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Зроблений 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 
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блискавкозахисту понижувальної підстанції, що виконаний у вигляді стрижневих 

блискавковідводів.
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B C T y n

B yMOBax 6e3nepepBHoro po3BHTKy npoMHenoBoeri YKpaiHH 3'aBnaeTbca yce 

öiabme i öiabme hobhx nignpneMCTB, aKi BHocaTb BKaag y 3ÖiabmeHHa 

eHeprocno^HBaHHa. Caig TaKO^ 3ayBa^HTH, m,o 3i 3ÖiabmeHHaM HHcaa 

eHeprocno^HBawHHx oö'eKTiB, po3mnproeTbca rn,mbmcTb reorpa^iHHoro

po3TamyBaHHa cno^HBaniB eaeKTpHHHoi eHeprii. y  3B'a3Ky i3 ^HM 3'aBaaerbca 

noTpeöa b po3mnpeHHi icHyroHHx Mepe®: i b CTBopeHHi hobhx. 3pocTaroHa KiabKicTb 

eHeprocno^HBawHHx oö'eKTiB Bege go 3ÖiabmeHHa noTy^HocTefi, aKi nepegaroTbca no 

eneKTpHHHHx Mepe^ax. OgHHM i3 HafironoBHimHx 3aBgaHb cborogHi e eKoHoMiHHe 

BHKopncTaHHa icHyroHoro eaeKTpHHHoro oöaagHaHHa h po3poÖKa HoBoro 3 

noainmeHHMH napaMeTpaMH.

BHKoHaHHa öaKaaaBpcbKoi poöoTH HeoöxigHo 3 MeToro:

-  npngöaHHa gocBigy aHaai3y oTpHMaHHx pe3yabTaTiB, ^opMyBaHHa bhchobmb i 

nyömHHoro 3axncTy BHKoHaHoi poöoTH;

-  ^opMyBaHHa mbhhok BHKopncTaHHa oTpHMaHHx 3HaHb, mg Hac po3B'a3aHHa 

KoHKpeTHHx npaKTHHHHx i HayKoBo-TexrnHHHx 3agan;

-  npngöaHHa gocBigy BHKoHaHHa TexHiHHoi goKyMeHTa^i noacHMBaabHoi 

3anncKH h KpecaeHb BignoBigHo go yMoB gimHHx cTaHgapTiB;

-  cncTeMaTroa^i, 3aKpinaeHHa h noranöneHHa TeopeTHHHHx i npaKTHHHHx 3HaHb 

no 3araabHoTexHiHHHx i cne^aabHHx gn^H nam ax 3a HanpaMKoM npo^eciÖHoi 

nigroTOBKH.

y  n p o ^ c i BHKoHaHHa öaKaaaBpcbKoi poöoTH HeoöxigHo BHpimHTH TaKi 3agaHi:

1. 3a 3agaHHMH HaBaHTa^eHHaMH i goB^HHaMH mHiö BHÖpaTH Hanpyry Mepe^i.

2. 3a HanpyraMH Mepe^i h HaBaHTa^eHHaMH BHÖpaTH THn npoBogiB noBiTpaHHx 

mHiö.

3. 3a HanpyraMH Mepe^i h HaBaHTa^eHHaMH BHÖpaTH TpaHc^opMaTopm

4. BH3HaHHTH nHToMi napaMeTpn .ÖEn i KaTaao^Hi gaHi TpaHc^opMaTopiB. 

BHKoHaTH po3paxyHKH napaMeTpiB cxeMH 3aMim,eHHa arnii h TpaHc^opMaTopiB. 

BH3HaHHTH npHBegeHi go ctopohh BH HaBaHTa^eHHa TpaHc^opMaTopiB (3 

ypaxyBaHHaM BTpaT b oÖMoTKax TpaHc^opMaTopiB).

BP 5.6.141.734 n3
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5. CKaacra po3paxyHKOBy cxeMy 3aMirn,eHHa Mepe^i H BroHawra po3paxyHKOBi 

HaBaHTmeHHa By3aiB Mepe^i (3 ypaxyBaHHaM BTpaT y r ia ^  HaMaraiayBaHHa 

TpaHC^opMaTopiB i peaKTHBHoi noTy^HOCTi, aKa reHepyertca airnaMH).

6. BHKOHaTH po3paxyHKH HopMaatHoro pe^HMy 3aMKHeHoi Mepe^i (yci aiHii 

BKaroaem b poöoTy) gaa gBox BHnagKiB: pe^HM MaKCHMaatHoro HaBaHTmeHHa 

(3agaHi) i pe^HM MiHiMaatHoro HaBaHTa^eHHa (npHHHaTH piBHoro 50% Big 3agaHoi). 

BH3HanHTH HanpyrH y By3aax Mepe^i, BTpaTH HanpyrH H BTpaTH noTy^HocTi B 

Mepe^i. BHKoHaTH aHaai3 oTpHMaHHx pe3yatTaTiB.

7. n p n  HeoöxigHocTi 3anponoHyBara cnocoön peryaroBaHHa HanpyrH y By3aax 

HaBaHTa^eHHa.

8. ^ a a  oöpaHoi nigcTaH^i, aKa BxogHTt go CKaagy po3raaHyToi Mepe^i, 

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

Ha nigcTaH^i.

9. Po3paxyBaTH CTpyMH KopoTKoro 3aMHKaHHa gaa 3aöe3neaeHHa 3axncTy 

mgcTam,ii.

10. BnöpaTH 3a yMoBaMH poöora BHcoKoBoatTHi anapaTH po3nogiatHHx 

npncTpoiB nigcTaH^i h nepeBipHTH ix Ha Mo^aHBicTt cnpa^oByBaHHa B yMoBax 

KopoTKoro 3aMHKaHHa.

11. BHKoHaTH po3paxyHKH peaeHHoro 3axncTy BHcoKoBoatTHoi noBiTpaHoi aiHii, 

noöygyBaTH KapTy ceaeKTHBHocTi.

12. npoBecTH po3paxyHoK 6aHCKaBKo3axHCTy 3axHCHoro BPn.

13. 3poÖHTH bhchobkh npo pe3yatTaTH BHKoHaHHx po3paxyHKiB.



1 PO3PÄXYHOK P E ^ H M IB  POBOTH E^EK TPH H H O I M E P E m

1.1 Bnxigm gaHi g^H BHKOHaHHH öaKa.iaBpebKoi poöoTH

3rigH0 3 OTpHMaHHM 3aBgaHH^M, HeoöxigHO po3paxyBara eaeKTpHHHy Mepe^y, 

ogHommÖHa eaeKTpHHHa cxeMa aKoi HaBegeHa Ha pnc. 1.1.

PncyHOK 1.1 -  BnxigHa ogHommÖHa eaeKTpHHHa cxeMa 3'egHaHt 

3agaHoi eaeKTpHHHoi Mepe:m

^ ob^ hhh gmrn i noTy^HOCTi HaBaHTa^eHt eaeKTpHHHoi Mepe^i HaBegeHi b 

TaöaH^ 1.1.

TaÖHH^ 1.1 -  Bnxigm gam eaeKTpHHHoi Mepe^i

^OB^HHa n n ,  KM noTy^HOCTi HaBaHTa^eHt, MBA
n-1 n-2 n-3 n-4 S-1 S-2 S-3

40 40 30 30 50+i30
II

10+i 10 
I

50+i45
III



1 *% TV • • • •• • •••.2 BH3HaneHHH Hanpyru Mepe^i Ta BHöip THny npoeogie noBirpHHOi m mi

1. BH3HanaeM0 noTy^HOCTi b OKpeMHx gmmx

c  _  S1 ' ( l3 + l4 + l1 )  + S  2 ' ( l4 + l1 )  + S3 ' l1 _S ji — —
l2 + h + k  + k

(50 + /3 0 ) '100 + (10 + /10)' 70 + (50 + j  45)' 40
— -̂----- -— ---------*------J— 7--------*------ -— ----- — 55 + j39,29 MBA.

140

c  _  S  3 "( l3 + l4 + l2 )  + S  2 ' ( l3 + l2 )  + S1 ' l2 _S jo — —
l2 + l3 + l4 +l

( 50 + j  45)'100 + (10 + j10)' 70 + (50 + j30 ) ' 40
— *------ -— 1---------*------------------- *------ -— 1----- — 55 + j  45,71 MBA,

140

Su — SAl - S  — (55 + j'39 ,29)- (5 0  + j3 0 ) — 5 + j9 ,29  MBA.

S23 — S^3 -  S 3 —(55 + j 45,71)-(50  + j 45) — 5 + j 0,71 MBA.

2. BnxogflHH 3 goB^HH mmfi i BenHHHHH nepegaHoi no hhx noTy^HOCTi, 

opieHTOBHO BH3HanHMo Hanpyrn oKpeMHx mmfi no eMnipHHHm ^opMym LrnapioHoBa:

u -  1000v~/ 7 5
500 2500
------ 1--------

V L P

ge L -  goB^HHa mrni, km;

Pn -  nepegaHa no mrni noTy^rncTt (Ha ogHH ^aH^ro^), MBt.

UA1 — ■ 1000 —131,4 kB.
/500 2500

V 40 + 55

tt 1000 „U12 — ■ — 44 kB.
12 500 2500

V 30 + 5

3m. Hucm N° doKyM. nidnuc Mama



TT 1000 „„ DUy, = ■ = 44 kB.
500 2500

\  30 + 5

UA3 = ■ 1000 = 131,4 kB.
500 2500

\  40 + 55

3. OcKiatKH gaa Bcix amin Kiat^Boi Mepe:m 6a«:aHO Mara ogHaKOBy Hanpyry, to 

npHHMaeMO Hanpyry Uh = 110 kB.

,4,aa Toro, m,oö 3aöe3neaHTH BHKOHaHHa yMOBH npnnycTHMoro cnagaHHa Hanpyrn 

Ha caMOMy BiggaaeHOMy cno^HBaaeBi eaeKTpoeHeprii, npHHMaeMO Hanpyry Ha 

g^epeai ^HBaeHHa Ha 10% nepeBHrnyroay HOMmaatHy Hanpyry Mepe:m: 

Ua = 121 kB.

4. y  aKOCTi npoBogiB gaa Bcix amm npHHMaeMO CTaaeaaroMrnieBi npoBogn 

MapKH AC.

5. BH3HaaaeMO goBrocTpoKOBO npnnycTHMi CTpyMH b aiHiax gaa HopMaatHoro 

poöoaoro pe^HMy:

= ^  J 552 + 39,292 -103 = 354 7 a .

= J 52 + 9 ,292 -103 = 55,37 A.

= 823-101J 52 + 0 ,7 l2 -103 = 26,51 A.
23 V3 • UH V3 • 110

= S aJO L  J 552 y 45-712 -103 = 375,36 A.
A3 V3 • UH V3 • 110

6. KopHCTywHHCt goBigKOBHMH gaHHMH (Taöa. 1.2, .4-2), y BignoBigHOCTi i3 

mKaaoro CTaHgapTHHx nepepi3iB, a TaKO^ 3 ypaxyBaHHaM MO^aHBoro 

nepeBaHTa^eHHa amin npn poöoTi b aBapifiHOMy pe^HMi, BHÖnpaeMO THn npoBogy



gaa m ^Hoi aiHii:

gaa aiHii .4-1: AC-150/24; 

gaa aiHii R-2: AC-150/24; 

gaa aiHii .4-3: AC-150/24; 

gaa aiHii .4-4: AC-150/24.

7. nepeBipaeMo oöparn npoBogn b aiHiax 3a yMOBoro KopoHH.

3rigHO npaBHa, MirnMaatHo npnnycthmhh nepepi3 no KopoHi gaa amifi 

Hanpyroro 110 kB CTaHoBHTt 70 mm2.

TaKHM hhhom, gaa Ko^Hoi 3 aimö na yMoBa BHKoHaHa.

8. XapaKTepncTHKH npoBogiB noBiTpaHoi aiHii HaBegeHi b Taöa. 1.2.

T a ö a n ^  1.2 -  Karaao^m  gaHi npoBogiB noBiTpaHoi aiHii

napaMempu
MapKa npoeoöy 

AC-150/24
Kamaxowni dani

nepepi3 npoBogy, mm2 150/24

^ obtoctpokobo npnnycTHMHH CTpyM, A 450

Po3paxyHKoei dani
nHTOMHH aKTHBHHH onip aiHii npn TeMnepaTypi +20oC, 

r0 (Om/km)
0,198

nHTOMHH peaKTHBHHH onip, X 0 (Om/km) 0,42

nHToMa eMHicHa npoBigrncTb aiHii, b0 • 10-6 (Cm/km) 2,7

1.3 Bnöip noTy^HOCTi TpaHC^opMaTopiB

1. Ha nigcTaH^i nC-1, 3Ba^awan Ha Te, rn,o ii cno^HBaai BigHocaTtca go 

II Kareropii HagiHHocTi eaeKTponocTaaaHHa, npHHMaeMo ycTaHoBKy 

2 gBoxoÖMoTKoBHx TpaHC^opMaropn 3 Hanpyroro Ha BHcoKiö cropoHi 110 kB. 

Po3paxyHKoBa noTy^HicTb ko^ hoto TpaHC^opMaropa:

0 S, ^502 + 302 A/mA
Sri > -=^ = ---------------= 41,65 MBA.

T1 1,4 1,4



n o  Taön. 1.4.2 [2] BHÖnpaeMo Macnam TpaHC^opMaTopn 3aranbHoro

npH3HaneHHa THny TP^BH-63000/110.

2. Koe^^ieHT 3aBaHTa^eHHa TpaHc^opMaTopiB y HopMantHOMy pe^HMi:

k = = V50 + 30 = .
31 2 • Sr  2 • 63

y nicnaaBapiÖHOMy pe^HMi

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

YmOBH BHKOHyWTbCa.

3. Ha nigcTaH^i nC-2, 3Ba^awnn Ha Te, rn,o ii cno^HBani BigHocaTbca go I 

KaTeropii HagiÖHocTi eneKTponocTanaHHA, npHHMaeMo ycTaHOBKy 2 gBOxoÖMOTKOBHx 

TpaHC^opMaTopiB 3 Hanpyroro Ha BHcoKm CTopoHi 110 kB.

Po3paxyHKoBa noTy^HicTb m ^Horo TpaHC^opMaTopa:

ST2 > = ^ 10 + 10 = 10,1 MBA.
T2 1,4 1,4

n o  Taön. 1.4.3 [2] BHÖnpaeMo Macnam TpaHC^opMaTopn 3aranbHoro

nproHaneHHA THny T^H-16000/110.

4. Koe^^ieHT 3aBaHTa^eHHa TpaHc^opMaTopiB y HopMantHoMy pe^HMi:

k,2 = S « c  = 0 .
32 2 • Sr  2 • 16

y nicnaaBapifiHoMy pe^HMi

kas 2 = Smkc = ^ 10 + 10 = 0,88 < 1,4.
ae2 Sr  16

YmoBH BHKoHyWTbCa.

3m. Hucm N° doKyM. nidnuc Mama
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5. A-^ nigcTaH^i nC-3 3 Hanpyroro Ha BHcoKm CTopoHi 110 kB, aKa Mae 

HaBaHTa^eHHa £ 3 = 50 + j  45 MBA, 3Ba^awnn Ha Te, rn,o ii cno^HBani BigHocflTbca go

III KaTeropii HagiÖHocTi eneKTponocTanaHHA, BHÖnpaeMo TpaHC^opMaTop 

noTy^HiCTw:

ST3 > S3 =yj502 + 452 = 67,27 MBA.

n o  Taön. 1.4.2 [2] BHÖnpaeMo TpaHC^opMaTop 3arantHoro nproHaneHHA rany 

T ^-80000/110 .

6. Koe^^ieHT 3aBaHTa^eHHa TpaHc^opMaTopiB y HopMantHoMy pe^HMi:

S
Tr _ L JMÜKC

k 3 3 ST

V502 + 452 
80

= 0,84.

