K3 B cucremMax anekrpocHabyxenus (3C).

B cuctemax anekTpocHabxeHusi BO3HMKAOT K3, npuBOAsilUME K PE3KOMY YBE/IMYEHUIO TOKOB,
MO3TOMY BCE OCHOBHOE 3/IEKTPMYECKoe 060pyaoBaHME AOMKHO ObiTb BbIOPAHO C yYETOM AEUCTBUS STUX
TOKOB.

Paznuuaiot cneayowme suabl K3:

- TpexdasHoe (cMMMeTpUYHoe) — 3 a3bl COEANHSIOTCS Mexay cobon.

- nByx(azHoe — 2 a3bl CoeAMHSOTCA Mexay coboin 6e3 coeanHeHNs C 3eMNen.

- oflHoa3Hoe — 1 ha3a coeanHAETCS C HEMTPAsbio NCTOYHMKA Yepe3 3eMI0.

- ABOMHOE 3aMblkaHWe Ha 3eM/to — 2 (ha3bl COeAMHSITCS Mexay cobow 1 ¢ 3emnen.

MpyynHbI BO3HMKHOBEHMS K3:

- NOBpEeXAEHME U30/1UMN OTAENbHBIX YacTen 3NeKTPOYCTaHOBOK;
- HEMpaBW/IbHOE AENCTBME NEepCoHana;

- OMNJIaBNEHNE M30NSLUMN U3-3a NepeHanpsxeHun B cucteme K3.

K3 conpoBoxpaaeTcs:

- NpeKpaLLEHNEM NUTaHMS NOTPebUTENemn, NPUCOEAMHEHHbIX C TOYKOM, B KOTOpOWN npousoLuno K3.

- HapyLleHMeM HopManbHOM paboTbl Apyrux NoTpebuTenen, NOAKIYEHHbLIX K HEMOBPEXAEHHbLIM
y4acTKaM CETU U BCNEACTBME MOHMXXEHNS HAMpPSXXeHMS Ha 3TUX y4YacTKax.

Ansa npepotepalleHns K3 HeobxoamMmo:

1. YcTpaHuTb npuymHbl K3;

2. YMEHbLUNTb BPEMS AENCTBMS 3aLlUUTbI;

3. NPUMEHSTb BbICTPOAENCTBYIOLIME BbIKNHOYATENM;

4. npaBWSIbHO BbIYUCIATL TOKM K3 M no HMM BblbupaTb HeobxoauMykto anmnapaTtypy, 3awuTy wu
CpeacTBa Ans orpaHn4eHus Tokos K3.
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Mpu K3 B uenuM npoTeKaeT MNepexoAaHoN MpoLecc, COCTOSWMM M3  2-X COCTaBASIOWMX TOKa:
nepvoanyeckon (konebaTenbHoM) U anepuoanyeckon.

IHO - MTHOBEHHOE 3HAa4Y€HME TOKAa Harpy3Ku.

Iy -MrHoBeHHoe 3Hauerme yaapHoro Toka K3 yepes nonnepvoaa (0,01 ¢) nocne BosHUKHOBEHMS K3.

Mo sennunre ly NPOBEPSIOT 3MIEKTPUYECKME annapaThbl, WWHbI WU WU30MSTOPbl Ha AWMHAMUYECKYHO
YCTOMYMBOCTb.

IHMAX 7 In - MakKCuMMaJibHOE N MTHOBEHHOE 3HA4YEHUA nepmoumquKoﬁ cocTaBnsitollen Toka K3.

a max 7 ICZO -MaKCunMasibHOE N MTHOBEHHOE 3Ha4YE€EHUA anepmoaneCKon COCTaB}'IFHOIJJ,eﬁ Toka K3.

I o0 - AEWCTBYIOLLEE 3HAYEHME YCTAHOBMBLUErOCs Toka K3. Mo 3TOMy TOKy NpOBEPSIOT 3eKTpUYecKmne
annapaTbl U TOKOBeAyLUME YaCT! Ha TEPMUYECKYIO YCTOMUYNBOCTb.

4
1" = |n0 - HayanbHOe [EeWCTBYIOLlee 3HayeHVe nepuoanyeckon coctaensiowerd Toka K3
(cBepxnepexoaHon Tok K3).

InMax =N 2 ) II/ZO

L, =1 + 1y

Kt
Iat - XapakTepu3yeT 3aTyxaHue Toka K3, 3aBMCUT OT aKTMBHOIO COMPOTMBIEHMS Lenn n 06MOTOK
cratopa. B cetsix Bbiwe 1000 B, conpotusnenve mano u Bpemsa 3atyxaHus 7 =015+0,2 c.

Bnarogaps Hepuuy MarHUTHOrO Mons He NPOUCXOAUT MIHOBEHHOMO M3MeHeHus Toka oT o Ao I -~
33 CYET BO3HMKHOBEHMS anepuonyeckon COCTaBASIOLEN.




OCHOBHbIE€ COOTHOLUEHUS MeXAay BeJIMYMHaMu TokoB K3.

1. Anepvoanyeckas CoCTaBNSIOLIAA U3MEHSIETCSA COrMacHO CeyHoLIEMY 3aKOHY:

= | -e_%a

a avax
I‘k Xk
roe Ta - MNOCTOSIHHas BpEMEHU 3aTyXaHus. Ta = =
. 3l4-r

I, u X, - conpotveneHus uenn K3.

2. 1y - yAapHbIA TOK, cooTBeTCTBYHOWMI BpeMenun 0,01 ¢, onpeaensieTcs:

_t
L _  Ja
Iy_|a+|nMax_|aMax € +InMax-

Mput=0c:

amnax nwax

= Inmx(1+e%a)zx/?lno(l+e%a)=\/?|n0-l<y

IY
K y onpeaenserca Mectom K3:

0,0
0,05 __
ans B/11000 B: Ta=0,05¢c; => K, = l+e — 1,8

CnepoBatenbHo, iy = \/?Lw ‘K, = \/51,8' |n0 =2,95- |n0.

Echm 34C wuCTOYHMKA Heu3MeHHa, T.e. Mpu MUTaHMM OT CeTU Heorpan-leHHoﬁ MOLWHOCTHN, TO
nepuoanyeckas cocrasngiowas Toka K3 6YL16T HENU3MEHHA.

"
I - Ino - IK3
an BblYUCITEHNN TOKOB K3, yYAalleHHbIX OT UCTOYHWUKaA MUTAHUA TOYKaX, rae akKTMBHOE COMpOTUBIEHNE

3HauMTENbHO (3a TpaHcopMaTopaMM Masno MOLUHOCTM, B KabenbHOW CeTK) Ky onpegensieTcs rno

sasucumoctn K, = T (T,).
Han6onbluee AeiicTBylolLee 3HaueHWe MONHOro Toka K3 B TeuyeHue Nepeoro Nep1oaa onpeaenseTcs:

[y 2 2
Iy_ IH+Iat

I :iy_ IHMAX =K, - IHMAX - IHMAX :\/E' Ino'(Ky _1)

at

Ino T IK3
Iy :\/|1§3 +[\/§ Im '(Ky _1)]2 = IK3 '\/1+2(Ky _1)2 — IK3 q
q=11+2(x, -1)°




OnpeneneHve napamerpos uenu K3.

Ana BblMUCIEHUA TOKOB K3 COCTaBNSIIOT PACUYETHYID CXEMY, COOTBETCTBYHOLUYIO HOPMasbHOMY
pEXMMyY paboTbl CUCTEMBI, CUMTASs], YTO BCE MCTOUYHUKM NUTaHWSI BKOUYEHBI NapasiesibHo.

B pacuyeTHOW CXemMe yuuTbIBalOT COMPOTUB/IEHNE MUTAIOLLErO reHepaTopa, TpaHchopMaTopos, BJ1 u
peakTopoB. M0 pacYeTHOM CXEME COCTAB/ISAIOT CXEMY 3aMELLEHUNS, B KOTOPOW YKa3blBalOT CONPOTUB/IEHUNE
MCTOYHMKOB M NOTpPeBUTENEN M HAMEYAIOT TOYKM ANS pacyeToB TOKOB K3.

