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BBEJIEHUE

DNEeKTpUYECKUE CETH SBISIOTCS OCHOBOM (hOpMHUpPOBaHUSA OOBEAMHEHHBIX U
€MHOMN AIEKTPOIHEPTETUUECKUX CUCTEM, CUCTEM DHEPTOCHAOKEHUS TOPOJOB, CElb-
CKOM MeCTHOCTH, npeanpusituii. CylecTBeHHOW 0COOCHHOCTHIO JIEKTPOIHEPTeTHYE-
ckux cucteM (D3C) U INEKTPUUYECKUX CETEH SIBISETCS HEPa3phIBHOCTH MPOIEcca Mpo-
U3BOJICTBA DJIEKTPOIHEPTUU HA AIIEKTPOCTAHLUAX, €€ Nepeladyu U paclpeeieHus 1o
ANEKTPUUYECKUM CETSAM. ITOT MPOIECC, OTPAHNYCHHBIA TEXHUUECKUMU XapaKTePUCTH-
KaMH 000pyI0BaHus, JOHKEH oOecrieunBaTh HaAEKHOE IIEKTPOCHAOKEHHE MOTpeOu-
TeJeH U PKOHOMUYECKHU TIPUEMIIEMbIE TTOKA3aTeN AIEKTPUUECKUX CETEH.

Takune 0COOEHHOCTH DJIEKTPOIHEPTETUKHU TPEOYIOT yU€Ta pa3BUTHS dJICKTpUUC-
CKHMX CeTel KaK €JUHON TEXHUYECKOW CHUCTEMBbI, 00eCTieUrBasi ONTUMAIbHOCTD JJICK-
TPUYECKUX CETEH U CUCTEM B IIEJIOM. DTU 0OCTOATENIbCTBA MPUBEIU K BBIJICIICHUIO B
CTPYKType yrpaBiieHus pa3Butusg OIC caMOCTOSTENBHOTO pa3zena, MOJIYYUBLIETO
Ha3BaHUE MpoeKTupoBaHue pa3sutus IIC.

Meronsl npoexktupoBanus O9C M ceTel pa3BUBAINCH BMECTE C Pa3BUTHUEM U
yCJOXXHEHHEM sHeprocucteM. Hawano mpoextupoBanuio paszButus 9IC B Hamen
ctpane O0bu10 TTosTokeHo B 30 — 40-x rogax XX Beka. B aToT mepuon Ob11 pazpaboran
KOMIUIEKCHO-?HEPIeTHUYECKUH TIOJIX0]T K 000CHOBAHUIO MPOEKTHBIX perieHui mo 93C
1 anekTpudeckuM ceTsaMm. B 60 — 80-e roxpr XX Beka Hayaa0Ch MUPOKOS BHEIPCHHE B
MPAKTUKY IPOCKTUPOBAHUSI MATEMAaTUUECKUX MOJIEJICH U aJITOPUTMOB MX PELIEHUS Ha
OBM. B Hacrosimiee BpeMs METOI0IOTMYECKYI0 OCHOBY IPOEKTHPOBAHUS, Pa3pabOTKH
MareMaTH4ecKux mojaenen pazsutus DIC U ceTel CoCTaBIseT Teoprs OOJBIINX KHU-
OCpHETHUECKUX CHCTEM SHepreTHku [1,2]. DTO MO3BOIMIO MOCTPOUTH JOCTATOTHO
CTPOUMHYIO MEpapXHI0 3a/1a4 MPOEKTHUPOBAHUS, METOJIOB B3aUMHOU YBSI3KU MapameT-
POB OTJIENIbHBIX JIMHUI 3JIEKTPOIIEpe/laud U MOACTaHIUMI C 00IIECUCTEMHBIMU MTOKa3a-
teasmu passutus I9C [3].

B »ToM yueOHOM mocoOuu U30KEHBI OCHOBHBIE MOJOKEHUS U MPUEMBI CHUH-

T€3a, aHAIM3a U ONTUMH3ALINU Pa3BUTHS AleKTpuueckux ceter IIC.



1. OCHOBBI IPOEKTUPOBAHMUS SJIEKTPUUECKHUX CETEN 33C

1.1. OO0mue mojoxkeHus

DnekTpo3HepreTuka - 6a3oBas oTpacib 3KOHOMUKHU Poccuu, obecrieunBaromast
MOTPEOHOCTH YKOHOMUKH M HACEJICHUSI CTPAHbI B AJIEKTPUUYECKON U TEIJIOBOM IHEP-
TUW, BO MHOTOM OINpEENAIoNias YyCTONYMBOE Pa3BUTHE BCEX OTpACICd SKOHOMUKHU
cTpanbl. D(P(EKTUBHOE HCIONb30BAHUE MOTEHIMANa 3JIEKTPOIHEPIeTUUECKOU OT-
paciu, yCTaHOBJIEHUE MPUOPUTETOB U MapaMeTpoB €€ pa3BUTHS CO3AAl0T HEOOXO0 -
MBbI€ TIPEANOCHUIKH JJIsl pOCTa SKOHOMHKHU U TIOBBIIICHUS Ka4eCTBa KU3HU HACEJICHUS
ctpansl. [Ipolecc onepexaromero pa3BUTUs AIEKTPOIHEPTreTUUECKON OTPACIIH SIBIIS-
€TCsl HEOOXOIUMBIM (PAKTOPOM YCTICIITHOTO YKOHOMUYECKOTO pa3BuTusi Poccun.

OCHOBHBIMH HAINPABJICHUSIMH JTOJITOCPOYHON MOJIUTHUKH TrOCYIapCTBa B DJICK-
TpO3HEpreTuke siBistroTes [4,5]:

a) HaAEKHOE CHAOKEeHNE YKOHOMUKH U HACEJIEHUs CTPAaHbl DJIEKTPUUYECKOMN

Y TETUIOBOU HEPIHUEH;

0)  coxpaHEHHeE LIEJIOCTHOCTH U pa3BuTHe EquHON 3HEpreTHIeCcKO CUCTEMBI
(ESC) Poccun, e€ unterpainus ¢ IJpyruMu 3HEprooobeAuHeHusMU Ha EBpasuii-
CKOM KOHTHUHEHTE;

B)  moBbImeHne d3PHEeKTUBHOCTH HYHKIIMOHUPOBAHMS U 00ECTICUCHHE YCTOM-
YUBOTO Pa3BUTHS AIEKTPOIHEPTETUKHU Ha 0a3e COBPEMEHHBIX TEXHOJIOTHIA;

r) CHIKEHUE BPEJIHOTO BO3ACHUCTBUS HA OKPYIKAIOLIYIO CPENY.

Jliist peanm3anuu STUX HampaBleHUH pazpaborana «['eHepanapHas cxema pa3me-
nieHnss 00beKTOB AekTpodHepreTuku 10 2020 r.» [5]. [Ipuopureramu ['enepanbHOM
CXEMbl B paMKaX yCTaHOBJIICHHBIX OPHUEHTUPOB JOJITOCPOYHON rOCyIapCTBEHHOMN MO-
JUTUKH B c(pepe dNMEKTPOIHEPTETUKH B YHACTHOCTH SIBJISIFOTCS :

a) Onepexarolee pa3BUTHE IICKTPOIHEPIETUUECKONW OTPACIH, CO3JAHUE B

HEW SKOHOMHUYECKH OOOCHOBAHHOM CTPYKTYpPbl T€HEPUPYIONIUX MOIIHOCTEH U
AIEKTPOCETEBBIX OOBEKTOB MJI HAJEKHOTO OOecreueHus NoTpeOuTened CTpaHbl

ANEKTPUUYECKON U TETUI0BOM sHepruel (tadmn. 1.1).



Tabnuua 1.1. - PanrionansHas CTpyKTypa reHepUpYIOMIUX MOIIHOCTEN

Iloka3zarenn 2010 r. 2015 . 2020 .

VcTanoBiaeHHas MOIIHOCTG, MIH. KBT, Bcero 243,8 297,5/326,2 347,4/397.7
B tom umcie:

THIPOIIICKTPOCTAHITHH 49,2 57,1/57,9 71,7/76,5
ATOMHBIC DJICKTPOCTAHIUH 26.9 38.1/38.1 53,2/59
TETUIOBBIE 3JICKTPOCTAHITUH, BCETO 167,7 202.3/230.2 222,5/262,2
W3 aux:

TETUIOAJICKTPOIICHTPAIIH, BCETO: 93,2 107,8/107,8 113,7/113,7
MapoTypOMHHBIC Ha Ta30Ma3yTHOM TOTLIMBE 43 40,9/40,9 36,5/36,5
Mapora3oBblie U ra30TypOUHHBIC 15,3 27,9/27.9 36/36
apoTypOMHHBIE Ha TBEPIOM TOTUINBE 34,9 39/39 41,2/41,2
KOH/ICHCAIIMOHHBIC 3IEKTPOCTAHIINHU, BCETO: 74,5 94,5/122,4 108,8/148,5
MapoTypOMHHBIC Ha Ta30Ma3yTHOM TOTLIMBE 37,3 14,3/14.3 6,8/6,8
apora3oBble U ra30TypOUHHBIE 9,9 30.2/32,5 38,5/40,1
MapoTypOMHHBIC HAa TBEPJIOM TOIUINBE 27,3 50/75,6 63,5/101.6

[IpuMevyanue: yuciauresnb - 0A30BbI BapuaHT, 3HAMEHATEIb - MAKCUMAJIbHBIM.

0) Co3ganue ceteBod HHPPACTPYKTYPHI, pPa3BUBAIOIIEHCS OMEPEKAIONTUMHU
TEMIIaMU 110 CPABHEHUIO C PA3BUTHEM DJIEKTPOCTAHIIUN U 00€CTIeUnBaIOIIEH MOJI-
HOIICHHOE YYacTHE JHEProKOMMaHWil U moTpeduTeneil B (PYHKIIMOHHUPOBAHUU
PBIHKA 3JIEKTPUYECKON SHEPTUU U MOUTHOCTH, YCUJIIEHUE MEKCUCTEMHBIX CBS3EH,
rapaHTUPYIOMIUX HAAEXKHOCTh B3aHUMHBIX IMOCTABOK 3JIEKTPUYECKON SHEPrUU U
MOIITHOCTH MEXIY pernoHamMu Poccuu, a Takyke BO3MOKHOCTb SKCIIOPTA JJIEKTPH-
YECKOU HEPIHUH.

CTpyKkTypa TeHEepUpPYIOIIUX MOIIHOCTEH OIpeAeNseTcs UCXOAs u3 O0ajlaHCOB
MOIITHOCTH U 3JIEKTPOIHEPTUU Ha MEepCleKTuBy. PacxomaHas yacTh OalaHCOB B OCHOB-
HOM TIpEJICTaBICHa CYMMapHOUW Harpy3koil u siekrpornoTpedaenuem (puc. 1.1). Pas-
BUTHE F€HEPUPYIOUIMX MOIIHOCTEN (COCTaB ANEKTPOCTAHIUMI, UX Pa3MEIIEeHUE MO Tep-
PUTOPUU CTPAHbI, TEMIIBI CTPOUTENIBCTBA) B 3HAUUTEIIBHOW CTETIEHU ONPEEISIOT KOH-
duryparuio u mapameTpbl CHICTEMOOOPa3yIOIIeH CEeTH.

BricokoBonbTHas ceTh B eBpomneiickoit yactu EDC Poccun B ocHOBHOM cop-
MHPOBaHa Ha OCHOBE JIMHUM 31eKTponepeaaun HanpspokenueM 330...750 kB, B octanb-
Hou yactu EDC Poccum OHOBpEMEHHO ¢ pa3BuTHeM cereld HampspkeHuem 500 kB
MPOMBINUIEHHO OcBauBaiuch ceth 1150 xB. IIpoTSkEHHOCTH JIEKTPUUECKUX CETEU

110...1150 kB Bcex 00beTMHEHHBIX IHEPTETUUECKUX CUCTEM IO cocTostHHIO Ha 2007



. cocTaBuja (B OJHOLIEMHOM HcuucieHuu) oonee 442,2 teic. kM. CyMMapHas ycra-
HOBJICHHAs] MOLTHOCTb TPaHC(OPMATOPOB PA3HBIX KJIACCOB HANPSDKEHMS HA MOHMXKAa-
IOLUX TOJCTAaHIUAX cocTaBmia 0Kojo 696,9 muH. kB A. M3HOC OCHOBHBIX (POHIOB
AJIEKTPOCETEBOrO XO35MCTBA B HACTOSAIIEE BpeMsI cocTaBiAeT B cpeaHemM 40,5%, B Tom

qucie o0opyaoBaHus noacTaHiui 63,4%.
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Puc.1.1. TIporuo3 snexrponorpedienus mo Poccuu:
1 — 6a30BBIif BApUAHT; 2 — MAKCUMAJIbHBIN BapyaHT

PazButne snexktpudeckux ceteit B mepuoa 1o 2020 r. (puc. 1.2) Oyaer Hampas-
JIeHO Ha o0ecreyeHne HaAEKHOTro U ycTounBoro ¢pyukunonuposanus ESC Poccun,
KOHKYPEHTHOTO OMITOBOT'O PhIHKA 3JIEKTPOIHEPTUU U MOIITHOCTH, a TaKXKe Ha obecre-
YeHre HaJEKHOTO IIEKTPOCHAOKEHUS OTPEOUTENEeH U BhIJaYd MOIITHOCTH JJIEKTPO-
CTaHLIUM.
B ocHOBY nepcrieKTUBHOTO pa3BUTHS AnnekTpuyeckoit cet EQC Poccun 3akna-
JBIBAIOTCS CJIEAYIOIINE OCHOBHBIE MPHUHITUIIBI:
a)  cxema cuctemooOpasyromieit anektpudyeckon cetn EQC Poccun nomkna
o0Jy1aiaTh JOCTATOUHOM TMOKOCTBIO, MO3BOJISIIONICH OCYIIECTBIATH €€ MOITAMHOE
pa3BuTHE U 00eCTeUYnBaTh BO3MOXKHOCTH IPUCITOCAOINBATHCS K U3MEHEHUIO YCIIO-

BHI pOCTA HATPY3KHU U PA3BUTHIO JJIEKTPOCTAHIUN;
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Puc. 1.2. [lepciekTiBHas cxeMa pa3BUTHS CUCTEMOOOpa3yIoLIeil ceTu:
DC — JIOI nocrosiaHOTO TOKa; AC — JIDII mepemMeHHOTro TOKa

0)  cXeMbl BbIJa4d MOIIHOCTH KPYIHBIX 3JIEKTPOCTAHIIMIA B HOPMAJIbHBIX pe-
KUMaxX pabOThl SHEPTOCUCTEMBI JOJKHBI O00ECreYrBaTh BO3MOXKHOCTH BbLIauu
BCEH pacroyiaraeMoil MOIIHOCTH AJIEKTPOCTAHIIMU 0€3 MPUMEHEHHs] yCTPOMCTB
MIPOTUBOABAPUMHON aBTOMATHUKHU KaK B MOJHOM CXEME CETH, TaK U MPHU OTKIIFOYE-
HUU 10001 M3 OTXONSAIIUX JTUHUN HA BCEX dTANax COOPYKEHUs DIIEKTPOCTAHIIUU
(mpuammn N-1). JIs aTOMHBIX 3JIEKTPOCTAHIMHA YKa3aHHOE YCIIOBUE JHOKHO BbI-
MOJTHATHCS KaK B HOPMAJIBHBIX PEKUMaAX, TAK U B PEMOHTHBIX peXHUMaxX pabOThI
sHeprocuctemsl (puHiun N -2);

B)  CXeMa CHCTEMOOOpa3yIoIe AJIEKTPUIECKON CETH JT0KHA COOTBETCTBO-
BaTh TPEOOBAHUAM OXPaHbI OKPYXKAIOIIEH CPEIbI;

r)  YOpaBISIEMOCTh CHCTEMOOOpa3yIOMeH DSIEKTPUYECKONW CEeTH JOJHKHA

o0ecreunBaThCs 3a CYET MCIOIB30BAHUS CPEACTB MPUHYIUTEIHHOTO MTOTOKOPAC-

MPEJICJICHUS, CTATUYECKUX KOMIIEHCATOPOB, YCTPOWCTB MPOJOJIBHOW KOMIIEHCA-

[IUH, YIIPABISEMbIX ITYHTUPYIOIINX PEAKTOPOB, BCTABOK OCTOSTHHOTO TOKA, JIEK-

TPOMEXAaHUYECKUX MpeoOpa3zoBaTeneil, (ha3omoBOPOTHBIX YCTPOWUCTB U JIPYTHUX

CPEICTB,;
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)  CXeMa M MapaMeTpbl PacHpeaeIUTENIbHBIX CETEH NOMKHBI 00€CTIeYuBaAThH
HaJIEKHOCTh DJIEKTPOCHAOKEHHUS, MPU KOTOPOM MUTaHUE MOTpeOUTENneil ocy-
HIECTBIsICTCS 0€3 OrpaHUYCHUs] HArpy3KHU ¢ COOJIOJIEHUEM HOPMATUBHBIX TPEOO-
BaHUM K KQYECTBY IEKTPUUECKON SHEPIUHU IIPU IIOJTHOM CXEME CETU U IIPU OTKIIIO-
YEHUU OJTHOM JIMHUM dJIeKTponepeaaun win tpancopmaropa (nmpunuun N-1 ms
notrpeouTenei).

JI71s1 CTIOJIb30BaHUSI B €BPOICMCKON YacTH CTPAHbI SJIEKTPUUECKON dYHEPTUU U
MOIITHOCTH TETUIOBBIX U TUJIPABINUYECKUX dJIEKTpocTaHIuii CHOUpPH IIIaHUPYETCS CO-
opyxenue JIDII nocrositHHOTO TOKa HanpsikeHneM + 500 kB u + 750 kB nponyckHoi
criocobHocThio 2000 — 3000 MBT npoTsikénnocthio ot 600 10 3700 kM.

Jlns coBMmectHOM padotel ODC Cubupu u lansHero Boctoka mimanupyercs
BBOJI Ha MOJICTAHIUAX HanpsihkeHueM 220 kB BCTaBOK MOCTOSTHHOTO TOKA MOIIHOCTHIO
o 500 MB- A xaxnas.

B eBpormneiickoit yactu EQC Poccun mpoaosKUTCs pa3BUTHE CETEH Hampsike-
HueM 750 kB. B OOC Ceepo-3anana u Llentpa. JIDII nanpsoxkenuem 500 kB 6ynyT
ucnonb3zoBanbsl B OOC llentpa, Ora, Cpeaneit Bonru, Ypana, Cubupu u Jlanbaero
BocTtoka, a Takxke 11 pa3BUTUS MEKCUCTEMHBIX CBSI3EH.

Cetp HamnpsbkenreM 330 kB OyaeT mpo1okaTh BRIMOIHATH CHCTEMOOOpa3yro-
mue QyHKIuM 1 00ecrneynBaTh BbIAa4y MOIIHOCTH KPYITHBIX AJIEKTPOCTAHIIUNA B 3a-
naanout yactu OIC Llentpa, CeBepo-3anana u FOra.

OcHOBHbIE TEHAEHIIMU B pa3BUTHH ceTeld HanpsikeHueM 220 kB OyayT cocTosITh
B YCHJICHUH PACIPeIeTUTENbHBIX GYHKIIMN U 00€CTIeUeHN BbIIa4l MOIITHOCTH DJICK-
TpocTtanumi. B nzomupoBanHbix d3HEprocucteMax JlanpHero Boctoka, a Takxke B Ap-
XaHTeJIbCKOM »HeprocuctemMe u sHeprocucreme Pecnyonnku Komu cetu Hampsike-
HueM 220 kB OyayT SBISTHCS CHCTEMOOOPA3yIOIIHMH.

OCHOBHBIM HampaBJIEHUEM pa3BUTHUsl ceTH HanpspkenueM 110xB Oyner mainb-
Helilee e€ pacuIMpeHue Mo Tepputopuu Poccuu ¢ 11e71bi0 MOBBIIICHUS HAIEKHOCTU
AIEKTPOCHAOXKEHUS TOTpeOUTENEH.

[Iporuo3 moTpeOHOCTH B KaNMTAIOBIOKEHUSIX HA COOPYKEHHUE AJIEKTpPOCeTe-

BBIX 00OBEKTOB IIpeACTaBjIcH B Ta0I. 1.2.
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Ta6muma 1.2. - TlorpeOHOCTh B KATUTATOBIOKEHUSIX HA COOPYKEHUE
AIIEKTPOCETEBBIX 00BEKTOB (B MUJLTHApAX PyOIIeii )

IToxazaTenn 2011...2015 rr. | 2016...2020 rr.
Enunas HanmoHanpHas — (oOmiepoccuiickas)
PIIEKTPUYECKasi CETh, BCETO 1630,3 25247
B TOM YHCIIE:
HOBO€ CTPOUTEIIBCTBO CETEN 1162 1888,6
pEHOBAIIMH CeTeH 365,7 466,4
MIPOYHE 3aTPATHI 102,5 169,8
PacripenienurenbHbIe  AIEKTPUUECKHE CETH,
BCETO 1489,7 2011,9
B TOM YHCIIE:
HOBO€ CTPOUTEIILCTBO CETEN 789,4 1055,5
pEeHOBAIMH ceTei 608,1 830,1
MIPOYHE 3aTPATHhI 92,2 126.4
Hroro 3120 4536,6

Bcero 3a 2006...2020 rr. o61mias moTpeOHOCTh B KaMMTAIOBIIOKEHUSIX HA pa3-
BUTHE JICKTPOCTAHITUH Mpu 6a30BOM BapuaHTe cocTaBuT 11616,3 muipa. pyO. (B rieHax
COOTBETCTBYIOIIUX JIeT). [loTpeOHOCTh B KAMUTATIOBIOKEHUAX HA COOPYKEHUE IJICK-
TpoceTeBbIX 00BekTOB ¢ 2006 mo 2020 r. mpu 6a30BOM BapHaHTE OLICHUBACTCS B

9078,8 mupa. py0. (B IIeHAX COOTBETCTBYIOIIHX JIET).

1.2. CucremooOpa3ywiuue u pacnpeejnTebHble daeKkTpuueckue cetu IIC

Onektpuueckas cetb EQC u O3C Poccuu B COOTBETCTBUHU C BBINOJTHAEMBIMU
GYHKIUAMH TIOZIpa3eseTCs Ha CUCTEMOOOPa3yIolyl0 (OCHOBHYIO) U pacIpeeiin-
TenbHy1o (puc.1.3).

K OCHOBHOW 3eKTpUYECKOW CETH OTHOCHUTCS €/IMHas HallMOHaJbHas 3JeK-
tpuueckas cetb (EHOC), xotopas dopmupyer EnamHy0 sHEprocucreMy CTpaHBI,
00beINHSIS HA TApaJUIENIbHYI0 PAa00OTy OCHOBHBIE 3JIEKTPOCTAHIIMU U y3JIbl HATPY3KH U
obOecneunBas napamienbuyo padoty EQC Poccuu ¢ aneprocucteMamu Ipyrux CTpaH,

BKJIFOYAS SKCIIOPT U UMIIOPT JIEKTPUUECKON SHEPTUH.
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Puc.1.3. CtpykTypHas cxema 3JeKTPUUYECKHUX CETe IHEPTOCUCTEMBI:

I[IC — mopcTaHIMS CBA3H,

LIl — ueHTp nutaHus;

MDOII — MexxkcucTeMHas JJIeKTpoIepeaya;
IIII — noHwxkaromas IoaACTaHIIHA.

B cocraB EHOC Bxonst [6]:
1)  nuHWM 37eKTporepenayn (BO3yIIHbIC H KaOeIbHbIC), POCKTHBI HOMH-
HaJIBHBIN KJIACC HAIPSKEHU KOTOPbIX cocTaisaeT 330 kB u Brie;
2)  JIMHUM 3JEKTPOIepe1adr, MPOSKTHBI HOMUHAIBHBIN KJTaCC HANIPSKESHUS
KOTOpbIX cocTaBisieT 220 kB:
a)  oOecrneuuBalOlINE BbIIa4y B CETh SHEPreTUYECKOW MOIIHOCTU AIEKTPHU-
YECKHUX CTAHIUN CYOBEKTOB (efiepaibHOro (001IepOCCUiiCKOT0) ONTOBOIO PhIHKA

ANEKTPUUYECKOW HEPruu (MOIIHOCTH) -TIOCTABIIMKOB JJIEKTPUYECKONM SHEPrUuu

(MOIIHOCTH ) HA YKAa3aHHBIN PHIHOK;
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0) oOecrneuMBarolIe COEJUHEHUE M MapalIeNIbHYyI0 paboTy SHepreruye-
CKHX CHCTEM Pa3IndHbIX cyObekTOB Poccuiickoii denepannu;

B)  oOecrneunBarolIie BhIJauy IHEPTETUUECKON MOIIHOCTU B Y3JIbl SJIEKTPHU-
YECKOW HArpy3Ku C MPUCOSTUHEHHOU TpaHC(HOPMATOPHONU MOIIHOCTHIO HE MEHEE
125 MB-A;

r) HEIMOCPEACTBEHHO O0ECIEUUBAIONINE COSAUHEHUE TMEPEYUCICHHBIX JIH-
HUU DJIEKTpOIIepelauy;

3)  NMHUH 3JeKTpolepenayud, MepPeceKarllue ToCYIapCTBCHHYIO TPaHHILY

Poccuiickoit @enepanuu;

4)  TtpaHc(OpPMATOPHBIC W HHBIC IOJCTAHIMH, COCIUHEHHBIC C JIMHUSIMHU
AJIEKTPOTIEpeIaun, IePEYUCICHHBIMU B MOI. 1-3, a Tak)Ke TEXHOJOTHIEeCKOoe 000py-
JIOBAaHUE, PACTIOJIOKEHHOE Ha HUX, 3@ UCKIIIOYEHHUEM paCIpPEACITUTEIbHBIX YCTPOUCTB
ANEKTPUUECKUX CTAHIUN - CYOBEKTOB (heepanbHOro (00IMIEepOCCUICKOTr0) ONTOBOIO
PBIHKA JJIEKTPUYECKONW SHEPrUuu (MOILIHOCTH), BXOISIIMX B MMYIIECTBEHHBIA KOM-
IJIEKC YKa3aHHBIX CTaHIIH;

5)  KoMIuIeKC 000pYIOBaHMS M MPOU3BOACTBEHHO-TEXHOJOTHIECKUX 00BEK-
TOB, TIPEIHA3HAYCHHBIX IS TEXHUYECKOTO OOCTY>KMBAaHUS W DKCIUTyaTallid yKa3aH-
HBIX OOBEKTOB AJIEKTPOCETEBOTO XO3MUCTBA;

6)  CHCTEeMbI U CPE/CTBA YIPABICHHS YKa3aHHBIMU 00BEKTaMH JICKTPOCETe-
BOTI'0 XO35MCTBA.

PacnipenenurensHas ceTh JHEProcUCTEM 00€CTIEUnBaECT Mepeavy dJIEKTPOIHEP-
TUH OT IMOJICTAHIIMA OCHOBHOM CETH 1 3JICKTPOCTAHITUH K IIOTPEOUTEISAM IICKTPOIHEP-
ruu. PacnipeienurenbHble 2IEKTPUUECKUE CETH JOJIKHBI 00€CIeUnBaTh:

a) YPOBHM HaIEKHOCTH 3JIEKTPOCHAOKEHHUSI, KaK MPABUIIO, COTJIACOBAaHHbBIE
MEX Ty YHEPTrOCHAOKAIOIUMY OPTAaHU3AIUSIMHA U TTOTPEOUTEISIMU;

0) HOPMHUPOBAHHOE Kauy€CTBO 3JIEKTPUUECKOI IHEPTUH;

B) BO3MOKHOCTh PACUIMPEHUs MPUMEHUTEIBHO K POCTY JIIEKTPUUYECKHUX
Harpy3o0K, UCMOJIb30BaHUIO HOBBIX CPEICTB aBTOMATH3ALIMHU U HOBBIX TEXHOJIOTUI

00CITy)KMBaHHUS.
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1.3. bananchl MOIIHOCTU. PacuyéTHble NepPeTOKH MOITHOCTH

[TepcriekTuBHBIC OaTaHCHI MOIIHOCTHU U AJIEKTPOIHEPTUU pa3padaThIBAIOTCS HC-
X0/ W3 YCIOBUS peaau3aluyd MPEUMYIIECTB COBMECTHOM pabOThl PErMOHAIBHBIX
sneprocuctem B ODC u EDC Poccuu ¢ yd4€ToM onTUMaIbHOM 3arpy3Ku Hanbosee Ko-
HOMUYHBIX 3JICKTPOCTaHIH [6, 7].

bamancel MmomHocTn coctaBisroTea st O9C, EDC Poccun u permoHaibHbIX
OSHEPTrOCUCTEM B IETIAX:

a)  ompeneneHus oOIIe MOTPeOHOCTH B MOIITHOCTH AJICKTPOCTAHIIUN, HEOO-

XOJIUMOM JIJIs1 HaJIEKHOTO IMMOKPBITUS HATPY3KH;
0)  ompeneneHUs MEPETOKOB MOITHOCTH MEXIY dHEProcucTeMaMu U Tpebo-
BaHUH K MPOIYCKHON CIIOCOOHOCTU MEXCUCTEMHBIX JTUHHM 3JIEKTpOTepe1adn.
banmancel momHocTH cocTaBisiloT 1 OOC mo rogam pacy€éTHOro Inepuona
(5...15 ner). Banancer morHOCTH ODC COCTABIAIOT /IS Yaca COBMEIIEHHOTO MaKCH-
myma EDC (nexabps). bananc montHoctu kaxaor OOC npoBepseTcs Takke IS yaca
COOCTBEHHOT'0 MaKCHUMYyMa Harpy3ku. ITO MO3BOJISET BHISBUTH 3aTPY3KH CBS3EH C Ipy-
rumu OOC. [Ipu cocTaBieHnn 6aanca MOITHOCTH MTOCIEA0BATEIBLHO OCYIIECTBISAETCS
pacy€T ero pacxoHOM 4acTu (MOTPEOHOCTH) U MPUXOTHOM YacTH (IIOKPHITHE).
B xoxe cocraBnenusi 6anaHCOB MOUTHOCTH (HOPMHUPYIOTCS KOHKPETHBIE BapH-
aHThI BBOJIAa MOIIHOCTEW Ha AJIEKTPOCTAHIUAX, CTPOUTEICTBA JIMHUI U MOJCTAHIIHIMA
CHUCTEMOOOPa3yIOIIeH CEeTH.
Br16op cxembl 1 mapaMeTpoB CUCTEMOOOPA3YIONTUX IIEKTPHUECKIX CETeH YHEP-
TOCUCTEM ITPOU3BOIUTCS:
a) 1O IUIAaHUPYEMbIM TIOTOKaM MOUIIHOCTH, KOTOpBIE XapaKTepU3yHOTCs
CPEeAHUMHU YCIOBUSMH HAXOXKJEHHUSI OCHOBHOTO OOOPYIOBaHUS JIEKTPOCTAHIINI
B [IJTAHOBOM U aBapUiTHOM PEMOHTAX;

0) 1O pacu€THBIM MAKCUMAJIbHBIM MOTOKaM MOIIHOCTH, KOTOpPbIE XapaKTe-
PHU3YIOTCSI HEOJMArONMPUATHBIMU COUYETAHUSMH HAXOXKJACHUS B IUIAHOBOM U IOCJIE-

aBapHﬁHOM PEMOHTaxX OCHOBHOI'O O6OPYI[OB3HI/I$I QJICKTPOCTAHIINH.
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[Inanupyemplie notoku MoitHocT Mexay ODC 00yCIOBIEHBI:

a) COBMENIEHUEM MaKCMMyMOB Harpy30K paccMaTpUBaeMBbIX YacTel YHEProcu-
CTEeM;

0)  SKOHOMHYECKON 3(P(EKTUBHOCTBHIO NEpenadu 3IEKTPOIHEPTHUH B3aMEH
TpaHCIOpTa TOIUIMBA M3 OJHOM YacTH PHEPrOCUCTEMBI B JPYTYIO WU 11€JIECO00-
Pa3HOCTHIO MCIOJIb30BAHUS PHEPTUHM U MOIIHOCTU KpynHbIX ['DC, pacmnosioxeH-
HbIX B oHOM OOC, B mepemMeHHOM YacT rpaduka Harpy3ku apyroit O9C;

B)  HECOOTBETCTBHEM BBOJA MOIIHOCTU KPYITHBIX YHEPTOOJIOKOB Ha JIEKTPO-
CTaHIMAX pOoCcTy Makcumyma Harpy3ku OOC.

Jlns oGecnieuenus HanéxHoro pyuknuonupoanus EDC Poccun ¢ anexrpore-
penadamMu OOJIBIION MPOMYCKHOM CITIOCOOHOCTH Ha JajbHUE PACCTOSIHUS U TIPEI0TBpa-
IICHUSI BO3MOXXHOTO PAa3BUTHsI aBApUM MPU UX OTKIIOYCHHUH MPUHSATHI MaKCUMAaJIbHO
JIOTYCTUMBbIE 3HAYEHHUS OTHOCUTEIBHBIX Ne(DUIIMTOB MOIIHOCTU IMPU HOPMAJIbHOMU
CXeM€ M B HOPMAJIbHBIX PEKUMaX pabO0Thl, KOTOPHIE 3aBUCIT OT MOIIHOCTH HAarpy3Ku
B npuémHubIX yactax EHOC.

B cootBeTcTBUM ¢ TpeOOBAaHUSAMHU IO MPEAOTBPAIICHUIO KACKAIHOTO Pa3BUTHUSA
aBapuil MPUHSATO, YTO OTHOCUTENbHBIN Nedunut MoHocTH B ipuéMHbIX OOC He 1011-
’eH mpeBbImaTh 5...10 % uxX MakCUMaabHOW HAarpy3KH.

[Ipomycknas cmocobHOCTh cucteMooOpaszyromux cpszeii E9C Poccun B ceye-
Huax mexay O9C (puc.l.4) onpenensiercs 1o pacu€THBIM MaKCUMaJIbHBIM MTEPETOKAM
MOIIIHOCTH, KOTOpPbIE€ OOYCIIOBIEHBI TUIAHUPYEMBIMH TEPETOKAMU MOITHOCTH MEXIY
OOC u nepetokamu B3auMope3epBupoBanus. [lepeToku B3auMope3epBUPOBAHUS 00Y-
CJIOBJICHBI COKpAIIECHUEM PACUETHOrO OMEPATHUBHOIO PE3EpBa SHEPrOCUCTEM IMPU HX
coBmecTHOM padote B EDC Poccum.

[IpomyckHast criocoOHOCTh MEKCHUCTEMHBIX cBsizeil EDC B cedueHUAX Mexay
O9C He noiKHA OBITh MEHBIIIE BETUYMHBI, IPUHUMAEMOU MPOLEHTOM OT MaKCUMyMa

Harpy3ku MeHblel u3 paccmarpuBaembix yacteid ESC Poccuu cornacuo ta6in. 1.3.
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Puc.1.4. CtpykrypHas cxema EQC

Ta6mmma 1.3. — TpeGoBaHMs K MPONMYCKHON CIIOCOOHOCTH MEXCHUCTEMHBIX CBSI3eH
Makcumym 10 1
HArpy3ki - MCHb™ 1o | 15 | 20 |25 |30 | 35|40 |45 |50 |60 |70 |80 | 90 | 100
men #Mn3 YacCTCu
EBC Poccun, I'Bt Hee
Hponyckras cno- | yg4 | 135|110/ 95(83|75|68|63|58|51|46|42[39]37
coOHOCTE, %

Heob6xoaumas npomnyckHasi CIoCOOHOCTh B CEUCHUSX OCHOBHOM JIEKTPHUECKOM
cetn OOC ompexaensercst TakuM 00pa3oM, 4TOOBI 00ECTICUNBATh:
a)

MaJbHOM CXEM€ CETH B YTSIKEIEHHOM pexuMe (IOcje aBapuUHOTO OTKIIIOUEHHS

MOKPBITHE MaKCUMYyMa Harpy3ku B aepuiuTHeiX yactasx OOC npu HOp-

HamboJee KPYIMHOTO TeHepupYyolero 0ioka B paccMarpuBaeMoit actu O2C mpu
CPEAHUX YCIOBHUSIX HAXOXKIEHHUS OCTAIbHOTO T'€HEPUPYIOIIEr0 000pYyI0BaHUS B
IJIAHOBBIX U TMOCJI€aBAPUUHBIX PEMOHTAaX) MPU UCIOJIb30BaHUU MMEIOMIErocs B
paccmatpuBaeMoit yactu ODC cOOCTBEHHOTO pe3epBa MOIIHOCTH;

0)  TNOKpBITHE MaKCUMyMa Harpy3KH MOCI€ aBapUMHOTO OTKIIOYEHHUS JIIO-

0oro e€ anemMeHTa: TMHUU (OJTHOM LIeNH JBYXIIEMHOW JTMHUM), TpaHchopMaTopa U

T.JI. B HOpMaJIbHOM cxeMe ceTr (kputepuit N-1);
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B) HEoOX0MMbIe KO3((ULMEHTHI 3amaca CTaTUYECKON YCTOMYMBOCTU B
[I0CJICaBapUMHBIX PEKUMaX U YCIOBUA PUMEHEHUs IPOTUBOABAPUMHON aBTOMa-
TUKU JUIsl 00eCleYeHus! YCIEeIHOCTH MEePEXOIHBIX MPOIIECCOB JTOJKHBI COOTBET-
CTBOBATh TPEOOBAHUSM 110 YCTOMYMBOCTH IHEPTOCUCTEM:

[To maHMpyeMBbIM NEPETOKAM MOLIHOCTH Py, OHNPEIENIOT CEeYeHHEe IPOBO-
noB JIDII, moTepu MOLIHOCTH U SHEPTUH, CIIOCOOBI PE3EPBUPOBAHUS JIEMEHTOB CETH.
[To MakcUManbHBIM NEPETOKAM P, ONPEAEIsIoT NPOIyCKHYIO CIIOCOOHOCTh CETH.
[Ipu onpeneneHny IIAHUPYEMBIX U MAaKCUMAJIbHBIX MTEPETOKOB pacCMaTPUBAIOTCS CE-
yeHus cetu, pazaesstone 39C Ha 2 JyacTH.

[Ipu pacuére miIaHUPyEMBIX NMEPETOKOB YUUTHIBAIOT OaJaHCOBBIC MEPETOKU M
NEPETOKU, ONpEeIeIieMbIe HEPETYIIPHBIMH KOJIEOAaHUAMH HArpy3Ku. bamaHCoOBBI 1e-

PETOK P6a.n IO Y4aCTKY CCTU OIPCACIIACTCA Ha OCHOBC aHAJIN3a OajlaHcoB MOIIIHOCTHU

0 OTAEILHBIM dHEproysiaaM. Jlis AByXy310B0ii cxeMbl DDC
Poan = Nmax _(Ppacn - R) ,

rae Npax — Harpyska ogHo yactu 99C B 4ac roqoBOro MakCUMyMa Harpys3KH;
Ppacn — pacrojiaraemMasi MOIIIHOCTh AJIEKTPOCTAaHIIUM B ATOM ke yactu DIC;

R — pe3epB MomtHOCTH, pa3MeNIEHHBIN B 3TOH ke yactu DIC.
Pe3epB R pomxkeH ObITh HE MEHEE CYMMBI PEMOHTHOTO Pe3epBa U MaTeMaTHYE-

CKOTO OKMJAaHUSI MOITHOCTH, HAXOISINIEHUCS B aBAPUITHOM MPOCTOE.
[Ipu HeperyIsapHBIX KOJIEOAHUSX HAarpy3KH B y3J1aX MEPETOKU MOITHOCTH MOTYT
MIPEBBINIATh 3HAUYCHUSI OaJaHCOBBIX MEPETOKOB. BennunHa OajaHCOBBIX MEPETOKOB

KOPPEKTUPYETCS CIEAYIOIUM 00pa3oM:

2 2
IaH — VP6aJ1 +G -,

P



18

I7I€ G —CPEAHEE KBAAPATUYHOE OTKIIOHEHUE HATPY3KU MEHBILIEN U3 pacCMaTPUBAEMOM

gacten 99C.

6=KNpax » K=4+5.

MaxkcumanbHble IEPETOKU Py, B ceTax OOC onpenenstor myTéM Hal0KEHU

Ha OalaHCOBbIE MEPETOKU JOMOIHUTENIbHBIX MEPETOKOB, BOZHUKAIOIIUX B TOCIEaBa-
PUIHBIX pexnMax. B aTux pexxnumax ucnosib3yeTcst pe3eps oaHoi yactu O3C s mo-

KpBITUA eUuiMTa MOITHOCTH B IPYTOM.
Phax = Psay +L2R5° — RP®M,

rae R)° — pacuérHblii onepaTuBHbIi peseps yactu OOC mpu e€ N30IMPOBAHHOM pa-
0ote 11 oOecrieueHus uHaeKca HaaéKkHocTH B pasmepe 0,996,
R})’a‘“’M — Y4acCTh OMEPATUBHOIO pe3epBa pasMelEHHOro B JanHoi yactu OIC.

HpI/I BBIIIOJIHCHUHN YCJIOBHUSA 3KOHOMHUYHOI'O PACIPCACICHUA HArpy3ku MCKIY
QJICKTPOCTAHIUAMU MOTI'YT IIOABJIATHCA PCKHUMHBIC IICPCTOKH, ITPCBBINIAIOIITNUC OajnaH-

coBbi¢ (puc. 1.5).
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Puc. 1.5. Pexxumuble nepeToku B ABYXYy3J10Bo# cxeme ODC:
a — B OKOJIOIIMKOBBIE Yachl; O — B 4aChl MUHUMYyMa Harpy3Ku;
1-0orKOC;2 -0o1IDC.

OTU NEepeTOKU BO3ZHUKAIOT MPU HECOBMAIeHUH rpadukoB Harpy3ku yacteir O2C

U pa3InIAi pSKUMOB PabOTHI JIEKTPOCTAHITUH, pACTIONOKEHHBIX B HUX [8].

