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Mema pooomu. Memoio yici cmammi € susuenns poni "3enenoi enepeemuxu” y konyenyii po3noodinenoi eenepa-
yii, ananiz 8HecKy 6IOHOBIIOBAHUX Oxcepen Y cmabintbHicmy eHepeemuku. OCHOBHI 3a80aHHS BKIIOUAIOMb YOOCKOHANEH-
HA MoOenell pomoerekmpudHux naneneli i impozenepamopis 015 00CAZHEHHS eKON02IUHOT ma eKOHOMIYHOT epexmug-
HOCMI.

Memoou oocnidscennsn. Mamemamuune MOOENOBAHHSA POMOENCKMPUYHUX NAHELEU MA GIMPOSeHEPamopis, ana-
Ji3 8NAUBY YIMOYHIOWY020 Koeiyienma ma Koegiyienma KopucHoi Oii ineepmopy Ha erekmpocenepayir. Buxopucmo-
8YEMbCSL NOPIGHANLHUN AHALI3 OMPUMAHUX PE3VAbMAMIE 3 PealbHUMU OaHUMU 015 eanioayii mooenei. Jocrioxicyomo-
Csl AepOOUHAMIUHT XAPAKMEPUCMUKY GIMPO2EHepamopa ma 8naue Ha 8UXiony nomyoicricms. Pospobasembca onmumi-
308ana MoOenb 01 NPOSHO3YEAHHA eheKMUBHOCI 2IOPUOHUX cUcTeM 3 BUKOPUCTNAHHAM 3eeHUX MeXHOA02I.

Ompumani pezynomamu. Ompumani pe3yiomamu 00CHIONCEHHs PO3KPUBAIOMb KIOU08UL 8HeCOK "3eneHoi enep-
ecemuku' y KoHyenyito po3noodinenoi cenepayii. Memoou mamemamuyHo2o MOOeN08AHHA (POMOoeNeKMPUYHUX NaHenell
ma 8impo2eHepamopie, pazom i3 3aCMOCY8AHHAM YMOUHIOH020 Koeiyicnma ma epaxysanusm KK/ ineepmopy, oo-
360NUNU NOKPAWUMU MOYHICMb NPOSHO3YEAHHS enekmpozenepayii. Pospobnena moodenb 6paxoye aepoOuHamiuni xa-
PpakmepucmuKy gimpozeHepamopa, nioKpecionyy peanizosany MONCIUGICING NePesUUeHHS HOMIHANLHOI NOMYICHOC
8i0N08ioH0 00 peanvhoi xapakmepucmuku. Ompumani pe3yiomamu NOPIGHIIOMbCA 3 PedlbHUMU OaHUMU 018 8anioayii
ma niomeepoICeHHsL eqheKMUBHOCMI CUCEM.

Haykoea nosusna. . Ilonsizae 6 yOoCKOHANEeHH] MoOeni KOMOIHOBAHOI ceHepayii (pomoereKmpuyHuUx nateneu ma
8impozenepamopy, WiAXoM YmouHeHo20 epaxysants pobomu ineepmopy. Taxooic 6y10 ompumano 0aui no nomenyiany
3acmocysantsa 2iopuoHoi cmanyii 6 ooparomy pe2ioni ma 0osedeHo ii nepesacu nao 3acmocysannam okpemo CEC ma
BEC.

Ilpakmuuna yinnicme. [lonszac 6 onmumizayii NpoeHO3Y8aAHHA eleKmpo2enepayii 8 2IopuoHUX cucmemax, uo 8u-
3HAYEHO NIOGUUEHHAM MOYHOCIMI MA A0ANMOSAHICII0 00 PeanbHUX YMo8. Jocniodxcents euasisie nomenyian O pos-
sumky "3enenoi enepeemuxu" 6 epomadax 3 8eIUKOI0 NIOWEI0 MA CepPeOHbOI0 NOMYHCHICMIO.

Knrwouosi cnosa: 3enena enepzemuxa; po3nooiiena 2enepayis; mamemamuine Mooeai0eanns; homoenexkmpu-
YHi naneni; gimpozenepamopu; e1eKmpozeHepayisn; 2iOpuoHi cucmemu.

HOI IiJICTaHII] YN eJIEKTPOCTAHII] IpHU3BeNe 0 BiIKIIO-
YeHHS BiJI €EKTPOCHEPTii BEIMKOI KIIBKOCTI CIIOKHBaviB
IMepiom BiiCHKOBHX Iiii TIOKa3aB, M0 KOHIIEHTpAIliSi  Ta MOXKE IIPU3BECTHU JI0 aBapill BCi€i eHEProCHUCTEMH.

BEJIUKHUX IIOTYXKHOCTEH B OJHOMY MICIi € JIACOI0 LIULII0 Biaxia Bix LEHTPaii30BaHOi CHCTEMH EIEKTPOIOC-
JJIs1 TEPOPUCTUYHMX aTaK, OCKUIBKY BHUXi[ 3 Jady IOTYX-
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Ta4aHHS JIO0 PO3IOAUICHOI I'eHepallii crae Bce OLTbIN ak-
TyanbHUM. Lle oB’s3aHO 3 PO3BUTKOM BiJHOBIIIOBAIBHUX
(3enmennx) jukepen eneprii (BJE), BapricTio mo0ynosu
LEHTPAJI30BaHOI CHCTEMH CJICKTPOIIOCTaYaHHs, L0 3a-
3BHUail nopiBHIOE BapTocTi BcraHoBNeHHA BJIE, BimcyT-
HICTh PHU3HKIB TOB’S3aHUX 3 TEPOPUCTUYHHMH aTaKaMU
Ha iHQPACTPYKTYpy LEHTPATi30BaHOI CHCTEMHU EJIEKTPO-
MIOCTAa4yaHHSI.

Ha cporonHiniHiii MOMEHT, IJisl BCTAHOBJICHHS Be-
mmkoi kinmekocti BJIE moTpiOHi 3HaYHI TUTOMII, TO BIIPOBa-
IDKeHHsI Takol KOHILEIi JOPEYHO PO3MOYATH 3 TPOMAJ
SIKi MAIOTh 3HAYHI IDIOIII Ta CEPEIHIO Ta MAJTy MOTY>KHO-
CTi, [0 CIIO’KMBAIOTHCS CAMUMH I'POMaJaMH.

I1. AHAJII3 JTOCJILI)KEHD I ITYBJIKAIIA

3ejeHa €HepreTHKa - I HaNpsIMOK EHEPreTHKH,
SKUH niepedadac BUKOPUCTAHHS BiJTHOBIIIOBAHUX KEpEIl
eHeprii, eHeproe()eKTUBHOCTI, peKymepaii Ta eKooriu-
HocTi. YKpaiHa Mae psiji cTparerii, miaxoIiB Ta JOKyMeH-
TiB, SIKI CHIPSIMOBaHI Ha MIATPUMKY Ta PO3BUTOK 3€JIEHOI
€HEPreTUKH, TAKHX SIK:

- nmpoekT KoHIenmii «3eleHoro» eHepreTHYHOro
nepexoxy Ykpainu 10 2050 poky [1], skuii mpe3eHTOBaHO
MiHiCTepCTBOM €HEPreTHKHU Ta 3aXHCTY JOBKULIA YKpai-
Hu y ciuni 2020 po. Lleit 1oKyMeHT BU3HAYa€ HaI[lOHAJb-
HY LTb 3 CHEProc(eKTHUBHOCTI, YACTKY BiIHOBIIOBAHUX
JUKepeNl eHeprii, 3MeHIIeHHS BHIOOYBHHMX raimy3edl Ta
ByrineHUX TEC, mepexin 10 KpyroBoi eKOHOMIKH Ta iHTe-
Tpamilo eHepreTHYHNUX PHUHKIB YKpaiHH 3 €BpOINEHCHKH-
MU;

