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Виконаний розрахунок нормального та післяаварійного режимів роботи 

замкнутої електричної мережі. Обрана напруга мережі, перерізи проводів ліній 

електропередач, а також типи трансформаторів на підстанціях. Для обраної 

підстанції проведена перевірка правильності вибору номінальної потужності 

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 

захисту з комбінованим пуском по напрузі. Проведений розрахунок висоти та зон 

захисту стрижневих блискавковідводів понижувальної підстанції. 
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B C T yn

B yMOBax 6e3nepepBHoro po3BHTKy npoMHcnoBOcri KpaïHH 3'flBnaeTbCfl 

yce ôinbme h 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 i3 ^HM 3'flBnaeTbCfl noTpeôa b po3mnpeHHÎ icHyroHHx Mepeæ i b 

CTBopeHHi hobhx. 3pocTarona KÎnbKÎCTb eHeprocno^HBawHHx oô'gktîb Bege go 

3ÔinbmeHHfl noTy^HOCTen, «kî nepegaroTbca no eneKTpHHHHx Mepe^ax. OgHHM i3 

HanronoBHimHx 3aBgaHb cborogHi e eKoHoMÎHHe BHKopncTaHHA icHyronoro 

eneKTpHHHoro oônagHaHHA h po3poÔKa HoBoro 3 noninmeHHMH napaMeTpaMH.

^aHa poôoTa e BHnycKHoro poôoToro ôaKanaBpa 3a cne^anbHic™  

141 «EneKTpoeHepreTHKa, eneKTpoTexrnKa Ta eneKTpoMexamKa».

BHKoHaHH« ôaKanaBpcbKoï poôora HeoôxigHo 3 MeToro:

-  npngôaHH« gocBigy aHani3y oTpHMaHHx pe3ynbTariB, $opMyBaHH« bhchobkîb i 

nyônÏHHoro 3axHCTy BHKoHaHoï poôoth;

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

KoHKpeTHHx npaKTHHHHx i HayKoBo-TexrnHHHx 3agan;

-  npngôaHHa gocBigy BHKoHaHHa TexHiHHoï goKyMeHTa^ï noacHMBaabHoï 

3anncKH h KpecneHb BignoBigHo go yMoB giwHHx CTaHgapTiB;

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

3HaHb no 3aranbHoTexHÏHHHx i cne^anbHHx gH^HnniHax 3a Hanp«MKoM npo^ecifiHoï 

nigroToBKH.

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

1. 3a 3agaHHMH HaBaHTaæeHHAMH i goB^HHaMH hîhîh BHÔpaTH Hanpyry Mepe^i.

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

noBÎTp«HHx niHifi.

3. 3a HanpyraMH Mepe^i h HaBaHTaæeHHAMH BHÔpaTH TpaHC^opMaropn.

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



BHKOHaTH po3paxyHKH napaMeTpiB cxeMH 3aMirn,eHHa airnï h TpaHC^opMaTopiB. 

BH3HanHTH npHBegern go CTopoHH BH HaBaHTaæeHHa TpaHC^opMaTopiB (3 

ypaxyBaHHaM BTpaT b oÔMoraax TpaHC^opMaTopiB).

5. CKnacTH 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 reHepyertca aimaMH).

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

BKnronem b poôoTy) gaa gBox BHnagKÎB: pe^HM MaKCHMaatHoro HaBaHTaæeHHa 

(3agaHi) i pe^HM MirnMaatHoro HaBaHTaæeHHa (npHHHaTH pÎBHow 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 3anponoHyBaTH cnocoôn peryaroBaHHa HanpyrH y By3aax 

HaBaHTa^eHHa.

8. ^ a a  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 nigcraH^ï h nepeBipHTH ïx Ha Mo^aHBicTt cnpa^oByBaHHa b yMoBax 

KopoTKoro 3aMHKaHHa.

11. BHKoHaTH po3paxyHKH peaeHHoro 3axHCTy BHcoKoBoatTHoï noBiTpaHoï nirnï, 

noôygyBaTH KapTy ceaeKTHBHocTi.

12. npoBecTH po3paxyHoK 6aHCKaBKo3axHCTy 3axHCHoro BPn.

13. 3poÔHTH bhchobkh npo pe3yatTaTH BHKoHaHHx po3paxyHKiB.



1.1 BHxigm gam gga BHKOHaHHa OaKanaBpcbKoï poôora

3rigHO 3 OTpHMaHHM 3aBgaHH^M, HeoôxigHO po3paxyBara eaeKTpHHHy Mepe^y, 

ogHoaÎHÎHHa eaeKTpHHHa cxeMa aKoï HaBegeHa Ha pnc. 1.1.

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

3agaHoï eaeKTpHHHoï Mepeæi

^ ob^ hhh aÎHÎH i noTy^HOCTÎ HaBaHTaæeHb eaeKTpHHHoï Mepeæi HaBegeHi b 

TaÔHH^ 1.1.

T a ô a n ^  1.1 -  Buxigm gam eaeKTpHHHoï Mepe^i

^OB^HHa TO, KM noTy^HOCTÏ HaBaHTa^eHt, MBA
^-1 Æ-2 Æ-3 Æ-4 S-1 S-2 S-3 S-4

70 40 30 15 30+Î20
II

30+Î20
I

40+Î40
II

80+Î80
II
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1. p r a  BHÔopy HOMÎHantHHx Hanpyr y 3aMKHemfi nacTHHÎ eneKTpHHHoï Mepe^i 

3HafigeMO cyMapHe HaBaHTaæeHHA Ha nigcTaH^ï nC-1, npHBegeHe go bhcokoï 

ctopohh Hanpyrn:

S1s = Si + S 2 = 30 + 30 + j(20  + 20) = 60 + j  40 MBA.

2. BroHanaeMO noTy^HOCTÎ b mmax:

S Ai
S 1Z ' l123A + S 3 ' l23A + S 4 ' l3A

lA 123 A

( 60 + j  40 ) • 115 + ( 40 + j  40 )■ 85 + (80 + j80  )• 70
155

102,58 + j8 7 ,74 MBA.

SA3 S4 • l321A + S3 • l21A + S1S ' l1A
lA 123 A

(80 + j80  )• 85 + (40 + j  40 )• 70 + (60 + j  40 )• 40
155

77,42 + j72,26 MBA.

S,2 = £,« -  S e  =(102,58 + j 87,74) - ( 6 0  + j 40) = 42,58 + j 47,74 MBA.

S 23 = S A3 -  S 4 =(77,42 + j7 2 ,2 6 )-(8 0  + j80) = -2,58 -  j 7,74 MBA.

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

opieHTOBHO BH3Ha+HMO Hanpyrn OKpeMHx mmfi no eMnipn+Hm ^opMym InnapioHOBa:

1000
U  =

i

500 2500+
L  P

ge L  -  goB^HHa mmï, km;

P n -  nepegaHa no mmï noTy^mcTt (Ha ogHH ^aH^ro^), Mbt.

1000
U a 1 = 500 2500+ ■

= 164,7 kB.

U 12 =

V 40 102,58

1000
/5ÔÔ 2500

= 115,2 kB.
+

30 42,58

3 m . ApKyw N° doKyM. nidnuc Mama
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TT 1000 ,1 C OUr, = , = 31,6 kB.
23 500 2500

y l T  + 2,58

U^3 = n — — -----■ = 159,2kB.
A3 500 2500

V 70 77,42

3. OcKÎnbKH gaa Bcix nmifi KÎab^Boï Mepe^i ôaæaHo Mara ogHaKoBy Hanpyry, 

to npHHMaeMo Hanpyry UH = 110 kB.

^ a a  Toro, m,oô 3aôe3neHHTH BHKoHaHHa yMOBH npnnycTHMoro cnagaHHa 

Hanpyrn Ha caMoMy BiggaaeHoMy cno^HBaneBÎ eaeKTpoeHepriï, npHHMaeMo Hanpyry 

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

Ua  = 121 kB.

4. y  aKocri npoBogiB gaa Bcix aimfi npHHMaeMo CTaaeaaroMmieBÎ npoBogn 

MapKH AC.

5. BH3HanaeMo goBrocTpoKoBo npnnycTHMÎ crpyMH b aiHiax gaa HopMaabHoro 

poôoaoro pe^HMy:

= J  6 * * * 102,5S2 + 87,742 .103 = 708,49 a .
A1 V3 . U H V 3 .110

S12 • 103 _V42,582 + 47,742 • 103I  = 12 112 V3-u h V3.110

S 23 - 1 0 3 _ V 2 , 5 8 2 +  7 , 7 4 2 - 1 0
I  =  23
1 23

T _ "JÂ3 
1 A3 =

V 3-u  V 3 -110

SA3 -103 _^77,422 + 72,262 -10
V 3-u _ V3-110

= 335,76 A.

= 42,82 A.

= 555,84 A.

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

mKaaoro CTaHgapTHHx nepepi3iB, a TaKoæ 3 ypaxyBaHHaM Mo^aHBoro

nepeBaHTa^eHHa amifi npn poôoTi b aBapiHHoMy pe^HMÎ, BHÔnpaeMo THn npoBogiB

gaa ko^ hoï aimï:

gaa aimï .H-1: AC-300/39;



gaa mmï .4-2: AC-300/39; 

gaa mmï .4-3: AC-240/32; 

gaa mmï .4-4: AC-240/32.

7. nepeBÎpaeMO oôpam npoBoga b aimax 3a yMOBorn KopoHH.

3rigH0 npaBHa, MmÎMaabHo npanycthmhh nepepi3 no KopoHi gaa aim a 

Hanpyrorn 110 kB CTaHoBHTb 70 mm2.

TaKHM hhhom, gaa ko^ hoï 3 aim a ^  yMOBa BHKoHaHa.

8. XapamepacTHKH npoBogiB noBÎTpaHax aim a HaBegeHi b Taôa. 1.2.

T a ô a a ^  1.2 -  KaTaao^rn garn npoBogiB noBiTpaHoï aiHiï

napaMeTpn MapKa npoBoga
AC-300/39 AC-240/32

KaTaao^HÎ gaHi

nepepi3 npoBoga, mm2 300/39 240/32

^oBrocTpoKoBo gonycthmhh CTpyM, A 710 605

Po3paxyHKoBi gaHi
nHToMHfi aKTHBHHH onip aiHiï npu TeMnepaTypi 
+20oC, r0 (Om/km) 0,098 0,12

nHTOMHH peaKTHBHHH onip, X0 (Om/km) 0,429 0,405

nmoM a eMHiCHa npoBÎgmcTb aimï, b 0 ■ 10-6 (Cm/km) 2,64 2,81

1.3 Baôip noTy^Hocri TpaHC^opMaTopÎB

1. Ha nigcTaH^ï nC-1, aKa Mae HaBaHTaæeHHa = Si + S 2 = 60 + j 40 MBA,

3Ba^arnHH Ha Te, m,o ïï cno^HBam BÎgHocaTbca go I Ta Il KaTeropia HagiaHocTi 

eaeKTponocTanaHHa, npuaMaeMo ycTaHoBKy 2 tpboxoômotkobhx TpaHC^opMaTopn 3 

Hanpyroro Ha bhcokîh CToporn 110 kB.

Po3paxyHKoBa noTy^HÎCTt Ko^Horo TpaHC^opMaTopa:

s  Z] V602 + 402
T1 1,4 1,4

51,51 MBA.



n o  Taô.. 1.4.2 [6] BHÔnpaeMo Maoram TpaHC^opMaTopn 3ara.bHoro

npH3HaneHHa THny T^TH-63000/110.

2. Koe^i^eHT 3aBaHTaæ:eHHfl TpaHC^opMaTopÎB y HopMantHOMy pe^HMÎ:

V602 + 402S_  UMÜKC
k Q] -
31 2 -ST 2 -63

-  0,57.

y nicnaaBapiHHOMy pe^HMi

SU _ ^MÜKC
k ae1 - ST

V602 + 402 
63

-1,14 < 1,4.

YmOBH BHKOHyWTbCa.

3. Ha nigcraH^ï nC-2, 3Ba^awnn Ha Te, rn,o ïï cno^HBani BÎgHOcaTtca go Il 

KaTeropiï HagiHHocTÎ eneKTponocTanaHHfl, npHHMaeMo ycraHOBKy 2 aboxoômotkobhx 

TpaHC^opMaTopÎB 3 Hanpyrow Ha bhcokîh CTopoHi 110 kB.

Po3paxyHKOBa noTy^HicTb Ko^Horo TpaHC^opMaTopa:

0 S2 V402 + 402
S T2 > = ^  - ----------------- 40,41 MBA.

T 2 1,4 1,4

n o  Taôn. 1.4.3 [6] BHÔnpaeMo Macn^HÎ TpaHC^opMaTopn 3ara.bHoro

nproHaneHHA THny TP,QTIH-63000/110.

4. Koe^i^eHT 3aBaHTa ;̂eHHa TpaHC^opMaTopÎB y HopManbHoMy pe^HMÎ:

S
k  -  kJ MaKC -

3 2 -  2- S T ~

V402 + 402 
2-63

-  0,45 ;

y mc.raaBapfflHoMy pe^HMi

Su _ u  MaKC 
as 2 çi

S t

V402 + 402
63

-  0,9 < 1,4.

YmoBH BHKoHyWTbCa.

5. Ha nigcraH^ï nC-3, 3Ba^awnn Ha Te, rn,o ïï cno^HBani BÎgHocaTbca go II 

KaTeropiï HagÎHHocTÎ e.eKTponocTanaHHa, npHHMaeMo ycTaHoBKy 2 gBoxoÔMoTOKoBHx 

TpaHC^opMaTopÎB 3 Hanpyroro Ha bhcokîh CTopoHi 110 kB, noTy^rnc™

c ^ S 4 V802 + 802 ono i
S T3 > T 4   ----- —-------- 80,81 MBA.

1,4 1,4

3 m . ApKyw N° doKyM. nidnuc Mama
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n o  Taôn. 1.4.3 [6] BHÔnpaeMo Macnam TpaHC^opMaTopn 3aranbHoro

nproHaneHHA rany TP^UH-125000/110.

6. Koe^i^eHT 3aBaHTaæ:eHHfl TpaHC^opMaTopÏB y HopManbHoMy pe^HMÏ:

= ^  = 0>45
33 2 - S T 2-125

y nicnaaBapiHHOMy pe^HMi

S
U _  U MÜKC
k ae3 = ST

V802 + 802
125

0,91 < 1,4.

YmOBH BHKOHyWTbCa.

