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BBenenue

Kaxnplil CTyIEHT BBINIOJIHIET KYyPCOBOM IPOEKT B COOTBETCTBUU CO CBOMM Ba-

puantoM. CoaepikaHue 3aJaHus onpeneseTcs TaHHbIMu Tabn. 1 — 5 u cxemoit cetu,

CYILIECTBYIOIIEH Ha HAYaJI0 TPOEKTHOTO nepuoja (puc. 1).

63 Km

AC-185/29

54 km

2 xT[1TH-40000/110

Puc. 1. Cxema cymectBytomieit anekrpuaeckoit cern 220(330)/110 kB

Jlist peanu3anuu CKBO3HOTO MPOEKTUPOBaHMS o nucuurmuHam «[IpoekTupo-

BaHUE DJIEKTPUUECKUX CeTel» U «DIEKTPUUECKasi YaCTh INEKTPOCTAHIIUN U MOICTAH-

[IU» TapaMeTphl ydacTtka cuctemooOpasytomieit cetn (moacrannuu [1C-A, T1IC-B u

[1C-T"; JIDIT OC — A, OC — B, A — B, B —I') 3anans! B AByX BapuanTax (tadiu. B.1).

Tabmuma B.1 — BapuanThl cymecTByomel daeKTpudeckon ceTu (puc. 1)

DJIEMEHT CETH

Bapuant A (220 xB)

Bapuant b (330 kB)

I1C-A, aBToTpancdopmatopsl

ATJILITH-125000/220/110

AT/ILITH-125000/330/110

I1C-B, TpancdopmaTopsl

TPILH-63000/220

TPIIH-63000/330

I1C-T', aBTOTpaHCHOpPMATOPHI

ATJILITH-125000/220/110

AT/ILITH-125000/330/110

JIBIT 3C — A, Usom, Mapka

220 xB, AC-300/39

330 kB, 2xAC-300/39

JIBII 3C — B, Uyou, Mapka

220 xB, AC-400/51

330 kB, 2xAC-400/51

JIDIT A — B, Usom, Mapka

220 xB, AC-300/39

330 kB, 2xAC-300/39

JIDII B — T, Uyom, Mapka

220 xB, AC-400/51

330 kB, 2xAC-400/51
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Bei6op Bapuanta A wiu b u3 Tabn. B.1 BeImoaHsSETCS B 3aBUCUMOCTH OT CO-
JEpAKaHMS 3aJaHNSI HA KYPCOBOM MPOEKT MO «IIEKTPUUECKON YACTH JICKTPOCTAHIINI
U TOJICTAaHLUI» TaKUM 00pa3oM, yTOObl HOMUHAJILHOE HANpPsDKEHHE OJHOTO pacipe-
JENUTEIHLHOTO YCTPOMCTBA 3JIEKTPOCTAHIIMU COBIIAJIO C HOMUHAIBHBIM HANPS)KEHUEM
CUCTEMOOOPA3yIoIIel ceTH, paccMaTpUBAEMOM B KYypCOBOM MPOEKTE AUCIUILUIMHBI
«IIpoexTupoBaHuEe IEKTPUUECKUX CETEN.

Lentpom nurtanus ssasercs y3en «C» HOMUHaAIbHBIM HanpspkeHueM 220 kB
win 330 kB, cooTBeTCTBYyIONMN COOPHBIM IIMHAM AJICKTPOCTAHIMU. JITMHBI TUHUN
Ha puc. | JaHBl B KMJIOMETPAX, YUCIIO LieneH (MmapamienbHbIX JIMHUM) U YUCTIO TPAHC-
dbopmaTopoB (aBTOTpaHCHOPMATOPOB) OMPEALISIETCS 110 pUC. 1.

DOnekTpuyeckass CeTh SBISAETCS JTUHAMUYECKH W3MEHSIIONIMMCS OOBEKTOM.
[TpyunHON W3MEHEHUM SIBIAETCS POCT HArpy30K CYIIECTBYIOIIMX MOJCTaHIUH, PH-
COEIMHEHHE HOBBIX MOJCTAHIIUM U P APYTHX 0OCTOSTENbCTB. B KypcoBOM mpoekTe
paccMaTpUBaETCsl pa3BUTHE AIEKTPUUECKON CETH YPOBHS MEKPErHOHAIBHOM pacIipe-
NEIUTENBHON CETEBOM KOMIIAHUU HA MEPCIEKTUBY 5 JET.

TexHonOrusT MPOEKTUPOBAHMS AIEKTPUUECKUX CETEed MOXKET OBITh Mpe/ICcTaB-
JIEHa MOCJIEA0BATEIbHOCTBIO CIIEIYIOIIUX TAIMOB.

1. ®opmupoBanue (CHHTE3) BOBMOKHBIX BAPHUAHTOB Pa3BUTHS CETH, 0OECTICUH-
BAIOIIUX TOTpeOUTENeld HEOOXOIUMBIM KOJIMYECTBOM SHEPTUU MPU HOPMATHBHOM
KayecTBe. DTOT 3Tan SABJIseTcs HauOoJiee OTBETCTBEHHBIM 3TAllOM IPOEKTUPOBAHUS.
31ech UCIMONIB3YIOT O0OOIICHHbIE PEKOMEHAllMK, OCHOBAHHbIE HAa aHAJM3€ OIbITa
IIPOEKTUPOBAHUS U CIIEHUAIBHBIX UccienoBaHud. OCHOBHBIE PEKOMEHIALUHU 0 IO-
CTPOEHHUIO CXEM 3JIEKTPUYECKUX CETEH COIEep)KaTcs B yKa3aHMUSIX U HOPMATUBAaxX I10
IIPOEKTHUPOBAHUIO PAa3BUTHUS SHEPTOCUCTEM.

2. TexHn4YeCcKu aHaIN3 BapUAHTOB Pa3BUTHS JJIEKTpUUYECKUX cereil. Ha atom
JTare MPOBEPSIOT COOTBETCTBHE TEXHUUYECKUX XapaKTEPUCTHK BO3MOKHBIM YCIOBH-
AM paboThl B OynymieM. /{151 3TOro BBINOJIHSIOT pacyeThl peKUMOB Ha paccMaTpHBa-
E€MYIO MEpPCIEeKTUBY, aHAIM3UPYIOT MPOIMYCKHYIO CIIOCOOHOCTH CETel U TpedyeMyto

HaJIe)KHOCTh 3JIEKTPOCHAa0KeHUsI oTpeduTeneil. Ha 0CHOBaHMM 3TUX pacyeToB Ompe-
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JEJSIIOT TOoKa3aTe’an HEOOXOAUMBIE NIl SKOHOMHYECKOTO COMOCTABIEHUSI BapUAHTOB
(ToTepH AIMEKTPOIHEPTHH).

MeTonbl TEXHUYECKOTO aHalIM3a pa3Iu4Hbl HA CTaJIUd OOOCHOBAHUS BapHaH-
TOB Ha JAJIEKyIO0 MEPCIEeKTUBY M HA CTaJAUM PACCMOTPEHHUS OTOOpPAaHHBIX BAPUAHTOB
pa3zButus. B nepBom ciiydae HEOOXOAMMO MOJYYUTh OOOCHOBAHHE HYKOHOMHUYECKUX
MoKa3aTejaed BapuaHToB. [103TOMy MOXKHO MCIOJIB30BAaTh YIPOILLEHHBIE METO/bI pac-
4yeTa peKUMOB.

Bo 2-oMm ciiydae HE0OX0auMO ONpeaenuTh U 00OCHOBATh TEXHUYECKUE MEpO-
OpUsITHS IO 00ecieueHnI0 TpeOyeMOro KauecTBa U HaJAeKHOCTHU 3JIEKTPOCHAOKEHUSI.
3nech HeoOXoAMMa JieTajabHas MPOBEpKa TEXHUUECKON JOMYCTUMOCTH BapUaHTOB.

3. DKOHOMHYECKAs OLIEHKA U COMNOCTAaBJIEHUE BapuaHTOB pa3BUTUS DIC BbI-
HOJIHSIETCS MyTEM pacueTa KaluTaJIOBIOKEHUM, WM3AEPKEK MPOU3BOACTBA, T0XOJA.
[Ipu 5TOM TOJIKHBI OBITH YUTEHBI YCIOBHS SHEPTETUYECKONH M SKOHOMHUYECKOM COTIO-
CTaBUMOCTH.

4. Ha nocnenHeM 3Tane NOArOTaBIMBAIOT CBOJAHBIE [TOKA3aTEIH, HEOOXOIUMBIE
JUISL TJTAHUPOBAHMS Pa3BUTHS DJIEKTPOIHEPIreTUKH M OpPraHU3alUU IPOECKTUPOBAHMUS
OTHIENBbHBIX 00BheKTOB. Cpenu dTuX mokaszareneit: coctaB JIDII u nmoacranmuii, o0beM

KaIMTAIOBIIOKEHUM, TOTPEOHOCTH B 000PYIOBAHHH.

1 BapuaHTBI MCXOHBIX JAHHBIX

3aadeil IPOCKTUPOBAHUS SIBISETCS OOOCHOBAHHUE PCIICHHM, OMPESIISIOIINX
COCTaB, OCHOBHBIE IMAPAMETPbl M ITOCJIECAOBATEIBHOCTh CTPOUTEIBCTBA JJIEKTpUYE-
CKUX CETEW U3 YCJIOBHUM ONTUMAJIBLHOTO Pa3BUTHS B LEJIOM. J[JIsi 3TOr0 MCMOJIB3YHOTCS
CIEIYIOIME UCXOHBIC JaHHBIE:

1. Cxema CcymIecTBYIOIIEH 3JIEKTPHISCKON ceTh (pUCyHOK 1), Ha KOTOpoH yka-
3aHbl MapK{d MPOBOAOB M JJIWHBI (KM) BJI, TUIIBI, MOIITHOCTH W HAMpSHKEHUS TpPaHC-

dbopmaTOpOB U aBTOTPAHCHOPMATOPOB C YUETOM JaHHBIX Tabnuibl B.1.
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2. MakcumanbsHble Harpy3ku (tabnuna 1) Ha mumuax 10, 35 u 110 kB cymie-

CTBYIOIIMX ITOJCTAHLIMI HA IIATHIN TOJ PACYETHOIO IIEPUOIA.

Tabmuua 1 — MoIHOCTH peXxuMa MaKCUMaJIbHBIX Harpy30K CYHIECTBYIOLIHUX

MOJICTAaHLIN I
Mo1tHoCTH Harpy30Kk A-110 | b-35 | b-10 | B-10 | I'-110
AxtuBHasi, MBT 55 15 10 70 45
PeaktuBHas, MBap 35 10 5 40 30

3. I'eorpaduueckoe pacroyioKeH’e CyHIeCTBYIOUIMX (Tabnuia 2) U MecT Cco-
Opy>KeHHsI HOBbIX (Tabnuua 3, nmo Bapuantam) noacranuui [1C-1, I[1C-2, TIC-3 B ne-
KapToOBOH cucTemMe KoopauHaT. Hadamo KoopauHAT COBMANaeT ¢ IEHTPOM IMUTAHUS

CCTH «9C», OCh «X» HalpaBJICHA BIIPAaBO, OCh «Y» - BHU3.

Tabmuma 2 — KoopauHaThl pacmoioKeHUs! CYIIECTBYIOIMIMX MOJCTAHIIUMN, KM

TToacTanmus X y
A 63 0
b 107 31,3
B 13,6 56,4
r 66 50

Tabmuma 3 — KoopauHaThl MOIOKEHHS, MOIITHOCTH HAarpy30K HOBBIX TOJCTAHIIUN H
BpEMsl MCMOJIb30BAHUS MAKCUMAIBHON HArPY3KHU T max

[o3urmst 3HaueHre NU@pbI B TO3UITUU

uQpHI B Bun
HOMEpE | JaHHBIX | ] 2 3 4 5 6 7 8 9 0

BapHUaHTa

Koopaunats! pazmemenus [1C-1, km

[TepBas X1 51 55 88 50 88 84 77 65 52 55
Y1 36 15 12 33 35 60 59 17 19 9

Koopaunats! pazmemenus [1C-2, km
Bropas X2 84 81 50 53 83 76 53 85 80 52

Y2 33 35 18 56 8 41 27 47 23 39

Koopnunats! pazmemenus [1C-3, km

Tpetbs X3 85 | 107 | 109 | 92 | 123 | 105 | 127 88 60 71

y3 44 46 55 41 28 7 42 48 33 27

MaxkcumanbHble MonHocTH Harpy3ok I1C-1, MBt u MBap

Yersépras P1 61 61 40 56 59 50 57 66 55 29

Q1 40 34 26 38 40 31 32 47 37 21

MaxkcumasbHble MonHocTH Harpy3ok I1C-2, MBt u MBap

[TsTas P2 39 30 63 44 29 34 29 17 24 64

Q2 25 17 41 29 20 21 16 12 16 47




IIponoskenue tadu. 3

IMo3nnus Bun 3HaueHue nudpel B MO3UITUU
udpel B | JAHHBIX
HOMEpe 1 2 3 4 5 6 7 8 9 0
BapuaHTa
MaxkcumasnbHable MonHOCTH Harpy3ok 11C-3, MBt u MBap
[Hecras P3 18 14 6 7 16 18 10 19 19 10
Qs 12 8 4 5 11 11 5 14 13 7
CenpMas Umncao 4acoB MCNOJIb30BAHUS MAKCUMAJILHON HArPY3KH, 4/TOX
Tmax | 5600 | 4500 | 4800 | 5300 | 5100 | 5000 | 4900 | 4700 | 4600 | 5200

4. OpUEeHTUPOBOYHBIN COCTaB BUAOB HArpy30K HOBBIX MOJCTaHIUH (Tabnuia 4,

I10 BCJIIMYHUHC MOH_IHOCTCI\/JI HaI‘pySKI/I).

Tabmuia 4 — CocTaB Harpy3KU COOPYKAEMbIX MOJACTAHIIUN, %o

CocraB Harpy3ku
= |8 8. | Sl |&e
TMox- MakcuManpHas E s § £ § z § =5 gto,, %
—— AKTUBHAs MOIII- 5 E = E = E = |88 S
HOCTh, MBT S2| E2) ES| ES(E£g¢g25
5 > S o S o s Q ; T O Q & H
REe| 3x| 38| 32|52 HE L
65| &38| a2| &5|B583 873
OZ|EE|E&| Eo|®a&fgO b &
Jlo 40 15 15 30 — 40 —
I1C-1 Csprmie 40 1o 50 15 15 20 10 40 -
Csprie 50 20 20 15 15 30 -
Jlo 40 20 20 40 10 — 10
I1C-2 Csprmie 40 1o 50 20 30 10 20 - 20
Cspime 50 15 20 15 30 - 20
10 40 10 - - - 50
nes e
Csoiitze 10 40 15 - — — 45

5. MakcuMmanbpHble MOLTHOCTH HOBBIX y3JI0B HArpy3Ku (HOBBIX MOJCTAHIMI) HA

MSATBIA TOJ] pacd€THOTO Tieproa (cM. Tadi. 3, 1o BapuaHTaMm).

6. Bpems ucmonb30BaHUS MaKCUMATbHOW HATrpy3KH Tmax (cM. Tabm. 3) mis

CYMMAapHOT0 T0JI0BOT0 rpaduka Harpy3Kku ¢ y4eTOM MOIITHOCTEH HOBBIX MOJACTAHIIUI.

/. Hanpspkenue nentpa nutanusi «9C» B pekUME MaKCUMAaJIbHBIX Harpy3oK

noaaepxkuBaeTcs Ha ypoBHE 1,1U .

8. HomunannHoOE HAIIPsSOKCHHUEC Ha MIMHAX HHU3IICIO HAIIPAXKCHHUA HOBBIX ITOJ-

ctaguii — 10 kB.
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9. Mecto ctpoutenbcTBa — PocToBckast 0071acTh.
10. Marepuan onop 1151 BJI Bcex HanpsikeHu — Kese300€ToH.
11. Heob6xoaumebie cripaBOYHbIE MaT€pUANIbl TPUBEACHBI B IPUIIOKEHUU.
BapuaHT 3amaHusi mapaMeTpoB HOBBIX TOJCTaHIuWi (Tabm. 3) cocrout u3 7
uudp (Hampumep, mnocieaHue cemb Ubp HoMepa Bamero tenedona). Kaxnmas us
ATUX U(P 03HAYACT:
* mepBas —KoopauHaThl pazmenienus [1C-1;
* BTOpas — KoopAuHATH pasmemieHus [1C-2;
* TpeTbs — KoopAuHATHI pasmemnieHus [1C-3;
* YeTBepTas — MaKCUMaJIbHbIE MOIIHOCTH Harpy3ok [1C-1;
* TsTas — MaKCUMaJIbHbIE MOIIHOCTH Harpy3ok [1C-2;
* [Iectas — MaKCHMalbHbIe MOITHOCTH Harpy3ok I1C-3;

¢ CccIabMasd — YHUCJIO 4aCOB UCITIOJIB30BaHUA MaKCUMaJIbHOU Harpy3kKu BCEH CETH.

Hanpumep, Homep Tenedona 2589173.
[TepBas mudpa — 2. Koopaunarte! pasmemierus [1C-1: x1=55 km, y1=15 km;
BTopas mudpa — 5. Koopaunatel pasmernienus [1C-2: Xo=83 kM, Y>=8 km;
TpeThs nmudpa — 8. Koopaunater pazmemnienus [1C-3: X3=88 kM, Y3=48 kwm;
geTBépras mudpa — 9. MakcumanbHple MomHocTH Harpys3ok IIC-1: P1=55 MBHT,
Q1=37 Mgap;
natas mudpa — 1. MakcumanbHble MomHOCTH Harpy3ok [IC-2: P,=39 MBrT,
Q2=25 Mgap;
mectas uuppa — 7. Makcumanbhubie MomHoctd Harpy3ok [IC-3: P3=10 MBHT,
Q3=5 MBap;
cenpmasi mudpa — 3. Uwmcio YacoB HCIMONB30BAHUS MaKCUMAIbHOW Harpy3Ku

Tmax:4800 ‘{/FOI[.
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2 Conep:xanue u oopMiIeHHEe KYPCOBOI0 MPOEKTA

CopeprkaHue TaHHOTO KypCOBOT'O MPOEKTa OrPaHUYUBAETCA pa3pabOTKON ABYX
BO3MOXHBIX BapUaHTOB Pa3BUTHs 3aJaHHOM 3IEKTPUUECKOU CETH U BhIOOpA HAMITYU-
iero u3 5 — 6 nepBoHayaIbHO HAMEUYEHHBIX.

B kypcoBoM npoekTe JOJIKHBI ObITh PELIEHBI CIEIYIONINE 3a0auH:

1. Pa3paboTka BapuaHTOB pa3BUTHUS dJIeKTpuueckod cetu. llpu 3TOoM HeoOxoau-
MO’
e chopmMupoBaTh BapUaHTBl MAarucCTPaIbHO-PAAUAIBHBIX U 3aMKHYTBIX
(KOJIBIIEBBIX) CXEM;
® BBHINIOJIHUTHh MPUOIMKEHHBIN pacdy€T MOTOKOpacIpeaeleHus B chopMHUpo-
BaHHBIX BApUAHTAX CETH;
® BbIOpAaTh HOMUHAJbHBIE HAMPSXKEHUS HOBBIX JIMHUK;
® OIpEeaeIUuTh MApKHU U CEYEHUS ITPOBOJAOB HOBBIX JIMHUI;
® BBIOPATH YUCIIO U MOIIHOCTh TPaHC(HOPMATOPOB HOBBIX MOJCTAHIINA;
® 110700paTh CXEMBbI PaCIpeAeIUTEIbHBIX YCTPONUCTB BBICIIETO HANPSHKCHUS
HOBBIX IMOJCTAHIIMIA.
2. PacueTsl XxapakTepHBIX PEKUMOB JIEKTPUUECKON CETH BRIOPAHHBIX BApUAHTOB!

e chopmMupoBaTh CXeMy 3aMEIIECHUS AJIEKTPUUECKONW CETH W BBIUHUCIUTH Ia-

paMeTphI JIIEMEHTOB CXEMbI 3aMEILICHUS;

® ONpPEIEIUTh IMOTOKOPACIPEACIICHHE U HANPSIKEHUS y3JI0B B PEXXHME MAK-

CUMAaJIbHOM Harpy3KH MpHU THOJHOM COCTaBe 00OpyAOBaHUS (HOpMaIbHBIN
peXKUM);

® ONpPEIEIUTh NOTOKOPACHPEIEICHUE W HAIpPSHKEHUS Y3J0B B PEMOHTHOM

pexume (OTKIHOYEH OJMH U3 JIEMEHTOB CETH) TP MAaKCUMAaJIbHOW Harpys3-
K€.
3. AHanu3 pexXUMOB CETH. MepOnpUSTHS TI0 UX YIyUIICHUIO!
® BBISIBIICHUE MEPErPYKEHHBIX JIMHUW, TpaHC(OpPMATOPOB, aBTOTpaHC(hHOpMa-

TOPOB CYLIECTBYIOIIEHN CETH B PEKMME MAKCUMaJIbHON HArpy3KHU;
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e pa3paboTKa MEPONPUATHI MO JMKBUIALUMU NEPErpy3KHU AJIEMEHTOB CyIle-
CTBYIOILEH CETH;

e BHIOOp MOIIHOCTH U MECT pa3MEIleHHUs] KOMIIEHCUPYIOLIUX YCTPOUCTB;

® pacu€T XapaKTepHBIX PEKUMOB (MAKCUMAJIBHBIM MIPU MOJHOM COCTaBe 000-
PYJIOBaHUs CETH, PEMOHTHBIM MPU MaKCUMAaJIbHOM Harpyske) ¢ yuéTom pac-
CTAaHOBKM KOMIICHCUPYIOIIUX YCTPOMUCTB B CETH;

e BbIOOp KO3(pPuIMEHTOB TpaHChHOpMALIMU TPaHCHOPMATOPOB U ABTOTPAHC-
(GopMaTOpOB B XapaKTEpHBIX pekuUMax (MaKCUMaJIbHOM MpPHU MOJHOM CO-
cTaBe 000pyJ0BaHMs, B PEMOHTHOM IIPU MaKCUMalIbHOM Harpyske).