Ans reHepaTtopoB, TpacchopmaTopos, JISM He6oNbLWOW NPOTSHKEHHOCTU 0BLIYHO YUWUTLIBAIOT TOSBKO
WHIYKTVUBHbIE CONPOTUBNEHUS.

Mpy 3HAUUTENBHOW MPOTSHKEHHOCTU BJ1 yUMTLIBAIOTCS TAKXKE M aKTUBHbIE COMPOTUBNEHNS. AKTUBHOE
conpoTuBneHne R HEO6XOANMO YUUTLIBATb, EC/IM BbINOHSAETCSA YCII0BUE:

X
>
. =R, >—=
> "y T g
rae r—. u R_ - CyMMapHble COMpPOTUBEHNSA A0 MECTa K3.

)3 >
MpUHUMAIOT creaylolmne 3HAYEHNS MHAYKTUBHbBIX COMPOTUBAEHWMI. [N CUMHXPOHHbLIX FeHepaTopoB
(CN):
X g = 0,125 - CBEpXnepexoaHoe conpoTueneHne (ana TypboreHepaTopos)

X3 =0,2 - ang rupporenepatopos (IT) ¢ yCrIOKOUTENbHOI 0BMOTKOV

X g = 0,27 - gns T 6e3 ycrnokouTenbHO 06MOTKY

Ona CA v AL: Xg =0,2
Ons TpaHcdopmatopos X Y0 =U, %0 — Hanpsikenne K3 & %.

Ons BJT (U > 1000 B) Xg=0,4 OM/KM.
Ans KN (kabenbHbix nnHnit) (6-20 kB) Xq=0,08 OM/KM.

1000
A=
0
7S
B cxeMax 3aMelleHuna Bce YKa3aHHbIe COI'IpOTVIBJ'IeHVIﬂ Bblpa)KalOTCﬂ J'IVI6O B OMaX, }'IVI6O B
OTHOCUTENbHbIX eAnHUUAaX.




Pacuer ToxkoB K3 B OTHOCUTE/IbHbIX €ANHULIaX.

Bce pacyeTHble AaHHble NPUBOASAT K 6A3UCHOMY HanpshKeHUo M 6a3nCHOM MOLLHOCTU. 3a 6a3ncHoe
HanpshXeHWe NPUHUMAIOT CpeAHee HOMUHaNbHOE HanpsXKeHe.
Psin cpeaHEro HOMMHAbHOrO HaNPSHKEHWS:

Unom cp= 0,23; 0,4; 0,69; 3,15; 6,3; 10,5; 21; 37; 115; 230 kB

3a 6a31CHY0 MOLLHOCTb S MOXHO Bbl6paTbh MOLLHOCTb, MPUMHMMAEMYIO MPU pacyeTax 3a eauHuLy.
Hanpumep, MOLIHOCTb CUCTEMbI, CYMMapHblé HOMWHA/IbHbIE MOLLHOCTM TE€HEPATOPOB CTaHLUUK WU
TpaHcgopMaTopoB NOACTaHUMM, UK yA0BHOe AN pacyeToB uMcio, kpaTHoe 10.

— SE
53U,

COI'IpOTVIBJ'IEHVIﬂ B OTHOCUTEJIbHbIX €ANHMLIAX BblpaXaloTCA:

:\/é'IHOM X \/_ 3 Spom :SHOM'X
5k 2 2
Usion \/é U HOM UHOM
r :\@'IHOM'r V3. 3-Spon T :SHOM'r
%k 2 2
U 3-U U
HoM I HOM HOM
OTHOCHTEeNbHbIe conpoTusnenus BJ1 un KJl:
_Se X _Sp X S
¥ U? u: -’ *0 U’
HOM 6 HOM
X=X, r=r-1,
X, r - u3sm-ca B OMax
Shv - MBA
Unom — KB

[[eHepaTopbl, ABUraTENN:

Sé'X* Sa'Xé

X = =
*0 S S
HOM HOM (4
W S X
[ONs CUCTEMBI: 6 S—
HOM
TpaHcdopMaTopb!:

S5 Xy _001-U, %S,

Ecnv SHom Tp = 630 kBA, Toraa X*6 =

HOM TP HOM TP
o S, T, _p . S,
*0 S K59

HOM TP HOM TP




Ecm S < 630 kBA, Torpa r —L X _= U2—I’2
HOMTP— / % - / *6_ K *

o
HOM TP HOM TP

ConpoTueneHns peaktopa: X, . = O,Ol-XP%-M

HOM 6
YacTo B 3EKTPOCHABKEHWN NOMb3YIOTCS MOHSTUEM CUCTEMbI HEOTPaHUYEHHOW MOLLHOCTU — YCTIOBHO
MOXHO CUMTaTb TaKyld CUCTEMY, HanpsDKEHWE Ha LUMHAX KOTOPOM MOXHO nosaraTb MpaKTUYecK
HEM3MEHHBIM MPY MIOBbIX M3MEHEHMSIX TOKa (B TOM uncie K3) B NPUCOEAMHEHHOI K Hell ManoMOLLHO

uenu.
[na cucremel HeOFpaHquHHOﬁ MOLLHOCTU:

5/-/= oo, X *Cc= 0, rxc= 0
Takoe pgonylweHMe BO3MOXHO, €C/M  CONpOTMBAIEHME cucTeMbl He npesBblwaeTr (5-10)% ot
pe3ynbLTUpYyloLwero conpotneneHns uenu K3.
MNepuoanyeckas coctasnstowas Toka TpexdasHoro K3:

| :|(3): UHOM
bi K 2 2 7
V3 + X2

U
ecm I << X, 10 | =——touw
> > Jid \/§

Xz
« V3L X, 12 _YunlYs !
T.K PE3* U , TO I - X n Hom — g TO
9] 6 PE3
3 _ 13,
19 =191,
|® = |6 S = 86
“ X X
PE3™ PEs™
MpuMep: NMeeTcs cMCTEMa HEOTPAHUYEHHOW MOLLHOCTH.
SC:°°
O, XC:O
115 kB
XO:lPA OmM/Km
BI =50 Km
K1=
S+=30 MBA
UK,%:].O,S %
K2’§ 6,3 kB
I,=600 A
Xp:4 %
UPH:6 KB
K3 =
=2 km
X0=0,08 OMm/km
F=70 mMm?
mMedb y=57

K4‘§




Cxema 3aMelleHus:

10,151
K1
2 3
0,35 0,35
K2

o) 6
0,4 0,4

K4

MNpuHumaem Sg=100 MBA.
1) Paccuutaem conpoTtusneHne X; B OTHOCUTENbHBIX eANHULAX:

X, = Xyl X028
u?’

