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B C T y n

B yMOBax 6e3nepepBHoro po3BHTKy npoMHcnoBOcri yKpaïHH 3'flBnaeTbCfl yce 

ôinbme i ôinbme hobhx nignpHeMCTB, «kî BHoc«Tb BKaag y 3ÔinbmeHHfl 

eHeprocno^HBaHHA. Cnig TaKO  ̂ 3ayBa^HTH, rn,o 3i 3ÔinbmeHHflM HHcna 

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

po3TamyBaHH« cno^HBaniB eneKTpHHHoï eHepriï. y  3B'«3Ky Î3 ^HM 3'flBnaeTbCfl 

noTpeôa b po3mnpeHHi icHyroHHx Mepeæ i b CTBopeHHi hobhx.

3pocTarona KinbKicTb eHeprocno^HBaroHHx oô'gktîb Bege go 3ÔinbmeHHfl 

noTy^HOCTen, «kî nepegaroTbca no eneKTpHHHHx Mepe^ax. OgHHM Î3 HaHronoBmmHx 

3aBgaHb cborogHi e eKoHoMÎHHe BHKopncTaHHA icHyronoro eneKTpHHHoro oônagHaHHA 

h po3poÔKa HoBoro 3 noninmeHHMH napaMeTpaMH.

BHKoHaHH« ôaKanaBpcbKoï poôoTH HeoôxigHo 3 MeToro:

-  npngôaHHA gocBigy aHanÏ3y oTpHMaHHx pe3ynbTariB, ^opMyBaHHA bhchobkîb i 

nyômHHoro 3axHCTy BHKoHaHoï poôoTH;

-  $opMyBaHH« HaBHHoK BHKopHCTaHH« oTpHMaHHX 3HaHb, nîg HaC po3B'«3aHH« 

KoHKpeTHHx npaKTHHHHx i HayKoBo-TexrnHHHx 3agan;

-  npngôaHH« gocBigy BHKoHaHHa TexHiHHoï goKyMeHTa^ï noacHMBaabHoï 

3anncKH h KpecneHb BignoBigHo go yMoB giroHHx CTaHgapTiB;

-  CHCTeMarroa^ï, 3aKpinneHH« h noraHÔneHHH TeopeTHHHHx i npaKTHHHHx 3HaHb 

no 3aranbHoTexHÏHHHx i cne^anbHHx gH^HnniHax 3a HanpaMKoM npo^ecifiHoï 

nigroTOBKH.

y  n p o ^ c i BHKoHaHHa ôaKanaBpcbKoï poôoTH HeoôxigHo BHpimHTH TaKi 3agaHi:

1. 3a 3agaHHMH HaBaHTaæeHHAMH i go b^ hh aMH hîhîh BHÔpaTH Hanpyry Mepe^i.

2. 3a HanpyraMH Mepe^i h HaBaHTaæeHHAMH BHÔpaTH THn npoBogiB noBÎTpaHHx 

hîhîh.

3. 3a HanpyraMH Mepeæi h HaBaHTaæeHHAMH BHÔpaTH TpaHC^opMaropn.

4. BH3HaHHTH nHToMi napaMeTpn H En i Karano^Hi gaHi TpaHC^opMaropiB. 

BHKoHaTH po3paxyHKH napaMeTpiB cxeMH 3aMim,eHHa mrnï h TpaHC^opMaropiB. 

Bn3HaHHTH npHBegeHÎ go ctopohh BH HaBaHTa^eHHa TpaHC^opMaropiB (3 

ypaxyBaHHaM BTpaT B oÔMoTKax TpaHC^opMaropiB).

BP 5 .6 .1 4 1 .6 2 6  n 3
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5. CKaacTH po3paxyHKOBy cxeMy 3aMirn,eHHa Mepe^i h BH3HanHTH po3paxyHKOBi 

HaBaHTaæeHHa By3aiB Mepe^i (3 ypaxyBaHHaM BTpaT y r i ^ i  HaMarainyBaHHa 

TpaHC^opMaTopÎB i peaKTHBHOï noTy^HOCTÎ, aKa reHepyeTtca aimaMH).

6. BHKOHaTH po3paxyHKH HopMaatHoro pe^HMy 3aMKHeHOï Mepeæi (yci aiHiï 

BKaroaem b poôoTy) gaa gBox BHnagKiB: pe^HM MaKCHMaatHoro HaBaHTaæeHHa 

(3agaHi) i pe^HM MirnMaatHoro HaBaHTaæeHHa (npHHHaTH piBHoro 50% Big 3agaHoï). 

BH3HanHTH HanpyrH y By3aax Mepe^i, BTpaTH HanpyrH h BTpaTH noTy^HocTÎ B 

Mepe^i. BHKoHaTH aHaai3 oTpHMaHHx pe3yatTaTiB.

7. n p n  HeoôxigHocTi 3anponoHyBara cnocoôn peryaroBaHHa HanpyrH y By3aax 

HaBaHTa^eHHa.

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

BHKoHaTH nepeBipKy BHÔopy noTy^HocTi chhobhx TpaHC^opMaTopiB, ycTaHoBaeHHx 

Ha nigcTaH^ï.

9. Po3paxyBaTH CTpyMH KopoTKoro 3aMHKaHHa gaa 3aôe3neaeHHa 3axHCTy 

mgcTam,iï.

10. BnôpaTH 3a yMoBaMH poôora BHcoKoBoatTHi anapaTH po3nogiatHHx 

npHCTpoïB nigcTaH^ï h nepeBipHTH ïx Ha Mo^aHBicTt cnpa^oByBaHHa B yMoBax 

KopoTKoro 3aMHKaHHa.

11. BHKoHaTH po3paxyHKH peaeHHoro 3axHCTy BHcoKoBoatTHoï noBiTpaHoï aiHiï, 

noôygyBaTH KapTy ceaeKTHBHocTi.

12. npoBecTH po3paxyHoK 6aHCKaBKo3axHCTy 3axHCHoro BPn.

13. 3poÔHTH bhchobkh npo pe3yatTaTH BHKoHaHHx po3paxyHKiB.



1.1 BHxigm gam gra BHKOHaHHA ôaKanaBpcbKoï poôora

3rigHO 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 Mepeæi

^ ob^ hhh mmË i noTy^HOCTÎ HaBaHTa^eHt eneKTpHHHoï Mepe^i HaBegeHi b 

Ta ô n ^ i 1.1.

T aôn n ^  1.1 -  Bnxigm gam eneKTpHHHoï Mepe^i

^OB^HHa ü ï ï ,  KM noTy^HOCTÏ HaBaHTa^eHt, M BA
n-1 n -2 n-3 n -4 S-1 S-2 S-3

40 40 30 30 50+Î30
II

10+Î10
I

50+Î45
III



1.2 BroHaneHHA Hanpyra Mepeæi Ta BHÔip rany npoBogiB noBÎTpaHOï mmï

1. BH3HanaeMO noTy^HOCTÎ b OKpeMHx gmmx

g  _ S 1 '( l3 + l4 + l1 ) + S 2 ' ( l4 + l1 ) + S 3 ' l1 _
~ A1 l2 +  l3 +  lA +  lx

(50 + /30 )-100  + (10 + /1 0 )• 70 + (50 + j  45)- 40
= -̂------— -------- *------- -— ----- = 55 + j'39,29 MBA.

140

g  _ S 3 -(l3 + l4 + l2 ) + S 2 • (l3 + l2 ) + S 1 -12 _
_A3 l2 + l3 + l4 + lj

( 50 + j 45)-100 + (10 + j10 )• 70 + (50 + j30 )• 40
= -̂-------— ^ ^ ----- = 55 + j  45,71 MBA,

140

S 12 = S a \ -  Si = (55 + j'39,29) -  (50 + j3 0 ) = 5 + j9 ,2 9  MBA.

S 23 = S A3 - S 3 = (5 5  + j 4 5 ,7 1 ) - (5 0  + j 45) = 5 + j0 ,71  MBA.

2. BnxogflHH 3 goB^HH nÎHÎH i BenHHHHH nepegaHoï no hhx noTy^HOCTÎ, 

opieHTOBHO BH3HanHMO Hanpyrn OKpeMHx gmrn no eMnipHHHÎH ^opMym InnapioHOBa:

u  = 1000
" (500 2 5 0 0 ’

f r  + ^

ge L  -  goB^HHa mmï, km;

P n -  nepegaHa no gim ï noTy^mcTt (Ha ogHH ^aH^ro^), MBt.

UA1 = . 1000 = 131,4 kB .
A1 500 2500

V 40 + 55

1000 . .  D
U12 = | = 44 kB .

12 500 2500
+ 5

1000 . .  D
U y, = , = 44 kB .

23 500 2500
V 30 + 5

UA3 = . 1000 = 131,4 kB .
A3 500 2500

V 40 + 55
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3. OcKiabKH gaa Bcix aiHiH Kiab^Boï Mepeæi ôaæaHo Mara ogHaKOBy Hanpyry, to 

npHHMaeMO Hanpyry UH = 110 kB.

^aa Toro, rn,o6 3aôe3neaHTH BHKoHaHHa yMOBH npnnycTHMoro cnagaHHa Hanpyrn 

Ha caMOMy BiggaaeHoMy cno^HBaaeBi eaeKTpoeHepriï, npHHMaeMo Hanpyry Ha 

g^epeai ^HBaeHHa Ha 10% nepeBHrnyroay HOMmaatHy Hanpyry Mepeæi: 

Ua =  121 kB.

4. y  aKOCTi npoBogiB gaa Bcix aiHiH npHHMaeMO CTaaeaaroMrnieBi npoBogn 

MapKH AC.

5. BH3HanaeMO goBrocTpoKOBO npnnycTHMÎ CTpyMH b aiHiax gaa HopMaabHoro 

poôoaoro pe^HMy:

= ^  J 552 + 39,292 -103 = 3 5 4  7  ^

V3 • U  V3 • 110

= J 52 + 9, 29M ° 3 = 55 Æ
12 V3 • u h V3 • 110

= S 2T 103 = 26 Æ

= J 552 +_45,712 .1° 3 = 375 A .
A3 V3 • U  V3 • 110

6. KopncTywHHCb goBÎgKoBHMH gaHHMH (Taôa. 1.2, .4-2), y BignoBigHocTi i3 

mKaaoro CTaHgapTHHx nepepi3iB, a TaKoæ 3 ypaxyBaHHaM Mo^aHBoro 

nepeBaHTa^eHHa aiHiH npn poôoTÎ b aBapiHHoMy pe^HMÎ, BHÔnpaeMo THn npoBogy 

gaa ko^ hoï aiHiï:

gaa aiHiï .4-1: A C -1 5 0 /2 4 ;  

gaa aiHiï .4-2: A C -1 5 0 /2 4 ;  

gaa aiHiï .4-3: A C -1 5 0 /2 4 ;  

gaa aiHiï .4-4: A C -1 5 0 /2 4 .

7. nepeBipaeMo oôpam npoBogu b aiHiax 3a yMoBoro KopoHH.

3rigHo npaBHa, MiHiMaabHo npnnycTHMHH nepepi3 no KopoHi gaa aiHiH 

Hanpyrow 110 kB CTaHoBHTb 70 mm2.

TaKHM hhhom, gaa ko^ hoï 3 aiHiH na yMoBa BHKoHaHa.



T aôn n ^  1.2 -  KaTano^m gam npoBogiB noBÎTpaHOï mmï

n a p a M e m p u

M a p K a

n p o B o d y

AC-150/24

K a m a n o w n i  d a n i

nepepi3 npoBogy, mm2 150/24

^oBroCTpoKoBo npHnyCTHMHH CTpyM, A 450

P o 3pa x yH K o ei d a n i

nHToMHH aKTHBHHH onip mmï npn TeMnepaTypi +20oC, r 0 (Om/km) 0,198

nHToMHH peaKTHBHHH onip, .X 0 (Om/km) 0,42

nHToMa CMHiCHa npoBÎgHÎCTb mmï, b 0 • 10-6 (Cm/km) 2,7

1.3 Bnôip nory^Hoeri rpaHC^opMaropiB

1. Ha nigcTaH^ï nC-1, 3Baæ:aroHH Ha Te, m,o ïï cno^HBam BÎgHOcaTtca go 

Il KaTeropiï HagÎHHOCTÎ eneKTponocTanaHHfl, npHHMaeMO ycTaHOBKy 

2 gBOxoÔMOTKOBHx TpaHC^opMaTopn 3 Hanpyrom Ha bhcokîh cropoHÎ 110 kB.

Po3paxyHKOBa noTy^HicTb m^Horo TpaHC^opMaTopa:

0 ^ S1 V502 + 302 A/mASri =-------------- = 41,65 MBA.
T1 1,4 1,4

no Taôn. 1.4.2 [2] BHÔnpaeMo Macnam TpaHC^opMaTopn 3aranbHoro

nproHaneHHA rany TP,QTIH-63000/110.

2. Koe^^ieHT 3aBaHTa^eHHa TpaHc^opMaTopÎB y HopManbHoMy pe^HMÎ:

k = ^ mokc = ^ 50 + 30 = 0,46 ;
31 2 • Sr 2 • 63

y nicnaaBapÎHHoMy pe^HMÎ

kae1 = = ^ 50 + 30 = 0,93 < 1,4.
ae1 Sr 63

YmoBH BHKoHyWTbCa.



3. Ha nigcraH^ï nC-2, 3Baæ:aroHH Ha Te, rn,o ïï cno^HBani BÎgHocaTbca go I 

KaTeropiï HagiHHocTÎ eaeKTponocTanaHHa, npHHMaeMo ycTaHOBKy 2 aboxoômotkobhx 

TpaHC^opMaTopiB 3 Hanpyroro Ha bhcokîh CTopoHi 110 kB.

Po3paxyHKOBa noTy^rncTb m^Horo TpaHC^opMaTopa:

> §2 = 10>1 MBA.
T  1,4 1,4

no Taôa. 1.4.3 [2] BHÔnpaeMo Macaam TpaHC^opMaTopn 3araabHoro

npH3HaneHHa rany T^H-16000/110.

4. Koe^^ieHT 3aBaHTaæ:eHHa TpaHC^opMaTopÎB y HopMaabHoMy pe^HMÎ:

^  = § m̂  = 0,44 ;
32 2 • ST 2 • 16

y mcaaaBapÎHHoMy pe^HMÎ

kae 2 = § Mac = ^ 1Q + 10 = 0,88 < 1,4.
ae2 Sr 16

YmoBH BHKoHyMTbCa.

5. ^aa nigcTaH^ï nC-3 3 Hanpyroro Ha bhcokîh CToporn 110 kB, aKa Mae 

HaBaHTaæeHHA Si = 50 + j  45 MBA, 3Ba^awnn Ha Te, rn,o ïï cno^nBani BÎgHocaTbca go 

III KaTeropiï HagÎHHocTÎ eaeKTponocTanaHHa, BHÔnpaeMo TpaHC^opMaTop 

noTy^HÎCTw:

Sn  > Si =V502 + 452 = 67,27 MBA.

no Taôa. 1.4.2 [2] BHÔnpaeMo TpaHC^opMaTop 3araabHoro nproHaneHHa THny 

T^-80000/110.

6. Koe^^ieHT 3aBaHTa^eHHa TpaHC^opMaTopÎB y HopMaabHoMy pe^HMÎ:

V502 + 452§
U _ MÜKC
k 33 =

ST 80
= 0,84.

YmoBH BHKoHyWTbCa.

