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BBEJEHUE

OcHoOBHas 3a7aya IPOEKTHPOBAHMS JIIEKTPOIHEPTETUYECKHX CHCTEM U
JJIEKTPUUECKHUX CeTeH 3aKiIioYaeTcss B pa3paldOTKe C y4eTOM JIOCTHKEHUH HayKd U
TEXHUKH pEUICHUH, Ompenessifonnx (OPMHUPOBAHHE JHEPTETHUSCKUX —CHCTEM,
pa3BUTHE DIIEKTPHUUECKUX CTAHIMH U CEeTeH, CPEACTB MX SKCIUTYaTallUK U YIIPaBIICHHUSI.
[Ipu 5TOM IOIKHBI 00ECIIEYNBATHCS ONTHMAIbHAS HAJIEKHOCTh AJIEKTPOCHAOKEHUS U
TpedyeMoe Ka4eCTBO 3JIEKTPOIHEPTUH C HAUMEHBITMMH 3aTPaTaMH.

K 3amayaM npoeKTupoBaHusl ANEKTPUUECKOI CETH OTHOCSITCS:

* pa3paboTKa U 0OOCHOBAHHE PEIICHUI 110 PA3BUTHIO CETH;

* BEIOOp KOH(UTYpaIMH U MapaMeTPOB CETH;

* onpe/eTIeHue HEOOXOANMBIX KallUTaIbHBIX 3aTpar.

* BEIOOp KOMIICHCHPYIOIINX YCTPOUCTB;

* BEIOOP CIIOCOOOB M CPEJICTB PEryJIUPOBAHMS HAPSIKECHUSL;

OcHOBHas 3a/iauya JIaHHBIX METOJIMYECKUX YKa3aHUH 3aKIouaercsi B TOM,
‘-ITO6LI AaTb CTYACHTAM HaBbIKU IIPOCKTHPOBAHUS DJICKTPHUICCKUX ceTei.

Beimonnenue KypCOBOT'O IIPOEKTA «[IpoexkTupoBanue paiioHHOM
ANIEKTPUUYECKOM CEeTHW» CIIOCOOCTBYET 3aKpeIUICHHI0 W YIIIYOJICHHI0 3HaHWH,
MOJy4EeHHBIX CTYAEHTaMM Ha JICKUUSX, JTaOOpATOPHBIX M NPAKTUYECKUX 3aHSITHAX,
JaeT HaBBIKM K CaMOCTOSITENIBHOM TBOPYECKOH paboTe M BEACHUIO HH)KEHEPHBIX
pacderos.

ITocobue mpu3BaHO MOMOYb CTYACHTaM, OOYYaroOLIMMCS IO HAIpaBJICHHIO
140400  «DnekTpocHaO)KeHHE»  BBHINOJIHUTH  NPOCKTUPOBAHHE  palOHHOMN
aMeKTpuyYecKoil cetn HampsbkeHuem 35—220 kB, B pamkax W3y4eHHs AUCIUIUIHHBI
«DJIEKTPOIHEPTeTUYECKUE CHCTEMBI H CETH.



1. 3BAJAHAE HA KYPCOBOM MPOEKT

JIg BBINONHEHUST KYpCOBOI'O IPOEKTa CTYACHTY BBINACTCS MHAWBUIYaIbHOE
3aJjaHie,  COIVIACHO  KOTOpPOMY  TpeOyercsi  BBINOIHUTH  NPOEKTHPOBAHUE
JNIEKTPUYECKON CeTH HampsbkeHneM 35—220 kB mas 3JIeKTpOCHAOXKEHUS TIATH
Harpy3ounsix y3noB (A, b, B, I', 1) or paiionnoii noacranuuu (U1I1). B 3amanun
yKa3bIBaeTcs reorpauueckoe pacroioKeHHe MUTAoUleld MOACTaHIMH U ITYHKTOB
MOTpeOIeHUs] SHEPTUH, 3a7aeTcsi HanOoJbIast 3UMHsISI HAarpy3Ka MmorpeduTeneld 1 ux
K09 dHUIMEHT MOUIHOCTH. HanMeHbliasi JeTHssI Harpy3ka morpeduTeneld naercs B
MPOIIEHTaX OT MAKCHUMalbHOW Harpy3ku. [Ing KaXaoro Harpy3ouHoro ysia
MIPUBOAMTCS COCTAB MOTPEOUTENEH 110 KaTeropusaM HaaeHOCTH. /11 BceX pacyeTHBIX
PEKUMOB pabOThl CETH YKa3bIBAETCsl HANpPSDKEHHWE Ha NIMHAX WCTOYHHKA NHUTAHUS.
JlononHuTeNbHBIE UCXO/IHBIE TAaHHBIE, HEOOXOMMBIE JIJIsl BBITIONHEHUS TPOEKTa CEeTH
U 2JIEKTPUYECKOT0 pacyeTa OCHOBHBIX PEXHUMOB, CTYACHT BBHIOMpPAET CaMOCTOSTENBHO
U3 CIPAaBOYHOM JTUTEPATYPhI U COTTIACOBBIBAET X C PYKOBOAHUTENEM IPOEKTA.



2. COAEP KAHUE KYPCOBOI'O ITPOEKTA U EI'O O®OPMJIEHUE

[IpoexTrpoBaHue palloHHONW 3JIEKTPUUECKOH CETH U H3JIO0KEHUE MaTepuaja B
MOSICHUTENHON 3aIliCKe CIeqyeT AeNaTh B CIEAYIOUIeN MOCIeI0BaTEIbHOCTH!

Beeoenue.
1. Buibop eapuanmoeé I1eKMPUYECKOU cemu u ux npeosapumeibHblil
pacuem.
1.1. Pacuemmnule 0annsle no HAZPY3KAM.
1.2. Bapuanmol konguzypayuu 31eKmpuiecKkoil cemu.
1.3. Pacuem nomokoe mowHocmu.
1.4. Bovlbop HOMUHGNbHO20 HANPANCEHUA U CEYEHUA NPOBOO0OE
YUACMKO8 INeKMPUUECKOIL Cemu.
1.5. Pacuem nomepv mMOwHOCMU U HANPANCEHUA 6 HOPMAIbHOM U
ROC1easapUIHBIX PeXHCUMAX.
1.6. Cocmasnenue npunyunuanbHoil cxemvl cemu, 6bl00p 4UCAA U
MOWHOCIU MPAHCPHOPMAMOPO8 HA ROOCIMAHUUAX.
1.7. Bvibop cxembl nepeutHbIX cOeOuHeHull ROOCMaHyuil
2. Texnuxo-3KoHomuueckoe cpasHenue 6apuanmos cemu.
2.1. Onpedenenue KanumanabHLIX 3AMPAnm HA COOPYHceHUE Cenu.
2.2. Onpeoenenue 20006bIX IKCHIIYAMAYUOHHBIX U3OEPIHCEK.
2.3. Cpagnenue sapuanmos.
3. Dnexmpuueckuil pacuem OCHOGHBIX PeIHCUMO8 GbIOPAHHO20 8aAPUAHMA
cemu.
3.1 Boioop mowHocmu KOMREHCUPYIOWUX YCHIPOTCME.
3.2. Cocmasnenue pacuemuoii cxemul 3ameu{eHus cemu.
3.3. Pacuem pexcuma MaKcumMaaibHulX HAZPy30K.
3.4. Pacuem pexcuma MUHUMAIbHBIX HAZPY3OK.
3.5. Pacuem nocneasapuiinozo pexcuma.
4. Pezynuposanue nanpax;cenus 6 cemu.
3akniouenue.

IIpoekt odopmusercs B BuAE pPACUCTHO-TIOSCHUTENBHOM 3alMCKH U
rpadUIecKoi YacTH, COCTOSIIEH U3 OTHOTO YepTEexKa.

PacuerHo-TIOSICHUTENBHAST ~ 3amMCKa COCTOMT W3  YETBIpEX  pas3feioB,
TIOCBSIIICHHBIX PEIICHHUIO OCHOBHBIX BOMPOCOB 3afaHus. st ymoOcTBa M3IMOKEHHA
MaTepHana, paszeibl JODKHBI OBITH TMojeieHsl Ha maparpadsl. Kaxkaerd pasmen u
maparpad MOKHBI MMETh Ha3BaHME, KOTOPOE B TEKCTe Bblaensercs. B Hauame
KaXJoro paszaena (OpMyIHPYIOTCS Te 3aJadd, KOTOphle cileayeT pemuTb. Jlanee
MOSICHAETCS METOIMKA pEIICHWS, NPHUBOMATCA HYXHbIE (OPMYNBI, JenaroTcs
HEOOXOANMBIE PUCYHKH. 3aTeM ITPUBOJUTCS YHCICHHOE PEIICHHE 3aJaqH.

[Ipn BBITIONHEHWM pacyeTOB CHadasla HY)KHO yKa3aThb pacueTHylo (opMmymy,
MOACHUB BCE BXOJSIIUE B HEeE BENHUMHEL [lanee cneayeT Nponu3BECTU MOJACTAHOBKY B
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(OpMyny UYHCIIOBBIX 3HAYEHHH WM IPHUBECTH PE3YNbTaT BBIUUCICHUH C YyKa3aHHEM
pa3MepHOCTH IOTYYEHHOW BeNWYMHBL. Bce NMpOMeXyTOYHBIE BBIYHCICHHS MOTYT
OBITH OITYIIICHBI.

[Ipn pabore Ham MPOEKTOM NPHUXOAWTCS BBIMOJHATH OOJIBIIOE KOJHMYECTBO
OMHOTHITHBIX pacdyeToB. B IOSCHUTENBHON 3aliCcKe PEKOMEHIyeTCsl ITOIpOOHO
paccMOTpETh JIMIIb OJWH U3 TOMOOHBIX PacueToB, OCTAJIBHBIE PE3YJbTATHI JAIOTCS B
TaOIUIHOU (hopMe.

PacuetHble popMyIIbI, pUCYHKH, TaOIHUIIBI JOJDKHBI IMETh HymMepanuio. Ha Bce
PHUCYHKH M TaOJIUIIBI B TEKCTE HEOOXOINMO yKa3aTh CCBUTKH.

Kaxnpiii  pazmen  3aBepiaeTcss aHaNM30M — pe3y/ibTaToB — pacuera |
COOTBETCTBYIOIINMH BBIBOIAMH.

PacueTrHo-TIOSICHUTENBHAS 3amluCKa BBINONHSETCS Ha Jucrax ¢opmarta A4,
TIOMEIIEHHBIX B MEpeIvIeT U3 IUIOTHOW OyMard ¢ THTYJIBHBIM JIMCTOM, 0(OPMIICHHBIM
B COOTBETCTBHU O cTanAapToM bpl'Y. Tekcr 3amucku TomKeH ObITh JIMOO HareyaTaH,
00 HaIMcaH aKKypaTHO, HEJOMYCTUMBI COKpAILEHHUS CIIOB, KpOME OOIEPHHSTHIX.
B Tekcre HeoOXomMMO JenaTh CCHUIKY Ha JIMTEpaTypHble WCTOYHHMKH, CIHCOK
KOTOPBIX PacIiojiaraeTcsi B KOHIIE 3aITUCKU.

[To npoekTy BBIMOJHSAETCS OJWH 4YepTex Ha Jmcre ¢popmara Al, Ha KOTOpOM
JOJIXKHBI 6BITB Hpe]lCTaBJ'IeHbI:

1. Tomorpaduyeckue cxembl CpaBHUBAEMbIX BAPHAHTOB JIEKTPHUUECKOI CETH U

Ta6J'II/IHa C UX TEXHHUKO-3KOHOMUHNYCCKHMHU I1OKA3aTCIISIMU.

2. Cxema JJIeKTPUUECKUX COSIMHEHUI BEIOPAHHOT'O BAPHAHTA CETH.

3mech  IOKa3bIBAIOTCS  JIMHWM,  TPaHC(OPMATOPBI,  BBIKIIOYATENH,

pazbeaunuTenu Ha cropone 35+220 kB. Ha cropone 10 kB komMyTannonHoe

000pynoBaHNEe HE TOKA3bIBACTCH.

3. PacuerHast cxema 3aMelleHUs] C HAHECEHHBIMM Ha HeEe pe3ylbTaTaMH

pacuera MaKCHMaJIbHOTO PEXHMA.

PaGota Hag MpoeKTOM 3aBepIIaeTcs ero 3allUToi, Ha OCHOBAaHHH KOTOPOil
BBICTABIIICTCSl OIEHKa. IIpu oOLEHKe MpoeKkTa NPUHUMAETCs BO BHUMAHUE
IPaMOTHOCTb U OOOCHOBAHHOCTh MPHHATHIX PELICHHH, JOTHYHOCTH H3JIOKEHUS
MaTepHajoB 3alHCKH, KadyecTBO O(QOpPMIECHHS MOSCHUTENBHOW 3alUCKH U
rpaduueckoll 4acTH, NMpPaBHJIBHOCTH OTBETOB Ha BOIPOCH IPH 3aIIUTE, a TaKXKe
PUTMHUYHOCTB pabOTHI HaJl IIPOEKTOM U CPOK €TI0 BBHITIOTHEHUSI.



3. BBIGOP BAPHUAHTOB DJDJIEKTPHUECKOM CETH MW HX
IPEJIBAPUTEJIbHBIN PACUET

3.1. CocTtaBjieHHe BAPDMAHTOB KOHGUIypanuu

CxeMbl DJIEKTPUYECKHX CeTed MJOIDKHBI C HaWMEHBUIMMHU 3aTpaTamMu
obecrieunuTs HEoOXOANMYIO HAIEKHOCTh 3JIEKTPOCHAOXKEHHUS, TpeOyeMoe KauecTBO
JJIEKTPO’HEPTHH Y TPHUEMHHUKOB, YyZOOCTBO OKCIUTyaTalldd H  BO3MOXXHOCTB
JaTIbHEHIIIET0 Pa3BUTHS CETH.

Ha mepBoM sTame npoekTHpoBaHMs CO3JaeTcss KOH(PUIypanuoHHAsh MOJENb
anekTpuueckoil cet. IlpuHsATas KOHQUrypalwsi CETH 3aKJaJblBaeT OCHOBY IS
TOCNIEAAYIONIMX WH)XEHEPHBIX pPELIeHWH M ONpeiessieT B KOHEYHOM HTOre ee
TEXHHYECKHE W DJKOHOMHUYECKHME I0Ka3aTeld. [l0o3TOMy MNpaBHIBHOMY PELICHHUIO
JAaHHOW 3aJ1auM JOJIXKHO NMPHUIAaBaThCs MEPBOCTENIEHHOE 3HAUCHHUE.

3amaua BbIOOpa KOH(UIYpallMM CETH SIBISAETCS MHOTOKPHUTEPUAILHOM.
HCO6XOZII/IMO O6CCHC‘-II/ITI) TEXHUYCCKU AOIMYCTHUMBIC ITOTOKH MOIIHOCTH B BETBAX U
HaIpPsDKEHUS B y3JaX B HOPMAJbHBIX, PEMOHTHBIX U IOCIEaBAPUIHBIX pEKUMaX, a
TaK)ke HEOOXOMUMBI YPOBEHb HAJEKHOCTH DIEKTPOCHAOKEHUS MoTpeduteneil B
COOTBETCTBHH C HX KaTeropuedl u moTpeOisieMoil MOIIHOCThIO. Haxokmenue
ONTUMAJIbHONW KOH(HUIYpaLMH AJIEKTPHUECKON CETH IMPEACTaBIsET COo0Oi CIOKHYIO
3aJlady, pelieHHe KOTOpOW Jaske MpH HeOOJBIIOM 4HCiIe MOTpeOuTesel, B MOITHOM
o0beMe MOXKET OBbITh BBITOJIHEHO TOJIBKO C IIOMOLIBIO CIIEUATIBHOTO NPOrPaMMHOTO
obecnieuenust Ha IBM. IToatomy chopmynupyem Hanbosee oOLIHe PEKOMEHAIINH 10
PELICHUIO 3TOH 3a4auu.

B npoekTHO# mpakTHKe sl IOCTPOCHUs PallMOHABHON KOH(UTrypaluu ceTu
NPUMEHSIOT TOBAPHAHTHBIA METOX, NPH KOTOPOM JUIS 3aJaHHBIX IOTpeOuTenei
HaMe4aeTcs HECKOJIBKO BapHaHTOB CETH M M3 HHUX HAa OCHOBE TEXHHKO-
SKOHOMHYECKOT 0 CPaBHEHUS! BHIOMPACTCS TYUIINIA.

IIpexne Bcero, Ha 3aJaHHYIO TONOJOTMYECKYIO CXEMYy pa3MeLIeHHs
HCTOYHHMKOB IIMTAHUSI M HArpy30K HAHOCATCS MOIIHOCTH HMCTOYHHKOB IUTAHUS H
MaKCUMAaJIbHBIE HArpy3kd morpedureneir. OTMeEUaroTCsl KaTErOpHH IOTpeOuTeNeit
IEKTPO’HEPTHH. B mpuHATOM MacmTabe Ha TOMONOTHYECKYI0 CXEMY HaHOCATCA
paccTosiHAS MEXIy y3JIaMH IpoekTupyemoi ceru. [locie 3TOro mpucrymarT K
pa3paboTKe BAPHAHTOB CETH.

HameueHnsle a7st cpaBHEHUSI BAPHAHTHI CETH HE JIOJDKHBI OBITh CITyJalHBIMHU.
Kaxnplii BapuaHT MOIDKEH MMETh BEIYyIIYIO HJCI0 MOCTPOSHMS CeTH (paauaibHas
ceTh, KONbLEBas U T. 1.). B mepByto odepeap HaMedaroT TpacChl JIMHUM AJIS TTOJadl
SHEPIrMM K CaMbIM MOIIHBIM TOTPEOWTENSIM KpaTdaWlliM IyTeM. OTH JIMHAA
COCTaBISIFOT OCHOBY Oyaymied cXeMmbl. 3aTeM HaMedaroT BEpOSTHBIE TPacChl
MIPUCOETUHEHHS OCTAJBbHBIX Y3JI0B HAarpy30K K 3TOM CXeME W TOIy4aloT BapHAHTHI
KOH(UTYypanuy CeTH.

B coorBerctBun ¢ [1], Harpy3ku | kaTeropwm IOMKHBI OOECIICUMBATHCS
JIEKTPO’HEPTHENH OT NBYX HE3aBHCHMBIX HCTOYHHWKOB IMTAHUS, W TIEPEPHIB B HX
JIEKTPOCHAOKEHUN JOIYCKAaeTCs JIMIIb HAa BPEMsS] aBTOMATHYECKOTO BKIIIOYEHUS
pe3epBHOro NuTaHus. B GONBIIMHCTBE Cy4aeB IBYXIENHAS JIMHNSA HE YAOBIETBOPSET

8



TpeOOBaHMAM HaJIeKHOCTH DJIEKTPOCHAOXKEHHUsT MoTpeduTeneld | kareropum, Tak Kak
IIPU TMOBPEXIEHUH OIOp, TOJI0JTEAE BO3MOXKEH MOIHBIN MEpepbIB MUTaHUs. J[s Takux
noTpeduTeneil HeoOX0MMO IIPEAYCMaTPUBATL HE MEHEE JIBYX OT/IEIBHBIX JINHUH.

Hns  morpebuteneir Il kareropum B  OONBIIMHCTBE CIIy4aeB TaKXKe
MIpeycMaTPUBAIOT IIUTAHUE IO JIBYM JIMHUSM, JIHOO T10 ABYXLETTHOM JIMHUH.

Jns snekrpocHaGxeHus motpedureneid III kaTeropum QOCTAaTOYHO OTHOMU
JIMHUH, €CJIM MOIIHOCTH noTpeburens He npesbimaer 10 MBA. Ilostomy nuranue
norpeduteneit 11l kaTeropuy MOXKHO BBIIOJHATH PU HOMOIIM HEPE3EpPBUPOBAHHBIX
ceTel, K KOTOPbIM OTHOCSTCSI paJualIbHbleé M MATrUCTPAJIbHBIE CXEMBI. [ MUTaHusL
norpedureneit | u Il kateropun HEOOXOAMMO MCIONB30BATh PE3EPBUPOBAHHBIE CETH,
KOTOpbIE MOTYT BBIIOJHATECA B BUAE JABYXIENHBIX MarucCTpPalbHBIX JIMHUH WU
KOJIBLIEBBIX CXEM, KpOME€ TOr0 MOT'YT NPUMEHSATHCS U CMEIIaHHbIE BapHaHTHI: 4acThb
CEeTH 0 PE3EPBUPOBAHHON CXeMe, a pyrasi — 0 Hepe3epBUPOBAHHOIL.

Ot mpaBUIBHOrO BHIOOpPAa CXEMbI 3aBHCSAT BCE OCHOBHBIE ITIOKA3aTelld CETH:
SKOHOMMYHOCTb, HAaJEAKHOCTh ¥ KaU€CTBO 3JIEKTPUUECKOH SHEPTHH.

3amaya BBIOOpPa KOH(MUIYpAIMM CETH SBISCTCS CIOXKHOW U TpeOyeT
NPUMEHEHHUS BCEX 3HAHUM, MONYYEHHBIX B Kypce «DJIEKTPOIHEPTETUUECKUE CUCTEMBI
U ceTw». DTa 3ajJa4ya HE CBOIUTCA K TEOMETPHUYECKOMY COCIUHEHHUIO 3aJaHHBIX
Harpy3o4HbIX ITYHKTOB C ITYHKTOM IHTaHHA. Taxkoit noaxon NMpuBEACT K IMOABJICHUIO
6OJ'IBUJOFO qucjia JJOTUYECKN HECBA3AaHHBIX BAPUAHTOB U HE IAapaHTHUPYET HAXOXKIACHUE
HAWTY4IIero BapuaHTa.

Ilpn pa3zpaboTke BapHMaHTOB CXEMBI CETH CIEAyeT HCIOJIb30BaTh Hamboiee
NPOCTBIE CXEMBI, KOTOpbIE HMEIOT KOPOTKHE JHMHHM M TpPeOyT HAaMMEHBILIETO
KOJIMYECTBAa  BBICOKOBOJIBTHOrO  oOopynoBanus. llemecooOpa3sHo  Hayath ¢
paccMOTPEHNUS BAPHAHTOB PaUaIbHBIX U KOJNBLEBBIX CXEM.

IIpu »TOM crenyeT NOMHUTb, YTO Ka)<Ibli BHOBb IpEUlaracMblii BapHaHT
JIOJIKEH MCKIIFOUaTh KaKUe-TO HEIOCTATKU MPEIBIAYILET0 U SBISATHCS €ro JIOTHIECKUM
npoxomkeHueM. Ilpu paspa®oTke cxembl cleoyeT HUMeTb B BHIY, YTO MEXIY
IYHKTaMM CeTH, Kak IIpaBWiIO, He JIOKHO OBITH Oonee OBYX Lemeil OmHOro
HampsbkeHus. Ecim BO3HHMKaeT Takas — HEOOXOOUMOCTb, TO  COOPYXKAaroT
JIOTIOJIHUTEIIbHBIE JIMHUY, POXOAAIINE M0 APYroi Tpacce, WM MEepexoisaT Ha Ooree
BBICOKOE HaINpsDKEHHE.