4. DKOHOMHYECKOE COMOCTaBJICHUE BAPUAHTOB Pa3BUTHS:

® paccuMTaTh KalUTAJIOBIOKEHUS B HOBbIE OOBEKTHI DJIEKTPUUECKON CETU MO
BapUaHTaM pa3BUTUS,

®  BBIYUCIUTD €KETOJHBIX U3IEPKKU 110 CPABHUBACMBIM BapUaHTAM CETH;

® OIpENEeIUTh YUCTBIA NUCKOHTUPOBAHHBIA JOXOJ II0 CPABHUBACMBIM Bapu-
aHTaM Pa3BUTHUS CETU U BHIOPATh BapUaHT, COOTBETCTBYIOLINI MaKCUMyMy

J0xoJa.

KypcoBoii nmpoekT odopmisieTcss B BHJIE PACUCTHO-TIOSCHUTEIILHON 3alUCKU 1
rpadudeckoii yactu u3 TpEx yeprexeil. 3anucka (o6bemom a0 40 ¢. TeKCTa) COCTOUT
U3 HECKOJBKHUX Pa3fesioB. B KaXkIoM U3 HUX MOJDKHBI ObITH COPMYITHPOBAHBI 3a7a-
YH, IaHO PeIlIeHNE MTOCTABICHHBIX 3324 U CJeTaHbl 000CHOBAHHBIE BHIBOJIBI.

[losicHuTenbHAs 3amucKa AOJIKHA COJAEpKaTh TUTYJIBHBIN JIMCT, 3aJJaHUE C UC-
XOJIHBIMH JJAHHBIMU, BEIOMOCTh MPOEKTA, COJIepkKaHUE, BBEICHUE, OCHOBHYIO YacCTh,
3aKiroveHune, oudmmorpaduueckoe onucanue. VicxogHbie JaHHBIC W PE3YJIbTATHI pac-
YETOB peKUMOB Ha DBM npuBOASITCS B MIPUITOKEHUU.

I'padpuaeckas gacTh mMpoekTa BHIMTOJHSIETCS HA OTIETBHBIX JucTax Al u co-
JIEPKUT KapTy-CXEMY BapUAHTOB Pa3BUTHUS DJICKTPUUECKOW CETH, MPUHIUIIHAAIBbHbBIC
CXEMBI AIEKTPUUYECKUX CETEH palioHa JABYX BapUAHTOB, PACUETHBIE CXEMbI JICKTPU-
YECKHX CeTell ¢ HAaHECEHHBIMM MOTOKAMU MOIIHOCTH U HANPSHKEHUSIMU B PEKUME

MaKCHUMaJIbHOM Harpys3kKHu. HoBbie h1€eMeHTHI H306pa)KaIOTC$I ITPUXOBBIMU JTUHHUAMMU.



12

3 Pemienue 0CHOBHBIX 3alavd CUHTE3a BAPDUAHTOB Pa3BUTHHA CETH

3.1 ®opMupoBaHNe BADUAHTOB CXeM JJIEKTPUYECKO ceTH

TexHUKO-PKOHOMHUUYECKOE OOOCHOBAHHME CXEMBI MOCTPOCHHS W BBIOOp mapa-
METPOB BJICKTPUUECKON CETH MPOU3BOAUTCS HA MEPCIEKTUBY S JIET.

[IpoexTupyemast r5ieKTprdecKas CeTh J0IKHA 00ECIIeUYnBaTh:

o TpeOyeMyI0 MPOIMYCKHYIO CIIOCOOHOCTh U HAJIEKHOCTB;

o SKOHOMUYHOCTH Pa3BUTHUSI U (DYHKIIMOHUPOBAHMS C YUETOM pPaIlMOHATb-
HOT'O COUETAHUS COOPYKAEMOU CETH C CYLIECTBYIOMIEH.

TpeboBaHus K MPONMYCKHOW CIIOCOOHOCTH W HAAEKHOCTH (HOPMYIHPYIOTCS
CJIEIYIOIINM 00pa3oM:

o nepegaya pacyeTHbIX MAKCUMAaJbHBIX NEPETOKOB MOIIHOCTU JOJKHA
oOecreynBaTbCs MPHU TOJHON CXEME CETH NMPU HOPMATHUBHBIX YPOBHSX
HaIPSKEHNUS;

o nepeiaya pacueTHBIX JJIUTEIBHBIX TIEPETOKOB MOITHOCTU JOJIKHA o0ec-
NIEYMBATHCS MPU MOJHON CXEME CETU U IIPU OTKIIOUEHUH OJHOTO U3 3Je-
MeHTOB cetu (ogHo# nienu JIDII wim ogHoro Tpancdopmaropa).

DOKOHOMUYHOCTh Pa3BUTHA M (DYHKIIMOHUPOBAHUS OCHOBBIBAETCS Ha BhIOOpE
BapuaHTa, MpelyCMaTPUBAIOIIETO JalbHEHIIee pa3BUTHE CETH 0e3 €€ KOPEHHBIX W3-
MEHEHUW M MAaKCUMAJIbHOE MCIIOJIb30BAHUE JIEHCTBYIOIIMX CETEU C Y4ETOM HX BO3-
MOKHOCTEU JJIs1 PEKOHCTPYKLIHH.

ITpu npoextupoBanuu BJI pexomeHayeTcsi MPUMEHSTh CTaHIAPTHOE 000PY/0-
BaHWE W MaTEPHUAIIbl U YHUDUIIMPOBAHHBIE WM TUTIOBBIC KOHCTPYKIIMH OTIOp, GyH/Ia-
MEHTOB M APYTUX 3JIEMEHTOB JMHUM, MPOIIEANINE BCe TpeOyeMble UCIIBITAHUS U 3a-
PEKOMEH/I0BaBIINE Ce0sl MOJIOKUTEIBHO B dKCIUTyaTanuu. HeoOxoauMele TaHHBIE MO
000pYI0BAHUIO PTIEKTPUUECKUX CETEH JaHbl B MPUIIOKEHUU A.

Heobxonumo HameTuTh 5 — 6 BapHaHTOB, CPEIU KOTOPHIX JOHKHBI OBITH BapH-

AHTBI MarucCTpajbHO-paJJUAJIbHBIX U 3aAMKHYTBIX (KOJ’IBI.[GBBIX) CXEM. HpI/ICOCI[I/IHCHI/IC
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HOBBIX JIMTHUM BO3MOXHO K CYIIECTBYIOIIMM noacTaHuusM A, b, B u I' u x nenrpy
nutanus «9C» 3a cyeT paciiupeHus: (PEKOHCTPYKLUHMHU) HUX PpaclpeieuTeIbHbIX
ycTpoicTB. Ilo TNy npucoenuHeHus K CeTU MOACTAHLIMU JOJIKHBI OBITh TYIHMKOBBIE
unu npoxoaneie. [Ipu nmoctpoennn BapuaHToB cxem coenuHeHuil JIDII npuHuMaroT
BO BHHUMaHHUE TPeOOBaHUSI, KOTOPbIE MPEABSBISIIOTCS K HaIEKHOCTH JIEKTPOCHa0ke-
Hus notpedureneit 9O3C. Bce HaMeueHHbIE BapUaHThI TOJKHBI ObITh TEXHUYECKH CO-
NOCTaBUMBIMH U B3aMMO3aMEHSIEMbIMH.

JIJist mOCTpOEHUsI BApUAHTOB MCHOJB3YyeTcs rpad cylecTByroel cetu (pucy-
HOK 2). ['pad ceT cocTaBnsieTcss ¢ UCTOIB30BAaHUEM KOOPJAUHAT (X, Y) CYIIECTBYIO-
KX TOJCTAHIUN B JEKApPTOBBIX KoopAuHAaTax (Tadu. 2). Hayamo koopauHaT coBma-
naet ¢ ueHtpom nutaHug «9C», OCh X HalpaBlieHa BIpPaBO, OCb Y — BHU3.
Koopaunater HoBbix mojctanmuii [1C-1, T1C-2, TIC-3 u ux MakcuMaiabHbIe Harpy3Ku

naubel B TalI. 3.

2C A

Pucynox 2. I'pa¢ cymecTByromieii ceTd 1 MECTOIOJIOKEHHE HOBBIX TOJICTAHIIHI

[Tpu BEIOOpE BapraHTOB HEOOXOAMMO PYKOBOJICTBOBATHCS CJICTYIONINM:

a) mepenada BJIEKTPOIHEPTHM JOJKHA OCYHIECTBISTHCS MO BO3MOXKHOCTH
KpaT4aiuM myTeM;

0) cxema ceTd J0JDKHA obOecreurnBaTh HEOOXOAMMYIO HAJEKHOCTh DJICKTPO-

CHa0XEHUS B COOTBETCTBUHU C KaTeTOPHUEH OTPEOUTEIICH;
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B) IPU 3TOM IO BO3MOXHOCTH CJIEAyeT BbIOMpaTh HauboJiee MPOCTHIE THUIIbI
CXEM;

I') CyMMapHasi CTOUMOCTb coopyskaembix JIDII nomkHa ObITh HAUMEHBILIEH, UTO
MPUOIMKEHHO MOKHO OLICHUTH 10 CYMMapHON MPOTSKEHHOCTH coopykaembix JIDII
(mpoTsixeHHOCTh AByXuUenHbIX JIOII cienyeT BKIIOYaTh B CYMMY C BECOBBIM KO3(-
¢unuentom 1,5). [IpoTsskeHHOCTh BCeX JIMHUM BbIOpAHHBIX BApUAHTOB MNPUHUMAETCS
Ha 20 - 26 % GoJblie BO3AYITHON TIPSIMOM.

Hanpumep, numerorcst JaHHbIE O pacnoioXkeHuu HoBbIX nojactanuuii [1C-1,

[1C-2 u I1C-3 B npuHATHIX KoOpauHaTax (Tabmuia 6).

Tabmuia 6 — KoopauHaTel pacriofioXKeHUs: ¥ MOIIIHOCTH PEXUMa
MaKCHUMAaJIbHbBIX HArPy30K HOBBIX MOJICTAHIIUM

Iloxcranmus X, KM Y, KM P, MBt Q, MBap
I1C-1 52 45 63 42
I1C-2 51 18 38 25
I1C-3 99 56 6 4

Hameuaem HECKOJIBKO BapHaHTOB COEAWHEHHS TOYEK HOBBIX MOACTAHUUN C
OJIM3IIeKATUMU TTOACTAaHIMSIMHU. DT0 noactanumu A, b u I'. Bapuantsl cxem ¢ Ho-
BBIMU JIMHUSIMU (C y4eTOM KoyinuecTBa Lened HoBbIX JIDII) mpuBeneHbl Ha pUCYH-
ke 3.

B cocraBe Harpy3ok HOBBIX MOACTaHIIMN (cM. Tabiuity 3) ecth moTpedurenu I
u Il kareropuu. IlurtaHue Kax10l HOBOW MOJACTAHIMHU HOJLKHO OCYIIECTBIISITHCS OT
JBYX UCTOYHHMKOB WJIH IO ABYXUECIHBIM JTUHUSIM.

B nmpuBenéunbix cxemax nutanue nojctanimu [1C-3 Bo Bcex BapuaHTax oCy-
HIECTBIAECTCS OT mojAcTaHiuu b. D10 cnenano nmoromy, uto nuHus b-3 kopoue, yeM
nuHUS, uaymas ot noactanmuu . Kpome toro, Harpyska HoBoi noactanmuu [1C-3
Heenuka (6 + j4 MBA), 94To 1103BOJIIET HE3HAYNUTEIHPHO YBEITMYNTL HAIPY3Ky CyIIe-
ctBytomiet BJI-110 kB A-b. OgHako ecnu mpenmnosnaraeTcsi B JajibHEHIIIEM pacilu-
pars [IC-3, To ee nuTaHue nydnie OCyIECTBUTh OT MyHKTA [, Tak Kak B 3TOM Cilydae
JOTIOJIHUTEIIbHBIE TOTEPU IHEPTUM B CyIlleCTBYIoel cetu 1ist nutanus [1C-3 Oynyt

B cet 220 kB, a nunusa A-b 110 kB He OyneT umers 10MOTHUTENBHON HAarpy3ku. Ta-
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KOW BapUaHT MpU HATUYUU nepcrnekTuBsl pazputus [1C-3 crnenoBano Obl BKIIOYUTH B

YHUCJIO pacCMaTpUBAEMbIX BAPHUAHTOB.

Pucynok 3. BapuanTsl paguanbHO-MarucTpaibHbiX (P) u 3aMkHYTHIX (3)
cXeM coearHeHusT HoBbIX JIDIT

Paccrosnust mexay nyHkTamu 1 U 2, a Takke MEXIy HUMU U OJIMKalIIUMU

CYIIECTBYIOIIUMU MOACTaHIMAMA A U ' IpUBEICHBI HUXKE:

A2 L, =\ (Xa =%,)? +(Ya — ¥,)? =+/(63-51)* +(0-18)* = 21,6 km;

T-1 Ly, =40 =X )2+ (Vr = ,)? = /(66 —52)% + (50— 45)* =14,9 wm;

12 Ly, = (% =%, )7 + (¥, — ¥,)? =+/(52—51)? + (18— 45)* =27 ku;

AL Ly =/(Xa = %) +(Ya — ¥1)? =/(63-52) +(0—45)* = 46,3 1m;
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T2 Ly =X = %) + (Y = ¥,)° = /(66 —51) + (50 —18)* = 35,3 km.

CormocraBuM HaMEUYEHHBIE BAPUAHTHI IO KPUTEPUIO CYMMAapHOM JUIMHBI HOBBIX
JIDII mns nutanus Harpy3ok 1 u 2.

PanuanbHble BApuaHThl (CYMMUPYIOTCS JIMHBL ABYyXLENHbIX JIDIT):

2lpa=La2+ Li2=21,6+27=48,6 km;
2lpo=Lr1+L12=14,9+27=41,9 km;
2lpsz=La2+ Lr1=21,6+14,9=36,5 km.

MunumanbHOE 3HaueHue i BapuaHTa «P-3».

KonbieBbie BapuanTsl (CyMMUPYIOTCS AIUHBI oHOIenHBIX JIDI):

Y31 =Lao+ Lag+L12=21,6+46,3+ 27 =94,9 km;
Ylso=Lri+ Lo+ Lap=149+ 27 + 21,6 = 63,5 kMm;
Ylss=Lro+ L+ L1»=353+149+27=77,2 xkm.

MuHuMansHOE 3HAYCHHE JIJIs1 BApUAHTA «3-2».

Tak kak B ogHy ¢GopMmyiny ajis CpaBHEHHUS HE BOILUIM OJHOBPEMEHHO OIHO-
I[EMTHBIE U ABYXIIEMHBIC JIMHUH, TO KOdPIUIUeHT 1,5 He ucmonap30Bajcs.

Ha ocHoBe mpuOIMKEeHHOW TEXHUKO-PKOHOMHYECKOW OIICHKHA BAapHUAHTOB BBI-
OpaTh U3 MPEeUIOKEHHBIX BAPUAHTOB J[Ba A JaibHeWend npopadoTku. Cpenan 3TuxX
BApUAHTOB JIOJDKEH OBITh XOTA OBl OJWH BapUaHT, UMEIONIUN 3aMKHYTYIO CXEMY
AJIEKTPOCHAOKEHHUS.

N3 nmpuBenéHHBIX BapUaHTOB MJISI NAIBHEHIIET0 PAacCMOTPEHHs BHIOMpaeM
paauanrbHO-MarucTpaibHbId BapuaHT «P-3» W BapHaHT 3aMKHYTOU CEeTH «3-2» Kak

BapUAHTHI, UMEIOIE MUHUMAIIBHYIO CYMMAapHYIO JJIUHY HOBBIX BJI.
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3.2 Bb100p HOMHHAJIBHBIX HANIPSKEeHU coopy:kaembix JIDII

Homunanenoe nanpsikenue TUHUNA (Uyoy) JIDTI 3aBUCUT OT BETUYMHBI aKTHB-
HOM MOILHOCTH, IIEpEIaBaeMOM 110 OJJHOU LIEIH, U €€ JJIUHBI.

Bo160op Uyew oOmpenensiercs riaBHbBIM 00pa3oM 3KOHOMUYECKUMH (haKTOpaMH.
[ToaTomy B 00mieM ciydae uisi BIOOpa HAmpsiKEHUsS HEOOXOAUMO MPOU3BECTH TEX-
HUKO-KOHOMHYECKOE CpPaBHECHHWE BApUAHTOB CETH TPHU PaA3IUYHBIX HAIMPSIKCHUSX.
Crnenyer yuuThIBaTh CIOKHBINHECS B Poccuu Be crcTeMbl HOMUHAIBHBIX HaNpsDKe-
unii cerer: 35 — 110 — 220 — 500 kB u 35 — 110 — 330 — 750 kB, a taxxe Haauuue
JTAHHOTO HANPSDKCHUS Ha MOJACTAHIIMK, Ky/1a TpUcoeauHseTcs npoektupyemas JIDIT.

Ha nmpakxTuke BBIOOP HANPSKEHUS MOXKET OBITh MPOU3BEICH 110 JaHHBIM, TIOJTY-
YEHHBIM Ha OCHOBE OIBITa MIPOCKTUPOBAHUS IJIEKTPUUECKHUX ceTel (Tabi. 7) U mo sMm-

nupuyYeckuM Gpopmynam, Hanpumep, o gopmyie . A. Unnapuonosa [1]:

1000

500 2500
7_’_7
VO P

U =16%/PI ,

i hopmyIie

rae P — Harpy3ka Ha ogHy 1ienb, MBT; | — mmuna menm JIDII, kM.
[IpenBaputenbHo caeAyeT HANTH MPUOTUKEHHOE TTOTOKOPACTIPEEICHIE MOTII-

HocTeH o coopyxaembiM JIDIT 111 MakcMMaIbHBIX Harpy30K HOBBIX I10ICTaAHIIMA.

Tabnuna 7. — [IpomyckHast cocOOHOCTh U JATBHOCTD AJIEKTPOIIepeaadn
no BJI 35, 110 u 220 kB

[IpomyckHas coco6- JnuHa 1MHUM 3neKTponepe-
HocTh BJI, MBT Jaduu, KM
Hanpspxenne, | Ceuenue da-
pKB 3bI, MM(ZI) Hatv- R IpenenbHas (Mecxg: HIJ:{[’;HMSI
anmi]aﬁ cTH Toka KITJ=0.9 COCCyHI/II\?III/I
p 099 A/MMZ ( H - Y ) A
I1C)
35 70...150 3 4...10 20 5
110 70...240 30 11...37 80 25
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220 240...400 135 74...123 400 100

KosnbrieBble yyacTku CETH MPOEKTUPYIOTCS, KaK MPAaBUIJIO, HA OJJTHO HOMUHAJb-
Hoe HampsikeHue. [Ipu 3ToM HeoOXxoauMoe TSl BBIOOpa HOMUHAIBHOTO HANPSIKEHUS
MOTOKOpacmpeaeneHue onpeaensercs npuoamxeénno. [pudnmxénnplii pacyér noro-
KOpACHpPEAEICHUS BBITTOIHACTCA MPU CIAEAYIOMNX JTOMYIICHUSX:

a) HE YYUTHIBAIOTCS MOTEPU MOIIHOCTU B DJIEMEHTAX CETH U 3apsTHbIE MOIIHO-

CTH JIMHUH;
0) moTokopacmpeaesieHue B 3aMKHYTBIX CETSIX OMpEACNsIeTCs MO JJIMHAM JIU-
HU;
B) HEMPSMOJUHEHHOCTh TPACC YUUTHIBACTCS KOI(PDUIIMECHTOM HENPSIMOIHHEN-
HOCTH, paBHBIM 1,2.

[TorokopacnpeneneHre B pa30OMKHYTOW CETH HAaXOAST C MOMOIIbIO YPaBHEHUM
nepBoro 3akoHa Kupxroda (111 MoIHOCTeH), HaunHas ¢ 0oJiee YIaJIeHHOTO yJacTKa
U TIepexos OT y3Jia K y31y.

s paccMaTpuBaeMoro nmpuMepa UCXOJHBIE JTaHHBIE MO Harpy3kaM IOACTaH-
Ui TpUBEeJIeHBI B Ta0d. 6, a manHble 1o anuHaM JIDII 6epyrcs 1y BEIOpaHHBIX Ba-
PUAHTOB CETH.

