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MeToanueckue yKkazaHus

T10 BBITTOJTHEHHIO NPAKTHYECKAX PadboOT
1o aucnuruinHe «IlepexoHble MPOLECCH B AIEKTPOIHEPIETUUECKUX CUCTEMAX)
JUISL CTYJEHTOB HanpaBieHus NoArotoBku 13.03.02 DnekTpo3HepreTuka U 3IeKTPOTEXHUKA
[epenaua u pacnpenesieHHE IEKTPUIESCKON SHEPTUH B CHCTEMaX DIIEKTPOCHAOKEHNUS

(3JIEKTPOHHBIM JIOKYMEHT)



Conepxanue

1. O6uiue cBeieHHs MO BBITOJIHEHHUIO TPAKTUYECKUX pabOT

IIpakTtnuyeckoe 3ansatue Nel. Crpykrypa 3yekTpodHepreTuku. OCHOBHBIE
TEPMUHBI U ITOHATHS.
IpakTHuyeckoe 3anaTue Ne2. banaHc 3JIeKTpUYECKONU SHEPTUU

IIpakTuyeckoe 3aHATHE Ne3. Maremaruueckoe OIMCAaHUE
AIEKTPOMEXAHUUYECKUX MEPEXOJIHBIX ITPOLECCOB B AJIEKTPOIHEPrETUUECKUX
CUCTEMAX ISl UCCIENOBAHUS YCTOMYNBOCTH

IIpakTnuyeckoe 3ansiTue Ned. YCTOMYMBOCTh PEKHMOB CHUCTEM IIPU MAJIBIX
BO3MYILECHUSX

IIpakTuyeckoe 3ansiTue NeS. PacueTHbIE COIPOTUBIICHUS PEAKTOPOB
IIpakTuyeckoe 3ansitue Ne6. Harpes npoBooB TokoMm K3

IIpakTueckoe 3anaTue Ne7. Pacuer Toka K3

IIpakTuyeckoe 3ausitue Ne8. Pacuer Toka yaapHoro K3

IIpakTuuyeckoe 3ansaTue Ne9. Pacuer Tpexdaznoro Toka K3



Oo0mue cBeeHNS M0 BBINOJTHEHUIO
NPaKTHYeCKUX PadoT Mo nmepexoaHbie Mpouecchl B
3JIEKTPOIHEPTreTHYECKUX CHCTEMAX

[enbto paboOThl sABISIETCS YIAyOJieHHME U 3aKperuieHue MNPUOOPETEHHBIX
TEOPETUUYECKUX 3HAHUM TyTEM JKCHEPUMEHTAIBHOM IPOBEPKHU TEOPETUUECKUX
MMOJIOKCHUH.

B pesynbpTaTe BBIMOJHEHHS TMPAKTUYECKUX pabOT CTYIEHTHI JOJDKHBI
NpUOOPECTH YMEHMS M HAaBBIKM 1O COOPKE M MCCIICIOBAHHUIO AJICKTPUUYECKUX U
MAarHUTHBIX LENEl, W3MEPEHUSIM DJJIEKTPUUECKUX BEJIWYHUH, HCIBITAHUIM
TpaHc(OpMATOPOB M DJISKTPHUCCKUX MAIMH. TeMaTuKa IPaKTHYECKUX padoT
MOJTHOCTBIO COOTBETCTBYET COJIEPIKAHUIO OCHOBHBIX Pa3/IeiOB Kypca, H3y4aeMOro
B BBICIIIUX TEXHUYECKUX YUCOHBIX 3aBEJICHUSX.

OCHOBHBIE TPABUJIA BBINOJHEHUSA MPAKTHYECKHUX PA0OT

VYyeOnast rpynna (Wid noArpymnmna) pasouBaeTcsi Ha OpUrajbl, YUCIO0 KOTOPBIX
yKa3bIBaeTCs MpenojaBaTesieM, a COCTaB OpUraji KOMIUIEKTYETCS CTyJICHTaMH Ha
n00poBOJIbHBIX Hauajax. CHUCOK Tpynmbl (MMOATPYMIbI), pa30UTON HAa OpUTrajbl,
CTapocTa MPEIOCTaBIISIET MPENOIaBATENI0, BEAYLIEMY TPAKTUUECKHUE 3aHATHS.

[lepen kaxabIM 3aHSITHEM CTYJEHT OO0s3aH MOJATOTOBUTHCSA K BBINOJHEHUIO
MPaKTUYECKON pabOThl MO TAaHHOMY METOJUYECKOMY MOCOOUI0 U PEKOMEH1yeMOM
mutepatype. llepen HadamoM paboOThl MpenojaBaTesib MPOBEPSIET 3HAHUSA
CTYJIEHTOB IO COAEP>KaHUIO BBIMOJIHAEMOMN pabOTHI.

IIpakTn4yeckas padora Nel

MartemaTn4yeckoe onucanue 3J1eKTPOMEXaHMYECKHUX MepexXoHbIX IPOLeCcCOB
B 3JIEKTPOIHEPreTHYECKNX CHCTEMAX /IJIsl MCCIeJOBAHUS YCTOHYHUBOCTH.
3HaTh: QU3MKY NEpPEeXOAHBIX MPOLECCOB B ANEKTPOIHEPTETUUECKUX CHUCTEMAx M

UX OCHOBHBIX 3JIEMEHTAaX;
YMeTh: aHanM3UpoOBaTh pE3yibTaThl pacyeTa TMEePEeXOJHbIX MPOLECCOB s
NPUMEHEHUSI B PEAIbHBIX JJICKTPOIHEPIeTHUECKUX CHUCTEMaX U CHCTEMax
AIIEKTPOCHAOKEHHUSI.
BuageTn: HaBbIKAMU pacueTa TUTIOBBIE EPEXOIHBIE MPOIIECCHI

AKmyansHOCmb membl:

3akmroyaeTcsi B HEOOXOJUMOCTH MPUOOPETEHUSI HABBIKOB IO PACUETy
NEPEXOAHBIX POLECCOB
[TpuBecTH K reHEpaTOPHOMY HAIPSHKEHUIO COMPOTUBIIEHUE Z B CXEME Ha puc. 4a.
Koaddunuents! Tpanchopmannu Tpanchopmaropos:

U,/U, = 10,5/38,5; Us/U, = 35/6,6; Us/U, = 6/0,4.

Pewenue
1. [TpubnuxeHHOE NIpUBEACHUE TI0 YpaBHEHUO (12):



Z, = Z (U1/Ug)* = Z (10,5/0,4)* = 689 Z.
2. TouHoe npuBeneHue no ypaHeHuto (11):
Z1=Z ((Us U3 Up)/(Ug Us Up))2 = ((6 - 35 - 10,5)/(0,4 - 6,6 - 38,5))* = 470,6 Z.

Ommbka npu pacuere Toka K3 3a conpoTusienuem Z, onpeaesieHHbIM 10
ypaBHeHHIO (12), OyneT oueHb BeJIUKA.

7e J1/112 Ia1I4 Is/a 7 4
a) (p— | — —( T«
6) (~) = — f i

CxeMbl TPUBEJEHUS K PACUETHOMY HAIPSKEHUIO TPU HECKOJIBKHUX
TpaHchopmaropax: a — UCXOAHas; O — pacyeTHas

B cxeme Ha puc. 4 Tok K3 3a conporuBiieHreM Z ONpeAesieH MpU pacueTHOM
HanpsbkeHur U; = 11 kB. Onpenenuts AeHCTBUTENbHBIE TOKW NpU HarpspkeHnn Uy =
Us; Uy = Us, Us. Koadbdurmentsr tpancopmarmu ykazanel B mpumepe 1
CONPOTHBJIEHNUS TEHEpaTOpa 1 JIMHUI He yuuThiBaTh (Zc = 0). Bemmuuna Z =470,6 Om.

Pewenue
Tox K3 1) = U/(+/3-Z) = 11000/(~/3 -470,6) = 13,51 A mpu reHepaTopHOM
HanpsbkeHnu 1 1kB. [IpuBenennsiii Tok K3 paBeH:
—Ha cropone U, = U3 1, =13,51-10,5/38,5 = 3,685 A;
—Ha cropone Uy = Us 1, =3,685-35/6,6 = 19,54 A;
—Ha cropone Ug lg = 19,54-6/0,4 = 293,1 A.
Ecnu monp30BaThes cpeTHUMU HOMUHATBHBIMU HAIPsDKEHUSIMHA, TO TOK K3 Oymer
paBeH:
— Ha resepaTopHoM Hanpsokerun 10500/+/3 1689 = 8,81 A;
—Ha cropone 0,4 kB 8,81-10,5/0,4 = 231,23 A.

