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JIEKIIAS Nel
OBIIASI XAPAKTEPMCTHUKA DJEKTPOIHEPTETUUECKHUX
CHCTEM U DJIEKTPUUECKHNX CETEW

1.1. OcHOBHBbIE NOHATHSA, TEPMHUHBI U ONIPeIeIeHUsI
CoBpeMeHHOE 00IIECTBO HEBO3MOXKHO MPEACTaBUTHh 0€3 MCIONb30BAHUS JJICK-
TPOIHEPTUU. DIIEKTPUUECKAS SHEPTUSI PUMEHSIETCS B MPOMBIIIJICHHOCTH, TPAHCIIOPTE,
CEJIbCKOM XO3STUCTBE AJIS AJIEKTPOIPUBO/A PA3TUYHBIX MEXaHU3MOB, HEIIOCPEICTBEHHO
B TexHoJIornyeckux mnponeccax (puc.l.1). be3 ucnonb3oBaHust F3AEKTPOIHEPTUN HEBO3-

MOJXHAa pa60Ta CPpCACTB CBA3HU, KOMIIBIOTCPHBIX CeTeH.

Bcero 1020
j\‘ 104,93

NPOMLILINEHHOCT -

554,36

88,65

13,17
7 pes

CANBCKOR XOIHUCTHRO
CYpOHTeNBCTHO

Puc. 1.1. CtpykTypa notpebienus aekTposnepruu B Poccun, mapa. kBt-u

B3auMooTHOIIEHHs] TOTpeOUTENEd U MPOU3BOAUTENEH 3JIEKTPOIHEPIUU (SHEP-
reTUYECKUX KOMIIAaHUH) B SKOHOMHMUYECKON U TEXHUYECKOU chepax perjaMeHTHPYIOTCS
['ocymapcTBEeHHBIMH 3aKOHAMHM, TIOCTAaHOBJICHUsIMU [IpaBuTenbcTBa, npaswiamu [1 —4].

Buvipabomka 3snekmpornepzuu OCyLIECTBIIETCS. B OCHOBHOM Ha TEILJIOBBIX,
aTOMHBIX U THAPABIUYECKUX 3JeKTpocTaHIusax (puc. 1.2). TennoBble 3JI€KTpUUYECKUE

craniiun (TOC) pacnomararorcs, Kak IPaBUIO, BOIM3H MECT JOOBIYM OPraHUYECKUX



TOITUBHBIX PECYPCOB, TUApaBInyeckue snekrpuueckue cranuuu (I'9C) — Ha KpynHBIX
pekax. Atomusbie dnekTpocTaHiuu (ADC) u TOC HyX)nalTcsi B 3HAYUTEIBHBIX 00BE-
Max OXJIaXJAoLeH BOAbI A MOAJAEpKaHHUSI TEXHOJOTMYECKOro ILMKJIA BBIPAOOTKHU
ANEKTPOIHEPTUU U TATOTEIOT K MPUPOJHBIM UCTOYHMKAM BoOjbl. [lo oObémam mpous-
BOJICTBA 3JEKTpo3Heprun Poccus 3anumaer 4 mecro B mupe, ycrynas CILIA, Kuraro u
Snonun.

SHeproiokn ADC; 113 %

T3C 30,3% /
I'3C; 20,5%

B

ITY, IITY; 103% TAIR210%

Puc. 1.2. CtpykTypa renepupyroleil MOIHoCTH iekTpocTanuuii Poceun [1].

LeHTpsl nompebdnenus rnekmpoInepeunu MOTyT HaXOAUTHCS HA 3HAYUTEIHHOM
yIIaJIeHUW OT dJIEKTpOCcTaHImi (TerodekTpoueHTpanu (TO1) coopyxkaroTcs B coctaBe
KPYIHBIX IMPOMBIIIJIEHHBIX MPEANPUATANA U B TOpOAaxX B MEPBYK OYEpedb ISl TEIJIO-
cHaOxenust). Ilepemaua 3JEKTPOIHEPTUU OT AJEKTPOCTAHIUN K MOTPEOUTENSIM OCY-
HIECTBIISIETCS 0 AJIEKTPUUECKUM CETSIM Pa3IMYHbIX HOMUHAIbHBIX HAMPSKEHUI.

Pa3ButHe 37EKTPOCTAHUMUN U DJIEKTPUUECKUX CETEW MO IMYTH MOBBIILICHUS HX
MOITHOCTEMN MPU BO3PACTAIOIIEM HOMHHAIBLHOM HANpPsHKEHUU MPUBEIO BO BCEX BBICO-
KOPa3BUTBIX CTPAHAX K CO3IAHUIO0 dtekmpoinepzemuueckux cucmem (39C).

AHepzocucmema NpeaCTABISAET COOOM COBOKYITHOCTh 3JEKTPOCTAHIUMI, JIEKTPH-
yeckux U TemioBbIX (TC) cerelt, coeNMHEHHBIX MEX 1Y COOOM U CBA3aHHBIX OOIIIHOCTHIO
pexxrMa B HEMPEPHIBHOM IpOIIEcCe MPOU3BOJICTBA, MpeoOpa3oBaHus, Nepe1ayn U pac-
MpeieTICHUs] AJICKTPUUECKON U TEIUIOBOM PHEPruil MpH OOIIEM JUCIETYEPCKOM YIpaB-

JIEHUU 3TUM PEKUMOM [2].



Anekmpornepzemuueckoit cucmemoit (39C) HA3BIBAIOT AIEKTPUICCKYIO YaCTh
HPHEProCUCTEMBbl M MUTAIOLIMECS OT He€ MPUEMHHKHM 3nekTposHepruu (OII), oObeau-
HEHHBIE OOIIHOCTHIO Mpollecca MPOU3BOJCTBA, NEpeladl, paclpeaeseHus U noTpede-
Hus dnekTposnepruu (puc. 1.3). ns ynpasnenus 99C UCHoIb3yl0T aBTOMAaTHYECKHE U
aBTOMATH3UPOBAHHBIC CUCTEMBI: aBTOMaruueckue perymaropsl (AP), ycrpoiictBa pe-
neitnoit 3anuthl (P3), npotuBoaBapuiinoit aBromatuku (IIA) u cpeacrtBa aucmeTdep-
ckoro u TexHosnoruuyeckoro ynpasienust (CUATY).

Dnekmpuueckue cemu (puc. 1.3) PHEProcHCTEM COCTOST M3 TOACTAHIMA C
Tpancopmaropamu  uiau  aBtorpaHchopmaropamu  (T), pacmpemenuTenbHBIMU
ycrpoiictBamu  (PY), wucrounukamu peaktuBHOM MmomHocTh (MPM) wu  nunuit
anektponepenaun (W), o0OpymOBaHHBIX YCTPOWCTBAMHU TPOJOJBHONW W TOMEPEUYHOMN

xommnencaruu (KY) .

| AP, P3, [IA, CATY ]
A A A
- T T — - q T \
| ' 1 I
i | ' |
G i T W T
13 o __ o | -
g |04 - 2
S —
DJICKTPUYUCCKAs! CTaHIIM JIDII [Moncranums |
— PR A Al = !
j._-, | H
[TC] (KY] (1PM]
I I lv'l’ ] DIIEKTPUUCCKAsE CCTh — JJIEKTpollepe/laya
: - >
Cuceresma 2iekTpocHabxeHus
— ——— Al xS
DNCKTPOIHCPICTHICCKIN CHCTEMA
- S e
")II(']‘I(’ FHMCCES CHACTCMAO
- |

Puc.1.3. CTpykTypHas cxema 3HeproCUCTEMBI
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Onextpudeckue cetu DIC nensaT Ha CHUCTEeMOoOoOpa3yrolire (OCHOBHBIE) U pac-
npeaenuTesbabie. YHKIMU CUCTEMOOOPa3yIOMUX U PacCIpeeIUTEIbHBIX CETEH IHEP-
TOCUCTEM CYIIECTBEHHO paszinyarorcsi. Cucmemooodpasyrowyue cemu 00eCneUUBAIOT
CBSI3b MEXK]Y DJICKTPOCTAHIUSAMH (B3aMMHOE PE3EPBUPOBAHKE, SKOHOMUYHOE paclipe-
JIeJICHUE Harpy3KH) U Mepeavy 3JIEeKTPOIHEPrUu OT SJIEKTPOCTAHIIMN K KPYIHBIM pac-
npenenuTeNbHbIM y3naM, noactanuusam cesizu (11C). Pacnpedenumenvnuvie cemu nep-
BOU U BTOPOH CTymneHel 00eCreynBaroT nepeady JIeKTPOIHEPTUH OT MOICTAHIIUMA CH-
cremooOpasyromeit cetu (IIC) u muH pacnpeaenuTenbHOr0 HanpsiKEHUs JIEKTPOCTaH-
uuii 10 uentpoB nutanus (LI1) u nonmxkaromux noacraniuid (I11), ot koTopsix nuTa-
IOTCS CETH 3JIEKTPOCHAOXKEHHS OT/AENbHBIX MoTpeduTeneil (MpoMOpeanpusThs, ToOpoi-
CKHE U CEJIbCKUE DIICKTPOCETH).

B Hacrosiiiee Bpemsi Ha TEppUTOPUU Hallel CTpaHbl (QYHKIUOHUPYET €IUHAsS
sneprerudeckas cucreMa (EDC) Poccun. B cocrabe EDC paboTaror 7 00beIMHEHHBIX
sHepreruyeckux cuctem (O2C), KOTOpble TEPPUTOPUATHLHO B OCHOBHOM COOTBETCTBY-
10T penepaibHBIM OKpyTaM Haiei crpansl (puc. 1.4), npeacraBisroniei co0oil BbICO-
KOpPa3BUTYIO CHCTEMY C MHOTOYPOBHEBOM Hepapxuueckon ctpykrypoil. Bce OO3C co-
CAVHEHBl MENCCUCIEMHBIMU  GbICOKOGOIbMHBIMU  JTUHUAMU  IJleKmponepeoayu
Hanpspbkenrem 220...1150 kB u paGoTaroT B CHHXpOHHOM pexXuMe (IapauiesibHO).

B ESC Poccun Bxoaut okoiao 700 3JI€KTpOCTaHIIMNA CYMMAapHOM MOIIHOCTBIO
232 451,81 MBrT (na 1.01.2015 ). CeteBoe xo3siictBo EDC Poccun HacuuThiBaeT 60-
nee 10700 JIDIT nomunaneaeiM HanpsikeHuem 110 — 1150 kB. B nenom o Poccuiickoit
denepanu NPOTAKEHHOCTh JTUHUN JIEKTPOIIEPEIadyn BCEX KJIACCOB HAIPSKEHUM CO-
craBisieT 6osee 2648 ToIiC. KM.

VYnpaBiieHne 351eKTpoIHEepreTuyeckuMu pesxkumaMu cemu O9C U SHEProcucTeM,
PacoJIOKEHHBIX HAa TEPpUTOPUU CyOBeKTOB Poccuiickoit denepannu oCyeCTBISIIOT
oowenuuénnnie (OLY) u peruonansusie (PAY) oucnemuepckue ynpasnenus cootrBet-
ctBeHHO. [Ipu ynpasnenun pexumamu I9C pemiarTcs 3adauu TOITOCPOYHOro (mep-

CIEKTHBA /10 rojla), KPaTKOCPOUYHOro (TIEPCIEKTUBA — CYTKH) MIAAHUPOBAHUA. 3aTEM
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OCYLICCTBILICTCA onepamueHoe, asmomamudecKkoe ynpaejienue pCKuMaMi IIpU OUC-

NETYEPCKOM KOHTPOJIE U KOPPEKIMU TIIAHOBBIX IMOKA3aTENEH.

== Hosble cBA3N
330 kB
400 kB
500 kB
750 kB
BA/ITUA 1150 KB

-
NOJbLIA BN11150 kB | « )
03C CEBEPO- N 1500 KB | e
| 3AAZA ; : :
1 I l| ¢ e

1 ) '
BENIAPYCb 1 : ' 3
CNOBAKUA o8¢ e ol :
ALLE| S — :
BEHIPUA YKPAWHA 'l" .
_______ 03C YPANIA
i @ - 03C [
:o BOCTOKA
MO/IA0BA — D 7
I - — %
i —_——— - 2,5/ /
" ol | %
PYMbIHUA 8 B I R | |
03C CUBMPU
{ o3ciora - | : :
BO/ITAPUA CPELHEW | | 1
BONITM \ |
. \ ! (oo ]
'
— [Coran )
3AKABKA3bE =
| [ [ MoHronuma |
Tveuna KA3AXCTAH

Puc. 1.4. Mexcuctemusbie TuHUY 35ekTponepenaun EDC PO

CylIlecTBeHHOW YacThIO 3THUX 3aja4 SIBISIIOTCS PACUEmbl YCHAHOGUBUIUXCA U
nepexoonvix pexcumoe IIC U dIESKTPUUYECKUX CETeH, ONTUMU3ALUs PEKUMOB. Dop-
MHUPOBAHHUE Mamemamuyeckux mooeneii o00pyIOBaHUSA, MOJCICH YCTaHOBHBIIUXCS
PEXKHUMOB JUIsl IPOEKTUPOBAHMS U ynpasieHusa DIC, IKOHOMuUUecKas onmumu3ayus
pexcumos SBISAIOTCS TPEAMETOM HM3ydeHUs B Kypce «KuOepHeTHUecKue sHepreThude-

CKHUC CUCTCMBID».

1.2. XapakTepHUCTHKA nepeaavu 3JIeKTPOIHEPTruM nepeMeHHbIM
U MOCTOSIHHBIM TOKOM
Bo Bcex cTpaHax Mupa B OCHOBHOM MCHOJB3YETCS mpéxgpasnan cucmema ne-
pemennozo moxka 50 (60) 'l ayig mpou3BOACTBA U Niepenaun dekTpodHepruu. Homu-
HanvHoe nanpaxcenue JIII 3aBUcUT OT IepeaBaeMoOl MOIITHOCTH, KOJIMYECTBA 1enen

U pacctosHus nepeaaun (tadiu. 1.1). C yBenmuyeHueM AJIUHBI JMHUM HEOOXOIUMO Mepe-
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XOJIUTh K 00JIe€ BHICOKOMY HAMPSIKCHUIO M YBEIIMYHUBATh MOIITHOCTD, TIEPE/IaBacMyIO 10
OJIHOM IeNu JIMHUM, JJI YACp>KaHHS CTOMMOCTH MEpe/ladyd OJTHOrO KUJIOBaTT-yaca B
npuemMiieMbix rpanunax. JISII, obecnieunBaromue neperavy 3JIEKTPOIHEPTHU TOTPeOH-

TCIAM OT ABYX HCTOYHHMKOB, HA3BIBAKOTCA JJICKTpOIICpCaadaMu C IBYXCTOPOHHHM ITH-

TaHUECM.
Tabmuua 1.1 — DxoHoMuyecku nenaecooOpaszubie napameTpsl JIDI1
NEPEMECHHOI'O TOKA
Homunansnoe Haunbonbuas nepenaBaemast Moli- Haubonbiiee paccrosiHue ne-
HAIPsOKEHUE, HOCTh, MBT penayu, KM
kB
0,38 0,05...0,1 0,5...1
10 2,0...3,0 10...15
35 5...10 30...50
110 13...45 50...80
220 90...150 150...250
330 270...450 300...400
500 770...1300 800...1200
750 1500...2000 1500...2200
1150 4000...6000 2000...3000

JIDIT nanpsixenunem 330, 500, 750 kB B PD oTHOCATCS K IMHUSM CBEPXBBICOKOTO
Hanpspbkenus: (CBH). Jlunun nHanpsikenuem cBbiie 1000 kB B MexxayHapoaHOM Mpak-
TUKE MPUHATO CYUTATh JUHUSIMH YIILTPaBbICOKOro HanpsbkeHus (Y BH).

[ns nepeoauu snexmposnepzuu noCmMoAHHLIM HOKOM COOPYKAKOTCA NEpeaadn
nocrosiHHoro Toka (III1T) B cocTtaB KOTOpOil BXOAAT BBIIPSAMUTENIBHASI U NHBEPTOPHAS
nogactadiuu (puc. 1.5). C nomompto IIIIT Bo3MokHO coequnenne DIC ¢ pa3inyHOU

4acTOTOH.

Puc. 1.5. [IpuanunuansHas cxema [T
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1.3. OcHOBHBbIE CXeMbI U PEKUMbI JIEKTPHUYECKHX CceTel
Pestcum padomur JIII cucteMo0oOpa3yolIe CeTHU ONpPEAesieTCs XapaKTepoM
pabotel anekTpoctaniuid. Ilepenaga mommHocTr oT MomHbIX KOC umm 'DC moxer
OCYIIECTBIIATHCS 10 CBI3HOM (puc. 1.6) nimm 6mounoit cxemam JIOTI.
ITo mepe pazputuss 99C U MOAKIIOUECHUS K MPOMEKYTOUYHBIM MOJCTAHIIN-
M 3JeKTporiepenauyn HOBbIX JIDII BO3HHMKAIOT AJIEKTPUUYECKHE CETH C TpeMs U Oolee
[EHTpaMH TTuTaHus. B pe3ynbrare 00pa3yroTcs 3aMKHYThIE MHOTOKOHTYPHBIE CHCTEMO-

oOpasyromiue cetu D9C.

KE3C mn I'2C 11 1

500 B

_ .
nep enarom at CTAHLHA ! l

T3II-2

¥

Puc. 1.6. CBsi3Has cxema mepenadyn 3IeKTPOIHEPr U

Pexxum pabotel JIDII pacnpedenumenvuvix cemeit onpenensercs rpapukamu
Harpy3ku norpebuteneit. Pacnpenenurensusie cetu 110 u 220 kB mo3Bosnsitor nepena-
BaTh MOIIIHOCTH B JIECATKH MEraBaTT, ceTu 6...35 kB pocraBisioT morpedutesnsiM mMoiil-
HOCTH OT HECKOJILBKHX COTEH KHJIOBATT A0 HeCcKoabKuX MerasarT. Ilo ceram 0,38...0,66
kB nepenaércs MOLHOCTh OT HECKOJIBKUX JIECSITKOB JI0 HECKOJIBKUX COTEH KUJIOBATT.

Konguzypayua cxem pacnpedenumenvuwvix cemeil ONPENEISETCS B3aWUMHBIM
pacroJIOKEHUEM IIEHTpa MUTAHUS, TPUEMHBIX MTOICTAHIIMM, MOITHOCTHIO TTOTpeOUTENeH

U TpeOOBaHUAMH MO HAAEKHOCTU BJIEKTpOCHAOKeHUs. [IpuMeHstoTCs pazomkHymuole
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(pamuanbHbIe U MAaruCTpalibHbBIE) U 3aMKHYymble (KOJbIEBBIE, C IBYXCTOPOHHUM IHUTa-

HUEM) KOHPHUTYpallUU CXEMbI pactpeieUTeNIbHbIX ceTei (puc. 1.7, 1.8).

A
Ay / L
(=)= B I )

a 17

Puc. 1.7. PazomkHyTast Hepe3epBUpOBaHHAsl KOH(GUTYpaIUs CETH:

a — paguanpHas; 0 — MarucTpajibHas

LIl ) 112

of O

Puc. 1.8. 3aMKHYyTBIE CXEMBI CETH:

Pacnpenenurensusie cetu 0,38...35 kB BBINOMHSAIOT KaK MPaBUIIO PA3OMKHYTHI-
MU IO PaAHaIbHOW WJIM MAarucTpajibHON cXeMaM C OJTHUM WM JBYMs LIEHTpaMH MUTa-

HHA.

1.4. KuOGepHeTnyecKue — HHTEJUIEKTYaJbHbIE YJIEKTPUYECKHUE CETH

CoBpeMennass DOC mnpeacTaBisieT cO00M OJIHY M3 CaMbIX CIIOXKHBIX TEXHHYE-
CKHX CHCTEM, HACBHIIIEHHYIO YCTPONCTBAMU U3MEPEHHUSI, aBTOMAaTHYECKOTO YIIPaBJICHUS,
MOHUTOpHUHTA 000pynoBaHusl. CHUCTEMBI, UMEIOIIKE IeJICHATPABICHHOE, ONMTUMAILHOE
YIIPaBJICHUE HA3BIBAIOTCS KUOCPHETHUECKUMU. TaKne CUCTEMBI COCTOSIT U3 TOJICUCTEM,

MMEIOIINX CHJIbHBIC TIPSIMbIE U oOpaTHbIe cBsi3u. CBoMCTBA cucTeMbl (OONBINION CHCTe-
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MBbI) onpenensercss B3aumonencTsueM nojacucteM. 99C kak KUOEPHETUUECKUE CUCTE-
MBI ITPOLIUTA B CBOEM PAa3BUTUHU HECKOJBKO 3TanoB. Ha nepom stane 93C ocHamaimch
JIOKaJIbHBIMU YCTpOICTBaMH aBTOMaTuKU, DBM wHcnonp30Baiich Kak KOHCYJIbTaHTHL. B
JabHEHIIIeM ObLTH BHEIPEHBI OOIIECHCTEMHBIC 3JIEMEHThI aBTOMATUKH U YIPAaBICHUSI.
OBM nonyyanu uHpoOpMainnio HemocpeACTBEHHO OT ycrpoictB DIC. [lanbHeiiiiee
pazButue OOC CBS3aHO C CO3JAHUEM «HUHTEIUIEKTYAJIbHBIX» DHEPreTUYECKUX CHUCTEM
(Smart Grid).

OcHoBol unmennexkmyanvnou cemu (puc. 1.9) sBIsSETCS COBOKYITHOCTH CETEBO-

ro MEPBUYHOIO MHTEIIEKTYaJIbHOTO 000pyIOBaHUS M MH(POPMALIMOHHONW MH(PACTPYK-

TYpHI.

LeRTparhHo0
TeXHonaraNoc«on
ynoannende

OnepaTopii u
SHOUMAMETEI

BN MOKHTORKHT W y<aT

Baz3 aanHeix B

LWHa onepauMorHsIx
AaHHEIX SCADA'DMSIEMS
B PaXMB PEanNkHO0
BREUEHi

YeTpodcTaa
FACTS

MargeTpanbhsia n
PACOPUARNATEN
HKIG COTH

Nepaniyan
AMATHOCTHEA B
pexuNa online

VikTenn EXTYaNsHOG CHNOa0e

obogynosatHe

ENAHEI NpaTOKON
COMEHE BIRHLIVY
MIK 61820

ATeNNURTYARBHEIS
INEXTOOHRLI
yerpodetis (IED)

JTORAnLNIG CoTH
(Y MiihIA AoM

AL

TNepenyHas
AWATHOCTHRE W YET
8§ MOKANEHEIX CETAX

MK opMayrCHHaR
MERDacTRYRTYPA

Puc.1.9. TexHOMOrHYeCKUi KOMILIEKC HHTEUIEKTyaibHOM cetu [10]

AJanTHBHOE IMOBEJCHUE NMPH BHEITHUX M BHYTPEHHUX BO3JCHCTBHUSIX OOCCIICUH-
BACTCs CUIIOBBIMHU YCTpOcTBaMu cubkux snexkmponepedau (FACTS), nudpoBbIx moj-
CTaHLIMM W MHTEIUIEKTYalbHbIMU DJJIEKTPOHHBIMM yCTPOMCTBA TOHKOM IOACTPOM-

ku (IED). WutemnexkryampHoli coctapistorieii IED sBisieTcs To, 4TO B JAOMOJHEHHUE
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K TEKYIIIUM 3HAQUYEHHSIM STH YCTPOMCTBA 3allUCHIBAIOT MH(MOPMAIUIO 00 MCIPaBHOCTH,
AKCIUTyaTallMOHHBIC XapaKTEPUCTUKU U UCTOPUIO OOBEKTA U €ro 000pya0BaHUS.
OcHOBOW THOKHX dJEKTpoIiepeaayd SBISETCS MOIIHAs OBICTPOACHCTBYIOIIAS CH-

JIOBasd JJICKTPOHHUKA, JICKTPOMAIIMHOBCHTUIIBHBIC KOMIIJICKCHBI, CPCACTBA MUKPOIIPLCC-

copuoro ynpasienus (puc. 1.10).

g, 0, }?‘1 ?{Uz
4 »—I ‘—l

8 MH, MH,
.9'.

UK
a1 Bt T [BH| " I
T T
a 0 B

Puc. 1.10. Ycrpoiictea I'OI1:
a — Cratkowm; 0 — IIIT1PM; B - BIIT

BaxxHedmuM 53JI€MEHTOM HMHTEUICEKTYyaJIbHOW CETH SIBIETCS uughposas noo-
cmanyua. Vines uudpoBoil MOJACTAHIIMM 3aKJIIOYAETCS B CO3JaHUU CHUCTEM KOHTPOJIS,
3alUTHI U YIPABJICHUSI, COOUpAIONTUX U 00padaThIBAIONIUX BeCh 00beM MH(OpMAITUU O

COCTOsSIHHNH BHGKTqueCKOﬁ CCTH, a4 TAKKXC OCYHICCTBIAIOIINX YIIPABJICHHC 060py,IIOBa-

HUEM B 1T poBoM popmare.

JEKLUST Ne2
OCHOBHBIE JIEMEHTBI IEPBUYHOI'O OBOPYJIOBAHUSI
YIEKTPUUECKUX CETEHA

2.1. Bo3aymnbie U KadeJabHbIE TUHUM
JluHum 3meKkTpornepeiadyn BLIMOJHAIOT MPEUMYIECTBEHHO Bo3AyIIHbIMU (BJI) u

kabenpHBIME (KJT). BJI (puc. 2.1, a) npeanasHadeHsl 1)1 epeaadn dJACKTPOIHEPTUN TI0
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IIpoBOaAaM, PACIIOIIOKCHHBIM Ha OTKPBITOM BO3AYXC H IMOAACPKHBACMBIM C ITOMOIIBIO

OIIOp U U30JIATOPOB.

Paccrosinue MCKAY ABYMs COCCAHUMMH OIIOPAMHU HA3BIBAIOT nponémom JAUHUU

(puc. 2.1, 6). I[Tox BAMsTHUEM COOCTBEHHOTO BEca MPOBOJ B MPOJETE IMPOBHCAET (puc.

