Cemunapcka 3adaua op. 5.

MpecmeTka Ha HaNOHCKM jamu (voltage sags)
MPU Kycn BPCKKU BO eNEKTPOeHepreTckara mpexa

Pewen npumep
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Cnuka 1. 6 kV HanojHa mpexa Ha LiemeHTtapHuuara ,,TUTAH” (YCJE)

Ce pasrnenyBa moBTopHO 6 kV mpexa Ha Ilemenrapaumara "YCJE" Bo
Ckomje, aHanu3upaHa BO MPETXOJIHAaTa ceMHHapcka pabora (cnuka 1). Taa
ce HamojyBa co enekrpuuHa eHepruja ox TC 110 kV "Cxkomje 2" npexy 110
kV namnoBox monar L=1,8 km, co cnpoBoguumu Al/Fe 150/25 mm’ u
noao/okHu mapamerpu Z = (r+jx) = (0,194+j0,41) Q/km. MokHocTa Ha
TpudaszHa kyca Bpcka Ha EEC 3a cynTpaH3ueHTEH mepuo, mocMaTpaHa of
cooupnunure 110 kV na nanojuara TC Cxkomje 2 uznecysa 5000 MVA. Bo
tpadoctanunara 110/6 kV na llementapauna "YCJE" pabotu camo enen
eHeprercku TpaHcopmarop. pyruor eneprercku tpanchopmarop 110/6
kV nmpercraByBa pe3epBa U € UCKITyYEeH O] IIOTOHOT.

[a ce npecmera:

a) ToJIeMUHATa Ha HAIOHCKaTa jama Kaj cekoja of coOupHuimre 6 kV 3a
ciy4aj Ha efqHoda3Ha Kyca Bpcka HacTaHaTa Ha cooupHunarta 110 kV.

0) roremMHHaTa Ha HAllOHCKATa jaMa Kaj cekoja on cobupHuuute 6 kV 3a
ciydaj Ha TprdaszHa Kyca Bpcka HacTaHaTa Ha cooupHuniara TC 5.

B) roJieMHHAaTa Ha HAllOHCKAaTa jaMa Ha MECTOTO Ha rpelikara 3a CiIydaj Ha
nBo(aszHa Kyca Bpcka HactaHara Ha cooupuurnmre TC 5.




I') KOJIKaBU ke OuJaT HamOHCKUTE jaMu npu cobupuunute 6 kV Bo Mpexara
3a ciy4ajoT Ha TpudazHa Kyca Bpcka HacTaHata Ha coOupnmmara TC 5
TOKOJKY oOaTa Tpancdopmaropa 110/6 kV/kV pabdotaT Bo mapanena.

OcraHaTy MOJaTOLH:

MoxkHocT Ha Tpu¢azHa Kyca Bpcka Ha cooupnumre ,,Cxorje 2 3a cynTpaH3u-
eHTeH nepuox: Sy3=5000 MVA ;

Eneprerckn Tpanchpopmaropu 110/6 kV/kV:

Homunanna mokHoct: S,;r = 20 MVA

Ipenocen ognoc: U,,/U,, = (110+£10x1,5%)/6,3 kV/ kV

Hanown na xyca Bpcka: U%=11,3%; Cmpera: Yd5; ogaoc X1/Rr = 20.

110 kV panexyson:
CrpoBoguauniu: Al/Fe 150/25 mm?; Homxuna: L= 1,8 km

TMomomkuu mapameTpu: Z = (r+jx) = (0,194 +j0,41) Q/km

Eneprerckn kadmu:

Tun PO 13 (NKBA): msonmanmja on xaprtuja (IP) cnpoBomumum on Oakap;
peakTaHnuja mo km gomkuna: Xy = 0,08 Q/km

tunt XHP48: wm3omanmja ox BMmpexeH mnonuetwieH (XLPE); cnpoBomammm ox
bakap; x = 0,09 Q/km.

OcTaHaTuTe napaMeTpy Ha KaOCJICKUTE BOJOBU BO Mpexara 6 kV (10/KMHE BO m,
6poj mapaneTHu KaGIM ¥ HOMUHAJICH IIPecek BO mm’) ce a/[eHH Ha caMaTa CITHKA.