- HanionanbHuit nian il 3 eHeproe)eKTUBHOCTI Ha
nepion a0 2030 poky [2], sikuii 3aTBepkeHo KabGineTom
MinictpiB Ykpaiau y rpyani 2021 poky. Lle# moxyment
BCTaHOBJIIOE HAIlIOHAJIBHY L1JTb 3 eHEProe)EeKTUBHOCTI JI0
2030 poky, a came: MEPBUHHE Ta KIHIICBE CITOKUBAHHS
eHeprii B Ykpaini y 2030 pori He TOBUHHE TIEpEBUIILyBa-
T BiamoBigHo 91 468 THC. Ta 50 446 THC. TOHH HahTOBO-
ro exBiBaneHTy. Takoxx HamioHanbHUM IJITAHOM BCTaHOB-
JIIOIOTBCSL Ta ONMCYIOThCA HHM3Ka TOPU3OHTAIBHUX Ta
CEKTOpPAIbHUX 3aXOAiB INOJO JOCSATHEHHS 3a3HauyeHol
MeTH (B cdepax >XKHUTIOBHX Ta OIODKETHHX OydiBelb,
TPaHCIOPTY, IPOMHUCIIOBOCTI, EHEPTETUKH );

- ormsin Crparerii eHepreTndyHoi Oe3nekn YkpaiHu
BiJ €Bponeichko-YKpaiHcbkoro Exeprernunoro AreHT-
ctBa (EYEA) [3], sxumif omyOnikoBaHo y motomy 2020
poky. Lleit okyMeHT aHali3ye CHIIBHI Ta ClIaOKi CTOPOHH,
MOXJIMBOCTI Ta 3arpo3d Ui EHEepreTHdHoi Oe3meKu
VYkpaiuu, a TakoX Hajae peKOMeHAalli moao 3abesme-
YCHHS CTA0UILHOCTI, HaIIHHOCTI, JOCTYITHOCTI Ta CTaI0C-
Ti GHEPreTHYHOTO CEKTOPY YKpaiHH.

VY cBiti icHye 0araTo cTparterii, MmiIXodiB Ta TOKY-
MEHTIB, MO MIATPUMYIOTh Ta PO3BHBAIOTH “‘3eleHi” TexX-
Hostorii. OnHuM 3 HalBakuBimux € {1 cTanoro po3su-
tky (LICP), saki ©Oymm yxBaneni Oprasizaimieto
O6’ennannx Hamiit y 2015 poni [4] sk yHiBepcaabHHIA
3aKJIMK JI0 JiH 100 CKOPOYEHHs OiHOCTI, 3aXUCTy IUIa-
HeTH Ta 3a0e3neyeHHss MUpPY Ta NPOLBITAHHS IS BCIX
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mopent. LICP wmictars 17 mineit ta 169 3aBmans, sKi Bpa-
XOBYIOTh Pi3HI aCIEKTH CTaJOro PO3BUTKY, BKIIOYAIOUH
“seneni” TexHoxorii. Hampuxman, Line 7 mepenbauae
3a0e3Me4yeHHst TOCTYIy J0 BiJIHOBIIIOBAHUX JDKEpPEN eHep-
rii, L{inb 9 - moOynoBy criiikoi iHGPaCTPYKTYpH Ta CHPH-
siHHS 1HHOBaisM, L{inp 12 - BIpoBayKeHHs BiAMOBIIab-
HOTO CIIOXKUBaHHS Ta BUPOOHMITBA, [[is 13 - 60poTEOYy
31 3MiHOIO Kiimary, Lline 14 - 30epexeHHS MOpPCBKUX
exocucreM, Llinb 15 - 30epeskeHHs eKOCHCTEM CyXOI0ITy.

TakuM YMHOM MM 0adrMo, IO B III00ANBHIN iHiIia-
TUBI «3€JicHa» CHEPreTHKa BIMOBiZae 0araTbOM KpHTE-
PisM JUTsl TOCATHEHHS MOCTABJICHUX LIJICH.

[HIIMM miKaBUM JOKYMEHTOM 3 Ii€i TEMH € JIOTI0-
Bigs [Iporpamu possutky OOH (ITPOOH) mpo comianbHi
Ta EKOHOMIYHI MepeBaru IIo0abHOT «3€JIeHOI PEeBOIIIo-
mii» [5], sKka aHami3ye SK MOCHICHI KOPOTKOCTPOKOBI
KIMaTH4Hi 3000B’s13aHHs, BiZOMI SIK HaIilOHAJILHO BH-
3HaueHi BHecku (HBB), Tak i moBrocrpokosi crparerii, B
SKUX KpaiHM OIMCYIOTH CBOI IUIAaHH INOJO JOCSTHEHHS
HYJBOBOTO DIBHS BHUKHIIB. Y JIOMOBIJI MpEICTaBICHI
MiIXO[H, IO 3aCTOCOBYIOThCS Y ITSATH KpalHaX, sKi Be-
JIyTh TpPOLEC CHPaBEeUIMBOTO IEpexony: AHTUTya Ta
bap6yna, Kocra-Pika, Innis, Cep6ist ta [liBnenna Adpu-
Ka. Y JOMOBiAI TaKOXX BH3HAYCHO IT’STh KIIOUYOBUX CIIO-
c00iB, 32 JOMOMOTO0 KX CHPaBEIIMBHUIA Mepexin Moxe
JOIIOMOTTH B peanizauii [Tapuspkoi yromau.

He3paxkaroun Ha Te, IO MUTaHHS TOB’s3aHi 3 «3e-
JICHOI0» EHEPIeTHKOI0 OOTOBOPIOIOTHCS Ta IUIAHYIOTHCS
Ha HAMBHUINUX PIBHAX, a CTPATETii IO iX BIPOBAIKCHHIO
HOCATH XapakTep AP KaBHUX Ta MDKHAPOIHUX MOIITHK,
Ha)kaJdh B pealbHOMY JKHUTTI MU 0auuMo Iyxe Hebararto
MPUKIAAIB peaiizaimii nmporo HampsMmKy. Lle mo’s3aHo 3
BiJICYTHICTIO pO3yMiHHSI HacCelleHHSIM Ta TPOMaJaMU MO-
JKIIMBUX 3WCKIB BiJl BIPOBAKEHHS, HE AOCTATHBO IIPO-
MPalbOBAHO CTpaTerii BIPOBAKCHHS I[MX TEXHOJOTIH B
eJ'IeKTpI/I‘IHi CUCTEMHU, HE IOCTATHHO MPOIIPAIBOBAHO
CHUCTEMH KEPyBaHHS IJIs PO3MOIIICHOT TeHepalrii.

III. META POBOTH

Mera poOoTu monArae y BHBYEHHI Ta BH3HAYCHHI
poni "3eneHoi eHepreTHKH" SK KIFOYOBOIO CJICMEHTA
BIIPOBAPKCHHSI KOHIEMNIIi po3moxineHoi reneparii. Jlo-
CIIIJDKYIOTBCSL aCTIeKTH BHMKOPHCTAHHS BiJHOBIIOBaHUX
JUKepeln eHeprii Ta ixHiii BHECOK y CTaOUIBHICTH Ta CTa-
JCTh €HEPreTHYHHUX CHCTEM. AHATI3YEThCS BaXKIIHBICTH
3€JICHUX TEXHOJOTiIH y 3a0e3MeUeHHI CTAIOr0 PO3BUTKY
Ta 3MEHIICHHI BIUTMBY Ha JOBKiUIA. PoboTta cnpsiMoBaHa
Ha PO3yMIiHHS Ta BJIOCKOHAJEHHS KOHIEMII eHepreThdy-
HOTO BHPOOHHMIITBA LTSI MIATPUMKH €KO-JIOTIYHOI Ta eKo-
HOMIYHOI edexTnBHOCTI. OCHOBHI 3aBHAaHHS BKIIIOYAIOTH
B ce0e yJIOCKOHAJICHHS MOoJeli (hOTOSNEKTPUYHOI HaHei
3a JIOTMIOMOTO YTOYHIOIOUOTO KOE(Ili€HTY, PO3paxyHOK
BIUMBY Koedimienta kopucHoi mii (KKJ) imBepTOpy Ha
MOTYXHICTh, Ta PO3pOOKY MOAENi BiTporeHeparopa 3
ypaxyBaHHSIM aepoJMHAMIYHHUX XapakTepucTuk. OTpu-
MaHi pe3yJbTaTH IOPIBHIOIOTHCS 3 PEATBHUMH IaHUMHA
JUTS Baiarii Ta BU3HAUYCHHs e()eKTUBHOCTI pOOOTH CHC-
TeM. PoboTa cripsMoBaHa Ha BIOCKOHAJIEHHS MPOTHO3Y-
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BaHHA €JIeKTporeHepaii B riOpHIHUX CHCTEMaXx Ta OITH-
Mi3zalliro ix e()eKTUBHOCTI.

