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3a6m6ep. êôeguHCtKHH

IIoacHiOBajibHa 3anHCKa. CyiVl/^V, ET,ZI,H-74rjI



3 P03PAXYH0K PE^EHHOrO 3AXHCTY TPAHCOOPMATOPA.......................50

3.1 BroHaneHHA napaMeTpiB, HeoôxigHHx gna po3paxyHKy 3axncTÎB

TpaHc^opMaTopa...................................................................................................................50

3.2 Po3paxyHoK no3goB^Hboro gH^epeH^antHoro CTpyMoBoro 3axncTy.................. 51

3.3 Bnôip ycTaBoK pene rany ^3T-11............................................................................... 54

3.4 Po3paxyHoK MaKCHMantHoro CTpyMoBoro 3axncTy 3 KoMÔmoBaHHM nycKoM no

Hanpy3i...................................................................................................................................59

4. P03PAXYH0K 30H  3AXHCTY CTPH^HEBHX

E^HCKABKOBIABOAIB B P n ......................................................................................... 62

BHCHOBKH......................................................................................................................... 68

CnHCOK ^ITEPATYPH....................................................................................................69

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



B C T yn

B yMOBax 6e3nepepBHoro po3BHTKy npoMHCHOBOCTi KpaïHH 3'flB.raeTbCfl yce 

ômbme h ômbme hobhx nignpneMCTB, ^kî BHOĈ Tb BKnag y 3ÔinbmeHHfl 

eHeprocno^HBaHHA. Cnig TaKoæ 3ayBa^HTH, rn,o 3i 3ÔmbmeHH^M HHcna

eHeprocno^HBawHHx oô'eKTÎB, po3mnproeTbCfl rn,mbmcTb reorpa^iHHoro

po3TamyBaHHa cno^HBaniB eneKTpHHHoï eHepriï. y  3B'^3Ky i3 ^HM 3'aB^aeTbca 

noTpeôa b  po3mnpeHHi icHyroHHx Mepeæ i b  CTBopeHHi h o bh x . 3pocTarona KÎHbKÎCTb 

eHeprocno^HBawHHx oô'eKTÎB Bege go 3ÔinbmeHHfl noTy^HOCTefi, akî nepegaroTbca no 

eneKTpHHHHx Mepe^ax. OgHHM Î3 HafironoBHimHx 3aBgaHb cborogHi e eKOHOMÎHHe 

BHKopHCTaHHA icHyronoro eneKTpHHHoro oônagHaHHa h po3poÔKa HOBoro 3 

noninmeHHMH napaMeTpaMH.

BHKOHaHHA ôaKanaBpcbKOï poôoTH HeoôxigHO 3 MeToro:

-  npngôaHHa gocBigy aHanÏ3y OTpHMaHHx pe3ynbTaTÏB, ^opMyBaHHA bhchobkîb  i 

nyômHHoro 3axHCTy BHKOHaHoï poôora;

-  ^OpMyBaHHfl HaBHHOK BHKOpHCTaHHa OTpHMaHHX 3HaHb, nîg HaC pO3B'^3aHH3 

KOHKpeTHHx npaKTHHHHx i HayKOBO-TexHiHHHx 3agan;

-  npngôaHHH gocBigy bhkohshhh  TexHÎHHoï goKyMeHTagiï noHCHMBanbHoï 

3anncKH h KpecneHb BignoBigHO go yMOB giroHHx CTaHgapTiB;

-  CHCTeMaTr o a^ ï, 3aKpinneHHfl h noraHÔneHHH TeopeTHHHHx i npaKTHHHHx 

3HaHb no 3aranbHOTexHÏHHHx i cne^anbHHx gH^Hnnrnax 3a Hanp^MKOM npo^ecifiHoï 

nigroTOBKU.

y  n p o ^ c i BHKOHaHHH ôaKanaBpcbKoï poôoTH HeoôxigHO BHpimHTH TaKi 3agaHi:

1. 3a 3agaHHMH HaBaHTaæeHHflMH i goB^HHaMH niHifi BHÔpaTH Hanpyry Mepe^i.

2. 3a HanpyraMH Mepe^i h HaBaHTa^eHH^MH BHÔpaTH THn npoBogiB noBn pHHHx

h îhîh .

3. 3a HanpyraMH Mepe^i h HaBaHTaæeHHHMH BHÔpaTH TpaHC^opMaTopn.

4. BH3HaHHTH nHTOMi napaMeTpH .HEn i KaTano^Hi gaHi TpaHC^opMaTopiB. 

BHKOHaTH po3paxyHKH napaMeTpiB cxeMH 3aMirn,eHHH girnï h TpaHC^opMaTopiB. 

BH3HaHHTH npHBegeHÎ go ctopohh BH HaBaHTaæeHHH TpaHC^opMaTopiB (3 

ypaxyBaHH^M BTpaT b  oÔMOTKax TpaHC^opMaTopiB).

BP 5.6.141.283 Ü3
ApKyw

6
3m . ApKyw M doKyM. nidnuc Mama



5. CKaacra po3paxyHKOBy cxeMy 3aMirn,eHHa Mepe^i h BH3HanHTH po3paxyHKOBi 

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

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

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

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

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

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

Mepe^i. BHKoHaTH aHaai3 oTpHMaHHx pe3yatTaTiB.

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

HaBaHTa^eHHa.

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

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

Ha nigcTaH^ï.

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

mgcTam,iï.

10. BnôpaTH 3a yMoBaMH poôora BncoKoBoatrai anapaTH po3nogiatHHx 

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

KopoTKoro 3aMHKaHHa.

11. BHKoHaTH po3paxyHKH peaeHHoro 3axHCTy BHcoKoBoatTHoï noBiTpaHoï aiHiï, 

noôygyBaTH KapTy ceaeKTHBHocTi.

12. npoBecTH po3paxyHoK 6aHCKaBKo3axHCTy 3axHCHoro BPn.

13. 3poÔHTH bhchobkh  npo pe3yatTaTH BHKoHaHHx po3paxyHKiB.



1 P03PAXYH0K PE^H M IB POBOTH E^EKTPH^HOÏ M EPE^I

1.1 BHxigm gam gra BHKOHaHHA ôaKanaBpcbKoï poôora

3rig,HO 3 OTpHMaHHM 3aBgaHH^M, HeoôxigHO po3paxyBara eneKTpHHHy Mepe^y, 

ogHonÎHÎHHa eneKTpHHHa cxeMa akoï HaBegeHa Ha pnc. 1.1.

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

3agaHoï eneKTpHHHoï Mepeæi

^ ob^ hhh mmn i noTy^HOCTÎ HaBaHTa^eHt eneKTpHHHoï Mepeæi HaBegeHi b 

Ta ô n ^ i  1.1.

T aô n n ^  1.1 -  Buxinm gam eneKTpHHHoï Mepe^i

^OB^HHa TO, KM noTy^HOCTÏ HaBaHTa^eHt, MBA

Æ-1 Æ-2 Æ-3 S1 S2 S3 S4

50 50 40 30+/15 
I

70+/60
II

15+/35
II

45+/15 
III



—12 =

1.2 BH3HaneHHa Hanpyra Mepeæi Ta BHÔip rany npoBogiB noBnpaHOï mmï

1. BH3HanaeMO noTy^HOCTÎ b OKpeMHx mmax

—s2 = —1 + — 2 =  100 + j7 5  MBA; 

—Z3 = — 3 + — 4 = 60 + j5 0  MBA. 

—22 ' h n  + —13 ' h \  (100 + jV 5)-90 + (60 + j5 0 )• 50
/1231 140

= 85,71 + j 66,07 MBA.

—  = —12 • /32i + — s1 • /2i = (60 + j5 0 )■90 + (120 + j9 5 ) - 50 = 74,29 + y58,93 j A .
/1321 130

—23 = —12 -  — s2 = (85,71 + j66 ,07) -  (100 + j75 ) = -14,29 -  j8,93 MBA.

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

opieHTOBHO BH3HanHMO Hanpyrn oKpeMHx gmrn no eMnipHHHm ^opMyrn InnapioHOBa:

1000
U

v
500 2500+ ■

L  P
ge L  -  goB^HHa mmï, km;

P n -  nepegaHa no mmï noTy^HiCTb (Ha ogHe Kono), MBt.

1 0 0 0
U 13 =

500 2500
= 151,4 kB.

U 12 =

U 23 =

+
50 74,29

1000
1 5 0 0  2500------1--------

50 85,71

1000

= 159,8 kB.

V
500 2500

= 73 kB.
+

40 14,29
3. OcKmtKH gga Bcix gmrn KÎgM,eBoï Mepe^i ôa^aHo Mara ogHaKoBy Hanpyry, 

to npHHMaeMo Hanpyry U H = 110 kB.

Togi Ha bhcokîh CToporn TpaHC^opMaTopa nC-1 HoMmagtHa Hanpyra CKgage 

220 kB.

p ra  Toro, m,oô 3aôe3neHHTH BHKoHaHHa yMoBH npnnycTHMoro cnagaHHa
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Hanpyrn Ha caMOMy RiggaaeHoMy cno^HRaai eaeKTpoeHepriï, npafiMaeMo Hanpyry Ha 

g^epeai ^HRaeHHa, rn,o Ha 10% nepeRHrnye HoMmaabHy Hanpyry Mepe^i:

Ua  = 242 kB.

4. y  aKocri npoBogiB gaa Bcix aim a npafiMaeMo CTaaeaaroMmieRÎ npoBogn 

MapKH AC.

5. BH3HanaeMO goBrocTpoKOBO npnnycTHMÎ CTpyMH b aiHiax gaa HopMaatHoro 

poôoHoro pe^HMy:

5 „-1 0 3 ^74,292 + 58,932 -103 _

7,3 ~ £ - u ,  "  V s -n o  _ 498

= J 85,7,2 + 66,072 -103 = 568 A
12 V 3 -U  V 3-110 ■

= ^2^:101 = 88,4 A.
23 V 3 -U  V3- 110

6. KopHCTywHHCt goRigKQRHMH gaHHMH (Taôa. 1.2, [4]), y BignoBigHocTi i3 

mKaaoro CTaHgapTHHx nepepi3iR, a TaKoæ 3 ypaxyRaHHaM Mo^aHRoro 

nepeRaHTa^eHHa aim a npn poôoTi r aRapiHHoMy pe^HMÎ, RHÔnpaeMo THn npoRogy 

gaa ko^ hoï airnï:

gaa airnï .4-1: AC-240/32;

gaa airnï .4-2: AC-240/32;

gaa airnï .4-3: AC-240/32.

7. nepeRipaeMo oôpam npoRogn r aiHiax 3a yMoRoro KopoHH.

3rigHo npaRHa, MmÎMaabHo gonycthmhh nepepi3 no Kopom gaa aim a 

Hanpyrow 110 kB  CTaHoRHTb 70 mm2.

TaKHM hhhom , gaa ko^ hoï 3 aim a  ^  yMoRa RHKoHaHa.

8. XapaKTepncTHKH npoRogiR noRiTpaHoï airnï HaRegeHi r Taôa. 1.2.

1.3 Bnôip noTy^Hocri TpaHC^opMaTopÎR

1. ,4,aa nigcTamgï nC-1, aKa Mae HaRaHTa^eHHa

Ssl = S  + S i  +  S  3 +  S 4 = 160 + y 125 MBA, npafiMaeMo ycTaHoRKy 2 TpaHC^opMaTopÎR



T a ô a n ^  1.2 -  KaTaao^m gam npoBogiB noBÎTpaHoï aiHiï

napaMeTpn
MapKa npoBogy

AC-240/32
K a m a n o w n i  d a n i

nepepi3 npoBogy, mm2 240/32
^oBroCTpoKoBo npHnyCTHMHH CTpyM, A 605
P o 3 p a x y H K o e i  d a n i

nHTOMHH aKTHBHHH onip aiHiï npH TeMnepaTypi +20oC, r 0 (Om/km) 0,12
nHToMHH peaKTHBHHH onip, X0 (Om/km) 0,405
nHToMa eMHÎCHa npoBigHÏCTb aiHiï, b0-10-6 (Cm/km) 2,81

S T1 >  S ^ L  = ^ 16Q2 + 125~  = 145,03 MBA.
T1 1,4 1,4

n o  Taôa. 1.4.7 [4] BHÔnpaeMo aBTOTpaHC^opMaTop 3araabHoro nproHaaeHHa 

THny A T^TH -200000/220/110.

2. Koe^i^eHT 3aBaHTaæ:eHHa fioro b HopMaabHoMy pe^HMÏ:

= S mk. J 16Q2 + 1252 = Q,51.
31 £r 2 • 2QQ

3. ^ a a  nigcTaH^ï nC-2, aKa Mae HaBarnaæeHHa = 3Q + y'15 MBA, 3Ba^aroaH

Ha Te, rn,o ïï cno^HBaai BigHocaTbca go I Kareropiï HaginHocri eaeKTponocTaaaHHa, 

npHHMaeMo ycTaHoBKy 2 gBoxoÔMoTKoBHx TpaHC^opMaropiB 3 Hanpyroro Ha bhcokîh 

CTopoHi 110 kB.

1 -2s  ^ £ 1  V3Q2 + 152
T2 1,4 1,4

23,96 MBA.

n o  Taôa. 1.4.2 [4] BHÔnpaeMo aBTOTpaHC^opMaTop 3araabHoro nproHaaeHHa 

THny TP^H-25000/110.

4. Koe^i^eHT 3aBaHTaæ:eHHa TpaHC^opMaropiB y HopMaabHoMy pe^HMÏ:

y
U  _ U M ÜKC  

k 3  2 =
V3Q2 + 152

S T 2•25
= Q,67

Y moBH BHKoHyWTbCa.

5. ^ a a  nigcTaH^ï nC-3 aKa Mae HaBaHTa^eHHa SZ2 = 6Q + j  5Q MBA Ta Hanpyra



Ha bhcokïh  CToporn 110 kB , 3Ba^awHH Ha Te, rn,o ïï cno^nBani BigHoc^Tbca go Il Ta III 

KaTeropiï HaginHocTÏ eneKTponocTanaHHA, npnnMaeMo ycTaHOBKy 1 

TptoxoÔMOTKOBoro TpaHC^opMaTopa noTy^HÎCTw:

Sr3 > S s2 = V602 + 502 = 78,1 MBA.
n o  Taôn. 1.4.2 [1] BnônpaeMo TpaHC^opMaTop 3aranbHoro nproHaneHHA Tuny 

T^TH-80000/110.

2. Koe^i^eHT 3aBaHTa ;̂eHHa TpaHc^opMaTopÏB y HopMantHOMy pe^HMÏ:

y
U _  ^MÜKC 
k 33 = sT

V602 + 252 80
80

= 0,81

YmOBH BHKOHyWTbCa.

