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3AJIATAK 1: 3a TpodasHu TpocTyOHH JIBOHAMOTHH €HEPreTCKH TpaHC(POpMaTop MO3HATH CY
cnenehu momamu: S,=31,5 MVA; m,=121/10 kV/kV; 4P.,=200 kW (cHara TpodazHuX ryouTaka
y Oakpy TpaHcdopmaropa nmpu HoMuHainHOM ontepehemy); AP, =86 kW (cHara TtpodaszHux
ryourtaka y reoxly Tpanchopmaropa npu HOMUHAITHOM Hanony); ux=10,5%, i,=2,7%.

Hamnpratn exBuBaieHTHy 3ameHcky “I'”, obpuyry “I'” m “T” memy oBor
TpaHchopMaTopa U M3pauyHaTH CBE MapaMmeTpe Koju gurypuiry y oBuM Inemama. [lapamerpe
U3padyHATH y allCOIYTHUM jeAMHUIIAMA U CBECTH UX Ha:

@) HaTIOHCKU HUBO TIPUMapa;
b) HaTIOHCKHM HUBO CEKYHapa.

Penreme:

I Z, Zs, Lyp Zp-Penna nmnenanca TpancopmaTopa
° L 1 L FH——= CBEJIcHA Ha MpUMapHYy CTpaHy,
lopl Y ,-OTouHa agmuTanca TpaHchopMaTopa
CBeJIeHA HA IPUMAapHY CTpaHy,
HP ti HSP
Z,-Mmnenanca npumapa tpaHcdopmaropa,
Zs,-Vimnienanca cekyHaapa Tpaicdopmartopa

CBEJICHA Ha IIPUMapHY CTpaHy.
k)

ExBuBaneHTHe 3aMeHCKe mieme TpaHchopmaTopa 3a CHMETpHYaH TpodaszaH CHUCTEM
Harajama:
*) exBHBaJICHTHA “‘0OpHyma I 3aMEHCKa Iema,
**) exBuBaseHTHa “ [’ ” 3aMEHCKa IIeMa,
**%) exBuBazeHTHa T~ 3aMEHCKa IIeMa.

VYV 3aMeHCKUM IlleMama CBE BEJIMYMHE M MapaMeTpH ¢y GopmanHo (y o3HaKama) CBEJICHH
Ha [IpUMapHy CTpaHy.

Hpopauyn napamemapa 3aMEeHCKUX uiema mpaucqbopmamopa:

Orouna amMuTanca TpaHchopmaTopa oxapelyje ce Ha OCHOBY IMojaTaka W3 Orjeaa
IPa3HOT XO/a, OJHOCHO I'yOMTaka y IrBOXly M CTpyje Mpa3HOr X0Ja MPH HOMUHATHOM HaroHY
Harajama:
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Penna nmnenanca tpanchopmaropa Z; oapelhyje ce u3 oriiesa KpaTkor croja, OJJHOCHO Ha
OCHOBY Ir'youTaka y 6akpy (Ipu HOMUHAIIHO] CTPYjH) M OAroBapajyher HarmoHa KpaTkor Croja.

%) U U\
X, th%g’)s_ﬂ; thpr[S"J, X, =7} -R?.

VYKoJIMKO ce y NPeTXOAHMM H3pa3suMa 3a IpopadyyH OTOYHMX M PEJHMX Iapamerpa
TpaHchopMaTopa yBPCTH HOMHHanHM HanoH mnpumapa (U,=U,,) mapamerpu ce cBOJE Ha
HallOHCKH HHUBO IpUMapa. YKOJIMKO C€ Yy H3pa3uMa YBPCTH HOMMHAJIHM HAIlOH CEKyHJapa
(U,=U,s) mapameTpu ce CBOJIe Ha HATIOHCKU HUBO CEKYHJapa.

Kon exBuBanmentne “7 7 3amMeHcKe IIeMe TpaHcpopMmaropa penHa HMIIEJaHCa je
pa3aBojeHa Ha NMPUMApHY U CEKyHJapHY CBE/IEHY Ha IIpUMaHy CTpaHy (WM IPUMapHY CBEACHY
Ha CEKYHJapHY CTpaHy U CeKyHJIapHY). J[BOHAMOTHM eHepreTcku TpaHchopMmaTopu ce 0OMYHO
MIPOjEKTYy]y TAaKO Ja Cy OBe JBe uMIienance mehycoOHO jemHake, a 30MpHO YMHE MMIEAAHCY
TpaHnchopmaropa, OAHOCHO:
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—?  um ZgzZYzé.
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Zp zZSP =

Ha ocHOBY mpeTxomHHX penanyja MOTY c€ H3padyyHaTH MapaMeTpu EKBHBAJICHTHUX
3aMeHckuXx mema. Pesynraru cy cpehenu TabenapHo.

Un(kV) | Rre(Q) Gr.(S) Xu(€2) Bu(S) R,(Q) X (Q)
a)| 121 170244 | 5,874-10° | 172146 | 581-107 2,95 48,8
by, 10 1162,8 8,6:10" 117,58 8,5:107 0,0201 0,333




3BAJIATAK 2: 3a puctpubytuBHM TpaHchopmarop uMju cy mnapamerpu S,=1 MVA;
m;=10/0,4 (kV/kV); ip=1,4 %; ur=5,5 % onpeautu peakTuBHYy cHary kojy oH yzuma u3 EEC-ay
cieaehum pexxumuma:

a) mpasaH XO/;
0) HOMUHAITHO onTepeheme;
1) 50% ox HoMHuHAIHOT onTepehema.

Penreme:

Eneprercku Tpanchopmarop "Tpomn” peakTUBHY €HEprujy Ha Marueheme je3rpa u Ha
€HEepryujy MarHeTcKor T0Jba pacHIlamka MPUMApHOT U CeKyHAapHOr Hamortaja. HuBo ¢iykca
(MHAYKIMja) Y MarHeTCKOM KOy TpaHc(opMmaTopa 3aBUCH OJf BEIMYMHE HAIlOHA Ha KOJH je
npukibydeH TpaHchopmarop. I[lomTo cy Bapujamuje HarmoHa OKO HOMHHATHE BPETHOCTH Y
pamHUM yCIOBUMAa pEIaTHBHO Majle, OHAAa je | peakTuBHa eHepruja wmaraehema
TpaHchopMmaTopa MPUOIIHKHO KOHCTaHTHA M IMPAaKTUYHO HE3aBHCHA oj omnrTepehema (CTporo
IJIelaHo OHa je Mama npu BehuM omntepehemnma 300r mama HamoHa y TpaHChOpMATOpy U
HaNojHO] Mpexu). PeakTuBHA eHepruja KOHIEHTPUCAHA Y MAarHeTCKOM II0JbY pacUMama
JTUPEKTHO j€ cpa3MepHa KBaapary cTpyje ontepehema. YKymHa peakTHWBHA €HEprHja KoOjy
"Tpomn” Tpancopmartop jeaHaka je 30upy peakTHBHE eHepruje Maruehema jesrpa u peakTuBHE
eHepTHje pacurama (irykca.

3a MHXEHEepCKHM TMPHUCTYNl 3a TpOpauyH TIyOMTaka peakTHUBHE €Hepruje y
TpaHchopMaTopy, HAJIIOTOHMjE je MocMaTpaTH ekBuBaIeHTHY "I wim "oOpuyry I memy
tpancdopmaropa. [Ipopadyn ce Moxe CIIpoBeCTH Ha MPUMAPHOM WIIN CEKYHAapHOM HAaIlOHCKOM
HuBOy. [lomTo ce y oBOM mpuMepy paau O AUCTPUOYTHBHOM TpaHC(POpPMATOPY MPHPOIHHjE je
nmocMaTpatu Marneheme ca mpumapHe cTpaHe, Ta je TOrojaHuje Kopuctutu "obOpuytry I
3aMEHCKY 1ieMy TpaHchopmaropa.

X; - YKymHa peakTaHca pacuiiama TpaHchopmaTopa

I JX¢ Iy (peakTaHca pacunama npuMapa + peakTaHCca paculama
— —
— - CeKyH/lapa CBe/IeHa Ha IPIMapHY CTpaHy),
A A
R, - OMcKa OTIOPHOCT MPUMAPHOT U CEKYHIapHOT HaMOTa
% CBEJICHa Ha IPUMApPHY CTpaHy,
J&u Ree
U, U X, - Peaxkranca MarnHehewa TpaHcopmaTopa
= 8]
I P IocMaTpaHa ca puMapHe CTPaHe,
_opl
o 5 Ry - OTIOpHOCT KOJOM C€ €KBMBAJIEHTUPAJy TyOULU Y

rBoxkhy TpaHcopmaropa (yciaem Xucrepesuca H
BUXOPHHUX CTpPYja).

VY npopauyHy ryouTaka peakTUBHE €HEPrije, OMCKE OTIIOPHOCTH KOj€ €r3UCTHUPa]y Y 3aMEHCKO)]
LIEMH, IIPAKTUYHO HE YTUYY HA IIPOpPaAdyH.

a) VY pexumy npasHor xona (l,=0) peakTMBHa cHara Kojy y3uma TpaHchopmarop (Qy) ce
NPaKTUYHO TPOLIM caMO Ha MarHeheme jesrpa (cHara Koja ce TpOLIM Ha pacumame (Qiykca y
pUMapy je 3aHemMapJbrBa jep je CTpyja Maia).