IV. BUKJIAJEHHSI OCHOBHOI'Y MATEPHUAJLY 1
AHAJII3 OTPUMAHHUX PE3YJIBTATIB

Konnenuist po3monineHoi reHepauii Mae Ha MeTi
BCTAHOBJICHHSI MaJIONIOTYXKHUX T'€HEpaToOpiB eJIEKTPOCHe-
prii y Oe3mocepesHiii 61aM3bKOCTI BiJ crokuBaua. [Ipu
bOMY MOXKJIMBE BHUKOPHCTaHHS HHU3bKOBOJBTHHX JIiHIH
enekTporiepenadi. ['eHeparis eHeprii y Oe3mocepenHii
OMU3BKOCTI BiJf CHOXHMBada [O3BOJHUTH PO3BAHTAKHUTU
icHytoui ninii enextpornepenayu (JIEIT) ta 3Hu3uTH BTparty.

SIKmo npu reseparii eneKTpoeHeprii J01aTKOBO BH-
poOIII€ETRCS Ta CIOKHUBAETHCS TEIIOBA €Hepris, me Oyne
e OJHUM «OOHYCOM» JTaHOi TeXHOJIOTii. binbmie Toro,
3'IBISIETHCS MOXIIMBICTh €(EKTHBHO BHKOPHUCTOBYBATH
JIOKAJIbHI €HEPTeTUYHI PECYPCH — OCOOJIUBO 1I€ CTOCYETh-
Csl BIHOBIIIOBAHHMX JDKEPEN €Heprii, TaKuX SK COHIYHA,
BITpOBa, eHepris 6iomacu Ta rinpoenepris. Posmoinennit
XapakTep IUX JDKEpeNl CHeprii yCHImmHO 30iraerbes 3
KOHIICTIIIEF0 PO3IO/iIeHOT TeHepalrii. 3aJe)KHO BiJ KOHK-
PETHUX YMOB, COHSIYHA EIEKTPOCTAHIIISI MOXKe OyTH TpH-
€HAHA [0 LIEHTPAJI30BaHMX MEPEK — TaKUi BapiaHT
JMOUUIBHAN 3a MOTYXHOCTI enekTpocranmii Ha BJIE Big
KIJIBKOX JECATKIB KiOBaT A0 KUIBKOX Merasar. SIKIo x
JDKEpeIIo eHeprii HeBelMKe, TO HOro Kpaie BCTAaHOBUTH B
Oe3mocepeHiil OIM3bKOCTI Bijl CIIOXKHBAYA.

VY pasi BiggaseHOro pO3TallyBaHHS CIIOXKHBAYiB
€KOHOMIYHO e(eKTUBHMM OyJie aBTOHOMHE €JEKTPOIIOC-
Ta4aHHSA KOXHOTO OyAnHKY a00 CTBOpEHHS JIOKAIBHOI
MEpexXi eNeKTPONoCTayaHHs, sIka OTPUMYBaTUME €HEPTilo
BiJl pO3MOIIICHIX MiCIIEBUX JKEPes eJIeKTPOCHEPTii.

IIpu enmexrpudikamii KiTbKOX 00'€KTIB i MaluX ce-
JIMI, 3a3BUYai, pa3oM i3 COHSYHUMH EJICKTPHUYHUMH
craanismMu (CEC) 3acTOCOBYIOTBCS iHIINI Kepena eHep-
rii: BirpoycranoBku (BEC), rinpoenexkrpocranuii, nu3e-
JBHI eNeKTPOTeHepaTOpy TOMIO. Y pasi TiOpumHOi eneKT-
pocTaHIii BUMOTH 10 €MHOCTI aKyMyJsTOpHOI OaTapei
MOXYTb OYTH CYTTE€BO HIDKYAMH, OCKUIBKH B TIEPiOIH
HEJIOCTaTHHOTO TIPUXOAY COHSYHOI €Heprii 3'SBISETHCS
MOJKJIUBICT €JIEKTPOIIOCTaYaHHS CIIOKMBAUiB Bif anbTe-
PHAaTUBHHUX Ta pe3epBHUX JUKepeln. B nanuii yac sk pesep-
BHI JDKepesia 3aCTOCOBYIOTBCSI B OCHOBHOMY JTU3€JIbI€He-
paropu.

Jna xepyBaHHA cHcTeMOIO 3 Kinbkox pizHux BJIE,
CUCTEMH aKyMYJIFOBaHHS Ta CIIO)KMBAYiB HEOOXiIHO pO3-
poOuTH BiAMOBIAHI MOZENi [ imiTamii poOoTH KX ene-
MeHTiB. Haiibinem posnoscromkenumu BJIE € CEC Ta
BEC.

B skocTi 00‘ekTy nmochmimkeHHS OOpaHO MOKIHMBE
oyniBanurBo CEC Ta BEC notyxsicTio mo 1 MBT kox-
He. PosrisiHeMo rpomany, ska 3HAXOOUTHCA Ha CXiTHIH
VYkpaini Ta Mae Onu3pko 17 Tucsu HaceneHHs. Hakoru-
YyBadi IJIAHYETHCS BUKOPHCTOBYBATH UIA KOMIICHCAIIi]
BimxmieHHs reHepariii Ha BJIE Big mporHo3oBaHux 3Ha-
YeHb, [0 TO3BOJUTH M (PaKTHYHO BHITH HA rapaHTOBaHI
MTOTOJTMHHI 3HAYCHHS aHAJIOTIYHO TPATUIIHHUM EICKTPH-
YHUM CTaHIISIM.

HeoOxigHi 111 cTBOpeHHS MOJENi Ta IPOBEACHHS
aHaNi3y JaHHI OyJlo B3ATO 3 calTy [6], o Hajae iHpop-
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MAIIiIO0 110 ITOTOHUM YMOBAaM 3 BEJHKOi KiJIbKOCTI pi3HO-
MaHITHHX JUKepen. Ha mifcraBi BiIKpHTHX aaHHX Oyio
OTpUMaHO iH(OpPMAIiI0 TPO TEMIepaTypy OTOUYIOUOTO
CepeloBHIIA, IBUIKICTh BITPY Ta IHTEHCUBHOCTI CBIiTJIA 3
KpOKOM y 15 XBWIWH, SKHAH BigIOBiga€ BKpall BHCOKIiH
TOYHOCTI KOPOTKOCTPOKOBHX IPOTHO3IB, IJISI TEPMIHY Y
14 poxkis.

TemrnepaTypa € TOCUTh BaXXJIMBUM BXiIHUM Hapame-
TPOM Jyisi PO3pOOJIEHOT MOJIeNi, TaK SIK BOHA BIUIMBAE Ha
rerepanito Bix CEC ta BEC. Otpumani wacosi cepii
TeMIiepaTypu He MOTpeOyIoTh J0JAaTKOBOI 0OpOOKH, Tak
SK IIPU MOJICITIOBAaHHI OJTHAKOBO MOXJIMBO BHKOPHCTOBY-
BaTH 5K rpaaycu Llenbciro Tak i rpagycu Kenbeiny. 3ara-
JBHUH BUTTIS TEMITEPATYPHOI XapaKTepPUCTUKH 0OpaHOTo
perioHy BiioOpa)keHO Ha PUCYHKY 1.

Pucynoxk 1. TemnepaTypHa XapaKTepHCTHKA AJIS TpOMa-
T

AHami3 KOpemnsii MK MOPIYHUMH 3HAUYEHHSIMHU Ta
cepeHiM 3a OOpaHUil Mepioj] MOKa3ye CIiBBIIHOIICHHS
Ha piBHI 94%. Takuii piBeHb a€ 3MOry BCTaHOBHUTH, IO
MH Ma€EMO MOXKJIMBICTH BHKOPHUCTOBYBaTH CepenHi 3a
oOpaHuii mepiosl 3HaYEHHs JJIsI KOXKHOTO IHTEpBay JUIs
MIPOBEJICHHS] MOJICIIIOBAHHS, OJJHAK /IS ITIBUIICHHS TOY-
HOCTI KpalliM pimeHHIM Oyae BUKOPHUCTATH peajbHi
nmaHHi. Tak aHami3 moxa3aB, MO BIIXWJICHHS Yy OUTbIIMit
0ik Mae memno 0BTy BipOTiHICTE, a came 52,09% mpoTu
47,91%. TI'padix BiporigHOCTI BiAXWIEHHS y ToH abo
Ourpmmit Oik BimoOpakeHO Ha pUCYHKY 2. CTaTHCTHYHO
BIZIHOCHO CEPeJHbOTO CHHTE30BAHOTO 3HAYCHHS JJISI KO-
JKHOTO IHTEpBally CEpeJHE BIAXWIICHHS y OUIbIIUN Oik
cknagae 21,6%, a y menmmii — 15,12%. Ycepennenuit
TeMIepaTypHuii rpadik BitoOpakeHO Ha PUCYHKY 3.

