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CHUHTE3 CTPYKTYPU MEPEK EJIEKTPOIIOCTAYAHHA
HIANMPUEMCTB AIIK, IO MICTATD
BITPOEHEPTETUYHI YCTAHOBKHA

3a0oaoruuid A.Il., K.T.H.

3anopizbKuil HaYIOHANLHUU MEXHIYHUU YHIGepCcumem
Ten. 061 7698280

Anomauia - 3aNIPONIOHOBAHO 3aCTOCYBATH METOJ €KBIlIOTeHUIa-
JIbHUX NOBEPXOHb JJIA MOOYAOBM ONTHUMAJBLHOI, 3 TOYKH 30py BTpPAT
€JIEKTPUYHOI eHeprii, CTPYKTYPH CHCTEM eJIeKTPONOCTAYaHHS, 10 Mi-
CTATH BiTPOCHEPreTUYHiI YCTAHOBKH.

Knwuosi cnosa. BITpOeHepPreTHYHiI YCTAaHOBKHU, CTPYKTypa CHC-
TEeM EJEKTPONOCTAYAHHS, METOJ EeKBIllOTCHUiaJbHUX IOBEPXOHb,
BTPATH €JICKTPUYHOI eHepril.

B nanwmii yac cnoctepiraerbcsi MOCTIMHE 3POCTAHHS YACTKH «MaJIOi»
reHepairii B eneproodananci mianpuemctB AIIK. Ile mos'si3ano 3 mupokum
BIPOBAKEHHSIM BIJTHOBITIOBAHUX JKEPEN €JIeKTPOeHeprii, 1 30KkpemMa, BiT-
poeHepreTuaHUX yctaHoBOK (BEY).

Ha cworomnimHii ners mMani (moryxHictio 10 20 kBt) BEY B ocHo-
BHOMY BUKOPUCTOBYIOThCS SIK aBTOHOMHI Ta PE3€pBHI CUCTEMHU €HEpros3a-
oe3nedyenHs. OgHaK, OCTaHHIM YacOM, BC€ OUIBII MIMPOKO CTaJIu BBOJIUTH-
Cs B EKCIUTyaTalll0 O0'€KTH 3 KOMIUIEKCHUM BHUKOPUCTAHHSAM JEKUIBKOX
MajiuX BITPOEJNEKTPOCTAHIIM, sIKI BUPOOISIOTH YK€ MPOMHUCIOBI 0OCATU
€JEKTPOCHEPTIl K JJI1 BIACHUX IIIJIEH 3 MOKJIMBICTIO MEPEKEBOrO IIJIK-
JIOUEHHS, TaK 1 JJIS MPOJAXy €JIEKTPOEHEPTii B Mepexy ado 1HIIUM CIHO-
KUBAYaAM.

3a JaHUMU JOCIIKEHHS, TTPOBEICHOTO Y KPaiHCHKOIO BITPOCHEpTe-
tuuyHOI0 acomiamiero (YBEA) timekm 3a meprr 10 pokiB He3aJIe:KHOCTI
VYkpainu B kpaini BctanoBieHO Oym3bko 1170 BiTpoarperartiB MOTYKHICTIO
koxeH 70 10 kBt. V 2010 pomi cymapHa BcTaHOBJICHA MOTYKHICTh CKJIaia
Bxke 600 kBT. [Ipu woMy, BiTporeHepaTopy Majioi MOTYHOCT1 YKPaTHCHKO-
ro BUPOOHMIITBA CKJIaau B oauHUIIX 39% 1 3a moryxHicTI0O 49% dacTku
YKpaiHCHKOI'O PUHKY, a iMmopToBaHi 9/% 1 51% BianoBigHO, IO XapakTe-
pU3Yy€ IMparHeHHs YKPaiHCHbKOT'O PUHKY CIOKHMBAYiB JO BITPOTr€HEPATOPIB
BITYM3HSIHOI'O BUPOOHUIITBA, IPH YOMY, OUIBIIICTh 3 SIKMX MITKIIOYAE€THCS
70 SJCKTPUIHUX Mepex [1].