1.4. 3agaum NpoeKTHPOBAHUS IJTEKTPUUECKUX ceTell

OO6uielt 3a1auei MPOEKTUPOBAHUS SHEPTOCUCTEM U JIEKTPUUECKUX CETEH SIBIISI-
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I0TCA pa3paboOTKa C y4ETOM HOBEHIIMX JOCTUKEHUN HAYKH U TEXHUKHU U TEXHUKO-3KO-
HOMHYECKOE€ 000CHOBaHUE PELICHUH, ONPENeIomUX ((OPMUPOBAHUE FIHEPTOCUCTEM
1 00bEIMHEHUH, pa3BUTHUE IJIEKTPUUECKUX CTAHI[UH, JIIEKTPUUECKUX CETEH U CPENICTB
UX SKCIUTyaTalllK U YOPABICHUS, [IPU KOTOPBIX 00€CIIeUnBAETCA ONTUMAaJIbHAS HAJEXK-
HOCTb CHa0KE€HUS NOTPEOUTENEeH AIIEKTPUUECKON U TEIUIOBOM SHEPruei B He0OX0a1-
MBIX pazMepax 1 TpeOyeMOro KauecTBa ¢ HAMMEHbBIIUMHU 3aTPaTaMH.

[IpoexTpoBaHUE pa3BUTHS DIEKTPUUECKUX ceTeil BbimoaHsAercs ana EHOC
Poccuu u pacnpenenurensHol ceTu 3HeprocucTeM. BriOop cxeM AJIeKTpUUYECKHUX ce-
TE BBIMIOIHACTCS, KaK MPABUIIO, HA CIEAYIOLINE NEPCIEKTUBHBIE YPOBHH:

a)  EHOC — pacuetnsiii cpok 10 ner;

0) pacmpenenuTeNbHas CETh — PACYETHBINA CPOK 5 JIET;

B)  CETh BHEIIHETO DJJEKTPOCHAOKEHUS MPOMBIIUICHHBIX MPEaNpUsTUH,
ANEKTPUPUIUPYEMBIX YUACTKOB JKEJIE3HBIX JOPOT, IEPEKauNBaOIUX CTAHLIUN Ma-
TUCTPAJIbHBIX HE(TENpOBOIOB, Ta30MpPOBOJOB M IMPOIYKTONPOBOJOB, BbLAAUN
MOIIIHOCTH 3JIEKTPOCTAHIMM U T.II. — CPOKU BBO/IA B pabOTy (OCBOEHHSI MOIIIHOCTH)
00BEKTa, C KOTOPBIM CBS3aHO COOPYKEHHE NMPOECKTUPYEMOM CETH.

IIpy npOeKTUPOBAHUM PA3BUTHUA DJICKTPUUECKUX CETEH PEIIAIOTCS CIIEAYIOIINE

3a/1a4H:

a)  BbIOOp HANPSKEHUS U CXEMBI CETEH;

0)  ompexaeneHUe MECT Pa3MEILEHUsI HOBBIX MOICTAHIIHII;

B)  IpeIBapUTEIbHBIA BBHIOOP CXEM AJIEKTPUUYECKUX COCAMHEHUH 3IIEKTPO-
CTaHIIMM M MOJCTAHIINM;

r) ONpPENEIICHNE CEYECHUS IPOBOJOB JIMHUK DJIEKTpONEpenadyu, 4Yhcia U
MOIITHOCTHU TpaHC(OPMATOPOB Ha MOACTAHIUAX; BEIOOP CIIOCOOOB PEryIMPOBaHHUS
HAIIPSDKEHUS U PACTIPEICICHHE MOIHOCTEN B CETAX;

1)  OIpEAeNIEHWE TUIla, MOIIHOCTH M pa3MEIICHUs KOMIIEHCUPYIOINX
YCTPOWCTB;

€)  pa3paboTka MEepONpUsATUH MO orpaHuyeHuto TokoB K.3.;

%)  000CHOBaHHE 3KOHOMHYECKOU 3(P()EKTHUBHOCTH HAMEUEHHOI'O Pa3BUTHUS

CeTH;
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3) ornpeeneHne 00beMOB KallMTaIOBI0KEHUH U OYEPETHOCTH COOPYKEHHUSI
AIEKTPOCETEBBIX OOBEKTOB.

[IpoektupoBanue pazputus EHOC Poccum BBINOTHAETCA B CXEME Pa3BUTHUS

EDC n O2C Poccun u cxeme passutusa EHOC n BKIro4aeT ciaeayromme TEXHUKO-3K0-
HOMHMYECKHUE 3a1auH [6]:

a)  pasBurue ocHoBHOM cetr EQC Poccuu n otaensubix O9C 1 obecrneue-
HUS CUCTEMOOOpa3yromux (yHKIHMH, peanu3aiui MEXCUCTeMHBIX 3()(PEKTOB U
HAJEKHOCTH TIepe/layul dJIEKTPOIHEPTUH;

0)  HaJexHas BblJauya MOUTHOCTU KPYIHBIX 3JIEKTPOCTaHIIUH;

B)  HAJEKHOCTh MUTAHUSI KPYITHBIX HATPY30YHBIX Y3JIOB;

r) 000CHOBaHUE SKOHOMUYECKOH 3(h(PEKTUBHOCTU COOPYKEHUS OTAEIBbHBIX
ANEKTPOCETEBBIX OOBEKTOB (MOJCTAHIIMN U JIMHHUM dJIEKTpOTIepe1adun ).

[Ipu pemennn 3a1a4 NpOEKTUPOBAHUS PACTIPEAECIUTEIBHON CETH YHEPTOCUCTEM

BBITIOJTHSAETCS 000CHOBAHNE TEXHUKO-2KOHOMHUYECKUX PEIICHHUH T10:

a)  BbLJA4Y€ MOIIHOCTHU 3JIEKTPOCTAHLIHI;

0)  BHEIIHEMY JJIEKTPOCHAOXEHHIO OTIEIbHBIX KPYMHBIX MOTpeOUTENeH
(SHEPrOEMKHUX MPOMBINIJICHHBIX MOTPEOUTENEH, IEKTPUPUIIUPYEMBIX YYaCTKOB
KEJIE3HBIX JOPOT, MePEeKaYNBAIOIINX CTAHIIMNA MarucTpalbHbIX HE(Te- U ra30mpo-
BOJIOB U JIp.);

B)  00ECHEeYeHHIO Ha/I)KHOTO MUTAHUS Harpy30YHBIX Y3JI0B.

B cocTaBe paboT 110 pa3BUTHUIO IIEKTPUUECKUX CETEN BBINOIHAETCS PEIBAPU-
TEJNBHOE ONPEIEICHUE YaCTH NapaMeTPOB HAMEYAEMBIX K COOPY>KEHHIO AIEKTPOCTaH-
Ui (3JIEKTpUYeCcKas YacTh), MOJICTAHIINI U JIMHUH 3JIEKTpOIiepe1ay, yTOUHSIEMbIX Ha
MOCHEAYIOMIMNX CTAAUSAX MPOCKTUPOBAaHUS ITUX 00beKTOB. K 3TUM mapameTpam OTHO-
CATCHL:

a) DNEKTPOCTAHIIMU: HAIMpPSIKEHUS] pachpeaenuTeNbHbiX ycTpoucTB (PVY),
yucio orxoAsuux BJI m ux HampaBieHue, pacnpeesieHue reHepaToOpoB MEXAY
otnesbHbIMUA PY, MOIITHOCTH TpaHCHOPMATOPOB CBSI3H; PACUETHBIC TAPAMETPHI TO-
koB K.3., TpeboBanus k cekuroHupoBaHuto PY no yciaoBusM paboThl ceTH, Npo-

THBOABAPUIHON aBTOMATHUKHU U PEIICTHOM 3alUTHI.
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06) Iloacranuuu: paiion (nmyHkr) pazmewenus [1C; nanpsixenus PY; peko-
MEHJIaIK 1o npuHIunuaibHoi cxeme PY 110 kB u Briiie, TpeGoBaHUS K CEKIU-
OHUPOBAHUIO CETH; IICKTPUUECKNUE HATPY3KU MOACTAHIIMN, MOIIHOCTh U KOJIUYE-
CTBO TpaHC(OPMATOPOB; YKCIIO U HaIpaBiicHUEe JUHUN HampsikeHuem 110 kB u
BBIIIE; TUIl U MOITHOCTh KOMIICHCUPYIOIIUX YCTPOMCTB; pacCUETHbIC 3HAYCHUS Ma-
pameTpoB TokoB K.3.

B)  JIuHuMM snekTpomnepenayur: HarpaBieHUs, TOAXObl U MPUCOEIUHEHUS K
MOJICTAHIIMHU; HAMNPSIKEHUE; CEYEHUE IMPOBOJOB, KOHCTPYKIMS ¢asbl, CpelcTBa
KOMIIEHCAIIUU 3apsiTHOW MOIIHOCTH, MPUCOCINHEHUE K CETH IIYHTUPYIOIIUX pe-
aKTOPOB.

TexHOoMOoTHs MPOSKTUPOBAHUS DJICKTPUUECCKUX CETeH MOXKET OBbITh MPEJCTaB-

JICHA TIOCJIeIOBATEIbHOCTBIO CIICIYIONUX ATanoB [8].

1. ®opmupoBanue (CUHTE3) BO3MOXKHBIX BAPUAHTOB PA3BUTHS AIEKTPHUUESCKUX
ceTeil, obecrneunBarOIMX MOTpeduTeneii HeOOXOAMMBIM KOJIMYECTBOM IHEPTUU MPHU
HOPMAaTHMBHOM KauecTBE. DTOT ATal SBJISETCS HauboJiee OTBETCTBEHHBIM ATAIlOM IPO-
EKTUPOBaHUs. 3/1€Ch UCTOIB3YIOT 0000IIEHHBIE PEKOMEH Iallui, OCHOBaHHbIE HA aHa-
JIM3€ OMbITa IPOEKTUPOBAHUSA U CIIELMAIBHBIX Uccaeq0BaHU. OCHOBHBIE pEKOMEHA-
U 10 TOCTPOEHUIO CXEM DIIEKTPUUYECKUX CETEH COJIepkKATCA B YKa3aHUSAX U HOpMa-
TUBaX IO MPOEKTUPOBAHUIO Pa3BUTHS dHeprocuctem. [ popmupoBanusi BapuaHTOB
Y UX IOCIEAYIOIIEr0 aHAIN3a UCMOJIB3YIOT ONTUMU3ALHMOHHBIE MATEMAaTUYECKNUE MO-
NI, aBTOMATU3UPYIOIIKUE TPy NPOCKTUPOBIIUKA.

2. TexHuyecKuil aHaIU3 BApUAHTOB Pa3BUTHS AJIEKTpUUYECKuX cereil. Ha atom
3Tare NpoOBEPSIOT COOTBETCTBUE TEXHUUYECKUX XaPAKTEPUCTUK BO3MOXKHBIM YCIOBUSIM
paboThI B 3HEprocucTeme. JIJist 3TOTr0 BBITIONHSIIOT PacYEThl PEKUMOB HA pacCMaTpH-
BaeMYIO MEPCIEKTHRY, AHAIM3UPYIOT MPOTYCKHYIO CITOCOOHOCTh CETel U TpeOyeMyto
HaJIEKHOCTD AJIEKTpOCcHa0X)eHus notpeduteneil. Ha ocHoBaHMU 3TUX pacu€ToB ompe-
JEJSI0T MOKa3aTeau He0OXOAUMBIE JI1 SKOHOMHUUYECKOTO COMOCTABJICHUSI BAPUAHTOB
(moTepu NEKTPOIHEPTUHU, MOTPEOHOCTh B SHEPropecypcax, MaTeMaTUYECKOe 0XKHIa-

HUE HEJOOTIYCKA DJIEKTPOIHEPTUHU U JIP.).
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MeTobpl TEXHUYECKOTO aHaIM3a Pa3IuyHbl Ha CTaJAUU OOOCHOBAHUS BAPUAHTOB
Ha JJaJIeKyI0 MEPCIEKTUBY U Ha CTaIMM PACCMOTPEHHUS OTOOPAHHBIX BAPUAHTOB Pa3BU-
Tus. B mepBom cirydae He0OX0AUMO MOJIYYUTh 000CHOBaHUE YKOHOMUYECKHUX IMOKa3a-
TeJIE BapuaHTOB. [103TOMY MOYKHO MCIOJIB30BaTh YIIPOLIEHHBIE METOABI pPacu€Ta pe-
’)KMMOB, HaJIEKHOCTH H T.]I.
Bo BTOpOM ciiydae HEOOX0IUMO ONPEICIUTh U 000CHOBATh TEXHUUYECKUE MEPO-
npUsATUS TI0 oOecTieueHu o TpeObyeMoro KauecTBa U HaJAEKHOCTH JIEKTPOCHAOKEHHUS.
3neck He0OXoaMMa JeTaabHask MPOBEPKa TEXHUYECKON JOMYyCTUMOCTH BapUAHTOB.
3. DKOHOMHYECKAS OLIEHKA U COMOCTABICHUE BapUAHTOB PA3BUTHS DJICKTpUUE-
CKUX CETEW BBIMOJHSIETCS MyTEM pacuy€ra KaruTaJIOBIOKEHUN, U3IECPKEK TPOU3BOI-
CTBa, TUCKOHTUPOBAHHBIX 3aTPaT U JTOXOJIOB.
4. Ha mocieaHeM dTare moAroTaBIMBaOT CBOJHBIE TTOKa3aTeH, HEOOXOUMBbIE
JUI TUTAHUPOBAHUS PA3BUTHS DJIEKTPOIHEPIEeTUKM M OPraHU3alUU IIPOECKTUPOBAHUS
OTJEIBHBIX 00BbEKTOB cucTeMbl. Cpean ATUX MokaszaTeneil: coctaB BBoguMbIX JIDII u
NOJICTaHIIMH, 00bEM KalUTAIOBIOKEHUH, MTOTPEOHOCTH B 000PYAOBAHHH.
OcHOBOH 111 TPOEKTUPOBAHMS PA3BUTHS DJIEKTPUUECKUX CETEH, KakK MPaBUIIO,
SIBJISTFOTCSL:
a) OTUY€THBIE TMOKa3aTeld PabOThl IHEPTOCUCTEM M OTAEIBHBIX MPEANpHsi-
THH;

0)  JaHHBIE O CTPOAIIUXCS DIEKTPOCTAHITUSAX U DTEKTPUICCKUX CETAX;

B) IIPOEKTHI HAMEYAEMBIX K COOPYKEHHUIO JJIEKTPOCTAHIMU U BJIEKTpUYE-
CKHX CETe;

r) IJIaHbl Pa3BUTHS DHEPTOCUCTEM Ha OJIMKaWIlINe TOMbI;

)  Marepualbl, XapaKTEePU3YIOIIUE MEPCIEKTUBBI Pa3BUTHS JIEKTPOIHEPTE-
TUKHU CTPaHbl U peruoHa (Hampumep, sHepreTudeckas crparerus Poccun Ha non-
TOCPOYHBIA MEPUOJ, CTPATETUsl PA3BUTHUS DIIEKTPOIHEPreTUKU Poccum Ha nonro-

CPOYHBIN TIEPUOJ, U AP.);



24

€)  Hay4YHO-HCCJEJO0BATEIbCKHE pPalOThI, XapaKTEPU3YIOIIHUE TEXHUYECKHIl
Iporpecc Npou3BoACTBA, Epeauu, pacupeieeH s U HOTPeOIeH!s AIIEKTPOIHEP-
I'MH, TEXHUKO-9)KOHOMHUYECKUE TIOKA3aTeNIH 3JIEKTPOYCTAHOBOK M 3JIEKTpoIepeiad
pa3IMYHOTO THUTIA;

K)  OTUETHBIC JaHHBIC U HHPOPMAIIHS IO TEPCIICKTHBAM () YHKITMOHUPOBAHHUSI

Y pa3BHUTUs, IPEIOCTaBIsIeMasi CyObEeKTaMHU PHIHKA.

Psin ucxomHBIX MOKa3aTeNnel, XapaKTepu3yoInuX OyAyIIie YCIOBUS Pa3BUTHUS
OHEPrOCUCTEM, HE SBISIOTCS MOJHOCTHIO ONPEACTEHHBIME M TIO Mepe MOTyueHUs HO-
BBIX PE3YJIBTATOB OMBITHO-KOHCTPYKTOPCKUX, HAYYHO-HCCIEIOBATEIILCKUX U TIPO-
€KTHO-U3bICKATEIILCKUX padoT, a TaKKe 10 Mepe MOCTYIUICHUsSI OTYETHBIX JAaHHBIX O
XO0JIe peajn3alii HaMEYCHHBIX IUIAHOB, B TOM YHCJIE U OT CyOBEKTOB PBIHKA, HEIpe-

PBIBHO YTOYHSAROTCH.

1.5. Omnenka 3xoHOMHUYeCKOil 3P PeKTUBHOCTH HHBECTUIIMI B Pa3BUTHE

JIEKTPUYECKHUX CeTel

Jlns o6ocHOBaHUS 3(PHEKTUBHOCTH BApUAHTOB PA3BUTHS JIEKTPUUCCKUX CeTel
UCTIOJIB3YIOTCS KpuTepun [9]:
a)  9(QEeKTUBHOCT, C TO3WIMA HWHTEPECOB HAIMOHAIBHOTO XO3sSHCTBA
CTpaHBbI B I[EJIOM;
06) xommepueckas (puHancoBas) 3hEeKTUBHOCTD, YIUTHIBAIONIAS (PUHAHCO-
BBIC TMOCTICACTBHS PEeATU3AINH MPOEKTA ISl €70 HETOCPEACTBEHHBIX YUaCTHUKOB.
JIJ1st 57€KTPOCETEBBIX OOBEKTOB MOHOIIOJIBHOTO PETYJINPYEMOTO CEKTOpa IHEP-
TeTHKU OIICHUBACTCS TOJIBKO oOmecTBeHHast 3P eKTHBHOCTD. [T 0OBEKTOB KOHKY-
PEHTHOTO CEKTOpa IHEPreTUKH, (PMHAHCUPYEMBIX KOMMEPYECKUMH OpPTaHU3aIlUSIMH,
olleHUBarOTCs 00a Busa 3PHEKTUBHOCTH.
[Tpu mpoBeneHNN YKOHOMUYECKUX PACUETOB MO COOPYKAEMOMY DJIEKTPOCETE -

BoMY 00bekTy (BJI n moacTanuuii) cneayeT yYuThIBaTh psiji 0COOEHHOCTEH.
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[lepBast 3axmroueHa B TOM, 4TO IPUOBLITH 00paszyeTcs B MpoIiecce IPON3BOICTBA,
nepeaavn, pactpeeleHus U Peaan3aluil dJIEKTPOIHEPTUH, T.€. B PE3yIbTaTe COB-
MECTHOT'O Y4aCTH JJIEKTPOCTAHIUHI, SJEKTPUUECKUX ceTeil u motpedurens. [lorTomy
npu onpeaeneHun 3HGEKTHBHOCTH KaTUTAIBHBIX BIOKEHUH B 3JIEKTPOCETEBBIE 00B-
€KTHI JIOJDKHA YUUTHIBATHCS YacTh OOIIeH MPUOBUTH YHEPTOCUCTEMBI OT pealu3aluu
AIIEKTPOIHEPTUH.

Bropast 0cOOEHHOCTh COCTOUT B TOM, YTO MO CBOEMY Ha3HAUEHHUIO DIIEKTPOCe-
TeBbIe OOBEKTHI MOTYT OBITh MOAPA3/ICICHBI HA COOPYKAEMBIC IS

a)  BBIJAYM MOIIHOCTH DJICKTPOCTAHIIHIA;

0)  yBEIWYEHHS MMPOITYCKHOHW CIIOCOOHOCTH YYaCTKOB CETH B CBSI3U C POCTOM

NIEPETOKOB;
B)  YCWICHHsS DJICKTPOCHAOXKEHHs Y3JI0B HArpy3Kd W BHEIIHETO 3JIEKTPO-
CHa0XeHUs MOTPEOUTENCH;

I)  COKpalIEHUs MOTEePb AIEKTPOIHEPTUH B CETH;

1)  TIOBBIIICHUS HaJAEKHOCTHU AIIEKTPOCHAOKEHHUS.

[IpakTuyeckn KakIblii OOBEKT BBIMIOJIHIET HECKOJIBKO U3 TMEePEeYUCICHHBIX
bynkiuii. OcHOBHOM (DakTOp 0OOCHOBaHMS PKOHOMHUYECKOW 3(PGHEKTUBHOCTH IS
BCEX IPYMI 0OBEKTOB — 3TO BO3MOXKHOCTh YBEJIIMUEHUS PETU3AIIUHU DIIEKTPOIHEPTUU
NOTpeOUTEISAM M, KaK CJIEACTBHE, 0Opa30BaHUE JOMOTHUTEILHON MPUOBLIN B dHEP-
rocucteme [10].

Kax npaBuiio, coopyxaemMbie 00BEKThI OTHOCITCS K TPYIIIAM «a» — «B», JIJISl KO-
TOPBIX XapaKTEPHO, YTO UX BBOJI MPUBOAUT K YBEITUYEHUIO MPOITYCKHOM CITOCOOHOCTH
cetu. B pesynbrate obOecreunBaercs nepenadya JOMOTHUTEIbHOM 3IEKTPOIHEPTUU
MoTpeOuTENSIM 1 00pa3oBaHUE MPUOBUTH B SHEPTOCUCTEME.

CrouMOCTHast OIIEHKA pe3yNIbTaTa COOPYKEHHUS IEKTPUUIECKON CEeTH OTpeaes-

etcst o popmyae [11]

Oyt =T, (jW — W)+ AIL (1.1)
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rae T, — cpenHeB3BEUICHHBINH Tapu( Ha HIEKTPOIHEPTHIO B JAHHON dSHEPrOCUCTEME;

W' — nomonHuTeNnEHOE NOCTYIUIEHHE SIEKTPOIHEPTHH B CETh, 00YCIOBIEHHOE CO-
OpPYKEHHEM 3JICKTPOCETEBOT0 OOBEKTA;
] — OJIS CTOMMOCTH pPeaju3allii JJICKTPOIHEPIrUH, OTHOCHMAs Ha 3JICKTpHUe-
CKYIO ceTh (Tabi. 1.4);
OW — u3MeHeHMe MOTeph HIEKTPOIHEPTUU B CETH;
AIl — yBenuueHre npuObUTH 32 CYET MOBBIIMICHHUS HAIEKHOCTH U JAPYTUX (PakTo-

POB, BIUSAIOMIMX HA YKOHOMHUYECKUHN 3P (DEKT.

Tabauma 1.4. — 3HaueHuss KO3PPUIIHUCHTA |

HommuHanpHOE HanpspkeHue ceTtr, KB 750 -500 | 330-220 | 110-35 | B menom
Koaddumuenr j 0,04 0,09 0,17 0,30

Yucnennsie 3Hauenus seauuna W, OW B (1.1) onpenensiercst B 3aBUCUMOCTH
OT Ha3HAYEHUSI DJIEKTPOCETEBOTO OOBEKTA:

® ¢€CIIU COOpYKaeMbIi OOBEKT IMpeaHa3HAYCH JJI BBIJAYM MOITHOCTH 3JIEKTPO-
CTaHIIMM WJIM BHEIIHETO JJIEKTPOCHAOEHMs y3ja Harpy3KH 10 paguaibHOMN
cxeme, To W cooTBeTCTBYeT 3HEpruM NOCTYNMBIIEH B JaHHBIH 00bekT, a OW —
norepu B 3ToM oobekte (JIDII, moacranius);

® ¢ClIi OOBEKTHI COOPYIKAIOTCS B 3aMKHYTOM CETH, U MX BBOJI IPUBOIUT K TEpe-
pacrpe/ieJIeHHIO OTOKOB MOLIHOCTH B CYIECTBYIOIIUX dlIeMenTax cetu, To W
COOTBETCTBYET JOMOJHUTEIBHOM JIEKTPOIHEPTHUH, KOTOpast OyACT IMOCTYIaTh B
CETh pacCMaTPHBAEMOI'0 PaliOHA B CBS3H C BBOJOM IIPOCKTUPYEMBIX OOBEKTOB,

a OW — u3MeHeHUe MoTEph B HTOH CeTH:

OW =AW"—AW’,

raie AW" — norepu B CETH MOCJIC BBOJa OOBEKTOB,;

AW' — notepu B ceTH 10 BBOJIa 0OBEKTOB.



CeteBble OOBEKTHI, CIICIHAIEHO COOPYKaeMbIe ISl COKPAIICHHs TTOTePh WU
MOBBINICHUSI HANEKHOCTH, Ha MPAaKTUKE BCTpeuaroTces penako. Onpeaenenue 3 dek-
TUBHOCTH KalTUTAIBHBIX BIIO)KCHHUH B 00BEKTHI TPYIIIT «I» U «I» CBOISATCS K TOMY, YTO
COKpaIIeHHE MOTePh WM CHIKEHHE YyIIepOa OT HEAOOTITyCKa dIIEKTPOIHEPTUHU COOT-

BCTCTBYCT YBCIIMYCHHUIO pPCaAIM3allMM M, KaK CICACTBHUC, YBCINYCHUIO HpI/I6BIJ'II/I B

OHCProCcucTcMme.

Jist oueHkn 3¢ (PEeKTUBHOCTHU KaNMTAIbHBIX BJIOKEHUU UCIIONIB3YIOTCS IPOCTHIE
U UHTerpaibHble kputepuu (puc.l.6). IIpocTeie KpUTEpUU HE YUUTHIBAIOT BCIO IMPO-
JNOJKATEIIBHOCTh CPOKA KU3HU MPOEKTAa M HEPABHO3HAYHOCTH JIEHEKHBIX MOTOKOB.
OHU HCTHONB3YIOTCA IJI SKCIPECC-OLUEHKH MPOEKTOB HA MPEABAPUTENBHBIX CTAAUAX
pa3pabotku. IHTerpanbHbie (IMHAMUYECKHE) KPUTEPUHU ONIEPUPYIOT C TTOKA3aTeIsIMU
paboThl MPOEKTUPYEMBIX 0OBEKTOB IO I0/IaM PAaCYETHOTO Mepuo/ia ¢ y4€ToM pakTopa

BpeMen# [10]. B uHTErpambHBIX KPUTEPHSIX PACXOJBI U JIOXO/IbI, pa3HECEHHBIC BO BpE-
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MEHH, PUBOAATCS K oHOMY (6asoBomy) MomeHTy Bpemenu T, (T,,=0).

JKOHOMHYecKoe 0DOCHOBAHHE HHBECTHHHOHHOIO

NpOSKTA
| ]
IKOHOMHUECKAA ONEHKA PUHAHCOBAA OUEHKA
(adpderrTnBHOCTE HHBECTHIMIT) (dHHAHCOBAR COCTOATENBHOCTL)
Tlpocreie Meroas 0"'“6""' o 01;':; © e‘f{g’;"e' Banauc
{cTaTHuecKne) AHUCKOHTHPOBRHHA NIPHOBLTH A -
METOAE! HBIX CDEACTB
l 1 T H
IIpocran Tpocroit Ynersrit BryTtpen- Hucxon- || KosdodunuenTnt
HODMAO CPOK OKY- AOHCKOH- HAA THPOBAHHBIN ¢$HHAHCOBOH
MpUGRINY IoeMoCTH THPOBPH- HOpMa CPOK OLeHKH
HEBIit Aoxon- OKYIIAeMOCTH
Aoxon HOCTH

Puc.1.6. CxeMa HUCIIOIBb30BaHUS METOLOB OLEHKU WHBECTHIIAI

OCHOBHBIM HHTCIPpAJIbHBIM KPUTCPUCM ABJEACTCA MAKCUMYM YHCTOT'O JHMCKOH-

tupoBanHoro noxoxa (Y1J1) npu yemosum YJ1/1>0 [9, 10].

TP
YT = (Mg + Wy — K¢ ) (1+E) ™" = max,
t

(1.2)
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rne Il —4ucras npuOsLIb B roay t;

N, — aMOpTU3aLIMOHHBIE OTYUCIIEHUS HA PEHOBAIMIO B rofay t;

at
E — HOpMaTuB AMCKOHTHUPOBaHMUS (CTaBKa JOXOJAHOCTH);

K — uHBeCcTHLIMNU (KalUTaIOBIOXKEHUS) B rofy t;

Tp — JUTUTEJIBHOCTh pacuéTHoro nepuoja (puc.1.7).

HrecTrpoBanne

—

e
ITIpoexTH- Crpomrenncreo Ocso- HopManbHas skcmiayarauus JIMKBH-
poBanue eHHKe panus
|
I

TTonyuyenne noxona
PacuerHbifi nepuog

Puc.1.7. CocraBnsronme pac4€THOTO NEpUoIa

[Tpu onpeneneHny MIaHUPyEeMOH MPOIOJKUTETEHOCTH CTPOUTEIHCTBA UCXOIST
U3 YTBEPIKIEHHBIX HOPMATHUBHBIX CPOKOB (Tadu. 1.5).
[Ipy HEM3MEHHOCTH JIEHEXKHBIX MOTOKOB 1Mo rogam YJIJI ompenensiercs yepes

cyMMy K03 uuneHnToB auckoHTHpoBanus Dg mo dpopmyine:
yaa = (11, + U, ) Dy — K = max. (1.3)
Bennunna uncroii npudsum B (1.2) u (1.3) paBHa
Iy = (Opt_Ht) (-tan),

rae Opt — CTOMMOCTHAasI OTICHKa Pe3yIbTaTOB pabOThl 00BhEeKTa (00BbEM peaTn30BaHHON

ANIEKTPOIHEPTUN) B roay i;

Wi — cyMMapHbI€ 3KCILUTyaTallHOHHBIE U3EPKKHA HA PEMOHT U 00CITyKUBaHHE B

rony t;

Ol — CTaBKa Hasora Ha npuosuib (20 %).

Hal1
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Tabmuua 1.5 — Hopmel nponomkurenbHocTH cTpoutenberBa BJl 35-750 kB

Hamnps- | Kommue- | JInuna, | IIponomxu- Hanpsa- | Kosmue- | [Jnuna, | IIponosmku-
KEHHUe, | CTBO Iie- KM TEIbHOCTh JKEHHUe, | CTBO Lie- KM TEJIbHOCTh
kB TIEH, CTPOUTEIIb- kB eu, CTPOUTEIIb-
T CTBa, T CTBa,
Mec Mec
35 1-2 20 3 220 2 100 7
40 4 150 9
80 7 250 13
110 1 50 5 330 1 100 6
100 6 200 9
150 8 400 15
110 2 50 5 500 1 100 7
100 7 200 10
150 9 400 17
220 1 50 5 600 24
100 6 750 1 200 12
150 8 300 16
250 11 500 24
220 2 50 5 700 30

[Ipu cpaBHEHUM HECKOJBKUX BAPHUAHTOB BHIOMPAETCS BapUaHT C HAUOOJbIIEH

BennunHor YJIJI. OmHako HEOOXOAMMO OTMETHTh, 4TO BenwuuHa YJIJ1 3aBucut ot

MaciitTaba MpoeKTa, MPOSBISIONIErocs B «pU3NIECKUX» 00beMax HHBECTHUIIUHN U TPO-

u3BojicTBa. Hampumep, mpu BeiOope Hanpsokenus cetu JIDII 6onee BricOKOTo Hamps-

YKEHHS TTOTpeOyeT OOJBIINX KANUTAIOBIOKEHUN, OHAKO MOXKET UMETh M OOJIBIIYIO

MPOMYCKHYIO CIIOCOOHOCT.

OTCIOIIa CICAYCT €CTCCTBCHHOC OI'PaHHMYCHHUC HAa IIPUMCHCHHC 3TOro MCTOJa

IIpu CpaBHCHHUHN 3HAYUTCIIbHO PA3INYArOMINXCA I10 ATOM XapaKTCPUCTUKEC ITPOCKTOB!:
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oonpiiee 3HaueHue Y11 He Bcerna OyneT cOOTBETCTBOBATH Oojiee 3(hPEeKTUBHOMY Ba-
pPHAHTY KalHMTaJOBIIOKeHUW. Haue roBopsi, Takue BapHaHThl HEOOXOJUMO MPHUBO-
JUTH B COTIOCTABUMBIN BH/I TIO TPOU3BOJCTBEHHOMY d(PQEKTYy.

[Tokazatenb OJuckonmuposanuwvix 3ampam (1.4) ymoOHO HCIOIB30BaTh IPHU
CpPaBHEHUH BapUaHTOB, UMEIOUIUX OJMHAKOBBIM MPOU3BOACTBEHHBIN 3P (DekT (00bEM
peanu3oBaHHOM npoaykimu) [11], a Tak:ke BaprHaHTOB MPOEKTOB, BOOOIIE HE COMPO-
BOKJAIOIIMXCS IEHEKHBIMU MMOCTYIUICHUSIMH, HAIIPUMED BBIOOP THIIA OCBETUTEIHHBIX

HpI/I60pOB JJIs1 IIOMCIIICHU .

Tp

3, = 2 (M + Ky~ Koy )1+ E) ™™ = min, (1.4)
t

rae My - cyMMa 3KcITyaTallMOHHBIX U3AEP>KEK HAa PEMOHT, O0CIIy’)KUBaHUE U CTOUMO-
CTH TIOTEPH AJIEKTPOIHEPTUU B TOY t;

K uxt - JIMKBUAAIIMOHHAS CTOMMOCTh OOBEKTOB B rofy t.

Ecnu xe mmeem neno ¢ mpoeKkTaMHu C Pa3HbIMHU KU3HEHHBIMU CPOKaMH, TO
YTOOBI HE BHIPABHUBATH BapUAHTHI IO ATOMY MOKA3aTeIo, JIYUIIIEe UCIIOIb30BaTh IK-
susaienmuole cpeone2o0osvie zampamsi (1.5).

3¢y =3,/ Ds = min. (1.5)

B npocreiimem ciydae, KOraa MHBECTUIIMN BKJIAJBIBAIOTCS B OJIMH 'O, IOCTYII-
JICHHWSI U PACXOJbl HE MEHSIOTCS B TEUEHUE JKM3HEHHOTO CPOKA, W JIMKBUAHASA CTOM-
MOCTb paBHa HYJIIO, 3TOT MTOKa3aTelb MPeACTaBIseT COOOM ro/10BbIE TPUBEICHHbIE 3a-
TpaThl 3, HO C AUCKOHTHPOBAHHON HOPMOM aMOpPTH3AIIHH.

B Tom ciydae, Koria HEBO3MOYKHO WIIH CJIOKHO IPUBECTH BAPUAHTHI K OJHOMY

MIPOU3BOJICTBEHHOMY 3P (DEKTY, MOKHO UCTIOIB30BaTh KPUTEPUM YOebHbIX 3ampan.

ITosscaum cMmbica YJ1/] Ha mpumepe. IlycTs Ha KanuTaJIbHOE CTPOUTEIBCTBO, OCYLIECTBIEH-
HOE B T€UEHHUE TPEX JIET, NOTPeOOBaIOCH S MIIp. py0. BeIyck mpoayKuy HaYMHAETCS Cpasy IMocIe
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OKOHYAaHUS CTPOUTENILCTBA U 3aKaHYMBACTCA 4Yepe3 BoceMb JeT. [IoTok miarexel oKa3aH Ha pHUC.
1.8. B 3aBUCUMOCTH OT HOPMBI AUCKOHTHpoBaHus E Benmuuna YJIJ1 6yner pazmuunoi. Y1/ mak-
CHUMaJIEH TIPU OTCYTCTBUM JUCKOHTUPOBAHUS, OCTENEHHO CHIKASACH 10 Mepe yBenuuenuss E (puc.
1.9). Ilpu E =0,1 (10 %) YJIJ] cTaHOBUTCS OTPULATENBHBIM, T.€. IIPOEKT CTAHOBUTCSA HEI(D(PEKTHB-
HBIM.

ung, [ .
an_n.pyﬁ 1,251,25 1,251,251,251,25
0,38
0
_1 .I ’ ;.
-1,5-1,5 &
2 ~2,0
-3
0O 1 2 3 4 5 6 7T 8 9 10
I'oas! pacueTHOIO MepHOAA, OB
Puc.1.8. UnucThlil IOTOK IJIaTeXeNl
4,
MJIpA.py6
3
2
1
0 o . \'\.
-1 . | H I | | |

0 2. 4 6 8 10 12 ‘16
Hopma auckonrta, %

Puc.1.9. 3aBucumocts Y11 OT HOpMBI AUCKOHTA

Kanumanvnwvie enoocenus K; onpenenstorcss CyMMON CTOMMOCTEH OOBEKTOB
WJIM UX DJIEMEHTOB, COOPYKaeMbIX B roay t pacuérHoro nepuoaa Tp . [Ipu npoekTupo-

BAaHWU PA3BUTHA JJIEKTPUYECKUX ceTel pacu€T K; BBINONHAETCA IO YKPYHMHEHHBIM

ctoumocTHbIM moka3zatessim (Y CII), paspaboTaHHBIM Ha OCHOBE IPEUCKYPAHTOB U Ta-
pudos 2000 r. [{ns nepexona k coBpemenubiM 1ieHam Y CIT ymHOXkatotcs Ha K03 du-
uueHnt-nedusatop J, onpenensembii Munskonompasputusi PO. Hanpumep, qis 2014 ¢
J=5,727.

s noncranimii u JIDI B cTouMocTh 00beKTa BKIIOUAETCSI CTOUMOCTD OTUYXK-

JlaeMbIX 3eMeIbHBIX yuacTkoB (13...26 py6./m? B nenax 2005 r.).
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Kanurtansueie Bnoxenus B nojacrannuto (I1C) onpenenstorcs no hopmyiie:

Knc :K6a3 +Krmp +KOTB ’ (1 . 6)

rae K. . — 06a3oBas croumocts [1C, onpenensemas mo Y CII;

6a3

KHHp — 3aTpaThl HA MPOEKTHO-U3BICKATEILCKUE pa0OThI, 6JIArOYCTPONCTBO U TIP.

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

K,,, — cTronMocTs 3eMenbpHOro yyactka nox I1C.

(o)

bazoas ctoumocts [1C B (1.6) paBHa

I<6a3 = KTp + ZK;H + KKOMH + KH J

rae K, — croumocts Beex Tpanchopmatopos;

> K,, — CTOMMOCTb BCEX SUCeK BBIKIIFOUATENICH;

K — CTOMMOCTbh KOMIIEHCUPYIOIUX U PETYIUPYIOLINUX YCTPOUCTB;

KOMII

K, — mocTosHHas 4acTh 3aTpar.

Croumocts 3eMenbHOro yuactka nog IIC K_ . onpeznensercss CTOUMOCTBIO OT-
Yy KIaeMbIX 3eMellb M IIomaabio ydactka (o1 1,5 10 176 Thic. M? B 3aBUCHMOCTH OT

CXEMBI MTOJICTAaHIIUU ¥ HOMUHAJIBHOTO HampspkeHus 35...750 kB).

CroumocTts pekoHCTpyKIuu U pacmupenus [1C onpenensercs no ¢popmyse

erK = KHOB + K,I[CM - KBo3Bp ’

rne K, . — CTOMMOCTb BHOBb yCTaHAaBJIMBAEMOI0 000pPYJOBAaHUS C YUYETOM CTPOUTEINb-

HBIX 1 MOHTAXXHBIX pa60T;

K oy — CTOMMOCTb J€EMOHTAXA,;

Kiossp — OCTaTOYHAs CTOMMOCTh JEMOHTHPYEMOTO 00OpPYIOBaHHUs, KOTOPOE He

OTpa6OTaJIO HOpMaTHBHBIﬁ CPOK M IMPUTOAHO IJIA UCIIOJIBb30BaAHMA.
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[Ipn YOPOIIEHHBIX pacuérax HKOHOMHYECKON 3¢ pexTuBHOCTH

Koex =Ky + K- CToMMOCTE pacmupenust OPY ¢ BBIKIHOYATENSAMA IPUHUMAETCS

M0 CTOMMOCTH JIOTIOJTHUTENbHBIX siueek. CTOMMOCTh 3aMeHbI TpaHC(popMaTopa NPUHU-
MaeTcs MO MOJHOM pacyETHON CTOMMOCTH YCTaHABIMBAEMOI'O TpaHC(PopMaTopa.

Kanurtansueie Bnoxxenus: B BJI onpenensitorcs o hopmyie

OTB !

KBJ’I - ( lZBJ'I LBJ'I7/ + KHp ) +KHI/Ip +K

rae K, — ynenbHble KanuTanbHble BIoKeHHs B BJI onpeneiéHHOro Kiacca Harpsike-

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

L,, — nporsxxénnocts BJI, km;

K., — 3atpatel Ha BbIpyOKy mpocekn (95...275 Thic. pyO./km nns BJI

35...1150 kB);

K,,, — CTOMMOCTb 3eMeJIBHOTO yuacTKa, oTBeAEHHOro noA onopsl BJI (35...4000

m2/km i BJI 35...1150 kB);

KHHp — 3atpatel Ha [I1P, 6maroycrpoiictBo u mp. (12,5...14,5 % oT croumoctu

BJI);
y — kK03 HUIMEHT IS y4ETa YCIOKHSIOMINX YCIOBU CTPOUTEIHCTBA.

T'o0o6vie sxcnyamayuonnsle pacxoowvl Y1 BKIIOUAIOT aMOPTU3AIMOHHBIE OTUHC-
nenus U,, 3aTpatel Ha oOcoykuBaHue U peMOHT Mose, 3aTpaThl HA BO3MEIIEHUE TOTEPH

31EKTpO3HEPrun Uor

N= U+ UosctHUnor.

3arpaThl HA aMOPTHU3AIMIO W IKCILTYaTaIIMOHHOE OOCITYXKMBAaHWE MOTYT OBIThH
OMpeIeNICHbI N0 YIPOUIEHHBIM (hOpMYyIIaMm:
Ha :aa HCKHC +aa BJ'[KBJT >
" K. .ta

00c :ao6c Tic c 00c BHKBH ”
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rac o

anc!?

