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ma cyyacHoz2o 00csidy 3aCMOCY8AHHA QAbMepPHAMUBHUX
Oxcepen eHepeii HO mepumopii YKpaiHu, 3 GKUeHMom Ha iXHE
BUKOPUCMAHHSA 8 ymosax obmexmeHo20 abo 8i0cymHb020
ueHmMpani3oeaHO20 eHepaonocma4vyaHHA. [loKa3aHo, wo 8
ymosax Had3su4valiHux cumyauyili, cnpuvuHeHux silickkosumu
diamu, mepopucmu4yHUMU 302po3amu abo NpupPoOdHUMU Ka-
macmpogamu, mpaduyiliHa eHepzocucmema Moxce 3a3Hamu
3HAYHUX MOWKOOHeHb abo NoBHO20 BiOKAOYEHHA. Y MmaKux
obcmasuHax anbmepHamueHi Oxcepena eHepeii, 30kpema co-
HAYHA Ma 8imposa eHepzemuKa, MOXymb cmamu €OUHUM
docmyrnHUM OxepesomM eneKmpornocmMa4yaHHA 0714 OKPeMUX
domozocnooapcms, Kpumu4Hoi iHgppacmpykmypu abo coyia-
fbHUX 06’ ekmie.

06rpyHMOBAHO 00Ui/IbHICMb BUKOPUCMAHHA MAAOMOMYXCHUX 8iMPOBUX i COHAYHUX YCMAHOBOK 0189 G8MOHOM-
HO20 eneKmMpornocma4aHHA 8 CinbCbKili abo manozabydosaHili micyesocmi. 3a3HaueHo, Wo echekKmusHicmes ma-
KUX Oxtepesn € 8UCOKOHYMAUBOO 00 2e02pagiyHO20 pO3MAaWy8aHHS, Penvedy, KAIMamuyHUX ymos ma 00608ux
i ce30HHUX KonueaHs NpUpPoOHUX pecypcie. HassHa 008i0ko8ea iHghopmauis 30ebinbuio2o opieHMOBAHA HA 8EUKI
eHepeemu4Hi 06’ekmu [ He 003805€ 30ilicHUMU 00CMOBIPHY OUIHKY MOMeHyiasy 015 0KAAbHUX 3ACMOCY8aHb.
Y pobomi npedcmasaeHo npuKkaad aHanisy KAiMamu4HuUx paKmopie AKi 8rnausarome Ha 8eau4UHy mexHiyHo 0o-
CAXCHO20 MOMeEHUiasy 30CmMoCcy8aHHA MAAUX 8iMPOBUX MA COHAYHUX YCMAHOBOK HAO KOHKpemHil mepumopii Xa-
PKiBCbKOI 0610CMIi 3 YpaxXy8aAHHAM /I0KAbHUX Memeoposo2iyHuUxX crnocmepexceHs, 00608020 U ce30HH020 x00y
npupodHuUx eHepaopecypcis. 3anpornoHosaHuli nioxio 0o aHAnNI3y ma pe3ynbmamu Moxyms 6ymu 8UKOPUCMAHI
0118 OUIHKU MeXHIYHO OOCAHHO20 MOMEHYiany 3aCMOCy8aHHA MAsUX 8iMPOBUX MA COHAYHUX YCMAHOBOK 8 I10-
0ibHuUX pezioHax.

5 cT. Hayk. cniBpob.
https://orcid.org/0000-0001-7033-1081

® Hau. HayK.-Jocnia. Big,
https://orcid.org/0000-0002-1032-117X

7 KaHA,. TexH. HayK, 4OLeHT
https://orcid.org/0000-0001-8833-0802

8 kaHa. dinoc. Hayk
https://orcid.org/0000-0002-2823-2239

12,56 XapKiBCbKMI HaLiOHabHWI YHiBEPCUTET
MogiTpaHux Cun im. |. Koxkeayba, Xapkis, YKpaiHa

3.4.7.8 XapKiBCbKMii HaLLiOHaNbHNIT aBTOMOBINbHO-
[OPOXKHIN yHiBEpCUTET, XapKis, YKpaiHa

Knrouoesi cnoea: 8idH08/1108aHI Oxcepena eHepeii, 8imposa eHep20ycmMaHOB8KA, COHAYHA bamapes, simpoeHe-
peemuyHuli Kadacmp, xid eimpy, dobosuli xio 8impy, mexHiYHo 00CAXCHUL NOmMeHYiasn, COHAYHA padiayis.