0O, = =0,014 Muvar.
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X, I A TR



b) IIpu onrepehewy TpaHchopmaTopa, IMopen peakTUBHE cHare MarHehema jesrpa (),
TpaHcopMaTop TpOIIM M peakTHBHY cHary ((J,) Ha pacuname (aykca y IpUMapHOM U
CEKYHJapHOM HaMOTY, OJHOCHO Ha PEIHOj PEaKTaHCH X; .

3a HOMHHAJHO onTepeheme peakTHBHA CHAra Koja ce TpOId Ha pacunambe (O,) je:

1:U? S? S X x, (%)
=3X,1}=3X,~2-"=X,—2=X,—2S =—-8 =X,(rj)S, =——"=8
Q U IU2 IU2 n Z n t( .]) n 100 n .

n n n baz

[TpouenTtyanHa penHa peaktaHca TpaHchopmaropa (x(%)) mpakTHUHO je OpojHO jeaHaka
IPOIIEHTYaJTHOM HAIlOHY KpaTKor cnoja (ux(%)) jep je:

zZ1 Z Z
u, (%) =%IOO =&IOO =l;—§”100 =—*

n n n baz

100 = z, (%) = \/R[(%)Z +X.(%)) ~ X, (%)

Capna ce MoXe MpopadyHaTH peakTUBHA cHara ((J,,) Ha OCHOBY JaTHX MOJATaKa U MPETXOJHUX
penarja.

0
w0 133 _ 055 Mvar.

2 ="00 > =00

VYKylHa peakTHBHA CHara Kojy TpaHc(opMarop y3uMma IpH HOMHHAaIHOM onrepehewy (O,
jenHaka je 30upy cHare MarHehema U cHare Koja ce ryOu Ha pacHIame:

0, =0,+0,, =0,014+0,055=0,069 Mvar.

¢) Ilpu mpousBosbHOM ontepehemy TpaHchopMaTopa, peakTHBHA €HEprvja Koja ce TPOIH Ha
pacuname duykca (Qp) je:

2 uk(A))

1
Qp = 3Xt‘[2 = 3Xt (1_‘[/1)2 = 3Xtﬂ2]2 IB Qpn ﬂ 100 n >

n

. . . . 1
rae je fomHoc cTpyje ontepehema I mpeMa HOMUHAITHO] CTpyju ( S = A ).

n

IIpu onrepehemy Tpanchopmaropa S =0,5S, peakTHBHa €HEpruja Koja ce TPOUIU Yy
tpascopmatopy (s je:

io(%) ,stn u, (%)

4 ., 55
122405 0,02775
100 100 ( 100) Mvar.

O, 500 =0, + Q5000 =S, 100

Haxne npu onrepehemy Tpanchopmaropa ox 50% peakTuBHA eHepruja Kojy OH y3UMa OJ
EEC-a je = 40,22% ox peakTHBHE €HEpruje Kojy y3UuMa IIpu HOMHUHAIHOM onTepehemy.



3AHATAK 3: VIHTepKOHEKTUBHHM TpaHCHOPMATOp UMjU Cy MOJAALM: 1M, :%Og(kV/ kVy,

x, =10%, S,=400 MVA, x,—>comoBesyje MABa €NEKTpOeHeprercka cucrema. Kpos

TpaHnchopmarop ce npeHocu aktuBHa cHara P=320 MW u3 EEC-a [ y EEC II . Hamon Ha
cabupaumiama I je U;=400kV.

Onpe e(ex €HOC =
JPEIUTH (1) TUBHY BPCIHOCT U;= 400 kV fﬂ\ﬁlw U,=?

HarmoHa Ha cabupuunama U, Tako
na EEC Il e omaje HUTH TipuMa
peaktuBHy eHeprujy u3 EEC-a I,
omHocHo ma je (0,=0. I'yOutke
aKTHUBHE CHare y Tpanchopmaropy
3aHEMAapUTH.

EEC I

Pemieme:

C 003upoM 112 ¢y y 0BOM NPUMePY I'yOHIM aKTUBHE CHAre 3aHEMAPEeHHU U J1a j€ X, —> o0,

TpaHchopmaTop ce Mojelyje caMo perHoM peaktaHcoM. [IpopauyH he Outu crnpoBereH Ha
HAIIOHCKOM HUBOY nmpumMapa. Oarosapajyha 3aMeHCKa IiemMa J1aTa je Ha CIIHIIH.

/J/JMM/”/J/] U,, — Hanon Ha cabupnunama II
-------------------- > . >

"""""""""" CBCJCH HAa HAIIOHCKW HUBO IIpHUMapa.

Usp=U, 20°

ToxoBu peakTHBHHX cHara kpo3 Heku enemeHT EEC-a (Tpancdopmarop, BOJI M CIUYHO)
BE3aHM Cy 3a MOJyO HAlOHa Ha KpajeBMMa elieMeHTa, a TOKOBM aKTUBHUX CHara 3a QasHe
CTaBOBE THX HamoHa. PeakTuBHa cHara "teue” o BUIIEr Ka HM)KEM HAIOHY, a AKTUBHA CHAara oJ
HaroHa yiju (pa3Hu CTaB Mpeambayu.

Y KOHKpeTHOM IpuMepy HamnoH U; mopa 6uth Behn on HamoHa U, jep, mpema yciaoBy
3agatka, EEC 1 Mopa nma o6e30eau IenOKYNmHY peakTHUBHY €HEprujy Koja ce "Tpomu” Ha
peakTaHcH pacunama Tpancdopmatopa X, (3axtena ce na EEC Il He onaje peakTUBHY €HEPTH]Y).
Takobe, pasop Hanona U; npeamaun daszopy HamoHa U, jep ce aKTMBHA €HEPruja MIPEHOCH Of
EEC Iy EEC L.

Ha ocHOBY 3aMeHCKe 11eMe MOXKe ce CIIPOBECTH cienehu payyH:

S, =F+j0O, :\/§Q1l*; P=P, 0 :Q;/ :3Xz12-




CpehuBameM npeTxoaHe jelHaYnHe 100H1ja ce:
4 2772 2 p2
U,,-UU,,+ X P =0.

PemaBame noOujeHe OMKBaapaTHE jeaHaunHE Ouhe CIPOBENEHO y PENaTUBHUM jeIMHHUIIAMA.
3a Gasue BpemHoctu Owhe ycBojeHe: Uy, =U;=400kV u Sp,,=S,=400 MVA. Y ycBojeHOM
cUCTeMy 0a3HUX BEJIMYHMHA JeJHAYNHA UMa OOJIUK :

uy, —lul, +01°-08=0 = uj, —ul +0,0064=0.

[IperxonHa jenHaunHa UMa jeqHO GU3UYKU Moryhe pememe: U,, = 0,99356 r.j. | omHocHO
y arncoJyTHUM jeMHHIIaMA:

u, =u,, U

P baz

=0,99356-400 =397,42 kV'.

P

Harmon na cabupnumama I1 3a natu pexxum je:

U Uy, _397,42-220_21858kV
om 400 ’ '

t

Ykonuko Om Hamon U, O6mo 220 kV>U,>218,58 kV, onma Oum jeman (MamH) €0
peakTuBHE eHepruje kojy Tpomm Tpanchopmarop naBao EEC II, a Behu neo EEC 1. Axo 6u
HaoH U, Ouo U,=220kV oHzma O peakTUBHY €HEPrujy Kojy TpOLIM TpaHchopMaTop
noajennako ooezoehuBamn EEC I u EEC II.



3AJATAK 4: Tlpu uckibyuewny Tpoda3HOT TPOCTYOHOT SHEPreTCKOT TpaHC(hopMaTopa, KOjui ce Halasu
y Tpa3HOM XOJAy a HamajaH je Tpo(a3sHUM CHMETPHUYHUM CHUCTEMOM HAIllOHAa HOMHUHAJIHE BPEIHOCTH,
JIOIIIIO je /10 3arjlaBjberba Mola mpekuada y ¢asu B, Tako nma je je TpanchopmaTop octao MoHO(DA3HO
HarmajaH (Kao Ha CJIHILIN).

O3Ha4yuTH CeKyHIapHEe NPUKJbYYKe TpaHcopmaropa Tako na oH Oyme cmpere YdS, a 3artum
W3padyHaTH HamoHe m3Mel)y cekyHaapHux npukibydaka Tpanchopmaropa (Uay, Upe, Uc,) ¥ CTaIHOHAPHOM
peXUMy  OMHCAHOT  MOHOMa3HOT
pana tpanchopmaTopa.

LYY c
IMapamerpu  TpaHchopmaropa Us Us B
cy: Yd5; S,=4 MVA; _o_o_omm/l_. a
Uc

m,=35/10,5 (kKV/KV):  1o(%) = 1%:

X(%)=8%. Hamojua w™pexa u o WL« b

3Be3nuIITe  TpaHchopmaropa cy
JUPEKTHO Y3EMJBCHH.

Pememe:

CrpexHu Gpoj TpaHcdopmaTopa IOKasyje HaMm koimko myta, mo 30° , kacHum (asop
CEeKYHJapHOT HAllOHA y OJIHOCY Ha ojaroBapajyhu (a3zop mpumapHOT HaroHa. Y OBOM 3aJIaTKy
cupexHu Opoj TpaHchopmaropa je 5, mTo 3HauM Aa ¢Gazop CEKyHAApHOT HAloOHA KAcHHU 3a
oxroeapajylinm (ha3opoM mprMapHOT HamoHa 3a yrao 5-30°=150". dasopcku aujarpaM HamoHa,
3a copery Yd5 mpukasad je Ha caunu. Cianuad (a3opcku aujarpaMm MoXe ce HalpTaTd H 3a
CTpyje Kpo3 HamoTaje TpaHchopmaTopa.