Pewmenue:

3amauaTa Ke ja pemmMMe caMo 3a CIIy4ajoT a) Kora paboTu camo eieH
tpanchopmarop 110/6 kV/kV.

a) Eonogpazna Kyca epcka nacmanama na 110 kV coounuyu

Bo 0Boj ciyuaj € JOBOIHO J1a ce mocMaTpa caMO BUCOKOHAIOHCKUOT /€T OJ1
Mpexara Ha MOTeroT momery HamojHata Tpadocranuma Ckomje 2 U rias-
Hute 6 kV cobupnaumm Co6 1 (ciuka 2). [Ipuroa € morpe6HO (M TOBOJIHO)
na ce ompenenar ¢aznure HamoHu Vi, Vg u Ve Ha rinaBHuTe 6 KV
cobupHunim Co0 1 mTo ke ce BOCIoCTaBaT IO HACTAaHYBAaHkETO Ha Kycara
Bpcka. Tue HarmoHu ke OMAaT MPaKTUYHO UCTH U 3a CUTE MPEOCTAHATH ja3lu
oa CH mpexa.

TC ) Coo 1
Hewt. 1y

Cxonje 2 \@\
| Al/Fel50/25, 110 kV \[\l'
—>

D>
e -
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Cnuka 2. EgHononHa 3ameHCKa Wwema Ha NOCMaTPaHMOT Aen 04 CUCTEMOT

CooyBeTHHUTE 3aMEHCKH LIEMH 3a TUPEKTECH, HHBEP3EH M HYITH CHCTEM Ce
npUKakaH! Ha ciukara 3. [lapamerpure 3a TUPEKTHUOT (a THE Ce MCTH U 32
MHBEP3HUOT) CHCTEM C€ BEKe IPEeCMETaHH BO MPETXOJHATAa CEMHHAapCKa
pabora.

Bo mornen Ha HYITHOT CHCTEM € MPETIIOCTABEHO JIeKa CKBUBAJICHTATA PeaK-
TaHIja 3a HynTH penocien 3a EEC e 3a 20% morosiiemMa of cooJBeTHaTa
CyNTpaH3UEHTHA PEaKTaHIIN]a, T.€.:

XEESO :1,2'XEESd = 1,2‘XEES :1,2‘2,42: 2,904 Q.

WNHaky, BO morJyien Ha ToJIeMUHAaTa Ha HYJITaTa €KBUBAJICHTA PEaKTaHIM]ja HA
ronemure EEC e BoOOOMYaeHO 1a BAXKU:

Hcto Taka e mpermocraBeHo naeka 110 kV HagzemeH Box e cHableH co
YeJIMYHO 3aIUTUTHO jake W JIeKa HeroBaTa HyJTa peakTaHluja € 3a 3 matu
1OroJjieMa o]l AMPEKTHATA, T.€. BaXKU:

Xo =3-X=3-0,41=1,23 Q/km n
XNV.O = 3'XNV.d = 30,738 = 2,214 Q

Cera mMoxeme /1a TH MpecMeTame BJIE3HHUTE, T.€. €eKBUBAJICHTHUTE PEaKTaH-
Oy Ha CKBHUBAJICHTHUTC KOJIa 3a OUPCKTCH, UHBCP3CH U HYJITU PCHAOCIICIH,
MOCMaTpaHH BO OJTHOC HA MECTOTO Ha KycaTa Bpcka, T.e. 110 kV cobupuumm
TC Lem.



Ckorje 2
Xoisa IJ X,,, 1C ]_IIeM‘ x,, Cobl
I | S
2.420 O 0.738 O \ 68363
E'=63,508 kV W U,
iyl
= = 2)
Xips. Cronje 2 TC ueM Xn,: Cob 1
e
2,420 O 07380 \ 68 363 Q
= 5)
Ckorje 2
Xigsc IJ Xy e TC ]—[eM X, Cobl
— 1 ]
2,904 O 22140 ;\68 3630
= 5)

Cnuka 3. 3aMeHCKM Wwemu 3a OUPEeKTeH, UHBEepP3eH U HYJITK peapocnen

Ilpecmemka na exeusanenmuume peakmanyuil X, Xio 4 Xp.e

ExBuBaneHTHaTa, T.e. BIe3HATa pPEaKTaHIUja Xqe BO KOJIOTO 3a JUPEKTEH
penocnen ke ce 1o0ue Bp3 OCHOBA Ha KOJOTO OJ CIMKaTa 3a, Kako BJe3Ha
peaktanija nmomery jazenor TC Llem. (T.e. MecTOTO Ha Kycarta BpCKa) U
3aMHUCIIEHHOT TOBpaTeH mar (3emjara), 0e3 HpUCYCTBO Ha (UKTUBHATA
"peakTaHIMja Ha Kyca Bpcka" Xy KOjalllTo € Ha CIIMKaTa 03Ha4YeHa CO I[pBEHa
60ja. Ha Toj HauuH ke nobueme:

Xge = Xnyg+Xegsg = 0,738+2,420 = 3,158 Q..