YmoBH BHKoHyWTbCa.

T aö n n ^  1.3 -  KaTano^Hi gaHi TpaHc^opMaTopiB Mepe^i

Tun TpaHC^opMaTopy
napaMeTpn TPATTH- TAH- TOT-

63000/110 16000/110 80000/110
HoMmantHa noTy^mcTt, SHOM (MB^A) 63 16 80

HoMmantm Hanpyrn oömotok, kB

BH^oi Hanpyrn, Uhombh 115 115 121

HH^noi Hanpyrn, Uhom.hh 10,5 11 10,5

BTpaTH, kBt

xonocroro xogy, APX 59 19 70

KopoTKoro 3aMHKaHH3, APk 260 85 310

Hanpyra KopoTKoro 3aMHKaHHa Mm: 
oÖMoTKaMH, % Big Uhom

BH^oi - HH^noi Hanpyr, Uk.8-h 10,5 10,5 10,5

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

Akthbhhh onip oömotok, Rt (Om) 0,87 4,38 0,71

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

BTpaTH noTy^Hocri b oÖMoTKax, Aqx (KBAp) 410 112 480



1.4 BH3HaneHHH napaMeTpiB cxeMH 3aMi^eHHH

1. 3agaH0i cxeMH Mepe^i CKnagaeMO cxeMy 3aMim,eHHA:

2. Po3paxoByeMO napaMeTpn cxeMH 3aMim,eHHA mmfi (pnc. 1.2). 

Ämm Ä-1:

Qca3
2

Ra3 = ro Ia3 = 0,198 ■ 40 = 7,92 Om;

Xa3 = Xo Ia3 = 0,42 ■ 40 = 16,8 Om;

U H  b 0 l A 3  

2
1102 • 2 ,7 -IQ-6 • 40 

2
0,65 MBAp.



R ai = ro Iai = 0,198 ■ 40 = 7,92 Om;

X  A1 = x01A1 = 0,42 ■ 40 = 16,8 Om;

Q ai = UH V ai = HO2 -2,7 -10-5 -40 = 0 ,65MBAp.
2 2 2

.Hmm .4-3:

R 12 = ro I12 = 0,198 ■ 30 = 5,94 Om;

X 12 = xo I12 = 0,42 ■ 30 = 12,6 Om;

Q i !  = U H M l = HO2 ■2 ,7 -IO-6 ■30 = 0 49 MBAp 
2 2 2 ’

.4mm .4-4:

R23 = ro I23 = 0,198 ■ 30 = 5,94 Om;

X  23 = x0l23 = 0,42 ■ 30 = 12,6 Om;

Q ä  = U H M i = ii02 ■2,7-i0-6 ■30 = 0,49 MBAp.
2 2 2

3. napaMeTpn cxeMH 3aMim,eHHA TpaHc^opMaTopiB HaBegeHi b Taön. 1.2.

1.5 Po3paxyHKH 3aMKHeHoi' Mepe^i

1. OcKmtKH 3agaHa cxeMa MicTHTt mmi ogHoi HOMmantHOi Hanpyra -  110 kB, to 

po3paxyHKOBa cxeMa MicTHTt rinKH 3 onopaMH ^Hx mmfi i By3nn 3 HaBegeHHMH

HaBaHTa^eHH^MH.

CKnagaeMO po3paxyHKOBy cxeMy Mepe^i:



2. npHBegem go ctopohh BH HaBaHTa^eHHa BH3HanaeMO aK cyMy noTy^HOCTefi, 

3agaHHx Ha mHHax HH, BTpaT b oÖMOTKax, rim ax HaMarmnyBaHHa TpaHC^opMaropiB 

MiHyc 3apagHi noTy^HOCTi gmrn, npnegHaHHx go nigcTaH^H.

(  ) 2 (  ) 2
S p  =  ( P H a s p  +  ^ x  +  • 2 )  +  2 2  +  A ö x x  +  • 2  -  2  ).

U  HOM U  HOM

3. BH3HanaeMO po3paxyHKOBe HaBaHTa^eHHa:

a) npHBegeHe go ctopohh BH TpaHC^opMaropHoi nigcTaH^i T-1:

S „  =  ( P r p i  +  • 1  +  2 1  +  n p i  +  i 1 - • 1  +  2 A &  - 1  - 1 ) ;

U  HOM U  HOM

„ | 502 + 302 0,87 'lS = 5 0  + • + 2 • 0,059 +
~pL ^ 1102 2 )

2 2 ^
j  30 + ----+ 2----------+ 2 • 0,41 - 0 ,49- 0,65 = 50,24 + >32,77 MBA.

v 1 1 0 2  )



6) npHBegeHe go ctopohh BH TpaHC^opMaTOpHoi nigcTaH^i T-2:

S  p 2 = (P^ p  2 + • R 2 +  2 AP, 2) +
U HOM 2

+ J  Ö » „ 2 • R 1 + 2AO, 2) -  Q 2 -  O l ;
U HOM 2  2 2

„ f , A 102 +102 4,38 ,  n n
~ p2 ^ 1102 2 J

 ̂ 1 f > 2 1 A 2 Q / T  r j  ^
j  10 + -----^ +2• 0 ,1 1 2 -0 ,4 9 -0 ,4 9  = 10,07 + /9,96 MBA.

^ 1102 2 ’ J ’ 7 ’

e) npHBegeHe go ctopohh BH TpaHC^opMaTOpHoi nigcTaH^i T-3:

S p 3  =  ( P ,arp3  +  ^  ^  • R  3 +  A P ,3 ) +
U HOM

+ J ( Q h „„p 3 +  P L p p l  ^  • X t 3 + A Q ,3  -  j Q C A 3 -  J Q c 2 3 ) ;
U HOM

(  502 + 452 ^
- p3 ^ 1102 )

(  502 + 452 ^+j  45 + ---------4 9 ,2  + 0 ,4 8 -0 ,6 5 -0 ,4 9  = 50,34 + >51,52 MBA.
I  1102 J

Tenep HeoöxigHo nepeÖTH go po3paxyHKiB po3iMKHeHoi nacTHHH Mepe:m.

1.6 Po3paxyHOK pe^HMy po3iMKHeHoi' Mepe^i

BH3HaneHHa b 3aMKHemö Hacram Mepe^i po3noginy noTy^HocTeö Mo^Ha ii 

yMoBHo po3ginHTH y By3ni A i npegcTaBHTH y BHraagi nimi i3 gBocropoHHiM 

^HBneHH^M (pnc. 1.4).

3m. Hucm N° doKyM. nidnuc Mama
BP 5.6.141.734 n3

riucm



PncyHOK 1.4 -  Po3paxyHKOBa cxeMa po3iMKHeHOi nacTHHH Mepe^i 

3HaxogHMO noTy^HOCTi b mmax, BpaxoBywnn, rn,o 3aMKHeHa Mepe^a ogHopigHa:

c  _  S  p l  ' ( l3 +  l4 +  ll )  +  S  p  2 " ( l4 +  ll )  +  S  p 3  ' ll _
S  -  —

l2 + l3 + l4 +  \

_(50 ,24  + >32,77)4 0 0  + (10,07 + >9,96)'70 + (50,34 + j 51,52)' 40 _
_ 140 —

— 60,95 + j 40,59 MBA,

c  _  S p 3  " ( l3 +  l4 +  l2 )  +  S p 2 " ( l3 +  l2 )  +  S p l ' l2 _S - —
l2 +  l3 +  l4 +  lj

_(50,34 + j5 l,5 2 ) 'l0 0  + (10,07 + >9,96)' 70 + (50,24 + >32,77)' 40 _
_ 140 —

— 69,8 + >55,91 MBA,

npoBogHMO nepeBipKy BHKOHaHHx po3paxyHKiB 3a yMOBoro:

SAl  + SA'3 — S pl  + Sp2  + Sp3 ,

130,75 + j96,5 MBA = 130,75 + j96,5 MBA.

PO3paxyHKH BHKOHaHi npaBHHbHO.

BHKopHCTOBywHH nepmuH 3aKOH Kipxro^a 3Haxog,HMO iHmi noTy^HOCTi:

S l2 — SÄl -  Spl —(60,95 + j 4 0 ,5 9 )- (60,28 + >33,44) — 0,67 + >7,15 MBA.

S 23 — SA3 - S p 3 — (69,8 + > 5 5 ,9 l) - (60,4 + >53,26) — 9,4 + j 2,65 MBA.

3m. Hucm N° doKyM. nidnuc Qama
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nogaabmHH po3paxyHOK noTy^HocTeö 3 ypaxyBaHH^M BTpaT noTy^HocTi b 

nimax caig noHHHara 3 By3aa 2, aKHH e tohkow noTOKopo3nogiay noTy^HOCTefi 

g^epena ^HBneHHa:

npHHMaeMO noTy^HOCTi S 12 i S23 3a gificHi noTy^HOCTi HanpHKm^ mmfi 6ina 

By3aa 2 i 3HaxogHMo BTpara b nimi 12:

0,672 + 7,152
- 12 u  12 H o 2

noTy^HiCTt Ha nonaray nimi 12:

(7,76 + j16,8) = 0,03 + j  0,07 MBA.

-"2 = - 12 + A -12 = (  0,67 + j7 ,15) + ( 0,03 + j  0,07 ) = 0,7 + j7 ,22  MBA.

noTy^rncTb HanpHKrn^ gmii' A1:

-Ai = - n  + -,1  = (  0,7 + j 7,22) + (60,28 + j33,44) = 60,98 + j 40,66 MBA.

3HaxogHMo noTy^HocTi BTpaTH b gmii:

( -  A1 ) ^  60,982 + 40,662
-  A1 U \ A1 1102

noTy^rncTb Ha nonaray gmii:

(9,7 + j 21) = 4,31 + j9 ,32 MBA.

-A1 = - KA1 + A -A1 =(60,98 + j 40,66)+ (4,31 + j9 ,32) = 65,29 + j49,99 MBA.

3HaxogHMo noTy^HocTi BTpaTH B gmii 23:

A - _ ( z h L . 7  _ 9,42 + 2,652 
23 U2 23 1102

(5,82 + j12,6) = 0,05 + j0,1 MBA.

3m. Hucm N° doKyM. nidnuc Mama
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noTy^rncTb Ha nonaray nimi:

S  h23 = S 23 + AS23 = (9 ,4  + j 2,65) + (0,05 + j  0,1) = 9,45 + j  2,74 MBA.

noTy^mcTb HanpHKm^ girni' A3:

S A3 = S 23 + Sp3 =(9,45 + j 2,74) + (60,4 + j53,26) = 69,85 + j56,01 MBA.

3HaxogHMO noTy^HOCTi BTpaTH b gmii:

(S A3) „  69,852 + 56,012
AS A3 = jj-2 ' ZA3■ Z  A-, =

1102
(7,76 + j16,8) = 5,14 + j1 1,13 MBA.

noTy^rncTb Ha nonaTKy gmii:

SÄ3 = Sa3 + AS A3 = (69,85 + j56,01) + (5,14 + j1 1,13) = 74,99 + j67,14 MBA.

I, HapemTi, 3HaxogHMO noTy^HiCTb, aKy BHgae g^epeno ^HBneHHa A:

S a = SA, + SA3 - j Qcai -  JQca, =(65,29 + j49 ,99) + (74,99 + j6 7 ,1 4 ) - j0 ,8 2 -  j0 ,65  =
= 140,28 + j 115,65 MBA.

Hanpyry y By3rn 1 3HafigeMO 6e3 oömKy nonepenHoi CKnagoBoi cnagaHHa 

Hanpyrn:

U  = Ua -  + QA1Xa1 = 121 - 65,29 ■ 9,7 + 49,99 ■ 21
UA 121

= 107,09 kB.

Hanpyra y By3ni 2:

3m. Mucm N° doKyM. nidnuc Mama
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U2 = u  -  P R l Q X l  = 107,09- 0' 7 •7' 76 + 7' 2 2 -16' 8 = 105,91 kB.
2 1  U  107,09

Hanpyra y By3ni 3 CKnage:

U  = u A -  + Q 3 = m  -  74,99 • 7,76 + 67,14 • 16,8 = kB.
3 1 U^ 121

Hanpyra y By3ni 2:

U” = U  -  Pl3Rl3 + Q23X23 = 106,87 -  9,45 •5,82 + 2,74 42 ,6  = 106,03 kB.
2 3 U  106,87

norpimmcTt po3paxyHKiB Hanpyra y By3ni 2 He nepeBHrnye BcraHoBneHe 

3HaneHHa.

BH3HanaeMO Hanpyry Ha cno^HBaneBi HaBaHTa^eHHA S1 3 oöniKOM nonepenHoi 

CKnagoBoi cnagaHHA Hanpyra:

UB uTT — U T1 _ T tB u h.hom1
Us1 = k ~ U T1' u  ’kT1 U omB

ge UB - Hanpyra HH TpaHC^opMaTopa T -1, nprnegeHa go cropoHH BH;

kT 1 = UomB—  Koe^^ieHT TpaHc^opMa^i TpaHc^opMaTopa T-1;
Uh .h o m 1

UomB - Hanpyra perynwBantHoro Bigrany^eHHA oömotkh BH;

UHHOM j - HOMmantHa Hanpyra oömotkh HH ipaHC^opMaTopa.

(  T? Y V f  Y d VpH rT1H . n« X T1H ph x  T1H r)H R 1H1T1 0 + q T 1 0 1T1 0 QT1 0
U^, = U i--------- 2--------------+ --------------- 2------------- =

1 1 Uj ^
iv y v y



(  o 87 22 Y (  22 0 87 Y
60,16 • + 34,09 • —  60,16-------34,09 •

= 107,09------------- 2--------------- 2  + ----------2--------------- 2 -  = 103,52 kB.
1 107,09 107,09
Uv )  v

ge PH + QH = SH - noTy^rncTb Ha nonaTKy TpaHC^opMaTopa T-1.

SH = 60,16 + y34,09 MBA.

= 103,52 •10,5 = 9,45 kB.
S1 115

BigxnneHHfl gificHoi Hanpyrn Mepe:m Big HOMmantHoro CKnage:

V % = Us1 -  Uhom 400  = 9 ,45- 10 400 = -5 ,48 %.
1 UHom 10

BcTaHOBHweMO nepeMHKan PnH  y nono^eHHa -3, nepepaxoByeMO gificHy 

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

US. = 10352 n 5 | - 3 Y 8 .115 = 9 9 9  KB'
100

npH ^oM y BigxHneHHa Hanpyrn CKnage:

U -  U 9 99 -1 0V % = _ Ŝ-----hom . 100 = _!----------- 100 = - 0,1 %,
1 U 10hom

^ o  b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBi HaBaHTa^eHHa S2:

3m. Hucm N° doKyM. nidnuc Mama
BP 5.6.141.734 n3
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UB —TT   — T 2   t tB u h.hom 2U S 2 — , — U T 2 H ' TT ,
kT2 U ome

f  /? Y V f  Y D \ 2pH rt2 , n H X T2 pH X T2 P)H RT2D PT 2 0 + QT 2 0 PT 2 0 QT 2 0
u B2 — U2 ---------2-------------+ -------------- 2------------^  —

T2 1 2 —i U2
Uv )  v )

f  10,07 • 4 3 8  +11,43 • 8 6 7  Y f  10,07.86,7  -1 1 ,4 3 •4 3 ?  Y
— 106,03--------------2---------------- + ------------------- 2---------------- — 96,58 kB.

4 106,03 106,03
Uv )  v )

ge Pj2 + QH2 — S?2 - noTy^HiCTt, AKa nepegaeTbca no oömow  HH

TpaHc^opMaTopa T-2,

—10,07 + j  11,43 MBA.

U „  — 96,58 • —  — 9,24 kB.
S2 115

BigxnneHHa gificHoi Hanpyrn Mepe:m Big HOMmanbHoi CKnage:

U _ U 9 24 _ 10
V % — — -----—  .100 — - -----------100 — _7,62 %.