Ua
m,
Up= \/ggca
Ug= %Qab
Uc= f}%gbc

&

[Ipu onpehuBamy pacmopena TpUKJbyJaKa Ha JeTHOM Kpajy TpaHchopmaTopa, 3a
onpeheny crpery, Tpeba mocMaTpaTH BEKTOPCKe AujarpaMe ¢a3zopa HalloHa KOjH peaiHo MOCToje

",,n”

(xox crpere "D ”To cy mel)yazuu HamoHu, a kof crpere "y ”To ¢y ¢pa3HU HATIOHH).

Ha nujarpamy Hamona youe ce (azopu xoju cy mapanenau. [lapanennu dazopu (BekTopu
KOju cy y ¢a3u win npoTtuBdasm) ce Hajga3ze Ha UCTOM CcTyOy TpaHchopmaropa jep HHXOBH
HaMOTaju oOyxBaTajy UCTH (PIIyKC, TaKO Ja c€ MOTY Ha OCHOBY OBOT KPUTEPHjyMa OIPEIUTH
O3HaKe MpUKJbyyaKa CeKyHJapa Tako Jia 3a aHalIu3upaHu Tpanchopmatop Oyne cupere Yds. Ha
HapeJHO] CIUIIH je IIEMaTCKH MprKa3aH TpaHchopmarop cripere YdS.
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[Ipu mMonoda3HOM Hamajamy TpogazHOT TPOCTYOHOT TpaHChopMmaropa (Kao Ha CIHIN)
(bIyKC y MarHETHOM KOJIy CTBapa caMo NpuMapHu HamoTaj (ase B. IlomTo je MarHeTHO KOJIO
CUMETpHYHO, (QyKc (¢) ce nenu Ha cTyOOBe Ha KojuMa cy HaMoTaHu (a3Hu HamoTaju A u C
(ka0 Ha CJIHIHN) .

[Ipema Ha3zHaueHUM pedepeHTHUM cMepoBHMa (ITyKca Kpo3 MojeMHe HaMOTaje MOTY ce
CpayyHaTy TPaX€HU HAIIOHHU:

QBzﬁkV Z£0°

V3

A I——>; B c de d(4/2)
‘ A i
d d(o/?2
l u, :NS ¢’ uca:ubc:_Ns (¢ )
S = S Cdt Codt
4+ b 4+ b 4+ bk
N
] 0 3 g by C g o M, —_Ha
9 9 = - - H be — %ea —
o TP —7= [0b— =192 us N, A3
g > q > g >
— :/// o V3, :\/5.10,5.3_5:10’5]”
= m, " 35 43
Qca :ch :_%b :_10,5 :_5,25kV.

Jlakne, y cekyHZapHOM HaMmoOTy TpaHchopMaropa IMOCTOJU PaBHOTEXKAa WHIYKOBAHUX
€JIGKTPOMOTOPHUX CHIIA, 114 y TPOYTIy CEKyHIapa He Teue CTpyja.



3BAJIATAK 5: Tpodasau TpocTyOHH €HEpPreTcKu TpaHchopMaTrop, YHjU Cy MapaMeTpu
Sn=4 MVA; mt=35/10(kV/kV); Io(%)=1%; Xt(%)=10%; Yd9 ca nupekTHO Yy3eMJbEHUM
3BE3IULITEM MPUMApHOT HaMOTa, MPHUKJbYYEH jé Ha CHUMETPUYaH CUCTEM HalloHa HOMHHAJHE
BpeaHocTH. M3pauyHaTu cTpyjy npa3Hor xona y ¢asu (A) ako cy:

a) YKJby4€HH CBH MPEKUIAUH;

b) axo cy uckpyuenu npekugaun (Pg) u
(Po);

€) aKo je ucKJbydeH npexkuaad (Pp).

AKTHBHE OTIIOPHOCTH peIHE U OTOYHE
rpaHe 3aMEHCKE IIeMe 3aHEMapUTH. —

Pememe:

a) Kana cy 3aTtBopeHn cBu mpekumaun TpaHcHOpMATOp ce Hala3H y PEKUMY CHMETPHYHOT
IPa3HOT X0/1a, Ma ¢y e(eKTUBHE BPEIHOCTHU CTPYja MPa3HOT X0/1a y CBUM (ha3ama ucre:

_, L), _1,Ck) S, _ 1 4000

I, =1,=1, = - _
TR T TR 100 T 100 43U, 100 4/3-35

=0,674.

b) V oBom ciyuajy cTpyja mpotuue camo Kpo3 (a3Hu HamoTaj daze A mpumapa, Kao Ha CIIUIIH.
NHaykoBaHe €NeKTPOMOTOPHE CHIJIE Y HAMOTY
ceKyHaapa cy Mel)ycoOHO ypaBHOTEKEHE T€ Ce
CTpyja HE YCIIOCTaBJhba y TPOYIIY CEKyHIapa. Ua

Onyke ¢ xoju crtBapa crpyja [’y A 4——% B C =

cryOy ¢ase A, HMHAYKyje CICKTPOMOTOPHY b
CHJIy CaMOMHAYKIHMje y (a3sHOM HamoTajy
daze A mpumapa, Koja je ypaBHOTEKEHa

HanonoM U,, ma Baxu cneaeha penamnuja: i g
] <
9 N
b b 271b ¢ "" -
N I N I 2 NI ] ;
_ _ p- A0 p~ A0 p A0 e

‘I’A—Np¢—NpA——Np A —g A 4 _

e 2

LCmeje: e -
N, - 6poj HaBojaka hasHOr HAMOTaja IpUMapa,

/A, — €KBUBaJICHTHA MarHeTCKa OTIIOPHOCT MarHETCKOT KoJja MpHu jenHoha3HOM Halajamy,
/A - MarHercka OTIOPHOCT jeQHOT CTy0a MAarHeTCKOr Koja (3aHeMapeHe Cy MarHeTcKe
aCUMETpHje MarHeTCKOT KOJIa).

[MomTo je WHAYKTHBHOCT MarHehewa mpu Tpoda3HOM CHMETPUYHOM Harmajamy

N’
Y J . .
L, = , MOXE ce YCIIOCTaBHTH Be3a u3Mely cTpyje mpasHor xoja npu Tpoha3HOM Harajamy



) ) ) ,
(Ip) m cTpyje mpa3HOr XoAa MpH jenHOoa3HOM Hamajamky nator TpaHchopmaropa (] o ). 3a
TpoazaH cuMeTprUaH Mpa3aH X0 BaXKH:

U 2
U, =—"=o¥,=0 Z" =L, 1.

V3

[Tpu jeqHOa3HOM TTpa3HOM X0y CTpyja je onpehena cneaehom pemamujom:

U NI
U, =—"2~=0¥, =§a) ’;\A‘) :ngﬂlfm.

[Topenehu nperxonHe penanuje, Moxke ce CTpyja [ M3pasUTH MIPEKO CTPY]e Io, Tj. BAKH :

1’ =%10 =1,5-0,67=14.

¢) Ilomro je orBopeH mpekumad y ¢asu B mma ce nBodaszHo Hamajame Tpancdopmaropa,
OJTHOCHO TIOCTOje cTpyje Y (asHuM HamoTajuma ¢aza A u C. Y oBOM ciydajy ce Mopa
cpoBecTd  (a30pCKU  payyH. Uc

Ha ocHOBY cuMeTpHje ce MOXe 4_QA%“ =
3aKJBYUHTH Jla Cy CTpyje y

¢a3zaum Hamortajuma A u C 1o A B /- J C =
MOJTIYJTy jeTHaKe. ZOAJ e
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[IpopauyH cTpyja ce MOXe BPIIUTH Ha OCHOBY METOJIE CYNepro3uliirje (MpeTnocTaBka je
JIa je MarHeTCKO KOJIO JTMHEAapHO).

=0, -, = NZA -5 Ni 25,11
U, = joN,®, = jw%Nsz’@;A L) =i oL L5 )
0 =@ -0, =1 2 2R
U, = joN,®, = jw%%’%uze L= o= 1)

10



W3 nperxoaHux penanuja ce MOry U3pasuTH crpyje npeko HanoHa Uy u Uc:

¢ 22U +U Uu,-u U
!OA:_J AL C:_J AL B:_J ZB;
WL, WL, WL,
B 2U0,.+U U, .-U U
IS, =—] ~c _A:_J_C _B:J_BC _
a)Lﬂ a)Lﬂ a)Lﬂ ’

Ctpyja Kpo3 HEyTpaJHU IPOBOJIHUK j€:

u,+U U
L, :LC;A +LC;C :3_/1. — =J3 =~
JoL, oL

u

EdextuBHe BpenHocTH crpyje kpo3 ¢paszne Hamortaje B u C cy:

IC

=04

c
Loc

oL,

EdextruBHa BpeAHOCT CTpyje KpO3 HEYTPAIHU IIPOBOIHHUK j€:

Unf
=3 =3.1,=3-0,67=2,014
a)L#

/

—0n

OproBapajyhu ¢azopcku aujarpaMm crpyja npu ABo¢da3HOM Hamajamy TpaHchopMmaTopa y
IIPa3HOM XOJy je J1aT Ha CJIULY.