BJI 2 %, I1C — 4,4 %);
K

Tic

a a

06c ¢! “*ob6¢ Ba

BercTBeHHO (s BJI 0,8 %, I1C — 5,9...4,9 %).

a, ., — HOpMa aMOPTU3aLlMOHHBIX oTurciaeHnid Ha peHosanuto I1C, BJI (mus

K,, — BeIMYMHA KaNWTaIbHbIX BI0KEHUH co0TBETCTBEHHO B [1C 1 BJI;

— HOpMa oTyucieHuit Ha oociyxuBanue u peMoHT I1C u BJI coor-

I[J'ISI OLCHKH KOMMepquKOf’I 3(1)(1)€KTI/IBHOCTI/I I/IHBCCTI/II_[I/Iﬁ JOITIOJIHUTCIIBHO HUC-

MOJIB3YIOTCS KpUTepuu uucmoeo 0oxoda (Y1), unoexca ooxoonocmu (U11), cpoxa oxy-

naemocmu u nip [10].

BriOpaHHbIi BapHaHT JIOJKEH YJIOBJIETBOPSTH YCIOBUIO, IPU KOTOPOM SKOHO-

MHUYCCKOC IMPCUMYIICCTBO €T'0 yCTOfI‘II/IBO COXpaHACTC:A ITPHU USMCHCHUHN UCXOJHBIX I10-

Ka3aTesiel B mpejeax BEpOsITHOTO Juara3ona ux 3HadeHnuu (puc. 1.10).

6000
5000

E 4000 B A
. —»— Bapnanr
i 3000 —e— Bapnaur B
2 2000
E 1000 -

0 F

-1000 !
0 5 10 20 25

Hopma auckonrta,%

Puc. 1.10. 3aBUCUMOCTH OLIEHKH TTPOEKTa OT KOA(-

(I)I/IL[I/IGHTa JAUCKOHTHUPOBAHUA

Pemenuss mo cpaBHHUBaEMBIM
BapuaHTaM NPUHUMAKOTCS C
HCIIOJBb30BAHUEM  METOJIOB,
YYHUTHIBAIOIINX PHUCK W BO3-
MOXXHYIO HEOIpeIeICHHOCTh
HUCXOJIHOW MH(MOpMaIUH. ITO
MpeAIoiaraet, 4YTo TakKue I0-
Ka3aTeau, Kak IeHbl (Ta-

pudsi), NIEPCIEKTUBHBIE

HArpy3Ku TOTpeOuTeNneld, YJKOHOMHUIECKHE HOPMATHUBBI (PEHTA0EIHbHOCTh) HE MOTYT

OBITH OIIpCaACICHBI OAHO3HAYHO. HOBTOMy OCHOBOH AJIA IPUHATHA pCHICHUA O IEJICCO-

00pa3HOCTH MHBECTUIIUN B PsJIE CIIy4aeB JOJKHO CIYKUTh HE (DOPMaIBHO MOACUH-

TaHHOE 3Ha4YCeHUE KpUTepHsi 3PPEKTUBHOCTH, @ COBOKYITHOCTH €T0 0KHIAEMbIX 3HAYE-

HHﬁ, OorpaHn4CHHAasA BO3MOKHBIMH U3MCHCHHUAMMN UCXOOHBIX MokKazaTeJjieii 1 SJKOHOMHU-

YCCKHNX HOPMATHUBOB.
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2. HNOCTPOEHUE CXEM DJEKTPUYECKUX CETEN

2.1. PexoMeHIALNM 0 BLIOOPY CXeM IJIEKTPUUYECKUX ceTel

IMpoextupoBanne EHOC Poccun ocHoBBIBaeTCs Ha ciieayromieM [6, 9]:

a)  cxema ocHOBHOM anekTpuueckoit cetu EQC Poccun nomxna 061anars jo-
CTATOYHOU THOKOCTBIO, MO3BOJISIONICH OCYIIECTBIISITh €€ MOITATHOE Pa3BUTHE U
UMETb BO3MOXHOCTh ITPUCIIOCA0IMBATHCS K U3MEHECHHSIM BHEIITHUX YCIIOBUIA;

0)  yBelIMYEeHHE MPONMYCKHOU criocoOHocTH ocHOBHOM cetn EDC Poccun ocy-
HIECTBJISIETCS B MIEPBYIO OYEPEb MYTEM MTPUMEHEHUSI COBPEMEHHBIX CPEJICTB KOM-
MEHCAllMd W PEryJMPOBaHUSI PEAKTUBHOW MOIIHOCTH, a 3aT€M IMOCTEIEHHOU
«HAJICTPOUKOW TUHUSIMU 00JIee BBICOKOTO KJIacca HAMPSHKCHUS;

B)  IPUBA3KA JIMHUI 3JIEKTPOIEpENadH T0KHA OCYIIECTBIATHCS K KPYITHBIM
y3J1aM Harpy3Kku, u30eras co3/1aHus MPSMBIX CBSI3€H MEXAY IEKTPOCTAHLIUAMY;

r) MEXIy ABYMS Y3JIaMHU CETU IO OJHOW Tpacce IOJHKHO COOPYKaThCs, Kak
paBWIIo, He Oosiee ABYX JIMHUMN AJIEKTpoIepeaaun OAHOTO Kilacca HAMPSKEHUS;

) CXEMBI PUCOETUHEHUS SJIEKTPOCTAHIIAM U IMOJICTAHIIMA K OCHOBHOM CETH
JOJIKHBI 00ECTICYNBATh HAJEKHOCTH MTUTAHUS SHEPTOY3JIOB M TPAH3UT MOIIIHOCTH
¢ yuétom kputepusi N-1;

€)  pa3BUTHE OCHOBHOM 3JEKTPUUYECKOM CETH JOJKHO COOTBETCTBOBATH TpE-
OOBaHMSIM OXPaHBI OKPYKAIOIIEH CPEIBI.

Cxema u mapameTpbl pacipeIeIUTeIbHON CeTH JOJIKHBI 00eCTIeYrBaTh Ha EXK-
HOCTb JIEKTPOCHAOKEHUS, IPY KOTOPOU MUTAHUE MOTPEOUTENEH OCYIIEeCTBISIETCS 0e3
OTpaHUYEHUS HArPY3KHU C COOJIIOJICHNEM HOPMATUBHBIX TPEOOBaHUI K KaU€CTBY AJIEK-
TPOIHEPIUU MPU HOPMAJILHOM CXEME CETH U IIPU OTKIII0ueHUH oHoi BJI (ogHOM 1enu
neyxuenHoit BJI) unu tpanchopmaropa ¢ yd4eToM JIOMYCTUMOM NEPErpy3KU OCTaB-
muxcs B padore.

[IpoekTupoBaHue pacnpeaeauTeIbHON CETH OCYIIECTBIISIETCS C YUETOM CIEAY-

romero [6, 7]:
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a) B palloHax ¢ MajblM OXBaTOM TEPPUTOPUHU CETAMHU NMpPH OJU3KUX 3HAUE-
HUSAX TEXHUKO-3KOHOMUYECKUX MOKA3aTeNel BApUAHTOB Pa3BUTHS CETU PEKOMEH-
IyeTcs OTAaBaTh NpeouTeHne coopyxeHuto BJI mo HOBbIM Tpaccawm;

0) B KPYIHBIX FOPOJAaX U NPOMBIIIJIEHHBIX pailoHax ¢ OOJbIION KOHIIEHTPHU-
POBAaHHOM HArpy3KoM IO OAHOM Tpacce MOXET IIPENyCMAaTpUBATLCA CTPOUTEIIb-
cTBO J1BYX U Oonee BJI unu aByxuenusix BJI,

B)  LIEHTPHI UTAHUA CIEAYEeT MaKCUMAJIbHO MPUOIMKATh K MOTPEOUTEISM,
CoKpailias yucio TpaHcpopmaiuii mytem coopysxkenus [1C rmyOokux BBOJOB.

[Ipu pa3Butum snekrpuyeckoit cetn 39C peKOMEHAYETCSl UCIOJIb30BaTh YHU-

(GUIMPOBAHHBIC AIEMEHTHI CXEMBI.

ITpu pazButuu cereii 110 kB pekomenayercsi:

a) HE JIOIyCKAaTh COOPYXEHUsI HOBbIX NpoTsikeHHbIXx BJI 110 kB mapain-
nenpHO cymiectBytomum BJI 220...330 kB;

06)  HCMoNb30BaTh B KaUueCTBE UCTOYHUKOB nuTaHus cetu 110 kB noncranuu
220...330/110 kB, nMmerorye He3aBUCUMBIE ITUTAIOIINE JIMHNM;

B)  o0OecrneurBaTh ABYXCTOPOHHEE MUTAHUE MMOACTAHIINM, MPUCOSTNHEHHBIX K
onnouenHoi BJI 110 kB. Jlnnna Takoit BJI, kak mpaBuiio, He J0JKHA OBITH O0JIBITIE
120 kM, a KOJIMYECTBO MPHUCOCTUHIEMBIX MPOMEKYTOYHBIX MOACTAHIIUMA OOJbIIIE
tpex. [Ipucoenunenue x takoit BJI asyxtpanchopmartopusix I1C pekomenayercs
1o cxeme «Moctuk». Jlonmyckaercst npucoenunenue 11C k oqHOUENHON TyTMKOBOM
BJI 110 kB TonpKO Ha epBOM 3Tare pa3BUTHUS CETH;

r) OCYILIECTBIISITh MPUMEHEHHE NBYXUENHbIX BJI ¢ AByXCTOpOHHUM mNuTa-
HUEM B CUCTEMaX AJIEKTPOCHAOKEHUS KPYITHBIX U KPYTHEHIIINX TOPOJIOB, a TAKXKE
B CXE€Max BHEIIHEro 3JIEKTPOCHAOXKEHHUs] MOTpeOuTenel TPaHCIOPTHBIX CHUCTEM
(anexTpudUIMPOBAHHBIE YUYACTKHU JKEJIE3HBIX JOPOT, MPOTYKTONPOBOAOB U T.11.). K
takuMm BJI pexoMeHnnyeTcsa npucoeauHeHrne He Oosee matu npoMexxyTouHsix 11C,
ocyuectiisis yepenopanue [1C mo cxemMe «MOCTUK» U OJIOYHOM CXEME;

1)  TPUMEHSThH AByXlenHble TynukoBeie BJI B cxeMax anekTpocHaOXeHus

KPYIIHBIX TOPOJOB, IPOMY3JIOB, TPOMBIIUIEHHBIX NPEATPUATHHI U T.II. C IPUCOECIH-
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HeHueM Kk takod BJI no asyx I1C 110 xB. IIpu 3ToM notpebutenu nepBoii kaTero-
pun 3tux [IC momkHBI pe3epBUPOBATHCSA MO CETH BTOPUYHOro HampskeHus. K
JIBYM OJTHOIICTTHBIM TYNMUKOBBIM BJI MOT'YT OBITH IPUCOEAMHEHHI JI0 TPEX MOJCTaH-
111178

e) npunuMath K yctaHoBke Ha [IC 110 kB Tpancdopmaropsl enuHUYHON
MoIIHocThIO He Bbilie 63 MB-A. IIpumenenue Ha [1C 110 kB Tpanchopmaropon
MotrHOCThI0 80 MB-A nomxkHO ObITE 000CHOBAHO.

IIpu pazButum cereii 35 kB pekomennyercs:

a) HE JIOMYCKaTh COOPYXEHHUS HOBBIX MpoTsikeHHbIX BJI 35 kB napannensHo
cymectBytomuM BJI 110 kB u He coopyxkatb HOBbIe BJI 35 kB npoTsSkEHHOCTHIO
cBoIne 80 km;

0)  paccmaTpuBaTh BO3MOXXHOCTH nepeBojia cymiectyromux BJI u T1C 35 kB
Ha Hanpsixenue 110 kB;

B)  MCIOJIb30BaTh NpeuMyliecTBeHHO ogHouenHbie BJI 35 kB ¢ nutanuem ot
pazubix [1C 110...220 kB wnm pa3zasix cexuuit (cucrtem muH) oguou 11C;

r) YUCJIO MOJICTAaHIIUN, TpUCOEIUHAEMBbIX K ogHouenHoi BJI 35 kB ¢ nByx-
CTOPOHHHM IHTAaHHEM, HE JOJKHO MpPEBBIMATh MATH (0€3 ydeTa MOACTaHIIHMA
35/0,4 xB);

n)  npunuMath Kk yctaHoBke Ha [IC 35 kB Tpancdhopmaropsl equHUYHOM
MoOIIHOCTBIO 10 10 MB-A.

OcHosHovle mpebosanus k cxeme cemu. Cxema JOJKHA oOecrednBaTh HEOOXO-
TUMYIO HAOENCHOCMb, TIOJ KOTOPOUM MOHUMAETCS CIOCOOHOCTD BBINOIHATH 33JaHHbIE
(GYHKITMH, COXpaHss SKCIUTyaTAllMOHHBIE TMOKA3aTeld B YCIOBHSIX, OTOBOPCHHBIX B
HOpMaTUBHBIX AokymeHTax. CornacHo «IIpaBunam ycTpolcTBa 3JIEKTPOYCTAHOBOK
(ITYD) Bce a1meKTponpuEMHUKHN 110 TpeOyeMOH CTEIIeHN HaAEXHOCTH pa3JielieHbl Ha
TPHU KaTeropuu.

llepsas kamezopusi — >NEKTPONPUEMHUKH, HAPYILICHUE AJIEKTPOCHAOKEHUS KO-
TOPBIX MOXKET MOBJIEYH 3a COOOM OMACHOCTH JIJIS KU3HM JII0JIeH, yrpo3y 1 Oe3ormac-
HOCTH rOCYIapCTBa, HapylIieHUE (yHKIIMOHUPOBAHUS 0COO0 BaXKHBIX AJIEMEHTOB KOM-

MYHaJIbHOTO XO34MCTBa, OOBEKTOB CBSI3M U TEJNEBUACHUS. DTH DJIECKTPONPUEMHUKU
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JTOJKHBI 00€CTIeUUBAThLCS AIEKTPOIHEPTUEH OT IBYX HE3aBUCUMBIX B3aUMHO PE3EPBU-
PYIOIIUX UCTOYHUKOB MUTAHUS (J]BE CUCTEMBI UJIM JIBE CEKIUU IIUH OJHOU MOJCTaH-
1MUY, TTUTAIOIICICS OT IBYX UICTOUHUKOB), U TIEPEPHIB B UX AIEKTPOCHAOKEHUU MOXKET
OBITH TOMYIIEH TOJBKO Ha BPEMsi aBTOMATHYECKOT'0 BOCCTAHOBIICHUS TTUTAHUS.

N3 coctaBa 51eKTpPONPUEMHUKOB TEPBOM KATETOPUM BBIACTSAETCS 0cobas
epynna, 6ecniepeboitHas paboTa KOTOPBIX HEOOX0auMa JJisi 6e3aBapuitHOTO OCTaHOBA
IPOU3BOICTBA C IIEJIBIO MPEAOTBPAIICHUSI YTPO3bI KU3HU Jtofe. s anekTpocHa0-
KEHUS ITON T'PYMIBI AJIEKTPONPUEMHUKOB JIOJIKEH MIPEAyCMaTPUBAThCS TPETUH (aBa-
pUHHBIN) HE3aBUCUMBIN UCTOYHHUK, MOIITHOCTh KOTOPOTO JOCTATOYHA J1Jis Oe3aBapuii-
HOTO OCTaHOBA MPOM3BOJICTBA U KOTOPHI aBTOMATUYECKH BKIIFOYAETCS MPU UCUE3HO-
BEHUH HANPSHKEHUS HA OJTHOM U3 OCHOBHBIX HCTOUYHUKOB.

Bmopas kamezopus — 31eKTpONPUEMHHIKH, TIEPEPHIB AIEKTPOCHAOKEHHUS KOTO-
PBIX CBSI3aH C MacCOBBIM HETOOTITYCKOM MPOJIYKIMHU, TPOCTOEM PabOUYMX, MEXaHU3-
MOB ¥ IPOMBILIIJIEHHOTO TPAHCIIOPTA, HAPYIIEHUEM HOPMAIbHOU ESITENBHOCTH 3HA-
YUTEIBHOTO KOJIMYECTBA TOPOACKUX U CEIIbCKUX KUTEIEH. DTU ANEKTPONPUEMHHUKN
pEKOMEHyeTcs 00eCeYrBaTh JIEKTPOIHEPTUen OT IBYX HE3aBUCUMBIX B3aUMHO pe-
3epBUPYIONINX UCTOYHUKOB MTUTAHUS, IPH 3TOM JIOITYCTUM MIEPEPHIB ANEKTPOCHAOKE-
HUSl Ha BpEeMsi, HEOOXOUMOE JIJIsl BKITIOUEHUSI PE3EPBHOTO MUTAHUA ACKYPHBIM TIEp-
COHAJIOM WJIM BBIC3JTHOM Opuramoi. Jlomyckaercsi muTaHue dJIEKTPONPUEMHUKOB BTO-
PO KaTerOpuH MO OJTHOW BO3YIITHOW JIMHUU WIJIM OT OJHOTO TpaHchopMaropa, eciiu
oOecrieueHa BO3MOXKHOCTh TIPOBEICHUS PEMOHTA JIMHUH WU 3aMEHBI TIOBPEKICHHOTO
TpaHcpopMaTopa B TEUEHUE OJHUX CYTOK.

Tpemws kamezopus — BCE OCTAIBHBIE JIEKTPONPUEMHUKH. DIIEKTPOCHAOKEHHE
ATUX BJEKTPONPUEMHHUKOB MOKET BBIMOJIHATHCS OT OJTHOTO MCTOYHUKA MUTAHUS MPU
YCIIOBUH, YTO TEPEPHIBBI AIEKTPOCHAOKEHUS, HEOOXOIUMBIC ISl pEMOHTAa WJIU 3a-
MEHBI TOBPEXKAEHHOTO PJIEMEHTA CETH, HE MPEBBIIIAIOT OJHUX CYTOK.

[Ipu pa3paboTke cXeMbl 3JIEKTPOCHAOKEHUSI HEOOXOJUMO UMETh B BUIY, UTO
MOTPEOUTENIN FIAEKTPOIHEPTUH, KAK MPABUIIO, COCTOST U3 ANEKTPONPUEMHUKOB, OTHO-
CAIIMXCSL K PA3JIMUHBIM KAaTErOpUsIM MO TpeOyeMol CTENeHU HaJEKHOCTU DJIEKTPO-

CHAOKEHUS.
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Ecnu paccmaTpuBaemble BAapUaHTBl CXEMbl CYUIECTBEHHO pa3IMYalOTCsA [0
HaJEXHOCTU DJIEKTPOCHAOKEHHSI, PEKOMEHAYETCS MNPOU3BOJAUTH SKOHOMHYECKYIO
OLICHKY yuepba OT HEJOOTITyCKa 3JIEKTPOIHEPTUU B COOTBETCTBUU C METOJIUKOU, U3-
noxxeHHou B § 4.1 — 4.3. Yuét ymep6a oT HEIOOTIYCKa JIEKTPOIHEPTUH TPU BBITIOJ-
HEHUU TEXHUKO-I)KOHOMHYECKUX PACUETOB MO BBIOOPY CXEM BJIEKTPUUECKUX CETEH pe-
KOMEH/IyeTCsl TAKXKE B CIEIYIOUIUX CIydasx:

a) npu pacuy€Tax MPONyCKHOM CIIOCOOHOCTU CUCTEMOOOPa3yIOIIUX CETeH 1Mo

YCIIOBUSIM B3aUMOPE3EPBUPOBAHMUS;

0)  [Is ompenereHuss OTHOCUTEIbHOM 3P (hEeKTUBHOCTH Pa3IMYHbBIX MEPOIIPH-
ATUNA, PEKOMEHIYEMBIX ISl o0ecriedeHus: TpedyeMon HaJAEXHOCTH, TP 0OOCHO-
BaHUU 3(P(HEKTUBHOCTH MOBBIIICHUS YPOBHEH HaAEKHOCTU (CTETIEHH PE3EPBUPO-
BaHUs1) CBEPX HOPMATUBHBIX TPEOOBAHUIA.

[Ipu pa3paboTke cXeM IEKTPUUECKUX ceTell HeoOXoIuMo o0ecreunBaTh HOp-

MHUPYEMOE Kauecmeo d1ekmpodnepeuu y norpeoureneid B coorserctBuu ¢ 'OCT P

54149-2010.

2.2. Bpbioop KoHUTYypallMi U HOMUHAJIBLHOTO HATIPSIZKEHUS YJIeKTPUIECKO

ceTn

Oo6menpuHaATas KiacCUpUKAIMS AMEKTPUUECKUX CEeTed MO0 WX KOHpHUrypamuu
orcyrctByeT[7]. OgHaKO HECMOTPS HA MHOTOOOpa3ue MPUMEHICMBIX KOHPUTYpaIuid
U CXeM, JIFOOYIO0 CeTh MOYKHO PAaCWICHHTHh Ha OT/IEIbHBIC YUACTKH, ONMUPAIOIINECS Ha
ueHtpsl nutanus (LII), u oTHECTH K OAHOMY U3 PACCMOTPEHHBIX HUXKE TUIIOB (pHC.
2.1).

Oounapuas paouanvhas cems (anee, s cokpamenus, tam Pl, puc. 2.1, a)
ABIIIETCS HanboJjee AemEBOM, OAHAKO 00ECIIeYMBAET HANMEHBITYIO HAJEKHOCTh; TI0-
Jydusa IMHAPOKOE PaCIpOCTPaHEHUE KaK MEePBBIN ATAal pa3BUTHUS CETH — MPU HEOOTb-
X Harpy3Kax MPUCOCTMHEHHBIX MOACTAHITNN U BO3MOXHOCTH MX PE3ePBUPOBAHHUS

no cetu CH win HH.
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eotinas paduanvnas cems (tun P2, puc. 2.1, 0) 3a cuét nyoiupoBaHuUs TUHUH
(Ha OAHMX WIJIM pa3HbIX OMOpax) 00eCIeunBaeT Pe3ePBUPOBAHKE MUTAHUS TOTpeOUTE-
Jer. JTa cxema xapakTepusyeTcsi paBHOMEpHOU 3arpy3koi obenx BJI, uto cooTBet-
CTBYET MUHUMYMY NOTEPH, HE BHI3bIBAET yBeIUUYEHUs TOKOB K3 B CMEXKHBIX yyacTKax
CETH, MO3BOJISIET OCYILECTBIATh YETKOE BEACHUE PEKUMOB CETH, 00ECIIEUnBaET BO3-

MOXXHOCTB ITPUCOCIUHCHUA HOI{CT&HHI/Iﬁ I10 HpOCTCfIHIHM cXEMaM.

Y,
Puc. 2.1 - OcHOBHBIE THUIIBI KOHPUTYPAIIMH CETH:
a, 6 — paauanbubie ¢ oguoi (P 1) u meyms (P2) BJI;. 6, 2 — 3amkuyThie oT oguoro IIT ¢ ox-
woit (31) u myms (32) BJI; 1, e — ¢ aBycroponnum (ot aByx I[I1) muranuem mo omHO#M
(A1) mwnBym ([2) BJI; % — y3noBas ¢ tpemsa LII (V); 3 — mHorokonTypHas (M)

[Tpu snexkrpocHabxkenun paitona ot oxuHoro L{I1 HaxoaaT Takke mMpUMEHEHUE
3aMKHYymble cemu Koabyegol Kongueypayuu onunapusie (tun 31, puc. 2.1, 6) u 1Boii-
Heie (Tum 32, puc. 2.1, r). JlocTonHCTBaMH ATHX CXEM SBJISIOTCS HE3aBHUCHUMOCTh T10-
TOKOpacHpeAesIeHus] OT MOTOKOB B ceTu BH, oTcyTcTBHE BAUsSHUS HA YPOBEHb TOKOB
K3 B npuiieraronux cetsix, BO3MOKHOCTbh MPUMEHEHUSI TPOCTBIX CXEM MPUCOETUHE-
HUSI TOACTaHIIUM.

[IIupokoe NpUMEHEHNUE HAXOIUT 3AMKHYMAsl OOUHAPHASL Cemb, ONUPAIOWAsCS

Ha 0ea I[II (tumt JI1, puc. 2.1, n). Ota koHpuUTryparus oOpazyeTcss B pe3yiabTaTe Io-
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ATAIHOTO pa3BUTHs ceTu Mexay aAByms [[11. IlpeumyiiecTBamu Takoi KOH(pUTrypa-
LN SABJISIIOTCS BO3MOYKHOCTh OXBaTa TEPPUTOPHUM CETSAMH, CO3LAHUE «ILIHH» MEKIY
nByms {11 niig npucoeAMHEHUs 10 Mepe He0OXO0IMMOCTH HOBBIX MO/ICTAHLIUM, YMEHb-
LIEHWE CyMMapHO# JrHbI BJI HO cpaBHEHUIO C MPUCOEAUHEHUEM KaXKIOW NOJACTaH-
AN «II0 KpaTyauueMy myTH», 4TO IPUBOAUT K CO3IAHUIO CIONCHOZAMKHYMOU Cemu,
BO3MOKHOCTh MPUCOECAUHEHUS IOJACTAaHIMU MO YNPOLIEHHBIM cxemaM. Henocrar-
kamu KoH(purypauuu /{1 sBnsroTcs 0osbliias BEpOSITHOCTh HEOKOHOMUYHOT'O TOTOKO-
pacnpeiesieHus py napasuiebHON padoTe ceTei pa3HbIX HANPSKEHUN U TTOBBILLIEHUE
ypoBHel TokoB K3, BbI3bIBaroliee HEOOXOJAMMOCTh CEKIIMOHUPOBAHUS CETU B HOp-
MaJIbHBIX PEKUMAaX.

Mopudukanuein konburypanuu 1 sBusercs 3amxuymas 08o0uHas cembv,
onuparorasics Ha aa LT (tun 12, puc. 2.1, e). [Ipumensercs npu 6ojee BHICOKHX
IUIOTHOCTSIX HArpy30K, 00JaJaeT MPaKTUYECKU TeMH K€ NMPEUMYIeCTBaMH U HeI0-
cTaTKaMu, 4To U KoHburypauus (1.

V3nosas cems (Tun Y, puc. 2.1, k) uMmeeT 60Jiee BHICOKYIO HaIEKHOCTh, YeM
J1 u J12, 3a cu€t npucoeaunenus k Tpém LI, onHako maoxo ympasisieMa B peKUM-
HOM OTHOIIECHUU U TpeOyeT COOPYKEHHUS CIOXKHOU y3710BOi nojacraniimu. Co3nanue
TaKOW CETH, KaK MpaBujO, ObIBACT BHIHYKJICHHBIM — IIPU BOSHUKHOBEHUU TEXHHYE-
CKHMX OTPaHMYCHHH JJIs1 TATBHEHIIIETO UCIIOIb30BaHus KoHpurypamuu J[1.

Mmnoeokonmypnas cems (Tunt M, puc. 2.1, 3) siBisieTcsi, Kak MPaBUII0, PE3yib-
TaTOM HEYITPABJISIEMOTO PA3BUTHS CETU B YCIOBUAX OTPAHUYEHHOIO KOJIMYECTBA U HE-
paBHOMepHOro pasMmemienusa L[I1. XapakTepusyeTcs CIOXKHBIMH CXEMaMH MOJIKIIO-
YeHUS MOACTAHIINHI, TPYIHOCTSIMU 00ECTICUCHHS] ONTHMAIBHOTO PEKUMA, TIOBBITIICH-
HBIMU ypOBHsIMU TOKOB K3.

OCHOBOI panMOHAJIBHOIO MOCTPOEHHUSI CETU SIBJIAETCS NMPUMEHEHHE MPOCTBIX
TUTIOB KOH(UTYpaluii W HWCIIOJIH30BAaHUE B KA4e€CTBE KOMMYTAIMOHHBIX MYHKTOB
[JIABHBIM 00pa30M MOACTaHIUNA 00Jiee BHICOKOW CTYIEHH HANPSIKEHUS, SIBISIOIINXCS
LEHTPAMU MMUTAHUS JJIs1 TPOEKTUPYEMOM CETH.

Jl1s1 pacnipeienuTeabHON CEeTH TaKUMU KOH(DUTYpaIusMU SBIISIIOTCS B TIEPBYIO

oucpeab I[BOfIHElSI paguajibHasa CCTb P2 n OMHAapHaA 3aMKHYTas1, OIIMpArOIIasicCsa Ha
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nea. LI, I1. CoOTBETCTBEHHO 3TOT TUM CETH HAXOAUT MPUMEHEHUE ISl JIEKTPO-
cHaOXeHus mnpoMmmpeanpustuii (puc. 2.2, 2.3) U OTACIbHBIX PANOHOB TOPOJOB

(puc.2.4) na nanpspkenuu 110 kB.

K rucmeme

g
P—IZJ a) Jm cucmeyint
Nem. cmpoidass
—————— 7
Keucmeme | I
) T | Ao210 *
. , |
ﬂfﬂ‘ﬂ'f. | |
padouKy I |
C6kE |
CN AR
I ¥
i 24
:::' -==4 1xm
) 648 ], 4,5 kM
} 2x80 i
| }
A g v — J
rem. 3<80
saboda? 5)' : ﬁ(l aafad?
GrB T3t
Yr50

Puc.2.2. Cxema BHENITHETO AJIEKTPOCHAOKEHUS XMMKOMOUHaTa ¢ Harpy3koi 300 MBT:
a — cxeMa ceTH; 0 — cXembl MOACTaHIUI

Kondurypamms 11 (cM. puc.2.1, 1) HaXOJUT MIUPOKOE MPUMEHEHUE B CETAX
110 kB s snekTpudukaium cenbCKOi MECTHOCTH, a TAK)KE B PACIPEACIUTEIbHBIX
cersix 220 kB, o0ecnieunBasi ¢ HAMMEHBIIMMU 3aTpaTaMU MAaKCUMAaJIbHBII OXBaT Tep-
PUTOPUH.

Texuuueckumu orpanndeHusiMu st koHpurypanuu J1 (cm. puc.2.1, 1) sB-

JAKOTCA IMPOITYyCKHasA CITOCOOHOCTH TOJIOBHBIX Y4aCTKOB, KOTOpasa A4OJIDKHA obecrieun-
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BaTh AJIEKTPOCHAOKEHHE BCEX MPUCOECAMHEHHBIX MMOACTAHIINM B TOCI€ABAPUIHOM pe-

JKUMC BbIXOJa OJHOI'0 M3 HHUX, a4 TAKIKC IPCACIbHOC KOJINYCCTBO HpHCOeI[I/IHéHHBIX

OOJCTAaHIIUN.

Ment,
110/10x8

FPatonnas
njem I

871330x8
om 3HepeocuLmeMbl

@
Paionnan njeml

a)
106m
3%
=5 Paionina
2 S ] nfemd
@ ézwzs :—CQ? -(szxzou
o
10«8
STKM
2x31.5
Yxm 0w Afemd
=
2x40 S
6B =~ ERM
263
f) 6x8

afem.3
Puc.2.3. Cxema BHEIIHETO 3JeKTPOCHA0KEHHSI 3aBOJa MUHEPAJIbHBIX Y100peHUi
¢ Harpy3koi 150 MBr:
a — cxema ceTH; 0 — CXeMbl OJICTAaHLU I

[Ipr BOBHUKHOBEHUH TEXHUYECKUX OTPAHUYCHUH U JAJIbHEUIIIETO UCITOIb30-
BaHus cetu Tuna J[1 oHa moxer ObITh IpeoOpa3oBaHa OAHUM M3 CIIOCOOOB, YKa3aH-

HBIX Ha puc. 2.5. Cxema Ha puc. 2.5, a SBISETCS MPEANOYTUTEIHHON, TaK KaK HE
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YCIIOKHSET KOH(PUTYpaIUIO CETH, OAHAKO BO3MOKHOCTh €€ NMPUMEHEHHUs1 00yCIIOB-
JeHa OnaronpusTHBIM pa3MmelenueM HoBoro LIIT oTHocuTenbHO paccMmarpuBaeMoit
CETH; CXEMBI Ha pUC. 2.5, 6 — 2 TPUBOAAT K CO3/IaHUIO y3JIOBBIX (V) U MHOTOKOHTY]-
HbIX (M) KOH(UTrypauuil U YCIOKHEHUIO CXEM OTAENIbHBIX MOJCTAHUUN; CXEMbI Ha
puc. 2.5, 6 u 2.5, 2 TPUMEHSIOTCA B TEX CiIydasx, Korjga coopyxenue HoBoro LTI

OKa3bIBACTCA HCHCHGCOO6pa3HBIM.

4~ 3man

O nfem. 110k B — BJ1 1108 (38yxuennere)
O nysm. 22018 — B/1 220x8(08yxyenrbie) \

Puc.2.4. Dranbl pa3BUTHS 3JEKTPOCHAOXKAIOIIEH CETH KPYITHOTO ropoia

Kondurypamms tuna J[2 o6mamaet 60b110# MPOIMYCKHON CIIOCOOHOCTHIO U MO-
KET UCIO0JIb30BaThCS JJIUTENbHOE BpeMs 0e3 MpeoOpa3oBaHus B IPYTrU€ THUIIbI, TPH-
Mensietcs B ceTsix 110 kB cuctem anektpocHaOxenus ropoJioB (cM. puc. 2.4), a Takxe
B ceTsix 110...220 kB ans snexkTpocHaOxeHUs MPOTSHKEHHBIX OTpeOUuTeNe — 3Jiek-

TpUPUIIHPYEMBIX KEJIE3HBIX I0POT U TPYyOOIPOBOIOB.
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Puc.2.5. Bapuante! pazsutus cetu tuna /[1:
a — 3axoJ Ha HoBbIH LI1; 6- coopykenne BJI ot HoBoro LII1; B — coopykeHHE CBSI3H MEXKTY TBYMS
ydactkamu cetu Buaa [[1; r — pacceuka ogHou cxeMbl cet Buaa {1 u 3axoa e€ Ha MOACTaHIIUIO
JPYroro y4acTtka CeTu

3aMkHYyThIe KOHGUrypamnuu, onuparomiecs Ha oamu LI (31 u 32,
puc.2.1)), UCIONB3YIOTCS, KaK IMPaBUIO, Ha TIEPBOM DTAIle Pa3BUTHUS CETH: IICPBHIC
— B CEJIbCKOW MECTHOCTH C MOCJIEYIONTUM ITpeoOpa3oBaHueM B JIBa yyacTka tuna /{ I,
BTOpBIE — B TOpoax ¢ MOCIETYIONINM IpeoOpa3oBaHuEeM B J1Ba yyacTka tuna /[ 2.

[IpumeHeHue CroHCHO3AMKHYMBIX KOH@ueypayuili paclpeeIuTeIbHON ceTr
(TunoB Y, M) n3-3a NpUCYIINX UM HEJOCTATKOB (CM. BBIIIE) HEKEIATEIBHO, OTHAKO B
YCIIOBUSIX Pa3BUBAIOIIECHCS CeTH M30eXaTh ux He yaaércs. [1o mepe mosiBIeHHs] HOBBIX
LIT cnenyetr CTpeMUTHCS K YIPOIIEHUIO MHOTOKOHTYPHOM CETH, MPpU 3TOM HOBbIE L[I1
11eJ1eco00pa3HO pa3MeIaTh B €€ y3JI0BBIX TOUKAX.

Cucmemoobpa3zyowue cemu XapakTePU3yIOTCS MEHBIIIUM MHOTOOOpa3ueM TH-
OB KOH(UTYpaIuu. 37eCh, KaK MPaBUIIO, IPUMEHSIIOTCS KoHpuryparuu /{1 n'Y, npu
ATOM B Ka4€CTBE Y3JIOBBIX TOUEK UCIIOIB3YIOTCS paclpelyCTPOMCTBA JIEKTPOCTAHIIN I
1 yactu nojactaniui cetu. Kondurypamnus cucreMooOpa3yroniei CeTy yCIoKHIETCs

TEM 60J'IBIHC, 4eM JJIIMTCIBHECC OHA PAa3BHBACTCA B KAa4YCCTBC CCTH BBICHICIO KjlaCCa
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HaIpPSDKEHUS; TIOCIE «HAJIOKEHUS» CETH CIEAYIONIETO Kilacca HaMpsKEHUs HauyuHa-
€TCs MPOIECC YIPOUIEHUSI KOH(DUTYpaIlUU CETU HUBIIETO HANIPSAKEHUS.

OnpeneneHne HOMUHATLHO20 HANPsdCeHus: BICKTPOIepeaadyd MpPeCcCTaBIseT
coOOH CIOXHYIO0 TEXHHKO-DKOHOMUYECKYIO 3aj]auy, Ha PEIIeHHE KOTOPOM BIUSIOT
pasznuuHbie ¢pakTophl. B mpakTuke MpOeKTUPOBAHUS UCIIOIB3YETCSI METO]T COMTOCTaBHU-
TEJIBLHOTO MPOEKTUPOBAHUS PsiJla BAPUAHTOB C PA3IMUYHBIMU HANPSHKCHUSIMH .

3aaya BeIOOpA HAMPSHKEHUSI JIEKTpOIepeaun CBs3aHa TaKKe C BHIOOPOM ce-
YeHHs MPOBOJIOB, YKCIIa MapalieIbHBIX IPOBOJOB B (ha3e, yucia 1enei u pemaercs
KoMIuTekcHO. [Ipu BeIOOpE HANpPsIKEHUS dJEKTpornepeayl He0OX0IUMO CUUTATHCS C
JEHCTBYIOIIUM CTaHAAPTOM HAMNPSHKEHUH, KOTOPBIA yCTaHABIUBACT CJCAYIONIUE HO-
MUHaJIbHBIE Hamnpsbkenus: 3, 6, 10, 20, 35, 110, 150, 220, 330, 500, 750 u 1150 xB.

Bri6op cucteMbl onTUMallbHBIX HOMHUHaNbHBIX HamnpsbkeHud B OOC u EDC
IpesICTaBIsieT cO00M KOMIUIEKCHYIO 3ajjauy, TPEOYIOIIYI0 y4eTa MHOTHX (paKTOpOB
[12]. 3amaua sTa sBsieTcss HauOoOJIee CIOKHON B HEPreTHKE BCICACTBUE TOTO, YTO
(GYHKIUU JIMHAN AJIEKTPOIEpeaud MOTYT PE3KO M3MEHSTHCS BO BPEMEHU B 3aBHCH-
MOCTH OT POCTa Harpy30K, BBOJia M pa3MEUIEHUS HOBBIX T€HEPUPYIOLINX MOIITHOCTEM.

HampsikeHus 3JeKTpUIECKUX CETEl MePEeMEHHOT0 TOKA BEIOMPAIOTCS B COOTBET-
CTBUU CO WKANOU HOMUHANbHBIX HANPACEHUI, TPUHITHIX B OOJBITUHCTBE PErHOHAIb-
HbIX 3HeprocucteM Poccuu: 35-110-220-500-1150 kB. B O3C Cesepo-3anazaa u 4a-
ctraHo B OOC llentpa u FOra ucnonp3yercs nmikana 35-110-330-750 kB [7]. B ODC
IOra Boiciium HanpsxenueM siBisiercs Hanpsbkenue 500 kB. B O9C Lentpa cetu 330
u 750 kB, a B OOC IOra cetu 330 kB pa3BuBaroTcs, Kak MpaBuiio, B Ipejiesiax pailoHOB
UX CYIIECTBYIOUIETO PACpPOCTPAHEHUS.

Ha coBpemennom stane pazsutust ESC Poccun cucremooOpa3zyromire pyHKIuu
BbIONHAIOT ceTu 500 kB u BbIle, a B psaae sHeprocucrtem — 330 u 220 kB.

CoueraHus HanpsHKEHUN, BXOASIIUX B pa3Hble MKaibl, Harpumep 220-330 kB,
330-500 kB, 500-750 kB, xak mpaBui0, HE JOJKHBI MPUMEHATHCS, KPpOME PAiOHOB
CTBIKOBaHMSI CETEH, UCTIONB3YIOIIMX Pa3HbI€ IIKaIbl HOMUHAIBHBIX HanpsikeHui. Ko-

JINYCCTBO HOHCTaHHHﬁ, Ha KOTOPBIX HAMCUYCHO OCYIICCTBUTL CBA3b ceTei ¢ pa3sHbIMHU
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IIKaJaMy HANps>KEHUH, T0JKHO ObITh MUHMUMAaNIbHBIM. [IpuMenenue Hanpsoxenus 150
kB orpannunBaetcs B npenesax KoabCKoil 3HEPrOCUCTEMBI.

Br16op HanpsbkeHus nepenad MoCTOSIHHOTO TOKa BBIMOJIHAETCS MPHU UX MPOEK-
TUPOBAHUHU.

OnTumanbHOE HaNpsKEHUE OTAEIBHON JMHUU HE MOXKET ObITh 000CHOBAaHO 0€3
y4€Ta UMEIOIIUXCS WIM BO3HUKAIOMIMX B OyIyIIEM 3JIEKTPUUYECKUX CBS3EH ¢ 00beI1-
HEHHOM WJIM peTMOHAIBHON 3HEeprocucTeMoil. BeiOop Hanps>keHU OTAENbHBIX TUHUN
0e3 yueTa yclIOBUs pa3BUTHUSI DHEPTOCUCTEMBI B 1IEJIOM M BO3SHUKHOBEHHUS MEKCUCTEM-
HBIX CBA3€H NPUBOIUT K HEPALIMOHAIBHBIM PELICHUSIM — CYLIECTBOBAHUIO, HAIIPUMED,
53 HOMHMHaJIBHBIX HANpPsKEHUN B auamnazoHne 22...345 kB B CIIIA; aHanorn4Hoe mno-
JIOKEHUE UMEeT MecTO B SImoHuM, ABCTpaJIMK U HEKOTOPBIX APYrux cTpanax [12].