2.1, B). Pacctosinue f 10 ero Hu3IIei TOUKKM HA3bIBAIOT CHIPENON RPOGeca RPO6OIa.

Alxeprsie
onops!

Waeig

a

Noddepmubaruue

2upasnds

g

Nposse wymoyusie

/ onops! Q-\‘

e

Hamawxan
2upasude

Mposem

fporem

Nposem

NMposem

Nposem

nepecesenus
e xeneanod
dopozod

Auxepusit nponem

VI 77

h

Puc. 2.1. BoznyuiHas quHUS 3J€KTpONepeaadu:

f///////// v/

B

a — o0muii BUI; O — MpOJETH JINHNM;

B — rabapuThl mposéra

Haunmenbmee  paccrosHue  OT
HU3IIEH TOYKM TMPOBOAAa 10 3eMiau h
Ha3bIBAOT 2adapumom. ITO PACCTOSHUE
JOJDKHO 00€eCIeunTh Oe30MacHOCTh JIBU-
JKEHUs JroAed U TpaHcnopra. [l HeHa-
cenéuHor MectHocth h=5...7 M, A
HacesnéHHou 6...8 M. Pacctosnue D mex-
ny mpoBojgamu cocennux ¢az BJI (cwm.
puc. 2.1, a) obecmeunBaeT TpeOyeMbIit
U30JIAIIMOHHBIN TIPOMEKYTOK U 3aBUCHUT B
OCHOBHOM OT €€ HOMMHAJIBHOI'O Hamps-

xenusa U, .
B munumax U, <1 kB paccrosnue mex-

Iy TMPOBOJAAMM Majo, U30JIALHS OTHOCH-
TENHHO JENIEBAs, OMOPHI IPOCTHI M HENIO-
poru. IloaToMy [t TakUX JUHUM 3KOHO-
MHYECKH  IIeJIeCO00pa3Hbl  HEOOJbITHE
npon€tel (40...50 M) mpu BBICOTE OIOP

8...9m. BBJI U, >1 kB sxoHOMHUYECKH

1esnecoodpasubl Oonbinne mponeTsl: B BJI
110 xB — 170...250 m, gna 220...750 kB
— ot 250 go 750 M mpu BBICOTE OMOP

25..41 m.
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Onopel W3roTOBIAIOT U3 JIepeBa, MeTaula U keie300eroHa. OCHOBHYIO 4acTb
OIIOpP COCTABJISIIOT OOJIETYEHHBIE HPOMEHCYMOUHBIE ONOPBL C TIOAICPKUBAIOIIUMH THP-
JSIHAAMU U30JTOpoB. Yepes 3...5 KM ycTaHaBIUBAIOT O0JIee npouHble aHKepHble ONo-
put (puc. 2.1, a).
Ha BJI npumeHSI0TCS B OCHOBHOM HEW30JUPOBAHHBIE (TOJIbIE) OJJHO- U MHOTOIIPOBO-
JIOYHBIE NPO6OOa V3 ATOMUHUS, CTAIM, CHEIUANBHBIX CIUIABOB aOMHHUS (pHC. 2.2).

Jlyist noBbIeHUst NPOITYCKHOM crocoOHocTr JIDII (momycTuMoro Toka o HarpeBy |,

) TIPUMEHSIFOT MPOBOJIA CIIEIUATLHON KOHCTPYKIIMU WM BBICOKOTEMIIEPATYPHBIC CILIa-
BEI.

; Anomunuil
Cmuio

Puc. 2.2. KoHCTpyKIIMu HEU30JUPOBAaHHBIX TpoBo1oB BJI:
a — ogHonpooiouHsli (IICO); 6 — MHOronpoBoIOYHbIHN (A);
B — crasieamoMunneBbiid (AC); T — MHOronpoBoJiounbli ¢ HanosHuTeneM (ACKII);

B BJI nanpspkenunem 330 kB u BbIle B Kaxa0i (haze MOHTUPYIOT IO HECKOJIBKO
npoBoJIoB ( OT 2 a0 11). Takue KOHCTPYKIIMHM HA3bIBAIOT PACULENIEHHBIMU pa3amu
(puc. 2.3).

[Ipumenenue pacuierui€HHbIX (Da3 MO3BOJIIET KPOME TOTO CHU3UTH HAIpPsHKEH-
HOCTBH 3JIEKTPHUYECKOTO IOJIsI HA MOBEPXHOCTU MPOBOJOB, YMEHBIINTH KOPOHHUPOBAHUE
IIPOBOAOB, IIOMEXU PAAUONPUEMY, OTEPU AKTUBHOW MOLIHOCTHU M 3aMEIJIUTH IIPOLIEC-
ChI JIEKTPOXUMHUYECKON KOPPO3UH TTPOBOOB.

Bcé Oonbiiee npumenenue Haxonat BJI ¢ camonecywyumu uzonuposannvimu

npoeodamu (CUII) ma U, =0,38...10 kB. Hecymuii npoBox — crajncanroMUHUEBBIN,

(dazHbIe — AMIOMUHUEBEIE.
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I'po3ozamuTHBI Tpoc

JlucraHuroHHas
pactiopka

I'mpasHab! U30ATOPOB

-

-

: .
AHKepHas yriioBas ornopa RN
Ha OTTSDKKax TN

| e
\ IIpoBona =
! OZTHOM (ha3sI

Puc. 2.3. Koncrpyknus pacmeruiénnoi ¢gaset BJI 500 kB

I'pozozaugummnsie mpocel N3roTaBiIvMBaAIOT U3 CTAJIBHBIX OLMHKOBAHHBIX KaHa-
toB C 35, C 50, C 70 wiu crasearOMUHUEBBIX NPOBOAOB. TpOCHI MpeaHa3HAYEHbI IS
3amuThl TMHUE 35 KB U BhIlle OT atMOC(hEpHBIX MEepeHaNpsHKeHUH Mpu yaapax MoJi-
HHUM.

Hzonamopur BII (puc. 2.4) uzroranuBaot u3 ¢papdopa (I1P) u 3akanéHHOro
crexna (I[IC) u mpennasHayeHbl JUId U30JSUU TPOBOIOB OT onop. M3omaropsr pasne-
Js110T Ha mThipeBbie (10 35 kB) u noasecHsie (35 kB u Oonee). [lonBecHbie U30JIATOPHI
coOMparoT B TUPISTHABI (TTOAICPKUBAIONTHE HA TTPOMEKYTOUHBIX OTOpaxX, HATSHKHBIC —
Ha aHKEpHBIX (cM. puc. 2.1, 6, 2.3)).

Juneitnyro apmamypy MCnonab3yloT Ui KPEIJIEHUSI TPOBOJAOB M TPOCOB K HM30-
asitopam (puc. 2.5). OCHOBHBIE 3JIEMEHTBHI: 3KHMbI, COSAUHUTENU, AUCTAHIIMOHHbBIC
pacniopku. CuenHas apmatypa (Cepbru, ki, CKoObl, KOpOMBICIIA) MpeIHa3HaueHa AJIst

IMOABCCKH THPJIAH Ha OIlopax.
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Puc. 2.4. U3onstops! BJI u ux anemeHTsI:
a — mreipeBoit 10(6) kB; 6 — mteipeBoit 35 kB; B — noaBecHoi:
1 — manka 13 KOBKOTO UyryHa; 2 — CBsI3Ka [IEMEHTHAs;
3 — uzomupyromas 9acTs (papdop UM CTeK0); 4 — CTep)KeHb METaUTMYECKUI

Puc. 2.5. JIuneiinas apmarypa BJI

Puc. 2.6. Ka6enb ¢ mponuTaHHON OyMaxHOI
m3omsinuedt ACBa 6(10) kB:

1 — TokompoBoOsIIas KUJa ATFOMUHUEBAS;

2 — (a3Has uzoAIUs; 3 — 3aNOJHEHUE;

4 — mosicHast M30JIALIUS; 5 —. DKPaH;

6 — cBuHIIOBas 000I0YKa; 7 — MOAYIIKA,

8 — Opownst; 9 — HapyKHBIH TOKPOB

Kaobenabnbie muaun (KJI) npoknaasi-
BAlOT TaM, rae crpoutesibcTBa BJI HEBO3-
MOYXKHO M3-3a CT€CHEHHOU Teppuropuu. KJI
MMEIOT PsiJl IPEUMYILECTB U HEAOCTATKOB.

B cocraB KJI Bxomst: kabenb (puc.
2.6), coenUHHUTEIbHBIC U KOHIIEBbIC MY(TBHI,
CTPOUTEIIbHBIE KOHCTPYKIIUU.
Kabenu nanpsokennem no 1 kB — uderbipéx-
KuibHbIE, 60...35 kB — TpEéx:KuibHBIE WU

onHOXuIbHbIe. Kabenu nHampsikenuem 110
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kB u Gonee — OOHOKXHJIBHBIC. B ropogax U IIPOMBIINIJICHHBIX 30HAX KJI IIPOKJIAAbIBAIOT,

KakK IIpaBujio, B 3CMIJIC.

2.2. TpancdopmaTopsbl 1 aBTOTPAHCHOPMATOPHI
[ns coeauHeHHs] AIEKTPUYECKUX CETEM Pa3HbIX HOMUHAJIBHBIX HaIPSKECHUM
MIPUMEHSIIOT TTOBBIIIAIONINE U TTOHWKAOIIME TpaHchopMatopsl (puc. 2.7). OHU BBITIOI-
HSIOTCSI OJTHO- U TPEX(PA3HBIMU, IBYX- U TPEXOOMOTOUYHBIMHU.

H"L""'r"""-l"','.u"',""' | | ',', aclumpurens

ycrpocrao PMNH

Puc. 2.7. JIByx0OMOTOYHBIH TpaHC(hOpMaTOp:
a — BHEIIHUN BUJT; 0 — KOHCTPYKTUBHBIE 3J1€MEHTHI

Jleyxobomomounsle mpancgopmamopst TPUMEHSIOT Ha KPYIMHBIX OJIOYHBIX
ANEKTPOCTAHIUAX. Tpéxoomomounvie mpancghopmamopsl B OCHOBHOM TMPUMEHSIOT B
KauecTBe MOHMXKaImuX TpaHchopmaropos 10 100 MB-A u ¢ BbICIIUM HampsiKEHHUEM
1o 220 xB. lnsa coenuHenus cered ¢ HampsbkeHueMm 110 kB u Bbime (cereit ¢ 3a3eM-

JNEHHOW HEUTpaliblo) ¢ oTHOHIeHueM U HE IpeBbIIatonieM 3...4, MHUPOKO UCIONIb-

HOM °
3YI0T TpEXOOMOTOUHBIE (TpEX(a3Hble WM 0ObEIUHEHHBIE B TPYNIbl OAHO(DA3HBIE) a6-
mompancgopmamopowt (puc. 2.8).

Tpanchopmaropsl ¢ pacuennénnvimu oomomxkamu HH ycranaBnuBamT Ha
AJIEKTPOCTAHIUAX M B CHUCTEMAaX 3JIEKTPOCHAOKEHUS MPOMBIIUICHHBIX HPEANpUsTUH.

OHU SBISIOTCS PA3HOBUIHOCTBHIO ABYXOOMOTOYHOrO TpaHc(opmaTtopa, B KOTOPOM 00-
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moTka HH BeimonmHeHa u3 nByx (uwiam 0osiee) 0OMOTOK, pPACIONOKEHHBIX CHUMMETPUYHO
M0 OTHOIIIEHUIO K 00MoTke BH.

O6motku BH 6...35 kB nByxoOMOTOYHBIX TpaHC(HOPMATOPOB COEIWHEHBI B
3Be31ly (C BBIBEICHHOW WJIM M30JMPOBaHHON HyJeBou Toukoi). Oomorku HH 0,4/0,23
kB u 0,69/0,4 kB coequHeHbI B 3B€3/y C BBIBEICHHOW HYJIEBOW TOUYKOW (HEHTPAIIBIO),

T.¢. rpynmna coeaunenuii Y/Yo — 0.

Puc. 2.8. ABToTpancdopmarop:
a — BHENIHUH BUJ;, 6 — cxema ogHOU (hasbl:
1 — mocnenoBarensHas 0OMOTKa; 2 — obO1as ooMoTKa; 3 — oomMorka HH

O6motku BH 110...220 kB coenunsroT B 3Be31y, a 0omMoTkn HH — B Tpeyroins-
HUK, 9YTO COOTBETCTBYET rpymie coeaunHeHuii Yu/A — 11. B TpéXxoOMOTOYHBIX TpaHC-
dopmatopax rpynna coenunenuii Yu/Y/A — 0 — 11. B aBrorpanchopmaTopax oOIIHe
OOMOTKH COEIMHEHBI B 3B€3/ly C 00s3aTeILHBIM TTyXUM 3a3eMJICHHEM HEUTpasu (TpyI-
na Yu/Yu/A — 0 —11).

Tpanchopmaropsl 1 aBTOTpaHC(HOPMATOPHI CHAOKAIOT CREUUATbHOIMU Pecyiu-
posounvimu omeemenenuamu PO (cM. puc. 2.7, 6), U3MEHsIS KOTOPbIe MOXHO H3Me-
HATh UX KO3(PPUUUEHT TpaHcPopMmanuuu. B 3aBUCMMOCTH OT crocoba MepeKItoueHus
PETYJIUPOBOYHBIX OTBETBJICHUHN PAa3IMYalOT CICIYIONIUE TUIIBI TPAaHC(HOPMATOPOB: a) HE

MMEIOIINE YCTPOMCTB JUIsl MEPEKIIIOUEeHHs] OTBETBIICHMM moj Harpyskoid — IIbB; 0)
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CHA0XEHHBIE BCTPOCHHBIMU YCHIPOUCMEAMU 0N Pe2YyIUPOBAHUA HOO HAZPY3KOU —
PIIH.

Xapakrepuctuku PIIH u IIbB 3amaroT B BuJie MaKCUMAJIbHOT'O YHCJA TTOJIOXKH--
TENBHBIX U OTPUIATEIBHBIX (£N) MO OTHOIICHUIO K OCHOBHOMY BBIBOJY 0OMoTkH BH
w CH perynmupoBOYHBIX OTBETBICHUHN C YKa3aHHEM IlIara peryJupOBaHUS HAMpsKe-

Hust A, B Buae *Nx A, . lllar A, 3a7ar0T B IPOLIEHTaX OT HOMUHAIBHOIO HAIIPSIKEHUS

OCHOBHOr0 BbIBOZa CTOpoHBI pasmewmieHus PIIH wnu IIbB. Hanmpumep, nns PIIH:

+6x1,5 %, £9x1,78 %, £12x1,0 %; nns 11bB — £2x2,5 %.

2.3. Komnencupymoiue ycrpoicTsa

KoMmneHcupyromnye ycTpoWcTBa, yCTaHABIMBAEMBIE B SJIEKTPUUYECKHX CETSX,
YCIIOBHO Pa3JeNAioT Ha a) yCTPOMCTBA JJIi KOMIICHCAIIUU PEaKTUBHOM MOIHOCTH TIO-
TpeOsieMOl Harpy3kaMu M 3J€MEHTaMU CeTH; 0) YCTpoIcTBa /Il KOMIIEHCALUU Peak-
TUBHBIX TTAPaMETPOB JTMHUM.

OcHOBHBIMH ucmounukamu peakmuenou mouHoctu (MPM) sBustorcs cus-
XPOHHBIE TEHEPATOPHI IEKTPOCTAHIIMH. [ COKpaIieHns pacCTOSIHUM Tepejaun peak-
TUBHOM MOIIHOCTU M CHU)KEHMSI TOTE€Ph AaKTUBHON MOIIHOCTH HCIOJB3YIOTCS U APyrue
WPM: cHHXpOHHBIE KOMIICHCATOPHI, OaTaper CTaTUYECKUX KOHACHCATOPOB, CTaTHUYe-
CKHE THPUCTOPHBIE KOMIIEHCATOPbI, KOMIIEHCATOPBI PEAKTUBHOW MOIIIHOCTH.

YcrpolicTBa 11 KOMReHncayuu peakmugHvlX napamempos JuHUU NpeCTaBIs-
10T co0oil koHaeHcaropsl (YIIK), BKIIOUEHHBIE B JIMHHUIO MOCIENOBATEIBHO YCTPOM-
CTBa PEryJIUPOBAHUS THOKUX dJIEKTpoNepeaay, IIyHTHPYIOIIHE PEaKTOPHI.

Cunxponnwtii komnencamop (CK) npencrapinsier co00i CHHXPOHHBIN JIBUTATENb
oOnery€éHHoOM KOHCTpykiuu (puc. 2.9), paboraronuit Ha xonoctoM xony. CK umeror
aBTOMAaTUYECKOE PETYJIIMPOBAHHUE C MAJIOW MOCTOSHHOM BPEMEHH, MO3BOJISIIOT HE TOJIBKO

T'eHEPUPOBATH, HO U MOTPEOJIATH PEAKTUBHYIO MOIIHOCTb.
q U o
Momnocts CK Qck = X—U U3MEHSET CBOM 3HAK B 3aBUCHMOCTU OT BEIH-
d

YHHBI TOKA BO30YXKJICHHUS I, .
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bamapeu cmamuueckux xonoencamopoe (bCK) — namboiiee SKOHOMHYHBIC
NPM, nokpsiBatomue a0 30 % ob6mieit moTpeOHOCTH B peakTUBHOW MOITHOCTH DIC.
Ucnons3ytor BCK (puc. 2.10) HomunansHOrOo Hanpsokenus 6, 10, 35, 110 kB ¢ Homu-

HaJIbHOW MOITHOCTHIO 10 108 MBap.

RO R A
b~ RS,
»

(AR A

AY

X/

X

.0:‘] [v A R
A e

PRI S
{

?_
'
i
!

)
:

. ‘
o —
. _—
J

b 2l

S Y Ty AL

S ——c

va .".--‘V

'-'5’6

1 CHHXpOHHAs MalllHA
(mBuTaTENB)

Bozoyaurens
(reHepaTop MOCTOSHHOIO TOKA)

Puc. 2.9. CuHXpOHHBIN KOMIIEHCATOP HA MTOCTAHIINH

BCK KOMIUIEKTYIOTCS W3 CPaBHUTEIBHO HEOOJBIINX KOHJEHCATOPOB HU3KOTO
Hanpspkenus (0,22...10 kB) nyréM ux mocieaoBaTeIbHOT0 U MapalieIbHOI'O0 COSIMHE-

HH:A.

BricokoBoIbTHBIE
KOH/ICHCATOPBI

Peaxtop

Tpaucdopmarop
TOKa

Puc. 2.10. batapest craTHueCKMX KOHIEHCATOPOB:
a — MakeT; O — BHEIIHU BUI
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MOHIHOCTB BCK CYIICCTBCHHO 3aBHUCUT OT HAIIPAKCHUA B Y3JIC eé IIOAKJIFOYC-

HUS 1 DKBUBAICHTHON EMKOCTH OaTapew.

QBCK = —(DCUZ.

Cmamuueckue mupucmopnule komnencamopot (CTK) npencraBnstoT coboi
npakTuuecku OesnHepunoHHsie UPM ¢ miaBHBIM perynupoBaHHEeM (BpeMsi PEryInupo-
Banus 0,02 c). CTK (puc. 2.11) cocTouT U3 ynpapiasieMOro BEHTUIISIMU peaKTopa (TUPH-
cTopHOi1 peakTopHoii Tpymibl — TPI') u nmapamensuo noaxmouénnoit BCK (konnenca-

TopHOi rpymmbl — KT).

KonnencaropHas

Peakrops!

a 0

Puc. 2.11. BHemnuii BU CTaTHYECKOr0 TUPHUCTOPHOTO KOMIIEHCATOPA!
a — KOHJICHCATOPHBIEC M PEAKTOPHBIE TPYIIIIBI; O — BBICOKOBOJIBTHBIE THPUCTOPHI

[InaBHOe ympaBneHue MomHOCTE0 CTK ocyiecTBisieTcs ¢ MOMOIIBIO BCTPEY-
HO-TIApAJUIETIbHO BKIIFOUEHHBIX YIPABISIEMBIX BEHTHJIEH — THPUCTOPOB, CHAOKEHHBIX

YCTPOWCTBOM yIIpaBiieHUusA Y.
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Komnencamopur peakmusnoit mowgpocmu (CTaTKoM), CO3JaHHBIE HA OCHOBE
npeoOpazosatess HanpspkeHus ([TH), sBnasioTcs omHUM U3 3JIEMEHTOB THOKOW 3JIEKTPO-
nepeaaun. Buemnuii Bug Cratkoma rokasaH Ha puc. 2.12.

Pabora CrtarkoMa B pekuMe BbIAauM WU MOTpedneHuss Q ompeaensercs: CooT-

HOIIICHUCM

U, (U, -U
QHH: 1( )1( H)’
¢

T.€. 3HAYEHUE U 3HAK PEAKTUBHOW MOIIHOCTU 3aBUCST OT PA3HOCTHU HAMPSIKEHUN CETU U
npeoOpazoBatens. B ornmuume or CTK Crarkom sBisieTcss CTaTUYECKUM aHAJIOrOM

OOBIYHOTO CHHXPOHHOT'O KOMIIEHCATOPA.

Puc.2.12. Komnonoska CtaTkom

Yempoiicmea ona komnencayuu peakmugnvix napamempos nunuu (yCTaHOBKA
npoaonbHoi komneHcauuu — YIIK) npeacrapisitor co0oil KOHIEHCATOPhI, BKJIIOUEHHBIE
B JIMHUIO TIOCJIeIoBaTeNbHO (puc. 2.12).

Perymupyemoe ycrpoiictBo TCSC no3BosisieT HenpepblBHO B BBLICOKOM TEMIIE U3-
MEHATH pe3ynbTupytoniee peaktuBHoe conporusieHre YIIK Xy YIIK ¢ myntupyro-

IIAMU PEAKTOpPaMU JICUCTBYET Kak (ha30MmoBOPOTHOE YCTPOWCTBO [15]. AHamoru4HbIit
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(baBOHOBOpOTHBII\('I 3(1)(1)CKT JOCTHUTACTCA ITPUMCHCHUCM B THOKHX QJICKTpOIICPpCAavdax I11a-

paJIENbHO-TIOCEI0BATENBHOT0 peryisatopa MouHocTH (IITIPM).

Puc. 2.12. Buemmnuii sug YIIK

Puc. 2.13. Hlyntupyromuii peakrop 500 kB

B cersax Hanpsbkennem 330 kB wu Bbime npu-
MEHSAIOT IONEPEYHO BKIIIOUEHHBIE B JIMHHUIO
pPErYIIUPYEMBIE U HEPETYIUPYEMBIE UWLYHMU-
pywuwue peaxmopwnt (puc. 2.13), ciyxaiiue
JUTSl KOMIIEHCAMU EMKOCTHU JIMHUU.

Peaktop sABiseTcs KaTylIKOM C MajlbIM aKTHUB-
HbIM CONPOTHUBJIEHUEM CO CTaJbHBIM CEpIEY-
HUKOM M BO3QyIIHBIM 3a30poM. IllyHTupyro-
e peaktops! (LIP) noxkmovaroT HEnmocpen-
CTBEHHO K JJMHMM WJIM K TPeTheil 0OMOTKE aB-
ToTpancopmaropa. MourHocTs 0HO(]A3HOTO

(POAL) IIP nocturaer 300 MB-A Ha Hamps-
senne 1200/+/3 B..



28

JIEKIIAS Ne3
MO/JIEJIM DJIEMEHTOB DJIEKTPUUECKUX CETEN U X
MMAPAMETPBI

3.1. O0mme cBeleHUsT 0 MOIEJISIX YIEKTPUUECKHX ceTeil
B rnaBe 1 paccMoTpeHbl HEKOTOPBIE MPUHUIUNHANBHBIE cXeMbl DDC U 3JIEKTpH-
yeckux cerer. Ilpunyunuanvhvie cxempl UCIOIB3YIOT ISl ONPEAEICHNS] HAITPABICHUS
nepeaadyu AJIEKTPOIHEPTUUA M CTEIIEHU PE3CPBUPOBAHUS IOTOKOB JJIEKTpOIHEpruu. B
TaKUX CXeMaX MPUMEHSIOT yCIOBHbIE H300PaKEHUS JIIEMEHTOB CETH, OTPaKarollue X

ydacTue B Iepeaaue 3JIeKTpodHeprun norpedurensm (Hanpumep, cxema ['OI1 puc. 3.1).