2 U 10HOM

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

Hanpyry nepe3 gaHHÖ Koe^^ieHT TpaHC^opMa^i:

- S2 — 96,58 ^  -4 1.11,78.115 — 9,95 KB'
+ 100

npH ^OMy BigxnneHHa Hanpyrn CKnage:

3m. Hucm N° doKyM. nidnuc Mama
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V % = US 2  UHOM . 100 = 9,95 10 .100 = -0,54 %,
2 U 10HOM

b Me^ax npHnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBi HaBaHTmeHHa S3:

UB UTT _ U T 3 _ T tB U h.hom3 U S 3 “  , “  U T 3 ' TT ,
kT 3 U ome

IjB = IJ _ PT3RT3 + QT3X T3 _j_ PT3X T3 ~ QT3RT3 _

T3 Vl 3 ~ U3 J l  U3 J "

= t m  S7 60 ,33 '0’71 + 53,93.19,2 V | r 60,33-19,2 -  53,93 • 0,71 V „? , 5 ^
, 106,87 J l  106,87 )  , ’

ge PH + QH = SH - noTy^HicTb Ha nonaTKy TpaHC^opMaropa T-3,

SH = 60,33 + j 53,93 MBA.

U „ = 97,35 •1 0 5  = 8,45 kB.
S 3 121

BigxnaeHHa gificHoi Hanpyrn Mepe:m Big HoMmanbHoi CKaage:

V % = Us3 ~ UhoM -100 = 8,45 ~ 10 -100 = -15,53 %.
3 U 10HOM

YcTaHoBaweMo nepeMHKan PnH  y noao^eHHa -9, nepepaxoByeMo gificHy 

Hanpyry nepe3 gaHHfi Koe^^ieHT TpaHC^opMa^i:

US3 = 97,35 - -9<°1578 .121 = 10,06 KB'
+ 100

3m. Hucm N° doKyM. nidnuc Mama
BP 5.6.141.734 n3

riucm



npH ^oM y BigxnneHHa Hanpyrn CKaage:

V % = Us3 -  Uhom . 10q = 10,06 - 1 0 .100 = 0,59 %,
3 UHom 10

rn,o b Me^ax npnnycTHMoro.

1.7 Po3paxyHOK nic.iaaBapiriHoro pe^HMy

BBa^awHH mmro .H-1 aBapiÖHo BigKnroHeHoro, BHKOHyeMO po3paxyHOK pe^HMy 

poöoTH eneKTpHHHoi Mepe:m, cxeMa 3aMirn,eHHa aKoi HaBegeHa Ha pnc. 1.5.

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

aBapiÖHOMy pe^HMi poöora npoBogHTbca 3a thmh ^  BHxigHHMH napaMeTpaMH, rn,o h 

gna HopManbHoro pe^HMy, TOMy BHKOHyBaTH noBTopHe nepepaxyBaHHa HeMae 

HeoöxigHOCTi.

noTy^HiCTb HanpHKrn^ nimi .H-3 gopiBHwe:

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

PncyHoK 1.5 -  CxeMa 3aMirn,eHHa eneKTpHHHoi Mepe^i b aBapiÖHoMy pe^HMi



BTpaTH noTy^HOCTi b nimi:

( S 23 f
AS23 = ± - ^ - (R23 + jX 23 ) = 3,12 + j6 ,75 MBA.

U HOM

noTy^HiCTt Ha nonaray mrni .H-3:

S 23 = S 23 + AS23 = 63,52 + j 60,02 MBA. 

noTy^mcTt HanpHKrn^ nimi .H-2 piBHa:

S;2 = S  23 + S  p2 = 73,59 + j  69,81 MBA.

BTpaTH noTy^HOCTi b nimi:

( s K2 fAS12 = ^ - X -  (R|2 + jX ,2 ) = 6,6 + ,14,29 MBA.
U HOM

noTy^HiCTb Ha nonaray nimi .H-2:

SH2 = S ^  + ASI2 = 80,19 + j84,1 MBA. 

noTy^HiCTb HanpHKm^ nimi .H-4 piBHa:

S ^  = S12 + Sp1 = 140,47 + j1 17,54 MBA.

3HaxogHMO noTy^HOCTi BTpaTH B nimi:



( S Ai f
A S^ = ^ - ^ ~ ■ ZAX = 26,89 + j 58,22 MBA.

UH. Ai

noTy^rncTb Ha nonaTKy nimi:

S HAi = SKAi +A SAi = 167,37 + ji75 ,76  MBA.

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

Sa  = SAi -  jQcAi = 167,37 + j174,95MBA.

Hanpyry y By3ni 1 3HaögeMO 6e3 oömKy nonepenHoi CKnagoBoi cnagaHHa 

Hanpyra:

U = U -  PAî Ai + QAî 1  = 77,08 kB.
1 A UUA

Hanpyra y By3ni 2:

U = u  -  p2Ri2 + Qi2Xi2 = 50,68 kB.
2 i u

Hanpyra y By3ni 3 CKaage:

U = U -  PA}Ra3 + QAa3Xa3 = 2i,05 kB.
3 2 U2

OcKmtKH cnagaHHa Hanpyra y By3aax nepeBHrnyroTb BCTaHoBaem 3HaneHHa, 

3acTOcyeMO KOMneHca^ro peaKTHBHoi noTy^HOCTi b Mepe^i. ^ a a  ^ o r o  y By3aax 1, 2 

HeoöxigHO BCTaHoBHTH KoHgeHcaTopHi öaTapei 3 KoHgeHcaTopaMH THny KC2-1,05-60, 

po3paxoBaHi Ha HoMmaabHy Hanpyry 110 kB, aKi 3aöe3nenaTb KoMneHca^ro

3m. Hucm N° doKyM. nidnuc Mama
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peaKTHBHOi noTy^HOcri no 36,8 MBap m^Ha, a y By3ni 3 ycTaHOBHTH KOHgeHcaToprn 

öaTapei 3 KOHgeHcaTopaMH rany KC2-1,05-125, aKi 3aöe3nenaTb KOMneHca^ro 

peaKTHBHOi noTy^HOCTi 77 MBap.

BHKOHaeMO nepepaxyHOK noTOKopo3no,gmy noTy^HOCTeö y Mepe^i 3 

ypaxyBaHH^M KOMneHca^HHHx npHCTpoiB.

noTy^HiCTt HanpHKiH^ nimi 4-3 piBHa:

S 23 = S -  j Qek = 60,4 + j 16,46 MBA.

BTpaTH noTy^HOCTi b nimi:

(S 23 )2
AS23 = ~ ~ ^ ~ (Rn + ) = 1,89 + j4 ,08  MBA.

U HOM

noTy^HiCTb Ha nonaray nimi 4-3:

S n = S K3 + AS23 = 62,29 + j 20,54 MBA.

noTy^HiCTb HanpHKm^ nimi 4-2  piBHa:

SI2 = S 23 + Sp2 -  j Qek = 72,36 -  j 6,46 MBA.

BTpaTH noTy^HOCTi b nimi:

(SK2 )2
AS12 = J J T -  (R12 + JX12 ) = 3,38 + j  7,33 MBA.

U HOM

noTy^HiCTb Ha nonaray nimi .4-2:



S12 = S12 + ASU = 75,74 + j0 ,87  MBA. 

noTy^HiCTt HanpHKm^ nimi .4-4 piBHa:

SA1 = SH2 + S^I -  jÜEK = 136,02-  j 42,69 MBA.

3HaxogHMO noTy^HOdi BTpara b mmi:

(S A1 )2
ASA1 = ^ - ^ ~  ■ ZA1 = 16,29 + j35,27 MBA.

UH. Ai

noTy^HiCTt Ha nonaray mmi:

S Hai = S KAl +A S ai = 152,32 -  j7 ,4 2  MBA.

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

Sa = SAi -  jQcAi = 152,32- j8,23M BA.

Hanpyry y By3rn 1 3HafigeMO 6e3 oömKy nonepenHoi CKnagoBoi cnagaHHa 

Hanpyrn:

U = U -  pAiR-A1 + QA1 Xa1 = 110,08 kB.
1 A UU A

Hanpyra y By3m 2:

T j j j P  9 R  2 + Q1 2 X 1 2 1A. ,  y-,U  = U  -  12 12—  12 = 104,6 kB.
2 1 u



U3 = U2 -  + Qa3Xa3 = 96,68 kB.
3 2 U2

BH3HanaeM0 Hanpyry Ha cno^HBaneBi HaBaHTa^eHHA S1 3 oöniKOM nonepenHoi 

CKnagoBoi cnagaHHA Hanpyrn:

s n  = SHazpl + P}ia2pX + QHazpX • (Rt* 1 + JX ti ) = 60,16 + j'34,09 MBA.
UHOM 2 * * S

f  r> v  \ 2 f  v  r> \ 2UH RT1H , n« x  T1H DH X T1H RT1H
D PT1 0 + QT1 0 PT1 0 QT1 0

U* = U ---------- 2------------- —  + ------- 2------------- —  = 106,59 kB.
1 1 Ux Ux ,
Uv )  v )

U™ = 106,59—  = 9,73 kB.
S1 115

BigxnneHHa gificHoi Hanpyrn Mepe^i Big HoMmantHoi CKnage:

U — U 9 73 - 10
V % = - S1---- H0M • 100 = - ----------- 100 = -2 ,67  %,
1 U 10HOM

^ o  b Me^ax npnnycTHMoro.

BH3HanaeMo Hanpyry Ha cno^HBaneBi HaBaHTa^eHHA S2:

S HT2 = S.nazp2 + Pmzp2 + Qmzp2 (R t2 + jX t2 ) = 10,07 + J1 1,43 MBA.
UHOM 2

f  r> v  \ 2 y v- r> \ 2D» RT 2 , n« x  T 2 dh x  T 2 n« RT 2D PT 2 0 + QT 2 0 PT 2 0 QT 2 0
Up = U2 ---------2-------------+ -------------- 2------------ ^  = 95,03 kB.

1 2 U2 U2
V v )  v )

U „  = 95,03 • —  = 9,09 kB.
S2 115

3m. Hucm N° doKyM. nidnuc Mama
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BigxHneHHA gificHOi Hanpyrn Mepe:m Big HOMmantHOi CKnage:

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

^ o b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBi HaBaHTa^eHHA S3:

Sh3 = SHa2p3 + Pmzp3 + Qnazp . (Rt3 + jX t3) = 60,33 + j 53,93 MBA.
Uhom 2

- B | f -  -  pT3RT3 + Qt3X t3 1 + f p 3X t3 -  Q A 31 = 86 31 kB

T3 V l 3 U3 J l  U3 J , .

U „ = 86,31.1 0 5  = 7,49 kB.
S 3 121

BigxnneHHfl gificHOi Hanpyrn Mepe:m Big HOMmantHOi CKnage:

u  -  u  7 49 -1 0
V  % = - S3---- hom • 100 = ------------100 = -25,1 %.

3 U 10hom

BcTaHOBnweMO nepeMHKan PnH  y nono^eHHA -9, nepepaxOByeMO gificHy 

Hanpyry nepe3 gaHHfi KOe^^ieHT TpaHC^OpMa^i:

- S 3 = 86>31 n l | -9 (),1^78.121 = 892  kB'
+ 100

npH ^OMy BigxnneHHa Hanpyrn CKnage:

V % = -S 3 - - hom .100 = 8,92 - 10 .100 = - 10,0 %,
3 U 10hom

^ o b Me^ax npnnycTHMOrO.

3m. Hucm N° doKyM. nidnuc Mama
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2 P03PA X Y H 0K  E^EK TPH H H O I HACTHHH nT 3CT AHTTTT

3rigHO i3 3aBgaHHaM, HeoöxigHo po3paxyBara gBoxTpaHC^opMaropHy 

nigcTaH^ro nC-1, go aKoi rngKaroneHo HaBaHTa«:eHHa noTy^Hicrw

S1 = 50 + j30 MBA. Ha nigcTaH^i BCTaHoBaem TpaHC^opMaropn THny

TP^llH-63000/110.

2.1 Bnöip ch^ obhx TpaHC^opMaTopiB Ta ix nepeBipKa 3a rpa^iKOM

HaeaHTaweHHH

SHaB = VpL  + Q L  = V 502 + 302 = 58,3 MBA
S

STP = - HaB = 58,3 / 1,4 = 41,64 MBA
K aB

ge K aB = 1,4.

-K = —  = 0,46
3 2 • ŜTp.HOM

^ a a  nigcTaH^H öyan oöpam TpaHC^opMaropn noTy^HOCTi S = 63 MBA THny 

TP^H -63000/110.

nepeBipHMO TpaHC^opMaTopn 3a goöoBHM rpa^iKOM HaBaHTmeHHa Taön.2.1.

T a ö a n ^  2.1 -  ^oöoBe HaBaHTa^eHHa nigcTaH^i

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

^ a a  nepeBipKH npaBHatHocTi BHÖopy TpaHC^opMaropa peaatHHH rpa^iK 

HaBaHTa^eHHa nepeTBopHMO b gBOCTynmnacTHH. nonaTKOBe HaBaHTa^eHHa 

eKBiBaaeHTHoro rpa^iKa BH3HaaaeTbca 3a ^opMyaoro [10]:



K = _ ± _  _ ß =  + s | t 2 + . . . + =

SHOM t l + 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
=  • =  0,568

63 240

ge S15S2, ... Sn -  BnacHe HaBaHTa^eHHA nepmoro; gpyroro; n-ro CTyneHA rpa^iKa

HaBaHTa^eHHa, po3Mirn,eHoro HH^ne gimi HoMmanbHoi noTy^HOCTi TpaHC^opMaTopa; 

t1st2, ... tn -  TpHBanicTt CTyneHa, rogHHa.

AHanorinHo BH3HanaeTbca gpyrnö CTyniHb eKBiBaneHTHoro rpa^iKa, ane npn 

^oM y öepyTbca crynem, po3Mirn,em BHrn,e gmii HoMmanbHoi noTy^HocTi 

TpaHC^opMaTopa

K = _ ^  • S2t i + Sj;t2 + ...+ s^ =

SHOM t l + 12 + ... + t n

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

63 2 • 2

ge S15S2,...,Sn -  HaBaHTa^eHHa BHrn,e gimi HoMmagbHoi noTy^HocTi

TpaHC^opMaTopa.



S
Kmax = sMAX = 81,6 / 63 = 1,3

SHOM

ge SMAX -  MaKCHMaatHe HaBaHTmeHHa TpaHC^opMaTopa 3a rpa^iKOM

HaBaHTa^eHHa.

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

nopiBHweMO nonepegHe 3HaaeHHa K2 h K'2 gaa nogaatmnx po3paxyHKiB 

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

K 2 = 1,17.

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

nepiogy t = -10°C i nacy nepeBaHTmeHHa tnepeB = 4 rog, 3HaxogHMo 3HaaeHHa

nepeBaHTa^eHHa gonycTHMe K2roCT = 2.

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

K2roCT > K2. 3HaneHHa K2 3a rOCToM öiatme, Hm: peaatHe, 3HaaHTt

TpaHC^opMaTop oöpaHHH npaBHatHo.

Bhchobok:

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

TpaHC^opMaTopa 2-h TpaHC^opMaTop 3aöe3neaHTt ^HBaeHHa Cno^HBaaiB 6e3 

oÖMe^eHHaM no aaCy Ta no noTy^H odi

2.2 P03paxyH0K CTpyMiB KOpOTKOrO 3aMHKaHHH

Bn3HaaeHHa BeaHHHHH CTpyMiB KopoTKoro 3aMHKaHHa HeoöxigHe gaa 

npaBHatHoro BHÖopy yCTaTKyBaHHa Ha CToporn 110 kB i 10 kB. BnxigHa ogHoairnÖHa 

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

gBoMa TynHKoBHMH airnaMH: CxeMH 3aMirn,eHHa gaa po3paxyHKy CTpyMiB KopoTKoro 

3aMHKaHHa HaBegeHa Ha pHC. 2.3.