OcHoBHBIMH (aKTOpaMH, OMNPEIEISIONMMUA BBIOOP ONTUMAIBLHOTO 3HAUYCHHS
HOMMHAJIBHOT'O HAIPSKEHUSI OTAEIBHBIX JINHUN 3JIEKTPONIEpE1ayuy, BIIAIOTCS, KaK 13-
BECTHO, JUIMHA JINHUH, €€ MPOITYCKHasl CIIOCOOHOCTb, PEXUM Iepeladll MOIIHOCTU U
SHEPIUU B TEYEHUE OIPEAEIICHHOTO PaCYETHOTO MEPUO/IA, TEXHUUECKHE U SKOHOMHU-
YeCKHE XapaKTePUCTUKH UMEIOIIETocsl 000pyI0BaHUS U CTOUMOCTh OTEPh YHEPTUU
Y MOIIHOCTH.

Ha puc. 2.6 npuBeaeHb1 06J1acTH YKOHOMUYECKOTO MPUMEHEHUS Pa3TMIHBIX HO-
MUHaJIBHBIX HAIIPSDKEHUI B KOOpAUHATAX JUIMHBI 1 MOLTHOCTH 3JIEKTPONEPEadH, pa3-
paboTaHHbBIE B MHCTUTYTE DHEPrOCETHIPOEKT.

Kpussie Ha puc. 2.6 SABISIOTCS JUIIb WITIOCTPAUENH TEXHUKO-9KOHOMUYECKUX
COOTHOIICHUH, TIOATOMY MPU MPOESKTUPOBAHUH JJI1 OKOHYATEIHHOTO BBIOOpaA HAmpsi-

YKEHHS TIepe1aur He00X0IUMO MPOBOAUTH PAcuEThl KOHKYPUPYIOIIUX BAPUAHTOB.
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Puc.2.6. O61acTu 3KOHOMHUUYECKOTO MpHUMe-
HEHUS pa3IMYHBbIX HOMUHAJIBHBIX HaIpsKe-

Ta6muma 2.1. — IponyckHast ciocOOHOCTh M JAIBHOCTh Mepeaun JTUHUM

HUH

Bb1060p HanpsikeHus: MOKET ObITh

HpOI/I3BCI[éH 10 JaHHBIM, IMOJYUYCHHBIM

Ha OCHOBE OIbITA NPOECKTUPOBAHUS

EKTPUYECKUX ceTeil (Tabiu. 2.1) u mo

AMIUPHUUECKUM (hopMyiaM, HarpuMmep,

o popmyite I'.A. UnnapuoHosa [7]

1000

500 2500
7+7
V] P

rae P — narpyska Ha ogny nens, MBT;

| — mmmaa nenn JIDII, kM.

IlepenaBaemasi MOIITHOCTD,

JnuHa muHUM 35IeKTponepe-

Hanpsioxe- MBTt Jlayu, KM
Cedenue nmpoBoJa,
HHE JI1- 5 MIPH TJIOTHO- cpenHsst
MM npeaebHas
HHUH, KB HaTypajabHas CTH TOKa npr KIT71 0,9 MEXY COCel-

1,1 A/mm? ’ aumu [1C
110 70...240 30 13...45 80 25
220 240...400 135 90...150 400 100
330 2x240...2x400 360 270...450 700 130
500 3x300...3x500 900 770...1300 1200 280
750 5%300...5x400 2100 1500...2000 2200 300
1150 8x%300...8x500 5200 4000...6000 3000 -

B ciyuae, korga nepenaBaeMas MOIIHOCTb

CYLIECTBEHHO INPEBBIIIACT HATY-

PaJdbHYIO MOIIHOCTDH JIMHHUHU HWJIM KOI'Jda MOIIHOCTb HpHéMHOfI CHUCTCMBI TOI'O K€ IIO-

pAZIKa, 4YTO M MOIIHOCTH MEePeaadu, HEJIb3s COOPYKaTh Mepeaady OJHOIESITHON U He0O-

XOOUMO OIIPCACIINTD OITHUMAJIBHOC YHCJIO IMapPalJICIIBHBIX I.ICHCfI QJIICKTpoIICpcaaIn

BBICOKOI'O HAIIPAKCHUA.

[Ipu coopyxeHun nanbHEW INEKTPONEPEAAYN 3HAUYNTEIIBHO MOBBIIIAETCA JOJIS

3aTpart Ha COOPYKCHHUC JIMHHHU. KanuransHbie 3aTpaThbl HA IIOACTAHIINH IIPpHU YBCINYC-

HHUM 4YHUCJIa HCHCI71 U3MCHAKOTCA MaJlo. HpI/I6JII/DKeHHO MOJXHO IIPHHATB, YTO OHH HC




3aBUCAT OT HHUCJIa I.[CHGI\/'I, IMOCKOJIbKY C YBCIIMUCHUCM YUCJIa Leneu YMCHBIIAIOTCA pac-

XO/JIbI Ha TIOJICTAHITUAX, CBSI3aHHBIE C 00ECIIEUeHHEM MPOMYCKHOU CITOCOOHOCTH (ycTa-

HOBKH HpOIIOHBHOﬁ KOMIICHCAIINH, CTATUYCCKHUC KOMIICHCATOPbI U Hp)

OnHOBPEMEHHO YBENMYMBAIOTCS 3aTpaThl HA WIYHTUPYIOUIME PEAKTOPHI U

AYEeKU BhIKIIOUateneid. Ha puc. 2.7 npuBeaeHbl OTHOCUTENBHBIE BEJIMYMHBI Kallk-

TaJbHBIX BJIIOKEHUW B COOPYKEHHUE IMEpPENayu MPHU Pa3IMYHOM YHUCIIE LIENENd U HEU3-

MCHHOM YHCJIC HpI/IéMHBIX HOI[CTaHI_[I/Iﬁ.
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Puc. 2.7. OTHOCUTENLHEIE 3HAUEHUS KAITUTAILHBIX
BJIOKEHUH B cOOpYykeHue aekTponepeaaun 1000

Yuecno yeneu

MBT Ha paccrostaue 1000 km:

1- CYMMAapHBIC KAlTUTAJIbHBIC BJIOKCHU A, 2 -

JIMHUM, 3 - HOACTAaHIIUU

[Ipn nampsbxkennn 110 kB nu
BbIIlIE HEOOXOJIMMO TaKXe YUMThI-
BaTh MOTEPU IIEKTPOIHEPTHUH, BBI3bI-
Ba€Mble KOPOHUPOBAHUEM ITPOBOJIOB
(puc. 2.8) U EMKOCTHBIMH TOKaMHU
(Tabm. 2.2).

JIns JUIMHHOM JIMHUU DJIEKTPO-
nepeadyd, HECMOTps Ha HaJIA4due
HIYHTHPYIOIIHUX PEaKTOPOB, OOJIbILINE
€MKOCTHBIE TOKH OIPEIEIAI0T 3HAUH-
TEIBHYIO POJIb AKTHBHBIX IOTEPH B
peXHUME XOJOCTOrO0 XOAa M MaJIbIX
Harpy3oxK.

YBennueHue

quclia Tapal-

JICJIBHBIX ueneﬁ JIMHHUHU BBI3BIBACT IIPOIIOPHIHUOHAJIBHOC YBCINYCHUC IIOTCPb XOJIOCTOI'O

X0/1a U IOTEPH, BBI3BIBAEMBIX KOPOHOM.

Tabmuna 2.2. — Toku 1 MOIIHOCTH X0JiocToro xoxa JIDII

Hanpsokenme, 3apsaaHbIid 3apsaHas Hanpsoxenme, 3apsaHbIi 3apsiaHast
TOK, MOIIIHOCTb, TOK, MOILHOCTb,
kB kB
A/xkm KBap/KM A/xkm KBap/KM
35 0,06 3,6 500 0,72 500,0
110 0,20 38,4 750 1,77 2300,0
220 0,34 128,5 1150 5859,0
330 0,52 270,2
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IIpu ogHOM M TOM Ke mepenaBacMor MOLITHOCTH YBEJIMYECHUE YUCIla NIapajlieiib-
HBIX LICNICH BBI3BIBACT YXYALICHUE DKOHOMUYECKUX [MOKa3aTelIeH Nepesayu U MOXKET
OBITH ONMPAB/IaHO JIUIIb TPEOOBAHUSIMHU HAAEKHOCTH U YCTOMYMBOCTH.

KB/ Rar Ha puc. 2.8 CruiOmIHBIMU JTUHUAMUA
[I0Ka3aHO W3MEHEHHUE II0TEPh MOLIHOCTHU
Ha KOPOHY, & NYHKTUPHBIMU JIMHUIMU —
HaIPsHKEHHOCTD DJIEKTPUYECKOTO I0JISA Ha
IIOBEPXHOCTU mpoBoAa. M3 npuBenEHHOIO
PUCYHKY BUIHO, YTO C YBEJIMUCHUEM YUCIIaA

POBOJIOB B Kaxaou (aze ot 1 mo 4 JIDII

000 1200 1400 1600 1800 2000 s 500 kB moTepu MOIIHOCTH HA KOPOHY CHU-

Puc. 2.8. Cpe)IHeI‘O)IOBBIe MMOTECPH MOIIHOCTH JKAKOTCH. HaHpHMep, IIpU CyMMapHOM cCe€-
Ha KOPOHY P¢p M HAIPSKEHHOCTH MOJIA

yenun Gasel B 1200 MM? TOTEPH MOIIHOCTH

JUTSL 4eTHIPEX MPOBOIOB B (haze BO pa3 MEHbIIIE TOTEPh IPU OAHOM MPOBOJIE B (ase.

2.3. CxeMbl IpHucOeIUHEHHUS] MOACTAHIMI K CeTH

[ToHwkaromue noACTaHIUKM MPETHA3HAYCHBI JJIsl paclpeeICHUs] SHEPTUH T10
cetu HH u co3znanus nyHkToB coenviHeHus cetd BH (KOMMyTallMOHHBIX ITYHKTOB).
Omnpenenstomieii 1j1 BBIOOpa MECTa pa3MEIICHU MMOJCTAHITNH SBISIETCS CXeMa CeTH
HH, nnis nutanust KOTOpoW MpeaHa3HadeHa paccMarpuBaemas mnojacTtaHius. Onrtu-
MaJIbHasE MOLIHOCTh M PAANYC JOECUCTBUS TMOJICTAHUWHA ONPENACISIOTCA IIOTHOCTHIO
Harpy3oK B paiiOHe €€ pa3meleHus u cxemou cetn HH.

CxeMbl 2JIEKTPUUECKUX COEAMHEHU MOICTAaHIIUM BBIOUPAIOT B 3aBUCUMOCTH OT
ux HazHaveHwus [/, 9]. [1o ciocoOy nmprcoeIMHEHUS K JTMHUSIM JJICKTpOTIepeadn pas-
augaroT mynukosvle (puc.2.9, a, r), omeemeumenvuuvie (puc. 2.9, 0, 1, X, 1), NPOX00-

noie (puc. 2.9, B, €, 3, 1) U y31086ble (puc. 2.9, K) noocmanyuu.
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Puc. 2.9. OcHOBHBIE TUTIBI TPUCOEANHEHHUS MOJICTAHIIUNA K CETH:
a, 0, B — paguanbHOil ¢ ogHou BJI; T, 1, € — qBOIHOM pamuaabHOM; XK, 3, 1 — C IBYMS IICHTPAMH
MMATaHUS; K, J1 — ¢ TpeMs u 6osee neHTpamu nutanus (LI1T)

BOABIIMHCTBO MOACTAHIMI NMPUCOEIUHAETCS K CETH MO IBYM JIMHUSAM, IpPH
3TOM YMEHBILIAETCS A0JIs MOACTAaHIUNA, TPUCOEANHAEMBIX Ha IEPBOM 3Talle 0 OJHOMN
JUHUU. Y IETbHBIN BEC Y3JIOBBIX MOJACTAHLIHMMN YBEIMUYUBAETCS C POCTOM HAIpPSKEHUS
CETH, OJJTHOBPEMEHHO CHUXAETCA JOJISI TYIMKOBBIX U OTBETBUTEIbHBIX MOACTAHIINM.
Haunbonee pactipoctpanéanbiM tunom noactaniuu 110...330 kB saBisieTcst mpoxoi-
Hasl.

Ananu3 cxem noctpoeHus anekrpudeckoi cetu 110...330 kB noka3eiBaet, 4yto
K Y3JIOBBIM TOJCTAHITUSAM TPHCOCTUHIIOT 10 4eThipéx BJI; Gombinee uncio muHU
SBJISIETCS, KaK MPAaBUIIO, CIEICTBUEM HEYNPaBISIEMOr0 Pa3BUTHUSI CETH, HEYAAUHOTO
BbIOOpa KOH(HUTypauu WK 3aMa3IbIBaHUs COOPYKEHHUS B PACCMAaTPUBAEMOM TOUKE
ceru LIII BrIcIIETO HANIPSIKEHUSL.

[enecooOpa3HO MPUMEHSTh AJIsl BHOBb COOPYAEMbIX MOJICTAHIINI CXEMBI MTPO-
XOJHBIX U Y3JIOBBIX MPUCOEANHEHHH (CM. prc. 2.9). OTu cxembl 0071a1a10T OoJiee BhI-

COKHMMH MOKa3aTeNISIMU HAJIEKHOCTHU AIEKTPOCHAOKEHUS TOTpeOUTENEH.
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Br16op cxeM pacrnipegenuTenbHbIX ycTpocTB (PY) nmoactaniiuii BIMONHIETCS
13 yuciia THnoBbIX (puc. 2.10, Tabdi. 2.3) ¢ yuetom ux obdnactu npumeneHus [13]. Ha

ctopore BH u CH noacranuumii 370, Kak npasuiio, oTkpeiTeie PY (OPY).

Tabauna 2.3. — XapakTepuCcTUKU HEKOTOPBIX TUNOBBIX cxeM PY 35...750 kB

. O6nacTh NpUMEHEHUs
—
S ~
g g <! 2 JlonosHUTEIBHBIE
= o HanmeHnoBanue cxeMbl I SN AT
£ g 2 =5 g & z YCIIOBHS
&= 5 S E Z S =
= 2 = o5l EE X
S x S m £ ol S aa
T o T = O E/X 5 =
SH |Mocruk ¢ Beikmovarenssmua B| 35...220 | BH 2 [Tpoxonusie [IC mnpum

LensaX JUHUN U PEMOHTHOM 1e- HEOOXOJMMOCTH COXpaHe-

PEMBIYKOM CO CTOPOHBI JIMHHI HUA B pabote TpaHcdop-
MaTOpPOB TIPH TIOBPEXKJIe-
HuM Ha BJI

7 |YeThIp€XyronbHUK 220...750 | BH 2 1. AnbTepHaTHBa CcXeMme
«moctukay g [1C 110 —
220 xB.
2. Jna I1IC 330 — 750 kB
KaK HavaJbHBIM 3Tam 60-
Jiee CJIOKHBIX CXeM
9 |Ognna cexumonupoBanHas cu-| 35...220 | BH, | 3 u 60- | KoauyecTBo paguManbHBIX
cTeMa IIUH CH, | Iee BJI He Ooitee oqHOM Ha
HH CEKIIMIO
9H |Opnna cekmuonupoBanHas cu-| 110...220 | BH, |3 u 60- |1. KomuuecTBO pamuaib-
cTeMa IIWH C IOIKJIIOYECHUEM CH snee |HbIX BJI He Oosiee omHOM

TpaHcpoOpMaTOpPOB uepe3 pas- Ha CEKIHIO.

BUJIKY U3 JBYX BBIKIIFOUaTesIeh 2. Ilpu noBBILIEHHBIX Tpe-
OO0BaHUSAX K COXPAaHEHUIO B
pabote TpanchopmMaTopoB

12H |Opna pabouas cekuuonupo-| 110...220 | BH, |3 u 6o- |IIpu noBsimeHHBIX TpebO-

BaHHasg M OOXOJHAsl CUCTEMBI CH | nee |BaHUAX K COXpaHEHHUIO B

IIMH C MOAKIIOUYEHUEM TpaHC- paboTte TpanchopMaTopoB

(dbopMaTopoB dYepes pazBUIKY

U3 JIByX BBIKJIIOYaTeseH

16 |Tpancdopmaropsi-muunsl ¢ mo-| 220...750 | BH, | 5...6

JTYTOPHBIM  MPUCOCTUHEHHEM CH

JINHUHI

17 |IlomyropHas cxema 220...750 | BH, | 6 u 60-
CH jiee
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Puc.2.10. Tunossie cxemsl PY 35...750 xB. Lludpst — HoMepa THIIOBBIX CXeM

€S
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OcnoBHol pexkomenayemoit cxemoiut aist PY CH 110...220 kB saBnsercss oau-
HapHasi CEeKLIMOHUpPOBaHHAs cucTema 1muH (puc. 2.10, cxema 9).

Cxembl PY 10(6) kB npuseaens! Ha puc. 2.11 [7]. Cxema ¢ 0HON CEKITMOHHPO-
BaHHOU cucteMoi muH (puc. 2.11 06, B) npumMeHsieTcs pu IBYX TpaHcpopmaTopax ¢
HepacieméHabiMu ooMoTkamu HH. Cxema ¢ AByMsI CEKIITMOHUPOBAHHBIMU IIMHAMU
(puc. 2.11 r) ucnonb3yercs MpHU IABYX TpaHCchHopMaTopax ¢ pacIleIEHHBIMU 00OMOT-

kamu HH.

PY BH ~{  PYBH

)g %
6—10xB -X-I—}\— Icemmmmf
?aY

PY BH [ PY BH

PYCH

Tce II cexius @] @16—10 KBI$] @/]

Km‘ﬂ@ 10 kB R
: muH ] cexmmY S T Y 11 cexuus
IIMH <[> IIMH

I cexuma A < > A A IV cexamust
T HoOW-

é

Puc.2.11. Cxemsl PY Husuiero HanpsxkeHus:
a — C OJJHOM HECEKITMOHUPOBAHHOW CUCTEMOH IIIHH; O, B — C OJTHON CEKIITMOHUPOBAHHOM
CHUCTEMOM IIUH; T — C IByMs CEKIIMOHUPOBAHHBIMU CUCTEMAMU IIIUH

KonuuaecTBo orxoasamux muauid Ha cropoHax CH u HH onpenenseTcs ux mpo-
MMyCKHON CIIOCOOHOCTHIO M YCTAHOBJIIEHHOW MOIIHOCTBIO TpaHchopMaTtopoB (Tadll.
2.4).

Henecoobpasznoe konnuectBo BJI 110 kB, orxonsimux ot noacranuuii ¢ BH 220...330
KB npuBeneHO HIXKeE:

MoutnocTs aBTOTpanchopmaropos, MB-A 2x63 1x125 2x200
Kommaectso BJI 110 kB 4 6...8 10...12
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Tabonuua 2.4. — Konmuuectso suaUi 10 1 35 kB Ha noacrannuax 110 kB

Yucno 1 MOIHOCTH KonmuectBo nunmii 10 kB ans Tpancdopmaro-
Komunuectso
TpanchopmMaTopos, BII 35 kB poB
MB-A TpEXOOMOTOUHBIX JIBYXOOMOTOUYHBIX
2x6,3 2 4 8
2x10 2 8 12
2x16 4 12 18
2x25 4 16 24
2x40 4 24 32

2.4. Bpbioop ceuennii npoBoaaukos BJI u KJI

Br160p sKOHOMUYECKH 11e71ecO00pa3HbIX CEUCHUHN MPOBOJOB JUHUN MPOU3BO-
JUTCS C IeJIbI0 00eCIIeueHIsT MUHUMYMa JTHCKOHTUPOBaHHBIX 3atpaT (1.4) Ha coopy-
KEHUE M DKCIUTyaTalluio JTUHUHN ceTh. [Ipu yBeIuYeHur ceueHn yBETMIMBAIOTCS 3a-
TpaThl IBETHOT'O METaJIjIa U MOBBIIIAETCSI CTOMMOCTh JIMHUM, HO YMEHBIIAIOTCS MIOTEPU
SHEPTUU.

B cBsi3u ¢ IUCKPETHOCTHIO U3MEHEHUS CEUYECHUU MPOBOJIOB OOJIBIIUMHU CTYyIIE-
HSIMU TPAKTUYECKU MPUEMIIEMBIM OKa3bIBAETCS MPUOIMKEHHOE PEIICHHE: IS Ka-
JI0M JIMHUM CE€YeHHE MPOBOJIOB BHIOMpaeTCsi 00BIYHO He3aBucuMo. [Ipu sTom mpume-
HSIOT JBAa HECKOJIBKO Pa3jIMYHBIX MpUEMa pacuéra: Mo dKOHOMHYECKOW IUIOTHOCTH
TOKa | C MIOMOIIbIO SKOHOMUYECKHX HHTepBaioB [14]. [lepsriii MeTox siBNIsIeTCst 6O-
Jiee TIPOCTHIM, HO C TIOMOIIBIO BTOPOTO METOIa MOXKHO, HAaIlpuMep, 00jiee MpaBUILHO
y4ecTh (paKTUYeCKHue CTOMMOCTHU JTMHUM.

DKOHOMHUYECKAs TUIOTHOCTh TOKa MPHUOIMKEHHO OMPEEseTCs MPU yCIOBUH,
YTO MIOTOHHAs CTOMMOCTH (Ha €AMHUILY JJIMHbBI) JIMHUH JTUHEHHO 3aBUCHUT OT CEYEHUS
F npoBonos:

Koz(a+bF),

rjae a — IOCTOsHHAas COCTABJIAIOIAsl CTOUMMOCTH OAHOTO KHMJIIOMETpPa JIMHUH,

b — ko3 dunmenT ynopoxanmus.
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Js BJI nanpspkennem 1o 220 kB u quHo# L, cpok cTpouTeNnbCcTBa KOTOPBIX
(cM. Tabn. 1.4) He mpeBBIIIAET OJHOTO T'O/A, a IKCILIyaTal[MOHHbIC M3ACPKKHA HEH3-
MEHHBI B T€UEHHUE BCETO >KU3HEHHOro mHukia (T¢=50 1eT), TMCKOHTHUPOBAHHBIEC 3a-

Tpathl (1.5) MoryT onpenenstbes no Gopmyse
3=EK+1, (2.1)

riae K=(a+bF)L;

N=o'K+o, K+U,  =aK+3I2 rLp, . (2.2)

00c max

31ech ch — IMCKOHTUPOBAHHAsA HOpMa aMopTH3almu o, = E / ((1+ E)TC” —1);

A6, — HOPMA OTHHUCIICHUH HA O6CHy}KI/IBaHI/IC U PCMOHT,

W —3arparbl Ha BO3MEUICHHUE [TOTEPD DIEKTPOIHEPIUY;

| ..« — MAKCHMAJIBbHBIH TOK JMHHY;

I, — IOrOHHOE COIPOTUBICHHUE JIMHWH, 3aBHUCAILIEE OT CEUEHUs MPOBOJAA U
YZICIIbHOM MPOBOANMOCTH MaTepuaina mposoaa Iy =p/F ;

T — YHCJIO0 YaCOB HaMOOJIBLINX MOTEPH;

B — cTouMOCTh OJTHOTO KBT 4 MOTEph 37EKTPOIHEPTUH.

IToacraBus (2.2) B (2.1), 3anumem

3=(E+a)(a+bF)L+3I2, %L‘CB =3, +31F+3—F2; (2.3)
3, =(E+a)aL,
3, =(E+a)bL, (2.4)

3, =312,_pL1p.

B cocraB 1uckoHTUPOBaHHBIX 3aTpat (2.3) BXOJAST TPU COCTABIISIONINE, 3aBUCH-

MOCTb KOTOPBIX OT CEYEHHU MOKa3aHa Ha puc. 2.12.
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Ceuenue F», cooTBeTcTByOIIEE MHHHU-
MyMmy 3aTtpatr (2.3) ompenensercs u3

yCIOBUA

a3
dF

3
3, -2 =0.

OTCI-OI[a OKOHOMHNYCCKOC CCUCHUC

F

Puc.2.12. 3aBUCMMOCTH COCTaBIISIFOLINAX 3aTpaT
OT CE€YEHUs MPOBOJIOB

A€ OKOHOMHWYCCKAs IINIOTHOCTb TOKA

(E+a)b

3p1P (23)

j3:

Ywcio yacoB HAaUOOJIBIIIUX MOTEPH T OMPENEIACTCS B 3aBUCUMOCTH OT YHCJIA Ya-
COB UCIIOJIb30BaHUSI MAKCUMYMa Harpy3ku auHuu (puc.2.13).
B cootBetcTBUM ¢ [IpaBmiiamu ycrpoiicTBa 3ekTpoycTaHoBok ([TYD-7) [14]

HOPMHUPOBAHBI 3HAYCHUS IKOHOMUUECKoU niomuocmu moxka (Tabmn. 2.5).

Tabnuna 2.5. — HopmupoBansbie 3HaueHus mi1oTHoCcTH Toka st BJI u KJI
[TnoTHOCTE TOKa, A/MM?, [IpY YUCJIE Ya-
COB HCIIOJIb30BaHUA MAKCUMYyMa
Harpysku Ty, u/rox

IIpoBogHUKH

0oJiee
60”62 01(%)0 3000 10 | Gomee 5000
o 5000
1 2 3 4
HCI/I3OJ'H/IpOBaHHBIC HpOBOIIa W IIIUHBI.
MeIHbIE 25 2,1 1,8
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| aromuHMEBBIE | 13 | 11 | 1,0 |
[Ipononxenue tadm. 2.5
1 2 3 4
Kabenn ¢ OymaKHOW, pe3MHOBOW M TOJMBUHUIIXIIO-
PUAHOMN U30JBIIMEN C KUTIAMU:
MEIHBIMU 3,0 2,5 2,0
AJTFIOMUHUEBBIMU 1,6 1,4 1,2
Kabenu ¢ pe3snHOBOI U MIACTMACCOBOM U3OJISIIUEH C
KUTTAMH:
MEIHBIMH 3,5 3,1 2,7
AJTTOMUHUEBBIMU 1,9 1,7 1,6
: CymmapHOe pacuéTHOE CEUYCHHE MPOBOOB
y | !
7009 4 (ba3bl TPOEKTUPYEMOM JIMHUU PABHO:
5000 |
‘ __D
5000 ; L F=—, (2.6)
| )

4000 |
0 //
2000

Ve

7
2000 v

7000

T
g 7000 2000 3000 000 5006 6000 7500 ¢

Puc.2.13. 3aBUcUMOCTH BpeMEHU MOTEPH T
OT YHCJIa YaCOB UCMOJIb30BaHUS
MaKCUMyMa Harpy3Ku

rae |p — pacyETHBIN TOK, A;
J» — HOpPMHpOBaHHas IUIOTHOCThH TOKA,

A/Mm?,
VBenuyeHue 4Yuciaa JUHUM (Lienei)
CBepX TpebyeMoro 1Mo yCIOBHUSAM HaAEKHO-

CTH JUIS YIOBJIETBOPEHUS 3KOHOMHUYECKOMN

INIOTHOCTH TOKa 00OCHOBBIBACTCS TEXHUKO-3KOHOMUYECKUMU paC‘-IéTaMI/I. Bo n36exa-

HHE YBEIMUYCHUS YHCIIa JIMHAH (IIeTe) TOMyCcKaeTcsl IBYKPaTHOE NPEBBIIICHAE |- H3

Tabm. 2.5 [14].

3HaueHue |, onpesenseTcs 1mo BeIpaxeHuro [7]:

I, = ls0407,
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rae lg — TOK IMHMY Ha IATHIN ToJ €€ SKCIUTyaTallid B HOPMaJIbHOM PEXHUME, ONpee-

JIIEMBIN JJ1S TUHUM OCHOBHOM CETH IO PACUYETHBIM IIJITAHUPYEMBIM IIOTOKaM MOIII-

HocTH. [l IMHUH pacnpenenuTensHon ceth |5 ompenensercs pacyéTom mOTO-

KopacrpCacICHUA IIPU MPOXOKIACHUHU MAKCUMYMa HArpy3ku SHEProCuCTEMBbI,

0j — K03((UIUEHT, yYUTHIBAIOIINN N3MEHEHHE HArpy3KU MO rojaM 3KCIUTyaTaluH
nuHuy. [ muanid 35...220 kB 3HaueHWe o MOKET OBbITh NPUHATO PaBHBIM

1,05, 4dTO COOTBCTCTBYCT MATCMATUYCCKOMY OXKUIAHUIO 3TOTO KOBq)(i)I/IHI/IeHTa B
30HE HanOOoJIee YacTo BCTPCHAIOIINUXCA TCMIIOB pOCTAa HAI'PY3KH.

or — KOB(I)(I)I/IL[I/IeHT, y‘II/ITBIBaIOH_IHﬁ YHMCJIO YaCOB MCIIOJb30BAaHUS MaKCUMaJbHOU

Harpy3ku BJI (Ty), a koaddumment K, otpaxkaer yuactue Harpy3ku BJI B mak-

CUMyMe dHeprocuctemsl (Tadi. 2.6).

Tabnuua 2.6. — YcpeaHeHHble 3HaueHUs KO3(QQUIIUEHTA O

3HaveHne K0dGUIMEHTA TTPU YUCIIC
KoaddumumenT ygactus
Hanpsixenue BJI, 4acoB UCIOJIb30BAHUS MAKCUMYMa
B MaKCUMyMe
KB sHeprocucremsl K HArpy3sKu Ty, WOz
P " [ 104000 | 4000...6000 | Gonee 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

PacuétHoe ceueHre mpoBoaa JOHKHO OBITH OKPYTJIEHO 10 OJIMKAKMIIEro CTaH-
JTapTHOTO.

OCHOBHBIM IOCTOMHCTBOM BBIOOpA TUIOIIAN CEYCHHS TPOBOJHUKOB JTUHUH 110
HOPMATUBHOW SKOHOMUYECKOH TUIOTHOCTH TOKA SIBJISIETCS] €70 IPOCTOTA.

OpmHako Tako MOAXO0J UMEET MHOTO HEeOCTaTKoB. Pacu€THas momans cede-
HUS IPOBOJTHUKOB, ompeaensemas o Gopmyne (2.6), 00bIYHO HE COBMAIAET CO CTaH-
JTapTHOM, MOATOMY TIPUXOAUTCS MMPOU3BOAUTE OKpyTieHue. [Ipu onpeneneHnn 3KoHO-
MUYECKOHU IJIOTHOCTH TOKa 1Mo (hopmyiie (2.5) mosaraioch, 9To COOJIFOIACTCS JTMHEH-
Hasl 3aBUCUMOCTHh MEKy KalUTAIBHBIMU 3aTpaTaMu | IJIOMABI0 CEYSHUS TIPOBO/I-

HUKOB. He YYUThIBAJIaCh CTOMMOCTD ITOTCPb SHCPIrUr XOJOCTOro Xoaa.
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Hekoropble 13 nepeyucieHHbIX HEA0CTaTKOB YCTPAHSIOTCSA MPU BBIOOPE ILIO-
1[aJI1 CEYEHUsI IPOBOAHUKOB HAa OCHOBE MPEIBAPUTEIBHOIO ONpPENEIEeHUs YKOHOMHU-
YEeCKUX UHTEPBAIOB HArpy3ku [7, 12]. Dxonomuueckue unmepeanst MOXKHO TOTYYHUTH,

TOJIb3YSCh AUCKPETHBIMU 3HAUYCHHUSMH IIOTOHHOM cTroumocTH nHui K, ¢ mpoBogamu
pasubix cedenuil F . IIpu 3TOM MOXHO y4uecTb 1 Apyrue HakTopsl (HarpuMmep, moTepu
MOIIHOCTH HpH Kopore AP ).

JI1st KaXKJ10ro U3 paccMaTprBAEMbIX CEUEHHI IPOBOJOB F ompexaenstoTcs nuc-

KOHTHUPOBAHHBIC 3aTPATHI KaK q)YHKL[I/ISI TOKa HArpy3KH JIMHUU Imax .

3=(E+a)K, +302, %TB + AP 8760p.

Kop |
!

Ha puc. 2.14 npeacraBieHbl 3aBUCUMOCTH JUCKOHTUPOBAHHBIX 3aTPaT 3 [J1s TIUHUH C
ceueHusiMu F1 - Fi oT TOka Harpy3ku.

) _ 7 Bri6pannbie mpoBoaa JOIKHBI OBITH TIPO-
BEPEHBl TI0  OONYCMUMOU  MOKOBOU

Haepy3sKe MO0 HAarpeBy |y on:

p.-H < Inon’

rae lpu — pacu€THBIN TOK JUIsl TPOBEPKU

IIPOBOJOB I10 HATPEBY .

Pacuémnoimu peaxxcumamu  MOryt
Puc.2.14. DxoHOMUYECKHE NHTEPBAJIBI

Harpy3KH ABJIATBCA HOPMAJIBHBIC HWJIM II0CJICaBa-

pUHHBIE PEKUMBI, @ TAKXKE MEPUO/bl PEMOHTOB JIPYTHX 3JIEMEHTOB CETH, BO3MOMXKHBIX
HEPABHOMEPHOCTEU pacrpeiesieHus Harpy3Ku MEXy JIMHUSIMU U T. 11

Jonyctrumbie anurenbHble TOKU 11 mpoBoaoB Mapok AC n ACK npuBeeHsI B
Tabn. 2.7, a monmpaBouHble KOAPGOUIIMEHTH HAa TEMIIEpaTypy BO3AyXa JUIsl HEU30JIHPO-

BaHHBIX TPOBOJIOB — B Ta0JI. 2.8 [9].
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MakcumanbHO BO3MOYKHBIE CEUEHHUS MPOBOJOB M3 YCIOBHUS MEXaHHMYECKOU
MPOYHOCTHU THUMOBBIX OMOP COCTABJISIOT:
o 151 BJI-35 kB — 150 MM
o 151 BJI-110 kB — 240 mm?;
o 151 BJI-220 kB — 500 mm?.

Tabnuma 2.7. — JlonmycTuMble JJTUTENIBHBIE TOKH JIJISI HEU30JIUPOBAHHBIX MPOBOJIOB
mapok AC u ACK, npumensiembix Ha BJI 35...330 kB npu temneparype
Bo3ayxa +25 °C

Ceuenue Ceuenue
(amIoMUHUIT/CTAIB), MM Tok, A (amoMuHHIT/CTAIIB), MM Tox, A

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
240/39 610 500/64 945

Tabmuma 2.8. — [NonpaBounbie K03 GUIIMEHTHI HA TEMIIEPATypPy BO3AyXa JJIsI
HEM30JIMPOBAHHBIX TPOBOJIOB

. [TorrpaBouHbIe KOAhHUITMEHTHI TPU HAKTHUESCKOM
g, ; Temneparype Bozayxa, C°
Q = Q
= g &
= = B
] T <
= P85
S g | 8E2Q| 5 | 0| +5[+10|+15|+20|+25| +30 | +35 | +40 | +45 | +50
q:?3 < E{ é qli) <
S53|193 ¢
ARR |T A&
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

MuHUMAaIbHO BO3MOKHBIC CEUCHUS HCU3O0JIMPOBAHHBIX IIPOBOAOB IIO YCJIO-

BUSIM MEXaHUYECKOU MPOYHOCTH TIPoBo10B i1t BJI mpuBenens! B Tadi. 2.9.

Tabnuma 2.9. — MuHUMaNbHO TOMYCTUMBIE CEYCHHSI HEM30JIMPOBAHHBIX MPOBO-
JIOB 110 YCIOBHAM MexaHnyeckou npoynocty st BJI ceeime 1 kB
\ Xapakrepuctrka BJI | CeueHue MPOBOJIOB, MM” |
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AJIFIOMUHHUECBBIX U
u3 HetepMooGpa-| o P MO0Gpa-
0O0TaHHOTO cTajlealllo- | CTajb-
0OTaHHOTO AJIIO-
AJIFIOMUHHUECBOTI'O| MHHHCBBIX HBIX
MHWHHCBOI'O CILIaBa
cIuiaBa
1 2 3 4 5
BJI 6e3 nmepecedyeHuii B paifoHax 1o ro-
JoJIeNy:
mo 1l 70 50 35/6,2 35
B -1V 95 50 50/8 35
B V u Gosee - - 70/11 35

ITpononxenue tadmn. 2.9

1 2 3 4 5
[Tepeceuennss BJI ¢ cynoxoaHbiMu pe-
KaMHu 1 I/IH)KeHepHI)IMI/I COOpy)KeHI/IHMI/I
B paliOHax I10 TOJIOJIENY:

1o |l 70 50 50/8 35
B I1-1V 95 70 50/8 50
B V 1 Oonee - - 70/11 50

BJI, coopyxaeMble Ha ABYXIECTHBIX UJIN
MHOTOIEMHBIX OTIOpax:

mo 20 kB - — 70/11 —
35 kB u BhILIE - — 120/19 —

ITpoBepke no ycnoBusam koponsl noasexat BJI 110 kB u Briiie, npoksiaabiBa-
eMbIe TI0 TpaccaMm ¢ oTMeTkamu Boitie 1500 M Hax ypoBHEM Mops. [Ipu 6onee HU3KHX
OTMETKaX MpOBepKa HE MPOU3BOJUTCS, €CIIM CEUCHUSI TTPOBOJIOB PAaBHBI MUHUMAJILHO

JIOTTYCTUMBIM TIO YCJIIOBUSIM KOPOHBI MJTM TIPEBBIMIAOT UX (Tabm. 2.10).

Tabnuna 2.10. — MunuManeHbIi 1uaMetp npoBoaoB BJI mo ycioBusM KOPOHBI, MM

®aza c mpoBOIaAMU

Hanpsoxenue BJI, kB

OJINHOYHBIMHA aBa U 60J'Iee
110 11,4 (AC 70/11) _
150 15,2 (AC 120/19) -
990 21,6 (AC 240/32) B
24,0 (AC 300/39)

2 x 21,6 (2 x AC 240/32)
330 33,2 (AC 600/72) 3 x 15,2 (3 x AC 120/19)
3 x 17,1 (3 x AC 150/24)

2 x 36,2 (2 x AC 700/86)
500 - 3 x 24,0 (3 x AC 300/39)
4 x 18,8 (4 x AC 185/29)

750 - 4 x 29,1 (4 x AC 400/93)
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5 x 21,6 (5 x AC 240/32)

2.5. BpiOop TpaHchoOpMATOPOB HA MOJACTAHIUAX

Brei6op komuuectBa TpaHcHOpMATOPOB (AaBTOTPAHCHOPMATOPOB) 3aBUCUT OT
TpeOOBaHUM K HAIEKHOCTH IEKTPOCHAOKEHUSI, TOTPEOUTENICH MUTAIOIIUXCS OT MOJ-
CTaHIU, U SIBJISIETCS, TAKUM 00pa30M, TEXHHUKO-3KOHOMHUUYECKON 3a/1aue.

Ha noxacranmusx c BeiciiuM Hanpspbkenrem 220 kB u BeIie, kak mpaBuiio, ycra-
HaBiuBatoTcs aBTorpaHchopmaTopsl (AT), obmagatouiue psiioM MPEUMYIIECTB IO
CpaBHEHMIO ¢ TpaHchopmaTopamMu (MEHBIINE Macca, CTOMMOCTh U MOTEPHU DHEPTUU
P TOM K€ MOIIHOCTH ).

B mpaktuke mpoekTHpOBaHUS HA MOACTAHIIUSAX BCEX KATETOPUM MPEIyCMaTpH-
BaeTCs, Kak MpaBUII0, YCTAaHOBKA ABYX TpaHchopmatopoB. [IpumeHnenue ogHoTpaHC-
(GopMaTOpPHBIX MOJACTAHIMN AomycKaeTcs [7]:

® B KauecTBE MEPBOro dTara COOPYKEHUS ABYXTPaHC(HOPMATOPHOU MOACTAHIINH

IIPU TIOCTETIEHHOM pOCTe Harpy3ku. [Ipu 3ToM 0KHO OBITH 00ECIIeYeHO pe3ep-

BUPOBAHUE JIEKTPOCHAOKEHHUS MOTPEeOUTENEH MO CETSIM BTOPUYHOTO HaIpsIKe-

HUS,

® ISl IUTAHUSI HEOTBETCTBEHHBIX MOTPEOUTENEH, TOMYCKAIOUIUX TIEPEPHIB IIEK-

TPOCHA0KEHUS Ha BPEMSI JIOCTATOYHOE JIJISl 3aMEHBI MMOBPEXKICHHOTO TpaHcdop-

Maropa.

[Ipu cymecTByromel ImKale HOMHUHAJIBHBIX MOIIHOCTEW TpaHC(hHOPMATOPOB
MOHO 3aMETHO CHU3UTh HEOOXOAUMYIO CYMMApHYIO MOITHOCTh Ha MOJICTAHIIMHU HPH
YBEJIMYCHHUH KOJMYECTBA TPAaHCHOPMATOPOB CBBIIIE ABYX. OJHAKO HECMOTPS Ha 3TO,
KaluTaJlbHbIE 3aTPAThl U SKCIUTyaTallMOHHBIE PACXO/Ibl B 1I€JIOM MO MOACTAHIIUU TO-
JTy4aroTCs, KaK IpaBuiio, OOJBIIMMHU BCIEACTBUE POCTa YAEIbHBIX 3aTpaT Ha 1 kB A
C YMEHBIIEHUEM €IMHUYHONU MOITHOCTH TpaHchopmaTopa. C yu€TOM H3JI0KEHHOTO
YCTaHOBKA Ha MOJCTaHIUsIX OoJiee ABYyX TpaHchopmaTopoB (AT) npumeHseTcs B clie-

IYIOIIUX CITyYasiX:
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1)  Ha NOACTAHIMIX MPOMBIINLICHHBIX MPEIMPUATHH, €CITH HEOOXOIMMO BbI-
JEJIUTH 10 PEKUMY paOOThl TOJTYKOBBIE HATPY3KH (3JIEKTPOIEUH U T. 11.);
2)  €CIM 10 TEXHUKO-3KOHOMHYCCKHM COOOPAKEHHUSAM IIEJIECOO0pa3HO HC-
N0JIb30BaHKE HA MOJCTAHIMU IBYX CPEIHUX HANPSIKEHUIH;
3)  echam IS TOKPBITHSI HArpy3KH HEJOCTATOYHO TPEACIHbHON MOITHOCTH
nByx AT no cymectByronieit mkane (Hanpumep, 330/110 kB, 200 MB-A);
4)  ecnu BapuaHT IPYIMI U3 JIBYX crapeHHbIX Tpex(dasubix AT umeer Tex-
HUKO-3KOHOMHYECKHE MPEUMYILECTBA 10 CPABHEHUIO C IPYIIIIAaMU U3 OJHO(PA3HbIX
AT.
B 1tpéx nmocneanux ciayyasx asa AT, Kak MpaBuiio, MOJKIIOYAIOTCS HA CTOPOHE
BH nox oO1uii BEIKIIOYATENb.