ExBuBaneHTHaTa, T.e. BIe€3HATa peakTaHiuja Xyj BO KOJOTO 332 WHBEP3EH
penocnen ke ce mo0ue Bp3 OCHOBA Ha KOJIOTO O ciMKara 30, Kako BJIE3HA
peakranija nomery jazenot TC Ilem. (T.e. MecToTO Ha Kycara Bpcka). Taa,
3Ha4H, ke OWJIe 10 TOJIEMHHA KCTa CO JUPEKTHATA, T.€, K& UMaMe:

Xie = Xpnvit+ Xegsi =0,738+2,420 = 3,158 Q =Xy,
CrnuyHO, 32 €KBUBAJICHTATa HYJITA peakTaHirja Xoe ke 1ooueme:

Hpecmemka Ha npuiuKume Ha Mecmomo Ha cpeuwitkama

Peakrannmja Ha Kyca Bpcka Xy (Koja ILITO C€ HapeKyBa yIITe U ,,peaKTaHIIH]ja
Ha rpemkara‘), KojamTo BO KOJIOTO 3a IUPEKTEH PEJOCIE] ce IIOCTaByBa Ha
MECTOTO Ha Tpelikata U HHU3 KOjallITO Tedye TUPEKTHATa KOMIIOHEHTa Ha
cTpyjara Jq, 3a cy4ajoT Ha enHo(da3Ha Kyca Bpcka [ 1], ke oune:
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X, = Xio+Xge =3,158+4,762 = 7,920 Q.

E"=U, =U,/\/3 =110/~/3 = 63,508 kV;

_E" 63,501
Xg+X,  3,158+7,920

CI/IMeTpI/I‘-IHI/ITe KOMIIOHCHTH Ha (baSHI/ITe HAIIOHU HAa MCCTOTO Ha FpCI_HKaTa
Ke Oumar:

Uy = X, -J4 =7,920-5,733 = 45,403 kV;
U, =—X;-J; =—3,158-5,733 = -18,105kV u
Uy =—X,-Jy =—4,762-5,733 = — 27,298 kV.

®dazante HanoHW Va, Ve 1 Ve Ha mecToto Ha kycata Bpcka (TC Llem.) ke
oupgar:

‘]d = ‘]i = ‘]O = 5,733 kA

Uy +U; +U, =45,403-18,105—27,298 = 0;
a2U, + aU; + U, = (—40,947—55,0)= 68,569-e12333 kV;
= aU, + a%U; + U, = (-42,947-55,0)= 68,569-e11267° KV,

RS
Il

Ilpecmemka na nanonckume npunuxu na 6 kVecooupnuyu Coé. 1

CI/IMeTpI/I‘-IHI/ITe KOMIIOHCHTHU Ha (baSHI/ITe HAIIOHK HAa MCECTOTO HA T'JIAaBHUTC
6 kV cobupuunm Co0. 1, cBenenu Ha 6 kV HuBO, ke Ounmar:

Ug cost = 45,403-(6,3/110) = 2,600 kV;
Ui cost = —18,105-(6,3/110) = —1,037 kV u
Uo.co5.1= 0.

Hynrara komnonenTa Ha HanoHOT nipu Co06.1 e 0 3apagu (akToT mro Tpan-
cpopmaropot T1 npercraByBa NpeKUHATO KOJIO 32 HYJITHOT cUCTeM (. 3).

®dazuante HanmoHu Va, Ve 1 V¢ Ha cooupaumute Cob. 1 ke ounar:

_ _ i0° 1\
Vacos1 =Yd.cos1t Yicos: T Yocoss = 1,563-e% kV;
V.cost = 8V cosi + @Y cost + Yoot = 3,236-e7110397 kv,

_ 2 _ +j103,9°
Vecost = Y460t @ Yicost T Yocosn = 3,236-€™ kV.

