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OIIPEJIEJTEHUE OIITUMAJIbBHBIX PAITNYCOB JEHCTBUA
PACHPEJIEJUTEJBHBIX JIEKTPUYECKHX CETEM C YUETOM
HAJIEXKHOCTH DJEKTPOCHABXEHUSA IIOTPEBUTEJIEN

JokT. TexH. Hayk, npod. PYCAH B. U, unx. ITYXAJIBCKAS O. TO.

FBenopycckuii 2ocyoapemsenntil azpaprbiil mexHuueckuti yHugepcumen,
Tomenvexuii 20cyoapemeennviii mexuuueckui ynusepcumem umenu I11. O. Cyxozo

OmnpeneneHue ONTUMATBHOTO Paguyca ACHCTBHS PACIPEACTUTCIBHBIX 3IICK-
TPHUYUCCKUX CETCH OTHOCHUTCS K TCXHHUYCCKUM MEPOIPHUSITHIM U CPSACTBAM IO-
BBILICHUST HAACKHOCTH JJICKTpOCHAOKeHHs motpedureseti. OCOOCHHO aKTyasb-
HBIMH SIBISIOTCS HCCICAOBAHMS PAaguyca JCHCTBHS PACIPCACIUTCIBHBIX CETCH,
MUTAOLINX CENbCKOXO3SIHCTBCHHBIX TOTPCOUTETICH.

Ilpu pemeHuu 3Toii 3agadu HEOOXOTUMO OJHOBPEMEHHO YUHTHIBATH Psi
(hakTOpOB: MPUHUMACMYIO cucTeMy Hanpstkerui (35/6-20 kB, 110/35/6-20 xB
U Jp.), UCIONBb3YEMVYIO IS 3JICKTPOCHAOKCHHS, KOIMYCCTBO MHUTAIOMHX IMOJ-
CTaHIMH, YUCIO PACTPEIACIUTSIBHBIX JIMHUM, OTXOJMIIMX OT MUTAOUIUX MOA-
CTaHIMM, KOIUYCCTBO TMOTPCOUTEIBCKAX TPAHCHOPMATOPHBIX TOACTAHIIMHA
Hanpspkeauem 6—20/0,38 kB; koaudecTBo u AmHy nuHuN HanpspkeHuem 0,38
kB, orxoasmux ot TpaHchOpMaTOpPHBIX IOACcTAaHIMH [1].

Haxoxnaenne ontuManpHOTO paanyca AEHCTBHS IIEKTPUUECKOM CETH — 3a-
Jada ontuMuzauuu. s ee pemeHus HEOOXOIUMO COCTABUTH LICICBYIO (PyHK-
LU0 B BUJAC VACTBHBIX 3aTPaT, BKIIOYAIOIIUX COCTABILIOIIUC 3aTPAT HA CETH
PA3IUYHBIX HAMPSDKCHUH W MOACTAHIMH JUTS CTYIICHYATOW TpaHCHOpMAIHU
3JCKTPOSHEPrud. MUHHUMYM LETICBOH (PYHKIUH MO3BONSICT HAWTH HauOomnee 1e-
JA€COO0pa3HBIC PEIICHUS ¢ YICTOM pa3iudHbix (akropos. [Tpu 3Tom HEoOXOAM-
MO 0053aTCIBHO YUUTHIBATH (PaKTOP BPEMCHH, T. €. H3MCHCHHE HAIPY3KH IO T'O-
JaM, Pa3HOBPEMCHHOCTb 3aTpaT W HAJACKHOCTb BJICKTPOCHAOKCHHS MHOTPEOU-
TEIEH.

[Ipu paccMOTpEeHHH BONPOCOB PacHpeIcICHHS 3JICKTPOIHEPTHH OOLICTPH-
HSITBIM TIOHSTHCM SIBJISICTCS [IOBCPXHOCTHAS IUIOTHOCTh HATPY3KH Po, KBT/kM’
[2]. TIpoBOAUTE TCOPETHUSCKUE MCCACIOBAHUS LIETCCOOOPA3HO ¢ MOMOIIBIO al-
CTParupOBAHHBIX CXCM.