Konmponwnvie éonpocut:

1. Kakum oOpa3oM cBsi3aHBI pacyueTHbIE aKTHBHAas H pPEaKTHBHAsS
MOII[HOCTHU?
2. B kakom ciiyyae HEOOXOJMMO MPOBECTH KOPPEKTUPOBKY pacUETHOM

AKTUBHON MOITHOCTH?
IlepeyeHb OCHOBHOM JIUTEPATYPHI:
1. [Mununenko, B.T. DnekTpoMarHuTHbIE NEPEXOJHBIE MPOLIECCHI B

ANEKTPOIHEPTETUUECKUX CUCTEMAaX: yueOHO-MeToanueckoe nocooue/ B.T.
[Tununenko; OpenOyprekuii roc. yH-T. — Openoypr: OI'Y, 2014. — 124 c. Pexxum
noctyma: http://biblioclub.ru/index.php?page=book_view_red&book id=330565

IlepeyeHb 1OMOJHUTEIBLHOU JIUTEPATYPbI:
1. KyBmnHoB A.A. Teopus snexkrponpuBoga. Hacts 3: [lepexoansie

MIPOIIECCHI B AJIEKTpOIpuBoIe: yueonoe mocooue/ A.A. Kysmunos, 3.J1. ['pexos;


http://biblioclub.ru/index.php?page=book_view_red&book_id=330565

OpenOyprckuii roc. yH-T. — OpenOypr: OI'Y, 2017. — 114 c. Pexxum noctyna:
http://biblioclub.ru/index.php?page=book_view red&book id=481766

IIpakTu4yeckas padora Ne2

YCcToiiuMBOCTH PEKMMOB CHCTEM NPH MAJIBIX BO3MYILIIEHUSIX.

3HaTh: (QU3UKY NEPEXOTHBIX MPOIECCOB B AJIEKTPOIHEPTETUUYECKUX CHUCTEMaX U
UX OCHOBHBIX 3JIEMEHTAX;
YMeTh: aHaNM3UMpOBaTh pE3ydbTaThl pacyeTa IEPEXOJHbIX MPOLECCOB s
OPUMEHEHUSI B PEAIbHBIX 3JIEKTPOIHEPreTHUECKUX CHUCTEMaX M CHCTEMax
AIEKTPOCHAOKEHUS.
BuageTn: HaBbIKaMU pacyeTa TUMIOBBIE MIEPEXOIHBIE MPOIECCHI

AKmyanoHoCmb membl:

3akiroyaeTcss B HEOOXOJUMMOCTH MPUOOPETEHUS HABBIKOB [0 pacyeTy
IIEPEXOAHBIX IIPOLECCOB

OT WHH NOACTAaHUMU C BTOPUYHBIM HampstkeHuem 11 kB murarorcs Tpu JIMHUM.
[lepBasi JMHHS BBIIONHCHA AMIOMHHHCBBIM KabemeM 3x50 Mm°, Bropas —
aTIOMUHUEBBIM TIpoBOAOM AS50, Tperbsi — cranmbHbiM mpoBoaoM [IC-50. Inuna
kaxaou auaun 5 kM. Tok K3 nHa mmuax 11xkB 3000 A. Onpenenuts Tok K3 B
KOHIIE Ka)KI0M JTUHHUH.

Pewenue
Comnporusnenne 99C, npuBeeHHOE K mKHaM 11 kB, paBHO:

Xc = 11000/+/3 3000 = 2,12 Owm.

Conpotusnenue kadens 10 kB no [punoxennto 7 paBno: R =0,62-5=3,1 Om; Xk =
0,09-5 = 0,45 Om. Tok K3 B koHIIe KaO€IbHOM JTMHUH PABEH:

. 110000
J3./(212+0,45)% + 3,12

=1579 A.

Ha puc. a nan yeprex onopsl aunuu 11 kB, a Ha puc. 6 — BcomoraTenbHOE
rnocrpoenue st onpeaeneHus Dep. Y3 pucyHka BUAHO, 4TO

DB =250 + 170 + 250 = 670 mm; AD = DC = AC/2 = 750 mm.
N3 tpeyronbauka ADB

AB = +AD? + DB? =+/7502 + 6707 = 1000 mw,
Dcp = 3/AB - BC - CA =3/1000-1000-1500 = 1150 mMm
[To Tpunoxxennro 2 Dp = 9 mm anst mpoBoga A-50:
X =0,144-1g 2-1150/9 + 0,016 = 0,364 Om/kMm,
a cornpoTuBiieHHE (Pa3bl BCEH JIMHUH
X =0,364:5=1,82 Om.




Takol ke pe3ysbTaT MOKHO NTOy4uTh 1o [Ipunoxenuro 27.
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K pacucTy HHAYKTHUBHOT'O COIIPOTUBJICHUA JINHHUA

AKTHBHOE conpoTusiieHre nposojaa A50 no I[Ipunoxennto 2 paBHO
r=0,576 Om/km, conpotuBiienre oHoM (a3el tuauu 111 = 0,576-5 = 2,88 Om. Tok
Tpexdaznoro K3 B koHIIe TMHUN

@ _ 110000
© 34(2,12+1,82)7 + 2,882

Ecnu K3 conmpoBoxaercs ayroi aiuHout 1200 MM (mpuMepHO cpeHee
pPacCTOSIHUE MEXTy MPOBOJAMU, YTO CIPABEIIMBO i iepBoro Mmomenta K3), To
= 1000-1,2
1310

=1302,9 A.

=0,92 Om,

11000
U TOK I(kg) =

J3(212+182) + (2,88 +0,92)2

i 0,891 Toka, onpeieneHHoro 0e3 yuera JTyTH.

Takoe He3HAUMTEIbHOE YMEHBIICHHE TOKa OOBSCHSIETCS TEM, 4TO
COMPOTHUBJICHHUE IYT'H MAJIO IO CPABHEHUIO C AKTUBHBIM CONPOTUBJICHUEM JIMHUH.
st cranbHOTO TipoBoja Dp = 9,2 MM 1 BHElIHee MHIYKTUBHOE CONPOTUBIICHUE
no ypaBHeHuto (15):

Xpaem = 0,144-1g 2-1150/9,2 = 0,347 Om/xm.

3HaYeHNE BHYTPEHHETO UMHAYKTUBHOTO COMTPOTUBJICHUSI HE PACCUUTHIBACTCS,
TaK Kak 3aBUCUT OT TOKa U ompeaesieTcs mno [Ipunoxenuto 25.
3amaemcst mipeAnonaraeMbiM TokoM Tpexdaznoro K3 400 A; Xeayr = 0,3 OM/KkM.
AxTtuBHOe corpotusienue no [Ipunoxenuto 24 pasuo 2,75 Om/km. Tok K3 B xoHIe
JIMHUY OyJIeT:

o 11000
J34[2.12+ (0,347 +0,3) -5]* + (2,75-5+2-8)°

=1160 A

=364 A.

[Tonyuennslii TOK 364 A HE3HAYUTEIBHO OTJIIMYAECTCS OT NPHUHATOIO
npeaapurensHo Toka 400 A. Ilepecuer B JaHHOM cllydyae HE TpeOyercs, Tak Kak
x0J1 KpuBbIX B [IpriiokeHun 24 moka3bIiBaeT, 4TO NpHU TOKe 364 A CONPOTUBIICHUSA
XBHYT ¥ R npakTudecku Takue ke, kak u mnpu Toke 400 A.



ConporusiieHre qyru npu Toke 364 A:
Rn=1000-1,2/364 = 3,296 Owm.
Toxk K3 ¢ yueTom conpoTUBICHUS AyTHU:
), = 11000
J34[212 + (0,347 +0,3) -5 + (2,75 5+ 3,296)?

v 0,97 Toka, OIpeIeICHHOro 0e3 yueTa Iyrid B MECTE MOBPEIKICHHS.
Ecnu gyra BO3HHKaeT Ha IIEPBOI OMOPE OT IMOACTAHIINH, TO €€ COIPOTHBIICHHE
Oyner:

= 355,87 A,

rn = 1000-1,2/3000 = 0,4 Om,

u Tok K3 ¢ yueTom yru paBeH I(k3) = 11000 = 2947 A,

J3./(2122 +0,4%)

uiu 0,982 toka, onpeieneHHoro 0e3 yuera JTyTH.
Ecnmu nyra Bosnukaer Ha muHax KPY, 1o mpum ee gnmune okono 0,3 ™M
COTNPOTUBJICHUE AYTU OyACT:

ra = 1000-0,3/3000 = 0,1 Owm,
1 TOK K3 nmpakTtnyecku HE U3MEHUTCA:
| = 11000
K 2 2
J34/(212% +0212)

J{ns cpaBHEHMS pe3yIbTATOB BBIIIOJIHUM BBIYUCIIECHUS IO YPAaBHEHUIO (2) BMECTO

(7).