T aô n n ^  1.3 -  KaTano^m gaHi TpaHC^opMaTopÏB Mepe^i

napaMeTpn
Tnn TpaHC^opMaTopa

T^TH-
63000/110

TP^TTH-
63000/110

TP^TTH-
125000/110

HoMÎHantHa noTy^HiCTb, SH0M (MB^A) 63 63 125
HoMÎHanbHÎ Hanpyrn oômotok, kB
bh^ oï Hanpyrn, Uhombh 115 115 115
cepegHboï Hanpyrn, Uhom.ch 38,5 — —
HH^HOï Hanpyrn, Uhom.hh 11 10,5 10,5
BTpaTH, kBt

xonocroro xogy, APx 56 59 100
KOpOTKOrO 3aMHKaHHa, APk 290 260 400
Hanpyra KopoTKoro 3aMHKaHHa Mm:
OÔMOTKaMH, % BÎg Uhom
bh^ oï - HH^noï Hanpyr, Uk.b-c 10,5 — —
bh^ oï - cepegHboï Hanpyr, Uk.b-h 17 10,5 10,5
cepegHboï - hh^ hoï Hanpyr, Ukc-h 6,5 — —
CTpyM xonocroro xogy, Ix (% Big IHoM) 0,7 0,6 0,55
Akthbhhh onip oômotok, Rt (Om)

oÔMoTKa BH 0,5 0,87 0,4
oÔMoTKa CH 0,5 — —
oÔMoTKa HH 0,5 — —

PeaKTHBHnn onip oômotok, Xt (Om)
oÔMoTKa BH 22,0 22 11,1
oÔMoTKa CH 0 — —
oÔMoTKa HH 13,6 — —

BTpaTH noTy^HocTÏ b oÔMoTKax, Aqx (kBAp ) 441 410 687,5



1. 3agaHoï cxeMH Mepe^i CKnagaeMO cxeMy 3aMÎm,eHHfl:

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

.Hmm .H-1:

BP 5.6.141.262 n3
ApKyui

14
3 m . ApKyw N° doKyM. nidnuc Qama



Qca3 _ UH bol Â 1 1 0 2 • 2,64 -10-6 • 70
2 2 2

1,12 MBAp.

.Hmm .H-2:

R A1 = r0 lA1 = 0,098 ■ 40 = 3,92 Om; 

X ai = X0 Iai = 0,429 ■ 40 = 17,16 Om;

Qc a i _  U H bolA ^ 1 1 0 2 • 2,64 •ÎO-6 • 40
2 2 2

= 0,64 MBAp.

.Hmm .H-3:

R12 = r0 I12 = 0,12 ■ 30 = 3,6 Om; 

X12 = x0 l12 = 0,405 ■ 30 = 12,15 Om;

Qc12 _U 2 b jl2 _1102 • 2,81 -10-6 • 30
2 2 2

0,51 MBAp.

.Hmm .H-4:

R23 = r0 I23 = 0,12 ■ 15 = 1,8 Om; 

X23 = x0 l23 = 0,405 ■ 15 = 6,08 Om;

Qc 23 _ Uh b0l23 _1102 • 2,81 4 0 -6 -15 0,26 MBAp.
2 2 2

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

1.5 Po3paxyHOK po3iMKHeHOï Mepe^i

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

to po3paxyHKOBa cxeMa MicTHTb rinKH 3 onopaMH ^Hx mmn i By3nn 3 npHBegeHHMH

HaBaHTa^eHH^MH.

CKnagaeMO po3paxyHKOBy cxeMy Mepe^i:

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



2. ^ a a  3MeHmeHHa cnagaHHa Hanpyrn 3acTOcyeMO KoMneHca^ro peaKTHBHoï 

noTy^HOCTÎ b Mepe^i. ^ a a  ^ o r o  y By3aax 1 i 2 HeoôxigHo BCTaHOBHTH 

KOHgeHcaTopHi ôaTapeï 3 KoHgeHcaTopaMH rany KC2-1,05-60, po3paxoBaHi Ha 

HOMiHantHy Hanpyry 110 kB, aKi 3aôe3neaaTb KoMneHca^ro peaKTHBHoï noTy^HOCTÎ 

no 36,8 MBap KO^Ha.

npHBegeHÎ go ctopohh BH HaBaHTa^eHHa BH3HanaeMO aK cyMy noTy^HOCTefi, 

3agaHHx Ha mHHax HH, BTpaT B oÔMOTKax, riaKax HaMaraiayBaHHa TpaHC^opMaTopÎB 

MiHyc 3apagHi noTy^HOCTÎ amin, npnegHaHHx go nigcTaH^H.

S  p -  ( PHaap + A P XX
( S )naap

2 • R T  ) +  J  (Q nasp  +  A Q xx +
(  s  Snaap 

~ \  2
• X t  - £ A Q c -  j Q e k  ).

3. BH3HanaeMO po3paxyHKOBe HaBaHTa^eHHa:

a) npHBegeHe go ctopohh BH TpaHC^opMaTopHoï nigcTaH^ï T-1:

P 2 +  Qnaapl i
S  p i  ( P naapi +  P naap2 +

naapl naapl R P 2 +  Q1 naap 2 +  Q tnaap '2 R t  m

U

P 2 +  qnaapl i
+ J  ( Q naapi +  Q hnaap 2

naapl

HOM

naapl x t  1C

U 2

P 2 +  q1 naap 2 +  Q n

) +

naap 2 x t  m

U 2 U 2



Spi
302 + 202 0,5 302 + 202 0,5 30 + 30 + -------=—  ■ -2— +

y
+ j 20 + 20 +

y 

v
302 + 202

v 1102
■ 0 +

110z 

302 + 202 13,6^

1102
+

y

1102
= 60,21 + y42,92 MBA.

, , p 1
S  p1 =  S p 1  +  2 A S  ,1 + 2

U  HOM

( S  p1 )  ( R m 1 b +  j X m \b )

2 j Q cA1 j Q c 12  j Q jE K

60,212 + 42,922
= ( 60,21 + J42,92) + 2 ■ (0,056 + j0,441) + ’ ’---- ( 0,5 + J 22 ) -

-  j  0,64 -  J0 ,51 -  J36,8 = 60,44 + J10,58 MBA.

6) npHBegeHe go ctopohh BH TpaHC^opMaTopHOï nigcTaH^ï T-2:

S  p  2 =  ( P a p 3  +  ^ ^ H ^  ■ R 2  +  2  A P , 2 ) +

+ J  ( Q h„ p 3 +  ( 2 ? ^  ■ X *  +  2 A & )
U  2

T2 , \ jQ C12 j Q C23 ,/0» J Q EK ;

y
S  p 2 40 +

2  2 

402 + 402 0,87 A

V 1102
+ 2 ■ 0,059 +

y

+ J

y aç\2 a(\2 ^  y
4 0  +  4 0  + 4 0  ■2 2  +  2■ 0 , 4 1  - 0 , 5 1  - 0 , 2 6 - 3 6 , 8

v
= 40,23 + y6,16 MBA.

y1102 2

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

S  p3 (P Hazp 4 +
P 2 +  Q 2 r>

mzp 4 z^Hazp 4 3

2 , r \2

U  i
+ 2 A P x3 ) +

+ J  ( Q Hazp 4 +
P A +  Q "  YHaep4 z^Haep4 X  T 3

U
2 2 l A Q x3 j Q CA3 j Q C 23 X

y
S P3 = 80 + 802 + 802 0,4

V 1102
f0,1 +

y
+ j 80 + 802 + 802 11,1 7

^  + 0,6875 -1,12 -  0,26
v

80,41 + 785,87 MBA.
y1102 2

Tenep Heo6xigHo nepeÔTH go po3paxyHKiB 3aMKHeHoï nacTHHH Mepe^i.

3m. ApKyw N° doKyM. nidnuc Mama

ApKyuj

+



1.6 Po3paxyHOK 3aMKHeHoï Mepe^i

BH3HaneHHfl b 3aMKHemn nacrarn Mepeæi po3nogmy noTy^HOCTefi MO^Ha ïï 

yMOBHO po3grnHTH y By3ni A Ta npegcTaBHTH y BHrragi mmï i3 gBOCTopoHHiM 

^HBHeHH^M (pnc. 1.4).

PncyHOK 1.4 -  Po3paxyHKOBa cxeMa 3aMKHeHoï nacTHHH Mepe^i

3HaxogHMO noTy^HOCTÎ b mmax, BpaxoByronn, rn,o 3aMKHeHa Mepe^a 

ogHopigHa:

S  pl ' ( l 3 +  l 4 +  l l )  +  S  p 2 • (  l 4 +  l l )  +  S  p3 ' l l _
S  A'l = '

^2 + l?> + + l\

(60,44 + 710,58)'115 + (40,23 + 76,16)• 85 + (80,41 + j85,87)• 70 _
= 155 =

= 103,22 + j50,0lM BA ,

^ _ S  p 3 ' ( l 3 + l *4 + l2 ) + S  p 2 * (l3 + l2 ) + S  p l ' l2 _

“ A"3 * “  l2 + l3 + l4 + l  “

_ (80,41 + j85,87)• 85 + (40,23 + 76,16)• 70 + (60,44 + jl0 ,5 8 )• 40 _ 
= 155 =

= 77,86 + 752,6 MBA,

npoBogHMO nepeBipKy BHKOHaHHx po3paxyHKiB 3a yMOBoro:

S A l + S A '3 = S pl + S p 2 + S p3 ,

181,08 + j 102,61 MBA = 181,08 + j102,61 MBA.

PO3paxyHKH BHKOHaHÎ npaBHHbHO.

BHKopHCTOBywHH nepmuH 3aKOH Kipxro^a 3HaxogHMO ÎHmi noTy^HOCTÎ:



S  23 = S a"3 -  S  p3 =(77,86 + y'52,6) —(80,41 + j85,87) =-2,55 -  j33,27 MBA.

nogaabmnfi po3paxyHOK noTy^HocTefi 3 ypaxyBaHH^M BTpaT noTy^HOCTÎ b 

nimax cmg noHHHara 3 By3na 3, aKHfi e tohkow noTOKopo3nogîay noTy^HOCTefi 

g^epena ^HBneHHa.

6. npHHMaeMO noTy^HOCTÎ SA-3 fi S23 3a gificm noTŷ HOCTÎ HanpHKÎH  ̂nmifi y 

By3aa 3 i 3HaxogHMO BTpara b mmï A3:

(S A3 ) 77 862 + 52 62
AS,„ = ■ Z ,, = — -------^ —  (6,86 + j3 0 ,03) = 5,005 + j 21,912 MBA.-A3 J j 2  A 3

U  H 1102

n o T y ^ rncTb Ha n on aray  .mmï:

S hA3 =  S kA3 +ASA3 =  ( 7 7 ,8 6  +  j 5 2 ,6 )  +  (5 ,0 0 5  +  j 2 1 ,9 1 2 ) =  82 ,8 7  +  j 74 ,51  M B A . 

3HaxogHMO noTy^HOCTÎ BTpaTH b mm ï 23:

( S 23 )2
A S 23 Z

2 ,5 5 2 +  3 3 ,2 7 2
(1,8 +  j 6 ,0 8 )  = 0 ,166  +  j 0 ,5 5 9  M B A .

u 2 23 1102H

noTy^HÎCTb Ha nonaray .mmï:

SH3 = S23 +A S23 = ( 2,55 + j33 ,27) + (0,166 + j0 ,559) = 2,716 + j33,829 MBA. 

noTy^HÎCTb HanpHKÎH^ .mmï 12:

S u  = S  H3 + S^2 = (  2,716 + j'33,829) + (40,23 + j  6,16) =

= 42,946 + j39,989 MBA.

3HaxogHMo noTy^HocTÎ BTpaTH B .mmï 12:
U 4 2 ,9 4 6 2 +  3 9 ,9 8 9 2s

A S = S 12 ■ Z = — ,
s12 u 2 12 1102

(3 ,6  +  j1 2 ,1 5 )  = 1,025 +  j3 ,4 5 8  M B A .

noTy^rncTb Ha nonaray .mmï 12:

SH2 = SK2 +A S12 = (42,946 + j 39,989) + (1,025 + j 3,458) = 43,97 + j 43,45 MBA. 

noTy^rncTb HanpHKÎH^ .mmï A1:

S  Al = S u  + S ,i =(43,97 + j 43,45)+ (60,44 + j10 ,58)=  104,41 + j54,03 MBA. 

3HaxogHMo noTy^HocTÎ BTpaTH B mmï:

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



- t ' ü L . Z „  = 104,41 + 54,03 -(3,92 + yi 7,16) = 4,48 + j19,6 MBA.AS Ai = tt2 ' Z Ai
u  2 A1 i i o 2ht

noTy^HÎCTb Ha nonaTKy mmï:

S A1 = S A1 +A S a1 =(104,41 + j 54,03) + (4,48 + j19,6) = 108,89 + j 73,63 MBA.

3HaxogHMO noTy^rncTb, aKy BHgae g^epeno ^HBneHHA A:

S a = SA 1 + S A3 -  j Qca1 -  jQcA3 =(108,89 + j 73,63) + (82,87 + j74,51)-  
-  j  0,64 -  j  1,12 = 191,76 + j  146,38 MBA.

Hanpyry y By3ni 1 3HangeMO 6e3 oômKy nonepenHOï CKnagoBOï cnagaHHa 

Hanpyrn:

PA1RA1 + QhA1X Ai . .  „ 108,89 - 3,92 + 73,63 -17,16U  = u A A1 A1_  VA1 A1 = 121 = 107,03 kB.
UA 121

Hanpyra y By3ni 2

U2 = U1 - P 12 R 12 +  Q12 X 12 

U 1

43 97 • 3 6 + 43 45 -12 15= 107,03---- ,------- ,-------- ,--------—  = 100,62 kB.

Hanpyra y By3ni 3 CKnage:

UJ = U2 -  P23R23 + Q23X 23 = 100,62 -  2

107,03

2,72-1,8 + 33,83 • 6,08
U

UJ = UA -  Pa3Ra3 + Qa3Xa3 = 121

100,62

82,87 • 6,86 + 74,51 • 30,03

= 98,53 kB.

U 121
= 97,81 kB.

Hanpyry y By3ni 3 BÎ3bMeMO ak cepegHe apn^MeTHHHe Hanpyr UJ Ta U " :

U  ' + WW = W + U3 =98,17 kB.
3 2

Hanpyra y By3ni 0

At , P p  1 +  Q p  1 (  R T 1 e +  j X T  1 e )S  h =  S  ' +
S T 1 e =  S p1 +  t 7

W HOM 2
60,32 + j 47,65 MBA.

Un

R X T

U1

p u  1VT  1e 1 y v T  1e
r T1e ' 2 + Q t  1b 2

U1

f

+

X RD" y v T  1e , /Oh JVT 1e 
P T  1e 2  +  Q T 1e 2

u ;
102,17 kB.

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



Bn3HanaeM0 Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S 1 3 oôhîkom nonepenHoï 

CKaagoBoï cnagaHHA Hanpyra:

U B UTT _ U T 1 _ T  tB U c.hom1 Ud — — Ut'51 k 'T  1
T1 U

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

k U
T1

U ,
- Koe$^ieHT TpaHc^opMa^ï ipaHc^opMaTopa T-1;

c. hom1

U om e - Hanpyra perynroBanbHoro BÎgrany^eHHfl oômotkh BH; 

U chom i - HOMÎHantHa Hanpyra oômotkh CH TpaHC^opMaTopa.

P 2 + Q2
ç <h  ___ ç<  Ha^p1 ^^Ha^p1
s t i ^ , — S,,̂ ™ i  + -} T 1c —Ha^p1

u  :
( R Tlc + j X Tlc ) — 30,03 + j  20 MBA.

U B —U T1
i

U  P T 1c R T1c +  Q T 1c X T 1c
U 0

V U 0

U S1 — 102,1 •

(  nH
+ P T 1cX T1c Q T 1cR T1c

38,5
115

U

— 34,18 kB.

