VYuusepsureT y beorpany
Enexrporexanaku dakyarer
Katenpa 3a eHepreTcke npeTsapade U OrOHE

EHEPI'ETCKH TPAHC®OPMATOPHU (13E013EHT)
Cenrtembap 2017.

Tpodhasun  ybHM  IUCTpUOYTHBHM  TpaHchopMmarop  MMa  HOMHMHanHe — momatke: S, = 200 KVA,
U; / Uy = 10+2x2%/0.4 kV, 50 Hz, copera Dyn5, Py, = 3.6 KW, uy, = 4%, Py, =400 W, j, = 2.5%. Homwunamau
ropacT Temrmeparype ropmer yiba mHocu 55 K. Ilopact Temmeparype ropmer yijba je MpornopLMOHANaH YKYITHIM
ryovmMa Ha crerneH 0.8.

1.

10.

a) HampraTtu meme Be3a M BEKTOPCKH JHMjarpaM HaroHa MpejcTaBibajyhu HamoTaje kao kajemoBe. O3HaYUTH
XOMOJIOTe KpajeBe U MoyeTKe U KpajeBe Hamoraja. (4)

0) 3a xomiko he ce mpomeHuTH TyOMImM y TBOXDY ako ce BPEMEHOM, YCJeJ pacTpecama MarHeTCKOr Koja,
noBeha MarHeTHHU OTTIOP, 300r Yera ce cTpyja npasHor xoza noseha Ha 4%? (4)

W3pauyHaTy mapamMeTpe €KBHBAJICHTHE 3aMeHCKe meme Tpancdopmaropa ca HH crpane. HampraTu memy ca
YHETHUM OpOjHMM BpEIHOCTHMA MapaMeTapa U eleKTpraHiM BesmurHama. (10)

Tpanchopmartop Hamaja norporiad gakropa ciare CoSe = 0.6 (karm), mpu YeMy MopacT TeMIepaType ropmer yiba
y CTAIMOHAPHOM CTamy AOCTIKe BpeaHocT on 65 K. Konwkw je Tama HamoH CeKyHIapa u CTeneH HeKopHhemha
cHare TpaHcdopmaropa? Y Koju Mojokaj Tpeba MOCTABUTH PEeryaTop HATIOHA MpuMapa Jia Ou ce Ha CEKyHAapy
MMAao HATIOH IITO NPHOIMKHAjH HoMuHAHOM? (12)

Hammcatu m3pa3, u 00jaCHUTH eleMEHTE Y IeMy, 3a oapehuBame pasivke TeMIiepaTypa HajTOIIMje Tauke
HaMoTaja ¥ cyceaHor ysba. (10)

[TorpedHoO je mpojekToBaTH jemHOGA3HN TpaHChopMaTop ofpeleHe cHare, MpU YeMy Cy Cpehe TYKUHE HABOJKA
npumapa u cekyHaapa Mebhycoono jemnake (l; =1, =1). Crpyja marnehema Ttpanchopmaropa ce Moxe
3aHeMapuTH, Tj. Moxke ce cMmarpaTtu 1a je Nil; = N,l, =K.

a) Ilokazatu ;a ce yKymHa 3alpeMHHA HAMOTaja MpEMapa U CeKyHaapa TpaHCc(hopMaTopa MOXKE H3Pa3HTH Kao
V = I-K-(1/J,+1/J,), e cy J; 1 J, MOBPIIMHCKE TYCTHHE CTPyja MpuMapa u cekyHaapa. (4)

0) Ilokazatm na 3a ykynHe [lynoBe ryOurke y Hamorajuma Baxu Py = pc,-Ji-Jd, 'V, rae je pey [Q-m] cnermduana
oTnopHocT Oakpa,a V [m?] 3anpemuna Gaxpa (Hamoraja). (4)

B) 3a nmaTy yKymHy macy (3ampeMuHy) HAMOTaja, JaTy Cpemby IYXKHHYy HABOjKAa MpUMapa M CEKyHIapa U y3
ycnoB na je K = const, kopuctehn mpasze m3BeneHe mox a) U 0) OAPEAWTH OJHOC TYCTHHA CTpyje NpuMapa U
cekyHaapa rnpu KoM [lyoBu ryOuim ¥Majy MUHAMAJIHY BpeaHOCT. (4)