HOM

roe U5 =115 kB

S 100
| = 6 — =0,5 x4
" J3.U, 43115

X,=04-50- 100 _ 0,151
11

> =

X =X,

PE3T®
|

9= 6 - 2 _33] 4

YaapHbI TOK:
i, =v2: ok, =v2:10 -k, =255-1" =255-331=8,44 x4
S, 100
ngg"l 0,151

2) Janee paccyMTaeM OTHOCUTENIbLHOE COMPOTMBIIEHNE TpaHcdhopMaTopa:

=660 MBA

X, =X, =001-U,,- > 00110520 _ 0,35
. HOM TP 30
xpggz* = X, + X =0,151 + 0,35 = 0,326

ana Toukn K2 U g = 6,3 KB. S g He MeHsleTcs.




s, 100

1, = = =916 x4
" J3.U, 363

o _ g _ 916
X 0,326

PE32*
i =255-1¥=255-281=716 x4
s __ S5 _ 100

=281 x4

PES*2 !
| :
3) X, =001-X,% =001 4 316-6 _ g
Hom ¢ 0; * Y,

X e=X,+—2+X,, 0151+@+058 0,906
PAG3 2 2

o g _ 916
X 0,906

PE33*
i, =255-1%=255.10 =255 x4
S S, 100

=10 x4

=% :0906:110 MBA
PE3*3 '
S
4) X5*:XG*:XO-E-—g:O,OS-Z-log:0,4
U’ 6,3
L=t = 1000-¢ _1000-2 _  poq 7 ;
y-F  57-70
S;'T 100-0,539
— —_ 0 — ! —
r*5—r*6—U2 Y =136
HOM
X ppoit = Xis XZZ* " X2 =0,151+ %wss 0—24—1106
B
(ests = 5 =068

Mpesx 0,68 1

X pom 1106 "3
Z o = Jri.. + X2, =4/0,68°+1106” =1,298

|(3) — |6 _ 9’16 _

Z, .« 1298
X 1,106
PE34* _ ’ _
a " 314r © 314-068 0,004
PE3*4 ’

K, =lte 2% _14008=108
i, =1,08-+/2-19 =1,08-4/2.7=10,7 x4




Pacqu TOKOB K3 B UME@HHOBaHHbIX eAUHULIaX.

1 U T U4

”1| Te Py A2 Tty

6}@ Rf@. QD+
X4 X5 X6

Bce COMNPOTUBIIEHUS CXEMbI JOKHbI ObITb NPUBEAEHBI K OAHOMY M TOMY Xe 6a3ncHoMy
HaNpskeHMto. 3a 6a3ncHoe HanpsXeHne yaobHO NPUHUMAaTh HOMUHAMIBHOE HaMpsKeHWe TOW CTYNEeHM,
Ha KoTopon onpeaensietcs K3. MNMpueeaeHne conpoTtnenenns B OMax K 6a3nCHOMY HanpsiKEHMIO
NPOBOAST MO cneayrowmnM popmynam:

=X (k.- K,..k )? Kk — K09 puyuenmor mpancgopmayuu
U'=U-(k -k,..k,)

I'=1- 1
(kl-kz...knj
Zl

=Z-(k K,k )?

Mpy NepeMHOXeHNM Ko3hdULMEHTOB TpaHChOPMaLUK NOYUNM:

MpuMeM 3a 6asncHoe HanpsbkeHne U Us= Us
2 2
' U U U2 U4 U6
Insi reqepatopa: X1 = Xy (— —3.=2)2 =X (—J =X (_J
p p 3 U U ' U ! Ul
2
U
Ans TpaHcdopmaTopa Ti: [U—j [ j
' U, U
Ans numn Ny X3 = X, (U—Zj =X, (U_j
U'=u- U5
I'=1-
6
U 2
UHO.M

3a Unom 6epyT psig HanpsxeHun:

Uwom = 0,4; 3,15; 6,3; 10,5; 21; 37; 115; 230 kB
YKasaB Ha CxeMe 3aMellyeHus COMPOTUBMIEHWS 3MEMEHTOB CxeMbl B OMax, onpefenmm
pesynbTupytollee conpotuenerne X, (X ).

Ecnu pacyeT npomn3BoanNTCS B UMEHOBAHHBIX eAMHULAX, @ CONPOTUBNEHNS 3aZlaHbl B OTHOCUTENbHbIX
eanH1LUax, TO OHU NepecyYnTLIBAIOTCS.
dopmynbl pacyeTa:

X = X*HOM ) \/é | = X*HOM S
2
— r* . HOM — r* HOM
HOM \/é ) IHOM HOM SHOM




U U

1"=1® =] = =

) ‘/g'XZ \/é'(XC"'XBH)
Xz :XC + X 5y
C - cuctema

BH — BHewwHWe conpoTuBneHns

MakcuMasnibHO BO3MOXHbIN TOK TpexdasHoro K3 npu noBpexaeHum 3a /tobbiM 3/1EMEHTOM pacyeTHOM

cxeMbl, onpepensietcst npu X¢c=0.

I (3).Max = —U
V3-X,,
U U 2 2
Xo=— wm X, =22 yw X, = Yo
C (3) C 3) C
\/§' I SK SOTKJ]

SOT[(J] - MOWHOCTb OTKJTKO4EHNA YCTAHOBJIEHHOIO arnapara.

Mpu pacyeTe TOKOB K3 MOXHO MpWMMeHsITb 3akoH OMa Ans CXeMbl 3aMelleHUsi, HO Heob6xoauMo
YUMTbIBaTb HECKOJSIbKO UCTOYHMKOB NUTaHUS (H/N: aHeprocucTema, TILL).
MpeanonoXuM CreAYIOLLYIO PACUETHYIO CXEMY:

E. =
OKB 1 1

7+7

Xl XZ

Mbl MOMyYMnM CXeMy 3aMelleHus, NpeAcTaBnsiowylo coboil 3Be3ay, npeobpasoBaHHyl0 B

TpeyronbHUK. TOKM OT KaXKAOro MCTOYHMKA BbIYUCIUM C NMOMOLLbIO KoadduumenTos pacripeaenequs C;

u C5 . 3T koapbULMEHTbI MOKa3bIBAOT Kakas YacTb Toka K3, MPUHSTOrO 3a eAuHWLy CO3AaeTcs
NCTOUYHMKOM MUTaHUS JaHHOM BETBM.

[ns psyx setseii: C; + Co = 1.

o X o X
Xl X2
_ XXy
X, +X,
X, X,
1= ) 2 =
X, + X, X, +X,
XZ XZ
Xakm_ ’ Xasz_ ,
Cl Cz







XZ _ Xl'Xz

= + X,
X, + X,
X, - X
Xowm = X+ Xy +—— | OCHOBHble (hOpMyJibl
) PMynbl ANS pacyeTa.

X, - X
X31<32 :X3+X2+¥

1

Mpumep:
OnpepenuTb ToK K3 B cneaytoLlen cxeme.

I_ SC:oo

~_ ./ $-2100 MBA

115 kB

| = 20 KM
X0=0,4 OM/Kkm

15 MBA
= [0)
115/6,3 kB Ux=10,5%

6 kB
400 A
: X =4%

15 MBA Z
6,3 KB /

Vi
Xgq =0,125
"
Eq = 6,8 kB

N

3a 6asucHoe HanpshkeHne npuHuMaem: Ug=115 kB.
1. paccunTaem CxeMy 3aMelLleHus:

u? 115°
. X, =M = =6,3 Om
Cucrema: 41 Sl(f,) 2100
Bo3aywHas nuHna: X, =X, =0,4-20=8 Om
2 2
Tpancdopmatop: X; =0,01-UK%~Uﬂ20,01-10,5-115 =925 Oum
Y SHOM 15
Peaktop: X =0,01- X ,%- YsouP ( s j2—001-4- 0 -(%jz—lﬂ Om
© A5 T P \/§'|H0MP U om ’ J3.04 | 63

2 2
v [ Y 115
Fenepatop: X, = X .(U o J =0,125-(§j =110 Om

HOM




Us 115

E’:E(’]’l- =6,8-—=124 kB
HOM 6.3
CxeMa 3ameLleHus:
U=115 kB
1/6,3
E=124 kB
4
7
/]
X, =X, +X,+X,=63+8+92,5=106,8 Om
U-;+E-; 115'10%58”24'110
— | 4 _ J —
Esps = 1 1 = 1 1 =119 kB
X, X, 106,8 110
Xy _ X + X, = 1068-110 151 _175,2 ow
X, +X, 106,8+110
Xoxm =X, +Xs+ﬁ:106,8+121+w=345 Om
4
Xoxp = Xs+ X,y + X Xy =121+110+w=356 Owm
| ’
Iy = Eois = 119 =392 4
J3-X, /31752
I, = Eois = 119 =199 4
V3-X,., ~/3-345
I, = Eois = 119 =193 4
\/§'X3R32 \/5'356
L =1 Y :199-%=3632,5 A
u.., 6,3
U, 115