KaOenbHasg nuaus:

=2966,4 A.

Zp.c = /312 +0,45% = 3,132 Owm;
1®) = 11000/~/3 (2,12 + 3,132) = 1210 A.

JInHUS ¢ CTanlbHBIMU IMpOBOJaMHU:

Zp.c =/[(0,347+0,3) -5 + (2,75-5)% = 14,125 Owm;
@ 11000

=3914A.
J3+(212% +14,125%)
Konmponvnuie gonpocwt:

1. Kakum oOpa3oM cBs3aHbl pacyeTHbIE AaKTHBHAsT M pEaKTUBHAs
MOIIHOCTH?

2. B kakom ciyyae HE0OXOJIHMMO NPOBECTH KOPPEKTUPOBKY PACUETHOM
AKTUBHON MOITHOCTH?

IlepeyeHb OCHOBHOM JIMTEPATYPBHI:

1. [Tununenko, B.T. DneKTpoMarHuTHbIE NEPEXOIHBIE POLIECCHI B

AIIEKTPOIHEPTETUUECKUX CUCTEMAX: YueOHO-MeToandeckoe nmocooue/ B.T.



[Mununenko; OpenOyprckuit roc. yH-T. — Opendypr: OI'Y, 2014. — 124 ¢. Pexum
nocryma: http://biblioclub.ru/index.php?page=book_view_red&book id=330565

IlepeyeHb 1OMOJHUTEIBHON JUTEPATYPHI:
1. KyBmmHoB A.A. Teopus anexkrponpuBona. Hacts 3: [lepexoansie

MPOLIECCHI B AJIEKTporpuBoie: yueobnoe nocooue/ A.A. Kysmunos, 3.J1. ['pexos;
OpenOyprckwuii roc. yH-T. — OpenOypr: OI'Y, 2017. — 114 c. Pexxum noctymna:
http://biblioclub.ru/index.php?page=book_view red&book id=481766

IIpakTnueckas padora Ne3
PacueTHbIe CONPOTUBJICHUA PEAKTOPOB

Omnpenenuts Tok K3 3a peakTopoM 1 HampsHKEHUE Ha MIMHAX B CUCTEMax
Jluneitnwiii peaktop 6 kB, 8 %, 600 A; caBoeHHBIN peaktop 6 kB, 12 %, 2000 A,
m = 0,5. Bropu4Hoe HampspkeHue nuTaroniero Tpaacdopmaropa 6,6 kB; Tok K3 1o
peakrtopa 16 kA.

Pewenue
1. ConpoTuBieHre IMHEHHOTO PEAKTOPA:

Xp = 10-X-U/~/3 1 =10-8:6/-/3 600 = 0,462 Om.
ConpoTtuBiieHHE CUCTEMBI JI0 BBIBOJIOB 6,6 KB muraroiiero tpancdopmaropa:

Xc = 6600/+/3 - 16000 = 0,238 Owm.
Tox K3 3a nMHEHHBIM peakTopoM:
1® = 6600/+/3 (0,238 + 0,462) = 5450 A.
2. ConpoTHUBJIEHUE OAHON BETBH CIIBOEHHOTO PEAKTOPA!
Xp=10-12-6/2000 = 0,36 Om.
Tox K3 3a peakropom:
1® = 6600//3 (0,36 + 0,238) = 6379,65 A.

Heobxoaumo oOpaTUTh BHUMAHUE HA TO, YTO XOTS PEAKTOPHl UMEIOT
HOMUHAJIBHOE HanpspkeHue 6,0 kB, BKIIOYEHBI OHM HAa BTOPUYHOE HANPSKEHUE
nuTaronero tpancpopmaropa 6,6 kB u mpuBeneHus K OAHOMY pacYETHOMY
HaMpPsHKEHUIO B 3TOM cllydae He TpeOyeTcs.

3. Hanpspxkenune Ha mmHax nipu K3 3a nunelinbiM peaktopom Unn = V3 If’) Xp =

\35450-0,442 = 4356 B, uim 4356/6600 = 0,66 HOMUHAILHOTO.
HamnpsiokeHre Ha HEMOBPEKICHHOMN CEKIUH IIKH 110 puc. 60 paBHO:

\3:0,36-6379,65 = 3971.4 B, umm 0,602 HOMHHATBHOTO.

CrnemyeT OTMETUTh, YTO TAaKO€ HAMPSHKEHUE HE O00eCleurBaeT HaJeKHOU
paboThl MAarHUTHBIX MyCKaTeseil: OOBIYHO UX HAMPsHKEHUE OTIAaHus KoJieOIeTcs


http://biblioclub.ru/index.php?page=book_view_red&book_id=330565

B npegenax 0,65...0,75 HOMHHAIBHOTO M B JIaHHOM CIIy4a€ MOTYT UMETb MECTO
HENPaBUJIbHBIE OTKIIOUEHUS IEKTPOIBUTaTENEH.
Te ke HanpsKEHUs: MOKHO ONIPENETUTh U 0 BhIpaXeHUsIM (23) u (24):

Ut = 0,462-U/(0,462 + 0,238) = 0,66 Un;
U = 0,36-U/(0,36 + 0,238) = 0,602 Un.

Ha noacranium BoiBenieH u3 pabotel Tpanchopmatop 2T u cekimsa mmH [V

nuTaeTcsl OT TpaHcopmaropa dYepe3 peakrop TpaHcopmaropa 2T. TpeOyercs
onpenenutb Tok K3 Ha cexuum mmH [V.

@ 1T iT

L] i i
E,ﬁKEIC'm' D % ITcoor.

Ve,

'S

Cxema 1oacTaHIInu

Pewenue
ConpoTuBiieHHE BYX MOCIEAOBATEIbHO BKIIOUEHHBIX BETBEW peakTopa 1o
BBIPAKEHUIO (22) paBHO:

Xbe =2-0,36:(1 + 0,5) = 1,08 Om (puc. 6),
Tok K3
1® = 6600/~/3 (1,08 + 0,238) = 2894,56 A,
1®) = \/3:2894,56/2 = 2503 ,8 A;
HaIIPAKCHUC Ha CCKIIMU IIWH | PaBHO!
1,08-U/(1,08 +0,238) = 0,819U.

Konmponvnuie onpocut:

1. Kakum oOpa3oM cBsi3aHbl pacueTHbIE AaKTHUBHAsT M PpPEaKTUBHAs
MOIIHOCTH?
2. B kakom ciiyyae HEOOXOJIHUMO MPOBECTH KOPPEKTUPOBKY pacueTHOM

aKTUBHON MOITHOCTH?
IlepeyeHb OCHOBHOM JIMTEPATYPBHI:
1. [Tnnunenko, B.T. DneKTpoOMarHuTHBIE IEPEXOAHBIE IPOLIECCHI B

AIIEKTPOIHEPTETUUECKUX CUCTEMAX: YueOHO-MeToandeckoe nmocooue/ B.T.
[Mumunenko; Opendyprckuii roc. yH-T. — OpenOypr: OI'Y, 2014. — 124 c. Pexxum
nocryma: http://biblioclub.ru/index.php?page=book_view_red&book id=330565



http://biblioclub.ru/index.php?page=book_view_red&book_id=330565

ITepeyeHb 1OMOJIHUTEIBHOM JTUTEPATYPHI:
1. KyBmmHoB A.A. Teopus anexkrponpusona. Hacts 3: [lepexonnsie

MPOIIECCHI B AJIEKTponpuBoe: yueOHoe nocooue/ A.A. Kysmunos, 2.JI. ['pexos;
Open6Oyprckuii roc. yH-T. — OpenOypr: OI'Y, 2017. — 114 c. Pexxum goctyna:
http://biblioclub.ru/index.php?page=book_view red&book id=481766

IIpakTnueckas padora Ne4
Harpes npoBoaoB Tokom K3

Tox K3 Ha mmHax nuraronmen noactaHuny paseH 10 KA npu HanpsHKEHUH
6,6 kB. BBIHOJ'IHI/ZITL pacyeT criajjaHus Toka uepes 1, 2, 3 ¢ 1 MeTHOTO Kabes
ceyeHueM 50 MM®, TIUHOM 5 KM.

