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MeTa gaHoï poôoTH nonarae b :

- CHCTeMaTH3a^ï, 3aKpmneHHi Ta noraHÔneHHÎ TeopeTHHHHx i npaKTHHHHx 3HaHb 

i3 3aranbHOTexHÎHHHx i cne^anbHHx gn^H nm H  3a HanpaMoM npo^ecÎHHoï nig-

rOTOBKH;

- ^OpMyBaHHÎ HaBHHOK BHKOpHCTaHHa OTpHMaHHX 3HaHb nig  Hac BHpimeHHa 

KOHKpeTHHX npaKTHHHHX i HayKOBO-TeXHiHHHX 3aBgaHb;

- HaôyTTa gocBigy BHKoHaHHa TexHiHHoï goKyMeHTa^ï -  noacHMBanbHoï 3annc- 

k h  i KpecneHb -  y BignoBÎgHOCTÎ go yMOB giroHHx CTaHgapTiB;

- HaôyTTa gocBigy aHaaÎ3y oTpHMaHHx pe3yabTaTÎB, ^opMyBaHHa b h c h o b k îb  i ny- 

ÔHÎHHOrO 3aXHCTy BHKOHaHOï poôoTH.

O c h o b h h m  3aBgaHHaM gaHoï poôoTH e po3paxyHoK eaeKTpHHHoï Mepeæi, a 

caMe: BH3HaHeHHa aKTHBHHx, peaKTHBHHx i noBHHx noTy^HocTeH Km Mepeæi, 

BTpaT noTy^HocTen B Koaax Mepe^i, po3paxyHoK eaeKTpHHHoï HacTHHH nigcTaH- 

^ ï ,  po3paxyHoK peneÔHoro 3axncTy TpaHc^opMaTopa.

B n p o ^ c i  BHKoHaHHa poôoTH 3poôneHo po3paxyHoK eaeKTpHHHoï cncTe- 

m h , aKa MÎcTHTb: g^ep eao  ^HBaeHHa, girnï eaeKTponepegaH, TpaHc^opMaTopn, 

npHHMani eaeKTpHHHoï eHepriï.

Hucm

EP 5.6.141.905 n3
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T a ô n n ^  1.1 - ^ a m  gna po3paxyHKy

^oB^HHa TO , KM noTy^HÎCTt HaBaHTa^eHHa, M BA

Æ-1 Æ-2 Æ-3 Æ-4 S-1 S-2 S-3 S-4

80 55 30 40 100+j 80 20+j40 20+j 10 10+j10

PncyHOK 1.1 BnxigHa cxeMa.

HaBaHTa^eHHa By3nÎB 2, 4 BÎgHOcaTtca go gpyroï KaTeropiï, By3on 1 go nepm oï 

KaTeropiï HagiHHocTi eneKTponocTanaHHA, a By3on 3 -  go TpeTtoï KaTeropiï.

1.1 BH3HaneHHH noTOKÎB noTy^HOCTen Ha gmHHKax Mepe^i

CKnagaeMo po3paxyHKoBy cxeMy 3aMÎm,eHHfl 3aMKHyToï nacTHHH Mepe^i.

EP 5.6.141.905 n 3
nucm



PncyHOK 1.2 CxeMa 3aMÎm,eHHfl 3aMKHyToï nacraHH Mepeæi 

3HaxogHMO po3paxyHKOBy noTy^rncTb b  TOHKax 1 i 2.

S ip  = S4 + S3

Spi=20+10+j10+j10=30+j20 MBA.

S2p=S1+S2

Sp2=100+20+j80+j40=120+j 120 MBA.

BH3HanaeMO noTy^mcTb b  m m ax A-1, A ”-2 i 1-2

^ A 1  =

S  , x  L .  . +  S  .  x  L ,
__ 1 p  12 A  ___ 2 p  2 A

SA1= (30 + J 20 ) x 70 + (120 + J'120 } x 30 = 38+j33,33 (MBA)
150

S ,  x  /  +  S ,  x  /
—  2 p  21 A  — 1 p  1 A

SA2= (120 + j120 ) x 120 + (30 + J 20 ) x 80 = 112+j 106,66 (MBA)
150

M3M. Hucm N  ÔOK/M. noônucb flam a

EP 5.6.141.905 n 3
nucm
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3a noTOKOM noTy^HOCTÏ Sa i i HaBaHTaæeHHAM By3na 1 Sp1 3 Haxog,HMO noTyæ- 

HÎCTb Bigpi3Ky 1-2 S12 ,MBA

S = S S  1p

S 12 = 38 -  30 + j  33 ,33 + j  20 = 8 + j !  3 ,33

3o6pa^yeMO Ha pncyHKy 1.3 Bci noTOKH noTy^HOCTÏ.

PncyHOK 1.3 CxeMa nepeTOKÎB noTy^HOcri

1.2 BH3HaneHHH Hanpyru Mepe^i

BH3HanaeMO Hanpyry M epe^i 3a ^opMynoro InapioHOBa:

U
a

1000

500
+

l
a

2500

P
a

U A1
1000

500

80
+

2500

38

117

KB



U
1500 2500

= 160

30 112 k B

U =
1000

= 55
500 2500

4 0 + 8  k B

U.
1000

500 2500

55 100

171

kB

TaK a k g ra  Bcix m m n KmM£BOï M epe^i ôa^aHO Mara ogHaKOBy Hanpyry, bh - 

ônpaeMO 220kB.

1.3 Bn6ip npoBOdiB

3HafigeMO CTpyMH b  mmax:

i
H

L

S
L

V3 x u H

-^38 2 + 33 ,33 2

V 3
x 10 3 = 132

x 220 A

a/112 2 + 106 ,66 2

V 3
x 10 3 = 405

x 220 A

•v/8220 x/8 2 + 13 , 33 2 3
I  ^  = ^— --------------x 10 3 =

V 3 x 22° 4 0 , 8  A

n p n  o ^ h ^  nepepi3y  npoB ogy 3 a eKOHOMWHoro rycra H o ro  CTpyM y ôepeMO gna

220
I

A  1

220
2 A

Hucm

EP 5.6.141.905 n3
9

M3M. Hucm N  ÔOK/M. noônucb flam a



T a ô n n ^  1.2 -  napaMeTpn npoBogy

nepepi3 ^OnyCTHMHH ^iaMeTp r 220,k B

npoBogy CTpyM npoBogy Om /k m x i,Om /k m b * 1 0 -6

240/32 605 2 1 , 6 0,118 0,435 2,60

T a ô n n ^  1.3 -  napaMeTpn mmË

.Hmm HoMÎHanbHa Ha- 

npyra  U hom,k B

CTpyM B m m ï, 

A

^OnyCTHMHH

CTpyM, A

MapKa npoBogy

A1 2 2 0 132 605 AC-240/32

A2 2 2 0 405 605 AC-240/32

1 2 2 2 0 40,7 605 AC-240/32

1.4 Buôip TpaHC^opMaTopiB g^H nigcraH^H

KinbKÎCTb TpaHC^opMaTopÎB Ha noHH^yronm nigcTaH ^ï b  nepm y Hepry BH3Ha- 

naeTbca BHMoraMH, nogaHHMH cno^HBaneM, rn,ogo HagiHHOCTi eneKTponocTanaHHA.

H a Bcix nigcTaH^flx po3MÎm,aeMO no gBa TpaHC^opMaTopa, TaK a k  Ha k o ^ h îh  

n igcraH ^ï MaeMO cno^HBana I h h  Il KaTeropiï, rn,o nepegôanae BCTaHOBneHHA gBOx i 

ôrnbme TpaHC^opMaTopÎB.

noTy^HicTb TpaHC^opMaTopÎB 3HaxogHMO 3a ^opMynow:

S
T

nas

1,4
(1)

Po3paxoByeMO MaKCHManbHy noTyæmcTb TpaHC^opMaTopa Ha n C -2  3 a $opMynoro(1)

EP 5.6.141.905 n 3
nucm



420 2 + 40 2

1,4

3 goBigHHKa BHÔnpaeMo TpaHC^opMarop MapKH TP^H -40000/220 

3HaxogHMQ Koe^i^eHT 3aBaHTaæ:eHHa TpaHc^opMaropa b  HopMantHOMy pe^HMi

S  n r . V 20 2 + 40 2
k = n  2 = --------------------- = 0,55

2 x S  2 x 40
H

napaMeTpn TpaHc^opMaropa 3anncyeMo b  T a ô a ^ ro  1.4.

Po3paxoByeMo noTyænicTb TpaHC^opMaropa Ha n C -3  3a ^opMynoro (1)

S t  3 =

4
2 2 

30 2 + 20 2

1,4
25 ,7

M BA

3 goBigHHKa BHÔnpaeMo TpaHC^opMarop MapKH T^TH -25000/220 

3HaxogHMo Koe^i^eHT 3aBaHTaæ:eHHa TpaHc^opMaropa

430 2 +  20 ’

2 x 25
= 0 ,72

napaMeTpn 3anncyeMo b  Ta6aH^w 1.4.

Po3paxoByeMo noTyænicTb TpaHC^opMaropa Ha n C - 1 3a $opMynoro(1 )

S tt 1 =

a/100 2 + 80 2
--------------- = 91 ,4

1,4 M BA

BnônpaeMo TpaHc^opMaTop MapKH TP^U H -100000/220.

K oe^^ieH T 3aBaHTaæ:eHHa TpaHc^opMaropa b  HopMaabHoMy pe^HMi.

k 1 =
a/î100 2 + 80 2

2 x 100
= 0 ,64

napaMeTpn TpaHC^opMaropa 3anncyeMo b  Ta6.^H^ro 1.4.

M3M. Hucm N  ÔOK/M. noônucb flam a

EP 5.6.141.905 n 3
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n e Tnn TpaHC^opMaTop U k% A Pk 

k B t

A Pxx

k B t

Ikk% A Qx

1 TPTOH-100000/220 12 170 50 0,9 360

2 TAH-40000/220 12 360 115 0,7 700

3 TATH-25000/220 BC BH CH 135 50 1,2 300

12,5 20 6,5

1.5 Po3paxyHOK HaeaHTaweHb By3 Î̂B 3 ypaxyBaHHHM TpaHC ôpMaTopÎB

^HHHa A-1

Ra i=0,118*80=9,44O m 

Xa i=0,435*80=34,80m 

Qa i/2=2,6*10 -6*80*2202/2=5 MBAp 

RHHHaA-2 

Ra 2=3,540m 

Xa 2=13,05 Om 

Qa 2/2 = 1 ,8 M BA p

RHHHa 1-2

R 12= 4 ,7 2 0 m 

X12 =17,4 Om 

Qi2/2=2,5MBAp

RHHHa 2-4 

R24/2=3,245 Om 

X24/2=11 ,960 m  

Q24=6,9MBAp

Hucm

EP 5.6.141.905 n3
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CKnagaeMO po3paxyHKOBy cxeMy i BH3HanaeMO ïï HaBaHTaæeHHA npn HopMant- 

HOMy pe^HMÎ.