© 3abonoTHuil A.Il.
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Ha >xanp, Ha cbOromHiIIHIN AeHb 30UIbIIeHHS yacTKu BEY B 3aranb-
HOMY 00Cs131 T€HEpOBaHOI €JIEKTPOCHEPrii CTBOPIOE PsiJl 3aralbHOCUCTEM-
HUX TEXHIYHUX MTpoosieM [2]:

- YCKJIQJJHEHHSI JIUCHETYEPCHKOrO YIPaBIIHHS €JIEKTPOCHEePreTHyY-
HOIO CUCTEMOIO;

- YCKJIQJJHEHHSI CUCTEMH PEJIEHHOTO 3aXHCTy Ta aBTOMATHKH, a Ta-
KO MTPOTUABAPIMHOrO YIpaBIiHHS;

- ko)kHa BEY Mae cBoi AMHaMiuHI XapaKTEepPUCTUKH 1 MOKIHUBOCTI
YIOpaBJiHHS, 110 MPU3BOJUTH 10 HEOOX1JHOCTI BUPIIICHHS MPOOJIEM €IEKT-
POMarHiTHO1 CyMICHOCTI;

- 30UIBIICHHS CTPYMIB KOPOTKOT'O 3aMHUKaHH, IO MPU3BOJUTH 10
3aMiHM KOMYTAIlIHHUX anapaTiB, 3MIHM HaJAIITYBaHb 3aXUCTIB Ta 1H.;

Ane ocHOBHA mpobyieMa HEY3TrO/KEHOTO MPUETHAHHS PO3PI3HEHUX
BEY 5o mepexi - e CKJIaIHICTh YIMPaBIIHHS 1 MPOrHO3yBaHHS PEKUMIB
poOOTH €HEeProCUCTEMH, MOB'I3aH1 3 BUHUKHEHHSIM MEPETOKIB MOTYXKHOCTI
0 MEPEXI.

Tengenuii 3poctanHs TapuQiB Ha €IESKTPUUYHY €HEPrit0 00YMOBIIIO-
I0Th 3Ha4YHE 30UIBIIEHHS CKJIaJ0BOI BAPTOCTI BTpAT €JIEKTPOEHEPrii B Me-
pexax mpH ii nepenadi 1 po3noAuti. Oco0IMBOI aKTyaabHOCTI 1€ Ha0yBa€ B
Mepexax enexkrponoctadanus mianpuemcts AlIK, mo o6ymoBieHo ix mpo-
TSKHICTIO, PO3TATY>KEHICTIO Ta BUKOPUCTAHHSIM HU3BKUX KJIACIB HAMIPYTH.

3MEHIIIEHHS CKJIaJJOBOI BapTOCTI BTPAT EJIEKTPOEHEPTii MOKIMBE
JUIIE NUIAXOM ONTUMI3alli CTPYKTYpH M1 4ac PEKOHCTPYKIIT ICHYIOUHMX
MepeX eJIEKTPONOCTaYaHHS.

KirouoBuM 3aBAaHHsSM Opu (POPMYBaHHI ONTUMAIBHOI CTPYKTYpHU
MEPEK1 EIEKTPOIIOCTAaYaHHA € 3a7a4ya BU3HAUYCHHS KIJIBKOCTI JHKEpen KUB-
JICHHS 1 pO3MOJILI 32 HUMU MPUKUMAaYiB €JIEKTPOSHEPTii, a TaKOX 00JaHaH-
HSl IPOMDKHHUX BY3JIiB HABaHTKEHHS (PIBHIB PO3MOALIBUOTI MEpexi) 3 ypa-
XyBaHHSM po3pi3HeHux BEY.

OCHOBHI MiIXOAMW MPU BUPILICHH] 3aB/IaHb MMOOYIOBU ONTUMAIILHOT
CTPYKTYPU MEPEXI1 €ICKTPOIocTayaHHs 0a3yrThCs Ha BUKOPHUCTAHHI OIli-
HOYHUX Ta onTuMi3aniiaux mojenei [3]. [lepmri cimyxaTh i BU3HAUCHHS
TEXHIKO-€KOHOMIYHUX MOKA3HUKIB JIJISl 33JIaHOTO MPOEKTYBAIIBHUKOM Bapi-
aHTy Mepexi. JIpyri - ans BU3HAUYEHHS! ONTHUMAIbHOTO BapiaHTy KOHPIry-
paiii Mepexi B MexXax NPUUHATUX MNPOEKTYBaJIbHUKOM MPUITYIEHb BIAMO-
BIIHO JI0 MPUIHATOrO KPUTEPit0 onTUManbHOCTI. [Ipu nboMy B ontumiza-
HIMHUX MOJENSIX HEOOXITHO BPaxOBYBAaTH JUCKPETHICTh JACSKUX BEJIUYUH
(mepeTuH MpPOBOJIB Ta Ka0OeNiB, MOTYXHICTh 1 KIIBKICTh TpaHC(HOpPMaATOPIB,
KUIBKICTh IpHeaHanb 10 PIT1T1.1.).