JICKTPUUCCKUE HATPY3KH CEIbCKOXO3SIMCTBCHHBIX PAOHOB B ONMPEACICH-
HOU CTEMCHU MPONOPLHOHATBHBI IIOMAAH 3eMEIbHBIX yroaui. OHu bonee pas-
HOMEPHO paclpeaciICHbl M0 TEPPUTOPUH MO CPABHCHHUIO C HArpyskaMHu B IpoO-
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MBIITIEHHOCTH WM B ropoxax. [loaToMy mpum ompeaeneHnn onTUMaIbHOTO pa-
Juyca ACHCTBHS CEMBCKOU PACTIPCACTUTCIBHON CETH HArpy3Kd OVAeM paccuu-
THIBATh HCXOS M3 YACTbHON MOBEPXHOCTHOH MIOTHOCTH Py, KBT/kM’, cumtas
HX COCPECAOTOUCHHBIMHU B HACCTICHHBIX MYHKTAX.

Paccmotpum moOVIO HNpPakTUUECKH HEOTPAHHYCHHYIO TEPPUTOPHIO B BUAC
KBaJpaTa CO CTOPOHOMU 2d, 3aBEAOMO OOBINYIO, YeM MOKET OBITh OXBAYCHA OT
onHoH moactanumn. DopMoil kBazpaTa LEnecOOOPa3HO BOCIONB30BATHCA KaK
HauboJee MPOoCTON TeOMETPUICCKOH (PUTYpOH.

Paguyc BnmcaHHOH B KBagpaT OKPYKHOCTH OVAEM VCIOBHO HA3bIBATh Paid-
ycom oxBata. [ lodyumB KOHEUHBIE PE3YIbTATHI, KBAAPAT MOXKHO 3AMEHHTH ILJIO-
aJbI0 PABHOBEIHKOrO MICCTHYTOIBHUKA, KPYra WK Jr000H PYrod reoMeTpH-
YecKOH (UIyphl U COOTBETCTBYIOLIMM 00pa3oM mepecuurtath paauyc. [lonarue
«paanryc OXBaTa», WIH «Paanyc ACHCTBUM) CETH, XapaKTEPHU3YET MPEKAE BCETO
pasMep TEPPUTOPHH, HATPY3KH KOTOPOM NMHTAIOTCS OT MOJACTAHIMH PacCMaTpH-
BACMOT'0 HANMPSDKCHUA [2].

PaccvorpuM Bompoc HaxXOXACHUA ONTHMAIBHOTO paauyca AEUCTBHA pac-
NPEACIUTENRHON cet HampsokeHueM 10 kB, moakmouaeMol kK TATArOMCH moa-
cranimu Hanpspkeruem 110(35)/10 kB u nurarommeli ceapCKOXO3MHCTBCHHBIX
notpebuTenei.

VY aenpHBIE pactueTHBIE 3aTPaTHI 1O MEPEAatic M PaclpEaeICHUIO JIEKTPOIHED-
THH C VICTOM TICPCICKTHBHOIO POCTA HATPY30K OMHUCHIBAIOTCS VPABHCHHUCM [ 3]