JloOueHuTe pe3ynTaTH ce OJHEeCyBaaT Ha CIy4ajoT KOra Ipe]] HacTaHyBa-
BETO Ha KycaTa BPCKa CHCTEMOT paboTes BO PEXHUM Ha Tpa3eH Of a Haro-
HOT Ha 110 kV crpana 6un ennakoB Ha HomuHanHuot, U=U, =110 kV. Bo
TOj ciTy4aj HarmoHOT Ha 6 kV crpana mpu codupuunara Co0. 1, a u Hacekaze
BO 6 kV Mpexa, ou Out:

Uy =U ks =110-(6,3/110) = 6,3 kV;
Vv = Ut gy =U6kv/\f = 6,3//3 = 3,637 kV.

On tyka mpousneryBa jieka HanoHckute jamu (Voltage Sags — VS) 3a ox-
nenuute ¢aszu Ha 6 kV cobupnuim, a u Hacekazae Bo 6 kV mpexa, ke Ouaar:

= L1303 100 = 43%; VSg= Vs, = 3’233-100 - 89%.

5 5
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0) Tpughasna Kyca epcxa nacmanama na cooupnuyume TC 5

Bo 0Boj ciiydaj ke ce mocMarpa camo JTUPEKTHHOT CUCTEM U TOA Ha MOTETOT
EEC — TC em. — Co6. 1 — Co6 5 (cnuka 4). Cute BenmuuuHU (CTPyu U
HAIOHHW) BO MHBEP3HUOT U HYJITHOT CUCTEM Ke OMIaT €JHAKBH Ha HYIIA.

TC Ilem. Cob 1
Hew. 1y

Ckonje 2 \_@\_ ______
>| Al/Fel50/25, 110 kV

[ 7 18km I_GD_
_______ Cob 5

T1 K1 |

2xNKBA 240, 10 kV: 200 m |

Cnuka 4. lpuka3 Ha nocmaTpaHUOT Aen oA CMCTEMOT

Ha cnukara 5 e mpukakaHa cooJBeTHaTa 3aMEHCKa IIeMa Ha KOJIOTO 3a
IUPEKTEeH penocien. Bo Hea ce BHECEHM COOABETHUTE pPEAKTAaHIIMKA Ha
MOCIMHUTE EJIEMEHTH 3a JUPEKTeH penocien, cBeneHu Ha 6 kV crpana.
Peakranmnujata Ha ekBuBajgeHTHHOT kKaben K1, kojmro ce cocTtom ox 21mBa
napaneaan kabma, Tum NKBA 3x240, 10 kV (IPO 13 3x240), monru 1o Ik,
= 200m, u3zHecyna:

Xy :%-x-lKl =%-0,08-O,2 = 0,008 Q.

Ckonje 2 X, TC Llem. x. Co6 1

. Tld
1 I 1

|
7 938 mQ 2,421 mQ 224,242 mQ
E* =3,637 kV

Cnuka 5. 3ameHcKa Wwema 3a AUPEKTEH peaocnes Ha CUCTeMOT of crnvka 4

IISd

Ha T0j HauwmH 3a exkBUBajeHTHaTa peakTaHmuja Xe = Xqe, MEPEHA O] MeEC-
TOTO Ha rpemkara (jazenor Cob. 5), ke nobueme:

Xe =7,938+2,421+224,242+8 = 242,6 mQ = 0,2426 Q.

JlupexTHaTa KOMIIOHEHTa Ha CTpyjara Ha Tpudas3Ha Kyca Bpcka, Jq, BO OBOj
ciy4aj, (3a TpudasHa Kyca Bpcka Xk = X3 = 0) ke umame:
E" 3,637

Iy = = = 14,993 KA.
Xge+0  0,2426+0

JlupekTHaTta KOMIOHeHTa Ha HAamOHOT Uy coss HA MECTOTO Ha KycaTa BpCKa
u Ha rnaBaUTE 6 KV cobupnuim Cob. 1, ke bunar:

Ugcoss = Xk Jdg = 0;
Ugcos1 =Ydcoss T X -Jg = 0,008-14,993=0,12 kV.

bunejku kaj TpudaszHata Kyca Bpcka (a3sHUTE HAMOHM CE €IHAKBU Ha
JMPEKTHaTa KOMIIOHEHTA Ha HAIlOHOT, NPOM3JIETyBa JIeKa HAIIOHCKAaTa jama
3a cuTe TpU (ha3HU HAMIOHU NP TIIABHUTE COOMPHUIIM Ke Oupe:
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0’127 100 = 3,3%.

3

OBue BpeTHOCTH Ha HAITOHCKUTE jJaMH Ke Ouyat Hacekane Hu3 6 kV mpexa.

