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1. 3apayv NporHo3MpoBaHKA ¥ NPOEKTUPOBaHUA
3NEKTPUYECKMX CUCTEM

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

CHOBHOM 3a[1a4€i 3JIEKTPOSIHEPTETUKU SIBJISICTCS HAIEXKHOE U Ka-

YECTBEHHOE 3JIEKTPOCHAOXKEHHE MOTpeOUTE e 2JIEKTPOIHEPIUn

KaK Ha CyIIeCTBYIOIIEM BpeMEHHOM 3Talle, TakK U B IepCHeKTH-
Be. OnpeneeHue nepcneKTUBHBIX MOTPEOHOCTE B MAKCUMAaJIbHOM MOIII-
HOCTH U 2JIEKTPOIHEPTUM SIBJISIETCS 3a/1aueil TpOrHO3MPpOBaHUSI Pa3BUTHUS
3JIEKTPO3HEPIeTUKHY KaK OTPACIM HAPOIHOIO XO3sI1ACTBA C LIEIbIO YIOBIET-
BOPEHMSI YKa3aHHBIX TOTPEOHOCTEN.

[TporHo3upoBaHue BeJIUUYUH 3JIEKTPONOTPeOJeHMsI, a UMEHHO 2JIeK-
TPUUECKUX HATPY30K M SHEProdaaaHCOB, B 3aJa4axX pa3BUTUSI CIAEAYET BbI-
MOJTHATD IS ITMPOKOTO IMana3oHa cpokoB (0T roga — aAByx 10 20—30 ner)
U pa3IMYHbIX TEPPUTOPUATIBHBIX MTOApa3aeaeHU (0T 00beIMHEHHBIX SHEP-
TOCHCTEM JI0 KOHKPETHBIX Y3JI0B CETU 1 OTIEJIbHbIX NToTpeduTeneit). [1po-
THO3MPOBaHME HArPy3KX MOXKET ObITh BHITIOJHEHO Pa3IMUYHBIMU METOIAMMU,
HO HE3aBHUCUMO OT MCIOJIb30BAHHOTO METO/Ia B pe3yJibTaTe OMpeacIsiioT-
csl MOTPeOHOCTU B MaKCHMMaJIbHON MOIIHOCTH U 3JEKTPO3IHEPIUU B BUJIE
HEKOTOPOTO Jrara3oHa BO3MOXHbBIX 3HAUEHUH, TO €CTh C YaCTUYHOM HEO-
npeaenaeHHoCThIo. [Tpruyem yuem 60J1blie CpOK MPOrHO3MPOBAaHUS, TEM LLIUPE
WHTEpBaJl HEOMpPeIeJeHHOCTU MPOTrHO3a IEKTPUYECKUX HATPY30K U IJIEK-
TponoTpebaeHus [1].

Pemenue npoGaeMbl TPOrHO3MPOBAHUS U TIPOEKTUPOBAHUSI ONITUMAJIb-
HOT'O pa3BUTUS DJEKTPOIHEPreTUYeCKO CUCTeMbl OTHOCUTCS K KJIaccy
MHOTOKpUTEepUATbHBIX AMHAMMWYECKMX 3a/1a4. BCsi COBOKYTTHOCTh KpUTEPU -
€B IPOEKTUPOBAHMSI HE MOXET ObITh 3aMcaHa B aHAJIMTUYECKOM BUJIE U 3a-
YacTYIO SIBJISIETCS TPOTUBOPEYMBOM. TEXHMKO-9KOHOMMYECKUE XapaKTepu -
CTHKM 3JIEMEHTOB 3JIEKTPUUYECKUX CUCTEM, KaK MPaBUJIO, TMCKPETHBI — 3TO
CTaHJApPTHbIE CeYEHMsI JIMHUM 2JIeKTponepeaauyr, HOMMHAIbHbIE MOIITHO-
CTU TpaHC(hOPMATOPOB U TakK Aajee, a MPOTHO3bl MOTPEOHOCTE B MaKCH-
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MaJIbHOM MOIIIHOCTU U 3JIEKTPOIHEPIUU HOCST, KaK OTMEUEHO BbIIIIE, BE-
POSITHOCTHBII M YaCTUYHO HEOIpeeIeHHbII XapakTep.

B aTux ycinoBusiX peniuTh 3agady MpOrHO3MpPOBaHMS U MPOEKTHUPOBa-
HUSI ONITUMAJIbHOTO Pa3BUTUSI AJIEKTPOIHEPTETUUECKOM CUCTEMBbI KaK 000-
COO0JICHHYIO MPAKTUYECKU HEBO3MOXKHO, U MTO3TOMY IIpobJieMa pa3ouBaeT-
Csl Ha psii MepapXruueckKu B3aMMOCBSI3aHHbBIX 3a7a4 Ha OCHOBE CUCTEMHOTIO
noxoxa. Ilpu 3ToM BhIAEAsIETCS 3a7a4ya IMIPOEKTUPOBAHUSI ONITUMATbHO-
IO pa3BUTUSI JIEKTPUUYECKOM CeTU, KOTOpPasi, B CBOIO OUYEePe/b, 3aMEHSIeTCSI
BbIOOPOM HanboJjiee pallMOHAILHOTO PEllIeHUS M3 COBOKYITHOCTY BapUaH-
TOB. Bb100p HanboJee paliioHaIbHOTO BapyMaHTa BbIMOJIHSIETCS 10 Pe3yib-
TaTaM aHaJIu3a UX CPAGHUMENbHOU IheKmusHocmu.

I1pu aHanu3e cpaBHUTEIbHOM 3(p(HEKTUBHOCTU BAPUAHTOB BOZHUKAIOT
3a/1auM pa3pabOTKU BapUaHTOB Pa3BUTUS JEKTPUUECKUX CETEH U X TeX-
HUKO-3KOHOMUYECKOro 000CHOBaHMs. BapuaHThbl, onpeaensone pa3Bu-
THE DHEProCUCTeM, JOJIKHBI 00ecneyrMBaTh NPy HAMMEHbIINX 3KOHOMM -
YeCKMX 3aTpaTax CHaOXeHMe MOTpeOuTe el 2JIeKTpUIECKOM U TeII0BOM
SHEeprueil ¢ y4eToM BBINIOJHEHUSI OrpaHUYEHU 1O BCeii COBOKYMHOCTHU
KpUTEepUEB MPOEKTUPOBAHMSI.

CrenyeTr OTMETUTD, UTO B 3aBUCMMOCTH OT BHJa IPOEKTUPYEMbIX CeTelt
paHXUPOBKa KPUTEPUEB T10 CTENEHU X BaXKHOCTU MeHseTcs [1—3]. Tak,
MpU pa3paboTKe BApMaHTOB Pa3BUTHSI OCHOBHBIX CUCTEMOOOPA3YIOIINX Ce-
Teil Ha MepBOe MECTO BBIXOAST COOJIIOEHUE TEXHUUECKHMX YCIOBUIA, 00e-
CIEUYMBAIOIIMX HAAEXKHOCTb U XKMBYUECTh JIEKTPOIHEPIETUUECKUX CUCTEM,
1 COXpaHEHMe YCTOMUMBOI pabOThI CUCTEM B HOPMAJIbHbBIX U IOCJIeaBapUii-
HbIX pexkumax. [1py mpoeKTUpoBaHUM pacIipeAeIUTeIbHbBIX JIEKTPUIECKUX
ceTeil B epBYylo ouepeb 10KHbBI COOJIIOAATHCS YCIOBUSI HAIEXKHOTO 1 Ka-
YeCTBEHHOTIO 2JIEKTPOCHAOXKEHHUS TTIOTpeOUTEei.

ITpoekTrpoBaHUE SHEPTOCUCTEM U IEKTPUUECKUX CETEI OCYIIECTBIIS-
eTCsl B MepapXu4ecKoii Mocie10BaTeIbHOCTY 1 BKJIIOYAET CJIETYIOLIME OC-
HOBHBIE YPOBHU [2].

1. Pa3paboTka cxembl pa3Butus ennHoii sHeprocuctembl (EDC) n 00b-
ennHeHHBIX 93HeprocucteM (ODC). B cocTaBe ykazaHHBIX pabOT BbI-
MOJIHSIETCSI 000OCHOBaHME Pa3BUTUSI OCHOBHOM 2JIEKTPUUYECKOM CeTH,
BbIOOP KOH(UTYpaLIMU, OCHOBHBIX ITApaMETPOB 1 0Y€PEIHOCTH COOPY-
KeHMst ocHoBHOM cetn HanpspkeHueM 500 kB u Beie (EDC) 1 220 kB
u Boilre (ODC). Ha ypoBae EDC 000CHOBBIBaeTCSI pa3BUTHE CUCTE-
MOOOpa3yIoIIMX CBsI3€i, TPeACTaBISIONIMX COO0M BO3MOXKHbBIE CBSI3U
C DHEprocucTeMaMu IAPYrux rocyaapcTB, CBSI3U MEXAY OTIeIbHbIMU
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0BC, a Takke BaxkHble MarucTpaau BHyTpru ODC, 3arpy3ka KOTOPBIX

onpenessercs pexrumoM padbotsl EDC B 1iesiom. Ha ypoBHe npoek-

tupoBaHus ceteit ODC ocyliecTBIsIeTcsI 000CHOBAHUE PA3BUTUS CU-

cremoo0pasytonux cBsa3eit O9C:

e ceTeil 1151 BblIaul MOIIHOCTHY KPYITHBIX 2JIEKTPOCTAHIIMIA;

® MEXCUCTEMHbIX CBsI3ell MEXIy palilOHHBIMU 9HEPrOCUCTEMAMU;

e HauOboJiee BAXKHbIX BHYTPEHHUX CBSI3€l pallOHHBIX SHEPTOCUCTEM,
3arpy3ka KOTOpBIX onpeaessieTcs pexxumaMu padotsl ODC.

2. Pa3paboTtka cxeM pa3BuTHus paitoHHBIX 23HeprocucteM (POC). 3ana-
yaMu MPOEKTHUPOBAHMS SBJISIOTCS pa3paboTKa U 000OCHOBaHUE pa3-
Butusi POC, onpeneneHue ouepeIHOCTH CTpouTeabeTBa ceTeii 110 kB
1 BBIIIIE C YUETOM MEPCHEKTUBHI.

3. PazpaboTtka cxeM pa3BuTHs pacrpeaeanTeabHbix ceTeii 110 kB u Bbliie
IUJ1S1 CETel 9HEPTOCUCTEMBI B 11€JIOM WJIU JIJIsI KPYITHBIX 9HEPTOCUCTEM
T10 OTAEIbHBIM CETEBBIM palioHaM (Kak IMpaBUjIo, B TpaHUIIAX OTAEJIb-
HoIi obsiacti). CxeMbl pa3BUTHUS pacrpenenuTeabHbix ceteii 110 kB
1 BbIlIE pa3padaThIBalOTCS HA OCHOBE PElIeHU, MPUHSTHIX IO CXe-
MaM pa3putuss OOC u POC.

4. Pa3paboTka cxeM BHEIIHETO 3HEeProcHa0XeHUsI 00BbEKTOB: IJIeK-
TPUPULIMPYEMBIX YU4ACTKOB XeJIe3HbIX A0POT, He(Te- U ra3omnpo-
BOJIOB, IPOMBIIIJIEHHBIX Y3JI0B, OTAEJAbHBIX NPEANPUATUR U AP.
[TpoekTrpoBaHuUe BeaeTCsI B COOTBETCTBUM C HAME@UEHHBIMU CPOKa-
MU CTPOUTEIbCTBA, PaCIIUPEHNEM UM PEKOHCTPYKLIMEei 00beKTa
10 33/1aHK110 3aKa34MKOB pabOT (aKIIMOHEPHBIX OOIIECTB, MPOEKT-
HBIX UHCTUTYTOB OTIEJbHBIX OTpaciieil, OPUANUYECKUX U pUu3nde-
CKUX JIUIL U Ap.).

Takast opraHu3alus MpoeKTUPOBaHUs 00ecreurnBaeT BO3MOXHOCTb KOP-
PEKTUPOBKM paHee HaMEUYEHHBIX IUIAHOB Pa3BUTUS NEKTPUUECKUX CeTei
(B HEpeaTM30BaHHOI YaCTH ) Ha OCHOBE YTOUHEHHOI MCXOTHO MHMOopMa-
. B mpoiiecce npoeKTupoBaHUs OCYILECTBIISIIOTCS B3aMMHBbII OOMEH UH-
(bopmarueit 1 yBsi3Ka pellieHU# 1Mo pa3BUTUIO JIEKTPUUYECKUX CeTei pa3-
JIMYHBIX HA3HAYEHU U HANIPSIDKEHUM.

B pesysibTaTe BBINOJHEHMST YKa3aHHBIX paboT opMUpyoTCcs 0600CHO-
BbIBAIOIIME MaTepHUaJIbl JIJIs ONpeneeHs SKOHOMUYECKOM 3¢ (heKTUBHO-
CTHU U1 11JI€CO00Pa3HOCTU MPOEKTUPOBAHMSI, CTPOUTENLCTBA, PACIIUPEHMUS
WJIM PEKOHCTPYKIIMH 3JIEKTPOCETEBBIX O0BEKTOB 00JIbI110# cToMMOCTH. [1o-
cJie yTBepKJAeHUsI 00OCHOBBIBAIOIIIMX MaTepUaIoB HAUMHAETCSI KOHKPET-
HOE MPOEKTHUPOBAHUE JIEKTPOCETEBBIX OOBEKTOB.
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[TpoexT pa3BUTHS DIEKTPUUECKUX CETEM BBIMTOJIHSIETCS B KAYECTBE Ca-
MOCTOSITEIbHOM pabOThI /151 Kaxk/10ro 00bekTa «CxeMa pa3BUTHS JIEKTPU-
YECKOM CETU SHEPrOCUCTEMBI» (00BEAMHEHHOM, pallOHHOI, TOpOa, TIPO-
MBIIIJIEHHOTO y3J/1a U JIp.) WK B BUIE €IMHOTO ITPOEKTa.

ITpu paznruyHOM cocTaBe M 0OBEME 3a7au, PelIaeMbIX HA OTAEIbHBIX
YPOBHSX IPOECKTUPOBAHMS DJIEKTPUUYECKUX CETEM, YKa3zaHHbIe pabOThI
BKJIIOUAIOT CJICAYIOIIEe MTPUMEPHO OAMHAKOBBIE 3TarkI [4, 5]:

aQHaAJIN3 CYIIECTBYIOLIEH CETU SHEPTOCUCTEMBI (paiioHa, ropoaa, 00b-
€KTa), BKJIIOYAIOII1i €€ pacCCMOTPEHUE C TOUKU 3PEHMUSI 3arPy3KHU, yC-
JIOBUI PETYJIMPOBAHUS HATIPSIKEHMS, BBISIBJIEHUST «y3KUX» MECT;
OIpeNeeHNE JIEKTPUIECKUX HATPY30K MOTPEOUTENE U COCTaBJIe-
HUe OaJlaHCOB aKTMBHOM MOIIHOCTH I10 OTAEJbHBIM MOACTAHLIUSAM
1 SHEProy3jaaM, 000CHOBAHKE COOPYKEHMS HOBBIX MOACTAHLIMI U JTU-
HUMU 3JIeKTpOoTepenadu;
BbIOOP PACUYETHBIX PEXMMOB PaOOThI SJIEKTPOCTAHIIMM, €CJIN K pac-
CMaTpUBAEMOM CETU MPUCOECTUHEHBI DJIEKTPOCTAHIIMU, U OTIpeIesIe-
HUE 3arpy3KM IPOEKTUPYEMOM JIEKTPUUECKOM CETH;
3JIEKTPUYECKUE PACUYETHI PA3TMYHBIX PEXXMMOB pabOTHI CETU U 000-
CHOBaHHE CXEM ITOCTPOEHMUS CETHM Ha paccMaTpUBAEMbI€ pacyeT-
HbIE YPOBHM; IIPOBEPOYHBIEC PACUEThI CTATUYECKOM U AUMHAMUYECKOMN
YCTOMYMBOCTH MapAJIETbHON PA0OThI 3JIEKTPOCTAHIIMIA (BBITTOJTHSIIOT-
CS TIpU MPOEKTUPOBAHUM 3JIEKTPUUYECKUX CETE 00BEAMHEHHBIX WU
MOUIHBIX OTAEIbHBIX SHEPTOCUCTEM), BBISIBJIEHME OCHOBHBIX Tpe0O-
BaHMWI K CUCTEMHON IIPOTUBOABAPUITHON aBTOMATHUKE;
CcOoCTaBJIeHHEe OalaHCa PEaKTUBHOM MOIITHOCTH U BBISIBJICHUE YCIOBUI
peTyJIMPOBaHMS HAIIPSDKEHUS B CETH, 0OOCHOBAHUME ITYHKTOB pa3Me-
IIEHUS] KOMIIEHCUPYIOIIUX YCTPOMCTB, UX TUIIOB U MOILIIHOCTH;
pacyeTbl TOKOB KOPOTKOTO 3aMbIKaHUS B IPOCKTUPYEMOI CETU 1 yCTa-
HOBJIEHUE TPEOOBAHWI K OTKJIIOYAIOIIEN CITOCOOHOCTA KOMMYTAIIM -
OHHOM anrmapaTyphbl, pa3padoTKa IMpeaIoKeHU I MO OrpaHUYEHUIO TO-
KOB KOPOTKOTO 3aMbIKAHUSI;
BbIOOP M OOOCHOBAHWE KOJMYECTBA, MOIITHOCTU U MECT YCTAaHOBKU
JyTOTaCSIIMX PEAKTOPOB ISl KOMIEHCAIIMA €eMKOCTHBIX TOKOB (KaK
MpaBuUJI0, MPOU3BOAUTCS IS ceTei 35 KB 1 Huke);

CBOJIHBIE TAHHBIE IO HAMEYEHHOMY OOBEMY Pa3BUTHUS JIEKTpUYE-
CKOM CeTH, HaTypaJIbHbI€ 1 CTOMMOCTHBIE TTOKA3aTeU, O4EPEAHOCTD
pa3BUTHSI.
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agayyd MPOrHO3UPOBAHMS U MJIAHUPOBAHUSI PA3BUTUS IJIEKTPO-

DHEPreTUYECKUX CUCTEeM, B TOM UMCJIe 3a7adya MpOeKTUPOBAHUS

Pa3BUTHUS IEKTPUUECKUX CETEli, OTHOCSTCS K KJIaCCy MHOTOKPU-
TepUaTbHbIX 3a1a4.

CxeMbl 2JIeKTPUUYECKUX CeTell JOJKHBI 00eCIeunuTh HEOOXOAMMYIO Ha-
JIeXXHOCTb 3JIEKTPOCHAOXEHMS, TpeOyeMoe KaueCTBO SHEPTUU Yy MOTpeOu-
TeJieii, BO3MOXKHOCTb TaJIbHEHUIIIEro pa3BUTHS CETU U MOIKIIOUEHMSI HOBBIX
MoTpeduTeNeii, yto0CcTBO 1 6e30macHOCTh 3KcIyaTauu [2]. [1pu paspa-
0OTKE CXeM Pa3BUTUSI JEKTPUUECKUX CETEU MOJKHBI ObITh YUTEHBI 9KO-
JIOTMYECKME U collMaibHble (hakTopbl. TpeOoBaHMS MO YIOBIETBOPEHUIO
Pa3IUYHbIX KPUTEPUEB OOBIYHO MPOTUBOPEUYUBBI. TakK, MOBBIILIEHUE XU~
BYYECTHU U HAJEXKHOCTU CXEM 3JIEKTPOCHAOXKEHMS MOTpeduTeaeil 0ObIYHO
CBSI3aHO C YBEJIMYEHUEM KanUTaJIbHbBIX BJIOXEHUIN M 9KCILTyaTallMOHHbBIX
U3JEPKEK B CETHU.

B cBs131 ¢ ykazaHHBIMU OOCTOSITEILCTBAMU B IPOEKTHOM MPaKTUKE BCE
KPUTEpUH, 32 UCKIIOUEHEM 3KOHOMUYECKOr0, YUUThIBAIOTCS B (hopMe
OrpaHUYEHMI U TTOITOMY 3aja4a MPOEKTUPOBAHUSI PA3BUTUSI DJIEKTpUYIEC-
CKMX CeTei CBOAUTCS K MPUHSATUIO PEILIEHNS IO OMHOMY 9KOHOMUYECKO-
My Kputepuio [3—6].

3anaya BIOOpa ONTUMAIbHOM KOH(UTYpalIuy 2JIEKTPUUYECKOM CETH 1axKe
M0 OJJHOMY 3KOHOMUYECKOMY KPUTEPUIO MPAKTUYECKU HE MOXKET ObITh
pellieHa B CBSI3U C HEeYyIOOHBIMU JIJIsI ONTUMU3ALMK CBOHCTBAMU 3KOHO-
MUYECKOro (pyHKIIMOHAMA (IMHAMUYECKUI XapakTep, HAJIMYUe MHOXE-
CTBa BKCTPEMYMOB, HEIMHEMHOCTb, IMCKPETHOCTh). Kpome Toro, Kak yxe
YIIOMUHAI0Ch, HEOOXOAMMO YUMTHIBAaTh OTpaHUYEHUS B (POPME PAaBEHCTB
Y1 HEPABEHCTB I10 APYTUM KPUTEPUSIM MPOEKTUPOBaHMSI. B 3THX ycioBUsIX
3a/1a4a ONTUMHU3ALIMK KOHDUTYpaLIMK 3JI€KTPUUECKOM CETU 110 SKOHOMUYE-
CKOMY KPUTEPUIO 3aMEHSIETCS pellieHUEM 3a/1a4u CPaBHEHUSI MO TEXHUKO-
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3KOHOMMYECKOU 3(p(PpeKTUBHOCTA HEKOTOPOIi COBOKYITHOCTU BapUaHTOB.
ITpu pa3paboTKe BapraHTOB pa3BUTUS B MEPBYIO ouepelb paccMaTpuUBa-
I0TCSI KOH(UTYpAIlM TUTIOBBIX cXeM [4—6], BKIIIOYalolne pa30MKHYTHIS
panuaiibHble U Pa3BETBJAEHHbBIE CXEMBbI, CXeMbI C IBYCTOPOHHUM MUTAHM -
€M U KOJIbLIEBBIE, CJIO)KHO3AMKHYThIE CXeMbI. B TEXHMKO-3KOHOMUYECKOM
CpaBHEHMU BapUAHTOB Pa3BUTUSI CETU YYACTBYIOT TOJIbKO TaK1i€ BApUAHThI
CXEM CeTeil, B KOTOPBIX ITOTPeOUTeIM 00eCIIeurnBaOTCs 3JEKTPOIHEPIUEi
TpedyeMoro KayecTBa Mpu 3aJaHHOM CTeNeH! HaJIeXKHOCTU, TO €CThb IOy~
CTUMBbIE 10 TEXHNYECKUM TPeOOBaHMSIM BapUAHTHI.

2.1. TexHnKo-3KOHOMUYECHKVE MOKa3aTeNn pa3BUTUA
3NEKTPO3HEPreTUYECKMX CUCTEM

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

B coctaB 5KOHOMHWYECKOTO KPUTEPHUS JTHOOOTO BUIA BXOISIT TEXHUKO-3KO-
HOMMYECKHME TTOKA3aTe N pa3BUTHUSI JIEKTPOIHEPTETUUECKUX cucTeM [4—7].

Baxxneimmii TEXHUKO-3KOHOMUWYECKM MOKa3aTellb — 3TO KAnUmanb-
Hbte eroxcenus (K), To ecTb pacxonbl, HEOOXOAUMBbIE I COOPYKEHUS Ce-
Teli, CTAHLIMI, DHEPreTUYECKUX 00bEeKTOB. JIs1 21eKTprUUEeCKOI CETU MOXK-
HO TPUHUMATh

K:Kn +K1’lCT:~ (2.1)
TrIec Kﬂ — KaIlUTaJbHBIC BJIOKCHUA Ha COOPYKECHUEC J'II/IHHﬁ, KI'ICT — Kallnu-

TaJIbHbIE BJIOXKEHUS HA COOPYKEeHUE MOACTaHIIUIA.

KanuranbHble BIOXEHUs IPU coopykeHuu auHuii K ; cocrost us 3arpar
Ha U3bICKATEIbCKME pabOTHI U MOATOTOBKY TPACChl, 3aTpaT Ha MpUoOpeTe-
HUE 1 TPAaHCIIOPTUPOBKY OIOpP, MPOBOAOB, U30JISITOPOB U ITPOYETO 000pY-
JIOBaHMSI, MOHTaXKHBIE U IpyTHe paboThl. PacueT KanuTaaoBIOXKEHU B JI1-
HUU MPOU3BOIUTCS CAEAYIOIINM 00pa30oM:

K, = Z,'Ci A m, (2.2)
I1e ¢; — yaeJdbHasi CTOMMOCTh COOPYKEHUSI TMHUM C HOMEPOM i, py0./KM;

[, — nnvHa TMHUU, KM; 1, — 9KUCIIO MMapaljIe/IbHBIX LETIeil Ha TPOEeKTUpYe-

MOM yYacCTKE C HOMEPOM 1.
Kanumanvhsie enoxcenus ipu coopyxenuu noacranumii (Kycr) cocro-

AT U3 3aTpaT Ha IIOATOTOBKY TECPPUTOPUUA, HpI/IO6peT€HI/Ie TpaHC(l)OpMaTO-



2.1, TexHMKo-8HOHOMMYECKME NOKa3aTenu Pa3BUTUNA 3N1IEKTPOSHEPTETUHECHNX CUCTEM

POB, BBIKJIIOUATEJIEN U TPOYETO JIEKTPOTEXHUYECKOIo 000pyI0BaHMs, 3a-
TpaT Ha CTPOUTENIbHbIE U MOHTaXKHbIE PA0OTHI U TaK fajee. KanuranbHbie
BJIOXKEHUSI OTIPEAEIISIIOTCS MO0 YKPYIMHEHHBIM MO0Ka3aTeIsIM CTOUMOCTU OT-
JeJbHBIX 3JIEMEHTOB WJIU 110 CelMaIbHO COCTaBIeHHBIM cMeTaM. [1pu co-
MOCTaBJI€HUM BapUAHTOB Pa3BUTUSI IJIEKTPUUECKON CeTU OOBIYHO YUUTHI-
BaeTCsl TOJIbKO HauOoJjiee KalnuTaaioeMKoe o0opydoBaHUE — CUJIOBbIE
TpaHcdOpMaTOpPbl U BHICOKOBOJIbTHBIE BhIKIIOUATEIM. B TakoM ciydae pac-
YyeT KaluTaJOBJIOXEHUN B MOACTAHLIMA MOXHO BBIMOJHATh CJIEIYIOLIUM
o0pa3oM:

Kper = Zj(ch.j My i T C 'nss.j)a (2.3)
rie ¢,, ; — CTOMMOCTb TPaHC(hOPMATOpa, YCTAHABIMBAEMOTO Ha MOACTaH-
LINK C HOMEPOM /, PYO.; 7, ; — KOJIIMYECTBO TpaHC(HOPMATOPOB Ha JAHHOM
TOACTAHIINN; C,, ; — CTOMMOCTb STYCHKY C BBIKITIOUATENIEM PacIpeesn-

TeJbHOrO ycTpolicTBa (PY) Ha moacTaHummu ¢ HoMepom j, pyo.; KO-

BB./
JIMYECTBO sTYeeK C BLICOKOBOJIBTHBIMHU BHIKJIIOUATEIIMU Ha TAHHOM TTO -
CTaHIINU.

BTopbIM BaskKHBIM TEXHMKO-3KOHOMUYECKUM ITOKA3aTeJIeM SIBJITIOTCS 20-
008ble IKCHAYAMAUUOHHbIE PAcX00bl UITA U3IEPXKKU, HEOOXOIUMBIE TSI KC-
IUTyaTaluy SHEPTeTUYECKOTO 000PYIOBaHUS U CETeH B TeUeHE HEKOTOPO-
ro nepuoaa BpeMeHHU (OTHOTro Toja):

N=W;+Wpc;+H,,, (2.4)

roe U, U o — skcruryatanmoHHbBIE pacXoabl /IS IMHUIA U TIOACTAHIUIA,
W, — u3nepxku Ha Bo3MelLEHHE TTOTEPh DJIEKTPOIHEPIUH, PYO.

l'onoBble aKCITyaTallMOHHBIE pacxoabl Ha TuHuK U ; 3aBucAT ot Kanu-
TaJIbHBIX BJIOXEHUI B coOopyXeHue nuHuii K ; u B coorBeTcTBUM ¢ HOpMa-
MM €XETOIHBIX OTUMCIICHUI HAa aMOPTU3AIIUIO JTUHUM O, ;, HA TEKYIINI
PEMOHT 0., ; U OOCITy)KMBAHUE JIMHUM Oy 7, BHIYUCIIAIOTCS KaK

n, =K, '(O‘aM.H To,nt 0('06.J'[) =K -ay. (2.5)

I'onoBeie OKCINUTYyaTallMOHHBIC paCXOodbl HAa MMOACTaHILINM I/II‘ICT oIpcac-

JISIIOTCSI B 3aBUCUMOCTH OT KalUTaJbHBIX BJIOXEHUI B COOPYKEHUE MO/ -
craHimii Ko 1 eXerogHbIx OTYMCIIEHUI Ha aMOPTU3AIUIO O, 1o, TEKY-

LU PEMOHT 0L, o M OOCTYKMBAHUE MOACTAHLMUM Ol yg et



2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

Wper =Kyer '(‘xaM.HCT +O,ner T aoG.l’[CT) =Kper ‘Oper (2.6)

OTtuucieHUs HAa aMOPTU3aLIMIO KaK JIMHUM, TaK M MOACTaHLIMI BKIIOYa-
10T U3AEPKKU Ha KalTUTaJIbHbIE PEMOHTBI M HA HAKOIIJIEHUE CPeJCTB, HEOO-
XOJIUMBIX JJ151 3aMEHbI (PEHOBALIMK ) U3HOILIEHHOTO M MOPAJIbHO yCTapeBILIe-
ro ooopynoBaHus. OTYHUCICHUS HA aMOPTU3ALIAIO TEM BBIILIE, UM MEHbILIE
CPOK CJTy>KObI 000py10BaHUsI.

OtuuciieHUs] Ha TEKYILIWMI peMOHT MpeaHa3HaYeHbl IJIs1 MoAaepKaHUsI
000pynoBaHus B pabouyeM cocTossHUU. Bo BpeMsi TeKyllero peMoHTa MEHsI-
10T U30JISITOPbI, OKPAILIMBAIOT OMOPbI U KOXYXH 000pYd0OBaHUS MOACTaH-
LI, MCTIPaBJISIOT HeOOJIbIINE MOBpexXaeHus. s nmpenoTBpallieHus mo-
BPEXIEHUIA BCE 3JIEMEHTHI CETU MOABEPraloTCs IepUoOANIYECKIM OCMOTpaM
U TIpO(PUIAKTUYECKUM UCTBITAHUSIM. DTU MEPONPUSITUS (PMHAHCUPYIOTCSI
M3 OTYUCJIICHUI Ha TEKYLUUIN PEMOHT.

OtuunciaeHus Ha 00CTy>KMBaHKUE PACXOIYIOTCSI HEITOCPEICTBEHHO Ha 3ap-
IUIaTy 9KCIIyaTallMOHHOIO TepCcoHaja, TpaHCIIOPTHBIE CPeACTBa, COAEp-
JKaHUe COLMaJIbHBIX OOBEKTOB U TaK Jajiee.

3HaueHUs1 KO3(POUIIMEHTOB O, Oy MPUBOIATCS OOBIYHO B OTHOCH-
TeJbHBIX €IMHUIIAX B CIIPAaBOYHOIL uTepatype [4—6].

CTOMMOCTD MOTEPh JEKTPOIHEPTUU OIpEeesieTcs Mo Cleaylouei
dopmyiie:

N, =p-AW, (2.7)

rae AW — romoBble MOTEPU DJIEKTPOIHEPTUU B DJIEKTPUYECKON CETH,
MBTu; B — yaenbHble 3aTpaThl HA BO3MEILEHUE TTOTEPh B 2JIEKTPUUECKUX

ceTsix, pyo./MBT-u. B HacTos1ee BpeMs BeIMYMHA CTOUMOCTHY €IMHULIBI
MOTepb 2JIEKTPOIHEPTMU HE HOPMUPYETCS U ONpeAesieTcss DHepreTuye-
CKOUW KOMHUCCHUEN PETUOHA.

T'onoBble oTepH 1EKTPOIHEPTUNU CKIIANBIBAIOTCS U3 IEPeMEHHBIX A W/
M IOCTOSTHHBIX AW TTOTepb 371eKTPOIHEPIUK:

AW =AW, +AW (2.8)

nep TI0CT *

Bropast cocraBisionasi FomoBbIX OTePb 3JeKTposHeprun, AW, . mou-

TU HE 3aBUCHUT OT IepeJaBaeMoii yepe3 3J1eMEeHT MOIIIHOCTU, U MTO3TOMY
JaHHbIE TIOTEPU HA3bIBAIOTCS YCIOBHO-MOCTOSSHHBIMU. K yCcJ1I0BHO-TTOCTO-
SIHHBIM TTOTEPSIM OTHOCSIT ITOTEPU B CTAIU (ITOTEPHU XOJOCTOIO X0/1a) TPaHC-
(opMaTopHOro odopyaoBaHMsI, MOTEPU HA KOPOHHBIN pa3psii B BO3MYILI-
HBIX JIMHUSIX, TUIEKTPUIECKIE MOTEPH B KaOeIsIX M KOHJAEHCAaTOpaX U T. I1.
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2.1, TexHMKo-8HOHOMMYECKME NOKa3aTenu Pa3BUTUNA 3N1IEKTPOSHEPTETUHECHNX CUCTEM

Benunna AW, u cooTBeTCTBYIOLIAS € BEIMUMHA NOTEPb MOLIHOCTU

AP, s 3aBUCAT OT NIPOTEKAIOLIETO B IPONOJIBbHOI BETBU TOKa (OT mepena-
BaeMoIi 4yepe3 2JIEMEHT MOILIHOCTH), ¥ TTI03TOMY JaHHBIE TTOTEPU Ha3bIBa-
I0TCSI HArPY30YHBIMU (MJIU YCJIOBHO-TIEPEMEHHBIMU ), TOCKOJIbKY MEHSTIOT-
Cs Tpu U3MEHEHUM moTpebiseMoit MoiHocTU. K TakuM moTtepsim
OTHOCSATCS IOTePU Ha HArpeB MPOBOIOB BO3MYIIHBIX JIMHUI U XKW Kabe-
Jieli, MoTepu B 0OMOTKax TpaHC(HOPMATOPOB, CUHXPOHHBIX KOMIIEHCATO-
poB u T.11. [lepeMeHHbIe OTepU 31€KTPoIHEpruu 3a rog AW, MoxHO
OIPENeINTh HA OCHOBE CyMMAapHBIX MIOTePh MOIIIHOCTU B peXXMUMe MaKCH-
MaJIbHBIX HAarpy30K 1 rOJIOBOTO YKCJIa YaCOB MAaKCUMAaJIbHBIX TTOTEPD T.
CyMMapHbI€ TTOTepH MOIITHOCTH B peXKMMe MaKCUMAaJIbHBIX Harpy30K
BBIYUCIISIIOTCS C YYETOM MTOTEPh AKTUBHOM MOIITHOCTHU B JIMHUSIX DJIEKTPO-

rnepenayu u TpaHcopmaropax:

AP =AP

nep,=

— AP, +APy,,. (2.9)

CyMMapHble TTOTepU aKTUBHOM MOIITHOCTU B PeXMME MaKCUMaJIbHbIX
Harpy3oK B JMHUSIX 2JIEKTpONepeaayr BHIYUCISIOTCS MO BhIPaXXEHUIO

AP =235, Ry, (2.10)

e I, — TOK 10 JIMHUM i B peXMMe MaKCUMAaJIbHBIX HAIPy30K, KA; R, —

aKTMBHOE COIIPOTUBJIEHUE TUHUU, OM.
CyMMapHble OTepPU MOILIHOCTU B peXXrMe MaKCUMaJIbHBIX HAarpy30K
B TpaHC(opMaTOpax BEIYUCISIIOTCST KaK

AP =Zj3-[%l,,j “Rep;, (2.11)
rae /yp ; — TOK yepes TpaHcdopMaTop j B pexkrMe MaKCUMAaJIbHbIX Harpy-
30K, KA; Rpp ; — conpotuieHue TpaHchopmaropa j, OMm.

I'onoBbie yCIIOBHO-MIEPEMEHHBIE TTIOTEPU IIEKTPOIHEPTUU CETU MOTYT

OBITh pacCYrMTaHbl KaK

AW, =AP,  *. (2.12)

nep

311eCh T — roJIOBOE YMCJIO YaCOB MAKCUMAaIbHbBIX IIOTCPb, KOTOPOEC HpI/I6J'II/I—
2KEHHO IJ1A CETU OIIPEACTIACTCA HAa OCHOBAHUU 3aJaHHOI'O T . —4uciavyva-

max

COB MaKCUMaJIbHOM MOIUHOCTHU CETHU.

max

v=(0,124+T,,,-10*)"-8760. (2.13)
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2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

Harpy3ouHble (mepeMeHHbIE) MOTePU JIEKTPOIHEPTUU OIPEASISTIOTCS
C UCITOJIb30BaHMEM YMCia YaCOB MAaKCHMMAaJIbHBIX IOTEPh B TOM CJly4yae, Kor-
Jla TOI0BOH IpauK Harpy3Ku 1o Mpoa0IKUTEIbHOCTU HEM3BECTEH, a 3a-
nano vk 7, . Eciy yka3aHHBIN rpad UK M3BECTEH, TO TOMOBBIE TIOTEPH

3JIEKTPOIHEPIUU CIEAYET BHIYUCIISATh KAK CYMMY MTOTEePb JIEKTPOSHEPTUH,
OIpeieJICHHBIX TPU Pa3JIMYHbIX 3HAYEHUSIX HArPy3KU MOTPEeOUTEIEH.

[Tpu onpeneneHNN roIOBBIX MOTEPh JIEKTPOIHEPTUU OOBIYHO TIPUHU-
MaeTcs TONyIeHUe 0 HEM3MEHHOCTH B TeUeHME Tojia KoadduiireHTa MoIil-
HOCTH Harpy30K CeTH, BeJIMUMHA KOTOPOTO MIPUHUMAETCSI paBHOM ero 3Ha-
YEHUIO B PeXMME MaKCUMaJbHBIX HAarpy30K. OTO BHOCUT HEKOTOPYIO
MOTPEIIHOCTh B OMpeAeeHNe MOTeph JIeKTpodHeprun. Bmecte ¢ tem
B OOJIBIIIMHCTBE CIyYaeB BeJIMUMHA CPEIHEB3BEIIIEHHOTO 3a roj Ko3ddu-
LIMEHTa MOIITHOCTH OTJIMYAETCS OT €r0 3HAYSHMSI B PEXKUME MaKCUMaTbHbBIX
Harpy3ok He 6oJjiee ueM Ha 5 %. [10aTOMy MCIIOIb30BaHKE B pacyeTax 3Ha-
YeHU T, onpeaeseHHbIX 110 (2.13), MpUBOAUT K JOMYCTUMOM MPU pellie-
HUU TIPOSKTHBIX 3a[1a4 BEJIMIMHE ITOTPEITHOCTH.

Bropast cocraBisioniasi CcyMMapHBIX TOIOBBIX TIOTEPh JIEKTPOIHEPTUN
AW .., TTOUTH HE 3aBUCHUT OT IIEPEIaBaeMOi TI0 CETH MOITHOCTH U ITPUOJII -
>KEHHO OITpeIelIIeTCs Yepe3 COOTBETCTBYIOIINE ITOTEPU AKTUBHOM MOIITHO-
CTU B aKTUBHBIX IPOBOAMMOCTSIX TTOMIEPEUHBIX BETBEI CXeMbI 3aMeIlCHUS
CETH 1 YMCJI0 YacOB PabOTHI 3JIeMEHTa B TeueHue rofa 7.

A Wnoc'r = APHOCT,Z ’ Ta (2 14)

AP s =D AP, ;. (2.15)

3nech AP, ; — yCTIOBHO-TTOCTOSTHHBIE MOTEPY aKTUBHOI MOIIIHOCTH B LITyH-
Te i, MBT.

Ctporo rosopsi, BenuunHa AP, ;. i =1, 2, ... He ocTaeTcsi MOCTOSIHHOI

B TEUEHME rojia, MOCKOJbKY TOK B AKTUBHOM IMPOBOAMMOCTHA MEHSIETCS BME-
CT€ C UI3BMEHEHMEM HaMNPsSIKEHUS B COOTBETCTBYIOLIEM Y3J1€ CXEMbI 3aMelle-
Hus (AP, =G, ,-U 7). Vicnionb30BaHMe TEPMIHA «YCIIOBHO-TIOCTOSIHHBIE
MOTEPU» OMpeaesieTcss TeM (PaKToM, YTO €CJIM U3MEHEHUSIMU Hampsike-
HUM B y3/1ax MpeHeOpeyb, TO MOXXHO CYUTATh MOTEPU AKTUBHOU MOIITHOCTH
B LIIYHTaX MOCTOSTHHBIMY BEJIMYMHAMM U BBIYUCIISTH UX TI0 HOMUHAJIbHBIM
HAIPSDKEHUSIM 3JIEMEHTOB U aKTUBHBIM TpoBogumoctsiM (G, ;, Cm) 1160
MOXHO MCIOJIb30BaTh MPUBOAUMBIE B CLIPABOYHON JTUTEPAType 3HAYCHUS
B (h)OpM€ KOHCTAHT.
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2.2. Hputepun sKoHOMUYeCHKO 3(hhEHTUBHOCTY Pa3BUTUA SNEKTPUHECKON CUCTEMbI

3HaueHue T 1j1s BO3AYIIHBIX M KaOeJIbHBIX JIMHUM, a TAaKXKe IJISI TPaHC-
(popmaTopHOTrO 000PYIOBAaHUS B IIPOEKTHBIX pacyeTaxX OOBIYHO MPUHMMa-
€TCsI paBHBIM YMCITY 9acoB B roxy, 7= 8760 yacoB, a JU1s KOMIIEHCUPYIOIINX
YCTPOMCTB (CMHXPOHHBIE KOMIIEHCATOPHI, KOMIIJIEKTHBIE KOHAEHCATOP-
HbIE YCTAHOBKH, ITYHTUPYIOILIME peaKTOPbl) — B 3aBUCUMOCTHU OT Tpadu-
Ka UX pabOThlI.

CyMMapHbIe TEXHUUYECKUE MOTEPU DJIEKTPOSHEPTUM B 3JIEMEHTAX 3JIeK-
TpUYECKUX ceTeil AW 1oCcTUTraroT 3HAYUTETbHBIX BEWMYNH, COCTABIISS IS
Ppa3IMYHBIX 9HEprocucTeM oT 5 1o 15 % [5] mocTymnalolieii B CETh SJIEKTPO-
SHEPIruU B 3aBUCUMOCTH OT IJIOTHOCTU rpapuKOB HArpy3Ku, KOHGpUTYpa-
LIMK CeTHU, KOJIMUYECTBa CTyMeHel TpaHchopMaliui U Apyrux ¢pakToOpoB.

2.2. Hputepun sKoHOMUYeCKo 3PhERTUBHOCTU PasBUTYA
3NEeKTPU4ECHON CUCTEMBI

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

B kxauecTBe 3KOHOMMUYECKOrO KpUTEPHUS B 3aJadyax MPOeKTUPOBAHUS
pPa3BUTUSI JIEKTPUIYECKOM CETU, TO €CTh MPU aHAJIM3e CPABHUTEIbHOM
3¢ HEKTUBHOCTU BApUAHTOB PA3BUTHS 3JIEKTPOIHEPTETUUECKUX CUCTEM,
OOBIYHO MCMOIb3YyeTCsl (DYHKIMS TIPUBEISHHBIX 3aTpaT. TOT BapuaHT pa3-
BUTHSI 3JIEKTPOIHEPreTUYECKON CeTH, KOTOPOMY COOTBETCTBYET MUHU-
MaJbHOE 3HaUeHUe MPUBEACHHbBIX 3aTpaT, 00LIYHO peanusyeTcs. B 3aBu-
CUMOCTH OT MPUHSTHIX YCJIIOBUM TPOSKTUPOBAHMST (DYHKIIMSI TIPUBEACHHBIX
3aTpaT MOXET ObITh IpeAcTaBjieHa B CTAaTUYECKON UM TUHAMUYECKOM
¢dopmax. /1151 BbIOOpa HanboJiee paliliOHAJIbHOTO BApUaHTa Pa3BUTUSI CETU
BBITIOJIHSIETCS TEXHUKO-3KOHOMMYECKOE CPaBHEHME JOIMYCTUMBIX IO T€X-
HUYECKUM TpeOOBaHUSIM BapuaHTOB. B HacTosiiee BpeMs pa3anuyHbIMU
aBTOpaMu TIpeajiaraeTcsl UCOJAb30BaTh U IPYyrue BUAbI 9KOHOMUYECKO-
ro KpUuTepus, HallpuMep IMCKOHTUPOBAHHbIE UM MHTETpaJibHbIC 3aTpa-
Tl [1, 4—7, 10—11].

ITpu cpaBHEHMM ABYX BApMAaHTOB Pa3BUTUS DJIEKTPUUECKOI CETU HEOO-
XOIMMO OIPEACAUTD JJI51 KaXKIOTO BApUaHTA €r0 TEXHUKO-29KOHOMUYECKUE
rnokasaresiu — KanuraibHble Broxenus K, u K, uznepxku U, u U,, a 3a-

TeM cpaBHUTH X Mexy coboit. Ecim K, > K, u 1, > U1,, to nantoee sxo-

HOMMYECKHU BBITOAHBIM OyJIeT BTOPOU BapuaHT pa3BUTUs ceTu. OIHAKO
yale BCcTpevaeTcs: 00iee CIOKHbIM /1711 CpaBHEHUSI BADMAHTOB CJTyvaid, KOr-
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2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

na K, >K,, all, <, umm nao6opor. B Takux ciaydasx cpaBHEHUE BapraH-

TOB Pa3BUTHS CETU BBITIOJHSIETCS 110 BEJIMYMHE 3aTpar.

B Hacrosiiee BpeMsi OTCYTCTBYeT XKeCTKasi MeTOAMKa OTpeesIeHUs
BUJa SKOHOMUYECKOTO KPUTEPHSI, CYIIECTBYIOT HECKOJBKO METOANYE-
CKMX TTOAXOAO0B IO €ro (hopMUPOBAHUIO, KOTOPbIE, IO CYTH, OMUPAIOT-
Csl HA OJTHU U T€ K€ YCJIIOBUS HAaJIeXKHOTO U KaUeCTBEHHOI'0 00eCcrneyeHU s
3JIEKTPO3HEPIUeii MoTpeduTeNeil, a TakKe Ha TEXHUKO-3KOHOMUYECKIUe
XapaKTEepUCTUKU dHEepTreTUUYecKux o0beKToB. Jlajlee paccMaTpuBalOT-
Csl HEKOTOPbIE METOIUKU (hOPMUPOBAHUS SIKOHOMUYECKOTO KPUTEPHUS
npoekTupoBaHus. CoIrocTaBleHUe BAPMAHTOB BO BCEX METOAMKAX TPO-
W3BOJIMUTCS 11O Pe3yJIbTaTaM PaCueTOB CPABHUMENbHOU IKOHOMUUECKOU I¢h-
gekmusrHocmu.

Bo Bcex MmeTommMKax UCTIOIb3YIOTCS TIOHSITUST BPO00ANCUMENbHOCIU PAC-
YemHo20 nepuooa U HOpMamueos npueedeHus Ui OUCKOHMUPOBAHUSL PA3HOB-
PeMeHHbIX KanumanoeaodceHuil u uzoepicex. CylieCTBEHHOE BIMSIHUE
Ha MpUBEIeHHbIC, TMCKOHTUPOBAHHBIE U MHTETPaJIbHbIC TEXHUKO-3KOHO-
MMYECKHE XapaKTepUCTUKM OKa3bIBalOT BEJIMYMHA MPOIOIKUTETbHOCTU
pacyeTHoro neprona 7, HOpMaTHUBBI AMCKOHTUPOBaHus £, wnu npusese-

Hus E,;. B HacTosiiee BpeMst Bce 9TH IapaMeTpbl B HOPMATUBHBIX JOKY-

MeHTax He 3aukcupoBaHbl. CTaBKa IMCKOHTHUPOBAHUS OOBIYHO OMpe/Ie-
JISIETCSI C YYETOM CPEIHEro YpoOBHSI TOJOBOr0 OAHKOBCKOIO MPOLIEHTA
10 ACMO3UTHBIM BKJIaJaM B TBEPAOI BalIOTe, OLEHKM pUcCKa BIOXKEHUS
CPEICTB B MPOEKT, a TAKXKE CYOBbEKTUBHBIX OLIEHOK «1ICHbI» KaluTala NH-
BECTOpaMM.

B xauecTBe MpoIOIKUTEILHOCTU pacuyeTHOTO nepuoaa 7' B psae ciy-
YyaeB MCIOJIb3YETCs CPOK TMOJIE3HOM CIIy>KObl 00beKTa ((PU3UIYECKUI CPOK
CITyKObI1). /17151 0OBEKTOB 3JIEKTPUUECKOM CETU (JIMHUI 3JIeKTpoIiepeaadu,
TpaHCc(OPMATOPHBIX MTOACTAHLINI) CPOKHU CIYKObI CYILIECTBEHHO pa3iu-
YaloTCs, MO3TOMY ITPU TaKOM MOAX0/Ie 3aTPyAHUTEIbHO 000OCHOBATh 3Ha-
yeHue oO1Iero sl 3TUX 00bEeKTOB pacueTHOro nepuoaa. Bmecre ¢ tem
B psiie CTpaH pacyeTHbIN Meprod MPUHUMAETCs] HAMHOIO MEHbIIIE CpOKa
MOJIE3HOM CIIyk0bl 00beKkTa (5—15 seT). s aJIeKTpUUeCKUX CeTeii ¢ HO-
MUHaJbHBIM HarpskeHueMm ot 110 mo 220 kB pekoMeHayeTcst MpuHUMATh
3HaueHue 7 paBHBIM 5 —10 JIeT, YTO COOTBETCTBYET ITPAKTUKE UX MEPCIIEK-
TUBHOTO TIPOEKTUPOBAHUSI.

CorocTaBieHre BapUaHTOB Pa3BUTHS CETU JOKHO MPOUCXOAUTD MPHU
YCJIOBUM, YTO BCE COIOCTaBJIsIEMble BApMAHThI CETU 00J1afal0T OAUHAKO-
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2.2. Hputepun sKoHOMUYeCHKO 3(hhEHTUBHOCTY Pa3BUTUA SNEKTPUHECKON CUCTEMbI

BBbIM 3HepreTuueckKum 3¢ (HeKToM, TO €CTh BO BCEX BaprMaHTax obecIieum-
BaeTCs OAMHAKOBbIN MOJIE3HbIN OTITYCK 3JIEKTPOIHEPTUU MOTPEOUTENSIM,
COOTBETCTBYIOIINI TpeOOBaHUSIM MOTPeOUTEICH, YDOBHSIM MOILIIHOCTE ! Ha-
IPY30K MOJACTAHILIMI U TMHAMUKE UX POCTa BO BPEMEHU.

ITpu onpeneneHun 3HaYeHUI TEXHMKO-3KOHOMUUYECKMX XapaKTepu-
CTUK KOHKYPHUPYIOLIMX BApMAHTOB JIJIs 00Jiee SIPKOTO BbISIBJIEHHUS CTeTIeH!
uXx 3¢ (HEeKTUBHOCTH XKeJIaTeJIbHO UCKJIIOYMTh U3 COMOCTABIEHMSI OTMHAKO-
Bbl€ OOBEKTHI, TOBTOPSIIOLIMECS BO BCEX BapMaHTax CEeTH.

[TpakTueckoe MCIoab30BaHME SKOHOMMUYECKUX KPUTEPUEB B JII00OI
(bopMe B iTMHAMMUUYECKOM WJIM CTaTUYECKOM BUJIE IPABOMEPHO JIUIIb B TOM
cyyae, Korja cCpaBHUBaeMble BApUAHThI CETU 00eCIeunBaloT oecrnepedoii-
HOe CHaOXeHMe MoTpeduTesieli 3JieKTpoaHeprueil. Ecim xe B KakoM-JIu-
00 BapHaHTe CXEMHbIE PELIeHUS] HE TapaHTUPYIOT OTCYTCTBUS MEPEPHIBOB
2JIEKTPOCHAOXEeHUs (HampuMep, IMpU MUTAaHUM TTOACTaHLIMI IO cxeme 0e3
pe3epBUPOBAHMSI), TO B COCTaBE CyMMAapHBIX 3aTpaT Mo JaHHOMY BapraH-
Ty JOJIKEH ObITh YUT€H CyMMAapHbIii BEPOSTHBINA CpelHEeroaoBoil yiepo
OT HEAOOTIyCKAa JIEKTPOIHEPT UM TTOTPEOUTENSIM Y.

ITpu conmocTaBaeHUM OTAEIbHBIX OOBEKTOB MM HEOOJBIINX CETEBbIX
Y3JI0B PABHO-3KOHOMUYHbIMU CINTAIOTCS BAPUAHTHI, 3HAYEHUSI CYMMAapHbIX
3aTpaT I KOTOPBIX OTJIMYAIOTCST He Oojiee yeM Ha 5 %. BeiOop BapuaHTa
13 Yucjia pPABHOIKOHOMMYHBIX IIPOU3BOIUTCS C YYETOM psiia TOMOJTHUTEIb-
HbIX XapaKTePUCTUK, KOTOPbIE OOBIYHO HE UMEIOT CTPOTMX 9KOHOMUYECKUX
9KBHBaJeHTOB. K HM OTHOCSTCS ITPOCTOTA, HaJIEKHOCTD 1 ONepaTiBHAs
IMOKOCTb CXeMbl, BO3MOXKHOCTbD €€ JaJbHENIIEero pa3BuTUs (pacIiiipeHus1)
MPU POCTE HArpy30K, yI0OCTBO IKCILTyaTallM1, pacXo/l lIBETHOTO MeTaJljia
Ha MpPOBOJa U KOJMYECTBO MOTPEOHOr0 3JEKTPOOOOPYIOBaHUS, a TaKXKe
rokasarteJii paboThl CeTH 3a IpeeaMu pacCYeTHOro Mepruoa.

PaccMmoTpuM cTaTUuecKylo U IMHAMUYECKYI0 (GOpMbl PYHKIIMHY TTpUBe-
JNEHHBIX 3aTpaT, BHIOOP KOTOPBIX 3aBUCUT OT MPUHSITHIX YCIOBUM MPOEK-
TUPOBAHMUSI.

JInHaMHYecKue NpuBeiIeHHbIE 3aTPAThI KCITOJIb3YIOTCSI B KAU€CTBE SKOHO-
MMUYECKOTr0 KpUTEpHs BHIOOpA BapuaHTa pa3BUTHS DJIEKTPUIECKOM CETU TTpU
ITOCTAaHOBKE 3aJa4/ IPOEKTUPOBAHMS B ITMHAMIUecKoit popme [1, 4—6].

JI715 271eKTpUUYECKUX CeTei, COOpYyKaeMbIX B HECKOJIbKO 3TaroB, HE00-
XOJIMMO BBITTOJTHUTb MPUBEACHUE BCEX 3aTPaT, paCCUMTAHHBIX JJIS1 pa3iny-
HbIX 3TAOB, K KAKOMY-JIMOO OTHOMY MOMEHTY pa3BUTUsI ceTU. B KauecTse
TaKOro MOMEHTa Y100HO BbIOMpaTh roji Hayaja CTPOUTENbCTBA, KOTOPBIN
MOXXHO Ha3BaTb HY/1€8bIM 2000M.
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2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

Eciu HekoTopble 3aTpathl 3, MPOM3BEACHEI Yepe3 f JIET OT HavYaia CTPO-

UTENIbCTBA, TO IIPUBEIEHHbBIE K TOy Havyalla CTPOMTENIHCTBA OTH 3aTpaThl 3’
COCTaBJISIIOT:

3=3,-(1+Ey), (2.16)

rae £,y — HOpMaTUBHBIN KO3 GUIMEHT NPUBEAEHNS Pa3HOBPEMEHHBIX

3arpar.
BenuuuHa npuBeneHHBIX IMHAMUUYECKUX 3aTpaT COCTaBIsIeT (puBeIe-
HUeE K IEpBOMY roay ctpouTenabcTBa) no popmyse . C. IllaBeneBa

3=" (Ey-K, +AW)-(1+ Eyy) ™, (2.17)

o€ T — HOMEP 9TaIla, tT — I'0J OKOHYaHM oTaIlla, fo — I'0J1 Ha4yaJjia pacCMa-

TpUBaeMoro nepuoja (Hayajo CTPOUTENbCTBA); 1" — pacyeTHBI Mepuo
coopyxenus cetn; K, — xanuranabHble BIoxeHus Ha artare t; Ey — Hop-

MaTUBHBIN KO3 OULIMEHT CpaBHUTEIbHOM 3(h(EeKTUBHOCTH KaITUTAJIbHBIX
Broxenuit; AU =(M, -H_|) — usmeHeHue skcrtyatalluOHHbBIX U3AEP-

K€K 9Tara roja t 1o cpaBHeHHUIo ¢ atarom (t — 1).
ITpu ucnosnbzoBaHuu BeipaxeHus (2.17) HEOOXOAMMO YUYUTHIBATH Clie-
nytoliee:
® CTPOUTEJBbCTBO 3JEKTPUUECKOW CETU MPOIOJIXKAECTCS B TEUEHUE
HECKOJIbKUX JIET U KalUTAJIbHbIE BJIOKEHUS B CTPOUTEJIBLCTBO T10 TO-
JlaM pa3InyHbI;

® paCYETHBIN Mepro COOpPYKEHUs CETH paBeH 7, 3a ero npeaesaMmu Ka-
MUTAJIbHBIE BJIOXEHUS HE TIPOU3BOISITCS

® EXEroAHble KCIUTyaTallMOHHbBIE PACXO/Ibl B IEPUOJ COOPYKEHUS CETH
HEOIMHAKOBBI IJIS1 PA3HBIX JIET;

® EXEroJHble IKCIUTyaTallMOHHBIE PACXObI 32 MIPe/ieiaMy NEPUOA CO-
OpYXEHUS CEeTU SIBJSIOTCS HEU3MEHHBIMU B TEUEHUE BCETO paccMa-
TPUBAEMOTO TMepUO/Ia IKCIUTyaTallun CETH.

JAvuHamMuyeckre NpuBeIeHHBIE 3aTPaThl U UX COCTABJISIONIME rpaduye-
CKM MoKa3aHbl Ha puc. 2.1.

Takum o0pa3oM, pyU TMHAMUYECKON MOCTAHOBKE 3a1a4U ITPOEKTUPO-
BaHUSI 2JIEKTPUUECKOM CETH BBIOOP OAHOTO BApMAHTA U3 COBOKYITHOCTH 10~
MMyCTUMBbIX BAPUAHTOB 10 9KOHOMUYECKOMY KPUTEPUIO CBOIUTCS K TIOUCKY
BapMaHTa C MUHUMAaJIbHBIMU JUMHAMUYECKUMU 3aTpaTaMu

37 —min Y (B, K, +AW,)-(1+ Eyy) - (2.18)
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2.2. Hputepun sKoHoMUYecKol atheRTUBHOCTY Pa3BUTUA BNEKTPUYECKON CUCTEMbI

B BeIpakenun (2.18) nmpeamnonaraercsi, YTo NPOAOIKUTETBHOCTh KaX-
moro stana t =t = 1 rom.

K, U

Lr—1 T

Ki— _)

Urf--

1, T0]1

0 1 t T Tpacq

Puc. 2.1. CocTaBrsitoniye IMHaMUYECKUX TPUBENEHHBIX 3aTPaT

CraTuyecKue npuBeieHHbIE 3aTPAThI SBJISIOTCSI SKOHOMUUYECKUM KpU-
TepUEeM Pa3BUTHUS DJICKTPUUYECKOI CETH, eCIM IMpearoaraeTcs, 4YTo Ka-
MUTAJIbHbIE BIOXEHMS B DJIIEKTPUUYECKYIO CETh BKJIAAbIBAIOTCS B MEPBHIN
roJi €AMHOBPEMEHHO, TOCJIe YeTro JOMOIHUTEIbHbIE KAlTMTaJI0BIOXEHMUS
HE BHOCSITCSI, @ CUCTeMa BBIXOJUT Ha CTAllMOHAPHBIN PEXXMM C HEM3MEH-
HBIMHU €XKeTOIHBIMU TToKa3aTensimu [ 1, 4—6].

Mcnonb3oBaHue cTaTUYECKUX TIPUBEAEHHbBIX 3aTpaT OCHOBAHO Ha cCJie-
IOYIOIIUX MOJTOXEHUSIX:

e JINTEJIbHOCTh CTPOUTEIBCTBA COCTABJISIET HE Oojiee NJIMTEIbHOCTU
OJIHOTO 3Tamfa v KamuTajJbHbIe BIOXEHMS UCTIONAB3YIOTCS cpasy (eau-
HOBPEMEHHO);

e CXKEroJHbIe AKCILTyaTallMOHHBIE PACXObI SIBJSIOTCS HEM3MEHHBIMU
B TEYEHME BCETO paccMaTPMBAEeMOT0 NeproIa SKCILTyaTallui CETHU.

[Tpu cTaTnyeckoit MoCTaHOBKE 3a1a4l IPOSKTUPOBAHUS PA3BUTHUS DJIEK-
TPUUECKOI CeTH BBIOOP OJHOIO BaprMaHTa U3 COBOKYITHOCTU JTOMYCTUMBIX
BapMaHTOB 10 9KOHOMUYECKOMY KPUTEPHUIO CBOJMUTCS K MOUCKY BapuaH-
Ta C MUHUMAJbHBIMM CTaTUYECKUMM 3aTpaTtamu. [IpuBeneHHbIe 3aTpaThl
MPY 3TOM OIPEAEISIOTCS aHAJIOTUYHO (2.18), HO MpeoOpa3yroTcs K BUAY:

3min _ mm[( Ey K+ W)-(1+ Eyy )‘“‘“}: min[(E,-K+H)]. (2.19)
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2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

Torpma craTuyeckue OPpUBEACHHDBIC 3aTpaTbl MO2KHO OIIPCACINUTD I10 CJIC-

IYIOIIeMY BBIpaXKeHMUIO:
3=F,-K+H, (2.20)

rae K — eqmHOBpeMeHHbIe KalTUTaIbHbIC BJIOXEHMS Ha COOPYXKEHUE CeTH;
N — exeromHble aKCIUTyaTallMOHHBIE pacxobl; £}, — koaduLieHT cpaB-

HUTEIbHOM 3(P(PEKTUBHOCTU KaNTUTaJIbHBIX BIOXEHUIA.
I'pacdpuueckas mmocTpalys COCTaBISIONINX CTATUYECKUX 3aTpaT MpU-
BeleHa Ha puc. 2.2.
K U

2

A

0 1 t T=Tpacu

Puc. 2.2. CocraBnsioniye cTaTUYECKUX MTPUBEASHHBIX 3aTpaT

MeToa (MHAMMYECKUX JUCKOHTHPOBAHHBIX 3aTpaT. PopMyna TMCKOHTH-
POBaHHBIX 3aTPaT HAa COOPYKEHME M IKCIUTyaTallMi0 KAKOro-JIM00 00beKTa
B Te4eHUe pacyeTHoro nepuona 7' mmeer Bun [3,11]:

311 :Z;(Kt""l/lt_Kﬂc)’(1+Eﬂ)_t, (2.21)

rae Kt — COOTBCTCTBCHHO KaIIMTAJIOBJJIOKCHMA HAa COOPYKECHUEC O6’beKTa,
I/L — CYMMapHbI€ I'OJO0OBbIC U3ACPKKHU SKCILJTyaTallu1 00BbEeKTa BTO/, ¢ ) K e —

JIMKBUIALMOHHASI UM OCTaTOYHAsI CTOUMOCTh 00bEKTa HA MOMEHT OKOH-
yaHus1 pacyeTHoro nepuona t = T; E;; — HOpMaTUB IUCKOHTUPOBaHUSI (MPU-

BeJIeHUSI pa3HOBPEMEHHBIX 3aTpar).
CyMMapHbIe eXeroaHble U3AeP>KKHU Ha 3KCIUTyaTall1Io 3JIeKTPOCETEBO-
ro oobekTa M, ckitagbIBaloTcst M3 OTYUCIICHUI Ha PEMOHT U 00CITy>KBaH1E

U, ., 6e3 ydeTa oTUNCICHUI Ha PEHOBALIUIO, U M3EPXEK HA BO3MELIECHIEe

roTeps daekTposHepruu U, .
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2.2. Hputepun sKoHOMUYeCHKO 3(hhEHTUBHOCTY Pa3BUTUA SNEKTPUHECKON CUCTEMbI

I/Il =" +HAW.ta (222)

)-Ken, (2.23)

p.00.7

I/lp.oﬁ.t = (a’ - apCH

rae K, — cymMmapHast 1MCKOHTHpPOBaHHAst CTOMMOCTb COOPYKEHHsI 0ObeK-

Ta HAa MOMEHT HayaJla ero SKCIIyaTalliu, TO €CTh 3a TIEPMOJI CTPOMTEILCTBA
t=T_; o. — Ko3(pUIMEHT 0011Ieit HOPMBI OTYUCIICHUI HA PEMOHT M 00CITy-
XKUBaHUE O0BEKTA; O, — KOI(MOULNEHT OTYUCIEHUI HA PEHOBALIUIO.

JInkBupanronHast crouMocTh K . onpenensercs yepes KoahduimeHT

OTYUCJICHUI HA PEHOBALIMIO O .. U BpEMS SKCILTyaTalliy 00BEKTa 10 OKOH-

peH

yaHud pacuetHoro nepuona 1,=T— T,
Kye =Ky -(I-a,, - T),). (2.24)
B cootBeTcTBUM € (2.21—2.24) cymMMapHbIe TMCKOHTUPOBAHHBIC 3aTPAThl
31 MOTYT OBITH NIPEICTABICHBI B BUIE CYMMBbI YETHIPEX COCTABIISIIOLINX: 3a-

TpaT Ha COOpYXeHre 00beKTa 3,; 3aTpaT Ha 00CIyXKUBaHUE 3 ; TUKBUIALM-
OHHBIX 3aTpar 3,; 3aTpar Ha BO3MEILEHUE ITOTEPh DIEKTPOIHEPTUH 3,y .

3,=3.+35-3,+3.y, (2.25)

3,=Y " K, (1+ E))" =Ky, (2.26)

B = 2y (@ =) Ky (1 Ep) (2.27)
3, =(l—0, - T,) Ky -(1+ Ep), (2.28)
Bar = Xr M -1+ Ep) . (2.29)

B nipaBoii yactu (2.25) nepBbie TPU COCTABISIONINE TMCKOHTUPOBAH-
HBIX 3aTpaT ONpPEIEsOTCS CTOMMOCTBIO COOPYXEHHUSI OOBbEKTA, TO €CTh
CYMMAapHOU NMCKOHTUPOBAHHOM BeIUYMHOM KanuTaaoBiaoxeHui. [1os-
TOMY UX 11€JIeCO00pa3HO OOBEAMHUTH B OOLLIMIA MapaMeTp, MPUCBOUB €My
YCJIOBHO€ HAa3BaHUE «KaIUTAIbHBIE 3aTPaThl»

3,=3.+3,-3,. (2.30)
Torma
3Zl =3 +3,,. (2.31)

I1pu moacTaHOBKeE B IpaByIo YacTh BhIpaxkeHus (2.30) BbipakeHMit (2.26—
2.28) MOXHO TOJIyYUTh, YTO KalMTaJIbHbIE 3aTPaThl ONPEIEISIIOTCS KaK
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2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

3K :I[E)KB 'K):Zla (232)

rJe SKBUBAJEHTHBIN AUCKOHTUPYIOIINIA MHOXUTEND [, . BeIUKMCIsIETCS
10 BBIPAXKEHUIO

Z[SKB =1+ (O(. - OLpeH) ’ 2:[pacq.akc - (1 = Open Ta) (1 + E)Zl)_Ta (233)

rie [ ..., — PACUETHBII AMCKOHTUPYIOLINI MHOXUTENb 110 CPOKY IKC-

IryatTallu 10 OKOHYaHMA paCd€THOIo rnnepuroaa,

e = 2 (I E) ™ (2.34)

ITocne noacrtanoBku (2.32) B (2.31) monyyaeTcst OKOHYATEILHOE BbIpa-
>KeHUe JIJI1 AMCKOHTUPOBAHHBIX 3aTpaT

3p=Ho Koy + 340 (2.35)

DTa hopmysia aHAJOTMYHA YKe U3BECTHOU (hopMyJie TIPUBEASHHbBIX 3a-
Tpat, Hannpumep (2.20), ¢ Toi pa3HULIEH, YTO BMECTO CYMMbl HOPMAaTUBHO-
ro koapduumreHTa 3(pheKTUBHOCTU KAITUTATOBIOXKEHUN 1 00111eii HOPMBI
aMOPTU3ALIMOHHBIX OTYMCJIEHU! B TIEPBOM cJlaracMoM (DUTYPUPYET SKBU-
BaJICHTHBIN TUCKOHTUPYIOLINIA MHOXKUTEIb.

Taxkum oOpa3oMm, IPUMEHSIST IIPU TTPOEKTUPOBAHUY METOJT JMHAMUYECKUX
JUCKOHTUPOBAHHBIX 3aTpaT, IIpU BIOOPE HAMJIYYIIIETO BapraHTa U3 HEKO-
TOPOIi COBOKYITHOCTH aJIbTePHATUBHBIX BAPUAHTOB CJIEIYET MCITOIb30BaTh
KpUTEepUIA MUHMMYyMa CyMMapHbBIX IMCKOHTHPOBAHHBIX 3aTPaT, a UMEHHO:

30" =min(3;) = min(/,,, -K; +3,,), (2.36)

KOTOpPBII (hOpMYJIMpPYETCs CAEAYIOLIMM 00pa3oM: ONTUMAJIbHOMY BapuaH-
Ty 3JIEKTPUUYECKOI CETU COOTBETCTBYET HAMMEHbIIIEe 3HAUEHNE CYMMapHBIX
JTUCKOHTUPOBAHHBIX 3aTPaT HAa €€ COOPYKEHUE U IKCILTyaTallIoO B TCUCHNE
3aIaHHOTO PACYETHOTO Mepuoa.

