
М ІН ІС ТЕРС ТВО  О С ВІТИ  І Н А У К И  У К РА ЇН И  

С У М С ЬК И Й  Д Е РЖ А В Н И Й  УН ІВЕРСИ ТЕТ  

К А Ф Е Д Р А  ЕЛ ЕКТРО ЕН ЕРГЕТИ КИ

КВАЛІФІКАЦІЙНА РОБОТА БАКАЛАВРА

на тему:

«Розрахунок обладнання підстанцій та захист від ураження

блискавкою»

Напрям 6 .050701  «Електротехніка та електротехнології»

Виконав

студент гр. Е Т дн-51Г л _______________________  В .В . Л ифиренко

Керівник

к.ф .-м .н ., доцент _______________________  М .В . П етровський

Суми -  2020



с. 75 , рис. 15, табл. 20.

Бібліографічний опис: Л ифиренко В .В . Розрахунок обладнання п ідстанцій  

та захист від  ураж ення блискавкою  [Текст]: робота на здобуття кваліфікаційного  

ступеня бакалавр; напрям: 6 .050701  «Електротехніка та електротехнології» / 

В .В . Лифиренко; керівник М .В . П етровський. -  Суми: С ум Д У , 2020. -  75 с.

Ключові слова:

лінія електропередавання, трансф орматор, напруга, струм, вимикач;

линия электропередачи, трансф орматор, напряж ение, ток, выключатель;

pow er line, transformer, voltage, curent, circuit breaker.

Об’ єкт дослідження: електрична м ереж а високої напруги.
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Зроблений розрахунок нормального реж им у роботи  зам кнутої електричної 

мереж і. О брана напруга м ереж і, перерізи  проводів ліній  електропередач, а також  

типи трансф орматорів на підстанціях. Для обраної п ідстанції проведена перевірка  

правильності вибору ном інальної п отуж ності встановлених трансформаторів. 

Здійснений вибір високовольтних апаратів розподільчого пристрою , 

вимірю вальних трансф орматорів струм у й напруги. Для трансф орматорів  

підстанції виконаний розрахунок релейного захисту: поздовж нього  

диф еренційного струм ового захи сту та максимального струм ового захи сту з 

комбінованим пуском  по напрузі. П роведений розрахунок блискавкозахисту  

пониж увальної п ідстанції, щ о виконаний у  вигляді стриж невих

блискавковідводів.
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BCTyn

B yMOBax 6e3nepepBHoro po3BHTKy npoMHcnoBOdi KpaiHH 3'aBnaeTbca yce 

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

eHeprocno^HBaHHa. Cnig TaKo^ 3ayBä®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'aBnaeTbca noTpeöa 

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

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

eneKTpHHHHx Mepe^ax. OgHHM i3 HaöroaoBHimHx 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 noranöaeHHa 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^opMaTopn.

4. BH3HaHHTH nHToMi napaMeTpn .HEn 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).

A pK yw
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5. CKaacra po3paxyHKOBy cxeMy 3aMirn,eHHa Mepe^i H BH3HaaHTH po3paxyHKOBi 

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

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

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

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

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

BH3HanHTH HanpyrH y By3aax Mepe:m, 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, ycraHoBaeHHx 

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 cnpagtoByBaHHa 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.

B P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3
A pK yw
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1. PO3PÄXYHOK PE^HMIB POBOTH E.4EKTPHHHOI MEPE^I

1.1 Bnxigm gaHi ĝ H BHKOHaHHH öaKa.iaBpebKoi poöoTH

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

ogHommÖHa eneKTpHHHa cxeMa aKoi HaBegeHa Ha pnc. 1.1.

PncyHOK 1.1 -  BnxigHa ogHommÖHa eneKTpHHHa cxeMa 3'egHaHt 

3agaHoi eneKTpHHHoi Mepe:m

^ ob^ hhh mmfi i noTy^HOCTi HaBaHTa^eHt eneKTpHHHoi Mepe^i HaBegeHi b 

Taönn^ 1.1.

T aö n n ^  1.1 -  Bnxigm gam eneKTpHHHoi Mepe^i

^OB^HHa Ü 4, KM noTy^HOCTi HaBaHTa^eHt By3niB, 
MBA

4-1 4-2 .4-3 & S2 S3 S4

60 40 20 55+i30
I

40+i20
III

10+i 10 
III

10+J5
III

A pK yw
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1.2 Bnöip Hanpyr .imin

npHHMeMO HaBaHTä^eHHA By3na 2 piBHOMy HaBaHTmeHHro By3niB 5 i 6, 

HaBaHTa^eHHa By3na 3 piBHOMy HaBaHTa^eHHro By3na 7. 3o6pa3HMO 3aMKHeHy 

Mepe^y, rn,o CKnagacrtca 3 mmö .H-1, .H-2, .H-3 (puc. 1.2). BroHanHMO po3paxyHKOBi 

HaBaHTa^eHHa By3niB 2 i 3.

PncyHOK 1.2 -  3aMKHeHa Mepe^a

S 2P =  S 2 +  S 3 =  40 + j 20 +10 + j10 = 50 + j3 0  M B A ;

S^P =  S  =  55  + j3 0  M B A .

Ara BH3HaneHHa b 3aMKHemö Hacrarn Mepe^i po3noginy noTy^HOCTefi MO^Ha 

ii yMOBHO po3ginHTH y By3ni 1 i npegcTaBHTH y BHrragi nimi i3 gBOCTopoHHiM 

^HBneHH^M (puc. 1.3). no3HaHHMO noTy^HOCTi Ha gin^HKax Mepem

PncyHOK 1.3 -  Po3iMKHyTa Mepe^a

Bn3HanaeMO nOTy^HOCTi Ha giraHKax pO3iMKHyTOi Mepe^i

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
B P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3
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S12 = - 2 P f e  + 11B ) + S3P ^ 3B ) = 43,33 + y25,0 M B A ;

S23 = S12 -  S 2P = -6 ,67  -  j 5,0 M B A ;

S m  =  S  3P (/23 + /l2 ) + S 2 p (/l2 ) = 61,67 + y'35,0 M BA .
-B3 /23 + ̂  + /12 , 7 ,

CKnageMO piBHAHHA öanaHcy noTy^HOCTi

S 3P +  S 2P = - 12 + - B3 ;

105 + j6 0  = 105 + j6 0 .

BanaHC noTy^HOCTi sifiraoBca.

noTy^HiCTt ginaHKH 2-3 BHÖrana HeraTHBHoro, TOMy ToHKa 2 e tohkow 

noTOKopo3giny.

1.3 Bußip THny npoeodiß noBirpHHHX .limn

BH3HanaeMo Hanpyrn Ha gm^HKax Mepe^i (pnc. 1.2) no ^opMyrn LrnapioHoBa:

1000
1500 2500----- 1--------

L  P„

T aö n n ^  1.2 -  Hanpyrn Ha gm^HKax Mepe:m

HoMep giraHKH fl-1 .H-2 fl-3

^oB^HHa ginaHKH, km 60 40 20

Hanpyra ginaHKH, kB 123,1 137,3 50

TaK ak g ra  Bcix mmfi Kinb^Boi Mepe^i öa^aHo Mara ogHaKoBy Hanpyry, to 

npHHMaeMo Hanpyry U H =  110 kB.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
B P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3
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BroHaaaeMO CTpyMH npoBogiB aiHifi

I = S —
V3U, '

T a ö a n ^  1.3 -  CTpyMH Ha giaaHKax Mepe:m

HoMep giaaHKH ^-1 ■H-2 fl-3

CTpyM, A 262,6 372,2 43,8

y  aKOCTi npoBogiB gaa Bcix aiHifi npnfiMaeMO CTaaeaaroMrnieBi npoBogn 

MapKH AC.

KopHCTywHHCt goBigKOBHMH gaHHMH [2], BignoBigHO i3 mKaaoro CTaHgapTHHx 

nepeTHHiB, a TaKO^ 3 ypaxyBaHHaM MO^aHBoro nepeBaHTmeHHa aiHifi npn poöoTi b 

aBapifiHOMy pe^HMi, BHÖnpaeMO THn npoBogy gaa ko^ hoi aiHii Taöa. 1.4.

T a ö a n ^  1.4 -  MapKa fi napaMeTpn npoBogiB

HoMep giaaHKH ^-1 fl-2 fl-3

MapKa fi nepeTHH 
npoBogy

AC-185/29 AC-185/29 AC-185/29

napaMeTpn npoBogiB

ro, Om/km 0,162 0,162 0,162

x 0, Om/km 0,413 0,413 0,413

^0 10-6, Cm/km 2,75 2,75 2,75

nepeBipaeMO oöpam npoBogn b aiHiax 3a yMOBoro KopoHH.

3rigHO n y E , MirnMaabHO gonycTHMHfi nepeTHH no KopoHi gaa aiHifi Hanpyroro 

110 kB CTaHOBHTt 70 mm2.

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

3HafigeMO napaMeTpn aiHifi eaeKTpnaHoi Mepem

A pK yw
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3HaneHHA aKTHBHHx i peaKTHBHHx onopiB mmö, a TaKO^ BenHHHHa 3apagHoi 

noTy^HOcri po3paxoBywTtca no ^opMynax:

/ ? = r - / -  F = r . / '  ^ Qjl =  U 2 • b° ' 1Rj  r0 1j ; X  j  x 0 j ; 2 U HOM 2 "

BH3HanaeMO onopn gin^HOK Mepe^i

Ru  = 0.162 • 60 = 9.72 Om; X 12 =  0.413 • 60 = 24.78 Om;
^3  = 0.162 • 40 = 6.48 Om; X 13 =  0.413 • 40 = 16.52 Om;
R23 =  0.162 • 20 = 3.24 Om; X 23 = 0.413 • 20 = 8.26 Om.

BH3HanaeMO 3apagHy noTy^rncTb giraHOK Mepe^i

Q  = 1102.2.75 • IO-6 •60 = j i  0 MBAp;

ZQll = 1102 • 2 75 ' ̂  ' 40 = j0 ,67 MBAp;

Q -  = 1102 • 2 -75 ' ^  ' 20 = 70,33 MBAp.

1.4 Po3paxyHOK noTy^HOcren TpaHC^opMaTopiB nigcraH^H

3a HanpyraMH Mepe^i h HaBaHTa^eHH^MH BHÖnpaeMO TpaHC^opMaTopn.

Ha nigcTaH^i nC-1, 3Ba^awnn Ha Te, rn,o e cno^HBani, aK BigHOC^Tbca go 

I KaTeropii HagiÖHOCTi eneKTponocTanaHHa, npnÖMaeMo ycTaHOBKy 2-x 

TpboxoÖMOTOHHHx TpaHC^opMaTopiB 3 Hanpyrow bhcokoi ctopohh 220 kB. 

Po3paxyHKoBa noTy^rncTb ko^ hoto TpaHC^opMaTopa:

Sn  ,  & + S 2 + S 3 + S 3 J 1152 + 652 = 94,36 MBA.
T1 1,4 1,4

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
B P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3
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3a Hanpyroro Ta noTy^mciro HaBaHTa^eHHA, BHKopncTOBywHH [2], BHÖnpaeMO 

TpaHC^opMaTop A T,^TH -125000/220/110.

BH3HanaeMO Koe^i^eHT 3aBaHTä«:eHHfl TpaHC^opMaiopiB y HopMantHOMy 

pe^HMi:

k  SMaKcl V ll5 2 + 652 ,
3HOMX 2 • Sn  2 • 125 ’ .

OcKintKH Koe^^ieHT 3aBaHTa ;̂eHHa MeHme 0.75, to gBa napanentHO ^pa^roroHi 

TpaHC^opMaTopn A T,^TH-125000/220/110 3agoBontHaroTb npeg'flBneHHM BHMoraM.

TaOnwnfl 1 5 — KaTano^Hi gaHi TPaHC^oPMaiopa ATnTTTH-125000/220/110

Tnn ShoM,
MBA

Me:m
perynroBaHHa

Kaiano^m  garn
Uhom oömotok, kB Uk, %

b h CH HH b -c b -h C-H
ATQTTTH-

125000/220/110 125 ±6*2% 230 121 11; 38.5 11 45 28

npogoB^eHHA TaönH^ 1.5

Tnn
Kaiano^m  gaHi Po3paxyHKoBi gaHi

AQx,
KBApAPk, kBt APx,

kBt
I*
%

Rt, Om XT, Om
b -c b -h C-H b h CH HH b h CH HH

ATQTTTH-
125000/220/110 305 - - 65 0.5 0.55 0.48 3.2 59.2 0 131 625

Ha nigcTaH^i nC-2, 3Ba^aronn Ha Te, rn,o cno^HBani BigHocaTbca go I KaTeropii 

HagiÖHocTi eneKTponocTanaHHA, npHHMaeMo yciaHoBKy 2-x gBoxoÖMoTOHHHx 

TpaHC^opMaiopiB 3 Hanpyroro bhcokoI cropoHH 110 kB.