T aô n n ^  1.3 -  KaTano^m gaHi TpaHc^opMaTopÏB Mepeæi

Tun TpaHC^opMaTopa
napaMeTpn A T ^m H -

200000/220
TP^H-

25000/110
T^TH-

80000/110

1 2 3 4
HoMÎHantHa noTy^HicTb, S HOM (M B A 200 25 80

HoMmanbm Hanpyrn oômotok, kB

BH^oï Hanpyrn, Uhom.bh 230 115 115

cepegHboï Hanpyrn, Uhom.ch 121 — 38,5

hh^ hoï Hanpyrn, Uhom.hh 10,5 10,5 11

BTpaTH, kBt

xonocToro xogy, A P X 125 27 82

KopoTKoro 3aMHKaHH3, A Pk 430 120 390

Hanpyra KopoTKoro 3aMHKaHHa Mrn: 

oÔMoTKaMH, % Big Uhom

bh^ oï -  HH^noï Hanpyr, Uk,8-h 11 10,5 11

bh^ oï - cepegHboï Hanpyr, Uk,c-h 32 — 18,5

cepegHboï - hh^ hoï Hanpyr, Uk.c-h 20 — 7

CTpyM xonocToro xogy, Ix (% Big Ihom) 0,5 0,7 0,6



npogoB^eHHA TaÔHH^ 1.3

1 2 3 4
Akthbhhh onip oômotok, R t (Om)

oÔMoTKa BH 0,3 2,54 0,4

oÔMoTKa CH 0,3 — 0,4

oÔMOTKa HH 0,6 — 0,4

PeaKTHBHHH onip oômotok, X t (Om)

oÔMOTKa BH 30,4 175 18,6

oÔMoTKa CH 0 — 0

oÔMoTKa HH 54,2 — 11,9

BTpaTH noTy^Hocri b oÔMoTKax, 

Aqx (kBAp )

1000 410 480

1.4 BH3HaneHHa napaMeTpiB cxeMH 3aMÎm,eHHa

1. 3agaHoï cxeMH Mepe^i CKnagaeMo cxeMy 3aMÎm,eHHa:

PncyHOK 1.2 -  CxeMa 3aMÎm,eHHa 3aMKHeHoï Mepeæi



2. Po3paxoByeMO napaMeTpu cxeMH 3aMÎm,eHHa mmn (puc. 1.2).

R i m a  R-1:

R 13 =  r 0 113 = 0,12 ■ 50 = 6,0 Om;

X 13 =  x 0 l 13 =  0,405 ■ 50 = 20,25 Om;

Q n U 2 b J u  1102 • 2,81 -10-6 • 50 ^ 0, A/mA = h  013 = --------- :--------------- = o,85MBAp.
2 2 2

Rima R-2:

R 12 =  ro I12 = 0,12 ■ 50 = 6,0 Om;

X 12 =  x 0 112 = 0,405 ■ 50 = 20,25 Om;

Qri2 U 2 h l 2 1102 • 2,81 R0-6 • 50 n o , A/mA 
2 2 2

Rima R-3:

R 23 =  ro I23 = 0,12 ■ 40 = 4,8 Om;

X 23 =  x o  I23 = 0,405 ■ 40 = 16,2 Om;

QC23 = =  1l ° 2 •2,81 10-6 •40 = 0,68 MBAp.
2 2 2 5 *

3. napaMeTpn cxeMH 3aMÎm,eHHa TpaHC^opMaTopÎB HaBegeHi b Taôa. 2.

1.5 Po3paxyHOK po3iMKHeHoï Mepe^i

1. OcKÎHbKH b 3agamn cxeMi e mmï gBox HOMmantHHx Hanpyr -  110 kB i 

220 kB, to napaMeTpn mmï A1 po3paxoByeMO npn HoMmaatHm Hanpy3i 220 kB.

CKnagaeMO po3paxyHKOBy cxeMy Mepe^i (puc. 1.3).

2. npHBegem go ctopohh BH HaBaHTaæeHHa BH3HanaeMO aK cyMy 

noTy^HOCTen, 3agaHHx Ha mHHax HH, BTpaT b oÔMOTKax, BiTKax HaMarainyBaHHa 

TpaHC^opMaTopÎB MiHyc 3apagHi noTy^HOCTÎ amm, npnegHaHHx go nigcraH^H.

s  P = ( + ( + 2 ( 2  • 2  )+2 2 +2 +222(2 • 2  - 2  ).
U  HOM U  HOM

3. Bn3HanaeMo po3paxyHKoBe HaBaHTa^eHHa:

a )  npHBegeHe go CTopoHH BH TpaHC^opMaTopHoï nigcraH^ï T-2:

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



P hcvhok 1.3 -  Po3paxyHKOBa cxeMa 3MÎmaHOï Mepe^i

S  p l =  (P Ha^pl +  2 ^ Px 2 +
P 2 +  O 2Ha^pl hHa^p l Ha^p l r t  2Rr

U.2 2 + P Hasp 2 ) +

2 2 
l +
U

+J (0 „ ^ 1 + 2AQ.2 +  P"»1 ,+  ̂ + O Hmp 2
°C12 QC 23

(

S  p l = 30 + 2 ■ 0,027 +
302 + 152 2,54

v 1 1 0 2

2

+

2

r
+ J 15 + 2 ■ 0,175 +

302 + 152 55,9 A
-  0,85 -  0,68

v
100,17 + y'76,42 MBA.

y1102 2
6) npHBegeHe go cropoHH BH ipaHC^opMaTopHOï nigcraH^ï T-3:

P 2 +  O 2 P 2 +  O 2' Ha^p 4 Ha^p 4 Ha^p3  Ha^p3

S  p2 _  ( P Ha^p4 +  P Haep3  +  ' R T 3 H +  ' R T 3 C ) +U
P 2 +  OHâp 4 Haep 4

UL

HOM 

2

+J ( 0 Hâp 4 + O hHâp 4 Hâp 3

v

■ X T 3H +

U  2HOM

P 2 + O2
H a ^ p 3  H a ^ p 3

U  2 X T3C );

Sp 2 452 + 152 . 152 + 352 n .
45 +15 + ------- =— ■ 0,4 + --------=— ■ 0,41102 1102 +

y
y

+J 15 + 35 +
452 + 152

v 110"
152 + 352 ^■ 11,9  + 15 + 35 ■ 0110" = 60,40 + J 56,0 MBA.

3m . ApKyw N° doKyM. nidnuc Qama

ApKym



. (  ̂  ' p  2 ) ’  , ^
S  p  2 =  S  p  2 + ^ S x3 +  2 (  R m 3e +  j X m 3e )  J Q C 13 j Q C23 =

U  HOM

2 2

= (60,40 + j 56,0) + (0,082 + j 0,48)+ , q2 , (0,4 + j18 ,6) -

-  j0,85 -  j 0,68 = 60,68 + j 64,33 MBA.

Tenep HeoôxigHO nepemu go po3paxyHKiB 3aMKHeHOï nacTHHH Mepeæi.

1.6 Po3paxyHOK 3aMKHeHoï Mepe^i

BH3HaneHHa b 3aMKHemn nacram Mepeæi po3noginy noTy^HOCTefi MO^Ha ïï 

yMOBHO po3ginHTH y By3ni 1 i npegcraBHTH y BHrragi mmï i3 gBOCTopoHHiM 

^HBHeHH^M (pnc. 1.4).

PncyHOK 1.4 -  Po3paxyHKOBa cxeMa 3aMKHeHoï nacTHHH Mepe^i

3HaxogHMO noTy^HOdi b mmax 1'3 i 1 ''2, BpaxoBywnn, rn,o 3aMKHeHa Mepe^a 

ogHopigHa:

S p2 • /321" + S p1 • /21„ (60,68 + j64,33)-90 + (100,17 + j76,42)- 50
S1' 3 _

S 1-2

/̂  r22\" 140

=88,05 + j 79,37 MBA.

S p1 • /23r + Sp2 • /,f (100,17 + j76 ,42)• 90 + (60,68 + j'64,33)-50 _

/1 '321 ' ' 140

=92,54 + j  78,13 MBA.

3gificHweMO nepeBipKy BHKOHaHHx po3paxyHKiB 3a yMOBoro:

3m . ApKyw N° doKyM. nidnuc Qama

ApKym



—13 +  —1'2 =  S p1 +  P p 2  ,

180,59 + >157,5 MBA = 180,59 + >157,5 MBA.

Po3paxyHKH BHKOHam npaBHHbHO.

BHKopncTOBywHH nepnmfi 3aKOH Kipxro^a g.ra By3na 3, 3HaxogHMO 

noTy^mcTb S 23:

—23 = —1"3 -  — p2 =(88,05 + >79,37)-(60,41 + >61,08) = 27,63 + >18,29 MBA.

nogantmHH po3paxyHOK noTy^HOCTefi 3 ypaxyBaHHAM BTpaT noTy^HOCTÎ b 

mmax cmg noHHHaTH 3 By3na 3, AKHfi e tohkom noTOKopo3noginy noTy^HOCTefi 

g^epena ^HBneHHfl.

npHHMaeMO noTy^HOCTÎ S y 3 i S23 3a gificm noTy^HOCTÎ HanpHKm^ mmfi 6ma 

By3na 3 i 3HaxogHMO BTpaTH b mmï 1'3:

S  2
A  — =  — 1 ' 3 . 7
A — 1'3 =  J J  2  7 13

88,052 + 79 ,372 110
1 1 0 2

( 4 ,72 + >16,2 ) = 5,49 + >18,81 MBA.

noTy^rncTb Ha nonaTKy mmï 1'3:

—H 3 = —1"3 + A—1 "3 = (88,05 + j  79 ,37) + (5,49 + >18,81) = 93,53 + >98,18 MBA. 

3HaxogHMO noTy^HOCTÎ BTpaTH b mmï 23:

( —23 )2A—„  = ^ - + - • 7 „  =
27,632 + 1 8 ,292

( 4 ,72 + >16,2) = 0,428 + >1,47 MBA.
u  2 1 1 0 2

noTy^rncTb Ha nonaTKy mmï:

—H3 = — 23 + A—23 = ( 27,63 + >18,29) + (0 ,428 + >1,47) = 28,06 + >19,76 MBA. 

noTy^rncTb HanpHKÎH^ mmï 1''2:

—1"2 = — 23 + — p2 = (2 8 ,0 6  + >19,76)+  (60,41 + >61,08) = 88,47 + >80,84 MBA. 

3HaxogHMO noTy^HOCTÎ BTpaTH B mmï:

(—1""2 j' 88,472 + 80,842
( 5,9 + > 20 ,65) = 7,0 + > 24,51 MBA.A—H"2 = ~— • 7 12 =

2 U2 12 1102
H

noTy^HÎCTb Ha nonaTKy mÎHÎï:

—H''2 = —1" 2 + A—1 ' '2 = ( 88,47 + >80,84) + ( 7,0 + > 24,51) = 95,48 + >105,35 MBA. 

noTy^HÎCTb Ha mHHax oômotkh CH:

3m . ApKym N° doKyM. nidnuc Mama

ApKym



Hanpyra y By3ni 3 :

3m . ApKyw N° doKyM. nidnuc Mama

ApKym

CH _ ( S H + S H ) + (S "'3 + S "*2 ) Z n C  _
S T1C _ ( S1'3 + S1"2) + t j 2 ■ n. _

U h 2

_ (93,53 + y98,18) + (95,48 + j105,35)+ 189 l ^ 3’5 3  ' ( ° ’3 + 10) _

_ 189,96 + 1 203,53 MBA.

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

S  _  S  h | ( ST1C  ) ■ Z T1B +  2A S  _
S  A _  S  T IC + j j2  n. +  2A S  x1 _

U  H 2

_ (190,92 +1203,53) + 2 ■(0,125 + j 1 , 0 )+  190,9^  +  2° 3,53 . (0,3 + ̂ 30,4) _

_ 190,45 + J 229,88 MBA.

Hanpyra y By3ni 0:

U  _  U  _  P A R T1b +  Q a X T 1b +  P A X T 1b +  Q a R T  1b

0 1 1  A U A J  l  U A J  '

f  190,45 ■0,3 + 229,88 ■3 0 ,4 1 (  190,45 ■30,4 _ 229,88 ■0 3 1
U  _ 242-------------- 2----------------- + ---------------------2-----------------2 - _

0 1 242 242
Kl J l  J

= 227,75 kB .

Hanpyra y By3ni 1 :

U  _ U C1 U  _ P T1C P T1C + Q T1C X T1C + P T1C X T1C _ Q T1C P T1C _
1 u B1 y i 0 u  J i  u  J

f  0 2 12
m  189,96 —-— + 203,53■ 0 / iqq q .̂ n orn «  n o S 2

_ i l i  ■ 227,75-------,-------1----------,------- + 189,96 ■0 _ 203,53 ■0,2 _ 119,8 kB .
230 I 227,75 ^ 227,75 J ’

IV J

ge P j 1C + Q h 1C _ S H1C - noTy^HÎCTb Ha mHHax CH ipaHC^opMaTopa T-1.



BcraHOBnroeMO nepeMHKan PnH  y nono^eHHA -9, nepepaxoByeMO gificHy

3m . ApKyw M doKyM. nidnuc Mama

ApKym

U = U  - S R l Q h X l  = 119.75-  93.53• 4,72 + 98.HM 6.2 = 102,7g rb .
3 1  U  119.8

Togi Hanpyra y By3ni 2 CKnage:

U  =  U  -  F P 2̂  + Q 2^ i2 = 119.75 -  95-4 8 •5.9 + 105.35 ' 20.65 = 96.88 kB 
2 1  U  119.8

BH3HanaeMO Hanpyry Ha cno^HBanax HaBaHTaæeHHfl S1 i S2 3 oôhîkom 

nonepenHOï CKnagoBOï cnagaHHA Hanpyra:

U B T lTT _ U T 2 _ t jB  U  h.hom2 
U S1 =  , = U T2 • j j  .

k T 2 U  ome

ge U j 2 - Hanpyra HH TpaHC^opMaTopa T-2, npnBegeHa go ctopohh BH;

k T2 = ome - K oe^ieHT TpaHc^opMa^ï TpaHc^opMaTopa T-2;
U  h.hom2

U  ome - Hanpyra perynwBantHoro Bigrany^eHHA oômotkh BH;

U hhom2 - HOMiHantHa Hanpyra oômotkh HH TpaHC^opMaTopa.

f  T? Y V  f  Y p  \ 2pH RT2 , r>H X T2 p h x  T2 r>H RT2
D fT 2 ~ + QT 2 ~ fT 2 ~ QT 2 ~

u B2 = U  5 2 =  U 2 ----------2------------ +  ---------------2------------ ^  =
52 U 2 u 2 U2

K  J  v J

(  2 54 55 9 Ÿ (  55 9 2 54 Ÿ30.12 •2 5 4  +17.6 •5 5 9  30.12•5 5 9  -1 7  .6 •2 5 4
= 96.88------------- 2-------------- '2 -  +  ------------2-------------- '2 -  = 91.8 kB.

i 96.88 96.88
K  J v J

ge Fth2 + Q 2 = S j 2 - noTy^HicTb Ha nonaTKy TpaHC^opMaTopa T-2.

S T 2  =  S ha p  +  S m .,„2 +  Ph‘" p) +  Q ““ r ' R t 2 + j T 2 ) = 30.12 + 717.6 MBA.
U  HOM 2

US1 =  91 .8 •1 0 5  = 8.38 kB.
S1 121

BigxHneHHa gificHoï Hanpyra Mepe^i Big HoMiHanraoï CKaage:

V  % = Us2 ~ U " OM .100 = 838  ~ 10 .100 = -16.18%
2 U hom, 10 ’



3m . ApKyw N° doKyM. nidnuc Mama

ApKym

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

U S  =  91>8 n ;  : -90,1578.115 = 9’98 Kfi.
100

npH ^OMy BÎgxHneHHa Hanpyrn CKnage:

V %  =  U SI - - U °  .100 = 9,98 ~ 10 .100 = -0 ,2  %
1 U 10 , %HOM

^ o  b Me^ax npnnycTHMoro.

