[Ipumep petieHust KOHTPOIBHOM padoThl Nel

3amaua 1. [lpousBectu pacuér cBepxmnepexoanoro Toka K3 npu tpéxdaznom
NoBpeXJeHnn B Touke K Ui 3aJJaHHOTO ydacTka 3Heprocucrtemsl (puc.l.l) B
MMEHOBAHHBIX U OTHOCUTEIBHBIX 0a3MCHBIX IUHHUIIAX C TOYHBIM U MPUOTHNKEHHBIM
npuBeAeHueM  kodpdurnmentoB  Tpanchopmarmu. O6a  reHeparopa 0

BO3HHUKHOBCHU ITOBPCKIACHHUA pa60TaJII/I B HOMHUHAJIBHOM PCKHUMC.
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Puc.1.1 Cxema yuyacTka 3HeprocucremMbl k npumepy 1.1

[TapameTpbl 37IEMEHTOB CXEMBI:
e [eneparop TB®-100-2: P, =100 MBT; U, =10,5 xB; cos¢ =0,85; X
=0,183;
e Tpanchopmartop T1: TI[-12500/220: S, =125 MBA; U =10,5 xB; Uy
=242 xB; U0, =11%;
e Asrorpancpopmarop ATAIITH-200000/220/110 S; =200 MBA; U 5, =220
kB; Ugy =121 kB; Uy = 38,5 kB; Uyxpy =34 %; Uxpe= 11%; Upscy =
21%;
e Tpauchopmarop T2 TPAIIH-125000/110: S, = 125 MBA; U,y =110 kB;
Uy =11xB; Uy, = 10,5 %;
e JIByxuenHas auHus: piuHa JI1 = 60 kM, MOroHHOE CONpPOTUBIEHUE X, .=
0,4 Om/xMm;
o OpnHouenHas JuUHMS: JuinHA JI2 = 25 kM, MOroHHOE cONmpoOTHUBIEHHE X, .=
0,4 Om/xMm.
< Wcnonw3ys pekoMmeHaammu 1.1.3, cocraBuM cxemy 3amenieHus (puc.l. 2).
['enepatopsl, TpaHcpopMaTOphl, ABYXIENHAS JIMHUSA, AaBTOTpPaHCHOPMATOPHI,
WCIIOJIB3YS MPUHIIMI CUMMETPUU, U300paXKaroTCsl OJHUM DJIEMEHTOM, a HaJluuue
MapajuielIbHOTO 3JIEMEHTA YUYHUTHIBAETCA NPU BBIYMCIECHUU comnpotuBieHus. Ilo
peakTopy M OOMOTKaM HU3IIEro HampsbKeHus aBToTpaHchopmaTtopoB Tok K3 He
MPOTEKAET, IOATOMY Ha CXEME 3aMENIEHUS OHU OTCYTCTBYIOT.
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Puc.1. 2 Cxema 3amemenus Aas npumepa 1.1

B kauyecTBe OCHOBHOW CTYNEHM NMPUHUMAETCS Ta CTYNEHb, /i€ MPOU3O0IILIO
K3. Hanpspxkenue Ha 3Toit ctynenu 11 kB.



Pacuér toxkoB K3 B HMMEHOBAHHBIX €AMHUIAX C TOYHBLIM HOPUBEICHUEM
K02 puIIeHTOB TpaHchOpMaIiH.

ComnpotuBnienust Bcex djeMeHToB u  JJIC reHepaTopoB BBIpa3uM B
MMEHOBAHHBIX €INHULIAX.
CornpoTuBiieHHE TeHepaTopa, MPUBEJASHHOE K €r0 HOMHUHAJIBHBIM ITapaMeTpam

10,52 -0,85
1

2
Xg =X/ UH;ﬂ 0,183 ~01710m.

H
ConpoTuBiieHHE JBYX F€HEPATOPOB, npuBeeHHoe k OC

o 2 2 2 2 2 2
X, = Xg (242 (121 11 j _ 0171( 242 ) ( 121 ( 11 — 01370m.
2 \10,5) \(220) \110 2 \10,5) \ 220 ) \110
ComnpotuBnenue TpaHcpopmatopa T1, mnpuBegeHHOE K OOMOTKE HHM3KOTO
HaIpPsHKEHUS

CUpe, U2 111052
™7100% S, 100 125

H

= 0,097 Om.