Po3paxyHKoBa noiy^m cTt Ko^Horo TpaHC^opMaTopa:

0 S  V552 + 302 , ,  ^  A
ST1 >  —  =  - ------------- = 44,75 MBA.

r2 1,4 1,4

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
B P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3
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3a Hanpyroro h noTy^mcTro HaBaHTa^eHHA, BHKopncTOBywHH [2], BHÖnpaeMo 

TpaHC^opMaTop T P ,^H -63000/110.

BH3HanaeMO Koe^i^eHT 3aBaHTä«:eHHfl TpaHC^opMaTopiB y HopMantHoMy 

pe^HMi:

k  2 V652 + 302 0 5
3HOM 2  ^  O  ^ ,2 -b T1 2  - 63

OcKintKH Koe^^ieHT 3aBaHTä«:eHHfl MeHme 0.75, to gBa napanentHo ^pa^wwHi 

TpaHC^opMaTopn TP^TIH-63000/110 3agoBontHaroTt npeg'flBneHHM BHMoraM.

T aö n n ^  1.6 -  KaTano^m gam TpaHC^opMaTopa T P ,^H -63000/110

Tnn ShoM,
MBA

M e^i
perynwBaHHa

KaTano^Hi gam Po3paxyHKoBi
gaHi

Uhom oÖmotoK,
kB Uk,

%
APk,
kBt

APx,
kBt

Ix,
%

Rt,
Om

Xt,
Om

AQx,
KBAp

b h HH
TP^llH -

63000/110 63 ±9*1.78% 115 10.5/10.5 10.5 260 59 0.6 0.87 22 441

Ha mgcTam,ii nC-3, 3Ba^awHH Ha Te, rn,o cno^HBani BigHocaTtca go III 

KaTeropii HagiÖHocTi eneKTponocTanaHHA, npHHMaeMo ycTaHoBKy TptoxoÖMoTOHHoro 

TpaHC^opMaTopa 3 Hanpyroro bhcoko! cropoHH 110 kB.

Po3paxyHKoBa noTy^rncTt TpaHC^opMaTopa:

Sr3 ^ S 2 + S3 = V502 + 302 = 58,31 MBA.

3a Hanpyrow h noTy^mcTro HaBamg^eHHA BHKopncToByroHH [2] BHÖnpaeMo 

TpaHC^opMaTop T^TH-63000/110/35.

BH3HanaeMo Koe^i^eHT 3aBaHTa ;̂eHHa TpaHc^opMaTopa b HopMantHoMy 

pe^HMi:

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
B P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3
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k S _ C3 V502 + 302 0 93
k3HOM3 ~  0 _ ~  0,93 ■

St  3 63

OcKintKH Koe^^ieHT 3aBaHTä«:eHHfl MeHme 1.0, to TpaHc^opMaTop 

T^TH-63000/110/35 3agoBontHae npeg'flBneHHM BHMoraM.

T aö n n ^  1.7 -  KaTano^m garn TpaHC^opMaTopa T^TH-63000/110/35

Tnn SHOM,
MBA

M e^i
perynwBaHHa

KaTano^Hi garn
Uhom oömotok, kB Uk, %

b h CH HH b -c b -h C-H
T^TH-

63000/110/35 63 ±9*1.78% 115 38.5 11 10.5 17 6.5

npogoB^eHHA Taönn^ 1.7

Tnn
KaTano^Hi garn Po3paxyHKoBi gaHi

AQx,
KBApAPk, kBt APx,

kBt
Ix,
%

Rt, Om Xt, Om
b -c b -h C-H b h CH HH b h CH HH

T^TH-
63000/110/35 290 - - 56 0.7 0.5 0.5 0.5 22 0 13.6 441

CKaagaeMo ogHommÖHy cxeMy eneKTpHHHoi Mepe:m 3 ypaxyBaHH^M 

TpaHC^opMaTopiB nigcTaH^H

PncyHOK 1.4 -  OgHomHMHa cxeMa eneKTpHHHoi Mepe:m 3 ypaxyBaHH^M

TpaHC^opMaTopiB nigcTaH^H

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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BH3HanaeMO po3paxyHKOBy noTy^rncTt y By3ni 3 3 ypaxyBaHHHM BTpaT b 

oÖMOTKax TpaHc^opMaTopiB nC-2 npn MaKCHMantHOMy HaBaHTa^eHHi. 3o6pa^yeMO 

cxeMy 3aMirn,eHHH gBOx aboxoömotohhhx TpaHC^opMaTopiB, BKnwneHHx napanentHO, 

i po3paxoByeMO noTy^rncTt y By3ni 3

PncyHOK 1.5 -  CxeMa 3aMirn,eHHH nigcTaH î nC-2 

npHBegeHe go cropoHH BH TpaHĈ opMaTopHoi nigcTaH^i T-2:

S  p3 =  (PW , + 2A Px2 + QL p‘ ■ R 2 ) +
U HOM 2

I ,YzO , TAn I PHazp\ + Q Hazp1 X t 2 QC13 QC23
+ J (Q Hazp 1 + 2 ^ Qx2 +  j j 2 ' ~ ~ ~ ) ;

U  HOM 2 2 2

O ( «  O 552 + 302 0,87 ̂
“ p3 V 1102 2 J

( 552 + 302 22 0 ^+j 30 + 2 ■ 0,441 + ------- -̂-------,—  0,67- 0,33 = 55,26 + j33,45 MBA.
v 1 1 0 2  ^

BH3HanaeMO po3paxyHKOBy noTy^rncTt y By3ni 2 3 ypaxyBaHHHM BTpaT b 

oömow TpaHĈ opMaTopa nC-3 npn MaKCHMantHOMy HaBaHTâ eHHi. 3o6pa^yeMO 

cxeMy 3aMirn,eHHH TptoxoÖMOTOHHoro TpaHĈ opMaTopa Ta po3paxoByeMO noTy^HiCTt 

y By3ni 2.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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PncyHOK 1.6 -  CxeMa 3aMirn,eHHfl nigcraH^i nC-3

npHBegeHe go cropoHH BH TpaHC^opMaTopHoi nigcTaH^i T-3:

P 2 +  Q 2 P 2 +  Q 2r /   (  t)  _i_p _i_ Ha^p3 i^-Ha^p3 ^  Ha^p2 z-.Ha^p 2
S  p 2 _  ( P Haep3 +  P Ha^p2 +  VJ2 R T3H  +  TJ2 R T3C  ) +

U HOM U  HOM

P 2 +  Q 2 P 2 +  Q 2, , Ha^p3 ^Haap3 ^  , Ha^p2 ^H a^p2 \ r  \
+ J ( Q Hazp3 +  Q H**p2 + ------ ^ 2 --------—  • X T3H  + ------ ^ 2 --------~  X T3C  X

U  HOM U  HOM

„' ( ah , n 502 + 302 _ 502 + 302 g
“ p2  ̂ 1102 1102 J

(  502 + 302 502 + 302 1
+ J 20 +10 + --------• 13,6 + ------------- ,---- 0 = 50,28 + j 33,82 MBA.

^ 1102 1102 J

, ( S ' p 2 f
S p2 _ S p2 + ^ S x3 +  j j 2 (^m3e +  j X m3e ) jQ C12 jQ C23 _

U HOM

50 ?82 + 33 822
= (50,28 + j33,82) + (0,06 + j0 ,44 ) + ’ 2 ’-----(0,5 + j 22,0) -

-  J1,0 -  J0,33 = 50,48 + J39,11 MBA.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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BH3HanaeMO noTy^HOCTi Ha ginHHKax po3iMKHyToi Mepe^i (pnc. 1.3) 3 

ypaxyBaHHHM BTpaT noTy^HOCTi b TpaHC^opMaropax.

S  =  S S 2  2  2 2 2  - S 3  2 = 55,32 + >38,0 M BA;
l  +  l  +  ll 23 2  l 3B 2  l12

S 23 =  S 12 -  S 2P = -3,25 -  >6,26 M B A ;

S  =  -  - S (/‘2) ^  S 3 -  S -  + S S  -  63,45 + >38,2 M BA.
l23 2 l 3B 2 l12

CKaageMO piBHHHHH öanaHcy noTy^HOCTi

S 3P 2 S 2P -  S12 2 S B3 ;

115,5 2 > 9 ,9  = 115,5 2 > 9 ,9 .

EanaHC noTy^HOCTi 3ifimoBCH.

noTy^HiCTt giaHHKH 2-3 BHÖmna HeraraBHoro, ToMy ToHKa 2 e tohkom 

noToKopo3giay. CKaageMo CxeMy 3aMirn,eHHH eaeKTpHHHoi Mepe^i 3 ypaxyBaHHHM 

noToKopo3giay.

PHCyHoK 1.7 -  Po3iMKHyTa Mepe^a

3HafigeMo noTy^HiCTb By3aa 1. 

BH3HaaHMo noTy^HiCTt S 12:

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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S K  =  S'2 P =  S 12 =  55,32 + 738,0 MBA;

S H  =  s K  + (p2 ) +  (Qi2) . z  12 -  2 Q  = 58,26 + 745,7 M B A .
u h  2

BH3HaHHMO nOTy^HiCTb S B3 :

S K = S n2P =  S 23 =  3.25 + j  6.26 MBA;

SH = S K  + (P23) + (Q23) . Z 23 -  2 ^  = 3,3 + j6,8M B A
U H 2

S K3 = S  23 + S 3P = 63,5 + j3 9 ,68 MBA 

SH = S ^  + (PB3) + (Qb3) . z B3 -  2 7Qb3 = 66,4 + j 47,3 MBA
UH 2

Po3paxyHKOBa noTy^HicTb By3na 1

S lp  =  s H2 +  S Hm  =  124,7 + j9 3 ,0 MBA

3o6pa^yeMO cxeMy 3aMirn,eHHfl nC-1 y BHrragi gBOx tpboxoömotohhhx 

TpaHC^opMaTopiB, BKnwneHHx napanentHO, i po3paxoByeMO noTy^mcTb y By3ni A.

PncyHOK 1.8 -  CxeMa 3aMirn,eHHfl mgcTaH^i nC-1

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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KBH3HanaeM0 noTy^HiCTb S  01 :

S  K = S lP =  124,7 + j  93,0 M BA .

BH3HanaeM0 noTy^HicTb S o i:

S H  =  S K  + (Pqi) + (Qn) • S 01 =  124,8 + j 93,02 M B A .
UH1 2

BH3HanaeMO noTy^HicTb S K :

S K  =  S a =  10 + j5  M BA .

BH3HanaeMO noTy^HicTb S 04:

S H  =  S K  + ^  + (Qq4) • ^  = 10,0 + j5,07M B A  
U H1 2

BH3HanaeMO noTy^HicTb S ao :

S1  = S  rn + S H = 134,8 + j9 8 ,2 M BA.

BH3HanaeMO noTy^HicTb S ao :

SH0 = SK0 + ^  +  (Qaq) • —  = 134,87 + j106,8M B A .
U H 1 2

BH3HanaeMO noTy^HicTb :



S A =  S H  + 2ÄSX = 135,1 + 7108,82 M BA .

1.7 BH3HaneHHH Hanpyr y By3^ax HaeaHTaweHHa

Toro, m,oö 3aöe3neHHTH BHKoHaHHa ymobh gonycTHMoro cnagaHHa Hanpyrn 

Ha caMOMy BigganeHoMy cno^HBaneBi eneKTpoeHeprii, npnÖMaeMo Hanpyry Ha 

giepern ^HBneHHa Ha 10% örntme HoMmantHoi Hanpyrn Mepe:m: UA = 242 kB.

n c - i .

BH3HanHMo Hanpyrn By3na 0:

— =  — — PaoRA0 +  QA0x ao +  p aox ao — Q aqr ao =  229  03 kB
0 1 1  A U *  J l  U *  J  = ’ .