Hanpyra y By3ni 0'

f  D V  \ 2 /  V  D \ 2
pu R T3e . n» X  T3e ph x  T3e , n» R T3e

P T 3 ~ + QT 3 ~ P T 3 ~ + QT 3 ~

0 J  3 U3 U3 ’
K  y V y

ge P r 3e +  Q t 3b =  S'p 2 - noTy^HicTb Ha nonaTKy TpaHC^opMaropa T3.

(  0,4 - ,  18,6Ÿ ( \ . , _ 18,6 Ÿ60,12 — -  + 52,21.— — 60,12~ —-52 ,21 .0 ,4  0 4
U ' =  102,78-------------2--------------- + ------------------ 2---------------------— = 91,96 kB.

0 1 102,78 102,78 2
K  y V y

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHa S3:

U B UTT _ u t  3c _  t t B U  h.hom3 
U S 3 = , = U T3c ■ j j  ,

k T 3c U  ome

2 2 (  P H P  - i-D H Y  '  (  P H Y  — d H P  '
T tB _  T T P T3cr T3c +  Q T3cX T3c , P T3cX  T3c Q T3cR T3c _
U T3 = 4 U0 U '  U  ~

vv U0 y v U 0 y

(  0 4 Ÿ  (  0 4 Ÿ15,05. + 35,0.0 15,05.0 -  5 ,0 .2 - ^ -
=  91,96-------------2-------------- + --------------------------  = 91,89 kB.

1 91,96 91,96
K  y V y

ge P f 3c + Qt 3c =  S T 3c - noTy^HÎCTb, aKa nepegaeTbca no oômow  CH

TpaHc^opMaTopa T-3.

S h c  =  Sap3 + P "a p 3 +2 Q “‘ .( R r3c +  J * t 3c) = 15,05 + J35,0MBA.
U HOM



38 5
U S3 — 91,89 — = 30,76 kB.

115

BigxnneHHa gincHoï Hanpyrn Mepe^i Big HOMmanbHoï CKnage:

V  % = U S 3 ~ U hom .100 = 30,76 ~ 3 5 .100 = -12,1 %
3 U  35hom

BcraHOBnroeMO nepeMHKan PnH  y nono^eHHa -7, nepepaxoByeMO gincHy 

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

38,5
U s  3 = 91,89 -

115 + -7-1,78-115 
100

= 35,14 kB .

n p n  ^OMy BÎgxnneHHa Hanpyrn CKnage:

U  - U  35 14 -35
V % = , T U hom -100 = — ^ ------- 100 = 0,41 %,

U 35

rn,o b Me^ax npnnycTHMoro.

Bn3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBanraæeHHa S4:

U B  UTT — J T 3 h _ j t B  j h .hom3
J  VA =  _ — J  T'S  4

k
' T 3h

T 3h U

U B =U T 2
i

t j ' -  P T 3h R T3h +  Q T3hX T3h

0 J0

\ 2  /  \ 2  ' ' P H Y  — D H P  '
P T 3h x  T 3h Q T 3h r T+

y V

T 3h T 3h ^ T  3h T 3h

U 0  y

1

f
91,96 -

45,07 • 0,4 +17,21 -11,9 Ÿ f  45,07-11,9 -17,21 • 0 ,4 ^

V 91,96 91,96
— 89,72 kB .

ge P T 3h + Q t  3h = S T 3h

TpaHc^opMaTopa T-3.

noTy^HÎCTb, aKa nepegaerbca no oômow  HH

S h =  sST 3h S Ha^p 4
P  2 + q  2+ HasP4  ̂Q Ha2p 4 ( ^  +  j X ^  ) = 45,07 + y 17,21 MBA.

U  ,2

11
U s 4 — 89,72----- — 8,58 kB .

S4 115

BigxnneHHa gincHoï Hanpyrn Mepe^i Big HOMmanbHoï CKnage: 

V % = Us4 ~ U hom -100 — 8,58 ~ 1 0 -100 — -14,18 %,
U 10

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



BcraHOBnroeMO nepeMHKan PnH  y noaoÆeHHa -8, nepepaxoByeMo gificHy 

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

11
U s  4 = 89,72 ■■

115 + -8-1,78-115 
100

= 10,01 kB .

n p n  ^oM y BÎgxHaeHHa Hanpyrn CKaage:

V % = Us3 ~ U hom -100 = 10,01 ~ 1Q -100 = 0,07%,
u „ 10

rn,o b Me^ax npnnycTHMoro.

1.7 Po3paxyHOK eaeKTpHHHoï Mepe^i b mcaaaBapifiHoMy pe^HMÎ

BBa^awHH mmro .fi-1 aBapifiHo BÎgKnwneHOW, BHKOHyeMO po3paxyHOK pe^HMy 

poôoTH eneKTpHHHoï Mepe^i, cxeMa 3aMÎm,eHHa aKoï HaBegeHa Ha pnc. 1.5.

PncyHOK 1.5 -  CxeMa 3aMÎm,eHHa eaeKTpHHHoï Mepe^i b aBapifiHoMy pe^HMÎ

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

aBapifiHoMy pe^HMÎ poôoTH npoBogHTbca 3a thmh æ BHxigHHMH napaMeTpaMH, rn,o fi 

gna HopManbHoro pe^HMy, ToMy BHKoHyBara noBTopHe nepepaxyBaHHa HeMae 

HeoôxigHocTi.

^na  3MeHmeHHa cnagaHHa Hanpyrn b Mepe^i b aBapifiHoMy pe^HMi 3acTocyeMo 

KoMneHca^ro peaKTHBHoï noTy^HocTÎ b Mepe^i. ^na  ^ o r o  y By3ai 3 HeoôxigHo 

BCTaHoBHTH 1 KoHgeHcaTopHy ôaTapero 3 KoHgeHcaTopaMH THny KC2-1,05-60, y By3m

3m . ApKyw N° doKyM. nidnuc Qama

ApKym



2 -  3 ôaTapeï, y By3ni 1 -  2 ôaTapeï, po3paxoBarn Ha HOMmanbHy Hanpyry 110 kB, akî 

3aôe3nenaTb KOMneHca^ro peaKTHBHoï noTy^HOCTÎ no 36,8 MBap KO^Ha. 

noTy^mcTb HanpHKÎH^ mmï .H-3 gopÎBHwe:

s 23 = S ,2 -  j Q EK =  60,41 + j 24,28 MBA.

BTpaTH noTy^HOCTÎ b mmï:

( S 223 )2
A S  23 =  — ô-

■23 U l M
( R 23 +  j X 23 ) = 1,65 + 75,68 MBA.

noTy^HÎCTb Ha nonaTKy mmï .H-3:

S  H  =  S  H  +  AS23 =  62,07 + J 29,96 MBA. 

noTy^HÎCTb HanpHKÎH^ mmï .H-2 piBHa:

S û  = S 23 + S  pi -  3 • J Q e k  =  182,24 + J15,97 MBA. 

BTpaTH noTy^HOCTÎ b mmï:

A S „  =
( s  K2 )

- 1 2  u  2
HOM

( R12 + j X  12 ) = 16,32 + j  57,11 MBA.

noTy^HÎCTb Ha nonaTKy mmï .H-2:

S H  =  S H  +  AS12 = 198,56 + j73,09 MBA.U2 _ bL12 1 b̂L12 

nOTy^HÎCTb Ha fflHHaX OÔMOTKH CH:

s .  = S  +  SH  J j h l & i
S  T1C = ( S  1'3 + S1"2 )+  j j 2 Z T1C -  2 • j Q EK =  199,11 -  j 0,51 MBA.

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

( S  T1C ) Z  j
S  A =  S T IC +

Hanpyra y By3m 0:

'T 15

U  2
+  2 •AS x1 =  199,49 + j13,94 MBA.

Uo = tt P A R T 1e + Q A X T 1e
U  A

V U A

+ P A X T 1e + Q A R T 1e
U A

= 241,33 kB .

Hanpyra y By3m 1 :

3m . ApKyw N° doKyM. nidnuc Mama

ApKym

2



U
_ U ci

U  El \

t T PTlCRTlC +  Q t lCX TlC
U 0

V U 0
+ P T1CX T1C Q T1CR T1C

U
=  126,89 kB.

Hanpyra y By3ni 2:

U  =  U  -  p2Rl2 + Ql2Xl2 = 105,77 kB.
Ui

Togi Hanpyra y By3ni 3 CKnage:

U  =  U  -  PR23 + Q23X23 = 98,4 l kB.
U 3

BH3HanaeMO Hanpyry Ha cno^HBanax HaBaHTaæeHHa S1 i S2 3 oômKOM 

nonepenHOï CKaagoBoï cnagaHHa Hanpyra:

U B =  UU  T 2 = U  S 2 i
R r

U

pH JVT2 . n H T2
P T ̂ 2  + Q T 2 2

U
+

X RT 2 P)H 1VT 2
PT2 2 Q T 2 2

Üô
l0 l ,05 kB.

ge PTHl +  Q n  =  - noTy^rncTt Ha nonaray TpaHC^opMaropa T-1.

S H , =  S „ _ ! + S ^ „ ,  +  Pftarpl + Qftarp1 • (R t2 + jX t2) = 30,l2 + j17,6 MBA.
* T 2 — H a s p l  — H a s p 2 1 j  j 2

U  HOM
2

10,5
US1 = l0l,05 •—^- = 9,23 kB.

Sl l2 l

BigxnneHHa gificHoï Hanpyra Mepe^i Big HOMmanraoï CKnage:

U  - U  9 23 - 10
V % = US1 U hom .100 = ^ ---------- 100 = -7 ,73%

l U hom 10 .

BcTaHOBnweMO nepeMHKan P nH  y nono^eHHa -4 , nepepaxoByeMO gificHy 

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

10,5
U S1 =  l0l ,  05 •

l 2 l + -4  • l,78 • l2 l = 9,93 kB.

100

n p n  ^OMy BigxnneHHa Hanpyra CKnage:

U  - U  9 93 -10
V % = US1 U hom . 100 = -----------100 = -0,66% ,

U ,, 10

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



rn,o b Me^ax gonycTHMoro.

Hanpyra y By3ni 0'

(  T? Y  V  f  Y  T? V
pH R T 3b . n H X  T 3b p h x  T 3b | n »  RT3b

P T 3 ~  + Q T 3 ~ P T 3 ~ + Q T 3 ~
U 0 = U 3 --------- 2-------------- +  ----------------2------------- =  87,17 kB .

0 M 3 U 3 U 3 ,
K  y V J

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHa S3:

S UT 3 c  =  S a p  +  t ̂  • (R t 3 c  +  J X t 3 c  )  =  6 0 ,33 + J61,96 MBA.
U  HOM

U B  =  l U ' -  P T3cR t 3c + Q T3cX T3c +  P 3cX T3c -  QT3cR T3c = 87 1 KB
\ V  U0 J  V U0 J

38 5
U S 3 =  87 , 1— =  29,16  kB .

S3 11-

BîgxHneHHa gificHOï Hanpyrn Mepe^i Big HOMÎHanbHOï CKaage:

V  % = U S 3 ~ U hom 400 = 29,16 ~ 35 ^100 = -16,69%
3 U  35HOM

BcTaHOBHweMO nepeMHKan PnH  y noao^eHHa -9, nepepaxoByeMO grncHy 

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

38,5
U s  3 = 87,1 •■

115 + -9 • 1,78-115 
100

= 34,72 kB.

n p n  ^oM y BÎgxHneHHa Hanpyrn CKaage:

U  - U  34 72 -3 5
V % = Us3 -HOM • 100 = — -̂--------- 100 = -0,79 %

U „ 35

rn,o B Me^ax npnnycTHMoro.

BH3HanaeMO Hanpyry Ha cno^HBaneBÎ HaBaHTaæeHHa S4:

SH =  S  +
S T 3h =  S Hazp 4 +

P  2 + Q 2
H a r p 4 Q H a r p -  • (R73h + J X T 3 h ) = 45,07 + j 17,21 MBA.

U  2

U B =U  T 2 i
TP P T 3t R T 3t +  Q T 3t X T 3t
U 0

V U 0

f  r>n

+ P T3tX T3t Q T3tR T 3t

U
=  84,83 kB.

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



U S4 = 84,83 • —  = 8,11 kB.
S4 115

BigxHneHHa grncHoï Hanpyrn Mepe^i Big HoMmanbHoï CKnage:

V  % = U S 4 ~ U hom •ioo = 8,11 ~ 1Q •ÎOO = - 18,86%
4 U  10hom

BcraHOBnroeMO nepeMHKan PnH  y nono^eHHA -9, nepepaxoByeMO grncHy 

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

11
Us4 = 84,83 ' i i 5  + _9  • 1,78 115 = 9,66 kB.

100

n p n  ^oM y BÎgxnneHHa Hanpyrn CKnage:

V % = U S 2 - U hoM • 1QQ = 9,66 ~ 10 • 100 = -3,38 %,
U., 10

rn,o b Me^ax gonycTHMoro.

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



3rigHo i3 3aBgaHHaM, HeoôxîgHo po3paxyBara gBoxTpaHC^opMaTopHy 

nigcraH^ro nC-1, go aKoï mgKnroneHO HaBaHTaæeHHa noTy^HÎCTW

S1 =  30 + 715 MBA. Ha nigcraH^ï BCTaHOBnem TpaHC^opMaTopn THny 

TP^H-25000/110.

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

HaBaHTa^eHHa

Sh„  = VPH2.. + Q L  = V 302 + 152 = 33,5 MBA

STP = - ^  = 33,5 / 1,4 = 23,93 MBA
K aB

ge KaB = 1,4.

S
K  = HaB = 0,67

2 • S^ T̂p.HOM

^ a a  nigcTaH^H ôyan oôpam TpaHC^opMaTopn noTy^HOCTÎ S = 25 MBA THny 

TP^H-25000/110.

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

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

t, r 0 2 4 6 8 10 12 14 16 18 20 22
S, % 40 50 60 95 85 70 70 95 95 110 125 105

S,MBA 13,4 16,8 20,1 31,8 28,5 23,5 23,5 31,8 31,8 36,9 41,9 35,2

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

HaBaHTa^eHHa nepeTBopHMo b  gBocTynmaacTHH. üoaaTKoBe HaBamaæeHHa 

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

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



K! =

25

S?t!+ S22t 2 + . . .+ S2t n _

SHOM \ t1 + 12 + ... + t n

13,42-2+16,82-2+20,12-2+23,52-2+23,5-2

2-5
0,753

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

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

t l5t 2, ... tn -  TpHBamcTt CTyneHa, rogHHa.

AHanorÎHHO BH3HanaeTbca gpyrnfi CTynÎHb eKBÎBaneHTHoro rpa^ÎKa, ane npn 

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

TpaHc^opMaTopa

K2 =

25

i . /s f t ! + s 2t2 + . . .+ sntr

SHOM \  t1 + 12 + ... + t n

31,82 2+28,52 2+31,82 2+3L82 2+36,92 2+4L92 2+35,22 2

2-7
= 1,323

ge S > ^ , . ' . , ^  -  HaBaHTaæeHHA BHme mmï HOMmanbHoï noTy^Hocri

TpaHc^opMaTopa.