P03paxyH0K CTpyMiB KOpOTKOrO 3aMHKaHHfl BHKOHaGMO B iMeHOBaHiH CHCTeMi

og.HHHUh. nOTy^HiCTt KOpOTKOrO 3aMHKaHHa Ha mHHax 110 kB u,empa ^HBneHHA 

CKnagae Sc = 2300 MBA.

PncyHOK 2.2 -  BuxigHa OgHOmmÖHa eneKTpHHHa cxeMa eneKTpOMepe^i

PncyHOK 2.3 -  CxeMa 3aMim,eHHA gna pO3paxyHKy CTpyMiB KOpOTKOrO 3aMHKaHHA 

Onip CHCTeMH gOpiBHwe

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

OnOpn npagwwHHx mmn:

.Hmm fl-1 .H-2 fl-3 fl-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.H2 = X n-1 + Xn-3 + Xn-4 = 42 OM

X n = X m ' X n2 = (16,8-42) / (16,8 + 42) = 12 Om. 
X m + X ̂ 2



U U2
XT = ———H = (10,5 1102) / (100-63) = 20,2 Om.i 100-s

H

nepiogHHHa cKnagoBa CK3 y toh^  Ki:

IK1 = r  — -------= 110000 / (1,73 (16,8 + 12)) = 3,68 kA.
V 3 (Xc + X2 )

nepiogHHHa cKnagoBa CK3 y toh^  K2 npHBegeHa go Hanpyra BHrn,oi cropoHH

R uI| 2 = — 7-------2---------- T = 110000 / (1,73 (16,8 + 12+20,2/2)) = 2,321 kA.
V3 X c+ x ^ + X t)

V 2 J

PeanbHHH CTpyM K3 y toh^  K2:

Ik2 = Ik2 —^ = IB2 - (110 / 10) = 25,53 kA.

YgapHHH CTpyM:

- y t o w  K1: iyg1 = V 5 -1,61 -IK1 = 8,38 kA;

- y toh^  K2: iyg2 =V 2 -1,61- IK2 = 58,13 kA.

^onycTHMO, ^ o  aMnmTyga E^C  i nepiogHHHa CKnagoBa TK3 He3MiHHi 3a 

nacoM, ToMy Hepe3 Hac, akhh gopiBHwe Hacy BigKHMHeHHa 

Inr1 = IK1 = 3,68 kA  gna tohkh K1;

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

AnepiogHHHa cKnagoBa TK3 go MoMeHTy po36mHocri KoHTaKTiB BHMHKaHa



0,06

ia1 = V2 • IK1 • e Ta =yj2 • 3,68 • e 0’025 = 0,472 kA

0,1

ia2 = yl2 • IK2 • e Ta =y[2 • 25,53 •e 0 05 = 4,886 kA

ge Ta -  nocrinHa aacy 3aracaHHa anepiogHHHoi CKaagoBoi gaa Ki -  Ta =0,025 c, gaa

K2 -  Ta =0,05 c.

iHTerpaa ^^oyaa:

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

gaa K2 BR = lK2(t + Ta) = lK2(0,1 + 0,05) = 25,532 0,15 = 97,77 kA2c

T a ö a n ^  2.2 -  3HaaeHHa CTpyMiB KopoTKoro 3aMHKaHHa

CTpyMH
KopoTKoro
3aMHKaHHa

CK3 y 
noaaTKoBHH 
MoMeHT aacy

YgapHHH CK3 
iy , kA

Anepiog. 
CKaagoBa CK3,

ia KA

iHTerpaa ^^o y aa  
Bk , kA2 c

fflHHH 
110 kB ( K )

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

fflHHH 
10 kB (K2)

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

2.3 Bnöip 3axHCHoi' Ta KOMyTa^HHoi' anapaTypu

BncoKoBoabTm eaeKTpnam anapara BHÖnparoTbca 3a yMoBoro TpHBaaoro 

pe^HMy poöora i nepeBiparoTbca 3a yMoBaMH kopotkhx 3aMHKaHb. n p n  ^oM y gaa 

anapaTiB BHKoHyeTbca:

1) BHÖip 3a Hanpyroro;

2) BHÖip 3a HarpiBaHHaM npn TpHBaanx CTpyMax;

3) nepeBipKa Ha eaeKTpogHHaMWHy CTiHKicTb;

4) nepeBipKa Ha TepMWHy CTiHKicTb;

Bnöopy nigaarawTb:

- BHMHKaai Ha ö o ^  BHrn,oi Hanpyra;

- BCTynHi BHMHKaai Ha ö o ^  10 kB;
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- BHMHKani nimH, m,o BigxogaTb, 10 kB; p°3'egHyBani BHm,oi Hanpyrn;

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

- oiTTUHQBKa. p°3noginbHHX npHCTpoiB 110 kB i 10 kB.

^na BHÖopy anapaTiB i CTpyMOBegyHHx nacTHH HeoöxigHO BH3Hawra CTpyMH 

HopManbHoro i nicnaaBapißHoro pe^HMiB. Bn3HaneHHa CTpyMiB BHKOHyeTbca gna 

BHnagKy ycraHOBKH Ha nigcTaH^i cnnoBoro TpaHC^opMaTopa. Po3paxoBaHoro 

BignoBigHo go rpa^iKa HaBaHTa^eHHa nigcTaH^i.

CrpyM Ha 6o ^  110 kB:

jBH = M  • SH0M = ( 1,4.63) / (1,73.110) = 463 A.
V 3 •Ubh

CTpyM y Koni BBigHHx BHMHKaniB Ha CTopoHi 10 kB:

I™ = 1,4 ' tSth°m = (1,4.63) / (1,73.10) = 5,09 kA.
■V3 • UHH

CTpyM y Koni ceK^HHoro BHMHKana:

CB 14 • S
C  = 1  " "  = (1,4-63) / (1,73-10-2) = 2,55 kA.

V3 - UHH - 2

CTpyM y Koni niHii, m,o BigxogHTb:

1 4 S
iBBx- = ~f1—-SHQM— = (1,4-63) / (1,73-10-10) = 509 A.

-J3 • UHH-10

^na BCTaHOBneHHa Ha CTopoHi BHm,oi Hanpyra npHHMaeMO BHMHKani rany 

^3-110^-23(13)Y4. Bnöip BHMHKaniB HaBegeHHH y Taön. 2.3.



yMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTano^m
3HaneHHa

Uc  < UH 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
1  yd  < 1 CKB 8,38 kA 125 kA

1nz  < 1OmxHoM 3,68 kA 100 kA
I < Ia z  a h o m 0,472 kA 40 kA
B k  < I 2T tr 1,151 kA2 c 7500 kA2̂ c

^na BCTaHOBneHHA Ha CTopoHi hh3bkoi Hanpyrn npHHMacMo BHMHKani THny 
MrY-20-90/9500Y3. Bnöip BHMHKaniB HaBegeHHH y Taön. 2.4.

T aö n n ^  2.4 -  Bnöip BHMHKaniB y Koni TpaHC^opMaTopa Ha CTopoHi 10 kB

yMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTano^m
3HaneHHa

Uc  < UH 10 kB 20 kB
1paCH < IHOM 5,09 kA 9500 A

I n o  < I n p C K B 25,53 kA 105 kA
1  yd  < 1  CKB 58,13 kA 300 kA

1 nz  < ̂ OmxHoM 25,53 kA 90 kA
I < Ia z  a h o m 4,886 kA 30 kA

B K  < I T t r 97,77 kA2 c 32400 kA2 c

^na ycTaHOBKH b aKocri cewHHoro Ha CTopoHi hh^ hoi Hanpyrn npHHMaeMo 
BHMHKani THny BB3-10-31,5/3150y3. Bnöip BHMHKaniB HaBegeHo b Taön. 2.5.

T aö n n ^  2.5 -  Bnöip cewHHoro BHMHKana Ha Öo^ 10 kB

yMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTano^m
3HaneHHa

Uc < Uh 10 kB 10 kB
1 paCH < I HOM 2,55 kA 3150 A

Ino < InpCKB 25,53 kA 31,5 kA
i y  < 1 n p C K B 58,13 kA 80 kA

1 n z  < ̂ OmxHoM 25,53 kA 31,5 kA
I <Ia z  a h o m 4,886 kA 31,5 kA

Bk < i 2tK 97,77 kA2 c 2977 kA2 •c
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^ a a  BCTaHOBneHHA Ha CTopoHi hh^ hoi Hanpyrn b airnax, rn,o BigxogaTb, 

npHHMaeMo BaKyyMHi BHMHKaai THny BB3-10-31,5/630Y3. Bnöip BHMHKaaiB 

HaBegeHo b Taöa. 2.6.

T a ö a n ^  2.6 -  Bnöip BHMHKaaiB Ha amiro, rn,o BigxogHTb 10 kB

YMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTaao^m
3HaneHHa

Uc  < UH 10 kB 10 kB
I < IpaCH HOM 509 A 630 A

1  n o  < 1  n p C K B 25,53 kA 31,5 kA
ly  < 1 n p C K B 58,13 kA 80 kA

1 n z  < 1 OmxHüM 25,53 kA 31,5 kA
I < Ia z  a h o m 4,886 kA 31,5 kA
B k  < PTtr 97,77 kA2 c 2977 kA2̂ c

^ a a  BCTaHoBaeHHa Ha CTopoHi BHrn,oi Hanpyrn npHHMaeMo po3'egHyBaai 3 

ogHHM aöo gBoMa KoMnaeKTaMH 3a3eMaroroHHx ho^ ib THny PH ^3.1-110/1000 X.H1. 

Bnöip po3'egHyBaHiB HaBegeHHH y Taöa. 2.7.

T a ö a n ^  2.7 -  Bnöip po3'egHyBaaiB 110 kB

YMoBa Po3paxyHKoBi 3HaaeHHa KaTaao^m
BHÖopy 3HaneHHa
Uc < Uh 110 kB 110 kB

IpaCH < IHOM 463 A 1000 a
1 yd < InpCKB 8,38 kA 80 kA

BK < ITtr 1,151 kA2 c 992 kA2 •c

2.4 Bnöip 3ÖipHHX muH

BnöpaTH 3Öipm mHHH 110 kB Ta CTpyMonpoBigrn eaeMemn b ö a o ^  Big 3ÖipHHx 

mHH go BHBogiB öaoaHoro TpaHC^opMaTopa. TpaHC^opMaTop 

TPflHH-63000/110.

OcKiHbKH 3Öipm mHHH 3a eKoHoMWHoro rycTHHow CTpyMy He BHÖnparoTbca, 

npHHMaeMo nepepi3 3a gonycthmhm CTpyMoM npn MaKCHMaabHoMy HaBaHTa^eHHi Ha 

mHHax, rn,o BignoBigae 3araabHoMy HaBaHTa^eHHW.
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Ihopm = A “ ' = 58,3 / (1.73-110) = 306 A.
V3 ■ Uhom

M̂aKC _ ^hopm _ 306 A .

3a Ta6au^ro goBigHuKa npufiMaeMO go BcTaHOBaeHHa npoBig 1xAC120/19 

(q = 120 mm2, d = 15,2 mm, Igon = 380 A). Oa3u poßTamoBaHi ropu3OHTaabHO Ha 

BigcTaHi 300 cm. Togi

Igon > IMaKC,

380 A > 306 A.

nepeBipKa muH Ha eaeKTpoguHaMiHHy cTifiKicTb He BuKOHyeTbca, ocKiabKu

In.0 < 20 kA.

nepeBipKa Ha TepMiHHy cTifiKicTb TaKO® He BuKOHyeTbca, ocKiabKu muHu 

BHKOHaHi roauMu npoBogaMu Ha BigKpuTOMy noBiTpi.

nepeBipKa 3a yMOBaMu KopoHyBaHHa b gaHOMy BunagKy Moraa 6 He 

npoBoguTuca, ocKiabKu 3rigHO nY E  MiHiMaabHufi nepepi3 gaa noBiTpaHux aiHifi 

110 kB cTaHOBuTb 70 mm2. BpaxoByroau, rn,o Ha B Pn BigcTaHb Mi®; npoBogaMu 

MeHma, Hi® Ha noBnpaHux aiHiax, npoBoguTbca nepeBipoHHufi po3paxyHOK. 

Bu3HanaeMO noaaircoBy KpuTuHHy Hanpy®eHicTb eaeKTpuHHoro noaa:

(  0 2991
E0 = 30,3 ■ m ■ 1 + ,

l  Vr0 J

ge m -  Koe^^ieHT, aKufi BpaxoBye mopcTKicTb noBepxHi npoBogy (gaa 

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

(  0 2991
E0 = 30,3 ■ 0,82 ■ 1 + - j = =  = 33,4 kB/cm l

l  V0,76 J



BH3HanaeM0 HanpymeHicTb eaeKTpHHHoro noaa HaBKoao npoBogy

^  0.354 • U
E = — f r M ,

E • lg ^
l  ro )

ge U -  mmÖHa Hanpyra, kB;

Deep -  cepegHa reoMeTpHHHa BigcTaHb Mim npoBogaMH $a3, cm. 

n p n  ropH30HTantHOMy po3TamyBaHHi $a3

Deep = 126 •D  = 100,8,

ge D  -  BigcTaHb Mim cycigmMH $a3aMH, gaa UH=110 kB D  = 80 cm.

E = (0.354421) / (0,764g(100,8/0,76))= 26,55 kB/cm.

B ocTaHHbOMy BHpa3i nimHHa Hanpyra npHHHaTa piBHoro 121 kB, ocKiabKH Ha 

mHHax eaeKTpocTaH^i nigTpHMyeTbca Hanpyra 1,1 UH0M.

nepeBipKa BHKoHyeTbca 3a HacTynHOW yMOBoro: npoBogn He öygyTb 

KopoHyBaTH, aKffl,o

1,07 • E < 0,9 • E0,

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

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

BHKopHCTaHHa.

Biiöip mopcTKHx muH

npHHMaeMo TeMnepaTypy HaBKoanmHboro cepegoBHrn,a: 30oC.

OönpaeMo aawMiHieBi mHHH KopoönacToro nepepi3y po3TamoBaHi 

roproomaabHo i mopcTKo 3aKpmaem ogHa BigHocHo ogHoi (2x150x65x7 mm, 

nepepi3oM 2x1785 mm2, Igon=5650A).



PncyHOK 2.4 -  fflHHH KopoönacToro nepepi3y

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

YMOBa 3a gonycTHMHM CTpyMOM:

I™  = 5090A < Ig„n = 5650 A,

yMOBa BHKOHyeTtca.

npnnycTHMHH CTpyM 3 ypaxyBaHH^M nonpaBKH Ha TeMnepaTypy 

HaBKonnraHboro cepegoBHrn,a:

I o  = I o  ■ l°d°" = 5 6 5 0 ,170- 30 = 5327 A,
ö̂on ĤopM 70 -  25

ge vgon -  gonycTHMa TeMnepaTypa raHHH;

uH0pM -  HoMmanbHa TeMnepaTypa HaBKonnraHboro cepegoBH^a.

5090 A < 5327 A.

MimManbHHH TepMWHo CTiHKHH nepepi3:

M  a/97’7 7 -  ,
q„„„,on = ± B  ^  10-3 = 109,9 MM2.

