a efeH noTpoinysay MpUKIy4EH HA BUCOK HAIIOH UMaMe BaKBU
JO3BOJIEHU CTPYjHU XapMOHUIN:

Tabeaa: UEEE aumuitiu 3a u3obauyeHoOCl Ha Cciipyjaiia 3a ouwditiu peHOCHU
cucitiemu co Haiion 69kV<U<I61kV
IEE Std 519-1992

L /1, <11 11<h<17 17<h<23 23<h<35 h>35 THD (1)
<20 2.0 1.0 0.75 0.3 0.15 2.5
20 <50 35 1.75 1.25 0.5 0.25 4
50 < 100 5.0 2.25 2.0 0.75 0.35 6.0
100 < 1000 6.0 2.75 2.5 1.0 0.5 75
> 1000 7.5 3.5 3.0 1.25 0.7 10.0

Ilapruitie xapmoruyu ce ozparuderu Ha 25% 00 HellapHuilie 0adeHu Hozope.
CiupyjHu uzobauuysarba Kou upeou3suxKyeaaiti d-c oghceii He ce 003680.1€HU, HATID.
HHoayOparosu UCHpasysa4il.

1 o €MAKCUMAAHAIIA CHUpYja HA Kyca 8PCKA 60 WOHKAMIA HA 3AeOHUYKO UPUKAY1y6arse. I,

e mMaxkcumaara obapana cilipyja (0CHO8HA (hpekeeHyuja) 60 WOUKAA HA 3AeOHUUKO
Upukayiysarse.

Kaj ypeou kou zenepupaaiti osa ce zparuyu 3a ciupyjHa u3obau4veHocitl 6e3 021e0 Ha
oonocoil I/I.(Concmeeno npouzso0cmeo Ha ell. en. 0080eH0 00 Mpedicama)

18 . _ __ _ J __ —
Kaj ypeou kou zenepupaaiti osa ce zparuyu 3a ciupyjHa u3ob.auveHocitl 6e3 02aeo0 Ha
oonocoit 1/1,. (Concmeeno npouzeo0cmeo na ell. en. 0080€HO 00 Mpedxicama)
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I'megame feka KOJKy € MOTPOIIYBadyoT Nociad BO OJHOC Ha MOKHOCTa Ha
Kyca BpPCKa, TOj MOKe /la 3eMa MPOLEHTYaJIHO IIOBUCOKH XapMOHMIIH.

Baksu Tabnuny nocTojaT M 3a Apyru HAOHCKU HUBOH, 3a HUBO 120V o 69
kV, Kako ¥ 3a MPeHOCHO HAIIOHCKO HUBO co HamoH >161 kV. 3a cpefen HanmoH
(120 V go 69 kV Baxku oBaa TaGiuua:

I'panuuno 00360a€HU CIUPYJHU XAPMOHUUU 3ABUCHO 00 OOHOCOUWL Ha
iopadaHaitia MOKHOCIL U MOKHUOCIIA Ha Kyca epcka ciiope0 IEEE 519.Haii.
Hueo 120 V-kV.

pecn H a XapMOHMUKOT

L /1 <11 11<h<17 17<h<23 23<h<35 h>35 THD(I)
<20 4.0 2.0 1.5 0.6 0.3 5
20<50 7.0 3.5 25 1.0 0.5 8
50<100 10.0 4.5 4.0 1.5 0.7 12
100<1000 12.0 5.5 5.0 2.0 1.0 15

>1000 5.0 7.0 6.0 2.5 1.4 20

Iapruitie xapmoruyu ce ozparuderu Ha 25% 00 HellapHuilie 0adaeHu iiozope

Cupyjru uzobauuysarba Kou Upeoussuxysaaiti d-co oghceiti He ce 00380a€HU, HATIP.
itonybparosu uciipasysaiu