[Tpuémnas
105031\(/:[B B1 cucTeMa
" 13,8/500 kB Mums 1 500%B g2 B3sn/13.8 9000 MBT
~., e
950 MBt 944 MBT (TaTkoM Harpyska
sVC 5000 MBT
200 MBap

Puc.3.1. IlpunuunuansHas cxeMa snekrpornepenauu ['9C — cucrema

DJeKTpruYecKasi CeTh COCTOUT U3 Pa3HbIX 3JIEMEHTOB, PACCMOTPEHHBIX B TJaBe 2,
U SABJIETCSA PA3HOBUIHOCTBIO JJIEKTPUUYECKOHN 1enH. YToObI KOTMUYECTBEHHO XapaKTepH-
30BaTh CBOMCTBA 3JIEMEHTOB CETH, COCTABIIIOT €€ MamemMamuueckylo u KOMnovlomep-
Hyto moodenu (puc. 3.2) nyréM oObEIUHEHUS] MOJENEH OTIENbHBIX 3yeMeHTOB (JIDII,
TpaHC(POPMATOPOB, KOMIIEHCUPYIOUIUX YCTPOUCTB U Ap.). Ilog maTemaTnyeckoit moje-
JbI0 TOHUMAIOT NMPUOIMKEHHOE OINUCAaHUE OOBEKTa MOJEIUPOBAHUSA, BBIPAKEHHOE C
MOMOIIBI0 MAaTEeMAaTUYECKOW CHMBOJMKH 0€3 KOHKPETH3allMW YHCIOBBIX 3HAUCHUH €&
napaMmeTpoB. Peann3oBaHHasi Ha KOMIIBIOTEpPE MaTeMaTH4ecKass MOJEIb Ha3bIBAETCS

KOMITBIOTEPHOM MAaTeMaTUYE€CKOM MOJIEINIbIO, a MPOBEACHUE LIEJICHATIPABICHHBIX pacué-
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TOB C IIOMOIIIBIO KOMHBIOTGpHOﬁ MOACIIN HA3bIBAIOT 6bIHUC/IUME/IbBHbIM IKCREPUMEH-

mom.
Mopenb Monenb
remeparopa TpaHC(boPMaTopa Mopenb JIMHUHT
- B B2 B3
P A a | —_— 1 I
| | |
B
S — ! !
RAT 1000 MVA 1000 hivia L1 350 km Lz 350 km l
138 WIS00 K Tmo
Load
) MOHGHL % 5000 W
Fault Breaker \ e Harpy3KH =
(Fhaszor Type) T
M F s oA 3 |o—|
(0)1(5)02) a3
Turbine & I[ <t (pu > C:Eg:c
Regulators b1 CTaTKOM = . (U I-__. W2 5000 v ST
" 13,5 WWIS00 Ky
Mopenb o

TypOWHBI

0.z09094

Pref2

Puc. 3.2. KomnbroTepHas MoJielb 1JIs1 aHAIN3a YCTaHOBUBILETOCS U MEePEXOIHBIX PEKUMOB
aneKTponepeaadu puc. 3.1

Mopenu ceTd COCTaBISIOT JJIsl BHIMIOJTHEHUS Pacd€ToB €€ peKMMOB Ha OCHOBE
NPUHIUANIAAIBHBIX CXEM COCIUHEHUH MM CXeM KOMMYyTAaluu. TpajiuliiOHHO TPHU HU3Y-
yeanu DOC mMaTeMaTHUYECKHE MOJENHN €€ 31eMeHTOB, ceTH 1 DOC Ha3BIBAIOT cxemamu
3amewenus. Monenu (CXeMbl 3aMeIICHHsI) OTACTBHBIX JJIEMEHTOB COCTOSIT, KaK MpaBH-
J10, U3 HECKOJBKUX KOMIIOHEHT, OTPAXKAIOLIUX OIMpeAeaEHHOE JIEKTPOMAarHuTHOE SIBJie-
Hue. [Ipu pacuérax CHMMETPUYHBIX YCTAHOBUBILUXCSA PEKUMOB MOJIEIH 3JIEMEHTOB CO-
OTBETCTBYIOT OJTHOM (haze TpéxdazHoil ranekrpuueckoii renu. OOmEeil JacThio BCeX Ta-
KX MOJIENICH AJIeMEHTOB, 00pa3yIOLINX CeTh, ABISETCS HEUTpalb IeMH, u300pakaemast
B BUJIC 3a3E€MJICHHUS.

BaxxHeWmM siBIICHHEM, OTPaYKaeMbIM B MOJEJIM Ka)JIOTO SJIEMEHTA, SBIISETCS
ero IHepeemuueckan xapakmepucmuka. Ilorepn akTHBHOW U pEaKTUBHON MOIITHOCTEH
OTPa)KaIOTCs aKTUBHBIMU U PEAKTUBHBIMHU COIPOTUBICHUSMHU UM IPOBOAUMOCTSIMHU.

B cxeme 3amernieHus, UMEIOTCS HPOOOIbHble U Honepeunble 6emeu. 1o mpo-
JIOJIbHOW BETBU MPOXOJIUT TOK Harpy3ku. IlomepeuHble BETBH BKJIIOYEHBI HA IMOJHOE

HaIIPAKCHUC U COCANHCHBI C HeﬁTpaHBIO CXCMBI.
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3.2. Moaeau BO3AYIIHBIX H Ka0eJIbHbIX JIHHUI

3.2.1 OnpenesieHue MOrOHHBIX IEKTPUYECKUX MAPaMeTPOB JIMHM I
AKmueHnoe conpomueienue IPOBOOB ONMPEACIIAETCS UX MaTepHaJoM M cede-
HUsMH. [loroHHOE aKTUBHOE COMPOTUBIICHUE (COMTPOTHUBIICHUE OJTHOTO KUJIOMETpa Mpo-

Boza) npu 20° C paBHO

Ih= i, Om/kM, (3.1)

Fn

rae p — yaeabHoe conpoTuBieHue npu temmneparype 20° C, OM-MM%/KM (1i1s aaroMu-
HMEBBIX U CTAJICANTIOMUHHUEBBIX IPOBOAOB p =315 OM MM?%/KM);
F — cedyeHue aJIOMUHUEBON YaCTH IPOBOJA, MM?;

N — 4ucino npoBoioB B (ase npu pacuieruieHuu (mpu U 220 kB n=1; npu

HOM S
U,on =330 kB n=2; U,,,,=500kB n=3; U, =750 kB n=4.5 U, =1150xB
n=11).

AKTHBHOE COITPOTHUBJICHHE MTPOBOJIA 3aBUCHT OT €ro Temieparypsl [9]

R=r, [1+ oc(tH - 200)}, Om/xm (3.2)

rae o — TemneparypHbii kodddumnment conporusienus (o =0,004 Oc _1);
t, — Temmeparypa nposona, ‘C.
Hnoykmuenvle conpomueenus npoBOJOB ONMPEACISIOT MaJICHUs HaNPSKEHUS
OT TOKOB B (ha3ax, KOMIICHCHPYIOIINE HaBeACHHBIC 3.1.C. [17].
[Ipu pacu€re TOJIBKO CUMMETPUYHOTO PEKUMA UCTIONB3YIOT CPEIHIOI0 BETUUUHY
WHIYKTUBHOTO COMPOTHUBJICHUS MPSMOH TocieaoBaTelbHOCTH. CpelHee MOrOHHOE WH-

IYKTUBHOE cornpoTtuBieHue ¢aspl npu =50 'l TuHUM ¢ TpaHCIO3UIIUEH TPOBOIOB PaB-

Ho [17]
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Dep , 0,0157

Xo =0,1445Ig , OMm/xm, (3.3)

€]

rae D, — cpesHereoMeTpruecKoe pacCTOsIHIE MEXY (asamu, cM;
R, — 9KBUBAJICHTHBIN paJnyC IPOBOJA, CM,;

N —4YuUCJI0o MPOBOJOB B (1)336 JIMHUMU.

CpenHereoMeTpruIecKoe pacCTOsIHAE MEXAY (a3aMu paBHO

D¢, = ¥DagDpcDac

rae Dag, Dgc, Dac — paccrosinus mexay ¢asamu 4, B, C COOTBETCTBEHHO, CM.

Jl1g HEKOTOPBIX 3HAYEHHH N 3KBUBAJIEHTHBIN paauyc R, pasen:
npu N=2 R, = \/@ ;

npu N=3 R, = i”/@ ;

mpu n=4 R =4R a%/2.

[Toronnoe comporusnenue Xy KJI ompenendror mo 3aBOACKUM H3MEPEHHSM,
IIPUBOJMMBIM B CIIPABOYHMKAX.
Ha puc. 3.3 moka3aHbl 3aBUCUMOCTH TMOTOHHBIX CONPOTHUBIIEHUN OT CEUCHHS

ATFOMUHUEBOM YacTu nposojaa BJIL.
Iloronnass akmuenaa npoeooumocms BO3LYIIHOW JIMHUU B OCHOBHOM OIIpejie-

JISICTCS. BEIMYUHON MOTOHHBIX [I0TEPh aKTHBHOM MOIIHOCTH Ha KOPOHY AR, (kBT/kM)

U HanpsbkeHreM Ha nuHud. [Ipy HomuHansHOM Hanpsbkenun U, (kB) akTuBHas mpo-

BOJIMMOCTH BO3YIIIHOM JTUHUU paBHa [9]

AP,
9= SL107°, Cw/im, (3.4)

HOM
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0,700
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0,500 4%
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s 0,400 o —— =
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0,100 B e
0,000
50 100 150 200 250 300 350 400 450 500
F,, Mmm?
- = () X0 npn UHom=35 KB

e X0 NP UHOM=110 KB === < x0 npn UHOM=220 KB

Puc. 3.3. 3aBUCHMOCTE COITPOTUBIICHHUH OT M3MEHEHUs ceueHul nmposoja BJI

3HaueHus INOTCPb MOIIHOCTH APKOp CYHMICCTBCHHO 3aBUCAT OT IIOI'OAHBIX YCJIO-

BH.

[Toronnas émkocmnan npoeooumocms, 00yCcI0OBICHHAsA EMKOCTIMHU MEXAY (a-
3aMu, (ha3HBIMHU NPOBOJAMU (PKUJIAMH) U 3eMJIEH, 3aBUCUT OT T€OMETPUUYECKHUX pa3Mme-
POB M B3aUMHOI'O pacnoyiokeHus: (gaszHbIX MpoBoAoB (kui). CpemHsisi MOrOHHAsS EM-

koctHast mpoBoaumocth BJI mpu f=50 ' (puc. 3.4) 6e3 yuéra BinusHus 3eMin paBHa [9]

by = 7'—E5)810—6 . Cwio, (3.5)

[Ipn pacmenieHuy npoBoAoB (a3 aKTUBHOE M HMHIYKTUBHOE COIPOTHBIICHHUS
YMEHBIIAIOTCS, & EMKOCTHAs IIPOBOAMMOCTD BO3PACTAET.
Emkocthas npoBogumocTs KJI 3aBHCHT OT KOHCTPYKIMK Kabesis M yKa3blBaeTcs

3aBOAOM-HU3I'OTOBUTCIICM.
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1,500

50 100 150 200 250 300 350 400 450 500

F,, Mmm?

b0 npn UHom=35 KB
e b0 npn UHom=220 KB

b0 npn UHom=110 KB
Puc. 3.4. 3aBucumMocTh EMKOCTHOM IMPOBOAMMOCTH OT H3MEHEHHMsI ceueHui nmpoona BJI

3.2.2. CxeMblI 3aMellIeHUA JUHUHT
JluHus ’neKTponepeadd — 3TO AJIEMEHT JJICKTPHUUECKON CETH C pacIipeiesiéH-
HBIMU TlapameTpaMu. CXema JIMHUM COACPKUT IOCJIEI0BATEeIbHOCTh 3JIEMEHTAPHBIX

sgeek (puc. 3.5), Kakaas U3 KOTOPBIX UMEET MPOAOJIbHbIE COIPOTUBIECHUS [, Xy U IO-

IICPCUYHBIC IIPOBOANMOCTH gO’ bO ) OTHECEHHBIC K JJINHC JIMHWUW B OJWUH KHJIOMCTP.

h I,

;cl

Puc. 3.5. JIunus ¢ pacnpeneiaéHHbIMU TapamMmeTpaMu

Marematnueckorn Moaenbro pexnma JIOII ABIAOTCS BOJHOBBIE YpaBHEHUS Iie-

penauu sHepruu [15].
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B pacuérax peXxMMOB JUHUS MOXET OBITH IMPEACTaBlIEHA KaK YeThIPEXITOIIOC-
HUKOM, TaK " [1-ob6pasnoti cxemoti 3ameuenuss (puc. 3.6), mapamMmeTpaMu KOTOPOU SIBJISI-

I0TCSA IPOJOJILHOE compoTuBienne Zy, =Ry + JX\y H mnonepeyHas NPOBOAMMOCTb
Yw =Gy + By, pasaenéunas nopoBHy M BKIIIOYEHHAs HA BXOJE U BBIXOJE CXEMBI 3a-

mernenus [9, 21].

Puc. 3.6. [1-o0pa3Has cxema 3aMelICHUS JTUHUH

Ha IMPAaKTHUKC 3THU IapaMCTpPbl OIPCACIBIIOTCS YCPC3 IMOIOHHBIC COIIPOTHUBIICHUA

2y =1y + JXp ¥ NpOBOAMMOCTH Yo = (g + jbg.

Zyw =Dl; (3.6)

3.3. Mogesu TpancgopMaTopoB U aBTOTPaHcopMaTopoB

3.3.1. IByxo0MoTOUYHBIE TPaHCHOPMATOPLI
Jlnst ynporieHust pacdéToB B MOJACIN ABYXOOMOTOYHOTO TpaHchopmaTopa mar-
HUTHAs CBA3b MEXKy OOMOTKaMHU 3aMEHSIETCS dJIeKTpudeckon (puc. 3.7).

Conpomuenenus R, n X, A1ByXOOMOTOYHOI0 TpaHC(OpPMATOpA ONPEAEIAIOT 110

pe3yJibTaTaM ONbITA K.3.:

2
R :APKUM, Owm, (3.8)
52

HOM

T



2
_ uKUB HOM ’ OM (3_9)

Puc. 3.7. Monenu 1ByXoOMOTOYHOTO TpaHc(opmaTopa:
a — cXeMma 3aMElUICHHUs IMOHIKAIOIIEr0 TpaHCPOpPMATOpOB; O — cXeMa 3aMEIICHUS MOBBILIAIOIIETO
TpaHchopmaropa

B ¢opmynax (3.8) — (3.9) AP, — morepu aKTUBHOW MOIIHOCTH B OIIBITE K.3.
(MBT), u, - Hanpsukenue K.3. (%), Ug o, — HOMHHAIBHOE HANPSHKCHUE (HANPSDKCHUE

OCHOBHOTO BBIBOJIa) croponbl BH Tpancdopmaropa (xB), S, ,, — HOMMHaJIbHAs MOIL-
HOCTh Tpanchopmaropa (MB-A).
Ilposooumocmu I'-06pa3HOIi CXeMBbI 3aMEIICHUS OMPENETSIOTCS M0 Pe3yJibTaTaM

OIbITa X.X. AKTUBHAs COCTAaBJAOIIaA IMPOBOANMOCTH PABHA

G, =% cu (3.10)

T2
U B oM
PeakTuBHYyt0 npoBoguMOCTh B, MOXHO onpeaenuts 1o Gopmyiie:

B, —I"S&, Cwm. (3.11)

100U 0y,
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ITo 3nauennro Y, =G, — jB, onpenensror NoIHy0 MOIIHOCTh ITOTEPD X.X.:

~

AS, = AP, + jAQ, =U2 . Y = AP+ jixs

T 100 “How MB-A, (3.12)

rae Y, =G, + JB, — conpsx€nHbIN KOMILIEKC mposoaumocty Y, =G, — JB..

Bemnunna AS, ucnonb3yercs B ynpolEHHOW I'-00pa3zHOl cxeMe 3aMeleHus

Tpanchopmaropa (puc. 3.8, a).

Us R jX &k Uy Ug R jX Kk Uy
y AS
a (7]

Puc. 3.8. YnpomgnHasie Moienu AByX0OMOTOYHOrO TpaHchopmaTopa:
a — ¢ yu€TOoM IornepeuHoi BeTBU; 0 — 0e3 yuéra nonepeyHoil BeTBU

B cxemb1 3amemienus (cM. puc. 3.7, 3.8) BKIIIOUEHBI HacalibHbIE TpaHchopmaTo-
pBl, HE 00JIaJaroONIMe COMPOTHUBIICHUSIMH, & TOJBKO ITOKA3bIBAIOIIUE HAJIUYUEC TPaHC-

(opmanyu, orodpakaeMoil koappuunenToM Tpanchopmanuu k.. B odbmem ciryyae ko-

s dunrerT TpanchopMai — 3T0 KOMIIICKCHOE YHUCTIO

i an0 i an0
e—Jm30 e—Jm30

UH HOM

— U H HoM —
OTB u B nom (1 t nAT* )

Dr U

rae U, — HampsbkeHne oOMOTKH Ha cropoHe BH ¢ y4érom perymmupoBanus ¢ momo-

meio PITH mm I16B;

Uy yon — HOMHUHAJIBHOE HaIpshKeHnEe 0OMOTKH Ha ctopone HH;

A, — 11ar pery1upoBaHus HANPSOHKCHMUS, 0.€.;
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M — HOMEp TPYNIbl COCAMHEHHWH OOMOTOK TpaHc(opMaropa, OIpeAcISIOMMMA
CABUT HaIpsKEHUM X.X. Mo ase;

N — HOMEP OTBETBJICHUS 110 OTHOMICHHUIO K OCHOBHOMY BBIBOY.

3.3.2. TpéxoomoTouHbIE TPaHCHOPMATOPbI
B kauecTtBe MaremMaTu4ecKod Mozenu TpEXoOMOTOYHOTO TpaHchopmaropa (aB-
ToTpanchopMaTopa) UCHOJB3YEeTCS CXeMa 3aMelIeHUsT B BHUAC TPEXITYYEBON 3BE3[IbI
(puc. 3.9). Kaxxnomy JIydy 3TOi 3BE37[bI CTABUTCS B COOTBETCTBHE OT/AEIbHAs 0OMOTKA

Tpancgopmaropa [21].

Puc. 3.9. CxembI 3aMenieHust TpEXOOMOTOYHOTO TpaHchopmaTopa (aBTOTpaHCHOPMATOPA):
a — mosiHas; 0 — ynpomeHHas
Bemnuunsl Ry, Re, Ry, Xg, Xc, Xy XOTSI Ha3bIBAIOTCSI CONPOTUBIIEHUSAMU 00MO-

tok BH, CH, HH, na camom pene npeacTaBisitor cO00N (PUKTHUBHBIC BEIMYMUHbBI, BBOJIH-

Mble 1)1 ynoOcTBa pacu€ra. 3HaueHUs Ry, Re, Ry, Xg, X, Xy IPUBEAEHBI K Halpshke-

Huto BH. Berancnsrores 3ti napameTpsl 110 JaHHBIM OMBITOB K.3.
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[To pe3ynpTaTaM ONBITOB K.3. (GOPMUPYIOT CUCTEMY YpPaBHEHUU JJIsl oTnpeselie-

HUs HanpskeHUu! (U g, Ugc Ugpp) B KaKIOM U3 OOMOTOK TpaHc(hOopMaropa.

ComporuBneHuss 0OMOTOK Xp, X, Xj; B CXeMe 3aMelleHus puc. 3.9 onpexnens-

10T o popmyiie (3.9), ucnons3ys (3.13).

Ugp = 0’5(UKB-C FUep i —Ugcan )

U =0,5(Ugp.c +Uect —Ue ) (3.13)

N

U 1 20’5(UKB-H +UccH _UKB-C)'

ComporuBneHue Xe WIH Xy, COOTBETCTBYIOIIEE OOMOTKE, PaCIOJIOKEHHOU

MCKAY ABYMA APYIrHMHU, UMCCT BCINYHUHY 6J'II/13KYI-O K HYJIIIO WJIN HeOOJIbIII0E oTpula-
TCJIbHOC 3HAYCHUC U IIPUHUMACTCS PaBHBIM HYJIIIO.

AKTHBHBIE CONPOTUBICHHUS Rp, Rc, Ry ONpenenstoT ¢ y4EéTOM COOTHOLIEHUH

MOIIIHOCTEH OOMOTOK:

Ry =—1BC __; Re= 1B Ry =B (3.14)
1+a+(1-a)? /B a B
2
re Ry = AP, —ou a=20L p-uL (3.15)
SHOM HOM HOM

[TapameTpsl BeTBH HamarHumumuBauus Y, =G, — jB. (AS, = AP, + JAQ, ) ompe-
JEIISIOTCS 10 IAaHHBIM ONbITa X.X. 1Mo popmynam (3.10) — (3.12).

B cxeme 3amemienust TpéxoOMOTOUYHOTrO TpaHchopMaTopa HCHOIB3YIOTCS J1Ba

kor(urenTa Tpanchopmanuu
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KB_C — kB_C — UC HOM (1i nCATC*) ;
UB HOM (1i nBATB*) 3.16
< U e—jm300 (3.16)
KB-H — H Hom ’
UB HOM (1i nBATB*)

rjae Nc — HOMEP OTBETBJIEHUS 110 OTHOLIEHUIO K OCHOBHOMY BBIBOJY Ha cTropone CH;
Ng — TO )€ Ha ctopoHe BH,;
A« — LIAr peryJupoBaHus HanpsbkeHus Ha cropone CH, o.e.;
A g« — TO xe Ha cropoHe BH, o.e.
PITH, pacrionoxeHHbIH B HeliTpanmu oOMoTkr BH, oqHOBpeMeHHO m3MeHseT Kp_
u Kg_py. Homonuurensuo B oomotrke CH mmeercs yerpoiictBo [16B, monoxenue koTo-
POTO YYHTHIBAIOT IIPU OINIPEEICHUN Kp .

3.3.3. ABTOoTpaHchopmaTopbl
B kauectBe maTemaTudeckoit moaenu aBrorpanchopmatopa (AT) ucnonb3yercs
cXeMma 3aMelIeHUs B BHUJAE TPEXITydeBOW 3Be3Abl (cM. puc. 3.9), mapaMeTpbl KOTOPOH
OIPEACIISAIOT 10 MACIOPTHBIM JAHHBIM, COJAEP/KAIUM pPe3yJIbTaThbl ONBITOB K.3. U X.X.,
aHAJIOTMYHBIM JAHHBIM TPEXOOMOTOYHOrO TpaHcpopmaTopa.

Omnpenenenne K., Kg.jy B cxeme 3amerenust AT oCylecTBiIsSeTcs B 3aBUCHMOCTH OT

cnoco6a pasmernienus: PITH. IIpu pasmemenuu PITH na BeiBoge CH:

k= U nom (1ENAprs) .
_B'C - B'C - U '
B nom
—j330°
k _ UH HOMe )
AB-H — U
B nom

3.3.4. Tpaucdopmaropsl ¢ paciieryiéHHON 00MOTKO
Cxema 3amerienus tpaHchopmaropa ¢ pacieriénHo oomorkor HH Ha nBe
BETBU HUMEET BUJ TpExiyueBoi 3Be3nbl (puc. 3.10). MomHocth kaxaon ooMmotkn HH

Sumi =Sum2 =0,5S gy =0,5S oy -
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unl -,XNH| k Uunl
kll
RuuZ J’YnuZ (/“,,2
. 4
Runl ij(l k
L:: NS / ﬁ U}ml
Uuu
ku
Rnn) uuZ
LA KWY\_@_—_g Um«z
G JjB

0

Puc. 3.10. Cxembl 3aMenieHus IByX0OMOTOYHOT0 TpaHChopMaTopa ¢ pacieriEHHON 0OMOTKOM:
a — mosiHas; 0 — ynpoméHHasl.

AxtuBHbIe conpoTtuBieHus oomorok BH, HH1, HH2 umerot cnenyromue coot-

HOIICHUA:

Run1 = Rume =2R3p. (3.17)
2

Ry — S luow (3.18)
SHOM

HHI[YKTHBHBI@ COIIPOTHUBJICHUSA OTACIBbHBIX 0OMOTOK PaBHBI:
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-

kp
X=X ogu| 1= 2 |

k
X a1 = X g2 :Xo6m7p; (3.19)
u U2
X ~ K™~ HOM .
°om 1008,

OGbraHo B pacuérax pexumos npunumaror K, =3,5. Torna Xpg= 0,125X o6

Xuar = X gm =1 79X opy -

3.4. Moaeid KOMIIEHCUPYIOIIUX YCTPOHCTB
VYerpoiictBa komneHcanuu peaktuBHoi mormHoct: CK, BCK, CTK, P, 06bIu-
HO TMPEJCTaBIIAIOT B CXeMaX 3aMeIeHUs B BUJIC TCHEPUPYEMOH PEaKTUBHON MOIIHOCTH

¥ MOTPeOIIeMON aKTHBHOM MOIIIHOCTH WJIM TIpoBoAMMOCTsIMH (puc. 3.11).

a §)
\)k e af

Puc. 3.11. TIpenctaBnenne UPM B cxemax 3aMellieHUs:
a, 0 — CK B pexumax nepeBo30yxaeHus u HenoBo30yxaenus; B — bCK; r — IIP; 1 — CTK.
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B pacuérax pexxumoB CK 3aga€tcs Kak y3ell reHepalud peaKTUBHOW MOIIHOCTH

Sck = —APx + JQck
WM y3€J IOTpeOIeHUs

§CK = _APXX - jQCK’

rae AP, —norepu aktuBHoi MomHocTH B CK (1...2 % S\, cx)-

BCK npeacTaBisioT IpOBOJUMOCTBIO (IITYHTOM) B y3J1€

BKB — a)CK — QK HOM ’

U2

HOM

rae C, — émxocts BCK, ¢;

Qx nom — HoMuHanbHas MomHocTs BCK, MBap;

U0y — HOMuHanbsHoe Hanpsuxenue bCK, xB.

HO

[lyHTUpyromuii peakTop Npu pacu€rax peKUMOB IPEACTABISECTCS KaK WHIYK-

THUBHAs MPOBOIUMOCTH (puc. 3.11, r)

U

HOM

rac Qp mom — HOMHHaJIbHaA MOIIHOCTL PCAKTOPA.

CTK B 3aBHUCHUMOCTH OT peXMMa pabOThl MOKET F€HEPUPOBATH UIU MOTPEONIAThH

peakTHBHYIO MOITHOCTE QrTk B MpeAenax AnamazoHa peryianpoBanus (puc. 3.11, )

Qctk =Qx _Qp :
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3.5. MonenupoBaHue 3J1eKTPUYECKUX HATPY30K
3.5.1. I'paguxu HArpy3Ku
[Ipu pacuére m ananmuse JMOO0TO pexUMa SJIEKTPUUECKOH CETH MOTpeOUTENn
AIIEKTPOIHEPTUU PACCMATPHUBAIOTCS B KaueCcTBE Harpy30k. OHOM u3 Hanboiee BaKHBIX

XapaKTEPUCTUK HArpy3KH sBIsieTcs €€ akTuBHas P u peaktuBHas Q mormHocTH. Mor-
HOCTH HArpy30K U3MEHSIOTCS BO BpeMeHU t U 3aBHUCAT OT HanpsokeHuss U u gactoTel f

. B HOopManbpHBIX ycTaHOBUBHIMXCA pexumax B DOC MOANEpKUBAIOTCS OANAHCHl AK-

MUGHOI ¥ PEAKTUBHOW MOIIHOCTEH MpH M3MEHEHWU f B HOPMATHUBHBIX MpeAelax, T.e.
YCJIOBHO TpU mocTossHHOW yactore f. Torma akTHBHYIO M pPEaKTUBHYIO MOIIHOCTH

MOYKHO pacCcMaTpuBaTh B BUE (QYHKIMI IBYX MepeMeHHBIX (puc. 3.12).