—102,1 kB.

BîgxHneHHa gificHOï Hanpyra Mepe^i Big HOMmanbHoï CKnage:

y  % — Us1 - U hom - 0 0  = 34,18~ 35 • 100 = -2,34% ,
S1 U HOM 35

BcTaHOBnweMO nepeMHKan PnH  y nono^eHHa -2, nepepaxoByeMO grncHy 

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

38,5
U s 1 — 102, 1-

115 +
-2 1,78 115 — 35,44 kB.

100

n p n  ^OMy BÎgxHneHHa Hanpyrn CKnage:

y  % — Us1 -  U —  • 100 = 35,44 ~ 35 • —0 = 1,26%,
S1 U hom 35

rn,o b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTa^eHHa S2:

SH — SST 1h — SHa^p 2
P 2 + Q2

+ Hazp2 „ Qnazp2 •(R 1h + jX TU ) — 30,03 + j 20,73 MBA.
U2

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



U B =U T1
i

U  -  PT1h R T 1h + Q t  1h X T 1h

0 U

\2  /  \2  ' '  P H Y  — D h P  'PT 1h x  T 1h Q T 1h r T 1h+
J V U

= 100,74 kB.
J

11
U „ = 100,74------= 9,64 kB.

52 115

BigxnneHHfl gificHoï Hanpyrn Mepe^i Big HOMmantHoro CKnage: 

v  % = U s 2 -  U hOM . 100  = 9,64 - 1 0 .100 = -3 ,6  %,
52 U hom 10

BcraHOBnroeMO nepeMHKan PnH  y nono^eHHA -3, nepepaxoByeMO gificHy 

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

11
U s  2 = 100,74

115 +
-3 -1 ,78-Il = 10,18 kB.

100

n p n  ^oM y BÎgxnneHHa Hanpyrn CKnage:

VS2% = Us2 U hom -100 = 10,18 10 -100 = 1,8%,
s2 U  10

rn,o b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTa^eHHA S3

P Ha^p3 +  Q Ha^p3 ( R T 2H +  j X T 2H )S  h =  sS  T  2 H  =  S nasp3
U 2 2

40,12 + y'42,91 MBA.

U B =U T 2 “

1

R X T

U2 -
pH 1VT2 , r>H T2
PT ̂ 2  +  Q t  2 2

U

V

+

X RpH ^  T2 P)H “ T2
PT 2 2  QT 2 2

U
= 95,85 kB.

ge S T  2 “  P T  2 + Q T  2

TpaHc^opMaTopa T-2;

noTy^HÎCTb, aKa nepegaeTtca no oômow  HH

U B 10 5
U „  = U t2  = 95,85 - ^  = 8,75 kB.' S  3 kT  2 115

BigxnneHHa gificHOï Hanpyrn Mepe^i Big HOMmanbHOï CKnage: 

FS3% = Us3 ~ U hom -100 = 8,75 ~ 10 -100 = -12,5% .
U„ 10

BcTaHOBnweMO nepeMHKan PnH  y nono^eHHA -7, nepepaxoByeMO gificHy

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



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

Us 3 = 95,85 —  10,5—7 -1,78 -115 = 10,0 kB.
115 +

100

npH ^OMy BÎgxHneHHa Hanpyrn CKnage:

VS3 % = Us3  ̂ Uhom . 100 = 10,0 1 0 .100 = 0 %,
U 10

rn,o b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S4:

P Ha^p 4 +  Qncœp 4 (  R T  3 H  +  j X T  3 H  )S H =  S  +S  T  3H  =  S Ha2p 4 +
U t 2

80,21 + j85,87 MBA.

UB  =UT  3
i

j j  P T 3R T  3 +  Q t  3 X T  3

V U3

(  r>H

+ P T  3 X T  3 Q T 3R T  3

U
= 93,25 kB.

ge ST3 = PT3 + QT3 - noTy^HÎCTb Ha nonaTKy TpaHC^opMaTopa T-3,

Us 4 =
UB  

T  3

k
= 93,25

T 3

10,5
115

= 8,51 kB.

BîgxnneHHa gificHOï Hanpyrn Mepe^i Big HOMmanbHOï CKnage:

V  % = U s4 -  U hom . 100 = 8,51 - 1 0  -100 = -14 ,9% ,
S4 U Hom 10

YcTaHOBnweMO nepeMHKan P nH  y nono^eHHa -9, nepepaxoByeMO gificHy 

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

10,5
U ^ = 93,25'

115 + -9 -1,78 -115 = 10,14 kB.

100

n p n  ^OMy BÎgxnneHHa Hanpyrn CKnage:

Uv±-  U/_. _  10,14 -1 0
U

VS4% = US4 — Um -100 = 10,14 10 -100 = 1,4%,
10

rn,o B Me^ax npnnycTHMoro.

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



1.7 Po3paxyHOK mcaaaBapmHoro pe^HMy

YBa^aronH mmro .H-1 aBapiHHo BÎgKnwneHOW, BHKOHyeMO po3paxyHOK pe^HMy 

Poôoth eneKTpHHHOï Mepeæi, cxeMa 3aMÎm,eHHa aKoï HaBegeHa Ha pnc. 1.5.

PncyHOK 1.5 -  CxeMa 3aMirn,eHHa eaeKTpHHHoï Mepeæi b aBapmHOMy pe^HMi

Po3paxyHKH HaBaHTaæeHb, npHBegeHHx go BH TpaHC^opMaTopÎB npn 

aBapÎHHOMy pe^HMÎ poôoTH npoBogHTbca no thm æe BHxigHHM napaMeTpaM, rn,o h gaa 

HopMantHoro pe^HMy, TOMy BHKoHyBara noBTopHe nepepaxyBaHHa HeMae 

HeoôxigHOCTÎ.

^ a a  3MeHmeHHA cnagaHHa Hanpyrn 3acTocyeMo KoMneHca^ro peaKTHBHoï 

noTy^HocTÎ b Mepeæi. ^na  ^ o r o  y By3nax 1, 2, 3 HeoôxigHo BCTaHoBHTH 

KoHgeHcaTopHi ôaTapeï 3 KoHgeHcaTopaMH rany  KCKr-1,05-125, po3paxoBaHHx Ha 

HoMiHaatHy Hanpyry 110 kB, aKi 3aôe3nenywTb KoMneHcagiro peaKTHBHoï noTy^HocTÎ



no 77 MBap m^Ha.

noTy^HÎCTb HanpHKÎH^ mmï .H-4 piBHa:

S23 = Sp3  -  j Q e k  = 80,41 + J8,87 MBA. 

BTpaTH noTy^HOCTÎ b mmï:

( S 2-3 )2
A S  23

U
(R 23 + J X 23) = 0,974 + j3 ,288 MBA.

noTy^HÎCTt Ha nonaTKy mmï .H-4:

S h23 = S K3 + AS23 = 81,384 + j12,158 MBA.-23 _ Ü23 1 ^bl23

noTy^HÎCTb HanpHKÎH^ mmï .H-3 piBHa

S 1 2 = S 23 + Sp2 -  j Q e k  = 121,61 -  J 21,88 MBA.112 _ Ü23 ^  ^-p2 

BTpaTH nOTy^HOCTÎ B mmï:

_ (  S  * ) 2
AS12 = V 2 7 (R12 + jX 12 ) = 4,54 + J 15,33 MBA.

U HOM

noTy^rncTb Ha nonaTKy mmï .H-3:

SH2 = S u  + AS12 = 126,16 -  j  6,55 MBA. 

noTy^HÎCTb HanpHKÎH^ mmï .H-2 piBHa:

S  A1 = SH2 + S ,  1 -  j Q e k  = 186,6 -  j  36,17 MBA. 

3HaxogHMO noTy^rnocTÎ BTpaTH B .mmï:

A SA1
( S A1 )
U

Z A1 = 11,70 + J51,23 MBA.
H.A1

noTy^HÎCTb Ha nonaTKy mmï:

S Al = S  Ai +AS A1 = 198,30 + j15,06 MBA.

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

S a = S"a 1 -  J Q ca1 = 198,30 + J14,42 MBA.

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

Hanpyrn:

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj
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U  — UA -  P “a'Ra' + Qa1Xai — 112,53 kB.
UA

Hanpyra y By3ni 2:

U  — U  -  PnRl2 + QnXl2 = 109,2 kB.
Ui

Hanpyra y By3ni 3 CKnage:

U  — U  -  Pa3Ra3 + Qa3Xa3 = 107,18 kB.
U

Hanpyra y By3ni 0

S Rle  — SPp l +  Pp1J +  Q p  1 • (  R t  1 « +^ X t  1 « )  =  6 0 , 3 2  +  j 4 7 , 6 5  MBA.

Uo = U , -

T)H R T 1e ! nH  x  T 1e
PT1e ^  + Q T2 T1e

y  \ 2 f  y  d  ^ 2
x ^ -  U h x  T1e , n «  R T 1e

PT 1e + Q2
U1

+ 2 CT 1e 2
U1

= 107,89 kB.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S 1 3 oônÎKOM nonepenHol

CKnagoBOi cnagaHHA Hanpyra:

, p' 2
",T1C S Hâ p1

P 2 + Q2
ç t h  ___ o  Ha^p1 z-'Ha^p1Ŝ r̂' — S,,-™ 1 + —

U2 ( Rt 1c + jX t 1c ) = 30,03 + j  20,0 MBA.

UB =UT1C i
U  -  PT 1c R T 1c +  Qt  1c X T 1c

0 U

\  2 /  \  2 
' ' P H Y  — D H P  'PT 1c x  T 1c Q T 1c R T 1c+

J V U
—107,82 kB.

J

38,5
Uei —107,82 •— ?- — 36,1 kB. 

S1 115

BigxnneHHa gificHOï Hanpyra Mepe^i Big HOMmanraoï CKnage:

V  % — Us1 -  U h°m • 100 — 36,1 -3 5  • 100 — 3,14 %,
S1 U HOM 35

BcTaHOBnweMO nepeMHKan PnH  y nono^eHHA 1, nepepaxoByeMO gificHy 

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

38,5
US1 —107,82'

115 + 11,78 115 — 35,46 kB.

100

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



npH ^OMy BÎgxnneHHfl Hanpyrn CKnage:

V % = U si -  U hom . 100 = 35,46 ~ 3 5 .100 = 1,31%,
U Hom 3 5

rn,o b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S2:

P  2 + O 2g u  _^  Ha^p 2 z-'Hazp 2
JT 1h —Ha^p 2 U2

( R t  1h +  J X t  1h ) = 30,03 + j 20,73 MBA.

UB
T1H i

U  P T 1h R T 1h +  0 T1h X T 1h
U 0

V U 0

(  DH
+ P T 1hX T1h Q T 1hR T1h

V U
= 106,53 kB.

U „  = 106,53 • —  = 10,19 kB. 
S2 115

BigxnneHHfl gincHoï Hanpyrn Mepeæi Big HOMmanbHoï CKnage:

U ,1-  _  10,19 -1 0
U,,

VS2% = US2 U hom • 100 = 10,19 10 • 100 = 1,9 %,
10

rn,o B Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBanraæeHHfl S3

P Hasp3 +  O HQ8p3 ( R T2H  +  j X T2H  )SH =  S  +S T 2H =  S Ha^p3 + '
U  . 2

40,12 + j  42,91 MBA.

UB 
T 2

f R X T

U

pH JVT2 . n H T2
PT 2 2 +  O T 2 2

U

f

+

X Rp ^  T 2 (DH 1VT 2
PT2 2 OT 2 2

Uô
104,79 kB.

US3 = 104,79 •1 0 5  = 9,57 kB. 
S3 115

BigxnneHHa gincHoï Hanpyrn Mepe^i Big HOMmanbHoï CKnage:

V  % = U s 3 -  U hom • 100 = 9,57 -  10 • 100 = -4 ,3  % .
U hom 10 ,

YcTaHOBnweMO nepeMHKan PnH  y nono^eHHA -3, nepepaxoByeMO gincHy 

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

11
U s  3 = 107,79 •■

115 +
-3.1,78.115 = 10,11 kB.

100

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj

n p n  ^OMy BÎgxnneHHa Hanpyrn CKnage:

V % = U s  3 ~ u —  . 100 = 10,11 ~ 1Q . 100 = 1,1 %,
3 U h om  10

rn,o b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHA S4:

S ^ H  =  S Ha2p4 +  P n a zp 4 +  Q u a zp 4 • ( R t 3H  +  j X t 3H  )  =  80,21 +  j 85,87 MBA.
U hom 2

U j j  = J ( U  -  P t3RT 3 + Q t3 X 31 + f  Pp3X t3 -  ^  = 102,66 kB 
V l 3 U3 J l  U3 J

U s4 = 102,66 • —  = 9,37 kB.
115

BigxnneHHfl gificHOï Hanpyrn Mepeæi Big HOMmanbHOï CKnage:

v  % = Us4 -  U hom .100 = 9,37 ~ 1 0 .100 = -6 ,3  %,
4 U hom 10

YcTaHOBnweMO nepeMHKan PnH  y nono^eHHA -4, nepepaxoByeMO gificHy 

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

Us4 = 102,66 • - ^ .115 = 10,09 kB.
+ 100

npH ^OMy BÎgxnneHHa Hanpyrn CKnage:

V  % = Us4 -  U u  . 100 = 10,09 ~ 1 0 .100 = 0,9%,
4 U h om  10

rn,o B Me^ax npnnycTHMoro.



2 P03PAXYH0K E^EKTPH^HOÏ ^ACTHHH niQCTAHUIï

3rigHo i3 3aBgaHHaM, HeoôxîgHo po3paxyBara gBoxTpaHC^opMaTopHy 

nigcTaH^ro nC-2, go aKoï mgKnroneHO HaBaHTaæeHHa

noTy^HÎCTW S 2  = 40 + j40  MBA. Ha nigcTaH^ï BCTaHoBaern TpaHC^opMaTopn THny 

TP^llH-63000/110.

2.1 Bnôîp chhobhx TpaHC^opMaTopÎB Ta ïx nepeBipKa 3a rpa^koM

HaBaHTa^eHHa

S HaB = VpH.B + Q L  = 7  402 + 402 = 56,6 MBA

S = —sa» = 56,6 / 1,4 = 40,43 MBA*—'  x n  y  y  y

Tp K„„

ge K aB = 1,4.

—
K = ---- HaL  = 0,45

2 • S,Tp.HOM

^ a a  nigcTaH^H ôyan oôpam TpaHC^opMaTopn noTy^HOCTÎ S = 63 MBA THny 

TP^H -63000/110.

nepeBÎpHMo TpaHc^opMaTopn 3a aoôobhm rpa^ÎKoM HaBaHTaæeHHa Taôa.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 25,5 31,1 34 50,9 50,9 45,3 45,3 56,6 50,9 73,6 79,2 56,6

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

HaBaHTa^eHHa nepeTBopHMo b gBocTynmaacTHH. üoaaTKoBe HaBamaæeHHa 

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



3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj

K  = 1 . /S?t 1 +  S2t2 +  ••• +  =

SHOM V ^  +  t 2 +  ••• +  t n_________________________________________
1 125,52-2+31,l2-2+342-2+50,92-2+50,92-2+45,32-2+45,32-2+56,62-2+50,92-2+56,62-2

= ------J — 2----------2-------------------- 2---------- 2---------- 2---------- 2---------- 2---------- 2---------- 2------= 0,551
63 V 2-10

ge Sl5S2, ••• Sn -  BnacHe HaBaHTaæeHHA nepmoro; gpyroro; n-ro CTyneHA rpa^ÎKa

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

t l5t 2, ••• tn -  TpHBanicTb CTyneHa, rogHHa.