*)Kaj ypeou xou zZenepupaaili 08a ce ZpaHUyu 3a ClpyjHa u3ooau4eHoctll 6e3 021ed Ha
ooHnocoiu L./,

L, e makcumanHaitia ciipyja Ha Kyca 8pCcKa 80 MOUKAIlA HA 3ae0OHUYKO UPUKAYUYB8AHE

1, e makcumaarna iobapawa ciipyja (0CHO8HaA (ppexeHlUja) 80 HOUKAIIA HA 3AeOHUYKO
Upukayuysaroe

3a NpeHOCHUTE CUCTEMU CO HAaMoH norosueM off 161 kV Bpenu oBaa Tabnuna:

WHpuBuyaTHA XapMOHHMIM (CaMO HEeTlapHHM)

L./ I <11 11 </=h<17 17</=h<23 23 <=H<35 35<=h THD
<50 2.0 1.0 0,75 0.3 0.15 2.5
>=50 3.0 1.5 1.15 0.45 0.22 3.75

Iapruitie xapmonuysu ce ozparuyeru Ha 25 % 00 HedlapHuitie 0adaeHu Hozope

Cipyjru u3obauuysarba Kou Upeoudsuxysaaiti 0-1 oghceili He ce 00380A€HU, HIUP.
foaybpanosu tipeitisopysatu

Kaj ypeou kou zenepupaaiii 08a ce Zparuuu 3a ciipyjHa u3o6auveHocii 6e3 0z2aed Ha
oonocoiu I,/1,
L. e MAKCUMAAHATHA CTUPY]a HA KYCa 8PCKA 80 THOYKATLA HA 3aeOHUYKO UPUKAYHYBaAlbe
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1, e maxcumaana tobapana ciipyja (0CHO8HA (hpeKsenyuja) 80 HOUKATHA HA 3AEOHUYKO
UPUKAYUYBAFbE

Kaj ypeou xou zenepupaaiti osa ce Zpanuyu 3a ciupyjra usob.auveHocit 6e3 0zaeo Ha
oonocoit I/l (Concmeeno npouzeo0cmeo Ha ell. en. 0080€HO 00 Mpedcama)

3a 1306IMIyBakEeTO Ha HAMOHOT (IITO € OOBPCKa Ha UCIOpPAvYaTesIOT Ha eJl.
enepruja) npenopakara MEEE ru naBa cieHUTE IUMUATH:

MakcrmanHa N300 IUUYEHOCT Hanosncko HuBO

69 kV u nomanky 69-138 kV >138 kV
IToenuHeuen xapMOHUK % 3.0 1.5 1.0
Bkynna n306auyu. THDU (%) 5.0 2.5 1.5

IIpamama 3a caMonpoBepkKa

mac

10.

11.
12.

13.

14.

IIpeognn nojaBu. Koja e mpuumHaTa 3a HMBHOTO HacTaHyBame? KakBa e
nopen6ara?

Hedunupaj mro ce Toa XapMOHMIHU. IITO ce HMHTepxapMmoHunu. Kaksa e
pasnukaTta Mef'y HuUB?

Hamnpasu pasnuka Mefy XapMOHHIM ¥ IPEOIHY MOjaBH (TpaH3MeHTH ). MoxKe n
U MIPEOJJHUTE TI0jaBU Jja Ce pa3JioKaT Ha XapMOHUIIM U IITO Ke ce fooue?

HampaBu pa3nuka mefy XapMOHHMIM M 3acenyu. Moxe Ju M 3aceluTe Ja ce
pasioxkaTt Ha XapMOHHMIU 1 IITO Ke ce fobue?

II'To e Toa ®aukep? ITo mTo ce pa3nukyBa Taa 1ojaBa Off IPEOJHUTE IOjaBU U
oy 6aBHUTE HanoHcKu npomeHu? Kou ce npuunHuTe 32 nojasa Ha ¢puukep?