P=g(U.t); Q=y(U,t). (3.20)

P,%
150

100

m09 %P0 m11
Puc. 3.12. O6bémHBIIA cyTo4HbIi Tpaduk P = (p(U ,t)

Perymsprete msmenennst P(t), Q(t) HassiBaror spaguxamu nazpysku, a 3aBu-

CUMOCTH P(U ), Q(U) — cmamu4ecKuMu XapaKkmepucmuKkamu aKTUBHOW U PEaKTHB-

HOM Harpy30K M0 HANPSKEHUIO.
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Kaxnaplii rpadyk Harpy3kd Xapakrepusyercs MakCUManbHOH ( Bpay, QOmax) H
MUHAMAIBHON ( Prjin, Qmin ) HaTPY3KOM 3a paccMaTpHBaeMbI MHTEpBaN BpeMeHHu. OT-
HOIIEHHE MUHUMAJIbHOW HArpy3Ku P, K MaKCUManbHOU Py, Ha3bIBAIOT KOIPpuyu-

eHmoMm HepasHoMepHocmu TpadrKa Harpy3Ku

Ilnowanu rpapukos Harpysku P(t), Q(t) coorBercTByrOT MOTpeGICHUIO YHED-

UM 3a nepuof T :

Wp =}P(t)dt; Wq :}Q(t)dt,

KOTOPBIC U3MEPAIOTCA C IIOMOIIbBIO CUYETUYMKOB aKTUBHON M peaKTI/IBHOﬁ BHGPFHﬁ.

Koaghgpuyuenm zanonnenun rpaduxa k, = P <1

|02p ke 1+ 2K

3k

U KoI(pguyuenm ghopmoul cpaguka Harpysku qu) = 3 >1 XapakTepu3yrT

|2
cp 3
HEPABHOMEPHOCTH PEKMUMA DJICKTPOIIOTPEOICHUS.

p Kpome pacuérHpix u OTYETHBIX TpadUKOB

Harpys3ku, IIOCTPOCHHBIX B XPOHOJOIHM4YcC-

Pmax

P(®) p CKOM IocieA0BaTeabHOCTH (cM. puc. 3.12),
/-
T — B pacuérax HCHOJL3YIOT BUIOU3MEHEHHBIC
/_ Prin
rpadpuxku. K Ttakum rpadukam OTHOCSTCS

cpaguku Hazpy3ku no npoooIHCUMENTbHO-

>
>

Tys T=8760u t,u

cmu. ['paduk Harpy3ku Mo mpooJKUTEIh-

Puc. 3.13. T'onoBoii rpaduk Harpy3KH 1o mpo-
JOJDKUATEITBHOCTH

HOCTH CTPOAT, paciiojiarasd 4acOBBIC OpAHU-

HAThl XPOHOJIOTHYECKUX TpauKOB B MOPSI-
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ke yosiBanus (puc. 3.13). [Inomaas ronoBoro rpadguka Harpy3Kku Mo MpoI0JHKUTEIHHO-

CTU paBHa ro10BoMY dyiekTponorpedienuto. Wi, = By

T
Bpems T, HaspIBacTCsAs NPOAOIDKMTENBHOCTBIO HMCHONB30BaHHMA HaWOOIBIICH

Harpy3Kun UJnM 4Y1MCJI0 4aCOB MaKCHUMaJIbHOM HarpyskKu.

3.5.2. CtaTtuyecKkue XapaKTePUCTUKH YJIeKTPUYECKUX HATPY30K

Crarnueckue xapaktepuctuku Harpy3ku (CXH) nambonee TOYHO OMUCHIBAIOT
U3MEHEHUs Harpy3ok P, = q)(U, f), Qq =\V(U, f ) npu MeasieHHbIX (MeHee 1 %/c) Ba-
puarusax gactoTel f u Hanmpspkerws U B pacu€rax pekKHMMOB JIEKTPUUECKUX CEeTeH U

O3C. IIpu pacuérax pexxumoB DIC GUrypupyroT rpymsl NOTpeOUTeNeH IIEKTPOIHEP-

T'MH, KOTOpBIE XapakTepusytorcs 0000ménapiMu CXH.

P,=P, a0+a1(U£J £1+dp—f ; fHOM];
0 HOM

2
Qu =Qo bo+b1(uioj+b2(UiJ (1+dqf;ﬂj,

(3.21)

rae Py, Qp, Uy — akTHBHAS M peakTHBHAS MOLIHOCTH M HANPsDKEHHE y3JIa Harpy3KH B
UCXOIHOM pEXHUME;

f

oy — HOMHHAIIBHOE 3HAYCHHUE YaCTOTHI;
ag, & — koabdunments CXH 1o HaIpsHKEHUIO TSI aKTUBHON MOIIHOCTH;
by, by, by — TO e ms peakTHBHOIT MOIIHOCTH;

dy, dq — koodduumentsr CXH no acrore.

BnusHue 4acToThl Ha IOJOXKEHHUE AITHX XapaKTCPUCTUK HC3HAYUTCIBHO (pI/IC

3.14).
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3,50

Q/Qo /

3,00

2,50

2,00

1,50

1,00 —«

0,50

T T T T T I T T T T 1

0,70 0,80 0,90 1,00 1,10 1,20 1,30

U/Uy

- - =49,8Ty ——f=50Ty
-===f=50,2 Ty

0

Puc. 3.14. CtaTuueckue XxapakTepUCTUKH HAarpy3KH [0 HANPSDKEHUIO NPH Pa3JIMYHbIX 3HAUE-

HUAX 4aCTOTHI:

6-Q(U).

3.5.3. IIpeacraBjieHue HArpy30K B MOAEJIAX CETH JISl pacyéra

YCTAHOBUBIHIECI OCH PEKUMA

B Monenu snektpudeckol ceTH AJi y3JI0B MOTPEOJIEHUs AJIEKTPO3HEPTUU HUC-

MOJIb3YIOT HArpy3KHU Ui HEKOTOPOro (PMKCUPOBAHHOTO MOMEHTa BpeMeHu. Hampumep,

JUJIs1 yaca MakcuMalibHOM Harpy3ku 99C B 1I€JIOM.

Cnoco6 MMpCACTaBJICHUA HArpy3Kku B MOACIN CCTHU 3aBHCHUT OT BHAA pemaeMoﬁ

3aJa4M, XapakTepa 3JEKTpUUYEecKol ceTu. [[ns MopenmpoBaHHUs YCTAaHOBUBILIUXCS pe-

KKHNMOB B HOpMaHBHOﬁ BKCHHyaTaHHOHHOﬁ CXEMC CCTH HAIIPAKCHUCM 35 kB u BbIIC

Harpy3Kmn y3JIOB IPCACTABIAIOT HC 3aBHUCAIIMMU OT HAIIPSKCHHUA AKMUGHbIMU U peaK-

muenvimu mouwgpocmanu (puc. 3.15, B) P, =const, Q, =const, t.e.

S, =+/3Ul, =P, + jQ, =const.

(3.22)
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3HaueHUs PH’QH OIpCACIHIIOTCA II0 JaHHBIM I/I3M€p€HI/Iﬁ IIpu SKCILTyaTalnunu

CETEH MJIM PACUETHBIM MYTEM IIPU MIPOECKTUPOBAHUMU.

U
= const
Su P(U) +JQ(U) COS({)” = const Su P +/Q = const
a 6 6
U U U
——— umons crmess
Su 5“
P | 10 . B | {10,
R" j/Y" Pu +jQu Gu jBu
jxu
e Jd e

Puc. 3.15. Harpy3ska anekTpuyeckoil ceTu, 3alaHHast B BUJIE:
a — CTaTUYCCKUX XapPaKTCPUCTUK], 0 - HEeM3MEHHOr 0 TOKa, B — HEN3MEHHOH MOIIIHOCTH,
I', 1 — HCU3MCHHBIX COHpOTHBHCHHﬁ; € — HCU3MCHHBIX HpOBOI[PIMOCTGfI

IIpu pacuérax yCTaHOBHMBIIMXCS PEMOHTHBIX PEKMMOB, ONITUMU3ALNN PEKUMOB
CETH HAIIPSKEHUS B Y3JIaX HAarpy3KH MOTYT 3aMETHO OTIMYAThCS OT MCXOJHBIX 3Haye-

Hui. 31ech HeoOxoauM yuér 3aBucumoctH P, Q, 0T HampspkeHns o ¢ MOMOIIBIO

CXH no nanpsaxcenur Buna (3.38), 1ub0 npeAcCTaBisisi Harpy3Ky HOCHOAHHBIM CO-

npomuenenuem L, =const (wm npoBoguMoctsio Y, =const) (puc. 3.15, 1, 1, ).

u2 U2
Z, =—How - Zov (p 4 Q). (3.23)
S, S2
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B pacnpenenurensubix anekTpuuyeckux cersix 0,4...10 kB gomyctumo B kauecTBe

Harpy3KH HCIOJIb30BaTh HEU3MEHHYIO BEIIMUUHY HAZPY304H020 (Y37106020) moka (puc.

3.15, 6)

Iy =—="—=1,—jl, =const, (3.24)

JIEKLIAS Nod
MO/JIEJIM PEKUMOB DJIEMEHTOB DJIEKTPUUECKUX CETEM

4.1. Pabora yyacTKa 3JIEKTPUYeCKOM ceTH
Ilenvto pacuéma yCcTaHOBUBIIETOCS PEKUMA DIEKTPUUECKON CeTH M e€ yJacT-
KOB SIBJSIETCSL OINpE/IeNIeHHE MapaMeTpOB peKUMa B PA3JIMUYHBIX TOUKAX CeTH. Takumu
napamMeTpaMH SIBIIOTCS (asHble TOKH | , JmHeitHble (Mexaydasubie) Hanpsokerus U

Tpéxdazupie MOITHOCTU S . BBIOOp TakuxX 3HAUCHUM PEKUMHBIX TApaMeTPOB 00YCIIOB-

JICH TCM, 4TO IJIA OOJIBIIMHCTBA BHUOO0B O60py,[[0BaHI/I$I 99C B KauecTBe HOMHHAJIBLHBIX

mapaMeTpOB HCIIOIb30BaHbl MIMEHHO Takue 3HaueHus | U S [Tpennonaraer-

HOM' = HOM' “HOM *

Csl, UTO YCHAHOBUBUIUIICA PEHCUM CEMU AGIACMCA CUMMEMPUUHBIM.

PaccMOTpHM OIIpesielIeHre TapaMeTpoB yeTanoBuBIerocs pexuma |,U, S JIDTI,
npeacTaBieHHon [1-o0pasHoi cxemoilt 3amernienus (puc. 4.1). Ilapamempul pexcuma
ydJacTKa CEeTH OIpenensoT 0o no dannvim navana (U, =const, S; = const), 1mbo no
oannvim kouya (U, =const, S, =const). V1 B ToM 1 Apyrom ciydae pacdér mapamer-
POB peXuMa BBIIOJIHIETCS TOYHO B OJMH 3Tall, ABUrasch JMOO OT Hayajla CXEMbI 3aMe-
menns (y3en 1) k kouiy (y3en 2), mudo Haobopot [24]. Ucnons3ytot 3akon Oma u 3a-

koHbI Kupxroda.
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VLo;

<

-

1

Puc. 4.1. Cxema 3amemnienus JIDII ¢ 0003HaueHHSIMHU TTapaMEeTPOB peKUMa

.|}

MoIHOCTH B BETBSIX CXeMbI puc. 4.1 onpeaenstorcs mo Gopmynam (4.1).

Se =v3U,li; 8, =+3UT;
Sup =U2Yy; S, =U%Y; (4.1)

Oml ~

S1=+Usl;; S, =3, 05,
Harpy3ouHble oTepy MOIIHOCTH B IIPOJAOJILHOM BETBU PAaBHBI
AS;y =NUAT =31°Z. (4.2)

Bekmop naoenusa nanpaxcenua U, pacKiaaapIBacTCs Ha ABE B3aUMHO IIEPIICH-
IMKYISIpHBIE cocTaBisitonye: npoaosisHyto Uy u monepeunyto Uy . IIpu pacuére mo
JaHHBIM KoHIIa U ) COBMEIIAIOT C BEKTOPOM HampspkeHust U,, a mpu pacuére mo JaH-

HBIM Hadana — ¢ BektopoM Uj . (puc. 4.2).
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Puc. 4.2. BekTopHast quarpaMMa HanpsKeHUN:
a — 10 IaHHBIM KOHIIa; 6 — IO JaHHBIM Haydaja

Hanpspbkenne B Hayase yyactka (cM. puc. 4.2, a) paBHO:
Uy =(Up +UL )+ jU3,

a MOIyJb HanpsbkeHus Uq ompenensercs o popmyiie

ulzJ@b+ugf+(ugf. (4.3)

I[J'ISI 3Hepzemuqec1<oﬁ xapakmepucmuKku pa6OTI>I CCTHU NpPEACTAaBUM IIaACHUC

HANpPsOKEHUS U MOTEpU MOUTHOCTH B (PYHKIMHU TNepeaaBacMON aKTUBHOM U PEaKTUBHOM

MOIITHOCTEMN.
: : S . PR+Q X .PX-QR
Up=V3IZ =322 (R+ jX)=H-1HD 4 jIHD o (4.4)
NESH ( ) U, U,
CnenoBarenbHO
Uy = PR+ QuX ur - X -QuR
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HpI/I BBIIIOJIHCHHUH IIPAKTHYCCKHUX paC‘IéTOB A0CTATOYHO 4YaCTO BCTPCUACTCHA

Clly4aii, Korja Harpyska M3BeCTHA Ha IPUEMHOM KOHILE yyacTtka P, =const; Q, =const,
a HalpspKeHHE Ha nepeparonieM Konue U; =const. B stom ciaydae pacuém pexuma

BBITIOJIHSICTCSL Umepamueno ¢ 0éa mana (METOJOM IIOCIECAOBATEIBHBIX HMPHOIMKe-
HUI1).

IIpenBapuTebHO HEOOXOAUMO 33/1aTh HYJIEBOE (MCXOAHOE) NMPUOIIKEHUE
U12Y1. 3arem

a TaK)Ke BBIYHUCIHTH S

HaIpsHKCHUS Ugo), HaIrpumep, Uéo) =Upom > Ol =

BBIMTOJTHSCTCS TIepBBIN dTan K-it ureparuu (k=1, 2,...).

1. Ha IICPBOM I3TAIIC PACCUHUTHIBAIOT PCKHM OT «KOHIA Y4A4CTKa K HA4Yally» B CIICAYIO-

IMEN TOCJIEIOBATEILHOCTH:

a. Bpruucnsiercs MOIIHOCTD B MONEPEYHOI BETBU §$(2) Ha K-i uteparuu

s{) = (ng‘l))zv”z. (4.5)
0. PaccumThiBaeTCs MOIIHOCTH B KOHIIE BETBH §I£k) = PK(k) + ng)

{9 =8, +5%9. (4.6)

B. MOIIHOCTH B HayaJle BETBU §}(Ik) = P}Sk) + I({k)

O +(o)

pif

si) =50 +asfl) =5+ | (4.7)

r. MOITHOCTH Ha MepeaaroeM KOHIEe §1(k) = Pl(k) + le(k)
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s —g 1 +50. (4.8)

2. Ha Bropom stame K-it uTepaiuu BbIMOIHACTCS PacuéT pekKMMa «OT Hadyalla ydacTKa

K KOHITY»:

. OHpeI[eJISICTCﬂ MMaCHUC HAIIPAKCHUA Ha HpOI[OJ'IBHOf/i BCTBU CXCMbI 3aMCIICHUA

_ (k) (k) Ky _ k)
Uﬁk):PH R+Qy X+jPH X -Qy R. (4.9)
U, Uy
c. BBI‘-II/ICJ'DIeTCH HOBOC 3HAUCHUC HaprDKeHI/Iﬂ B KOHIIC y‘-IaCTKa
1 (K 1 (K
U =u, -0 . (4.10)

X. CpaBHI/IBaIOT HaMps’KCHUA B KOHIC YUACTKaA, IMOJYUYCHHBIC HA COCCIHUX UTCPALH-

aX. [y 5TOro pacCYnTHIBAIOT

0 Ul _gfD, (4.11)

Ecan monmynb mornpaBKu HampsiKEHUS ‘g(k)‘ MEHbIIIE 3apaHee 3aJaHHON BEJH-

YHHBI, TO pacyéT okoHueH. MHaue moBTopsitoT pacuér o (4.5) — (4.11) mpu K <k +1.

4.2. Pexxumbl pa6oTbl TpancgopMaTopoB
[Ipu ompeneneHny TMapaMeTpoOB PEKUMa TPaHCHOPMATOPOB HCHOIB3YIOTCS HX

CXeMbl 3aMelieHus. /leyxoomomounsiii  mpancpopmamop npencrapusiercs I -

oOpa3Hol cxeMoit 3amerenus (puc. 4.3).
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Koaddunument tpanchopmamuu Kk, <1 B cxeme 3amemnieHus puc. 4.3 sBisercs

nacaJlbHbIM TpaHC(i)OpMaTopOM 0e3 IIOTCPb MOIITHOCTH MW HAIIPAKCHHA. HOBTOMy

Si =95,. Pacuér pexxuma BbINOIHSETCS B [1Ba JTaIA.

Puc. 4.3. Cxema 3amernieHus JByXo0OMOTOYHOTO TpaHcdopMaTopa
¢ 0003HAYECHUSMH TApaMETPOB PEIKUMA:
a — nojHasi; 0 — ynpoiéHHas

1(0)
2

a. 3aga€rcst ucxomHoe (HyJeBoe) mpuOIrKeHne HarpsikeHus U paBHOE

HOMUHAIbHOMY HamnpskeHuto ctoponsl BH.

0. Ha nepBom 3Tane onpeaenstoTcs IOTepU MOIIHOCTH B CONPOTUBIIEHUN Z

(Harpy304HbIe IOTEPH):

2
0 e o (412

B. Brruncisercs MOIIHOCTB B TOYKEC «H»:

s =PP + QY =5, +as() (4.13)
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¥ MOLIHOCTB S Ha BXOJ€ TpaHc(opmaropa
st =8P +uY, =RP + joP +Uf (G, - jB,). (4.14)

r. Ha BTOPOM OTaIl€ paCCUYUTBIBACTCA HOBOC 3HAUCHHUC HAIIPSKCHUA Ué(l) 3a

COINPOTUBIIEHUEM Z

. Pél)RT +QI({1)XT . J Pél)XT _QI({:L)RT

4.15
U, U, (4.15)

Uz =U,

3areM MOBTOPSAIOT pacuérel mo (4.12) — (4.15) npu yTOUHEHHOM 3HAYCHHUH
Hanpsoxerus U é(l) . Pacu€r 3aBepiaercs npu TOCTUKEHUH 3aJaHHOW TOYHOCTH pacuéra
£, onpeaensemon ananorudHo (4.11). Hampsokenue Ha ctopone HH tpancdopmaropa
pasno U, =U5k ..
Becbma BaKHBIM MOKazaTesieM PEeKUMa TpaHcPopMaropa SBISIOTCS MOTEPU aK-
TUBHOM MolHocTH. CyMMapHbIe oTepy MOIIHOCTH AP cOCTOST U3 OTEPh XOJIO0CTOr0
X0Jla U Harpy3ouHbIx norepb. [Ipnbmmxénno AP Moryr ObITh ONpeZeeHbl IO nac-

HNOPTHBIM JaHHBIM TpaHchopmaTopa. s ogHoro Tpanchopmaropa

2
AP ~ AP, + AP, [ij . (4.16)

HOM

[Ipu mapamiensHO# paboTe HA MOACTAHIIMM JIBYX TpaHCHOPMATOPOB MOTEpH Oy-

IyT PaBHBI
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2
APy ~ 24P, + %APK (i} | (4.17)
M

HO

B (4.16) u (4.17) S —3T0 Harpy3Ka OJJHOI'0 WM JBYX TPaHC(HOPMATOPOB.
Pexum mpéxoomomounozo mpanchopmamopa (aesmompancgpopmamopa)
pPacCUMUTHIBACTCS IO CXEME 3aMEIIECHUS B BUAC TPEXITYyUeBOM 3Be31bl (puc. 4.4). 3amaHbl

HampsbkeHne Ha ctopoHe BH U; u marpysku S. u S, Ha croponax CH u HH tpanc-

(dopmatopa. [Tapamerpsel cxemsl 3amemenus Z,, Z., Z,;, Y, IPUBENEHBI K HANPSKEHHUIO

croponbl BH.

Puc.4.4. PacuétHas cxema TpExoOMOTOYHOr 0 TpaHchopmaTopa

Pacu€r Harpy3ouHbIX IOTEPL MOLIHOCTU B BETBAX Z.,Z, BBIIOJHIETCS IO
(dopmynam aHanoruynsiM (4.19) npu 3amene Z, Ha Z, (ZH) u S, Ha S, (Sy).

[ToToK MOIIHOCTH S, OmpenenseTcs no 6araHcy MOIIHOCTH B y3ie «0»:

2 2
s =5, +as®+s, +as® =5, +8, +ﬂz it +QHz (4.18)

o) )

5 U@ L, yO ]
rac B Ka4CCTBC HCXOIHOI'O IIPHUOJIMIKCHUA ¢ u o HCIIOJIb3YCTCA HOMH

HaJIbHOE HaIpsKeHue croponsl BH.
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3areM BBINONHAIOTCA pacuéTsl B BeTBU Z, 10 (4.12) npu U(go) =UpR you - Hamee
pacu€Thl aHaJOTUIHbBI pacyeTy 1o (4.13), (4.14). OOpaTHBIM XOA0M BBIYHCIIIOT BEKTOP

HaIpsKEHUS U(()l) B y3i1e «0» 1o (4.15) u MoyNb HaNPSIKEHUS U(gl)

2 2
u® = [lu, PR QX | (RDX, QPR |
° Uy U,

(1) (1)
Hanee onpenesnsror Hanpspkerns U5 u U7, npumensist (4.195) npu 3a-

1 s o
MCHC Ul Ha U(g ) N UCITIOJIb30BAHUH COOTBCTCTBYHOIIMUX COIIPOTHBIICHHUU U MOIIHOCTCH.

[Ipn nocTHKEHUM 3aJaHHOM TOYHOCTH pPAcyE€Ta BBIYMCISIOT HANPsKEHUS

Ha ctopoHax CH u HH:

Cymmapnble motepu MomrHocTH APR: cocTosST M3 mOTeph XOJIOCTOrO X0Aa U

Harpy304HbIX oreps B ooOMoTkax BH, CH, HH.

1 2 2 2
APy ~ AP, + UZ—(RBSB +R.S2+R,S2 )} (4.19)

B Hom

3meck S;, S, S, — MOTOKH MOIIHOCTH IO 0OMOTKaM TpaHchopMmaropa.
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JIEKIIUS Ne5
AHAJIN3 PEXKUMOB BJIEMEHTOB SJIEKTPUUYECKUX CETEHA
5.1. KpyroBasi auarpamma MoIIHOCTeil
Jlns aHanmu3a paOOThI ydacTKa dJEKTPUUECKO ceTu (puc. 5.1, a) B pa3HbIX pe-
KUMaXx I1€J1ecCO00pa3HO HCIOIh30BaTh KPYTOBYIO JUATPAMMY, JJIsI TOCTPOCHUSI KOTOPOI

HCIIOB3YIOTCSl CXEMBI 3aMEIIEeHHUs DJIEMEHTOB ceTH (puc.5.1, 6) B BUJIe YETHIPEXITOIIOC-

HHUKOB.

1xm

\ 4

o
W T
I 0 I 1 | 2
— —> —
| A B A, B,
Uop U, U
C D C D, ’
| e —e
B
DKBHUBAJIEHT
|0 I 2
_> ‘ —>
1 A B —
UO U 2
C D
@ — o

Puc. 5.1. Cxema snekTponepenauu:
a — cxema coequHeHui; 6 — [1-o0pa3Has u I'-o0pa3Has cxeMsbl 3amelieHus TuHuu U AT;
B, I — CX€Ma 3aMEICHUS YeThIPEXIIOIIO CHUKAMU
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KpyroBas nuarpaMma Mo3BoJisIET paccCMaTpuBaTh OJHOBPEMEHHO BCKO COBOKYII-
HOCTh PEKHMOB y4acTKa CETH B OTJIMYHE OT pPaCUETOB OTAEIbHBIX PEXUMOB, PACCMOT-
peHHbIX B 1. 4.1 n 1. 4.2.

[Tapametpsl

DKBHUBAJICHTHOI'O
A=Ael¥A B=Bel?s

YETBIPEXIIOIIOCHUKA
C =cel¥c, D= Del?D (puc. 5.1, B, I) onpenensaOT 1o
IpaBHIaM MATPHYHOMN aareOphl.

