
МІНІСТЕРСТВО ОСВІТИ І НАУКИ УКРАЇНИ 

СУМСЬКИЙ ДЕРЖАВНИЙ УНІВЕРСИТЕТ 

КАФЕДРА ЕЛЕКТРОЕНЕРГЕТИКИ

КВАЛІФІКАЦІЙНА РОБОТА БАКАЛАВРА

на тему:

«Розрахунок параметрів високовольтних електричних мереж та зон 

захисту стрижневих блискавковідводів»

зі спеціальності 6.141 «Електроенергетика, електротехніка та електромеханіка»

Виконав

студент гр. ЕТз-61С _____________________  Г.О. Несин

Керівник

к.ф.-м.н., доцент _____________________  М.В. Петровський

Суми 2020



РЕ Ф Е Р А Т

с. 86, рис. 15, табл. 20.

Бібліографічний опис: Несин Г. О. Розрахунок параметрів високовольтних 

електричних мереж та зон захисту стрижневих блискавковідводів [Текст]: робота 

на здобуття кваліфікаційного ступеня бакалавр; спеціальність: 141 

«Електроенергетика, електротехніка та електромеханіка» / Г.О. Несин; керівник 

М.В. Петровський. -  Суми: СумДУ, 2020. -  86 с.

Клю чові слова:

лінія електропередавання, трансформатор, напруга, струм, вимикач;

линия электропередачи, трансформатор, напряжение, ток, выключатель;

power line, transformer, voltage, curent, circuit breaker.

О б’ єкт дослідження: електрична мережа високої напруги.

Короткий огляд.

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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BCTyn

B yMOBax 6e3nepepBHoro po3BHTKy npoMHenoBoeri KpaiHH 3'aBaaeTbca yce 

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

eHeprocno^HBaHHa. Caig TaKO^ 3ayBä®HTH, rn,o 3i 3ÖiabmeHHaM HHcaa 

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

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

noTpeöa b po3mnpeHHi icHywnnx Mepe®: i b CTBopeHHi hobhx. 3pocTawHa KiabKicTb 

eHeprocno^HBawHHx oö'eKTiB Bege go 3ÖiabmeHHa noTy^HocTeö, aKi nepegawTbca no 

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

BHKopncTaHHa icHywHoro eaeKTpHHHoro oöaagHaHHa h po3poÖKa HoBoro 3 

noainmeHHMH napaMeTpaMH.

^aHa poöoTa e BHnycKHow poöoTow öaKaaaBpa 3a cne^aabHic™ 

141 «EaeKTpoeHepreTHKa, eaeKTpoTexHiKa Ta eaeKTpoMexaHiKa».

BHKoHaHHa öaKaaaBpcbKoi poöora HeoöxigHo 3 MeTow:

-  npngöaHHa gocBigy aHaai3y otphmohhx pe3yabTaTiB, ^opMyBaHHa bhchobmb i 

nyöaiaHoro 3axncTy BHKoHaHoi poöoth;

-  ^opMyBaHHa HaBHHoK BHKopncTaHHa oTpHMaHHx 3HaHb, nig Hac po3B'a3aHHa 

KoHKpeTHHx npaKTHHHHx i HayKoBo-TexrnHHHx 3agaa;

-  npngöaHHa gocBigy BHKoHaHHa TexHiHHoi goKyMeHTagii noacHWBaabHoi 

3anncKH h KpecaeHb BignoBigHo go yMoB giwHHx cTaHgapTiB;

-  cncTeMaTroa^i, 3aKpinaeHHa h noranöaeHHa TeopeTHHHHx i npaKTHHHHx 

3HaHb no 3araabHoTexHiHHHx i cne^aabHHx gn^nnam 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 aiHifi BHÖpaTH Hanpyry Mepem

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

aiHifi.

3. 3a HanpyraMH Mepe^i fi HaBaHTa^eHHaMH BHÖpaTH TpaHc^opMaTopn.

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

BHKoHaTH po3paxyHKH napaMeTpiB cxeMH 3aMirn,eHHa aiHii fi TpaHc^opMaTopiB.
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BH3HanHTH npHBegern go cropoHH BH HaBaHTa«:eHHa TpaHC^opMaropiB (3 

ypaxyBaHHaM BTpaT b oÖMoraax TpaHC^opMaropiB).

5. CKaacra po3paxyHKOBy cxeMy 3aMirn,eHHa Mepe^i h BH3HaaHTH po3paxyHKOBi 

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

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

6. BHKOHaTH po3paxyHKH HopMaatHoro pe^HMy 3aMKHeHoi Mepe:m (yci mmi 

BKaroaem B poöoTy) gaa gBox BHnagKiB: pe^HM MaKCHMaatHoro HaBaHTa^eHHa 

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

BH3HanHTH Hanpyrn y By3aax Mepe^i, BTpara Hanpyrn h BTparn noTy^HocTi B 

Mepe^i. BnKoHarn aHaai3 oTpnMaHnx pe3yatTariB.

7. npn HeoöxigHocTi 3anponoHyBara cnocoön peryaroBaHHa Hanpyrn y By3aax 

HaBaHTa^eHHa.

8. ^aa oöpaHoi nigcTaH^i, aKa BxogHTt go CKaagy po3raaHyToi Mepe:m, 

BHKoHaTH nepeBipKy BHÖopy noTy^Hocri cnaoBHx TpaHC^opMaropiB, ycTaHoBaeHHx 

Ha nigcTaH^i.

9. Po3paxyBaTH CTpyMH KopoTKoro 3aMHKaHHa gaa 3aöe3neneHHa 3axucTy 

nigcTaH^i.

10. Bnöpara 3a yMoBaMH poöora BHcoKoBoatrai anapara po3nogiatHHx 

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

KopoTKoro 3aMHKaHHa.

11. BHKoHaTH po3paxyHKH peaeHHoro 3axncTy BHcoKoBoatTHoi noBiTpaHoi aiHii, 

noöygyBaTH KapTy ceaeKTHBHocri.

12. npoBecTH po3paxyHoK 6aHCKaBKo3axHCTy 3axHCHoro BPn.

13. 3poÖHTH bhchobkh npo pe3yatTaTH BHKoHaHHx po3paxyHKiB.
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1 PO3PÄXYHOK PE^HMIB POBOTH E^EKTPHHHOI MEPE^I

1.1 BuxigHi 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.

H-1

PncyHOK 1.1 -  BnxigHa ogHommÖHa eaeKTpHHHa cxeMa 3'egHaHb 

3agaHoi eaeKTpHHHoi Mepe:m

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

TaÖHH^ 1.1.

T aöan ^  1.1 -  Bnxigm gam eaeKTpHHHoi Mepe^i

^OB^HHa TO , KM noTy^HOCTi HaBaHTa^eHb, M B A

^-1 fl-2 fl-3 ^-4 S-1 S-2 S-3 S-4

70 40 30 15
30+i20

II
30+i20

I
40+i40

II
80+i80

II



1 /« T* o • • •• • •••.2 Po3paxyHOK Hanpyru h ei-ioip npoeogie noBirpHHOi grnu

1. BHÖopy HOMiHanbHHx Hanpyr y 3aMKHemö Hacram eaeKTpHHHoi Mepe^i

3HafigeMO cyMapHe HaBaHTa^eHHa Ha nigcTaH^i nC-1, npHBegeHe go bhcokoi 

ctopohh Hanpyrn:

S12 = S  + S 2 = 30 + 30 + j  (20 + 20) = 60 + j  40 M BA.

2. BroHanaeMO noTy^HOCTi b mmax:

C _  S 12 ■ l123A +  S 3 ' l23A +  S 4 ' l 3A _
S A1 ~  j  ~

l A123 A

(60 + j  40 ) ■ 115 + (40 + j  40)- 85 + (80 + /80V 70
------ -— L--------- -̂----- -— L------- -̂------— L-----= 102,58 + /87,74 M BA.

155

C _  S 4 ■ l321A +  S  3 ■ l21A +  S 12 ■ l1A _
S A3 ~  j  ~

l A123 A

(80 + /80) ■ 85 + (40 + j 40)- 70 + (60 + j  40)- 40
-̂----- -— L------- -̂-------— L-----= 77,42 + j72,26 M BA.

155

S12 = S A1 -  S1E = (102,58 + j 8 7 ,7 4 )- (60 + j 40) = 42,58 + j 47,74 MBA.

S 23 = SA3 -  S 4 =(77,42 + j 72 ,26 )-(80  + j8 0 ) = -2,58 -  j 7,74 MBA.

2. BnxogaHH 3 goB^HH gmrn i BeaHHHHH nepegaHoi no hhx noTy^HOCTi, 

opieHTOBHO BH3HaHHMo Hanpyrn oKpeMHx gmrn no eMnipHHHm ^opMyrn LrnapioHoBa:

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

V L P

ge L  -  goB^HHa mmi, km;

P n -  nepegaHa no mmi noTy^mcTt (Ha ogHH gaH^ro^), M bt.



UA1 = . 1000 = 164,7 kB .
|500 2500

\ 40 +102,58

U12 = . 1000 = 115,2kB.
12 1500 2500

V 30 + 42,58

U23 = ■ 1000 = 31,6 kB.
23 500 2500

\ 15 + 2,58

UA3 = . 1000 = 159,2 kB.
500 2500

V 70 + 77,42

3. OcKmtKH gaa Bcix arnin KiaM,eBoi Mepe^i öa^aHO Mara ogHaKOBy Hanpyry, 

to npHHMaeMO Hanpyry Uh = 110 kB.

^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 HOMiHaatHy Hanpyry Mepe^i: 

Ua  = 121 kB.

4. y  aKOCTi npoBogiB gaa Bcix arnin npHHMaeMO CTaaeaaroMmieBi npoBogn 

MapKH AC.

5. BH3HaaaeMO goBrocTpoKOBO npnnycTHMi CTpyMH b aiHiax gaa HopMaatHoro 

poöoaoro pe^HMy:

= S p t f  J 10 2 ,582_+ 87,742 -103 = 708 A.

= S.^-101 J ^ + 47,742 -103 = 335 6 a .

12 V3 • U H V3 • 110

= 5^3:101 J 2,582 + 7X . 1 ° 3 = 42,82 A.

23 V3 • U H >/3 • 110



= ^  J 77.4 2 + 72,2 6 - l 0  = 555,84 A.
A3 V3 • U H V3 • llO

6. KopHCTywHHCb goßigKOBHMH gaHHMH (Taöa. 1.2, [4]), y BignoBigHOCTi i3 

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

nepeBaHTä^eHHA arnrn npn poöori b aBapifiHOMy pe^HMi, BHÖnpaeMO THn npoBogiB 

gaa kô hoi aiHii:

gaa aiHii .4-1: AC-300/39; 

gaa aiHii 4-2: AC-300/39; 

gaa aiHii 4-3: AC-240/32; 

gaa aiHii 4-4: AC-240/32.

7. nepeBipaeMO oöpam npoBogn b aiHiax 3a yMOBoro KopoHH.

3rigHO npaBHa, MirnMaatHO npnnycthmhh nepepi3 no KopoHi gaa amin 

Hanpyrow 110 kB CTaHOBHTt 70 mm2.

TaKHM hhhom, gaa m^HOi 3 amin ^  yMOBa BHKOHaHa.

8. XapaKTepncTHKH npoBogiB noBnpaHHx amin HaBegeHi b Taöa. 1.2.

T aöan ^  1.2 -  KaTaao^Hi gaHi npoBogiB noBiTpaHoi aiHii

napaMeTpa
MapKa npoBoga

AC-300/39 AC-240/32

KaTaao^Hi gaHi

nepepi3 npoBoga, mm2 300/39 240/32

^OBrocTpoKOBO gonycthmhh CTpyM, A 710 605

Po3paxyHKOBi gaHi

nHTOMHH aKTHBHHH onip aiHii npn TeMnepaTypi 
+20OC, r0  (O m/km)

0,098 0,12

nHTOMHH peaKTHBHHH Onip, X 0 (O m/km) 0,429 0,405

nHTOMa eMHicHa npoBigmcTt aiHii, b 0 ■ 10-6 (C m/km) 2,64 2,81



1.3 Bußip noTy^HOcri TpaHC^opMaTopiB

1. Ha nigcTaH^i nC-1, aKa Mae HaBama^eHHA S21 = S  + S2 = 60 + j  40 M BA, 

3Ba^;awHH Ha Te, rn,o ii cno^HBani BigHocflTbca go I Ta II KaTeropiö HagiÖHocTi 

eneKTponocTanaHHA, npHHMaeMo ycTaHOBKy 2 tpboxoömotkobhx TpaHC^opMaTopn 3 

Hanpyroro Ha BHcoKm CTopoHi 110 kB.

Po3paxyHKOBa noTy^HiCTb KO^Horo TpaHC^opMaTopa:

St, * ^ =  V60^  = 51,51 M BA.
T1 1,4 1,4

n o  Taön. 1.4.2 [6] BHÖnpaeMo Mac.ram TpaHC^opMaTopn 3arantHoro

npH3HaneHHa rany T^TH-63000/110.

2. Koe^i^eHT 3aBaHTa ;̂eHHa TpaHC^opMaTopiB y HopMantHoMy pe^HMi:

* „  = J 602 + 402 = o,57.
31 2 • Sr 2 • 63

y nicnaaBapiÖHoMy pe^HMi

j 602 + 402 = 1,14 < 1,4.
ae1 Sr 63

Y moBH BHKoHyWTbCa.

3. Ha nigcraH^i nC-2, 3Ba^awnn Ha Te, rn,o ii cno^HBani BigHocaTtca go II 

KaTeropii HagiÖHocTi eneKTponocTanaHHA, npHHMaeMo ycTaHoBKy 2 gBoxoÖMoTKoBHx 

TpaHC^opMaTopiB 3 Hanpyroro Ha BHcoKm CTopoHi 110 kB.

Po3paxyHKoBa noTy^HiCTb Ko^Horo TpaHC^opMaTopa:



2 * &  = 40 MBA.
T2 1,4 1,4

n o  Taön. 1.4.3 [6] BHÖnpaeMo Maoram TpaHC^opMaTopn 3arantHoro

npH3HaneHHa THny TP^UH-63000/110.