Uy

c
[OC

11



3AHATAK 6: Tpodasuu TtpoctyOHH TpaHchopMmaTop crupere Dy, HOMuHanHe cHare
S,=100 MV A, npenocnor oxnoca m=110/10 (kV/kV) uma nporieHTyaqHy cTpyjy Ipa3HOT X012
ir=0,5%.

O3Ha4UTH CEeKyHJapHE MPUKIbYUKE
TpaHchopMaTopa Tako 1a OH Oyne cmpere \Ua
Dyl1, a 3aTuMm u3payyHaTu CTpyjy Mpa3HOT
xoza npu IBO(a3HOM Hanajamy

TpanchopMaropa HOMUHAIHUM HAIOHOM, oo — W

Kao ILTO j€ MPUKA3aHO Ha CIUIIU.

AN

Penreme:

Ha cmuum 1 je mnpukasan asopcku
IyjarpaM  HallOHa  Ha  IPUKJbydlUMa
TpaHcopmaTopa KOJU OJroBapajy CHpe3H
Dyl1. McnpekuaHoM JMHUJOM CY HalpTaHH
(GuKTHBHYU (pa3HM HAIIOHU HA IPUMapY.

Ca dasopckor gujarpamMa MOry ce yOUuTH
(da3zopu Koju Cy mapajesiHy, IITO 3Hauu Ja ce
OHH HaJla3e Ha UCTOM CcTyOy TpaHchopmaTopa,
HITO je W KPUTEPUJyM 32 O3HAuaBambe
IpUKJbYdaka TpaHchopMmaTopa (y oBom
cilydajy Ha cekyHaapy). O3Hake Koje ciene u3
JjarpaMa InpuKaszaHe cy Ha ULy 2.

Cnuka 1

2 s el

VY peXuMy CUMETPHYHOT HPA3HOT X0Aa, e(heKTUBHE BPEAHOCTH CTPYyja y HAIOjHUM (a3ama
Cy jeHaKe, cliuka 3.

A

B L Cnuka 3
Iy
—

C

12



JIBoda3zHO Hamajame je WIyCTPOBAHO Ha ciivkama 4 u 5:

A B 110kv C

4
Vv

Vv
v

\AR"ARVALVS
VALY

ANAANDZANN
o]
>

VV\/V&\\V
ANNAN AN |
2

\%4
ANAANZANA
o]
>
||¥
|
a

Ciuka 4

Cnuka 5 =

Ha ocHoBy cimke 5 Moke ce METOZOM CyNEPIO3ULINje OAPEIUTH (IYKC KPO3 HOBPLUIMHY
cpenmer ctyda ¢ (gurykc mo HaBojky (hazHor HamoToja B):

¢B = ¢BB +¢BA +¢BC’

@B - QIYKC y CpelilbeM CTyOy KOjU MOTHUYE caMoO O]l CTpyje [z, OH CE MOXKE CpauyHaTH Ipema
cnenehoj penanuju:

N, - 6poj HaBojaka (pa3sHOT HaMOTaja pUMapa,

A - MarHercka OTIOPHOCT jJEAHOI CTyO0a MAarHeTcKOor KoJjia (3aHEMapeHe Cy MarHeTcke
aCUMETpPHje MarHeTCKOT KOJia).

[Tomro cy crpyje y dasaum HamoTajuma A u C jeaHake, oHIa ¢y U (PIIyKCEBH KOje OHE
cTBapajy jenHaku. Jleo aykca o TUX CTpyja, KOjU ce 3aTBapa Kpo3 cpeamu cTyd (B), jeanak je
MIOJIOBUHM YKYITHOT (iIyKca KOju CTBapajy Te CTpyje, OAHOCHO:

1N, 1,
¢BA_¢BC_2 %A

VYkynan ¢uiykc npumapHor ¢pa3HoOr HaMoTaja Ha cTyOy B je:

13



NI 1 NI N? N?
_ _ p~ B I A P p
‘PB_NP¢B_ EWN +22 EyN _(1A+]B)_;A_IOBC_;A'

2 2 2 2

[Ipumapau ¢a3zHu HaMoTaj] Ha cTyOy B mpukspyden je Ha HoMuHaIHU Mehyda3au Hanon U, na
je:

2

U
U, =¥, =0—1 50 = [y =—
n 3 0BC 0BC 2
i i
3
> A
Crpyja Tpoha3zHOT CHMETPUYHOT TIpa3HOT Xoaa (ciauka 3) je:
[\ 0 103
I _IO(A))[ I,(%) S, 0,5100-10 26044,

100 " 100 43U, 100 /3110

oxarosapajyha cryja kpo3 HamoTaje npumMapa (y ciay4ajy TpoasHOr CUMETPUYHOI Hallajama) je:

]0 Un Un le’ ﬁUn
= = 3 jLﬂ =
V3 oL, N, A ol
A

Capna ce MoXe ycrocTaBUTH Be3a u3Mel)y cTpyja mpas3Hor xoza 3a TpodazaH CUMaTpUUYaH PEKUM
U peXUM ABO(A3HOT MPa3HOT X0/a:

U U 3
lypo =——= = = 1, =0,866/, =0,866-2,624 =2,274
0BC Nf, 5 N/EU,, 2\/5 0 0 .
o— o=
A 3 wl,

14



SATATAK 7: Tpodazau AUcTpuOyTUBHU TpaHcpopmaTop uuju cy nomauu: Dy, 630 kVA,
m,=10/0,4 (kV/kV) npukibydeH je Ha CUMETpUYaH CHUCTEM HAallOHa HOMHHAJIHE BpeaHocTH. Ha
CEKYHJIapHO] CTpaHMW IpUKJbyUYeHA je cumeTpuyHa neh uuju cy noxauu: sprega A; U,=0,4 kV;
P,=160 kW.

Axo nohe nmo mpexuma daze a y muctpuOytuBHoM Bomy 0,4 kV, m3pauyHarH, y3 3aHeMapere
PEaKTaHCH pacHIlamba TpaHcopMaTopa npema oTIpoHOCTH nehy, edeKTMBHE BPEHOCTH CTpYja y CBUM
(ha3sHMM MPOBOHUIMMA CEKYHIAPHOT ¥ MPUMApHOI BOZA Mpe M HAKOH KBapa. TpaHcdopmarop cMatpatu
UJICATTHUM.

Penreme:

Ha ocHoBy HOMMHanHUX nopaaraka 3a neh, Mory ce uspauyHaTu OTIOPHOCTH Ipejada nehu
KOj€ Cy MPUKJbYYCHE HA JIMHU]CKE HamoHe (crpera A):

2 2 2
p =3Us L pl3Un 304
R P 016

n

[Ipe Hactanka kBapa e(peKTHBHE BpeJHOCTU cTpyja y ¢a3suum npooguunuma 10kV u
0,4 kV nanojHor Boay cy:

3
[=1, =1, =2 100107 35 944
J3U, /3 -400
I
Li=ly=lc=-t= 0’3 :230,94 = 9,2384.

t

HakoHn mnpekuzna (a3HOTr NpPOBOJHHUKA @ Yy HIKEHAIOHCKOM BOAY, CTpyje y (a3HUM
npoBoAHMIMMA b U ¢ he OuTH HcTe MO MOAyny (CYyHpOTHMX cMepoBa), jep je meh BezaHa y
TPOyrao, 1a ce HaKoOH Nnpekuaa (ase a Hamaja NPakKTUUHO MOHO(pa3HO, HAOHOM Uy, K0 IITO je
IPUKA3aHO HA CIIMLIU:

Crpyjy I” orpannuaBa napaznensa Be3za ornopHoctd 2R u R, onHocHo:

15



_2R-R 63
° 2R+R 6+3

2Q).

[Tomto je Tpancpopmarop uaeann30BaH Ha HEMY HEMa IaJla HAloOHA Ia je HAlmoH Ha
OPUKJbYyYIUMA b U ¢ 0CTa0 HEMPOMEHECH U HaKOH MpeKuaa (pasHor mpoBOJHUKA 4, T1a je cTpyja y
¢dba3zHuM TpPOBOJHUIIUMA b 1 C:

U
"= R”" :?:200& ongHocHo [, =1, =1"=2004, I, =0A4.

e

3a HaMoOTaje KOju Ce Haja3e Ha UCTOM CTyOy, OJHOCHO je3rpy TpaHcpopMaropa, BaKH
JEHAKOCT MAarHeTonoOyJHUX CHJIa KOje CTBapajy CTpyjé Kojeé HpOTHYY Kpo3 HHX Tj..
N'I'= N"I". HapaBHo, OBO BaXh aKo ce¢ 3aHemapu MarHeheme. J[lakie, crpyje Kpo3s
CEKyHJIapHEe HaMOTaje MpecIuKaBajy ce Ha oJrosapajyhe npumapHe HaMOTaje Tako Ja je:

I'= i]u 1 J"= L 074

N' _\/g-mt \/510

200 =4,6194.

