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встановлених трансформаторів. Здійснений вибір високовольтних апаратів 

розподільчого пристрою, вимірювальних трансформаторів струму та напруги. Для 

трансформаторів підстанції виконаний розрахунок релейного захисту: 

поздовжнього диференційного струмового захисту та максимального струмового 
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блискавкозахисту понижувальної підстанції, що виконаний у вигляді стрижневих 

блискавковідводів. 
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B C T y n

B yMOBax 6e3nepepBHoro po3BHTKy npoMHCHOBOCTi KpaïHH 3'flB.raeTbCfl yce 

ômbme h ômbme hobhx nignpneMCTB, k̂î BHOĈ Tb BKnag y 3ÔinbmeHHfl 

eHeprocno^HBaHHA. Cnig TaKoæ 3ayBa^HTH, rn,o 3i 3ÔmbmeHH^M HHcna 

eHeprocno^HBawHHx oô'gktîb, po3mnproeTbCfl rn,mbmcTb reorpa^iHHoro

po3TamyBaHHa cno^HBaniB eneKTpHHHoï eHepriï [9]. y  3B'^3Ky i3 ^HM 3'aBnaeTbca 

noTpeôa b po3mnpeHHi icHyroHHx Mepeæ i b CTBopeHHi hobhx. 3pocTarona KÎHbKÎCTb 

eHeprocno^HBawHHx oô'gktîb Bege go 3ÔinbmeHHfl noTy^HOCTefi, akî nepegaroTbca no 

eneKTpHHHHx Mepe^ax. OgHHM Î3 HafironoBHimHx 3aBgaHb cborogHi e eKOHOMÎHHe 

BHKopHCTaHHa icHyronoro eneKTpHHHoro oônagHaHHa h po3poÔKa HOBoro 3 

noninmeHHMH napaMeTpaMH.

^aHa poôoTa e BHnycKHoro poôoToro ôaKanaBpa Î3 cne^^anbHOcri 141 

«EneKTpoeHepreTHKa, eneKTpoTexHÎKa Ta eneKTpoMexarnKa».

BHKOHaHHa ôaKanaBpcbKOï poôoth HeoôxigHO 3 MeToro:

-  npngôaHHA gocBigy aHanÏ3y OTpHMaHHx pe3ynbTaTÏB, ^opMyBaHHA bhchobkîb i 

nyônÏHHoro 3axHCTy bhkoh3hoï poôoth;

-  ^OpMyBaHHa HaBHHOK BHKOpHCTaHHa OTpHMaHHX 3HaHb, nîg HaC pO3B'^3aHH3 

KOHKpeTHHx npaKTHHHHx i HayKOBO-TexHiHHHx 3agan;

-  npngôaHHH gocBigy bhkohshhh TexHÎHHoï goKyMeHTagiï noacHWBanbHoï 

3anncKH h KpecneHb BignoBigHO go yMOB giroHHx CTaHgapTiB;

-  CHCTeMaTroa^ ï, 3aKpinneHHfl h noraHÔneHHH TeopeTHHHHx i npaKTHHHHx 

3HaHb no 3aranbHOTexHÏHHHx i cne^anbHHx gH^Hnnrnax 3a Hanp^MKOM npo^ecifiHoï 

nigroTOBKH.

y  n p o^c i BHKOHaHHa ôaKanaBpcbKoï poôoth HeoôxigHO BHpimHTH TaKi 3agaHi:

1. 3a 3agaHHMH HaBaHTaæeHHHMH i goB^HHaMH mmn BHÔpaTH Hanpyry Mepe^i.

2. 3a HanpyraMH Mepe^i h HaBaHTa^eHH^MH BHÔpaTH THn npoBogiB noBnpaHHx

hîhîh.

3. 3a HanpyraMH Mepe^i h HaBaHTaæeHHHMH BHÔpaTH TpaHC^opMaTopn.

4. BH3HaHHTH nHTOMi napaMeTpH .HEn i KaTano^Hi gaHi TpaHC^opMaTopiB. 

BHKOHaTH po3paxyHKH napaMeTpiB cxeMH 3aMirn,eHHH girnï h TpaHC^opMaTopiB.
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BH3HanHTH npHBegem go CTopoHH BH HaBaHTa^eHHa TpaHC^opMaTopÎB (3 

ypaxyBaHHaM BTpaT b oÔMoraax TpaHC^opMaTopÎB).

5. CKnacTH po3paxyHKOBy cxeMy 3aMÎm,eHHa Mepe^i h BH3HanHTH po3paxyHKOBi 

HaBaHTaæeHHa By3aÎB Mepe^i (3 ypaxyBaHHaM BTpaT y r i ^ i  HaMarainyBaHHa 

TpaHC^opMaTopÎB i peaKTHBHOï noTy^HOCTÎ, aKa reHepyertca girnaMH).

6. BHKOHaTH po3paxyHKH HopMantHoro pe^HMy 3aMKHeHOï Mepeæi (yci mmï 

BKnwneHÎ B poôoTy) g .a  gBox BHnagKÎB: pe^HM MaKCHMaatHoro HaBaHTaæeHHa 

(3agaHi) i pe^HM MmÎMaatHoro HaBaHTaæeHHa (npHHHaTH pÎBHoro 50% Big 3agaHoï). 

BH3HanHTH HanpyrH y By3.ax Mepe^i, BTpaTH HanpyrH h BTpaTH noTy^HocTÎ B 

Mepe^i. BHKoHaTH aHaaÎ3 oTpHMaHHx pe3yabTaTÎB.

7. npn HeoôxigHocTÎ 3anponoHyBara cnocoôn peryaroBaHHa HanpyrH y By3.ax 

HaBaHTa^eHHa.

8. ^aa oôpaHoï nigcTaH^ï, aKa BxogHTt go CK.agy po3raaHyToï Mepe^i, 

BHKoHaTH nepeBipKy BHÔopy noTy^HocTÎ chhobhx TpaHC^opMaTopÎB, y CTaHoB.eHHx 

Ha nigcTaH^ï.

9. Po3paxyBaTH CTpyMH KopoTKoro 3aMHKaHHa g .a  3aôe3neneHHa 3axncTy 

nigcTaH^ï.

10. BnôpaTH 3a yMoBaMH poôora BHcoKoBoabTHÎ anapaTH po3noginbHHx 

npncTpoïB nigcTaH^ï h nepeBÎpHTH ïx Ha Mo^aHBÎCTb cnpa^oByBaHHa B yMoBax 

KopoTKoro 3aMHKaHHa.

11. BHKoHaTH po3paxyHKH pe.eHHoro 3axncTy BHcoKoBoatTHoï noBiTpaHoï mmï, 

noôygyBaTH KapTy ceaeKTHBHocTÎ.

12. npoBecTH po3paxyHoK 6.HCKaBKo3axHCTy 3axHCHoro BPn.

13. 3poÔHTH bhchobkh npo pe3y.tTaTH BHKoHaHHx po3paxyHKiB.



1 P0 3 P A X Y H 0 K  PE ^H M IB  POBOTH E^EKTPH^HOÏ M E PE ^ I

1.1 BHxigm gam gra BHKOHaHHA ôaKanaBpcbKoï poôora

3rig,HO 3 OTpHMaHHM 3aBgaHH^M, HeoôxigHO po3paxyBara eneKTpHHHy Mepe^y, 

ogHonÎHÎHHa eneKTpHHHa cxeMa akoï HaBegeHa Ha pnc. 1.1.

PncyHOK 1.1 -  BnxigHa ogHommHHa eneKTpHHHa cxeMa 3'eg,HaHb 

3agaHoï eneKTpHHHoï Mepe^i

^ ob^ hhh mmn i noTy^HOCTÎ HaBaHTa^eHt eneKTpHHHoï Mepeæi HaBegeHi b 

Ta ô n ^ i 1.1.

Taônn ^  1.1 -  Buxinm gam eneKTpHHHoï Mepe^i

^OB^HHa TO , KM noTy^HOCTÏ HaBaHTa^eHt, M B A

Æ-1 Æ-2 Æ-3 Æ-4 S-1 S-2 S-3 S-4

70 30 20 20
70+/70 60+/30 20+/20 S+/4

I I II III



1.2 Po3paxyHOK Hanpyrn Ta BHÔip npoBogiB noBnpaHoï mmï

1. BHÔopy HOMÎHantHHx Hanpyr y 3aMKHemn nacram eneKTpHHHoï Mepe^i 

3HafigeMO cyMapHe HaBaHTaæeHHA Ha nigcTaH^ï nC-3, npHBegeHy go bhcokoï 

ctopohh Hanpyrn:

SZ3 = S 3 + S4 = 20 + 8 + j(2 0  + 4) = 28 + j2 4  MBA.

2. BH3HanaeMO noTy^HOCTÎ b mmax:

O _  S 1 ‘ l123A +  S 2 ' l 23A +  S 23 ' l 3A _
S  A1 ~  , _

lA123 A

( 70 + j 70)-110 + (60 + j30) • 90 + (28 + j  24)- 70

SA 3

140

_  S 23 ' l 321A +  S 2 ' l 21A +  S 1 ' 11A

= 107,57 + j86,29 MBA.

lA123 A

( 28 + j 24)- 70 + (60 + j30)- 50 + (70 + j  70)- 30
140

= 50,43 + j37,71 MBA.

S12 = S A1 -  S1 = (107,57 + j 86,29) - ( 70 + j 70) = 37,57 + j 16,29 M BA.

S23 = SA3 - S23 = (50,43 + j 37,71) - ( 28 + j 24) = 22,43 + j 13,71 M BA.

2. BnxogaHH 3 goB^HH gmrn i BenHHHHH nepegaHoï no hhx noTy^HOCTÎ, 

opieHTOBHO BH3HanHMO Hanpyrn OKpeMHx nÎHÎH no eMnipHHHm ^opMym LrnapioHOBa 

[1]:

= 1000

i
500 2500

+
L P„

ge L -  goB̂ HHa mmï, km;

Pn -  nepegaHa no mmï noTy^mcTt (Ha ogHH ̂ aĤ m̂ ), Mbt.

1000
U a 1 = 500 2500

+

= 158,3 kB.

U 12 =

30 107,57

1000
/5ÔÔ 2500

= 104,5 kB.

20 37,57
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500 2500
. ------ i---------
^ 20 22,43

U  A3 =
1000

1500 2500
+

= 132,8 kB.

70 50,43

3. OcKÎabKH gaa Bcix amifi KÎab^Boï Mepe^i ôaæaHo Mara ogHaKoBy Hanpyry, 

to npHHMacMO Hanpyry U H = 110 kB.

^aa Toro, m,oô 3aôe3neaHTH BHKoHaHHa yMOBH npnnycTHMoro cnagaHHa 

Hanpyrn Ha caMoMy BiggaaeHoMy cno^HBaaeBÎ eaeKTpoeHepriï, npHHMaeMo Hanpyry 

Ha g^epeai ^HBaeHHa Ha 10% nepeBHrnyroay HoMÎHanbHy Hanpyry Mepe^i: 

U a  = 121 kB.

4. y  aKocri npoBogiB gaa Bcix amifi npHHMaeMo CTaaeaamMmieBÎ npoBogn 

MapKH AC.

5. BH3HaaaeMo goBrocTpoKoBo npnnycTHMÎ CTpyMH b aiHiax gaa HopMaabHoro 

poôoaoro pe^HMy [2]:

= J\01,572 + 86,2 92 -IP 3  = 7 2 3  A .

= J 37,572 + 16,292^  = 214,93 a .

= 523-101J 22,432+ 13,712 -K)3 = 137,98 a .

23 V3 • U  V3 • 110

= 5 ^  J 5O,432 + 37,712.103 = 330,5! Æ 
A3 V3 • U  V3 • 110

6. KopncTywHHCb goBÎgKoBHMH gaHHMH (Taôa. 1.2, [4]), y BignoBÎgHocTÎ i3 

mKaaom CTaHgapTHHx nepepi3iB, a TaKoæ 3 ypaxyBaHHaM Mo^aHBoro 

nepeBaHTâ eHHa amifi npn poôoTi b aBapiHHoMy pe^HMÎ, BHÔnpaeMo THn npoBogy 

gaa kô hoï aiHiï:

gaa aiHiï .fi-1: AC-240/32; 

gaa aiHiï .fi-2: AC-400/51;

ApKyw
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gna mmï .H-3: AC-240/32; 

gna mmï .H-4: AC-240/32.

7. nepeBÎpaeMo oôpam npoBogn b mmax 3a yMOBorn KopoHH.

3rigH0 npaBHH, MmÎManbHo npnnycthmhh nepepi3 no KopoHi gna mmH 

Hanpyrorn 110 kB craHOBHTb 70 mm31 2.

TaKHM hhhom, gna ko^ hoï 3 mmH ^  yMOBa BHKoHaHa.

8. XapaKTepncTHKH npoBogiB noBiTpaHOï mmï HaBegeHi b Taôm 1.2.

T a ô a ^ a  1.2 -  KaTaao^HÎ gam npoBogiB noBiTpaHoï mmï

napaMeTpn
MapKa npoBogy

AC-240/32 AC-400/51
KaTaao^HÎ gam
nepepi3 npoBogy, mm2 240/32 400/51
^oBroCTpoKoBo npHnyCTHMHH CTpyM, A 825 605
Po3paxyHKoBi gam
nHToMHH aKTHBHHH onip mÎHÎï npn TeMnepaTypi 
+20oC, r0 (O m/km)

0,12 0,075

nHToMHH peaKTHBHHH onip, X0 (O m/km) 0,405 0,42
nHToMa eMHÎCHa npoBÎgmcTb mÎHÎï, b 0-10-6 (C m/km) 2,81 2,7

1.3 Bnôip noTy^HocTÎ TpaHC^opMaTopÎB

1. Ha mgcTam,iï nC-1, 3Ba^amnH Ha Te, m,o ïï cno^HBam BÎgHocaTbca go 

I KaTeropiï HagÎHHocTÎ eneKTponocTanaHHa, npHHMaeMo ycTaHoBKy 2 gBoxoÔMoTKoBHx 

TpaHC^opMaTopÎB 3 Hanpyroro Ha bhcokîh CToporn 110 kB.

Po3paxyHKoBa noTy^HÎCTb Ko^Horo TpaHC^opMaTopa:

S > —1 
Sn  -

S  _  Vv02 + 702
70,71 MBA.

1,4 1,4

n o  Taôm 1.4.2 [4] BHÔnpaeMo Macnam TpaHC^opMaTopn 3aranbHoro 

npH3HaneHHa rany TP^UH-80000/1 10.

2. Koe^i^eHT 3aBaHTaæ:eHHa TpaHC^opMaTopÎB y HopManbHoMy pe^HMÎ:

s
K _ ^  MaKC

31 ~  2 • ST

V702 + 702

2 • 80
= 0,62.



y nicnaaBapiHHOMy pe^HMi

y
h, _ ^MaKC
kae\ = sT

V702 + 702 

80

YmOBH BHKOHyWTbCa.

3. Ha nigcTaH^ï nC-2, 3Baæ:aroHH Ha Te, rn,o ïï cno^HBani BigHocarbca go 

I KaTeropiï HagiËHocTi eneKTponocTanaHHfl, npHHMaeMo ycTaHOBKy 2 aboxoômotkobhx 

TpaHC^opMaTopiB 3 Hanpyroro Ha BHCOKifi CTopoHi 110 kB.

Po3paxyHK0Ba noTy^HicTb KO^Horo TpaHC^opMaTopa:

> S2 J 602 + 302 = 47,92 MBA. 
r2 1,4 1,4

n o  Taôn. 1.4.3 [4] BHÔnpaeMo Macnam TpaHC^opMaTopn 3aranbHoro

npH3HaneHHa THny TP^UH-63000/110.

4. Koe^i^eHT 3aBaHTa^eHHa TpaHC^opMaTopiB y HopManbHoMy pe^HMi:

V602 + 302sh, _ MaKC

3 2 = 2 • S-r 2 • 63
= 0,53.

y nicnaaBapiHHoMy pe^HMi

SJ-r _ ^MaKC
kae2 = ' ST

V6Ô2 +302

63
= 1,06 < 1,4.

Y moBH BHKoHyWTbCa.

5. Ha nigcraH^ï nC-3, aKa Mae HaBaHTaæeHHA S23 = S3 +  S 4 = 28 + j  24 M BA, 

3Ba^;awHH Ha Te, rn,o ïï cno^HBani BigHocaTbca go II Ta III KaTeropin HagiÔHocTi 

eneKTponocTanaHHa, npHHMaeMo ycTaHoBKy TpboxoÔMoTKoBoro TpaHC^opMaTopa 3 

Hanpyrow Ha BHcoKiH CTopoHi 110 kB, noTy^HicTW

Sr3 >  Ss3 = y l 282 + 242 = 36,88 MBA.

n o  Taôn. 1.4.3 [4] BHÔnpaeMo Macnam TpaHC^opMaTopn 3aranbHoro

npH3HaneHHa THny T^TH-40000/110.