ITo Bcem nmHMSAM paaualbHO-MarucTpaibHOro BapuanTa «P-3» mepemaercs
MOIITHOCTh OJHOW M3 COOTBETCTBYIONIUX IOJcTaHIMi. Pacuersl mo Bapuanty «P-3»

CBeJeHbI B Ta0II. 8.

Tabnuna 8. — Ber6op HomuHaNbHBIX HanpsbkeHui BJI BapuanTa
paIMaTbHO-MAaruCTPAIILHON CETH

BJI L, km |L+20 %, km|P, MBt | Lleneii | U, kB | Ugou, kKB
A-2 21,6 26,0 38 2 75,4 110
r-1 14,9 17,9 63 2 77,9 110
b-3 24,4 29,2 6 2 49,0 | 35(110)

[TonyyeHHOE€ HOMHUHANIBHOE HanpsikeHue 1 JuHui A -2 u I - 1 xopomo co-
rJ1acyeTcs C JaHHBIMU Ta0. 7/, OJHaKO JJis1 IMHUHU b - 3 Kak 1o mpomycKHOM crocoo0-
HOCTH, TaK M IO NPEAECIbHON JIMHE HOMHUHAJIBHOE HanpshkeHue 35 kB He moaxoaur.

[TIprnanMaem 115 3TOM TMHUM HOMUHAJIBHOE HanpsikeHue takxe 110 kB.
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Jlnst BBIOOpa HOMUHAIIBHBIX HANPSOIKCHUH 3aMKHYTOW ceTd (BapuaHT «3-2»)
HalijieM MpUOIMAKEHHOE MOTOKOPACTIPEACICHUE B JIMHUM C IBYXCTOPOHHUM MHUTAHU-

eM(A-2)(2-1)(1-T)c paccrosHusimMu cooTBeTcTBeHHO 17,9; 32,4 1 25,9 kM.

_ Sp(Lo+ L) +S L, _
~A-2
LF—] + L1—2 + LA—2
_ (38+ j25)(32,4+17,9) +(63+ j42)17,9

17,9+32,4+ 25,9
S,, =19+ jL4MB-A;
S, =611+ j40,6 MB-A.

~39,9+ j26,4 MBA;

Pacuetsl o BapuaHTy «3-2» cBeieHbl B Ta01. 9.

Tabnuua 9. — Bei6op HomuHanbHbIX HanpsbkeHuid BJI BapuanTa
3aMKHYTOM CETH

BJI L, km |L+20 %, km|P, MBt | Ileneii | U, kB | Uyou, kB
A-2 21,6 26,0 39,9 1 90,3 110
1-2 27 32,4 1,9 1 39,1 110
r-1 14,9 17,9 61,1 1 92,8 110
b-3 24,4 29,3 6,0 2 49,0 | 35(110)

3nech a5 nuHuM b-3 HOMUHAIBbHOE HAMpsKEHUE Takke MeHseMm Ha 110 kB.

3.3 Onpenesnenue cevyeHuii npoBoaoB HOBBIX JIDII

[Tpu npoextupoBannu BJI nanpsokennem no 500 kB BkirountensHO BHIOOp ce-
YEHHUsI MPOBOJOB MPOU3BOAUTCA MO HOPMHUPOBAHHBIM 3HAYEHUAM 3KOHOMHYECKOU

IJIOTHOCTH TOKa [ 1].

Cymmapnoe pacuétHoe ceuenue (F) mpoBonoB a3er mpoektupyemoit BJI pas-

HO.

rjae Ip — pacYETHBIN TOK, A;

j,;, — HOpMUpPOBaHHas TIOTHOCTH TOKA, A/MM?,
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B cootBerctBuu ¢ IlpaBunamu yctpoictBa anekTpoyctaHoBok (ITYD-7) nHop-

MUPOBAHBI CIEIYIOIINE 3HAUECHUS IOTHOCTHU Toka yist BJI 35...500 kB (ta6u. 10).

Ta6muma 10. — HopMupoBaHHbIe 3HaYEHUSI TUIOTHOCTH ToKa 115t BJI

[T10THOCT TOKA, A/MM?, TIpH UHCIIE
4acOB HCITOJIb30BAHMSI MAKCHMYMa
T Harpy3kd Tmax, 94/TOA
Ooiee
6oxee 1000 3000 10 Ooiee
10 3000 5000 5000
HewnzonupoBaHHBIE IPOBO/IA U IIIHHEI:
MeIHbIE 2,5 2,1 1,8
AITIOMUHHUEBBIE 1,3 1,1 1,0

3HaueHHe |p ONIPCACIIACTCA 110 BBIPAKCHHTIO!

I, = lsajor,

rae lg — TOK JTMHUM Ha IATHIA TOJ €€ SKCIUTyaTallid B HOPMaJIbHOM PEXHME, OIpe-
AENAEMBIA Il CHCTEMOOOPa3yIOIUX JIMHUHA OCHOBHOW CETH IO PAaCYETHHIM
JUIMTENIBHBIM MOTOKAaM MOIMHOCTU Py, Qyopp. Aag nuMuMi pacnpenenurens-
HOM ceTn lg ompezenseTcs pacyeToM NOTOKOPACIPENEIIEHHS TIPH IPOX0KACHUH

MaKCHUMyMa Harpy3Ku SHEPrOCUCTEMBI,

2 2
I = VPhon +Qon |
\/§lJHOM

0j — K03(ppuLMeHT, yUnThIBAIOLUINH U3MEHEHHE HAarpy3Kd MO rojaMm 3KCIUlyaTalluu
nuHuy. s nunuil 35-220 kB 3HaueHue o MOKET ObITh NPHUHATO PaBHBIM

1,05, 9TO COOTBETCTBYET MaTEMAaTUUYECKOMY OXHUAAHUIO 3TOr0 KO3 dUIMeHTa B
30HE HanOoJIee YacTO BCTPEUAIOIINXCS TEMIIOB POCTAa HATPY3KH.

o7 — KO3(Q(OUUUEHT, YYUTBHIBAIOIIMNA YUCIIO 4AaCOB HCIOJIB30BAHUS MAaKCHUMAaJIbHOU

Harpy3ku BJI (Tmax), @ koaddurment K, — oTpaxkaer yuyactue Harpy3ku BJI B

MakcuMyMe 3HeprocucteMbl (Tadis. 11). Pacuer koaddunmenTa ajisi Harpy3ok



21

HOBBIX MMOJCTAaHIMI MPOU3BOJUTCS M0 JAHHBIM, IPUBEACHHBIM B Ta0n. 12. Ilpu-

Mep pacuéra K, npuBeaéH B Ta0mn. 17.

Tabnuua 11. — Yepennennsie 3HadeHus ko3dunuenra o

T 3naueHue k03P PUIMCHTA TTPH YUCITC
Hanpspoxenne BJI, 4acoOB UCII0JIb30BAaHU MaKCUMyMa
15 3H§p¥§§1§£é{ﬁf K HarpysKi Tmax, 3/TOR
1o 4000 | 4000...6000 | 6omee 6000
1,0 0,8 1,0 1,3
35—-330 0,8 0,9 1,2 1,6
0,6 1,1 1,5 2,2

PacuérHoe ceueHue IMpoBOAa JOJIKHO OBITh OKPYIJICHO 10 OJV>KaMIIero cTaH-

JApTHOTO U MPOBEPEHO MO JOMYCTUMON TOKOBOM HArpy3Ke 1o HarpeBy lyon:

I, <l

p.H — 'gom:

rie lpx — pacueTHsIi TOK JUIsl IPOBEPKU MTPOBOAOB 10 HArPEBY.

Tabmuma 12. — KoadduiimenTs! monaganus B MAKCUMYM DHEPTrOCHUCTEMBI TS
Pa3IUYHBIX MOTPEOUTEIICH DICKTPOIHEPTHH

[ToTpebutenu 3MeKTPOIHEPTHHI KoaddurmeHt Ky i
OcBeTHuTeNbHO-0BITOBAST HarPy3Ka 1,0
[TpoMbIlIUIEHHBIE IPEATPUSATHS:

TPEXCMECHHBIC 0,85

JIBYXCMEHHbIE 0,7-0,75

OJIHOCMEHHEIE 0,1-0,15
DnexTpuPUIUPOBAHHBIA TPAHCIIOPT 1,0
CenbCKOXO03SIMCTBEHHOE MPOU3BOJICTBO 0,7-0.75

PacueTHbIMH peXHMMaMHU MOTYT SIBISITbCSI HOpPMaJIbHbIE WJIM TOCJI€aBapUNHbIE
PEXKUMBI, a TAaK)K€ MEPUObl PEMOHTOB JIPYTUX 3JEMEHTOB CETH, BO3MOXHBIX HEPAB-
HOMEPHOCTEHN pacipeiesieHHs] Harpy3Ku MEXAy JTUHUSMU U T. 11

JlonycTrMble AuTenbHbIe TOKH 17151 poBoAoB Mapok AC u ACK npuBeneHsl B
Tabn. 13, a mompaBovYHbIe KOAPGHUIMEHTH HA TEMIIEpaTypy BO3IyXa ISl HEU30JIUPO-

BaHHBIX IPOBOJOB — B TabI. 14.
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Tabmuma 13. — JlonmycTuMble JIUTENbHBIE TOKHU JJIsI HEU30JIUPOBAHHBIX MPOBOIOB
Mapok AC u ACK, npumensiembix Ha BJI 35...330 kB npu remnepatype
Bo3ayxa +25 °C

CeueHue CeueHue
(aTrOMUHHIT/CTATIB), MM? W05 6% (amoMuHUIL/CTANB), MM? LIS 65

35/6,2 175 300/39 710

50/8 210 300/48 690
70/11 265 330/27 730
95/16 330 400/22 830
120/19 390 400/51 825
150/24 450 400/64 860
185/29 510 500/27 960
240/32 610 500/64 945

MUHUMAIBHO BO3MOYKHbIE CEUEHHs] HEM30IMPOBAHHBIX MIPOBOJIOB MO YCIOBHAM
MeXaHWYEeCKOI TPOUHOCTH NpoBoioB 1iis BJI cbimre 1 kB npuseneHs! B Tadm. 15.
MakcHManbHO BO3MOKHBIE CEUYEHHMSI NPOBOJOB M3 YCIOBHS MEXaHHUYECKOH
TPOYHOCTH THITOBBIX OMOP COCTABIISIOT:
e 151 BJI-35 kB — 150 MM
e 151 BJI-110 kB — 240 mm?:
e 15t BJI-220 kB — 500 MMm2.

Ta6muma 14. — IonpaBounbie KO3 GUIIMEHTHI Ha TEMIIEPATypy BO3ayXa JJIs
HEM30JMPOBAHHBIX IPOBOJIOB

, ; [TorrpaBouHbIe KOADPHUITMEHTHI TPH HAKTHUESCKOM
g % TeMmneparype Bo3zayxa, C°
= 3 &
= = B
o T <
= 9|85
S g | 88 | 5| 0 |45 |+10|+15|+20|+25| +30 | +35|+40 | +45 | +50
Sa k| BE°
SRR | R
25 70 1,29 |1,24| 1,2 {1,15/1,11|1,05| 1,0 | 0,94 |0,88|0,81|0,74| 0,67

Tabmuma 15. — MUHUMAIIBHO JONYCTHUMBIC CEUCHUS HEH30JIMPOBAHHBIX ITPOBOIOB
10 YCJIOBUSIM MeXaHudeckou npouHocTH it BJI ceeie 1 kB

CeudeHue TIPOBOJIOB, MM

ATIOMUHUEBBIX U

AL
Xapakrepucrtuka BJI P 0OTaHHOTrO cTajleaiio- | CTallb-

paboTaHHOTO
AIIFOMHUHHAEBOTO | MUHHMEBBIX HBIX
AIFOMUHHUEBOTO
CIUIaBa
CIUIaBa

BJI 6e3 nepeceuenuii B pailoHax 1o ro-
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J0JIeny:
1o Il 70 50 35/6,2 35
B -1V 95 50 50/8 35
B V u Goiiee - - 70/11 35

[Tepeceuennss BJI ¢ cymoxoaHeimu pe-
KaM U MHKXCHCPHBIMU COOPYKCHUAMU
B paliOHax I10 TOJIOJIEY:

no 1l 70 50 50/8 35
B -1V 95 70 50/8 50
B V u OoJee - — 70/11 50

BJI, coopyxaembple Ha JBYXLEHHBIX
WJTM MHOTOIICTIHBIX OTIOpPAaX:

1o 20 kB — — 70/11 —
35 kB u BrILIE — — 120/19 —

ITpoBepke no ycnoBusiMm koponsl nojiexat BJI 110 kB u Bblilie, poksiaabiBa-
eMbIe 110 TpaccaM ¢ otMeTkaMu Beimie 1500 M Hag ypoBHeM Mmopst. [Ipu 6onee HU3KUX
OTMETKAaX MPOBEPKA HE MPOU3BOJIUTCSA, €CIU CEUYCHUS MPOBOJAOB PABHBI MUHUMAJIBHO
JIOMYCTUMBIM TI0 YCJIIOBHUSIM KOPOHBI WJIH MPEBBIIIAOT UX (Tadi. 16).

Tabmuma 16. — MuHUMaNIbHBIN TUaMeTp MpoBoAoB BJI 1o yciioBHSM KOPOHBI
U PaAuoNoOMeX, MM

Hanpsioxenue BJI, kB Paza ¢ mposozaMH
OJINHOYHBIMU IBa U Ooee
110 11,4 (AC 70/11) —
290 21,6 (AC 240/32) B
24,0 (AC 300/39)

2 x 21,6 (2 x AC 240/32)
3 x 15,2 (3 x AC 120/19)

330 33,2 (AC 600772) 3 x 17,1 (3 x AC 150/24)
5x 21,6 (5 x AC 240/32)

pumeuanus. 1. g BJI 220 kB munumanbsHbiii auamerp nposoja 21,6 MM OTHOCUTCS K TOPH-
30HTAJIbBHOMY PAacMOJIOKEHHUIO (a3, a B OCTAIbHBIX CIIy4asX JOMYCTUM C MPOBEPKOM MO paguornome-
xam. 2. s BJI 330 kB MuanManbHbIl quaMeTp npoBoaa 15,2 MM (Tpu nmpoBoja B ¢aze) OTHOCHTCS
K OJIHOLIEITHBIM OTIOpaM.

[IpoBepke Mo AOMYCTUMBIM MTOTEPSIM U OTKJIOHEHUSIM Hanpspbkenust BJI 35 kB u
BBIIIIE HE MMOJJICKAT, TAK KaK MOBBIIICHUE YPOBHS HAIPSHKEHHS MYTEM YBEIUYEHUS
CEUYEHHMS TTPOBOJOB TAKUX JUHHI 1O CPABHEHHIO C MPUMEHEHUEM TpaHC(POPMaATOPOB C
PITH wim cpeactB KOMIEHCAMM PEAKTUBHOW MOIIIHOCTH SKOHOMMYECKH HE OINpaB-

TIBIBACTCH.
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IIpumep evibopa ceuenuii nposoodos JIDII. Pacuét koapunmentoB K, nis Harpy-

30K HOBBIX MOACTaHIMI npuBeAEH B Ta0m. 17.

Tabnuua 17. — Pacuet ko3 PUIIMEHTOB MOMNaJaHusl Harpy30K HOBBIX MOACTaHIIUN
B MAKCHMYM SHEPrOCUCTEMBI
CocTtaB pa3nu4HbIX BUAOB MOTpeOHUTENEH HOBBIX TI0/I-

AxTHUBHAsS crannmi, %, msa Ky, o.e.
MOIII- DJeK-
[Moacranuus | Hocth | OcBe- Hpowm. | TIpom. | Tlpow. TpU. Ku
Tpex- IBYX- | OIHOC- C/x
MOJCTaH- | I[EHUE TpaHc-
CMEHHAas | cMeHHas | MEeHHast
uuu P IOPT
1,0 0,85 0,75 0,15 1,0 0,75
I1C-1 63 20 20 15 15 30 0 0,805
I1C-2 38 20 20 40 10 - 10 0,76
I1C-3 6 40 10 - - - 50 0,86

IIpumeuanue. [IponieHTHBIN cOocTaB pa3IMYHbBIX BUA0OB MOTpeOUTENEN B3AT U3 Ta0I. 4 B 3aBUCH-
MOCTH OT 3aJJaHHOM aKTUBHOI MOIIHOCTH IOJICTAHITHH.

Pacuér K,, B Ta6. 17 BeImosiHeH o Gopmyre
8 2
Ky :ZkM id; 1077,
i=1

rae K, ; — koahdunnent u3 tadim. 12;

d; — momst motpeduTeneit i-ro THIIA B HArpy3Ke MOJACTaHIIH.
PesynbraTel pacuéroB ceueHuit mpoBosioB HOBBIX JIDII cBenennl B Tabn. 18 u

19 no BapuanTam. JIjist BceX BO3AYUIHBIX JTUHUN BHIOMPAEM CTalCaIFOMUHUEBBIE TIPO-

BOJA.

Tabnuna 18. — Pacuer ceuenuit npoBoaos JIDII Bapuanta
paguaIbHO-MaruCTPaIbLHON CETH

BII P, Q, Usom, | Le- Is, or I, F, Ferann,
MBt |[MBap| B e A A MM? MM?
A-2 38 25 110 2 |119,4| 1,28 |160,4| 160,4 185
r-1 63 42 110 2 1198,7| 1,20 |250,4| 250,4 240
b-3 6 4 110 2 189 | 1,15 | 229 | 229 70

Ta6muma 19. — Pacuet ceuenuii nposoaoB JIDII BapranTa 3aMKHYTO# CETH

P1 Q, UHOM, ; |5; Ipa Fa FCTaHH;
MBr |Msap| xB |LCTCH| A um? | M

A-2 399 | 26,4 | 110 1 |1254| 1,28 |168,5| 168,5 | 185
1-2 1,9 1,4 | 110 1 6,0 | 1,28 | 8,1 8,1 70

BJI
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r-1 61,1 | 40,6 | 110 1 ]192,7| 1,20 |242,8| 242,8 | 240
b-3 6,0 4,0 | 110 2 189 | 1,15 | 22,9 | 229 70

[Tpu BBIOOpPE CTAaHAAPTHBIX CEUCHUM OBUTM YUTEHBI OTpaHUUYEHUS TI0 MEXaHUY -
ckoit npounoctu BJI cBeiie 1 kB 1 yciaoBusiM KOpoHbI U paguonomMex (cM. Tadm. 15,
16).

BriOpanHblie ceueHus moajiexat MpoBepKe Mo MPeAesIbHO T0MYCTUMOMY TOKY B
NOCJI€aBapUNHBIX U PEMOHTHBIX pexumax. g npyxuenusix JIDII nocneaBapuitHbiM
TOKOM SIBJIIETCS YJIBOCHHOE 3HAYEHHWE HOPMAJIBLHOI'O TOKA B PEKMME MAKCHUMAaJbHbBIX
Harpy3ok. [[ns BapuaHTa 3aMKHYTOM CXEMBbI MOCJI€aBAPUMHBIM TOKOM JIJIsi KpailHUX
JIDII Oynmer TOK, BBIYMCICHHBIA Ye€pe3 CYMMapHYH) MOIIHOCTh HArpy3oK JIMHHHU C
IBYXCTOpOHHUM muTanueM. Jiia cpeaneit JIDII — Tok Oonblel U3 JByX Harpy3ok
JIMHHM.

Pe3ynbTaThl pacueToB Npu MPOBEPKE MO JOMYCTUMOMY TOKY IPUBEIICHBI B
tabn. 20 u 21 o Bapuantam. Haubonbimas cpennemecsunas temreparypa B Poctose
Ha JloHy B iekabpe 1o JaHHBIM MeTeoHa0roAeHui paBHa +3,6 °C,

JI714 KOJbLIEBOTO BapyuaHTa, UCXOAS U3 aBAPUHNHOW NEPETPY3KH, HA JIMHUASIX
A -2wu 1 -2 B3gTHI IPOBOAA OOJBIIIETO CCUCHHMS.

TexHuueckue mapaMmeTpsl 000PyI0BaHUS CETU NIPUBEICHBI B MPUIIOKEHUH A.