Pexxum 3KkBUBaJIGHTHOIO I-IeTIJIpéXl'IOJ'IIOCHI/II(a OIIMCBIBACTCS YPAaBHCHUSMU

. - D UU
§1:P1+JQ1:\/§U0I0:U(§E— OQZ;
o (5.1)
. - A UU
§2=P2+JQ2=\/§UZ|2=—U22§+ oéz_

IIpu Ug =const,U, =const u 6 =var kaxnoe U3 BBIPRKEHUH, BXOAAIIUX B
(5.1) siBsieTCS ypaBHEHUEM OKPYIKHOCTH, Pauyc KOTOPOil paBeH

Ugu
=02

B

B mpocrpancrBe koopauHat P, JQ KoOpAMHATHI HEHTPOB OKPYKHOCTEH
OIpeNEISIIOTCS 110 (hopMynaM

['paduueckoe nzodpakenue ypapuenuit (5.1) npu msmenenun 6 ot 0 mo 360°

SIBJSICTCSL KPYT'OBO# THarpaMMOi MOIIIHOCTH 3JieKTporepenaun (puc. 5.2).
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OKpYy>XHOCTB S;

30Ha HeycToM4YMBOM
paboTbl

30Ha HeyCToﬁqMBpﬁ
pabotbl -

OKpPYKHOCTh S,

Puc. 5.2. [TapameTpsl KpyroBoii JuarpaMmbl MOIIIHOCTEH AJIEKTpoIiepeiadu

W3 puc. 5.2 BUAHO, 9TO ¢ POCTOM yriia O TepeaaBaeMasl akTHBHAsE MOIIHOCTb
BO3pacTaeT A0 BEIWYHMHBI TEOPETUUYECKOro npenena Popa, Mpu 3HAYCHUSAX O OJIM3KUX
K 90°. [lpu nanmpHeiimeM yBeIMYEHUH O TepeaaBacMasi MOIIHOCTh YMEHBIIIAETCs, YTO
HEJO0MYCTUMO IO YCIIOBUSIM YCTOMYHMBOCTH NapajuleIbHOW pabOThI 3JIEKTPOCTAHIIMNA CH-
cteM Ci1m Co. Kpyrosasg aumarpamMmma MOKa3bIBa€T TECHYIO CBSI3b MEXKIY HapaMmeTpamu
cxeMbl U pexnma. Kaxnomy 3HaueHnio P| cooTBeTcTByeT KOHKpeTHOe 3HaueHHe Q,

yroi 0 (OKpYXKHOCTb $p). DTOMY Yy O B OKPYXXHOCTH S, COOTBETCTBYIOT MOIIHO-

ctu P, n Q,. [lnamerpsl okpyXHOCTEH 00paTHO MPOMOPLUOHAILHBI TapaMeTpy B.
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Boigensst B ypaBHeHusax (5.1) neiicTBUTENbHbBIE 1 MHUMBIE COCTaBIISIOIINE, TTO-
Jy4aroT Harpy304HbIE XapaKTEPUCTUKH 3JeKkTponepenaun. I'papuueckoe nzoOpaxeHue

HArpy304HBIX XapaKTEPUCTHUK JaHO HA pucC. 5.3.

2000
1500 Q1, MIBa? .
1000 —f 5p szf”l(—'“
—>0
) }/ I %{‘ Ve \P< MBT
T N
a / P, MBT\\ N
[
2 o
E]
N RN GEEEEEE EEHEEISE
-500 \‘ |
\\ !
|
\\ .
-1000 \\ 2, MBap :
N |
\*-
-1500 |- > < >
30Ha yCTOWYUBOM 30Ha HEYCTOMYUBON |
paboThI paboThI |
o000 L L T 1 111 I I T
Yron 8

Puc. 5.3. XapakTepucTUKN MOITHOCTH 3JIEKTpornepeaadn

[Ipu 3a7aHHBIX 3HAYECHUSX HAIPSKEHUN MO KOHIIAM DJIEKTPONEepeIaud KaKIOMY
3HAYCHHUIO aKTUBHON MOIIHOCTH OYAET COOTBETCTBOBATH OMpPEAEIEHHOE 3HAUYEHUE pe-
aKTUBHON MOIIHOCTU. V3MEHss 3HAY€HUs HANpPSKEHUM, MOXHO U3MEHSATHh 3HAUECHUS

PEaKTUBHON MOIIIHOCTH y KOHIIOB 3JIEKTPONIEpEaayuH.

5.2. IloBbiIeHNe MponyckHoi cnnocodonocTu JIIII
[Ton mponmyckHOW CHOCOOHOCTBIO JIMHUU 3JIEKTPONEpeayn MOHUMAIOT aKTHB-

HYIO WJIM ITOJIHYIO MOIIHOCTB, KOTOPAaA JJIMTCIbHO MOXKET II€PCAaBaTbCA C y‘IéTOM TCX-
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HUYECKUX OrpaHudeHui. OCHOBHOM MPUYMHON MOBBIIMICHUS MPOITYCKHON CIIOCOOHOCTU
JIDII siBisieTcsl YKOHOMHWYECKasi: CTPEMIICHHE CHU3UTh CTOMMOCTH MEpPEAayd OTHOTO
KWJIOBATTYACA AJIEKTPOIHEPTHUU.

K TexHHMYeCcKUM OrpaHUYEHUSM, MPEMSATCTBYIOIIUM POCTY TepeaaBaeMoi Io
JIDII molHOCTH, TP HOMUHAJIBHBIX HarpskeHusx 110 kB u BbIlie oTHOCSTCS:

a) npeJes nepe1aBaeMoil MOIHOCTH (TIpeies JTMHUM), YYUTHIBAIOIIUMA YCTOM-

YUBOCTb MapaliebHON pabOThl AMEKTPUUECKUX CTAHLIUM, PHpejl ;

0)  JOIyCTUMBIii 10 HArPEBAHUIO MPOBOJHUKOB TOK (MM MOINHOCTE Py );
[lepenaBaembie MO MACATBHON JUHUU (JMHUU 0€3 MOTEPh aKTUBHOW MOIIHOCTH)
aKTUBHAs Y PEAKTHUBHBIC MOIIHOCTU MPU MOJJEPKAHUU MO KOHI[AM JIMHUM HOMHUHAJb-

HBIX HaHpH}KCHI/Iﬁ PaBHBI

2 2

P :Uﬂﬂsiné“:—UH_OM sing = _PB sing;,
B Z,sinal sinal
Q1:U§OM%—U§%c035:PBctgal _sirITBaI COS0; (5.2)
Q, = —U§OM§+U§%0055 =—P,ctgal + sirITBaI C0SO,
TIE o =+/Xghy — KO3 duuueHt dassl, pag/xm;
L, = X _ BOJIHOBOE COIIPOTUBJICHHE JTUHUH, OM.

WneanbHblil mpesien mnepegaBaeMoil akKTUBHOM MOIIHOCTH corjlacHo (5.2) mpu

P, Sk /ZB paBeH

HOM

P

B

P = — 2
MaX " sinal
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Ob6nactn ICHCTBUSA OTPaHUYCHUH HA MEPEJaBaeMyl0 MOLIHOCTE 10 B, u

Pron A1t BJI 110 1 500 kB B 10511X HaTypaibHOW MOLIHOCTH P, moka3ana Ha puc. 5.4.

[Ipu mocTpoeHuun 3TUX obnacTel yuTEH 3amac Mo CTaTUYECKON YCTOMYMBOCTH B pa3Me-

pe 20 % ot naeankHOro npezaena MomHoctn By, =0,8F,,, .

N3 puc. 5.4,a Buano, yto mia BJI 110 kB orpanndueHueM Ha nepenaBacMyro
MOIITHOCTh BO BCEM peabHOM JHWala3oHe JUIMHBI JIUHUU SIBJISIETCS OTPaHUYCHHUE IO

HarpeBy HpPOBOAOB, T.€. M0 P, . VBemuyenue P, MOXKHO 00€CIEYHTh, NMPUMEHSASA

IMpoBOAA IMOBBIMNICHHOI'O CCUCHHA WJIM HCIIOJIb3YA CIICIIHAJIbHBIC TepMOCTOﬁKI/Ie ITPOBO-

Jaa.
80,0 00 1T T T T T
70,0 A —Pripen 06bl4yHanA B/l
60,0 \ Pnpeg 8,0 ++— ==Pgon
. ’ \ = Paon ) Pnpen KomnakTHaa B/l
g 50,0 \ g 6,0 |
« 40,0 o
% A, < 4,0
a 30,0 N = 4 \
20,0 SN~
10,0 B— 2,0
O'O 0,0 T T
10 20 30 40 50 60 70 80 100 200 300 400 500 600 700 800
[, Km
I/, Km
a §)

Puc. 5.4. Orpannuenus Ha nepenaBaeMyro MoiHocTbs BJI:
a— muaus 110 kB (AC-185); 6 — nunus 500 kB (3xAC-300)

s BJI 500 kB ects o6macts (1 <400 km puc. 5.4, 6), B KOTOpOii orpaHHMYHBa-
1o1uM (aKTOPOM SIBJIIETCS HarpeB MPOBOOB, U 00JIACTh, T/I€ TAKUM (PAKTOPOM SIBIISICT-

ca P

npen» T-€. CTATHYCCKast yCTOMYMBOCTD. YBEIU4IeHUE Py, MMHHBIX BJI Bo3MoxHO

a1M00 YBETMYEHUEM HOMHUHAJIBHOrO HampspkeHus U 1100 BO3AECHCTBHEM Ha PEak-

HOM °
TUBHBIE MapameTpsl BJL.
B nHamel ctpaHe BBICIIMM YPOBHEM MPOMBIIIJIEHHO OCBOCHHOTO HOMHHAJIBLHOTO

HanpspkeHus sisisiercst 1150 kB. Hatypanbnas momaocTs P, Takoit nmuHuM cocTaBisieT
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5200 MBT [9]. HanbHeiimee yBenuuenue U CBSI3aHO C CYILIECTBEHHBIMU TE€XHUYE-

HOM
CKHMH M 3KOHOMHYECKHMH TPYAHOCTSAMH. B cBA3M ¢ 3TMM B cxeMe paszutus O9C 1o
2020 r. [7] nmpemycmarpuBaeTCcsi yBEIUYEHHE Ipenaea rnepemaaBacMoii momHoctu BJI
NyTéM M3MEHEHUS KOHCTPYKTUBHBIX NapaMEeTPOB U MPUMEHEHUEM CIEIUATbHBIX pery-
JMPYIOLIHUX YCTPOWCTB.

OpHuMm U3 crnocoOoB MOBbIIEHUS TponyckHoM anuHHOM JIDII sBnsiercs noo-
oepiicanue nOCMOAHH020 HanpaxceHus no kKonuyam JIIIT n B €€ mpOMEXyTOUHBIX
TOYKaxX MYTEM PETYJIMPOBAHUS PEAKTUBHOM MOIMHOCTH. JIJIsl 3TOr0O UIMHHYIO JIMHUIO
(A3II) nenar Ha psa ydacTKOB JiIMHOW Okoyio 300 KM, a B IPOMEXYTOUHBIX TOYKaX

noakouaroT UPM (puc. 5.5, a).

0,8 T T T T 1
0,6 Qr*  ——Q2*
0,4 Qk*
0,2 ~
0,0
20,2 070 A,
g N\,
‘0,4 /PB \
-0,6 \
-0,8
-1,0 \
-1,2

N
H
[0 0]
N
o

B
(@]
@)}
(@)
[0 ¢]
[HEY
(@]
'_.\

9C

R

a 0
Puc. 5.5. Cxema JIOII ¢ nonepeunsiMu KY 1 onopHbIMY HallpsKEHUSAMU :
a — cxema npucoenunenus MPM; 6 — xapaktepucruka Mmomnoctd UPM munun 500 kB npu

Il = |2 :300 KM

B kauectBe IPM ncnonb3yror CTK, CTtaTkoM Wi IPOMEKYTOUYHBIE CUCTEMBI.
Jnst crabunu3anuy HanmpsDKeHWM B MpoMekyTouHblX Toukax JIOII mpu mepenave ak-

THUBHOM MoIIHOCTH P HeoOxommma peaktuBHas momHocts UPM Q =Q, —Q; (puc.
5.5, 6). 3nece Qq, Q, BerumCIIIOT MO (5.2).
ITpu nocrosHEbIX HanpspkeHusx Uq, Uy, U3 pexum xaxaoro u3 ydactkos JI311

HE 3aBUCUT OT PEXHUMa JIPYroro. Y CTOMYMBOCTh MEpeaadn OyJeT Takou ke, Kak JUIs
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KOpOTKOﬁ JIMHHUHN IIHHHOﬁ 300 KM ¢ NOCTOSSHHLIMH HaIIPsSOKCHUAMUA 1 YMCPCHHBIM YITIOM

0. Ilepenaya momuoctn P >P, Ttpebyer 3HauurensHoil Momuoctu MPM, co-

U3M2epuMoil ¢ HaTypasibHON MomHOCThI0 JIDI1 (eM. puc. 5.5, 0).

[ToBbiieHus mpomyckHoi crocooHocTH JIDI1 MOkHO HOOUTHCS, UCTIONb-
3ysl yCMAaHO06KU RPOOOIbHOU EMKOCMHOU KoMneHncayuu. B 3ToM ciiydae yMeHbIIAeTCs
HKBUBAJICHTHAsI IOCTOSIHHASA YETHIPEXIOIIOCHUKA B M BO3pacTaer mpenen rnepenaBae-

MO MOIIHOCTH Py,

VYcranoBku npononbHoi komneHcanuu (YIIK) momkHbl ObITh CKOHIIEHTPUPO-
BaHbI B OMHOM (pucC. 5.6, a) WM HECKOJbLKMX HEMHOTHX MPOMEKYTOUYHBIX y3iax JIDII.
Cxema 3amemenus JIOI1 ¢ VIIK npusenena na puc. 5.6, 6. [locTosiHHbIE YeThIPEXIIO-
JFOCHUKOB C MHAEKCOM «1» OTHOCATCS K MEPBOMY (JIEBOMY) Y4acCTKy JIMHUU, C UHJCK-
COM «2» — KO BTOpOMY (IIPaBOMY) y4acTKy JUHUHU. YeTbIPEXIIONIOCHUK, UMEIOIINIA UH-

JIEKC «K» COOTBETCTBYeT conpotusieHuto YIIK X, .

Ul UZXKUB P U4 3,0 ——
C) @ + + I } —> + C) = Pmax YMK
o€ I b | 12 | D9C 25 ——Pmax
i . I 20
STEBIA B BT, ] NG
1 4 3
.—(_:1 Dl—QK DK—(_:Z DZ—. §10 - N
a -
§)
U U 0,5
1 VIIK P 4
0,0
C OHd N M < N ONOWOH O
9C LR LR 29C OO0 0000 Oo0o0 oo -
X /Xl 0.e.
B I

Puc. 5.6. JIunust ¢ npoaoabHON EMKOCTHON KOMIIEH Al eH:
a —uHus ¢ YIIK; 6 — cxema 3amenienust; B — YIIK ¢ myHTHpYyOIIMMU peakTopamu;
r — nponyckHas ciocoorocts JIDI1 500 kB , 1000 kM ¢ ognoii YIIK B cepenune
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U3 puc. 5.6, r cienyer, 4TO CTENeHh KOMIIEHCALIUU JIMHUU MIPH YCTAHOBKE OJ[HO-
ro YIIK B cepeaune nuHumn He MoxeT npesbimath 0,5. Dddextunocts YIIK moseima-
eTCsl 3a CUET NMPUMEHEHUS IIYHTUPYIONTUX peakTopoB (puc. 5.6, B). YIIK ¢ myntupyro-
MMM peaKkTopaMH padoTaeT Kak (a30moBOPOTHOE YCTpoicTBO [15].

VYerpolicTBa Ha OCHOBE COBPEMEHHOM CHJIOBOM 3JEKTPOHUKH, CO3JIaHHBIE IS
yIpaByieHUus paboTOM 3eKTporepesayn, CiOCOOHBI OJHOBPEMEHHO BO3JIEHCTBOBATh Ha
TpU yKa3aHHBIX Bbiie mapamerpa (U, B, 8), uro moBsimaet 3pGpeKTHBHOCT U 0OecIie-
YUBaeT TMOKOE YIPaBICHUE PEXKUMAMU YHEPTOCUCTEM.

TakuM yCTpPOWCTBOM SIBJISIETCSI HAPAII1EAbHO-ROCAE008AMENbHbLIL PEZYyAAmOop
mouwgpocmu (IT1TIPM), coctosimuii U3 IBYX KOMIUJIEKTOB IpeoOpa3oBaresield HampsixKe-

Hus (ITH) 1 00beTMHEHHBIX Ha CTOPOHE MTOCTOSTHHOTO HanpsbKeHus (puc. 5.7).

P, -
—> U, P j u
= 25 g
_> Qr P2 <—
Q1 1 — Q2
Iw
| U I
d d d
[ + |
Tt | vs Cq VS T% Qn fa
—_— VD VD
PHHa _
Qun | |
ITH, I1H,

Puc. 5.7. Cxema I[1IIPM

[TH: moxknroyaercss K IMIAHAM NOACTAHIMU MapajuleIbHO, & BBIXOJIHOE Iepe-
menHoe HanpsikeHue [TH> gepes tpancdopmarop T, BkItouaeTcs: mocieqoBaTeIbHO B
JIMHUIO, 00pa3yst JOTOTHUTENbHBINA TIOCIIEI0BATEIbHBINA BeKTOp HanpsikeHus AU (puc.

5.8, a), BenmuunHa 1 (paza p KOTOPOTO M3MEHSIOTCS C MOMOIILIO CHCTEM YIPaBICHUS
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ITH:, u TTH? B mmpokux auamasonax: AU =0+AU,,,, p=0+360 1mo oTHOmEHMIO K

CUHXpOHM3UpYIoIIeMy HarpsikeHuto U; (puc. 5.8, 0).
O6pasyemas I1Hi, u ITH, BcraBka mocrosHHoro Toka (BIIT) monmxenHoi (1o
CpaBHEHHIO C nepefaaBaeMoit o JISTI) MOIMHOCTH MOXKET yNpaBlATh pekuMaMu pado-

161 JIDIIL.

a 0
Puc. 5.8. Pexumer [1T1PM:;
a — cxema 3aMelleHus; O — BEKTOpHAs AuarpaMma

N3 ananuza puc. 5.8, 6 cienyet, 4TO YaCTHBIMM CIy4assMHu OOIIEro pekuma pa-

OOTBI SIBJISIFOTCS:
e pexum paboTsl (BhasonoBopoTHoro ycrpoiicta (OITY), korma Bektop AU gy
neprneHauKynspen sexkropy U; (p = 90°);
e pexuM pabotsl perymupyemoii YIIK, korna Bektop AU vk COBIANaET 1o (ase

¢ BektopoM U;,, 9T0 cOOTBETCTBYET yrity p = 90° - /2. [Tpu 3ToM Py = 0 1 Hanm-
yus [TH1 He TpeOyercs.
B 1abn. 5.1 npuBeneHsl pe3yabTaThl PACUETOB MAKCUMAIbHBIX aKTUBHBIX IEpe-
JMaBaeMbIX MOITHOCTEH (Puacc) M JHaNa3oHa uX peryiaupoBanus (6P) mamsa pexuMoB pa-

6otel PITY, VIIK u IITIPM.
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Tabmuna 5.1 — XapakTepucTUKu cnocodoB peryaupoBanusi MomHocTy JIDIT

[TpornyckHast cnocOOHOCTh (YMCIIMTEND) U AMANa30H € peryJupoBaHus (3Ha-
Tun uaIN MEHATeJIb) NP Pa3IMYHBIX YTIIaX Mepenayu o
Q° 30° 60° 90°

Heynpassiemast 0/0 0,500/0 0,866/0 1,0/0
VYnopasmsiemass ¢ 0,454/0,908 0,839/0,787 0,999/0,454 1,0/0,109
OITY

Vmpasnsemass ¢ 0/0 0,750/0,250 1,299/0,433 1,5/0,500
VIIK

VYnpasmsiemass ¢ 0,500/1,000 1,000/1,000 1,366/1,000 1,5/1,000
[TITPM

JIEKIIUS Ne6
MOAEJIA YCTAHOBUBHINXCSA PEXKUMOB ITPOCTBIX
SJEKTPUUECKHUX CETEN

6.1. O01as XapaKTepUCTUKA MaTeMATHYECKHX MojleJIeil pe;KuMOoB
MPOCTHIX JTEKTPUYECKHUX CeTel

K npocTeiM 110 KOH(DUTYpanuu dIEKTPUUECKUM CETSIM OTHOCSITCSL PA30MKHYHIblE
anekmpuueckue cemu (cMm. puc. 1.7) ¢ ogaum nentpom nutanus (L[IT) u mpocrteie 3a-
MKHYTBIE CETH — KOjblesvle N C 08yxcmoponnum numanuem (cM. puc. 1.8). Pazo-
MKHYTBIE JICKTPUUECKHUE CETHU — ATO paclpeleMTeNbHbIe CeTH HampsbkeHueM Ao 110
kB (nHorma 220 kB). 3amkHyTBIE ceTn — 3TO ceTu HanpspkeHueM 110 kB u Baie.

MaremaTndeckne MOACIN AIEKTPUUECKON CETH JJISi TAKUX PEXUMOB (POPMUPY-
I0TCA MYTEM 00bEIMHEHUSI MOJIETIEN OT/IETbHBIX 3JIEMEHTOB, PACCMOTPEHHBIX B rjaBe 3,
B COOTBETCTBHH C OOIIIEH CXEMOI CEeTH.

HNudopmarus o cetu MOXKeT ObITh pa3zielieHa Ha JIB€ YacTu: MH(GOpMaLUs O BET-
BAX CXEMBbI 3amenieHus U €€ y3nax. COBOKYITHOCTh B3aUMOCBSI3aHHBIX BETBEW U y3JI0B
SBIISICTCS 2paghom cemu [25, 26].

N3BeCcTHO, 4TO I CXEMBI JJIEKTPUUECKOU CETH, CONEPIKALIEH N Y3JI0B, MOXKHO
copmupoBaTh (N-1) HE3aBUCHMBIX YpaBHCHHI OajgaHca TOKOB (WJIM MOIIHOCTEH) [25,

26]. Y3en, ams KOTOporo GajgaHC TOKOB HE COCTABJISIETCS, HA3bIBAIOT OAIAHCUPYIOWUM
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yznom. Takum y3nom sBisitoTes bl LI J{ng pacuéra pexxuma B OaimaHcupyroieM
y371e pabouee HanpspkeHne Up = CONSt 1omkHO OBITh 3a1aHO.

ITapameTpsl BETBEW U Y3JIOB SIBJISIFOTCS UCXOJHBIMU JAHHBIMM JUIsl pacyéra pa-

Oouero pexuMma dJeKTpuueckoit cetu. Ilpu pemeHun Takoil 3aaauyn ONPeaesIstoTCs TO-
KO- M IIOTOKOpAacHpeeleHue 10 BeTBsIM, Hanpsbkenus ysnos Uj, Uy, morepu MomHo-

CTH B BETBSAX CXEMbI 3AMEILICHUSI CETH.

Maremaruueckasi MOJENb peXXUMa CEeTH MPEACTaBIsAeT co00i cucTeMy anredpau-
YEeCKUX HEIMHEWHBIX ypaBHEHHI, COOTBETCTBYIOIIUX Tpady ceTu. s popmupoBaHus
TUX YpPaBHEHUH MCHOJB3YIOTCS OCHOBHBIE 3aKOHBI JJIEKTpHYecKux wenei: Owma,
Kupxroda, Ixoyna. HeanHeWHOCTh B MOJEIb peXUMa CETH BHOCAT JJIEKTPUUYECKUE
Harpy3KHu y3J10B CeTH. TOK Harpy3ku ‘ji (i Jk ), HEOOXOIUMBIW JIJIs1 MPUMEHEHHUS 3a-

KOHOB 3JICKTPHYCCKHX ueneﬁ, MOJKET OBITH BBIYHMCIICH TOJILKO IIp1 N3BCCTHOM HaAIIP:-

xeHun U; (Uk) y371a MOAKIIIOUCHUSI HArpy3KH, KOTOPOE 3apaHee HEM3BECTHO U OIpeie-

JIIETCS B MPOIIECCEe pacuéra pekuma:

A

Si
),

Ji = (6.1)

HpI/I TaKOM CIToco0e MMpCaACTABJIICHUA HAI'PY30K PCIICHHUEC HA OCHOBC 3aKOHOB OMa,

Kupxroda, [[xoyis MOKET ObITh MOIY4EHO TOJIBKO UTEPATUBHBIM IyTEM [24 — 26] mpu
MHOrokpaTtHoM mepecuére J; mo (6.1). B aTom cocrouT ocHOBHOE OTiM4Me pacuéra

pexkuMa aekTpudeckoil cetn 99C OT KIACCUYECKOro aHalIM3a JIEKTPUUECKUX 1ETeH,

COICPpIKAIINX BHC N UCTOYHHUKH TOKA C COOTBCTCTBYIOIIUMM COIIPOTHUBIICHUAMMU.

6.2. MatemaTH4ecKUe MOJIeJIN PEeKUMOB Pa30MKHYTBIX 3J1eKTPHYECKUX
cerer
[Ipumepbl cxeM pa3OMKHYTBIX PacHpeleSUTENbHBIX CEeTel IMOKa3aHbl Ha pHC.

5.2, 5.3. llenrpamu nuranus (L{[1) pacnpenenutensHbIX CETEl SBISIOTCS COOPHBIE ITH-
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ubl CH u HH moacranmmit 110...330 kB, c6opuble munb 6...110 kB amekTpocTranmmii.
Ot IIIT oTX0IAT HECKOJILKO paclpeacTuTeIbHBIX JTHHMH (puc. 6.1).

Hanpumep, k mmunam 35 kB noacranmuu 110 kB MoryT ObITh ONKIIIOUYEHBI OT 2
1o 4 muauy, k mmHaMm 10 kB — 4...32 pacnipenenurensHbIX TMHUN. B nipakTuke skcmny-
aTary JIEKTPUIECKUX ceTel pacnpenenutenbabie suan 10 (6) kB Ha3pBaOT ghude-
pamu.

OTtaenbHBIE pacpeieIUTeIbHBIC TUHUN WU (PUIephl HIMEIOT OAWH OOIIHA y3el

— mmHbl LI1. B aTOoM ciydae npu ¢ukcuposanHoM HanpsbkeHuu B LTI Uy =const pe-

JKUM OJHOM pactpeieanuTeIbHON JINHUU HE BIUAECT HA PEXKUM APYTrOi.

Cetp 110 kB

115/38,5/10,5

Ug=const
10 kB

I

/ T~

Ug=const
35kB

[ ]
(]
10 xB \ 4
Cets 10 kB :j@_'.-
P I3
acTpeeTuTeIIbHAS
muaug 35 kB /_V

Cetp 10 kB

~

N
Ounep 1l TII

114 ° Cets 35 kB
TIL. 7

Cets 10 kB
Puc. 6.1. ITpuHiunuanpHas cxema pacrpeaenutenbabix cereit 10 u 35 kB 93C

Mamemamuueckana mooenp pexrcumog pacupeeInTeIbHON JTUHUN (POPMUPY-
eTcsl Ha OCHOBe 3akoHOB Oma, JIxoyina u nepBoro 3akoHa Kupxroda. McxogueiMu gan-
HBIMU SBIISIIOTCA: Ipad JUHUM U MapaMeTphbl €ro BETBEW U Y3JI0B, HAarpy3Kd B y3iax
CXEMBbI 3aMEILEHUs, HaIPSKEHUE B LIEHTPE MUTAHUS.