Jla 5 ce ¥ 3amTo ryOuIM Memajy Mpy MPOMEHH OJHOCA LIMPHHE M BUCHHE TPOBOIHKKA, IIPU YEMY CE 3apKaBa
KOHCTaHTaH MomnpeyHd npecek. DWinoB cavyuHWIAIl 32 HAMOTA] KOjM MMa M MPOBOIHMKA Y PajMjajHOM H N
NPOBOJHMKA Y aKCHjaJIHOM MpaBily (LIMpMHA MPOBOJHMKA ( W BUCHMHA TPOBOIAHMKA P) m3HocH Kp = 1+(ga)*-m?/9,
rae je o® = wuof/p. (10)

Konmiko M3HOCH KPUTHYHA BPEIHOCT CTPYje TPOIOJHOT KPAaTKOr CIoja 3aJaTor TpaHcdopMaTopa ako ce KBap
JIECUO y HajHETIOBOJbHUjeM TpeHyTKy? Koimko je mpuOImKHO BpeMeHa MOTpeOHO a CcTpyja TOCTaHe TPHOJIKHO
npocroneproarata? (10)

CxuppaTH pacrofielly NpeHarnoHa Ha HAMOTajy ca y3eMJbEHOM HeyTpajHOM TaukoM. Koja cy KpuTHYHA MecTa U
3amro? Hamicatu mpuOmnbkaH aHAJIMTHYKY M3pa3 3a PacIiofiesly HalloHa AY)K HAMOTaja y MpeJla3HOM PEKHMY
nona3ehin o1 Mo3HATHX M3pa3a 3a MOYETHY M Kpajiby pacroney npexarnona. (10)

[Tpumap TpaHchopmMaTopa je MPUK/bYYCH Ha CHMETPHYAaH CHCTEM HATlOHA HOMUHAJIHE BPEIHOCTH, aJI CY Kpa jeBH
Tpehe (aze mpumapa morpentHo o3HadYeHH (3aMemenu ¢y kpajeBu C u Z). Onpenuru dasue u mehydaszne HamoHe
CeKyHmapa y oBoM ciy4dajy. KpajeBu cekyHmapa Cy OTBOpEHH, Tj. TpaHC(HOPMATOp pajH y TPa3HOM XOAY.
Tpanchopmarop je peamisoBa nmomohy Tpu MoHo(asse jeaummie. (10)

On jenHodasHor Tpancdopmaropa cHare S, = 100 KVA, wanona U;/Ug, = 400/220 V npeBe3uBameM (opMUPATH
crpery ayrorpaHchopMaropa Tako Ja uMa ro Behy mponasHy cHary. Komko u3HOce mponia3Ha cHara, HarlOHH
U cTpyje oBako (hopmupaHor ayrorpanchopmaropa? (8)

Hcnut Tpaje 180 munyra. /l03BoJbEHO je TTOCE0BAILE CAMO je/THe CBeckKe 3a paa U KoHnenT. [Ipeupraru oHo
IITO HHje 32 mperJiea.

Y Beorpany, 01.09.2017. [Ipo¢. np 3opan Jlazape Buh, IIpo¢. 1p 3opan Pagakosuh
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0) Hehe ce npomenury, jep:
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4. Opemax 5.2.3.

5. a)

6)

VYKyIHa 3ampeMuHa HaMOTaja je 1aTa M3pa3oM:
V =IN,S +1,N,S, = I(le1 + stz)
Ha ocHOBY yciioBa jeTHAKOCTH MaTHETONOOYIHNX CHIa MpUMapa W CEKyHIapa uMa ce Jia je:
NI, =N,I, =K = N,SJ,=N,S,J, =K = N,S, =J£; N,S, =J£
1 2

VBpiITaBamk-eM MPETXOIHUX U3pa3a y u3pa3 3a 3alpeMuHy, J00Hja ce TpakeHa pelalja:

V =IK i+i
‘]1 ‘]2

Tpeba nohu on M3pasa 3a ykynHe TyOWTKE y HAMOTajuMa:
P, =R +R,I? =_/’CUS!1N1 (3,5,)° +—ng2'\'2 (3,8,)