3m. Hucm N° doKyM. nidnuc Mama
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napaMeTpn
Tnn TpaHC^opMaTopy

TPATTH-
63000/110

TAH-
16000/110

TOT-
80000/110

HoMiHaatHa noTy^HicTb, Shom (MB^A) 63 16 80

HoMmaatm Hanpyrn oômotok, kB

BH^oï HanpyrH, Uhom.6h 115 115 121

HH^HOï Hanpyrn, Uhom.hh 10,5 11 10,5

BTpaTH, kB t

xoaocToro xogy, APx 59 19 70

KopoTKoro 3aMHKaHHa, AP k 260 85 310

Hanpyra KopoTKoro 3aMHKaHHa Mrn:
OÔMOTKaMH, % BÎg Uhom

bh^ oï - hh^ hoï Hanpyr, UK,e.H 10,5 10,5 10,5

CTpyM xoaocToro xogy, Ix (% Big Ihom) 0,6 0,7 0,6

A kthbhhh onip oômotok, Rt (Om) 0,87 4,38 0,71

PeaKTHBHHH onip oômotok, X t (Om) 22 86,7 19,2

BTpaTH noTy^HocTÏ b oÔMoTKax, Aqx (KBAp) 410 112 480

1.4 Bn3HaneHHa napaMeTpiB cxeMH 3aMÏm,eHHa

1. Aaa 3agaHOï cxeMH Mepe^i CKaagaeMo cxeMy 3aMÏm,eHHa pnc. 1.2.

2. Po3paxoByeMO napaMeTpn cxeMH 3aMÏm,eHHa arniH (pnc. 1.2). 

Rima R -1:

Q cA3
2

Ra3 = ro Ia3 = 0,198 ■ 40 = 7,92 Om;

Xa3 = xo Ia3 = 0,42 ■ 40 = 16,8 Om;

U H  V  A3 

2
1102 • 2,7 -10-6 • 40 

2
0,65 MBAp.

Rima R-2:

Q c ai

2

R  a i — ro Ia i =  0,198 ■ 40

X  a i =  xo l  a i =  0,42 ■ 40

U 2 b h i  1102 • 2 ,7  -10-6
2 = 2

= 7,92 Om;

= 16,8 Om;

• 40
-----= 0,65 MBAp.



.Hmm .4-3:

R 12 — ro I12 = 0,198 ■ 30 = 5,94 Om/

X 12 = x0 lj 2 = 0,42 ■ 30 =  12,6 Om;

Q C12
2

UH b0l12 
2

1102 • 2 ,7  • 10-6 • 30 
2

0,49 MBAp.

.4mm .4-4:

QC23   UH b0l23

R23 — ro I23 = 0,198 ■ 30 = 5,94 Om/

X 23 = x0 123 = 0,42 ■ 30 = 12,6 Om; 
2

2 2
1102 • 2,7 -10-6 • 30 

2
= 0,49 MBAp.

3m. Hucm N° doKyM. nidnuc Qama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm



3. napaMeTpn cxeMH 3aMÎm,eHHfl TpaHC^opMaTopÎB HaBegeHi b Taôn. 1.2.

1.5 Po3paxyHKH 3aMKHeHoï Mepe^i

1. OcKÎnbKH 3agaHa cxeMa MÎCTHTb mmï ogHOï HOMmanbHOï Hanpyra -  110 kB, to 

po3paxyHKOBa cxeMa MÎCTHTb rinKH 3 onopaMH ^Hx gmifi i By3nn 3 HaBegeHHMH 

HaBaHTa^eHH^MH.

CKnagaeMO po3paxyHKOBy cxeMy Mepe^i:

2. npHBegem go CTopoHH BH HaBaHTaæeHHfl BH3HanaeMO ak cyMy noTy^HOCTefi, 

3agaHHx Ha mHHax HH, BTpaT b oÔMOTKax, rinKax HaMarHÎnyBaHHa TpaHC^opMaTopÎB 

MÎHyc 3apggm noTy^HOCTÎ gmifi, npnegHaHHx go nigcraH^H.

S  p  =  ( P Haap +  A P xx

( S )naap

u  :
■ R T ) + J  (Q ,œ p  +  A Q xx +

( S Ynaap

~ Ü ï ~
X  -2AQc ).

3. BH3HanaeMo po3paxyHKoBe HaBaHTa^eHHa:

a )  npHBegeHe go CTopoHH BH TpaHC^opMaTopHoï nigcraH^ï T-1:

( S naap\ ) R ( s Y
na3p

S pl = (Papl +  : + 2APxl) + J (Q n a p l  + T t2
x tt i 2 , n \r >  x , i , n  , \ - Hapij  _x ti + : a q  -  Q c u

U L 2HOM

QC4!
2 );



e 502 + 302 0,87 _ _ _ _02
~ p1 [  1102 2 )

2  c n 2 o a 2 A A  2
j  30 + 50 + 3° ■ —  + 2■ 0,41 -  0 ,4 9 -  0,65 = 50,24 + >32, 77 MBA.

 ̂ 1102 2 )  ’ J ’

6)  npHBegeHe go ctopohh BH TpaHC^opMaTopHoï nigcraH^ï T-2:

S p2 = ( P „arp2 + ^  +  2  A P , 2 ) +
U  HOM 2

+j (Q„„ 2 + ■ X t 2  + 2 AO*) -  Q 2 -  Q 3  ;
U  HOM 2 2 2

„ 102 + 102 4,38 , g
~ p2  ̂ 1102 2 )

2 1 c2  1 f)2 Qfi. n 2
j  10 + 10 j  10 — 1- + 2■ 0 ,1 1 2 -0 ,4 9 -0 ,4 9  = 10,07 + >9,96 MBA.

 ̂ 1102 2  )  ’ ) ’

b)  npHBegeHe go ctopohh BH TpaHC^opMaTopHoï nigcTaH^ï T-3:

Sp3 = (P«,rp3 +  ^  ■ R t 3 + AP.3) +
U HOM

+ j ( Q h«.V 3 +  ^  ■ X t 3 + A Q X3 -  jQ cA 3 -  j Q c 23);
U HOM

(  502 + 452 2
p3  ̂ 1102 )

(  502 + 452 2
+j  45 + 50 + 45 -19,2 + 0 ,4 8 -  0,65 -  0,49 = 50,34 + >51,52 MBA.

I  1102 )

Tenep HeoôxigHo nepenra go po3paxyHKiB po3iMKHeHoï nacTHHH Mepeæi.

1.6 Po3paxyHoK pe^HMy po3iMKHeHoï Mepe^i

BH3HaneHHa b 3aMKHemn nacram Mepe^i po3noginy noTy^HocTen Mo^Ha ïï 

yMoBHo po3ginHTH y By3ni A  i npegcTaBHTH y BHraagi mmï i3 gBocTopoHHiM 

^HBneHH^M (pnc. 1.4).

3m. Hucm N° doKyM. nidnuc Mama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm



PncyHOK 1.4 -  Po3paxyHKOBa cxeMa po3iMKHeHoï nacTHHH Mepe^i

3HaxogHMO noTy^HOCTÎ b gmiax, BpaxoBywnn, rn,o 3aMKHeHa Mepe^a ogHopigHa:

S pl ' (l3 + l4 + l * *l ) + S p2 •(l4 + ll ) + S p3 ' ll _S — —
h  + h + h  + h

( 50,24 + >32,77)- l0 0  + (10,07 + >9,96)• 70 + (50,34 + >51,52)• 40 _

_  140 —

— 60,95 + >40,59 MBA,

c _  S p3 ( l3 + l4 + l2 ) + S p2 ' (l3 + l2 ) + S pl ' l2 _S rr - -
l2 + h + 4  + h

( 50,34 + >51,52) ' l0 0  + ( l0 ,0 7  + >9,96)• 70 + (50,24 + >32,77)• 40 _

~ Ï4Ô —

— 69,8 + >55,9 l MBA,

npoBogHMO nepeBipKy BHKOHaHHx po3paxyHKiB 3a yMOBOw:

S A'l + S Arr3 — S pl + S p2 + S p3 ,

130,75 + j96,5 M BA = 130,75 + j96,5 MBA.
P03paxyHKH BHKOHaHÎ npaBHHbHO.

BHKopHCTOByw+H nepinufi 3aKOH Kipxro^a 3HaxogHMO ÎHmi noTy^HOCTÎ:

S l2 — s Arl -  S pl — (60,95 + > 4 0 ,5 9 )- (6 0 ,2 8  + >33,44) — 0,67 + > 7 ,l5  MBA.

S 23 — S r  3 -  S P3 — ( 69,8 + > 5 5 ,9 l ) - (  60,4 + >53,26) — 9,4 + > 2,65 MBA.

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

gmmx cnig no+HHaTH 3 By3na 2, ^khô e tohkom noTOKopo3noginy noTy^HOCTefi 

g^epena ^HBneHHa:

npHHMaeMo noTy^HocTÎ S 12 i S23 3a gificm noTy^HocTÎ HanpHKÎH^ mmfi 6ina 

By3na 2 i 3HaxogHMo BTpara b mmï 12:



3m. Hucm M doKyM. nidnuc Mama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm

çi2 s: n 2 i 2̂
AS12 = ŸJT■ Z,2 = ’ l lp 2 ’------ (7 ,76  + J'16,8) = 0,03 + >0,07 MBA.

noTy^HÎCTb Ha nonaray mmï 12:

SH2 =  S 12 +  A S 12 =  ( 0,67 + j  7,15) + ( 0,03 + j0 ,0 7  ) = 0,7 + j  7,22 MBA. 

noTy^HÎCTt HanpHKÎH^ mmï A1 :

S  Al = S u  + S P1 = (  0 ,7  + j 7 ,2 2 )+  (60,28 + j3 3 ,4 4 ) = 60,98 + j 40,66 MBA. 

3HaxogHMO noTy^HOdi BTpaTH b mmï:

a  S  A1 = ■ Z A1 = 60,9812 + 4° '6^  ■ ( 9,7 + j  21) = 4,31 + j9 ,3 2  MBA.

noTy^HÎCTb Ha nonaray mmï:

S  HA1 =  S kA1 + A S A1 = (60,98 + j 40 ,66) + (4,31 + j 9 ,32) = 65,29 + j 49,99 MBA. 

3HaxogHMO noTy^HOCTÎ BTpaTH b mmï 23 :

( S 23 ) 9 42 + 2 652
a  S 23 =  - J j r -  ■ Z 23 = ------ ( 5,82 + j 12,6) = 0,05 + j  0,1 MBA.

U  H 1 1 0

noTy^HÎCTb Ha nonaray mmï:

S23 = S  23 + A S  23 = ( 9,4 + j  2 ,65 ) + ( 0,05 + j  0,1) = 9,45 + j  2,74 MBA. 

noTy^HÎCTb HanpHKÎH^ mmï A3 :

S  % = S  H3 + S , 3 = (9 ,4 5  + j 2 ,74) + (60,4 + j5 3 ,2 6 ) = 69,85 + j56 ,01  MBA. 

3HaxogHMO noTy^Homi BTpaTH B mmï:

a S  A3 = ^ 2 ^  ■ ZA3 = 6 9 ,8 5  + 5 6 , 0 1  ■( 7,76 + j 16,8) = 5,14 + j 11,13 MBA.
U  H 1 1 0

noTy^HÎCTb Ha nonaray mmï:

S  A3 = S A3 +ASA3 =( 69,85 + j 56,01) + ( 5,14 + j 11,13) = 74,99 + j  67,14 MBA. 

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

S a = S A1 + S A3 -  JQca1 -  JQca3 = (65,29 + j 49 ,99) + (74,99 + j 67,14 ) -  j  0,82 -  j 0,65 =
= 140,28 + j 115,65 MBA.

Hanpyry y By3m 1 3HangeMo 6e3 oômKy nonepenHoï CKnagoBoï cnagaHHA 

Hanpyrn:



3m. Hucm M doKyM. nidnuc Mama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm

U  =  u  -  +  Qa1x ai =  m  -  6 5 ,2 9 ' 9,7  + 4 9 ,9 9 ' 21 = 107,09 kB.
1 A U A 121

Hanpyra y By3ni 2:

U  =  U  -  p R  +  g 12X |2 = 1 0 7 ,0 9 - ° ’7 ’7’76 + 7^ 16-8 = 105,91 kB.
2 1  U  107,09

Hanpyra y By3ni 3 CKnage:

U  =  U A -  PA R a  +  Q a3X A3 = 121 -  74,99 •7,76 + 67,14 ~16,8 = 106,87 kB.
3 A U A 121

Hanpyra y By3ni 2:

U ” =  U  -  P23R23 + Q 23X23 = 106,87 -  9,45  •5,82 + 2,74  ~12,6 = 106,03 kB.
2 3 U3 106,87

norpimmcTb po3paxyHKiB Hanpyra y By3ni 2 He nepeBHrnye BCTaHOBneHe 

3HaneHHa.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S1 3 oôhîkom nonepenHOï 

CK^agoBOï cnagaHHa Hanpyra:

U B  U
T T  _ U T 1 _ T  tB  U  H.HOM1

U s 1  =  k  ~  U  T 1 • U ’k T  1 U  omB

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

k T 1 = UomB - K oe^ieH T TpaHc^opMagîï TpaHc^opMaTopa T-1;
U  h .hom1

U ome - Hanpyra perynwBantHoro BÎgrany^eHHa oômotkh BH;

U HHOMl - HOMmantHa Hanpyra oômotkh HH TpaHC^opMaTopa.

f  T? Y  V  f  Y  r> \ 2
pH R T1H , r>H X  T1H pH X  T1H r>H R T1HD PT1 ~ + Q T1 ~ PT1 ~ Q T1 ~

U B =  u ! ----------2--------------- + ----------------- 2-------------- =
U 1 U1 U1
K  J v J

f  0 87 22 Ÿ  f  22 0 87 Ÿ
60,16 • -2—  + 34,09 • —  60 ,16-------- 34,09 • -2—

= 107 ,09---------------2-----------------^  + -----------2-----------------= 103,52 kB.
1 107,09 107,09
K  J v J

ge p 1 + QT1 = S n  - noTy^HÎCTt Ha nonaTKy TpaHC^opMaTopa T-1.



3m. Hucm M doKyM. nidnuc Mama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm

= 60,16 + j 34,09 MBA.

U s, = 103,52 •1 0 5  = 9,45 kB.
51 115

BigxnneHHa giËCHOï Hanpyrn Mepeæi Big HOMmanbHoro CKnage:

V % = Us1 -  U hom ■ 100 = 9,45 - 10 • 100 = -5 ,4 8  %.
1 U Hom 10

BcTaHOBnweMO nepeMHKan PnH  y nono^eHHA -3, nepepaxoByeMO giËCHy 

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

US1 = 103’52 3 ° |5-8  I |5  = 9’99 kB-
115 + ------ -----------

100

np n  ^OMy BÎgxnneHHa Hanpyrn CKnage:

U  -  U  9 99 -1 0V % = _ S1----- hom ■ 100 = _!------------ 100 = -0 ,1  %,
1 U  10hom

^ o  b Me^ax npHnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTa^eHHa S2:

U B Utt   _  T2   t tB _  h.hom2
_ S  2 =  , = _  T 2 h ' j j  ,

kT 2 _ ome

f  D V  \ 2 f  V  D \ 2
pH r T2 , n H X  T2 pH X  T2 n» R T2

D PT 2 ~ +  Q T 2 ~ PT 2 ~ Q T 2 ~
U B i =  u  2 ----------2--------------—  + ------- 2------------- —  =

K  y V y

f  10 ,0- ■4 ,3 8  +11,43 ■8 6 7 1 f  10 ,0 - ■8 6 7  -1 1 ,4 3  ■4 3 8 1
= 106 ,03---------------2------------------+ -------------------- 2------------------ = 96,58 kB.

4 106,03 106,03
K  y v y

ge P^2 +  QH2 = SH2 - noTy^HÎCTb, aKa nepegaeTbca no oôm ow  HH

TpaHc^opMaTopa T-2,

S j 2 =  10 ,0 - + j  11,43 MBA.