BH3HanHMo Hanpyry By3na 1, npHBegeHy go CTopoHH BH:

U B =  J (  -  p 0 lR o  1 +  X j 1 '] + f P "' X j 1  — Q j 1 R 011  =  2 2 8  9  k B  .
1 \ l  0 U o J  l  U 0 J

BH3HanHMo gificHy Hanpyry By3na 1:

U  B
U 1 =  - 1  = 120,4 kB.

U  B
- c

BH3HanHMo Hanpyry By3na 4, npHBegeHy go CTopoHH BH:

U B  =  U  — P04 R04 + Q04X 04 + P04 X 04 ~ Q04R04 = 2 2 7  8 KB
4 l l  0 U’ o J  0 Oo J = ’ .

BH3HanHMo gificHy Hanpyry By3na 4:
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U B
U4 =  — 4-  =  38,13 kB.

U B 

—H

n c-2 .

BH3HanHM0 Hanpyrn By3na 3:

(  p H p  . D H Y  V f  p H Y  _ D h  p  VU  U  -  1  1  = 110,6 kB .
3 V l 1 p  J l  U/. J

BH3HanHMO Hanpyry By3na 7, npuBegeHy go cropoHH BH:

(  pH p -i- d h y  V  (  pH y  — d h p VUB = u  -  1 37 R 37 + Q 37X 37 +  1 37 X  37 Q 37R 37 =  1 0 4  4  k B

7 3 ^ 3  J  l  ^  J  =  ’

BH3HanHMO gificHy Hanpyry By3na 7:

UB
U7 = —U- = 9,53 kB.

U B 

—H

n c-3 .

BH3HanHMO Hanpyrn By3na 2:

(  pH p _i_ n f l  y  V  (  pH Y  — <1 H P V— 112 r!2 + q !2 x  12 + 112 X12 Q12 R12 = 108,9 kB .

2 V l ' U> J l  U/> J

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
5 P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3

A pK yw



Un
i

C p H p  . n f l  y  \
U  — _ 2 0  r 20 +  q 20X  20

U

f  d H
+

H d  \
P20 X 20 Q20 R20

u .
101,7 kB .

BH3HanHMO Hanpyry By3na 5, npHBegeHy go ctopohh BH:

U 5  =
i

U  — ^05 R 05 +  Q 05 X 05 ^
6 p H_  P

0
V U

f  d H
+

o y

H d  ^
P 05 X 05 Q 05 ̂ 05

U
= 101,6 kB

o y

BH3HanHMO gificHy Hanpyry By3na 5:

U B
U5 = —^  = 9,72 kB.

U B

UH

BH3HanHMO Hanpyry By3na 6, npHBegeHy go ctopohh BH:

UB

1

U PP6 R 6 + qH r n H
U 0 U

+
o y

P 06 X 06 Q 06 R 06 ^

V U
99 kB.

o y

BH3HanHMo gificHy Hanpyry By3na 6:

U B
U6 = = 33,14 kB.

B

Uc

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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2. P03PAXYH0K E^EKTPHHHOI HACTHHH n m CTAHTTTI

3rigH0 i3 3aBgaHHaM, HeoöxigHo po3paxyBara gBoxTpaHC^opMaropHy 

nigcTaH^ro nC-2, go aKoi nigKnwneHO HaBaHTa«:eHHa noTy^HiCTro

S1 =  55 + j30 MBA. Ha nigcTaH^i BCTaHoBaem TpaHC^opMaropn THny

TP^TTH-63000/110.

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

HaeaHTa'AeHHM

SHaB = VpHL +  Q L  = V 552 + 302 = 62,6 MBA 

STP = SHaB = 62,6 / 1,4 = 44,71 MBATP 1Y 5 5 5
K aB

ge KaB = 1,4.

S
K = - ^ HaB—  = 0,5 

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 HaBaHTmeHHa nigcTaH^i

t , 2 0 2 4 6 8 10 12 14 16 18 20 22
S, % 60 30 60 80 90 70 80 105 95 110 140 108

S,MBA 37,6 18,8 37,6 50,1 56,3 43,8 50,1 65,7 59,5 68,9 87,6 67,6

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

HaBaHTa^eHHa nepeTBopHMO b gBocTynmaacTHH. nonaTKOBe HaBaHTa^eHHa 

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

A pK yw
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K = _ j _  _ Is y + s | t 2 + . . . + =

S HOM t l + 12 +  .. +  t  n

1 I 37,62 2+ 18,82 2+ 37,62 2+ 50, 12 2+ 56,32 2+ 43 ,82 2+ 50, 12 2+ 59,52 2
= —  • = 0,599

63 2 • 8

ge S—,S2, ... Sn -  BnacHe HaBaHTmeHHa nepmoro; gpyroro; n-ro CTyneHa rp a^ k a

HaBaHTa^eHHa, po3Mirn,eHoro HH^ne mmi HOMmantHoi noTy^HOCTi TpaHC^opMaropa; 

t—,t2, ... tn -  TpHBanicTt CTyneHa, rogHHa.

AHanorinHo BH3HanaeTbca gpyrnö CTyniHb eKBiBaneHTHoro rpa^iKa, ane npn 

^oM y öepyTbca crynern, po3Mirn,em BHrn,e mmi HoMmanbHoi noTy^Hocri 

TpaHC^opMaropa

K = _ ^  • S2t—+ Sj;t2 + . . .+ s^ =

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

_  1 / 65,72• 2+ 68,92• 2+ 87,62• 2+ 67,62• 2

63 2 • 4 ’

ge S—,S2,...,Sn -  HaBaHTa^eHHa BHrn,e mmi HoMmanbHoi noTy^HocTi

TPaHC^oPMaTopa

ge S—,S2,...,Sn -  HaBaHTa^eHHa BHrn,e mmi HoMmanbHoi noTy^HocTi

TpaHC^opMaTopa.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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Kmax = ^  = 87,6 / 63 = 1,39
SHOM

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

HaBaHTa^eHHa.

K  = 0,9 • Kmax = 0,9 • 1,39 = 1,25.

nopiBHweMO nonepegHe 3HaaeHHa K2 h K2 gaa nogaatmnx po3paxyHKiB 

npHHMaeMO öiatme 3 hhx K2 = 1,011 Ta K'2 = 1,25, K'2 > K2 or«:e npHHMaeMo 

K 2 = 1,25.

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

nepiogy t = -20 °C i aacy nepeBaHTmeHHa tnepeB = 8 rog, 3HaxogHMo 3HaaeHHa

nepeBaHTa^eHHa gonycTHMe K foct = 1,8.

nopiBHweMo 3HaneHHa K2 3a rOCToM i peaatHe. K2foct = 1,8 i K2 = 1,25. 

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

TpaHC^opMaTop oöpaHHH npaBHatHo.

Bhchobok:

TpaHC^opMaTop TP^UH-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^HocTi.

2.2 P03paxyHOK CTpyMiB KOpOTKOrO 3aMHKaHHH

Bn3HaaeHHa BeaHHHHH CTpyMiB KopoTKoro 3aMHKaHHa HeoöxigHe gaa 

npaBHatHoro BHÖopy ycTaTKyBaHHa Ha CToporn 110 kB i 10 kB. BnxigHa ogHoaimÖHa 

eaeKTpHHHa cxeMa eaeKTpoMepe^i HaBegeHa Ha pnc. 2.2. nigcTaHgia ^HBHTtca 3a 

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

3aMHKaHHa HaBegeHa Ha pnc. 2.3.

A pK yw
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P03paxyH0K CTpyMiB KOpOTKOrO 3aMHKaHHfl BHKOHaGMO B iMeHOBaHiH CHCTeMi

og.HHHUh. nOTy^mcTt KOpOTKOrO 3aMHKaHHa Ha raHHax 110 kB gernpa ^HBneHHa 

CKnagae Sc  =  2500 MBA.

A g -1

PncyHOK 2.2 -  BuxigHa OgHOmmÖHa eneKTpHHHa cxeMa eneKTpOMepe^i

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

Onip CHCTeMH gOpiBHwe

U 2X = U  i  = 1102 / 2500 = 4,84 Om.
C Sc

OnOpn npagwwHHx amin:

miHia m-1 m-2 m-3
^OB^HHa, KM 60 40 20

MapKa npOBOgy AC-185/29 AC-185/29 AC-185/29

Xm, Om 24,78 16,52 8,26

X m  =  Xn_! + Xn_3 = 33,04 Om

Xm2 = Xm-2 = 16,52 Om

X • X T
Xm = f ^ m  ^  = (33,0446,52) / (33,04 + 16,52) = 11,01 Om.

X mi + X m2

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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U U2
X  = — H = (10,5-1102) / (100-63) = 20,2 Om.

100 - Sh

nepiogHHHa CK2agoBa CK3 y toh^  K 1:

IK1 = r  —2------- = 110000 / (1,73-(24,78 + 11,01)) = 4,007 kA.
V3(Xc + Xn)

nepiogHHHa CK2agoBa CK3 y toh^  K2 npHBegeHa go Hanpyrn BHrn,oi CTopoHH

R Ul | 2 = — T------- 2----------T = 110000 / (1,73-(24,78 + 11,01+20,2/2)) = 2,447 kA.
V31 X c+ x  2 + X t

V 2 J

PeanbHHH CTpyM K3 y toh^  K2:

Ik2 = 1K2 —L = 1K2 • (110 / 10) = 26,92 kA.

YgapHHH CTpyM:

- y toh^  K1: iyg1 =  4 2 -1,61 -IK1 = 9,12 kA;

- y toh^  K2: iyg2 = 4 2 -1,61-IK2 = 61,29 kA.

^onycTHMO, ^ o  aMn2iTyga E ^C  i nepiogHHHa CK2agoBa TK3 He3MiHHi 3a HacoM, 

TOMy Hepe3 Hac, hkhh gopiBHwe Hacy BigK2WHeHHH 

InTl = IK1 =  4,007 kA gna tohkh K  ;

I nT =  IK2 = 26,92 kA g2a tohkh K  2.

AnepiogHHHa CK2agoBa TK3 go MoMeHTy po3ÖmHocTi KoHTaKTiB BHMHKaHa

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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0,06
ia1 =  4 2  • IK1 • e Ta =  4 2  • 4,007 • e 0’025 = 0,514 kA

0,1
ia2 =  4 2  • I K2 • e Ta =  4 2  • 26,92 •e 0 05 = 5,152 kA

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

K2 -  Ta =0,05 c.

iHTerpaa ^^oyaa:

gaa K  BR = lKi(t + Ta) = lKi(0,06 + 0,025) = 4,0072 0,085 = 1,365 kA2c 

gaa K 2 BR = lK2(t + Ta) = lK2(0,1 + 0,05) = 26,922 0,15 = 108,7 kA2c

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

CTpyMH
KopoTKoro
3aMHKaHHa

CK3 y 
noaaTKoBHH 
MoMeHT aacy

YgapHHH CK3 
i y , kA

Anepiog. 
CKaagoBa CK3,

i a  kA

iHTerpaa 
Ä^oyaa B k  , 

kA2 c
fflHHH

110 kB (K )
4,007 9,12 0,514 1,365

fflHHH 
10 kB (K2)

26,92 61,29 5,152 108,7

2.3 Bnöip 3axHCHoi' Ta KOMyTâ 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;

A pK yw
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- cew H m  BHMHKani Ha 6 o ^  10 kB;

- BHMHKani nimH, rn,o BigxogaTb, 10 kB; po3'egHyBani BHrn,oi Hanpyrn;

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

- oiTTUHQBKa. po3noginbHHX npHCTpoiB 110 kB i 10 kB.

^na BHÖopy anapaTiB i CTpyMoBegynHx nacTHH HeoöxigHo BH3HanHTH CTpyMH 

HopManbHoro i mcnaaBapißHoro 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:

C X  = l ’r ' ShoM = (M -63) / (1,73-110) = 463 A.
V3 •Ubh

CTpyM y Koni BBigHHx BHMHKaniB Ha CTopoHi 10 kB:

C x  = 1,4 ' tSth°M = (1,4-63) / (1,73-10) = 5,09 kA.
V3 • Uhh

CTpyM y Koni ceK^HHoro BHMHKana:

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

V3 - UHH - 2

CTpyM y Koni niHii, rn,o BigxogHTb:

i 4 s
C x = ~ r 1 —-ShoM— = (1,4-63) / (1,73-10-10) = 509 A. 
max -13 - U HH-10

^na BCTaHoBneHHa Ha CTopoHi BHrn,oi Hanpyra npHHMaeMo BHMHKani rany 

^3-n0^-23(13)Y 4. Bnöip BHMHKaniB HaBegeHHH y Taön. 2.3.
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T aö n n ^  2.3 -  Bnöip BHMHKana Ha CToporn 110 kB

yMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTano^m
3HaneHHa

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

1  n o  <  1  n p C K B 4,007 kA 50 kA
1  yd  < 1 CKB 9,12 kA 125 kA

1nz  < 1OmxHüM 4,007 kA 100 kA
I  <  Ia z  a h o m 0,514 kA 40 kA
B k  <  I 2T t r 1,365 kA 2 c 7500 kA 2 ĉ

^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

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

I n o  <  I n p C K B 26,92 kA 105 kA
I yd  <  I CKB 61,29 kA 300 kA

^ n z  <  ^OmxHüM 26,92 kA 90 kA
I  <  Ia z  a h o m 5,152 kA 30 kA

B k  <  I lT t r
108,7 kA2 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.