4. Koe^i^eHT 3aBaHTa ;̂eHHa TpaHc^opMaTopiB y HopMantHOMy pe^HMi:

kj2 = ^  J 402 +  402 =  o,45.
32 2 • Sr 2 • 63 

y nicneaBapiÖHOMy pe^HMi

2 =  Sw  J 402 +  402 =  0,9 < 1,4.
ae2 Sr 63

Y mOBH BHKOHyWTbCa.

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

KaTeropii HagiÖHocTi eneKTponocTanaHHA, npHHMaeMo ycTaHoBKy 2 gBoxoÖMoTOKoBHx 

TpaHC^opMaTopiB 3 Hanpyrow Ha BHcoKm CTopom 110 kB, noTy^HiCTW

St 3 *  = ^ 80? = 80,81 MBA.
T 3 1,4 1,4

n o  Taön. 1.4.3 [6] BHÖnpaeMo Macn^Hi TpaHC^opMaTopn 3arantHoro

npH3HaneHHa THny TP^UH-125000/110.

6. Koe^i^eHT 3aBaHTa ;̂eHHa TpaHc^opMaTopiB y HopMantHoMy pe^HMi:

k ,  = ^  J 802 +  802 = 0,45.
33 2 • Sr 2 • 125



y mcnaaBapinHoMy pe:uMi

kag3 = = ^ °  + 80 = 0,91 < 1,4.
ae3 Sr 125

Y mOBH BHKOHyWTbCa.

Taönu ^ 1.3 -  KaTano:m gam TpaHC^opMaTopiB Mepe:i

napaMeTpu
Tun TpaHC^opMaTopa

T^TH -
63000/110

TP^ llH -
63000/110

TP^ llH -
125000/110

HoMmantHa noTy:HiCTt, Shom (M B-A) 63 63 125

HoMmantm Hanpyru oömotok, kB

bh^ oi Hanpyru, U hombh 115 115 115

cepegHtoi Hanpyrn, U hom.ch 38,5 — —

hu: hoi Hanpyrn, U hom.hh 11 10,5 10,5

BTpaTu, kBt

xonocroro xogy, APX 56 59 100

KopoTKoro 3aMHKaHHfl, APk 290 260 400

Hanpyra KopoTKoro 3aMUKaHHA Mm: 
oÖMoTKaMH, % Big UHoM

BH^oi - Hn:noi Hanpyr, UK.B-C 10,5 — —

BH^oi - cepegHtoi Hanpyr, U k.b-h 17 10,5 10,5

cepegHtoi - hu: hoi Hanpyr, U k.c-h 6,5 — —

CTpyM xonocToro xogy, Ix (%  Big Ihom) 0,7 0,6 0,55

A kthbhhh onip oömotok, R t (O m )

oÖMoTKa BH 0,5 0,87 0,4

oÖMoTKa CH 0,5 — —

oÖMoTKa HH 0,5 — —

PeaKTHBHnn onip oömotok, X t (O m )

oÖMoTKa BH 22,0 22 11,1

oÖMoTKa CH 0 — —

oÖMoTKa HH 13,6 — —

BTpaTu noTy:HocTi B oÖMoTKax, Aqx (KBAp) 441 410 687,5



1.4 BH3HaneHHH napaMeTpiB cxeMH 3aMî eHHH

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

PncyHOK 1.2 -  CxeMa 3aMim,eHHa 3aMKHeH0i Mepe:m

2. Po3paxoByeMO napaMeTpn cxeMH 3aMirn,eHHa mmn (pnc. 1.2). 

.Hmm .H-1:
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ApKyuj

15
3m . ApKyw N° doKyM. nidnuc Qama



Ra3 = ro Ia3 = 0,098 ■ 70 = 6,86 Om ;

X 13 = X0 Ia3 = 0,429 ■ 70 = 30,03 Om ;

Qca3 = UH¥ a3 = 1102 • 2,64-1Q-6 • 70 = 1 12 ^
2 2 2 , p.

Äirnz 4-2:

Ra1 = r0 lA1 = 0,098 ■ 40 = 3,92 Om ;

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

O a , = U  bpi-A! =  n ° 2 •2,64-1°~6 •40 = 064 M BAp 
2 2 2 ’

4mm 4-3:

R 12 = r0 I12 = 0,12 ■ 30 = 3,6 Om ;

X 12 = x0 l12 = 0,405 ■ 30 = 12,15 Om ;

Qc 12 = U l  b°li2 = 1102 • 2,81-10-6 • 30 = 0 51 M BAp 
2 2 2 , p.

4mm .4-4:

R-23 = r0123 = 0,12 ■ 15 = 1,8 Om ;

X23 = x0 l23 = 0,405 ■ 15 = 6,08 Om ;

QC23 = UHb0l23 = 110 • 2,81' 10 -15 = 0 26 M BAp
2 2 2 , p.

3. napaMeTpn cxeMH 3aMim£HHA TpaHc^opMaTopiB HaBegeHi b Taön. 1.2.



1.5 Po3paxyHOK po3iMKHeHoi' Mepe î

1. OcKmtKH 3agaHa cxeMa MicTHTt mmi OgHOi HOMmaatHOi Hanpyrn -  110 kB, 

to po3paxyHKOBa cxeMa MicTHTt rmKH 3 onopaMH ^Hx girnfi i By3an 3 npHBegeHHMH 

HaBaHTa^eHH^MH.

CKnagaeMO po3paxyHKOBy cxeMy Mepe^i:

2. ^ga 3MeHmeHHa cnagaHHa Hanpyrn 3acTOcyeMO KOMneHca^ro peaKTHBHOi 

noTy^HOCTi b Mepem ^ga ^OrO y By3gax 1 i 2 HeoöxigHO BCTaHOBHTH 

KOHgeHcaTopHi öaTapei 3 KOHgeHcaTOpaMH rany KC2-1,05-60, po3paxoBaHi Ha 

HOMiHantHy Hanpyry 110 kB, aKi 3a6e3nenaTb KOMneHca^ ro peaKTHBHOi noTy^HOCTi 

no 36,8 MBap KO^Ha.

npHBegem gO ctopohh BH HaBaHTa^eHHa BH3HanaeMO aK cyMy nOTy^HOCTeö, 

3agaHHx Ha mHHax HH, BTpaT b OÖMOTKax, rigKax HaMarmnyBaHHa TpaHC^OpMaTOpiB 

MiHyc 3apagHi nOTy^HOCTi gmifi, npnegHaHHx gO nigcTaH^H.

B P  5 .6 .1 4 1 .4 2 7  n 3

ApKyuj

17
3m . ApKyw M  doKyM. nidnuc Qama



S p  = ( P a p  + A P « +  • Rt ) +  J (Q/ia p  + A ß «  +  • X t -  SAß, -  jßE * ).
U HOM U HOM

3. BH3HanaeM0 po3paxyHKOBe HaBaHTa^eHHa:

а) npHBegeHe go ctopohh BH TpaHC^opMaTopHoi nigcTaH^i T-1:

P 2 + ß 2 j? p 2 + ß 2 p
&' _  / p  _i_p i Harp1 ŶHarp1 Rt 1C Hazp2 ^Hazp 2 R T\H 1 ,
S pl = ( P Hazp1 + P Hazp2 + j  j2 ^ ' tt2  ̂ ) +

U  HOM 2  U  HOM 2

P 2 + ß 2 V  P2 + ß 2 Vi YP) i P) i Hazpl z^Hazpl X  T1C , Hazp2 ẑ Hazp2 X  T1H 1.
+ J ( ß Hazp 1 + ß Hazp2 + VJ2  ̂ + Vj2  ̂ );

U  HOM 2 U HOM 2

e' ^  302 + 202 0,5 302 + 202 0,5V

~ p1 {  1102 2 1102 2 )

+J 20 + 20 + 30 + 2°  • 0 + 30 + 2°  •1 3 6 1 = 60,21 + y42,92 MBA.
\  1102 1102 2 )  ’ ’

S p1 =  S  p1 +  2 A S x1 +  ̂ 2  ̂ “  ß  " -  j Q CA1 -  j ß C12 -  J Q eK  =
U  HOM 2

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

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

б) npHBegeHe go ctopohh BH TpaHC^opMaTopHoi nigcTaH^i T-2:

S p  2 = (Pap3 + • ß  + 2 APV2) +U HOM 2

+j  Ö ĥ  + • ß  + 2 Aß,2 ) -  ß 2 -  ß ä L  -  jQek ;U HOM 2 2 2

S p 2 = f ^  + 40ß ^  • ̂  +  2 • 0,059V  
- p 2  ̂ 1102 2 ’ )



f A f  2 ^
+ j  40 + 40 • _  + 2• 0,41 -0,51 -0 ,2 6 -3 6 ,8  = 40,23 + j 6,16 M BA.

V 1102 2 ’ ’ ’ ’ )  ’  ̂ ’

b) npHBegeHe go ctopohh BH TpaHC^opMaTopHoi nigcTaH^i T-3:

Sp3 =  (P .»4 + P" rP;.+ ̂ 4 • R 3  + 2AP,3) +
U  HOM 2

+ j ( Q h„p  +  PpHapPr.+ ̂ 4 • X 3  + 2 A Q ,3  -  jQ c A 3  -  j Q c 23);
U  HOM 2

SP3 = f ° 0  + 802 +  8° 2 • f  +  0 , l V
p3 V 1102 2 )

f 802 + 802 1 1 1 ^
+ j  80 + —  +3—  — l. +  06875-1 ,12 - 0,26 = 80,41 + y'85,87 MBA.

v 110 2 )

Tenep HeoöxigHo nepeÖTH go po3paxyHKiB 3aMKHeHoi nacTHHH Mepe:m.

1.6 Po3paxyHOK 3aMKHeHoi' Mepe î

BH3HaneHHa b 3aMKHemö nacTHHi Mepe:m po3noginy noTy^HOCTefi MO^Ha ii 

yMOBHO po3ginHTH y By3ni A  Ta npegcTaBHTH y BHnragi nimi i3 gBOCTopoHHiM 

^HB^eHHÄM (pnc. 1.4).

PncyHOK 1.4 -  Po3paxyHKOBa cxeMa 3aMKHeHoi nacTHHH Mepe^i

3HaxogHMO noTy^HOCTi B mmax, BpaxoBywnn, rn,o 3aMKHeHa Mepe^a 

ogHopigHa:



£ S pl ' ( l3 + l4 + l1 ) + Sp2 * ( l4 + l1 ) + S p3 * l1 _
~ Al l2 + l3 + l4 + /j

(60,44 + j10,58)*115 + (40,23 + j 6,16)* 85 + (80,41 + >85,87)• 70 _

~ 155 =

= 103,22 + j50,01M BA,

c Sp3 *( l3 + l4 + l2 ) + S p2 *(l3 + l2 ) + S p1 * l2
S A '3 1 1 1 1  =

L + l?> + M + ll

_  (80,41 + j85,87)* 85 + (40,23 + j6,16)* 70 + (60,44 + j10,58)* 40 _

_  155 =

= 77,86 + j52,6 M BA,

npoBogHMO nepeBipKy BUKoHaHux po3paxyHKiB 3a yMOBoro:

SA1 + SA3 = S p1 + Sp2 + Sp3 ,

181,08 + j 102,61 M B A  = 181,08 + j102,61 MBA.

P03paxyHKH BHKOHaHi npaBHHbHO.

BHKopncTOBywHH nepmuR 3aKOH Kipxro^a 3HaxoguMo iHmi noTy^HOcri:

S12 = S ^ - S pl =(103,22 + j5 0 ,0 1 )- (60,44 + j10,58) = 42,78 + j2,63 MBA.

S 23 = SA3 -  Sp3 =(77,86 + j5 2 ,6 ) - (80,41 + j85,87) = -2,55 -  j33,27 MBA.

noganbmHH po3paxyHOK noTy^HOCTefi 3 ypaxyBaHH^M BTpaT noTy^HOCTi b

mmax cnig nonuHaTu 3 By3na 3, muß e tohkow noTOKopo3noginy noTy^HOCTefi 

g^epena ̂ HBneHHa.

6. npuHMaeMO noTy^HOCTi Sg '3 H S23 3a giHCHi noTy^HOCTi HanpuKm^ mmö y 

By3na 3 i 3HaxoguMo BTpaTu b nimi A3:



( SA3) 77 862 + 52 62
AS A3 - - J 7 T -  ■ Z A3 = 7 o2 ’ • (6, 86 + >30,03) = 5,005 + j  21, 912 M BA.

U H 110

noTy^HiCTt Ha nonaTKy niHii:

S a3 = S a3 + A S A3 =(77,86 + >52,6) +(5,005 + j 21,912) = 82,87 + >74,51 MBA. 

3HaxogHMO noTy^HOdi BTpaTH b nimi 23:

( S 23) 2 552 + 33 272
AS23 = A - A -  • Z23 =  , . / ------ (1,8 + j 6,08) = 0,166 + j0,559 M BA.

U H 110

noTy^micTb Ha nonaTKy nimi:

S H3 = S23 + A S 23 = (2 ,55 + j33,27)  + (0,166 + j0,559) = 2,716 + j33,829 M BA.

noTy^HiCTb HanpHKm^ nimi 12:

S12 = S  23 + S p 2 = (  2,716 + j33,829) + (40,23 + j6,16) =

= 42,946 + j39,989 MBA.

3HaxogHMO noTy^HOCTi BTpaTH b niHii 12:

S2 42 9462 + 39 9892
AS12 = ■ Z12 = — ,----- ----------------(3,6 + j12,15) = 1,025 + j3,458 MBA.

noTy^HiCTb Ha nonaTKy niHii 12:



S ”2 = Sn + ASU = (42,946 + j39,989) + (1,025 + j3,458) = 43,97 + j 43,45 MBA. 

noTy^rncTb HanpHKrn^ nimi A1:

S A  = S12 + S p1 =(43,97 + j 43,45)+ (60,44 + j 10,58)= 104,41 + j 54,03 MBA. 

3HaxogHMO noTy^HOCTi BTpara b mrni:

AS 1̂ =  ̂ L ^41 = 104’ 41 i+ 254’0 3  '(3,92 + j'17,16)  = 4,48 + j19,6 MBA. 

noTy^HiCTt Ha nonaTKy gmii':

S HA1 = S KA1 + A S A1 =(104,41 + j 54,03) + ( 4,48 + j 19,6) = 108,89 + j 73,63 MBA.