_ !
|2—|2‘

=193.— =3523 4
6,3

HOM !

|, =1, +1,=36325+3523=71555 A




Pacuet Toxk0B K3 no pacyeTHbIM KPUBbIM.
Mcnonb3yeTcs npy K3 B6AM3M UCTOYHMKA NUTaHMS (Ha LUMHAX SNIEKTPOCTAHLUMMA UK Ha NIMHUSIX

. /i
6nusnexalumx K Hen) 1" = Ino - Ik

MNeproanyecKkyto COCTaBNAOLLYIO HAXOAAT MO PACYETHbLIM KPUBbLIM NPeACTaBNAIOWMM 3aBUCUMOCTb Kt

(KpaTHOCTb Nepuoanyeckoi coctanisitolLeln Toka K3) Xspacy,
[lns BpeMeHM NPUHUMAEMOrO OT Hayana BO3HMKHOBEHUS K3 yKa3aHHbIE KpUBbIE pacCcyMTaHbl AN
ofiHoro Typ6o unu ruaporeHepatopa ¢ APB (aBToMaTuyeckas pasrpyska).

X . X*5 : SHOMZ
*pacu — S ,rae SHOMZ - 3TO CyMMapHasa HOMUHa/lbHasd MOLWHOCTb UCTOYHUKA NMUTaHUA
o

Ecnu NMPUHATDb 85 = SHOMZ , 1O X*pacq = X*5 N MO paCHETHbIM KPUBBLIM OrMnpeaensaemMm ToK
. = K, -1 - K SZ& | y U
t — I\ Snom — T\¢ »\/§U ;rae "> nom - CyMMapHbIM TOK UCTOYHMKA NUTAHUS, HOM =
HOM

Hanps>XeHWe CTyneHn A KOTopoln paccMaTpuBaeTcs K3. S =K, ‘SZHOM

3agava:

OnpeaennTb TOKW U MOLIHOCTb K3 Ha LWMHaxX 3N1eKTPOCTaHLUUM Ha KOTOPOW YCTaHOBSIEHbI 3
TypboreHepaTtopa ¢ APB.

Xo=5%  l,on=200A
UHOM:GKB
K1 § 6,3 kB

Suon=15 MBA x"=0,125

3a pacyeTHyI0 6aNaHCcoBYIO MOLLHOCTb MPUMEM CYMMapHYO MOLLHOCTb Typ6oreHepaTopos.
Ss =S,ous =3:15=45muBA

~ X¢-S,. 0125-45

Xr=—j, 15 O

Xr
X perr = —=0,125 X paear = 0,125 t=0 -
Ki=8 Iyg= Ss 45 =4,1xA

V3:U, /363
lo =K;-ly =8-4,1=32,8x4
S, = K, - Sy =8-45=2360 MBA
i, =K, \2-1,=1,91-y/2-32,8 =89 x4




Pacuert TokoB K3 B ceTsix npeanpusaTUii C ABUraTe/ibHOM Harpy3Kou.
Mpun pacyeTe CUCTEM NEKTPOCHabxeHust 6-10 KB B psaae cny4YaeB OKa3blBAETCS, UTO TOKM NMOAMUTKM OT
ABUraTenst NpeBoCcxXoasT Toku K3 oT cncTeMbl.
MeToa pacyeTa ToKoB K3 ¢ y4eToM ABUraTenien 3aBUCUT OT MECTA UX PACMOIOXKEHUSI B PaCYETHOM
cxeMme.

1) PasnuuatoT paguanbHyto 2) Takxe pasnuyaroT 3) Touka K3 HaxoauTcs 3a
CXeMy B KOTOpOW CXEeMbl B KOTOPbIX TOYKa obWwmM ans asuratens n
Ka)kabl ABUraTesNb K3 HaxoauTcs 3a obwum COMpOTMB/IEHMS
CBSi3@aH C TOYKOW ANs rpynnbl ABUraTenen CUCTEMI.

TpexdasHoro K3 COMpPOTUBNEHNEM Zgy
BHELLHUM
NHANBUAYAsTbHbBIM

COMNPOTUB/IEHUEM Lgi
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Ecnv no paamanbHoi cxeme BKIIKOUEHb pa3HOTUNHbIE aABuratenn AL u C[, ¢ pa3HbiMK NapaMeTpami,
TO UX HAAO YYMTbIBaTb MHANBMAYANIbHO KaXAabl. OCTanbHas YacTb CXeMbl A0/KHA 6bITb
npeobpasoBaHa OTHOCUTESNILHO TOUYKM K3 pe3ynbTUpYOLWMM CONPOTUBIIEHNEM CUCTEMBI. ITO
COMpOTUB/IEHWNE OMpeAeNsieT COCTABMSIOWYIO Toka K3 0T CUCTEMbI HEM3MEHHYIO BO BpeMeHW. Ecnu
BHELHEEe MHAWBWAYANbHOE CONPOTUBNEHNE Zgy+ HE NpeBbliaeT 10-20% OT CBEPXNEPEXOAHOro

1

conpotueneHns asuratens (© 947 T ) |ZAi*

I *

<(0,1+0,2) XL

To npu pacyeTte Toka cocTaBnsowero Ino yuntbiBaTh He Hago. Kabenb anvHHon He 6onee 200-300
MM M CeYeHneM He MeHee 50-70 MM?

|zz0 =l -1y (ans Bcex Al kpome BAA, ABOA)
| o =12 1< - 1 (BOD; OBOA)
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roe: | p -pacueTHas nocTosHHas BpeMeHi.
MpW yyeTe BHELLHEro CONPOTUBNEHNS:
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TpA - pacyeTHasi MOCTOsSIHHasi BpeMeHu aBuratens npu K3 Ha ero BbiBogax (MO CNpaBOYHMKAM)

HauvanbHoe 3HayeHune nepmo.qmquKoﬁ cocTaBnstoLlen Toka K3 CUHXPOHHOIO ABUraTens rnpu y4eTe
€ro BHELUHEro ConpoTuBJIEHNA, KOraa 3a 6a3ncHoe ycnoBue nNnpuHNMMaroT ero HOMWHASbHBIN TOK U

HanpsiXeHue.
Il
E*O * IH

I,ZZO -
\/(Xéi + X )2 + Mo

1l Il
X d* -13 CnNpaBOYHUKA; E*o -cBepxnepexoaHoe 3/AC B HayasbHbI MOMEHT K3;

XBH*1 rBH' MHAOYKTUBHAA U aKTUBHAsa COCTaBJIAIOLWLMNE BHELWHENO CONMpPOTUB/IEHUSA

Ef = \fcosz O +(Sin @y + XJL)?

COS @j - 3TO HOMMHaNbHbIA KO3 UUNEHT MOWHOCTM A/l B pexxuMme nepeBo3byxaeHus.
3HayeHMe NeprmoanYeckomn coctaBnsitowen Toka K3 ot C1 B NpOM3BO/IbHbIN MOMEHT BPEMEHM
HaXoAAT NO pacYeTHbIM KPUBbIM.

1) CHavana onpegensieM Ipo

Iﬂt

2)No KpMBbIM A1 HY)KHOMO MOMEHTA BPEM HaXOASIT OTHOLLEHNE |
210

3) I,ﬂt = Iﬂt*'IﬂO
Anepuoanyeckast coctasnatowas Ty (AQ v CA) B ntoboi MOMEHT BPEMEHU OMNPEAENseTcs Kak:
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BbIGOQ 4yucsiia 1 MOLLIHOCTHU TQaHCQOEMaTOQOB.