MNuTerpanbHblie npuBeaeHHbIe 3aTpaThl. [I0MCKY MHBIX METOIOB OLICHKU
3(HEeKTUBHOCTU BapUaHTOB Pa3BUTHSI MPOU3BOJCTBEHHBIX CUCTEM U MX
O00BEKTOB MPUBEIU K CO3JAHUI0 METOIMYECKUX PEKOMEHIALIMIA TI0 OLIEH-
Ke 3(peKTUBHOCTU MHBECTULIMOHHBIX MPOEKTOB KaK pellIeHUs 3a1a4u ad-
COIOTHO# 3(p(eKTUBHOCTU KammuTajdoBIoXeHu# [6, 7]. PaspaboTtaHHbIe
METOANYECKHE MOAXOAbI MPeayCMaTPUBAIOT pacuyeT JMCKOHTUPOBAHHOTO
(priHaHCOBOTO MOTOKA 3a paCYETHBIN CPOK peanu3aluu npoekra 7'c onpe-
JeJIeHUEM YMCTOTrO TUCKOHTUPOBAHHOTO J0X0a KaK UHTErpajabHOro 3(-
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2.2. Hputepun sKoHOMUYeCHKO 3(hhEHTUBHOCTY Pa3BUTUA SNEKTPUHECKON CUCTEMbI

(bekra 3a 3TOT cpok. OAHAKO MCMOJIb30BAaHUE KPUTEPUS MaKCUMU3ALIUU
YKUCTOTO TMCKOHTUPOBAHHOTO J0XOAa IPU COMOCTaBIEHUN KOHKYPUPYIO-
LIMX BapUAHTOB Pa3BUTHUS TpeOyeT 3HAHMSI BEJIMUMHBI 0XO/a OT peain3a-
LIMU TIPOAYKIIMH, YTO BCET/a COMPSIKEHO C YBEJIMUEHUEM CTeTIEH! HEeOIpe-
NEeJEHHOCTU UCXOHOM MH(OpPMaIIUU U, CJIEA0BaTEIbHO, YPEBATO PUCKOM
OIIMOOYHBIX pelieHu . B ycoBUsIX, KOraa cornocrap/isieMble BApHaHThI pa3-
JINYAIOTCSl CBOMM TMPOM3BOACTBEHHBIM 3(h(heKTOM, APYTOro BHIXOAA ITPAKTH -
yecKku HeT. B To e Bpemst uMeeTcs IIMPOKU KJ1ace 3a/1au COMOCTaBICHUS
BapMaHTOB Pa3BUTUSI, XapaKTEPUIYIOLIMXCS YCIOBUEM TOXIeCTBa AP dek-
Ta. [l Takux 3agay4 1eecoodpa3Hee CKOHCTPYHMPOBaTh KPUTEPHUiA cpaB-
HUTEJbHOU 9KOHOMUYECKON 3(PPEKTUBHOCTH, CBOOOIHBIN OT HEAOCTAT-
KOB CTapOil METOAWKHU TOJOBBIX ITPUBEACHHbIX 3aTpat [1, 11].
CdhopmynupoBaHHYIO 3a/1a4y MOXHO PEIIUTb, (QOPMUPYST KPUTEPUIi MU -
HUMYMa IMCKOHTHPOBAHHBIX MHTETpaJIbHBIX TPUBEACHHBIX 3aTpaT 3a pac-
YeTHbI CpoK pa3BuTus. MHTerpajabHble MIpUBEIEHHbIE 3aTPaThl 32 BECh
pacueTHbI CpoK 7 MOXKHO OMpPEAeTUTDb IPSIMbIM CUETOM BCEX KAlMTaI0B-
noxennii K, (1=1, 2, ... T) u exerogubix nsnepxek U, cBsa3anHbIx ¢ pea-

J3almeit poeKTa, IMCKOHTUPOBAHHBIX ¢ HOPMOI TMCKOHTa E, 3amaBae-
MOl 3KCMepTHO. BenmunHa pacueTHOro cpoka J0JIKHA OTNpeaessiTbCs
BBIOOPOM TAaKOTO CpOKa MPOTHO3MPOBAHUS, JJISI KOTOPOTO MOTPEITHOCTh
MPOrHO3a COXpaHsieT MpuemiemMblie 3HaueHus. [1pu aToM HeoOXoaMMO pas-
PEIInTD cienyolyto npodiemy. Co3naHHBIE B IIPOLIECCe peaau3alliy Ipo-
€KTa OCHOBHBIE CPE/ICTBA MpeAHa3HAUYCHBI 111 paOOTHI HE TOJIBKO B ITpee-
Jlax cpoka 71, HO U 3a ero npeaeaamu. [1oJHBINA ydeT nx 6GamaHCOBOM
CTOMMOCTHU TTOCTAaBUT B HEBBITOJIHBIE YCIOBUSI BApUAHTHI, XapaKTepU3yIO-
1recs: OOJbIIMMU UHBECTULIMSIMU, TTIOCKOJIBKY He OyneT yuTeH 3¢ @deKT
CHUXKEHMSI €XKEeTOTHBIX U3MIepKeK 3a MpeielaMU pacyeTHOTO CPOKa 3a CYET
TOTIOTHUTEIbHBIX KalTUTaI0BIOXEeHU. MeTonnuecKu MpaBUIbHO YUUTHI-
BaTh JIUIIb TY YaCTh CTOMMOCTH OCHOBHBIX TTPOM3BOJICTBEHHBIX (POHIOB,
KOTOpasi B Mpejesiax pacyeTHOro cpoKa OyneT rnepeHeceHa Ha CO3/IaHHYIO
MPOAYKIINIO, CIeI0BATEIbHO, U3 MHTErPAIbHBIX 3aTpaT HEOOXOAMMO BhI-
YUTATh OCTATOUYHYIO CTOUMOCTb BBEIEHHBIX O0BEKTOB Ha KOHEI] pacUeTHO-
ro cpoka (O,), MOoCKOJIbKY ee Ha3HaueHWe — CO3[aBaTh SKOHOMUUYECKUI

a3 deKT 3a npeaesiaMu 3TOro cpoka. Takum o6pa3om, MHTerpajabHbIe IPU-
BeJIEHHbIE 3aTPaThl MOXKHO MPEACTaBUTh B CJICAYIOIIEM BUJIE:

3, =3 K, -(1+E)"+Y U, -(1+E)"-0;-(1-0)7, (237
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2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

rae

0 =2 K, [1-0, (T-1+1)], (2.38)
I/It = I/IaM‘oﬁc.t + I/IAW.I ’ (239)

T
HaM.ch.t = OLaM.oﬁc zt:l Kt . (240)

B BoIpaxkeHunu (2.37) KanmuTaJoOBIOXEHUS peaiu3yoTCs B Havajle rojaa,
a U3EepKKU — B KOHLIE rofa. OcTaTrouHasi CTOMMOCTb OLIEHUBAETCS C yue-
TOM €XETOJHbIX PEHOBALIMOHHBIX OTYMCIEHUI OT KaluTaJIOBIOXEHUM,
JIOJISI KOTOPBIX O, OTIPEIENISIETCST CPOKOM CITykObI 1, oobekTa: o, =1/ T,.
OTnenbHbI UHTEpeC MPEACTABISIET CTATUYECKUIA Cllyyail Kak uiaeain-
3allvsl, 4aCTO UCTOJIb3yeMasl B PaKTUYECKUX pacueTax, a uMeHHo: K, = K;

K,=0mmat>1; 1, =N nar=1,2,..., T. Borom ciyuae Beipaxenue (2.37)
npeodpasyeTcsl CaeayoluM 00pa3om:

3, =K+, K> (I+E) "+

+U,, Y A+E)y K- (-0, I)(1+E)7, (2.41)
IMocnenHee BeIpaxkeHUe MOXKHO MPEACTAaBUTH B Oojiee KpaTKoit (popMe:
=0y, K+ay,,-HU,,, (2.42)

rae
gy =1+0y,00, (1+E) =(-a )A+E)7,  (243)
o=, (1+E)". (2.44)

BrlironHaAs nejaeHne BceX YICHOB BeIpaxeHus (2.42) Ha 0y 7, TOJIy4aeM

BbIPaXCHUEC IJId ONIPEACICHNA NHTCIPAJIbHbBIX ITIPUBCACHHBIX 3aTpaT, UMEC-
IOILIEE TAKYIO K€ CTPYKTYPY, KaK U3BecTHas (hOpMyJia FOLOBbIX IIPUBEICH-
HBIX 3aTparT:;

3 = (O(‘K,T /an,r)'K +U,, = EK,T +W,,, (2.45)

JocTtonHCTBO (pOopMyJIbI (2.45) B TOM, UTO, COXpaHSS IIPOCTOTY U yI00-
CTBO IIMPOKO MCHOJIb30BABIIENCS B CBOE BpeMs (hOPMYJIbI TOAOBBIX IMPU-
BEIEHHBIX 3aTPAT [JIsI CTATUYECKOTO CIIydasi, 3Ta (hOpMyJia HE TPEOYET ompe-
JeJIeHUsI HOpMaTUBHOTO Koo duumenTa £, .

C uenslto onpeneneHus koadduuueHToB popmyi (2.43) u (2.44) Oblna
BBITIOJIHEHA CepUsl pacuyeToB ISl Pa3IMYHBIX CPOKOB ITPOTHO3MPOBAHUS
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2.2. Hputepun sKoHOMUYeCHKO 3(hhEHTUBHOCTY Pa3BUTUA SNEKTPUHECKON CUCTEMbI / \

oT 5 1o 15 net u Hauboee pacOpOCTPaHEHHbBIX ClIydyaeB IPOECKTUPOBAHUS
BJIEKTPUYECKHUX CETE — BO3MYIIHBIX TUHU a5eKkTponepenayu (BJI) u mon-
cranuii (I1C). Beibop Takoro nmama3zoHa pacueTHBIX CpoKoB 1 ompene-
JisieTcsl TeM (haKTOM, YTO MPU NMPOESKTUPOBAHUM PA3BUTUSI DJIEKTPUIECKUX
ceTell 1OCTOBEPHbIE MPOrHO3bl HATPY30K yIAEeTCsl BHIMOJIHUTh HA CPOKU
oT 5 1o 10 jeT ¥ JuIlb B OTAEIbHBIX CydasiX, sl KPYITHbIX 9Hepropamio-
HOB, CPOKM MPOTHO3MPOBAHMSI MOTYT AOCTUTATh 15 JeT.

Br10opka pe3ynbTaToB pacueToB KO3(M(ULIMEHTOB ITPU KaITMTaJIOBIIOXE-
HUSIX M M3[IepKKaX Ha KOMIIEHCALIMIO MOTePb 3JIEKTPOIHEPTUM, BXOASIIIMX
B (hopmyibl (2.43) n (2.44), nns Tpex 3HAUEHU pacYETHBIX CPOKOB U3 pac-
CMaTpMBaeMOTO auara3oHa, a uMeHHo 1 7= 5, 10 u 15 net, nmpeacras-
JieHa B Taom. 2.1 u 2.2.

B Tabnuuax npuBeaeHBI pe3yJibTaThl pACYETOB C UCMOJb30BAaHUEM OOBIY-
HBIX HOPM PEHOBALIMOHHBIX OTYUCIIEHU, COOTBETCTBYIOILIMX CPETHUM (haK-
TUYECKUM CpoKaMm ciayK0bl ooopynoBanust BJI u I1C:

e Ui BJI Ha XeJ1e300€TOHHBIX M CTAJIbHBIX ONOpax o, s = 0,028, o ., =

= 0,02 (Tabx. 2.1);
e s [1C 150 kB 1 Huxe a,, s = 0,094, o, = 0,035 (Tabm. 2.1);
e i I1C 220 xB u Beite (tabi. 2.2) o, s = 0,084, o, = 0,035.

Pacuetnl BbITIOJIHEHBI 711 3HaueHU i HopMbl 1uckoHTa £ ot 0,04 10 0,2.

Tabauya 2.1

KoadduimmenTs! hopmys1 HHTErpajbHbIX NPUBEIEHHBIX 3aTpaT 1t BJI Ha Kej1e300e TOHHbIX
1 MeTaumyeckux onopax u I1C nanpsukennem 150 KB 1 HizKe npH 00BIYHBIX HOPMAX
aMOPTU3ALMOHHBIX OTYHCJIEHHIA

BosayuiHelie 1uHuUN, TMoacranuuu 150 kB
E T, net Oy = 0,02 " HUXE, O, = 0,035 oy 7
Ak, 1 EK, T Ak, 1 EK, T

5 0,3849 0,0865 0,7404 0,1663 4,452

0,04 10 0,6866 0,0845 1,3230 0,1631 8,111
15 0,9226 0,0830 1,7813 0,1602 11,118

5 0,4453 0,1057 0,7794 0,1850 4,212

0,06 10 0,7594 0,1032 1,3290 0,1806 7,360
15 0,9798 0,1009 1,7150 0,1766 9,712

5 0,4993 0,1250 0,8138 0,2038 3,993

0,08 10 0,8173 0,1218 1,3300 0,1982 6,710
15 1,0190 0,1191 1,6550 0,1934 8,559
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J'\ 2. Hputepw NPoeKTMPOBAHNA BMEKTPUYECHNX CUCTEM

Oxkonuarnue maon. 2.1

BosnyiiHble 1uHUHA, IMoncranuum 150 kB
E T, net ey = 0,02 1 HUXeE, O, = 0,035 Oy 7
Ak, 7 Ex r Ak, 7 Ex r
5 0,5473 0,1444 0,8442 0,2227 3,791
0,1 10 0,8637 0,1406 1,3270 0,2160 6,145
15 1,0454 0,1374 1,6000 0,2103 7,607
5 0,8000 0,1685 0,8769 0,2463 3,561
0,125 10 0,9086 0,1641 1,3200 0,2384 5,536
15 1,0660 0,1607 1,5423 0,2325 6,633
5 0,6464 0,1928 0,9049 0,2700 3,352
0,15 10 0,9427 0,1878 1,3110 0,2612 5,019
15 1,0780 0,1843 1,4910 0,2550 5,848
5 0,7220 0,2414 0,9496 0,3174 2,991
0,2 10 0,9862 0,2353 1,2890 0,3075 4,192
15 1,0850 0,2321 1,4090 0,3014 4,675
Tabauya 2.2

Koaddumentsr opMy HHTErpaJbHbIX IPUBEIEHHBIX 3aTpaT 111 BJI Ha XKej1e300e TOHHBIX
U METALIMYECKHUX ONopax npu yckopennoii amopruzanuu u [1C nanpsukenunem 220 kB
¥ BbIllIE MIPH YCKOPEHHOIi U 00bIYHOI aMOPTH3AIUAX

BOB,Z[Y].HHI)IC JIMHUU,

IMoncranuuu 220 kB

IMoncranuuu 220 kB

E T, net ey = 0,067 U BbILIE, O, = 0,067 | n BBILIE, O, = 0,035
Ak, 7 Ex 1 Ok, 7 Ex r Ok, 7 Ex 1
5 0,7873 0,1768 0,9698 0,2178 0,6959 0,1563
0,04 10 1,3853 0,1708 1,7180 0,2118 1,2422 0,1532
15 1,8338 0,1650 2,2900 0,2060 1,6702 0,1502
5 0,8469 0,2120 1,1060 0,2531 0,7739 0,1938
0,08 10 1,3503 0,2012 1,6260 0,2423 1,2625 0,1882
15 1,6419 0,1918 1,9930 0,2328 1,5693 0,1826
5 0,8980 0,2522 1,0430 0,2930 0,8412 0,2362
0,125 10 1,3136 0,2373 1,5406 0,2783 1,2650 0,2285
15 1,4975 0,2258 1,7694 0,2668 1,4760 0,2225
5 0,9570 0,3200 1,0800 0,3610 0,9196 0,3062
0,2 10 1,2611 0,3010 1,4330 0,3418 1,2471 0,2975
15 1,3506 0,2890 1,5420 0,3300 1,3620 0,2913

Hecmotps Ha TO, 4TO 3aBUCMMOCTb KO3(MMULIMEHTOB Ol 1, Oy r OT BEJIMYM-
HbI paCYETHOTO cpoKa 7 'sIBJISIETCSI BECbMa CYILIECTBEHHOM, aHAIU3 pe3y/IbTa-

24



2.3. Y4eT KpUTepuA HafiEHHOCTY NPV NPOEKTVPOBAHIN 3NEKTPUYECKO CUCTEMbI

TOB ITOKA3bIBAeT, YT0O KoahduimeHT £y ;B BbIpaxxeHnu (2.45) MouTy He 3aBU-
CHUT OT pacueTHOro cpoka 7. B 3ToM HeCOMHEHHOE TOCTOMHCTBO BBIPAXKEHMST
(2.45) — pe3yabTaThl COMOCTABICHUS] BAPUAHTOB MPAKTUYECKU HE 3aBUCSIT
OT BbIOOpaA pacueTHOro cpoka. Kpome Toro, BUmHO, 4To MexX1y Koapuiim-
eHToM E ; 1 HopMoIi IMcKOHTa E CyIecTBYeT BeCcbMa XeCTKasi CBSI3b.

Kak 13BeCTHO, MHBECTUIIMU B 3JIEKTPO3HEPIETUKY XapaKTepU3YIOTCs J10-
BOJIbHO BBICOKMMU CPOKaMU OKYIAeMOCTH, YTO CHIKAeT MHTepec OM3He-
ca K MHBECTUPOBAHMIO B 3Ty OTpacib. CTpeMiieHHe YBEIMYUTh 3TOT MHTEPEC
U YCKOPUTH OOHOBJIEHNE OCHOBHBIX IPOM3BOICTBEHHBIX (DOHIOB 3JIEKTPO3-
HePreTUKH IpuBeio K petieHusM [IpaButenbeTBa PO ripenoctaBUTh BO3MOXK-
HOCTbh IPUMEHUTh YCKOPEHHbIE HOPMbI aMOPTU3AIIUY JIMHUA 3JIEKTpOIepe-
Ja4yu v noacTaHuuii. B cBg3u ¢ aTM B TaoJ1. 2.2 mpuBeaeHbl KO3(PPULIMEHTbI
1151 popmyi (2.42—2.45) npu yCKOpPEHHbIX HOpMaxX aMOPTU3alliM M 3HAYEHU U
HOPMATHBA €XETOIHBIX OTYMCIIEHNI Ha peHoBalMIo o ., = 0,067.

Takum 00pa3oM, METOI MHTETPaJbHbBIX ITPUBEACHHBIX 3aTpaT IO3BOJISIET
PEIINTh 3a1a4y OLIEHKH CPaBHUTEIbHOM 3(P(HEKTUBHOCTU KAITUTAJIOBIOXKE-
HUI MpU BBIMIOJIHEHUH yCI0BUl ToxkaecTsa agdekrta [1, 3, 7, 11]. s ya-
CTO UCITOJIb3yeMOI Ha MpaKTUKe Uaeaar3alliy B BUIE CTAaTUIECKOTO CIyJast
€IMHOBPEMEHHBIX KaIUTaJIOBIOKeH K 1 HEM3MEeHHBIX €KETOTHBIX U3eP-
>keK Y MeTon MHTerpaJIbHbIX ITPUBEICHHBIX 3aTpaT pean3yeTcs B BUIE yI00-
HbIX (hopMy (2.42) u (2.45), U3 KOTOPBIX TTOCJIEAHSIS 110 (DOpMeE COBIagaeT
¢ (hopMyJI0¥i TONOBBIX CTaTUYECKUX MpHBeAeHHbIX 3aTpart (2.20). Beipake-
Hue (2.45) He TpeOyeT 3ananus £, ucronb3yercs Koo hUILIMEHT COMOCTABIIE-
HMSI KaITUTAIOBJIOKEHUI 1 u3nepskek £y ;, BeIMUMHA KOTOPOTO CYLIIECTBEHHO
3aBUCUT OT HOPMbI AUCKOHTA F U ¢J1ab0 3aBUCUT OT CPOKa IPOTHO3MPOBA-
Hust 7. Paccunrannble 3HaueHus £y ;. 1715 yCKOPEHHBIX HOPM aMOPTHU3ALNN
MOKAa3bIBAIOT €ro 3aMETHOE YBEJUUYEHUE, UTO COOTBETCTBYET ITOBBILIEHUIO
3(hHeKTUBHOCTY BapUaHTOB ¢ 00JIee KAMUTATOEMKUMU OObEKTaMU.

2.3. Y4eT KpuUTeprA HaJerHHOCTW NpY NPOEKTNPOBaHUM
3NEKTPUYECHOW CUCTEMBI

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

[Tpu pa3paboTKe BO3MOXKHBIX BApUAHTOB MTOCTPOCHUS CETH HEOOXO-
IVMO YYUTBIBATh TPeOOBaHMSI, KOTOPHIC MPEIbIBISIOTCS K HAIEXKHOCTU
3JIEKTPOCHAOXKEHUST TOTpeOUTeNell 31eKTposHepruu. Bece cpaBHMBaeMbIe
BapuaHTHl Pa3BUTUS CETH JOJKHBI 00eCIeYNBaTh OAWHAKOBHIN ITOJIE3-
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2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

HBII OTITYCK 3JIEKTPOSHEPTUM MOTPEOUTESIM MPHU 3aJaHHOM PEXUME TTO-
TpebseHrss MolHOCTel. Kaxnblii BapuaHT CETU MOJDKEH MOANEPKUBATh
TpebyeMylo Hale’KHOCTb, MOJI KOTOPOM 31€Ch MOHMMAETCS CITOCOOHOCTh
MPOEKTUPYEMOTO OOBEKTA BBITTOJIHITD 3aaHHbIE (DYHKIIMU, COXPAHSISI 9KC-
TUTyaTallMOHHbBIE MOKA3aTeJIM B YCIOBUSX, OTOBOPEHHBIX B HOPMATUBHBIX
JokyMeHTax. TpeboBaHMs K HAIEXKHOCTHU 3JIEKTPOCHAOXKEHUSI OIIPENEIISIIOT-
csi «[IpaBuIaMu yCTPOMCTB 3JIEKTPOYCTAHOBOK» [2] B 3aBUCUMOCTHU OT Ka-
TEropuil 3J1EKTPOIIPUEMHMKOB IO HajaexXHoCcTU. B coorBeTcTBUU ¢ [TYD
BCE 2JIEKTPOIPUEMHUKY MO TPeOyeMOU CTeTTeHU HAAEKHOCTU Pa3ieaeHbI
Ha Tpu Kareropuu [2].

K I xateropru oTHOCATCS 371E€KTPONPUEMHUKN, HAPYLIEHUE DJIEKTPO-
CHAOXEHUS KOTOPBIX MOXET ITOBJIEYb 32 COOOM OMACHOCTh IJIS KU3HU
JIIOAEW, 3HAUYUTEbHBIN yIIEpO HAPOIHOMY XO3SIMCTBY, MOBPEXIECHUE J10-
POTOCTOSIIETO OCHOBHOTIO 000PYIOBaHUSI, MACCOBBIN OpaK MPOAYKIIUH,
PaCCTPOMCTBO CJIOXKHOTO TEXHOJOTMYECKOTO MpoLiecca, HapylieHUue (hPyHK-
LIMOHUPOBAHUS 0CO00 BAXXKHBIX DJIEMEHTOB KOMMYHAJIbHOTO XO3SMCTBA.
DJIeKTpOoNnpUEMHUKM | KaTeropru 10JKHbI 00eCIeYnBaThCS 2JIEKTPOIHEP-
rMeil OT ABYX HE3aBUCHUMBIX B3AMMHO PE€3€pPBUPYEMBIX HCTOYHUKOB ITUTa-
HUsl. DIeKTPOCHAOXEeHKE ITPU aBapUITHOM OTKJIIOYEHUU OJTHOTO U3 MUCTOY-
HUKOB JIOJDKHO 00€CTIeYrMBaThCS BTOPBIM. B TOM citydae, eciiu ocylecTBUTh
3JIEKTPOCHAOKEHUE SJIEKTPOIIPUEMHUKOB | KaTeropuu Ot IBYX OTAEJIbHBIX
MOJICTAHILIMA HEBO3MOXHO, B KAY€CTBE HE3aBUCUMBbIX UICTOYHUKOB MOTYT
HCIIOJIb30BAaThCS ABE CUCTEMBI WM IBE CEKILIMU IIWH OJHOU MOACTAaHIINH,
MUTAIOIIENCS OT IBYX UCTOYHUKOB. [lepepbiB B 2JIEKTPOCHAOXKEHUM TT0-
Tpeduteseit I kaTeropuu MoOXXeT ObITh TOIYIIEH TOJIbKO HAa BpeMS aBTOMA-
TUYECKOTO BBOAA PE3EPBHOTO IMTUTAHUSI.

M3 cocrapa sieKTponnprueMHUKOB | KaTeropuu BbIAEASIETCS 0CO0ast TPyIi-
Ta, JUIsi He€ BHE3AIMHbIN MepepbIB 2JIEKTPOCHAOKEHUS MOXET CO31aTh YIPO3Y
>KU3HM JIIOAEN WM MOXET IMTPUBECTU K B3pbIBaM U pa3pyILIIEHUSIM OCHOBHOTO
TEXHOJIOTMYECKOro ooopynoBaHus. 11 aneKTpocHaOXeHUSI TOoTpeduTeiei
3TOI 0CO0O0M TPyl AOJIKEH MTPeIyCMaTPUBATLCS TPETUI (aBapUITHBII) pe-
3€pPBHBIN HE3AaBUCUMBIA UICTOYHUK, MOIITHOCTb KOTOPOTO AOCTATOYHA JJIsI
0Oe3aBapuitHOIM OCTAHOBKM ITPOM3BOJICTBA M KOTOPBIN aBTOMAaTUYECKM BKITIO-
YaeTcsd MPU MCYE3HOBEHU M HAMPSDKEHM ST HA IIIMHAX OCHOBHBIX ICTOYHUKOB.

DnekrponpueMHuku 11 KkaTeropum — 3JeKTPONPUEMHUKH, TIEPEePbIB
3JIEKTPOCHAOKEHUSI KOTOPBIX CBSI3aH C MACCOBBIM HETOOTITYCKOM MPOAYK-
LIMU, HAPYLIEHUEM TEXHOJIOTMYECKOTO MpOolLiecca MIPOU3BOJICTBA, 2 UMEHHO
C IPOCTOEM pabOYMX, MEXaHM3MOB, ITPOMBIIIJIEHHOTO TPAaHCIIOPTa, C Ha-
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2.3. Y4eT KpUTepuA HafiEHHOCTY NPV NPOEKTVPOBAHIN 3NEKTPUYECKO CUCTEMbI

pYLIEHWEM HOPMAaJbHOM MPOU3BOACTBEHHOM NEATEIBHOCTU TOPOACKUX
U CEJIbCKUX XXUTeei. DTU 3JIeKTPONPUEMHUKU PEKOMEHIyeTCs obecre-
YMBATh 2JIEKTPOIHEPTUEN OT IBYX HE3ABUCUMBIX B3AUMHO PE3€PBUPYEMBIX
WCTOYHUKOB IMUTAHMS, TIPU 3TOM JIOITYCTUM II€PEPHIB JEKTPOCHAOKEHUS
Ha BpeMs1, HEOOXOIMMOE JIJIST BKIIIOUEHUS Pe3€pPBHOIO MMUTAHUS I€XKYPHBIM
MEPCOHAJIIOM WJIM BbIE3THOW Opuranoi. Jlomyckaercss muraHue 3JIEKTPO-
nprueMHUKOB 11 Kkareropuu 1Mo oaHOM BO3MYILIHOW JIMHWAM, a TAKXKE MO OJI-
HOM KabeIbHOM TMHUM, COCTOSILIE HE MEHee YeM U3 IByX Kabeseil, mpu-
COeAMHEHHBIX K OTHOMY arfnapary, Wi OT OJHOTO TpaHc(opMarTopa, eciu
00ecTneuynBaeTCs BO3MOXHOCTD IMPOBEICHUS PEMOHTA JTMHUW WIN 3aMEHBI
MOBPEXAECHHOIo TpaHCc(hopMaTopa B TeYEHHE CYTOK.
OnekrponpueMHuku I11 kaTeropun — Bce ocTajabHbIE 2JIEKTPOIPUEM-
HUKU. DJIEKTPOCHAOKEHUE ITUX JIEKTPOIPUEMHUKOB MOXKET BBITTOTHSITHCS
OT OJJHOTO MUICTOYHUMKA ITUTAHUS TTPU YCIOBUM, UTO TIEPEPHIB DJIEKTPOCHAO-
>KEHMS1, HEOOXOAMMBII 1711 PEMOHTA WJIY 3aMEHBI TIOBPEXIEHHOTO 3JIEMEH-
Ta CETU, HE MPEBBIIIAET CYTOK.
TpebGoBaHMs K HAAEKHOCTU MUTAIOIINUX U PACTIPENCTUTEIbHBIX CETEN
SHEProCUCTEM, a TAKXKE PaCIpPEaeIUTEIbHBIX MMPOMBILIEHHBIX, TOPOI-
CKMX 1 CEJIbCKMX CETEH perlIaMeHTUPOBAaHbl B HOPMATUBHBIX JOKYMEHTAX.
B 5Tux nokymMeHTax rpuBeneHbl TpeOOBAHUS 10 PE3€PBUPOBAHUIO, KOJIU-
YeCTBY lieTeli U TpaHC(OpMaTOPOB Ha MOACTAHIIMSX, CXEMaM MPUCOEA-
HEHUS TTOJACTAaHUMIA K CETH, TOMYCTUMOCTHU MCIOJIb30BAaHUS IBYXLEMHBIX
BO3IYIIHBIX TUHUM [4—7].
st motpedbuteneid I kareropuu nepepbiB B 3J1€KTPOCHAOXEHUU CBSI-
3aH C MOCJEACTBUSIMHU, YIIEPO OT KOTOPBIX HE MOXET ObITh BBIPAXKEH B BUIE
SKOHOMMYECKOIo 3kBuBajieHTa. CpaBHMBATh MO MPUBEIEHHBIM 3aTpaTaM
MOXHO TOJIbKO TaKV€ BApUAHTBI CETU, MUATAIOIIEN moTpeduTenei I karero-
puu, 1711 KOTOPBIX TEXHUYECKME MOKA3aTeJIM HAAEXKHOCTH YIOBIETBOPSIIOT
TpeOOBaHUSAM, perJIaMeHTUPOBAaHHBIM B [1YD.
B Teopuun HanEeXXHOCTU UCITOJIB3YIOTCS CIEAYIOIINE TTOHSTHS:
e pPaboTOCIOCOOHOCTh — CITOCOOHOCTH CUCTEMBI BBITIOJIHSTh 3aIaHHBIE
(byHK1IMU ¢ TpeOyeMBbIMU PEXMMHBIMU ITapaMeTPaMU;

e O0TKa3 — HapylleHue paboTOCIIOCOOHOCTH;

e 0€30TKa3HOCTb — CBOMCTBO CUCTEMBbI COXPAHAITh PA0OTOCIIOCOOHOCTh
B T€UEHME 3aJJaHHOIO MHTEPBaJIa BPEMEHHU 0€3 BBIHYXKIEHHbBIX ITepe-
PBIBOB.

J1719 BOCCTaHABIMBAEMBIX (PEMOHTUPYEMBIX) 2JIEMEHTOB 3JIEKTPUUYECKOMN
CETU MPEACTABISIET MHTEPEC CPEIHSIS BEPOSTHOCTh OTKa3a JIEMEHTa, KO-
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TOpasi onpeaesieTcs 3a JJIMTebHbIN Nepruoa HaOII0IeHUS, 9TY BEJTUUUHY
Ha3BIBAIOT K0d(hpuLuenmom eviHyxncoenHo2o npocmos Ky. D1oT Koadduim-
€HT, B CBOIO OYepe/ib, 3aBUCUT OT TaKUX IoKa3aTelieil, Kak rmapameTp Mo-
TOKa OTKAa30B U CpefHee BpeMsl BoccTaHOBNeHuUs. [lapamemp nomoka om-
Ka306 BOCCTAaHABJIMBAEMOIO 3JIEMEHTa ® — BTO CpelJHee KOJIUYECTBO
OTKAa30B 2JIEMEHTa B €IMHUILY BpeMeHU. BennunHa o paccuuThiBaeTCs
10 CTaTUCTUKE OTKA30B, TTOJYYEeHHOM Ipu 3Kcrutyatauu. [1porecchl Boc-
CTaHOBJIEHUS (aBapUITHOTO MPOCTOST) OTKA3aBIIMX 3JIEMEHTOB IS TIpaK-
TUYECKHMX pacuyeToOB HanMboIee YacTO XapaKTePUIYIOTCS CPeOHUM 8peMeHeM
soccmanoenenus (BpeMeHeM aBapuitHoOTro rpoctost) 1.

Hns morpeduTteneii 11 u I11 kareropuii mo HageXKHOCTU MEPEPHIB B JIEK-
TPOCHAOXXEHUU IMPUBOAUT K IMOCJICACTBUSM, KOTOPbIE MOTYT OBbITh BhIpaXKe-
HbI B BUJIE 9KOHOMUUECKOTO SKBUBAJICHTA — 0XCcUOAeM020 CpeoHe20008020
HapooHoxo3siicmeenHo2o yujepoa (Y) oT HapylLIeHUs JIeKTPOCHAOXKEHMS.
VYiep0, BO3HMKAIOIINI BCJISACTBUE HEIOOTITYCKA 3JICKTPOIHEPTUU, BKITIO-
YaeTcsl B COCTaB 9KOHOMUYECKOTO KpUTEPUsI MPUBEIESHHBIX, TMCKOHTUPO-
BaHHBIX WM MHTETpaJIbHBIX 3aTpaT M YYUTHIBAETCS TPU BbIOOpE BapuaH-
Ta CeTU, €CJIU CpaBHMBAEMble BApUAHTHI CETU CYILLIECTBEHHO Pa3InyaloTcsI
1o HajexXHocTH. [1pu 3TOM BEIOMpAETCS BapMaHT CETH, B KOTOPOM 3Haue-
HUE UCITOJIb3YeMOro 3KOHOMUYECKOT0 (DYHKIMOHAIa HAMMEHbIIIee, BKITIO-
yasi yuiep0 13-3a HapylleHus 31eKTpocHaoXeHus [4—9].

CpenHeronoBoii yiiep0 Y u3-3a HapylIeHUs 3JIEKTPOCHA0XEHUST CKJla-
JBIBAeTCS U3 BEPOSITHOTO CPEeIHEro0BOro yiiepoa Y, 1M3-3a aBapuitHOro
(BBIHYXKJIEHHOI'0) HapyLLIEHUS 2JIEKTPOCHAOXEHUS U MJIAaHOBOT'O TOJI0BOIO
yiiepoa ¥y, KOTopblit 00yCJIOB/IEH MJIAHOBBIMU PEMOHTAMU 000PY10BaHUS:

V=Y, +V, (2.46)

BeposiTHbIil cpenHeronoBoit yiepo Y, n3-3a aBapuiiHOTO (BbIHYXIEH-
HOI'0) HapyLIEHUS 3JeKTPOCHAOXEHUS IS TTOCIEA0BATEIbHO BKIIOUEH-
HBIX 3JIEMEHTOB CETU MOXXHO HAalTU IO BbIPAXKEHUIO

Ya=Yao P '&‘Z:’:lmm Trpis (2.47)

rae Y, — VAEIbHBII yiiepO 13-3a BEIHYKIECHHOTO MepephbiBa 3JIEKTPO-
CHaOXEeHHUS pacCMaTPUBAEMOT0 IMOTPEOUTEIST; ® ,; — MapaMeTp IMOTOKa aBa-
PUITHBIX OTKA30B 3jieMeHTa i; 1,5, — cpeaHee BpeMsl BOCCTAHOBJICHMS [-T'O
aJeMeHTa 2JIeKTPUIECKUX CeTell IpU aBapuiftHOM oTKase, P, — aKTHhB-

Hasi MOITHOCTb Harpy3km B MaKCUMaJIbHOM PEXKUME, }; — CTCIICHDb OI'pa-
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2.3. Y4eT KpUTepuA HafiEHHOCTY NPV NPOEKTVPOBAHIN 3NEKTPUYECKO CUCTEMbI

HUYEHUS Harpy3KU MOTpeduTeseii U3-3a aBapuiHOIO MepepbiBa 3JIEKTPO-
CHaAOXEHMUsI; n — YMCJIO TIOCeA0BaTeIbHO BKIIOUEHHBIX 3JIEMEHTOB CETH.

I'onoBoii aHoBbIM yiiepd Y u3-3a aBapUHOTO (BBIHYXX/I€HHOI'0) Ha-
PYILLEeHUS 2JIEKTPOCHAOXKEeHSI /151 TTOC/IeI0BaTeIbHO BKJIIOUEHHbIX 2JIEMEH-
TOB CETU OMPENEIISIeTCS 11O BhIPAXKEHUIO

Yiu=Yno P 'E.!'Z:lzl(’ol'li Thgi (2.48)

rae Y ;o — VAEIbHBIH yiepo IMpy IIAHOBOM OTKJTIOUEHUH DJIEKTPOCHAOXE -
HUS TTOTPEOUTENIS; O;; — MapaMeTp MOTOKA TIAHOBBIX OTKJIIOUYEHUIA dJTe-
MeHTa I; Thp, — cpeaHee BpeMsl BOCCTAHOBJIEHUS i-TO DJIEMEHTA DJIEKTPH-
YECKMX CETEM MPU TUIAHOBBIX OTKIIOYEHUSX; P, — aKTUBHAsl MOLIHOCTH
Harpy3kv B MAKCUMQJIbHOM PEXUME; & — CTENEHb OTPAHUYECHUS HATPY3-
KM TTIOTpeOUTEIeH TIPU TNIAHOBBIX OTKJIIOYEHUSIX 3JIEKTPOCHAOXKEHUS; h —
YUCJIO TIOCJIEN0BATEIbHO BKIIIOYEHHBIX 2JIEMEHTOB CETH.

CrerneHb OrpaHUYEHUST HATPY3KU MOTpeOUTENEl OnpeaeisieTcsl Kak OT-
HOILIEHUE BEJIMYMHBI OTKJIIOYAEMOM HArpy3Ku MpU pacCMaTPUBAEMOM OT-
Ka3e K CyMMapHOI MaKCUMaJIbHOI HArpy3Ke HOpMaJIbHOro pexuma. [1pu
TOJIHOM MPEKPAIIECHUY NEKTPpOCcHAOXKeHUs & = 1. B ceTu ¢ moiHbIM pe3ep-
BUPOBAHUEM MPHU OTKA3€ JIIOOOTO €€ 2JIeMEHTa MOTPEOUTEb MOXET MOJY-
YUTh BCIO HEOOXOIMMYIO EMY MOIIIHOCTb. B 3TOM cityuyae mepeprniBa B 2J1€K-
TpocHaGXeHUH He TTporcxoauT u BennunHa & = 0. [Ipoussenenue P, u &
COOTBETCTBYET MOIIIHOCTU HAarpy3Ku, OTKJIIOYaeMOM IMPU OTKa3e.

JlaHHBIE MO MapaMeTpaM MOTOKOB OTKa30B OCHOBHOTO 000OPYIOBaHUS
BJIEKTPUYECKUX CETEN U CPEAHEMY BPEMEHU BOCCTAHOBJICHUS 2JIEMEHTOB
MpU aBAPUHHBIX U TTAHOBBIX OTKIIOYEHUSIX TIPUBOAATCS B CIIPABOYHOM
nutepatype [8, 9]. Tam xxe nmpuBeaeHbI IPUOJIMKEHHbIE OLIEHKHU YACTbHBIX
yIepOOB [IJIsI HEKOTOPBIX KOMILJIEKCHBIX Y3JIOB HAIrPY30K B 3aBUCUMOCTH
OT COCTaBa 3JIEKTPONPUEMHUKOB, MapaMeTPOB rpapKoB HArpy30K U CTe-
MEHW OTPAaHUYECHUS TTOTPEOUTETIEH.

3ayacTylo Mpu yuete KpuTepust HaeXKHOCTH IPU MPOSKTUPOBAHUM IJI€K-
TPUYECKUX CETEN YUUTBHIBAIOTCS TOJILKO aBAPUMHBIE OTKITIOUECHUS TOTPEOU -
TeJIeW C y4eTOM OTHOBPEMEHHOCTHU BBIBOAA B PEMOHT O0OPYIOBAHMS DJIEK-
TPUYECKUX CeTel 1 roTpeduresieii. Eciu cormacoBaHre CpOKOB PEMOHTOB
000pyI0BaHMS HEBO3MOXHO, TO IPU YYETE KPUTEPUST HAE)KHOCTHU B pac-
YETHBIEC 3aTPaThl BKIIOYAETCS CyMMa MaTEMaTUYECKMX OXUIAHUNA ylIep-
0OB OT MEPEPHIBOB B JIEKTPOCHAOXKEHUM M3-32 BBIHYXXIECHHBIX U TIJIAHO-
BBIX IIPOCTOEB.
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2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

3aBUCHUMOCTH YICIbHBIX YIIIepOOB M3-3a IepephiBa 3J1eKTPOCHAOXKEHUS
(B meHax 1990 rona), mokazaHHbIe Ha puc. 2.3, UMEIOT 000OIIEHHbIN Xa-
pakTep ¥ MOTYT OBITh MCIIOJIb30BAaHBI JIUIIIb JIJIST OPUEHTUPOBOYHOI CpaB-
HUTEJIHLHOI OLIEHKU BApUAHTOB 3JIEKTPUUECKOM CeTH.

B psime cinydaeB cocTtaB Harpy3ku OTJIMYAeTCsd OT MPHUBEASHHOTO
Ha puc. 2.3 coctaBa rpyIi. B aToM ciryyae mist pa3HBIX IOTpeOUTENeH HAlO
HCTIOJIB30BaTh CITelIMaIbHbIe JaHHBIE 00 yiIepOax M3-3a IepephiBa 3JIeK-
TPOCHAOXKEHMSI, TPUBEICHHBIC B CIICLIMAIM3MPOBAHHOM JTUTEpaType.

¥y, ThIC.pyO/KB
0, THIC.pyO/KDBT Vo, ThIC.py6/KBT

1
7 A —
6 A 3 6 // )
/ V7 / z
; / /f:/

s | 1 A7
// L > 3
T / 2 #
| // > 4 | 1/ _—
L =
. &4
0,2 0,4 0,6 0,8 g 0,2 0,4 0,6 0,8 ¢
a) 0)

Puc. 2.3. YnenbHblil ronoBoii yiepo oT aBapuiiHBIX (a)
U IJIAHOBBIX (0) OrpaHUYEHUI 3JIEKTPOCHAOXKEHUSI HATPY3KU

N
N
N\

CTpyKTypa Harpy3K# I1o rpymnmnam, %

CTpyKTypa Harpy3ku 1 2 3 4
ITpoMBIIIIIEHHOCTH 15 70 10 35
BrIT U chepa obcnykuBaHUS 50 25 25 25
Cenbckoe X03SICTBO 15 — 55 30
TpaHCTIOPT U CTPOUTENTBCTBO 20 5 10 10

151 pacueTa TEXHUUECKUX MOKa3aTesiei Hale>kKHOCTU U yliepoa u3-3a rne-
pepbIBa AJEKTPOCHAOXKEHUSI COCTABIISIETCS CTPYKTYpPHAsl CXeMa 3aMeleHUS
paccMaTpuBaeMoro yyactka cetu. PaccMoTpeHHbIe Bblliie (hOpMYJibl OTHO-
CATCS K CTPYKTYPHOI CXeMe MPU IOCeI0BaTEIbHOM BKJIIOUEHU U DJIEMEHTOB
CETU, IPU ITOM B OJTHY BETBb COCTUHSIFOTCS T€ 3JIEMEHTBI CETU, OTKA3 JII0OOTO
13 KOTOPBIX BbI3bIBAET MIPOCTOM BCEX OCTAIbHBIX 2JIEMEHTOB TAHHOM BETBU.

[Tpu HanMuMK NapaieSbHBIX 2JIEMEHTOB B CXeME CETU OTKJIIOUEHUE JTI0-
00ro 13 3J1eMEHTOB He IMTPUBOAMUT K MPOCTOIO OCTAIbHBIX U MMOJIHOMY Orpa-
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2.4. Y4YeT KpUTepUA Ka4ECTBa SNEKTPOSHEPTUN NPU NPOEKTVPOBAHM 3NEKTPUYECKON CUCTEMbI

HUYEHUIO moTpebuTeneit. s mapajiiebHO BKIIIOUEHHBIX B CTPYKTYPHYIO
CXEMY CETH 3JIEMEHTOB MaTeMaTUYECKOE OXKMIAHKE yilepOa OT BEIHYKIEH-
HBIX, T.€. aBAPUIHBIX IIPOCTOEB OIpeaessieTCs Mo 00Jiee CAOXHBIM, YeM
(2.47) n (2.48), BeIpaxxeHusm [8, 9].

Heob6xoamMo nMeTh B BUY, YTO BAPUAHTHI CXEM, BHIITOJTHEHHBIX Ha pa3-
JIMYHBIX HOMUHAJIbHBIX HATIPSDKEHMSIX, U3-3a PA3JIMYHON CTOMMOCTH aria-
paTyphbl ¥ pa3HbBIX BEJIMYMH MOTEPh JIEKTPOIHEPTUM MOTYT CPABHUBAThLCS
10 5KOHOMUYECKOMY KPUTEPUIO C Y4ETOM 000PYI0BaHUS OACTAHLIMIA 11O~
TpebuTeseil U MOTepb SHEPTUM B HUX. DTO MOJIOKEHKME 00s13aTEIbHO U [IIST
CpaBHEHUSI BADUAHTOB C pa3HOI HAIEXHOCTBIO MUTAHUS IOTPEOUTEICIA.

2.4. Y4eT KpUTepnA KayecTBa 3NEKTPO3HEPriK
MNPV NPOEKTUPOBaHNY 3NEKTPUYECHKOR CUCTEMBI

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

DPpdexTuBHaAsA paboTa NPUEMHUKOB 3JIEKTPOIHEPTUU U DJIEKTPOSIHEP-
FeTUYECKMX CUCTEeM 00ecCIeunBaeTCs MpU COOTI0IEHUM BCeX TpeOOBaHUIA
K MOKa3aTeJIsIM KauyeCcTBa 3JIEKTPOSHEPIUu.

Ha srane npoekTupoBaHuUs MpH yuyeTe KauecTBa JIEKTPOIHEPTUU HEOO0-
XOIVIMO OTTUPATHCST HA TEXHUKO-3KOHOMMYECKOE CoIocTaBieHue 3¢ ¢eKTa
OT MEPOIPUSITHIA 110 YIYJIICHUIO KauecTBa M HEU30EKHBIX MIPU 3TOM 10-
MOJIHUTEJIbHBIX 3aTpar.

TexHUKO-3KOHOMMYECKHE IT0Ka3aTe/Iu, CBsI3aHHbIE C KAUYECTBOM 3JIeK-
TPO3HEPTYHU, YYUTHIBAIOT YILIepO, BOZHMKAIOIIMIA BCISACTBIE IIPEIOCTaBIIe-
HUSI MOTPEOUTEISIM HEKAYeCTBEHHOM 3JIEKTPOIHEPTUU. DTOT yilepOd MOXK-
HO pa3nenuThb cienyomum oopa3om |1, 4—7, 10—11]:

® TEXHOJIOTUYECKUIA yIIepO, 00yCI0BICHHbII HEAOOTITYCKOM IPOIYK-

LIMM, paCCTPOMCTBOM TEXHOJOIMUYECKOTO Mpolecca NoTpeduTeeit
BJIEKTPOSHEPTUr — YIIepO B CUCTEMaX 3JIEKTPOCHAOXKEHMsI MOTpe-
ourenei;

e D3JIEKTPOMArHUTHBIN ylIepO OT HEKAYeCTBEHHOM 3JeKTPOIHEPTUH,

BBIPAXKAIOLIMIACS B YBEJIMYECHUHU TTOTEPh DJIEKTPOIHEPTUM U HapyIlIe-
HUM padOThI 3JIEKTPOOOOPYIOBaHUS — YILIEPO B 3JIEKTPOIHEPIreTUKE.

KauecTBo 3J1eKTpO3HEeprum TECHO CBSI3aHO C HAEXKHOCTBIO, TOCKOJIbKY
HOpPMaJIbHBIM CUYMTACTCS PEKUM 3JIEKTPOCHAOXKEHUS, ITPY KOTOPOM IOTpe-
outenn GecriepedoitHO obecneunBarTCsl TPEOYEMbIM KOJIMYECTBOM 3JIeK-
Tpo3Heprur HopmupoBaHHOro coracHo 'OCT 32144—2013 kauecTsa [13].
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2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

B snexTposHepreTMyecKMx cucTteMax MOryT BO3HUKATh [13—15]:

1) Hopmanvhble pexcumbl, IPU KOTOPBIX HOPMaJIbHO pabOTaeT Bce 000py-
JIOBAaHME 2JIEKTPUUYECKUX CUCTEM, MapaMeTpbl 000pyIOoBaHUs 0113-
KA K HOMUHAJbHBIM 3HAYEHUSIM U HE BBIXOIAT 3a JJIUTEJILHO JOITy-
CTUMBIE TIPeIeIbl;

2) epemeHHO donycmumble pelcumbl, XapaKTepU3yIOIIMecss TOKOBBIMU T1e-
perpy3kaMu, OTKJIOHEHUSIMU HATIPSIKEHMS U T. M., KOTOpbIe JIM0O 3a-
JIOKE€HBI B IPOEKTHBIE pacyeThl (Hampumep, CUCTeMaTUYecKue Ie-
perpy3Ku BO BpeMsl CYTOYHBIX MAaKCMMYMOB), JUOO ITOIYCKAIOTCs
Ha OIlpeJeJIEeHHOe OrpaHMYEeHHOE BpeMsl 0e3 CYIIeCTBEHHOTO YIlep-
0a JJ1s1 CeTU U TIUTAaEMbIX OT Hee IPUEMHUKOB;

3) asapuiinvie pexcumbl, XapaKTEPU3YIOLIMECS OMACHBIMU TSI DJIEMEH-
TOB CETU CBEPXTOKAMU WU APYTUMU HEAOIYCTUMBIMU SIBJICHUSIMMU;
TaKkue peXXrMMbl OOBIYHO BO3ZHMKAIOT MPU MOBPEXKACHUSIX 3JIEMEHTOB
ceTu (Ip1 HapyLIEHUSIX U30JISILIMI, TP OOPbIBE MPOBOIHUKOB U T. I1.)
1 UMEIOT MEePEXOAHbIN (HEYyCTAaHOBUBILIMIACS ) XapaKTep;

4) nocaeasapuiinvle pexcumsl, B KOTOPbIE BXOISIT KaK MePEeXOaHbIe MPO-
11eCChl, BOBHMKAIOIIKWE MPU PYYHOM MJIM aBTOMAaTUYECKOM BOCCTa-
HOBJIEHMU TUTAHUS (BbI3BaHHBbIE, HAIpUMEP, OAHOBPEMEHHBIM
€aMO03aIlyCKOM OOJIbIIOrO YKciia 3JeKTPONPUEMHUKOB), TaK 1 yCTa-
HOBUBILIKECS PEXUMbI B HOBBIX, YaCTO OrPaHUYE€HHBIX 110 MOIITHOCTHU
YCJIOBUSIX TIMTAHUSI.

ITpu npoekTMpoOBaHUU NEKTPUIYECKON CETU BCE MEPEUMCIICHHbIE PEXM -
MblI 1I0JKHBI OBITH TPOaHAIM3MPOBAHBI 1 1I0JKHA ObITh yYTeHA BOBMOXKHOCTD
UX cyliecTBoBaHMU [4—6, 15]. Ha aTane mpoeKTHpoBaHUS SJIEKTPUIECKOM
CeTH YUYUTBIBAETCS TOJBbKO OJIMH MOKa3aTeib KaYyeCTBa JIEKTPOIHEPTUN —
YCTaHOBUBIIIEECS OTKJIOHEHUE HAMPSLKEHUsI. DTO OTKJIOHEHWE HaIlpsike-
HUSI OT €0 HOMUHAJIBbHOTO 3HAaUeHUsI B YCTAHOBUBILEMCS pexkKrMe paboThl
3JIEKTPUUECKUX CeTel, yCpelHEHHOEe 3a pacUeTHbIN MHTEPBAJl.

CormacHo 'OCT 32144—2013 nmonoXuTeabHbIE ¥ OTPULIATEILHBIE OT-
KJIOHEHMSI HAMPSDKeHUST B TOUKAX Mepeaadyn 2JIeKTPOIHEPTUU He TOJIKHbI
npeBbimath 10 % HOMUHATBLHOTO WX COTJIACOBAaHHOTO HampskeHus. J1o-
MyCTUMbI€ 3HAYEHUS TOJIOXKUTEbHOTO U OTPULIATEIbHOTO OTKJIOHEHMIA
HaIpsKEeHUs B TOUKAxX 00Iero MprucoeIMHEeHMS JOJKHbBI YCTaHABJIMBATh-
Csl C YYETOM BBINOJHEHUSI HOPM CTaHJIapTa B TOUKaXx Iepenayu 3JeKTpU-
YECKOU DHEPTUU.

B anexTpuyeckoii ceT moTpeduTesisi OTKIOHEHWS HaNpsKeHWsl M1uTa-
HUSI Ha 3aKMMax 2JIEKTPONPUEMHUKOB HE JOJXKHBI MPEBbIIIATh YCTAHOB-
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2.5. JKONor4ecKi KPUTEPWIA U €ro Y4ET NPV NMPOEKTUPOBAHWN 3NEKTPUYECHUX CETEN

JICHHBIX JUTSI HUX JOITYCTUMBIX 3Ha4eHUA. [1p1 5TOM OTKIIOHEHMST HATTIpSIKe -
HUS B TOUKAX Mepeaadu 2JIEKTPOIHEeprur J0JKHBI cooTBeTcTBOBaTh [OCT
32144—2013 unu ycTaHaBIUBATLCS JOTOBOPAMU MEXIY 3JIEKTPOCHAOXKAal0-
UMY IPEANPUATASIMUA U TTOTPEOUTEIISIMU 3JIEKTPOIHEPTUM. Tak, Ha BbI-
BOJaX MPUEMHUKOB 3JIEKTPOHEPTUH, SIBIISIIOIINXCS MCTOYHUKAMU 3JIeK-
TPOMArHUTHBIX MIOMEX, JTOMYCKAIOTCS M3MEHEHMSI TToKa3aTelieil KayecTBa
3JIEKTPO3HEPTUU B OoJiee MUPOKMUX Mpeaenax, yeM yctaHoBiaeHo [OCT
32144—-2013, ecnu 3T0 HE MPUBOAUT K HAPYILISCHUIO HOPMUPOBAHHOTO Ka-
YeCTBa 3JIEKTPOIHEPIUHU Y IPYTUX ITOTPEOUTEIICH IIEKTPOIHEPTUH.

B aBapuifHBIX peXxrMax JOITyCKarTCs KpaTKOBPEMEHHbBIE BBIXOBI ITO-
KazaTeJieil KauecTBa 3JIEKTPOHEPTUM 3a YCTAHOBJICHHBIE TIpeAeIbl (CHU-
>KeHUe HampsKeHUs BIUIOTH JI0 HYJIEBOTO YPOBHS, OTKJIOHEHUE YaCTOTHI
1m0 5 I'1 1 T. 1.) ¢ TOCIeAYIONIUM UX BOCCTAHOBJICHHUEM JI0 YPOBHSI, TpeOy-
€MOTO B TTOCJIcaBapUIHBIX peKMaXx.

[Tpu OTKIIOHEHUY HAMIPSIKEHUST OT HOMUHAJIBHOTO 3HAYCeHUSI TOTPeOu -
TEJIN JIEKTPOSIHEPTUM U IJIEKTPUUECKHE CETU pabOTAIOT B XyAIINUX YCIO-
BUSIX, BIUIOTh 0 OCTAHOBKHU JIBUTATEIbHOM HaTrpy3KH, IO CPaBHEHUIO C pe-
>KMMOM HOMMHAaJIbHBIX HanpskeHuit. Kpome Toro, ciieayeT yduThiBaTh, YTO
C TIOBBIIIEHEM CTAOMJIBHOCTU HATIPSDKEHU S CHIDKAIOTCST KaK 2JIEKTpoMar-
HUTHBII, TaK M TEXHOJIOTUYECKUI yIIepObl. B TO ke BpeMst MepoIpusITUst
10 OTPAaHUYEHUIO OTKJIOHEHUI HATTPSKEHUS TPEOYIOT TOTTOTHUTEIBHBIX Ka-
IMUTAJIOBJIOKEHUI 1, CIIEA0BATEIbHO, CYIIECTBYIOT HEKOTOPBIE ONITHMAITh-
HbIE TPAaHUIIBI OTKJIOHEHM I HATIPSDKEHUSI, KOTOPBIE B 00IIIEM CTydae MOTYT
HE COBMAIaTh C HOPMUPYEMBIMU M MOTYT PETJIAMEHTUPOBATHCS IOTOBOPaMU
MEXXy SHeproCHAOXAIOIIMMK OPTraHU3ALIUSIMU 1 3JIEKTPOITOTPEOUTEIISIMMU.

2.9. JHONOMMYECKNA KPUTEPWA N ero y4eT
NPV NPOEKTUPOBaHWM 3NEKTPUYECHIX CETEN

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

DeKTpOIHEPreTUKA OKa3bIBaeT HEMOCPEICTBEHHOE BIIMSIHME HAa OKPY-
xKatrouyto cpeny [1]. AJ1st Toro 4ToObl 3TO BIUSHUE HE ObIJIO TYOUTEIbHBIM,
CYIIECTBYIOT pa3JIMYHbIC CAaHUTApHBIC HOPMBI M IIpaBuJIa MO SKCITyaTalluu
DJIEKTPOCETEBBIX OOBEKTOB, OCYIIECTBIISIETCSI HOPMUPOBaHKE BHIOPOCOB
3JIEKTPOCTAHLIMIA, pa3pabaThIBaIOTCS MPpaBUjIa COOPYKEHMS Tpacc U II0-
LIAIOK JIJISI COOPYKEHMSI MOACTaHLIM U T. 1. [TocTpoeHue aJIeKTpuiecKoi
CETH JIOJKHO COOTBETCTBOBAThH TPEOOBAHUSM OXpPaHbI OKPYKAIOIIEH CPeIbl.
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2. Hputepui NpoeKTVPOBaHINA 3NEKTPUYECKNX CUCTEM

Ha coBpeMeHHOM 3Tane pa3BUTHE JIEKTPUUECKUX CETEI OCYIIIECTBISICT-
CsI B YCJIOBMSIX TTOBBIIIIEHHOTO BHUMAHUS aIMUHUCTPAllMU PETMOHOB U 00-
IIECTBEHHOCTU K BOIIPOCAM OXpaHbl OKPYKaIOIIel Cpebl, YTO YCIOXKHSI-
€T BBIOOP Tpacc U IUIOIIAA0K /ISl COOPYKEHUSI 3JIEKTPOCETEBBIX O0BEKTOB.
YcioBus BbIOOpa Tpacc 1 MIONIAA0K CYIIECTBEHHO BJIMSIIOT Ha IPUHILIMIM -
aJIbHY10 BO3MOXHOCTb OCYIIECTBICHUS U MOKa3aTeI HaMEeUeHHBIX Bapu-
aHTOB pa3BuUTU ceTu. [IpeHeOpekeHe KOHKPETHBIMU reorpapuuyecKrumu
YCJIOBUSIMU MOXKET U3MEHUTh COOTHOIIIEHUE TEXHUKO-3KOHOMUYECKUX T10-
KazaTeJsiell CpaBHMBAEMbIX BApMAHTOB U MOBJIUSTH Ha BHIBOJIBI.
DeKTpOIHEpPreTuKa BIUSIET Ha COCTOSIHME DKOJIOTMU, B TO XK€ Bpe-
M$ M caMa OKpYKarolllasi cpefia BiAusIeT Ha 2JIEKTPOIHEPreTUKYy, co3naBasi
orpezesieHHbIe BHEIITHUE YCIOBUS JIS1 pa3BUTUS 2JIEKTPOIHEPTreTUKU. Tak,
Ha BBIOOP TpacChl IMHUHU O0JIbIIIOE BIMSIHUE OKA3bIBAET HAJIMUME TOp, 03€P,
pek, 00J10T, JIECOB; KPOME TOTO, IMPU ITPOEKTUPOBAHUU HEOOXOIMMO YUUThI-
BaTh MPEO0JIEHUE MPENMSATCTBUMN U YIUITMHEHUE TPacC JMHUM, a TAKXKe PO3y
1 CHJTY BETPOB M0 Tpacce JMHUU. [TpoTsSKeHHOCTh paccMaTpUBaeMbIX BO3-
JYIIHBIX TUHUN 37eKTpoIepeaadyd peKOMEeHIyeTCsl IPUHUMATh O KapTo-
rpacduyeckuM mMatepuanam. [1pu 3ToM BO3MOXHOE MaKCUMAaJIbHOE YIJIM-
HEHHUE TPACChI ITI0 CPAaBHEHUIO C BO3MYIITHOM MpsiMoii coctaBisteT 20—25 %.
ITo xmMMaTUUecKuM ycJIoBUSIM TeppuTopust Poccuu pasneneHa Ha paito-
Hbl. Beigensitorest, Hanmpumep, paitonsl KpaitHero CeBepa ¢ HUBKMMU TEM-
rneparypamu, CUJIbHBIMU BeTpaMU U HAJIMYKMEM BEUHOI MEeP3JI0ThI; CPEIHSIS
10J10Ca; 103KHbIE M BOCTOUHbBIE PaliOHBI C MOBBIILIEHHOM IPO30BOI AesTE/b-
HOCTbBIO, YBEJIMYEHHBIMU TOJIOJIEAHBIMU 00pa3oBaHUsIMU U T. 1. [Ipu aKc-
TUTyaTalluy B TOPHBIX M OOJIOTUCTHIX MECTaX 3aTPYAHEHO TeKylllee HaOJIto-
JeHHe 3a TEXHUYECKUM COCTOSIHMEM JMHUI. B ycloBuUSIX aKCILTyaTaluu
00JIbIIIOE BHUMAHUE yaeJIsieTcsl 00pbOe ¢ TooaeAHBIMU 0Opa30BaHUSIMU
Ha MpoBO/AX, MOCKOJbKY 3TO SIBJIEHHE OKa3bIBAe€TCSl TOCTATOYHO YaCThIM
1 BMECTE C TeM OMaCHBIM B OTHOIIIEHUU HaJIeXKHOCTU PpabOThI IMHUM, a KpO-
M€ TOTO, MOXET UMETh PA3BUTHE B BUNIE «ILJISICKW» IIPOBOOB.
3arpsi3HeHre BO3yxa TakxKe OKa3bIBaeT BIMSHUE Ha 2JIEKTPOCETEBbIE
00bekThl. [Toa 3arpsi3HeHUEM BO3ayxa MOHMMAETCS TIPEeXae BCero Haau-
4yye B HEM pa3IMUHbIX MPOAYKTOB YHOCA C TEPPUTOPUM MPOMBILILIEHHbBIX
NPeanpUsTUIA: 30J1bl, LIEMEHTHOM TMbLUIM, XMMUYECKUX COSIUHEHUI (CO-
Jeit) u T. 1. OcaxaeHue 3TUX YaCTHUI Ha BJIaXKHOM IMMOBEPXHOCTH U3OJISILIMU
JIMHUIA U 3JIEKTPOTEXHUYECKOrOo 000PYI0BaHUS TIPUBOAUT K MOSIBJICHUIO
MPOBOJSIIIUX KAHAJIOB 1 K 0CJIa0JeHUIO N30JISILIMU C BO3MOXHOCTBIO €€ Te-
PEKPBITUS HE TOJILKO MPU MepeHarpsKeHUSIX, HO U TP HOpMalbHOM pado-
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yeM HanpskeHuu. K 3arpsa3HeHUsSIM MOXKHO OTHECTH TakK>Ke HaJu4ue CoJiei
B BO3/1yXe Ha Io0epexXbsix Mopeid. 31ech X coAepKaHue MHOTIa OKa3blBa-
€TCsI HACTOJIbKO OOJIbIINUM, YTO MPUBOIUT K aKTUBHOMY OKHCJIEHMIO ajllo-
MUWHUS 1 HApYILIEHNIO MEXaHUYEeCKOI MPOYHOCTH MPOBOJIOB.

Hcxons u3 obliieit mpoTsSKEeHHOCTH 2JIEKTPUUYECKUX CeTei, MOXKHO Olie-
HUTb CYMMAapHYIO TLJIOLIAAb 3eMJIM MO CTPaHe, U3BATYIO IS COOPYXKEHMS
JHUI a5ekTponepenadyn 35—750 kB, KkoTtopast cocTaBisieT JOJIU MPOLICH-
Ta OT OOILEeH TUIoIIanK cebXo3yroanii. OmHako Mpu BbIOOpE U corlacoBa-
HUU TPAcC BO3AYIIHbBIX JUHUM 37€KTpoIiepeaaur BO3PaKEeHMsI CO CTOPOHbI
3eMJIeNoIb30BaTe el Oa3upyOTCs HE Ha 0ObeMax OTUYXKIaeMbIX 3eMeJb,
a Ha moMexax JUIsl UICTOJIb30BaHUS CEIbXO3YTOIMIA, CO3aBaeMbIX BO3IYIIIHbI-
MU JIMHUSIMU. C 3TOM TOUKM 3peHUsT PEKOMEHIYETCS ONIEPUPOBATh IOHSITHUEM
OXpaHHOM 30HbI, KOTOPAasl yCTaHABIMBAETCS BIOJIb BO3AYIITHOM JIMHUM 3JIEK-
Tporepenayn B BUAE 3eMeJIbHOTO yJacTKa, OTpaHMY€HHOTO BEPTUKATIbHBIMU
IUIOCKOCTSIMU, OTCTOSIIIIMMU MO 00€ CTOPOHBI IMHUI OT KpaltHUX ITPOBOJIOB
Ha oIpe/ieJIeHHbIe PaCCTOSIHUS, 3aBUCSIINME OT YPOBHSI HAIIPSDKEHMSI CETH.
B cpenHem 3Ti paccTostHUSI MOXHO TIpUHUMATh paBHbIMU [§—10]:

no20xkB 35kB 110 xB 150 xB 220 kB 330 kB 500 xB 750 kB
10m 15™m 20m 25™m 25 ™ 30m 30m 40 m

C y4eToM 3TUX PaCCTOSTHUM U TIPUMEHSIEMbBIX KOHCTPYKIMIA BO3MYIII-
HBIX JIMHUH 37eKTponepeaad u copMrupoBaHbl OXpaHHbIE 30HbI, TPUBE-
IIeHHBIE B Ta0JI. 2.3.

[Tpu BBIOOPE Tpacchl BO3AYIIHBIX JUHUI 3JIEKTpoNepeaady B TOPOI-
CKMX YCJIOBUSIX IIIMPUHA KOPUAOPA BO3AYILIHBIX JIMHUN 3JIEKTpOrepeaadyn
110 xB cocrasisieT 20 M.

Tabauya 2.3
OxpaHHbIe 30HbI BO3IYIIHBIX JHHUIA 3JIeKTPOIepeIadn
Hanpstxkenue BJI, kB | [llupuHa oxpaHsieMoii 30HbI, M Hnomaﬂ]; ;ff;ig{on SOHBI
1o 20 26 2,6
35 38 3,8
110 50 5,0
220 64 6,4
330 78 7,8
500 84 8,4
750 120 12,0
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T mpoXOKASHUS BO3MYIITHBIX JIMHUI 3JIEKTPOIIepeIauyr 1o JISCHBIM
MAacCCHUBaM JOJIKHBI OBITh TPOPYOJIEHBI ITPOCEKU, IITMPUHA KOTOPBIX peria-
MEHTHPOBaHa B 3aBUCUMOCTH OT HATIPSI>KEHWS 1 Ha3HAUSHU I JIMHWIM, IICH-
HOCTH JIECOB Y BBICOTBI OCHOBHOTO MaccuBa. [1J1s1 00IbITMHCTBA BO3IYIITHBIX
JHUM HanpsikeHeM 220 kB 1 HiKe mmpurHa MpPOCeKU perjlaMeHTUPYeTCST
paccTositHEeM 3—5 M OT KpaifHero IpoBo/ia IIPY ero MaKCMMaIbHOM OTKJIO-
HEHUM 10 KPOHBI IepeBbeB; A1 Bo3aymHbIx TuHui 330—500 kB 1 750 kB,
MTPOXOASIINX IO LIEHHBIM JICCHBIM MacCUBaM, aHAJIOTIHOE PACCTOSTHUE CO-
CTaBJISIET 6 M, a B OCTAJIbHBIX CITy4Yasix IS BO3MYIIHBIX JTMHMI 330—750 kB
IIMPUHA TTPOCEKN NMPUHUMAETCS PaBHOM PACCTOSTHUIO MEXIY KpalHUMU
IIPOBOIAMH TUTIOC PACCTOSTHHSI, paBHBIE BBICOTE OCHOBHOTO JIECHOTO Mac-
CMBa C KaXI0# CTOpOHBI KpaiiHero mpoBoaa [8—10].

CoopyXeHre OTKPBITBIX IMOJCTAHILINI B TOPOJAX OTPAaHUYMBAETCSI CTEC-
HEHHOCTBIO TEPPUTOPUHU, YPOBHEM IIIyMa, CO3IaBaeMbIM TpaHchopMaTopa-
MM, a TAKKe IPYTUMU IPaloCTPOUTEIbHBIMU TpeOOBaHUSMH. JlomycTMEBIE
PACCTOSTHUS OT OTKPBITHIX MOACTAHIINI (0€3 MPOoBeaeHUST MEPOTIPUSITUIA
110 60pHOE C IIIYMOM) 1O Pa3TMYHBIX 3TaHWI U TOPOACKUX TEPPUTOPUIA ITO-
Ka3aHbI B Ta0JI1. 2.4.

J1st 3aKpBITHIX TTOJCTAHIIUI MUHWUMAJIbHBIE PACCTOSTHUS O KUJIBIX
1 KOMMYHAaJIbHO-OBITOBBIX 3TaHUI 10 YCJIOBUSIM IIIyMa MOTYT IIPUHUMATh-
¢ paBHBIMU JUIsT TpaHchopmaTopoB 10 60 MBA — 30 M, 1o 125 MBA —
50 M, mo 200 MBA — 70 m.

Tabauya 2.4
JlonycTHMbIE PACCTOSAHUS OT OTKPBITBIX MOACTAHIIMIA 10 3AHUIA K TEPPUTOPHUIi B ropogax

MuHMMaIbHBIC PACCTOSIHUS 10
Mor- "
. npeanpusITuin
HOCTb JKUJIbIX 3JaHUM, LIKOJ 1 APYTUX TIona- TODIOBIIL. 06
TpaHC- CITJIBHBIX KOPITY- y4eOHBIX 3aBe/Ie- JIOK OTIIbI- mg CTBCH];OFO
(dhopMa- | coB IETCKUX yUPEXK- | HUI, TOCTUHUILL, 00- | Xa B MUKPO- TS KOM
TOPOB 110, | HAEHUU, MOJUKIU- | LIEXKUTUNA, KHHOTE- | pallOHAaX, HE ’
MYHaJIbHO-OBITO-
MBA HUK, HEe MEHEE, M | aTpoB, HE MEHEE, M | MeEHee, M
BbIX, HE MEHEE, M
40 300 250 150 50
60 700 500 350 100
125 1000 800 600 350
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2.6. Y4eT opyrux Kputepumes
NPOEKTUPOBAHUA 3NEKTPUHECKNX CETEN

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

KpoMe paccMOTpeHHBIX BbILLIEe KpUTEPUEB, IPU MPOSKTUPOBAHUM DJIEK-
TPUUYECKON CeTH HeOOXOIMMO YUYUTHIBATH ellie psia (PaKTOPOB, BAUSIONINX
Ha MPUHSTUE PEIIEHUsT O CXeMe Pa3BUTUS CETU U UCIIOJb3yeMOM 000py-
nosanuu [1, 6].

IlepcniekTuBbI pa3BuTus ceT. Ha coBpeMeHHOM ypOBHE pa3BUTHUS DJIEK-
TPOSHEPTETUKM IPU BBICOKOI CTETIEH! OXBaTa 00XKUTOM TEpPUTOPUM CTpa-
HBbI 2JIEKTPUUECKUMMU CETIMU MPU MPOSKTUPOBAHUU HEOOXOIMMO CTpe-
MUTBHCS K ONTUMU3ALIMK Pa3BUTHUS CYILIECTBYIOIIEH 3JEKTPUUECKON CeTH
Ha TeKYILIUil IEpUOJ 1 C YIETOM TMEePCIIEKTUBBI.

BB160D CXeM 3/IeKTpUYECKUX CeTell BBIMOIHSICTCS, KaK IMPaBUJIO, Ha Clie-
IYIOIIKE MEePCIIeKTUBHbIC YPOBHMU:

e cucTeMoo0pa3ylolasi CeTb — pacyeTHbIi cpok 10 Jer;

e pacrpeneJuTeIbHasl CeTh — PacYETHBIN CPOK 5 JIeT;

® CETHU BHEIIHETro 3JIeKTPOCHAOXEHUS IIPOMBIIIICHHBIX IPEANPUITUIA,

BJIEKTPpUDUIIMPOBAHHBIX KEJIE3HBIX JOPOT, IUIs1 BbIJAYU MOIIHOCTHU
BJIEKTPOCTAHLIMIA U T. I. PacueTHBIE CPOKM ONPENeISIIOTCSI B COOTBET-
CTBMU CO CPOKAMU BBOJIa OOBEKTOB, IS KOTOPBIX COOPYKAKOTCS CETH.