[lepenaua 3nmeKTpUYECKOM SHEPTUM OT HMCTOYHHMKA NHTAaHHUSA K ITyHKTaM
MOTpeOIeHUsT JOIDKHA MPOU3BOJUTHCS MO KpaT4alIeMy IMyTH C MEHBIIMM YHCIOM
TpaHchopmanuii.

Heob6xoanmo cTpeMHUThCs K OTCYTCTBHIO HE3aTrPY>KEHHBIX JIMHHUH.

Kaxnipiii cocTaBlieHHBINH BApUAHT KOHPUTYPAIMU SJEKTPUIESCKON CETH TOMKEH
YIIOBIIETBOPSTH YCIOBHSIM HAJEXKHOCTH, TPHBEACHHBIM BBIIIE. A HWMEHHO, K
morpeburensiMm [ u Il kareropmm MOMKHBI MOOXONWTH HE MEHEE ABYX JIMHUHA, B
aBapUHHBIX PEeKMMax JMHUHM HE JIOJDKHBI Meperpyxarbcs. Y nuimp npu Haawdun B
HATrpy3049HOM Yy3je notpeduteneit Tonpko III kateropmm Takoil y3enm MOXKHO IHTATh
O OJIHOH JIMHUU.

[Ipn sToM 1t MyHKTOB, HE coxepxanmx morpeoureneit I u Il kareropuwm,
HEoOXO0ANMO BO BCEX BapuaHTaX OOECIEYNTh OJMHAKOBYIO CTEIIEHb HA/JEKHOCTH MX
JIEKTPOCHAOKEHHsI. B 3TOM ciydae mpu BBITONHEHWH TEXHUKO-YKOHOMHYECKHX
pacyeToB MOXHO OyJeT Mpeanonarat, 4TO BEJIWYMHA yiiepOa, oOycIoBIICHHAs
HEJIOOTITYCKOM 3JIEKTPOIHEPTHH, BO BCEX paccMaTpWBacMbIX BapHaHTax OyaeT
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omuHakoBo#. Tak, HampuMep, eClii Kakoi-TO MyHKT conepkuT 100 % morpeduteneit
III xareropun M B ONHOM W3 BapUAHTOB IIpEAIAraeTcs HCIONb30BaTh A €ro
JJIEKTPOCHAOKEHHST OIHOLENHYIO JIMHUIO, TO W B JAPYTHX BapHaHTaX HEOOXOANMO
MIPEAYCMOTPETh ISl DJIEKTPOCHAOXKEHHSI 3TOr0 IMYHKTa OJHOLEIHYIO JIMHHIO 0e3
pesepBupoBanus. VY HaoOOpOT, ecim B OXHOM W3 BapHaHTOB IIpeIaraercs
WCIIONIB30BaTh VISl €r0 3JIEKTPOCHAOKEHUsI CXEMY KOJbLia, TO ¥ B APYTUX BapUaHTax
HEO0OX0ANMO TIPEIYCMOTPETh PE3ePBUPOBAHUE €0 MTUTAHHUSI.

3amaua BbIOOpa KOH(UIYpalMy SBIISETCS MHOT'OCTOPOHHEH M TpeOyeT oT
CTY[IGHTOB, He OOJIaJAIOIMX ONBITOM MPOEKTHPOBAaHMS, HE MEXaHHYECKOro
MOCTPOEHHUsI TE€X WIM UHBIX Tpad)oB CETH, a OCMBICIEHHOTO pPacCMOTPEHHS
W3JIOKEHHBIX PEKOMEHJIAINH, HEOOXOIMMOCTH BBIMOIHEHHUS HEKOTOPHIX OIIEHOYHBIX
pacueToB, BBIABM)KEHHSI TUIOTE3 O BO3MOXKHBIX NPEUMYIIECTBAX M HEJOCTAaTKaxX
BBIODaHHBIX CXEM KakK C TOYKH 3pPEHUS TEXHUYECKHX, TaK M HKOHOMHYECKHX
XapaKTePUCTHK.

B n1aHHOM KypcoBOM TIpOEKTE€ PEKOMEHIYeTCsl W3 BCeH COBOKYIHOCTH
BO3MOXKHBIX BAapHaHTOB IOCTPOCHHS KOH(QUTYpaIMH JJIEKTPUYECKOH CETH BHIOpATh
JUI1 TEXHUKO-3KOHOMHYECKOTO COIMOCTaBJICHHUS [[Ba BapHaHTA, OJUH U3 KOTOPBIX —
MarucTpaibHO-paJualibHas CXeMa, APYroil — COAEPAOKALLUI JIEMEHT KOJbLA.

B kaudecTBe KpHTepHs CONOCTAaBIEHHS BapHAaHTOB CETH HA JAHHOM JTare
NPOEKTUPOBAHUS PEKOMEHYeTCsl HCIIONB30BaTh CYMMApHYIO UIMHY JHUHUHA. DTOT
KPUTEpUH OCHOBBIBAETCS HA NMPEANOIOKEHUH, YTO BCE BapUAHTHI CETH MMEIOT OAWH
KJIACC HOMHHAJIBHOT'O HATIPSKEHUS, BBIITOJHEHBI OTMHAKOBBIM CEYCHHEM MIPOBOAOB Ha
BCEX YJacCTKax M Ul HUX UCIIOJIb30BAHbI OIMHAKOBHIC TUIIBI OMOpP U T. II.

HameueHnble Kk AajbHEHIIIEMy PacCMOTPEHHUIO J[BA BapHaHTa KOH(HUIYpaluu
SNEKTPUYECKON CETH COTJIACOBBIBAIOTCA C PYKOBOAMTENIEM IIPOEKTa, IOCIE Yero
MOJKHO IPUCTYIHUTD K OIPEIEIEHUIO TEXHUIECKUX XapaKTEPUCTHK 3JIEMEHTOB CETH.

B kauectBe npuMepa B NpUIOKEHUN 2 TIPUBEICHBI BO3MOXHBIE KOH(PUTYypALIUH
ANEKTPUUECKOM CETH JUISI UCXOAHBIX JAHHBIX, IPEJICTABICHHBIX B MPHJIOKEHUH 8.

Kongurypauusi 3/MeKTpHYECKOil CETH HaXOMUTCS B TECHOW B3aMMOCBSI3U C
BEJTMYMHON HOMHHAJIHHOTO HAMPSHKEHHUS OTICNBHBIX €€ YJacTKOB. B CBs3M € 3THM
NPU COCTABJICHHU KOH(MUTYpaluh CETH HEOOXOAMMO OJHOBPEMEHHO BBIOIHHUTH
OILIEHKY HOMHHAJIFHOTO HATIPSKCHUS.

OneHKy HOMHHANBHOTO HANPSDKEHHUS JIIOOOTO0  ydacTKa CEeTH  MOXKHO
BEITIOJTHUTD, €CITH M3BECTHHI JUIMHA U TIepeaBaeMasi 110 HEeMY aKTHBHAS! MOIITHOCTb.

3.2. PacueT NOTOKOB MOLIHOCTH

BennunHa MOTOKOB MOITHOCTH HAa YYacTKaX 3aBHCHUT KaK OT KOH(HUTypamuu
CeTH, TaK W OT 3HAYCHHUS PACUCTHBIX HArpy30K. [103TOMYy HEOOXOIMMO ONpPENeIUThH
HATPY3KHU MMPUEMHBIX MMOJICTAHIIUH U MPEJCTaBUTh UX B BHE TaOmuib! 3.1.

PacuerHple Harpy3Ku MaKCHMAIIbHOTO PEXKHUMa 3aJaHbl aKTUBHON MOITHOCTHIO

P, n xosddummenrom mommoctm COSQ;. [MonHas MOmMHOCTH S, W peaKTHBHAsA
MOIIHOCTh Q;, COOTBETCTBEHHO OIPEACISFOTCS KaK:
P

S. = —_
Coso;

(3.1)
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Q= \/Si2 - Pi2 (3-2)

B pexyMe MUHMUMAIBHON HATPY3KHA MOIIHOCTH TIOACTAHIIHI OMPENENSIOTCS B
COOTBETCTBHH C 3aJaHHBIMU MPOLIEHTAMH OT HarPy30K MaKCHMaTbHOI'O PEXHUMA.

s pacu€Ta ¥ TEXHHUKO-3KOHOMHYECKOTO CPaBHEHHS BapUAHTOB CETH C
JOCTATOYHOU JIUIsl MPAKTHKM TOYHOCTHIO MOXKHO IOJIB30BATHCS TMPHOIHKEHHBIMHU
METOIaMH pacyeTa, BKIIIOUAIOIIMMHE B ¢e0s CIISYIONIUE TOMYICHUS:

a) pacrmpeneseHHe MOUIHOCTEH B 3aMKHYTBIX CETSAX OIpeaessieTcs Mo JIuHe

JIMHUH, a He 110 CONPOTUBIICHUSM;

0) MoTEpU MOIIHOCTH MPU OIPEIETIEHUH TTOTOKOB HE YIMTHIBAIOTCS;

B) HalpsDKEHHME BO BCEX TOYKAX CETH MPUHUMAETCS PABHBIM HOMHHAIBHOMY.

Tabnuna 3.1. - PacyeTHble Harpy3Ku

IToncraniy Cocras Harpyska morpeburerneit
us MOTpEOUTENICH 1O MakcruManbHbIN MuHuManbHbINR
KaTeropusiM PEKUM PEXUM

HaJeXXHOCTH, %

I I I Pi, Qi Si Pi, Qi Si
MBT | MBap | MBA | MBt | MBap | MBA

Jlisi OLEHKM HOMHHAJIBHOI'O HAINpPSKEHUsI JOCTATOYHO OIPEAEIUTH TOIBKO
MOTOKM aKTUBHOM MOIIHOCTH, OIHAKO Ul BBIOOpa CEUeHHs NPOBOAOB M pacyera
HOTEPh MOIIHOCTH M HANPSHKEHUS TPEOYETCs ONPEeIUTh TAkkKe IOTOKH PEaKTUBHOM
MOLIHOCTH.

B cBoro odepenp, A pacueTa MOTOKOB MOIIHOCTH Ha Y4acTKaX pa3soMKHYTOH
JJIEKTPUYECKOW CeTH HEOOXOANMO COCTABUTH YPaBHEHHUS Ha OCHOBaHUH 1-TO 3aKOHA
Kupxroda. Pacmpenenenue MomHOCTE B pPa3OMKHYTOW CETH  SIBJSIETCS
NPUHYIUTEIBHBIM U OIpeesseTcss Harpy3KaMu IoTpeOuTeNed U ycinoBueM OanaHca
MOIIHOCTEW B y3nax. IlonHass MOLIHOCTh B Ka)KAOM W3 BETBEH Pa30OMKHYTOH CETH
MIOJIY4aeTCss CYMMHUpPOBAaHHEM 3HAaUYEHMH MOIIHOCTEH BCEX HAarpy3oK, KOTOpbIE
MUTAIOTCS 110 JaHHOW BeTBU. IIpuMep pacdyera MOTOKOB MOIIHOCTH JJIsl pa30MKHYTON
SIIEKTPUYECKOW CETH NIPHUBEIECH B MIPUIIOKEHUH 3.

[ns pacdera IOTOKOB MOIIHOCTH B 3aMKHYTOM 3JIEKTPUYECKOH CETH
PEKOMEHIYETCsl MCIOIb30BaTh METOZ NPEeoOpa3oBaHMsl HCXOAHOM CETH K CETH C
JBYXCTOPOHHUM IIMTaHWEM, JUII KOTOPOHW JIETKO HAaXOAWTCA paclpencicHue
MOIIHOCTEH 1O ydacTKaM. IlOCKOIBKY Ha JaHHOM JTare MNpPOEKTHPOBAHMS
COTIPOTHBJICHHS! YJacTKOB HEH3BECTHBI, TO MOCIECIHHE 3aMEHAIOTCA WX JIHMHAMH.
JUTMHBI TMHUHA ONIPEAEISIFOTCS B COOTBETCTBHM C YKa3aHHBIM B 3aJ[aHUM MacITaboMm u
3aHOcATCs B Tabnuiry 3.2. Ilpumep pacdera pacrpeneleHns MOIHOCTEH B 3aMKHYTOM
CETH MPECTABIICH B MPWIOKECHUH 4.

Ilony4yeHHOE pacnpeneneHue MOIMIHOCTEN B CETH PEKOMEHAYETCS HAHECTH Ha
COOTBETCTBYIOIIYIO TOMOIPaUIECKYIO CXEMY.

3.3. BbI0Op HOMHHAJIBHOI'0 HATIPSI’KEHHS] YYACTKOB CETH
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Bri0op HampspKeHUs ceTH TJIABHBIM 00pa3oM OMPENENIeTCs] IKOHOMUICCKUMU
¢dakropamu. Ilpy yBETHYECHWH HOMHHAIBHOTO HANPSOHKCHUS CETH KalHUTAIBHEIC
3aTpaThl Ha €€ COOpY)KEHHE Bo3pacTaioT. lIpu 3TOM 3a CYeT CHIKEHHUS MOTEph
BJIEKTPOIHEPTHH YMEHBIIAIOTCS TOJO0BBIE SKCIUTyaTallMOHHbIE pacxosl. [loaToMy amst
BEIOOpA HANPSHKCHUS HEOOXOIUMO TPOU3BECTH TEXHHKO-IKOHOMHIUYECKOE CPaBHEHHUE
BApUAHTOB CETH NPH PANTUYHBIX €€ HAMPSDKEHUSX.

EcThb HeCKONBKO CIOCOOOB MPEIBAPUTEIBLHOIO BBIOOPA HOMHHAIHHOTO
HampspDKeHUs.  MOXHO  BOCIIONB30BaThCsl  JaHHBIMA — TaOmmmer  [1.1.1  wm
PYKOBOJICTBOBAThCSI KpUBBIMH, OTpeeISIOIUMU obtactu MPUMEHEHHUSI
JIIEKTPUUECKUX CETEl pa3sHbIX HOMHHAIBHBIX HanpspkeHui [2,3].

[enecooOpa3Hoe HampsDKEHHE MOXET OBITh  TaKke MpeIBapUTEIHHO

OMpeJIeNIeHO 10 U3BECTHBIM TepeaaBaeMoi MOITHOCTH Pif i’ MBrT; nnune Lif j» KM 1

KOJIMYCCTBY MNapalJICIbHBIX uenef/i JIMHUHN ni7 C TIOMOHIIBKO BMHI/IpH'{eCKOﬁ

j 1

¢dbopmynbr CTiia:

P .
Upacuij =434 L ;+16-— (3.3)
N
Haiinennoe mo Boipaxkenuro (3.3) HampspkeHHE OKPYTIISieTCs 70 OOINBINIEro
HOMHHAIILHOTO. BBIOOp HampspkeHWsl TMPOM3BOAST JUIs KaXKAOW JMHUM M 3aTeM
MPpUHUMAIOT PCIICHUE IO CETU B LECJIOM. HpI/I HaJIMYMN YAAJICHHBIX OT MCTOYHHKA U
0JIM3KO PACIIOIOKEHHBIX APYT OT APYyra Harpy30K MOXKET OKa3aThCs Lenecoo0pa3HbIM
IpUMEHEHHE [BYX BBICIIMX HOMUHAIBHBIX HampspkeHud. He pexomenmyercs 0e3
SKOHOMHYECKOTO O0OCHOBaHMS CO3JaBaTh Y3JIBl CeTH C TpeMs H Ooree
HOMMHAJIBHBIMHM BBICHIMMH HampspkeHUsAMHU. JluHuy, oOpasyromme Koiblo, Kak
NPaBWIO, JOJDKHBI BBIOJNHATHCA HAa OJHOM HOMHMHAJIBHOM HampspkeHud. Husmee
HaIpsDKEHUE MOJICTaHIui npuHuMaeTcs paBHbIM 10 kB. B yueGHOM mpoekte Oynem
CUMTaTh, YTO HA IUTAIOWEH paHOHHOM MOACTAHIMM MMEIOTCS JBa BBICIINX
HanpspkeHus, Harpumep, 220 kB u 35 kB; 110 kB u 35 kB wm 220 kB u 110 xB.
Pe3ysbraThl BEIOOPa HOMHUHAILHOTO HAMPSDKEHUS 3aHOCATCS B Tabnuity 3.2.

Tabmuma 3.2 - Bei00op HOMHHAIFHOT'O HATIPSKEHHS

Junms i-j | Pioj, MBT | Li_j, kM Ni_j Upacui-j» kB Uyomi-j» KB

3.4. Bo10op cevyeHusi IPOBOAOB YYACTKOB CETH

CeueHnsi TIPOBOAOB 3JIEKTPUYECKOH CETH JIOJDKHBI BBIOMPATHCS TaKUM
00pa3oM, dYTOOBI OHHM COOTBETCTBOBAIM ONTHMAIbHOMY COOTHOIICHHIO MEXIY
KallUTIBHBIMH 3aTpaTaMH Ha COOPYKEHHE JIMHHH W PacXOJaMH, CBSI3aHHBIMH C
TIOTEPSIMH HJIEKTPOIHEPTHH, YMEHBIIAIOIINMHICS TIPH YBEIHMYCHUH CEUCHUSI TPOBOIOB.
OmpeneneHne 3TOr0 ONTUMAJIBHOI'O COOTHOIICHHS SIBISICTCS JOCTATOYHO CIOKHON
3ajadeil, CBOMAILEICS K HAXOXKACHUIO CEYEHHUs MPOBOJA, COOTBETCTBYIOIIETO
HaVMEHBIINM TIPUBEICHHBIM 3arpaTaM. llo3TOMYy NpH TNPaKTHYECKOM pelIeHUH
3aJauyd BBIOOpA CEUYEHHS] MPOBOJA HCIONB3YIOTCS HOPMHpyeMble 0000IIeHHBIE
TIOKA3aTeIH.
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B cootBerctBuM ¢ [4] pEeKOMEHAYIOTCS B KadyeCTBE TAaKOro OOOOIIEHHOrO
TOKa3aTessl SKOHOMUYECKHE TOKOBBIE HMHTEPBANIBI Ul KaKIOHM MapKH IIPOBOJA.
OnHako a1 BbIOOpa CeYeHUH MPOBOAOB HampsbkeHneM 35—220 kB cormacHo [1]
MOXXHO HCIIONIb30BaTh SKOHOMHYECKYIO INIOTHOCTH TOKA.

[TprHMMas BO BceX TOUKaX HaNpsDKEHHE PAaBHBIM HOMUHAJIBHOMY, MOYKHO
HAMTH TOKH, IIPOTEKAIOIIHUE 10 yYaCTKAM CETH:

;= %) (3.4)
ij = .
NEE Unomi—j* Mi-j
rie |;_; u S - cooTBeTCTBEHHO 3HAUEHME TOKA M TOTHON MONIHOCTH HA Y4acTKe
I —J; N;_j - xomuecTBo MMHMit Ha ywacTke |- j.

Tlocne onpeaAciICHUA TOKOB, IMPOTCKAOIIUX IO JIMHUAM, MEPEXOMAT K BI)I60py
CCUCHUA TIPOBOJOB. BLI6paHHI>Ie CCUCHHUS  JTOJI’)KHBI obecrneynBaTh MHWHUMYM
NPUBEACHHBIX 3aTpaT IO JIMHUH. C HCKOTOPLIM AOMNYIICHUEM TAaKOMY KPHUTCPUIO
OTBCUYAKOT CCUCHMUA, BI)I6paHHLIe 10 SKOHOMUYECKOH IIJIOTHOCTU TOKA:

I
R = — (3.5)
I

rae j3 - DKOHOMHYECKAs IUIOTHOCTh TOKA, KOTOpas HaxomuTcs mo tadmune [1.1.2 u

3aBUCUT OT KOHCTPYKTHUBHOI'O HCHOJHEHUA JIMHUH, MaT€puajia IpPOBOAOB H
MIPOJOKUTENIBHOCTH MCIOJIb30BAHUSI MAaKCUMalbHOW Harpysku. B mopasmisrorem
OOJNIBIIMHCTBE CIIydaeB JJisl BO3AYLIHBIX JIMHUE dyekTporiepenaun 35+220xB
MIPUMEHSIOT HEU30JIUPOBAHHbIN ATIOMUHUEBBIHN WK CTaJIealFOMUHHUEBBIN IPOBOI.

IMonyuennoe 1o BeIpaxkeHuto (3.5) ceueHue OKpymisercss a0 Onmkaifiiero
cranmaptHoro ceuenust (tabmumsr I1.1.3-I1.1.5). Tlocme 3TOro cedyeHus! MPOBOIOB
HEo0XOMMO IPOBEPHUTH IO YCIOBUAM KOPOHBI M JIOIYCTUMOH TOKOBOW Harpyske B
nocieaBapuitHoM pexume. [IpoBoaa munuit 35 kB 1 HKe NOMHKHBI OBITH IPOBEPEHBI
10 JONYCTUMBIM IOTEpsM HampsbkeHus. I[IpoBepke MO TEpMHUECKOH CTOWKOCTH
TOKaMHM KOPOTKOTO 3aMBIKaHUs IOUIEKAT JHIIb KaOelbHble JIMHUH. BBIOpaHHBIMH
IIPOBOIAMH  CUMTAIOTCS  TaKWe, CEYEHUs] KOTOPBIX  YIOBJIETBOPSIOT — BCEM
NepeyrcIeHHbIM TpeboBaHusAM. KpoMme Toro, crnenyer yauThIBaTh, YTO SKOHOMUYECKH
OIIPaBJAaHHBIC CECUCHHUS NPOBOJOB JIOIKHBI YKIaJbIBAThCSA B CIEAYIONINE AUATAa30HbL:
npu 35 kB - 50+-150mm?, mpu 110 kB - 70-240Mm2, ipu 220 B - 240+-400Mm?%. Eciu
BbIOpaHHbBIE CEYEHMS BBIXOIT M3 yKa3aHHBIX NPEIETIOB, TO 3TO CBHIACTEIBCTBYET O
HEOOXOANMOCTH  COOTBETCTBYIOIIEH KOPPEKTMPOBKM BapHaHTa CETH ITyTeM
W3MEHEHHsl HANpsDKEHWA JIMHWW, YBENIMYEHHS YHCNAa LeNned WIn HW3MEHEHUS
KOH(UTypamuu CeTu.