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

S a = S ai +  S ”«  -  jQoAi -  jQcAi =(108,89 + j73,63) + (82,87 + j 74,51)- 
- j0 ,6 4  -  j1,12 = 191,76 + j146,38 MBA.

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

Hanpyrn:

U = U -  PhRA1 + QA,̂ 1 = 121 - 108,89 ■3,92 + 73,63-17-16 = 107,03 kB.
1 A UA 121

Hanpyra y By3ni 2:

U2 = U -  P & L + Q ^  = 107,03 -  43-97■3,6 + 43-45 ■12,15 = 100,62 kB.
2 1  U  107,03



U  U  - =  100,62 -  2-72-1-8 + 33-83 •6’ 08 =  98,53 kB.
3 2  U  100,62

U r  =  U  -  pHA3RA3 +  Q HA3X a 3 =  121 -  82,87 • 6,86 + 74,51- 30,03 = 97 81 kB
3 A U A 121 , ‘

Hanpyry y By3ni 3 Bi3tMeMo ak cepegHe apn^MeranHe Hanpyr U p  Ta U " :

U  =  U  3 U  3 = 98,17 kB.
3 2

Hanpyra y By3ni 0

S£ le = S'pl + Pp  1 + Qp  1 • ( Rt1 b + jX t 1B) = 60,32 + j 47,65 MBA.
U HOM 2

(  T? Y  V  f  Y  D VpH RT1e , r\H X T 1e ph X T1g , r\H RT 1g
PT 1e 0 + QT1e - PT1e - + QT 1e -

U0 = U ---------- 2------------- —  +  --------2------------- —  =  102,17 kB.
0 \ 1 Ux U1 ’

Uv y v y

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

CKnagoBoi cnagaHHA Hanpyra:

U B UTT — U  T1 _ T  tB u  c.hom1

Us1 =  k  ~  U  T 1 ' u  ’kT1 U  ome

D
ge UT1 - Hanpyra HH TpaHC^opMaTopa T-1, npr n egeHa go CTopoHH BH;

kn  = U °me -  K oe^ ieH T  TpaHc^opMa^i ipaHc^opMaTopa T-1;
U c .h o m 1

U ° me - Hanpyra perynwBantHoro Bigrany^eHHA oömotkh BH;

Uc hom1 - HOMiHantHa Hanpyra oömotkh CH TpaHC^opMaTopa.



Sr\c = S a p  + P"aap'J 2 Q"api • (Rru + jX n „ )  =  30,03 + j 20M B A .
U HOM

I 2 2
n f  P "  r . + Q H  X T, 2 f  P 2  X 22 -  Q 2  2  2

u B  = .  U n -  T 1cRt  1c Q t  1cXT1c + T 1cXT1c Q t 1cR t  1c =  102,1 kB.
T1 t  U 0 0 0 00 J

38 5
US1 = 102,1 — -  = 34,18 kB.

S1 115

BigxnneHHA gificHOi Hanpyrn Mepe^i Big HOMmantHOi CKnage:

u  _  u  34 18 — 35
y  % = US1 U »° M • 100 = 34,18 35 • 100 = -2,34 %,

U  35HOM

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

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

38 5

U S1 = 102’ 1' , -2-1,78-115 = 35,44 kB.

+ 100

npH ^OMy BigxnneHHa Hanpyrn CKnage:

U -  U 35 44 -  35y % = Us1 Uhojh -100 = -----------100 = 1,26%,
S1 U 35HOM

^ o b Me^ax npnnycTHMOrO.

BH3HanaeMO Hanpyry Ha cno^HBaneBi HaBaHTa^eHHA S2:

S n , = +  P,ap2 + Q"a" 2 •(R n , +  j X n , )  = 30,03 + j20,73 m b a .
U HOM 2

2 2

U B =  [ u 0 -  P T lHRt  1h + Q T 1  X t  1h 1 + f  P T lH X t  1h ~ Q T 1  R t  1h 1 = 100 74kB.
T1 V I 0 o 0 0 0 00 0



US1 = 100,74 • —  = 9,64 kB.
52 115

BigxnneHHfl gificHoi Hanpyrn Mepe^i Big HOMmantHoro CKnage:

V % = Us2 ~ U «om . 100 = 9,64 ~ 10 .100 = -3,6 %,
5 2 U 10w hom

BcTaHOBnroeMO nepeMHKan PnH  y nono^eHHA -3, nepepaxoByeMo gificHy 

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

Us2 = 100,74---------,, = 10,18 kB.
115 + - 3 •1’ 78 11

100

npH ^OMy BigxnneHHa Hanpyrn CKnage:

V % = Us2 ~ U hom .100 = 10,18 ~ 10.100 = 1,8 %,
5 2 U 10hom

^ o  b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBi HaBaHTa^eHHA S3:

S hT2H = SHazp3 + Pnazp3 + Qnazp3 • (R t2H + jX t2H ) = 40,12 + y'42,91 MBA.
U hom 2

(  T? Y  V  f  Y  D VpH Rt2 . r\H x  T2 ph x  T2 r\H RT2
„  PT 2 -  + QT 2 -  PT 2 -  QT 2 -

U B  = U --------- 2------------—  + -------2------------^  = 95,85 kB.
1 2 U2 U2
\\ )  v )

ge SH2 = PH  + Qt i - noTy^nicTb, aKa nepegaeTtca no o6mow  HH

TpaHc^opMaTopa T-2;



UB 10 5
U „  = u T L  =  95,85 •—  = 8,75 kB.

6 3 kT1 115

BigxnneHHfl gificHOi Hanpyrn Mepe^i Big HOMmanbHOi CKnage:

v  % = Us 3 ~ U"OM • 1-0 = 8,75~ 10 • 100 = -12,5%.
6 3 U 10HOM

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

Hanpyry nepe3 gaHnn Koe^^ieHT TpaHC^opMagii:

U 3 = 95>85 ' -7<)’U 8 .115  = 10’ 0 KB-

+ 100

npH ^OMy BigxnneHHfl Hanpyrn CKnage:

v  % = Us 3 ~ U hom • 100 = 10,0 ~ 10.100 = 0 %,
6 3 U 10HOM

^ o b Me^ax npnnycTHMOrO.

BH3HanaeMO Hanpyry Ha cno^HBaneBi HaBaHTa^eHHA S4:

S^ H =  SHasp4 + Pnazp4 + QnazpA • ( R t 3H + j X T3H  ) = 80,2! + j85,87 MBA.
U HOM 2

U B t U  -  PPT3R t 3 + Q t 3X T31 + l  p t“3x t 3 -  Q t A 31 = 93,25 kB.

V l  3 U i  J l  U 3 J

ge SH3 =  P j 3 +  QH3 -  noTy^HicTb Ha nonaTKy TpaHC^opMaTopa T-3,



UB 10 5
US4 = —— = 93,25 •—  = 8,51 kB.

S4 kr3 115

BigxH-aeHHa gificHOi Hanpyrn Mepe^i Big HOMiHaatHOi CKaage:

y  % = —S4 ~ —hom • 1-0 = 8,51 ~ 10 • 100 = -14,90/
S 4 — 10 HOM

YcTaHOBnweMO nepeMHKan PnH  y nono^eHHa -9, nepepaxoByeMO gificHy 

Hanpyry nepe3 gaHHfi Koe^^ieHT TpaHC^opMagii:

— 4 = 93’ 25 • -9 (!,U 8 .115  = 1014 * B '

+ 100

npH ^OMy BigxHaeHHa Hanpyrn CKaage:

y % = —S4 ~ —hom . 100 = 10,14~ 10 • 100 = 1,4%,
S 4 — 10HOM

^ o b Me^ax npnnycTHMoro.

1.7 Po3paxyHOK nic.iaaBapiriHoro pe^HMy

YBa^aronH .aimro .H-1 aBapifiHO BigKaroneHoro, BHKOHyeMO po3paxyHOK pe^HMy 

poöoTH eneKTpHHHOi Mepe^i, cxeMa 3aMirn,eHHa aKOi HaBegeHa Ha pnc. 1.5.

Po3paxyHKH HaBaHTa^eHt, npHBegeHHx go BH TpaHC^opMaTopiB npn 

aBapifiHOMy pe^HMi poöoTH npoBogHTtca no thm ®;e BHxigHHM napaMeTpaM, rn,o fi gaa 

HopMaatHoro pe^HMy, TOMy BHKOHyBara noBTopHe nepepaxyBaHHa HeMae 

HeoöxigHOCTi.

^aa 3MeHmeHHa cnagaHHa Hanpyra 3acTOcyeMO KOMneHca^ro peaKTHBHOi



noTy^HOcri b Mepe:m. ^O ro  y By3aax 1, 2, 3 HeoöxigHO BCTaHOBHTH

KOHgeHcaTopHi öaTapei 3 KOHgeHcaTOpaMH rany KCKr-1,05-125, po3paxoBaHHx Ha 

HOMiHantHy Hanpyry 110 kB, aKi 3a6e3nenyroTb KOMneHcau,iro peaKTHBHOi noTy^HOd i 

no 77 MBap m^Ha.

noTy^rncTb HanpHKm^ amii .H-4 piBHa:

S 2  = S p3 -  JQek =  80,41 + j8,87 M B A .

PncyHOK 1.5 -  CxeMa 3aMirn,eHHa eneKTpHHHoi Mepe^i b aBapiÖHOMy pe^HMi 

BTpaTH noTy^HOCTi b rnrni:

( S 23 f
A S23 = T  ( R23 + j X 23)  = 0,974 + j3,288 MBA.

U HOM



noTy^rncTb Ha nonaTKy nimi 4-4:

S 2  = S 23 + A S23 = 81,384 + 712,158 MBA. 

noTy^rncTb HanpHKm^ nimi .4-3 piBHa:

S12 = S23 + Sp2 -  JQek = 121,61 -  721,88 MBA. 

BTpaTH noTy^HOCTi b mmi:

( sk2 )2
AS12 = ~ j 2 ~ ( « 12 +  7X 12 )  = 4,54 + j15,33 MBA.

U HOM

noTy^HiCTb Ha nonaTKy nimi 4-3:

SH2 = S12 + A S 12 = 126,16 -  76,55 MBA. 

noTy^rncTb HanpHKm^ nimi 4-2 piBHa:

SA1 = S12 + S , 1 - J Q ek = 186,6 -  736,17 MBA. 

3HaxogHMO noTy^HOCTi BTpaTH B nimi:

(  S A1 )2
A Sa1 = ■ Z A 1 = 11,70 + 751,23 M BA.

U H. A 1

noTy^HiCTb Ha nonaTKy nimi:



SA  = SA  + A S a\ = 198,30 + j15,06 MBA.

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

Sa = SAi -  JQcai = 198,30 + j14,42 MBA.

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

Hanpyrn:

u  = U A -  P a' R a  +  Qa X -a  = 112,53 kB.
1 A uU A

Hanpyra y By3ni 2:

U  = u  -  p2R!2 + Q!2X !2 = 109,2 kB.
2 1 u

Hanpyra y By3ni 3 CKnage:

U  = u  -  Pa3Ra3 + Qa3Xa3 = 107,18 kB.
3 2 u 2

Hanpyra y By3ni 0

S HTle = SA + Pp 1 + Qp 1 • ( Rt1 6 + jX t 16) = 60,32 + j 47,65 MBA.
u hom 2



f  T? Y  V  f  Y  d \2
pH r T lg | n » X T le pH X T le . P)H RTle
1 T le 0 ^ QTle 0 1 Tle 0 ^ QTle 0

Un = U ---------- 2------------- + --------------- 2------------- = l07,89 kB.
0 1 l U x U x ’

K  )  v )

BH3HaHaeMö Hanpyry Ha cno^HBaneBi HaBaHTa^eHHa S1 3 oömKOM nonepenHoi 

CKaagoBöi cnagaHHa Hanpyrn:

S ic  =  ̂ l  +  P " ‘‘ap' l Q^  ' ( R tic  +  J X t ic)  = 30,03 + j 20,0m B a .
U HOM

t u  - S l S n c  +  Q n c Y u j  + ( P n c Y i c ~ j  = l07,82 kB.

t  0 U 0 0 0 00 J

38 5
UV1 =  l07,82 — ,-  = 36,l kB.

Sl l l -

BigxnaeHHa gificHoi Hanpyrn Mepe:m Big HoMmantHoi CKaage:

y  % = Usl -  U »om . l 00 = 36;l ~ 35 • l00 = 3,l4 %,
Sl U  35HOM

BcTaHoBaweMo nepeMHKan PnH  y noao^eHHa 1, nepepaxoByeMo gificHy 

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

38 5

Usi = l07,82 „  M > 8 - l l5 = 35,46 kB .

+ l 00

npn ^oM y BigxnaeHHa Hanpyrn CKaage:

y  % = U s l ~ U hom . l00 = 35,46 ~ 35 . l 00 = l ,3 l%,
Sl U  35^  HOM ^  U

^ o  b Me^ax npHnycTHMoro.



BH3HanaeM0 Hanpyry Ha cno^HBaneBi HaBaHTa^eHHA S2:

S T i  =  S „ „ 2  +  P "aar2J +  Q "ap2 ( R n ,  +  j X n , )  =  30,03 + >20,73 M B A .
U HOM

2 2 
d f  P "  R^ + Q H  X™ 2 2 22 2  -  0 2  2  2

U f1ff = . Un -  t1h t1h— Qt1h t1h + t1h t1h Qt1h t1h = 106,53 kB.
\ U  uW  U  o )  v 0 0 0

UV2 = 106,53 ■105 = 10,19 kB.
52 115

BigxHneHHA gificHOi Hanpyrn Mepe^i Big HOMmantHOi CKnage: 

v  %  =  Us 2 -  u » o m  ■ 100 =  10,19 ~ 10 ■ 100 =  1,9 o/
S2 U 10HOM

^ o b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBi HaBaHTa^eHHA S3:

S » 2H =  S Hazp3 + P»azp3 + ° Ha2p3 . ( R t 2H  + J'X T 2H ) = 40,12 + j 42,91 MBA.
U HOM 2

(  T? Y  V  f  Y  D \2pH Rt2 , rt» X T 2 p» X T2 rt» RT2
D PT 2 0 +  QT 2 0 P T 2 0 Q T 2 0

Ur? = U --------2----------—  + ----- 2----------—  = 104,79 kB.
T2 1 2 U2 U2

\\ )  v )

Us3 = 104,79 ■105 = 9,57 kB.
53 115

BigxnneHHa gificHOi Hanpyrn Mepe^i Big HOMmantHOi CKnage:

v  % = U s3 ~ U hom .100 = 9,57 ~ 10.100 = -4,3 % .
s 3 U  10W HOM



YcTaHOBnweMO nepeMHKan PnH  y nOHO^eHHA -3, nepepaxOByeMO gificHy 

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

U 3 = 107-79 _  - 3ni,78 .115 = 1CU1 kB.
115 + ----------------

100

npn ^OMy BigxnneHHa Hanpyrn CKnage:

V  %  = U s 3 -  U HOM . 100 = 10,11 ~ 10.100 = 1,1%,
3 U  10HOM

^ o  b Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBi HaBaHTa^eHHA S4:

S Hm  = SHa2p4 + Pn a 2 p4 + Qn a z pA • ( Rt3H + JX T 1H  )  = 80,21 + j  85,87 MBA.
U HOM 2

2 2 (  p h p _i_ n H y  2 (  pH 2  _  n 2 p 2
U £  U, -  P  t>R t  3 + 3 X t  3 + p n X T1 _ Qn R T3 =  102 66 kB.