MormHoCTh TpaHncpopMaTOpOB BEIOMPAETCS M0 HArpy3Ke MATOTO Toja dKCIUTya-
Talluy TOJICTAHIIUU, CYUTAsl C TOAa BBOJA MEPBOT0 TpaHchopmaTopa.

CymMmapHasi ycTaHOBJIEHHAs! MOLTHOCTH TPaHC(HOPMATOPOB JOJIKHA YIOBJIETBO-

PATH YCIOBUSM

Spp > Simax (2.7)
n
™

S
S, > an , (2.8)
P KaB (nTp o nOTK)

TI€ Ny, Sy — KOJMYECTBO U €IMHMYHAS MOIIHOCT TpaHchOpMaTopoOB;

Smax — MaKcHMalbHas Harpy3ka IOJCTaHIMU B HOPMAJIbHOM PEKUME;

S

Sa = Smax — Spes — Harpy3Ka IOACTAHINM B TI0C/ICABAPUHHOM PEKUME BBIX0JIA

OJIHOTO TpaHc(hopMaTOpa MPHU PE3EPBUPOBAHUN YACTU HATPY3KHU MO CETSIM BTO-
PUYHOTO HAIPSKEHMUS;

Ny — KOJTMYECTBO OTKIIOUEHHBIX TpaHC(HOPMATOPOB;

OTK

Kap — K03(hduImeHT 1omycTuMoi neperpy3ku TpaHC(pOpMaTOPOB B aBAPUIHBIX

ciy4Jasx.
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Ecnu xoadduument HayanpHOM Harpy3ku He Oosbiie 0,93, To Tpancdopma-
TOPBI TOMYCKAIOT B TeUeHUE He Oosee 5 cyTok neperpy3ky Ha 40 %

(K,z =1,4) cBepx HOMHHAJIBHOTO TOKa Ha BpeMsI MaKCHIMYMOB Harpy3Kku o01mei mpo-

JOJDKUTENIBHOCTBIO He Oosiee 6 u/cyT. [loaTomy mns nByxTpanchopMaTOpHOU TMOJ-
CTaHIIUU TIPU OTCYTCTBUM PE3EPBUPOBAHUS IO CETSIM BTOPUYHOTO HATIPSKEHUS MOIII-
HOCTb Ka)JI0ro TpaHc(hopmaTopa npuHuUMaeTcs paBHOU 0,7 Sy, - IIpy Hamuuum pe-
3epPBUPOBAHUS MOIIHOCTh KaX/10ro TpaHchopMaTopa JoKHa ObITh paBHOI 0,7 Syay
, HO HE MeHee S5y /2. 3aTeM BbIOMparoT Onkaiimiee Oonblee CTaHAAPTHOE 3HaUe-
HIE HOMUHAJIbHOM MOIIHOCTH TpaHcopMmaTopa ¢ ya€ToM TpeOyeMbIX HOMHHAIBHBIX
HaIPSKEHUN.

MotHOCTh OTHOTPAaHC(HOPMATOPHOHN TOJCTAHIIMK OMPEACIAETCS MAaKCHUMAaIlb-
HOM 3arpy3koi Tpanchopmaropa B HopmaiabHOM pexxkume (10 100 %).

[Tpu ycTaHOBKE HA IOJICTAHIIUU OJJTHOU TPyNIIBI 0THO(GA3HBIX TPAaHC(HOPMATOPOB
npexycMaTpuBaeTCs OJlHa pe3epBHas (asa.

VYBenuueHne MOIIHOCTH OJHOTPAHCPOPMATOPHBIX MOJACTAHIUNA OCYIECTBIIS-
€TCsl, KaK MPaBWIo, MyTeM YCTAaHOBKH BTOPOro TpaHcopmaTopa, AByXTpaHCchopMa-

TOPHBIX — 3aMEHOU TpaHcHopMaTOpoB 00JIEE MOIITHBIMH.

ITpu BeIOOpe AT pemaroTcs aBe cnenuduyeckue 3aaaun: BHIOOP HAMPSIKCHUS
oobmotku HH (35 wim 10 xB) 1 nmpoBepka 3arpy3ku oOmield oOMoTkH. Be16op Hampsi-
xenus ooMotkn HH onpenensercs ciaeayromumu pakropamu:

® HaIMYMEM BOJIU3M TIOMIAKH TOJICTAHIIMN IOCTATOYHO KPYITHOTO MOTpEeOUTes,
ANEKTPOCHAOKEHHE KOTOPOTO 1eJIecO00pa3HO OCYIIECTBIATh Ha HanpspkeHuu 10 kB;

e HEoOXOIMMOCTHIO H 11eJIeCO00PA3HOCTHIO YCTAHOBKY HA MOJCTAHITNN CUHXPOH-
HBIX KOMIIEHCATOPOB, NPUCOEAMHAEMBIX Ha HanpshkeHuu 10 kB;

® 11eJ1eCO00pa3HOCTHI0O YCTAHOBKHM HA TOJICTAHIIMH ITYHTOBBIX KOHIEHCATOPHBIX

Oatapeil Ha HanpsikeHue 35 kB.
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B ycnoBusix, korga Bo3MOKHBI iepeToku momHocty u3 cetn CH n BH B cetp
HH, u B ciydasx npucoeanHenuss k oomorke HH cMHXpOHHBIX KOMIIEHCATOPOB Tpe-
Oyetcst mpoBepka 3arpy3ku o61ieit ooMoTku AT, koTopast MOXKeT OBITh BBITIOJTHEHA TIO
dbopmyne

HH S aSHOM '

S, =aS,, +S
rje So — 3arpy3ka oo1ieit 0OMOTKH;

Sen Sun — cooTBeTCTBEHHO 3arpy3ka oomoTku BH u HH;

Stom — HOMUHAJIbHAS. MOIIHOCTE AT;
0=(Upi-Ucn)/Ug — K03 durert Boirogaoctu AT.

Tpanchopmatopsl (AT) mpuUHUMAIOTCA CO BCTPOEHHBIM PETYIHPOBAHUEM
HanpspkeHus noja Harpyskou (PITH). YcraHoBKka OTIENbHBIX MOCJIEA0BATEIbHBIX pPe-
T'YJIUPOBOYHBIX TPaHC(HOPMATOPOB TOMYCKAETCS TOJBKO MPH OTCYTCTBHM COOTBET-
ctBytomux TpancpopmatopoB (AT) ¢ PITH (B uacTHOCTH, IPH TUTAHUH TTOTPEOUTENICH

ot oomotok HH AT).
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3. PACUETBHI PEXKUMOB DJIEKTPUUYECKUX CETEA
IIPU IPOEKTUPOBAHUU

3.1. 3apaum pacuyéra M pacuyéTHbIC pPeKHUMbI

[enpro pacy€TOB PEKUMOB SIBIIIETCS OINPEACICHUE MapaMETPOB PEXKUMOB U
NpEeXJe BCEro HaNpsKEHUH BO BCEX y3/1aX, TOKOB M MOIIHOCTEH BO BCEX BETBAX,
KpOME 3TOT0 BBIYMCIIEHUE ITOTEPh MOITHOCTH BO BCEX AJIEMEHTAX U B CETH B IIEJIOM.

[To 3HaYeHUAM YKa3aHHBIX MTAPAMETPOB OMpeAeIsoTCs [6]:

o 3arpy3Ka 3JIEMEHTOB CETH, COOTBETCTBUE MPOIMYCKHON CIOCOOHOCTH CETH

OXHNIJaCMBbIM ITIOTOKOM MOIIHOCTH,

o CEYCHHMS TIPOBOJOB M KaOeJel M MOIIHOCTH TpaHCc(hOpMaTOpOB U aBTO-
TpaHC(HOPMATOPOB;
o YPOBHH HaIpPsDKEHUS B y37aX M JEMEHTaX CETH M MEpOIPHSITHS, 00ec-

NEYMBAIONINE MOAAECPKAHUE HAIPSIKEHUS] B JONYCTUMBIX MpeleNax; MoTepu

MOIIIHOCTH U 3J€KTPOIHEPTUH JIJIs1 OLIEHKU YIKOHOMUYHOCTH pabOThI CETH U (-

(eKTUBHOCTH CITOCOOOB CHUIKEHHUS TIOTEPb;

. ypoBHHM TOKOB K3, COOTBETCTBHE CYHIECTBYIOIIEH WJIM HaME4aeMOM K

YCTAaHOBKE almaparypsl oxugaeMbiM TokaM K3, MeponpusTus no orpaHuye-

HHIO0 TOKOB K3;

o IPOITYCKHAs CIIOCOOHOCTH CETH TI0 YCIOBHSIM YCTOMYMBOCTH;

o WHTETpaIbHBIC TIOKA3aTEIN YCIOBUN paOOTHI CETH B IIEJIOM 32 JJTUTEIh-

HBII nepuon (Hampumep, ToJ) — MepeaaBaeMasi SHEpPrusi, CpeaHue 3HAYeHUs

OTJIEJIbHBIX MMAPAMETPOB pPeKUMa (HAMPSHKEHUS B y3J1aX, 3arpy3ka TpaHchopma-

TOPOB, TUIOTHOCTH TOKA B JIMHUAX DJIEKTPOIEpPEIaud U T. M.) WIN AUANa30H U3-

MEHEHHMS 3HAUYCHUSI KAKOT0-JIKM00 nmapaMeTpa Jjisl pacu€THBIX AJIEMEHTOB CETU U

Ap.

[Tpu ananuze oxugaEMbIX B IEPCHIEKTUBE YCTAHOBUBIIHNXCS PEXKHUMOB paccMaTt-
PHUBAIOT PACUYETHBIE JUITUTENbHBIC (PETYJISIPHBIC) MOTOKH MOIIHOCTH IO CETH, KOTOPHIE

MOT'YyT UMCTb MCCTO B HOPMAJIbHBIX PCIKHMaAxX pa6OTBI OQHCPIrOoCUCTEM, U paC‘IéTHBIC
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MaKCUMaJlbHbIE (HEPETYJIApHBIE) MOTOKHU, ONPEAEISIEMbIE CIy4alHBIMU OTKJIOHEHHU-
MU OT HOPMAJbHBIX PEKUMOB. Y CIIOBHSI BO3HUKHOBEHHS TE€X U JPYTUX NEPETOKOB
aKTUBHOW MOIIHOCTU paccMoTpeHsl B 11.1.3. Ha ¢popmMupoBanre NOTOKOB peakTUBHOM
MOIIIHOCTU KpoMe (PaKkTOpOB, ONpPENESIOMMNX MOTOKH aKTUBHOW MOIIHOCTH, 3HAYH-
TEJIBHOE BIIMSIHUE OKA3bIBAIOT MIOTEPU PEAKTUBHOW MOIIIHOCTH B CETH U 3apsIHAsI MOL-
HOCTB JIMHUM HanpsbkeHneMm 220 kB u Boimie. Brinady peakTUBHON MOIIHOCTH B CO-
CEJHUE DHEPrOCHUCTEMBI MOKHO YUYUTBIBATh IO PEKMUMY MaKCHUMaJlbHOM pacuETHOM

BBIJIa9M aKTHBHOM MOIIHOCTH IIpH COS @, =0,9...0,95 mma BJI35...220kBu 0,95...1,0

st BJI Gonee BBICOKUX HaNPSKEHUM.

[Ipu pa3paboTke cxem pa3BUTHS IJICKTPUUYECKUX CETeH MOACUET peaKkTUBHOU
MOIIIHOCTH HAarpy3Ku IMPOU3BOJAUTCA MYTEM YMHOKEHHUS PAaCUETHON aKTHUBHOM MOIII-
HOCTH HArpy3KH, MpUBEIEHHON K IIMHAM, HA YCPEIHCHHBINH tQ @ Ha mmHax [7]:

HaIlIpsAKCHUCM, KB:

6...10: anexrpoctannuii (kpome CH) 0,62

[MOCTAHIMI 0,40
35 0,50
110 0,55
220 0,60

JInst BbISIBIEHUST HAWOOJBIINX 3HAYCHUM PACUETHBIX JJIUTEIBHBIX MOTOKOB
MOIIIHOCTH, KaK MPaBHJIO, TOCTATOYHO OTPAHUYUTHCS PACCMOTPEHUEM CIEAYIOUTUX
XapaKTePHBIX PEKUMOB:

® MaKCHMaJbHBIX Harpy3oK B 3UMHHE CYTKH (puc. 3.1), Korma BO3HUKAIOT I10-

TOKU MOIIHOCTH, CBSI3aHHBIE C HAMOOJBIITNM TOTPEOIIEHUEM BJIEKTPOIHEP-
MM W HanOoJIee TOJIHBIM HMCIOJIB30BAHHEM MOIIHOCTH SJEKTPOCTAHIIUN
(06braHO 18...19 9 paGoyero mHS B cepeHe HEICIH MOCISTHCH JICKaIbI
nexkaops);

® JIHEBHOTO CHW)XEHUSI Harpy3Kku B 3uMHUE CYTKH (12...14 4), koria Bo3HU-

KalOT MOTOKU MOIIHOCTH, CBSI3aHHBIE C OCTAHOBOM IMUKOBBIX 3JEKTPOCTAH-
UM TIPU OTHOCUTEIBHO HEOOIBIIIOM CHWKeHUH Harpy3ok (10...15 %) mo

CpaBHEHHUIO ¢ MakcUMalibHbIMU (puc. 3.1 u puc. 1.5);
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3umnuue rpapuxu P u Q

70

P, Q, MBA

20

10

0:00
18:00 T
20:00 +
22:00

Puc. 3.1. [Ipumep cyrounoro rpaduka Harpy3Ku

MUHHUMAaJIbHBIX HATPY30K B 3UMHHE CYTKH (1...3 4. HOUYM), KOTJ]a BOBHUKAIOT
IIOTOKHM MOIITHOCTH, CBSI3aHHBIE C ITOSIBJIEHMEM MECTHBIX M30BITKOB MOIIHO-
CTHU B palloHE pacTO0KEHUS FIEKTPOCTAHIIMKN ¢ HEJIOCTATOYHOM PEryInpo-
BOYHOM ciocoOHOCTHIO (ADC, yronbubie TOC u ap.) U AeHUITUTOB MOIIHO-
CTH B pailoHax, TJie PacIOJIOKEHbI IMMKOBBIC JICKTpocTaHIuu (puc. 3.1 u
puc. 1.5);

MaKCHUMaJIbHBIX Harpy30K JIETHUX CYTOK (20...22 4), Korjga BOZHUKAIOT I10-
TOKH, CBSI3AHHBIC C MPOBEICHUEM KaMTAIBHBIX PEMOHTOB Ha 3JIEKTPOCTAH-

USX.

I[J'IH BBISIBJICHUS MaKCUMAaJIbHBIX 3HAUCHUU HCPCTYJIAPHBIX IIOTOKOB MOIIMHOCTH

HE0OXO0IMMO B TIEPBYIO OYEPEIb PACCMOTPETh MOCICaBAPUNHBIC PEKUMBI, BOSHUKAIO-

ye npu:
[

OTKJIFOUCHHSIX HanboJiee 3arpy>KeHHbBIX TUHUM, TpanchopmaTtopoB u AT;
aBapUUHOM OTKJIFOUEHHUH B OTAEIBHOM y37€ (pailoHe) 3HaUYUTEIbHOU TeHe-
PUPYIOIIEN MOIIHOCTH;

HEOO0XOJMMOCTH MOOMIN3AINYU PACTIONOKEHHOTIO B JAHHOM Y3Jie (paiioHe)
CBOOOJIHOTO aBapUItHOTO pe3epBa ISl MEpeladyd e€ro B Jpyrue 4acTH CH-

CTCMBbI.
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NHorna Bo3HUKAaET HEOOXOIUMOCTh B PACCMOTPEHUHU OCOOBIX PEXKUMOB, HAIIPU-
MEp peKrMa OJHOCTOPOHHETO BKItOueHUs JIDII 111 OLEHKM MOBBIIICHUN HaIpsKe-
HHUHM HA OTKIIFOYEHHOM KOHIIE JINHUU.

JInd aHanu3a nepexoaHbIX PEKUMOB IPU MPOCKTUPOBAHUU CETU MOTYT MOTPE-
OOBaThCS CIAEAYIONIME XapaKTepHbIE TapaMeTphl:

OCHOBHOE€ pacuéTHoe 3HadeHue Toka K3, ompexaenstoiiee TpeboBaHus K amma-
parype, — CBEPXIEPEXOAHBIN TOK, KOTOPBIA BBIYUCIISIETCS JJI1 HAYAJIbHOTO MOMEHTA
NEePEXOAHOTO Mpoliecca, Bo3Hukaromero npu K3;

HEPETYJIHUPYEMBIE TTOTOKHM MOIHOCTH, BO3HHUKAIOIIME B JJIEMEHTAX CETU MPH
HapyleHn OajlaHca MOITHOCTH W3-3a OTKJIIOUEHUS OOJIBIION reHepupyromieid MoIll-
HOCTH, KPYITHOTO TIOTpeOuTesNsi, uiau HauOojee 3arpykeHHou JIOII; moroku Takoro
TUIIa UMEIOT MECTO B TIEPHOJI OT MOMEHTA HapyIIeHUs OaiaHca /10 CO3/JaHusl HOBOTO
YCTAHOBUBIIETOCS PEKUMA TOJ IEMCTBUEM YCTPOWCTB aBTOMATHYECKOIO PETYIUPO-

BaHUS U YIIPABJICHUA.

3.2. CxeMbl 3aMelleHU 1JIsl PACYETOB YCTAHOBUBIIUXCS PeKMMOB

PacuéThl pe)kxMOB BBITIOJIHSAIOTCS 10 cXxeMaM 3ametiienus [7]. [TomHas cxema 3a-
MEILeHHs ceTH (pacuy€THasi cxema) COCTaBIAETCS MyTEM OOBEIMHEHUS CXEM 3aMmelle-
HUS OT/ICJIBHBIX 2JIEMEHTOB B COOTBETCTBUU C MX CXeMaMHU coeIMHeHus (puc.3.2).

Pacué€THbie cxeMbl BKIIOYAIOT B ceOsl KaK CYIIECTBYIOIINE, TaK M HOBBIC DJie-
MEeHTHI ceTh. Ha pacu€THOl cxeMe yKa3bIBalOTCS CBSI3U MEXKAY Y3JIOBBIMH TOUYKAMHU
(MpsiMbIe WA JIOMaHbIE JIMHUH ), T TPAaHC(POPMATOPOB — DIIEMEHTHI TpaHCHOPMAIIHH.
JByxuenueie JIDII u coennHEHHbIE MapaienbHO TpaHC(HOPMATOPHI U300paKAIOTCA
OJIHOM DKBUBAJICHTHOW BETBBIO. BO3j1€ KaX011 BETBU MOTYT HAAIIMCHIBATHCSI YUCIICH-
HbIE 3HAYEHUSI CONPOTUBIEHUS U TpoBoaumocTH (s JIDII). Bosne anemenTa TpaHc-

dbopmanuu ykaspiBaeTcst KO3 PuueHT TpaHchopMarum.
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S;1=60+j36 =
i . Zu=0,30+115.2  kar=0.526
Us=238 KB  Z,,=3,38+J18.9 l U,=220 KB -

S11=80+j48

U,=110 kB
....... - "

YcnosHble 0603HayYeHuMA:

6.0+j20.25
L
=0.154-j141

Zn=6.
Yna

- Homepa y310B pacyéTHOM cxembl

- MonoKuTenbHoe HanpasieHne BETBU

U,=110 kB

S13=50+j25

U,=110 KB Zn4=9,96+117.08

¥;=5.44+j39.3
v 7:=0.70+j17.35

kr=0.091

U,=10 KB
H2=40+j30

Puc.3.2. Pacuérnas cxema 3amemenus cereit 220, 110 xB

Jlnauu npencrapistores [1-o0pa3HbpiMu cxemamu 3amenieHus (puc. 3.3), ABY-
X00MOTOUHBIE TpaHC(hopMaTophl - ['-00pasHbIMU cxemamu 3amelneHus (puc. 3.4),

TPEXOOMOTOYHBIE ¥ aBTOTPAHCHOPMATOPHI - CXEMOU TPEXITYIEBOM 3BE3/IbI C IPOBOIH-

MOCTBIO (ITOTEPSIMHU XOJIOCTOT'O X0J1a) Ha Bxojie (puc. 3.5).

e 5 ¥ )
2 5 Quap -jQaap
2 2
a) 6)

Puc.3.3. Buasl cxem 3aMelieHus TUHNAN;
a — moJtHast; O - ympoméHHas

[Tapametps! muanu R,, X,;, Om, Gy, B;, MkCM, Qsap, MBap, cocTosiueid u3 N e-

e, onpeAesitoTes o GopMmyrnam:
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R, =r,—; Xﬂzxok; Z =R +JX;
n
3
B, =b,Ln; angoLn:ASKzlo Ln; Y, =G, +]B,;

Q,,, =B,UZ,10°°,

HOM

rae L — gnmHa nuHnM, KM;

Iy, X, — IOTOHHBIEC AKTUBHOE U PEAKTUBHOE CONPOTUBJICHUS JIMHUU, OM/KM;
b, — moronHas EMKOCTHasi HPOBOJUMOCTb THHUH, MKCM/KM;

AP — ynenbHble MOTEPU MOLHOCTH HA KOPOHY, KBT/KM;

UHOM — HOMUHAJIbBHOC HAIIPAKCHUC JIMHHUU, kB.

s nuHnit HanpskeHueM 220 kB u HUKe akTHMBHAsI IPOBOAMMOCTD TUHUU G

HC YUUTBIBACTCA.

Usncu Rri-jXr KT UHMOM UBHDM RT+jXT KT UHHDM

A_E_;xx:APxx'*'jAQxx
6)

Puc.3.4. Pa3HOBUAHOCTH CXEMbI 3aMEUICHUS IBYXOOMOTOYHBIX TpaHC(HOPMATOPOB:
a — noJiHas; 0 - ynpouéHHas

[TapameTpsl AByxoOMoTOouHOTO Tpanchopmaropa Ry, Xi, OM, APy, MBT, AQx,

Maap, gr, br, MkCMm onpeensitorest o hopmyram:

R, = &fwm3 |z|—“UBH°Mlo2 X, =22 —RZ;
nsS., ns, .,
AP.Nn . 3. I.NS,, . ~4 5 7
g, =—"—10% YT=|[T|: > 10%: bT:,/YT -9:;
UBHOM UBHOM
XT:gT_ij; ZT:RT+JXT’

APXX = APXn10’3; ASXX = |XnSHOM1072; AQXX =, ’ASfX _APXZX’ KT — UHHOM ’
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rne S, Ug,o — HOMHHANBbHBIE MOIIHOCTE (MB-A) 1 Hanpsbxenue croponst BH

(xB) Tpancdopmatopa ;
N — YKCJIO MapajuIeNIbHO BKIIOUEHHBIX TPaHC()OPMATOPOB;
AP, — notepu MomHocTH KOpoTKOro 3aMmbikanus (K3), kBr;
u,. — Hanpsokenre K3 tpancdopmaropa, %;

AP, — notepu MomHocTH X0a0cToro xoaa (XX), kBr;

I, — 1ok XX, %.

Cxembl 3aMemieHHS TPEXOOMOTOYHBIX TpPaHCPOPMATOPOB, NPHUBEACHBI Ha
puc. 3.5, a, 6. Momnocts oomotkn BH Sg; =S, . CymectByroT TpéxoOMOTOUHBIE
TpaHC(POPMATOPHI C PA3TUIHBIMUA COOTHOIIEHUSIMHA HOMUHAJIBHBIX MOIIIHOCTEH 00MO-

TOK Sy / Seyp ! Sy : 100/100/100 %, 100/100/66,7 %, 100/66,7/66,7 %.

AKTHUBHBIE CONTPOTHUBJICHUS OOMOTOK ONPEACIISIIOTCS 10 popMynam:

R, = Rp.c : RC:&; RH:ﬁ,
l+a+(1-a) /B a Vi
APUS _ S S
rie  Rpe :r‘]‘—ZBH‘Wlo 3: azsﬂ; b= SHH .
RetjXe Kec  Uchom Re+iXe Koo Ucnon

UE?HOM Re+sz

UBrom  Rg+jXa

UHHOM UHHOM

Rut+jXu
ASxx
a) o)
Puc.3.5. Pa3HOBHIHOCTH CXEMbI 3aMeleH s TPEXOOMOTOYHBIX TPAHCPOPMATOPOB U
aBTOTPaHC(HOPMATOPOB:

a — NoJHas; O - ynpouéHHast

PeakTuBHEbIC COIMIPOTHUBJICHUA 0OMOTOK OonpCACIIAIOTCA U3 PABCHCTB!

ZB:(UKB_C+UKB-H_UKC-H)UéHoMlo_Z; XB:m;

2 nS

HOM
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ZC:(UKB-C+UKC-H_UKB-H)UéHOM 10—2; XC: ,Zé_RZ’

2 r.]SHOM
Ueet FUepn —Ugpe U oy 1n2.
ZH=( CH BzH ac ) ng 1072, X, =+/Z2 -R2.

HOM

Ecmn pacuérnoe 3HaueHne Z.wim Z; oKaxeTcs oTpunareabHbM, To X ( Xyp)

cienyeT npupaBHATh K Hy0. Koadument tpanchopmanuu B Bersu oomotku CH

U

B BeTBH 00MoTKM HH K [ = —HEM

B HOoM

[ToTepu MOIIHOCTH B CTalHM U MPOBOJUMOCTH TPEXOOMOTOUYHBIX TpaHCchopMma-
TOPOB OMPEEIAETCS TaK ke, KaK JIJIsl ABYXOOMOTOUHBIX TpaHC(HOPMATOPOB.

Cxembl 3amemnienus (puc. 3.5, a, 0) u dopmynbl 1 pacuéra MmapameTpoB
TPEXOOMOTOYHBIX TPaHCHOPMATOPOB CHPABEUTMBLI U JJI aBTOTPaHCHOPMATOpPOB
(AT). CooTHolieHHE MOITHOCTEH OOMOTOK HH3IIETO MW BBICIIETO HampsbkeHus AT
pasHo 0,5.

TpanchopmaTopsl ¢ pacHIeTUIEHHON 0OMOTKON MMEIOT, KaK MPABHIIO, JIBE OJIH-
HAKOBBIX OOMOTKHM HU3IIETO HAMPSIKEHUS U MOTYT paboTaTh B 2 pexUMax:

e 00e 0OMOTKHM pabOTaIOT Ha OJIHY HArPY3KY;
e Kaxjaas oOMOTKa paboTaeT Ha CBOIO HArpy3Ky.

B nepBoMm ciiyyae TpaHcopMaTtopel ¢ paclerIEHHBIMH OOMOTKAMH HUMEIOT
CXEMBI 3aMENICHMS, KaK Y IBYXOOMOTOYHBIX TPAaHC(HOPMATOPOB, U PACUET UX TTApaAMET-
POB BBITIONHSETCS 110 (hOopMyiaM, MPUBEAEHHBIM TSI ABYXOOMOTOYHBIX TpaHchopma-
TOPOB.

NcTtoyHukn akTUBHON MOIIHOCTH (T€HEPATOPhl) MPE/ICTABISIIOTCS B CXEME 3a-

MEIIEHUS TIOCTOSTHHOW TeHepupyeMoit MOITHOCTRIO Pr u Q. JIns GamaHcupyromiero u
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OJIHOBPEMEHHO 0a3MCHOI0 y3j1a BMECTO MOIIHOCTEN Pr 1 Qr. 3a4a0TCs HaNpsDKEHHE
Us 1 npenenbHas peakTUBHASI MOIIIHOCTb.

HcToyHnKky peakTMBHOM MOLIHOCTH MOTYT 3aJaBaThbCS IOCTOSIHHOW T'€HEPUPY-
€MOM MOITHOCTBIO WJIK 00JIee CI0KHBIMHU 3aBUCUMOCTSIMH (JIMaria30HOM peryJiupoBa-
HUS, CIEIUAIbHBIMU CXEMaMU 3aMmelleHus). baTtapes KOHIEHCATOPOB MOXKET OBITh

MMpCACTaBJIICHA B CXCME 3aMCIICHUA PCAKTHUBHBIM COITPOTUBJICHUEM

2
XK — UHOM ’
Q.

Tac QK — MOIIHOCTD 6aTapeH IMpY1 HOMHWHAJIBHOM HAaIIPsS’KCHUU.

YcTanoBku HpO}IOHLHOﬁ KOMIICHCAIIUN 3aMCIIAtOTCA PCAKTHUBHBIM COIIPOTHUBIIC-

HUCM

rae Cym< — éMKoCTh Oartapen, MKD.

Peakrop mpencraBiseTcsi B CXeMe 3aMeIeHUs IPOI0IBHBIM (TOKOOTPaHHYNBA-
ot peakrop U, = Xp) WU NONepeYHbIM (IyHTUpYtomuil peakrop U, =100 % ) pe-
AKTUBHBIM COTIPOTUBICHUEM

uKU §0M uKU HOM
X = = y
P 100S, 10043l

lion» Sp — HOMHHAJBHBIE HATIPSKEHHE, TOK H MONIHOCTh PEaKTopa,

rne U

HOM !

U, — [aJeHue HalpssKeHHUs B peakrope B mporeHrax ot U, Ipu NpoTeKaHUU

HOM *

IIpn pacuérax MOTOKOpACHpENEIICHUsI Harpy3ka YYWTBIBACTCS MOCTOSIHHBIMH

AKTUBHOW U PEaKTHBHOU MOIIHOCTIMH (Py 11 Qy).
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3.3. Ilorokopacnpeenenre U HANPSI)KEHUsI B YCTAHOBUBIINXCH PeKUMAX

OCHOBHBIM CpPENCTBOM pacyéTa MOTOKOPACTIPEIEIICHNS U YPOBHEN HANIPSIKEHHUS
apistoTess DBM. PacuéTsl npoBoasTcs Mo 3apaHee cocTaBieHHbIM nporpammam (b-2,
B-6, Rastr, CJIO u ap).

MaTteMaTu4eckoil MOJIeNbl0, TIOJI0KEHHON B OCHOBY OOJIBIIMHCTBA MPOrpamMm
s OBM, siBrsitorcest ypaBHeHus y3noBbix Hanpspkenuit (YYH) B dopme Ganancos

MOIIIHOCTH .

i=12,...n, (3.1)

rne  U; — Bektop Hanpsukenus B i-M y3ne cetn (U, =U,e%);

U, — conpskénnbIii BekTop Hanpsukerus B K-m y3ie cetn (U, =U, e 1%);
U, ;1 — conpspk€HHBIN BekTOp 3aaanHoro Hanpspkenus B BY (U, ., =Uyg);
S

yi — Y3710Bast MOUIHOCTD i-T0 y31a, (Syi =Sy — Sy );

N — 9MCJI0 HEC3aBUCUMBIX Yy3JIOB B CXCMC,

. -iC-ai)
Y;; — cobctennas nposogumocts y3na i (Yj; =G;; + jB; =VY;e 2 " );
: : -iC-ax)
Y, — B3aumHas nposoaumocts y3i10B i u K (Y =Gy + jBy =Yie 2 );

Y;5 — B3aMMHasi IPOBOJMMOCTb y3J1a | 1 OaJaHCHPYIOIIETO.

CumBon B (3.1) o3HavaeT conpsKEHHYIO BEJIMYHHY.
B nonsipHoit cucteme koopauHat (Mmoaynb, yron) YYH (3.1) nocne pa3znenenus

Ha JICICTBUTENBHYIO U MHUMYIO YAaCTH MTPUMYT CHEAYIOUIUN BUJT

UizYii Sinaii +Ui Z YikUk Sin(é}—ﬁk—aik)—Pyi ZO, i:1,2,...,n; (32’ a)
keA

=0, i=12,..n, (3.2, 6)

U?Y; cosay —U, kZA YiUy €0s(6; — 6 —ay ) — Qi
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rac A — MHOXXECTBO HOMCPOB Y3JI0B HCIMOCPECACTBCHHO CBsA3AHHLIX C Y3JIOM .

Cuctema HenuMHEWHBIX ypaBHeHuit (3.2, a), (3.2, 6) pemaercs UTEPAITMOHHBIM
MetonoM HeroToHa min ero Mmogudukanusmu (puc. 3.6).

(D o ()
v f g [Ipy HEKOTOPBIX MPOU3BOJIBHBIX 3HAYE-

ausax U us" | noncrasnennrix B nesyio

yacth (3.2, a), (3.2, 0), Bo3HUKAIOT Heba-

mancet  mommoctn P (UM, 6") u

QiU ) (I)) . IIpoBepstoTCs yCI0BHs

cmon I

Puc. 3.6. biiok-cxema anroputma HerotoHa

PH6i(U(|)’5(I))‘S8;

‘QHGi(U(I)ﬁ(I))‘SE-

Ecau stn YCIIOBHUA HC BBIITOJIHANOTCA, T. €. HMCCT MCCTO 3aMETHBIH HeOalaHC

o | |
MOITHOCTCH B y3JIaX, TO II0 MCTOAY HproToHa BEIUMCIISAIOTCS ITOIIPpAaBKHU AU( ), A5( )

JIJ14 3TOr0 COCTABISAIOT U PEMIAIOT CUCTEMY JIMHEMHBIX YPABHEHUM CJIEAYIOIIETO

BHA:
aPH6| Aé‘i(l) N Z”: 8PH6i Aé‘k(l) 8P6, AU(|) Z aPHﬁl AU(I PH(6I)|’
: ko1 00, oU; k=1 OUy

ki ki

0Q,si AsY + ZGQHm AGY + Qusi AUO + ZaQHm AU =—QW.:  (3.3)

BL) 00, oU; k1 U,

k;tl k=i

1=12,..,n

Pemenue (3.3) mo3BOJIAET ONPECTUTh MTOMPABKU Aé}(') : AUi('), MO3BOJISIOIINE

41 141
MOJIyYUTh HOBBIC 3HAYEHUS UCKOMBIX BEJIMYNH Ui( +) H5i( )

Cormacao 'OCT P 5419-2010 oTkioHEHHE OT HOMHHAIBHOTO HAIPSKEHUS B

y37aX IOCTaBKHU 3JEKTPOIHEPTUU MOTPEOUTENSAM HE JOJKHO npeBbimath =10 %. [Ipu
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BBIXOAC HAIIPSAKCHHA M3 3aJaHHOI'O MHTCPBaJIa HUX KOPPCKTHUPOBKA MOKCT OBITh BEI-

NOJIHEHA U3MeHeHreM K IepBOHAaYallbHO NPUHATHIX paBHbIMU K .

Jist nByxo6MoTOouHBIX TpaHchopmaropos ¢ PITH B oomoTrke BH

K _ UHHOM KTH

' UB HOM (1i nAUCT PHH*) ) 1i nAUCT PITH =

i

rac N — 9ucio CTYHeHeﬁ OTHOCHUTCIIBHO CPCAHCTIO OTBCTBJICHUA,

AU pys — CTyneHb perynuposanus PIIH B OTHOCUTENBHBIX €MHULIAX.

Ecmu 3a1aTbCA KCIIACMbIM HAITPSAKCHUCM U;Ke Ha IIMHax HH, TO KCJIacMas

J1

CTYIICHBb PETYIIMPOBAHUS Nyen MOKET OBITH onpcacjicHa N3 COOTHOICHUA

OTtkyna ninst IByX0OMOTOYHOTrO TpaHchopmaTopa

UeUiion ~UseU

pacu ™~ H HOM xen — B HoM

- A U ct PITH *U U

B nom ™~ xen

n

st TpéxobmoTounbIx TpanchopmatopoB ¢ PITH B melitpanu oomotrku BH u

I1bB na cropone CH

U

K C HOM (1i mAUCT HEB*) _ KH B-C (1i mAUCT HBB*)
TB-C ™ -

UBHOM (1i nAUCT PITH* 1i nAUCT PITH=*

_ KH B-H
1+ nAU, b

KT B-H

rae M —yucio cryneneit [IbB oTHOCUTENbHO CpeaHEro OTBETBICHUS.

s aBroTpanchopmaropos ¢ PITH na cropone CH



79

Kipc =Kipe (1i nAU,, PHH*)-

st aBrotpancdopmaropos ¢ takum PITH K =K. 5, He perymupyercs. lpu

HEOOXOIUMOCTU €Tr0 U3MEHEHMsI HEOOXOJIMMBI JOMOJHUTENIbHbIE TUHEHHBIE PETyJis-
TOPBI.

[ToTOKM MOIITHOCTH B BETBAX PACUETHOU CXEMBI ONPEIEISAIOTCS MO 3aBEPIICHUIO
pacuéra HampsHKeHUH y370B ceTd. Hampumep, MOIITHOCTH B Havaine BeTBH |, coeauHs-

ToIeH y3716! | 1 K 1 MMeroliel MpoBOANMOCTE Y, , paBHA

Nudopmariust o cxeme 3aMEIIeHHs BKIIOYAET B ¢€0s1 TOMOJIOTHIO CXEMBI U Mapa-
MeTpbI BeTBeH. B pacuére yunThIBatoTCs 1eMCTBUTENbHBIE KO3 dUIIMEHTHI TpaHChOp-
Mamuu. EMKocTh nuHMit 3a/1aeTca B BUJE IPOBOAMMOCTH UM EMKOCTHON MOITHOCTH.
HNudopmarius 06 y3nax 3a1a€Tcs akTUBHBIMU U PEAKTUBHBIMU Harpy3kKamu, a Ha YacTH
y3JI0B — aKTUBHBIMU HArpy3KaMu, MOJYJIEM HAaINpsOKEHUS, MAaKCUMAJIbHONW M MHUHH-

MaJIbHOW PEaKTUBHOW MOIIHOCTBIO.

3.4. IloTepu MOIHOCTH M 3JeKTPOIHEPIrUHU

Harpy3ounsie moTepu 3JIEKTPOIHEPTHH B IMHHUSIX U TpaHC(HOpMATOpax MpH Mpo-

CKTHPOBAHHUHU OIIPCACIIAIOTCA MECTOAOM YHCJId 4aCOB MAKCUMAJIbHBIX ITOTCPb.

AW, =1,03k, AP 7,

rae K, — ko3(hGUIUeHT, yIUTHIBAIOLIIMN BIMSHUE TOTEph B apmarype BJI u npuanma-

eMblid paBHbIM 1,02 nnst muaui HanpsikeHueMm 110 kB u Beie u paBubiv 1,0 it nu-

HU 0oJiee HUBKUX HAMPSIKEHUN;
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AP, — IOTEpU MOIIHOCTU B PEKUME MAKCUMAJIbHON HATPY3KHU CECTH;

7T — YHCJIO YaCOB HAaMOOIBIINX MOTCPb MOITHOCTH.

[Torepn MOLIHOCTH B peKUME MAKCHUMalbHON Harpysku cetu AP, . ompene-

ax
JICHBI ITPH BBIITOJIHCHUHA pvaéTOB.

Uwucno yacoB HaMOOJBIINX MTOTEPh MOITHOCTH 7 3a TOJ oNpeaessercs no Gop-

MmyJse
k, +k?
T =—""+2-28760,
3
rae k, =T_ . /8760 — koadduireHT 3amonHeHus rpadrka CyMMapHO# HArPY3KH CETH.

VY CII0BHO-TIOCTOSIHHBIC IMOTCpH AWy—H B OCHOBHOM OIIPCACIIATOTCA ITIOTCPAMUA XO-

nocToro xoaa tpancdopmaropoB (AT) u morepssmu Ha kKopoHy B BJIL.

AW, , = AW, + AW,

[ToTepu X0IOCTOTO X072 ONPENETSAIOTCS IO TACIOPTHRIM JaHHBIM TpaHCc()OopMaTOpOB

(AT).

rae AP.. — morepu akTHBHONM MOIIIHOCTH XOJIOCTOr0 X04a I1-ro Tpancdopmaropa.
X1

[Torepu Ha KOPOHY ONPEAEIIAOTCS JIs1 CPEAHUX ITOTOAHBIX YCIOBHUM PErMOHA 110
JaHHBIM TpUBENEHHBIM B Ta0d. 3.1. PocToBcKkas 00iacTh yCIOBHO OTHOCHTCS K Tisi-

TOMY PETHUOHY.

ZA KOPYHJ

e AW

kopyxj — YACIIBHBIC TIOTEPH HA KOPOHY 13 Tabi1. 3.1 st oxHow uenu J-i BJL

L j — AUTMHA J-1 BJI (u1st IByXIIETTHBIX JIMHUAW — JIJTMHA JIBYX IICTICH).
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Tabauma 3.1. - VY aenpHbIE TOAOBBIE MOTEPHU AJISKTPOIHEPTUU HA KOPOHY

M . VY ienpHbI€ OTEPH SJIEK-
u aTepuan orop, YUCIO Ienei
OMHUHAJIBHOE TPOIHEPTUU HA KOPOHY,
Y CEYCHHUE TIPOBOJIOB
Hanpsbkenue BJIL, kB B (hase ThIC. KBT 4/KM B rOJ
(5-# peruon)
330 2x400 32,1
Cranb-1x300 12,2
290 Crains 2 nenu -1x300 11,8
Kenezoberon-1x300 17,7
Keneszoberon 2 nenu -1x300 15,1
Crans-1x120 0,66
110 Crainb 2 nenu -1x120 0,44
Kenezoberon-1x120 1,06

CtpykTypa MOTEph 3JIEKTPOIHEPTUHU IMOKa3aHa Ha puc. 3.7. 37ech NMOTEpU B

tpanchopmaropax u AT cocraBisitoT okoio 30 % cyMMapHBIX OTEPh B CETU COOT-

BCTCTBYHOHICTO HOMUHAJIBLHOI'O HAIIPSKCHUA.

