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HPEANUCJIOBHUE

[Ipu BBHITIOTHEHWHU KYpPCOBOTO TPOEKTa CTYACHT NpuoOpeTaeT NpaKTUUYESCKUE
HABBIKM CaMOCTOSITEJIBHOTO PEIICHUsS HWHXKEHEPHBIX 3a7a4, 00y4JaeTcsl HCIOJIb30BaHUIO
TEXHUYECKOH, CIIPABOYHOM JINTEPATYPOM.

B kypcoBoM nmpoekTe paszpabarbiBaeTCs paliOHHAs  JJIEKTpUYECKas CeTh
HanpspkeHreM 35-220 kB. Bosbias yacth mpoekTa MOCBSIIEHA BBHIOOPY SKOHOMHYECKU

1e1eco00pa3HOM CXEMBbI JIEKTPUUYECKON CETH MPOMBIIIJIEHHOTO paiioHa.

1. COAEP’KAHUE KYPCOBOI'O IPOEKTA

1.1. Mcxonnble JaHHBbIE ISl IPOCKTUPOBAHUS PAHOHHOM CeTH

B kypcoBom mpoekte pa3pabaThIBacTCsi 3JIEKTPUYECKas CETh MPOMBIILICHHOTO
paiioHa C HOMUHAJIBHBIM HarpspkeHueM 35-220 kB.

[IpoexTupyemast ceTb NpeaHa3HavYaeTCs ISl OCYILECTBICHUS dJIEKTPOCHAOKEHUS 5
MIPOMBIIIJIEHHBIX PEANPUSITHH.

Jlig pacuera mapamMeTpoB OCHOBHBIX HOPMaJbHBIX M HaWOOJee TSKEIOro MOocIie
aBapUIHOIO PEKUMOB ITPOEKTUPYEMOM CETH B 3aJJaHUU OIPENEIEHBl YPOBHU HAIPSKEHUS
Ha IIMHAX UCTOYHMKA MUTaHus, nmMepstouecs ot 1,05 Uy, 1o 1,15 Uy, B 3aBUCHMOCTH OT
pexuMa.

B cocraB MCXOIHBIX JAaHHBIX HAa TMPOEKTUPOBAHUE CETH I KAKIONO M3 5
MYHKTOB BKJIFOYEHBI: HauOoOJblIas 3UMHsS Harpy3ka P, MBT; koaduimeHT MouHocTu
Harpy3ku Cos ¢, 0.€.; HOMUHAJILHOE HalpsbKeHUE pacnpenenutenbion cetu 6 nnu 10 kB;
cocTaB morpeduTeneil mo kareropusMm Tpedyemoil HajgexHoctu — 1, 2, 3. Bcee atn

CBCACHUA IIPUBCIACHEI B 3a/ITaHNUN.



1.2. Conep:xanue pac4éTHO-TIOSICHUTEILHOM 3aIIMCKU U

rpagu4ecKon 4acTH MpoeKTa

OCHOBHBIM  COJCpKaHHEM  KypCOBOTO  TpOeKTa  «DIEeKTphyecKas  CeTh
MPOMBIIUIEHHOTO paiiOHa» SIBISIETCS TMPOSKTHPOBAHHWE PpAIMOHAIBHOW CXEMBI CETH,
OIpe/IeNICHHEe TapaMeTpOB HauboIIee XapakTEPHBIX PEKUMOB €€ PaboThl B BEIOOP CPEICTB
PETYJIMPOBaHUS HATIPSHKECHHS.

JUisi pacyeTHO-NOSICHUTENBHONW 3alUCKA PEKOMEHYETCs CIENyIomas CTPyKTypa
no o0beMy: OajlaHC MOLTHOCTH, BBIOOP MOIIHOCTH KOMIIEHCHpyomuX ycTpoictB (10%),
BBIOOp cxembl (40%), onpeneneHne OCHOBHBIX HOPMAJTBHBIX U TIOCTICaBAPHIHBIX PEKIMOB
cetu  (25%), BBIOOp cpencTtB perynupoBanus — HampsbkeHust  (10%), kpaTkas
xapakTepucTuka cetu (5%), Tema nHauBUAyanbHOU paboTsl (10%).

['padmdeckast 4acTh KypCcOBOTO MPOEKTA JTOJDKHA COIEPIKATh CICIYIOIEee: BApHAHT
CXeMBbl PAWOHHOM CEeTH W UX  TEXHUKO-dKOHOMHYECKHE ToKazarenn (mmct 1),
MOTOKOPACTIPE/ICICHHE B OCHOBHBIX, HOPMAJIBHBIX M TIOCICABAPUHHBIX PEKUMAaX CETH,
JarpamMMa HarpsHKEHH CETH U BEIOOP CPEICTB PEryIMPOBAHUS HATIPSHKEHHS (JTUCT 2).

Jnis  yriyOneHHOW pa3paOOTKU  OTAETBHBIX BOIMPOCOB DJIEKTPHUUECKUX CeTel
HanpspkeHreM 35-220 kB B KypCOBBIX IPOEKTaX PEKOMEHIYIOTCS CIIEAYIOIIUE TEMBbI:
COBPEMEHHBIE METOJBI pacueTa PEeKUMOB JJICKTPUYECKHX CETEH, 3aaull ONTHUMHU3AIU
PEKMMOB CETH, CIIOCOOBI M CPEJICTBA PETyJIMPOBAHUS B CETAX, METOABI pacyera u
CHIDKCHUS TTOTEPh DJICKTPOIHEPTHU B SJIEMEHTAX CETH, CPABHHUTEIbHASI XapaKTEPUCTHKA
CXEM 3JIEKTPUYECKUX COSAMHEHHI TOJCTaHINA B ceTsx 35-220 kB, BEIOOp SKOHOMHYECKH
[EJIECOO0Pa3HBIX PEKUMOB pabOThl  TpaHCPOPMATOPOB, BBIOOP KOMIIEHCHPYIOIIUX
YCTPOWCTB M PETYJIMPOBAaHHE MX MOITHOCTH C YYETOM PEXHMOB CETH, KOHCTPYKTHBHOE
ucrogHenue  smemMenTtoB  JIDII w mojacTaHIUMKA, OCOOCHHOCTH  HMCIIOJB30BaHMS
TPEXOOMOTOYHBIX TPaHCHOPMATOPOB M aBTOTPAHCPOPMATOPOB B CETAX HATIPSDKEHUEM

110-330 xB.



2. PACYET U TIPOEKTUPOBAHME DJIEKTPHUECKOHN CETH
HANIPSI)KEHUEM 35-220 kB ITIPOMBIIIJIEHHOI'O PAVIOHA

2.1. IloTrpebsieHne AKTUBHOI MOITHOCTH, 0AJIAHC PEAKTUBHOI MOITHOCTH H

BbIOOP KOMIICHCHPYIOLIMX YCTPOICTB B POEKTHPYEMOM CeTH

IIpy 1npOEKTUPOBAaHUM PANOHHOM DJIIEKTPUYECKOW CETH, MPEANIONAraeTcsi, 4ro
YCTaHOBJICHHAsI MOIIIHOCTh T€HEPATOPOB CUCTEMBI IOCTATOYHA ISl TOKPBITHUS MOTPEOHOCTEH
B aKTHBHOW MOIIIHOCTH paifoHa, T.e. OalaHC aKTMBHOM MOIIHOCTU B CHCTEME OOECIEUEH.
BrimaBaemass B ceTh aKkTUBHAs MOILHOCTH TI'€HEPATOPOB JHEPIrOCUCTEMBI OIPEHEIIACTCS

BBIPAKCHUCM

> P =093 B, +(005+0075)* 3P, @.1)

Tac ZP r - CYMMapHasd aKTUBHAaA MOOIHOCTb T'CHCPATOPOB C-)JIeKTpOCTaHL[I/Iﬁ CUCTCMBbI,

OT/IaBacMasi B IPOEKTUPYEMYIO CETh;
P, - HauOonpluas aKTUBHAs MOIIHOCTh I-T0 MYyHKTa TOTPEOJICHUS
AJEKTpOdHepruu i =1, 2, ..., n, TJIe n -4UCJI0 IyHKTOB B CETH.

B BbIpaxkenuu (2.1) mpaBoit yacTu iepBoOE ciaraéMoe MpeACTaBIsieT CyMMY 3a/1aHHBIX
HauOOJIBIINX HArpy30K IMYHKTOB MOTPEOJICHUS CETH C YYeTOM BO3MOXHOCTH YacoB IO
BpPEMEHH CYTOK HauOOJbIIMX Harpy3ok (Kpy=0,9), BTopoe ciaraemoe — CyMMapHbIe TTOTEpU
AKTWBHOM MOIIIHOCTH B DJIEMEHTAX CETH, KOTOPOE COCTABIET 5-7,5% OT CyMMBI 3a/laHHBIX
HaMOOJIBIINX HArPy30K MYHKTOB MOTPEOICHHUS.

[Ipu omenke TpeOyeMoOil aKTHMBHOM MOIIHOCTH TE€HEPATOPOB CHUCTEMBI IS
MPOEKTUPYEMOM CETU JIONIOJIHUTEIBHO CIIEAYET YUYUTHIBATh MOIIHOCTH pe3epBa U
COOCTBEHHBIX HYKJ 3JIEKTPOCTAHIIUNA, KOTOPbIE BMECTE COCTAaBJIAIOT B CPEIHEM OKOJIO
20% oT cymMmMapHOI aKTUBHON MOILHOCTH, BbIJJABAEMOI B CETb.

bananc peakTUBHOW MOLIHOCTH WJIM HEOOXOIUMOCTh B JIOMOJHUTEIBHBIX
MCTOYHUKAX, JJII €ro OOecleueHusl yCTaHaBIMBAETCA MPU y4eOHOM IMPOEKTUPOBAHUU
npuUOIMAKEHHO, JI0 BbIOOpa CXEeMbl pAaHOHHOM CETH MO pe3yibTaTaM TEXHUKO-
HKOHOMHYECKOT'0 pacueTa Ha OCHOBE MPUOIKEHHOM OLIEHKH BO3MOKHBIX COCTABIISIOLINX

OanaHca peakTUBHOM MOIIIHOCTH.



bananc peakTMBHONM MOILIHOCTH ONPEAEISIETCS YPAaBHEHUEM

m n n m /
>0+ 20, T3 PO, =0953.0, +>A0,TM* 3 AQ,, (22)

Tac ZQ r - pacnojaracMas peakKTuBHas1 MOIMHOCTb UCTOYHUKOB CUCTCMBbI,
Qflj - PCAKTHUBHAA MOITHOCTD, reHepI/IpyeMaﬂj-M YY4aCTKOM CCTH;

j =1, ..., m - 4ACJIO yYACTKOB B MMPOECKTUPYEMOMU CETH;
Qxkyi- MOIIIHOCTH KOMIICHCUPYIOIUX YCTPOWCTB, HEOOXOJUMBIX K YCTAHOBKE B i-M
MYHKTE NOTPEOJICHUSI CETH;
i=1,..., n - 4UCIIO IyHKTOB CETH;
Qni- HaubobIIasl peaKTUBHAS MOUTHOCTh I-I'0 MMYHKTa MOTPeOIeHUs
AIEKTPOIHEPTUU CETH;
A Q) - IOTEpU PEAKTUBHON MOIIHOCTH B Y4aCTKE CETH;
AQqx — IOTEpU PEAKTUBHOM MOIIHOCTHU B TpaHchOpMaTopax U MOACTAHIINMN CEeTH;
k=1,..., [ - 41CIJI0 IOJICTAHLIMI B IPOCKTUPYEMOH CETH (B OOIIEM CiTydae Yucio
MOJICTAHLIUNA MOXKET OTJIIMYATHCS OT YKCIIa MyHKTOB MOTPEOICHHUS
AIIEKTPOIHEPTUN);
M- qucno cryneHeil Tpancopmanuy SHEPTUU B IPOCKTUPYEMOM CETH.

Pacnonaraemasi peakTUBHAasT MOIIHOCTb HCTOYHHMKOB CHCTEMBI OIPEAEISIETCS
3a/1aHUEM.