OcKinbKH q^n.don = 109,9 < 2x1785 mm2 TepMWHa CTrnKicTb raHH

3a6e3nenyeTbca.
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T B ep g i mHHH noBHHHi ö y r a  n ep eB ip eH i Ha gHHaMiHHi g i i  CTpyMiB K 3  i Ha

MO^nHBiCTb BHHHKHeHHa pe30HaHCHHX aBHffl,. 3a3HaHeHi aBHffl,a He BHHHKaMTb n p n

K 3 , aKrn,o BaacH a aacTOTa KoaHBaHb mHHH MeHme 3 0  i ö ia b m e  2 0 0  r ^  ^acTOTa 

BnacHHx KoaHBaHb g a a  aaroM im eBH x mHH BH3HaaaeTbca 3a  $ o p M y a o ro

f 0 = 1 7 ^ .  J Z = 1 7 ^ .  1 2 6 0  =  2 5 7  n ,
l 2 V 2 • qmHHH 22  ]j 2 1 7 , 8 5

g e  l -  goB ^H H a n p o a b o T y  Mi®; i3oaaTopaM H l = 2 m, m;

Jy0-y0 -  MOMeHT m e p ^ l  n o n e p e a H o r o  n e p e p i3 y  gBOx 3 p o ^ eH H x  mHH, cm4;

qmHHH -  nonepenH H H  n e p e p i3  o g m e i mHHH, cm2.

OcKinbKH f0 =  2 5 7  > 2 0 0  r ^  to M exam aHHH pe3oH aH c BHKaroaaeTbca.

MoMeHT o n o p y  n e p e p i3 y  g a a  g B o x  3porn,eHHx mHH:

i2 • l2 5 8 ,1 3 2 2 2 10"2
=  1 ,7 6  ~ y i ----------1 0 -8 =  1 ,7 6 --------------------------------- =  1 ,7 8 1  M n a

a  • W y0-y0 0 ,8 .1 6 7

g e  a  -  BigcTaHb M i® $a3aM H, m;

^y0 -y0 -  MoMeHT o n o p y  g B o x  3porn,eHHx mHH, cm3.

<7̂ max = 1 ,7 8 1  < crgon = 8 2 ,3  M n a  yM oBa M exarnaH ol m^ hoct BHKoHyeTbca. 

g e  <rgon = 8 2 ,3  M n a  -  gonycTHM a M exarnaHa H anpyra b M aTepiaai aaroM imeBHx mHH.

C n a a  B 3aeM ogil M i® m BeaepaM H:

i 2 5 8 ,1 3 2
f n =  0 ,5  - ^ .1 0 " 7 =  0 , 5 -------------1 0 - 1 =  1 1 2 6  H/m

n ’ h , 0 ,1 5

g e  h - BHcoTa m B ea ep a , m.

M aKcHM aabHa BigcTaHb M i® M ic^ M H  3BapwBaHHa m B eaepiB :

, / 1 2 - ( CTgo„ - ^ .m a x  ) •  W y-y 12  • ( 8 2 ,3  -  1, 7 8 1). I 4 ,7  _

nmax =  V fn ^  1 1 2 6  = 3 ,5 5  M

g e  N̂y—y -  MoMeHT o n o p y  mHH y  BepTHKaabHiö n a o n iHHi, cm3.



2.5 Bnöip BHiviiproBa.ibHHx TpaHC^opMaTopiB crpyMy Ta Hanpyru

^aa  BBiMKHeHHH eaeKipOBHMiproBaabHHx npnaagiB i npncrpoiB peaeÖHOro 3axHcry 

HeoöxigHa ycraHOBKa TpaHc^OpMaropiB crpyMy i Hanpyru. y  gaHOMy npoeKTi peaeÖHHH 

3axHCT geTaabHO He pO3pOÖaaeTbca, TOMy nepeBipKy TpaHc^OpMaropiB 3a btophhhhm 

HaßaHTa^eHHaM BHKOHyeMO 3 ypaxyBaHHaM BBiMKHeHHa TiabKH BHMiproBaabHHx npnaagiB.

y  KOai cnaoBoro TpaHC^opMaropa 3 öoKy hh: hoi Hanpyrn BcTaHOBaroeTbca 

aMnepMeTp, BOabTMeTp, BapMeTp, aianabHHKH aKTHBHOi i peaKTHBHOi eHeprii, Ha 

fflHHax 110

kB -  BOabTMeTp i3 nepeMHKaaeM gaa BHMipy Tpbox Mi:$a3OBHx Hanpyr, Ha 

cewÖHOMy BHMHKaai 10 kB - aMnepMeTp, Ha aiHiax, rn,o BigxogaTb, 10 kB - 

aMnepMeTp, aianabHHKH aKTHBHOi i peaKTHBHOi eHeprifi. Po3paxyHOK btophhhoto 

HaBaHTa:eHHa TpaHc^OpMaropa cTpyMy HaBegeHHH y Taöan^ 2.8.

T a ö a n ^  2.8 -  PO3paxyHOK btophhhoto HaBaHTa:eHHa TpaHc^OpMaTOpiB cTpyMy

npnaag Kaac HaBaHTa:eHHa nO $a3ax
A b C

AMnepMeTp 1 0,5 0,5 0,5
BarmeTp 1,5 0,5 - 0,5
BapMeTp 1,5 0,5 - 0,5
^inHabHHK aKTHBHOi eHeprii 1 2,5 - 2,5
^inHabHHK peaKTHBHOi eHeprii 1,5 2,5 - 2,5
CyMapHe HaBaHTa:eHHa crpyMy b KOai 
cnaOBOrO Tp-pa Ha 6o^  BH 0,5 0,5 0,5

CyMapHe HaBaHTa:eHHa crpyMy b KOai 
cnaOBOrO Tp-pa 3 ÖOKy HH 6,5 0,5 6,5

CyMapHe HaBaHTa:eHHa crpyMy b KOai 
c e ^ .  BHMHKana Ha HH 0,5 0,5 0,5

CyMapHe HaBaHTa:eHHa crpyMy b KOai 
BigxigHOi aiHii 0,5 0,5 0,5

Bnöip TpaHc^OpMaTOpiB cTpyMy HaBegeHHH y Ta6aH^ax 2.9 - 2.12. 

BnÖHpaeMO TpaHc^OpMarop cTpyMy TO3M-110E-L



TpaHC^opMaTopa Ha 6 o ^  bhcokoi Hanpyrn 110 kB:

YMoBa BHÖopy Po3paxyHKoBi
3HaneHHa

KaTano^Hi
3HaneHHa

Uc < U H 110 kB 110 kB
I < I

p a C H  H O M 463 A 800 A
iy < 1 npCKB 8,38 kA 124 kA
B k < PTtr 1,151 kA2 c 2352 kA2 c

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

^na nepeBipKH 3a btophhhhm HaBaHTmeHHaM BH3HanaeMo onip npnnagiB

Znpun
s‘“'npun
~Jr

0,5
—  =  0,02 Om
52

Togi onip cnonynHHx npoBogiB Mo^e öyra

Znp = 7  — 7^ hom ^npun - z K

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

Znpun — onip npn^agiB, Om;

ZK — onip KOHTaKTiB, Om.

Znp =  1,2 -  0,02 -  0,1 =  1,08 Om.

nepeTHH ^n n  npn goB^nrn Kaöena 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 ^Hn, mm2.



nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexamHHoi m^ hoct noBHHHHH 

öyra He MeHme H i: 2,5 mm2 gaa MigHHx :n n .

Onip oöpaHHx npoBogiB:

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

3aranbHHH onip CTpyMOBoro Koaa

ZH =  ZnpĤ +  Zfc +  Znp =  0,02 +  0,1 +  0,7 =  0,82 Om

rn,o MeHme Hm: 1,2 Om, npnnycTHMHx npn poöoTi TpaHC^opMaTopa b Knaci 

TOHHOCTi 0,5.

TpaHC^opMaTop CTpyMy T03M-110E-I BignoBigae yMOBaM BHÖopy.

BnÖHpaeMO TpaHC^opMaTop CTpyMy TfflB-15-y3.

TaönHHg 2.10 -  Bnöip TpaHC^opMaTopa CTpyMy y Koni TpaHC^opMaTopa Ha Öo^ 10 kB

yMoBa BHÖopy Po3paxyHKoBi
3HaneHHa

KaTano:Hi
3HaneHHa

Uc  < UH 10 kB 15 kB

I  < I
p a C H  H O M 5090 A 6000 A

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

B k < l 2Ttr 97,77 kA2 c 3650 kA2 c

Z H  < Z H .H O M
1,06 Om 1,2 Om

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

Znpun
s‘“'npun
~ lr ~

6,5
- T =  0,26 Om 
52



Togi onip cnonyHHHx npoBogiB Mo^e öyTH

ZnP = 7 — 7ĤOM n̂pHfl - Z K

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

Znpun — onip npn^agiB, Om;

ZK — onip KOHTaKTiB, Om.

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

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

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

Znp 0,84

ge p -  nnTOMHH onip Migi, 0,0175 (Ommm2/m),

F  -  nepeTHH ^ hh, mm2.

nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexaHiHHoi M^Hocri noBHHHHH 

öyTH He MeHme Hm: 2,5 mm2 gna MigHux ^ hh.

Onip oöpaHHx npoBogiB:

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

p F 2,5

3arantHHH onip CTpyMoBoro Kona

Zh =  ZnpH.n +  +  Znp =  0.26 + 0.1 + 0,7 = 1,06 0m .

rn,o MeHme Hm: 1,2 Om, npnnycTHMHx npn poöoTi TpaHC^opMaTopa b Knaci 

tohhoct 0,5.

TpaHC^opMaTop CTpyMy T^B-15-Y 3 BignoBigae yMoBaM BHÖopy.



T aö n n ^  2.11 -  Bnöip TpaHC^opMaTopa CTpyMy b Koni cewHHoro BHMHKana 10 kB

YMoBa BHÖopy Po3paxyHKoBi
3HaneHHA

KaTano^m
3HaneHHa

Uc < UH 10 kB 10 kB
I < I

p a C H  H O M 2,55 kA 3000 A
i < L

y  o u H 58,13 kA -
BK < ITtr 97,77 kA2 c 3250 kA2 c

Z H  < Z H .H O M 0,56 Om 0,8 Om

^nn nepeBipKH 3a btophhhhm HaBaHTa^eHH^M BH3HanaeMo onip npnnagiB

Znpun
s‘“'npun
~Jr

0,5
—  = 0,02 Om
52

Togi onip cnonynHHx npoBogiB Mo^e öyra

Znp = 7 — 7^ hom ^npun - Z K

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

Znpun — onip npnnagiB, Om;

ZK — onip KOHTaKTiB, Om.

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

nepeTHH ^n n  npn goB^nrn Kaöenn 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 ^Hn, mm2.



nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexarnnHoi M^Hocri noBHHHnn 

öyTH He MeHme H i: 4 mm2 gaa MigHnx :n a .

Onip oöpaHHx npoBogiB:

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

p F 4

3aranbHHH onip CTpyMOBoro Koaa

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

rn,o MeHme Hm: 0,8 Om, npnnycTHMnx npn poöoTi TpaHC^opMaTopa b Kaaci 
TOHHOCTi 0,5.

TpaHC^opMaTop CTpyMy Tffl^-10-Y3 BignoBigae yMOBaM BHÖopy.

BnÖHpaeMO TpaHC^opMaTop CTpyMy Tffl^n-10-Y3.

T a ö a n ^  2.12 -  Bnöip TpaHC^opMaTopa CTpyMy Ha giHii', ^ o  BigxogHTt

YMoBa BHÖopy Po3paxyHKoBi
3HaneHHa

KaTaao:m
3HaneHHa

IA 10 kB 10 kB
I  < I

p a c H  H O M 509 A 1000 A
i < L

y  O U H 58,13 kA -
B k <l 2Tt r 97,77 kA2 c 3250 kA2 c

Z H  < Z H .H O M 0,56 Om 0,8 Om

^ a a  nepeBipKH 3a btophhhhm HaBaHTa:eHHaM BH3HaaaeMo onip npnaagiB

S 0 5
^  ^  — 0,02 Om

Togi onip cnoayaHHx npoBogiB Mo:e öyTH

7 — 7 — 7 — 7^np ^ hom ^npun ^ k

ge Znp — HOMiHa^bHHH onip HaBaHTa:eHHH, Om;



Znpun — onip npu^agiB, Om;

ZK — onip KOHTaKTiB, Om.

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

nepeTHH : hh npn goB:HHi Kaöena l = 100 m:

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

Znp 0,68

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

F  -  nepeTHH : hh, mm2.

nepeTHH cnonynHHx npoBogiB 3a yMOBaMH MexamnHoi M^Hocri noBHHHHH 

öyTH He MeHme H i: 4 mm2 gna MigHHx : hh.

Onip oöpaHHx npoBogiB:

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

p F 4

3aranbHHH onip CTpyMOBoro Kona

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

rn,o MeHme Hm: 0,8 Om, npnnycTHMHx npn poöoTi TpaHC^opMaTopa b Knaci 

TOHHoCTi 0,5.

TpaHC^opMaTop CTpyMy Tffl^n-10-Y3 BignoBigae yMoBaM BHÖopy.

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

noTy:HicTW.

Ha ö o ^  BHcoKoi Hanpyrn 110 kB oönpaeMo TpaHC^opMaTopn

HKO-110-58Y1, Ha ö o ^  10 kB -  3HO.H.09-10.02, BHKopHCTOByronH gaHi i3 

T aönn^ HaBegeHHx y goBigHHKax.



Tun
KHac

HoMiHaHbHa Hanpyra oömotok
HoMiHaHbHa noTy*HicTb, 

B^Ä, b KHaci tohhocT
MaKcuMaHbHa
noTy^HicTb,

b ä
HanpyrH nepBHHHoi,

kB
OcHoBHoi 

BTopHHHo'i, B
AogaT- 

KoBoi, B
0,2 0,5 1 3

HKO-
110-58Y1

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

TaÖHH^ 2.14 -  Buöip TpaHc^opMaTopa Hanpyru 3 öoKy HH

Tun
KHac

HoMiHaHbHa Hanpyra oömotok
HoMiHaHbHa noTy*HicTb, 

B^Ä, b KHaci TonHocTi
MaKcuMaHbHa

noTy^HicTb,
B ä

HanpyrH nepBHHHoi,
kB

OcHoBHoi 
BTopHHHoi, B

AogaT- 
koboi, B

0,2 0,5 1 3

3HOH.09
-10.02

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

2.6 OßrpyHTyBaHHH cxeMH e^ercrpHHHHx 3’egHaHb m gcraH ^i

OcHOBHa cxeMa eHeKTpunHux 3'egHaHb noBHHHa 3agoBoHbHaTH TaKi BHMoru [4]:

-  3aöe3nenyBaTH HagiHHicTb eHeKTponocTanaHHa b HopMaHbHux h 

nicnaaBapiÖHHx pe^HMax;

-  ypaxoByBaTH nepcneKTHBH po3BHTKy;

-  gonycKaTH Mo^HHBicTb po3mupeHHa;

-  3aöe3nenyBaTH Mo^HHBicTb BHKoHaHHa peMoHTHux i eKcnHyaTa^ÖHux poöiT 

Ha OKpeMHx eneMeHTax cxeMH h öe3 BigKnroneHHa npuegHaHb.

n p n  ^oM y cHig 3acTOCOByBaTH HaönpocTimi cxeMH.

nigcTaH^a BigHocuTbca go KHacy TynHKOBHx nigcTaH^ö. Aha gaHoro KHacy 

Hanpyrn, Haöopy 3oBHimHix npuegHaHb i noTy^HocTi TpaHc^opMaTopiB, 3 

ypaxyBaHHaM Toro, rn,o 3acTocyBaHHa BiggiHbHHKiB b yMoBax xoHogHoro KHiMaTy He 

peKoMeHgyeTbca, npuÖMaeMo go ycTaHoBKH Ha npoeKTOBamö nigcTaH^i cxeMy «gBa 

öhokh «HiHia - TpaHc^opMaTop» 3 BHMHKaneM y Koni TpaHc^opMaTopa Ta 

HeaBToMaTHHHow nepeMHHKow» (pnc. 2.5).

BP 5.6.141.734 n3
Mucm

523m. Hucm M doKyM. nidnuc Mama



CxeMa 3 peMOHTHOW nepeMHHKoro, BHKoHaHoro 3a gonoMorow po3'egHyBaniB 

(«HeaBTOMaTHHHOW» nepeMHHKOw), 3a6e3nenye Mo^nHBiCTb npnegHaHHa oöox 

TpaHC^opMaTopiB go ogrnei nimi npn peMOHTi iHinoi.