Pewenue

OrnpenenuM akTUBHOE CONTPOTHBIIEHUE Kabesst mpu Temmepatype 65 °C. Ilo
TIpUITOKEHHIO 7 aKTHBHOE COIPOTHBIICHHE MEIHOTO Kabesst 50 Mm? mipu
temmneparype +20 °C pasuo 0,37 Om/kM. [Ipu Temneparype 65 °C conpoTuBIIeHHE
oyner 0,37- [1 + 0,004 (65 —20)] = 0,4366 OM/kM™.
[TonHnoe akTuBHOE conpoTuBieHue 1Xx =0,4366-5 =2,185 Om.
COIPOTHBICHHE CHCTEMBI XC = 6600/~/3 -10000 = 0,3815 Om.
ConpoTuBiienue kademns xk =0,083-5=0,415 Owm.
Tox Tpexdasznoro K3 B koHIle kKabes B IEpBbIE MOMEHT

19 = 6600/+/3 - 1/(0,3815+0,415)% + 2,18 = 6600/+/3 2,32 = 1644,41 A

Pacuer nns Bpemenu t =1 c:

A= (19/g)%t = (1644,41/50)* 1 = 1081,6 A? c/mm*,
a=(2,13/2,32)* = 0,884.
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Juarpamma Jyisi onpeieNICHUs] CHUKEHUS
toka K3 oT HarpeBa mpoBo10B

Onpenenuth  ymeHblieHue Toka K3  wu3-3a  HarpeBa  0OMOTOK

Tpanchopmaropa.
Pewenue

Jlanusie TpaHchopMaToOpoOB 1O MpUMEpY S:
St1=25kB-A,Z=96 Om; X =152,3 Om; Z =180 Owm;
St, =400 kB-A, Z=3,44 Om; X =10,71 Om; Z=11,25 Om.

AxtuBHOe conpotuBieHue npu 250 °C gepes 1,82 ¢ mocne Havana K3 Oyner B
1,7 pasa Oonbme, yem npu 75 °C. Ilomnele conporuBiaeHust OyayT: Ui

Tpatcdopmatopa 25 kKB-A Z =4/152,3° + (1,7-96)% = 223,2 Om Bmecto 180 Om; st




tpancopmaropa 400 kB-A Z =\/1O,712 +(1,7-3,44)? = 12,2 Om Bmecto 11,25 Om.

MakcumanibHoe ymenbiieHne Toka K3 mpu Zc = 0 uyepes 1,82 ¢ cocraBur
180/223,2=0,816 ganst Ttpanchopmaropa 25 kB-A wu 11,25/122=093 mia
Tpancpopmaropa 400 kB-A.

KOHmPOJleble 60NPOCHL.

1. Kakum oOpa3oM cBsi3aHbl pacueTHbIE aKTHUBHAsT M PpPEaKTHUBHAs
MOIITHOCTH?
2. B kakom cirygae HEOOXOJIHUMO MPOBECTH KOPPEKTUPOBKY pacueTHOM

aKTUBHON MOITHOCTH?
IlepeyeHb OCHOBHOM JIUTEPATYPbI:
1. [Mununenko, B.T. DneKkTpoMarHuTHbIE NEPEXOIHBIE MPOLIECCHI B

AIIEKTPOIHEPTETUUECKUX CUCTEMAX: YueOHO-MeToandeckoe nmocooue/ B.T.
[Tununenko; Opendyprckuii roc. yH-T. — OpenOypr: OI'Y, 2014. — 124 c. Pexxum
noctyma: http://biblioclub.ru/index.php?page=book_view_red&book id=330565

IlepeyeHb 1OMOJHUTEIBHON JUTEPATYPHI:
1. KyBmmHoB A.A. Teopus anexkrponpuBona. Hacts 3: [lepexoansie

MPOLIECCHI B AJIEKTporpuBoe: yueoHoe nocodue/ A.A. KyBmunos, 2.J1. I'pexos;
OpenOyprckuii roc. yH-T. — OpenOypr: OI'Y, 2017. — 114 c. Pexxum noctymna:
http://biblioclub.ru/index.php?page=book_view red&book id=481766

IIpakTuyeckoe 3ausitue NeS.

Onpenenenue mapameTpoB 3JIEMEHTOB AKBUBAJICHTHBIX CXEM 3aMEUICHUS
[TapameTpbl SKBUBAJIEHTHBIX CXEM 3aMEIICHHS MOTYT OBbITh ONPECIICHBbI:

1. B UMEHOBaHHBIX U OTHOCUTEJIBHBIX €IMHUIAX MPHUBEICHUEM 3HAUYCHUU
napamMeTpoOB PACUETHBIX CXE€M K BBHIOPAaHHOW OCHOBHOW (0a3uCHOI) CTyneHu
HanpsDKEHUs] CeTH € ydeToM (DaKTHYEeCKUX KOod(pPuuueHToB TpaHchopManuu
CHJIOBBIX TpaHC(HOPMATOPOB U aBTOTPaHC(HOPMATOPOB.

2. B OTHOCUTENBHBIX M WMEHOBAHHBIX €AMHUIAX 3HAYCHUN IapaMeTpPOB
pacyeTHbIX CXE€M K BBIOpAaHHBIM Oa3UCHBIM YCJIOBHUSIM C Y4YE€TOM CpPEIHHX
K03 PUIIMEHTOB TpaHC(POpMallUM, PAaBHBIX OTHOIIEHUIO CPEIHUX HOMHUHAIBHBIX
HaIlpSDKEHUM CeTEeW COOTBETCTBYIOLIMX CTYINEHEW HanpsbkeHud. Pexomenayercs
WCIOJIB30BATh MIKATY CPETHUX HOMUHAIBHBIX MEXAY (ha3HBIX HAMPSIKCHUNA ceTen
B [kB]: 3,15; 6,3;10,5; 13,8; 15,75; 18; 20; 24; 37; 115; 154; 230; 340; 515; 750.

B nepBom caydae paccuuthiBalOT TOKM K3 m0pu HaIMYMM JAaHHBIX C

dakTuyeckux xKodpduirenToB tpanchopmanusi. Hanbonee mpenmnodtuTenex amis


http://biblioclub.ru/index.php?page=book_view_red&book_id=330565

pakTUYeCKux pacyeToB (pexomenayerca B KP) Bropoil cnocod mnpuBeneHus.
PacueTHbie BbIpakeHHs IJisi 3TOro crnocoba npusenaensl B Tadn. 1. Ilpu BwiGope
JAHHBIX YCJIOBUHM CIIEyeT PYKOBOJICTBOBATHCS TEM, UYTOOBI MOPSAJOK UYHUCIOBBIX
3HAYCHHUI ObLT yIOOCH ISl ONIEPHPOBAHMS ¢ HUMH. 32 0a3MCHYIO MOIIHOCTH (Sg)
1esaecooOpa3Ho MpUHUMATD YUCII0, KpaTHoe necatr. Hampumep, 10, 100, 1000 u .
n. [MBA]. 3a 6a3ucusie HanpsokeHus (Us) peKkOMEHAyeTcsl MpUHUMATh CpeiHee
3HaYEHWE TOM CTEeTeHH TpaHchopmaIuy, rae HaxoauTes Touka K3.

ba3ucHbIl TOK U COIIPOTHUBJICHUC OIIPCACIIAIOTCA 110 BEIPAXKCHUAM!