AHanorÎHHO BH3HanaeTbca gpyrnfi CTynÎHb eKBÎBaneHTHoro rpa^ÎKa, ane npn ^OMy 

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

K = 1 . lS?t i +  S2t 2 +  ••• +  f f i n ' =

SHOM V t 1 + 12 +  ••• +  t n

1 / 73,62-2+79,22-2
= ----- J  — ,----------- ,------= 1,257

63 V 2-2

ge S^S^-^Sn -  HaBaHTa^eHHa BHm,e mmï HOMmanbHoï noTy^HoCTÎ

TpaHc^opMaTopa.

MaKCHManbHe nepeBaHTa^eHHa TpaHcèopMaTopa CKaagae



Kmax = = 79,2 / 63 = 1,26
S HOM

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

HaBaHTaæeHHa.

K  = 0,9 • Kmax = 0,9 • 1,26 = 1,13.
nopÎBHweMO nonepegHe 3HaneHHa K  H K  gaa nogaatmnx po3paxyHKiB 

npHHMaeMO ôiatme 3 hhx K  = 0,938 Ta K'2 = 1,13, K2 > K2 OT^e npHHMaeMo 

K2 =1,13.

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

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

nepeBaHTaæeHHA gonycTHMe K2roCT = 2.

nopÎBHweMO 3HaneHHa K2 3a rOCToM i peaatHe. K2foct = 2 i K2 = 1,13.

K2rocT > K2. 3HaneHHa K 2 3a TOCTom ôiatme, Hra: 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 3a6e3nenHTt ^HBaeHHa cno^HBanÏB 6e3 

oÔMe^eHH^M no nacy Ta no noTy^HocTÏ.

2.2 Po3paxyHoK CTpyMiB KopoTKoro 3aMHKaHHa

BroHaneHHA 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. nigCTaH^a ^HBHTtCa 3a 

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

3aMHKaHHa HaBegeHa Ha pHC. 3.

Po3paxyHoK CTpyMiB KopoTKoro 3aMHKaHHa BHKoHaeMo b ÏMeHoBamn CHCTeMÏ 

og.HHHHh. noTy^HÏCTt KopoTKoro 3aMHKaHHa Ha mHHax 110 kB ^ m p a  ^HBaeHHa 

CKaagae S c  = 2300 MBA.



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

Onip CHCTeMH gopÎBHwe
U 2X c = U  i  = 1102 / 2300 = 5,26 Om.

c Sc
Onopu ^pa^wwHHx gmm:

mima m-1 m-2 m-3 m-4
^OB^HHa, KM 70 40 30 15

MapKa npoBogy AC-300/39 AC-300/39 AC-240/32 AC-240/32
Xm, Om 27,93 15,96 12,15 6,075

X m = Xm_2 + X  m_3 = 28,11 Om 

Xm2 = X R _1 + X m_4 = 34,005 Om

X^ = Xm ' Xm2 = (28,11-34,005) / (28,11 + 34,005) = 15,39 Om.
X mi + X m2

Onip TpaHC^opMaTopÎB

U U2XT = Uk%UH = (10,5-1102) / (100-63) = 20,2 Om.
T 100 - SH



nepiogHHHa CKaagoBa CK3 y toh^  Ki:

U .
Iki =' = 110000 / (1,73-(27,93 + 15,39)) = 3,075 kA.

Tb -i K 2 _

S  ( xc + x n )
nepiogHHHa CKaagoBa CK3 y toh^  K2 nprnegeHa go Hanpyra bh^ oï ctopohh

x = 110000 / (1,73-(27,93 + 15,39+20,2/2)) = 2,065 kA.U

■x/3 Xc + X „ + X t

PeanbHHH CTpyM K3 y toh^  K2: 

ILK 2 _  ^ K2I?„ +  = tK2 .(110 / 10) = 22,72 kA.
U.

YgapHHH CTpyM:

- y t o w  K1: iyg1 = V 2 -1,61- IK1 = 7 kA;

- y t o w  K2: i yg2 = V2 -1,61 - IK2 = 51,73 kA.

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

HacoM, ToMy Hepe3 Hac, aKHH gopÎBHroe Hacy BÎgKaroHeHHa

Inr1 = IK1 = 3,075 kA  gaa tohkh K1 ;

Inr = IK2 = 22,72 kA  gna tohkh K 2.

AnepîogHHHa CKnagoBa TK3 go MoMerny po3ÔmHocTi KoHTaKTiB BHMHKaHa

iai = 4 2 - IK1 -e Ta = 4 2 - 3,075-e

ia2 = 4 2  - T^9 - e Ta = 4 2  - 22,72 - e

0,06

0,025 = 0,395 kA

0,1
"0,05

LK 2 = 4,348 kA

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

K2 -  Ta =0,05 c.

iHTerpan ^^oyaa:

gaa K  b r = l 2 ( t  + Ta) = l2 (0 ,0 6  + 0,025) = 3,0752 0,085 = 0,804 kA2c 

gaa K 2 BR = l | 2(t + Ta) = l | 2(0,1 + 0,05) = 22,722 0,15 = 77,43 kA2c

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj

t

t



CTpyMH
KOpOTKOrO
3aMHKaHHA

CK3 y
nonaTKOBHH 
MOMeHT nacy

YgapHHH CK3 
iy , KA

Anepiog. 
CKHagoBa CK3,

ia KA

iHTerpan ^^oyna 
B k , kA2 c

fflHHH 
110 kB ( K  ) 3,075 7 0,395 0,804

fflHHH 
10 kB (K2 ) 22,72 51,73 4,348 77,43

2.3 Bnôip 3axHCH°ï Ta KOMyTa^HHoï anapaTypn

BncoKOBOHbTHi eneKTpHHHi anapara BHÔHparoTbca 3a yMOBoro TpHBanoro 

pe^HMy poôoTH i nepeBÎpawTbca 3a yMOBaMH k° p °tkhx 3aMHKaHb. n p n  ^°M y 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 Ô °^ butttoï Hanpyrn;

- BCTynHi BHMHKani Ha Ô °^ 10 kB;

- ceKgiHm BHMHKani Ha Ô °^ 10 kB;

- BHMHKani niHÏH, t °  BigxogaTb, 10 kB; p°3'egHyBani bhtoï Hanpyrn;

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

- omHHOBKa p°3nogmbHHx 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 Ô °^ 110 kB:

imaax= ^  - SrH°M = (1,4-63) / (1,73.110)= 4 6 3  a .
V3 ' U bh

BP 5.6.141.262 n3
ApKyuj

34
3 m . ApKyw N° doKyM. nidnuc Mama



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

iSlaX = Xt  ’tSt"°M = (1,4-63) / (1,73-10) = 5,09 kA. 
v 3 • u HH

CTpyM y K°m ce^inH oro BHMHKana: 

tr 14 • S
Imax = 1  T t "°%  = (1,4-63) / (1,73-10-2) = 2,55 kA.

■V3 • UHH • 2

CTpyM y K°m m"iï, rn,o BÎgxogHTK

14 • S
C  = /r’ T T "°“ = (1,4-63) / (1,73-10-10) = 509 A.

V3 - u hh -10

^ a a  BCTa"OBae""a "a  CTopo"i BHrn,oï "anpyrn npHHMaeMO BHMHKani THny 

^3-110^-23(13)Y4. Bnôip BHMHKanÎB "aBegeHHH y Taôa. 2.3.

T a ô a n ^  2.3 -  Bnôip BHMHKana "a  CTopo"i 110 kB

YMOBa
BHÔOpy

P°3paxy"K°Bi
3"ane""a

KaTaao^m
3"ane""a

Uc  < U H 110 kB 110 kB
I < Ip a o n  H O M 463 A 1250 A

1  n o  < 1  n p C K B 3,075 kA 50 kA

1  y d  < 1 C K B 7 kA 125 kA

< 1 O m K H o M 3,075 kA 100 kA
I < I

Ü T a " O M 0,395 kA 40 kA

Bk  < Iltr 0,804 kA 2 c 7500 kA 2-c

^ a a  BCTa"OBae""a "a  CTopo"i "H3bk° ï "anpyrn npHHMaeMO BHMHKaai THny 
MrY-20-90/9500Y3. Bnôip BHMHKaaÎB "aBegeHHH y Taôa. 2.4.

T a ô a n ^  2.4 -  Bnôip BHMHKaaÎB y Koai TpaHC^opMaTopa "a  CTopo"i 10 kB

YMOBa
BHÔopy

P°3paxy"K°Bi
3"ane""a

KaTaao^m
3"ane""a

Uc  < U h 10 kB 20 kB
I < Ip a o n  H O M 5,09 kA 9500 A

I  n o  <  I  n p C K B 22,72 kA 105 kA

I y d  < I  C K B 51,73 kA 300 kA

^n T < ^O m K H o M 22,72 kA 90 kA
I <Iüt a  h ° m 4,348 kA 30 kA

Bk < I 2Ttr 77,43 kA 2 c 32400 kA 2 c



^ a a  ycTaHOBKH b aKocri cew nHoro Ha CTopoHi hh^ hoï Hanpyru npunMaeMo 
BHMHKani THny BB3-10-31,5/3150Y3. Bnôip BHMHKanÏB HaBegeHo b Taôa. 2.5.

T a ô a n ^  2.5 -  Bnôip cew nH oro BHMHKana Ha ô o ^  10 kB

YMoBa
BHÔopy

Po3paxyHKoBi
3HaneHHa

K araao^H i
3HaneHHa

Uc  — UH 10 kB 10 kB

1  p a c u  ~  1 H O M 2 ,55  kA 3150  A

1  n o  —  1  n p C K B 22 ,7 2  kA 31,5  kA

i  y  —  1  n p C K B 51,73 kA 80 kA

1 n  T —  1 0 m K H o M 22 ,7 2  kA 31,5  kA
1 — 1

a T a h o m 4 ,3 4 8  kA 31,5  kA

Bk — 1 2Ttr 77 ,43  kA 2 c 2 9 7 7  kA 2 •c
^ a a  BCTaHOBaeHHa Ha CTopoHi hh^ hoï Hanpyrn b aiHiax, rn,o BÏgxogaTb, 

npHHMaeMO BaKyyMHi BHMHKani Tuny BB3-10-31,5/630Y3. Bnôip BHMHKanÏB 

HaBegeHo b Taôa. 2.6.

T a ô a n ^  2.6 -  Bnôip BHMHKanÏB Ha airnro, rn,o BÏgxogHTb 10 kB

YMoBa
BHÔopy

Po3paxyHKoBi
3HaneHHa

K araao^H i
3HaneHHa

Uc — U h 10 kB 10 kB
1 — 1pa< C 4  H O M 509  A 630  A

1  n o  —  1  n p C K B 22 ,7 2  kA 31,5  kA

i  y  —  1  n p C K B 51,73 kA 80 kA

1 n T —  1 O m K H o M 22 ,7 2  kA 31,5  kA
1 — 1

a T —  a  h o m 4 ,3 4 8  kA 31,5  kA
Bk — PTtr 77 ,43  kA 2 c 2977  kA 2 ĉ

^ a a  BCTaHoBaeHHa Ha CTopoHi BHrn,oï Hanpyrn npnnMaeMo po3'egHyBani 3 

ogHHM aôo gBoMa KoMnaeKTaMH 3a3eMawwnnx ho^ îb Tnny PH ^3.1-110/1000 X.H1. 

Bnôip po3'egHyBanÏB HaBegeHnn y Taôa. 2.7.

T a ô a n ^  2.7 -  Bnôip po3'egHyBanÏB 110 kB

YMoBa
BHÔopy Po3paxyHKoBi 3HaneHHa Karaao^Hi

3HaneHHa
Uc  — U h 110 kB 110 kB

1pac<4 — 1 HOM 463 A 1000 a

iyd — 1 npCKB 7 kA 80 kA

Bk — 1ltr 0,804 kA2 c 992 kA2 •c

BP 5.6.141.262 n3
ApKyuj
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BnôpaTH 36ipm ttthhh 110 kB Ta CTpyMonpoBÎgm eaeMeHTH b 6 ao ^  Big 36ipHHx 

mHH go BHBogÎB 6aoHHoro 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:eHm Ha 

mHHax, rn,o BÎgnoBÎgae 3araabHOMy HaBaHTa:eHHro.

I
PHOM _

HOpM V3 • u
56,6 / (1.73 110) = 297 A.

HOM

I = I = 297 A
MaKC HOpM  29 7 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 > 297 A.

nepeBipKa mHH Ha eaeKTpogHHaMÎHHy CTiHKicTb He BHKOHyeTbca, ocKÎabKH

In.0 < 20 KA.

nepeBipKa Ha TepMÎHHy CTiHKicTb TaKo: He BHKOHyeTbca, ocKÎabKH mHHH 

BHKOHaHi ronuMH npoBogaMH Ha BigKpuTOMy noBÎTpi.

nepeBipKa 3a yMOBaMH KopoHyBaHHa B gaHOMy BHnagKy Moraa 6 He 

npoBogHTHca, ocKÎnbKH 3rigHO nY E  MÎmMaabHHH nepepi3 gaa noBiTpaHHx amifi 

110 kB CTaHOBHTb 70 mm2. BpaxoByronH, rn,o Ha B Pn BigcTaHb M i: npoBogaMH 

MeHma, H i: Ha noBiTpaHHx aimax, npoBogHTbca nepeBÎpoHHHH po3paxyHOK. 

BH3HanaeMO nonaTKOBy KpHTHHHy Hanpy:eHicTb eaeKTpHHHoro noaa:

E0 = 30,3 • m • 1 + 0,299

VË"

ge m -  Koe^^ieHT, aKHH BpaxoBye mopcTKicTb noBepxm npoBogy (gaa 

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

3 m . ApKyw M  doKyM. nidnuc Mama

ApKyuj



f

E0 = 30,3 • 0,82 •
0,299

V
= 33,4 kB/cm

VÔTëy
BH3HanaeMO Hanpy:eHicTb eaeKTpHHHoro noaa HaBKoao npoBogy

E = 0.354 • U

r0 • !g
f  D ^cep

v r0 y

ge U  -  mmËHa Hanpyra, kB;

A^p -  cepegHa reoMeTpHHHa BigcTaHb M i: npoBogaMH $a3, cm. 

n p n  ropH30HTantHOMy po3TamyBaHHÎ $a3

Deep =  1.26 -D = 1ôô,8,

ge D  -  BigcTaHb M i: cycigmMH $a3aMH, gaa Uh=11ô kB D  = 8ô cm.

E  =  (Ô.354-121) / (Ô,76-lg(lÔÔ,8/Ô,76))= 26,55 kB/cm.