6. Koe^i^eHT 3aBaHTa ;̂eHHa TpaHC^opMaTopiB y HopManbHoMy pe^HMi:

V282 + 242ST, _ ^  MaKC
k3 3 = sT 40

= 0,92

Y moBH BHKoHyWTbCa.
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Taônn ^ 1.3 -  KaTano^HÎ gaHi TpaHc^opMaTopÏB Mepe^i

napaMeTpn
Tnn TpaHc^opMaTopa

TP^TTH-
80000/110

TP^TTH-
63000/110

T^TH -
40000/110

HoMiHantHa noTy^HÎCTt, S HOM (MB^A) 80 63 40
HoMmantm Hanpyrn oômotok, kB
BH^oï HanpyrH, U hom.bh 115 115 115
cepegHtoï Hanpyrn, U mM.cH — — 38,5
HH^HOï Hanpyrn, U hom.hh 10,5 10,5 11
BTpaTH, kBt

xonocToro xogy, APx 70 59 43
KopoTKoro 3aMHKaHHa, A P k 310 260 200
Hanpyra KopoTKoro 3aMHKaHHa Mm: 
oÔMoTKaMH, % BÎg U hom

bh^ oï - hh^ hoï Hanpyr, U K,g .c — — 10,5
bh^ oï - cepegHtoï Hanpyr, U K,e. H 10,5 10,5 17
cepegHtoï - hh^ hoï Hanpyr, U K .c-H — — 6
CTpyM xonocToro xogy, I x  (%  Big I hom) 0,6 0,6 0,6
A kthbhhh onip oômotok, R t (O m )
oÔMoTKa BH 0,6 0,87 0,8
oÔMoTKa CH — — 0,8
oÔMoTKa HH — — 0,8
PeaKTHBHHH onip oômotok, X t (O m )
oÔMoTKa BH 17,4 22 35,5
oÔMoTKa CH — — 0
oÔMoTKa HH — — 22,3
BTpaTH noTy^nocTi b oÔMoTKax, A q x  

(kB A p )
780 410 240

1.4 BH3HaneHHa napaMeTpiB cxeMH 3aMÏm,eHHfl

1. 3agaHOï cxeMH Mepe^i cKaagaeMo cxeMy 3aMÏm,eHHfl (pnc. 1.2).

2. Po3paxoByeMO napaMeTpn cxeMH 3aMÎm,eHHa nmiH (pnc. 1.2).

.Hmm .4-1:

Ra3 = ro Ia 3 = 0,12 ■ 70 = 8,4 Om ;

XA3 = x 0 lA3 = 0,405 ■ 70 = 28,35 Om ;

Q c a 3 = U H ¥ A3 =  1102 • 2,81 -10-6 • 70 = 1 19 ^
2 2 2 , p.



PncyHOK 1.2 -  CxeMa 3aMÎm,eHHfl 3aMKHeHoï Mepeæi

.Hmm R -2 :

R a i =  ro Ia i =  0,075 ■ 30 = 2,25 Om ; 

X A1 =  x0 lA\ = 0,42 ■ 30 = 12,6 Om ;

Qcai_  UHbQlAi _1102 • 2,7 -10-6 • 30
 ̂0,49 MBAp.

.Hmm .4-3:

R 12 = r0112 = 0,12 ■ 20 = 2,4 Om ;

3m . ApKyw N° doKyM. nidnuc Qama



Q C12 
2

U2V 12 1102 • 2,81 -10-6 

2 “  2

• 20
---- = 0,34 M BAp.

.Hmm .4-4:

Q C 23 
2

R-23 =  ro I23 =  0,12 ■ 20 -  

X 23 = X0 I23 = 0,405 ■ 20 -

U l b ^ _  1102 • 2,81 -10-6 

2 “  2

2,4 Om ;

= 8,1 Om ;

• 20
---- = 0,34 M BAp.

3. napaMeTpn cxeMH 3aMÎm,eHHfl TpaHC^opMaTopÎB HaBegeHi b Taôn. 1.3.

1.5 Po3paxyHOK po3iMKHeHoï Mepe^i

1. OcKÎnbKH 3agaHa cxeMa mîcthtb mmï ogHoï HOMmanbHoï Hanpyrn -  110 kB, 

to po3paxyHKOBa cxeMa MÎCTHTb rinKH 3 onopaMH ^Hx gmrn i By3nn 3 HaBegeHHMH

HaBaHTa^eHH^MH.

CKnagaeMO po3paxyHKOBy cxeMy Mepe^i (pnc. 1.3).

PncyHOK 1.3 -  Po3paxyHKOBa cxeMa 3MÎmaHoï Mepe^i

2. npHBegeHÎ go cropoHH BH  HaBaHTaæeHHA BH3HanaeMO ak cyMy 

noTy^HOCTen, 3agaHHx Ha mHHax HH, BTpaT b oÔMOTKax, rinKax HaMaraiHyBaHHfl



TpaHC^opMaTopÎB MiHyc 3apggm noTy^HOCTÎ gmm, npnegHaHHx go nigcraH^H.

S p =  ( P Haap +  A P xx +

(  S  \\LJ naap J

U 2
R T ) + j  (Qnasp +  A Q xx +

( s  )2\LJ naep J
-'XK j  j2

U  HOM

X  -£ A Q c ).

3. BH3HanaeM0 po3paxyHKOBe HaBaHTa^eHHa:

a) npHBegeHe go cropoHH BH TpaHC^opMaTopHOï mgcraH^ï nC-1:

S  p, = ( Pap| + ■ R -  + 2APx|) +

( S Haapl | X j
+j (Q „ i  + ■ X  + 2AQx| ) -  % -  - M u-Haapl ' j  j2

U  HOM

f

Spl 70 +

2

702 + 702 0,6 A

v l l 02
+ 2 ■ 0,07 +

f

+ j 70 + 70 + 70 l7_,4 + 2 ̂ 0,48 _  0,49 _  0,34

v
= 70,38 + ./77,l8 MBA.

yl l 02 2

6) npHBegeHe go cropoHH BH TpaHC^opMaTopHOï nigcTaH^ï nC-2:

S  p 2 (P Haap 2 +
P 2 + Q 2 r>
Haap 2 zzmap 2 r j 2

2 , >̂2
U

+ 2 A Px 2) +

+ j  (Q Haap 2 +

p Z  +  Q 2 y

H a a p 2  z z -H a a p 2 x  j  2

U
2 2 2AQx 2 j Q Cl2 j Q C 23 );

f

S p 2 60 +
602 + 302 0,87 A

V l l 02
+ 0,059 +

y

+ j 30 + 60 + 3°  ■22 + 0 ,4 l_  0,34 _  0,34
v

= 60,28 + y'34,23 MBA.
y1102 2

b) npHBegeHe go cropoHH BH TpaHC^opMaTopHoï mgcraH^ï nC-3:

S p3 (P Haap3 +  P Haap4 +
P 2 + Q2 P 2 + Q2Haap3 zZHaap3 ^  Haap 4 zz+map 4

■ r T 3C + 773 RT 3H ) +
UHOM 

2

u 2
P  + Q P + Qi/O 1 Haap 3 zz-Haap3 y  Haap 4 zz-Haap 4 y  \.

+ j  (Q Haap3 + Q Haap4 + 772 ■ X T3C + 772 ■ X T3H ) ’
U 2 U 2

7

Sp3 = 20 + 8 +
202 + 202

v l l0 2
■ 0,8 +

82 + 42

l l0 2
■ 0,8 +

3m . ApKyw N° doKyM. nidnuc Mama

ApKym

+



f 202 + 202

v 1102

82 + 42 A

(  S  ' - 3  )

1102

2

y

S p3 =  S  p3 +  A S X3 +  2 ' ( Rm3B + j X m3B ) J Q CA3 J Q C23

= ( 28,13 + j  26,48)+ (0,04 + j  0,24) +
28,132 + 26,482 

1102
( 0,8 + j  0.8)-

-  j1,19 -  j 0,34 = 28,22 + j 27,95 MBA.

Tenep HeoôxigHO nepeËTH go po3paxyHKiB 3aMKHeHOï nacTHHH Mepe î.

1.6 Po3paxyHOK 3aMKHeHoï Mepe î

BH3HaneHHa b 3aMKHemn nacram Mepeæi po3noginy noTŷ HOCTefi MÔ Ha ïï 

yMOBHO po3ginHTH y By3ni A Ta npegcTaBHTH y BHrragi mmï i3 gBOCTopoHHiM 

ĤBHeHĤ M (pnc. 1.4).

PncyHOK 1.3 -  Po3paxyHKOBa cxeMa 3aMKHeHoï nacTHHH Mepe^i

3HaxogHMO noTy^HOdi b mmax, BpaxoByw+H, rn,o 3aMKHeHa Mepe^a 

ogHopigHa:

c  _  S p1 ' ( l3 + l4 + l1 )  + S p2 ' ( l4 + l1 )  + S p3 ' l1 _S r - -----

l2 + h  + h  + h

(70,38 + j77,18)• 110 + (60,28 + j34 ,23 )-90 + (28,26 + j 29,18)-70 _

= 140 =

-108,16 + j9 6 ,62 M BA;

c _  S p3 -( l3 + l4 + l2 )  + S p2 -( l3 + l2 )  + S p1 -12 _
S A" 3

l2 + I3 + 0 + h

3m . ApKyw N° doKyM. nidnuc Qama

ApKym



= 140 =

= 50,72 + j 42,74 MBA.

npoBogHMO nepeBipKy BHKOHaHHx po3paxyHKiB 3a yMOBom:

S A1 + S A"3 = S pi + S p2 + S p3 ,

158,88 + j 139,36 M B A  = 158,88 + j139,36 MBA.

P03paxyHKH BHKOHaHÎ npaBHHbHO.

BHKopncTOBywHH nepinufi 3aKOH Kipxro^a 3HaxogHMO ÎHmi noTy^HOCTÎ:

S12 = SA'1 -  Sp 1 =(108,16 + j9 6 ,6 2 )- (70,38 + j 77,18) = 37.78 + j19.44 M BA.

S 23 = SA"3 -  Sp3 =(50,72 + j 42,74)-(28 ,22 + j 27,95) = 22,5 + j14,79 M BA.

nogantmHH po3paxyHOK noTy^HOCTefi 3 ypaxyBaHH^M BTpaT noTy^HOCTÎ b 

gmmx cnig noHHHaTH 3 By3na 2, ^khô e tohkow noTOKopo3noginy noTy^HOCTefi 

g^epena ̂ HBneHHfl [3-4]:

npHHMaeMO noTy^HOCTÎ S12 i S23 3a gificm noTy^HOCTÎ HanpHKm^ rnrnfi By3na 

2 i 3HaxogHMO BTpaTH b mmï 12:

AC, S?2 v  37,782 +19 ,442
—12 = r T2 - Z12 = ( 2,4 + j8,1) = 0,358 + j1,21 MBA.

U„ 110

noTy^HÎCTt Ha nonaTKy mmï 12:

Su = S12 + ASi2 =(37.78 + j19.44) + (0,358 + j1,21) = 38,14 + j 20,65 MBA. 

noTy^rncTb HanpHKm  ̂mmï A1:

SA1 = SiH2 + Sp1 =(38,14 + j 20,65)+ (70,38 + j77,18) = 108,52 + j97,83 MBA. 

3HaxogHMO noTŷ HOCTÎ BTpaTH b mmï:

(  S  a  )

v2

A SA1
108 522 + 97 832

2 - ZA1 = ---,------ ^ -----(2,25 + j12,6) = 3,97 + j 22,23 MBA.
UHZ A1 1102

noTy^HÎCTb Ha nonaTKy mmï:

S HA1 = S A1 + A S A1 =(108,52 + j97,83) + (3,97 + j 22,23) = 112,49 + j120,06 MBA. 

3HaxogHMO noTŷ HOCTÎ BTpaTH B mmï 23:

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



A S
(  S 23 )

• Z,23 t i 2 ^ 23
U  H

22,52 + 14,792 
1102

( 2,4 + 78,1) = 0,144 + j 0,485 MBA.

noTy^HÎCTb Ha nonaTKy mmï:

S Hi = S23 + A S23 = ( 22,5 + j 14,79) + (0,144 + j 0,485) = 22,64 + j 15,28 MBA. 

noTy^mcTb HanpHKÎĤ  mmï A3:

S  A 3 = S 2 3 + S  p3 =(22,64 + j 15,28) + (28,22 + j27,95) = 50,86 + j43,23 MBA. 

3HaxogHMO noTŷ HOCTÎ BTpaTH b mmï:

_ ( S Ka3 ) „  50,862 + 43,232
ASA3 u 2 ’ ZA3 1102

(8,4 + j 28,35) = 3,09 + j 10,44 MBA.

noTy^HÎCTb Ha nonaTKy mmï:

S A3 = S  KA3 + A S a3 = (  50,86 + j 43,23)+ (3,09 + j10,44) = 53,96 + j53,66 M BA.

3HaxogHMO noTy^mcTb, AKy BHgae g^epeno ^HBneHHa A:

S a  = S M  + S A 3 -  J Q cax -  J Q cA3 =(112,49 + j120,06) + ( 53,96 + j53,66 ) - j  0,49 -  j1,19 =

= 166,45 + j172,04 MBA.

Hanpyry y By3m 1 3HangeMO 6e3 oômKy nonepenHoï CKnagoBoï cnagaHHa 

Hanpyrm

U  = u a  -  Pa1̂ A1 + Qa1X a1 = 106,41 kB.
1 A UU a

Hanpyra y By3m 2:

U2 = U  -  p 2R12 + Q l = 103,98 kB.
2 1  u

Hanpyra y By3m 3 CKnage:

U  = U  ̂-  P a3Ra3 + Qa3Xa3 = 104,68 kB.
3 A UU a

Hanpyra y By3m 2:

U” = U  -  P23R23 + Q23X 23 = 102,98 kB.
2 3 U3

Hanpyry y By3m 2 po3paxyeMO ak cepegHe apn̂ MeTHHHe Hanpyr U2 Ta U”

3m . ApKyw N° doKyM. nidnuc Mama

ApKym

2



U  ' +  U  ”
U 2 =  U ----2 = 103,5 kB.

2 2
BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S i 3 oôhîkom nonepenHoï 

CKnagoBOï cnagaHHA Hanpyra:

TTB TT
TT _  U  T1 _ T  tB u  h.homI
Us1 =  k ~  U  T1 ' U  ’kT 1 U  omB

ge U T 1 -  Hanpyra HH TpaHC^opMaTopa T -1, npHBegeHa go cropoHH BH;

kT 1 =  U °me -  Koe^^ieHT TpaHc^opMa^ï TpaHc^opMaTopa T -i;
U h .hom1

—om6 - Hanpyra perynwBantHoro BÎgrany^eHHfl oômotkh BH;

U HHOM i - HOMmantHa Hanpyra oômotkh HH TpaHC^opMaTopa.

Sn H = SHa2p1 +  PnaZp1 +  Qhû3p1 ■( R t 1h + jX t 1h ) =  70,24 + j  77,05 MBA.
U H°M 2

f  p  y  \ 2 (  y  p  \ 2
p H R T 1h i r\H x  T 1h p h x  T1h p p  R T 1h

D * 1T 1h 0 + Q T 1h 0 PT 1h 0 Q T 1h 0
- B 1 =  U 1------- 2------------ + ------------- 2----------- = 100,07 kB.

1 1 U1 U1 ,
K  J v J

U B 10 5
U S1 =  - T1 =  100,07 ■ —  = 9,14 kB.

S1 kn 115

BîgxHneHHa gÎHCHOï Hanpyra Mepe^i Big HOMÎHanbHOï CKnage:

V % = -S 1  -  - h° m  ■ 100 = 9,14 - 10 ■ 100 = -8,6% ,
1 U  10h° m

BcTaHOBnweMO nepeMHKan PnH  y nono^eHHA -5, nepepaxoByeMO grncHy 

Hanpyry nepe3 gaHHH Koe^^ieHT TpaHC^opMa^ï:

10,5
US1 =  100,07 ■■

115 +
-5-1,78-115 

100

= 10,03 kB.

npn ^oM y BÎgxHneHHa Hanpyrn CKnage:

V % = -S1 -  - h°m ■ 100 = 10,03 - 10 ■ 100 = 0,3 %,
— 10

rn,o b Me^ax npnnycTHMoro.

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



BH3HanaeM0 Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S2:

P Hâ p 2 +  Q Hâ p 2 ( R T 2 h +  JX T 2 h )
S T 2 =  S-Hâ p 2 +

U,2 2
60,16 + J34,09 MBA.

U B =U T 2 “ i
P t i  R 2 +  Q  X T2

Y  S2 f  Y  /? 32X  T l X  T l R

U 2 -
2 T2 2

U

V

+

p "  ^  T2 r\" 1VT2
P T 2 ~ q T 22 2

U
= 99,82 kB.

ge P T 2 +  Q T 2 =  S T 2

TpaHc^opMaTopa T-2,

noTy^HÎCTb, aKa nepegaeTbca no oômot^  HH

U
B 
T 2

U S2 = T 12  =  99,82  • — = 9,11 kB.
kT2

10.5
Tï?

BigxnneHHa gificHOï Hanpyrn Mepe^i Big HOMmanbHOï CKnage:

V  % =  Us2 -  U " OM • 100 = 9,11 ~ 10 • 100 = -8,9 %.
2 U " om 10

BcraHOBnroeMO nepeMHKan PnH  y nono^eHHa -6, nepepaxoByeMO gificHy 

Hanpyry nepe3 gaHHH Koe^^ieHT TpaHC^opMa^ï:

10,5
U s 2 = 99,82 •■

115 +
-6-1,78-115 

100

= 10,2 kB.

npn ^OMy BÎgxnneHHa Hanpyrn CKnage:

V % = Us2 -  U " om • 100 = 10,2 - 10 • 100 = 2,0%,
U "

rn,o b Me^ax npnnycTHMoro. 

Hanpyra y By3ni 0

<2 , r Y .

10

S "T3 ,  =  Sp3 + P p [  +  Qp  3 • (  Rt  3. +  JXt  3 , ) = 28,18 + J 29,24 MBA.

U  = 1U  -  P T 3eR T 3e +  Q T1eX T 3e

3 U

^ P T 1b X T 3b +  Q T 1b R T 3b+

y V U
= 95,01 kB.

y

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTa^eHHa S 3:

3m . ApKyw N° doKyM. nidnuc Mama

ApKym

V



P2 + Q2
SH, =  & . _ ,+  Harp3 . QHarp3 •( RT3c + jX T3c) = 20,05 + j 20M BA.}T 3c —Hazp3

U  2

U B =U  T 3 = i U  -  PT 3cR T3c + Q T 3cX T3c
0 U

X  f  p H y  _  r )H p  2
PT 3c X T 3c q T 3c R T 3c+

y V U
= 94,84 kB.

y

38 5
U „  = 94,84 — -  = 31,75 kB. 