MaKCHManbHe nepeBaHTa^eHHa TpaHc^opMaTopa CKaagae

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



k max = ^  = 41,9 / 25 = 1,68
SHOM

ge S ^ x  -  MaKCHMantHe HaBaHTaæeHHa TpaHC^opMaTopa 3a rpa^ÎKOM

HaBaHTaæeHHa.

K  = 0,9 • Kmax = 0,9 • 1,68 = 1,51.

nopÎBHweMO nonepegHe 3HaneHHa K  H K'2 gaa nogaatmnx po3paxyHKiB 

npHHMaeMO ôiatme 3 hhx K  = 1,323 Ta K2 = 1,51, K'2 > K  OT^e npHHMaeMo 

K2 = 1,51.

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

nepiogy t = 0°C i nacy nepeBaHTaæeHHa t nepeB = 14 rog, 3HaxogHMo 3HaneHHa

nepeBaHTaæeHHa gonycTHMe K2roCT = 1,524.

nopÎBHweMO 3HaneHHa K2 3a rOCToM i peaatHe. K2roCT = 1,524 i K2 = 1,51.

K2roCT > K2. 3HaneHHa K 2 3a rOCToM ôiatme, Hra: peaatHe, 3HanHTt

TpaHC^opMaTop oôpaHHH npaBHntHo.

Bhchobok:

TpaHC^opMaTop TP^H-25000/110 y BHnagKy BHxogy 3 aagy 1-ro 

TpaHC^opMaTopa 2-h TpaHC^opMaTop 3a6e3nenHTt ^HBaeHHa Cno^HBanÏB 6e3 

oÔMe^eHH^M no naCy Ta no noTy^HoCTÏ.

2.2 Po3paxyHoK CTpyMiB KopoTKoro 3aMHKaHHa

BH3HaneHHa BeaHHHHH CTpyMiB KopoTKoro 3aMHKaHHa HeoôxigHe gaa 

npaBHntHoro BHÔopy yCTaTKyBaHHa Ha CToporn 110 kB i 10 kB. BnxigHa ogHommHHa 

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

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

3aMHKaHHa HaBegeHa Ha pHC. 2.3.

Po3paxyHoK CTpyMiB KopoTKoro 3aMHKaHHa BHKoHaeMo b ÏMeHoBaHÏH CHCTeMÏ 

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

CKaagae S c  =  2900 MBA.



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

Onip CHCTeMH gopÎBHwe

X c =
U 2
S„

= 1102 / 2900 = 4,17 Om.

Onopu ^pa^wwHHx gmm:

gm m g-1 g-2 g-3
^OB^HHa, KM 50 50 40

MapKa npoBogy AC-240/32 AC-240/32 AC-240/32

Xg, O m 20,25 20,25 16,2

Xgi = Xg-1 + Xg_3 = 36,45 O m

X n2 = X n_2 = 20,25 Om

X • X
X g =  11 —  = (36,45^20,25) / (36,45 + 20,25) = 13,02 O m .

Xgi + Xg2

Onip TpaHC^opMaTopÎB

3m . ApKyw N° doKyM. nidnuc Qama

ApKym



X T = UkJ 0YH = (10,5-1102) / (100-25) = 50,8 Om.
100 -SH

nepiogHHHa CKaagoBa CK3 y toh^  K 1:

U
Iki =■ 110000 / (1,73-(20,25 + 13,02)) = 3,695 kA.

V3 ( x c+ x  g )

nepiogHHHa CKaagoBa CK3 y tohhî K2 npHBegeHa go Hanpyra bh^ oï ctopohh

IB U
K2 _ /

V3 X,
110000 / (1,73-(20,25 + 13,02+50,8/2)) = 1,491 kA .

Xc + X n + - ^

PeanbHHH CTpyM K3 y toh^  K2:

B U_ tbI -  IB —BI K 2 -  I K 2 ^ IB2 - (110 / 10) = 16,4 kA .

YgapHHH CTpyM:

- y toh^  K1: iyg1 - y / 2 -1,61-IK1 -  8,41 kA;

- y t o w  K2: iyg2 -  V ï  -1,61 - IK2 -  37,34 kA.

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

nacoM, ToMy Hepe3 Hac, akhh gopÎBHwe Hacy BÎgKaroHeHHa 

Inrl -  IK1 - 3,695 kA gaa tohkh K 1 ;

Inr = IK2 -  16,4 kA  gna tohkh K2.

AnepiogHHHa CKnagoBa TK3 go MoMeHTy po3ÔmHocTi KoHTaKTiB BHMHKaHa

ia1 - 4 Ï  - IK1 - e Ta ->/2 -3,695 • eLK1
0,06
0,025

0,1

-  0,474 kA

ia2 - J l  - IK2 - e Ta -y /2  -16,4 -e 0,05 -  3,139 kA  

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

K  -  Ta =0,05 C.

Iffrerpan ^^oyaa:

gaa K  b r -  IK1(t + Ta) -  ^ ( 0 ,0 6  + 0,025) -  3,6952 0,085 = 1,161 kA 2c 

gaa K 2 BR -  ^ ( t  + Ta) -  Ik2(0,1 + 0,05) - 16,42 0,15 = 40,34 kA 2c

3m . ApKyw N° doKyM. nidnuc Mama

ApKym

t
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CTpyMH
KopoTKoro
3aMHKaHHfl

CK3 y 
nonaTKoBHH 
MoMeHT nacy

YgapHHH CK3 
iy , KA

Anepiog. 
CKHagoBa CK3,

ia KA

iHTerpan ^^oyna 
B k , kA2 c

fflHHH
110 kB ( k  )

3,695 8,41 0,474 1,161

fflHHH 
10 kB ( k 2 )

16,4 37,34 3,139 40,34

2.3 Bnôip 3axHCHoï Ta KoMyTa^HHoï anapaTypn

BncoKOBontTHi eneKTpHHHi anapara BHÔHparoTbca 3a yMOBOW TpHBanoro 

pe^HMy poôoTH i nepeBÎpawTbca 3a yMOBaMH kopotkhx 3aMHKaHb. n p n  ^oM y gra 

anapaTiB BHKoHyeTbca:

1) BHÔip 3a Hanpyroro;

2) BHÔip 3a HarpiBaHHAM npn TpHBannx CTpyMax;

3) nepeBipKa Ha eneKTpogHHaMiHHy CTiHKicTb;

4) nepeBipKa Ha TepMWHy CTiHKicTb;

Bnôopy nignarawTb:

- BHMHKani Ha Ôo^ BHrn,oï Hanpyrn;

- BCTynHi BHMHKani Ha Ôo^ 10 kB;

- ceKgiHm BHMHKani Ha Ôo^ 10 kB;

- BHMHKani niHÏH, rn,o BigxogaTb, 10 kB; po3'egHyBani BHrn,oï Hanpyrn;

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

- omHHOBKa po3noginbHHx npHCTpoïB 110 kB i 10 kB.

BHÔopy anapaTiB i CTpyMoBegynnx nacTHH HeoôxigHo BH3HanHTH CTpyMH 

HopManbHoro i nicnaaBapifiHoro pe^HMÏB. Bn3HaneHHfl CTpyMiB BHKOHyeTbca gna 

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

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



CrpyM Ha 6 o ^  110 kB:
nn 14 • S

C  = rr tt"°M = (1,4-25) / (1,73^110) = 184 A.
V3 •Ubh

CTpyM y Koni BBÎgHHx BHMHKaniB "a  CTopo"i 10 kB:
T T T T  1 4 • S

S  = rz  t "°M = (1,4-25) / (1,73-10) = 2,02 kA.
V3 • Uhh

CTpyM y Koni ceK^HHoro BHMHKana: 
tr 14 • S

C  = 1  TT" ° \  = (1,4-25) / (1,73-10-2) = 1,01 kA.
■V3 ■ UHH ■ 2

CTpyM y Koni ni"iï, rn,o BigxogHTK
14  • S

C  = r !  T T "°“ = (1,4-25) / (1,73-10-10) = 202 A.
V3 ■ Uhh ' 10

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

^3-110^-23(13)Y4. Bn6ip BHMHKaniB "aBegeHHH y Ta6n. 2.3.

T a6 n n ^  2.3 -  Bn6ip BHMHKana "a  CTopo"i 110 kB

yMOBa
Bn6opy

Po3paxy"KoBi
3"ane""a

KaTano^HÎ
3"ane""a

U c <  U  H 110 kB 110 kB
I  <  Ipacu — HOM 184 A 1250 A

1  n o  < 1  npCKB 3,695 kA 50 kA
I yd <  I CKB 8,41 kA 125 kA

^nr < IOmKHoM 3,695 kA 100 kA
I  <  Iar ahom 0,474 kA 40 kA
B k <  I 2Ttr 1,161 kA2 c 7500 kA2-c

^na BCTa"oBne""a "a  CTopo"i hh3bkoï "anpyrn npHHMaeMO BHMHKani THny 
BB3-10-31,5/3150y3. Bn6ip BHMHKaniB "aBegeHHH y Ta6n. 2.4.

T a6 n n ^  2.4 -  Bn6ip BHMHKaniB y Koni TpaHC^opMaTopa "a  CTopo"i 10 kB

yMoBa
Bn6opy

Po3paxy"KoBi
3"ane""a

KaTano^HÏ
3"ane""a

U c <  U h 10 kB 10 kB
I  <  Ipacu HOM 2,02 kA 3150 A

I n o  <  I npCKB 16,4 kA 31,5 kA
I yd <  I CKB 37,34 kA 80 kA

^nr < I OmKHoM 16,4 kA 31,5 kA
I  <  Iar — a hom 3,139 kA 31,5 kA

s<

VICq 40,34 kA2 c 2977 kA2 c



^na ycTaHOBKH b aKocri cewfiHoro Ha CTopoHi hh^ hoï Hanpyrn npnnMaeMo 
BHMHKani Tuny BB3-10-31,5/1600Y3. Bnôip BHMHKaniB HaBegeHo b Taôn. 2.5. 

T aô n n ^  2.5 -  Bnôip cewfiHoro BHMHKana Ha ô o ^  10 kB

YMoBa
Buôopy

Po3paxyHKoBi
3HaneHHa

KaTano^HÏ
3HaneHHa

U c <  U H 10 kB 10 kB
I  <  Ipacu — HOM 1,01 kA 1600 A

1  n o  < 1  npCKB 16,4 kA 31,5 kA
iy < 1  npCKB 37,34 kA 80 kA

1ni < 1 OmKHoM 16,4 kA 31,5 kA
I  <  Iai — a hom 3,139 kA 31,5 kA

s< ̂E-,
VICq 40,34 kA2 c 2977 kA2 •c

^na BCTaHoBneHHa Ha CTopoHi hh^ hoï Hanpyrn b niHiax, rn,o BÏgxogaTb, 

npHHMaeMO BaKyyMHÏ BHMHKani Tuny BB3-10-31,5/630Y3. Bnôip BHMHKaniB 

HaBegeHo b Taôn. 2.6.

T aô n n ^  2.6 -  Bnôip BHMHKaniB Ha nirnro, rn,o BÎgxognTb 10 kB

YMoBa
Buôopy

Po3paxyHKoBÏ
3HaneHHa

KaTano^HÏ
3HaneHHa

U c <  U h 10 kB 10 kB
I  <  Ipacu HOM 202 A 630 A

I n o  <  I npCKB 16,4 kA 31,5 kA
iy <  I npCKB 37,34 kA 80 kA

^ni <  IOmKHoM 16,4 kA 31,5 kA
I  <  Iai — a hom 3,139 kA 31,5 kA

s<
 ̂E-,
VI4̂
cq 40,34 kA2 c 2977 kA2̂ c

^na BCTaHoBneHHa Ha CTopoHi Bnrn,oï Hanpyrn npnnMaeMo po3'egHyBani 3 

ogHHM aôo gBoMa KoMnneKTaMH 3a3eMnwwnnx ho^ îb Tuny PH ^3.1-110/1000 X.H1. 

Bnôip po3'egHyBanÏB HaBegeHnn y Taôn. 2.7.

T aô n n ^  2.7 -  Bnôip po3'egHyBanÏB 110 kB

YMoBa
Buôopy Po3paxyHKoBÏ 3HaneHHa KaTano^HÏ

3HaneHHa
U c <  U h 110 kB 110 kB

I  <  Ipacu HOM 184 A 1000 a
iyà <  I npCKB 8,41 kA 80 kA

s<
^ E-~i
VI4̂
cq 1,161 kA2 c 992 kA2 •c

BP 5.6.141.283 n 3
ApKyw

34
3m . ApKyw N° doKyM. nidnuc Mama



2.4 Bnôip 36ipHHX iiihh

BnôpaTH 3ÔipHi ttthhh 110 kB Ta CTpyMonpoBÎgHÎ eaeMeHTH b 6 a o ^  BÎg 36ipHHx 

mHH go BHBogÎB 6aoHHoro TpaHC^opMaTopa. TpaHC^opMaTop TP^H-25000/110.

OcKÎnbKH 36ipm mHHH 3a eKOHOMÎHHOW rycTHHOW CTpyMy He BH6HparoTbca, 

npHHMaeMO nepepi3 3a gonycthmhm CTpyMOM npH MaKCHMaabHOMy HaBaHTa^eHHÎ Ha 

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

Ihopm = / T  = 33,5 / (1.73-110) = 176 A.
'V3  " Uhom

M̂aKC = ĤOpM = 176 A .

3a Ta6aH^ro goBÎgHHKa npHHMaeMO go BCTaHOBaeHHa npoBig 1xAC120/19 

(q = 120 mm2, d = 15,2 mm, Igon = 380 A). Oa3H po3TamoBaHi roprooHTaabHO Ha

BigcTaHi 300 cm . Togi

Igon > IMaKC,

380 A > 176 A.

nepeBipKa mHH Ha eaeKTpogHHaMÎHHy CTÎHKÎCTb He BHKOHyeTbca, ocKÎabKH 

In.0 < 20 KA.

nepeBipKa Ha TepMÎHHy CTÎHKÎCTb TaKO^ He BHKOHyeTbCa, OCKÎabKH mHHH 

BHKOHaHi ronuMH npoBogaMH Ha BÎgKpuTOMy noBÎTpi.

nepeBipKa 3a yMOBaMH KopoHyBaHHa B gaHOMy BHnagKy Moraa 6 He 

npoBogHTHca, OCKÏnbKH 3rigHO nY E  MÎmMaabHHH nepepi3 gaa noBÎTpaHHx amifi 

110 kB CTaHOBHTb 70 mm2. BpaxoByronH, rn,o Ha B Pn BigCTaHb Mrn: npoBogaMH 

MeHma, Hrn: Ha noBÎTpaHHx aimax, npoBogHTbca nepeBÎpoHHHH po3paxyHOK.