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

mHHax eaeKTpocTaH^ï nigTpHMyeTbca Hanpyra 1,1 Uhom.

nepeBipKa BHKOHyeTbca 3a HacTynHOW yMOBoro: npoBogn He ôygyTb 

KopoHyBaTH, aKffl,o

1,07 • E < 0,9 • E 0,

1,0726,55 = 28,4 < 0,933,4 = 3Ô,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 3aKpmnem ogHa BigHocHo ogHoï (2x 150x65x7 mm, 

nepepi3oM 2x1785 mm2, Igon=5650A).



PncyHOK 2.4 -  fflHHH KopoÔHacToro nepepi3y 

Ugon = 70oC, u^aKT = 30oC, uHOpM = 250C.

YMOBa 3a gonycTHMHM CTpyMOM:

I™ = 5090A < Igon = 5650 A,

yMOBa BHKOHyCTbCfl.

npnnycTHMHH CTpyM 3 ypaxyBaHHaM nonpaBKH Ha TeMnepaTypy 

Ha.RKQ̂ HmHboro cepegoBHrn,a:

jt _ j d̂on (̂ftaKm _
1 d on = 1 don 5650

d̂on ĤopM i
70 -  30
70 -  25

= 5327 A,

ge v gon -  gonycTHMa TeMnepaTypa mHHH;

uHopM -  HoMmantHa TeMnepaTypa HaBKoaHmHboro cepegoBH^a.

5090 A < 5327 A.

MÎHÎManbHHH TepMÎHHo ctîhkhh nepepi3:

q
4 B R  _  777,43

m in. don ^  ç q  j q -3  97,8 MM2.

OcKÎnbKH qmindo„ = 97,8 < 2x1785 mm2 TepMÎHHa CTÎHKÎCTb muH 

3a6e3nenyeTbca.

TBepgi mHHH noBHHHÎ ôyTH nepeBÎpeHÎ Ha gHHaMiHHi giï CTpyMiB K3 i Ha

Mo^HHBÎCTb BHHHKHeHHa pe3oHaHCHHX aBHffl,. 3a3HaneHÎ aBHffl,a He BHHHKaWTb npH

K3, aKrn,o BnacHa nacTOTa KoaHBaHb mHHH MeHme 30 i ôiabme 200 ^acTOTa

BnacHHx KonHBaHb gga aaroMÎmeBHx mHH BH3HanaeTbca 3a ^opMyaoro
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ge

ge

ge

ge

fo  =
173.2

/ 2 ^

Jy 0 -y 0 173.2

2 2

1260
= 257  ^

2-17 ,852  ' q  m iH i

l -  goB^HHa npontOTy Mrn: i3onaTopaMu l= 2  m , m ;

J y0-y0 -  MOMeHT m ep^ ï nonepeuH oro nepepi3y gBOx 3po^eH ux muH, cm4; 

q muhu -  nonepenHHH nepepi3 ogm eï mHHH, cm2.

OcKÎnbKH f0 = 257  >  200  r ^  TO MexaHÎHHHH pe30HaHC BHKHWHaeTbCa.

MoMeHT onop y nepepi3y gaa  gBOx 3porn,eHux muH:

i2 ' /2 51 ,7 3 2'22'10-2
= 1,76 — yg----------10-8 = 1 ,7 6 ------------------------------ = 1,41 M n a

a ' W w
^.max

'yO-yO
a -  BÎgcTaHb Mi® $a3aMu, m

0 ,8 '167

,3^y0 _y0 -  MOMeHT onopy gBOx 3porn,eHux muH, cm3 

a^.max = 1,41 ^  <r̂ on = 82,3 M na yMoBa MexamnHoï m^ hoct BuKoHyeTbca. 

<x̂ on = 82,3 M na -  gonycTUMa MexarnnHa Hanpyra b MaTepiaai aaroMimeBux muH. 

Cuaa B3aeMogîï Mrn: mBeaepaMu:

2
f n = 0 ,5  ' - ^  '1 0 -  7 = 0 ,5  — :—  

n , h  , 0 ,15

51 ,732
'1 0 - 1 = 8 9 2 H /m

h - BucoTa mBeaepa, M.

MaKcuManbHa BigcTaHb Mra: M ic^M u 3BaproBaHHa mBeaepiB:

n.max
12 .( CTgon - O ^ a x  ) ' W y _ ^  l 2 '(82,3 -  M l)-  14,7

i = 4 M
892

ge ^N y_y -  MoMeHT onopy muH y BepTuKaabHm nnomuHi, cm3.

2.5 Buôip BuMÎpwBanbHux TpaHc^opMaropiB cTpyMy Ta Hanpyru

^aa  BBiMKHeHHa eaeKipoBuMiproBaabHux npunagiB i npucTpoïB peaeËHoro 3axucTy 

HeoôxigHa ycraHoBKa TpaHc^opMaropiB crpyMy i Hanpyru. y  gaHoMy npoeKTi peaeHHuu 

3axucT geTanbHo He po3po6aaeTbca, ToMy nepeBipKy TpaHc^opMaropiB 3a btopuhhum 

HaBaHTa^eHHaM BuKoHyeMo 3 ypaxyBaHHaM BBiMKHeHHa TrnbKu BuMÎpwBanbHux npunagÎB.

3 m . ApKyw M  doKyM. nidnuc Mama

ApKyuj
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y  ^aH^W3i cnnoBoro TpaHC^opMaTopa 3 ôoKy hh^ hoï Hanpyrn BCTaHoBnroerbCa 

aMnepMeTp, BonbTMeTp, BapMeTp, mHHHbHHKH aKTHBHoï i peaKTHBHoï eHepriï, Ha 

mHHax 110 kB -  BonbTMeTp i3 nepeMHKaneM gna BHMÎpy Tpbox Mra:$a3oBHx Hanpyr, 

Ha cewËHOMy BHMHKani 10 kB - aMnepMeTp, Ha nmmx, rn,o BÎgxogaTb, 10 kB - 

aMnepMeTp, mHHHbHHKH aKTHBHoï i peaKTHBHoï eHepriH. Po3paxyHoK BTopHHHoro 

HaBaHTa^eHHa TpaHC^opMaTopa CTpyMy HaBegeHHH y Taônn^ 2.8.

T aô n n ^  2.8 -  Po3paxyHoK BTopHHHoro HaBaHTaæeHHa TpaHC^opMaTopÎB CTpyMy

npnnag 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
Î̂HHHbHHK aKTHBHoï eHepriï 1 2,5 - 2,5
Î̂HHHbHHK peaKTHBHoï eHepriï 1,5 2,5 - 2,5

CyMapHe HaBaHTaæeHHa CTpyMy b kohî 
cnnoBoro Tp-pa Ha ô o ^  BH 0,5 0,5 0,5

CyMapHe HaBaHTaæeHHa CTpyMy b kohî 
CHnoBoro Tp-pa 3 ôoKy HH 6,5 0,5 6,5

CyMapHe HaBaHTaæeHHa CTpyMy b kohî 
Ce m  BHMHKana Ha HH 0,5 0,5 0,5

CyMapHe HaBaHTaæeHHa CTpyMy b kohî 
BigxigHoï mmï 0,5 0,5 0,5

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

BnônpaeMo TpaHC^opMaTop CTpyMy TO3M-110E-L

T aô n n ^  2.9 -  Bnôip TpaHC^opMaTopa CTpyMy b m ai cnnoBoro

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

yMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano^m
3HaneHHa

Uc < UH 110 kB 110 kB
I < Ip a o n  H O M 463 A 800 A
i y < 1 npCKB 7 kA 124 kA
Bk < I 2Ttr 0,804 kA 2 c 2352 kA 2 c

Z H  < Z H . H O M 0,82 O m 1,2 O m

BP 5.6.141.262 n3
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^ n a  nepeBÎpKH 3a btophhhhm HaBaHTa:eHHaM BH3HanaeMo onip  npnnagiB

S  0 5
^  = ^  =  - ° T =  0 ,0 2  Om 

T ogi onip cnonynHHx npoBogiB M o :e  ô y ra

Znp =  7  — 7^ hom ^npun - Z K

Z np — HOMÎHa^bHHH o n ip  HaBaHTa^eHHn, Om; 

Z npun — o n ip  npn^agÎB, Om ;

ZK — on ip  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  -  nnTOMHH onip Migi, 0,0175 (Om-mm2/m),

F  -  nepeTHH : hh, mm2.

nepeTHH cnonynHHx npoBogiB 3a yMOBaMH MexamnHoï m^ hoctî noBHHHHH 

ôyra He MeHme H i: 2,5 mm2 gna MÎgHHx : hh.

Onip oôpaHHx npoBogiB:

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

3arantHHH onip CTpyMoBoro Kona

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

tohhoctî 0,5.

TpaHC^opMaTop CTpyMy T03M-110E-I BÏgnoBÏgae yMoBaM BHÔopy.
BnônpaeMo TpaHC^opMaTop CTpyMy TTTTB-15-y3.

T a ô n n ^  2 .10  -  B nôip  TpaHC^opMaTopa CTpyMy y  Koni TpaHC^opMaTopa Ha Ô o^ 10 kB

yM oBa BHÔopy
Po3paxyHKoBÎ

3HaneHHa
K aTano:H i
3HaneHHa

Uc  < UH 10 kB 15 kB
I < Ip a o n  H O M 5090  A 6000  A

i < Ly duH 51,73 kA -

K

VI 77 ,43  kA 2 c 3650  kA 2 c

7  < 77  H  < 7  H  .H O M 1,06 O m 1,2 O m



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

z n m „ =  =  665 =  0,26 Om

Togi onip cnonynHHx npoBogiB Mo:e ôyTH

7  = 7  — 7  — 7^np ^ hom ^npun ^ k

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

Z npun — onip npn^agÎB, Om;

Zk — onip KOHTaKTiB, Om.

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

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

F = p ------= 0.0175--------= 2,08 mm2
Znp 0,84

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 H i: 2,5 mm2 gna MÎgHHx : hh.
Onip oôpaHHx npoBogiB:

l 100
Znp = p  p -  = 0.0175-------= 0,7 Om.

p F 2,5
3arantHHH onip CTpyMoBoro Kona

^H =  ZnpĤ +  Zfc +  Znp =  0.26 + 0.1 + 0,7 = 1,06 Om.

rn,o MeHme H i: 1,2 Om, npnnycTHMHx npn poôoTÎ TpaHC^opMaTopa b Knaci

tohhoctî 0,5.

TpaHC^opMaTop CTpyMy T^B-15-Y 3 BÎgnoBÎgae yMoBaM BHÔopy. 

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

T aô n n ^  2.11 -  Bnôip TpaHC^opMaTopa CTpyMy b Koni cewHHoro BHMHKana 10 kB

yMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano:Hi
3HaneHHa

Uc  < U  H 10 kB 10 kB
1paon ~ 1HOM 2,55 kA 3000 A

i < Ly duH 51,73 kA -
B k < I 2Ttr 77,43 kA2 c 3250 kA2 c

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



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

S  0 5
^  = ^  =  - ° T =  0 ,0 2  Om 

Togi onip cnonynHHx npoBogiB Mo:e ôyTH

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.

Znp =  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 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 H i: 0,8 Om, npnnycTHMHx npn poôoTÏ TpaHC^opMaTopa b Knaci 
tohhoctî 0,5.

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

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

YMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano:Hi
3HaneHHa

Uc  < U H 10 kB 10 kB
I < Ip a o n  H O M 509 A 1000 A

i < Ly duH 51,73 kA -
Bk < I 2Ttr 77,43 kA 2 c 3250 kA 2 c

ZH  < ZH . H O M 0,56 O m 0,8 O m



^na nepeBÎpKH 3a btophhhhm HaBaHTaæeHHaM BH3HanaeMo onip npnnagÏB

S  0 5
^  = ^  =  - ° T =  0 ,0 2  Om 

Togi onip cnonynHHx npoBogiB Mo^e ôyTH

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 .

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  -  nnTOMHH 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 = ZnpĤ  + Zfc + Znp = 0.02 + 0.1 + 0,438 = 0,56 Om. 

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

0,5.

TpaHC^opMaTop CTpyMy Tffl^n-10-Y3 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 gaHi Î3 

T aônn^ HaBegeHHx y goBÏgHHKax.



T aô n u ^  2.13 -  Buôip TpaHc^opMaTopa Hanpyru 3 ôoKy BH

Tun
K^ac

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

B^A, b Kaaci TOHHocri
MaKcHMa^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

T aô n 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 ToHHocri 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 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.

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 ^aH^ro3i TpaHc^opMaTopa h 

HeaBToMaTHHHow nepeMHHKow» (pnc. 2.5).
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PncyHOK 2.5 -  CxeMa po3MÎm,eHHfl bhcokobohbthhx anapaTiB Ha nigcTaH^ï

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

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

TpaHC^opMaTopÎB go ogmeï mmï npn peMoHTi ÎHmoï.

CxeMa nigcraH^ï HaBegeHa Ha rpa^ÎHHm 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.

Po3rn^HeMo HacmgKH aBapÎHHHx CHTya^H y gamn cxeMi:

1) BigMoBa ogHoro i3 TpaHC^opMaTopÎB (npnnycTHMo T1). n p n  KopoTKoMy 

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

^HBneHHa cno^HBanÎB nigcTaH^ï 3gmcHmeTbca nepe3 TpaHC^opMaTop T2 3a paxyHoK



fioro nepeBama^yBantHOï 3gaTHocTi.

2) BigMoBa ogHieï airnï, aKa 3'egHye cno^HBaniB 3 eaeKTpocTaH^ero (W1). n p n  

KopoTKOMy 3aMHKaHHÎ Ha airnï W1 BigôyBaeTbca BigKaroneHHa BHMHKana Q1, 

TpaHC^opMaTop T1 BTpanae ^HBaeHHa. n icaa BigKaroneHHa W1 onepaTHBHHfi 

nepcoHan BigKaronae ymKogæeHy rnrnro mmfiHHM po3'egHyBaneM. n icaa ^ o r o  

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

TpaHC^opMaTop T1 BÎgHOBnwe ^HBaeHHa.

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

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

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

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

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

BÎgKnwneHHa cno^HBaniB npoeKToBaHoï nigcTaH^ï.

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

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

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

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

2.7 Bnôip TpaHC^opMaTopÎB BaacHHx noTpeô

npnfiManaMH BaacHHKaMH BaacHHx noTpeô e [10]:

- onepaTHBHÎ Koaa;

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

BHCBÎraeHHa i eaeKTpoonaaeHHa npHMirn,eHb;

- eneKTponigirpiBaHHa KoMyTa^fiHoï 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 TpaHC^opMaTopiB BaacHHx noTpeô. 

HoMmaabHa noTy^HicTb BHÔnpaeTbca 3 yMoB



S TCH  -  S CH  ,

ge S TCH - noTy^HÎCTb TpaHC^opMaropa BaacHHx noTpeô, kBA;

S CH - noTy^HÎCTt cno^HBanÎB BaacHHx noTpeô, kBA.