1. Bectyn

3acTocyBaHHA BifAHOBNOBAHWUX, ab0 aNbTePHATUBHUX AXKe-
pen eHeprii OCTAaHHIM YaCOM MOLMPHOETLCA HAa MIKPO i MaK-
popiBHAX. PO3BUTOK anbTepHATUBHOI €eHEPreTUKKN B YKpaiHi
BiZNOBiIAQ€E CBITOBMM TeHAEHUiAM. BnpoBaaKeHHA anbTep-
HAaTUBHUX AKepen NiATPUMYETbCA HA PiBHI AeprKaBu, 30K-
pema BBeAEHO 3aCTOCYBaHHA TaK 3BAHOrO 3e/1eHOro Ta-
puoy [1]. Monpu HaABHI 3arasbHOAEp}KaBHI Npobiemu
NiATPMMKA PO3BUTKY a/ibTEPHATUBHOI EHEepreTUKN TPUBAE
[2]. MWTaHHA 3MEHLWEHHs eHepreTUYHO! 3a/eXKHOCTi B

YKpaiHi Wwaaxom po3pobKu edpeKTUBHOI NporpaMmn eHepro-
36eperKeHHs Ta PO3BUTKY a/IbTEPHATUBHOT eHEPreTUKM MaE
CcTpaTeriyHe 3Ha4YeHHA.

Y nepioa 2023-2024 pp. Yepe3 NOWKOAMXKEHHA 3HAYHOI Ya-
CTMHM reHepyBaibHUX NOTYXKHOCTEM HaLiOHAaNbHA eHepre-
TWUYHA KOMMaHiA «YKpeHepro» 3aKNMKae HaceNeHHs npua-
6aTu reHepaTopu eneKTPOoeHeprii AK NPeBeHTUBHUIA 3axig,
NPOTU MOXIMBUX MOTOAUHHUX (b0 panToBMX) BigKNtOUEHb
enekTpoeHeprii B 3umosuii nepiog, [3]. OgHaK 3a3Ha4MMO,
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Wwo AnA 6araTboX NPMBATHUX AOMOroOCNoAapcTB 3acTocy-
BaHHA nepecyBHUX 6eH3NHOBUX ab0 AN3ENbHUX eNeKTPUY-
HUX CTaHLiM HA NOCTIMHOI OCHOBI MOXe BMABUTUCA Heao-
CTYNHUM 4yepe3 MOCTiHe 3POCTaHHA LiH Ha eHeproHocii.
OT)Ke, aKTyaNbHICTb 3aCTOCYBaHHA aNbTEPHATUBHUX ArKe-
pen eHeprii AK Axepen 3 NOTeHUiMHO ManuMK eKcnayaTta-
LiAHUMKW BUTpPAaTaMM 3HAYHO 3pocTae. MoXHa ou4ikyBaTH
nesHe BiAHOCHE 3POCTaHHA 3aCTOCYBaHHA aNbTePHATUBHUX
L)Kepen eHeprii B HeBEIMKMX NPUBATHUX JOMOrocnogapc-
TBax, TOOTO MOLWMPEHHA 3aCTOCYBAHHA aNbTEePHATUBHUX
MiHi- Ta mikpogepen eHeprii.

OpHieto 3 NnepeLwKkos, BNPOBaAXKeHHA a/IbTEPHATUBHUX AXKe-
pen eHeprii € HecTabiNbHICTb Ta NeBHA HECBOEYACHICTb HAA-
XOAKEHHA eHeprii 3 NepPBUHHNX AxKepes. Y BeIMKNX eHepre-
TUYHWX FOCNOAAPCTBAX NPobaemMa HECBOEYACHOCTI Haaxoa-
YKEHHA eHeprii BUPILWYETbCA NepPepo3noLiNoM il MiXK CNOXKN-
Bayamu. MNigKknoveHHA MiKpoaKepen A0 3arasbHOI CMCTEMM
MOX€e BUABUTUCb EKOHOMIYHO HeaoUiNbHUM. Y MOTOYHUX
YMOBaXx, KON HaLjioHaNbHa enekTpomMepeKa nepebysae Ha
MeXi MoxmBocTel i3 3abe3neyeHHa ctanoro 6esnepeps-
HOrO NMOCTaYaHHA eNIeKTPUYHOI Ta Tenn0BOi eHeprii oKpe-
MOMY CMOKMBaYy, NOAONAHHA 3a3HavyeHoi Npobnemn narae
Ha BNIAaCHMKa a/IbTEPHATUBHOTO JXKepesia eHeprii.