[Ipu mpoeKkTHpOBaHWUU PA3BUTHS AIIEKTPUUECKUX CETEW MpeayCMaTpUBAIOTCS

CICAYIOMNEC OCHOBHBIC MCPOIIPHUATHUA 110 OTPAHUYCHUIO IIOTCPh JICKTPOIHCPIUH.

Meponpusmus no pazeumuto 31eKMpUYecKUx cemeti ¢ CONYmMcmeyrouum 3¢-

Gexmom oepanuyeHus nomepsb, TPEOYIONINE KAaTUTAIOBIOKEHUN

TT, TH, CH nct
Kopona BCK, P 2% __
2% 3%

0,4-35
32%

750 kB

Puc. 3.7. [loTepu anextposnepruu B ceTsix 29C

®COOPY)KEHUE HOBBIX IICH-
TPOB MUTAHUS DTEKTPUIECKOMN
cetd (MOJICTAHIIMN BBICIIETO
HaIPSKEHUS ),

®yCTaHOBKA  JIOTIOJHUTEIb-
HBIX TpaHC(HOPMATOPOB U 3a-
MeHa Ha 00JjIee MOITHBIC ITepe-
TPYXEHHBIX TpaHchOopMaTo-
POB;

® CTPOUTEIIBCTBO «Pa3TPy304-

HeIX» BJI 1 mopcranmmii;
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® YCTAaHOBKAa KOMIICHCUPYIOIIUX YCTPOUCTB C 1eJIbI0 00eCTICUeHUSI HOpMaTHB-
HBIX YPOBHEW HAIIPSIKECHUS,

® IIEPEBOJ PACIPEACIUTEIBHBIX JIMHUM HA TIOBBILIEHHOE HAIPSIKECHUE.

Meponpusmus, mpebyrowue Kanumaio8i0H#CeHull, HanpasieHHvle CReYUailbHO

HA CHUdICEHUEe NOMePb INIeKMPOIHEPUL

® [IOBBIIICHUE CTETIEHW KOMIIEHCAIIMM PEAKTUBHOW MOIIHOCTH y MOTpeOuTe-
JICH;

® VYCTAaHOBKA B JJIEKTPUUYECKUX CETAX CUCTEMBI JOIMOJHUTEIBHBIX KOMIICHCH-
PYIOIIUX YCTPOUCTB, CBEPX HEOOXOIUMBIX JIJIsI 00€CTICUEHUSI HOPMATUBHBIX
YPOBHEHN HANIPSKEHHUS;

® YCTAaHOBKA BBIKIIFOYATEJENW HA MOJCTAHIUAX JISI CEKIIMOHUPOBAHUS CETH C
IEJIBI0 ONITUMH3AIINH PeKrMa €€ padoThI;

® VYCTAaHOBKA YCTPOWCTB IPOJOJIBHO-TIONEPEYHOrO PETYJIUPOBAHUS TMOTOKOB
MOIIIHOCTH B HEOJTHOPOIHBIX 3AMKHYTBIX CETSX.

Meponpusmus, ne mpebyroujue Kanumaio8ioHceHull (0peaHu3ayuoHHbvle).

® ONTUMM3ALMSA MECT PA3MbIKAHUS HEOJIHOPOIHBIX CETEM;

® ONTUMM3AlMS YPOBHEW HAIPSXKEHUS B CETH;

® OTKJIIOUYEHHE TPpaHCHOPMATOPOB C CE30HHOM HATPY3KOM;

® TIEPEeBOJ TEHEPATOPOB B PEKUM CHHXPOHHOTO KOMIIEHCATOPA.

3.5. AHanu3 pe3y/ibTaTOB pacuéra

PazHo0Opa3me cxem AIeKTPUUECKUX CETEH, I KOTOPBIX MPOBOIATCS PACUETHI
PEXKUMOB, U 33/1a4 pacuéra MPUBOJIUT K COOTBETCTBYIOIIEMY MHOTO0Opa3HIo omepa-
UM C pe3ysibTaTaMu pacdyéra. PacCMOTpMM TUIIMYHBIE ONEpalMU, BBIIIOJIHAEMBIE B
MPOLECCE aHAIN3a PE3YJIbTATOB MPAKTUYECKHA BCEX BUAOB PACUETOB.

A. CpasHnenue pe3zyrbmamosg pacuéma ¢ KpumepuaibHbiMu 3Havenusmu. [{ns
MHOTHX ITapaMETPOB, MOJIyYa€MbIX B PE3YJIbTATE PACYETOB PEKUMOB, MOYKHO 3apaHEE

YKa3aTb HCKOTOPBLIC TCXHUYCCKUC, SKOHOMHWYCCKHNEC WJIM JIOTUYCCKHUC IIPCACIIbI. Hx
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3HAYEHHUSI MOTYT YCTaHaBJIMBAThCA HAa OCHOBE Pa3IMYHOrO pojia HOPMATUBOB, TEX-
HUKO-3KOHOMHYECKUX UCCIEOBAHUM, OIBITA HKCIUTyaTallud U MPOSKTUPOBAHUSI.
IIprMepsl TakuX 3HaYCHUU NapameTpa peXuma: B pacu€raxX yCTaHOBUBILIUXCS
PEXKUMOB — JIOIYCTUMAas MepeaaBaeMast 1o JIMHUKA MOUTHOCTh IO YCJIOBHUSIM Harpena
MIPOBOJIOB, HOMMHAJIbHASI MOLTHOCTH TpaHC(OpMaTOpPOB, HAUBKICILIEE paboyee HaIpsI-
KEHHUE, PKOHOMHYECKas MJIOTHOCTh TOKA U JAp.; B pacuérax TOKoB TpéxdaszHoro K3 —
OTKJIFOYAIOIIIasi CIOCOOHOCTh HanboJIee MOIITHOTO U3 YCTAHOBJIEHHBIX BBIKITIOUYATEINEH;
B pacuérax TokoB oaHo(pazHoro K3 — toku tpéxdasznoro K3; B pacuérax ycTrouuBo-
CTH - IIPOITYCKHAsI CHOCOOHOCTH MO HarpeBy MPOBOOB, IIPeie]l yCTOMYUBOCTH TIO Ce-
YEHUI0. DJIEMEHTHI CeTH, MapaMeTPbl KOTOPBIX BBIXOIAT 32 KPUTUUECKUE 3HAUCHUS,
noJiiexxar 0osiee 1IeTalbHOMY PACCMOTPEHHUIO.
b. Onpeodenenue 0606wénnvix nokasameneu pexcuma cemu 6 yenom. Jlng no-
BbITICHUS 3P(HEKTUBHOCTH aHAIU3a OOJIBIIUX MacCUBOB MH(GOPMAIIUU, TIPEICTaABIIsIC-
MBIX CHEIMAINCTY B PE3yJbTaTeé MPOBEIEHHBIX PACUETOB PEKUMOB, HEOOXOIUMO
o0ecreyuTh ONTUMAJIBLHOE COUeTaHNE MHOYKECTBA JIETAIBHBIX KOJTUYECTBEHHBIX MOKa-
3arenied ¢ MaJIbIM YUCJIOM MHTETPaIbHBIX KAYECTBEHHBIX U KOJIWYECTBEHHBIX Xapak-
TEPUCTHUK, HOPMHUPYIONTHUX OOIIYIO KAPTUHY U TIO3BOJISIOIINX OBICTPO OIEHUTH OCHOB-
HbIE pe3yNbTaThl pacuéra. K mHTErpasbHbIM XapakTEPUCTHKAM PEKHUMa CETH B I1EJIOM
OTHOCSITCS:
® [peJieNibl U3BMEHEHUS MApaMeTpa;
e cpeaHee (CpeIHEKBAAPATUYHOE, CPEIHEB3BEIICHHOE) 3HAYEHNE NIapaMeTpa,
a TAK)K€ OTKJIOHEHHSI OT CPETHETO 3HAYCHUS;

® KpHUBBIE paclpeieNieHHus] 3HaUEHUs MapaMeTpa Mo ONpeaeIEHHbIM UHTEpPBa-
JaM, TI0 YUCITY JIEMEHTOB CXEMbI (UJIM Pacipe/iesICHUE YHCiia SJIEMEHTOB O
WHTEpBaJlaM 3HAYEHUH MapaMeTpa), THCTOTPAMMBI;

® KOJIMYECTBO 3JIEMEHTOB (a0COTIOTHOE U OTHOCUTENBHOE), JAJIsl KOTOPBIX 3HA-
YEHUsl pacCMaTPUBAEMOTO MTapaMeTpa BBIXOST 3a 3a/JaHHbIC MTPEIEIIbI.

B kaudecTBe npumepa npuMeHEHUsI TAKUX MOKa3aTesIel MOKHO MPUBECTH CIIEIY-
IOIIME PE3YJIbTAThl pacuéTa ypoBHEW HampskeHud B cetn 330 kB:

e Tpenensl n3MeHeHus Hanpspkerns — 292...350 kB;
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e B 10 Toukax (7% o0011eTr0 KOJMYECTBA MOJCTAHIINI) HanpsikeHue Huke 300
kB;

e cpeaHee 3HaUYeHUE HamnpshkeHus 325 kB.

[Ipumepsl KpUBBIX paciipeesieHus npuBeaeHbl Ha puc.3.8, 3.9.

B. Buvisgnenue onpedensiiouux UCX0OHbIX OAHHBIX U AHAIU3 YCMOUYUBOCMU pe-
3ynemamos pacuéma. [Tpumepom ornpeenstonei ucxoaHou nHHOpMaUK MOT'YT CJTY-
KUTh:

e B pacu€TaXx HOPMAJIBHBIX YCTAaHOBUBIIMXCS PEKUMOB — MaKCUMYMBI
Harpy3Kd SHEPTOCUCTEM, MOIITHOCTH KPYITHBIX 3JIEKTPOCTAHIUI, COCTOSHUS
OCHOBHBIX CETEBBIX 00BEKTOB, 3aJJaHHBIC HATPSOKCHHSI B Y3TaX U Jp.;

e B pacuérax TokoB K3 — mpHuHATOE CEeKIIMOHUPOBAHNE;

e B pacuérax yCTOWYMBOCTH — CTAHIIUH, MKy KOTOPBIMH MTPOU3BOTUTCS OC-
HOBHOE TepepacipeielIeHue MOIITHOCTEH, CUCTEMbI BO30YXACHUS OJMKai-

X K UCCICAYEMOMY CCUYCHUIO BJICKTpOCTaHIII/Iﬁ U T. II.

Y5 % 4
2 //

Al - %l &-N\
/ 80 N\

i 70 \
80 l / - 50 ! 1‘\\
50 / / / : 50 | \\
sol—1f 40 \
30 // ;0 \\\ _—
iy , o N
20

/ | 66 90 3% 98 102706 7710 714 119K8

0 0% 08 12 16 20 J,Alm?

Puc. 3.8. UnTerpanbHas 3aBucuMocThb pacupe-  Puc.3.9. Pacnipenenenue konudecTBa y3J0B 110
nenenus mmiHel BJI 220...500 kB o niotHO- JIMara30HaM pacUETHBIX HANPSKEHUN B CETH

CTH TOKa: 110 kB
1-220xB;2-330xkB; 3 -500«kB
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PesynbTaThl pacuéTa peskrMa CII0)KHOW CETH CHIIBHO 3aBHCSIT OT OOJIBIIIOTO KO-
JTUYECTBA MPUHATHIX HCXOAHBIX JTAHHBIX, 3HAYUTEIbHAS YaCTh KOTOPBIX JIs TICPCIICK-
TUBHBIX CXEM HOCHT BEPOSTHOCTHBIN XapaKTep WIW SBISICTCS B OOJbIIEH Mepe He-
ONPENEIIEHHOMN. [[J14 BBISIBIICHUS BIMSHUSA HEONIPEAEIEHHOCTH UM HETOYHOCTH UCXO/I-
HOU MHGOpMANMKY Ha TPUHUMAEMbIC MH)KCHEPHBIE PEIICHUS Pe3yIbTaThl pacuéra pe-
’KUMa JIOJDKHBI KpOME MPSMOTO M OJHO3HAYHOTO OTBETa HA TOCTaBJIECHHBIH BOIPOC
JaTh XapaKTEPUCTHUKY BO3MOYKHBIX U3BMEHEHHUH 3TOT0 OTBETA IIPH «PACKAUYUBAHHUI HIC-
XOJTHBIX JJAHHBIX B PEAIbHBIX MPeeiiax. ITa XapaKTePUCTHKA COCTABIISCTCS HA OCHOBE
BapUAHTHBIX PACUETOB.

I Boibop hopmvl u mexnuxu npeocmasieHus uH@opmayuu o pe3yibmamax
pacuéma. OCHOBHBIMU (pOpMaMH TIPEJICTABIICHUS PE3yIbTaTOB PACYETOB PEKHUMOB SIB-
JISTFOTCS

e TAOJIMIIBI, COJEpXKAIllME TCpEeUeHb 3aJaHHBIX OOBCKTOB W OJWH WM HE-

CKOJIBKO MapaMeTpoOB pacCUMTaHHOTO pexkuma (puc. 3.10).

i?,'i Rastr- - [V¥3nb1+BetBn]

]E—E Qalinel  PacdeTel OTKpbITe Tabmdua lpaduka OkHa Help

DR EE FHEIRNF b mdh AR L 26 fd o qd Dabk | ?

6 C1 238 1165 77 238 2 200

5 MCT1 BH 229 88:2 SlEE 1238 726 338 031 -2654
5 MCT1 BH 224281799 60 36

6 C1 238 2 115 96 1.3 726 377 031 -2654
4 NncT1 CH 116.1 -3 -175 133 [0.27 (1375 553 |0.25 |1.99
4 MCT1 CH 116.09 -495 80 48

2 ncT2 BH 106.3 -34 -48  -42 185 625 318 0 -1.75
1 MCT3 BH 1055 -38 46  -27 258 546 266 0O -1.99
5 ncT1 BH 229.3 |3 174 117 027 1375 1044 025 1.99
3 MNCT2 HH 916 -11.93 40 30

2 ncTz2 BH 1063 3.6 40 30 017 428 3150 006 044

1 MCT3 BH 105.45 -88 50 25

4 nCcT1 CH 116.1 3.8 43 24 258 546 271 0 -1.99
2 ncT2 BH 106.3 05 6 1 0.04 007 36 0 1.19
2 MCT2 BH 106.35 -8.33

4 MncT1 CH 116.1 3.4 47 37 185 625 323 0 -1.75
1 ncT3 BH 1055 -05 -6 -2 0.04 007 38 0 1.19

3 MCT2 HH 9.2 -36 40 -35 017 428 288 006 044

Puc.3.10. [IpencraBnenue pe3ynbTaToB pacyéra B mporpaMme Rastr miist cxemsl,
MOKa3aHHOU Ha puc. 3.2
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OOBEKTHI MOTYT IPEACTABIATHCS B TOM )K€ MOCIEI0BATEIbHOCTH, B KOTO-
POl OHM MPUBOAWINCH B UCXOJHBIX JAHHBIX, a MOTYT OBITh YIOPSAOUYEHBI MO
OJIHOMY M3 MMapaMeTPOB, HATIPUMED, EPEUCHb JIMHUI MOXKET MPUBOJAUTHCS B I10-
psAlKe yOBbIBaHUS 3arpy3KH, MEpeueHb MOACTAHIIUNA — B MOPSIKE BO3pAaCTaHUS
HaIpsDKEHUS Ha IIUHAX U T. IL.;
CXEMbI CETH ¢ HaHCCEHHBIMU Ha HHUX IMapameTpamMu pexuma (puc. 3.11).
[Tpu u3zo0paxkeHUn cxeMbl HEOOXOJIUMO CTPEMUTHCS K COXPAHEHHUIO OT-
HOCHUTEJILHOTO PACIOJIOKEHUSI OOBEKTOB W BBIJICICHUIO XapaKTEPHBIX
YY4aCTKOB CXEMbI, HalpUMEp, CEUCHHUS MEXIy DHEProcCMCTeMaMu WU
KPYIHBIMU dHEpropaiioHaMu, TPYMIIbI CBs3€H, 00eCIeunBaroNuX BbI1avy
M30BITOYHOM MOIITHOCTH KPYITHOM JIEKTPOCTAHIIMY B CUCTEMY H T. I1. [Ipu
HaHeceHUH JieMeHTOB DIC Ha KapTy-CXEeMY CETU UCTIONb3YIOTCS YCIIOB-
HbIe Tpaduyeckue o0o3HaueHus (Tadi. 3.2). PexomeHyeTcst TuHuM pas-
HBIX HOMHUHAJIbHBIX HaNpsbkeHud u noactanuuu 110, 220 kB paznuuath
10 TOJIIIIUHE JTUHUU U pa3Mepy Kpyra, TakKe — IIBETY.

Tabmuma 3.2. — I'padudeckue o603HaUSHUS
AHEPIeTUYECKUX 0OBEKTOB

050snavesue ofvexmo. |

HaumenoBanue ?
o0vexma CYWecm{npoEkmuHaMEeya- |
Byrweroipyesora| emaro |

Inesmpocmanyus. % ]

[

Odwee oboznaqerue % Lmd
Inexmpocmanyud mennobag.| [] -1

Obwee odosHayeHue ez Lty

Inexkmpocmanyua mennobag <

p 4 -

¢ Boidaved mennoBod anepruu
nompelumentg

I
L et

{Inexmpocmanyus rudpabau-
veckad. Jiujee o0osnayqeHue

Jnekmpocmanyug
amoMHas

lodcmanyug.
Jbwee odoanavesue

[lodecmanyus negemennoro
moka 750 kB

@961
®|O|@N| W M|

“
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lNodcmakyua nepemertoro
moka 500«

Nodcmanyus nepemeqHoro
moxa J30 kB

@ D|IS|®
@0 |®

~L

fModecmanyuu -2
maroBsie =3
[lodemanyua (E\

Goinpamumensran

Aukus anexmponepedayu.
Jdwee obo3nayeque.

loumeyarue. B TOCT dang ¢ | =————|— = —|="—=~
monbKO 0003HAHEHUE

cywecmByrwied AuHuU

Aunua nexmponepedady | +750xB|+750xB|+ 7508
NOCMOAKHOrD MOKQ

Kadenonaa nunua

3/EKMPONEPETAYU P[P -t | D -

[To 0o6eum popmam (B Buae TaOMUIl, U B BUJIE CXEM) MOTYT MPEJCTABISITHCS
pe3yNbTaThl pacuéTa KaK Mo CETHU B ILIEJIOM, TaK U MO OTIAEIbHOMY €€ y4acTKy, eCiH
OCTaBIIIAsICS YaCTh CXEMbl HE MMEET HEMOCPEJICTBEHHOIO OTHOIICHUS K JaHHOU 3a-
Jade, a BKIIFOYEHA B pacy€ThI JIUIIb I yueTa €€ BIUSHUS Ha TapaMeTphl peKrUMa pac-

CMAaTpHUBACMBIX 00BEKTOB.
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4. VYET HAJEKHOCTHU TP IPOEKTUPOBAHUN
SJEKTPUUYECKUX CETEA

4.1. Iloka3aTesu HAAEKHOCTH IJIEMEHTOB JJIEKTPUYECKOI ceTH

HanéxHocTh ecTh CBOWCTBO CUCTEMBI BBINOJIHATH 3aJaHHbIe (YHKIINHU, COXpa-
HSISL DKCIUTyaTallMOHHBIE TOKAa3aTeJIn B 3aJlaHHBIX Tpejenax. CTeneHb BBIMOJHEHUS
GyHKIMN XapaKTepu3yeTcsl 3HAUCHUSIMU HEKOTOPBIX (DYHKIIMOHAJIOB, HA3bIBA€MBIX
nokazatensiMu Hanaéxuoctu. B 99C B kauectBe €€ QyHKIUH 11€51€C000pa3Ho paccMmar-
puBaTh OecriepeOoitHOoe CHAOKEHUE MOTPEOUTENCH IIeKTpOIHEepruei TpedyemMoro Ka-
YeCTBa.

Hanéxuocte ¢pynkmuonupoBanus 39C onpenensercss HaIEKHOCThIO U TEXHU-
YECKUMHU TIoKa3zaTessiMu o0opynoBanus (reaeparopsl, JIDII u T. 1. ), cxeMoi nekTpu-
YEeCKOM ceTH, 00eCTIeUeHHOCTHIO AIEKTPOCTAHIIMN IHEPropecypcamMmu, pexxumMaMu pa-
00THI (3armacamMu CTATUYECKOM U IMHAMUYECKONH YCTOMYMBOCTH ), KAYECTBOM OOCITYKH-
BaHUs, BEJIMUYMHON pe3epBOB. BONBIIMHCTBO ()aKTOPOB, BIUSIOMIUX HAa HAAEKHOCTD
CUCTEMBI, MOXHO IIEJICHATIPABICHHO U3MEHSTh KakK 3a CYET OoJiee palMoHaIbHOTO UC-
M0JIb30BaHUs 3aTpat (MpU MPOEKTUPOBAHUU, U3TOTOBJICHUH, MOHTAXXE U JKCIUTyaTa-
IIUU 00OPYAOBAHUS M CUCTEMBI B LIETIOM), TaK U 3a CUET yBeNUYEHUs ITUX 3aTpart. [lo-
3ToMy HaJiE&XHOCTh DOC ecTh €€ TEXHUKO-9KOHOMUYECKUM TTOKa3aTeb.

B 3aBucumocTtu oT nccneayeMbix GyHKIIUNA CHCTEMBl pACCMATPHUBAIOT CIEAYIO-
1IU€ BUJIBI OTKA30B:

1. YacTtu4Hast WM nojiHas moTepsi paboTOCIOCOOHOCTH KAaKOT0-THO0 3JIeMEHTa
CUCTEMBI HE3aBUCUMO OT TOTO OTPaXKaeTCsl ATO Ha IEKTPOCHAOKEHNU MoTpeduTeneit
WJIU HET.

2. OrpaHnyeHue IEKTPOCHAOKEHUS TIOTPEOUTENICH CUCTEMBI (paifoHa), BHI3bI-
Ba€MO€ MOBPEKICHUEM. JIIEMEHTOB WM HEMPEABUICHHBIM POCTOM Harpy3KHu.

3. Hepomyctumoe OTKJIOHEHUE HAMPSHKEHUS W3-3a MOBPEKICHUM WIM PoOCTa
Harpy3Ku.

4. HapymeHne cTaTH4eCKOM MU AUHAMHYECKON YCTOWYHUBOCTH.
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[Tpu oTka3ax >IEMEHTOB PHEPTOCUCTEM BO3MOKHO MOJHOE WJIM YACTHYHOE OT-
KJIF0OUeHUe notpebureneil. ITo BbI3bIBAET yUIepO y MOTPEeOUTENEH, CBI3aHHBIN C JIHK-
BUJALIMEN PacCTpOMCTBa 3JEKTpocHAOXKeHUA. B cBOIO odepenp M 3HeprocucreMa
HecET ymiep0, Tak Kak BO3HUKAIOT MPOCTON 000pYyI0BaHHS, HEOOXOIUMO PEMOHTHPO-
BaTh OTKa3aBlliee 000pyI0BaHUE.

MaremaTtuueckoe oxuganue rojoporo ymepoa 39C npu oTkazax e€ 060pya0-

BaHUsI OMpeieNuM 1o hopmyiie:
Yioe =AW -y,

Tac AW — MAaTCMATHUYCCKOC OKNAAHUC HCAOOTITYCKA 3JICKTPOIHCPIUH, KBT'LI/I‘OJI;

Yose — YAIBHBIH yiep6 99C, py6./kBt-u.

OCHOBHOU XapaKTEPUCTHKOW OTKA30B 3JIEMEHTOB CIIY)KHT TTapaMeTp MOTOKa OT-
Ka30B (, M3MEHSIONIHUICS B TIpoliecce 3KcIutyaTtamuu (puc. 4.1).
[Ipu onieHke HaEKHOCTH CIIEyeT OpaTh  COOTBETCTBYIOIIEE MEPUOY HOPMATbHON
paboTHI.
[TapameTp ® ompenemnsioT Ha OCHOBE CTATUCTHUECKHX JAAHHBIX 00 OTKa3ax IMpH dKC-

IryaTaigun

rjae N — YUCIIO OJTHOTUITHBIX JIEMEHTOB, HAXOISAIIMNXCS B OJMHAKOBBIX dKCILTyaTa-
IUOHHBIX YCIIOBUAX;
M — 4MCIIO OTKA30B 3a 1 JIET.
BTtopoii mokazatenb HaJEKHOCTH - CPEIHSS MPOIOIKUTEIBHOCTh OTKa3a (BpeMsi BOC-

cTaHoBieHus ) - 1,. Ecnu Ha oThIckaHue M ycTpaHeHHE M 0TKa30B ObLIO 3aTpayeHO

Bpems ty,t,..., 1, , TO

Ly
T.==Yt.
mia
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3Hass ® ¥ T, MOXHO ONPEHNEIUTb P

w r

\ : JIPYTUX MOKa3aTese HaAEKHOCTH.

CpenHsst mpoI0HKUTEIBHOCTh O€30TKA3-
:
fpupa-|  Hagmamnas Asnor HOM pabOThI
o aJomaE .
e | 8760
To= ,

Puc.4.1. 3aBucumocts napamerpa noToka oT- o

Ka3a OT CpOKa SKCILTyaTaluu

BepositHOCTh paboToCIOCOOHOCTH

To
p=——"—"0.c.
TO +TB
BepositHOCTh OTKa3a

g=1-p= T, _ T, o |
To+T, 8760+T; -

Mpu T, -©<<8760 =120

P T 8760

[Tonb3ysick 3akoHoM [lyaccona, MOXKHO ONIPEIETUTh BEPOATHOCTH M OTKA30B 32

BpeMms

_ (O‘)'t)m -t
Pm = Te -

BeposTHOCTB TOrO, 4YTO HE MPOU3OUAET HA OJTHOTO OTKA3a 3a o

—®
Pm=0 =€ -

st JIDIT pmunoi | kunomerpos

I
O = Ora6y m
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Jlnst JIDII Ha ABYXUENHBIX ONOpax WIKA NPOXOASIIMX: IO OJHOM Tpacce Heoo-
XOJMMO BBIJEIUTH OTKa3bl, IPUBOASALIME K IIPOCTOSM OJHOM LENU U MPOCTOSM JBYX
Lenen.

OTKa3 KaXXI0U Lenu

®'=(0,7+0,9)w;

OTKa3 JABYX Lienen

®"=(0,3+01)w.

OTKa3bl SYeeK BLIKIOYATEICH 3aBUCAT OT COOCTBEHHBIX OTKA30B U OT YKCJIA OT-

KIIIOYaCMBIX K. 3. Ha JIMHHUAX

(DB:(DI—'_COZE’

riae | - nmuHa npucoe IMHEHHON JTMHHUH, KM.

Buesamnnble oTka3bl cocTaBisaioT 0,6 OT 00IIEro 4ynciaa OTKa3oB
Ogy = 0,60 .

[Ipy BHE3amHBIX OTKa3axX BBIKIIOYATEICH OTKIIOYUBIIHECS SJIEMEHTHI MOTYT
OBITH BBEJICHBI B pa0OTY B OOJIBITMHCTBE CIy4aeB paHblie, 4eM OyaeT Mpou3BeEH pe-

MOHT BBIKJIIOYATEIS:. ITO BPCMs BKIIOUCHUS PABHO

Tp = (0,1+ 0,3) + 0,1np , d,

rac np — YHCJI0 paS’I)eI[HHHTCHCﬁ, KOTOPBIC AOJIZKHBI OBITH OTKJIFOUEHBI JJIA OTACIICHUA

HOBpe)KI[éHHOFO QJICMCHTA (BBIKJ'IIO‘-IEITCJ'I?I) N BKIIFOYCHBI 1JI51 BBOJA OTKIOYHUBIHICTOCA

MpUCOEANHEHU (JTUHUM, TpaHCPOopMaTOopa).
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JIns pacnpenenuTenbHbIX YCTPOUCTB ¢ IBOMHOM CUCTEMOM LIMH CPEIHEES YUCIIO

OTKa30B 00€HX IIUH OMPEACIISIOT 1Mo hopMmyIie:
n
Oy = I(LHZ(DBi ,
)

rae K, — xoapounmenr (k,, pasen 0,1 gt TOC u 0,05 mnst moncranmii u ['9C);
®gj — MapaMeTp MOTOKa OTKA30B I-I'0 BBIKIOYATEIIS;

N — 9ucio BBIKJ'IIO‘I&TCJICI‘/’I, HpI/ICOCI[I/IHéHHBIXI K C60pHBIM IHIMHaM.

4.2. Pacuér noka3artesieil HAAEKHOCTH IJIEKTPUIECKOM CETH

Hns hopmanuzanuu pacu€ta HaAEKHOCTU DJIEKTPUUYECKON CETH NPUMEHSIOT
0JIOK-CXeMbl HaJIEKHOCTH. [ cocTaBieHHs] OJIOK-CXEMBbl B CXEME AJIEKTPUUECKON
CeTH OOBEAMHSIOTCS BCE UCTOYHUKHU MUTAHUS, a JIMHUU 3aMEIIatoTcsl OJIOKaMu, CBA-
3aHHBIMHU MEXK]Ty COOO0M TaK e Kak B MICXOJHOU cxeme (puc. 4.2). IcTOYHUKH TUTaHKUS
CUMTAIOT a0COMIOTHO HAAEKHBIMU. [[ByX1IeTHbIC TUHUU B OJI0K-CXEME MPECTABISIOT
Tpems O0siokamu (puc. 4.3). biaoku 1 1 2 oTpakaroT OTKa3bl ¥ TNIAHOBBIC PEMOHTHI KaX-

JIOM TIeTH B OTACIBHOCTH. biiok 1-2 - 0THOBpEMEHHBIE OTKa3hl 2-X IICTeH.

uni A5 A]
43

JillZ
Ll

Puc.4.2. ®opmupoBanue O10K-cXeMbl s pacuéTa HaI&KHOCTH
JI71s1 cxeM ceteid 6e3 KOHTYpOB OJIOK-CXeMa COJIEPKUT TOJIBKO MOCIEA0BATEIBHO

Y MapajuiesibHO COeIMHEHHBIE OJIOKU.

7z
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Puc.4.3. biok-cxema ABYXUIEHOW JTUHUU PacuéT HamEKHOCTH HPOBOAAT IYTEM IIpe-

0o0pa3oBaHuii MOCJIEI0BATEIBHO UK TTapai-

JIENBbHO BKIIFOUEHHBIX OJIOKOB B 3KBUBAJIEHTHBIE J10 T€X NOp, noka muHbl U1 u notpe-
OWTesIs HE OKaXYTCs CBA3AHHBIMH OJHHM SKBHBAJICHTHBIM OJI0KOM (puc. 4.4).

JI1s N IocyIe10BaTeNbHO BKIIOYEHHBIX OJIOKOB
n
0= o
i=1

n n
0, zZQI WA KB :ZKBi >
i=1 i=1

T, = 38760,
0]
Ky = max K.
|

HiT i HiT =

i

| . 7 n) [z Ji7
. [« Eﬂi L
b e — /}’——5) A 7

7) 0 rl

Puc.4.4. TlocnenoBaTeIbHOCTh SKBUBAJICHTUPOBAHUS MIPHU pacuére HaIEKHOCTU

Cx

HpI/I SKBUBAJICHTUPOBAHUHU JBYX IIapaJlJICIIbHBIX 3JIECMCHTOB OJHOBPEMCHHBIC

INUIAHOBBIC ITPOCTON CUHUTAIOT HCAOIIYCTUMBIMMU.

=010y +®2-qp,
0 =01 02 + 021 + Gnig2 s
T

0,5 K2 , ecm K, < 5l ,
] B 1™ 2 m2 8760
m2sl —
T T
K,—-05—L1| ecmK_,>—8L,
ql( n2 8760j 12~ 8760
T, =98760.

Q)
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Ecnu cxema 351eKTpUYECKON CETH MMEET KOHTYPbI, TO B OJOK-CXEMe MOsBIIs-

IOTCSI IEPEMBIUKH MKy MapajlieIbHBIMUA BETBSIMU (puc. 4.5).

Hi1z

Puc. 4.5. ®opmupoBanue 0JI0K-CXEMBbI, COAepIKaIlel IePEMbIUKY

Jlnst pacuéra HaAEKHOCTU TAKYIO CXEMY 3aMEHSIOT JBYMS BCIIOMAarateIbHbIMH
(puc. 4.6):

1-s1. Ilepembruka 3akopaunBaetcs. MiHade, mepeMbruka - aOCOIOTHO HAICKHA.

2-s1. TlepembIuka BOOOIIE OTCYTCTBYET, T.€. HAXOJAUTCS B INITAHOBOM WJIH aBapHii-

HOM IIPpOCTOC.

U ' i — Wil ' un

L t o n
Hﬁ p 7 7 2 5

Puc. 4.6. BcmoMoraresbHble OJIOK-CXEMBI JIIsl pacuéTa CXEeMBbI C IePEeMBIYKOM

ITo nosry4eHHBIM MMOKA3ATENSIM ITUX: CXEM O\, TgM» @O » Tz, 1 U3BECTHBIM Be-
POATHOCTSAM aBapUHHOTO U IJIAHOBOTO MpocTos nepeMbluku ( u K, BBIYHMCISIOT pe-

3YJBTUPYIOIIHUE TTOKA3aTEIN HAJEKHOCTH

o=y (1-9-K;)+or(q+K),
1
TB :gl:(DMTBM (1_q_ Kn)+0)LTBL(q+ Kn):l'

[To HaliIeHHBIM MOKA3aTeNsIM MOXKHO BBIMHCIHTH (,, Y. Ymep0d oT HemooT-

ITyCKa 3JIEKTPOIHEPTUU PaBEH

y:ql) PmaxTM !
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rae Prax — MakcuMaibHas Harpy3Ka IOJCTaHIUY;

T,; — YUCIIO YacOB HMCIIOJIb30BaHKS MAKCUMAJIBHOM HArPy3KH.

4.3. Hagé:kHOCTBH CXeM pacnpeae/IuTe bHbIX YCTPOMCTB

Pacnipenenurensubie yeTporictBa (PY) SBISIFOTCS BeChbMa OTBETCTBECHHBIM 3BE-
HOM 3JICKTPUYECKUX CETCH, B 3HAUUTEILHON MEpe ONPEICISIOT HAaEKHOCTh JIEKTPO-
cHaOKeHUs..

VcxoaHbpIMU JaHHBIMU JIJIS pacuéTa HaAEKHOCTH ciykaT cxema PV (puc. 4.7),

o, Ty, ®;, T,, BBIKIIIOYATENEH, OTACIUTENEH U IPYroro KOMMYTAllMUOHHOTO 000pyno-

BaHU, C60pHLIX IIWH, a4 TaKKC BPCM, H€06XOI[I/IMO€ JJIA BBIABJIICHHUS OTKa3aBIICTO

BBIKJIFOYATENs [ ¥ BpeMsl OTKJIIOUEHHUs (BKIFOUEHUS) Pa3beJUHUTEIS Tp.

M Knjem &
C 2 73

rf iz
Puc. 4.7. Cxema pacnpeeauTenbHOT0 yCTPOCTBA

B pesynbpraTe pacuéra onpenensroT MaTeMaTHYECKOE 0KUIaHUE YHCIIa OTKITIO-
YeHWI JIMHWUIA, TeHePaTOPOB, TPAHCPOPMATOPOB, KOMMYTUPYEeMBbIX B PY, u cpennue
JUIUTEIBHOCTH UX aBAPUITHOTO MPOCTOS.

B PV yunTthIBarOT BHE3aMHBIE OTKa3bl BBIKJIIOUATENEH. J[0N BHE3ANHBIX OTKa-
30B BbIKItoUarenei — 60 %. YUuThIBalOT OTKa3bl KOMMYTHPYIOIIETO 000pyAOBaHUS

PY B HOpMasIbHOM M PEMOHTHBIX PEKUMAaX.
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B kaX/1oM peMOHTHOM peXHME, XapaKTepu3yeMoM Ko3(h(PHUIMEHTOM pEMOHT-

Horo pexuma K, paccMaTpuBaeTcs peMOHT OJIHOTO | -TO BBIKIIOYaTeNs (OT/ENH-

TeJIA).
(DHJ' THJ

K=Ky = .
8760

j=

B HOPpMAaJIBHOM PCKHUMC BCC BBIKITIOYATCIN — BKJIIFOYCHBI. KOB(I)(I)I/IL[I/IGHT HOD-

MaJIBHOTO PCKHNMaA PaBCH

n
Ko=1-> Kj,
j=1

rae N — KOJIMYEeCTBO BBIKIIIoUaTeneii B PY.

O1leHMBAIOT MOCIEACTBHS OTKa3a | -ro Beikiaovarens (i=1,2,...,n)B j-M pe-
xume (=0, 1, 2,..., N), T.e. ONPEACIAIOT OTKIIOYMBIINECS MPUCOCTUHEHHS (HAIIPH-

mep, JI1, JI2, JI3, T), yacToTy ®iji U QJIUTEILHOCTh OTKIFOUYEHHUS KaXKI0Tr0 IIPUCOEIH-
pa 9 9 9 9 y IJ p

HEHUA Ty -

O)ij =O)in, I=l, 2,..; j=0,1, 2,..N.

Ecnu nocneacTBust otkaza BeIKiIroYaTens (otaenutens) PY Moryt ObITh JIMKBU-
JTUPOBaHBI (C TOYKH 3pEHUSI BOCCTAHOBJIEHUS MUTAHUS IPUCOECIUHEHUI ) MYyTEM orepa-
TUBHBIX MEPEKIIOUECHNUI (OTKAa3aBIINWN BBIKJIIOYATENb OTACISIOT ABYMS Pa3beIUHUTE-
JISIMH, JIUHUIO — OJTHUM), TO JUIUTEIBHOCTh OTKJIFOYEHUSI TPUCOEAUHEHUMN, OTKIII0Yae-
MBIX B JAHHOM CUTYyallH, ONPEAEIACTCS BPEMEHEM ONEPATUBHBIX MEPEKIFOYEHUIN

Torenij =(0,1+0,3)+0,1n,,

rac np — YqHucCJI0 pa3’beI[I/IHI/ITeJ'ICI71, MNECPCKIIOYACMBIX IJIA OTACIICHUA HOBpe)KI[éHHOFO

BBIKJIFOYATEsl (OTJETUTENS) U BBOJIa B pabOTy OTKJIFOUUBILETOCS] TPUCOEAUHEHUS.
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B nmpoTtuBHOM ciy4yae AIMTENBHOCTh OTKIIOYEHUS ONMpeesieTcs MO0 BpeMe-

HEM BOCCTAHOBJICHHS OTKA3aBIIETO BBIKIOYATENS ey jj = T,

i, JM00 BpEMEHEM OJI-

HOBPEMEHHOTO MTPOCTOSI OTKa3aBIIero (i-ro) ¥ MiaHOBOI'O0 PEMOHTHPYEMOTO (j-Tr0) BbI-

KJItoyaTens (OTAeNIUTENs)

T2
Torn ij = Ty 2-;-3 I

Pe3ynbTaThl pacuéra 4acTOThl U JJIMTEIIBHOCTH OTKIIOUCHHUIN MPUCOSTUHEHUIMA
JUT KaXJI0r0 COYETaHMs OTKa3a OAHOro U3 3yeMEHTOB PY u ogHOro us pexumon PY
(HOpMaJNIbHBINM WJIM PEMOHTHBIN) 3aHOCAT B pacueTHy0 Tabmwuiy (tabdn. 4.1). JleBbrit

CTOJI6€II - OJICMCHTbBI i, OTKa3bl KOTOPBIX paCCMATPHUBAIOTCA, U COOTBCTCTBYIOIHC ; .

B BepxHeil cTpoke — peMOHTHpPYEMBIE€ BBIKIIIOUATEIN U KOIPHUIIUEHTHI UX pe-

MoHTa Kq,K»,.... HopmansHomy pexxumy pabotel PY npumnucan Homep Hosb. Hanpu-

Mep, Tpu oTkaze BeikItouaresns 1 (B1) gomKHBI OBITh OTKIIFOYEHBI BBIKIIOUATENH 2, 3,
u 4 (puc. 4.7). B pesynbrare 3toro otkiatouutcs auHus JI1. [locne oTkiroueHus aByx
pazpenuHuTeNnel BeikIodYaTens Bl u BxiroueHus Bbikitouatens 4 nauaus JI1 Oyper
BBEJICHA B paboTy.

Pasmuunbie codeTanus otkaszoB (=1, 2, ...n) u pexxumon (j=0, 1, ...n) moryr
NPUBOJUTH K OTKIIOUEHHUIO OJHOTO M TOTO ke mpucoeanHeHus. Heo6xoaumo Bbije-
JUTHh TaKUE CUTYAIlMU (MX YaCTOTYy W JIIUTEIHHOCTH) B paCYETHOM TaOJIHIIE U CTPYII-

IIUPOBAThb UX.

Ta6muna 4.1. — OTKIIOYEHHBIC MPUCOSAUHEHUS, YaCTOTa U JJIUTEIHLHOCTh OTKIIFOUE-
HUS

Pexxum
HopmanbHbiit PeMOHTHBII
i | Beikimoyarens Q) j=0 j=1 j=2 j=3 = j=n
KOZ... Kl K2 K3 KJZ Kn
m JI1
W =... (,01 P =
1 B1 [} 10 :
Torkn 10 = Torcn 1j =
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P JI2
(Dij =
[ Bi Oj Wjo = T _
Torknio =--- OTKIT]
T T
CO = ... O)n — .
n Bn o, no :
TOTKJ'I no = TOTKJ'[ nj =

I[J'ISI Ka)I(HOﬁ Ipyniibl BBIYUCIIAIOT 3KBUBAJICHTHBIC 3HAUCHUA Y9aCTOTHI U OJIN-

TCJIBHOCTHU, KOTOPBIC U ABJIAIOTCA UCKOMBIMU IMOKA3aTCIIIMU HaI[é}KHOCTI/I npucocan-

HCHMUSL .
1 O‘)HpI/ICOeI[TB TPUCOE]T
Onpucoen = Zwij ) Ts npucoes ZTOTKJI ij ©ij » Ky = 3760 .

ij IpUCOCHT jj

Yuém PY npu pacueme naoéxcnocmu no onox-cxemam. Kaxmnoe PY npencras-
JSIOT HECKOJBKUMH SKBUBAJICHTHBIMU Osiokamu. PaccmoTpum coctaBiieHune OJ0K-
CXEMBbI Ha npumepe pacuéra Haaexuoctu noacranuuu I1 (puc. 4.8).