BH3HanaeMO nonaTKOBy KpHTHHHy Hanpy^emcTb eaeKTpHHHoro noaa:

E0 = 30,3 - m - 1 +
0,299

VË"

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

6araTonpoBÎgHHKOBHx npoBogÎB m  = 0,82); r 0 -  pagiyC npoBogy, r 0 = 0,76 cm .

f

E0 = 30,3 - 0,82' 1 +
0,299

76
= 33,4 kB/cm

3m . ApKyw M doKyM. nidnuc Mama

ApKym



Bu3HanaeMo Hanpy:eHicTb eneKTpuHHoro nona HaBKono npoBogy

0.354 • UE =

ro • !g
D cep

V ro
ge U  -  nÎHÎHHa Hanpyra, kB;

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

n p u  ropH30HTantHOMy po3TamyBaHHÎ $a3

Deep = 1.26-D = 100,8,

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

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

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

muHax eaeKTpoCTaH^ï nigTpuMyeTbca Hanpyra 1,1 Uhom.

nepeBipKa BHKoHyeTbca 3a HacTynHoro yMOBOw: npoBogu He ôygyTb 

KopoHyBaTH, aKrn,o

1,07 • E < 0,9 • E 0,

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

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

BHKopncTaHHa.

Buôip :opcTKux muH

npHHMaeMo TeMnepaTypy HaBKonumHboro cepegoBurn,a: 30oC.

OônpaeMo anwMÎHieBi muHH KopoônacToro nepepi3y po3TamoBaHi 

ropu3oHTaabHo i :opcTKo 3aKpmnern ogHa BigHocHo ogHoï (2x75x35x5,5 mm,

PucyHoK 2.4 -  ffluHH KopoônacToro nepepi3y

3m . ApKyw M doKyM. nidnuc Mama

ApKym

nepepi3oM 2x695 mm2, Igon=2670A).

^Aon =  70°C, u^aKT = 30°C, uHopM = 25°C.



yMoBa 3a gonycTHMHM CTpyMOM:

imaX = 2020A < I ,on = 2670 A,

yMOBa BHKOHyeTtca.

npnnycTHMHH CTpyM 3 ypaxyBaHHaM nonpaBKH Ha TeMnepaTypy 

HaBKonnraHboro cepegoBHrn,a:

Tt T l^àon  ^thawn r>m r\
1 don =  1 don ' I---------------- = 2670

^ôon ^HopM

70 -  30
70 -  25

= 2517 A,

ge v gon -  gonycTHMa TeMnepaTypa raHHH;

uHopM -  HoMmanbHa TeMnepaTypa HaBKoanraHboro cepegoBH^a.

2020 A < 2517 A.

MÎHÎManbHHH TepMÎHHo ctîhkhh nepepi3:

_ 4 B r _  V 4 Ô 3 Â _
qmin. don 70,6 mm2.

C  9 0  -10-3
OcKÎnbKH gmin don = 70,6 < 2x695 mm2 TepMÎHHa CTÎHKÎCTb ttthh 3a6e3nenyeTbca. 

TBepgi raHHH noBHHHÎ ôyTH nepeBÎpem Ha gHHaMÎHHÎ giï CTpyMiB K3 i Ha

Mo^HHBÎCTb BHHHKHeHHa pe3oHaHCHHX aBHTTT. 3a3HaHeHÎ aBHffl,a He BHHHKaWTb npn

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

BnacHHx KonHBaHb gga aaroMÎmeBHx raHH BH3HagaeTbca 3a ^opMyaoro

173.2
fn

l 2 \

Jy0-y0 173.2

\

113
494 ^

26,95

ge

2  ' q  raHHH 2

Z -  goB^HHa npoaboTy M i: Î3oaaTopaMH l  = 1 m, m;

J y 0 - y 0  -  MoMeHT m ep^ï nonepenHoro nepepi3y gBox 3po^eHHx raHH, cm4;

q muhu -  nonepenHHH nepepi3 ogrneï raHHH, cm2.

OcKÎHbKH fQ = 494 > 200 r ^  To MexaHiHHHH pe3oHaHc BHKHWHaeTbca.

MoMeHT onopy nepepi3y gaa gBox 3porn,eHHx raHH:

a $.max
i 2 • l 2 37,342-22-10"2

= 1,76----yg-------- 10-8 = 1,76--------------------------= 4,076 M na
a • W„ 0,8^30,1

ge
j0-y0

a -  BigcTaHb M i: $a3aMH, m;

Wy0 -y0 -  MoMeHT onopy gBox 3porn,eHHx raHH, cm3

3m . ApKyw M doKyM. nidnuc Mama

ApKym



^.max 4,076 < ct̂ oii = 82,3 Ml la yMOBa MexaHÎHHoï m^ hoctî BuKoHycTbca.

ge

ge

ct = 82,3 M na -  gonycTHMa MexaHÎHHa Hanpyra b MaTepiani anroMimeBux iiimh.

Cuna B3aeMogiï Mrn: mBenepaMu:

fn = 0,5 •
l.2M . 1 n-7 _
h

•10- 7 = 0 ,5 -
37,342

0,075
•10- 1 = 930H/m

h - BHCOTa mBenepa, m.

MaKCHMantHa BigcTaHb Mm: mîc^ mu 3BaproBaHHa mBenepiB:

1 12  ' ( CTgon CT(j3.max )  ' W y-y 12'(82,3 -  4,076)' 3,17 >
1,79 m

930
ge ^Ny—y  -  MOMeHT onopy muH y BepTuKanbHÎH nnornum, cm3

2.5 Buôip BHMÏpwBanbHux TpaHc^opMaTopiB CTpyMy Ta Hanpyru

n

^na BBÏMKHeHHH eneKTpoBHMÏpwBanbHHx npanagiB i npucTpoïB peneËHoro 3axHCTy 

HeoôxigHa ycraHOBKa TpaHc^opMaTopiB CTpyMy i Hanpyru. y  gaHOMy npoeKTi peneÔHHH 

3axHCT geTanbHO He po3poônaeTbca, TOMy nepeBipKy TpaHc^opMaTopiB 3a btophhhhm 

HaBaHTâ eHHHM BHKOHyeMO 3 ypaxyBaHHaM BBÎMKHeHHa TinbKH BHMÏpwBanbHHx npunagiB.

y  Koni cunoBoro TpaHc^opMaTopa 3 ôoKy hu^ hoï Hanpyru BCTaHOBnweTbca 

aMnepMeTp, BonbTMeTp, BapMeTp, niHunbHuKu aKTuBHoï i peaKTuBHoï eHepriï, Ha 

muHax 110 kB -  BonbTMeTp i3 nepeMuKaHeM gna BuMipy Tpbox Miæ$a3oBux Hanpyr, 

Ha cewËHoMy BuMuKaH 10 kB - aMnepMeTp, Ha niHiax, rn,o BigxogaTb, 10 kB - 

aMnepMeTp, niHunbHuKu aKTuBHoï i peaKTuBHoï eHeprrn. Po3paxyHoK BTopuHHoro 

HaBaHTa^eHHa TpaHc^opMaTopa CTpyMy HaBegeHun y Taônu^ 2.8.

T aô n u ^  2.8 -  Po3paxyHoK BTopuHHoro HaBaHTa^eHHa TpaHC^opMaTopiB CTpyMy

npunag Knac HaBaHTa^eHHa no $a3ax
A b C

1 2 3 4 5
AMnepMeTp 1 0,5 0,5 0,5
BaTTMeTp 1,5 0,5 - 0,5
BapMeTp 1,5 0,5 - 0,5
^ÎHunbHuK aKTuBHoï eHepriï 1 2,5 - 2,5
^ÎHunbHuK peaKTuBHoï eHepriï 1,5 2,5 - 2,5



npogoB^eHHA Taônn^ 2.8

1 2 3 4 5
CyMapHe HaBaHTaæeHHA CTpyMy B Koni 
CnnoBoro Tp-pa Ha ô o ^  BH 0,5 0,5 0,5

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

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

CyMapHe HaBaHTaæeHHA CTpyMy B Koni 
BigxigHoï niHiï 0,5 0,5 0,5

Bnôip TpaHC^opMaTopÎB CTpyMy HaBegeHnn y Ta6nH^flx 2.9 - 2.12.

BnônpaeMo TpaHC^opMaTop CTpyMy TO3M-110E-L

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

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

YMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano^HÎ
3HaneHHa

U c <  U H 110 kB 110 kB
I  <  Ipacu HOM 184 A 800 A
iy <  1  npCKB 8,41 kA 124 kA

K

V
I

Cq 1,161 kA2 c 2352 kA2 c
7  <  77  H <  7  H .HOM 0,82 Om 1,2 Om

^na nepeBÎpKH 3a btophhhhm HaBaHTaæeHHAM BH3HanaeMo onip npnnagÏB

5,
Z,npun

'npu  ̂ 0,5
V T  =  5T =  ° '02 0M

Togi onip CnonynHnx npoBogiB Mo^e ôyra

7  = 7  — 7  — 7^np ^ hom ^npufl ^ k

ge Znp — HOMÎHa^bHHH onip HaBaHTa^eHHn, 0 m;

Z npun — onip npn^agÎB, 0 m;

Zk — onip KOHTaKTiB, 0 m.

Znp =  1,2 — 0,02 — 0,1 =  1,08 0 m. 

nepeTHH ^n n  npn goB^nm Kaôena 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 MexamnHoï m^ hoctî noBHHHHH 

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

Onip oôpaHHx npoBogiB:

l 100
Znp = P ' p  =  0.0175 • —  =  0.7 Om

3araHtHHH onip CTpyMOBoro Kona

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

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

tohhoctî 0,5.

TpaHC^opMaTop CTpyMy T03M-110B-I BÏgnoBÏgae yMoBaM BHÔopy.

BnônpaeMo TpaHC^opMaTop CTpyMy Tffl^-10-Y3.

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

YMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano:rn
3HaneHHA

U c <  U H 10 kB 10 kB

I  <  Ipacu HOM 2020 A 3000 A

i <  Ly duH 37,34 kA -

K
CO ^V

I

Cq 40,34 kA2 c 3250 kA2 c

7  <  77  H <  7  H .HOM 0,8 Om 0,8 Om

^ ha nepeBÏpKH 3a btophhhhm HaBaHTa:eHHaM BH3HanaeMo onip npanagiB

5,
Z,npun

'npHÆ 6,5 _ n r  ~
—  =  5 T =  0,26 0 m

Togi onip cnoHyHHHx npoBogiB Mo:e ôyTH

7 = 7  — 7 — 7^np ^ hom ^npun

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

ZnpĤ  -  onip npu^agÎB, Om;

Zk — onip KOHTaKTiB, Om.



z np =  0,8 -  0.26 -  0.1 = 0,44 Om.

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

F = p ------= 0.0175-------- = 3,98 mm27Znp 0,44

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

F  -  nepeTHH ^ hh, mm2.

nepeTHH cnonyHHHx npoBogiB 3a yMOBaMH MexamnHoï m^ hoctî noBHHHHH 

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

Onip oôpaHHx npoBogiB:
l  100

Znp = p  ■ -  =  0.0175-------= 0,44 Om.
p F 4

3araHtHHH onip CTpyMOBoro KOHa

^ h =  ^npH  ̂ +  +  Znp =  0.26 + 0.1 + 0,44 = 0,8 Om.

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

TOHHOCTÏ 0,5.

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

BnônpaeMo TpaHC^opMaTop CTpyMy Tffl^-10-Y3.

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

YMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano^m
3HaneHHa

U c < U H 10 kB 10 kB
I  < Ipacu HOM 1,01 kA 2000 A

i < Ly duH 37,34 kA -
B k < FTt r 40,34 kA2 c 3250 kA2 c

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

^na nepeBÏpKH 3a btophhhhm HaBaHTaæeHHaM BH3HanaeMo onip npHHagÏB

5.
Z,npun

'npHÆ °,5
—  =  -52 =  ° '02 0 m

Togi onip cnonynHHx npoBogiB Mo^e ôyTH

7  = 7  — 7  — 7^np ^ hom ^npufl ^ k

ge Znp — HOMÎHa^bHHH onip HaBaHTa^eHHH, 0 m;



Z K — onip KOHTaKTiB, Om.

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

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

F =  p ------= 0.0175--------= 2,57 mm2
Znp 0,68

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

F  -  nepeTHH : hh, mm2.

nepeTHH cnonynHHx npoBogiB 3a yMOBaMH MexamnHoï m^ hoctî noBHHHHH 

ôyTH He MeHme H i: 4 mm2 gna MÎgHHx : hh.

Onip oôpaHHx npoBogiB:

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

p F 4
3aranbHHH onip CTpyMOBoro Kona

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

rn,o MeHme H i: 0,8 Om, npnnycTHMHx npn poôoTi TpaHC^opMaTopa b Knaci 
tohhoctî 0,5.

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

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

YMoBa BHÔopy Po3paxyHKoBi
3HaneHHa

KaTano:rn
3HaneHHa

U c <  U H 10 k B 10 kB

I  <  Ipacu HOM 202 A 1000 A
i <  Ly duH 37,34 k A -

B k <  FTtr 40,34 k A 2 c 3250 kA 2 c

Z  H <  Z  H .HOM 0,56 O m 0,8 O m

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

S  0 5
^n p u n  j2 ^2 0,02 0 m

Togi onip cnonynHHx npoBogiB Mo:e ôyTH

Znp =  7  — 7■̂hom ^n pu n — ^K



Z npun — onip npn^agÎB, Om;

Z K — onip KOHTaKTiB, Om.

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

nepeTHH :u n  npn goB:nm  Kaôena l  =  100 m:
l  100

F =  p ------= 0.0175--------= 2,57 mm27Znp 0,68

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

F  -  nepeTHH :u n ,  mm2.

nepeTHH cnonynHHx npoBogiB 3a yMOBaMH MexarnnHoï m^ hoctï noBHHHHH 

ôyTH He MeHme H i: 4 mm2 gna MÎgHHx :u n .

Onip oôpaHHx npoBogiB:

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

p F 4
3arantHHH onip CTpyMoBoro Kona

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

rn,o MeHme H i: 0,8 Om, npnnycTHMHx npn poôoTÎ TpaHC^opMaTopa b Knaci 

tohhoctï 0,5.

TpaHC^opMaTop CTpyMy Tffl^n-10-Y3 BÎgnoBÎgae yMoBaM Bnôopy.

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

noTy:rnc™ .

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

HKO-110-58Y1, Ha ô o ^  10 kB -  3H0A.09-10.02, BHKopncTOByroHH gaHi Î3 

T aônn^ HaBegeHHx y goBÏgHHKax.

T aô n n ^  2.13 -  Bnôip TpaHC^opMaTopa Hanpyrn 3 ôoKy BH

Tun
Knac

HoMÎHanbHa Hanpyra oômotok
HoMÎHanbHa noTy:mcrb, 

B^A, b Knaci tohhoctï
MaKcuManbHa
noTy:HÎCTb,

b a
HanpyrH nepBHHHoï,

kB
Ochobhoï 

BTopHHHoï, B
AogaT- 

koboï, B
0,2 0,5 1 3

HKO-
110-58Y1

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



Tun
K^ac

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

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

B A
HanpyrH nepBHHHoï,

kB
OcHobHoï 

BTopHHHoï, B
AogaT- 

koboï, B
0,2 0,5 1 3

3HOÆ09
-10.02

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

2.6 OôipymyBaHHfl cxeMH eneKTpuHHux 3’egHaHb nigcTaH^ï

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

-  3a6e3nenyBaTH HagiHHicTb eneKTponocTanaHHfl b HopManbHux h 

nicnaaBapÎHHHx pe^HMax;

-  ypaxoByBaTH nepcneKTHBH po3BHTKy;

-  gonycKaTH Mo^HHBicTb po3mupeHHa;

-  3a6e3nenyBaTH Mo^HHBicTb BHKoHaHHa peMoHTHux i eKcnnyaTa^HHux poôÎT 

Ha OKpeMHx eneMemax cxeMH h 6e3 BigKnroHeHHA npuegHaHb.