AHani3 iICHyIO4YUX MiAX0A1B 10 (OPMYBaHHS CTPYKTYPHU CUCTEM elie-
KTPOIMOCTAaYaHHsI TOKa3aB, IO ICHYE METOJl, 3[JaTHUM BHUPINIYBATU BHILIE
nepepaxoBaHi 3aBJAaHHS OJHOYACHOTO - I1€ METOJ €KBIMOTEHIIAIbHUX I10-
BEpXOHb [4].
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CyTb METONly €KBIMOTEHIIAIbHUX KOHTYPIB IMOJSAra€ B MPOBEICHHI
aHaJorii Mk HaBaHTaXeHHSAM mpuiiMadiB (P;), po3TamoBaHMX B TOYKax
(X;;yi), 1 moTeHIiaIaMK ACSIKUX JKEPell €Heprii, po3TalllOBaHUX B THUX K€
toukax. [loTeHmianu mux mpKepes AOPIBHIOIOTh HABaHTAXXEHHSM MpUiiMa-
yiB. [Ipm BimmameHHl BiJg TOYKH PO3TallyBaHHS MpUMada MOTEHIIAN BiJ
JDKEpelia, po3TalloBaHOTO B TiM caMiil TOYIll, 3MEHITYBAaTUMEThCA 1 B Jie-
AKUX BIJJAJICHUX TOYKAaX MOTEeHIIan Oyae Onu3bkuid 10 Hyms. CyKyInHICTb
yCIX TMOTEHIIaNIB JKEepeN €HEprii yTBOPIOE MOTEHIIMHY MOBEPXHIO, SIKY
MOHA OMHUCATH MOTEHIIIHOT QYHKIIIEIO

n 2 2
Tixy) =3 oo baan [Py ]’ (1)
i=1
e Oapi — KOe(IIIEHT, SIKUM BpaxoBYy€ BTpPaTH MOTYXKHOCTI BiJl
JoKepesia JKUBJICHHS 10 MMpUitMaya
P’ p
OAp = —5———
YU ZOE(R) (2)

7€ p — MUTOMMI OMip MaTepiany IPOBITHUKA;
F(P;) - mepepi3 mpoBiTHWKa BH3HAYAETHCS K (DYHKILS BiJ mepe-
JaHOT OTY>KHOCTI;
U; - nanpyra,
Pi - mOTYy>XHICTh pUiiMaya.

BukopurcranHs 3amponoHoBaHoro koedimieHTa oapi (Bupas (2)) mae
MOXJIMBICTh BiJIpa3y OLIHUTH CTYHiHb MaWOyTHIX BTpaT B MPOBIAHUKOBO-
My MaTepiajil Ipu BU3HAYEHHI LIEHTPY €JIEKTPUUYHUX HABAHTAKEHb.

®Oyukiis (1) € ocHOBOIO A "HOTEHIIMHOro" KpUTEpito Bimbopy, 3a
SAKUM Ha MOTEHIIWHIN MOBEPXHI, SIKY YTBOPIOE (PYHKIIisl, BU3BHAYAETHCS TO-
YKa MaKCUMyMYy moTeHiiany. Lls Touka Hajganl BUCTYMAae B POJl LEHTPY
€JIeKTPUYHUX HaBaHTaxkeHb. [Ipuiimaui, siki OyyTh OTPUMYBATH KUBJICHHS
B1Jl IbOTO LIEHTPY €JIEKTPUUYHUX HABAHTAXKECHH 32 'TOTEHI[IMHUM'  KpUTEPIi-
€M BU3HAUYAIOTHCS SIK MpuiiMadl, skl Opaiv ydacTh y (pOpMyBaHHI MaKCHU-
mymy GyHKIIT (1). Il mpuitMadi 3apaxoByOTHCS 10 'TIOTCHIIHHOT ' TPYIIH.