Yncno TpaHchopMaTopoB, Kak M YMCIO MUTAIOWMX JIMHUIA, ONpeaensioT B 3aBUCMMOCTM OT KaTeropuwu
notpebutenen. [Ons notpebutenerr 3-el KaTeropuu, a wWHoraa W AnNs 2-OM, UCMONb3YHOT
OAHOTpaHCOpMaTOpHYO MoAcTaHUMio. Ecnn ocHoBHas 4YacTb notpebutenen 1-as n 2-as Kateropus,
NPUMEHSIIOT  ABYXTPaHCOPMATOPHYIO MNOACTaHUMIO. B BuAE WCKAOYEHMSI MHOrAa WMCMONb3YoT
TpexTpaHCc(OpPMaTOPHYO NOACTaHUMIO.

Mpun BbIGOPE MOLWHOCTM TPAHCHOPMaTOpPOB:

1. TpaHcdopmaTopbl C MoOWHOCTbIO 6onee 1000 kBA npegycMaTpuBaloT B LEXax C BbICOKOM
YAENbHOW MNOTHOCTBbIO Harpy3ku, Npyv HanMyunyM 3MEKTPONPUEMHMKOB C YaCTUYHBIMU MUKaMu
Harpy3ku (CBapoYHble annapatbl) U 3N1eKTPONPUEMHUKOB 60/bLLION MOLLHOCTM.

CTPEMATCS K Hanbonblue OAHOTUMHOCTU TpaHCOPMaTOpOB.

. pacnonaraldT B Uexe C pacyeTHOM MowHocTblo 6onee 1000 kBA He MeHblwe ABYX
TpaHCcOpMaTOpOB, AaXe eCNn TaM HET NoTpebutenen 1-on kateropum.

4. TpaHcdopmaTopbl BblGMpAOT TakK, 4YTOObI MpW BbIXOAE M3 CTPOS OAHOrO TpaHcdopMaTopa,

OCTaBLUMMCS MOr HeCTM BCKO OCTaBLIYKOCS Harpysky 1-o4 wu 2-04 KaTeropuu, npu 3TOM

noTpedutenen 3-em KaTeropnn MOXXHO OTK/THOYATb.

W N

Bbi60p MOLWHOCTH TpaHcdOpMaTOopa NO NOJIHOW PAacCYETHOW MOLUHOCTM.

1) S,

Shomr 2 2.8?7

1’4'SHOMT = sz
Mpumep: S ; =16600 xBA

I, 11 - 75%

S 7 = % =11857 xBA

MNpeanonoxwum S,,,,, =10000 xBA

MpoBepUM Ha Neperpy304Hyto CrioCO6HOCTb:
1,4-10000 <16600

1,4-10000 > (16600 —4150) 6e3 III kaTeropuu

2) BbIGOp 4YMCna M MOLLHOCTM MO MNeperpy3oyHon CnocobHocTn TpaHcdopMaTopa (MO CyTOYHOMY

rpacdvKy Harpysku).
N3 cyTouHoro rpadwka ussectHo S, S,

HaHo: S | S

S
Ky = =2 Ak

S

M

o S0 T — MPOAOMKMTENLHOCTb MAKCMMYMa Harpysku

K, — Koappuyuenm 3anonnenus epadura
Onpepensiem no k. u t:
S

k =k =255 =S
k

[lanee nposepka: Kar
S, <k,-14-S,<1,05-S,

cp —

\ Al

Mpumep: S, =18000 xBA, ¢ = 24, S, =13000 kBA
I, 11-75%




S, 13000 _

= = ——= O,
s, 18000
k,=1,18(npn k,. =0,72n t=24)
S = S, 18000 15500 kB4
k, 118

a

16000-1,4 > 0,72-18000 =13000

PazbveauHutenu. Otaenurenu. KopoTko3aMbiKaTenu. 3aMblKaTenu.

PasbeguHuTtenns QS —

270 3J'I€KTpVI‘-I€CKVIl7l annapart I'IpED,Ha3Ha‘-IEHHbIl7I Ang co3aaHna BUAUMbIX Pa3pbiBOB JIEKTPUYHECKUX
CeTeﬁ, C uenbto obecneyeHmss 6€30nacHOCTM Ntoaen OoCMaTpuBaromnx 1 peMOHTUPYIOLLNX O60pYﬂ,OBaHMﬂ
SNEKTPUNYHECKUNX YCTAHOBOK BbICOKOIO HarpsXeHus.

Otpenutenb QR b

3TO pasbeAUHUTENb C aBTOMAaTUYECKUM OTK/THOYAIOLWMM NPUBOAOM, BKITHOYAIOT OTAENTUTENN BPYUHYIO,
OHM MOFYT OTKJ1tOYATb TOKM HAaMAarHUYMBaHUS TpaHCHOPMaTOpPOB.

PR

OTO annapaT NpeaHa3HaYeHHbIN Ana co3daHus nckyccTBeHHoro K3. CoBMecTHoe npuMeHeHue
OTAENUTENEN N KOPOTKO3aMbIKaTENEN Ha NOACTAHUMSX HanpshkeHneM 35-220 kB No3BONSIET OTKa3aTbCs
OT MCMNOMb30BaHMS BbIKOYATENEN.

KopoTtko3ambikaTtenb QK J_

3aszemnurtenb QS

9TO OAHOMOMIOCHBIN annapaT BKIKOYAEMbIA B HENTPasb TPaHCHOPMATOPOB B 3aBUCMMOCTM OT peXMMa
paboTbl HEUTPann, OHa MOXET OblTb 3a3eM/ieHa U pa33eMsieHa.

MpUHUMN AENCTBUS 3a3eMINTENS U KOPOTKO3aMbIKaTeNst aHaIOMMYHbl, HO 3a3EMIUTENN BKITHOYAIOT U
BbIK/THOYAOT BPYYHYIHO.

Bbi60p M NnpoBepka annapaToB, U30JISTOPOB U TOKOBEAYLINX YacTen.
TokoBeayLwme yactu (LUKHbI, Kabenu) n Bce B1Abl annapaToB: BbIKAOYATENWN, pa3beanHUTENN,
npeaoxpaHuTenu, n3aMepuTesibHble annapaTbl AO/KHbI BbIOMPaTbCS B COOTBETCTBUM C MaKCUMaJsibHbIMU
pac4yeTHbIMU BeNUYMHaMK (TOK, HanpsKeHue, MOLWHOCTb OTKIIOYEHNS) A1 HOPMalibHOMO peXxuMma u
pexuma K3.

[Ans nx Bblbopa CpaBHMBAKOT YKa3aHHbIE pacyeTHbIE BENNYMHBI C AONYCTUMbIMU 3HAYEHUSIMU ANS
TOKOBEAYLUMX YaCTeN 1 BbICOKOBOIbTHOMO 060pyA0BaHus.

Bbibop 1 npoBepka LinH

LLInHbI BbIGUPAIOT MO pacY4eTHOMY TOKY, HOMUHANIbHOMY HAMPSXKEHWUIO, YCIIOBUSIM OKPYXKatoLLEeN cpeabl 1
NPOBEPSOT Ha TEPMUYECKYIO M ANHAMMUYECKYIO YCTOMYMBOCTD.
1) MMHMManbHas NnoLWaab CeYEHMs LWNHBI BbIBMPaeTcs NO TEPMUYECKON YCTOMYMBOCTH:

F. =1 e

TV — "o
C

|, -ycTaHoBmBLLMIica Tok K3 B A




t,, - npuBeaeHHoe BpeMs, 3To Bpemst K3 B TeueHun koToporo |, BbiaensieT Toxe KONMYECTBO TEMNOTHI,

4TO W M3MeHsIoLWMics Tok K3 3a aelicteutensHoe pemst t,, =0,2+0,25 ¢,

C- TEPMUYECKUI KO3(PDULMEHT. NS antOMUHUEBOW WMHLI C=88; ana MeaHon WnHbl c=171; ans

CaibHOM LWNHbI c=60.
2) AvHamMnyeckas yCTOMYMBOCTb XapaKTePU3YETCS AOMYCTUMbIM MEXAHUYECKUM HanpsKeHWEM Ha m3rub.