Pucynox 2. Po3nozin BiporiiHOCTI BIAXHUJICHHS TeMIIe-
patypH Bijl cepeIHbOT0 3HaYEHHS
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Pucynoxk 3. Ycepennenuii remneparypHuii rpadik.

Yaconi cepii cOHAYHOT pajialii MOXIMBO OTPUMATH
JUIS1 TOPU30HTAIBHOT 200 PiKCOBaHO HAXMIICHOT TOBEPXHI.
Came Tomy Oyio 3poGiieHo BUOIpKY JaHuX [uis ¢oroene-
KTPUYHOI NaHei NiBHIYHOT opieHTamii 3 KyToM Haxuiy 60
rpagyciB. CymapHuii rpadix coHsuHOI pamiamii y oOpa-
HOMY perioHi 3a 14 pokiB Mae BHIIIAN HaBEACHUH Ha
pPHUCYHKY 4.

Pucynok 4. I'padix constunoi pamiauii aist CEC 3 dikco-
BaHHUM KyTOM HaxHIIy.

[Ipu mpoBexeHHI AOCHIIKEHHS BHSBICHO KOpPEIs-
[i0 PIYHUX YacOBHX cepiif 3 cepemHiM 3HAYCHHAM Ha
piBHI 93%. KinbpkicTh BiIXWiIeHb y OUIbIIYy CTOPOHY Iie-
peBakae Ta CTaHOBUTH Onm3bko 75 %. Cepemne Bimxu-
JeHHA y MeHImui Oik 3Ha4HO Ounbmie 3a aOCONIOTHUM
3Ha4YeHHAM Ta cTaHoBUTh 21% mporu 15,7%. I'padik
BIPOTIMHOCTI BIIXWJICHHS BiJOOpa)KCHO Ha PHUCYHKY 5.
AHaJNOriYHO TEMIIEpaTypHUM YacOBHM CEpisiM Ha OCHOBI
KOpeJsiIii MOXJIMBO 3pOOMTH BHUCHOBOK IIPO JIOITYCTH-
MICTb BUKOPUCTaHHS CEpEe/IHIX JUIsl IHTepBaTy 3HAUYeHb Ta
nepeBary HaJ HUMH peanbHUX JaHuX. CHHTe30BaHHN
rpadik COHTYHOI padiamii BiZoOpakeHO HA PUCYHKY 6.

Pucynox 5. Po3noain BiporiTHOCTI BiJXWJICHHSI COHSYHOI
paniauii Big cepeTHpOTO 3HAUCHHSI.

Pucynok 6. CuaTe3oBaHMi rpadik COHIIHOT pamiaril st
CEC 3 ¢ikcoBaHIM KyTOM HaXWJIy Y OOpaHOMY PETiOHi.
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Yacosi cepii mBHAKOCTI BiTPYy Al 0OpaHOro perio-
HY Tako)X OyJIM OTpHMaHi Ha METPOJOTIYHOMY caifti [7].
OpHak Ha BIIMIHY BiJi TIONCPENHIX MaHUX KOPEIAIis 3
CepeIHIM CHHTE30BaHUM 3HaUCHHSIM CKianae ymire 44%,
IO CTaBUTH IIiJ CYMHIBH MOXJIMBICTb BHKOPHCTaHHS
CHHTE30BaHOI'O 3HAYEHHS.

Pucynok 7. Cymapuuii rpadik mBugkocti BiTpy Ha 10
MeTpax BHCOTH.

VY BUmanky, SKIO BUCOTa OamTy BiTpska Oyxae Bif-
PI3HATHCS BiJ CTAaHIAPTHOI BUCOTH METPOJIOTIYHOTO BH-
MIpIOBaHHS MIBUAKOCTI BiTpy 10 M, HEOOXiTHO BUKOpHC-
tatn ¢opmyny 1 [8]. 3 mpuuMHM CKIaIHOCTI pO3Tally-
BaHHS BITPSIKIB y MICBKill MeXi B SIKOCTI TOIPaBOYHOTO
KOCQII[IEHTY TMPOMOHYETHCS BUKOPUCTATU BiIIOBITHHIA
JUISl CLITBCBKOT'OCIIOIAPCHKUX 3€MENb 3 TpyIaMu OyiBesb
3 KJIACOM IOPCTKOCTI 2,5, mo ctanoButs 0,335.

V,=Vy-| —L
0

(M

e V1 — mBuakicTs BiTpa Ha 3a7aHill BUCOTI;

V0 — mBHAKICTH BiTpa Ha BUCOTI METPOIOTIYHUX
JIOCIIIDKEHD;

H1 — 3agana Bucora;
HO — BucoTa METPOIOTIYHUX JTOCIIIKEHB;

k — monpaBouHmii Koe(illieHT, MO BiAOBiTaE eMITi-
PUYHOMY MMOKA3HUKY HIOPCTKOCTI JJIsl 0OPaHOTO PETioHY;

Curyauisi, KOJIY IBUAKICTb BITpa € MEHIIOKO 3a Ce-
penHio Mae BiporigHicTh 53,9%. OmHak cepemHe Biaxu-
neHHs y Oinpmmit Oik ckiazmae 85,38% Bincorka mpotn
65,65%. I'padik BipoTiTHOCTI BiIXHUIICH BiJOOPaXKCHO Ha
PHCYHKY 8, a CHHTE30BaHOI CepeqHbOI MIBUAKOCTI Ha
PHUCYHKY 9.

Pucynoxk 8. Posmosin BiporiTHOCTI BiIXMICHHS IIBHIKO-
CTi BITPY Bifl CEpeTHHOTO 3HAUCHHS.
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Pucynoxk 9. I'padik mBuakocTi BiTpy Ha Bucoti 10 M mis

00paHOTO peTioHy.

Takox J1st IepeBipKH poOOTH AITOPUTMY, 10 OyIe
3allyyaTd CHUCTEMYy aKyMYJIFOBaHHS i KOMIICHCAIIi1
BUHUKAIOYMX BIAXWICHb BiJ 3alUTaHOBaHUX TrpadikiB
reHepaiii, HeoOXimHO Oy/Ie CTBOPUTH INTYYHI BiIXUIICH-
Ha. Jlns BupimeHHs 1iei 3ama4i HeoOxixHO Oyne CHHTE3Y-
BaTH HOBI Tpadiku reHeparii 3 ypaxyBaHHIM MOKJIUBOTO
noboBoro BigxwinenHs Ha 20% Bix 3arajbHOI KIJIBKOCTI
BupoOieHoi eneprii. Tomy micims po3poOku Mmomeneit
TeHEepyIo4Yoro o0JagHaHHs HeoOXiaHO Oyae o0poOuTH
HeoOXiTHI BUXIiTHI JaHHI MO reHeparrii. SIkio mis Bupi-
LIEHHS i€l 3a1a4i cHHTe3yBaTH Tpadiku Ha OCHOBI JIMIIIE
MOTOJHUX BIAXHUJICHb Pe3yJbTaTH MaTUMYTh MEHIIY TOY-
HicTh. CaMe TOMY HEOOXiTHO PO3MJISHYTH CHEPreTHYHE
MMPOTHO3YBAHHS HA OCHOBI BUXIIHUX NAHUX 3 MOJICISIMH
Ta 3aJy4UTH J0 [OTO HACTYIHI TOJATKOBI YMOBH:

- 1000Be BiJXWJICHHS MO KUIBKOCTI BUPOOJIEHOT eHe-
prii craHoBuTh MakcuMyM 20% U OAMHIYHOI yCTaHOB-
ku Ha B/IE;