PncyHOK 1.4 -  Po3paxyHKOBa cxeMa Mepeæi 

HaBaHTa^eHHa b  k ïh ^  giraHKH 2-3

S  l3 = S 2 = 20 + j 40

HaBaHTaæeHHA Ha nonaTKy gm^HKH 2-3

s  n  = s  h  + a  S u  = 20 + j 40 +

2  2 

20 + 40

230
-(2 ,8 1  + j 79 ,35 ) = 20 + j 43

M BA

M3M. Hucm N  ÔOK/M. noônucb flam a
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A P  x U
K HOM

2  S , =2,81 Om

U x U
X  = X „  / 2 = -------K--------—

2 x 100 x S  — ■
HOM =79,35 Om

HaBaHTa^eHHa b  k îh ^  giraHKH 4-5

s  ; 5 =  s  i = 100 +  j 8 0  M B A

S45 = S45 + 2 A S45 = 100 + j 80 +
2 2 

100 2 + 80 2

230
-(0 ,9 5  + j 31 ,74 ) = 100 + j 89 ,84

M BA

R  = R r l  / 2
360 x 10 3230 2 x 10 “6

2 12 
2 x 100 2 x 10 12

0,95

Om

X  = X
12 x 230 2 x 10 6

T 1 = 6
2 x 100 x 100 x 10

= 31 ,74

Om

HaBaHTaæeHHA b  k îh ^  giraHKH 2-4

s  24

S  24 = S  45 + 2 A S  T1 - jQ  24

100+j 89,84+2(0,115+j0,7)-j6,9=100+j 82,84 M BA

HaBaHTaæeHHA Ha nonaTKy gm^HKH 2-4, (MBA)

S  n  = S  K + A S— 24 —24 —24

S  24 = 100 + j  82 , 84 +

2 2 
100 2 + 82 ,84 2

230
-(3 ,245  + j11 ,96 ) = 101 + j 86

3HaxogHMO po3paxyHKOBe HaBaHTaæeHHA b  t o h ^  2 (3 a I 33k o h o m  K îpxro^a)

n n v v
S  P 2 = S  23 + 2 A S  T 2 + S  24 - jQ  21 / 2 - jQ  4 2

Sp2=20+j43+2(0,05+j0,36)+101+j86-j2,5-j1,8=121+j125 M BA

M3M. Hucm N  ÔOK/M. noônucb flam a
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R  T  3 = R  1 = R  2 = R  3

2 3
135 x 230 2 x 10 3

R t ,  =  ----------------------------= 7,71
T 3 - - 2 , _ 6 ’2 x 25 2 x 10

C y M a p r n  ÎH g y K T H B H Î  o n o p n

x ,

X

X ,

12 ,5 x 230

100 x 25 264,5 Om

20 x 230

100 x 25 4 2 3 , 2  O m

6,5 x 230

100 x 25 1 3 7 , 5  O m

iH g y K T H B H H H  o n i p  K O ^ H o r o  n p o M e H a  3 a c T y n H O ï  c x e M H

2 6 4  + 423  -  1 3 7 , 5  ~ n c  ^

x ,  = ------------------------------- = 2 7 5  O m

2 6 4  + 1 3 7 , 5  -  4 2 3  A
x , = --------------------- = 0

4 2 3  + 1 3 7 , 5  -  2 6 4  -, .  0
x ,  = --------------------------------= 1 4 8  O m

n o T y ^ H Î C T b  b  k î h ^  g m a H K H  0 - 6  M a e M O  p i B H y  n o T y ^ H O C T Î  H a B a H T a æ e H H a  c n o -  

^ H B a n a  S 3

s 06 = S 3 = 20 + 7'10 MBA. 

3HangeMO noTyæmcTt Ha nonarey  giaaHKH 0-6

S  n  =  S  K  + A S
s  06 = s  06 + A s  06

M3M. Hucm N  ÔOK/M. noônucb flam a
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S  06 = 20 + y 10 +

2 2 
20 2 + 10 2

230
-(5 ,71  + j  0 )  =

noTy^m cTb Ha k îh ^  giraHKH 0-7

S  07 =  s  4 =  10 +  y i 0

3HangeMO noTyæmcTb Ha nonaTKy gm^HKH 0-7

S n  -  S K + A SS  07 -  S  07 + A S  07

S  07 -  10 + y10 +

2 2 
10 2 + 10 2

230
-(5 ,71  + J 0 )  -  10 + j1 0  ,5

M BA

noTy^m cTb b  k îh ^  gin^HKH 1-0 3HaxogHMO 3a I 3aKOHOM K ipxro^a:

S K -  S n  + S n
s  01 S  07 + S  06

S 01 - 10 + y10,5 + 20 + y10 - 30 + j 20,5 MBA

noTy^HÎCTb Ha nonaTKy gm^HKH 1-0

S n  -  S K + A S  S  01 -  S  01 + A S  01

S  01 -  30 + j  20 ,5 +

2 2 
30 + 20 ,5

230
-(5 ,71  + j 275 ) -  30 + j 27

M BA

3HaxogHMO po3paxyHKOBy noTy^HÎCTb b  t o w  1

S  p 1 - S  01 + 2 A S  T 3 - jQ  21 / 2 - JQ a  7 2

p1 - 30+j27+2(0,05+j0,3)-j2,5-j5=30+j20 M BA

S  A 1 -

S ,  x  /  +  S  X /— 1 p 12 A —2 p 2 A

M3M. Hucm N  ÔOK/M. noônucb flam a
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S  A1 =

(30 + j 20 ) x 70 + (121 + j 125 ) x 30 

150

S  .  x  l _ ,  Â +  S  , x  L  Â
—  2 p  21 A  — 1 p  1A

(121 + j125 ) x 120 + (30 + j 20 ) x 80 

150 112+j 110 M BA

A  112+j 110 2 8+j 14 1 38+j34 A '

-------------------► ◄------------------------  ◄--------------------------

121+j125 30+j20

PneyHOK 1.5 -  nOTOKH nOTy^HOCTL

3i cxeMH (pnc. 1.5) ôanHMO, rn,o By3on 2 e t o h k o w  noTOKopo3noginy. Po3MHKae- 

mo  rnrnro b  T o ^ i  2 h  OTpHMyeMO gBi po3ÎMKHyTÎ mmï:

112+j 110 8+j 14 30+j20

PneyHOK 1.6 -  P03ÎMKHyTÎ cxeMH

3HaxogHMO nOTOKH noTy^HOCTÎ 3 ypaxyBaHH^M BTpaT.

npHHMaeMO noTy^HÎCTb B k îh ^  gin^HKH 1-2’ piBHy noTy^HOCTÎ HaBaHTa^eHHa 

By3na 2 ’.

S12 = S 2 = 8 + j14 M BA

M3M. Hucm N  ÔOK/M. noônucb flam a
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5 n  K + A S 12

, 8 2 + 1 4 2 A /TT'. A
S  = 8 + >14 + ------------- ( 4 ,7 2  + > 1 7 ,4 )  = 8 ,0 2  + > 1 4 ,0  8 M B A

2 3 0 2

3 H a n g e M O  n o T y æ H i c T b  b  k î h ^  g m ^ H K H  A ' - 1 3 a  I  3 a K O H O M  K i p x r o ^ a

= S12 + S ,  1

S  *1 8,02+j 14,08+30+j20=38,02+j34,08 M BA

noTy^HÎCTb Ha nonaTKy giraHKH A '-1

S * 1 = Sn + AS A 1

S  A A = 38 ,02 + > 34 , 08 +

2 2 
38 ,02 2 + 34 ,08 2

230
-(9 ,4 4  + >34 ,8 ) = 38 ,4 + >35 ,7 MBA

noTy^HÎCTb Ha nonaTKy giraHKH A -2”

S "a 2" = S "a 2" + A S A 2"

S  nA2” = 112 + >110 +

2 2 
112 2 + 110 2

230
-(3 ,54  + >13 ,05 )

= 1 1 3 + jn 6  M BA

1.6 BH3HaneHHH H anpyr y By3^ax M epe^i

3HangeMO Hanpyry By3na 1. Po3paxyHOK npoBogHMO 6e3 ypaxyBaHHA nonepen- 

HOÏ CKHagOBOÏ

P  S, R . , .  + Q X  ... 38 ,4 x 9 ,44 + 35 ,7 x 34 ,8
j j - — J J  A *1 A*1 A*1 A*1 _  23Q ?_________ ’______________ ’______________

1 A

U 230
223 k B.

BH3HanaeMO Hanpyry 4-ro cno^HBana:

U , x U .

U 7 =
2 2 3  x 1 1

1 x iiitt 223x 11 = 10,6 k B.
U 2 3 0
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H anpyra 3aBncoKa. 3HH^yeM0 ïï go HopManbHoï 3a gonoMorow P n H . BroHana- 

g mo  KÎnbKÎCTb b ît o k  (cTyneHiB) PnH :

U  1 X U  h o mHH

u „„
- U , 223 x 11 

10
- 223

S
x U

1,5
= 6,6( BI T  )

x 223
100 100

BH3HanaeMo Hanpyry ogHoro CTyneHA P n H

u üù = u  = 1 5 x 223 = 3,345 k B. 
100 100

EepeMo 4 cryneHA

u  ,
U  1 X U  t  7 U 223 x 10,6

10 k B.
U, + n U  223 + 4 x 3,3451 N O  5

BH3HanaeMo Hanpyry y 3 cno^HBana

u , =
U , x U 223 x 38,5 
—1-----= ---------------- —= 37,32 k B.

U . 230

H anpyra 3aBncoKa. 3HH^yeMo ïï go HopManbHoï Hanpyrn 3a gonoMorow P nH . 

EepeMo 4 CTyneHi.

u  ,
U  1 x  U  p  3 h H 223 x 35 ,2

35 ,2
^  + n U  Œ 223 + 4 x 3,345

H anpyra By3na 2'

8,02 x 4,72 + 14,08 x 17,4
U = 223 -------------------------------- = 222 k B

223

H anpyra By3na 2 ”

1 1 3,6 x 3,54 + 1 16 x 1 3,05
U = 230 -------------------------------- = 222 k B

230
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U ,
U  x U ... f f 222 x 11 ia z t i t ï
—2-----= ---------------- = 10,61 k B.

U . . .  230l l l

H anpyra BncoKa. 3HH^yeMO ïï go HopManbHoï Hanpyra 3 gonoMororo P nH . Bn- 

3HanaeMO KmbKÏCTb b ît o k  (cTyneHiB) P nH .

U „ x U
-  U.

U

222 x 11 

10
222

x U
100

1,5

100

= 6,6( BI T  )
x 222

BH3HanHMo Hanpyry ogm eï CTyneHi P n H

u  t —  U = x 222 = 3,33 k B
100 100

EepeMo 4 CTyneHi

U  2 x U  s3î î 222 x 10,61 -p,
U t t  = — ---- — -  = ----------- ------= 10,00 k B.

U  2 +  n U M  222 + 4 x 3,33

BH3HanaeMo Hanpyry 4 By3na

U = U -  P 24 R  24 + Q 24 *  24 = 222 - 101 x 3,245 + 86 x 11,96 = 215 k B.101 x 3,245 + 86 x 1 1,96

U 2 2 2

Bn3HannMo Hanpyry 1 cno^HBana

U  5 =
U .  x U , 215 x 11

4 x - t u a  . = 10,28 k B.
U 230

H anpyra BncoKa. 3HH^yeMo ïï go HopManbHoï 3a gonoMororo P nH . Bn3HanaeMo 

KÎnbKÎCTb b ît o k  (CTyneHiB) P nH .
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U  5  ̂U l l l t t

U u

-  U ,
215 x 11 

10
215

S
x U .

1,5
■= 6 ,6

-x 215
1 0 0  10 0

BH3HanaeMO Hanpyry ogHoro CTyneHA P n H

u u  = 1 5 x 215 = 3,23 k B.NO 5100 100

EepeMO 7 crynemB

U  4 x U s 5 f f  215 x 10,28 0
U t t  = — -----= ---------------------- = 9,98 KB.

U A + n U  m  215 + 7 x 3,23

3 po3paxyHKiB ôanHMo: Hanpyra, rn,o nigxogHTb go cno^HBanÎB, b  M e^ax BÎgxn- 

neHHa ± 1,5%.
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2  Po3paxyH O K  e^eK T pH H H oï nacTH H H  n ig c T a H u iï

2.1 Buôip noTŷ HOCTi c h^o bh x  TpaHC^opMaTopiB

nigcTaH^ï ôyan oôpam  gBa TpaHC^opMaropn noTy^HÎCTW 40 M BA  ra n y  

T ^H . 3a,iiaHa eKBiBaaeHTHa TeMnepaTypa 3HMOBoro nepio,ay t eKB =  — 20°C Ta HaBaH- 

Ta^eHHa cno^HBaniB npoTaroM goôn (Taôa. 2.1).