1, 76-10’3-iy2 |2
O =
i a-W
I, -ynapHbif Tok K3 B KA;

| -paccTosiHme Mexxay OnopHLIMKU U30NSTOPaMK B CM;
a -paccTosiHMe MeXAy OCSIMU LWIMH CMEeLUaHHbIX (a3 cM;

W -momeHT ConpoTuBJiIEHNA B CM3.

Mpumep:
BbI6paTh LuMHbI U NPOBEpPUTH UX B pexknme K3 ecm paro: |, =5104 ;1 =2x4;i, =51«4;

a =250 mm; 1 =900mm,
Mo pacyeTHOMY TOKY BbIGMPAEM alOMUHUEBbIE LWKHBI pasmMepom 40x5 mm ¢ 1, =540 4

\ /t [
F, =1 == 2000-—§é2 =10, 2 un’
c

BblCUMTbIBAEM MOMEHT COMPOTUB/IEHNSA MPU PACMONOXEHUMN LWNH NaALLIMS:

b-h?
W =
6
Mpy pacronoXeHnu LNH Ha pebpo:
b?-h
W =
6

roe: b - TonwmHa nonocel (5 MM)
h - BbicoTa (LWMpUHA) WiHBI (40 MM)

b-h? 0,5-4%

=1,33cea’
6 6

[ns Hawero npumepa: W =

oL 76-107-i,%-1° 1,76-10°.5,1-90°

=11,2 Mlla
P a-W 25-1,33

Gdon an = 80MIYaI Gdon Mmeou :17OMHaI Jbon cmanu :190MHa
F. =10, 2 mm® < S = 200 mri®
Oponas =80Mlla> o, =112 Mlla

Bbi60p 1 npoBepka kabeneun.
Kabenu BbIGMPaloT MO pacYETHOMY TOKY, HanpsXKEHWUIO CNOcoby NPOKIAAKK YCTOBUAM OKPYXKatoLLEeN

cpeabl ¥ NPOBEPSIOT Ha TEPMUYECKYIO YCTOMUYMBOCTL Npu K3.
MpoBepka Ha TEPMUYECKYIO YCTOMUMBOCTb:




min S c
MNpumep:
NaHo: Antomunmessint kabensU =10«B; cevenvem S, =35MM2; l,,=1,6=65004;
tnp = t8blK/l +t3au4
t,. = [0,15+0,2]; tww =[0,05+0,5]

t, =t +t., =0,15+0,45=0,6¢

np 6bIKII

S,i, = 6500 —“136 ~ 60 um’
Siin < 'S, He BbINOMHSIETCS

ecm t,,=0,2¢, 10 Spyip = 6500—‘:;2 =35 um°

Bbi60p 1 NpoBepKa peakTopoB
PeakTopbl BbIGUPAIOT NO paC4ETHOMY TOKY JIMHUKU M 3aAaHHOMY AOMYCTUMOMY TOKY K3.
Bbibop peakTopa cOCTOUT B OnpeaeneHnm ero MHAYKTUBHOIO CONPOTUBIEHUS Xp%), KOTOpOe
HeobXoAMMO BKNIOYMTL B AAHHYIO Lenb, YTO6bl CHM3UTL |, A0 3HayYeHuns |, . .

Xp% MOXHO onpeaenuTb no opmyrne:

I
X, % = —"2—-100%
K300n
|, "HOMUHA/TbHBIA TOK peakTopa Mo KaTanory, 65M3kuin K ToKy Len.

Mpumep:
HeobxoanMo BbibpaTh peaktop, utobbl B imHun U, =6xB 1, =900 4 chmants go 1,5, =19,3x4
Bbibupaem peaktop umetowmii |, =1x4, 1,  =1xA4
1
xp%=1—-100%=5, 2%

o koTopOMYy AaHHOMY yCnoBuio yaosneTeopseT peaktop PBA-6-1000 HanpsxxeHueM 6kB, Xp% =6%

Bbi60p M NpoBepkKa BbIKAO4YATENIEN BbICOKOIO HaNpsi)KeH!UA U pasbeanHUTeNnen
BbikntouaTtenn BbI6UpaOT N0 HOMUHANBHOMY TOKY M HanpshKeHWI0, KOHCTPYKTUBHOMY MCMOSTHEHWIO,
poay YCTAHOBKM W NPOBEPSIOT HAa TEPMUYECKYIO U AMHAMUYECKYHO YCTOMUMBOCTM U OTKJIHOUAOLLYHO
CNOCOBHOCTL B pexxnme K3.

Ha TepMMyeckyto yCTOMUYMBOCTL BbIK/THOYATENM MPOBEPSIOT MO CeayoLEMY YCIOBUIO:
2 2
17t >12-

H n
” p

2
ItH - HOMUHaNbHbIN TOK TEPMUYECKON YCTOMUYMBOCTM BbIKIOYATENS , 3a1aBaEMbI 3aBOJIOM

N3roToBUTENEM
tH - HOMMHaNbHOE pPacYeTHOE BPEMSI TEPMUYECKOM YCTONYMBOCTY

|, =19&4 - 310 03HAuaeT ,4TO BLIKIOYATENb BblAEPXKMBAET TOK 19 KA B TeueHum 5 c.

[IMHaMWyeckyto yCTONUYMBOCTb BbIK/OYaTENs MPOBEPSIIOT CPaBHEHWEM pacyeTHOro yaapHoro Toka |,




C MaKCMMasbHbIM JOMYCTUMbIM TOKOM K3 |, Ha KOTOpbI paccuMTaH BbIK/OUATENb:
L, <1,

YcnoBre NpoBEPKM BbIK/IIOYATENS HA OTK/IOYAIOLLYIO CMIOCOBHOCTD:

SK S SOmK

S, - pacueTHas MowHocTb K3

S, - OTK/IIOUAIOLLAA CNOCOBHOCTb BbIK/HOYATENS
PazbeanHUTENN BbIGUMPAIOT U MPOBEPSIIOT TaKXKe, KaK W BbIK/IOYATENN, HO HE BbIMOJIHAETCS NPOBEPKA
Ha OTKJTHOYAIOLLYO CMOCOBHOCTD.

Mpumep:
HeobxoamMo BbIbpaTh BbIKNOYATENb W pa3beanHUTENb AN TMHUN CO CNeayowWwmMMm napameTpamu:

U,=10xB,1,=5004,i,=20x4,1, =1,=14x4,t =2c.
Bbibupaem BbikodaTens BMT-10 (630 A, U, =10«B)

PacuyeTHble AaHHbIE JlaHHble KaTanora
U, =10«xB U, =10xB
| =5004 | =630 4 [ MPOBEPKa MO HOMUHAMLHOMY TOKY U
C ! HanpsXeHWIo
) & 2_ 20xcA ) I, =52KA - npoBepka Ha AMHaMNYECKYIO
. ‘L, =14%-2=392x4" - c YCTOMYMBOCTb
S, =~/3-U, -1, =+/3-10-14 = 242 MBA ljg -ty =147 -10 =1960xA" - c -TepMmueckas
CNocobHOCTb
S,,,. =350MBA - otkniovarowas cnocobHOCTb
l,,.=20xA
Bblbupaem pasveamHutens: PB-10/600
PacyeTHble faHHble [laHHble KaTanora
U, =10«xB U, =10«xB
| =5004 | — 6004 [ MPOBEPKA MO HOMUHANLHOMY TOKY U
. " HanpsKeHWIo
I =20xA4 .
2 y ] 0 ) I, =35kA- puHamMnyeckasi yCTONUMBOCTb
I, =147-2=392x4" -c |2 -t, =207 -5=2000x4" - ¢ -Tepmmuueckas
S, = \/§-UH -, = /3:10-14 = 242 MBA CNoCcobHOCTb