Cwmep cTpyja y mpuMapHOM U OJroBapajyhemM CeKyHIapHOM HaMOTajy jeé TakaB Jia HHUXOBa
MarHeTcKa JIejCTBa TeXe /1a Ce MOHUIITE.
Ananusupajyhu crpyje koje ce cruuy y uBopoBe A, B u C, Mory ce oxpenutu crpyje y

dazaum npoBogaunMa 10 kV HamojHor Boja, 3a cimy4aj npekuaa (asuor nposoanuka y 0,4 kV
BOJLY:

1,=1'=4,6194, 1,=1'=4,6194 u 1. =21'=2-4,619=9,2384.

Haxue, ctpyja y ¢asHom npoBoaHuky C ce HUje MPOMEHWIa HaKOH KBapa, JOK Cy ce
cTpyje Y ¢a3HuM npoBoaHuLKMMa A u B ynona cmamuie.

16



3ANATAK 8: Tpodasnu TpocTyOHH TpaHchopmaTop BesaH je Kao Ha cinuuu. Onpeauru crpyjy

I, ako je U=3—5kV, X=10.

V3
[Tapametrpu TpaHchopmaropa cCy:
Sp=4 MVA; m=35/10 (kV/kV); x=10% .

Penremse:

Ha cnaunm je mpukazaHa TpomoiHa IneMa TpaHcdopMmaTopa 3a aHAIW3HpPAHU CIyda)
Hanajawa. Ha memu cy HasHaueHe CTpyje Kpo3 IOjelMHE HaMOTaje Ha OCHOBY jeAHAuMHa
GU3MYKEe OYMTICAHOCTH M JEJHAKOCTH MAarHeTOmoOYyAHUX Cuia KOje CTBapajy HamoTaju Ha
UCTOM cTyOy TpaHcdopmaTopa.

X
—
1. X
.
1. X
—

Y npumapHOM HaMOTy TIIOCTOjU CTpyja camo y da3sHom Hamortajy daze A. VY
CEKyH/IapHOM HaMOTy IocTtojahe cTpyja y HamoTajy KOjU C€ Hajla3d Ha UCTOM CTyOy Kao u
npuMapHu HamoTaj ¢aze A, To je 3a matu TpaHchopmaTop HamoTaj a-b. [lakme Tpodasnu
TpaHcopMaTop OBaKO HamajaH paad Kao MOHO(a3HU TpaHCPOpMATOp UUJU je INPUMApHHU
HaMOTaj (a3HU HaMOTa] A M ceKyHIapHU (a3HU HaMOTaj a-b, kao Ha ciienehoj cuiu.

——

U

———ed--=--=-0

1A
A Ia a I, X
— — A
U —ékV U, IIOkV
np \/g Np NS ns
| L,
A
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[IpenocHu onHoc jegHodaznor Tpanchopmaropa je :

N, 35/43 35 1 m,

"ENTTTI0 1040 3

Homunanna npuBuaHa cHara jenqnodasHor Tpaicdopmaropa je:

[Ipopauyn penHe peakrtaHce MOHO(A3HOI TpaHCpopMmaTopa (CBelIEHE Ha MPUMapHY
CTpany):

0 2 2 2
_ x5 Uy, _ 10 (35/43) :0,1-3f1 30,6250 = X

Y100 S, 100 4/3

[Tomro je moTpe6HO mpopayyHaTH CTPYJy Kpo3 IPUMAapHU HAMOTaj, NMOTPEOHO j€ CBECTH HU
CKBUBAJICHTHY pEaKkTaHCy HpujeMHUKa (2X,) Ha HAINOHCKM HHUBO mpumapa (GOpMHUPAHOT
MOHO(a3HOI TpaHCpopMaTopa:

2
2X7 =2X -m? = 2(3—5J ~8,1670.

1043

ExBuBaeHTHa peakTaHca Ha IPUMapHUM IPUKJbyUlIMMa jeIHO(pa3HOT TpaHcpopamaropa je :
X=X, +2X" =30,625+8,167 =38,79Q).

Crpyja Kpo3 mpuMapHu HAMOTA]j je:

U
A: P :35/\/520’521](14.
Xr 3879
Crpyja y npujeMHUKY je:
U
‘[a =+:‘1A .mlt =O’521-£3—5J=1,053 kA.
2X+ X! 1043

18



3ANATAK 9: Monodasnu tpancopmarop cupere "1” Besan je kao Ha ciauuu. [lapamerpu
TpaHcopmaropa cy: S,=200kVA;, m=10/1 (kV/kV);

x=10%. Wspauynaru ctpyjy I,. CMatpaTH 1a je peakTaHca Ip=? a a
maruehema OecKoOHaYHa. o >
10kV 1kV
Up=100V
f=50Hz
B b
Xpr=1Q

Pememe:
3ajaTak ce MOXe pelIMTH KopucTehn 3aMeHCKy 1IeMy ca UAealHUM TPaHC(HOPMATOPOM.

I, - Ctpyja Kpo3 npuMapHH HAMOTA],
Is - Ctpyja kpo3 ceKyHIapHU HAaMOTa)j,

E - MHMHaykoBaHa  €IIGKTPOMOTOpHAa CwiIa Yy
NpUMapHOM HaMOTajy KOja TMOTHYE O] 3ajeAHUYKOT

¢nykca,
E/m; - WHnykoBaHa eneKTpoMOTOpHAa cwia Yy
CEKYH/IapHOM HaMOTajy Koja MOTHYE Of 3ajeIHUYKOr

daryxca,

Xp - Peakranca pacunama npuMapHOr HaMOTaja ,

X - PeakTanca pacunama ceKyHAapHOT HAMOTaja.

Tpeba oOpatuTu maxmy Ha cOpexHu Opoj Tpanchopmaropa. Koa MoHodazHUX
TpaHc(opmaTopa NpUMapHU U CEKYHIapHU HaMOTaj 00yxBaTajy UcTu (aykc na ¢azopu HalloHa
npuMapa M cekyHaapa mory outu y ¢dasu wim npotuBdaszu. [lakne, moryhe cy camo 1Be
KOMOHWHaIMje, Ta KOMIUIEKCHU MPEHOCHU OJHOC MOHO(A3HHX TpaHcpopmaropa uma ¢Gopmy:

jk-180°
m, =m,e’ . C o03upoM Ha (hopMy KOMIUIEKCHOT IIPEHOCHOI OJHOCA, KOJ MOHO(a3HUX

TpanchopmaTopa Moryhe cy nBe BpeaHOCTH cmpexHor Opoja, xk =0 u x =1. Oarosapajyhu
(da3zopcku 1ujarpaMu Cy MpUKa3aHU Ha CIULM.

k=0 k=1
QS QP

=

A
A

\4

Uy
Ha ocHoBy 3ameHcke meme MOry ce Hanucatu cieaehe penamnuje (3a kourype 1 u Il):

U,=X,1,+E+X,(1+m)I,

— 2 2
0=X.ml ~E/m+X,(A+m)1, = Up=Xptm X +Atm) X, )l,.

19



Tpeba HamOMeHYTH Jla Cy MPETXOJHE jeHAaYMHE MHUCaHE Kao CKajapHe, jep y 3aMEeHCKO]
IeMHu (GUTypHUILY CaMO PEaKTaHCE.
VBakaBajyhu 15a je peakrtanca TpaHcpopMaropa CBeAeHa Ha TpPUMapHy CTpaHy

X, =X,+ m} X, U3 IPETXO/IHE penallje ce MoXKe CpadyHaTH CTpyja I,:

U

p

I,= 5 .
X, +(1+m) X,

PeakraHnca Tpancopmaropa cBeieHa Ha IpUMapHy CTpaHy je:

%) U, 2 U
X, < 5OOUn _1010° G iy p 100
100 S, 10002 X, +(1+m)* X, 50+1-(1+10)

=0,5854.

20



3AJIATAK 10: Tpodasnu eneprercku TpaHcopmarop uma cieaehe mapamerpe: S,=63MVA;
m=110/10 (kV/kV); X;=11%; R=1%, Yy6; X,=20000%. N3pauyHatu napameTpe eKBUBaJICHTHE
"II" 3aMeHCKe IIeMe y KOjOj ce eJIeKTpUYHE BEIIMYMHE HE CBOJIC ca jeAHE Ha JIpYry CTpaHy
TpaHcopmaropa.

Penreme:

Tpodasuu eneprercku TpaHchopmarop Moryhe je eKBUBAICHTHPATH IaCUBHUM
yeTBOpokpajarkoM ("I1” memom) camo y ciydajy Kaja je m=m, , OIHOCHO Kaja j€ KOMIUJIEKCHA
MIPEHOCHH OJTHOC peasaH O0poj (Buau Kmury ctp.144 no146).

3a crpery Yy6 KOMIUIEKCHM NPEHOCHH OJHOC je m=-my, na je moryhe TpaHcdopmarop
IPE/ICTABUTH NTACHBHUM YETBOPOKPAjHUKOM, KA0 Ha CITUIIH:

I [Tapamerpu "I1" exBHUBanEHTHE
2p - J8

I _ = . 1meme TpaHchopmaTopa cy:
o ' | T 0
A I ! A Z _é. Y _l_mt.
L =7 s Lp— 5
mt =t
m} —m
U Y =——t+mY,.
U, Y, Ys =5 4y
Z; 1 Y, cy mapaMeTpu €KBUBAJICHTHE
"T" meme CBeAEHW HaA MPUMAPHY
CTpaHy.
o 0

ITpopauya mapamerapa exBuBajieuTae "1 meme:
VH

o R
le :(Rtp+Jti)7 X[p :Rfe _]XH =] Xﬂ D
o\ U? 2
zrt(A)) w1110 1920,

7100 S, 100 63

_x,%)U,, 11110
100 S, 100 63

x (%) U? 2
Y - (%) U, 20000110 3841270
0100 S, 100 63

=2112Q,

Z,=(192+2112)Q; Y, =-j2,6-10"8S.