U „  = 96,58 ■7 0  = 9,24 kB.
52 115



BigxHneHHfl giHCHoï Hanpyrn Mepeæi Big HOMmanbHoï CKaage:

V  % = —S3 -  U hOM . 10q = 8,45 - 1 0 .100 = -15 ,53  %.
3 U HOM 10

YcTaHOBnweMO nepeMHKan PnH  y nono^eHHA -9, nepepaxoByeMO giHCHy 

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

10,5
Us 3 = 97,35

121 + - 9  • 1,78 • 121
= 10,06 kB.

iqq

3m. Hucm N° doKyM. nidnuc Mama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm

BigxnneHHfl giHCHoï Hanpyrn Mepeæi Big HOMmanbHoï CKaage:

U  -  U  9 24 - 10V % = ——-----uom . iqq = —,------------ IQQ = -7 ,6 2  %.
2 U  10HOM

BcTaHOBnweMO nepeMHKan P nH  y nono^eHHA -4, nepepaxoByeMO giHCHy 

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

U S 2 = 96’58 ^ | -41.11,78 • 115 = 9’95 kB'
+ IQQ

npH ^OMy BÏgxHneHHa Hanpyrn CKaage:

V  % = Us2 -  U nOM • iqq = 9,95 - 10 • ioo = - Q,54 %,
2 U  1QHOM

^ o  b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÏ HaBaHTa^eHHa S3 :

u B  r utt _  T3 _ t tB ^ h.hom3 
— S3 =  1 =  U T3 • TT , 

kT 3 — ome

2 2 (  p H p  4- n H y   ̂ (  p H y  — n H p  ^—B =  — -  P T 3r T 3 + Q T 3X  T 3 + PT 3X T 3 Q T 3R T 3 =

T3 Vl  3 —3 J l  U3 ) ~

J f 106,87 -  6° ’33 • ° ’71 + * 53’93 •19’2 T  + (  6Q.33 •19,2 -  53,93 •0,71 Y  = 97,35 kB,
106,87 )  f  106,87 )

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

S H  =  6Q,33 + j 53,93 MBA.

U „  = 97,35 •10,5 = 8,45 kB.
S3 121



npH ^OMy BÎgxHaeHHa Hanpyrn CKaage:

V % = U S3 -  U HOM . 100 = 10,06 - 1 0 .100 = 0,59 %,
3 U hom 10

rn,o b Me^ax npnnycTHMoro.

1.7 Po3paxyHOK mcaaaBapmHoro pe^HMy

BBa^awHH mmro .4-1 aBapiHHO BigKHMHeHoro, BHKOHyeMO po3paxyHOK pe^HMy 

Poôoth eneKTpHHHOï Mepe^î, cxeMa 3aMÎrn,eHHa aKoï HaBegeHa Ha pnc. 1.5.

Po3paxyHOK HaBaHTa^eHt, npHBegeHHx go BH TpaHC^opMaropÎB npn 

aBapÎHHOMy pe^HMÎ poôoTH npoBogHTbca 3a thmh æ BHxîgHHMH napaMeTpaMH, rn,o h 

gaa HopManbHoro pe^HMy, TOMy BHKOHyBara noBTopHe nepepaxyBaHHa HeMae 

HeoôxigHOCTÎ.

noTy^HÎCTb HanpHKÎH^ mmï .4-3 gopÎBHwe:

S  23 = S  p3 = 60,4 + y'53,26 MBA.

PncyHOK 1.5 -  CxeMa 3aMÎrn,eHHa eaeKTpHHHoï Mepe:m b aBapiHHOMy pe^HMÎ



BTpaTH noTy^HOCTÎ b grniï:

_  (S  23 )
AS23 -  ^  -2 7 (R23 + j X 23 ) -  3,12 + J 6,75 MBA..

U HOM

noTy^HÎCTb Ha nonaray grniï .iï-3:

-23 _  —23 ^ 23

noTy^HÎCTt HanpHKÎH^ grniï .iï-2 piBHa:

S  23 = S  23 + A S 23 -  63,52 + j  60,02 MBA.

-12 _  Ü23 1 ü p 2

BTpaTH noTy^HOCTÎ b grniï:

S i  = S 23 + S  p2 = 73,59 + j 69,81 MBA.

( S i2 )
-iK

. -12A S -  V___ ;AS 12 -  j  j 2  (  R 12
U  HOM

(R12 + jX 12 ) -  6,6 + j14 ,29  M BA. 

noTy^HÎCTb Ha nonaray grniï .iï-2:

112 _  bL12 1 ^ - 1 2

noTy^HÎCTb HanpHKÎH^ grniï .iï-4 piBHa:

SH2 -  S u  + A S n  -  80,19 + j'84,1 MBA.

112 ^ iA.p 1

3HaXOgHMO nOTy^HOCTÎ BTpaTH B HÎHÎï

S  A1 -  SH2 + S  p1 -1 4 0 ,4 7  + j117,54  MBA.

A S »  - ( s  A1 )2
—A1 u 2

U H.A1
ZA1 -  26,89 + J58,22 MBA.

noTy^HÎCTb Ha nonaray grniï:

S A1 -  S i  + ASA1 -1 6 7 ,3 7  + j'175,76 MBA.

3HaxogHMO noTy^HÎCTb, gKy BHgae g^epego ^HBgeHHg A:

S a  -  S Ha1 -  j Q cA 1 - 167,37 + j174,95M B A .

Hanpyry y By3gi 1 3HangeMO 6e3 oôgÎKy nonepenHoï CKgagoBoï cnagaHHg 

Hanpyrn:

U  -  U A
P "a 1R a 1 +  S l A u  -  77,08 kB.

U A

Hanpyra y By3gi 2:

3m. Hucm N° doKyM. nidnuc Mama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm



U  =  U  -  p 2 R 2 + Q12X 12 = 50,68 kB.
U

Hanpyra y By3ni 3 CKnage:

U  =  V  -  P- ô R o  +  Q a iX a i =  21,05 kB.
3 2 U

OcKmtKH cnagaHHa Hanpyrn y By3nax nepeBHmyroTb BCTaHOBnem 3HaneHHA, 

3acrocyeMO KOMneHca^m peaKTHBHOï noTy^HOCTÎ b Mepeæi. ^O ro y By3nax 1, 2

HeoôxigHO BCTaHOBHTH KOHgeHcaTopHi ôaTapeï 3 KOHgeHcaTOpaMH THny KC2-1,05-60, 

po3paxoBaHi Ha HOMmanbHy Hanpyry 110 kB, akî 3aôe3nenaTb KOMneHca^m 

peaKTHBHOï noTy^HOCTi no 36,8 MBap KO^Ha, a y By3ni 3 ycTaHOBHTH KOHgeHcaTOpm 

ôaTapeï 3 KOHgeHcaTOpaMH THny KC2-1,05-125, akî 3aôe3nenaTb KOMneHca^m 

peaKTHBHOï noTy^HOcri 77 MBap.

BHKOHaeMO nepepaxyHOK nOTOKOpO3nOgmy nOTy^HOCTen y Mepe^i 3 

ypaxyBaHH^M KOMneHca^HHHx npHCTpOïB.

nOTy^HÏCTb HanpHKÏH^ mmï 4 -3  piBHa:

S 23 = S -  j Qe k  = 60,4 + j16,46 MBA.

BTpaTH nOTy^HOCTÏ B mmï:

_  ( S  23 )
-<K -2
> 23

A S 23 = ( R23 + j X  23 ) = 1,89 + j  4,08 MBA.

nOTy^HiCTb Ha nOnaTKy mmï .4-3:

123 _  i£.23 —23

nOTy^HÏCTb HanpHKÏH^ mmï 4 -2  piBHa:

S  23 = S  23 + A S23 = 62,29 + j 20,54 MBA.

U2 _  ^ 2 3 '  -̂p2

BTpaTH nOTy^HOCTÏ B mmï:

SK2 = S 23 + Sp2 -  j Qe k  =  72,36 -  j 6 ,46 MBA.

( s K2 )2
A S  12 ( R12 +  j X i 2  ) =  3,38 +  j 7,33 MBA.

U  HOM

nOTy^HÏCTb Ha nOnaTKy miHÏï 4-2:

SH2 = SK2 + AS12 = 75,74 + j 0,87 MBA.

3m. Hucm N° doKyM. nidnuc Mama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm



noTy^mcTb HanpHKÎH^ mmï .4-4 piBHa:

SA1 =  SH2 +  S  p 1 -  JQe k  = 136,02 -  j  42,69 MBA. 
3HaxogHMO noTy^HOdi BTpara b mmï:

_ (  S  Ai )2
AS Ai = ..2

U  h. Ai

ZA1 = 16,29 + J35,27 MBA.

noTy^HÎCTt Ha nonaray mmï:

S ha 1 = S KA1 + A S a 1 = 152,32 -  J 7 ,42 MBA.

3HaxogHMO noTy^HÎCTb, AKy BHgae g^epeno ^HBneHHfl A:

S a  = S  A  -  JQc a 1 = 152,32 -  j  8,23 MBA.

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

Hanpyra:

U  =  U A -  Pa1^ A1 + Qa1 Xa1 = 110,08 kB.
U A

Hanpyra y By3m 2:

U2 = u  -  p2R12 + Q12^ 12 = 104,6 kB.
U1

Hanpyra y By3m 3 CKnage:

U  =  U  -  PA3Ra3 + QA3X a 3 
3 2 U

96,68 kB.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S1 3 oômKOM nonepenHoï

CKnagoBOi cnagaHHa Hanpyra:
>2

S h =  S +S T1 = S Hâ p1 +
PHâ p1 +  Q Hâ p1 ( R T1 + j X T 1 )

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

U B 
T1

f

U1

pH R T1H , r>H X T1H
PT1 2 + Q t 1 2

V  f

U1
+

pH X T1H r>H R T1H ^
Pt1 2 Qt1 2

U ,
V

106,59 kB.

U s, = 106,5910,5  = 9,73 kB. 
S1 115

BîgxnneHHa giËCHoï Hanpyra Mepeæi Big HOMmanbHoï CKnage:

U  -  U  9 73 - 10
V % = US1 T UHOM ■ 100 = ------100 = -2 ,6 7  %,

U„ 10

3m. Hucm N° doKyM. nidnuc Mama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm



rn,o b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S2:

PHâ p 2 + Qm^p 2 ( R T 2 + JX T 2 )
S T 2 = S m^p 2 +

U 2 2
10,07 + y 11,43 MBA.

U
B 
T 2 U

PT\  %  + Qh X T 2
2 T2

V  \ 2 f  V  D 'N2
H X  T2 Y)H R T2

PT 2  ̂ Q t2
U

US2 = 95,03 •

+ 2 CT 2 2

10
H 5

U

= 9,09 kB.

95,03 kB.

BîgxnneHHa giËCHoï Hanpyrn Mepeæi Big HOMmanbHoï CKnage:

V  % = U s 2 -  U hom -100 = 9,09 - 10 • 100 = -9 ,1  %,
2 U  10hom

^ o  B Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S3 :

S h  =  S Hazp3 +  Pnazpl  +  Qhû2p3 • (R t3 + J X t 3) = 60,33 + y53,93MBA.
U, 2

U b3 = U  -  PT 3R T 3 + Q t 3 X T 3

V U3

f  tïh
+ p  3 X T 3 QT 3RT 3

V U
= 86,31 kB.

10,5
U S 3 = 86,31 — -  = 7,49 kB.

S 3 1 2 1

BigxnneHHfl giËCHoï Hanpyrn Mepeæi Big HOMmanbHoï CKnage:

U  -  U  7 49 -1 0
V % = U S 3  Uhom -100 = ------------100 = -25,1  %.

3 U h0m 1 0

BcTaHOBnweMO nepeMHKan P nH  y nono^eHHA -9, nepepaxoByeMO giËCHy 

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

10,5
Us 3 = 86,31 •

121 + -9 -1 ,7 8  • 121
= 8,92 kB.

100
np n  ^OMy BÎgxnneHHa Hanpyrn CKnage:

V % = U s 3 t U hom -100 = 8,92^ 10 -100 = - 10,0 %,
U 10

rn,o B Me^ax npnnycTHMoro.

3m. Hucm N° doKyM. nidnuc Mama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm



3rigHo i3 3aBgaHHaM, HeoôxîgHo po3paxyBara gBoxTpaHC^opMaTopHy 

nigcraH^ro nC -1, go aKoï mgKnroneHO HaBaHTaæeHHa

noTy^HÎCTW S1 =  50 + j3 0  MBA. Ha nigcraH^ï BCTaHoBaern TpaHC^opMaTopn THny 

TP^llH -63000/110.

2.1 Bnôîp chhobhx TpaHC^opMaTopÎB Ta ïx nepeBipKa 

3a rpa^ÎKOM HaBaHTaæeHHa

S Hae = VpH2aB + Q L  = V 502 + 302 = 58,3 M BA

S _  =
S.

TP Tf
K aB

ge K aB = 1,4 •

= 58,3 / 1,4 = 41,64 M BA

K  =
S.

2 • S
= 0,46

T p .H O M

^aa nigcTaH^H ôyan oôpam TpaHC^opMaTopn noTy^HOCTÎ S = 63 M BA THny 

TP^UH -63000/110.

nepeBÎpHMo TpaHc^opMaTopn 3a aoôobhm rpa^ÎKoM HaBaHTaæeHHa Ta6a.2.1.

T a ô a n ^  2.1 -  ^oôoBe HaBaHTaæeHHa nigcTaH^ï

t,r 0 2 4 6 8 10 12 14 16 18 20 22
S, % 45 55 60 90 90 80 80 100 90 130 140 100

S,MBA 26,2 32,1 35 52,5 52,5 46,6 46,6 58,3 52,5 75,8 81,6 58,3

^aa nepeBÎpKH npaBHabHocTÎ BHÔopy TpaHc^opMaTopa peaabHHH rpa^ÎK 

HaBaHTa^eHHa nepeTBopHMo b gBocTynmaacTHH. üoaaTKoBe HaBamaæeHHa 

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



K . s ? t t + s 1 2 * * S2t 2 + . . . + s ;1~ =

SHOM \ t 1 +  12 +  ... +  t  n

1 126,22-2+32,12-2+352-2+52,52-2+52,52-2+46,62-2+46,62-2+58,32-2+52,52-2+58,32 2
= ------J — ----------- -------------------- ----------- ----------- ----------- ----------- ----------- ----------- ------=  0,568

63 y 2-10

ge S1sS2, ... Sn -  BnacHe HaBaHTaæeHHA nepmoro; gpyroro; n-ro CTyneHA rpa^ÎKa

HaBaHTaæeHHA, po3MÎm,eHoro HH^ne mmï HOMmanbHoï noTy^HOdi TpaHC^opMaTopa; 

t1st2, ... tn -  TpHBamcTt CTyneHa, rogHHa.

AHanorÎHHO BH3HanaeTbca gpyrnfi CTynÎHb eKBÎBaneHTHoro rpa^ÎKa, ane npn 

^OMy ôepyTbca CTyneHi, po3MÎm,em BHrn,e mmï HOMmanbHoï noTy^HOCTÎ 

TpaHc^opMaTopa

K  /s ? t ! + s2 t 2 + . . . + s ^ =

SHOM \  t 1 +  12 +  ... +  t  n

1 / 75,82-2+81,62- 2
= ------J ------------------------=  0,966

63 M 2- 2
ge s 15s 2,...,sn -  HaBaHTa^eHHa BHrn,e mmï HOMmanbHoï noTy^HOCTÎ

TpaHc^opMaTopa.

MaKCHManbHe nepeBaHTa^eHHa TpaHc^opMaTopa CKaagae



S
Kmax = 7MAX = 81,6 / 63 = 1,3

SHOM

ge SMAX -  MaKCHMantHe HaBaHTaæeHHa TpaHC^opMaTopa 3a rpa^ÏKoM 

HaBaHTaæeHHa.

K2 = 0,9 ' k max = 0 ,9 ' 1,3 = 1,17

nopÎBHweMO nonepegHe 3HaneHHa K2 h K'2 gaa nogaatm nx po3paxyHKiB 

npHHMaeMO ôiatm e 3 hhx K2 = 0,966 Ta K'2 = 1,17, K2 > K2 oT^e npHHMaeMo 

K 2 = 1,17.