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

yMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTano^m
3HaneHHa

U c  <  U h 10 kB 10 kB
I  <  IpaCH HOM 2,55 kA 3150 A

I n o  <  I npCKB 26,92 kA 31,5 kA
l y  <  I npCKB 61,29 kA 80 kA

^ nz  < ^ OmKHoM 26,92 kA 31,5 kA
I  <  Ia z  a h o m 5,152 kA 31,5 kA

BK <  I Ttr 108,7 kA 2 c 2977 kA 2 •c

A pK yw
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^ a a  BCTaHoBaeHHa Ha CTopoHi hh^ hoi Hanpyrn b aiHiax, 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 airnro, rn,o BigxogHTb 10 kB

YMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTaao^m
3HaneHHa

U c  < U H 10 kB 10 kB
1 pacu ~  1  HOM 509 A 630 A

1  n o  < 1  npCKB 26,92 kA 31,5 kA
i y  < 1  npCKB 61,29 kA 80 kA

1nz  < 10mKHoM 26,92 kA 31,5 kA
1  < 1a z  a h o m 5,152 kA 31,5 kA
B k  < 1 2T t r 108,7 kA2 c 2977 kA2-c

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

aöo gBoMa KoMnaeKTaMH 3a3eMaroroaHx Ho:mB THny PH^3.1-110/1000 X.44. Bnöip 

po3'egHyBaaiB HaBegeHHH y Taöa. 2.7.

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

YMoBa
BHÖopy

Po3paxyHKoBi
3HaneHHa

KaTaao^m
3HaneHHa

U c  <  U H 110 kB 110 kB
1 pacu <  1  HOM 463 A 1000 a
i y d  <  1  n p C K B 9,12 kA 80 kA
BK < 1Ttr 1,365 kA2 c 992 kA2 •c

2.4 Bnöip 3ÖipHHX mHH

Bnöparn 3Öipm mHHH 110 kB Ta CTpyMonpoBigrn eaeMenra B Öao^ Big 3ÖipHHx 

mHH go BHBogiB öaoHHoro TpaHC^opMaropa. TpaHC^opMarop

TPflHH-63000/110.

OcKiabKH 3Öipm mHHH 3a eKoHoMWHoro rycTHHoro CTpyMy He BHÖnparoTbca, 

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

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

A pK yw
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P
Ihopm = f z ™  =  62,6 / (1.73-110) = 329 A.

V3 ■ Uhom

T =  T =  329 AMaKC hopm

3a Ta6au^ro goßigHHKa npufiMaeMO go BcTaHOßaeHHa npoßig 1xAC120/19 

(q = 120 mm2, d = 15,2 mm, Igon = 380 A). Oa3u po3Tamoßam ropu3OHTaabHO Ha 

ßigcTaHi 300 cm. Togi

Igon > IMaKC,

380 A > 329 A.

nepeßipKa muH Ha eaeKTpogHHaMiHHy crifiKicTb He BHKOHyeTbca, ocKiabKH

In.0 < 20 kA.

nepeßipKa Ha TepMiHHy cTifiKicTb TaKO^ He BHKOHyeTbca, ocKiabKH muHH 

BHKOHaHi roauMH npoßogaMH Ha ßigKpuTOMy noßiTpi.

nepeßipKa 3a yMOßaMH KopoHyßaHHa b gaHOMy ßunagKy Moraa 6 He 

npoßoguTuca, ocKiabKH 3rigHO nY E MirnMaabHufi nepepi3 gaa noßnpaHux amm 

110 kB cTaHOBHTb 70 mm2. Bpaxoßyroau, rn,o Ha B Pn ßigcraHb Mm: npoßogaMH MeHma, 

Hm: Ha noßiTpaHux aiHiax, npoßoguTbca nepeßipoHHHfi po3paxyHOK.

Bu3HanaeMO noaaTKOßy KpuTHHHy Hanpy^erncTb eaeKTpuHHoro noaa:

(  0 2991
E 0 = 30,3 ■ m ■ 1 + ,

l  Vro J

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

6araTonpoßigHHKOBux npoßogiß m  = 0,82); r 0 -  pagiyc npoßogy, r 0 = 0,76 cm.

(  0 2 9 9 1
E0 = 30,3 ■ 0,82 ■ 1 + - j =  = 33,4 kB/cm l

l  V0,76 J

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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BH3HanaeM0 HanpymeHicTb eaeKTpHHHoro noaa HaBKoao npoBogy

0.354 • U
E

ro • !g
cep

V r0

ge U  -  mmÖHa Hanpyra, kB;

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

n p n  ropH30HTantHOMy po3TamyBaHHi $a3

Dcep = 1 2 6 ' D  = 1 0 0 ,8 ,

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

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

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

mHHax eaeKTpocTaH^i nigTpHMyeTbca Hanpyra 1,1 UH0M.

nepeBipKa BHKoHyeTbca 3a HacTynHoro 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

BHKopHCTaHHa.

Biiöip mopcTKHx muH

npHHMaeMo TeMnepaTypy HaBKoanmHboro cepegoBHrn,a: 30oC.

OönpaeMo aaroMiHieBi mHHH KopoönacToro nepepi3y po3TamoBaHi 

ropH3oHTaabHo i mopcTKo 3aKpmaem ogHa BigHocHo ogHoi (2x150x65x7 mm, 

nepepi3oM 2x1785 mm2, Igon=5650A).

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
B P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3

A pK yw



PncyHOK 2.4 -  fflHHH KopoönacToro nepepi3y 

Ugon =  7 0 oC, u^aKT =  3 0 oC, uHOpM =  2 5 0C.

YMOBa 3a gonycTHMHM CTpyMOM:

I ™  = 5090A < I ÄO„ = 5650 A,

yMOBa BHKOHyeTtca.

npnnycTHMHH CTpyM 3 ypaxyBaHH^M nonpaBKH Ha TeMnepaTypy 

HaBKonnraHboro cepegoBHrn,a:

j t  _  t l^d o n  ^(paKm
1 don =  1 don „ .

^öon ^HopM

5650  ■, 70 30 = 5327 A, 
70 -  25

ge v gon -  gonycTHMa TeMnepaTypa raHHH;

uH0pM -  HoMiHanbHa TeMnepaTypa HaBKonnraHboro cepegoBH^a.

5090 A < 5327 A.

MimManbHHH TepMWHo CTiHKHH nepepi3:

_ 4 b R  ,
q  min.don ^  jq-3 1 1 5 ,8  MM

OcKinbKH q ^ n.don =  115,8 < 2x1785 mm2 TepMiHHa CTrnKicTb raHH 

3a6e3nenyeTbca.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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TBepgi tttuhu noBHHHi öyra nepeBipeHi Ha gHHaMiHHi gii CTpyMiB K3 i Ha

MÔ HHBiCTb BHHHKHeHHa pe30HaHCHHX aBHffl,. 3a3HaHeHi aBHffl,a He BHHHKaWTb npn

K3, aKrn,o BnacHa nacTOTa KoaHBaHb thhh  MeHme 30 i öiabme 200 r ^  ^acTOTa 

BnacHHx KOHHBaHb gga aaroMimeBHx mHH BH3HanaeTbca 3a $opMyaoro

f  = 173:2 Jy0-y0 = 173:2 1 2 6 0  = 7 , 7 r „
0 “  l 2 V 2 • q thhh “  2 2 ] j  2 1 7 ,8 5  “  ^

ge l  -  goB^HHa nponbOTy Mm: i3oaaTopaMH l  =  2 m, m;

J y 0 - y 0  -  MOMeHT mep^ i nonepenHoro nepepi3y gBOx 3po^eHHx mHH, cm4;

qmHHH -  nonepenHHH nepepi3 ogmei thh h , cm2.

OcKiHbKH f0 = 257 > 200 r ^  to MexarnHHHH pe3oHaHc BHKaroHaeTbca.

MoMeHT onopy nepepi3y gaa gBox 3porn,eHHx t h h :

i 2 • l 2  61,292-22-10-2
^♦.max = 1,76 ~ y i --------10-8 = 1,76---------------------------- = 1,979 M na

a • Wy0-y0 0,8-167

ge a -  BigcTaHb M i: $a3aMH, m;

^y0 -y0 -  MoMeHT onopy gBox 3porn,eHHx t h h , cm3.

^ $ max = 1,979 < crgon = 82,3 M na yMoBa MexaHiHHoi m^ hoct BHKoHyeTbca. 

ge a gon = 82,3 M na -  gonycTHMa MexaHiHHa Hanpyra b MaTepiaai aaK>MimeBHx t h h .

Cnaa B3aeMogii M i: mBeaepaMH:

i  2 61,292
fn = 0,5 •IO“7 = 0 ,5 ------------10-1 = 1252 H/m
n ’ h , 0,15

ge h - BHcoTa mBeaepa, m.

MaKcHManbHa BigcTaHb M i: Mic^MH 3BapwBaHHa mBeaepiB:

, /12 • (^ g0n - a ^max)• Wy-y 12 • (82,3 -  1,979). 14,7 _
n̂.max 4 c  a 3 , 3 6  M

V fn y  1252

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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ge ^ N y —y  -  MOMeHT onopy iiihh y BepTHKantmö nnom.HHi, cm3.

2.5 Bnöip BHMiproBanbHHx TpaHC^opMaTopiB CTpyMy Ta Hanpyru

^na BBiMKHeHHH eneKTpoBHMipwBanbHHx npnnagiB i npncTpoiB penefiHoro 3axHCTy 

HeoöxigHa ycraHoBKa TpaHC^opMaTopiB crpyMy i Hanpyru y  gaHoMy npoeKTi peneÖHHH 

3axHCT geTantHo He po3poönaeTbCa, ToMy nepeBipKy TpaHC^opMaropiB 3a btophhhhm 

HaBaHTâ eHHHM BHKoHycMo 3 ypaxyBaHHaM BBiMKHeHHa TintKH BHMiproBantHHx 

npnnagiB.

y  Koni CnnoBoro TpaHC^opMaTopa 3 öoKy hh: ho1 Hanpyrn BCTaHoBnroeTtCa 

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

fflHHax 110 kB -  BontTMeTp i3 nepeMHKaneM gna BHMipy Tptox Mi:$a3oBHx Hanpyr, 

Ha CewÖHoMy BHMHKani 10 kB - aMnepMeTp, Ha nirnax, rn,o BigxogaTt, 10 kB - 

aMnepMeTp, niHHntHHKH aKTHBHoi i peaKTHBHoi eHeprifi. Po3paxyHoK BTopHHHoro 

HaBaHTa:eHHa TpaHC^opMaTopa CTpyMy HaBegeHHH y Taönn^ 2 .8 .

T aön n ^  2.8 -  Po3paxyHoK BTopHHHoro HaBaHTa:eHHa TpaHC^opMaTopiB CTpyMy

npnnag KnaC
HaBaHTa:eHHa no $a3 ax
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

îHHntHHK aKTHBHoi eHeprii 1 2,5 - 2,5
îHHntHHK peaKTHBHoi eHeprii 1,5 2,5 - 2,5

CyMapHe HaBaHTa:eHHa CTpyMy b Koni 
cnnoBoro Tp-pa Ha ö o ^  BH 0,5 0,5 0,5

CyMapHe HaBaHTa:eHHa CTpyMy b Koni 
CnnoBoro Tp-pa 3 öoKy HH 6,5 0,5 6,5

CyMapHe HaBaHTa:eHHa CTpyMy b Koni 
C e^. BHMHKana Ha HH 0,5 0,5 0,5

CyMapHe HaBaHTa:eHHa CTpyMy b Koni 
BigxigHoi nmii 0,5 0,5 0,5

Bnöip TpaHC^opMaTopiB CTpyMy HaBegeHHH y Ta6 nH^ax 2.9 - 2.12. 