Comporusnenue n18yx TpanchopmatopoB T1, mpuBeaenHoe k OC

£ _Xn (242}2(121]2( 11 jz _ 0,097 (242}2(121)2( 11 jz 0,076 O
2 \10,5) \ 220 ) \110 2 \10,5) \220) \110
ConpoTuBIiieHHE OJHOM LENN ABYXUEMHOU JuHun J11
X1=X,,.1=04-60=24 Owm.
Conporusinenne npyxuennou muanu JI1, npusenennoe k OC

. 2 2 2 2
X, = X (121j ( 11 j zﬁ(lz_lj (Ej = 0,0363 Om.
2 \220) \110 2 \220) \110

ComnpoTtuBiieHne aBTOTpaHchopMaTopa, MPUBEACHHOE K OOMOTKE BBICOKOTO
HaIpPsHKEHUS

Upgess UZ 11 2207
100% S, 100 200

H

= 26,60m.

AT

ConportuBiieHHne JByX aBTOTpaHchopMaTopoB, npuseneHHoe k OC,
o 2 2 2 2
X, = XAt (121] ( 11 j _ 26,62(121) ( 11 ) — 0,0402 Om.
2 \220) \110 2 \220) \110

ConpoTHUBI€HUE OHOIEITHOW JTMHUY JI2

X, p=X,,.1=0,4-25=100m.
ConpoTtuBienue oaHorenHou tuauun JI2, mpuseaentoe k OC,

0 11\ 11 )
X5:Xﬂ1 - :10’ - :O,].OM.
110 110

Comportusnienue Tpanchopmaropa T2, mpuBeIeHHOE K OOMOTKE HHU3KOTO
Harnpspkenus, T.e. kK OC

¥ _ Uk U? 10511°
®7100% S~ 100 125

=0,101 Owm.

H



CymMapHO€e conpoTHBIEHHUE Lenu, npuBeaeHHoe k OC
o o

o o o o o
O/J1C renepaTopa B OTHOCUTEIbHBIX HOMUHAJIBHBIX €IUHUIAX
”n 2 H 14 2
—|1.0,852 +(1-0,527 +1-0183) =1107.
O/1C renepaTtopa B MUMEHOBAHHBIX €AUHUIIAX

Es, = Eg+ U, =1107-10,5=11,62 kB.
O/J1C reneparopa, npusenennas k OC,
E”Gg — éH &E& :11’62&££ :14’72 kB.
10,5 220 110 10,5 220 110
Csepxnepexoansiil Tok K3 va OC
f—c 1472 1720 «A.

k

Ny /30,492

Pacuér tokoB K3 B OTHOCHTENBHBIX Oa3WCHBIX €IWHUIAX C TOYHBIM
npuBeIeHneEM KOdDDOUIIIEeHTOB TpaHChHOPMAIIHH.
Bribupaem 6azucHyro momHocth S;= 1000 MBA u 6a3ucHble HanpspKeHUs

CTyneHel. B KkauecTBe nepBoy CTyNIeHN IPUHUMAETCS CTYIIEHb, I'1e Tpoun3onuio K3.
ba3ncHoe HamnpskeHHe NMepBOW CTYNIEHN TPUHUMAETCS PaBHBIM JIEUCTBUTEIBHOMY
HanpsbkeHnto Ha d3toi ctymeHn Ug= 11 kB. OrtHocutensHble 0a3ucHBIC

HapsKCHUS OCTAJIbHBIX CTyHGHeﬁ.

110 110
U, =U, = =11=—=110 B;
oll ol 11 11
220 220
U,y =V 252 =110 =200 «B;
oIl oll 121 121
220 ,, 105
U,y =U,,; 2= =110—2 =8,67 kB.

ConpoTHuBIIEHHE IBYX T€HEPATOPOB
2 2
Xy = X Sscosp( U, 0183 1000-0,85( 10,5 _114.
2P, Uy 2-100 (8,67
Conporusnenue n1Byx Tpanchopmaropon T1

Uk Ss [uﬁ JZ 11 1000 (10,5)

2
=0,65.