PeakTuBHas MOITHOCTH, TEHEPUPYEMASI JIMHUSAMHU 3JIEKTPUUECKON CETU, MOXKET
OBITH OLICHEHA MPUOIMKEHHO IO CJIEAYIONIUM yIeTbHBIM MOKa3aTes M OJTHOLEHbIX
JUHUHN B 3aBUCUMOCTH OT Hanpspkenus: 35kB —3 kBAp/km; 110 kB — 30 kBAp/kwm;

150 kB —60 xBAp/xm; 220kB — 130 kBAp/km.

CymmapHas HauOoubllasi peakTHBHAs (MOIIHOCTH) Harpys3ka OIpeaensercs ¢
Y4ETOM BO3MOXXHOCTH HECOBHAJAECHUS IO BPEMEHU CYTOK PEAKTUBHBIX Harpy3ok
OTZENBHBIX ITyHKTOB NOTpeOienus snekrposneprun (K,,=0,95).

[loTepu peakTUBHOI MOIIIHOCTH B UHAYKTUBHBIX COITPOTUBIIEHUAX BO3AYIIHBIX
muauii  (BJI) oneHuBaeTcs NpUOIMKEHHO TI0 BEJIWYMHAM  MOJYJIS  TOJHOM

HepenaBaeMoﬁ 110 IMHUHN MOIIIHOCTH SJ7 N COCTABJIACT B 3aBUCUMOCTHU OT HAIIPAKCHUA:

npu 35 kB (0,01-0,02) 5 ,; 110 xB (0,04-0,06) S ,; 150xB (0,07-0,1) S, ; 220 xB



(0,15-0,2) §,. Kak mokazanu ucciaeAoBaHMs JUIsl SHEPTOCUCTEM, HE MUMEIOUIUX JIMHUM

330 kB wu Bblle, Mpu OPUEHTHUPOBOYHBIX pacyeTax AOMYCKAETCS MPUHUMATH, YTO
MOTepU PEAKTUBHOM MOIIHOCTH B HMHIYKTHUBHBIX compoTtuBiieHusx BJI u reneparus
PEaKTUBHONM MOIIHOCTH 3TUMHU JIMHUAMHM B TEPHOJ] HauOOJBIIUX HArpy30K B3aUMHO
KOMIIEHCUpYIOTCsl. TakuM oOpa3oM, IpH COCTaBICHUU MNPUOIMKEHHOro OanaHca

PEaKTUBHONM MOIIHOCTH B MPOCKTUPYEMOW CETH COCTaBISIOIIUMH ypaBHEHUS (2.2)

m m
> 0, U ) AQ, MOXKHO NpeHeOpeub, TaK KaK OHH B3aUMHO KOMIIEHCHDYIOTCS.
Jj=l1 Jj=1

[ToTepu peakTUBHOM MOIIHOCTH B TpaHCPopMaTopax COCTABIISIOT OCHOBHYIO YacTh
MOTEPb PEAKTUBHON MOIIHOCTH 3JIEKTPUUYECKON CETU. YUUTHIBAsI, YTO MPHU Mepeaade OT
paitonHbIx AnnekTpoctaniuii (I'POC) wu noxcranmuii sHeprocucteMsl 0 muH 6-10 kB
MOTpeOUTENICH SHEPTHUs MPETEPIICBACT HECKOJIBKO CTYIIEHEeH Tpanchopmaru (He MeHee
JIBYX-TPEX COOTBETCTBEHHO), CJIEAYET MOJIararh, 4YT0 MOTEPU PEAKTUBHON MOITHOCTHU B
TpanchopMaTopax MOTyT JOCTUTaTh OOJIBIINX BEIMYHH.

JIJ1s1 TByXOOMOTOUYHBIX TpaHC(HOPMATOPOB MOTEPU PEAKTUBHBIX MOIITHOCTEN
COCTaBJISIFOT:

A QT = (0, 12-0, 14) e/le SHOM,
a ¢ yu€ToM TOT0, YTO B HOPMAJIBLHOM PEXKHUME Harpy3ka TpancopmaTopa He JOCTUraeT
HOMUHAJIBHOW MOIIIHOCTH, TOTEPH PEAKTUBHOM MOITHOCTH OKAa3bIBAIOTCSI MEHBIIIMMHU WIN
NPUOMKEHHO COCTABIISIOT:
AQT= 0,1 OI’ZOSHONL
IJIe n - YHUCJO TpaHc(hopMaToOpOB.

[Ipu cocTaBiaeHUH MPUOIMKEHHOTO OajaHca PEaKTUBHOM MOIIHOCTH JI0 BbIOOpa
TUMAa W MOITHOCTH TPaHC(OPMATOPOB TMOHKHKAIOIIMX TOACTAHIIMM MPOCKTUPYEMOM CETH
CyMMapHbI€ TIOTEPU PEAKTHBHOM MOIIHOCTH B TpaHc(opMaTopax MOXHO OIPEICNIUTh 10

BBIPAKCHUIO:

/ n n n
— 2 2
ZAQT _071 zSni ~ 071\/(2Pn1) +(2Qni) 2 (23)
x=1 i=l i=l1 i=l1
a B CETSAX C HECKOJLKUMU CTYTIEHSIMU TpaHchopMaiuu M nMoTepu akTUBHON MOIITHOCTH,
BBIYKCIIEHHBIE 110 BhIpakeHHIO (2.3), yBenuuuBaroTcs B M pas.

MOH_IHOCTB KOMIICHCHUPYIOIIHNX YCTpOﬁCTB, HCO6XOI[I/IM]':>IX K YCTAaHOBKC B CCTU OJIA



obecrieueHus1 OanaHca PeaKTUBHOM MOIIHOCTH, ONPEENAETCS HA OCHOBAHUU YpaBHEHUS

(2.2) no HaiieHHBIM MPUOJIMKEHHO COCTABIIAIONIMM OanaHca

n n m ! m
ZQkyi ~ 0795 ZQni + ZAQy+M. ZAQWLK - ZQF - ZAQU ~

c09-$0. M- $s0. S0 o

[Ipy poeKTUPOBaHUY 3aIAHHYIO HarPYy3Ky IyHKTa IIOTPEOJICHHS SHEPTUU
(Spi = Pui + jQu) momyckaercss cUMTAaTh paclpeeleHHON MOPOBHY MEXIY CEKIUSIMU
muH 6-10 kB ToOHMWKaOIIEeH IOACTaHIMK, IMHUTAIOIICH JaHHYI HarpysKy, Toraa
HEOOXOAMMYIO MOIIHOCTH -KV clieyer Takke pachpeqeinuTh MOPOBHY MEKIY CEKIMSMU

mH 6-10 kB u, eciiv BBITTOTHAETCS YCI0BUE
% ( 10 MBAp,

TO SKOHOMHUYECKH I11eJ1IecO00pa3Ho CleyeT CUMTaTh YCTAHOBKY Oarapeil KOHJIEHCATOPOB
(B TIPOTUBHOM Cllydya€ MOXKHO CYMTaTh L€JIeCOOOpa3HbIM M YCTAHOBKY CHHXPOHHBIX
KOMIIeHCaTOpoB). B KypcoBoM mpoekre pacnpenenutenbHas ceTb 6-10 kB notpeduteneit He
paccMaTpUBaeTCsl, TOATOMY YCIIOBHO MPUHUMAETCS YCTaHOBKA K'Y Ha COOPHBIX IIMHAX
6-10 kB noHmxkaromux noJIcCTaHIMUN pailOHHON CETH.

Ha ocHoBanumn motpeOHOM MomHOCTH KV B KaKIOM IMYHKTE CETH MPOU3BOIUTCS
BBIOOp YKCJIA ¥ MOIIHOCTH KOMIUICKTHBIX KOHJICHCATOPHBIX YCTAHOBOK MJIM CHHXPOHHBIX

KOMITeHCaTOpoB /1-4/
QHOMKW < (190 - 191) QKYi‘

B PE3YIIbTATC BBI60pa MOITHOCTH, THUIIA U MCCTA PACIIOJIOKCHHA KY OIIPCACIIAOTCA

PaCUYCTHBIC HAT'PY3KU:

Sni :Pni+j(Qni_QH0MKyi) (25)



2.2. Bb100p cxeMbl JIEKTPUYECKOM CeTH MPOMBIILICHHOI0

paiioHa Ha 0CHOBE TeXHHKO-3KOHOMHYECKHX PACYETOB

Br160p cXeMBI 27IeKTpUUECKON CEeTH TIPECTABIISIET COOOM CIIOXKHYIO 3a1a4y /3, 2, 1/.

a) Bb100p cxeMbI MOCTPOEHHS CeTH € Y1€TOM TpeOOBaHUI

HAJIEKHOCTH IEKTPOCHAOKEeHUS

B palioHHBIX ANEKTPUUECKUX CETSIX MPUMEHSIOT PA3IMYHbIE MO TOCTPOCHUIO CXEMBI:
Pa3OMKHYThIE HE pE3epBUPOBAHHbIE paJUAIbHBIE M MAarucTpajbHbBIC, PAa3OMKHYTbIE
PE3epBUPOBAHHBIC PalUAIbHBIC U MarucTpajibHbBIC; 3aMKHYThIC PE3ePBUPOBAHHBIC CXEMBI
(KoJbLIEBBIC, METIIEBBIE, C IBYXCTOPOHHUM MUTAaHUEM, CIOXKHO3aMKHYThIE). [Ipu BbIOOpE
CXeMbI TIOCTPOCHHUSI CETH, MUTAoUIel MOTpeOUuTeneld OJHOr0 WM HECKOJIBKHUX ITYHKTOB
paiioHa, clelyeT HUCXOAUTh M3 HAMBBICIIEH KaTeropuu MnotpeduTeneil mo Tpedyemoit
CTENEHH HAJISKHOCTH JJIEKTPOCHAOXKEHUS, HANpUMeEp, €CIU OJIMH WIH HECKOJIbKO
NyHKTOB paiioHa uMeET mnoTpedutenu 1, 2, 3, kareropuif, TO BbIOMpaeTcs
pe3epBUpPOBAaHHAS CXEMa C ABYMS HE3aBUCUMBIMU UCTOYHUKAMH MTUTAHMSL.

B paiioHHBIX ceTsIX Ha MojACTaHIMAX ¢ BbiciuM HanpspkeHneM (BH) 35 kB u Brie,
KaK TMpaBUJIO, YCTAaHABIMBAIOTCS JBa TpaHcopmatopa (aBroTpaHcdopmaropa), 4TO
COOTBETCTBYET TPEOOBAHMSAM K HAJECKHOCTHU ANEKTPOCHAOXKEHUS Y3JI0B HArpy3KH, UMEIOIIUX
norpedureneit 1, 2, 3 kateropuii.

JUisi pe3epBUpPOBAaHUS U HUCKIIOUYEHHUS U3 CETH TOBPEKICHHBIX, JJIIEMEHTOB B
MOCJICaBApUMHBIX PEKUMAX, a TaKXKe OCYIIECTBICHUS PEMOHTa 00OpYyAOBaHUs
HEOOXOIMMO  TpPEAyCMaTpuBaTh  YCTAaHOBKY KOMMYTAllMOHHBIX — ammapaToB IS
OTIEPATUBHBIX OTKIIOUCHUM U TIEPEeKIIOYeHUM (aBTOMATUYECKU WM  JICKYPHBIM
MIEPCOHAJIOM).

0) Bp100p KOH(UTYpanuH JJIeKTPUIECKON CeTH

Konourypauus pailoHHOM ceTu npeacTaBiIsieT cOO0H ONPENEIEHHYIO CXEMY
COeTMHEHUM JIMHUM CETH, 3aBUCAIIYI0 OT B3aMMHOTO PACIIONOKEHHUS MCTOYHUKOB U

9



notpeduTesel MOIIHOCTH, a TAKXKE OT COOTHOILEHHUS Harpy30K MMYHKTOB MOTPEOJICHNUS.

[Iutanre OT ANEKTPOCTAHIMU WM TOJCTAHLMM SHEPrOCHCTEMbI K MOTPEOUTENAM
AIEKTPOIHEPTUU MOXKET OBITH MOJIBE/ICHO:

- K 0lHOMY 0011eMy npuemMmHomy nyHkty (Y PID);

- K IByM 1 6osiee ipuemMHbIM myHkTam (YPII-1, YPII-2);

- TI0 cXeMe MTYOOKOro BBOJIa Ha TEPPUTOPUU paliOHa CKBO3HOM MarucTpaiu (0aHOM

1 6osee) 6€3 COOPYKEHHUSI TTPOMEXKYTOUHBIX Y3JIOB JIJIsl HETIOCPEICTBEHHOTO
MPUCOEINHEHNS K Hel TOHIKAIOMINX TI0ICTaHITHIA.