PasButue ceTu 10KHO TIpeycMaTpUBaTh MCIOIb30BaHUE TEXHUYECKU
11 S5KOHOMMYECKH 0OOCHOBAHHBIX CXEMHbBIX PElLIeHUI, 00eCIeunBaIOLINX
MOCTPOCHUE CETU M3 TUITOBLIX YHU(UILIMPOBAHHBIX 3JIEMEHTOB B COOTBET-
CTBUU C HOPMATHUBHO-TEXHUYECKOM JOKYMEHTALIMEH 110 MPOEKTUPOBAHUIO
I1C v nuHuiA.

CxeMa 3JIeKTpMYECKOi CeTH J0JIKHa ObITh TMOKOM 1 00ecIieurBaTh ajari-
TaLMIO CETU TIPU BO3MOXKHBIX HEOOIbLINX OTKJIOHEHUSIX:

e YPOBHEH 3JIEKTPUYECKMX HArpy30K M 0ajJaHCOB MOIIIHOCTH OT IIjia-

HUPYEMBIX;

e Tpacc BJI u ninomanok I1C or HaMmeUeHHBbIX;

e CPOKOB BBOJA B pabOTy OTAEIbHBIX 9HEPrOOOBEKTOB.

Ha Bcex aTanax pa3BuTus ClieayeT IpeaycMaTpUBaTh KOMILIEKCHOE 3JIeK-
TPOCHAOXEeHME CYIIECTBYIOIIMX U ITEPCIIEKTUBHBIX OTPeOUTE eI He3aBu -
CHMO OT MX BeIOMCTBEHHO! MPUHAMJIEXKHOCTU U (DOPMBI COOCTBEHHOCTH.
[Tpu aTOM peKOMeHIyeTCsl YYUThIBATh HATPY3KM IPYTUX MOTpeOUTENe,
PacmoIOXKEeHHBIX B pacCMaTpUBaeMOM pailoHe, a TaKKe HOBBIX, HaMevae-
MBIX K BBOJIY B IIEPCIIEKTUBHOM TIEPUOJIE.
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ITpennaraeMblii K pacCCMOTPEHUIO BAPUAHT CXEMbI PA3BUTHUSI DJIEKTpUYUEC-
CKOM ceTu noKeH 00J1agaTh BO3MOXHOCTBIO MEPCIIEKTUBHOIO pacIIUpe-
HUSI DJIEKTPUYECKOI CETU B YCIOBUSIX YAOBIETBOPUTEIbHBIX PE3YIbTATOB
10 BCEM PAaCCMOTPEHHBIM BBIIIE KPUTEPUSIM TIPOCKTUPOBAHUS U C yUue-
TOM MEePEUYNCIeHHBIX TPEOOBaHUN MO0 KPUTEPHUIO NTePCIIEKTUBHOIO Pa3BU-
™ [4—8].

ITpu mpoekTUpOBaHUM CUCTEMOOOpPa3yIOLIeil CETU ClIeIyeT UCXOIUTh
U3 11eJ1eCO00Pa3ZHOCTU MHOTO(PYHKIIMOHAIBLHOTO Ha3HAY€HMSI BHOBb COO-
PYXaeMbIX IMHWIA:

e YBEJIMYEHUS TMPOIYCKHOMU CIIOCOOHOCTU JIMHUM 1JIs1 o0ecIieueHust

YCTOMYMBOI U HAJAEXKHOM MapaienabHoi padotel OOC;

® HAJIeXKHOM BbIIaYM MOIIHOCTH 3JIEKTPOCTAHILIUSIMMU;

e TIMTaHUS SHEPTOy3JI0B HArPy30K;

e TIpM pa3pabOTKe BapMaHTOB Pa3BUTUSI CeTeU ciaeayeT uzberaThb Mpsi-
MBbIX CBSI3€M MEXAY 3JEKTPOCTAaHUMSAMU (0€3 MPOMEXYTOUHBIX OT-
OOpPOB MOIIIHOCTH ), IJISI 3TOr0 UX HEOOXOAUMO TTPOKJIaAbIBaTh Yepe3
KPYIMHbIE y3JIbl HArPYy3KHU;

e HeoOXoAMMO oOecrneuyuBaTh CHUXKEHUE TMOTEPb 2JIEKTPOIHEPIUU
110 95KOHOMUYECK 0OOCHOBAHHOTO YPOBHSI;

e CXxeMa 2JIeKTpUUECKOM CeTH 10/KHA JOIMYCKaTh BO3MOXKHOCTh a(pdeK-
TUBHOTO TPUMEHEHUSI COBPEMEHHBIX YCTPOMCTB peJIeiHOM 3allUThI,
PEXKMMHOM M TPOTUBOABAPUITHOM aBTOMATUKMU.

Texnnueckoe nepesoopykenue. [Ipy mpoeKTUPOBAHUY CXEM DJIEKTPU-
YeCKMX ceTeil NoJKHa o0ecneuyrBaThCsl 9KOHOMUYHOCTh UX PA3BUTUSI
1 (PyHKIIMOHMPOBAHUS C YU€TOM pallMOHAJbHOIO COYETaHUSI COOpYXKae-
MBbIX 3JIEMEHTOB CeTHU ¢ neiicTBytonmMu. Heobxonumo paccmaTpuBaTh pa-
00TOCTIOCOOHOCTD NEHCTBYIOIIMX CETEH MPU NePCHEKTUBHOM YPOBHE 2JI€K-
TPUUECKUX HATPY30K C Y4ETOM (PU3UYECKOTO U MOPAJIbHOTO U3HOCA IMHUIA
1 MOJACTAaHUMIA U UX BO3MOXHOUN peKOHCTpYKIMU. CTapeHre OCHOBHBIX
(OHIOB B JIEKTPOIHEPTETUKE SIBJISIETCS CEPbe3HOM mpodiieMoli. Heobxo-
JUMOCTbh OOHOBJIEHUSI OCHOBHBIX (DOHIOB 2JIEKTPUUYECKUX CETEI BbI3bIBa-
eTcsl (pU3NIECKUM U MOpaJbHBIM M3HOCOM obopynoBaHus [8—10].

IMon ¢usuueckum uznocom NIoOHMMaeTCsl MaTepuaaibHOE CTapeHe OCHOB-
HbIX (POHIIOB B pe3y/bTaTe BO3AEUCTBUS IKCILIyaTallMOHHBIX (h)aKTOPOB
Y BJIMSIHUSI BHEIITHUX HEOJIAronpusiTHbIX yciaoBuil. Cpoku pr3nyeckoro
M3HOCA OTIIEJIbHBIX 2JIEMEHTOB OOBEKTOB JIEKTPUUECKUX CETEN — 000pY-
JIOBaHMSI, CTPOUTEJIbHBIX KOHCTPYKIIMUH, 3MaHUI 1 COOPYXKEHUIA — Cylle-
CTBEHHO pa3InyaloTcst MexKay coooii. Cpok City>k0bl 00bEKTa B LIEJIOM OITpe-
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JeJIieTCcsl HanboJiee JOJTOBEYHBIMU 2JIEMEHTAMM: OTIOPaAMU — TS JIMHUIA
BJIEKTpOIIepenadyu, 3MIaHUIMU — JIJII TIOACTAHLIU .

CyLIHOCTb MOPAAbHO20 U3HOCA COCTOUT B TOM, YTO B pPe3yjibTaTe Hayy-
HO-TEXHOJIOTMYECKOTO MPOrpecca u BOSHUKHOBEHMS 00JIee COBEPIIEHHOTO
000pyI0BaHUS OCHOBHBbIE (DOH/IbI TEXHUYECKHU CTAPEIOT U CTAHOBSTCS 9KO-
HOMMUYECKU BCce MeHee a(pdeKTUBHbIMU. PaznnualoT ase (popMbl MOpaib-
HOTIO M3HOCA: TIepBasi — yTpaTra CTOMMOCTH CYIIECTBYIOIIMX OOBEKTOB U3-3a
pocTa NMPOU3BOIUTEBHOCTH TPYyla; BTOpasi — 00ECLEHMBAHUE OCHOBHBIX
(boHIIOB BCeACTBUE MOSIBIEHUS 00JI€€ COBEPILIEHHOTO 000PYI0BaHUS aHa-
JIOTMYHOIO Ha3HAYeHUs. DKOHOMUYECKHUM CPOKOM CJTY>KObI 000py10BaHUS
SIBJISIETCS EPUOJI, B TEYEHME KOTOPOTO LEJIECO0OPa3HO €r0 3KCILTyaTUpO-
BaTh 110 YCJIOBUSM MOpaJibHOro u3Hoca. ObeclieHrBawlee 1eiiCTBUE MO-
PAILHOTO M3HOCA MOXET OBbITh OCJIA0JIEHO C TIOMOIIBIO TEXHUYECKOTO TTe-
PEBOOPYXEHUS U PEKOHCTPYKIIMU OCHOBHBIX (POHIOB. [10CKOIBKY 1LIETBIO
Pa3BUTUS JIEKTPUUECKUX CETEN SABISIETCS 0OeCeYeHe HAIeXKHOTO 1 Ka-
YECTBEHHOTO 3JIEKTPOCHAOXEHUS MOTpeOuTEeIel TP MUHUMAJIbHBIX 3a-
TpaTax, MOPaJIbHO U3HOIIEHHBIMU OOBEKTAMM CJIEIYET CUMTATh T€, KO-
TOpBIE€ HE YAOBJIETBOPSIOT 3TUM TPEOOBAHUSIM B COBPEMEHHBIX YCTOBUSIX.

ConepxaHue MEPONIPUSATUI TTO TEXHUYECKOMY IePEBOOPYKEHUIO U pe-
KOHCTPYKIIMU OOBEKTOB 3JIEKTPOIHEPIETUKM

e [IEpPEBOJ MOACTAHILIMI Ha 00Jiee BBICOKME KJTACCHI HAMPSIKEHUIA;

e 3aMeHa TpaHC(OPMATOPOB HA MOACTAHIIMAX Ha 00JIee MOIIHBIE;

® pPa3BUTHUE PACIIPEACTUTENbHBIX YCTPOUCTB NEUCTBYIOIIMX MOACTAH-
LIWIA U151 TOTIOJTHATEJIbHBIX TIPUCOECTUHEHN;

e 3aMeHa 000pydOBaHUS MOACTAHIIMIA HOBBIM, COOTBETCTBYIOLIMM CO-
BPEMEHHOMY YPOBHIO Pa3BUTHS 3JEKTPOMAILIMHOCTPOEHHS B MUPE;

e YCTAaHOBKA Ha MOACTAHIIMSAX UICTOYHUKOB PEAKTUBHOM MOIIIHOCTH;

e AaBTOMATHU3ALIMS Y TeJIEMEeXaHU3alMs MOICTAaHIIMIA, 3aMEHA WJIY YCTa-
HOBKa HOBBIX YCTPOMCTB PEICHHON 3aIUThI U ITPOTUBOABAPUITHOMN
aBTOMATUKM, TUCHETYEPCKOTO U TEXHOJIOTUYECKOTO YIIPABJICHUS;

e T[IEPEBOJ JIMHUI 2JIEKTpOIepeaaur Ha 00J1ee BBICOKME KJIACChI HAMPSI-
KEeHUI;

e [I0/IBECKA BTOPBIX LIEMEN HA CYLIECTBYIOIINX OMTOPAaX JIMHUI WU 10-
MOJIHUTEJbHBIX IPOBOIOB B (ha3ax;

e 3aMEHa IPOBOAOB HA HOBBIE OOJIBIIIETO CEYEHUS;

e 3aMeHa JAe(eKTHBIX MPOBOAOB U TPOCOB HAa y4aCcTKaX BO3AYILIHBIX JI-
HUI JUTMHOM, TIpeBbIatomeii 15 % ot ob1ieit mpoTsokeHHOCTH (TIpu
MEHBIIMX 00beMaX padOThI BHIMOJIHSIOTCS B IPOLIECCE KAIPEMOHTA);
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e 3aMeHa Je(PEeKTHBIX ONTOP BO3AYIIHBIX JMHUI HA ydacTKax oO1LIei 111 -
Holi 60os1ee 15 % NPOTSKEHHOCTY BO3AYIITHBIX IMHUMA VI TIPU 00IIEM
KoJInuecTBe, TpeBbiatonieM 30 % ycTaHOBIEHHBIX OITOP.

Yn06cTBO U 6e30nacHoCcTh IKcmayaTamud. CoryacHo [1T3D, Ha KaxaoM
OHEProo0bEKTe NOJKHbBI ObITh OMpeAeeHbI FPAaHULBI U (PYHKIIMU 1O 00CITY-
>KMBaHMIO 000PYI0OBaHMSI, 3MaHUI, COOPYKEHUI 1 KOMMYHMKALIM MEX-
Jy TPOM3BOJACTBEHHBIMU MOAPA3ACACHUSIMMU, a TAKXKE 3a1aHbl JOJKHOCT-
Hble QYHKIMU nepcoHaa [2].

Bbes3onacHas akcrutyaTaluss 000pya0BaHUs, 30aHUI U COOPYKeHUIT 00e-
CIEYMBAETCS MOJOXEHUSIMUA MHCTPYKIIMI U APYTUX HOPMATUBHO-TEXHU-
YECKUX TOKYMEHTOB.

Kaxnplii paOOTHUK OTpaciu B Iipeaeaax cBoux (GpyHKIIMM J0KeH obe-
CIIeYMBaTh COOTBETCTBUE YCTPOMCTBA M AKCIUTyaTallM 000PYI0OBAHUS U CO-
OPYXEHMIA DJIEKTPOCTAHLIMI U CeTeil mpaBujiaM TeXHUKHU O€30IacHOCTU
1 MOXapHO 0€30IMaCHOCTH.

Han3zop 3a TexHUYECKMM COCTOSIHMEM U MPOBEISHUEM MEPOIPUITHUIA,
obecrneuynBaromx 6e30macHoe o0CaIykruBaHUE 000PYIOBAHUS U COOPYKEe-
HUIA, pallMOHAJIbHBIM U 3(h(heKTUBHBIM UCITOJIb30BaHMEM TOTLIMBHO-3HEP-
FeTUYECKMX PECYPCOB OCYILIECTBISIIOT OpraHbl TOCYIapCTBEHHOTO KOHTPO-
JIsl ¥ Haa3opa.

B nensix 6e30macHOCTM Ha KaXXKA0M 3HEProo0beKTe JOKEH ObITh Op-
raHU30BaH MOCTOSIHHBIN U MePUOANYECKUIA KOHTPOIb (OCMOTPBI, TEXHU-
YeCKMe OCBUIETEILCTBOBAHUSI, 00CIEI0BaHNS) TEXHUUECKOTO COCTOSTHUS
SHEProycTaHOBOK.

TexHuueckoe OCBUAECTEILCTBOBAHME TEXHOJIOTMYECKUX CXEM U DJIEKTPO-
000pyIoBaHUs IIPOBOAUTCS MO UCTEUEHU M YCTAaHOBJIEHHOIO HOPMATUBHO-
TEXHUYECKOI JOKYMEHTALIMEl CpoKa CTy>KObI. 3a1auaMy TEXHUYECKOTO OC-
BUIETEILCTBOBAHUS SIBJISIFOTCS OLICHKA COCTOSIHMSI, a TAKXKE OIpeaeeHre
Mep, HEeOOXOAMMBIX JJIs1 00eCIeYeHUsI YCTAaHOBJIEHHOIO pecypca dHepro-
YCTaHOBKMU.

Couunanbhbiii pakrop. [1py pa3BUTUM 3JIEKTPOIHEPIeTUKHU TOJIKEH YUK -
TBIBaThCSI COLIMAJIbHBIN (DaKTOP, OMpeaesIsSIONInii BIUSIHAE TTOJUTUKHU TO-
CyJapcTBa M HaceJIeHUSI Ha pa3BUTHE SHEPTeTUKU. DTU OTHOIIIEHUS MOTYT
MPOSIBJISITHCS B PAa3IMYHBIX chepax AesITeIbHOCTU HaCeJIeHUS U DJIEKTPOI-
HepreTuku. [IprMepoM Takoro B3auMOACHCTBUS SIBJISIETCS] YCTAHOBJIEHE
pa3IMYHBIX TApU(POB HA 3JIEKTPOIHEPIHUIO AJIsI TPOMBIIIIEHHOCTU 1 Hace-
JIEHYsI, yCTaHOBJIEHME pa3HbIX Tapu(pOB Ha UMITOPT 3J1eKTpoaHepruu. Kpo-
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M€ TOTO, TIPU Pa3BUTUU BJIEKTPOIHEPIeTUKM JOJIKHBI YUUTHIBAThCS (PaK-
TOpPBI pYCKa HaceJIeHUsI, MPOXMBAIOIIETro BOIM31U 00BEKTOB SHEPIETUKU.

Yuet couunanbHOro (pakTopa mpearosaraeT mepBooyepeaHoe odecne-
YeHHe 2JIEKTPOIHEPTUEl CollMalIbHBIX MOTpeduTeei I kateropuu mo Ha-
NEeXHOCTHU, TAKMX KaK MEIUIIMHCKUE YUYPEXKACHMSI, IeTCKUE Cabl, IIKOJIbI
U T. 1. BaxxHoit 3amayeii siBisieTcst odecneuyeHre 3JIEKTPOIHEPrueu yaaneH-
HBIX CEIbCKOXO03IMCTBEHHBIX MMOTPEOUTENEIA.
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3. [NprHUMNBI NPOEHTMPOBaHKA
3NEeKTPUYECKMX CETEN

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

3.1. Pa3paboTra banaHCcoB MOLLHOCTEN MpY MPOEKTPOBAaHWY

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

CHJIy OTHOBPEMEHHOCTHU MPOLIECCOB IMTPOU3BOACTBA U MOTpebJie-

HUSI BJIEKTPOIHEPIUU, B SGHEProCUCTEMAaX B JIDOO MOMEHT yCTa-

HOBHMBIIIETOCS peXXMMa UMEETCSl COOTBETCTBUE MEXKIY MTPUXOIHOMN
1 pacxXoJHOI yacTsMu OajlaHCca MOLIIHOCTE B AHEProcucTeMe, Ipu 3TOM
YUUTBIBAIOTCS OOMEHHbIE MOTOKM MOIIIHOCTHU C COCETHUMU SHEPTrOCUCTE -
Mamu [4—6]. YpaBHeHMe OajlaHca aKTUBHBIX MOIITHOCTEN JIJIsI JTI0OOTO MO-
MEHTa YCTAaHOBUBIIIETOCS pexKrMa MOXKHO MPEICTaBUTh B BUJIE

S (Pi=Po) =X Py+ AR+ P, (3.1)

rae P, u P, — akTMBHBIE MOIIIHOCTB M PACXOJI Ha COOCTBEHHBIE HYKIIbI DJIEK-
TPUYECKOM CTAaHIMY ¢ HOMepoM ,i=1,2, ..., I; [ - MHOXeCTBO 3JIEKTPOCTAH-
1Mt 3HeprocucTeMsl; F,; — akTUBHAsi MOLIHOCTb Harpy3Ku ¢ HOMEPOM J,

Jj=12,...,J;J — MHOXeCTBO HArpy30K SHEPTOCUCTEMEI; A P, — cymMmapHBbIe
MOTEPH aKTUBHOW MOIIHOCTU B 3Heprocucreme; P, — 0OMEHHbII MTOTOK

o]

AKTUBHOM MOILHOCTH C COCETHEN dHEprocucTeMoi c Homepomk,k =1,2, ..., K;

K — xonm4ecTBO coceTHNX SHEPTOCUCTEM.

Llenbro pacueTra GajaHca MOIIHOCTHU SIBJISIETCSI BBISIBJICHUE TUTIA TTPOEK-
TUpYeMoli aHeprocucTeMbl. Kak rpaBuiio, mpoekTupyemasi CUcTeMa Coiep-
JKUT HE MEHEee IBYX BUIOB UCTOYHUKOB ITMTAHUSI, OMWH U3 KOTOPBIX — OHA
WJIN HECKOJBKO TPOEKTUPYEMBIX UJIU YK€ CYIIECTBYIOIIMX 3JIEKTPOCTAH-
LU 1 BTOPOI — OGalaHCUPYIOLIME Y3JIbl, IIPEACTABIISIONINE COO0 OOUH
WJIN HECKOJIBKO Y3JI0B CBSI3U C COCEIHUMM MOIITHBIMU SHEPTrOCUCTEMaMU.
Pacuet 6amaHca MOLIIHOCTHA HEOOXOAMMO BBITIOJIHSITH IJIS1 00JIeTYeHUSI ITPO-
1iecca pa3paboTK1 BapMaHTOB KOH(MUTypaluu 3j1eKTpudeckoii cetu. Oco-
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3.1. PaspaboTra HanaHcoB MOLLHOCTE NPy MPOEKTUPOBaHWN

OEHHO BaXXKHbI OaJTaHChI MOILITHOCTH JIJII HAU0O0JIee TSIXKEIbIX HOPMAJIbHbBIX
PEXUMOB, OOBIYHO TAKUMM SBJISIIOTCSI PEKMMbI MAKCUMAaJIbHbBIX 1 MUHU-
MaJIbHBIX HAarpy3o0K.

DHeprocucTeMa MOXeT ObITb dehuuyumHoil, €CIi CyMMa MOILITHOCTEM Bcex
MOTPEOUTENEN DIIEKTPOIHEPTUN U TTOTEPHh MOIITHOCTUA B CETU ITPEBBIIIAET
TEHEPUPYIOLILYIO MOIIHOCTD JIEKTPOCTAHIIMI pacCMaTpUBAEMOTO pailoHa
ceTu (pacxoHasl YacTh OajlaHCa 3HAUMTEIbHO OOJIbIIIE €70 MPUXOIHOM Ya-
cTH). B aTOM cityyae HeToCTaTOK MOIITHOCTU OYZIET ITOKPBIBATHCS 3JEKTPO-
CTAaHLIMSIMU COCEHUX SHEPTOCUCTEM Yepe3 OATAaHCUPYIOIINE Y3IIbI.

DHeprocucreMa CUUTAETCS U30bIMOYHOIL, €CJIA CyMMapHasi MOIIIHOCTD
MOTPEOUTEIIeH JIEKTPOIHEPTUU U TTOTEPh MOIITHOCTH B CETU MEHBIIIE T€HE-
PUPYIOLIEH MOIITHOCTH 3JIEKTPOCTAHLIUI pacCMaTPpUBAEMOTO pailoHa CETH.
M36B6ITOK MOIITHOCTH MPY 3TOM BBIIAETCS B COCETHUE SHEPTOCUCTEMBI Ye-
pe3 0aaHCUPYIOLLIWE Y3IIbI.

DHeprocucTemMa MOXeT ObITb cOA1aHCUPOBAHHOIL, €CIIU CYMMa MOIITHOCTEM
BCEX MTOTPEOUTEIICH SJIEKTPOIHEPTUM U TOTEPH MOILITHOCTHU B CETU PUMEP-
HO paBHBI TEHEPUPYIOLIEN MOIITHOCTU JIEKTPOCTAHIIMIA pacCMaTPpUBAEMOTO
paiioHa cetu. Pe3epBupoBaHre MOIIIHOCTH HArpy30K NpyU aBapuMuHOM OT-
KJTIOUEHU Y T€HEPATOPOB 3JIEKTPOCTAHIIMIA pacCCMaTPUBAEMOIO paliOHa CETU
OCYILIECTBIIIETCS Yyepe3 OalaHCcupyone y3ibl [4—6].

PaccMmoTpuM npuHIIMIBI pa3pabOTKX BapuaHTOB KOH(MUTYpalLuu dJ1eK-
TPUYECKOM CETH MPUMEHMUTEIBHO K HanOoJee MPOCTON CeTH, UMEIOLIEH
BCETro JBa UCTOYHMKA ITMTAHUSI — OJIHY IMMPOEKTUPYEMYIO UJIN CYLLIECTBYIO-
LLIYIO 3JIEKTPOCTAHIIMIO U OIUH OaJTaHCUPYIOLIUIA y3€lI.

[Tpu pazpaboTke BapuaHTOB pa3BUTHS N€(PUILIMTHON SHEPTOCUCTEMBI IO~
TpeOUTEIM YCIOBHO pa3NesisiloTcsl Ha ABa reorpaduueckux paiioHa: 0Jm-
JKAWIINHI K TPOEKTUPYEMOM (CYILECTBYIONIEH ) 37EKTPOCTAHLIMU U MTUTAIO-
LLMICS OT Hee palioH U JIPYroii — TATOTEIOLIUI K 0aIaHCUPYIOLLIEMY Y311y
(y371y cBsI3U € coceiHei cuctemoit). [1pu 3ToM HY»KHO yUUThIBATh, YTO B J€-
(bMLMTHON 3HEeprocucTeMe CieayeT 0co00e BHUMaHUE yIEJIUTh (pakTopy
HaAJEXXHOCTH, TaK KaK MPY He3aILITAHUPOBAHHOM OCTAaHOBE 0JI0Ka Ha 2JIeK-
TPOCTAHLMHU MUTAHKE OOJILIIOTO YK Ca TOTPeOUTEIeli 10JXKHO 00ecneum -
BaTbhCs U3 OaJlaHCHUPYIOLIETO y3/1a. B KauecTBe OMHOTO M3 pacyeTHBIX I10-
cJeaBapUHbBIX PEXMMOB B A(PUIIUTHON SHEPrOCUCTEME PEKOMEHIYETCSI
paccMaTpuBaTh PEXXUM, COOTBETCTBYIOIIMM OTKITIOYEHUIO HAM00JIee KPYyII-
HOTO reHepaTopa Ha 3JIEKTPOCTAHIIUH.

B cGanaHcUpoOBaHHONM 3HEPTOCUCTEME BJIEKTpUUECKaAs CETh OObIU-
HO CTPOUTCS MO MPUHLMITY MTUTAHUSI MOTPEOUTENEN OT DJIIEKTPOCTAHLIUM
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3. MPUHLMNEI NPOEKTVPOBAHNA 3NEKTPUYECKNX CETEMN

10 KpaTYaiIiuM DJIEKTPUIECKIM CBSI3sIM [4—6]. CB3b ¢ OajlaHCUPYIOLIUM
y3JI0M TMpeaycMaTpuBaeTCs 1151 HaIe>XKHOCTU.

M30bITOUHAsT cUCTeMa MPOEKTUPYETCS ¢ yU€TOM BbIIauM M30bITKA MOILII-
HOCTU B COCENIHIOI0 3Heprocuctemy. [1py 3TOM 3eKTpOCTaHIIMS TOKHA
MMETh HaZIeXKHYIO CBS3b ¢ OaJaHCUPYIOLIUM Y3JIOM MO KpaTJyaiileMy IyTu.
ITpu GosblIMX M30bITKAX MOIIIHOCTU B TPOEKTHUPYEMOI SHEPrOCUCTEME Clie-
JIyeT, HapsiAy ¢ APYTMMU BaprUaHTaMU, paCCMOTPETh BOBMOXKHOCTD Mepeaayun
MOIIHOCTU MO JIMHUU HEMOCPEICTBEHHOM CBSI3U 2JIEKTPOCTAHLIMM ¢ OajlaH-
cupymoimM y3ioM. Kpome Toro, mpu pazpaboTke BApraHTOB pa3BUTHSI CETU
B M30BITOUHOI 3HEprocucTeMe TpedyeTcsi paCCMOTPEeHME HE TOJIbKO peXuMa
MaKCHUMaJIbHBIX, HO 1 peXX1MMa MUHUMAJIbHBIX Harpy30K, TaK KAK MUHUMaJlb-
HbII peXX1M MOXET 0Ka3aThCsl 00s1ee TsSKeJIbiM. B CBS31 ¢ 3TUM B U30BITOYHOM
crcTeMe 00s13aTeIbHO COCTaBISIIOTCS OaJlaHChl MOILITHOCTH JJISI MAKCUMAaJIbHO-
IO U MUHMMAJIBHOTO PEXKMMOB pabOTHI TToTpeduTesneii. OnpenenecHue 0agaHca
MOILHOCTEM JI7151 MUHMMAJIbHOTO pexkKrMa B OCTAJIbHBIX CIIydasiX TAKXKe PeKO-
MEH]1yeTCsl BBUAY TOTO, YTO B MUHUMAJIbHOM PexKrMe OObIYHO BBITTOJIHSIIOT-
Csl PEMOHTBI OCHOBHOI'O T€HEPUPYIOIIET0 000PYI0BaHUSI DJIEKTPOCTAHLIUIA.

IIpu cocraBieHuu GajlaHca aKTMBHBIX MOIIIHOCTEM pailOHbI MOTpebie-
HUS, colepxXalliie MeJKHUe MOACTaHIIMU, ClIeayeT 3KBUBAJEHTUPOBATh
1 OPUBOJAUTH UX CYMMapHYIO MOIIHOCTh K IIIMHAM Hauboyiee KPYyMHbIX
MOJCTAHIIMI JAHHOTO palioHa C y4€TOM ITOTEePb MOILIIHOCTU B pacIpeaem-
TeJIbHOM 2JIEKTpUYeCKOi ceTu. JlaHHash moACTaHILIMSI CTAHOBUTCS B 3TOM
cllyyae muTalollleil 1151 pailoHa MECTHOM CeTU U, B CBOIO ouyepedb, cama
MoJiyyaeT MUTaHue Mo CUCTeMoobOpasyiollieil ceTu 60J1ee BBICOKOIo Kiiacca
HaIrpskKeHus. DTOT MpUeM CYIIECTBEHHO YMEHbIIIaeT 00beM 3a1auu Mpo-
eKTUPOBaHMS CETH, TaK KaK IO3BOJISIET pa3pabdaTbiBaTh BApMaHThl KOH(pU-
rypaluuy cucTeMoo0pasytollieil 1 pacnpeaeuTeIbHOI ceTeil He3aBUCUMO
IpyrT ot apyra [4—6, 8—11].

Ilepen coctaBneHueM OajaHca MOLIHOCTU HEOOXOAUMO OIIPEAECIUTh
KJ1acChl HAMPSIKEHU ST CUCTEMOOOpa3yIoIeii U MECTHBIX CETEM C 11€J1bIO BbI-
SIBJIECHUS] YPOBHEU moTepb MOIIIHOCTU. OpUEeHTUPOBOUYHbBIEC BEJIMYMHBI 1O~
Tepb MOIIIHOCTH, KOTOPbIe MOXHO MCHOJb30BaTh Ha 3Tare pa3padOTKU
BapMaHTOB Pa3BUTUS KOH(MUTYpALlUU IJEKTPUUYECKON CETU, TIPUBEICHbI
B Tabx. 3.1.

ITpu cocTaBieHnu GaJaHCOB MOIIHOCTEN B MPUXOAHON YaCTU CAEAYET
YUMUTBHIBATh BEJIMUMHY pacxoja MOIITHOCTU Ha COOCTBEHHBIE HYX/Ibl 3JI€K-
TPOCTAHLIMI, KOTOpasl 3aBUCUT OT Tuma ayektpoctaHuuu (KOC, TOLI,
ADC, I'DCuT.1.), MOLIHOCTEN OJIOKOB ¥ BUIOB UCIIOIb3yeMOT0 TOTUIMBA.
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3.1. PaspaboTra HanaHcoB MOLLHOCTE NPy MPOEKTUPOBaHWN

Tabauya 3.1
OpueHTHPOBOYHbIE YPOBHH TEXHHYECKHX MOTEPh MOUIHOCTH B CETH

[MoTtepu MontHOCTH B % OT MOJHOI HArpy3Ku
Kiacc HanpsikeHust cetu, KB
aKTUBHBIC peaKkTUBHBIE
750—500 2 15
330-220 3 12
150—-35 4 10

YaenbHble pacxoabl HA COOCTBEHHbBIE HYXIbI OJIOKOB 2JIEKTPOCTAH-
LU o, MPUBOISTCS B cipaBoYHOI qutepatype [8—11]. Pacxon MoliHO-
CTH Ha COOCTBEHHBIE HYXIbI 2JIEKTPOCTAHIINN P, MOXHO HATH IO COOT-

HOIICHUIO
PCH :ziacm"P@]ia (32)

1€ Ol ,,; — YIAEJIBHBINA pacXoJ Ha COOCTBEHHbBIE HYXK/IbI 0J10KA CTAHLIMU C HO-
MepoM i, o.¢.; F,,; — MOIIIHOCTB GJIoKa i 3JieKTpocTaHIu, MBT.

MHorpa B coctaB 6ajnaHca MOLIHOCTU, TIOMAMO PacxXxojga MOLIHOCTU
Ha COOCTBEHHbIE HYXX/Ibl, BKJIIOUAIOT YYeT MOTepb aKTUBHOI MOIIIHOCTHU
B OJIOUHBIX MOBBIIIAIONINX TpaHCHOpPMaTOpaX, COCTABISIOIINX 0K0JIo 0,4—
0,5 % ot momntHocTH 6110Ka. [TockoIbKY yKazaHHBIE TpaHC(OPMATOPHI yCTa-
HaBJIMBAIOTCS HA 3JIEKTPOCTAHLIMSIX, UX YUUTHIBAIOT B IPUXOAHOM YacTu O6a-
JJaHCa MOIITHOCTH, HO CO 3HAKOM «MUHYC».

banaHchl MOIIHOCTH SHEProCUCTEMBI pa3padaThIBAIOTCS Is1 KaXKA0T0
paccMaTprBaeMOro BpeMEHHOT0 3Tarna pa3BUTUsI 3HeprocucteMbl. OCHOB-
HBIM SIBJISIETCS OajlaHC MOIITHOCTE KOHEYHOT0 3Tarna, OCTajlbHble — BCIIO-
MoraTejbHble — MO3BOJISIIOT C(hOPMUPOBATh BApMAHThI 0U€PETHOCTH CTPO-
WUTEJILCTBA Ha TPOMEXKYTOUHBIX 3Tarax pa3BUTUSI SHEPTOCUCTEMBI.

[Tpu ananu3e 6a1aHCOB MOLIHOCTEM 11€71€CO00pa3HO OLEHUTh BEJINYM -
HY pe3epBOB MOIIIHOCTEN MPOEKTUPYEMOI 1 00beIMHEHHOM (ITPOEKTUPY-
€MOIi ¢ OaJTaHCUPYIOLIEH ) JEKTPOIHEPIeTUUECKUX CUCTEM.

B MakcumanabHOM pexkrMe MpU YCTaHOBJIEHHOM MOIIIHOCTU ITPOEKTUPY-
eMoii cucteMsl P, ¥ pe3epBHOI MOIIHOCTH P, OTHOCUTE IbHAS BETNYY-

yeT

Ha pe3epBa o, onpeessiercs GopMyaoi
o= (Ppe3 /PYCT)~100 %. (3.3)

[Tpu ycTaHOBIEHHOU FEeHEPUPYIOLIEN MOLIIHOCTH COCEAHEN OaTaHCUpy-
folieil sHeprocucTeMsl P, - 1 pe3epBe MOLIHOCTH B Heil P, - OTHOCUTE]Ib-
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3. MPUHLMNEI NPOEKTVPOBAHNA 3NEKTPUYECKNX CETEMN

Hasd BEJIMYNHA pE3€pBa 00BEIMHEHHOM CUCTEMBI OU s OIIPEACTIACTCA BEJIN -

pes.
YUHOM [4—6]
Boos t Presc 10005, (3.4)

pe3.X =
PyCT + PyCT.C

o

IIpu paspaboTke O6anaHCOB OoNpeaeasieTCsl pe3epB MOIIHOCTU O0bear-
HEHHO 3JIEKTPOHEPreTUYECKOM CUCTEMBI B ITOCJIeaBapUitHOM CUTyalluu
MPU OTKJIIOUEHUM CaMOTO KPYITHOTO OJIoKa B IMPOEKTUPYEMOI CUCTEME.
B npoexktupyemoii cucteme npu nmorepe 0JioKka SKBUBAJIEHTHAsSI U PE3epPB-
Hasl MOIIIHOCTU CHMKAIOTCS COOTBETCTBEHHO 10 BEJIUYUH P, u P

aB.ycT aB.pe3*

AHaJIOTUYHO B O6B€HHHCHHOﬁ QHCPIOCUCTEME IIPpU ITOTEPEC 0710Ka B IIpoO-
GKTpreMOﬁ CUCTEMC OKBUBAJICHTHAaA MOIIIHOCTDb 6y,£[6T CHM2KATbCA 10 BC-

au4uHel P, .o 1 pesepBHas — 10 P, .5
OTHOCHUTETIbHAS BETMUIHA aBapUITHOTO pe3epBa o, ... O0BbEIMHEHHON

CUCTEMBI OIIPEACIIACTCS 110 BbIPpaK€HUIO:

P P P
g = 21005 = 222100 (3.5)

aB.ycT yer.C aB.ycTZ

B aT0i1 cuTyalium BaxkHO, YTOOBI pe3epBHAS MOLLIHOCTh B OObeIMHEHHOM
3JIEKTPOSHEPreTUYECKOM CUCTEME B ITOCieaBapUifHOM cCUTyaluu ObLjia 10-
CTaTOYHOM MO YCJIIOBUSIM COXPAHEHUS CTaTUYECKOM ycToiumBoCcTU. Hop-
MaTUBHBIA PE3€PB I10 YCIOBUSIM COXPAHEHUS CTATUYECKOM YCTOMYMBOCTU
B HOpMaJIbHBIX pexkumax cocrtapisieT 20 %, a B rociieaBapuiiHbIX — 8 %
OT MOIIIHOCTU OOBbEIMHEHHOI 2JIEKTPOIHEPTeTUYECKO CUCTeMbI. TakuMm
00pa3oM, JOJKHBI COOJIIOAATHCS CIIENYIOIINE YCIOBUSI:

o > 20%, (3.6)
_>8%. (3.7)

OLaB.pea

Jl1st ompenesieHus MOTPEOHOCTU B CPEACTBAX KOMITEHCALIMM PEAKTUBHOMU
MOILIIHOCTH B IPOEKTUPYEMOI SHEPTOCUCTEME LIEJIeCOO0PA3ZHO COCTABIISITh
OaJlaHC Mo peakKTUBHOU MoIIHOCTHU. [Tpu 3TOM HEe0OXOAUMO COOTIOAATH CO-
OTBETCTBUE MEXIY AKTUBHOM 1 peaKTUBHOM MOILIIHOCTSIMU B OOMEHHBIX T10-
TOKax ¢ coceHel aHeprocucteMoii. Credyem obecneuums no 603MONCHOCMU
bos1ee eblcoOKULl K0aphuyueHm mouwjHocmu 00MeHHO20 NOMOKA.
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3.2. Bbibop HOMUHaNLHOMO HaNPAKEHUA 3NEKTPUYECKMX CETEN

HomuHanbHOE HamnpsKeHue 3JIEKTPUUECKOM CETU CYIIECTBEHHO BJIM-
sIeT Ha €€ TeXHUYECKHE XapaKTEPUCTUKU U SKOHOMUYECKHUE MOKa3aTeau
[2, 4—6].

[1Tpu noBbILIEHM HOMUHAJILHOTO HATIPSIKEHUSI CETU JOCTUTAeTCSI:

® CHMXEHME MOTEePb MOLIIHOCTU U 3JIEKTPOIHEPIUU B DJIEMEHTaX CETEeM,
YTO MPUBOAUT K CHVKEHUIO 3KCILTyaTallMOHHBIX PaCXOI0B;

e yMEHbIIIEHHE CEYEHU ! MPOBOJIOB JIMHUI 3JIeKTpoIiepenayn 1, COOT-
BETCTBEHHO, pacxojia MeTaJlja;

e yBeJIMUYEHHUE MPEeAe/IbHbBIX MepeaaBacMbIX MOIIIHOCTEN IO JUHUSAM
BJIeKTponepenadyr, 4yTo obyieryaeT pelleHrue 3aaa4y pa3BUTUS €K~
TPUUYECKON CETU.

C apyroii CTOpoHbBI, IPY NOBBIIIEHUY HOMUHAJILHOTO HATIPSIKEHUS CETU
YBEJIMYMBAIOTCSI KallMTaJIbHbIE BJIOXKEHUSI B coopyKeHue ceTu. Coopyke-
HUE CETU MEHbILIETr0 HOMUHAJIbHOIO HAMIPSIKEHMS TpeOyeT MEHbIIIMX Kallu-
TaJIbHBIX BJIOXEHUI, HO IPUBOIMUT K OOJILIINM 3KCILJIyaTallMOHHBIM pac-
X0JlaM 13-3a POCTa MOTEPb MOIIHOCTU U 3JIEKTPO3HEPIruu, U, Kpome TOro,
Takasl ceThb 00JiafaeT MEHbIIEN MPOIYCKHOI CITOCOOHOCThIO. TakuMm 00-
pa3oM, BaXXKHOCTb IPaBUJIBHOIO BEIOOPA Kjlacca HOMUHAJILHOTO HaIpsIKe-
HUS CETU TIPU €€ TIPOeKTUPpOBaHUM oyeBrUaAHA. HomMuHanbHbIe MexXnyda3s-
HbI€ HaNpsKEHUST 2JIEKTPUUECKUX ceTell mpuBeneHsbl B a0, 3.2 [§—11].

Tabauya 3.2
HomunanbHbie Mexayda3Hble HanpszKeHus, KB
Cern | Temepa- TpaHchopmaTopsl U aB- TpaHchopmaTopbl HanGoss-
ToTpaHchopMaTophbl 6e3 | U aBTOTpaHCHOpMaTO- 6
W 3JIeK- | TOPHI, PITH pbi ¢ PITH mree padbodee
TPOITPU- | CHHXPOH. HaTIpsDKeHUe
IlepBuu- I1epBuu-
€MHM- | KOMIIeH- Bropuunsbie BropuuHble | 31EKTPO0OO-
HBIE 00- HBIE 00-
KM caTopbl 00OMOTKHU 0OMOTKM pPyIOBaHUSA
MOTKU MOTKU
0,22 0,23 0,22 0,23 — — 0,24
0,38 0,4 0,38 0,4 — — 0,42
0,66 0,66 0,66 0,66 — — 0,72
3" (3,15 | (3)/ (3,15 | (3,15m (3,3) - (3,15)u (3,3) (3,6)
6 6,3 6/6,3 6,31 6,6 6/6,3 6,31 6,6 7,2
10 10,5 10/10,5 10,5u 11 10/10,5 10,5m 11 12
15 15,75 15,75 — (15,75) — 16,5
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Okonuarnue mabn. 3.2

Ceru | Temnepa- TpanchopmaTopsl 1 aB- TpanchopmaTopsl Hanbosn-
ToTpaHcopMaTophl 6€3 | 1 aBTOTpaHCc(HOpPMATO- 6
U 2JIeK- | TOpHI, PIIH pb1 ¢ PITH 1ee paboyee
TPOIPU- | CHHXPOH. HanpsikeHue
IMepBuu- ITepBuu-
€MHU- | KOMIIEH- BroprnuHbie BropuuHble | 271€KTpo0o0o-
HBIE 00- HbIE 00-
KM caTopbl 00OMOTKHI 0OMOTKM PYAOBaHUS
MOTKU MOTKU
20 21 20 22 20/21 22 24
35 — 35 38,5 35mu 36,5 38,5 40,5
110 — — 121 110m 115] 115u 121 126
(150) — — (165) 2201230 (158) (172)
220 — — 242 330 230 n 242 252
330 — 330 347 500 330 363
500 — 500 525 750 — 525
750 — — 787 750 — 787
1150 — — — 1150 — 1200

"B 3HaMeHaTeJle yKa3aHbl HOMUHAJIbHBIE HANPSLKEHUS] TPAaHC(OPMATOPOB U aBTOTPAHC-
¢dopmaTopoB, IPUCOSANHSIEMBIX HEIIOCPEACTBEHHO K IITMHAM T¢HEePaTOPHOIO HaIpsTKe-
HUS SJIEKTPUICCKUX CTAaHIINI WU K BRIBOIAM T€HEPAaTOPOB;

"HanpspKeHUs, YKa3aHHbIe B CKOOKAX, U1 BHOBb [IPOEKTUPYEMbIX CETeil He pEKOMEHIYIOTCS.

DKOHOMUYECKHU 11eJIeCO00pa3ZHOe HOMUHAJIbHOE HaIPsSIKeHNEe 3aBUCUT
OT MHOT'MX (DAKTOPOB: MOIITHOCTHU Harpy30K, yIaJeHHOCTU UX OT UCTOUHMU -
KOB IMUMTaHMs, PaCHOJIOXKEHMSI X OTHOCUTEJIBHO JIPYT Apyra, reorpagpuye-
CKOro pailoHa pa3BUTUSI CETU, OT BBIOpAaHHOI KOH(MUTYpaLIMU 3JIeKTpUYIEC-
CKOIi ceTu, cnoco0OB PeryJIMpoBaHMsI HANIPSIKEHUS U JIP.

OnpeneneHue Hanbosee SKOHOMUYHOTIO KJIacca HOMUHAIBLHOTO HaIpsiKe-
HUSI CETU MOXKET ObITb BBITTOJTHEHO B 3aBUCUMOCTH OT BEJIMUMHbI IIEpeIaBac-
Moii MomHOCTH P 1 paccTostHMS L, Ha KOTOPOE IepeIaeTcsl 3Ta MOIIHOCTh
[4—6, 8—11]. ParmoHaibHOE HANIPSIZKEHME BEIOMPACTCST MCXOS 13 TTOTYIEH -
HOTO paclpeaeieHus HOTOKOB MOITHOCTY U MPOTSDKEHHOCTU YYaCTKOB CETH.
YewMm Oosbliie niepeaaBaeMast o JMHUM MOIIHOCTb M PacCTOSIHUE, HA KOTO-
poe OHa MepenaeTcsi, TEM BBIIIE 110 TEXHUYECKUM M 3KOHOMUYECKHUM HOP-
MaM JOJIKHO ObITh HOMUHAJIbHOE HAMPSKEHUE 2JIEKTpOIepeaauM.

HomuHanbHOEe HamnpsiKeHue MOXHO NMPUOIUXKEHHO OLEHUTh OJHUM
U3 CICAYIOIINUX CIIOCOOOB:

e 10 KPUBBIM, IIPUBEACHHBLIM Ha puc. 3.1 [8];

e [10 SMIIMPUYECKUM BhIpaxkeHUsIM (3.8—3.11);

® [10 IIPOITYCKHOM CITIOCOOHOCTHU 1 JAJbHOCTU Nepeaayu JUHUM, TTOKa-

3aHHBIM B Ta0J. 3.3 [8, 9].
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Puc. 3.1. rpaHI/ILIbI paBHOﬁ 3KOHOMMWYHOCTH HOMMHAJIbHbBIX HaHpH)KeHI/Iﬁ CCTU:

1 — 1150 1 500 kB; 2 — 500 1 220 kB; 3 — 220 1 110 kB; 4 — 110 u 35 xB; 5 — 750 u 330 kB;
6—330m 150kB; 7 — 150 u 35xB

KpuBsle, mpuBeneHHbIe Ha puc. 3.1, XapaKTepu3yroT 3KOHOMUYECKU 1Ie-
JlecooOpa3Hbie 001aCTU TMTPUMEHEHUS JIEKTPUUECKUX CETe pa3HbIX HO-
MUHAJIbHBIX HAMPSDKEHUI. DTo 000011arole 3aBUCUMOCTH, TIOCTPOEH-
HbIE B pe3yJIbTaTe CpaBHEHWUS MPUBEACHHBIX 3aTPaT A1 MHOTOYMCIEHHBIX
BapMaHTOB Pa3BUTHUS CETU C Pa3HbIMM MOIIHOCTSIMUA HArpy30K, JJMHAMU
W HaIIPSDKEHUSIMM JIMHUI 2/iekTponepenadyn. Kak rpasuio, B OTHOM Teo-
rpagu4ecKoM paiioHe MPUMEHSIETCS HE BC IIKajla HOMMHAJIbHBIX HAIIPSI-
>KEHUI, a OIHA U3 ABYX cucTeM HanpsikeHuit: 35—110—220—-500—1150 kB
v 35—110(150)—330—750 kB, npryeM BO3MOXXKHO UCKJTIOYEHNE KaKOT0-
MO0 U3 KiaaccoB HanpskeHuii [5]. Ha puc. 3.1 nmpuBeneHbl KpuBbIe, KO-
TOpPbIE OPUEHTUPOBOYHO XapaKTEPU3YIOT I'PAHUILIBI PABHON SKOHOMUYHO-
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3. MPUHLMNEI NPOEKTVPOBAHNA 3NEKTPUYECKNX CETEMN

CTU JABYX CMEXHbIX HOMUHAJbHbBIX HANIPSIKEHUM 711 yKa3aHHbBIX CUCTEM
(xpuBble 1—4 u 5—7). Hanmpumep, TOuKu KprBOii 2 COOTBETCTBYIOT 3HAUE-
HUSIM MOIIIHOCTE! W IJIMH JIMHUMA, 1711 KOTOPbIX PABHORKOHOMMWYHbI Ba-
puaHThI ceTu Tipu HanpstkeHusx 220 u 500 kB. Huzke kpuBoii 2 pacrosio-
>KeHa 00JIacTh 3HAYEHU MOLIHOCTEN U IJIMH JIMHUM, 11 KOTOPBIX OoJiee
SKOHOMMYHO HarmpstkeHue 220 KB, Bbllie KpuBoit 2 — 00jiee 3KOHOMUY-
Ho HanpsikeHue 500 kB.

DKOHOMMYECKHM BBITOAHBIN KJIACC HOMMHAJIbHOI'O HaMpsIXKEeHUs CeTU
(xB) mpun mmHe nuHMI 3aeKTponepenaun L He 6osee 250 KM 1 nepegaue
motHocty P (MBT) He 6onee 60 MBT MOXHO TIpeaBapUTEILHO OIpE-
JIeuTh 1o popmyiie CTua:

U, =434/L+16P,_. (3.8)

B cinyyae OoJiblIMX MOIIHOCTEN, IMepedaBacMbIX Ha PaCCTOSIHUE
1o 1000 km, ucnonsdyercst popmysia A. M. 3anecckoro:

U =\ Pon (100+15VL) (3.9)

®opmyna I'. A. UnnaproHoBa aeT yIOBIETBOPUTEIbHBIE PEe3yIbTaThl
JJISI BCEH 1IKaIbl HOMUHAJIBHBIX HanpskeHuit ot 35 go 1150 kB:

U - 1000
o500/ L+2500/ P,

®opmMmyiia, BeIpaxkalolast SMIUPUIYECKYIO 3aBUCUMOCTD YPOBHSI HAIPsI-
JKEHMUS CETU OT TepeaBaeMoOil MOIIIHOCTUA U MPOTSKEHHOCTH JTUHUM:

U, =164P L. (3.11)

PesynbraTom pacuera 1o npuBeIeHHBIM Bbillle (DOpMYyJIaM SIBIISIETCS
HEKOTOpOEe HECTAHIAPTHOE pallMOHAJIbHOE HaIpsLKEHUE, ITO3TOMY T10CIIe
pacyeTa OOBIYHO HaMevaloT ABa OIVKaWIINX CTAHAAPTHBIX HaPSKEHUS
(omHO OOJIbIIIE palMOHAJIBHOIO 1 OHO MEHbIIIE PallMOHAJILHOTIO).

B 1ab. 3.3 [8, 9] npuBeneHbI XapaKTEPUCTUKU MPOITYCKHOM CITOCOOHOCTU
U JaJbHOCTU Mepeauv MOLLIHOCTH T10 ogHoUenHbIM JuHusaM 110—1150 xB.

C uX TTOMOIIBIO 110 JJIMHE JIMHUU U TIepeaaBaeMoii 110 Hell MOIITHOCTHU
JIOCTAaTOYHO JIETKO YCTAHOBUTD JJI1 Hee TPaHULIbI 9KOHOMMUYECKH 11e1eCO-
00pa3HOoro KJjlacca HOMMHAJIbHOTO HaIIPSKEHUS.

ITpu cocraBineHunu Ta6:1. 3.3 yudTeH ONbIT TPOEKTHBIX MUHCTUTYTOB [5, 9, 12]
I10 TIPOEKTUPOBAHUIO JIMHUI DJIEKTpONepeauyn pa3IndHbIX HOMUHAJIbHBIX

(3.10)
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3.2. Bblbop HOMWHAMNBHOrO HaNPAMEHUA BEKTPUYECKIX CETEN / \

HaIPSLKeHW U TPUBEIeHBI HAanboJIee 4acTo MPUMEHSIEMbIE CEYSHMST TTPO-
BOJIOB JIMHMIA 3JIEKTporiepeaadr, MpakKThKa Ux BeIOOpa U pakTudecKast
CpeIHSIS JUIMHA BO3AYIITHBIX TUHU. ClieayeT 3aMeTUTh, YTO HOMUHAIBHOE
HanpspkeHue, paBHoe 400 kB, siBiseTcst HeCTaHIAPTHBIM U MaJIO PacIipo-
ctpaHeHo. CoriacHO MpUBEIeHHBIM JaHHBIM MOXXHO OTMETUTD, UTO TIepe-
IaBaeMasi MOIITHOCTb, OITpe/ieIeHHAsl HA OCHOBAaHUY OITbITa ITPOEKTUPOBA-
HUS, U1 CPEIHUX CEYSHUI IIPOBOIOB OJIM3Ka K HATYPaJIbHOI MOIIHOCTHU
3JICKTpOIepeIadr U COBMANAeT C HEl.

Tabauya 3.3
IIpomyckHast ClIOCOOHOCTD M JAJbHOCTD Nepenadn MomHoCcTH mo JunusaM 110—1150 kB
Harpsi- IlepenaBaemast MoliI- JnvHa tuHuu
HoCTh, MBT 3JIeKTponepenadyn, Km
xkenune | CedeHue Mpo-
JIMHUMN, Bozia, MM? Hary- MpHU IUIOT- NpefenbHas cpemHss (MeX-
kB HOCTH TOKa _ Iy COCETHUMU
pajbHast 1.1 A/au? mpu KITO = 0,9 1C)
110 70—-240 30 13—-45 80 25
150 150—300 60 38-77 250 20
220 240—400 135 90—150 400 100
330 2%240—2%400 360 270—450 700 130
400 3%x300—3%400 500 620—820 1000 180
500 3%x300—3%500 900 770—1300 1200 280
750 5%300—5%400 2100 1500 —2000 2200 300
1150 8%300—8%500 5200 4000—6000 3000 -

" Il Bo3aymHbIX tuHuii 750—1150 kB npu motHOCTH TOKA 0,85 A/MM2,

[Ipu yBennueHuu nepeaaBaeMoil MOIITHOCTHU, KaK BUAHO U3 puc. 3.1,
SKOHOMUYECKH LIeJIecO00pa3Has NaJIbHOCTh Nepenayn ymeHbiuaercs. [1pe-
JeJIbHAas JaJIbHOCTD Mepeaayn 11l KaXKI0ro Kjlacca HOMMHAJIbHOTO HaMpsi-
>KeHMSI COOTBETCTBYET HaMMEHbIIel nepenaBaemMoii MoHocT. MakTu-
yecKas JaJIbHOCTb Tepeaadyu ISl JUHUIA BCEX HAIIPSDKEHUM, KaK IPaBUIIo,
3HAUYUTEJILHO HIXE TipenebHol. CpeaHsist 1albHOCTh Mepeaadyu OTjnda-
€TCS OT CPEAHEU JJIMHBI IMHUU Y OTIPENEIISIET CPEHEE PACCTOSIHUE, HA KO-
TOPOE MEPEAAETCS NEKTPOIHEPTUS HA JAHHOM HampspkeHUU. CpeaHIoo
JIAJIbHOCTb Tepeaayr MOXHO OLIEHUTb KaK MOJIOBUHY CPEAHEN JIMHBI JI1-
HUM COCEIHETO BBICIIErO ISl JaHHOM IIKaJIbl KJlacca HAIMPSKEHUsI, KOTO-
pasi xapaKTepu3yeT PacCTOSIHUE MEXIY LIEHTpaMU MUTaHUSI pacCMaTpu-
BaeMoli cetTu. Harpumep, cpeaHsisi 1aiIbHOCTb 3JIEKTPONEpeaaum Mo CeTh
220 kB paBHa nosioBuHe cpenHeit muHbl 1uHuKM 500 KB, To ectb 140 kM.
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3. MPUHLMNEI NPOEKTVPOBAHNA 3NEKTPUYECKNX CETEMN

OnpenesieHKe K1aCCOB HOMUHAbHbBIX HAMPSIKEHU I BapUaHTOB MPOEK-
TUPYEMOM CETU JOJKHO MPOU3BOAUTHCS C yUeTOM reorpaduyeckoro pac-
ToJIoXeHus paiioHa [4—6, 9]. Tak, kimaccel HanpstkeHuii 110 kB u Hinke
MOTYT ObITh MPUMEHEHBI JIJIsI pa3BUBAIOIICICS pacpeneIMTeIbHON CeTr
B J11000I1 reorpaduyeckoii 30He U Ha Tepputopun Joooin ODC. Hamnps-
xkeHue 150 kB MoxkeT UCTo1b30BaThCs 17151 pacIipeaeInTebHbIX CeTel pu
pa3BUTUM UX B pallOHaX ceBepo-3ariajaa eBporeiickoit yactu Poccuu, a Ha-
npskeHus 330—750 kB — n1sa pa3BuTHsI CUCTEeMOOOpa3yolleii CETH 1 CO3-
JaHus HeHTpoB nutaHus cetu 150 kB B aTux paitonax. B octaabHBIX perno-
Hax JIJ1s1 pa3BUTUSI CUCTEMOOOpa3yIollieil CETU 1 CO3IaHusI IEHTPOB MUTaHUSI
cetu 110 kB MoxHo ucmnonb3oBarhb HanpsizkeHst 220—500—1150 kB. Yka-
3aHHbIE 00CTOSITEILCTBA 00YCIOBIEHBI UCTOPUYECKH CIOKUBIIUMUCS TEH-
JNEeHLMSIMU Pa3BUTUS JEKTpUUECKUX ceTeil. BbiOop BapraHTOB pa3BUTUSI
3JIEKTPUUECKHUX CeTeil Ha HOMUHAJbHBIX HAMPSIDKEHUSIX, KOTOPbIe HE MC-
MOJIb3YIOTCS B JAaHHOM pailoHe, MpUBeAET K HEOOXOIMMOCTU UCITO0JIb30Ba-
HUSI JOTIOJTHUTENBHBIX TPAHC(HOPMATOPHBIX CBSA3EI U CYIIIECTBEHHO IMOHU-
3UT SKOHOMMWYHOCTh JAHHOTO BapraHTa.

VYkazaHHbIe TPU CIIoco0a MO3BOJISIIOT OINPEAeIUTh M0 BeJIMYMHE Mepe-
JaBa€MOI MOIITHOCTU U PACCTOSIHUIO, HA KOTOPOE OHA MepeaaeTcs, JUIllb
OPHUEHTUMPOBOYHOE 3HAYEHME HOMMHAIBLHOIO HamnpsikeHus ceTu. Ilocie
orpeieSieHUsI OpUEHTUPOBOYHOIO 3HAYEHMST HEOOXOAMMO TS KaXK101 KOH-
KPETHOI CEeTU HAMETUTh OTPAaHUYEHHOE YKCJIO BAPUAHTOB Pa3IMYHbIX HO-
MUWHAaJbHBIX HATPSIKEHUM IJIs1 MX TTOCJIeIYIOIeTO TEXHUKO-9KOHOMUYE-
CKOTO CpaBHEHMSI.

IIpu pa3paboTke BapuaHTOB Pa3BUTUSI CUCTEMOOOPA3YIOLIE CeTU pe-
KOMEHJIyeTCSl MCII0JIb30BaTh HE OoJjiee NBYX KJIACCOB HOMUHAJIbHBIX Ha-
NpsKeHW, TaK KaK B TPOTMBHOM CJTydae 3TO MpUBEAET K HEOOXOAUMOCTH
HCII0JIb30BaHUSI AOIMOJHUTEIbHBIX TPaHC(HOPMATOPOB U CHU3UT IKOHO-
MHWYHOCTb ¥ HaJIeXKHOCTh BapuaHTOB [4—6]. I1pn HeOOXOIMMOCTH MOXKHO
HCIIOJIb30BaTh HAa OTIEJbHBIX yUacTKaxX CEeTU BCTaBKU JAPYroro kKjaacca Ha-
npsckeHuit. Hanmpumep, B cetu HanpsikeHueM 220 KB MoryT ObITh BCTaB-
ku u3 auHui 500 kB.

OOBIYHO CHauaJla oNpenesisiloT HOMUHAIbHOE HAMPSXKEHUE TOJIOBHBIX,
OoJiee 3arpy>k€HHbIX YUaCTKOB. YUacCTKM KOJIbLIEBOW CeTH, KaK IpaBUIo,
HEO0OXOIMMO BBIMOJHSITh HA OJHO HOMUHAJIbHOE HAIIpsSIKEHUE.

CrenyeT yuuTbhiBaTh, YTO AOIYCKAeTCsl BpeMEHHasl SKCILIyaTalusl Ju-
HUIA, BHIMOJTHEHHBIX B rabapuTax OJHOTO HaMpsiKeHus, Ha 060Jiee HU3KOM
Kj1acce HaIpsiKeHUs1. DTO 00CTOSITEIbCTBO MOXET ObITh MCITOJb30BAaHO MTPU
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3.3. Pa3pabaoTka paumoHanbHON KOH(UIypaLnu SNEKTPUYECKIX CETEl

(pbopMUpOBaHUM BapMAHTOB MOATAITHOIO PAa3BUTHUS DJIEKTPUUYECKOUN CeTU
P €ro 3KOHOMMYECKOI 11e16CO00Pa3ZHOCTH.

B pesynbTaTe cpaBHEHMSI BApMaHTOB MO 9KOHOMUYECKOMY KPUTEPUIO
MOXKHO 000CHOBaHHO BbIOpaTh HOMMHAJIBLHOE HATIPsIXKEHME BCE CeTU U
OTIEJIbHBIX €€ y4acTKoB. IIpu pasHulie OLIEHOK MCMOJIb30BaHUS pa3iny-
HbIX HOMUHAJIbHBIX HAMPSKEHUI 0 9KOHOMUUYECKOMY KPUTEPHIO MEeHEee
5% mpenroyTeHNe OTAACTCS BapMAHTY MCIOJIB30BaHUS 00Jiee BHICOKOTO
KJlacca HOMMHAJILHOTO HaMPSDKEHMST CETH.

3.3. Pa3paboTHa pawvoHansbHO KoHpUrypaLmm
3NEeKTPUYECKNMX CETEN

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Kak yxe ObL10 OTMEUYEeHO B pasziese 2, ONTUMHU3aUsl KOHDUrypanum
3JIEKTPUUECKOI CETU 3aMEHSIETCSI pellieHUEM 3a1a4i CPaBHUTEJILHOM TeX-
HUKO-3KOHOMMYECKOi1 3¢p(heKTUBHOCTH COBOKYITHOCTH BapuaHTOB. Pa3pa-
00TKa KOHKYPEHTOCIIOCOOHBIX BAPMAHTOB Pa3BUTHS JIEKTPUUECKON CEeTU
BKJIIOYAET BBIOOpP Kjlacca HaIpsKEHUs CETU U OIpele/ieHue ee KOH(PUTY-
paly Ha KOHEYHBIN 3Tall pa3BUTHUS HArpy30K U 3JEKTPOCTAHLIMIA SHEp-
rocuctemsl. [1pu 3TOM clieayeT mpeaycMaTpuBaTh palliOHAIbHbBIE BApUaH-
ThI TIO3TAITHOTO CTPOUTENLCTBA IMHUIA 2JIEKTpONepeaaYn B COOTBETCTBUU
C IMHAMUWKOU pocTa Harpy3oK.

B npoekTHOI1 mpakTHKe IJisl TOCTPOSHMST pallMOHAIbHOM KOH(pUrypa-
LIMM CeTU TIPUHUMAIOT IMOBapUMaHTHBIN METOMI, MPU KOTOPOM JJis 3aJaH-
HOTO PacMoyIOXKEeHUsI MOTpeOuTe el HaMeyaloTCsl HECKOJIbKO BapUMaHTOB
U U3 HUX Ha OCHOBE TEXHMKO-3KOHOMMYECKOI'O CpaBHEHMS BbIOMpaeTcs
JIy4iunii [4—6, 9]. DToT BapraHT J0JEKEH 001a1aTh HEOOXOIMMOM HaIeKHO-
CTbI0, 5KOHOMUYHOCTBIO U THOKOCThIO. HaMeuaeMble BapraHThI HEe JOJK-
HBI OBITh CiTy4aliHbIMU. KaXknplil BApuaHT IOJKEH MMETh BEIYIIYIO UACIO
IMOCTPOEHMSI CXeMBbI, HallpUMep Ha KaxKI0M TTOCIeAYIOLIEM yJyacTKe MOTOK
3JIEKTPOIHEPIUU JOKEH ObITh HallpaBJIeH OT UCTOYHMKA.

ITpu cocTaBieHNM BapuaHTOB KOH(MUTYpALIMU 3JEKTPUIECKOI CETH Clie-
JyeT OTAaBaTh cede OTYET B TOM, UTO IPU MTOBAPUAHTHOM COITOCTABJICHUU
CXEM Pa3BUTHSI CETH BCeTaa MMEETCsI BEPOSITHOCTD BBIITYCTUTh M3 PACCMO-
TPEHUs ONTUMAaIbHBIN BapuaHT. [ToaToMy npu pa3paboTke KOHKYPEHTO-
CITOCOOHBIX BAPMAHTOB KOH(UTYpALIMU CETH CJIEIYeT IO BO3MOXHOCTH ITPU-
JIePKUBATHCS CIACAYIOIIMX MPUHILIMIIOB ONTUMAaIbHOCTH.
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3. MPUHLMNEI NPOEKTVPOBAHNA 3NEKTPUYECKNX CETEMN

1. CeTb H0JXKHA OBITHh KaK MOXHO KOpoue reorpacuyecku, 3T0O yayd-

1IaeT MoKa3aTeJu BapuaHTOB Pa3BUTHUS CETU MO 3KOHOMUYECKOMY
1 9KOJIOTUYECKOMY KPUTEPUSIM TTPOEKTUPOBAHNSL.

. DJIEeKTpUYECKU ITyTh OT UCTOUHUKOB K TTIOTPEOUTEISIM 1ieJIecoo0pa3-

HO JieJIaTh KaK MOXHO KOpPOY€, YTO CHUXKAET MOTePU JIEKTPOIHEP-
MU B CETU U yJIy4lllaeT IoKa3aTeJIM BApMAaHTOB M0 9KOHOMUYECKOMY
Kputeputo. [Ipu 3ToM HY>KHO MOMHUTb, YTO JIEKTPUUECKUIA TTYTh CO-
Kpalaercs (yBeJUUMBaeTCs) Mpy yBeJIUUeHUU (YMEHbIIEHNM ) Yrcia
napauieJIbHbIX LIeTIeil TMHUIA 3JIeKTponepeaaumn.

. CylecTBy1olliasi ceTh J0JIKHA OBbITh 3arpykeHa. 3arpy3ka 9KOHOMMU-

yecku 2((eKTUBHA, TaK KaK JJISl CYIIECTBYIOIIEH CETU He TpeOyeT-
Csl KalUTaJIbHBIX BJIOXEHUM, €CIM HeT HYXIbl B ee ycuieHuu. [1pu
HEOOXOIMMOCTHU YCUJICHUSI CYIIECTBYIOIIUX JIMHUIA YCUTIEHUE BbIMOJI-
HSIETCSI TEM K€ CEUeHMEM TTPOBOJIa, KOTOPHIM BBITIOJHEHA CYILIECTBY-
tomas auHus. [1py HeBO3MOXHOCTHU YCUJIEHUSI CYILIECTBYIOILIMX JIM-
HUIi TeM Xe CeYeHMeM MPOBO/Ia TPEOYETCs 3aMeHa CEUeHU M IPOBOJIOB
Ha BCeX Mapajuie/IbHbIX JUHUSX, BKIIOUas CYIIECTBYIOIIYIO JMHUIO.

. BapI/IaHTLI pPa3BUTUA BHCKTpI/I‘ICCKOfI CETU OOJIKHBI YOAOBJIETBOPATD

KPUTEPUIO HAIEXKHOCTU JIEKTpOCHAOXeHUs moTpeduTeneit. Coaep-
J)KaHue TpeOOBaHMI K BapMaHTaM pPa3BUTUS DJIEKTPUYECKON CETU
MO KPpUTEPUIO HAAEKHOCTHU:

e notpedbutenu | KaTeropuu HaaEXKHOCTHU JEKTPOCHAOXKEHUST TOJIK-
HbI TATATHCS OT ABYX HE3aBUCUMbIX MCTOUHUKOB. [IpMeHUTEIbHO
K CETU 9TO O3HAYaeT, UTO K Harpy3kam | kareropuu 10JKHO MOJI-
XOJIUTh HE MeHee NBYX JuHMIA. Ecin 2To 1Be mapasieabHble JT1-
HUM, TO OHU JAOJIKHBI OBITh OMHOLIETTHBIMU. B BUe UCKIIOUEHUS
B KaueCTBe HE3aBHMCHMMBbIX HCTOYHMKOB MOTYT pacCMaTpUBaThCS
paszienbHO paboTarlire CUCTEMbI IIIMH OJHOM MoAcTaHIuu. Bo-
00111e e pe3epBUPOBaHE IBYMS IMHUSIMU, TIPOXOASIIIMMU 110 O]1-
HOI1 Tpacce, He T0JDKHO paccMaTpUBaThCs KaK BBICOKOHAIEXKHOE
1 MOXET MIPUMEHSIThCS 151 CHaOKeHMsI ToTpeduTeieit mepBoii Ka-
TETOPUHU JIUIIb IIPU COOTBETCTBYIOIIIEM OOOCHOBAHUY;

e rnorpeduTenu Il kaTeropuum TakxKe MOJKHBI MMOJIy4YaTh MUTaHUE
M0 ABYM JIMHUSIM, IMOCKOJIbKY MUTaHUE 3JIeKTPONIPUEMHUKOB 11
KaTeropuu Mo OJHOM JMHUM JOITyCKaeTCs TOJbKO B TOM cllydae,
ecJii obecreyeHa BO3MOXKHOCTb ITPOBEIEHUSI PEMOHTA IMHUM B Te-
yeHue cyTokK. [Tpu aToM orpaHuueHUe 3JEKTPOCHAOXKEHUS TOTPE-
outeneit I kareropuu 0OBIMHO MIPUBOIUT K YILEPOY, IMIPEBHILLIAIO-



3.3. Pa3paboTka paunoHanbHoi KoHGMrypaLi aneKTpUHecHnX CeTed

1IEMY CTOMMOCTb COOPY>KE€HMSI pe3ePBHOM LIETH;

e nuTaHue 37eKkTponprueMHUKOB 11 kaTeropum norycTumMo 1mo ox-
HOW JIMHUM TIPU TEXHUKO-3KOHOMHUYECKOM OOOCHOBAHUU TaKOTO
BapuaHTa, TO €CTb IIPY y4eTe yIiepoa OT HEAOOTITyCKa JIEKTPOI-
HEPIUM TIPU TIepePbIBE MUTAHUS

e 3aMKHYTas cxeMa IPUPABHUBAECTCS MO HAIEXKHOCTU K CUCTEME
3JIEKTPOCHAOXXEHMS MO IBYM OJTHOLETHBIM JIMHUSIM.

5. B mocneaBapMiAHBIX CUTyallUsIX, CBI3aHHBIX C OTKJIIOUEHUEM JIMHUM,
TMOBPEXIECHUEM OMOPHI IBYXLETTHOW JTMHUU WY OTKIIOYeHUEM 0JI0-
Ka Ha BJIEKTPOCTAHIIMU, CYIIECTBYIOIIME U BHOBb IMPOEKTUPYEMBIE
JIMHUM HE JNOJIKHBI TTeperpyXatbcs 0oible gonyctumoro. [Tposep-
Ka B 9TUX YCJIOBUSIX TPOU3BOAUTCS MO TOMYCTUMOMY TOKY.