^HoiuaB = 51.58 MBA

Ta6jL 1. -  BnxiaHi ,gam fljia npoeKTyBaHHa______________________________
, MBA Xc, Om X l 1, Om X l 2, Om Sk3.c, MBA t, °C

51.58 10 12 14 2500 -20

r  OgHHH 0 2 4 6 8 10 12 14 16 18 20 22
SnaB, % 60 30 60 80 90 70 80 105 95 110 120 108

SHaB,
MBA

30.9 15.5 30.9 41.3 46.4 36.1 41.3 54.2 49 56.7 61.9 55.7

3a gaHHMH Taôa. 2.1 noôygyeMO rpa^ÎK HaBamaæeHHa nigcTaH^ï:

Ph c . 2.1 -  rpa^ÎK  HaBaHTa^eHHa nigcTaH^ï.

Hucm
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nepeBÎpKH npaBHHbHocTÎ BHÔopy TpaHc^opMaTopa peanbHHH r p a ^ k  HaBaH- 

Ta^eHHa nepeTBopHMO b  gBocTynÎHHacTHH.

nonaTKOBe HaBaHTa^eHHa eKBÎBaneHTHoro rpa^ÎKa: k x =
S ,2 ■ t, + S ,2 ■ t + ... + S 2 ■ t1 1 2  2 n n

j  J l  7
TJ, 1 w |3Q.92x4+15.S x2+36.:Tx2  

Kl ~  40 X Ï T 2T 2

K ± =  0.73

ge S l , S2, ... Sk -  BnacHe HaBaHTaæeHHfl nepm oro, gpyroro, n  -ro CTyneHa rpa^ÎKa 

HaBaHTa^eHHa, po3MÎm,eHoro HH^ne m m ï HoMmanbHoï noTy^HOCTÎ TpaHC^opMaTopa;

, t2 , ... t n -  TpHBanîcTb CTyneHa, rogHH.

AHanorÎHHO BH3HanaeTbca gpyrnfi CTynÎHb eKBÎBaneHTHoro rpa^ÎKa, ane npn 

^ o M y  ôepyTbca CTyneHi, po3MÎm,em BHrn,e m m ï HOMÎHanbHOï noTy^H Odi TpaHC^op- 

MaTopa:

1 ( i l ,3 2 * 4 + 46.,42 x 2 + 54,23 x 2 + 49z * 2 + 56.73 x 2 + 61.92 K 2 + 55.73 x 2 , _ _
^  :x J---------------- 4 + 2 + 2 + 2 + 2 + 2 + 2 ------------------------- = i-28

MaKCHManbHe nepeBaHTa^eHHa TpaHc^opMaTopa CKaagae:

K
'M A X 61.9

MAX 1.548
•^HOM.TP 4 0

ge S ^  -  MaKCHManbHe HaBaHTa^eHHa TpaHc^opMaTopa 3a rpa^ÎKOM HaBaHTa^eHHa.

OcKijibKH K 2 <  0 .9 K m a x  =  0.9 X 1.548 =  1.393 t o  ocTaTOHHO ôepeMO 

K 2 =  1 .393

TpHBamcTb CHCTeMaTHHHHx HaBaHTa^eHb CKnagae h, ge:

K ' 2 X 16 1 .382 X 16
“ 10.9 ^ 1 1  rogHH

0.9 K MAX 1 .3932

3a rOCToM  14209-85 3 ypaxyBaHHaM eKBÎBaneHTHoï TeMnepaTypn 3HMOBoro 

nepiogy i nacy nepeBaHTa^eHHa 17 rogHH, 3HaxogHMo 3HaneHHa nepeBaHTa^eHHa go- 

nycTHMe J^rocr- IIopiBHioeMO 3HaneHHa K2 =  1.393 i J^rocr = 1-5. 3HaneHHa tf2rocr 

ôijibine, h d k  K2, 3HaHHTb TpaHC(})opMaTop oôpaHHH npaBHJlbHO.
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3HaneHHA CTpyMiB KopoTKoro 3aMHKaHHa Heoôxigm gaa npaBHHbHoro BHÔopy 

ycTaTKyBaHHa Ha CTopom 220 k B  i 10 k B. nigcTa.Hii.ia oTpHMye ^HBaeHHa 3a gBoMa 

npoxigHHMH mmaMH: cxeMa 3aMÎm,eHHa gaa po3paxyHKy CTpyMiB KopoTKoro 3aMHKaH- 

h a  HaBegeHa Ha pnc 2.1.

Po3paxyHoK CTpyMiB KopoTKoro 3aMHKaHHa BHKoHaeMo b  ÎMeHoBamn CHCTeMÎ 

ogHHHgb. noTy^HÎCTb KopoTKoro 3aMHKaHHA Ha mHHax 220 k B g em p a  ^HBaeHHa 

cioiagae 5k3.c = 2500 MBA

Ph c . 2.1 -CxeM a 3aMÎm,eHHa gaa po3paxyHKy CTpyMiB KopoTKoro 3aMHKaHHa

nepiogHHHa CKaagoBa CTpyMy K3 y Tongi K 1 :

. tfji 220  ■ 1 0 3 a

fK1 =  Æ  f v  ^ ü 2 S l ) = V 3 f l 0 | 1 2 - 1 4  = 7 J 1 5 k A
\ i  \ ? C  +  X A 1 + X t o )  S  t lU  +  12 +  1 4 J

nepiogHHHa CKaagoBa CTpyMy K3 y t o h h ,î K2 npHBegeHa go Hanpyrn b h ^ o ï c t o -

poHH:

p U n  2 2 0 - 1 0 3 ^

K1 J3 (y. ’l m  | *A  >3 flp  , 12-14 158.7 ^
\ 3  {Xc + x x i + x m + 2 /(lü  + 1 2 + 1 4  + 2 2

PeanbHHH CTpyM K3 y t o h h ,î K2:

J —I K 2  ~  I K2

220

TcT
=  29.15 k A

YgapHHH CTpyM:

• y Tongi K1 —  I y A 1  =  V2 ■ 1.61 • I K 1  =  i / 2 • 1.61 ■ 7.715 =  17.57 k A

•  y Tongi K2 —  îyÂ1 = V2 * 1.61 * ÎK2 = V2 ■ 1.61 ■ 29.15 =  66 .37  k A



^onycTHMO, ^ o  aM nnnyga E ^ C  i nepiogHHHa CKragoBa CTpyMy K3 He3MÎHHÎ 3a 

HacoM, h k h h  gopÎBHwe Hacy BigKrroHeHHH, Togi:

^ tr l  =  Jr i  = 7-715 k A

7nt 2 — (fC2 — 29.15 k A

AnepiogHHHa CKragoBa CTpyMy K3:

£

=  V 2- IKn- e

ge Ta -  nocTÎHHa Hacy 3aracaHHH anepiogHHHoï CKnagoBOï.

AnepiogHHHa CKragoBa CK3 go MOMeHTy po3 ÔmHOCTi k o h t s k t îb  BHMHKana:

— — °°6 .
•  gjia K l —  ia — V2 ■ IK 1  ■ e Ta — y 2  * 7 .715  * e 0,025 = 0 .989  k A

— — 0 1  .

• gjia K2 —  ia — V2 • IK 2 • e Ta — y 2  ■ 29 .15  * e 0,05 = 2.809 k A

iHTerpan ^ ^ o y n a :

• g jia K l —  Br  = ï^  ( t  +  T J  =  7 .7 1 5 2 ■ (0 .06 +  0 . 0 2 5 ) =  5.059 k A2 ■ c

• gjni K2 —  Br  = I*, ■ ( t  +  T j  = 2 9 .152 ■ (0.1 +  0 .05 ) =  127.458 k A2 ■ c

T a ô n n ^  2.2. 3HaHeHHH CTpyMiB KopoTKoro 3aMHKaHHH

CTpyMH

K3

CTpyM K3 y
noHaTKoBHH 

MoMeHT Hacy, 
KA

YgapHHH 
CTpyM  K3 

iyg, k A

CTpyM K3 y
MoMeHT po3MH- 

KaHHH 
KoHTaKTib 

BHMHKaHa, k A

AnepiogHHHa

CKnagoBa
C T p yM y K3, 

k  A

iHTerpan
JJjKoynsi 

fîR, k A2 ■ c

fflHHH 220 
k B

( K 1 )

7.715 17.57 7.715 0.989 5.059

fflHHH 
10 k B

( K  2 )

29.15 66.37 29.15 2.809 127 .458

2.3. Bnôip bhc o ko bo ^bt h h x  ê eKTpHHHHx anapaTie Pn

BncoKoBontTHi eneKTpHHHÎ anapaTH BHÔnparoTbCH 3 a yMoBH TpHBanoro pe^HMy 

poôoTH i nepeBÎpawTbCH 3 a yMoBaMH k o po t k h x  3aMHKaHb.

Bnôopy nignarawTb:

■ BHMHKaHÎ Ha 6 o ^  b h ^ o ï Hanpyrn;



■ BBigrn BHMHKani Ha 6o ^  10 k B;

■ cew H H i BHMHKani Ha 6o ^  10 k B;

■ BHMHKan nÎHÎH, rn,o RigxogaTb, 10 k B;

■ po3’ egHyRani b h ^ o ï Hanpyrn ;

■ TpaHC^opMaTopn CTpyMy i Hanpyrn 220 k B  i 10 k B;

■ oraHHOBKa po3noginbHHx npncTpoïR 220 k B  i 10 k B.

BH6opy anapaTiB i CTpyMORegyHHx nacTHH Heo6xigH0 RH3HanHTH CTpyMH 

HopManbHoro i n ie ra  aBapÎHHoro pe^HMÎB.

MaKCHManbHHH CTpyM Ha 6o ^  220 k B:

t BH _  ^  ' -̂ hom 
I m a x  •—

1.4 - 4 0  ■ 103
=  0.146 k A

V 3-£ /bh V 3 - 2 2 0

CTpyM y Koni RRig.HMx BHMHKanÎB Ha 6 o ^  10 k B:

rr ri 1-4 ■ Su,™ 1.4 ■ 40 ■ 103
J™ =  _  = ------= ----------=  3.233 k A

V3 ■ UHH V3 ■ 10

CTpyM y Koni cew H H oro  RHMHKana:

■ CB _  0 , 7  ' -S'HOM 
*m ax 1—

KKV3 - V .

0.7 ■ 40 ■ 103

V I - 10
=  1.616 k A

CTpyM y Koni m m ï 10 k B:

fUI
*m ax

V 3 ■ ^ hh ' *

1 . 4 - 4 0 -  103
— ------------- =  0.323 kA
y 3 ■ i o - î o

ge n -  KÎnbKÎCTb nÎHÎH, rn,o RigxogaTb Rig nigcTaH^ï.

Bn6HpaeM0 RHMHKani Ha 6 o ^  Hanpyrn 220 k B i 10 k B.

B n6ip RHMHKaniR HaRegeHHH y T a 6 ra ^  2.3-2.7. KaTano^Hi napaMeTpn RHMHKa- 

niR y3aTi i3 goRigHHKa [6].



YMOBa Bn6opy
Po3paxyHK0Bi KaTano^HÎ

3HaneHHa 3HaneHHA

U C  < U H 220 k B 220 k B

I  < I
paCH HOM 146 A 1250 A

I  < I
n o  npCKB 7.715 k A 40 k A

I  < I
yd CKB 17.57 k A 125 k A

I  <n T OmKHoM 7.715 k A 40 k A

I  < I
a  t  a  h o m

0.989 k A —

2

B k <  I T t
K  T  r

5.059 k A2 ĉ 4800 k A 2 ĉ

OônpaeMO enera30BHH BHMHKan THny HE-220^-11(21)Y4. 