IIpoBepka ceuyeHuid TMHANA MO JOIMYCTMMOW TOKOBOM HArpy3Ke MO HarpeBy
OCYIIECTBIISIETCS 110 YCIOBHIO:

Ip <lpon (3.6)
rac IP - paC‘leTHLIfI TOK IJIsI IPOBEPKU IMPOBOAOB U Kabenei Mo HarpeBy; Mpu 3TOM

pacyeTHBIMH PEKUMaMH MOTYT SBISITHCS HOPMAJIbHbIE U ITOCIIeaBapUHHbIE PEKUMBI, a
TaKKe TEPUONBI PEMOHTOB Jpyrux siementoB cetu [4]; |, - momycrumas

JUTUTENbHas TOKOBask Harpy3ka (Tabnuma I1.1.6).
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HeobxomumMo oTMETHTh, 4YTO €CIM PACUYETHBIM PEXUMOM  SIBIISICTCS
MOCIICaBAPUMHBIA PEXKUM, TO Uil KaXJIOro M3 YYaCTKOB IIPOSKTHPYEMOH CETH
HEOOXOANMO ONpENeTUTh TOT MOCIeaBapUIHBINA PEKUM MPU HAHOONBIINX HAarpy3Kax
MOACTAHIMM, B KOTOPOM II0 YYacTKy IpPOTEKaeT MaKCHMalbHBIH TOK. Ocoboe
BHUMAaHHUE IIPH 3TOM CIieIyeT OOpaTHTh Ha cnabo 3arpykeHHbIE B HOPMalIbHBIX
peXHUMax YYacTKU KONBLEBbIX ceTel. OmbIT mnpoektupoBaHus cereil 35+220xB
MOKa3al, 4YTO Ha Y4acTKaxX CETH, BXOASIIMX B KOJBLO LEecooOpa3sHO BHIOMpAThH
OJIMHAKOBOE CEYEHUE, COOTBETCTBYIOIIEE MAKCUMAIBHOMY.

IIpoBepke 1Mo ycaoBHUsIM KOpPOHBI MOAJEXKAT Bo3aymiHble JuHUM 110 kB n
Bble. BrlOpaHHOe cedeHWe NpPOBONA JOIDKHO OBITH HE MEHBIIE MHHAMAIBHO
JIOITYCTUMOTO TI0 YCIIOBHIO KOPOHBI. MUHHUMAaIIbHBIE CEYEHHsI TIPOBOJIOB IO YCIIOBHSIM
KOPOHBI UMEIOT cleytomye 3Hauenus: pu 110kB — 70 mm?, ipu 220kB — 240 mm2,

Pe3ynbTaThl BBIOOpA CCUSHHUS MTPOBOIOB OPOPMIISIOTCS B BUE TabIuUIb 3.3.

Tabnuna 3.3 - BeiOop ceyeHusi mpoBogoB

JIunus Si—j' UHOM.i—j' Ni_j IijﬁA IH.AB.i—j’ II[OH.i—j* Fi—j* FHOM.i—j’

I-] MBA kB A A MM? MM?

3.5. Pacuer norepb Hanpsi:keHUs M NOTEPb MOIHOCTH

JluHuM 37eKTporepenayy HarpsbkeHneM Beimie 35 kB He moanexaT mpoBepke
IO JIOITYCTUMBIM ITOTEPSIM HANpPsDKEHUs], TaK KaK B TAKUX CETAX CHI)KEHHE IOTEph 3a
CYeT YBEIMYEHUsI CEUueHHs IPOBOJOB SKOHOMHUYECKH He omnpasisiBactcs. Ilporie u
JeuieBie npuMeHaTh Tpancopmaropsl ¢ PITH. Opnako mpepensl peryaupoBaHHs
TpaHchopMaTopoB orpaHudeHbl. [losToMy B KadecTBe TEXHHYECKOTO KPHTEPHSA
O0OCHOBaHHOCTH BapHaHTAa CETH MOIYT CIY)XUTh MAaKCUMaJbHBIE IOTEPU
HanpspkeHus. OOBIYHO NPHHHMAIOT, YTO B HOPMANIBHBIX PEKMMaxX MaKCHMAallbHbIE

[OTepH HANPSDKEHHS. B JIMHMM He JAODKHBI npeBbiuate 10+15% Upqy, a B

nocieaBapuiiabix - 15+20% Uy . OTH [OTepH HANPsDKEHHS MO3BOSIIOT HPH

MIPUMEHEHUH BCTPEYHOTO PETYIMPOBAHMS MOMYYHUTh JOITYCTHMBIE YPOBHU Ha IIMHAX
BTOPUYHOIO  HAIpsXKEHHA  noicTtaHuuil. bonbmmme morepu  mpuBEOyT K
HEOOXOANMOCTH TPUMEHEHHUs] JOMOJHUTENbHBIX MEp IO TIOBBIMICHUIO KadecTBa
NIEKTPUUYECKON SHEPTHH, a 3HAUUT, K YIOPOXKAHHUIO CETH.

Ecmm ke 3TH ycnoBHs HE YHOBICTBOPSIOTCS, pacCMaTpUBAacMbIi BapHaHT
KOH(pUTypanusi 3JIEKTPUIECKOH CeTH MOJKEH OBITh WCKIIOYEH M3 JaTbHEHIIEro
paccMOTpeHHs KaK TEXHWYEeCKH HEMpPUTOHHBIN. {1 TakoW MpOBepKH HEOOXOIMMO
BBIMOJHATh PAacdeT IOTeph HANpsDKEHWS BO BCEX JIMHHAX, HCIONB3YS paHee
HalJJeHHbIC TIOTOKM MOIIHOCTH M PAcCCUMTaHHBIE COTTIACHO BBIOPAHHBIM CEUEHUSIM
COTIPOTHBIICHHUS YIaCTKOB ceTH (Tabmwuia 3.4).

Tabnuma 3.4. - Y nenbHbIE ¥ pacyeTHBIE TAPaMETPhl YYaCTKOB CETH

Jlaanst \Mapica Lisjo| Too | X0, | by-107%, | Niij | Rizj | Xij, Bi_j-lo_s,
] |nposona M | Om | Om Om | OM | Cm

KM KM
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PacueTHrpie akTHMBHOE M HUHAYKTUBHOC COHNPOTHBJICHUA, a TAKKE CMKOCTHAasd
MMPOBOAUMOCTDL Ha 3€MJIIO OIIPCACIIAIOTCA KaK:

r--L. -
R j=—" 3.7)
n|7]
X~-L: .
X j=——1 (3.8)
n|7]
Bi_j=be-Li-ni; (3.9

Pacuer IMOTEPb HAIIPSXKCHUA Ha YUaCTKaX CETU BBINIOIHACTCA MO CICAYIOIIEMY
BBIPaXXCHUIO:

Pij-Rij+Qi - X

AU, = (3.10)
1-] U
HOM.i—j
e Pi—jl QH - NOTOKM AKTMBHOM M PEAKTHMBHOM MOIIHOCTM Ha ydacTkKe |— j;
Uhomi-j - HOMHHATLHOE HANpsDKEHHe ydacTka I — J.

B cBoro ouepenp BenMUMHA MOTEPh HANPSDKEHUS, B MPOLEHTaX OT HOMMHAJIBHOTO
paBHa:

AU
AUi_J—% =——-—-100 (3.11)
HOM.i-j

Ilocne onpeneneHus TOTEpPb HANPSHKEHUS HA  OTACIBHBIX  Y4acTKax
UIEKTPUUECKOM CETH HEOOXOAMMO OIEHUTh MAaKCUMAJbHYIO BEIMYMHY IIOTEPb
HaNpsDKEHUs] B TIPOLIEHTaX OT HOMUHAIBHOTO, TO €CThb OMPEAEIUTb CyMMapHbIC
MIOTepU HANpPSHKEHHs OT UCTOYHHMKA O HauOoiee SIIEKTPUYECKH yHAIECHHOIO MyHKTa
MOTpeOJIeHUs] B HOPMAJbHOM W HauOolee TSDKENOM IOCIeaBapHUiHOM PEXHME.
[Ipryem MaxkcuMaibHas MOTEPs] HANPSHKEHHS OIPEIETIETCS] OTACIBHO IS KaXKIOH
CTYIEHH HOMUHAJIBHOTO HaNpsUKeHUs. ECii Ha 3TOM 3Tane NpoeKTHPOBaHUS HE SICHO,
KaKoi TIocleaBapuiHBIA pEXHM SBISETCS Hamboiee TSDKENBIM, TO HYKHO
paccMOTpeTh BCe M TS KayKAOTO U3 HUX BBIYMCIHUTH MOTEPH HampsbxeHus. Ecimu ceth
MMEET yJaCTKH HECKOJIBKMX HOMHHAIBHBIX HANPSHKEHUH, TO MOTEPH OIPEAEISIOTCS

JIUIIb ISl TOW CTYTICHH, TAE PacCMaTPUBAETCS aBapysl.
Kpome morepp HampsoKeHHs, HEOOXOAMMO TarKKe pAacCUNTaTh MOTEPH

aKTUBHOM MOIIHOCTH Ha OTHEIBHBIX ydacTkax cetrn AP;_ j»> MBT, cymmapHbie notepu

aktuBHOM MomHocTd B cetd APy, MBT u cymMMapHble TOTEpH B MPOLEHTaX OT

CYMMAPHO# MOIIHOCTH HATPY30K B MakcuMalibHoM pesxume APy, , %.
2 2

P+ Qi

AP =—
Utiomi-j

- (3.12)
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OTU naHHBIC TMOHANOOATCS I pacdeTa CTOMMOCTH TIOTEPh DIICKTPOIHEPTHH
MPU  TEXHUKO-DKOHOMHYCCKOM CpPAaBHCHHWH BapHaHTOB. [lONydeHHBIE TMOTEpH
MOIITHOCTH Y HATIPSDKEHHS 3aHOCATCS B Tabmwiry 3.5.

Tab6muma 3.5 - TloTepu HaNPSHKSHUS W TOTEPH MOITHOCTH

Jasnst i) 1 Uy 5, B (P, MBr|Q;_j, Meap| S,_;, MBA|AU,_;, xB| AP, _;, MBr

3.6. Bb16op cxeM nepBUYHBIX COeIMHEHU I MOACTAHIUIA, YHCIA U
MOIIHOCTH TpaHcGopMaTopoB

BbIOOp CXEeMBI DJIEKTPUUECKHX COCIUHEHWH MOACTAHUUH IPOM3BOANUTCS
OTHOBPEMEHHO C BBIOOPOM KOH(HTYpallMH CETH, TaK KaK M TEXHUYECKHe, U
OKOHOMHUYCCKHEC TIIOKa3aTcii  CXCMBbI HOZICTaHIlI/Iﬁ CYHIECTBCHHO BJIMAIOT Ha
nmoxKkasarejii CTOMMOCTH BBI6paHHOFO BapuaHTa CCTH. Tun cxembl Ha CTOPOHE
BBICOKOT'O HaIpsHKEHUSI HOJICTaHIMU orpeensercs ee  poJblo u
MECTOPACIOIIOKEHUEM B 3JICKTpUUECKOi cucteme. OOOCHOBaHHBIM BBIOOP CXeM
MOZICTAHIII B OOLIEM Cllydae SIBJISIETCS CIIOXHOH TEXHUKO-IKOHOMHUUECKOH 3a/auei,
pelleHHe KOTOPOH B Ka)K[JOM KOHKPETHOM cilydae TpeOyeT ydeTa MHOTOYMCIICHHBIX
(GaxkTopoB, YTO BBIXOAWT 32 pPAaMKH JAaHHOTO INpoekTa. B Hacrosmiee Bpems
pa3paboTaHbl THIIOBBIE CXEMbl NOACTAHUHMN [5], W3 YMCIa KOTOPBIX CTYACHT
NPOU3BOAUT BBHIOOP MOAXOMALIMX IO TEXHUYECKHM COOOpaKEHHSIM cxeM 0e3
JeTaJbHBIX TEXHUKO-3KOHOMHUYECKUX 000CHOBAHHH.

Ilpn BEIOOpe cXeM TMOACTAHIMH HEOOXOIMMO YYUTHIBATH TpPEOOBaHUA
Ha/Ie)KHOCTH, BO3MOXKHOCTb IEPCIIEKTUBHOTO PA3BUTHSL.

Kpome storo, mpu pa3paboTke cxeMbl MOJCTAHIMN HEOOXOMUMO yKa3aTb THII
NIPUMEHSIEMON Ha BBICHIEH CTOPOHE KOMMYTALIMOHHOM ammaparypbl, pacCMOTPETh
MOpSANOK  PAabOTBl CXEeMbl B HOPMA&IBHBIX W aBAPUHHBIX PEXUMaX, HMETb
NIPEACTaBICHUE O JACHCTBUSX  ONEPaTHBHOIO MEPCOHANAa IIPH  Pa3IHMYHBIX
MIEPEKITIOYEHHAX B CETH.

Kpatkas xapakTepucTHKa THIOBBIX CXEM M KOHKPETHBIE PEKOMEHAINH I10 UX
MIPUMEHEHHUIO TIpUBeIeHBI B [2,5], a Taroke B mpuiokenun 1 (tabmumna I1. 1.7, pucynox
I. 1.1—I1. 1.8).

Pa3paboTka cXeMbl 3TEKTPUUECKUX COSAMHEHNH MOICTaHIINN BKJIIOYAET BHIOOP
Yyucna W MOINHOCTH TpaHchopmaropoB. Kak mpaBmimo, Ha BceX padOHHBIX
TIOACTAHIMSAX MpPEeLyCMaTpPUBAETCs yCTAHOBKA JBYX TPaHC(HOPMATOPOB, MOIIHOCTB
KKIOr0 W3 KOTOPBIX BbIOHMpaercss paBHoU 0,65+0,7 OoT MakcHMaiabHOW HArpy3Kd
MOACTAHIMK C TaKUM pacdeToM, dYTOObl TPH aBapWUIHOM BBIXOAE OXHOTO W3
TpaHc(opMaTopoB OCTAaBLIMICS B paboTe TpaHC(hOpMATOp Meperpyxaics He Oonee
yeM Ha 40 % wm obecmeunBan mUTaHWE MOTpeOWTENEe BCEX KaTeropwid. YCTaHOBKa
Tpex TpaHchOpMaTOpOB OOBIYHO TPEOYET CHEUHATIBHOTO TEXHHKO-3KOHOMHUYECKOT'O
000CHOBaHUS U B OOJBIIMHCTBE CIy4aeB MPAKTUUECKH HE IIPUMEHSETCS.
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[Ipumenenne OMHOTPaHCPOPMATOPHBIX — MOJCTAHIMK  JOIMYCKAaeTcsl s
roTpeduTesnell TpeTbel KaTeropuu MomHocTho 10 10 MBA, ecnu B ceTeBOM paiioHe
HMeEeTCsl TEpPEeBIKHOM pe3epB, T. €. BO3MOXHOCTb 3aMEHUTbh IOBPEXKICHHBIN
TpaHcopMmarop B TeUeHHWE CYTOK. MOIIHOCTH TpaHcdopMmaTopa OIpeaesseTcs
WCXOJISl U3 €r0 CTONPOLEHTHOH 3arpy3ku. TakuMm o0pa3oM, HOMHHaJIbHAsT MOIIHOCTh

TpaHchopMaTopa Syomi, YCTAHOBIEHHOTO Ha MOACTAHIMM | C HAarpy3koil B

MAaKCHMAJIbHOM PEKUME Sy HOIKHA YIOBIETBOPATH CICAYIOMINM YCIOBHSIM.
Ecnmu Ha  MOACTAHIMH  YCTAHABIMBAETCS  OAMH  JBYXOOMOTOYHBIN
TparchopmaTop,
Stomi = Suar. (3.13)
Eciu  Ha  MOACTAHIMM  YCTAHABJIMBAIOTCS  JBA  JIByXOOMOTOYHBIX
TpanchopmaTopa,

S .

Shomi = (3.14)
Kn.as

e Ky g =14 - nonycrumplii kod(QpduIMEHT TIEpETpy3KH B MOCTEaBAPUIHBIX

peKUMaX.

Ecnu na MoACTAaHIIMH YCTaHABJIMBAIOTCA JIBa TpeXO6MOTO‘{H])IX
TpaHcdopmaropa Wiy JiBa aBToTpaHchopMaTopa, TO yCIoBHe BbiOopa OyaeT
CITETYFOTIHM:

> Sci + Syari

Stomi = (3.15)

Kias
rae Sg; - Harpy3Ka Ha IHHAX CPEIHEro HAIPSDKCHHUS MOICTaHIIH.
Kpome Toro, HeoOxoammo HMeTb B BHAY, 4YTO Yy aBTOTpaHchopMaropa
HOMHHAJIbHAs MOIIHOCTh OOMOTKH HH3KOTO HANPSDKCHUS Syoypi OTIMYACTCS OT

HOMHMHAQIBHOM  MOLIHOCTH  aBTOTpaHcdopmaropa  Syowmi B O pa3

(Shommi = Shomi - @ ). oatomy ycrosue (14) TOMONHSIETCS CIEAYIOIUM YCIOBUEM:

Shomi = Suari (3.16)
o

rae o, - ko3 QUIHEEHT NpuBeaeHus (TepecueTa) aBToTpaHchopmaropa.

Ecnu BennurHa U B CIIPAaBOYHBIX JAHHBIX OTAEIBHO HE OTOBAPHBAETCS, TO €T0
HEoOXOJMMO TPHUHATH PaBHBIM KOd()(HUIMEHTY BBITOZHOCTH aBTOTpaHchopMaTopa,
KOTOpBIN paBeH:

U
og = 1— —CHOM (3.17)
U
B.HOM
rie Ucpom: Upnowm - HOMHHAIBHBIE HANPSDKEHHS HA CPENHEH U BBICOKOM

CTOpOHaX TpaHC(HOPMATOpa COOTBETCTBEHHO.
JlanHble IO BBIOpaHHBIM TpaHc(hopMaTopaMm CcBOAAT B Tabmuisl 3.6, 3.7. B

tabmue 3.6 K; - kooddumment sarpysku TpaHc)OpMaTtopoB B HOPMAIBHOM
pexnme; K, - xosddumment sarpy3ku TpaHcOpMaTopoB B IMOCICaBaAPUHHOM

peKUMe.
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Tab6muma 3.6 - Beidop MontHOCTH TpaHC(HOPMATOPOB

V3en i | Hucrno tpancdopmaTopos Syari> MBA|Syomi>» MBA| Ky K;pa

Tabnuna 3.7 - [lacriopTHBIe JaHHBIE JBYXOOMOTOYHBIX TpaHC(OpMaTOpPOB

vsen Tun Shomi | AMamason 1 Ug o | Uypom Uk | Peo| Pxo| Ix

| |TpaHcOpMaT| \rpa  [PETYTHpOBAaHWA|  p <B % |kBr|KkBr|, %
OpoB

B obuiem ciyqae ko puIMeHT 3arpy3Ku paBeH:

K, = _Suari (3.18)
SHOM.i -N;

rae N; - gucio paboTarommx TpaHCHOPMATOPOB Ha MOACTAHIIMU B HOPMAJIbHOM HIIH

NIOCJIEABAPUIHOM PEKUMAX.

AmHayorudHo tadsuie 3.7 B MOSCHUTEIBHOM 3aMCKE MPUBOIITCS MACIOPTHBIC
JTAaHHBIC BEIOPAHHBIX TPEXOOMOTOYHBIX TPAHC(HOPMATOPOB U ABTOTPAHCHOPMATOPOB.

B kypcoBoM npoekTe BEIOOp KOMMYTAIIHOHHOW anmapaTypsl (BBIKIIOYATENEH 1
pasbemuHHUTENCH) IS KaKIOW TOACTAHIIMK OCYIIECTBISAETCS 0€3 JeTanbHOM
npopabotku  (IIpunoxenue 5). Pemienne 3TUX BOMPOCOB B JaHHOM  Clydae
HEOOXOAMMO Ui JalbHEHIIMX TEXHMKO-DKOHOMHYECKMX pacueToB. [loatomy
KOMMYTAIIMOHHAsl allaparypa BbIOMpAeTCsi 10 PacyeTHBIM YCIOBHSM HOPMAlIbHOTO
pexxuma: Ilo HOMHHATIPHOMY HANIPSKEHUIO 1 HOMUHAJIBHOMY TOKY.

[IpoBepka o6opymoBaHKs Ha PabOTOCTIOCOOHOCTh B YCIOBHUSIX HEHOPMAJIbHBIX
peXuMOB (Ha OMYCTUMBI HArpeB pacdeTHBIM TOKOM, TEPMUYECKYI0O |
JNEKTPOAMHAMHUYECKYIO CTOMKOCTh TIPH KOPOTKHX 3aMbIKaHHAX H T. Jd.) He
OCYILIECTBIISIETCS.
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4. TEXHUKO-D2KOHOMMWYECKOE CPABHEHUE BAPUAHTOB
3JEKTPUYECKOM CETH

4.1. OcHOBHBIE CBEJEHHUS

ITpu npoeKTHPOBaHUM ITEKTPUIECKHUX CEeTell OfHA U Ta e 3a/laya MOXKET ObITh
pellieHa B HECKOJNBbKUX BapuaHTaX. OKOHYATeNbHOE pelIeHHe BBIOMpaeTcs IyTeM
CpaBHEHHMsI TEXHHMKO-DKOHOMHYECKHX TIOKa3zarened cerh. TakuMH IOKa3aTesIMH
SABJISIOTCA KalUTalbHble BiIoxeHUs K W eKeroHele SKCIUTyaTalMOHHBIE PacXOmIbl
(m3mepxkn) WM. Eciau KamuTanbHBIC BIOXKEHUS M OKCIUTYaTALMOHHBIC H3ACPIKKH
OJHOTO M3 BapUAHTOB OKAa3aJMCh HAMMEHBIIUMH, TO 3TOT BapUaHT SKOHOMHUYECKU
1esIecoo0pa3Hee OCTaNIbHBIX.

OmHaKo YacTo KalWTalbHbIC BIOXKEHHsS OXHOro W3 BapuanToB K, Gonbiie
KamuTanbHBIX BIOXeHHH apyroro K, , a skcruryaranuoHHbIE pacxofpl, Ha0GOpOT,

menbire, T. e I, <M,. B 3ToM ciydae 3KOHOMHYECKAs IIEIECO00Pa3HOCTD

BapUWaHTOB HE OYCBUIHA U Tp€6y€TC}I BBIIIOJJHUTh TCXHHKO-3KOHOMHYCCKOC
CpaBHEHHUE C ITIOMOIIBIO METOAA CPOKA OKYIIAa€EMOCTH.

ITox cpokoM okymaeMocTd Ty MOHMMAIOT TAKOE BPEMs, B TCUECHHE KOTOPOrO
nononuurenbhble Kamuranosnoxkerns ( AK = K, — K, ) okymsres 3a cuer cumxenust
9KCIUTyaTaluoHubx pacxoxos (AU =W, —H,):

AK

Tox = — 4.1
ok = 1 (4.1)

Benmnmuuna, oOpaTHas CpOKY OKYIIAaeMOCTH, Ha3bIBaeTCs KOIPPHUIMEHTOM
3((HEeKTHBHOCTH KAITUTAFHBIX BIIOKCHUH:

E=—" (4.2)

B 3aBucumoctu ot YCJIOBI/Iﬁ moa BenuunHOil E  moHummaror CTaBKy
pe(l)I/IHaHCI/IpOBaHI/Iﬂ HEHTPAJIBHOI'O Oanka. B HaCTOAIICC BpEMS, NI SHCPIETUICCKUX

00BeKTOB KO3pdHuImeHT 3PHEKTUBHOCTH KanUTabHbIX Biokennid Ey =012 .