6. Pa3paboTKy KOHKYPEHTOCIIOCOOHBIX BAPMAHTOB KOH(MUTYpAIIUN CETH

cJielyeT HaYMHAaTh C PACCMOTPEHUS HauboJ1ee IIPOCThIX CXeM, Tpedy-
IOIMX 151 CO3AAHUS CETU HAMMEHBIIIETO KOJUYECTBA TMHUNA U 2JI€K-
TPOOOOPYIOBAaHMS TTOACTAHILIMIA M, COOTBETCTBEHHO, HAUMEHBIINX Ka-
MUTAIbHBIX BIOXeHUN. K yncity TaKMX BApMAHTOB OTHOCSITCS CXEMBbI
ceTell MaruCTpaJbHOIO U 3aMKHYTOTO THUIIOB.
Hapsiny ¢ HanboJee mpoCcTbIMU CXeMaMM CJIEIYeT paCCMOTPETh U BApU -
AHTBI CXEM C YBEJIMYEHHBIMM KAaTTUTATIOBIOXEHUSIMU HA COOPYKEHUE
JIMHUIA U TIOACTAHLMIA IJIs1 JOCTUKEHUS OOJbIIe 3KCILTyaTallMOH-
HOM TMOKOCTU CXEMbI WJIY TTOBBIIEHHOU HAAEKHOCTU 3JIEKTPOCHA0-
XeHus. K ynciy Takux cXeM OTHOCSITCS CMEIIaHHbIE MAaruCTPAJIbHO-
paavaabHbIE CXEMBbI CO CJIOXKHO3AMKHYTBIMU KOHTYPaMU.

7. Kucnonb30BaHUIO HaubOOJIee CJIOKHBIX M JOPOTMX CXEM CEeTel CleayeT
TEePEXOIUTh JIMIIb B TEX CIIy4asix, KOrma 00J1e€e IMpOCThIE CXEMbI HEYIOB-
JIETBOPUTEJIbHBI IO TEXHUYECKMM TPEOOBAHUSAM U KpUTEPUSIM (HaIIpu-
Mep, IPY 3aBBILLIEHHBIX CEYEHUSIX TPOBOAOB, HEOOXOIUMBIX MO AOITY-
CTMIMOMY HarpeBy; NPy HEMPUEMIIEMbIX ITOTEPSIX HAMIPSIKEHUS U T. 11.).

ITocne pazpaboTKu COBOKYITHOCTH pallMOHAbHBIX BADUAHTOB, B KaX-

JIOM M3 KOTOPBIX 00€CIIeUMBAIOTCI TEXHUYECKUE BO3MOXHOCTU HAIEXKHO-
T0 ¥ KQYECTBEHHOTO 3JIEKTPOCHAOXKEHMS MOTPEOUTENEN DIIEKTPOIHEPTUU
Mpu COOJTIOIEHUY OTPAHUYEHUH MO 3KOJOTMYECKOMY KPUTEPUIO U C YIETOM
(pakTOPOB MEPCIEKTUBHOCTU BAPUAHTOB, COLIMAIILHOTO U APYTHX, BBITTOJI-
HSIETCSI IPOEKTUPOBAHUE JIEKTPUUECKOM ceTu. [IpoekTnpoBaHue 3aKoya-
€TCS B BBIOOPE CEYEHUM TMHUM 3JIEKTPONEpeaaun, CXeM pacipeaeanuTe b-
HBIX YCTPOUCTB U HAaM00JIe€ KAIUTAIOEMKOTO 000pYA0BaHUS MOACTAHIIAI
B KaXXIOM M3 BApUAHTOB KOH(MUTYpALIUU CETH.
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3. MPUHLMNEI NPOEKTVPOBAHNA 3NEKTPUYECKNX CETEMN

BriGpaHHasg cxema pa3BUTHS IJEKTPUUECKOM ceTu (pagualibHasl, Ma-
rucTpajibHasl, 3aMKHYTasl, CMelllaHHas) B 3HAUMTEbHOM CTeTIEHU BJIMSI-
€T Ha CXEMbI paclpeaeTUTENbHBIX YCTPOUCTB noactaHuuii. [Toatomy npu
OLICHKE TEXHUKO-2KOHOMMYECKUX MOKA3aTeIe BAPUAHTOB CETU 1 BBIOO-
pe Haubosee 1e1ecoodpa3HOro BapuaHTa 3JIEKTPOCHAOXEHUST HEOOX0IM -
MO YYUTBIBATh CTOUMOCTbh OOOPYIOBAHUS PACIIPEECIUTEIbHBIX YCTPOMCTB
MOJICTAHIIMI TOTO € KJIacca HAIPSDKEHUs, HA KOTOPOM IIPOEKTUPYETCS
anekTpuueckas cetb [8—11]. C aT0i LIeabI0 111 KaXXI0TO BapuaHTa CXe-
MbI Pa3BUTHS CETU HY>KHO HAMETUTD U CXEMBbI 3JIEKTPUIYECKUX COETUHEHUI
MOIKJIIOYEHHBIX TTOoACTaHLIMIA. [Ipu BBIOOpE CXeM 2JIEKTPUUYECKUX COEIU-
HEHUI MOACTAHIIMKI CJIENYET YY€CTh, YTO TUITbI TPAaHC(HOPMATOPOB U CXE-
MbI PacCIpeneIMTENbHBIX YCTPOMCTB IPYTUX KIACCOB HAIIPSKEHUIA HE 3a-
BUCSIT OT BapMaHTa pa3BUTUsI 3JieKTpuueckoit cetu. CiaenoBaresibHO, IIpU
COMOCTABJICHUX BApUAHTOB PA3BUTHUS CETU HEOOXOAUMO YUUTHIBATH TOJIBLKO
CXEMBbI paclpeaeIUTENbHbBIX YCTPOMCTB TOTO KJIaCCa HATIPSIKEHMS, HAa KO-
TOPOM IPOEKTUPYETCS IEKTpUUecKas ceThb. [JTaBHbIE CXEMBI JIEKTpUYE-
CKHMX CO€IMHEHMI MOACTaHLIMIA U TpeOOBaHMS K HUM NpUBEAeHBI B [17].

Bri00op Hanbosee pallmoOHaIbHOTO BapMaHTA U3 COBOKYITHOCTU KOHKY-
PEHTOCITOCOOHBIX BAPMAHTOB BBITTOJIHSETCS IO SKOHOMUYECKOMY KPUTEPUIO
[4—6]. KpuTteprem, KOTOpOMY JOJKEH YIOBICTBOPSITH BADUAHT, CUUTAIO-
IIUICSI Haubosee 1eaeco00pa3HbIM, SIBIISETCS YCIOBUE MUHUMYMA TIpU-
HSITOTO SKOHOMMYECKOTO (PYHKIIMOHAMA. B Tex ciydasx, Korna pasinuiue
B 3HAYEHMSIX S KOHOMHUYECKOTO (DYHKIIMOHAIA BAPUAHTOB JIEKUT B TIpeIe-
JlaX TOYHOCTH 3aJJaHMS UICXOIHBIX JaHHBIX (B 5 %-M UHTepBaJie) IIpu COOJTIO-
JNEHUY OIPAaHWYEHUI T10 SKOJOTUYECKOMY KPUTEPHUIO U C YYeTOM (PaKTo-
POB NEPCHEKTUBHOCTU BAPUAHTOB, COLIMAIILHOTO U IPYTUX, MIPUHUMAIOTCS
BO BHMMAaHME JTOTIOJTHUTEbHbBIEC MTOKA3aTEIN U MPAKTUYECKHUE COOOpaxe-
Hus. K nx yuciy, HaripyuMep, MOTYT ObITb OTHECEHBI YAEIbHbIE KAITUTATbHBIE
BJIOXKEHMSI, CEOECTOMMOCTD MEPEIauYn SHEPTUM, PAcXo/l MeTajlyla Ha COOpy-
JKEHUE CETH, YIOOCTBO OpPraHM3aliMi padoT MO €€ COOPYKEHNIO, BO3MOX-
HOCTb BBEICHUS CETU B pabOTYy HECKOJBKMMU OYEPENSIMU, YIOOCTBO IKC-
iyatauuu u apyrue. CienyeT OTMETUTDb, YTO MHOTHE 13 JOMOTHUTEIbHbBIX
KPUTEPHUEB NOITYCKAIOT KOTNYECTBEHHYIO TEXHUKO-9KOHOMUYECKYIO OLIEH-
Ky. B aTuX cilydasix COOTBETCTBYIOIIIME MTOKA3aTEJIN JOJDKHBI ObITh MO BO3-
MO>KHOCTH BHECEHbI B paCYEThl IPUHSITOTO 9KOHOMUYECKOTO (DyHKIIMOHAA.

Haub6onee nenecooOpa3Hblii BApraHT KOH(PUTYpALIUKU BJIEKTPUIECKOMN
CEeTU MPUHUMAETCS IJIs1 TAJIbHEHIIEN 1eTaTbHOMW MPOpabOTKU U MOCEMY-
IOIIEN IPAKTUIECKON pean3alyi.
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4. Buibop ceyveHwn nHUN aneKTponepenaym
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4.1. MNpuHumnel BoiBopa ceveHnn NpoBoLOB ¥ Kabenen
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CHOBHbBIM MPUHLIMIIOM BbIOOpA MPU MPOESKTUPOBAHUU CEUEHU A

MPOBOAOB U Kabeyiel JIMHUI 2JeKTporiepeaayr 10KeH ObITh

MPUHLIMI 3KOHOMUYECKOM 11eJIeCO000pa3HOCTU BapuaHTa 2J1eK-
TPUYECKOU CETU, IJII COOPYKEHUSI KOTOPOI 3TU JIMHUM MpeIHa3HAYaroTCS.
KonnuecTBeHHOI XapaKTepUCTUKOI 3TOT0 YCIOBUS CIY>KUT MMHUMAaIbHOE
3HAYEHUE MCMOJIb3YEMOT0 3KOHOMUYECKOro (DYHKIMOHAIa HA COOpYyXKe-
HUE U DKCIUTyaTalMIO JUHUU CETU, BHIMTOJHEHHON BHIOpAHHBIMU ITPOBO-
naMu v Kabenasamu [4—6, 8—11].

[TpoBona 1 kabenu pasznauyaroTcs MaTepuaaoM U HOMUHAJIBHBIM ceue-
HUEeM TOKOBeIylIei 4acTu, MO3TOMY IPpU MPOSKTUPOBAHUU BHIOUPAIOTCS
ceueHMs IPOBOAOB 1 Kabeeii, a TakKe MaTepuall, U3 KOTOPOIro OHM JOJIXK-
HbI OBITb BHINOJTHEHHBI.

JI71s1 BO3AYLLHBIX JIMHUM 3JIeKTponepeaayn HanpsikeHuem 35 KB 1 Bbllle
MPUMEHSIIOTCS cTajeaitoMuHeBbie poBoja Mapok AC, ACO, pexe ACY.
CeTH ¢ MEHBLLIMMU HOMMHAJIbHBIMU HATIPSIKEHUSIMU Yallle BbITTOJHSIIOTCS
aJTlOMMHUEBbIMU MTpoBogamMu. C ydeToOM 3TUX YCIIOBUIA, OTpaKaroIX UMe-
IOLIUIACS] ONBIT MPOEKTUPOBAHMSI, BIOOPY MOJIEKAT JIMIbL CEYEHUST MPO-
BOJIOB BO3AYIIHbBIX JIMHUIA.

CornacHo [2] BbIOOp ceuyeHUl JTUMHUN 3JIEKTpOoIiepeayu ITOCTOSTHHO-
ro U repeMeHHoro TokoB HanpsikeHrueM 330 kB u BhIllIe, a TakKe JIMHUNA
MEXXCUCTEMHBIX CBSI3€i BBIMOJHSIETCS HAa OCHOBE TEXHUKO-3KOHOMUYE-
CKMX PacueToB.

IIpu nmpoexTpoBaHUU KaOEJIbHBIX JIMHUMN 3JIeKTpoIriepeaayn Heo0Xo-
JUMO pelliaTh OJHOBPEMEHHO 3aJlauu BbIOOpa mMarepualia U CeYeHUs Ju-
HuM. B KauecTBe MaTrepurasa TOKOBeIyllIei yacTu Kabeeil MOryT UCIOJIb-
30BaThCs AJIIOMUHUIN U MENb.
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4. Boibop ceyeHnit MHWIA anexrTponepesaqy

IIpu BeIGOpPE MPOBOIOB M Kabeeil 1Mo yCJIOBUID 3KOHOMUYECKOMN (-
(peKTUBHOCTH TPUHUMAIOTCSI BO BHUMaHKWE HOPMaJIbHbIE IJIMTEIbHbIE pa-
Ooume pexXuMbl 3eKTpruueckux ceteii. Kak rnpaBuiio, K TaKUM pexumam
OTHOCSITCSI HOPMaJIbHbIE€ PEXMMbl MAKCUMAaJIbHBIX HAIPY30K, OHAKO IS
OT/IEJIbHBIX TUHUI MaKCUMaJlbHasl IJIMTeJIbHAs UX 3arpy3Ka MOXKET HACTY-
MUTb B peXXMME MUHUMAJIbHBIX HAarpy30K. TakKuM NpruMeEpOM MOXET ObITh
pexXUM pabOThl IMHUM CBSI3U MEXAY PalilOHOM, XapaKTepU3YIOIIMMCS 13-
OBITOYHOI reHepalueii U 3JIEKTPOCTAHLIMSIMU C HEM3MEHHBIMU TpapuKamMu
paboThl, U OCTAILHOM 3JIEKTpUYECKOI cucTeMoii. OueBMIHO, YTO IO JIU-
HUU CBSI3U B peXXKMMe MMHUMAJIbHBIX HArpy30K IepeaaeTcs 00blasi MOIII-
HOCTb, YeM B MaKCUMaJIbHOM, TaKOU PEXXUM SIBJISIETCSI HOPMaJIbHBIM Pado-
YM PEXMMOM U €ro caeayeT NpUHUMATh B KaueCTBE PACYETHOTO.

ITpu BbIOOpE ceueHUit MPOBOAOB U Kabeaei MpUXOaUTCs YUYUThIBATh
OrpaHMYEHMSI IO HArPEBY U MO MOTEPE HAMPSIKEHMUSI.

ITo ycnoBusIM 1OIMyCTUMOIO HarpeBa JOJKHbBI MPOBEPSATHCS MpPHU TPO-
eKTUPOBAHUM CEYEeHMSsI BCeX CeTeil He3aBUCUMO OT MX KOHCTPYKTUMBHO-
O BHITIOJTHeHUS ¥ Ha3HaueHus [4—6]. [IpoBepke moaBepraioTcs ceuyeHus,
BbIOpaHHbBIE KaK 110 S5KOHOMUYECKOMY KPUTEPHIO, TaK U MO IPYTUM YCJI0-
BUSIM, HaIIpyuMep 1o KpuTepuio KadecTsa. [1pu mpoBepke 1o HarpeBy pac-
CMaTpHUBAIOTCS HOpMaJIbHbIE, PEMOHTHbIE PEXMMBbI WJIM MOCIeaBapuiiHbIe
PEXMMBbI, B KOTOPBIX 11O TTPOCKTUPYEMOM JTUHUU JIUTEJILHO MPOTEKAIOT
HanOOJIbIINE TOKM.

TpebGoBaHuUS MoanepXKUBaTh HEOOXOAUMBIN YPOBEHb HAMNpPSIKEHUS
Ha IIMHaX MOoTpeOuTeeil BIUSIOT Ha BBIOOP CEUeHMId TPOBOIOB U Kabe-
Jieil, ocoOeHHO 3Ta MpobieMa BO3HMKAET B MECTHBIX CETSIX MPU OrpaHu-
YEeHHOM MPHMMEHEHUHU YCTPOMCTB peryaupoBaHus HanpsikeHus. [Toatomy
MpU BbIOOpPE CeUeHU MPOBOJAOB U Kabeseil MeCTHbIX ceTeii HE0OX0AMMO
00€eCcIeurTh TaKyI0 MaKCUMAaJIbHYIO ITOTEPIO HATIPSKEHUS B HUX, YTOOBI OHA
He MpeBOCXOoauja T0MyCKaeMOro 3HaUeHMsI, UTO SIBJISIETCS YCI0BUEM 00e-
crieyeHUs1 MOTpeduTes el 2JIeKTpOIHeprueit TpedyeMoro KauecTna.

ITpu npoekTMpoBaHUM PaliOHHBIX CETEeil OrpaHUYEeHME MO MoTepe Ha-
NpsKeHWs He yuuTbiBaeTcss. OObSICHSIETCS 3TO MPeXKAe BCErO TEM, YTO MO-
TPeOUTENIN JIEKTPOIHEPTUU CBI3aHbI C IMHUSIMU PaliOHHOI CETU TpaHC-
(opmaTopamu u aBTOTpaHCHOpPMATOPaMU, CIOCOOHBIMU PETyJIMPOBATh
HaIpsoKeHUe B paclpeaeUuTeIbHbIX ceTsaX. Jpyroii mpuunMHOM SIBIsIET-
Csl CPaBHUTEJIBHO MaJjiasi 3aBUCMMOCTb IMOTEPh HAMPSIKEHUS OT CeUeHUIA
MPOBOJIOB B TAKUX CETSX, IOCKOJIbKY B CETSIX HampspKeHUeM 35 kB 1 Bblliie
MOTEePU HAIPSIKEHUST ONPENeISIIOTCS peaKTUBHBIMU COIPOTUBIIEHUSIMU,
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4.1, MpuHumnel BIBOpa CeveHmii NpoBoAoB M Kabenei

KOTOpbI€ MPAKTUYECKM HE 3aBUCST OT CEUCHMI. YKa3aHHbIE TIPUYNHBI T10-
3BOJISIIOT IPU BBIOOPE CEUYEHUI MTPOBOJOB JIMHUM palilOHHBIX CETE OTKa-
3aThCS OT y4eTa OrpaHUUYEHMS, CBSI3aHHOTO C COXpaHEHUEM JOITyCTUMOM
MOTEPU HATIPSIKEHUS B CETU.

B cetsx 110 kB 1 BoiIe 1ipu mpoeKTHPOBAHUY TTepeaadyy BO3AYIITHBIMU
JMHUSMU IPUHUMAIOTCSI BO BHUMaHME Apyrue orpaHndeHus. OmHo U3 HUX
orpenesieTcss He0OXOIMMOCTBIO MPEAOTBPAILeHUS Pa3BUTHSI KOPOHHOTO
pa3psiza Ha TIpoBOAax.

XapaKTepUCTUKN KOPOHBI OMPEASISIIOTCS BEIUYMHON HATIPSIXKEHHO-
CTH 2JIEKTPUYECKOTO TOJIsSI Ha TIOBEPXHOCTHU TIPOBOAA, KOTOpasi TIpu Mpo-
YUX paBHBIX YCJIOBUSIX 3aBUCUT OT KPUBU3HBI 3TOM MOBEPXHOCTU U, CJIEIO-
BaTeJIbHO, OT AMaMeTpa rposoda. [Tpu Manbix nmaMmeTpax HampsoKEHHOCTD
BJIEKTPUUYECKOTO MOJISI BEJIMKA, YBeTUUCHUE TMaMeTpa MOXET CHU3UTD Be-
JIMYUHY 3TO HANPSKEHHOCTU A0 3HAYEHUH, TIPU KOTOPBIX KOPOHA T100
BOOOIIIE HE pa3BUBAETCS, IMOO MPOSIBISIETCS B HE3HAUMTEIbHOM CTEIIEHU.

B ITYD yka3aHbl MUHUMAJIbHO JOMYCTUMBIE TaMeTPhl ITPOBOIOB BO3-
OYITHBIX JUHWUI, BBIMOJIHEHHBIX CIUIOITHBIMU TIpoBogamMu [2]:

e st tuHUK HanpsikeHneM 110 kB — 11,3 mwm;

o 1 muHuit 150 kB — 15,2 MmMm;

o i nuHuii 220 kB — 21,6 mM.

OrpaHnyeHne MUHUMAaJIbHO JOIMYCTUMbIX JUaMETPOB CTajicaTIOMUHIE -
BBIX IIPOBOJOB BO3AYILIHBIX JIMHUI CBOAUTCS K OTPAaHUYEHUIO MUHUMAaJIb-
HBIX CEUEHU JJIs pa3IMYHBIX KJIACCOB HOMUHAJIbHBIX HATIPSIKEHUIA:

e ist TuHUK HanpsikeHneM 110 kB — AC-70;

e 1 muHuit 150 kB — AC-120;

e g iuHui 220 kB — ACO-240.

Mg muanii 330, 500, 750 u 1150 kB, BeImOTHAEMBIX paciienIeHHBIMU
MPOBOAAMM, ITpaBUIaMU BBOAUTCS TPEOOBaHME 0OECIIEYNTh COOTBETCTBYIO-
IIMM BBIOOPOM OUaMeTpa U Yrcia IIPOBOAOB B (ha3e HATIPSIKEHHOCTh 3JIeK-
TPUUECKOTO TTOJISI, He MpeBhIIIaionyo 26 KB/cM.

ITpoBoma BO3AYIIHBIX TMHUI 3JEKTPUUYECKOI CETU MCIIBITHIBAIOT 3HA-
YUTEJIbHBIC MEXaHUYECKME HAarpy3ku. YMeHbIlIeHe JuaMeTpa TpOBOAOB
CBEpX OMpeIeIeHHbIX 3HAYEHU MOXET MPUBECTU K UX OOPHIBY, MO3TO-
MY BBOJIUTCS OTpaHUYCHUE IJIsT JMaMETPOB ITPOBOAOB BO3AYIIHBIX JIMHUMI
U TI0 YCJIOBUIO MEXaHUYECKOM IMMPOYHOCTH.

CnenyeT OTMETUTb, UTO IJISI OTIPEIeJICHUSI CEUEHUI 10 Pa3IMYHBIM YCII0-
BUSIM MOKHO MCITOJIb30BaTh HECKOJIBKO METOIMK, JAOLINX OAUH U TOT XKe
pe3yibTar.
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4. Boibop ceyeHnit MHWIA anexrTponepesaqy

IlepBas MmeToauKa IpesarnoiaraeT HaXoXIeHWe CTaHAAPTHOTO CeUeHUs
0 KaXKJ0MY YCJIOBHUIO U TaJIbHEUIIUI BHIOOP HAMOOJIBIIIETO U3 HUX.

Bropas 3akiouaercs: B nepBoHaYaIbHOM BbIOOpE CeYeHMS MPOBOIHUKA
10 OJTHOMY, HarboJiee onpenessoleMy YCI0BUI0, HAaIIpUMED 110 9KOHOMMU-
YECKOMY KPUTEPHIO, U B AaJIbHENIIIEH TTPOBEPKE ITOTO CEUSHUS T10 IPYTUM
YCJIOBUSIM, HAIIPUMED MO JOITYCTUMOM ITOTepe HAMTPSIKEHMST WJIM T10 HarpeBy.

Ha npaktuke 00bI1YHO TIpUMeHsieTCs 00Jiee MpocTasl BTOpasi METOIMKa.
ITpu ee Mcroab30BaHUM BaxKHOE 3HAUEHUE MMEET OINpeNeSIeHUEe OCHOBHO-
20 yCcA08us, B COOTBETCTBUY C KOTOPBIM IEPBOHAYAIbHO BHIOMPAETCS ceve-
HUe. DTO yCIOBUE 3aBUCUT OT XapakTepa CeTU M Harpy3Ku U MOXET ObITh
Pa3IMYHBIM JJISI CUCTEMOOOPA3YIOLINUX, paclpeaeuTeIbHbIX, TOPOICKUX,
MPOMBIIIJIEHHBIX U CEJIbCKUX CETEe.

B cucremoo0pa3yoimx 1 pacnpeaeauTe/IbHbIX ceTsx 35 KB u Bbilie BbI-
0Op ceueHMIi BBIMOJIHSIETCS 10 YCJIOBUIO 3 KOHOMUYHOCTH, IIPU 3TOM Orpa-
HUYEHUSI 10 TOMYCTUMBbIM MTOTEPSIM HAMPSIKEHMSI U HAaTPeBY OOBIYHO 3aBe-
JTOMO BBITIOJTHSIIOTCS.

Oco0eHHOCTH BBIOOpaA ceueHMI B pacnpeneanTenbHbIX ceTsax 0,38—20 kB
00yCJIOBJI€HBI HEOOXOAMMOCTHIO OJTHOBPEMEHHO YUUTHIBATh MPU BbIOO-
pe ce4yeHU yCI0BUSI SKOHOMUYHOCTH, JOMTYCTUMbBIX OTEPh HATIPSIKEHUST
1 Harpesa.

C y4eToM oIbITa IMPOEeKTUPOBAaHUS ceueHus B ceTssx 6—20 kB ompene-

JITIOTCS TI0 SKOHOMMWYECKOI TIJIOTHOCTH TOKA J,, , TIO IOIYCTUMOM TTOTepe
HanpspkeHust AU v o nonyctuMomy HarpeBy. CeueHust B cetsix 1o 1 kB
OINPEAEISTIOTCS TOJIBKO I10 I0ITYCTUMOM rotepe HanpskeHust AU v 1o 1o-

Jorn

IyCTUMOMY Harpesy [4—6, 9].

4.2. Bribop ceveHnin No 3KOHOMUYECKOMY KpUTEpUIO

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

4.2.1. 0630p meTopoB Bbibopa ceyeHnH N0 3IKOHOMWYECKOMY KpUTEpHIO

Knaccrnueckmii moaxoa K BEIOOPY CeYeHUI BO3AYIIHBIX U KaOeJIbHbBIX
JIMHUI 3JIEKTponepeaayn o 3JKOHOMUUECKOMY KPUTEPUIO OCHOBAH Ha UC-
MOJIb30BaHUU METOI0B SKOHOMMYECKOM IJIOTHOCTU TOKA UJIM SKOHOMUYE-
CKMX TOKOBBIX MTHTEPBaJIOB ceyeHu [4—6]. O0a yIOMSHYTBIX METOIA Pa3-
paboTaHbl Ha 0a3e OAHOI0 SKOHOMMYECKOr0 KPUTEPUSI MPOEKTUPOBAHUSI
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4.2. Bribop ceyeHuid N0 SKOHOMUYECKOMY KPUTEPHID

3JICKTPUYECKOI CETM — CTaTUYECKMX MpUBeIeHHBIX 3aTpart. [Ipencraie-
HHUE SKOHOMMYECKOTO KPUTEPHUS B BUAE CTATUIECKUX ITPUBEICHHBIX 3aTpaT
HE COOTBETCTBYET COBPEMEHHBIM 3KOHOMUYECKUM OTHOIIEHUSM, TIO3TO-
My TIpUBEICHHBIC B CITIPABOYHOM JIUTEpaType YMCIOBBIE XapaKTePUCTUKI
3KOHOMMYECKON TIJIOTHOCTH TOKA Y SKOHOMUUYECKUX MHTEPBAJIOB ceue-
HUI HE MOTYT OBITh UCITOJIb30BaHbI IIPU MPOSKTUPOBAHUY B YMCTOM BHIIE
U TOJDKHBI OBITh TTOABEPKEHBI KOPPEKTUPOBKE.

KoppekTrnpoBKka 3KOHOMUYECKHMX TOKOBBIX MTHTEPBAJIOB CEUCHUI TOJKHA
OBITH BHITTOJTHEHA C YYETOM LIEHOBBIX MHTEPBAJIOB YIEJIbHBIX KAITUTAIbHBIX
BJIOXKEHUI B COOPYKEHUE BJICKTPUUECKOM CETH 1 YIEJbHBIX 3aTpaT Ha KOM-
TeHCALIMIO TTOTEPh AJIEKTPOIHEPTUH, KOTOPBIE B HACTOSIIIEE BPEMSI B YCIIO-
BUSIX MHQJISILIMA OTIPEACINTD MPAKTUIECKN HEBO3MOXKHO.

OnpeneneHre 0ObEKTUBHOTO 3HAUCHUSI SKOHOMUYECKOM MIOTHOCTH
TOKa HEBO3MOXHO IO TEM K€ TIPUYMHAM, OJHAKO MOXHO BOCITOJIb30BaTh-
CSI OTIBITOM IMPOEKTUPOBAHMSI. AHAJIN3 peaJTbHBIX, YXKe peaTn30BaHHbIX WU
HaXOMSIIMXCI Ha 3Tare KOHKPETHOTO MPOSKTUPOBAHUS, TIPOEKTOB pa3-
BUTHS 2JIEKTPUUECKMX CETeil pa3IMYHBIX KJIACCOB HOMUHAJILHOTO HAIIps-
>KeHUs TI0Ka3ajl, YTO 3HAaYeHUST SKOHOMMYECKOM TJIOTHOCTA TOKA UMEIOT
TEHIEHIIUIO K HEKOTOPOMY CHUKEHMIO TI0 CPAaBHEHMIO C UCIIOJIb3yeMbIMU
paHee HOPMATUBHBIMM 3HAYCHUSIMU. DTO SIBJICHUE HaOJII0IaeTcsl, HECMO-
TPsI Ha CHIDKEHUE CPOKOB OKYIIaeMOCTH OOBEKTOB, UTO, COTJIACHO KJIACCH-
YeCKOM TeOPUH, TOJKHO CIIOCOOCTBOBATh POCTY 9KOHOMUUYECKOM TIIOTHO-
ctu ToKa. ClieyeT OTMETUTD, YTO YETKOTO 0OOCHOBAHUSI IIPUYMH CHIKECHUS
3KOHOMMYECKON IIOTHOCTHA TOKA HAa BHOBb IMPOEKTUPYEMBIX JIMHUSIX HET
U OHO, CKOPEE BCETO, OOBSICHSICTCS MOXETaHUSIMU 3aKa34MKOB IIPOEKTOB
U CHIDKEHMEM HOMEHKJIATYPhl CEYEeHUI TIPOBOIOB.

C y4eToM M3JI0XEHHOTO B HACTOsIIIIee BpeMsl HanboJiee TepCreKTUB-
HBIM SIBJISIETCSI MCIOJIb30BaHNE 3KOHOMUYECKOI TUIOTHOCTUA TOKA C BBI-
0OopoM OIMKaMIIIeTo OOJIBIIEr0 K 9KOHOMUUYECKOMY CEUeHUS BO3MYIIHBIX
1 KaOeJIbHBIX JIMHUI 3JIEKTpOIiepeaur. DTO MO3BOJIUT YUECTh TEHICHIINIO
K CHDKEHMIO 3HAaYCHMST SKOHOMUYECKOM IUIOTHOCTH TOKa IT0 CPaBHEHMIO
C HOPMATUBHBIMM 3HAYCHUSIMU.

Cornacho [2, . 1.2.25] BbIOOp cedyeHUI TIPOBOJHUKOB BBITIOJTHSIETCS
10 5KOHOMMYECKOM IJIOTHOCTH TOKA B 3aBUCUMOCTH OT BHJIa ITPOBOIHUKA
1 BpeMEHHU UCITOIb30BaHMSI MAKCUMAJIbHOM HAarpy3KHU.

Huke mpuBeneHO M3/I0KeHNE KIIACCUMIECKIX METOIOB BBIOOpA CEUeHUI
IMPOBOIHMKA IO SKOHOMMYECKOM TUIOTHOCTH TOKA ¥ METOJIOM SKOHOMUYE-
CKHX TOKOBBIX MHTEPBAJIOB CEYCHMIA.
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4.2.2. MeTop 3KOHOMWYECHKOM NNOTHOCTH TOKa

J1)1s1 pacCMOTpPEHMS TTOHATHUS 9KOHOMMWUYECKOM ITTOTHOCTH TOKa [4—6, 8, 9]
HEeO0XOAMMO BBITTOJHUTD aHAJIU3 COCTABJISTIOIINX aHATUTUYECKOTO BhIpaXke-
HMST 5)KOHOMUYECKOTO KpUTEepHUsl TPOSKTUPOBaHusl. BbIOOp B1Ia S5KOHOMIYE-
CKOT'O KPUTEPUSI XOTSI U OTIpeIeIIsIeT BETMUYUHY 9KOHOMMYECKOM IJIOTHOCTU
TOKa, He BJIMSIET Ha CYIIITHOCTb caMOro MoHATUS. [103ToMy MOHSITHE 9KOHO-
MMYECKOI INIOTHOCTU TOKA PAaCCMaTPUBAETCSI C UCITOIb30BaHUEM ITPOCTEI -
1IEro 3KOHOMMYECKOTO KPUTEPUST — CTaTUUYECKUX ITPUBEICHHBIX 3aTpar.

CraTuuecKue IpuBeJeHHbBIEC 3aTPaThl B COOPYKeHMEe 1 KM TMHUY 3JIeK-
Tpornepeaayn MOXXHO HAlTH 10 BbIpaXXeHUI0, aHaJorTndHoMY (2.20):

3, = E, K, +H1,, (4.1)

rae K, — enrHoBpeMeHHbIE y/e/bHbIE KalIUTaIbHbIE BIOXEHUS B COOPY-
XeHue 1 KM IMHuM anekTponepenayn; M, — exeroaHsie aKCIulyaTaluoH-
Hble U3IEPXKKU Ha TuHMI0; E, — KoadhduLmneHT cpaBHUTENbHON 3D deK-
TUBHOCTHU KalUTaJbHbBIX BJIOXEHUM.

VaenbHble KaluTaldbHbIE BIOXEHUS B MEPBOM MPUOIMXKEHUN MOXHO
3anucaThb B BUE CYMMBI ABYX cocTaBisiiomux: K{, — pacxonos, He 3aBu-
CSIIMX OT CEYEHMUSI TIPOBOAOB U CBSI3aHHbBIX C BBIMOJIHEHUEM U3bICKAHMIA,
MMPOEKTUPOBAHUEM, MPOKJIAAKONW JOPOT, MOATOTOBKOM TpacChl U APYTrUX
pa6oT; K, — pacxonos, 3aBucsuux oT cedeHus NpoBoa0B F' U CTOMMOCTU

CcaMUX ITPOBOJOB!:
K, =K, +K/ -F. (4.2)

VnenbHble eXXeroHble IKCILTyaTallMOHHbIE U3IEP>KKU BKIIOUAIOT aMOp-
TU3ALMOHHBIE OTYMUCIICHUSI U U3NEPKKMU Ha KOMIIEHCALIUIO TTIOTEPD DJIeK-
TPOSHEPIUU B IMHUU:

n,=",+u,, (4.3)

Kak 6110 moKa3aHo B pa3jese 2, eXXerogHble aMOpTU3allMOHHbIE OT-
YUCJIEHUS 3aBUCSIT OT HOpMaTMBa OTYMUCICHUI O, U KallMTaJbHbIX BJIO-
xeHui B iuHuio K | torna

n,, =(K, +K}, - F)-a,, (4.4)

i

VaenbHbIe exXerogHble U3AEeP>KKM Ha KOMIIEHCALIMIO MOTEePh IJAEKTPOI-
Hepruu, corjaacHo (2.7) u (2.10), (2.12):

HAW=3~1§m~Ro~r'B=3'1éax—%-r-B, (4.5)
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3aech 1, — MaKCUMaJIbHBII TOK T10 JMHUU B HOPMAJILHOM PEXUME, KA;
R, =p/ F — ynenpHOe aKTUBHOE CONPOTUBIIEHNE TMHUU, OM/KM, 3aBUCS -
1ee OT p — YAEJIbHOTO COMPOTUBIICHUS MaTepuaia u F — cedeHust 1po-
BOJIA; T — YKCJIO YACOB MaKCUMAJIbHBIX ITOTEPb MPOEKTUPYEMO CETH; 3 —
yaenbHas CTOMMOCTb TTOTEPb SHEPTU .

CyMMapHbIe yaeabHbIE €XEeTOIHbIe dKCITyaTallMOHHbIe M3IEPXKKU
Ha JIMHUIO, BIIMSIIONINE Ha BBIOOP CeYeHMsI POBO/A, TOTAA OYIYT COCTABISAT

I/lyﬂ=(K;H+K;H'F)-ocm+3-1rfmx~ﬂ-r~|3. (4.6)

VienabHble cTaTUYeCKKUe TTPUBEIEHHbIE 3aTPaThl ONPEIEIISIFOTCS CYMMMU -
pOBaHMEM yIeJIbHbIX KAITUTAIbHBIX BJIOXEHUI 1 €XXETOIHbIX YIeJIbHbIX 13-
JIeP>KeK B JIMHUIO C TPOBOJOM ceueHust F:

3, :(K;ﬂ1 +KJ, -F)-EH +(K;a +KJ, -F)-ocaM +3-12 -%-r-B 4.7)

WIN
3, =(K}, +Kl, -F)-(E, +o,,)+3- 12, .%-1-3:31 +3,.  (4.8)
Ha puc. 4.1 noka3aHbl 3aBUCUMOCTH JABYX COCTABJISIONIUX MMPUBEICH-
HbIX 3aTpaT 3, U 3, B BUAe (PYyHKIUI ceyeHus mpoBoaa F, a Takxke rpadu-

yecKas 3aBUCUMOCTb CYMMapHBIX MPUBEIEHHBIX 3aTpaT OT CEYEHHUS
3, = f(F), KoTopas HarIsAAHO WLTIOCTPUPYET CYLIECTBOBAHNE HEKOTOPO-

o CCYCHUA, IIp1U KOTOPOM (I)YHK]_[I/IH CTaTUYCCKUX MPUBCACHHDbIX 3aTpaT
NMECT MUHUMYM.

3
A

>
>

F

Puc. 4.1. 3aBUcUMOCTb IIPUBCACHHDBIX 3aTpaT OT CCYHCHUA ITPOBOAOB JIMHUN
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DKOHOMUYECKOE ceueHue mpoBoaa F, , COOTBETCTBYIOIIEE MUHUMYMY

yIEJbHBIX MPUBEACHHBIX 3aTPaT, MOXHO HalTHu, nMpoauddepeHIIMpoBaB
BoIpaxkeHue (4.8) mo F v npupaBHSB pe3yJbTaT K HYJI10. Takum oopa3oM,

03ﬂ "
a]_;y' :(EH+aaM).Kyﬂ+3'Iiax'T'B'p'

—2=0. (4.9)

Torma

3.1-Bp
=7 . .
< (B, +ay,) K, (410)

AHam3 NoKasbIBaeT, 4To xapakrepuctuka 3,, = f(F) He nMeeT sIpKo BbI-

k,

PaXXCHHOI0O MMHUMYMa U USMCHCHUC ITPUBCIACHHBIX 3aTpaT IIpU HEKOTO-
POM OTKJIOHCHHHN CCUYCHUA OT 3HAUYCHUA FBK, COOTBCTCTBYIOLICTO

3yZl = f(F)=min, He3HAYNTEIHLHO. YUUTHLIBAS 3TO OOCTOATEIHLCTBO, MOXK-

HO IPMHUMATh pellieHre 00 OKOHYATeIbHOM BbIOOPE CEUeHMST IMHUM JTMOO0
OKalIIero MeHbIIEro Uin OJIvKaiero 60Jab1ero K 3JKOHOMUYEeCKOMY
F,,. Beioop Gmkaiimero K F, GOJIBIIETO WIIM MEHbBILIETO CEYEHUS JIMHUN

MPY TPOEKTUPOBAHUU 3aBUCUT OT IMOCTABJICHHbBIX LIEJEH.
BriGpanHoe 1o BeipakeHuio (4.10) ceuenue F,, Ha3bIBaeTCsI 9KOHOMUYE-

ckum. EMy COOTBETCTBYET omnpe/iesieHHas TJIOTHOCTh TOKa B TIPOBOJIE J,, ,

KOTOpad Ha3bIBACTCA IKOHOMUYECKOU NAOMHOCMbI0 MOKA. DKOHOMUYECKAas
IUIOTHOCTb TOKA — 3TO OTHOLIIEHKWE HAUOOJIbIIETO IIPpOTEKAromCro B JMHUHN
TOKa B HOPpMaJIbHOM PEKMME K 9dKOHOMHNYECKOMY CEUECHUIO:

j3K = ]max /F;K' (4'11)

DKOHOMMYECKas TJIOTHOCTh ToKa ¢ yueToM (4.10) MoxkeT ObITh BhIpa-
JKeHa KaK

"
(EH +ocaM)~Kyﬂ
3.1-B-p
Kaxk BugHo 13 BeipaxkeHus (4.12), skoHoMu4ecKasi IIJI0THOCTh TOKa IMpU
MPOYMX PABHBIX YCIIOBUSIX UMEET MEHbIIINE 3HAUESHUS TSI TTPOBOIOB C 0O0JIb-

IIAM Y/IeJIbHBIM COMPOTUBJICHUEM U JUIS1 HATPY3KU € O0JIBIINM YMCIIOM Ya-
COB MaKCHMAaJIbHOW MOIIIHOCTH, KaK U3BECTHO pocT 7}, CONTPOBOXIAETCS

Jox = (4.12)

YBEJIMYEHUEM T.
DKOHOMUYECKAs IIOTHOCTh TOKA 3aBUCUT TaKXKe OT CTOMMOCTH IOTe-
PSIHHO# DHEPTUU, CTOUMOCTH COOPYKEHMS IMHUM, HOPMbBI aMOPTHU3aLIH -
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OHHBIX OTYMCIICHUH, a TaKXKe OT £, — KoadduimeHTa cpaBHUTETBHOM 3(-
(DEXTMBHOCTU KaITMTAILHBIX BIOXEHUI (MM cpoKa oKyraemocTu 1.,
munnn, Tak Kak '), =1/ E.). DTh BeTMIMHbBI MEHSIIOTCS C pa3BUTHEM DHEP-
TeTUKU U 3aBUCAT OT COCTOSIHUSI 9KOHOMMKHU U TeXHUYECKOU MOJTUTUKU
B IaHHBII eproa BpeMeHu. [1pu CHIKeHUU CPOKOB OKYITaeMOCTH O0bEK-
TOB ITPOUCXOAUT YBEIMUYEHNE COCTABIISIONIEH YASTbHBIX IPUBEISHHBIX 3a-
Tpar 3, ¥ CHIKEHME 3HAYE€HNS 9KOHOMUYIECKOTO ceueHust F, .

Boipaxkenue (4.12) nnpuBeacHO 1151 TOHUMaHUSI CYTU 9KOHOMUWYECKOM
IUTOTHOCTU TOKA Y HE UCIOJIb3yeTcs I onpeaeneHus j, . CormacHo |2,
4—6, 9], sKoHOMUYECKasl INIOTHOCTh TOKA BBIOMpPAETCsl B 3aBUCUMOCTHU
OT BMJa MPOBOJHMKA U BPEMEHU MCII0JIb30BaHUSI MaKCUMaJIbHOM Harpys3-
KU, HOpMaTUBHBIE 3HAYEHUS J,, TIpUBEACHBI B Ta0M. 4.1.

ITpu BeIOOpE ceyeHMsT KaOEeIbHBIX M BO3MYIIHBIX JIMHUI 3JIEKTpOIepe-
a4y [0 SKOHOMUYECKOM MI0THOCTU ToKa B [TYD pekomeHyeTcst UCTIONb-
30BaTh HE MPOCTO MAaKCUMAaJIbHbIII HArPY30YHbBIA TOK, KaK B BbIPaXKCHUU
(4.11), a pacueTHyIO TOKOBYIO HArpy3Ky, YYUTHIBAIOIIYIO0 U3MEHEHUS Ha-
IPY3KHU I10 ToJiaM 3KCIUTyaTallui JTMHUM, U TaKXKe YMCJI0 YaCOB UCITOJIb30-
BaHMs HauOOJIbllIe Harpy3Ku. PacueTHas TOKOBasi Harpy3Ka MCHoIb3yeT-
Csl ¥ TIpY BBIOOpPE ceueHU I BO3AYIIHbIX TuHMiA 35—220 kB.

Tabauuya 4.1
HopmaTuBHOE 3HAYeHHE SKOHOMUYECKOM MIOTHOCTH TOKA

DKOHOMMYECKAs IJIOTHOCTh TOKA j, , A/MM>
Bun nmpoBonHuka MPY YKCJIE YACOB UCTIOIb30BaHUS MaKCUMyMa

T1ax <3000y | 3000 < T, < 50009 | 7, > 5000y

max max max

HewusonupoBaHHbie MpoBoAa

W IIWHBIL:
MeJHbIe 2,5 2,1 1,8
AJIIOMUHUEBbIE 1,3 1,1 1,0

Kabenu ¢ OymaxkHOI 1 ITpOBO-
Jla C pe3UHOBOM U MOJIUXIIOP-

BUHUWJIOBOM U30JISILIUENA XKUJIBI:
MeIHbIe 3,0 2,5 2,0
aJTIOMUHUEBBIE 1,6 1,4 1,2

Kabenu ¢ pe3anHoBOIi 1 1MO-
JIMXJIOPBUHUJIOBOI M30JISILI-

€1 XKWJIbI:
MeIHBbIe 3,5 3,1 2,7
aTIOMUHMEBbBIE 1,9 1,7 1,6
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PacueTrHast TokoBast Harpy3Ka JUHUM [

pacu

OIIPEACIACTCA I10 BBIPAKECHU IO

I..=1_ 095, o, (4.13)

pacu max

rae /,,,, — TOK B IMHWU Ha IATHIA IOl e¢ 9KCIUTyaTallui B HOPMAJIbHOM pe-
XUMe, OITpeIessieMbIi 111 TMHUM MUTAIOLLIE U pacIIpeaeIUTEIbHOM CETEM
U3 pacueTa pexxuMa, COOTBETCTBYIOLLIETO MAKCUMYMY Harpy3Ku 3Heprocu-
CTEMBI; O, — KOA(P(PULIMEHT, yUUTHIBAIOLLIMI NU3MEHEHUE HAarpy3KHy MO rogamM
AKCIUTyaTalluy JIMHUK; O, — KO3(MGOULIMEHT, YYUTHIBAIOIINI YMCIIO YAaCOB
MCITOJIb30BAHUSI MAKCUMAaJIbHOM MOIIIHOCTH HArpy3Ku JIMHUU 1, 11 KOdh-
(dbunueHT ee momnagaHus B MaKCUMyM aHeprocuctemer K .

Hnst nuaumii 110—220 kB 3HaueHue o, mpuHUMaeTcs paBHbIM 1,05, ms
JIMHUIA OoJiee BBICOKMX KJIACCOB HaNpsSIKEHUI 3TOT KO3(M(ULIMEHT onpe-
JeJISIeTCS T10 CIIeMaIbHBIM BhIPAXKEHUSIM, a KOO(DOUILIMEHT o, — TI0 cIpa-
BOYHBIM MaTepuajiaM B 3aBUCUMOCTU OT 1. .

ITpakTuuecku ajis BbIOOpa ceUeHUsI TMHUM M0 S KOHOMUYECKOM TIJIOTHO-
CTU TOKa CHayaJsia BbIOMpaeTcs 1o 1aoJ. 4.1 BeamuynHa 3 KOHOMUYECKOM TIJTOT-
HOCTH TOKa, OIpeieJisieTCsl pacyeTHasl TOKOBasi Harpy3Ka JIMHUM B HOpMaJib-
HOM PeXHMeE, PACCUUTHIBAETCS SKOHOMUUECKOE CEUEHME 1O BhIpaXKeHUIO

F;K = Imax /j3K (4'14)

U OKPYIJISIETCS 10 OIMZKAMIIEro CTaHAAPTHOTO CEYeHMS.

HecMoTpst Ha TOCTOMHCTBO METOIa — MPOCTOTY BHIOOpA CEUeHM I, KJ1ac-
CUYECKUI1 METOJ 3KOHOMUYECKOI IJIOTHOCTH TOKAa 00JIaaeT CylIeCTBEH-
HBIM HEIOCTaTKOM, 3aKJIFOYAIOIIMMCS B HEOTHO3HAYHOCTU PELIEHUS BbI-
oopa ceueHus. OTcrona ciaenayeT HeOOXOIMMOCTh yyeTa JOMOJHUTEIbHbBIX
YCJIOBUIA 10 €r0 CHUKEHUIO MJIU YBEJIMUECHUIO CEYSHUS, €CJIU TaAKUX YCJI0-
BUIi HET, TO TPEOYIOTCS JOTIOTHUTE/IbHBIE pACUeThI 1JIsI CPAaBHEHMS IBYX Ba-
PUAHTOB CTaHJAPTHBIX CEYEHUIT — OOJIBIIIETO U MEHBIIIETO.

[pu BbIGOpE CeueHMsT OIIMKAIIIEro MEHBIIEro K F,, MOXKeT ObITh yMEHb-

IIIEH PacXo/1 IIBETHOr0 MeTaJlJla 6€3 3aMEeTHOTO YBEJIMYEHUSI TPUBEACHHBIX
3aTpar.
[pu BEIGOPE ceueHMs OrXKaiiiero 60bilero K £, yBemunBaeTcs po-

MyCKHasl CIOCOOHOCTD JIMHUU U YJIydlllaeTcsl ananTalus CeTU K poCcTy Ha-
IPy30K.

ITpu yyete coBpeMeHHBIX SKOHOMMYECKUX OTHOIIIEHU, KaK YKa3aHO
BBILLIE, TIPEANIOYTEHUE OOBIYHO OTOAETCS ONMKaileMy 00JIbLIEMY K 3KO-
HOMUYECKOMY CEUECHUIO.
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DKOHOMMYECKas TNIOTHOCTh TOKA jaK B TCUCHME MHOTI'UX JIET IIPUMCEHSA-

Jlach JIJIsl BbIOOpaA ceueHM i KaOeJIbHbIX IMHUI HanpsikeHueM Bbilne 1 KB
¥ Bo3ayIIHbIX TuHU 35—500 kB. B HacTosiiiee BpeMsi 10 5KOHOMUYECKOM
IJIOTHOCTH TOKa BBIOMPAIOT ceueHus KabeabHbIX uHuit pu U, >1 kB,

a TaKxKe BO3IYIIHBIX TuHUIT 6—20 KB.

CeueHue MPOBOIOB M KabeJieli, BBIOpaHHOE M0 9KOHOMUYECKOM TIOT-
HOCTHU TOKa, TIPOBEPSIOT 110 HarpeBY, I10 TIONMYCTUMOI ITOTepe HATIPSIKEHUS
AU ., 10 MEXaHUYECKOI IIPOYHOCTH.

JI0T1 9
Bb160py M0 5KOHOMHUYECKOM MJIOTHOCTU TOKA HE MOJIEXKaT:
e CEeTU MPOMBILIJIEHHBIX NPEANPUATUI C HampsLKeHueM a0 1 kB npu
yuclie YacoB MakcuManibHOM MomHocTu 10 4000—5000 u;

® OTBETBJIEHUS K OTIAEJbHBIM BJIEKTPONPUEMHUKAM HaIpsIKeHUeM
1o 1000 B;

® OCBETUTEJIbHBIC CETU MTPOMBIIIICHHBIX MPEANPUSITUN, XXUIbIX U 00-
LIECTBEHHbIX 3aHUI;

® CETU BPEMEHHBIX COOPYKEHUI, a TAKXKE YCTPOMCTBA CO CPOKOM CITY K-
Ob1 3—5 et [4—6, 9].

CeueHue KaOeJbHBIX JIMHUM HampsikeHueM Boilie 1 kB, BeIOpaHHOE
M0 SKOHOMHWYECKOM MJIOTHOCTU TOKa, IPOBEPSIETCS 110 HArPEBY, MO JIOMY-
CTUMBbIM MOTEPSM M OTKJIOHEHUSIM HAMPSDKEHUSI, a TAKXKe 110 TEPMUYECKOMN
CTOMKOCTH IIPU TOKAaX KOPOTKOTO 3aMbIKaHMSI.

Bb160p 5KOHOMUYECKU 11€JIECO00PA3HBIX CEUEHU I TPOBOJIOB C TOMOILIBIO
HOPMUPOBAHHBIX 3HAYEHU I SKOHOMUYECKOM MIOTHOCTU TOKA MO3BOJISIET
YHU(PUIIUPOBATH MOIXO/ K MPOEKTUPOBAHMIO, N30€KaTh pa3HOXapaKTEPHO-
CTU B OLIEHKAX SKOHOMHUYECKOM 3 (HeKTUBHOCTU. OHAKO UCTOJIb30BAHUE
SKOHOMMUYECKOM INIOTHOCTHU TOKA HE TTO3BOJISIET B ITOJTHOI MEpe YUECTh BCE
BIMSOIIME (PAKTOPHI B KaXKA0OM KOHKPETHOM CJIydae, MMOCKOJbKY IS KO-
3 HULIMEHTOB, ONPEIEISIOIINX €AUHBIE 9KOHOMUYECKHUE MJIOTHOCTU TOKA,
MOTYT IMIPUHUMATBCS JIUIIb HEKOTOPBIE CpeTHUE O000IIEHHbIE 3HAYEHUSI.
Kpowme Toro, ncrnonb3oBaHMe HOPMUPOBAHHBIX 9KOHOMUYECKUX MJIOTHO-
CTEeM TOKa He MO3BOJISIET IPUHSITH BO BHUMAHKE XapaKTePHYIO OCOOEHHOCTh
COBPEMEHHON MPAaKTUKKU CTPOUTEILCTBA BO3MAYILIHBIX JUHUIA, 3aKIIIOYAIO-
LIYIOCS B IIUPOKOM MPUMEHEHUU YHU(DULIMPOBAHHBIX TUIIOB OIIOP.

Bri6op ceuyeHuit MpoBOAOB MO SKOHOMUYECKOM MIOTHOCTU TOKA SIB-
JISIETCSI MPOrPECCUBHBIM METOIOM, IMMOCKOJIBKY MO3BOJISIET YYUTHIBATh MPU
BbIOOPE CEUYEHUI KanmuTaabHbIEC BJIOXKEHUSI HA COOPYXKEHUE JIMHUI U CTO-
WMOCTb MOTEPH NEKTPOIHEPTUHU B ceTr. HecMoTpst Ha yKazaHHOE J0CTO-
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WHCTBO, MPUMEHEHNE SKOHOMUYECKO IJIOTHOCTH TOKa JIJIsI BEIOOpa ceue-
HUIi BO3AYIITHBIX TUHUI MOXET IIPUBECTH K OIIMOKaM, TTOCKOJIBKY METO/I
cJemyeT U3 He BIIOJTHE 000CHOBAHHBIX JOMYIIEHUIA.

Bo-miepBhix, BelpakeHue (4.12) mis j,, MOIYYEHO B TIPEAIIOIOKEHUN

JIMHEMHOW 3aBUCUMOCTHU KaITUTAJIbHBIX BJIOXKEHWI B IMHUIO OT €€ NJTNHBI.
JluneiiHast 3aBUCMMOCTb HapyllaeTcs Tpu Mepexoae K MacCOBOMY CTPO-
UTEIbCTBY BO3AYIIHBIX IMHUI Ha YHU(PULIMPOBAHHBIX ontopax. [TpoMbiii-
JIECHHOCTb M3TOTOBJISIET OTPAaHUUYEHHOE KOJIUYECTBO YHU(DULIMPOBAHHBIX
TUIIOB OMOP, KaXAbli 13 KOTOPBIX MpeIHa3HAuYeH JJIsl TToJiBeca IMPOBOIOB
TOJILKO HECKOJIbKMX CTaHIAPTHBIX ceuyeHUii. OUeBUIHO, YTO UBMEHEHUE
CeUeHU B mpeaesiax, 10MyCcKaluX IpUMeHEeHe OJHOTO 1 TOTO Xe TUIa
OIop, MPUBOAUT K MEHbILIEMY U3MEHEHUIO TIPUBEACHHBIX 3aTpaT Ha JIu-
HUIO, YEM TIpU TIepexoe K cleaylolieMy TUIy orop, TpeOyrolieMy 001b-
11Ie MaTepuasioB 1 3aTpaT JJIsl €€ U3roTOBJIeHUs U MOoHTaxa. Kpowme Toro,
3aTpaThbl HAa OMOPHI COCTABJISIOT OOJIBIIYIO 10JIH0 KAITUTAIbHBIX BIOXKEHUI,
yeM 3aTpaThl Ha MpoBoa. [103TOMY CTPOUTEILCTBO HEKOTOPHIX BO3IYIII-
HbIX JuHUK 110 KB ¢ mpoBogaMu MeHbIIEro ceueHust TpedyeT OOIbIINX
KamnuTaJbHbIX BIOXEHUI, YeM BO3AYLIHbBIX TUHUM C TIPOBOAAMU OOJIBIIINX
ceueHuil. Hanpumep, ogHoLeTHAS IMHUS CO CTAJIbHBIMU OMTIOPaMU C MPO-
Bogamu cedeHreM 70 MM? TpeOyeT GOJIbIINX KATUTAIBHBIX BIOXEHUI,
yeM OJIHOLETIHAS JIMHUS C XKeJIe300€TOHHBIMUY OMOpaMU U ¢ TIPOBOJIaMU
cedyeHureM 120 Mm>.

Bo-BTOpBIX, BEIBO BBIPAXKEHUS IS /,, CIIEIaH C TOIYyIIeHUeM O Herpe-

PBIBHOCTH 1IKaJbl CEYEHUI B BbIpaXK€HUM yAeJbHBIX TIPUBEASHHbBIX 3a-
Tpart (4.8). B 1eficTBUTEILHOCTU CEUEHUSI U3MEHSIIOTCSI IUCKPETHO, a OTlpe-
JIeJIUTh MUHUMYM JTMCKPETHOM (DYHKIIUY 3aTpaT HEBO3MOXKHO.

TpeTbe JomnylIeHue COCTOUT B MPEANOJOXEHUM, UTO B (pOpMYyJie 3aTpaT
HOPMaJIbHBI MaKCUMAaJIbHbIN TOK B JJuHUHM [, HendmeHeH. OIHAKO 3TO

HE Tak, I pa3HbIX JUHUN HOPMAJIbHbIA MaKCUMAaJbHBIM TOK pa3IMyeH
1 3aBUCHUT OT BEJIMUUH HATPY30K, CXEMBbI CETU U IPYTUX (PaKTOPOB, U ETO
B BbIpaxXeHUHU 3aTpart (4.8) clieayeT cuuTaTh MEPEMEHHOU BEIMYUHOM.
B aTOM Cciiyyae 5KOHOMUYECKOE CEUYEHUE TOJIKHO OMPENEIISTHCS HE TOJIb-
KO 13 yCJIOBUS PABEHCTBA HYJIIO POU3BOIHON 3aTPaT MO CEYEHUIO, HO TaK-
K€ U3 YCJIOBUS PABEHCTBA HYJIIO MTPOU3BOJHON 3aTpaT MO0 HOPMAJbHOMY
MakcuMaibHoMy Toky 93, /1, = 0.
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4.2.3. MeTop 3KOHOMMYECKNUX MHTEPBanoB Ce4eHnH

MeTon sKoHOMUUeCKUX UHMEPBAN0E ceter Ut TIO3BOJISIET OHO3HAYHO BbI-
OpaTbh ceueHUs JIMHUN 3JIeKTporepeaayrd U 3TUM OTJIMYaeTCs OT MeTola
DKOHOMMUYECKOI INIOTHOCTH ToKa [4, 8, 12]. Kinaccuyeckuii MeTo1 3KOHO-
MMYECKUX TOKOBBIX MHTEPBAJIOB CEYEHUI1, TaK XKe KaK MEeTOJ, SKOHOMUYE-
CKOW TIJIOTHOCTH TOKA, OIMMPAETCsl HAa MCIOJIb30BaHNE CTaTUUECKUX TTPU-
BEIIEHHBIX 3aTpar.

[Tpu mpoekTUpoBaHUU ITEKTPUUSCKOM CETU K MOMEHTY BBIOOpa ceve-
HUI JOJKHBI OBbITh pa3paboTaHbl BapMaHThI KOH(MUTYpALlUU CETU U HaMe-
YeHbI HanboJIee 9KOHOMUYHBIE KJIaCChl HOMUHAIBHBIX HAMTPSIKEHU, clie-
JOBATEILHO, OTpee/ieHa IIKajla BO3MOXHBIX CTAHIAPTHBIX CEYSHU I TMHUI
3JIeKTpoIIepeayun.

DKOHOMMYECKME MHTEPBaJIbl TOKOBBIX HAIPy30K JIJisl BBIOOpa Hambosiee
SKOHOMMUYHBIX CEYEHH I TIPOBOJOB M3 COBOKYITHOCTHU BO3MOXKHBIX CEUEHUIA
JIMHUI MOXHO TTOCTPOUTH CAEAYIOIIUM o0pa3oM. s pa3TUUHbBIX CTaH-
JAPTHBIX CEYEHU I ITPOBOAOB BO3AYIIHBIX JIMHUM pa3TMUYHBIX KJIACCOB HO-
MUMHaJIbHbIX HanpsikeHuit (o1 35 1o 750 KB) cTposiTcst 3aBUCUMOCTHU YACb-
HBIX TTPUBEICHHBIX 3aTpaT Ha JIMHUIO IJIMHOM 1 KM OT MAKCMMAaJIbHOTO TOKa
I ... HOpMaJIbHOTO peXKrma paboThl CETH.

JITst KaxkI0ro CeYeHUsI yeIbHbIE TIPUBEICHHbIEC 3aTPaThl OIPEIEIISIOT-
s TI0 BeIpaxkeHU10 (4.8), a MUMEHHO:

' " [Y)
3,, =(Kyﬂ +K?, -F)-(EH + ot ) +3 12 F-T-B,

DTO BhIpaXkeHME MOXHO MePENnucaTh B yIIPOLIEHHOM BUIIE:

3yﬂ:A+B.F+C.I;ax%, (4.15)

rne A=(E +a,,) K|, B=(E +a,,)-K},C=3-p-1-p.

Ecnu tenepb pacroyioXuTh CTaHAAPTHBIE CEYEHUST JTUHUIA 2JIEKTpOIIe-
penauu F: F|, F,, ...F, 111 HEKOTOPOTO BBIOPAHHOTO KJIACCA HOMUHAJIbHO-
ro Hanpstxkenus U, B mopsinke yObIBaHMS Tak, 4ToObl F; < F, < ... < F,,

HOM
TO MOHO MOCTPOUTH 3aBUCUMOCTHM YAEJIbHBIX IPUBEACHHBIX 3aTpaT s
KaXXI0ro CTAaHJAapPTHOTO CEYEHU S 3aJJaHHOTO KJlJacCa HOMMHAJILHOTO HaIpsi-
KEHUSI.

3HaueHus1 KoappuiueHToB A, B, C 3aBUCST OT palioHa MPOESKTUPOBaA-
HUSI, TUTIOB UCIOJb3YEMBIX OMOP, TUIMIOB UCITOJIb3yeMbIX IIPOBOJIOB, YMCIIa
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4acoB MCIOJIb30BaHUSI MAKCUMAaJIbHOM MOIITHOCTH 1 Y/I€JIbHOM CTOMMOCTHU
MOTePb JIEKTPOIHEPTUMU.

Kaxk BugHO u3 BeipaxkeHus (4.15), 3aBUCUMOCTbD yIEJIbHBIX PaCYETHBIX
3aTpaT OT MAaKCMMAaJIbHOTO TOKa HOPMaJIbHOTO peXrMa MpeacTaBisieT Co-
0oi1 ypaBHeHue mTapadoJiibl. Hauano nmapa®osibl HaXoauTCs Ha PacCTOSTHUU
A+ B- F ornauana koopauHar. Kpyrusna Betsu mapa6osisl 3asucut orC / F.

3}’/1 Fl Fz

A+B-F Imaxl ]maxz 1

Puc. 4.2. DxoHOMUYECKMEe UHTEPBAJIbI CEUeHU I

IIpu noncraHoBKe B hOpMYIly yaeJIbHBIX 3aTpaT (4.15) 3HaUEeHUSI MEHb-
IETO CTAHIAPTHOIO CeYeHUST F{ MOXHO IMOJTyYUTh 3aBUCUMOCTD YIETbHBIX

3aTpar oT MakcuMaibHoro Toka 3., = f(/ . ) Ipy1 UCTIONB30BAHUU STOTO
ceuenus F|. Eciu Tenepb CTpOUTD 3aBUCUMOCTD YAEJIbHBIX IIPUBEIEHHBIX

3aTpar misi cedeHus F, > F|, To Hayayio napadoJibl OyaeT Ha O60JIblLIeM pac-
CTOSIHMM OT Havasia KoopauHar, Tak kak (4 + B- F,)>(A+ B- F), akpyTus-

Ha BETBU MMapabosisl OymeT MeHble, Tak Kak (C / F,) <(C / F). Ananorny-
HO MOXHO IOCTPOHMTb COBOKYITHOCTb 3aBucumMocteit 3., = f(/,,,) 1715 Beeit

HIKaJIbl CTaHAapTHBIX ceuyeHuid F, < F, < ... < F, 3aJaHHOTO KJ1acca Harps-
XEHUs ceTH. DTa COBOKYMHOCTh 3aBucumocrteit 3., = f(/,,,) mokasana

Ha puc. 4.2.
HauMenblne yaenbHble MIPUBEAECHHBIE 3aTpaThl COOTBETCTBYIOT HMX-
Heil ornbaroleit Beex 3aBucumocrteit 3., = f (1, ), kotopas Ha puc. 4.2 Bbl-

ZieJieHa ITpuxoBoii Huel. Touku nepeceueHus Kpusbix 3., = f ([, ) npu
HEKOTOPBIX 3HAYEHUAX MAKCUMATBHBIX TOKOB (10115 yax2s L naxs ) TTIO3BOIIS-

10T BBIACJIMTD UHTEPBAJIbl SKOHOMNWYHOCTU KaKa10I'o N3 CEYEHUM. TaK, IIpu-
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MeHeHMe ceueHus [ aBisieTcss SKOHOMUYHBIM Ha MHTEpBaJe 1 Ipy Belln-
41 HE MAKCUMAaJIbHBIX TOKOB, MPOTEKAMIMX Mo JuHUU oT 0 mo /.,
npUMeHeHue cedeHus F, apisgercss 3KOHOMUYHBIM Ha MHTEpBaJie 2 Mpu
MPOTEKAIOINX MAaKCUMaIbHBIX TOKax oT /., 1o 1., v TaK manee.

Touxu nepeceuenust kpusbix 3, = (/. ) Ipu 3HAYEHMSIX MAKCHMaJIb-
HBIX TOKOB (11151012, ---) COOTBETCTBYIOT PaBHOM S5KOHOMUYHOCTHU Ceve-

HUI COCETHUX 3KOHOMUYECKUX MHTEPBAJIOB. B Tako#l cutyanuu cienyer
BbIOpaTh OOJIbIIIEE CEUEHUE, €CIIA HE TTOSIBJISIETCSI OTPAHUYEHUE MO UCITOJIb-
30BaHMIO LIBETHBIX METAJLJIOB.

[Tpu ucrnosib30BaHMM SKOHOMUYECKUX MHTEPBAJIOB TOKA, TaK Xe KaK
U B METOJI€ SKOHOMUYECKOM MJIOTHOCTU TOKA, CEYEHMSI ITPOBOJIOB CJIEAYET
BBIOMpPATH IT0 PACYETHOM TOKOBOM Harpyske JMHuu /.., KoTopas ompese-

pacu?

JisieTcs1 Mo BbipaxkeHuto (4.13).

DKOHOMUYECKUE UHTEPBAJIbI TOKA 151 BHIOOpa CeYeHU MPOBOIOB BO3-
OyIIHbIX TuHMi 35—220 kB nmpuBeaeHbl B CIIpaBOUHbIX MaTepuajiax B 3aBU-
CHMOCTH OT KJIaCCa HOMUMHAJIBLHOTO HAIPSIKEHM S, paCYeTHOM TOKOBOM Ha-
rpy3KHu, onpeaeaeHHoi 1o (4.13), paiioHa 110 rojiojieay, MaTepuaja onop
U KOJIMYECTBA 1IeTell B TMHUU. DKOHOMUYECKME UHTEePBaJIbl TOKA MPUBO-
naTcs B hopMme TabIuIl, COCTaBAEHHBIX /I BCEX CTAaHAAPTHBIX CeYEeHUM
MPOBOOB MPU MPOEKTUPOBAHUM B YETHIPEX PETMOHAX Hallleii cTpaHhl [§].

Ecnu pacueTHasi TokoBasi Harpy3ka npeBbIIIaeT BEPXHIOIO IPaHUILy UH-
TepBaja UCMOJIb30BaHUSI MAKCUMAJIbHOTO CEYEHUs /11 JaHHOTO Hamps-
>KE€HMUSI, TO Hal0 PACCMOTPETh BApUAHTBI YCUJIEHUSI CETU. DTO MOTYT ObITh
BapuaHTbl COOPYXEHMUSI TOTOJHUTEIbHOM MapaljieIbHOM JIMHUU WA COO-
pyXeHue JIMHUU Ha 60J1ee BBICOKOM KJ1acce HarpsikeHus . Eciiv pacueTHas
TOKOBasi HAarpy3Ka MeHbl11€ HUXKHEW rpaHulIbl MHTepBaJia TPUMEHEHUSI MU -
HUMAaJIbHOTO CEYeHUS JAHHOTO HAIMPSIKEHMSI, TO HEOOXOAMMO PaCCMOTPETh
BO3MOXHOCTb MCIOJIb30BAHUS TMHUM 00JIee HU3KOT'0 Kacca HaNpsIKEHMSI.

B cnpaBoyHoii 1utepatype [8] MpuBOASTCS 9KOHOMUYECKHE TOKOBbIE
WHTEPBaJIbI U151 BO3AYIIHBIX JUHUM 3JIEKTpONepeaaum 1o MOJIHOM U COKpa-
IIEHHOW HOMEHKJIaTypaM CeYeHU I, TOCTPOEHHbIE HA OCHOBE CTaTUYECKMX
MPUBEIEHHBIX 3aTPaT B 1IeHaX MJIAHOBOT'O MepUO/ia SKOHOMUKHM.

AHaJIOTMYHO 9KOHOMUYECKMM MHTEpBajiaM TOKOBBIX Harpy3ok st
BbIOOpA CeUEHMIA MPOBOAOB BO3AYLIHBIX JUHUNA MOTYT OBITH MOCTPOEHBI
SKOHOMMYECKME MHTEPBAJIbl MOIIIHOCTEM, MEPeIaBaeMbIX MO JUHUSIM.
DKOHOMUYECKHWE MHTEPBAJIbl MOLIHOCTHU MPU MOJHON U COKpallleHHOM
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HOMEHKJIaTypaM CeUeHU TakKKe TIPUBOISITCS B hopMe TaOIHII B CIIPaBOY-
HBIX MaTepuanax [8].

DKOHOMUYECKHE MHTEPBaIbl TOKOB M MOLITHOCTE ITOACYMTAHbI IS Ce-
YEHUIi, KOTOPbIe PaBHBI MMHUMAJIbHO JTOMYCTUMBIM CEUCHUSIM I10 YCJIO-
BHSIM KOPOHBI WJIM 00JIbIlie HUX. [103TOMY IPOBEPSITH MO YCIOBUSIM KOPO-
HBI CJIEAYET TOJIBKO BO3AylIHbIe TMHUM 110 KB 1 BbIIIE, MpOKIIaabIBacMbIe
I10 TpaccaM ¢ oTMeTKamu Bhite 1500 M Hag ypoBHEM MOpsI.

ITpoBepsTh 11O JOMYCTUMBIM TTOTEPSIM M OTKJIOHEHUSM HATIPSIKEHUS Ce-
YEHMST BO3MYIIHBIX IMHKI 35 KB 1 BhIIIE He TpeOYeTCs, TaK KaK IMOBBIIIIE-
HUE YPOBHSI HANIPSDKEHMS IyTeM YBEJIMUYCHUST CEYSHUs MTPOBOMIOB TaAKUX
JIMHUI 3KOHOMUYECKU Helenecooopa3Ho. CedeHUsT TPOBOJOB BO3MYIII-
HBIX JIMHUI HEOOXOIMMO ITPOBEPUTH IO JOITYyCTUMOMY HarpeBy B IocJiea-
BapUITHOM PEXUME.