‘ —

ITpopauya mapamerapa exsuBaieutae "I1” nieme:
VH

VY uzpasuma 3a nmpopaudyH napamerapa ekBuBajeHTHe "[1” meme ckalapHM MPEHOCHU OIHOC
m, je anrebapcka BennuuHa. [lomro je 3amara copera Yy6, m;=-11 (3a cupre Yy0 u Dd0 - m; je
MO3UTHUBAH Opoj).

7 - 1,92+ /21,12 _ (01745-192)Q, ¥, - 1+11
11 1,92+ ;21,12
117 +11

=T 92+ 2112

=(0,051-;0,563)S,

+117(—2,6-107) = (0,561 — j0,566) S.
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3AJIATAK 11: Hanucaru jenHaunHe 32 YeTBOPOKPAJHUK Ca KOMIUIEKCHUM KOe(pHIIMjeHTHMA 32
eHepreTcku Tpancdopmarop ca cienehum nmapamerpuma: Yds,; S,=20MVA; m=110/20 (kV/kV),
x~=10%; x,~»c0. AKTUBHE OTIOPHOCTH peJHE IpaHe U IryouTke y rBoxly TpaHchopmaTopa
3aHEMapUTH.

Pememe:

Jla Ou ce momuio 10 mapaMeTapa 4YeTBOPOKPajHUKA KOJUM Ce MOXKE MOJETIOBAaTH TpoQasHH
TpanchopmaTop Moke ce mohu ox kinacuuHe oopryTe "I meme TpaHchopMaropa MpOITUPEHE
oarosapajyhum naeaasHuM TpaHcGOpMaTOpoOM, Kao Ha CIUIIH.

I I /m
A >k Z; : A, I a
my
U Y: m,U Us

Mogern ca ciMKe ce MOXKe MOCMaTpaTH Kao eKBUBAJIEHTHH YeTBOPOKPAjHUK:

lp ls
L -a U,=4U, +BI;

HPI IQS
I,=CU +DI,.

JennaunHe Koje TOBE3yjy MpHMapHE M CEKyHIapHE BEIMYHMHE (HAMOHE W CTPYje), OJHOCHO
jeHauYMHE YeTBOPOKpAjHWKA, MOTYy C€ HamucaTh Ha OCHOBY JaTe 3aMEHCKEe IleMe
Tpanchopmaropa:

— =t —
Qp_mz(l-i_gt}_/t)gs—’_ ] _n—/l

x Ls =p

m, m,

N

. an jk300 1 10
KoMIuTeKcHH IPEHOCHH OTHOC TpaHcdopmaTopa je: m, = —— = m,e =—

[TapameTpu o6puyTe "I'” meme TpanchopmaTopa CBEJCHN Ha IPUMAPHY CTPaHy CY:
2
x, (%) U, 10 110°
Penna peakranca tpanchopmaropa: X, = —- = =60,5Q.
P pasieqopmaropa: X, == "0 =100 20

Penna umnenanca tpancpopmaropa:  Z, = R, + jX, = jX, = j60,5Q .

Otouna anqmuTanca tpanchopmaropa: ¥, =G, — jB, ~0(x,,R;, —> ).

JeqHauMHE YeTBOPOKPAjHUKA 32 aHATM3UPAHHU TpaHCHOpMATOp Cy:

Z . 0 f 0
U,=A4U +Bl =m,(1+Z,Y)U +=-1 =55""U +1le™ I,

m,

1,=CU, +DI, =m,Y,U, +—=1, =01818¢" I .
m,

YeTBOpOKpaAJHUK CE HE MOXKE PeasIn30BaTH MAaCUBHUM €JIEMEHTHMA jep HHU]e 3aJI0BOJbEH YCIIOB:

AD-BC=1 (550 . L

b

20 2000
e_/lSO :ej300 7,:1)
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3AMATAK 12: Emneprercku TpoasHH TpOCTyOHM TpaHCPOpPMATOPH ca MapaMeTpuma:
8$,=31,5 MVA; m=110/35 (kV/kV); x=10%, x,,=200%; sprega Yd u Yy, Be3aHu Cy Kao Ha
ciukaMa a) u b). Y o0a cirydaja crioJballllbil HAllOH BE3aH je ca mpuMapHe crpaHe. M3padyHatu
cTpyjy [ 3aHemapyjyhu akTHBHE OTIIOPHOCTH Y KOJTY.

Pememe:

AHaIM30M CTpyja y TPOYIIIy CEeKyHIapa MOXe ce KOHCTaTOBAaTH Jja TPOYrao YMHH 3aTBOPEHO

KOJIO M3 KOJer HYJITe CTpyje HEe M3Jla3e, OJHOCHO TPOYrao MpeacTaBiba "KpaTak Croj” 3a HyJTe
cTpyje.

ExBHBaJIeHTHa TPOMOJHA 3aMEHCKa IleMa JaTor TpaHcdopmaropa MpenCcTaB/beHA je Ha
cnenehoj cnumm:

I, X2 X2 I/m,

=31,

Pa——
U I le % le
XHO = XHO XHO

[Ipu npramy mieMe yBakeHa je TPETIOCTaBKa Ja Cy pEakTaHCEe pacullamka MpuMmapa u
CeKyHJapa CBeicHa Ha MPUMapHYy CTpaHy OpOjJHO jeaHaKe.
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Ha ocHoBy nare 3aMeHCKe IIeMe MOXe ce u3padyHartu ctpyja I. IIpopauyH ce Moke BPIIUTH
ca e)eKTUBHUM BPEIHOCTHMA CTPYja U HAIlOHA jep CYy YBOXKEHE CaMO PEaKTaHCe.

[Ipopauyn mapamerapa HyJITe 3aMEHCKe IeMe TpaHchopMaTopa NOTpeOHO je CIPOBECTH Ha
HAITOHCKOM HHMBOY TIpUMapa jep je moTpeOHO M3padyHaTH CTPY]y Y NMPUMapHUM MPUKIbYUIIIMA
TpaHcopmaropa.

x,(%) U, 10 110°

Hmnedanca pacunarwa mpancgpopmamopa: X, = 100 S = 100 315 =38,41Q.

x,, (%) U 2
Hynma umnedanca maznehersa: X ,, = — ) Uy _ 2001107 20- X, =768,2Q..
“ 100 §, 100 31,5

Vna3na uMmnenaHca Ha NpuKJbydiuMa HanoHa U:

X X, 16)(X,,/3) X X
X, =—+X +(t YKo )=—( —0) X
6 PX, [6+X /3 Xo+tX, /2 b
Xu,=38’41(1 768,2 )+10=22,65Q
6 38,41/2+768,2
[Ipopauyn ctpyje I:
v 100 =4,424
X, 22,65

b)

VY oBoM cityuajy noctoju Maraeheme Tpancopmaropa jep je IpuMapHi HaMOT Y3eMJbEH
(mpeko MpUTYIIHUIIE), TIa TTOCTOju (pu3nyka MOryhHOCT &1a ce cTpyja MarHehema y mpuMapHOM
HaMOTY yCIIOCTaBH.

[Tomro mocTtoju Marueheme, moctoje (MHAYKY]y C€) W HYJATH HAIllOHU y CEeKyHJIapHUM

U

namotajuma (U, = aJI OHU HE MOT'Y YCIIOCTABUTH CTPYj€ V CEKYHIAPHUM HAMOTAjUMa je
m D Yy YJ€ 'y CEKy
t

je CeKyHIapHO KOJO IpeMa 3eMJbU O0TBOpeHo. Jlakiie, yTHIla) CeKyHaapa Ha CTpyje mpumapa y
OBOM CJIy4ajy HE IOCTOjH, OJHOCHO Yy NMPUMApHUM HaMOTajuMa TOCTOj€ camoO HYJTE CTpyje
marHehema /). EkBUBasieHTHa TPOITIOJIHA 3aMEHCKA IIeMa JaTa je Ha CIUIH.
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I,=1,, XJ/2 X2
—>

VYna3Ha umrenanca y OBoM Ciy4ajy je:

X X
Xul:_t+X + HOZM+10+768’2:272,47Q
6 r 6
[IpopauyHn crpyje I:
1=3], :L: 100 =0,367 4.
X 272,4
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3A/IATAK 13: JIBa Tpoda3Ha eHepreTcka TpaHcopmaropa, HCTUX Mapamerapa a pazIHuuTHX
cripera, Be3aHa Ccy Kkao Ha ciunu. Ilapamerpu Tpancpopmaropa cy: S,= 10 MVA,
m;= 35/10 (kV/kV), x;=10%, x,,»c0 . MN3padynatu c1pyjy I. CBe aKTUBHE OTIOPHOCTH
3aHEMApUTH.

Pememe:

Ha 6u mpopauyHanu ctypjy / moTpeOHO je Ja CBe peakTaHCe CBEIEMO Ha HAIlOHCKH HUBO
35 kV, ogHOCHO Ha MecTo NpHKJbydewa HamoHa U. Peakrance Tpanchopmaropa crpere Dy
MIPBO Ce CBOJIC Ha HamoHcH HUBO 10 k) a 3aTuM Ha BHIIIEHANIOHCKY CTpaHy TpaHcdopmaropa Yy.
[TomrTo cy y oBOM npuMepy MPEHOCHU OJHOCH TpaHC(hOpMaTopa MCTH, IPAKTHYHO CE Y jeTHOM
KOpaKy MMIIEZJaHCe CBOJIE Ha BUIIIEHANIOHCKY CTpaHy TpaHchopmaropa crpere Yy.