20 7100% 2S, (U, ) 100 2-125\ 8,67
ConpoTuBieHue ABYXUEMHON JuHUA JI1
X, - X, | 525 _0,4-60 100(2) _o3.
2 U2, 2 110

Conpotusiienue 0o0MoTok B-C HanpspkeHus IByX aBTOTpaHCc(POpMaTOpoB




2 2
Xy _Ukecow Ss (UH ] _ 11 1000 (220) 0333,

100% 2S, \U,; ) 100 2-2001\ 200
COHpOTI/IBJIeHI/Ie OJTHOLICTTHOW JIMHUHU JI2
Xeg=X,,. 1, 8—26 =0,4- 25% =0,826.
Uz, 110

Comportusnieane Tpanchopmaropa T2
Uks S5 _10,51000 [10,5)2 o
100% S, 100 125 | 8,67 T
CyMMapHO€E COITPOTHUBIICHUE TICTTH
X g = Xpeg + Xowg + Xgug + Xgug + Xing + Xgug = 4,086 .
DJ1C rerepaTopa B OTHOCUTEIIbHBIX OA3UCHBIX €IUHHUIIAX

Xerg =

EG*6 = EG = 11’62 :1,34 .
U, 8,67
OTtHOCUTENBHBIN Oa3ucHBIA TOK K3
g =820 = 2 _ 0,328,
X+ 4,086
CBepxImepexoHbIi TOK K3 B UMEHOBAHHBIX €IUHUIIAX
1000
SN [ U =0,328——=17,23 KA.
k k*6 161 k6\/—51 \/5.11

Pacuér ToxoB K3 B iMeHOBaHHBIX €AMHHIIAX C IPUOIIKEHHBIM IPUBEICHUEM
K02 uieHToB TpanchopMaIii.

JleiCTBUTEIbHBIC HAMPSHKEHUS HA DJIEMEHTAX CXEMbl 3aMEHUM CpPEIHUMU
3HAYCHHUSIMH.
ConpoTHUBIICHUS PJIEMEHTOB CXGMLI npuBeaeHHbie K OC

1) 2
X, = u?2 ,, COS@ 105 0,18310’5 0,85 — 0,0857 O,
2P, 10,5 2-100
2 2 2
- U, U, (105 _ 11 10,5 —0,0485 O,
100% 2S,,110,5 100 2-125
o 2
Xy = Koo h (10’5j =0,025 Owm,
2 230
2 2 2 2
:UkBC% U, (10,5j _ 11 230 (10,5) —0.0485 O,
100% 2S,, \ 230 100 2-125\ 230
o 2
Xs=X,,. Iz(lo—’Sj =0,084 Owm,
115
0 2 2
X, = Uk U, 105105 =0,0926 Owm.

®7100% S, 100 125

H
CymMmMapHO€ COnpOoTHUBIIEHUE 1IENH, TpuBeieHHOE K OC



o o o o o o o
X, =X+ Xo+ X3+ X+ X5+ Xg =0,384 Om.
O/J1C renepatopa, npuBenennas k OC

Es, U, 12° _105 «B.
10,5

Ceepxnepexoansiii Tok K3 OC

. EG 10,5

- —15,81 KA.
s J/3-0,384

Pacuér TokoB K3 B OTHOCHUTENBHBIX 0a3UCHBIX EIMHUIIAX C TPUOIUKEHHBIM
npuBegeHueM K0dh OUIMEHTOB TpaHCchOpMAaIIHH.
Bribupaem 6a3uchyto MmoutHocTh S; = 1000 MBA u 6a3ucHble HanpsoKeHUS

crynieHeld. basucHble HamnpsKeHUs CTyIEHEH NPUHMMAIOTCS PaBHBIM CpPEIHUM
HanpspKeHUAM Ha cooTBeTcTBylomux crymensx: U, =105 kB, U, =115 kB;

Uz =230 kB; Uy, =105 kB. OmpenensieM OTHOCUTEIbHBIE CONPOTUBICHUS

3JIEMCHTOB CXEMBI, HpI/IBe,[[eHHBIG K 6a3I/ICHI>IM yCJIOBPl}IMI
S, cos 1000 -0,85
6 P _ 0183 — ———

Xps = X =0,777;
 _ Uiy S; _ 11 1000 _
20 7100% 2S, 1002-125
Xy, = Kook S; 04601000 0
2 Uy 2 230°
_Ykgew S5 _ 11 1000 _ o op.
Y07 100% 25, 1002-200
Xeg =X, 1, S—g =0,4- 25% =0,756;
Uz, 115