T a ô a n ^  2.15 -  Po3paxyHOK noTy^HOCTÎ npHHMana BaacHHx noTpeô

n/n
HafiMeHyBaHHa

cno^HBana

ycTaHoBaeHa
noTy^HÎCTb Koe$.

nonHTy
cos^

HaBaHTaæeHHa

OgHHH^, 
kBt x

KmbKiCTb

Bcboro,
kBt

PycT,
kBt

Qy^
KBAp

1
Oxoaog^eHHa
TpaHC^opMaTopÎB
TP^UH-63000/110

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

2

nigirpiB
BHCoKoBoabTHHX 
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, ocBÎraeHHa, 
BeHTHH^ia 3aKpHToro
p y

- 5 0,8 1 5 -

5 OcBÎTaeHHa p y - 2 0,8 1 2 -

Bcboro 27,4 6,2

Po3paxyHKOBe HaBaHTaæeHHa

5ycT — Kc • I PycT + QyycT

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

S ycT — 0 .8 -V27,42 +  6,22 — 22,5 kBA

n ig  nac BBÎMKHeHHa ^ o r o  HaBaHTaæeHHa Ha ogHH TpaHC^opMarop 

gonycKaeTbca fioro nepeBaHTaæeHHa Ha 20%. noTy^HÎCTb TpaHC^opMaropa gaa 

3aôe3neneHHa ^HBaeHHa HaBaHTaæeHHa BaacHHx noTpeô 3 ypaxyBaHH^M peMoHTHHx 

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

gopÎBHwe S TCP = 20 -  25 kBA.



= S c H  + S TCP = 22,5 + 20 = 35,4 kBA.
1,2 1,2

EepeMO CTaHgapTHy noTy:HÎCTb TpaHC^opMaTopa S TCH =40 kBA. OcraronHO

gaa :uBaeHHa cno:HBana BaacHHx noTpeô ôepeMO gBa TpaHC^opMaTopn CTaHgapTHoï 

noTy^HOCTÎ: TM-40/10.

2.8 KoMnoHyBaHHa po3nogiabHHx npncTpoïB Ha 6 o ^  110 kB

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

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

BHnagxax [9]: po3MÎm,eHHa n C  i3 TpaHC^opMaTopaMH 16 MBA i BHrn,e Ha cay:6oBÎH 

TepHTopiï mîct, po3MÎm,eHHa n C  Ha TepHTopiï mîct, kohh ^  gonycKaeTbca 

MÎCTOÔygÎBHHM MipKyBaHHaM.

Ha n C  eaeKTponocTanaHHa npoMHcaoBHx nignpneMCTB nepegôanaeTbca BogaHe 

onaaeHHa, npnegHaHe go TenaoBHx M epe: nig npu f.mctb.

EygHHKH 3P y  (3aKpHTHx P y) gonycKaeTbca BHKOHyBara aK OKpeMO po3MÎm,em, 

TaK i 3ÔaoKOBaHHMH 3 ôygHHKaMH P n y  b TOMy HHcai i no BepTHKaai.

TpaHc^opMaTopn 110

kB BapTO ycTaHOBawBaTH BÎgKpHTHMH, a y panoHax i3 3a6pygHeHoro 

aTMOC^epow 3 nocnaeHoro Î3oaa^ero.

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

BHMor: peMOHT BHMHKanÎB 110 kB i BHrn,e BHKOHyeTbca 6e3 BigKaroneHHa npnegHaHb: 

noBiTpaHi girnï BigKaronaroTbca Big P n  He ôiabme H i: gBOMa BHMHKanaMH, 

TpaHC^opMaTopn ôaoKÏB BÏgKawnawTbca He ôiabme H i: TpbOMa BHMHKanaMH i t.îh.

n p n  BigKawneHHax BHMHKanÎB y HopMaabHOMy pe:uMi P n  He noBHHHe 

BigKawnaTH ôiabme ogHoro ôaoKa, y peMOHTHOMy - He ôiabme gBOx ôaoKÎB.

^ a a  Pn35-220 kB npn nncai npnegHaHb 12-16 ogHy 3 gBOx cncreM 

cewoHyroTb, npn nncai npnegHaHb ôiabm hî:  16 -  cewoHyroTb oôngBÏ CHCTeMH 

muH.



PII 10 kB Bxo^^Tb ,n,o CKjia/iy nincTaHLUH ak ronoBHi PII. PII 10 kB 

niacTanuiH ni^KiiiOHaiOTbca noHnacyiOHi TpaHC(J)opMaTopH, CHHxpoHHi KOMneHcaropn 

Ta m.

CxeMH PniO  kB noBHHHi 3aaoBOJibH«TH HacTynHHM BHMoraM [4-6]: 

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

ejieKTponocTanaHHa BirnoBirarbHHx cnoacHBaniB (1 Kareropia no nY 3), po3imipeHHa 

PII 3 poctom HaBaHTaaceHb He noBHHHe npHBoaaTH ,n,o 3m1hh cxeMH i 3HanHnx 

ôyAÎBejibHHx i MOHTaacHHx poôiT.

CeKn,iiOBaHHa 3ÔipHHx ttthh ^,03B0Jiae 3a.ro boh b h htm bhmoth HarinHOCTi. 

Po3mnpeHHa PII 3r,incHioeTbca 3anoBHeHHaM pe3epBHnx oceperKiB aôo BBereHHAM 

HOBOÏ CeKU,iï.

PY 10 kB .an a KOMnjieKTHHx TpaHC(j)opMaTopiB IIC BHKOHyeTbca y Bnrjiar,i 

KPYH aôo KPY, BCTaHOBjnoBaHnx y 3aicpHTHX npnMiineHHax. y  3P y  10 kB 

peKOMeH^yeTbca BCTaHOBjiiOBaTH niacjjH K Py 3aBorcbKoro BnroTOBjieHHa.

ApKyuj

BP 5.6.141.262 Ü3 51
3 m . ApKyuj N° doKyM. Ilidnuc Marna



3 P03PAXYH0K PE^EHHOrO 3AXHCTY TPAHCOOPMATOPA 

3.1 BroHaneHHA napaMeTpiB, Heo6xigHHx gaa po3paxyHKy 3axHCTÎR

TpaHc^opMaTopa

Po3paxoByeMO 3axncr gaa TpaHC^opMaTopa rany TP,^H-63000/110, 

KaTaao^m garn aKoro HaBegeHo b Ta6an^ 1.3.

TpaHC^opMaTop ogep^ye ^HRaeHHa BÎg eHeprocHCTeMH 3 napaMeTpaMH 

XC.MüKC 12 Om, Xc.mîu 18 Om (onopH npHRegeHi go Ucp .HOM 115 kB).

1. ^ a a  CKaagaHHa cxeMH 3aMÎm,eHHa (pnc. 3.1) po3paxyeMo onopn 

TpaHc^opMaTopa:

PncyHoK 3.1 -  noacHWwaa cxeMa (a) i cxeMa 3aMÎ^eHHa (6) TpaHC^opMaTopa 3

po3rn,enaeHow o6motkow

a) 3araabHHH mgyKTHRHHH onip:

U  U,
.x =m

2
Cp.HOM

1 0 0  S ,,

1 0 , 5  1 1 5 2 

1 Ô 0  ’ ~ 6 3
=  2 2 , 0 4  Om.

6) onip o6motkh rhiiioï Hanpyra:

x e =  0 , 1 2 5 x m =  0 , 1 2 5  • 2 2 , 0 4  =  2 , 7 6  Om.



b) onip oômotkh hh^ hoï Hanpyrn:

xH = 1,15xm = 1,75 • 22,04 = 38,6 Om.

2. n p n  po3paxyHKax CTpyMiB K3 gna 3axHCTÏB TpaHC^opMaTopÏB i3 PnH  cnig 

ypaxyBara 3MiHy onopy 3a paxyHOK perynmBaHHa Hanpyrn. ^na  TpaHC^opMaTopÏB 

110 kB npnônroHO MO^Ha npnnHaTn:

muu = x „.hom (1 -  AU)2 = 38,6 • (1 -  0,12)2 = 29,9 Om;

x .  = . . h m (1+ A U )2 = 38,6-(1 + 0,12)2 = 48,4 Om.

3BÎgcH

x,. mu.  = x,. hom (1 -A U  )2 = 2,76-(1 -  0,12 )2 = 2,13

x  = xe.Maxc '/',6.hom ',(1 + AU )2 = 2,76 -(1 + 0,12)2 = 3,46 Om.

3. CrpyM KopoTKoro 3aMHKaHHa Ha niHHa.x hh^ hoï Hanpyrn (TOHKa K1):

I (3) U.Cp.HOM 115
x/3 ( x + x + x ) (12 + 2,13 + 29,9)y \  C.MÜKC 6. MUH H.MUH J 5 ^ /

1,509 kA.

I (3)
U,Cp.HOM 115

2• (x + xV C.MUH 6.Mx + x + xC.MUH 6.MÜKC H.MÜKC ) 2-(18 + 3,46 + 48,4)
= 0,823 kA.

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

1. CTpyM cnpa^OByBaHHa 3axncTy BH3HanaeTbca 3a ôinbmom i3 gBOx 

po3paxyHKOBux yMOB:

a) BÎgôygyBaHHa Big KngKa CTpyMy HaMarmnyBaHHa, m,o BHHHKae npn 

BKnwneHHÎ TpaHC^opMaTopa Ha xonocran xig aôo npn BigHOBneHHi Hanpyrn mena 

BÎgKnmneHHa K3, a TaKoæ Big nepexigHnx CTpyMiB HeôanaHcy npn 30BHimHix K3:

I = k  • IA C.3 rvOmC A HOM ’

ge k omc - Koe^imeHT BÎgôygyBaHHa, gna pene Tuny PHT k omC = 1,3 ;

I hom - HOMÏHanbHHn CTpyM tîgï ctopohh TpaHC^opMaTopa, Hanpyry aKOï 

npnnHaTO B aKOCTi p03paxyHK0B0ï;

S„ 63I hom = _  ~m----- = —  = 0,316 kA.
V3 - UCpMOM V3 • 115



I C3 = 1,3 • 316 = 411,2 A.

6) Big6ygyBaHHa Big MaKCHManbHoro nepiogHHHoro CTpyMy He6aaaHCy, rn,o 

BHHHKae npn 30BHÎmHÎx K3:

1 C P  ~  k 3  1 H Ô . p a C H

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

I
h ô . p a C H - MaKCHMantHHH po3paxyHKOBHH CTpyM He6aaaHCy, po3paxoBaHHH aK

cyMa Tptox CKaagoBHx, nponop^HHHx nepiogHHHÎH CKaagoBÎH CTpyMy K3,

I = I ' +  I ” +  Im
HÔ. pacn  HÔ. paCH HÔ. paCH HÔ. pacn

CKaagoBa CTpyMy I'hô. paCH o6yMoBaeHa norpimmCTro TpaHC^opMaTopa CTpyMy:

1  u ô . p a C H  k o d i  ^  I k .m ü k c  ,

ge k odH = 1 ,0  ;

* = 0,1;

- MaKCHMantHHH CTpyM 30BHimHtoro K3, npHBegeHHH go

po3paxyHKOBoro ^a6aa  Hanpyrn.

CKaagoBa I"hô.paCH o6yMoBaeHa peryaroBaHHaM Koe^i^eHTa TpaHC^opMa^ï

CHaoBoro TpaHC^opMaTopa (aBTOTpaHC^opMaropa) niCaa Toro, aK 3axHCT 6yB 

36aaaHCoBaHHH Ha CepegHix BÎgnaÔKax. Ua CKaagoBa BH3HaaaeTbCa aK CyMa CTpyMiB 

He6aaaHCy Ha CTopoHax, ge e peryaroBaHHa:
i i i

I '' = Y  AU • Ih ô .paCH /  j  ̂ n k .n K.MaKC.n *

n=I

ge A U n - BigHoCHa norpimHÎCTb peryaroBaHHa Hanpyra, npHHMaeTbCa pÎBHm

noaoBHHÎ giana3oHy peryaroBaHHa CTopoHH n TpaHC^opMaropa (aKrn,o peryaroBaHHa 

±10%, to A U n = 0,1 );

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

TpaHC^opMaTopa.

CKaagoBa I'Hô. paCH o6yMoBaeHa HeToamCTro yCTaHoBKH Ha peae po3paxyHKoBHx

HHCea BHTKiB:

3 m . ApKyw M  doKyM. nidnuc Mama

ApKyuj



i  = Y A w  • iho. nacu /  j n K..n K.MaKc.n
n=I

x Wn. pacu Wnge Aw n = — -----------
w„

norpirnHiCTt BHpiBHMBaHHa gaa ctopohh n

TpaHC^opMaropa.

3 ypaxyBaHHaM HaBegeHHx BHpa3iB BHKOHyeMO po3paxyHKH CTpyMy 

cnpa^OByBaHHA 3axHCTy 3a yMOBOW BigôygyBaHHa Big CTpyMy HeôaaaHCy:

I „  = k  (kodH • e + AU, ) i K I kc = 1,3 • (1,0 • 0,1 + 0,12) • 1509 = 431,5 A.

npHHMaeMO ôiabme 3HaaeHHa I c 3 = 431,5 A.

2. Bnôip THny peae poÔHMo Ha ocHOBi ô hkh ayTaHBoCTi 3axHCTy, aKHH 

BH3HanaeMO npnôaroHo, BBaæaroaH, rn,o BeCb CTpyM ymKog^eHHa (npHBegeHHH go 

BTopHHHOï ctopohh) nonagae b peae. nonepegHa nepeBipKa ayTaHBoCTi npoBogHTbCa 

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

BHKoHyBaTHca yMoBa:
I (2)

k  = _KJm£h > 2,0 ,
1C . 3

k = -^2 ^  = 1,908 < 2. 
u 431,5

3. OcKintKH 3axHCT i3 peae THny PHT He 3aôe3neaye ayTaHBoCTi, to 

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

BHÔnpaeTbca 3a yMoBaMH:

а) BigôygyBaHHa Big KHgKa, ^o HaMarmaye CTpyMy

I „  = komc • Ihom = 1,5 • 316 = 474,4 A .

б) BigôygyBaHHa Big CTpyMy HeôaaaHCy npn K3 Ha HH3bKrn CTopoHi

4 3 = k, • (kod, e  + A U ,) iKMaKc = 1,5(1,0 • 0,1 + 0,12)• 1509 = 497,9 A.

CTpyM CnpagtoByBaHHa 3axHCTy npHHMaeMo no ôiabmiH 3 yMoB Ic3 = 497,9 A.

4. BH3HanaeMo ayTaHBiCTb 3axHCTy npn K3 Ha CTopoHi HH npn MiHiMaabHoMy 

peryawBaHHi:

_ (2)
K  _ 1 k . muh

k  = L „

823
497,9

1,653.

3 m . ApKyw N° doKyM. nidnuc Mama
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^  3HaneHHa k H Tpoxn MeHme HopMOBaHoro, ogHaK, y^e  npn HoMmaabHoMy 

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

115T (2) = ___
KMUH 2  (18 + 2,76 + 38,6)

= 0,696 kA.

i HeoôxigHHH Koe^^ieHT HyT̂ HBOCTÎ 3aôe3nenyeTbCa

k  = - 96^  * 2.
H 497,9

ToMy 3axHCT i3 peae ^3T-11 Mo^e ôyra 3acTOCOBaHHH.