Ta6n n ^  2.4 -  Bn6ip BHMHKana y Kom TpaHC^opMaTopa Ha 6o ^  10 kB

YMOBa Bn6opy
Po3paxyHK0Bi KaTano^HÎ

3HaneHHA 3HaneHHa

U C  < U H 10 kB 10 kB

I  < I
paCH HOM 3233 A 4000 A

I  < I
n o  npCKB 29.15 kA 45 kA

I  < I
yd CKB 66 .37  k A 120 kA

I  < In  „n T OmKHoM 29.15 kA 45 kA

I  < I
a  t  a  h o m

2.809 kA —

2

b _ <  i  21
K  T  r

1 27.458 kA2 c 8100 kA2-c

06npaeM0 ManoMacnaHHH BHMHKan THny Mrr-10-4000-45y3. 

Ta6n n ^  2.5 -  Bn6ip cewËHoro BHMHKana Ha 6o ^  10 kB

yMoBa Bn6opy
Po3paxyHKoBi

3HaneHHa
KaTano^HÎ
3HaneHHa

U C  < U H 10 kB 10 kB

I  < I
paCH HOM 1616 A 2000 A

I  < I
n o  npCKB 29.15k A 31.5 kA

* y  < 1  npCKB 66 .37k A 80 kA

I < In „n T OmKHoM 29.15k A 31.5 kA

I  < I
a t  a  h o m

2.809 kA —

2

b *. <  1 21K  T  r
1 27.458 kA2c 2976 kA2-c

06npaeM 0 cewHHHH BaKyyMHHH BHMHKan THny BB^-10-31.5/2000y3.
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YMOBa BHÔopy
PO3paxyHKOBÎ K araao ^m

3HaneHHa 3HaneHHa

U C  < U H 10 k B 10 k B

I  < I
pacn HOM 323 A 1600 A

I  < I
n o  npCKB 29.15 k A 31.5 k A

i < I
y  npC K B 66.37 kA 80 k A

I < In „n T OmKHoM 29.15 k A 31.5 k A

I  < I
a t  a  h o m

2.809 k A —

2

B r < I  21
K  T  r

127.458 k A2 c 2976 k A 2-c

OônpaeMO BaKyyMHHH BHMHKan BB^-10-31.5/1600y3. 

Taônn^ 2.7 -  Bnôip po3'egHyBanÎB Ha ôo^ 220 kB

YMOBa BHÔopy
PO3paxyHKOBÎ

3HaneHHa
Karaao^Hi
3HaneHHa

UC  < U H 220 k B 220 k B

I  < I
pacn  HOM 146 A 630 A

i  y d  I  npCKB 17.57 k A 100 k A
2

b k < 12 1
K  T  r

5.059 k A2-c 4800 k A 2-c

OônpaeMO po3'egHyBani Tuny PH^3-2-220/630 T1.

2.4 Bnôip omHHOBKH po3nogmbHHx npHCTpoÏB

B P n  Hanpyrow 220 k B  3acTOCOByroTb 3ÔipHi mHHH, a k î BHKOHyroTbca CTanea- 

jiiOMiHieBHMH npoBO^aMH, npn n,bOMy nepeTHH noBHHeH ôyrn He MeHine 240 m m 2 (3 a 

yMOBoro KopoHyBaHHa AC-240/32). BnônparoTbca ^  mHHH 3 a HacTynHHMH yMOBaMH:

• nepeBipica 3a ,n,onyc t h m h m  CTpyMOM I m a x  <  /Aon

1 -  6 A ü! 6 ù 5 A , yMOBa BHKOHyeTbca.

• nepeBipKa Ha TepMÎHHy CTiHKÎCTb npn K3 He BHKOHyeTbca, ocKmbKH t t th h h  

BHKOHaHÎ roHHMH npoBogaMH Ha BÎgKpHTOMy noBÎTpi;

• nepeBipKa t h h  Ha eneKTpognHaMÎHHy CTiHKÎCTb npn K3 He npoBognMO, TaK 

aie BHKOHyGTbca yMOBa: / ^ H =  7 .715  <  20 k A

Hucm
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• nepeBipKa 3a yMoBaMH KopoHyBaHHa: gna Hanpyrn 220 k B 3a yMoBaMH k o - 

poHH noBHHHÎ BHKopHCTOByBaraca ogHHonm npoBogn MapKH AC-600/72, 

aôo 3XAC-150/24.

OcTaTOHHO BHÔnpaeMO go BCTaHOBjieHHa npoBig 3 *A C -150/24, IA on  =  1335  A. 

CrpyMonpoBigm nacTHHH Big BHBogÎB 220 k B  ôaoHHoro TpaHC^opMaropa go 

3ÔipHHx fflHH BHKOHywTbca raynKHMH npoBogaMH. ïx  nepepi3 BHÔnpaeTbca 3a eKOHO-

MinHOK) rycTHHOK) CTpyMy. Ilp n  T KaKC =  4 8 0 0  rogHH, j e =  1 .1 — -

E k o h o m Ih h h h  nepepi3: q e =  ^  =  133  m m 2

ripHHMaeMO ognH npoBog b  (j)a3i AC-150 ( q  =  147 m m 2, d = 17.5 m m , /flQn =  450 A). 

nepeBÎpaeMo npoBogn 3a gonyc t h m h m  CTpyMOM:

^ m a x  —  ^40 n

1 4 6 <  4 50  A , oræ e yMOBa BHKoHyeTbca. 

nepeBipKa npoBogiB Ha TepMÎHHy c t îh k îc t b  He npoBogHTbca, ocKÎabKH CTpyMo- 

npoBÎgHÎ eaeMeHTH BHKoHam HeÎ3oaboBaHHMH npoBogaMH Ha BÎgKpHTOMy 

noBiTpi.

nepeBipKa 3a yMoBaMH KopoHyBaHHa TaKoæ He BHKoHyeTbca, ocKÎabKH npoBig 

A C -150/24 3agoBoabHae yMoBH KopoHyBaHHa.

B P n  10 k B  3acTocoBywTb to p e r a i  fflHHH, BHÔnpawTbca b o h h  3a HaCTynHHMH

yMoBaMH:

• BHÔip nepepi3y h ih h  no HarpiBy: /FCl5iHe <  Jfflan 

ge /po6i[l6 -  Hanôijibmnn poôonnn CTpyM npnegHaHHa;

’n - -  gonycTHMHH CTpyM fflHH BHÔpaHoro nepepi3y.

t  _  j  V P,on V o 4
^on — 'flcn.HCM _

''flou "o.h

p̂o6.H0 — 3 2 3 3  A
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BnÔHpaeMO aniOMmieBi i h h h h  KopoÔHacToro nepepi3y q  =  2 X 1370  m m : . ^ jia  

u ,h x  niHH =  4 6 4 0  A. Po3paxyeMO IA o n , npn TeMneparypi HaBKOJimiiHboro ce-

peAOBHma t eKE =  —2 0 CC:

VAon ~ Vcà> 7 0 - ( —20)
j  — j ôn___ EEE — 464n ____ -___ - — A

^ L'Aon ^o.h /u

-  HepÎBHÎCTb BHKOHyCTbCfl.

•  nepeBipKa Ha TepMÎHHy CTÎHKicTb npn K3

Q .mi-n — Q

J B k  V 127.458  ̂ ,
qmin = ~T~ =  ~  „ _ = 125.44 MIYP^ n z i n  c  9 0 . 1 0 " 3

125.44 < 2 X 1370

•  nepeBipKa Ha eaeKTpogHHaMÎHHy CTÎHKicTb 

npH  npoeKTyBaHHÎ HOBHX KOHCTpyK^H P n  3 ^OpCTKHMH mHHaMH 3HaXOg,HTbCa 

nacTOTa BaacHHx KOHHBaHb gaa anroMmieBHx miH:

_  173.2 F

h ~  I- J ,

ae I -  aoB>KHHa npcmbOTy md k  i30JiaTopaMH, m ;

/  -  MOMeHT m epipï nonepenHoro nepepi3y ih h h h , c m 1".

173.2 1 7  173.2 ! 625 ^

fo =  l2 ^ q =  22 J 2 X 13.7= 206 ^

OcKijibKH /g >  200, MexamHHoro pe30HaHcy He b h h h k h c .

•  MexaHÎHHHH po3paxyHOK muH 

I H h h h  MexaHiHHO Mimn, aicmo t r p03p  =  +  a r_ <  Grfl(jn

H anpyra BÎg B3aeMogiï $a3:

C T ^ V S - I O - 3 ^

a e « -  Bi^CTaHb md k  HiHHaMH, m ;

M3M. Hucm N  ÔOK/M. noônucb flam a
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W ç  -  MOMeHT onopy nepepi3y gna gBOx 3porn,eHnx mHH (b  HamoMy BnnagKy 

=  100

r- a (66.37 ■ 103)2 ■ 22
(Ta  =  V3 ■ 10"3------—  ------= 3.81 Mlla

* 1 0 0 - 0 . 8

C nna B3aeMogiï Mm: mBeaepaMn:

,2  _

l  = 0.5 ■ — ■ 10-7
fc h

R Q  h  -  Bi^CTaHb MDK OCÜMH npOBigHHldB, M.

6 6 .3 7 2 ■ 1 0 â H
f  =  0.5 - ~ ~ ■ 10~7 =  1762  -
} c  0 .125  m

H anpyra b  Marepiam mHH Big giï c h h h :

<7,=
fc '1- n 
12 Wc

.3.
J \ Q W c  =  W y _ y  =  9.5 CM̂

in -  BigcTaHb md k  MicngMH 3BapiOBaHHa niBeaepiB, m ; in —

, _  ' l 2  ' ' W e

‘'U .m a x  f

\  J c

ge (JAon -  npnnycTHMa MexamnHa Hanpyra b  Marepiam h ih h h

12 ■ (82.3-3 .81) -9.5
I f l j r a x  =  ------------ 7 =7 7 ;------------=  2.25 M
ll,™“  ^ 1762

1762-22
oc = ---------— = 61.82 Mlla

c 12-9.5

cfp03p = 61.82 +  3.81 = 65.63 Mlla < (JAon = 82.3 Mlla 

O ræ e, yMOBa MexaHÎHHOï m ^ h o c t î KopoônacToï mHHH BHKOHyeTbca.

2.5 Bnôip BHMiproBâ bHHx TpaHC^opMaTopiB crpyMy i HanpyrH

y  Koai CHaoBoro TpaHC^opMaropa 3 6oKy h h ^ h o ï HanpyrH BCTaHOBameTbca aM- 

nepMeTp, BoabTMeTp, BaTMeTp, ninnnbHHKH aKTHBHoï i peaKTHBHoï eHepriï, Ha mnHax 

220 k B -  BoabTMeTp i3 nepeMHKaneM gna BHMÎpy Tpbox Miæ$a3Hnx Hanpyr, Ha ceK- 

^HHOMy BHMHKani 10 k B -  aMnepMeTp, Ha m m ax, rn,o BÎgxogaTb, 10 k B  -  aMnepMeTp,

M3M. Hucm N  ÔOK/M. noônucb flam a
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T a ô a n ^  2.8 -  BTopHHHe HaBaHTaæeHHa TpaHC^opMaTopiB CTpyMy

H a B a H T a ^ e H H a

n p n a a g K a a C n o  $ a 3 a x

A B C

Â M n e p M e T p 1 0 , 5 0 , 5 0 , 5

B a T M e T p 1 ,5 0 , 5 - 0 , 5

B a p M e T p 1 ,5 0 , 5 - 0 , 5

n Î H H ^ b H H K  a K T H B H o ï e H e p r i ï 1 2 , 5 - 2 , 5

n Î H H ^ b H H K  p e a K T H B H o ï  e H e p r i ï 1 ,5 2 , 5 - 2 , 5

C y M a p H e  H a B a H T a ^ e H H a  C T p y M y  b  K o a i  c n a o B o r o  T p - p a  3  ô o K y  H H 6 , 5 0 , 5 6 , 5

C y M a p H e  H a B a H T a ^ e H H a  C T p y M y  b  K o a i  c e ^ .  B H M H K a n  H a  H H 0 , 5 0 , 5 0 , 5

C y M a p H e  H a B a H T a ^ e H H a  C T p y M y  b  K o a i  c n a o B o r o  T p - p a  H a  6 o ^  B H 0 , 5 0 , 5 0 , 5

C y M a p H e  H a B a H T a ^ e H H a  C T p y M y  b  K o a i  B i g x i g H o ï  a i m ï 0 , 5 0 , 5 0 , 5

B nôip BHMÎpwBanbHHx TpaHC^opMaTopiB HaBegeHHH y T a ô n ^ a x  2.9-2.14. 