[Tpu BEIOOpE KOHPUTYPALIMK CETH MOXHO CUHUTATh, YTO 33J]aHHOE PACIIONIOKCHUE
MYHKTOB MOTPEOJIeHUsI MOIIHOCTU B IJIaHE pallOHa COOTBETCTBYET YCJOBHBIM ILIEHTpaM
AIIEKTPUYECKUX HArpy30K nmoTpeduTeneil. Beibop Mecta pacnonoxenus oO1ero AJis BCEro
palioHa ITyHKTa TpUEMa SIIEKTPOIHEPTUH IPOM3BOAUTCS B COOTBETCTBUU C YCIOBHBIM
neHTpoM anektpuyeckux Harpy3ok (LIDH). Koopaunatel 1eHTpa cHucTeMbl MOXHO

OIpCACIIUTD I10 @OpMYﬂaMZ
e — ; Yo == ; (26)
NINn

Xg =ty = 2.7)
i=1 i=1
rje P; - akTUBHAs MOILTHOCTb i-TO MyHKTa cetu, i=1,2, ..., n;
S; - MOZyJIb OJTHOM MOIIHOCTH i-T'O MMyHKTAa ceTH, i=1,2, ..., n;
X;,Yi- KOOPAHMHATHI i-T'O MyHKTa CETH;
- YHUCJIO IMTyHKTOB MOTPEOJICHHUSI MOIITHOCTH.

Jlis Berauciienus: koopauHat [IOH o dopmyne (2.6) unm (2.7) Ha yeprexe IUiaHa
paiioHa CeLyeT NPOU3BOIBHO HAHECTH OCH KOOpAUHAT 0.0, U ONPENEIUTh KOOPAHHATHI
IIEHTPOB HAarpy3KH OTIEJBHBIX IYHKTOB CETH (C y4eToM MaciuTtaba), a 3areM HaWTh
KOOPJIMHATBI X. U Y.

Jlns mpumepa Ha puc 2.1 mpeacraeneH IwiaH pasmerienus WII u myHKTOB

notpebienust MorHoctH ¢ LIOH snextpuyeckoit cetu parioHa.
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[Ipy cocTaBICHMM BAapUAHTOB KOH(PUIypallik paHOHHOW CETH Ha OCHOBEC
U3JI0’KCHHOTO METO/1a, PAHOHHBIC HArPy3KH HE0OXO0IMMO TIPEACTaBUTh B (hopme Tabmuir 2.1
u2.2.

PacueTHbIC Harpy3KM M COCTaB IO KaTeropusiM TpeOyeMOW CTEIEHH HaJIeKHOCTH

CceTH 3aHocaTcAa B Ta0i. 2.1.

Y, x g

X, xe
1 ¢ ? o X3 %

Pucynok 2.1 —I'paduk 175 onpeenieHus eHTpa ISKTPUISCKIX Harpy30K MOTpeOuTesnei
AIIEKTpOdHEprun: M1 - ICTOYHUK TUTAHUs; /-5 - MyHKTBI IOTPEOJICHHS SJIEKTPOIHEPT UM
L[DH - yCIIOBHBIW LEHTP ANEKTPUUECKUX HATPY3O0K.

Tabmmua 2.1 - PacueTHble HArpy3KH U COCTaB 0 KaTErOpUsiM TpeOyeMOl CTeTIeHH
HaJIE)KHOCTHU CETH

HanmvenoBanne Pacuernas Pacuérnas Harpy3ka 1o cocraBy

noTpedHTeNei Harpyska | 1" kareropmu| 2" kareropmn |3 " kareropum| 1" u 2"

AJICKTPOSHEPT A S, MBA S;, MBA S,, MBA S3, MBA KaTreropuu

TIO IUIaHy palioHa S1.2, MBA
ITynkr 1
ITyHKT 2
ITyHkT 3
[Tynkt 4
ITynkr 5

Hroro 1o paiiony

PacuerHas Harpy3ka IyHKTa B LIE€JIOM 3aIMCHIBAETCS TAKUM 00pazoM S=P+jQ.
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B) BbIOOp cXeM 2JIeKTPUYeCcKoi ceTn
Hcnonb3yeM BapWaHTHBIM METOHA, COCTOAIIMA B TOM, 4YTO ISl 3aJaHHOIO
pacIoyioKeHHsl ToTpeOuTeNed M HCTOYHUKA TMHUTAHUS HAMEUaeTCsl HECKOJIBKO
BO3MOXKHBIX BapuaHTOB. M3 HuX BbIOUpaeTcs HauOojgee HKOHOMHUYECKHE IyTEM

COIOCTABJICHHS TEXHUKO-3KOHOMHYECKUX TTOKA3aTeIICH.
[Tpu a3TOM OmpenensieTcss Mexay 00beKTaMu [ =[x’ +y°; L, =1-k. Jlna CeBepHoro

Kazaxcrana k=1,16.

Tadauna 2.2 —PaccTossHue Me)ly ICTOUYHUKOM MMUTAHUS U TYHKTAMU
NOTPeOIECHUS 3JIEKTPOIHEPTUU AJIsl CETH paiioHa

Hanmenoanne Paccrostare 1o Bo3ayIHOM PsIMOM Y IPOTSDKEHHOCTH TPAcChl
MCTOYHMKA TUTAHUs
U IIyHKTOB
notpelneHust
NI I'POCr/cr
9H.CHCTEMBI)
ITyHkT |
ITyHKT 2
ITyHkT 3
[Tynkt 4
[Iynkr 5

CocTaBneHre BApUAaHTOB CXEM COEMHEHUIN JIMHUHN 3JIEKTPUYECKOUN CeTn

SIBIIICTCS CJIOKHOM 3aJ1adycil.

1 25 xns 4
75w 360MEBA lI2MBA
wem 80 xas 3
A" | 20MB4
65 1 2 30 F
l.?.&'MBA lISMEA

PI/ICyHOK 2.2 —Ilman PACIIONOKCHUA HCTOYHUKA ITUTAHUA U ITYHKTOB HOTpC6J'IeHI/ISI
MOITHOCTHU IIPOMBIIIJICHHOTO paI710Ha

Ha ocHOoBaHMM HMCXOAHBIX JAHHBIX IJIsi CETH paiioHa (pUc. 2.2) COCTaBIECHBI
BOCEMb BAPUAHTOB CXEMbI COCIMHEHUN JINHUU CETH, COYETAOLINX IEMEHTHI 3aMKHYTBIX

N Pa30OMKHYTBIX PE3CPBHUPYCEMBIX CXCM, YAOBJICTBOPAIOIINX Tp€60BaHI/I$[M HaaCKHOCTHU
12



MUTaHuUs IOTpeOUTENIEH.

Heobxomumo TipoaHaIM3upoBaB BCE CXEMbI, TPUBEACHHBIC HA PHUCYHKE 2.3,
CaMOCTOSITENTFHO BBIOPAaTh 2 KOHKYPEHTHOCIIOCOOHBIX BapHaHTa CXEMBI, KOTOPhIE MOYKHO
NPENIOKUTh JUIA TEXHUKO-DKOHOMHUYECKOTO CpaBHeHHus. [Ipum 3ToM HeoOXxoammo
YUYUTBIBATh YHUCJIO CTYNEHEH TpaHchopMmalmyu, CyMMapHYI TpaHC(OPMATOPHYIO
MOIITHOCTh, CYMMapHYIO MPOTSHKEHHOCTh TPACCHI U T.].

Tadauna 2.3 — CymMmapHbI€ IIMHBI JIMHUHN 3IEKTPONEPENAUYd BADUAHTOB CXEMBI
COCIMHEHUN PalOHHOW CETH

Bapunantsl Cymmapubie aaunsl JIDI, km
Pa30MKHYTbIE 3aMKHYThIE
1
2
3
4

I/ICXOIISI N3 CYMMAapHBbIX IJIWH JIMHUM QJICKTpoIicpecaadn, HCO6XOI[I/IMO BBI6paTB

OIHY CXEMY IJIA paBOMKHYTOﬁ CCTU U OJIHY CXCMY JIA BaMKHYTOfI CCTH.

r) Onpenesenne pac4éTHbIX HATPY30K M BHIOOP HANIPSKEHHUS CETH,

OLICHKA YHCJIa CTyNeHed TpaHchopMauuu

[lepBoHaYaIBHO MPEATIONATACTCS PACUETHBIE HATPY3KU BHIOPATh MPUOIMKEHHO.
[IpubmixeHHOE OmNpe/iesieHHe PACcYETHON Harpy3KH JIeMEHTa CEeTU MPOU3BOIUTHCS
P CHEAYIOIIUX TOMYIICHUAX:

- EMKOCTHasi IPOBOJAMMOCTh BO3AYIIHbIX JIMHUHK 35-220 kB He yuuThiBaeTcs;

- pacrpeneneHue MOTOKOB AKTUBHBIX U PEAKTUBHBIX MOIIHOCTEN MO Y4aCTKaM CETH B
pekuMe HarOOJBIINX HArPY30K BBIYHCISETCS 0€3 yueTa MOoTeph MOIIHOCTH B 3JIEMEHTaxX
CETH ;

- pacrpeesieHue MOTOKOB MOIIHOCTH IO YYaCTKaM ITPOCTEUIIEN 3aMKHYTOU CXEMBbI
BBIYMCIISIETCS TIPY YCJIOBUM PABEHCTBA HAINPSKEHUI BIIOJIb JIMHUM Y4aCTKOB ceTH 10 Upgy U

PaBCHCTBA CEUYCHUI IMPOBOAOB OTACJIIBHBIX YHACTKOB CCTH.
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PazomMKkHYTBIe Bapuant 1

" 3aMKHYTLIe
4 1 4
oy ncne
'!A . H:A ] 3
2
6
3
2 5 ¢ ?
p Bapuanrt 2
aSOM}{H}’TbIe ) 3aMKHYThIe
1
od
r/cm J 3
Ar 6 went
"‘4 e
2 5 ;
6
Bapuanr 3 : ’
Pmomnnygme 3aMKHYTbIe
4 ! 4
nient 2 ncm £
LIy R "‘4 "
A 6
6 2 5
: ° 3 4
HaHT
PazoMKHyTEIe ap 3aMKHYTEIe
!
4

I _4
3 nicm
ncm 4 .
try e 6
2 35

PucyHnok 2.3 — BapuaHTbl CXeMbl COEIMHEHU pallOHHOM CETU J1JIsl TUTAHUS IECTH
norpeduTeneu

I/ICXOIIHBIMI/I JaHHBIMHU I pacdCTa IMOTOKOPACIIPCACIICHUA ABJIAKOTCA HAI'PY3KHU
ITYHKTOB 1'[0Tp€6J'I€HI/I${ " HaAIIPAXKCHUA HCTOYHHUKOB ITMTAHUA (pacqu 110 JaHHBIM Haqana).

Pacuer Bectu B HAIIpaBJICHUU OT ITYHKTOB HOTpe6JICHI/I$I K HUCTOYHUKY IIHUTAHUSA
IMyTeEM IIOCJICOOBATCIBHOIO CYMMHUPOBAHUA PACUCTHBIX HAI'PY30K B Yy3JIaX CCTHU. HpI/I
9TOM B HpOCTeI\/'II_HI/IX 3aMKHYTBIX CCTAX (KOHBHCBBIX C IBYXCTOPOHHUM HI/ITaHI/ICM) Harpys3kKu

ITYHKTOB HOTp€6J'I€HI/I$I MMPUBOOATCA K Y3JIaM SaMKHYTOﬁ CCTHU M OIIpPcaCIBICTCA IMOTOK
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MOIOIHOCTU HAa T'OJJOBHOM YYACTKC IIPOIOPHUOHAJIBHO MJIMHC YYACTKOB CCTU U HUCXOIS H3

YCJIOBI/Iﬁ Oaianca MOIITHOCTH, ITOTOKU MOITHOCTHU HA APYI'UX yHACTKAX SaMKHYTOﬁ CXCMBI.