CMmBICI  MeToZa CpOKa OKYMaeMOCTH MOXET ObITh  c(hOpMYyIHpOBaH
crenyronmM obpa3oM. Ecnm, mpu cpaBHEHMM IIByX BapHaHTOB, HalJIEHHBIH CPOK
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OKYIIacMOCTH TOK > ——, TO 3KOHOMHYECKHU uenec006pa3eH BapHWaHT ¢ MCHbBIINMU
H

KalmuTaJlIbHBIMH BJIOXKCHUAMU KZ 1 OONBIIUMU OKCILUTyaTalUOHHBIMU pacxogaMu

HZ' Ecmm ke TOK <E—, TO MOPEANOYTCHUEC ITOJIZKHO OBITH OTAAaHO BapUaHTy C
H

OONBIIUMU KAIUTAIBHBIMH BJIOKEHUSIMH Kl U MCHBIIMMM IKCILTyaTallMOHHBIMU

pacxomamu M, .

[Ipu cpaBHEHHM HECKOJNBKHX BapHAaHTOB yJOOHEE IOJb30BATHCS CTATHYECKUM

KpUTEpUEM NPUBEAEHHBIX 3aTpaT:
3=E4-K+H1— min (4.3)

Kpurepuem 5KOHOMHYECKOH 1eJIecO000pa3sHOCTH B OTOM Cilydae SIBIISIETCS
MHUHUMYM MPUBEAEHHBIX 3aTpar (4.3).

IIpu cpaBHenum BapuantoB Mo Qopmyne (4.3) mnpeamonarawT, dTO
CTPpOUTEIILCTBO HMACT B OJWH OTall M CPpCACTBA BKJIAaAbIBAOTCA OAHOKPATHO, a
OKCILTyaTalusa IMpoucCxoauT ¢ HCU3MCHHBIMU U3JICPKKaAMU.

B cnydae cpaBHEHHs BapUaHTOB CETH C pa3HOM CTENEHBIO HAJIeKHOCTH
3J'ICKTpOCHa6)KeHI/IH BCJIIMYHUHA MPUBCACHHBIX 3arpar COCPIKUT BeJ'[I/I‘{I/IHy
OKHIAEMOr0 yIiep0a OT IepephiBa IeKTPOoCcHaOKeH s Y

3=E, - K+U+V (4.4)

[Ipy BBINONHEHUH TEXHUKO-DKOHOMHUYECKHX PacyeToB CleJyeT 00s3aTelIbHO
COOJII0/IaTh YCJIOBHSI CONOCTABMMOCTH BApUAHTOB CETH, KOTOPBIE CBOJATCS K
CleyIouemMy:

* BCE paccMaTpvBaeMble BapHaHTBl CETH OO0ECIEUYHMBAIOT Iepenady

MOTPEOUTEISIM OJJMHAKOBOI'O KOJTMYECTBA SHEPTHH;

* paccMaTpUBaeMble BADUAHTBI CETH TIOCTABJICHBI B ONTHMAJIbHBIE JUIS KAXKIOTO

U3 HUX YCIOBHS, T. €. B KaKIOM BapUaHTE HCIOIB3YIOTCS MPOrPECCHBHBIC

MaTepHanbl W METO/Abl OpPraHM3allih CTPOUTENBCTBA U  OKCIUIyaTallUH,

MaKCHMAaJIbHO WCIOJNB3YEeTCsl HOBas TEXHUKA, BBIMOJHSAIOTCS ONTHMAJbHBIC

ycIoBHs pabOTHl 00OPYIOBAHUS H T. [I.;

* BapHaHTBl CeTH OO0ECHEYUBAIOT TpPeOyeMOe KAaueCTBO HAMPSDKCHUS Yy

oTpeOuTeNeH;

* pacyeThl BHIIONHSIIOTCS B €AMHBIX I[CHAX.

Ecnu npu TEXHUKO-5KOHOMHYECKOM CPAaBHEHUW BapHUAHTOB CETH HMEIOTCS
OJTMHAKOBBIC JIEMEHThI, TAKHE KAK YYACTKH CETH, TPAHCPOPMATOPHBIC TTOICTAHIIMN U
T. JI., TO PACXO/IbI IO 3THM JIEMEHTAM MOXKHO HE YUUTHIBATH.

Ecnu pasnuia B MPUBENCHHBIX 3aTparax MeHee 5%, TO Takue BapHaHThI
CYMTAIOTCS PABHOIKOHOMHUYHBIMH. [l03TOMY MPEANOYTEHHE MOXET OBbITh OTJAHO
J000MY M3 HUX, UMEIOUIEMY MPEUMYIIECTBO MO KaKOMY-THOO MHOMY MOKa3aTelto,
HAMpPHUMED, M0 HAUMEHBIIUM TTOTEPSAM IJICKTPOIHEPTUH.

Paccmorpum ©Oornee moapoOHO CTPYKTYpy M TOPSAOK pacdera OCHOBHBIX
IKOHOMHUYECKHX MOKA3aTeleH CeTH.

4.2. KanutaJjbHble BJI0KEHHS B CeTh
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KammuranbHple BIOXKEHHS TNPEACTAaBISIOT COOOW BBIpAXKEHHBIE B JECHEKHOH
(opme 3aTpathl, CBS3aHHBIE C coOpy)KeHHeM ceTH. OHHU CKJIaJbIBAIOTCs M3 PacXo0B
Ha  paboOTBl, MpEAIIECTBYIONIME  CTPOHMTENBCTBY  (TIPOEKTHBIE,  HAay4YHBIE,
M3BICKATENbCKUE), Ha OCBOGHHE M TIOATOTOBKY TEPPUTOPHH, TNPHOOpETEHHUE
000pyI0BaHUA U CTPOUTENBEHO-MOHTAXHBIE pa0OThI. 3aTpaThl Ha CTPOUTEIHCTBO CETH

K monpaspensior Ha 3atpats mo nunusM K u 3atpats! no mopcranmmim K :
K=K, + Ky (4.5)
[Ipy BBHINONHEHWH CPAaBHUTEIBHBIX TEXHUKO-DKOHOMHYECKHMX PacueToB
3aTpaThl Ha CETh ONMPEAEIISIOT 110 YKPYITHEHHBIM MOKa3aTelsiM cTOMMOCTH. CTOMMOCTh
BO3AyWHBIX JHHUN (BJI) 3aBUCHT OT WX HOMHHAIBHOTO HANpSDKEHHS, CEYCHUs
MIPOBOJIOB, KOHCTPYKIMHM M Marepuaia oOrnop, a TakXe OT BHENIHWX Harpy3ok
(rononema wu Berpa). Croumocte lkm BJI Ha mnpumensembix B Poccum
YHUQHUIMPOBAaHHBIX onopax npusenena B Tadmune [1.1.17 - I1.1.19.

3Hast CTOMMOCTh 1KM Ka)KJIOﬁ JIMHUN KO.i—j’ n €€ IJIUHY L. Haxoaum

i—j°
3aTpaThl HA COOPYKEHUE BCEX JIMHUIL:
Ky ZZKO.i—j : Li—j (4.6)
KaHI/ITaJ'IBHbIe BJIOKE€HUS B IIOACTAHIIMHU 3aBUCAT OT MHOI'UX q)aKTOpOB u
O0OBIYHO PAa3MENIAIOTCS HA YETHIPE COCTABJIAIOIIME: 3aTPaThl B PacIpecIUTEIbHBIC
yCTpOWCTBa pr, 3arpathl 10 CWIOBBIM TpaHchopmaropam K, 3arpatel mo

KOMIIeHCHpytouM yerpoiictBam K , mocrosiHuas gacts 3atpat K .

3aTpaThl MO pACHPENCTUTENbHBIM YCTPONHCTBAM OINPEACIAIOTCd KaK CymMMa
crouMocteil  pacmpemenurensHelx  yerpoiicts  (PY) K,y;. B cBoo ouepens
pacIipeienuTenbHble YCTPOMCTBA BBINOIHSAIOTCA 110 TUIIOBBIM CXEMaM M MOT'YT UMETh
(MKCHPOBAHHOE KOJIMUECTBO sueek. B aToM cimydae mpu pacuére Kpy HeoOGxommmo
YYUTHIBaTH crouMocTd PY nenukom tabmuma [1.1.21.

B cnyuae npumenenust Ha PY cOOpHBIX IIHH, UMEIOIINX OOJBIIOE KOJIUYECTBO
S4eeK HEOOXOMMMO IPEIBapUTENLHO ONPEACNUTh CTOMMOCTh Kakporo PV, kak
CYMMY KaIlUTaJOBJIOKEHUI B OTAENIbHBIE SUEHKU.

CromMoCTh KaXAOW SYEHKH BKIIOYaeT 3aTpaThl Ha 00OpyIOBaHHE:
BBIKJIIOYATENb, PA3bEAMHUTEIN, TpaHC(HOPMATOPhl HANPSDKEHHS W TOKA, IIHMHBI,
pa3psAaHUKY, KaOelu, 1 3aTpaThl Ha BBIIOJIHEHHUE CTPOUTEILHO-MOHTaXHBIX paboT 1o
yCcTaHOBKe 3T0ro obopynoBanus. CtomMocTs staeek PY npusenena B Tadmure I1.1.20.

PacuerHas croumocts Tpanchopmaropos K npusenena B tadmuax m.1.22 -
I1.1.24.

IMocrosauast yacTh 3atpaT K|;; BKIIOYAET CTOMMOCTH 3JIaHHS MOJCTAHIHH,
3aTpaThl HA OCBOGHHE TEPPUTOPUH TOJICTAHINH, BOJOCHAOXKEHHUE, TEIUIOCHAOKEHHE,
YCTpOWCTBO  jgopor,  o0OpynoBaHHE  COOCTBEHHBIX  HYXKJ  IIOJCTaHIINH,
TpaHC(OPMATOPHOTO, MACISIHOTO XO3SIMCTBa M T. 1. [loCTOSIHHBIE 3aTpaThl MO
TTOJICTAHITNAM TIpUBeneHs! B Tadmure [1.1.25.
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HOCKOJ'H)Ky KOMIICHCUP YOI EC yc’I‘pOfICTBa Ha IOACTAaHIUAX O BCEX
BBI6paHHI)IX BAapHUaHTOB BHGKT‘pI/I‘IGCKOﬁ CCTHU 6yIlyT OJMHAKOBbI, TO HX MOXHO

HCKIIFOYHTH U3 pacuéra, T.e. Ky =0.

Bcee mokaszarenu crommoctd B TabOmuuax [1.1.17 - II. 1.25 nmanel B neHax,
puBeIEHHBIX K 2014r.

Takum 00pa3oM, KamUTadbHBIC 3aTPaThl JJIS MOJCTAHITUA MOXKHO ONPEICIHUTh
IO CJICYIOMIEMY BBIPAKCHHIO:

Kie =2 Kpy +2 K5 -0y +2 Ky +2 Ky (4.7)

rae N; - KOJIMYeCTBO NapalIelIbHO PaboTAIOMX TPAHC(HOPMATOPOB Ha MOJCTAHIINH i.

4.3. E:keroanplie 3KCIJIyaTAIIMOHHbIE U3EPKKHU

ExeromHeic W3JCPKKH CKJIAJBIBAIOTCS W3 OTYMCICHUA Ha aMOPTHU3ALUIO,
PAacxXoI0B Ha TEKYIIUI PEMOHT U 00CTyKUBAHHE.

AMOpPTH3AIIMOHHBIE  OTYUCICHUS  HCIOJB3YIOTCS  JUIA  BBIMOJHEHHS
KaluTaIbHBIX ~ PEMOHTOB W  TOJHOW  3aMeHbl  oOopymoBaHus.  Hopma
aMOPTH3AlIMOHHBIX ~OTYHMCICHHH 3aBUCUT OT CpOKa CIYXObl 00OpyaoBaHus,
CTOUMOCTHU U HCpI/IOI[I/I‘-IHOCTI/I KaImuTaJdbHBIX peMOHTOB.

Pacxonpl Ha TeKyIMid PEMOHT M OOCIY)KMBaHWE BKIIOYAIOT B ceOsi 3apruiaty
PEMOHTHOTO U  OOCIY)XHBAIOIIEro MepcoHaja, pacxojbpl Ha MpUOOpETeHHe
HEOOXOAMMBIX Uil DKCIUTyaTallid MaTepUajioB, MPHUOOPOB M MpOYHE OOIIECETEeBbIC
pacxopl.

AMOpPTH3alIMOHHBIE  OTYUCIEHHUS, PAacxXoJbl HA TEKYIIMH pPEMOHT W
00CITy)KMBaHHE OMNPEIEISFOTCS /ISl KOKAOro rojia SKCILTyaTallud B BHJE MPOLIEHTOB
oT KamuTanoBioxeHud. B Tabmuie I1.1.13 mpuBeaeHsl 3HaYCHHUS OTUYHUCICHUH OT
KalUTaIbHBIX 3aTpaT HAa aMOPTH3alMI0, PEMOHT W OOCIY)XHMBaHHE MJsl JIMHUIMA
ANIEKTpOIIepeIau U IJ1sl 000PYIOBAHUSI MOACTAHIIHIA.

Takum 06pa3oM, BETHYHHA TOMOBBIX IKCIUTYATAIIHOHHBIX M3aepikek M Moxer
OBITh ONpe/IeNieHa MO BBIPAKECHUIO:

N=U,;+HUy (4.8)
rae M - okcryatauuonnsie usgepxkn mis saunuit; M. - skcrmyaranmoHHbIe

M3MIEPKKH TS TOCTAHIINI,
B cBOlO ouepenp SKCIUTyaTaMOHHBIE M3ACPKKU ISl JIMHUU U TOACTAHLMNA
MOTYT OBITH OTIPEIENeHBI KaK:

AAO(H) : Kn
=" 4.9
a 100 (4.9)
AAO(l‘[C) : Knc
u =—2- = 4.10
a 100 (4.10)

rae AAO(II)’ AAO(HC) - OTYHUCJICHHUSA HA aMOPTU3AllI0, PCMOHT U O6CJ'Iy)KI/IBaHI/I€

JMHWA ¥ noxcTaHumit cootBercrBenno, %; Ky, Ky - xamuraneasie Bnoxenns B

JIMHUHU U IIOACTaHIIUHU, COOTBCTCTBCHHO, THIC. py6
CpaBHI/IBaGMBIG BApUAHTBI CETHU, KPOMC PA3HbIX KANHUTAJIbHBIX BJIIO)KCHHI U
OKCILTYaTallUOHHBIX pacxoao0B, 6y}IyT HUMCTb CHIC U PAa3HBbIC TOTCPH IJICKTPOIHCPIHU B
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cern. Ha TMOKPBITUEC 3TUX MOTEPL B CUCTEME 3aTPaUMBAIOTCA OIPCACICHHBIC CPEACTBA,
MO2TOMY JIsL HpaBHHLHOﬁ SKOHOMHYECKOM OLCHKU CpaBHUBACMbIX BApPHUAHTOB CCTU
HaJgO0 YYWUTLIBATH 34aTpaThbl, CBA3aHHBIC C KOMHGHC&HI/IGﬁ IOTepb SJHEpruv, T. C.

CTOMMOCTB IOTEPb IJICKTPOIHEPIrUun C3 .

Ilpu yuere mepemennsix AW’ wu nocrosumeix AW’ mnoreps 3Hepruu B
AIEKTPHYECKON CETH CTOMMOCTB TTOTEPh OTpeeseTcs mo Gopmyie [2]:

C,y=C, - AW'+C% - AW (4.112)
rme C,, C) - cronmmoctu 1 KBr-4 mepeMEeHHBIX M MOCTOAHHBIX IOTEPh B
0
SIEKTPHYECKHX CETSIX, L, npuHEMaeMble B HeHax 2014 roma paBHBIMH
KBT 4
0
082X
KBT-4
B cBot0 0uepe/ib 3HAUCHHSI TTOTEPb:
AW’ = (AP + APy, ) T (4.12)
AW" = APy 1 - Tp a5 (4.13)
rne APy, APpy, APrcr - COOTBETCTBEHHO CyMMapHBIE IOTEPH aKTHUBHOM

MOIIHOCTH B JIMHUSX, B MU TpaHCGOpMaTopoB U B cTanu Tpancdopmaropos; Tp g

- Bpems pabotel TpaHcdopmaropos (00buHO TpuHUMaeTcs Tp, 5 =87604); T -

BpEMsI MAKCUMAJIbHBIX IIOTEPb.
IIpu 3TOM Bpemst MakCUMaIbHbIX IOTEPh:

1=(0124+T,,;-10*f -8760 (4.14)
Cronmocrts moteps C,, , BKITIOYaeTCsl B BHIPaXKCHHUE IPUBEACHHBIX 3aTPaT:
3=E;-K+U+C, (4.15)

Pe3yabTaThl TEXHUKO-IKOHOMHYECKOIO pacdera Lenecoo0pasHo MpencTaBUTh
o opMme, yka3aHHoit B Tabnuie 4.1.

Tabmuma 4.1 - TeXHUKO-93KOHOMHYECKHE ITOKa3aTeNI BAPHAHTOB CETH

3aTpatsl Bapuanr 1 | Bapuanr 2

KanuraneHeie 3aTpatsl 1o
BJI-110 B ¢ mpoBogom AC-70

CymmapHble KanuTanosnoxenus o smausm K | teic.pyo.

Croumocts OPY-110 kB IT/CT A

CyMMapHbIe KaluTaIoBIOKEeHHUS 110 PY pr , TBIC.pYO.

Croumoctb TpaHchopmaropos Ha IT/CT A
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CyMMapHBIE KalMTaIOBIOKeHus 110 Tpancdopmaropam K,

THIC.pYO.

[Nocrosuuas gacts 3atpar mo II/CT A

IlocTostHHAs YacTh 3aTpar 110 BCEM IMOACTAHIIUAM Kl_[ , TI;IC.py6.

CyMMapHI)IC KalTaJIbHbIC 3aTPAThI 110 MOACTAHIIUSIM KHC ,

THIC.pYO.

CyMMapHI)IC KalluTaJIbHBIC 3aTPAThI K , TI)IC.py6.

OKCIUTyaTallMOHHBIE €KEeTOTHBIE PACXOJIbI

1) Dkcruryarauronssle pacxoast o mausM W ;| tic.py6./rog
2) DKcIutyaTanroHHble pacxosl o noxcransam My,
THIC.py0./TO

CyMMapHBIe 3KcrTyaTanonnsie pacxonsl W, Teic.py6./rox

Croumocts noteps anexrposnepruun C , ToiC.py6./roz

ITpuBeneHHbIE 3aTPaThl 3 , THIC.pYO./TON

4.4. OueHka HaJe)KHOCTH IJIEKTPOCHAOKeHUS

BriOnpaemMble CXEMbl BapHAaHTOB CETH JODKHBI OOECIeYMBaTH TPEOyeMyIO
HAaJEeXKHOCTh  DIIEKTPOCHAOXKEHUs MOTpeOuTeneld, Io4 KOTOpOH IIOHMMaeTcs
CIIOCOOHOCTh CETH BBINOJHATH 3aJaHHbIC (DYHKLHUH, COXPAHSSA HKCIUTyaTallMOHHBIE
IIOKa3aTeNy B YCIOBHAX, OTOBOPEHHBIX B HOPMAaTUBHBIX HOKyMeHTax. Kak m3BecTHO,
BCE DJICKTPOIPUEMHHMKH IO TpeOyeMOW CTelneHH HaAeKHOCTH pa3/iefieHbl Ha TPH
kateropuu. Ilo3TOMy @IpH COCTaBIEHHM BapHaHTa CETH HEOOXOAUMO YUHTHIBAThH
KOHKPETHBIN cocTaB motpeduteneii u tpedosanus [1YD.

3agadya obecrieueHHsI HAJIEKHOTO HIIEKTPOCHAOKEHUs, KaK IpaBwiIo, TpeOyer
3HAYUTENbHBIX JIOMOJHUTENBHBIX 3arpaT. IlosToMy TaM, TIOe 3TO BO3MOXHO,
HEOOXOJMMO  BBINONHATH  TEXHUKO-DKOHOMHYECKOE 00OCHOBaHHE  O3THX
JOTIOJIHUTEIIBHBIX 3aTpaT, CPaBHHUBAs UX C 00BEMOM yIiepOa, BBI3BAHHOTO NTEPEPHIBOM
AIEKTPOCHAOKEHUS TOTpeOnTENeit.

Benmuuna sToro ymep6a BKIIOYAeTCsl B IPHBENCHHBIE 3aTPAThl, U MOATOMY
MHUHHMYM IPUBEICHHBIX 3aTpaT OyIeT yCTaHAaBIMBaTh ONTUMAIBEHOE COOTHOLICHHE
MEXIy OOBEMOM IOMOJHHUTENBHBIX 3aTpaT HA IIOBBIIICHHE HAASKHOCTH H TEM
yuiepOoM, KOTOPBIi OHECET MOTPEOUTENb B Pe3ylIbTaTe NPEKPALCHHS TUTAHHU.

B ciydasix, korma HapylIeHHE 3I€KTPOCHA0KEHHUsI CBSI3aHO C OMACHOCTBIO JUTA
XKW3HU JIIOAEH, pPacCTpoOMcTBOM paboThl OOBEKTOB TPAHCIOPTA, CBA3W WM IPYTUMH
MOCIIEACTBUAMY, yImEepO OT KOTOPBIX HE MOXKET OBITh OIEHEH B JCHEXHOM
BBIPa)KEHNH, CPAaBHEHUE HAJISKHOCTU CXEM ITPOM3BOIAT MO TaKHM MOKA3aTeIsIM, Kak
BEPOATHOCTb  0€30TKa3HOM  paboThl,  cpegHee  BpeMsi  BOCCTAHOBJICHHSA
JJIEKTPOCHAOKEHMS, CpeAHee KOJMYECTBO OTKa3oB B rox. [lisa obecredeHus
TpeOyeMoil HaJeXKHOCTH BEIWYMHY STHX IOKazarened HopmupyioT. Iloatomy mpu
CpPaBHEHHHM BAapHAHTOB CETH, MMEIOIMX TaKWe MOTPEOMTENn M 00eCHeYHBAIOIINX
HOPMAaTHBHBIE II0KA3aTeNM HaJIeKHOCTH, ONTHMAJIBHBIM Oy/eM CYMTAaTh BapHaHT,
KOTOPBI NMEET HAaMEHBIINE PUBEICHHBIE 3aTPATHL.
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B kauecTBe OCHOBHBIX IOKa3aTelded MpH pacueTe HaJeKHOCTU HCIOIb3YIOT
CIEIYIOIINE BETUINHBL:
* [TapameTp moToka OTKa30B ( ;

* CpenHee BpeMsi BOCCTAaHOBJICHHSI JIEMEHTa CeTH | ;

* CpenHee Bpemsl IIAHOBOT'O IIPOCTOSI 3JIEMEHTa AIIEKTPHUIECKOM CeTH T ;

* YacToTa I1aHOBOTO PEMOHTa | .