Tabnuna 20. — Pe3ynbratsl pacueToB mpu BeIOOpe mpoBoaoB BJI
JUTs paiiajIbHOTO BapHAHTA

o1 lvas, Ipensapurensuoe | xon, Mapka | xom,
A CECUCHUE A IpoBOAa A
A-2 238,7 185 510 AC-185/29 510
r-1 397,4 240 610 AC-240/32 610
b-3 37,8 70 390 AC-70/11 390

Tabnuna 21. — Pe3ynbratel pacueToB mpH BeIOOpe mpoBoaoB BJI
JUTSsI KOJIBIIEBOT'O BapHAHTA

310 lrva, IMpeasapurensuoe | |xon, Mapka | xom,
A CeUyeHne A MpOBOJIA A
A-2 636,1 185 510 AC-240/32 610
1-2 397,4 70 265 AC-120/19 390
r-1 636,1 240 610 AC-240/32 610
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| B-3 | 378 | 70 | 390 | AC-70/11 | 390 |

B BapuanTe 3aMKHYTOI ceTu mociaeaBapuiHbIi TOK B nuHU A -2, 1 -2, T -1
MPEBBIIIAET TONYCTUMBIA TOK U3 Tabi. 13. OnHako Takoe MpEeBbIIEHUE BIIOJIHE MPH-
€MJIEMO C Y4€TOM BO3MOXXHOW TOKOBOW meperpysku BJI mpu temmeparype, koropas
COOTBETCTBYET 3UMHEMY IEPUOAY BPEMEHHU, KOI1a CUCTEMA IPOXOAUT FOJA0OBOM MaK-

= (@)
cumMyM Harpy3ku. [lonpaBounbiii kodpPuuueHT a1 Temneparypsl Bo3ayxa +3,6 °C
paBeH 1,2 u gonmyctumslii Tok a5 nposoaa AC-120 ctaHoBUTCS paBHBIM 468 A.
st mpoBoga AC-240 ¢ yuétoM momnpaBo4yHOro koddduienta Ha TeMiepaTypy

JNOMYCTUMBIN TOK paBeH 732 A.
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3.4 Bbi0op TpancGopMaTOpPOB HOBBIX MOACTAHIMIA

Ha HoBBIX moactanuusx 35 kB U Bblllle MPUMEHSIOT TUIIOBBIE CXEMbI, B KOTO-
PBIX TIPEAYCMOTPEHA YCTaHOBKA, KaK MPaBUWIIO, ABYX TpaHC(HOPMATOPOB OJIMHAKOBOMN
MOIITHOCTH. Y CTaHOBKa OJHOTO TpaHc(opMaTopa SBISETCs, OOBIYHO, IEPBBIM ATAIIOM
COOPY’KEHUs JIBYX TpaHC(POPMATOPHOW MOJICTAHIMHU. YCTaHOBKa 0OoJiee IByX TpaHC-
dbopmMaTOpOB OCYIIECTBISACTCS MPU HATMUUU TEXHUKO-IPKOHOMHUYECKOTO 000CHOBAHUSI
WJIH TI0 CTICIMaIbHBIM TpeOOBaHUEM 3aKa3unKa.

[Ipu BBIOOpPE TpaHCHOPMATOPOB OMPEACISIONIUM YCIOBHEM SIBISETCS UX
Harpy3o4Hasi cnocooHoctb. Harpy3ouHoit crnocoOHOCThIO TpaHC(HOpMATOPOB HA3bIBA-
€TCsl COBOKYITHOCTh HAarpy30K W Meperpy3ok Tpancdopmartopa. cXoaHbIM peKUMOM
JUISL OTIpEJIeTICHUs] Harpy304YHOU CIIOCOOHOCTH SIBIISICTCSI HOMHUHAIBHBIN PEeXKUM pado-
ThI TpaHCc(opMaTOpa HA OCHOBHOM OTBETBJICHUH IIPU HOMHHAJIBHBIX YCIOBUAX MECTa
YCTAHOBKHM M OXJIAKIAIOUIEN CPeAbl, ONPEAENIIEMbIX COOTBETCTBYIOIINM CTaHAAPTOM
WIN TEXHUYECKUMH YCIIOBUSIMU.

B xypcoBoM mpoekTe BbIOOp TpaHC(HOPMATOPOB Ha HOBBIX MOHMIKAIOIIUX IO ]I~
CTAaHUUAX BBINOJIHIETCS UCXOS U3 aBapUHUHON MEPETPY3KHU MPU OTKIOUYEHUH OJTHOTO
U3 IBYX TpaHC(HOPMATOPOB HA BpeMs peMOHTa Wiu 3aMeHbl. [Ipu 3TOM pesepBupoBa-
Hue 1o cetssim CH u HH otcyTcTByer.

MomHoCTh TpaHchopMaTopa BHIOUPAECTCS MO YCIOBHIO:

Sy =(0,65+0,7)Ss,

7€ Sy, — MOLIHOCTb OXHOTO TpaHCHOPMATOPa;

Sg — MakcuMaibHasE MOLIHOCTb Ha MSATHIM Iojl pac4ETHOrO MepHoia, MPOXOs-

mas yepe3 oba tpanchopmaropa.

3atem BbIOMpAIOT OymKaiiiiee OoJblIee CTaHAAPTHOE 3HAYEHUE HOMUHAIBHOU
MOIITHOCTH TpaHchopMaTopa ¢ Y4ETOM TpeOyeMbIX HOMUHAIBHBIX HAMPSKEHUH.

Ha nopcranmusax ¢ BeiciuM HanpspkeHueM 220 kB w Bblme, Kak IpaBuilo,

YCTaHABIIUBAIOT aBTOTPaHCPOPMATOPHI, 00IaAatoNMe PSIIOM MPEUMYIIECTB MO CpaB-
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HEHUIO ¢ TpaHcpopmartopamu (MEHbIIasi Macca, CTOUMOCTb U MOTEPU SHEPTUU MHpPU
TOM K€ MOIITHOCTH).

lIpumep evlib0pa mpancghopmamopos.

Ha nmoacrannuu [1C-1 ¢ MakcuManbHON MOIIHOCTHIO HATPY3KH Ha 5-# TOJT 9KC-
TTyaTauu noAcTaHuu: Pmax = 63 MBT, Qmax = 42 MBap. [lonHas MOIIHOCTH IBYX
TpaHc(hOpMaTOPOB paBHA Smax =75,7 MB-A.

MontHOCTh Kak10T0 TpaHncpopmaropa

Sy, =0,7-75,7=53MB-A,

Beibupaem tpanchopmaropsr TPJIITH-63000/110 (Tabdm. 22).

Tabmuma 22. — [TapameTpsl TpaHc(HOPMATOPOB HOBBIX MOICTAHITUI

Mecto Tun Siom, | Komu- Usom, KB Ug, | APx, Iy, APy,
ycTaHoB- | TpaHcdopmartopa | MB-A | yectBo | BH HH % | kBr | % kBt
KA
IC-1 |TP/IIH-63000/110| 63 2 115 |10,5/10,5| 10,5 | 260 | 0,6 59
IC-2 TPIH-40000/110{ 40 2 115 [ 10,5/10,5 | 105 | 172 | 0,65 | 36
I1C-3 TZAH-10000/110{ 10 2 115 11 105| 60 | 0,7 14

3.5 Cxembl mnpucoeIMHEHHs] NMOACTAHUMH W HX pacnpeaeJuTeJIbHbIe

ycTpoiicTBa

B aToM KypcoBOM mpoekTe BBIOOP CXEM ITOJICTAHIIMK OCYIISCTBIsACTCS 0e3 mo-
JIPOOHOT0 00OCHOBAHHUS JIMIIB ¢ YIETOM OOIMMX peKoMeHaanuii. CXeMbl dJIeKTprude-
CKMX COCIMHCHHUH ITOJCTAHIIMA BBHIOMPAIOT B 3aBUCHMOCTH OT WX HasHadeHus. Ilo
Croco0y MPHUCOSIUHEHUS K JUHUAM DJIICKTpONEpeaud paziudyaloT TYMHUKOBBIE
(puc.4.a, r), oTBeTBUTENBHBIC (pUC. 4.0, 1, K, 1), MPOXOAHBIC (pHC. 4.B, €, 3, JI) H y3-

J0BBI€ (puUcC. 4.K) MOACTAHIIUH.
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[lenecooOpa3HO MPUMEHATH ISl BHOBb COOPYXAEMbIX MOJCTAHLHMHA CXEMBI
MIPOXOJIHBIX U Y3JIOBBIX NMPUCOEAUHEHUH (CM. puc. 4). OTu cxembl o0nagaroT Oosee
BBICOKMMHU TTOKa3aTeIIMU HaJAEKHOCTH JIEKTPOCHAOKEHUS TOTPEOUTEIICH.

Bri6op cxem pacrnipeaenutenbHbix yecTporcTB (PY) moacranumii BeinmonHseTcs
U3 YUCJa TUIIOBBIX KOMMYTAlIMOHHBIX CXEM C YYE€TOM MX 00J1lacTu mpuMeHeHus [1].

Ha ctopone BH u CH noacranmmii 370, kak npasuiio, oTkpbiTeie PY (OPY).

1111 LI
1 [ [ 1
a
11 [ 6
10 41 1
; H
LIIT 10 ¢
I 1 11 ——
0
111 112 [ € 1112
| 1
L1l II12 5
LTIl 112
e 11 10
u
111 2 1113
s ] [ 1 K

Puc. 4. OcHOBHBIE THIIBI IPUCOCTUHEHUS TTOJCTAHIIMMN K CETH:
a, 6, B — paauansHOil ¢ ogHoi BJI; r, A, € — ABOWHON panuanbHOM; X, 3, U — C ABYMS LIEHTPaMH
MUTaHUS; K, 1 — ¢ TpeMs u Oosiee neHTpamu nutanus (LIT)

Ha puc. 5 nmpuBenens Tunossie cxembl PY 35 — 750 kB, a B Tabn. 23 — nepe-
YEHb CXEM U 00JIACTH UX TPUMEHEHUSI.

OcHoBHOM pekomeHnayemoit cxemoit msa PY CH 110 — 220 kB sBasiercst oau-
HapHas CEeKIMOHUPOBAaHHAs CUCTEMa IIUH (puc. 5, cxema 9).

Cxembl PY 10(6) kB nmpuBenensl Ha puc. 6. Cxema ¢ OJHON CEKIIMOHHUPOBAH-
HOU cucteMod muH (puc. 6.0, B) mMpuUMEHsIeTCd MPU JBYX TpaHcPopMmaTropax C

HepaCIHeHJ'IéHHBIMI/I oomorkamu HH. Cxema ¢ ABYMs CCKIIMOHUPOBAHHBIMU IIMHAMHU
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(puc. 6.r) ucnosb3yeTcst NpU IBYX TpaHCPOPMATOPAX € PACHICTNIEHHBIMU 0OMOTKaMu
HH.
B rpadguyeckoil yactu KypcoBOro mpoekTa HeOOXOJUMO MPUBECTH M300paxke-

HUS1 BBIOPAHHBIX B 000MX BapuaHTax cxeM PY HOBBIX U CyIIECTBYIOIMX MOICTAHIIHIA.

Tabauna 23 — XapakTepuCTUKN HEKOTOPBIX TUIIOBBIX cxeM PY 35 — 750 kB

O06nacTh NpUMEHEHUs
N N
% S ) = o 2
= HanmeHoBaH#E CXEMBbI £ S 2ZE JlonomHuTe L HbIe
=S 2 2Bl 3R = YCIOBUS
o 2 2 25/ E8:C
23 Sm |25 SEZ
aniis} T OBl E =
SH |Moctuk c¢ Beikmrodatensimu B| 35 —220 | BH 2 [TIpoxonusie I[IC  mpm
Hensix JWHUA W PEMOHTHOM HEOOXOJAUMOCTH  COXpa-
MEPEMBIYKON CO CTOPOHBI JIH- HEHUsT B paboTe TpaHC-
HHI dbopmaTopoB TpU TMOBpe-
*kneHnn Ha BJI
7 |YeTbIpexyroJbHHUK 220-750 | BH 2 1. AnpTepHaTHBa Ccxeme
«moctukay qig [1C 110 —
220 xB.
2. Jna I1C 330 — 750 B
KaK HavaJbHBIM 3Tanm 60-
Jiee CIIOKHBIX CXeM
9 |Opna cexumonupoBanHas cu-| 35—220 | BH, |3 n 60- | KonuuecTBo paguanbHbIX
cTeMa IIUH CH, | Iee BJI He Ootee oqHoOM Ha
HH CEKIINIO
9H |Opmna cekmuonupoBanHas cu-| 110 —220 | BH, | 3 u 60- [1. KomuuecTBo pamuains-
cTeMa IIHWH C IOIKIIOYEHHUEM CH snee |HBIX BJI He Oosiee omHOM
TpaHcopMaTopoB uepe3 pas- Ha CEKIHIO.
BUJIKY M3 JBYX BBIKIIIOUaTeNeH 2. Ilpu TNOBBIIICHHBIX
TpeOOBaHUAX K COXpaHe-
HUIO B pabore TpaHchop-
MaTOpOB
12H |Omna pabouas cexkuuonupo-| 110 —220 | BH, | 3 u 6o- |[Ipy nNOBBIIIEHHBIX Tpe-
BaHHasg ¥ OOXOJHAs CHUCTEMBI CH | nee |OoBaHHSIX K COXpaHEHHIO
IIUH C MOAKIIOUEHUEM TpaHC- B pabote TpaHcdopmaro-
(dhopMaTopoB dYepe3 pazBUIKY poB
U3 IByX BBIKJTIOUATEIeH
16 | TpanchopmaToOpbI-IIUHBI c| 220-750 |BH, | 5-6
MOJIYTOPHBIM  TIPUCOEMHEHH- CH
€M JIMHUI
17 |TlonyropHas cxema 220 - 750 | BH, | 6 u 60-
CH | 1ee
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Cnenyer mMmets B BHAY, uTOo npucoenunenue JIOII k cymecTByromum Imon-
cTaHusaM Tpedyer pacmupenus ux PY. Ilostomy cToMMocTh siueek (KOMILJIEKTOB

BBIKJIIOYATEIICH — MO OIHOMY Ha OJIHY J'H/IHI/IIO) TAKIKC JOJDKHA BKIIIOYATBHCA B 3aTPAThI

]

7

IIPpH COIIOCTABJICHHUU BaPpUAHTOB.

PY BH PY BH

%l 6—10kB

< P>

[ cexuust mmH

g
APV S A
TR 1

—<[ B

6
PY BH PY BH
a5
Q
>
(-9
Icemm@ 6—10 kB |@II CeKUMSA @ @ @ @
IMH LITHH ICCKLIHHY Y 610 KIEY II cexuus
@ NIUH \é{:\'}’ IMH

T Y

@ @] @] @] III cexaua ~ N ATV cexuus
HIHH @ IHH

—<< B>
—<<{ >

Pucynox 6. Cxembl PY HU31IEr0 HanpspKeHUSL:
a — C OJJHOM HECEKITMOHUPOBAHHOW CUCTEMOH IIHH; O, B — C OJTHON CEKIIMOHUPOBAHHOMN CUCTEMOM
IIUH; T — C ABYMsI CEKUMOHUPOBAHHBIMU CUCTEMaMH IIHH

I cocTaBlieHUs] NPUHIMIIHAIBHBIX CXEM BapHAHTOB SJICKTPUYECKOW CETH
HEO0OXOIMMO TTepEePHCOBATh CYIIECTBYIOMIYIO CXeMYy U J0OABUTh K HEH COOPYyKaeMbIe
JIDII m moacTaHIMY ¢ HAATTMCAHHBIMA MapKaMH IIPOBOJIOB M TUITAMU TpaHC(OpMaTo-
poB. IIpuMep NpUHIMITHATEHON CXEMBI JIEKTPUUECKON CETH ISl paAuaIbHOTO Bapu-

anTa «P-3» mokasan Ha puc. 7, s KOIBIIEBOTO — Ha pHC. 8.
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2 ATJILITH-125000/220 2 T TH-40000/110

5C. 201
2 AC-300/39 202 112 2 AC-185/29
52

63

2 AC-185/29

N )\ %)
S \ ¥
i rI. T,
S 10 kB l TC-2
N 10 KB 3
1c-3
2 ATJILITH-125000/220 2 TPJIIH-63000/110
2 AC-400/22 204 110 kB | 108
= — — _2AC20%2 —.% P% IC-1
220 kB 178 _
2 TPJILIH-63000/220 117 = F_>
220 kB —'% < |12
)
10 kB -

Pucynoxk 7. IlpuHumnuanbHas cxeMa painaibHOTO BapHaHTa dIEKTPUUECKON ceTH «P-3»
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2 AT/ILTH-125000/220

ot 2 AC-300/39 202 112 2 AC-185/29
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110kB .
_AC-240/32
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|116 | 3
5 — S

2.AC-400/22

58

SIS
10 kB /|\ J\ (-')IM
AN T <

Cy V%)
r . T,
10 kB l nc2 |
2 TPJIH-40000/110 :
2 ATJILITH-125000/220 =
2 AC-400/22 204 114 | _e | 10
57 4( P
I .Q 4 nc-1
220 kB 110 kB 1\ _
2 TPJIL[H-63000/220 AC-240/32 -Q-\ F_>
220 kB 17.8 4( 1
10 kB 7 10 kB 'é _,)_
TC-T

Pucynox 8. IlpuHimnuanbHas cxema KoJIbLIEBOTO BapHaHTa 3IEKTPUUYECKON ceTh «3-2»

2 TIITH-40000/110

2 TPJIL[H-63000/110

143
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PacnipenenurenbHble yCTPOUCTBA MMOJACTAHLIMN CYLIECTBYIOIIENH CETHU:
« [C-A,TIC-T:
PY BH npu nanpsokenunn 220 kB cxema 9H (puc.5), npu nanpsbxenuun 330 kB
— cxema 16 (puc.5);
PY CH 110 kB — cxema 13 (puc.5);
PY HH 10 kB — cxema puc. 6.B.
 IIC-b:
PY BH 110xB — cxema 5H (puc.5), nepexona npu peKOHCTPYKIHUH K cxeme 13;
PY CH 35 kB — cxema 9 (puc.5);
PY HH 10 kB — cxema puc. 6.B.
 TIC-B:
PY BH npu nanpspkennn 220 kB cxema 9H (puc.5), npu nanpsbxkenun 330 kB
— cxema 16 (puc.5);
PY HH 10 kB — cxema puc. 6.1.
PacnpenenurenbHble yCTPOWCTBA HOBBIX MOJCTAHIUH :
PY BH 110 kB IIC-1, TIC-2, TIC-3 — cxema 5H (puc.5).
PY HH 10 kB IIC-1, IIC-2 — cxema puc. 6.1.
PY HH 10 kB I1C-3 — cxema puc. 6.6.

4 TexHnuyeckuii AaHAJIN3 BADUAHTOB PA3BUTHUS CETH

4.1 Pe:kuMbl 3J1eKTPUYECKOM ceTH

[lenpr0 pacyeToB PEXKMUMOB SIBISETCA ONPEACICHHE MAPAMETPOB PEXKUMOB H
MPEXKJIE BCErO HANPSIKEHWM BO BCEX y3J1aX, TOKOB M MOIIHOCTEHW BO BCEX BETBAX,
KPOME 3TOTO BBIUMCIIEHNE MOTEPh MOLIHOCTH BO BCEX 3JIEMEHTAX U B CETH B LIETIOM.

[To 3HaYeHUsIM yKa3aHHBIX MMAPAMETPOB OLIEHUBAETCS: JOMYCTUMOCTb PEXKMMA,
KaueCTBO 3JIEKTPOIHEPTUH ISl MOTPEOUTENEH, FIKOHOMUYHOCTh PEXKUMA. ITO B CBOIO

ouepeib 1a€T BOZMOXHOCTbh OLEHUTh PAa00TOCIIOCOOHOCTh CIIPOEKTUPOBAHHON CETH.
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B KypcoBOM mIpOEKTe paccMaTpHUBAIOTCS JIBa XapaKTEPHBIX PEXKUMA: MAKCH-
MQJIBHBI M IIOCJI€aBapUUHBIN. MaKCUMalbHBI pPEXKUM HMEET MECTO IPU MAKCH-
MaJIbHBIX Harpy3kax BCEX MOACTAaHUUN M MPU HOPMAIbHOM cxeme ceTH (Korjaa Bce
AJIIEMEHTHl BKIIOYEHBI). B cxeMe cetu s pacuéra mocieaBapUilHOTO pexuma OT-
KJIFOUEHBI JTM00 OJ[HA U3 HamOoJiee HarpyKEHHBIX JJMHUN WU LIeTIel ABYXUENHOMN 1u-
HUH, TM00 aBTOTpaHC(HOPMATOP MOICTAHLIUH.

PacyeTsl peXHMMOB BBINIOJHAIOTCS O cXemaM 3amelneHus. Ilonnas cxema 3a-
MelIieHus ceTu (pacu€THasi cXxeMa) COCTaBIsIeTCs MyTEM 0ObEIMHEHUS CXEM 3aMele-
HUS OTAENBHBIX 3JIEMEHTOB B COOTBETCTBUH C UX CXEMAMH COEITMHEHMUS.