=E? —351-4
T4
H——3 l
—t P )
SEY,

9

—_— Sé- 5 — S;- 6 _
%2 g 'R _16
b gmvo, g,
5B, '
Pucynok 2.4 - OrnpenierieHre pacyeTHBIX HAIPY30K YUYACTKOB U Y3/IOB PaCPEICIICHHOM CETH

PaccmoTpum B 00111€M BUJIE OCTIEIOBATEIBHOCTD OMPEIEICHHUS PACUETHBIX HArpy30K
OTIEJIbHBIX YYaCTKOB CETH M €€ Y3JIOB Ha MPUMEPE CXEMBI AEKTPUUECKUX COEIMHEHUI
BO3/YILHBIX JIMHUIA Ha pucyHke 2.3. B nanHom npumepe HauOosee ynaneHHblie ot M1
norpedurenu (3, 4, 5 u 6) TUTAIOTCSA N0 PATUATILHBIM U MAarHCTPAIBbHBIM (Pa30MKHYTHIM )
cXeMawm, a roJOBHbIE YYaCTKU CETH 00BEIMHEHBI B KOJBIIEBYIO CETh (TI/CT «A»-1.1-1m.2-11/cT
«A»). KaptuHa npuOIMKEHHOrO pachpeiesieHusl MOTOKOB MOIIHOCTH I peXKuMa
HanOOJBIIUX HATPY30K pacCMaTpUBAEMOi CETH JJaHa Ha PUCYHKe 2.4.

s, =P, +jQu; S =P3+)Q3; S =Ps+jQs
5'2 =P2+jQ2; 5’4 =P4+jQ4; 5'6 =P6+jQ6 (28)

CornmacHO JONYIIEHUSM HArpy3Kkd B Hayajleé M KOHIIE y4YacTKa CETH DPAaBHBI, a

pacueTHasi Harpy3ka OIpeleNsieTcsl CyMMHPOBAHUEM Harpy3ok. [IoTOkM MOIIHOCTH MOTYT

HaXOIUTHCA 11O BBIPAKCHUAM:

Q

Sis ~ S; =P3tjQs; S5 ~ S¢ =Ps+]jQs;

Q

Sis = Se =P4+iQq Sas = Ss6 = (Ps+Pg)+j(Qs + Qp). (2.9)
Sm = §1 + Sia = (P +P3 +P4) +j(Qi +Qs + Qu);

S = 8+ Sus = (Py +Ps +Pg) H(Q2 +Qs + Qp). (2.10)
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_SuUyath )+ Solys
Ly, +l,,+1,

. o »

SA—] ~ SA—]

~ (Pm +jQ21)'(lA_1 +lz_1)+(P22 +jQ22 .
lA—2 +l,4—] +lz-1

* >

S (2.11)

Q

S’/’:-z = Zn:Sl‘_S;l_l ~ é‘ + *§2 + *§3 + *§4 + *§5 T ‘§6 - S’A—];
i=l1

S2-1 = S2-1 = SA—Z - Szz’

€CJIM TOYKa MOTOKopasaena —Ii. 1.

AHAJOTUYHO MOTYT OBITh MPUOIMKEHHO HAMIEHbI PacUETHBIC HArPy3KH Y4aCTKOB
BJI u y310B pacnpenenuTensHOM ceTH JII000i Apyroi KOH(MUTryparuu, COCTOSIIEH U3
PA30MKHYTBIX U MPOCTEUILINX 3aMKHYTBIX CUCTEM.

Ha ocHOBaHUM OlLIEHKHM pacueTHBIX Harpy30K MPOU3BOJUTCS BHIOOP HOMHUHAIBLHOIO
HaIpsDKeHUsT OTIEIbHBIX YYacTKOB B II€JIOM W YHCJAa CTyleHed TpaHchopmalmm.
Homunanmenoe Hanpsbkenue Upggy TMHUM BIEKTPUYECKOM CETU OMPEACISIETCS B OCHOBHOM
Nepe1aBaeMoO aKTUBHOM MOIIHOCTHIO P, MBT 1 qyuHo# [, kM.

[IpenenbHass MOIIHOCTD JTMHUU AJICKTPOIIEpPEaun 3aBUCUT OT BeTUIUHBI Upgyy (ipH
rpyOoOl OIICHKE MPOIMOpIHOHATBHA uz,,m), a CTOMMOCTb JIMHUM W TOACTaHIUU,
COOpPYKaeMbIX Ha KOHIIC JINHUM, YBEIIMYUBACTCS JIMHEUHO C POCTOM Upoyy.

OnbIT TPOEKTUPOBAHUS DJIEKTPUUYECKUX CETEH MO3BOJISIET PEKOMEHAOBATH ISt
OILICHKM HOMMHAIBHOTO HAIPSDKEHUS Y4acTKa CETH MCIOJb30BaTh JaHHBIC O HAMOOJBIIINX
nepeaaBacMbIX MOIIHOCTSX Ha OJIHY IIEMb JJUHUU U MPEACIbHBIX PACCTOSHUAX MEPEaayu,
npuBeAeHHbIe B Tabnuie 2.3 /1-3/.

Taoaumna 2.3 - JlaHHbIE 0 MPOITYCKHON CMIOCOOHOCTH BO3AYIIHBIX JInHUH 35-220 kB

HomuuansHoOe HanpsbkeHue cetd, | HamOonbinas nepenaBaemas IIpenenvHoE paccTosiHue
kB MOIIHOCTh Ha OJHY Lienb, MBT nepenadyu, KM
35 5-10 25-50
110 15-65 30-150
150 25-90 80-180
220 100-200 150-250

B PE3YIbTATC OLICHKN PAlIMOHAJIbHBIX HaHpH)KeHI/Iﬁ AJ1 OTACIIBHBIX YYACTKOB LCITNA

1 CUCTCMBbI HaprI)KeHI/Iﬁ A1 CCTU B TCJIOM II0 KAKAOMY BAPUAHTY CXCEMBI QJICKTPUYCCKUX

COE/IMHEHUI CETU OIPEAEIAETCS YUCIIO CTYIEHEH TpaHCopMalUy 3JIEKTPOIHEPTHU IIPU
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nepegaye e€ or muH PY-110-330 kB or UIl go mmu PY 6-10 kB mnotpeOuteneii.

HOJIyTIeHHBIG JAaHHBIC TIO3BOJLAOT YTOYHHUTHL PACCMATPUBACMBIC BapHUAHTHI

CXEMBI

KOH(I)I/II‘ypaI_II/II/I CeTH U BBIIBUTH 2 KOHKypeHTOCHOCO6HBIX BapuaHTa CXCMbI JJIA

MOCJICAYIOINUX 3TAIIOB IIPOCKTHPOBAHUA CCTH. PacueTHbie JaHHBIC H€O6XOI[I/IMO CBCCTHU B

Tabnuiy (corslacHo Tabnuue 2.4) 1y Bcex BapuaHToB. J1Jis mpuMepa 3aroJHEeHUsT TaOIHLIbI

NpUBEeHA cXeMa ceTH Ha pucyHke 2.3B1 (3amkHyTas cxema), mpu k = 1,2.

HpI/I CpaBHCHUUN BApPHUAHTOB CXCMbI HCO6XOIII/IMO HUMCTb B BUAY, YTO UCKIIFOYATH U3

II&JIBHCﬁHICFO PaCcCMOTPCHUA CXCMBbI (paI[I/IaJIBHO-MaI‘I/ICTpaHBHOFO N KOJBLECBOI'O TI/IHa),

OJTHOM crcTeMbl Hanpspkenuit (6, 10, 35, 220 kB unu 6, 10, 35, 110 kB) Henb3s.

Ta0auna 2.4 - CBefieHNs 0 pacYETHBIX HAarpy3Kax 1 HOMHUHAIbHOM

HaNPsHKEHUH BO3IYILIHBIX JIMHUM, CHCTEME HAPSKEHUI U YUCTIE CTYIIEHEH
TpaHncopmaluu pailonHol cetu (Bapuanr 3)

HammvenoBanwme cxembr | 1-3 1-4 5-6 2-5 A-1 A-2 2-1 Uroro
y4JacTka CeTH
[IpoTskeHHOCTH 24 60 24 36 90 78 60 426
BO3TyIIHOM JINHUU B
OJTHOM HCTIOJTHCHHUH,
KM
[IpoTskeHHOCTH 48 30 48 72 90 78 60 342
TPacchl, KM
Pacuérnas P 18,4 11,2 7,5 14 55 56,8 2,8
Harpyska, 0 7,3 4,4 2,9 5,5 21,6 | 22,2 1,1
MBA S 20 12 8 15 59 61 3
HomunansHOE 35 35 35 35 110 110 110- 35
HaNpsDKEHHE yJacTKa, WA WITH WITH WITI WITH
kB 110 150 150 150 110/150
Yucro cryneneit 1Be 35/ 110/ 110/ YactiyHo
Tpanchopmanuu, 6-10 35 6-10 1IBE
kB OJTHA CTYIICHA
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2.3. Bp100op TpaHCc(OpMAaTOPOB U CXeM IIEKTPUIECKUX
COeIMHEHMH MOHKAIOIIMX NMOACTAHIINNI

B nporecce nmpoekTHpOBaHUs IIEKTPUUYECKON CETU ONPEACIISIIOTCA HA3HAYCHHUE U
MECTOITOJIOXKEHHUE TMTOHKAIOIINX MOJICTAHIINN, BBIOUPAIOTCS YUCII0, MOIITHOCTb, U THIT
TpaHc(hOpMaTOPOB, CXeMa IEKTPUUECKUX COCTUHEHUHN TTOACTAHIINMN.

['aBHBIE CXEMBI DJIEKTPUYECKUX COEAVMHEHUW mnoacTaHiuid 35-220 kB momkHbI
OTBEYATh CJIAYIOIIIM OCHOBHBIM TPEOOBAHMSM:

- cxeMa J0JDKHAa oOecreyrBaTh HAJICKHOE JJICKTPOCHAOKEHUE MoTpeOuTeNneld B
COOTBETCTBUU C KATETOPUSAMH B HOPMAJIBHOM, TTOCJIEABAPUMHOM U PEMOHTHOM PEKUMAX;

- cXeMa JIOJDKHA 00eCTIeYrBaTh HAICKHOCTh TPAH3UTAa MOIIIHOCTH Yepe3 MOACTAHIIUIO
B HOPMAJIbHOM, TIOCJIEABAPUINHOM U PEMOHTHOM PEKUMAX;

- cXeMa JIOJbKHA OBITh TI0 BO3MOKHOCTH TPOCTOM, HATJISITHOM, THOKON M 9 KOHOMUYHOM
B JKCIUTyaTallMd U CPEICTBAMU aBTOMATUKHU OCYIIECTBIATH BOCCTAHOBJIEHUE MUTAHUS
MoTpeOuTeNIeH B OCIeaBapUNHBIX CUTYAITUSX.

B mpwioxkenun 1 mpuBENEHBI CXEMBbl AJEKTPUUYECKUX COCAMHEHHM OJHO-, JBYX
TpaHcHOPMATOPHBIX MOJCTAHIIUIN YIIPOIIEHHOTO TUTIA, JaHA X KpaTKas XapakTepUCTHKA U
00J1acTh MPUMEHEHMSI, YKa3aHbl OCOOCHHOCTH BBIIOJHEHUSI CXEM KOMMYTAIIMHU TTOJICTAHIINI
B CJIOYKHBIX KJIMMATUYECKUX Y KCILUTYaTAlIMOHHBIX YCIOBUAX.

Bri6op rnaBHOM cxembl 3iekTpuueckux coeauHeHuil noacranuuit (YPIL, T'TIIT)
00OCHOBBIBAETCS TPEOOBAHUSIMH HAJICKHOCTH MUTAHUS TIOTPEOUTENCH OTIEIBHBIX ITYHKTOB
U paiioHa B II€JIOM, SKOHOMUYHOCTH M TUOKOCTH B OSKCIUTyaTalldd B 3aBHUCUMOCTH OT
IIPUHATOU CXEMBbI pAHOHHOU CETH.