BnÖHpaeMo TpaHC^opMaTop CTpyMy TO3M-110E-L

A pK yw
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TpaHC^opMaTopa Ha 6 o ^  bhcokoi Hanpyrn 110 kB

YMoBa BHÖopy
Po3paxyHKoBi

3HaneHHa
KaTano^Hi
3HaneHHa

U c  <  U  H 110 kB 110 kB
I  <  I

p a C H  H O M 463 A 800 A

5  <  1  n p C K B 9,12 kA 124 kA

b k  <  F T t r 1,365 kA 2 c 2352 kA 2 c

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

^na nepeBipKH 3 a btophhhhm HaBaHTmeHHaM BH3HanaeMo onip npnnagiB

S  0 5
^  = ^  =  - ° T  =  0,02 Om 

Togi onip cnonynHHx npoBogiB Mo^e öyra

7  = 7  —  7  — 7^np ^ hom ^npun ^ k

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

Z n p u n  — onip npn^agiB, Om;

Zk — onip KOHTaKTiB, Om.

Znp =  1,2 — 0,02 — 0,1 =  1,08 Om. 

nepeTHH ^nn npn goB^nm Kaöena l  = 1 0 0  m:

l  1 0 0
F  =  p  • —  =  0 .0175 • — — =  1.62 mm2

Znp 1.08

ge p  -  nnToMHH onip Migi, 0,0175 (ü m -mm2/m),

F  -  nepeTHH ^Hn, mm2.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexamnHOi m^ hoct noBHHHHH 

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

Onip oöpaHHx npoBogiB:

l  1 0 0
^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. 

BnönpaeMo TpaHC^opMaTop CTpyMy TfflB -15-y3.

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

yMoBa BHÖopy
Po3paxyHKoBi

3HaneHHa
KaTano:Hi
3HaneHHa

IA 10 kB 15 kB

1 p a c n  <  1 H O M 5090 A 6000 A
i  <  L

y  O U H 61,29 kA -

B k  < I 2T t r 108,7 kA 2 c 3650 kA 2 c

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

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

Znp„, = £ ^  =  ^  =  0,26 Om

Togi onip cnonyHHHx npoBogiB M o:e öyTH

A pK yw
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7  = 7  —  7  — 7■̂ np ^ hom -̂ npĤ  ^ k

ge Znp — HOMiHâ bHHH onip HaBaHTâ 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:HHi Kaöena l  = 100 m:

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

Znp 0,84

ge p  -  nmoMHÖ onip Migi, 0,0175 (Om m m2/m),

F  -  nepeTHH : hh, mm2.

nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexaHiHHoi M^Hocri noBHHHHH 

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

Onip oöpaHHx npoBogiB:

l 1 0 0
Znp = p - -  = 0 .0175------- = 0,7 Om.

p F 2,5

3arantHHH onip CTpyMoBoro Kona

Zh =  Znpan +  Zfc +  Znp =  0 .2 6  + 0 . 1 + 0 ,7  = 1 ,0 6  Om.

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

TOHHoCTi 0,5.

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

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

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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YMoBa BHÖopy
Po3paxyHKoBi

3HaneHHa
KaTano^Hi
3HaneHHa

U c  <  U H 10 kB 10 kB
I  <  I

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

y  o u H 61,29 kA -
B k  <  I 2T t r 108,7 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
^  = ^  =  - ° T  =  0 ,0 2  Om

Togi onip cnonyHHHx npoBogiB Mo^e öyTH

7  = 7  — 7  — 7n̂p ^hom n̂pun ^k

ge Z np — HOMiHâ bHHH onip HaBaHTâ 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

Znp 0 ,68

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

F  -  nepeTHH ^nn, mm2.

nepeTHH cnonynHHx npoBogiB 3a yMoBaMH MexaHiHHoi m^ hocT noBHHHHH 

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

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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Onip oöpaHHx npoBogiB:

1 1 0 0
Z = p -  -  = 0 .0175------- = 0,438 Om.

P F 4

3aranbHHH onip CTpyMOBoro Kona

ZH =  ZnpĤ +  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^-10-Y3 BignoBigae yMOBaM BHÖopy.
BnÖHpaeMO TpaHC^opMaTop CTpyMy T ffl^n-10-Y 3.

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

YMoBa BHÖopy
Po3paxyHKoBi

3HaneHHa
KaTano^Hi
3HaneHHa

U c  <  U  H 10 kB 10 kB
I  <  I

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

y  o u h 61,29 kA -
B k  <  l2T t r 108,7 kA2 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
^npan j2 ^2 0,02 0 m

Togi onip cnonyHHHx npoBogiB Mo^e Öyra

7  = 7  —  7  — 7^np ^ hom ^npufl ^ k

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

Z n p u n  — onip npn^agiB, Om;

Zk — onip KOHTaKTiB, Om.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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Znp = 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

Znp 0 ,68

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

F  -  nepeTHH : hh, mm2.

nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexarnnHOi M̂ HOcri noBHHHHH 

öyTH He MeHme Hi: 4 mm2 gna MigHHx : hh.

Onip oöpaHHx npoBogiB:

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

p F 4

3aranbHHH onip CTpyMOBoro KOHa

ZH = ZnpUn + Zfr + Znp = 0.02 + 0.1 + 0,438 = 0,56 Om.

rn,o MeHme Hm: 0,8 Om, npnnycTHMHx npn poöoTi TpaHĈ opMaTopa b KHaci 

TOHHOCTi 0,5.

TpaHĈ opMaTop CTpyMy Tffl^n-10-Y3 BignOBigae yMOBaM BHÖOpy.

OönpaeMO TpaHĈ OpMaTOpn Hanpyrn 3a 3agaHHMH 3HaneHHAMH Hanpyrn Ta 3a 

nOTy:HicTW.

Ha öo^  BHCOKOi Hanpyrn 110 kB OönpaeMO TpaHĈ OpMaTOpn

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

HaBegeHHx y gOBigHHKax.

A pK yw
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TaÖHH^ 2.13 -  Buöip TpaHc^opMaTopa Hanpyru 3 öoKy BH

T u n
K H ac

H an p yrH

H oM iH aH bH a H a n p y r a  o ö m o t o k
H oM iH aH bH a n o T y * H ic T b ,  

B ^ Ä , b  KHaci t o h h o c T
M aK cuM aH bH a

n o T y ^ H ic T b ,

b ä
n ep B H H H o i,

kB

O cH oB H oi 

BTopHHHo'i, B

A o g a T -  

K oB oi, B
0 ,2 0 ,5 1 3

H K O -

1 1 0 - 5 8 Y 1
1 1 0 1 1 0 /V 3 1 0 0 /V 3 1 0 0 /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 ac

H oM iH aH bH a H a n p y r a  o ö m o t o k
H oM iH aH bH a n o T y * H ic T b , 

B ^ Ä , b  KHaci T onH ocT i
M aK cuM aH bH a

n o T y ^ H ic T b ,

B ä
H an p yrH n ep B H H H o i,

kB

O cH oB H oi 

BTopH 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
1 0 1 0 /V 3 1 0 0 /V 3 1 0 0 5 0 7 5 1 5 0 3 0 0 6 3 0

2 .6  OßrpyHTyBaHHH cxeMH ê eKTpHHHHx 3’egHaHb nigcraH^i'

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

-  3aöe3nenyBaTH HagiHHicTb eHeKTponocTanaHHa b HopMaHbHux h 

nicHaaBapiHHHx 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).
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PncyHOK 2.5 -  CxeMa po3Mirn,eHHa bhcokobo^bthex anapaTiB Ha nigcTaH^i

CxeMa 3 peMOHTHoro nepeMHHKoro, BHKoHaHoro 3a gonoMororo po3'egHyBaniB 

(«HeaBTOMaTHHHOW» nepeMHHKoro), 3a6e3nenye Mo^HHBiCTb npnegHaHHa oöox 

TpaHC^opMaTopiB go ogrnei nimi npn peMoHTi iHinoi.

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

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

po3'egHyBaniB QS3...QS4 y peMornmö nepeMHH^. noBnparn nimi W1, W2 - nimi, aro 

3'egHyroTt npoeKToBaHy nigcraH^ro 3 eHeprocncTeMoro.

Po3rnaHeMo HacnigKH aBapiÖHHx cm yagiö y garnfi cxeMi:

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

3aMHKaHHi b TpaHC^opMaTopi T1 BigöyBaeTbca BigKnroneHHa BHMHKana Q1. 

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

A pK yw
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öoro nepeBaHTa^yBagbHoi 3gaTHocTi.

2) BigMOBa ogHiei giHii, aKa 3'egHye cno^HBaniB 3 egeKTpocTaH^ero (W1). np 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. n icga  ^ o r o  

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

TpaHC^opMaTop T1 BigHOBgroe ^HBgeHHa.

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

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

nigcTam,ii 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 CHTyagiero e BigMOBa ogHiei 3 ^HBHgbHHx gim ö  

(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

npHÖManaMH BgacHHKaMH BgacHHx noTpeö e [10]:

- onepaTHBHi Koga;

- egeKTpogBHryHH, cncreMH 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^HOCTi npHÖMana BgacHHx 

noTpeö HaBegeHHfi y Taög. 2.15.

Ha nigcTam,ii nepegöanaeTbca ycTaHOBKa 2 TpaHc^opMaTopiB BgacHHx noTpeö. 

HoMiHagbHa noTy^HicTb BHÖnpaeTbca 3 yMOB

A pK yw
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ge ST C H  - noTy^rncTb TpaHC^opMaTopa BnacHHx noTpeö, kBA;

SC H  - noTy^HiCTt cno^HBaniB BnacHHx noTpeö, kBA.

T aön n ^  2.15 -  Po3paxyHOK noTy^HOCTi npHHMana BnacHHx noTpeö

n/n
HaÖMeHyBaHHA

cno^HBana

ycTaHOBneHa
noTy^HiCTb

Koe$.
nonHTy cos^

HaBaHTa^eHHa

OgHHH^, 
kB t x

KiHbKiCTb

Bcboro,
KBT KBT

Qyĉ
KBAp

1

Oxonog^eHHa

TpaHC^opMaTopiB

TP^TTH-63000/110
2x5 10 0,8 0,85 10 6,2

2

nigirpiß
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, 
BeHTHn^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 • I PycT +  QyCT

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

SycT — 0 .8 -V 2 7 ,4 2 +  6 ,22 =  22,5 kBA

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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n ig  nac BBiMKHeHHa ^O ro HaBaHTa:eHHa Ha OgHH TpaHc^OpMaTOp 

gOnycKaeTbca fioro nepeBaHTa:eHHa Ha 2 0 %. nOTy:HicTb TpaHc^OpMaTOpa gaa 

3aöe3neneHHa :HBneHHa HaBaHTa:eHHa BnacHHx nOTpeö 3 ypaxyBaHHaM peMOHTHHx 

HaBaHTa^eHb. PeMOHTHe HaBaHTa:eHHa Ha nigcTaH^i MO:Ha öpara TaKHM, rn,O 

gopiBHwe S T C P  = 20 -  25 kBA.

=  S C H  + S T C P  =  2 2 , 5  + 2 0  = 3 5 , 4  kB a .
T C H  1 ,2  1 ,2

EepeMO CTaHgapTHy noTy^HicTb TpaHC^opMaTopa S T C H  =40 kBA. OcTaTOHHO 

gaa ^HBneHHa cno^HBana BnacHHx nOTpeö öepeMO gBa TpaHC^opMaTopn CTaHgapTHOi 

noTy^HOCTi: TM-40/10.

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

nigcTaH^i (nC ) 110 kB cnOpyg:ywTb, aK npaBH.ro, BigKpHTHMH.

CnOpyg:eHHa 3 aKpHTHx n C  Hanpyroro 110 kB, gOnycKaeTbca b TaKHx 

BHnagKax[9]: pO3Mirn,eHHa n C  i3 TpaHc^OpMaTOpaMH 16 M BA i BHrn,e Ha cny:ÖOBiH 

TepHTOpii MiCT, pO3Mirn,eHHa n C  Ha TepHTOpii MiCT, kohh ^  gOnycKaeTbca 

MiCTOÖygiBHHM MipKyBaHHaM.

Ha n C  eaeKTpOnOCTanaHHa npOMHcroBHx nignpneMCTB nepegöanaeTbca BOgaHe 

OnaaeHHa, npnegHaro gO TenroBHx M epe: nignpueMCTB.