PacuéTHbie cxeMbl BKIIOYAIOT B Ce0sl KaK CYIIECTBYIOIIHME, TaK U HOBBIE dJIe-
MEHTHI ceTh. Ha pacu€THOl cXeMe yKa3bIBalOTCS CBSI3M MEXKIY Y3JIOBBIMH TOUYKaMHU
(npsiMble UK JTIOMaHbIe JIMHUM), U1l TPaHC(HOPMATOPOB — IJIEMEHTHI TPAaHCHOPMAILIUH
(mo 0003HaYEHUIO COBMAJAIONINE C 0003HAUEHUEM TPAHCPOPMATOPOB HA MPUHIIUITHU-
aJIbHBIX cxeMax). JIByxuennsie JIDII u coenuHeHHbIe NapauieaIbHO TpaHCHOPMATOPHI
n300paxkaroTcs OAHOM HKBUBAJIEHTHOW BETBbIO. Bo3iie Kakqoi BETBM MOT'YT HajAIH-
CBIBAThCSI CONPOTHUBIICHHSI U MOANMCHIBATHCS NpoBoaumoctu (s JIDII). Bosne ane-
MEHTa TpaHcopMaruu yKasbiBaeTcs KodhduimeHT TpaHchOpMalUK WIM HOMHU-

HaJbHBIE HANPSDKEHUs OOMOTOK TpaHchopmaTopa depe3 KOCYIo 4epTy, Hampumep

230/121.

4.2 CxemMbl 3aMellIEHUS] M TApaMeTPbl J1eMEHTOB CeTH

Jluanu nipeactasisitores [1-o0pasHpiMu cxemamu 3amenieHus (puc. 9), nBy-
X0OMOTOUHBIC TpaHchopMmaTopsl - [-o0pasHbiME cxemamu 3amerneHust (puc. 10),
TPEXOOMOTOYHBIE W aBTOTPAHC(HOPMATOPHI - CXEMOU TPEXITYUEBOM 3BE37bI C TIPOBO-

JUMOCTBIO (TIOTEPSIMH XOJIOCTOTO X0/1a) Ha Bxoje (puc. 11).
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1B B N/
2 J§ -1Qaap -JQaap

2 2
a) 6)

Pucynok 9. Bujpl cxeM 3aMeleHus JINHUU

[Mapametpsl nunuun R,, X;, Om, G, By, MKCM, Qsap, MBap, cocTosiet u3 n ie-

neH, onpeaensoTes no Gpopmynam:

RH:rOL; XH=X0£; Z =R +jX;
n n
3
B. —hyLn; Gn:goLn:Aj“TloLn; Y. =G, +JB,;

HOM

Q3ap = BnU §0M10_6’

rae L — mivHa JIMHUHT, KM;

Iy, Xo— TIOTOHHBIE aKTHBHOE M PEAKTUBHOE CONPOTHUBICHUS JIUHIH, OM/KM;
b, — moronnast EMKoOCTHas MPOBOJUMOCTD JIMHUH, MKCM/KM;
AP. — ynenbHBIC IOTEpU MOIITHOCTH Ha KOPOHY, KBT/kM [5];

U, — HOMMHAJIbHOE HAIPsKEHUE JIMHUY, KB.

Jns nuuuii HanpsikenueMm 220 kB ¥ HUke akTHBHash MPOBOJMMOCTH JIMHUU

H

G, He yIHTHIBACTCH.

[ToroHHble COMPOTHBICHHUS [y, X, U TPOBOAUMOCTD D) ITaHbI B IpHUIIOKEHUH A.
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UBHOM Rr’*’jX]’ KT UHnom UBHOM RT'*'jXT KT UHnom

A§xx:APxx+jAQxx

6)

Pucynok 10. Pa3HOBHIIHOCTH CXEMBI 3aMEIICHHS TBYXOOMOTOYHBIX TPaHC(HOPMATOPOB

[Tapametpsr AByxoOMoTOo4YHOTO TpaHchopmaropa Ry, Xi, OM, APy, MBT, AQx,

Mgap, gr, br, MkCwM onpesiensitoTcst mo Gpopmyiam:

R, = %103 4 —\Z\_U%BHMOZ X, =2 -R?:
n HOM HOM
g - AP.n ARD g2, YT:M‘legﬂlo“; bT=m;
UBHOM UB.HOM
!T:gT_ij; ZT:RT+jXT;

Apxx = APxn]_()—3; ASxx = |XnSHOMlO_2; AQxx = ASZ _APXZX’ KT — UH.HOM .

B.Hom

rae S U

HOM !

Broy — HOMHHAIIbHbIE MOIIHOCTH (MB-A) M HampspkeHHE CTOPOHBI
BH (xB) tpancdopmatopa ;

N — 9KCJI0 MapauieIbHO BKIIOYEHHBIX TPaHC(HOPMATOPOB;

AP. — motepu MomHOCTH KOpOoTKOTO 3aMbikanus (K3), kBt;

u. — Hanpspkenue K3 tpancdopmaropa, %;

AP, — morepu momrHOCTH X0a0cToro xoaa (XX), kBT;

I, —Tox XX, %.

XapakTepuCTHUKU TpaHCHOPMATOPOB JIaHBI B IPHIIOKECHUH A.

CxeMbl 3amenieHus TPEXOOMOTOUHBIX TpaHCHOPMATOPOB, TPUBEACHBI Ha

puc. 11.a, 6. MomHocts ooMotku BH Sppy =S
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RectjXe Ksc  Uchom Ret+jXc Kee

UE?HOM Ra+j)(g UCH‘OM

Ughom Re+jXs

UHHOM UHHOM

Ru+jXk
ASx

a) 6)
Pucynoxk 11. Pa3HOBUIHOCTH CXE€MBI 3aMEIIEHUs TPEXOOMOTOUHBIX TpaHC(HOPMATOPOB U

aBTOTpaHC(HOPMATOPOB

CyIecTByIOT TpEXOOMOTOYHBIE TPAHC(HOPMATOPHI C PA3ITUYHBIMU COOTHOIIIC-
HUSIMA ~ HOMHUHAJIBHBIX MOLIHOCTEH 00MOTOK Sg /S /Sy y: 100/100/100 %,

100/100/66,7 %, 100/66,7/66,7 %.

AKTHUBHBIE CONTPOTHUBJICHUS OOMOTOK OTNIPEACIISIIOTCS 10 (popMynam:

Rg. . .
Ry = B-C — Ro=—2; Ry=-—2,
l+a+(1-a) 1B a p
AP U2 S S
R — K =~ B.HOM 10—3; o= C.H : _ “HH .
F'He B-C nSI—?OM SHOM ﬂ SHOM

PeakTrBHBIE COMTPOTUBIICHUS OOMOTOK ONIPEACIISIOTCS U3 PABEHCTB:

. 2
ZB _ (UK,B-C + uK.B-H UK.C-H) UB.HOM 10—2; )(B = m;

2 ns,..
U ne+U —u 2 r—
ZC — ( k.B-C K.;—H k.B-H ) L:]g.HOM 1072; XC — Zé _ Ré ;
(uK.C-H +Ucgn —Uepc ) U é HOM 1 =2+ 2 2
Z, = 5 nSi 1075, Xy =+Z5-Ry.

HOM

Ecim pacuétHoe 3Hauenne Z wimu Zp OKaxeTcs oTpumarenbHbM, To X (X ) cie-

JyeT mpupaBHATH K Hyni0. Koaddunuent tpanchopmanuu B BeTBu o0omotku CH
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U

B BeTBH 0OMoTKH HH K [, = —HHor

B.nom

[loTepyu MOUTHOCTH B CTAJIM U MPOBOJUMOCTH TPEXOOMOTOUYHBIX TpaHcHopMa-
TOPOB OMPEEIAETCS TaK ke, KaK JIJIsl AByXOOMOTOUHBIX TpaHC(HOPMATOPOB.

Cxembl 3amemienus (pucynku 1l.a, 0) u popmynsl 1 pacuéra mapaMmeTpoB
TPEXOOMOTOYHBIX TpaHCHOPMATOPOB CHPABEMJIMBBI M Il aBTOTpaHC(hoOpMaTOpoB
(AT). CooTHolieHre MOIIHOCTEH OOMOTOK HU3IIEr0 W Bbicuiero HampsbkeHus AT
pasHo 0,5.

TpanchopmaTopsl ¢ pacuiernaéHHON 0OMOTKONW UMEIOT, KaK MPaBUIIO, IBE OJU-
HAKOBBIX OOMOTKHM HU3LIErO HAMPSKEHUS] U MOTYT paboTaTh B 2 peKUMax:

- 00e 0OMOTKHM pabOTaIOT Ha OJIHY HArpy3Ky;

- KaxkJ1asg 0OMOTKa pabOTaeT Ha CBOIO HArPy3Ky.

B nepBom ciywyae TpaHchopmaTtopsl ¢ pacuieruiEHHBIMU OOMOTKaMH HMEIOT
CXEMBbI 3aMEIICHUs, KaK y JBYXOOMOTOUHBIX TpaHC(OPMATOPOB, U pacd€T UX Mapa-
METPOB BBIMOJHSIETCA MO (HOpMynaM, NMPUBEAEHHBIM ISl ABYXOOMOTOYHBIX TpaHC-
(dopmaTopoB. B KypcoBOM mpoekTe MPUHST MEPBBINA Cilydail CXeMbl 3aMEILeHus pac-

HICTUIEHHBIX TpaHC(HOPMATOPOB.

4.3 PacyéT yCTAHOBMBIIMXCS PEKMMOB JJIEKTPUYECKOM CeTH

PacuétHbIe cxeMbl pHUCYIOTCS IS Kaxaoro BapuaHTa (pucyHku 12, 13) cos-
MECTHO C Pacy€THOM CXeMOil cyllecTByollel cetn (pucyHok 14), mapameTpsl KOTO-
poii maHbI B Tabnmme 24.

Pacuétbl pexxrma MakCHUMalbHBIX Harpy3oK BBIMIOJHSIIOTCS MO CXEME CyIlle-
cTBytoIIel cetn ¢ qobaBnenneM HoBbIX JIDII u TpanchopmaTopoB mist onpeaeneHus
JOMYCTUMOCTH PEKUMOB HAIpPSKEHUH y3710B, COCTaBIEHUS OallaHca MO PeaKTUBHOMU
MOIITHOCTH, ONPEACIICHUS] CYMMAapHBIX MOTEPh MOUIHOCTH JJIsl MOCIEIYIOUIErO BbI-
YUCJICHUSl 3aTpaT U MPOBEPKHU 3arpy3KH AJIEMEHTOB CYIIECTBYIOIIECH CETH MpU MOJ-

KJIFOUEHUU HOBBIX OTPEOUTEIIEH.
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Pacuétel pexxuMOB MakCHUMalbHBIX HArpy30K (AJisi HOpMaJIbHOM M TOCieaBa-
puiiHoit cxem) npoBojsATcs Ha DBM mo oaHo# U3 mporpamm pacdyéra yCTaHOBUBIIIE-
rocsi pekuma JJIEKTPUYECKOM CeTH (MHCTPYKIHUS IO HKCIOJIb30BaHUIO MPOrpaMMBbl

RastrWin naxonutcst B npuioxeHnuu b).

Tabnuia 24 — [MapameTpsl BeTBEM pacu€THOM CYIIECTBYIONICH CETH

V35161 BETBU R, Om X, Om B, MmxCMm Kt
201 202 3,1 13,5 333
201 203 2,2 12,2 313
202 203 7,4 32,2 198
203 204 2,1 12,0 308
112 115 4,4 11,2 300
202 205 0,25 24,3 — 1,000
205 112 0,25 0 — 0,526
205 5 0,5 41,25 — 0,048
203 6 1,95 50,35 — 0,048
204 206 0,25 24,3 — 1,000
206 7 0,5 41,25 — 0,048
206 114 0,25 0 — 0,526
115 118 0,4 17,75 — 1,000
118 31 0,4 0 — 0,335
118 4 0,4 11,15 — 0,091

IIpumeuanue. Y3en Homep 201 sBasieTcss OaTaHCHPYIOITUM Y3JI0M.

Mapxku nipoBoaoB HOBbIX JIDII u Tunsl TpancGopmMaTopoB Ha MPOSKTUPYEMBIX
MOJICTAaHIIUSX BbIOpaHbI BhIIEe B pazaene 3. CrpaBouHbIE JaHHBIE TIO BHIOPAHHOMY

00opy10BaHMIO (CM. MPUIIOKEHUE A) CBEICHBI B TAOIUIIBI 25, 26 u 27.

Tabmuna 25 — Ilapamerpsl mpoBogoB JIOII mns pammanbHOTO BapuaHTa
BJICKTPUYECKOUN CETH

o, Xo, Do, Yucno
Jlusns e Om/kM | OM/kM | MKCM/KM | 1ieneit Hnusa
A-2 AC-185/29 0,162 | 0,414 2,739 2 26,0
r-1 AC-240/32 0,121 | 0,405 2,800 2 17,8
b-3 AC-70/11 0,429 | 0,444 2,547 2 29,2
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201 202| 205 :'_@ 115 I I 1],‘8I
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Pucynox 12. Pacuérnas cxema paguanbHoOro Bapuanta «P-3» snexTpudeckoit cetu
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Pucynox 13. PacuérHas cxema KOJIbLIEBOTO BapHaHTa «3-2» 3JIEKTPHUUECKOil ceTn
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DJIEKTPUYECKOMN CETU

Mapxka npoBo- ro, X0, bo, Yucno
I P /:[ap Om/kMm | Om/kM | MKCM/KM | nenei Homana
A-2 AC-240/32 0,121 0,405 2,800 1 26,0
1-2 AC-120/19 0,249 0,427 2,651 1 32,4
r-1 AC-240/32 0,121 0,405 2,800 1 17,8
b-3 AC-70/11 0,429 0,444 2,547 2 29,2

Tabnuma 26 — [apamerpsl npoBooB JIDII ais konbieBOro BapuaHTa

Tabnuia 27 — [MapameTpsl TpaHcHOPMATOPOB JJIs1 HOBBIX MOJICTAHITUN

JIEKTPUUYECKON CETH
[Mox- | Tum tpanchopmato-| Suow, |UsH, |UHH, PIIH R, X, | APy, | AQx, %HTC__
CTaHIIUI pa MBA | kB | kB Om | Om | kBT |kBap Hpo 5
I1C-1 | TPAIIH-63000/110 | 63 | 115|10,5| +9%x1,78% | 0,87 | 22 | 59 | 410| 2
I1C-2 TPJ1H-40000/110 40 |115(10,5| +9%1,78 % | 1,4 |34,7| 36 | 260 | 2
T1C-3 TJIH-10000/110 10 |115| 11 | +9x1,78 % | 7,95 | 139 | 14 | 70 2

JlanHble 00 y371aX B MAKCUMAJIBHOM PEKHUME TIPUBE/ICHBI B Ta0uIe 28.

Tabmuma 28 — [TapameTpsl y3710B pacuéTHOM cXeMbl paguaibHOTO «P-3%
Y KOJIBLIEBOTO «3-2)» BapHaHTOB

Usrow, PH, H, Vs3g, max,
Tun | Homep Ha3zBanue <B MBT I\?Bap <B ?\/IBap
baza| 201 3C 220 242 400
Harp| 202 I1C-A BH 220 0,13 | 125
Harp| 205 I1C-A O 220
Harp| 203 I1C-B BH 220 0,16 | 1,01
Harp| 204 I1C-I" BH 220 0,13 | 125
Harp| 206 I1C-T"' O 220
Harp| 112 I1C-A CH 110 55 35
Harp| 113 I1C-3 BH 110 | 0,028 | 0,14
Harp| 114 I1C-I' CH 110 45 30
Harp| 115 I1C-b BH 110 | 0,086 | 0,48
Harp| 116 I1C-2 BH 110 | 0,072 | 0,52
Harp| 117 I1C-1 BH 110 | 0,118 | 0,82
Harp| 118 IIC-b 0 110
Harp 1 I1C-1 HH 10 63 42
Harp 2 [1C-2 HH 10 38 25
Harp| 3 I1C-3 HH 10 6 4
Harp| 4 I1C-b HH 10 10 5
Harp| 5 I1C-A HH 10
Harp 6 I[1C-B HH 10 70 40
Harp 7 [IC-I' HH 10
Harp| 31 I1C-b CH 35 15 10
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B y3nax 1 — 7, 112, 114 u 31 Pu, QH — 3T0 3aJjaHHbIC HATPy3KU MOTpeOUTENEH
Ha IIMHAX CYIIECCTBYIOIIMX U HOBBIX MOJACTaHIMUA. B ocTanbHbIX y31ax PH, QH — 31O
CyMMapHbI€ TOTEPU MOIIHOCTH XOJOCTOIO XO0Jia TPaHC(HOPMATOPOB KaXIAOW MOMI-
CTaHIIUU.

V31 — 3a1aHHbBIA MOAYJIb HANpPsHKEHUs B 0a3ucHOM y3iie, paBHbIN 1,1Uy0y B pe-
KUME MaKCUMaJIbHBIX HArPy30K.

[TapaMeTpbl BeTBe paccMaTpuBaeMbIX BapUAHTOB Pa3BUTHUS CETH JJIA pacyé-
TOB HOPMAaJIbHBIX PEKHMMOB, IMOJATOTOBJICHHBIE B (hopmare mporpammbl RastrWin,

npuBeieHbl B Tabnunax 29, 30.

Ta6muia 29 — [MapameTpsl BETBEM pacueTHON CXEMBbI paInaIbHOTO BapUaHTa

Tun N Hau N koH R, Om X, Om B, MkCMm Kar
JIDIIT 201 202 3,1 13,5 -333

JIDI 201 203 2,2 12,2 -313

JIDII 202 203 7,4 32,2 -198

JIDI 203 204 2,1 12,0 -308

JIDII 112 115 4,4 11,2 -300

Tp-p 202 205 0,25 24,3 1,000
Tp-p 205 112 0,25 0 0,526
Tp-p 205 5 0,5 41,25 0,048
Tp-p 203 6 1,95 50,35 0,048
Tp-p 204 206 0,25 24,3 1,000
Tp-p 206 7 0,5 41,25 0,048
Tp-p 206 114 0,25 0 0,526
Tp-p 115 118 0,4 17,75 1,000
Tp-p 118 31 0,4 0 0,335
Tp-p 118 4 0,4 11,15 0,091
JIDII 112 116 2,10 5,37 -142

JIDII 114 117 1,08 3,60 -100

JIDII 115 113 6,27 6,49 -149

Tp-p 117 1 0,44 11,00 0,091
Tp-p 116 2 0,70 17,35 0,091
Tp-p 113 3 3,98 69,50 0,096

B Tabmunax 29, 30 xoadduiuentsl tpancpopmanuu tpaHchopmatopoB Ko
OMpEeIeNICHbl JIJIi OCHOBHOTO BBIBOJIA (T.€. MO OTHOIIEHWIO HOMHUHAJIbHBIX HAMPSKe-
HUI OOMOTOK) W SIBIISIIOTCS HOMHUHAJIBHBIMHU. B mporpamme RastrWin mpunamiex-

HOCTh BETBH K CXEME 3aMellleHHus TpaHcpopmaTopa OINpeeseTcsl M0 HAIMYUIO B
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BeTBH Ko3(duimenta tpanchopmanuu. [loaromy B cxemax 3amemieHuss TpExoOMo-
TOYHBIX TPaHC(HOPMATOPOB U aBTOTPAHC(HOPMATOPOB JJIsi BETBU BBICIIETO HampshKe-
Hus cienyet ykazarb K.=1. Hanpumep, B Tabnuue 29 — 3to BetBu 202 — 205, 204 —
206, 115 - 118.

J1J1st 5KOHOMHUYECKOT'O COMOCTABJICHHS] BAPUAHTOB PA3BUTHUS DJICKTPUUECKOMU ce-
TU (pa3zznen 5 METOAMYECKUX yKa3aHUM) HEOOXOJUMO HapsAly C pacyéTaMu peKHMOB
MEPCHEKTUBHBIX BAPUAHTOB BBIMOJHUTH Pacy€T peXrMMa MaKCUMaJbHOW Harpys3ku

JUISL UICXOAHOTO cOCTOSsIHUS ceTu (pucyHku. 1 u 14). Pe3ynbraThl npuBeneHbl B MpU-

noxenuu b.1 pucynku b.7 — B.9.