AHaJOriyHy MOBEpPXHIO MOkHa moOyayeatu i qisi BEY, ne Pi
NMpuiiMae 3HAYCHHS, SKE JIOPIBHIOE BEIMYMHI €HEprii, IO TeHEePYEThCS
TaKUM JKEPEJIOM €HEPrii, aje 31 3HaKOM MIHYC.

Haknanenns qux ABOX MOBEPXOHb MPU3BOAUTH 10 3MIHM KOOPAUHAT
MaKCUMyMy, TUM CAaMUM YTOUHIOIOTHCS KOOPJIMHATH YCTAHOBKHU JKepelia
KUBJICHHS.

«IloTeHiiiina rpyna» € 3aKiHYEHUM CTPYKTYPHHUM €JIE€MEHTOM Maii-
OyTHBOI PO3MOALILYOI MEpexKi, aje Tou (akt, 1Mo npu popMmyBaHHI "TOTE-
HIIMHOT Tpynu Oyiu BpaxoBaH1 JUIIE PO3TAllyBaHHS MpUKMAaviB BiAHOC-
HO OJIMH OJIHOTO 1 OYIKYBaH1 BTpaTH €JIEKTPUYHOI €HEeprii B po3noALIbYin
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MEpexi, HE J1a€ MOKJIMBOCTI 3alIPOBAIUTH "TOTEHUIMHY" TpyIly B MailOyT-
HIO PO3MOAUTRHY MEPEXKY, TaK sIK KpiM BpaxoBaHHX (haKTOPIB Ille HEOOXi-
HO MPOBECTH Y3TO/UKEHHSI MaHOYTHHOI "TOTEHLINHOI TI'pylnu 3 MOXJIUBUM
KOHCTPYKTUBHUM BUKOHAHHSM BY3J1a HABAHTAKCHHSI.

JInst BUpIllIEHHS LBOTO 3aBJAaHHS BUKOPHUCTOBYETHCA ' TEXHIUHHM'
kputepiid. "TexHiyHUN'" KpuTepid Bi1OOPY BUKOHYE (YHKIIIIO Y3TOIKEHHS
npuiiMadiB  "MOTEHIINHOI" Tpynmu 3 MOXJIUBHUM KOHCTPYKTHBHUM
BUKOHAHHAM ii JpKkepena >kuBjieHHs. Kputepidl i€ HA OCHOBI IMPUHIUITY
HAJIMIIIKOBOCT1 ''MOTEHLINHOI Tpynu MO BIAHOUIEHHIO 1O TPAaHUYHHUX
yMOB ''TexHiuHOro" kputepiro. Ha ocHoBi B3aemonii "moreHuiiiHoro" i
"TeXHIYHOTO" KPUTEPIiB BIIOOPY CKIIAIAETHCS aJITOPUTM METOY.

[Ipunuun poOoTH airoputMy 0a3yeTbcsi HA YTBOPEHHI 3BOPOTHHUX
3B'S13KIB, K1 OXOIUIIOIOTH 00MABA KPUTEPIi 1 CTBOPIOIOTH YMOBH JUIsI CTAHO-
BJICHHSI QJITOPUTMY K CAMOOPTaHi3yr4oi MOJENI CUHTE3a CTPYKTYpU Me-
pexI.

Posrasigatoun kputepii BiAOOpY SIK rpaHUYHI YMOBU () YHKI[IOHYBaH-
HS MOJEJ1, 3alpONOHOBAHUN MIAX1J Ja€ MOXJIMBICTh 3aKIaJCHHS B HHUX
JUCKPETHOCTI KOHCTPYKTUBHUX YMOB BUKOHAHHSI CTPYKTYPH MEpEXi, AKa
MictuTh BEY, 1 unm moBHime mepeHeceH1 11l yMOBU B KpuUTepii Bigoopy,
TUM OUITBIIIE MOKJIMBOCTEN MOOYAyBaTH ONTUMAaIbHY CTPYKTYpPU TaKOi Me-
pexi [5].