MoOIIHOCTE §ik(k) B KOHIIe BeTBHU | — K ompenensercs mo 6anaHCcy MOIIHO-

ctu B y3ie K (puc. 6.2).
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Sik (k) = Sk +%§km(k)’ (6.2)
rae Z§km(k) — CyMMa MOIIIHOCTEH B BETBAX, HAUYMHAIOIIMXCS B y3Iie K.
m

IIpsamoit xo0
@ p )i
Up & . ﬂm _ .

OOGpatHbIit X011

Puc. 6.2. Cxema st GopMHPOBaHUS MOAEIH PEKUMA

Jlns cxemsl puc. 6.2
%§km(k) = Sk1(k) TSk 2(k) -

Eciu u3 y3na K He BBIXOAMT HHM OJHOW BEeTBH, TO B (5.15) Broporo ciaraeMoro He
Oyner.
3ateM (HOpPMHUPYIOT ypaBHEHHUE IS ONIPE/IeICHHS OTeph MOITHOCTH AS;, B 3TOI
BeTBH (puc. 6.2).
2 2
Rk k) *Qik (k)
ASik = Zi .
'~ 2 |
Uk

(6.3)

IIaJIee 3aIlIUCBIBAIOT YPABHCHUC OJIA pacqéTa MOIIHOCTH §ik(i) B HayaJie BETBHU I

Sik (i) = Sik (k) T ASik - (6.4)
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®opmyiel (6.2) — (6.4) ucrons3yroTes I pacyéTa B ClIeAyroleld BeTBH, IPo-
JIBUTASICh K OaJaHCUPYIOMIEMY Y3Ty.

VpaBHeHUS HanpspDKEHUH mpu (HOPMHUPOBAHHKM OOPAaTHOrO XOJa AHAJIOTHYHBI
(4.9), (4.10). Eciu ucnonb3yrorcst npojoibhast Uy 1 monepeunas U aj cocTapisio-
IIM€e MaJAeHUs HAPSLKEHUS U Aik :U'Aik + jU"Aik, TO U1 JIF0O0M BeTBU | — K Monmenu

IIPpHU U3BECTHOM HJIM YK€ BBIYHMCIICHHOM MOAYJIC HAIIPSXKCHHA B HA4YAJI€C BETBU UI ImoJay-

YUuM
. Pik()Rik + Qik (i) Xik |
Uik = 0. !
! (6.5)
. Pik@)Xik ~Qik(i)Rik
UAik = U: :
|
MOI[y.TIB HaHp}I)KCHI/IH B KOHIIC BECTBHU paBCH
2 2
Uk :\/(Ui —UAik) +(UAik) ! (6.6)

Jlns BeTBU, HaumHarolelcs B OajmaHcUpylouleM y3ie b, HampspbkeHue B Hayaie

3amano ¥ paBHo U . Bexrop nanpskenns U HanmpasieH 10 J€HCTBUTENBHON OCH OC-

HOBHOM CHCTEMBI KOOpAMHAT, T.€. O =0. OCOOEHHOCTBIO NPUMEHEHHUS BBIPAKCHUH

(6.5), (6.6) sBisieTcst TO, YTO BEKTOP HANPsDKCHUs B Havyaje Kaxaoi BetBu Uj momken

OBITH HAIpaBJIEH MO OCU ACHCTBUTENbHBIX uKcell. [Ipu mepexone K cieayrolieil BeTBr

HEOOXOIMMO TTOBOPAYMBATH CUCTEMY KOOPJMHAT Ha YroJl O -

Yron casura Oj MexIy BEKTOpaMH HanpsikeHuid B y3nax Hauana Uj u xonua

Uk BeTBH | — K paBeH
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"

Siy =arctg U_U—A”‘ , (6.7)

!

i —U ik

a (paza Hanpsokenust Uy B OCHOBHOM CHCTEME KOOPJMHAT PaBHA

ok = 6j + ik - (6.8)

JIEKIIUSA Ne/
MOJEJIA PEXKUMOB 3AMKHYTBIX DJIEKTPHUECKHUX CETEH

3aMKHYTBIMH CETSMH Ha3bIBAIOT CETH, B KOTOPBIX JJIEKTPOIHEPTHS K Y37IaM
HOJKIIIOYEHHUS] Harpy3Ku NMOJAETcsi HE MEHee 4YeM ¢ JBYX cTopoH. [Ipocras 3amkHyTas
CeTb — ATO KoJjbleBas (puc./.l, a), cogepkamas OAMH KOHTYp, WIH JIMHUS C JIBYCTO-

poHHuM TiuTanueM (puc. 7.1, 6). Takue cXeMbl UCIONB3YIOTCS B CETAX HAIMPsHKCHUEM

110 kB u Oosee.

U HOM

a 0
PI/IC. 71 HpI/IHHI/IHI/IaHBHBIe CXEMBI SaMKHYTI)IX SHCKTpI/IqCCKI/IX ceTeﬁ:
a— KOHBHCBafI; 6 — JIUHUJ C I[ByCTOpOHHI/IM IIMTAHUEM
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Henmpamu numanus B 5TUX CETIX ABJIAIOTCS COOPHBIC IIMWHBI AJIEKTPOCTAHITUH
WJIM TIOJICTAHITUM CBSI3U C CEThIO 00Jiee BHICOKOTO HAMPsKEHUS, HAPUMEP, C CUCTEMO-
00pa3ymoIIeH CeThIO.

[Ipu pacuérax «Bpy4HYIO» MOJAEIU MPOCTHIX 3aMKHYTBIX CETEH COCTABIISIOT U3
YOPOIIEHHBIX MOJIENIEH OTIEJBbHBIX JIEMEHTOB ceTH. Eciii B cXeMy 3aMKHYTOW CETH
BXOJISIT YYaCTKH HECKOJIbKMX HampsbkeHui (puc. 7.1, a), TO Bce conpomuenenus eem-
6eil nPUBOOAM K 00HOMY HANPAIHCEHUIO.

[Ipu MomenupoBaHWM PEKUMOB 3aMKHYTBIX CETEH HCHONB3YIOT pacuémHble
MoOuwiHOCIU §ip noocmanyuu (puc. 7.2), mpeACTaBISIONINE cCOO0ONW MOIHOCTH Harpy-

30K, MpUBEAEHHBIE K cTOpoHe BH moacranumi.

U =const =77,

o
.
L]

Puc. 7.2. PacuérHas cxema KOJbLEBOU ceTU

Mopens pekrmMa OCHOBAaHA Ha UCIOJIb30BAHUM YPAaBHEHUS JJII KOHTYPA IO BTO-

pomy 3akoHy Kupxroda u ypaBHeHuit no nepsomy 3akony Kupxroda asis y3710B.

I a1Za1+ 112212 + 13203 + 1A3Z A3 =0. (7.1)

Tox | paBen

. JiZia +37Zo A +J2Z~
|A1 1=1-A §_2A 3£3 A, (7_2)
ZA-A
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rne  Zya =L+ L3+ LA3s Lo-a =Lo3+LAs, Z3.A =ZA3;
Zan=LZa+Zip+2Lo3+2a3.

ITo (7.2) onpenensioT moK mobKo 207106HOU éemeu A-1, TOKH OCTaIbHBIX

BETBEH BBIUMCIIOT 110 (7.3).

I =Ta1=J1; I3 =la1=J1=J5; Tpz=1lp1—J;—=J5—J3. (7.3)

Pacuérnyro cxemy puc. 7.2 MOKHO «pa3pe3aThy MO Y371y UCTOUYHUKA MUTAHUS A.

KonbueBas cxema npeoOpa3yercs B JIMHUIO C ABYCTOPOHHUM MuTaHueM (puc. 7.3), Ajis

KOTOpPOM UA = UA,.

<« AN >
< £1-A >
£2-A' R
Z3n
Lo3 237" [A] e

Puc. 7.3. PacuérHas cxema JTMHHUH C ABYCTOPOHHHUM MUTaHUEM

Cootnomenust (7.2), (7.3) mMO3BOJSAIOT ONPEACITUTH MPUOIMKEHHOE TOKOpac-

MMpCacIICHUC, TaK KaK OJIA1 BBIYUCJICHUA ‘]i HCIIOJBb30BaAJIOCH UHOM .

n
D SPZia
i1

_ 1=
SAl="3

(7.4)
ZAA
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MOHIHOCTI/I OCTAJIbHBIX Y44aCTKOB JIMHHUH OIIPCACIIAIOTCS I10 6aJ1chy MOIIHOCTH

B KaXJOM y3JI€, IBUTAsACh MO PACUETHOM cXxema cieBa HanpaBo. Hanpumep, ns y3na 2
MOJIyYUM

_ p_gp
S23=SA1—S — S5

YSCH, B KOTOPOM TOK HJIM MOIIHOCTH MCHSAIOT CBOE HarpaBJICHUC HA3bIBAIOT

mouKoil mokopasoena Wi nomokopa3zoena (puc. 1.4, a).

Touxka nmorokopasaena

e® s Z Z 2 Z3A’ PLl N
STNA AL 4 £12 £3 4 AT
U TS L T by S b S U T
; ) p p 223 p  =23A’ ;
Al sp 212 V) St
a
§H6
S5 $23 Z
Z Zsa:
fo WA Lu g L2 —Spg =22 g oA T
SRy e LA
e Uy F $ I-I : 19 Ua’ S
; ASxi S0 ASi» So So AS,. SP AS 5
OA1 L AS1p S Syr ASy;z 93 ASzp
6

Puc. 7.4. Onpenenenre mOToKOpacnpeneaeHus B IUHUY C JBYCTOPOHHUM IMUTAHUEM C YUETOM
[OTE€Pb MOIIHOCTH:
a — OaJaHCHpPOBKA Harpy3Ku B TOUKE IOTOKOpa3jena; O — pa3pe3aHue JIMHUU 110 TOUKE TOTOKOpas3zesa

KonbieByto cerb (MM JIMHHUIO C JBYCTOPOHHUM MUTAHUEM) MBICICHHO pa3Mbl-

KaeM 0 TOYKe MOTOKOpa3jeiia Ha ABe MarucTpaibHbie JuHuM (puc. 7.4, 6). [lonydaem

7IBE PA3OMKHYTBIE CXEMBI C M3BECTHBIMU HAMpsKeHHsAMHU B Hauane (U A U A’) ¥ Harpys-

KaMU y3JI0B.

Jns cobmonenust 6anaHca MOLUIHOCTH B TOYKE MOTOKOpasnena (y3en 2 Ha puc.
7.2, 6) mpuMeM, 4TO
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Sy =515 = S1o: Spr=533=S31  Sp=Sy+Sy

BrinonHsercs pacu€r Kaxxa0u pa3oMKHYTOM CXEMBI B COOTBETCTBUM C aJITOPUT-
MOM, PacCCMOTPEHHOM B TI. 6.2, BIIEBO U BIPaBO OT TOYKH MOTOKOpa3jaesa ¢ yu€ToM Io-
TE€Pb MOILLHOCTH.

B npuOnmxk€HHBIX (OLIECHOYHBIX) pacdy€Tax CETh YacTO PacCMATPUBAETCA Kak

oxHOpoHas. B 0onopoonoi cemu X /R =CONSt st Bcex NPOIOJIBHBIX BETBEN CXEMBI

3aMCIICHUA. HpI/I TaKOM JONYIICHUN I1OTOKHU aKTUBHOM U pCaKTI/IBHOI\/’I MOH_IHOCTeﬁ

OIPEIEISIIOTCS. HE3aBUCUMO U BbIpaxkeHue (/.4) mpuHUMaeT 0ojiee MpOCTON BUJ:

n
2 R Xia
Pa1 Z—izlx —
n A-A (7.5)
_ZiQip Ri_a’
_ 1=
Qa1 = Ry

[ToTOKM aKTUBHOW MOILIHOCTH ONMPEIEISAIOTCS PEaKTUBHBIMU COMPOTUBICHUSAMH,
a TIOTOKW PEaKTUBHOW MOITHOCTU — akTUBHBIMU. [[71s1 ceteit 35...110 kB (ocobenno mpu
MaJibIX cedeHusix mpoBoaoB BJI) pacuér mo (7.5) moxxer naBaTh 3HAYUTEIBHYIO TO-
I'PELIHOCTb.

IIpy 3HAYMTEIBLHON HEOJHOPOAHOCTH CETH MOXKET OKAa3aTbCs, YTO HA IEPBOU
UTEpalru pacuéra pekruMa CeTU C JIBYCTOPOHHUM IMUTAHUEM TOYKH MOTOKOpA3Eia aK-
THUBHOM M PEAKTUBHOW MOIIHOCTEW HE COBMANAIOT. B TakoM ciydae pa3fensaTh JIMHUIO
JIBYCTOPOHHHM IHTAaHUEM PEKOMEHIYETCS B TOM TOYKE CXEMbI, TZI€ MpPeArnojaracrcs

MCHBIICC HAIIPSKCHUC.
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JIEKIIAS NeS
MO/IEJIM YCTAHOBUBIIUXCS PEXKUMOB DJIEKTPHUECKUX CETEM
MPOU3BOJILHON KOH®UT'YPALIUU

CucremooOpasyromasi cetb EDC (puc. 1.4), OCHOBHBIE JJIEKTPUUYECKUE CETH
OO2C wu peruoHanmbHble ceTu HampsbkeHueM 110 kB u Gosiee mpeacTaBisiioT coOoit
CLOHCHO3AMKHYmbLE IJIeKmpuyeckue cemu. B Takux CeTsIX MOXKHO BBIJICJIUTh YYaCTKU
pa3oMKHyTO# ceTu. [ pacuéra pexxMMOB 3TUX Y4aCTKOB MOKHO MCIOJIb30BaTh MO/IE-
JM, pacCMOTpPEHHBIE B ri1aBe 5. OgHaKo, HY)KHO UMETh BBHUJY, YTO PEXKHUMBI BCEX 3JI€-
MEHTOB CETH B3aMMOCBSI3aHbl. JTa B3aMMOCBS3b OOYCIIOBJIEHA TEM, YTO HaIPSKECHUE
JA1000r0 y371a CeTH 3aBHCHT OT HArpy30K 3HAYUTENBHOrO uucia y3ioB. s pacuéros
ycTaHOBUBLINXCS pexuMoB (YP) cereil mpon3BonbHON KOH(UTrypanuu, o0beIUHSIO-
IIMX CETH PA3JIMYHBIX HOMHUHAJIBHBIX HANPSHXKEHUM, HEOOXOAUMBI YHHUBEpPCAIbHBIE MO-
JIeNd, TPUMEHUMBIE U K PA30MKHYTBIM, U CIIOKHO3aMKHYTBIM ceTssM. Monenu YP u me-
TOJIbI UX PELICHUS SIBJISIFOTCS OCHOBOW JUIs 0oJiee CIOXKHBIX MOZEJNEe: ONTUMU3ALUU
pexuMoB D9C, pacu€roB ycronuusoctu IIC.

PaccmoTpum cxemy 3amelieHusi 3JIeKTPUUYECKON CEeTH, conaepkailyro n+1
y3ein ¢ uaaekcami 1 (i=1, 2,...n+1) u v BerBett ¢ ungekcamu | (I=1, 2,...v). V31b1, K KO-
TOPBIM MPUCOEIUHEHBI NEKTPOCTAHIIMN WK perynupyembie UIPM, Ha3bpiBaloOT cenepa-
mopuvimu. OCTalIbHBIE Y3JIbI Ha30BEM HAZPY30YHbIMU. AKTUBHBIE M PEAKTUBHBIE CO-
NPOTUBJICHUS W TPOBOJMMOCTH BETBEH, a Takke Kod(h(UIMEHTH TpaHchopMaluu
TpaHC(OPMATOPOB HA3BIBAIOT HAPAMEMPAMU CXEMBL.

PexxuMm cetu mipu 3a1aHHOM CXEME M €€ IapaMeTpax ONPENCIIETCS napamempa-
MU pexcuma.
® AKTHUBHBIMH M PEAKTUBHBIMH MOIIHOCTSIMU T€HEPUPYIOIINX UCTOUYHUKOB,
® AKTHBHBIMH M PEaKTHUBHBIMH HArpy3KaMu MOTPEeOUTENCH;
® TOKaMHU YKA3aHHBIX BBIIIE OOHEKTOB,;

¢ AKTHBHBIMHU U PCAKTHUBHBIMH MOIIHOCTAMHU K TOKAMH BeTBeﬁ;
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e MOIYJSIMHA HANpPsDKEHUW BCEX Y3JI0B PACUETHOM CXEMBI, a TAKXKE HX JIEUCTBHU-
TEIbHBIMU 1 MHUMBIMH COCTABJISIFOIIUMU WU (Pa30BBIMH yIIIaMHU.

[Ipu pacuére pexrMa IEKTPUYECKOU CETH, CXEMa 3aMEIIEHUsT KOTOPOH COAep-

KUT N+1 y3en, 3aJaHHBIMU BETMUMHAMHU SBISIIOTCS 2N+1 nezasucumvix napamempos

pexxnma. OcTanbHbIE IApaMETPbl PEXUMA SBISIIOTCA 3A6UCUMBIMU W ONPEHEIAIOTCS

4yepe3 HEe3aBUCHUMBIC MYTEM PEIICHUS ypaeHeHuil ycmanosuguiecocsa pexcuma (YYP), a
Tak)ke pacuéramu Mo MpocThiM dopmynam (Hampumep, | = S/ (x/iJ) — ONpENEIIEHUE

TOKa 110 M3BECTHOW MOIIIHOCTU W HANPSIKCHUIO). B Kaxcoom y3ne |, kpome oonozo (i=1,
2,...N), TOHDKHO OBITh 33J]aHO MO 064 HE3AGUCUMDBIX NAPAMEnpPa W JHIIb B TIOCICIHEM
(n+1)-m — omuH. ¥Y3en (nN+1) sBistercst OanancupyomuM. B éarancupyrowmem yszne 3a-

IaHbl MOOynb Hanpaxcenus U, 1 =Ug u gazoestii y2on 5,1, 00bIYHO IPUHUMAEMBbIN

paBHBIM HYITIO. B octanpHbIX y3max (i=1, 2,...Nn) B mpocTelIeM ciyvae 3aJaHbl aKTHB-

HBIE ¥ PEAKTHBHbIE MOIIHOCTH HAarpy3Ku wiu reepauuu. MomHoctu B, u Q1 Oa-

JTAHCUPYIOIIETO y3JIa 3apaHee HE M3BECTHBI M OMNpEACIsoTca U3 pacuéra YP. B kaue-
CTBE OaJTaHCUPYIOUIETO BBIOUPAETCS y3€l, K KOTOPOMY TMOAKIIOYEHA SJIEKTPOCTAHIINA,

MMEIOIIAs JOCTaTOYHYIO MOITHOCTH JUIS TIOKPBITHS OKHAaeMbIX Ph,q 1 Q,g.

Mopnens pexuma cetd (HOpMHUpPYETCsl Kak CUCTeMa HEJTMHEHHBIX anreOpaunue-
CKUX ypaBHeHUH, onuchiBatonnx YP. Haubonee a¢pdekTuBHbIMU U yTOOHBIMH IS pe-
amm3anuu Ha DBM sBisitoTes ypasnenus yznosvix nanpaxcenuii (YYH). YYH cneny-
10T U3 nepBoro 3akoHa Kupxroda npu npeacraBieHuu mo 3akoHy OMa TOKOB B BETBSIX
Yyepes3 y3JI0BbIE HAMPSXKEHUS U IPOBOAUMOCTH BETBEU.

Paccmorpum dopmupoBanrne YYH Ha mpumepe cxeMbl ceTH, MOKa3aHHOW Ha
puc. 8.1, a. Cxema 3amemnienus 3Toi cetu (puc. 8.1. 6) cogepxut 6 y3108B (N=5). Y3en 6,

K KOTOPOMY IIPHUCOCOANHCHA JJICKTPOCTAHIINA Cl , ABJIICTCA 6aJ'IaHCI/Ipy}OIHI/IM.

B 6amancupyromem yzne (puc. 8.1) 3amano HanpspKeHUE UG =Ug. Y31 1 — 4 —

ATO Harpy304HBbIE y3JIbl C 3aJJaHHBIMU HAarpy3KaMu PHi u Qyj.
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W1: AC-400/51 90 km

W2: AC-240/32 50 kv w2
W3: AC-150/24 60 K Wa
W4: AC-120/19 40 1 TCT 2

T1, T2: TPIH-40000/110

T3, T4: ATALITH-200000/220/110
T1

10 xB

~ <
~
Yuu/2 (Sual2 S
\
N Yso e
VYcaoBHEIE
0003HaYCHHUS: Zos=Zw>

[1] - Homepa y3m0B pac4€THOMN CXEMBI

~
7~
[MonoxuTenbHoe y 7
HalpaBleHue BeTBU (ToKa)
/
S
N E_‘
~ < _ _
T Lyp=Z7\
kr
Kl
S3=-Sn2
0

Puc.8.1. [IpuHnunuansHas cxema 2JIeKTpHIecKkoi cetr (a) u e€ cxema 3amerneHus (0)
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V3en 5 — reHepaTopHblii y3en ¢ 3agaHHbIME MomHocTaM Poi u Qpj. 3a moro-
JKUTEILHOE HalpaBjeHHe MOLIHOCTH M TOKAa IPHHATO HampasieHue K y3ay. Torma
MOIIIHOCTH Harpy3ok Suj = Pyj + JQuj criemyer 6parb co 3HaKOM MHUHYC, 8 MOIIHOCTH
renepanun S = P.j + Qi — co 3makom mmoc.

HaunbGonee crnoxubiM siBiusiercst GopmupoBanrie Y YH s y37m0B, K KOTOPBIM

MPUMBIKAIOT BeTBU ¢ K03 duimentom tpanchopmanuu. s y3na 4 (puc. 8.1) 6ananc

TOKOB, YBCIIMYCHHBIX B ’\/§ , IMCCT CHCI[YIOH_[Hﬁ BHU.
~lysay + 124 + 114 =UgYyo +J4 =0. (8.1)

Tok I'45(5), MPUBEIEHHBIA K MEPBUYHOU CTOpPOHE aBTOTpaHchopmaropa (y3en

5), onpenensieTcs: CIeAYIOIUM 00pa3oM.
1

(455 = (U —Us)z—%,

rae U, — Hanpspkenue y3na 4, npuBeAEHHOE K IIEPBUYHON CTOPOHE aBTOTpaHc(hopma-

TOpa.
.U
U 4/ = —4 .
kAT
[Tocne npuBenenus I'45(5) K BTOPUYHOU CTOpOHE aBTOTpaHchopmaropa (y3ein 4)
MOJIYYUM

- U )11
Lieon =| | =2 —Us |—— |—— . 8.2
) {kAT 5)Z45 Kat 2
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[Toncrasnss (8.2) B (8.1) monyuum YYH ns y3na 4

12 + 1 + 1 +Y40 U4+ — 1 U5+(—L}U2+(—LJU‘1—J‘4
Z45kAT Z24 Z14 Z45kAT Z24 Z14

501040

YadUs +YasUs +YaUp +YaiUy = 3.

Jlnst y3na 5 (ctopona BH aBroTpancdopmaropa) YYH cocraBnsercs cie-

JTYIOIITUM 00Pa3oM.

I45(5) — 156 ~UsYsp +J5 =0;

U )1 , 1 . . _
—4 —Ug |=——(Us —Ug ) s—~UsYso + J5 =0;
Kat L5 Zsg
i+i+150ju‘5+ N U'4:J'5—LUB;
Zos  Lse Z45KAT Zsg
Y55Us +Y54Us = J5 —Y5pUp.
rae Ug =Ug.
B o6mem Buge YVYH 3anuceiBaroTcs cienyronmM 00pa3oMm:
. n . .
YiUi + D YUy = J; =Yi5U5, i=12,..,n, (8.3)

rae  U; — BEKTOp HampsHKEHUs B I-M y3JIe CETH O OTHOUICHHIO K HYJIEBOMY

poBoay (3emiie), kB;
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Uk — BEKTOP HANPSKCHUS B K-M y3J1e CeTH 10 OTHOIICHHIO K 3eMiie, KB;

Uy — BekTop HanpsbkeHus B bY 1o oTHomenuo k 3emie, kB;

Ji — BEKTOp Y3JIOBOTO (3aar0IIero) Toka i -ro y3ia, onpeae/sieMblil B 3a-
BUCHMOCTH OT MPUHSITON MOJIENIN HArPYy3KHU, KA

N — 9UCJI0 HE3aBUCUMBIX Y3JIOB B CXEME;

Yji — coOCTBeHHast MPOBOIMMOCTD y31a i, CM;

Yjk — B3auMHas OPOBOAUMOCTb y310B I u K, CM;

Yjp — B3auMHasi IPOBOAMMOCTH y371a | 1 OanmaHcupytomero, CM.

Cucrema YVYH Buna (8.3) aBiserca mamemamuueckou Mooenpio pexxuma

CETH.
COBOKYITHOCTh COOCMEEHHBIX U 63AUMHBIX NPOBoOUmMocmeil y3106 B (8.3) 00-
pa3yeT mampuuy y31066iX nposooumocmeii pazmepa Nxn. Yucio HE3aBUCUMBIX Y3-
JOB N MEHbIIE O0IIEero uncia y3aoB Ha equHuIly. s cxemsr puc. 8.1 mpu N =5 Mmar-

pHIIa Y3JIOBBIX IPOBOAUMOCTEH Y WU BEKTOp-cTONOEl Y MMEIOT CICIYIOINI BU

Yiu Yo 0 Yy O 0
Yor Yoo Yoz Yoy O 0
Y=|0 Yz Yz 0 Of, Yg=|0
Yar Yoo 0 Yan Yys 0
0 0 0 Ys Y5 Ysp

JlnaroHanbHbIC 3JIEMCHTBI MaTpuilbl Y (coOcmeenHble nposooumocmu y3ioB
Yii =G;jij — JBjj) paBHBI cyMMe IPOBOIMMOCTEH BETBEHl, CBI3aHHBIX C y3JIOM i, BKIIFOYAst
IPOBOJIUMOCTH Ha 3eMiro. Eciu BeTBb | — K comepkut kodpduiueHT Tpanchopmarum,

a y3el | COOTBETCTBYET CTOpPOHE OoJiee HU3KOrO HAINPSDKEHUS, TO MPOBOJAUMOCTD ATON

BETBHU BOWJIET B Yjj C MHOXKHTEIIEM 1/ kzsz :
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Bzaumnbvie nposooumocmu Yy =-Gy + |Bjx u Yjg =—Gjg + JBjp paBHBI IIpO-
BoAUMOCTH BeTBU | — K unmn | — B, B3sTOl co 3HakoM MuHyc. Ecit BeTBb COIEPKHUT KO-

s dunment Tpanchopmanum, To MPOBOAUMOCTH BETBU YMHOXKAETCSA HA :I/ Kt -

1
Zikky

Yik =—

B Mopenu ycraHOBUBIIErOoCs pexuMa dJIeKTpudeckor ceTu (8.3) Harpy3ku u
reHeparys 0To0paxarTcsa y310BeIM TokoM J; (i=1,2,...,n). Cnoco0 BelYHCIEHHS Y3-

JIOBBIX TOKOB JJISl HATPY30K OINPENEIeTCS MOAEbI0 Harpy3Kku. CyIllecTBYIOT HECKOJb-
KO MOJICJIEN HAarpy3Ku, paCCMOTPEHHBIX B II. 3.5.3.