Ta6muma 30. — [TapameTpsl BETBEH pacueTHON CXEMbI KOJIBIIEBOTO BapUaHTa

Tun N Hau N koH R, Om X, Om B, MkCMm Kar
JIDIIT 201 202 3,1 13,5 -333

JIDI 201 203 2,2 12,2 -313

JIDII 202 203 7,4 32,2 -198

JIDI 203 204 2,1 12,0 -308

JIDII 112 115 4,4 11,2 -300

Tp-p 202 205 0,25 24,3 1,000
Tp-p 205 112 0,25 0 0,526
Tp-p 205 5 0,5 41,25 0,048
Tp-p 203 6 1,95 50,35 0,048
Tp-p 204 206 0,25 24,3 1,000
Tp-p 206 7 0,5 41,24 0,048
Tp-p 206 114 0,25 0 0,526
Tp-p 115 118 0,4 17,75 1,000
Tp-p 118 31 0,4 0 0,335
Tp-p 118 4 0,4 11,15 0,091
JIDII 112 116 3,15 10,53 -73

JIDII 114 117 2,15 7,21 -50

JIDII 115 113 6,27 6,49 -149

JIDII 117 116 8,07 13,83 -86

Tp-p 117 1 0,44 11,00 0,091
Tp-p 116 2 0,70 17,35 0,091
Tp-p 113 3 3,98 69,50 0,096
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4.4 AHau3 pe3yJbTaTOB Pac4yéra pe:KUMOB CeTH

AHanu3 pe3ynbTaToB pacy€éTa HOPMAJIBHOIO U MOCJIEaBapUITHOTO PEKUMOB MO
COOTBETCTBHMIO YPOBHEH HANpsIKEHUS B y3JlaX CETH HOPMATHUBAM, MOTOKOB MOIIHO-
CTH, TOKOB B BETBSIX JOIYCTUMBIM 3HAUYEHUSIM MO3BOJISIET CAENATh BBIBOJIBI O pabOTO-
CIIOCOOHOCTH paccMaTpUBAEMbIX BaPUAHTOB CETU B MEPCIEKTUBHBIX YCIOBUAX pado-
Thl. [IpoBepKa 3arpy3ku CyIIECTBYIOLIEH CETH BBIMIOIHSIETCS 1O pe3yJibTaTaM pacuera
TokOB B JiericTByromux JIDII u tpanchopmaTopax. Pacu€THbie TOKH COMOCTaBISAIOTCS
C MpeAeNbHO JTIOMYCTUMBIMU IO YCJIOBHMIO HarpeBa MpPOBOJAOB U HOMHUHAJIbHBIMH TO-
kamu TpaHchopmaTopoB. [Ipu HeZOMyCTUMBIX Meperpy3kax 3JE€MEHTOB JEHCTBYIO-
e ceTH cieayeT A1M00 U3MEHUTDh pelIeHUs, MPUHATHIE TPHU 0100pe BapUAHTOB CO-
OpY>KEHHSI HOBOM CETH, JIMOO BBIMOIHUTH PEKOHCTPYKIHUIO CYIIECTBYIOIIEH CETH.

OcHOBHBIE pe3yJIbTaThl pacuy€Ta HAMPSKEHUI y3J10B paJuajJbHOrO U KOJBIEBO-
ro BapHaHTOB ceTu 1o mporpamme RastrWin mpusenensr B Tabmiume 31 (cM. Takxke
npuioxenue b.1, pucyuku b.1, B.4). Tounocts pacuéra cocrasiser 0,01 MBt. Mak-
CUMAJIBHO JOMYCTUMOE HanpsKeHUE Umax qon 114 y3710B cetu 220 u 110 kB Ha 15 %
npeBbiaeT HomuHanbHOE (17151 330 kB — Ha 10 %). Y3nb1 10 kB u 35 kB aBnstorcs
TOYKAMH TMOCTaBKH d3JekTpodneprun norpedurensim. Cornacuo 'OCT P 5419-2010
OTKJIOHEHUE OT HOMHHAJIBHOTO HAIpPSIKEHUS B ATHUX y3JaX HE JOJKHO MPEBBIIIATH
+10 %.

PexxuM mMakcMManbHBIX Harpy30K MpU HOMHHAIBHBIX KO3 (GUIIMEHTaX TpaHC-
dopmanmu (Tabnuna 31) xapakTepusyercst HOMyCTUMBIMHA YPOBHSIMH HAMPSKEHUA U
HE HYXJaeTcsa B KOppeKkTupoBke. [Ipu BbIxoe HaNpsKeHUs U3 3aJaHHOTO0 MHTEpBaja

X KOPPEKTUPOBKA MOKET OBITh BBINIOJHEHAa M3MEHEHHEeM K. mepBOHAYaIBHO MPH-
HATBHIX paBHBIME K, .
s nByxooMoTounbix TpaHchopmaropos ¢ PIIH B velitpanu oomotku BH
U K

K _ H.HOM T.H

' UB,HOM (1i nAUCT.PHH*) } 1i nAUCT.PHH* |
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rae N — 9uciio CTYHGHCfI OTHOCHUTCIIBHO CPCAHCTO OTBCTBJIICHHA,

AU, py« — cTynieHb perynupoBanus PITH B oTHOCUTENbHBIX eUHULAX.

Eciu 3amaTecs xenmaeMbIM HaIpsSKEHUEM U)Ke Ha muHax HH, To xenaemas

JT

CTYNEHb PETYJIUPOBAHUS Niyey MOKET OBITH OMPEICTICHa U3 COOTHOIICHUS

RCNTRNT

K pacu~ H.HOoM

n — T.H

- AU cr.PITH *U U

B.rom ™~ xen

-U_ .U

kel B.HOM

rae U . . — pacuérHoe Hanpsbkenue ctoporst HH.

pacu

Tabnuma 31 — HanpsikeHusl y3710B B MAKCUMAJIBHOM PEXKUME TIPH
HOMUHAJIbHBIX KOd(puiimenTax rpanchopmarium.

Bap. «P» | Bap. «3» -

Tun Howmep HaszBanne Unox, Ugacm Ugva, LT Fer L o

kB kB kB

kB kB

baza 201 9C 220 242,0 242,0 252
Harp 202 I1C-A BH 220 235,6 235,2 252
Harp 205 IIC-A O 220 226,7 225,2 252
Harp 203 I1C-B BH 220 234,8 235,0 252
Harp 204 I1C-T" BH 220 229,5 230,1 252
Harp 206 IIC-T O 220 220,4 221,6 252
Harp 112 I1C-A CH 110 119,2 118,4 126
Harp 113 I1C-3 BH 110 115,8 115,0 126
Harp 114 I1C-I' CH 110 115,9 116,5 126
Harp 115 I1C-b BH 110 116,3 115,5 126
Harp 116 I1C-2 BH 110 117,2 114,0 126
Harp 117 I1C-1 BH 110 113,8 112,7 126
Harp 118 TI1C-B 0 110 113,8 113,0 126
Harp 1 T1C-1 HH 10 9,9 9,8 9 11
Harp 2 T[1C-2 HH 10 10,3 10,0 9 11
Harp 3 T1C-3 HH 10 10,9 10,8 9 11
Harp 4 I1C-b HH 10 10,3 10,2 9 11
Harp 5 I1C-A HH 10 10,9 10,8 9 11
Harp 6 T[1C-B HH 10 10,8 10,8 9 11
Harp 7 I1C-I' HH 10 10,6 10,6 9 11
Harp 31 I1C-b CH 35 38,1 37,8 31,5 38,5

s TpéxoomoTounbix TpaHchopmatopoB ¢ PITH B neittpanu oomotku BH u [16B Ha

cropone CH
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K — UC.HOM (1i mAU CT.HEB*) — KH.B-C (1i mAU CT.HEB*)
e UB.HOM (1i nAUCT.PHH*) 1i nAUCT.PHH* |
— KH.B-H
T 1+ nAUCT.PHH* |

rae m —yuciio cryneHeit IIbB otHOCUTENbHO CpeaHEero OTBETBICHHUS.

s aBroTpanchopmaropos ¢ PITH na cropone CH

KT.B—C = KH.B-C (1i nAUCT.PHH*)'

st aBrotpancopmatopoB ¢ TakuMm PITH K, =K. o He perynupyercs. Ilpu

HEOOXOJIMMOCTH €0 M3MCHCHHUS HEOOXOAMMBI JOIOJHUTEIbHBIC JTUHCHHBIC PEryJis-
Topsl [1].

Pesynbrarel pacuéTa TOKOB BETBEH paauaibHOrO BapuaHTa cetu «P-3y» mo mpo-
rpamme RastrWin npusenens! B tabnune 32 (cm. mpuinokenue b.1, pucynku b.2,
B.5). Pe3ynbpTathl pacuéra TOKOB BETBEH KOJBIIEBOIO BapHaHTa CETH «3-2» MO Mpo-

rpamme RastrWin mpuBenens! B Tabnuie 33.

Ta6muma 32 — Toku BeTBel B HOpMaJIbHOM MAaKCUMAJIBHOM peKUMe BapruaHTa «P-3»

Tun N Hay N xoH Ipacy, A lmom, A Ipacu/ | mom, %
JIDII 201 202 372 2x710 26,2
JIDII 201 203 483 2x830 29,1
JIDII 202 203 23 710 3,2
JIDII 203 204 329 2x830 19,8
JIDII 112 115 172 2x510 16,9
Tp-p 202 205 376 2x314 59,9
Tp-p 205 112 376 2x314 59,9
Tp-p 205 5 0 2x157 0,0
Tp-p 203 6 207 2x158 65,5
Tp-p 204 206 352 2x314 56,1
Tp-p 206 7 0 2x157 0,0
Tp-p 206 114 352 2x314 56,1
Tp-p 115 118 148 2x201 36,8
Tp-p 118 31 92 2x201 22,9
Tp-p 118 4 57 2x201 14,2




[Iponoskenue tad. 32
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Tun N Hau N ko Ipacu, A Inom, A Ipacu/ lnom, %
JIDII 112 116 229 2x510 22,5
JIDII 114 117 400 2x610 32,8
JIDII 115 113 32 2x265 6,0
Tp-p 117 1 401 23316 63,4
Tp-p 116 2 233 2x201 58,0
Tp-p 113 3 37 2x50 37,0

IIpumeuyanue: IUTEIBHO JTOMYCTUMBIA TOK TpaHC(HOPMATOPOB MPHUHIT PaBHBIM HOMMHAJIb-
HOMY, NIPUBENEHHOMY K cTopoHe BH.

N3 Tabnuubl 32 ciaemyeT, YTO MpPU MPOXOXKJIECHUHM MAKCUMalbHON Harpy3ku B

HOPpMAJIbBHOM PCKUMC IICPECTPY3KHU 3JICMCHTOB CCTU HC BO3HHUKACT.

Tabnuua 33 — Toku BeTBel B HOpMaJIbHOM MAaKCHMaJIBHOM PEKUME BapHaHTa «3-2»

Tun N Hau N xoH Ipacy, A lnom, A Ipacz//olz[on,
JIOI 201 202 391 2x710 27,5
JIOI 201 203 471 2x830 28,4
JIOI 202 203 19 710 2,7
JIOI 203 204 304 2x830 18,3
JIOI 112 115 173 2x510 17,0
Tp-p 202 205 409 2x314 65,1
Tp-p 205 112 409 2x314 65,1
Tp-p 205 5 0 2x157 0,0
Tp-p 203 6 207 2x158 65,5
Tp-p 204 206 327 2x314 52,1
Tp-p 206 7 0 2x157 0,0
Tp-p 206 114 327 2x314 52,1
Tp-p 115 118 149 2x201 37,1
Tp-p 118 31 92 2x201 22,9
Tp-p 118 4 57 2x201 14,2
JIDII 112 116 287 610 47,0
JIDII 114 117 354 610 58,0
JIDII 115 113 33 2x265 6,2
JIDII 117 116 52 380 13,7
Tp-p 117 1 405 2x316 64,1
Tp-p 116 2 240 2x201 59,7
Tp-p 113 3 37 2x50 37,0

OTkaI0UCHHE OJHOT'O M3 3JICMCHTOB CCTH HC IIPHUBOJUT K HCAOIIYCTUMOMY IIC-

perpy3y ocraBmuxcsi B pabote 3eMeHTOB ceTu. [lpu aHanuze moclieaBapuiHbIX pe-
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KUMOB YYTE€HA JOIMYCTUMAas KpaTKOBpPEMEHHas Meperpy3ka TpaHc(opMaTOpoB Ha
40 %. IIpu onpenenenun aomnyctumoro toka JISII B mocneaBapuitHOM pexUMe y4u-
THIBA€TCSI OMPABOYHBIM KO3 (ULIMEHT HAa TEMIIEpaTypy BO3/lyXa B 3MMHHI Nepuoj B
pasmepe 1,2.

IIpy HenomyCTUMBIX Harpy3kax 3JIEMEHTOB CETU B IIOCJICABAPUMHBIX PEKUMaX
CJIElyeT pacCMOTPETh JOMOJHUTEIbHbIE MEPONPUATUS (PEKOHCTPYKIUIO) MO 3aMEHe
Neperpy>kaeMbIX 3JIEMEHTOB Ha 0ojiee MOIIHBbIE. 3aTeM CIEeyeT OTKOPPEKTHPOBATH
[IapaMeTpbl CXEM 3aMELICHUS CETU pacCMAaTPUBAEMBIX BAPUAHTOB Pa3BUTHUS U BbI-

ITOJITHUTD paC‘IéTBI PECKUMOB IIpU MaKCHUMaJbHOU Harpyske.

4.5 ba;1aHCbl MOIIIHOCTH M 3JIEKTPOIHEPIrUHU

[Tpu nuanupoBanuu pazputus I9C GopMUpyIOT OaJaHChl MOLUTHOCTH U DJIEK-
tposHepruu. [Ipu coctaBienun OanaHca akKTUBHOW MOITHOCTH OIpPEAEINSIOT MOTpeo-
HOCTb BO BBOJI€ T€HEPUPYIOIIEH MOITHOCTH Ha AJIEKTPOCTAaHIUAX cucTeMsbl. [Ipu mpo-
EKTUPOBAaHUU PACTIPECTUTEIPHON DSJIEKTPUYECKON CETH MPH M3BECTHOM ILJIaHE
CTPOUTENBCTBA DJEKTPOCTAHIINI (PopMUpyeTcsi 0ajaHC PEeaKTUBHOM MOIIHOCTU TIO

ceTH B 1esioM. PacxoHast yacTh O6ajlaHca peakTUBHOM MOIIHOCTH — 3TO CyMMa peak-

n

THBHBIX Harpy3oK Bcex morpeduteneil » Q,; (CyIECTBYIOIMX W BHOBb NPUCOEIH-
i=1

HSIEMBIX), OOIIMX TOTEPh PEAKTUBHOW MOIIHOCTH B JIMHHUSIX W TpaHChopMaTropax

AQy ¢ yu€ToMm 3apsaHON MOIIHOCTH JTUHUAN Q32. B npuxoaHoit yactu 3Toro 0ananca
HaXOJISITCS TeHEPAaIUsl PeaKTUBHOM MormHocTH Q. , B TOM YKCIIe Ha 3JEKTPOCTAHIHIX

Y JIONIOJHUTEIIbHAS T€HEepPALUsl PEAKTUBHOW MOIIHOCTH KOMIEHCUPYIOIIUMH yCTPOU-
CTBaMH (CMHXPOHHBIMU KOMIIEHCATOPAMH, CTATUYECKUMU TUPUCTOPHBIMU KOMIIEHCA-
TOpamMu U OaTapesiMi KOHAEHCATOpoB). baiaHCc peakTUBHOW MOIIHOCTH 3alUCHIBACT-

Ci B CIICAYIOHICM BH/IC
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Zn:QHi +AQZ _Q32 :Qr’
i=1

rae Q. = Q5 +Qxy.

[Ipy BBIONHEHHH PAacUYETOB PEXUMOB mporpammoii RastrWin semuunna Q. B
JAQHHOM KYPCOBOM IIPOEKTE C OJHOW JJIEKTPOCTAHLIMEH OIIPENEIseTCs aBTOMaTH4e-
cku. 3Hauenne Q. HaxomurTcs B MaccuBe (OKHE) «Y3ib» B cTpoke «baza» (cM. mpu-
noxenue b). Hampumep, B paccmarpuBaemoM mnpumepe mis Bapuanta «P-3»
Q,=195,6 MBap, mns Bapmanta «3-2» Q.=199,5 Mpap. ['eHepauusi peakTHBHOM

MOHOTHOCTHU Ha JJICKTPOCTAHIMUU OIPCACIACTCA IIpU HOMHUHAJIBHOM KOG)(l)(l)I/IIII/ICHTC

MOIIIHOCTH T'€HEpPaTOPOB.

1

— -1,
COS™ @, ou

Q3.C cYe

rac P3.C — I'CHCpanuAa AKTUBHOM MOITHOCTH BHGKTpOCTaHHHGﬁ, ompcacisieMas aBTo-

MaTHUYECKU TpU pacuy€Te pexuma (CM. MaccuB «Y3Ibl», cTpoka «bazay).

MormurHocts KoMueHcupyiomux ycrpoicts (KY) paBua

Qxy = 0’8(Qr -Qsc )

Ecnu nipu Berancnenun okaxercs, 4to Qv <0, To KV nHe HyxHBI. B nporus-

HOM CIy4ae BBIOMpPAIOTCS cTaHmapTHbIe MOIHOCTH KV Tak, 4ToOBl MX cCyMMa MpH-

MepHO paBHsack Qyy M MOIIHOCTH oThenbHOro KY He mpeBblnana peakTUBHYIO

Harpy3ky ysia yctaHoBku KY. B nepByro odepenp ciienyer pacCMOTPETh BapUAHTHI
ycTtaHoBKHM KV B y351ax ¢ HU3KMMU YPOBHSIMH HAIPSKECHUS.

B paccmarpuBaemom mpumepe ans Bapuanta «P-3» P, =P =309,3 MBr, B
Bapuante «3-2» P, .=P.=310,0 MBrt. IIpu cos¢,,, =0,85 nomyunm:

BapuaHT «P-3» Qy y <0;
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BapHaHT «3-2» Q,  <0.

B paccmarpuBaeMbix BapuanTax «P-3» u «3-2» ycranoBka KV He Tpebyercs.

Ecnu norpebHocts B KY cyiecTBeHHa, TO MOCiA€ UX PACCTAHOBKHU CIEAYET
BHOBb BBITIOJIHUTH PAacy€T PeKMMOB MaKCHUMAJIbHBIX HArpy30K W MOA00paTh OTBETB-
nenust PITH Tak, 4ToObl 06ecnieuuTh AOMYCTUMBIE YPOBHU HAIPSKEHUN B y3/1aX CETH
(cM. Tabmuiy. 31). [Ipu BeImoOIHEHUU pacy€TOB B cxemax 3amenieHus cet KY npen-
CTaBJISIIOTCA B BUJIE LIYHTA (MPOBOAUMOCTH), MOJKIIOUEHHOTO K Y311y ycTaHOBKH KY
I.

B

, MKCMm.

Q )
i = I;.Vl 106
HOM |

[Ipu pacuére pexxuma mporpammoit RastrWin B ;

j CJICOYCT B3ATb CO 3HAKOM

MHUHYC U BBECTH COOTBCTCTBYIOIICC YMCJIO B MACCHB «Y31IBI».
bamanc QJICKTPOSHCPTHUH B BHGKTpH‘{GCKOﬁ CCTU YCTAaHABJIMBACT B3aMMOCBA3b

MEXY TIPUEMOM dNeKTpodHepruu B cetb W, = 1 00BEMOM JIIEKTPOdHEPIUH, Iepe-

ITaHHOH noTpebuTessiM (mose3nsiM otmyckom) W 3a roa.
W, =W, + AW,

rae AWs — cymma Harpysounbix AW, u ycnosHo-nocrosHubix AW,

-IT

MOTEPH DJICK-

TPOJHEPTHH.

O0BEM IIEKTPOIHEPTHH, TIEPETAHHON MOTPEOUTEISIM paBeH

n

Wno = Tmax Z Pmax i

i=1

rme T
3);

max — YHCIIO 4acOB MCIIOJIB30BAHMS MAKCHMaJIbHOW HArpy3KH (CM. TaOuuLy.
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P..xi — MAKCUManbHas Harpy3ka Ha MIWHAX I-i MOACTaHINH;

N — KOJIMYECTBO MOJCTAHIINN.
Harpy3ounbsie motepu 3J€KTPOIHEPTUU B JTUHUAX U TpaHC(HOpMaTOpax onpese-

JISTIOTCSL METOZIOM YKCJIa YaCOB MaKCUMAJIbHBIX MTOTEPh [5].
AW, =1,03k AP, . 7,

rae K, — xoadduunenT, yunThIBaronmMii BIUsSHUE TOTeph B apmatype BJI u npunu-
MaeMblid paBHbIM 1,02 g nuuauil HanpspkenueM 110 kB u Beie u paBHbiM 1,0 ais
JTUHUM O00Jee HU3KUX HAMPsHKEHUH,

AP« — TOTepu MOIHOCTH B PEXKUME MAaKCUMAJIbHOM Harpy3Ku CeTH;

T — YHCJIO0 YacOB HAaUOONBIINX TOTEPh MOIHOCTH.

[Torepu MOITHOCTH B peKUME MaKCHUMalbHOW Harpy3ku cetu AP

ax OTIpeniene-

Hbl TIPU BBIMIOJHEHUU PACUYETOB PEKUMOB (IIPU HEOOXOJIMMOCTH C y4ETOM PEKOH-

CTpyKIMHU ceTH u ycranoBku KVY) mporpammoii RastrWin (cm. npunoxenue b.1 pu-

cyuku b.3, 5.6 u B.9).

Yucno yacoB HauOOBIINX MOTEPh MOIIHOCTU 7 3a TOJl ompenensiercs mo ¢op-

MyJie

2
po Ktk ;k3 8760,

re K, =T . /8760 — kospduument sanonHenus rpaguka CyMMapHO# Harpy3KH ce-
TH. 3HaueHue I, TpHUBEICHO B Tabnmie 3.
Yenoro-nocrosiuuble motepu AW, B OCHOBHOM ONDENENSIOTCA MOTEPSAMH

xoJocToro xoja TpancopmaropoB (AT) u norepsimu Ha kopoHy B BJL

AW, = AW, + AW, .



57

[ToTepu Xx010CTOrO XOJa OMPENENAIOTCS MO MACIOPTHBIM JIaHHBIM TpaHChOp-
MatopoB (AT).

n

AW, =87603 AP

X xio
i=1

rae AP, ; — motepu akTHBHOW MOIIIHOCTH XOJIOCTOTO X0Aa i-ro TpaHcdopmaTopa.