1 2
rae je Iy =1, =1 cpeama myxuHa jeqHor HaBOjKa mMpuMapa M CeKyHmapa, S; U S, Cy NONPEYHH MpECeIm
MPOBOTHUKA TpuMapa U cekyHnapa, a N; u N, OpojeBu HaBojaka mpuMmapa u cekynnapa. [Ipumernru na cy
I;:N; u N, ykymHe myxuHe HaMoOTaja puMapa U CeKyHaapa, TuM pegocieqoM. C 063upoM Ha TO J1a TyOUTKe
Tpeba mpa3ur y GyHKIMH YKYIHE 3anpeMHUHe HaMOTaja, MPEeTXOoHN M3pa3 Tpebda npeypeanTu Ha cienehn
HAYHH:

2 2 2 2
P, = o (IINS, + 32N, ) = pe, H(NSS, + N8, ) i Russ £ NaSs ) i TS, 02,
A T TN NS, +N,S, N,S, +N,S,
Ha ocHOBY ycIioBa je THAKOCTH MarHeTONOOYIHUX CHIa MpUMapa M CEKyHIapa uMa ce J1a je:
NS, J
Nl =Noly = NS, =N,S,3, = (i =

VBpITaBameM NMPEeTXOAHE jeTHAKOCTH Y U3pa3 3a TYOUTKe U JehemheM Opojrora 1 umenrora ca N;S; moouja
ce:

J,
J+J2/
3,3,(3,+
v Il leZ(l 2)=chVJJ

P, = pc vV c
v J; v J, +J
1+ %2 1+ %2 17T Y2

YHUMeE je JaTO TBpheme JOKa3aHo.

C 003upoM Ha TO J1a ce Tpaxu oxHoc J1/J, 3a koju cy IlyaoBu ryOuim MHHMMAITHH, IOTPEOHO je m3pa3 3a
IIynoBe ryOouTke m3BeleH noja 0) m3pa3uru y QyHKIMK oBOT oxHoca. [Ipu Tome, Tpeba yBasKUTH YUHCHHITY
Jla je yKyIHa 3alpeMMHa HAaMOTaja KOHCTAaHTHa, Tj:

V=IK i+i =const = i+i:i:K1:const
1 2 ‘]l ‘]2 IK



Capna ce rycTuHa CTpyje CeKyHIapa MOXKe M3pa3uTu y (PyHKIMj TYCTHHE CTpyje puMapa Kao:

1
J,=——
’ K1 _]/‘]1
Kana ce npeTxo/Ha je THAKOCT YBPCTH Y U3pa3 3a YKyIIHe TYOHWTKe, UMa ce J1a je:
J J?
P=pV——=pV——
3= Peu K, 1, Peu KJ, -1

Ha oBaj mauwmH, 3axBasbyjyhn orpaHMdermny TO YKYIHO] 3alpeMHHM HaAMOTaja, yKylHA cHara ryoWraka
cBeleHa je Ha (yHKIM)y jeqHe mpomewbmBe — J;. Kako Ou ce ompemuna BpegHocT J; Koja 00e3behyje
MHHIMAIIHY BPEJIHOCT IyOHUTaKa, moTpeOHo je M3Boj Jo0ujeHe QyHKIMje I0 J; U3jeTHAYUTH Ca HyJIOM:

2J1(K1J1—1)—2 Kdf g 2
(KJ,-1) K,

ap, _
dJ,

0= poV

3aMeHOM y penaiMjy Koja aaje Be3y mmehy J; uJ,, moduja ce na je:

Jaxre, ykynHu TyOuim y HamoTajuMa Ouhe MUHIMAJHA KaJa je UCIyHeH YCIoB J; = Js.

HATIOMEHA: Osnaj 3akJbydak Ba)KH camo TOJ] HAaBEJCHUM OKOJHOCTHMA, JaKie, NMPU KOHCTAHTHOj MIIC
HaMOTaja, KOHCTAHTHO] YKYIIHOj MacH (3alpeMUWHHM) HaMoTaja W MeljycoOHO jemHAKMM M KOHCTAaHTHUM
CpelllbAM JyXXMHAMa HAaBOjKa MpuUMapa M CeKyHIapa.