YToMsiHyThIe 3KOHOMUYECKIE MHTEPBAJIbl HE MOTYT OBITh PEKOMEHIO-
BaHBI JUIS1 BEIOOpA CEYCHUI JIMHUI TIPU PealbHOM ITPOEKTUPOBAHUM.

Crenyet OTMETUTD, 9YTO METOJ SKOHOMUYECKIX TOKOBBIX MHTEPBAJIOB Ce-
YEHUIT MOXET IIPUMEHSITHCS ISl BBIOOpA CEUEeHUI TTOCTIe KOPPEKTUPOBKU.
[Tpu KOppeKTUPOBKE TOKOBBIX MHTEPBAJIOB CJIEIyeT yuecTh 00JIee CoOBpe-
MEHHBIE TIPEICTABICHUS O BUIE 9KOHOMHUUECKOTO (DYHKIIMOHAJIA, a TAKXKE
30HBI HEOTIPEIEJICHHOCTH YACIbHBIX KAITUTaJIbHBIX BJIOXEHUI B COOPYXKe-
HUE JIMHUN 3JIeKTpoIiepeaayn v yaeJIbHONM CTOMMOCTHU MOTEePh 3JIEKTPO3-
Hepruu. OYeBUIHO, UTO B 3TOM CJIydae I'paHUIIBI 3KOHOMUYECKUX TOKO-
BBIX MHTEPBAJIOB MOJIyYaTCs pacILIBIBUATHIMU U UCUE€3HET OMHO3HAYHOCTD
pelIeHus Mo BBIOOPY CEUeHUI — TJIaBHOE ITPEUMYIIIECTBO METOIa 9KOHO-
MMYECKMX TOKOBBIX MHTEPBAJIOB IO CPAaBHEHUIO C METOJIOM 3KOHOMMUYE-
CKOI1 TIJIOTHOCTH TOKA.

4.3. Bblbop ceyeHnin No KPUTEPWIO Ka4ecTBa

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

4.3.1. NpuHyunb! Bbibopa ceyeHnu N0 KPUTEPMIO KAYECTBA

Brbibop ceyeHuUit Mo KpUTEPHIO KauyecTBa 2JeKTPOIHEPTUU CBOJIMUTCS
K BBIOOPY CEYEHU A MO JOIMYCTUMBIM MOTEPSIM HAMPSIKEHUS B CETHU.

JonycTumble ITOTepU HAMPSIKEHUS B CETU — 3TO TaKue MOTepy Harpsi-
JKeHUS, TPY KOTOPBIX B pe3yJIbTaTe PeryJIMpoBaHus OTKJIOHEHUST HapsiKe-
HUSI Ha 3aXKMMax BCeX MoTpeduTeiei 2JIeKTPOIHEePIU HE BHIXOIST 3a Mpe-
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nenbl mpenycMoTpeHHBIX ['OCT 321444—2013 TeXHUYECKU AOITYCTUMBIX
3HaueHui. JlomycTrmas moTepst HampsKeHUs B CETH BCETIa T0JDKHA ObITh
0oJIbIIIe HAaMOOJIbIIIEH TOTepU HATIPSDKEHYSI MJIW paBHA €if, TaKM 00pa3oM,
TOJIKHO BBITIOJHSITBCS CIIEIYIOIIEE YCIOBHE:

AU, 2AU . (4.16)

Maxkcumanvho donycmumas nomeps nanpsxcenuss AU | paBHa pasHOCTH
MEXJy HanpsLoKeHUEM MCTOYHMKA MUTAHUS U MUHUMAJIbHO JOIYCTUMbIM
HampskKeHreM B HauOoJiee yaaJeHHOM OT UCTOYHMKA y3Jie Harpy3ku. s
BBINOJTHEHUSI TPeOOBAHUIA TTO KAYECTBY JIEKTPOIHEPTMU HEOOXOIUMO BbI-
Oparb TaK1e CedeHsl TMHUM, YTOOBI Hauboavuas nomeps Hanpaxcenua AU
B CeTU OblJ1a MEHbIIIE JOIMYCTUMOIA.

ITo ycnoBuio 1onmycTUMOM MOTepU HANPSDKEHMsI BbIOMPAeTCsl TAKOE Hau-
MEHbIIIEE CTaHIAPTHOE ceueHue F, ;;, KOTOpoe yIOBIETBOPSIET YCIOBUIO (4.16).

IMorepst HanpsixeHus B cetr AU onpenensiercs o n3BectHOM GopMy-
Jie ¥ 3aBUCUT OT IOTOKOB MOIIIHOCTeH (aKTUBHOM P 1 peakTuBHOI Q), KO-
TOpbIE HE MOTYT ObITh U3MEHEHBI B IIPOLIECCE BbIOOPA CEUCHU, 1 BEJTUUMH
COIPOTUBJIEHUI (aKTUBHBIX R U peaKTUBHBIX X), KOTOpbIE MOXHO U3MeE-
HUTb B IIpOLIECCe BbIOOpA CeYeHUsI TIPOBOIOB U Kabeseil IMHUI 371eKTpo-
nepenauu [4—6, 15,16]:

P-R+Q-X
U .

[Tpu BeIOOpE ceyeHMIi TT0 KpUTEPHUIO KauecTBa JIEKTPOIHEPIUU He0O0-
XOJIMMO BBITTOJTHUTD aHAJIN3 3aBUCUMOCTEN YAeIbHbIX aKTUBHBIX U MHAYK-
TUBHBIX COMIPOTUBJICHUI TTIPOBOAOB OT UX CEYCHMSI, BUJL 3aBUCUMOCTE MpH-
BeJieH Ha puc. 4.3.

AU = 4.17)

4 Ry, Xo,0M/xm

0,5

0,4 x ----------------------------------------

03 Feee e N(—— e =T

0,2 L

0,1 | 2
Ro F, MM

0 :

v

| 1 | 1 | I | I | 1 | I I
30 80 130 180 250 300 350 400 450 500
Puc. 4.3. 3aBUCUMOCTH yIEIbHBIX aKTUBHOTO U PEaKTUBHOTO
COIIPOTUBIICHUI BO3MYLIHbBIX JIMHUIA 3JIEKTPOIepeaadr OT CEUYCHUS
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VaenbHOe MOrOHHOE aKTMBHOE COIPOTHUBJIEHUE JIMHUI 0OpaTHO MPo-
MOPLMOHAIBHO X CEUEHUIO U TIPU UBMEHEHUU CEUSHUS TUHUIA MEHSIETCS
CYIIECTBEHHO. YIeJIbHOE TTOTOHHOE peaKTUBHOE COMTPOTUBJICHUE 3aBUCUT
OT KOHCTPYKTUBHOTO BBITIOJTHEHUS JIMHUI 1 MaJIO MEHSIETCS IIPU U3MEHe-
HUM CEYEHUSI IMHUI, 0COOCHHO MPU UCIOIb30BaHMU YHU(DULIMPOBAHHBIX
omnop. TakuMm o6pa3zoM, U3MEHEHUE BEJIUYMHEBI TTOTEpU HanpskeHus AU
3a CYET U3MEHEHUS CEYEHUS MOXKHO BBIMOJIHUTD TOJbKO U3MEHEHUEM aK-
TUBHOTO CONTPOTUBJIEHUS TUHUIA. OUEBUAHO, YTO 3TO MOXKHO CIEIaTh TOJIb-
KO B TAaKMX CETSIX, IJI€ UCITOJIb3YIOTCSI CEYEHHUSI TPOBOJIOB, YIE€JIbHbIE AaKTUB-
HbI€ COIIPOTHUBJIEHUS KOTOPBIX MPEBHIIIAIOT YIeIbHbIE PEaKTUBHBIC
CONPOTUBJICHUS WU, IO KpallHEN Mepe, COMOCTaBUMBbI C HUMU.

B MecTHBIX ceTsIX, BBIMTOJHSIEMbIX IMHUSIMUA C TPOBOJIAMU CPABHUTE/b-
HO HEOOJIBIINX CEYEHU, yIeIbHOE aKTUBHOE COITPOTUBJIEHUE CYILLIECTBEH -
HO MpPEBBIIIAET MHAYKTUBHOE, 0OCOOEHHO 3TO 3aMETHO 151 KaOEJIbHBIX JIU-
Huit, R, >> X. [1oaToMy BBIOOp ceueHUIl POBOAOB U Kabeieil MECTHBIX
ceTeli BBIMOJIHIETCS O KPUTEPUIO KAaYeCTBA JIEKTPOIHEPTUM TaK, YTOOBI
MaKCcUMaJbHas MOTeps HANIPSKEHUSI B HUX HE TTPeBOCXOIMJIA TOTTYCTUMO-
IO 3HAYEHMSI, YTO SIBJISIETCS] YCJIOBUMEM O0eCTIeUeHUSI TOTPEOUTENIE HATIpSI -
JKEHUEM TpeOyeMOoro KauecTna.

B pacnpenenutenbHbix ceTsix 0,38—20 kB ucnosib3yroTcst mpoBoaa
BO3YLIHBIX JIMHUI ¢ ceyeHneM nposoaa He 6onee 70 mm?. Kak BUIHO
u3 puc. 4.3, yneJabHble aKTUBHbBIE COMMPOTUBJIEHUS TTIPOBOAOB BO3MYIITHBIX
JIMHUM TaKUX CEYEHUI BbIIIE YAEAbHBIX MHAYKTUBHBIX COPOTUBIICHUIA,
TO ecThb R,,, > X, ,,. YenbHble aKTUBHBIE COITPOTUBJIEHUS KAOEIbHbBIX JIU-
HMI1 OOBIYHO BBILIE YAEIbHBIX MHIYKTUBHBIX R, > X, .. ClemoBarTeibHO,
W3MEHEHUE CEYCHUI JIMHUI CYLIECTBEHHO BJIMSET HA BEJIUUYMHY MMOTEPU
HaMpsiKEHUSI U MOXET ObITh MCIIOJb30BAHO JUISI PETYJIMPOBAHUSI HAMpsI-
KEHUS B pacripenenurenbHbix ceTsax 0,38—20 kB, moaToMy ceueHus au-
HUIi B TAKKMX CETSX CJIEAYeT BHIOMpPATh 10 YCIoBUIO (4.16) ¢ yueToM aoIy-
CTUMBIX TTIOTEPb HATIPSKEHUSI B CETH.

B nuTaoiux anekTpudyeckux cetsax HanpskeHrem 110 kB u Bbiie gis
CHUKEHUS BEPOSITHOCTU 0Opa3oBaHMUS KOPOHBI Ha BO3AYIIHBIX JIMHUSIX
3JIEKTpOIIepeaun UCIIONb3YIOTCS IIPOBOAA cedyeHueM He MeHee 120 mm >
Kaxk BunHoO u3 puc. 4.3, ynenabHble aKTUBHbIE COIPOTUBJICHUS MTPOBOIOB
B MUTAIOLIMX CETSIX CYIIECTBEHHO HUXE YIEeJIbHBIX MHAYKTUBHBIX COIPO-
TUBJIEHUH, TO ecTh R, < X, a yaeJlbHble MHAYKTUBHbBIE COMIPOTUBIICHUS
MpoBOIOB X, MEHSIIOTCSI MaJjIo IIpU U3MeHeHnu ceueHusi. CienoBaTe/IbHO,
W3MEHEHWE CEYCHU I JIMHUI C1a00 BIMSIET HAa BEJIMYMHY TOTEPU HaMpPsIKe -
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HUS 1 HE MOXET MCITOJIb30BaThCS TSI PETYIMPOBAHUS HATIPSIKEHMST B TTH -
TaloImx ceTsax. Kpome Toro, B MUTAIONMIMX CETIX UMEIOTCSI APYTHUE IIIUPO-
KHe BO3MOXKXHOCTH PeryJIMpOBaHUS HAPSDKEHUM U U3MEHEHUEe CeUeHMI
JIUHUM 3JIEKTPOTIEpeIau C 1IeJIbl0 CHIDKEHMST TTOTePU HATIPSLKEHU 9KO-
HOMUWYECKHU HE OIPaBIaHO, IIO3TOMY CEUCHMS IMHUI B TTUTAIOIINX CETIX
He BBIOMPAIOTCS TT0 SKOHOMUYECKOMY KPUTEPHUIO C JaJbHEHIIEeH TpoBep-
KOl Ka4yecTBa 3JIEKTPOIHEPIUU 1 BEIOOPOM CPEICTB PEryJIMpoBaHUs Ha-
MpsDKeHUi B ceTn [4—6].

Kaxk ykazaHo B paznene 4.1, 3a4acTyio mpu BeIOOpE CeUeHU, 0COOEH-
HO B pacnpeaeanteabHbIX ceTax 0,38—20 kB, mpuxoaurtcst oqHOBpeMeH-
HO YYMTBIBATh YCIOBUS SKOHOMUYHOCTHU, TOIMMYCTUMBIX MIOTePh HATIPsIKe-
Hus 1 Harpesa. [1pu 3ToM HEOOXOIMMO OTIPEIETUTh CTAaHIAPTHBIE CEYCHUS
10 KaXXIOMY YCJIOBUIO 1 BEIOPATh HAMOOJIbIIIEE U3 HUX.

[MosicHUTH HEOOXOAMMOCTh HAMOOJIBIIIETO U3 HAMIEHHBIX CTAHAAPTHBIX
CEYEHMI MOXKHO TIPU COITOCTABIICHUM CEUEHUI, BBIOpAHHBIX 10 TOMYCTH-
MOI1 oTepe HAMPSKEHUS U 10 S KOHOMUYECKOMY KPUTEPHIO.

Ecnu BeIOMpaeTcst craHmapTHoe ceueHue F. | onpeneseHHOE 10 9KOHO-

MHUUYECKOMY KPUTEPHIO U MMetolIiee OoJTblliee 3HAYeHUE, YeM CTAHAapPTHOE
ceueHue Fy, onpeieIeHHOE 10 IOMYCTUMOI TToTepe HanpsokeHust, £ > F ),

TO MOTEPU HAMPSKEHMUST B TaKOW JUHUK OyIyT MeHble, yeMm rpu F,

U HE TIPOU30MIET HapylIeHUs ycaoBus (4.16), To eCThb CIeayeT OTAATh Ipe-
noyTeHue 00Jiee SJKOHOMUYHOMY BapUaHTY € OOJIBIIIMM CTAaHIAPTHBIM Ce-
YEHUEM.

Ecnu cranmaptHoe ceueHue F, onpeaeacHHOE 110 9KOHOMUYECKOMY

Kputepuio, MeHbie F,j;, 1o ects F < F(,, To ycnosue (4.16) Hapyiaer-

Cs1, TaK KaK IOTePsT HAIIPSKEHUSI 110 JIMHUK ITPY BBIOOPE SKOHOMUYECKO-
ro ceueHus F; Oymet Gouibliie TOMyCTUMOI. B aToM ciyyae, HecMOTps

Ha HESKOHOMMYHOCTh BapuaHTa, CJIelyeT BhIOMpaTh OOJbIlee CTaHaapT-
HOE CeYeHMe, HaliIEeHHOE TT0 JOITyCTUMOM IOTepe HAMPSIKEHMUSI.
Kak nokaszaHo Ha puc. 4.3, yieabHOe peaKTUBHOE COMpPOTUBIeHUE X

BO3AYILIHBIX IMHUIA MTPU U3BMEHEHUHU CEYEHUSI U3BMEHSIETCSI MaJlo, TaKasl XKe
3aKOHOMEPHOCTb Ha0J110JaeTCsl Y MPU U3MEHEHUU CEUeHU I KaOeIbHbIX JIM-
Huii. [ToaToMy npu BEIOOpE ceueHU It B pacIipeaeAuTeIbHbBIX 1 MECTHBIX CE-
TSIX MO JOMYCTUMOI MOTepe HAIPSIKEHUsI yaeIbHbIE peaKTUBHBIE COMpPO-
TUBJICHUS CUMTAIOTCS HEU3MEHHBIMU U PAaBHBIMU CPEAHUM 3HAUYCHUSIM
yIeIbHBIX PEaKTUBHBIX COMMPOTUBJICHUI JaHHOTO BMIa MPOBOJHUKOB. 3Ha-
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YeHUS yIeIbHBIX PEAKTUBHBIX COMIPOTUBIICHUI, OOBIYHO MCIIOIb3YEMBIX
MpY BLIOOpE CeUeHUl, MpuBeIeHbI B Ta0I. 4.2.

Tabauya 4.2
3HaueHus yJeIbHbIX PEAKTHBHBIX COMPOTHBJIEHUI
Bun npoBonHuka Xy, OM/Kkm
BoznyuHblie 1uHuM 0,4
KabGenbHble TMHUM HanpsikeHueM 10 1 kB 0,06
KabGenpHble TUHUM HanpskeHneM 6—10 kB 0,06

BBI60p CCUYCHMU I10 HOHYCTHMOﬁ IIOTEPE HAIIPSIKEHUA JOCTATOYHO ITIPOCT,
€CJIU CETh UMECT TOJIbKO OAMH Y4aCTOK, TaKas CE€Tb [TI0OKa3aHa Ha pucC. 44, a.
SHCCB CEYCHUEC OAHO3HAYHO OIIpEACIIETCA MAaKCUMAJIbHO HOHYCTHMOfI I10-
TepeI7I HaIIpsKE€HU:

P-R+0-X
A Uﬂon = U—

HOM

(4.18)

i

0
I
0

R o
[ [l
[ []

UL
Ts
Puc. 4.4. Cxema »JIeKTpUYECKOI CETH:

a) TUHMSI C OHOI HArpy3KOM; 6) JIMHUS C 1 Y3JIaMMU;
6) IBYXLIEITHASI JIMHUSI C TPEMsI y3J1aMu

Ipu M3BECTHBIX 3HAYEHUSIX YAETBHOTO PEAKTUBHOTO COIMPOTUBIIEHUS X ),
JUIMHBI IMHUY [ 1 HEOOXOIMMOM YKCJIIe TTapalIe/IbHBIX LIETIei 7 JIETKO Haii-
TH TIOJIHOE peakTuBHOE conpotuBienue X, X =X, -/ /n.

3amaBasich 3HaYCHKUEM JOITYCTUMOI ITOTEPU HAMPSIKEHUsI, OMHO3HAYHO
OTIPEAENISIOTCS MAKCUMAJIbHO JOMYyCTUMBIE MOJTHOE R . w1 ynenbHoe R, ..
AKTUBHbIE COMPOTUBJICHUS TTPOCKTUPYEMOM JIMHUM:
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Aljon ‘UHOM _Q'XO l/n

R = P : (4.19)
_Rmax_AUuon'UHOM_Q’Xo'l/n
Rﬂmax_ l/n - Pl/}’l . (420)

ITo HafI,I[eHHOMy SHAYCHUIO MaKCUMaJIbHO JOITYCTUMOTI'O YACJIbHOTI'O aK-
TUBHOTI'O COIIPOTUBJICHUA MOXKHO OIIPCACINTD Omkarinee CTaHAApTHOC
MUWHUMAJIBHO AOITYCTUMOEC CEUECHUEC ITPpOBOJAA I10 YCIIOBUIO:

Ry < Ry (4.21)

[Tpu BeIOOpE ceueHMIA I IMHUIA C HECKOJIBKUMHU ITPOMEXYTOYHBIMU
Harpy3kamu (puc. 4.4, 6, ) HeJIb3s1 OMHO3HAYHO BLIOPATh CEUeHMS IMHUMI
TOJILKO IO YCJIOBUIO TOTMYCTUMOM MmoTepu HampsikeHust AU, Tak Kak

B CETU, COCTOSIIEH U3 HECKOJIbKMX YYaCTKOB, MOXKHO BbIOpATh pa3jinuHbIe
COYETAaHUS CEYCHUI yUaCTKOB, YIOBJIECTBOPSIONINX YCIOBUIO (4.16).

J1J1s1 OMHO3HAYHOTO BbIOOPA CEYEHUIA JIMHUM 10 YCIOBUIO JOMYCTUMOM
MOTEPU HATIPSIKEHUST B TAKOW CETU TOMUMO YCJIIOBUI 00ECIIeYeHUS 10Ty~
cTuMoii motepu HamnpspkeHust AU MOJKHBI ObITH HAJTOXKEHBI JTOMOJHU-

JI0IT
TeJIbHBIC YCJIOBUSI, KOCBEHHO OTpazkalolye YCI0BUsI 9KOHOMUYHOCTH. Ta-
KWMM JIOTIOJTHUTEIbHBIMU YCJIOBUSIMUA MOTYT OBITh:
e YCJIOBHME HEM3MEHHOCTH CEUeHUsI MMPOBOJHMKOB Ha BCeX yYacTKaX JIv-
HUU;

e YCJIOBUME MUHMMAJILHOTO pacxojaa MPOBOAHUKOBOrO MaTepuaa;

e yCJIOBME MUHUMYMa MOTEPb MOIIHOCTH B JIMHUU.

Kaxnoe 13 3TUX JOMOJHUTEIbHBIX YCIOBUIA IeJIaeT 3a1avyy BeIOOpa ce-
YEHUIA ONpeIcICHHOI U B JIIOOOM U3 3TUX BAPUAHTOB YIOBJIETBOPSIETCS YC-
noBue (4.16).

BapuaHT, KOTOpOMY OTBeUaeT MUHUMaJIbHAsI BEJIMYMHA DKOHOMUYECKO-
ro KpUTepUsl, SIBJISIETCSI 9KOHOMUYECKU Harbouiee 1iejaecooopa3HbiM. [Tpu
3TOM B KaXKIOM KOHKPETHOM CJTydyae YCTaHaBIMBAIOTCSI 1 HEOOXOAMMBIE CO-
yeTaHUs CEYEeHUS TPOBOIOB, BELIOPAHHBIX I10 JOITYCTUMOM MOTEpe HaIpsI-
>KE€HUSI, U TO IOTOJIHUTEJIbHOE YCJIOBUE JISl BHIOOpa, KOTOPOE B 3TOM CIIy-
yae o0ecreunBaeT 9KOHOMUYECKHU HanboJiee BHITOJHOE pellieHUE.

HeszaBucrmo ot ucronb3yeMoro Braa 5)KOHOMUYECKOTo KpUTEPHUS U CIIO-
coba pacyeTa 3aTpaT 3 JTaHHBIN KPUTEPUIA MOXKHO MPEICTABUTh B BUIE CYM-

MbI IBYX CJIara€MbIX:
3=3,+3,, (4.22)
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rae nepsoe ciaraemoe 3, = 3,(K) yuureiBaer kanuraabHbie BiaoxeHus K
B CeTb, a Bropoe 3, =3,(AW') — norepu SHEPIUU B CETH.
Anayms coorHorneHus cocrapsromux 3,(K) u 3,(AW) B (4.22) nmo3so-

JISIET BBISIBUTh, KOTOPOE M3 JOMOJHUTEIbHBIX YCIOBUI MOXKET 0OKAa3aThCs
0oJjiee TIPeaOYTUTEIbHBIM B 3aBUCMMOCTH OT BUAA U Ha3HAYCHMS CETEHA.
O4eBUIHO, YTO HAUMEHbIIIEe 3HAYCHNE SKOHOMUUYECKOTO (PYyHKIIMOHAIA
mipu yeaosuu 3,(K) > 3,(AW') Gymer HOCTUTHYTO NpU CHUKEHUU KaIl-

TaJIbHBIX BIIOXKEHUI B TMHMIO, a ipu yeinoBun 3,(K) < 3,(AW') — 3a cuer
CHIKEHUSI ITOTEPh MOIIHOCTHU B CETH.

4.3.2. Bbibop ceyeHui no ycnoBuio paBeHCTBa CeYEHUA
Ha yYyacTHax NUHUK

J17151 OTHO3HAYHOTO BBIOOpA CEYEHUI JIMHUI T10 YCIIOBUIO TOITYCTUMOA
moTepu HanpstkeHus: Fy; ceTn ¢ HECKOJIBKMMU HArpy304HBIMU y3JaMu

i=1,2,...,nKpoMe ycioBus (4.16) MOXET HAKJIaIbIBATHCS YCA08UE PAGEHCMEA

ceyeHuUss Ha 8cex y4acmkax AUHUuY. ITO yCIOBUeE I yyactka k=1, 2, ..., n
JIMHUM B 1-Y3JI0BOI CETU MOXKHO 3aItucaTh B BUIE
F, =const=F. (4.23)

PaccMmoTtpum cxemy 3amellieHrs TAKOM TMHUM, TIpUBEACHHOM Ha puc. 4.4, 0.
ITycTh M3BECTHBI TOTOKK MOIIHOCTH S, Ha KaXIOM y4acTKe k, JUTMHBI /,

KaXJ10ro ydyactka 1 3agjaHHO€ YMCJIO ITapalIC/IbHbIX JVUHUN n, Ha KaXX10M

y4yacTKe, KpOMe TOro, yKe MPUHSTHI pelleHUs] 0 KOHCTPYKIIUU JUHUU
1 Mapke MpoBoaoB. Tpebyercst BBIOpaTh CEUEHMS TUHUU T10 AOMYyCTUMOM
notepe HanpspkeHust AU (4.16) ¢ MCIOIb30BaHKEM JOTMOJHUTEIEHOTO

YCJI0BMSI — paBEHCTBA CEYEHMS Ha BCeX yyacTKax JuHuu (4.23).
CyMMapHYI0 HauOOJIbIIYIO MOTEPIO HATIPSIKEHMST HA BCEX yJacTKaXx JIn-
HUM MOXHO OIPEACIUTD IO BhIPAKEHUIO:

1 n 1 n
A(]max ZU_zkzlf)k 'Rk +U—Zk:1Qk 'Xka (424)

HOM

rie k — HoMmepa ydyacTkoB JIuHUM; R, , X, — cOnpoTHBIEHNST ydacTKa JIn-
Huu k; P,, O, — MOTOKM aKTUBHOM 1 peaKTUBHOM MOIIHOCTEN Ha yJ4acT-
Ke k.
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[TpencrtaBuM a0MyCTUMYIO TTOTEPIO HAIIPSIKEHUS B JIMHUU B BUIE IBYX

cJaracMbIX:
AU, =AU, .. +AU,, (4.25)

a.jon

rne AU, . COOTBETCTBYET IIEPBOMY CJIaraeMOMY B BhIpaxkeHuH (4.24) u yc-

a.jo1n
JIJOBHO OTpaxkaeT IOMyCTUMYIO TTOTePIO HATIPSKEHUS Ha aKTUBHBIX COITPO-
TUBJIEHUAX y4aCTKOB JMHUU; AU, COOTBETCTBYET BTOPOMY CJIaraeMoMy

B (4.24) 1 ioTepe HaIpsiKeHUsI Ha peaKTUBHOM COMPOTUBJICHUU JIMHUU.
CornocraBuB BbipaxkeHus (4.24) u (4.25), MOXHO 3aIucaTh:

1 n
AU{Z.HOH - U—Zk=1 Pk ’ Rk ’ (426)

RN
AU, :U—Zk=1Qk X, (4.27)

Boi6op ceueHuit o normycTuMoit morepe Hanpspkenus AU, ipu uc-

MOJIb30BAaHUU JOMOJTHUTEIBHOTO YCIOBUSI — PaBEHCTBA CEYEHUST Ha BCEX
y4acTKax JMHUM — BBIMOJHSETCS B CASAYIOIIEM TOPSIIKE.

1. 3apaTh yaeabHOE peaKTUBHOE CONMPOTUBIEHUE (Tab. 4.2) B COOTBET-
CTBUM C KJIACCOM HOMMHAJILHOTO HAMpSKeHUsI, KOHCTPYKUMEN JTUHUU
1 MapKou IpoBoJaA.

2. OnpenenuTh MOTEPIO HAMPSKEHUsSI B peaKTUBHOM COMPOTUBIEHUU
o (4.27).

3. OnpeneauTb JOMYCTUMYIO MOTEPIO HANIPSIKEHUSI B aKTUBHOM COITPO-
tuBnenun AU, =AU, —AU,

a.ton

4. BBIUMCIUTD MUHUMAJIBbHO JOIMYCTUMOE CEUEHME TTPOCKTUPYEMON JIU -
Huu. lonyctumas rorepst HanpsiKeHWsI HA aKTUBHOM COITPOTUBJICHUH JIU -
HUU BBIMUCTIAETCS 110 (4.26), y9UTHIBasI TOMTOTHUTEILHOE YCIIOBHE O PaBEH-
CTBE CEYEHU BCEX Y4aCTKOB JIMHMM, MOXXHO BbIPAa3UTh 3HAYEHUSI aKTUBHBIX
COIPOTUBJICHUI YYaCTKOB CETU Y€PE3 X JUTMHBI, KOJTMYECTBO LIETIEH 1 HEU3-
BECTHOE, HO HeM3MeHHOoe ceueHue F,,;, mpu BbIOOpEe KOTOPOro 00eceum-

Bac€TCsAa AOITyCTUMasd NMMOTCPA HAIIPSAKEHUSA B CCTUL

p [
AU nn
IMoncraBuB (4.28) B (4.26), mony4aeM 3aBUCUMOCTb MEXKIY BETMIMHOMN
JOMYCTUMOM MOTEepY HAaNpPSIKEHWS HAa aKTUBHOM COITPOTUBJIEHUU JTUHUU

U HEKOTOPBIM ceueHuem F :
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n /
AI]a.uon = Zk 1P Rk F ; U Z f)k I’li 5 (429)
A

HO k
Iac p — yacJabHOC COIIPOTUBJICHUC IIPOBOAHNKA, KOTOPOC 3aBUCUT OT KOH-
CTpYKIIMHM JIMHUU 1 MapKU ITPOBOJOB.
Taxum 06pa30M, MHUHUMAJIBHOC HEM3MEHHOEC CCYCHUE JIMHUN FLU: npu

KOTOPOM 00eCIieunBaeTCs IONMyCTUMas MOTepsl HANpsiKeHUsI B CETU, MOXK-
HO OIpPeAeIUTh CIASAYIOIIUM 00pa3oM:
F #Z‘" P e
U — _ k
AU, U k=l

a.JIo1n HOM nk

Ecnu Harpy3ku y3710B 3a1aHbl B (hopMe TOKOB, cooTHoleHue (4.30) Mo-
KeT OBbITh npeo6pa3OBaHo K BULLY:

FAU AU Zk 1 k

a.jon

(4.30)

lk

— (4.31)
n, -Cosd,

Haiinennoe ceuenue £, ;; 0KHO GbITH OKPYIJIEHO 10 OJIMXKAMIIErO CTaH-

JApTHOTO, TTOCJIe Yero rmposepsieTcst yeiaonue (4.16). Ecnu naHHoe ycioBre
HE BBITMIOJIHSIETCS, TO CEUYCHME CIEAYET YBEJIMYUTD.

YcnoBue paBeHCTBA CeUeHMII Ha BCeX ydyacTKax JUHUU HCIIOJb3YeTCs
B CETSIX, XapaKTEepU3YIOLINXCSI OOJBIINM KOJIMYECTBOM Harpy3okK, J0CTa-
TOYHO 0JIM3KO PACIIOJOXKEHHBIX APYT K ApYry. Takum cBoiicTBOM 00J1agaloT
3JIEKTPUYECKIE CETU JIEKTPOCHAOXKEHUSI ropoaoB. Kpome Toro, paBeHCTBO
CEUYEHUI TPOBOJOB 00eCceYnBaeT Hauboiee BLITOIHBIE YCIOBUS [IJIsI CTPO-
UTENbCTBA, MOHTAaXa ¥ PEKOHCTPYKLIMU TOPOACKOM CETH MUJIU €€ YIaCTKOB.
[TosTOMYy yc/TOBME paBeHCTBA CeUeHMsI Ha BCEX YYaCcTKaX TMHUU UCIIOJIb3Y-
€TCs PU BBIOOPE CeUeHM I ITPOBOIOB U Kabeei B TOPOICKUX 3JIEKTpUYe-
CKMX CETSIX, HalIpMMep B CETH HAPY>KHOTO MJIM BHYTPEHHETO0 OCBEIICHUSI.

4.3.3. Bbibop ceyeHny no ycnoBuio MMHUManbHOro pacxoaa
NPOBOAHMKOBOro MaTepuana

J1J1s1 oqHO3HAYHOTO BhIOOpA CeYEeHMIA IMHUM 10 YCIIOBUIO AOITYCTUMOM
MOTEepU HAIPSIKEHUS B JIMHUM C 1 y4aCTKAMU MOXET HAKJIaabIBaTbCS J10-
MOJIHUTEIBLHOE YCA08Ue MUHUMAABHO20 PAcxo0a Npo8oOHUK08020 Mamepuaid.

PaccMoTpuM JIMHUIO, COCTOSIIYIO M3 IBYX YYaCTKOB, IMOKA3aHHYIO
Ha puc. 4.4, 6. CyMMapHYyI0 JOIYCTUMYIO IMOTEPIO HAMPSIKEHUSI B aKTHUB-
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HBIX conpoTuBieHnsIx AU, HallJeHHYIO 0 COOTHoIlUeHUusIM (4.25)

a.j1o1
1 (4.26), MOXXHO TIpEICTaBUTh B BUE CYMMBbI IIOTEPb HATTPSIKEHUS B AKTUB-
HBIX conpoTuBieHusix Ha niepsoM AU, , u Bropom AU, yaacTkax:

AU, . =AU, +AU,, (4.32)

a.nomn
OTU BeTUYMHbBI MOTIYT OBbITh HaWAEHBI 110 CJICAYIOIIUM BbIPaXXKCHUSIM:

_Pl'Rl _ P-p-

AU, = - , 4.33
U U F @
PR Popl
AU, =2 "2-_2T72 4.34
2 UHOM UHOM ’ l’l2 ’ FVZ ( )
OTC}OI[a MO2KHO BbIpa3uTb CEYCHUSI ITPOBOJOB:
A-p-
= , 4.35
l AU{LI ’ UHOM ' nl ( )
bp-l
= . 4.36
? AUa.Z ’ UI-IOM ' I’l2 ( )
qu/ITBIBaH, 4YTO CyMMapHad 1oTepd HaIIPpAKCECHUA B aKTUBHBIX COIIPO-
THUBJICHHUAX paBHaA IIPEACTIBbHO I[OHYCTI/IMOﬁ BCJIMYMNHEC AUa.ﬂona O4YEBUOHO,
4qTo AI]a.2 = AUa.):[on - A(ja.la Toraa
Popl
2 Ph (4.37)

Fzz(AU “AU, U on,

a.jion

[Tpu a3TOM 06BEM MPOBOAHMKOBOI'O MaTtepuaja V, KOTopblil pacxoayeT-
CsTHACOOPYKEHME 000MXyJacTKOBIMHUU TP yCToBUMA U, =AU, + AU ,,

a.jpomn

MOXHO BBIPa3UTh B BUe (GYHKIINY OTHOI epeMeHHOi AU, :
Replf | Poply
AU].{Z'UOM (AU _AUa.l).UHOM

H a.nomn

V=F-l-m+F-l-n=

. (4.38)

Jis onipenenenus 3HaueHUsI AU , |, Ipy KOTOpOM 00€eCIIeYMBaeTCs MUHM -

a.ls
MyM 00beMa IMPOBOTHUKOBOIO MaTepuaia V, Heo0XoaMMo HaliTU POM3BO-
nHyto BeipaxeHus (4.38) o nepemennoi AU, | v mpupaBHATE €€ K HYJTIO.

Torma
ov Pop-I Pop-ly
Rk, 0
o(AU,)  (aU,,) U, (AU, —-AU,,) U,
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W
Bpll _Popl

2 2
(AUa.l) (AUal)

ITpu noncranoBke B (4.39) Boipaxxenuit (4.33) u (4.34) 1y norepb Ha-

OPpAXKCHUA Ha aKTUBHBIX COIIPOTUBJICHUAX KaXXK10Io N3 y4aCTKOB JIUHHNU
MO2KHO ITIOJIYYUTDb

(4.39)

E_E
PR

CBs13b MEXIY CEUEHUSIMU Y4acTKOB JTUHUU U3 (4.40):

P
F=F |2 (4.41)
2 1 Pl

CootHouieHue (4.41) Mexay ce4eHUSIMU MPOBOJOB YYaCTKOB JIMHUU
YIOBJIETBOPSIET YCIOBUIO MUHMMYMa pacxoja MpOBOJIHUKOBOIO MaTepua-
Jla ¥ CITpaBe/TMBO MPU JIO00H BeJIMUMHE TOMYCTUMOI MOTepU HampsiKe-
Hus. [loaTomy njis ornpenesneHUs: CeUeHU MPOBOIOB, 00eCIIeYrBaIOIINX
JOMYCTUMYIO TTOTEPIO HAMPsSKEHUsI, Heo0XoauMo ¢ yueTtom (4.32—4.34)
3amnucarhb, 4TO

(4.40)

Bph  Bepl

AU, = 4.42
o UHOM'nl'F{ UHOM‘nZ‘F; ( )
NJIn
/ /
AU, =—FP I p. i, pp.2| .
a. 101 UHOM‘FI( 1 nl + 1 2 an (4 43)

Tenepb MOXHO HalTH ceueHue F, KOTOpoe COOTBETCTBYET YCIIOBUIO MU~

HUMYMa pacxoia MaTepuaja mpoBoAa U OMHOBPEMEHHO JOITYCTUMOM MO-
Tepe HaIpsKEHUs Ha TIEPBOM 1 BTOPOM y4yacTKax.

FI—AUp(U [ P+ \/7) (4.44)

a.jnon HOM

C ucnonb3oBaHueM (4.41) MoOXHO HaiiTH ceyeHue F), KOTopoe TakKe OfI-

HOBPEMCHHO COOTBETCTBYECT MUHUMYMY pacxoga IIPpOBOAHMKOBOI'O MaTepu-
ajla n HOHYCTHMOﬁ IOTEPE HAIIPAKECHUA HAa ITIEPBOM 1 BTOPOM y4yaCTKax.

F2=AUpJ—U [ JP+2 J_j (4.45)

a.jon HOM
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HJ’[H JIMHWU C n HAIr'py304YHbIMU y3J1aMU CEYCHUE IMOCIECOHETO n-T'O y4acCT-
Ka, COOTBETCTBYIOLIIEEC MMHUMYMY pacxoaga MMpoOBOAHMKOBOIO MaT€puajia
1 BCJIMYMHC HOHYCTHMOfI IIOTEPU HAIIPSAKECHUSA BO BCEW JIMHUU
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F=— le LR | (4.46)
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CedeHus OCTabHBIX Y4aCTKOB MOXHO HAalTU HA OCHOBAHUM COOTHO-
LIeHUs
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(4.47)

Haiinennoe ceuenue F, ;; 10KHO GBITH OKPYIJIEHO 0 OJIMKAMIIIErO CTaH-

JapTHOTO, ITOCJIE Yero rpoBepsieTcs ycaobue (4.16). Ecnu nanHoe ycioBue
HE BBITIOJIHSIETCS, TO CEYEHUE CIIEAYET YBEIUUUTD.

J1OITOTHUTEIBHOE YCIIOBME MUHUMYMa pacxo/a MPpOBOIHUKOBOTO MaTe-
puaa mpu BbIOOpE CEYEH U 11O TOMYCTUMOI IMOTEPE HATIPSKEHUS 9KOHO-
MHYECKH boJtee 1esrecoodpasHo B cetsx, e (4.22) 3,(K) > 3,(AW) u sko-

HOMMUS KallMTaJdbHbIX BJIOXEHHWI BaXHee, 4eM CHUXEHHUE MOoTepb
MoIltHocTH. Takasi cuTyalysl BO3HUKAET B CETSIX, KOTOPbIE XapaKTepu3y-
I0TCSI MaJIBIMU HAarpy3kKaMu, 00JIbI1101 pa3pekeHHOCThIO TpaUKOB HArpy-
30K, MPOTSKEHHOCTBIO Y MAJILIMUA 3HAYEHUSIMU YK CJIa YaCOB MaKCUMaJlb-
HbIX moTepb. K TakuMM ceTsIM OTHOCSTCS CEIbCKOXO3SIMCTBEHHBIE
2JIEKTPUYECKHUE CETH, KOTOPBIE XapaKTepU3YIOTCs 00JIbIIION MPOTSIKEHHO-
CTbIO Y TPEOYIOT [J151 COOPYKEHMUSI OOJIbIINX KATMTAIbHBIX BIOXEHUIA U Of1-
HOBpPEMEHHO cy1abo 3arpyxeHbl. [loaToMy npu BbIOOpE ceueHUId TUHUIA
B CEJIbCKHMX CETSIX 9KOHOMMUS METalJ1a BAXKHEe, YeM SKOHOMUSI ITOTEPbD dJIeK-
TPOSHEPIUU.

4.3.4. Bbibop ce4yeHui No ycnoBMio MMHUMYMa NOTEPb MOLYHOCTH

JI71s1 OMHO3HAYHOTO BbIOOpA CEYEHU I IMHUM T10 YCIOBUIO JOITYCTUMOM
MMOTEPU HarpskeHus F,;, ceTH ¢ HECKOJIBKMMU y4aCTKaMU KPOME YCIIO-

BUS (4.16) MOXXET HAKJIAIBIBAThCSI YCA08UE MUHUMYMA NOMEPb MOUHOCIU.
MoxxHO 1ToKa3aTh, YTO MUHUMYM ITOTEPb MOIIIHOCTY HAOII0AAETCS B JIU-
HUU TIPU OAMHAKOBBIX IUNIOTHOCTSIX TOKA J,,, Ha BCex ee yyacTkax. J1Jist Toro

YTOOBI JOKA3aTh 3TO, PACCMOTPUM JIMHHUIO, COCTOSIIILYIO U3 ABYX YYaCTKOB,
MoKa3aHHYIO Ha puc. 4.4, 6. [loTepu aKTUBHOI MOIITHOCTU B JIMHUM:
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ap=3.p2 Bl 3 p Roh 5 th 5o 0h g g
n n, F -n F -n,
Ecau 0603HaunTh 00HEM MIPOBOIHMKOBOIO MaTeprasa Ha yuyacTkax V]
u V,, rorna nosHeiit 06beM Oyaet paBeH V =V, +V, u ceueHus yuactkon
JTUHUN

K= , (4.49)

F=—2 = . (4.50)
HOTepI/I MOIITHOCTHA B JIMHUU
2
AP = 3[2pl+3122 p-,
V, 77
MuHUMaNbHbIE noTepu MOILIHOCTHU B CETU IIPU 3aJaHHOM o0beMe IIpo-

BOJHMKOBOTO MaTepuajia MOXHO OIpPeAeanTh, €CJIM MPUPABHATH K HYJIIO
MPOM3BOIHYIO BhipaxkeHus (4.51) mo V:

(4.51)

o(AP 2
ALP)_ 5. AR Y PP __g (4.52)
o, v v
Orcrona cienyer, 4To
]12 '112 _ 122 '122
e
1810 ) i
[1 _ 12
P2 = P (4.53)
Torna
Ji = (4.54)

JIJ1s1 IMHUYM C HECKOJIBKMMM HArpy30UHbIMU y3JaMu i = 1, 2 ... n MOXXHO
10 aHAJIOTMM 3aIT1caTh BhIpakeHUe 115 TNIOTHOCTHU TOKa Ha BCEX yyacTKax:

h=J=..=j=..=j,=const. (4.55)

Takum 0O6pa3om, 3aaHKE TOTTOJTHUTETBHOTO YCIOBHSI 110 00ECIIEYSHUIO
OJIMHAKOBBIX TIJIOTHOCTEN TOKaA J,, Ha BCeX yyacTKaX JMHUU TIpU BbIOOpE
CEUEHUIA 10 TOMYCTUMOM IToTepe HanpsekeHust Fy; neiicTBUTEIbHO obecrie-
YUBAeT MMHUMYM IOT€Pbh MOIIIHOCTH B CETH.
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4.3. Bolbop ceyeHnit no KpUTEpPMIO Ka4eCTBa

JIOITOTHUTENIBHOE YCIIOBHME 10 00ECIIEYeHMI0O MUHMMYyMa ITOTEPDH MOIIL -
HOCTH B CETH TIPU BLIOOPE CEYEHMH TT0 TOMYCTUMOI MOTEPE HATIPSKEHUS
SKOHOMMUECKH 00JIee 11es1ecoo0pas3Ho B ceTsax, rae (4.22) 3,(K) <3,(AW)
U CHUXKEHUE TTOTEPH MOIIHOCTH B CETU BaXkKHEE SKOHOMUM KalUTaIbHBIX
BiIoxkeHni. Takas cuTyalust BOSHUKAET B CETAX, KOTOPBIE XapaKTEPU3YIOT-
¢ KOPOTKUMU JIMHUSIMU, OOJIBIIMMU HArpy3KaMu U TUIOTHBIMU TpadrKa-
MM Harpy3ok ¢ GOJIBIIMMHK 3HAYEHUSMM YKCIIa YaCOB MaKCUMaJIbHBIX Ha-
IPY30K U YKCJIa MAKCUMAaJIbHBIX TTOTEPh. K TaAKMM CeTsIM OTHOCATCS CETH
CHUCTEM 3JIEKTPOCHAOXKEHMS TTPOMBILIJIEHHBIX TTPEANTPUATANR. DKOHOMUS
MOTEPb MOIIHOCTU U SJIEKTPOSHEPTUU B ITHUX CETSIX UMEET OCOOEHHO BaXK-
HO€ 3HaYeHUe, TaK KaK B CUCTEMaX 2JIEKTPOCHAOXKEHNS MPOMBIIILIEHHBIX
MPEANTPUATHI OOBIYHO KOPOTKME TUHUU U PACXOJI METaJlJIa HEBEJINK, a Ha-
IPY3KU 3HAYUTEIbHBIE U TOTEPU DJIEKTPOIHEPTUU BEJUKH.

BrI60Op ceueHmii O TOMYCTUMOI TTOTEPE HAMIPSIKEHUS TIPU KCITOIb30-
BaHUM JOITOJTHATEIBLHOTO YCJIOBUS — MUHUMYyMa ITOTEPh MOIIIHOCTH — BbI-
TIOJTHAIETCS TaK K€, KAK U B PEIbIIYIIEM CITydae, NPU M3BECTHBIX MOTOKAX
MOIIIHOCTH S, Ha KaXIOM yJacTKe k, IJIMHaX /, y4acTKOB U 3aJaHHOM KO-
JINYECTBE MapaIeJIbHBIX TUHUHI 1, Ha KaXIOM y4acTKe, KpOMe TOTO, YXKe
MPUHATHI PEIIEHNUST O KOHCTPYKLMU JIMHUM U MapKe MPOBOIOB. YCI0BUS
BbIOOpa CeYeHMI TPOBOAA CIEAyIolIe: TPEOYETCST ONPeAeTUTh CEYEHUS
MMPOBOIHMKOB Ha BCEX yyacTKax JIMHUMU F),, mpu obecrie4eHuM OQMHAKO-
BOJ IIJIOTHOCTH TOKA J,,; HA BCEX ydacTKax.

Br160op ceuenuit mo ycioBuio (4.16) 1 mpy MCIOIb30BAHUM JOITOJTHM-
TEJILHOTO YCJIOBUSI — MUHUMYMa IOTePb MOIIIHOCTU — BBITIOJTHSIETCS B CJIe-
nyroiieM nopsiake [4—6].

1. 3agaHue yneabHOro peakTUBHOIO CONMpoTUBIeHUs (Taba. 4.2) B co-
OTBETCTBUM C KJIACCOM HOMMHAJIbHOTO HaIpsKeHUs, KOHCTPYKLIUEH -
HUM 1 MapKOM IIPOBOAA.

2. OnpeneneHue MOTEpU HAMPSKEHUsI B PEAaKTUBHOM COMPOTUBJICHUU
JUHUMU 110 (4.27).

3. OnpenenieHre JOMYCTUMOI TTOTEPU HATIPSIKEHUSI B AKTUBHOM COIIPO-
TuBneHun iHun AU, =AU —AU .

a. 101
4. BelunciieHMe MUMHUMAJIbHO JOMYCTUMOTO CeUYEeHUsI MTPOeKTUPYEMOI
JUHUM: TOMYCTHUMAsl TTOTepsl HATIPSDKeHUsT HA aKTUBHOM COITPOTUBJIEHUHU
JIMHUU orpenessieTcs mo (4.26).
5. OnpeseneHue MJIOTHOCTU TOKA MO TOIMYCTUMOM MTOTepe HATIPSIKEHU ST
Juy Y 3aT€M CEUEHMS Ha BCEX yJacTKax JIMHUU F, ;.
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Bripasus F,;, u3 (4.31), MOXHO OIIpeeTNUTh INIOTHOCTD TOKA J, /-

Ik — AULI.I[OI'[ (4 56)
- . .
Fue N3.p- X" 1 /n-coso,
ITo HaliIeHHO} IJIOTHOCTU TOKA JIETKO OINPENEIIIOTCS pACUETHBIE Ce-
YECHUI:

jAU =

1
F o, =—. (4.57)

Jav
PacuetHble ceueHUs OKPYIJISIIOTCS 10 OJIM>Kal X CTaHaapTHBIX. Jlanee
OIPENESIOTCS aKTUBHbIE U PEAKTUBHBIE COMIPOTUBIIEHUS HA BCEX y4acT-
Kax k TMHUU, paCCYMTBIBAETCS HAMOOJIbIIAS MOTEPsT HANpsiKeHWs 1o (4.24)
C MCMOJIb30BaHMEM MapaMeTPOB JUHUHU, BBIITOJHEHHBIX IIPOBOAAMY Hall-
JEHHBIX ceueHmit £, ;;, 1 BBINOJHSIETCS TPOBEPKA CEUSHUI 110 TOMYCTUMOI

IIOTEPEC HAIIPSKECHU . Ecnu sto YCJI0BHE HC BbIITOJIHACTCA, TO CCUCHUA YBC-
JIMYNBaIOTCA.

4.3.5. MposepKa ceyeHnu npoBofoB U Kabenen
no ycnoBUAM [ONYCTMMOro HarpeBa

IIpoBona u KabGeau JIMHUN 3JIeKTPUUECKUX CETel JII000ro Ha3HAUYeHMSI,
HOMMWHaJIbHOI'O HAaNIPsIXKEHUsI U KOHCTPYKIMHA TIPOBEPSIOTCS IMPU ITPOCKTU -
pOBaHMUM Ha Harpes. 3allluUTa OT Meperpesa MPoOBOAOB U Kabeseil siBisieT-
Cs1 BAXKHOM 3aa4eit, MMEIOLIEN ePBOCTENEHHOE 3HAaUYEHUE 11 HAJIEKHOM
paboOThl HE TOJILKO paclipeleIUTeNbHbIX CETel HU3KOr0 HaIpsKEHUsT —
TOPOACKUX, MPOMBIIIEHHBIX U CEJIbCKUX, HO U CETE BBICOKUX HaIPSIKe-
Huii. HapylieHus: s1eKTpUYeCKUX 1 MEXaHUYECKUX CBOMCTB MPOBOAHMU-
KOB OOBIYHO BO3HMKAIOT B MeCTax COCIMHEHMIi, B KOTOPbIX BbIAESIETCS
0oJIbliIe TernJia Mpyu MpoTeKaHUU Toka. /1151 obecneyeHrss HOpMaIbHBIX yC-
JIOBUI paOOTHI IMHUU MO HAarpy3Koi, B YaCTHOCTH IJ1s1 00ecIieueHusI Ha-
JIeXXHOM pabOThl COEAMHUTEIBHBIX KOHTAKTOB Y U30JISILUU ITPOBOAOB, IIPU
MMPOTeKAaHUX TOKOB I10 MPOBOY TeMIIepaTypa HarpeBa He J0JKHA IIPEBbI-
LIaTh JONYCTUMbIX 3HAYECHUIA.

Jlonycmumas memnepamypa — 3TO Takasi HauOoJIbIasi TeMIIepaTypa Ha-
rpeBa, IIpu KOTOPOIi ITPOBO/Ia NI KaOEI COXPaHSIIOT CBOU 3JIEKTPUUECKUE
1 MEXaHUYECKHE CBOMCTBA. JloMyCTUMBbIE TEMITEpAaTypbl HArpeBa YCTAaHOB-
JIEHBbI B 3aBUCUMOCTH OT MapKu IPOBOAOB U Kabeseil U MmaTepuraa u30Jsi-
uuu [4—6, 8—11].
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4.3. Bolbop ceyeHnit no KpUTEpPMIO Ka4eCTBa

JI1s HeM30JIMPOBAHHBIX ITPOBOAOB BO3AYIIHBIX JUHUN U HEM30JIUPO-
BaHHBIX IPOBOJIOB, MPOKJIabIBA€MbIX BHYTPU 3IaHUI, yCTAHOBJIEHA TOITY-
ctumas Temmnepatypa He Boile 70 °C, ykazaHHasl ipee/ibHasl TeMIlepary-
pa mpoBoja, Kak BBISIBJICHO MPU SKCILTyaTalliy, FTapaHTUPYET HOPMaJIbHYIO
paboTy COeIMHUTEIbHBIX KOHTAKTOB.

JI1g BO3AYLIHBIX TUHMIA 3JE€KTpoIiepeaayn 3Ta TemrepaTypa o0ycIoB-
JieHa CBOMCTBAMM COEAMHUTEIbHBIX KOHTAKTOB, HAIPEB KOTOPHIX BbIIIIE
70 °C NpuBOAUT K MHTEHCUBHOI KOPPO3UU M BO3PACTAHUIO TEPEXOIHbIX
conpotuBieHuii. Kpome Toro, HarpeB KOHTaKTa 10 00Jiee BICOKOI TeMIIe-
paTyphbl BbI3BIBAET €ro OcjiabjieHre TPU TMOCIeaYIOIIEeM OXJIaKAeHUU, YTO
MPUBOJIUT K TIOMOJHUTEILHOMY YBEJIMYEHUIO €r0 COMPOTUBIICHUS U AaJTb-
Hel1eMy neperpesy.

JomycTumasi TemrepaTypa sl HeM30JIMPOBaHHBIX TTPOBOJIOB, MPOKJIa-
NbIBA€MbIX BHYTPY OMEILEHW, ONpeaessieTcsl, TOMUMO YKa3aHHbIX BbIIIIE
coobOpaxXeHult, elie U TpeOOBAHUSIMU MOXAPHOI 0€30IMaCHOCTU 1 9KOJIO-
TMYeCKMMHU TpeboBaHUsIMU. Heobxonmumo, 4ToOkI caydaiiHOe monagaHue
JIETKO BOCIUIAMEHSIIOIIMXCSI MaTepUaioB Ha HarpeThlii TPOBOJ HE TIPUBO-
JAJIO K TTOXKapy JIMOO K BbIIEJEHWIO BPEAHbBIX ra30B.

Metainyeckue 000J10YKH Kabesieil BBITOJHSIIOTCS U3 CBUHIIA U allio-
MUHUS, (pa3Has v MOsICHAsI U30JISILIUSI — U3 HEMETAJIMYECKUX MaTepralioB.
M3zonsius npu HarpeBaHUM pacIlMpsIeTCs, a TPY OXJIAXKIEHUM CKUMaETCsI
0oJIblIIe, YeM METATTMYECKUE 000JJOUKU. MeX Ty CBUHLIOBBIMU O00JI0YKa-
MU 1 U30JIsILIMel 00pa3yeTcsl BAKYYM, KOTOPBIi MO IEMCTBUEM DJIEKTpUUe-
CKOTO I10JIS1 MOHU3UPYETCSI U MOXKET IMPUBECTU K ITPOOOIO U30JISILIMU KaOesl.

HonycTtumasi TeMIiepatypa sl Kabenaeil ycTaHOBJIeHa B MHTepBaje
ot 50 mo 80 °C. OHa 3aBUCHUT OT pabo4ero HampsKeHUsT Kabenaei u Tumna
U30JISILIMU, HAJTMYMS U COCTaBa IMPOMMTOUYHOMN MacChl, U30JISILIMOHHOTO Mac-
J1a (17151 MacJIOHATIOJHEHHbIX Kabeieil) u npyrux pakTopoB. YeM Bbllle Ha-
MpsEKeHUe Kabesist, TeM 00Jibliie HAMPSKEHHOCTh 9JEKTPUUYECKOTro MOoJis
Y MEHBLIE IOITyCTUMAas Temneparypa o .

M3meHeHUe TemIiepaTyphbl IPOBOJHMKA MTPU €ro HarpeBaHUM TOKOM
orpeesieTcsl mokas3areabHol yHKiuel [8] (rpaduuecku 3To Kpusas 1
Ha puc. 4.5, a).

AO=0-0,,=(0,,—0,,)(1-¢""), (4.58)

rae A6 =0-6, , — pa3HOCTb TEMIIEPATYpP MTPOBOJA U OKPYXKAIOLIEH CPe/ibl;

0 — TeMIeparypa IIpOBOJHMKA Yepe3 ¢ CEKYHJI TTOcjIe Hadyajla BKIIFOUSHUS
TOKa; 0, , — TeMnepaTypa oKpyxXKarlulei cpenbl; 0 ; — npenenbHas MakCu -
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MaJibHasl yCTAaHOBHUBIIASICS TeMIepaTypa MpoBoAHUKA; T — MOCTOSIHHAs
BpeMEHU Harpena.

ITpu nmpoTekaHUM 3JEKTPUYECKOrO TOKA B MPOBOJIE BbIACISIETCS TEIl-
JIO, OflHAa 4acTb KOTOPOro MAET Ha HarpeBaHue MpoBoja, a Apyrasi OTBO-
JUTCS B OKpyxKatolyio cpeny. Eciu Obl Tenao HeE OTBOAUIOCH B OKPY-
JKAIOIIYIO Cpey, TO MPOLECC HarpeBa ornpenesisiacs Obl MpsIMOit TUHUEH
(Ha puc. 4.5, a nuaus 1). Pa3HocTh TeMIiepaTyp JOCTUTIIA ObI MAKCUMAJTh-
HOTO 3HaueHUs yepe3 BpeMsl 1. B neiicTBUTEIbHOCTU HE BCE KOJIMYECTBO
Terula uaeT Ha HarpeB MPOBO/a, YaCTh €0 OTBOAMUTCS B OKPYXKAIOIIYIO Cpe-
ny. IToaToMy TemmepaTypa U3MEHSIETCSl HE 10 MPSIMOIA, a B COOTBETCTBUU
C KpMBOi1 2 Ha puc. 4.5, a 1 aCUMIITOTUYECKU CTPEMUTCS K MIPeIeIbHOMN TeM-
nepatype 0,.. Yepes Bpems ¢t = (3—4) T TemnepaTypa AOCTUraeT 3HAUCHMUSI
0.5 =(0,95-0,98)0,.,.. [IpakTHYeCKN B 3TOT MOMEHT HACTYITAeT paBHOBE-
CHe MEXJIy TeTIOM, BbIIEISIEMbIM B TPOBOJHUKE, U TEIJIOM, OTJIaBaeMbIM
B OKpyKamliyo cpeny. TemnepaTypa MpoBoJHHUKA 00Jbliie He MOBbIIIA-
€TCsl M COXpaHsIeT MOCTOSIHHOE 3HAaUeHKe, 3aBUCSIIEe OT TOKA Harpy3KMu.

0 AT
IIpouecc Harpesa
Oug k-m o m e mmm———— == - -
a)
[Ipouecc oxnaxaeHust

Bp fF---pommmmmmmem e T ——

1

|
1 »
0 1

0)

Puc. 4.5. HarpeB u oxnaxaeHue TpoOBOIOB:
a) KpuBble Harpesa (1) u oxnaxaeHus (2); 6) ceyeHue 1 IMOBEpXHOCTh ITpoBoAA

Takum 00pa3oM, orpeaeIeHHOMY JJIMTEILHO MPOTEKAIOIIEMY IO IIPOBO-
MHUKY TOKY MPU 3aJaHHBIX YCIOBUIX OXJIAXIEHUS COOTBETCTBYET BIIOJIHE
OonpeaesIeHHOE MPEBLILICHUE TeMIIepaTypoii MPOBOAA TEMIIEPATYPbl OKPY-
XKarolleh cpenpbl.

ITonuxeHue TemriepaTyphbl MPOBOAHMKA MOCJIE MPEeKpalleHUS TOKa Ha-
IPY3KU MPEACTaBISIETCS 3aBUCUMOCTbIO, KpuBas 3 Ha puc. 4.5, a
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AO=0-0,,=(0,5—0,4) ", (4.58)

OKp

KOTOpas SIBJISIETCS 3epKaJTbHBIM OTOOpaXkeHreM KpuBoil Harpesa (4.57).
ITpu nporekaHuu Toka / B MPOBOAHMKE C COMMPOTUBJIEHUEM R 3a €IUMHU-
LIy BP€MEHHM BBIAEJSIETCS KOJUYECTBO TEILIOThI

[
:K1.12.R:K1.12.p.F, (4.59)

rac Kl — KOB(I)(I)I/IHI/IGHT IepeBoaa SJICKTpPI‘ICCKOfI MOIITHOCTHU B TCILJIIOTY,

eBbII[

p — yIeJIbHOE CONPOTUBIIEHUE MPOBOAHUKA; / — ero JinHa; F— mornepey-
Hoe ceueHue (puc. 4.5, 6).
OtnaBaeMoe B OKPYKAIOIIIYIO CPely KOJIMYECTBO TEILUIOTHI pABHO

Opn = Ky (00, ) Fos, (4.60)

rae K, — KoahPuLMeHT TeIIoNnPOBOAHOCTH, PABHBIN KOJTUYECTBY TETLIO-

ThI, OTBOAMMOI B OKPY:KAIOLIYIO Cpely B €AMHUILY BPEMEHU Yepe3 eAUHM -
LIy TTOBEPXHOCTHU OXJIAXKIECHUS MPU pa3HOCTU TeMmIiepaTyp A0 Mexay mpo-
BOIHUKOM M OKpyXaroleit cpenoii B 1 °C; F, , — MOBepXHOCTh OXJIAXKIEHUS

MMPOBOIHMKA.
B ycTaHoBuBIIEMCS peXXrMe KOJTUYECTBO TEIJIOTHI, BhIAEISIEMOI B €11 -
HULy BPEMEHM, PaBHO OTIaBaeMOMY B OKpyXarwllyto cpeay: 0, =0 .

Ecnu IIpU AJIMTECJIIbHOM IIPOTCKAHHUM HECKOTOPOTI'O TOKaA =1 HaCcTymnacrt

J01
YCTAaHOBMBILIMICS pexXUM, a TeMIlepaTypa NpOBOJHMKA CTAHOBUTCS paB-
HOI1 JorycTuMoii 0 =0, TO TaKOil TOK Ha3bIBAeTCs JOMYCTUMBIM.

J0I1

Jlonycmumblii mox — 3TO TAKOM TOK, IIPU JUIMTEbHOM ITPOTEKAHUU KO-
TOPOTO MPOBOAHUK HarpeBaeTcs A0 TOMyCTUMOM TeMItepaTypbl. C yueToM
cooTHomeHuii (4.59) u (4.60) MOXKHO TTOJYYUTh BbIpaXkKeHUE TSI TOMYCTH -
MOT'O TOKa:

K F-(0 om 901( ’ F:)xn
12[01'[: —=- ( : p) 5 (461)
K, p-l
M3 BeIpaxkeHus (4.61) MOXXHO BBISIBUTH ITApaMETPhI, OT KOTOPHIX 3aBU-
CUT JOITYCTUMBIN TOK:
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1., 2JF-F, =d" (4.62)

Kax BugHO 13 cooTHommeHuit (4.62), TOMyCTUMBII TOK BO3pacTaeT Mpu
YBEJIMUYEHUU JO0MYyCTUMOIN pa3HOCTU TemmepaTtyp AO, = 1 pocTe nuaMeTpa
MPOBOIHMKA.

JlorycTuMasi TIo HarpeBy IJIOTHOCTb TOKa yObIBaeT C POCTOM AHUaMeTpa
MPOBOIHMKA:

_TE?E . (463)

Taxkum 00pa3oM, B MPOBOIHUKAX OOJIBILIETO CEYSHMST JOITyCTUMAsI TTO Ha-
IpeBY IJIOTHOCTh TOKA MEHBbIIIE, YeM B IPOBOAHUKAX MAJIOTO CEUEHMSI. DTO
00BSCHSIETCS TEM, UTO YeM OOJibllle CeuyeHMe MpoBoAa UM Kabess, TeM
MEHbIIIE OXJIaXIaeMasi TTOBEPXHOCTb, MPUXOAIIIAsICI HA eAUHUILY TTOMe-
PEYHOTO CeUeHMUsI, U TEM, CJIeA0BATEIbHO, MEHbIIIE JOITyCTHUMAsI IO Harpe-
BY IJIOTHOCTb TOKa, TaK KaK MOBEPXHOCTh MTPOBOAHMKA 3aBUCUT OT IePBOIA
CTeNeHU IMaMeTpa, a CeUeHUe — OT KBajJpaTa ero.
TTpu MpakTUYECKMX pacueTax 3HaueHKe JOMyCTUMOro Toka /% o6bIu-
HO oIpeesisieTcs Mo TabJraM 1 IPUBEASHO B CIIPABOUHOI JIUTepaType.
ITpoknanka psimoM HECKOJBbKMX Kabesieil B 3eMJISIHOI TpaHIlee yXyalia-
€T YCJIOBUSI TETJIOOTAAYM B TPYHT M3-3a TEIIJIOBOTO BIMSIHUS Kabesei Apyr
Ha apyra. B aTux ciayyasx JonmycTUMbIe IO HarpeBy HAarpy3ku, yKazaHHbIe
B CIIPaBOYHBIX TaOJMILIAX, JOKHbBI ObITh YMEHbIIICHBI BBEICHUEM TOIpa-
BOYHOTIo Koa(duireHTa Ha 4nciio Kabesei (6e3 yuera pesepBHbix) K .
K TabnuuHo1 BeMurHe BBOASATCS MMOMPABKU:
e ISt BO3AYILIHBIX IPOBOAHUKOB Ha TEMIIEpaTypy OKpyKalolleil cpeabl
Y IOMYCTUMYIO TeMItepatypy KoadduireHTom K ;;

e 151 Kabejieil Ha 4YucjIo Kabeyeil B TpaHiuee KoadpuuueHrom K,
U Ha TeMIIepaTypy OKpyKalolleit cpebl U JOMYCTUMYIO TeMIIepaTypy
Koo dumeHrom K.

C yuetoMm nonpaBouHbIX KoadduureHToB K 1 K,, KoTopble MIPUBOASIT-
Csl B CIIPaBOYHOI JIUTepaType, JOMYCTUMBbII 110 HAarpeBY TOK OIpeaessieT-

Cs BbIpakKCHUEM:
luon :KB -Kn '[gsg‘ (464)

Yc10Bus POBEPKH cedeHusd o HarpeBy. /11t obecrieyeHrsI HOpMaJIbHbIX
YCJIOBHI pabOTHI IMHUU U MTPAaBUIILHOM pabOTHI 3aILIMTHBIX 10 HAIPEBY all-
MapaToB HaJ0 BEIOMpPATh TAKOE CEUeHME MPOBOIHMKA, /I KOTOPOTO IOy~
CTHUMBII TOK YIOBJIETBOPSIET ABYM YCJIOBHSIM.
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4.3. Bolbop ceyeHnit no KpUTEpPMIO Ka4eCTBa

IlepBoe yciioBHe CBsSI3bIBa€T HAUMOOJBIIMI paOOYM U JOMYCTUMBbINA
110 HarpeBy TOKMU JIUHUMU:

1H6 SIzlorl' (465)

JIist KaGesTbHBIX JIMHMIA 10 10 KB mormyctumo npessiiierue 1, 1ipu re-

J0IT
perpy3Kax ujiv aBapusix, €CJIM HauOOJIbIINIA TOK MTpeaBapUTEIbHONM HATpy3-
KU JJMHUM B HOPMaJIbHOM pexXuMme ObL1 He 6osiee 80 % momycTuMoro:

1,,<081,,. (4.66)

B HOCHeaBapHﬁHBIX peXunmax KaOeJIbHBIX TUHUMI Ieperpy3Kka J0I1yCKa-
eTcst 10 5 CYTOK U OIIPEACIIACTCA YCIIOBUEM!

Ioo<K,-I,. (4.67)

aB.HO —

rae /,, . — HanOOIBIINI W3 CPEIHUX OJTY4aCOBBIX TOKOB B ITOC/IeaBa-
puitHoM pexkume; K,, — KoahdUureHT neperpy3ku B rocjicaBapuiiHOM
pexuMe, TOKa3bIBAIOIINIA, BO CKOJIBKO pa3 MOXKHO TipeBbiiarh /, . 3Ha-
yeHus K,, IpUBOISTCS B CIIPABOYHOM JIUTEPAType ¥ HAXOISTCSI B MHTEP-
Bajie 1,1—1,5 B 3aBUCMMOCTHU OT YCJIOBUI MPOKJIAAKU KabeJsisl, peaBapu-
TeJIbHOU Harpy3Ku B HOPMaJIbHOM PeXUME U JJIMTeIbHOCTA HanuOOIbIIEH
Harpy3ku [§—10].

st ceTeit HanpsikeHUeM 10 1 KB BBIOOp ceyeHust TpOBOJIHMKA T10 Ha-
rpeBy JOJKEH ObITh YBSI3aH ¢ BHIOOPOM 3allMILIAIOIIMX alllapaToB.

Btopoe ycinoBue BeiOOpa ceyeHUit HeoOX0AUMO JJIsl IPaBUJILHOU pabo-
Thl alfapaToB, 3allMILAIOLIMX CETh OT Meperpena (HampuMep, rnpegoxpa-

HUTEJIel), U COCTOUT B CJIEAYIOIIEM:

I, <K. .| (4.68)

HOM.aIlInt 3an.arnit J0I1 2

rae /., .. — HOMUHAJIBHBIM TOK 3alliMInaolero anmnapara; K, — KO-

alll. aTirnt
3G OULIMEHT KOPPEKTUPOBKHU AOITYCTUMOTO TOKA JIJIsl 3alllMTHOM anmnapa-

TYpPHI:
K = (0,8 1151 rOopOACKUX ceTelt (OCBeleHNEe U ObIT);

3al.arr

K. ann = 3 1151 TPOMBILIUIEHHBIX IPEINPUSATHIA M CUJIOBBIX YCTAHOBOK.

B ocBeTUTENBHBIX ¥ OBITOBBIX CETSX, XOTS K =0(,8, ceueHue BHIOU-

3all.arrt
PparoT 110 YCJIOBHIO
1,251, <1 (4.69)

HOM.a1m J011°
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4. Boibop ceyeHnit MHWIA anexrTponepesaqy

B 3THX CETSIX OTCYTCTBYIOT TIATEIbHBIE OCMOTPBI, BO3MOXHO HEKOHTPO-
JIMpyeMoe MprucoeIMHeHre Harpy3Ku. [103ToMy B IeJIsIX HaleXKHOCTH CETh
B TETUIOBOM OTHOIIIEHWH NOJDKHA OBITh HemorpykeHa. OHa Oy/eT B COOT-
BETCTBUM C ycioBreM (4.69) oTKITI09aThCs paHblile, YeM OyaeT JOCTUTHYT
TOK /..

Ciieiyer y4ecTh, 4To 4eM 0oJbliie /., TeM OOJIbIIE CEYEHUE TTPOBOIHM -

JI011
KOB, YTO B TOPOJACKMX CETSIX IMPUBOAUT K YBEJIMUYEHUIO pacxoaa MeTallia,
KOTOpOE YCYTyOJIsIeTCs MPU HeA0Tpy3Ke MPOBOJTHUKOB IO HarpeBy.

B npoMBbIIIIEHHBIX CETSIX UMEIOT MECTO OOJIbILIME MTYCKOBbIE TOKU, MIPU
3TOM CETHU He JOJIKHBI OTKJII0YAThCs 3allMIIA0IIMMU anmnapatamu. Ecin
CeYyeHMe B TAaKOM CeTH BLIOMPATH MO YCIOBUIO (4.68), TO 3TO IPUBEIET K CY-
1LIECTBEHHOMY yIOPOXaHUIO ceTu. B To ke BpeMsi, €ClI y4ecTb, UTO MyCK
JIBUTATEJIEN OCYIIECTBIISIETCS PEIKO W JUIMTCI HEAOJITO, KpOME TOro, 00-
CJIy>KMBaHWE MPOMBILIJIEHHBIX CeTei OOBIYHO JIyYllle, YeM TOPOJICKUX, OC-
MOTPBI TIPOBOASTCS Yallle, TO3TOMY MOXHO BbIOMpPATh MEHbILINUE CEUYECHUS
IMPOBOJHUKOB U B TaKMX ceTsax K =3.