- TIPUITYCKAETHCS, M0 BIAXWICHHS MOXe OyTH MiX
MIHIMQJIBHUM T4 MaKCHMaJIbHUM 3HA4eHHSIM OKPEMO ISt
KOXKHOT'O TIepiozy;

- BIAXWICHHS TOBHHHI IMiJKOPSATUCS 3aKOHAM HOP-
MaJIFHOTO PO3MOAIJICHHS a00 peasbHO iCHYIOYMM rpadi-
KaM BipOTiTHOTO BiAXWICHHS,

Mopens ¢doromaHeni Juisl IMIBUAKOTO PO3PaxyHKY
3HAYCHHS BUXIJTHOI TOTYXKHOCTI 0a3yeThcs Ha PiBHSIHHI
2):

G
Gstc

Ppv=n-f,-P " [1+k,(Tpp,— Ty )] (2)

ne fv — koediuient 3HomeHocti (6nu3pko 0.9), mo
BimoOpakae Nesiki BTpAaTH y CHUCTEMI, Taki sSK 3aTiHEHHS,
CTapiHHs a00 BTpaTH MIpH Iepeaadi BUPOOICHOT eHeprii;

Pstc — HOMiHaNbHA TOTY)XHICTh NPH CTaHJAPTHUX
yMOBax;

G — noTOYHMIA PiBeHb COHSYHOI ippamiamii;

Gstc — piBeHb COHSIYHOI pajialii Npu CTaHTAPTHUX
YMOBaXx;

Kp — remneparypHuii koediiieHr;
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Temp — noTo4Huii piBeHbs TEMIIEPATYPH;

Tstc — piBeHb TeMIepaTypH IPH CTAaHAAPTHHX yMO-
Bax;
N — KUTBKICTh (DOTOCTIEKTPUIHUX MTaHEIIeH;

Cama Mojenb, BUKOHaHa y cepenoBuii Simulink
Ma€ BUIIISA BinoOpakeHuit Ha pucyHky 10, a i mokpaire-
Ha Bepcis Ha 11. BpaxyBanus KK/| renepyrouoro obian-
HaHHS Ta IHBEPTOPiB BUKOHYETHCS 3a JIOTIOMOTOIO eIeMe-
HTY 1-D lookup table, y sskoMy po3paxoByeThCs 3HAUCHHS
KKJI B 3a11€KHOCTI Bif BUXiTHOI MOTY>KHOCTI (pOTOTIaHE-
Ti.

Solar gen

Temp (Kpi100)
.—‘

Pucynok 10. Monenb COHSYHOT €ICKTPOCTAHIIIT

Tatc

OpHak Takuil CIpPOLICHUN PO3paxyHOK IMOKa3ye He-
JIOCTATHBO BHCOKY BiJIMOBITHICTH O pealbHUX XapaKTe-
PUCTHK, 10 HANAIOThCS BUPOOHWKaMHU oOnamHaHHA. Ha-
MPUKIIAA TIPU 3MiHI XapaKTepUCTHK BiAMOBimHO 10 250
Wp SPV MODULE moxmuBO 1mM0OauuTH, IO BiIMOBiI-
HICTh 3asBICHUM pO3POOHMKOM JaHUX CTaHOBUTH
95,47%. Came ToMy Oyn0 po3paxoBaHO KOEQIIi€HT KO-
persii, o 30UIbIye BIAMOBIAHICTH PE3YJIBTATIB 10
3asIBJICHUX, SIKY BUKOPHUCTOBYIOTh J0 BpaxyBaHHs poOOTH
iHBepTopy. /i1 bOT0 MOXKJIMBO BHKOPHUCTATH HACTYIIHE
PIBHSIHHS:

Py, =1.0739P,,) —4.07 3)

3 ypaxyBaHHSIM BHECCHHS Takoi 3MiHHU JIO PIBHSHHS
MOJIe)Ib (POTOCIEKTPUYHOI MaHEeNi OTPUMAE BUIJIA[ Bif-
noBifHUH 10 pucyHKy 11. CriBBiTHOLIEHHS MIX OTpUMa-
HUMH XapaKTePUCTUKAMH Ta pPCalbHUMU HAJTaHUMH BU-
pobHuKOM [9] moka3aHi B Tabmmii 1.

Pucynok 11. Monenp coHsYHOI enekTpocTaHiii. OHOB-
nernit BapiaHT. Je 1 BXimHi JgaHi, 2 MaTeMaTHIHUN PO3-
paxyHOK TOTYXXHOCTI Ha OCHOBi piBHSHHA (3), 3 Bpaxy-
BaHHS YTOYHIOIOYOTO KOe(]ilieHTy 3TiHO piBHAHHIO (4),
4 pospaxynok BBy KK/I iHBepTOpY B 3a/Ie)KHOCTI Bif
MOTYHOCTI.
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Taoéauua 1. Bignosignicts BuxigHux ganux moaeii OEIT
JI0 3asIBJICHUX BUPOOHHKOM

Tab6uuus 2. AHaNI3 BIAXWICHHS reHeparii oaHiei ¢orto-
€JIEKTPUYHOI MaHei noryxHictio 250 Bt Bix cepeanboro

CoustyHa Ieprunii Hpyrnit [IPOTHO30BAHOTO.
pamiartis, Opurinan BapiaHT BapiaHT I Hapmumkosa | HemgoctaTHs
Br/m* MoJeni Mozedi apamerp MOTYXHICTh | MOTYXHICTh
200 47,1 475 46,94 MaxkcuMmaibHe 3Ha4YeHHS,
400 97.7 95 97.95 || Br 106,55 172,39
600 148,9 142,5 149 ol\/laKCI/lMaHbHe 3HAYEHHS, 4 68.95
800 200,2 190 200 %o
1000 250,9 237,5 251 CepenHe 3HaueHHs1, BT 15,76 21,03
BianosigHicTh 95,47% 99,99% Cepenne 3Ha4eHHs, % 6,3 8,41
TIPHKIATOM TAKOTO JOCHIDKEHHS MOYKe CTATH aHa- | NUIPKICTb BUIXMICHD, %o 74,72 25.27
1i3 HEOBXiZIHOTO 06’€My HAKOMMUEHHs Ha OCHOB{ cTaTuc- | WAKC TPUBATIICTD, TOIUH 16 16
TMYHMX Biaxuwienb npu renepauii na CEC ta BEC. B H6067.‘_{}1Ha KUIBKICTD
paMKax IOTO aHaTi3y 3MiTHO CTATHCTHYHMM jamuM Ha | CHEPril A sapsii abo 274.85 374.32
KOXKHI 15 XBHJIMH MO TeMIeparypi, IBUAKOCTI BiTpy Ta | PO3PAAKH y HAUTDKIHNA ’ ’
piBHIO COHsUHOT paianii 3a mepion Bix 1 motoro 2007 |1epion, Brron

poxy nmo 31 rpyans 2021 poxy Oyio mpomojeaboBaHa
pobota omHiel POTOCTEKTPHUYHOI MaHei MOTYKHICTIO 250
Bt T2 ogHOTO BiTpsiKa HOMIHAJIBHOO MOTYXHICTIO 10 KBT.
[Micns mpoBenenHst MopemoBaHHs TeHepanii Ha CEC
OyJiu OTpHMaHi JaHi, o BiHECeH] Ha pucyHku 12 Ta 13.

Y { 'WITI‘ b e Mhoa,
il

. Yoo
i h [T

E
&

=
=]

Pucynok 12. I'padix renepauii oxHieo doroenekrpuy-
HOIO IaHesunio 3a 14 pokis, BT.

Pucynok 13. Cepenniii 3a mepiox nocimipkeHHs rpadik
reHepamii o1Hi€r0 (OTOSNEKTPHUIHOIO aHeIU o, BT.