T3 V I 3 u 3 3 3 3  j

UV4 = 102,66 •105  = 9,37 kB.
S4 115

BigxnneHHfl gificHOi Hanpyrn Mepe^i Big HOMmantHOi CKnage:

U  — U  9 37 —10
v  % = Us4 UHOM • 100 = 9,37 10.100 = -6,3 %,
4 U  10HOM

YcTaHOBnweMO nepeMHKan PnH  y nono®;eHHa -4, nepepaxoByeMO gificHy 

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



U 4 = 102’ 66 • -40,1578.115 = 10’ 09 Kß.

+ 100

npH ^OMy BigxnneHHa Hanpyrn cxnage:

V  %  = Us4 ~ UftOM • 100 = 10,09 ~ 10 • 100 = 0,9 %,
4 U HoM 10

rn,o b Me^ax npnnycTHMoro.



2 P03PAXYH0K E^EKTPHHHOI HACTHHH nMCTAHTTTI

3rigH0 i3 3aBgaHHaM, HeoöxigHo po3paxyBara gBoxTpaHC^opMaTopHy 

nigcTaH^ro nC-2, go aKoi mgKnroneHO HaBaHTmeHHa noTy^Hicrw

S2 =  40 + y4ü MBA. Ha nigcTaH^i BCTaHoBaem TpaHC^opMaTopn THny

TP^llH-63000/110.

2.1 Bnöip cĥ obhx TpaHC^opMaTopiB Ta ix nepeBipKa 3a rpa îKOM 

HaeaHTa'AeHHM

S„B = f t L  +  Q L  = V  402 + 402 = 56,6 M B A

S
STP = SHaB = 56,6 / 1,4 = 40,43 M B ATp V

K  aB

ge K aB = 1,4.

K  3 = SHaB = 0,45
3 L • ŜTp.HOM

^aa nigcTaH^H öyan oöpam TpaHC^opMaTopn noTy^HOCTi S = 63 M B A  THny 

TP^H-63000/110.

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

T aöan ^  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 25,5 31,1 34 50,9 50,9 45,3 45,3 56,6 50,9 73,6 79,2 56,6

^aa nepeBipKH npaBHabHocTi BHÖopy TpaHC^opMaTopa peaabHHH rpa^iK 

HaBaHTa^eHHa nepeTBopHMO b gBocTynmaacTHH. nonaTKOBe HaBaHTa^eHHa 

eKBiBaneHTHoro rpa^iKa BH3HaaaeTbca 3a ^opMyaoro [10]:
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K  = 1 • /Si ti + S2t2 + ••• + S^n ' =

SHOM t1 + 12 + ••• + t n_________________________________________
1 I 25,52 * *.2+31,12-2+342.2+50,92.2+50,92.2+45,32.2+45,32.2+56,62.2+50,92.2+56,62.2

= • = 0,551
63 2.10

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

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

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

AHanorinHo BH3HanaeTbCfl gpyrnö CTyniHb eKBiBaneHTHoro rpa^iKa, ane npn ^oM y 

öepyTbca CTyneHi, po3Mirn,em BHrn,e nimi HoMmanbHoi noTy^HocTi TpaHC^opMaTopa

K  = 1 . |s2ti + s2t2 + ••• + s2t^  =

SHOM t1 + 12 + ••• + t n

1 I 73,62-2+79,22-2
= -  • A I — ,--------,----- = 1,257

63 2.2

ge S1,S2,•••,Sn -  HaBaHTa^eHHA BHrn,e nimi HoMmanbHoi noTy^Hocri

TpaHC^opMaTopa.



MaKCHMaatHe nepeBaHTmeHHa TpaHC^opMaTopa CKaagae

S
K max = SMAX = 79,2 / 63 = 1,26

SHOM

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

HaBaHTa^eHHa.

K 2 = 0,9 ' k max = 0,9 ' 1,26 = 1,13

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

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

K 2 = 1,13.

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 TOCTom i peaatHe. K2roCT = 2 i K2 = 1,13.

K2roCT > K2. 3HaneHHa K 2 3a TOCTom 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. nigCTaH^a ^HBHTtCa 3a 

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

3aMHKaHHa HaBegeHa Ha pHC. 3.
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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.

A

PncyHOK 2.2 -  BuxigHa OgHOmrnÖHa eneKTpHHHa cxeMa eneKTpOMepe^i

PncyHOK 2.3 -  CxeMa 3aMirn,eHHa gaa pO3paxyHKy CTpyMiB KOpOTKOrO 3aMHKaHHa 

Onip CHCTeMH gOpiBHwe

U 2
X c = — ^ = 1102 / 2300 = 5,26 Om .

C Sc

OnOpn npagwwHHx arnin:

miHia 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 = X m_2 +  X m_3 = 28,11 Om 

X m2 = X m-1 + X m_4 = 34,005 Om

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



U  U 2
X  = Uk%U H = ( 10,5.1102) / (100-63) = 20,2 Om .

100■Sh

nepiogHHHa CK^agoBa CK3 y toh^  K 1:

IK1 = UjI------ - = 110000 / (1,73-(27,93 + 15,39)) = 3,075 kA.
V3 ( X c + X n)

nepiogHHHa CKnagoBa CK3 y toh^  K 2 npHBegeHa go Hanpyrn BHrn,oi ctopohh

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

x/31 Xc + X  „ + X
V 2 J

PeanbHHH CTpyM K3 y toh^  K 2:

Ik 2 = 1K2 U -  = IK2 ' (110 / 10) =  22,72 kA.
UH

YgapHHH CTpyM:

- y toh^  K 1: iyg1 = V2 -1,61- IK1 = 7 kA;

- y toh^  K2: iyg2 = V2 -1,61- IK2 = 51,73 kA.

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

naCOM, ToMy Hepe3 HaC, akhh gopiBHwe HaCy BigKHMHeHHa

Inr1 = IK1 = 3,075 kA  gna tohkh K  ;

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

AnepiogHHHa CKaagoBa TK3 go MoMerny po3ÖmHoCTi KoHTaKTiB BHMHKaHa



__L 0,06

ia1 = 4 2  • IK1 • e Ta = 4 2  • 3,075 •  0’025 = 0,395 kA

_— 0,1
ia2 = 4 2  • IK2 • e Ta = 4 2  • 22,72 • e 0,05 = 4,348 kA  

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

K 2 -  Ta =0,05 c.

iHTerpaa ^^oyaa:

gaa K  BR = lK i(t + Ta) = I^ (0 ,06  + 0,025) = 3,0752 0,085 = 0,804 kA 2c 

gaa K 2 BR = lK2(t + Ta) = lK2(0,1 + 0,05) = 22,722 0,15 = 77,43 kA 2c

T aöan ^  2.2 -  3HaaeHHa CTpyMiB KopoTKoro 3aMHKaHHa

CTpyMH
KopoTKoro
3aMHKaHHa

CK3 y 
noaaTKoBHH 
MoMeHT aacy

YgapHHH CK3 

iy , kA

Anepiog. 
CKaagoBa CK3,

i a kA

iHTerpaa ^^oyaa 
B k  , kA 2 c

fflHHH 
110 kB ( K )

3,075 7 0,395 0,804

fflHHH 
10 kB (K  2) 22,72 51,73 4,348 77,43

2.3 Bnöip 3axHCHoi' Ta KOMyTâ HHoi' anapaTypu

BncoKoBoabTm eaeKTpnam anapara BHÖnparoTbca 3a yMoBoro TpHBaaoro 

pe^HMy poöora i nepeBiparoTbca 3a yMoBaMH kopotkhx 3aMHKaHb. npn ^ 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 Hanpyrn;

- BCTynHi BHMHKaai Ha ö o ^  10 kB;
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- cew H m  BHMHKani Ha 6 o ^  10 kB;

- 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 BH3HanHTH 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 6 o^  110 kB:

14 • S
C  = ’R  tth°m =  (1,4^63) / (1,73 • 110) =  463 A.

v 3 •UBH

CTpyM y Koni BBigHHx BHMHKaniB Ha CTopoHi 10 kB:

14 • S
C  = i r r f ^  = (1,4-63) / (1,73-10) =  5,09 kA.

V3 •UHH

CTpyM y Koni ceK^HHoro BHMHKana: 

tr 14 • S
W  = —1 --- HQ̂  = (1,463) / (1,73'10'2) = 2,55 kA.
max • u hh • 2 ( ,  ) ( ,  ) ,

CTpyM y Koni nimi, m,o BigxogHTb:

14 • S
imax = - 1 -----HQ̂  = (1,4^63) / (1,73 10 10) =  509 A.
max -/3 • U hh •lO ( , ) ( ,  )

^na BCTaHOBneHHa Ha CTopoHi BHrn,oi Hanpyrn npHHMaeMO BHMHKani rany 

^3-110^-23(13)Y4. Bnöip BHMHKaniB HaBegeHHH y Taön. 2.3.
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Taönn ^ 2.3 -  Bnöip BHMHKana Ha CToporn 110 kB

yMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTano^m
3HaneHHa

U c  <  U H 110 kB 110 kB
I  <  Ip a C H  HOM 463 A 1250 A

1  n o  <  I npCKB 3,075 kA 50 kA

1  yd <  I CKB 7 kA 125 kA

1n z < 1O m xH o M 3,075 kA 100 kA
I  <  I

a z a h o m 0,395 kA 40 kA

B k  <  I 2T t r 0,804 kA 2 c 7500 kA 2̂c

^na BCTaHOBneHHA Ha CTopoHi hh3bkoi Hanpyrn npHHMacMo BHMHKani THny 

MrY-20-90/9500Y3. Bnöip BHMHKaniB HaBegeHHH y Taön. 2.4.

Taönn ^  2.4 -  Bnöip BHMHKaniB y Koni TpaHC^opMaTopa Ha CTopoHi 10 kB

yMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTano^m
3HaneHHa

U c  <  U H 10 kB 20 kB
I  <  Ip a C H  HOM 5,09 kA 9500 A

I n o  <  I npCKB 22,72 kA 105 kA

I yd <  I CKB 51,73 kA 300 kA

^ n z <  ^ O m a H öM 22,72 kA 90 kA
I  <  I

a z a h o m 4,348 kA 30 kA

B K <  I T t r 77,43 kA 2 c 32400 kA 2 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.

Taönn ^  2.5 -  Bnöip cewHHoro BHMHKana Ha Öo^ 10 kB

yMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTano^m
3HaneHHa

Uc  < Uh 10 kB 10 kB
I  <  Ip a C H  HOM 2,55 kA 3150 A

I n o  < I npCKB 22,72 kA 31,5 kA

i y  <  I n p C K B 51,73 kA 80 kA

n̂ z < ̂ O m a H öM 22,72 kA 31,5 kA
I  < I

a z aHoM 4,348 kA 31,5 kA

B K < I T t r 77,43 kA 2 c 2977 kA 2 •c
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^aa BCTaHOBneHHA Ha CTopoHi hh^ hoi HanpyrH b airnax, rn,o BigxogaTb, 

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

HaBegeHo b Taöa. 2.6.

TaöaH ^ 2.6 -  BHÖip BHMHKaaiB Ha amiro, rn,o BigxogHTb 10 kB

YMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTaao^m
3HaneHHa

U c <  U H 10 kB 10 kB
I  <  Ip a C H  HOM 509 A 630 A

1  n o  <  I npCKB 22,72 kA 31,5 kA

iy < 1  npCKB 51,73 kA 80 kA

1nz < 1OmnHoM 22,72 kA 31,5 kA
I  <  Iaz a h o m 4,348 kA 31,5 kA

B k  <  I2Tt r 77,43 kA 2 c 2977 kA 2̂c

^aa BCTaHoBaeHHa Ha CTopoHi BHrn,oi HanpyrH npHHMaeMo po3'egHyBaai 3 

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

BHÖip po3'egHyBaHiB HaBegeHHH y Taöa. 2.7.

TaöaH ^ 2.7 -  BHÖip po3'egHyBaaiB 110 kB

YMoBa
BHÖopy

Po3paxyHKoBi 3HaaeHHa
KaTaao^m
3HaneHHa

U c <  U H 110 kB 110 kB

I paCH <  I HOM 463 A 1000 a

iyö <  I npCKB 7 kA 80 kA

B K <  I Tt r
0,804 kA 2 c 992 kA 2 •c

2.4 Bnöip 3ÖipHHX muH

BHÖpaTH 3Öiprn mHHH 110 kB Ta CTpyMonpoBigrn eaeMeHTH b öao^  Big 3ÖipHHx 

iiihh go BHBogiB öaoaHoro TpaHC^opMaTopa. TpaHC^opMaTop TP^BH-63000/110.

OcKiHbKH 3Öiprn mHHH 3a eKoHoMWHoro rycTHHow CTpyMy He BHÖnpawTbca, 

npHHMaeMo nepepi3 3a gonycTHMHM CTpyMoM npu MaKCHMaabHoMy HaBaHTa^eHHi Ha 

muHax, rn,o BignoBigae 3araabHoMy HaBaHTa^eHHW.
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P
Ihopm = i r ™  = 56,6 / (1.73-110) = 297 A.