TakuM 4YUHOM, CUHTE3 CTPYKTYpPU CUCTEMH €JIEKTPONOCTAYaHHS, 110
Mmictuth BEY, MOXHa npeacTaBUTH y BUTIISIIL HACTYITHOTO aJIrOPUTMY.

Ha nepiiomy etani OyayeTbesi MOTEHIIIITHA TOBEPXHS AJIsl €JIEKTPOI-
puiiMadiB B PEKUMI1 CIIOKUBAHHS.

Ha npyromy etani OyayeTbcsi MOBEpXHs Mg pexumy, B sskux BEY
BUPOOJISIIOTH €JIEKTPOCHEPT1I0 B MEPEKY.

[ToTiM mpoBOAUTHCS HAKJIAJIEHHS IMX TTOBEPXOHb 1 HA CyMapHiil mo-
BEpPXHI BUAUISETHCS MaKCUMYM (DYHKIIIi, B KOOpJIMHATAX SIKOTO 1 OyJie po3-
TaIllIOBaHE JIKEPEJIO KUBJICHHS.

BaxxiuBUM MOMEHTOM y BU3HAUY€HHI IUX KOOPJAUHAT € OOJIIK 30H 3a-
OOpOHM MPOKJIAIKM JIIHIM 1 YCTAHOBKHU JKEPEI KUBJIEHHS. [ 1boro Mo-
JIMBO BUKOPUCTOBYBATH METOJIM PO3MI3HABAHHS 00Opa3iB, BIJMOBIAHO IO
AKUX TIepe0ayeHo po30OUTTS MPOCTOpy 00'ekTa, Ha 00JACTi, SIKI HE mepe-
TUHAIOTHCS, KOXKHA 3 SIKMX BIAMOBIJAE€ BiAOOPaXKEHHIO OJHOIO 1 TOTO XK
KJIacy, JIO SIKOTO JIOITYCTUMO eJIeMEHTapHUN MaTeMaTHIHuiA omuc [6].

B pesynbrati BiaOOpy eneKTponpuiiMadiB 3a BUIIEBKA3aHUMU KpU-
TepiaMu (OPMYETHCS Tpyna €IEKTPONpPUNMAaUiB MEPUIOTO JKEpena KUB-
JIEHHS, 10 BUKJIIOYAETHCA 3 MOJANBIIOTO PO3TIIALY pU GOpMYyBaHHI CTPY-
KTYpU MEPExKI.

[Ticiis mporo, 3HOBY OyayroTbes nBi (skmo 3anmumwiics BEY), a6o
omHa (sixmo Bci BEY mpuennaHi 10 JoKepen KUBJICHHS) OTEHITIHHI TTOBe-
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pXH1 1 301MCHIOETBCS (OPMYBAaHHS TPYNH EIEKTPONpPUNMAUiB JIPYroro
JDKEepeia JKUBJICHHS.

VY pe3yabTaTi MUKIIYHOT Jii (0 THX Mip, TOKH BCI eJIeKTponpuiiMadi
HE OTPUMAIOTh CBOE JKEPEIIO KHUBJICHHS) (GOPMYETHCS pajiiaibHa CTPYKTY-
pa CUCTEMU E€JEKTPONOCTaYaHHs, MICS YOro 31MCHIOEThCS NEpEBIpKa MO-
JIMBOCTI OpraHi3aiii MpOMIKHUX JIKEPEN KUBICHHS.

Ha octanHbOMY eTari IpOBOAUTHCS OI[IHKA MOXKIIUBOCTI (32 KpHTe-
pisIMM MIiHIMyMYy KaIliTaIbHHUX BHUTPAT 1 BTPAT CJIEKTPOCHEPTil) 3aMiHU
OKpPEMHUX AUISTHOK paaialibHOT MEpeXi Ha MaricTpalibHl NUISHKHA. Takum
YUHOM, METO]I MOPIBHSUIBHOT OIIHKK Nepedavae aHasi3 JOKaJIbHOTO JIUIs-
HKHM CTPYKTYPH MEPEX1 3 BU3HAUCHHSM PsIIy TEXHIYHO JOILIBHUX BaplaH-
TiB 11 BUKOHAHHS Ta MOJAJbIIE MOPIBHAHHS [IUX BapIlaHTIB MK CO0OIO.

briok cxema anroputmy CHUHTE3y CTPYKTYpHU MEPEK E€JIEKTPOIOoCTa-
yaHHs, o Mictath BEY, nogano Ha pucynky 1.