EygHHKH 3 P y  (3aKpHTHx P y ) gOnycKaeTbca BHKOHyBara aK OKpeMO pO3Mirn,em,

TaK i 3 ÖaOKOBaHHMH 3 öygHHKaMH P n y  b TOMy rocrn i nO BepTHKani.

TpaHc^OpMaTOpn 110 kB BapTO ycTaHOBHWBaTH BigKpHTHMH, a y paöOHax i3 

3aöpygHeHOW aTMOc^epOro 3 nOcHrororo i3Ona^ero.

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

BHMOr: peMOHT BHMHKaniB 110 kB i BHrn,e BHKOHyeTbca 6e3 BigKawneHHa npnegHaHb: 

nOBiTpaHi gmii' BigKawnawTbca Big P n  He öirome Hm: gBOMa BHMHKanaMH, 

TpaHc^OpMaTOpn öaOKiB BigKaronaroTbca He öirome H i: TpbOMa BHMHKanaMH i T.iH.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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n p n  BigKaroneHHax BHMHKaniB y HopMaabHoMy pe^HMi P n  He noBHHHe 

BigKaroaaTH 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 Hm: 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 

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

Ta iH.

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

Hec^pa^WBaHHa 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 mohth^ hhx poöiT.

CewroBaHHa 3ÖipHHx mHH go3Boaae 3agoBoabHHTH BHMorn HagiÖHocTi. 

Po3mnpeHHa P n  3gmcHroeTbca 3anoBHeHHaM pe3epBHHx ocepegKiB aöo BBegeHHaM 

hoboi c e w i .

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

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

peKoMeHgyeTbca BCTaHoBaroBara ma^H K Py 3aBogcbKoro BHroTOBaeHHa.

A pK yw
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3 PO3PAXYHOK PE^EHHOrO 3AXHCTY TPAHCOOPMATOPA

3.1 BH3HaneHHH napaMeTpiB, HeoöxigHHx g^H po3paxyHKiB 3axucTy 

TpaHc^opMaTopa

3rigH0 3 BapiaHTOM 3aRgaHHa, Heo6xigHo RHKoHaTH po3paxyHOK 3axncTy gna 

TpaHĈ opMaTopa Tuny TP,4TIH-63000/110. TpaHĈ opMaTop OTpHMye ^HRneHHa Big 

eHeprocHCTeMH 3 napaMeTpaMH xCMaKC = 12 Om; xCMiH = 18 Om (onopn npnRegem go 

Hanpyrn Ucp.hom = 115 kB).

1. ^na CKnagaHHa cxeMu 3aMirn£HHa (pnc. 3.1) po3paxyeMO onopn 

TpaHĉ opMaTopa:

а) 3aranbHHH mgyKTHRHnn onip:

Uk U^.hom 10,5 1152 „„„„ „xm = — ---- p—  = ------------- = 22,04 Om.
m 100 SH 100 63

б) onip oömotkh rhiho! Hanpyrn:

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

r) onip o6motkh hh^ hoi Hanpyrn:

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

A pK yw
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PncyHOK 3.1 -  noacHrorona cxeMa (a) i cxeMa 3aMi^eHHa (6) TpaHc^opMaropa

3 po3^enneHOW o6motkow

2. np n  po3paxyHKax CTpyMiB K3 gaa 3axncTy TpaHC^opMaropiB i3 P nH  caig 

ypaxyBarn 3MiHy onopy 3a paxyHOK peryaroBaHHa Hanpyrn. ^aa TpaHC^opMaropiB 

110 kB npn6nH3HO MO^Ha npHHHaTH:

X .  = . . ( 1  -  AU)2 = 38,6-(1 - 0,12)2 = 29,9 Om;

• W  = (1 + AU)2 = 38,6-(1 + 0,12)2 = 48,4 Om.

3BigcH

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

■ W  = • . hom (1 + AU)2 = 2,76 - (1 + 0,12)2 = 3,46 Om.

3. CrpyM KopoTKoro 3aMHKaHHa Ha mHHax hh3bkoi Hanpyru (ToHKa K1):

A pK yw
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T(3) = ________ U cp.Ha„_________ = ________115_______ = | tno  „A­
“  A  ( x _ „  + x e.Ml„ +  x„. mh ) V3 (12 + 2,13 + 29,9)__ ’ ’

4 3L  = ̂ -------- UcH0M------------r  = — ,------ 115----------r  = 0,823 kA.
2 - ( x CJ, „  + x „  + x„ )  2-(18 + 3,46 + 48,4)

3.2 Po3paxyHOK nogoB^Hboro gu^epeH^aabHoro crpyMOBoro 3axucTy

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

po3paxyHKOBHx yMOB:

a) BigcTpoHKa Big KHgKa CTpyMy HaMarmnyBaHHa, rn,o BHHHKae npn BKaroneHm 

TpaHC^opMaropa Ha xohocthh xig a6o npn BigHoBneHHi Hanpyrn niCaa BigKaroneHHa 

K3, a TaKO  ̂Big nepexigHHx CTpyMiB HeöanaHcy npn 30BHimHix K3:

t =  k  • 1Ac . 3 rvomc A hom'’

ge k omc -  K oe^ieHT BigCTpoÖKH, gaa peae rany PHT k omc =  1,3;

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

npHHHaTO b aKOCTi po3paxyHKOBOi;

S„
1  hom \ ß  - U

63
V ä-115

= 0,316 kA;
cp . hom

1C3 =  1,3 - 316 = 411,2 A.

6) BigcTpoÖKa Big MaKCHMaabHoro nepiogHHHoro CTpyMy HeöaaaHcy, ^ o  

BHHHKae npn 3oBHimHix K3:

1  >  k  • 1
A C .3  'v3 A h 6 .p a C H

ge k3 = 1,3 -  Koe^^ieHT 3anaCy no BH6ipKoBoCTi;
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Ih 6  pam -  MaKCHMantHHH po3paxyHKOBHH CTpyM HeöanaHcy, po3paxoBaHHH äk 

cyMa Tpbox CKnagoBHx, nponop^ÖHHx nepiogHHHrn CKaagoBifi CTpyMy K3,

I = I" + I" + I
h6 . p a m  h6. p a m  h6. p a m  h6 . p a m  •

CKaagoBa CTpyMy I'h 6  oöyMOBneHa norpimmcTro TpaHC^opMaropa CTpyMy:

I" = k • F •1A n 6 . p a m  rvodn ° A k .m ü k c  ’

ge k o d n  = 1,0;

F =  0,1;

I K mcijcc -  MaKCHManbHHH CTpyM 30BHimHtoro K3, npHBegeHHH go

po3paxyHKOBoro Hanpyrn.

I ""
CKaagoBa h 6 .pam  oöyMoBaeHa peryaroBaHHÄM Koe^^ieHTa TpaHC^opMa^i 

CHHOBoro TpaHC^opMaTopa (aBTOTpaHC^opMaropa) nicaa Toro, äk 3axHCT öyB 

3ÖanaHCOBaHHH Ha cepegHix BignafiKax. U ä CKaagoBa BH3HanaeTbca äk cyMa CTpyMiB 

HeöanaHcy Ha CTopoHax, ge e peryaroBaHHÄ:

i i i

i "" =  V a u  • in 6 .p a c u  /  n  k .MaKC.n ?
n = I

ge A U  -  BigHOCHa norpimHiCTb peryawBaHHÄ Hanpyrn, npHHMaeTbCÄ piBHifi 

noaoBHHi giana3OHy peryawBaHHÄ CTopoHH n  TpaHC^opMaropa (äkmo peryawBaHHÄ 

±10% , to AUn = 0,1);

IK M a K C n  -  MaKCHManbHHH nepiogHHHHH CTpyM, ^ o  npoTiKae no cropom n  

TpaHC^opMaTopa.

CKaagoBa I H"6 paCH oöyMoBaeHa HeTonHiCTW yCTaHoBKH Ha peae po3paxyHKoBHx 

HHCea BHTKiB:

A pK yw
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III
I  Hö.pacu = t , AWn ■ I  ,

n=I

w  — wa n. pacu nge AWn = —  -----------  -  norpimHiCTB BHpiBHWBaHHa gna ctopohh n
n wn

TpaHc^opMaTopa.

3 ypaxyBaHH^M HaBegeHHx BHpa3iB BHKoHyeMo po3paxyHKH CTpyMy 

Cnpa^oByBaHHa 3axHCTy 3a yMoBoro BigCTpoÖKH Big CTpyMy HeöanaHcy:

I c . 3 =  k  ( k ^  - e  +  A U , ) 4 1 „  =  1,3 • (1,0 • 0,1 + 0,12)-1509 = 431,5 A.

npHHMaeMo öm tm e 3HaneHHa Ic 3 =  431,5 A.

2. Bnöip THny pene BHKoHyeMo Ha ocHoBi o^ hkh nyTHHBocTi 3axHCTy, aKHH 

BH3HanaeMo npnönroHo, gyMaronn, rn,o BeCb CTpyM ymKog^eHHa (npHBegeHHH go 

BTopHHHoi ctopohh) nonagae b pene. nonepegHa nepeBipKa nyTHHBocTi npoBogHTbCa 

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

BHKoHyBaTHca yMoBa:

I  ( 2)

k H = >  2 ,0 ,
I c  . 3

090
k  = --------= 1,908 < 2 .

u 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 3 a yMoBaMH:

a) BigcTpoÖKa Big KHgKa HaMarmnyBaHHa CTpyMy

Ic.3 = k o m c  • I HOM =  1,5 • 316 = 474,4 A.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
B P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3
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6) BigcrpoHKa Big CTpyMy He6anaHcy npn K3 Ha HH3bKiö CTopoHi

I ' . ,  = .  ' ( . - e  +  A U , ) 4 .  = 1,5(1,0.0,1 + 0,12) 1509 = 497,9 A.

CTpyM cnpa^oByBaHHA 3axncTy npHHMacMO 3a 6inbmoro 3 yMOB I c .3. = 497,9 A.

4. BroHanaeMO HyraHBiCTb 3axncTy npn K3 Ha CTopoHi HH npn MirnManbHoMy 

perynwBaHHi:

I (2) 823
k  = = -------- = 1,653.

I  497 9C.3 ’

^  3HaneHHa k H gern,o MeHme HopMOBaHoro, ogHaK, y^ e  npn HOMmanbHOMy 

Koe^igieHTi TpaHC^opM^ii TpaHC^opMaTopa CTpyM K3 CKnage:

- (2) = ______ H 5________ = 0  696 kA
“  2(18 + 2,76 + 38,6) , ’

i Heo6xigHHH Koe^igieHT HyraHBocTi 3a6e3nenyeTbca

k. = .  2 .
v 497,9

ToMy 3axHCT i3 pene ^3T-11 Mo^e 6yra 3acTocoBaHHH.

3.3 Bnöip ycTaBOK pe^e THny ^3T-11

1. BH3HanaeMo nepBHHHi HoMmanbrn CTpyMH gga gBox CTopiH o6nagHaHHa,

^ o  3axH^aeTbca, no ^opMyni:

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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s
J  _  U HQ M

1  H O M .n  =  f Z  t  T  5

U  H O M .n

ge SHOM -  HOMiHaatHa noTy^HicTb TpaHc^opMaropa;

U HOM n -  HOMiHaatHa Hanpyra ctopohh oöaagHaHHa, ^ o 3axH^aeTtca.

^ a a  ctopohh bhcokoi Hanpyrn 115 B:

, 63000
I  = —1=------- = 316 A.

HOMn S  -115

^ a a  ctopohh HH3BKO1 Hanpyrn 10,5 B:

r 63000
I„_M „ = —j=-------= 3464 A.

Vä -10,5

2. BroHanaeMO BTopHHHi HOMmaatm CTpyMH naeneö 3axucTy:

I  =  IHOM.n Kx.n
1 6. HOM.n TT 5

K I  .n

ge k cxn -  Koe^^ieHT cxeMH 3'egHaHHa btophhhhx oömotok TpaHc^opMaropa Ha

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

3'egHaHHi OÖMOTOK y kcx =  y f3  TpHKyTHHK);

K j  n -  Koe^^ieHT TpaHc^opMa^i TpaHc^opMaropa, npHHHaTHH Ha CTopoHi, ^ o

3axHffl,aeTbca, oö'eKTa (npu BHÖopi K oe^^iem a TT Tpeöa BpaxoByBara, rn,oö BTopHHHi 

HOMiHaatHi CTpyMH cyTTeBO He nepeBHrnyBaan nacnopTHi 3HaneHHa CTpyMiB 5 A aöo 

1 A). CTopoHa 3 HanöiatmHM btophhhhm CTpyMOM npHHMaeTtca b aKOCTi ochobhoi, 

rn,o 3aöe3neaye HaÖMeHmy norpimmcTt BHpiBHWBaHHa gaa peae.