_mP*  ynP*PRR  \ByBpthj. . meP*

3, = + + R+ , 1
" 2R 43Ucosq, 4Ucosp-10°  4R? M

T My — COCTABILIIOIIAS CTOMMOCTH JTHHHH, HE 3aBUCAIIAS OT CCUCHUS IPOBO-
JI0B, py0.; P* — ko3 PULMEHT, YIUTHIBAOIUN CKETOMHBIC OTUHCACHUS OT
MIEPBOHAYAIBHBIX BIOXKECHHH, R — paanyc AEHCTBHA PacIpeIeUTENbHON CETH,
KM; Y — KO3(Q(HLHEHT, XapaKTepH3YIOIINH TEPPUTOPUATBHOC Pa3MCIICHHE
HArpPy3KH; # — TO K€, VIUTHIBAIOIINN BO3PACTAHUE CTOMMOCTH JHHUHU B 3aBHCH-
MOCTH OT CEUCHHS MPOBOJOB, pyD.; { — BpeMs skcmnyaranuy, jer;, U — Hanps-
JKCHHC PaCIpeACIUTENbHOU ceTh, KB; cosp — k03 (PUIIMEHT MOIHOCTH Harpys3-
KH PacIpEeACIUTCIPHON CETH; j, — IUIOTHOCTh TOKA B MPOBOJAX B MOMCHT Bpe-
MeHH f, A/MM’; B — CTOMMOCTb BIEKTpOdHEpruH, pyo./(kBru); p — yaempHOE
COMPOTHBIIEHHE TPOBOIOB, OM MM /KM; T — BPEMS MAKCHMAJIBHBIX TIOTEPS, 1, P,
— MOBEPXHOCTHAS IIOTHOCTh HATPY3KH B MOMEHT BPEMEHH f, KBT/kM™; My, —
MOCTOSIHHAS YacTh CTOMMOCTH MOJCTAHLIUH, PVO.

[Tpu BEIOOpE ONTHMATIBHOTO paauyca ACHCTBHUS CCTH HEOOXOANMO YUHTHI-
BaTk (PAKTOP HAAEKHOCTH BICKTPOCHAOKCHHS, T. €. B CYMMApPHBIC PACUCTHBIC
3aTpaThl HCOOXOJUMO BKIIOUHTh TAKYIO COCTABIAIOLIVIO, KaK VIIEpO OT HEXo-
OTITYCKa DJICKTPOIHEPTUU HOTPEOUTEISIM MPH MEPEPHIBAX 3ICKTPOCHAOKCHHUS

W
y:yOAW:yO—HNT:yO—HT
8760 8760
IAC Vo — VACTBHBIN VIIEPO OT HEMOOTIYCKA SJICKTPOIHCPTUU MOTPEOUTENSIM,
py0./(kB11), W, — BenuuuHa rog0BOro NOTPEOICHUS AKTUBHOH 3ICKTPHUCCKOM
sHepruu, KBru; N — KOIHYECTBO BHE3AMHBIX OTKIFOUCHUH OTPSOUTEIICH B TOA,

= 2

OTKIL./TOA; T — CPEAHASA MPOAOKHUTSIBHOCTh OJHOIO BHE3AMHOIO OTKITIOUC-
HUS, 4.
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Hna BJI 10 xB 3HaueHue yinepba mpuMeT BHI

w,

= T T R 3
yo8760 10 ()

TAC Tip — TOAOBAS PACUCTHAS MPOJOIKUTCIBHOCTh OTKITIOUCHHUM PaCIpeaciu-
tenbubixX guHui 10 kB, kotopas onpeaensiercs mo Gopmye

Tio = Qoo C))

TIE Olyp — VACNBHAS TOOOBas PacuycTHAs MPOXOLKUTEIBHOCTh OTKIIOYCHUH TTH-
Huit 10 kB, u/(roxxm). Jna BJI 10 kB npu pacuerax mpuHHMaeTcs Oy =
= 0,9 u/(roa-xm) [3].