B pesysnbraTi MOjentoBaHHS BHSBJICHA 3arajbHa KO-
pensiliss MK KOXKHHUM POKOM Ta BHBEIECHHM CEpeIHIM
3HAYEHHsAM, sIKa CKiagae Onm3bko 93%, 110 103BOJISIE
BHUKOPHCTOBYBATH CEPEIHE PO3PaxyHKOBE 3HAYCHHS LIS
JIOBIOCTPOKOBUX TIPOTHO3IB. 3BHYaiiHO, B 0OpaHOMY pe-
rioHi Hai0unpIIa reHepanis Bif (OTOEIEKTPUYHUX TaHe-
neit BimOyBaeThest 3 OSpe3Hs 10 BEPECECHB 3 IMKOM Y YepB-
Hi Ta JuIHI. Pe3ynpTaTén MOJEIOBaHHSA, TIOB’sI3aHi 3 Bifl-
XWICHHAM 15 XBWIMHHUX 3Ha4eHb KOXXHOTO POKY BiX
CEpeIHBOTO PO3PaXOBAHOTO, 3aHECEHO Y TaOIHIIIO 2.
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3rigHo otpumanuM ganuMm s CEC y obpanomy
perioHi BipOTiHICTh BIAXHUJICHHS y OLIBIIY CTOPOHY 3Ha-
4yHO Ounbmia HDK y MeHmy. OpHaK IMIiKOBE Ta CEpeIHE
3HAUEHHS BIIXWJIEHHA y OUIBIY CTOPOHY aMIUIITYIHO
HIDKYI 32 BIIXWICHHS Y MEHIITY.

[HIIMM BaXJTUBMM €JIEMEHTOM JUIsi PO3PAaXYHKIB Ha
eTari MOJEIOBAaHHS € BITPOTCHEPAaTOPH, 10 0O0YMOBIIIO-
€ThCS 1X aHAJOTIYHO 3aJIC)KHUM BiJl ITOTOIU XapaKTEPOM
renepauii. Modeling and Simulation of an Autonomous
Hybrid Power System [10] mpomoHye misi cTBOpeHHs
Mozeni 3amarucs Tim, mo BEC SW-10kW moxe nparro-
BaTH y YOTUPHOX PEIKUMAX:

1) IlIBuakicTh BITPY HMXKYa 332 MiHIMaJbHO HEOO-
XigHy. B npoMy BuNajiky BHXiJHA MOTYXHICTH Oyne J10-
PIBHIOBATH HYJIIO.

2) llIBuakicTh BiTPY BHINA 32 HOMIHAIBHY, ajle HU-
K4ya 32 MaKCUMaJIbHy. B 1IboMy BHIIaZIKy BHXiJHA ITOTYX-
HICTb Oy/ie JOPIBHIOBATH HOMIHAJIBHIM.

3) llIBuakicTs BITPY BHIIA 32 MAKCUMAJBHO JOIIyC-
TUMY. B 11boMy BUNaZKy BHXiJHA MOTYXHICTh Oy/e 1opi-
BHIOBaTH HYJIO (B LbOMY BHIAAKY 331 30€pekeHHS
BITpPOTE€HEPaTOPY BiH MPUIHHAE TCHEPAIIIIO).

4) llIBuakicTh BITpY BHIIA 3a MiHIMaJIbHY, aje HIX-
4ye HOMiHaJbHOI. B 1IboMy BHIajsKy BUXiJHA TOTY>XHICTBH
OTINCYETHCS PIBHSIHHSIM:

P

wt = 'Cp‘(ﬂ“’ﬁ)'p(z)'A'va 4)

1
2

e P, — HOMiHalIbHA TIOTY)KHICTb BITpsIKa;

C, — aeponuHamiyHui Koe(illieHT, iCHYe AeKilbKa
METOJIIB PO3PaxyHKy B peajli3oBaHii MoJielli BUKOPUCTO-
BYIOTBCSl 3a3/IaJIeTilb PO3paxoBaHE 3HAYCHHS JUIA BXif-
HUX YMOB BH3HA4aeTbecs 3a piBHAHHAM 6. Ilizcucremy,

0 BUKOPUCTOBYETHCS [UIST OOYHCICHHS IHOTO Koedirtie-
HTY HaBEJICHO Ha PUCYHKY 14;

A — xoedilieHT mepenavi MBUIKOCTI, BU3HAYAETHCS
3a piBHSAHHSAM 4;
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B — xoeoimienT, mo BimoOpaxkae KyT HOBOPOTY JIO-
rnare;

p(z) — MIIBHICTH TOBITPSI HA BHCOTI,;
V,, — MIBHIKICTH BITPY;
A — 1101112 0XOIIJIEHA JIOTIATSIMU;

N — KUTBKICTD (DOTOCTIEKTPUIHUX MTaHeINeH;

-Rad

_ 2-7- Nyoton

60-V,, ©)

J1e: Nyotor — KUIBKICTH 00EPTIB pOTOPY HA XBUIIMHY;

Rad — paziyc mutoii oXoruieHol JionaTsamu;

c, =073 %—0,58~ﬂ—0,002~ﬂ2’14 —132

184 | ©
-exp o7

A

A.= ! (7)

’ I 0003
A=0028 p2+1

Amnanoriuno o mozaeni CEC B pamkax mozneni BEC
3a ponomororo 1-d lookup table BpaxoByrorces i KK/, a
caMe MEXaHIYHHWil Ta eneKTpuuHui. Bukopucranus nporo
eleMeHTy 00yMoBiIeHO 3MiHHHUM XapakTepom KKJI B
3aJIeXKHOCTI Bil MIBUIKOCTI BITPY Ta MEXaHIYHOI MOTYX-
HOCTi. 3aranbHui BUIIILA PO3poOieHol Mojeli BinoOpa-
’KEHO Ha PUCYHKY 15.

3 B

108

i

L]

Pucynok 14. Mojenb BiTpOCIEKTPOCTAHIIII.

Je: 1 - BxinHi nani, 2 - po3paxyHOK IOTY>KHOCTI B
3aJICKHOCTI BiJI MIBHKOCTI BITPY BiIIOBITHO JO PiBHSIHB
(5-8), 3 - po3pobiiena peasizanisi po3paxyHKy MOTYXHOC-
Ti IIPU MIBUIKOCTI BITPY BUILE 32 HOMIHANBHY, 4 - po3pa-
XYHOK BIUIMBY MexaHiuHoro i enekrpuunoro KKJ[ B 3a-
JISKHOCTI Bif] TOTY>KHOCTI.
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Pucynoxk 15. Po3paxyHOK aepoIuHaMiyHOTO KoedilieH-

Ty.

Jns nepeBipky BiIIIOBIIHOCTI pealbHUM JJaHUM J0-
CIIITUM CITiBBiTHOIICHHS 3aJIKHOCT] BHUXIJTHOI ITOTYKHO-
CTi Big mWBHAKOCTI BiTpy. s 1iporo mo0ymyeMo BiATIOBi-
IHUA Tpadik Ta TPOBENEMO MOPIBHSHHS 3 pPEaTbHUM
MPOTOTUIIOM Ha OCHOBI SIKOro Oyso moOyqoBaHO MOJENb
[11], mo BimoOpaskeHO Ha PUCYHKY 16.

Pucynok 16. Pe3ynpraT mocnimKeHHS BUXITHOI IOTYX-
HOCTI BiJ IIBHIKOCTI BITpY.

[Ipu nOpiBHSHHI Pe3yNbTATIB 3 pealbHUMH TaHUMH
BUSIBIISIETHCS, 10 nporionyema Modeling and Simulation
of an Autonomous Hybrid Power System mopenp Ha
IMIBUAKOCTI BITPY BHIIIH 32 HOMIHQJbHY HE BiAIOBiJae
CBOEMY peaIbHOMY NpOoTOTUIY. [IpHYrHOI0 ILOTO € KOp-
cTKa (Qikcalisi Ha HOMIHAJIBHIH TOTY)KHOCTI NMPHU TaKUX
MIBUIKOCTSX BiTpy. CaMe Tomy OyJ0 JTOJaTKOBO Bpaxo-
BaHO MOJJIMBICTH BHJABaTH IIOTY)KHICTH BHIIE 32 HOMi-
HaJIbHY BIAIIOBIJHO 1O pEAIbHOI XapaKTEPUCTUKH, IO
JTO3BOJIIJIO OTPUMATH HOBI BHXIJHI JaHI BIAOBITHI IO
peansHOTO TIpoToTUy. Lle BimoOpaxkeHo y miBiil mOI0BH-
Hi pucyHKy 17, a peanpHi HaHi, m0 cTamm 0a3010 UIA
MOPIBHSHHS, TIOKa3aHi y IPaBil.