B atoii 6mok-cxeme Omoku -1l — muanm snexrponepenaun; 6oku I — 1V, ato
— PY moacrannum; 6moku V — tpanchopMaropsl mojactannuu. Pacuér mokaszarenei
HaJEXKHOCTH 0JI0KOB PY BBIMOIHSIIOT METOI0OM, U3JI0KEHHBIM BhIte. {1 PY onpene-
JISFOT TIOKa3aTe I OJJHOBPEMEHHOT'O OTKIIFOUeHUs TpaHnchopmaTopos ( 6ok 1V) mubdo
M3-32 OTKJIIOUEHUHN WX BBIKJTIOYATENeH, 100 U3-3a OJJHOBPEMEHHOTO OTKIIOUCHUS JU-
HUH, TTOKa3aTenu oTKIoueHus nuHui (6oku |11) n3-3a OTKIIFOYEHHI UX BBIKITIOYATE-

JIeH.



-
x]

[x]
7]
[m

I ED

3 7 g 0

Puc. 4.8. biok-cxema ¢ yu€rom PV noacrannmm

Tak kak Hag&XKHOCTb JJIEKTPOCHAOKEHHUS OIpEeNsieTcs] TJIaBHBIM 00pa3oM
JIDII, Bo3moxeH npubauxeHHbll y4€T PY. M0XXHO He yUuThIBaTh OTKa3bl BBIKIIOYA-

TEJIeH B PEMOHTHBIX PCIKUMaAX Py, CUUTAACh B pPCMOHTHBIX PEKUMAX JIMIIb C OTKA3aMU

JIDIL
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5.  ABTOMATH3ALIUASI IPOEKTUPOBAHUS SJIEKTPHYECKHUX
CETEH

5.1. DJjemMeHTHI aBTOMATH3MPOBAHHOI CHCTEMbI POEKTHPOBAHUSA

B cBsi3u ¢ GonbInMu 3aTpataMu MaTepHUaIbHBIX PECYPCOB HA Pa3BUTHE DJIEK-
TpodHEpreTuku (cM. Tabi.1.2) BechbMa BaHO JOOUBATHCS ONTUMAIBLHOTO ¢ SKOHOMHU-
YeCKOU TOYKHU 3peHus pa3BuTHs DIC U UX MEKTPUUECKUX ceTel. 3aadya MpOeKTUPO-
BaHUsSI Pa3BUTHSI JIEKTPUUECKUX CETeH sIBsieTcs AuHamMuyeckoil. Heo6xoaumo MuHu-
MU3UPOBATh (ONTHUMU3UPOBATH) 3aTPaThl B TEUECHUE JOCTATOUYHO JJIMUTEIBHOTO TEPH-
ona Bpemendu (5...10 yer), Tak Kak ONTUMAaIbHBIC PEIICHUS JJIsI OTJICIBHBIX JIET 3TOTO
Nepro/ia MOTYT MPOTUBOPEUYUTH JIPYT APYTY; HAITPUMEP, SHEPTEeTUICCKUIM 0OBEKT, BBO-
JUMBIN B TIEPBBIE TOJBI MEPUOA KaK ONTUMATBHBIM, MOXKET OKa3aThCsS HEONITUMAJIb-
HBbIM B MTOCJEAYIONIUE TOJbI IEPUOIA U MPUBECTU K U3IUIIHUM 3aTpaTaM.

[Ipu npOEeKTUPOBAHUHU BIEKTPUUYECKUX CETEU BBIOIHSAIOTCS PA3IUYHBIE CIIOXK-
HbI€ TEXHUYECKUE pacUETHhI. [[J1s1 9TOT0 NCTIONIB3YIOTCS MaTeMaTiuueckue GopMyJbl, CH-
CTEMBbI JIMHEWHBIX, HETUHEHHBIX anreOpandeckux win nuddepeHnnaibHbIX ypaBHe-
HUH, aHATU3UPYIOTCS JIOTHUECKHUE YCIOBUS BHIOOpA MapaMeTpOB AJIEMEHTOB 3JICKTPH-
yecknx cereid. COBOKYNMHOCTh TAKUX MATEMATUYECKUX BBIPAKEHUW, OMUCHIBAIOIINX
OCHOBHBIC CBOMCTBA DJIEKTPUYECKOM CETH, HA3bIBAETCA MATEMATHYECKOU MOJIEIBIO.
Hanpumep, ypaBHEHUS y310BBIX HANpsiKEHU (3.2) SIBIASIOTCS MaTEMAaTUYECKOU MOe-
JIbI0 YCTAHOBUBIINXCS PEKUMOB CETH. MOAENBIO ANEKTPOMEXaHUYECKUX MEPEXOTHBIX
MPOLIECCOB SBIsIETCA cucTeMa Au(depeHIINANbHBIX YpaBHEHUN JABMKCHUS POTOPOB
reHepaTopoB. s pacuéra HaI€KHOCTU SIEKTPUUECKON CETU UCTIOJIb3YIOTCS MOJETU
BEPOSITHOCTEN PA3JIMUHBIX COCTOSAHUI ceTu (T1aBa 4).

[TonyuyeHHbIE C TOMOINIBIO PACUETHBIX MATEMATUYECKUX MOJIENIE TEXHUYECKUE
pEILICHUS XapaKTEPU3YIOT HEKOTOPBIA BO3MOKHBIM BAPUAHT PA3BUTHS JIEKTPUUECKOU
cetu. ABromatuzanus (HOpMUPOBAHUSI BapUAHTOB PA3BUTHS DIEKTPUUECKON CETH U

BBIOOp JIyulIero (ONTUMaIbHOTO) C TOUYKU 3PEHUS MUHHUMYyMa 3aTpaT BBIIOJIHSAETCS C
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MIOMOIIBI0O MAaTEMATUYECKUX MOJICNIEH ONTUMU3ALUU PA3BUTHUS DJICKTPUUYECKON CETH
[1, 15, 16]. B oOmeM cirydae Takas MOJEIb BKIIOYAET B ¢e0s JIBE COCTABIISAIONIHE:

1. ®yHKIUs e — MUHUMU3UPYEMBIE 3aTPATHI.

2. OrpanuveHusi B BUJE YpaBHCHUN U HEPABEHCTB, OIMpPEICISIONIUX JOMYCTH-
MY10 00J1aCTh U3MEHEHHSI TAPaMETPOB CETU W/UIIU HEKOTOPBIX €€ (DYHKIIMIA.

Pemenune moaenen onTuMU3aluy Pa3BUTHS JIEKTPUYECKUX CETEN, aHAJIN3A TEX-
HUYECKUX XapaKTEPUCTUK €€ OTIEIbHbIX BAPUAHTOB TpeOyeT MpUMEHEHUS METO/OB
MaTeMaTHYE€CKOTO MPOrPaMMHUPOBAHHUs, MATEMAaTUUECKOTO aHaliu3a, CPEJACTB BBHIYUC-
JTUTEIBLHON TeXHUKHU. PazpaboTka u MpUMEHEHUE OTJEIbHBIX MAaTEeMATHYECKUX MOJIC-
Je IS 3a/1a9 MPOSKTUPOBAHUS DJICKTPUUECKUX CETEH SBIISIOTCS MEPBBIM ITANIOM aB-
TomMaTu3aiuu npoektupoanus DIC. [lanpHeiiniee nmoBeieHue 3¢ HEKTUBHOCTH MTPU-
MEHEHHS MaTeMaTHUYECKUX MOJIeJIel CBS3aHO ¢ aBTOMATHU3aIlMeH UCTIOIb30BaHUS KOM-
IieKca Mojenei mpu npoektupoBanuu (puc. 5.1). IlpumeHenne komIiekca Moaenei
IPEANOJIaraeT, YTo MPOILECC pacyéTa ONTUMAIbHOTO Pa3BUTHUS CETH 3aHaETCA U UC-
MOJIB3YETCs MPOSKTUPOBIIUKOM [16]. OKOHYATEIbHBIC PEIICHUS IPUHUMAECT YEIIOBEK,
OPUEHTHPYSCh HA PE3YNIBTAThI PACYETOB, MOJYYEHHBIE C TOMOIIBIO MoAenel. [ maBHo#
3a/laueil aBTOMAaTU3AIMK TIPOEKTUPOBAHUS SIBJISIETCSI BCEMEPHOE 00JIErYeHHE TUaiora
npoekTupoBirka 1 IBM npu oOHOBIEeHNN MHGOPMAIINK, aHATH3E PE3yJIbTaTOB pe-
HIEHUS 3a/1ad U UX KOPPEKTUPOBKU C MCIOJIb30BAHHEM CHEIUATbHBIX TEXHUYECKUX
CPEICTB AUAJIOTOBOIO OOIICHUSI.

Cuctema aBromaTuzupoBaHHoro npoektupoBanus (CAIIP) npeacrasisier co-
00l COBOKYMTHOCTh KOMIIOHEHT, OCHOBHBIMH U3 KOTOPBIX SIBISIOTCS:

1) Teopust © METOABI AaBTOMATU3UPOBAHHOIO TPOEKTUPOBAHHUS (MATEMATHUYECKOE
obecricucHHE),

2) nporpaMmsl, peanusyroliue npoektupoBanue 99C U onepaluu no ynpaniie-
HUIO TIPOIIECCOM | MPOEKTUPOBAHHS M TEXHUYECKUMHU CPEACTBAMHU (IMPOTPAMMHOE
obecrieueHue);

3) undopmaronHas 6aza cucteMsl (MH(GOPMALIUOHHOE 00ECTICUEHHUE);

4) TeXHUYECKHUE CpeCcTBa pueMa, 00pabOTKU, XpaHEHUs U epenayu uHdop-

Maliy (TeXHUUECKOE 00ECTICUCHHE).
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BBO.A-BbIBOAL, MPOMPAM-  MHPOPMALLMOH- KHPOPMALL MOHHBIE
Mbl HbIE NOTOKM PARABI

1BA30BbIE AAHHDIE

11 TexHuko - aKOnOMU4BCKUe

12.1o yasam cemebors
ofbexma 1

13No bembsam pacuemHol
CXemu |

2.0NEPATUBHBIE SAHHBIE
NOAL30BATEAR K

21 Ucxodrbie

22 Pezyasmame) onmumu-
30UUOHHEIX pacuemol

23.Pesysemambi oueHou-
HoIx pacuemob

Puc. 5.1. CtpykTypa HHQOPMAIIIOHHO-BBIYUCIUTEIBHOTO KOMIUIEKCA MPOEKTUPOBAHUS PAa3BUTHS

3JIEKTPUYECKUX CETEH:
BA3A — opranuzanus cTpykrypbl nHGopManmonnoro odecneuenus; TEJl — ¢popmupoBanue, xop-
PEKTUPOBKA TEXHUKO-3KOHOMMYecKuX AaHHbIX; COb — dopMmupoBanue nHpopmaimu ob y3nax;
CXEMA — ¢popmupoBanue, koppektupoBka pacuétHoii cxemsl; [IOVMCKO, IIOUCKA — nouck niep-
BUYHOM nH(MOpMaIuu B nHGOPMAIMOHHON 0a3e, mepepaboTKa, 3amuch B onepaTuBHyto 6a3y; OPC —
onTuMM3anus pa3Butus cetd; OM — onieHka BapuanToB pa3putus; AHAJIN3 — ananu3 TeXHUYECKOTO
COCTOSIHUS CETH

Marematudeckoe ooecnieuenre CAIIP cocTaBistoT MaTreMaTnyeckue MOACIIN U
ITOPUTMBI TIPOEKTUPOBAHHUSA, HA OCHOBE KOTOPBIX pa3padaThIBAIOTCS IMAaKEThl MPH-
KJIaHBIX IPOrpaMM, BXosIue B mporpaMmuoe obecrnieuenue CAIIP.

Nudopmarmonnoe odecriedyeHre — 3TO COBOKYIMTHOCTh IIPEICTABICHHBIX B OTIpe-
NeNeHHon (opMe MaHHBIX, HEOOXOAMMBIX ISl MpoekTupoBaHus. K HuM oTHOcSTCS:
MaCCHBBI CITPAaBOYHO-HOPMATUBHOU MH(POPMAIINH; CIIOBAPU CUCTEMBI, 0TOOpaXKaOIINE
COCTaB fA3bIKA OINMCAHUA 33JIaHHI; MacCUBBI HH(MOPMAITMH 00 00BEKTE MPOSKTUPOBA-
HUSL.

OcHoBHas 4acth nporpammuoro ooecrieuenus CAIIP — 3To makeTsl nmpukiaj-
Hbix niporpamm (IIIIIT). I comepkat ympaBisiOIIyl0 YacTh B BHJIE MOHUTOpA U
OMOIMOTEKY MPOTPAMMHBIX MOAYyJIelH. MOHUTOpP — 9TO yNpaBsAOIIas mporpaMmma, oT-
paxaroiasi MeTOJUKY NMPOEKTUPOBaHUsA. MOHUTOP HaCTpauBaeTCA Ha Pa3IUYHbIC Me-
TOAUKU MPOCKTUPOBAHUS C TOMOIIBIO UX OMUCAHUI B BHUIE€ IpadoB, MOKA3BIBAIOLIUX

MMOPAAOK CICAOBAHMNA W TUII IIPOCKTHBIX onepaunﬁ.
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Hns spdextuBHoro ucnonp3oBanuss CAIIP HeoOXoauMBbl cpeacTBa IUaIOro-
BOro oOuieHus "mpoekTupoBuk — D9BM". Ucnonb3ys TUpEeKTUBBI, IPOEKTUPOBIINK
MOXET YIPABIATh XOJO0M aBTOMAaTU3UPOBAHHOTO NPOEKTUPOBaHMs. JlanbHenmnee co-
BepuieHcTBoBaHue CAIIP TpeOyeT KOMIUIEKCHOM aBTOMATH3aIMK IIpoliecca MPOeKTH-
POBaHUs BILIOTh JO CO3JaHUS TEXHUYECKOW JOKYMEHTALUN N0 IPOEKTY, NOBBIIICHUS
Ka4yecTBa MaTEMATUYECKUX MOJENEH, aITOPUTMOB U ITPOrpaMM MPOECKTUPOBAHUS.

B Hacrosiee Bpems a1 Lenel iiaHupoBaHus ONTUMAIIBHOTO pa3Butusa 2C u
uX (QYHKIMOHAJIBHBIX WIM TEPPUTOPUAIBHBIX YAaCTEH MCIOJB3YIOTCS JIBa Kjlacca MO-
JeNiell — OICHOYHBIC M ONTUMH3AIMOHHbIC [15].

OyenouHvle MoOoenu PeATM3yI0TCs MPY MOMOIIU aJTOPUTMOB U IMPOTrpaMM pac-
4éToB Ha DBM HEKOTOpPOro MHOYKECTBA MPEABAPUTEIILHO HAMEUYEHHBIX BapUAHTOB
penieHus. ITH MOJIeTH 00Jaat0T CIETYIOIIMMU OCHOBHBIMU JJOCTOMHCTBAMU

a) BO3MOXKHOCTBIO TOAPOOHOT0 Y4ETa HWHIMBHUIYATIbHBIX OCOOCHHOCTEH
IPOEKTUPYEMOI KOHKPETHOM CETH JJIsSI KaKJ0TO CPAaBHUBAEMOI'O BApUAHTA;

0)  HENPUXOTIMBOCTHIO K XapakTepy M3MEHEHUs MapamMeTpOB CETU U BUIY
(YHKIIMOHAIBHBIX 3aBUCUMOCTEN MEXAY HUMH;

B) BO3MOKHOCTBIO JIETALHOTO Yy4eTa TpeOOBaHHM HaNEXHOCTH B XOJE
pacuéra KakJ0ro CpaBHUBAEMOI'O BapyaHTa Pa3BUTHUS CETH B MpeIesiaX UMEIOUIUXCS
XapaKTEPUCTUK HAJIEKHOCTH.

I'1aBHBIM HEAOCTATKOM OLICHOYHBIX MOJEIIEH SBIIAETCS BO3MOYKHOCTH OLICHKU
TOJIBKO CPAaBHUTEJIBHO MAJIOr0 YUCJia BAPUAHTOB UCITOJIHEHUS IPOEKTUPYEMOU CETH.
OTO HEONPaBIAHHO YBEIMYMBAET POJIb «BOJIEBBIX)» PEIICHHUN U, KaK CIEACTBHE, I10-
BBIIIAET ONACHOCTh BBIX0J1a U3 00JIaCTHU ONITUMU3AIIMH, BEIOOPA HEONITUMAIBHOIO Ba-
pHAHTa ¥ BMECTE C TEM HEONITUMAJIBHOW CTPATETUHU IIPU MPAKTUYECKOM I10JIb30BaHUN
MOJIYYEHHBIMH pe3ysbTaTaMi. [103TOMy OLleHOYHBIE MOJEIU TPEOYIOT OYEHb TIIA-
TEJIBbHOW MOTUBHPOBKH BBIOOpA CPEIM BOSMOKHBIX BAPUAHTOB.

DTOT HEJOCTATOK SIBWJICSI OCHOBHOUM MPUYMHON pa3paOOTKH ONTUMHUZHPYIOIINX
mozenen. Ilociennne nperHa3HayeHbl 1 OTBICKAHKWS ONTHUMAJIbHOTO BapHaHTa U3
BCEr0 MHOXXECTBA JOMYCTUMBIX (pHUC.5.2), UTO SIBISIETCS UX PELIAIOLIUM JIOCTOMH-

CTBOM.
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B onmumusupyrowux mooensx Ijisl OTBICKAHUS PELIEHUS UCIIOJIB3YIOTCS METOBI
JIMHEMHOTO Y HEJIMHEMHOI'0 IIPOrpaMMUPOBaHus. TeopeTuueckue rpaHulibl IpUMEHe-
HHUS TAKUX MOJIEJIEW OYEHb IIUPOKH, HO Ha IIYTU UX pealln3allii UMEIOTCS CYLIECTBEH-
HbIE TPYAHOCTU. BO-IEpBBIX, OUEHb MHOTME ONTHMHU3UPYIOLIME MOIEIU SBIIAOTCS
BEChbMa YIPOIIEHHBIMU U MOATOMY HE 00JIaaroT MEepPeUYUCIeHHbBIMU JOCTOMHCTBAMU
OLICHOYHBIX MoJesel. Bo-BTOpBIX, MHOTHE DHEPIreTUUYECKHUE 3aaul IIPU TOCTATOYHO
cTporoii (popmMyJIMpOBKE HEIMHEHWHBI, MHOTOAKCTPEMANIbHBI, LIEJTOUYUCICHBl U UMEIOT
JUCKPETHBIE NTapaMETPbl, YTO 3HAYUTEIBHO YCIOKHAET ONTUMU3UPYIOLIME MOJEIN U

0COOEHHO MCTOAbI UX PCUICHUA.

1
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Puc.5.2. [Ipumep coctaBiieHust paCu€THOM CXEMbI AJIEKTPUUECKON CETH:
a — BapUaHThI BBOJIa HOBOTO 000pyaoBaHus snekTpudeckoii ceru (JI1-JI18 — JIDIL, IT1 — 15 — moa-
craHuuuy; J1, 92 — 31eKTpoCTaHIUN);
0 — rpad pacu€THON cXxeMbl (YUCIIa — HOMEpPA Y3JI0B U BETBEH)

5.2. MoneaupoBaHue 3J1eKTPUYECKOI ceTH

[Ipyr npoeKTHUPOBaHNUH COCTABIISIETCA PACUETHASI CXEMA JJIEKTPUUECKOU CETH,

1. KOTOPOM MPOBOAMTCS OoNTUMH3alMs pa3BuThsd. CylIeCTBYIOIIAA CETb MOMXKET
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OBITH MpeJcTaBieHa ynpoEHHO. Kpome cymiecTBylolel ceTy Ha cXxeMe 0ToOpaka-

I0TCS BCE aJlbTEpHATHUBHBIE NEPCIEKTUBHBIE 00BeKThI. Ha puc. 5.3 cymectByromue

O0OBEKTHI ITOKA3aHbI CIUIONTHBEIMHA JIMHUAMHU, HOBBIC — IITPHUXOBBIMU.

JIJist MaTeMaTUYeCKOTro OMUCAHMS CXEM CETel UCIIOb3YIOTCS rpadbl, MPEACTaB-

JSrOIIMe cOO0M COBOKYMHOCTh BEeTBEH (Ayr) U y370B (BepiinH). BeTBu rpada cetu Ha

puc. 5.3 npeAcTaBiAOT cO00W CYIIECTBYIOIINE U BCE HAMEYAEMbIE K CTPOUTEIBCTBY

QJICMCHTHI CCTH, a4 CT'0 Y3JIbl — C60pHBI€ IIAHBI UJIA SJCKTPUICCKUC Y3JIbI.
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Puc.5.3. Pacuérnsriii rpad cetn

B mpumepe, npuseaéHHOM
Ha puc. 5.3, HOBBIMU BETBSIMU 5IB-
JSFOTCS TIOJICTAHIIMU B y3lax y=4
u y=6 (BeTBU 6=4, 6=17), a Takxke
HOBAas paclpeeauTeabHas JTNHAS
Mexay y3namu y=9 u y=10. s
YCWJIEHUSI OCHOBHOM CETH Mpeny-
CMAaTpUBAIOTCA HOBBIE JIMHUH.
Eciu onu BpemeHHo OyayT wuc-
MOJIb30BAaThCSl HA HAIpPSIKEHUH
pacrpeneauTenbHOl CeTH, TO UM
COOTBETCTBYIOT BETBH 6=3 W
6=15. BetBu 6=2 u 6=16 — 3710 TE

e JTMHUH, HO Cpa3y Ha HampsiKe-

HUU OCHOBHOM ceTu. LleHTpaMu MUTaHusi pacCMaTpUBAEMOl CETH SIBISIOTCS y3ibl =1

uy=12.

JI7151 BBITIOJTHEHUSI TEXHUYECKHUX U IKOHOMHYECKUX pacu€éToB Ha DBM kaxnas

BETBb UACHTUPHUIIMPYETCS HOMEPaAMHU y3J10B €€ Hauana u KoHia. HeoOxoaumele miis

pacd€ToB MOKA3aTeNId BETBH OIMPEICISIIOTCS 10 OpMyIaMm:

K, =x,L,,
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rae R,, X, — akTHBHOE M peaKTMBHOE COIPOTHUBIICHUS BETBU JIMHOM L, (11 TpaHc-
¢opmaropuoii BetBu L, =1);

r

Q! Xa — IIOTOHHBIC COITPOTUBJICHUS BETBU,

K, — xanuranoBio>keHus A7 BETBU rpada ceTu;
K, — YAEIbHBIC KalIUTAJIOBIOKEHH IJIs1 BETBU.

BennunHa o 00o03Ha4aeT COCTOAHHUC, B KOTOPOM MOKCT HAXOIUTHCA BCTBb
rpa(ba. B HpOCTCfIHIGM ciIydac Kaxaad BCTBb MOXCT HAXOAUTHCA B OJHOM U3 ABYX

COCTOSIHUI: BETBb OTCYTCTBYET WJIM MMEET HEKOTOpOE (PUKCHpOBaHHOE 3Ha4YeHue R_,
X,, K,. Uucio Bo3MOKHBIX BAPUAHTOB CETH, COAEPrKAIIEe M HOBBIX BETBEH, OyneT
paBHO

N=2M,

Hekoropbie BeTBM MOTYT BBOJIUTHCA TOJBKO COBMECTHO W OOpa30BBIBATH
rpynny BeTBeil. Ha puc. 5.3 rpynmnoii BeTBe# SIBISAIOTCA BETBU 6=2 U 6=4 Win 6=16 u
6=17. C apyroi cTOpOHbI HEKOTOPBIE BETBU UJIN UX TPYIIIIBI ABJISIIOTCS B3aUMOUCKITIO-
yarorumu. Hanpumep, BeTBb 6=3 u rpymnmna 6=2, 6=4 He MOTYT ObITh COOPY>KEHBI OJI-
HOBPEMEHHO. DTH 00CTOSITEIHCTBA HECKOJIBKO YMEHBIIAIOT YUCIO BOBMOMKHBIX BapH-
aHToB ceTu N.

TexHuueckuil aHanu3 3HAYUTEILHOTO MHOKECTBA BAPUAHTOB CETU B MPUEMIIE-
MBbI€ JIJIsl MPOEKTUPOBUIMKA CPOKHU MPEIONPEAEISIET IPUMEHEHHUE YIIPOIIEHHBIX METO-
JIOB pacy€Ta HOPMaJbHBIX M TMOCJI€ABAPUHUHBIX PEKUMOB ceTH. J[0CTaTOYHO 4acTo B
ONTUMU3AIMOHHBIX MOJAENSIX ANEKTPUUECKUX CeTel Il pacuéra MoToKopacipeaese-
HUS aKTUBHOW MOIIHOCTH MCIOJIB3YETCS TaK Ha3bIBaeMasi MOJEIb MOCTOSIHHOTO TOKA.
B Takoii Mogenu npuOAMKEHHO YUUTHIBAIOTCS MEPBBIA U BTOPOH 3akoHbl Kupxroda.
Takoe ymnpolieHre OCHOBaHO Ha cliefytolleM. BektopHasi auarpamma HanpsiKeHUN
BETBU AJIEKTPUUECKOM ceTH (puc. 5.4, a) sl peaibHbIX CETeH, Kak MpaBuio, OJU3Ka K
CJIEAYIOIINM JABYM IPEACIIbHBIM CIIy4asiM.

B nepBom ciiyyae mnisi cucteMooOpaszyromnux cereil HanpstkeHueM 220 kB u

BBEIIIC PCAKTUBHOC COIIPOTHUBJICHHUEC BCTBU 3HAYUTCIBHO 0O0JIbIIIE aKTHBHOTO. H&I[CHI/IC
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nanpsxerns B et ij AU (ij) =U(i)—U(j) mo momymo pasuo | X, , a mMomynu
HaIpsDKEHUs] B Hayajle U KOHIIE BETBU NMPUMEPHO OAMHAKOBHI (puc. 5.4, 6). OTHOCH-

TenbHOe 3HaYeHue maaeHus nanpsokenus AU (ij)/U pasuo

RX, 60

o) ==1

TAc U — HOMHHAJIBHOE HJIN Cp€aAHCEC HAIIPSAXKCHUE BETBU,

P.(ij) — mOTOK aKTUBHOM MOIIHOCTH IO BETBH .

B mepBom cinydae mapametp O.(ij) B

al E R ipX
,:‘ . D/
(5.1) mpencrapmnsier coO0M yroj Mexty
uli) . sextopamu U (i) u U(]), umucrenno
- 4
BBIPOKEHHBIN B paguaHax. Bo BTopom

) laR cllydae pacCMaTpHBAIOTCSA pacIpeje-
%)
JuTeNbHBIE ceTH HanpsbkeHueM 110 kB
‘..\\. LUU‘}
5 \ : U HWXKe, Ul KOTopbix R, m X, mpu-
J] A
U(j)_ MEPHO paBHBI WJIW AKTHBHOE COIIPO-
i) i R J‘I o TUBJICHUE OoJibllle peakTuBHOrO. B Ta-
a P
——— ¥
Ui 00 KOM CeTH TaJeHUE HANpsDKCHUs B

BeTBH paBHO |, (RB + X, tg (0) (puc.

Puc. 5.4. BexkropHas nuarpaMma HanpsoKeHUN
JULSL BETBH SJICKTPUICCKOI CeTH U € YIPOILICHUA: 5§ 4. B). OTHOCUTENILHOE 3HAYEHHE I1a-
a — o0t cnyyaii;
6 — s cucTeMoobpasyroLei ceTH; nenus Hanpsokeaus AU (ij)/U pasho
B — JUIS paclpeeNuTeIbHON CeTh

P

5*(”) _ Bij (RB + XB tg¢)

U2

(5.2)

B (5.2) O.(iJ) — 310 moTepu HAMPSKEHUS B JTOJIIX HOMHHAIBHOTO.
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B MOACIN ITOCTOAHHOI'O TOKA IIOTOK aKTUBHOM MOIITHOCTH 110 BCTBU |J orpcac-

aseTcs Mo 0000IEHHOMY BBIPAXKEHHIO
Pij :Yij (5*(i)—5*(j)), (5.3)

rae Yj; — Kooppuuuent s BeTsy j ;
O.(i) — morennuman i-ro ysia.
Jlnst ceteii nanpsikenueM 220 kB u 6onee O.(i) mpencrabisieT co0oi Ga3oBblit

YroJI BEKTOpa HANPSDKCHUH, a KO3QGUUICHT Y, ompeessercs, Kak ciuexyer u3 (5.1)

u (5.3), mo popmyine

Y, =—. (5.4)

Jlns cereit 110 kB u Hmke nmoteniman o, (1) - maaeHne HAPSIKSHUS, a

U?2
Yij D v i (5.5)
R,+ X, tgo

Koo punmenter Y;; B (5.3) - (5.5) uMeroT pasMepHOCTb MOIHOCTH, & Ox(i) BbI-

paXkeHbl B OTHOCHUTEJIPHBIX €UHUIIAX. Y3JIOBbIE MOTCHITHABI ((a3pl) B CETH, COAEP-
JKalmerd M y3JI0B, ONPEACIISIIOTCS PEMICHUEM JIMHEMHOW CUCTEMbI YPAaBHEHUM pa3Mep-

HOCTH (M-1)

YA

I
=

(5.6)

rae A — UCKOMBIM BEKTOP-CTOJIOCI] y37I0BBIX MOTEHIIMAI0B (MK (a3 MOTESHIINAIOB);

Y — kBaapaTHas MaTpuIia K03QPUINECHTOB;
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F’y — BEKTOp CTOJIOCI] aKTUBHBIX HArpy30K Y3JIOB CETH.

MaremaTtuueckyro Mozaenb (5.6) Ha3bIBAIOT MOJEIBIO MOCTOSHHOTO TOKA. JTa
MOJIEIb MOXKET OBITh PeIlieHa UTEPAIIMOHHBIMU METOIaMH (METOA0M 3e1ems1) Uin KO-

HEYHBIMU MeTofaMu (MeToqoM ["aycca).

5.3. IIpuMeHeHHe JTMHAMUYECKOTr0 MPOrPaMMHMPOBAHMS VISl ONITUMHU3ALHHU

PAa3BUTHHA 3J'I€KTpI/I‘leCKOﬁ ceTn

PazButne snexktpudeckoit cetu 1 39C B 11€7I0M NPEACTABISIET OECKOHSUHBIHN
MOCJIEIOBATENILHBIN MPOIECC CMEHbI COCTOSHUN CETH MPHU POCTE HArpy30K Cylle-
CTBYIOIIIMX Y3JI0OB, MOSIBJICHUH HOBBIX HArPy30K, 3aMEHE M3HOIICHHOTO 000pyI0Ba-
Hus. [lox cocTostHueM ceTu moHUMAaeTCsl PUKCUPOBAHHBIH JIJ7I1 HEKOTOPOTO MOMEHTA
BPEMEHH COCTaB MapaMeTPOB 00OPYI0BaHUS M PEKUMOB. [IpakTHUeCKH BO3MOXKHO
pPaccMOTPETh Pa3BUTHE CETH B OIPAaHMYEHHOM PacdyE€THOM nepuoje Bpemenu [,. Co-

CTOSIHHE CETH B YA0OHO OIUCBIBATh C IOMOLIBIO BeKTOpa coctostHua Ci, rae t — Ho-
mep sramna pazsutus (t=1, 2, T,). Ynucno kommoneHT Bektopa C; Ha KakJOM dTare

paBHO CYMMG YHCJIa HOBBIX U peKOHCTp}II/IpyeMI)IX DJIEMEHTOB CETH.
Ct = (Clt’CZt’-"’Cmt)'

3nece Cj; — i-s1 komnoHeHTa Bektopa C;, cooTBeTCTBYIOIIAs i-if BETBH (TpyIIe BET-
Bel).

Jliist mpuMepa CXembl ceTH, N300paKEHHOM HA PUC. 5.5, YUCIO KOMITOHEHT BEK-
TOpa cocTostHusI M=3, a Kaxaas u3 BetBer (=1, 2, 3) MOXKET HAXOIUTHCS B OJTHOM U3

JIBYX COCTOSIHUI

c 0 — BeTBb OTCYTCTBYET,
it =
1-BeTBb ¢ mapamerpamu R, X, K.
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B nmpumepe puc. 5.5 pemaercs 3anaya BbIOOpa ONTUMAIBHOM CXEMbl IPUCOETU-
HEHUs K CETU HOBOM MOJICTAHUUU «I1/CT 2» MUHUAMU «JI 2%, «JI 3» u yBeaunuenus npo-
MIyCKHOM CIOCOOHOCTH cyllecTByome auauu «JI 1» npu mojaBecke BTOPOM LEMH.

Yucno BapuaHTOB 3HaueHU BekTopa C; paBHO

N=2M-23_8g,

Hcnonb3yst BEKTOPBI COCTOSIHUS, MHOTOBAPUAHTHOE PA3BUTHE DJICKTPUYCCKOM
ceTu (puc. 5.5) MOXKHO MPEJCTAaBUTH B BUJIE HAMpaBiIeHHOTO Tpada (puc. 5.6).
Bepmmaamu rpada pa3BUTHS SABISIOTCS

Pa3JINYHBIC BaApUAHTBI BEKTOpPA COCTOA-

HUS Cgk) (k=0, 1, ...,N-1) B MOMEHT Bpe-
mend t. Jlyru rpada oTpaxkaroT BO3MOXK-

HOCTH IIEPEX0aa U3 OOAHOI0 COCTOAHUA

B Ipyroe CE%—)Cgk) (, k=0, 1, ...,N-

n/cr 1 n/cr 2

1), *M COOTBETCTBYIOT OMNpPEACIEHHbIC

Pnc.5.5. Cxema npoekTupyemoii cetn:  3arpaThl (KanMTalbHbIE U DKCILTyaTallU-
— - CYHUIECTBVYIOLIASA JIUHUS,

e S — OHHBIC) HEOOXOAUMBIE JIIS TAKOTO Tie-

pexona. CymecTByeT MHOKECTBO JONMYCTUMBIX YT (IIyTEl), COEAUHSIOMNX HaYalb-
. k .
Hyto BepuinHy C( ¢ 0HOH U3 BepLIUH C-(r ) (k=0, 1, ...,N-1), Haxomsieicst Ha ypOBHE
P
t=T,. JonyctumMocTh myTel U COCTOSIHUM (BeplIuH rpada) mpoBepsieTcsi CONOCTaBIIe-
p y y p p pOBEp

HHUCM paC‘-IéTHBIX BCJINYHH ITOTOKOB MOIIIHOCTHU U HaHpH}KeHI/Iﬁ C IIPCACIIbHO BO3MOK-

HBIMU JIJISI PACCMATPUBAEMOT0 COCTOSIHUS ceTu. [lepexon u3 0gHOro COCTOSIHUS B JIpY-
j k
(i) _, o)

roe C;4 t / BO3MOYKEH, €CIIM BO3MOJKEH MEPEeXO0] MO KaKI0W KOMIIOHEHTE BEK-

j k
TOpa Ci(,tjzl — Ci(t ). J{7151 5TOT0 JOJKHO BBIMIOJIHATHCS YCIOBUE

c=cll i-123..G,k=0,1,.N-1).  (57)
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C,=(0,0,0)

- HEJIOILY CTUMBbIC COCTOSIHMA

— - JIONyCTUMBbIE TIEPEXOIbI;
— - YCJIOBHO ONTUMAJIbHBIC IEPEXOMBI;

=) - ONITUMAJIBHBIH ITyTh Pa3BUTHUS

Puc. 5.6. I'pad pa3BUTHS IICKTPUIECKOM CETH

Cpenu nomyctumsix myteit ot Cy 1o C%k) (k=0, 1, ...,N-1) u HEOOXOAMMO HAUTH
P

MyTh «KpaTYaWIIEeH JIIUHBD», Il KOTOPOrO CyMMapHbIE JUCKOHTUPOBAHHBIE 3aTPAThI

Ha IIOCJICAOBATCIIBHBIC IICPEXOAbI OT OJHOI'O COCTOAHUA K APYIrOMY — MUHHMAJIbHBI

TP Tp
3, = > (K + Uy )(1+E) " = 3, = min, (5.8)
t=1 t=1

rae 3¢ = (Kt + I/It)(l + E)_t — 3aTpaTel B roay t ¢ yu€ToM UX JUCKOHTUPOBAHUSL.
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Kanuranbnele Bnoxenus K; ompenensrorcs M3MEHEHUSAMHU CeTH B roay t mpu

(1) (1)

nepexone C;j — Cgk), T.¢. 3aBucAT o1 Cy’{, u Cgk). DKCIUTyaTalldOHHBIE 3aTPaThl
W cocTosAT n3 CyMMBI pacXo0B Ha 00CIyKUBaHHUE, pEMOHT Mgt U CTOMMOCTH U3Me-
HEHM OTEPB DJIEKTPOIHEPTUH IIPU BBOJE HOBBIX 00bekToB M.+ = L[ ,0W;, onpene-
JsIEMOH TI0 CPEeJHEB3BEIIEHHOMY Tapu(dy Ha snekTposHepruto LI, . Benmmumna Mg t

3aBHUCHUT OT BCCX KaHI/ITaHOBHO)KeHI/II\/JI, OcyH_[eCTBJ'IéHHBIX 3ad IICpuoa OT ICPBOro roaa

. ~U
1o rona (t-1), u onpejensercs 3HaYCHUEM BEKTOPa COCTOSHUI Cg_}. N3menenus no-

Tephb dnekTpodHeprun oW, = AW (Cgk))—AW (CE}) 3aBUCST OT COCTOSIHUUI Cgk),

C,E ! %, Harpy3ok roja t u (t-1).

Takum 006pa3om i BCero pacu€THOro nepuoja 3arparthbl (5.8) paBHBI CyMMe

3aTpaTt AJid KaKJ0ro rnepexoga B OTACIIBHOCTH, T.C. 06J'IaIIaIOT CBOMCTBaMM aaaInuTHB-

HOCTH:

Zsa( 9.c{9). 59)

llenenanpaBiieHHBIN MOUCK ONTUMAJILHOTO IyTH Pa3BUTHsI CETH U3 MHOXKECTBA
BO3MOXKHBIX S C MUCTIOJIb30BaHUEM I'pada pa3BUTHS BHIMOIHSIETCS METOJIOM JHHAMHUYE-
CKOTO IMPOTrpaMMHPOBAHMS, OCHOBAHHOTO Ha IpUHITUIIE onTuMaibHOCcTH [16, 17]. Co-
TJIACHO 3TOMY NPUHIIMITY JIO0OW Yy4aCTOK ONTUMAJIBHOTO MYTH SIBJSETCS ONMTHUMAIIb-
HbIM. MeToa TMHaMUYEeCKOTO MPOrpaMMHUPOBaHUsI IPUMEHHUTENIBHO K 3aJa4e MOUCKa
MuHHMYMa (5.9) MO3BOJIAET HA KaXKIOM 11are t pemars 3ajlayy MUHUMH3ALHUHA TOJIBKO
(J)

10 INICPECMCHHBIM Ct—l " IMOCJICAOBATCIIbHO YMCHBIIATH YHCJIO KOHKypeHTHOCHOCO6-

HBIX BApUAHTOB M3 MHOXKECTBA S.

AJTOpPUTM pelieHus NpeCcTaBisgeT OO0l MHOTOMIAroBbIN MPOIIECC, Ha KAXKIOM
mare KOTOporo MpOU3BOIST KOTMETAaHNE» HEKOTOPOTO MHOXKECTBA BAPHAHTOB St, O KO-
TOPOM B TIpoliecce pabOoThl aIrOPUTMa CTAHOBUTCSI U3BECTHBIM, YTO OHO HE COAECPIKUT

y4acCcTKa OIITUMAJIBHOTO ITYTH.
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k
O603HaunM yepes I(Cg )) MUHUMAaJIbHBIE 3aTpaThl HA NEPEXOJ OT BEPLUMHBI

C( A0 BEPUIMHEI Cgk). Ha nepBom mare
| (cgk)) - 31(CO,C§“)) (5.10)

" CYKCHHA MHOXKCCTBA S He IMPOUCXOIUT. Ha BTOPOM HIare pacCMOTPHUM IIYTHU OT BEP-
(k)

mmHsl Cqy 10 mo6oii Bepmunbl Cy 7. TIyTh ¢ MUHUMAIBHBIME 3aTPATaMH OIPEICTUM

N3 COOTHOLLICHUA

(1)

o . . k
JIro60it myTs, npoxosiuii uepes C;”/ n He copepxamuii yuactka | (C(2 ) , HE MOJKET
OBITH MIPETEHACHTOM Ha ONTUMAJIBLHOCTh. MHOKECTBO BAPUAHTOB S, KOTOPOE MBI HC-

o k
KJIF0YaeM Ha 3TOM IIIare, COCTOUT U3 BCEX MyTeH, He COACpIKaIIMX yJacTka | (C(2 ) .