INapamerp moToka OTKAa30B (D - 9TO BEIMYMHA, KOTOpas 0003HAa4aeT cpeiHee
KOIIMYECTBO OTKa30B M  ONpENeNeHHOro 3JEMEHTa CEeTH, IpOHCIIEANIee 3a
HaOJII0aeMblii Tepruo/] BpeMeHd | :

m
w=—— 4.16
n-T ( )

rame M - oOlee KOJMHYECTBO OTKA30B BCeX HAOIIOJAEMBIX JJEMEHTOB 3a T JICT,

1

——; N - 9HUCII0 OMHOTUITHBIX IJIEMEHTOB, Ha6J'IIOI[aeMI)IX B TCUCHHC T JICT.
ron

BenuunHa  MOXeT ObITh onpenesneHa mo tadmure I1. 1.14.
CpenHee Bpems BOCCTAHOBJICHHS DIIEMEHTA CETH lg;, XapakTepu3yroliee

NPOIECChl BOCCTAHOBJICHHS! OTKA3aBIIMX 3JIEMEHTOB, KOTOPOE Uil MPAaKTHYECKUX
pacueToOB MOXET OBITh OMPEACICHO B COOTBETCTBUH ¢ Tabmuiek I1. 1.15.

Jns  ydera HaAEKHOCTM IPU IPOEKTUPOBAHUU  JIEKTPUUECKHUX CETEH
HEOOXOJMMO YYMTHIBATH HE TOJBKO aBapHilHble, HO M IUIAHOBBIE OTKIIOYEHHS
JJIEMEHTOB CETH, KOTOpbIE MMEIOT MECTO, HalpuMep, IPH IUIAaHOBBIX PEMOHTax. B
9TOM Cllydae HCIIOJb3YIOTCS TaKHE IIOKa3aTeln HaIEKHOCTH, KaK CpeIHee BpeMms

[UTAHOBOTO TIPOCTOSl JJIEMEHTA BJIEKTPHYECKOM ceTd Ipj, M Yacrora ILUIAHOBOTO
pEMOHTa |, TPEACTABISIONIME COOOW BEIWYMHBI, HAMJCHHBIE KaK YCpeIHCHHBIE

MOKa3aTeJTH IS Pa3IMYHbIX TUIIOB 000PYIOBAHHUS CETH.
Koaddunment orpaHuyeHus] Harpy3KH MOTpPEOHMTENeH € OIpeAenseTcs Kak

OTHOILICHHE aBapUiHO OTKIOYaeMOM MOIMHOCTH moTpeburenst Pox K Harpyske

HOPMAIIBHOTO pEXUMa Pyayx . BenruunHa aBapuiiHO OTKIKOYAEMOH MOIIHOCTH

HaXOJWTCS IS KaKAOTO KOHKPETHOTO CITydas.
Jns  ymoOGCTBa BBIIIONHEHHS pAcueTOB PEKOMEHAYETCS XapaKTepHU30BaTh
aBapUHHBIC U TJIAHOBBIE IPOCTON OTHOCHTEIBHBIMH BEINYNHAMU:

1) ko3¢ dunrenTom BeiHy)AeHHOrO Ipoctost Ky, o.e.,

Kgi=oTg; (4.17)
2) ko3¢ dunrenTom mianosoro npocrost Ky, 0. e.,

Kpi =p- Ty, (4.18)

Bennuuna K, uist pasinndgseIx THIIOB 000pyI0BaHHs [IPUBEIEHA B TAbIIHIIE

I1.1.16.
Meroauka pacdera ymep0Oa OT mepepbiBa MJIEKTPOCHAOKEHNST CBOUTCS K

pacyeTy COCTABJIAOIIUNX aBapHﬁHOFO yA U IIJTAHOBOI'O yl'[ yIIICp6OBZ

V=V, +Y, (4.19)
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BennmuuHa ka)Xa0ro U3 yiepOo0oB HAXOIUTCS MO0 U3BECTHBIM YACTbHBIM
yiep6aM ¥ BEpOSTHOMY 3HAUCHHIO HeAomonyueHHoi sueprun W :

V=V, W (4.20)
Benmuuna ymep6a npu aBapHitHOM HepepbIBe AEKTPpOocHatKeHusT Y 4 , THIC.

pyo., paBHa:
Y =Puax € Kgi-VYoa (4.21)

rae Y, . - PacUeTHBI roJ0BOH yiiepd OT aBapuiHBIX OrpaHUYCHHUH

AJIEKTPOCHAOKEHHSI, KOTOPBIN TSI HEKOTOPOTI'O COCTaBa HArpy3KH MPHUBEIEH HA
pucynke I1.1.9.

Benmuuna yiep6a NpH IIaHOBBIX IPOCTOSX ANEKTPOCHAOXKEHUST Y [ , THIC.
pyo., paBHa:
Y =Puax &Ky Yon (4.22)
rae Y, g - PacueTHBIN roJ0BOH yIiepO OT IIAHOBBIX OrPaHUYCHUMH

3NIEKTPOCHAOXKEHUS, KOTOPBIHA A1 HEKOTOPOr0 COCTaBa HArpy3KH Takoke IIPUBEAEH Ha
Ha pucyske I1.1.9.
5. DJEKTPUYECKHUA PACYET OCHOBHBIX PEXHMOB
BBIBPAHHOI'O BAPUAHTA CETH

Ilenpto 3JIEKTPUUECKOTO pacdyeTa CETH SBJIAETCA OIpEeAEIeHHE IT0TOKOB
MOIIHOCTH IO 3JIEMEHTaM CETH, HANpsHKEHUH Ha INMHAX IIOJCTaHLMI, IOTepb
aKTUBHOM M PEaKTUBHOW MOIIHOCTU. 3HAHHME 3THX IapaMeTrpoB IO3BOJSET OLICHUTH
SKOHOMUYHOCTh PA0OTHl CETH, ONPENeNHTh II0Ka3aTedM KadyecTBa HANPSDKEHHS WU
pa3paboTaTh Te WM MHBIE MEPOIIPUATHS [0 UX YITy4IICHHIO.

B nanHOM paszzene KypcoBOrO IPOEKTa pPACCUUTHIBAIOTCA TPU pexHUMa:
HOpMaJIbHBIE PEXHUMBI pabOTHI CETH ¢ HAMOONbIIEH M HaMMEHbLIEH Harpy3KamMu U
CcaMBbIil TSDKENBIA - mociieaBapuiiHbli pexxuM. [Ipu pacuere pexuma HalpspDKEHUN Ha
MOACTAHIMAX HEOOXOAMMO YUYHTHIBATH 3aJaHHBIA ypOBEHb HANpPHKEHHS HA IIHHAX
HCTOYHMKA ITUTaHMUA.

5.1. Bb160op MOIIHOCTH KOMIIEHCHPYIOLIMX YCTPOiiCcTB

Bribop © pasMmelneHne KOMIEHCHUPYIOIIMX YCTPOWCTB Ha IOICTaHLMAX
NPOSKTUPYEMOH DIIEKTPUYECKOM CEeTH BIHAET KaK Ha SKOHOMHUYHOCTH PEKHMOB
paboTHI CeTH, Tak M Ha PEelICHHE 3a]a4 PeryIupOBaHUs HaNpsDKeHHs. B cBs3u ¢ Tem,
YTO BOIPOCH KOMIICHCAIIWH PEAKTHBHOM MOIIHOCTH HE PEIIAOTCS B JAHHOM ITPOSKTE
MOJTHOCTBIO, MOYKHO MIPOU3BOIUTH NpeBapUTEIbHYIO paccTaHoOBKY
KOMIICHCUPYIOIINX YCTPOMCTB IO TMOACTAHIMAM HMCXOAS U3 PEKOMEHIYEeMBIX IS
moncranii 35+220 kB ko3¢ ¢uImeHToB, KOTOpPBIE OTrPaHHYMBAIOT TOTPeOICHUE
PEaKTHBHOM MOITHOCTH B JIOJIAX OT aKTUBHOMU (Tabim. 5.1).

Tabmuma 5.1 - PekoMeHyeMble 3HAYEHUS PEAKTUBHOW MOIITHOCTH B JIOJSIX OT
AKTHBHOM

HanpspkeHue Ha mMHaX MOACTaHUUU 35/10 xB 110/10 kB | 220/10 kB

[{e[03% 0,24 0,29 0,40
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Taxum 00pa3oM, peakTHBHASI MOIIHOCTh KOMIICHCHPYIOIIUX YCTPOUCTB Q
Ha Ka)KIOU TTOJCTAHIIMHI | OMpPENEIseTcs 110 CIIEMYIOIIeH popMmyIe:
Quvi = HAr.i(tg(PH.i _tg(Pm) (5.1)
rae Pyapj - aKTHBHas Harpyska IMOJCTAaHIUHM B MakCHMaIbHOM pexume; tQQy; -
3aJaHHOE 3HaueHue Q.

3aTeM ompeAersIoTCS pacdeTHble Harpy3ku HoicTaHimi Ha muHax 10 xB c
Y4ETOM KOMIIEHCUPYIOIINX YCTPONUCTB!

Suari = Puari +J( HAT _QKY.i) (5.2)

Pacuersl mo BEIOOPY MOITHOCTH KOMIIEHCHPYIOIIUX YCTPOMCTB MOT'YT OBITh CBEAEHBI
B Tabnuiy 5.2.

Tabnuna 5.2 - BeiOOop KOMIEHCHPYIOIINX YCTPOHCTB

Ysen PHAF.i7MBT QHAF.i’MBap QKy.i’MBap QHAr.i _QKy.i=MBaP SHAF.i’MBA

5.2. CocTaBjieHue pac4yeTHOIl cXeMbl 3aMellleHUsl CETH

[lepen HayamoM 3JEKTPUUYECKOrO pacyeTa COCTABJIAETCA CXeMa 3aMeleHHS
ceru ([Ipunoxenune 6), wis KOTOPOH BBIMONHSETCS pacdyéT. [Ipu 3TOM HEOOXOIMMO
OIIPEJICTINTh BCE IIOTOKM MOIIHOCTH, NO HHUM - MOTEpH HANpPSIKEHHsA, a 3aTeM
HaINpsDKEHUST BO BCeX y3J1ax ceTH. CXeMbl 3aMELIeHHs CTPOSITCS Ul BCEX PacueTHBIX
PSKUMOB, a MMEHHO Ui HOPMAJIbHBIX PEKUMOB HaMOONBIIMX M HAaUMEHBIIUX
Harpy3oK, a TaKkKe TIocieaBapuiiHoro pexuma. Ha cxembl 3amelneHus 3aTeM
HAHOCATCA PE3yIbTaThl pacueTa pexKuma.

Ilpu cocraBieHUH CXeMBl 3aMEIIEHHA CETH HEOOXOAMMO BBHIOpATh CXEMY
3aMEILEeHUs U1l KaXJIOrO 3JIEMEHTa CETH U ONpPENEIHUTh €€ MapaMeTphl, COSIUHUTD
CXEMBI 3aMEIICHUs OT/ENIbHBIX 3JIEMEHTOB B TOM K€ IOCIENOBATENbHOCTH, B KaKOH
COEIMHEHBI 3TH IEMEHTHI B CETH, U 10 BO3MOKHOCTH YHPOCTHTh CXEMY 3aMeEIEHUs
cetu. IIpu pacuere 371eKTpUUECKUX CETEH JIMHUU 3JIEKTPONEPENady MPEICTaABISIIOTCS
[1-o0pa3HBIMH CcXeMaMH 3aMEIIeHHs, JABYXOOMOTOYHBIE TpaHChopmaTtoper - [-
00pa3HBIMH, a TPEXOOMOTOYHBIE TpaHCPOpPMAaTOpPHl M aBTOTpaHCPopmaropsl - I-
00pa3HBIMU TPEXITydeBBIMH cxeMaMu 3amertenust [3] (puc.5.1).

BH Rr Xo SIH BH Ris
AQx

JIByx0OMOTOUHBI# TpaHchopMaTop

R X

g i B

Jlunus anexrponepenadn TpéxobMoTOuHbI TpaHchopMaTop

Rrc Xic CH

Puc. 5.1 CxeMmsl 3aMCIICHU 5JICMEHTOB BJICKT'pH‘IGCKOﬁ CECTH
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IIpoBoAMMOCTH 37EMEHTOB CETH MOXKHO YUUTHIBATH B CXEM€ 3aMEllEeHUs B
BUJIE JIOTIOJIHUTEIBHOW HATPY3KU: JUISl JIMHUNA - BETUUUHON 3apsSAHON MOIIHOCTH; AJIs
TpaHc(HOpMATOPOB - BETMYUHON MMOTEPh AKTUBHOW M PEAKTHBHOW MOITHOCTH B CTAJIH.

5.3. PacueT HOPMAJIBHBIX PEKUMOB

s ompeneneHuss pabOTOCIIOCOOHOCTH CXEMBI HEOOXOIUMO PACCUMTATh JIBa
pexMMa HOPMAJIbHBIX HATPY30K: MAKCHUMANBHBIA 1 MHHUMAIbHBIH.

PexxiM MaKCHMANbHBIX HATPY30K PACCUMTHIBACTCS MO HATPY3KaM C y4eTOM
MOIIHOCTH BBIOPAHHBIX KOMIICHCHUPYIOIIUX YCTpoicTB. s pacuera MOXeT ObITh
WCIIONIb30BaH JIFOOOH M3 N3BECTHBIX METOJIOB pacueTa pexXUMOB paboTsl cetH [2,3].

PekomeHyeTcs HCMOIb30BaTh TAK Ha3bIBAEMBIN METOJI pacyeTa «B J[Ba dTaray,
Jlnst pa30MKHYTOM CETH pacyeT BeAeTCs MO MOJHOW cxeme 3amerieHus. Ha mepeom
sTame, ABUrasCh OT YIAAJICHHBIX Y3JIOB K HCTOYHHKY MUTAHHS, [OCIENOBATEIHLHO
OMPEIEISIFOT TIOTEPH MOIHOCTH U MOTOKH BO BCEX DIIEMEHTAX CXEMBbI, 3aTeM HaXOJiT
MOIIIHOCTh HCTOYHUKA MTUTAHHS:

Sun =Pun +1-Qun (5.3)

Ha BTOpOM »3Tame, HCIONB3yd 3aJaHHOE HAMpPSHKEHWE HCTOUYHMKA IHUTaHU,
JABUTAsACh B O6paTHOM HampaBJICHUX OT HCTOYHHUKA K YHaJCHHBIM Harpyskam,
paccUMTHIBAIOT TOTEPH HANpPSHKEHWs B JIMHUAX M TpaHcopMaTtopax, a Takke
HanpsHKeHHE BO BCEX Y3JaX CETH.

IIpumep pacuera pa3sOMKHYTOM CETH, COAEpXKalled ISIThb [OACTAHLUH,
MIPUBEJICH B MIPUIOKECHUH /.

IIpu pacuere KOIBLEBBIX CXEM NPEABAPUTENBHO HYKHO YIPOCTUTH PACUETHYIO
CXeMy, OIPEAEIMB sl MOACTAHIMH, HaXOAAMIMXCS B KOJbBLE, PACUETHBIE HATrPY3KH
[6].

3Ha4YEHHE PACUETHON HATPY3KH ISl TIOJICTAHIMHE | OTIPENENSETCS 10 (GOPMyIIE:
Spi =Snari TASp; =+ Qgik =1 Qgizj (5.4)
rie  Syapj- MOIIHOCTh HATPY3KHM TIOACTAHIMH C Y4ETOM KOMIIEHCHPYIOLIMX
ycTpoiictB; AStp; - CyMMapHbIe OTEPU MOMIHOCTH B TpaHcdopmatopax; j-Qpgi
u - Qg;_;j - 3apAIHAs MOIIHOCTb JIMHHH, IPUIETAIOMIHX K Y31y i.

B cBoro OUEPEaAb 3apsAaHas MOITHOCTD JIMHUHN OIPEACIISIETCA KaK:
112
Qgi-j=Ui i B /12 (5.5)

[anee B COOTBETCTBHUU C YINPOILEHHOW CXEMOM 3aMEIICHHs ONPEAEIISIIOTCS
ITOTOKU MOIHOCTH B KOJNBIE 0€3 ydera MoTeph MOMIHOCTH B JIMHUSX W HAXOIHUTCS
TOYKa IOTOKOpA3/Iena.

3aTeM OIPENeNsIIOTCS TOTOKM MOIIMHOCTH B KOJNBIE C YYETOM TIOTEPh
MOITHOCTH B JIMHUSX KoibIa. JImg STOro KOIBIIO pa3pe3aercs IO TOUYKe
MTOTOKOpa3zena, U cxema npeoOpa3yercs B IBE paJdallbHBIC CXEMBI, KOTOPHIE JIETKO
PacCUUTHIBAIOTCS IO U3BECTHBIM NPABUIIAM.

Bropoit »sTan pacdera, Korza ONpEAENSIOTCS HANpsDKEHUsS B y3jlaxX, B
KOJIBIIEBBIX CXEMaxX aHAJIOTMYEH paJualibHbIM CXEMaM.
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Ilo okoHuaHMM pacueTa peXHUMa OHPENEIAIOT KO03(D(GHULUEHT MOIIHOCTH
COSQy U xodddunuent monesHoro meicreus (KIIJ[) My Ha mmHAX HCTOYHHKA

IIUTaHUsA:
P
COS @y = -2 (5.6)
SI/Il'[
P
nHH — Z HAT.i (66)
PI/IH

[Ipn pacuere pexuMa HaWMEHBIIMX HArpy30K Ha ABYXTpaHC(HOPMATOPHBIX
MOACTAHIMAX  HEOOXOAMMO  OINPEAETIHTh JKOHOMHYECKYIO — IIeJIeCO00pa3HOCTb
OTKJIFOYEHUS O/IHOTO M3 paboTaroUMX TpaHC(HOPMATOPOB.

JI1st 3TOrO PacCUUTHIBACTCS 3HAYCHHE MOLIHOCTH HArpy3KH S, IPU KOTOPOH
MOTEpH MOLIHOCTH B JBYX TpaHcpopMaTopax paBHbl TIOTEPSIM B  OJHOM
TpaHcdopmarope:

APy
S, =Suom-.[n-(n-1)- (6.7)
AP,
e Spom — HOMHHANBHAs —MOLIHOCTH  TpaHcdopmaropa; N -—  49ucio
TpaHchopmatopoB Ha mnoacranuuu; APy — morepu xomocroro xoma; AP, —

[I0TEPH KOPOTKOIO 3aMbIKAHHS.
Takum  00paszoM, ecii  Syarymn <S5, TO  LENECO0OpPa3sHO  OAUH

TpaHC(OPMATOP OTKIIOYHTB, TOTAA KaK MOPH  Syarymy > O, paboraor oba

TpaHcopmaropa. 31ech Syaryuy — HArpy3ka MOACTAHUMH B MHHHMAJIbHOM

peKUMe.

AXTHBHAas MOIIHOCTh IOACTAaHUUH B pEKUME HAMMEHBIINX HArpy3oK
oIpefiessieTcss B MPOLEHTaX OT MaKCHMaJbHOM MOIIHOCTH. PeakTuBHas MOIIHOCTB
ompezensercs 0e3 ydera KOMIIEHCHUPYIOIIUX YCTpoWcTB. HampspkeHue Ha IImHAX
HCTOYHMKA ITUTAHKSA B 3TOM PEXHUME COTTIACHO 3aJaHUI0 IPUHUMAETCSI MEHBIIIE, YEM B
PEKUME MaKCUMAaJIbHBIX HATPY30K.

[locnenoBaTenpHOCT pacueTa MHUHHMAIBHOTO PEXHUMa Takas Xe, Kak H
MaKCHMaJIbHOTO PEXHIMA.

5.4. Pacuet nocjieaBapuiiHOro pe;kumMa

Pacuer mocneaBapWifHBIX PpEKUMOB BBINONHIETCS Kak IS YTOYHEHHSA
MIPOBEPKH BBIOPAHHBIX CEYEHUH IPOBOJOB IO YCIOBHIO JIOIYCTHMOIO HarpeBa, Tak u
JUTSL OIIpEJIeNIeHNs] HAMMEHBIINX 3HAYECHHH HANPSDKEHHUsI, KOTOPBIE MOTYT UMETh MECTO
MIpU OTKJIFOYEHUU JTUHUAMN.

B KypcoBOM TpOEKTe pacCUMTHIBAeTCS OAWH, HamOonee  TsDKEbId
TOCIICABAPUHMHBI  PEXUM  CETH, NPHUBOAAIMN K HAWOONBIIEMY CHIDKEHHIO
HaNpsDKeHUs] Ha IIMHAX MOACTaHIMHA. Takod pekuM OBLT OmNpeneneH paHee IpH
MIPOBEPKE BHIOPAHHBIX CEYEHHWH IPOBOJIOB MO MAKCUMAJIBHBIM MOTEPSIM HANPSHKSHUS
U, KaK IPaBWJIO, BBI3BaH:
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* OTKJIIOUEHMEM OJHOM U3 LENed JIMHUM Ha YJacTKe OT HCTOYHUKA IUTAHUS [0
Y3JI0BOM MOJCTAHIUH;

* OTKJIFOUEHHEM TOJIOBHOI'O y4acTKa OJHOLICTHOW JIMHWH, BXOAALIEH B 3aMKHYTYIO
CETB;

* OTKJIFOYEHHEM OJTHOTO M3 TPaHC(HOPMATOPOB Y3JIOBOH TTOICTAHIINH.

CoBrajieHre OTKIIIOYEHUH ABYX M OoJiee JIMHUI WM JIMHAU ¥ TpaHcdopmaTopa
He paccMaTpuBaerca. [lpm pacderax MOCI€aBapuHHOrO pexuMa HeoOXO0IUMO
YYUTBIBaTh BCE T€ W3MEHEHHS, KOTOpbIe IPOM30MAYT Onaromapsi JEeHCTBUAM
00CITY’)KHBAIOIIET0 MepcoHalia ¥ aBTOMaTHKH.

PacuetHass cxema Ans mocieaBapUilHOrO peXuma B IPOEKTUPYEMOH CETH
OTIMYaeTCAd OT CXEMBI JUIsl HOPMAaJbHOTO peXHMa JIUIIb IapaMeTpaMM ydacTka, IJie
paccMatpuBaeTcs aBapus. !, kak npaBuiIo, pacueT 3TOr0 peKuMa BBITIOJIHUTH JIeTYe,
TaK KaK pacyeTHbIe HArPY3KU MOJCTAHIINM OCTAIOTCSI TAKUMHU JKeE.

HanpsokeHne Ha IIMHAX HCTOYHMKA IUTAHUS B 3TOM PEXHME COTJIacHO
3a/laHUI0 IPUHUMAETCS BBIIIE, YEM B PEXXMME MaKCUMAaNbHBIX Harpy30K.