T a ô a n ^  2.9 -  Bnôip TpaHC^opMaropa CTpyMy b  Koai cnaoBoro TpaHC^opMaTo- 

pa Ha 6 o ^  b h ^ o ï H anpyru

YMoBa

BHÔopy

Po3paxyHKoBi

3HaneHHa

KaTaao^Hi

3HaneHHa

U C  <  U  H 220 k B 220 k B

I  <  I
pacn  HOM 146 A 300 A

* y  <  1  npC K B 17.57 k A 50 k A

2

B k <  I  11
K  T  r

5.059 k A2-c 1200 k A2c

Z „  <  Z H
H  H  .HOM 0.87 Om 1.2 Om

BnônpaeMo TpaHC^opMarop CTpyMy T 0 3 M  220-Y1.

^ a a  nepeBÎpKH 3a b t o ph h h h m  HaBaHTaæeHHaM BH3HanaeMo onip npnaagiB

S nm J1  0.5 B 1 A
2 ^ = - ^  =  — ^  =  0.02 0 m

* BT O p  J  * *



T aK o : noTpiÔHO po3paxyBara onip cnoaynHHx npoBogiB M o:e ô y ra  He ôiabme 

H i :  po3paxoBaHHH 3a ^opMyaoro:

^np ~  % h o m  ^npH.i

ge: HOM t 2
^ETDp

-  HOMÎHanbHHH onip HaBaHTa:eHHa, Om ;

Z -.:: - -  onip npnnagÎB, Om ; 

Z-._ -  onip KOHTaKTiB, Om .

np 1 . 2 - 0 . 0 2 - 0 . 0 5 =  1.13 0 m

riepeTHH >k h ji npn goB>KHm KaôejiK) l  =  100  m :

l 0 . 0 1 7 5 - 1 0 0  .
q = P ■ -=— = ----- ---------- = 1-55 mmz

Znp 1 1 3

„  . . . O m -MM 9
ge: p  -  iih t o m h h  omp M igi,------- , q -  nepeTHH >k h j i, m m  .

M

BnÔHpaeMO nepepi3 3’egHyBajibHHx npoBogiB piBHHH 2.5 m m 2 3a yMOBOK) Mexa- 

HiHHOÏ M^HoCTi.

l 0 . 0 1 7 5 - 1 0 0  _

Z ° *  =  p - q = -----------2 ^ -----------=  0 ' 7 0 M

3aranbHHH onip CTpyMOBoro Koaa:

Ztf = Znp + ZrtpHJI + Zft = 0.7 4- 0.02 + 0.05 = 0.87 Om'n p  - Jt'n p n .n  - ‘‘'K

rn,o MeHme H i :  1.2 Om , npnnycTHMHx npn poôoTi TpaHC^opMaropa b  Kaaci TOHHOCTi 

0.5, OT:e TpaHC^opMarop CTpyMy T03M  220-Y1 BignoBigae yMOBaM BHÔopy.

TaÔHH^ 2.10 -  B nôip TpaHC^opMaropa CTpyMy y Koai c h h o b o f o  TpaHC^opMa- 

Topa Ha Ô o^ h h : h o ï Hanpyrn.

YMoBa BHÔopy
Po3paxyHKoBi

3HaneHHa

K araao ^m

3HaneHHa

U C  < U H 10 k B 10 k B

I  < I
pacn HOM 3233 A 4000 A

i < i .y  duH k A 140 k A

2
B K <  I T tK  T  r 1 27.458 k A2 c 58800 k A2x

Z  „ < Z H
H  H  .HOM 0.797 Om 0.8 Om

N  doKyM.
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BnônpaeMO TpaHc^opMarop TÆM-10-1.

nepeBÎpKH 3a b t o ph h h h m  HaBaHTaæeHHaM BH3HanaeMO onip npnnagÏB

'I ip H JI

^npH Ji

T2
1 ET O p

6.5 B -A
=  0.26 Om

52 A2

TaKO^ noTpiÔHO po3paxyBarn onip cnonynHnx npoBogiB MO^e 6yrn  He ôm tm e 

Hra: po3paxoBaHHH 3a ^opMynoro:

A S- ^HCM —  t 2 r l
J B T Q p  3

^HCM r̂rvLtrrr Z Vnp " h o m jtJnpH„i -"K

= TT = 0 5 -  HOMÏHanbHHH onip HaBamaæeHHfl, Om ;

Z n p iu i  ~  °n ip  npana^iB, Om ;

ZK -  onip KOHTaKTÎB, Om .

ZŒp =  0.8 -  0.26 -  0.1 =  0 .44  Om

riepeTHH 5KHJI npn noBaonii Kaôejiio l  =  100  m : 

l 0 .0175  ■ 100
q = p

np 0.44

ÛM-PIM

=  3 .97  m m "

R G . p  -  nHTOMHH onip Mlfll,
PI 

T
q -  nepeTHH >k h j i, m m  .

BnônpaeMO nepepi3 l ’enHyBajibinix npoBonie piBHnn 4 m m 2 3a yMOBOio Mexam- 

HHOÏ M^HOCTi.

l  0 .0175  ■ 100
Znp = P * ~ = -------- ^ --------=  0-437 Om

3aranbHHH onip CTpyMOBoro Kona:

Z]{ = Znp +  ZnpKJ1 +  Zy =  0 .437  +  0.26 +  0.1 =  0.797 Om 

rn,o MeHme Hrn: 0.8 Om , npnnycTHMnx npn poôo ii TpaHC^opMaropa b  Knaci t o h h o c t ï 

0.5, OT^e TpaHC^opMaTop CTpyMy TÆ M -10-1 BignoBÏgae yMOBaM Bnôopy.

nucm
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YMoBa BHÔopy
Po3paxyHKoBi

3HaneHHa

K a ra n o :m

3HaneHHa

U C  < U H 10 k B 10 k B

I  < I
pacn  HOM 323 A 600 A

i < i
y  duH k A 100 k A

B k <  I 11
K  T  r 1 27.458 k A2 c 1587k A 2 x

Z „ < Z H
H  H  .HOM 0.362 Om 0.4 Om

BnônpaeMo TpaHc^opMarop TÆM10-Y3.

nepeBÎpKH 3a b t o ph h h h m  HaBaHTa:eHHaM BH3HanaeMo onip npnnagÎB

n̂pH,i 0.5 B-A
V , ,  = - ^  =  - ^ - r  =  0 .02 O m

* BT O p  ^

T aK o : noTpiÔHO po3paxyBarn onip cnonynHnx npoBogiB M o:e  6yrn  He ôinbme 

H i :  po3paxoBaHHH 3a ^opMynoro:

ge: ,2  - S
4 t DÇ -

^HCM ^ n p tu i Z *np " h c m jtJnpH„i "K

= TT = 0  -  -  HOMÎHanbHHH onip HaBaHTa:eHHa, Om ;

JnpHJi -  onip npnnagÎB, Om ;

ZK -  onip KOHTaKTÎB, Om .

Znp = 0 . 4 - 0 . 0 2 - 0 . 0 5 =  0.33 0 m

riepeTHH >k h ji npn goBaonii Kaôejiio l  =  100 m :

l 0 . 0 1 7 5 - 1 0 0  ,
q = o ■ —— = ----- ——----- =  5.3 mm"

Znp 0 .33

„ . . . Om-mm

ge: p  -  nnTOMnn onip M igi,-------
M

9
q -  nepeTHH >khji, m m  .

BnônpaeMO nepepi3 3’egHyBajibHnx npoBogiB piBHnn 6 m m 2 3ayMOBOK> Mexam- 

h h o ï m ^ h o c t î.

I 0.0175-100
Zna = p - -  = ------- --------= 0.292 Om

H q  6

3aranbHHH onip CTpyMoBoro Kona:



Z-fi =  Z n p  4- Z ^ p ^  4- Z jç  =  0 .292 4- 0.02 4- 0.05 =  0.36 2 Om 

rn,o MeHme H i :  0.4 Om , npnnycTHMnx npn poôoT  TpaHC^opMaropa b  Knaci t o h h o c t î

0.5, o T :e  TpaHC^opMaTop CTpyMy T ^M 1 0 -Y 3  BÎgnoBÎgae yMOBaM BHÔopy.

T a ô n n ^  2.12 -  B nôip TpaHC^opMaropa CTpyMy b  k o h î c e^ in H o ro  BHMHKana

YMOBa BHÔopy
Po3paxyHKoBi

3HaneHHa

K aT ano:m

3HaneHHa

U C  < U H 10 k B 10 k B

I  < I
pacn  HOM 1616 A 2000 A

i < i
y  duH k A 81 k A

B k <  I 11
K  T  r 1 27.458 kA2 c 2976 k A2 ĉ

Z „ < Z H
H  H  .HOM 0.77 Om 0.8 Om

BnônpaeMo TpaHC^opMaTop TÆM-10-y3.

nepeBÎpKH 3a b t o ph h h h m  HaBaHTa:eHHaM BH3HanaeMo onip npnnagÎB

„ S n p x s i 0.5 B - A

'npHJi
I2■B C! lT 5 2 A2

0.02 Om

T aK o : noTpîÔHO po3paxyBara onip cnonynHnx npoBogiB M o:e  Ôyra He Ômtme 

H i :  po3paxoBaHHH 3a ^opMynoro:

Z*% np  — 4 om

ge:
S 20y _ ~EàDM * u

^ H O M  _  t 2  - 2JETDp "

npHJi "K

=  t t  =  0  3 -  HOMÎHanbHHH onip HaBaHTa:eHHa, Om ;

^npH,i “ onip npnjiagiB, Om;

ZK -  onip KOHTaKTÎB, Om.

ZŒp = 0 . 8 - 0 . 0 2 - 0 . 0 5 =  0.73 0 m

riepeTHH >khji npn goBaonii Kaôejno l  =  100 m;

l 0 .0175  ■ 100 _
q  =  p  ■ —— = ----- —— ------ = 2 . 4  m m 2
4  F  Znp 0 .73

I „  . . . ÛM'MM
p -  nHTOMHH onip Migi,------

M

q  -  nepeTHH >k h j i, m m  .



BnônpaeM O nepep i3  3’egHyBajibHnx npoBogiB piBHnn 2.5 m m 2 3a yMOBOK) Mexa- 

HWHOÏ M^HOCTi.

l 0.0175-100
Z™ =  p ■ -  = -------— -------=  0.7 Om

2.5

3aranbHnn onip CTpyMOBoro KOna:

Z]{ = Znp +  ZnpKJI +  Zy =  0.7 +  0 .02  +  0 .05  =  0 .77  Om 

rnp MeHme Hrn: 0.8 Om , npnnycTHMnx npn poôoTÎ TpaHC^OpMaropa b  Knaci t o h h o c t I 

0.5, OT^e TpaHC^opMaTop CTpyMy TÆ M 10-Y 3 BignOBigae yMOBaM BHÔOpy.

OônpaeMO TpaHC^opMaropn Hanpyrn 3a 3agaHHMH 3HaneHHaMH Hanpyrn Ta 3a 

noTy^HÎCTW.