6. AKko ce He Mema Ipecek S, He Memajy ce HUu Ppc ryomm, 6e3 003upa Ha BpeTHOCT IIHUPHHE TPOBOJHUKA (]
(S=p Q). [HopacTom q pacTy ryOouImM ycjie ] BUXOPHHX CTpYyja, IITO ce BUIU U 13 (opmyrie 3a DuigoB cauvHIIALL
(P4 pacty ca (q a)* m?/9).

7. W3pa3 3a BpeMEHCKH 00K yIapHE CTPYje KPAaTKOT Crioja Yy jeHoj (a3 riiacu (MpeaBama):
i, = 1,2 sin(ot+ 9, — ) —sin (¢, — g, Je "™ |,

rae je j mocmarpana asza (A, B wm C), ¢y ¢a3nu cTaB HamoHa nocMatpane (asze y TpeHyTKy HACTaHKA KpaTKOT
Crioja, @x apryMeHT HMIIEaHCe KpaTKor croja, | eeKTHBHA BpEIHOCT yCTajbeHe CTpYyje KpaTKor croja (mpu
HOMUHAJTHOM HaIloHy) ¥ Ty BpeMEHCKa KOHCTaHTa KPaTKOrT CIoja Koja je /1aTa u3pa3oM:

T, =L/R =X/(aR,),

rae cy Xq 1 Ry yKynHa peakraHca pacumama M OTTIOPHOCT HamoTaja TpaHcdopmaTopa (TpopauyHaTe y 2. 3a1aTKy).
Maxkcumaiia Moryha BpeTHOCT CTpyje KpaTKOr CcTioja jaBjba Ce€ KaJia je UCTIYEEH YCIIOB:

Dy — P =—7/2

y TPEHYTKY @t = T (MPUOJIMKHO), W U3HOCH:
o = 12 (1+€7)

Tpeba uMaTu y BHAY Ja c€ OBa MaKCHUMallHA BPEIIHOCT CTPYje KpaTKOT CIoja MOXE jaBUTH caMo y jeaHo] dha3u
TpaHchopmaTopa. MakcuMalHa BPETHOCT JIMHUJCKE CTPYje KOja C€ MOXE jaBUTH TPU YIAPHOM Tpo(ha3HOM KpaTKOM
CTIOjy je O/ Mamer HMHTepeca, ¢ 003MpoM Ha TO Ja cy (a3He cTpyje MepoAaBHe 3a MPOpadyH JMHAMUIKUX HANPE3amba
TpaHcopMaTropa Koja Cy Haju3pakeHWja YIPaBO TpHA yJapHOM KpaTkoM cmojy. Kako ©u ce oBa BpemHOCT
npopavyHaja, TOTPEOHO je OPEeIUTH yCTaJbeHy BPEIHOCT CTPYje TPO(as3HOT K.C. U BPETHOCT BPEMEHCKE KOHCTAHTE:

Y U, U, u, 1001
k Zl: ZI: Ukl/llnf uk%
100

In " —166.75A
Uln/llnf UK%

T,=6.32ms



Kpurnana BpeHOCT cTpyje TPOHOIHOT KPAaTKOT CIoja ca CTpaHe NpuMapa M3HOCH:

I!
k max

~201A

a ca CTpaHe CeKyHmapa:
I e = Nelg e #8703.6 A

k max

Crpyja KpaTKor crioja he moctaTu mpocTONeproANIHA TIOCIIE TIPUOIIKHO:

t, ~4T, =25.3ms

8. Pacmonena mpeHamoHa Ay HaMOTaja ca y3€MJbEHHM 3BE3JUINTEM y CBAa TPU KapaKTEPUCTHYHA MHTEpBaja

MpHUKa3aHa je Ha CJIULIH.

uwlJ

.
i} /’%\'
d e
yd |
/ |~
/ ///‘
Ve p L
S e ‘ /
/
/ e 4
/ // [
sy
p P e
/L _— \
/ s o
Y |
f— |