Bbi60p 1 NpoBepka NnpeaoxpaHUuTeneu

Nx BbIGUPAIOT MO KOHCTPYKTUBHOMY UCMOMHEHUIO, POAY YCTaHOBKM , HOMUHANIbHOMY TOKY U
HaNpsHKEeHUIO 1 MPOBEPSIIOT Ha OTK/TIOYAIOLLYIO CMOCOBHOCTb:
e > 1, S, > S,

om

Bbl60p 1M NnpoBepka BbiKJOUYaTENeH Harpy3ku
BbI6VpatoT Mo HOMUHANBHOMY TOKY M HampsHKEHWUIO, U MPOBEPSIOT HA TEPMUYECKYIO U AMHAMUYECKYHO
YCTOMUMBOCTb, @ TaKXKe OTKJIHOYaOLLYH0 CNOCOBHOCTb B HOPMasilbHOM paboyeM pexxuMe, a NpoBEPSIOT B

pexume K3.

omi

Ycnosusi: i, >,

SOmK Z SK
BbIGOQ MU NPpOoBEPKa TQaHCg!OQMaTOQOB TOKa




BblbupaloT no Tuny, poay YCTaHOBKM, HOMMHANbHOMY TOKY M HamnpsKEHWIO, MO Harpyske BTOPUYHbIX
Lenen obecneymBaloLLeil NOrpeLlHoCTb B Npeaenax NacnopTHOro Kacca TOYHOCTU M NMPOBEPSIIOT Ha
TEPMUYECKYIO Y ANHAMUYECKYIO YCTOMYMBOCTb K TOKaM K3.
1) YcnoBue TepMUYECKON YCTONYMBOCTMU:
g1 b
t— T

HOM

A

E. - kpaTHOCTb TepMUUecKoit yCToOMUMBOCTH (MPUBOAUTCA B KaTasorax)
2) Ycnosue AMHaMUYeCKon YCTOMUYNBOCTH:

K,,N2-1,>i

E .. - KoadduumeHT anHamMmnueckoit ycroumeoctu (B KaTanorax)

3) Bblbop TpaHcchopMaTopa Nno YC/I0BUSIM BTOPUYHON LiENU
Sy 25,
S,; - HOMMHaNbHas MOLLHOCTb BTOPUYHON 06MOTKM (NMPUBOANTCS B KaTanorax)
S, 5 - pacyeTHas MOLLHOCTb BTOPUYHON O6MOTKM B HOPMaSIbHOM peXnMe
S,, =S, +13(r, +1)
S, 5 - MoWHOCTb NoTpebnexns npubopamm n pene
|, - Tok BO BTOpUUHON 06MOTKE

I} s - CONpOTMBNEHNE NPOBOAOB

2
SZp _Snp_ IZrK
np |2

r =0,10m
MpuMep: (Npoao/mHKeHNe NpeabiayLero npumepa)
U, =10«B, I, =500A,iy =20r4,1 =1,=14k4,t  =2c.

PB-10/600
Bbibupaem TpaHcdhopmaTtop Toka: TMOd-10-600-0,5
K, =130
K, =80
PacyeTHble faHHble [laHHble KaTanora
U, =10«xB U, =10«B
| =5004 | =6004
i, =20xd i, =K, N2-1,=130-y2-0,6 =110x4
121, =14%-2=302x4" ¢ K, -1> =(80-0,6)% =2300kA* - ¢

Bbi60p 1 npoBepka TpaHcHOPMaTOPOB HaNPSAKEHUMN
Bbl6MpaloT N0 HOMUHANILHOMY HaMPSHKEHWUIO NEPBMYHON LiENW, MO TUMy, poay YCTaHOBKM, Knaccy

TOYHOCTW U Harpy3ke, ornpeaensieMon MOLLHOCTH, KOTopas noTpebnseTca KaTywkaMu npubopos v pene.
MpoBepsOT Ha AONYCTUMYIO MNOMPELIHOCTL N3MEPEHUS:

S, >S,




S; - HOMMHa/LHasA MOLLHOCTb BTOPUYHON 0BMOTKM

S, - pacueTHas MOLLHOCTb NOAKIOYaEMbIX NMPMBOPOB U pere (U3 CNPaBOYHUKOB)

Pe)xuMbl paboTbl HeliTpanei TpaHCHPOPMaTOPOB U UCTOUMHUKOB JIEKTPUUECKOW SHEPrumn
HenTpanb — obLas Touka coeaMHeHnsi 06BMOTOK reHepaTopoB, TPaHC(OPMATOPOB, a TakXe NpoBoA,
COEAMHEHHbIW C 3TOM TOYKOMW.

B 3aBMCMMOCTM OT pexxnma paboTbl HEMTPanu CeTU AeNsSTCs:

1. ceTn c HeE3a3eMNEHHBIMU UM U30/IMPOBAHHLIMU HEUTPANaMK;

2. CETU C pe30HaHCHO — 3a3eMJIeHHbIMW (HEKOMMEHCUPOBAHHLIMW) HEUTPANAMK;
3. ceTn ¢ 3hHEKTUBHO 3a3EMJIEHHBIMU HENTPANaMu;

4. CETU C INYXO0 3a3eMJIEHHbIMU HEUTPANSIMW.
PexxuM HeWTpanu onpeaensieT Tok ogHodasHoro K3 1 B 3aBUCMMOCTU OT €ro BEINYMHBI CETU

LENnaTCs Ha CeTU C ManbiMK TOKaMM 3aMblKaHus Ha 3eMnto MeHee 500 MA (cetn 1 m 2 rpynnbl) U €
601bLWNMN TOKaMK 3aMblkaHusl Ha 3emnto 6onee 500 MA (cetn 3 1 4 rpynnbl).
CeTun C U301MpOBaHHON HENTpPanblo MOryT BbITb CneaytoLwero Buaa:

'

PucyHok 1.

R
7

PucyHok 2.
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HenTpanb B Takux CETAX MOXET ObITb:

1. MONHOCTLIO M30/IMPOBaHa OT 3eMnn (puc. 1);
2. CBsi3aHa C 3a3eM/IsWMM YCTPOMCTBOM Yepes annapaTsl, uMetowwme 60nbluoe ConpoTUBIeH e

(puc. 2), nMb0o yepe3 peakTopbl KaTyLWKN, KOMMEHCMPYIOLLUME EMKOCTHOM TOK CETW.
Mpu HapyLeHnn n3onsumMn ogHow Gasbl BO3HNKaeT oaHodasHoe K3. HanpsxeHne aTon ¢asbl

OTHOCMTeNbHO 3eMnu paBHo 0. HanpsxeHne AByx Apyrux a3 OTHOCUTENBHO 3€MIN PaBHO

PucyHok 3.




MexaydasHOMY HanpsHKEHWIO, @ TOKM 3TUX ABYX a3 yBENMYMBAIOTCS B 3 pasa N0 CPaBHEHWUIO C TOKOM
0AHON (ha3bl B HOPMASIbHOM peXxuMe.

3-3a Manoi BennunHbl Tok K3 He BAnSeT Ha MexaydasHble HanpsXeHUst U pexxuM paboTbl
3/1EKTPONPUEMHMKOB. 03TOMY B Takmx ceTsix K3 cunTaeTcsl He aBapuiHbIM, @ NLLb aHOPMasibHbIM
PEXMMOM, NPU BO3HMKHOBEHMMN KOTOPOrO MOXET OCTaBaTbCS BK/IKOYEHHON B TeYeHMe 2 YacoB.

!

KoadduumeHT 3ambikaHus Ha 3emnio: k., = U—”",

Hn

roe U/ - HanpsbkeHve noBpexxaeHHon dasbl npu K3 B apyron dase,
U, - HanpsbkeHune 3Toi (asbl B HOPManbHOM peXuMe.
B AaHHOM criyyae B ceTsX C U30MMPOBaHHOW HewTpanbto k =1,3.