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

nepiogy t = -10°C i nacy nepeBaHTaæeHHa tnepeB = 4 rog, 3HaxogHMo 3HaneHHa

nepeBaHTaæeHHa gonyCTHMe K2roCT = 2.

nopÎBHweMo 3HaneHHa K 2 3a rOCToM i peaatHe. K2roCT = 2 i K2 = 1,17.

K2roCT > K2. 3HaneHHa K2 3a rOCToM ôiatm e, Hra: peaatHe, 3HanHTt

TpaHC^opMaTop oôpaHHH npaBHntHo.

B hchobok:

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

TpaHC^opMaTopa 2 -h TpaHC^opMaTop 3a6e3nenHTt ^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 CTopoHi 110 kB i 10 kB. BnxigHa ogHommHHa 

eneKTpHHHa CxeMa eaeKTpoMepe^i HaBegeHa Ha pHC. 2.2. nigCTaH^a ^HBHTtCa 3a 

gBoMa TynHKoBHMH mmaMH: CxeMH 3aMÏm,eHHa gaa po3paxyHKy CTpyMiB KopoTKoro 

3aMHKaHHa HaBegeHa Ha pHC. 2.3.

Po3paxyHoK CTpyMiB KopoTKoro 3aMHKaHHa BHKoHaeMo b ÏMeHoBamn CHCTeMÏ 

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

CKaagae S c  =  2300 MBA.



PncyHOK 2.3 -  CxeMa 3aMÎrn,eHHfl gna po3paxyHKy CTpyMiB KopoTKoro 3aMHKaHHA 

Onip CHCTeMH gopÎBHwe

U 2
X  = U  i  = 1102 / 2300 = 5,26 Om.

C Sc

Onopu ^pa^wwHHx gmm:

.Hmm Æ-1 Æ-2 Æ-3 Æ-3

^OB^HHa, KM 40 40 30 30

MapKa npoBogy AC-150/24 AC-150/24 AC-150/24 AC-150/24

X^, Om 16,8 16,8 12,6 12,6

X m = X n-2 = 16,8 Om 

X^2 = X*_1 + X^-3 + X^-4 = 42 Om

X n =  Xm ' XJ2  = (16,8-42) / (16,8 + 42) = 12 Om.
X  m + X  ̂ 2



Onip TpaHC^opMaTopÎB

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

nepiogHHHa cK2agoBa CK3 y toh^  K 1:

IK1 =  r  UjI------ - = 110000 / (1,73 (16,8 + 12)) = 3,68 kA.
V 3( X c + X n )

nepiogHHHa CKnagoBa CK3 y toh^  K2 npHBegeHa go Hanpyrn BHrn,oï ctopohh

R U
IK2 = — T------- 2----------- >- = 110000 / (1,73 (16,8 + 12+20,2/2)) = 2,321 kA.

7 3  ( X c + x  „ + ^
V 2 J

PeanbHHH CTpyM K3 y t o w  K2:

Ik2 = 1K2 U "  = Ik2 - (110 / 10) = 25,53 kA.
UH

YgapHHH CTpyM:

- y t o w  K1: iyg1 = V 2 -1,61 - IK1 = 8,38 kA;

- y t o w  K2: i yg2 = V 2 -1,61 - IK2 = 58,13 kA.

^onycTHMo, ^ o  aMnaÎTyga E^C i nepiogHHHa CKnagoBa TK3 He3MÎHHÎ 3a 

nacoM, ToMy Hepe3 Hac, hkhh gopÎBHwe Hacy BÎgKHMHeHHa 

Inr1 = IK1 = 3,68 kA  gaa tohkh K 1 ;

Inr = IK2 = 25,53 kA  gaa tohkh K2.

AnepiogHHHa CKnagoBa TK3 go MoMeHTy po3ÔmHocTi KoHTaKTiB BHMHKaHa

iai =  V 2 • Iki - 6 a =  V 2 - 3 , 6 8  • S

ia2 =  4 2 - IK, -e T- = 4 2 -25,53-

0,06 
0,025 .

0,1 
0,05

LK2

: 0,472 kA

- 4,886 kA

ge Ta -  nocTÎHHa Hacy 3aracaHHa anepiogHHHoï CKnagoBoï gaa K1 -  Ta =0,025 c, gaa 

K 2 -  Ta =0,05 c.

iHTerpaa ^^oyaa:

gaa K  B r = lKi(t + Ta) = Iki(0,06 + 0,025) = 3,682 0,085 = 1,151 kA2c

gaa K  B R = IK2(t + Ta) = IK2(0,1 + 0,05) = 25,532 0,15 = 97,77 kA2c

3m. Hucm N° doKyM. nidnuc Mama
BP 5 .6 .1 4 1 .6 2 6  n 3

Hucm

t

t



CTpyMH
KOpOTKOrO
3aMHKaHHA

CK3 y
nonaTKOBHH 
MOMeHT nacy

YgapHHH CK3 
iy , kA

Anepiog. 
CKHagoBa CK3,

ia «A

iHTerpan ^^oyna  
B k , kA2 c

fflHHH 
110 kB ( K  )

3,68 8,38 0,472 1,151

fflHHH
10 kB ( k  )

25,53 58,13 4,886 97,77

2.3 Bnôip 3axHCHoï Ta KOMyTa^HHoï anapaTypn

BncoKOBOHbTHi eneKTpHHHi anapara BHÔHparoTbca 3a yMOBoro TpHBanoro 

pe^HMy poôoTH i nepeBÎpawTbca 3a yMOBaMH kopotkhx 3aMHKaHb. np n  ^OMy gra 

anapaTiB BHKOHyeTbca:

1) BHÔip 3a Hanpyroro;

2) BHÔip 3a HarpiBaHHAM npn TpHBannx CTpyMax;

3) nepeBipKa Ha eneKTpogHHaMiHHy CTiHKicTb;

4) nepeBipKa Ha TepMWHy CTiHKicTb;

Bnôopy nignarawTb:

- BHMHKani Ha ôo^  butttoï Hanpyrn;

- BCTynHi BHMHKani Ha ôo^  10 kB;

- ceKgiHm BHMHKani Ha ôo^  10 kB;

- BHMHKani niHÏH, t o  BigxogaTb, 10 kB; po3'egHyBani bhtoï Hanpyrn;

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

- omHHOBKa po3noginbHHx npHCTpoïB 110 kB i 10 kB.

BHÔopy anapaTiB i CTpyMOBegynnx nacTHH HeoôxigHO BH3HanHTH CTpyMH 

HopManbHoro i nicnaaBapifiHoro pe^HMÏB. Bn3HaneHHfl CTpyMiB BHKOHyeTbca gna 

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

BignoBigHO go rpa^iKa HaBaHTa^eHHa nigcTaH^ï.

CTpyM Ha ôo^  110 kB:

BP 5 .6 .1 4 1 .6 2 6  n 3
Hucm

323m. Hucm N° doKyM. nidnuc Mama



jBH =  1,4 • SH0M = ( 1 ,4-63) /  ( j 73 . u 0) =  463 A .
max

V3  • U bh

CTpyM y Koni BBÎgHHx BHMHKanÎB Ha CTopoHi 10 kB

rHH 1,4 • S,ynn _
max =  V 3  • u

= (1,4-63) / (1,73-10) = 5,09 kA.
HH

CTpyM y Koni CewfiHoro BHMHKana:

rCB 1, 4  • SH0,tCB _

max =  V 3 • U hh • 2
= (1,4^63) / ( ^ • W ^ )  = 2,55 kA.

CTpyM y Koni mmï, rn,o BÎgxogHTb

rHB _  1, 4  • ShomtJID _

max =  V3 • U hh •lO
= (1,4^63) / (1,73-10-10) = 509 A.

^aa BCTaHoBneHHa Ha CTopoHi bhh,oï Hanpyrn npHHMaeMo BHMHKani THny 

^3-110^-23(13)Y 4. Bnôip BHMHKanÎB HaBegeHHH y Taôa. 2.3.

T a ô a n ^  2.3 -  Bnôip BHMHKana Ha CTopoHi 110 kB

YMoBa
BHÔopy

Po3paxyHKoBi
3HaneHHa

KaTaao^m
3HaneHHa

U c  < U  H 110 kB 110 kB
I  <  IpaCH HOM 463 A 1250 A

1  n o  <  1  n p C K B 3,68 kA 50 kA
I y d  < I CKB 8,38 kA 125 kA

^nt < 1 OmKHoM 3,68 kA 100 kA
I  < Ia i  aHoM 0,472 kA 40 kA
Bk < PTtr 1,151 kA 2 c 7500 kA 2 ĉ

^aa BCTaHoBneHHa Ha CTopoHi hh3bkoï Hanpyrn npHHMaeMo BHMHKani THny 
M rY-20-90/9500Y3. Bnôip BHMHKaniB HaBegeHnn y Taôa. 2.4.

T a ô a n ^  2.4 -  Bnôip BHMHKaniB y kohî TpaHC^opMaTopa Ha CTopoHi 10 kB

YMoBa
BHÔopy

Po3paxyHKoBi
3HaneHHa

KaTaao^m
3HaneHHa

U c  < U  h 10 kB 20 kB
I  <  IpaCH HOM 5,09 kA 9500 A

I n o  < I n p C K B 25,53 kA 105 kA
I y d  < I CKB 58,13 kA 300 kA

^n t  < IOmKHoM 25,53 kA 90 kA
I  < Ia i  ~  a  h o m 4,886 kA 30 kA

B K  < I T t r 97,77 kA 2 c 32400 kA 2 c



^ n a  y c T a H O B K H  b  a K o c T Î  c e w f i H o r o  H a  C T o p o H i  h h ^ h o ï  H a n p y r u  n p H H M a e M o  

B H M H K a n i  T H n y  B B 3 - 1 0 - 3 1 , 5 / 3 1 5 0 Y 3 .  B n ô i p  B H M H K a n Î B  H a B e g e H o  b  T a ô n .  2 . 5 .

T a ô n n ^  2 . 5  -  B n ô i p  c e w f i H o r o  B H M H K a n a  H a  ô o ^  1 0  k B

Y M O B a  P o 3 p a x y H K O B i  K a T a n o ^ m

B n ô o p y ___________________________ 3 H a n e H H a _______________________________ 3 H a n e H H a ______________

U c  <  U  H ________________________________ 1 0  k B _______________________________________ 1 0  k B ________________

I p a c n  <  i hom 2 , 5 5  k A  3 1 5 0  A

1  n o  <  1  n p C K B  2 5 , 5 3  k A  3 1 , 5  k A

î y  —  1  npC K B  5 8 , 1 3  k A  8 0  k A

I m  < 1  o m khom____________________________ 2 5 , 5 3  k A _______________________________ 3 1 , 5  k A ______________

I a v < 1  a  h o m ______________________________ 4 , 8 8 6  k A ______________________________3 1 , 5  k A ______________

B k  <  I 2T t r________________________ 9 7 , 7 7  k A 2  c ___________________________ 2 9 7 7  k A 2  - c

^ n a  B C T a H o B n e H H a  H a  C T o p o H i  h h ^ h o ï  H a n p y r n  b  n i H i a x ,  r n , o  B Î g x o g a T b ,  

n p H H M a e M o  B a K y y M H Î  B H M H K a n i  T n n y  B B 3 - 1 0 - 3 1 , 5 / 6 3 0 Y 3 .  B n ô i p  B H M H K a n i B  

H a B e g e H o  b  T a ô n .  2 . 6 .

T a ô n n ^  2 . 6  -  B n ô i p  B H M H K a n Î B  H a  n i r n r o ,  r n , o  B Ï g x o g H T b  1 0  k B

y M o B a  P o 3 p a x y H K o B Î  K a T a n o ^ H Î

B H Ô o p y ___________________________ 3 H a n e H H a _______________________________ 3 H a n e H H a ______________

U c  <  U  h ________________________________ 1 0  k B _______________________________________ 1 0  k B ________________

I p a c n  <  i hom 5 0 9  A  6 3 0  A

1  n o  <  1  n p C K B  2 5 , 5 3  k A  3 1 , 5  k A

î y  —  1 npC K B  5 8 , 1 3  k A  8 0  k A

I m  < 1  omKHoM__________________________ 2 5 , 5 3  k A _______________________________ 3 1 , 5  k A ________________

I a z  < 1  a  h o m ____________________________4 , 8 8 6  k A _______________________________ 3 1 , 5  k A ________________

B k  <  1 2 t  9 7 , 7 7  k A 2  - c  2 9 7 7  k A ^ c

^ n a  B C T a H o B n e H H a  H a  C T o p o H i  b h ^ o ï  H a n p y r n  n p H H M a e M o  p o 3 ' e g H y B a n i  3

o g H H M  a ô o  g B o M a  K o M n n e K T a M H  3 a 3 e M n w w n n x  h o ^ î b  T u n y  P H ^ 3 . 1 - 1 1 0 / 1 0 0 0  X Æ 1 .

B n ô i p  p o 3 ' e g H y B a n Î B  H a B e g e H H H  y  T a ô n .  2 . 7 .

T a ô n n ^  2 . 7  -  B n ô i p  p o 3 ' e g H y B a n Î B  1 1 0  k B

y M o B a  „  . K a T a n o ^ H Î
^  P o 3 p a x y H K o B i  3 H a n e H H a  „

__________ B u ô o p y ____________________ J ______________________________________________________ 3 H a n e H H a ______________

U c  <  U  H _________________________________ 1 1 0  k B _______________________________ 1 1 0  k B __________________

I  pacH  —  I  «om________________________________ 4 6 3  A _______________________________ 1 0 0 0  A __________________

t y ô  <  1 n pC K B  8 , 3 8  k A  8 0  k A

B k  <  I 2T t r________________________1 , 1 5 1  k A 2  c ____________________________ 9 9 2  k A 2  - c ________________



2.4 B h6îp 36ipHHX iiihh

BnôpaTH 3ÔipHi ttthhh 110 kB Ta cTpyMonpoBÏgm eaeMeHTH b 6 a o ^  Big 36ipHHx 

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

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

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

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

Ihopm = / T  = 58,3 / (1.73 110) = 306 A.
V3 • Uhom

M̂aKC = ĤOpM = 306 A .

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  > 306 A.

nepeBipKa mHH Ha eaeKTpogHHaMÏHHy CTiHKicTb He BHKoHyeTbca, ocKÎnbKH

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, ocKÎnbKH 3rigHo n Y E  MÎHÎManbHHH nepepi3 gaa noBÎTpaHHx amifi 

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

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

BH3HanaeMo nonaraoBy KpHTHHHy Hanpy^emcTb eaeKTpHHHoro noaa:

(  0 2991
E0 = 30,3 • m • 1 + ,

l  Vr- J

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

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

f

E0 = 30,3 • 0,82 • 1 +
0,299

l 76
= 33,4 kB /cm

3m. Hucm M doKyM. nidnuc Mama
BP 5.6.141.626 n3

Hucm



Bu3HanaeMo Hanpy:eHicTb eneKTpuHHoro nona HaBKono npoBogy

ge

E =
0.354 • U

r0 • lg
^Dep^

v r0 y

5

U  -  mmÏÏHa Hanpyra, kB;

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

n p u  roprooHTantHOMy po3TamyBaHHÎ $a3

Deep =  1.26 • D  = 100,8,

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

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

B ocTaHHbOMy Bupa3i aÎHÎHHa Hanpyra npuHHaTa pÎBHoro 121 kB, ocKinbKH Ha 

muHax eneKTpocTaH^ï nigTpuMyeTbca Hanpyra 1,1 UH0M.

nepeBipKa BHKoHyeTbca 3a HacTynHoro yMOBOw: npoBogu He ôygyTb 

KopoHyBaTH, aKrn,o

1,07 • E < 0,9 • E0 ,

1 ,0726,55  = 28,4 < 0 ,9 3 3 ,4  = 30,1 kB /cm.

YMoBa BHKoHyeTbca, ToMy npoBig 1xAC120/19 ocTaTOHHo npHHMaeMo go

BHKopncTaHHa.