^ a a  ctopohh bhcokoi Hanpyrn 115 B:

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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, 316 ^ 3
I  = ------- —  = 4 57 A.ß.HOM.n z'f\f\ I c ^6 0 0 / 5

^aa cropoHH HH3BK01 HanpyrH 10,5 B:

L
^ 4 6 4

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

BpaxoBywHH, rn,o oÖMoraa hh3bkoi HanpyrH TpaHC^opMaTopa BHKOHaHa 

po3^enneHOW, OTpHMaHe 3HaneHHa CTpyMy HeoöxigHo nogBoiTH -  I e HOM n = 8,66 A. 

OTpHMam po3paxyHKOBi gam HaBogHMO b Taöa. 3.1.

T a ö a n ^  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 n 600/5 4000/5
CxeMa 3'egHaHHa 
TpaHC^opMaTopa

TpHKyTHHK 3ipKa

I  A6.HOM.n ’ ^ 4,57 8,66

3 Taöan^ BHnaHBae, rn,o b aKocri ocHOBHoi caig B3aTH CTopoHy HH3tKoi HanpyrH 

(10,5 kB), rn,o Mae öiatraHH btophhhhh HoMmaatHHÖ CTpyM.

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

BH3HanaeMo no BHpa3y:

I C.3 '  k CX '

I

U hom . p a m  

V  U HOM.n J
c. p.n

K I  .n

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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ge U HOM -  HOMmantHa Hanpyra ctopohh, BignoBigmfi go po3paxyHKOBoro

^aöaa Hanpyra.

497,9 • 1 • -115 
10 5

Ic P n = ---------- —  = 6,82 A.c ■ p ■ n 4000/5

4. PO3paxyHKOBe HHCaO BHTKiB pOÖOHOl OÖMOTKH gaa OCHOBHO1 CTOpOHH 

BH3HanaeMO no ^opMyai:

WOCH = ----—  = -100 = 14,7 BHTKiB.
P IcpocH 6,82

npHHMaeMO HaööaH^ae MeHme ^ a e  3HaaeHHa w pa6octi=  14 BHTKiB, rn,o

3aöe3neaye 3anac no BHÖipKOBOCTi. n p n  ^oM y âKTHHHHH CTpyM cnpa^oByBaHHa 

peae CTaHOBHTt:

I  =100 = 714 Ac ■ p  ■ OCH

5. Po3paxyHKH ancaa BHTKiB gaa mmoi ctopohh 3axncTy BHÖnpaeMO 3a yMOBaMH 

öaaaHcy Ha peae M^C 3axncTy npn 3oBHimHtoMy K3 aöo HopMaatHoMy pe^HMi 

(pnc. 3.2):

1 e ■homI  WI  1 e .homI I  WII ’

3BigKH

f
w  =  wpacu ■ n OCH

I.6 ■ HOM ■ OCH
IV Ae ■ hom ■ n J

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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8,66
W nacu  =  14 ■ —---- = 26,56 BHTK1B.p a c u  ^

npHHMaeMO HanönH^ne ^ n e  3HaneHHA, rn,o 3a6e3nenye HafiMeHmy norpimmcTb 

BHpiBHWBaHHfl W j  = 27 BHTKiB.

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

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

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

4 ,  = k ( k ^  ■s +  A U i  +  A w , )■ I KMm  = 1,5■ (1,0■ 0,1 + 0,12 + 0,0166)■ 1509 = 535,6 A,

0 a w p a c u  -  w i  26,56 -  27ge A w  = — ------------= — ------------ = 0,0166.
w  26,56pacH

7. YToHHeHHH po3paxyHKoBHH CTpyM cnpa^oByBaHHA pene BH3HanaeMo no 

$opMyni:

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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( U  A ( i i 5 A
JC 3  ■ k cx  • 535,6• 1 • —

j  _  ' l  U hqMi i  J _  l 10,5 J _ 7 33 A
c p o c H  k/(//) 4 0 0 0 /5  , ‘

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

nepegöaneHe ranbMyBaHHa, 3 ypaxyBaHH^M norpimHOCTi BHpiBHMBaHHa 3HaxogHTbca 

no BHpa3ax, HaBegeHHx y n. 3.2.1:

J HÖ.pacH _  k 3 •  ( k nep ' S  +  A U I  +  A w i I  )  J k .m ükc  _

_  1,5 (1,0 • 0,1 + 0,12 + 0,0457) • 1509 _  601,3 A,

14 7 - 1 4
ge A w n  _  —  ----------_  0 ,0457.

jj 14,7

9. ^Hcno BHTKiB ranbMiBHoi oömotkh, rn,o 3a6e3nenye HagiÖHe BigcTporoBaHHa 

peae Big CTpyMy HeöanaHcy npn gaHOMy BHgi K3, BH3HanaeTbca no BHpa3y:

_ k 3 j nö .pacu  W 'paö .n
W mopM.n j  ,

j  mopM.n t g ^

ge k 3 _  1,5;

I m o p M n  -  nepBHHHHH ranbMiBHHH CTpyM Ha CTopoHi, ^ o  3axH^aeTbca,

TpaHC^opMaTopa, Ha m iß BKawneHa raabMißHa oÖMoraa;

t g a  _  0 ,75 -  TaHreHC KyTa Haxany goTHHHiß, npoBegeHiß 3 nonaray KoopgHHaT go 

HH^Hboi po3paxyHKoBoi no BHÖipKoBoCTi ranbMiBHoi XapaKTepHCTHKH (pHC. 3.3).

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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PncyHOK 3.3 -  XapaKTepncTHKa gaa BH3HaaeHHa ayTaHBocTi 

gn^epeH^aabHoro 3axHCTy 3 peae rany ^3T-11 npn HaaBHocTi raabMyBaHHa

k 3 • I h6.pacH • w pa6.n 1,5 • 601,3 -14
WmopM = -------- -------------= ------------------= 11,16 « 11 BHTOK.

mopM T -  1509 • 0,751  K.MaKC •

TaKHM hhhom, go ycTaHOBneHHa Ha peae yxBaaroroTbca HacTynHi bhtkh:

W I  = 27 mT., %  = 14 fflT., WmopM = 11 fflT.

10. ^yTaHBiCTt 3axHCTy BH3HaaaeMo npn6aH3Ho no nepBHHHHx CTpyMax npn 

po3paxyHKOBOMy K3 Ha CTopoHi HH gaa BHnagKiB MiHiMaabHoro h HopMaabHoro 

peryawBaHHa TpaHC^opMaTopa:

I  (2)
K  __  1 K .M U H

k  = /

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

I c . 3 • k cx

I

6  u  ^HOM . pacH 

V  U HOM.n J
c. p.n K I .n

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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I  c.3 =

k

T • K1 c. p.n KI .n

U HOM. pacu 

V  U HOM.n J

ge 1 c . p . n  I c. p .o c H  7 , 14 A .

I  =  7,14 •4 0 0 0 / 5  -  5 2 1 7  A
1  c .3  /  1  1 f  ^  521, / A .

1 •
l 10,5J

Togi BH3HanaeMO Koe^^ieHTH nyTaHBOCTi:

kv1 = - 82^  = 1,58, 
v1 521,7

K 2 =  - 9 6 9 - = 1,86.
"2 521,7

OcKiatKH Koe^^ieHT nyTaHBOCTi 3axHCTy npn HopMaatHOMy peryaroBaHHi 

Hanpyrn npaKTHHHO BignoBigae HopMOBaHOMy, a npn MirnMaatHOMy peryaroBaHHi 

gocHTt bhcokhh, to 3axHCT i3 peae ^3T-11 peKOMeHgyeTtca go ycTaHOBaeHHa.

3.4 Po3paxyHOK MaKCHMaabHoro crpyMOBoro 3axucTy

1. ^aa gBOXOÖMOTOHHHX TpaHC^OpMaTOpiB 3aXHCT BCTaHOBHWeTtCa Ha CTOpOHi

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

TpaHC^opMaTopa b TpHKyTHHK gaa nigBHrn,eHHa ayTaHBOCTi.

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

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

3axHCT gie i3 gBOMa betphmkomh aacy: 3 nepmow BmpHMKoro BigKaroaaeTtca 

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

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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2. Cnonaray BH3HanaeMo CTpyM Cnpa^oByBaHHa MT3 6e3 nycKy no Hanpy3i, 

akhh HanamTOByeTtca Big MaKCHManbHoro CTpyMy HaBaHTa«:eHHa 3 ypaxyBaHH^M 

caM03anycKy pyxoBoro HaBaHTa«:eHHa:

k  • k  • IJ  _ rV3 ^ C  ± na3p. MÜKC

k

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

k e = 0,8 -  Koe^^ieHT noBepHeHHa pene PT-40;

k c -  Koe^i^ eHT caMo3anycKy, rn,o BpaxoBye 3ÖmbmeHHa CTpyMy 

3aranbMoBaHoro pyxoBoro HaBaHTa^eHHa nicaa BigHoBneHHa Hanpyrn, npHHMaeMo 

kc = 2,5 ;

I Ha2pMaKC -  MaKCHManbHHH CTpyM HaBaHTa^eHHa, npHHMaeMo piBHHM

HoMiHanbHoMy CTpyMy TpaHC^opMaropa.

= 1,2 •2,5 •316 = 1186,1 A. 
c.3 0,8

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

K3 y MiHiManbHoMy pe^HMi:

I (2)
Tr ___ 1 K. .MUH

k  "  /
826

1186,1
= 0,694 < 1.

OcKiHbKH HyTHHBiCTb MT3 6e3 nycKy no Hanpy3i BH^BaaeTbca HegoCTarnboro, 

3acTocyeMo önoKyBaHHa no Hanpy3i 3 öoKy HH TpaHC^opMaropa.

4. CTpyM cnpagboByBaHHa MT3 i3 nycKoM no Hanpy3i HanamToByeTbca Big 

HoMiHanbHoro CTpyMy TpaHC^opMaropa I HOM Ha CTopom, ge BCTaHoBaeHHH 3axHCT:

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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k  1 2
I ' . ,  = - f -  ' I n o ,  = ^  '1,0 • 316 = 474,4 A .

k B 0,8

a HyT^HBiCTb 3axHCTy b Tin ®:e po3paxyHKoBifi t o w  CKnage:

K  =  - 8 2 3 - = 1,735.
H 474,4

5. Hanpyra cnpa^oByBaHHA nycKOBoro opraHy MiHiMantHoi Hanpyra, 

BHKOHaHoro y Bnraflgi pene, BKnroneHoro Ha Mrn:$a3Hy Hanpyry, BH3HanaeMo 

npnönroHo 3a yMOBaMH BigöygyBaHHA Big CTpyMiB caM03anycKy pyxoBoro 

HaBaHTa^eHHa npn BigHOBneHHi Hanpyra:

TT U C. MUH

C 3 _  K

ge k e = 1,2 -  K oe^^ienr noBepHeHHA gna pene MiHiMantHoi Hanpyra;

U C MUH -  MiHiMantHa Mra:$a3Ha Hanpyra B yMOBax caM03anycKy npn 

mgH0BneHHi Hanp y ru  npHfiMaeM0 u CMuh =  0,7Uh0m •

U C 3  = 0 , 7 '11Q = 64,2 kB. 
C.3 1,2

6. Hanpyry cnpa^oByBaHHn nycKOBoro opraHy no 3BopoTHifi nocnigoBHocri 

KOMÖiHOBaHoro nycKy no Hanpy3i npnnMaeMo piBHoro MmiMantmn ycTaB^ ^intTp- 

pene:

u 2 c . 3  = 0 ,06 • U hOM =  0 ,06'115 = 6,9 kB.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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7. ^yraHBiCTb öaoKyBaabHHx opraHiB nepeBipaeTbca npn K3 Ha npnöoMHHx

CTopoHax TpaHC^opMaropa, Kygn h nigKHMHem öaoKyBaabm peae, toöto U K 3 =  0,

a U  =  —  =  115̂  = 33,2 kB.2 k. 3aiy 2 2 - f e

Togi

U  99 9k  =  2K.3m =  _ 1_ = 4,811 > !,5.
U_c.3 6,9

OcKiabKH npn K3 Ha npHHOMmö CTopoHi TpaHC^opMaropa k H >  1,5, to 

gn^epeH^aabHHÖ 3axHCT hihhh Ha CTopoHi MO^Ha He BCTaHoBaroBara.