3al.arr
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9. [prmep NpoexTMpoBaHKA
pacnpenenuTensHon CeTu

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

9.1. 3apaHve Ha NPOEKTMpOBaHKe

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

€JIb10 IPOEKTUPOBAHMSI PA3BUTUSI DJIEKTPUUECKOM CEeTU SIBISIET-
¢S BBIOOp HamOoJiee pallMOHAJILHOIO BapMaHTa 3JIeKTPOCHA0-
>KeHUS TTOTpeduTelieil BHOBb COOPYXKAEMbIX U CYILIECTBYIOIINX

MOJCTAHIINI ¢ COOMIOIeHeM TpeOOBaHMIM HAIEXKHOCTU 1 KaueCTBa 3JIeK-
tpoaHepruu, cornacHo 'OCT 32144—-2013.

MeTonuka mpoeKTUPOBAaHMS U3JI0KEHA B IIPEIBIIYIINX IJIaBax MOCOOMs,
TEXHUYECKME M SKOHOMUYECKHE XapaKTepUCTUKNA 000PYIOBaHUS TIPUBE-
IeHbl B [§—11].

OCHOBHBIMU 3TallaMU ITPOCKTUPOBAHUS SIBJISTFOTCSI:

BbIOOP KJIaCCa HOMUHAJIbHOTO HAIPSIKEHUS CETH

aHajM3 0aJIaHCOB MOLLIHOCTE! pailoHa pa3BUTHUSI AJEKTPUIECKOM CETH;
pa3paboTKa 1 aHaJIM3 BApUAHTOB PA3BUTHUS JEKTPUUECKOM CETH;
BBIOOp CeYEHUI IMHUI 3JEKTPOIIepeIadn;

BBIOOP CXEM pacHpeaeIUTEbHbBIX YCTPOMCTB BBICIIETO HAMPSIKEHUS
MOJICTAHLIMA TSI paCCMaTPUBAEMbIX BADUAHTOB PA3BUTUS DJIEKTPU-
YEeCKOW CeTu;

TEXHUKO-9KOHOMMYECKOE CPABHEHME BAPUAHTOB PA3BUTUS CETHU;
pacyeThl M aHAJIM3 YCTAHOBUBIIMXCS PEKMMOB JIEKTPUYECKUX CETEH;
BbIOOD CPENCTB PETYJIMPOBAHMS HATIPSIKEHUM B 3JIEKTPUYECKOM CETH.

Kapra-cxema paiioHa pa3BUTHS CETU ITOKa3aHa Ha puc. 5.1. B y3inax cetu
yKa3aHbl aKTUBHbIE MOIIITHOCTU HATPy30K 1 KO3(MUILIMEHTHI MOLIIHOCTEH.
Ha cxeme mokaszaHa cyliecTByollasi Ha Hayajuao MPOeKTUPOBAHMSI CETh.

HMcrouHukamMu 37eKTpO3HEPruu B pacCMaTpuBaeMOM IPUMEpPE CEeTU
apasiorcss TOL Ha rase ¢ TpeMst 0JloKaMu reHepaTop-TpaHchOpMaTop
(rerepatop TBP-63—-2VY3, tpanchopmarop TIALL-80000/110) ¢ Temo-
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/'\ 5. Mpumep NpoeKTMpOBaHUA PACNPEAEMMTENLHOM CETH

(pMKaLIMOHHBIMU TYpOMHAMM C TIPOTUBOMABICHUEM M IIWHBI CpeIHe-
ro HaTPSKEHMS IBYX aBTOTpaHC(HOPMAaTOpoB CBsI3U ¢ ceThio 220 kKB tTumna
ATILITH 200000/220/110.

2ATALTH-200000/220/110

230 kB
40085 4
7y :
!y
1 AC-240
/[ 30km 3 T/IL[-80000/110

!/
12087 A @) _@3TB<D-63-2V3
40/0,9 @
30/0,85 : 15/0.8

v

Puc. 5.1. Kapra-cxema paitoHa MpoeKTUPOBAHUS

JonoJIHUTeIbHbIE JaHHbIE JIS1 TPOEKTUPOBAHUS.
1) Paiion nnpoektupoBaHus cetn — Ypai, K,,,, = 0,8—1.
2) DKOHOMUUYECKUE XapaKTepUCTUKHU, UCIIOTIb3yeMble TP ITPOEKTUPO-
BaHWU:
o KO3((PUIIMEHT NpUBEICHMUS KAaTUTAIbHBIX BIOXKEHUI K COBPEMEH-
HBIM 1ieHaM, k = 70;
e yjejabHas CTOMMOCTb MOTEPhb BJIEKTPOIHEPTUU B cCeTH, B, =
=2 py0./kBT-u.
3) CocraB notpeourerieii mo HanexxHocTu: 1, 11 kateropuit — 60 %; 111 — 40 %.
4) Yucno yacoB MakCHMMalbHOW MOIIHOCTUA HArpy3ok paiona, /., =
= 4500 yu.
5) HomuHanbHbIe HanpskeHus rotpedurteneit — 10 kB.
6) KoaddunmeHnt HepaBHOMepHOCTU TpadrKa Harpy3K1 SHEProcucTe-
MBI, a0 = 0,6.
7) Tpedyemble HanpskeHus Ha mHaxX 10 KB moacTtaHuii n yka3zaHbl
B Tab6x. 5.1.
8) Jlmana3oHbl 1OMYCTUMbIX OTKJIOHEHMIA HATIPSIKEHUI OT TpeOyeMBbIX,
COIJIACHO YCJIOBMSIM JOTOBOPOB 3HEProcHAOXAIOIIMX IPEeApUITUI
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5.2. Bbibop Knacca HOMYHANEHOMO HaMPAMKEHNA CETM

1 roTpedureneit, coctaBisior 5 % B HopMaibHbIX 1 10 % B moce-

aBapUHBIX PEXAMAX.
Tabauya 5.1
Tpedyemblie HanpszKkeHns Ha muHaX 10 kB moacTanmmii
Ne y3ma 2 3 5 6 7
Tpedyemoe U, xB 10,5 10,2 10,5 10,2 10,0

5.2. Belbop Knacca HOMVHaNBbHOMO HaMPAEHUA CETU

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

[TpuHLMIBI ONTpeneneHus palMOHAIBHOIO KjlacCa HOMUHAJILHOIO HATIPsI-
>KEHMSI OITMCAHBI B paziesie 3.2 HaCTOSIIEro MOCOOHs M ITpeTyCMaTp1BatOT aHa-
JIU3 CYLIECTBYIOLIETO Y MEPCIIEKTUBHOIO COCTOSIHUS paiioHa Pa3BUTHS CETHU.

B paccmaTpuBaeMoM Ipumepe MPOEeKTUPOBAHUS PaCIIpeeIUTEIbHOM
CETU CYLIECTBYIOIIEE COCTOSTHUE U TTEPCIIEKTUBBI pa3BUTHUS pailOHa MPOEK-
TUPOBaHUS U3JIOXKEHBI B pa3aeiie 4.1. Kak ykazaHo Ha KapTe-cxeMe paiioHa
MPOEKTUPOBAHUS, MPUBEAECHHOM Ha puc. 5.1, cyliecTBytolue JUHUKU 1—2
BbINOJIHEeHbI Ha HanpskeHue 110 kB. [ToaTomy B mepBylo ouepenb cieayeT
MPOBEPUTHh PALlMOHATBHOCTh MCITOJIb30BaHMS KJIaCCa HOMMHAJIBHOIO Ha-
npskeHus 110 xB.

Br160p KJ1acca HOMHMHAJIbHOIO HAIIPSIKEHUSI BBITIOJIHSIETCS ABYMSI CITO-
co0aMM: C MCMOJIb30BAaHMEM KPHUBBIX, ITOKa3aHHBIX Ha puc. 3.1, U B xoxue
aHaJM3a MPONyCKHOM CNOCOOHOCTU JIMHUM 110 TabJI. 3.3.

CornocTaBiieHUe TePCIeKTUBHBIX 3HAYCHUIT MaKCUMaJIbHBIX MOIIHO-
cTeil Harpy3oK y3710B ceTy (0T 40 no 15 MBT) u paccTosiHUIT MexXay y3-
Jamu (ot 40 no 20 kM) ¢ KpuBoOIi 4 Ha puc. 3.1, COOTBETCTBYIOLIEH Kaccy
HanpspkeHust 110 kB, moaTeepxnaer palMmoHaIbHOCTD MTPOEKTUPOBAHUS
pacnpeaeuTeNIbHOM CETU B pacCMaTpUBAEMOM MpUMepe Ha HOMUHAJIb-
HoM HanpsikeHuu 110 xB.

CpaBHeHME NEPCHEKTUBHBIX HATPY30K Y3JIOB CETU U PACCTOSTHUI MEX-
1y y3J1aMU C OTHOMMEHHBIMHU IMapaMeTpaMu, COOTBETCTBYIOIIMMMU KJ1acCy
HanpstkeHust 110 kB, B Tabj. 3.3 moarBepxxaaeT pallMOHaJIbHOCTb KJlacca
HOMUHaJIbHOTO HanpstkeHus 110 kB.

C yyeToM KJ1acca HOMMHAJILHOTO HAIPSIKEHUS CYILIECTBYIOIIEH CeTU
U BBIMIOJTHEHHBIX ITPOBEPOK B KaUeCTBE HOMUHAJILHOTO HATPSI>KEHUSI TTPO-
€KTUPYEeMOM pacpeaeauTeIbHOM ceTr BeiOMpaeTcs kiacc 110 kB.
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/'\ 5. Mpumep NpoeKTMpOBaHUA PACNPEAEMMTENLHOM CETH

5.3. PaspaboTKa banaHca MOLLHOCTeN

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

banmaHchl aKTUBHBIX MOIITHOCTEH palioHa pa3pabaThIBAIOTCS 17151 BHIOpaH-
HOTO KJlacca HOMUHAJIbHOTO HarnpsikeHus cetu 110 kB ¢ nenbpio onpene-
JICHUS CTpaTeTun pa3pabOTKU KOHKYPEHTOCIIOCOOHBIX BAPUAHTOB Pa3BU-
THSI 3JeKTprIecKoi ceTu. [1py 5ToM He0OXOAMMO BBITIOJHUTH IIPUBEICHNUE
MOIITHOCTEM y3510B K KJ1accy 110 kB, MOCKOJBKY Harpy3ku y3/10B 3aJ1aHbl
Ha HUBIIMX CTOPOHAX MMOHWXKAIOIINX TPaHC(HOPMATOPOB, @ MOLITHOCTH 0JI0-
KoB TOLl — Ha HU3IMIKMX CTOPOHAX MOBHIIIAIOIIMX TpaHC(OpMaTopa.

ITpu onpenenennn akTuBHOM MoITHOCTH O0Ka TOLI, reHepupyemoit
B ceTh 110 kB, HEOOXO0AMMO y4eCcTh pacXxo/l Ha COOCTBEHHBIE HYKIbI OJTOKa.
Ha TOI1I B kauecTBe TOIIMBA UCIIOJIb3YETCS Ta3 M YCTAHOBJIEHBI TETIO(MU -
KallMOHHBIE TYPOMHBI C TPOTUBOAABICHMEM. Pacxon aKkTMBHOM MOIITHOCTHA
Ha coOcTBeHHbIE HYXAbl TOLI Ha ocHOoBaHuu [11, Ta6a. 1.2.2] cocTaBaser
7,8 % OT MOIITHOCTH OJIOKOB.

Pacxon Ha cobcTBeHHBIE HYXIbI 0;10Ka TOLI P, o, onpenenseTcst Kak

RLH‘GJI =0y 'PHOM.GH = 0907863 = 499 MBT.

Torma akTHBHAsE MOIITHOCTh 0JI0KA Ha HU3IIEH CTOPOHE MOBHIIIAOIIIE-
ro TpaHcopmaTtopa

PHH.6n = PHOM.6H - PCH.6J'I = 63_459 = 5891 MBT.

Ilepen pa3paboTkoii 6ajJlaHCOB MOLIIHOCTEN paiiloHa pa3BUTUSI DJIEKTPU-
YeCcKOM ceTu HeoOX0IMMO BhIOpaTh TpaHC(OPMATOPHI B y3/1aX Harpy3oK.

Ha Bcex moacTaHIMsIX BBIOMpPAIOTCS 1O ABa IMOHMXKAIOIIUX TpaHChOp-
Maropa ¢ BO3MOXHOCTBIO 40 % Tieperpy3ku oqHOro TpaHchopMaropa mpu
aBapuIfHOM OTKJIIOYEHUU BTOPOro. BbIOOp CHIOBBIX TPaHCHOPMATOPOB MO-

Ka3aH B Tabu. 5.2.
Tabauya 5.2

Boi6op cuioBbix TpancgopmaTopos

V3en Twum y3na P, MBt|cosp|S, MBA| S/1,4, MBA | Tun tpancopmaTtopa
2 Harpyska 40 (0,90 | 44,4 31,7 2 TPAH-40000/110
3 Harpyska 30 |0,85] 353 25,2 2 TPAH-25000/110
4 | T'enepanwms B cetb | 3-58,1 [ 0,80 | 3-72,6 — 3 TALL-80000/110
5 Harpyska 40 10,85| 47,1 33,6 2 TPAH-40000/110
6 Harpyska 15 (0,80| 18,8 13,4 2 TAH-16000/110
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5.3. Pa3pabaoTka BanaHca moLLHOCTER [ \

OnpeneeHre aKTUBHBIX MOLIIHOCTEM HAarpy30K Ha Kjlacce HampsKeHU st
110 xB BbImmOTHEHO B MAKCUMAJIBHOM M MUHMMAaJIbHOM peXXrMax. AKTUBHAS
MOIITHOCTh, KoTopyto TOLI reHepupyet B ceTh, onpeaesieHa TOJIbKO B MaK-
CUMaJIbHOM pexkunMe, Tak Kak TOLl paboTaeT 1o nmpakTUiyecKy HEU3MEH-
HOMY B CYTOUHOM JMana3oHe TeMI0BOMY rpaduky.

MomntHoCTH y3/10B ceTH K Ki1accy HanpspkeHus 110 kB mpuBeneHsI ¢ yue-
TOM YCJIOBHO ITOCTOSIHHBIX MIOT€Pb MOIIHOCTH B CTaJId U MEPEMEHHBIX MO~
Tepb MOIITHOCTU B 0OMOTKaX TpaHc(opmaTopos. [IpuBeneHre MOIIHOCTEM

y350B cet K 110 kB moka3aHo B ta0. 5.3.
Tabauya 5.3

IIpuBenenue MomHocTeidt y310B cetd K 110 kB

vaer| P | Ow [ AP, [ 0L [ APo [AQw [ P [ 00 | S,
MBr | MBap | MBr | MBap | MBtr | MBap | MBr | MBap | MBA
Pexxum MakcuMalIbHBIX HATPY30K
2 40 19,36 | 0,11 2,83 0,07 0,52 40,2 22,7 46,2
3 30 14,53 | 0,13 2,88 0,05 0,35 30,2 17,8 35,1
4 174,3 | 130,7 | 0,93 | 25,11 0,21 1,44 | 173,2 | 104,1 | 202,1
5 40 24,79 | 0,13 3,18 0,07 0,52 40,2 28,5 49,3
6 15 11,25 | 0,06 1,27 0,04 | 0,224 | 15,1 12,7 19,7
PexyM MMHMMaIbHBIX HATPY30K
2 24 11,62 | 0,04 1,02 0,07 0,52 24,1 13,2 27,5
3 18 8,76 0,04 1,04 0,05 0,35 18,1 10,1 20,7
4 174,3 | 130,7 | 0,93 | 25,11 | 0,21 1,44 | 173,2 | 104,1 | 202,1
5 24 14,87 | 0,05 1,14 0,07 0,52 24,1 16,6 29,3
6 9 6,75 0,02 0,46 0,04 | 0,224 9,1 7,4 11,7

baiaHChl aKTUBHBIX MOLLIHOCTEN [T CETH, TIOKa3aHHOM Ha puc. 5.1, pa3-
paboTaHbl B peXXMMaX MaKCUMaIbHbIX U MUHUMAJIbHBIX HAarpy30K U Mpu-
BeleHBI B Ta01. 5.4.

ITpu cocTaBneHun 6a1aHCOB aKTUBHOIM MOIIIHOCTU OPUEHTUPOBOYHO Y4-
TE€HbI MOTEPU aKTUBHOM MOIIIHOCTH, KOTOPbIE, KaK YKa3aHO B pas3zesie Mmo-
cobus 3.1, B cetn HanpskeHreM 110 kB cocTaBisior okojio 4 % oT MoIiI-
HOCTE€M Harpy30K.

Kaxk BugHoO u3 Ta6:1. 5.4, paiioH pa3BUTUS CETU SBJISIETCSI U30BITOYHBIM
M0 aKTUBHOI MOIIIHOCTU B MAaKCHMMaJbHOM M OCOOEHHO MUHUMAaJIbHOM
pexXuMax, 4To 1 CJIeAyeT yuecThb MpUu pa3padoTKe BapuaHTOB KOHdUrypa-
LIUU CETHU.

97



/'\ 5. Mpumep NpoeKTMpOBaHUA PACNPEAEMMTENLHOM CETH

Tabauya 5.4
Bbanancer akTuBHOIT MommocTH B cetn 110 KB
MaxkcumanbHbINA pexXuM MuHuUMaNbHBIN pexXUM
ITorpebneHue cucteMbl IToTpebneHne cucTeMbl
Ve P, AP, | P3ks, Vaen P, AP, PakB,
MBt | MBT | MBT MBrT MBrT MBrT
2 40,2 1,6 41,8 2 24,1 0,96 25,0
3 30,2 1,2 31,4 3 18,1 0,72 18,8
5 40,2 1,6 41,8 5 24,1 0,96 25,0
6 15,1 0,6 15,7 6 9,1 0,36 9,5
Hroro morpebnenue | 130,7 Wroro norpediieHne 78,3
I'enepamusg TOLI I'enepams TOLL
P PcH, | APt PaxB P PcH PakB
MBr| MBr MBI;, MBr MBr MB1 APrp, MBT | g
3*63 | 14,74 | 0,3 174,0 3%63 14,74 0,3 174,0
M36bITOK MO1IHOCTH | 33,3 M306bITOK MOLITHOCTH 68,3

9.4. Pa3paboTHa BapnMaHTOB KOH(UrypaLuum cetu

Jlist palioHa ceTu, MpUBEIECHHOIO Ha puc. 5.1, pa3paboTaHO YeThIpe Ba-
pMaHTa pa3BUTUS CETU, KOTOPbIE MMOKa3aHbl HAa puc. 5.2—5.5.

1208 4y

20kMm

15/0,85 - 40/0,9

15/0,85 *

30/0,85 30/0,85

Puc. 5.2. BapuanT 1 pazButus cetu Puc. 5.3. BapuaHnT 2 pa3Butusi cetu
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5.4. Pa3paboTa BapuaHTOB KOHUrypaLmm CeTu

40/0.85 40/0,85
30 & \30
KM KM
(O N
2x63/0,8 50k V7 2%63/0,8
X ’ A/ . L Jy7
12/0,8 12/0,8  7/30xm 30KM
15km 7~
é\%OKM 20km s/ AN @\20“’[ 20}M/ 15km
! 40/0,9
40/0,9 15/0,85
30/0,85 15/0,85 30/0,85
Puc. 5.4. BapuanT 3 pa3Butus cetu Puc. 5.5. Bapuant 4 pa3Butus cetu

PaiioH pa3BuThs ceTu SBISIETCS M30BITOYHBIM MO aKTMBHOIM MOIIIHO-
CTM B MaKCUMMaJIbHOM M MUHHMMAaJbHOM peXnMax, clieqoBaTeJIbHO, TIPU
pa3paboTKe BapMaHTOB KOH(PUTYpALIMU CETU HEOOXOAMMO YyUeCTh, YTO pa-
LMOHAJIbHO TIpeAycMaTpUBaTh IMTUTaAHME BCEX Y3JI0B CETH, BKJIIOYasl Cyllie-
CTBYIOILIME Ha MOMEHT IpoekTrupoBaHusi, oT TOLl. KpomMe Toro, cienyer
npeaycMaTpuBaTh pallMOHAJIbHBIN ITyTh Nepe1ayr U30bITOYHOM MOILIIHOCTU
B 0a3MCHBIN y3€J1, YTO 0COOEHHO BaxKHO B peXXMe MUHMMAaJIbHbIX HATPY30K.

Bapuanr 1. [1pu pazpaboTke BapraHTa 1 cxeMbl pa3BUTHS CETU UCTIOJIb30-
BaHbI ITPAKTUYECKME TPUHLIMIBI (POPMUPOBAHUS pallMOHATIBHOI KOHMUTY-
patmu cety. [Turanue omokaiimmx K TOL y310B Harpy3ok 3, 5 1 6, a Takke
BbI1aya U30bITOUHOM MolTHOCTU TOLI B coceqHIO0 cruCcTeMY BBITTOTHSIETCS
no KpaTtyaitiemy nytu. biavkaitinmii K 6ajaHcupylolemy y3ell 2 IojydaeT
MUTaHKE IO CYLLECTBYIOLIEH TMHUU, TPU 3TOM IMMPOMCXOAUT SKOHOMUYECKU
BBITOJHAS 3arpy3Ka CylleCcTBYIOIIEl ceTh. B3auMHoe pe3epBUpoBaHUEe UC-
TOYHUKOB MUTaHUS BbIMOJHsIETCS Mo TuHUM 1—4. Cxema ceTu BapuaHTa |
pPa30MKHYTas pa3BeTBJIEHHAs, TOATOMY Ha BCEX ydacTKax CETU ISl obecrie-
YeHMsI HaJeXKHOTO 3JIeKTPOCHAOXKEHUST MOTpeOuTe el peaycMaTpuBaeTCst
COOpY:KE€HIE He MeHee IBYX MapasiyIeAbHbIX OMHOLIEITHBIX TUHUIA OMMHAKOBO-
Io CEYEHMsI, YTO TIPUBOJIUT, C OMHOM CTOPOHBI, K CYILIECTBEHHOMY yBeJInJe-
HUIO KalMTaJIbHBIX BJIOXKEHUI, C IPyTrOoi — K CHUXKEHUIO MOTEPh MOIIHOCTU.

B BapuaHTe 1 pa3BuUTHSI CETU peKOHCTPYKILIMS CYIIECTBYIONIEH MOACTaH-
LIUY B y3j1e 2 He TpeOyeTcs.

Bapuanr 2. Cxema BapuaHTa 2 pa3BUTUSI CETU BBITIOJHSIETCS B BUAE KOJIb-
11a, YTO MO3BOJISIET CHU3UTh KalUTaJIbHbIE BJIOXKEHMSI IT0 CpaBHEHUIO C Ba-
puaHToM | mpu obecrieyeHU HaAeKHOTO 3JIEKTPOCHAOXKEHUST BCeX IOTpe-
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5. lNpuMep NPoEKTNPOBaHNA PacTpefenv TensHoM CeTh

oureneii. [1pu pa3paboTke KOH(PUTYpaALIMKU CXeMbI BAprMaHTa 2 MCITOJIb30BaH
MpaKTUIECKUIA TPUHIIUI (DOPMUPOBAHUS pallOHAIbHOM KOH(MUTYpaluu
CeTH — 9KOHOMUS KaluTalbHbIX BIIOKEHUI B ceTh. HemoctaTkom BapraHTa
2 aBJISIeTCSI HEOOXOIMMOCTh PEKOHCTPYKIIMU CYIIECTBYIOIIEI MOACTAaHIIUN
y371a 2. Kpome Toro, morepu MOIIHOCTH B CETU CKOpee BCero 0yayT 60b-
111e, YeM B CeTU BapraHTa 1, 4To 00YCI0BIEHO yBEIMYEHUEM MTYTH Mepeaadn
M30bITKA MOILIIHOCTU B COCEIHIOIO CUCTEeMY T10 CPAaBHEHMIO C BAPUAHTOM 1.

Bapuant 3. Cxema BapuaHTa 3 pa3BUTHS CeTU (hOPMUPYETCSI HA OCHO-
BE€ BapMaHTOB Pa3BUTHS CeTU 1 1 2 U COAEPXKUT PAa30OMKHYTYIO CXeMY TTH-
TaHUS y3JI0B 5 ¥ 6 ¥ KOJIBIIEBYIO JUISI TUTaHUS Y3710B 2 1 3. JIOCTOMHCTBOM
BapuaHTa SBJsIETCS Nepenadya u30bITOYHONH MOIITHOCTU B COCEIHIOI CH-
cTeMy mo kKpartvaiieMy mytd. Hegoctatkamu BapuaHTa 3 SIBJISIIOTCSI I1O-
TPEOHOCTBD IO YCIOBUIO HAJEKHOCTH COOPYKEHMS IBYX JIMHUI Ha y4acT-
Ke 4—6 17151 T TaHUsI HeOOJIBIIIOTO ITOTPEOUTENIS B y3Jie 6 1 HEOOXOAMMOCTD
PEKOHCTPYKIIMHU CYLIECTBYIOIIEH MOACTAaHIIUM B y3J1€ 2.

Bapuant 4. BapuaHT 4 pa3BuUTHSI CETU UMEET KOJIblLIEBYIO KOH(pUTrypa-
LIMIO U MPU €ro peaau3allii JOCTUTAETCS CHUXKEHNE KalUTalbHbIX BJIO-
>KeHUI B CeThb MO cpaBHEHMIO ¢ BapuaHToM 3. HenoctaTkoM BapuaHTa 4,
TaK XX€ KaK 1 ABYX MPeablAYIINX, SIBISeTCS HEOOXOAUMOCTb PEKOHCTPYK-
LIMU CYIIECTBYIOIIECH MOACTaHIIMHY y371a 2.

5.9. Onpegenexne TOKOPaCcNpPeRENeHA B BapuaHTax CeTu

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Jns onpeneiaeHus: pallMOHAJbHBIX CEYEHMI MPOEKTUPYEMBIX JTUHUMA
1 OLIEHKM BO3MOKHOCTH PabOTHI CYIIECTBYIOIIUX HEOOXOAMMO ONPEIeIUTh
MaKCHUMaJbHbIE JUTUTEbHbIE TOKM MO JMHUAM. Yallle Bcero MakCuMallb-
HbI€ IJIUTEJIbHbIC TOKU MO JIMHUSM MPOTEKAIOT B PeXXMME MaKCUMaJIbHbIX
Harpy3ok, OJJHaKO 10 HEKOTOPHIM MPOEKTUPYEMbIM JIMHUSIM MaKCUMaJlb-
HbI€ JUTUTEIbHbIE TOKM MOTYT MPOTEKaTh B peXKMME MUHUMAJIbHBIX Harpy-
30K. Takasi cutyanusi 00ObIYHO BO3HMKAET MPU IMPOESKTUPOBAHUM PAiOHOB,
B KOTOPBIX HaOJ101a€TCsI U30BITOK TeHEPUPYIOILEH MOIIIHOCTH.

PacuyeTnl TOKOpacnpeneaeHus 1Jisi BAPMAHTOB CETE MOTYT ObITh BbITIOJ-
HEHBI BpYUHYIO WJIM Ha 0a3e pacueTHBIX KoMmIuieKcoB, Hampumep RASTR.

Pyunoii pacyeTr TOKOB B ceTH. /[JIs1 BBIMOJIHEHUST pacyeTa CETU BPYYHYIO
HEOO0XOAMMO OIpPEAeTUTh TOKU B y3/1aX CETU, MPUBEIECHHbIE K HOMUHAJIbHO-
My HaIpsKEHMIO TIPOEKTUPYEMOIi ceTr. TOKM y3710B CeTH [Tl paccMaTpuBae-
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5.5. Onpefienexvie TOKOACTPE[IENeHVA B BAUAHTAX CeTH | |

MOTO IprUMepa onpeaeieHbl MPUOIMKEHHO 10 HOMMHAIbHOMY HaMPsSKEHUIO
CETU Y MPUBEISHHBIM MOIITHOCTSIM y3JI0B (Ta0J1. 5.3) 1 Toka3aHbI B Ta01. 5.5.

Tabauua 5.5
ToKu y3J10B ceTH
Y3en 2 3 4 5 6
Makcumanphbiii | [IPUBeneHHas MomHocTb, MBA | 46,2 | 35,1 |202,1| 49,3 | 19,7
pexnm Tok, A 243 | 184 | 1062 | 259 | 104
Munumanbabii | IIPMBEneHHasa MolHocTh, MBA | 27,5 | 20,7 202,1| 29,3 | 11,7
PEXUM Toxk, A 145 | 109 | 1062 | 155 | 62

Pacuert ToKOB B ceTn BapuaHTa 1 BecbMa MPOCT, TOKM Ha yyacTkax 1—2,
4—5,4—3 1 4—6 COOTBETCTBYIOT MAKCUMAaJIbHBIM (MUHUMAJIBHBIM) Harpy-
304YHBIM TOKaM, TOK Ha yyacTKe 4—1 ornpenensieTcss Ha OCHOBE IIepPBOro 3a-

koHa Kupxroda nis y3na 4.
Toxk Ha yyacTke 4—1 B MaKCMMaJlbHOM pexXuMe

=1, —1;...—1 -1 =1062-259-184-104=515A.

43 max 46 max

1

41max Smax

Toxk Ha yyacTke 4—1 B MUHUMAaJIbHOM peX1Me
I =1, — 1. —1 -1 =1062-155-109-62=736 A.

41 max Smin 43 min 46 min

CxeMma pa3BUTHS CETH I10 BapuaHTy | ImpuBeAeHa Ha puc. 5.6, B y3iax
CeTU M Ha JIMHUSX yKa3aHbl MOJYJU TOKOB (A) B HOpMaJbHBIX pexXMUMax
MpY MaKCUMaJIbHbIX U MUHUMAJIBHBIX (KYpCMBOM B CKOOKaXx) Harpyskax.

&)
A 259(155) A
O,
/77 ‘
/ {({43(145) A

/77
(; ) 184(109) A
/

243(145) A 0

184(109) A |,

104(62) A

Puc. 5.6. PacnipeesieHre TOKOB B ceTH (BapuaHT 1)
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/'\ 5. Mpumep NpoeKTMpOBaHUA PACNPEAEMMTENLHOM CETH

J17151 pacueTa TOKOB B CETH BapyaHTa 2 HEOOXOAMMO HAUTH TOKH B KOJIb-
e 1—5-4—3-2—1" no nmpaBUIy MOMEHTOB C MCITOJIb30BAHUEM SKBUBAJICHT-
HBIX JUIMH YYaCTKOB CETH.

l'onoBHOI TOK — TOK Ha yyactke 1—5

[ =1,= Zili Iy _ I+ 1L+ L+ 1 -1 .
le' 1131'
Toxk Ha yyacTke 1—5 B pexXriMe MakKCUMaJIbHbIX HAarpy30K
259-(30+20+20+30/2)-958-(20+20+30/2)+184-(20+30/2)+243-30 /2

57 40+30+20+20+30/2 -
259.85-958-55+184-35+243-15

B 125
Toxk Ha yyacTke 1—5 B pexkruMe MUHUMAaJIbHbIX Harpy30K

1

=—-165 A.

I - 154-85—1001-5152-1—5109-35+145-15 _ 288 A

CxeMa pa3BUTHUS CETH T10 BapUaHTYy 2 TIpUBEIeHA Ha PUCYHKe 5.7, B y3-
JIaX CeTU U Ha IMHUSIX YKa3aHbl MOIYJIU TOKOB (A) B HOpMaJIbHBIX peXXrUMax
MpU MaKCUMAaJIbHBIX 1 MUHUMAJIbHBIX (KYpCMBOM B CKOOKaX) Harpy3Kax.

259(154) A
165(288) A
1 —
Il‘ — 115 40 kM 5

/

772 —
G/ /30 kM 424(442) A 4
7 07(305) A

7

/ 4
20 kM
350(450) A /)

20 kM
3 0

184(109) A |, 104(61) A

Puc. 5.7. PacnipeneneHue TOKOB B ceTU (BapUaHT 2)

Pacuer TokoB B cetn o RASTR. I1pu ucnonb3oBaHuM pacy4eTHOTO KOM-
miekca RASTR oist pacuera TokopacrpeaeaeHus B CETU He TpebdyeTcs
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5.5. OnpegeneHve TOKOPaCNpeaeneHya B BapuaHTax CeT

BBINIOJIHATD MIPUBEJEHNE HArpy30K U pacyeT TOKOB Y3J10B, HO HEOOXOIM -
Ma MOATroTOBKAa MCXOAHON MHMOpPMaIMU B COOTBETCTBUM C TPeOOBaHUS -
MU KOMILIEKCa.

HMcxonHasa mHbopmanus A pacyeTa YCTAaHOBUBIIMXCS PEeXHMMOB
o nporpamMe RASTR Bkit0uaeT moaroToBKy napaMeTpoB Harpy30kK, re-
HEpaTOPOB 1 CXeMBbI 3aMEILIEHUS CETU B (hOpMe IBYX TaOIMLI: «Y31bl» 1 «Bet-
BU». [J1s1 mpaBWIBLHOM MOATOTOBKM TaOJIUIL CJIeAyeT N300pa3uTh MOJHYIO
CXeMy 3aMellleHUsI CeTU U OTPeeTUTh MapaMeTphbl JMHUM U TpaHC(hopMa-
TOPOB (0€3 9KBUBAJEHTUPOBAHUSI MapaslIeIbHbIX 2JIEMEHTOB).

B kauecTBe mpuMepa HUXKE pacCMOTpeHa MOJAr0TOBKA UCXOAHOM MHMOP-
mauuu 11t RASTR s BapuanTa 1 mpoektupyemoii cetu. Cxema 3aMelie-
Hus cetu mpuMmeHuTenabHO K RASTR nipuBeneHa Ha puc. 5.8.

2TPIH-40000/110

2ATALITH-200000/220/110

230 kB

121 63+j(47,25+20,7)

z () 2T/IH-

2TPJIH- ~
¥ 25000/110 () ()re000/110
40/0,9
v
30/0,85 75008

Puc. 5.8. Cxema 3amereHus cetv st RASTR (BapuaHT 1)

ITpu ncnonnzoBanuu RASTR 115 pacyeTa TOKOB B ceTH Ha 3Tarie BLIOO-
pa cedeHMIi CeUeHUsI IMHUI ellle HEM3BECTHBI M UX HY>KHO MpeIBapUTeIIb-
HO 3a7aTh. 3[IeCh HE CYIIECTBYET CTPOrOro pelleHus, Hanbosee ya1o0HbIM
SIBJISIETCS 3aJ]JaHle Ha BCEX JIMHUSIX OJNMHAKOBBIX, MAKCUMAJIbHBIX Ha KC-
MOJIb3yeMOM KJlacce HaIpsiKeHUsI, CeUeHUIA.
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/'\ 5. Mpumep NpoeKTMpOBaHUA PACNPEAEMMTENLHOM CETH

ITapameTpbl MPOEKTUPYEMBbIX IMHUIA 111 BApUaHTa ceTU 1 mpu nmpeaBa-
puTeNbHO 3agaHHoM ceueHnr AC-240 mpuBeaeHbI B Ta0JI. 5.6, mapaMeTphl
TpaHCc(OPMATOPOB MMOKA3aHbI B Ta0I. 5.7.

Tabauya 5.6
Pacuer mapameTpoB JimHMii, BapuaHT 1 (Ha OHY JIHHHIO)
JIn- | Ywucno |JnuHa, Ceuetine Ry, Xo, By, R, | X, B,
HUS | JUHUU KM OM/xM | OM/kM | MKCM/KM | OM | OM | MKCM
1-2 2 30 AC-240 | 0,12 | 0,405 2,81 3,6 112,15] 84,3
4-5 2 30 AC-240 | 0,12 | 0,405 2,81 3,6 112,15| 84,3
4-3 2 20 AC-240 | 0,12 | 0,405 2,81 2,4 | 8,1 | 56,2
4—1 2 30 AC-240 | 0,12 | 0,405 2,81 3,6 112,15] 84,3
4—6 2 15 AC-240 | 0,12 | 0,405 2,81 1,8 [6,075| 42,15
Tabauya 5.7
ITapameTpsi TpanchopmaTopos (Ha oauH TpanchopmaTop)
Ne Tun R, | X, | AP, | AQ,, X pg;’;ﬁ;g‘; )
y3na| TpaHchopmaropa | Om | Om | MBT | MBap HoM st
2 | 2TPAH-40000/110 | 1,4 | 34,710,036 | 0,26 0,0913 +9x%1,78 %
3 | 2TPOH-25000/110 | 2,54 55,910,027 | 0,175 0,0913 1+9x%1,78 %
4 3 TALL-80000/110 |0,71(19,2| 0,07 | 0,48 0,0868 BB £2%2.5%
5 | 2TPAH-40000/110 | 1,4 |34,7|0,036 | 0,26 0,0913 +9x%1,78 %
6 2 TAH-16000/110 |4,38|86,7(0,019|0,112 0,0957 +9%1,78 %
B | 0,3 30,4 Kep Kyg
g 2 ATALTH- 1031 0 10125 | PITH na CH
200000/220/110 i 0,6 17 ’ 0,5261/0,0478 | +6x2%

[Tonroroska nHdoOpManu Mo y3j1aM BKJIIOYAET:
e pacyeT IMarna3oHoB BblAauu reHeparopaMu TOLL peakTBHO MoIII-
HOCTH B INTUTEJIbHBIX PEXXUMAX C YYETOM OIPAHUYEHUS 110 HArPEBY
cratopa (I, <1,.,,). DT0 ycioBue coOMOTAETCS, €CIU MOTHAS MOIII-
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HOCTh T'eHepaTopa He Bblllle HoMUHaIbHOM (S, <5, ), mo3TOMY Ipu

BblIaye FeHepaTOpOM HOMUHAIBHOM aKTUBHOM MotHOCTH (P, = P, )

€ro peakTUBHAasl MOIIHOCTb HE JOJIKHA MPEBBIIIATh HOMUHAIBHYIO
0.<0,,, =P, -tg(arcoso,,,)). MUHUMaNbHAsA peaKTUBHAs MOIL-

HOCTh T€HEpaTOPOB COOTBETCTBYET 3aJaHHOMY MaKCUMaJIbHOMY 3Ha-
YeHMIO COS @, (oKoio 0,95);



5.5. Onpefienexvie TOKOACTPE[IENeHVA B BAUAHTAX CeTH | |

e pacueT pacxoja peakKTMBHOU MolqHocTH 0jioka TOILL Ha coOcTBeH-
HbIE HY>XIbI, KOTOPbIi1 BHIMTOJHEH C UCITOJIb30BaHMEM YCIOBHO 3aaH-
HOro 3HaueHus coso, . = 0,8;

pacyeT 9KBUBAJIEHTHBIX ITOTEPb B CTAJIU TPAaHC(HOPMATOPOB, KOTOPbIE
MPH OIPEICJICHUU TOKOB B CETU CUMUTAIOTCS YCIIOBHO MOCTOSIHHBIMM,
PaBHBIMU MTOTEPSIM XOJIOCTOTO XO/1a ¥ YKa3bIBAIOTCSI HA CTOPOHE BbIC-
1LIeTO HANpsIKEHUS TpaHC(HOPMATOPOB.
ITapameTpbl Harpy3oK y3J0B CETU MpUBEIEHBI B Ta0JI. 5.8.

Tabauya 5.8
ITapameTpsl y3,10B ceTU
Ne y3na P, MBt 0, MBap Uipess KB
2 0,072 0,52
3 0,054 0,35 Cornacuo T'OCT
4 0,21 1,44 32144-2013
5 0,072 0,52
6 0,038 0,224
21 40 19,36 10,5
31 30 14,52 10,4
51 40 24,79 10,5
61 15 11,25 10,2
7 12 9 10,5
P.=25 O =47,25; Opin=20,7;
A28 g =49 AQcy= 3,68 103

Cnenyet OTMETUTh, UTO McxoaHas WH@opmanus B Tabauue RASTR
«¥Y37bl», KOoTOpas NpuBeaeHa B Ta0I. 5.9, siBasieTcss HEU3MEHHOM 1151 BCeX
BapUaHTOB Pa3BUTHUS CETU U HE MEHSIETCS B ITPOLIECCe YTOUYHEHUS CEYECHU I
JIMHUA dJIeKTponepenayn.

Ta6mma RASTR «¥Y3as1» (Bapuant 1)

Tabauya 5.9

HMcxonnas nHdopmanus (PP) Wcx. unpopmarnius
Tun Ne | Uy, | Paid- | Py, Ou» Pr, Or, Van, Ouin Ornax
y3n1a | kB OH MBT | MBap | MBtT | MBap kB Msap | MBap
baza 8 220 1
Harp | 81 | 220 1
Harp | 81 | 220 1
Harp 1 110 1 0,25 2
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/'\ 5. Mpumep NpoeKTMpOBaHUA PACNPEAEMMTENLHOM CETH

Okonuanue mabn. 5.9

Hcxomnas nHpopmanms (PP) Hcx. undopmanmst

Tun Ne Uy, | Paii- Py, Oy, Pr, Or, Van Onin Onax

y3n1a | kB OH MBT | MBap | MBt | MBap kB MBap | MBap
Harp 2 110 1 0,072 | 0,52
Harp 3 110 1 0,054 | 0,35
Harp | 4 110 1 0,21 1,44
Harp 5 110 1 0,072 | 0,52
Harp | 6 110 1 0,038 | 0,224
Ien | 41 | 10,5 1 49 3,68 63 10,5 20,7 | 47,25
Ien | 42 | 10,5 1 49 3,68 63 10,5 20,7 | 47,25
Ien | 43 | 10,5 1 49 3,68 63 10,5 20,7 | 47,25
Harp | 21 | 10,5 1 40 19,36
Harp | 31 | 10,4 1 30 14,52
Harp | 51 | 10,5 1 40 | 24,79
Harp | 61 | 10,2 1 15 11,25
Harp | 7 10,0 1 12 9

HUcxonnasa nndopmauusa mist RASTR B tabnauue «BetBu» pasnuyaer-
csl 171 Bcex BapuaHToB ceTu. g BapuanTa 1 Tabiauna «BerBu» mokaszaHa
B Ta6:1. 5.10. B Tabnuiie yKa3zaHbl OObIYHBIM HIPU(PTOM ITapaMeTphl, OIpe-
JeJISHHbIE NIJIsI BCEX MPOEKTUPYEMBbIX JIMHUI TIPU TIepBOHAYAIILHOM Ceue-
Hun AC-240, n B cKoOKax XXHPHO KypCUBOM IMOKa3aHbl OKOHYATEJIbHbIC
rmapaMeTphl JUHUI, pacCYUTaAaHHbBIC ITOCJIe KOPPEKUMU CeUYSHUI 1 Yuciia
rapaieJIbHbIX LIeTIeH.

Tabauya 5.10
Taomuua RASTR «Betsu» (Bapuanr 1)

Tumm | Ne Hau | Ne KoH R, Om X, OMm B, uCm K,
JIDI 1 2 3,6 12,15 —84,3

JIDI 1 2 3,6 12,15 —84,3

JIBI 4 5 3,6 (7,47) 12,15 (12,81) | —84,3 (—79,8)

JIDI 4 5 3,6 (7,47) 12,15 (12,81) | —84,3 (—79,8)

JIDII 4 3 2,4 (4,98) 8,1(8,54) —56,2 (—53,2)

JIDI 4 3 2,4 (4,98) 8,1(8,54) —56,2 (—53,2)

JIDI 4 1 3,6 (4,86) 12,15 (12,39) | —84,3 (—82,5)

JIDII 4 1 3,6 (4,86) 12,15 (12,39) | —84,3 (—82,5)

JIDI 4 1 4,86 12,39 —-82,5

JIDI 4 6 1,8 (3,735) 6,08 (6,405) | —42,1(-39,9)
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5.6. Bribop v npoBepKa CeyYeHnin NMHIIA aNeKTponepenaqn [ \

Okonuanue maba. 5.10

Tum | Ne Hau | No koH R, Om X, Om B, uCwm K,
JIDI1 4 6 1,8 (3,735) 6,08 (6,405) | —42,1(=39,9)

JI2I1 8 81 0,3 30,4

JI2I1 8 82 0,3 30,4

Tp-p 81 7 0,6 54,2 0,0478
Tp-p 82 7 0,6 54,2 0,0478
Tp-p 81 1 0,3 0 0,5261
Tp-p 82 1 0,3 0 0,5261
Tp-p 4 41 0,71 19,2 0,0868
Tp-p 4 42 0,71 19,2 0,0868
Tp-p 4 43 0,71 19,2 0,0868
Tp-p 2 21 1,4 34,7 0,0913
Tp-p 2 21 1,4 34,7 0,0913
Tp-p 3 31 2,54 55,9 0,0913
Tp-p 3 3] 2,54 55,9 0,0913
Tp-p 5 51 1,4 34,7 0,0913
Tp-p 5 51 1,4 34,7 0,0913
Tp-p 6 61 3,38 86,7 0,0957
Tp-p 6 61 3,38 86,7 0,0957

CnenyeT 3aMeTUTh, YTO IPY PYYHOM pacyeTe TOKU B CETU OMpPENeJIeHbI
npu reHepauuu 61okamu TOL MakcMMalIbHBIX aKTUBHOM 1 peaKTUBHOM
MoliHocTel. [1oaTomMy 1 IIpu TOUHOM pacuyeTe TOKOB Ha 06a3e pacueTHOIo
komiuiekca RASTR HeoOxomumo Takxke paccMaTpuBaTh peXXyUM TeHepa-
uu omokamu TOLI MakcuMaabHBIX MOIIIHOCTEH. B M30BITOUHOI ceTH Ta-
KO peXrM MOKHO IOJYYUThb TOJbKO IPU CHMKEHUUW HaAIMpsKeHUs B O0a-
3UCHOM y3Jie, TpU 3ToM Heobxonumo coomogeHne FOCT-32144—-2013.

0.6. Buibop n npoBepKa CeveHn NMHUIA 3neKTponepeaaym

OrnpeneneHre MeToaa BIOOpa CEUEHUI JIMHUI 2JIEKTpOIepeaaun, Kak
yKa3aHo B paszesne 4, 3aBUCUT OT Ha3HauYeHUs 1 KJlacca HOMUHAJIBHOTO Ha-
MPSIKEHUST CETH.

B paccmaTtpuBaeMoM npuMepe poeKTUPYETCs paclpeaeIuTeIbHAsI CETh
HanpsikeHueM 110 xB.
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5. lNpuMep NPoEKTNPOBaHNA PacTpefenv TensHoM CeTh

Br160p ceueHnit mpoBOAOB TMHUI BJIEKTpOTIEpeaul pacCMaTpUBaeMO
CETH CJIEAYET BBITTOJTHSTH IO S KOHOMUYECKOMY KPUTEPHIO C MCITOIb30Ba-
HMEM MeTO/Ia KOHOMUYECKOU MIIOTHOCTH TOKa.

DKOHOMMYECKHE CEUYEHMS MPOEKTUPYEMBIX JIMHUI HAXOASITCS IO COOT-
HOIIIEHUIO

F o= Zmax PPy (5.1)
-]3](
e /. — JIUTETbHBIA TOK IO TMHUU B HOPMAJIbHOM PEKMME MaKCHMAaJlb-
HBIX HArpy30K; /,, — SKOHOMMYECKas IJIOTHOCThL ToKa (j,, = 1,1 A/Mm?
npu 1, = 4500 4); o, — KO3 GULHUEHT, YIUTHIBAIOIINI N3MEHEHUE Ha-

IPY3KHU B MEPCIIEKTUBE SKCIUTyaTallMu JUHUM (11 auHuid 110 kB 3Have-
Hue o, = 1,05); o, — KO3(pPULMEHT, YIUTHIBAIOIIMHA TNIOTHOCTb I'padrka

Harpy3ku paiiona (o, = lmpu T, = 4500 4, K, .= 0,8—1). HaiineHHO€ 3K0-
HOMUYECKOe ceueHure F,, OKpyIsieTcst 10 CTaHIAPTHOTO CEUSHUSI.

[Tpu yuyeTe nepcrneKTUBbI pa3BUTUSI CETU SKOHOMUYECKOE CEUeHUE OKPY-
LJIsieTcsl 10 OJIMKaiIero 0obIIero, Mpy OrpaHMYEHUM Ha pacXo LIBETHO-
ro MeTalJla WJIM KaluTaJdbHbIe BIOXEHUST — 10 OJIMKAMIIIErO MEHbIIIETO.

[Tpu npoeKTHpOBaHUU CETU HEOOXOIUMO BHITIOJTHSTh ITIPOBEPKY CEUCHU I
CYILIECTBYIOLIUX U TIPOSKTUPYEMbIX JIMHUI MO HAarpeBy HAaUOOJBIINM 1IN~
TeJIbHBIM TOKOM U3 YCIOBUI HanboJiee TSKeIbIX HOpMaJIbHBIX, PEMOHTHBIX
WX TIOCIeaBapUiHbIX pexXXUMOB. [1pu mpoBepKe HaMOOJIbILINIA TOK O JIM-
Huu [ ; cpaBHUBAETCS C IOMYCTUMBIM /., yCIIOBHE TTPOBEPKU IO HATPEBY:

IH6 S[zlon' (52)

Ecnu ycnoBue npoBepkHu (5.2) He BBIMNOJHSIETCSI, TO CETh HEOOXOAUMO
YCUJIUTB.

I1pu BBIOOpE U TTpOBEPKE CEYEHUI IMHUI B pA30MKHYTOI CETU YCUJIEHUE
CBOJMTCS K YBEJIMUEHUIO CEUCHUS aHaIu3upyeMoit tuHun. [1pu noctmxe-
HUM MaKCUMaJbHOIO CeUYEeHUs A1 pacCMaTPpUBAeMOro Kjacca Hampsike-
HUS JIS1 YCUJIEHUS CETU NMIPUMEHSIETCSl YBeJIMUYEHUE YKCIa TTapaljIeIbHbIX
JIMHUIA Ha aHAJIM3UPYEMOM yYaCTKE CETH.

IIpu BBIOOpPE U MpPOBEpPKE CEUEHUI JTUHUI B KOJIbLIEBOM WU CIOXHO-
3aMKHYTOM CETSIX HEOOXOIMMO YYUTHIBATh, UYTO YCUJIEHHUE JIIOOOTO y4yacTKa
CEeTU MPUBOIUT K TepepacIipeieIeHUI0 TOKOB BO BCell ceTU. DTO 00CTOS-
TEJILCTBO SIBJISIETCSI TPUYMHOU BO3HUKHOBEHUSI UTEPALIMOHHOIO TPOLeC-
ca BbIOOpa ceuYeHUIl U OMHOBPEMEHHO YTOUHEHUS YKMciia Mapaie/ibHbIX
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5.6. Bribop v npoBepKa CeyYeHnin NMHIIA aNeKTponepenaqn

JIMHUU B KOJILIEBOM WJIM CJIIOXKHO3aMKHYTOU ceTsix. bojiee Toro, B pe3yJsib-
TaTe HEBEPHOM OpraHU3aly UTEPALIMOHHOIO IMPOIEeCca MOTYT ObITh I10-
JIy4eHbl HEpallMOHAJIbHbIE PELICHWSI BBIOOpA CEYEHU I M YK CIa Mapaslieib-
HBIX JIMHUM.

J11s1 BBIOOpA pallMOHAJIBHBIX B 9KOHOMUWYECKOM CMBICJIE PEILIEHUIA HEOO-
XOJIMMO BBITIOJIHATD BBIOOP CEYEHM I B 3aMKHYTOM CETH 10 II1aram 1 Ha Kax-
JIOM I11are BBIOMPATh CEYEHME 11 CaMOM 3arpyKeHHOM JIMHUK. Kpome Toro,
pU MPOBEPKE CEUCHUN JIMHUI KOJIbLICBON MJIN CIOKHO3AMKHYTOM CEeTeH
W3 YCIOBUI HAan0O0JIee TSKEIBIX PEXXMMOB HEOOXOIMMO YUUTHIBATh, YTO TTPU
HapylIeHUU ycaoBuUs (5.2) He 00513aTeIbHO BBIMOIHSTH YCUIEHNE paccMa-
TPUBAEMOM JIMHUM, MUHOTIAa 60JIee pallMOHAIILHO IMPUHSTh PEILIEHUE O JIUK-
BUJALMY TSIXKEJIOTO peXrMa YCUJIEHUEM IPYTOU JIMHUM.

[Tpr HEOOXOMMMOCTH YCUJIEHUS CETH ITyTEM YBEJIMUEHUS YrcIia mapai-
JISJIbHBIX JIMHUIW Ha aHAJIU3UPYEMOM Y4YacTKe CETU HEOOXOAMMO 3aHOBO
BBITIOJIHUTH PACYET TOKOB B CETU M BHOBb ITEPEXOANUTH K BBIOOPY CEUEHUS
W YMCia MapauieSIbHbIX TMHUIA HOBOM Hanbos1ee 3arpy>KeHHOM TuHUu. te-
PALIMOHHBIN TTPOLIECC BBIOOPA YMCJIa MapaIeIbHbIX TMHUMA U CEUEHUM 3a-
KaHYMBAETCS TPU COBMAAECHUN MPUHITOTO MPEAIOJIOXEHUS O YUCTE 1Ie-
MEW ¥ CEYEHUSIX Ha BCEX YYaCTKaX CETHU 10 pacyeTa TOKOB B KOJIbLIEBOU WJIN
CJIOXKHO3AaMKHYTOM CETSIX C OKOHYATEIbHOU KOH(pUTYypallMeid CETH.

[Tpu BBIOOpE ceyeHU I TMHUMA TTPEeIBAPUTEIBHO CJIEAYET BBIOpATh BU/I
OIIOP C YYETOM PErMOHA PA3BUTUS CETU U YCIOBUIA JOCTAaBKM OITOP K Tpac-
ce. B paccMaTpruBaeMoM mpuMepe paioHOM MPOEKTUPOBAHUS SIBIISIETCS
Ypan 1 oTCyTCTBYIOT YKa3aHUs 00 OTSATYAIOLIMX YCIOBUSX TOCTABKUA OTIOP
K Tpacce, MO3TOMY Ha BCEX IMTPOEKTUPYEMBIX BO3MYIITHBIX JUHUSX UCTIOJb-
3YIOTCS XKe€300€TOHHBIE OMOPHBI, 00JIee AeLIeBbIE, YEM CTAIbHBIE.

Boi0op cevenuii suHmii (Bapuant 1). BbiOop u mpoBepka ceueHuit TMHui
BJIEKTpoIiepeaayn 11 BapyaHTa | pa3BUTUS CETH BBIIIOJHEHBI HA OCHO-
BE pacueTa TOKOB B CETU BPYUHYIO U ¢ ucmoJib3oBaHueM RASTR, y3noBbie
TOKM Y TOKM 10 TMHUSM yKa3aHbl Ha cxeMme ceTH, puc. 5.6. Beidop u mpo-
BEpKa CEYEHU M JIMHUM 3JIeKTponepeaayn 1Jisl 1| BaApyaHTa CXeMbl pa3BUTUS
ceTu NpuBeAcHBI B Ta0d. 5.11.

Br160p Ha muaUSX 4—3 1 4—6 cedyennii muaMi AC-120 BMecTO pacuer-
HBIX 9KOHOMUYECKHUX OIPEIEISIETCS TEM, UTO YIEIbHbBIEC KATMTAIbHBIE BIIO-
KeHus B ogHouemnHble TuHUM ceueHneM AC-70 nu AC-95 nnga I1 paitona
o rojojieny (Ypai) mpu UCIojib30BaHUM YHU(DULIMPOBAHHBIX XKeJie300e-
TOHHBIX OTIOp Ha KJlacCe HOMUHa/ILHOTO HarnpstkeHus 110 kB BreIle, yem
yIeJbHbIE KalTuTaJlbHbIe BIoXeHus a1 ceyeHuss AC-120 [11, Ta6n. 2.3.2].
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ITpoBepka ceueHmii TMHUI CETH IO BApUAHTY | BLITIOJTHEHA 110 YCJIOBUSM
Han00J1ee TSKEIbIX PEXUMOB I KaXKI01 JIMHUM, KaK BUAHO 13 Ta0. 5.11,
TaKMMM PEXXUMaMU TSI OOIBIIMHCTBA IMHU SIBJISIIOTCST peKMMBbI OTKJTIOUE-
HUSI OTHOM U3 TapajjieIbHBIX TUHUI B PEKMMe MaKCUMaIbHBIX HATPY30K.

Tabauya 5.11
Bb100p 1 npoBepKa ceyeHuii iMHMiA (BapuaHT 1, pyuHoii pacyer)

No| MM | L B | T | P | ono® | Bun | Ly | s | Cotierme
| Tun KM | A A | mm? ngl)[ aBapuu A A | (okOHUar.)
i ly‘uzl 30 [243] 21122 — | AC-240 | Orin1 | 243 | 605 | 2AC-240
2 [4=5,mp. |30 [259] 2130 [ 124 AC-120 | Okl | 259 | 375 | 2AC-120
3 [4=3,mp. |20 184 2] 92 [87,8] AC-95 | Orxn.lw. | 184 | 375 | 2AC-120%
4 [4—6,mp.| 15]104] 2| 52 [49,6] AC-70 | Orkn.lm. | 104 | 375 | 2AC-120*
sala—1,mp.| 30 |515] 2| 258 | 246 | Ac-240 | O™ | 7361 605 | Vewnums
(MMH. pex.)
56 |4—1.mp.| 30 | 515] 3| 172|165 | Ac-185 | O™ | 736 19.510| 3aC-185
(MMH. pex.)

Hawu0oJiee Ts2keIbIM peXXMOM IS TUHUU 4— 1 IBAsIeTCS peXXKUM OTKITIO-
YeHUs OJHOM M3 Mapasule/IbHbIX JUHUI B peXXrMe MUHUMAaJIbHBIX Harpy-
30K. I1o ntuHumM 4—1 ocyiiecTBiasieTcs nepenadya M30LITOYHONH MOIIHOCTU
TOHOII, KoTopasi B MUHUMAaJbHOM pexXXuMe OOJIblIIEe, YeM B MAKCUMaJIbHOM.

PesynbraThl BHIOOpa ceueHuit B BapuaHTe |1 cxeMbl pa3BUTHSI CETU Ha O6a3e
PYYHOTO pacyeTa TOKOB yKa3aHbl B Ta0J1. 5.11 1 Ha puc. 5.9.

259 A

AC-185
30 km

AC-120

Puc. 5.9. BapuaHT 1 cxemMbl ceTH (pydHOI pacyeT TOKOB)
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ITpoBepka ceueHmit TMHMI IeKTpoTiepeaadu 151 BapuaHTa 1 pa3aBUTHs
CeTH IPY TOYHOM pacyeTe TOKOB Ha 0a3e pacueTHoro koMmiiekca RASTR
nokaszaHa B Ta0s1. 5.12. Kak orMeueHo BbIllIe, IPU PYYHOM pacueTe TOKU
B CETU OIIpeleIeHbI TP MaKCUMaJIbHOM reHepauuu ojokamu TOLL ak-
TUBHOI U peakKTUBHOUI MomIHOCTe. [ToaToMy mpu TOUHOM pacyeTe TOKOB
Ha 6a3e pacueTHoro komruiekca RASTR Takke paccMOTpeH peXuM reHe-
paunu 61okamu TOL MakcuMaabHBIX MOIITHOCTEH, YTO JOCTUTHYTO MPU
CHIDXEHUM HampspKeHus B 0a3rcHoM y3ire 10 209 kB.

Tabauya 5.12
IIpoBepka BbiOOpa ceuyenuii (BapuanT 1, pacuyer TokoB no RASTR)
NO HSH; L; IMHX! n Ius FBK’ (:(?_lqeeﬂl/_le BMH IH/&B’ [ﬂom CC‘{CHI/IC
S| mmum [kMm| A A |mm? B:pJ; aBapuu A A | (oKoHuYaT.)
1 i;uzl, 30 (2462|123 | — | AC-240 | Otki.1m. | 250 | 605 | 2AC-240
2 [4-5,mp.| 30 [256|2 (128|122 | AC-120 | Orkun.lu. | 265 | 375 | 2AC-120
3 (4-3,op.[20 (1782 89 |87,8] AC-95 | Orkn.lu. | 181 | 375 | 2AC-120*
4 |4—6,m0p.| 15100 |2 | 50 {48,6] AC-70 | Orkm.lu. | 101 | 375 | 2AC-120*
Sa|4—1,mp. | 30 [508| 2 [ 254|242 | AC-240 | OTMI U 1616 | 605 | Vemmums
(MMH. pex.)
56 4—1,mp. | 30 | 522| 3 [ 174|168 | AC-185 | OT1 M | 655 12.510] 3AC-185
(MMH. pex.)

Kak BuiHO 1x conocraBjieHUs pe3yJibTaToB BbIOOpa ceueHM I 110 BapuaH-
Ty 1 pa3BUTHS CETU ITPU PYYHOM ¥ TOUHOM pacueTax TOKOB (Tadim. 5.1115.12),
OHU COBIAJAIOT MpU reHepaluu ojJokamu TOL MakcuManbHBIX aKTUBHOM
UM PEAKTUBHOM MOIITHOCTEM.

ITorepu aKTMBHOI MOIIITHOCTU B peXXMME MaKCUMaJbHbIX Harpy3ok
U reHepalmu 6710koB Ha TOLI, HaitneHHbie Ha 6a3e RASTR, cocraBisiior
3,85 MBTt, B ToM uncie B auHusax 110 kB — 2,63 MBrT.

Boi0op cevenuii JuHmii (BapuanT 2). BbiOop 1 mpoBepka cedyeHuit TMHui
JIJ1SI BApMAaHTAa 2 BLITIOJHEHHI ¢ ucnonb3oBaHueM RASTR. Toku o ntnHusM
110 kB B pexxnme MakKCUMaJIbHBIX HATPy30K Mpu ceueHUs1X TnHuit AC-240
IIJ1SI BApMaHTa 2 pa3BUTHUS CETU TTOKa3aHbI B Ta0d. 5.13.

Kaxk BumgHo 13 tadi. 5.13 (cTtpoka 3), 5KOHOMHUYECKHUE ceueHus] Hanbo-
Jiee HarpyKeHHBIX IMHUMI 4—5, 3—4 1 2—3 (BbIIeJIeHbI XKUPHBIM IIPUEPTOM)
MPEBBIIIAIOT MAaKCUMaJIbHOE ceueHune Ha Kinacce 110 kB, moaToMy HeoOx0-
MO BBIMOJTHUTB yeuaeHue TuHuit. KoppeKTupoBKY umnca 1ernei u ceve-
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HUI JIMHUI B KOJIbLIe HEOOXOAMMO HAaYMHATh C HAauboJiee Harpy>KeHHOM JIK-
HUU C TTOCJIEAYIOIIAM IEPECYETOM TOKOB B KOJIbLIE. Pe3ynbTupyronine cxema
BapuaHTa 2 ceTH 1 TOKU 110 TuHUsM B ceTu 110 kB moka3ans! Ha puc. 5.10.

Puc. 5.10. BapuaHT 2 cxeMbl ceTu

1 umepayus. YBeaudeHue yucia uenei Ha TMHUM 3—4 1 pacyeT TOKOB
B KOJIblle. DKOHOMUYECKUE ceueHUst TUuHU 4—5, 3—4 u 2—3 (Bblaee-
HBI JKUPHBIM IIPUGTOM) TIPEBHIIIAIOT MaKCUMAJIbHOE CeUeHMe Ha Kjacce
110 xB. B pe3ynbrate ycuieHust, Kak mokasaHo B Tab1. 5.13 (cTtpoku 4, 5),
JMHUA 2—3 cTana HauboJiee Harpy>KeHHOIA.

2 umepayus. YBeJIUUYeHUE YUCa LeNeid Ha TMHUM 2—3 1 pacyeT TOKOB.
B pesynbraTe ycuiaeHus1, Kak rmokaszaHo B Ta0. 5.13 (ctpoku 7, 8), 3KOHO-
MUYecKue cedeHus JuHuii 4—5 u 3—4 (tabu. 5.13, ctpoka 9 — BbIACICHO
SKMPHBIM IIPUQTOM) ellie MPeBhIIAal0T MAaKCUMaJIbHOE CeYeHe Ha KJlacce
110 kB, nnHus 4—5 Hanbosee Harpy:keHa.

3 umepayus. YBeJIUUYeHUE YUCa LeNeil Ha TMHUU 4—5 1 pacyeT TOKOB.
B pe3ynbrare ycuneHus1, Kak mokasaHo B Ta0J1. 5.13 (ctpoku 10, 11), akoHO-
MUYECKME CEUSHUS BCeX JTMHUI He MPEBBIIIA0T MAKCMMAaIbHOTO Ha KJ1ac-
ce 110 kB (cTpoka 12), cienoBarebHO, MOXKHO YTOUHUTH CEYEHUST TIMHUMN
B KoJiblie (cTpoka 13).

ITpoBepka ceueHMI IMHMI CETU IO BapMAHTY 2 BHITIOJIHEHA 110 YCJIIOBUSM
HanboJIee TSKEIbIX PEXXUMOB I KaXKI0M JIMHUM, KaK BUTHO 13 Tao. 5.13,
TaKMMU peXXUMaMU JJ1s1 OOJIBIIMHCTBA TUHUM, KpoMe TUHUY 4—6, IBIISIIOT-
Csl peXKMMBI OTKJTIOUSHUS OMHOM M3 TTapaylJIeJIbHBIX TUHUI B peXXUMe MU-
HUMaJIbHBIX HArpy30K.
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Bbi6op 1 mpoBepka ceveHmii JIMHUI (BAPHAHT 2)

5.6. Bribop v npoBepKa CeyYeHnin NMHIIA aNeKTponepenaqn [ \

Tabauya 5.13

Ne Pacuer ToKOB npu ceueHusax Bcex TUHUN AC-240 (MaKCUMaIbHBIN PEXKUIM)
L I, e =20 s | 45 | 3-4 | 223 | 46
KU cylI
1 Yucno uermnen 2 1 1 1 1 2
2 | Tok uenu, A 76*2 156 415 524 339 49*2
3 |E,, mm? — 149 396 500 324 47
4  |Ywucio ueneit 2 1 1 2 1 2
5 |Toxk uenu, A 73*2 115 376 288%2 394 49*2
6 |F,, Mm? — 115 359 275 376 47
7  |Ywucno uenei 2 1 1 2 2 2
8 |Tok uenu, A 94*2 79 342 309 218 49
9 |F,, Mm? — 88 326 295 208 47
10 |Ywucno ueneit 2 1 2 2 2 2
11 |Toxk uenu, A 69%2 170 218*2 269*2 195*2 49*2
12 | F,, mm? — 162 209 265 184 47
13 g;:;}’;“e AC-240 | AC-150 | AC-240 | AC-240 | AC-185 | AC-120*
Pacuet TOKOB B ceTu 1ocjie KOPpeKIUU CeYeHU I TMHUI (MaKCUMaTbHbBIA PEXUM)
14 |Toxk uenu, A 69*2 160 215%2 269%2 192*2 49*2
Ork.l 1. | Ork.1 1. | Otk.1 1. | Otk.1 1. | OTk.1 1. | OTK.1 1I.
15 | Bun aBapuu MUH. 1-2 MUH. MUH. MUH. Makc.
pex. MUH. p. pex pex. pex. pex.
16 |ToxaBap., A 290 279 333 524 428 96
17 |Toxk momyct., A| 605 450 605 605 510 375
18 | PeireHue 2AC-240 | AC-150 | 2AC-240 | 2AC-240 | 2AC-185 | AC-120*

[ToTepu aKTUBHOI MOIITHOCTH B peXKMMe MaKCUMAaJIbHBIX HAarpy30K U re-
Hepauuu 61okoB Ha TOL cocraBasioT 4,49 MBT, B TOM 4ucie B TUHUSX
110 kB — 3,24 MBT.

Boi0op ceuenmii munmii (Bapuantel 3 u 4). BoiOOp 1 mpoBepKa ceueHUi
JIMHU 110 BapuaHTaM 3 1 4 BBIMOJHEHHI ¢ Mcrojib3oBaHueM RASTR aHa-
JIOTUYHO BapuaHTy 2. Pe3ynbraThl BBIOOpa M MPOBEPKU CEYCHMIA, a TaK-
K€ pelleHUs M0 YCUJIECHUIO JTMHUI B 3aMKHYTBIX YacTsIX CXeMBbI JIJIs Ba-
puaHTOB 3 U 4 pa3BUTHUS CETU MOKa3aHbl COOTBETCTBEHHO B TabJI. 5.14,
5.15uHapuc. 5.11, 5.12.

[Torepu akTUBHOI MOIITHOCTH B CETU B peXKMMe MaKCUMaJIbHBIX Harpy30K
1 MakcuManbHOM reHepanuu TOLI mo BapuaHTy 3 cocTasisior 3,98 MBT
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(B ToM unciie B iuHusgx 110 kB — 2,74 MBT) u mo Bapuanty 4—3,99 MBt
(B Tom uncae B uHusx 110 kB — 2,75 MBT).

Tabauya 5.14
Bri0op n npoBepka ceveHmii TuHMiA (Bapuant 3)

No| TP | L B ol B | Py | o€ Bun | Fy| | Petie-
) TUI kM| A A |mm? pea aBapuu Al A Hue
Bap.)
1| 1=2,cyur. | 30| 88 [2] 44 | — | AC-240 | Orkn. 1. | 94 |605 | 2AC-240
2| 1—4.mp. | 30300 |2]185]177] Ac-185 | O™ 1| 3e0 1 510] 240185

MUH. peX.
3| 4=3.mp. |20 (3302|165 |157] Ac-150 | O™ |46 1450 | 24C-150
MUH.pEX.
Orkin.1—4
41 2-3,mp. |20 |155[1]155|147| AC-150 | (1m), mum. | 271 |[450| AC-150
peX.

51 4-5mnp. |30 [256|2|128|122| AC-120 | Otk 1. | 258 | 375|2AC-120
4—6,mp. | 15[100|2| 50 | 48 | AC-120 | Otk | 1. 99 |375|2AC-120

Tabauya 5.15
Boi0op 1 npoBepka ceveHmii TuHMiA (Bapuant 4)

No| TOTL | L Lo | | Lo | Fo C(ff?‘fe Bun | fuyuss | Dions | Peric-
) THUI kM| A A |mm? pen aBapuu A | A Hue
Bap.)

1] 1=2,cyme. | 30| 88 [2] 44 | — [ AC-240 | Orkm. 1. | 94 | 605 |2AC-240
2| 14, mp. |30 (3702|185 177] Ac-1ss | O™ 1| 3e5 1 510] 240185

MUH.peX.
3| a=3,mp. | 20 [330]2] 165|157 | Ac-150 | O™ ou6 1450 {24150
MUH.peX.
Orkin.1-4
41 2-3,mp. |20 |155[1]155|147| AC-150 | (1uw), mun. | 271 450 | AC-150
pexX.

51 4—6,mp. | 15[179|1[179]|172| AC-185 | Orkn. 5—4. | 381 |510 | AC-185
6| 4-5mp. |30 |178|1|178|171| AC-185 | Orki.4—6 | 379 |510| AC-185
7| 5-6,mp. | 30| 80 [1| 80 | 77 | AC-120 | Orkn. 5—4 | 279 |375| AC-120
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/
/
/
i/! /88 A
/ /AC-240
/ 30 xm

AC-150

N55A  20km

‘{30 A 15km

Puc. 5.11. BapuaHT 3 cxeMbl ceTn Puc. 5.12. BapuaHrt 4 cxeMbl ceTu

5.7. Buibop cxem pacnpefenuTenbHbIX YCTPOWCTB NOACTaHLMI

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Jlust BbIOOpa HanboJiee palMOHAJILHOIO BapyuaHTa Pa3BUTHUS DJIEKTPU-
YECKOU CeTM HEOOXOIUMO YUYECTh HE TOJIbKO JIMHUU 3JEKTPOIEpenadu,
HO U TMOJICTaHLIUU.