Buôip :opcTKux muH

npHHMaeMo TeMnepaTypy HaBKonumHboro cepegoBurn,a: 30oC.

OônpaeMo anwMÎHieBi muHH KopoônacToro nepepi3y po3TamoBaHi 

ropu3oHTaabHo i :opcTKo 3aKpmnern ogHa BigHocHo ogHoï (2x150x65x7 mm, 

nepepi3oM 2x1785 mm2, Igon=5650A).

PucyHoK 2.4 -  ffluHH KopoônacToro nepepi3y



Ugon =  70°C, Û aKT =  30°C, UHOpM =  2 5 0C.

YMOBa 3a gonycTHMHM CTpyMOM:

I hh = 5090 A  < T = 5650 A,max flon

yMOBa BHKOHyeTtca.

npnnycTHMHH CTpyM 3 ypaxyBaHHaM nonpaBKH Ha TeMnepaTypy 

HaBKonnraHboro cepegoBHrn,a:

I'don = h c  • l V‘>û” V,paK’" = 5650•.I70 - 3 0  = 5327 A,
^don ^HopM 70 -  25

ge Hgon -  gonycTHMa TeMnepaTypa raHHH;

uH0pM -  HOMÎHanbHa TeMnepaTypa HaBKonnraHboro cepegoBH^a

5090 A  < 5327 A.

MÎHÎManbHHH TepMÎHHo ctîhkhh nepepi3:

_ 4 B r _ , = 109,9 mml 2.
C 90 •ÎO-3

2x1785 MM2 TepMÎHHa CTÎHKÎCTb TTTHH

q min. don

OCKÎHbKH qmndon = 109,9 <

3aôe3nenyeTbca.

TBepgi raHHH noBHHHÎ ôyTH nepeBÎpeHÎ Ha gHHaMÏHHi giï CTpyMiB K3 i Ha

MÔ HHBÎCTb BHHHKHeHHA pe30H3HCHHx «Burn. 3a3HaHem aBHrn,a He BHHHKawTb npH

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

BnacHux KOHHBaHb gaa aaroMimeBHx raHH BH3HanaeTbca 3a ^opMyaoro

fn
173.2

i2 \

j y 0 - y 0

2  • q  ra

173.2
2 2

1

1260
257 ^

2-17,85

ge l -  goB^HHa nponbOTy Mrn: Î3onaTopaMH l  = 2 m, m;

Jy0 -y0  -  MOMeHT m ep ^ ï nonepenHoro nepepi3y gBOx 3po^eHHx raHH, cm4 

qmHHH -  nonepenHHH nepepi3 ogrneï raHHH, cm2.

OcKÏnbKH f0 = 257 > 200 r ^  to MexamHHHH pe3oHaHc BHKHwnaeTbca.

MoMeHT onopy nepepi3y gaa gBox 3porn,eHHx raHH:

$.m ax

i 2 • l 2 58,132 22 10-2
= 1,76-----yg---------10-8 = 1 ,76----------------------------= 1,781 M na

a • Wy 0 - y 0 0 ,8467

3m. Hucm M doKyM. nidnuc Mama
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ge

ge

ge

ge

a -  BÎgcTaHb Mm $a3aMu, m;

Wy0 -y0 -  MOMeHT onopy gBOx 3porn,eHux himh, cm3.

<7ÿ max = 1,781 < 7 gon = 82,3 M na yMOBa MexamnHoï m^ hoctî BuKoHyeTbca.

7 gon = 82,3 M üa -  gonycTHMa MexamnHa Hanpyra b MaTepiaai aaroMimeBux muH.

Cuaa B3aeMogiï Mm mBeaepaMu:

i 2 58,132
fn = 0,5 -10-  7 = 0 ,5 -----------10- 1 = 1126 H/m

h 0,15
h - BucoTa mBeaepa, M.

MaKcuMantHa BÎgcTaHb Mm mîc^ mu 3BaproBaHHa mBeaepÎB:

n . max i
12 ' (7 gon 7 (j3 . max ) ' Wy-y 12'(82,3 -  1,781)' 14,7

= 3,55 M
1126

Wy - y  -  MoMeHT onopy muH y BepTuKaabHm nnomuHi, cm3.

n

2.5 Buôip BuMipwBanbHux TpaHc^opMaTopÎB cTpyMy Ta Hanpyru

^aa BBÎMKHeHHH eneKTpoBuMipwBanbHux npnaagiB i npucrpoïB peaeËHoro 3axMcTy 

HeoôxigHa ycraHoBKa TpaHc^opMaTopÎB cTpyMy i Hanpyru. y  gaHoMy npoeKTÎ peaeHHun 

3axMcr geTanbHo He po3poôaaeTbca, ToMy nepeBÎpKy TpaHc^opMaTopÎB 3a btopuhhum 

HaBaHTâ eHHHM bukohygmo 3 ypaxyBaHHaM BBÎMKHeHHa TrnbKM BuMiproBanbHux npuaagÎB.

y  Koni cuaoBoro TpaHc^opMaTopa 3 ôoKy hu^ hoï Hanpyru BcTaHoBaroeTbca 

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

muHax 110 kB -  BoabTMeTp Î3 nepeMrnaneM gaa BuMÎpy Tpbox Mm$a3oBux Hanpyr, 

Ha cewËHoM y BuMuKani 10 kB - aMnepMeTp, Ha aimax, rn,o BÎgxogaTb, 10 kB - 

aMnepMeTp, aiHuabHuKu aKTuBHoï i peaKTuBHoï eHeprrn. Po3paxyHoK BTopuHHoro 

HaBaHTa^eHHa TpaHc^opMaTopa cTpyMy HaBegeHun y Taôau^ 2.8.

T a ô a u ^  2.8 -  Po3paxyHoK BTopuHHoro HaBaHTa^eHHa TpaHc^opMaTopÎB cTpyMy

npuaag Kaac
HaBaHTa^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



^innnbHHK aKTHBHoï eHepriï 1 2,5 - 2,5
^innnbHHK peaKTHBHoï eHepriï 1,5 2,5 - 2,5
CyMapHe HaBaHTaæieHHa CTpyMy B Koni 
CnnoBoro Tp-pa Ha ô o ^  BH 0,5 0,5 0,5

CyMapHe HaBaHTaæieHHa CTpyMy B Koni 
cnnoBoro Tp-pa 3 ôoKy HH 6,5 0,5 6,5

CyMapHe HaBaHTaæieHHa CTpyMy B Koni 
CeKg. BHMHKana Ha HH 0,5 0,5 0,5

CyMapHe HaBaHTa^eHHa CTpyMy B Koni 
BigxigHoï niHiï 0,5 0,5 0,5

Bnôip TpaHC^opMaTopÎB CTpyMy HaBegeHnn y T aôn^ax 2.9 - 2.12. 

BnônpaeMo TpaHC^opMaTop CTpyMy TO3M-110E-I.

T aôn n ^  2.9 -  Bnôip TpaHC^opMaTopa CTpyMy b Koni CnnoBoro

TpaHC^opMaTopa Ha ô o ^  bhcokoï Hanpyrn 110 kB:

YMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano^HÎ
3HaneHHabVIOb

110 kB 110 kB
I  <  Ipaon HOM 463 A 800 A
4 < 1  n p C K B 8,38 kA 124 kA

B k  < PTtr 1,151 kA2 c 2352 kA 2 c

7 „  < 7 „H H. HOM 0,82 Om 1,2 Om

ge

^na nepeBÎpKH 3a btophhhhm HaBaHTaæieHHaM BH3HanaeMo onip npnnagÏB

S  0 5
^npan j2 g 2 0 ,02 Om

Togi onip CnonynHnx npoBogiB Mo^e ôyra

ZnP =  7  — 7^ hom ^npun - z K

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

Z npun — onip npn^agÎB, Om;

ZK — onip KOHTaKTiB, Om.

Z np =  1,2 — 0,02 — 0,1 =  1,08 Om.

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



I 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 cnonynHHx npoBogiB 3a yMOBaMH MexamnHoï m^ hoctî noBHHHHH 

ôyTH He MeHme H i: 2,5 mm2 gna MÏgHHx : hh.

Onip oôpaHHx npoBogiB:

l 100
Znp =  P - -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 poôoT TpaHC^opMaTopa b KHaci 

TOHHOCTÏ 0,5.

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

BnônpaeMo TpaHC^opMaTop CTpyMy TTTTB-15-y3.

TaÔHHug 2.10 -  Bnôip TpaHC^opMaTopa CTpyMy y kohî TpaHC^opMaTopa Ha ô o ^  10 kB

yMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano:rn
3HaneHHa

U c  < U  H 10 kB 15 kB

I  <  Ipaon HOM 5090 A 6000 A

i < Ly ouH 58,13 kA -

b k < FTtr 97,77 kA 2 c 3650 kA 2 c

7 „  < 7 „H H .HOM 1,06 Om 1,2 Om

^na nepeBÏpKH 3a btophhhhm HaBaHTa:eHHaM BH3HanaeMO onip npnnagiB

5 ,
Z,npun ' ^  =  | 5 =  0,26 Om

Togi onip cnonynHHx npoBogiB M o:e ôyTH

7  = 7  — 7  — 7^np ^ hom ^npun

ge Znp — HOMÎHa^bHHH onip HaBaHTa^eHHH, Om;



Z npun — onip npH^agÎB, Om;

Z K — onip KOHTaKTiB, Om.

Z np =  1,2 -  0.26 -  0.1 = 0,84 Om.

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

l 100
F = p ------ = 0 .0175---------= 2,08 mm2

Znp 0,84

ge p  -  nmoMHH onip MÏgi, 0,0175 (Om -mm2/ï ),

F  -  nepeTHH ^ hh, 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
Znp = p  ■ -  = 0 .0175--------= 0,7 Om.

p F 2,5
3aranbHHH onip CTpyMOBoro Kona

=  %npnn +  +  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-Y 3 BÏgnoBÏgae yMoBaM BHÔopy.

BnônpaeMo TpaHC^opMaTop CTpyMy T ffl^ -10-y3.

T aôn n ^  2.11 -  Bnôip TpaHC^opMaTopa CTpyMy b kohî cewH H oro BHMHKana 10 kB

yMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano^HÏ
3HaneHHa

U c  < U H 10 kB 10 kB
1 p a c n  < 1 HO M 2,55 kA 3000 A

i < L
y  o u H 58,13 kA -

b k < FTtr 97,77 kA2 c 3250 kA 2 c

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

^na nepeBÏpKH 3a btophhhhm HaBaHTaæeHHaM BH3HanaeMo onip npnnagiB

S  0 5
^npun j2 ^2 0,02 0 m

BP 5.6.141.626 n3
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ge

ZnP = 7  — 7ĤOM n̂pĤ - Z K

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

Z npun — onip npn^agÎB, Om;

ZK — onip KOHTaKTiB, Om.

Znp =  0,8 -  0.02 -  0.1 = 0,68 Om.

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

l 100
F =  p ------ = 0 .0175-------- = 2,57 mm2

Znp 0,68
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: 4 mm2 gna MÎgHHx ^nn.

Onip oôpaHHx npoBogiB:

l 100
Znp = 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 Hra: 0,8 Om, npnnycTHMHx npn poôoTÏ TpaHC^opMaTopa b Knaci 
tohhoctî 0,5.

TpaHC^opMaTop CTpyMy Tffl^-10-Y3 BÏgnoBÏgae yMoBaM BHÔopy.
BnÔHpaeMo TpaHC^opMaTop CTpyMy T ffl^n-10-Y 3.

T aôn n ^  2.12 -  Bnôip TpaHC^opMaTopa CTpyMy Ha nirnï, ^ o  BigxogHTt

YMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano^HÏ
3HaneHHa

U c  < U  H 10 kB 10 kB
I  < Ipaon HOM 509 A 1000 A

i < Ly ouH 58,13 kA -
Bk < FTtr 97,77 kA2 c 3250 kA 2 c

Z„ < Z„H H. HOM 0,56 Om 0,8 Om

^na nepeBÏpKH 3a btophhhhm HaBaHTaæeHHaM BH3HanaeMo onip npnnagÏB



ge

S  0 5^  _ *JnpHn  
^nPĤ  — j2 —

Togi onip cnonynHHx npoBogiB Mo^e ôyTH

0,02 Om

ZnP — 7  — 7^ hom n̂pHn - z K

Z np — HOMÎHanbHHH onip HaBaHTa^eHHH, Om; 

Z npun — onip npnnagÎB, Om;

ZK — onip KOHTaKTiB, Om.

Znp — 0,8 -  0.02 -  0.1 = 0,68 Om.

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

l 100
F =  p ------ = 0 .0175-------- = 2,57 mm2

7Znp 0,68

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

F  -  nepeTHH ^ hh, mm2.

nepeTHH cnonynHHx npoBogiB 3a yMOBaMH MexamnHoï m^ hoctî noBHHHHH 

ôyTH He MeHme Hrn: 4 mm2 gna MÎgHHx ^ hh.

Onip oôpaHHx npoBogiB:

l 100
Znp = p - -  = 0 .0175--------- = 0,438 Om.

p F 4
3arantHHH onip CTpyMoBoro Kona

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

rn,o MeHme Hra: 0,8 Om, npnnycTHMHx npn poôoTÏ TpaHC^opMaTopa b Knaci 

tohhoctï 0,5.

TpaHC^opMaTop CTpyMy T ffl^n-10-Y 3 BÏgnoBÏgae yMoBaM BHÔopy.

OônpaeMo TpaHC^opMaTopn Hanpyrn 3a 3agaHHMH 3HaneHHAMH Hanpyrn Ta 3a 

noTy^HÏCTW.

Ha ô o ^  bhcokoï Hanpyrn 110 kB oônpaeMo TpaHC^opMaTopn

HKO-110-58Y1, Ha ô o ^  10 kB -  3H0.H.09-10.02, BEKopncTOByronn gam Î3 

Taônn^ HaBegeHHx y goBÏgHHKax.



Tun
K^ac

HoMiHa^bHa Hanpyra oômotok
HoMiHa^bHa noTy^HicTb, 

B-A, b K^aci TonHocri
MaKcHMa^bHa
noTy^HicTb,

b a
HanpyrH 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

T aôn u ^  2.14 -  Buôip TpaHc^opMaTopa Hanpyru 3 ôoKy HH

Tun
K^ac

HoMiHa^bHa Hanpyra oômotok
HoMiHa^bHa noTy^HicTb, 

B^A, b K^aci TonHocri
MaKcuMa^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 eneKTpunHux 3’egHaHb nigcTaH^ï

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

-  3aôe3nenyBaTH HagrnrncTb eneKTponocTanaHHfl b HopManbHux h 

nicnaaBapÎHHHx pe^HMax;

-  ypaxoByBaTH nepcneKTHBH po3BHTKy;

-  gonycKaTH Mo^nuBicTb po3mupeHHa;

-  3aôe3nenyBaTH Mo^nuBicTb BUKoHaHHa peMoHTHux i eKcnnyaTa^HHux poôiT 

Ha OKpeMHx eneMemax cxeMH h ôe3 BigKnroneHHfl npuegHaHb.

n p n  ^oM y cnig 3acTOCOByBaTH HafinpocTÎmi cxeMH.

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

Hanpyrn, Haôopy 30BHimHix npuegHaHb i noTy^HocTÎ TpaHc^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 kohî TpaHc^opMaTopa Ta 

HeaBToMaTHHHow nepeMHHKow» (pnc. 2.5).

CxeMa 3 peMoHTHow nepeMunKow, BHKoHaHow 3a gonoMorow po3'egHyBaniB 

(«HeaBToMaTHHHoro» nepeMunKow), 3aôe3nenye Mo^nuBicTb npuegHaHHA oôox  

TpaHc^opMaTopÎB go ogrneï mmï npn peMomî iHmoï.