6= 250 =20 (1)
J3-Us J3-16 S6
Konmponwnule éonpocut.
1. Kakum oOpa3oM cCBs3aHBI pacyeTHbIE AaKTUBHAS H pPEaKTUBHAs
MOIIIHOCTHU?
2. B kakom ciryuae HEOOXOJIHUMO IMPOBECTH KOPPEKTUPOBKY pacueTHOM

aKTUBHOM MOITHOCTH?
IlepeyeHb OCHOBHOM JIMTEPATYPBHI:
1. [Innunenko, B.T. DimeKTpoMaraHuTHeIE NEPEXOAHBIE IPOLIECCHI B

AIIEKTPOIHEPTrETUYECKUX CUCTEMAX: yueOHO-MeToanueckoe nocooue/ B.T.
[Tununenko; OpenOyprekuii roc. yH-T. — Openoypr: OI'Y, 2014. — 124 c. Pexxum
nocryma: http://biblioclub.ru/index.php?page=book_view_red&book id=330565

IlepeyeHb 10NMOTHUTENLHON JJUTEPATYPHI:
1. KysmnHoB A.A. Teopus sanexkrponpuBoaa. Hacts 3: [lepexoansie

MIPOIIECCHI B AJIEKTpOTpuBoIe: yuebnoe mocodue/ A.A. Kysmunos, 3.J1. ['pexos;
OpenOyprckuii roc. yH-T. — OpenOypr: OI'Y, 2017. — 114 c. Pexxum noctyna:
http://biblioclub.ru/index.php?page=book_view red&book id=481766

[IpakTueckoe 3ansTue Neb.
Harpes nnpoBogos Tokom K3

CocTaBneHue cxeM 3aMeIIeHUs ISl TOKOB MPSIMOM, 0OpaTHOW W HYJIEBOM

HOCH@HOB&TGHBHOCTGﬁ


http://biblioclub.ru/index.php?page=book_view_red&book_id=330565

OnpeneneHue napameTpoB HX 3JeMEHTOB. (B paibHedeM OPUHSATHI MIHPOKO
pacnpocTpaHeHHble 0003Ha4YeHHs MHJEKCOB [UIi TMapaMeTpoB  MPSIMOM,
oOpaTHOM U HYJIEBOH mocienoBarenbHocTel: 1, 2, 0).

1. Cxema 3amenieHus: OpsiMOM MOCIEAOBATEILHOCTH aHAJIOTMYHA CXEME, KOTOopas
cocTaBisieTcs i pacuetoB cumMerpudHoro K3. B 3aBHCMMOCTH OT MOMEHTa
BPEMEHH W METOJA pacyeTa BCE DJJIEMEHTbl, B COCTAaB KOTOPBIX BXOMST
BpalllalolINe MallluHbl (F€HEepaTOpbl, HATPY3KU JBUTATENIM, CUCTEMbl U T.I.),
BBOJISITCS B CXeMy 3aMeIleHUs pAMOi MOCJIEN0BATENBHOCTH
COOTBETCTBYIOIMMH peakTuBHbIMU DJIC. Bce ocTanbHbBIE 3JIEMEHTHI BBOIATCS
B CXEMY HEU3MEHHBIMU CONPOTUBIICHUSIMH.

Hauanom cxembl (H) HpsSMON MOCIEAOBATEILHOCTH CUYUTAETCS TOYKA, B
KOTOpOH OOBEACHBI CBOOOJHBIE KOHIIBI BCEX TEHEPUPYIOMIMX W HArPy30YHBIX
BeTBeil. B mecte Hecummerpuu (kKoHel cxembl - k) aeictByer DJIC, paBHas
HalpsDKEHUIO  MpsAMoOM  mocnieaoBaTenbHOCTH.  JIioOyro  cxemy — mpsiMoi
MIOCJICIOBATEIBHOCTH MOXHO NPUBECTH K TMPOCTEHMIIEH CXEeMe, U3 KOTOpOU
onpenensercs pesyaprupyromas IC E; u pe3ynapTupyloliee CONpOTHBICHUE
npsaMoil  mocnemoBaTenbHOCTH — X52.  Cxema  3amemnieHuss — OOpaTHOU
MOCJICIOBATEIPHOCTH MO KOHQUTYpallMd HE OTIUYAEeTCS OT CXEMbl MPSAMOU
nocyenoBaTenbHOCTH. Hauanom cxembl 0OpaTHOM MOCIIEN0BATEIbHOCTH SIBISETCS
TOYKa, OOBEAWHSIONAS HAYaJl0 BCEX TCHEPUPYIONUX ¥ HATrPy30YHBIX BETBEU
(BAC obpaTHO# TOCIEAOBATEILHOCTH PaBHBI HYJI0). B KOHIIE cXembl (B TOUKe
K3) npunoxeno nHanpsikeHue Ugap. [lapameTpbsl 371€MEHTOB CXeM 3aMeIlIeHUS
oOpaTHOM TMOCJENOBATEILHOCTH [JIsi TpaHC(hOpMaTOpOB, BO3AYIIHBIX JUHUH,
Kalesell U peakTopoB TE K€, YTO U B CXeMe MpsMOM mocienoBaTeabHOCTH. [1o
CPaBHEHHIO CO CXEMOM 3aMENICHHUsI MPSAMOM IMOCIEI0BATEIbHOCTH HU3MEHSIOTCA
COTIPOTHUBJICHUS OOPATHOW TOCIEIOBATEIBHOCTH JJIEMEHTOB, B COCTaB KOTOPBIX

BXOJAT Bpalqaroniuecs MallllHbI.

_____________________________________________________________________
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Ecnu nnms Harpy3ku CONpPOTHBIICHHE OOpaTHOM IOCIENOBATEIBHOCTH HE
3aJ1aHO, TO €r0 MOXKHO IIPUHUMATh paBHBIM Xy(2=0,35 0. €.

ComnpoTuBiieHre 0OpaTHOW TIOCJIEIOBATEIIBHOCTH T'€HEPAaTOPOB JaeTcs B
KaTajJorax B OTHOCHUTENIBHBIX EIWHHUIIAX C TMPUBEIACHUEM K HOMHUHAIbHBIM
rapamMeTpaM reieparopa.

Cxema 3aMelieHust oOpaTHOM MOCIeA0BATEILHOCTH IPUBOIUTCS K BUY,
n300pakeHHOMY Ha puc. 1, 0. 3aeck X, ABIsSIETCS pe3yIbTUPYIOIINM
CONPOTHUBIICHUEM OOPAaTHOM IMOCIIEI0OBATCILHOCTH.

3. Bung cxembl 3aMelIEHUs HYJEBOM IMOCIEIOBATEIBHOCTH 3aBUCHUT OT
3a3eMJIeHHs HelTpasel cetu Boiciiero HanpsbkeHus (110 kB u Beime), konudecTBa
TpaHc(opMaTopoB U aBTOTPAHCHOPMATOPOB, CXEM COSAMHEHUS MX 0OMOTOK. Eciu
HeWTpanb TpaHcopMaropa OyneT He3a3emjeHa, TO He OyaeT KOHTypa s
MPOTEKaHWsI TOKAa HYJIEBOW mocieaoBarenbHOCTH. [Ipu coeamHeHUHM OOMOTKH
TpancpopMaropa B TPEYrojdbHUK TOK HYJIEBOW IOCIEI0BATCILHOCTH B 3TOMU
0OMOTKE POTEKAET, HO JAJI€€ IMYTH JIJIsl HETO HET.

B cxeMme 3aMenieHns HyJIEBOM MOCIIEI0BATEIbHOCTH IO CPABHEHHUIO C
MPSIMON U3MEHSIOTCS COMPOTUBIICHUSI JIMHUH JIEKTpornepenadnu. ITo 00yCIOBICHO
OCOOCHHOCTSIMU LUPKYJISILINSI TOKOB HYJIEBOM MOCJIE10BaTEILHOCTH.

CocTtaBiieHME CXE€Mbl 3aMEIICHUSI HYJIEBOM IMOCJEI0BATEIbHOCTH CIIEIyeT
HauynHaTh OT TOUkH K3, rae npunoxeno HanpsieHue Uyag U ABIISIIOIIEHCS KOHIIOM
CcXeMbI 3aMmenieHus. [lanee B cxeMy BBOJATCS T€ 3JEMEHThI, HO KOTOPBIM MPOTEKA-
IOT TOKM HYJIEBOW TMOCIEAOBATEILHOCTUA. KOHIIBI 3THX 3JIEMEHTOB, HMEIOIINX
NOTEHIUANIBI  3eMJIM, T. €. 3a3eMJICHHbIE HEUTpaiu TpaHcHOpMaTOpOB
(aBTOTpaHCHOPMATOPOB) u OOMOTKH, COCIUHCHHBIC TPEYrOJIbHUKOM,
OOBEIUHSIOTCS B OOIIYI0 TOUKY, TOJy4yas Hayajo CXEMbl 3aMEIICHUs HYJICBOUN

IIOCJIEIOBATENBHOCTH. 3aTEM CXEMY CBEPTBHIBAIOT OTHOCHUTENBHO TOYKKM K3 s



OTIPENICIICHNS]  PE3YJAbTUPYIOMIEH  BEIWYWHBI  CONPOTHUBIICHHS  HYJIEBOU
MOCJIeI0BATEILHOCTH X020 (puc. 1, B).