[Ipu ompeneneHU HOMUHAJILHOM MOIIHOCTH TpaHCHOPMATOPOB HEOOXOJIUMO B
MaKCUMAJIbHOM CTEIEHU YYUTHIBaTh JOMYCTUMbBIE CHCTEMATHUYECKUE W aABAPUMHBIC
neperpy3ku  TpancgopmaropoB. B 1emsx CHIDKEHHST CyMMapHOM YCTaHOBJICHHOM
TpaHC(OPMATOPHOM MOIIHOCTH B JJICKTPUYECKONW CETH MPHU BBITOJHEHHUH KypCOBOTO
MPOEKTa KOHKPETHBIE CYTOUHbIE TpadUKH aKTUBHBIX M PEAKTHUBHBIX HArpy30K MYHKTOB
noTpeOIeHNsI He 3a/1aHbl, TIO3TOMY OLIEHUTH JOITyCTUMBIE MEePEeTrpy3Ku HEeBO3MOXKHO. Kpome
TOTO, OTCYTCTBYIOT UCXOJIHbIE JAHHBIC O YMCJI€ U MOIIHOCTU OTICIILHBIX IMOTPEOUTENIEH,
MIPUCOEIUHEHHBIX K Pa3IMYHBIM CEKIMSAM IIMH cO cTOpoHbl 6-10 kB TpaHchopmaTopos,

IMO3TOMY MOKHO HUCXOOWUTh H3 PABCHCTBA PACUCTHBIX HAI'Py30K HOTpC6HTCHCﬁ,
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MPUCOEAVHEHHBIX K pa3INyHbIM cekuusam muH PY 6-10 kB.

Ha omnotpanchopmMaTopHOil MOICTaHIIMA HOMUHAIBHAST MOIIIHOCTh TpaHc(opmaTopa

Sy BBIOMPAETCs UCXO/IS U3 MAKCUMAITLHOM pacueTHOM Harpy3ku § notpedureneit 6-10 kB.
SHOM > S. (212)

Ha aByxTtpancopMaTopHO#M MOJACTAHIIMM HOMHHAJIbHAST MOILHOCTH BBIOMpPAETCS 1O
JIBYM YCJIOBUSIM:

- B HOPMaJIbHOM pEXHME OO0ECNeYUTh MHUTAHHE HArpy3KH MOTpeOUTENeH,
MPUCOETMHEHHBIX K TpaHchopmaropy co ctoponst HH

SHOM > S/2, (213)

- MIPHU BBIXOZAE U3 CTPOSl OJHOTO M3 TPaHC(HOPMATOPOB MOACTAHIIMK OCTABIIMICS B
paboTe TpaHC(hOPMATOp MODKEH 0OCCIIeUnTh MUTaHHe HoTpeduTeneii I u 2" kareropuit
MOACTAHIMK §;, C yderoM JAomycTuMmon mneperpy3ku Ha 40% cBepxX HOMHHAJILHOU
MOIITHOCTH

SHOM > S172/ 1,4 (214)

Ananu3 ycnouit (2.13) m (2.14) nns BbIOOpa HOMHUHAIBHON MOIITHOCTH
TpaHchopmaTopa Ha JBYXTpaHC(HOPMATOPHOM MOJACTAHIMU TO3BOJISIET OTMETUTH UTO:

- OMpeeAIomUM (aKkToOpoM BbIOOPa Sy, ABISIETCS YCI0BUE HOPMATBHOTO PEKUMa
(2.13), ecnmu pacuetHas Harpy3ka 6-10 kB co ctoponst HH TpancdopmaTopa 1o
COCTaBY KaTeropuil HAXOAUTCS B COOTHOWEHUU S5 < 0,78

- onpenensomuM (aKTOpoM BBIOOPA Sy, ABISETCS YCIOBUE MOCIEaBAPUHHOTO
pexuma (2.14), ecnu o coctaBy KaTeropuil moTpeOuTeliel pacyeTHas Harpy3Ka
HaXOOUTCSA B COOTHOLIEHNU S;;, > 0,7S.

B pesynbpraTe BbIOOpa 4YMCIa MU MOLIHOCTA TPAaHC(HOPMATOPOB, a TAKKE CXEM
AIIEKTPUYECKUX COSAMHEHUI MOACTAHIIMKA YTOUHSAIOTCS pacCMaTpUBaEMble BAPUAHTHI CXEM
U 10 KaXJIOMY M3 HHMX OIICHHMBAIOTCS TaKue MOKa3aTelld, KaKk CyMMapHasl YCTaHOBJICHHAs
MOIIIHOCTh B CETH, KOJIMYECTBO KOMMYTAIIMOHHBIX allaparoB IO TUMAM BBIKIIOYATEINIEH,

KOpOTKOSaMBIKaTeJIeﬁ, OTIIeJIPITeJIeﬁ, paS’be,Z[I/IHI/ITeJIef/'I HUT. A
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a) Bb100p KOHCTPYKTHBHOI0 MCIIOJTHEHUSI YHMCJIA Lenei 1
CceYeHU BO3AYIIHbIX THHUI

Bb160p KOHCTPYKTUBHOTO MCIIOJIHEHUSI K MApOK MPOBOJIOB JIMHUN 3JIEKTPOTIEpeaun
AJIEKTPUYECKON CETH TMpPU MPOECKTUPOBAHUM MPOU3BOJUTCS HA OCHOBAHUM JAHHBIX O
pacyeTHBIX Harpy3kax OTIECNbHBIX YYaCTKOB, WX HOMHUHAJIBHOTO HANpPSDKEHUS W
MIPOTSHKEHHOCTH (Ta0u. 2.4),. a TaK)Ke KOHKPETHBIX YCIOBUN MPOKIIATIKH.

[Ipu pemennn Bompoca o yucie neneit BJI mo ycnoBusiM o0ecriedeHust HaAeKHOTO
AJIEKTPOCHAOKEHHUS MOT'YT PACCMaTPUBATLCS CIICIYIONINE BapUaHThI /4/:

- coopykeHue aByxuenHor BJI uimm n1ByxX OJHOLEITHBIX;

- coopyxenue apyxuemnHoi BJI uim omHOLEHOM ¢ MPOBOOM OOJIBIIOTO

CEUCHMS.

Brei6op cedeHus TPOBOJIOB MPOUZBOJIUTCS IO HOPMUPYEMBIM 00OOIIEHHBIM
nokazarensaM. g Bo3nymHbIX JuHHM 35-220 kB B KadecTBe Takoro mnokazartens
HCIIONB3YETCS SKOHOMUYECKAs TJIOTHOCTh TOKAa. BBIOpaHHOE ceueHue MpoBepseTcs II0
JOITyCTUMOM TOKOBOW Harpy3Ke MO HarpeBy B HOPMAJILHOM M TSKEJIOM IOCJI€aBapUIHOM
pexrUMax, MAKCUMAIIbHOW HAarpy3KH U yCIIOBUSIM KOPOHBI.

Jlnst BJI 3HaueHMsI 5)KOHOMUYECKOM IJIOTHOCTH TOKA MPUHUMAIOTCS B IIPEIenax
1-1,5 A/MM® B 3aBHCHMOCTH OT pErMoHa M YHKCJIAa 4YacOB MCIIOJIb30BAHUS MAaKCUMyMa
Harpy3ku (Tabi. 112.3), Torga cymmapHoe cedenue mpoBoioB BJI onpenernsiercst asist ogHON
LIenH 1o Gpopmyie:

Fs pacu = Lopm./ j3]<.
r71€ I opu. - pACUETHBIN TOK OJTHOM IIEMM B HOPMAIBHOM PEKUME MAKCUMAITBHBIX
HArpy3oK;
JoK - PKOHOMHYECKAs TIIOTHOCTh TOKA.

ToK Iyopv. BBIUMCISIETCA TI0 PACYETHOM IIOJIHOM MOIIHOCTH W HOMHUHAJIBHOMY
HanpsHKEHUIO.

Uucino YacoB WCIOIB30BaHUS HAWOOJNBIICH HArpy3Kd JIMHUM, TUATAIOIICH

MOTpeOUTENICH ONpeeTuM U3 BhIPAKCHUS
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Tyux = = > (216)

riae P, - HanbonbIas akTMBHAsE MOIIHOCTS i-r0 oTpedurens, i=1,2 .. ..n

Tinax i - TPOAOIDKUTENFHOCTH NCIIOIH30BaHUS HANOOBIICH HATPY3KHU i-10
noTpeOuTENs.
Bribpannoe ceuenue F, ;i HE cTaHmaptHoe. HeoOxomaumo BbIOpaTh Osvpkamiiee
cTaHmapTHoe cedeHne Frg, KOTOpPOEe JOJDKHO YAOBIETBOPATH YCIOBHIO IPOBEPKU
JOITyCTUMOM TOJBKO HArpy3Ke

IHOPM.- < IIIO]'I

I]'IABAP..- < I}IO]'I (217)

r1ie Iy asar - PACUETHBINM TOK JTMHUU B MOCTI€ABAPUITHOM pEXXHUME HauOObIIIEH HATrPy3KU;
I jon - TOTTyCTUMBII TOK MPOBO/A ceueHUEM Fri, MPUHUMAETCS JJ1s1 CTaJIeaTlOMUHEBbIX
MIPOBOJIOB 1O AaHHBIM Tabnuikl [12.2, koTopoe mpu HeOOXOJUMOCTH MOKET
OBITh YTOYHEHO C MIOMOIIbIO MONPABOYHBIX KOAPPUIIMEHTOB HA TEMIIEPATYPY
OKPYKarOIIEH CPEBL.
Eciu ycnoBue (2.17) He BbINONHSETCS XOTS OBl OJHO, TO CJEIYyeT BbIOPAThH
ceuenue nposojia BJI Fy; U3 ycnoBus HarpeBa 1o HauooIblIeMy U3 TOKOB.
JIIi Ka)KAOro M3 Y4acTKOB M3 YYaCTKOB CETH BBIOMPAETCS HAUOOJbIIEE CEUCHUE
(F>x wm Fy) m mpoepsieTcs MO YCJIOBUSAM KOpOHBbL. OHO JOIDKHO ObITh HE MEHee
MHUHUMAJIBHOTO JOMYyCTUMOrO 3HaueHusi Fyop, ycraHosiaeHHoro ajist BJI B 3aBucumoctu ot
Uniov: 110 kB — 70 Mm% 150 kB — 120 mv’; 220 kB — 240 mm’; 330 KB — 600 MM mitm
2x240 M.
Pe3ynbrarthl perieHust 3ajadd BbIOOpAa CEUYEHH YYaCTKOB CETH PEKOMEHIYETCs
3aHOCHUTH B Ta0OUITy 2.5.
PacueTHble TOKM HOPMaJbHOTO U IOCJICABAPUIHOTO PEKUMOB HaUOOJIBLINX
HArpy30K JUIsl KaKI0ro BapuaHTa CETU ONPEIEISIOTCS Ha OCHOBE PAaCUETHBIX HArpy30K

tabiauna 2.4.

Tadmmua 2.5 - CenieHust 00 MICXOHBIX JaHHBIX U pe3yJIbTaTax BbIOOpA CEUCHUM
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MIPOBOIOB M0 YCIOBUSAM SKOHOMHYECKOM IIIOTHOCTH I0OMYCTUMOIO Harpena
Y KOpOHBI (Ha oHy 1ernb BJT)

Haumenosanue Unom | F, | Fox | Ijon | Tnoem. (Tnasar | Fue, |Fyop Ceuenne

BapHUaHTa y4acTKa kB MM | M A A A MM | MM IPOBO/JIOB,

ceTu TIPUHSTHIX B
JIMHUT

0) Bb100p panmoHaILHO CXeMbI JJIeKTPUYECKOH CeTH HA OCHOBAHNU
TEXHUKO0-3KOHOMIYECKOI0 CPABHEHMSI KOHKYPEHTHO-CIIOCOOHBIX BAPHAHTOB

OKOHOMUYECKUM KpUTEpUEM, IO KOTOPOMY OIPEACISIOT HauOoJiee BBITOIHBIN
BapUAaHT, SBJIICTCS MUHUMYM [IPUBEICHHBIX 3aTpPaT.

Kaxxnpiii BapuaHT cxembl rpaUueckd MpeICTaBIsAeTCS YIPOLIEHHON pacyeTHOM
CXEMOH 2JIeKTpuueckux coeauHeHnii BJI m nmoHmxkaromux noacraHuuii. Hampumep, Ha
pucyHke 2.6 Tpe[CTaBleHa cXeMa 3aMelIeHUs pailloHHOM ceTw (a) U MOoJHas cxema
AIIEKTPUYECKUX coeMHEHH (0) CeTH, UCXOJIHbIE JaHHBbIE U BAPUAHT M300paXeHbI B BUJE
PUCYHKOB 2.2 u 2.4.