"V3 ' Uhom

1 = 1 = 297 AMaKC HOpM

3a Ta6au^ro goßigHuKa npuÖMaeMO go BcTaHOßaeHHa npoßig 1xAC120/19 

(q = 120 mm2, d = 15,2 mm, Igon = 380 A ). Oa3u po3Tamoßam ropu30HTaabH0 Ha 

ßigcTaHi 300 cm. Togi

Igon > l-MaK̂

380 A  > 297 A.

nepeßipKa muH Ha eaeKTpoguHaMiHHy CTiÖKicTb He BuKOHyeTbca, ocKiabKu

In.0 < 20 kA .

nepeßipKa Ha TepMiHHy cTifiKicTb toko®  He BuKOHyeTbca, ocKiabKu muHu 

BHKOHaHi roauMu npoßogaMu Ha ßigKpuTOMy noßiTpi.

nepeßipKa 3a yMOßaMu KopoHyßaHHa b gaHOMy ßunagKy Moraa 6 He 

npoßoguTuca, ocKiabKu 3rigH0 n Y E  MimMaabHufi nepepi3 gaa noßtipaHux amm 

110 kB cTaHOBUTb 70 mm2. Bpaxoßyroau, rn,o Ha B Pn  ßigcTaHb Mi®; npoßogaMu 

MeHma, Hi® Ha noßhpaHux aiHiax, npoßoguTbca nepeßipoHHuö p03paxyH0K. 

Bu3HanaeM0 noaaTKOßy KpuraaHy Hanpy®eHicTb eaeKTpuaHoro noaa:

„  - n -  ( ,  0,299 "|
E0 = 30,3 - m - 1 +---- 1= ^  ,

l  V ro )

ge m -  Koe^^ieHT, aKufi ßpaxoßye mopcTKicTb noßepxHi npoßogy (gaa 

6araT0np0ßigHuK0ßux npoßogiß m = 0,82); r0 -  pagiyc npoßogy, r0 = 0,76 cm.

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

l  V0,76 )



^ 0.354 • U

E = — f D O ,
r0 • lg ^

l  r0 )

ge U  -  mmÖHa Hanpyra, kB;

D cep -  cepegHa reoMeTpHHHa BigcTaHb Mim npoBogaMH $a3, cm. 

npn ropH30HTantHOMy po3TamyBaHHi $a3

D„ep = 126 • D = 100,8,

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

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

B ocTaHHbOMy BHpa3i mmÖHa Hanpyra npHHHaTa piBHow 121 kB, ocKiabKH Ha 

mHHax eaeKTpocTaH^i nigTpHMyeTbca Hanpyra 1,1 Uhom.

nepeBipKa BHKoHyeTbca 3a HacTynHow yMoBow: npoBogn He öygyTb 

KopoHyBaTH, aKrn,o

1,07 • E < 0,9 • E0,

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

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

BHKopncTaHHa.



Bllöip ̂ OpCTKHX LUHH

npHHMaeMO TeMnepaTypy HaBKonnmHboro cepegoBHrn,a: 30oC.

OönpaeMO anwMiHieBi iiihhh KopoönacToro nepepi3y po3TamoBaHi 

ropH30HTantHO i ^opcrao 3aKpinnem ogHa BigHOCHO ogHoi (2x150x65x7 mm, 

nepepi3OM 2x1785 mm2, Igon=5650A).

PncyHOK 2.4 -  fflHHH KopoönacToro nepepi3y 

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

YMOBa 3a gonycTHMHM CTpyMOM:

I mHx = 5090A < I g0n = 5650 A,

yMOBa BHKOHyeTtca.

npnnycTHMHH CTpyM 3 ypaxyBaHH^M nonpaBKH Ha TeMnepaTypy 

HaBKonnmHboro cepegoBH^a:

I'do„ = hon - . h "  = 5650 J 7 0 -3 0  = 5327 A,
y v do„ - v HopM \70 -  25

ge v gon -  gonycTHMa TeMnepaTypa mHHH;

uH0pM -  HoMiHanbHa TeMnepaTypa HaBKonnmHboro cepegoBH^a.

5090 A  < 5327 A.



MimMaabHuö TepMiaHO cTrnKuö nepepi3:

J b R 777,43
q min.don ^  jq_3 97,8 MM2.

OcKiabKu q^nöon = 97,8 < 2x1785 mm2 TepMiaHa cTiHKicTb muH 3aöe3neayeTbca.

TBepgi muHu noBuHHi öyTu nepeBipeHi Ha guHaMiam gii CTpyMiB K3 i Ha 

MO®auBicTb BHHHKHeHHa pe30HaHCHHX aBuffl,. 3a3HaaeHi aBHffl,a He BHHHKaWTb npu 

K3, aKffl.0 BaacHa aacTOTa KoauBaHb tttuhu MeHme 30 i öiabme 200 ^acTOTa 

BaacHux KoauBaHb gaa aaKMiHieBux muH Bu3HaaaeTbca 3a $opMyaoK

f  = 173.2 Jyo-yo = 173.2 1260 = ? , 7 r „

0 = l 2 v 2 • qmuH, = 22 ] j 217,85 = ^

ge l -  goB^HHa npoabOTy Mi®; i3oaaTopaMu l=2 m , m ;

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

qmHHH -  nonepeaHHH nepepi3 ogmei mHHH, cm2.

OcKiabKu f 0 = 257 > 200 to MexamaHuö pe3OHaHc BuKaKaaeTbca.

MoMeHT onopy nepepi3y gaa gBOx 3porn,eHux muH:

i2 • l 2 51,732-22-10-2
^.max = 1,76 ------- 10_8 = 1>76------------------------- -- 1,41 M na

T a • Wyo_yo 0,8-167

ge a -  BigcTaHb Mi® $a3aMu, m ;

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

^ $ max = 1,41 < crflon = 82,3 M na yMOBa MexaHiaHol m^ hoct BuKOHyeTbca. 

ge crgon =  82,3 M na -  gonycTuMa MexaHiaHa Hanpyra b MaTepiaai aaKMiHieBux muH.

Cuaa B3aeMogil Mi® mBeaepaMu:

i2 7 51,732
f n = 0,5 -IO“7 = 0,5-----------10-1 = 892 H/m
n ’ h , 0,15

ge h - BucoTa mBeaepa, m .



MaKCuMantHa BigCTaHt Mi®; M iC ^M u  3BaproBaHHa mBenepiB:

12 . ( a flon - o ^  )•  W y_y 12-(82,3 -  1,41). 14,7

ln.max ^  ^  J  892 = 4 “

ge  N̂ y —y  -  MOMeHT onopy m uH y  BepraKantHifi n^om uHi, cm3.

2.5 Bnöip BHMiproBâ bHHx TpaHC^opMaTopiB CTpyMy Ta Hanpyru

^ n a  BBiMKHeHHH eneKipoBuMiproBantHux npnnagiB i npucrpoiB penefiHoro 3axHCTy 

HeoöxigHa ycraHoBKa TpaHC^opMaTopiB CTpyMy i Hanpyru. y  gaHoMy npoeKTi penefiHufi 

3axHCT geTantHo He po3poönaeTtCa, ToMy nepeBipKy TpaHC^opMaTopiB 3a btophhhhm 

HaBaHTa®eHHaM BHKoHyeMo 3 ypaxyBaHHaM BBiMKHeHHa Ti^tKH BuMiproBantHux npunagiB.

y  ^aH^W3i CunoBoro TpaHC^opMaTopa 3 öoKy H u®noi Hanpyru BCTaHoBnroeTtCa 

aMnepMeTp, BontTMeTp, BapMeTp, ninuntHuKu aKTHBHoi i peaKTHBHoi eHeprii, Ha 

m uHax 110 kB -  BontTMeTp i3 nepeMuKaneM gna BHMipy Tptox M i®^a3oBux Hanpyr, 

Ha C ew fiH o M y  BHMUKani 10 kB - aMnepMeTp, Ha niHiax, rn,o B igxogaTt, 10 kB - 

aMnepMeTp, ninuntHuKu aKTHBHoi i peaKTHBHoi eHeprifi. Po3paxyHoK BTopuHHoro 

HaBaHTa®eHHa TpaHC^opMaTopa CTpyMy HaBegeHufi y  T a ö n u ^  2.8.

Taönu^ 2.8 -  Po3paxyHoK BTopuHHoro HaBaHTa®eHHa TpaHC^opMaTopiB CTpyMy

npunag KnaC
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

riinuntHuK aKTuBHoi eHeprii 1 2,5 - 2,5

riinuntHuK peaKTuBHoi eHeprii 1,5 2,5 - 2,5
CyMapHe HaBaHTa®eHHa CTpyMy b Koni 
cunoBoro Tp-pa Ha ö o ^  BH

0,5 0,5 0,5

CyMapHe HaBaHTa®eHHa CTpyMy b Koni 
CunoBoro Tp-pa 3 öoKy HH

6,5 0,5 6,5

CyMapHe HaBaHTa®eHHa CTpyMy b Koni 
Ce^. BuMuKana Ha HH

0,5 0,5 0,5

CyMapHe HaBaHTa®eHHa CTpyMy b Koni 
BigxigHoi nmii

0,5 0,5 0,5



Bnöip TpaHC^opMaropiB CTpyMy HaBegeHnn y Taöan^x 2.9 - 2.12.

BnönpaeMO TpaHC^opMarop CTpyMy TO3M-110E-I.

T aöan ^  2.9 -  Bnöip TpaHC^opMaropa CTpyMy b Koni cnaoBoro

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

YMOBa BHÖopy
Po3paxyHKOBi

3HaneHHa
Karaao^ r n

3HaneHHa

U c  <  U  H 110 kB 110 kB
I  <  Ip a C H  HOM 463 A 800 A

i y  <  1  n p C K B 7 kA 124 kA

B k  <  l2T t r 0,804 kA 2 c 2352 kA 2 c

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

^aa nepeBipKH 3a btophhhhm HaBaHTmeHHaM BH3HaaaeMO onip npnaagiB

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

Togi onip cnoayaHnx npoBogiB MO^e öyra

7  = 7  — 7  — 7^np ^ hom ^npun ^ k

ge Z np — HOMiHa^bHHH onip HaBaHTa^eHHn, Om ;

Z npun — onip npnaagiB, Om ;

Zk — onip KOHTaKTiB, Om .

Znp =  1,2 — 0,02 — 0,1 =  1,08 Om .

nepeTHH ^na npn goB^nrn Kaöeaa l = 100 m :

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

Znp 1.08



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

F  -  nepeTHH : hh, mm2.

nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexaHiHHoi m^ hoct noBHHHHH 

öyTH He MeHme H i:  2,5 mm2 gna MigHHx : hh.

Onip oöpaHHx npoBogiB:

l  100
Z np = P ' p  =  0 .0175 • —  =  0.7 Om

3aranbHHH onip CTpyMOBoro Kona

Z H =  Z n pUR +  Z k +  Z n p =  0,02 +  0,1 +  0,7 =  0,82 Om

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

TOHHOCTi 0,5.

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

BnÖHpaeMO TpaHC^opMaTop CTpyMy TfflB-15-y3.

TaÖHH^ 2.10 -  Bnöip TpaHC^opMaTopa CTpyMy y Koni TpaHC^opMaTopa Ha ö o ^  10 kB

yMoBa BHÖopy
Po3paxyHKoBi

3HaHeHHA
KaTano:r n

3HaHeHHA
U c  <  U H 10 kB 15 kB

I  <  Ip a C H  HOM 5090 A 6000 A
i <  L

y  duH 51,73 kA -

Bk <  F T t r 77,43 kA 2 c 3650 kA 2 c

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

nepeBipKH 3a btophhhhm HaBaHTa:eHHaM BH3HanaeMo onip npanagiB

Z„p„. =  ^ j P P  =  ^  =  0 ,26 Om

Togi onip cnoHyHHHx npoBogiB M o:e öyTH
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7  = 7  — 7  — 7■̂ np ^ hom -^npH  ̂ ^ k

ge  Z np — HOMiHa^bHHH on ip  HaBaHTa^eHHH, Om ;

Z npun —  on ip  n p n ^ag iB , Om ;

Z K — on ip  KOHTaKTiB, Om .

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

nepeTHH : hh npn go B :H H i Kaöena l =  100 m :

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

Z np 0,84

ge  p -  nm oM HÖ onip Migi, 0,0175 (O m m m 2/m ),

F  -  nepeTHH : hh, mm2.

nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexaHiHHoi M ^H o cri noBHHHHH 

öyTH He MeHme H i :  2,5 mm2 gna MigHHx : hh.

O n ip  oöpaHHx npoBogiB:

l 100
Znp = p - -  =  0 .0175 ----------=  0,7 O m.

p F  2,5

3arantHHH onip CTpyMoBoro Kona

Zh =  Z npan +  Z fc +  Z np =  0 .26 +  0 .1 +  0,7 =  1,06 Om.

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

TOHHoCTi 0,5.

TpaHC^opMaTop CTpyMy T ^ B -1 5 -Y 3  BignoBigae yMoBaM BHÖopy.

BHÖHpaeMo TpaHC^opMaTop CTpyMy T f f l^ -1 0 -y 3 .



YMoBa BHÖopy
Po3paxyHKoBi

3HaneHHa
KaTano^Hi
3HaneHHa

U c  <  U H 10 kB 10 kB
I  <  Ip a C H  HOM 2,55 kA 3000 A

i  <  Ly  OUH 51,73 kA -
b k  <  F T t r 77,43 kA 2 c 3250 kA 2 c

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

^na nepeBipKH 3a btophhhhm HaBaHTmeHHaM BH3HanaeMo onip npnnagiB

S 0 5
^  =  ~°2 =  0,02 Om

Togi onip cnonyHHHx npoBogiB Mo^e öyra

7 = 7  —  7  —  7^np ^ hom ^npun ^ k

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

Z npun — onip npn^agiB, Om ;

Zk — onip KOHTaKTiB, Om .

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

nepeTHH ^nn npn goB^nrn Kaöena l =  100 m :

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

Z np 0,68

ge p -  nnTOMHH onip Migi, 0,0175 (O m -mm2/m ),

F  -  nepeTHH ^nn, mm2.

nepeTHH cnonynHHx npoBogiB 3a yMoBaMH MexaHiHHoi m^ hoct noBHHHHH 

öyTH He MeHme Hm: 4 mm2 gna MigHHx ^nn.