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

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

Hanpyrn, Haôopy 30BHimHix npuegHaHb i noTy^HocTÎ TpaHc^opMaTopiB, 3 

ypaxyBaHH^M Toro, m,o 3acTocyBaHHa BigginbHHKiB b yMOBax xonogHoro KHÎMaTy He 

peKOMeHgyeTbca, npuuMaeMo go ycTaHoBKH Ha npoeKTOBamu nigcTaH^ï cxeMy «gBa 

ôhokh «mma - TpaHc^opMaTop» 3 BHMUKaueM y kohî TpaHc^opMaTopa Ta 

HeaBToMaTHHHow nepeMHHKoro» (pnc. 2.5).

CxeMa 3 peMommom nepeMHUKom, BHKoHaHow 3a gonoMorow po3'egHyBamB 

(«HeaBToMaTHHHow» nepeMHHKow), 3aôe3neuye Mo^HHBicTb npuegHaHHA oôox 

TpaHc^opMaTopÎB go ogrneï mmï npn peMoHTi iHmoï.

CxeMa nigcTaH^ï HaBegeHa Ha rpa^ium u HacTHHi npoeKTy.

y  HopManbHoMy pe^HMi Bce KoMyTa^HHe oônagHaHHa BKnrnueHe, 3a bhhatkom 

po3'egHyBanÎB QS3...QS4 y peMoaram nepeM uw. noBnpam mmï W1, W2 - mmï, aKi 

3'egHymTb npoeKToBaHy nigcTaH^m 3 eHeprocucTeMorn.

Po3rnaHeMo HacmgKH aBapiHHux cm ya^H y gamu cxeMi:



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

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

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

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

fioro nepeBaHTa^yBanbHOï 3gaTHOCTi.

2) BigMOBa ogmeï mmï, aKa 3'egHye cno^HBaniB 3 eneKTpocraH^ero (W1). n p n  

KopoTKOMy 3aMHKaHHÎ Ha mmï W1 BÎgôyBaeTbca BÎgKnwneHHa BHMHKana Q1, 

TpaHC^opMaTop T1 BTpanae ^HBneHHa. n icna BÎgKnwneHHa W1 onepaTHBHHH 

nepcoHan BÎgKnwnae ymKog^eHy mmm mmHHHM po3'egHyBaneM. nicna ^ o r o  

3aMHKaeTbca paHime BÎgKnmHeHHH po3'egHyBan QS3, BÎgôyBaeTbca BKnmneHHfl Q1 i 

TpaHC^opMaTop T1 BÎgHOBnme ^HBneHHa.

3) BigMOBa ogHoro 3 BHMHKamB (Q1). n p n  KopoTKOMy 3aMHKaHHÎ y BHMHKam

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



Q1 BÎgKnwHaeTbca ronoBHun BHMUKan i girna W1. ^HBneHHa Bcix cno^HBanÎB 

nigcraH^ï 3grncHroeTbca Big gmiï W2 i TpaHC^opMaTopa T2.

TaKHM hhhom, 3 HaBegeHoro aHam3y BugHO, rn,o npu BUKopucTaHHi gaHOï cxeMH 

BÎgcyTHÎH BapiaHT npocTOï (oguHOHHoï) aBapiHHoï cuTya^ï, aKa npuBoguTb go 

BÎgKnwneHHa cno^HBaniB npoeKTOBaHoï nigcTaH^ï.

Hanômbm Ba^Koro aBapinHoro cmyagiero e BigMOBa ogHieï 3 æuBugbHHx gmifi 

(W1) y nepiog peMOHTy ogHoro i3 TpaHC^opMaTopÎB (T2), ane h y ^OMy BunagKy e 

MO^nHBÎCTb 3aôe3neHHTH ^HBneHHa cno^HBanÎB npoeKTOBaHoï nigcTaH^ï Big gmiï 

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

2.7 Buôip TpaHC^opMaTopÎB BnacHux noTpeô

npHHManaMH BnacHHKaMu BnacHux noTpeô e [10]:

- onepaTHBHÎ Kona;

- eneKTpogBHryHH, cucreMu oxonog^eHHa chhobhx TpaHC^opMaTopÎB, 

BHCBÎTneHHa i eneKTpoonaneHHa npuMÎm,eHb;

- eneKTponigirpÎBaHHa KOMyTa^MHoï anapaTypu i T.g.

CyMapHa po3paxyHKOBa noTy^mcTb npuHMana BnacHux noTpeô BH3HanaeTbca 3 

ypaxyBaHH^M Koe^^iemÎB nonmy. Po3paxyHOK noTy^HOCTÎ npuHMana BnacHux 

noTpeô HaBegeHHfi y Taôn. 2.15.

Ha nigcraH^ï nepegôanaeTbca ycTaHOBKa 2 TpaHC^opMaTopÎB BnacHux noTpeô. 

HoMÎHanbHa noTy^mcTb BuôupaeTbca 3 yMOB

S TCH  -  S C H ,

ge S tcH  - noTy^HÎCTb TpaHC^opMaTopa BnacHux noTpeô, kBA;

SCH - noTy^HÎCTb cno^HBaniB BnacHux noTpeô, kBA.

Po3paxyHKOBe HaBaHTa^eHHa

5ycT -  Kc • | PycT +  QyCT

ge KC -  Koe^^ieHT nonHTy. npuHMaeMO pîbhhm 0,8

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



n/n
HafiMeHyBaHHa

cno^HBana

ycTaHoBaeHa
noTy^HÎCTb Koe$.

nonm y cos^

HaBaHTa^eHHa

OgHHH^, 
kBt x

KÎabKÎCTb

Bcboro,
kBt

PycT,
kBt KBAp

1
OxoaogæeHHa
TpaHC^opMaTopÎB
TP^H-25000/110

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

2
nigîrpÏB BHCoKoBoabTHHX
BHMHKaHÎB 3QBHÎmHboï 
yCTaHoBKH

2x4 8 0,8 1 8 -

3
nigirpiB
npHBogÎB po3'egHyBaniB 
3oBHÎmHboï yCTaHoBKH

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

4 OnaaeHHa, ocBÎraeHHa, 
BeHTHaa^a 3aKpHToro PY - 5 0,8 1 5 -

5 OcBÎTaeHHa PY - 2 0,8 1 2 -

Bcboro 27,4 6,2

n ig  nac BBiMKHeHHa ^ o r o  HaBaHTaæeHHa Ha ogHH TpaHC^opMaTop 

gonycKaeTbca fioro nepeBaHTaæeHHa Ha 20%. noTy^HicTb TpaHC^opMaTopa gaa 

3aôe3neneHHa ^HBaeHHa HaBaHTaæeHHa BaacHHx noTpeô 3 ypaxyBaHHaM peMOHTHHx 

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

gopÎBHwe S TCP =  20 -  25 kBA.

= s Ch  +  S t c p  =  22,5 + 20 = 35,4 kBA.
tCh  1,2 1,2

EepeMo CTaHgapTHy noTy^rncTb TpaHC^opMaTopa S TCH =40 kBA. OcTaTOHHo 

gaa ^HBneHHa cno^HBana BaacHHx noTpeô ôepeMo gBa TpaHC^opMaTopn CTaHgapTHoï 

noTy^HocTÎ: TM-40/10.



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

Cnopyg:eHHa 3aKpHTHx n C  Hanpyroro 110 kB, gonyœaeTbca b t^khx 

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

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

MÎCT06ygÎBHHM MÎpKyBaHH^M.

Ha n C  eroKTponocTanaHHa npoMHcroBHx mgnpneMCTB nepeg6anaeTbca BogaHe 

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

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

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

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

3a6pygHeHoro aTMOC^epow 3 nocHrororo i3oaa^ero.

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

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

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

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

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

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

^ a a  Pn35-220 kB npn rocai npnegHaHb 12-16 ogHy 3 gBOx CHCTeM 

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

miH.

2.9 KoMnoHyBaHHa po3nogiabHHx npncTpoïB Ha 60^  10kB

P n  10 kB BxogaTb go CKaagy nigcTaH^H aK roroBHi Pn. ^ 0  Pn10 kB 

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

Ta iH.

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

Hec^pa^WRaHHa BHMHKana He noBHHHe npHBogHTH go npnnHHeHHa



eneKTponocTanaHHa BÎgnoBÎganbHHx cno^HBaHÎB (1 KaTeropia no nY 3), po3mnpeHHa 

P n  3 poctom HaBaHTa^eHt He noBHHHe npHBogura go 3mîhh cxeMH i 3HanHHx 

ôygÎBenbHHx i MoHTa^HHx poôÎT.

CewroBaHHa 3ÔipHHx muH go3Bonae 3agoBonbHHTH BHMorH HagiHHocTi. 

Po3mnpeHHa P n  3gmcHMCTbca 3anoBHeHHaM pe3epBHHx ocepegKiB aôo BBegeHHaM 

hoboï c e w ï.

P y  10 kB gna KoMnneKTHHx TpaHC^opMaTopÎB n C  BHKoHyeTbca y BHraagi 

KPYH aôo KPy, BCTaHoBnwBaHHx y 3aKpuTux npHMÎm,eHHax. y  3P y  10 kB 

peKoMeHgyeTbca BCTaHoBnwBaTH ma^H K Py 3aBogcbKoro BHroTOBneHHa.



3 P03PAXYH0K PE^EHHOrO 3AXHCTY TPAHCOOPMATOPA

3.1 Bn3HaneHHa napaMeTpiB, HeoôxigHHx gaa po3paxyHKy 3axHCTÏB

TpaHc^opMaTopa

1. Po3paxoByeMO 3axncr gaa TpaHC^opMaTopa Tuny TP^H-25000/110, 

KaTaao^m gaHi aKoro HaBegeHo b Taôan^ 3.

TpaHC^opMaTop OTpHMye ^HBaeHHa BÎg eHeprocHcreMH 3 napaMeTpaMH 

XC.MaKC 12 ^)m, X c.mîu 18 Om (onopn npHBegeHi go U~cp.uoM 115 kB).

2. ^ a a  CKaagaHHa cxeMH 3aMÏm,eHHa (pnc. 3.1) po3paxyeMO onopn 

TpaHc^opMaTopa:

PncyHOK 3.1 -  noacHWwaa cxeMa (a) i cxeMa 3aMÎ^eHHa (ô) TpaHC^opMaTopa 3

po3m,enaeHoro oômqtkqm

a) 3araabHHH mgyKTHBHHH onip:

x m = U k  . =  I 0 5  _ 1 1 ^  = 55 54 om .-2

100 S  100 25H

ô) onip qômqtkh bmiiiqï Hanpyra:

xe = 0 ,1 2 5 ^  = 0,125 • 55,54 = 6,94 Om.



x H = 1,15xOT = 1,75 • 55,54 = 97,2 Om.

x,

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

ypaxyBaTn 3MiHy onopy 3a paxyHOK perynroBaHHa Hanpyrn. ^na  TpaHC^opMaTopÏB 

110 kB npnônn3H0 MO^Ha npnnHaTn:

h.  = (1 -  AU)2 = 91,2 • (1 -  0,12)2 = 15,3 Om;

ho,  (1 + A U )2 = 91,2 • (1 + 0,12)2 = 121,9 Om.

(1 -A U )2 = 6 ,9 4 (1  -0 ,1 2 )2 = 5,4 Om;

(1 + AU)2 = 6,94 -(1 + 0,12)2 = 8,1 Om.

4. CTpyM KopoTKoro 3aMnKaHHa Ha inuHax hh^ hoï Hanpyrn (TOHKa K1, 

pnc. 3.1):

x = xH.MQKC H. HOM

3BÎgcn x  = x^ 6.MUH . 6.HOM

x  = x6.MQKC M.HOM

(3) -I

T (3)
1 K.MUH

U,Cp.HOM 115
V3 ( x + x + x ) V3 (12 + 5,4 + 15 ,3 )y  \  C.MÜKC 6.MUH H.MUH /  y \ ’ ’ /

= 0,111 kA.

U,Cp.HOM 115
2 •( x + x + x\  C.MUH 6.MÜKC H.MÜKC ) 2-(18 + 8,1 +121,9)

= 0,381 kA.

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

1. CTpyM cnpa^OByBaHHa 3axncTy Bn3HanaeTbca 3a ôinbmoro i3 gBOx 

po3paxyHKOBnx yMOB:

a) BÎgôygyBaHHa Big KngKa CTpyMy HaMarmnyBaHHa, rn,o BnHnKae npn 

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

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

I  = k  ■ I
±  C .3  ' v O m C  ±  H O M  ?

ge k omC - K oe^ieHT BÎgôygyBaHHa, gna pene Tnny PHT k OmC = 1,3 ;

I hom - HOMÏHanbHnn CTpyM tîgï CTopoHn TpaHC^opMaTopa, Hanpyry aKOï 

npnnHaTO B aKOCTi po3paxyHK0B0ï;

S „ 25
I hom V3 • u  V3 • 1 1 5  0y Cp.HOM y xxw/

= 0,126 kA.

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



I C3 =  1,3 -126 = 163,2 A.

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

BHHHKae npn 30BHÎmHÎx K3:

1cm — k3 1nô.pacn,

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

I hô.paCH - MaKCHMantHHH po3paxyHKoBHH CTpyM He6aaaHCy, BH3HaneHHH aK cyMa

Tptox CKaagoBHx, nponop^HHHx nepiogHHHÎH CKaagoBÎH CTpyMy K3,

I  = I ' + I ” +  I
h6 .pacH h6 .pacH h6 .pacH h6 .pacH ■

2. CKaagoBa CTpyMy I 'h6 paCH o6yMoBaeHa norpimmCTro TpaHC^opMaropa CTpyMy:

I HÔ.paCH k odH ^  1  K.MCIKC ,

ge k odH =  1,0 ; s  =  0,1; I KMaKC - MaKCHMaabHHH CTpyM 3oBHimHboro K3, npHBegeHHH

go po3paxyHKoBoro ^a6 aa  Hanpyrn.

3. CKaagoBa I"Hg paCH o6yMoBaeHa peryaroBaHHaM K oe^^iem a TpaHC^opMa^ï

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

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

He6aaaHCy Ha CTopoHax, ge e peryaroBaHHa:
iii

I  "hô. pacH I a u n ' I k. MaKC.n 5
n=I

ge A U n - BigHoCHa norpimHiCTb peryaroBaHHa Hanpyra, npHHMaeTbCa pÎBHÎH

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

+10%, to A U n =  0,1 );

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

TpaHC^opMaTopa.

4. CKaagoBa I^g paCH o6yMoBaeHa HeToamC™ yCTaHoBKH Ha peae po3paxyHKoBHx 

HHCea bhtkîb:

I
rrr
hô. pacH

III

I
n=I

A w  - 1n k.MaKC.n 5



ge =
w  — wn. pacu n

w
norpimHiCTt BHpiBHMBaHHa gaa ctopohh n

TpaHC^opMaropa. Y ^OMy BHnagKy npn nonepegHix po3paxyHKax ga CKaagoBa He 

BpaxoByeTbCa.