C 130/1MpOBaHHON HeWTpanblo paboTatoT cieayrowme ceTu:

1. TpexdasHble ceTn 6-35 KB, B KOTOPbIX TOKM 3aMblKaHWS He NPEBbILAKT AOMYCTUMbIX 3HAYEHWN;

2. Tpexda3sHble TpexnpoBoaHble ceT Ao 1 kB — cetun (220...660)B;

3. BCE CETU HMU3KUX HAMNPSXXEHMIN, B KOTOPbLIX ANnst obecrneyeHnss 6e30nacHOCTV ntoaen
npeaycMaTpuBaloT 3alUTHBIE MEPOMPUSTUS], HE CBSI3aHHbIE C MPUMEHEHMEM 3a3eM/IEHNS, T.e. 3alnTHas
n30nsaums, pasgensowmne TpaHchopMaTopsl.

CeTu C 3a3eM/IEHHOM HEWUTPaANbIO:

e
%

PucyHok 1.

e
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|

PucyHok 2.




PucyHok 3.

B ceTsx ¢ 3a3eMNeHHOM HEUTPasblo HEUTPanb MOXET 3a3eM/IATLCS:

1. rnyxo (puc. 1), T.e. C NnoMoLblo NpoBoaa 6e3 conpoTUBNEHMN;

2. Yyepes Manoe conpoTuBeHne, HanpuMep, TpaHcdopmaTtop Toka (puc. 2). Takoe coeguHeHne —
3(pheKTUBHO 3a3eMIeHHas HeENTparb.

3. yepes HaCTPOEHHbIE MHAYKTMBHOCTU (Ayroracawme kaTywku), bnarogaps 4emy Tok B MecTe
3aMbIKaHUSt MOXKET OKa3aTbCs paBHbIM 0. Takasi CETb Ha3bIBAETCS CETbIO C PE30HAHCHO 3a3eMJIEHHOM
HenTpanbto (C KOMNEHCUPYIOLLEN HEWTPANbIO).

CeTn C rnyxuMm 3a3eMNieHneM HeWTpanu uMeroT k=1

Ans 3pdekTBHO 3a3eMneHHon HenTpanu k <14

4. TpexdaszHas YeTblpexnpoBOAHAs CETb C 3a3eMJIEHHbIM HYNIEBbIM NPOBOAOM (puc. 3).

B ceTax € rnyxo 3a3emMneHHON HenTpanblo 6onblune Tokn oaHodasHoro K3 aBnsioTcs NpUYMHON
YCNOXHEHMS! 1 YAOPOXaHMS 3a3€MASIIOLLMX YCTPOUCTB, HO NPU 3TOM M301aumsa dasHbIX MPOBOAOB MOXET
6bITb paccumMTaHa Ha (ha3HOe HaNpsXKEHWE, YTO CyLLeCTBEHHO Npu HanpsbxeHnsx 110 kB u Bbiwe.

[ns orpaHnyeHunst Toka K3 B cucteme 3C NpUMEHSIIOT 3a3eM/IEHNE HEMTPANM He BCeX paboTaroLmx
TpaHCcOpMaTOpOB, a TOMbKO MX YacTu. Te YacTu HEMTPanu, KOTOpble HE BK/IIOUYEHbI B paboTy,
Ha3bIBalOTCS Pa33eMSIEHHON HENTpasnblo.

[Insi BO3MOXXHOCTWN pa33eM/IEHNS HENTPaN NPUMEHSIOT OAHOMOMIOCHBIE 3a3EMNUTENM, NapanenbHO
C KOTOPbIMW YCTAHABNMBAKOTCA paspsAHMKN. PaspsaHMK 3alimILaeT U305LUMI0 HYN1eBbIX BbIBOAOB
0bMOTOK Ha criydan paboTbl C pa33eMIEHHON HENTpPabIO.

[Nyxoe 3a3eMeHne HenTpanu NpUMeHsIIOT B ceTsix 110 KB v Bbille, B YETbIpEXNPOBOAHBIX CETSIX
380/220 n TpexnpoBOAHbIX CETSAX NOCTOSIHHOIO TOKa.

Pacuet TokoB ogHoda3Horo K3

B ocHOBY pacueTa HeCMMMETPUYHOro Toka K3 nonoXeH MeToa CUMMETPUYHbLIX COCTaB/ISIOLLMX,
COrfiacHoO KOTOpoMy Ntobasi HeCUMMETPUYHas CUCTEMA BEKTOPOB 3aMEHSIETCS TPpeMS YCIOBHbLIMU
CMMMETPUYHBLIMW COCTaBNAIOWMMI NPsSIMOM 06paTHOM M HYNEBOWM NOCNeA0BaTENbHOCTHU.

Mpsamas nocneaoBaTenbHOCTb aHaNorMyHa CXeMe 3aMelleHns ANs pacdeTa TOKoB TpexdasHoro K3.

[ns npsiMon nocnefoBaTeIbHOCTU COMPOTUBNIEHUS T XKe, HO HET COMPOTUBIIEHMS] FeHepaTopa
(UCTOYHUMKA).

B cxeme HyneBou nocnefoBaTeIbHOCT COMPOTUBNIEHME TpaHChopMaTopa He MeHsieTcsl, a byaeT
MeHATbLCA conpoTusieHue BJ1 u KJ1.

BJ1 Xo/X1
1. ogHouenHas NnHus 6e3 Tpocos 3,5
2. OQHOUEnHas /iMHMUA CO CTallbHbIMU TPOCaMu 3
3. ogHouenHas fiMHUS € TpoCaMu M3 LIBETHOrO MeTasa 2
4. pByxuenHas nmHus 6e3 Tpocos 55
5. aByxuenHas NMHUA Co CTanbHbIMKU TPOCaMu 4,7




6. AByxuenHaa JInHnAa C TpoCaMn U3 LUBETHOIO METas1a

Ons K Xo/X:1=(3,5...4,6),
raoe Xo — CONpoTUBNEHME HYNEBOMN NOCTIEA0BATENBHOCTMH,
X1 - CONpOTUBNEHME MNPSIMO MOCNEA0BATENBHOCTY.

2x16MBA

6,3xB 2x7,5MBA
1® =10000A
| =8300A
X, = 0,424
KM
U, =10,5%
| =12xm
X4 =0,121
E/=1,07
3
11 :%26,650114
T J3-10%10
_ U6
Xl,l - \E | @)
MNpumem U, =115«B.
Xl,z =X,-1=0,4-12=4,80m
3
Xy, = Xy, =2 Ys _010541510°_ o7
’ “ 100 S 16-10
3
Xis = Xpe = Xgs - LSJ = 0,121-171:.183 = 2140m.
3 o
= 2z 87 214
6,65 4.8 LYY | Y'Y\,
LYY Y Y5
115«B 4 6
87 214
115
U=—""2-
J3

CocTtasnmM CXEMY 3aMelleHna angd 06paTHOﬁ nocnenoBaTebHOCTU:




10,7 16,8 Y Y|

@
Ecnv ussected 1, To no dopmyne L :L\ﬁ onpenesnsem
\/3_) 2 X1,1 + Xo,l
3
X, = BY 5y NBUSIO ;6 ee 1070w

1@ 8300

Bo3bMeM % =5,5, Toraa
1

X, =X,-55=12.0,4-55=16,80u

TpexdaszHoe K3:
OT cucrembl 1o K3:
X1+ X;, =6,65+4,8=11,450m

Ot reHepatopa ao K3:
X X
113; 1s 87 2214 —150,50m

Xlz =11,45]|150,5 =10, 640m
3
1@ zﬁzemo,q
J3-10,64

Tok aByxdasHoro K3:
|® = 3 |1® =54004

Pe3ynbTupyloLlee conpoTUBEHNE HYNIEBOM NOCNEAOBATENbHOCTU:
87
Xy =(10,7+16,8)]| - =16,850n

® _
XQ =2.X,

19 =31, =

> +on
3-U, _3'115'103

ﬁxg - 338,13

=52204.