CrpyKTypHas cxeMa NoACTaHLIMU
nokasaHa Ha puc. 5.13. Ilpu cono- Jlunun PYBH 'GD_ Harpyska
CTaBJE€HWM BAPUAHTOB Da3sBUTUS | PYHH —>
CETU HEOOXOAMMO YYUTHIBATH TOJIb- _GD_

KO pacnpeleuTe/bHble YCTPOMd - Puc. 5.13. CrpykrypHas cxema
ctBa Bhiciiero HarnpskeHust (PYBH) TOICTAHLIAK
MOJACTaHIUI. DTO OOBSICHSIETCS TEM,

YTO TUIIbI TPAHC(OPMATOPOB 1 CXEMbI PaCIIpeAeIMTEIbHBIX YCTPONCTB HU3-
mero HanpsikeHust (PYHH) He 3aBucaT ot BapuaHTa pa3BUTUS DJIEKTPU-
YECKOM ceTu.

B cooTBeTCTBUM € KJIaCCOM HOMUHAJIBHOTO HATIPSIKEHUST CETU BO BCEX
BapuaHTax cetu PYBH coopyxatoTcs Ha kinacce HanpsizkeHust 110 kB [17].
Ha knacce 110 kB B OCHOBHOM MCIOJIb3YIOTCSI TPU TUIIOBBIE CXEMBbI DJIeK-
TPUYECKUX COCTUMHEHMM: OJIOUHAs CXeMa; CXeMa MOCTUKA C aBTOMaTUye-
CKOI MEepeMbIUKOIi; CXxeMa ¢ OJHOIM CEeKLIMOHUPOBAHHOM 1 OOXOIHON CHU-
CTEMaMU IIIMH.
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bnounas cxema PYBH noacrannumii mokazana Ha puc. 5.14. Cxema uc-
MOJIb3YETCST Ha TYMUMKOBBIX TToacTaHuMsax 110 kB, mutaHue KOTOphIX OCy-
LLIECTBJISIETCS 110 OMHOM WJIM ABYM JTUHUSAM. YMCI0 sTYeeK BHICOKOBOIBTHBIX
BoeIkJIouateseir Ha PYBH takux moacraHuuii paBHO YMCITY TTOOXOASIINX
ymani 110 xB.

| |
> : 7 L L] |( Q ) Harpyska
Jlnaun : : PYBH : PYHH |—>
— o QD+
|

Puc. 5.14. bnoyHas cxema noacTaHIUN

Cxema «MoCTUK ¢ aBTOMaTUYECKOM MepeMbIYKOIi» MoKa3aHa Ha puc. 5.15.
CxeMa MCHoJIb3yeTCsl Ha MPOXOAHBIX MOACTAHIIMSIX, Yepe3 KOTOPhIE OCY-
LLIECTBJISIETCS TPAH3UT MOLIIHOCTHU. K TakiM moAcTaHIMsIM BCeraa MmoaxoasiT
nBe JuHUM 110 kB. Ynciio s1ueek BBICOKOBOJIBTHBIX BBIK/IIOYATEIIEN HA Ta-
KMX MOJCTAHLIMSIX paBHO TPeM — JBa Ha IMHEMHBIX U BBIKJIIOYATE/Ib B aB-
TOMAaTHUUYECKOM MepeMbIUKe.

Harpyska
PYHH |—>

Puc. 5.15. Cxema MocTHKa C aBTOMaTUYECKOM MEPEMBIYKOM

Cxema pacripeaeauTeIbHOro yCTPOMCTBA BICILIETO HAMPSKEHMS MO~
craHuuu «OnHa CEeKIIMOHUPOBAHHAsI CUCTEMA IIMH C 0OXOAHOI CUCTe-
MOIJi IIMH» TTOKa3aHa Ha puc. 5.16. Cxema UCIIOIb3YEeTCS ATl TTOACTaHLIMIA
110 xB, ecnu K HUM TOAXOAUT HE MEHee TpeX TUHUI. Yuciio syeek BbICO-
KOBOJIbTHBIX BbIKJIIOUATEJIEl Ha TaKMX MOACTAHLIMSIX OMpeAesseTcsl Kak
cyMMma ymcia nogxoasmux JuHuii 110 kB, yncina cunoBbix TpaHchoOpMa-
TOPOB C BBICILIMM HamnpsikeHueM Kiacca Ha 110 kB u nByx ci1y>keOHBIX BbI-
KJItoyaTesieil (CeKIIMOHHOTO 1 00XOIHOTO0).
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5.7. Beibop cxem pacnpegenvTenbHbIX YCTPOACTB NOACTAHLWIA

PYHH

l Harpyska

Puc. 5.16. OnHa ceKIIMOHMPOBaHHAasI CUCTEMA IITMH ¢ OOXOIHOU CUCTEMOM IIMH

HaubGonee noporocrosuimm o6opynosanuem PYBH asngiorcsa Bbico-
KOBOJIbTHBIE BBIKJIIOUATEIN, U TIPU COMOCTaBIEHNM CXEM CETU BbIOOD CXeM
PYBH BbinonHsieTcs ¢ LEabl0 ONpeaeaeHUs Yncia I4eeK BhICOKOBOJIbT-
HBIX BBIKJIIOYATEJICTA.

ITpu onpenenenuun yncna Beikaovarenein 110 kB cxema PYBH TOIL]
He pacCMaTpUBaEeTCs U IMPU COMOCTaBIEHNM BApUAHTOB Pa3BUTUSI CETU YUU -
TBIBAIOTCS TOJILKO BhIKJIouaTesn auHuit. Cxema PYHH TOI1I Bo Bcex Ba-
pMaHTaX CEeTU MpeanojaraeTcs OAMHAKOBOM U HE YUYUThIBAETCS TIPU CPaB-
HeHuu BapuaHTOB. [1pu onpeneneHnm uncia sstueek Boikirouareseit 110 kB
PY110 kB y3nma 1 Takxke yduThIBalOTCS TOJBKO siueiiky auHuil 110 kB,
OCTaJIbHbIE 3JIEMEHTHI BCEX paclpeaeauTebHbIX YCTPOMCTB MOACTaHIIMI
220/110 kB cuuTamoTCcss 01MHAKOBBIMM BO BCEX BaprMaHTax pa3BUTHS CETU.

B ta6:1. 5.16 mokasan mpumep Beioopa cxem PYBH moacranumii u orpe-
JeJieHus uyurcia siueek Bouikouatenaeit 110 kB mist BapuanTa 1 pazButus
3NEKTPUYECKOM CETH.

OnpeneneHue yncia sueek Beikaouareseit 110 kB a1 octaabHBIX cpaB-
HMBaeMbIX BApUAHTOB BBITIOJHEHO aHAJIOTMYHO.

ITpu TEXHUKO-2KOHOMHUYECKOM COMOCTaBJI€HUM BAPMAHTOB CETH KeJla-
TeJbHO HE YUUTBhIBATh OOBEKTHI, OIMHAKOBBIE BO Bcex BapuaHTax. [Toatomy
MPUY COMOCTaBJICHUY BApDUAHTOB CETU BBITIOJHSETCS YUET TOJIbKO Pa3HULIbI
B UMCJI€ BLICOKOBOJIBTHBIX BbIKJIIOUaTeAei 1o BapuantaMm. OrnpeaeeHue
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5. lNpuMep NPoEKTNPOBaHNA PacTpefenv TensHoM CeTh

yuclia siueeK BhIKJIouaTesiei 11l yueta pyu TEXHUKO-3KOHOMUYECKOM CO-
MOCTaBJIECHUM BApUAHTOB CETU MOKa3aHOo B Tabd. 5.17.

Tabauya 5.16
Boioop cxem PY 110 kB noacranumii (Bapuanr 1)
Howmep Yucio Cxema pacripeneuTeIbHO- Yucno
y371a JVHMI | TpaHchOPMATOPOB ro ycrpoiicta 110 kB aueek 110 kB
1 5 - IMoncranuus 220/110 kB 5
2 2 2 brounas cxema 2
3 2 2 brounas cxema 2
4 9 — PYBH TOI1 9
5 2 2 bnounas cxema 2
6 2 2 Bioynas cxema 2
Wroro no Bapuanrty 1 22
Tabauya 5.17
OnpenesieHne Yyncia s9eeK BLICOKOBOJIBTHBIX BbIKJIIOYATEJIEH
BapuanTt cetu 1 2 3 4
Yucno siyeex Boiktouateneit 110 kB 22 34 30 30
Yuco staeex BBIKITIOYATEIIEl IS yueTa P 3KO- 0 12 3 3
HOMMYECKOM COITOCTABJICHUY BapMaHTOB CETU

5.8. TexHNKo-3KoOHOMUYECHOE CpaBHeHMe

BapmnaHTOB pa3BUTUA CETU

BapuanThl, moajexaiiyie TeXHUKO-3KOHOMUYECKOMY CpPaBHEHUIO,
JOJKHBI ObITh TEXHUYECKM M SKOHOMMYECKH COMOCTAaBUMBI, T. €. obecrie-
YHBaTh OJMHAKOBYIO MEpeIaBaeMyl0 MOIITHOCTh U KaUECTBO 3JIEKTPOIHEP-

MU BO BCEX peXXrMax pabOThl CETH.

ITpu paccmoTpeHUM BapuaHTOB pa3BUTHS 31eKTpudeckoii cetu 110 kB
MOKHO CUMTaTh, YTO CTPOUTEILCTBO BHIMOJIHSIETCSI B OIMH 3Tall, KalUTallb-
HbI€ BJIOXEHMS BKJIAAbIBAIOTCS €IMHOBPEMEHHO, a €XKeroHbIe U3NEPKKHU
HEM3MEHHBI B TeYeHMEe BCEro pacCMaTpUBaeMOro Neprojia aKCIuIyaTaluu
cetu. [1pu TakoM fOMyIIEHUN B KAYECTBE SKOHOMMYECKOTIO KPUTEPUSI UC-
MOJIB3YIOTCS CTaTUYECKKUe TIPUBEIEHHbIEC 3aTPaTHhI.
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5.8. TexHUHo-8HOHOMMYECKOE CPaBHEHVEe BapnaHTOB PasBUTWA CETU

O6ocHoBaHue BuAa (yHKIIMOHAA CTaTUYECKUX TIPUBEIEHHbBIX 3aTpaT
OITMCaHO B pa3nesie 3 HacTosero nocodus. Huske mokazaHo ¢popMupoBa-
HUE CTaTUYECKUX MPUBEACHHBIX 3aTpaT 3 MPUMEHUTEIbHO K paccMaTpu-
BaeMOMY TIpUMepy MPOEKTUPOBAHMSI.

3=E, K,+U, +V, (5.3)

rae £, — koahduiumeHT cpaBHUTEIBHOM 3(D(MEKTUBHOCTUA KAITUTATbHBIX
Bioxennii, £, =0,2; K, — enmHOBpeMeHHbBIE KAITUTAJIbHBIE BIIOKEHHS B CO-
opyxenne cet, K; =K, + K, — coorBeTrcTBeHHO KanuTaabHbIE BJIOKEHUS
BymHMu K, mnmoncranmmm K ; M| | — exxeronHble akcryaralimoHHbIe pac-
xonwl, U =W +W +W,, — ronosbie n3nepxku Ha aMOPTU3ALIMIO U 00-
cayxxuBaHue JuHuil W, noacranuuit M, 1 u3nepxku Ha BO3MEILEHUE M0~
TEPb DJIEKTPOIHEPTUU B JIEKTpUIECKUX ceTsax U, ; ¥V — maremaTnueckoe
OXMAaHMeE ylepda oT HapylIeHUS 2JIEKTPOCHAOXEHUSI.

Yuer ymep6a oT HapylueHU 3JeKTPOCHAOXKEHUS BBIITOJIHSIETCS IS
NOACTAaHLMUI, IIe Bce nmorpedbuTeaun Toabko 111 kateropuu no HagexXHO-
CTH, TaKUE MOACTAHIIMU B paCCMaTPpUBAEMOM IIPMMEPE OTCYTCTBYIOT. B CBsI-
34 C TEM, UTO BO BCEX y3J1ax ceTu uMerorcsa norpeourenu I u 11 kateropuii
M0 HaJEXHOCTU U MPEAYyCMOTPEHO MUTAaHKE BCEX MOTpeduTeieil OT ABYX
HEe3aBUCHUMBbIX UCTOYHUKOB, ylIepO OT HapyIlIeHUI 37eKTpOCHAOXKEHU S
OIpenesiTh He clienyeT, noo Y = 0.

OnpeneneHue KanuTaJbHBIX BJIOXEHUU MPOU3BOAUTCS OOBIYHO
M0 YKPYNHEHHbIM CTOMMOCTHBIM MOKa3aTessIM /11 BCETO 000pyI10BaHMS
noacranuumii u JIDII.

KanuranbHble BIOXKEHUS B JIMHUU 2JIEKTpoNepenayr BbIYUCISIOTCS
no opmye (2.2). s Kaxnoit TMHUA 3TO:

K, =c,-I-nk. (5.4)

31ech ¢y, — yaelbHas CTOUMOCTb COOPYKEHMS BO3MYIIHBIX JIMHUM, KO-

topas i iuHuii 110 kB onpenensiercs [11, Ta6u. 2.2.19] Buenax 1990 rona,
THIC.pyO/KM; [ — JIJIMHA JUHUM 3JICSKTpOIIepenauyu, KM; # — YUCJIO mapaj-
JIEIbHBIX JIMHUI 3J1eKTporiepeaadn; kK — Koa(pUIIUEeHT NIpUBEICHUS Ka-
MUATAJbHBIX BJIOXKEHUI K COBpEMEHHBIM lLieHaM, k = 70.

KanuranbHble BI0OXEHHUS B MOACTAHLIMU onpeaessitoTes mo (2.3) ¢ yue-
TOM HauboJiee JOPOTOCTOSIIEIO 000PYIOBAaHUSI — BBICOKOBOJIBTHBIX BbI-
KJIIouaTesieii, mpy 3TOM, KakK yKa3aHo B Iaparpade 5.6, ipu cpaBHEeHUU
BapUAHTOB Pa3BUTUS CETU YUUTBHIBAIOTCS TOJIBKO OTJIUYMS B YMCJIE TOTIOJ-
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5. lNpuMep NPoEKTNPOBaHNA PacTpefenv TensHoM CeTh

HUTEJIbHBIX BBIKJIIOUATEIIEH ITTO BapuaHTaM. KanuranbHble BITOXEHUS B O -
CTaHIIMUM BBIYUCIAIOTCA 110 COOTHOLIECHUNIO!

K =K__=c_.n_ -k (5.5)

BBIKJT BBIKJT BBIKJT 5

rae C,,,, — pacyeTHasi CTOMMOCTb SIYEMKU BhIKJIIOUYATENs1, KOTOpasi onpese-
qsgercs no [11, Ta6ba. 2.2.2] B ueHax 1990 rona, Teic.py0o/KM; 1, . — YUCIIO

slyeeK BbIKJIIOUaTeiei, mpuBeaeHo B Tab. 5.17; k — koadpduumeHT npu-

BeIeHUS KalTUTAIbHBIX BJIOXKEHUI K COBPEeMEHHBIM IIeHaM.
KanutanbHbie BIOXEHUS B MMOACTAHLIMU CETU MpUBeIeHbI B Ta0I. 5.18.
ExeromaHble n3aep:KK1M Ha aMOpTU3alnio U obciayxuBaHue auauii U |

U TTIOJACTAaHLIMIA I/ln 3aBUCAT OT COOTBETCTBYIOIIIMX KaIlIMTAJIbHBIX BJIOKCHUI:
I/IJI :aﬂ 'K.TI’ (5.6)
U =a K. (5.7)

roc o, 1 d;, — COOTBETCTBCHHO KOS(I)(I)I/H_[I/IGHTI)I OTYUCJICHUI Ha aMOpPTHU-

3alAI0 ¥ 00CTyKMBaHME IJ1s1 TMHUM U noacTtaHumii 110 kB, KkoTopble omnpe-
nenstores o [11, ta6n. 2.1.1], o, = 0,028 m ., = 0,09.

Tabauya 5.18
KanutajibHble BJI0XKEeHHs B OACTAHIUH
Bapuant 1 2 3
Yucao yuTeHHBIX BBIKIIOYATENEH 0 12 8 8
CroumocTs stueiiku BeikiiogaTenst 110 kB, Twic. pyo. 30
KoaddunmeHT npuseaeHus K COBpeMEHHBIM LIeHAM 70
KamuranpHble BIOXEHUS B IMTOACTAHIIMU, MJIH pPYO. 0 | 25,2 | 16,8 | 16,8

M3nepXku Ha BO3MEIIEHUE MOTePh 3JIEKTPOIHEPIUU B CETU OMpPeIeIsi-
I0TCsI 110 BhIpaxkeHUsIM (2.7)—(2.12), To ecTb:

I/IAW :BO.(APm‘dX.T—i_APHOCT.Z.T)J (58)

rae AP, — cymMMapHbIe riepeMeHHbBIE TIOTEPU MOLITHOCTH B PEXMUME MAKCH-
MaJIbHBIX Harpy3ok; AP, .. — CyMMapHbI¢ YCIOBHO ITOCTOSIHHbIE ITOTEPU

B CETU, COCTOSIIIME U3 TTIOTEPh HA KOPOHY M OT TOKOB YTEUKH T10 N30JIITOpaM
BO3IYIIHBIX IMHUI 1 U3 IOTEPh XOJIOCTOT0 X011a TpaHchopMaTopoB; T — uuic-
JI0 9acoB paboTeI ceTH B romy, 7= 8760 4; B, — ymeiabHas CTOMMOCTb TTOTEPh

3JIEKTPOSHEPIUN B ceTH, B, = 2 py0./kB1u = 2:10~° MnH py6./MBry; T —

120



5.8. TexHUHo-8HOHOMMYECKOE CPaBHEHVEe BapnaHTOB PasBUTWA CETU

YHCJIO YaCOB MaKCUMAJIBHBIX IIOTEPh B TOMY, OIPEAeIieMOe B 3aBUCUMO-
CTHM OT TOJIOBOTO YMCJIa YaCOB MaKCUMabHOIM MomtHocTH 1o (2.13). Co-
rinacHo 3aganuio 1 = 4500 4, Torma T = 2886 u.

B paccmaTpuBaemMoMm mpuMepe He YUUTBHIBAIOTCS CYMMAapHBIE YCIIOBHO
MMOCTOSTHHBIE TIoTepu AP, . . BCIEACTBHE TOTO, YTO MTOTEPU B IIYHTAX JIM-

II0CT.

Huii B cetu 110 KB He3HauuTenbHBI, a TpaHC(OpMATOPHI BO BCEX BapraH-
TaX OAMHAKOBBI.

ITorepu MOIIHOCTU B MaKCMMaJIbHOM pexXHMe B CeTH HaieHbl C UC-
nosb3oBaHueM RASTR u yka3zanbl B pazaene 5.5.

B Ta6. 5.19 npuBeneHbl pacyeThbl TOAOBBIX U3/I€PKEK Ha TOKPHITHE M10-
Tepb DJIEKTPOIHEPTUU B CETU IO BapUaHTaM.

Tabauya 5.19
T'onoBble N31epPXKKU HA NOTEPU IIEKTPOIHEPIHU B CETH

Bapuant AP, MBT AW, MBtu H,,, MaH pyoO.
1 3,85 11111,10 22,22
2 4,49 12958,14 25,92
3 3,98 11486,28 22,97
4 3,99 11515,14 23,03

PacyeTbl KanmuTaabHBIX BIOXEHUN B IMHUU 3JIEKTpOIlepeadn 1o Bapu-
aHTaM 1—4 moka3aHsl B Tab1. 5.20.

VYnenbHbIe KalMTaJIbHbIC BIOXEHUS B IMHUU 3JIEKTpoIepeaaun Halie-
HbI 171 paitoHa Ypana (I paiioH 1o royosieny) npyu UCMOJIb30BAHUU K-
JIE300€TOHHBIX OJHOLEMHBIX onop B eHax 1990 romamo [11, Ta6a. 2.2.19].
[Tpu onpeneneHny KanmuTaabHBIX BIOXEHUI B IMHUU CIEAYET y4eCTh, UTO
BO BCEX BapHaHTaX JUMHUS 1—2 SBJsIETCS CYILIECTBYIOLIEH, MOCTpOeHa pa-
Hee M He BO3HMKJIa HEOOXOAMMOCTD €€ YCUJICHUSI, TT02TOMY KaIllMTaJa0BJI0-
>KEHUSI B €e COOpYKeH1e He yuuThiBaloTcs. KpoMe Toro, He yUMThIBaIOTCSI
TrOJIOBBIE U3IEPKKM HA aMOPTU3ALIMIO U 00CTYKUBaHWE JUHUU 1—2 BBUIY
X OJMHAKOBOI'O 3HAUEHMUSI BO BCEX BapMaHTaX Pa3BUTUSI CETH.

BapuaHTbl pa3BUTHSI CETH, KOTOPbIE CPABHUBAIOTCSI IO MPUBEACHHBIM 3a-
TpaTaM, CYUTAIOTCSI SKOHOMUYECKU PaBHOLICHHBIMM, €CJIM Pa3HMIIA B IIPU-
BEeIEHHBIX 3aTparax He 6osee 5 %. [Ipu sToM HamnboJiee palliOHATbLHBIN
BapMaHT CXeM CETH U3 PAaBHOPKOHOMMUUYHBIX BHIOMPAETCS C yUETOM: BO3-
MOXHOCTEI oOecIeuyeHMs] KauecTBa 2JIeKTPOIHEPTUH; TIepCIEeKTUBBI pa3-
BUTHS CeTU (HammpuMmep, ¢ 0oJiee BHICOKHMM KJIaCCOM HOMMHAJIBHOTO HaTIpsI-
>K€HUS); OTCYTCTBUSI UM HEOOXOAMMOCTU PEKOHCTPYKIMU TTOACTAHIIMIA;
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/'\ 5. Mpumep NpoeKTMpOBaHUA PACNPEAEMMTENLHOM CETH

3KOHOMMYHOCTU pabOThl CETU MO UCTEYEHUN BHIOPAHHOIO CpOKa OKyIla-
€MOCTH CeTH (C MEHBIIMMMU TTOTEPSIMU 3JIEKTPOIHEPIUH); O0JIee BLICOKOM
HaJeXXKHOCTHU 3JIEKTPOCHAOXEHMUS; ONepaTUBHOM T'MOKOCTU CXeMbI (TTpU-
CIoco0JIsIEMOCTH K HEOOXOAMMBIM peXXrMaM pabOThI CETU, POCTY HATPY30K
1 TIOSIBJIEHMIO HOBBIX TYHKTOB MOTPEOJIEHMS 3JIEKTPOIHEPIUHN); YIIyUllle-
HUSI YCIOBUI 3KCIUTyaTallMM; 3KOJOTMYECKUX XapaKTEPUCTUK CETU; pac-
X0J1a IIBETHOTO MeTaJljla Ha TPOBOJia BO3AYIIHBIX IMHUN 1 HEOOXOIUMOIO
KOJIMYeCTBa 3JIEKTPOOOOPYIOBaAHUSI.

Tabauya 5.20
KanurajibHble BJI0XKEHHS B JIMHUH 3JIeKTponepeaayn
Ne JISIT| 7, kv ql/lCHE) Cevenne K, (1990r.) | Ky, (1990T.) X K,
Bap. Leneu THIC. py0./KM | TBIC. PYO. MJIH pyo0.

4-5| 30 2 AC-120 11,4 684 47,88

1 4-3| 20 2 AC-120 11,4 456 70 31,92

4-6| 15 2 AC-120 11,4 342 23,94

4—1| 30 3 AC-185 12,9 1161 81,27
Hroro no Bapuanty 1 K; = 185,01 muiH pyO.

1-5| 40 1 AC-150 11,7 468 32,76

4-5| 30 2 AC-240 14,0 840 58,80

2 | 4-3| 20 2 AC-240 14,0 560 70 39,20

3-2| 20 2 AC-185 12,9 516 36,12

4-6| 15 2 AC-120 11,4 342 23,94
Htoro no Bapuanty 2 K; = 190,82 miH pyO.

4-3 | 20 2 AC-150 11,7 468 32,76

2-3 1 20 1 AC-150 11,7 234 16,38

3 [4-1| 30 2 AC-185 12,9 774 70 54,18

4-5| 30 2 AC-120 11,4 684 47,88

4—6 | 15 2 AC-120 11,4 342 23,94
Hroro no Bapuanty 3 K; = 175,14 miH py0.

4-3 | 20 2 AC-150 11,7 468 32,76

2-3 | 20 1 AC-150 11,7 234 16,38

4 4—11 30 2 AC-185 12,9 774 70 54,18

4—6 | 15 1 AC-185 12,9 193,5 13,55

5-4 | 30 1 AC-185 12,9 387 27,09

5-6 | 30 1 AC-120 11,4 342 23,94
Hroro no BapuanTty 4 K; = 167,19 MitH pyo.
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5.9. PacyeTsl v aHanua NapamMeTpoB HA4ECTBA 3M1EKTPO3HEPIUN B CETU

TeXHUKO-3KOHOMUYECKOE CpaBHEHNE BapUAHTOB pa3BUTUS paciipese-
JINTEJIBHOM CETU MpUBeIeHO B Ta0I. 5.21.

Tabauya 5.21
TexHHK0-3KOHOMHYECKOe CPABHEHHE BAPUAHTOB PA3BUTHS CETH
No K,, K, I 3
BapMaHTa MJIH pyo0. MJIH pyo0. MJIH pyo0. MJIH pyoO. OTH. €]I.

1 185,01 0 22,22 64,40 1,000

2 190,82 25,20 25,92 76,84 1,193

3 175,14 16,80 22,97 67,84 1,053

4 167,19 16,80 23,03 66,09 1,026

AHanu3 pe3yabTaTOB TEXHMKO-3KOHOMUYECKOIO COMOCTABIEHMS Bapu-
AHTOB Pa3BUTUSI CETU MOKA3bIBAET, UTO BapuaHThI 1 1 4 paBHORKOHOMMY-
HbI, TaK KaK CTaTUYECKKE MPUBEICHHbBIEC 3aTpaThl B 3TU BapUaHThI OTJIMYA-
I0TCS MeHee, yeM Ha 5 %.

B stux ycinoBusix BBIOOp Hanboj1ee palliOHAIbHOTO BApUaHTa U3 PaBHO-
SKOHOMMYHBIX BBITIOJIHSIETCS MO IPYTUM KpUuTepusiM. B paccMatpuBaeMoM
MpuMepe MpeArouyTeHre OTIaHO BapuaHTy 1 pa3BUTUSI CETH, MOCKOJbKY
B HEM He TpeOyeTcsl peKOHCTPYKIIUS CYIIECTBYIONIEH MOACTaHLIMU 2, KO-
TOpasi BBIMOJIHSIETCS] BO BCEX OCTAJIbHBIX BapUaHTax pa3Butus cetu. Kpo-
Me€ TOTO, B BapuaHTe | HauMeHbIIIMe MOTEPU JIEKTPOIHEPTUM B CETH, a ITO
3HAUMT, YTO MOCJIe OKOHYaHUSI CpOKa OKYIaeMOCTHM CETU BapuaHT 1 Oynet
paboTath ¢ JTYYIIUMUA SKOHOMUYECKMMM MOKa3aTeIsIMU, YeM BapuaHT 4.

[TpenBapuTenbHas mpoBepKa KauecTBa 3JEKTPOIHEPIUU, KOTOPasl Bbl-
MOJIHSIJIACh MTPU BBIOOpE CeUeHMIA TIMHMIA, TT0Ka3ajia, YTO JOMOJHUTEIbHbBIX
CPEeACTB peryJMpoBaHUsl HaNpsikeHus He TpeodyeTcsi. Eciu 3To moarsep-
IUATCS MpU 60Jiee TOYHOM aHAJIM3€ CETU U3 YCIOBMUIA HanboJjiee TSKEIbIX
rnocjeaBapuiiHbIX PeXXKMMOB, TO BapuaHT 1 OyaeT OKOHYaTeIbHO MPU3HaH
HauoOoJiee pallMOHAIbHBIM.

5.9. PacyeTbl 1 aHann3 napameTpoB KayecTBa
3NEKTPO3HEPrn B CETK

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

HCJTBIO aHa/In3a AJIMTCIbHBIX YCTAHOBUBIINXCA PEXKNMOB ITPOCKTUPY-
€MOM CETU SBJILETCS OIIpEaACJICHUC HeoOXOAUMBIX CpEACTB NoaacCp>KaHnA
HOPMATHUBHOTI'O Ka4€CTBA SJICKTPOSHECPIMU B JJIMTEJIbHbIX PEXKHUMAX. l_[pI/I
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5. lNpuMep NPoEKTNPOBaHNA PacTpefenv TensHoM CeTh

3TOM 101 obecrieyeHMeM HOPMATUBHOI'O KaueCTBa 3JIEKTPOIHEPT UM MOHU -
MaeTcs coomoaeHne 1omycTUMbIX, oroBopeHHbIX B [OCT 32144—2013 unn
yKa3aHHBIX B IOTOBOpAaX, YPOBHEN HAMPSKeHUN B y3/1aX CETH.

PacueTbl ycTaHOBUBIIMXCSI HOpMaJIbHBIX U TTOCJIeaBapUIHBIX PEXMMOB
pacnpeaeauTebHON JEKTPUUYECKOM CeTU BBIMOJIHSIOTCS C 11€JIbIO BBISIB-
JIEHUS1 yPOBHEN HAIIPSIKEHUI B CETU U HA IIMHAX MOTpeduTeselt, aHaaun3a
HX TOMYCTUMOCTHU 1 BbIOOpA TTPU HEOOXOAUMOCTHU CPEICTB PErYIMPOBAHMUS
HAaIpsKEHUS C 11eJIbI0 BBOJIA PEXMMOB B IOMYCTUMYIO 00J1aCTh MO YPOB-
HSIM HanpsikeHuit. B kauecTBe 1M TeIbHbIX HOPMaJIbHBIX PEXKUMOB O0bIU-
HO paccMaTpUBaIOTCSI MAKCUMaJIbHBIA 1 MUHUMAJIbHBIN PEXMMBI, B Kaue-
CTBE MocjieaBapuHbIX — HanboJiee TSKeIble PEMOHTHBIE PEeXKUMbI PaOOThI
MPOEKTUPYEMOI CETH.

PacueTbl ycTaHOBUBIIMXCSI PEXKUMMOB CJAEAYET BHIMOJIHSTH C UCMOJIb30-
BaHMEM COBPEMEHHBIX TPOrPAMMHBIX KOMILJIEKCOB.

OCHOBHBIMU 3TallaMu pacyeTa M aHalIu3a PeXUMOB SIBJISIIOTCS CIIeIy-
Io1111e:

® COCTaBJICHUE CXEM 3aMelleHUsI 1 pacueThl UX MapaMeTpOB JIJIsl Hau-

00Jiee 9KOHOMUYHBIX BADUAHTOB CETH;
e pacyeTbl HOpMaJbHBIX U TTOCIeaBapUNHBIX YCTAHOBUBIIUXCS PEXM-
MOB;

e aHaJM3 YPOBHEU HaIpsSKeHWI B y3/1aX CETU U BHIOOP CPEACTB pery-
JIMPOBAaHUS HANIPSIKEHUI B y3/1aX CETU Ha IIMHAX MOTPeOUTeIeH;

® pEe3yJIbTaThl paCUE€TOB HOPMAJIbHBIX 1 MOC/I€aBaPUIMHBIX PEXKMMOB Ha-
HOCSITCSI Ha CXeMY CETU C YKa3aHUeM BCeX ITapaMeTpOB YCTAHOBUB-
LIKMXCS PEXKMMOB (BEKTOPOB HAIIPSIKEHU I Y3JI0B CETU, TOTOKOB MOIII-
HOCTEli B Hayajie M KOHIIE KaX/10ro yJyacTka CeTu, MOTepb MOIITHOCTHU
Ha KaXIJIOM y4acTKe CeTU 1 FeHepalliy JIMHUI 2JIeKTpornepeaaun).

B cootBeTcTBUY C 3agaHMEM Ha IIPOEKTUPOBAHKE NMaNa30Hbl JOIYyCTH-
MBIX OTKJIOHEHUI1 HaIpsDKeHUit oT TpebyeMbix U, . Ha IIITHaX HU3IIETO Ha-
MPSDKEHUS OACTAHIIMI COCTaBISIOT +5 % B HOpMabHBIX 1 +10 % B 10-
cJieaBapuiHBIX peXXrMaXx.

ITpu pacuerax ycTaHOBUBIIMXCSI PEXKMMOB HEOOXOIMMO 0OecreynBaTh
HOMUHAJIbHbIE HATIPSIKEHUS Ha IIIMHAX reHepaTopoB. OTKJIOHEHKE HATPsI-
JKeHUI Ha IIIMHAX TeHepaTOPOB MOXET BOBHUKHYTh MPU HapyIlIeHUH A1a-
MMa30HOB BblJIau FTeHepaTOpaMu peakTUBHOI MOIIIHOCTU, 00YCIOBIEHHBIX,
KaK yKa3aHo B pasjieie 5.5, orpaHUuYeHMUSIMU 0 TOKaM CTaTopa U poTopa.
st obecrieyeHUsI HOMUHAJIbLHBIX HAMPsSIKEHUI Ha IIMHAX TeHEpaToOpoOB
MOXHO MCITIOJIb30BaTh LIEHTPAJIM30BaHHOE PETYJIMPOBAHUE HATIPSIKEHUSI
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B CETH C MOMOIIIbIO aBTOTpaHC(OpMaTopa UK, Npyu HEOOXOAUMOCTH, 13-
MEHEHMEM HampsLKeHUsT B 0a3MCHOM Y3J1e TIpU COOJIIOACHUN TMAla30HOB
peryaMpoBaHusl, yKa3aHHbIX B 3aJlaHMU Ha ITpoeKTupoBaHue. Kpome Toro,
MOXHO ITPUMEHUTh U3MEHEeHKE KoaddulimeHTa TpaHcopMallii Ha OBbI-
LIAIOLIMX TeHEepaTOPHBIX TpaHC(HOpMaTopax, CHAOXKEHHBIX YCTPOMCTBAMU
I1BB. I1pu aTOM ciienyeT yuuThIBaTh, YTO HY>KHO U3MEHSTh KO3 DUIIMEH-
ThI TPaHC(OpMaLIMK OTHOBPEMEHHO Ha BCeX TpaHC(opMaTopax v Ipu pac-
yeTax abCOIIOTHO BCeX YCTAHOBUBILIMXCS PEXMMOB, MIOCKOJIBbKY YCTPOMCTBO
ITBB He 103BOJISIET BHIMOJHSITH peryaMpoBaHue KoapduiiMeHToB TpaHC-
(bopMaiiu B CyTOUYHOM Juaria3oHe 6e3 OTKJIIOUEHUSI Harpy3KHu.

ITpu aHanu3e ypoBHel HAMPSKEHUI B CETU MOTYT BO3HMKATh pa3jiny-
HbIE CUTYalLIUU:

e HaINpsKeHUST BO BCex y3iax ceTu HaxonasaTcs B gonyctumoi TOCT
32144—2013 30He, HO NX 3HAYEHUS HA ITMHAX HU3IIETO HATIPSIKEHUS
MOJCTaHLIMI HE paBHbI TpeOyeMbIM. B 3TOM citydyae 1151 obecrieueHust
SKOHOMMYHOI pabOThI CETH ClieayeT MepBOHAYaIbHO UCIO0JIb30BaTh
MMeEIOIIMeCs] CpeCTBa LIEHTPaIM30BaHHOIO PeryIMpoBaHus HAMpsi-
>KeHUI, a 3aTeM MECTHOTO /151 00ecIieueHUs Ha IIMHAaX HU3IIEero Ha-
MPpSKeHUS MOACTAaHIMK YPOBHE! HaMpsiKeHUH, M0 BO3MOXKHOCTH,
HaunOoJiee OJIM3KUX K TPEOYEMBIM;

e HaInpsDKEHUs B y3JlaX CETU M Ha IIMHAaX MOACTaHIIUM JiexkaT BHE J10-
nyctumoit 'OCT 32144—2013 30H5b1. B 3101 cutyalimm HeooXogumo
MepBOHAYAILHO MCIIOJIb30BaTh UMEIOIIMECS CPeACTBa LIEHTPAIM30-
BaHHOTO, a 3aTEM MECTHOTO peryJrMpoBaHus HanpsokeHuid. Eciau npu
9TOM He yIaeTcsl 00eCcreunTh TPeOOBaHMsI 110 KaUeCTBY JIEKTPOIHEDP-
My, TO HEOOXOAMMO BbIOpPaTh U YCTAHOBUTD IOMOJHUTEIbHbBIE CPE/I-
CTBa peryJMpoBaHUs HAMPSLKEHUI B CETH.

ITpoBepKy KauecTBa 2JIeKTPOIHEPIMH Ha IIIMHAX TOTPeOUTENe Mpearo-
YTUTEJIbHO HAUMHATh C aHAJIM3a ITapaMeTPOB JIJIUTEJIbHBIX YCTAHOBUBILIMX-
CsI peXKMMOB Hau0oJiee 95KOHOMUYHOTO BapraHTa. Eciiv B HanboJjiee 3KOHO-
MUWYHOM BapUaHTe yaaeTcsl 00eCIeUnTh T0MYCTUMbIE YPOBHU HATIPSIKEHU I
Ha IIIMHaX MoTpeduTeieit 6e3 ycTaHOBKU TOTOJTHUTEIbHBIX CPEICTB Peryiu-
POBaHUS HANIPSDKEHU, TO ITUTEIbHbIE YCTAHOBUBILIECS PEXXUMBbI CJIEAYIO-
11IeT0 110 9KOHOMUYHOCTHU BaprMaHTa MOXXHO He pacCUMThIBaTh. B aTOM Ci1y-
yae HanboJiee 9KOHOMUYHBIM BapUaHT SIBJISIETCSl HAaM0oJ1ee palliOHAIbHBIM.

Ecnu B HauboJjiee 5)KOHOMUYHOM BapyUaHTe HE y1aeTcsl 00eCIeunTh 10-
MMyCTUMbIE YPOBHU HAMPSDKEHUN Ha IIMHAX MoTpeduTeneit 6e3 ycTaHOBKU
JOTOJHUTEIbHBIX CPEJCTB PErYJIUPOBAHUS HATIPSKEHUIA, TO MX CJIeyeT Bbl-
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OpaTh ¥ MOBTOPHO BBHIMOJHUTh TEXHUKO-3KOHOMUYECKOE COMOCTaBIeHE
JIByX Han0oJiee 9KOHOMUYHBIX BapuaHTOB. [1Jis1 9TOro Tpedyercs npensa-
PUTEJILHO OLIEHUTh KaueCTBO 3JIEKTPOIHEPTMU BTOPOTO MO 3KOHOMUYHO-
CTU BapuaHTa U, CJeI0BaTEIbHO, BHIMOJIHUTH JIJIsI HETO pacuyeThl U aHAJIU3
JUTATEJIbHBIX YCTAHOBUBIIMXCSI PEKUMOB.

Pacuernl ycTaHOBUBIIMXCSI PEXKMUMOB 2JIEKTPUUYECKOMN CETU Haubosee
palMoOHaIbHO BHITTOJHATH ¢ moMolbio mporpaMMbl RASTR. ITpu pacue-
TaX YCTaHOBUBIIMXCS PEXXMMOB BPYUHYIO CJEAYeT BbIMOJIHSATh HE MEHEe
JIBYX UTepallMii pacyeTa KakJI0ro YCTaHOBMBILIETOCS pexXMMa 3JIeKTprye-
CKOW CETH.

PacueTbl HopMabHBIX M HaU0OJIee TSKEJbIX TTOCIeaBapUHBIX YCTAaHO-
BUBILIMXCS PEKMMOB BapraHTa | pa3BUTHS 2JIEKTPUUYECKOM CETU BBIMOJIHSI-
10Tcs ¢ momolibio mporpammbl RASTR, npu 3T0M MCIOIb3yeTCs TOATOTOB-
JIeHHas1 paHee Mpu BbIOOpe CeUueHUl JMHUM U pacuyeTe NOoTepb MOIIIHOCTU
HUCXOoaHast MH(popMalMs O CXeMe 3aMellleHUsI 1 MOIIHOCTSX y3JI0B CETU
B ¢opme Tabauil 11t RASTR «¥Y3nbi» un «BetBn».

AHanu3 napameTpoB HOPManbHbIX PEXMMOB ceTn BapuaHTa 1

B xauecTBe HOpMaJIbHBIX CIEIYET PACCMOTPETh PEXKMMbI MAKCUMATbHbBIX
1 MUHUMAQJIbHBIX Harpy30K HanboJjiee 5KOHOMUYHOIO BapraHTa 1 pa3Bu-
TUSI pacpeeIuTEIbHON 2JIEKTPUUECKOM CETH.

Pacuem pexcuma makcumanbHblx Haepy30K HanboJiee SKOHOMUYHOTO Ba-
puaHTa 1 pa3BUTHS pacnpeacauTeIbHOM JIEKTPUUYECKOM CETU BBIITOJHEH
MpY 3aJaHHOM HarpsKeHun 6a3ucHoro y3na 220 kB. B pesynbraTe aHa-
JIM3a TapaMeTpoB MaKCUMaJIbHOTO pexrma BapuaHTa 1 MOXXHO OTMETUTh
cieaylolee.

1) Ananu3 yrouHeHHoro 1mo RASTR 6amaHca MoliHOCTe# ceT B pesknuMe
MaKCUMaJIbHbIX HATPY30K MOKa3bIBAET, YTO PAMOH CETU SIBJISIETCS M30BITOY-
HbIM I10 aKTUBHOI MOIIIHOCTY ¥ OMHOBPEMEHHO Ae(PUIIMTHBIM 10 peaKTHUB-
Hoii. B To ke BpeMst Ha TOLI nmeeTcs BO3MOXHOCTb YBEIMUYEHUS BblIauu
B CETh PEaKTUBHOM MOIIIHOCTH, TaK KaK peaKTUBHasl MOIIITHOCTb FeHepaTo-
POB MEHbIIIE MAKCMMAaJIbHO JOMYCTUMOM 10 TOKY CTaTopa.

2) YpoBHU HaNpsKEHUI B pacnpeeuTeIbHOM CEeTU HAXOATCSl B UH-
tepBajie oT 113,16 kB o 116,56 XB, 4To ITpakKTUYECKM COOTBETCTBYIOT Cpe/l-
HeMy HanpstkeHuo Kiacca 110 kB, MmakcuMaabHOe OTKJIOHEHNE HATIPSIKe -
HUs oT HomuHaJbHOTO 110 KB Habmomaercst B y3ie 4 (+5,97 %), mostomy
yBeJIMUYeHUE YPOBHEN HANPSKEHUIA B CETU HE TpeOyeTcs.
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3) OTKJIOHEeHUST HAMTPSDKEHU I Ha IIMHAX HU3IINX HATIPSDKEHWM TTOACTaH-
LU OT TpeOyeMBIX COCTABIISIOT He 0oJiee 4 %. CiienoBaTeIbHO, C TIOMOIIBIO
pPeryJaMpoOBOYHbBIX OTBETBJICHUI MOHMXKAIOIIMX TPaHC(HOPMATOPOB MOXHO
obecrneunThb TpedyeMble YPOBHU HAMPSKEHUI M1 HEOOXOAUMOCTb YCTAaHOBKU
JOTIOJIHUTEIbHBIX CPEACTB PETYJIMPOBAHMS HAMPSDKEHW B CETU OTCYTCTBYET.

ITocne aHanM3a MaKCMMaJIbHOTO PeXKKMMa BbIMOJIHEHBI CIEIYIOIINE Me-
ponpusTus.

1. Ocy1iecTBIEHO LIEHTPAIM30BaHHOE PEryJIMpOBaHe HAMPSIKEHUSI TTy-
TeM M3MeHeHUs Koa(pGUIMEHTOB TpaHCdopMalliu aBTOTpaHCc(hOpMaTo-
pos. PITH aBToTpaHchopMaTOpOB HAXOASTCS HA TMHEWMHBIX BbIBOJAX 00-
LIMX OOMOTOK, TIpeIeibl peryJMpoBaHus YKa3aHbl B TA0J1. 5.7 U COCTaBIISIIOT
+6%2 %. KoadduimeHTs TpaHchopMaliil aBTOTpaHC(GHOPMATOPOB CHU-
JKEHBI OT HOMUHaIbHOTO 3HaueHus (K, = 121/230, n,, = 0) 10 3HaYeHUS
(K., = (121-2,42)/230, n,, = —1). I1pu 5TOM HampsKeHKE B y37e | MoHu-
3usioch co 115 kB mo 113,4 kB u yBennumaace Beljadya B CeTh PEaKTUBHOM
MoIIHOCTH TeHepaTopamu ¢ (31,5%3) Msap no (37,8%3) MBap, u nedu-
LIMT T10 PEaKTUBHOM MOIIIHOCTU BCEi CeTH, BKJIIOYasl aBTOTpaHC(opMa-
TOp, cHU3MJICS ¢ 22 MBap 10 5,5 MBap, npuuem aepUILINT O peaKTUBHOMN
MOIITHOCTH pacrpeneantenabHoit cetu 110 kB nukBuanpoBaH MOJIHOCThIO.
OuyeBUAHO, YTO JaJibHEHIIee CHUKEeHNE HAMIPSKeHUs B y3i1e 1 1 yBeauue-
HUe reHepaluy peakKTuBHOI MolIHOCTY Ha TOLI HepallMoHaabHO, TaK KakK
MPUBEAET K YBEJIMYEHUIO BbIIAUM PEAKTUBHOM MOIITHOCTU B 0a3UCHBIN y3el1,
CHMKEHMIO YPOBHEM HAMPSKEHU I U, COOTBETCTBEHHO, CHUXKEHMIO 9KOHO-
MUYHOCTU paboThl ceTu 110 KB 3a cueT pocta moTepb aKTUBHOM MOIITHOCTH.

2. BblnoiHeH BbIOOP palliOHAIbHbBIX PETYJIMPOBOUYHBIX OTBETBIEHUIA MO-
HIZKAIMX TpaHC(hOpMAaTOpOB IMpU /1, = —1 11711 0OecredeHUsI TpedyeMbIX
YPOBHEU HATIPSKeHUI Ha IIMHAX MOTPEOUTeNei, moka3aH B Ta0d. 5.22.

PacyeTHOe 3HaueHMEe peryaMpoBOUYHOIO OTBETBIEHMSI TpaHC(oOpMaTo-
pa n MOXXHO HAMTHU ITyTeM JeJIeHUsI OTKJIOHEHUsI pacU€THOIO HAIIPsIXKEHUsI
oT Tpedyemoro ( %) Ha 1leHy omHOTO OoTBeTBIeHUS ( %).

B paccmarpurBaemMoMm rpumepe Ha ITOHWXKAIOIIKX TpaHCopMaTopax lieHa
OJIHOTO OTBETBJIEHUS, KaK YKa3aHo B TabJ. 5.7, paBHa 1,78 %. B xauecTBe
MprMepa MOXHO pacCMOTPETh OoNpeae/ieHUue pacueTHOTO 3HAYEHUS pe-
TYJIMPOBOYHOIO OTBETBJIEHMSI TpaHC(opMaTopa # [jisi odbecreueHus: Tpe-
Oyemoro HampsikeHus B y3e 21. OTKIOHeHWE pacueTHOrO HaMpPSKEeHUs
oT TpedyeMoro coctasisieT (— 6,13) %, mosTomMy pacueTHOE peryJupoBOY-
Hoe oTBeTBJIeHME n = (— 6,13/1,78) = —3,44. Jlaiiee Hy>KHO BBIOpaTh OoJiee
palMoHaJIbHOE OTBETBJICHUE U3 ABYX Ommkanimmx (n = — 3) u (n = — 4).
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Tabauya 5.22
Bbi00p perympoBOYHBIX OTBETBJIEHHUIT TPAHC(HOPMATOPOB
(BapuanT 1, MAKCHMAJIBHBIN PeKIM)

V3en cetn 21 31 51 61 7

TpebyeMoe HatipsikeHUEe, KB 10,5 | 10,4 | 10,5 | 10,2 10,5

PacuetHOE HampsTKeHUIE
IO peryIMpoBaHMsI, KB

9,86 | 10,04 | 9,88 | 10,53 10,45

OTKJIOHEHWE HaIpsA2KEeHUA

- - - +
OT TpeGyeMoro, % 6,13|—3,43|—5,87| +3,21 He

PacueTHoe peryimpoBo4yHoe oTBeTBicHre | — 3,44 |—1,96|— 3,29 | +1,80 p 62\]/111;[17_1
PerynupoBouHoe OTBETBIEHHE -3 -2 -3 +2 by K
KoadduimeHt rpancdopManiin 0,0965(0,094710,0965|0,0924 "

Hanpstxenue nocie peryaupoBaHusi, KB 10,42 | 10,42 | 10,45 | 10,17 10,45
OTKJIOHEHUE HaTpsIKeHUs
ot Tpebyemoro, %

-0,78| +0,16 | —0,51|—0,25| —0,52

[Tpu BbIOOpE paliMOHAIBHBIX PETYJIUPOBOUHBIX OTBETBICHUI TpaHC(Op-
MaTOpOB HEOOXOAMMO CTPEeMUThCS K 9KoHoMMU pecypca PITH, koropast no-
CTUTaeTCsl IpU MMHUMMU3ALIMK YKclia TepekatodeHuii. [Toatomy B pexxume
MaKCHUMaJIbHBIX Harpy30K M3 IBYX OJMXXKaWIIMX K paCUeTHOMY BbHIOUpAET-
Csl OTBETBJIEHUE, PU KOTOPOM OOECIIeunBaeTCs clerka 3aHMXKeHHoe (Me-
Hee 1,78 %) no cpaBHEHUIO ¢ TPeOYyeMbIM HANPSKEHME Ha IIIMHAX ITOJACTaH-
LM, YTO MO3BOJISIET YBEJUUYUTh MHTEPBaAJ BPEeMEHU PaOOThI C BLIOPAaHHBIM
pPeryJavMpoBOUYHBIM OTBETBJIEHUEM, a 3HAYUT, CHUXKAET YMCJIO MepeKIoYe-
Huit PITH B Teuenue cytok. Tak, mis obecriedyeHus cierka 3aHU>KeHHOTO
HanpskeHus B y3ie 21 BeiOpaHo Ovkaiiliiee oTBeTBIAeHUE (1 = —3).

Pesynbrarhl pacuera pexkruMa MaKCHMMaIbHbIX HArpy30K BapuaHTa 1 ceTu
NpuBeAeHBI Ha puc. 5.17.

Pacuem pexcuma munumanvhoix Haepy3ok éapuanma I C€TU BBITIOJHEH
C LIeJIbIO aHaM3a ypOBHEN U BbIOOpA CPEJCTB peryJMpoBaHuUs HaIpsLKe-
HUSI B y3J1ax.

B pesynbrare aHanuza napamMmeTpoB MUHMMAJIBLHOTO peXXHUMa BapuaH-
Ta 1 BBISIBJICHO, YTO B peXXMMe MUHMMAaJIbHBIX HAIrPy30K paliOH CETH ellle
Oosiee, Y4eM B MaKCUMAaJIbHOM pexXuMe, U30bITOUEeH M0 aKTUBHOI U OJHO-
BpPEMEHHO Je(UILIMTEH MO peaKTUBHOU MOITHOCTSAM. [1pu 3TOM HampsKe-
HUE Ha IIMHaX TeHepaTOpOB HOMUHAJIbHOE 1 IMarna30Hbl BbIIa4yu reHepa-
TOpaMU peaKTUBHOM MOIITHOCTU He HapyllieHbl. B pacnipeaenuTenbHol ceTu
HanpsDKeHUs HaxoadaTcest B uHTepBasie oT 114,46 kB no 117,71 kB u cierka
MPEBBIIAIOT CpeaHee HanpskeHue kiiacca 110 kB.
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Puc. 5.17. Pe3yibpTaThl pacuera pexXnMa MaKCHMMaIbHBIX HAarpy30K (BapuaHT 1)
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LlenTpanuzoBaHHOE peryaupoBaHue HAIPSKEHUS C UCMOJIb30BaHUEM
TOIO K€, YTO U B MAKCUMAJIbHOM PEXMME PErYJIMPOBOUYHOIO OTBETBICHMS
aBToTpaHcopmMaTopoB (1, = —1) MO3BOJMIO JUKBUAUPOBATH AeDUIIUT
10 peakKTUBHOM MOIIIHOCTY pailoHa CETH, IIPU STOM HaMpsKEHUsI B pacrpe-
JIeJINTEIbHOM CeTU OM3KM cpeaHeMy HanpsbkeHuo kiacca 110 kB 1 Haxo-
naTcs B uHTepBaie ot 112,76 kB no 116,69 kB.

Bb160p paiioHalbHbBIX PEryJIMPOBOUYHBIX OTBETBJICHUI MTOHMKAIOIIMX
TpaHC(hOPMATOPOB B peKMME MUHUMAaJIbHBIX HArPy30K IMoKa3aH B Ta0. 5.23.

PesynbTaThl pacueTa pexkriMa MUHUMAaJIbHBIX HAarpy30K BapuaHTa 1 cetu
MpUBEAEHBI Ha puc. 5.18.

Tabauya 5.23
Bbi0op peryMpoBOYHBIX OTBETBIIEHHIT TpaHC(HOPMATOPOB
(BapuanT 1, MEHIMAJIBHBIIA PEIKHAM)
VY3en cetn 21 31 51 61 7
TpebdyeMoe HampsixkeHue, KB 10,5 10,4 | 10,5 | 10,2 10,5

PacueTHOe HanpspKeHUe 10 PEeryJIMpOBaHMS,
kB

OTKJIOHEHME HaTIPSKEHUS

oT Tpedyemoro, %

10,11 | 10,36 | 10,28 | 10,87 | 10,49

~3,72| —0,35 | —2,14 | +6,54 | He

PacdeTHOE peryJMpoBOYHOE OTBETBIIEHUE -2,09 | —-0,19 | —1,20 | +3,67 peI‘YJII/I:
pyeMblii

PerynupoBouHOe OTBETBIIEHIE -2 0 -1 +3 K

KoaddunmeHT tpanchopmanm 0,0947(0,0913{0,0930{0,0908 "

HanpsxeHue nociie peryaupoBaHusi, KB 10,49 | 10,37 | 10,47 | 10,31 | 10,49

OTKJIOHEHNE HaIpsAXKCHUA

-0,10| —0,33 | —0,30 | +1,10 | —0,06
ot tpedyemoro, %

AHanu3 napameTpoB nocneaBapUiHbIX PEUMOB CeTH BapuaHTa 1

Ha ocHoBe aHanu3a napaMeTpoB HOPMaJIbHbIX PEXXMMOB MaKCUMaJlb-
HbIX U MUHUMAaJIbHBIX HAarpy30K MOXKHO OINPEAeINTh, KaKHe IocacaBapuii-
HbIE peKMMBbI Oy1yT HanboJiee TsoKeabIMU. OUeBUIHO, YTO HanboJee TSKe-
JIBIM OyJIeT peXXM OTKJIFOYEHHUSI OTHOM TMHUM Ha HanboJiee Harpy>keHHOM
ydacTke ceTy 1—4 B pexxruMe MUHUMMAaJIbHBIX Harpy3ok. PacueT pexxrimMa Bbl-
MOJIHEH MPY BEIOPAHHBIX B HOPMaJTbHOM MUHMMAJbHOM PEXUME PETyJIu-
POBOYHBIX OTBETBJIEHUSX aBTOTpaHC(HOPMATOPOB (1,, = —1) U MOHMKaI0-
LIMX TpaHC(OPMATOPOB.

ITpu oTKIIOUEHMM B MUHUMAJIBHOM pEXMME OAHOM LIEMU Ha y4acTKe
1—4 MakcuMaJibHbI TOK Ha OCTaBIIMXCS B pabOTe JUHUSX COCTABIISIET
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5.9. PacyeTthbl v aHanua NapamMeTPOB HA4eCTBa 3NEKTPOSHEPTN B CETU

10,491.12]  §2(0,06) 219.710.6 2(0.014j1,1)
_@ A 265456) 241,75+ j4,72) A 2(41,74+3,62)
i D —
: St 82 2(47,75+ j9,28)
%0 F—2(0,01) 8
2(47,76 + j9,28)
121-1-2,42
113,83149,8] 530 1
' .
212,14 /5,66) N\ 0,25+ 2
20,08
P e 20,05+ j0.17) T 3(40,0+ /10,63)
2(12,05+ j6,57
112,79]0,94 (2 78:37)
=4 .
0,072+ 0.5 i 2(12,01+ 6,31)
b=2(0,01+ j0,5)
10,5
115-2-2,05
‘10,49—0,93\
J3L1)
24+ /11,62 F3(0,64+ /1,63) 2 18T
18+ /8,76 10,47]1,21 51
10,5
10,5
115-0-2,05 pa2(0,02+ 0,55)
2(0,02+ j0,43) t 212,02+ /7,98
=2 H 115,06/3,01 g 98
2(9,02+ j4,81) L= = ,
115,97|3,19 3 0,072+ j0,52 |-2£12,06+]8,24)
) 2(9,04+ j4,99) - 20,12+ j0,2)
0,054+ j0,35 ‘ 340,64+ /11,16) J2(1,07) ‘
200,725 F={F2(0,04+ j0,07) 2(12,17+j7,37)
2(9,08+ ji4,34) 116,7]3,42
05 2(4,54+j3,17) 4 0.21s a4 3(57,9+ j21,56)
,21+ 1,
PO e 20,01+ 0,02 / = 300,24 5.38)
2(4,53+ j3,7 =T
[116,373.35] (4.53+/3.7) 10,5
6 10,5
— . 121
0,038+ 0,224 2(4,51+3,59) 41 Fa2 F
b=2(0,01+ j0,21) 10,57.87] 49+ 13.68)

[10,31]1,72]

9+ j7,

11
115+3-2,05

75

3(63+ j30,62)

Puc. 5.18. Pe3ynbTatsl pacuera pexkxmMa MUHUMAJIBHBIX HAarpy30K (BapuaHT 1)
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5. lNpuMep NPoEKTNPOBaHNA PacTpefenv TensHoM CeTh

308 A, yTO MEHbIIIE JOITYCTUMOTO ToKa 1ist ceueHuss AC-185, KoTopoe BbI-
OpaHo ISt TMHUIA Ha 3TOM YJacTKe. YPOBHU HaNPsKEHUI B pacIipeieim-
TEJIbHOM CeTH HampsDKeHUsT HaxoasTes B uHTepBaie ot 112,3kB no 117,2 kB,
TO €CTh COOTBETCTBYIOT TPeOOBaHUSIM, HATIpsIKEHME Ha IIIMHAX TEHEPaTOPOB
HOMMHAaJIbHOE U AUAIla30HbI BhIIAYM FeHepaTOpaMU peaKTUBHOM MOIIIHO-
CTU He HapyieHbl. TakuM oOpa3oM, HanboJiee OMacHbIN PEXXUM He TIPU-
BOJIMT K HEOOXOIMMOCTHU YCUJICHUS CETU UJIM YCTAaHOBKE TOTIOJTHUTETbHBIX
CPEeICTB PEryJIUPOBAHUS HATIPSIKEHMUSI.

KauecTBeHHbII aHAIU3 PEXUMOB OTKJIIOUEHUS OMHOM U3 LieNeil TUHUA
1-2,4-3,4—5 1 4—6, a TakXe TIpA OTKJITIOYEHUM OJHOTO M3 TpaHchopMa-
TOPOB B y371ax 2, 3, 4, 5 1 6 moKa3bIBaeT, YTO TpeOyeMble YPOBHU HATTpsIKe -
HUI Ha IIMHAX HU3IIETO HAMpPsDKeHUs TTOHKAIOIIMX TpaHC(hOpPMaTOpOB
MOTYT OBITh 00€CIIeYeHbl MPU TIEPEKIIOUEHUN PETYIUPOBOYHBIX OTBET-
BieHui ¢ momoiisio PITH. O6ocHOBaHO 3TO TeM, 4TO TIpU MOAAEPKAaHUUN
B HOPMAJIbHBIX peXXMMax TPeOyeMbIX HATIPSKeHUI Ha BCex TpaHCchopMa-
TOpaxX MCIOJIb3yeTCs He 0oJjiee TPEeTH AMara3oHa peryJnupoBaHus.

IIpn oTkMIOYEHUM OJHOTO M3 MapaIETbHBIX 3JIEMEHTOB CETU MOTEPS
HaMpPsLKEHUS MOXKET YBEJIMUMUTHCSI TIPUMEPHO BIBOE, TIO3TOMY pecypca pe-
TYJIUPOBAHUS TTOHKAIOIINX TPaHC(HOPMATOPOB OYIET JOCTATOUHO, YTOOBI
obecreunTh TpebyeMble YpOBHU HANIPSKEHW HA IIMHAX HU3ILIETO HaIpsi-
JKEeHUS TTONCTAaHLIUM.

3akmouyeHune. AHaAIM3 TTapaMeTPOB HOPMAaJIbHBIX M HanuboJiee TSIKebIX
rocjieaBapMHBIX PEXKUMOB BapuaHTa | pa3BUTHS 3JIEKTPUIECKOI CETH 110~
Ka3aJl, YTO Ka4eCTBO 2JIEKTPOIHeprun B ceT cooTBeTcTBYET OCT 32144—
2013, cnenoBatenbHO, HAaNOOJIee SKOHOMUYHBIM BapuaHT | TTpu3HaH HaM-
0oJiee pallMOHAJIbHBIM.

5.10. Belbop cpeacTs perynnpoBaHuA HanpAKEHWA

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

B paccMoTpeHHOM BbIllIE MPUMEPE, BO BCEX BapuaHTaxX pa3BUTUS CETU
JTOMOJHUTEJbHBIX CPEICTB PEryJMpoBaHus HAIPSKEHUS He TpedyeTcs,
MOCKOJIbKY MpH pa3paboTKe BapMaHTOB Mpeaiarajuch palliOHaJIbHbIE Pe-
LIEHUSI U B CETU OTCYTCTBOBAIM AajJeKO ydajdeHHble moTpedouTean. OmgHa-
KO IPU PACCMOTPEHUHU IPYTUX PAHOHOB CETU MOTYT BO3HUKHYTb CUTYallUM,
MPU KOTOPBIX HEOOXOAMMa YCTaHOBKA JOMOJHUTEIbHBIX CPECTB PeTyJIn-
pOBaHMSI HAIIPSIKEH NS
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5.10. Bribop CpeacTs perynMpoBaHnA HanpAKEHNA

HJ’[H IMOSACHEHUA METOOUKHN BBI60pa JOITIOJIHUTEC/IbHBIX CPEACTB PEryjan-
POBaHUS HATIPSKEHUST HUXKE PACCMOTPEH MPUMEDP, B KOTOPOM HEOOXOIM-
Ma yCTaHOBKa 3THX cpeacTB. Cxema ceTu IpuBeneHa Ha puc. 5.19.

31 AC-120 2 AC-240
40+ 420 40km 50xm

1

TPJIH -25000/110 \i
40+ ;20

Puc. 5.19. Cxema cetu

Ha puc. 5.20 npuBeneHbl pe3yabTaThl pacyeTa pexknuMa MaKCUMalbHbIX
Harpy3ox.

i 2(0,9+ /1,3 2,1+ /3,8
10.24 1.6 2(0,1+f,9) 99,9/-4,9 ( ,91, ) ‘103’6_3’6 ( -LJ ) LL0kB
40+ 20 2(20,1+ j10,4)] 2(20,2+ ;10,6) 12(20,7+ 710,3)]2(40,7 + j20,3)? 2(41,8+ j22,6)
. |
31 105 ’ ‘ JuLh : \V J2(1,6) 1
, 0,05+ /0,35 40+ /20

115-9-2,05

Puc. 5.20. Pe3ynbraThl pacuera pexknumMa MakKCHUMaabHBIX HAarpy30K

Kak BumHo 13 puc. 5.20, B ceT B HOPMaJIbHOM PEeXMMe MaKCUMAaJIbHbIX
Harpy3oK yaaeTcs od0ecreunTb gormyctumoe (£5 % ot TpedyeMoro) Harpsi-
>KeHue B y3Jie 31 TOJIBKO ¢ UCITOJIb30BaHUEM KpaiiHero (—9) peryimpoBoy-
HOTO OTBETBJICHUSI.

[Tpu oTKIIOYEHMU OMHOM U3 HauboJIee Harpy>KeHHbIX JIMHUI Ha yJacT-
Ke 1—2 HanpstkeHue B y3ie 31 pu ucnoib3oBaHUM KpaiiHero (—9) pe-
T'YJIMPOBOYHOTO OTBETBJIEHUS Ha TpaHchopMaTopax cocTasisier 9,14 kB.
Ha puc. 5.21 npuBeneHsl pe3yabTaThl pacyeTa IocjaeaBapuitHOro pexxuma
MaKCHMaJIbHBIX Harpy30K IOCJIe OTKJIFOUEHUS OJHOM 1IeTr Ha yJyacTke 1—2.

2(0,1+/2,9) 2(0,64 /1,1 5,6+ 18,9
9,14/-17,6 o ] e e T ¥ 110 «B
40+ j20 = 20201+ /111 | 2(20.2+ j11.2) 4 2(20.8+ j11.4) |81,5+ 42,7 87,1+ j60,1)
3 2 \' -
31 0.5 | j209) 20.9) :
115-9-2,05 0,05+]0,35 40+<].20

Puc 5.21. Pe3ynbTaThl pacuera pexkuma OTKJIIOYEHUS OMHON JUHUM 1—2
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5. lNpuMep NPoEKTNPOBaHNA PacTpefenv TensHoM CeTh

Takum 06pasoM, B y3iie 31 He ynaercs odecrieunTh normyctumMoe (110 % ot tpe-
OyeMOro) HampsEKEHUE C TTIOMOIIBIO MMEIOLLIMXCS CPEICTB PEryIMPOBAHMS U TPe-
OyeTcsl ycTaHOBKA JOMOJHUTEIBLHBIX CPEICTB PEryIMpOBaHUS HATIPSIKEHMS,
HanpuMep KOMIIEHCUPYIOIIMX YCTPOMCTB. [lanee ciaemyer BbIOpaTh THUIT KOM-
MeHCUpYIoLLEero ycrpoiictea. Hanbosee mpuemiieMbIM pellieHUeM Il paccMa-
TpuBaeMoii ceTu OyzieT ycraHoBKa 6aTtapeit cratmueckux kKoHaeHcatopos (BCK).

MuHMMAaIbHYI0 MOITHOCTh KOMIIEHCUPYIOLIETO YCTPOICTBa MOXKHO Hali-
TH 110 popMmyJie:

AU-U,,,

X7
rne AU =U ;o0 = U ues — TPEOYEMOE M3MEHEHNE HATIPSKEHMS OT PacyeT-
Horo U ., 1o MuHumainbHo nonyctumoro U . . UIst obecrieueHust Kaye-
CTBa 3JIeKTpo3Hepruu, X s — npuseneHHoe K kinaccy U, 9KBUBaJIeHTHOE
COIIPOTUBJIEHUE OT 0a3MCHOTIO y31a A0 y371a yctaHoBKM bCK.

st BBIOOpa TUIa 1 MoliHocTH BCK HeoOxoanMo yuntbeiBath, uTo BCK
MpHY pacyeTax yCTaHOBUBLIMXCS PEKMMOB MPEACTABISIIOTCS HEM3MEHHOM
€MKOCTHOM MPOBOIUMOCTBIO By Ha 3¢MITIO (EMKOCTHBIM LIYHTOM).

Yick = JBscx- (5.11)

IMpu aTom peakTuBHasE MOIIHOCTh Oy, KoTOpyIo TeHepupyeT bCK,
KBaJIpaTUYHO 3aBUCUT OT HampsKeHUs1 U B TOUKE €€ BKIIOUEHMUSI B CETh:

Oscx = Biex U, (5.12)

Mo3TOMY Iepel BbioopoM ctaHaapTHoi MoiitHocTu BCK cienyet onpene-

JIUTb MUHHMMAJIbHYIO €€ MOIIIHOCTb TP HOMUWHAJIbHOM HaIIPS2KEHUN
2

U
QBCK.min :Qmin ’ % . (513)

min.aomn

MuHMUMaIbHYI0O MOITHOCTh KOMIIEHCHPYIOILIETO YCTPOMCTBA IS TIPU-
Mepa MOXHO HaliTu ¢ moMmolibio RASTR.

Anroputm Beioopa BCK ¢ momomibsio RASTR.

1. 3anath 1 3aprKCUPOBaTh MO/ Ib MUHMMAIbHO JIOITYCTUMOTO HAITPSIKEHUST
BpaccmarpuBaemom yanie. [ yana 31U, o, =0,9-U, s =9,45kB, V=9,45kB.

2. 3amaThb B paccMaTpUBaeMOM Y3J1€ JOCTaTOYHO IIUPOKMMA 11Uana3oH re-
Hepauuu peakTuBHOI MotHocTh. st y3na 31 Q,..= 0, Q... = 10 MBap.

3. BBINOJHUTB pacyeT yCTAaHOBUBILIETOCS PEXKMMa U ONPEISTUTh ITPU MU -
HUMAaJIbHO JOITYyCTMMOM HaIlpsDKeHUY MUHUMAJIbHYIO MOIITHOCTb KOMIIEH-
cupyioiiero ycrpoiicta Q,.;,. st y3na 31 o pacuety O, = 3,45 MBap.

Opin = (5.10)
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5.10. Bribop CpeacTs perynMpoBaHnA HanpAKEHNA / \

4. Haiitu MmunnManbHyio MomiHocTh BCK npu ee HoMMHanIbHOM Ha-
npspkeHun. Jst y3na 31

10,5
9,45

5. BeiOpaTh Oamkaiiinyto ctaHaapTHYI0 00bliyio MoliHocTh BCK, npu
Habope O6aTtapesiMu KOHAEHCATOPOB 00ECIIEYNTh KPATHOCTD MX YMCJIa YMC-
7y ¢a3 cetu (Tpem).

Jnsysna3l uQF =4,26 /3=1,42 Mpap Bbiopana BCK 30xKC2-10,5-
150-2XJ11, Takum oOpa3om, ctaHaapTHas TpexdaszHasi MomHocTh bCK co-
crasiisieT 4,5 MBap.

6. OmnpenesnieHre eMKOCTHOUN mpoBOaAUMOCTU By, Yyck = JBycx =

=jQBCK /Ujow
Hns y3na 31 Yyex = /Bsex = JOpek /Ujom :j4:5/10952 =j0,0408 Cm =

= j40800 MxCm.

7. 3apgaTh B TabaULE «Y3/Ibl» eMKOCTHOH IIYHT (B MKCM) B y3J1€ ycTa-
HoBku bCK.

B y3ne 31 3agaH myHT (—40800 MKCMm).

8. PaccukcupoBaTh MOIYJIb HATIPSIKEHUSI B pacCMaTpUBaeMoOM Y3Jie,
yOpaTh Auara3oH reHepaluy peaKTUBHOW MOIITHOCTU Y BBITIOJIHUTH pac-
YeT pexkuma.

B y3ne 31 ynanoch noaHsTh HampsikeHue 1o 9,47 kB, To ecth obecrie-
YUTh MMHUMAJIbHO JOMYCTUMOE HaIpsSKeHUE B pesKUMeE OTKITIOUEHUST Of1-
HOWM JTMHUM 1-2.

PesynbraThl pacueta mokasaHbl Ha puc. 5.22.