CxeMa nigcTaH^i HaBegeHa Ha rpa^iHHifi Hacram npoeKTy. 

y  HopMantHoMy pe^HMi Bce KoMyTa^ÖHe oönagHaHHa BKaroneHe, 3a bhhatkom 

po3'egHyBaniB QS3...QS4 y peMoHTHifi nepeMHW. noBnpam nimi W1, W2 - rnmi, am 

3'egHywTt npoeKToBaHy nigcraH^ro 3 eHeprocncTeMow.

Po3rnaHeMo HacrngKH aBapiÖHHx CHTya^ö y gamfi cxeMi:

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

3aMHKaHHi b TpaHC^opMaTopi T1 BigöyBaeTtca BigKaroneHHa BHMHKana Q1. 

^HBneHHa cno^HBaniB nigcTaH^i 3gificHweTbca Hepe3 TpaHC^opMaTop T2 3a paxyHoK



öoro nepeBama^yBagbHoi 3gaTHocTi.

2) BigMOBa ogHiei giHii, aKa 3'egHye cno^HBaniB 3 egeKTpocTaH^ero (W1). n p n  

KopoTKOMy 3aMHKaHHi Ha giHii W1 BigöyBaeTbca BigKgroneHHa BHMHKana Q1, 

TpaHC^opMaTop T1 BTpanae ®HBgeHHa. n icga BigKgroneHHa W1 onepaTHBHHÖ 

nepcoHag BigKgronae ymKog^my giHiro mmÖHHM po3'egHyBaneM. nicga ^ o r o  

3aMHKaeTtca paHime BigKgroneHHH po3'egHyBan QS3, BigöyBaeTbca BKgroneHHa Q1 i 

TpaHC^opMaTop T1 BigHOBgroe ^HBgeHHa.

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

Q1 BigKnronaeTbca rogoBHHÖ BHMHKan i giHia W1. ^HBgeHHa Bcix cno^HBaniB 

nigcTaH^i 3gificHroeTbca Big giHii W2 i TpaHc^opMaTopa T2.

TaKHM hhhom, 3 HaBegeHoro aHagi3y BHgHO, rn,o npn BHKopncTaHHi gaHoi cxeMH 

BigcyTHifi BapiaHT npocTOi (ogHHOHHoi) aBapiÖHoi CHTyagii, aKa npHBogHTb go 

BigKgroneHHa cno^HBaniB npoeKTOBaHOi nigcTaH^i.

Haööigbm Ba^Koro aBapiÖHoro cHTya^ero e BigMOBa ogHiei 3 ^HBHgbHHx gimö 

(W1) y nepiog peMOHTy ogHoro i3 TpaHc^opMaTopiB (T2), age h y ^OMy BHnagKy e 

MO^gHBicTb 3aöe3neHHTH ^HBgeHHa cno^HBaniB npoeKTOBaHOi nigcTaH^i Big giHii 

W2 nepe3 peMOHTHy nepeMHHKy QS3-QS4 i TpaHc^opMaTop T1.

2.7 Bnöip TpaHC^opMaTopiB ßgacHHx noTpeö

npHHManaMH BgacHHKaMH BgacHHx noTpeö e [10]:

- onepaTHBHi Koga;

- egeKTpogBHryHH, cncTeMH oxogog^eHHa cngoBHx TpaHC^opMaTopiB, 

BHCBhgeHHa i egeKTpoonageHHa npHMirn,eHb;

- egeKTponigirpiBaHHa KOMyTa^ÖHoi anapaTypn i T.g.

CyMapHa po3paxyHKOBa noTy^HicTb npHÖMana BgacHHx noTpeö BH3HanaeTbca 3 

ypaxyBaHHaM Koe^^ierniB nonHTy. Po3paxyHOK noTy^HOcri npHÖMana BgacHHx 

noTpeö HaBegeHHfi y Taög. 2.15.

Ha nigcTaH^i nepegöanaeTbca ycTaHOBKa 2 TpaHC^opMaTopiB BgacHHx noTpeö. 

HoMiHagbHa noTy^HicTb BHÖnpaeTbca 3 yMOB



ge STCH - noTy^rncTb TpaHC^opMaTopa BnacHHx noTpeö, kBA;

SCH - noTy^HiCTt cno^HBaniB BnacHHx noTpeö, kBA.

T aö n n ^  2.15 -  Po3paxyHOK noTy^HocTi npHHMana BnacHHx noTpeö

n/n
HaÖMeHyBaHHA

cno^HBana

ycTaHoBneHa
noTy^HiCTb Koe$.

nonHTy cos^

HaBaHTa^eHHA

OgHHH^, 
kBt x

KiHbKiCTb

Bcboro,
kBt kBt

QycT,
KBAp

1
Oxonog^eHHa
TpaHC^opMaTopiB
TP3UH-63000/110

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

2

nigirpiB
BHCoKoBonbTHHX 
BHMHKaHiB 3QBHimHbQ1 
yCTaHoBKH

2x4 8 0,8 1 8 -

3
nigirpiB npHBogiB 
po3'egHyBaniB 
3oBHimHboi yCTaHoBKH

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

4
OnaneHHa, ocBrraeHHA, 
BeHTHH^m 3aKpHToro
p y

- 5 0,8 1 5 -

5 OcBiTneHHa p y - 2 0,8 1 2 -

Bcboro 27,4 6,2

Po3paxyHKOBe HaBaHTa^eHHA

5ycT -  Kc • l PycT +  QyCT

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

SyCT — 0 .8 -V27,42 +  6,22 =  22,5 kBA



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

gonycKaeTbca noro nepeBaHTa:eHHa Ha 20%. noTy^HiCTb TpaHc^opMaTopa gaa 

3aöe3neneHHa :HBaeHHa HaBaHTa:eHHa BaacHHx noTpeö 3 ypaxyBaHHaM peMOHTHHx 

HaBaHTa^eHb. PeMOHTHe HaBaHTa:eHHa Ha nigcTaH^i Mo:Ha öpara tskhm, rn,o 

gopiBHwe STCP = 20 -  25 kBA.

c Sch + Stcp 22,5 + 20St _  _  ■’TCH 1,2 1,2
= 35,4 kBA.

EepeMO CTaHgapTHy noTy^HicTb TpaHc^opMaTopa STCH =40 kBA. OcTaTOHHO

gaa ^HBneHHa cno^HBana BaacHHx noTpeö öepeMO gBa TpaHc^opMaTopn cTaHgapTHoi 

noTy^HOCTi: TM-40/10.

2.8 KoMnoHyBaHHH po3nogmbHHx npHCTpoi'B Ha 6 o ^  110 kB

nigcTam,ii (nC) 110 kB cnopyg:ywTb, aK npaBHno, BigKpHTHMH.

Cnopyg:eHHa 3aKpHTHx n C  Hanpyrow 110 kB, gonycKaeTbca b tskhx 

BHnagKax [9]: po3Mirn,eHHa n C  i3 TpaHc^opMaTopaMH 16 MBA i BHrn,e Ha cay:6oBm 

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

MiCTOÖygiBHHM MipKyBaHHaM.

Ha n C  eaeKTponocTanaHHa npoMHcaoBHx nignpneMCTB nepegöanaeTbca BogaHe 

onaaeHHa, npnegHaHe go TenaoBHx M epe: nignpueMCTB.

EygHHKH 3P y  (3aKpHTHx P y) gonycKaeTbca BHKOHyBara aK OKpeMO po3Mirn,em, 

TaK i 3ÖaoKOBaHHMH 3 öygHHKaMH P n y  b TOMy HHcai i no BepTHKani.

TpaHc^opMaTopn 110 kB BapTO ycTaHOBaroBara BigKpHTHMH, a y paöoHax i3 

3aöpygHeHOW aTMoc^eporo 3 nocnaeHoro i3oaa^ero.

CxeMH gaa Hanpyr 110 kB i BHrn,e noBHHHi cKaagaTHca 3 ypaxyBaHHaM TaKHx 

BHMor: peMOHT BHMHKaniB 110 kB i BHrn,e BHKOHyeTbca öe3 BigKaroneHHa npnegHaHb: 

noBiTpaHi aiHii BigKawnawTbca Big P n  He öiabme H i: gBOMa BHMHKanaMH, 

TpaHc^opMaTopn öaoKiB BigKawnawTbca He öiabme Hm: TpbOMa BHMHKanaMH i T.iH.



n p n  BigKaroneHHax BHMHKaniB y HopMaabHoMy pe^HMi P n  He noBHHHe 

BigKaroaaTH öiabme ogHoro öaoKa, y peMOHTHOMy - He öiabme gBox öaoKiB.

^ a a  Pn35-220 kB npn ancai npnegHaHb 12-16 ogHy 3 gBox cncreM 

cewoHyroTb, npn ancai npnegHaHb öiabm Hm: 16 -  cewoHyroTb oöngBi cncreMH 

mHH.

2.9 KoMnoHyBaHHH po3nogiabHHx npHcrpoiB Ha 6 o ^  10kB

P n  10 kB BxogaTb go CKaagy nigcTaH^H aK roaoBHi Pn. ^ o  P n i0  kB 

mgcTam,rn mgKaroaaroTbca noHH^yroai TpaHC^opMaTopn, CHHxpoHHi KoMneHcaTopn 

Ta iH.

CxeMH Pn10 kB noBHHHi 3agoBoabHaTH HacTynHHM BHMoraM [4-6]: 

Hec^pa^roBaHHa BHMHKaaa He noBHHHe npHBogHTH go npnnHHeHHa 

eaeKTponocTaaaHHa BignoBigaabHHx cno^HBaaiB (1 KaTeropia no nY 3), po3mnpeHHa 

P n  3 poctom HaBaHTa^eHb He noBHHHe npHBogHTH go 3MiHH cxeMH i 3HaaHHx 

öygiBeabHHx i mohth^ hhx poöiT.

CewroBaHHa 3ÖipHHx mHH go3Boaae 3agoBoabHHTH BHMorn HagiHHocTi. 

Po3mnpeHHa P n  3gmcHroeTbca 3anoBHeHHaM pe3epBHHx ocepegKiB aöo BBegeHHaM 

hoboi ceKgiii.

PY 10 kB gaa KoMnaeKTHHx TpaHC^opMaTopiB n C  BHKoHyeTbca y BHraagi 

KPYH aöo KPY, BCTaHoBaroBaHHx y 3aKpHTHx npHMimeHHax. y  3P y  10 kB 

peKoMeHgyeTbca BCTaHoBaroBara ma^H K Py 3aBogcbKoro BHroTOBaeHHa.



3 PO3PAXYHOK P E ^E H H O rO  3AXHCTY TPAHCOOPM ATOPA

3.1 BH3HaneHHH napaMeTpiB, HeoöxigHHx g^H po3paxyHKy 3axHcriB

TpaHc^opMaTopa

Heo6xigHo BHKoHara po3paxyHOK 3axncTy gna TpaHC^opMaTopa nC-1 rany 

TP,QTIH-63000/110. TpaHC^opMaTop OTpHMye ®HBneHHa Big eHeprocncreMH 3 

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

1. ^n a  CKnagaHHa cxeMH 3aMirn£HHa (pnc. 3.1) po3paxyeMO onopn 

TpaHc^opMaTopa:

a) 3aranbHHH rngyKTHBHHH onip:

xm 100
U.2Cp.HOM

SH

10,5 1152 
100 ’ 63

= 22,04 Om.

6) onip oömotkh BHrn,oi Hanpyrn:

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

b) onip o6motkh hh^ hoi Hanpyrn:

xH = 1,75xot = 1,75 • 22,04 = 38,6 Om.

2. n p n  po3paxyHKax CTpyMiB K3 gaa 3axncTiB TpaHC^opMaTopiB i3 PnH  cmg 

ypaxyBaTH 3MiHy onopy 3a paxyHoK peryaroBaHHa Hanpyrn. ^ a a  TpaHC^opMaTopiB 

110 kB npn6nH3Ho Mo^Ha npHHHaTH:

X „  = x» hom (1 -A U )2 = 38,6-(1 -  0,12)2 = 29,9 Om; 

x». AtaKc = *„. hom (1 + AU)2 = 38,6 -(1 + 0,12)2 = 48,4 Om. 

3ßigCH x „ ,„  = xeJ<„ (1 -A U )2 = 2,76-(1 - 0,12)2 = 2,13 Om; 

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



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

po3rn,enneHOW o6motkow

3. CTpyM KopoTKoro 3aMHKaHHA Ha mHHax h h ^ h o i  Hanpyrn:

I (3) = ___________ U cP .h o m _____________ = ___________ 1 1 5 ___________=  i  5 0 9  k A

"  S  (  X c .m k c  +  X . M U H  +  X h m u h  )  S  ( 1 2  +  2 ,1 3  +  2 9 , 9 )  ’ '

i f L  ------------ U c p H 0 M ------------------T =  — ;--------- 1 1 5 -------------- 7 =  0 , 8 2 3  k A .
2  ■ ( X c . m u h  +  X ' ^  +  x H M a K C  )  2 - ( 1 8  +  3 , 4 6  +  4 8 , 4 )

3.2 Po3paxyHOK no3goB^Hboro gn^epeH ^a^bH oro CTpyMOBoro 3axucTy

1. CTpyM cnpa^oByBaHHA 3axncTy BH3HanaeTbca no 6mtmoMy i3 gBox 

po3paxyHKoBHx yMoB:

a) Big6ygyBaHHa Big KHgKa CTpyMy HaMarainyBaHHfl, rn,o BHHHKae npn BKnroneHm 

TpaHC^opMaTopa Ha x o h o c t h h  xig a6o npn BigHoBneHHi Hanpyrn nicga BigKnwneHHa 

K3, a TaKo^; Big nepexigHHx CTpyMiB He6anaHcy npn 3oBHimHix K3: 1

1  c . 3 k o m c  1 HOM ’



ge komc - K oe^ieHT Big6ygyBaHHa, gaa peae rany PHT, komc = 1,3;

IHOM - HOMmanbHHH CTpyM Tiei CTopoHH TpaHC^opMaropa, Hanpyra aKoi 

npHHHaTa b aKOCTi po3paxyHKOBoi;

r t  / : o

/  = - — 3™------= ------= 0,316 kA.
V3 • u  V3 • 115y  Cp.HOM y  xxw/

IC3 = 1,3 • 316 = 411,2 A.

6) BigöygyBaHHa Big MaKCHMaabHoro nepiognaHoro CTpyMy He6aaaHCy, rn,o 

BHHHKae npn 3oBHimHix K3:

1C 3 ~ .3  . HÖ.paCH

ge k3 = 1,3 - Koe^^ieHT 3anacy no BH6ipKOBOCTi;

IH6pacH - MaKCHManbHHH po3paxyHKoBHH CTpyM He6aaaHCy, o6yMoBaeHHH aK 

cyMa Tptox CKnagoBHx, nponop^ÖHHx nepiognaHrn CKaagoBm CTpyMy K3, I

I = I ' + 1'  + 1h6.pacH h6. pacH h6.pacn h6.pacn '

CKaagoBa CTpyMy I 'h6 o6yMoBaeHa norpimmCTro TpaHC^opMaropa CTpyMy:

IH6.pacH PodH P PP.MaKc p

ge kodH = 1,0; p = 0,1;

IKMaKC - MaKCHMaabHHH CTpyM 3oBHimHtoro K3, npaBegeHHH go po3paxyHKoBoro 

^a6 aa  Hanpyra.