S3 115

BigxnneHHfl gincHoï Hanpyrn Mepeæi Big HOMmanbHoï CKnage:

U  -  U  31 75 -  35
V  %  = Us 3 U hom • 100 = --------- 100 = - 9,29 %,
3 U  35^ HOM

BcTaHOBnroeMO nepeMHKan PnH  y nono^eHHA -6, nepepaxoByeMO gincHy 

Hanpyry nepe3 gaHnn Koe^^ieHT TpaHC^opMa^ï:

38,5
U s 3 = 94,84 •

115 +
-6 • 1,78 115

= 35,55 kB.

100

npn ^OMy BÎgxnneHHa Hanpyrn CKnage:

V % = Us3 -  U hom • 100 = 35,55 -  35 • 100 = 1,57%, 
3 U  35^  HOM

rn,o b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBanraæeHHfl S4:

P  2 + Q 2
ç h  _ o Harp4 z^Harp4
S r i , ,  =  S,,„^„ a +  —] T 3h —Hazp 4

U  i
( R T3h +  j X T3h ) = 8,01 + j  4,15 MBA.

u L  =
U  -  PT3hR T3h +  Q T3hX T3h

0 U

f  Tï H

+ PT 3hX T 3h Q T 3hR T 3h

U
=  93,99 kB.

ge P H  +  Q H  =  S H  -  noTy^HÎCTt Ha nonaTKy TpaHC^opMaTopa T-3,

U S4 = 93,99 • —  = 8,99 kB.
S4 115

BigxnneHHa gincHoï Hanpyrn Mepe^i Big HOMmanbHoï CKnage:

V  % = U s 4 -  U hom • 100 = 8,99 - 10 • 100 = - 10,1%,
4 U  10HOM

BcTaHOBnweMO nepeMHKan PnH  y nono^eHHA -6, nepepaxoByeMO gincHy 

Hanpyry nepe3 gaHnn Koe^^ieHT TpaHC^opMagiï:

3m . ApKyw N° doKyM. nidnuc Mama
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3m . ApKyw N° doKyM. nidnuc Qama

U s 4 = 93,99 ■■
115 +

-6-1,78-115 

100

= 10,07 kB.

npn ^OMy BÎgxHneHHa Hanpyrn CKnage:

V % = Us4 -  U hom -100 = 10,07 - 10 -100 = 0,7 %,

rn,o b Me^ax npnnycTHMoro.

1.7 Po3paxyHOK eneKTpHHHoï Mepe^î b mcnaaBapmHOMy pe^HMÎ

YBa^aronH mmro .H-1 aBapÎHHO BigKnwneHOW, BHKOHyeMO po3paxyHKH pe^HMy 

poôoTH eneKTpHHHoï Mepe^î, cxeMa 3aMÎrn,eHHfl akoï HaBegeHa Ha pnc. 1.5.

PncyHOK 1.5 -  CxeMa 3aMÎrn,eHHfl eneKTpHHHoï Mepe^î b aBapÎHHOMy pe^HMÎ



Po3paxyHOK HaBaHTaæeHb, npHBegeHHx go BH TpaHC^opMaTopÎB npn 

aBapÎHHOMy pe^HMÎ poôoTH npoBogHTbca no thm æe BHxigHHM napaMeTpaM, m,o h gna 

HopMantHoro pe^HMy, TOMy BHKoHyBaTH noBTopHe nepepaxyBaHHa HeMae 

HeoôxigHOCTÎ.

,4ga 3MeHmeHHa cnagaHHa Hanpyrn 3acTocyeMo KoMneHca^m peaKTHBHoï 

noTy^HocTÎ b Mepeæi. ,4ga ^ o r o  y By3aax 1, 2 HeoôxigHo BCTaHoBHTH KoHgeHcaTopHi 

ôaTapeï 3 KoHgeHcaTopaMH THny KCKT-1,05-125, po3paxoBaHi Ha HoMÎHanbHy 

Hanpyry 110 kB, aKi 3aôe3nenywTb KoMneHca^m peaKTHBHoï noTyæmocTÎ no 

77 MBap KoæHa.

noTy^HÎCTb HanpHKm^ gmiï 4-4 piBHa:

S  23 = S  p3 = 28,22 + j  29,14 MBA.

BTpaTH noTy^HocTÎ B mmï:

( s  223 )2
A S

23 U 2HOM

( « 23 + JX 23 ) = 0,33 + j1,1 MBA.

noTy^HÎCTb Ha nonaTKy mmï 4-4:

S23 = S23 + AS23 = 28,55 + j30,24 MBA.123 _  Ü 23 1 ^ b l2 3

noTy^HÎCTb HanpHKm^ girnï 4-3 piBHa

SI2 = S23 + Sp2 -  JQe k  = 88,83 -  J12,53 MBA.112 _ li23 ^ Üp2

BTpaTH noTy^Hocri B girnï:

( S û )2
A S12 U 2 («12 + jX i2) = 1,6 + A 3 9  MBA.

noTy^HÎCTb Ha nonaTKy gmiï 4-3:

SH2 = Sh + AS12 = 90,43 -  J7,14 MBA.112 _  H12 1 ^ 1 1 2  

noTy^HÎCTb HanpHKÎH^ gmiï .4-2 piBHa

SA1 = S12 + S p 1 -  jQe k  = 160,81 -  j  6,96 MBA.’.A 1 =  S 12 +  S  p 1 j Q EK

3HaxogHMo noTyæmocTÎ BTpaTH B mmï:

A S ( s  A1 )
A1 U 2U  H.A1

ZAX = 4,82 + j 26,98 MBA.

3m . ApKyw N° doKyM. nidnuc Mama
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noTy^HÎCTb Ha nonaTKy grniï:

SHAl =  SKAl +ASa1 =  165,63 + j20,02 M BA.

3HaxogHMO noTy^nicTb, AKy BHgae g^epeno ^HBneHHA A :

S a =  S  Ai -  j Q cAi =  165,63 + j  19,53 MBA.

Hanpyry y By3ni 1 3HangeMO 6e3 oônÎKy nonepenHoï CKaagoBoï cnagaHHa 

Hanpyrn:

U  = U A -  PaiRa1 + Q a X a 1  = 115,89 kB.

Hanpyra y By3ni 2:

U2 = Ux -

Hanpyra y By3ni 3 CKaage:

U

P HR o + QHX„ „12 12 ^12 j i  = 114,52 kB.
U1

U  = U  -  P23R23 + Ql3X23 = 111,78 kB.U2

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTa^eHHa S i 3 oôhîkom nonepenHoï 

CKnagoBOï cnagaHHA Hanpyrn:

Sn H =  S Ha2p1 + P naZp1 + Q naZp1 ■( R t 1h + jX t 1h ) = 70,24 + j  77,05 MBA.
U HOM 2

f  p  y  \2 (  y  p  \2
p H R T 1h i r\H x  T1h p h x  T 1h r )H R T 1h

D 1T 1h 0 + Q T 1h 0 PT 1h 0 Q T 1h 0
U B =  U 0 --------- 2---------------+ ----------------2------------- = 110,04 kB.

T1 i  0 U 0 U 0 ,
V v J v J

U™ =  110,04 ■105  = 10,05 kB.
S1 115

BîgxHneHHa gÎHCHoï Hanpyrn Mepe^i Big HOMmanbHoï CKnage:

V % = U s1 -  U hom ■ 100 = 10,05 - 10 ■ 100 = 0,5%,
1 U  10hom

^ o  b Me^ax npanycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTa^eHHa S2:

3m . ApKyw N° doKyM. nidnuc Mama
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3m . ApKyw N° doKyM. nidnuc Mama

ApKym

s h H =  SnazP2 + ^ 2 + ̂ 2 ■(R t 2H + j X j 2H ) = 60,16 + J34,09 MBA.
U HOM 2

f  p Y  \ 2 ^ Y  p V
dh RT2 | n » X T 2 ph X T2 ryi R T2

D PT 2 0 + QT 2 0 PT 2 0 QT 2 0
U B 2 =  U2---------2------------ + -------------- 2------------= 111,16 KB.

T2 1 2 U2 U2
K  )  v )

ge P H  +  Q H  = S H  - noTy^mcTb, aKa nepegaerbca no oômot^  HH

TpaHc^opMaTopa T-2,

U „  = 111,16 ■ —  = 10,15 kB.
52 115

BîgxnneHHa giËCHoï Hanpyrn Mepe^i Big HOMÎHanbHOï CKnage:

V  % = U s 2 -  U hom ■ 100 = 10,15 - 10 ■ 100 = 1,5 % .
2 U  10HOM

^ o  b Me^ax npnnycTHMoro.

Hanpyra y By3ni 0

SHb  =  S p 3 +  Pp 3 + Q p 3 ■(R t 3b +  j X T 3. )  = 28,18 + j 29,24MBA.
U HOM

U  If  -  jS A  3. + Q T  I. X  3. 1 + (  PÜ b X t  3. + Q T U  R t  3. 1 = 102,66 kB.

0 t  3 U3 )  l  U 3 )

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTa^eHHa S 3:

S?3b =  S a p 3  +  P "app]  +2 Q "app3 ■ ( R t 3c +  J X t 3c) = 20,05 + j 20 MBA.
U HOM

U  B =  U  -  P T 3c R T 3c + Q T 3c X T 3c + P T 3c X T 3c ~ Q T 3c R T 3c = 102 5

T3 H  0 U0 )  l  U0 J = , .

38 5
U „  = 102,5 — -  = 34,32 kB.

53 115

BigxnneHHa giËCHoï Hanpyrn Mepe^i Big HOMmanbHoï CKnage:

U  -  JT 34 32 -  35
V % = Us3 uhom ■ 100 = — -̂--------- 100 = -1,94%,
3 U  35^  HOM



BcraHOBnroeMO nepeMHKan PnH  y nono^eHHA -2, nepepaxoByeMO gificHy 

Hanpyry nepe3 gaHHH Koe^^ieHT TpaHC^opMa^ï:

38,5
U s 3 =  102,5

115 +
-2-1,78-115 

100

= 35,58 kB.

npn ^OMy BÎgxnneHHa Hanpyrn CKnage:

U  — U  35 58 — 35
V % = Us3 uhom • 100 = — 2---------- 100 = 1,66%,

U„ 35

rn,o b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHfl S4:

p  2 . r\2

JT3h s p3
P  2 + Q2

SH ., =  S + p  \  p i •( R t 3b +  jX T 3b ) =  8,01 + j4,15 MBA.
U.

2

u b  =u  T3h =
u  P T 3h R T 3h +  Q t  3h X T 3h
u  0

A

V u 0

f  r>H

+ P T 3hX T3h Q T3hR T3h

u
=  101,71 kB.

ge P H  +  Q H  = SH3 - noTy^rncTb Ha nonaTKy TpaHC^opMaTopa T-3,

U S4 = 1 0 1 , 7 1 =  9,73 kB.
S4 115

BigxnneHHa gificHOï Hanpyrn Mepe^i Big HOMmanbHOï CKnage:

U  -  U  9 73 - 10
V % = US4 u HOM • 100 = ---------- 100 = -2 ,7% , 4
4 U  10HOM

BcTaHOBnweMO nepeMHKan PnH  y nono^eHHA -2, nepepaxoByeMO gificHy 

Hanpyry nepe3 gaHHH Koe^^ieHT TpaHC^opMa^ï:

11
U s 4 = 101,71 •■

115+
-2  4,78'115 

100

= 10,09 kB.

npn ^OMy BÎgxHneHHa Hanpyrn CKnage:

V % = Us4 -  uhom • 100 = 10,09 - 10 • 100 = 0,9%,
u „ 10

rn,o B Me^ax npnnycTHMoro.

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



2 P0 3 P A X Y H 0 K  E^EKTPH^HOÏ ^ACTH H H  n iQ C TA H U Iï

3rigHo i3 3aBgaHHaM, HeoôxîgHo po3paxyBara gBoxTpaHC^opMaropHy 

nigcraH^ro nC-2, go aKoï mgKnroneHO HaBaHTaæeHHa

noTy^HÎCTW S2 =  60 + j30 M BA. Ha nigcraH^ï BCTaHoBaern TpaHC^opMaropn THny 

TP^nH-63000/110.

2.1. Bnôîp chhobhx TpaHC^opMaropÎB Ta ïx nepeBipKa 3a rpa^ÎKOM

HaBaHTa^eHHa

S HaB = Vp»2.b + QH.B = V 602 + 302 = 67,1 MBA

STp K ,
HaB 67,1 / 1,4 = 47,93 M B A

ge K aB = 1,4 •

K  =  SHaB = 0,53
3 2 • STp.HOM

^aa nigcTaH^H ôyan oôpam TpaHC^opMaropn noTy^HOCTÎ S = 63 M B A  THny 

TP^H-63000/110.

nepeBÎpHMo TpaHc^opMaTopn 3a aoôobhm rpa^ÎKoM HaBaHTaæeHHa Taôa.2.1.

T aôan ^  2.1 -  ^oôoBe HaBaHTaæeHHa nigcraH^ï

t,r 0 2 4 6 8 10 12 14 16 18 20 22

S, % 45 40 60 90 80 75 75 90 100 125 150 102

S,MBA 30,2 26,8 40,3 60,4 53,7 50,3 50,3 60,4 67,1 83,9 100,7 68,4

^aa nepeBÎpKH npaBHabHocTÎ BHÔopy TpaHC^opMaropa peaabHHH rpa^ÎK 

HaBaHTa^eHHa nepeTBopHMo b gBocTynmaacTHH. noaaTKoBe HaBaHTaæeHHa 

eKBÎBaaeHTHoro rpa^ÎKa BH3HaaaeTbca 3a ^opMyaoro [10]:



PncyHOK 2.1 -  r  pa^ÎK HaBaHTaæeHHfl nigcTaH^H

Ki = S2t1 + S2̂2 + ••• + S2tn
SHOM V ^  + t2 + ••• + t n

1 I 30,22-2+26,822+40,322+60,422+53,722+50,322+50,322+60,42-2 

63 V 2-8
=  0,604

ge S15S2, ••• Sn -  BnacHe HaBaHTaæeHHA nepmoro; gpyroro; n-ro CTyneHA rpa^ka

HaBaHTa^eHHa, po3MÎm,eHoro HH^ne mmï HOMmanbHoï noTy^HOCTÎ TpaHC^opMaTopa; 

t1st2, ••• tn -  TpHBanîcTb CTyneHa, rogHHa.

AHanorÎHHO BH3HanaeTbCfl gpyrnfi CTynÎHb eKBÎBaneHTHoro rpa^ÎKa, ane npn ^OMy 

ôepyTbca CTyneHi, po3MÎm,em BHrn,e mmï HOMmanbHoï noTy^HOcri TpaHC^opMaTopa

K 2 =
1 S2t1 + S2t2 + ••• + S2tn

SHOM V t1 + 12 + ••• + t n

1 / 67,12-2+83,92-2+100,72-2+68,42-2
=  1,109

63 2-4

ge S1,S2,•••,Sn -  HaBaHTa^eHHa BH^e mmï HOMmanbHoï noTy^HOCTÎ

TpaHc^opMaTopa.

MaKCHManbHe nepeBaHTa^eHHa TpaHc^opMaTopa CKaagae

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



S
K max = SMAX = 100,7 / 63 = 1,6

SHOM
ge SMAX -  MaKCHMantHe HaBaHTaæeHHa TpaHC^opMaTopa 3a rpa^koM

HaBaHTaæeHHa.

K  = 0,9 • K max = 0,9 • 1,6 = 1,44.

nopÎBHweMO nonepegHe 3HaneHHa K 2 h K '2 gaa nogaatmnx po3paxyHKiB 

npHHMaeMO ômtme 3 hhx K j =  1,109 Ta K 2 = 1,44, K 2 > K 2 OT^e npHHMaeMo 

K  2 = 1,44.

3a rOCToM 14209-85 3 ypaxyBaHHaM eKBÏBaaeHTHoï TeMnepaTypn 3hmoboto 

nepiogy t = -10°C i nacy nepeBaHTaæeHHa tnepeB = 8 rog, 3HaxogHMo 3HaneHHa

nepeBaHTaæeHHa gonycTHMe K2roCT = 1,8.

nopÎBHweMO 3HaneHHa K 2 3a rOCToM i peaatHe. K2roCT = 1,8 i K2 = 1,44.

K2roCT > K2. 3HaneHHa K  3a rOCToM ômtme, Hrn: peaatHe, 3HanHTt

TpaHC^opMaTop oôpaHHH npaBHntHo.

Bhchobok:

TpaHC^opMaTop TP^BH-63000/110 y BHnagKy BHxogy 3 aagy 1-ro 

TpaHC^opMaTopa 2-h TpaHC^opMaTop 3aôe3nenHTt ^HBaeHHa cno^HBanÏB 6e3 

oÔMe^eHH^M no nacy Ta no noTy^HocTÏ.

2.2 Po3paxyHoK CTpyMiB KopoTKoro 3aMHKaHHa

BH3HaneHHa BeaHHHHH CTpyMiB KopoTKoro 3aMHKaHHa HeoôxigHe gaa 

npaBHntHoro BHÔopy ycTaTKyBaHHa Ha CToporn 110 kB i 10 kB. BnxigHa ogHommHHa 

eneKTpHHHa cxeMa eaeKTpoMepe^i HaBegeHa Ha pnc. 2. nigcTaH^a ^HBHTtca 3a 

gBoMa TynHKoBHMH mmaMH: cxeMH 3aMÏrn,eHHa gaa po3paxyHKy CTpyMiB KopoTKoro 

3aMHKaHHa HaBegeHa Ha pnc. 3.