To ecTe BepoATHAS JIUTEIBHOCTh OTKIIOUCHHH MOTPEOHTENS MPOMOPLIHO-
HanpHa qmuHe BJL. Torpa yinep6b oT HemooTmycka 37I¢KTPOSHEPTHH

W
Y, = vo—"—a, KR, 5
t y08760 108 (%)

rae K., — koo pumnment kxpusuzHl Tpaccs Maructpamu BJL

Tak kak MOBEPXHOCTHAS IUIOTHOCTh HATPY3KH H IUIOTHOCTh TOKA SIBJISIOTCS
(YHKUHEH BPEeMCHH, TUHAMHKY MCPCICKTHBHOTO POCTa HATPY30K MOXKHO OIH-
cath creayrommmu hopMyaamu:

F=h+e): j.=jo(l+e), (6)

rae Py — HCXOJHAs MOBEPXHOCTHAS IIOTHOCTh HArPY3KH, KBT/KM™; jo — Hauab-
HAsl [IOTHOCTh TOKA B IMPOBOAAX, A/MM’; € — KOI((HUIHEHT, XapaKTEPU3YIOMHi
JUHAMHUKY POCTa HATPY30K.

JuHaMHKa IEPCHIEKTUBHOTO POCTA 3IACKTPONOTPEOICHHUS

Wa =Wao(l+8), (M

rae Wy — UCXOJHAd BEIUYHMHA TOAOBOTO MOTPEOJICHUS AKTHBHOW 3NCKTpHYC-
CKOM 3HEpruu, KB 4.

VY aenpHbIE pacueTHBIE 3aTPaThl IO IMEPEAAdYEe U PACIPEISICHHUIO 3JIEKTPO-
SHEPTHH € YYETOM HAACKHOCTH 3JICKTPOCHAOMKCHUS, MEPCICKTHBHOIO POCTa
Harpy30K U JUCKOHTHPOBAHH 3aTPAT ONHUINYTCA YPaBHEHHEM

my P * L ownb *PR N 3yBph iR N My P* N YolioKyp

2R 43Ucosqj, 4Ucosq-10°  4R? 8760
3t = R (8)
(1+E)

ot

rac F — HopMa AUCKOHTA.
PacuerHpie 3atpaTel IO TEpedave M PACHPEACTICHHIO 3JICKTPOIHEPTHH 3a
Bech riepuon T coctapaT

mP*  ynP*RR - 3WBptR R | miP* | yiouKy
T 2R 4BUcosq, 4Ucosp-10° 4R> 8760
-0 (1 + E)t

ot

3=

t

©)



Ecnu pacuerneiii nmepuox pases 7' rogaMm, To:

P =P3+e); Jo =(1j—’;)T; W =Wy(l+e), (10)

TI€ j; — KOHE4Has (IPEAebHO JOMYCTUMAs) IIOTHOCTh TOKA B HPOBOAAX IS
3aJaHHOTO PACUETHOTO CPOKA.
PacuerHBIN CpOK MPUHAT PaBHBEIM BOCEMB JIeT. Torma

mP*i ynP* BR 7(1+8)2f+\/§prtE)JkRZ7:
2R S (+E) 4\/§UCOS(ij = (1+E)y A4Ucose-103 < (1+E)t
% K
+mncP Z 1 +Y0a10 HO Z (1+8) (11)

AR S (1+E)y 8760 “(1+E)

[Tpupasnss npoussoaHyio d3/dR K HYIIO, MOCTE TPEOOPA3OBAHNIN TOTYIHM

yrP* P & (1+e) \/_\|/[3p'cP0]k Z yoocloKKp Z (1+¢g)
iU cosqr, = (1+ By 4Ucosp-10° 2 (1+E)f 8760 & By |

mP*i chP*i 1 0 (12)
1(1+E)f 2 ZA+Ey

B ypasnenue (12) moactaBiasieM CACAYIONIME 3HAYCHUS (CTOMMOCTHBIC TTOKA-
3arenu npuHsTH B ieHax 1980 r. [4]):

U=10xB; p=0,31 Om-mm*/rm; cosp=0,9;e=0,1;
CTOUMOCTHBIC ITOKA3ATCIIN
n=12 py6./mmM’; my, = 10-10° py6.; m, =0,5-10° py6.; B = 0,02 py6./(xkBt-u);
P, =5 xBr/xvm’; P*=0,1;/, =215 Alv’; w=3;1=1430u; E=10%,;
pacuetHbIll cpok 1= 8 et (1. €. 1 = 0-7);

o = 0,9 9/(roxxm); K, = 1,4; yo — B3sTI 3HaueHHs ot 0,05 10 0,75 py6./(xB11);
W = 100000 xBtu.