CKaagoBa Fh6 pacH o6yMoBaeHa peryaroBaHHaM Koe^^ iema  TpaHC^opMa^ i

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

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



HeöaaaHcy Ha CTopoHax, ge e peryaroBaHHa:

iii
I" = V  AU • Ihö.pacH / y  ̂ n K.MaKc.n ’

n=I

ge AU n  - BigHOCHa norpimHiCTb peryaroBaHHa Hanpyrn, npHHMaeTbca piBHm

noaoBHHi giana3OHy peryaroBaHHa ctopohh n TpaHC^opMaropa (aKrn,o peryaroBaHHa 

+10%, to AU n = 0,1);

Ik Maxe n - MaKCHManbHHH nepiogHHHHH CTpyM, ^ o  npoTiKae no CTopoHi n 

TpaHC^opMaropa.

CKaagoBa I™6pacH oöyMoBaeHa HeTOHHic™ ycTaHOBKH Ha peae po3paxyHKOBHx 

ancea BHTKiB:

iii

1h6.pacH Awn 1 K.MaKc.n ’
n=I

w — w
ge Awn = npacH------n - norpimHiCTb BHpiBHMBaHHa gaa ctopohh n

n wn

TpaHC^opMaropa.

3 ypaxyBaHHaM HaBegeHHx BHpa3iB BHKoHyeMo po3paxyHoK CTpyMy

cnpa^oByBaHHa 3axHCTy 3a yMoBoro BigöygyBaHHa Big CTpyMy HeöaaaHcy:

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

npHHMaeMo öiabme 3HaaeHHa I c = 431,5 A.

2. Bnöip THny peae poÖHMo Ha ocHoBi o^ hkh ayTaHBocTi 3axHCTy, aKHH 

BH3HaaaeMo npnöaroHo, BBa^aroaH, rn,o Becb CTpyM nomKogneHHa (npHBegeHHH go 

btophhhoi ctopohh) nonagae b peae. nonepegHa nepeBipKa ayTaHBocTi npoBogHTbca 

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

BHKoHyBaTHca yMoBa:



T (2)
k  = -JLMUL > 2,0 ,

TC.3
O I T

k = ------- = 1,908 < 2.
4 431,5

3. OcKiabKH 3axHCT i3 peae rany PHT He 3aöe3neaye ayTaHBocTi, to 

3acTOCOByeMO peae rany ^3T-11, gaa aKoro CTpyM cnpa^oByBaHHa 3axHCTy 

BHÖHpaeTtca 3a yMoBaMH:

а) BigöygyBaHHa Big KHgKa, ^ o  HaMaraiaye CTpyM

L ,  = komc • l HOM = 1,5• 316 = 474,4A.

б) BigöygyBaHHa Big CTpyMy HeöaaaHcy npn K3 Ha HH3bKiö CTopoHi

l c.3 = k-(ko>H s  + A U ,) lS „ c  = 1,5(1,0• 0,1 + 0,12)^1509 = 497,9 A.

CTpyM cnpa^oByBaHHa 3axHCTy npnÖMaeMo no öiabmrn 3 yMoB Ic.3. = 497,9 A.

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

peryawBaHHi:

l (2) 823k = = --------= 1,653.
4 l c3 497,9

^  3HaaeHHa kH Tpoxn MeHme HopMoBaHoro, ogHaK, y^e  npn HoMiHaabHoMy 

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

lK 2L  --------115------- r = 0,696 kA,K.MUH 2 (18 + 2,76 + 38,6)

i HeoöxigHHH Koe^^ieHT ayTaHBocTi 3a6e3neayeTbca



k  = - 9 ® .  2.
" 497,9

ToMy 3axHCT i3 pene ^3T-11 Mo^e öyTH 3acTocoBaHHH.

3.3 Bnöip ycTaBOK pe^e THny ^3T-11

1. BH3HanaeMO nepBHHHi HOMiHantHi CTpyMH gna gBox CTopiH oöaagHaHHa, rn,o 

3axn^aeTtca, no $opMyni:

s
T _  ^ H O M

1 H O M .n  =  f Z  T  t ,
3  U  H O M .n

ge SHOM - HOMmantHa noTy^rncTt TpaHC^opMaTopa;

UHOM n - HOMiHantHa Hanpyra CTopoHH oöaagHaHHa, ^ o  3axn^aeTtca.

^ a a  CTopoHH bhcokoi Hanpyrn 115 B:

r 63000
JHOMn = ------ = 316 A.

. y/3 -115

^ a a  CTopoHH hh3bkoi Hanpyrn 10,5 B:

r 63000 „ Â AA
J„_M „ = —;=-------= 3464 A.

-s/3 -10,5

2. BH3HanaeMo BTopHHHi HoMmaatm CTpyMH naeaeö 3axHCTy:

j  =  1  HQM . n KX.n
1 6 . H O M .n  T T  ,

K j  . n

ge Kxn - Koe^^ieHT cxeMH 3'egHaHHa btophhhhx oömotok TpaHC^opMaTopa Ha



croporn oö'eKTa, ^ o  3axn^aeTbca, (npu 3'egHaHHi oömotok y k cx = 1,0 3ipKy; npu 

3'egHaHHi oömotok y kcx = V3 TpnKyTHHK );

KIn - Koe^^ieHT TpaHc^opMa^i TpaHc^opMaTopa, npnnHaTnn Ha CTopoHi

oö'eKTa, ^ o  3axn^aeTbca, (npu Buöopi K oe^^iem a TT Tpeöa BpaxoByBaTH, ^o ö  

BTopHHHi HoMmanbrn CTpyMH cyTTeBo He nepeBnrnyBann nacnopTHi 3HaneHHa 

CTpyMiB 5 A aöo 1 A). CTopoHa 3 HanöiabmnM btophhhhm CTpyMoM npnnMaeTbca b 

aKocri ochobhoi/ rn,o 3aöe3nenye HaHMeHmy norpimHicTb BnpiBHMBaHHa gaa peae.

^ a a  CTopoHH bhcokoi Hanpyrn 115 B:

L
316-V3 
600/5

4,57 A.

^ a a  CTopoHH HH3bKoi Hanpyrn 10,5 B:

I„
J3464_
4000/5

4,33 A.

BpaxoByronn, rn,o oÖMoTKa HH3bKoi Hanpyrn TpaHc^opMaTopa BHKoHarn 

po3^enaeHoro, oTpuMaHe 3HaneHHa CTpyMy HeoöxigHo nogBorm - Ie HOM n = 8,66 A.

OTpHMam po3paxyHKoBi gaHi npuBoguMo b Taöan^ 3.1.

3 Taöan^ 3.1 BnnanBae, rn,o b aKocTi ocHoBHoi caig oöpara CTopoHy HH3bKoi 

Hanpyrn (10,5 kB), rn,o Mae öiabmnn btophhhhh HoMmanbHnn cTpyM.

3. CTpyM cnpa^oByBaHHa peae gaa ocHoBHoi cropoHH TpaHc^opMaTopa 

BH3HanaeMo no Bnpa3y:

( U \t 7 hom. pam
1 C.3 kCX jt

t _ V U HOM.n J
c.Pn ~ 1p ’

KI .n



T aö n n ^  3.1 -  Po3paxyHOK nepBHHHHx i btophhhhx CTpyMiB CTopiH

TpaHc^opMaTopa

no3HaneHHA napaMeTpiB I -  BH-115 kB II - HH-10,5 kB
I A 316 3464

Kn 600/5 4000/5

CxeMa 3'egHaHHa TpaHc^opMaTopa TpHKyTHHK 3ipKa
I AA e.hom.n ’ 4,57 8,66

ge UHm - HOMiHantHa Hanpyra ctopohh, BignoBigHoi go po3paxyHKOBoro

^aöna Hanpyra.

497,9 • 1 •
I

115
10,5

c. p.n 4000/5
= 6,82 A.

4. PO3paxyHKOBe HHCnO BHTKiB pOÖOHOi OÖMOTKH gna OCHOBHO1 CTOpOHH 

BH3HanaeMO no ^opMyni:

F
w cp

OCH. pacu IC. p .OCH

100
6,82

14,7 BHTKiB.

npHHMaeMO HaöönH^He MeHme ^ n e  3HaneHHA w â6ocH= 14 BHTKiB, rn,o

3a6e3nenye 3anac no BHÖipKOBOdi. n p n  ^oM y âKTHHHHH CTpyM cnpa^oByBaHHA 

pene cTaHoBHTt:

IC. p.OCH
100
14

= 7,14 A.

5. Po3paxyHOK nncna BHTKiB gna mmoi ctopohh 3axncTy BHÖnpaeMO 3a yMOBaMH 

öanaHcy Ha pene MPC 3axncTy npn 3oBHimHtoMy K3 aöo HopMantHoMy pe^HMi 

(pnc. 3.2):



1 e.HOMl WI . e.homII WII

3ßigKH

f  I  16.HOM.OCHw = w • ----------  .paen.n och j
V 1 e.HOM.n J

8,66
Wpaeu = 14 - —  = 2 6 , 5 6  BUTKiB.

npHHMaeMO HanönH^ne ^ n e  3HaneHHA, rn,o 3a6e3nenye HaÖMeHmy norpimmcTt 

BHpißHWBaHHa Wj = 27 BHTKiB.

PncyHOK 3.2 -  Cnpo^eHa cxeMa gn^epeH^antHoro 3axHCTy 3 pene ^3T-11

6. YTOHHeHHH CTpyM cnpa^OByBaHHA 3axHCTy 3 ypaxyBaHH^M norpimHOCTi

BHpiBHWBaHHfl 3HaxogHTtca no BHpaßax, HaBegeHHx y n. 3.1:

4 ,  = . ( .  -s  + AU, + Aw,) - . .  = 1,5-(1,0-0,1 + 0,12 + 0,0166)-1509 = 535,6 A,



i wpacu -  wi 26,56 -  27ge AwT = — ---------- = —  ---------- = 0,0166.
7 WpacH 26,56

7. YTOHHeHHH po3paxyHKOBHH CTpyM Cnpa^oByBaHHA pene BH3HanaeMo no 

$opMyni:

( U A ( i i 5 A
7C3 • kcX • 535,6• 1 • —

7  ' l  Uh m  )  1 10,5)  7 33 A
cp'“ " £;(J) 4000/5 ’ '

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

nepegöaneHe ranbMyBaHHA, 3 ypaxyBaHH^M norpimHOCTi BHpiBHMBaHHA 3HaxogHTbCa 

no BHpa3ax, HaBegeHHx y n. 3.2.1:

7HÖ.pacH = k3 •(knep ' S + ÄUI + ^ WII) 7k.mükc = 1,5(1,0 ‘ 0,1 + 0,12 + 0,0457) ' 1509 =

= 601,3 A.

14 7 -1 4
ge Awn = —  -------- = 0,0457.

11 14,7

9. ^Hcno BHTKiB ranbMiBHoi oömotkh, rn,o 3a6e3nenye HagifiHe BigöygyBaHHA 

pene Big CTpyMy HeöanaHcy npn gaHoMy BHgi K3, BH3HanaeTbca no BHpa3y:

w_ k 3 7 h6 . pacu wpa6 . n
mopM.n 7mopM.n tga

ge k3 = 1,5;

7mopM n " nepBHHHHH ranbMoBHH CTpyM Ha CTopoHi, ^ o  3axn^aeTbca,

TpaHC^opMaTopa, Ha flKifi BKnroneHa ranbMoBa oÖMoraa;

tga  = 0,75 - TaHreHC KyTa Haxnny goTHHHoi npoBegeHoi 3 nonaTKy KoopgHHaT 

go HH^Htoi po3paxyHKoBoi no BHÖipKoBoCTi ranbMoBoi xapaKTepHCTHKH (pHC. 3.3).



PncyHOK 3.3 -  XapaKTepncTHKa gaa BH3HaaeHHa ayTaHBocTi ga^epeH^aabHoro 

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

W — k': 'l H6 paCH ' . .  — 1,5 • 601,3 •14 = 11,16 ~ 11 BHTKiB.
m°PM Ikmkc •  1509-0,75

TaKHM hhhom, go ycraHOBKH Ha peae npnÖMaroTbca HacTynHi bhtkh:

W = 27 miy wn = 14 rni^ w m0pM = 11 mT.

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

po3paxyHKOBOMy K3 Ha CTopoHi HH gaa BHnagKiB MiHiMaabHoro h HopMaabHoro 

peryawBaHHa TpaHC^opMaTopa:

j (2)U _ 1 K. MUHk  = j ,
1 C.3

ge JC3 -  âKTHHHHÖ CTpyM cnpa^oByBaHHa 3axHCTy, BH3HaaaeTbca 3 BHpa3y

( U \t 7 hom. pam
1 C.3 kCX jt

t _ V U HOM.n J
c. Pn = ’

Kj .n



I m KT 1 c. p.n K I .n
3Bigcu Jc.3 _ — zpt---------ä ,

7 U HOM. pam
cx UV HOM.n J

«e h.p.P _  h.p.OCH = 7,14 A .

1  _ 7,14 •4000/5  _ 5217 A 1 c. 3 / l l f  \  521, /  A -
1 • 1 5

V 10,5 J

Togi BH3HanaeMO K oe^^iem u nyTaHBOCTi:

f 823 ^  f 969 , c,ky1 _ ------- _ 1,58, k 2 _ ------- _ 1,86
41 521,7 42 521,7

OcKiatKH Koe^i^eHT ayTaHBOCTi 3axHCTy npn HopMaatHOMy peryawBaHHi 

Hanpyrn npaKTHHHO BignoBigae HopMOBaHOMy, a npa MiHiMaatHOMy peryawBaHHi 

gocHTB bhcokhh, to 3axHCT i3 peae ^3T-11 peKOMeHgyeTtca go ycTaHOBKH.

3.4 Po3paxyHOK MaKCHMaabHoro CTpyMOBoro 3axncry

1. ^ a a  gBOXOÖMOTKOBHX TpaHC^OpMaTOpiB 3aXHCT yCTaHOBHWeTBCa Ha CTOpOHi 

^HBaeHHa (BH) i BHKOHyeTtca y gBOxpeaeÖHOMy BHKOHaHHi i3 3'egHaHHaM 

TpaHC^opMaTopa b TpHKyTHHK gaa nigBHffl,eHHa ayTaHBOCTi.

OcKiatKH b ^OMy BHnagKy oÖMOTKa HH po3rn,enaeHa, to b aaH^ro3i m ^Horo 

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

3axHCT gie i3 gBOMa BHTpHMKaMH aacy: 3 nepmow bhtphmkow BigKaroaaeTtca 

BHMHKan Bigraay^eHHa HH, i3 gpyrow -  yci BHMHKaai oö'eKTa.

2. CnonaTKy BH3HaaaeMO CTpyM cnpa^OByBaHHa MT3 6e3 nycKy no Hanpy3i, 

aKHH BigöygoBye Big MaKCHMaatHoro CTpyMy HaBaHTa^eHHa 3 ypaxyBaHHaM 

caMO3anycKy pyxoBoro HaBaHTa^eHHa:



r _ K  • kc • 1 HOSp.MaKC
1 C.3 7 ,

kB

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

ke = 0,8 - K oe^ieHT noBepHeHHA pene PT-40;

kc - Koe^^ieHT caM03anycKy, ^ o  BpaxoBye 36inbmeHHfl CTpyMy 3aranbMoBaHoro 

pyxoBoro HaBaHTa^eHHA nicna BigHoBneHHA Hanpyrn, npHHMaeMo kc = 2,5;

I MaKC - MaKCHManbHHH CTpyM HaBaHTa^eHHa, npHHMaeMo piBHHM 

HoMiHanbHoMy CTpyMy TpaHC^opMaTopa.

I  = 1,2 •2,5 •316 = 1186,1 A.
0,8

3. Koe^^ieHT nyTHHBocTi 3axHCTy BH3HanaeMo npn gBo$a3HoMy MeTaneBoMy K3 

y MiHiManbHoMy pe^HMi:

I (2) 826k = = -------- = 0,694 < 1.
* Ic . 3 1186,1

OcKinbKH nyTHHBiCTb MT3 6e3 nycKy no Hanpy3i BHaBnaeTbca HegocraTHboro, 

3acTocyeMo önoKyBaHHA no Hanpy3i 3 öoKy HH TpaHC^opMaTopa.