(J)

[Iyctb Tenepsb Uit kaxaoi Bepiuusl Cp ' ompeseseHsl 3aTpaThl I(Cg 2) Ha
IIyTH OT UCXOAHOM BepinHel Cj. Torna MUHUMAaNBHEIE 3aTPAThl HA IIYyTH, COEAUHAIO-

(k)

muM ro0yto BepmnHy Ci / u Cgy, paBHBI

! o(,it(..k,)N)lzmin3t (co,c§k>)zcgﬁré§k)[|(cgi})wt e, e

. k
Bce BapuanThl myTeit St, He coaeprkaine yyactka | (Cg )) , oTOpackiBatoTcs. Dopmyna

(5.12) — 310 OOIIEE peKYpPPEHTHOE YpaBHEHHE, ONKCHIBAIOIIECEe MHOTOIIATOBBIN MPO-

necc oteickanus pemenus. [Ipomomxkast pacuér mo (5.10) Ha mocnennem mare (t=T,)
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(k)
Tp

o k
HoTy4uM st Kaxaou Bepmuabl CT /' 3HaueHHe QyHKIUH I(C.(I. )) Yrobn! 3aBep-
p

LIUTH MPOLENYPY ITOMCKA ONTUMAIIBHOIO IIyTH, BBIIIOJHUM €€ OAHY NPOLENYPY MHU-

HUMU3ALNN:
N YOR(Y
3our —mkm[l (CTp ﬂ (5.13)

IIpruMmeHeHne Meroa AMHAMUYECKOr0 IIPOrPAMMUPOBAHUS Ui PELIEHUS] MO-
JeJIM ONTUMHU3ALIMU PA3BUTHUS JIEKTPUUECKOU CETU ITO3BOJISICT YUYECTh HEJIMHEWHOCTh
TEXHUKO-DKOHOMUYECKHUX IOKa3aTeIeH, JUCKPETHOE U3MEHEHHE MapaMeTpOB, JUHA-
MU3M pa3BuTusa. OIHAKO peanu3aius JaHHOTO METO0/1a MPEbsBIsSET BHICOKUE TPEOO-
BaHUs K 00bEMY MaMsTH U ObicTpoaeiicTBrio DBM. YMeHbllleHHe uncia paccMaTpu-
BAa€MBIX COCTOSIHUN MOXET OBITh TOCTUTHYTO NMpPEABAPUTEIBHBIM aHAJINU30M YCIOBUMN

pa3BUTHUA CCTH, BBIITOJTHCHHBIM ITPOCKTUPOBITUKOM.
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5.3. Ilpumep onTUMH3aLUM Pa3BUTHSA JIEKTPUYECKOH CeTH

PaccmoTpum nmoipoOHO mporece ONTUMHU3AINK Pa3BUTHSI JIEKTPUUECKON CETH,
[I0Ka3aHHOM Ha puc. 5.7. IIpoxomKuTenbHOCTE pacyETHOrO nepuoaa — S5 ner. M3mene-
HUs HArpy30K y3JI0B 1 u 2 npuBeaeHsl Ha puc. 5.8.

B TedyeHne npoeKTHOro nepruoaa BO3MOKHO IMPOBEACHUE PEKOHCTPYKLIMH CYIIIE-
cTBytomel tuHun JI1 myTemM noaBeCKr BTOPOM LETH HA CYLIECTBYIOIINE JIBYXIICTTHBIE
oniopsl. HoBbie munum JI2, JI3 nns npucoeTuHEeHUs: HOBOM MojcTaHuu (y31a 2) - of-
Houenuble. Koadduiment auckontupoBanus E mpu BeIUUCIEHUU 3aTpat 1o (5.8)
npuHAT paBHEIM 0,1. CTOMMOCTB OTEPH 3NIEKTPOodHEPruX Beruucasercs npu 11,=0,7
py6./kBTu.

Jli1st onucaHus pa3BUTUSA CETH MCIIOJIB3YIOT BEKTOp cocTosiHusa Cy, rae t —Homep

srana passutus (=1, 2,..., 5). Ynucno komnoHeHT BekTopa C; Ha Ka)kJJOM 3Tare paBHO

CYMME YHCJIa HOBBIX U PEKOHCTPYUPYEMBIX JIMHUN:
o :(Clt’CZt’CSt)'

3necy Cj; — i-s1 kommoHeHTa Bektopa C;, cOOTBeTCTBYIOIIAS i-if TMHUH.

250
U,om=220 KB
cosp=0,8 a un 200
T =
[a4]
\ 2 150
\ ©
\ S
\[12] & 100 — u
300 '\, =
% T
\\*f,; 50 - - . .
\ ]
__100Kkm_ _ _/7) 0
\ 1 2 3 4 5
Pore PthI oAbl pacuétHoro nepuoaa
4 EVYsenl mYsen2

Puc.5.7. Cxema, npoekTupyeMoi cetu Puc. 5.8. Harpy3ku cetu
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B ta6n. 5.1 nna nunuit JI1 — JI3 yka3aHsl 10 JIBa BO3MOXHBIX COCTOSTHUS (KC-

xoaHoe - Ci; =0 u koHeyHoe - Cj; =1, i=1, 2, 3), B KOTOPBIX MOXKET HAXOAUTHCS KaX-

7asi JIMHUSA Ha JIF000M dTare pa3ButusA. Tak kak I-s yuaus (=1, 2, 3) MOXeT HaxXo-

JIUTHCS B OJTHOM U3 JIByX COCTOSIHUU,

0 —ucxonanoe,

Cit =

1— xoHeuHoe,

TO O0I1Iee YMCII0 BAPUAHTOB 3HaUYeHUM BekTopa C; paBHO

N=2"=23-8.

Tabmuma 5.1. — BapuaHTbl COCTOSIHUM JTUHUM CETH

JI1 JI2 JI3
3HadueHus
3HaueHus 3HaueHus
KOMIIO-
KOMIIO- KOMIIO-
HEHTBI Xapakrepu- Xapakrepu- Xapakrepu-
HEHTHI HEHTHI
BEKTOpa CTHKA CTHKA CTHKA
BEKTOpa BEKTOpa
COCTOSI- COCTOSTHUS COCTOSTHUS COCTOSTHUSI
COCTOSTHUS COCTOSTHUS
HUS C Cs
Clt 2t t
JInans JInans
OnHa nemns OTCYT- OTCYT-
0 AC-300 0 CTBYET 0 CTBYET
JBe
eI JInnus JInaus
1 AC-300 1 AC-400 1 AC-300
COCTOHHI/IH CCTH, OIINCBIBACMBIC BCKTOpaMI/I

ck=0-(0,00) =u

k=4 o
C»E ) = (1,0,0), HEJIOMYCTHUMBI, TaK KaK B TAKUX CXEMaX y3eJ 2 He UMEET CBS3EHl C

neHTpom nutanus (yzinom 0), 4to ciaeayert u3 puc. 5.9.

[TapameTpsbl, HEOOXOAUMBIE JJIs1 pACUETOB PEKUMOB CETHU U IKOHOMUYECKHUX TO-

Kazaresieil 1aHbl B Ta0i. 5.2. Pacuér pexxuma (a3 noTeHIUANIOB Y3/10B O.y, O, ) B pa3-

JUYHBIX BapHaHTaX MPOCKTUPYEMOU ceTu (puc.5.9) oCcylllecTBISIETCS PELUICHUEM CH-

CTEMBI JIMHEWHBIX ypaBHeHUH (5.6). DneMenTsl MaTpullsl KodddumueaToB Y B (5.6)

BBIUHCIISIOTCS 110 (5.4).
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c!

clks

Y01:616,55

k=0) _

Py2t

=(0,0,0)

BY 0 Uo=230 kB

5+0=0

BY U0-23O KB

6+=0
\

\
\
Y0,=616,55 \ Yp,=839,68
\
Por Po2 \(\
\
\

5*2/\—\
2

Py2t

BY Q Uo=230 kB

§+=0

\
\

Y0;=1233,10/ \ Y,=839,68
/ P01 POZ \\

\
\

N
Sy (
2 \2 )
Pyz

cl=®) _(1,1,0)

Puc. 5.9. PacuéTtHrle cXeEMBI CETU

Y01:616,55

ct

ct

BY Up=230 kB
6*():0
\
\Yoz 839,68
Po1 Po2

— 5*2 —

| Yu=123310 p ZtI

=) _0,1,1)

bY

a Up=230 KB

B:0=0

—L 5*2 —

________ 72)

¥1,=1233,10 p Zt\ I
Y.

=7~ (1,11

61T



Tabauua 5.2. — Ilapamerpsl TUHUN

120

CocTosgHue TUHUA

Hcxonnoe Koneunoe
Jluaun R X P AWKOp ) KB ) 5 X, P__ . A\NKOp ' KB '
° 1P MJIH MIJIH. b B P MJTH MIJIH.
Owm Owm MBr kKBT'u pyo Owm Owm MB1 kBT pyo
JI1 19,60 85,80 150 2,44 - 9,80 42,90 300 4,72 177,00
J12 - - - - - 11,25 63,00 200 1,37 281,25
JI3 - - - - - 9,80 42,90 200 1,22 158,00

HOTepI/I QJICKTPOIHCPTUHU I KAKIOT'O BAPHUAHTA PA3BUTUA 3JI€KTpPI‘1€CKOI>i CCTH

OTpeJIeNIeHbl Kak CyMMa Harpy304HbIX MOTEPh U MOTEPb Ha KOpoHY (puc.5.10).

120,000
7 100,000
=]
x
z
s 80,000
s o m (0,0,1)
= _
o (0,1,0)
£ 60,000
8 m(0,1,1)
2
x 2(1,0,1)
s 40,000
o ©(1,1,0)
Q
g B(1,1,1)
2 20,000

0,000

1 2 3 4 5

foabl pacuéTHoro nepuoaa

Puc. 5.10. CymmapHbie IOTEpH AIIEKTPOIHEPTUU TI0 BapUAaHTAM Pa3BUTHUSA
JNEKTPUYECKON cEeTn

Harpy3ouHsle notepu paccuuTaHbl METOJIOM YKCJIA YaCOB MAaKCHUMAaJIbHBIX IO-
T€pb, PACCMOTPEHHBIM B § 3.4.
B kauectBe mpumepa pacuéra 37eMEHTOB MaTpuilbl kodddurmentoB Y pac-

CMOTPUM CXEMY MPOCKTUPYEMOM CETH, COOTBETCTBYIOUIYIO BEKTOPY COCTOSHUSA
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Cgk:?’) =(0,11), (cm. puc. 5.9). B aroM cocrosiauu nuHust JI1 mMeet oHy Lelb ¢ mpo-

Bogamu AC-300 (ucxomnoe cocrosinue), muHus JI2 — ogna nens ¢ npoogamu AC-400
(xoHeuHoe coctosiHue) u tunus JI3 — oxgna nens ¢ npoBojgamu AC-300 (koHeuHOoE co-
crosiaue) (cMm. Tabma. 5.1).

Koodduuuentst Yj; mis BeTBeit 310l cXeMmbl BhraucieHsbl 1o (5.4) npu U=230

kB:

2 2 2
Vo, =239 61655 v, =220 _g39,68: v, =220 _123310,
85,8 0 9

I[I/IaI‘OHaJIBHBIG OJICMCHTBI MaTPHUIIbI Y n MaTpula B ICJIOM paBHBI

Vi = (Yo + Yy, ) = —1849,65; Y,, = (Y, +Y,, ) = —2072,78;
_[-1849,65 123310 (5.14)
|1 123310 -2072,78/

Pemienue cucteMbl TMHEUHBIX ypaBHEHUM (5.6) 111 paccMaTpuBaeMOM 3ajadyu

MOKET OBITh BBIIMTOJTHEHO METO0M 00paTHON MaTPHIIbI

1p .
A=Y'P,;
1
{5*1} _ {Ym le} P.i (5.15)
So] [Ya Y| [Pat]
rne Py, Py —marpysku ysnos 11 2 Brony t.

Marpuiia oOpaTtHas 1o OTHOIIEHUIO K MaTpwIie (5.14) onpeaensieTcs caeayrnum 00-

pazom.



rae Y —anrebpauyeckoe 0NOJHEHHE deMenTa Y; B onpenenutene det [Y"}.

Onpenenutens Matpuubl (5.14) paBeH
det|Y; | =—1849,65x(-2072,78) ~1233,10x1233,10 = 2313387,196 .

O6paTHas MaTpuIia

[ -2072,78 -1233,10
vl 2313387,196 2313387,196 | | —0,00089599 -0,00053303
| -123310 ~1849,65 | |-0,00053303 —0,00079954 |

| 2313387,196 2313387,196 |

Hckomblie (a3pl MOTEHIMATIOB Y3JIOB JUIsI CXEMBI, OIMPEIENsieMO BEKTOPOM

C§k=3) = (0,1, 1), IIpU Harpy3kax y3joB cXeMbl ceTH rojia t=1 Beruncistorces o (5.15).

{5*1} B {—O, 00089599 -0, 00053303} {50} B {—0, 06}
30 '

Oy | -0,00053303 —0,00079954 —0,05

[ToTokn MOITHOCTH 1O BETBSIM ceTh (CM. puc. 5.9) onpexaernstores mo Gopmyse (5.3).

P, =You (80 — 6y ) =616,55(0—(~0,06)) = 37,48 MBr;
Pz =Ygz (8, — 8, ) =839,68(0—(~0,05)) = 42,52 MBr;

Py =Y, (84— 8.,) =1233,10(-0,06—(~0,05)) = 12,52 MBr.
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PacuérHpie MOTOKM MOILIHOCTH I10 BETBAM I:’ij CPaBHUBAIOTCS C IPEAEIBHO J0-
MyCTUMBIMU (CM. PHp B Ta01. 5.2). Ha ocHOBaHMM 4ero JenaeTcs BbIBOJA O JIOMYCTH-

MOCTH PacCMaTpUBAEMOT0 BapUaHTa CXEMbI (BEKTOpa COCTOSIHUS) B Toay 1.

Harpy3ouHblie moTepu MOLIHOCTH B JIMHUSX B ToAy t=1 BeiunciaeHsl no popmyine

2

< PBiRyj  37,48%x19,60+42,52? x11,25+12,52? 9,80
A Harp _z

TUZcos’p 230° < 0,87 — 1459 MEr
ij Yo » 0,8

a TIOTCPH SJICKTPOIHCPTUUN PABHBI

AW = APHanZ' + iZj:AWKopij =

=1,459 x4000x107° + 2,44 +1,37 +1,22 = 10,870 man. kBrxu.

Pe3ynbTaThl pacu€TOB PEKUMOB AJIsI BADUAHTOB CXEM PUC. 5.9 115 BCex JIET pac-
4ETHOTO Mepro/ia MPUBEIEHBI B Ta0MI. 5.3.

B a710if Tabnuiie pexkxuMbl HEJOMYCTUMBIC TI0 YCIIOBHSAM OTpaHUYCHUHN Ha TIepe-
JABAEMYI0 MOIIIHOCTh BBIIEJIEHBI KYPCUBOM. /{151 HEJOMYCTUMBIX PEXXUMOB PACUETHI
NOTEPbh MOIIHOCTU U SHEPTUU HE BBITIOJIHSAIOTCSI.

MHOXX€ECTBO JOMYCTUMBIX COCTOSHHM B KaXXKJIOM TOAY Pacu€THOTO Mepuoia
C§k) CBsI3aHBI MEX Ty cO00i aqyramu rpada pa3sutus cetu (puc. 5.11). lomyctumocTh

() _, o)

IEPEX00B OT OAHOro cocTosiHus Kk apyromy Ci’j t / TpOBEpseTCs MO YCIOBUIO

(5.7). Kaxmoii myre rpada pa3BUTHs CTaBATCS B COOTBETCTBHE KaITUTAIIOBIOXKCHUS B
CETh, & KAXKJIOW BEPUIMHE — 3KCIUIYaTAlMOHHBIE 3aTPAThl, BKIIFOYAOIIME U IPUpaLle-
HHE CTOMMOCTH ITOTEPBH IeKTposHeprun. 13 puc. 5.11 cienyer, 4o naxe 11 npocTon
CXEMBI CETH CYIIECTBYET OOJIBIIOE KOJNYECTBO MyTEH pa3BUTHUsL, HAUMHAIOIUXCS B UC-

XO0JHOM COCTOSAHHNHU CO M 3aKaHYUBAIOINUXCA B OJHOM M3 JOIIYCTHMBIX COCTOSIHUM
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k o
Ct(zz_) HGHGHaHpaBHeHHBII/I IMOMCK OIITUMAJIBHOT'O IIYTHU PAa3BUTHA BBIIIOJIHACTCA C MC-

IMOJIb30BAHUEM MHOTI'OIIAroBOIro ajiropurtMa Mertoaa IMHaMHUYCCKOro nporpaMmmMmupoBa-

HUS1, PACCMOTPEHHOTO B § 5.3.



Tabnuua 5.3. — [lapaMeTpsl CXeM U peXKUMOB IPOECKTUPYEMOI CETH

k C,Ek) [TapameTpsl cXeMbl H;ﬂ i{l\;e;gm =1 F(t)f; pacquI::go Heplxlotzia;r ==
Y= Py, MBT 50 75 100 150 200
-1849,65 1233,10| Py, MBrt 30 50 75 120 150
1233,10 -1233,10 8«1, pan -0,13 -0,20 0,28 | -0,44 -0,57
det[Yi]= 760268,0924 8%, pant -0,15 -0,24 0,34 | -0,54 -0,69
L 0.0.1) Po1, MBT 80 125 175 - -
Yi= Po2, MBT 0 0 0 - :
-0,00162193 |  -0,00162193| P, MBr 30 50 75 - -
-0,00162193 | -0,00243289 | APyarp, MBT 3,966 9,769 - -
MHHA.\;VéT-q 19522 | 42737 - i i
Y= Py1, MBT 50 75 100 150 200
-616,55 0] Py MBr 30 50 75 120 150
0 -839,68 S+, pan -0,08 -0,12 0,16 | -0,24 -0,32
det[Yij]= 517706,3677 S+, paj -0,04 -0,06 -0,09| -0,14 -0,18
) 0.1,0) Po1, MBT 50 75 100 150 200
Y= Po2, MBT 30 50 75 120 150
-0,00162193 0| P, MBr 0 0 0 0 0
0/ -0,00119093| APy, MBr 1,746 4,087 7,658 | 17,811 -
AW, 10,798 | 20,161 | 34,446 | 75,055 -

MIIH. KBT 94

1A



[Iponoskenue tabi. 5.3

I'oxbl pacuéTHOrO NIEpHOIA

k C§k) ITapaMeTphI CXeMBI H;E?K“;G;EH p— = =3 =, p—r=

Y= Py1, MBt 50 75 100 150 200
-1849,65 1233,10 Py2, MBT 30 50 75 120 150
1233,10 -2072,78 O+1, paj -0,06 -0,09 -0,13 -0,20 -0,26
det[Y]= 2313387,196 O, paj -0,05 -0,08 -0,11 -0,18 -0,23
3 0,1,1) Po1, MBT 37,480 57,864 | 79,890 | 122,300 159,781
Yi= Po>, MBT 42,520 67,136 | 95,110 | 147,700 | 190,219
-0,00089599 | -0,00053303 P12, MBT -12,520 -17,136 | -20,110| -27,700 | -40,219

-0,00053303 | -0,00079954 | APyuarp, MBT 1,459 3,521 6,818 16,130 -

MHHA'\I/(V],gT'q 10,870 19,117 | 32,304 69,553 -
Y= Py1, MBT 50 75 100 150 200
-2466,20 1233,10 Py2, MBT 30 50 75 120 150
1233,10 -1233,10 O+1, paj -0,06 -0,10 -0,14 -0,22 -0,28
det[Y]= 1520536,185 0%, paj -0,09 -0,14 -0,20 -0,32 -0,41
5 (1,0,1) Po1, MBT 80,000 125,000 | 175,000 | 270,000 | 350,000
Yl P2, MBT 0 0 0 0 0
-0,00081096 | -0,00081096 P12, MBT 30,000 50,000 | 75,000 | 120,000 150,000

-0,00081096 | -0,00162193| APuap, MBT 2,113 5,246 | 10,493 25,270 -

AW, 14,392 26,926 | 47,912 | 107,020 -

MIIH. KBT 4

¢l



[Iponoskenue tabi. 5.3

I'oxbl pacuéTHOrO NIEpHOIA

k C§k) ITapaMeTphI CXeMBI H;E?K“;G;EH p— = =3 ) p—r=
Y= Py1, MBT 50 75 100 150 200
-1233,10 0,00 Py2, MBT 30 50 75 120 150
0,00 -839,68 O+1, paj -0,04 -0,06 -0,08 -0,12 -0,16
det[Y]= 1035412,735 O, paj -0,04 -0,06 -0,09 -0,14 -0,18
6 (1,1,0) Po1, MBT 50 75 100 150 200
Y= Poz, MBT 30 50 75 120 150
-0,00081096 0 P12, MBT 0 0 0 0 0
0 -0,00119093 | APyarp, MBT 1,023 2,459 4,764 11,298 19,055
AW, 10,183 15,928 | 25,147 51,284 82,312

MJIH. KBT'4

Y= Py1, MBT 50 75 100 150 200
-2466,20 1233,10 Py2, MBT 30 50 75 120 150
1233,10 -2072,78 O+1, paj -0,04 -0,06 -0,08 -0,13 -0,17
det[Y]= 3591361,656 O+, pant -0,04 -0,06 -0,09 -0,13 -0,17
7 1,1,1) Po1, MBT 48,286 74,546 | 102,923 157,560 | 205,847
Y= Po2, MBT 31,714 50,454 ( 72,077 112,440 | 144,153
-0,00057716 -0,00034335 P12, MBT -1,714 -0,454 2,923 7,560 5,847
-0,00034335 -0,0006867 | APuarp, MBT 1,010 2,455 4,795 11,404 19,180
AW, 11,352 17,131 | 26,493 52,927 84,033

MIIH. KBT 4

LCT
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¢ =(1,1,1)

/s\m

<::> ¢=(1,01)

<:> ¢ =(1,0,0)

<€> c¥=(0,1,1)

<:> c?=(0,1,0)

Q@@

t=5

t=0 t=1 t=2

YcnoBHBIE 0003HAYCHHMS:
\’ - HEAOIIYCTUMBIE COCTOSIHUSA )

—» - JJOIyCTHUMBIC TICPEXO/IbI

Puc. 5.11. I'pad pa3BuTHs 2JIeKTpUUECKOM CETH

Ha mepBom 11are paccMaTpuBaloTCsi BCe BO3MOXKHbBIE ITyTH Pa3BUTHUSA, OT COCTO-

saHust Cp 10 KaXXJ0ro JOIMyCTUMOTO COCTOSIHUS ng npu t=1 (puc. 5.12). B xaxmoe

COCTOSIHHE C,EQ Ha 3TOM IIare BeIET TOJbKO OAMH MyTh (OJHA ayra rpada) u mpo-

OleMbl BBIOOpa JIyYIIETO TIO 3aTparaM IyTH 371eChb HE CYIIECTBYET. 3aTpaThbl
(k)
l, =1{C; /| Ha nepBom mare Berumciusiorcs 1o (5.10). KanuTanosioxeHnus mnepBoro

ara u 3aTpathl Ha puc. 5.12 nanel B MiIH. pyOIei.

Ha BTOpOM 111are BO3HMKAaeT MHOXKECTBO IyTel OT HadanbHOro coctosiHusa Cy

JI0 KaXKJI0TO JOIYCTUMOT'O COCTOSTHUS C(Zk) B roay t=2 (cwm. puc. 5.12). Hanmpumep, B

1
COCTOSIHHE Cg) BEIYyT TpU  JomycTHMbIXx — nytu:  Cgp— Cg ) - C(23) ,

NG ONNG O NING VNG O}
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¢.”=(1,1,1) c,” =(1,1,1)
h=567,451 1,=534,440
¢, =(1,1,0) g 6 6 =(1,1,0)
1,=423,071 1,=413,662
5
(5) _
Q c (5) = (1 0 1 CZ - (1,0,1)
° 1,=313,704 ,=307,668
Q SnlOn L) ¢.%=(0,1,2)
1,=406,235
1,=389,308
| @ ¢.”=(0,1,0) 4 2> 7= (0,1,0)
1,=262,553 \ ,=269,829
Jc‘” 0,0,1) JC‘” (0,0,1)
1=156,060 1,=170,534

= =1
=0 t=0 t:

YcnoBuble 0003HAYECHHS !
—» - ,I[OHyCTI/IMI)IC HepCXOZ[I:I;
—> - yC.IIOBHO OIITUMAJIBHBIC nepexomﬂ

Puc. 5.12. TlepBbIif 1 BTOPO# IIard ONTHUMHU3AIUNA PA3BUTHS JIEKTPUUECKON CETH

KanuranbHble BIIOJKEHHS HA JIFOOOM IIIare BBIYMCIISIOTCS CJICOYIOIINM O6p330M.

i k
CpaBHUBaIOTCSl 3HAYEHHSI KOMIIOHEHT BEKTOPOB COCTOSTHUS Cg_} - CE ) Y BBIYUCIIS-

I0TCA KaIllUTAJIBHBIC BJIOKCHUA C UCITOJIB30BAHUECM JaHHBIX Tabm. 5.2.

Ky =gKBi (Ci(tk) _Ci(,tjzl)’

Trac KBi — KaIIUTAJIBHBIE BIOKEHUS B 1-10 JTUHHUIO.

Hampumep, uis mepexoja Cgl) - C(23) ((0,0,1) > (0,1,1)) xanuTanbHBIE BIOXEHHS

PaBHBI

K% =177,00x (0—0)+ 281,25 x (1—0) + 158,00 x (1 —1) = 281,25 M. py6.,
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TS TIepexo/1a ng) — C(23) ((0,1,0) > (0,1,2))
K5 =177,00x(0-0)+281,25x(1-1)+158,00x (1 -0) =158,00 muu. py6.
CTOMMOCTh M3MEHEHHs HOTEPh DJIEKTPOIHEPTUHU IIPU IIEPEXOE CE ! % - Cgk)
OIpPEAENSIETCS ¢ MCIOAB30BAHMEM PE3YJIBTATOB PACUéTa PEKHUMOB, NPUBEIEHHBIX B
Tabin. 5.3. Hanpumep, npu nepexoze Cgl) — C(23) HOTEPH DJIEKTPOIHEPIHH U3MEHSI-

OTCA CIACAYIOIINM 06p8.30M.

Aw"(cg3)):19,117 sk, KBT-; AW'(cf)):lg,Szz sk, KBr-u;

SW = AW "(0(23))— Aw'(cgl)) ~10,117-19,522 = 0,406 wri. kBr-u.

3IIGCI> BHUIHO COIIYTCTBYIOIICC CHMKXCHHC IOTCPD JJICKTPOIHCPIUU IIPHU pa3BH-

TUU 3EKTpUYEcKOi ceTu. CTOMMOCTh U3MEHEHUS MTOTEPH B 3TOM CIIy4yae paBHA

U, o0 (8W) =11, - 8W =0,7x(-0,406) = —0,284 muH. pyo.

(1) _, B

DkcIutyaTtanoHHsle pacxosl npu nepexone C;7 — C57 onpenernstores crou-

(2)

moctbio cetu B coctostann C; 7 =(0,0,1) u HopmatrBoM oTuMCIICHNMIT HAa 06CITYKNBa-

HHUC CCTH.

M e (C{) =0,008x158,00 1,264 unm. py6.

(1) _,cB

3arpatsl npu myTu passutus Co — C;7 — C5” ompenensrorest o (5.11).
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(6 )
= 156,060+ (281,250,284 +1,264) (1+0,1) > = 389,308 muH. pyo.

(2 _, o)

3arpatsl npu myTn passutus Cy — C; 5’ ONPENENAIOTCSA AaHAIOTHYHO.

3"((:(23)) - [I (cf)) +3, (cf), cl) ﬂ — 399,804 M. pyo.

st iyt Cp — C§3) N C(23)
3"'(023)) = [' (C§3))+ 3, (C§3),c§3>)} — 413,910 wH. pyo6.

(3)

MuHuManbHbIE 3aTpaThl AJI1 ITYTHU pa3BUTUA, 3aKAHYUBAOIICTOCA B COCTOAHUU C2 )

paBHbI | (Cg3)) = 389,308 muH. pyo.

HeoGxoquMo 11s1 KaXKI0ro COCTOSHUS C(Zk) BBIOpaTh MO OJHOMY ITYTH, KOTO-

pPOMY COOTBETCTBYET MUHUMYM 3atpart (5.11). DTOT myTh coXpaHsieTcs U Ha3bIBA€TCS
YCJIOBHO-ONTHUMaNbHBIM. OcCTalbHblE IMYyTH OTMETAIOTCS. Y CIOBHO-ONTUMAJIbHbBIC
nyTH (IEPEeXobl) IJIsS TPEThEro, YeTBEPTOro M IAToro maroB (puc. 5.13, 5.14, 5.15)
OTIPEJISIISIFOTCST aHAJIOTUYHO 10 001Iew Gopmyre (5.12).

[Ipu BBITIOTHEHUH MSATOTO IIara ONTUMHU3AIUU BBISIBIICHBI JIBA AJIbTEPHATHUBHBIX

MyTH Pa3BUTHUS ANEKTPUUYECKOU ceTu (cM. puc. 5.15). [lepBblil U3 HUX 3aKaHUYUBAETCS

B COCTOSIHUH Cg) =(1,1,1), a BTOpOi#i — B COCTOSIHHH CgG) =(1,1,0). CymmapHnsie 3a-
TpaThl 3a pacyETHBIA MEepHoJ B MEPBOM ciiydae cocTaBisioT ls =1 (Cg)):SOS, 586

MITH. py0., a Bo BTopoM — |5 =1 (Cge))) =414,439 muH. py0. CpaBHUBAS TH 3aTPATHI,
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BBI6I/Ipa€M ONTUMAJIbHOC PCHICHHUC OJId IMOCICIAHCIO T1o/J1a paC‘-IéTHOFO nepuoga

clomm — c® = (1,1,0).

¢, =(1,1,1)

13=507,231

¢;* = (1,1,0)

1,=407,125

¢;® = (1,0,1)

,=307,188

¢ =(0,1,1)

,=377,304

¢, = (0,1,0)

1,=279,033

<::> " =(0,0,1)
t=3

t=0 t=1 t=2

VYcinoBHBIE 0003HAYEHUA:

—» - JIONIyCTUMBIE [IEPEXO/IBI;
== - YCIIOBHO ONTUMAaJIbHbIE IEPEXOIbI

Puc. 5.13. Tperwnii mar onTUMHU3AIAN PA3BUTHS SJIEKTPUUCCKON CETH

1.!’ ¢ =(1,1,1)
, A

e
1,=503,514

,//e

1,409,513

¢ =(1,0,1)
1,=337,279

1'5’ c¥=(01,1)

1,=397,514

1'!’ ¢’ =(0,1,0)

1,=299,985

t=0 t=1 t=2 t=3 t=4

VcioBHBIE 0003HAUEHUS
— - I[OHyCTI/IMLIe HepeXOZ[BI;
=) - YCIOBHO ONTUMAJIbHBIE IEPEXO/IbI

Puc. 5.14. YeTBEpThIii 1Iar ONTUMU3AINH PA3BUTHS IIEKTPUUIECKON CeTH



G =(1,1,1)

1s=503,586

) eo-a10

1s=414,439

f5) &*=(101)

@ ¢?=(0,1,1)
@ ¢.”=(0,1,0)

t=5

t=0 t=1 t=2

VcmoBabIe 0003HAYEHMS

—» - Z[Ol'[yCTI/IMBIe nepexozu;l;

== - YCIOBHO ONTUMAJIbHBIC IEPEXO/IbI;
- OHTHMaHLHBIﬁ HyTB pa3BI/ITI/Iﬂ;

<[}J> - OITUMAJIbHBIC COCTOSAHUA

Puc.5.15. [1aTh1if mar onTUMH3aIMK PA3BUTHSA IIEKTPUUECKON CETH

OnTuManbHBIE COCTOSHUS MNpCaAbIIYInX JICT paC‘IéTHOFO nepruoga onpcacii-
IOTCA XO0OOM Hasal, ABUTASICH IO YCJIIOBHO OIITUMAJIBHBIM IICPCXOIAM. B cocTostnune

CgOHT) _ Cg@

=(1,1,0) Benér ycIOBHO ONTUMAIBHBIA IEPEXOJ U3 COCTOSHUS

c@ -

(0,1,0). iMeHHO 3TO COCTOSHHE M PacCMAaTPHBACTCS KaK ONTHMAIIbHOC IS
roga t=4, T.e. Cgom) :ng) =(0,1,0). Cormacao puc. 5.14 CcOCTOSHHUIO

CS{’HT) - Cf) =(0,1,0) mpexmIECTBYET COCTOSIHHE CgOHT) = ng) H T.JL.

OnTumanbHOE pa3BUTUE CETH MOKA3aHO Ha pHC. 5.16, a pacu€Tsl 3aTpat NpuBe-

neHsl B Ta0n. 5.4.

N — . — \\ — \\ — W
AC-400
1 \\ \\ \\ {150 \\
150 kKm
\\\ 150 Km 200(m 150 Kkm 200 Km \MA \\\w \
\AC-400 AC-400 AC-300  \AC-400 AC-400
AC-300 \ \
\’_ \_ ) \/_) \
(2) (2) f 2 (2 (2)
Y Y )
k=2
P-0107, TP -p19},. YckP-p1o¥ TP -oLo7, 3
éE & 5 & & < & & 5
s s s = = a E E S
o o n o o ~ o
= S 3 S o E 3 b
o a al a R a2 e o

Puc. 5.16. OnTuManbHOE pa3BUTHE IIEKTPUUECKON CeTH



Tabnuua 5.4. — OnTuMu3anus pa3BUTHS SJIEKTPUUECKON CETH

Kosg. Bexkrop Bexrop Totepu 3H€I?FI/II/I, MTH. Cocrasisitonue 3aTpar, MJIH. pyo.
Ton KB1'4y
t | bl (i) (k) " , (i) (k) (i) () (k).
W) 0| ¢ | k| ¢ AW AW oW K (Ct_l - Gy ) . (W) | Hgeq (Ct_1 ) 3 (CO ,C, ) I((:t )
1] (0,01) | 19,522 | 0,000 | 19,522 158,000 13,666 0,000 156,060 | 156,060
2| (0,1,0) | 10,798 | 0,000 | 10,798 281,250 7,559 0,000 262,553 | 262,553
3] (011 |10,870| 0,000| 10,870 439,250 7,609 0,000 406,235 | 406,235
1 | 0909 |[0] (0,00) | 4 | (1,00 CocTosiHUE HEIOTTYCTHMO IO PEKUMY
5] (1,0,1) |14,392| 0,000 | 14,392 335,000 10,075 0,000 313,704 | 313,704
6 | (1,1,0) | 10,183 | 0,000 | 10,183 458,250 7,128 0,000 423,071 | 423,071
7 (1,4,1) |11352| 0,000| 11,352 616,250 7,947 0,000 567,451 | 567,451
1] (0,01) | 1] (0,0,1) |42,737|19,522 | 23,215 0,000 16,250 1,264 170,534 | 170,534
2| (0,100 | 2| (0,1,0) | 20,161 | 10,798 9,363 0,000 6,554 2,250 269,829 | 269,829
1] (0,0,1) 19,522 | -0,406 281,250 -0,284 1,264 389,308
2| (0,10 | 3| (0,1,1) |19,117| 10,798 8,319 158,000 5,823 2,250 399,804 | 389,308
3] (0,11) 10,870 8,247 0,000 5,773 3,514 413,910
1] (0,0,1) 5| (1.01) | 26926 19,522 7,403 177,000 5,182 1,264 307,668 307,668
5| (1,0,1) 14,392 | 12,534 0,000 8,774 2,680 323,170
2 1082 |2 (01,0 6 | (1.1,0) | 15928 10,798 5,130 177,000 3,591 2,250 413,662 413,662
6| (1,1,0) 10,183 5,745 0,000 4,021 3,666 429,424
1] (0,0,1) 19,522 | -2,392 458,250 -1,674 1,264 534,440
2| (0,1,0) 10,798 6,333 335,000 4,433 2,250 544,936
3] (0,1,1) 10,870 6,261 177,000 4,382 3,514 559,042
5| (1,0,1) 7 ALY 101 14,392 2,738 281,250 1,917 2,680 549,941 234,440
6| (1,10 10,183 6,947 158,000 4,863 3,666 560,699
71 (1,11) 11,352 5,778 0,000 4,045 4,930 574,869

141"



[Iponomkenue Tabiu. 5.4

Koad.

Bexkrop

Bexkrop

[Torepu 3HEprum, MIH.

Cocrasisronue 3aTpar, MJIH. pyo.

I'on kBT 4
t| gt | (i) (k) . , () _, (k) (i) (x) (k).
(I+E)* | ] Cii C AW AW oW t(Ct—l - Gy ) u. ., (SW) U 60t (Ct_1 ) 3 (Co , C, ) I(Ct )
1| (0,0,2) (0,0,2) CocTosiHUE HEIOTTYCTHMO IO PEKUMY
2| (0,1,0) (0,1,0) | 34,446 | 20,161 | 14,285 0,000 9,999 2,250 279,033 | 279,033
1| (0,0,1) 42,737 | -10,433 281,250 -7,303 1,264 377,304
2| (0,1,0) (0,1,1) |32,304 | 20,161 | 12,143 158,000 8,500 2,250 396,614 | 377,304
3] (0,1,1) 19,117 | 13,187 0,000 9,231 3,514 398,883
1| (0,0,1 42,737 5,175 : : , ,
( ) (1.0.1) | 47,912 177,000 3,622 1,264 307,188 307.188
5| (1,0,1) 26,926 | 20,986 0,000 14,690 2,680 320,719
3 0,751 0,1,0 20,161 4,986 , : , )
21 ( ) (1.1,0) | 25.147 177,000 3,490 2,250 407,125 407125
6| (1,1,0) 15,928 9,219 0,000 6,453 3,666 421,265
1| (0,0,1) 42,737 | -16,245 458,250 -11,371 1,264 507,231
2| (0,1,0) 20,161 6,332 335,000 4,432 2,250 526,540
3] (013) 19,117 7,376 177,000 5,163 3,514 528,810
1,1,1) | 26,493 507,231
5| (1,0,1) ( ) 26,926 | -0,433 281,250 -0,303 2,680 520,761
6| (1,1,0) 15,928 | 10,564 158,000 7,395 3,666 540,680
71 (1,1,1) 17,131 9,362 0,000 6,554 4,930 543,067

GET



[Iponomkenue Tabu. 5.4

Tox Kos¢. Bextop Bekrop [ToTepu sneprun, MiH. KBT u Cocrasustoniye 3arpaT, MJH. pyo.

tl g [1] e [k e | awr | aw | sw | K (c§_11) > Cﬁ")) m (BW) | Myee (cf_"l)) 3(c,.c) |(c§k)')
2| (010 | 2| (0,1,0) | 75,055| 34,446 40,609 0,000 28,427 2,250 299,985 | 299,985
21| (0,1,0) 3| (0.1 | 69553 34,446 35,107 158,000 24,575 2,250 405,271 397 514
3] (0,1,1) 32,304 37,249 0,000 26,075 3,514 397,514
5/ (101 | 5| (1,0,1) | 107,020 | 47,912 59,108 0,000 41,376 2,680 337,279 | 337,279
2| (0,1,0) 34,446 16,838 177,000 11,787 2,250 409,513

4 | 0683 |6 (1,1,0) 6| (1.1,0) | 51,284 25,147 26,136 0,000 18,296 3,666 422,125 409,513
2| (0,1,0) 34,446 18,481 335,000 12,936 2,250 518,215
3] (0,1,1) 32,304 20,623 177,000 14,436 3,514 510,458
5/ (101 | 7| (1,1,1) | 52,927 | 47,912 5,015 281,250 3,510 2,680 503,514 | 503,514
6| (1,1,0) 25,147 27,779 158,000 19,445 3,666 530,827
71 (1,1,1) 26,493 26,434 0,000 18,504 4,930 523,236
2| (0,100 | 2| (0,1,0 CocTostHHE HEIOIMYCTHMO 10 PEXKUMY
21 (010 31 (011 CocTostHHE HEIOIMYCTHMO 10 PEXKUMY
31 (0,1,1) ”
5/ (101 | 5| (1,0,1) CocTostHHE HEJIOMYCTUMO T10 PEXKUMY
2| (0,1,0) 6| (11.0) | 82312 75,055 7,257 177,000 5,080 2,250 414,439 414439

5 | 0621 6] (1,1,0 51,284 31,028 0,000 21,720 3,666 425,276
2| (0,1,0) 75,055 8,978 335,000 6,285 2,250 513,293
3] (0,1,1) 69,553 14,480 177,000 10,136 3,514 523,649
5/ (101 | 7| (1,1,1) | 84,033 | 107,020 | -22,986 281,250 -16,090 2,680 503,586 | 503,586
6| (1,1,0) 51,284 32,750 158,000 22,925 3,666 524,129
71 (1,1,1) 52,927 31,107 0,000 21,775 4,930 534,796

9¢T
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(1)

B T1abmn. 5.4 momyxupHsIM IpHUQTOM BBIIETEHBI BeKTOphI cocTostHus Cy ' 1 cocTas-

JSIOLIME 3aTpaT, BXOJAAIIME B YCIOBHO ONTHUMalbHble MyTU. Bennunnsr AW” B Tabi.

(k)

5.4 — 3T0 MOTEpHU DIEKTPOIHEPIUU B CXEME CETH, ompenensieMon BekropoM Ci 7/, a

(1)

AW’ — rioTepu 3JIEKTPOIHEPTUU B CETH, TIpeacTaBiIcHHON BekTopoM C. 1. BenuuuHbl
> -1

(1)

OW — mpupaieHne noTepb dIeKTPOSHepruy npu nepexozae ot cocrosHust Cy 'y x co-

(k)

crosHuo Cp 7.

W3 puc. 5.16 u tabin. 5.4 BUIHO, UTO B ONTHUMAIBHOM BapHaHTE Pa3BUTHUS CETH
KaruTaJOBIOKEHUS CABUTAIOTCS HA BOZMOXHO 00Jiee MO3IHUM 1Iar pacy€THOro Mepu-
ona. I3MeHeHus! B CETH NUKTYIOTCS MOSIBICHUEM HOBOTO y3Jia U HEOOXOAMMOM pa3-

IPY3KOM JIMHUW pacCMaTpUBaEMOU CETH.
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