6. PETYJIMPOBAHUE HAIIPSAKEHUSA B CETU

PerynupoBaHnue HanpspKeHHs B NPOEKTUPYEMOM 3JIEKTPUUECKOM CETH MOXKHO
OCYHIECTBUTh KaK Ha INMHAX MCTOYHMKA IUTAaHWS, TaK M Ha MOHWXKAIOUIUX
MOACTAaHLUAX, B KypcoBOM IpPOEKTE B KAa4eCTBE OCHOBHBIX CPEACTB PEryJHpPOBaHUSA
HaNpsDKEHUSl  NPUHUMAIOTCA  TpaHchopMaTropbl U aBTOTpaHchOpMAaTopbl €
perynupoBanneM Hanpspkenus mnon Harpyskoi (PITH). B coorBerctBum ¢ [1]
YCTPONCTBA pPETYINPOBAHUS HAIPSHKEHUA JODKHBI 00eCHednBaTh IOJEPKAHUE
HampspkeHust Ha mmHax 10 kB  moHmkaromux MoJACTaHUME, K  KOTOPBIM
NIPUCOEIUHEHBl  paclpeleluTeNbHble CceTH, B mpenenax He Hmwke 105 %
HOMHMHAJIBHOTO HalpsDKEHHS B PEKUME MaKCUMaJIbHBIX Harpy3ok u He 6osbiie 100 %
B peXXHMMe MUHUMAJIbHBIX HAarpy30K. B rocneaBapuitHOM pexuMe CIeayeT CTPEMUTHCS
MOAJICP)KMBATh HANPSHKEHWE Ha YPOBHE TPeOOBaHMH peXuMa MaKCHMalbHbIX
Harpy3oK, U TOJIBKO €CIIM 3TO HEBO3MOXHO, JOITyCTUMO HANpSHKEHUE CHU3HUTh, HO HE
HIKE HOMHHAJIBHOT'O.

B sTom pasgene KypcoBOro IpoekTa Ui yKa3aHHbBIX B 3aJaHUM MOJCTaHIUH
TpeOyeTcsl BBHIOpATh PETYIMPOBOYHBIE OTBETBJICHUS TPAHC(HOPMATOPOB B pekUME
MaKCHMAJIbHBIX, MUHUMAJIBHBIX Harpy30K W B HanOoJee TSHKENOM IOocIeaBapuUilHOM
peKUMeE.

CymecTByIOT pa3iW4HbIE METOJWKH BHIOOPA PETYIMPOBOYHBIX OTBETBICHHH
tparchopmatopoB ¢ PIIH. Opmmako nHambomee mpocTa W HArsAgHA METONUKA,
OCHOBaHHAas Ha HEMOCPEICTBEHHOM ONpENeNCHHH HEOOXOANMOro HaNpsHKEHHS
PETYINPOBOYHOTO OTBETBICHHSL.

3amaua BbBIOOpa OTBETBIEHWH (OPMYyIHpyeTcs CIEAYIOIUM —00pa3oMm.

W3BecTHO (haKTHUECKOE HAMPSDKEHUE HA MEPBHYHOM cTOpoHe TpaHcdopmaropa U, .

Tpebyercs monyunTh Ha BTOpHYHOM cropone Hampspkenme U,y . Jlms aToro
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HEoOXOANMO BBHIOpaTh HYXHBIH KO3((GHUIHMEHT TpaHchopManuu WM, M0A00paTh
HOMHHAJIBHOE HAIpsDKEHHE COOTBETCTBYIOIIETO PEryJHpOBOYHOIO OTBETBJIICHUS Ha
TIepBUYHOI 0OMOTKE ITpH 33JaHHON HarpysKe.

Hampspkenne Ha BTOpHYHONM cTOpOHE TpaHcdopmaropa, IPUBEICHHOE K
HEpBUYHON, MOXHO MOMy4uTh, ecin u3 U, OTHATH NOTepu HampsHKeHHs B

TparchopmaTope
’
U, =U, -AUy (6.1)
IoTepst HampspkeHHs B TpaHCOpMATOpe MPHU H3BECTHBIX COMPOTHBICHUAX
obmorok R; u X omnpexessiercst o BRIpaKeHHIO

! !
P -R;+Q, -X
AU, =—1—T Q Xy (6.2)
Ul
! /
rae Pl ’Ql — AaKTHBHagd MW pPCAKTUBHAA MOIIHOCTU HArpy3kKu, MNPHUBCACHHBLIC K

NEPBUYHOI OOMOTKE.
[orepst HanpskeHust AU po, , MOXKET GbITH OMpe/ieNieHa 110 MacnOopTHBIM
JaHHBIM TpaHchopMaTopa:
AUy, = (U, -cos@ + U, -sing)- K, (6.3)
rie U,,U, — akTuBHAas M peakTHBHAs COCTABISIOIIME MaJCHHS HAMpPSOKCHHS B

TparchopMaTope B MPOLEHTAX OT HOMUHAIBHOrO HanpspkeHus; K, — koadduuuent
3arpy3ku; COS¢Q — ko3 UIMEHT MOIIHOCTH HATPY3KH.

Bemvunna U, 4KCIEHHO paBHA TPOLEHTHOM BENMYUHE MOTEPH KOPOTKOTO

3aMbIKaHUs:

U, = AP 10096 (6.4)

H
B cBoto ouepens U, MOXKHO NPHHATH PABHOW HANPSHKCHHIO KOPOTKOTO
3aMBIKaHHS.
AOCOImOTHas BeTMYMHA [OTEPh HANPsDKEHHU B TpaHc(opMaTope, OTHECEHHAs
K HOMHHQJIBHOMY HalpsDKEHHIO NEPBHYHON 0OMOTKH, COCTaBUT
_ AUrpy, - Ugy
AU, = =—TP% _“BH
100

3Hasi NMPUBEJECHHOE K BBICOKOM CTOpPOHE HANpsDKEHWE Ha INHHAX HH3IIETO
’

(6.6)

HaIpspKeHus TpaHcdopMaropa U, , MOXHO onpenenuTs HeoOXOooUMoe HaIpPsDKCHHE
PETYINPOBOYHOTO OTBETBIICHUSL:

U
_ _ HH
Upx =(U;—AUp) 6.7)
2K
rae UHH — HOMMHMHAJIBHOC HaHpS[)I(eHI/Ie 06MOTKI/I HU3IICTO HaHpH)KGHI/Iﬂ
tpancopmaropa; U,y — HanpskeHne, KOTOpoe HEOOXOAUMO TMOIIEPKUBATH HA
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IIMHAX HU3IIEr0 HAIpsDKEHWs B pasiandHbX peskumax pabotst cetn (1,05 Uy cpm

— B pexuMe HauOombLIeH Harpysku u B nocaeaBapuitbix pexumax; 1,0 Uy cpm
— B p&KMME HaNMEHBILIEH Harpy3KH).

B coorBerctBum ¢ pacueTHbiM 3HadeHMeM Up, HeoO0Xxoammo BbIOpath
HOMHUHAJBHOE HAaNpsDKeHHe Omwkaifimero perynupoBounoro otserBieHus Ugyp.

Henaercs 310 CJICAYIOIUM 06paBOM:
1) Onpenensiercs aOCOMOTHOE 3HAUCHUE CTYIICHH PEryIUpOBaHus B KB:
AU - U
AUy = —C2 =Bl (6.8)
100

rae AUiqq, — cTymeHb perymupoBanus, %;
2) PaccuunthiBaeTcst HEOOXOMMOE KOIMYECTBO CTYIICHEH PEeryIUpOBaHUs

Upgy —U
n=—2X_—Bl (6.9)
AU
3) onpenensiroT HOMHHAJILHOE HANPSDKEHNE BHIOPAHHOTO OTBETBIICHUS
Uor =Ugy £n-AU (6.10)
JelicTBUTEIbHOE HAIIPSHKEHHE HA IIMHAX HU3ILIETO HATPSDKEHUS! COCTABHUT
Ui
U,y =(U;—AUy,) (6.11)
oT

B cnydae ucnonb3oBanusi tpancdopmaropa ¢ PITH umeercss BO3MOXKHOCTB
U3MEHATh PEryIUpOBOYHBIE OTBETBIICHUS Oe3 ero orkmodeHus. [loatomy cremyer
OIIPEJICTIATh HANpPSUKCHUE OTBETBICHUS OTHENBHO AT PEXKUMOB HauOonbliel U

Hanmenbiueit Harpy30k: Ugr e © Ugr min -

[pu ucnonws3oBanuu tpanchopmaropos ¢ [IBB perymupoBodHoe OTBETBICHNE
IIPH PacCYUTHIBAEMBIX PEeXKHUMax paboTel He MeHserca. [loaTomy OoHO BRIOHMpaeTcs ¢
TaKkUM pacyeToM, 4TOObl OOeCIeynTh HauMEHblIee OTKIOHEHHE HANpsDKeHHs Ha
IIMHAX HOJCTAHIMH B PA3NMYHBIX peXuMmax padoTel cetd. [ns 3Toro HeoOXoaumo
OIpEeNIeNUTh JKeNaeMble HaNpsHKEHHS OTBETBICHHH U1 PEXMMOB HaWOONBIINX M
HaMMEHBIINX Harpy30K U 10 CPETHEMY 3HAUEHHIO 3TUX JIBYX BEIUYMH:

Uepmg = Upsic.mex + Yssic.nin (6.12)
2

B coorBercteun ¢ BeipaxkenusiMu (6.8) + (6.10) HaxommTcs cTaHmapTHOE
PEryIMPOBOYHOE OTBETBIIEHUE TpaHCHOpMATOpa, OIIHKANIIEee K PACIETHOMY.

B cinyuyae npuMeHeHHS TPEXOOMOTOYHBIX TPAHC(OPMATOPOB DPErYIUPOBAHHE
HOJI HATPY3KOH MOMKHO BBIMONHATH TOJNBKO CO CTOPOHBI BBICIIETO HANPSIKEHHS, 2
00OMOTKa CpEIHEr0 HANPSDKEHHS COJNEPIKUT OTBETBIICHHS, MEPEKIIOUaeMble €O
cHsateM Harpysku. CHauvama 1o Beipakenwsm (6.7) + (6.10) BwiOuparorcs
OTBETBJICHUSI CO CTOPOHBI BBICIIEr0 HampspkeHws. TpaHchopMarop OpH ITOM
paccMarpuBaeTcsi Kak JBYXOOMOTOYHBIM C OOMOTKAMH BBICIIETO U HH3IIETO
HanpspkeHuit. [Ipy 5TOM MOTeps HANPSDKCHUS B TPaHC()OPMATOpE OIPEAENSeTCs M0
BBIPKCHHIO

AUq 5y =AUy + AUy (6.13)
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rae AUBH u AUHH — HOTCpU HAINPAKCHUA B 00OMOTKaX BBICHIETO M HHU3IIErO

HAMpPSDKEHUH, KOTOPhIE MOT'YT OBITh OmpejieneHsl mo Gopmynam (6.2) + (6.3).
3aTeM BBIYUCISACTCS OJHO JKEIaeMOE HAIPSDKEHHE OTBETBJICHUS CO CTOPOHEI
00OMOTKH CPEHETO HANPSIKCHUS:

U — Uc '(UOT.max + UOT.m'n) (6.14)
oK = U U :
C'.max + C'.min
1€ Uor max + Yot min — BHIODAHHBIE HATIPSKEHUS OTBETBIIEHNUIT HA BBICIIEH CTOPOHE
UC’.m’n
IIMHAX CPEJHEr0 HANPSKEHHS B MAKCUMANTbHOM M MHHHMMAJBHOM PEXHMAXx,
pUBeeHHbIE K Bbicuiei cropone; U — jkenaeMblil ypOBEHb HANIPSKEHUS HA IIMHAX

B MAaKCUMaJIbHOM W MUHHUMAJIbHOM PCKHUMax, Ucr — HaIIpsKCHUA Ha

.max

CPEIHEr0 HalpsKEHUsL.
[Ipu sToMm:

Ue =U, —(AUg, + AU, ) (6.15)
rie U, — HampsbkeHHe, MOABOJAMMOE K TNEPBUYHOW OOMOTKE TPEXOOMOTOYHOrO
tpauchopmaropa; AUgy, AUy — morteps HampsokeHHs B OOMOTKAaxX BBICIIETO U
CPEIHEro HalpsKEHUM.

Iomy4genHoe pacdetHoe xkemaemoe HampspkerHne Uy ucmonesyercs mms
noxbopa craHAapTHOro oTBeTBiIeHus ¢ HanpspkeHneM U o . Torma mefictBurensHbie

HANPSDKCHMSI HA IIMHAX CPEJHEr0 HANpPSDKCHHS B MAKCHMaJIbHOM M MHUHHMAJBHOM
peKUMax OyIyT paBHbI:

U mex = Ue.m “Ucor (6.16)
OT.mex
Uy = —Corin_ (6.17)
CJL.min Ugpr coT .
.mn

Pe3ynpraThl pacdueToB 1O BBIOOpY OTBETBICHWH Ha TpaHchopMaTropax
MTOJICTAHINH yIoOHO MPEACTaBUTh B TAOMMIHOM Bre (Tadm. 6.1).

Tabnuna 6.1 - PerynupoBodnsie oTBeTBICHHs TpaHchopmaropos ¢ PITH

No Pexxum paboThl ceTn
m/ct MaxkcuManbHbIH MuHuManbHbIT IlocneaBapuiinblit
Bribpannoe | [leiictBurensho | Beiopannoe | lelicrBurensHo | Boibpannoe |[eiicTBurenpHo
OTBETBIICHH e OTBETBJICHHE e OTBETBIICHHE e
e HaIpsDKeHUe HanpsDKeHHe HalpsUKeHHE
" Uor U?_/:[ "1 Uor U?_/:[ | Uor U?_/:[

[Ipumep  BBIOOpa  pETyNMPOBOYHBIX  OTBETBJICHHWH  TpaHC(HOPMATOPOB
MIPEACTaBIIEH B MPUIOKEHUH 7 TIOCIE dAEKTPUUECKOr0 pacueTa peKuma.

Ecnu ncnions3oBanue Tpanchopmartopos ¢ PITH He obecriednBaer TpeGyemoe
HaNpsDKeHWE BO BCEX PEXHMMax XOTd Obl Ha OXHOHM MOACTAaHIMH, TO HEOOXOIMMO
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paccMOTpeTh IeJIeco00pa3sHOCTh INPUMEHEHUs JPYTUX CpEICTB  PETyINpPOBaHUS
HaIpsDKEHNSI.
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Ge

CITPABOYHBIE MATEPHUAJIBI

Ta6muma I1. 1.1 - [IpomyckHas cnocoOHOCTh U AATBHOCTh Nepeaauu auanid 110—500 kB

Ipnioxenne 1

Harmpsoxkenue CeueHue IlepenaBaemast mouiHocts, MBT JlnvHa TMHUM, KM
JuHuy, KB MpOBOJIA, MM? Harypanbnas IIpu mnorHocTH IIpenenbHast - Cpennsist
toka 1,1 A/mMm? npu KITJT = 0,9
110 70-240 30 13-45 80 25
150 150-300 60 38-77 250 20
220 240-400 135 90-150 400 100
500 3x300-3x500 900 770-1300 1200 280

TatGmuna I1. 1.2 - DxoHOMHUYECKas IOTHOCTh TOKA

ITpoBOIHUKH 3Ha4yeHws j5 MPH NPOJOIDKUTEIBHOCTH HCIIONB30BaHHS MAKCHMYyMa HArpy3KH, U
1000+3000 3001+5000 5001+8760
HewuzonupoBaHHbIe IpoBOA:
- MeJIHBIE 2,5 2,1 1,8
- aJIIOMUHHUEBBIE 1,3 1,1 1,0
Kabenu ¢ Gyma)kHOW 1 IPOBOAA C PE3NHOBOM
Y TOJIMXJIOPBUHUIIOBOH M30JsILIUEH ©

JKUJTAMH:
- MEAHBIMHA 3,0 2,5 2,0
- QJIFOMUHUEBBIMU 1,6 1,4 1,2
Kabenu ¢ pe3nHOBOM U IIIACTMACCOBOM 3,5 3,1 2,7

HM30JISIIKEN ¢ METHBIMHU YKHJIaMHU




Ta6muma I1. 1.3 - PacueTHbIe TaHHBIEC CTANICATIOMUHUEBEIX TIPOBOIOB

Homunansaoe Ceuenne, MM? Jmamerp, MM DnekTpuyeckoe

ceueHue, MM> AmroMuHII Cranb AmromMuHUI Crainb CONPOTHUBIICHHE

(amroMuHMIY/ cTAND) MOCTOSHHOMY

ToKy, OM/KM

50/8 48,2 8,04 9,6 3,2 0,603
70/11 68,0 11,3 114 3,8 0,429
95/16 95,4 159 13,5 4,5 0,306
120/19 118,0 18,8 15,2 5,6 0,249
150/24 149,0 24,2 17,1 6,3 0,198
185/29 181,0 29,0 18,8 6,9 0,162
240/32 2440 31,7 21,6 7,2 0,121
240/39 236,0 38,6 21,6 8,0 0,124
300/39 301,0 38,6 24,0 8,0 0,098
400/51 394,0 51,1 21,5 9,2 0,075
500/64 490,0 63,5 30,6 10,2 0,060

Ta6suma I1.1.4 - Pacuernsie nannasie BJI 35-110 kB co craiieantoMHMHEBBIMA POBOAAMU

HomunansHoe ro,OM/KM TpH 35xB 110 xB

CedeHune, MM? +20°C Xo, OM/KM Xo0, OM/KM bo 106, Cm/km
70/11 0,428 0,432 0,444 2,55
95/16 0,306 0,421 0,434 2,61
120/19 0,249 0,414 0,427 2,66
150/24 0,198 0,406 0,420 2,70
185/29 0,162 - 0,413 2,75
240/32 0,120 - 0,405 2,81

Tabnuna I1.1.5 - Pacuernsie nannsie BJI 220 kB co cranealoMUHHUEBBIMU IPOBOAAMHU

HomuHansHOe ro, Om, pu + 20°C Xo, OM bo-10®, Om
cedeHmue MpoBoJIa,
MM?
240/32 0,121 0,435 2,60
300/39 0,098 0,429 2,64
400/51 0,075 0,420 2,70
500/64 0,060 0,413 2,74
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Tabnuna I1.1.6 - JlomycTrmble [UIMTENBHBIE TOKH JJIs1 HEM30JIMPOBAHHBIX
CTaJICAIIOMHUHEBBIX IPOBOJIOB BHE IOMEILEHUH

HoMuHaJIbHOE CeueHue, MM? Tok, A
50/8 210
70/11 265
95/16 330

120/19 390
150/24 450
185/29 510
185/43 515
240/32 605
240/39 610
300/39 710
400/51 825
500/64 945
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Ta6muna I1.1.7 - Tunossie cxemsl PY

Pucynku

O6mnacts
MTPUMEHEHUSI

Harmpsok
kB

€HHE, CropoHa
MO CTAHIUN

IIOHO.IIHI/ITGJH)HLIG
YCJIOBHS IPUMCHEHUS

Puc.II.1.1

20-500 xB BH

TynuKOBBIE WU OTBETBUTEIIBHBIC
onHotpanchopmatophsie [1C mpu
HEOOXOIMMOCTH aBTOMATHYECKOTO OTKJIFOYEHHS
noBpexaenHoro T ot BJI, nuraromeit
Heckobko T1C.

Puc.I1.1.2

35-220 xB BH

TynuKoBbIE WM OTBETBUTEIBHBIC BYX-
tpanchopmaropusie I1C nuraemsle o 2-m BJL

Puc.I1.1.3

35-220 kB BH

IIpoxomusie nByx-Tpancopmaropusre I1C ¢
JIBYXCTOPOHHUM MHUTaHHUEM TIPH HEOOXOIUMOCTH
COXpaHeHUs B paboTe ABYX TpaHCHOpPMATOpOB
nipu K3 (noBpesxnennn) Ha BJI B HopMaisHOM
pexume padorst [1C.

Puc.Il.1.4

110-750 xB BH

s neyx-TpanchopmaTtopHbx [1C muTaeMeIX mo
2-m BJI, npu HEOOXOIMMOCTH CEKLIHOHUPOBAHHUS
Tpan3utHoi BJI. Cxema siBnsiercs
aJbTePHAaTUBON CXeMaM «MOCTHKOBY U I10
MHOI'MM TIOKa3aTeJIsIM SIBIISIETCS
MpPEeANOYTHTENBHOM.

Puc.I1.1.5

20-220 xB BH

s I1C ¢ nanmuuem napueix BJI u BJL,
pesepBupyembix ot apyrux [1C,
HepesepBupyeMbIx BJI, HO He Gonee oqHOM Ha
CEKIIMIO, IPH OTCYTCTBUM TPeOOBaHUH
COXpaHeHUs B paboTe BceX NMPUCOSIMHEHHH IIPU
BBIBOJIC B PEBU3MIO CEKIIMHU LIMH.

Puc.Il.1.6

110-220 xB BH

B PV ¢ 5-10 u Oonee npucoeMHEHUSIMH, HE
JIOMYCKAIOIMMH JIaKe KPaTKOBPEMEHHYIO
HOTEPIO HATIPSDKEHMS Ha PUCOECANHEHUH TIPU
IJIAHOBOM BBIBOJIE BBIKJIFOYATENECH U3 paboThI.

Puc.II.1.7

110-220 xB BH

IIpu Hanuuuu npucoeIMHEHU, He
JIOMYCKAIOIMX JaKe KPaTKOBPEMEHHYIO TIOTEPIO
HAaIpsDKEHUS TIPU TUIAHOB BBIBOZIE BHIKJIIOYATENel

13 paboThL.