Po3paxyHoK CTpyMiB KopoTKoro 3aMHKaHHa BHKoHaeMo b ÏMeHoBamn CHCTeMÏ 

ogHHHiih. noTy^HÏCTt KopoTKoro 3aMHKaHHa Ha mHHax 110 kB ^HTpa ^HBaeHHa 

CKaagae Sc = 2800 MBA.



n-i

PncyHOK 2.2 -  BnxigHa ogHommËHa eneKTpHHHa cxeMa eneKTpoMepe^i

PncyHOK 2.3 -  CxeMa 3aMÎm,eHHfl gna po3paxyHKy CTpyMiB KopoTKoro 3aMHKaHHa

Onip CHCTeMH gopÎBHwe

X c
U 2

S„
1102 / 2800 = 4,32 Om .

Onopu ^pa^wwHHx gmm:

gmm g -1 g -2 g-3 g-4

^OB^HHa, KM 70 30 20 20
MapKa npoBogy AC-240/32 AC-400/51 AC-240/32 AC-240/32

X g, Om 28,35 11,7 8,1 8,1

X gi “  X g-2 + X g-3 “  19,8 Om 

X ^2 = X n_i + X n_4 = 36,45 Om

X g = X g i ' Xg2 = (19,8-36,45) / (19,8 + 36,45) = 12,83 Om . 
X  gi + X  g2

Onip TpaHC^opMaTopÎB

X  = Uk%Un = (10,5-1102) / (100-63) = 20,2 Om .
100 -Sh

ApKyw

E P  5 . 6 . 1 4 1 . 6 0 1  n 3 303m . ApKyw N° doKyM. nidnuc Qama



nepiogHHHa CKaagoBa CK3 y toh^  K i 

U .
Iki =■ = 110000 / (1,73^(28,35 + 12,83)) = 3,703 kA.

V3 ( x c + x  n )

nepiogHHHa CKaagoBa CK3 y tohh) K 2 nprnegeHa go Hanpyra bh^ oï ctopohh

^ -  110000 / (1,73<28,35 + 12,83+20,2/2)) = 2,331 kA.Ib - ____iK2 = /
U„

73 x c +  x  „ +  X t
V 2 7

PeanbHHH CTpyM K3 y toh^  K 2

t = tb Ï Ï ltK2= tK2y lB2 • (110 / 10) = 25,64 kA.

YgapHHH CTpyM:

- y t o w  K 1: iyg1 - 42 • 1,61 • IK1 -  8,43 kA ;

- y toh^  K2: iyg2 - 4 2  1,61 • IK2 -58,38 kA.

^onycTHMO, ^ o  aMnaÎTyga E^C i nepiogHHHa CKnagoBa TK3 He3Mmm 3a 

nacoM, ToMy Hepe3 Hac, aKHH gopÎBHroe Hacy BÎgKaroHeHHa

Inrl -  IK1 =  3,703 kA  gaa tohkh K 1 ;

Inr = Ik 2 -  25,64 kA  gna tohkh K 2.

AnepîogHHHa CKnagoBa TK3 go MoMerny po3ÔmHocTi KoHTaKTiB BHMHKaHa

t 0,06

ia1 - 42 • IK1 • e Ta - 42 • 3,703 •e ° ,°25 -  0,475 kA

t 0,1

ia2 - 42 • IK2 • e Ta - 42 • 25,64 •e ° ,°5 -  4,907 kA

ge T a -  nocTÎHHa Hacy 3aracaHHa anepiogHHHoï CKnagoBoï gna K 1 -  T a =0,025 c, gna

K2 -  Ta =0,05 C.

iHTerpan ^^oyaa:

gaa K  Br -  iK i(t + Ta) -  lK i(° ,°6  + 0,025) -  3,7032 0,085 = 1,166 kA 2c 

gaa k 2 BR -  lK2(t + Ta ) -  lK2(0,1 + 0,05) - 25,642 0,15 = 98,61 kA 2c



T aôan ^  2.2 -  3HaneHHa CTpyMiB KopoTKoro 3aMHKaHHa

CTpyMH
KopoTKoro
3aMHKaHHa

CK3 y
nonaTKOBHH 
MOMeHT nacy

YgapHHH CK3 

iy , kA

Anepiog. 
CKaagoBa CK3,

ia KA

iHTerpaa ^^oyaa 
Bk , kA2c

fflHHH 
110 kB ( K  ) 3,703 8,43 0,475 1,166

fflHHH
10 kB ( k  )

25,64 58,38 4,907 98,61

2.3 Bnôip 3axHCHoï Ta KOMyTa^HHoï anapaTypn

BncoKOBontTHi eaeKTpHHHi anapara BHÔnparoTbca 3a yMOBoro TpHBaaoro 

pe^HMy poôoTH i nepeBiparoTbca 3a yMOBaMH kopotkhx 3aMHKaHb. npn ^OMy gaa 

anapaTiB BHKOHyeTbca:

1) BHÔip 3a Hanpyroro;

2) BHÔip 3a HarpiBaHHaM npn TpHBaanx CTpyMax;

3) nepeBipKa Ha eaeKTpogHHaMinHy CTiHKicTb;

4) nepeBipKa Ha TepMWHy CTiHKicTb;

Bnôopy nignarawTb:

- BHMHKani Ha Ôo^ BHrn,oï Hanpyrn;

- BCTynHi BHMHKani Ha Ôo^ 10 kB;

- ceKgiHm BHMHKani Ha Ôo^ 10 kB;

- BHMHKani niHÏH, rn,o BigxogaTb, 10 kB; po3'egHyBani BHrn,oï Hanpyrn;

- TpaHC^opMaTopn CTpyMy i Hanpyrn 110 kB i 10 kB;

- omHHOBKa po3noginbHHx npHCTpoïB 110 kB i 10 kB.

^aa BHÔopy anapaTiB i CTpyMOBegynnx nacTHH HeoôxigHO BH3HanHTH CTpyMH 

HopManbHoro i nicnaaBapinHoro pe^HMÏB. Bn3HaneHHa CTpyMiB BHKOHyeTbca gaa 

BHnagKy ycTaHOBKH Ha nigcTaH^ï cnaoBoro TpaHC^opMaTopa. Po3paxoBaHoro 

BignoBigHO go rpa^iKa HaBaHTaæeHHa nigcTaH^ï.

CTpyM Ha Ôo^ 110 kB:

1 4 S
jBH = 14 • sh°m = ( 1,4.63) / (1,73-110) = 463 A.

V3 • U BH

E P  5 . 6 . 1 4 1 . 6 0 1  n 3

ApKyw
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CrpyM y K°m BBÎgHHx BHMHKanÎB Ha CToporn 10 kB:

1 4 S
C x  = ’fT ':" °M = (1,4-63) / (1,73-10) = 5,09 kA.

h3 - UHH

CTpyM y K°m cewHHoro BHMHKana:

1 4 S
C x  = 1 t t h°“ , = (1,4-63) / (1,73-10-2) = 2,55 kA.

v3 ' UHH ' 2

CTpyM y Kom mmï, rn,o BÎgxogHTK

C x  = i ’4T -Sh°“ = (1,4-63) / (1,73-10-10) = 509 A.
y 3 • Uhh ' 10

^aa BCTaHOBneHHa Ha CT°p°Hi BHrn,oï Hanpyrn npHHMaeMO BHMHKanî THny

^3-n0^-23(13)Y4. Bnôîp BHMHKanÎB HaBegeHHH y Taôa. 2.3.

T aôan ^  2.3 -  Bnôîp BHMHKana Ha CT°p°Hi 110 kB

yMOBa
BHÔOpy

P°3paxyHK°Bi
3HaneHHa

KaTaao^m
3HaneHHa

U c  — UH 110 kB 110 kB
1pacn — I HOM 463 A 1250 A

1no — I  npCKB 3,703 kA 50 kA
I  yd — 1CKB 8,43 kA 125 kA

1HT — 1OmKHoM 3,703 kA 100 kA
I  —Ia T  a  H ° M 0,475 kA 40 kA
B k — PTtr 1,166 kA2c 7500 kA^ c

^aa BCTaHOBneHHa Ha CT°p°Hi hh3bk° ï Hanpyrn npHHMaeMO BHMHKaaî THny

Mry-20-90/9500Y3. Bnôîp BHMHKaaÎB HaBegeHHH y Taôa. 2.4.

T aôan ^  2.4 -  Bnôîp BHMHKaaÎB y K°aî TpaHC^opMaTopa Ha CT°p°Hi 10 kB

yMOBa
BHÔopy

P°3paxyHKOBi
3HaneHHa

KaTaao^m
3HaneHHa

U c — U h 10 kB 20 kB
I  —Ipaon HOM 5,09 kA 9500 A

1 no — 1 npCKB 25,64 kA 105 kA

I yd — 1 CKB 58,38 kA 300 kA

1HT — I OmKHoM 25,64 kA 90 kA
I  — IaT a  H ° M 4,907 kA 30 kA

B k — Iftr 98,61 kA 2 c 32400 kA 2 c



^aa ycTaHOBKH b aKocTÎ cew fiH oro Ha CTopoHi hh^ hoï Hanpyrn npnnMaeMo 

BHMHKani THny BB3-10-31,5/3150Y3. Bnôip BHMHKaniB HaBegeHo b Taôa. 2.5.

T aôan ^  2.5 -  Bnôip cew fiH oro BHMHKana Ha ô o ^  10 kB

YMOBa Po3paxyHKOBi Karaao^m
BH6opy_______________3HaneHHa_________________3HaneHHa________
U c < U  H_________________10 kB_____________________ 10 kB_________

I Pacu <  i hom_____________ 2,55 kA ___________________ 3150 A _________
I  no < 1 npCKB 25,64 kA  31,5 kA
îy <  1 npCKB 58,38 kA  80 kA

I m < 1 omKHoM_____________25,64 kA ___________________31,5 kA ________

I ar < 1 a hom______________4,907 kA ___________________31,5 kA ________
B k < I 2Ttr 98,61 kA 2 c 2977 kA 2 -c

^aa BCTaHoBaeHHa Ha CTopoHÎ hh^ hoï Hanpyrn b aiHiax, rn,o BÎgxogaTb, 

npHHMaeMo BaKyyMHÎ BHMHKani THny BB3-10-31,5/630Y3. Bnôip BHMHKaniB 

HaBegeHo b Taôa. 2.6.

T aôan ^  2.6 -  Bnôip BHMHKaniB Ha airnro, rn,o BÎgxognTb 10 kB

yMoBa Po3paxyHKoBÎ Karaao^m
Bn6opy_______________3HaneHHa_________________3HaneHHa________
U c < U  H__________________ 10 kB____________________ 10 kB_________

I pacH < 1,0m_________________509 A _____________________ 630 A _______

I no <  I npCKB 25,64 kA  31,5 kA
îy <  I npCKB 58,38 kA  80 kA

I m < I OmKHoM 25,64 kA  31,5 kA

I ar < h  hom______________4,907 kA ___________________31,5 kA ________
B k < I 2Ttr 98,61 kA 2 c 2977 kA 2-c

^aa BCTaHoBaeHHa Ha CTopoHÎ Bnrn,oï Hanpyrn npHHMaeMo po3'egHyBani 3 

ogHHM aôo gBoMa KoMnaeKTaMH 3a3eMawwnnx ho^ îb THny PH^3.1-110/1000 XÆ1. 

Bnôip po3'egHyBanÎB HaBegeHnn y Taôa. 2.7.

T aôan ^  2.7 -  Bnôip po3'egHyBanÎB 110 kB

yMoBa „  . Karaao^Hi
,  Po3paxyHKoBi 3HaneHHa „

_____ BHÔopy___________ ______________________________ jHaneHHa________

U c < U H 110 kB 110 kB

IpacH <  I h o m  463 A  1000 A

iyd < I npCKB | 8,43 kA  | 80 kA

b  < 12t 1,166 kA 2 c 992 kA 2 •cB K < ÂTlr ’



2.4 Bh6îp 36ipHHX iiihh

BnôpaTH 36ipm ttthhh 110 kB Ta CTpyMonpoBÏgm eaeMeHTH b 6ao^  Big 36ipHHx 

mHH go BHBogÎB ônoHHoro TpaHC^opMaTopa. TpaHC^opMaTop TP,QTIH-63000/110.

OcKÎnbKH 36ipm mHHH 3a eKOHOMÎHHOW rycTHHOW CTpyMy He BH6HparoTbca, 

npHHMaeMO nepepi3 3a gonycthmhm CTpyMOM npH MaKCHMaabHoMy HaBaHTa^eHHÏ Ha 

mHHax, rn,o BÎgnoBÎgae 3araabHoMy HaBaHTa^eHHW.

I R,
HOpM

V3 ■ u .
= 67,1 / (1.73 110) = 352 A.

I = I = 352 A
MaKC HOpM

3a Ta6aH^ro goBigHHKa npHHMaeMo go BCTaHoBaeHHa npoBig 1xAC120/19 

(q = 120 mm2, d = 15,2 mm, Igon = 380 A). Oa3H po3TamoBaHi roprooHTaabHo Ha

BigcTaHi 300 cm. Togi

Igon > IMaKc,

380 A  > 352 A.

nepeBipKa mHH Ha eaeKTpogHHaMÏHHy CTiHKicTb He BHKoHyeTbca, ocKÏabKH

In.0 < 20 kA.

nepeBipKa Ha TepMÏHHy CTiHKicTb TaKoæ He BHKoHyeTbca, ocKÏabKH mHHH 

BHKoHaHi ronuMH npoBogaMH Ha BigKpuToMy noBÎTpi.

nepeBipKa 3a yMoBaMH KopoHyBaHHa b gaHoMy BHnagKy Moraa 6 He 

npoBogHTHca, ocKinbKH 3rigHo n Y E  MÎHÎManbHHH nepepi3 gaa noBÎTpaHHx amifi 

110 kB CTaHoBHTb 70 mm2. BpaxoByronH, rn,o Ha B Pn  BigcTaHb Mrn: npoBogaMH 

MeHma, Hrn: Ha noBÎTpaHHx aimax, npoBogHTbca nepeBÏpoHHHH po3paxyHoK. 

BH3HanaeMo nonaraoBy KpHTHHHy Hanpy^emcTb eaeKTpHHHoro noaa:

E0 = 30,3 ■ m ■ 1 +
0,299

VË"

ge m -  Koe^^ieHT, aKHH BpaxoBye mopcTKÎCTb noBepxHi npoBogy (gaa 

6araTonpoBigHHKoBHx npoBogiB m  = 0,82); r0 -  pagiyc npoBogy, r0 = 0,76 cm.

3m . ApKyw M doKyM. nidnuc Mama

ApKym



E0 = 30,3 • 0,82 •
r , 0,299^
1 +  —T

V •\Z076
= 33,4 kB/cm

BH3HanaeMO Hanpy:eHicTb eaeKTpHHHoro noaa HaBKoao npoBogy

E =
0.354 • U

^Dçep" 

V r0 ;
r0 • lg

5

U  -  mmËHa Hanpyra, kB;

D cep -  cepegHa reoMeTpHHHa BigcTaHb M i: npoBogaMH $a3, cm. 

npn roprooHTantHOMy po3TamyBaHHÎ $a3

Deep =1.26 •D = 100,8,

ge D  -  BÎgcTaHb M i: cycigmMH $a3aMH, gaa UH=110 kB D  =  80 cm.

E = (0.354 121) / (0,764g(100,8/0,76))= 26,55 kB/cm.

B ocTaHHbOMy BHpa3Î aÎHÎHHa Hanpyra npHHHaTa pÎBHoro 121 kB, ocKÎabKH Ha 

mHHax eaeKTpocTaH^ï nigTpHMyeTbca Hanpyra 1,1 UH0M.

nepeBipKa BHKOHyeTbca 3a HacTynHOW yMOBoro: npoBogn He ôygyTb 

KopoHyBaTH, aKffl,o

1,07 • E < 0,9 • E0,

1,0726,55 = 28,4 < 0,933,4 = 30,1 kB/cm.

YMOBa BHKOHyeTbca, TOMy npoBig 1xAC120/19 ocTaTOHHO npHHMaeMo go

BHKopncTaHHa.

Bnôip :opcTKHX muH

npHHMaeMo TeMnepaTypy HaBKonnmHboro cepegoBHrn,a: 30oC.

OônpaeMo aawMÎHieBi mHHH KopoônacToro nepepi3y po3TamoBaHi 

roprooHTaabHo i :opcTKo 3aKpmnern ogHa BigHocHo ogHoï (2x150x65x7 mm, 

nepepi3oM 2x1785 mm2, Igon=5650A).



PHcyHOK 2.4 -  fflHHH KopoônacToro nepepi3y 

Ug o n  =  70o C, u^ aK T  =  30o C, uHOp M =  250 C.

YMOBa 3a gonycTHMHM CTpyMOM:

I™ = 5090A < Ig0n — 5650 A,

yMOBa BHKOHyCTbCa.

npnnycTHMHH CTpyM 3 ypaxyBaHHaM nonpaBKH Ha TeMnepaTypy 

HaBKonnraHboro cepegoBHrn,a:

j ' =  jdon don "Ù iS — VÈEE. — 5650 •. P - 30 = 5327 A,
^don ĤopM 70 -  25

ge v gon -  gonycTHMa TeMnepaTypa raHHH;

uHopM -  HOMÎHanbHa TeMnepaTypa HaBKOHHraHboro cepegoBH^a.

5090 A  < 5327 A.

MÎHÎManbHHH TepMÎHHo ctîhkhh nepepi3:

7 ^  ^  2qm ;n « = ------—---------T =  110,3 m m 2 .J min.don ç  q q  j q —3 5

OcKÎnbKH qmndon —110,3 < 2x1785 mm2 TepMÎHHa CTÏHKicTb iiihh 3aôe3nenyeTbca. 