JInst poBeeHUsT TEXHUKO-DKOHOMUYECKUX PACUETOB BCE CBEIACHUSA O CXEME CETU
PEKOMEHTYETCS IPEACTABUTh AHATIOTMYHO PUCYHKY. 2.6a, 8 UMEHHO:

I10 Y3JIaM CXEMBI:

- HOMHUHAaJIbHas MOUIHOCTb TpaHC(HOPMATOPOB MOACTAHLIUH Syom , MBA;

- HomuHasnbHOEe HampspkeHue co croponsl BH, CH u HH tpancdopmaTtopos u

Ha mmHax U1 Uy, Ucy, Ugp 1 Uy, XB;

- pacyeTHbIe MOUTHOCTHU MOTpeOUTeNeH B perkrMe HAaMOOIBIINX HATPY30K C

y4eTOM KOMIIEHCAIIMU PeakTUBHOM MolHoCcTH (P + jO), MBA;

- HauMeHoBaHMe (Homep) noactanimu u UL,

I10 BETBSAM CXEMBI:

- MOIyJib MOJIHOW MoOIIHOCTH § MB-A, HaliileHHbI corinacHo MpUOIMKEHHON
OLIEHKE IMOTOKOpAacIpe/IeNieHUs B CeTH, Tadnuua 2.4;

- YUCJIO LIETIEW 1, MapKa U ceueHue nposoja BJI F, MMZ;

- IPOTAKCHHOCTD TPACCHI l, KM C YUCTOM KO3(1)(1)I/H_II/ICHT3 YAJIIMHCHUA TPACCHI k.

CBe}_'IeHI/ISI O KOMMYTAIIMOHHBIX allraparax, YCTAHABJIMBACMBIX Ha IMOACTAHIIHAX
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npoektupyemort cetu ot mmH PY UII no mmH PY 6-10 kB nmoacranium notpeOuTenet,
PEKOMEH/IyeTCsl IPEACTaBIATh aHAJIOTMYHO PUCYHKY 2.6,0.

OCHOBHBIMM IKOHOMHYECKMMH TIOKA3aTEISAMHM  DJIEKTPUUYECKOM CETU  SBISIOTCA
KaIllWTAJIbHBIE BIIOKEHUA Ha €€ coopykeHHe K, eKEroaHble 3KCILTyaTALlMOHHbBIE M3IEPKKU
U v npuBEIEHHBIE HAPOAHOXO3MCTBEHHBIE 3aTPAThI 3.

IIpuBeneHHbIe 3aTpaThl A1 KaXKI0TO U3 PABHOLIEHHBIX 110 HAJIE)KHOCTH BAPUAHTOB
CXEMbI OIPEAEIAIOTCS 10 hopMmyIie:

3=EyK+H, (2.18)
a JIIsl BAPMAHTOB C MEHBIIEH CTENEHbIO HA/IEKHOCTH JIEKTPOCHAOKEHHS MOTpeOuTeNnei
IIPUBEJEHHBIE 3aTPAThl HAXOIAT C YY€TOM HapOAHOXO3SMCTBEHHOIO y4€eTa OT IIEPEPHIBOB
AIIEKTPOCHAOKEHUS
3=EgK+H +Y, (2.19)
rae E, - HopmaTuBHBIN KO3(h(UIMEHT CpaBHUTENBHON (D PEKTUBHOCTH KalUTAIbHbIX
BJIO’)KEHUH, TPUHUMAaEMBbIi paBHbIM 0,12.

KanuranoBinoxeHus B 3JIEKTPUIECKYIO CETb COCTOSIT U3 BJIOKEHUIN COOPYKEHUS

BO3IYILIHBIX JIMHUI ceTy K, 1 NOHMKaromumx noAactanuni Kiy
K=Ky +Kp. (2.20)
CymMmapHbIe KalTUTAJIOBIIOKEHUS HA COOPYKEHHSI TOACTAHLINN TPOEKTUPYEMON CETH

35-220 kB BBIUKCHAIOTCS 1O BBIPAKEHUIO:

" "
KH = 21(7"1 + 2K0PY BH i + 2K0PYCH1' + 2K3PY HH i + Z]KHOCTi + ZIKFBi (221)
i= i= i= i= i= i=
rae K i - pacueTHas crouMocTs TpancopMatopos i-i moacTaniuu (i = 1, ..., n),
MpUHUMaeMasi B 3aBUCUMOCTH OT HOMHHAJILHOM MOIIIHOCTH TpaHcdopmaTopa,
gucia 0OMOTOK U UX HOMUHAJBHBIX HANPSIAKEHUH;
K opy Bui, Kopy ci— YKPYITHEHHBIN noka3aTesnb croumoctd OPY;
K 3py yui — YKpYIHEHHBIN MTOKa3aTeab CTouMocTh 3PY;
K 5 — cyMMapHas CTOMMOCTD SIY€EK T'OJIOBHBIX BBIKIIIOUATENCH, YCTAHABIMBAEMBIX B
OPY UII it nutanus notpeduteneil mpoeKTUpyeMon CeTH;

K nocri- moctostHHas 4acTh 3aTpart i-il MOACTAHIIMU U OOIIETO KOJIUYeCTBA

BEIKJIIOUATEJICH; M - YHUCJIO TOACTAHIIHMA.
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24



A A A
g ey ey ey

i : %@—H}E\—D—\——'—%——l
Sy

~ L
Tor g & 5 21
. );‘ Le{ HI

~y, | ey, wemi N A A A
| RN

nicm 3 nemd

R + T
o) P “%L%ﬁ

| %‘j L]

wem S wem 6

—
A+

;i
>
\j__
A
|

Pucynok 2.6(0) - Cxema 3neKTpriecKrX COSIMHEHMIA CETA TPOMBILIICHHOTO palioHa

Exeronneie M3AEpKKA Ha OKCIUIYaTAIMIO CETHU COCTOAT W3 OTUYMCICHHUWA OT
KalUTAJIOBIIOKEHUN Ha amopTu3aiuio u oocimyxuBanue BJI w moncranumii My, Hp un
€XKETO/IHBIX 3aTPaT Ha BO3MEILICHUE TTOTEPh AMEKTPOIHEPTUU B STIEMEHTAX CETH Jy10;:

I/I=I/IJ'[+I/I1'I+HAWZPZHKH+PZHKH+3HOT (222)
rie Py, Pyp - cyMMapHble HOPMATUBHBIE OTYHUCICHHUS OT KAaNUTAJIOBIOKECHUN
COOTBETCTBEHHO Ha BJI um mopcraHumu, COAEpM)aHUE OTUYUCICHUS HA aMOPTU3ALMIO
(kanuTaIbHBIA PEMOHT) U 00CITY>)KMBaHUE CETH.

3arpaThl Ha BO3MEIICHUE IMTOTEPh AICKTPOIHEPTHUH ONPEACIISIOTCS 110 (PopMyIIe:

3ot = 3(AW'+ AW") (2.23)
1€ 3,0r - CTOUMOCTH | KBT 4 mOTEpsIHHOM 3JI€KTPOIHEPIUH;

A W' — iepeMeHHbIE TOTEPH JIEKTPOIHEPTUN B AKTUBHOM
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CONMpOTHUBIICHUH MPOBOI0B BJI 1 0OMOTOK CHITOBBIX
TpaHCPOPMATOPOB, 3aBUCSIINE OT HATPY3KU;
AW'" — IOCTOSTHHBIE TOTEPH SIEKTPOIHEPTUU B ceTH (moTepu XX
Tpancopmaropa), He 3aBUCSIINE OT HATPY3KHU.
CyMMapHble TEpPEeMEHHbIE U IOCTOSIHHBIE TOTEPH 3JIEKTPOIHEPIMU BBIUMCIISIOTCS 10

dbopmynam:

AW':Zn:AWT'I.+iAWJ'” :Zn:APTi'Ti*'iAPﬂJ'Tj; (2.24)
i=l Jj=l i=1 j=1

AW = Z}:AWT"I. = Z}:APXXJ. : (2.25)
= j=

re AP.,, AW, - ICPEMCHHBIC TIOTEPH MOIIHOCTH | JICKTPOIHEPTUU B
TpaHchopMaTopax;
AP, AW, ; -~ HIEpEMEHHBIE IIOTEPU MOIHOCTU U DJIEKTPOOHEPIUHU B

IIPOBOJIAX j-TO Y4acTKa CETH;

APyy ;, AW, ; - IOCTOSIHHBIC MTOTEPH MOIIHOCTH XX U 3JIEKTPOIHEPI UM,

MEPEMCHHBIC TTIOTCPU MOITHOCTH U OO0 B MMpoBOAAX y-I'oO y4aCTKa

CeTH,

T - gucio yacoB NpucoenuHeHus Tpancopmaropa k cetu, T=8760 u;
- TOJIOBOE BpEMsI MaKCUMAaJIbHBIX TTOTEPh, OMPEIEIIEMOE
110 KpUBbIM 7 = f(Ty.x) /4/ viu o hopmynam (2.27) u (2.28).

7,7,

B cetsax 35-220 kB gonyckaercst BpeMsi IPUHATh OJUHAKOBBIM. TOr1a BhIpaXKEHHE

(2.24) MOXHO yNIPOCTUTH

AW =2 (S AW+ AP, ) (2.26)

Bpems otepb ¢ 3aBUCHT OT TapamMeTpOB T ax U P /Prax-

-T
1+T, /8760—2P_ /P

7 = 2T ax-8760 +

Trac Pminp Pmax - CYMMapHas aKTUBHAsI MOIIHOCTb CCTU AJIA PCKUMOB HAMMCHBIINX H

HaWOOJIBIINX.
B yue6HOM npoekTupoBaHUU Py, / Prax = 0,2 - 0,5. J1iist onipeienieHust BpeMeHHU MOTePh
B3aMeH rpaduka r = f(T ) MOXKET OBITh UCTIOIB30BaHa (hopMya:

r = (0,24 + Tpaxe 107 « 8760. (2.28)
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BeposiTHOCTS aBapuITHOIO IIPOCTOS DJIEMEHTA CETU PaBHA:

P, :%:“"TTB. (2.29)

KonruecTBo HETOOTIYIIEHHOM 3JIEKTPUYECKOM SHEPTUU B PE3YIbTATE MEPEPHIBA B
AIIEKTPOCHAOKEHUHU TTOTPEOUTENIEH PaBHO:
Wur =Pz Wrog =Pap Py T oo (2.30)
rie Wioy - KOJIM4ECTBO 3JIEKTPOIHEPTUH, IOJIy4aeMOM OTpeOUTENIMU 2-11
KaTeropuu;
P, - HanOonpIiast Harpy3ka norpedurtenei 2-i KaTeropuu.
Haponnoxo3stiicTBeHHbIH yi1ep0 npy aBapuitHOM OTKITFOUEHUH JIMHUH
paccuuThIBaeTcs 1o Gpopmysie:
Y=y, Wy (2.31)
IJIE Yo - YILEPO OT HEAOOTIYCKA AIIEKTPOIHEPTUH.
B pesynbrare aHann3a npecTaBIeHHBIX BAPUAHTOB BHIOMPAETCS BAPUAHT,
MMEIOIIUI MUHUMYM NIPUBEICHHBIX 3aTpar.

Bce pesynbrathl pacueTa npeCTaBUTh B BUJIE UTOTOBOM TaOIHIIBI.

2.4. KpaTkasi XapaKkTepUCTHKA U OCHOBHbIE TEXHMKO-)KOHOMHUYECKHE

noxasartejim 3.]'ICKTpI/I‘IeCKOﬁ IHEPIUMn

CebecTonMOCTh MEpeIaun dIEKTPOIHEPTUH 110 JIUHUSAM C; U CETH B LIEJIOM

OIIPCACIIACTCA 110 BBIPAKCHUAM

u
C,= 1 - "1 . (2.32)
WFO/_Z Pmax ’ Tmax
u
C= = . (2.33)
WFO/_Z Pmax ’ Tmax
YIIeJIBHBIe KalTUTAJIBHBIC BJIOKCHHA BBIYHUCIIATOTCA 110 BBIPAKCHUAM
- Ha | kBT Harpy3ku JIMHUH
K

Kyg == P—ﬂ , (234)

max

- Ha | KBT Harpy3ku 1 Ha 1 KM JUIMHBI L TUHAN
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max

TexXHUKO-?PKOHOMHUUYECKHE MOKa3aTeIin CETU PCKOMCHAYCTCA NPCACTABUTL B BHIAC

Ta6JII/II_IBI, OTpamanmeﬁ MNpECUMYyIICCTBO NIpCIJIaracMoro BapruaHTa.