Output power urvepiw)

Pk
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Pucynok 17. BuxijgHi gaHHi ¢iHaIbHOTO BapiaHTy MoJie-
ni BEC ta opuriHalibHi XapaKTEepUCTUKHU TPOTOTHUITY.
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PesynbraT MonentoBaHHS pOOOTH OAMHUYHOIO BiT-
poreHepaTopy 3 HOMIHAJIEHOO MOTYXHICTIO 10 kBT moka-
3y€ 3HaYHO iHMME pe3ynbTar. Ha BiaMiHY BiJ MpoTHO3Y-

Tab6uums 3. AHai3 BiIXWICHHS TeHepallii BiTporeHepa-
TOpPY HOMIHAJIBHOIO MoTyxHicTio 10 kBT Bin cepenuboro

Januii po3min MICTHTh BaXKJIMBHHA BUKJIAJ OCHOB-

BaHHS sl (DOTOCNEKTPUYHOI MAaHENi, Pe3ysibTaTh Jyist
U pu . » Pesy [TapameTtp HapnmumkoBa | HemoctaTHst
BEC mnoka3yroTh KOpPENsIil0 MK KOXKHHM POKOM Ta Ce- . .
. AP MOTYXHICTh MOTYKHICTh
penHiM 3HaueHHsM Ha piBHI 40%, 1110 BKa3ye Ha HEMOXK-
JUBICTh BUKOPHCTaHHA CTATHCTHYHOTO IPOTHO3YBAaHHS Makcumanshe 3Ha- 11072.46 4796.10
BHKJIFOYHO HA OCHOBI CEepelHiX 3HAYeHb U aHAJi3y ucHHS, BT ’ ’
pobotu BiTpoycranoBok. I1le ojHa BiAMIHHICTh MOJISITaE B MakcumabHe 3Ha-
TOMY, 110 HaWOiibIla reHepanis Uil BITpOreHepaTopiB B wenns, % 110 47,96
00paHOMy perioHi BiZOYyBA€ThCS 3 JKOBTHS IO JIFOTHIA.
PaHOMY pert y A3 OKOBTIAL I Cepenne 3navenns, Br | 4099.47 949,32
Came Ha OCHOBI NIPOTHJIEKHOCTI y MiKaxX pivyHOI reHeparii
o . . . o
ONTHUMAJIGHUI BapiaHT IOJSIra€ B KOMOIHYBaHHI COHSY- Cepenne sHadennst, % | 40,99 9,49
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Pucynok 19. Cepenniii 3a mepion mocmikeHHs rpadik
reHepariii oJHuM BiTporeHeparopom, Br.

Pe3ynbraTi MoOjeNtOBaHHS, IMOB’S3aHi 3 BiIXUJICH-
HAM 15 XBHIMHHUX 3Ha4€Hb KOXHOTO POKY Bif cepen-
HBOTO PO3pPax0BaHOI0, 3aHECEHO y Tabiuio 3. 3araibHa
KapTUHA aHalli3y TaKOX JEMOHCTPYE MOBHY IMPOTHIIEK-
Hicte y nopiBusHHI 3 DEIl. Hanpuknaa, naamimkosa
TeHepallisi MeHII HMOBipHa ajie Ma€ 3HaYyHO OilblIe aMm-
JITYHE 3HAYCHHA. Y MIKOBI MOMEHTH BIIXHUICHHS MOX-
JIMB1 HaBiTh BapiaHTH, KOJIM IIPU BIJICYTHOCTI reHeparii y
CepeHBOMY CTATHCTHYHOMY IIPOTHO31 ISl iHTepBaiy,
peanbHa reHepalisl PaLioe BUIIE 32 HOMIHAIBHY ITOTYXK-
HICTB, LIO BJIACTHBO Ha MEBHOMY iHTEpBaJi MIBHAKOCTEH
BITpY AJIs1 0OpaHOTO BITpsKA.
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HOTO MaTepially Ta aHali3 OTPUMaHHUX PE3YJbTATIB 3 MO-
nemoBanus CEC Ta BEC B cxinHiit YkpaiHi.

Po3pobiicHa MOJEIb COHSAYHOI EICKTPOCTAHIIl 10-
3BOJISIE TMPOTHO3YBAaTH TEHEPAII0 EJICKTPOCHEPril Ha
OCHOBI COHSYHOI pajiauii Ta IHIIMX MOTOJHHUX HapameT-
piB.

IIpoBenena mepeBipka MOAETI Ha pealbHHX AaHUX
CBIIYHMTH TPO BUCOKY BIAMOBIJHICTH OTPUMAHHUX PE3YJib-
TaTIB Ta 3asABJICHUM BHPOOHHKOM XapaKTEPUCTHKaM (o-
TOMAHENeH, 10 MIATBEP/UKYE il TOYHICTH Ta e(EeKTUB-
HICTb.

Po3pobneHa Mozmenp BiTporeHepaTopa BpaxoBYye ae-
POIMHAMIYHI Ta CJIEKTPHYHI BTPATH, & TAKOK 3AICKHICTh
BUXIJIHOT TOTYXHOCTI BiJI IIBUIKOCTI BITPY.

Mogenp moka3zye MOIHMBICTH ajanramii 10 pea-
JBHUX YMOB IIUIIXOM BpaxyBaHHS AWHAMIYHOI 3aJI€KHOC-
Ti BUXiIHO{ MOTYKHOCTI BiJl IIBUAKOCTI BITPY, IIO TiI-
BHIIYE ii TOYHICTS.

AmHaii3 pe3ynabTaTiB reHepalii eleKTpoeHeprii noka-
3y€, 1m0 KOMOIHYBaHHSI COHSYHOI Ta BITpOBOi eHepril
Moske 3a0e3mednT cTaliibHilIe BUPOOHUIITBO EIEKTPO-
SHeprii IPOTATOM POKY.

BusiBneHi XapakTepUCTUKU TeHepalii J103BOJISIOTH
3pOOHTH BUCHOBOK, II0 ONTHMAJbHE BUKOPHCTAHHS Pi3-
HHUX JDKeped eHeprii Mo)ke KOMIIEHCYBaTH KOJIHMBAHHS
BUPOOHMIITBA Bijl OJTHOTO JKEpea.

AHaJi3 BIIXWICHb BiJ CepelHIX 3HAYEHb reHeparfil
nokasye, 1o st CEC WMOBIpHICTh BIIXWJICHHSI B MEHIITY
CTOPOHY € MEHIIOI0, aje¢ aMILUNTyAa BIAXWICHb MOXE
OyTH 3HaYHOIO.

Hdis BEC cmoctepiraerbcss HU3bKAa KOPEIIS MiX
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PIYHOIO TeHepalli€lo Ta CepeHIMI 3HAYEHHIMH, 1110 CBil-
YUTh TPO HEOOXIAHICTh IHAWBIAYaJBHOTO MIiNXOAY 0
MIPOTHO3YBAHHS.

V.BUCHOBKHA

JlociKeHHT MOXIIMBOCTI BIIPOBAHKEHHS COHSY-
HUX €JIeKTPOCTaHLiN Ta BiTporeHepatropiB B oOpaHOMY
perioHi po3KpUBa€e MEPCIEKTHBU Ta BUKIMKU ajbTepHa-
TUBHOI Ta 3elieHoi eHepreTuku. Po3pobneni moxeni CEC
ta BEC mponemoHcTpyBanu epeKTHBHICTh NPOTHO3yBaH-
HS TeHepaulii eleKTpoeHeprii, 3a0e3neuyloun BHCOKY
BIJIOBITHICTh OTPUMAHUX PE3yJIbTATIB 3asBICHUM BUPO-
OHMKOM XapaKTePHCTHKAM.

3a3nauena agantuBHicTE Moaeni BEC mo peamsHux
YMOB, 30KpeMa, JWHAMIYHE BpaxXyBaHHS 3aJIC)KHOCTI BU-
X1IHOT TOTY)KHOCTI BiJ HIBHIKOCTI BITPY, MiAKPECITIOE 11
TOYHICTh Ta MOXKIIUBICTH afamnTarlii 1o pi3HUX CIICHApiiB.
BusiBnieHo, mo koMOiHaIliss COHSYHHUX Ta BITPOBUX JDKE-
pen eHeprii MoXe CHpusATH cTalinizamii BUPOOHHIITBA
€JIEKTPOSHEPTii MPOTIATOM POKY, KOMIICHCYIOUH KOJIMBAH-
HsI BUPOOHUIITBA BiJl OKPEMUX JDKEPETL.