Torma mns pas3HBIX 3HAYEHWH Yy, THOIYYMM VPaBHEHHA, IPEICTABICHHBIC
B Ta0n. 1. JlelicTBUTENBHBIC KOPHH YPABHCHHUS TAKXKE CBEACHH B Ta0m. 1.

Tabnuya 1
OnpeneseHne onNTUMAILHOTO paanyca Jeiicreusi cern 10 kB
Vo, py6./(xBT1) YpaBHeHUE Ropt, KM
0,05 7,37TR* = 146,71R - 29342 =0 8.25
0,1 13,12R* = 146,71R = 29342 =0 6,68
0,24 29,23R* - 146,71R = 29342 =0 5,01
0,4 47,64R* - 146,71R = 29342 =0 4,21
0,55 64,90R* — 146,71R = 29342 =0 3,77
0,75 87,92R* — 146,71R —2934,2 =0 3,39

Ha puc. 1 mokazana 3aBHCHMOCTh ONTHMAIBHOTO paguyca ASHCTBHA CElb-
ckoii anekTpudeckoit cetu 10 kB ot yaeapHOro ymepoa.
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Ropt =3,105y,">

\
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8
Yo, py0./(kB1-1)

Puc. 1. 3aBUCUMOCTH OIITUMAIIBHOTO Pajiyca JSHCTBUS CEIIbCKOH
pacIIpeIeUTeIbHON CeTH OT yienpHoro yimepoa (K = 10 %)

C moOMOIIBI0 METOMA HAUMCHBINNX KBAAPATOB YCTAHOBICHA (hopMa 3aBUCH-
MOCTH R OT Yo: Rope = 3,105y,

Jist TOro 4TOOBI YCTAHOBUTH, COOTBETCTBYET JIM BRIOPAHHASI PETPECCHOHHAS
MO/ICNIb MOIYICHHBIM AAHHBIM, UCIOIB3YETCS OCHOBHOC YPABHCHHE TUCIICPCH-
OHHOTO AHAJIN3A

Q=0 +0,. (13)

rae () — o0Imas cymMMa KBaApaToB OTKIOHCHUH BEIXOAHOH MEPEMEHHOU OT Cpea-
Hel; Oy — cyMMa KBaApaToB, OOYCIOBIECHHAs perpeccuer; (J, — octaTodHas
CyMMa KBaJpaToB.

Jns 3a7aHHOTO VPOBHS 0. HAXOJUM KPUTHYECCKOC 3HAYCHUC PACIPEICICHHUS
F., ®umepa npu ky =/—-1; k, =n—/ crenensax ceoboasl (n — unciao HabOmMOAE-
HUM, [ — YKUCI0 OLCHUBACMBIX MAPAMETPOB B HECTPYIIITHPOBAHHON BBHIOOPKE).

Ecau cratncruka

o Q‘b(n 1) >F1<p:
Qo (Z - 1)
TO YPAaBHCHHE PEIPECCHU CUHUTACTCS 3HAYHMBIM, T. €. COOTBETCTBYIOIIUM 3KCIIC-
PHUMCHTAITBHBIM JAHHBIM HAa YPOBHE 3HAYUMOCTH OL.
Js Hamero ciyuast Ha yposHe 3HauuMoctu o = 0,05 umeem F, = 7,71 [5]

u > K, c1eaosaTenbHO, ypaBHEHUE PETPECCHU 3HAYUMO.