BP 5.6.141.626 n3
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PncyHOK 2.5 -  CxeMa po3MÎm,eHHfl bhcokobohbthhx anapaTiB Ha nigcTaH^ï

CxeMa nigcTaH^ï HaBegeHa Ha rpa^ÎHHm nacram npoeKTy. 

y  HopMantHOMy pe^HMÎ Bce KOMyTa^HHe oônagHaHHA BKnwneHe, 3a bhhatkom 

po3'egHyBanÎB QS3...QS4 y peMOHTHÎH nepeMHW. noBnpam  mmï W1, W2 - mmï, aK 

3'egHywTb npoeKTOBaHy nigcTaH^m 3 eHeprocncTeMom

Po3rn^HeMO HacrngKH aBapiËHHx cm ya^H  y gamfi cxeMi:

1) BigMOBa ogHoro i3 TpaHC^opMaTopÎB (npnnycTHMO T1). np n  KopoTKOMy 

3aMHKaHHÎ b TpaHC^opMaTopi T1 BÎgôyBaeTbca BÎgKnwneHHa BHMHKana Q1. 

^HBneHHA cno^HBanÎB nigcTaH^ï 3gmcHmeTbCfl nepe3 TpaHC^opMaTop T2 3a paxyHOK 

fioro nepeBaHTa^yBanbHOï 3gaTHOCTi.

2) BigMOBa ogmeï mmï, aKa 3'egHye cno^HBamB 3 eneKTpocTaH^em (W1). np n  

KopoTKOMy 3aMHKaHHÎ Ha mmï W1 BÎgôyBaeTbca BÎgKnwneHHa BHMHKana Q1,



TpaHC^opMaTop T1 BTpanae ^HBneHHA. n icna BigKnroneHHfl W1 onepaTHBHHfi 

nepcoHan BigKnronae ymKogæeHy rnrnro mHifiHHM po3'egHyBaneM. nicna ^ o r o  

3aMHKaeTtca paHime BigKnroneHHH po3'egHyBan QS3, BigôyBaeTbca BKnroneHHfl Q1 i 

TpaHC^opMaTop T1 BigHoBnroe ^HBneHHA.

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

Q1 BÎgKnwnaeTbca ronoBHHfi BHMHKan i girna W1. ^HBneHHa Bcix cno^HBaniB 

nigcTam,iï 3grncHroeTbca Big girnï W2 i TpaHC^opMaTopa T2.

TaKHM hhhom, 3 HaBegeHoro aHanÎ3y BugHo, rn,o npn BHKopncTaHHi gaHOï cxeMH 

BÎgcyTHÎH BapiaHT npocToï (ogHHonHoï) aBapiHHoï cmyaujï, aKa npHBogHTb go 

BÎgKnwneHHa cno^HBaniB npoeKToBaHoï nigcTaH^ï.

Hafiôigbm Ba^Koro aBapifiHoro cm ya^ero e BigMoBa ogHieï 3 ^HBHgbHHx gmifi 

(W1) y nepiog peMorny ogHoro i3 TpaHC^opMaTopiB (T2), ane h y ^oM y BHnagKy e 

Mo^nHBÎCTb 3aôe3neHHTH ^HBneHHa cno^HBanÎB npoeKToBaHoï nigcTaH^ï Big girnï 

W2 nepe3 peMoHTHy nepeMHHKy QS3-QS4 i TpaHC^opMaTop T1.

2.7 Bnôip TpaHC^opMaTopiB BgacHHx noTpeô

npHHManaMH BgacHHKaMH BgacHHx noTpeô e [10]:

- onepaTHBHÎ Koga;

- eneKTpogBHryHH, CHCTeMH oxogog^eHHa chhobhx TpaHC^opMaTopÎB, 

BHCBÎTneHHa i eneKTpoonaneHHa npHMirn,eHb;

- eneKTponigirpÎBaHHa KoMyTa^HHoï anapaTypn i T.g.

CyMapHa po3paxyHKoBa noTy^HicTb npHHMana BgacHHx noTpeô BH3HanaeTbca 3 

ypaxyBaHH^M Koe^^iernÎB nonm y. Po3paxyHoK noTy^Hocri npHHMana BgacHHx 

noTpeô HaBegeHHfi y Taôg. 2.15.

Ha nigcTaH^ï nepegôanaeTbca ycTaHoBKa 2 TpaHC^opMaTopiB BgacHHx noTpeô. 

HoMrnagbHa noTy^HicTb BHônpaeTbca 3 yMoB

S TCH -  S CH,

ge S TCH - noTy^HicTb TpaHC^opMaTopa BgacHHx noTpeô, kBA;

S CH - noTy^HicTb cno^HBaniB BgacHHx noTpeô, kBA.



n/n
HafiMeHyBaHHa

cno^HBana

ycTaHoBaeHa
noTy^HiCTb

Koe$.
nonHTy cos^

HaBaHTa^eHHa

OgHHH^, 
kB t x

KÎabKÏCTb

Bcboro,
kBt kBt

Qyc^
KBAp

1
OxoaogæeHHa
TpaHC^opMaTopÎB
TP^UH-63000/110

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

2
nigîrpÏB BHCoKoBoabTHHX
BHMHKaHÎB 3QBHÎmHboï 
yCTaHoBKH

2x4 8 0,8 1 8 -

3
nigîrpÏB npHBogÎB 
po3'egHyBaniB 3oBHimHboï 
yCTaHoBKH

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

4 OnaaeHHa, ocBÏraeHHa, 
BeHTHaa^a 3aKpHToro PY

- 5 0,8 1 5 -

5 OcBÏTaeHHa PY - 2 0,8 1 2 -

Bcboro 27,4 6,2

Po3paxyHKOBe HaBaHTaæeHHa

SycT =  Kc • J P$CT +  Q?cr

ge Kc -  Koe^^ieHT nonm y. npHHMaeMo pïbhhm 0,8

Sy c T -  0 .8 - V 2 7 ,4 2 +  6 ,22 =  22,5 kBA

n ig  nac BBÏMKHeHHa ^ o r o  HaBaHTaæeHHa Ha ogHH TpaHc^opMaTop 

gonycKaeTbca fioro nepeBaHTaæeHHa Ha 20%. noTy^HÎCTb TpaHc^opMaTopa gaa 

3aôe3neneHHa ^HBaeHHa HaBaHTaæeHHa BaacHHx noTpeô 3 ypaxyBaHHaM peMOHTHHx 

HaBaHTa^eHb. PeMOHTHe HaBaHTaæeHHa Ha nigcTaH^ï Mo^Ha ôpara TaKHM, rn,o 

gopÎBHwe S TCP = 20 -  25 kBA.

s  = S c h  + S TCP =  22,5 + 20 = 35 ^ a .
1,2 1,2

EepeMo CTaHgapTHy noTy^HicTb TpaHC^opMaTopa STCH =40 kBA. OcraTOHHo 

gaa ^HBneHHa cno^HBana BnacHHx noTpeô ôepeMo gBa TpaHc^opMaTopn CTaHgapTHoï 

noTy^HocTÎ: TM-40/10.



2.8 KoMnoHyBaHHA po3nogiabHHx npncTpoïB Ha 6 o ^  110 kB

nigcTaH^ï (nC ) 110 kB cnopyg:yroTb, aK npaBH.ro, BigKpHTHMH.

Cnopyg:eHHa 3aKpHTHx n C  Hanpyroro 110 kB, gonyœaeTbca b TaKHx 

BHnagKax [9]: po3Mirn,eHHa n C  i3 TpaHC^opMaTopaMH 16 M BA i BHrn,e Ha cay:6oBiH  

TepHTopiï MiCT, po3Mirn,eHHa n C  Ha TepHTopiï MiCT, kohh ^  gonycKaeTbca 

MÎCT06ygÎBHHM MÎpKyBaHH^M.

Ha n C  eroKTponocTanaHHa npoMHcroBHx mgnpneMCTB nepeg6anaeTbca BogaHe 

onaroHHa, npnegHaHe go TenroBHx M epe: nig npu f.mctr.

BygHHKH 3 P y  (3aKpHTHx P y ) gonycKaeTbca BHKOHyBaTH aK OKpeMO po3Mirn,em, 

TaK i 36noK0BaHHMH 3 6ygHHKaMH P n y  r T0My HHcrn i no BepTHKam.

TpaHC^opMaTopn 110 kB BapTO ycTaroBaroBaTH BigKpHTHMH, a y pafioHax i3 

3a6pygHeHoro aTMOC^epow 3 nocHrororo i3oaa^ero.

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

BHMor: peMOHT BHMHKaniB 110 kB i BHrn,e BHKOHyeTbca 6e3 BÎgKnwHeHHa npnegHaHb: 

noBÎTpaHÎ mrnï BÎgKnwHawTbca Big P n  He 6irome H i: gBOMa BHMHKanaMH, 

TpaHC^opMaTopn 6noKÎB BÎgKnwHawTbca He 6irome H i: TpbOMa BHMHKanaMH i t.îh.

n p n  BigKnwneHHax BHMHKaniB y HopManbHOMy pe:HMi P n  He noBHHHe 

BigKnwnaTH 6irome ogHoro 6roKa, y peMOHTHOMy - He 6irome gBOx 6roKiB.

^aa P n35-220 kB npn rocai npnegHaHb 12-16 ogHy 3 gBOx CHCTeM 

cewoHyroTb, npn rocai npnegHaHb 6irom H i:  16 -  cewoHyroTb o6ngBi CHCTeMH 

miH.

2.9 KoMnoHyBaHHa po3nogiabHHx npncTpoïB Ha 60^  10kB

P n  10 kB BxogaTb go CKaagy nigcTaH^H aK roroBHi Pn. ^ 0  P n10 kB 

nigcTam,iH nigKawnawTbca noHH^yroni TpaHC^opMaTopn, CHHxpoHHi KOMneHcaTopn 

Ta iH.

CxeMH P n10 kB noBHHHi 3agoBoabHaTH HacTynHHM BHMoraM [4-6]: 

Hec^pa^WRaHHa BHMHKana He noBHHHe npHBogHTH go npnnHHeHHa 

eaeKTponocTanaHHa BignoBigaabHHx cno:HBaniB (1 KaTeropia no n y 3 ) ,  po3mnpeHHa

BP 5.6.141.626 n3
Hucm
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P n  3 poctom HaBaHTa^eHt He noBHHHe npHBogura go 3mîhh cxeMH i 3HanHHx 

ôygÎBenbHHx i MOHTa^HHx poôÎT.

CewroBaHHfl 3ÔipHHx iiihh go3Bonae 3agoBonbHHTH BHMorn HagÎHHOCTÎ. 

Po3mnpeHHa P n  3gificHweTbca 3anoBHeHH^M pe3epBHHx ocepegKiB aôo BBegeHHaM 

hoboï c e w ï .

P y  10 kB gna KOMnneKTHHx TpaHC^opMaTopÎB n C  BHKOHyeTbca y BHraggi 

KPYH aôo K Py, BCTaHOBnwBaHHx y 3aKpuTHx npHMÎ^eHHax. y  3 P y  10 kB 

peKOMeHgyeTbca BCTaHoBnwBaTH ma^H K Py 3aBogcbKoro BHroTOBneHHA.



3 P03PA X Y H 0K  PE^EHHOrO 3AXHCTY TPAHCOOPMATOPA  

3.1 BroHaneHHA napaMeTpiB, Heo6xîgHHx gaa po3paxyHKy 

3axHCTÎB TpaHc^opMaTopa

Heo6xigHO BHKOHara po3paxyHOK 3axncTy gaa TpaHC^opMaTopa nC -1 rany  

TP,QTIH -63000/110. TpaHC^opMaTop OTpHMye ^HBaeHHa Big eHeprocHCTeMH 3 

napaMeTpaMH XcMaKc = 12 Om; Xc.Min = 18 Om (onopn npHBegem go Uep.noM = 115 kB).

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

TpaHc^opMaTopa:

a) 3araabHHH mgyKTHBHHH onip:

x„
U  U t

2
Cp.HOM 10,5 1152

22,04 Om.
100 S H 100 63

6) onip oômotkh BHffl,oï Hanpyrn:

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

b) onip o6motkh hh^ hoï Hanpyrn:

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

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

po3rn,enaeHoro o6motkow



2. n p n  po3paxyHKax CTpyMiB K3 gaa 3axHCTÏB TpaHC^opMaTopÏB i3 PnH  caig 

ypaxyBara 3MiHy onopy 3a paxyHOK peryaroBaHHa Hanpyrn. ^aa TpaHC^opMaTopÏB 

110 kB npnôaH3HO MO^Ha npHHHaTH:

•V ™  = -V hom (1 - A U  )2 = 38,6 ■ (1 -  0,12)2 = 29,9 Om;

• W  = - h. hom (1 + A U  )2 = 38,6 ■ (1 + 0,12)2 = 48,4 Om.

3bw h  x e ,n,„ =  X 'h m  (1 - A U  )2 = 2 ,7 6 -(1 -  0 ,12 )2 = 2,13 0m ;

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

3. CTpyM KopoTKoro 3aMHKaHHa Ha mHHax hh^ hoï Hanpyrn;

j (3) = _________ U cP.hom__________= _________115________= 1 509 kA
"  V3 ( W  + x , MUH + Xhmuh ) V3 (12 + 2,13 + 29,9 ) , .

4 l , „  = ~ , --------- UcP= ------------- 7 = — , -------115-----------r = 0,823 kA.
2 -(Xcmuh + x „  + Xh m k  ) 2-(18 + 3,46 + 48 ,4)

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

1. CTpyM cnpa^OByBaHHa 3axncTy BH3HaaaeTbca no ôiabmoMy i3 gBOx 

po3paxyHKOBHx yMOB:

a) BÎgôygyBaHHa Big KHgKa CTpyMy HaMaraiayBaHHa, rn,o BHHHKae npn BKnroneHm 

TpaHC^opMaTopa Ha xoaocTHH xig aôo npn BigHOBaeHHi Hanpyrn nicaa BigKaroaeHHa 

K3, a TaKO^ Big nepexigHHx CTpyMiB HeôaaaHcy npn 3OBHimHix K3:

j c. 3 k om c j HOM ’

ge K m c -  K o e^ ieH T  BÎgôygyBaHHa, gaa peae ra n y  PHT, k om c = 1,3 ;

J hom -  HOMÎHaabHHH CTpyM TÎeï CTopoHH TpaHC^opMaTopa, Hanpyra aKOï 

npHHHaTa b aKOCTi po3paxyHKOBOï;

S„ 63

I hom V3 ■ u  Vâ ■ 115 0y  Cp.H OM  y  x x w /

= 0,316 kA.

I C3 = 1,3 ■ 316 = 411,2 A.

6) BÎgôygyBaHHa Big MaKCHMaabHoro nepiogHHHoro CTpyMy HeôaaaHcy, rn,o



BHHHKae npu SGBHiraHix K3:

1 C . 3  ~  .3 . H Ô . p a C H

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

I h6. paon - MaKCHMantHHH po3paxyHKOBHH CTpyM HeôanaHcy, oôyMOBneHHH aK

cyMa Tpbox CKnagoBHx, nponop^HHHx nepiogHHHm CKaagoBm CTpyMy K3,

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

CKnagoBa CTpyMy I"6 pacH oôyMoBaeHa norpiramCTro TpaHC^opMaropa CTpyMy:

1 H6.paon kOdH .  —k.mœko ’
ge k odH =  1,0 ; s  =  0 ,1;

I K MaKC - MaKCHMantHHH CTpyM 3oBHiraHtoro K3, npHBegeHHH go po3paxyHKoBoro 

^aôaa Hanpyru

CKnagoBa l ”H6pacH oôyMoBaeHa peryaroBaHHaM Koe^^iema TpaHC^opMa^ï

cnaoBoro TpaHC^opMaropa (aBTOTpaHC^opMaropa) nicaa Toro, aK 3axHCT 6yB 

3ÔaaaHcoBaHHH Ha cepegHix BignaÔKax. Ua CKaagoBa BH3HaaaeTbCa aK cyMa CTpyMiB

HeôaaaHcy Ha CTopoHax, ge e peryaroBaHHa:
iii

I " = V a u  ■ Ih6.paon /  ; n k.MaKo.n ’ 
n=I

ge AUn - BigHocHa norpiraHiCTb peryawBaHHa Hanpyrn, npHHMaeTtca piBHrn

noaoBHHi giana3oHy peryawBaHHa CTopoHH n TpaHC^opMaropa (aKrn,o peryawBaHHa 

±10% , to A Un = 0,1 );

I k mikc n - MaKCHManbHHH nepiogHHHHH CTpyM, ^ o  npoTiKae no CTopoHi n 

TpaHC^opMaTopa.