_ 2(0,1+ 3,2 2(0,6+ j1,0) 5,2+ 17,7
Y s X ey e e B Ty

2(20,1+8,9)  12(20,2+ /9 t2(20,7+ jo.)  |81,5+,38.1 86,7+ j54,3)
201,9)

1
3 ~ 2

103 0,05+ 0,35 e \*

115-9-2,05 >T/% 40+ j20

2 2
Osck.min = Onin - % = 3545( j =4,26 MBap.

min.jgon

40+ j20 =—

—~——

Puc. 5.22. Pe3ynbraThl pacuera pexxuma otkiatoueHust 1—2 ¢ BCK
Hanee ciienyeT BBIMOJIHUTD PACYEThl HOPMAJbHBIX PEXXMMOB (MaKCHU-

MaJIbHOTO 1 00s13aTeiIbHO MUHUMaIbHOTO) ¢ BCK 151 mpoBepku cobuito-
JNEeHUST JOMYCTUMBIX HATIPSKEHU B HOPMAJIbHBIX PeXXKUMaXx.
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B. [NprMepbl peLleHnA NpaKTUYeCHNX 3agad

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

3apgaya 1

OmnpeneanTh KalUMTaIbHbIE BJIOXEHUS U T'OJOBbIE SKCILIyaTallMOHHbIE
MU3IEPKKM Ha COOPYKEHHUE B palioHe Ypaya U 3KCIUTyaTalyio ABYX napai-
JenbHbIX TUHUNA 220 KB nvHoii 80 kM, BeinmoTHEHHBIX cedyeHneM AC-400
Ha CTaJIbHBIX OJHOLIEITHBIX ornopax. B pexxnme MakCUMaIbHBIX Harpy30K
no JuHuu nporekaet ToK / = 400 A. I1pu peleHuM 3agauyn MPUHSTh: KO-
a(dUuLIMEHT NpUBeNEHUSI K COBpEMEHHBIM LieHaM k = 7(0; CTOMMOCTb I10-
Tepb JEKTPOdIHEPTUU B cetu B = 1,2 pyo/KBT-uac; yuciao yacoB MakcH-
MasibHbIX MoTepb T = 3000 yacos.

Pemenue 3amaun. KanurajbHble BJIOXEHUSI IPU COOPYKEHUU JIMHUU
K, Beruncnstorest no popmyne: K, =c, -/-n-k, rne ¢, — ynenbHast crou-
MOCTb COOPYKEHM JIMHUU, €, = 23,8 ToIC. py6/KM B LeHax 1990 rona [11,
ta6a. 2.3.5] nasg nuaum 220 kB ceyennem AC-400 Ha cTaJIbHBIX OJHOLIEH -
HBIX oItopax, coopyzxaemoii Bo I paiioHe 1o rojioneny; / — ajavHa TUHUMU,
N — KOJUYECTBO IapalJIeJIbHBIX JTUHUI; kK — KO3 DULMEHT NPpUBEACHUS
KAIMTAJIOBIOXEHUI K COBpEMEHHBIM LICHAM.

K,=¢c, 1-n-k=23,8-10"-80-2-70 = 266,56 miH pyo.

T'onoBble SKCIUTyaTallMOHHbIE M3AePKKHU Ha tuHuio Y| BkiIoyaior us-
JEePXKKU Ha TTOKPBITHE TTOTEPh 3JIEKTPOIHEpruu B tuuuu U, v uznepxxu
Ha aMOPTHU3aLIMIO, TEKYIIHIA PeMOHT U obcaykuBanue auHuit U, ..

Nznepxku Ha aMOpTU3alMIO, TEKYIIIUI PEMOHT U OOCIYy>KMUBAaHUE JIN-
Huii U, . OpenenssioTest o BbIpaKeHUSIM, YK€ IIPUBOIMMBIM B TAHHOM
nocooun: U,, .. =K, -a,, roe a, = 0,028 [11, Tta6a. 2.3.3], Torma
N, s =266,56-0,028 =7,46 man pyo.

AkTHBHOE conporusieHue muuun R=R,-1/n, R, = 0,075 Om/km [11,
taou. 1.3.3], R=0,075-80/2=3 Om.
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B. MpvMepH! PeLIEHUA NPAKTMYECHYX 3a0a4 | |

[ToTepy aKTUBHOM MOIIHOCTH B CETM MAaKCUMAJIBHOM PEXIME
AP =3-1"-R=3.0,4>-3=1,44 MBT — 1epeMeHHbIE TIOTEPU.

[TocTosiHHBIE TOTEPU B JUHUM — MOTEPU Ha KOPOHUPOBaHMUE,
AP ..=AP . -l-n AP . =1,5kBr/km[11, Tabn. 1.3.5],

KOp.Cp KOp.Cp

AP, =1,5-80-2-10" =0,24 MBr.

TocT

FOI[OBI)IG N3OCPKKHN HA ITOKPBITUEC ITOTEPDb SJICKTPOIHECPIUHU B IMHUU CO-
CTaBJIAIOT.
n,, =p- (AP, -t+AP,. -8760)=

=1,2-107-(1,44-3000+ 0,24 -8760) = 7,71 M pyb.

['onoBbIe 3KCIITyaTallMOHHBIE U3IEPXKKHU HA JTMHUIO
n =" +WU,,, =7,46+7,71=15,17 muu py6.

am.o0c
3afaya 2

BbITTOJTHUTH TEXHMKO-39KOHOMUYECKOE CpaBHE-
HME C YY4eTOM HaJeXXHOCTH BapuaHTOB, U300pa- P
SKeHHBIX Ha puc. 6.1. CTpyKTypa Harpy3K# COOT-
BeTCTBYeT KpUBBLIM 2 [11, Taba. 2.4.3, puc. 2.3], 2)

Y
———
-

B oboux BapuaHnrax U,,,=110 kB, nnmuHa nuHui > }
[ = 40 XM, MOIITHOCTb HAarpy3ku B MaKCMMaJIbHOM
pesxume P, = 7,3 MBT. Puc. 6.1. BapuaHTbl ceTu:

1) onHa nuHwMs; 2) nBe Ma-
paJiiebHbIe TUHUN

Kanuranpubie Bioxenus B JIDII Ha xene30-
O6eToHHBIX oropax B IV pailoHe 1o rosoneny ajs
BapuaHTOB | (omHoLenmHas JUHUSA) U 2 (2 OMHOLEMHBIX TMHUKM) COOTBET-
ctBeHHO paBHbl: K, = 40,32 man py6; K, = 68,32 man py6. ExerogHbie
3KCIUTyaTallMoHHbIe u3nepxku: M, = 1,664 muH py6; M, = 2,115 muH pyo.

Pemenue 3amaun. {5 yrpolieHus: pelieHrs 3aaa4y MpearoaraeTcs,
YTO: Ha MOJICTAaHIIMU B 000MX BapraHTaX yCTAHOBJIEHO ITO Ba TpaHC(opMa-
TOpa; HE YYUTHIBAIOTCS ITapaMeTPhbl TOTOKA OTKA30B BBIKJTIOYATEIEH BCIIE -
CTBHE UX MAJIOCTU; HE YYUTHIBAETCS BO3MOKHOCTh aBAPUIMHOIO OTKJTIOYE-
HUS BTOPOM LIETH MPU TNTAHOBOM PEMOHTE TIEPBOIA.

Takum 06pa3oM, Ipu BBIXOI€ JTMHUU U3 CTPOSI MATAHWUE HArPY3KU Mpe-
Kpalaercs MoJIHOCThIo, moaTomy & = 1. [lo kpuBbiMm 2 [11, Tabm. 2.4.3,
puc. 2.3], a takxke u3 [11, Ta6n. 2.4.1, 2.4.2 u 2.4.4] o1 oboux BapuaH-
TOB onpeaeaeHbl (PaKTOpbl HAAEKHOCTU 3JEKTPOCHAOXKEHWUS, TPUBEICH-
HbIE B TaOII. 6.1.
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J'\ 6. Mpumepsl pewueHnA NpaxTHYECHAX 383

Tabauya 6.1
DaKkTopbl HAIEXKHOCTH BAPHAHTOB IJIEKTPOCHAOKEHHS
No Paxto extoc Bapuanr /1 Bapuant 2
0 KTODP HaIeKHOCTU
b Hat 0O603Hau. | 3HaueHue | O603HaY. | 3HAUCHUE
PacueTHbIii yaelibHBINA rog0BOM
! aBapuitHbI yuepo, MiaH pyd,/M BT Yoa 180 Yoan 180
PacueTHbIi yaelIbHBINA TOg0BOM
2 TUTAHOBEINA yiep6, MitH py6/MBT Yo 150 Yo 150
3 CpenHee BpeMsI BOCCTAHOBIJICHUS, T, 103 T, 310
JIeT/0TKa3
4 [TapameTp ITOTOKOB OTKA308B, o, 0.88 o, 0.16
0TKa3/Ton
5 | KoadduimeHT miaHOBbIX IPOCTOEB K, 51073 K, 0

Omnpenenenne Ko3OPULUNEHTOB BBIHYXIEHHBIX TPOCTOEB:

K, = Z?:lmi T,

K,=0-T,=08810°=0,88-10"0.c.,
K,=0,-T,=016-3-10"=0,48-10"o.e.

CpenHeronoBble yuiepobl U3-3a aBapUItHOTO HEJOOTIYCKa 3JIEKTPO-

OHEPIruun:
yaB = yO‘aB ' Pmax ' é ’ KaB’

V., =180-7,3-1.0,88-10" = 1,156 mH py6.,
V.,=180-7,3-1.0,48-10 = 0,631 muH py6.

Benmunna yiep6a n3-3a IIaHoBbIX IIPOCTOEB ONPEENSIETCS TOIBKO IS
Bapuanta 1: Y, =Y, P & K, =150-7,3-1-5-107 = 5,475 mu1H py6.

OO611as BeTMuMHa yiep0a 1u3-3a MIAaHOBBIX M aBapUIHBIX IPOCTOEB CO-

CTaBJISIET:
V=V, +VY,.,=1156+5,475=6,631 man pyo.,

V,=V¥,,+Y. ,=0,631 M1H py6.

Cratnueckue MpUBeIeHHbIE 3aTpaThl ¢ yueToMm npu £, =0,2:
3=E -K+U+Y,

3,=0,2-40,32+1,664 +6,631=16,359 mun py6.,
3,=0,2-68,32+2,115+0,631=16,410 mH pyo.

BapI/IaHTbI 110 ITpUBCACHHDbIM 3aTpaTaM C YYCTOM HAACXKHOCTU OTJIMYa-
10TCA MCHCC, YCM Ha 5 %, IIO9TOMY OHHU ABJIAIOTCA PaBHOOKOHOMMWYHbBIMU

0.1
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U MpeanoyTeHue ciaeayeT oTaaTh BapuaHTy 2, obecrnevyrBaplieMy doiee
HaJeXHOe JIEKTPOCHAOXEHUE TTOTPEOUTEIIEI.

3agavya 3

Pa3paboraTh GajaHC aKTUBHOM MOILIHOCTU B MaKCUMAaJbHOM U MHU-
HUMAaJIbHOM peXMMax paboTHl CeTH, TIpeACTaBIeHHOI Ha puc. 6.2. B y3-
Jlax yKa3aHbl aKTUBHbIE MOIIIHOCTH, MPUBEACHHbBIE K COOTBETCTBYIOIIEMY
KJ1accy HanpsikeHust 1 KoaduuueHTs MomHocTteit. Ha T'POC ¢ 6mokamu
TBB-200 B kauecTBe TOMIMBA UCTIOIb3yeTcs Ta3. KoadduireHT HepaBHO-
MEpHOCTH TpapuKoB Harpy3ku o, = 0,6.

120/0,9

3T/I11-250000/220 150/0,9

3TBB-200

100/0,9 U=220 xB

13,9079

150/0,91

200/0,9

28.6/0.9 @ O 28708
38.2/0.8

19/0,92 «O

14,5/0.8

20 kM

Puc. 6.2. Kapra-cxema paifoHa pa3BUTHUSI SIIEKTPOIHEPTETUIECKOM CUCTEMBI:

— ceTb 220 KB; eeeeeeee —ceTh 110 KB

DeKTpocTaHUMs paboTaeT B 0a30BOI YacTU rpadrka Harpy3ku sHep-
TOCUCTEMBI.

Pemenue 3agaun. HaznaueHueM OGanaHca MOIITHOCTH SIBJISICTCSI BbISIBJIE-
HUE TUTIA IPOEKTUPYEMOi1 sHeprocucteMbl. [lepen cocraBiaeHrueM OaaHca
MOIIIHOCTH HEOOXOIMMO OPUEHTUPOBOYHO OIPEISTUTh KIaCChl HAITPSTKE -
HUSI ceTeil, B paccMaTpMBaeMoOl 3a1aue KJIacC HaIIpsisKeHUsI CUCTeMOoo0pa-
gyrouieit 3agaH (220 kB), opueHTUPOBOUHBIN Kj1acC HaMPsIXKEHUS pacripe-
nenutenbHoit cetu 110 kB.
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[TpuMepHBIe YPOBHM ITOTEPh MOIIIHOCTEH B CETSIX TTOKa3aHbI B TA0J. 6.2.

Tabauya 6.2
IIpumepHbie yPOBHHU MOTEPh MOLIHOCTEH B CETAX
[Motepu MolTHOCTH B % OT MOJIHOM HArpy3Ku
Kuacc nanpstkenust cet, KB
AKTUBHbIE peakTUBHBIE
750—-500 2 15
330-220 3 12
150-35 4 10

IIpu cocTaBneHnn 6a1aHCOB MOLITHOCTENM YUYUTBHIBAETCS pacXod Ha CO0-
CTBEHHBIE HYXXIbI 3/1eKTpocTaHuit, st [ POC ¢ koHneHcalMoOHHBIMHU 0J10-
kamu 200 MBT Ha raze pacxon Ha cOOCTBEHHbBIE HYX/IbI cocTaBisieT 4,6 %
OT MolTHoCcTH 0j1oka [11, Ta6a. 1.2.1]. baiaHc akTUBHOI MOILIHOCTH TIPU-
BelleH B Ta0. 6.3.

Tabauya 6.3
bananc akTHBHOIi MOIIHOCTH
MakcuManbHBIN peKuM MuHUMaIbHBINA PEXUM
IMoTpebneHue cucTeMbl IToTpebneHune cucTemMbl
PaiioH pacnipenennTenbHOI ceTH Paiion pacnpenennTenbHOM ceTh
Noysna| P, MBr | AP, MBt | P, ,, MBT| Neysna | P, MBtr | AP, MBtr| P, ,, MBT
71 13,9 0,56 14,46 71 8,3 0,33 8,63
72 28,6 1,44 30,04 72 17,2 0,69 17,89
73 19,0 0,76 19,76 73 11,4 0,46 11,86
74 38,2 1,53 39,73 74 22,9 0,92 23,82
75 28,7 1,45 30,15 75 17,2 0,69 17,89
76 14,5 0,58 15,08 76 8,7 0,35 9,05
IToTepu B aBTOTpaHC(hOP- 0.64 IToTepu B aBTOTpaHC(hOP- 0.40
matope cBs3u 220/110 kB ’ matope cBs3m 220/110 kB ’
Hroro no paitony (y3sen 7) 149,9 Hrtoro no paitony (y3sen 7) 98,17
CucrteMoo0Opa3sylolias ceTb CucreMoo0Opa3syionias CeTb
2 150 4,50 154,5 2 90 2,70 92,70
3 150 4,50 154,5 3 90 2,70 92,70
4 120 3,60 123,6 4 72 2,16 74,16
5 100 3,00 103,0 5 60 1,80 61,80
6 200 6,00 206,0 6 120 3,60 123,60
7 149,9 4,50 154,40 7 98,2 2,95 101,15
Wtoro notpediieHne 896,00 Wtoro notpediieHune 546,11
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Okonuanue maba. 6.3

T'eHepanust cucteMbl I'eHepaLust cuctemMbl
P! APT]:)’ PBKB! P’ APTp’ P3KB7
mBr | MBTI vt | mBr | wmBr [P MBT vy MBr
3*200 3%9,2 3*1 569,4 3*200 3%9,2 3*1 569,4
Jednnt MOIITHOCTHA 326,6 M30BITOK MOIITHOCTH 23,29

[ToTrepu aKTUBHOI MOILITHOCTH B OJIOYHBIX MTOBBIIIAIONIMX TpaHC(hOpMa-
TOpax 1 aBTOTpaHC(OpMaTOpax CBSI3M COCTABIIIOT OpUeHTUPOBOYHO 0,5 %
nepeaaBaeMoi MOITHOCTH.

3apava 4

OnpeneanTh OPUEHTUPOBOYHOE 3HAUCHUE )
HOMMHAJIBHOTO HANPSDKEHUSI CETU, MOKa3aH- 30 23
HOI Ha puc. 6.3, JUIMHBI IMHUI Ha CXeMe CeTH 1 3
B KruioMeTpax. Harpysku noactaHLuii paBHBbI:

P, =36 MBr, P, =39 MBr, P,=22 MBr, ;= ,, < &
— 17 MBr, P, = 41 MBr. s

Pemenne 3aJa4yu. IToroku MOILIHOCTEH B JIM-
HUAX HAXOOATCA 110 IIEPBOMY 3aKOHY KI/IpXFO— Py

(ha MomrHOCTM B TMHUSIX, M BT:
P,=P,+P,+ P =22+17+41=80 MBr, 30

P, =P+ P,=17+41=58 MBr, Ps Ps

P, =P, =41 MBr, Puc. 6.3. Cxema cetu

P,=P,+P,=36+39=75 MBr,

P,; =P, =39 MBr.

HoMuHanpHOEe HamnpskeHUe MOXHO IpeABapUTEIbHO OIPEACcIUTh
o smnupuyeckoit popmyine Crummal, =4,34-~L+16- P torga opueH-
THPOBOYHOE 3HAYEHNE HOMUHAIBLHOTO HAIIPSKEHUS JIMHUIA:

U, =4,34-\22,5+16-80 =156,6 kB,
U, =4,34-22,5+16-58 =133,8 kB,
Uy =4,34-30+16-41=113,7 B,
U,,=4,34-30+16-75=152,2 B,
Uy =4,34:23+16-39 =110,4 kB.

2,5
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bnvxaiimum ctaHgapTHBIM HamnpsokeHuem gsisietcs 150 kB [11,
tabn. 1.1.1].

ITo xpuBeiM [11, puc. 1.1], yuntsiBast 3HaueHus P u /, monagarmoT B 00-
JIaCTh BblIlI€ KPUBOM 7, 7151 KOTOPOU OpMEHTHPOBOUYHOE HOMMHAJILHOE Ha-
npsekeHue cetu 150 xB.

Takum ob6pazom, amnupuueckoe BoipaxkeHue CTuiia U KpuBbie AalOT
OIHY U Ty XK€ MPUOIKEHHYIO olleHKy 3HaueHus U . OmHaKo HOMUHAJb-

Hoe HanpskeHue 150 kB He pekoMeHayeTcss IpUMEeHSITh BO BHOBb ITPOEK-
TUpyeMbIX ceTsiX. [ToaToMy Hajlo cpaBHUTH MO NMPUBEAECHHBIM 3aTpaTaM Ba-
PUAHTBI UCMOJIL30BAHUSI CETEl ¢ HOMUHAIbHBIM HarnpsikeHueM 110 1220 kB.

3agaya 5

BbiOpath ceueHusI cTaeaTtoMUHUEBBIX ITPOBOIOB MO0 3KOHOMMYECKUM MH-
TepBaJiaM TOKa, IPUHUMAs ISl BCeX MOJICTAHIIMI YMCII0 YaCOB MaKCUMAaJIb-
HOI MoutHoctu Harpy3ku 1, = 3800 gacoB. Ha puc. 6.4 moka3aHbl Bapu-
AHTBI CXEM MPOEKTUPYEMOI1 CETU ¢ HOMUHAJIbHBIM HarpsbkeHueM 110 kB,
JUIMHBI IMHUM B KWJIOMETpax yKa3aHbl Ha pucyHKax. Harpysku noacraH-
umit: P, =36 MBrt, P, =39 MBrt, P, =22 MBr, P, =17 MBr, F, =41 MBr.
KoadduiimeHTbl MOIITHOCTU HArpy30K MOACTAHLIMIA OAMHAKOBBI, cos@ = 0,8.

Bapuanr 1 Bapuanr 2

Puc. 6.4. BapraHTbl cCXeMBI CETH
Pemenmne 3amaun

Bapuanm 1. TToTOKM MOIIIHOCTEM B TMHUSIX HAXOASATCS MO TIEPBOMY 3a-
KoHYy Kupxroda MOILIHOCTH B IMHUSIX:
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P,=P,+P;+P;=22+17+41=80 MBr,
P, =P, + P =17+41=58 MBr,

P, =P, =41 MBr,
P,=P,+P,=36+39=75 MBr,

P,; =P, =39 MBr.

B HOPMAaJIbHOM PCKHMME pa6OTI>I CETU MAaKCUMAJIbHBII TOK B KaXI0OM
eI JUHUUN paBCH
P

s = ! :
23U, -cosg

PacyeTHast TokoBast Harpy3ka lienu onpenessieTcs o opmyJie:

[pacq :[max 'al "

roe o, =1,05; a,=0,8 [8].
MaxkcuManbHbIe TOKM B KaXKIOM LEMU TMHUM U pacueTHbIE TOKOBbIE Ha-
IPY3KH lLiereit npuseneHsl B a0, 6.4. ITo [11, Ta6a. 1.3.6] BbIOpaHBbI ce-

yeHus 11 11 paiioHa mo roJjiojiey Ha kejie300eTOHHBIX ontopax. CeyeHus
[oKas3aHkbl B Taduie 6.4.

T

Tabauya 6.4
ITapameTpsi ceTu (Bapuantl)

Ne JIu- | IToTok MomHO- | MakcuManbpHbIi | PacueTHbIN TOK | DKOHOMHUYECKOE

" | Hug ctu, P, MBT Tok uenu, I, A | uenu, [, A ceyeHue, F, Mm>
1]1-2 75 246 206,6 AC-185

2| 2-3 39 127,9 107,4 AC-120
3114 80 262,4 220,4 AC-240

41 4-5 56 190,3 159.9 AC-150
515-6 41 134,5 113 AC-120

Bapuanm 2. Tloroku MoliHocTe# B KoJiblie 1-2-3-1 HaxoasTcs 1o mpa-
BUJIY MOMEHTOB B MOIIIHOCTSIX C MCITOJIb30BaHUEM 3KBUBAJCHTHBIX JJIMH
Y4acTKOB KOJIbIIA:

P-P,- P, L, +P-L _ 36-73+39-50 _ 44,45 MBr.
L3, 103
[ToToKu MOIITHOCTE! B OCTaJIbHBIX JIMHUSIX KOJIblIa HAXOASTCS MO Tep-
BoMYy 3aKOHY Kupxroga MOIIHOCTU B TMHUSIX:
P,,=P,—P,=44,45-36=28,45 MBT,

P =P,,— P,=8,45-39=-30,55 MBT.
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MuHyc nepea MOILIHOCTBIO Ha yyacTKe 1—3 o3HayaeT, YTO CMEHUJIOCH
HaIpaBJIEHME TOTOKA MOIITHOCTH.

IToToKku MOIITHOCTH HA OCTaJIbHBIX yYaCTKaX OCTAJUCh TAKMMU K€, KaK
B BapuaHTe 1. Pe3ynbTaThl onpeaeieHus pacueTHBIX TOKOB M BBIOOpA ce-
YeHWI TpUBeAeHBI B Ta0. 6.5.

Tabauuya 6.5
ITapameTpsl ceTu (BapuaHT 2)

Ne JIu- | TTotox momHO- | MakcumainbHbIii TOK | PacueTHbIil TOK | DKOHOMMYECKOe

“|Husg | ctu, P, MBT uenwu, I, A uenw, I,,., A | ceyeHue, F, MM?
1 |1-2 44,45 291,6 2449 AC-240
2 |2-3 8,45 55,44 46,57 AC-70
3113 30,55 200,4 168,3 AC-185
4 | 1-4 80 262,4 220,4 AC-240
514-5 56 190,3 159,9 AC-150
6 |5-6 41 134,5 113 AC-120

3apavya 6

BriOpaTh ceueHune KaOeabHBIX JUHUM MO SKOHOMUYECKON TNIOTHOCTHU
TOKa j,, Y IIPOBEPUTH BHIOpAHHBIC CEYEHUS MO JOIMYCTUMOM ITOTepe Ha-
MPSKEHUS.

Cxema IpoeKTUPYeMOil KabeIbHOI CeTH ¢ HOMUHAJIbHBIM HampsLKeHUEM
10 kB nokasaHna Ha puc. 6.5. Harpy3ku noacranuuii cetu: P, = 1,88 MBT;
P, =1,93 MBt. KoahdHULIMEeHTHI MOIIHOCTH HATPY30K MOACTAHIINIA OIK-
HaKoOBBI, cos® = 0,96. lomycTrMas moTepsT HANPsKEHUS B IIPOLIEHTAaX HO-
MuHaibHOTO paBHa AU | | = 4 %. nunbl tuHuit: [, = 0,64 xM; ;= 0,5 k™.
Yuic10 yacoB UCITONB30BaHKA MakcMabHoi MotHoctr 7, . = 3500 yacoB.

max

1 P12 P23

—-

P, P;

Puc. 6.5. Cxema KaGeabHOM IMHUNA
Pemenne 3amaun. Boibop ceueHunii KaOeabHbBIX JIMHUIA MO SKOHOMUYE-

CKOM IJIOTHOCTHU TOKA J.,. AKTUBHBIC MOIITHOCTHU B JIMHUSIX paBHbL: P); =
= 1,93 MBr; P,,= 3,81 MBr.
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BbruniciieHre MakcrMMaabHBIX TOKOB, TPOTEKAIOIIUX 10 KabeJisiM B HOp-
MaJIbHOM PEXUME pabOThI CETH:
P 3,81

Il = 12 = 10° =114,6 A,
max 12 2'\/§‘UH0M‘COS(P 2\/§100,96
P 1,93
I .= 23 = : 10° =58 A.
"B J3U,,, cosp 2:4/3:10-0,96
Ipu 7,,,, = 3500 yacoB 3KOHOMMYECKAsI TUIOTHOCTh TOKa It Kabe-

JIE ¢ aJllOMUHUEBBIMU XKUJIaMU U OyMa>KHOM M30JIsILMEN cocTaBJIsIeT
J,.=1,4 A/MM? [11, Taba. 6.6]. Torna cedyeHne KNUIbl Kabes

FK12 zlmaxl2 /j3]( :114’6/1’4:8199MM25

)

FK23 :Imax23 /jax :58/1’4:4154 MM2-

)
[MpuHATH GMKaiile cTaHIAPTHLIE ceueHus XK1 Kabens F, = 95 Mm?,
F,; =50 mM?.
ITpoBepka BLIOpaHHBIX CEYEHUI IO JOITYCTUMOI TTOTepe HATIPSIKEHUS.

OHpe,Z[CJICHI/IC COHpOTI/IBJ'[eHI/Iﬁ Y4aCTKOB KaOeJIbHOI JIMHUM C aJTFOMU-
HUCBbIMU KWJIaMH 1 6YMaXHOﬁ U30JISILIUEH. YI[CJ'ILHBIC COITPpOTUBJICHUA:

F =95 mm?, Torma R, = 0,326 Om/km, X, = 0,083 Om/KM.
F =50 mm?, Torna R, = 0,62 Om/xMm, X, = 0,09 OM/KM.
ConpoTUBIIEHUS YYACTKOB KaOEIbHOM JTMHUM:

X, 0,083-0,64

R, =Rl _0.326:0.64 ) 10400.x, - ~0,0270m,
n

Ry, = RO ! = 0,6220,5 =0,1550m, Xy = XO ! = 0,09-0,5 =0,022 Om.
n

OmnpeneseHye MOTOKOB PeaKTUBHOI MOIITHOCTH:

0, =P, -tg(arccos¢)=3,81-0,292=1,113 Msap,

0,, = P, -tg(arccos9) =1,93-0,292 = 0,564 Mpap.

[ToTepu HampsKeHUs! B IMHUSX:

AU, = B, R,+0,-X,, 381.0,104+1,113-0,027 _ 0,044 B,

UHOM 10
AU, = P, -R2z]+ Oy Xy _ 1,93-0,1554;(()),563-0,022 _ 0,031 kB,

HaubGonbimas noreps Hanpsikenust coctasiusier AU, = 0,044 + 0,031 =
= 0,075 kB, wim B mpouieHrax ot U .:
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AU o) = AUUmaX -100% = 0,075

HOM

-100%=0,75%.

<AU

Jo1

Takum obpaszom, AU U BbIOpaHHBbIE KaOEIU YCIOBUIO AOITY-

max

CTUMOM MOTEPU HAMPSIKEHUS YIOBIETBOPSIIOT.
3apava 7

Bri6paTh ceueHre KabeJIbHbIX TUHUI IO TOIMYCTUMOI MOTepe HaMpsKe-
HUSI IPU JOMOJHUTEIbHOM YCJIOBMM PABEHCTBA CEYEHMS Ha BCEX yUacTKax
JuHuM. CxeMa MpoeKTUpyeMoil KabeabHOU JIMHUKM HanpsbkeHuem 10 kB
rmokasaHa Ha puc. 6.5. Harpysku nmoacranumii cetn: P, = 1,88 MBr; P, =
1,93 MBT. Koa(dduLeHTbl MOLIIHOCTU HArpy30K NOACTAHLIMI OJUHAKO-
BB, cos@ = 0,96. [lormycTrMmasi moTepst HalpsLKeHUsl B TIPOLIEHTaX HOMU-
HanbHOTO paBHa AU, = 4 %. [Jnunbl tunuii: [,,= 0,64 xm; ;= 0,5 kM.

Pemenue 3agaun. OnipeaesieHue MOTOKOB PEaKTUBHON MOIIHOCTU Bbl-
MOJIHEHO TTpM pemiennu 3anauu 6: 0, =1,113 MBap, 0,, = 0,564 Mzap.

VYaenbHoe MHAYKTUBHOE COMPOTUBIEHUE KaOEIbHOI CETU C HOMU-
HanbHBIM HarnpspkenueM 10 kB X, = 0,09 Om/xm [11], opueHTUPOBOY-
HOE 3HaUYEeHUE MOTePU HAMNpPsIKeHUSI B peaKTUBHOM COIMPOTUBICHUM JIN-
HUI o (opmyie:

| n 1 n L,
AUﬂorr.lo = U—'Zkzl,i:2Qki Xy ZU—'Zkzl,izszi Xy

HOM HOM nk‘

~ 1,113-0,09-0,64 /2+0,564-0,09-0,5/2
non.p 10
JomycTuMble motepy HanpsikeHust paBHbl AU, =0,04-10=0,4 xB.

AU =0,0045 xB.

Torma moTepu HampsKeHMsI, KOTOPBIE MOTYT OBITh JOMYIEHbI B aKTHB-
HbIX coniporuBieHusax kadeas: AU . =0,4—-0,0045=0,3955kB =395,5kB.

JI011.a
Toku B IMHUSIX B MAKCUMAJIbBHOM PEXMMeE OIpeAesICHbI TIPU PeIlIeHUN
3ama4u 6:
I...,=1146A,1 .., =58 A Ilo BeipakeHuio (4.46) onpeneanm cede-
HUeE XWUJI KabeJs:

1 n
= V-T'Zk—l,i-z‘/g'lki 1y -cosg,

Jor.a

J3-114,6-640-0,96 ++/3-58-500-0,96
32.395,5

F,=F,= =13,4 Mm>.
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Tak Kax 110 yCJTOBUIO MEXaHMUYECKOM TIPOYHOCTHU CeYeHME XIJT KaOes
10 kB He JOKHO OBITH MEHBILIE 35 MM 2, TO IPUHUMAETCS CTAHIAPTHOE Ce-
yenue F), = Fy; = 35 mm?.

VienbHbIe aKTUBHOE M MHAYKTUBHOE CONpOoTUBIeHUSs Kadess 10 kB ce-
yeHreM 35 MM? MOXHO onpenesuts 1o [11]:

F=35mm?%, R, =0,89 Om/xm, X, = 0,095 Om/KM.

ConpoTUBJIEHUS Y4aCTKOB KaOEeIbHOW JTMHUM:

R,=0,89-0,64/2=0,2850wm, X,, =0,095-0,64 /2=0,03 Owm,

R, =0,89-0,5/2=0,223 Om, X, =0,095-0,5/2=0,024 Owm.
HOTepI/I HaIlpAKE€HUA B JIUHUAX:
Py-R,+0,-X,, 3,81-0,285+1,113-0,03

AU, = U T =0,112 kB,
AU, = P, -R2;]+Qz3 Xy 1,93-0,223 4{8,563-0,024 — 0,044 B,

HauGosnpinas notepst HanpstkeHust coctaBnsietAU , =0,112 + 0,044 =
= (0,156 kB, wiu B mpouenrax ot U .
AU, 0,156
10

AU, = Umax-100%= 100 % =1,56 %.

max(%)
HOM

Takum obpazom, AU, < AU, v BbIOpaHHBIE Kabesu YCIOBUIO IOITY-

CTUMOI MOTEepU HAIPSKEHUS YIOBJIESTBOPSIOT M YBEJIIMYKUBATh CEUeHME
He TpeOyeTcsl.
YienbHOE peaKTUBHOE COMPOTHUBIIEHKE Kabesst X, HanpsikeHneM 10 kB

OYE€Hb MAJIO M MOXET HE YUYUTHIBATHCS B CXeME 3aMelleHUsT KaOeTbHOM JIn-
Huu. [TosTOMYy MOXHO ONpeaesaTh ceueHne Kabess, cuntast, uto X, ~ 0,

AU, ~0,AU, . ~AU,  =0,4kB.

JOI1.p Jor.a

ITpu BBIOOpE ceueHUsT Kabesss 0e3 yyeTa peaKTUBHOIO COIPOTUBIICHUS

ITOJTy9aeTCsI TO JKe ceueHre KabesIs, KOTOpoe ObLTO BEIOPAHO € yueToM X, =
= 0,095 OM/KMm,

P :\/§-114,6-640-0,96+\/§-58-500-0,96:13,3MM2'
oy 32-400
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3apgava 8

ITpoBepuTh 1O YCI0BUSAM HarpeBa BEHIOpaHHBIC B 3a7a4e 5 cTajeaaioMu-
HUEBBIE ITPOBOAA TNIPY TeMnepaType okpyxaruieid cpeabl +15 °C. Cxema
CeTH TIpUBeieHa Ha puc. 6.4.

Pemenne 3anaun

Bapuanm 1. Toky HOpMaIbHOIO MAKCMMAJIBHOTO pexkKMa B KaXKIOM LIeTn
U CeUYeHUsI, BLIOpaHHbBIC 110 Y KOHOMWYECKUM MHTEpBajiaM, IMPUBEICHbI
B Ta0Jj1. 6.6. JJMUTEIbHBIN JOMYCTUMBII TOK U1 HEM30JIMPOBAHHBIX CTaJle-
aJIIOMUHUEBBIX TIPOBOJIOB IIPU TeMIIEpaType oKpyxkatoieit cpeabl +25 °C
MOHO HaiTt o [11, Ta6. 1.3.12]. nuTebHO 10IyCTUMBbIE TOKH IO Ha-
I'PEBY C yUETOM ITOTIPAaBKM Ha TeMIIepaTypy BO3JIyXa OIpPEaesioTCs Kak

1o =16 K, roe K, = 1,11 [11, ta6n. 1.3.13] 1 moka3aHsl B Ta61. 6.6.

JIJ1s1 BceX y9acTKOB CeTH BhITIONHsIeTCst yeinosue /> 1, . . cienoBaTesb-

Jomn —
HO, BbIOpaHHbIE TTPOBOJIA YIOBJIETBOPSIIOT YCIOBUSIM HarpeBa B HOpMaJlb-
HOM peXUuMe.

ITpoBepka BbIOpaHHBIX CEYEHMI MPOBOIOB MO YCIOBMIO HAarpeBa B Hau-
OoJiee TSKEJIOM 11 KaXKIIOM JIMHUM TToc/ieaBapuitHOM pexume. B pazom-
KHYTOIi ceTH HauOoJIbIllas TOKOBAsl Harpy3Ka B MOCJeaBapuitHOM pexXuMe
OydeT MUMETb MEeCTO MpPHY OTKJIIOUEHUHU OAHOM Lenu JuHuu. ToKu 1ociea-
BapMITHOTO pexXrMa JIMHUM MpUBEICHBI B Ta0JI. 6.6.

Tabauya 6.6
ITapameTpsi ceTn (BapuaHT 1)
o OITyCTUMBINA onyctumbiit | [locie-

Ne Jla- | MakcumanbHbiit CequMze, Clz‘lOK {+25 °0), Tﬂox 21+15 °C), |aBapuiiHBII

Hus | ToKk uenu, I, A | F,Mm Lo A L. A Tox. I, A
112 246 AC-185 510 566,1 492,1
2 12-3 127.,9 AC-120 375 416,3 255,8
3114 262,4 AC-240 605 671,6 524.9
4 14-5 190,3 AC-150 450 499,5 380,5
5] 5-6 134,5 AC-120 375 416,3 269,0

HpI/I CpaBHCHUH HauOOJIbIIETO TOKA B HOCJICaBapI/IfIHOM PEKUME C TJIN-
TCJIbHO JOITYCTUMBIM TOKOM I10 HArp€BYy BbIITOJIHACTCA HCPABCHCTBO 1 Jom > IaB ,

CJICA0BATCJILHO, BbI6paHHI>IC ITpOBOJAa YAOBJICTBOPAIOT YCIIOBHUIO NOITYCTHU -
MOI'0 Harp€Ba B HOCJICaBapI/IfIHOM PECKUME.
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Bapuanm 2. Toxm HOpMaJIbHOTO MaKCUMaJIbHOTO peXMMa B KaxKIoi
LIETIA ¥ CEYEHMSI, BRIOpAaHHBIE TT0 9KOHOMUUYECKUM MHTEPBaJiaM, IIPUBEIC-
HBI B Ta0J1. 6.7. I TeIbHBINA JOTTYCTUMBIN TOK JUISI HEM30JIMPOBAHHBIX CTa-
JIeaJIIOMUHUEBBIX TIPOBOIOB IPU TeMIIepaType oKpyXatoleit cpeabl +25 °C
U IOITyCTUMBbIE TOKHU TT0 HarPEBY € yU€TOM IOITPAaBKM Ha TEMIIEpaTypy BO3-
Jyxa MoKa3aHbI B Ta0. 6.7.

Tabauya 6.7
ITapameTpsI ceTu (BapuaHT 2)
M M:ilKCMManb— Ceuene, ,HOHyCTI/II\:lblfl ﬂOHyCTHh:[bIﬁ HOCfeanl—
No g | TPUH TOK LETH, | 5t o7 | TOK (+25°0), ToK (+15°C), PUIAHBIN

L A ’ Lonrass A L A TOK, Iy, A
1]1-2 291,6 AC-240 605 671,6 492,1
2123 55,44 AC-70 265 294,2 255.9
311-3 200,4 AC-185 510 566,1 4921
4| 1-4 262.4 AC-240 605 671,6 524.9
5|4-5 190,3 AC-150 450 499,5 380,5
6| 5-6 134,5 AC-120 375 416,3 269,0

MaxkcumanabHble TOKM B TUHUSX 1—4, 4—5, 5—6 B HOpMaJIbHOM, TTOCJIe-
aBapUITHOM PEXMUMAX U JJIUTEJIbHO JOITYCTUMBIE TOKHU TIO0 HATPEBY TE XKE,
YTO U B BapuaHte 1.

HaubGonp1mii ToK mocjieaBapuitHOTO pexxrMa: B JIMHUU 1—2 mpoTeka-
eT Ipu oTKIoYeHun uaun 1-3, 1, , = 492,1 A; B tuanu 1—3 — 1ipu ot-
KimoueHuy auHun 1-2, 1, 1, =492,1 A; B iuHun 2—3 Ipy OTKJTIOYEHUU JIN -
Huu 1-3, 1,,,, = 255,9 A. Toku nmokasaHsl B Tab1. 6.7.

[Tpu cpaBHeHUM TIPUMBEIEHHBIX B Ta0OJ. 6.7 JTAaHHBIX BUIHO, UYTO yCIIO-
Bue /,,, > 1,, BBIIOJIHAETCA KaK J1J11 HOPMAJIbHOTIO, TaK U [UIs1 [TOCIeaBapUii-
HBIX PEXXVMOB U CEYEHUS BBIOPAHHBIX TPOBOJOB YBEJIMUMBATD HE CJIEYET.

3apgaya 9

[TpoBepuTsb 1O yCIOBUSM HarpeBa 10MyCTUMOCTb ITPOKJIAIKU ABYX BbI-
OpaHHBIX B 3agade 6 kabeneii 10 kB. Kabeau ¢ OymMaxkHOI ITpOMMTaHHON
WU30JIILMEN B A TIOMUHKUEBOU 000JIOUKE MPEAI0JIaraeTcs MpoJoXUTh B TPaH-
mee npu pakTuyeckoit remmeparype 3eMian +10 °C 1 pacCTOSIHUU MeX-
ny kaoemsamu 100 mMm. JImuTenbHOCTh HAMOOJIbIIIEH HArPY3KU COCTABJISIET
3 yaca. Cxema ceTu npuBeneHa Ha puc. 6.5. MakcuMaabHbIE TOKA HOP-
MaJIbHOTO peXrMa IIpUBeIeHBI B Ta0JI. 6.8.
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Tabauuya 6.8
ITapameTpbl KaGeJbHBIX JIMHMIA (HOPMAJIBHbII PEKHUM)

T Maxkcumanb- | Ceyenue | Jomyctumblii | Jomyctumeblii | Koadduument
Ne st HBII TOK kabenst, | Tok (+15°C), | Tok (+10 °C), | mpeaBapuTeb-
ueru, I, A| F, mm? Lionrags A Lo A HOW Harpy3Ku
1]1=2 114,6 95 205 195,6 0,59
2 12-3 58,0 50 140 133.,6 0,43

Pemenne 3anaun. 111 OIMHOYHBIX Kabesteit ceueHreM 95 u 50 mm?, mpo-
JIOKEHHBIX B 3eMJie TIpu ee TeMIteparype +15 °C, IIMTeTbHO JOITyCTUMBbIE
TOKH B COOTBETCTBUMU C [4, Tabur. I1. 10] cocrasisior 1 205 Au 140 A;

nor.tad

noryctumas temneparypa 0, = +60 °C.

[Tpu oty pakTUYECKUX MTapaMeTPOB OT TAOJIUUYHBIX BBITTOJTHSETCS
KOPPEKIIMs TOMYCTUMBIX TOKOB C ITOMOIIBIO0 KoadduunenTos: K, — Ko-

3 PULIMEHT, YYUTHIBAIOLIMI YUCIIO pabOTAIOIIMX Kabeel, JexXalluxX psi-
noM B 3emite; K, — Koa(hhUIIMEHT, yIUTHIBAIOIINI TEMIIEPATypy OKpYXKa-

IOIIEH cpeabl U JOIyCTUMYIO TeMIlepaTypy Kabensi. B cooTrBeTcTBuM ¢ [4,
tabn. 6.7 uIl. 111 K, =0,9; K, = 1,06.

JlonmycTUMBIiA O HarpeBy TOK KaOEIbHBIX JIMHUI OMpenessieTcs Mo co-
OTHOIILIEHUIO:
1, K -K,.
JITUTETbHO IOITyCTUMbIE TOKH KaOeIbHBIX JIMHUIA TPUBEICHBI B Ta01. 6.8.
B HOopMabHOM pexxume, KakK BUTHO U3 Tabj1. 6.8, BBITTOIHSIETCS YCIIO-
BUE TOMYCTUMOCTH 10 HarpeBy, 1, > 1,

Jiorm — T max*

1

orm ~ 7 nom.tab

st kabenbHbIX TMHMI 10 KB momyckaeTrcs rpeBbIllieHre JOITyCTUMOTO
Toka /,,, Tipu Tieperpy3Kax Wiy aBapusixX, €CJIi HauOOJBbIINIT TOK TIpe/IBa-

PUTEJILHOM HATPY3KU JIMHUKA B HOPMaJIbHOM pexXuMe Obul He Goiee 80 %
nomnyctumoro, 0,87 > 1

Jom — 7 max-*®
Koadduimentst npensaputenbHoit Harpysku, K., = 1., / 1, Kabemb-

HBIXJIMHUI 1—2 11 2—3 cOOTBETCTBEHHO paBHBI: K =114,6 /195,6 =0,59,

npenl2
K . =58/133,6=0,43.

npen23
ITpoBepka 1oImycTUMOCTH PabOTHI KaOEJIbHBIX JIMHUI 110 YCJIOBUSIM Ha-
rpeBa B ITocjieaBapUiiHOM pexXMMe TTPU OTKIIOYEHUH OJTHOTO KabeJs.
[1Ipn oTKIITOYEHNM OTHOTO Kabesss MaKCUMaJIbHbIe Harpy304HbIE TOKU
OCTaBIIErocst B pabote KabeJis paBHBI TOKY Y4acTKa, MoKa3aHbI B Ta01. 6.9.
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JlormmycTUMBIE TOKM TIPUBEICHBI B Ta0JI. 6.9, OIpeaesIsIIoTCs C y4eTOM KO-
spdunmenTos K, = 1 (onuH Kabesb oTkiaoueH) u K, = 1,06.

Tabauya 6.9
ITapameTpbl KaGeIbHBIX JHHUI (TIOCTEABAPHITHDBII PeKIM)
Tu- Maxkcumaib- Ceuenue | Homyctumbiil | Homyctumelit | Koadduiu-
No s HBIN TOK, kabenst, | Tok (+15°C), | Tok (+10 °C), | eHT neperpys-
I A F, Mm? Lionrasr A Lons A K1 Kaberst
I |{1-2 229,2 95 205 217,3 1,055
2 12-3 116,0 50 140 148,4 0,782

JlomycTumblii KO3 ULIMEHT Teperpy3ku Kabdeiei B rocjaeaBapuitHOM
pexume coctapisiet K, = 1,35 [4, Ta6n. [1. 12]. Takum 06pa3om, yciioBre

aBapuiiHoii neperpysku K, - I, > I BTiocieaBapuifHOM peXnMe BbITION-

HSIETCS U ceyeHue Kabdest YBCJIMYMBATh HC CJIICAYCT.

3apaya 10

BhImoaHUTh aHaIM3 KauecTBa 3JIEKTPOIHEPTUM B CETHU, CXeMa 3aMeIleHUS
CeTHU TIpUBeleHa Ha puc. 6.6, B HOpMaJIbHBIX 1 ITOCJIeaBapUIHBIX pexkKMax
U BBECTHU PEXUMBI B JOIIYCTUMYIO 00JIaCTh MO KAYECTBY 3JIEKTPOIHEPIUU.
Harpy3ku y3710B 3ajaHbl Ha CTOPOHE HU3IIEro HaIlpsiKeHuUsI TpaHc(hopMa-
TOPOB U IIpUBeIeHBI B Ta0JI. 6.10, TpeOyeMble HATIPSDKEHUS B PeXXKMMe MaK-
CUMAaJIBHBIX HaTpy30K YKa3aHbI B Ta0JI. 6.11.

XapakTepuCTHKA HATPY30K NMOTpeduTe el

Tabauya 6.10

No y3ma 2 3 4 5 6
AKTUBHas MOLIHOCTb, MBT 40 20 40 20 35
PeaxktuBHas momHocTh, MBAp 19,4 9,7 19,4 9,7 17,0
Tabauya 6.11
Tpedyemble HanpszKeHnsa HA muHaX 10 kB moacTanmmii

Ne yzna 2 3 4 5 6
TpebyeMoe HanpsikeHNe Ha IIMHAX 10,3 10,2 10,3 10,0 10,1
noacTtaHuu, KB
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ZlZ!BIZ
1
| S |

T2

Puc. 6.6. Cxema 3aMellleHUS CETH

TpaHcgopmaTopsl, ycTaHOBJIEHHbIE B y3/1aX CETU, U BLIOPAaHHbIE 3KOHO-
MMYECKHE CEUCHUS TTPUBEICHBI COOTBETCTBEHHO B Ta0J. 6.12 1 6.13.

Tabauya 6.12
IMonmxkawomue TpanchoOpMaTOPBI B Y371aX CETH
Howmep Tun u yncno UBH, UHH, [TapameTpe! TPaHCHOPMATOPOB
y31a | TpaHchOpMaTopoB kB kB R, X, AP, AQ,
Om Om MBT | MBAp

2 2TPIH-40000/110 115 10,5 0,7 17 0,132 3,27

3 2TAH-16000/110 115 11 2,19 43 0,059 1,18

4 2TPIH-40000/110 115 10,5 0,7 17 0,132 3,27

5 2TAH-16000/110 115 11 2,19 43 0,059 1,18

6 2TPAH-40000/110 115 10,5 0,7 17 0,132 3,27
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Tabauya 6.13
CeueHns JTMHMI 3J1eKTponepeIayu

Junus Bun Tox CeueHue qmﬂ?

yJacTtka, A Lerei
2-3 IIpoexr. 117 AC-70 2
1-2 Cyiuecr. 351 AC-240 2
4-5 ITpoexr. 168 AC-120 1
5—6 ITpoexr. 51 AC-70 1
4—6 ITpoexr. 153 AC-120 1
1-4 IIpoexr. 555 AC-240 2

Pemenne 3agaun. 1715 BBIOJTHEHMS aHAIM3a KQUECTBA SJIEKTPOIHEPTUH
B CETU HEOOXOAMMO BBIMIOJIHUTH PacyeThl HOPMAJIbHOTO MaKCUMaJbHOIO
U HauboJiee TSKeNIbIX MocaeaBapUMHbBIX YCTAHOBUBILIKMXCS peXXUMOB. Pac-
YeThl BHIMOJTHSIOTCS C MCMOJIb30BaHMEM COBPEMEHHOTIO PaCYETHOIO KOM-
miekca RASTR.

Ha puc. 6.7 mpuBeneHbl pe3yabTaThl pacueTa HOPMaJbHOTO MaKCH-
MaJbHOTO peXuMma, Kak BUTHO U3 PUCYHKA, HAIIPSIKEHMS B y371ax CeTU
HE COOTBETCTBYIOT TPEOYEeMbIM M HEOOXOAMMO BBIIOJHUThH BBOJ peXXMMa
B JOIYCTHUMYIO 00J1acTh. C 3TOI 11€JIbI0 BHIMIOIHSIETCS BIOOP paliiOHaIb-
HBIX PETYJIUPOBOUYHBIX OTBeTBIeHU PITH monmxaromux Tpanchopmaro-
POB, pe3yJbTaThl BbIOOpA pallMOHaIbHBIX OTBeTBIeHUIT PITH npuBeaeHbI
B TabII. 6.14.

Tabauya 6.14

Bbi0op peryupoBounbix oTseTBiaenuii PITH
(HOPMAJIBHBII PezKHUM)

No y3na 21 31 41 51 61

TpebdyemMoe HamnpsikeHUE Ha IIMHAaX
noacraHuu, KB

10,3 10,2 10,3 10,0 10,1

Hanpﬂxeﬂme Ha IHIMHaXx nmoaCTaHLIun

9,9 10,2 9,9 10,0 9,4
JIO peryJIupoBaHusi, KB

OTKJIOHEHUE Hanps2kK€HUA Ha IMHaX

MOJACTaHIIMU OT TPEOYEMOTIO J10 pery- -3.9 0 -39 0 -3.9
nuposanud, %
PanmonansHoe orBersiieHue PITH -2 0 -2 0 -4

HaHpH)KeHI/IC Ha HIMHaXx ImogCTaHLIun

10,3 10,2 10,3 10,0 10,1
rnocJje peryaupoBaHusi, KB
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AHau3 KauecTBa 2JIeKTPOIHEPT UM Y ITOTpeOUTeNelt MO3BOJISIET CAeNaTh
BBIBO/I, UYTO JOIOJTHUTEIbHBIX CPEICTB PEryJIMPOBAHUSI HATIPSIKEHUS U3 YC-
JIOBUIA HOPMaJIbHOTO pexkrMa MaKCHUMaJIbHbIX Harpy30K He TpeOyeTcs.

B kauecTBe nocieaBapuiiHbIX PEXMMOB, MPU KOTOPBIX CAEAYET BHIMOJI-
HUTb aHaAJIM3 KauyecTBa 2JIEKTPOIHEPIUU B DJIEKTPUUYECKOI CETU, CIEIyeT
paccMOTpeTh CeayIolIue:

e OTKJIIOYEHUE OIHOM M3 CYILIECTBYIOIIMX JIMHUI Ha ydyacTKe 1—4, npu
3TOM HEOOXOAMMO MPOBEPUTH OOecreueHre JOMYCTUMBbIX YPOBHEH
HanpspkeHuit B y3nax 21 n 31;

e OTKJIIOYEHUE OJHOM M3 TPOEKTUPYEMbIX IMHUM Ha yyacTke 1—2, npu
9TOM CJieAyeT MpoaHAIM3MpPOBaTh YPOBHU HANPSKeHUN B y3iax 41,
51u6l;

e OTKJIIOUEHME TMHUM 4—5 Ha TOJIOBHOM yJacTKe KoJiblia 4—>5-6—4 mipu-
BEJIeT K CYIIIECTBEHHOMY MOHMXXEHMIO HaTIpsiKeHs B y3ie 51;

e OTKJIIOUEHUE JIMHUM 4—6 Ha APYroM TOJIOBHOM ydacTKe KoJjblia 4—5-
6—4 pUBEIET K CYIIECTBEHHOMY ITOHIKEHUIO HATIPSKeHYS B y371e 61.

Ha puc. 6.8 mpuBeneHbI pe3yJIbTaThl pacyeTa MocjieaBapuitHOTO peKuma
MPY OTKJIIOUEHUU JIMHUY 4—5 Ha TOJIOBHOM yJacTKe Kojibla 4—5-6—4, Kkak
BUIHO U3 PUCYHKA, HAMIPSLKEHMS B y3J1aX CETU HE COOTBETCTBYIOT TPEOO-
BaHUSIM M HEOOXOAMMO BbIMIOJTHUTH BBOJ peKMMa B IOIMYCTUMYIO 00J1aCTh.
C 2T0i1 11eJ1bI0 BBITIOJHSIETCSI BLIOOP pallMOHAIbHBIX PETYJIMPOBOUYHBIX OT-
BetBieHuii PITH monmxkamomux TpancopMaTopoB, pe3yabTaThl BEIOOpa
panmoHanbHbIX oTBeTBiIeHni PITH npuBeneHs! B a0, 6.15.

Tabauya 6.15
Pe3ynbTaTnl BbIOOpa peryanpoBovHsix oTBeTBIeHnit PITH
(oTKmo4eHa JuHns 4—5)

Ne y3a 21 31 41 51 61

TpebyeMoe HanpsKeHKe Ha IIMHAX
noacraHuu, KB

10,3 10,2 10,3 10,0 10,1

HanpstkeHne Ha MHaX moacTaHIUM (OT-
natiku PITH makcumanbHOTO pexxuma) 10,3 10,2 10,3 8,9 9,5
IO peryJMpoBaHusi, KB

OTKJIOHEHUE HanpsKEHUsS Ha IMHAaX o1 -

CTaHIIUM OT TPEOYEMOTO 10 PEeTYIMPOBa- 0 0 0 -11 -6
v, %
PammmonanpHag oTmaiika -2 0 -2 -6 -7

HanmeeHI/Ie Ha mrHax noaCTaHunn

10,3 10,2 10,3 10,0 10,0
rocJie peryaupoBaHus, KB
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AHann3 KayecTBa 3JIEKTPOSHEPTUM B TIOC/IeaBapUitHOM peXrMe IPU OT-
KJIIOYEHUU JIMHUM 4—5: KaK BUIHO U3 Tao1. 6.15, Ha mmHax 10 kB nmoncran-
LM 00ecIieunBaloTCs TpeOyeMble YPOBHM HATIPSIKEHWH TTPU JOTIOTHUTE T b-
HOM peryJupoBaHuu ¢ noMmoubio PITH tpanchopmaTopos.

3apaya 11

BbIMoIHUTE 5KOHOMUYECKOE COTMTOCTaBIEHNE CXeM ITUTaHMSI MOTpeduTe-
neit 111 kareropuu 1Mo HaIe>XKHOCTU Ha MpUMepe aHa3a BapMaHTOB MpPU-
COCIMHEHUS K CeTH y3J1a 76, TToKa3aHHBIX Ha puc. 6.9. PelieHue 31010 BO-
Mpoca MO3BOJUT OJHO3HAYHO OMPEAEJIUTh CXeMY MUTAHUS MOTpeOuTeIei
y371a 76 OTHOCUTEILHO TIpeIIaraeMbIX IByX BApUAHTOB 1 1 2 pa3BUTHUS CETH.

Bapuaunm [ nipearionaraet nprucoeanHeHne y3ia 76 K y3iy 74 1o IByM
mHusIM cedeHrneM AC-70 ¢ ycTaHOBKOI Ha MOACTaHIIUM 76 IBYX TpaHC-
dopmaropos TJTH-16000/110 (puc. 6.9, a).

Bapuaum 2 nipenycMaTpuBaeT MUTaHUE OTpeduTeIeit y3a 76 ot y3na 74
1o ogHo TuHUKM ceyeHneM AC—120 ¢ ycTaHOBKO# Ha TToACTaHIMY 76 of1-
Horo Tpancdopmaropa TPAH-25000/110 (puc. 6.9, 6).

o) 2TJ/IH-16000/110

74 2AC-70 —@—

e, L 35 = 14,5+j10,9 (MBA)

15 km 76 _@_ 761

74 AC-120 76 761

—0 o @ o S,6 = 14,5 +j10,9 (MBA)

15 km
TPJIH-25000/110

0)

Puc. 6.9. BapnaHThl mpricoeTMHEHMs y31a 76 K CeTH:

a) BapuaHT 1; 6) BapuanT 2

Bapuanm 1
Kamuransuele Bnoxenust B manun K =¢,, -/-n-k, rue ¢,, — cronmocts

1 xm tuHuum 110 kB Ha kene300eTOHHBIX OMHOLIEITHBIX ortopax a1 11 paii-
oHa 1o rojoseny ceueHuem AC-70 [11, ta6u. 2.3.3], ¢,, = 12 ThIC. py0./KM

(B uenax 1990 r.), / — nnuHa nuHuUM, paBHa 20 KM; # — YUCJIO Napaljieib-
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HBIX TUHWH, n = 2, k — K03 ULIMEHT MPUBEICHNS KAITUTATbHBIX BIOXE-
HUIA K COBpEMEHHBIM 1IeHaM, k = 68,8.

TakuM 00pa3oM, KalmuTaJIbHbIE BJIOKEHWS B JMHUM 3JIEKTporiepeaadn
B BapuaHTe |1 COCTaBIISIIOT:

K, =12-15-2-68,8 = 24768 TbIC. py6. = 24,768 MIH pYO.

KanurtanbHble BIOXEHMS B MOACTAHIIMIO BKJIIOYAIOT CTOMMOCTh TPaHC-
¢dopmaTtopoB u pacnpenyctpoiictBa (PY) Bbicuiero HampsixkeHwUs,
K, =K, +K,,.,. Croumoctu PY Hu3I11ET0 HATTPSIKEHUS ITOACTAHLIMY O~

HaKOBbI B 0OOMX BapMaHTaX, II03TOMY HE YUYUTHIBAIOTCS ITPU TEXHUKO-2KO-
HOMUYECKOM CpaBHEHUU BapUaHTOB 1 1 2.

ITpu pacuere KanuTaJbHBIX BIIOKEHUI B paclpeayCTpOCTBa BBICILIETO
HaIpsiKEHUS MOACTaHIIUI ONpeeIsieTcsl pa3HUIIA B UMCIe STY€eK BBIKITIO-
yareneit 110 kB B BapuaHTax 1 u 2. O01iee 4yucCiIo siueeK BhIKIoUaTe e
110 xB B BapuanTe 1 paBHO YeTbIpeM (IIBe iUk B y3Jie 76 U ABe STUCHKN
B y3ie 74). O61iee yncio siueek Boikiatouareneii 110 kB B BapuaHTe 2 paBHO
IBYM (oIHa siueiika B y3je 76 u ogHa s4eiika B y3ie 74). Takum oOpazoM,
MpU pacueTe KaruTaJabHbIX BIIOKEHUI B paclpenyCTpOiCcTBa BLICIIETO Ha-
MpsiKEHUS MOACTAHLIMI B BapuaHTe | yUUTBIBAIOTCS IBE STYEHKM BBIKITIO-
yaresieii, a B BapuaHTe 2 — HOJIb STUeeK.

KanuranbHble Bi1oxeHus B TpaHcdopmaropel K, =c, -1, -k, toe ¢, — pac-

yeTHasi CTOMMOCTh CHiIoBoro TpaHcdopmaropa TAH-16000/110 [11,
tabi. 2.2.5], ¢, = 63 Thic. py0 (B ieHax 1990 rona); #, — 4nciio TpaHcop-

MaTopOB, 1. = 2; k — K03 GULUMEHT MPUBEAECHUS KAUTAIbHbBIX BJIOXEHUI

K COBPEMEHHBIM LIEHAM.
KanuranbHbie BroxeHnus B Beikimtoyarean 110 kBK,,  =c, .. 1. -k,

BBIKJI BBIKJI BBIKJT

rae ¢ — pacyeTHasl CTOMMOCTb sueiiku BbikaouaTenss 110 kB [11,

BBIKJT

tabi. 2.2.2], ¢,,., = 35 ThIC. py0 (B LieHax 1990 rona); n,,,, ., — YKUCIIO sTYeEK

BBIKJTIOUATE el ; kK — KO3 OUIIMEHT TpUBeISHUS KalTUTAIbHBIX BIIOXKEHUI
K COBPEMEHHBIM 1LI€HAM.

Takum 06pa3zom, KamuTaJabHbIE BJIOXEHUS B MOACTAHLIMU B BapuaHTe 1
COCTaBJIIIOT:

K,=63-2-68,8+35-2-68,8 =13484,8 Tric. py6.=13,485 MJIH pyo.

CYMMaprIe KalmtuTaJIbHbIC BJIOKCHHMA B BApUAHT 1 cocTaBIISIIOT:
K, =K, + K, =24,768+13,485=38,253 mH py6.
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Exerognbie uM3gepXKM Ha aMopTU3aluio U obcayxuBaHue [11,
taour. 2.1.3] mst muawmii 110 kB cocrasistior 2,8 %, mis mopctanumii 110 kB —
9,4 %, coorBerctBeHHO O, = (0,028, o, = 0,094.

g onpeneneHUs U3AEPKEK HAa MOKPBITUE MMOTEPh DJIEKTPOIHEPTUU
HEOoOXOAMMO HAWTU MapaMeTphl CXeMbl 3aMEIIEeHUST CeTHU, IMMPUBEICHHOMN
Ha puc. 6.9, a.

CyMMapHOe aKTUBHOE COIPOTUBIICHUE CETH

RE = Rn + Rna

R =R,-1/n=0,428-15/2=3,21 Om, tne R, (AC-70) = 0,428 OM/kM
[11, Tabn. 1.3.4],

R =R /n_,ecim R (TAH-16000/110) = 4,38 Owm, [11, Ta6u. 1.4.2];

R =4,38/2=2,19 Om,
R =2,19+3,31=54Owm.

Takum 06pa3oM, MOXHO OTPENeIUTh TOCTOSIHHbBIC U TIEPEeMEHHBIE TT0-
TePH MOILITHOCTH:
AP ..=AP  -n =0,019-2=0,038 MBt, rne AP, =19 kBr [11,

nocr
tabna. 1.4.2].

[ToTepn aKTMBHOIW MOIIHOCTH B CETM B MAaKCHUMaJIbHOM DPEXUME
AP_. =3-1’-R, npu BenmunHe ToKa 0,105 KA, POTEKAIOIIETO HA yI4acTKe

74-76.
AP =3-0,105"-54=0,179 MBr.

max
Ywucio yacoB MaKCUMaJIbHBIX IIOTEPb

T..Y 4500
r=[0,124+WJ -8760=(0,124+ o

2
J -8760 =2886 u.

VYnenbHasi CTOMMOCTD MOTEPh 3JIEKTPOIHEPruu f3,, COrJIaCHO 3aIaHUIO
Ha TNpoeKTUpoBaHMe, cocTasiser 1,2 py6./kBr-yac, B, =1,2-1073

MJIH py0./MBT-yac. I'onoBble U3AepKKM Ha MOKPBITUE MOTEPh JEKTPOI-
HEPTUM B CETU BapraHTa | COCTaBJISIOT:

I/IAW :BO '(APmax 'T+A})no<:'r 8760) =

=1,2-107-(0,179-2886+0,038-8760)=1,019 muu py6.

Takum o6pa3oM, mpuBeIeHHbBIE 3aTPaThl B CETh B BapuaHT | Tipucoenm-
HeHUs y3J1a 76 COCTaBIIIOT

3,=E,-K,+a,-K +a,-K +HU,, =

=0,2-38,253+0,028-24,768 + 0,094 -13,485+1,019=10,631 muiH pyO.
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Bapuaum 2

KanuranbHble BIOXEHUSA B IMHUU ITPU ¢y, =11,4 ThIC.py0./KM cTOMMO-
ctu 1 km muHunm 110 kB Ha Xene300eTOHHBIX OOHOLIETTHBIX ontopax mjis 11
paitoHa 1o rononeny ceueHuem AC—120 [11, ta6a. 2.3.3], /= 15km;n=1,
k = 68,8. KannTaibHbIe BJIOXEHUS B JIMHUU 3JIEKTPOTIEpeiadyl B BapuaH-
Te 2 COCTaBJISIIOT:

K,=11,4-15-1-68,8=11764,8 trIC. py6. =11,765 MAH pYO.

KanuraabHble BIOXEHUS B ITOACTaHIIMIO BapyuaHTa 2. KanuTaibHbie BJIO-
>KeHUsI B TpaHC(OpMaATOPhI ITPU PaCYETHOM CTOMMOCTH CHUJIOBOTO TpaHC-
(dopmaropa TPIIH-25000/110 [11, ta6a. 2.2.5], ¢, = 84 ThIc. py0 (B LleHAX
1990 rona); n, = 1; k = 68,8.

KanuranbHble BIoXeHUsI B siueiiku BoiktouaTesei 110 kB B BapuaHTe 2
paBHbI 0, Tak Kak 71, . = 0. TakiM 06pa3oM, KanmuTaJabHbIE BIOXEHUS B MO -

CTaHIIMU B BAapUaHTe 2 COCTaBJISIIOT:

K,=84-1-68,8+35-0-68,8=5779,2 thiC. py6. = 5,779 MIIH PYO.

CyMMapHBbIe KalUTaJIbHbIC BIIOXKEHMSI B BADUAHT 2 COCTABJISIIOT:

K, =K, +K, =11,765+5,779 =17,544 mun pyo.

g onpeneseHUsT U3AepKEeK Ha MOKPHITUE TOTePh JIEKTPOIHEPIUU
HEeOOXOIMMO HAWTH MmapaMeTphbl CXeMbl 3aMEIeHUs CeTH, TTPUBEICHHOM
Ha puc. 6.9, 6.

CyMMapHOe akTUBHOE COMpoTuBiIcHUEe ceTn npu R, (AC-10) =

= (0,249 Om/km [11, Ta6a. 1.3.4] u R, (TPAH-25000/110) = 2,54 Owm [11,
Ttabn. 1.4.2].

R =R +R, =0,249-15/1+2,54 /1=3,735+2,54=6,285 Owm.

IToTepy MOIITHOCTH B CETH:

AP . =AP_ -n=0,027-1=0,027 MBr;

TocT

AP, =3-0,105>-6,285=0,208 MBr.

BenuunHa Toka 110 ¢BsI3u 74—76 omnpenensieTcs BeIMUMHONM HAarpy3KH,
MMO3TOMY HE U3MEHSIETCSI.

Yucno yacoB MaKCUMAJIbHBIX MOTEPD T = 2886 4.

TI'omoBble U3AEPKKKM HAa MOKPBITUE MOTEPh AJIEKTPOSHEPTUU B CETU Ba-
pHaHTa 2 COCTaBJISIIOT:

u,, =12-10"-(0,208-2886+0,027-8760) = 1,004 mH py6.

[Nutanue nmorpebuTeneii y3aa 76 B BapuaHTe 2 MOXET OBITh aBapUITHO
MPEKPAILEHO BCIECICTBUE OTKIIOYEHMS TMHUM WM TpaHchopmaropa. Pac-
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yer yiuepoa, CBA3aHHOTO € TepepbIBOM nuTaHus norpeoureneii 111 kare-

ropuu Mo HAAEXHOCTU y37a 76, ompeaensieTcss MO COOTHOLIEHUIO
m

y: yO .Pmax .KB 'En rae KB zz,':lT;si 0; .

ITpu pacuete yiiep0a cienyeT yuecTb: ABa MOCIea0BaTeIbHO BKIIOUEH-
HBIX 3JIEMEHTa — JIMHUIO U TpaHcdopMmaTop (m = 2); cTeleHb OrpaHUYeHUS
MOTPEeOUTENEN ITIEKTPOIHEPTUH, IPU MOJTHOM OTKJIIOYEHUHU & = 1; Makcu-
MaJIbHYI0 MOILIHOCTh noTpedureneii, MBT.

ITapameTpbl moToOKa 0TKa30B JuHUMU ®, = 1,1 oTka3/rog Ha 100 km
u TpaHcgopMmaropa o, = 0,02 orkaz/ron [11, Ta6ma. 2.4.4]. CpenHee BpeMmsi

poccraHosieHus iuHuu 110 kB 7, = 1,0- 107° net/oTtka3. CpenHee BpeMs
BOCCTaHOBJIEHUS TpaHC(HOpMaTOpa 3aBUCUT OT HAJIMU S B CUCTEME PE3EPB-
Horo Tpa"cdopmaropa, T, = 20,0- 10~° 1eT/0TKa3 Npy HAJIMYUU B CUCTE-
Me pesepBHOro TpaHcopmaropa u 1, = 60,0- 10~° neT/0oTKa3 pu ero or-
cyrctBuu [11, Tabm. 2.4.1].

YaenbHbll yiiep0 OT aBapUIfHOTO NEepepbiBa AJIEKTPOCHAOXKEHUS TTOTPE-
outeneit 111 kateropum HagexxHocTn Y, = 25,5, u o = 6 ThIC. py0./KBT =
= 6 MutH py0./MBT [11, puc. 2.2] B ueHax 1990 roga, Torna

Y,=6-25,5=153 man py6./MBr.

Torna ronoBoii yuiep6d OoT aBapuHOrOo MnepepbiBa 2JIEKTPOCHAOKEHUS

notpeouteneii I11 kateropuu HaneXXHOCTU

y:153-14,5-1-(1,1-%-1-10'3 +0,02-20-10‘3j:1,253 MJIH pYyO.

Takum o6pa3oM, IMpUBeIeHHbBIE 3aTPAThl B CETh B BApPUAHT 2 IIPUCOEIM -
HeHus y3J1a 76 COCTaBIISIIOT:
3,=E_-K;+0o,-K, +o,-K +U,,+V,
3,=0,2-17,544+0,028-11,765+0,094 + 5,779 + 1,004 + 1,253 = 6,638 Mt py0.

ConocTaBieHue IIPUBCACHHDLIX 3aTpaT I1OKa3bIBACT, YTO BApUaHT 2 60-
JICC OKOHOMMWYCH, YEM BapHUAHT 1.
Otinuue IIPpUBEACHHDLIX 3aTpaT COCTAaBJIACT

A3=31=32 00 9521063126638 55 0/ _ 60 %,

3, 6,638
MO3TOMY MPEANOYTeHUE OTAAETCsl 00Jiee SKOHOMUYHOMY BapyUaHTY 2.
Takum 00pazoM, NpU TEXHUKO-3KOHOMUYECKOM COMOCTaBJIEHUM Bapy-
aHTOB | U 2 pa3BUTUS pacIipeAcIUTeIbHOI CETU MUTaHUE MOTpeduTenein
y3J1a 76 ocylecTBIIsIeTCs 110 oaHOM auHUM ceyeHneM AC—120 ¢ ycTaHOB-
KOW Ha TmoAcTaHLIMU ogHoro TpaHcdopmaTtopa TPAH-25000/110.
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