(14)

Jns cpaBHECHHS BBINOMHEH PAcyueT ONTHMANBHOIO paiauyca ACHCTBHSI pac-
MPCACTUTEIBHON ceTH 0€3 yueTa HaIeKHOCTU 3JICKTPOCHAOKEHHS NOoTpeduTe-
aeit Rope = 14,75 k.

Ha puc. 2 nokazans! 3aBucuMoctd R = AW, yo).
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Puc. 2. 3aBUCHMOCTb ONITUMAIIEHOIO pajuyca JEUCTBUS CENIbCKOM pacIpeleTUTEIEHON
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py6./(xBru), E=10 %



B Tabn. 2 nmpuBeaeHH 3HAUCHUS ONTHMAIBHOTO PAIHyca R, MOTYICHHBIC
st HopMbl quckonTta F B quanasone 10-14 % wu pasaudHbIX 3HAUCHUN YICTb-
HOTO yiiepda yo, MPH UCXOTHOM T'OJOBOM MOTPCOJICHUHM AKTHBHOH JJICKTPHUC-
ckott sHeprun W, = 100000 kB4,

Tabnuya 2
3aBHCHMOCTH R oy OT YAC/ILHOTO YIIepGa H HOPMbI JUCKOHTA
Vo, py6./(xBT1) 0,05 0,1 0,24 0,4 0,55 0,75
E, % Ropt, kKM
14 8,32 6,73 5,04 4,24 3,80 341
13 8,30 6,72 5,03 423 3,79 341
12 8,29 6,71 5,02 4,22 3,79 3,40
11 827 6,69 5,02 4,22 3,78 3,40
10 8.25 6,68 5,01 4,21 3,77 3,39

AHaU3 MOJYYCHHBIX JAHHBIX [MOKA3BIBACT, YTO HOPMA AUCKOHTA F B mpeae-
aax 10-14 % wHe Oka3pIBACT CYIICCTBEHHOTO BIIMSHHS HA 3HAYCHHUC OMTUMAJIb-
HOIO paguyca ACUCTBUS PacIpeAcIUTEIbHON CETH.

BbIB O I bl

UccnenoBano BmusHHE pasnHYHBIX (PAKTOPOB HA 3HAYCHHE ONTHMAIBHOTO
paauyca ACUCTBHS CEIbCKOH pacnpeacaureapHoi cetu 10 kB, 3HaucHue onTu-
MaJIBHOTO Paguyca JEHUCTBHS JIMEKTPUUIECKIX PACIPEACTUTEIbHBIX CETEH, MTOIY-
ueHHOEC 03 yueTa HAJCKHOCTH 3ICKTPOCHAOKCHUS MOTPEOUTENCH, COCTABUIIO
14,75 xm. Yuer ¢akropa HAACSKHOCTH NPUBET K COKPALICHUIO ONTHMAIBHOIO
paauyca mo 3,39-8,25 kM (B 3aBUCHMOCTH OT BETMYUHBI YACTBHOrO ymepda).

B peanpHbIX VCIOBUAX MPOCKTHPOBAHHUS BO3ZMOXKHBI HEKOTOPBIC OTKIOHCHUS
OT PacueTHOrO 3HAYCHUS Ry, CBA3AHHBIE C MECTOIOJIOXKEHHUEM HCTOUHHUKOB
3JCKTPOIHEPIUH WIH HEOOXOOUMOCTBIO OXBATa 3JICKTPOIHCPIHEH BCEX MOTpE-
ourerneti [3].

B mepcnektiBe HEOOXOOUMO CTPEMHUTBCS K CHHXKCHHIO Paguyca ACHCTBHS
cenpckux cerer 10 kB mpumepHO 10 7 KM, Kak 3TO MPUHATO BO MHOTHX 3apy-
OCKHBIX CTpaHax [6], UTO MO3BOJIHT COKPATUTh KOMHYCCTBO MOBPCIKICHHH
U YMECHBIIHTE VIIEPO OT HEAOOTIYCKA IJICKTPOIHEPTUH HOTPEOUTEISIM.
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