Onip oöpaHHx npoBogiB:

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

p F 4

3aranbHHH onip CTpyMOBoro Kona

Z H =  Z nvun +  Zfr +  Z np =  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^-10-Y3 BignoBigae yMOBaM BHÖopy.

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

TaÖHH^ 2.12 -  Bnöip TpaHC^opMaTopa CTpyMy Ha giHii', ^ o  BigxogHTt

YMoBa BHÖopy
Po3paxyHKoBi

3HaneHHa
KaTano^Hi
3HaneHHa

IA 10 kB 10 kB
I  <  Ip a c H  HOM 509 A 1000 A

i  <  Ly  OUH 51,73 kA -

B k  <  l2T t r 77,43 kA 2 c 3250 kA 2 c

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

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

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

Togi onip cnonyHHHx npoBogiB Mo^e Öyra

7  = 7  — 7  — 7^np ^ hom ^npun ^ k

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

Z npun —  onip npH^agiB, Om ;

Zk — onip KOHTaKTiB, Om .



Z np =  0,8 -  0.02 -  0.1 = 0,68 Om .

nepeTHH : hh npn gOB:HHi KaöeHa l =  100 m :

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

Z np 0,68

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

F  -  nepeTHH : hh, mm2.

nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexarnnHOi M^HOCTi noBHHHHH 

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

Onip oöpaHHx npoBogiB:

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

p F 4

3aranbHHH onip CTpyMOBoro KOHa

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 KHaci 

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 öo^  BHCOKOi Hanpyrn 110 kB OönpaeMO TpaHC^OpMaTOpn

HKO-110-58Y1, Ha öo^  10 kB -  3HO.H.09-10.02, BHKOpncTOByroHH gaHi i3 

TaÖHH^ HaBegeHHx y gOBigHHKax.
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T u n
K H a c

H o M iH a H b H a  H a n p y ra  o ö m o t o k
H o M iH a H b H a  n o T y * H ic T b ,  

B ^ Ä , b  KH aci T o n H o c T i
M a K cu M a H b H a

n o T y ^ H ic T b ,

b ä
H a n p y ru n e p B H H H o i,

k B

O c H o B H o i 

BTopH H H o'i, B

A o g a T -  

K o B o i, B
0 ,2 0 ,5 1 3

H K O -

1 1 0 -5 8 Y 1
110 110/V3 100/V3 100/3 - 4 0 0 6 0 0 1 2 0 0 2 0 0 0

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

T u n
K H a c

H o M iH a H b H a  H a n p y ra  o ö m o t o k
H o M iH a H b H a  n o T y * H ic T b ,  

B ^ Ä , b  KH aci T o n H o c r i
M a K cu M a H b H a

n o T y ^ H ic T b ,

B ä
H a n p y rH n e p B H H H o i,

k B

O c H o B H o i 

B TopH H H oi, B

A o g a T -  

k o b o i , B
0 ,2 0 ,5 1 3

3 H O H .0 9

-1 0 .0 2
10 10/V3 100/V3 100 50 75 150 3 0 0 6 3 0

2.6 OßrpyHTyBaHHH cxeMH ê ercrpHHHHx 3’egHaHb mgcraH^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^nuBicTb BHKoHaHHa peMoHTHux i eKcnHyaTa^ÖHux poöiT 

Ha OKpeMHx eneMeHTax cxeMH h öe3 BigKnroneHHa npuegHaHb.

npn ^oM y cHig 3acTOCOByBaTH HaönpocTimi cxeMH.

nigcTaH^a BigHocuTbca go KHacy TynHKOBHx nigcTaH^ö. A ha 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 HaH^ro3i TpaHc^opMaTopa h 

HeaBToMaTHHHow nepeMHHKow» (pnc. 2.5).
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PncyHOK 2.5 -  CxeMa po3Mim,eHHA bhcokobohbthhx anapaTiB Ha nigcTaH^i

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

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

TpaHC^opMaTopiB go ogrnei nimi npn peMOHTi mmoi.

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

y  HopMantHoMy pe^HMi Bce KoMyTa^ÖHe oönagHaHHA BKnroneHe, 3a bhhatkom 

po3'egHyBaniB QS3...QS4 y peMoHTHifi nepeMHW. noBiTpam nimi W1, W2 - rnmi, aK 

3'egHywTt npoeKToBaHy nigcTaH^ro 3 eHeprocncTeMow.

Po3rnaHeMo HacrngKH aBapiÖHHx CHTya^ö y gamfi cxeMi:

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

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

^HBneHHa cno^HBaniB nigcTaH^i 3gificHweTbca nepe3 TpaHC^opMaTop T2 3a paxyHoK



öoro nepeBama^yBagbHoi 3gaTHocTi.

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

KopoTKOMy 3aMHKaHHi Ha giHii W1 BigöyBaeTbca BigKgroneHHa BHMHKana Q1, 

TpaHC^opMaTop T1 BTpanae ®HBgeHHa. nicga 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). npn 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 

(W 1) 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
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STCH -  SCH,

ge STCH - noTy^rncTb TpaHC^opMaropa BaacHHx noTpeö, kBA;

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

T aöan ^  2.15 -  Po3paxyHOK noTy^HOCTi npHHMana BaacHHx noTpeö

n/n
HaÖMeHyBaHHa

cno^HBana

ycTaHOBaeHa
noTy^HiCTb Koe$.

nonHTy
cos^

HaBaHTa^eHHa

OgHHH^, 
kBt x

KiabKiCTb

Bcboro,
kBt kBt

QycT,
KBAp

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

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

2

nigirpiB
BHCOKOBOHbTHHX 
BHMHKaHiB 3OBHimHbO1 
yCTaHOBKH

2x4 8 0,8 1 8 -

3
nigirpiB npHBogiB 
po3'egHyBaniB 
3OBHimHbO1 yCTaHOBKH

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

4
OnaneHHa, ocBrraeHHa, 
BeHTHa^ia 3aKpHToro
p y

- 5 0,8 1 5 -

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

Bcboro 27,4 6,2

Po3paxyHKOBe HaBaHTa^eHHa

5ycT =  Kc • ^ P Ict +  Q^ct 

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

Sy c r =  0.8-V27,42 +  6,22 =  22,5 kB A



n ig  nac BBiMKHeHHa ^ o r o  HaBaHTmeHHa Ha ogHH TpaHc^opMaTop 

gonycKaeTbca noro nepeBaHTmeHHa Ha 20%. noTy^HiCTb TpaHc^opMaTopa gaa 

3aöe3neneHHa ^HBaeHHa HaBaHTmeHHa BaacHHx noTpeö 3 ypaxyBaHHaM peMOHTHHx 

HaBaHTa^eHb. PeMOHTHe HaBaHTmeHHa Ha nigcTaH^i MO^Ha öpara tskhm, rn,o 

gopiBHwe STCP = 20 -  25 kBA.

= SCH + STCP = 22,5 + 20 = 35,4 kBA.
TCH 1,2 1,2

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 npHcrpoiß Ha 6o^ 110 kB

nigcTam,ii (n C ) 110 kB cnopyg^yroTb, aK npaBHno, BigKpHTHMH.

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

BHnagKax [9]: po3Mirn,eHHa n C  i3 TpaHc^opMaTopaMH 16 M B A  i BHrn,e Ha cay^öoBm 

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 Mepe^ nignpueMCTB.

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

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

TpaHc^opMaTopn 110

kB BapTO ycTaHOBHWBaTH BigKpHTHMH, a y paöoHax i3 3aöpygHeHOW 

aTMoc^epow 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 BigKawneHHa npnegHaHb:



noBiTpam amii BigKaronaroTbca Big P n  He öiabme H i:  gBOMa BHMHKanaMH, 

TpaHC^opMaTopn önoKiB BigKaronaroTbca He öiabme Hm: TpbOMa BHMHKanaMH i T.iH.

npH BigKaroneHHax BHMHKaniB y HopManbHOMy pe:HMi P n  He noBHHHe 

BigKnwnaTH öiabme ogHoro öaoKa, y peMOHTHOMy - He öiabme gBOx öaoKiB.

^aa Pn35-220 kB npn ancai npnegHaHb 12-16 ogHy 3 gBOx cncreM 

cewoHyroTb, npn ancai npnegHaHb öiabm H i:  16 -  cewoHyroTb oöngBi cncreMH 

miH.

2.9 KoMnoHyBaHHH po3nogiabHHx npHcrpoiß Ha 6o^ 10kB

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

nigcTam,iH 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 n Y 3 ),  po3mnpeHHa 

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

öygiBeabHHx i mohtb: hhx poöiT.

CewroBaHHa 3ÖipHHx mHH go3Boaae 3agoBoabHHTH BHMorn HagiÖHocTi. 

Po3mnpeHHa P n  3giöcHroeTbca 3anoBHeHHaM pe3epBHHx ocepegKiB aöo BBegeHHaM 

hoboi ceKgii.

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

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

peKoMeHgyeTbca BCTaHoBaroBara ma^H K P y  3aBogcbKoro BHroTOBaeHHa.
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3 PO3PAXYHOK PE^EHHOrO 3AXHCTY TPAHCOOPMATOPA

3.1 BH3HaneHHH napaMeTpiB, HeoöxigHHx g^H po3paxyHKy 3axncriB 

TpaHc^opMaTopa

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

KaTaao^m gam aKoro HaBegeHO b Ta6an^ 1.3.

TpaHC^opMaTop ogep^ye ®HBaeHHa Big eHeprocncreMH 3 napaMeTpaMH 

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

1. ^aa CKaagaHHa cxeMH 3aMirn,eHHa (pnc. 3.1) po3paxyeMo onopn 

TpaHc^opMaTopa:

a) 3aranbHHH mgyKTHBHHH onip:

*  = ^ k- • ^ P hom = i 0 5 . = 22,04 Om .
m 100 S„ 100 63

6) onip oömotkh butttqi Hanpyra:

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

b) onip o6motkh hh^ hoi Hanpyra:

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

2. npn po3paxyHKax CTpyMiB K3 gaa 3axHCTiB TpaHC^opMaTopiB i3 PnH  caig 

ypaxyBaTH 3MiHy onopy 3a paxyHOK peryaroBaHHa Hanpyrn. ^aa TpaHC^opMaTopiB 

110 kB npn6aH3HO MO^Ha npHHHaTH:



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

po3rn,enneHOW o6motkow

. . . .  =  . . ( 1  -  A U ) 2 = 38,6 -(1 -  0,12) 2 =  29,9 0 m;

. . . .  = . . „ om (1 +  A U ) 2 =  38,6-(1 + 0,12) 2 =  48,4 ° m.

3BigcH

. » , „ »  = . . . .  (1 - A U  ) 2 = 2,76-(1 -  0,12) 2 = 2,13 

. .  .  . hom (1 + A U ) 2 = 2,76 - (1 +  0,12) 2 = 3,46 ° m.

3. CrpyM KopoTKoro 3aMHKaHHA Ha niuHa.x hh^ hoi Hanpyrn (ToHKa K l ) :

t (3) = _________ U cP.hom___________ = _________ 115________ = 1 509 kA
k . MaKc ^ 3 ( .  + .  + .  ) ^ 3 ( 12 + 2 + 29,9) ’ .

y \ c.mükc e.Mun u.muu J ^^5^/

I «  .  = — ,-------- UcPhom------------T = — ------ 115----------- =  0,823 kA.
K 2 - ( . cm,» +  - W  + . . . .  )  2-(18 + 3,46 + 48,4)



3.2 Po3paxyHOK no3goB^Hboro gn^epeH^a^bHoro CTpyMOBoro 3axncry

1. CTpyM Cnpa^oByBaHHa 3axHCTy BH3HanaeTbCa 3a 6inbmoro i3 gBox 

po3paxyHKOBHx yMOB:

а) Big6ygyBaHHa Big KHgKa CTpyMy HaMarmnyBaHHa, rn,o BHHHKae npn 

BKnwneHHi TpaHC^opMaTopa Ha xohocthh xig a6o npn BigHoBaeHHi Hanpyrn nicna 

BigKaroneHHa K3, a Tarn«: Big nepexigHHx CTpyMiB HeöanaHcy npn 30BHimHix K3:

1c. 3 komc 1 * HOM ,

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

1 hom - HOMiHanbHHH CTpyM Tiei CTopoHH TpaHC^opMaTopa, Hanpyry aKoi 

npHHHaTO b aKOCTi po3paxyHKOBoi;

rt /to
I HOM = - r S -----= - = -------= 0,316 kA.
HOM V3 • UcP.HOM V3 • 115

I c.3 = 1,3 • 316 = 411,2 A.

б) BigöygyBaHHa Big MaKCHMaabHoro nepiogHHHoro CTpyMy He6aaaHCy, rn,o 

BHHHKae npn 3oBHimHix K3:

1 c.3 ~ k3 1 h6.pam

ge k3 = 1,3 - Koe^^ieHT 3anaCy no BH6ipKoBoCTi;

I H6 Pam - MaKCHMaabHHH po3paxyHKoBHH CTpyM He6aaaHCy, po3paxoBaHHH aK 

CyMa Tpbox CKaagoBHx, nponop^HHHx nepiogHHHifi CKaagoBiH CTpyMy K3,

I = I' + I" + Imn6. pam n6. pam n6. pam n6. pam



THÖ.paen kodu ^ 1 K.MaKC ’

ge kodH = 1 ,0 ;

s = 0,1;

I KMaKC " MaKCHManbHHH CTpyM 30BHimHtoro K3, npHBegeHHH go

po3paxyHKOBoro ^aönA Hanpyrn.

CKnagoBa I"h6 pacH oöyMOBneHa perynroBaHHAM Koe^^ieHTa TpaHC^opMa^i

cnnoBoro TpaHC^opMaTopa (aBTOTpaHC^opMaTopa) nicAA Toro, ak 3axncT öyB 

3ÖanaHCOBaHHH Ha cepegHix BignaÖKax. U a CKnagoBa BH3HanaeTbCA ak cyMa CTpyMiB 

HeöanaHcy Ha CTopoHax, ge e perynroBaHHA:

iii
T" = V A U  • Thö.pacH / j n K.MaKc.n ’ 

n=I

ge AU n - BigHOCHa norpimHiCTb perynroBaHHA Hanpyra, npHHMaeTbCA piBHiö

nonoBHHi giana3OHy perynwBaHHA CTopoHH n TpaHC^opMaTopa (AKrn,o perynwBaHHA 

±10%, to A U n =  0,1);

I KMaxen - MaKCHManbHHH nepiogHHHHH CTpyM, ^ o  npoTiKae no CTopom n 

TpaHC^opMaTopa.