TpononHa CKBHBAJICHTHA 3aMCHCKaA IIEMa:

X2 X2 X2 X2

=30 | X2 m;, Xp X,/2
—
— VY- 7YV 7
X,/2 X,/2
U
‘ X no 1o X no
o0 U o0
X/6 mXp  X/6 X/6 m; Xp X,/6

7YYy 7YY 7

I
— WYY Y ———( VY~
i

IIpopauyH ynazHe UMIIEIAHCE HA MECTY IIPUKJbYUYEHa HAIIOHA!

A D) u, _ 10 35°
7100 S, 100 10
2 35

2
U
X, ==1225+2-| — | 10=25317Q2 [ =
3 10 ’ X

=12,25Q. X, = EXt +2m} X
u, 3 )4

220
25317

— 0,869 4

ul
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3AJIATAK 14: Tpodasuu TpocTyOHHM TpaHcpopMmaTrop Be3aH je Kao Ha CIUIU Ha
MoHoda3zau Harton U=100 V,. =50 Hz. U=100V; F=50Hz

W3pauynatu  crpyjy [ Ilapamerpu o« >
TpanchopmaTopa  Cy: Yo,  S,=100 MVA;
m;=35/10 (kV/kV); x,=10%. x,,=200%.

Penreme:

VY oBoM cityuajy, yBaxkaBajyhu mpeTrnocTaBky Ja je TpanchopMaTop U y eIeKTPTUYHOM U
Yy MarHeTCKOM TIIOTJIely CHUMETpUYaH €JIEMEHT, Kpo3 cBe (a3zHe HaMoTaje (M TmpuMapa Hu
CeKyHJlapa) MpoTH4y ucte crpyje (1/3).

U=100v .
I/3
Y A
-5 /3
Y MM~
/3 | I
I D

I i TI
X, —80.(5:% |

Jakiie, peXuMH y CBHM CTyOOBMMa (je3rpuMa) MarHeTHOr KoJla M oAroBapajyhum
HaMOTajuMa Ha HbUMa Cy MCTH T1a C€ MOXKE aHJU3MPATH CaMO jelaH CTyO W BheMy npunazaajyhu
nap HamoTaja (MpUMapHU U CEKyHJapHH), Ka0 Ha CIIHIIH.

v
‘Prp‘ Lprs‘
e R
NANANANNAANA NANNAAN
N ERREREA PEEERER é
L oL
VYUYV 3x \v\v\v\v\ 0 ﬁ
73] p
A: U a

C o63upom Ha cripery Yy0, ctpyja I/3 he cTBapatu y mpuMapHOM M CEKYHJIapHOM HaMOTajy
MarHeTono0y /IHe CHUJIe CYIIPOTHOT CMepa, IITO CE MOXKE 3aKJbYIHUTH Ca CIIUKE.
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[MomTo kpo3 cBe HaMoOTaje MPOTHYY jEeJHOBPEMEHE CcTpyje, (UIYKCeBH Yy CTyOOBHMa
TpanchopmaTopa cy Takohe jemHoBpeMeHH, ma ce yKynmHu (iayke (Tpoctpyku diayke V) 3arBapa
KpO3 HEMarHeTHy cpeauHy (yJbe M Ka3zaH TpaHchopmaTopa), OJHOCHO Kao M (QIyKC NpH
Hamajawy TpaHcopmaropa HYJITHM CHCTEMOM HaroHa. M3 Tor pasziora je y oBOM IpOpauyyHy
MepoJIaBHA HYJITa MarHETCKa OTIIOPHOCT.

[omrto ¢ayke V¥ crBapa peana Be3a MpUMApHOT U CEKYHIAPHOT HAMOTaja, MHIYKTHUBHOCT
MarHehema y JaToM pexumy je:

N —-N)* N(1-1/m)’
0;1:( . b) = p( t) :LO,u(l_l/mt)za
AO AO

rze cy:

Ap — HyJNTa MarHeTcka OTIOPHOCT (TIPECTaB/ha MarHEeTCKy OTIIOPHOCT CPEANHE KPO3 KOjy ce
3aTBapa 3ajeqHUYKH (QIIYKC KOjer CTBapajy HyJTe CTpyje y MPUMAapHOM U OAroBapajyhem
CeKyHJIapHOM HaMoTajy),

Ly, -nanyktuBHOCT MarHehema kana je TpaHchopmaTop nodyheH camo ca mpuMapHe CTpaHe
HYJITUM CHCTEMOM HaIoHa (HyJITa UHAYKTUBHOCT MarHehema).

Ha ocHOBy mnperxogHe aHanmm3e MOXE C€ 3aKJbyuuTdH Ja cTypjy [I/3 orpaHuvaBa
€KBUBaJICHTHA peakTaHca X!

X, :X,p + X, +X0ﬂ +3Xp,.

Peakrancy pacumama cexyHaapa X,, He TpeOa CBOAMTH Ha MPHUMApHY CTpPaHy jep U Kpo3
CEeKyHJap M Kpo3 MpUMap MpOTHYE UCTa CTPYja, 3allpaBO OBAKO Be3aH TpaHCHOPMATOp paau Kao
NPUTYIIHUIA ca JIBAa PEIHO Be3aHa ceTa HaMoTaja Ha UCTOM je3rpy. [lakie, cBe peakrance Tpebda
CpayyHaTH Ha COIICTBEHOM HAIIOHCKOM HMBO (BMXOBE MPUPOJHE BPEJHOCTH).

[IpopauyH peakTaHcH:

_x, (U,  x,(%)/2U,, 5 35°

= = = =6,125 Q;
7100 S, 100 S, 100 10
XUy X020, 5 1070
100 S, 100 S, 100 10
X, (%) U, 2
on = out O)i(l—l/mt)z 20035 4 _19/352 =125 0
100 S, 100 10

X, =X, +X, +X,,+3X, =6]125+05+125+3-80=371,625 Q.

VY mpopadyHy je TIpeTIOCTaB/hEHO Ja Cy MPOIEHTYyalTHe peakTaHCe MpuMapa W CeKyHaapa
jemHake.

[Ipopauyn ctpyje I:

1:3-1/3:3i=3 100
X, 371,625

=3-0,27=10,807 A.
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3AJIATAK 15: W3pauyHaTn napameTpe TpPOHAMOTHOT TpaHC(opMaTopa 4rju Cy HOJalH:
HOMMHAIHA  CHara S, =20 MV4; NOjeJMHAYHE  HOMMHAIIHE CHare  Hamora:

2 2
S,y =8, 8,==S,, S =Z§ ;IpeHOCHN OJTHOC m, =110/38,5/10,5 (kV / kV | kV')
3 nt 3 n t

NPOLEHTYAllHe BPEAHOCTH HAIOHA Kpatkux cmojeBa: u,, =17%, u,, =10,5%, u,,; =6%;

MaKCHUMaJHH TyOunu y Oakpy TpaHcopmaropa (IpW HOMHMHAIHOM omnpepehemu mpuMapHOT
HaMoTa): AP =0,148 MW ; HOMMHAIIHU ryounu y IBOXhy

TpaHcopmaropa: AP, = 0,075 MW ; NPOUCHTYaIHa BPEAHOCT CTpyje npasHor xoxa: [, =3,5%.

[Tapamerpe cpauynatu Ha HamoHckoM HuBoy 110kV wu Hanpratu oarosapajyhy
3aMEHCKY IIeMy.

Penreme:

Kox tponamotHor tpanchopmaTopa Moryhu cy pasiuuuTé pagHU PeKUMH IPH KOjuMa
je oH ontepeheH HOMHMHATHOM CHaroMm (y 3aBHCHOCTH KakKO je Ta CHara JUCTpUOyHpaHa TIo
HaMOTHMa). 32 KOHKpETaH TpaHc(opMaTop Aat je MmoAaTak O MaKCUMaJIHUM I'younuma y 6akpy,
IpU HOMUHAJTHOM onTepehemy mpumapa. MakcUMallHU TYOUI y Oakpy Cy MO3HATH 3a PEeKUM
Kaja je mpumap onrtepeheHn oarosapajyhoM HOMHUHAIHOM CHAaroM a CeKyHJap u tepuujep "nene”
Ty CHary y TakBOM OJHOCY J1a TyOuLu Oy1y MakCHMAaJHU.