PucII.1.8

110-220 xB BH

IIpu 5 u Gonee npuCcoeTMHEHHSX, TOBBIILIEHHBIX
TpeOOBaHMAX K COXPaHEHHIO B paboTe
NPHCOCANHEHNUH, HO JIOMYCKAIOIINX MOTEPIO
HaNpsDKEHUs TPU TOBPEXKEHUHU B 30HE COOPHBIX
IIMH Ha BPEMs1 ONePaTHBHBIX NEPEKIIFOYESHHI MO
HepeBO/y MPUCOSIMHEHUI Ha IPYTYI0 CUCTEMY
IIMH; IPU HEOOXOIMMOCTH JICJICHHS CETH.
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Tab6muma I1.1.8 - TpexdaszHpie TByXx0OMOTOUHBIC TpaHCPOpMaTopsl 35 kB

Tun SHowm, IIpenenst Karanoxxuelie JaHHbIE PacueTHble naHHbBIE
MBA | perynupoBan | Upnom 06MOTOK, Ux, APk, | APx, | Ix,% | R, X1, | AQx 107,
ust xB % KBt kBT Om | Om MBgap
BH HH

TMH-1600/35 1,6 +6x1,5% 35 11 6,5 23,5 51 1,1 11,2 | 49.2 17,6
TMH-2500/35 2,5 +6x1,5% 35 11 6,5 23,5 51 1,1 4,6 31,9 27,5
TMH-4000/35 4,0 +6x1,5% 35 11 7,5 33,5 6,7 1,0 2,6 23 40
TMH-6300/35 6,3 +6x1,5% 35 11 7,5 46,5 9,2 0,9 1,4 14,6 56,7
TMH-10000/35 10 +9x1,3% 36,75 10,5 7,5 65 14,5 0,8 0,88 | 10,1 80
TJIH-16000/35 16 +8x1,5 % 36,75 10,5 10 85 18 0,55 | 0,45 8,4 88
TJIH-25000/35 25 +8x1,5 % 36,75 10,5 9,5 115 25 0,5 0,25 51 125
TJIH-32000/35 32 +8x1,5 % 36,75 10,5 11,5 145 30 0,45 | 0,19 4,8 144
TJIH-40000/35 40 +8x1,5 % 36,75 10,5 11,5 170 36 0,4 0,14 3,9 160

Tabnuna I1.1.9 - Tpéxdazusie nByxoOMoTouHbIe TpaHchopmaTopsl 110 kB
Tun SHowm, IIpenesnst KarajoxHbic TaHHbIC PacuerHblc naHHbBIC
MBA | perymupoB | Unom 00MOTOK, KB Uk, APx, | APx, Ix, R, Xr, AQx 1073,

aHus BH HH % kBT kBT % OMm OM Msap

TMH-2500/110 2,5 +8x1,5 % 110 11 10,5 22 55 1,5 42,6 | 508,2 37,5
TMH-6300/110 6,3 +9x1,78 % | 115 11 10,5 44 11,5 0,8 14,7 | 220,4 50,4
TJIH-10000/110 10 +9x1,78 % | 115 11 10,5 60 14 0,7 7,95 139 70
TJIH-16000/110 16 +9x1,78 % | 115 11 10,5 85 19 0,7 4,38 | 86,7 112
TPJTH-25000/110 25 +9x1,78 % | 115 10,5/10,5 10,5 120 27 0,65 | 2,54 | 55,9 175
TPJTH-40000/110 40 +9x1,78 % | 115 10,5/10,5 10,5 172 36 0,65 1,4 34,7 260
TP/IITH-63000/110 63 +9x1,78 % | 115 10,5/10,5 10,5 260 59 0,6 0,87 22 410
TP/IITH-80000/110 80 +9x1,78 % | 115 10,5/10,5 10,5 310 70 0,6 0,6 17,4 480

TP/IITH-125000/110 125 +9x1,78 % | 115 10,5/10,5 10,5 400 100 0,5 0,4 11,1 687,5




Tabnuna I1.1.10 - Tpexdasubie TpexodMorounsie Tpanchopmaropst 110 kB

oy

Tum Snom, MBA IIpeneins! peryaupoBanus Karanoxhsle faHHbIe
Unom 00MoTOK, KB Uk, %
BH CH HH B-C B-H C-H
TJITH-10000/110 10 +9x1,78 % 115 38,5 11 10,5 17 6
TJITH-16000/110 16 +9x1,78 % 115 38,5 11 10,5 17 6
TJTH-25000/110 25 +9x1,78 % 115 38,5 11 10,5 17,5 6,5
TJTH-40000/110 40 +9x1,78 % 115 38,5 11 10,5 17 6
TJTH-63000/110 63 +9x1,78 % 115 38,5 11 10,5 17 6,5
TJITH-80000/110 80 +9x1,78 % 115 38,5 11 11 18,5 7
[ponomkenue tadnuup 11.1.10
Tun KaranoxHbie TaHHbIC PacuerHbie qaHHBIC
APk, kBt APx, Ix, % Rt, OMm X1, OM AQx 1073,
kBT BH CH HH BH CH HH Mgaap
TJITH-10000/110 76 17 1,1 5 5 5 142,2 0 82,7 110
TJITH-16000/110 100 23 1,0 2,6 2,6 2,6 88,9 0 52 160
TJITH-25000/110 140 31 0,7 1,5 1,5 1,5 56,9 0 35,7 175
TJITH-40000/110 200 43 0,6 0,8 0,8 0,8 35,5 0 22,3 240
TJITH-63000/110 290 56 0,7 0,5 0,5 0,5 22,0 0 13,6 441
TJITH-80000/110 390 82 0.6 0,4 0,4 0,4 18,6 0 11,9 480
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Tabnuna I1.1.11 - Tpéxdasusie iByxodMoTouHbIe Tpanchopmartopsl 220 kB

Tun SHoM, IIpenenst KaranoxHeie JaHHEIS PacuerHrle 1aHHBIE
MBA | perymnpos | Unom obmorok, kB | Uk, | APk, | AP, Ix, Rr, Xr, AQx 1073,
aHus BH HH % kBt kBT % OM Om Mgzap

TPJTH-40000/220 40 +8x1,5 % 230 11/11 12 170 50 0,9 5,6 158,7 360
TPIITH-63000/220 63 +8x1,5 % 230 11/11 12 300 82 0,8 3,9 100,7 504
TJI11-80000/220 80 +2x2,5 % 242 10,5 11 320 105 0,6 2,9 80,5 480
TPJIITH- 100000/220 100 +8x1,5 % 230 11/11 12 360 115 0,7 1,9 63,5 700
TJI1-125000/220 125 +2x2,5 % 242 10,5 11 380 135 0,5 1,4 51,5 625
TPJIITH-160000/220 160 +8x1,5 % 230 11/11 12 525 167 0,6 1,08 39,7 960

Tabnuna I1.1.12 - Tpexdasnblie TpexoOMoTo4HbIe TpaHChHOPM

aTopsl U aproTpanedopmaTopsl 220 kB

Tun Snom, MBA IIpenesns Karanoxnsle JaHHbIE
perymupoBanus | Unom 06MOTOK, KB Uk, %

BH CH | HH | B-C | B-H | C-H

TJITH-25000/220 25 +12x1 % 230 | 385 | 11 | 125 | 20 6,5
TJITH-40000/220 40 +12x1 % 230 | 385 | 11 | 125 | 22 9,5
ATJIITH-63000/220/110 63 +6x2 % 230 | 121 | 11 11 | 357 | 21,9
ATJITH-125000/220/110 125 +6x2 % 230 | 121 | 11 11 31 19
ATITTH-200000/220/110 200 +6x2 % 230 | 121 | 11 11 32 20
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Ipomomxenune Tadmuie I1.1.12

Tun KaranoxHeie JaHHEIS PacueTrHrle 1aHHBIE
APk, kBt APx, | Ix, Rt, OM X1, OM AQx 107,

BH-CH | BH-HH CH-HH kBt % |BH|CH| HH | BH | CH HH MBsap

TJITH-25000/220 135 - - 50 1,2 | 57 | 57| 57 | 275 0 148 300
TJITH-40000/220 220 - - 55 1,11 36| 36| 3.6 | 165 0 125 440
ATIIITH-63000/220/110 215 - - 45 05114 |14 | 28 | 104 0 195,6 315
ATIITH-125000/220/110 290 - - 85 0510505 | 1,0 | 48,6 0 82,5 625
ATIIITH-200000/220/110 430 - - 125 | 05(103]03 | 06 | 304 0 54,2 1000

[Mpumeuanue. [{i1st aBrorpancdopmaropoB MomHocTh 0oMoTkr HH paBHa 50% HOMUHAIBHOU.




Ta6muma I1.1.13 - ExxerogHpie H3IEpKKA HA aMOPTH3AIIHIO U O0CITY)KUBaHUE

DJIEMEHTOB JIEKTPUYECKUX CUCTEM, B IIPOLIEHTAX OT KallUTAJIbHBIX 3aTpaT
Haumenosanue Hopma aMopTH3aIIMOHHBIX OTYHCICHUH | 3aTpaTbl Bcero
9JIEMEHTOB B Tom uncne Ha W3JICPKKH HA
CUCTEMBL obmas KaluTaJbHbl | PEHOBALU 00cmyX | aMOpTH3ALHMIO U
" PEMOHT a NBAHUC OGCJIy)KPIBaHI/IC
BJI 35 kB u BbIIIE Ha 2,4 0,4 2,0 0,4 2,8
CTaJIbHEIX U
JKEJ1€300€ TOHHBIX
ornopax
BJI 35-220 kB Ha 49 1,6 3,3 0,5 54
JIEPEBSIHHBIX OTOpax
CutoBoe
IEKTPOOOOPYIOBAHH
eunPVY: 6,4 2,9 3,5 3,0 94
- JTo150xB 6,4 2,9 3,5 2,0 8,4
- 220 kB u BpIIIE

Tabnuna I1.1.14 - [TapameTpsl IOTOKA OTKA30B

OnemMeHT ®, OTKA3/TOJ1, TIpU HaNpsDKeHUH, KB

220 110 35

Bosznymnsie nuann, o Ha 100 kM:
- OJIHO IICTTHBIC 0,6 1,1 1,4
- IIByXILIEIHbIE (OTKa3 OJIHOM IeTH) 0,5 0,9 11
- IBYXILIIHbIC (OTKa3 IBYX IIeTei) 0,1 0,2 0,3
Tpanchopmaropsl 1 aBTOTpaHCcHOPMATOpPBI 0,02 0,02 0,01
Beixiiouareny anera3oBble: (Ha eauHMIy) B nensx BJl 0,05 0,03 0,04
Beixiouarenu BakyymHbIe: (Ha enunuiy) B nemsx BJI - 0,03 0,03
C6opHble MUHBI (HA IPUCOSTUHEHHE) 0,01 0,01 0,01

Tabnuna I1.1.15 - CpenHee BpeMsi BOCCTAHOBIICHHSI QJIEMEHTOB 3JICKTPUYECKUX CeTel

DreMeHT Tg-10° ner/orkas, npu Hanpsvkenuy, KB
220 110 35
Bozgymnsie nuanu, o Ha 100 kM:
- OJHOLIEIHbIE 1,1 1,0 1,0
- IByXLIEIHbIE (OTKa3 OHOI LeTH) 0,2 0,4 0,8
- IByXIIeHbIe (OTKa3 IBYX IIeTei) 4,0 3,0 2,5
Tpancdopmaropsr 1 aBTOTpaHcHOPMATOPHI:
- IPU OTCYTCTBHH Pe3epPBHOr0 TpaHchopMaTopa B 80 60 45
cucreme
- IPU HAJIMYHMHU PE3epPBHOrO TpaHchopmaropa B 25 20 10
cucremMe
Briknarouarenu 4.8 2,8 1,3
C6opHBI€ HINHBI 0,4 0,25 0,25
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Tabmuma I1.1.16 - Kos¢d¢uumeHTsl IIaHOBBIX NPOCTOEB Ha OAHY wenb BJI wmmm

eIMHUIY 000pyJOBaHHS

OneMeHT Kr-10°, oTH. ex1., npu HanpsikeHuH, KB
220 110 35
Boszpymnsle iuHaun 7 5 4
TpancdopmaTops! 1 aBTOTpaHCHOPMATOPHI 8,5 7,5 6
Brikitouaresu 3jaera3oBbie 100 7,5 3
Brikirouareny BaKkyyMHbIC 8,5 6,5 2
COopHBIC MIMHBI (HA OTHO TIPUCOCMHEHHE) 0,4 0,2 0,2

Tabnuna I1.1.17 - CTonMocTh coOpy»XeHUs! BO3AYUIHBIX JIMHUH 35 KB, ThIC. py0./kM

Omnopst Pation no rononeny ITpoBosa ceueHreM, MM>
70/11 | 95/16 | 120/19 | 150/24
CrabHBIe OTHOLIEITHEIC ] 1440 1410 1410 1430
CrasibHble IByXLICIIHbIE ] 2010 2010 2040 2140
JKene3z00eTOHHBIE OJHOIEITHBIE 1 1050 1060 1080 1120
XKene3o0eTOHHBIE ABYXIICITHBIE ] - 1670 1450 1530
JlepeBsiHHBIE IBYXCTOCUHBIE I 550 580 600 680
0e3TpocoBbIe

Tabnuna I1.1.18 - CtoumocTts coop

eHMs1 BO3AYyIIHbIX JiuHui 110 kB, ThIC. py0./KM

Onopst Paiion no IpoBosia ceueHueM, MM?
rononeny | 70/11 | 95/16 | 120/19 | 150/24 | 185/29 | 240/32

CraJibHbIC OJTHOLICTIHBIC 1 1650 | 1640 1690 1690 1800 1880

CraJibHbIe IBYXIICITHBIE 1 2460 | 2440 | 2520 2570 2850 3070

XKene3obeToHHBIE I 1200 | 1200 1140 1170 1290 1400
OJIHOLICIIHBIE

XKene3zobeToHHBIE I 1780 | 1780 | 1810 2000 2200 2400
JIBYXLICTIHbIE

Tabmauma I1.1.19 - CtonMocThb c00)

py)KeHus1 BO3AYIIHbIX JuHui 220 kB, ThIC. py0./KM

Omnopst Paiion no rononeny IpoBosia ceueHneM, MM?
400/51 300/39 | 240/32
CranbpHbIe OHOLIEIHbIE I 2100 2160 2380
CranbHble JBYXIICITHbIC ] 3440 3620 4130
JKene300eTOHHBIE OJHOIENHEIE I 1640 1730 1940
XKene300eToHHbIE ABYXIICTTHBIE 1 2780 3000 3380

Tabmuma I1.1.20 - fAueiiku OPY 35-220 xB ¢ BeIKmOUaTenmsMu (IS cXeM
KOJIMYECTBOM BBIKITIOUATEIICH Oonee Tpex)

Hampsokenue, kB

PacueTHast cTOMUMOCTD SYEHKHU C BBIKIIIOYATENEM, ThHIC. PYO.

BaKyyMHBIM

3JICTa30BBIM

[IPU OTKJIF0YaeMOM TOKE, KA

10 40 oomee 40 10 40 6oiee 40
35 900 2000 1200 2900
110 4200 5700 3500 4300
220 - - 8500 13000
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Tabnuma I1.1.21 - OTkpBITHIE pacnpenenuTenbHble yerpoiictBa 35-220 kB mo 6;mo4HbIM
U MOCTHKOBBIM CXEMaM

Cxema OPY

CronmMocTs, THIC. PYO.,
1pH HanpsbKeHuH, KB

35 110 220

Brnok muHMS-TpancopMaTop ¢ pa3beJUHUTEIEM

340 1150 | 1890

Brok muHMS-TpaHcdOopMaTop ¢ BHIKIIOYATEIeM

840 3600 | 7900

J1Ba 6110Ka TMHMA-TpaHCPOPMATOP € BBIKITIOYATENSIMU 1 1910 7420 | 17800
HEaBTOMATUYECKON IepEMbIUKON
MOCTHK ¢ BBIKIIIOUATENIEM B IIEPEMBIUKE U B LIETSIX 2910 | 12000 | 28000

TpancdopMaropos

Tabnuna I1.1.22 - [IByxoOMoTo4HbIe TpanchopmaTtopsl 35 kB

MoOIIHOCTE, PacueTHast CTOMMOCTB, THIC. pYO.
MBA 6e3 PITH ¢ PITH ¢ pacuieriénaoi oomorkoii HH u PITH
1,6 1010 1670
2,5 1220 2120
4,0 1520 2570
6,3 1900 3050
10 2400 4180
16 3400 6120 -
25 - - 7700
32 - - 8600
40 - - 9600
Tabnuua I1.1.23 - Tpaucdopmatopst 110 kB
MorHocTb, JIByx0oOMOTOYHbIE | TpexobMoTouHbIE
MBA PacuérHasi cToUMOCTb, ThIC. PYO.
oe3 c PITH C pacIeryIeHHOl 00MOTKO# ¢ PITH
PITH HH u PITH
2,5 - 3500 - -
6,3 - 4900 - 5700
10 - 5400 - 6700
16 - 6300 - 7900
25 - - 8400 9100
40 - - 10900 11700
63 - - 13600 15400
80 14400 - 15700 16600
125 17100 - 24400 -
200 26300 - - -
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Tabnuna I1.1.24 - TpancdopmaTops! 1 aBroTpanchopmaTopsr 220 kB

MomHocTs, Tpancdopmaropsr ABTOTpaHCc(HOpPMATOPEI
MBA JIByxoOMOTOUHBIE TpexobMoTouHBIE ¢ PIIH
oe3 C pacuIeTUICHHON ¢ PITH
PITH obomorkoii. HH u PITH
PacueTHast CTOUMOCTB, THIC. PyO.

25 - - 14800 -
40 - 16900 16500 -
63 - 19300 - 20100
80 18900 - - -
100 - 26500 - -
125 23100 - - 25300
160 - 32300 - -
200 30700 - - 33200

Tabnuna I1.1.25 - TocrosiHHas yacTk 3aTpaT no nojcraHuusm 35+220 kB, Thic. pyo.

Hanpspkenue, | DnexTpuueckas cxeMa NoJACTaHIMU Ha ctopoHe BH Bcero
kB MOCTOSIHHAS YacTh
3arpar
35/10 Bes BeikIOUaTenei 6000
C BBIKIIIOYATENSIMHE (Ha IepeMeHHOM orepatuBHOM Toke) | 7000
C BBIKIIIOYATENSIMHE (Ha ITOCTOSTHHOM ornepatuBHoM Toke) | 10500
110/10 Be3 BeIknmouaTeneit 13000
Moctuk 21000
COopHBI€ MIUHBI 29000
110/35/10 be3 BIKiIOUaTenei 17000
Mocrtuk 25000
CO6opHbBI€ MINHBI 32000
220/10 wn Be3 Boiknouateneit 24000
220/35/10 MocTuk 36000
YeThlpeXyrojibHUK, COOPHBIE ITUHBI 46000
220/110/10 be3 BeIKiIOUaTenen 40000
MOCTHK, YEeThIPEXYTroIbHIK 52000
CO6opHBI€ MINHBI 75000
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Puc. I1.1.1. Brok nunusi-tpancdopmatop ¢ Boikimouarenem (3H).

i

Puc. I1.1.2. JIa 0710Ka ¢ BBIKIIOUATEIIMH M HE aBTOMATHUCCKOM IMEPEMBIYKOM CO
cropoHs! uHuit (4H).

[
A

g9

Puc. I1.1.3. MocTHK ¢ BBIKITIOYATEISIMHU B HEMAX JTUHUNA U PEMOHTHOH MEPEMBIYKON CO
cropons! suHui (SH).

|

g

Puc. I1.1.4. Yersipexyronbauk (7).
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Puc.IL.1. 8. Cxema npucoeaunenus JISII k ABOIHOI HECEKIIMOHUPOBAHHON CHCTEME
LIMH UCTOYHHKA MUTaHus HanpsbkeHuem 110—220 kB (13)

Yoa, teIC.py6/(xBT-TONI) VYo, Teic.py6/(xBr-rox)
800 T 800 1
700 —1 —
600 2 600 i
/y /' 2 /
500 A 500 ~
7 71T Z=
400 400
/) =3
3
300 300
s |/
200 200
1 1 /]2 ]
100 100 —
. , LT
0 0,2 04 0,6 0,8 € 0 0,2 0,4 0,6 0,8 €
Tun Harpy3ku CTpyKTypa Harpy3Ku
1 2 3 4
ITpoMBbIlIEHHOCTB, % 15 70 10 35
BeiT 1 cepa obcmyxusanns, % 50 25 25 25
Cenbckoe X031 CcTBO,% 15 - 55 30
TpaHCOPT ¥ CTPOUTENBCTBO, %o 20 5 10 10

Puc.I1.1.9. PacuérHblii T01I0BOH yIEIbHBIN yIIepO OT aBapuitHbIX Yoa (a) M MIIAHOBBIX
VYon (6) orpaHuueHHI AIEKTPOCHAOKEHUSI.
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IIpunioxenne 2
BAPUAHTBI KOHOUT'YPAIIUU CETU

Bapuanr 1 Bapuanr 2

Puc. I1.2.1. BapuaHTsl paguaibHOM ceTu

Bapuanr 1 Bapuanr 2

Puc. I1. 2.2. BapuaHTbl 3aMKHYTOH ceTH
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IIpuniaoxenne 3

IPUMEP PACUYETA PAJITMAJIGHOI CETH

Puc. I1. 3.1. Pac4ér mOTOKOB MOIIHOCTH B pauajibHON CETH

TTOTOKM MOLIHOCTH ONMPEIENIAOTCS 110 epBoMY 3akoHy Kupxroga:
1 =Py +iQy =(7+j5,25MBA

S

S =Py +Pr+j(Qp +Qy) =7+33+(5.25+ 24.75) =[40 + j30]MBA

S5 =Py +Pr+P;+j(Q +Qp +Qy)=7+33+28+ j(21+24.75+5.25) = [68 + j51]MBA
Sas =Py +Pr+P5+Pg+j(Q +Qr +Qy +Qg) =

=7+33+28+40 + j(21+ 24.75 +5.25 + 30) = [108 + j81]MBA

Sura =Py +Pr+Pg+Py +P, +J(Q5 +Qr +Qn+Qg +Qn) =

=7+33+28+40+40+ j(21+24.75+5.25 + 30 + 30) = [148 + j111]MBA

[IpoBepka npaBUIIBHOCTH pacueTa IOTOKOB:

Suna = XSy =Sa S5 +S5 +S-+5;

Harp

Suna =40+ j30+ 28 + j21+ 40 + j30 + 33+ j24.75+ 7 + j5.25 = [148 + [L11]MBA

o1



IIpunaoxenne 4

IPUMEP PACYETA KOJIBIIEBOM CETH

Puc. I1. 4.1. Pacu€r NOTOKOB MOIIHOCTH B 3aMKHYTOH CETH

Pa3pes3aeM KONBIEBYIO CETh 110 HCTOUHHKY [TUTaHUSA U Ipeodpa3yeM ee B CXeMy
C IBYXCTOPOHHUM ITUTaHUEM:

I /
A Sus Spr Sor B Sas 2
—E——— e S
ﬁ I—A-B ?S LB-l_ LB-l_ ? LA»B
40km ¥OB 48km T 66KM S 42km
Sr.ﬂ

Puc. I1. 4.2. Cxema, pa3zpe3aHHasi 10 UCTOYHUKY MUTAHUS KOJIbIIA

Sp(Lyr+Lgr+Lyg)+(Sr+Sr ) Lpr+Lyp)+Ss-Lag
Lasgtlgr+lpgr+lag

=(52.898 + j39.673)MBA

SB(LB—I" + LE—T + LA—E) + (Sl" +ST—H)(LE—T + LA—E) +SE ! LA—B

=(55.102 + j41.327)MBA
LA—B + LE—F + LB—I’ + LA—B

Sap=
OHpGI[GJISIeM TIOTOKH Ha OCTAJIBHBIX YJaCTKax KOJIbIa:
Sy =Sa s —S; = (24.898 + j18.673)MBA

Spr =S +Sp_y —Sp 1 = (15.102 + j11.327 )MBA

Suma =Sa +Sa s +Sap = (148 + L11)MBA

IIpoBepsieM npaBUIIBHOCTD pacueTa:

Sap+Sap =S5 +Sp +5_ +Sp

108 + j81=108 + j81
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CXEMBI DJEKTPUUECKHNX COEJTAHEHUM IMMOJCTAHIIUMI

punoxenue 5
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Puc. I1. 5.2. [Ipumep cxemMbl IEPBUYHBIX COCTMHEHUH MTOICTAHIINN KOIBIIEBON CETH
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Ipunoxenue 6
PACUETHAS CXEMA 3AMEIEHUS
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IIpunaoxenne 7
MNPUMEP DJIEKTPUYECKOI'O PACYUETA PEXKUMA

Ha mepBom 3Tame, ABWTasCh OT YAAJICHHBIX Y3J0B K HWCTOYHHKY ITHTaHWUSA,
MTOCTICTOBATEIBEHO PACCUYUTHIBAIOTCS MOTOKH MOIHOCTH M TOTEPU BO BCEX 3IIEMEHTAX
CXEMBI, a TAKXKE OMPEACISICTCS MOIITHOCTh HCTOYHHUKA IMUTAHHS.