CKnagoBa I ^ö pacH oöyMoBneHa HeTOHHic™ ycTaHoBKH Ha pene po3paxyHKoBHx 

HHcen BHTKiB:

iii

I "  = / A w  • Ihö. pacH n k. MaKC.n
n=I

w — wa n. pacH nge Awn = —  -------------norpimHiCTb BHpiBHWBaHHA gnA CTopoHH n
n wn

ApKyuj
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TpaHC^opMaropa.

3 ypaxyBaHHaM HaBegeHHx BHpa3iB BHKOHyeMO po3paxyHKH CTpyMy

Cnpa^oByBaHHa 3axHCTy 3a yMOBoro BigöygyBaHHa Big CTpyMy HeöanaHCy:

.  -s  +  A U ,) I .  = 1,3-(1,0■ 0,1 + 0,12). 1509 = 431,5 A. 

npHHMaeMo ömtme 3HaneHHa I c3 = 431,5 A.

2. Bnöip THny pene poÖHMo Ha ocHOBi o^ hkh HyraHBOCTi 3axHCTy, « khh 

BH3HanaeMO npnönroHo, BBa^aronH, rn,o BeCb CTpyM ymKog^eHHa (npHBegeHHH go 

BTopHHHoi ctopohh) nonagae b pene. nonepegHa nepeBipKa nyT^HBOCTi npoBogHTbCa 

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

BHKoHyBaTHC« yMoBa:

I  (2)
kH = > 2,0,

1 C.3

893
kH = -------= 1,908 < 2.
4 431,5

3. OcKinbKH 3axHCT i3 pene THny PHT He 3aöe3nenye nyTHHBocTi, to 

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

BHÖnpaeTbca 3a yMoBaMH:

а) BigöygyBaHHa Big KHgKa, ^ o  HaMarainye CTpyMy

-c.3 = K,„c ■ - o  = 1,5 ■ 316 = 474,4A .

б) BigöygyBaHHa Big CTpyMy HeöaaaHCy npn K3 Ha HH3bKrn CTopoHi

- c.  =  k,  . -s  +  A U , ) - . c = 1 .1 ,0■  0,1 + 0,12)-1509 = 497,9 A.

CTpyM CnpagtoByBaHH« 3axHCTy npHHMaeMo no ömtmifi 3 yMoB I c.3. = 497,9 A.
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4. BH3HanaeM0 HyraHBiCTt 3axHCTy npn K3 Ha CTopoHi HH npn MiHiMantHOMy 

perynwBaHHi:

I (2) 823
k  =  - K̂ MUH = ------- = 1,653.
* I c.3 497,9

^  3HaneHHa k  Tpoxn MeHme HopMOBaHoro, ogHaK, y^e npn HOMmantHOMy

Koe^^iem i TpaHC^opMagii TpaHC^opMaTopa CTpyM K3 CKaage:

iK  M uh -------115---------7 = 0,696 kA.
KMUH 2(18 + 2,76 + 38,6)

i HeOÖxigHHH Koe^^ieHT HyraHBOCTi 3a6e3nenyeTtcfl

k  = - 969- *  2 .
* 497,9

TOMy 3axHCT i3 pene ^3T-11 MO^e öyra 3acTOCOBaHHH.

3.3 Bnöip ycTaBOK pe^e THny ^3T-11

1. BroHanaeMO nepBHHHi HOMmantm CTpyMH gra gBOx CTOpiH oönagHaHHA, rn,o 

3axH^aeTbca, nO $opMyni:

sT _  UHOM
1 HOM.n = fZ j t ,

^  U HOM.n

ge S HaM -  HOMiHantHa noTy^HiCTt TpaHC^opMaTopa;

U HOM n - HOMiHantHa Hanpyra ctopohh oönagHaHHA, ^ o 3axn^aeTtca. 

ctopohh bhcokoi Hanpyrn 115 B:



r 63000
I „m.n = —j=------ = 316 A.

V 3 -115

^na ctopohh HH3BK01 HanpyrH 10,5 B:

r 63000 „ ^ AA
I  = —= -------= 3464 A.
HOMn V ä -10,5

2. BH3HanaeMO BTopHHHi HoMmanbHi CTpyMH nnenen 3axHcry:

I  =  IHOM. nkcx, n
1 e. hom. n ,

K I  .n

ge kcxn - Koe^^ieHT cxeMH 3'egHaHHa btophhhhx oömotok TpaHc^opMaTopa Ha

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

3'egHaHHi oömotok y kcx = ■T3 TpHKyTHHK );

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

oö'eKTa, ^ o  3axH^aeTtca (npn BHöopi Koe^^iem a TT Tpeöa BpaxoByBara, ^ oö  

BTopHHHi HoMiHantHi CTpyMH cyTTeBo He nepeBHrnyBanH nacnopTHi 3HaneHHa 

CTpyMiB 5 A  aöo 1 A ). CTopoHa 3 HanömbmHM btophhhhm CTpyMoM npHHMaeTbca b 

aKocTi ochobhoi, rn,o 3aöe3nenye HaHMeHmy norpimHiCTb BHpiBHMBaHHa gna pene.

^na ctopohh bhcokoi HanpyrH 115 B:

r 316 -V3 /1̂ „ A
I  —---------- — 4,57 A.e. hom. n 600/5 ,

^na ctopohh HH3bKoi HanpyrH 10,5 B:

3464 A
e. HOM.n = 4000 / 5 = , .

BpaxoBywHH, rn,o oöMoTKa HH3bKoi HanpyrH TpaHc^opMaTopa BHKoHaHa



po3^enneHoro, oTpHMaHe 3HaneHHa CTpyMy HeoöxigHo nogBoira - I eHOM n =  8,66 A. 

OTpHMam po3paxyHKOBi gam HaBoguMo b Taöan^ 3.1.

Taöan^ 3.1. Po3paxyHKH nepBHHHHx i btophhhhx CTpyMiB CTopiH 

TpaHc^opMaTopa

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

K ln 600/5 4000/5
CxeMa 3'egHaHHa TpaHC^opMaTopa TpHKyTHHK 3ipKa
I  A1 B.HOM.n ’ 4,57 8,66

3 Taöan^ 3.1 BHnaHBae, rn,o b aKocTi ochobhoi cnig B3ara CTopoHy HH3bKoi 

Hanpyrn (10,5 kB), rn,o Mae ömbrnnö btophhhhh HoMmanbHHH CTpyM.

3. CTpyM cnpa^oByBaHHa peae gna ochobhoi ctopohh TpaHC^opMaTopa 

BH3HanaeMo no Bupa3y:

( U  \J 7 HOM. pacu
 ̂C.3 k CX JT

T _ V U  HOM.n J
c.p.n -  P ,

K I  .n

ge UHOMpam -  HoMmanbHa Hanpyra CTopoHH, BignoBigHoi go po3paxyHKoBoro

^aöaa Hanpyrn.

497,9 • 1 • —
10 5

I c p n  ---------------105-  6,82A.c . P n  4000/5

4. Po3paxyHKoBe HHcao BHTKiB poöonoi oömotkh gaa ochobhoi ctopohh 

BH3HanaeMo no ^opMyai:

F cp 100 .
WocH.pac = - , ----- =  T ^  =  14,7 BHTKiß.

1 c. P . OCH 6,82



npHHMaeMO HanönH^ne MeHme ^ne 3HaneHHA wpa6ocH= 14 BHTKiB, ^ o

3a6e3nenye 3anac no BHÖipKoBocri. npn ^OMy ^aKTHHHHH CTpyM cnpa^oByBaHHA 

pene CTaHOBHTt:

L.poc, =  100 = 7,14 A.

5. Po3paxyHOK HHcna BHTKiB gna iHmoi CTopoHH 3axncTy BHÖnpaeMo 3a 

yMOBaMH öanaHcy Ha pene M ^C  3axncTy npn 30BHimHt0My K3 aöo HopMantHOMy 

pe^HMi (pnc. 3.2):

1 . homI  WI  1 . homI I  WI I

3BigKH

f 1 1.... _ .... 6. HOM. OCHw  — w  • --------  .paen.n och j
V 1 B.HOM.n J

. . 8,66 . , _ , 
wpacu —14-------— 26,56 BHTKiB.pacu 4 5 7  7

npHHMaeMo HafiÖHH^He ^ne 3HaneHHa, rn,o 3a6e3nenye HafiMeHmy norpimmcTt 

BHpiBHWBaHHa Wj = 27 BHTKiB.



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

6. YTOHHeHHH CTpyM cnpauboByBaHHH 3axncTy 3 ypaxyBaHHHM norpimHOCTi 

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

h . ,  = , ( , - e  +  W ,  +  & w , )■ / „  = 1,5-(1,0 ■ 0,1 + 0,12 + 0,0166)-1509 = 535,6 A,

ge Aw; =  W p m  -  W  = 26,56 ~ 27 = 0,0166.
1 w  26,56

7. YTOHHeHHH po3paxyHKoBHH CTpyM cnpa ôByBaHHH pene BH3HaHaeMo no 

^opMyni:

( U  A ( i i 5 A
I C3 ■ kCx ■ —p—  535,6 -1 - -----

I  = _______ v U hqmII j  = ________V8 * 1 0 , 5 J  = 7  3 3  a
Cp ' OCH kI ( n )  4000/5 , .

8 . Po3paxyHKoBHH CTpyM HeöanaHcy 3axHCTy npn K3 Ha croporn HH, ge

nepegöaHeHe ranbMyBaHHH, 3 ypaxyBaHHHM norpimHocTi BHpiBHMBaHHH 3HaxogHTbca

no BHpa3ax, HaBegeHHx y n. 3.2.1:



1 h6. pacn - K ' (knep ' £ + I +  ̂ WII )1 k.mukc - • °U + 0,12 + 0,0457) 4 509 -

= 601,3 A.

14 7 -14
ge Awrr -  — ----------- 0,0457.

11 14,7

9. 4ncao BHTKiB raabMiBHoi oömotkh, rn,o 3aöe3neaye HagifiHe BigöygyBaHHa 

peae Big CTpyMy HeöaaaHcy npn gaHOMy BHgi K3, BH3HaaaeTbca no BHpa3y:

_ K3 1 u6. pacn Wpa6.n
WmopM.n j  . ,

1 mopM.n

ge k3 -1 ,5 ;

I mopM n - nepBHHHHH raabMOBHH CTpyM Ha CTopoHi TpaHC^opMaropa, ^ o

3axHrn,aeTbca, Ha aKifi BKaroaeHa raabMOBa oÖMOTKa;

t g a -  0,75 - TaHreHC KyTa Haxnay goTHHHoi npoBegeHoi 3 noaaTKy KoopgHHar

go HH^Hboi po3paxyHKOBoi no BHÖipKOBOCTi raabMiBHoi xapaKTepncTHKH (pnc. 3.3).

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

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

k 3 • In6.paen ' Wpa6 n 1,5 • 601,3 • 14 
WmopM  ------- p--------p-------------------------- 11,16 «  11 BHTKiB.

m0pM I k. MaKc • t g a  1509 • 0,75



TaKHM hhhom, go ycTaHOBKH Ha pene npHHMawTtca HacTynHi bhtkh:

W j = 27 w n  = 14 w mQpM = 11 mT.

10. ^yTHHBicTb 3axHCTy BH3HanaeMO npn6nH3HO no nepBHHHHx CTpyMax npn 

po3paxyHKOBOMy K3 Ha CTopoHi HH gna BHnagKiB MirnMantHoro h HopMantHoro 

perynroBaHHA TpaHc^opMaTopa:

j ( 2)
U _  j k.muh
kH -  j  ,

J C.3

ge J C3 -  ^aKTHHHHÖ CTpyM cnpa^oByBaHHA 3axncTy, BH3HanaeTbca 3 BHpa3y

( U  \t 7 hom. pacu
J c.3 k CX JJ

t _ V U  HOM.n J
c .P n -  Jp ’

K J .n

3BigcH

J • Kj    J c.p.n K I  .n

J c 3 -  T U   ̂’7 U  hom.pacu

cx UV HOM.n J

ge Jc.pn -  Jc.p.ocH = 7,14 A .

-  7,14; 4000/5 - 521,7 a .

^  (  115'

\  ̂  J

Togi BH3HanaeMo Koe^^ieHTH HyraHBocTi:



f 823 1co , 969 1 0,
K] = ------- = 1,58, k4 2 = --------= 1,86.
41 521,7 42 521,7

OcKintKH Koe^^ieHT ayTaHBoCTi 3axHCTy npn HopMaatHoMy peryawBaHHi 

Hanpyrn npaKTHHHo BignoBigae HopMOBaHOMy, a npn MiHiMaatHoMy peryawBaHHi 

gocHTb bhcokhh, to 3axHCT i3 peae ^3T-11 peKoMeHgyeTtCa go ycTaHOBKH.

3.4 Po3paxyHOK MaKCHMaabHoro CTpyMOBoro 3axucTy

1. ^aa gBoxoÖMoTKoBHx TpaHC^opMaropiB 3axHCT BCTaHoBaweTtca Ha CTopom 

^HBaeHHa (BH ) i BHKoHyeTtCa y gBoxpeaeÖHoMy BHKoHaHHi i3 3'egHaHHaM 

TpaHC^opMaropa b TpHKyTHHK gaa nigBH^eHHa HyTHHBocTi.

OcKiatKH b ^ oM y BHnagKy oÖMoTKa HH po3rn,enaeHa, to b aaH^W3i rn^Horo 

Bigraay^eHHa BCTaHoBaweTtCa oKpeMa MT3, aK npaBHao, 3 nycKoM no Hanpy3i. 