KOHmPOJleble 60NPOCHL.

1. Kakum oOpa3oM cBsi3aHbl pacyueTHbIE aKTHUBHAsT M PpPEaKTUBHAs
MOIITHOCTH?
2. B kakom ciryuae HEOOXOJIHUMO MPOBECTH KOPPEKTUPOBKY pacueTHOM

AKTUBHON MOITHOCTH?
IlepeyeHb OCHOBHOM JIUTEPATYPHI:
1. [Tununenko, B.T. DneKkTpoMarHuTHbIE NEPEXOIHBIE MPOLIECCHI B

AIIEKTPOIHEPTETUUECKUX CUCTEMAX: YueOHO-MeToandeckoe mocooue/ B.T.
[Tumunenko; Opendyprekuii roc. yH-T. — OpenOypr: OI'Y, 2014. — 124 c. Pexxum
nocryma: http://biblioclub.ru/index.php?page=book_view_red&book id=330565

IlepeyeHb 1OMOJHUTEIBHON JUTEPATYPHI:
1. KyBmmHoB A.A. Teopus anexkrponpuBona. Hacts 3: [lepexoansie

MIPOLIECCHI B AJIEKTpOIpuBoie: yueoHoe nmocodue/ A.A. Kysmmnos, 3.J1. I'pexos;
OpenOyprckuii roc. yH-T. — Openoypr: OI'Y, 2017. — 114 ¢. Pexxum gocryna:
http://biblioclub.ru/index.php?page=book_view red&book id=481766

[IpakTrueckoe 3ansarue Ne7.

Pacuer Toka K3

OO01muii MOPsIIOK AaHATTMTUYECKOTO pacueTa MeKTpruieckux cereit npu K3.

[Tocme cocTaBiieHHMS CXE€M 3aMEILICHUSl DJIEKTPUYECKOW CXEMBl H
OTIPEJICIICHHSI TAPAMETPOB UX PJIEMEHTOB BO3HUKACT HEOOXOUMOCTh ONIPECIICHHUSI
TOKOB U HaIPsDKEHHI Kak B MECTE MOBPEKACHUS, TaK 5 B JIIOOOM 3aJaHHOM MECTE.

JI71s1 5TOro UCTIONB3YIOTCA OOBIYHBIE METO/IbI, KOTOPHIE U3YUaUCh B Kypcax
"TeopeTnyeckre OCHOBBI JEKTPOTEXHUKHU" U "IINEKTPUUECKUE CETU U CUCTEMBI'".

1. [IpuBeaeHnEe CXeMbI 3aMEIICHUS K MPOCTEUIIIEMY BUTY.

Jnst 3TOr0 MCMOJIB3YIOTCS METOJbl MapajuIeIbHOIO U TMOCIEA0BATEIBHOIO
CJIOEHUSI COMPOTUBIICHUM, MPeoOpa3oBaHMsl TPEYTOJIbHUKA B 3BE3ly U OOpaTHO,
MeTo SKkBUBaJIeHTHBIX J/[C.

Nuorma B Ooiee CIOXKHBIX Ciydasx TMpU TPeoOpa3oBaHUU  CXEMBI
3aMEIICHHs] BO3HHKAET HEOOXOJUMOCTh MPUMEHEHHs Crocoba paspe3a CXEMBl.

[IpeoOpa3oBaHne CXEMbl BBITOJHO BECTH TakK, 4YTOOBI aBapuiiHasi BETBb IO


http://biblioclub.ru/index.php?page=book_view_red&book_id=330565

BO3MOKHOCTH ObLla COXpaHEHA JI0 KOHIIa MPeoOpa3oBaHUi WM y4acTBOBAJIa HUX
TOJIBKO Ha MOCJIEAHUX dTanax.

2. Ilpu pyyHom pacuere MHOT/Aa OBbIBaeT yJ0OHEH HMCIOJIb30BAaTh MPUHIIUI
HaJOXeHus. J[7as 3Toro HEeoOXOoauMO OmpeNeisTh COOCTBEHHBIE W B3aWMHBIE
CONPOTHUBIICHUS] CXEMBI 3aMEIICHUSI.

B KP mpousBozATcs pacyeTbl HA4aldbHOM CTAaIWH IEPEXOJHOIO Mporecca
npu  Tpex(}azHOM W HECUMMETPUYHBIX (IIPU OJHOKPATHOW TMOMEPEUHON
HecumMeTpun) K3. B 3aaun 3Tux pacueroB BXOAUT ONpeeieHre AeHCTBYOIIEro
3HAYECHUS MEPUOAUYECKON criararome Toka K3 B HayanbHbII MOMEHT BPEMEHU
(Ino) - HawaneHOTO CBepxmepexoaHoro Toka (I"), a Taxke ynapHoro Toka (iy, ly).

[Ipy BBIMOJHEHUH PACUYETOB MCIOJIB3YIOTCS BCE T€ JOMYIIEHHUS, KOTOPHIX
OBLTN M3J10KeHBI paHee. Kpome HHX, B MPAKTUYECKUX pacueTax 1Mo OMPEeeICHUIO
HAYaJbHOTO CBEPXIEPEXOJHOIO TOKA JOMYCKAETCS PABEHCTBO IPOJOJIBHBIX H
TONEPEYHBIX CBEPXIIEPEXOHBIX PEAKTHBHOCTEH CHHXPOHHBIX MAIIMH (X g :X”q),
BHE 3aBHCUMOCTH OT UX THUIIOB, YTO 3HAYUTEJIHLHO YIIPOIIAET PACUETHI.

[Ipu pacuerax HecumMmeTpuuHbix K3 mpenmonaraercs, 4To nepuogndeckas
ciararonjasi ToOka COCTOMT TOJIbKO U3 OCHOBHOW TapMOHHUKH, T.€. MpeHeOperaror
BBICHIMMH FapPMOHUKAMHU.

[Ipu pacuere Iy JOKHBI OBITH YUTEHBI BCE CHUHXPOHHBIE T'€HEPATOPHI U
KOMIICHCATOPbI, a TAKXKE CUHXPOHHBIE ACMHXPOHHBIEC JBUTATEIX MOIIHOCTHIO 100
kBT u Oonee ecnm oHM He OTAENEeHBI OT Toukd K3 TOKOOrpaHWYMBAIOUIUMHU
peakTopaMM WM CHUJIOBBIMU TpaHchopmaTopamMu. B aBTOHOMHBIX cHUCTEMax
CJIEAYET YYUTHIBATh M JJIEKTPOJBUTraTEIN MOIIHOCTHIO MeHee 100 kBT, eciu ux
nonst B cymmapaoMm K3 cocrasnsier He menee S %.

Konmponvnuie onpocut:

1. Kakum oOpa3oM cBsi3aHbl pacueTHbIE AKTHUBHAsT M PEaKTHUBHAs
MOIIHOCTH?
2. B kakom ciiyyae HEOOXOJIHUMO MPOBECTH KOPPEKTUPOBKY pacueTHOM

AKTUBHOM MOITHOCTH?
IlepeyeHb OCHOBHOM JIMTEPATYPBHI:
1. [Tnnunenko, B.T. DneKTpoOMarHUTHBIE EPEXOIHBIE IPOLIECCH B

AIIEKTPOIHEPTETUUECKUX CUCTEMAX: YueOHO-MeToandeckoe nmocooue/ B.T.



[Mununenko; OpenOyprckuit roc. yH-T. — Opendypr: OI'Y, 2014. — 124 ¢. Pexum
noctyma: http://biblioclub.ru/index.php?page=book_view_red&book id=330565

IlepeyeHb 1OMOJHUTEIBHON JUTEPATYPHI:
1. KyBmmHoB A.A. Teopus anexkrponpuBona. Hacts 3: [lepexoansie

MPOLIECCHI B AJIEKTporpuBoie: yueobnoe nocooue/ A.A. Kysmunos, 3.J1. ['pexos;
OpenOyprckwuii roc. yH-T. — OpenOypr: OI'Y, 2017. — 114 c. Pexxum noctymna:
http://biblioclub.ru/index.php?page=book_view red&book id=481766

IIpakTueckoe 3anaTue Ne8. Pacuer Toka ynapuoro K3

PacueTHble mapaMeTpbl CXeMbl 3aMellleHUs IPAMOIl N0CJIe10BaATEIbHO-
CTH

CHUHXpOHHBIE W ACHHXPOHHBIE MAIIMHBI B CXEMY 3aMEIIEeHUs] MPsIMOM
MOCJIEe0BATEIbHOCTH JIOJI>KHBI OBITh BBE/ICHBI CBEPXIIEPEXOIHBIMHU
COMPOTHBICHUAMH (X ¢) H cBepxmepexoaubiMu DJIC UHCICHHO PAaBHBIMU,
3HaueHusaM 3tux DJIC B moment, npeamectByromuid K3 (E"). IIpu orcyrctBum
nanHpix 1Mo E" 3madenme DJIC mis pa3ddyHBIX JJIEMEHTOB CETH MOTYT OBIThH
OTpeJieNIeHbl COOTBETCTBHHU C TaOI. 1.