[ToTepu Ha KOPOHY OMNpPENEAIOTCS JJIsl CPEHUX TMOTOIHBIX YCIOBUN peruoHa
10 JJAaHHBIM TIPUBEAEHHBIM B Tabnuie 34. PocToBckasi 00JaCTh YCIIOBHO OTHOCUTCS K

HHTOMY peFI/IOHy.
m
AWKOp - jZ_;-AWKOP i j LJ ,

rae AW

kopynj — YACTIBHBIC IOTEPH Ha KOPOHY W3 Tabu1. 34 it oxHO# ueny J-it BJI;

L j — AnHA J-1 BJI (U1t AByXLIEMTHBIX JIMHUAN — JIJIMHA IBYX IEICH).

Tabnuna 34 — Y nenpHble roI0BbIE TOTEPHU AIEKTPOIHEPTHUH HA KOPOHY

M o VY ienbHbIE MOTEPH DIICK-
HomunansHoe aTepHall O1Iop, HHCIIO LeTIeH TPOSHEPTUU HA KOPOH
p p pony,
Y CEYEHHUE TIPOBOJIOB
Hanpsiokenue BJI, kB ThIC. KBT 4/KM B roja
B (haze o
(5-if peruon)
330 2x400 32,1
Cranp-1x300 12,2
290 Cranp 2 nenu -1x300 11,8
Kenezoberon-1x300 17,7
Kenezoberon 2 nenu -1x300 15,1
Cranp-1x120 0,66
110 Crains 2 nenu -1x120 0,44
Kenezoberon-1x120 1,06
Kenezoberon 2 nenu -1x120 0,57

IIpumeuyanue: IIpu pacuere moTepp Ha JMHUAX C CEUCHHSMH, OTIMYAIOIIMMHUCS OT NMPUBEICHHBIX B
tabnuie 34 pacyeTHbIe 3HAYEHHS TTOTEPh MOTYYAIOTCS YMHOKEHUEM 3HaYeHHH U3 TaOnuipl 34 Ha OTHOIIe-
nue F,/ Fy , tae Fr — cymmaproe cedenue npoBonos (assl, npuseieHHoe B Tabnuue 34; Fy — dakrueckoe

CCUCHHC (1)831:1 JIMHHH.

[Ipu BBINOJHEHUM KYypCOBOrO MPOEKTa HEOOXOJMMO paccUuTaTh Tpu OanaHca
AIEKTPOIHEPrun: OajaHC MO CYIIECTBYIONIEH ceTH, OalaHChl O paaualibHOMY BapH-
anty pa3sutus («P-3») u konbieBoMy («3-2»). COOTBETCTBEHHO HEOOXOAMMO BbI-

MOJHUTH PACYETHI HOTEPH ANEKTPOIHEPTHUU ISl STUX CXEM.
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[Tpumep pacuéra npusenén B tadnumax 35 — 40. [Ipu pacuére GanancoB npu-

HATO, uTO [, =4800 u. Torma uymcio 4YacoB HAMOONBUIMX IOTEPh MOIIHOCTH

7=2476 u.

Tabmuia 35 — Pacu€t noTeph 2JIEKTPOIHEPTUU HA KOPOHY B UCXOJHOU CXEeMe

TI'ogoBrIe
Ceuenue VYaeneHble | motepu
Ceuenue
HnmuHa, | o= Mapka da3bl, o MOTEpU HA | HA KOPO-
Jluaus Unom, KM £ MPoOBOJIa ATFOMHU- THTIOBOH KOPOHY, HY.
kB =t o » | daser, Mm? ’ ’
HUH, MM TBIC. TBIC.
KBTX4/kM KBTx4
2C-A | 220 63 2 | AC-300/39 300 300 15,10 1902,600
23C-B | 220 58 2 | AC-400/22 400 300 11,33 1313,700
B-I' 220 57 2 | AC-400/22 400 300 11,33 1291,050
A-B 220 75 1 | AC-300/39 300 300 17,70 1327,500
A-T 110 50 1 | AC-185/29 185 120 0,69 34,378
A-b 110 54 2 | AC-185/29 185 120 0,37 39,931
Bcero 5909,159

Tabnuna 36 — Pacu€r nmoTeps 37EKTPOIHEPTUU HA KOPOHY B BapraHTe cxeMbl «P-3»

I'omoBEIe
Ceuenue VYV nenbHbIE MoTepu
Jnuna, | o= Mapka dbasbl, CequHf IIOTEpU HA | HA KOPO-
Jluaus DL KM = MpoBOJIA aJTOMU- THHOBOHz KOPOHY. HY
kB = . 5 | dasel, MM ’ ’
HUH, MM TBIC. TBIC.
KBT*4/km kBTx4
23C-A | 220 63 2 | AC-300/39 300 300 15,10 1902,600
3C-B | 220 58 2 | AC-400/22 400 300 11,33 1313,700
B-I' 220 57 2 | AC-400/22 400 300 11,33 1291,050
A-B 220 75 1 | AC-300/39 300 300 17,70 1327,500
A-T 110 50 1 | AC-185/29 185 120 0,69 34,378
A-b 110 54 2 | AC-185/29 185 120 0,37 39,931
A-2 110 26 2 | AC-185/29 185 120 0,37 19,226
r-1 110 17,8 2 | AC-240/32 240 120 0,29 10,324
b-3 110 29,2 2 | AC-70/11 70 120 0,98 57,065
Bcero 5995,774
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Tabnuua 37 — Pacu€t noTepb 3JEKTPOIHEPTUU HA KOPOHY B BAPUAHTE CXEMBI «3-2»

I'onoBbIe
Ceuenue VYaeneHble | morepu
Jnuna, | 5 Mapka da3zsl, CequHs IIOTEPU HA | HA KOPO-
Jluans Unom, KM = poBOJIA QTIOMU- THHOBOHZ KOpPOHY. HY.
kB = . > | $asbl, MM ’ ’
HUI, MM TBIC. TBIC.
KBTX4/kM kBTx4
3C-A | 220 63 2 | AC-300/39 300 300 15,10 1902,600
3C-B | 220 58 2 | AC-400/22 400 300 11,33 1313,700
B-I' 220 57 2 | AC-400/22 400 300 11,33 1291,050
A-B 220 75 1 | AC-300/39 300 300 17,70 1327,500
A-T 110 50 1 | AC-185/29 185 120 0,69 34,378
A-b 110 54 2 | AC-185/29 185 120 0,37 39,931
A-2 110 25,9 1 | AC-240/32 240 120 0,53 13,727
1-2 110 32,4 1 | AC-120/19 120 120 1,06 34,344
r-1 110 17,9 1 | AC-240/32 240 120 0,53 9,487
b-3 110 29,3 2 | AC-70/11 70 120 0,98 57,261
Bcero 6023,977

HOTGpI/I MOITHOCTH XOJIOCTOI'O XOJa TpaHC(l)OpMaTOpOB OIIpCACIICHBI IIO0 IIacC-

NOPTHBIM JTaHHBIM. Harpy3ouHsle oTepy MOIIHOCTH B JIMHUSIX U TpaHcPopMaTopax

OTIpeJIeNIeHbl TIPU pacuére PeKUMOB MAaKCHMAaJIbHOM Harpy3ku (cm. mpuinoxenue b.1,

pucynku b.3, 5.6, 5.9) u cBenens B Tabnuity 38.

Tabnuna 38 — [lorepu MOIHOCTH B CE€TH MO Bapuantam, MBT

Cocrapsoniye moTepb MOIHOCTH Bapuattot
Ucxonn P-3 3-2
[ToTepu xonocToro xo1a TpanchopMaTopoB 0,50 0,70 0,70
Harpy3ouHble notepu B JTMHUAX 1,42 5,03 5,78
Harpyzounsle notepu B TpanchopmaTopax 0,40 1,03 1,06

Pacuér noTepb 371€KTpOIHEPIUM B TUHUIX U TpaHchopMaTopax MpUBEAEH B TaOIuULe

39.
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Tabnuua 39 — [lotepu 351€KTPOIHEPTUU B CETU IO BapHaHTaM, ThiC. KBT-u

Bapuantsl
CocraBasiomnume noTepp MEKTPOIHEPTUU
Ucxonn. P-3 3-2
[ToTepu xonocToro xoa TpaHchopMaTopoB 4380,000 6132,000 6132,000
[Totepu Ha KOpOHY 5909,159 5995,596 6023,978
Harpyzounble motepu B JIMHUSIX 3694,888 [ 13088,231| 15039,756
Harpysounsle notepu B TpaHcdopmaropax 1020,405 2627,544 2704,075
Bcero 15004,453 | 27843,371 | 29899,809
Tabmuia 40 — banaHc 3EKTPOIHEPTUH B CETH 10 BapuaHTaM, Thic. KBT-u
Cocrasnstomue 6anaHca BapuanTe!

SJICKTPOSHEPIrUuun Hcxonnasii P-3 3-2
[epenaya moTpeduTeIIM 936 000,000 1 449 600,000 1 449 600,000
[ToTepu sreKkTposHEPTUN 15 004,453 27 843,371 29 899,809
[Tpuém B ceTh 951 004,453 1477 443,371 1479 499,809
[Torepu snexrposnepruu, % 158 188 202

5 Ounenka 3xkoHOMHU4YeCKOM 3P PeKTUBHOCTH MHBECTULIMI

5.1 Onpenenenue 00béMa KANMTAJIBHBIX BJIOKEHUI B PAa3BUTHE CETH

KanuranbHble BIOKEHUS OMPENENSIOTCS CYMMOW CTOMMOCTEH OOBEKTOB WITH

HX 3JIEMEHTOB, COOPYXXaeMbIX B pacdy€THOM mepuoje. Pacyér xanmmTaoBIIOKEHUN

BBIMIOJIHSIETCA MO YKPYMHEHHBIM CTOMMOCTHBIM mokazatensim (YCII) 2000 r. nns

CpeHUX YCIIOBHUH CTPOHWTEIIbCTBA B €BpOIelcKoi yactu crpanbl [1]. s mepexoma

or meH 2000 r. x meHam 2016 r. B KypCOBOM MPOEKTE HCIIOIB3YETCS HHICKC-

nedmsarop J=6,465, 2017 r. — 6,775 (McmoOaB30BaHBI IPOTHO3HBIC 3HAYCHUS WHICKC-

nedastopoB Munskonompaszsutus PO Ne 20713-AK/J103).

Jna noacrannmii u JIDII onpenensieTcsi CTOMMOCTh OTYYKJA€MbIX 3€MEJIbHBIX

Y4YaCTKOB — IMOCTOSAHHBIA OTBOA 3emenb. [ teppuropuii CeBepHoro Kaskasa

ycpenHEHHAs CTOMMOCThL OCBOEHHs HOBBIX 3eMellb paBHa 7 — 12 py6./m? B nenax 2000

T.
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Kanurtansubie Bnoxxenus B nojcrannuio (I1C) onpenensitores nmo popmyie:

Knc :K6a3 +KH.I/I.p +I<0TB !

rae K. . — 6a3oBas croumocts [IC, onpenensemas no Y CII (mpunoxenue B);

6a3

K, up — 32TPAThI Ha IPOCKTHO-U3BICKATENBCKUE PAOOTBI, OIAroyCTpONCTBO U TIp.

(15,5 - 17,5 % ot croumoctu I1C);

K,,; — cToumocTs 3eMenpHOro ydactka moj I1C.

bazoBas croumocts I1C (cMm. npunioxenue B) paBHa

K = I<Tp + ZKH‘{ + KKOMH + KH 1

0a3

rae K, — croumocTs Beex TpaHC(OpMATOpPOB;
Y K,, — CTOMMOCTb BCEX SUYEEK BBIKIOUATENEH;

KKOMH — CTOUMOCTDb KOMIICHCUPYIOMHNX U PCIryJINPYIOIINUX YCTPOﬁCTB;

K, — nmocrosiHHas 4acth 3aTpar.
Croumocts 3emenpHoro ydacrka mox IIC K, ompenensdercs cToMMOCTBIO

OCBOCHHS HOBBIX 3eMeJIb U IUIOMIAIbI0 yuacTKa (Tadmwmma 41).

Croumocts pekoHcTpyKiuu U pacmupenus [1C onpenensercs mo hopmyse

erK - KHOB + KIICM - KB03Bp !

rie K, ., — crouMocTh BHOBb YCTaHaBIMBAEMOI0 OOOPYAOBaHMs ¢ y4ETOM CTpPOU-

TCJIIbHBIX 1 MOHTAXXHBIX pa60T;

K s — CTOMMOCTB IEMOHTaXa;

Kiosp — OCTATOYHAS CTOMMOCTB JIEMOHTHPYEMOIO 00OpYHOBaHHs, KOTOPOE HE

OTpa6OTaJ'IO HOpMaTI/IBHHﬁ CPOK M IMPUT'OAHO IJIA UCIIOJIb30BaHUA].
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[Ipn YIPOIIEHHBIX pacuérax HKOHOMHYECKON 3¢ pexTUBHOCTH

Kpex = Kios + Kppeyy- CTOMMOCTE pacmmpenust OPY ¢ BbIKIIOYaTeNsIMU IPHHAMACTCS

[0 CTOMMOCTHU JOMOJHUTENIbHBIX siueeK. CTOMMOCThH 3aMEHbl TpaHchopMmaTopa Mpu-
HHUMAETCs 10 TIOJIHOM pacyETHOM CTOMMOCTH yCTaHaBIMBAaeMOTo TpaHc(opmaropa.
[Ipu BBIOJIHEHUU HECKOJBKUX BUIOB PAOOT MO PEKOHCTPYKIMU MOCTOSHHAS

yactb 3atpat [IC onpenensercs CyMMUPOBAaHUEM COOTBETCTBYIOIIUX COCTABIISIOIIMNX.

Tabmuma 41 — [IpumepHas mionaasr NTOCTOSHHOTO OTBOAA 3€MJIM IO/ MOJICTaH-
100505

[Inomaas MOCTOSIHHOTO OTBOIA 3EMIIH IO

Cxema IIC na cropone BH I1C 35 — 330 kB, TeIC. M?
35 110 220 330
1. TIC B enom
biiok nuHus-TpanchopmaTop ¢ BHIKIIOUATEIEM 15 25-45 8-20 22
MocTuk ¢ TpeMs BBIKITIOUaTEIIMU 2,5 10-15 14 - 25,5
YeThIpEXyrobHUK 16 34,5
Coopubie muHbI ¢ 8 — 9 sueiitkamu Ha BH 5 12-15 22 — 32
[Tonyropnas cxema ¢ 6 BJI na BH 69
2. 3akpsiteie [1C

I1C no ynpoméHHbIM cXemam 10-14 4.8
I1C co cOopHBIMU ITUHAMU 20-24

3. Daemenrsl [1C

3PV 10(6) kB c ueTbippMs CEKIIUAMU 0,5
Slyetika OPY 0,3 0,3 2 4.3
VYcranoska asyx CK 50 MBap 1,8-2,3

IIpumeuyanus: 1. Menbiune 3HaueHus miomnau oTHocsaTes K [1C ¢ 1ByxoOMOTOUYHBIMHU, O0JIBIINE —
¢ TpEX0OOMOTOYHBIMU TpaHCHOPMATOPAMHU.
2. Ilpu ucnonb3oBaHUM 3erazoBoro obopynosanus riomaau I1C cocraBisooT 10
40 % cootBercTBytomux [IC ¢ 06opynoBaHneM HapyKHOH YCTaHOBKH.

IlocTossHHAs YacTh 3aTpaTt IPUHUMACTCA B COOTBCTCTBUU CO cXeMoi nmoacTraH-

IIUH [T0CTIE PEKOHCTPYKLUH B cIeayromux pazmepax ot K .
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Bun pexoHcTpyknuu

3amMeHa (WM JOTIOJHUTEIbHASL YCTAHOBKA) TPAaHC(POPMATOPOB:
OJTHOTO

IBYX
Ha IIC 220 — 330 xB c aBrorpanchopmatopamu 125 MB-A — 3amena AT nHa Gonee
MOILIHbIE (UM JIOTIOJHUTEIbHAS YCTAaHOBKA 00JI€€ MOIIIHBIX)

OJIHOTO

JBYX
Pacmiupenne OPY BH nHa onmny-nBe stueiiku (mpu 0o0IIeM KOJHMYECTBE MOCTE PEKOH-
CTPYKIIMH HE O0JIee TSTH)

HobGasnenne B OPY BH 0Oosee 1Byx sueek (npu 110001 cxeme)

Pexonctpykuus OPY BH ¢ nepexoiom Ha 60Jiee CIOKHYIO CXEMY

Kanurtansubie Bnoxxenus: B BJI onpenensitorcs o hopmyiie

KBJ'I = ( RB.]'I LBJ'Iy + Kl'lp ) +KHI/Ip +K

OTB '

rae K,

HUS B pacu€Te Ha OJIMH KWJIOMETp JIMHUU, PYO./KM;

L,, — nmporsoxénnocts BJI, kMm;
K, — 3arpaTsl Ha BEIPYOKY MPOCEKH;

K,,; — CTOMMOCTb 36M€JIBbHOI0 Y4acTKa, OTBEAEHHOrO 1oJ onopsl BJI;

II
BJI);
y - k03 dUuImMenT 11 yuéta YCIOKHSIOMMNX YCIOBUN CTPOUTETHCTBA.

Bce HeoOxoauMble JaHHbBIE TPUBEJEHBI B IPUIIOKEHUU B.

3arpatsl,

%

10
20

20
30
10

15
30

1 — YACIBHBIC KAIIUTAJIbHBIC BIIOXKCHUS B BJI OHpG,ZIGJIéHHOFO KJIaCCa HaIIPAKCEC-

K, .p — 3arpatsl Ha [P, Gnaroycrpoiicteo u mp. (12,5 — 14,5 % ot croumoctu

CroumocTsb 3eMenbHOro ydactka s BJI onpenensiercst ¢ yd€Tom pacd€THBIX

3HAYEHWH TIOMAAN 0TBOoA o1 onopsl BJI (Tabmuia 42) u cTOMMOCTH 3eMITH.

3arpaThl Ha BRIpYOKY mpoceku st yaactkoB BJI cocrasmstor mmst BJI 35 — 110

kB 95 TrIC. py0./KM, 220 kB — 110 TBIC. pY0./KM, 330 KB — 125 THIC. pYO./KM.
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VYcnoxHeHnue ycinoBuil ctpoutenbcTBa BJI ydnThIBaeTCS MOBBIIAIOIIUMU KO-

s punmentamu (1,06 mpu ckopoctHoM Hamope Betpa 0,61 — 0,75 kIla, 1,6 — B ycio-

BUSAX TOPOJICKON 3aCTPOIKH).

Tabnuua 42 — [nomanb NOCTOTHHOTO OTBOJIA 3€MJIU JIsl TUTIOBBIX OIIOP

Pa3mep nocrosiHHOrO 0TBOIA 3€MJITU
XapakTepucTUKa MPOMEKYTOUHOMN Hanpsioxenue Ha 1 kv BJI, M2
OTIOPBI BJI, kB CranbHble KenezoberoHHbIE
OTIOPBI OTIOPBI
OnnocroeuHas 35-110 6570 35-40
CsoOonHOCTOSIIIAS 220 - 330 80 - 115 35-90

[IpuMmepbl pacuéra KanuTAIbHBIX BIOKEHUN B CTPOUTEIBCTBO U PEKOHCTPYK-

MO TOJACTAaHIIMI naHbl B Tabaumax 43 — 45.