Jla Ou ce u3Bene jeHAYMHE 3a TYOWTKE MO0 HAMOTHMA TOTPEOHO j€ M3pauyyHATH OMCKE
otnopHocTy (asHux HamoTaja (R, Ryu R,) y cBakoM o1 HamoTa. EHeprercku TpaHchopMaTropu
Cce TMpOjJeKTyjy Tako Ja Cy TYCTHHE CTpyja IpH HAa3WBHUM CHaramMa THPAaKTUYHO JeTHAKE
(J, =J, ~J,). Ha ocHOBY TOr 3aKkiby4Ka MOXe Ce CIpoBeCTH cienehn pauyH:

R =p IL -p N, ’ p - crieruduIHa OTIOPHOCT Oakpa, .
b S, S, Iy, I, I, — ykynHe ny:xuHe (pa3HUX HaMOTaja IpUMapa,
] N/ CEeKyH/1apa ¥ TepIiyjepa, pECIIEeKTUBHO.
R =p—=p——, Sp, S¢ , S, — TUOBpIIMHE MONPEYHHX MpeceKa
S, SS, oarosapajyhux HamoTaja,
R =p 2 - p Nl . ['— cpenmba TyKuHA jengor HaBOjKa (IIPTIIOCTABKa je Ja
S, S, Cy Cpelllbe AyKUHE HaBOJKa MCTE 3a CBE HAMOTE).
Ry, NySo Ly A N, L, ABm UL, S,
Rs Ns Sp ! Inp /an ! Inp ! \/gUnp Iﬂp ! \/gUnp Iﬂp ’ Snp
RP ns :
OJIHOCHO, —— ~ —*=, I/le Je R, OMCKa OTIOPHOCT CEKyH/apa CBE/ICHa Ha IPUMApHY CTPaHy.
sp np
AHAJIOTHUM pauyHOM MOXe€ ce U3BECTH cieneha jeHaKkocT: & r g”’ ,rae je R, omcka
i np

OTIIOPHOCT TEpIIHjepa CBEACHA Ha MPUMAapHY CTPaHy.
Y npemxoonum jeonauunama paou jeonocmasnocmu je npemnocmasbeHo 0a cy cnpeze

HaMoma ucmoumeHe aiu ce 00 UCMoz2 3aK/byYKa Modce 0ohu u 3a paziuyume cnpeze, 0OHOCHO
npemxooHe penayuje 8asxce He3a8UCHO 00 cnpeze.
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3a natu TpaHcGOpMaTOp Ha OCHOBY IMPTXOAHUX 3aKJbydaKa BaXKH:

R,=R,=L5R,.

C o03upoM Ja Cy y NIpPETXOIHUM pelalijamMa CBE OTIOPHOCTH CBEJCHE Ha HCTHU
HAITOHCKM HUBO MOXE C€ HAIPTaTH 3aMEHCKa IeMa Koja je MepoJIaBHa 3a MPOopavyH TyOuTaKa y
0akpy.

Isp

VYxynuu tpodazau ryounu y 6akpy Tpanchopmapropa MpH HOMUHAIHOM ornTepehemy
npumapa cy:

— 2 2 2
AP, =3R,I2 +3-1,5R,I2 +3-15R, (I, —1,)".

Maxkcumanau ryounu y 06akpy uMMmajy ce mpu ImyHoM onTepehemy jenHor oj HamoTaja
(Hmp. cexyHAapa), NOK JAPYrH HaMoTaj (Tepijep) mpey3uma Je0 CHare 0 HOMHHAJTHOT
onrepehema, OAHOCHO:

2 2
) 2 1 ) 4 1 )
AP —3Rp1np+3-1,5Rp(§1np +3 SR | <1, | <3R, L1415 4150 | =55R, 1,

cumax

AP AP -10°
j— Cu max — Cu max — 05148 10 > — 2’442 Q,

R =
N s Y 20-10°
53 > J3:110-10°
V3u,,

Rsp = Rtp = 175Rp = 1,5 . 2,442 = 3,663 Q

[IpopauyH peakTaHcH pacunama TpaHchopmaropa:

_x,) U, u,(%)U, 17110

i = =102,85 Q2,
‘ 100 S, 100 §, 100 20
2 2
5D Us 1O Uy 105110 oo
77100 s 100 S, 100 20
2 2
_ X, %) Unp ~ Uy (%) Unp _ 6 110 =36,3Q,

100 S, 100 S, 100 20

IIpu cBohemy peakTaHcku pacumnama TpaHchopmarpopa MoTpeOHO je neduHHCcaTH Y
OJTHOCY Ha KOjy 0a3HY CHary M HaroH Cy 3aJlaTe TPOICHTyalHe paKkTaHce (MJIM HAlTOHU KPATKUX
CT0jeBa) MOjeIMHUX MMapoBa HAMOTA. Y KOJIMKO HUCY €KCIUTUIIMTHO 33/1aTH OBU MOJAIH (Ka0 ILITO
je ciydaj y OBOM 3aJIaTKy) MOJpa3yMeBa C€ J1a Cy MPOIECHTyallHEe BPEIHOCTH PEaKTaHCKHU 3a
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napoBe HaMOTa 3aJaTe y OJHOCY Ha IpUMapHy cHary u HamoH. Koj 3a1aBama ryouTtaka y 6akpy
MOpa ce eKCIUIMIIUTHO HAaBECTH €a KOJOM CTPYjOM Cy BpIlIEHA MEpemha U Ha OCHOBY TOra BPLIUTH
IIPOpadyH aKTUBHUX OTIIOPHOCTH Y 3aMEHCKUM ILIEMaMa.

[Ipopauyn nmapamerapa ekBuBajgeHTHe "T" meme TpoHaMOTHOT TpaHchopamTopa:

1 1
Xy =2 (X + X, = X,) = (102,85 +63,525-363) = 65,037 O,

x =tx +X,-X,) ~ L 102.85-63.525+36.3)= 37810,
K 2 ps Ky p 2

X, = %(Xp, X, -X,)= %(63,525 +36,3-102,85)=-1,513 0,

[Ipopauynare peaktance, koje ¢urypumnlyy y 3ameHcko] "T” meMu TpPOHAMOTHOT
TpaHchopmaropa, cy MaTeMaTU4Ky a He (PU3UYKU €KBHBAJICHT, jep CE M0jaM pacHmama (iykca
MOke aeduHUCATH caMmo 3a jemaH map Hamortaja. OgHOCHO, ako jaeo Quiykca MpUMapHOT
HaMoTaja He o0yxBaTa TeplHjepHU a 00yXBaTa CEeKYHAapHH, OHJA je 0Baj (hIyKC 3ajeIHUUKH 32

pyUMap U CEKyHIap a pacyTH y OAHOCY Ha Tepuujep. M3 Tor pasiora ce y 3aMEHCKO] IIIEMH MOTY
MI0jaBUTH HETATUBHE PEaKTaHCE PacUIiama.

[Ipopauyn mapamerapa OTOUHE TpaHe y EKBUBAJICHTHO] IIEMHU:

U? 2
f=—= 110 =1613333Q,

AP, 0,075
G ! ! =62-10"°S

TR 1613333

2 2
=190 U 1001107 _ 1758570,
L% S, 35 20
B, Lo D _s385.107s.

X, 172857

Jennomonna 3amencka "T” mema TpaHchopmaTopa ca mapaMeTpuMa CBEIACHUM Ha
NpUMapHy CTPaHY je MpuKa3aHa Ha CITHIIH:

ltp

»
>

XH Ree Qtp
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BAJIATAK 16: Opgpenutun  BpenHocTH  (asHMX HAmoHAa Ha CEKYHJApHO] CTpaHU
ayrotpanchopmaTopa cripere Yy0 ako My 3BE3IHINTE HHUjE Y3eMJbEHO, IPH 3eMibocTiojy ¢aze C
Ha mpuMapHoj crpanu. IIpeHocHu onHoc ayrorpaHcdopmaropa je m,=400/220 (kV/kV). Ilpe
HAacTaHKa 3eMJbOCIIOja HAIlOHW Ha MPUKJbYyUYIMMa ayToTpaHcdopmaTropa UMaad Cy HOMHHAIHY
BPEIHOCT.

Penreme:

[Ipe HacTaHka 3eMJbOCIIOja 3BE3IUINTA ayTOTpaHCPOpPMATOpa U HAMOjHE Mpexe cy Oma
Ha HYJITOM TOTEHIHWjaldy (y3 MPETHOCTaBKY Jla jé CHUCTEM HAloHa y MpPEeXH OHO HICaTHO
cuMmerpuyaH). HakoH HacTaHka 3eMJbOClOja y TNPUMApHO] MPEXH, MOTEHLHjal 3BE3AUIITa
"ckave” Ha (ha3HU HAIIOH IPUMApPHE MPEXKE.
3ajaTak je HajlaKile PEeIIUTH Ha OCHOBY (a3opCKOr [ujarpaMa HalloOHAa 3a CIy4aj
3eMJBOCTIO]a.
R Ca npujarpama HaIllOHa MOTY C€ M3padyHaTH HAllOHU Ha
CeKyHIAapHUM NpUKJbydYNHMa ayToTpaHchopmaTopa
3a BpeMe Tpajama 3emiboctnoja (aze C ( y mpopadyHy
je ycBojeHo Uy, =220 kV):
U2 =(1,818-¢0s30")% +(1+1,818-sin30")*

U, =+/2,479+3,645 = 2,475 r.j.
U, =U, =2,475r.j.

U, =1818-1=0818 r.j.
U, =U, =2.475-22 31432 k7

V3
220

U.=0818-—=1039 kV'

: 5

a

Y ToKy Tpajama 3eMJbOCIIOja, Ha TPHUMApPHO] CTPaHHU ayTOTpaHchopMaropa, HATTOHHU
npeMa 3eMJbM Ha MpPHUKJbYYIMMa CeKyHIapa OM ce BHIIeCTpyko nosehanu, ma je pan
WHTEPKOHEKTUBHOT ayTOTpaHchopMaTopa ca W30JI0BAaHUM 3BE3IUIITEM HEI03BOJHECH.
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