— morvh npeckok
npema MacH

Mmoryh npodoj
n3Meljy Harojaka

-

x'h

[Tpubmnkan m3pa3 3a pacTiofely NpeHaATIoOHa Y MPeNla3HOM PeXUMY:

u(x)=2u X_u

sinh ax

h sinhah

9. Illema Be3a BEeKTOPCKH AMjarpaM HaMOTaja NpUKa3aHU Cy Ha cimim. Kao mro ce Moxe BUIeTH ca IeMe Be3a HKao
IITO je OMMCAHO y TEKCTy 3ajaTka, kpajeBuMa C U Z cy IpIWIMKOM o0OellekaBama 3aMemheHa Mecta. Hamoraju
npuMapa Cy y CKJIaJy ca O3HaKaMa BE3aHH Yy TPOYyrao M Hamajame je Taxohe JOoBelIeHO Ha KpajeBe y CKIaly ca
o3HaKamMa. Y ciell Tora, HarioH Ha HaMoTajy ¢a3e ¢ ceKyHaapa Koju ce HaJla3H Ha UCTOM CTyOy Kao ¥ HaMoTaj daze
C mpumapa umahe ce HamoH cympoTHOr ()a3HOT CTaBa y OJIHOCY Ha OHAj Koju OM ce MMao Kajia OM HAMOTaju
npyuMapa OWIN WCTIPaBHO TIOBE3aHM (TOTJIEAATH BEKTOPCKH AmjarpaM Ha cimmm). Ctora, ()a3HM HATIOHM HAMOTaja

A B C

CEeKyH/Iapa jeTHAKH CY:
U, =-U,;/n=230£-150°V

U, =-U,./n=230,90°V
U, =U.,/n =230£150°V

Melydaszau HarMoHK ce cajia jeTHOCTABHO A00Hjajy:

U, =U, —U, =400£-120°V
U, =U, —U, =230£30°V

U, =U, -U, =230,90°V

@a3H  CTaBOBM INpOpadyyHATHUX BEKTOpa HAIOHA
noOujeHH Ccy 3a yCcBOjeH BekTop HamoHa U, Kkao
pedepeHTH! BEKTOP.

BAXKHA HAIIOMEHA: Ilpu oBakBo] Be3u H
Harajarkby HaMOTaja MpuMapa JoJia3H JI0 MOojaBe Hyjime
komnonenme ¢aykca. OBO ce MOXKE YOUUTH




nocMaTpameM (Pa3HHX HATOHA CEKyHIapa, YHjM je BEKTOPCKH 30Mp pas3audut on HyJe ((IyKCEeBH MO CTYOOBHMA
cy momepenn 3a 90° y omHocy Ha ojaromapajyhe ¢asHe HamoHe cekyHmapa). Kao mro je mo3HaTo, HynTa
KOMTIOHEeHTa (Iykca ce Ko TPOCTYyOHMX TpaHcdopMaTopa 3aTBapa MPEeTEk HO Kpo3 Ba3ayX, T€ je oarorapajyha
peakranca marnehema 3a HyJNTH penocie] BeJMYMHA 3HAYajHO Mama OJ peakTaHce MarHehema 3a TUPEKTHU U
MHBEP3HH peJiocie/l. Y e Tora, HyJTa KOMIIOHGHTa HaroHa mpuMapa he ce camo JEIMMHUYHO ,,[PSHOCUTH  Ha
CeKyHIap, Tako aa OW ce Taja Mopaje TOje/JMHAYHO TPETHPATH AMPEKTHA, MHBEP3HA M HyJITa KOMIIOHCHTA, Y3
yBa)KaBame CMamemkha peakTaHce MarHehema 3a HynTu penocien. Y ciiydajy Kaja je je3rpo TpancgopMaropa
YEeTBOPOCTYOHO WM Kaja je TpaHchopMaTop pealM3oBaH MoMohy Tpu TpodasHe jeUHHIEe, CBE KOMIIOHCHTE
(irykca ce ca0001HO 3aTBapajy Kpo3 MarHeTCKO KOJIO M MHAYKY]Y V CeKyHIapy oaroBapajyhe Hamone. 300r Tora
Cce y pa3MaTpaHOM CIlyuajy MOXKE pPaJuTd ca YKYIMHMM (a3HUM HATIOHMMa, jep C€ CBE KOMIIOHCHTE HATOHA
TOJ[jeTHAKO TIPEHOCE ca MpUMapa Ha CEKyHIap.