Kora e moxHO fa ce 360pyBa 3a Bapujaiyja Ha PpeKBEHIMjaTa KAKO CUMIITOM
Ha KBAJIMTETOT Ha eJIeKTpUYHATa eHepruja?

AKo ce 3eMe TNpefBHJl AaMIUIMTYfaTa, KOM XapMOHHMIM BOOOMYAEHO ce
MOroJeMH, HAIOHCKUTE WM cTpyjHUTe? MoOXel u Ja HaBefell TpOOIMKHI
6pojku?

IITO € TOA BUCTUHCKHU (paKTOP HA MOKHOCT, a IITO € haKTOp Ha TOMECTYBaHEe.

Kako Moxe ja ce mompaBu (akKTOPOT HA MOKHOCT Ha €JIeH MOTPOIIyBay: a)
aKO He Ma BUIIM XapMHUIM Ha CTpyjaTa; 6) AKO MMa BUIIM XapMOHHWIM Ha
cTpyjara.

Tpojun xapmonunu. O6jacau ro mnomot. KakBu mnocneguim wmaatr 3a
TpuazHuOT cucrem?

Kaxko HaCTaHyBaaT BUIIINA XapMOHUIIU 3apajd Maron€THO SaCI/ITYBaH)C?

KakBo ¢ BIMjaHneTO Ha BUIIUTE XapMOHMIIM Bp3 MOTpoIyBaunTe? (HaKpaTKo).
Kako npunnunuensso ce pemiasa oBoj mpooiem?

Kako 3aBucu ofi ppeksennmjara: imnenancara Ha cucremot? mnenancara Ha
KOHJICH3aTOPUTE | IPYTUTE KaNamuTeTn ?

Hamnpraj ekBuBaJIeHTHA IIeMa Ha CHCTEMOT BO KOj MMa BHIIM XapMOHUIM U
kananureTu. Kou ce ycnoBute 3a HacTaHyBambe Ha pe3oHaHuja?
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15.
16.
17.

18.
19.

20.
21.
22.
23.
24.

25.
26.
27.

mac

Kowu ce cumnroMute u nocaequIMTe HA MOjaBaTa Ha MapajeiiHa pe3oHaHuja?
Kako npuHImnueaHo MoxKe fa ce pem npobiIeMOT co apajeiiHa pe3oHanuja’?

HaGpoj ru nmpuHmunute (MeTOauTe) 3a Cy30MBamke Ha BHIIUTE XapPMOHHUIIH.
Ilokpaj TEXHMYKHOT AacleKT, KaKOB € H EeKOHOMCKHOT, OJ{HOCHO
¢punancucknoT. Ha unj ToBap MoXke jja ce peliaBa UCTHOT?

ITojacHu ro MeTOROT Ha (PUIITPUPAE HA XaPMOHUIIUTE

ITojacHm ro MeTOAOT Ha M3MECTyBame Ha CUCTEMCKaTa pe30HaHTHa (pek-
BEHIHUja

Kako ce nouupa u3BOpOT Ha BUIIK XapMOHULH?

ITojacHu ro NpUHUUNOT Ha MapajleHU TACUBHU (PUITPH.
Janu cepucku pUITPU UMaaT HEKOja IPUMEHA U KakBa?
ITojacHu ro NpUHIMNOT HA NapaleIHA aKTUBHY (PUITPH.

[TojacHu rOo HacTaHyBaWkETO HAa CMEKaBambe HA TEIEKOMYHUKAIIOHUTE BPCKU
3apajii XapMOHUIUTE U KaKO ce peliaBa 0Boj npodiem?

Jlokaxu fieka xapMoHuITe off penot /7 =1,7,13,... ce o MUPEKTEH peaoCe.
JTokaxu fieka XapMOHUIUTE Off pepot /4 =5,11,17,... ce o MHBEP3EH peOCIe.

JTokaxu fieKka XapMOHHIUTE Off pefoT /1 =3,9,15,... ce off HyJATH PeAOCE.
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