3.3 Bnôip ycTaBOK peae THny ^3T-11

1. BH3HanaeMO nepBHHHÎ HoMmaabHÎ CTpyMH gaa gBox CTopiH oôaagHaHHa, rn,o 

3axH^aeTbca, no ^opMyai:

T.
S

U HOM.n

ge S HOM - HoMÎHanbHa noTy^HÎCTb TpaHC^opMaTopa;

U HOM n - HoMÎHanbHa Hanpyra CTopoHH oôaagHaHHa, ^ o  3axn^aeTbCa.

^ a a  CTopoHH bhcokoï Hanpyrn 115 B:

r 63000 
THOM” ~  S -115 “  3 '

^ a a  CTopoHH HH3bKoï Hanpyrn 10,5 B:

I  = 63000 = 3464 A.
HOMn V3 -10,5

2. BH3HanaeMo btophhhî HoMmaabHÎ CTpyMH naeaeH 3axHCTy:

T „„„ 1 hom. n k ex. n
K I .n

ge k x n  - Koe^^ieHT cxeMH 3'egHaHHa btophhhhx oômotok TpaHC^opMaropa Ha

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

3'egHaHHi oômotok y k cx = y j3  TpHKyTHHK );

K ln  - Koe^i^eHT TpaHC^opMagiï TpaHC^opMaropa, npHHHaTHH Ha CTopoHi

3 m . ApKyw N° doKyM. nidnuc Mama
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oô'eKTa, ^ o  3axn^aeTbca (npn Bn6opi K oe^^iem a TT Tpe6a BpaxoByBaTn, ^ o 6  

BTopHHHÎ HOMÎHanbHÎ cTpyMn cyTTeBO He nepeBnrnyBaan nacnopTHi 3HaneHHa 

CTpyMiB 5 A a6o 1 A). CTopoHa 3 Han6iabmnM BTopnHHnM CTpyMOM npnnMaeTbca b 

ÆKOd i  ochobhoï, rn,o 3a6e3nenye HanMeHmy norpimHicTb BnpÎBHMBaHHa gaa peae.

^ a a  CTopoHH bucokoï Hanpyrn 115 B:

L
316-y/3 
600/5

4,57 A.

^ a a  CTopoHH HH3bKoï Hanpyrn 10,5 B:

L
3464

4000/5
4,33 A.

BpaxoByronn, rn,o o6MoTKa Hn3bKoï Hanpyrn TpaHc^opMaTopa BnKoHaHa 

po3^enaeHoro, oTpnMaHe 3HaneHHa CTpyMy Heo6xigHo nogBoïTn - l eHOM n= 8,66 A.

OTpnMam po3paxyHKoBi gam HaBognMo b Ta6an^ 3.1.

T a 6 a n ^  3.1. Po3paxyHKn nepBUHHnx i BTopnHHnx CTpyMiB CTopiH

TpaHC^opMaTopa

no3HaneHHa napaMeTpiB I -  BH-115 kB II - HH-10,5 kB
I  A 316 3464
K m 600/5 4000/5
CxeMa 3'egHaHHa 
TpaHc^opMaTopa TpUKyTHUK 3ipKa

I  A1 e.HOM.n ’ 4,57 8,66

3 Ta6an^ 3.1 BnnanBae, rn,o b aKocTi ochobhoï caig B3aTn CTopoHy Hn3bKoï 

Hanpyrn (10,5 kB), rn,o Mae 6iabmnn BTopuHHnn HoMmaabHnn CTpyM.

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

BH3HanaeMo no Bnpa3y:

I  • k  •C.3 CX

I

U HOM. paeu 
V U HOM.n J

c . p.n K I  .n

ge U HOM. paeu - HoMiHaabHa Hanpyra cTopoHn, BignoBigHoi go po3paxyHKoBoro

^a6 aa  Hanpyrn.



497,9 • 1 •
I

115
105

c. p.n = 6,82 A.
4 0 0 0 / 5

4 .  P o 3 p a x y H K O B e  hhcho bhtkîb p o ô o n o ï  oômotkh g n a  ochobhoï ctopohh 

B H 3H an aeM O  n o  $ o p M y m :

W OCH =  F °P =  -1 0 0  =  1 4 , 7  BHTKÎB.
p I c . p.OCH 6 , 8 2

n p H H M a e M o  H aH Ô H H ^ H e M e H m e  ^ n e  3 H a n e H H a  w paÔ0CH =  1 4  bhtkîb, rn,o  

3 a ô e 3 n e n y e  3 a n a c  n o  BHÔipKOBOCTÎ. n p n  ^ o M y  ^aK TH H H H H  C T pyM  c n p a ^ o B y B a H H a

p e n e  CTaH O BH Tt:

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

5. Po3paxyHOK HHcna bhtkîb gna iHmoï ctopohh 3axncTy BHÔnpaeMO 3a 

yMOBaMH ôanaHcy Ha peae M^C 3axncTy npn 3oBHÎmHtoMy K3 aôo HopMaatHoMy 

pe^HMÎ (pnc. 3.2):

PncyHoK 3.2 -  Cnpo^eHa cxeMa gH^epeH^aatHoro 3axncTy 3 peae ^3T-11

16. HOmI . I  . e.HOMlI w II

3BigKH

3 m . ApKyw M  doKyM. nidnuc Mama
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w  = wpacn.n och
6. HOM. OCH

V 1 e. hom. n  J

8,66
w nacu = 14 ■ ——  = 26,56 BHTKiB.pacu ^

npHHMaeMO HafiônH^He ^ n e  3HaHeHHH, rn,o 3a6e3neHye HaHMeHmy norpimHiCTb 

BHpiBHWBaHHfl W j = 27 BHTKiB.

6. YTOHHeHHH CTpyM Cnpa^oByBaHHH 3axHCTy 3 ypaxyBaHHHM norpimHOCTi

BHpiBHWBaHHa 3HaxogHTbCH no BHpa3ax, HaBegeHHx y n. 3.1:

I .  = k ( kodH s  +  A U ,  +  A w , )■ I K .  =  1,5 ( 1 , 0 ■ 0 ,1  + 0 , 1 2  + 0 , 0 1 6 6 )■ 1 5 0 9  = 5 3 5 , 6  a ,

^ a w paon -  W I  2 6 , 5 6  -  2 7
g e  A w  = — ----------------=  — ----------------- =  0 , 0 1 6 6 .

w pacn 2 6 , 5 6

7 .  Y TO H H eH H H  p o 3 p a x y H K O B H H  C T pyM  C n p a ^ o B y B a H H H  p e n e  B H 3H an aeM O  n o  

$ o p M y n i :

' 1 1 5 ^
I C .3  ̂k CX ^

I

r U  ^Cp.HOM

V U homII J  _
5 3 5 , 6  ■ 1 ■

V 1 0 , 5  J  _
Cp .OCH

k
i  ( i i  )

4 0 0 0  /  5
=  7 , 3 3  A .

8 .  P o 3 p a x y H K O B H H  C T pyM  H e ô a n a H c y  3 a x H C T y  n p n  K 3  H a  C T o p o H i H H ,  g e  

n e p e g ô a H e H e  ra n b M y B a H H H , 3  y p a x y B a H H H M  n o r p i m H o c T i  BHpiBHTOBaHHH 3 H a x o g H T b C H  

n o  B H p a 3 a x , H a B e g e H H x  y  n .  3 . 2 . 1 :

W ,  = k  ■ ( . - S  +  A U ,  + A w , ,) I .  = 1 ,5 .0 -0 ,1  + 0,12 + 0,0457)-1509 =vII K.MaKC

=  6 0 1 , 3  A .

1 4  7  - 1 4
g e  A w /7 =  — ------------- =  0 , 0 4 5 7 .

1 4 , 7

9. ^ hcho BHTKiB ranbMiBHoï oômotkh, rn,o 3aôe3neHye HagiHHe BigôygyBaHHH 

pene Big CTpyMy HeôanaHcy npn gaHoMy BHgi K3, BH3HaHaeTbCH no BHpa3y:

w,
k 3 I h6. paon w paô. n

mopM.n
TmopM.n t g a

g e 1,5 ;

L- mopM.n - nepBHHHHH raHbMoBHH CTpyM Ha CTopoHi TpaHC^opMaTopa, ^ o  

3axH^aeTbca, Ha HKiH BKHWHeHa ranbMoBa oÔMoraa;

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj

3



t ga  =  0,75 - TaHreHC KyTa Haxnay goTHHHoï npoBegeHoï 3 nonaray KoopgHHaT 

go HH^Htoï po3paxyHKOBOï no bhôîpkoboctî ranbMÎBHOï xapaKTepHCTHKH (pnc. 3.3).

PncyHOK 3.3 -  XapaKTepncTHKa gaa BH3HaneHHa HyTaHBocTÎ gn^epeH^aabHoro 

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

k 3 • Ih6.pacu • Wpa6.n 1,5 • 601,3 -14 
w  = ---------p-------p----= ------------------= 11,16 « 11 BHTKiB.

m0pM IK.MaKc - t g a  1509• 0,75

TaKHM hhhom, go ycTaHOBKH Ha peae npafiMaroTbca HacTynHi bhtkh:

Wj = 27 fflT., wn  = 14 mT., wmopM = 11 mT.

10. ^yTHHBÎCTb 3axHCTy BH3HanaeMo npn6aH3Ho no nepBHHHHx CTpyMax npn 

po3paxyHKoBoMy K3 Ha CTopoHi HH gaa BHnagKÎB MrnÎMaabHoro h HopMaabHoro 

peryaroBaHHa TpaHC^opMaropa:

T ( 2)
iL   1 K.MUH

= I  9C .3

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

I  • kC.3 CX

I

U HOM. pacu 
V U HOM.n J

c. p.n K I  .n

3BigcH



I C.3 =

I  • K1 c. p.n K I  .n

k cx •

U HOM. pacn 
V U HOM.n J

ge I  =  I  = 7 14 Ac. p .n  c. p.OCH

l , = 744 ;4000/5 =521,7 A.
1 '115^

V10,5 j

Togi BH3HanaeMO Koe^i^OTra HyTaHBocTÎ:

823 ^  7 969 , _1,58, k  2 = ------- = 1,86
521,7 “2 521,7

OcKmtKH Koe^^ieHT nyTaHBocTÎ 3axHCTy npn HopMaabHoMy peryaroBaHHÎ 

Hanpyrn npaKTHHHo BÎgnoBÎgae HopMOBaHOMy, a npn MiHiMaabHoMy peryaroBaHHÎ 

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

3.4 Po3paxyHOK MaKCHMaabHoro CTpyMOBoro 3axncTy

1. ^ a a  gBOXOÔMOTKOBHX TpaHC^OpMaTOpÎB 3aXHCT BCTaHOBHWGTbCa Ha CTOpOHi

^HBaeHHa (BH) i BHKoHyeTbca y gBOxpeneÔHOMy BHKOHaHHÎ i3 3'egHaHHaM 

TpaHC^opMaTopa b TpHKyTHHK gaa nigBHffl,eHHa ayTaHBocTÎ.

OcKÎnbKH b ^OMy BHnagKy oÔMOTKa HH po3rn,enaeHa, to b aaH^ro3i rn^Horo 

BÎgraay^eHHa BCTaHoBaroeTbca oKpeMa MT3, aK npaBHao, 3 nycKoM no Hanpy3i. 

3axHCT gie i3 gBoMa BHTpHMKaMH aacy: 3 nepmoro bhtphmkom BÎgKaroHaeTbca 

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

2. Cnonaircy BH3HaaaeMo CTpyM cnpagboByBaHHa MT3 6e3 nycKy no Hanpy3i, 

aKHH BÎgôygoBye Big MaKCHMaabHoro CTpyMy HaBaHTaæeHHa 3 ypaxyBaHHaM 

caMo3anycKy pyxoBoro HaBaHTaæeHHa:

k„ • k„ • I„
I  c.3 =

3 c Haap.MÜKc

k

ge k 3 =  1,2 - Koe^^ieHT 3anacy no bhôîpkoboctî;

k  = 0,8 - K oe^ieHT noBepHeHHa peae PT-40;

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



kc - Koe^i^eHT caM03anycKy, ^ o  BpaxoBye 3ÔmbmeHHfl CTpyMy 3aranbMoBaHoro 

pyxoBoro HaBaHTaæeHHa mena BigHoBneHHA Hanpyra, npnnMaeMo k c = 2,5 ;

I HazpMaKC - MaKCHMantHHH CTpyM HaBaHTa^eHHa, npnnMaeMo pîbhhm

HOMÎHantHOMy CTpyMy TpaHC^opMaTopa.

1,2 • 2,5 • 316
I C3 = —^  0,8

= 1186,1 A.

3. Koe^^ieHT nyTnnBocTi 3axncTy BH3HanaeMo npu gBo$a3HoMy MeTaneBoMy 

K3 y MÎHÎManbHOMy pe^HMÎ:

I (2) 826
k  = = -------- = 0,694 < 1.
4 I C3 1186,1

OcKÎnbKH HyTHHBÎCTb MT3 6e3 nycKy no Hanpy3i BH^BnaeTbca HegocTaraboro, 

3acTOcyeMO ônoKyBaHHA no Hanpy3i 3 ôoKy HH TpaHC^opMaTopa.

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

HOMÎHanbHoro CTpyMy TpaHC^opMaTopa I hom Ha CTopoHi, ge BCTaHoBneHnn 3axncr
7 1 O

T =  k i  • t = k k  • 1,0 • 316 = 474,4 A.
1  k 6 HOM 0,8 , ,

a HyTHHBÎCTb 3axHCTy b TiH æe po3paxyHKoBiH t o w  CKnage:

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

5. Hanpyra cnpa^oByBaHHA nycKoBoro opraHy MmÎManbHoï Hanpyra, 

BHKoHaHoro y Burragî pene, BKnroneHoro Ha Mrn:$a3Hy Hanpyry, BH3HanaeMo 

npn6nn3Ho 3a yMoBaMH BÎgôygyBaHHa Big CTpyMiB caMo3anycKy pyxoBoro 

HaBaHTaæeHHa npu BÎgHoBneHHÎ Hanpyra:

U  < U C.MUH 
U C.3 ~

k
ge k e =  1,2 - Koe^^ieHT noBepHeHHa gna pene MmÎManbHoï Hanpyra;

U MÎHÎManbHa Mrn:$a3Ha Hanpyra b yMoBax caMo3anycKy npn BÎgHoBneHHÎ

Hanpyra, npnnMaeMo U lC.MUH 0  7 ĤOM ■

U C3 = ° ’7 ' 11Q = 64,2 kB. 
C.3 1,2

6. Hanpyry cnpagboByBaHHa nycKoBoro opraHy no 3BopoTHÎn nocnigoBHocTÎ

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



KOMÔmoBaHoro nycKy no Hanpy3i npnfiMaeMo pÎBHoro MÎmManbHm ycTaB^ $inbTp - 

pene:

U2c.,  = 0,06 ■ U„o,  = 0,06 115 = 6,9 kB.

7. ^yTnHBÎCTb ônoKyBanbHHx opraHiB nepeBipaeTbca npn K3 Ha npnfioMHHx 

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

U
U,<p 115

2 k .3a1̂  2  2

Togi

= 33,2 kB.