TBepgi raHHH noBHHHÎ 6yTH nepeBÎpeHÎ Ha gHHaMÎHHÎ giï CTpyMiB K3 i Ha

MO^HHBÎCTb BHHHKHeHHA pe30H3HCHHx aBHin. 3a3Hanem aBHrn,a He BHHHKawTb npH

K3, aKrn,o BnacHa nacTOTa KonuBaHb raHHH MeHrae 30 i ôrnbrae 200 r ^  ^acTOTa 

BnacHux KOHHBaHb gna anwMÎHieBHx raHH BH3HanaeTbca 3a ^opMyaow

fn
173.2

i 2 i

j y0-y0 173.2 1260

2 • q raHHH 2 2  y 2 -17,85
257 ^

ge l -  goB^HHa nponbOTy Mrn: Î3oaaTopaMH l=2  m, m;

3m . ApKyw M doKyM. nidnuc Mama
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ge

ge

ge

Jy0 -y0  -  MOMeHT m ep^ï nonepeuHoro nepepi3y gBOx 3po^eHux muH, cm4; 

q muhu -  nonepenHHH nepepi3 ogmei mHHH, cm2.

OcKÎnbKH f0 = 257 > 200 r ^  to MexamHHuu pe30HaHC BuKaronaeTbca.

MoMeHT onopy nepepi3y gaa gBox 3porn,eHux muH:

i2 • l 2 5 8,382-22-10'2
^ 4 max = 1,76--- y i --------10-8 = 1,76--------------------------= 1,796 M na

a • Wy0-y0 0,8*167
a -  BÎgcTaHb Mra: 4 a3aMu, m;

^ y 0 -y0 -  MoMeHT onopy gBox 3porn,eHux muH, cm3.

<J4.max =  1,796 < <rgon = 82,3 M na yMoBa MexamnHoï m^ hoctî BuKoHyeTbca.

<r = 82,3 Mna -  gonycTUMa MexamnHa Hanpyra b MaTepiaai aaroMÎmeBux muH. 

Cuaa B3aeMogîï Mrn: mBeaepaMu:

i.2yg2f  = 0,5 • - ^  •ÎO- 7 = 0,5 •
58,382

•10- 1 = 1136H/m
n h 0,15

h - BucoTa mBeaepa, M.
MaKcuManbHa BigcTaHb Mm: mîc^ mu 3BaproBaHHa mBeaepÎB:

3

12 ' (^gon  ^ 4  max )  ' W y-y 112 (82,3 -  1,796)' 14,7

1136
= 3,54 M

Wy -y  -  MoMeHT onopy muH y BepTuKaabHÎH naornum, cm3.

l n.max
n

2.5 Buôip BuMÎpwBanbHux TpaHc4opMaTopiB cTpyMy Ta Hanpyru

^aa BBiMKHeHHa eaeKTpoBuMÎproBaabHux npunagÎB i npucrpoïB peaeuHoro 3axucTy 

HeoôxigHa ycTaHoBKa TpaHc4opMaTopiB cTpyMy i Hanpyru. y  gaHoMy npoeKTi peaeHHuu 

3axucT geTanbHo He po3po6aaeTbca, ToMy nepeBipKy TpaHc4opMaTopiB 3a btopuhhum 

HaBaHTâ eHHaM BuKoHyeMo 3 ypaxyBaHHaM BBiMKHeHHa TrnbKu BuMÎproBanbHux npuaagÎB.

y  âĤ W3i cunoBoro TpaHc4opMaTopa 3 ôoKy hu^ hoï Hanpyru BcTaHoBaroeTbca 

aMnepMeTp, BoabTMeTp, BapMeTp, mnuabHuKu aKTuBHoï i peaKTuBHoï eHepriï, Ha 

muHax 110 kB -  BoabTMeTp i3 nepeMuKaneM gaa BuMipy Tpbox Mi^4a3oBux Hanpyr, 

Ha cewËHoMy BuMuKani 10 kB - aMnepMeTp, Ha aimax, rn,o BigxogaTb, 10 kB -



aMnepMeTp, mnHnbHHKH aKTHBHoï i peaKTHBHoï eHeprin. Po3paxyHOK BTopHHHoro 

HaBaHTâ eHHa TpaHĈ opMaTopa CTpyMy HaBegeHHH y Taônn^ 2.8.

Taônn^ 2.8 -  Po3paxyHOK BTopHHHoro HaBaHTaæeHHA TpaHĈ opMaTopÏB CTpyMy

npnnag KnaC
HaBaHTâ eHHA no $a3ax
A b C

AMnepMeTp 1 0,5 0,5 0,5
BaTTMeTp 1,5 0,5 - 0,5
BapMeTp 1,5 0,5 - 0,5
Î̂HHnbHHK aKTHBHoï eHepriï 1 2,5 - 2,5
Î̂HHnbHHK peaKTHBHoï eHepriï 1,5 2,5 - 2,5

CyMapHe HaBaHTaæeHHA CTpyMy b kohï 
CHnoBoro Tp-pa Ha ôo^ BH 0,5 0,5 0,5

CyMapHe HaBaHTaæeHHA CTpyMy b kohï 
CHnoBoro Tp-pa 3 ôoKy HH 6,5 0,5 6,5

CyMapHe HaBaHTaæeHHA CTpyMy b kohï 
CeKg. BHMHKana Ha HH 0,5 0,5 0,5

CyMapHe HaBaHTaæeHHA CTpyMy b kohï 
BigxigHoï mmï 0,5 0,5 0,5

Bnôip TpaHĈ opMaTopÎB CTpyMy HaBegeHHH y Taônn^x 2.9 - 2.12. 

BnÔHpaeMO TpaHĈ opMaTop CTpyMy TO3M-110E-L

Taônn^ 2.9 -  Bnôip TpaHĈ opMaTopa CTpyMy b kohï cnnoBoro

TpaHĈ opMaTopa Ha ôo^ bhcokoï Hanpyrn 110 kB:

YMoBa BHÔopy
Po3paxyHKoBi

3HaneHHa
KaTano^HÎ
3HaneHHa

U c — U H 110 kB 110 kB
pacu ~  HOM 463 A 800 A

9  — 1 npCKB 8,43 kA 124 kA
B k — E t r 1,166 kA2c 2352 kA2c

Z H — Z H .HOM 0,82 Om 1,2 Om

nepeBÎpKH 3a btophhhhm HaBaHTaæeHHAM BH3HanaeMo onip npnnagiB

S  0 5
^  =  -° 2 =  0,02 Om

Togi onip CnonyHHHx npoBogiB Mo^e ôyra



ge

Z
n p

=  7 — 7^ H O M  - ^ n p H ^ - Z K

Z np — HOMÎHa^bHHH onip HaBaHTa^eHH^, Om ; 

Z npun — onip npH^agÎB, Om ;

ZK — onip KOHTaKTiB, Om .

Znp =  1,2 — 0,02 — 0,1 =  1,08 Om .

nepeTHH : hh npn goB^HHÎ Kaôena l = 100 m:

l 100
F =  p  • —  =  0.0175 • — — =  1.62 mm2

Znp 1.08

ge p  -  nmoMHH onip Migi, 0,0175 (Om-mm2/m),

F  -  nepeTHH : hh, mm2.

nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexamnHoï m^ hoctî noBHHHHH 

ôyTH He MeHme Hi: 2,5 mm2 gna MÎgHHx : hh.

Onip oôpaHHx npoBogiB:

l 100
^np =  P  • ^  =  0.0175 • —  =  0.7 Om

3aranbHHH onip CTpyMOBoro Kona

ZH — ZnpM +  Zfc +  Znp — 0,02 +  0,1 +  0,7 — 0,82 Om 
rn,o MeHme H i:  1,2 Om , npnnycTHMHx npn poôori TpaHC^opMaTopa b Knaci

tohhoctï 0,5.

TpaHC^opMaTop CTpyMy T03M-110E-I BÏgnoBÏgae yMoBaM BHÔopy.

BnônpaeMo TpaHĈ opMaTop CTpyMy TTTTB-15-y3.

TaônHHa 2.10 -  Bnôip TpaHC^opMaTopa CTpyMy y kohî TpaHC^opMaTopa Ha Ôo^ 10 kB

yMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano:Hi
3HaneHHa

U c < UH 10 kB 15 kB
I  <  IpaCH HOM 5090 A 6000 A

i <  Ly ouh 58,38 kA -
B k < FTtr 98,61 kA 2 c 3650 kA 2 c

Z H < Z h hom 1,06 Om 1,2 Om

^na nepeBÏpKH 3a btophhhhm HaBaHTa:eHHaM BH3HanaeMo onip npnnagiB



z „ pu, =  ^  =  ^  =  0*26 Om

Togi onip cnonynHHx npoBogiB Mo^e ôyTH

7  = 7  — 7  — 7^np ^ hom ^npH, ^ k

ge Z np — HOMÎHa,bHHH onip HaBaHTa^eHHH, Om ;

ZnpH,  — onip npn,agÎB, Om ;

Zk — onip KOHTaKTiB, Om .

Znp =  1,2 -  0.26 -  0.1 = 0,84 Om .

nepeTHH ^nn npn goB^nm Kaôena l = 100 m :

l 100
F = p ------= 0.0175--------= 2,08 mm2

Z np 0,84

ge p  -  nHTOMHH onip Migi, 0,0175 (Om -mm2/m ),

F  -  nepeTHH ^nn, mm2.

nepeTHH cnonynHHx npoBogiB 3a yMOBaMH MexamnHoï m^ hoctî noBHHHHH 

ôyTH He MeHme Hrn: 2,5 mm2 gna MÎgHHx ^ hh.

Onip oôpaHHx npoBogiB:

l 100
Z np = p  ■ -  = 0.0175-------= 0,7 Om .

p F 2,5
3arantHHH onip CTpyMoBoro Kona

^ h =  ZnpH,  +  Z fc +  Znp =  0.26 + 0.1 + 0,7 = 1,06 Om.

rn,o MeHme Hra: 1,2 Om , npnnycTHMHx npn poôoTÏ TpaHC^opMaTopa b Knaci 

tohhoctî 0,5.

TpaHC^opMaTop CTpyMy T^B -15-Y3  BÏgnoBÏgae yMoBaM BHÔopy.

BnÔHpaeMo TpaHC^opMaTop CTpyMy Tffl^-10-y3.

Taônn^  2.11 -  Bnôip TpaHC^opMaTopa CTpyMy b Koni cewHHoro BHMHKana 10 kB

yMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano^HÏ
3HaneHHa

Uc < UH 10 kB 10 kB

1paon ~  1HOM 2,55 kA 3000 A
i < Ly duH 58,38 kA -

B K < 1T ̂  r 98,61 kA 2 c 3250 kA 2 c

ZH < ZH.HOM 0,56 Om 0,8 Om



^na nepeBÎpKH 3a btophhhhm HaBaHTa:eHHaM BH3HanaeMo onip npnnagÏB
5.

Z,n p u -
' n p u -  ° , 5

—  =  5 T  =  ° ' 0 2  0 m

Togi onip cnonynHHx npoBogiB Mo:e ôyTH

7  = 7  — 7  — 7^np ^ hom ^npw- ^ k

Z np — HOMÎHa-bHHH onip HaBaHTa^eHHn, 0 m ; 

Z npu- — onip npn-agÎB, 0 m ;

Zk — onip KOHTaKTiB, 0 m .

Z n p  =  0,8 -  0.02 -  0.1 = 0,68 Om. 

nepeTHH : hh npn goB^HHÎ Kaôena l =  100 m:

l 100
F = p ------= 0.0175--------= 2,57 mm2

Znp 0,68
ge p  -  nnTOMHH onip Migi, 0,0175 (Om-mm2/m),

F  -  nepeTHH : hh, mm2.

nepeTHH cnonynHHx npoBogiB 3a yMOBaMH MexamnHoï m^ hoctî noBHHHHH 

ôyTH He MeHme Hi: 4 mm2 gna MÎgHHx : hh.

Onip oôpaHHx npoBogiB:

l 100
Z = p --  = 0.0175--------= 0,438 Om.

p F 4

3arantHHH onip CTpyMoBoro Kona

Z H =  Z n p H -  +  Z fc +  Z n p  =  0.02 + 0.1 + 0,438 = 0,56 Om.

rn,o MeHme Hi: 0,8 Om, npnnycTHMHx npn poôoTÏ TpaHĈ opMaTopa b Knaci 
tohhoctî 0,5.

TpaHC ôpMaTop CTpyMy Tffl^-10-Y3 BÏgnoBÏgae yMoBaM BHÔopy.
BnônpaeMo TpaHĈ opMaTop CTpyMy Tffl^n-10-Y3.

Taônnna 2.12 -  Bnôip TpaHĈ opMaTopa CTpyMy Ha nirnï, ^o BigxogHTt

YMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano:Hi
3HaneHHa

U c < UH 10 kB 10 kB
I  <  IpaCH HOM 509 A 1000 A

i <  Ly duH 58,38 kA -
B k < FTtr 98,61 kA 2 c 3250 kA 2 c

Z  H < Z  H .HOM 0,56 Om 0,8 Om



^na nepeBÎpKH 3a btophhhhm HaBaHTa:eHHaM BH3HanaeMo onip npnnagÏB

S  0 5
^npan j2 g2 0,02 0 m

Togi onip cnonynHHx npoBogiB Mo:e ôyTH

Z
n P

=  7  — 7^ H O M  ^ n p u f l - Z K

Z np — HOMÎHâ bHHH onip HaBaHTa êHH ,̂ Om ; 

Z npun — onip npn^agÎB, Om ;

ZK — onip KOHTaKTiB, Om .

Z np — 0,8 -  0.02 -  0.1 = 0,68 Om.

nepeTHH : hh npn goB^HHÎ Kaôena l =  100 m:

l 100
F =  p ------= 0.0175--------= 2,57 mm2

Z np 0,68
ge p  -  nnTOMHH onip Migi, 0,0175 (Om-mm2/m),

F  -  nepeTHH : hh, mm2.

nepeTHH cnonynHHx npoBogiB 3a yMOBaMH MexamnHoï m^ hoctî noBHHHHH 

ôyTH He MeHme H i:  4 mm2 gna MÎgHHx : hh.

Onip oôpaHHx npoBogiB:

l 100
Z = p - -  =  0.0175-------------= 0,438 Om.

p F 4
3arantHHH onip CTpyMoBoro Kona

ZH — ZnpĤ + Zfc + Znp — 0.02 + 0.1 + 0,438 = 0,56 Om. 

rn,o MeHme Hi: 0,8 Om, npnnycTHMHx npn poôoTÏ TpaHĈ opMaTopa b Knaci 

tohhoctï 0,5.

TpaHC ôpMaTop CTpyMy Tffl^n-10-Y3 BÏgnoBÏgae yMoBaM BHÔopy.

OônpaeMo TpaHĈ opMaTopn Hanpyrn 3a 3agaHHMH 3HaneHHaMH Hanpyrn Ta 3a 

noTy:rnc™.

Ha ôo^ bhcokoï Hanpyrn 110 kB oônpaeMo TpaHĈ opMaTopn 

HKO-110-58Y1, Ha ôo^ 10 kB -  3H0.H.09-10.02, BEKopncTOByronn gaHi Î3 

Taônn^ HaBegeHHx y goBÏgHHKax.



Taônu^ 2.13 -  Buôip TpaHc ôpMaTopa Hanpyru 3 ôoKy BH

Tun
K^ac

HoMiHâ bHa Hanpyra oômotok
HoMiHâ bHa noTy^HicTb, 

B^A, b Kaaci TOHHocri
MaKcHMâ bHa
noTy^HicTb,

b a
Hanpyru nepBHHHoï,

kB
Ochobhoï 

BTopHHHoï, B
AogaT- 
koboï, B

0,2 0,5 1 3

HKO-
110-58Y1

110 110/V3 100/V3 100/3 - 400 600 1200 2000

Taônu^ 2.14 -  Buôip TpaHc ôpMaTopa Hanpyru 3 ôoKy HH

Tun
K^ac

HoMiHâ bHa Hanpyra oômotok
HoMiHâ bHa noTy^HicTb, 

B^A, b K̂ aci ToHHocri
MaKcuMâ bHa
noTy^HicTb,

b a
HanpyrH nepBHHHoï,

kB
Ochobhoï 

BTopuHHoï, B
AogaT- 
koboï, B

0,2 0,5 1 3

3HOÆ09
-10.02

10 10/V3 100/V3 100 50 75 150 300 630

2.6 OôrpyHTyBaHHa cxeMH eneKTpuHHux 3’egHaHb nigcTaH^ï

OcHOBHa cxeMa eneKTpuHHux 3'egHaHb noBHHHa 3agoBonbHATH TaKi BHMoru [4]:

-  3a6e3nenyBaTH HagrnrncTb eneKTponocTanaHHfl b HopManbHux h

nicnaaBapÎHHHx pe^HMax;

-  ypaxoByBaTH nepcneKTHBH po3BHTKy;

-  gonycKaTH Mo^auBicTb po3mupeHHa;

-  3a6e3nenyBaTH Mo^auBicTb BUKoHaHHa peMoHTHux i eKcnnyaTa^HHux poôiT 

Ha OKpeMHx eneMemax cxeMH h ôe3 BigKHMHeHHfl npuegHaHb.

npn ^oMy cnig 3acTOCOByBaTH HafinpocTÎmi cxeMH.

nigcTaH^a BigHocuTbca go Kaacy TynHKOBHx nigcTaH f̂i. A-^ gaHoro Kaacy 

Hanpyrn, Haôopy 30BHimHix npuegHaHb i noTy^HocTÎ TpaHĉ opMaTopiB, 3 

ypaxyBaHHaM Toro, rn,o 3acTocyBaHHa BigginbHHKiB b yMOBax xonogHoro KHÎMaTy He 

peKOMeHgyeTbca, npufiMaeMo go ycTaHoBKH Ha npoeKTOBamfi nigcTaH^ï cxeMy «gBa 

ôhokh «aima - TpaHc^opMaTop» 3 BHMHKaneM y âĤ ro3i TpaHc ôpMaTopa h 

HeaBToMaTHHHow nepeMHHKow» (pnc. 2.5).