CxaagoBa I '”6 pacH oôyMoBneHa HeToamCTro yCTaHoBKH Ha pene po3paxyHKoBHx

HHCea bhtkib:
iii

I h6.paon / \  A - n I in k.MaKo.n ’
n=I

w  — w
ge Aw = -n-paon----- n

w
norp iramCTb BnpiBHWBaHHa gna CTopoHH n

TpaHC^opMaropa.

3m. Hucm M doKyM. nidnuc Mama
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3 ypaxyBaHHaM HaBegeHHx BHpa3ÎB BHKOHyeMO po3paxyHOK CTpyMy

Cnpa^oByBaHHa 3axHCTy 3a yMOBoro Big6ygyBaHHa Big CTpyMy HeôanaHcy:

l e ,  = K  ( K d - e  +  A U ,  ) 4 i „  = 1,3-(1,0 • 0,1 + 0,12 ) -1509 = 431,5 A.

npHHMaeMO 6inbme 3HaneHHa Ic 3 = 431,5 A.

2. Bn6ip THny pene poÔHMO Ha ochobî o^ hkh HyTHHBoCTÎ 3axHCTy, akhh 

BH3HanaeMO npn6nH3Ho, BBaæaronH, rn,o Becb CTpyM nomKog^eHHa (npHBegeHHH go 

BTopHHHOï ctopohh) nonagae b pene. nonepegHa nepeBipKa HyTHHBoCTÎ npoBogHTbca 

no nepBHHHoMy CTpyMy npn gBo$a3HoMy K3 Ha CTopoHi HH, npn ^oM y noBHHHa 

BHKoHyBaTHca yMoBa:

T (2)
K   1 K . MUH >• O f)
k H — — 2 ,°  ,

1 C . 3
O9O

k  —--------—1,908 < 2 .
4 431,5

3. OcKinbKH 3axHCT i3 pene THny PHT He 3a6e3nenye HyTHHBocTÎ, to 

3acTocoByeMo pene THny ^3T-11, gna aKoro CTpyM Cnpa^oByBaHHa 3axHCTy 

BHÔnpaeTbca 3a yMoBaMH:

а) BÎgôygyBaHHa Big KHgKa, ^ o  HaMarainye CTpyM

1c .3  — K m c • 1 HOM —1,5 • 316 — 474,4 A.

б) BÎgôygyBaHHa Big CTpyMy HeôanaHCy npn K3 Ha HH3bKÎH CTopoHi

1c .3  — k 3 • ( kodH ■£ +  A U , ) i K Ik  —1,5(1,0• 0,1 + 0,12)• 1509 — 497,9 A.

CTpyM Cnpa^oByBaHHa 3axHCTy npHHMaeMo no 6mbmiH 3 yMoB I C.3. = 497,9 A.

4. BH3HanaeMo HyTHHBÎCTb 3axHCTy npn K3 Ha CTopoHi HH npn MmÎMaabHoMy 

peryawBaHHÎ:

t ( 2)
7̂  _  1 K. MUH

K — T T

823
497,9

—1,653.

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

K oe^^iem i TpaHC^opMagiï TpaHC^opMaropa CTpyM K3 CKaage:

I (2) 115
2 (18 + 2,76 + 38,6)

— 0,696 kA,



i HeoôxigHHH Koe^^ieHT ayTaHBocTÎ 3aôe3neayeTbca

k  = - 9 ® * 2 .
" 497,9

ToMy 3axHCT i3 peae ^3T-11 MO^e ôyTH 3acTocoBaHHH.

3.3 Bnôip ycTaBOK peae THny ^3T-11

1. BH3HanaeMO nepBHHHÎ HOMiHaabHi cTpyMH gaa gBOx CTopiH oôaagHaHHa, rn,o 

3axH^aeTbca, no ^opMyai:

S ,T _ HOM
1 HOM.n

V3 •U HOM.n

ge S HOM - HOMÎHanbHa noTy^HÎCTb TpaHc^opMaTopa;

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

^aa ctopohh bhcokoï HanpyrH 115 B:

r 63000
1HO" “ T T Ï Ï I  “  3 '

^aa ctopohh HH3bKOï HanpyrH 10,5 B:

63000
HOMn “ V 3ÏÏÔ 5 " 3464A .

2. BH3HanaeMO btophhhî HOMiHaabHi CTpyMH naeaeH 3axncTy:

T 1  HOM.nkcx.n
K 1.n

ge kcxn - Koe^^ieHT cxeMH 3'egHaHHa btophhhhx oômotok TpaHC^opMaTopa Ha

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

3'egHaHHÎ OÔMOTOK y k cx =  y [3  TpHKyTHHK );

K In - Koe^^ieHT TpaHc^opMa^ï TpaHC^opMaTopa, npHHHaTHH Ha CTopoHi

oô'eKTa, ^ o  3axH^aeTbca, (npn BHÔopi K oe^^iem a TT Tpeôa BpaxoByBaTH, ^ oô 

BTopHHHÎ HOMiHaabHi CTpyMH cyTTeBO He nepeBHrnyBaan nacnopTHi 3HaaeHHa 

CTpyMiB 5 A  aôo 1 A). CTopoHa 3 HaHôiabmHM btophhhhm CTpyMOM npHHMaeTbca b 

aKOCTi ochobhoï, rn,o 3aôe3nenye HaHMeHmy norpimmcTb BHpÎBHWBaHHa gaa peae.

^aa ctopohh bhcokoï HanpyrH 115 B:

3m. Hucm N° doKyM. nidnuc Mama
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L
3 16^ /3
6 0 0 /5

4,57 A.

ctopohh HH3BKOÏ HanpyrH 10,5 B:

L
3464

4 0 0 0 /5
4,33 A.

BpaxoBywHH, rn,o oÔMOTKa hh3bkoï HanpyrH TpaHc^opMaropa BHKOHaHa 

po3^enaeHOW, OTpHMaHe 3HaneHHa CTpyMy HeoôxigHo nogBoÏTH - I eHQM n=  8,66 A.

OTpHMaHÎ po3paxyHKOBi gam npHBogHMo b Taônn^ 3.1.

3 TaÔHH  ̂ 3.1 BHnaHBae, rn,o b akoctî ochobhoï caig oôparn CTopoHy hh3bkoï 

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

3. CTpyM cnpa^oByBaHHa peae gaa ochobhoï ctopohh TpaHc^opMaropa 

BH3HanaeMO no BHpa3y:

I c. p.n

/ „ ■ k„
f

v

U.HOM. pacu

U

\

K I  .n
5

TaôaHHa 3.1 -  Po3paxyHoK nepBHHHHx i btophhhhx CTpyMiB CTopiH

TpaHc^opMaTopa

no3HaneHHa napaMeTpiB I -  BH-115 kB II - H H -10,5 kB
/  A 316 3464

K/n 600/5 4000/5

CxeMa 3'egHaHHa TpaHc^opMaropa TpHKyTHHK 3ipKa

I A1 e.hom.n ’ 4,57 8,66

ge U  - HoMÎHaabHa Hanpyra ctopohh, BignoBigHoï go po3paxyHKoBoro

^aôaa HanpyrH.

I c. p.n

497,9 ■ 1 ■
115
10,5

4 0 0 0 /5
6,82 A.

4. Po3paxyHKoBe ancao bhtkîb poôoaoï oômotkh gaa ochobhoï ctopohh 

BH3HanaeMo no ^opMyai:



F  100 A A n
w och. p c = t ~l - = = 14, 7 BHTK1B-

1C.p.OCH 6 ,8 2

npHHMaeMO HafiônH^He MeHme ^ n e  3HaneHHA w pa6ocH=  14 bhtkIb, rn,o 

3aôe3nenye 3anac no BHÔipKOBOCTi. np n  ^OMy âKTHHHHH CTpyM cnpa^OByBaHHA

pene CTaHOBHTb:

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

5. Po3paxyHOK HHcna BHTKiB gna iHmoï CTopoHH 3axncTy BHÔnpaeMO 3a yMOBaMH 

ôanaHcy Ha pene MPC 3axncTy npn 30BHimHb0My K3 aôo HopManbHOMy pe^HMi 

(pnc. 3.2):

1 B. HOm I  . I  . . homI I  W I I

3BigKH
f

w  =  wpaeu.n och
I 6.HOM.OCH
IV ±e.HOM.n J

8,66
Wpacu =  14  • —  = 26,56 BUTKiB.

npHHMaeMO HaHÔnH^ne ^ n e  3HaneHHa, rn,o 3aôe3nenye HaHMeHmy norpimHicTb 

BHpiBHWBaHHa Wj = 27 BHTKiB.

PncyHOK 3.2 -  Cnpo^eHa cxeMa gn^epeH^anbHoro 3axncTy 3 pene ^3T-11

3m. Hucm N° doKyM. nidnuc Mama
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6. YTOHHeHHH CTpyM Cnpa^oByBaHHa 3axHCTy 3 ypaxyBaHHAM norpimHOCTÎ 

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

I „  = .  ( . . A U ,  + A w , )• I .  = 1,5-(1,0 • 0,1 + 0,12 + 0,0166)-1509 = 535,6 A,

w paon -  w i  _  26,56 -  27ge A w j =
w pacn 26,56

= 0,0166.

7. YTOHHeHHH po3paxyHKOBHH CTpyM Cnpa^oByBaHHa peae BH3HanaeMO no 

^opMyai:

1C.3 ■ kcx ■
I

U Cp.HOM

V U homII J
535,6 -1 -^H5^

V 10,5 j
Cp.OCH

k
I  (  i i  )

4 0 0 0 /5
= 7,33 A.

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

nepegôaHeHe raabMyBaHHa, 3 ypaxyBaHHAM norpimHocTi BHpÎBHMBaHHa 3HaxogHTbca 

no BHpa3ax, HaBegeHHx y n. 3.2.1:

1  Hô.pacn = .  •(knep - s  +  A U i  ) 1 KMaKc = 4  5 (1 ,0 • 0,1 + 0,12 + 0 ,0457)-1509 =

= 601,3 A.

14 7 -1 4
ge A w j, =  — --------- = 0 ,0457.

11 14,7

9. ^ hcho bhtkîb raabMiBHoï oômotkh, rn,o 3aôe3neHye HagiHHe BÎgôygyBaHHa 

peae Big CTpyMy HeôaaaHcy npn gaHoMy BHgi K3, BH3HaHaeTbca no BHpa3y:

w,„ k3 Jh6. pacn Wpa6. n
mopM.n

1 mopM.n t g a

ge k3 =  1,5 ;

ImopM n - nepBHHHHH raabMoBHH CTpyM Ha CTopom, ^ o  3axn^aeTbca,

TpaHC^opMaTopa, Ha hkîh BKHWHeHa raabMoBa oÔMoraa;

t g a  =  0,75 - TaHreHC KyTa Haxnay goTHHHoï npoBegeHoï 3 noHaTKy KoopgHHar

go HH^Hboï po3paxyHKoBoï no bhôîpkoboctî raabMoBoï xapaKTepHCTHKH (pHC. 3.3).

3m. Hucm N° doKyM. nidnuc Mama
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PncyHOK 3.3 -  XapaKTepncTHKa gaa BH3HaneHHa HyTaHBocTÎ gn^epeH^aabHoro 

3axHCTy 3 peae THny ^3T-11 npn HaaBHocTi raabMyBaHHa

w, k 3 ' I h6 . p a o n  ' W P a 6 .n  1,5 • 601,3 • 14
mopM 11,16 « 11 BHTKÎB.

h.MaKc • t g a  1509 • 0,75

TaKHM hhhom, go ycraHOBKH Ha peae npafiMaroTbca HacTynHi bhtkh:

W I = 27 mT- W I I  = 14 mT-  WmopM = 11 mT.

10. ^yTnHBÎCTb 3axHCTy BH3HanaeMO npn6aH3Ho no nepBHHHHx CTpyMax npn 

po3paxyHKOBOMy K3 Ha CTopoHi HH gaa BHnagKÎB MrnÎMaabHoro h HopMaabHoro 

peryaroBaHHa TpaHC^opMaTopa:

k , =
I (2)

I

ge I C3 -  âKTHHHHfi CTpyM cnpa^oByBaHHa 3axHCTy, BH3HaaaeTbca 3 BHpa3y

I C.3  ̂k CX ^
I

U hom. pacn  

V U HOM.n J
c. p.n

K I  .n

3BigcH

ge I c. p.n =  I c. p.ocH

I  • Kj  _ I  c.p.n K I.n
I  c.3 = T

k cx •
U V

hom. pacn 

V U HoM.n J

= 7,14 A.



= 7,14 ■ 4 0 0 0 /5  = 521, 7 A .
f

1 ■
115
10,5

A

v 10,5 y

Togi BH3HanaeMO K oe^^iem u nyTaHBOCTi: 

k„, = - 82^ - = 1,58, k,,2 = - 9 6 9 - = 1,86
521,7 ’2 521,7

OcKintKH Koe^i^eHT nyTaHBOCTi 3axHCTy npu HopMaabHOMy perynroBaHHi

Hanpyru npaKTHHHO BignoBigae HopMOBaHOMy, a npu MiHiMaabHOMy peryaroBaHHi 

gocHTt bhcokhh, to 3axHCT i3 peae ^3T-11 peKOMeHgyeTbCa go ycraHOBKH,

3.4 Po3paxyHOK MaKCHMaabHoro CTpyMOBoro 3axncTy

1. ^aa gBOXOÔMOTKOBHX TpaHC^OpMaTOpiB 3aXHCT yCTaHOBHWeTbCa Ha CTOpOHi

^HBaeHHa (BH) i BHKOHyeTbCa y gBOxpeaeHHOMy BHKOHaHHi i3 3'egHaHHaM 

TpaHC^opMaTopa b TpHKyTHHK gaa nigBHffl,eHHa ayTaHBOCTi.

OcKinbKH b ^OMy BHnagKy oÔMOTKa HH po3rn,enaeHa, to b aaH^ro3i KO^Horo 

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

3axHCT gie i3 gBOMa BmpHMKaMH nacy: 3 nepmoro bhtphmkom BigKaroaaeTbCa 

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

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

aKHH BigôygoBye Big MaKCHMaabHoro CTpyMy HaBaHTaæeHHa 3 ypaxyBaHHaM 

caMO3anycKy pyxoBoro HaBaHTaæeHHa:

I„
k 3 ■ k c ■ 1  Hasp.MaKC

B

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

ke = 0,8 - K oe^ieH T noBepHeHHa peae PT-40;

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

pyxoBoro HaBaHTa^eHHa nicaa BigHOBaeHHa Hanpyrn, npHHMaeMO kc = 2,5 ;

I  MaKC - MaKCHMaabHHH CTpyM HaBaHTa^eHHa, npHHMaeMO piBHHM

HOMiHaabHOMy CTpyMy TpaHC^opMaTopa.



= 1,2 •2,5 •316 = i i 86 ,i A.
0,8

3. Koe^^ieHT ayTaHBocTÎ 3axncTy BH3HaaaeMo npn gBo$a3HoMy MeTaaeBoMy K3 

y MÎHÎManbHOMy pe^HMÎ:

- ( 2) 826
k  =  = --------- = 0,694 < 1.