3. ONPEJEJTEHUE HAPAMETPOB YCTAHOBUBLINXCS1
PEKUMOB JIEKTPUYECKOU CETH

3.1. O01Iume moJ10KeHu s

Ilog yCTaHOBMBIIMMHCS  pPEXKHUMAMHU  DJIEKTPUYECKOM CETH IOHUMAIOTCS
JUIATENBHBIE HOPMAJIBHBIE U TIOCIEABAPUITHBIE PEKUMBI.

Ilenpt0 pacyeToB  YCTAHOBUBIIMXCS  PEKHMOB  SIBISETCS  OINpPEIECICHUE
MapaMeTpPOB PEKUMA U UX aHAJIU3 HA COOTBETCTBUE JTOIYCTUMBIM 3HAYCHUSIM.

HcXooHpIMU NaHHBIMU I PEXHMa CIyKaT [apaMeTpbl CETH: AKTUBHBIE U
pEaKkTUBHbBIE MOIIHOCTH, MOTPEOIIIEMbIE B y3JaX CETH; HANpPSHKEHHE B MUTAIOLIEM Y3II€
ceTh. PacueTsl pesxrMa 3IIEKTPUYECKOM CETU Pa3JesitOTCs Ha Psijl 3TaIloB:

l. onpeneneHue mapamMeTpoB CXEMBbI 3aMELICHUSI AIIEKTPUYECKON CETH;

2. pacuer pacnpeneseHus MOLTHOCTEN 110 3JIEMEHTaM CETH;

3. pacyeT pexuma HampsLDKEHHUH B y3J1aX CETH U BBIOOP peryIupoOBOYHBIX

OTBETBJICHUMN.

3.2. Cxema 3aMelIeHNs1 JJIEKTPHYEeCKOM CeTH VISl YCTAHOBUBIIHMXCS PEKUMOB

[logroroBka cxembl 3aMELICHUS JEKTPUUYECKONW CETH Mperoiaraer BbIOOp CXEMBI
3aMEIlIEeHUs U pacueT MapamMeTpOB CXeMbl 3aMEIICHHUSI.

Boznymnasle muHnn aektponepenayn A0 400 kM pu HanpsyKEHUN
Unov = 110-220 kB mpencrasmstorcss Ha puc. 3.1a Tl-o0pasHoii cxemoit 3amelieHus,

MapaMeTpbl KOTOPOIl ONPEAECIAIOTCS

Z=R+jx=(0+ jx0)-1; (3.1)

Y =jB=]bo.lo (3.2)
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Tac R, X U B - akTUBHBIE U HMHAYKTUBHBIC COITPOTHUBJICHUA, OM 1 eMKOCTHas
IMPOBOAUMOCTD JIMHUU,
Ip, Xo U bo — INIOI'OHHBIC AKTUBHBLIC 1 UTHAYKTUBHBIC COITPOTUBJICHHA, OM/KM 1
CMKOCTHAA MPOBOAUMOCTD JIMHUHN Owm/ KM,

[ - nnuHa TMHUK, KM.

Pacuetnbie napameTpsl Iy, Xo U bo IMPUHUMAKOTCS I10 CIIPABOYHbIM JJaHHBIM ITPOBOIOB.

JIByx0OMOTOUYHBIE TpaHCHOPMATOPHI IIPU pacueTe pexuma npeacrabisitores I'-

o0pa3Hol cxeMoll 3aMerieHus (puc. 3.2), mapaMeTpbl KOTOPOH OIpPENEsOTCS 10

BBIPAKCHUAM :
AP, -U, U,
2 —R o4 _ KZUHOM +jUK HOM_ (33)
T T ] T S How 100 10
AP IS
Y, =G, + jB, = -x_ 4 Lk Snou (3.4)

2 + 2 :
UHOM 100- UHOM
rne S, > U oy - HOMAHAJIBHAS MOITHOCTh U HaNPs)KeHHE OOMOTKH BBICOKOTO

HanpsbKeHus, KB;
U,, I, - HanipsiKEHUE KOPOTKOTO 3aMBIKAHUSI U TOK XOJIOCTOI'O X0/1a
Tpancdopmaropa, %;
AP,., AP, - noTepy akTUBHO! MOLIHOCTH KOPOTKOTO 3aMBIKAHHS U XOJIOCTOTO
xo1a, MBT;

R ., X, - akTUBHOE ¥ UHOYKTUBHOE COMPOTUBJIEHMS, OM;

GT ) B r - AKTUBHAA U UTHAYKTHUBHAA IIPOBOJAUMOCTD, CM.

z z
e —

¥hT LT

Ll

FITXXTER? (33333540

Pucynok 3.1 - Cxema 3ameltieH st BO3MYIIHOM JIMHAM IEKTPOTepeiadnt
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Pucynok 3.2 - Cxema 3aMeliieHVs1 IByXOOMOTOUHOTO TpaHc(opMaTopa
[Toriepevnass BETBb B CXeM€ 3aMelIeHHs TpaHc(hopmaropa MpencTaBieHa PaBHON

MOTEPSIM MOIITHOCTH B CTasK TpaHchopmaTopa (puc. 3.20)

AS, = AP, +jla Suou (3.5)
100

[lorepu wmomHOCTH B TpaHchopMmarope MOryT OBbITh BBIPAKEHBI Yepes
KaTaJoXKHble JaHHble TpaHchopmaTopa O0e3 oOmpeaelieHus MapaMeTpOB CXEMBbI

3aMCUICHU A
AS, = AP, +j AQ, = (AP+K? A Py) + (k. K> UK)SI%, (3.6)

rae K; - koadduiment 3arpy3ku TpanchopmaTtopa
P2 + 2
K=Vt 3.7)
S HOM
TpexobmoTounbie TpaHChOPMATOPBI M ABTOTPAHCHOPMATOPHI MPEICTABIISIOTCS

TpEXJTy4eBOM cxemoi 3amernienus (puc. 3.3).

Zr1 Zry 21y Zr
L () T+
N Kpe Kp-
= £7T3 - D 2713

Koy @ Kppr

Pucynok 3.3 - Cxema 3aMel1ieH s TPEXOOMOTOUHBIX TPaHC(OpMATOPOB

ConpoTuBieHHsI MOTYT OBITh paccuuTaHbl 10 hopmyie (3.3), eciu onpeaeeHb!

APy ; u Uy, , OTHECEHHBIE K JTy4aM CXEMbI 3aMEILCHHS
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Uxi1=0,5(Ux gc + Uk r + Uk cn);

Ux2= Uk Bc - Uks; (3.3)
Uks = Uk u - Uky;
APK] = APK2= APK3 ~ 0,5 APK BC,» (39)

rne Uy ij, APx ;] - Hanpsikenne K3 1 notepu K3 no mapam 06MOTOK i-j
(B-C, B-H, C-H), npunumaeMsble 10 CIpaBOYHBIM JaHHBIM. [I[poBOIMMOCTE U IOTEpU
MOIIIHOCTH B CTaJIM TPEXOOMOTOUYHBIX TpaHC(HOPMATOPOB U aBTOTPAHC(HOPMATOPOB

onpenensiercs mo Gpopmynam (3.3), (3.4), nureparypa /1-4/.
3.3. OnpenesieHne NapaMeTPoOB PeKNMA PA30MKHYTOM JIEKTPUUYECKOH CeTH

Pacuer peKumMa BEACTCS B JIBa J3Talla. Ha IIEPBOM ISTAIIC OIIPCACILIOTCA MOIITHOCTU

B KOHIIC S i U Ha4daJic S i KaH(ﬂOﬁ BCTBHU CXCMbI 3aMCIICHUA. HpI/I pacucTe

MpEeanogaraeTcsi HalpsbkKeHUEe BO  BCEX  y3JaX  CXEMbl  3aMEUICHUST  PaBHO
CpPEHECHOMUHAJIBHOMY
UCH = 1,05 UHOM (3 10)
Pacuet MoiHoOCTEN OCYILIECTBIISAETCA ij- BETBSIMU CXEMbI 3aMEILICHUS CETH B
CJIEYIOLIEM TTOPSIKE:

a. N3 ycnoBust 6anaHca MOLTHOCTEH B j -M y3JI€ CXEMbl 3aMEIICHUs CETH

PacCUMTBIBACTCSA MOIIHOCTE B KOHIE BeTBH § . Ecmuj-ii y3en

KOHe‘IHBII‘/JI, TO MOIIIHOCTH S i paBHa MOIITHOCTU HAT'PY3KH.

0. Onpenenarorcs MOTepU MOIIHOCTH B #j BETBU

(P)* +(0,)
UCH

AS, = (R, + jx,,) - (3.11)

B. OnpesienaeTcsi MOLIHOCTh Sij B HayaJi€ BETBU

Ha ICPBOM JTallC OIPCACIHICTCA PaCIPCACIICHUC MOHIHOCTCIZ 10 DJJICEMCHTaAM

BJIEKTPUYECKOMN CETH.
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Ha BTOpOM 3Tare pacueToB 10 HAIEHHOMY PaclpeiesICHUI0 MOIIHOCTEN U HAIIPSKEHUS
B y3JI€ MIUTAHUS ONPEACIIAIOTCS MaJACHUE HANPSKEHUS MPU MOCIEA0BATEILHOM MEPEXO0/IE
OT y37la TUTaHWs 1O KOHEUHBIX Y3IIOB ceTu. [lajmeHue HampsbkeHust B Ij-l BETBU U
HaNpsHKCHUE B Y3JI€ CXEMbI 3aMEICHUS] HAXOJUTCS 110 BBIPAXKECHUIO:

Pij.Rij+Qij'xij P"'xij_Qij'R

Uy =Uy; +jUs; = U 4 v i . (3.13)
U, = U, ~U ) + UL s (3.14)
tg 6, =U,;(U; +Uy;), (3.15)

rae U;- HarpsbKeHue B i-M y3J1e cXeMbl, KB;

U,i;» Uy, - IPONOJIGHAS M MONIEPEYHAS COCTABJIAIONINE HAPSKEHNS B j-i BETBH,

kB;

b

8,; - yron Mexay Bexkropamu Hanpsbkenui U; B Hauane u U; B xoH1Ie ij -ii BETBH.
BnusiHMe nonepevHol CoCTaBIAIONIEH MafeHus HanpsHkeHus U, ; Ha HAIIPSKEHMS B j-M

y3ie Uj HesHaunuTensHO U B pacuetax ¢ Uyoy < 100 kB MoxxHO He yuuThiBaTh. B 3TOM
CJIy4yae pacueThbl HANPSKEHUN OCYIIECTBIISIIOTCA MO MOTEPE HANIPSIKEHUS

. P R .+0  -x.
av = f Ry 9Ny (3.16)
ij U

1

Uj=Ui—AUij (317)

Ha BTOPOM 3TaIIC OIPCACIIAIOTCA HAIIPSPKCHUS BO BCCX Y3JIdX CXEMbI 3aMCIICHUA.

3.4. Oco0eHHOCTH pacyéTa pe:KMMOB 3AMKHYTBIX JICKTPHYECKHUX ceTel

Pacyer pexuma KOJBIICBOM 3aMKHYTOM CETH CIEAyeT HAaYMHATh C IPUBEICHUS
Harpy30K HEMOCPEICTBEHHO K y3JaM KOJblieBOM ceTu. Ha BTOpoM 3Tame ocyiiecTBisieTcs
pacyer pacrhpeneseHusi MOIIHOCTEH Ha pacrlpellesIeHUsT MOIIHOCTEH Ha Pa3sOMKHYTBIX
y4acTKax CeTH, MIPUMBIKAIOIINX HETIOCPEICTBEHHO K Y3J1aM KOJIBLIEBOM CETH.