H a 6o ^  b h c o k o ï Hanpyrn (220 k B) OônpaeMO TpaHC^OpMaropn H K O -220- 

58Y1, Ha 6om  10 k B  -  H O M -10-66Y 2, BHKopncTOBywHH gaHi i3 T a ô n n ^  HaBegeHHx 

y goBÎgHHKax [3].

T a ô n n ^  2.13 -  TpaHC^opMarop Hanpyrn 220 k B

T u n

H O M i H a n b H a  H a n p y r a  o ô m o t o k

H O M i H a n b H a  n O T y ^ H i c T b ,  B ^ A ,  b  

Kn a c i  T O H H O c r i M a K C H M a -  

n b H a  n O -  

T y ^ H i c T b ,

b a

n e p B H H -  

h o ï , k B

O C H O B H O Ï

B T O p H H H O Ï,

b

A O g a T -  

K O B O Ï, B
Q ,2 Q ,5 1 3

H K O - 2 2 Q - 5 8 2 2 0 / V 3 1 0 0 / V 3 1Q Q - 4 Q Q 6 Q Q 1 2 Q Q 2Q Q Q

T a ô n n ^  2.14 -  TpaHC^OpMarop Hanpyrn 10 k B

T u n

H O M i H a n b H a  H a n p y r a  o ô m o t o k

H O M i H a n b H a  n O T y ^ H i c T b ,  B ^ A ,  b  

Kn a c i  T O H H O C T i
M a K C H M a -  

n b H a  n O -  

T y ^ H i c T b ,

b a

n e p B H H -  

h o ï , k B

O C H O B H O Ï

B T O p H H H O Ï,

b

A o g a T K O -  

B O Ï, B
Q ,2 Q ,5 1 3

H O M - 1 Q - 6 6 1Q 1Q Q - - 7 5 1 5 Q 3Q Q 6 3 Q

2.6 B nôip TpaHC^opMaTopiB BnacHi-ix noTpeô

Cno^HBanaMH BnacHHx noTpeô MO^y BHCTynaTH pÎ3HÎ nepeTBOproBani eneKT- 

pnnHOï eHepriï, aK  BHKOpncTOByroTb Ha nigcTaH ^ï gna OXOnOg^eHHa cnnOBnx TpaHC- 

^OpMaTOpÎB, 3OBHimHe aÔO BHyTpimHe OCBiTneHHa nigcTaH^ï, OÔirpiB npnMirn,eHHa,



nigirpiB eaeKTpooôaagHaHHa.

CyMapHa po3paxyHKOBa noTyæmcTb npHHManiB BaacHHx noTpeô BH3HanaeTbca 3 

ypaxyBaHHaM K oe^^iem ÎB  nonHTy. Po3paxyHOK noTy^HOCTÎ npHHManiB BaacHHx no

Tpeô HaBegeHHH y Taôa. 2.15.

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

EneKTponpHMani

BcTaHoBaeHa noTy- 

^HÎCTb
K o e ^ i -  

GHT no- 

nHTy

cos

9

HaBaHTa-

æeHHa

ogHHH^,

KBT*K-CTb

Bcboro,

k B t
S, k BA

Oxonog^eHHa T P ^H - 

40000/220
2*3 6 0,82 0,86 5,72

nigirpiB  BHMHKanÎB Ha 

Hanpy3i 220 k B
5*3,6 18 1 1 18

nigirpiB  npHBogÎB po3'eg- 

HyBanÎB, BigginwBaHÎB, 

KopoTKo3aMHKanÎB

10*0,6 6 1 1 6

OnaneHHa, ocBÎraeHHa, 

BeHTHaa^a 3aKpHToro P n
1 5 0,65 0,95 3,08

OcBÎTaeHHa P n 1 2 0,63 0,93 1,17

Bcboro 33.97

H a nigcTaH ^ï nepegôanaeTbca ycTaHOBKa gBOx TpaHC^opMaTopiB BaacHHx noT- 

peô. HoMmanbHa noTyæmcTb BHônpaeTbca 3 yMOBH:

St c H > Sc h ,

ge St c h  -  noTy^HÎCTb TpaHC^opMaTopa BaacHHx noTpeô, kBA;

ScH -  noTy^HÎCTb cno^HBanÎB BaacHHx noTpeô, kBA.

PeMoHTHe HaBaHTa^eHHa Ha nigcTaH ^ï npHHHaTo ôpara  TaKHM, rn,o gopÎBHwe 

=  ■■'■3A. npH  nigKnroneHHÎ ^ o r o  HaBaHTaæeHHa Ha ogHH TpaHC^opMaTop

gonycKaeTbca fioro nepeBaHTaæeHHa Ha 20%.

B3aBmn ^  go yBarn, noTy^mcTb TpaHC^opMaTopa gaa 3aôe3neneHHa ^HBaeH- 

Ha HaBaHTa^eHHa BaacHHx noTpeô 3 ypaxyBaHHaM peMoHTHHx HaBaHTa^eHb:

Hucm
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S™ “I" ^ t c h p 33 .97  -+■ 20
SV ch =  , J  = ------ — ------=  44.9 k BA

1.2 1.2

OcTaTOHHO g .ra ^HBneHHH cno^HBanÎB BnacHHx noTpeô ôepeMO gBa TpaHC^op- 

MaTopa TM -40/10/0,4.



3 Po3paxyHOK pe^eftHoro 3axucTy TpaHC^opMaTopa

T a ô n n ^  3 . 1  K a T a n o ^ r n  g a H i  T p a H C ^ o p M a T o p a  T P ^ H - 4 0 0 0 0 / 2 2 0

Sh, M B A U hom,kB U kbc,% U kbh,% U kch,% X cmax,O M X c min,O M

4 0 2 3 0  ± 1 2 % 1 2 , 5 20 6 , 5 12 1 8

Po3paxyHOK onopy o ô mo t o k  TpaHC^opMaTopa

U k b  =  ° > 5 ( U k bc  +  U »  -  U KCH ) = 0 , 5 ( 1 2 , 5 + 2 0 - 6 , 5 ) = 1 3  %

U K  = 0 >5 ( U k bc  +  U KCH -  U K B H ) = 0 , 5 ( 1 2 , 5 + 6 , 5 - 2 0 ) = 0

U K  = °>5 ( U KCH + U KBH -  U k bc ) = 0 , 5 ( 6 , 5 + 2 0 - 1 2 , 5 ) = 7  %

O n i p  b  o Ô M O T K a x  T p a H c ^ o p M a T o p a

X B =
U x  U

KB HOM

X

100 X S

U X U
KH HOM

100 X S

= 2 7 5  Om

= 1 4 8  O m

x

U X U
Ke h

B . mp .max

X

X B .mp . min

X

100 X S

U X U
KH H

100 X S

U X U
Ke h

100 X S

U  X U
KH H

100 X S

= 3 4 6  O m

= 1 8 5  Om

= 2 1 3  Om

= 1 1 4  Om

Po3paxyHOK CTpyMiB K3 Ha mHHax cepegHtoï Hanpyrn (38,5 k B): 

MaKCHMantHHH pe^HM (X = 12 Om )

S  X  mp  X  c max + X  b  mp .mû = 1 2 + 2 1 3 = 3 6 4  O m

m p  . HOM



- (3) U

4 3  x x  = 590 A

MÎHÎManbHHH pe^HM (X=18 Om )

y  x  = x  . + x
mp c .mmmp c min B mp max = 1 8 + 3 4 6 = 3 6 4  Om

- ( 2 )
U

K3 t

V3 x  2  x  X =182 A

Po3paxyHOK CTpyMiB K3 Ha muHax h h 3b k o ï Hanpyrn (10 k B): 

- MaKCHMantHHH pe^HM(X=12 Om )

y  x  = x  + xc .max + Xc .max B .mp .min h  .mp .min = 1 2 + 2 1 3 + 1 1 4 = 3 3 9  Om

I  <3)( K ,  ) =
U

4 3  x x  = 391 A

MÎHÎManbHHH pe^HM (X=18 Om )

y  x  = x  . + x
c .min

+ X
c .mm b .mp .max h . mp .max = 1 8 + 3 4 6 + 1 8 5 = 5 4 9  O m

• (3)
I  ■ ( K  . ) =K3 . m i n  v 2 '

U

4 3 x 2 x X  = 120 A

B H 3 H a n a e M O  n e p B H H H Î  i  b t o p h h h î  C T p y M H  g a a  B c i x  C T o p iH  T p a H C ^ o p M a r o p a .

T a ô n H H A  3 . 2  -  n e p B H H H Î  i  b t o p h h h î  C T p y M H  T p a H C ^ o p M a r o p a

2 3 0 k B 3 8 , 5 k B 1 0 k B

H o m . CTpyM, A 62 375 1443

K t t 200/5 1000/5 2000/5

CxeMa 3’egHaHHa A A Y

CTpyM b  naeni 3axHCTy

i = I  x K  cx/  
h /  K

f  mm

2,68 3,24 3,60

j  ( 2 3 0  )
S

4 3  x U
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j(230)=  V 3  x 230

j  08 , 5) _ U

V 3  x x

j  (10) U

4 3  x x  =

=62 A 

=375 A 

1443 A

BnÔHpaeMO TC:

K
A I

P

I
9

43

Po3paxyHOK CTpyMy c^pa^roBaHHfl ^ 3 T  

CTpyM c^pa^WBaHHa BHÔnpaeMO 3 gBox yMOB: 

a) BÎgcTpowBaHHa Big CTpnÔKy CTpyMy HaMaraiHyBaHHfl 

CTpyM c^pa^WBaHHa

I  = K  x I  _
C3 H H =1,5*62=93 A

6) BÎgcTpowBaHHa Big CTpyMy HeôanaHcy CepegHtoï Hanpyrn (38,5 k B) 

Po3paxoByeMO CTpyM He6anaHcy:

HÔ . P03P
= ( K , +  A  U „ + A U r )  x  I

V OdH B C  '  K3 -----.=(0,1+0,12+0,05)*590=159 A

I - = K h x I hE =1,5*159=239 A

b ) BÎgcTpowBaHHa Big CTpyMy He6anaHcy Ha niHHa.x H H  (10 k B)

I hô = ( K  o*h + A  U  b ) x I » =(0,1+0,12)*391=86 A

i  = k  „ x i  „ _=1,5*86=129 A

BigCTporoBaHHA Big HaCKpi3Horo CTpyMy K3 6yge 3a6e3neneHe 3a paxyHOK ra- 

ntMyBaHHa, a CTpyM c^pa^WBaHHa 3axHCTy npHHMaeMO no 6inbmm 3 yMOB a i b . 

YCTaBKa 129 A  -  c^pa^WBaHHa 3axHCTy.

BH3HanHMO HyTnHBÎCTb 3axHCTy npn K3 Ha CTopoHi HH b  MiHiMantHOMy pe^HMÎ
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EP 5.6.141.905 n3
42

M3M. Hucm N  ÔOK/M. noônucb flam a



K  =
H

- ( 2 )

1  3  - 1=120/129=0,93 < 2 

EaHHMO,m,o Kh MeHme HopMOBaHoro:

■ ( 2 )
U 230000

2 ( X  c .min + X  X  » )  = 2(18 + 275 + 148 ) =26Q A 

260
K

129 = 2

B nôip ycraBOK pene ^3T .

CTpyM c^pa^roBaHHa gga ronoBHOï c t o po h h

I  K
C3 c x  U

K mm =7,41 A

3Haxog,HMO po3paxyHKOBe h h c h o  b h t k îb  gna ronoBHOï c t o po h h

Woc=100/7,41=13,49 W

npHHMaeMO 14 b h t k îb ^ o  BÎgnoBÎgae ^aKTHHHOMy CTpyMy c^pa^roBaHHa pene.

1  ^ . o c , ,  =1QQ/14=7,14A

Po3paxyHKOBi b h t k h  gna c t o po h h  BH  (23Qk B):

Wpo3p=14*3,60/2,68=18,8 W

npHHMaeMo 19 BHTKÎB.