" - e s  1186,1

OcKÎnbKH HyTHHBÎCTb MT3 6e3 nycKy no Hanpy3i BHaBaaeTbca HegocTarnboro, 

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

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

HOMÎHanbHoro CTpyMy TpaHc^opMaropa - HOM Ha CTopoHi, ge BCTaHOBneHHH 3axHcr

k  1 2
- c.3 = f  • -  hom =  ^ -1,0 • 316 = 474,4 A. 

k e 0,8

a HyTaHBÎCTb 3axncTy b tîh æe po3paxyHKoBiH t o w  cKaage:

k  = - 8 2 3 - = 1,735.
" 474,4

5. Hanpyra cnpagboByBaHHa nycKoBoro opraHa MrnÎMaabHoï Hanpyra, 

BHKoHaHoro y BHraagi peae, BKaroaeHoro Ha Mrn:$a3Hy Hanpyry, BH3HaaaeMo 

npHÔHH3Ho 3a yMoBaMH BÎgôygyBaHHa Big CTpyMiB caMo3anycKy pyxoBoro 

HaBaHTaæeHHa npn BigHoBaeHHi Hanpyra:

U  < U C.MUU 
U C.3 7 ,

k B

ge ke = 1,2 - Koe^^ ieHT noBepHeHHa gaa peae MrnÎMaabHoï Hanpyra ;

U cmuh - MiHiMaabHa Mra:$a3Ha Hanpyra b yMoBax caMo3anycKy npn BigHoBaeHHi 

Hanpyru  npHHMaeMo U CMUH =  0 , 7 U mM.

U „  =  = 64,2 k b .c.3 1,2

6. Hanpyra cnpa^oByBaHHa nycKoBoro opraHy no 3BopoTHiH nocaigoBHocTi 

KoMÔÎHoBaHoro nycKy no Hanpy3i npHHMaeMo pîbhhm MiHÎMaabHÎH ycTaB^ ^iabTp - 

peae:

U 2c.3 =  0,06 •U hom =  0 ,06-115 = 6,9 kB.

3m. Hucm N° doKyM. nidnuc Mama
BP 5.6.141.626 n3

Hucm



7. ^yTnHBÎCTb ônoKyBantHHx opraHiB nepeBÎpaeTbca npn K3 Ha npnfioMHHx 

CTopoHax TpaHC^opMaropa, Kygn h mgKaroHem 6noKyBanbHi peae, toôto U =  0 , a

U  =  —  = = 33,2 kB.iK.sa^ 2 2

Togi

U  ^ 9k  =  _ 2- â  =  ^  =  4 ,811 > j ,5 .
k U 2C.3 6,9

OcKÎabKH npn K3 Ha npHHOMHÎfi cropoHÎ TpaHC^opMaropa k H > 1,5, to

gn^epeH^aabHHH 3axHCT tttuhu Ha CTopoHi MO^Ha He BCTaHoBaroBarn.

8. CTpyM cnpa^oByBaHHa 3axucTy Big CHMeTpHHHoro nepeBaHTaæeHHa, rn,o gie 

Ha CHraaa, BH3HanaeTbca 3a yMoBoro BÎgôygyBaHHa Big HoMiHaabHoro CTpyMy 

TpaHC^opMaTopa Ha CTopoHi, ge BCTaHoBaeHHfi 3axHCT, no BHpa3y

I  =  k3 • I  = 1 0 5  • 316 = 415 1AC.3 1 m.HOM r\ o "T ± X JT̂ .
k B 0,8

9. BmpHMKa nacy MT3 y3rog^yeTbca 3 bhtphmkom nacy 3axHCTy mmï Ha 

CTopoHi HH.



4. P03PA X Y H 0K  3 0 H  3AXHCTY CTPH^HEBHX B^HCKABKOBI^BOAIB

B P n

B poôoTÎ HeoôxigHo po3paxyBara bhcoty i 30Hy 3axucTy ônHCKaBKoBÎgBogÎB 

B Pn-110 kB, BCTaHOBneHHx Ha gBox nopTanax, puc. 4.1 (no3. 1 i 2), i gBox 

ônHCKaBKOBÎgBogÎB, rn,o ctootb OKpeMO, 3a3HaneHHx Ha puc. 4.1 (no3. 3 i 4), BBa^aronn, 

rn,o ônHCKaBKOBÎgBogn po3TamoBam CHMeTpHHHo no BÎgHomeHHM go By3BKoï ctopohh 

BPn . HagrnmcTb 3ohh 3axHcry Big ypaæeHb ônncKaBKH P3 = 0,999.

HaKpecnHTH ropH3oHTanbHHH nepeTHH 3ohh 3axucTy ônHCKaBKoBÎgBogÎB B P n  

Ha bhcotî hx. napaMeTpn po3MÎm,eHHfl ônHCKaBKoBÎgBogÎB no nnornum B P n  HaBegeHi 

b Taôn. 4.1.

h i hz
hx

L i

B

PncyHoK 4.1 -  CxeMa po3MÎm,eHHfl CTpn^HeBHx ônHCKaBKoBÎgBogÎB BPn-110 kB 

T aôn n ^  4.1 -  Po3paxyHKoBi napaMeTpn

a ,
M

b ,
M

L 1,
M

L2,
M

L3,
M

L4,
M M

h x ,
M

48 38 34 16 30 10 4 5
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=
B  -  L2 

2

L7 =
B  -  L3 

2

3 8 -1 6  
2 '

38 -  30 
2

11 m;

4 M.

2. BH3HanaeMO BÏgcTam p x Ta p 2 :

p x = ^ J l 24 + L2 = V102 + 112 = 14,87 m; 

p 2 = y jL 2 + L2 = V42 + 42 = 5,66 M.

3. 3oHa 3axHCTy nogBÏHHoro CTpn^HeBoro ônHCKaBKOBÏgBogy CKnagaeTbca 3 

30BHimmx oônacTen 30hh 3axHCTy (HaniBKOHyciB 3 raôapHTaMH h 0, r 0) , rn,o 

BHKOHywTtca 3a ^opMynaMH gna ogHHHHHHx CTpn^HeBHx ônHCKaBKOBigBogÏB. 

Po3MÎpn BHyTpimHix oônacTefi BH3HanawTbca napaMeTpaMH h 0 i h c, nepmnfi 3 akhx 

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

a gpyrHH -  MÎHÎManbHy BHCOTy 30hh nocepegnm Mrn: ônHCKaBKOBÏgBogaMH.

3oHa 3axHCTy ogHHHHHoro CTpn^HeBoro ônHCKaBKOBÏgBogy bhcotow h < 30 m
npn HagiHHOCTÏ 3axHCTy p  =  0 .999, BH3HanaeTbca pÏBHaHHaMH:

K n  =  0,7hn
r0n " (h0n -  h x )r  =xn

h0 n

r0n =  0,6 • h n

Po3paxoByeMO bhcoth ônHCKaBKOBigBogÏB 1 Ta 2 BHxoggHH 3 yMOBH CTBopeHHa

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

h01 = 0,7h1
r01 • (h01 -  h x )rx1 =

h
nPu rx1 = p  .

01
r01 = 0,6 • h1

fflnaxoM MaTeMaTHHHHx nepeTBopeHb OTpHMaeMO piBHaHHa BigHOCHO myKaHOï 

BenHHHHH h 1:

0 ,6h l ■ (0 ,7 h ! -  hx) .
P1 0 ,7  h



0 ,4 2 * 2 - (  0,7  p  +  0,6hx ) h  = 0 ;

h  =  0; h  =  31,92 m.

BncOTa ônHCKaBKOBÎgBogÎB h 1 =  h 2 = 31,92 m, He 3agOBOHbHae yMOBi 

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

3acTOCOByeMO HacTynHi pîbhhhhh:

h  =  [0,7 -7 ,1 4 1 0 -4(h -3 0 ) ]* ;

rx i  =

r0 i • (h0 i -  hx) .
h

nPu rxl =  p i .
0

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

fflnaxoM MaTeMaTHHHHx nepeTBopeHt po3B’a3yeMO cncreMy Ta 3HaxogHMO 

3HaneHHa bhcoth 1 ÔHHCKaBKOBÎgBogy h 1 =  32.06 m, rn,o 3agoBOHbHae yMOBi

3acTOcyBaHHa pÎBHHHb npn 30 < h < 1 00 M.

OcraTOHHO npHHMaeMO ÔHHCKaBKOBÎgBOgH 1 Ta 2 bhcotom h 1 =  h2 =  32.06 m. 

Po3paxoByeMO bhcoth ÔHHCKaBKOBÎgBogÎB 3 Ta 4 BHxoggnn 3 yMOBH CTBopeHHa

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

h 03 =  0 , 7 h 3

rx3  =

r03 • ( h 03 -  h x )

h
nPU rx3 =  P l

03

r03 =  0 , 6  • h 3

fflnaxoM MaTeMaTHHHHx nepeTBopeHb OTpHMaeMO pîbhhhhh BigHOCHO myKaHOï 

BenHHHHH h3:

_ 0,6h3 -(0,7h3 -  hx ) •
P2 ■ 0,7*3 ;

0,42hg2 - ( 0 ,7 p 2 + 0,6hx ) h  = 0 ; 

h  =  0; h  =  16,57 m.

OcraTOHHO npHHMaeMO ÔHHCKaBKOBigBogn 3 Ta 4 bhcotom h3 = h4 = 16,57 m, 

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

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

A  2 = L2 16 m;
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ro\ =  r02 = 0, 6 • h  =  19,14 m; 

h i  = h i  = 0 ,7  • h  =  2 2 ,3 9  m;

roi • (h°i -  hx ) = 14,87 m;
rx i =  rx 2

h0i

L cU = [2 ,2 5 -0 ,0 1 0 0 7  ( \  - 3 0 ) ]  \  =  7 1 ,4 7  m; 

Anaxi2 = [4 ,2 5 -3 ,5 7 -1 0 -3 ( h  -  3 0 ) ] h  = 136,02 m;

h c12 =  h oi = 22-39 m

rcx12 =

L 12 -  L

r01 ( h  c12- h x )
h

C12

= K 8 7  M, hx <  h d 2
c12

5. Po3paxoByeMO napaMeTpn 3OHH 3axHCTy ônHCKaBKOBÎgBogÎB 3 Ta 4:

4 4 = A  = 30 m;

ro3 = ro4 = 0,6 • h  =  9,94  m;

h03 =  h04 =  0 ,7  • h3 = 11,6 M;

= rA  =  r°3 -  - )  = 5,66 m;
rx 3 = rx 4

h03

Lc34 = 2 ,25 • 4  = 37,28 m; 

A nax34 = 4 ,25 • h  = 70,42 M;

hc34 =  h03 = 1 16  M, L 34 <  LC34

rcx34 =
r03 (h c34 hx )

h
= 5_66 M h x <  hc34

c34

6 . Po3paxoByeMO napaMeTpn 3OHH 3axHCTy ônHCKaBKOBÎgBogÎB 1 Ta 3 (2 Ta 4):

A 3 = ■ - L ?  +
Al  -  L  ^2v3_y2

2
= 34.71 m;

6.1 EnHCKaBKOBÎgBogH 1 Ta 3 MawTt BHCOTy h  =  32,06 m 

Zc13 = 2 ,25• h  = 71,47 m;

Lnax 13 = 4 ,25  • h  136,02 M;

hc  = A i = 2 2 3 9  M, A 3 — A 13

6.2 EnncKaBKOBÎgBogH 1 Ta 3 MawTt BHCOTy h  = 16,57 m
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Zc31 = 2 ,25 • 4  = 37,28 m;

L 'm ax 31 4 ,25  • h  =  70,42 m;

h c31 =  A )3  =  1 1 6  M , A 3 <  L c3 i

l h C 13 +  h c 31 1 n  A
h c m in13 =  — -------- ~  =  1 7 °  M ,2

ĉ°13 = Zk±Z°1 = 14.54 M,2
r

r
c °1 3  (  h c m in13 h x  )

cx13
h  ■c m in13

1°.26 M.

7. Po3paxoByeMO napaMeTpn 3OHH 3axHCTy ônHCKaBKOBÎgBogÎB 1 Ta 4 (2 Ta 3):

A 4 = ( L ) 2 + L  +  h ^ L L
2

V
= 41.05 m;

7.1 EnHCKaBKOBÎgBogH 1 Ta 4 MaroTt BHCOTy h  = 32,06 M 

L c14 =  2 ,25• h  = 71,47 m;

L l  =  4 ,25  • h, =  136,02 m;

hc14 = h °1 = 22.39 M, Z1 4  < L c 14

7.2 EnncKaBKOBÎgBogH 1 Ta 4 MaroTt BHCOTy h4 =  16,57 M 

L c41 =  2,25 • h 4 =  37,28 m;

Amax41 = 4,25 • 4  = 70,42 m;

7 _  ( L m ax41 A 4 )  h °4

c41 =  L  -  LL m ax41 L c41

= 1°.28 M, L c41 <  h 4 <  L m ax41

h c m in14 = ^ 14 + ^ 41 = 16.34 M, 

r  °14  = r k ± r k  = 14.54 M,2

rcx14 =
_  rc°14 (  h c m in14 h x  )  _

h
= 1°.°9 M.

c m in14

ropH3OHTanbHHH nepepi3 3OHH 3axHCTy noKa3aHHH Ha pnc. 4.2.
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PncyHOK 4.2 -  ToprooHTanbHHH nepepi3 30hh 3axncTy ÔHHCKaBKOBÎgBogÎB B P n



BHCHOBKH

y  poôoTi 3po6neHHfi po3paxyHOK HopMaatHoro pe^HMy poôora 3aMKHyToï 

eneKTpHHHOï Mepe^i, KoH^irypagia aKoï Ôyaa BH3HaneHa 3aBgaHHaM.

Pe3yntTaTH po3paxyHKiB BTpaT noTy^HOCTÎ noKa3ann, rn,o Hafiômtm npngaTHoro 

HOMiHantHOW Hanpyrow K int^Boï Mepe^i e Hanpyra 110 kB. 3 ypaxyBaHHaM ^ o r o  

Ôynn oôpam BignoBigHi nepepi3H npoBogiB gaa rnrnfi eneKTponepegan, a TaKoæ THnn 

TpaHC^opMaTopÎB Ha nigcraH^ax.

^na icHywnoï KoH^irypa^ï 3aMKHyToï Mepe^i Ôynn po3paxoBam napaMeTpn 

cxeMH 3aMÎ^eHHa rnrnfi i TpaHC^opMaTopiB, CKaageHa po3paxyHKoBa cxeMa 

3aMirn,eHHfl Mepe^i h BH3Hanem po3paxyHKoBi HaBaHTaæeHHa By3aiB Mepeæi.

y  n p o ^ c i po3paxyHKiB eneKTpHHHoï nacTHHH nigcTaH^ï nC -1 Ôyaa npoBegeHa 

nepeBipKa npaBHHtHocTi BHÔopy HoMrnantHoï noTy^HocTi BCTaHoBneHHx

TpaHC^opMaTopÎB i 3gmcHeHHH BHÔip Ha nigcTaBi po3paxyHKiB CTpyMiB KopoTKoro 

3aMHKaHHa BHCoKoBontTHHX anapaTiB P n , BHMipWBaHtHHX TpaHC^opMaTopÎB CTpyMy 

h Hanpyra.

npH BHKoHaHHÎ po3paxyHKiB penefiHoro 3axncTy TpaHC^opMaTopa nigcTaH^ï T-1 

ôyB 3poôneHHH po3paxyHoK no3goB^Htoro gn^epeH^fiHoro CTpyMoBoro 3axncTy Ta 

MaKCHMantHoro CTpyMoBoro 3axncTy 3 KoMÔmoBaHHM nycKoM no Hanpy3i.

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

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

po3paxyHoK napaMeTpiB oômotok peae.

npoBegeHHfi po3paxyHoK ÔHHCKaBKo3axHCTy nigcTaH^ï, rn,o BHKoHaHHfi y 

BHraagi CTpn^HeBHx ÔHHCKaBKoBigBogiB.
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