U, S; 10,51000
g = K% 20 _EOZE g 8g
100% S, 100 125

H
CyMMapHO€ CONPOTUBJICHUE LIETTH
Caepxniepexoanbiii Tok K3

4 14
= Ex;, S; 1 1000
= ;= =
X g X6 3, 33144/3.105
3naueHuss TOokoB K3, BBIYHCICHHBIE C WCIOJB30BAHUEM TOYHBIX U
npuOIMKEHHBIX  NpUBENeHUNA  Kod(pduimentoB  Tpanchopmannu (Kak B

OTHOCHUTEJIbHBIX, TAK U UMEHOBAHHBIX €UHMIIAX ) He npeBbImaeT 10%.

=16,61 kA. >




3agaua 2. [IpousBectu pacuér cBepxmepexoanoro Toka K3 ans 3aganHoro
y4dacTka sHeprocucteMsl (puc.1.3) mpu tpéxdaznom K3 B Touke K B ”MEHOBaHHBIX
U OTHOCUTENBbHBIX Oa3UCHBIX €IMHMUIIAX C TMPUOIKEHHBIM TMPUBEACHUEM
ko3 puieHToB TpaHchopManuu. INEKTPUUECKUE ABUTATENN 10 BOSHUKHOBEHUS
MOBPEXJIEHUS pad0TaI B HOMUHAIBHOM PEXHUME.
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Puc.1.3 Cxema yyacTKa I3HepProcucTeMbl
[TapameTpbl 371EMEHTOB CUCTEMBI:
cucrtema: S;=150 MBA,;
mvnys JI: nmuna | = 30 kM, noronHoe conpotusienue X, .= 0,4 OM/km;
tpancopmatop T: TP/AIIH-60000/110: S, = 60 MBA; Uz, =110 xB; Uy
=11 kB; Uyq, = 10,5 %;
CHHXPOHHBI snekrpoasurareis (CH): Poy= 6,3 MBT; U, =6 kB; c0S¢;
=0,9; X§ =0,144;
aCUHXPOHHBIH siekTpoasurarens (Al): Py, =125 MBt; U, =6 kB; cosg,
=0,905; K, = 6,6;

0600uEnHas Harpyska (Hr): S,,., =2 MBA; U, =6,3 kB; E =0,85;

Haep®

X e = 0,35.
< Cxema 3amMeliieHus npuBeieHa Ha puc. 1. 4.
4 E"cn
0.816
s
1 2 3 5 KCA =
0265 0036 0073 | 4353 M
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<T
6 |
E E HATIP.

;

"'k HATP
Puc.1.4 Cxema 3aMenieHUuo

Pacuét ToxoB K3 B MMEHOBaHHBIX CAMHHUIIAX C HDI/I6J'II/I)KéHHBIM IIPUBCACHHUCM

K03hbOUNIMEHTOB TpaHCHOPMAIIHUH.

JleCTBUTEbHBIC HAIPSHKEHUST 3JIEMEHTOB CXEMbl 3aMEHUM CpeaHuMu. B

KaueCTBE OCHOBHOM CTYNEHU MNPUHHUMAETCS CTyNEHb HanpsbkeHus 6,3 kB — mecto
IIOBPEXKIACHUS.



BBIpaBI/IM COIIPOTUBJICHHUA 3JICMCHTOB CXCMbl B MMCHOBAHHBIX CIMHUIAX U
IMPpUBCACM UX K OCHOBHOH CTYIICHHU:

cucrema
0 2 2 2 nn2
X, = U_C(Ej = &6’_32 = 0,265 Owm,
S. \115 150 115
JIUHUS
0 6,3)°
Xo=X,,. I(—) = 0,036 Om,
115
TpaHchopMaTop

v _ Ui Uz 11 63°
$7100% S, 100 60

H

=0,073 Owm,

CUHXPOHHBIN dJIEKTPOJABUTATEIb

0 U2 cos 2
Xy =Xty 2P _ 01449399 _ 0816 O,
Poy 6,3

aCI/IHXpOHHHﬁ QJICKTPOABUI'aTCIIb
Xe = x" U, cosp,; 1 Ugcosp,; 1 63°0905
5= A4q = =
P k Py 66 125