Po3paxyHKoBi b h t k h  gna CTopoHH 38,5 k B:

Wpo3p=14*3,60/3,24=15,5 W

npHHMaeMo 16 BHTKÎB.

YTOHHeHHH CTpyM c^pa^roBaHHa 3axHCTy 3 ypaxyBaHHaM norpimHocTi BHpÎB- 

HWBaHHa BHTKÎB

I = K  ( K  x e  +  A  U , +  A Wn ) x I
C3 3  v  OOH 1 i l  y

(3)

il )  x  1 K3 . max( K  2 ) 134 A

A W r
W  -  W111 p03p 111

W
111 p^ p =0,01

Po3paxyeMo yronHeHHH cTpyM c^pa^WBaHHa gaa ronoBHoï c t o po h h

nucm
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/ -rr Cp HOM

K  —“----C3 CX U
I  = ---------------- —Cp .OCH

K  TT =7,7 A

Po3paxyeMO CTpyM HeôanaHcy 3axncTy npn K3 Ha cepegm n Hanpy3i ge nepeg- 

ôaneHe rantMyBaHHfl

I  . = K  ( K x e  + A U  , + A U n + A W u ) x I  , A
ho . pœp 3  v oôh I II II '  K3 . max( K 1 ) =  y O / f \

^HCHO BHTKÎB raHbMiBHOÏ OÔMOTKH

W
K  x I . x W n3 HO . pO3p II

- K3 . max( K 1) =15 9 ^W

EepeMO 20 b h t k îb

H a pene BHCTaB.raeMO HacTynHi b h t k h  

W i=19b . W ii=16b . W iii=14b . Wra™=20B.

nucm
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4 OxopoHa npaui

4.1 3axogu  3 egeKTpoôe3neKH

3rigHo 3 HopMaTHBHHMH goKyMeHTaMH (H n A O n  0.00-4.15-98 «noao^eH H a npo 

po3poÔKy rncTpyK^H 3 oxopoHH n p a ^ » , H n A O n  0.00-4.12-05 «TnnoBe noao^eHHa 

npo HaBHaHHA 3 nmaHb oxopoHH n p a ^ » , H n A O n  0.00-1.21-98 «npaBHg ôe3nenHoï 

eKcngyaTa^ï egeKTpoycTaHoBoK cno^HBaniB», npaBHg TexrnnHoï eKcngyaTa^ï egeKT- 

poycTaHoBoK cnoæHBaniB) HeoôxigHo peraaMeHTyBaTH 3axogn 6e3neKH gga nepcoHa- 

gy, aKoMy npncBoroeTbca nepm a KBagi^iKa^HHa rpyna 3 egeKTpoôe3neKH.

npncBoeHHa I KBagi^iKa^HHoï rpynn  npoBogHTbca npoBegeHHaM iHCTpyKTa^y 

3 egeKTpoôe3neKH nig  nac poôora  Ha KoHKpeTHrn egeKTpoycTaHoB^ aôo geKigbKox. 

3aBepmyeTbca npoBegeHHa iHCTpyKTaæy 3 egeKTpoôe3neKH nepeBipKow 3HaHb y b h - 

rgagi ycHoro onmyBaHHa. 3HaHHa nepeBipae ocoôa, rn,o npoBognga iHCTpyKTa^. n p n -  

CBoeHHa I KBam^iKa^HHoï rpynn  npoBogHTbca BignoBigagbHHM 3 a egeKTporocnogap- 

c t b o  aôo 3a ïï nncbMoBHM po3nopag^eHHaM, ocoôow 3i CKgagy egeKTpoTexmnHHx 

npa^BHHKiB 3 rpynow  III.

n p n  poôoTi 3 eaeKTpooôaagHaHHaM BHHHKae Heôe3neKa ôyTH BpaæeHHM egeKT- 

pHHHHM CTpyMoM:

- npn 6e3nocepegHboMy goTopKaHHi go CTpyMoBegyHHx nacTHH egeKTpoycTaHo- 

b o k , ^ o  nepeôyBawTb nig  Hanpyrow;

- npn goTopKaHHi go MeTageBHx nacTHH ycTaHoBKH, rn,o BHnagKoBo aBgaeTbca 

nig Hanpyrow;

- ypa^eHHa, BHKgHKarn «k po k o b o w  Hanpyrow», rn,o BHHHKga b  M ic ^ x  po3Ti- 

KaHHa CTpyMy b  3eMgi (npn oôpHBi npoBogiB noBiTpaHoï Mepeæi) KaôegiB, rn,o nepeôy- 

BawTb nig  3eMgew i t . n.; - 3BaproBagbHHM CTpyMoM Ta egeKTpHHHoro gyrow.

OcoôaHBocTi ypa^eHHa egeKTpHHHHM CTpyMoM:

- BigcyTHicTb 3oBHimHix o3HaK Heôe3neKH ypa^eHHa: grogHHa He Mo^e noôann- 

t h , nonyTH aôo aKocb iHaKme 3aBnacHo BHaBHTH Heôe3neKy ypa^eHHa egeKTpHHHHM
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CTpyMOM;

- TÆ^KiCTt HacnigKÎB eaeKTpoTpaBM : BTpaTa npa^3gaTHOCTi npn eaeKTpoTpaB- 

Max, aK npaBHao, ôyBae TpHBaaoro; MO^aHBa HaBiTb CMepTb noTepniaoro;

- ocoônHBÎCTb ypaæeHHa eaeKTpHHHHM CTpyMOM noaarae  b  TOMy, rn,o CTpyMH 

npOMHCaOBOï HaCTOTH pO3MipOM 10-25 mA  MO^yTb BHKaHKaTH ÎHTeHCHBHÎ CygOMH 

M'a3iB. .HrogHHa npn ^O M y He MO^e caMOCTÎHHO 3BiabHHTHCa Big giï eaeKTpHHHoro 

CTpyMy.

- ocoôaHBÎCTb ypa^eHHa eaeKTpHHHHM CTpyMOM noaarae  y BHHHKHeHHi mo ^ -  

aHBOCTÎ HacTynHoro MexaHiHHoro TpaBMyBaHHa.

^ ia  eaeKTpHHHoro CTpyMy Ha ^HBy TKaHHHy TaKa: npoxogaHH Hepe3 ^ h b h h  op- 

raHi3M eaeKTpHHHHH CTpyM BnaHBae Ha Hboro i CnpHHHHae B HbOMy TepMiHHy, eaeKT- 

poaÎTHHHy i ôioaoriHHy giw.

TepMiHHa gia npoaBaaeTbCa B oniKax, ymKog^eHHÎ k po b o h o c h h x  CygHH, C e p ^ , 

MO3Ky h  m m nx opraHiB Ta BHKaHKaroTb B h h x  ^yHK^OHaabHi po3aagu  EaeKTpoaiTH- 

HHa gia npoaBaaeTbCa B po3KaagaHHi opraHiHHoï pigHHH, y TOMy HHCai KpoBi, rn,e b h - 

KaHKae 3HaHHy ïï CKaagy, a TaKoæ TKaHHH b  ^aoM y.

EioaoriHHa gia BHpaæaeTbCa roaoBHHM h h h o m  y nopymeHHi BHyTpimHix ôioe- 

aeKTpHHHHx npo^C iB , BaaCTHBHx HopMaabHOMy opraHi3My i aKi noB'a3aHi 3 ^HTTeBH- 

m h  ^yH^iaM H. HanpHKaag npn B3aeMogiï 3 ôioaoriHHHMH CTpyMaMH opraHi3My, 3OB- 

HimHiH CTpyM MO^e nopymHTH HopMaabHHH xapaKTep ïx BnaHBy Ha TKaHHHH i BHKaH

KaTH CaMonpHMyCOBÎ CKopoHeHHa M’a3iB.

O c h o b h h x  BHgÎB ypaæeHHa eaeKTpHHHHM CTpyMOM Tpu eaeKTpHHHi TpaBMH, 

eaeKTpHHHi ygapn, eaeKTpHHHHH moK. EaeKTpHHHa TpaBMa aBaae Coôoro M i^eBe 

ypa^eHHa TKaHHH i opraHiB eaeKTpHHHHM CTpyMOM: eaeKTpHHHi onÎKH, eaeKTpoMeTa- 

a i3 a ^ a  mKipn, ypa^eHHa OHefi eaeKTpHHHoro gyroro. EaeKTpHHHHH oniK - ^  ymKO- 

g^eHHa noBepxHi Tiaa aôo BHyTpimHix opraHiB nig  giero eaeKTpHHHoï gyrn  aôo Bean- 

k h x  CTpyMiB, ro,o npoxogaTb Hepe3 Tiao arogHHH. OniKH ôyBaroTb gBOx BHgiB: CTpyMO- 

b h h  (aôo KOHTaKTHHn) i gyroBHM. CTpyMOBHH oniK oôyMOBaeHHM npoxog^eHHaM 

CTpyMy 6e3noCepegHbo Hepe3 Tiao arogHHH B pe3yabTaTi goTopKyBaHHa go CTpyMOBe-
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gyHoï HacTHHH. CTpyMoBHH oniK - cnigcTBo nepeTBopeHHa eneKTpHHHoï eHepriï b  Ten- 

noBy, aK npaBHno, ^  oniK mKÏpn, TOMy rn,o mKÎpa nrogHHH Mae b  ôaraTo pa3ÏB ôinb- 

mnfi eneKTpHHHHH onip, H i :  m m i TKaHHHH Tina. CTpyMoBÏ onÏKH BHHHKaroTb npn po- 

6o t î b  eneKTpoycTaHoBKax 3 HeBenHKoro Hanpyroro /He BHrn,e 1-2 k B/ i e b  ôinbm ocri 

BHnagKÏB onÏKaMH I aôo n  cTyneHa; yTÎM, ÎHogi BHHHKaroTb i ôinbm Ba^KÏ onÏKH. n p n  

Hanpyrax ôinbm b h c o k h x  M i: CTpyMoBegynoro HacTHHoro i TinoM nrogHHH aôo M i: 

CTpyMoBegyHHMH HacTHHaMH yraoproeTbca eneKTpHHHa gyra, aKa i BHKnHKae b h h h k - 

HeHHa onÏKy ÏHmoro BHgy - gyroBoro. ^yroBHH oniK oôyMoBneHHH giero Ha Tino eneK

TpHHHoï gyrn, aKa Mae BHcoKy TeMnepaTypy - noHag 35000 C i BenHKy eHepriro. TaKHH 

oniK BHHHKae 3BHHafiHo npn poôoTÏ B eneKTpoycTaHoBKax b h c o k o ï Hanpyrn i Mae T a :-  

k î HacnigKH - onÏKH aôo IV CTyneHa.

EneKTpoMeTani3a^a M o:e  BigôyTHca npn k o po t k h x  3aMHKaHHax, BÏgKnwneH- 

Hax po3'egHyBanÏB i pyônnbHHKÏB nig  HaBaHTa:eHHaM. 3 HacoM xBopa mKipa cxogHTb, 

y pa :eH a  ginaHKa HaôyBae HopManbHoro BHrnagy, 3HHKawTb xBopoônHBÏ BigHyrca. 

n p n  ypa:eHHÏ oHefi (eneKTpo^TanbMÏa) nÏKyBaHHa M o:e  BHaBHTHCb TpHBanHM i CKna- 

gHHM, a B geaKHx BHnagKax nocTpa:ganHH M o:e  HaBÏTb no3ÔaBHTHca 3opy. ToMy, po- 

ô o t h , npn  BHKoHaHHÏ aKHx Mo:nHBe BHHHKHeHHa eneKTpHHHoï gyrn, noBHHHÏ b h k o - 

HyBaTHCb B 3axHCHHx oKynapax. O gar npagw w noro noBHHeH ô y ra  3acTeÔHyTHH Ha Bci 

ryg3HKH, KoMÏp 3aKpHTHH, a pyKaBa onymeHÏ i 3acTeÔHyTÏ.

n p n  ypa:eHHÏ eneKTpHHHHM CTpyMoM Mo:yTb BHHHKaTH MexaHÏHHi nomKo- 

g:eHHa. MexaHÏHHi nomKog:eHHa BHHHKawTb BHacnigoK pi3KHx caMoBÏnbHHx cygo- 

Max CKoponeHb M'a3ÏB nig giero CTpyMy, aKHH npoxogHTb Hepe3 Tino nrogHHH. y  pe- 

3ynbTaTÏ M o:e  BigôyTHca po3ipBaHHa mKÏpn, k po b o h o c h h x  cygHH, a TaK o: b h b h x h  

cyrnoôÏB i HaBÏTb nepenoMH k îc t o k .

n p n  ypa:eHHÏ eneKTpHHHHM CTpyMoM opraHÏ3My nrogHHH o c h o b h h m h  B a :n n - 

b h m h  ^aKTopaMH, rn,o xapaKTeproyroTb HacnigKH ypa:eH H a e:

- m nax npoxog:eH H a Hepe3 Tino nrogHHH;

- Hac fioro giï.