E P  5 . 6 . 1 4 1 . 6 0 1  n 3

ApKyw

443m . ApKyw N° doKyM. nidnuc Mama



PncyHOK 2.5 -  CxeMa po3MÎm,eHHfl bhcokobohbthhx anapaTiB Ha nigcTaH^ï

CxeMa 3 peMOHTHOW nepeMHHKoro, BHKOHaHOW 3a gonoMororo po3'egHyBanÎB 

(«HeaBTOMaTHHHOW» nepeMHHKoro), 3a6e3nenye Mô nHBÎCTb npnegHaHHA oôox 

TpaHĈ opMaTopÎB go ogmeï mmï npn peMoHTi ÎHmoï.

CxeMa nigcraH^ï HaBegeHa Ha rpa Î̂HHm nacram npoeKTy.

y  HopMantHoMy pe^HMÎ Bce KoMyTa^HHe oônagHaHHA BKnroneHe, 3a bhhatkom 

po3'egHyBanÎB QS3...QS4 y peMoffram nepeMHW. noBnpam mmï W1, W2 - mmï, akî 

3'egHyroTt npoeKToBaHy nigcraH^ro 3 eHeprocncTeMorn.

Po3rn̂ HeMo HacmgKH aBapÎHHHx CHTyâ H y gamn cxeMi:

1) BigMoBa ogHoro i3 TpaHĈ opMaTopÎB (npnnycTHMo T1). npn KopoTKoMy 

3aMHKaHHÎ b TpaHĈ opMaTopi T1 BÎgôyBaeTbca BigKnmneHHfl BHMHKana Q1. 

^HBneHHa cnô HBanÎB nigcTaH^ï 3gmcHmeTbca nepe3 TpaHĈ opMaTop T2 3a paxyHoK

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



fioro nepeBama^yBantHOï 3gaTHocTi.

2) BigMoBa ogHieï airnï, aKa 3'egHye cnô HBaniB 3 eaeKTpocTaH^ero (W1). npn 

KopoTKOMy 3aMHKaHHÎ Ha airnï W1 BigôyBaeTbca BigKaroneHHa BHMHKana Q1, 

TpaHĈ opMaTop T1 BTpanae ^HBaeHHa. nicaa BigKaroneHHa W1 onepaTHBHHfi 

nepcoHan BigKaronae ymKogæeHy rnrnro mmfiHHM po3'egHyBaneM. nicaa ^oro 

3aMHKaeTbca paHime BigKnroneHHfi po3'egHyBan QS3, BigôyBaeTbca BKaroneHHa Q1 i 

TpaHĈ opMaTop T1 BÎgHOBnwe ̂ HBaeHHa.

3) BigMOBa ogHoro 3 BHMHKaniB (Q1). npn KopoTKOMy 3aMHKaHHi y BHMHKani 

Q1 BÎgKnwnaeTbca roaoBHHfi BHMHKan i aima W1. ^HBaeHHa Bcix cnô HBanÎB 

nigcTaH^ï 3gificHroeTbca Big airnï W2 i TpaHĈ opMaTopa T2.

TaKHM hhhom, 3 HaBegeHoro aHaai3y BugHo, rn,o npn BHKopncTaHHi gaHoï cxeMH 

BigcyTHifi BapiaHT npocToï (ogHHonHoï) aBapifiHoï CHTya ï̂, aKa npHBogHTb go 

BÎgKnwneHHa cnô HBaniB npoeKToBaHoï nigcTaH ï̂.

Hafiôiabm Ba^Koro aBapifiHoro cmya^ero e BigMoBa ogHieï 3 ^HBHabHHx airnfi 

(W1) y nepiog peMoHTy ogHoro i3 TpaHĈ opMaTopiB (T2), aae fi y ^oMy BHnagKy e 

Mô nHBÎCTb 3aôe3neHHTH ^HBneHHa cnô HBanÎB npoeKToBaHoï nigcTaH^ï Big airnï 

W2 nepe3 peMoHTHy nepeMHHKy QS3-QS4 i TpaHĈ opMaTop T1.

2.7 Bnôip TpaHĈ opMaTopÎB BaacHHx noTpeô

npnfiManaMH BaacHHKaMH BaacHHx noTpeô e [10]:

- onepaTHBHÎ Koaa;

- eneKTpogBHryHH, CHCTeMH oxoaogæeHHa chhobhx TpaHĈ opMaTopÎB, 

BHCBÎraeHHa i eaeKTpoonaaeHHa npHMirn,eHb;

- eneKTponigirpiBaHHa KoMyTa f̂iHoï anapaTypn i T.g.

CyMapHa po3paxyHKoBa noTy^HicTb npnfiMaaa BaacHHx noTpeô BH3HaaaeTbca 3 

ypaxyBaHHaM Koe^^iernÎB nonHTy. Po3paxyHoK noTy^Hocri npnfiMaaa BaacHHx 

noTpeô HaBegeHHfi y Taôa. 2.15.

Ha nigcTaH^ï nepegôaaaeTbca ycTaHoBKa 2 TpaHĈ opMaTopiB BaacHHx noTpeô. 

HoMmaabHa noTy^HicTb BHÔnpaeTbca 3 yMoB



STCH -  $  CH ,

ge SrC7y - noTŷ HÎCTb TpaHĈ opMaTopa BnacHHx noTpeô, kBA;

SCH - noiy^HÎCTb cnô HBaHÎB BnacHHx noTpeô, kBA.

Taônn^ 2.15 -  Po3paxyHOK noTŷ HOCTÎ npHHMana BnacHHx noTpeô

n/n
HafiMeHyBaHHa

cno^HBana

ycTaHoBneHa
noTŷ HÎCTb Koe$.

nonHTy
cos^

HaBaHTâ eHHa

OgHHH ,̂ 
kBt x

KÎnbKÎCTb

Bcboro,
kBt kBt KBAp

1
Oxonog^eHHA
TpaHĉ opMaTopÎB
TP^UH-63000/110

2x5 10 0,8 0,85 10 6,2

2

nigirpiB
BHCoKoBonbTHHX 
BHMHKaHÎB 3QBHÎmHboï 
yCTaHoBKH

2x4 8 0,8 1 8 -

3
nigirpiB npHBogÎB 
po3'egHyBaniB 
3oBHÎmHboï yCTaHoBKH

4x0,6 2,4 0,8 1 2,4 -

4
OnaneHHa, ocBrraeHHA, 
BeHTHH^m 3aKpHToro
py

- 5 0,8 1 5 -

5 OcBÎTneHHa Py - 2 0,8 1 2 -

Bcboro 27,4 6,2

Po3paxyHKOBe HaBaHTâ eHHa

5y c T  — KC I p2 +  Q2II y c T  ~  V yCT

ge Kc -  Koe^^ieHT nonmy. npHHMaeMO pîbhhm 0,8

SycT — 0 .8 -V27,42 +  6,22 — 22,5 kB A

n ig  nac BBiMKHeHHa ^ o r o  HaBaHTa^eHHa Ha ogHH TpaHC^opMaTop 

gonycKaeTbCA fioro nepeBaHTa^eHHa Ha 20%. noTy^rncTb TpaHC^opMaTopa gna 

3aôe3neneHHa ^HBneHHa HaBaHTa^eHHa BnacHHx noTpeô 3 ypaxyBaHH^M peMoHTHHx 

HaBaHTa^eHb. PeMoHTHe HaBaHTa^eHHa Ha nigcTaH^ï Mo^Ha ôpara tskhm, rn,o



gopÎBHroe

S TCP = 20 -  25 kBA.

_  S  c h  + S TCP 

TCH 1,2

22,5 + 20 

1,2
= 35,4 kBA.

EepeMO CTaHgapTHy noTy^rncTb TpaHC^opMaropa S TCH =40 kBA. OcTaroHHo 

gaa ^HBaeHHa cno^HBana BaacHHx noTpeô OepeMo gBa TpaHC^opMaropn CTaHgapTHoï 

noTy^HOCTÎ: TM-40/10.

2.8 KoMnoHyBaHHa po3nogiabHHx npncTpoïB Ha 6o ^  110 kB

nigcraH^ï (nC) 110 kB cnopyg^yroTb, aK npaBHao, BÎgKpHTHMH.

CnopygæeHHa 3aKpHTHx nC Hanpyroro 110 kB, gonycKaeTbca b TaKHx 

BHnagKax [9]: po3MÎm,eHHa nC i3 TpaHĈ opMaropaMH 16 MBA i BHrn,e Ha cayæôoBm 

TepHTopiï mîct, po3MÎm,eHHa nC Ha TepHTopiï mîct, kohh ^  gonycKaeTbca 

MÎCTOÔygÎBHHM MipKyBaHHaM.

Ha nC eaeKTponocTanaHHa npoMHcaoBHx mgnpneMCTB nepegôanaeTbca BogaHe 

onaaeHHa, npnegHaHe go TenaoBHx Mepeæ nig npu f.mctr.

EygHHKH 3Py (3aKpHTHx Py) gonycKaeTbca BHKoHyBara aK OKpeMO po3MÎm,em, 

TaK i 3ÔaoKOBaHHMH 3 OygHHKaMH Pny r TOMy HHcai i no BepTHKaai.

TpaHC ôpMaTopn 110 kB BapTO ycTaHoBaroBara BÎgKpHTHMH, a y pafioHax i3 

3aôpygHeHOW amoc^eporo 3 nocnaeHoro Î3oaa^ero.

CxeMH gaa Hanpyr 110 kB i BHrn,e noBHHHÎ CKaagaraca 3 ypaxyBaHHaM TaKHx 

BHMor: peMoHT BHMHKaHÎB 110 kB i BHrn,e BHKoHyeTbca 6e3 BÎgKaroHeHHa npnegHaHb: 

noBÎTpaHÎ airnï BigKaroHaroTbca Big Pn He ôiabme Hrn: gBoMa BHMHKanaMH, 

TpaHĈ opMaTopn ôaoKÏB BÏgKaroHaroTbca He ôiabme Hrn: TpboMa BHMHKanaMH i t.îh.

npn BÏgKaroHeHHax BHMHKaHÎB y HopMaabHoMy pe^HMÎ Pn He noBHHHe 

BÎgKaroHaTH ôiabme ogHoro OaoKa, y peMoHTHoMy - He ôiabme gBox ôhokîb.

^aa Pn35-220 kB npn HHcai npnegHaHb 12-16 ogHy 3 gBox CHCTeM 

cewoHyroTb, npn HHcai npnegHaHb ôiabm Hrn: 16 -cewoHyroTb oôngBi CHCTeMH 

miH.



P II 10 kB BxoÆflTb no CKjia/iy niacTaHLUH ak ronoBHi PII. P II 10 kB

niacTanuiH niAKjHonaiOTbca noHH^cyiOHi TpaHC(J)opMaTopH, CHHxpoHHi KOMneHcaropn

Ta m.

CxeMH PniO kB noBHHHi 3aaoBOJibH«TH HacTynHHM BHMoraM [5-7]: 

HecnpauK)BaHHfl BHMHKana He noBHHHe npnBoaHTH ,n,o npnnHHeHHa

ejieKTponocTanaHHa BianoBiaajibHHx cno>KHBaLriB (1 xaTeropia no nY3), po3mnpeHHa 

P II 3 poctom HaBaHTa>KeHb He noBHHHe npHBoaaTH ,n,o 3m1hh cxeMH i 3HanHnx 

ôyAÎBejibHHx i mohth:>khmx poôiT.

CeKU,iK)BaHHa 3ÔipHHX TTTTTH fl,03B0Jiae 3aaOBOJlbHHTH BHMOTH HaaiHHOCTi. 

Po3mnpeHHa P II 3^,incHK)eTbca 3anoBHeHHaM pe3epBHnx ocepe^KiB aôo BBeaeHHflM 

HOBOÏ CeKU,iï.

PY 10 kB AJM KOMnjieKTHHX TpaHC(j)OpMaTOpiB n e BHKOHyGTbCa y BHTJHÎ i 

KPYH aôo KPY, BCTaHOBjnoBaHnx y 3aicpHTHx npuMimeHHax. y  3Py 10 kB 

peKOMeH^yeTbca BCTaHOBjiiOBaTH macJjH KPy 3aBoacbKoro BHTOTOBjiemni.

E P  5.6.141.601113
A pK yuj

49
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3 P 0 3 P A X Y H 0 K  PE^EHHOrO  3A X H C TY  TPAH CO O PM ATO PA

3.1 BroHaneHHA napaMeTpiB, Heo6xîgHHx gaa po3paxyHKy 3axHCTÎR TpaHC^opMaTopa

3rigHO 3 BapiaHTOM 3aRgaHHa, HeoôxigHO BHKOHaTH po3paxyHOK 3axucTy gaa 

TpaHC^opMaTopa rany TP,HT]H-63000/110. TpaHC^opMaTop OTpHMye ^HRaeHHa Big 

eHeprocHcreMH 3 napaMeTpaMH x c.MaKC = 12 Om; x c.MiH = 18 Om (onopn npHRegem go

Ucp.noM 115 KB).

1. ^aa CKaagaHHa cxeMH 3aMÎm,eHHa (pnc. 3.1) po3paxyeMO onip 

TpaHc^opMaTopa:

PncyHOK 3.1 -  3araatHa cxeMa (a) i cxeMa 3aMÎ^eHHa (6) TpaHc^opMaTopa 3 

po3rn,enaeHOW o6motkom

a) 3araabHHH mgyKTHRHHH onip:

= U k. • =  I M . I l £ .  = 22,04 Om .
”  100 S,, 100 63

6) onip o6motkh rhiiioï Hanpyra:

xe = 0,125xot = 0,125 • 22,04 = 2,76 Om.

r) onip o6motkh hh^ hoï Hanpyra:

x H =  \,75xcm =  1,75 • 22,04 = 38,6 Om.



2. npn po3paxyHKax CTpyMiB K3 gaa 3axncTÎB TpaHĈ opMaropÎB i3 PnH cnig 

ypaxyBara 3MiHy onopy 3a paxyHOK peryaroBaHHa Hanpyra [11]. 

TpaHĈ opMaropiB 110 kB npn6aH3HO MÔ Ha npHHHaTH:

MiH = x„.HOM (1 -  AU)2 = 38,6 ■ (1 -  0,12)2 = 29,9 Om; 

x „  = Xhhom (1 + AU )2 = 38,6 ■(l + 0,12)2 = 48,4 Om.

3BÎgcH

x ,MiH = x,.hom (1 -  AU )2 = 2,76 ■ (1 -  0,12)2 = 2,13 Om;

x „  = Xbhom (1+ AU)2 = 2,76 (1 + 0,12)2 = 3,46 Om.

3. CTpyM KopoTKoro 3aMHKaHHa Ha inuHax hh^ hoï Hanpyrn (TOHKa K1, 

pnc. 3.1):

I (3)
1 K.MQKC

, (3)

U,Cp.HOM

•J3 ( x +  x +  x )C.MaKC e.MUH H.MUH /

U,Cp.HOM

2 ■ ( x +  x +  x )\ C.MIH e.MÜKC H.MÜKC /

_ _______ 115_______
= V3(12 + 2,13 + 29,9)

_______ 115________
2-(18 + 3,46 + 48,4) =

= 1,509 kA. 

0,823 kA.

3.2 Po3paxyHOK no3goB^Hboro gn^epeH^aabHoro CTpyMOBoro 3axncTy

1. CTpyM cnpa^OByBaHHa 3axncTy BH3HanaeTbca no ômbmoMy i3 gBOx

po3paxyHKOBHx yMOB:

a) BÎgôygyBaHHa Big KHgKa CTpyMy HaMarainyBaHHa, rn,o BHHHKae npn BMHKaHHÎ 

TpaHĈ opMaTopa Ha xohocthh xig aôo npn BÎgHOBaeHHÎ Hanpyrn mcaa BÎgKawneHHa 

K3, a TaKÔ  Big nepexigHHx CTpyMiB HeôanaHcy npn 3OBHimHix K3:

I = k ■ IAC.3 ^OmC A HOM?

ge komC - Koe^ieHT BÎgôygyBaHra, gra peae rany PHT komC = 1,3 ;

I hom - HOMÎHaabHHH CTpyM TÎeï CTopoHH TpaHĈ opMaTopa, Hanpyry akoï 

npHHHaTO b aKOCTÎ po3paxyHKOBOï;

S„

, "OM V 3 ■ U

63
43 ■ 115

= 0,316 kA.
Cp.HOM

I  = 1,3 ■ 316 = 411,2 A.



6) Big6ygyBaHHA Big MaKCHManbHoro nepiogHHHoro CTpyMy He6aaaHCy, rn,o 

BHHHKae npn 30Bmrnmx K3:

I  > k • Iac.3 — rv3 ± h6. pacn

ge k3 = 1,3 - Koe^^ieHT 3anacy no bh6îpkoboctî;

I h6. pacn MaKCHMantHHH po3paxyHKoBHH CTpyM He6aaaHCy, rn,o BH3HanaeTbCA ak

cyMa Tptox CKaagoBHx, nponop^HHHx nepiogHHHÎH, ^o CKaagae CTpyMy K3,

I  =  I  ' + 1 " + 1 '"h6. paon h6. paon h6.paon h6.paon '

CKaagoBa CTpyMy I 'h 6 o6yMoBaeHa noxn6Koro TpaHC ôpMaropa CTpyMy:

I  ' =  k  • f  • IA h6.pacn ^odH °  A k .MaKC

ge kodH= 1,0 ;

f = 0,1;

/ _  - MaKCHMantHHH CTpyM 3oBHÎmHboro K3, npHBegeHHH go

po3paxyHKoBoro ^a6aa Hanpyrn.