Harpy3ka B cxeme 3aMmelieHusi YYUThIBA€TCS MPUOIMKEHHO, KAaK UCTOUYHUK
CO CBEPXIEPEXOIHBIM COMpOTHBIeHHEM X ,=0,35 u DJC E",=0.85 (ecnu He
3aJI1aHbl IPYTHUE BEIUYHUHBI).

Bce ocTanbHbIe 371€EMEHTHI CETH BXOASAT € 3aJJaHHBIMU TapaMeTpaMu, NpuBe-
JIEHHBIMHM K OJIHOM 0a3uCHOM MOIIHOCTH, Sg (B 0. €.), 100 K OJHOM CTyNeHU Ha-
npsiKeHus (B UMEHOBAHHBIX €IUHUIIAX).

Jns pacueToB U aHanM3a HeCUMMETPUUHBIX K3 BaKHBIM BBIBOJIOM SBIISIETCS
MPaBWIO 3KBUBAJIECHTHOCTH NPSMOM mocienoBareibHOCTH. CyTh 3TOro IMpaBHiia
COCTOUT B TOM, YTO TOK MPSMOU MOCJIEI0BATEIHLHOCTH JIF0OOT0 HECUMMETPUYHOTO
K3 MOXHO ompenenuTh Kak TOK HEKOTOPOTO AKBHBAJIEHTHOro Tpexdasznoro K3,
YAQJIEHHOTO OT JICUCTBUTEIBLHOM TOYKH TOBPEKIACHUS Ha JOMOJHUTEIHHOE
COIIPOTHUBJICHUE Ax®™ (myntr K3), BenuunHa KOTOPOrO  OMNpEAeIIsieTCs
pPE3yAbTUPYIOIIMMHA  CONPOTUBICHUAMH  CXeM  OOpaTHOM W HyJIEBOM

MIOCJIEIOBATEILHOCTH, (X5 M Xn9) OTHOCHUTENIBbHO, MecTa K3 u 3aBucur ot Buaa K3.


http://biblioclub.ru/index.php?page=book_view_red&book_id=330565

B COOTBCTCTBHC C 9THUM IIpaBUJIOM OKBHUBAJICHTHAasA cxXema HpHMOﬁ

IIoCJICA0OBAaTCIBHOCTH NMCCT BH /I, I/1306pa}KeHHblf/'I Ha puc. 2.

Eg X91 K AX(n) IKAI

7/ NN

Puc.2

Toxk npsiMoii mocneaoBaTeabHOCTH 0c000i (azbl (A) B Mecte K3 npu

mo6om HecummeTpuaHoM K3 (n) cienyeT onpenensts 10 hopmyrie

E
I m__ =5 2
0+ Ax™) @

rme Ax™ - jgomonHurensHoe CONpOTHUBJIEHUE (OMpenensieTcss B

COOTBETCTBHH C Ta0II. 2).

CxeMpl  3aMemIeHUST BCEX TPEX  IOCIIENOBATEIBHOCTEH  METOJOM
npeoOpa3oBaHull NMPHUBOAATCS K MpocTeieMy Bumay. IIpu 3TOM oOmnpeacisroTcs
CYMMapHBIE CONMPOTUBIICHUS CXEMBI Ka)KJIOW IMOCIIEeI0BATEILHOCTH OTHOCHTEIHHO
Mecta K3 X351, X3, X39, @ B cxeme mOpsiMoi mocienoBaTenbHocT Ea. Ilpu
BBIIIOJTHEHU U npeoOpa3zoBaHu CXeM clemyeT BEIOWPATH TaKyIo
MIOCJICIOBATEIHFHOCTD, YTOOBI YUCIIO TIpeoOpa3oBaHmii, 0OCOOCHHO CIIOKHBIX, OBLIO
HaUMEHBIIUM. JTO 00€CIIEUMBAET MEHBIIEE KOJUUYECTBO OIIMOOK B BBIUMCICHHSIX
U DKOHOMHT pacueTHOe Bpems. B Toxke BpeMs MOCIEI0BATEIbHOCTh
npeoOpa3oBaHU JOKHA OBITh TaKOBa, YTOOBI B TOCICIHIO OuYepe/b
peo0pa3oBaINCh T€ YaCTH CXEMBI, B BETBAX KOTOPBIX HEOOXOIUMO OMPEACITUTH
TOKH M OCTaTOYHBbIC HampspkeHus. Takum o0Opa3om, cokpamaercs o0beM
BBIYHCIICHUN TIPY OOpaTHOM pa3BEPTHIBAHMM CXEMbI. [10JIHBIN TOK MOBPEKICHHON

¢da3bl B Mecte K3 paBen

10 =m® 1,7 (3)



roe m™ - KOA(p(UIIUEHT, MOKA3bIBAIOIINN, BO CKOJBKO pa3 TOK MOBPEKICHHOM

¢a3b1 B Mecte K3 Oosbiiie Toka npsMoii MociieJoBaTeIbHOCTH
Konmponwnuie eonpocut.

1. Kakum oOpa3oM cBsi3aHbl pacueTHbIE aKTHUBHAsT M PpPEaKTUBHAs
MOIITHOCTHU?
2. B kakom ciryuae HEOOXOJIUMO MPOBECTH KOPPEKTUPOBKY pacueTHOM

AKTUBHOW MOIIHOCTH?
IlepeyeHb OCHOBHOM JIUTEPATYPHI:
1. [Tnnunenko, B.T. DneKTpoOMarHuTHBIE EPEXOIHBIE IPOLIECCH B

AIIEKTPOIHEPTETUUECKUX CUCTEMAX: YueOHO-MeToandeckoe nmocooue/ B.T.
[Tumunenko; Opendyprekuii roc. yH-T. — OpenOypr: OI'Y, 2014. — 124 c. Pexxum
nocryma: http://biblioclub.ru/index.php?page=book_view_red&book id=330565

IlepeyeHb JOMOJHUTEIBHON JUTEPATYPHI:
1. KyBmmHoB A.A. Teopus anexkrponpuBoga. Hacts 3: [lepexoansie

MPOLIECCHI B AJIEKTporpuBoie: yueonoe nocooue/ A.A. Kysmunos, 3.J1. ['pexos;
OpenOyprckuii roc. yH-T. — Openoypr: OI'Y, 2017. — 114 ¢. Pexxum gocryna:
http://biblioclub.ru/index.php?page=book_view red&book id=481766

IIpakTHuyeckoe 3anaTHe Ne9.

Pacuet Tpexdasnoro Toka K3

Onpeoenenue cummempuyuHslX, asHvlX MOKOB U HANPANHCEHUII 8 Mecme
K3 u 3a0annsvix ceyenusax.