4. CTpyM cnpa^oByBaHHA MT3 i3 nycKoM no Hanpy3i BigöygoBye Big 

HoMiHanbHoro CTpyMy TpaHC^opMaTopa IHaM Ha CTopom, ge BCTaHoBneHHH 3axHCT:

Ic.3 = k  • I  o  = 1 2 '1,0 • 316 = 474,4 A.
kB 0,8

a nyTHHBiCTb 3axHCTy b TiH ®:e po3paxyHKoBiH t o w  CKaage:



K  = - 823- = 1,735.
" 474,4

5. Hanpyra cnpa^OByBaHHA nycKOBoro opraHa MiHiMantHoi Hanpyra, 

BHKOHaHoro y Bnrnagi pene, BKnroneHoro Ha Mra:$a3Hy Hanpyry, BH3HanaeMO 

npnönroHO 3a yMOBaMH BigöygyBaHHA Big CTpyMiB caMO3anycKy pyxoBoro 

HaBaHTa^eHHfl npn BigHOBneHHi Hanpyra:

U < UC.MUH
C3 ~ k

ge ke = 1,2 - Koe^^ieHT noBepHeHHa gna pene MiHiMantHoi Hanpyra;

Uc muh - MiHiMantHa Mra:$a3Ha Hanpyra b yMOBax caMO3anycKy npn BigHOBneHHi

HanpyrU npnnMaeMO U ^ h = 0,7Uhom •

U
0,7-110

1,2
64,2 kB.

6. Hanpyra cnpa^OByBaHHA nycKOBoro opraHy no 3BopoTHin nocnigoBHOCTi 

KOMÖiHOBaHoro nycKy no Hanpy3i npnnMaeMO piBHHM MiHiMantHin ycTaB^ ^intTp - 

pene:

U2c 3 = 0,06 -Uh om  = 0,06 -115 = 6,9 kB.

7. ^yTnnBicTt OnoKyBantHHx opraHiB nepeBipaeTtca npn K3 Ha npnnoMHnx 

CTopoHax TpaHC^opMaTopa, Kygn n mgKnronem önoKyBantHi pene, toöto U = 0, a

U
u * 1 1 5

2k.3â _ h _
2 2 -V3

= 33,2 kB.



Togi

U W 1k = = ££,£ = 4,8 n  > 1,5.
U2c.3 6,9 , ’

OcKintKH npn K3 Ha npHÖoMHm cropoHi TpaHC^opMaTopa kH > 1,5, to 

gn^epeH^agbHHH 3axHCT tttuhu Ha CTopoHi MO^Ha He BCTaHoBgroBara.

8. CTpyM cnpa^oByBaHHA 3axucTy Big CHMeTpHHHoro nepeBaHTa^eHHA, rn,o gie 

Ha cnraag, BH3HanaeTbCfl 3a yMOBoro BigöygyBaHHa Big HOMiHanbHoro CTpyMy 

TpaHc^opMaTopa Ha CTopoHi, ge BCTaHoBgeHHH 3axHCT, no BHpa3y

IC 3 = k  ■ IT. hom = 1,05 ■ 316 = 415,1 A.
kB 0,8

9. BHTpHMKa nacy MT3 y3rog^yeTbca 3 bhtphmkom nacy 3axHCTy girni Ha 

CTopoHi HH.



4. P03PA X Y H 0K  3 0 H  3AXHCTY C T PH ^H E B H X

b ^ h c k a b k o b i^ b o a ib  B P n

B öaKanaBpcbKrn poöori HeoöxigHo po3paxyBara BHcoTy i

30Hy3axHCTy6nHCKaBK0BigB0giBBPn-110 kB, BCTaHoBaeHHXHagBoxnopTanax,

pnc. 4.1 (no3. 1 i2), igBOxönncKaBKOBigBogiB, rn,o CToaTb OKpeMO, 3a3HaneHHx Ha 

pnc. 4.1 (no3. 3 i4), BBa^awnn, rn,o ÖHHCKaBKoBigBogn po3TamoBaHi CHMeTpHHHo no 

Big.HomeHHm go By3bKoi CTopoHH BPn. HagiömcTb 30hh 3axHCTy Big ypa^eHb 

ÖHHCKaBKH P3 = 0,999.

HaKpecHHTH ropH3oHTanbHHH nepeTHH 3ohh 3axncTy ÖHHCKaBKoBigBogiBBPn Ha 

BHCoTi hx.

napaMeTpn po3Mirn£HHa ÖHHCKaBKoBigBogiB no naornum B P n HaBegeHi b 

Taöa. 4.1.

PncyHoK 4.1 -  CxeMa po3Mirn£HHa CTpn^HeBHx ÖHHCKaBKoBigBogiB BPn-110 kB

3m. Hucm N° doKyM. nidnuc Mama
BP 5.6.141.734 n3

riucm



A,
M

B,
M

L 1,
M

L2,
M

L3,
M

L4,
M

L5„
M

hx,
M

50 40 30 10 28 10 10 6

1. BH3HanaeM0 BigcTarn L6 Ta L7:

r B -  L  40 - 10 ^L6 = ------2 = ----------= 15 m;
6 2 2

r B -  L  40 -  28 ,
7 2 2

2. BH3HanaeMO BigcTarn p  Ta p 2:

Pl =^LL~+l}6 =V102 + 152 = 18,03 m;

P2 =yj  l2 + L2 = V102 + 62 = 11,66 M.

3. 3oHa 3axHCTy nogBiHHoro CTpH®HeBoro OnncKaBKoBigBogy CKnagaeTbca 3 

3QBHimHix oönacTeö 30hh 3axncTy (HaniBKOHyciB 3 raöapHTaMH h0, r0), rn,o 

BHKOHywTtca 3a ^opMynaMH gga ogHHHHHHx CTpn®HeBHx önncKaBKoBigBogiB. 

Po3Mipn BHyTpimrnx oönacTeö BH3HanawTbca napaMeTpaMH h0 i hc, nepmnö 3 akhx 

3agae MaKCHManbHy BHcoTy 3ohh 6e3nocepegHbo 6ma önncKaBKoBigBogiB, 

a gpyrnfi -  MiHiManbHy BHcoTy 3ohh nocepegnm Mi®; OnncKaBKoBigBogaMH.

3oHa 3axHCTy ogHHHHHoro CTpn®HeBoro önncKaBKoBigBogy bhcotom h < 30 M 

npn HagiHHocTi 3axncTy P3 = 0.999, BH3HanaeTbca piBHAHHflMH:

h0n = 0,7hn

„ = r0 n • (h0 n -  hx )
rxn j .

h0n
r0n = 0,6 ■ hn

Po3paxoByeMo bhcoth önncKaBKoBigBogiB 1 Ta 2 BHxoggHH 3 yMoBH CTBopeHHa 

hhmh 3ohh 3axHCTy Ha BHcoTi hx go KyTiB BPn:



h01 = 05 7h1
r01 ■ (h01 -  hx)

\rxi = ; -------, nPu rxi = p i .
h01

roi = °,6 ■ h1

fflnaxoM MaTeMaTHHHHx nepeTBOpeHt OTpHMaeMO piBHHHHH BigHOCHO myKaHOi 

BeHHHHHH ki.

0 , 6 h1 ■ ( 0 , 7 h1 -  hx) .
P1 = 0,7*1 ’

0,42h" - (0 ,7 p 1 + 0,6hx) h  = 0 ; 

h = 0; h  = 38,62 m.

BncoTa ÖHHCKaBKOBigBogiB ki = k2 = 38,62 m, He 3agoBontHae yMOBi 

3acTOcyBaHHa piBHHHt npn h < 30 m, TOMy gna po3paxyHKy bhcoth önHCKaBKOBigBogiB 

3acTOCOByeMO HacTynHi piBHHHHa:

h01 = [0,7 -  7,1410-4(h -  30)]h1; 

r01 ■ (h01 -  hx)
1rx1 = , ----- --; nPu rx1 = P1 •

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

fflnaxoM MaTeMaTHHHHx nepeTBopeHt po3B’a3yeMO CHCTeMy Ta 3HaxogHMO 

3HaneHHH bhcoth 1 ÖHHCKaBKOBigBogy ki = 39.39 M, rn,o 3agoBontHHe yMOBi 

3acTOcyBaHHa piBHHHt npn 30 < h < 100 M.

OcTaTOHHO npHHMaeMO ÖHHCKaBKOBigBOgn 1 Ta 2 bhcotom ki = k2 = 39.39 M. 

PO3paXOByGMO BHCOTH ÖHHCKaBKOBigBOgiB 3 Ta 4 BHXOgHHH 3 yMOBH CTBOpeHHH 

hhmh 3OHH 3axHCTy Ha BHCOTi kx gO KyTiB BPn:

h03 = 0,7h3

r03 ■ (h03 — hx )
| rx3 = J -------  , npu rx3 = P2 ;

h03
r03 = 0,6 ■ h3

3m. Hucm N° doKyM. nidnuc Mama
BP 5.6.141.734 n3
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fflraxoM MaTeMaTHHHHx nepeTBopeHt OTpHMaeMO piBHAHHA BigHOCHO myKaHoi 

BenHHHHH h3:

_ 0,6^3 • (0,7^3 -  hx).

P  0 ,7 h  ’

0,42h2- (0 ,7  p 2 + 0,6 hx ) h  = 0; 

h  = 0; h  = 28,01 m.

OcTaTOHHO npHHMaeMO önHCKaBKOBigBogn 3 Ta 4 bhcotom h3 = h4 = 28,01 m, TaK 

ak BOHa 3agoBontHae yMOBi 3acTOcyBaHHa piBH^Hb npn h < 30 m.

4. Po3paxoByeMO napaMeTpn 3OHH 3axHCTy önHCKaBKOBigBogiB 1 Ta 2:

A2 = L2 = 10 m;

0̂1 = r02 = 0,6 • h1 = 23,11 M; 

hüi = h02 = 0,7 • hl = 27,31 m;

rXi = rx 2 = rQ1' (h 1 x ) = 18,03 m;
h01

Lc12 = [2 ,2 5 -0 ,0 1 0 0 7 (h  - 3 0 ) ] \  = 84,90 m;

Anax12 = [ 4,25-3,57-10-3 (h1 -  30)] \  = 166,09 m;

hc 12 = h01 = 27-31 M, L 12 < Lc 12

■ = r01 (hc12~h-x) = 18.03 M, hx < hc12
l hc12

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

L34 = L3 = 28 m;

r03 = r04 = 0,6 • h3 = 16,81 m; 

h03 = h04 = 0,7 • h  = 19,61 m;

rx3 = rx4 = r°3 (h>3 hx) = 11,66 m;
h03

Lc34 = 2,25 • h3 = 63,02 m;

^nax34 = 4,25 • ^  = 119,04 M;

3m. Hucm N° doKyM. nidnuc Mama
BP 5.6.141.734 n3

riucm



hc34 = 0̂3 = 1961 M, L34 < Lc34

• ,.̂ 34 = r0° (h 34 ~h, ) = 1L66 M, hx < hc34

{ hc34

6. Po3paxoByeMO napaMeTpn 3Ohh 3axncTy önncKaBKOBigBOgiB 1 Ta 3 

(2 Ta 4):

L13 = J Ü j + = 31.32 m;

6.1 EnHCKaBKOBigBogH 1 Ta 3 MaroTt BHCOTy \  = 39,39 m 

Lc13 = 2,25 • ^  = 84,91 m;

L/max13 = 4,25 • h1 = 166,09 M; 

hc13 = / 01 = 2731 M, L13 — Lc13

6.2 EnncKaBKOBigBogH 1 Ta 3 MawTt BHCOTy /  = 28,01 m 

Lc3X = 2,25 • h, = 63,02 m;

7max3i = 4,25 • /3  = 119,04 m;

hc31 = / 03 = 1961 M, c  — Lc31

hc mi.13 = hc13 + hc31 = 23.46 M,

■rc 013 = r k | r k  = 19.96 m, 

rM  = rc013 (hmil113 ~ h )  = 14.85 m.
hc min13

7. Po3paxoByeMO napaMeTpn 3Ohh 3axncTy önncKaBKOBigBogiB 1 Ta 4 (2 Ta 3):

f  T _ T \ 2
L14 = (L ) 2 + L2 + l L - l L = 35.51 m;

V V 2 J

7.1 EnncKaBKOBigBogH 1 Ta 4 MawTt BHCOTy \  = 39,39 m 

Lc14 = 2,25 • h1 = 84,90 m;

7max14 = 4,25 • h1 = 166,09 m;

hc14 = h01 = 2731 M, c_4 — Lc 14

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

7.2 EnHCKaBKOBigBogn 1 Ta 4 MaroTb BHCOTy h4 = 28,01 m 

Lc41 = 2,25 • h4 = 63,02 m;

Lmax4i = 4,25 • hA = 119,04 m;

hc41 = h04 = 1961 M, C14 < Lc4i

r

hc min14 = hc'4 + h 41 = 25.46 M,

"C 014 = = 19.96 M,

rM  = rc014 ( h min14 ~ h ) = 14.85 M.
hc min14

ropH30HTanbHHH nepepi3 30hh 3axncTy noKa3aHHH Ha pnc. 4.2.

PncyHOK 4.2 -  r  opH30HTanbHHH nepepi3 30hh 3axncTy önncKaBKOBigBogiB B Pn



BHCHOBKH

y  poöoTi 3poöaeHHfi po3paxyHOK HopMaatHoro pe^HMy poöora 3aMKHyToi 

eaeKTpnaHoi Mepe^i, KoH^irypagia aKoi öyaa BH3HaaeHa 3aBgaHHaM.

Pe3yatTaTH po3paxyHKiB BTpaT noTy^HocTi noKa3aan, rn,o Hafiöiatm npngaraoro 

HoMrnaatHoro Hanpyrow Kiat^Boi Mepe^i e Hanpyra 110 kB. 3 ypaxyBaHHaM ^ o r o  

öyan oöpam BignoBigHi nepepi3H npoBogiB gaa aiHifi eaeKTponepegaa, a TaKo^ rann  

TpaHC^opMaTopiB Ha nigcraH^ax.

^ a a  icHywnoi KoH^irypa^i 3aMKHyToi Mepe^i öyan po3paxoBam napaMeTpn 

cxeMH 3aMi^eHHa aiHifi i TpaHC^opMaTopiB, CKaageHa po3paxyHKoBa cxeMa 

3aMirn,eHHa Mepe^i fi BH3Haaem po3paxyHKoBi HaBaHTa^eHHa By3aiB Mepem

y  n p o ^ c i po3paxyHKiB eaeKTpnaHoi aacTHHH nigcTaH^i nC-1 öyaa npoBegeHa 

nepeBipKa npaBHatHocTi BHÖopy HoMiHaatHoi noTy^HocTi BCTaHoBaeHHx 

TpaHC^opMaTopiB i 3gificHeHHfi BHÖip Ha nigcTaBi po3paxyHKiB CTpyMiB KopoTKoro 

3aMHKaHHa BHcoKoBoatTHHx anapaTiB P n , BHMiproBaatHHx TpaHC^opMaTopiB CTpyMy 

fi Hanpyra.

npH BHKoHaHHi po3paxyHKiB peaefiHoro 3axncTy TpaHC^opMaTopa nigcTaH^i T-1 

öyB 3poöaeHHfi po3paxyHoK no3goB^Htoro gn^epeH^fiHoro CTpyMoBoro 3axncTy Ta 

MaKCHMaatHoro CTpyMoBoro 3axncTy 3 KoMÖrnoBaHHM nycKoM no Hanpy3i.

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

gonoMorow peae rany ^3T-11, gaa aKoro öyB BHKoHaHHfi BHÖip ycTaBoK i 

po3paxyHoK napaMeTpiB oömotok peae.

npoBegeHHfi po3paxyHoK öancKaBKo3axncTy nigcTaH^i, rn,o BHKoHaHHfi y 

BHraagi CTpn^HeBHx öancKaBKoBigBogiB.
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