nyck

= 4,353 Om,

00001IEHHAs Harpy3Ka
0 U 2 2
Xo = Xygopr < — = 0,35E =6,94 Owm.
SHaep 2
[Tpu npubmmxEaHoM npuBeneHun koddduimentoB Tpanchopmainuu IJC
BCEX UCTOYHHKOB ToKa K3 paBHbI cpeiHeMy HOMUHaNIbHOMY HanpsibkeHuto OC, - 6,3

kB, cnenosarensHo, E,=6,3 kB. 3agannas cxema sABISETCA paAuaabHOM, II03TOMY

npu pacuere TOKOB TpéxdaszHoro K3, (B cxeme HET 3JEeMEHTOB, MO KOTOPHIM
MPOTEKAIOT TOKUM OT CcMeXHBIX DJ[C), TOKM OTACIBHBIX BETBEW BBIUMCISIOTCS
HE3aBHCHUMO.

ToKHU B BETBAX CXEMBI:
o o o o
cucrema (11 BeTBU cuctemsl X, = X;+ X,+ X3 =0,374 Owm)

17 = B, _ 63 9736 ka
X J3.0,374
CHHXpOHHBIﬁ BHCKTpOI[BI/IFaTeHB
E" 6.3
noo— S 2% 446 kA,
ket 35 30816
4

aCHHXpOHHBIﬁ QJICKTPOABUIATCIIb



y = 6,3

= = =0,836 kA
kAl P . , )
3 Xe v3-4,353
00001IEHHAas Harpy3Ka
‘ E, _ 63 =0,524 KA.

K.naep =

X, J3-6,94

[Tonublit Tok B MecTe K3 paBeH cymme TOKOB BCEX MPUCOSAUHEHUI
I = 9,736 +4,46 + 0,836 + 0,524 = 15,556 KA.

Pacuér TokoB K3 B OTHOCHUTENBHBIX 0a3UCHBIX SIMHUIIAX C TPUOIUKEHHBIM
npuBegeHueM K0dh OUIIMEHTOB TpaHChOpPMAIIHH.
Bribupaem 6a3uchyto MmoutHocTh S; = 1000 MBA u 6a3ucHble HanpsoKeHUS

CTyIleHEeW. basucHble HalpspDKEHUs CTYNEHEH NPUHUMAIOTCS PaBHBIM CPEIHUM
HaNpsDKeHUsIM Ha cooTBeTcTByrommx crynensax: U, =6,3 kB, U;;=115 kB.

OmnpenensieM OTHOCUTENbHBIE COMPOTHBIICHUS JIEMEHTOB CXEMbI, PUBECHHBIC K
0Aa3UCHBIM YCIIOBUSIM:

U s; S; 1000

Npg =5 —2-="0 =""""=667;
YT s U2, s, 150
Xpg =X, 3—25 =0,4- 30% =0,907;
Uz, 115
— Yk S5 _ 111000 _
%0 7100% S, 100 60
S; cos :
X oy = Xy 200200 _ 144100009 _ 5557
Pey 6,3
S; cos S; cos .
Xgny = X'y Qa7 _ 1 S;C08¢47 1 1000 0,905:109’7;
Py Ky Pag 66 125
Xos :Xﬂazp*s—ﬁ :0,35@:175.
« 2
Haep

[Tpu npubnuxénHom npuseaeHun kod3pduurentoB tpanchopmanuu IJC
BCEX UCTOYHUKOB ToKa K3 paBHbI 1.

TOKM B BETBSIX CXEMBI:
cuctema (Ut BETBH CUCTEMBI X x5 = Xpxg + Xoxg + Xgug = 9,41)

14 14
o=t g, = e L 100 g5 0
X s X530y  94143.63

CUHXPOHHBIN 3JIE€KTPOIBUTaTEIh

, _ B4y _Ef S, _ 1 1000
AT Xps 7 Xpg VU,  205714/3.63

= 4,46 KA,



aCHHXpOHHBIﬁ QJICKTPOABUTATCIIb

. EL EL. S, 1 1000

=—2 1, = = = 0,836 kA,
M X 7 Xep VU, 109,7 4363
00001m¢HHasT Harpy3Ka
, E<s | Ei;  S; 1 1000

nazp — = = 20,524 KA.
DT Xews T Xewg N, 1754363

[Tonneiil Tok B Mecte K3 paBen 15,556 kA. >