5. 3 ypaxyBaHHaM HaBegeHHx BHpa3iB BHKOHyeMO po3paxyHOK CTpyMy 

Cnpa^oByBaHHa 3axHCTy 3a yMOBoro BigôygyBaHHa Big CTpyMy HeôaaaHCy:

- c 3 = k  ( kdH  • b  +  A U ,  )4 I „ .  = 1,3 • (1,0 • 0,1 + 0,12) • 717 = 205,0 A.

npHHMaeMO ôiabme 3HaaeHHa Ic3 = 205,0 A.

6. Bnôip THny peae poÔHMo Ha ocHOBi o^ hkh ayTaHBoCTi 3axHCTy, aKHH 

BH3HanaeMO npnôaroHo, BBaæaroaH, rn,o Becb CTpyM nomKogneHHa (npHBegeHHH go 

BTopHHHOï ctopohh) nonagae b peae. nonepegHa nepeBipKa ayTaHBoCTi npoBogHTbca 

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

BHKoHyBaTHca yMoBa:

K  =

i
( 2)
K .M U H  >  2  0

I

387
k  = ------- = 1,887 < 2.
v 205,0

7. OcKiabKH 3axHCT i3 peae THny PHT He 3aôe3neaye ayTaHBocTi, to 

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

BHÔnpaeTbca 3a yMoBaMH:

а) BigôygyBaHHa Big KHgKa, ^ o  HaMaraiaye CTpyM

h ,  = k „ c  • IHOM = 1,5 126 = 188,3A,

б) BigôygyBaHHa Big CTpyMy HeôaaaHCy npn K3 Ha HH3bKrn CTopoHi

I c 3 =  k 3 • ( kodH • b +  A U , ) I ^ c  =  1,5(1,0• 0,1 + 0,12)• 717 = 236,5 A.

CTpyM CnpagboByBaHHa 3axHCTy npHHMaeMo 3a ôiabmoro 3 yMoB I c.3. = 236,5 A.

8. BH3HaaaeMo ayTaHBiCTb 3axHCTy npn K3 Ha CTopoHi HH npn MiHiMaabHoMy 

peryawBaHHi:

I (2) 387
k  =  -̂k m u l = = 1,636.

 ̂ -c.3 236,5

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

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



I ( 2) =. 115 = 0,471 kA.
2 (18 + 6,94 + 97,2)

TaKHM hhhom HeoôxigHua Koe^^ieHT ayTaaBocTÎ 3aôe3neayeTbca

471
K  = ------- « 2.
v 236,5

ToMy 3axHCT i3 peae ^3T -11 Mo^e ôyTu 3acTocoBaHua.

3.3 Buôip ycTaBOK peae Tuny ^3T-11

1. BH3HanaeMO nepBUHHi HoMiHaabHi CTpyMu gaa gBox CTopiH oôaagHaHHa, rn,o 

3axa^aeTbca, no ^opMyai:

I .
V3 • u h

ge SHOM - HOMiHaabHa noTy^rncTb TpaHC^opMaropa;

U HOM n - HOMiHaabHa Hanpyra cropoHu oôaagHaHHa, ^ o  3axa^aeTbca.

2. ^ a a  cropoHu bucokoï Hanpyra 115 kB:

25000
I .

V3 115

^ a a  cropoHu HH3bKoï Hanpyra 10,5 kB:

126 A.

I .  = 4 5 0 0 ^  = 1375 A.
V3 • 10,5

3. Ba3HaaaeMo BTopaHHÎ HoMiHaabHi CTpyMu naeaea 3axacry:

L 1  hom. n k cx. n

K I  .n

ge k cxn - Koe^^ieHT cxeMu 3'egHaHHa BTopaHHax oômotok TpaHC^opMaropa Ha

croporn oô'eKTa, ^ o  3axa^aeTbca (npu 3'egHaHHi oômotok y kcx = 1,0 3ipKy; npu

3'egHaHHi oômotok y k cx = V3 TpaKyTHaK );

KLn - Koe^i^eHT TpaHC^opMa^ï TpaHC^opMaropa, npaaHaTaa Ha croporn

oô'eKTa, ^ o  3axa^aeTbca (npu Buôopi K oe^^iem a TT Tpeôa BpaxoByBaru, ^ o ô  

BTopuHHi HoMiHaabHi CTpyMu cyTTeBo He nepeBarnyBaaa nacnopTHi 3HaaeHHa

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



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

aKocTi ochobhoï, rn,o 3aôe3neaye HaHMeHmy norpimHÎCTb BHpÎBHMBaHHa gaa peae.

4. ^ a a  CTopoHH bhcokoï HanpyrH 115 kB:

T
1 2 6  -y /3  

300/5
3,62 A.

5. ^ a a  CTopoHH HH3bKOï HanpyrH 10,5 kB:

I
e.HOM.n

1375 
2000 / 5

3,44 A.

BpaxoBywHH, rn,o oÔMoTKa HH3bKoï HanpyrH TpaHC^opMaTopa BHKoHaHa 

po3^enaeHoro, oTpHMaHe 3HaaeHHa CTpyMy HeoôxigHo nogBoïTH - IeHQM n =  6,87 A.

OTpHMaHÎ po3paxyHKoBi gam HaBogHMo b Taôa. 3.1.

T a ô a n ^  3.1 -  Po3paxyHKH nepBHHHHx i btophhhhx CTpyMiB CTopiH

TpaHC^opMaTopa

no3HaaeHHa napaMeTpiB I -  BH-115 kB II - HH-10,5 kB

T A 402 4399

K n 700/5 5000/5
CxeMa

3'egHaHHa TpaHC^opMaTopa TpHKyTHHK 3ipKa

T A1 e.HOM.n ’ 3,62 6,87

3 Taôan^ 18 BHnnHBae, rn,o B aKocTi ochobhoï caig B3aTH CTopoHy HH3bKoï 

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

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

BH3HaaaeMo no BHpa3y:

T C.3 '  k CX '

1 c .  p.n

U HOM. pacu  

V  U HOM.n J
K I  .n

ge U HOM pacH - HoMiHaabHa Hanpyra CTopoHH, BignoBigHoro po3paxyHKoBoro ^aôaa

HanpyrH.



236,5 • 1 •
I

115
10,5

c. p.n 6,48 A.
2000/5

7. Po3paxyHKOBe hhcho bhtkîb poôonoï oômotkh gaa ochobhoï ctopohh 

BH3HanaeMO no ^opMyrn:

F
w „

cp_  .r  _  1 0 0  

’ och. p acn  j  ^  AQ
1  c. p  .och 6 , 4 8

15,4 bhtkîb.

8. npHHMaeMO HaHÔHH^He MeHme ^ a e  3HaneHHa w pa6ocH = 15 bhtkîb, rn,o

3a6e3nenye 3anac no bhôîpkoboctî. n p n  ^OMy âKTHHHHH CTpyM cnpa^oByBaHHa 

peae CTaHOBHTt:

100
L =  6,67 A.c. p .och

9. Po3paxyHOK ancaa bhtkîb gaa iHmoï ctopohh 3axncTy BHÔnpaeMO 3a 

yMOBaMH ôaaaHcy Ha peae M^C 3axncTy npn 3oBHimHboMy K3 aôo HopMaabHoMy 

pe^HMÎ (pncyHoK 3.2):

1 b.homI  W’l  . . homE  WII

3BigKH

w  =  wpacH.n och

I
b . h o m . och

V  I e .hom.n J

6 87
w pacy = 15 • - 1—  = 28,46 BHTKÎB. 

pacH 3,62

10. npHHMaeMo HaHÔHĤ He ^ ae 3HaaeHHa, rn,o 3aôe3neaye HaHMeHmy 

norpimmcTb BHpÎBHWBaHHa w7 = 28 bhtkîb.

11. YTOHHeHHH CTpyM cnpa^oByBaHHa 3axncTy 3 ypaxyBaHHaM norpimHocTi 

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

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



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

h .  — k 3 ( K d n  ' £  +  AUi + A w j )• I kmokc — 1,5-(1,0■0,1 + 0,12 + 0,016V 7 1 7 -2 5 3 ,7  A,

ge A w T —
w pacn -  w i  _  28,46 -  28

w pacn 28,46
— 0,016

12. YTOHHeHHH po3paxyHKOBHH CTpyM cnpa^oByBaHHA pene BH3HanaeMO no 

$opMym:

^ 115 ^
I c.3 ’ k cx ’

I

r U  ^cp.HOM

V U HOMII J  _
253,7 • 1-

cp.OcH
k

I ( II ) 2000/5
V 10,5 J — 6,95 A.

13. Po3paxyHKOBHH CTpyM HeôanaHcy 3axHCTy npn K3 Ha CTopoHi HH, ge 

nepegôaneHe rantMyBaHHa, 3 ypaxyBaHH^M norpimHOCTÎ BHpÎBHWBaHHa 3HaxogHTtca 

no BHpa3ax, HaBegeHHx y n. 3.1:

h ô.pacn  — . 3 • ( K e p  - £  + A U I  + ^ . I  )M k.mokc — 1,5(1,0 - 0,1 + 0,12 + 0,0287)- 717 —

= 267,4 A.

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



ge &wn 15,4 -15
15,4

0,0287.

14. ^ucao bhtkîb raabMÎBHoï oômotkh, rn,o 3aôe3neaye HagÎHHe BÎgôygyBaHHa 

peae Big CTpyMy HeôaaaHcy npn gaHOMy BHgoBÎ K3, BH3HaaaeTbca no BHpa3y:

w_ k3 1h6. pacu Wpa6. n
mopM. n

LmopM.n tga

ge k3 = 1,5 ;

- nepBHHHHH raabMÎBHHH CTpyM Ha CTopoHi TpaHC^opMaropa, rn,omopM.n

3axH^aeTbca, Ha aKÎfi BKaroaeHa raabMÎBHa oÔMoTKa;

tga = 0,75 - TaHreHC KyTa Haxnay goTHHHoï npoBegeHoï 3 noaaTKy KoopgHHaT

go HH^Hboï po3paxyHKoBoï no bhôîpkoboctî raabMÎBHoï xapaKTepHCTHKH (pnc. 3.3).

PncyHoK 3.3 -  XapaKTepHCTHKa gaa BH3HaaeHHa ayTaHBocTÎ gn^epeH^aabHoro 
3axHCTy 3 peae THny ^3T-11 npn HaaBHocTÎ raabMyBaHHa

w,mopM
k 3 • I H6.pqCH • w pa6.n _ 1,5 • 267,4 -15 

I K.MaKc •t g a  ~ 717 -0,75
= 11,19 « 11 BHTKÎB.

TaKHM hhhom, go ycTaHoBKH Ha peae npHHMawTbca HacTynHÎ bhtkh:

Wj = 28 mT., wn = 15 fflT., wmopM = 11 mT.

15. ^yTaHBÎCTb 3axHCTy BH3HaaaeMo npnôaroHo no nepBHHHHx CTpyMax npn 

po3paxyHKoBoMy K3 Ha CTopoHi HH gaa BHnagKÎB MÎHÎMaabHoro h HopMaabHoro 

peryawBaHHa TpaHC^opMaropa:



I (2)
iL __  K.MUH
k U

I  C.3

ge IC3 -  âKTHHHHH CTpyM cnpa^oByBaHHa 3axncTy, BH3HanaeTbca 3 BHpa3y

I C.3 ■ k CX ■

I

U HOM. paCu 

\  U HOM.n J
" c .p .n K I .n

3BigCH L
I  • KI c. p .n  K I  .n

k CX •

U HOM. pacu  

V  U HOM.n J

ge I C . p . n  I C. p .O C H =  6,67 A.

! . .  = 6' 6? • 2000/5  = 243,5 A.
1 •'1 1 5 ^

V 10,5 J

16. Togi BH3HanaeMO Koe^i^OTra HyTanBocri:

k i = t387, = 1,59,
471

ku2 = --------= 1,93.u1 243,5 ' ' u2 243,5

OcKinbKH Koe^^ieHT HyranBocTi 3axncTy npn HopMaabHoMy peryaroBaHHi 

Hanpyrn npaKTHHHo BignoBigae HopMOBaHOMy, a npn MirnMaabHoMy peryaroBaHHi 

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

3.4 Po3paxyHoK MaKCHMaabHoro CTpyMoBoro 3axncTy 3 KoMÔmoBaHHM nycKoM

no Hanpy3i

1. ^ a a  gBoxoÔMoTKoBHx TpaHC^opMaTopiB 3axHCT ycTaHoBaroeTbca Ha CTopoHi 

^HBaeHHa (BH) i BHKoHyeTbca y gBoxpeaeËHoMy BHKoHaHHi i3 3'egHaHHaM 

TpaHC^opMaTopa b TpHKyTHHK gaa nigBHffl,eHHa ayTaHBocTi.

OcKinbKH b ^oM y BHnagKy oÔMoTKa HH po3rn,enaeHa, to b Koai Ko^Horo 

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

3axHCT gie i3 gBoMa BHTpHMKaMH aacy: 3 nepmoro bhtphmkow BigKaroaaeTbca 

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

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

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



akhh BÎgôygoBye Big MaKCHManbHoro CTpyMy HaBaHTa:eHHfl 3 ypaxyBaHH^M 

caM03anycKy pyxoBoro HaBaHTa:eHHa:

k  • k  • Jj _ rv3 ^c ±naap. mükc
J c.3 = 7 ,

k B

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

k 6 =  0,8 - Koe^^ieHT noBepHeHHA pene PT-40;

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

pyxoBoro HaBaHTa:eHHA nicna BigHoBneHHA Hanpyrn, npnnMaeMo k c =  2,5 ;

J mzp MaKC - MaKCHMantHHH CTpyM HaBaHTa^eHHa, npHHMaeMo pîbhhm

HoMiHantHoMy CTpyMy TpaHC^opMaTopa.

1,2 • 2,5 • 126
J „

0,8
470,7 A.

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

K3 y MÎHÎMaHbHoMy pe^HMÎ:

387j  ( 2)
k  __  1 K.MUH =  0,822 < 1.

J c .3 470,7
OcKÎnbKH nyTHHBÎCTb MT3 6e3 nycKy no Hanpy3i BH^BHaeTbca HegocTaTHbow, 

3acTocyeMo OnoKyBaHHfl no Hanpy3i 3 6oKy HH TpaHC^opMaTopa.

4. CTpyM Cnpa^oByBaHHA MT3 i3 nycKoM no Hanpy3i BÎgôygoBye Big 

HoMÎHanbHoro CTpyMy TpaHC^opMaTopa J  Ha CTopoHi, ge BCTaHoBneHHH 3axncT:

1  c.3 = ’k -  • 1  hom = 1 2 -1.0-126 = 188,3 A..
k B 0,8

a nyTHHBÎCTb 3axHCTy b TiH : e  po3paxyHKoBiH t o w  CKnage:

387
k  = -------= 2,055.
4 188,3

5. Hanpyry CnpagboByBaHHa nyCKoBoro opraHy MmÎManbHoï Hanpyrn, 

BHKoHaHoro y Bnraflgi pene, BKnroneHoro Ha Mi:$a3Hy Hanpyry, BH3HanaeMo 

npHÔHH3Ho 3a yMoBaMH BÎgôygyBaHHa Big CTpyMiB CaMo3anyCKy pyxoBoro 

HaBaHTa:eHHa npn BigHoBneHHÎ Hanpyrn:

TT —  U c.MUH
U  c 3  -  k »

3m . ApKyw N° doKyM. nidnuc Mama

ApKym



ge k e =  1,2 - Koe^^ieHT noBepHeHHa gaa peae MiHiMaabHoï Hanpyrn;

U CMUH - MÎHÎManbHa Mra:$a3Ha Hanpyra b yMOBax caM03anycKy npn BÎgHoBaeHHi 

Hanp y ru  npHHMaeM0 U CMUH = 0,7 U HOM.