CKaagoBa I"6 o6yMoBaeHa peryaroBaHHAM Koe^^ieHTa TpaHC^opMa ï̂

CHaoBoro TpaHC ôpMaropa (aBTOTpaHĈ opMaropa) niCaA Toro, ak 3axHCT 6yB 

36anaHCoBaHHH Ha CepegHix BÎgnaÔKax. Ua CKaagoBa BH3HaaaeTbCA ak CyMa CTpyMiB 

He6aaaHCy Ha CTopoHax, ge e peryaroBaHHA:
rn

I ”h6. pacn E a u „ • I  k.k.MaKC.n ’
n=I

ge AUn - BigHoCHa norpimmCTb peryaroBaHHA Hanpyrn, npHHMaeTbCA pÎBHÎH

noaoBHHÎ giana3oHy peryaroBaHHA CTopoHH n TpaHC ôpMaropa (ak^ o peryaroBaHHA 

±10% , Te A U  =  0,1 );

I k mcikc n - MaKCHMaabHHH nepiogHHHHH CTpyM, ^o npoTiKae no CTopom n 

TpaHĈ opMaTopa.

CKaagoBa o6yMoBaeHa HeToamCTro yCTaHoBaeHHA Ha peae

po3paxyHKoBHx HHCea bhtkîb:
r n

I h6. pacn A 'Wn I ,n k.MaKC.n ’
n= I
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w — wa n. pacu n •ge Awn = — ---------- - norpimHiCTt BHpiBHMBaHHa gaa ctopohh n
n wn

TpaHĈ opMaTopa.

3 ypaxyBaHHaM HaBegeHHx BHpa3iB BHKOHyeMO po3paxyHKH CTpyMy

Cnpa ôByBaHHa 3axHCTy 3a yMOBoro BigCTporoBaHHa Big CTpyMy He6aaaHCy:

-c.  = .3  ( .  ■ .  +  AU , ) . .  = 1,3 ■ ( 1,0 • 0,1 + 0,12) ■ 1509 = 431,5 A. 

npHHMaeMo ôinbme 3HaneHHa -c = 431,5 A.

2. Bn6ip THny peae poÔHMO Ha ocHOBi ô hkh nyTHHBoCTi 3axHCTy, akhh 

BH3HanaeMO npn6aH3Ho, BBa^awnn, rn,o Becb CTpyM nomKog^eHHa (npHBegeHHH go 

BTopHHHOï ctopohh) noTpanaae b peae. nonepegHa nepeBipKa ayTaHBoCTi 

npoBogHTbca no nepBHHHoMy CTpyMy npn gBo$a3HoMy K3 Ha CTopoHi HH, npn ^oMy 

noBHHHe BHKoHyBaTHca yMoBa:

I (2)
k4 =  >  2,0,

1 C.3

893
k =_^±^ = 1,908 < 2.
4 431,5

3. OcKinbKH 3axHCT i3 peae THny PHT He 3a6e3neaye nyTHHBocTi, to 

3acTocoByeMo peae THny ^3T-11, gaa aKoro CTpyM Cnpa ôByBaHHa 3axncTy 

BHÔnpaeTbca 3a yMoBaMH:

а) BigCTpowBaHHa Big KHgKa CTpyMy HaMaraiayBaHHa

- c.3 = koTc ■ -hom = 1,5 ■ 316 = 474,4 A.
б) BigCTpowBaHHa Big CTpyMy He6aaaHCy npn K3 Ha HH3bKrn CTopoHi

-C.3 = k3 ■ (kodH ■ ff + AU , ) -Kf laKc = 1,5(1,0 ■ 0,1 + 0,12) ■ 1509 = 497,9 A.

CTpyM CnpagboByBaHHa 3axHCTy npHHMaeMo no 6iabmoMy 3 yMoBH /C3=497,9 A.

4. BH3HanaeMo ayTHHBiCTb 3axHCTy npn K3 Ha CTopoHi HH npn MirnMaabHoMy 

peryawBaHHi:

1 (2)
1r _  1 K. MUH

4 = T 7

823
497,9

= 1,653.

^  3HaneHHa k4 Tpoxn MeHme HopMoBaHoro, ogHaK, y^e npn HoMmaabHoMy 

Koe^^iemi TpaHC ôpMagiï TpaHĈ opMaTopa CTpyM K3 CKaage:



I ( 2) 115
0,696 kA.

2 (18 + 2,76 + 38,6)

i HeoôxigHHH Koe^^ieHT HyTHHBOCTÎ 3aôe3nenyeTbca

= _ 96 9  ^  2 .

H 497,9

ToMy 3axHCT i3 peae ^3T-11 MO ê ôyra 3acTOCOBaHHH.

3.3 Bnôip ycTaBOK peae THny ^3T-11

1. BH3HanaeMO nepBHHHÎ HOMmanbHÎ CTpyMH gaa gBOx CTopiH oôaagHaHHa, 

^ o 3axH^aeTbca, no $opMyni:

S,T _ HOM
1 HOM.n

ge

>/3 • U H<m.n

SHOM - HOMÎHanbHa noTy^HÎCTb TpaHC^opMaTopa;

UHOM n - HOMÎHanbHa Hanpyra ctopohh oôaagHaHHa, ^ o 3axn^aeTbca. 

^na ctopohh bhcokoï HanpyrH 115 kB:

r 63000
I H_M „ = —j=----- = 316 A.

4 3  115

^na ctopohh HH3bKOï HanpyrH 10,5 kB:

63000 .

HOMn = V3 • 10,5 = .

2. BH3HanaeMO btophhhî HOMmanbHÎ CTpyMH naenen 3axncTy:

1 1 HOM.n kcx.n

K I .n

ge K xn - Koe^i^eHT cxeMH 3'egHaHHa btophhhhx oômotok TpaHĈ opMaTopa Ha

CTopoHi oô'eKTa, ^ o 3axn^aeTbca (npn 3'egHaHHi oômotok y 3ipKy kcx = 1,0 ; npn 

3'egHaHHi oômotok y TpHKyTHHK kcx = 4 3  );

K In  -  Koe^i^ eHT TpaHC ôpMagiï TpaHĈ opMaTopa, npHHHaTHH Ha CTopoHi

oô'eKTa, ^ o 3axH^aeTbca (npn BHÔopi Koe^^iema TT Tpeôa BpaxoByBaTH, ^ oô 

BTopHHHÎ HOMiHaabHi CTpyMH cyrreBO He nepeBH ŷBann nacnopTHi 3HaneHHa 

CTpyMiB 5 A aôo 1 A). CTopoHa 3 HaHôinbmHM btophhhhm CTpyMOM npHHMaeTbca b
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aKocTi ochobhoï, rn,o 3aôe3nenye HaHMeHmy norpimrncTb BHpÎBHMBaHHa gaa peae. 

^aa CTopoHH bhcokoï HanpyrH 115 kB:

7 316 ^/3 yl^ „ .
I  = ---------- = 4 57 Ae.uoM.n rf\f\ / r ’600 / 5

^aa CTopoHH hh3bkoï HanpyrH 10,5 kB:

3464 „ A
I „ _ .  „ = ---------- = 4,33 A.

4000/5

BpaxoBywHH, rn,o oÔMOTKa hh3bkoï HanpyrH TpaHC^opMaTopa BHKOHaHa 

po3^enaeHoro, oTpHMaHe 3HaaeHHa CTpyMy HeoôxigHo nogBoïTH - I 6HOM n=  8,66 A.

OTpHMaHÎ po3paxyHKoBi garn HaBogHMo b Taôan^ 3.1.

T aôan ^  3.1 -  Po3paxyHKH nepBHHHHx i btophhhhx CTpyMiB CTopiH

TpaHĈ opMaTopa

no3HaneHHa napaMeTpiB I -  BH-115 kB II - HH-10,5 kB

I  A 316 3464

K ln 600/5 4000/5

CxeMa 3'egHaHHa 
TpaHC^opMaTopa

TpHKyTHHK 3ipKa

I  A1 e.HOM.n ’ 4,57 8,66

3 Taôan^ 3.1 caigye, rn,o b aKocTi ochobhoï caig B3aTH CTopoHy hh3bkoï 

HanpyrH (10,5 kB), rn,o Mae ôiabmnH btophhhhh HoMmaabHHH CTpyM.

3. CTpyM cnpa^oByBaHHa peae gaa ochobhoï CTopoHH TpaHC^opMaTopa 

BH3HanaeMo no BHpa3y:

IC.3 ' kCX '
I

Uhom. pam 
V UHOM.n J

c. p.n
K I  .n

ge U HOMpam -  HoMÎHaabHa Hanpyra CTopoHH, ^ o  BignoBigae po3paxyHKoBoMy ^aôaro

HanpyrH.

I c. p.n
497 ,9  • 1 • —  

10,5

4000/5
6,82 A.



4. Po3paxyHKOBe hhcho bhtkîb poôonoï oômotkh gaa ochobhoï ctopohh 

BH3HanaeMO no ôpMyrn:

F cp 100
WOCH.pac = 7---^  = 14,7 BHTK1B'

1 C. p.OCH 6,82

npHHMaeMO HaHÔnĤ ne MeHme ^ ae 3HaneHHa wpa6ocH=  14 bhtkîb, rn,o

3a6e3nenye 3anac no BHÔipKOBOCTÎ. npn ^oMy âKTHHHHH CTpyM cnpa^oByBaHHa 

peae CTaHOBHTt:

100
L =  7,14 A.C. p.OCH

5. Po3paxyHOK ancaa bhtkîb gaa iHmoï ctopohh 3axncTy BHÔnpaeMO 3a 

yMOBaMH ôaaaHcy Ha peae MPC 3axncTy npn 3oBHimHboMy K3 aôo HopMaabHoMy 

pe^HMÎ (pnc. 3.2):

1 b.homI  wI . bhomII WII .

3BigKH

w  =  wpaCH.n OCH
I 6.UOM.OCU

V 1e.HOM.n J

w =  14 •8 6 6  = 26,56 BHTKÎB.paon  ̂ 5̂ 7 J

npHHMaeMo HanÔHĤ He ^ae 3HaaeHHa, rn,o 3aôe3neaye HaHMeHmy norp îmmcTb

BHpÎBHWBaHHa w7 = 27 BHTKÎB.

6. YTonHeHHH CTpyM cnpa^oByBaHHa 3axncTy 3 ypaxyBaHHaM noxnÔKH 

BHpÎBHWBaHHa 3HaxogHTbca no BHpa3ax, HaBegeHHx y n. 3.1:

h ,  =  K ( - s  +  A U ,  +  A w , )• I ^  =  1,5-(1,0• 0,1 + 0,12 + 0,0166)-1509 = 535,6 A,

ge A w  =
wpaCu -  wi _  26,56 -  27

wpaCH 26,56
= 0,0166.
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PncyHOK 3.2 -  Cnpo^eHa cxeMa gn^epeH^aabHoro 3axHCTy 3 peae ^3T-11

7. YTOHHeHHH po3paxyHKOBHH CTpyM cnpa^oByBaHHa peae BH3HanaeMo no 

^opMynî:
f

I C.3 ' kCX '
I

U.Cp.HOM

V U homII J _
535,6 • 1-

 ̂115 ^

V 10,5 J _
Cp.OCH

k
I ( II )

4000/5
= 7,33 A.

8. Po3paxyHKOBHH CTpyM HeôaaaHcy 3axHCTy npn K3 Ha CTopoHi HH, ge 

nepegôaneHe raabMyBaHHa, 3 ypaxyBaHĤ M noxnÔKH BHpÎBHMBaHHa 3HaxogHTbca no 

BHpa3ax, HaBegeHHx y n. 3.2.1:

Eô.pacu = k3 • (Kp .  + . I + . R  ) I KMaKC = 1,5(1,0 - 0,1 + 0,12 + 0,0457) -1509 =

= 601,3 A.

ge A w II =
14,7 -14 

14,7
= 0,0457

9. ^Hcao bhtkîb raabMiBHoï oômotkh, rn,o 3aôe3nenye HagÎHHe BÎgcTpowBaHHa 

peae Big CTpyMy HeôaaaHcy npn gaHoMy BHgi K3, BH3HanaeTbca no BHpa3y:

w
k 3 I  h6. pacu Wpa6. n

mopM.n
I mopM.n tg a

ge k3 =  1,5:
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I m0pMn -  nepBHHHHH raabMÎBHHH CTpyM Ha CToporn TpaHĈ opMaropa, ^o

3axHrn,aeTbca, Ha aKÎH BKaroaeHa raabMiBHa oÔMOTKa;

tga = 0,75 - TaHreHC KyTa Haxnay goTHHHOï npoBegeHOï 3 nonaircy KoopgHHar

go HH^Hboï po3paxyHKoBoï no bhôîpkoboctî raabMiBHoï xapaKTepHCTHKH (pnc. 3.3).

PncyHoK 3.3 -  XapaKTepHCTHKa gaa BH3HaaeHHa ayTaHBocTÎ gn^epeH^aabHoro 

3axHCTy 3 peae rany ^3T-11 npn HaaBHocii raabMyBaHHa.

w, k 3 •1 u6.pacu • w pa6.n 1,5 ■ 601,3 ■ 14
mopM 11,16 «  11 mT.

I K.MaKC ■ tg a  1509 ■ 0 ,7 5

TaKHM hhhom, go yciaHoBKH Ha peae npHHMawTbca HacTynHi bhtkh:

Wi = 27 mT. wn = 14 wmopM = 11 mT.

10. ŷTHHBiCTb 3axHCTy BH3HanaeMo npn6aH3Ho no nepBHHHHx CTpyMax npn 

po3paxyHKoBoMy K3 Ha CTopoHi HH gaa BHnagKÎB MÎHÎMaabHoro Ta HopMaabHoro 

peryawBaHHa TpaHĈ opMaropa:

I ( 2)k   K.MUH
I , 3

ge I  -  âKTHHHHH CTpyM cnpa^oByBaHHa 3axHCTy, BH3HaaaeTbca 3a BHpa3oM

1C.3  ̂kCX ^
I

UHOM. pacu 
V UHOM.n J

c. p.n KI .n
3BigcH



Ic.3 =

j • K1 c. p.n K I .n

kcx ■
U HOM. pacu 

V U HOM.n J

ge 1c. p.n = Ic. p.ocH = 7,14 A .

L
7,14 • 4000/5

f
1 •

115
105

521,7 A.

V10,5 J
Togi BH3HanaeMO Koe^ îeHTH HyranBOcri: 

k Hl = -82̂ - = 1,58; k4 2 = =  1,86.
521,7 42 521,7

OcKintKH Koe^^ieHT HyTaHBOCTi 3axncry npn HopMaabHOMy peryaroBaHHi 

Hanpyrn npaKTHHHO BignoBigae HopMOBaHOMy, a npn MiHiMaabHOMy peryaroBaHHi 

gocHTt bhcokhh, to 3axHCT i3 peae ^3T-11 peKOMeHgyeTbca go ycTaHOBKH.

3.4 Po3paxyHKH MaKCHMaabHoro CTpyMOBoro 3axncry

1. gBOXOÔMOTKOBHX TpaHĈ OpMaTOpiB 3aXHCT BCTaHOBaMeTbCa Ha CTOpOHi

^HBaeHHa (BH) i BHKOHyeTbca y gBOxpeaeËHOMy BHKOHaHHi i3 3'egHaHHaM 

TpaHĈ opMaTopa b TpHKyTHHK gaa nigBHffl,eHHa ayTaHBOCTi.

TaK aK y ^OMy BHnagKy oÔMOTKa HH po3rn,enaeHa, to b Koai KO^Horo 

Bigraay^eHHa BCTaHOBaroeTbca OKpeMa MT3, aK npaBHao, 3 nycKOM no Hanpy3i. 

3axHCT gie i3 gBOMa BmpHMKaMH Hacy: 3 nepmoro bhtphmkom BigKaroaaeTbca 

BHMHKan Bigraay^eHHa HH, i3 gpyroro -  yci BHMHKaai oô'eKTa.

2. CnoHaTKy BH3HaaaeMO CTpyM cnpagbOByBaHHa MT3 6e3 nycKy no Hanpy3i, 

aKHH BigcTpaweTbca Big MaKCHMaabHoro CTpyMy HaBaHTaæeHHa 3 ypaxyBaHHaM 

caMO3anycKy gBHryHOBoro HaBaHTaæeHHa:

k„ • k  • J,
Ic.s =

Hasp. MaKc

k„

ge k3 = 1,2 - Koe^^ieHT 3anacy no BHÔipKOBOCTi; 

ke =  0,8 - Koe^^ieHT noBepHeHHa peae PT-40;

kc -  Koe^^ieHT caMO3anycKy, ^ o  BpaxoBye 3ÔiabmeHHa CTpyMy 3araabMOBaHoro

3m . ApKyw N° doKyM. nidnuc Mama
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gBHryHOBoro HaBaHTaæeHHa mcaa BÎgHoBaeHHa Hanpyra, npHHMacMO kc = 2,5 ;

I  MaKC - MaKCHMantHHH CTpyM HaBaHTaæeHHA, npHHMaeMo pîbhhm 

HOMÎHantHOMy CTpyMy TpaHĉ opMaTopa.

I _  = 1,2 •2,5 •316 = n 86,\A.
0,8

3. Koe^^ieHT HyTaHBocTÎ 3axncTy BH3HanaeMo npn gBO$a3HOMy MeTaneBOMy 

K3 y MÎHÎManbHOMy pe^HMÎ:

I ( 2) 826
k =  _ kmu>l  = -------- = 0,694 < 1.
" I C3 1186,1

OcKmtKH HyTHHBicTb MT3 6e3 nycKy no Hanpy3i BHaBaaeTbca HegocTaTHboro, 

3acTOcyeMO OaoKyBaHHa no Hanpy3i 3 ôoKy HH TpaHc^opMaTopa.