B ycix BHnagKax Bpa:eHHa eneKTpHHHHM cTpyMoM Tpeôa 3BepTaTHcb go nÏKapa.
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CrpyM 100 mA  i ôinbme (npu 50 r ^ ) ,  npoxogaHH Hepe3 TÏno nroguHH no mnaxy 

pyKa-pyKa aôo pyKa-Horu, gie nogpa3HroroHe Ha m 'h 3h  c e p ^ .  ^  g y ^ e  He6e3neHHo gna 

^ h t t h  nroguHH, ocKÏnbKH Hepe3 1-2 ceKyHgu Mo^e HacTynuTH ^ iô p u n ^ m  c e p ^ .  n p u  

^ o M y  npnnHHaeTbca KpoBooôir, oT^e b  opraHÎ3MÎ BHHHKae HecTaHa KucHro, rn,o y 

cBoro Hepry, mBugKo npu3BoguTb go npunuHeHHH guxaHHa. CTpyMH, h k î BHKnuKaroTb 

^ iô p u n ^ iro  c e p ^ ,  Ha3HBaroTbca $i6pinM,iHHHMH, a HaHMeHmuH 3 h h x  rpaHHHHHM 

$i6pin^iHHHM CTpyMoM. n p u  nacTOTi 50 ^  $i6pin^iHHHMH ABn^roTbca t o k h  b  Me- 

æ ax Big 100 mA  go 5 A, a rpaHHHHHM $i6pin^iHHHM - 100 mA; npn nocTÏHHoMy 

CTpyMi noporoM $i6pinM ,iï BBaæaroTbca 300 mA, a BepxHboro Me^ero $ i6pin^iH H oro 

CTpyMy 5A.

H a Heôe3neKy i HacnigKH ypaæeHHH nroguHH CTpyMoM BnnuBae piBeHb CTpyMy. 

npH  HeBHcoKHx Hanpyrax (go 100 B) nocTÏHHHH CTpyM npu6nu3Ho B 3-4 pa3H MeHm 

Heôe3neHHHH h h m  nepeMÏHHHH HacToToro 50 r ^  npn Hanpyrax 400-500B He6e3neKa ïx 

3pÏBHroeTbca, a npn ôinbm b h c o k h x  Hanpyrax nocTÏHHHH cTpyM HaBiTb He6e3neHHÏ- 

muH h î^  nepeMÏHHHH. ^acTOTa cTpyMy TaKoæ BnnuBae Ha He6e3neKy ypa^eHHH nro- 

gHHH. npH  36inbmeHHi HacToTH cTpyMy go 50 ^  He6e3neKa ypa^eHHH geKÏnbKa 3Ôi- 

HbmyeTbca, a npH HacToTÏ noHag 50 ^  He6e3neKa ypa^eHHH 3MeHmyeTbca. CTpyMH 

b h c o k o ï HacToTH 3ÔepiraroTb He6e3neKy onÏKÏB. HaHôinbm He6e3neHHHH m nax npoxo- 

g^eHHH cTpyMy Hepe3 TÏno nroguHH nogoB^eHHH (pyKa-Hora, ronoBa-Hora), MeHme 

Heôe3neHHHH - nonepeHHHH (pyKa-pyKa i rn,e MeHme Heôe3neHHHH m nax Hora-Hora). 

^ y ^ e  BnnuBaroTb mgHBigyanbHi BnacTHBocTÏ opraHÏ3My nroguHH Ha cTynÏHb ypa^eH- 

h h  cTpyMoM. BcTaHoBneHo, rn,o ^nKoM 3gopoBÏ i $ î3h h h o  m ^ h î nrogu nepeHocaTb 

eneKTpuHHi ygapu nerm e, h h m  xBopi i cnaÔKÏ. nigBHrn,eHy cnpuHTnHBicTb go eneKTpu- 

HHoro cTpyMy MaroTb ocoôu, rn,o cTpa^garoTb Ha 3axBoproBaHHa mKÏpu, cep ^B o - 

cyguHHoï cucTeMH, opraHÏB BHyrpimHboï ceK pe^ï, nereHÏB, HepBoBHMH H ÏHmuMH 3a- 

xBoproBaHHHMH. ToMy npaB una 6e3neKH eKcnnyaTa^ï eneKTpoycTaHoBoK cno^HBaHÏB 

(nE E E C ) nepegôaHaeTbca BÏgôip no cTaHy 3gopoB'a nepcoHany gna oôcnyroByBaHHH 

giroHux eneKTpoycTaHoBoK.

3a yMoBaMH 6e3neKH eneKTpoycTaHoBKH nignararoTb Ha gBÏ KaTeropiï: Hanpy-
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roro go 1000 B i BHro,e 1000 B. A ô h  yHHKHyTH ypaæeHHa eaeKTpHHHHM CTpyMOM npn 

KopncTyBaHHÎ noôyTOBHMH Ta npoMHcaoBHMH eaeKTponpnaagaMH Ha BHpoÔHH^rei 

(xoaognabHHKH, TeaeBÎ3opn, KoMn’roTepn, oônpiBaai, KoHgn^oHepn, npacKH, eaeKT- 

pomgirpiBaai Bogn Ta î h .) caig goTpHMyBaraca npaBHa:

-  KopncTyBaraca eaeKTpocno^HBaaaMH, aK npaBHao, niHypu ^HBaeHHa aKHx 

MaroTb Tpbox noaocHy BHaKy 3 nonepeg^yroaHM BKaroaeHHaM 3a3eMaroroaoro (3aHy- 

aroroaoro) gpoTy;

-  He BMHKaTH b  eaeKTpoMepe^y eaeKTpocno^HBaai, mHypn ^HBaeHHa aKHx 

MaroTb nomKog^eHy Î3oaa^ro;

-  He BMHKaTH b  eaeKTpoMepe^y eaeKTpocno^HBaai, aKÎ MaroTb nomKogæern aôo 

HeHagÏHHO 3’egHarn 3 eaeKTpogpoTOM ^HBaeHHa, BHaKaMH, po3eTKaMH Ta nogoB^yBa- 

aaMH;

-  He BMHKaTH eaeKTpocno^HBaai b  po3eTKH, aKÎ He MaroTb 3axncHHx, HanpaB- 

aaroanx BHaKy, KpnmoK;

-  He KopncTyBaTHca nomKog^eHHMH po3eTKaMH, BÎgraay^yBaabHHMH Ta 

3’egHyBaabHHMH KopoÔKaMH, BHMHKaaaMH Ta iHmoro eaeKTpoapMaTyporo, a TaKoæ 

eaeKTpoaaMnaMH, CKao aKHx Mae caign 3areMHeHHa aôo BHnHHaHHa;

-  He KopncTyBaTHca caMopoÔHHMH nogoB^yBaaaMH, aKÎ He BignoBigaroTb b h m o - 

raM npaBHa yaamTyBaHHa eaeKTpoycTaHoBoK (nY E ), ro,o npeg’aBaaroTbca go nepeHo- 

c h h x  eaeKTponpoBogoK;

-  He 3acTocoByBaTH gaa onaaeHHa npHMirneHb HecTaHgapTHoro (caMopoÔHoro) 

eaeKTpoHarpiBaabHoro oôaagHaHHa aôo aaMn po3^aproBaHHa;

-  npn KopncTyBaHHÎ eaeKTpocno^HBaaaMH, aKÎ MaroTb oKpeMHH, caMocTÎHHHH 

gpÎT 3a3eMaeHHa, nepeg BKaroaeHHaM Horo B eaeKTpoMepe^y, nepeBÎpHTH HaaBHÎCTb 

Ta HagÎHHicTb npnegHaHoro 3a3eMaroroaoro eaeKTpogpoTy go BÎgnoBÎgHHx KaeM;

-  npn Mo^aHBocTÎ yHHKaTH goTopKaHHa pyKaMH go MeTaaeBHx aacTHH eaeKTpo- 

cno^HBaaÎB yBÎMKHeHHx B eaeKTpoMepe^y;

-  He goTopKaTHca pyKaMH go oôipBaHHx Ta oroaeHHx gpoTÎB eaeKTpoMepe^i, 

eaeKTpocno^HBaaÎB;
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-  He 3aMÎHWBaTH caMOCTÎHHO 3incoBaHi eneKTpo3anoômHHKH, eneKTponaMnn, 

He npoBogHTH peMOHT eneKTpocno^HBanÎB, eneKTpoMepe^i;

-  npn npHÔnpaHHÎ nnny 3 eneKTpocno^HBanÎB, m h t t î xonognnbHHKÎB, nignorn  

o 6o b _s 3k o b o  BHMHKaTH ïx Big eneKTpoMepeæi;

-  He 3annmaTH 6e3 goraggy ^pa^wwHi eneKTpocno^HBani.
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B xogi BHKOHaHHa ôaKanaBpcbKoï poôoTH ôynn onncam  i BHpimem nocraBnem 

3agani.

B po3gim “Po3paxyHOK eneKTpHHHoï M epe^i” 3Hangem noTOKH noTy^HOCTÎ Me- 

p e ^ i npn HopMantHHx pe^HMax poôoTH, BTpara noTy^HOCTÎ b  eneM emax M epe^i, b h - 

3Hanem BenHHHHH Hanpyrn b  TOHKax Mepe^i 3 ypaxyBaHHaM nonepenHHx CKnagoBHx.

B po3gmi “Po3paxyHOK eneKTpHHHoï nacTHHH CTaH^H i nigcTaH^H” 3anpono- 

HOBaHa cxeMa 3egHaHb, rn,o BpaxoBye Mo^HHBÎCTb po3mnpeHHa, aKa 3aôe3nenye Ha- 

gÎHHÎCTb eneKTponocranaHHa B HopManbHOMy i aBapÎHHOMy pe^HMax poôoTH Ta gony- 

CKae MO^nHBÎCTb BHKOHaHHa peMOHTHHx i eKcnayaTa^HHHx poôiT Ha OKpeMHx eneMe- 

HTaX CHCTeMH.

BnôpaHO ocHOBHe oôaagHaHHa nigcraH^H: BHMHKani, po3'egHyBaHÎ, BHMÎpwBa- 

nbHÎ TpaHC^opMaTopn CTpyMy Ta Hanpyrn, BKa3aHHH HeoôxigHHH MmÎMaabHHH Haôip 

BHMÎpwBanbHHx npnnagÎB gaa BCTaHoBaeHHa Ha nigcTaH^ax.

B po3gmi “Po3paxyHOK peneÔHoro 3axHCTy” npoBegem po3paxyHKH peneÔHoro 

3axHCTy TpaHc^opMaTopa: MaKCHMaabHHH CTpyMOBHH 3axHCT TpaHc^opMaTopa, k o m - 

ôiHOBaHa BÎgcÎHKa no CTpyMy i Hanpy3i.
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