0,7-110
U c . 3  = - 1,2

= 64,2 kB.

6. Hanpyry cnpa^oByBaHHa nycKOBoro opraHy no 3BopoTHiH nocrngoBHocTÎ 

KOMÔÎHOBaHoro nycKy no Hanpy3i npHHMaeMO pÎBHoro MÎmMaabHm ycTaB^ ^iabTp - 

peae:

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

7. ^yTHHBÎCTb OnoKyBanbHHx opraHÎB nepeBÎpaeTbca npn K3 Ha npHHOMHHx 

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

U U .
<P 115

2 k . 3 a w  2 2

Togi

= 33,2 kB.

K u  =  ■
U2k.3ü^ 33,2

U 2C.3 6,9
= 4,811 > 1,5.

OcKÎabKH npn K3 Ha npHfioMHm CTopoHi TpaHC^opMaropa k H >  1,5, to 

gn^epeH^ aabHHH 3axncT tttuhu Ha CTopoHi Mo^Ha He BCTaHoBaroBarn.

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

Ha cnraan, BH3HanaeTbca 3a yMoBoro BÎgôygyBaHHa Big HoMiHaabHoro CTpyMy 

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

I  = I  - 1  = 1 0 5  -126 = 164 7 A.
K 0,8

9. BHTpHMKa nacy MT3 y3rog^yeTbca 3 bhtphmkom nacy 3axncTy mmï Ha 

CTopoHi HH.

3m . ApKyw N° doKyM. nidnuc Mama
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4. P03PAXYH0K 30H  3AXHCTY CTPH^HEBHX B-HHCKABKOBI^BO^IB B Pn

B ôaKanaBpcbKÎH poôoTi HeoôxigHo po3paxyBara BHcoTy i 30Hy 

3axHCTy ônHCKaBKOBÎgBogÎB BPn-110 kB, BCTaHoBneHHx Ha gBox nopTanax, 

pnc. 4.1 (no3. 1 i 2), i gBox ÔHHCKaBKoBigBogÎB, rn,o cto^tb OKpeMO, 3a3HaneHHx Ha 

pnc. 4.1 (no3. 3 i 4), BBaæaroHH, rn,o ÔHHCKaBKoBÎgBogH po3TamoBaHÎ CHMeTpHHHo no 

Rig.HomeHHm go By3bKoï CTopoHH BPn. HagrnrncTb 3ohh 3axncTy Big ypaæeHb 

ÔHHCKaBKH P 3 =  0,999.

HaKpecnHTH ropH3oHTanbHHH nepeTHH 3ohh 3axncTy ÔHHCKaBKoBigBogÎB B Pn 

Ha bhcotî h x. napaMeTpn po3MÎm,eHHfl ÔHHCKaBKoBigBogÎB no nnomum B Pn HaBegeHi 

b Taôn. 4.1.

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

T aô n n ^  4.1 -  Po3paxyHKoBi napaMeTpn

a ,
M

b ,
M

L 1,

M
L2,
M

L3,
M

L4,
M

L5,
M

h x , 
M

58 34 34 26 32 10 14 6

BP 5.6.141.283 Ü3
ApKyw

62
3m . ApKyw M  doKyM. nidnuc Mama



1. BH3HanaeM0 BÏgcTam L6 Ta L7 :

r  =  B  -  L 2 

6 2

r  =  B  -  L 3
l 7 =  ~

34 -  26 
2

34 -  32 
2

= 4 m; 

= 1 M.

2. BH3HanaeM0 BÏgcTam p x Ta p 2 : 

p x = y j  L  +  L  = V102 + 42 = 10,77 m; 

p 2 =  y ] L 2 + L 2  = V142 + 12 = 14,04 M.

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

30Bmrnmx oônacTefi 3OHH 3axHCTy (HaniBKOHyciB 3 raôapHTaMH h 0, r0), rn,o 

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

Po3MÎpn BHyTpimHÎx oônacTefi BH3HanawTbca napaMeTpaMH h 0 i h c, nepmHH 3 akhx 

3agae MaKCHManbHy BHCOTy 3OHH 6e3nocepegHbo 6ma ônHCKaBKOBigBogÏB, 

a gpyrHH -  MÎHÎManbHy BHCOTy 3OHH nocepegnm Mrn: ônHCKaBKOBÏgBogaMH.

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

npn HagiHHOCTÏ 3axHCTy p  =  0.999, BH3HanaeTbca pÏBHaHHaMH:

K  =  0 , 7 h n

r0n " ( h 0n -  h x )r  =xn
h 0 n

r0n =  0 , 6  • h n

Po3paxoByeMO bhcoth ônHCKaBKOBigBogÏB 1 Ta 2 BHxoggHH 3 yMOBH CTBopeHHa 

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

h 01 =  0 , 7 h 1

r01 • ( h 01 -  h x  )
rx1 =

h
nPu rx1 = P1.

01

r01 =  0 , 6  • h 1

fflnaxoM MaTeMaTHHHHx nepeTBopeHb OTpHMaeMO piBHaHHa BigHOCHO myKaHOï 

BenHHHHH h 1:



Pi
0 ,6 V  (0 ,7h  -h x  )

0 ,7  h

0,42h2 - (  0 ,7  p 1 + 0,6hx ) h  = 0 ; 

h  = 0; h  = 26,52 m.

OcTaTOHHO npHHMaeMO ÔHHCKaBKOBÎgBOgH 1 Ta 2 bhcotom h1 = h2 = 26,52 m,

TaK aK BOHa 3agOBOabHae yMOBi 3acTOcyBaHHa piBHaHb npn h < 30 m.

Po3paxoByeMO bhcoth ôaHCKaBKOBigBOgÎB 3 Ta 4 BHXOgaHH 3 yMOBH CTBOpeHHa 

hhmh 3OHH 3axncTy Ha bhcotî hx go KyTiB BPn:

h03 = 0,7h3

r _  r03 ' (h03 -  hx) 
rx3 = ------ T--------- , nPU x̂3 = P 2 ;h

r03 = 0,6 • h3

03

fflnaxOM MaTeMaTHHHHx nepeTBopeHt OTpHMaeMO piBHaHHa BigHOCHO myKaHOï 

BenHHHHH h3:

0,6h3 •(0,7h3 -  hx )
P2 0,7/^

0,42hj2 - ( 0 ,7 p 2 + 0,6hx) h, = 0 ; 

h  = 0; h  = 31,96 m.

BncOTa ônHCKaBKOBÎgBogÎB h3 = h4 = 31,96 m, He 3agOBOabHae yMOBi 

3acTOcyBaHHa piBHaHb npn h < 30 m, TOMy gaa po3paxyHKy bhcoth ÔHHCKaBKOBÎgBogÎB

3acTOCOByeMO HacTynHi piBHaHHa:

h03 = [0,7 -  7 ,1410-4(h -  30)] V

r03 • (h03 -  hx ) .
rx3 =

h03
nPU rx3 =  P l  •

r03 = [ 0 ,6 - 1 ,4310-3 ( h - 3 0  )]h;

fflaaxoM MaTeMaTHHHHx nepeTBopeHb po3B’a3yeMO cncTeMy Ta 3HaxogHMO 

3HaneHHa bhcoth 3 ÔHHCKaBKOBÎgBogy h3 =  3 2 .1  m, rn,o 3agoBoabHae yMOBi

3acTOcyBaHHa piBHaHb npn 30 < h < 1 00 m.

OcTaTOHHO npHHMaeMO ÔHHCKaBKOBÎgBogH 3 Ta 4 bhcotom h3 =  h4 = 32,1 M.

3m . ApKyw M doKyM. nidnuc Mama
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4 . P o3p axoB yeM O  n ap aM eT p n  3 0 h h  3 a x n c T y  ônHCKaBKOBigBogÎB 1 Ta 2: 

L 2  =  L 2 =  2 6  m ;

r o i  =  r o i  =  ° , 6  • h  =  1 5 ,9 1  m;

h i  =  h 2  =  ° , 7  • h  =  1 8 ,5 6  m;

rx1 = rx2
r°i •(An-  K  )

h
1 0 ,7 7  m;

°1

L c12 = [ 2 , 2 5 - 0 , 0 1 0 0 7  (  h 1 - 3 0 ) ]  h  =  5 9 ,6 7  m; 

Lmaxi2  =  [ 4 , 2 5 - 3 , 5 7 - 1 0 - 3 ( h  -  3 0 ) ] ]  =  1 1 2 ,7 1  m;

hc12 =  h °1  =  1 8  5 6  M, L 12 — L c12

r cx12 r ° ‘ ( h c 1 2  h x )  =  1 ° .7 7  M, h ,  <  h C12
hC12

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

L4 = L ,  = 32 m;

r°3 = r°4 = °,6  • h 3 = 19,16 M;

h ° 3 =  h ° 4 =  ° , 7  • h3 =  22,42 m;

r°3  ' (hQ3 -  h x )  _
rx3 =  rx4 =

h
=  1 4 ,0 4  m;

°3

L c34  =  2 , 2 5  • h 3 =  7 1 ,5 5  m;

2ymax34 =  4 , 2 5  ' L  =  1 3 6 , 1 8  M;

hc34 =  h°3 =  2 2 -4 2  M,

r°3 ( h  c34 - h x )

L 34 <  L c 34

rcx34 = h
=  1 4 . ° 4  M, A  <  hc34

C34

6 . P o3p axoB yeM O  n ap aM eT p n  3 0 h h  3 a x n c T y  ônHCKaBKOBigBogÎB 1 Ta 3  (2  Ta 4 ):

A3
1

( A ) 2 +
Al  -  l"3 2

2
=  3 4 .1 3  m;

6 .1  EnHCKaBKOBÎgBogH 1 Ta 3  M a w T t BHCOTy h  =  2 6 ,5 2  M 

L c 13 =  2 , 2 5  • h  =  5 9 ,6 7  m;

L l  = 4,25 • h, = 112,71 m;

3m. ApKyw M doKyM. nidnuc Mama
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hc i3 =  A n =  1 8 .5 6  m , Cj3 <  L c U

6 .2  EnHCKaBKOBÎgBogH 1 Ta 3  M aroTt BHCOTy h  =  3 2 ,1  m

L c31 =  2 ,2 5  ■ 4  =  7 1 ,5 5  m ;

Lnax31 =  4 ,2 5 ■  h  =  1 3 6 , 1 8  m ;

h c31 =  A)3 =  2 2 .4 2  M, C i3 <  L c3 i

h =  hcl3 +  hc31 =  2 0  4 9  Mh c min13 2 0 . 4 9  M,

rc 013 =

2

ro1 +  ro3 =  1 7 . 5 4  M,
2

r
rcx13

c013 (  h c mln13 h x  )

h
=  1 2 .4  M.

c min13

7 . P o3p axoB yeM O  n ap aM eT p n  3 0 h h  3 a x n c T y  ônHCKaBKOBigBogÎB 1 Ta 4  (2  Ta 3):

A4 =4/( L1 ) +
L  -  L  ^

L + LL- L2 =  4 4 .6 9  m ;

7.1 EnncKaBKOBÎgBogH 1 Ta 4 MawTt BHCOTy h  =  2 6 , 5 2  M 

L c14 =  2,25 ■ h  = 59,67 m;

L l  = 4,25 ■ h, = 112,71 m;

hc14 = ^ 1 = 18.56 M, L 14 < Lc14

7.2 EnncKaBKOBÎgBogH 1 Ta 4 MawTt BHCOTy h4 = 32,1 M 

Lc41 = 2,25 ■ h A =  71,55 m;

A max41 =  4 , 2 5  ■ h 4 =  1 3 6 ,1 8  M;

hc41 =  h04 =  2 2 .4 2  M, A 4  <  L c41

h c min 14 =  hc14 +  b " 41 =  2 ° . 4 9  M, 

rc014 =  r0L+ r k  =  1 7 .5 4  M,
2

r
rcx14 =

c014 (  h c min14 h x  )  _

h
1 2 .4  M.

c mln14

3m . ApKyw M doKyM. nidnuc Mama
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roprooHTantHHH nepepi3 30hh 3axncTy noKa3aHHH Ha pnc. 4.2.

PncyHOK 4.2 -  roprooHTaatHHH nepepi3 30hh 3axncTy ÔHHCKaBKOBÎgBogÎB B Pn

3m . ApKyw N° doKyM. nidnuc Qama



BHCHOBKH

y  ôaKaaaBpcbKifi poôoTi 3po6aeHHfi po3paxyHOK HopMaabHoro pe^HMy poôora  

3aMKHyTOï eneKTpHHHOï Mepe^i, KoH^irypa^a aKoï Ôyaa BH3HaaeHa 3aBgaHHaM.

Pe3yabTaTH po3paxyHKiB BTpaT noTy^HOCTÎ noKa3aan, rn,o Hafiôiabm npngaTHoro 

HOMÎHanbHOW Hanpyrow Kiab^Boï Mepe^i e Hanpyra 110 kB. 3 ypaxyBaHHaM ^ o r o  

6yan oôpam BignoBigHi nepepi3H npoBogiB gaa airnfi eaeKTponepegaa, a TaKoæ THnn 

TpaHC^opMaTopÎB Ha nigcraH^ax.

^aa icHyroaoï KoH^irypagiï 3aMKHyToï Mepe^i 6yan po3paxoBaHi napaMeTpn 

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

3aMÎ^eHHa Mepe^i h BH3Haaem po3paxyHKoBi HaBaHTa^eHHa By3aiB Mepe^i.

y  n p o ^ c i po3paxyHKiB eaeKTpHHHoï aacTHHH nigcTaH^ï nC -2 Ôyaa npoBegeHa 

nepeBipKa npaBHabHocTi BHÔopy HoMiHaabHoï noTy^HocTi BCTaHoBaeHHx 

TpaHC^opMaTopÎB i 3gificHeHHH BHÔip Ha nigcTaBi Ha nigcTaBi po3paxyHKiB CTpyMiB 

KopoTKoro 3aMHKaHHa BHCoKoBoabTHHX anapaTiB P n , BHMipWBaabHHX

TpaHC^opMaTopÎB CTpyMy h Hanpyru

npH BHKoHaHHÎ po3paxyHKiB peaefiHoro 3axncTy TpaHC^opMaTopa nigcTaH^ï 

nC -2 ôyB 3poôaeHHfi po3paxyHoK no3goB^Hboro gn^epeH^fiHoro CTpyMoBoro 

3axHCTy Ta MaKCHMaabHoro CTpyMoBoro 3axncTy 3 KoMÔmoBaHHM nycKoM no Hanpy3i.

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

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

po3paxyHoK napaMeTpiB oômotok peae.

npoBegeHHfi po3paxyHoK ôancKaBKo3axncTy nigcTaH^ï, rn,o BHKoHaHHfi y 

BHraagi 4-x CTpn^HeBHx ôaHCKaBKoBigBogiB.
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