3axHCT gie i3 gBoMa BHTpHMKaMH aacy: 3 nepmow bhtphmkow BigKawaaeTtca 

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

2. CnoaaTKy BH3HaaaeMo CTpyM cnpa^oByBaHHa MT3 6e3 nycKy no Hanpy3i, 

aKHH BigöygoBye Big MaKCHMaatHoro CTpyMy HaBaHTa^eHHa 3 ypaxyBaHHaM 

caMo3anycKy pyxoBoro HaBaHTa^eHHa:

k  * k  * Jj   ^3 ĉ * naap.MüKC
J C.3 7 ,

K

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

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

kc - Koe^i^eHT caMo3anycKy, ^ o  BpaxoBye 3ÖiatmeHHa CTpyMy 3araatMoBaHoro 

pyxoBoro HaBaHTa^eHHa nicaa BigHoBaeHHa Hanpyrn, npnÖMaeMo kc = 2,5;

JHazp MaKC - MaKCHMaatHHH CTpyM HaBaHTa^eHHa, npnÖMaeMo piBHHM

HoMiHaatHoMy CTpyMy TpaHC^opMaropa.



I  c3 = 1,2' 2,5' 316 = 1186,1 A.
C3 0,8

3. Koe^^ieHT HyraHBOcri 3axncTy BH3HanaeMo npn gBo$a3HoMy MeTaneBoMy 

K3 y MiHiMantHOMy pe:HMi:

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

OcKintKH HyT^HBiCTb MT3 6e3 nycKy no Hanpy3i BHABnaeTtcfl Hegocraratoro, 

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

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

HOMiHantHoro CTpyMy TpaHC^opMaTopa - HOM Ha CTopoHi, ge BCTaHoBneHHH 3axncT:

7 1 0

I  = —— • -  = - 1-  .1,0 • 316 = 474,4 A.
C.3 — HOM 0,8 , ,

a HyTHHBicTt 3axHCTy b Tifi : e  po3paxyHKoBifi t o w  CKaage:

— = - ^  = 1,735.
" 474,4

5. Hanpyra cnpa^oByBaHHA nycKoBoro opraHy MirnMantHoi Hanpyra, 

BHKoHaHoro y BHraagi pene, BKaroneHoro Ha Mi:$a3Hy Hanpyry, BH3HanaeMo 

npHÖnH3Ho 3a yMoBaMH BigöygyBaHHa Big CTpyMiB caMo3anycKy pyxoBoro 

HaBaHTa:eHHa npn BigHoBneHHi Hanpyra:

T T < U C.M U H  
U  C. 3 _ 7 ,

K

ge —e = 1,2 - Koe^^ieHT noBepHeHHa gna pene MirnMantHoi Hanpyra;



U c muh -  MiHiMantHa Mra:$a3Ha Hanpyra b yMOBax caM03anycKy npn BigHoBneHHi 

Hanpyru  npHHMaeM0 U CMUH = 0 , 7 ^ .

UC 3 =  0 ,7 lH 0  = 64,2 kB.
C 1,2

6. Hanpyry cnpa^oByBaHHa nycKOBoro opraHy no 3BopoTHiö nocnigoBHocri 

KOMÖiHOBaHoro nycKy no Hanpy3i npnÖMaeMo piBHoro MimMantHm ycTaB^ ^intTp - 

pene:

U 2 C3 = 0,06- U HOM = 0,06-115 = 6,9 kB.

7. ^yTnHBiCTb önoKyBantHHx opraHiB nepeBipaertca npn K3 Ha npnöoMHHx

(3)CTopoHax TpaHC^opMaropa, Kygn h nigKnroHem önoKyBantHi pene, toöto U KK ’3am = 0 , a

u 2k. = U -  = ^ |  = 33,2 kB.

Togi

k = _ 2H a,±  = 332 = 4,811 > 1,5 .

_ 2c.3 6,9

OcKintKH npn K3 Ha npHÖoMHrn CTopoHi TpaHC^opMaropa k H >  1,5, to

gn^epeH^antHHÖ 3axncT hihhh Ha CTopoHi Mo^Ha He BCTaHoBnroBara.

8. CTpyM cnpa^oByBaHHa 3axncTy Big CHMeTpHHHoro nepeBaHTa^eHHa, rn,o gie 

Ha cnraan, BH3HanaeTtca 3a yMoBoro BigöygyBaHHa Big HoMmantHoro CTpyMy 

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

I  = k3. i  = 1 0 5 .316 = 415,1 A.C.3 1 m.HOM r\o ’
K  0,8

9. BHTpHMKa nacy MT3 y3rogHTtca 3 bhtphmkow nacy 3axncTy niHii Ha 

CTopoHi HH.



4. P 0 3 P A X Y H 0 K  3 0 H  3 A X H C T Y  C T P H ^ H E B H X

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

B OaKaaaBpcbKm poöori HeoöxigHo po3paxyBara BHcoTy i 30Hy 3axncTy 

önHCKaBKOBigBogiB B Pn-110 kB, BcraHOBneHHx Ha gBox nopTaaax, pnc. 4.1(no3. 1 i2), 

i gBox ÖHHCKaBKOBigBogiB, mo CToaTb OKpeMO, 3a3HaneHHx Ha 

pnc. 4.1 (no3. 3 i4), BBa^aronH, mo ÖHHCKaBKoBigBogn po3TamoBaHi CHMeTpHHHO no 

Rig.HomeHHm go By3bKoi cropoHH BPn. HagrnrncTb 30hh 3axHCTy Big ypa^eHb 

ÖHHCKaBKH P3 = 0,999.

HaKpecnHTH ropH3oHTanbHHH nepeTHH 3ohh 3axncTy ÖHHCKaBKoBigBogiB B Pn  

Ha BHCoTi hx.

napaMeTpn po3Mim£HHa ÖHHCKaBKoBigBogiB no naomum B Pn  HaBegeHi b 

Taöa. 4.1.

PncyHoK 4.1 -  CxeMa po3Mim£HHa CTpn^HeBHx ÖHHCKaBKoBigBogiB BPn-110 kB
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Taönn ^ 4.1 -  Po3paxyHKOBi napaMeTpn

A,
M

B,
M

L1,
M

L2,
M

L3,
M

L4,
M

L5,
M

h x ,
M

50 40 30 12 28 10 10 4

1. BH3HanaeM0 BigcTarn L6 Ta L7:

r B -  L 2 40 -12  ^

6 2 2

r B -  L  40 -  28 „
L  = -------3 = ---------= 6 m .

7 2 2

2. BH3HanaeMO BigcTarn p  Ta p2:

Pl =yj l 4 + L 6 = V102 + 142 = 17,20 m ;

P 2 = y [L f + L  = V102 + 62 = 11,66 M.

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

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

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

Po3Mipn BHyTpimHix oönacTeö BH3HanawTbca napaMeTpaMH h0 i hc, nepmnfi 3 akhx 

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

a gpyrnfi -  MirnManbHy BHcoTy 3ohh nocepegnm Mi®; OnncKaBKoBigBogaMH [14, 15].

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

npn HagiHHocTi 3axncTy P3 = 0.999, BH3HanaeTbca piBHAHHflMH:

h0n = 0,7hn

„ = r0 n • (h0 n -  hx )
] r xn j .

h0n

An = 0,6 ■ hn



h0i = 0,7h1

r01 ■ (h01 — hx)
\rx\ = — — , ---- -- , nPu rx1 = Pi •

h01
r0i = 0,6 ■ \

fflnaxoM MaTeMaTHHHHx nepeTBopeHt OTpHMaeMO piBHHHHH BigHOCHO myKaHOi 

BeHHHHHH hl!

_ 0 ,6 / 1 ■ (0 ,7 / 1 -  h x ) .

P1 =  0, 7/1 ’

0,42/1 - (0 ,7  p  + 0,6hx )  h1 = 0;

/  =  0; /  =  34,39 m .

BncoTa ÖHHCKaBKOBigBOgiB h 1 =  h 2 =  34,39 m , He 3agoBontHHe yMOBi 

3acTOcyBaHHA piBHHHt npn h  <  30 m , TOMy gna pO3paxyHKy b h c o t h  ÖHHCKaBKOBigBogiB 

3acTOCOByeMO HacTynHi piBHHHHa:

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

r01 ■ (h01 -  hx)
i rx1 = , — - ;  nPu rx1 = P 1 •

/01

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

fflnaxoM MaTeMaTHHHHx nepeTBopeHt po3B’a3yeMO CHCTeMy Ta 3HaxogHMO 

3HaneHHH b h c o t h  1 ÖHHCKaBKOBigBogy h 1 =  34.74 M, rn,o 3agoBontHHe yMOBi 

3acTOcyBaHHa piBHHHt npn 30 <  h  <  100 m .

OcTaTOHHO npHHMaeMO ÖHHCKaBKOBigBogn 1 Ta 2 b h c o t o m  h 1 =  h 2 =  3 4 . 7 4  M.



h03 = 0,7h3

r03 ' ( h03 — hx )
\rx3 = 03 ---- -- , nPU rx3 = P  2 ;

h03
r03 = 0,6 ' h3

fflraxoM MaTeMaTHHHHx nepeTBopeHt OTpHMaeMO piBHAHHA BigHOCHO myKaHOi 

BenHHHHH h3:

_ 0,6h3 ' (0,7h3 -  hx) .

P2 =  0,7h3 ’

0,42h2 -  ( 0,7p 2 +  0,6hx )  h3 = 0; 

h  = 0; h  = 25,15 m .

OcTaTOHHO npHHMaeMO önHCKaBKOBigBOgn 3 Ta 4 bhcotom h3 = h4 = 25,15 m , 

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

4. PO3paxOByeMO napaMeTpn 3Ohh 3axHCTy önHCKaBKOBigBOgiB 1 Ta 2:

 ̂- L 2 - 1 2 ;

r0i = r02 = 0 ,6 ' h  = 20,61 m ; 

h i  = h i  = 0 ,7 ' h  = 24,20 m ;

r, 1 = rx-2 = r° ' ' ( ’h ' ~  hx) = 17,20 m;
h i

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

Am,x'2 = [ 4,25-3,57-10-3( hi -  30) ] h  =  147,06 m ;

hc'2 = h01 = 2420 m, L '2 < Lc12

• = re (h ‘ 'i  ~h-x)  = '7.20 m, hx < hC'2
l h u



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

L34 =  L  =  28 m ; 

r03 = r04 =  0,6 • h  =  15,09 m ; 

ho3 = h 04 = 0,7 • h 3 =  17,61 m ; 

r03 • (h03 -  hx )
rx 3 = rx 4 = — ---, -----— = 11,66 M;

h03

Lc34 = 2,25 • h3 = 56,59 m ;

^max34 = 4,25 • ̂  = 106,9 M;

hc34 = h03 = 17 61 M, L34 < Lc 34

■ ^̂ 34 = r03 (h 3̂4~h ) = 11.66 M, hx < hc34
l hc34

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

(2 Ta 4):

L13 = ^ (L1)2 + ( L l - L ^ )  = 3105 m;

6.1 EnHCKaBKOBigBogH 1 Ta 3 MawTt BHCOTy hx = 34,74 m ;

Lc13 = 2,25 • \  = 76,51 m ;

Lymax13 = 4,25 • ̂ 1 = 147,06 M; 

hc13 = C  = 24.20 M, C13 ^ Lc13

6.2 EnncKaBKOBigBogH 1 Ta 3 MawTt BHCOTy h  = 25,15 m ;

Lc31 = 2,25 • h3 = 56,59 m ;

L/max31 = 4,25 • ̂  = 106,9 M;



hc31 = ^33 = 1761 M, Cj3 < Zc3j

h cmin 13 = ^  ^ 31 = 2090 M,

< r  013 = = 17.85 m,

ra U  =  rc013 (hcmin13 -  h ) = 14.43 m.
hc min13

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

f  — _  — \ 2
—4 = ( -  )2 + — + -3-----2 =36.06 m ;

V v 2 y

7.1 EnHCKaBKOBigBogn 1 Ta 4 MaroTt BHCOTy hx = 34,74 m ;

- c14 = 2,25 • h1 = 76,51 m ;

—"taax14 = 4,25 • /?! = 147,06 m ;

hc14 = h31 = 24.20 M, —14 < —c14

7.2 EnncKaBKOBigBogH 1 Ta 4 MaroTt BHCOTy h4 = 25,15 m ;

L c41 = 2,25 • h4 = 56,59 m ; 

z max41 = 4,25 • h4 = 106,9 m ;

hc41 = h04 = 1761 M, L !4 < L c 4 1

hcmin14 = = 20.90 M,

* r 014 = r°L+ r0i = 17.85 M,

rcxl4 =  rc014 (hcmin14 _ hx  ̂ =  14.43 m.
hc min14



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

PncyHOK 4.2 -  roprooHTanbHHH nepepi3 30hh 3axncTy ÖHHCKaBKOBigBogiB B Pn
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BH CH O B K H

y  öaKaaaBpctKifi poöoTi 3poöaeHHfi po3paxyHOK HopMaatHoro Ta 

nicaaaBapifiHoro pe:HMy poöora 3aMKHyToi eaeKTpnaHoi Mepe:i, KoH^irypa^a aKoi 

BH3HaneHa 3aBgaHHaM.

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

HOMiHantHOW Hanpyrow K iat^Boi Mepe:i e Hanpyra 110 kB. 3 ypaxyBaHHaM ^ o r o  

öyan oöpam BignoBigHi nepepi3H npoBogiB gaa noBrrpaHHx aiHifi eaeKTponepegaa, a 

TaKo: THnn TpaHC^opMaTopiB Ha nigcTaH^ax.

^aa icHywnoi KoH^irypa^i 3aMKHeHoi M epe:i öyan po3paxoBaHi napaMeTpn 

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

3aMi^eHHa Mepe:i Ta BH3Haaem po3paxyHKoBi HaBaHTa:eHHa By3aiB Mepe:i.

y  n p o^c i po3paxyHKiB eaeKTpnaHoi aacTHHH nigcTaH^i nC-2 öyaa npoBegeHa 

nepeBipKa npaBHatHocTi BHÖopy HoMiHaatHoi noTy:HocTi BCTaHoBaeHHx 

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

3aMHKaHHa BHcoKoBoatTHHx anapaTiB Pn, BHMiproBaatHHx TpaHC^opMaTopiB CTpyMy 

Ta Hanpyrn.

npn BHKoHaHHi po3paxyHKiB peaefiHoro 3axncTy TpaHC^opMaTopa nigcTaH^i 

nC-2 öyB 3poöaeHHfi po3paxyHoK no3goB:Htoro gn^epeH^fiHoro CTpyMoBoro 

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

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

gonoMorow peae THny ^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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