K u  =  '

U 2 k .3ü^ 33,2
U lc .3 6,9

= 4,811 > 1,5.

OcKinbKH npn K3 Ha npHHOMHÎfi CTopoHi TpaHC^opMaTopa k H > 1,5, to

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

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

Ha cnraan, BH3HanaeTbca 3a yMoBoro BÎgôygyBaHHa Big HoMÎHanbHoro CTpyMy 

TpaHC^opMaTopa Ha CTopoHi, ge BCTaHoBneHHfi 3axncT, no BHpa3y

T =  I l  ■ I = li05 ■ 316 = 415,1 A.c.3 7 3.HOM .  .  5
3  0,8

9. BHTpHMKa nacy MT3 y3rogHTbca 3 bhtphmkom nacy 3axncTy mmï Ha 

CTopoHi HH.

3 m . ApKyw N° doKyM. nidnuc Mama

ApKyuj



4. P03PAXYH0K 30H  3AXHCTY CTPH^HEBHX B^HCKABKOBI^BOAIB B Pn

B ôaKanaBpcbKÎH poôoTÎ HeoôxigHo po3paxyBara BucoTy i 30Hy 3axucTy 

ônHCKaBKOBigBogÎB BPn-110 kB, BCTaHoBaeHHx Ha gBox nopTanax, puc. 4.1 (no3. 1 i 

2), i gBox ônHCKaBKOBÎgBogÎB, ^ o  ctootb OKpeMO, 3a3HaneHHx Ha puc. 4.1 (no3. 3 i 4), 

BBa^awHH, rn,o ônHCKaBKOBÎgBogH po3TamoBaHÎ CHMeTpHHHo no BÎgHomeHHM go 

By3tKOï ctopohh BPn. HagiHHicTb 3ohh 3axHCTy Big ypaæeHb ôancKaBKH p  = 0,999.

HaKpecaHTH ropH3oHTanbHHH nepeTHH 3ohh 3axncTy ôaHCKaBKoBigBogÎB B Pn 

Ha bhcotî h x. napaMeTpn po3MÎm,eHHa ôaHCKaBKoBigBogÎB no naornum B Pn HaBegern 

b Taôa. 4.1.

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

T a ô a n ^  4.1 -  Po3paxyHKoBi napaMeTpn

a ,
M

b ,
M

L 1,
M

L2,
M

L3,
M

L4,
M M

h x , 
M

46 40 32 18 32 8 6 4



T _ B  -  L  _  40 -1 8  
6 = 2 = 2

r _  B -  L _  4 0 -3 2
L7 =  ̂ = ;;

= 11 m; 

= 4 M.

2. BH3HanaeMO BÏgcTam p x Ta p 2 :

p1 = y j L4 + L6 = V 82 + 112 = 13,6 m; 

p 2 = y j  L2 + L  = V62 + 42 = 7,21 M.

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

30BHÎmHÎx oônacTefi 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 [14].

3oHa 3axHCTy ogHHHHHoro CTpn^HeBoro ônHCKaBKOBÏgBogy bhcotom h  < 30 m

npn HagiHHOCTÏ 3axHCTy p  = 0.999, BH3HanaeTbca pÏBHaHHaMH:

h0n = 0,7hn

_ r0n ' (h 0n -  hx )
h0n

r0n = 0,6 • hn

Po3paxoByeMO bhcoth ônHCKaBKOBigBogÏB 1 Ta 2 BHxoggHH 3 yMOBH CTBopeHHa

HHMH 3OHH 3aXHCTy Ha BHCOTÏ h x gO KyTiB BPn:

h)1 = 0,7hl

rx1 =
r01 • (h01 -  hx )

h
nPu rxl = P 1 .

01
/01 = 0,6 • h1

fflnaxoM MaTeMaTHHHHx nepeTBopeHb OTpHMaeMO piBHaHHa BigHOCHO myKaHOï 

BenHHHHH h 1:

rxn



_ 0,6hl ’(0,7hl -  hx ) •
P  = 0 ,7h ’

0 , 4 2 / ü,2 - (  0 , 7  p ,  +  0 , 6 h x )  h , =  0  ;
h  = 0; h  = 28,38 M.

OcraTOHHO npHHMaeMO ÔHHCKaBKOBÎgBOgH 1 Ta 2 bhcotom h 1 = h 2 = 28,38 m,

TaK ak BOHa 3agOBOHbHae yMOBi 3acTOcyBaHHa piBHaHb npn h  < 30 m.

Po3paxoByeMO bhcoth ôaHCKaBKOBigBOgÎB 3 Ta 4 BHXOgaHH 3 yMOBH CTBOpeHHa 

hhmh 3OHH 3axncTy Ha bhcotî h x go KyTiB BPn:

h 03 =  0 , 7 h 3

r  _  r03 ■ ( h 03 -  h x )  
rx3 = ----------Z-------------- , n P U ^ 3  =  P 2 •

h

r03 =  0 , 6  ■ h 3

03

fflnaxOM MaTeMaTHHHHx nepeTBopeHt OTpHMaeMO piBHaHHa BigHOCHO myKaHOï 

BenHHHHH h3:

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

0 , 4 2 h 2 - ( 0 , 7  p 2 + 0 , 6 h x ) h j = 0  ;
h  = 0; h  = 17,73 m.

OcraTOHHO npHHMaeMO ÔHHCKaBKOBÎgBogH 3 Ta 4 bhcotom h3 = h4 = 17,73 m, 

TaK AK BOHa 3agOBOHbHae yMOBi 3aCTOCyBaHHA piBHaHb npn h  < 30 m.

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

A2 = L 2 = 18 m; 

r0i = r02 = 0,6 ■ h, = 17,03 m; 

h \  = h02 = 0,7 ■ h  = 19,87 m;

rx i = rx 2 = r01 • ( K  hx ) = 13,6 m;
h01

Lc12 = 2,25 ■ h, = 63,9 m; 

T'max 12 = 4,25 ■ h  = 120,6 m;

3 m . ApKyw M  doKyM. nidnuc Mama

ApKyuj



h c12 =  h 01 =  1 9 9  M  

r01 ( h  c12- h x  )

L i 2  <  L

r cx12
h

c12

=  1 3 .6  M, hx <  hC12
c 12

5. Po3paxoByeMO napaMeTpn 30hh 3axHCTy ônHCKaBKOBÎgBogÎB 3 Ta 4:

L 34 = L 3 = 32 m;

r03 = r04 = 0 ,6  • h3 = 10,6 m; 

h03 = h04 = 0,7 • h  = 12,4 m;

=  r  =  r03 • ( h 03 h x ) =  7 2
rX 3 =  4 h

m;
03

L c34 = 2,25 • h  = 39,9 m;

lymax34 =  4 , 2 5  • h 3 =  7 5 , 4  M ;

h c34 =  h 03 =  1 2 .4  M , 

r03 ( h  c 34- h x )

L 34 <  L c 34

rCx34 = h
=  7 2  M, h x <  h c34

c34

6. Po3paxoByeMO napaMeTpn 3OHH 3axHCTy ônHCKaBKOBÎgBogÎB 1 Ta 3 

(2 Ta 4):

\
( A ) 2 +

r  A  -  A  V
= 32.76 m;

6.1 EnHCKaBKOBÎgBogH 1 Ta 3 MawTt BHCOTy \  = 28,38 m

Lc13 = 2,25 • \  = 63,86 m;

L i3 = 4,25 • h  120,6 m;

hci3 =  1  = 1 9 8 7  M, 1 3 <  A i 3

6.2 EnncKaBKOBÎgBogH 1 Ta 3 MawTt BHCOTy h  = 17,73 m

Lc31 = 2,25 • h3 = 39,9 m;

L'max 31 4,25• h  = 75,4 m;

h c31 =  h 03 =  1 2 .4 1  M , , 3  <  Z ,c31

3 m . ApKyw M  doKyM. nidnuc Mama

ApKyuj



h c mini 3 =  ^  +  ^  =  1 6 1 4  M2
„ _  rQ1 +  rQ3 _ n  Q 'j, ,
rcQ13 = ----1------=  1 3 8 3  M2

r.
rcx13

cQ13 ( h c min13 h x ) _

h c min13
1Q.4 m.

7. Po3paxoByeMO napaMeTpn 3OHH 3axHCTy ônHCKaBKOBÎgBogÎB 1 Ta 4 

(2 Ta 3):

A4 = \  KA) + L  +  ̂ 3 - ^
\ 2

V
=40.61 m;

7.1 EnHCKaBKOBÎgBogH 1 Ta 4 MawTt BHCOTy h  = 28,38 m

Lc14 = 2,25 • hx = 63,86 m;

Zm„14 = 4,25• h  = 120,62 m;

hc14 = hQ1 = 1987 M, 7/14 — Lc14

7.2 EnncKaBKOBÎgBogH 1 Ta 4 MawTt BHCOTy h4 = 17,73 m

L c41 = 2,25 • h4 = 39,89 m;

A nax41 =  4 , 2 5  • h 4 =  75,35 M;

U _ (Lmax41 L14) hQ4 _ n  i/c,, t
hc41 T T = 12.16 M, Lc41 < L 4 < 7

Lmax41 Lc41

hcmin14 = hc14 + K4' =12.16 M,

- rQ1 + r°4 = 13.83 m,

max 41

rcQ14 2

r
_  rcQ14 ( h c min14 h x ) _

cx14 h
c min14

1Q.38 m.

ToprooHTanbHHH nepepi3 3OHH 3axHCTy noKa3aHHH Ha pnc. 4.2.

3 m . ApKyw M doKyM. nidnuc Mama

ApKyuj



PncyHOK 4.2 -  ToprooHTanbHHH nepepi3 30hh 3axncTy ônHCKaBKOBÎgBogÎB B Pn

BP 5.6.141.262 n3
ApKyui

69
3 m . ApKyw N° doKyM. nidnuc Qama



B H C H O B K H

y  ô a K a a a B p c b K iH  p o ô o T i  3 p o 6 a e H H H  p o 3 p a x y H O K  H o p M a a b H o r o  T a  

n i c a a a B a p i H H o r o  p e ^ H M y  p o ô o r a  3 aM K H y T O ï e a e K T p H H H o ï  M e p e ^ i ,  K o H ^ i r y p a ^ a  a K o ï  

B H 3 H a n e H a  3 a B g a H H a M .

P e 3 y a b T a T H  p o 3 p a x y H K iB  B T p a T  n o T y ^ H O C T Î  n o K a 3 a a n ,  rn ,o  H a H Ô ia b m  n p n g a T H o r o  

H O M ÎH a n b H O W  H a n p y r o w  K i a b ^ B o ï  M e p e ^ i  e  H a n p y r a  1 1 0  kB. 3  y p a x y B a H H a M  ^ o r o  

6 y a n  o ô p a m  B i g n o B i g H i  n e p e p i 3 H  n p o B o g i B  g a a  n o B n p a H H x  a r n i f i  e a e K T p o n e p e g a a ,  a  

T a K o æ  T H n n  T p a H C ^ o p M a T o p Î B  H a  n i g c T a H ^ a x .

^ a a  i c H y r o a o ï  K o H ^ i r y p a ^ ï  3 a M K H e H o ï M e p e æ i  6 y a n  p o 3 p a x o B a H i  n a p a M e T p n  

c x e M H  3 a M Î ^ e H H a  a r n i f i  i  T p a H C ^ o p M a T o p iB ,  C K a a g e H a  p o 3 p a x y H K o B a  c x e M a  

3 a M Î ^ e H H a  M e p e ^ i  T a  B H 3 H a a e m  p o 3 p a x y H K o B i  H a B a H T a ^ e H H a  B y 3 a iB  M e p e ^ i .

y  n p o ^ c i  p o 3 p a x y H K iB  e a e K T p H H H o ï  n a c T H H H  n i g c T a H ^ ï  n C - 2  Ô y a a  n p o B e g e H a  

n e p e B i p K a  n p a B H a b H o c T i  B H Ô o p y  H o M iH a a b H o ï  n o T y ^ H o c T i  B C T a H o B a e H H x  

T p a H C ^ o p M a T o p Î B  i  3 g if ic H e H H H  B H Ô ip  H a  n i g c T a B i  p o 3 p a x y H K iB  C T p y M iB  K o p o T K o r o  

3 a M H K a H H a  B H c o K o B o a b T H H x  a n a p a T i B  P n ,  B H M ip ro B a a b H H x  T p a H C ^ o p M a T o p iB  C T p y M y  

T a  H a n p y r n .

n p H  B H K o H aH H Î p o 3 p a x y H K iB  p e a e f i H o r o  3 a x n c T y  T p a H C ^ o p M a T o p a  n i g c T a H ^ ï  

n C - 2  ô y B  3 p o ô a e H H f i  p o 3 p a x y H o K  n o 3 g o B ^ H b o r o  g n ^ e p e H ^ f i H o r o  C T p y M o B o r o  

3 a x H C T y  T a  M a K C H M a a b H o r o  C T p y M o B o r o  3 a x n c T y  3 K o M Ô m o B a H H M  n y c K o M  n o  H a n p y 3 i .

^ a a  3 a x H C T y  B ig  M r n :$ a 3 H H x  kopotkhx 3 a M H K a H b  3 a n p o n o H o B a H H f i  3 a x n c T  3a  

g o n o M o r o w  p e a e  T H n y  ^ 3 T - 1 1 ,  g a a  a K o r o  ô y B  B H K o H aH H fi B H Ô ip  y c T a B o K  i 

p o 3 p a x y H o K  n a p a M e T p i B  oômotok p e a e .

n p o B e g e H H H  p o 3 p a x y H o K  ô a n c K a B K o 3 a x n c T y  n i g c T a H ^ ï ,  rn ,o  B H K o H aH H H  y  

B H r a a g i  C T p n ^ H e B H x  ô a H C K a B K o B ig B o g iB .



C n H C O K  ^ I T E P A T Y P H

1. HgenbHHK B.H. 3neKTpHnecKHe cncreMM h cera. -  MocKBa:

3HeproaTOMH3gaT, 1989. -  592 c.

2. CnpaBOHHHK no npoeKTHpoBaHHro ^^eKTpo^Hep^eTHHecKHx cncTeM / nog peg. 

H. M. fflannpo, C. C. PoKoraHa. -  MocKBa: 3HeproaTOMH3gaT, 1986.

3. TexHHnecKHe cBegeHHa. CnnoBbie TpaHc^opMaTopbi / nog  peg. 

H..H. ^eôegHHCKoro. -  CyMbi: H3g-Bo CyM^Y, 2005. -  49 c.

4. 3neKTpoTexHHnecKHH cnpaBonHHK: B 3-x t. T. 3. Kh. 1. npoH3BogcTBo, 

nepegana h pacnpegeneHHe ^^eKTpHHecKOH ^Hep^HH / n o g  oô^. peg. B .r. 

repacHMoBa, n .r .  rpygHHcKoro, .H.A. ^yKoBa h gp. - 6-e H3g. -  M.: 3HeproH3gaT, 

1988. -  656 c.

5. BacanteB A.A. 3neKTpHHecKaa nacTb CTaĤ HH h ^ogcTaH^HH. -  M.: 3Heprna, 
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