4. CTpyM cnpa^oByBaHHa MT3 i3 nycKOM no Hanpy3i BÎgcTporoeTbca Big 

HOMÎHanbHoro CTpyMy TpaHC^opMaTopa I HOM Ha CTopoHi, ge BCTaHOBneHHH 3axncr

k 1 2
I  =  • I  = 1 2  4  0 • 316 = 474 4 AC.3 i HOM fx o ’ -T/-T,-Ti-̂ .

kB 0 ,8

a HyTHHBÎCTb 3axHCTy b tîh æe po3paxyHKoBÎH t o w  CKnage:

k , = - 823- =  1,735.
'  474,4

5. Hanpyra cnpa^oByBaHHa nycKoBoro opraHa MÎmMaabHoï Hanpyra, 

BHKoHaHoro y BHraagi peae, BKnwneHoro Ha Mrn:$a3Hy Hanpyry, BH3HanaeMo 

npn6nH3Ho 3a yMoBaMH BÎgcTporoBaHHa Big cTpyMiB caMo3anycKy gBHryHoBoro 

HaBaHTaæeHHa npn BÎgHoBneHHÎ Hanpyra:

U  < UC.MUH 
U  C.3 _  7 ,

ge — = 1,2 - Koe^^ieHT noBepHeHHa gaa peae MÎmMaabHoï Hanpyra;

U CMUH -  MÎHÎManbHa Mra:$a3Ha Hanpyra b yMoBax caMo3anycKy npn BÎgHoBaeHHÎ 

HanpyrU  npHHMaeMo U Cm UH =  0 ,7 U Hom .

UC3=0 ,7 :112=64 ,2  k b . c.3 1,2

3m . ApKyw N° doKyM. nidnuc Mama
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6. Hanpyra cnpa^oByBaHHA nycKOBoro opraHa no 3bopothîh nocmgoBHocTÎ 

KOMÔiHOBaHoro nycKy no Hanpy3i npHHMaeMO pîbhhm MmÎManbHm ycTaB^ ^inbTp - 

pene:

Uïc., = 0,06 - TUHO. = 0,06 -115 = 6,9 kB.
7. ^yTHHBÎCTb ônoKyBanbHHx opraHiB nepeBÎpaeTbca npn K3 Ha npHHOMHHx 

CTopoHax TpaHC^opMaTopa, Kygn h mgKnroHem ônoKyBanbHÎ pene, toôto U = 0 , a

U
U.

<p 115
2 k . 3 a 2  2

Togi

= 33,2 kB.

, _ U2k.3gn _ 33,2
^  "  U2C.3 "  6,9

4,811 > 1,5.

OcKinbKH npn K3 Ha npHfioMHm CTopoHi TpaHĈ opMaTopa kH >  1,5, to

gn^epeH^anbHHfi 3axncT iiihhh Ha CTopoHi Mo^Ha He BCTaHoBnwBaTH.

8. CTpyM cnpa^oByBaHHA 3axncTy Big CHMeTpHHHoro nepeBaHTâ eHHa, rn,o gie 

Ha cnraan, BH3HanaeTbca 3a yMoBoro BÎgcTpowBaHHa Big HoMmanbHoro CTpyMy 

TpaHĈ opMaTopa Ha CTopoHi, ge BCTaHoBneHHfi 3axncT, no BHpa3y

I  =  ^  -1 =  105 - 316 = 415 1AC. 3 1 m. HOM /-xo ’
k B 0,8

9. BHTpHMKa nacy MT3 y3rog^yeTbca 3 bhtphmkom nacy 3axncTy mmï Ha 

CTopoHi HH.

3m . ApKyw M doKyM. nidnuc Mama

ApKym



4. P03PAXYH0K 30H 3AXHCTY CTPH^HEBHX 

B^HCKABKOBI^BOAIB BPn

B ôaKaaaBpcbKÎH poôoTÎ HeoôxigHo po3paxyBara BucoTy i 30Hy 3axucTy 

ônHCKaBKOBigBogÎB BPn-110 kB, BCTaHoBaeHHx Ha gBox nopTaaax, puc. 4.1(no3. 1 i2), 

i gBox ônHCKaBKOBÎgBogÎB, rn,o ctootb OKpeMO, 3a3HaneHHx Ha puc. 4.1 (no3. 3 i4), 

BBâ awHH, rn,o ônHCKaBKOBÎgBogH po3TamoBaHÎ CHMeTpHHHo no BÎgHomeHHM go 

By3tKOï cropoHH BPn. HagiHHicTb 3ohh 3axHCTy Big ypaæeHb OancKaBKH p  = 0,999.

HaKpecHHTH ropH3oHTanbHHH nepeTHH 3ohh 3axncTy ôaHCKaBKoBigBogÎB BPn 

Ha bhcotî hx. napaMeTpn po3MÎm,eHHa ôaHCKaBKoBigBogÎB no naornum BPn 

HaBegeHi b Taôa. 4.1.

PncyHoK 4.1 -  CxeMa po3MÎm,eHHa CTpn̂ HeBHx ôaHCKaBKoBÎgBogÎB BPn-110 kB

Taôan^ 4.1 -  Po3paxyHKoBi napaMeTpn

A,
M

B,
M

L1,
M

L2,
M

L3,
M

L4,
M

L5,
M

hx , 
M

50 40 30 12 28 10 10 4

E P  5 . 6 . 1 4 1 . 6 0 1  n 3

ApKyw
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Le =
B  -  L  40 -12  
-------2 = --------- = 14 m;

L7 =
B  -  L  40 -  28
------3 = --------= 6 M.

2. BH3HanaeMO BÏgcTam px Ta p2 :

p1 =^LÎ~+L}6 = V102 + 142 = 17,20 m;

p2 = y[L2+L2 = V 102 + 62 = 11,66 M.

3. 3oHa 3axHCTy nogBÏHHoro CTpn̂ HeBoro ônHCKaBKOBÏgBogy CKnagaeTbca 3 

30BHimmx oônacTen 30hh 3axHCTy (HaniBKOHyciB 3 raôapHTaMH h0, r0), rn,o 

BHKOHywTtca 3a ôpMynaMH gna ogHHHHHHx CTpn̂ HeBHx ônHCKaBKOBigBogÏB. 

Po3MÎpn BHyTpimHix oônacTefi BH3HanawTbca napaMeTpaMH h0 i hc, nepmnfi 3 akhx 

3agae MaKCHManbHy BHCOTy 30hh 6e3nocepegHbo 6ma ônHCKaBKOBigBogÏB, 

a gpyrHH -  MÎHÎManbHy BHCOTy 30hh nocepegnm Mrn: ônHCKaBKOBÏgBogaMH [14, 15].

3oHa 3axHCTy ogHHHHHoro CTpn̂ HeBoro ônHCKaBKOBÏgBogy bhcotow h < 30 M 

npn HagiHHOCTÏ 3axHCTy P3 = 0.999, BH3HanaeTbca pÏBHaHHaMH:

h0n =  0,7hn

< r  =  r0 n • (h0n -  hx )
I rxn j .

h0n

r0n =  0,6 ■ hn

Po3paxoByeMO bhcoth ônHCKaBKOBigBogÏB 1 Ta 2 BHxoggnn 3 yMOBH CTBopeHHa

HHMH 3OHH 3aXHCTy Ha BHCOTÏ hx gO KyTiB BPn:

h01 = 0,7h1

r01 ■ ( h01 -  hx )
'x1

h
 ̂ nPU rxl = P1 .

01
r01 = 0,6 ■ h1

fflnaxoM MaTeMaTHHHHx nepeTBopeHb OTpHMaeMO piBHaHHa BigHOCHO myKaHOï 

BenHHHHH h 1:

0,6hj ■ (0,7hj -  hx) .
P1 = 0,7h1
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0,42/zj2- (  0,7 p  + 0,6hx )  h1 = 0 ; 

h = 0; / = 34,39 m.

BncOTa ônHCKaBKOBÎgBogÎB h 1 = h 2 = 34,39 m, He 3agOBOHbHae yMOBi 

3acTOcyBaHHa pÎBHHHb npn h  < 30 m, TOMy gna po3paxyHKy bhcoth ÔHHCKaBKOBigBOgÎB 

3acTOCOByeMO HacTynHi pîbhhhhh:

h01 = [0,7 -7,1410-4(h -30)]/,;

_ r01 • (h01 -  hx ) .
rx1

h
nPu Pi = p .

01

r01= [0,6 -1,4310-3 ( h -30)]h1;

fflnaxoM MaTeMaTHHHHx nepeTBopeHt po3B’a3yeMO cncreMy Ta 3HaxOgHMO 

3HaneHHA bhcoth 1 ÔHHCKaBKOBÎgBogy hi = 34.74 m, rn,o 3agoBOHbHae yMOBi 

3acTOcyBaHHa pÎBHHHb npn 30 < h  <  100 M.

OcraTOHHO npHHMaeMO ÔHHCKaBKOBÎgBOgH 1 Ta 2 bhcotom h 1 =  h 2 =  34.74 M.

PO3paXOByeMO BHCOTH ÔHHCKaBKOBÎgBOgÎB 3 Ta 4 BHXOgHHH 3 yMOBH CTBOpeHHH 

HHMH 3OHH 3aXHCTy Ha BHCOTÎ hx gO KyTiB BPn:

h03 = 0,7h3

r03 • (h03 hx )
'x3

h
, nPU x̂3 = P2 ;

03

r03 = 0,6 • h3

fflnaxoM MaTeMaTHHHHx nepeTBopeHb OTpHMaeMO pîbhhhhh BigHOCHO myKaHOï 

BenHHHHH h3:

_ 0,6h3 • (0,7h3 -  hx) .
P2 = 0,7h, ’

0,42h2- (0,7p2 + 0,6hx) h3 =  0 ; 

h  = 0; h  = 25,15 M.

OCTaTOHHO npHHMaeMO ÔHHCKaBKOBÎgBOgH 3 Ta 4 BHCOTOM h3 = h4 = 25,15 M, 

TaK hk BOHa 3agOBOHbHae yMOBi 3acTOcyBaHHa pÎBHHHb npn h  < 30 M.

4. PO3paxOByeMO napaMeTpn 3OHH 3axncTy ÔHHCKaBKOBÎgBOgÎB 1 Ta 2:

A 2 = ̂ 2 = 12 m;
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r01 = r02 = 0,6 • h1 = 20,61 m; 

h01 =  h02 =  0,7 • h1 = 24,20 m;

r01 • ( h01 -  hx )
rx1 = rx 2 = = 17,20 m;

4 12 = [2 ,25 -0 ,01007 ( h  - 3 0 ) ] \  =  76,51 m ; 

Am,xi2 = [4,25-3,57'10-3( hj -  3 0 )]h, = 147,06 m;

hci2 =  hn =  24.20 m,

r01 ( h c12 ~ hx )

A 2 -  A'c12

rcx12
h

=  17.20 M, hx < hc12
c12

5. Po3paxoByeMO napaMeTpn 30hh 3axncTy ônHCKaBKOBigBogÎB 3 Ta 4:

4 4 = 4  = 28 m; 

r03 = r04 = 0,6 • h = 15,09 m;

4)3 = ̂ 34 = 0,7 • A = 17,61 M;

r03 • (h03 -  hx )
rx 3 = rx 4 = ' = 11,66 m;

L c34 =  2,25 • h3 =  56,59 m;

L,'max34 4,25 • 4  = 106,9 m;

hc 34 = h03 = 17.61 M,

rcx34 =
r03 ( h c34 hx )

h

A34 < A  34

=  H .66 M, hx < hc34
c34 6

6. Po3paxoByeMO napaMeTpn 30hh 3axHCTy ônHCKaBKOBÎgBogÎB 1 Ta 3 

(2 Ta 4):

A 3 = y (A ) + V 2 y
= 31.05 m;

6.1 EnHCKaBKOBÎgBogH 1 Ta 3 MawTt BHCOTy h  = 34,74 m;

Lc13 = 2,25 • h1 = 76,51 m;

L,'max13 4,25 • h  = 147,06 m;

hc13 = c  = 24.20 M, A 3 — A'c13
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6.2 EnHCKaBKOBÎgBogH 1 Ta 3 MaroTt BHCOTy h  =  25,15 m ;

Lc31 = 2,25 • h, =  56,59  m ; 

A „«3 i = 4,25 • h, =  106,9 m;

hc31 = 3̂3 = 1761 m, L 13 C  L c3i

hcminl3 = ^  + ̂ 31 = 2090 M2

r — "01 + r03 _ i t o c  ,, 
rc013 = --------- = 1 7-85 M,

2

r
r

c013 ( hc minl3 hx )
cx13

h
14.43 m .

c minl3

7. Po3paxoByeMO napaMeTpn 30hh 3axncTy ônHCKaBKOBÎgBogÎB 1 Ta 4 (2 Ta 3):

=36.06 m ;L l4 ( L ) 2 + L  + l 3—L
2

V

7.1 EnncKaBKOBÎgBogH 1 Ta 4 MawTt BHCOTy h =  34,74 m ;

Lcl4 = 2,25 • hl =  76,51 m ; 

A » * »  = 4,25• h  = 147,06 m;

hc14 =  h 0l =  2 4 .2 0  M , -^14 C  L c14

7.2 EnncKaBKOBÎgBogH 1 Ta 4 MawTt BHCOTy h4 =  25,15 m ;

Lc 41 = 2,25 • h4 =  56,59 m ;

4 nax41 = 4,25 • hA = 106,9 m ;

hc41 h04 17.61 M, c 14 c  L c'c41

hc min14 hc14 + hc41 = 20.90 m , 
2

rc0i4 = = 17.85 M,

rcx14 =
rc014 ( hcmin14 hx )

h
= 14.43 m .

c min14

ropH30HTanbHHH nepepi3 30hh 3axncTy noKa3aHHH Ha pnc. 4.2.
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PncyHOK 4.2 -  ToprooHTanbHHH nepepi3 30hh 3axncTy ÔHHCKaBKOBÎgBogÎB BPn

E P  5 . 6 . 1 4 1 . 6 0 1  n 3

ApKyw
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BHCHOBKH

y  ôaKaaaBpctKiH poôoTi 3po6aeHHH po3paxyHOK HopMaatHoro Ta 

nicaaaBapiHHoro pê HMÎB poôora BHcoKoBoatTHoï eaeKTpHHHoï Mepe î, 

KoH^irypa^a aKoï Ôyaa BH3HaaeHa 3aBgaHHaM.

Pe3yatTaTH po3paxyHKiB po3nogiay noTŷ HOCTÎ noKa3aan, rn,o HaHôiatm 

npngaraow HoMiHaabHow Hanpyrow KiatgeBoï Mepe î e Hanpyra 110 kB. 3 

ypaxyBaHHaM TaKoï Hanpyra 6yan oôpam nepepi3H npoBogiB gaa amifi 

eaeKTponepegaa. BnxogaaH 3 BeaHHHHH HaBaHTaæeHHa Ta KaTeropiï HagiHHocTi 

cno^HBaaiBoôpam KiatKicTt Ta THnn TpaHĈ opMaTopiB Ha mgcTaHgiax.

^aa icHywaoï KoH îrypagiï Mepe î y HopMaatHoMy Ta nicaaaBapiHHoMy 

pe^HMax 6yan CKaageHi po3paxyHKoBi cxeMH 3aMirn,eHHa Mepe î, po3paxoBaHi 

napaMeTpn cxeMH 3aMirn,eHHa amifi i TpaHĈ opMaTopiB Ta BH3Haaem po3paxyHKoBi 

HaBaHTâ eHHa By3aiB Mepe î.

y  npogeci po3paxyHKiB eaeKTpHHHoï nacTHHH nigcTaHgiï nC-2 Ôyaa npoBegeHa 

nepeBipKa npaBHatHocTi BHÔopy HoMiHaabHoï noTy^HocTÎ BCTaHoBaeHHx 

TpaHĈ opMaTopÎB i 3gÎHCHeHHH BHÔip Ha nigcTaBi po3paxyHKiB CTpyMiB KopoTKoro 

3aMHKaHHa BHcoKoBoatTHHx anapaTiB po3nogiatHHx npncTpoïB, BHMiproBaatHHx 

TpaHĈ opMaTopÎB CTpyMy Ta Hanpyra.

npH BHKoHaHHÎ po3paxyHKiB peaefiHoro 3axncTy TpaHĈ opMaTopa mgcTaHgiï 

nC-2 ôyB 3poôaeHHH po3paxyHoK no3goB^Htoro gn^epeHgifiHoro CTpyMoBoro 

3axHCTy Ta MaKCHMaatHoro CTpyMoBoro 3axncTy 3 KoMÔmoBaHHM nycKoM no Hanpy3i.

^aa 3axHCTy Big Mrn:$a3HHx kopotkhx 3aMHKaHt 3anponoHoBaHHfi 3axncT 3a 

gonoMorow peae THny ^3T-11, gaa aKoro ôyB BHKoHaHHfi BHÔip ycTaBoK i 

npoBegeHHH po3paxyHoK napaMeTpiB oômotok peae.

^aa oprarn3a ï̂ ôaHCKaBKo3axHCTy mgcTaHgiï, rn,o BHKoHaHHH y BHraagi 4-x 

CTpn̂ HeBHx ôancKaBKoBigBogiB, npoBegeHHH po3paxyHoK 3ohh 3axncTy CTpn̂ HeBHx 

6aHCKaBKoBigBogiB y BignoBigHocTi 3 ^CTy E B.2.5-38:2008.
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3 HeproaTOMH3gaT, 1986. - 640 c.

8. Po^KoBa .H.̂ ., Ko3ynHH B.C. 3neKTpoo6opygoBaHHe cTaĤ HH h ôgcTaĤ HH. 
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16. 2068 MeTogHHHÎ BKa3ÎBKH go o ôpMneHHa gnnnoMHHx poôÎT: gna cTyg. cne^ 

7.090603 geHHoï Ta 3aoHHoï $opM HaBHaHHa / M.A. Hhkh^opob, 

LÆ. êôegHHcbKHH. -  CyMH: CyM^y, 2008. -  72 c.
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