Tabnuna 43 — Kanutanbueie Bnoxxkenust B crpoutenbetBo [IC mo Bapuantam «P-3»,

«3-2»
CTtOonMOCTB Ob6m1as crou-
€IUHULEI B MOCTE B 0a30-
HaumenoBanue o6opynoBanus Koma-Bo
0a30BEBIX IIe- BBIX IICHAX,
Hax, THIC. PYO. TBIC. PYO.
I1c-1
Tpancdopmatopsr 110 kB 63 MB-A 2 9000 18 000,0
OPY 10 cxeMe MOCTHK C 3nera30131>1£\41/1 BBIKITIOHATE- | 30000 30 0000
JISIMH B TICPEMBIYKE U B LETIAX JIMHUI
[TocTosiHHAsA YacTh 3aTpaT (CXeMa MOCTHK) 9 000,0
3arpatsl Ha [TUP (15,5 %) 8 835,0
CTouMOCTh 3eMeIBHOTO YYacTKa TUIOMIA/IbIO M2 10000 0,01 100,0
Kamuransnasie Bnoxenus B [1C 65 935,0
I1C-2
Tpauncdopmaropsr 110 kB 40 MB-A 2 7300 14 600,0
OPYVY 1mo cxemMe MOCTHK C 3JIEra30BLIMH BBIKIIIOYATE-
. 1 30000 30 000,0
JISIMU B TIEPEMBIUKE U B LIETISAX TUHUN
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[Iponomkenue Tabi. 43

CroumocTb OOmas crou-
HaumenoBanue o0opynoBanus Koia-Bo SAHIHELE Moets B baso-
0a30BEIX IIE- BBIX IICHAX,
Hax, ThIC. PYO. TBIC. PYO.
[locTosiHHas yacTh 3aTpaT (CXeMa MOCTHK) 9 000,0
3arpatsr Ha [TUP (15,5 %) 8 308,0
CTOMMOCTH 3eMeJILHOTO Y4aCTKA MIOMAIBI0 M2 10000 0,01 100,0
Kamuraneasie Biioxkenus B I1C 62 008,0
Ic-3

Tpanchopmaropsr 110 kB 10 MB-A 2 3700 7 400,0
OPY 1o cxeMe MOCTHK C 3JIera30BbIMM BBIKJIFOUATE-
JIIMU B TIEPEMBIYKE H B IIETISAX JIUHUH ! 30000 30000,0
[TocTosiHHAs yacTh 3aTpaT (CXeMa MOCTHK) 9 000,0
3atpatsl Ha [TUP (15,5 %) 7192,0
CTOMMOCTb 3eMeJTPHOTO Y4aCTKA MIOMAABI0 M2 10000 0,01 100,0
Kamuranbasie Bnoxxenus B [1C 53 692,0
Bcero B cTpouTENbCTBO HOBBIX MOJACTAHIINI 181 635,0

Tabnuna 44 — KanuransHbie BiIokeHUs B pekoHCTpyKkuuio [1C B Bapuante «P-3»

CTOMMOCTB Ob6m1as crou-
HaumenoBanue o0opynoBaHus Kon-Bo SR D MoeTD B 0as0-
0a30BBbIX I1e- BBIX [IEHAX,
Hax, ThIC. pYO. ThIC.pYO.
I1C-A
Pacmmpenue OPY CH (BpikimtouaTenu MacisiHbIe) 2 3450 6 900,0
IMocrosinHas vacthb 3atpat (10 %) 40 500 4 050,0
Pacuiupenye 3eMeIbHOTO yd9acTKa, M 300x2 0,01 6,0
Kanuranbusie Bnoxenus B [1C 10 956,0
nc-r
Pacuiupenune OPY CH (BbikIrOYaTeNIn MacIlsHbIE) 2 3450 6 900,0
[Tocrosinuaas vacth 3arpat (10 %) 40 500 4 050,0
Paciupenye 3eMeIbHOTO Y4acTKa, M 300%2 0,01 6,0

Kanuransusie Bioxenus B [1C

10 956,0
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[Tponomxenue tadmn. 44

CroumocTb OOmas crou-
€IUHUIILL B MOCTE B 0a30-
HaumenoBanue o6opynoBanus Koiu-Bo
0a30BEIX IIE- BBIX IICHAX,
Hax, THIC. PyO. TBHIC.pYO.
I1C-b
Pacmmmperne OPY BH (BbikiIOYaTeny MacisiHbIC)
MEPEX0JT OT CXEMBI KMOCTHK» K CXeMe CO COOPHBIMU 4 3450 13 800,0
IMHAMHA
[TocrostHHast yacTh 3aTpar (Iepexo/ OT CXEMBI «MO-
13500 6 075,0
CTHK» K cxeme co cOopHbiME muHaMu) 30 % +15 % ’
PacuiipeHnue 3eMebHOTO ydacTka, M> 300x4 0,01 12,0
Kannransasie Bnoxenus B [1C 19 887,0
Bcero B pekOHCTPYKIIMIO CYIIECTBYIOIINUX TTOJCTaH-
41799,0

Ui

Tabmuma 45 — Kanutanpabie BiokeHus B pekoHcTpykiuio [IC B Bapuante «3-2»

CronMocCThb OO0mas crou-
HaumenoBanue o6opynoBanus Kon-Bo CAMHHHELE MocT? B 0azo-
0a30BLIX LIE- BBIX IICHAX,
Hax, THIC. PYO. THIC.pYO.
[1C-A
Pacmupenne OPY CH (BoIKIHOYATEIIM MACIISTHBIC) 1 3450 3450,0
ITocrostanas gacTh 3arpar (10 %) 40 500 4 050,0
Pacimypenye 3eMeIbHOTO yuacTKa, M2 300x1 0,01 3,0
Kanuranbusie Bnoxenus B [1C 7 503,0
[C-r’
Pacmupenne OPY CH (BpikitouaTenu MacisHbIe) 1 3450 3 450,0
IMocrosinHas vacthb 3atpat (10 %) 40 500 4 050,0
Pacmmpenue 3eMenbHOrO y4acTka, m? 300x1 0,01 3,0

Kanuransusie Bioxenus B [1C

7 503,0
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[Iponomxenue tadim. 45

CroumocTb OOmas crou-
€IMHUIILL B MOCTE B 0a30-
HaumenoBanue o6opynoBanus Koin-Bo
0a30BEIX IIE- BBIX IICHAX,
Hax, ThIC. PYO. TBHIC.pYO.
I1C-b
Pacmuperne OPY BH (BbIKIIOYaTENTH MacisHbIC)
MEPEX0Jl OT CXEMBbI KMOCTHUK» K CXeM€ CO COOpPHBIMU 4 3450 13 800,0
IITUTHAMH
[TocTosiHHAs 4yacTh 3aTpaT (IEepPexXo/ OT CXEMbl «MO-
CTHK» K cxeme co coopHbiMU mHHaMU) 30 % +15 % 13500 6075,0
Pacuupenye 3eMeTbHOTO Y9acTKa, M- 300%4 0,01 12,0
Kanuranensie Bnoxenus B [1C 19 887,0
Bcero B pekOHCTPYKIMIO CYIIECTBYIOIIMX IMOJCTaH-
34 893,0

05051

PacuéTtel KanuTaIbHBIX BIIOKEHHH B 0a30BBIX HCHax B HOBBIC JIMHUHU 3JICKTPO-

nepeaavr Mo BapruaHTaM Pa3BUTHS CETU NMPUBEACHBI B TabuIax 46, 47.

Tabmuma 46 — Pacuér 3arpar Ha crpoutenbcTBo BJI mo Bapuanty «P-3»

CtouMoCTh

CAWHUIIbI B

Ob6m1as crou-

MOCTb B 0a30-

HaumenoBanue o6opynoBanus Koumn-Bo
0a30BBIX IIC- BBIX IICHAX,
HaX, ThIC. PYO. TBIC. PYO.
BJIIIC-T' —IIC-1
BJI 110 kB, nByxuennas, AC-300/48, onops xerne-

17,8 1650 29 370.0
300€TOHHBIE, KM :
3arpatsl Ha [TUP (12,5 %) 3671,3
CTOMMOCTb 3eMeJILHOTO Y4aCTKa MO/l OTIOPBI M 35x17,8 0,01 6,2
Kamuransabie Boxkenus B BJI 33 047,5

BJIITIC-A —TIC-2
BJI 110 kB, nByxnennas, AC-185/29, onopsr xerne-
26 1630 42 900,0

300€TOHHBIE, KM
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[Iponoskenue Tabdi. 46

CroumocTts OOmmas crou-
€IUHUIILL B MOCTE B 0a30-
HaumenoBanue o6opynoBanus Koiu-Bo
0a30BEIX IIE- BBIX IICHAX,
Hax, ThIC. PYO. TBIC. PYO.
3arpatsl Ha [TUP (12,5 %) 5362,5
CTOMMOCTB 3eMEJIBHOTO YUaCcTKa 101 OTIOPbI M2 35%26 0,01 9,1
Kannransasie Baoxxenus B BJI 48 271,6
BJITIC-b —IIC-3
BJI 110 kB, nByxuemnnas, AC-70/11, omopsl xene30-
29,2 1150 33 580.0

OCTOHHEIE, KM :
3arpatsl Ha [TUP (12,5 %) 41975
CTOMMOCTB 3eMeJIBHOTO YYacTKa 101 OTIOPbI M2 35%29,2 0,01 10,2
Kannransasie Baoxenus B BJI 37 787,7
Bceero B crpoutenscTBo HOBBIX BJI 119 106,8

Tabmuma 47 — Pacuér 3arpart Ha ctpoutenbctBo BJI mo Bapuanty «3-2»

CronMocCThb Oo0mas crou-
€IUHULEI B MOCTb B 0a30-
HaumenoBanue o6opynoBanus Koa-Bo
0a30BLIX IIE- BBIX IICHAX,
Hax, THIC. PYO. TBIC. PYO.
BJIIIC-T' —IIC-1
BJI 110 kB, onnonennas, AC-300/48, omopsr xerne-

17,8 950 16 910.0
300€TOHHBIE, KM ’
3atparsl Ha [TUP (12,5 %) 2113,8
CTOMMOCTb 3eMeJILHOTO Y4aCTKA MO/l OTIOPBI M 35x17,8 0,01 6,2
Kanuransasie Baoxkenus B BJI 19 030,0

BJIITIC-A —TIC-2
BJI 110 kB, ognouennas, AC-300-48, onopsl xerne-
26 950 24700,0
300€TOHHBIE, KM
3arpatsl Ha [TUP (12,5 %) 30875
CTOMMOCTB 3eMEJIbHOTO ydacTKa Mo OMOPbI M° 35%26 0,01 9,1

Kanuransusie Bioxenus B BJ1

27 796,6
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CroumocTts OOmmas crou-
€IUHUIILL B MOCTE B 0a30-
HaumenoBanue o6opynoBanus Kou-Bo
0a30BEIX IIE- BBIX IICHAX,
Hax, ThIC. PYO. TBIC. PYO.
BJI TIC-b —IIC-3
BJI 110 B, aByxuennas, AC-70/11, onopsl xene3o-

29,2 1150 33 580.0
OCTOHHEIE, KM :
3arpatsl Ha [TUP (12,5 %) 41975
CTOMMOCTB 3eMEJBHOTO YUacTKa 101 OTIOPbI M2 35%29,2 0,01 10,2
Kannransasie Baoxenus B BJI 37 787,7

BJITIC-1 —TIC-2
BJI 110 kB, onnonertnas, AC-120/19, omopsr xerne-

32,4 850 27 540,0
300€TOHHBIE, KM :
3atparsr Ha [TUP (12,5 %) 34425
CTOMMOCTB 3eMEIIbHOTO yJacTKa o1 OTOPHI M2 35x32,4 0,01 11,3
Kannransasie Baoxxenus B BJI 30 993,8
Bceero B crpoutenscTBo HOBBIX BJI 96 578,2

CpaBHUBaeMble BapUAHTBl XAPAKTEPU3YIOTCS CIEAYIOUIMMH KanuTalbHbIMU

BIIOKeHHIMH (Tabuna 48)

Tabnuna 48 — KanuraapHblie BIOKEHHS IO BApUAHTAM Pa3BUTHS, ThIC. PYO.

Cocrapisronias KarnuTaaoBI0KEHUN «P-3» «3-2»
B noacradmnuu B 0a30BBIX [[EHAX: 223 434,0 216 528,0
B ToM uucie I1C 220 kB 21912,0 15 006,0
IIC 110 xB 201 522,0 201 522,0
B BJI B 0a30BbIX 11eHAX 119 106,8 96 578,2
Bcero B 6a30BbIX IEHAX 342 540,8 313 106,2
B nojicranniuy B 11eHaX TEKyIIEro roja: 1 444 500,8 1399 853,5
B ToM uucie I[1C 220 kB 141 661,1 97 013,8
IIC 110 xB 1 302 839,7 1 302 839,7
B BJI B ienax tekymiero roga 770 025,5 624 377,8
Bcero B 1ienax tekyimero roja (J=6,465) 2214 526,3 2 024 231,3
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5.2 JKcIUIyaTAlMOHHBIE 3aTPATHI Ha Nepeavy U pacnpeieeHne

IJIeKTPOIHEPTUH

FOI[OBBIe OKCIITyaTalHOHHBIC PaCXOdbl M BkiIrOUaroT aMOPTHU3aIUOHHLBIC OT-

yucienus: U, u 3atpathl Ha 06cinyxuBaHue U peMOHT Uosc.

3arpaThl Ha aMOPTHU3ALMIO M AKCIUTyaTallMOHHOE OOCIYXKMBaHUE MOTYT OBIThH

OTIpeJIeIICHBI M0 YIPOIIEHHBIM (hOopMyIam:

I/Ia :aa HCKHC +aa BJ'IKB.II 2
" K.t

00c¢ - a06c Ic c o0c BJ'IKB

J1

rue a, .., o, ,, — HOpMa aMOpTH3allMOHHBIX oTuncieHui Ha peHoBanuto [1C BJI (tab-
nuna 49);

K., K,, —BennunHa KanuTalbHbIX BI0KeHUH cooTBeTcTBeHHO B 11C n BJI;

X s e Xoge nn — HOPMA OTUHCIIEHUH Ha oOciyxuBanue u peMoHt 11IC u BJI co-
oTBeTCTBeHHO (Tabura 49).
Pacuér coctraBasomux roJoBbIX 3KCILUTYyaTAllMOHHBIX PACXOJIOB B paccMaTpH-
BaeMoM mpumepe npuBenéH B tadmuie 50. Kanuransasie Binoxenue B BJI u I1C
onpenenensl B 1eHax 2016 r. B kanutanbHbIx BiokeHus B [IC HeoOXoauMo BbIfe-

nuTh 3aTpaThl B pekoHcTpyupyemsblie [1C 220 kB (IIC-A u IIC-T') u noBeie IIC 110
kB.
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Tabnuua 49 — HopMbl oTUMCHEHUE HA aMOPTHU3aLMI0, 00CITy)KUBaHUE U PEMOH-

ThI 3JICMCHTOB JJICKTPHYCCKUX ceTen

Hopwma amop- Hopwma Ha 00-
Cpok ciyx-
DJIeMEHT TM3alMu A, CIIy’)KUBaHHUC 1
On1 1%, et
% PEMOHT X 4., %0
BJI 35 xB u BhIIIE HAa CTAaJIbHBIX H JKe-
2,0 50 0,8
71€300€TOHHBIX OMOPax
CunoBoe 311eKTpooO0opyI0BaHUE U
pacmpeeuTeIbHbIE YCTPOUCTBA
Jlo 150 kB 4.4 23 59
220 xB u BeIIIIE 4.4 23 49

Tabnuna 50 — Exxero/iHble SKCIUTyaTallMOHHBIE 3aTPAThI IO BApUAHTAM Pa3BUTHS

CETH, ThIC. pYyO.

DneMeHT ceTu «P-3» «3-2»
U Hose 1508 Hose

BJI 110 kB Ha kene300eTOHHBIX OTIOpax 15 400,5 6 160,2 12 487.,6 4995,0
Toncranumn 220 B (TIC-A, TIC-T) 6233,1| 69414| 42686 4 753,7
[Moacranmuu 110 kB (I1C-1, TIC-2, T1C-3,
[1C-B) 57 324,9 76 867,5 57 324,9 76 867,5
Bcero cocrasnsitomue 3arpat 78 958,5 89 969,1 74 081,1 86 616,2
Bcero skcruryaTanimoHHBIE 3aTpaThl MO Ba- 168 927,7 160 697,4
pHaHTam

5.3 CpaBHeHUE BAPHMAHTOB PA3BUTHS 110 IKOHOMHUYECKHUM MOKA3ATeJIAM

Kpurepuem skoHomMuueckoi 3(P(HEKTUBHOCTH WHBECTULIUMA SBISIETCS HWHTE-

IpambHBIA KpUTEpUd B GOpME YHUCTOTO AUCKOHTHpoBaHHOTO noxoxa (YJI/1). B mpo-

CTEHUIIIEM ClIydac 3KCIIPCCC-OUCHKHU TP HCU3MCHHOCTHU ACHCIKHBIX IIOTOKOB I10 I'OAaM

YJIJ1 onpenensiercst mo hopmyie

YA=(I1+H,)Ds-K,
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rae I1, — yucras npuObLIb;

W, — amopTU3allMOHHBIE OTYUCIICHHS HA PEHOBALUIO;
Ds — cymma k03(ppuImeHTOB TUCKOHTUPOBAHUS,

K — cymmapnbie uHBECTULIMN (KATTUTAIOBIOKEHUS ).

Jlydimimm BapuaHTOM pa3BUTHs SABJISAETCS BapuaHT, 1js Kotoporo Y[/ ssiser-

csl MakcUMallbHbIM Tipu ycnosun YJ[J1>0.
Benuuuna Il, uynciaeHHo paBHa GanaHcOBOW MpUOBUIMA 3a BHIYETOM Hajora Ha

npuObLIH

M~(0,-F)(1-),

rac Op — CTOMMOCTHAsA OICHKA PC3YyJIbTATOB ACATCIbHOCTH 0o0BeKTa (O6’BéM pcajin3o-

BaHHOM JIEKTPOIHEPTUU 32 TOJ1);
N — cymmapHBbie 9KCIUTyaTallMOHHbBIE U3JIEPKKU B TOJI;

0. — CTaBKa Hajora Ha mpuosUIb, 0,2 (20 %).

Cymma koaddunrenToB nuckontupoBanusi Ds onpenensercs mo ¢popmyie

(1+E)" -1
E(L+E)"

rae E — HopMatuB quckoHTHpOBaHUs WK ctaBka goxoanoctu (0,1 — 0,15);

T, — pacu€THbIN MEPHO MK XKU3HEHHBIH cpok (16 — 18).
IIpu E=0,1 m Tp=16 net Ds=7,824, npu E =0,15u Tp=16 aet Ds=5,954,
CrorMOCTHasI OIICHKA PE3YJIbTATOB COOPYKCHHS DJICKTPUICCKOW CETH OIpejie-

nsgeTcs no popmyne

0, =T, (W — W )+AIl,

p



73

rae T, — cpenHEB3BEUICHHBIM Tapu() Ha TPAHCIOPTHPOBKY DJIEKTPOIHEPTUH IO DIICK-
TpudeckuM ceTam (s 2016 r. T,=1,3 py6./xBt-u);

W' — 1onojaHUTENbHOE MOCTYIUIEHUE 3JIEKTPOIHEPIUU B CETh, O0YCIOBIEHHOE CO-
OpY>KEHHEM DJIEKTPOCETEBBIX 0OBEKTOB;

oW — “3MeHeHue NoTeph B CETH;

All — yBenuueHue NpuOBUIM 32 CYET MOBBILIEHUS HANEKHOCTH U APYrux (paxrto-
POB, BIUSAIOMIMX HA YKOHOMUYECKUHN 3P (DEKT.

Yucnennsle 3HaueHuss W u OW omnpezaenstorcs 1o COCTaBICHHBIM paHee Oa-
JaHcaM 3JeKTposHepruu (Tabdnuna 40) Kak pasHOCTb MEXIY COOTBETCTBYIOILEH CO-
cTaBisiroLIed OanaHca BapuaHTta pa3Butus («P-3» mnn «3-2») U UCXOJHOTO COCTOS-
HUsl ceTH. YBenudyeHue npuobin All B KypcOBOM MPOEKTE MPUHATO PABHBIM HYIIIO.
Pacuéret YJ1/] o cpaBHUBaeMbIM BapHaHTaM MpUBEICHBI B Tabnuie 51.

[IpocToit cpOK OKYyNaeMOCTH UHBECTUIIUN PABEH

JIICKOHTUPYEMBI CPOK OKYIaeMOCTH OT Hadaja dKCILTyaTal[ul ONpeesieTCs
o ¢opmyJie

OK.IT

_-In(1-T, ,E)
oxg In(1+E) '

Tabnuna 51 — Pe3ynpTaThl pacuéTa SKOHOMUYECKOH 3 (PEKTUBHOCTH BapHAHTOB Pa3-

BUTUA
[TokazaTens En. uzm. Bigl_/l;fT Big?;fT
JlononHuTeNnpHOE NoCTymIeHne snekrposneprun W MJTH. KBT 4 526,439 528,495
H3MeHenue norepp B CETH oW MJH. KBT'4 12,839 14,895
CrouMocTHas OlleHKa pe3yibTaroB passutust Op MJIH. pyO. 667,680 667,680
Exeronnsie uzaepxku 1 MJH. PYO. 168,928 160,697
AmopTu3anroHHbIe 3aTpatsl U, MJH. pPYO. 78,959 74,081
UYucras npudbuib [1y MJH. PYO. 399,002 405,586
Kanuranbasie Bnoxenus K MJH. PYO. 2 214,526 2 024,231
Y npu E =0,1 miH. py6. | 1525036 | 1728,685
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[Iponoskenue Tabdi. 51

[Tokaszarens En. usm. Bigl_?fT Bigfl;fT
Y11 mpu E =0,15 MIIH. PYO. 631,250 831,707
[IpocToii cpok okymnaeMocTd Toxn JeT 4,63 4,22
JIucKOHTHpYeMBIH cpok oKynaeMocTd Toc, ipu E =0,1 JEeT 6,53 5,75
JlucKoHTHpYeMBIH cpok okynaeMocTd Toc, mpu E =0,15 JeT 8,50 7,17

W3 tabnuusl 51 ciaepyer, 4TO JIyYIIUM SIBISIETCS BapUAHT Pa3BUTHUS «3-2» C

MakcHMaiabHbIM 3HaueHueM YJI/1. J{uckoHTHpyeMBlil CPOK OKYIIa€MOCTH MHBECTULUN

— 7,17 rona.
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