[TogaTox

Enextpompuitvati [lpueHanns nipmitMaya 0
MaricTpani

TAK Marictpans nominmye
CTPYKTYPY Mepeski

«lloTenmiitamity kpuTepiit
BITOOPY

«Ilotenmiitnay Tpyma

Y

HI TAK Bi’etHaHHSA 0CTAHHBOTO
«Texmivnmity kputepiit TIPHIHMAY B MATCTpall
B1100pY v
TAK Crpykrypa crcTeMu

Kinbkicts He BifiGpaHux
enekrponpuiiMauiz > 0

CJICKTponocTa4annsa

Puc. 1. briok cxema anroputmy CHHTE3Y CTPYKTYPH MEPEX €IEKTPONocTa-
yaHHd 1m0 MicTiaTh BEY.

3anponoHOBaHUI alNropuT™M OYB peasli3oBaHUM MPOrpaMHO 3a JOTO-
MOTOI0 MOBH TIporpamyBaHHs Python i makeTa MaTeMaTHYHOTO OOYHCIICH-
Hs1 SCIPy.

BukopucrtanHs JaHOTO aJIrOpUTMY J03BOJIsI€ MOOYAyBaTH 1HXEHEPHI
METOJUKH JJis TOTMEPEHHOTO PO3PAXYHKY CTPYKTYpPU PO3MOJUILHUX Me-
pex, mo MicTaTh BEY, omiHUTH MOTEHIIAN BXKE ICHYIOUMX MEPEX, MTPOBO-
JUTHU OI[IHKY €(PEKTUBHOCTI iX poOOTH MpHU peKOH]Iryparii, a Takox Mpo-
BECTH OIIHKY KalliTaJOBKJIAJICHb MPU PEKOHCTPYKIIIT YaCTHHH Mepexi [7].
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Bucnosku. Ha OCHOBI CHUIBHOTO BUKOPUCTAHHS OLIHOYHUX Ta
ONTUMI3AIIMHUX MOJEJEeH 3ampONOHOBAHUN METOJA J1a€ MOKIIUBICTh
noOyayBaT ONTUMAJbHY CTPYKTYpY MEpPEXl eJeKTpOonocTayaHHs
mignpueMctB  AIIK, mo wmicturte BEY, 3a 3aMkHyTOIO CX€MOIo, 1110
J03BOJIUTh CYTTE€BO 3MEHIIMUTH EKCIUTyaTallliHI BUTpaTH HEOOXIJTHI s
MIATPUMKH MOTPIOHOTO PiBHSA HAAIMHOCTI MEPEXI1 1 MIJBUIIUTH MPOMYCKHY
3MaTHICTh ICHYIOUMX MEpexX O0e3 JOJAaTKOBUX BUTpAT HA IiJIBUIICHHS
nepepizy MpoBOJiB Ta KabeiB.
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CHUHTE3 CTPYKTYPbBI CETEM DJIEKTPOCHABKEHUS
NPEJANPUSATHIA ATIK, COAEPKAILLIMX
BETPODHEPITETUYECKHUE YCTAHOBKH

3a0ogoTHbIN A.Il.

AHHOTa]_lI/ISI. Hpen.ﬂomeno INIPUMCHUTDb METOA 3KBUIIOTCHIHUAJb-
HBIX HOBerHOCTeﬁ AJIA IMOCTPOCHUSA OHTHMaﬂbHOﬁ, C TOYKM 3p€HHUsA
moTrepb 3JleKTpH‘IeCKOﬁ IHEPIuM, CTPYKTYPHLI CUCTEM 3.IleKTp0CHaﬁ)Ke-
HUsI, COACPKAIINX BETPOIHEPIr€TUICCKNE YCTAHOBKH.

SYNTHESIS OF AGRICULTURE
CONSUMERS POWER SUPPLY NETWORK STRUCTURE,
CONTAINING WIND POWER SET

A. Zabolotniy

Summary
There is suggested to apply equipotential surfaces method to the
energy losses optimal structure designing of power supply system,
containing wind power set.