JIpyTl  TOpuUCTynD  —  TIPUIMEHOM  METOJE
CUMETPHUYHIX KOMIIOHCHTH:

Jla Ou ce mpuMeHwIa MeTOJa CHMETPHIHHX
KOMIIOHEHTH, HEONXOJHO je Hajupe KpajeBe
HAMOTaja O3HAYMTH WCTIPABHO, Tj. y CKIIaAy ca
TIO3MIIMjOM XOMOJIOTHX KpajeBa (,,radaka‘“), u
HamioHe (a3a W3pa3UTH Yy CKIAaJy ca OBAaKBUM
O3Hakama, Kao IITO je TpHKa3aHO Ha JaToj
cim. Hamomn ¢asza mpumapa y ckmagy ca
OBaKBHM O3HaKaMa jeJTHAKH CY:

U, =UT =10.,30°kV
U, =UD =102 -90°kV
U, =-U[ =102 -30°kV

ExcrioHeHTOM M 03HAYEHU Cy HATIOHK MPEXe, Kako OU ce HampaBWia pa3ivka mMel)y HaroHa HaMoTaja ¥ HaTrioHa
mpexe. Caa ce Ha n1ate pa3He HATOHE MOYKE MPUMEHUTH METOJla CUMETPUYHIX KOMIIOHCHT H:

g :%(L_JA +aU, +a’l, )=3.33230°KV; Uy, =a'l,,, =3.332-90°kV; U, =aU,,, =3.33/150°kV;

u, =%(QA+a2QB +aU, )=6.67290°KV; Uy, =aU,, =6.67.£210°KV; U, =a’U,, =6.672~30°KV;
Uso =Uay =Ueo Uy = (U, U, +Uc ) =667 -30° kv

C o03upom Ha TO jga je TpaHchopMarop m3BeeH ToMohy Tpu MOHO(A3HE jeJMHHMIEC, CBE TPH KOMIIOHEHTE Ce

MpeHoce Ha CEeKyHaap:
U, =-U,/n=76.67/-150°V; U, =-U , /n=153.33£-90°V; U,, =—U,/n =153.33/150° V

U,, =a’U,, =76.67/-270°V; U,, =aU,, =153.33230° V; U,, =U,, =153.33/150° VV
U, =aU,, =76.672£-30°V; U, =a’U,, =153.33/-210°V; U, =U,, =153.33./150° V

Onagpe ce Mory ofpeauTy pa3HA HATIOHH CEKyH/apa Kao:

U,=U,, +U, +U,,=230£-150°V

U, =Up +Uy; +U, =230£90°V

uc :ucd +uci +L_JCO = 23041500 \

MTO Cy HCTE BPEJIHOCTH Ka0 M OHe J0OWjeHe Kaja cy KopuiiheHe Qa3He BenwuuHe. Y cCiydajy Ja je

TpaHcopmaTop 6O TPOCTYyOHH, HylITa KOMIIOHEHTA HAIlOHA CeKyHmapa Ou Owia Mama HETO Y OBOM CIy4ajy, C
003MpOM Ha 3HATHO Mamby BPEIHOCT peakTaHce MarHehema 3a Hy ITH peocie .

Ouwurnenso je na he mehyda3nn HATIOHK EMATH UCTE BPEHOCTH KA0 U y TIPBOM TMPOPAIYHY, ¢ 003MpOM Ha TO Ja
Cy BpeTHOCTH (pa3HUX HATIOHA HUCTE.



10. Tponazsa cHara Owhe MakcHMajaHa NMPH MamO] BPEIHOCTH NMPSHOCHOT OJHOCAa o JBe Moryhe, Tj. kana je
ayrorpaHcdopmaTop popMHpaH Kao Ha naToj cavim. Hamnonu u cTpyje TpaHchopmaTopa Taa u3Hoce:
U,=U,+U, =620V

U,, =U, =400V

l, =1, =US—" = 4545A

02

l,, =1, +1, =7045A

Hpona3Ha CHara C€¢ caJia MOX€ OAp€aAUTHU KaO:

S, =U,l,, =U,,1,, =281.8KVA