AHai3 BIIXWICHb Ta KOPEJIid reHeparlii BKazye
Ha noTpe0y 1HIAMBIAYaJIbHOTO MIJIXOXy O IPOrHO3YBaH-
HA, 30kpema, a1 BEC, ne piuna reHepariisi He 3aBXKIH
KOPEJIFOE 3 CepeAHiMU 3HaueHHAMU. OTpUMaHi pe3yibra-
TH CBIYaTh MPO BAXIMBICTb YpaxyBaHHS PerioHaJbHUX
0COONMBOCTEH Ta AMHAMIYHUX 3MiH Y MOTOJHHX yMOBaX
IUIsl TOYHOTO MOJICNIOBAHHSA CHCTEM albTePHATHBHOI Ta
3€JIEHOI CHEPIeTUKH.

VY pamKax NIpoOBEIEHOTO IOCHiKEHHS OylO BHSB-
neHo, 1o moaeni CEC ta BEC B oOpanoMy perioHi jae-
MOHCTPYIOTh BHCOKHII piB€Hh TOYHOCTI Y HPOTHO3YBaHHI
renepaii exekrpoeneprii. Mogens CEC, ontumizoBaHa 3
ypaxyBaHHSIM YTOYHIOIOHOTo Koe(ilieHTy, BigoOpaxkae
BHCOKY BIATIOBIAHICT pEaJbHUM XapaKTEPHCTHKAM,
npeacTaBleHNM BupoOHMKOM. Bapiant mozmemi BEC,
SIKMU JI03BOJISIE BUa4y MOTYXHOCTI BHUILE 32 HOMIHAIBHY
BIANOBIAHO 10 peaJbHUX XapaKTEePUCTHK, JO3BOJLIE
OoTpuUMaTu OUIBII TOYHI BinOOpaXXeHHs IMHAMIKH TeHepa-
i

VY pi3HMX YacTHHAX POKY BiJIMIYa€ThCsl 3HA4Ha pi-
3HuIs B rerepauii Big BEC, mo Bkasye Ha BasKJIMBICTB
KOMIUICKCHOTO TMiIXOJy 10 CTBOPSHHS EHEpreTHYHUX
cucreM. Pe3ynbrat HajalOTh MIATPUMKY i€l KOMOiHY-
BaHHS COHSYHUX Ta BITPOBUX JDKEPEN, IO T03BOJISE CTa-
OinmizyBaTH BUPOOHHUIITBO €IEKTPOEHEPrii Ta 3a0e3meunTn
MTOCTIHHUH MOTIK €HEePTii MPOTATOM POKY.

AHaui3 BiIXWJICHbP TE€HEpallii BiTporeHepaTopa BKa-
3aB Ha HEOOXIJHICTh IHIUBIAyaJIbHUX MIiAXOJIB IO IMpPO-
THO3YBaHHS Ta BpaxXyBaHHs pEriOHAILHUX OCOOJIMBOCTEIA.
30KkpeMa, BUSIBIICHO, IO B CEPEIHBOMY CTATHCTHUYHOMY
MIPOTHO31 MOXXYTh BWHHMKATH CHTYyallil, KOJHM pealbHa
reHepallisi BUIllAa 33 HOMIHaJIbHY HOTY)XHICTb BITpOT€HE-
paTopa, o CBIYUTH MPO HEOOXiAHICTH OUIBII TETATBHO-
IO BpaxyBaHHs AMHAMIKH IIBUIKOCTI BITPY.
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OTKe, BUSBJIECHI OCOOJMBOCTI Ta IOTEHLall COHS-
YHUX Ta BITPOBHX EHEPreTUYHHX YCTaHOBOK Yy KOHKpe-
THOMY pETiOHI HaJaloTh 0a3y IUIS PO3BUTKY CTIHKHX Ta
MPOJYKTUBHUX CHEPreTHYHHUX CHCTEM, 1[0 BHKOPHUCTO-
BYIOTh 3€JICHI TEXHOJIOTI] Ta CIPHSIOTh CTAIOMY PO3BUT-
Ky. Mojeni, po3po0iieHi B XOHi MOCIIIKEHHS, MOXYTh
CITY)KUTH BaXJIMBUM IHCTPYMEHTOM ISl ONTHMI3allii Ta
Y/IOCKOHAJIEHHsI €HEPreTHYHUX CHUCTEM Ha MICIIEBOMY Ta
rI00aJIbHOMY PIBHSIX.

V3araJibHIOIOYH, JOCHII/UKCHHS BKasye Ha Hepcrie-
KTHBH CTBOPCHHS CTiMKMX Ta MPOIYKTUBHHX CHEPIETH-
YHUX CHCTEM, 0a30BaHWX HAa BHKOPHCTAHHI BiIHOBIIOBA-
JBHUX JUKEpeJ eHeprii Ta 3elIeHHX TexXHoJorid. Po3poo-
JeHI MOZETi MOXKYTh CIyryBaTH MiAIPYHTSIM Ui MOAA-
JBLIAX JOCIIDKeHb, ONTHMI3allii Ta PO3rOPTaHHS aJbTep-
HAaTUBHHUX Ta 3CJICHUX CHCPIrCTUYHUX pilHeHl) JJI1 CTaJIOro
PO3BHTKY.

PesynbraTi BKa3yloTh Ha BaXJIMBICTh 1HTErpaii co-
HSYHHUX Ta BITPOBUX JDKEPEN Y SHEPreTUdHi CUCTEMHU ISt
3a0e3MEeUCHHsI CTAJOr0 BHPOOHHMIITBA EIEKTPOCHEPTii Ta
3MCHIIICHHSI HETaTUBHOTO BIUIMBY HAa HABKOJUIIHE Cepe-
mosumie. Mogeni, po3poOiieHi min Yac IOCHiIKEHHS,
MOXYTh BUKOPUCTOBYBATHCS ISl TUIAHYBAHHS, ONTUMI3a-
i Ta e()eKTUBHOIO BHKOPHCTAHHS 3CJICHHUX CHEPreTHY-
HUX PeCypciB.

TakuMm 4rHOM, 3€JIeHa eHepreTuka, 0a3oBaHa Ha CO-
HSIYHHUX T4 BITPOBHUX TEXHOJIOTISX, BU3HAYAE HOBHIi eTarl
PO3BHUTKY CHEPreTUYHOI CepH, COPUSIOYH MEPEXOIy JI0
€KOJIOTIYHO YHCTHX Ta CTajio e()EKTUBHHX pillleHb y che-
Pl BUPOOHHIITBA EIEKTPOCHEPTIi.
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Purpose. The purpose of this article is to study the role of "Green energy" in the concept of the distributed genera-
tion, to analyze the contribution of renewable sources to the energy stability. The main tasks include improving models
of photovoltaic panels and wind generators to achieve environmental and economic efficiency.

Methodology. Mathematical modeling of photovoltaic panels and wind generators, analysis of the influence of the
refining factor and the efficiency factor of the inverter on power generation A comparative analysis of the obtained
results with real data is used to validate the models. The aerodynamic characteristics of the wind generator and its
impact on the output power are studied. An optimised model is being developed to predict the efficiency of hybrid sys-
tems using green technologies

Findings. The obtained research results reveal the key contribution of "Green Energy" to the concept of distrib-
uted generation. Methods of mathematical modelling of photovoltaic panels and wind turbines, together with the use of
a correction factor and consideration of inverter efficiency, have improved the accuracy of power generation. The de-
veloped model takes into account the aerodynamic characteristics of the wind generator, emphasizing the realized pos-
sibility of exceeding the nominal power in accordance with the real characteristics. The obtained results are compared
with real data for validation and confirmation of the effectiveness of the system.

Originality. It consists in improving the model of combined generation of photovoltaic panels and a wind
generator, by taking into account the operation of the inverter. Data were also obtained on the potential of using a
hybrid station in the selected region and its advantages over the use of separate SES and wind turbines were proven.

Practical value. It consists in optimizing the forecasting of electricity generation in hybrid systems, which is
determined by increasing accuracy and adaptability to real conditions. The study reveals the potential for the
development of "Green Energy" in communities with a large area and medium capacity.

Keywords: green energy; distributed generation; mathematical modeling; photovoltaic panels; wind generators;
electricity generation; hybrid systems.
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