Ha BTOpOM »3Tame, WCHONB3ys 3aJaHHOC HANPSHKCHUE HCTOYHHMKA TTHTaHHSA,
JIBUTAsCh TEMEepPh B OOPATHOM HAIPABICHUU OT UCTOYHUKA K YIAJICHHBIM Harpys3kam,
PACCUUTHIBAIOTCS HANPSOHKCHUS BO BCEX y3JaX CETH, a TaKKe MOTEPU HANPSDKCHUS B
JIUHUSAX U TpaHCPOpMAaTOpax.

IlepBbiii 3Tam:

ITockonbky BBIOpaHA KONbI[EBAs CXeMa, TO BHAUYale OMPEICIseM MOTOKH

MOIITHOCTH Ha PaJMaIbHBIX yJacTKaX:

Harpyska y3na [l ¢ yauérom KV:

S, =S, - Qy =Py, ;(Qy — Q) =7+ j2.03[MBA]

S, =S, +ASyy = (7+j2.03) + (0,032 + j0.558) = 7.032 + j2.588[MBA]

[Torepu morHoCcTH B TpaHchopMaTope myHkra /1
ASy = APy + JAQq, =0,032 + j0.558[MBA]

S’ 7,288%
APry = * 2 Ry = 2
230
S/’ 7,288
7 X = 2
U 230

BHOM

7,95 = 0,032[MBr]

AQqy = -139 = 0,558[MBap]
[Morepu xomocroro xoxa B Tpancopmarope myHnkra /I
S, = jAQx = j0.07[MBA |
S, =S, +S, =7.032 + j2.588 + j0.07 = 7.032 + j2.658[MBA ]
3apsaaas MorHocTh auHun [-/1;

—ioA _ip.y? — .107°%. 2
S, = jQzB _ JB;JHOM: j1.326 ;0 110 =—j0.008[MBA]

Sg =S +S, = 7.032 + j2.658 — j0.008 = 7.032 + j2.65[MBA |

S, =S +AS) A = (7.032 + j2.65) + (0,104 + j0.108) = 7.136 + j2.758[MBA]
Ilorepu MouHoOCTH B TuHMM I'-/1:

AS A = APE A 4 JAQ! M = 0.104 + j0.108]MBA|

S’ pra_ 75147

] 2202

2 2
AQIA = % XTA - 7;;2‘2 -23.088 = 0.108[Msap]

HOM

AP = -22.256 = 0.104[MBr]

—io-A  _iB.U? —j .107% 1102
S, = jQ2B _—iB ;J Hom _ j1.326 ;0 110 =—j0.008[MBA]

Sy =S, +S; =7.136 + j2.758 — j0.008 = 7.136 + j2.75[MBA |
Sy =S, +AST = (7.136 + j2.75) + 2,764 -10* = 7,136 + j2,75[MBA]
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ASS! = APS! + jAQS! =2.764 .10 *[MBA]

2 2
APGH = = - R /n T 64% 955764 -107*[MBr]
o 230% 2
2 2
AQqy = S, > X in= £ 648 -0 = 0[Mgap]

BHOM

Harpyska y3na I' ¢ yuérom KV:
Si=Sr — IQy =Pr.;(Qr — Q) =33+ J13,2[MBA]
Sy, =S, + ASHM = (334 j13.2) +(0.012 + j0.985) = 33.012 + j14.185[MBA]
ASH = AP 1 JAQRT = 0.012 + j0.985[MBA]
S i~ B 1o orofun]
2302 2

S, 2 35.54° 825
VIR S

Si5=Spp +Syp = (7.136 + j2.75) + (33.012 + [14.185) = 40.148 + }16.935[MBA |
Sy4 =S5 + ASE = (40.148 + 116.935) + (8.973 10 + j0.872) = 40.157 + 17.807[MBA]
ASPH = APEH + jAQBY =8.973-107° + j0.872[MBA]

AP = RA /n

=0.985[Msgap]

2
APEH = S R /n _B 57? 05 _g973-10 “[MB1]
UBHOM 230 2
S0 _ 43574 486
AQEH = = X5 In .—==0.872|Mea
Q=7 20 2 [Meap]

Sis = JAQqy -2 = j0.625-2 = j1.25[MBA ]

Si6 = Si4 +S;5 = 40.157 + j17.807 + [1.25 = 40.157 + 119.057[MBA |
Harpyska y3na B ¢ yuérom KV:

S39 =Sg —JQky =Pg +1(Qg Qiy) =40+ le[NIBA ]

S0 = Sso + ASy = (40 + j16) + (0.098 + j2.784) = 40.098 + j18.784[MBA |

AStg = APy + jAQ = 0.098 + j2.784[MBA ]

S,7 43.081% 5.6
AP =—2% R /n= .2~ =0.098[MB
™ UBH(JM2 " 2302 2 [ T]
2 2
AQp = 2 5 X In = 432’:(?21 153 T 2.784[Map]

S = jAQm -2=j0.36-2=j0.72[MBA |

Sy =S40 +S4y = 40.098 + j18.784 + j0.72 = 40.098 + 19.504[MBA |
Harpyska y3na b ¢ yuérom KV:

Sy =S5 — JQxy =P5 + (Q5_ Qiy) =28+ jll.Z[N[BA]

Sys =S, + ASy; = (28 + j11.2) + (0,048 + 1.364) = 28.048 + [12.564[MBA |

ASty = APy + jAQq; = 0.048 + j1.364[MBA |

S7



S,.2 30.157% 56
AP . =—=8 R _[n= -Z= = 0.048/MB
T UBHOMZ T 2302 2 [ T]
S,.7 30.1572 158.7
AQus =¥ X IN === = =1,364[Msap]

S5 = JAQy -2 =j0.36-2 = j0.72[MBA |

S, =S, +S,, = 28.048 + [12.564 + j0.72 = 28.048 + j13.284[MBA |
Harpyska y3na A ¢ yuérom KV:

S49 =S5~ JQxy =Pa—i(Qa —Qxy) =40+ le[WA]

Ssp =S4q + AS;, = (40 + [16) + (0.098 + j2.784) = 40.098 + {18.784[MBA |

AS;p = AP, + jAQq, =0.098 + j2.784[MBA |

Si” 43.081° 5.6
AP, = U:Mz R n=—r" = 0.098[MBr]
2 2
AQuy =18 x jn=2308L 187 5 284Map]

u_ 2 2302 2

BHOM

Ss; = jAQqy -2 =j0.36-2 = j0.72[MBA |
Ss, = Ss, +Ss; = 40.098 + j18.784 + j0.72 = 40.098 + 19.504[MBA |

B ciyuae BhIOOpa paguanbHON CXeMbl pacyérT HEOOXOAUMO BECTH 10 MCTOYHUKA
MTUTaHUS.

INockonbky OblIa BEIOpaHa KOJbIIEBas cXeMa, HEOOXOIUMO ONPEASTUTh OTOKH
MOIIHOCTH B KOJbIIE, JUI1 YEro pa3pe3aeM CXeMy IO HCTOYHUKY IHWTaHUS KOJIbLa
(myHKTY A)!

b r ..B A

RJ‘[A-B )(J'[A'B3 Fovt \ RJ‘[B-F XJ'[B-I_ ' """"" Ry I-B XJ‘[F-B 3637 RHA'B XHA'BA

2 R 47
TQp*P/2 Qe*P2T
2 = =

So7 Sis S

Spach Spacur Spacu
Puc.7.1. Cxema amst pacuéra MOTOKOB MOITHOCTH B KOJIBIIE C YIETOM ITOTEPb.

OmnpenensieM pacu€THBIC HATPY3KU B KOJBIIEBOH CXEMe:

B-I' b-I'

Seaci’ =Sig —J~5— =2~ = 40157 + [18.985[MBA]
B-I' A-B

Spacu” =S~ j=°5—~ [~°5—=40.008 + [19.436[MBA]

b-I' A-b
B

Spacu’ =Sz =] 75—~ ~5—=28,048 + [13.220[MBA]

Cxema puc.7.1 mpeobpasyercs B ynpoumieHHylo (puc.7.2) u jamee B
yIpolIeHHy0 6e3 yuéra noreps (puc.7.3).
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Puc.7.2. Cxema my1st pacuéra MOTOKOB MOITHOCTU B KOJIBIIEC C PACYETHRIMU HATPY3KaAMHU.

b I B A
|
—_— —_— ——————— [ |
SA’—B B SE-F_S \& SI‘-B_S V SA—B
Spac'—( =920 SpaC'-Ir =935 SpvaB

Puc.7.3. YnporieHHas cxema Jyis pacuéra MOTOKOB MOITHOCTH B KOJIbIIE Oe3 yuéra
MOTEPh.

OrmpeiensieM MOTOK MOLIHOCTH 0e3 y4éTa MoTeph Ha TOJOBHOM Y4acTKe KOJbLA:

s - Seaci (Lgr+Lor+La5)+Spaca (Lo +Las)+Spact -Las = 53,014 + j25.155[MBA]
mr Lastlsr+lpr+lag ,

OmpenensieM NOTOK MOIMHOCTM 0e3 ydé€ra MOTeph CleBa OT TOUKH
IIOTOKOpa3aena:

Spr =Sas —Spacy = 24,966 + j11.926[MBA]
OTOT NOTOK COOTBETCTBYET MOTOKY S,
S,0 =S 1 = 24,966 + j11.926[MBA |

OmpenensieM T@OTOK MOLIHOCTH 0Oe3 yd€ra IOTeph COpaBa OT TOYKH
IIOTOKOpa3zena:

St 5 =Spacy —Sg - =40.157 + [18.985 — (24.966 + j11.926) =15.191 + j7.059[MBA |
OTOT NOTOK COOTBETCTBYET MOTOKY S,
Sy =S, =15.191 + j7.059[MBA ]

ITpeoOpasyeM KOJBIIEBYIO CXEMY B paldalbHyl0, paspe3aB €€ M0 TOuKe
motokopasaena (Puc.7.4.)

[anee pacuér NOTOKOB MOIIHOCTH BEIEM aHAJIOTMYHO paAualIbHOM cxeme
S,y =S, +ASET = (24.966 + j11.926) + (0,092 + j0.331) = 25.088 + [12.257[MBA|
ASET = APET 4 jAQST = 0,092 + j0.331[MBA]
S, RET 27.6672
2 200?

- S,7 . 27.6677
AQr =0 X =

HOM

APET = -5.808 = 0.092[MBr]

-20.88 = 0.331[Msap]

b-I'

S, =—j ; =—j0.03[MBA]

S,5 =Sy, +S,, = 25.088 + [12.257 — j0.03 = 25.088 + j12.227[MBA |
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S,s =Sys +S,; = (25.088 + J12.197) + (12.048 + j13.284) = 53.136 + j25.511[MBA ]
A-Bb

Spe=— j% =—j0,025[MBA]

A-B A-B HI-A
28 39 Mﬂ 3 53 55 X s s
29 32t S £ 51
27} e AQrx  LQs™%2 Q2T T T unl
—— = = 52 = =
QBI/II'I-A/Z QBVIU-A/Z

Puc.7.4. ®parMeHT cxeMbl IS pacyéra MOTOKOB MOIIHOCTH B KOJIbIIE.

Sa0 =Sy + S, =53.136 + j25.511 — j0,025 = 53.136 + j25.486[MBA |
Sa; =Ssp + ASA " =(53.136 + j25.486 )+ (0,347 + [1.248) = 53.483 + j26.734[MBA]
ASA = APAP 1 jJAQATF = 0,347 + [1.248]MBA|

Ssy _R,\,.;:58,9192
o2 220°
S, 58,9192
A-b A-b [l
AQYT = Xa T =
A-b

Sy, =—j Z =—j0,025[MBA]

AP}P = -4,84 = 0.092[MBr]

17,4 =1,248[Mszap]

S5 =S, + S5, = 53.483 + j26.734 — j0,025 = 53.483 + j26.709[MBA |

Sa5 =S5 + ASET =(15.191 + j7.059)+ (0.046 + j0.166) =15.238 + j7.183[MBA|

ASET = APET 1 jAQET = 0.046 + j0.166[MBA]

Ses’ RET _ 16,7362
2 2202

2 2
AQET = US35 s XhT = 162’Z§§ -28,71=0,166[Msap]

APBT = -7,986 = 0.046[MBr]|

QB*F
Sy, =—j ; = —j0.042[MBA]

S5 =S +Ss; =15.238 + j7.183 — j0.042 = 15.238 + j7.225[MBA |
S43=Sss +S,, = (15.238 + j7.225) + (40.068 + j19.504) = 55.336 + j26.687[MBA |
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A-B

Sy =-1i =—j0.026[MBA]

S5 =S43 +S,, =55.336 + j26.687 — j0.026 = 55.336 + j26.661[MBA |
S5 =S5+ ASH® = (55.336 + j26.661) + (0.396 + jl.424) = 55.732 + j28.084[MBA]
ASH® = AP B + JAQA® =0.396 + j1.424|MBA]
2
APAE = S > Ry® = LA -5.082 = 0.396[MBr]
U 220%

HOM

S, 61.41°
AQAB = 45 xAB -18.27 =1.424|Mza
Qn UHOMZ 1 220 [ p]
A-B

Sy =-1] 32 = —j0.026[MBA]

Sup =S +S,7 =55.732 + 28.084 — j0.026 = 55.732 + j28.058[MBA |

Sgs =Sa5 +Syg + S, = (53.483 + j26.709) + (55.732 + j28.058) + (40.098 + [19.504) =149.313 + j74.271[MBA |
UI-A

Sy =-1] 82 = —j0.136[MBA]

Sss = Ssz + S5, =149.313 + j74.271 - j0.136 =149.313 + j74.135[MBA |
Seg = Ses + ASI* = (149,313 + j74.135) + (3,75 + j13.483) =153.063 + j87.618]MBA|
ASITA — APHIEA 1 jAQUI-A — 375 4 113.483[MBA|

2 2
appmes - S gna % 6.534 = 3.75[MBx]

HOM

Ses” s 166.6782

AQUIA = 55 = 23.49 =13.483[Msap]

HOM
HII-A

Se;=-1] 82 =—j0.136|MBA]

Ssg = Ss + S5, =153.063 + j87.618 — j0.136 =153.063 + j87.482[MBA |
OnpenenuM K03QGUIMEHT MOIIHOCTH HA IIMHAX UCTOYHHMKA MUTAHHUSI COSQy
u ko3 durpenT noneznoro aeiicreust KI1/1:

sosg, P 15008 oo
Sun  176.273
K== an 100 = 18 16096 7110
Pan 153.033

Bropoii 3Tam:
3amaéM HanpspKEHUE MMTAHUSI HCTOYHUKA B COOTBETCTBHH C 33 JaHHEM:

Uy = 222 108 = 237,618
100

Uss = Ug; = Ug, = Ugy = U, = Uy, = Ugy = Uy = Uy — AUNTA = 237,611,435 = 226.165[kB]
[Morepn nanpspxenust B munnn UIT-A:
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PRI + Qg - X"
UMH
OmnpenernsieM HarpsHKeHHE Ha HU3KOHM CTOpOHE TpaHcdopMaTopa, MpUBENEHHOE K
BBICOKOW CTOPOHE:
U,e = Ugy — AU, = 226.165 —6.109 = 220.057[kB]|
[Notepu HanpspkeHus B TpaHC(OpMAaTOpe MyHKTa A:

AU = =11.435[«B]

AUy, = P Ria /IN+Quq-Xqa /N _ 40-5.6/2+16-158.7/2 _ 6.109[1<B]
Us, 226.165

JelicTBuTENbHOE HAIIPSHKEHHE HA HU3KOM CTOpPOHE TpaHchopMaTopa IMyHKTa A:
Ugg, = U—gg _ 220,057 10,524[xB|

Ky 20,909

Koapunment tpancopmarmm Tpancopmaropa B IMyHKTe A
Ko = Yuon 230 =20,909

U 11

Uy =Uy, = Uys = U,g = U,y = U,, = Uy, = Uy = U,y = Uy, —AUA™ = 226,165 — 3,096 = 223,07[xB]
Py - R " +Qq- X5 " _53.136-4.84 +25.456-17.4
U, 226.165
Ui =Us=Uu =U=U, =U,, = U, = Uy, = Ugg = Ugg = U g — AUA™ = 226,165 —3.399 = 222.767[B]
Pis Ry 2 +Q,-X47"®  55.306-5.082 + 26.691-18.27

AUAP = =3.096[xB]

AUA™E = =3.399[xB]
Ul 226.165
Uy, = U,y — AU, = 223,07 — 4,336 = 218,734[xB]
AU, = Py Ry /N+Qyu- Xy /N _28-56/2+11,2-158.7/2 _ 4,336[x8)]
U,g 223,07
Uy, =2t - 21873415 461[kp]
KB 20,909
Use = Uy, — AU = 222,767 — 6,202 = 216,565[«B]
AU, = Pag Ry /N+Qu9- Xy /N _40-56/2+16-158.7/2 _ 6,202[B]
U,, 222,767
Usg, = U_gﬁ _ 216,565 _ 10,357[xB]
KB 20,909
Uyg = Ug, = Uy = Ugy —AUS™ = 222,767 1,457 = 221,31[xB]
B-T' B-T"
AUBT = P Ry +Qqe X" _15161-7,986+7,089-2871 | 457[xB]
Use 222,767
Uy; = Ugg = U,y = Uy — AUET = 223,07 —1.764 = 221.306(xB]
b-T b-TI'
AUET PRI +Qp- X" _ 24,996-5808+11896-20.88 _, 28]

U, 223,07
Uz = Uy, = U, = Uy, — AUSH = 221,306 —1.905 = 219.401[xB]
62



BH BH
AU = PR /n+Qys- X' /n _40.148-0.5/2+16.935-48.6/2 _1.905[xB]
U,, 221.306
Uy, = Uy, —AUBH = 219.401 - 2.439 = 216.962[xB]
HH HH
AU PRI /N+Qy- X' /n _33-1/2+13.2-825/2 _ 2,430[xB]
UBHOM 230
U, = Yu _216.962 —10,376[xB]

M T B 720,909

Uy, =Ug = U, =U,, — AU =219.401-7.757 -10° = 219.393[xB]|

Py R /IN+Qy- XY /n  7.136-0.5/2+2.75-0/2
u 230

BHOM

U, 219,393
TR 1901
Us=Ug=U, =U,=U, = Uy, — AU} ™ = 219,393 - 1,886 =113,534[xB]|
Ps-RL A +Qq - XA 7,082-22,256 + 2,65- 23,088

AUSH = =7.757 -10*[xB]

U =115,42[xB]

AU = =1886(xB]

Ug, 219,393
U, = Ug — AU, =113,534 — 2,976 =110,558[xB]
AUTH _ 1 Vi Q1 T _ 7 7,95+2,03 139 _ 2,976[KB]
U 113,534
A= lf;H _ 110558 =10,575[xB]
KB 10,454
o Yao 115 10 g
U 1

HHOM
Bri0op pery/IMpoBOYHBIX OTBETBJIEHUI TPaHC(HOPMATOPOB:

PerynupoBanue HanpspKeHUs IPH OMOIIH ABYXO0OMOTOYHOr0 TpaHchopMaTopa
(/cT. A).

U'2A =U, —AU, =226.165-6.109 = 220.057 xB
Hcxonnsle mannble Tpanchopmaropa: Uy, =11kB; Uy, =230kB;
U,4 =10.5xB

Upy = U, -2 = 920,057 21— 930 5368
u 0

2K 1 '
AU —DYcro Upy _15:230 o 00 o
“r 100 100
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_ Ui —Upy _ 230536-230 _
AU, 3.45

Ugr =Upy £n AU =230-0-3.45 = 230 kB

Y _ 220.057. 11 — 10,5058
Uor 230

Uy =U,-
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punoxenue 8
OBPA3EL 3AJAHUSA

®I'BOY BIIO BPATCKHI TOCYJAPCTBEHHBI YHUBEPCUTET
KA®EIPA DJIEKTPOSHEPI'ETUKH 1 DJIEKTPOTEXHUKU

3AIAHUE
Ha KypCOBOM IPOEKT M0 AUCIUILIIUHE
«JEKTPOIHEPTETHUCCKUAEC CUCTEMBI U CETH»
CryneHt I'pynna
JaTa BbIIauM 3a1aHust JlaTta cnaum npoekra

Tema npoekra «[TPOEKTUPOBAHUE PAMOHHOM DJIEKTPUYECKOM CETH»

CrpoeKTHPOBaTh MEKTPHIECKYIO CETh IS 3IeKTpocHabxkeHus myHkToB A, b, B, I, ]| ot
paiionHo# noacranuuu UII.
I'eorpadrueckoe pacronoxeHne MyHKTOB: MacmTa6: 1em=10km

ol B e A HIT

®

r
[ B
[
JIaHHBIC 0 MOTPEOHUTENSX MMEKTPOIHEPT UK
Tloncranius A b B r Pl
HawuGonbmas 3umHsist Harpy3ka, MBT 40 28 40 33 7
Koa¢ GuirieHT MOIHOCTH Harpy3Ku 0,8 0,8 0,8 0,8 0,8
CocraB norpebureneii o 1 kareropus 70 50 - 40 -
KaTEropusM HaJIeHOCTH, %o 2 Kareropus 30 50 25 40 -
3 kareropus - - 75 20 100

B mynkTax A, b 710/KHO OBITH BBIIIOTHEHO BCTPEYHOE PETYNUPOBAHUE HAIIPSKEHHUS.

Hamnpspxenune na mmuax WIT npu nHanbonbmmx Harpy3kax 108% Um, mpu HauMeHbIINX
101% Uw, npu Tsoxensix aBapusix B cetu 112% Un.

Haunmenbluas netHsist Harpyska 32 % ot HauOoJIbIIeH 3UMHEH.

IpoaomKUTenbHOCT UCTIONb30BaHuUs HanOosbliel Harpy3ku THp=4400 vac.

T'PAOUYECKAS YACTD ITPOEKTA:
1. Tonorpaduueckue cxembl CpaBHUBAEMBIX BAPUAHTOB;

2. [IpyHIMIHATbHBIC JIEKTPUYECKHUE CXEMbI CPABHHBAEMBIX BAPHAHTOB,
3. PacueTHas cxema 3aMelieHus BRIOpaHHOTO BapHaHTA.

PykoBogurens npoekra
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