6) /léochaszna Kyca éepcka nacmanama na cooupuuyume TC 5

Bo 0B0j ciydaj ke ce mocMarpaaT caMO TUPEKTHHOT M MHBEP3HUOT CUCTEM,
noBTopHO Ha moreror EEC — TC Ilem. — Co6. 1 — Co6 5 (cnuka 4). Cure
BEJTMYMHU (CTPYH M HAIIOHHM) BO HYJITUOT CUCTEM ke Oujat eqHakBu Ha 0.

Ha cnmkara 6 ¢ MNpHUKa)XaHa COOABCTHATA 3aMCHCKa IMIE€Ma Ha KOJIOTO 3a

JTUPEKTCH peIociiell, oJeKa Ha ClIMKata 7 € MpUKaXkaHa COOJBETHATa
3aMEHCKa IlIeMa Ha KOJIOTO 3a MHBEP3CH PEIOCIIC]I.

Ckorje 2
rrSd Komje x,,, TCUem Co61 x,,  Cob5

f TlLd
1 I 1

l |
7 938 mQ 2.421 mQ 224,242 mQ
E' =3,637 kV

Cnuka 6. 3aMeHcKa wema 3a AWPEeKTeH pepocrnen Ha NOCMaTPaHUOT CUCTEM

Ckonje 2

XEES.I XNV,/ TC ueM‘ Xn, Coo 1
— | — l —
7,938 mQ 2,421 mQ 224,242 mQ

Cnuka 7. 3amMeHcKa Wwema 3a MHBEp3eH pegocned Ha NOCMaTPaHUOT CUCTEM

Bo oBoj ciiyuaj ke umame:

Xge=X;e=7,938+2,421+224,242+8 = 242,6 mQ = 0,2426 Q.

Cera ke Ouzne:
Xk = Xje =0,2426 Q;
3y = E” _ 3,637 — 7.5 KA
Xge+ X 0,2426+0,2426
Ji=—J4 = - 7,5 kA;
Jy, =0.

Ilpunuku na mecmomo na Kycama eépcka Coo. 5

CuMeTpUYHUTE KOMIIOHEHTH Ha HAIIOHUTE HA MECTOTO Ha K.BpCKa ke Oumar:
Uy = X, -Jy =0,2436-7,5 =1,819 kV;
U; =U, = 1,819 kV;
U,=0.



da3HHUTE HAIIOHU Ha MECTOTO Ha KycaTa Bpcka ke Ouaar:
Vacoss =Yg +Uj+U, =2-1,819 = 3,638 kV;
Vg coss = 8Ug+aU; +Uy=(a®+a)-Uy=-Uy=-1,819 kV;
Vecoss = aUg +a’Uj+ Ug=(a+a*)-Ug=-Ug=-1,819 kV.

HanoHnckute npomnaau (jamMu Ha MECTOTO Ha KycaTa Bpcka Ke Ouaar:

3,638 1,819

100 = 100%; VSg= VS, =
3,637 3,637

-100 = 50%.

VS,

Ilpunuxku na mecmomo na 2nagnume 6 kV cooupnuyu Coé. 1
CumeTpuYHHATE KOMITOHEHTH Ha HamoHuTe Ha cobupHunmre Cob6. 1 ke
ounar (BuaeTe ja ciukara 6):
Ugcost =Ydcoss+ X -Jg =1,819 +0,008-7,5 = 1,879 kV;
Uicosi =Yicoss T Xk -Ji =1,819 +0,008-(=7,5)=1,759 kV;
U cos1 = 0.
da3HuTe HAOHK HA MECTOTO Ha KycaTa BpcKa Ke Oujar:
Vacoss =Yd.coss + Yicoss TYo.cos.55
_ A2 )
VB.cos.s =8 Ug coss +@Uicoss + Ugcosss
_ 2
Vecoss = 8Ug coss T2 Uicoss T Uocoss-
WU
_ _ i0° L\
Vacos.5=Yd.coss T Uicoss tYocoss = 3,638-e7 kV;
Vi.coss = 8°Ug coss +@Uicoss + Uocoss = 1,822-e171767° kv,
Ve coss = @Ug.cos.s +@%Ui coss + Uocoss = 1,822-e1767°kV.

Hamouckute nponaau (jaMu Ha MECTOTO Ha KycaTa BpCcKa ke Oumar:

VS, =298 100 = 100%:
3,637
VSg = VS = 1’8% 100 = 50,1%.
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