Pacuer pacmpeneneHusi MOILIHOCTEW MO y4acTKaM KouibLieBoi cetu (puc. 3.4)
OCYIIECTBISIETCS B JBa dTarna. Ha mepBoM 3Tare Mmpou3BOAUTHCS pacdeT pachpeaeieHus
MOIITHOCTEH B KOJIBLIEBOW ceTH Oe3 ydeTa MmoTepb MOIIHOCTU. [Ipu n y3710B B KOJBLIEBOU

CCTU MOITHOCTH I'OJIOBHBIX YYACTKOB CCTH HAXOOATCS 110 (I)OpMy.HaMC
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. iSmZmA"
Sy~ (3.18)

IN
(S
n

Tac Z mA' Z mar s — COIPAKCHHBIC KOMINJICKCHBIC COIIPOTUBJICHUS YU4aCTKOB KOJIBI.ICBOﬁ

CETH OT y3J1a C MPUBEJECHHON HArpy3KOu S, 10 MUTAIOUIUX Y3JI0B A'
u AH

HpaBI/IJIBHOCTB PacucToB HCO6XOI[I/IMO IMPOBCPHUTH YCJIOBUEM

o . n M
SA'] - SA"m:ZSm’ (319)
m=
MOH_IHOCTB B OCTAJIBHBIX Y4YdCTKaXx KOHBHGBOﬁ CCTU OIIPCACILAICTCA I10 6aJ1chy

MOIITHOCTEN B MPHUMBIKAIOMIMX K YYacTKy y3iax. MomHocTs Ha ydyactke 1-2 (puc. 3.40)

paBHa

S]2 - SA'] - S] (3’20)

B pesynbpTaTe pacueToB pacrpeneseHUss MOIIHOCTEH Ha MEepBOM JTale pacyera

KOJIBLIEBOM CeTH MOXKET ObITh HalJeHa TOuKa pas3ziesia MOUIHOCTEH, T.e. TOT y3el

KOJIBIIEBOM CETH, B KOTOPBIA MOCTYHNAET MOUIHOCTh C OOOMX MPUMBIKAIOUIMX K Y31y
Y4aCTKOB, Ha pUCYHKe 3.40 TouKa pas/eia MOIHOCTER OTMEUEHA 3HAKOM 1 .

Ha BTOpOM 3Tane KoJblieBasi CETh «pa3pe3acTcsh» B TOUKE pasjiena MOUIHOCTEN (puc

3.4B). MoLIHOCTH B y3J1€ «pa3pe3aHusdy paBHbI

'
* > .

S2:S12; S2:S32’ (321)
Pacuer pacipeaciICHIA MOIJ.IHOCTCﬁ M0 y4aCTKaM KOJ'IB].ICBOﬁ CCTU C YUCTOM ITIOTCPb

MOITHOCTU OCYIICCTBIACTCA IJIA KaH(HOﬁ N3 «Pa3pC3aHHbIX» YacTeu Tak KC, KaK U JUIA

Pa30MKHYTBIX CETEH.
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Pucynok 3.4 - K pacuety napaMeTpoB pexrmMa KOJIbIEBON 3aMKHYTON 3JIEKTPUUECKOM
CETH: @ — KOJIbLIEBON 3aMKHYTOW CE€TU; 6 — MPEACTABICHUE CETU C ABYCTOPOHHHUM

nutanueM (U’ s = U4 = Uy); 6 — «paspe3anuey» JIMHUU C JBYCTOPOHHUM MTUTAHUEM B
TOYKE pa3jiesia MOITHOCTH

3.5. Be100p cpencTs peryJiupoBaHus HANPSIKEHUSI

s oOecrieueHus: TpeOOBaHMM, NPEIBABISIEMBIX K KauyeCTBY HampsHKECHUS
noTpeduTenel AIEKTPOIHEPIUH, 3HAYCHUSI HAMPSKEHHS B MPOCKTUPYEMOM CETH JIOJKHBI
OBITH B ONPEACIICHHBIX TNpejaesiax. JomyCTUMBIA PEXUM HAMNpsSKEHUS MOXKET OBbITh
o0OecrieueH TNPUMEHEHHUEM CIICIUAIbHBIX  YCTPONCTB, MO3BOJISIIONIMX PETYJIMPOBAThH
HaIIpPSI’KEHUE B PaBHBIX TOUKAX CETH.

PerynupoBaHue HanpspDKEHUSI MOXKET OCYIIECTBISITRCS Ha IIMHAX HCTOYHUKOB
MUATaHUS U HA IIIMHAX PUEMHBIX MOACTAHIIUM.

YCTpoCTBO peryaupoBaHusl HANpPsDKEHUS JOHKHO OO0ECIeUUTh TMOAJICp)KaHhe Ha
IIMHAX BTOPUYHOTO  HANpPSOKEHUS  MOACTAHIMH, K  KOTOPbIM  IMPUCOECIMHEHBI
pacnpenenurenbHbie ceT B nipenenax 1,05 Uy, B iepruoa MaKCUMAJIBHBIX HAarpy30K U HE
Bbillie 1,0 Upygy B TIEpUOJ MUHHMMAJIbHBIX HArpy3ok. B KauecTBe OCHOBHBIX CpPEJICTB
PEryJIMpOBaHMS HAMPSHKEHUS TIPU BBIMOJIHEHUH MPOEKTa MPUHUMAIOTCS TPaHC(POPMATOPHI C
ABTOMATUYECKUM TIEPEKITIOYCHUEM OTBETBJIICHUHN IO/ HArpy3kod (TpaHchopmaTopbl ¢
PIIH).

BriGop OTBETBIEHWN Ha CTOPOHE BBICIIETO HAMPSIKEHUSI JABYXOOMOTOUHBIX
TpaHc(hopMaToOpOB MPOU3BOAMUTCS CIIETYIOIIUM 00pa3oM:

OTpe/ieIIsIeTCs HaMpsKEHUe Ha HU3KOM CTOpoHE TpaHc(opmaropa, IpHUBEIECHHOE K
BBICOKOW CTOPOHE

U, = U}l - AU, (322)



rae Uy - neicTBUTENbHOE HANPSKEHUE HAa BBICOKON CTOPOHE;
AUt - morepu HampsbkeHuss B TpaHcpopmarope (st Tpanchopmaropos 110xB
MOTIEPEYHON COCTAaBIAIONIEH MaJeHHs HAIPSKEHUS] MOYKHO IPEHeOpeyb).

Hanpspkenue Ha HU3KOM cTOpoHE TpaHchopMaTopa

U, = Z_ (3.23)
U
K=, (3.24)

rae K, - koadpunment tpancopmanyiv coorBeTcTBYIOMEro orBeTBIeHMs PITH;
U, ¢r8 - HampspKeHHE Ha COOTBETCTBYIOIIEM OTBETBICHUM OOMOTKH BBICIIETO
HaIpPsHKCHUS;
U,y - HOMUHAJIBHOE HATIPSHKEHUE BTOPUYHON OOMOTKHU TpaHchopMmaTopa.
Eciu  wu3BectHO kemaemoe  HampsbkeHue Uyyx Ha  HHU3KOM  CTOpOHE
TpancopmaTopa, TO HAMPSKEHUE COOTBETCTBYIOIIEIO PETYJIWPOBAHHOTO OTBETBIICHUS
Oyner paBHO:

U,

Ujors = - Unp; (3.25)

2K
Hanee, 3Hast Ujorp, M0 TaOJIHIIE PETYIMPOBOYHBIX OTBETBJICHUMH, KOTOPYIO CTYICHT
JOJDKEH COCTaBUTh B COOTBETCTBMM C  IACIIOPTHBIMH  JAHHBIMH  BBIOPAHHBIX
TpaHchopMaTopoB, BBHIOMpaeTCs OJrpKaifiliee CTaHIAPTHOE OTBETBIICHUE M HAXOIUTCS

HeﬁCTBHTGHBHOC HAIIPsA’KCHUC
= 2l (3.26)

rae Uj orp.cr - HAPS>KEHUE CTAHAAPTHOTO PErYJIMPOBOYHOIO OTBETBICHUS
TpaHchopmaropa.

TpéxoOMoTOUHBIE TpaHCHOPMATOPHI U3TOTABIUBAIOTCS C PETYIUPOBAHUEM
HanpsHKEHUs MoJ1 Harpy3Kkoi Tosbko Ha oomotke BH, a o6motka CH nmeet oTBeTBIIeHHE
U1l u3MeHeHust ko3 dunnenta Tpaachopmaiuu 6e3 Bo30yxkaeHus. B Tex cinyyasx,
KOTI'Jla XapakTep U3MEeHEHHs CyTOYHbIX rpadukoB Harpy3ku Ha HH u CH He coBmazaror,
nocJieioBaresibHo ¢ 00MoTkoi CH BKITIOYAIOT JIMHEWMHBIE PEryIUPOBOYHbIE

tpanchopmaropsl. [Tostomy orseteiaenust PITH nHa cropone HH 3 rpanchopmartopos



BBIOMPAETCS U3 YCIOBHUSI 00€CTICUCHUS KEIaeMOTro YPOBHS HanpshkeHust Ha ctopore HH.
[Tpu sTOM TIpeanOIaracTes, 4To HEOOXOAMMBIN YPOBEHb HANIPSHKEHHUS Ha CPETHEN CTOPOHE

o0ecreynBaeTcs JIMHEHHBIM PETYISATOPOM.
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Ta6mmua II.1 - O6nacTu npuMeHeHus TUIMOBbIX cxeM PY

Obnacmu npumeHeHus: cxembl e cemsix

No Haumenosanue cxempl Hanpsicenuem, kB
cxems! 35 [ 110 | 220 330 | 500 | 750
1  |bnok (nmuuusg — tpanchopmarop) c + + + + B —
pa3zbeAMHUTETIEM
2 |bnok (quHUS — TpaHCcpopmaTop) ¢ +
IIpeIoXpaHuTesIeM
3 |bnok (auHMUS — TpaHCcPopmaTop) ¢ + + + B 3 —
OTJIEIUTETIEM
4  |/lBa Os10Ka C OTAENUTEISAMHI U HEABTOMAaTUYECKOM + + + B B 3
IIEPEMBIYKOM CO CTOPOHBI JIMHUN
5 |MoOCTHK ¢ BBIKJIOYATEIIEM B IIEPEMBIYKE U + + + — _ B
OTAENUTEISIMU B LIENSIX TpaHC(HOpMaTOpOB
6 |CnBOEHHBIN MOCTHK C OTASIUTENISIMU B LETSX + B B B B
TpanchopmaTopa
7 |YeTplpexyroJIbHUK _ - + + + +
8 |PacmmpeHHBIN 4eTBIPEXYTOJIBHUK _ - + + - -
9 |OnHa ceKIMoHMPOBaHHAS CHCTEMA IIIHH +
10 |OnmHa ceKnMOHUpPOBaHHAS CUCTEMA IIIHH C +
00XOIHOM C OTIEJIUTEISIMA B LEISIX
TpaHCPOPMATOPOB U COBMEILIEHHBIMU CEKIIMOHHBIM
1 00XO/THBIM BBIKITFOUATEISAMH (/10 ILIECTH
IIPUCOETUHEHMI)
11 |OpaHa cekuMOHMpPOBaHHAs CUCTEMA IIHH C + +
00X0/IHOM C COBMENIECHHBIMU CEKIIMOHHBIM U
12 |OxHa ceKMOHMpPOBaHHAs CHCTEMA LIMH C + +
00XOJTHOM C OTIEIbHBIMU CEKLIMOHHBIM U
00X0AHBIM BBIKITFOUATENAMH (OT 7 110 15
IIPUCOETUHEHMI)
13 |/lBe HECEKITHOHHPOBAHHBIE CUCTEMBI ILIMH C _ + + B B B
o0xoaHoi1 (o1 7 1o 15 npucoeaunenuii)
14 |JlBe CEKIMOHMPOBAHHBIE CUCTEMBI IIUH C _ + + o _ _
o0xonHoM (0onee 15 nprcoenHeHnin)
15 |TpancdopmaTopbl — IIUHBI C IPHCOECANHEHHEM + + +
JIMHUM Yepe3 JiBa BBIKIIIoUaTess (10 YeTbIpex
JIUHUI)
16 |TpanchopmaTopbl — IIUHBI C TIOIYTOPHBIM _ _ _ + + +
MIPUCOEMHEHUEM JIMHUM (10 6 TUHUIA)
17 |IlomyropHas cxema (6 u 60iee JTMHUIA) - - - + * +

IIpumeyanue. KoamuecTBo MpUCOEIMHEHUH PaBHO KOJIMYECTBY JIMHUM IUTFOC KOJIMYECTBO
TpaHcGOopMaTOpOB.

BUBJIMOTPAGUYECKHUI CITMCOK
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