8. CTpyM cnpa^oByBaHHa 3axHCTy Big CHMeTpnaHoro nepeBaHTmeHHa, rn,o gie 

Ha cnraaa, BH3HaaaeTbca 3a yMoBoro BigöygyBaHHa Big HoMiHaabHoro CTpyMy 

TpaHC^opMaropa Ha CTopoHi, ge BCTaHoBaeHHÖ 3axHCT, no Bnpa3y

Ic .3 = k  ■ I = 105  ■ 316 = 415,1A.
kB 0,8

9. BHTpHMKa aacy MT3 y3rog^yeTbca 3 bhtphmkom aacy 3axHCTy airni Ha 

CTopoHi HH.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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4. P03PAXYH0K 30H  3AXHCTY CTPH^HEBHX

b^ h c k a b k o b i^ b o a ib  BPn

B öaKanaBpcbKm poöori HeoöxigHo po3paxyBara BHcoTy i 30Hy 3 axncTy 

önHCKaBKOBigBogiB B Pn-110 kB, BCTaHoBaeHHx Ha gBox nopTanax, pnc. 4.1 (no3 . 1 i 

2 ), i gBox ÖHHCKaBKOBigBogiB, ^ o  CToaTb OKpeMO, 3a3HaneHHx Ha 

pnc. 4.1 (no3 . 3 i 4), BBa^aronH, rn,o öaHCKaBKOBigBogn po3TamoBaHi CHMeTpHHHo no 

BigHomeHHW go By3bKoi cropoHH BPn. HagiömcTb 3ohh 3 axncTy Big ypa^eHb 

ÖHHCKaBKH P 3 = 0,999.

HaKpecaHTH roprooHTanbHHH nepeTHH 3ohh 3axncTy ÖHHCKaBKoBigBogiB B P n  

Ha BHCoTi h x .

napaMeTpn po3Mirn,eHHa ÖHHCKaBKoBigBogiB no naornum B P n  HaBegern b 

Taöa. 4.1.

PncyHoK 4.1 -  CxeMa po3Mirn,eHHa CTpn^HeBHx ÖHHCKaBKoBigBogiB B P n - 1 1 0  kB

A pK yw
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TaO nn^ 4.1 -  Po3paxyHKOBi napaMeTpn

A ,

M
B ,

M
L 1,

M
L 2,

M
L 3,

M
L 4,

M
L5,
M

hx , 

M
52 40 34 8 2 8 10 8 6

1. BH3HanaeM0 BigcTarn L  Ta L7 •

r B  -  L2 40 -  8 ^
L  = -------2 = --------= 16 m;

r B  -  L  4 0  -  2 8  ^
Ly = -------3  = -----------  = 6  M.

2. BH3HanaeMO BigcTarn p 1 Ta p 2 •

p  =  ^ L L ~ + L 6 =  y j102 + 162 = 18,87 m;

p 2 = y Jl 2 +  L2 = > /82 + 62 = 1 0 m.

3. 3oHa 3axHCTy nogBiHHoro CTpn^HeBoro OnncKaBKoBigBogy cKnagaeTbca 3 

30BHimHix oönacTeö 3ohh 3axncTy (HaniBKOHyciB 3 raOapHTaMH h 0, r0), rn,o 

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

Po3Mipn BHyTpimHix oönacTeö BH3HanawTbca napaMeTpaMH h 0 i h c, nepmnfi 3 akhx 

3agae MaKCHManbHy BHcoTy 3ohh 6e3nocepegHbo Oma OnncKaBKoBigBogiB, 

a gpyrnfi -  MirnManbHy BHcoTy 3ohh nocepegnm Mm: OnncKaBKoBigBogaMH.

3oHa 3axncTy ogHHHHHoro cTpn:HeBoro OnncKaBKoBigBogy bhcotom h  < 30 M 

npn HagiHHocTi 3axncTy P3 =  0.999, BH3HanaeTbca piBHAHHflMH:

h0n =  0 ,7 h n

r0n ■ (h0n -  hx)
h0n

r0n =  0 ,6  ■ hn

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
B P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3

A pK yw
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Po3paxoByeMO bhcoth ÖHHCKaBKOBigBogiB 1 Ta 2 BHxogaHH 3 yMOBH CTBopeHHa

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

H q i  —  0 ,7 h {

„ _ r 01 • (h 01 -  h x  )
'x\

h
nPu r x i — P i •

01

roi — 0 , 6  • h 1

fflnaxoM MaTeMaTHHHHx nepeTBopeHt OTpHMaeMO piBHHHHH BigHOCHO myKaHOi 

BeHHHHHH hl!

P i
0 , 6 h  • ( 0 , 7 h  -  hx) .

0 ,7  hi

0,42h12 - (0 ,7 p  +  0 ,6 h x ) h1 — 0; 

h  — 0; h  — 40,02 m.

BncoTa ÖHHCKaBKOBigBOgiB h 1 =  h2 =  40,02 m, He 3agoBontHHe yMOBi 

3acTOcyBaHHa piBHHHt npn h  < 30 m, TOMy gna pO3paxyHKy bhcoth ÖHHCKaBKOBigBogiB 

3acTOCOByeMO HacTynHi piBHHHHa:

h01 — [0 ,7-7 ,1410-4(h -30)]h1;

r x1 —r01 • (h 01 -  h x ) .
h

nPu rx 1 — P1 •
01

01 — [0,6 —1,4310-3 ( h  - 3 0 )]h;

fflnaxoM MaTeMaTHHHHx nepeTBopeHt po3B’a3yeMO CHCTeMy Ta 3HaxogHMO 

3HaneHHH bhcoth 1 ÖHHCKaBKOBigBogy h 1 =  40.96 M, rn,o 3agoBontHHe yMOBi 

3acTOcyBaHHa piBHHHt npn 30 < h  < 100 M.

OcTaTOHHO npHHMaeMO ÖHHCKaBKOBigBogn 1 Ta 2 bhcotow h 1 =  h2 =  40.96 M.

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
B P  5 . 6 . 0 5 0 7 0 1 . 7 8 6  n 3

A pK yw



Po3paxoByeMO bhcoth önncxaBKOBigBOgiB 3 Ta 4 BHxoĝ HH 3 ymobh CTBOpeHHa

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

h 03  —  0 , 7 ^ 3  

„  _ r 0 3  ■ ( h 0 3  -  h x  )

x 3

h 0 3

r 0 3  —  0 , 6  ■ h 3

, nPu rx3— P i ;

fflnaxoM MaTeMaTHHHHx nepeTBopeHt OTpHMaeMO piBHAHHA BigHOCHO myxaHOi 

BenHHHHH h3:

P i
0,6hg -(0,7hg -  hx) .

0,7hg

0,42hg1 -(0 ,7  p 2 + 0,6hx ) hg — 0; 

h  — 0; h  — 25,24 m.

OcTaTOHHO npHHMaeMO önncxaBKOBigBOgH 3 Ta 4 bhcotom h3 = h4 = 25,24 m, Tax 

ax BOHa 3agOBOntHae yMOBi 3acTOcyBaHHa piBĤ Hb npn h < 30 m.

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

Ai — Li — 8 m; 

r0i — r02 — 0,6 ■ h — 23,93 m; 

h0i — h01 — 0,7 - h1 — 28,35 m;

''X i — rx 1
r0i ' (h 0 i  h x ) — 18 9

h 01

,9 m;

Lc12 = [2 ,2 5 -0 ,0 1 0 0 7 (h  - 3 0 —  — 87,6 m; 

Lmaxii — [4 ,2 5 -3 ,5 7 '1 0 -3 ( f \  -  30)]* , — 172,5 m;

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
BP 5.6.050701.786 n3

A pK yw



Kn = Ci = 2835 M Ln -  Lc 12

^12 = = 18.9 M, hx < hc
h lx ^ ,fc12
c12

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

L34 = L  =  28 m; 

r03 =  r04 = 0,6 • h  = 15,14 m; 

h)3 = h04 =  0,7 • h3 = 17,67 m;

= 10,0 m;r  r  =  r 0 3  • ( h 0 3  -  h x ) _  

' x  3 =  ' x  4  =
h 0 3

Lc34 = 2,25 • h3 =  56,8 m ;

Lmax34 = 4,25 • h3 =  107,3 M

hc34 = h03 = 17.7 M, 

r03 (h c34- h x )

L34 < Lc 34

rcx34 = h
= 1 0 .°  M, h x <  h c 34

c34

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

L 1 3  =  4  ( L 1 _  +
r U  -  L  ^ 2- 3  ^ 2

2
= 35.44 m ;

6.1 EnHCKaBKOBigBogH 1 Ta 3 MawTt BHCOTy \  = 40,96 m

Lc13 =  2,25 • h1 =  87,64 m ;

Lmax13 = 4,25 • h1 = 1 7 2 ,5  M; 

hc 13 = h01 =  28 35 M, L13 — L c 13

6.2 EnncKaBKOBigBogH 1 Ta 3 MawTt BHCOTy h3 = 25,24 m

3 m h . ApK. Ng ÖOKL/M. n idn uc Mama
B P  5 .6 .0 5 0 7 0 1 .7 8 6  n 3

A pK yw



Lc31 =  2,25 • h  =  56,79 m;

Lmax31 = 4,25 • h3 =  107,27 M; 

hc31 = =  17 67 M, L13 — L c31

hc  min13 = ^  ++ ^ 31 = 23 01 M,

rc 013 = Z°L± Z k = 19.54 M,
2

r c x 1 3  =  '
c013 ( hc  min13 hx  )

h
= 14.44 m.

c  min13

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

L 14 1(L,)2 +
C l  -  L  ^ 2  

l2 + ^ - ± 2 38.47 m;

7.1 EaHCKaBKOBigBogH 1 Ta 4 MawTt BHCOTy hx = 4 0 ,96  M

Lc14 =  2 ,2 5  • h1 =  87 ,64  m;

Lmax14 = 4,25 • h1 = 172,5 M;

hc  14 = h01 = 2835 M, L14 — L c 14

7.2  EaHCKaBKOBigBogH 1 Ta 4 MawTt BHCOTy h4 =  25 ,2 4  M

Lc41 = 2,25 • h4 = 56,79 m;

Lmax41 = 4,25 • h4 = 107,27 m;

hc41 = h04 = 1767 M, L14 — Lc41

3 mh . ApK. Ng ÖOKL/M. n idn uc Mama
5 P  5.6.050701.786 n3

A pK yw



3 m h . ApK. Ng ÖOKL/M. n idn uc M am a
B P  5 . 6 . 0 5 0 7 0 1 . 7 8 6  n 3

A pK yw

K  minl4 = = 23.01 M,

ĉ014 = = 19.54 M,

rcxl4 = r ° 014 ( K min14 -  K x ^  = 1 4 . 4 4  m .
K c  min14

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

PncyHOK 4.2 -  roprooHTaatHHH nepepi3 30hh 3axncTy öaHCKaBKOBigBogiB B P n



BHCHOBKH

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

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

Pe3yatTara po3paxyHKiB BTpaT noTy^HocTi noKa3aan, rn,o Hafiöiatm 

npngaraow HoMiHaatHow Hanpyrow K iat^Boi Mepe^i e Hanpyra 110 kB. 3 

ypaxyBaHH^M ^ o r o  öyan oöpam BignoBigHi nepepi3H npoBogiB gaa aiHifi 

eaeKTponepegaa, a TaKo^ rann TpaHC^opMaTopiB Ha nigcTaH^ax.

^aa icHywaoi 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 M epem

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

nepeBipKa npaBHatHocTi BHÖopy HoMiHaatHoi noTy^HocTi BCTaHoBaeHHx 

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

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

fi Hanpyra.

npH BHKoHaHHi po3paxyHKiB peaefiHoro 3axHCTy TpaHC^opMaTopa nigcTaH^i 

T-2 öyB 3poöaeHHfi po3paxyHoK no3goB^Htoro gn^epeH^fiHoro CTpyMoBoro 3axncTy 

Ta MaKCHMaatHoro CTpyMoBoro 3axncTy 3 KoMÖrnoBaHHM nycKoM no Hanpy3i.

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

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.

A pK yw

B P  5 . 6 . 0 5 0 7 0 1 . 7 8 6  n 3
7 33 m h . ApK. Ng ÖOKL/M. n idn uc Mama
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