Toku u HampspkeHUs: 0OpaTHOM M HYJIEBOM MOCIENOBATEILHOCTH B MECTE
MOBPEXKJCHUS CBSI3aHBI  OMNPEJEICHHBIMA  COOTHONIICHUSIMH C TOKaMU U
HAMPSHDKCHUSIMU  TIPSIMOM  TTOCJIEIOBATEILHOCTH JIJIsl pacyeTHOM (pa3pl, KOTOpbIE
OTIPENICIIAIOTCS BUJIOM MOBPEXACHUSA. Eciu mpuHATH A1 BCEX HECUMMETPUYHBIX
MOBPEXKICHUH 32 pacYeTHYIO a3y A, COOTHOIICHUS OyayT:

- s nByxgaszHoro K3

iz ==TariUkar =Uka, (4)
- nns ogHodaszHoro K3
IKAlleAZ_IKAO;UKA1+UKA2+UKA0:O (5)
- U1 1ByX(a3HOTO Ha 3EMITIO

IKA1+IKA2 +IKAO :O;UKAI:UKAZ _UKAO

AX®Y Ax Y (6)

IKAZZ_IKAl ’IKAOZ_IKAl
22 X350


http://biblioclub.ru/index.php?page=book_view_red&book_id=330565

[Tonubie TOKM B ha3ax COOTBETCTBEHHO:

IKA IKA1+IKA2+IKAO

2

IKB=a IKA1+aIKA2+IKAO (7)
2

IKCZaIKA1+a IKA2+IKAO

. V3 : V3
rea=e"= _05+j2;a?=e*=_05-j°

HanpsxeHus: pa3IuyHbIX OCJIEI0BATEILHOCTEN B MECTE MOBPEKICHUSI HAXOASATCS
Kak (puc 1)

UKAl = jl KAL - Ax®™

UKAZ :_jl ka2 * X952 (8)

Uino ==l a0 “ X0
ITonusie HaIIPAKCHUA OTACIIbHBIX (1)33 B MCCTC ITOBPCIKACHHUA OIMPCACIIAIOTCA
yepe3 cootBeTcTBYIOMHME (Ukar, Ukaz, Ukao) O COOTHOIIICHHUSIM, aHATIOTHYHBIM
JIJISI TOKOB
Uia =Uim +Uka +Ukao
Uis =a’U ke T AU np +U g (9)
U =aUyy +a2UKA2 +U o
I[J'I?I HaXO0XKIACHUA (I)aSHBIX TOKOB U HaHp)DKeHI/Iﬁ B 3a1aHHOM CCUCHUU
HCO6XOJII/IMO IMPOU3BCCTU PACUCT TOKOpaCHpCHCHCHHﬁ B CXEMaxX BCECX
HOCHCHOB&TGHBHOCTCﬁ, MMOCJICAOBATCIIbHO Pa3BCPThIBAA KAXKIAYIO U3 HUX.
HCXOI[HI)IM AJIAA 3TUX PACUCTOB ABJLACTCA INOJTYUCHHUC 3HAYCHUA TOKOB U
HaIpPsHKCHUHN pa3IMYHBIX MTOCIEA0BATEILHOCTEN B MeCTe TOBpexkAeHUM (puc 1).
HpI/I Pa3BEPTbIBAHUUN CXEM IIOJIb3YKOTCS H3BCCTHBIMH IIPpaBUJIAMHU U
3aKOHaMHM pacrpecacICHUA TOKOB B JIMHEMHBIX QJICKTPUYCCKUX MHCIIAX, A1 CXCM
NpsIMOM TTOCIJIEZIOBATEIFHOCTH HAMpPsDKEHHWE B KaKOW - MO0 yJaJIeHHOH OT MecTa

NOBpEXAEHUS ToUKe (M) OyIeT OnpeaesThes Kak

U mal — U kal + Z I mil ijil (10)

i-1,n



rie D |y Xpy - CYMMa TaJIeHUi HANIPSKEHHS B BETBAX IO IIyTH OT TOUKH

i-1,n
TOBPEXKICHUS 10 3aJJaHHOU M;

|, -TOK BETBEHU C CONIPOTUBJICHUEM X ,

mil
N-4uCiI0 BETBEUM Ha MyTH MpeoOpa3oBaHusl OT TOUKHU N 10 M.
Hampsixkenust oOpaTHOM W HYJIEBOW TOCIEIOBATEILHOCTH B cedeHu:n M

OIPEACIIAIOTCS

Uiar =U i + Zlmizjxmiz

i-1,n

Uiao =U o + zlmio jxmiO (11)

i-1,n

Jns 3TUX cXeM MO0 Mepe YAaJeHUsl pPacyeTHOro CEYEHUs OT MecTa
MOBPEXJCHUS  a0COJIIOTHAs  BEJIMYMHA  HaIpsDKeHWs  yMeHbImaeTcs. Bcee
npeoOpa3oBaHUsl BBIMOJHITCSA MO cxeme 3amenieHud. [lpy Hanmuuuum Ha nyTH
npeoOpa3oBaHus TpaHCHOPMATOPOB HEOOXOAUMO yYE€CTb, YTO B3aUMHas
OpUEHTAIUsI BEKTOPOB TOKOB M HAMPSDKEHUS PA3IUYHBIX IMOCIEAOBATEILHOCTEN
MOXKET U3MEHSTHCS, TPYNION COeAMHEHUS OOMOTOK 3TUX TpaHC(HOPMATOPOB.

BekTopel Hampsik€HU M TOKOB PAa3IUYHBIX IOCIEI0BATEIIBHOCTEH TIpHU
nepexoje uepe3 TpaHc(hopMaTOphl MOIYHAIOT ONPEIEICHHOE YIJIOBOE CMEIIEHUE.

[TosTOMYy MOJy4eHHBIE 3HAYEHUSI TOKOB M HANPSKEHUW B CEUYEHHM (M) JOJKHBI

N
PI% B koropom p=(-1)", B koTopom N -

OBITh YMHOJKEHBI I1a OTICPATOP MOBOPOTA €
HOMEp TPYyHNIbl COCIWHEHUN OOMOTOK TpaHchopmaropa. [lpu mepexome uepes
TpaHchopMaTOpbl CO cxeMoi coemuHeHus oomoTok Y/Y wmmu A/A (rpymma 12)
yriioBoro cmemieHus HeT. Ilpu mepexone udepe3 TpaHchopmaTopsl ¢ Hamboliee
4acTo BCTPEYAIOIIECHCA rpynmnon Y/A-11cocraBnstomue PSAMOM
MIOCTICIOBATEIPHOCTH TMOBOpaYMBarOTCs Ha yroi 30 rpaxycoB 1O HampaBiICHHIO
BpallleHUsI BEKTOPOB (&), obpatHOl mocnenoBarenbHoctTu Ha 30 rpagycos

30
IPOTUB HAIPABIEHUS BpalleHUus BekTopoB (€~°). I10oTOMYy BBIpaKeHUS IS

HanpskeHUH Umgy U Umgp ipu 01HOM TpaHcpopManiuu OyayT UMETh BU/L:

U mal — (U kal + Z I mil jxmil)ej30

i-1,n



Umaz =(U ka2 + Zlmizjxmiz)e7j30 (12)

i-1,n

j130
[Ipu nepexone ¢ TPEYrodbHUKA HA 3BE31y - HA0OOPOT, mpsamas Ha (e7™),

obparnas Ha (¢°°). B oGmeii ciydae, KOra Ha IyTH pPasBEPTHIBAHHMS CXEMBI
BCTpEUaeTcsi HE OAHa TpaHcopmanus, MOBOPOT JOJKEH OBITh y4YTeH
COOTBETCTBYIOIIEE  4YHMCIO  pa3. TOKM  HyJNEeBOH  TOCIEIOBATEIHHOCTH
TpaHC(HOPMHUPYIOTCA JIMIIb MPU TEPEX0Ae 4Yepe3 TpaHCPHOpMATOPbl CO CXEMOU
coenuHeHus ooMoTok Y/Y.

KOHmPOJleble 60NPOCHL.

1. Kakum oOpa3oM cBsi3aHbl pacueTHbIE aKTHUBHAs M PpPEaKTHUBHAs
MOIITHOCTHU?
2. B kakom ciryuyae HEOOXOJIHUMO MPOBECTH KOPPEKTUPOBKY pacueTHOM

AKTUBHON MOITHOCTH?
IlepeyeHb OCHOBHOM JIUTEPATYPHI:
1. [Tununenko, B.T. DneKkTpoMarHuTHbIE NEPEXOIHBIE MPOLIECCHI B

AIIEKTPOIHEPTETUUECKUX CUCTEMAX: YueOHO-MeToandeckoe mocooue/ B.T.
[Tumunenko; Opendyprekuii roc. yH-T. — OpenOypr: OI'Y, 2014. — 124 c. Pexxum
nocryma: http://biblioclub.ru/index.php?page=book_view_red&book id=330565

IlepedyeHb 10MOJHUTEILHOM JIUTEPATYPHI:
1. KyBmnHoB A.A. Teopus anexkrponpuBoga. Hacts 3: [lepexoansie

MPOLIECCHI B AJIEKTpOIpuBoIe: yueobnoe mocooue/ A.A. Kysmunos, 3.J1. ['pexos;
OpenOyprckuii roc. yH-T. — Openoypr: OI'Y, 2017. — 114 ¢. Pexxum gocryna:
http://biblioclub.ru/index.php?page=book_view_red&book_id=481766
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