Ecnu Harpy3ku u reHepanus npejcraBieHsl MontHocTaMu B = const, Q; = const,
Tto cuctema YYH (8.3) nenuneiinas CoOTBETCTBYIOIINE Y3JIOBbIE TOKH HArpy304HBIX

y3710B PaBHbI

. S P— O
Ji:—%:_HIT-JQHI; (845 a)
| |
a Y3JIOBBIC TOKH I'CHEPATOPHBIX Y3JI0B
& Pi-jO.
J. :UI- :“U—J“ (8.4, 6)
| |

[Tpu noncranoske (8.4, a) u (8.4, 6) B (8.3) nmonyuum moodens ycmanosueuie2o-

ca pexcuma (YYH) 6 gpopme 6ananca moxog:

>

n

Yiili + D YieUy =
k=1
k=i

_YiBUB’ i:l, 2,...,n, (85)

(@
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KOTOpasi mpeodpasyeTcs B moodeab ycmanosusutezocsa pexcuma (YYH) 6 popme 6a-

Jdanca Moumocmeﬁ:

n
Ui\ﬁiiUi +Ui2\ﬁikUk :§i _L’ji!iBUB’ i=l, 2,...,N. (86)
1
i

~x

#

Cucrema YVYH (8.6) MoxxeT ObITh 3amucaHa B CJICYIOIIEM BUJIE:

n+l
YiiUi2+UizYikUk_§i =O, izl, 2,...,n, (87)
k=1
ki
re Vi a1 =Yig;  Up,1=Ug = const; Si=R+jQ =const; U?=U;U;.
R on+l
Bripaxxenne YiiUi2 +U; ZYikUk MPEACTABISICT CO0O0I MOLIHOCTB Sy, MOCTY-

k=1
ki

TMAIOIYIO B Y3€JI | M3 CEeTH M 3aBUCAIIYIO OT HanpspkeHus U; TaHHOTO y371a M HalpsbKe-

HUi U CMEXHBIX C HUM Y3JI0B.

n+1

Syi =YiiU? +U; XYy - (8.8)
k=1
k=i

Torna ypaBuenus (8.7) nmpuoOpeTaroT SApKO BHIPAKEHHBIM B 0aJaHCOB MOIII-

HOCTH.:
S,i(U)-8=0,i=12,..,n. (8.9)

rne U — marpurna-cronber HanpsHKeHu! y3710B.
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B kaxnom ypaBHeHUU cuCTeMBI (8.7) MOXHO BBIJCIUTH JEHCTBUTEIBHYIO U

MHHMMYIO YacTH, T.€. 3alACaTh OaJaHChl MOITHOCTH OTICIBHO JJIsi aKTUBHOW M PEAaKTHB-
HOM MomHocTen. [Ipu sToM yurém, urto U; =Uie15i , a Uy :Uke_Jak . ckombIMU T1€-

pemenHbIMU B cucteMe (8.10) sBisitoTea Mogynu HanpsbkeHul y3inoB U u ux ¢assl 0 .

- n+l ) .
Re YAiiUiz +Uiej5i ZYikUke_J5k — Pl =0;
k=1
k=i .
9 1=12,..,0n. (8.10)
R .. nh+l ) .
Im YiiUi2 -|-Ui(':‘15i ZYikUke_Jék —Qi =0.
k=1
k=i
JIEKIIUS Ne9
METO/1bI PEIIIEHHUA MOI[EJIEﬁ YCTAHOBUBHIUXCSA PEXXUMOB
JEKTPUUYECKOM CETH

Mopenu ycranoBuBiierocst pexuma suaa (8.5) wim (8.7) MOryT OBITH pelieHbl
TOJIBKO UmMeEPauUuOHHbIMU MEMOOaAMU, KOTOPbIE MOKHO MOAPA3AEIUTh HA CIECAYIOLIUE
OCHOBHBIE TPYIIITHL:

a) MOY3JIOBBIE METOJIbI, UCIIONB3YIONIUE TOCIEA0BaTeIbHOE UTEPATUBHOE pe-

IIEHUE YPABHEHUM, OTHOCSIIUXCA K OTHOMY Y37y, IPYT 3a APYroMm;

0)  METOJBI, MpeayCMAaTPUBAIOIINE HA KAXJIOW UTEpaIlMy OJTHOBPEMEHHOE pe-

HICHKE JTMHeapu30BaHHbIX Y Y H cpa3y aist Bcex y3moB.

K moy3noBeIM MeTOaM OTHOCUTCS METOH 3eiielisa, K MEeToJaaM BTOPOM

rpynisl — Meroa HeroToHa.
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9.1. Metox 3eiinens

s nonydeHus umepayuonunoii gpopmynst memooa 3eidena (I'aycca-3eiinens)
[29] HeoOXomMMO HaNpPsAMYO BHIPasUTh Kakaoe Hanpsokenne U; B (8.5), crosiee mpu
COOCTBEHHOM NMPOBOIUMOCTH Yijj, uepe3 Ipyrue HampsokeHus. MrepaunonHas ¢opmyna

MeToja 3eraers i I-ro y3ia Ha |-i uTepaliuu uMeeT BHI:

/\

.y 1 | -1
Ui():YT (I—l) Z!lku() Z Y; U( ) ~YirUg |,
Yi \ U; k=i+1

i=12,..,n; I:Lzm

B Metone 3eiiaens s BIUUCICHUSA KKIOW MOCIEIYIOMIEH MepeMEeHHOM Ui(l)
UCIOJB3YIOTCS ~ CaMble  HOBBIE  3HAYEHHS  HPEIBIAYIIMX  IIEPEMEHHBIX Uél)
(k =12,..,1 —1), HNOJYYCHHBIX Ha JaHHOM |-i wTeparuu, a OCTalbHbIE IEPEMEHHBIC
(k>i) — na npensiaymeii (I-1)-if nrepauun. Ha kaxmodt urepaumu | Bbrumcistor

. I .
HaTPSHKCHUS Ui( ) Bo Beex y3nax (1=1,2,...,n).
JInst Havana UTeparoHHOTO MpoIlecca TOHKHO OBITh 33J]aHO MCXOAHOE (HyIe-
¢ 1 1(0)
BOE) NMPUOIMKEHUE MCKOMBIX HaIpsiKEeHUN Ui( ), 1=12,...,n (Hanpumep, HOMUHAJIb-

Hbl€ HalpsDKEHUs B y3nax). Kpurepuem OKOHYaHUs pacuéra HanpsyKeHWH SIBISIETCS

YCJIIOBUC

max ‘u(') Uia—l)‘ggw

rae &, - Tpedyemas TOUHOCTh pacuéTa, KB
u

OCHOBHBIM HEIOCTAaTKOM MeETOAa 3eHuneis ABJIIEeTCA MEUIEHHAs CXOJIUMOCTH
UTEPAIMOHHON MPOIeNyphl MpU OOJBITNX aKTUBHBIX Harpy3kax (puc. 9.1) u gaxe pac-

XOAMMOCTh TIpoIiecca.
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1,1000 0,000
S NG 9 12 15 18 21 24 2730 33 36
Ui/UHOM '2,000
1,0500 _4 000 o
-6,000
1,0000
-8,000
-10,000
0,9500 4177 \\
-12,000 r——
0’9000 '14,000
0 3 6 9121518212427303336 Homep utepanun
Homep utepauuun —V3en 1 —V3en 2
— V31 —V3en 2 —VY3en 3 —V3en 4
—V¥3en 3 —V3en 4 —V3en 5 ——YV3e1 6 BY
=—V3e1 5 =—=V3en 6 bBY
a 0

Puc. 9.1. UtepauronHslii mpouecc pacuéra moaysiei (a) u da3 (0) HanpsoKeHUH METO0M 3eraens

9.2. Metoa Herorona-Padcona
3HAYUTENbHBIN POCT BO3MOXKHOCTE IBM 110 OBICTPOICHCTBUIO U ONIEPATUBHON
MaMsITH TTO3BOJIMII IEPEUTH OT MOY3JIOBBIX METOOB perieHust Y Y H k 6oliee CIoXKHBIM U
7 (HEeKTUBHBIM UTEPATUBHBIM MeToAaM petieHus Y YH cpasy ass Bcex y3ioB.
Paccmorpum YVYH B dopme darnanca mownocmu (8.7). Taxoii Bung YYH npen-
MOYTUTENbHEN, TaK KaK HArpy3KH W TeHEpalluM B y3Jax pacyE€THOM CXEMbl 3aJal0TcCs,

Kak npaBujo, B Buje MomHocted. Eciau B (8.7) moacTaBuTh mpou3BOJIbHBIC 3HAUCHUS

< 11(0
HaIps>KCHU A U i( ) , TO BOBHUKHYT HeOaIaHChI MOHOIHOCTH B Yy3JIaX CXCMBbI

) 0 2 (0 n+1A - (0
Susi = Yii (Ui( )) +UO> V00 -5, 20, i=12,.,n.
k=1
€
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H€06XOI[I/IMO HCJICHAIIPABJICHHO IHAar 3a IIaromM M3MCHATH HAIIPSIKCHUA Y3J10B

Ui(o) —>Ui(1) —>Ui(2) —> ..., 9TOOBI IIOCJIEAOBATEILHO CHIIKATh HEOAJAaHCHI MOIIHOCTH
Su6i =0 (i=12,...,n). PaccmoTpuM nTepannoHHyo npouenypy pemenus YYH mpu
3allMCH  BEKTOPOB HAINPSOKEHUM B MOJSPHOM CHUCTEME KOOPAUHAT Ui =Uiej5i :
U, =U,e 1%,

[NpencTaBum HeGATAHCHI MOLTHOCTH B BUE (PYHKIMI HAIIPSYKEHUHN Y3JI0B
§H6i (U) = PH6i (U)+ jQH6i (U) = §yi (U)_gi, i=12,..,n.

rae Sy (U) — y3JI0Basi MOIITHOCTH, onpeaesemast 1o (8.8).

CrnenoBaTenbHO, HeOANaHChl MOITHOCTH Sy6i (U) SBJISIFOTCS (DYHKITUSIMU MOJTY-

nelt u (a3 HaMpsSHKEHUM y3J10B.

HebanaHChl MOIIHOCTH Sy (U) MOJKHO 3allMCaTh OTAEILHO I aKTUBHOM U

PEAaKTUBHOM MOIIHOCTEW M MPUPABHATh MX K HYIIO. B 3TOM ciydyae monydum cUCTEMY

ypaBHenwii (9.1).

.. nh+l )

5i (U)=Re| YiU? +U; el 3 VyUye 1% | -R =0;
k=1
ki

< 9.1)

P

H

oo+l .

Quoi (U)=1Im| Y;UZ +U; el Y Vyuye 1% |- =0;
k=1
ki

i=12..,n.
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JUIs BBIYMCIICHHS NONPABOK HANpsKEHWH OJHOBPEMEHHO BCEX Y3JIOB, IPHBO-
JAIIAX K YMEHBIICHUIO HEOAIaHCOB MOIMHOCTH Piygi (U), Qi (U) UCTIOJIB3YETCS Me-

moo Hviomona (Hviomona-Pagcona) [30]. B aToM MeTome CIOKHYIO 3a1ady IOHCKA
KOpHEH CHCTeMbl HEIMHEWHBIX ypaBHeHUH (9.1) 3aMEHSAIOT MOCIeA0BATEIHLHOCTHIO
BCIIOMOT'aTEJIbHBIX 00Jiee TMPOCTHIX CHUCTEM JHMHEMHBIX alredpandecKux ypaBHEHUUN
(CJIAY). Kaxnas BcnomorarenbHas CJIAY npuOnmkEHHO ONMMCHIBAET PEKUM CETH.
W3Bectrbl 3 dexruBHbIe MeTOBI pemienust CJIAY [29, 30].

dopMupoBaHue U pelIeHre mar 3a marom Beriomorarenbueix CJIAY no3Bossier

B KOHII€ KOHLIOB MOJY4YMTh Taku€ MOAYJIU U (pa3bl HaNpsKEHUH y3710B, IPU KOTOPBIX
P.si (U), Qusi (U) PaBHBI HYJIIO WM O4EHb OJMU3KH K HyI0. KOoHEYHO, CylecTBYIOT

TaKW€ YCJIOBHUS, IPU KOTOPBIX HENb35 MOJYUUTh Majible 3HAUEHHs HEOAaHCOB MOIIHO-
cti. Takue cuTyanuy BO3HUKAIOT, HATPUMED, ITPU OYEHb OOJBIINX HArpy3Kax CETH.

Paccmotpum ceThb, cxema 3aMelIeHUs] KOTOPOM CONEpXKUT N HE3aBUCHUMBIX Y3-

(V) ~ I I M
noB. [TonpaBku Momynel HampsHKEHUH AUi( )(KB) u A5i( )(paz[HaH) (i=142,..,n) Ha l-
i MTepaluu onpeAessIOTCs Mocie JIMHeapu3alui HeJnHeHHbIX GyHkmi (9.1) MHOrHX

nepeMeHHbIX P (U), Qusi (U) Opu HX pasinokeHuu B psap Teinopa B Touke

(51(|),...,5r(]|),U1(I),...,U,g)). JIJIst KaXI0r0 y37a | 3alHiChIBAIOTCS 110 JBa BCIIOMOTaTe Ib-

HBIX JIMHEHHBIX ypaBHeHHUs. [[J1s1 ceTu B 11enom, 0003HaunB

AS =8 —50, AUy =U UM,
P = Pt (500,50, 00,...uD),

Q) = Quet (60,5000,

CHCTEMY JIMHEHHBIX ypaBHEHHH pazMepa 2N*2N 3amuiieM B CIEAYIOIIEM BUIC:
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OP,s: N OPsi OP,s: NP
AW 3 I AsD L T AYD  3 Ay D = _p 0D
o6 =05, aU; = 3U,
) k=i ki
Qusi , (1) .~ Qusi , 1) . Qusi (1), v QRusi ,, ! 9:2)
A+ AsI + AU + Y AU =l
00 1 9% oU; 1 Yk
k=i ki
1=12,..,n
YacTtHbIe MIPOU3BOIHBIE B (9.2), BBIYKCIICHHBIC B TOYKE

(51('),...,55'),u1('),...,u,§')), 00pa3yloT MaTpuily w® pasmMepoM 2Nx2N, Ha3bIBAEMYIO

mampuyeil Axoou.
Pemas BcmomoratensHyto CJIAY (9.2), onpenenstor monpaBKu Aé‘i(l), AUi(I)

=1 2,...,n. Pemrenne (9.2) BO3BMOXXHO, €CIM ONPECIIMTEIb MAaTPUIIBI SIkoOM He paBeH

HYITIO ‘W(I)‘;tO.
P61 OPus1 | Pusi P61
66, 8, | aup T au,
e L n
I
aPH6n . aPH6n ’ : aPHGﬂ . al:)1{6n 8PH6 8PH6
woOo [ % 1 i Un v e ou
Qus1 Qus1 | Qup1 Qus1 0Qus Qe
o5, " as, ' eup T au, 06  0U
| n
aQH6 n aQH6 n : aQH6 n aQH6 n
o6, a8, 1+ oUp T au,
< - > < - >

YJ'Iy‘{IHCHHBIe SHAYCHHUA HCKOMBIX IICPEMCHHBIX PABHBI
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Ui(|+1) :Ui(l) +AUi(|); 5i(l+1) :5i(l) +A5i(l)- (9.3)

B nauane pacuéra (I=0) moaynu HanpspkeHus Ui(o) MIPUHUMAIOTCS, KaK MpPaBU-

JI0, paBHBIMU HOMUHAJIbHBIM, a (pa3bl HANPSKEHUN é‘i(o) =0. Ureparuu o (9.2) u (9.3)

CJICOAYCT MPOAOJLDKHUTL OO TCX IIOP, ITOKA HEC 6y,Z[YT BBITIOJIHCHBI YCJIOBH

A0 <y, [860] <25, i=12.n

P(I) Qr(1|6)i HE JIOCTUTHYT 3aJJaHHOW JOMYCTUMOU

WM HeOAaHCHI MOITHOCTH B y3JIax v

BCJTMYHHBI.
st mpocToit cxembl puc. 9.2 mpoliecce pelieHus nokasad Ha puc. 9.3.

3C
a
5,=60 +j30, MB-A Uj £=20+j100,0m U, =Ug =110«B
>® T ®
! 1
Vo=t Y =
-1 z 112 Z
6

Puc. 9.2. JIByxy3/ioBasi cCXeMa CeTH IMePEMEHHOr0 ToKa (a) u e€ cxema 3ameneHus (0)
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165,000 \
—|||I§|:III:| o) \

160,000 =

155,000

150,000

o 145,000
~

- |

= 140,000 | g (L. il
| ? |

135,000 - -0 —_—
- {06-"
130,000

125,000

120,000

0o 2 4 6 8 10 12 1481°16 18 20 22 24 26 28 30

Pu6 Quo
SFp(0) SFq(0)
— - -SFp() = - -SFq(D)

Puc. 9.3. Pacuér pexxuma qByXy3/10BOM cxemMbl MeTogoM HproToHA

JIEKHIUSA Nel0
OCOBEHHOCTHU PACUETOB PEXKUMOB DJIEKTPUYECKUX CETEH

10.1. IloroxopacnpeaeieHue B 3J1eKTPUUECKOIl ceTH

Pemienue monenu YP snexktpuueckor cetd MeroaoM 3eiiaens uiau HeroToHa
II03BOJIAET ONPENEIUTh HANPsHKEHUS BeeX y31oB U; pacd€THOM cxembl cetu. MolHo-

CTH M TOKHU MPOJIOIBHBIX U TonepedHbIX BeTBer (puc. 10.1) pacu€rHoil cxembl onpejie-

JISIIOT CIICYIOLIUM 00pa3oM.
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I
Sk ik ) Sk
[i] - . —>
L Zi |

Puc. 10.1. Cxemsbl 3amenieHNs U TapaMeTpbl peKuMa BETBEH
a — TMHUS; 0 — ABYXOOMOTOYHBIH TpaHchopmaTop

s BetBU | — K, He conepxkamiert kodddunuenta tpanchopmanuu (puc. 10.1, a),

TOKH 1 MOITHOCTHU PABHBI

U —U .
lj === = lye";
J3Zi
Ui - Ui U
Sik(iy =Ui —5—% Sik) =Uk'2—k
ik ik

; (10.1)
2 I

Sio =Ui"Yio = AR — IQio;
N .

Sko =UkYko = ARo — JQko-

rae ARg + AR = AR, — OTEpU MOIIHOCTH IPY KOPOHUPOBaHUHU IIpoBoaoB BJI;

op
Qi + Qo =Q, — 3apsiaHas MOIIHOCTS JIUHHUH.

Harpy3ouHbie OTEpH MOITHOCTH B BETBU | — K paBHBI
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U; -Uy )(U; -U
ASik = Sik(i) — Sik(k) = 2( ) =31 Z.
ik
B Gosee crokHOM ciaydae BeTBb | — K COOEPXKHUT KpoMe MPOAOIBHOIO COIPO-

TuBJIeHUs Zj, emé u kodpdunment tpanchopmarmu K (puc. 10.1, 6). Y3en i B aT0i

CXEMe COOTBETCTBYET CTOpOHE Bhiciiero HampsokeHus (BH) Tpanchopmaropa, a y3en K
— cropone Husmero (HH) wim cpennero Hanpsbkenuit. B monenu tpancdopmaropa co-

nporusieHne Zj, npuseneHo k cropoHe BH B cxeme BeTBU ¢ k03(p(UIIIEHTOM TpaHC-

(dbopManuu TOK CO CTOPOHBI y3I1a | HE PaBEeH TOKY CO CTOPOHBI y31a K.
lik () = Vikgiy /Kik -

Jlns BetBu | — K, comepxkaieit koadduiuent tpanchopmaruu (puc. 10.1, 0), To-

KW 1 MOIITHOCTH pPaBHBI

i Uik —Uy ) "P| _
|k(|) \/_Zlkklk |k(|) J
. likiy ¥

lik (k) :;(fl(:)e i

Sik(i) =YUilikgy» Sikao =V Tikewy:
ASik = Sik(i) ~ Sik(k) = 3|i%<(i)Zik;

Sio =U{Yjo = ARg + jAQjq,

rne ARy, AQjp — moTepn akTHBHON M PEAKTHBHOI MOIIHOCTEH B PEXUME XOJOCTOTO

XoJa.
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10.2. Cxo1uMOCTh U HEOHO3HAYHOCTh pPellleHus ypaBHeHU i

YCTAHOBMBIIMXCH PeKUMOB
Cucrema YYH sBnsercs HelMHEHHOW OTHOCUTENBHO HampsuxkeHuid ysnos Uj .

UYem Oosbllie Harpy3Kku, TEM CUJIbHEE MPOSBIISIIOTCS HEeNMHEWHbIe cBolicTBa Y YH u Tem
XYK€ CXOAMMOCTh UTEPAlMOHHOTO mpoiecca. Cxodoumocms memooa 3eiidens, SIBis-
IOIIETOCs MOY3JI0BBIM METOJIOM, WiLTIocTpupyetcs puc. 9.1. Hmepayuonnsiit npoyecc
memooa Hvomona 6onee yCTOWYMB M CXOIUTCS K PEIICHUIO 32 MEHBIIEE YUCIIO UTE-
panuii. Ha puc. 10.2 nokasan nporiecc penieHus ajs cxemol puc. 8.1, a.

Baxneiimeit yacteio Mmetona Heiotona sisnsiercst pemenne CJIAY (9.2) ¢ mar-
pulie ko3 GUIIMEHTOB, sBJAtoNIeics MaTtpule Akob6u. Matpuna Skobu mmeer a0-
BOJILHO XOpOIIIee PACION0KCHIE MaKCHUMAJIbHBIX MO MOJYIIIO 3JIEMEHTOB B CTPOKE
cTosidile, uyTo BiMsAeT Ha ycroruuBocTh pemeHus CJIAY (9.2) meromom [Maycca [29].

Yemouiuueocmo pewenus (9.2) MOXHO MOBBICHTD, €CJIM B KAYECTBE HEM3BECTHBIX BME-

CTO AUi(I) paccMaTpuBaTh BETUYMHBI AUi(I) / Ui(l) :

140
L

120 \

100 \

AN
o
/

N
o

MaKCHMaHBHLIﬁ He6anch MOIIHOCTH,
MBT
(e)) oo
(e»] o
/,
7/

o

1 2 3 4
Homep utepanuu

Puc. 10.2. UtepaunonHslii npomecc meroaa HeroToHa:
1 — cX0IMMOCTB K pELIECHUIO;
2 — pacxoAsuics mpoliecc.
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Pacuéret YP nnst cxem pa3nuuHoro oobEéMa Mmokas3bpIBarOT, YTO YHUCIO UTEpaluid
no merony HblOTOHA, HEOOXOMMMBIX JJISI JOCTHUAKEHUS CXOAUMOCTH, KOJEOJIETCS OT
TPEX 10 BOCBbMU U 3aBUCHUT TJIABHBIM 00Pa30M OT TSKECTH PEXKHMA, & HE OT CXEMbI CETH

u e€ o0béma [31]. Pacxomsmumiicss mporiecc XapakTepu3yeTcsl OBICTPBIM YBEINMYCHUEM

M0 MOJTYJIIO TOIMPaBOK AUi(I), Aé‘i(l), OBICTPBIM POCTOM HEOAJIAaHCOB Pn%)i , QISI6)i B KOH-

L[€ EPBOTrO WJIA B HAadaJle BTOPOro AecATKa urepauuil pacuéra Y YH. XapakrepHbM

MIPU3HAKOM PACXOJISIIErocs Mpoliecca sSBISETCS U3MEHEHUE 3HAKa OMPEACITUTENS Mat-
|
puiisl SIkoou ‘W( )‘ .

[ToMmumo TIpoOJEMBI CXOAMMOCTH TPH pEIICHUW HeauHeHHoW cucteMbl Y YH
(8.7) mposiBnsieTcst U HeoOno3naunocmo pewenusn [31, 32]. VI3BecTHO, YTO HEIUHEH-
HBbIC YPaBHEHHUS MOT'YT IMETh HECKOJIbKO KopHe# (pemienuii) [33]. Hanbosee oTuérimeo
po0JieMy HEOIHO3HAYHOCTH PELISHUsI MOKHO YBUJIETh B ABYXY3JI0BOM cxeme puc. 9.2.
Jlns nByxy3noBoi cxeMmbl (N=1), B KoTOpo# y3ei 2 — GalaHCUPYIONIUH ¢ 3a/1aH-

HbIM HanpspkerueM Ug, MoxkHO coctaBuTh oqHo Y YH Bupa (8.7):
Y1UjU; + YU — (P + jQ; ) = 0.

Hanpsixenne Ul =Uq, + lep MOXHO ONpPENEIIUTh TOYHO, pelas CIeayrlee

YPaBHEHHE

1 1 . _
EUf—E(Ula-l—lep)UB—(Pl-i—le):O, (10.2)

rne Z =R — JX — conpsok€HHBIA KOMITJICKC CONTPOTUBJICHUS BETBH 1 — 2.
Boinenss nefictBurensHyro 1 MHUMYIO 4acTu B (10.2), moiaydum cuctemy ABYX

ypaBHEHHUH ¢ AByms HemsBecTHbIMU Uy, 1 Uyp:
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Uf, +Uf —U,Up - PR-Q;X =0,
UlpUB - PIX _QIR

(10.3)

Pemenue cuctemsr (10.3) umeeT Bu:

Uq. = Plx_QlR.
1p_T’

Ug . |UZ
thjﬁiJ7?+HR+QX—Ui.

13 (10.3) Buauo, uro npu 3agaHHoM 3HaueHun Sy =P + jQ; mms Uy, Beerna

CYLLECTBYET OHO pemieHue, a 111 Uy, U caenoBaresbHo g Moayis U, — aBa pele-

HUS, COOTBETCTBYIOIIME 3HAKaM «+» (pemienue 1) uimm «-» (peiieHue 2) nepes KOpHEM.

B YaCTHOM OYEHb pEeIKOM ciyJae, Korja JAUCKPUMUHAHT
Ug 2
D= e +PR+QX -Uj, =0, o6a pewenus cosnanator. llpn D <0 pemenus He cy-
IIECTBYET.
[Tpu ManbIx aKTUBHBIX Harpys3kax JOMYCTHMbIE U (PU3UUECKU pealu3yeMble pe-

KUMBI cOOTBETCTBYIOT pemieHuto 1 (puc. 10.3). Ilpu pemenun 2 nomaydaroTcs HEAOMy-

CTUMO HU3KHC HAIIPSIKCHUA U OoJIbIIINE YTJIBL.
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250,0
Ul’ kB

200,0

150,0

100,0

50,0 ///
//
0,0 *

0 20 40 60 80 100 120 140
P,, MBt
=== pemenue 1 tg Fi=0.5=—= pemenue 2 tg Fi=0.5

pemenune 1 tg Fi=1,0 pemienue 2 tg Fi=1,0
e perieane 1 tg Fi=1.5 ===pemenue 2 tg Fi=1.5

Puc. 10.3. Heonno3znaunocts pemenust YYH

[Ipn GonbImIMX Harpy3kax ceTH (yribl MEXIy BEKTOpaMHu HaIpsDKEHU OoJblie
30 — 40°) uTepanlOHHBIE MPOIIECCHI TPH 33JaHUU BO BCEX HArpy30YHBIX U T€HEPATOP-

HBIX y3max P m Qj cxomaTcs K HEZOMyCTHMO BBICOKMM HampshKeHUsM (perneHue 1 Ha
puc. 10.3 mpu OGomnpiioi Harpy3ke). [IonbITKM CHU3NUTH HANPSDKEHUS MyTEM yMEHbIIIe-
HuA Q; MPUBOIAT K pacXOAAIIEMYCsI ITPOLIECCY UTEPALIUH.

Ilepexon Ha 3agaHue B reHepatopusix y3nax B, U; Bmectro B, Q; mpakruue-
CKU o0OecreurBaeT Hax0XKICHHE TOMYyCTUMOTO PELIeHHMsI, €CII OHO cyiecTByeT. JlocTa-

TOYHO 331aTh P, U; B 4acTH reHepaTOPHBIX Y3JI0B, Ha3bIBAEMBIX OnopHbiMu. VIX HEOO-

XOJMMO BBIOUpATh TaK, YTOOBI YIUIBI Oy MEXIy HaNpsDKEHUsIMU Jro0oro K-ro Harpy-

30YHOTO y3I1a U OJImKaiIero i-ro omopHoro y3na He npeBbimanu 30 — 35°. Tako# BbI-
OOp OMOPHBIX Y3JIOB OOECHEUYMBAET CXOJUMOCTh UTEPAIIMOHHOIO Mporecca K (pusuye-

CKHM OCYIIECTBUMOMY perieHuto Y Y H.
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JIEKIIAS Nell
MO/IEJIU PEKUMA D3C IPU UCIIOJL30BAHUM TEJEU3MEPEHMIA

11.1. 3apaum obecneuenus kauecTsa uHpopmauuu B II3C

OneHka I0MyCTUMOCTH U SKOHOMUYHOCTH PeXUMOB DIC U 3JIEKTPUUECKOH ce-
TH, IPUHATHE PEIICHUI MO YIPABIECHUIO UX PEKMMaMH OCHOBAHO Ha cOope, 00padoTKe
U aHaJIM3€ 3HAYUTEITHHBIX 00BEMOB TeXHWYECKON mHpopMmaiuu. Haubonee TOUYHBIM H
ONEPAaTUBHBIM MCTOYHUKOM JAHHBIX O mapamerpax pexuma DOC ABISIETCS mieleuH-
¢opmayus, nocrynaromas B JUCIETYEPCKUN MYHKT [0 KaHajJaM CBSI3H TEJIEMEXaHUKHU.
CpencrtBa TeneMEXaHUKU HMCHOJB3YIOTCA JJISI ONEPATUBHO-AUCHETYEPCKOTO KOHTPOJIIS
pexknMa paboThl AtekTpudeckux ceteit u D9C (Tenen3mMepeHusi, TeICCUTHAIN3AINS) |
TeneynpaBieHus (epeKIIoueH s, OJIOKUPOBKH, N3BMEHEHHUE YCTaBOK PEryJISiTOPOB).

Jlunuu, tpanchopmaropsl U cOOpHBIC MIMHBI, CHAOKEHHBIE YCTPOMCTBAMU Te-
nensmepenust (TW) u tenecurnamuzauuu (TC), 0Opa3zyroT 3NEKTPUYECKU CBSI3aHHBIN
palloH ceTH, Ha3bIBa€Mbll HaOI00aemMoil uacmoio >JeKTprudeckon cetu. OcTraiabHbIe
AJIEMEHTHI 00pa3ylOT HeHadoaemyto uacmsy. I'paHuIla MEXTy STUMH YacCTSAMH IPO-
XOJIUT, KaK MpaBuiIo, 1Mo muHaM nojactaniuii 110 u 35 xB.

OpnnoBpemenHo ¢ TU n TC B aucneTryepckuil MyHKT AJIEKTPOIHEPreTUYECKOTO
OPEINPUATHS TOCTYMAET PEKUMHAS WH(GOPMAIUS A6MOMAMUUECKOU CUCHEMbl KOM-
mepueckozo yuéma snekmpornepeuu (ACKYD). C nomonisro ACKYD ocyiiecTBisier-
Csl B TICPBYIO OYepelb KOHTPOJIb U uKcamusi 00bEMOB JIEKTPOIHEPTUH, TTIEPETAHHON U
MIPUHATOM B TPAHUYHBIX TOYKAX 3JIEKTPOIHEPTETUUECKOTO NpeanpusaTusa. OJHOBpEMEH-
HO ¢ yu€Tom anekTposHepruu B ACKYD ocyiecTBisiercss perucrpanus, nepeaada u
XpaHeHue TpauKoB HArpy3kd B FPAHUYHBIX TOYKAX, B TOM uwucie B auHusAx 10(6) kB,
orxoasamux ot noacranimii 110/10(6) xB.

JIOTIONMHUTENTbHO HUCHOJIb3YIOTCS CE30HHBIE CYHMIOUHbBlIE KOHMPObHbIE 3AMepPbl
MOIIHOCTEW HArpy30K M HANPsDKEHHWM y3J0B ceTh. I[Ipu mpoBeneHun 3ThX 3aMepoB B
TEUEHUE XAPAKTEPHBIX CYTOK 3alMCHIBAIOTCS MOKa3aHUsI BCEX MPUOOPOB, YCTAHOBJICH-

HBIX Ha IIOACTAHIHUAX U 3JICKTPOCTAHIHAX.
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Besa undopmanus, nocrynarooimasi Ha JUCHETYEPCKUN MYHKT (JaHHbBIE TelleMexa-
HUkU, ACKYD, KOHTPOJIbHBIX 3aMEPOB), COAEPKUT OmuOKU. OHM OOYCIIOBIIEHBI B OC-
HOBHOM OI'PaHUYEHHOW TOYHOCTBHIO MPUOOPOB U3MEPEHUN, pa3HOBPEMEHHOCTHIO U3Me-
peHuid, a B cucremax tenemexanuku 1 ACKYD u qiuHoi nuHpopMaloHHOTO CI0Ba, B
KOTOpOE 3aIlMChIBaeTCA OAHO M3MepeHre. HopMaTuBHAsE OTHOCUTENbHAS MOTPEMIHOCTh
m3mepenus P, Q cocrasnser 1,2...2,0 %, nanpsokenus — 0,5...1,0 %. ['pyObie omumOku
00yCJIOBJIEHBI TIOMEXaMU U OTKa3aMU B CHCTEMaXxX TEJIEMEXaHUKH, YEIOBEUECKUM (ax-
TopoMm. Hanunuue ommbok B ucxoqHoM MH(popMaly o0ycaaBIMBaeT BIpabOTKY Mep 1O
MOBBILIEHUIO €€ TOCTOBEPHOCTH.

OCHOBHBIMH 33/1a4aMHU TOBBIIICHUS] KAYECTBAa MCXOJHBIX JAaHHBIX SIBISIOTCS: 00-
HapyKEeHUE IJIOXUX JAHHBIX; OLIEHUBAHUE COCTOSHUS SJICKTPUUYECKON CeTH; UACHTU(H-
KaI¥sl TapaMeTPOB IEKTPHUYCSCKOI CETH; CHHTE3 CHCTEMbI n3Mepenuit [35].

3anaua oonapysycenusn naoxux oannwvix B T u TC coctout B oOHapyXeHUU
rpyObIX OIIMOOK M UX 3aMEHE U3 IPYTUX UCTOYHUKOB HH(POPMALIHH.

Ouenuseanue cocmoanusa 3aKIHOYACTCS B Pacy€re YCTAaHOBUBILEIOCS peXUMa
pacu€tHoi yact DOC 10 JaHHBIM NOCTYNUBIINX M3MepeHul. [Ipu pemennn stou 3a-
Jla4d MaTeMaTH4ecKasi MOJENb, ONKCHIBAOIIAs COCTOSHHUE (YCTAHOBMBILMICS PEKUM)
pacuétHoil yactu DIC, u K03 OUITMEHTHI ATONH MOJEIN U3BECTHBL. B cuiy Toro, 4to
WU3MEPEHHBIE 3HaYEHUs MapaMeTPOB PEKUMa UMEIOT MOrPEIIHOCTH, PACCUUTAHHBIE 3HA-
YeHUsl TTapaMETPOB pexXUMa Takxke OyAyT MMETh MOTPEIIHOCTH M MO3TOMY SIBJISIOTCS
HEKOTOPBIMU OUEeHKAMU COOTBETCTBYIOIIUX HCTUHHBIX 3HaueHUH. Meronbl pacuéra
OLICHOK mapameTpoB pexknma DIC Ha3bIBAIOT Memo0amu OUCHUGAHUA COCHOAHUA
[34, 35]. [TonyueHHBIC B BEIYMCIUTEIILHOM SKCIIEPUMEHTE ITapaMeTPhbl peXKUMa SBIISFOT-
cs1 0oJiee TOCTOBEPHBIMM, YEM MX U3MEPEHHBIE 3HAUEHUS.

MeTo1bl OLICHUBaHUSI COCTOSIHUSI MOYKHO Pa3J€INTh Ha JBE IPYMIIbL: CTATHUYECKOE
OLICHUBAHME COCTOSIHUS M JUHAMHUYECKOE olieHuBaHue. [Ipu cmamuueckom ouenuea-
HUUW COCMOAHUA VCTOJB3YIOTCSI U3MEPEHUS, COOTBETCTBYIOIIME TOJIBKO OJHOMY MO-
MEHTY BpemeHu. lIpu ounamuueckom ouenusanuu cocmoanus MCNONb3YIOTCS TEKY-

mue U PCTPOCIICKTUBHBIC U3MCPCHMUA.
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3anada uoenmughukayuu pemacTcs OJHOBPEMEHHO Ul YTOYHEHHsI MaTeMaTH-
yeckod mogenu DIC U OLEeHUBaHUS COCTOAHMS. [ peleHns 3Toi 3a1auu Tpedyercs
ropaszio 0oJbIlle U3MEPEHUM, YeM JJIs olleHuBaHus cocTosHus. s 99C, kak nmpaBuio,
pelIaloT 337a4y OLIEHUBAHUS COCTOSIHMSI, TaK KaK MOJEIHU JJIEKTPUUYECKOH CETH U e

9JICMCHTOB A0CTATOYHO XOPOIIO M3BCCTHEI.

11.2. YpaBHeHMsI COCTOSIHUA 3JIEKTPUIECKOI ceTH
PaccMoTpum ¢dopMupoBaHuE ypaBHEHHI COCTOSHUS SJEKTPUYECKOW CETH JUIs

cxeMmsbl puc. 11.1.

- S
_— —
R.Q.U; P112), Q1(2). U2
™ ™
a
P(gl(z)"‘jQzl(z)
S1=P1 +jQ1 —
>® I —e
Ul Zw=20+j100, Om U2 = UB =110kB
¥y 1 _0,00081e7 178" Cy

=Yye
y=y Zu
!11 :Ylle_J\Pll — X — 0'009816__]78,69 ,CM
YJ.Z = Y12e J\ylZ — _X — O’ 0098161101,310 ,CM

0
Puc. 11.1. Cxema nepenayu 3J€KTPOIHEPTUU B CHCTEMY:
a — CXEMa pasMCIICHUA TI/I, 0 — cxeMa 3aMCIICHUS SJICKTPOIICpEaAaYn
Pexum a5iekTprdeckoil ceTu B KiaccuueckoM Buje omnuckiBaeTcs YYH (8.7). U
nanHbiXx TH (puc. 11.1) ucnons3yroTcst TOIbKO y3510Bble MOIIHOCTH P, Q; u Hampsbke-

Hue Oanancupymomero ysna Ug =U,. Ot u3MepeHns c4uTaroTcsi JOCTOBEPHBIMHU. Jlmst

pacuéra pexxuMa J0CTaTOYHO JIBYX YpaBHEHHUI OaaHCcoB MorHOCTH Braa (8.10):
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Y11U12 COsS \Pll +Y12U1U2 COS(51 - \Plz ) - Isl = O, (11 1)
Y11U12 sin ‘Pll +Y12U1U2 sin (51 —‘Plz ) _Ql =0.

HckoMbIMu BenuuuHaMu sBistoTes Moayis U; u dasa &) HampsbkeHus ysna 1
npu U, =Ug.
pu Y2 =Yg

Pacuérnbie mepeToku MOIHOCTH Poy(py, Qp1(p) Bbruucmstiores mo (10.1) mpu

BBIJIEJIEHUU NEUCTBUTEILHON U MHUMOM YacTH.

Paaz) = YU3 cos Wy — yUgUy cos(¥y — 4, );

Q21(2) = yU22 sin \Py - yU2U15in(‘I’y —51).

Haiinennbie Takum 00pasom pexumubie mapametpsl Uy, Poyo), Qoqp), Kak
TPaBHJIO0, OTJIMYAIOTCS OT U3MepeHHbIX BeanunH Uy, I521(2), (521(2). JUI1 MUHAMUA3a11H

pPacX0oXKIEHUN M3MEPEHHBIX U PACUETHBIX MMapaMEeTPOB PEeKUMa HEOOXOUMO UCIIONb30-
BaTh HE TOJbKO ypaBHeHHUs (11.1), HO U HOMIONHUTENBHBIE YPaBHEHUSI.
s paccmarpuBaemoii 3nech cetd (puc. 11.1) oOmias, u3ObITOuHas cu-

cmema ypa(menuﬁ cCocCmosiHuAn 3J1el<mpultea<oﬁ cemu UMCCT BU .

2 5 .
YllUl COS\P]_]_ +Y12U1U2 COS(51 _‘{’12)_ Pl = 59]_’

Y1U{ sin Wy +YUiUp sin (6 — W) - Qg = &

2 5 :
yU2 COS‘Py — yU2U1 COS(\Py —51)— P21(2) = §p21, (112)
2 o - 3 :
yUssin¥'y — yuzulsln(‘Py —51)—Q21(2) =SQu
U -U =&,

rne U, =Uy — manpsokenne BY, npuHIMaeMoe «TOUHBIM»;
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§p1 , §Q1 — OIIMOKM M3MEPEHUH Y3/10BBIX MomHOCTER P}, Q.

$pyy 1 $Qyq ¢+ SU; — OMIMOKM M3MEPCHHMH, TOMONHSAIOIME H3MEPCHHbIC 3HAYCHHS
MapaMeTpoOB PEKUMA, 10 PACYETHBIX (MICTUHHBIX).
Cucrema (11.2) comepxur 5 ypaBHeHuil ¢ aByms HemsBecTHbIMH (Uq,6;). Ipn

UCIOJb30BaHUM BCeX MATU ypaBHeHUH (11.2) umeem uzbvimounyro cucmemy ypaBHe-
HUM.
CucreMy ypaBHEHHI COCTOSIHHSI dJIeKTpudeckoit cetr (11.2) mpu M u3mepeHusx

MOHO IpEACTAaBUTh B CICAYIOICM BUC:!
Vi(6,U1) Vi =&, k=1,2,...m, (11.3)

roe Vi (51,U1) — pacuétHoe 3HaueHue K-ro mapaMerpa pexuma,

~

V|, — U3MepeHHOe 3HaYCHUE ITOTO JKe TapaMeTpa;

&y, — OmMOKA M3MEPCHH k-ro mapamerpa;

JEKLMS Nel2
OLIEHUBAHME COCTOSIHUSI U UIEHTU®UKALIUS B 33C

12.1. OcHOBHBIE MOJI0KEHHUA METOAA CTATHYECKOI0 OLICHUBAHUSA COCTOAHUSA

Jlns cuctembl ypaBHeHu#t (11.2), cocraBnenHoi nmo cxeme cetu puc. 11.1, ompe-

nemum Ug m 6y Tak, 9To6BI OTJIMYMA PacUETHBIX U M3MepeHHbIX Bemmund (P, u Py, Q;
uQ, P12) 1 I521(2), U T.J.) ObIM MUHUMAaJBbHBIMU. TaKyro LeNb MOKHO 0O€CIEUUTD,

NPUMEHSIST Kpumepuii memooa HaumeHbumux Keaopamos [34]:
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11 1 .o 1 .0 1 .0 1 .0 1 .o
¢(61,Uy) = 5l 2 St 550, T 5Py T390 T3, |
Gl 0'2 63 0'4 05 (121)
1

123 ~ 92 .
=§Z Z[Vk(511U1)—Vk] — min,
k

k=10

rae  &p ., &g, M T.A. ONPENCIIOTCS 13 (11.2);

01,...,05 — CPEAHAsA KBaJpaTU4Has oluOKa usmepenus 1, 2,...,5-ro napamerpa

pexxuMa.

Bemuunbl iz (k=1, 2,...,5) B (12.1) aBASAIOTCSA BECOBBIMH KOI(PPHUIIHCHTAMH.
Ok

Yem MeHbIIE HOIPENIHOCTE M3MEPEHUS O, TEM Oolbllle BECOBOM KOI(P(MUIMEHT U

«nomst» K-ro uamepenus B meiaeBoi GyHkmuu. TeM cambIM MpeanodyTeHue otaaéres 6o-
Jiee TOYHBIM H3MEPCHUSM.
Ycnosue munumyma nenesoi pynkiuu (12.1) — paBeHCTBO HYJIO YaCTHBIX MPO-

n3BoAHBIX (Tpanuenta) Gy ,Gs QyHKINM O HCKOMBIM TEPEMEHHBIM.

0 5 oV

Gy =~ = [Vk (61,U1) Vk] <=0
5U1 k_1 O' 8U1
0 S 1 oV (12.2)

4 k _
Gs=—-=> —|V(6,U) -V 0,
5773 = [ klo1,Y1 k}
rae M Ny YacTHBIC TIPOU3BOIHEIC MTapaMeTpoB pesknma u3 (11.3).
oU,’ 06,

KomnonenTs! rpanuenta Gyy,Gs SBIAIOTCSA HOCTATOYHO CIOXHBIMHU (DYHKIIUS-
mu nepeMeHHbIX Uq, ;. Jlns pemieHns cucTeMbl HEMMHEHHBIX ypaBHEHHMH 2X2 BHIA
(12.2) moxer OwbiTh Mcmonb3oBaH Meron Herorona. Hemmunmeitnele ¢ynkuun Gy,Gg

anmnpoOKCUMHUPYIOTCS JTUHEHHONW YacThIO pa3ioKeHus 3TuX QyHkiui B pan Teitnopa Ha

Kax0M 1mare | crycka K MUHUMYMY 1ie1eBoi GyHkmuu (12.1).
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O0603HaunB AUl(I) =U, —Ul(l) u A51(|) =0 s, IIOJIyYUM CHCTEMY JIU-

HelIHbIX YPABHEHUI

oGy AUl(I) N oGy A51(|) -Gy (Ufl)’é-l(l));
oU, 00,

9Gs AU 4 %Cs 550 - g, (L"),
oU, 06,

(12.3)

Pemiennie cucreMsl TMHEHMHBIX yYpaBHEeHHH (12.3) pazmepom 2 X2 MO3BOJIET OIpe-

JEJSTh 1Iar 3a I1aroM MONpPaBKA MOIYJIS AUl(I) u (asbl A&l(l) HaINpPsDKEHUS. U BBIYKC-

JIATh HOBBIE 3HAYCHUS U1(|+1) u 51(|+1).

U —uD 4 aauD;
500 Z 50 4 ga s,

rae o — Ko3(pPUIMEHT, peryTUpYOLIUi HHY mara Ha |-it urepanun (o <1).
YcnoBueM OKOHYAHHS HWTEPAIMOHHOT'O IPOIlecca YTOYHEHHUS HCKOMBIX TMapa-

MCTPOB PCKUMaA ABJIICTCA BBIITIOJIHCHHC YCJ'IOBI/II\/'I

‘AUl(I)‘ <&y

‘A&l(l)‘ﬁgg,

rIe &,, &5 — 3alaHHble TOYHOCTU PacdETa.
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12.2 OcHOBHBIE NOJI0KEHUS UASHTU(PUKAIUY IAPAMETPOB CXeM JIeKTPHYeCKHX

cerei

MOI[GJ'II/I QJICMCHTOB BHGKTpH‘{eCKOﬁ CCTHU HMCIIOJIB3YIOTCA BO BCCX 3a/ladax pac-

4yéToB pexxuMoB IIC. Kak nmpaBuiio, mapaMeTpbl MOJENEH ONPENESIOTCA M0 CIIPaBOY-

HBIM JaHHBIM. DaKTHUYECKU TapaMeTpbl MOJETICH JIMHUM, TpaHC(HOPMATOPOB U IPYTUX

DJIEMCHTOB CCTH 3aBUCAT OT MHOT'HX (1)aKTOp0B, ﬂCﬁCTBHCM KOTOPBIX MOI'YT 3HAYUTCIIb-

HO m3MeHsThes (Tadm. 12.1, 12.2) [35].

Tabmuua 12.1. — IlorpeniHocTy 3a1aHUs MAPAMETPOB CXEM 3aMEILEHUS JIUHUN

[Tapametp | Ilorpemmnocts, % [IpuunHBI NOSBIIEHHS TOTPELIHOCTEN

R -20...16 HeTouHOCTh JJIMHBI TMHUHU, HEYYET MOBEPXHOCTHOTO I dekTa u
MOTOJHBIX YCJIOBUH (TeMIepaTypsl BO3/AyXa, COTHEYHOU paaua-
IIUH, CKOPOCTH BETPA)

X -10...8 HerounocTth 3aanns KOHCTPYKTUBHBIX NTapaMeTpoB (JJIMHBI JIU-
HUU, PACCTOSIHUM MEXy IPOBOJIAMU U TPOCAMH U UX PaJUYCOB,
MHOT'OKPAaTHOTO 3a3eMJICHUS] TPOCOB, MapaJUIeNIbHBIX LIenel, OT-
CYTCTBHE TPaHCIIO3ULIUU ITPOBOJIOB)

G 150...200 KoHcTpyKTHUBHBIE, pEKUMHBIE, IOTOJHBIE YCIOBUS

B 20...25 Heyd€tr m3meHeHus cTpensl MpoBeca U MPOBOAUMOCTH TI'PYHTa,

HaJIMUMs 3a3eMJIEHHBIX TPOCOB, NAapaJICIIbHBIX ueneﬁ

Tabnuna 12.2. — [lorpemHocTy 3a1aHus MapaMeTpoB CXEM 3aMEIICHUS

TpaHchopMaTopoB
[Tapametrp | Ilorpemnocts, % IIprumHBI IOSABIIEHUS NIOIPEIHOCTEN

R +12 HerouHocTh macnopTHbIX, JUOO 3KCIEPUMEHTAJIBHBIX JaHHBIX.
Heyuér Temnepatypsl 00MoTok. OmmoOku 3aganus Ky

X +8 HerounocTe macnopTHbIX, AM00 SKCHEPUMEHTAJIbHBIX JaHHbBIX.
Heyuér no3uuumii nepeximouarenst orseriaeHuil. Ommbku 3aaa-
HUS Ky

G +50 Herounocte macnmopTHbIX, JUOO 3KCHEPUMEHTAIbHBIX JTaHHbIX.
Pexxum paboThl

B +25 Herounocts macmopTHBIX, MO0 SKCHEPUMEHTAIbHBIX JaHHBIX.
Pexxum paGotel. HenmmHeitHOCTh XapaKTeprCTUKN HaMarHU4YUBa-
HUS

Ke 1 crynens PIIH | HerounocTs macmopTHBIX, JHUOO SKCHEPUMEHTAJbHBIX JaHHBIX

TpaHcopMmaTopa W TIepeKmoyaTens OTBeTBIeHUH. Hemmueil-
HOCTb XapaKTepUCTUKH HAMAarHUYUBAHUS
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B nomnonHeHue ciieqyer OTMETUTh HalM4HMe Takoro (akropa, kak U3HOC 000pY-
noBaHus. [<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>