3 TexHiYHOro noraagy uA npobaema BUPILLYETLCA 3aCTOCY-
BaHHAM HAKOMW4YyBadiB eHeprii, AKi NOBMHHI BUpiLlyBaTH
ABi 3a4aui:

— MNOAONAHHA NiKiB CMNOXWBAHHA;
— HaAKOMWYeHHs eHeprii B Nepioam BiacyTHOCTI ii noTpebu.

3pocTaHHA 3arasbHOI EMHOCTI HAKOMMYyBayiB 3HAYHO Nia-
BULLYE 3ara/ibHy BapTiCTb YCTAaTKyBaHHA Ta HEraTUBHO BMNJIN-
BA€E Ta NPMOYTKOBICTb BUKOPUCTAHHA aNbTEPHATUBHOI eHe-
prii 1 y NeBHUX yMOBax MOKe 3pobUTK iX BUKOPUCTaHHA
HegouinbHUM. Lle 3a4e6inbloro CTocyeTbcsa MiHi- i MiKpo-
Axepen yepes BiACyTHICTb edeKTy macluTabyBaHHA, AKUIA
CMOCTEpPIraeTbCa y BE/IMKMX EHeprocucTemax.

OTe, OUiHKa NOTeHLiany 3aCTOCYBaHHA a/ibTePHAaTUBHOIO
AsKepena eHeprii B NpuMBaTHOMY rocnofapcTei notpebye
AeTanbHiWoro aHanisy. JocnigKeHHA, CNpAMOBAHI HA BU-
BYEHHA NOTEHLLiaNy NeBHOI IOKANbHOI TePUTOPIi 414 3aCTO-
CyBaHHA aIbTEPHATUBHUX AKepes eHeprii, € aKTyaNbHUMMU.

2. AHani3 aaHuX niTepaTypu Ta NOCTAaHOBKA Npobaemu

BuKopucTaHHA BiAHOBAOBAHOI eHeprii € AO0CUTbL nonynap-
HOI TEMOIO AOCNIAMKEHb, TOMY KiNbKiCTb NybAiKkaLil, npuc-
BAYEHUX HUM, AyKe BennKa. OCHOBHMMM Ta HAUNPOAYKTU-
BHILULMMW HaANpAMamMuM BigHOB/IIOBAHOI EHEpPreTUKM B
YKpaiHi € BITpOEHepreTMKa, COHAYHA eHepreTuka, bioeHep-
reTuKa, rigpoeHepreTMka Ta reoTepmasibHa eHepreTuka.

MoyaBLK 3 HesnocepesHbOro 3aCTOCYyBaHHA COHAYHOTO CBi-
TNa 1 Tenna, NOACTBO NepeiLno A0 YCTaHOBOK, AKi nepeT-
BOPIOIOTb COHAYHY €HEprito Ha enekTpuyHy. Came el Bapi-
QHT 3aCTOCYBaHHA COHAYHOI eHeprii Tenep pPo3rnAfaETbCA AK
OCHOBHWI BapiaHT ii 3acTocyBaHHA. HacTynHum BigHOCHO
LUMPOKO 3aCTOCOBAHMM BiAHOBNOBAaHUM AXKepe-10M € Te-
nno 3emni. MNoTeHLjian 3acTOCyBaHHA reoTepmanbHOI eHeprii
B arponpoMm1CI0BOMY KOMM/eKci YKpaiHu po3rnaHyTo B [4].

Joceig Ta macwTtabu 3actocyBaHHA Masoi rigpo-eHepre-
TUKW, 30KpeMa B YKpaiHi, 4OKNagHo onucaHi B [5]. 3asHa-
Ya€ETbCA, LLO BiAHOBIOBAHI AXKepesia Ha OCHOBI BOAHMX pe-
cypciB matoTb BUCOKMI KK,

[aHi 6araTopiyHMX cnocTepeXkeHb 3a NOroAok Ha TepuTo-
pii YKpaiHM HaBeZeHi B Pi3HOMAHITHMUX O0BIAHMKAX MUHY-
nnx yacis [6] Ta, 30Kpema, y [7].

LNA OuUiHKM NOTeHLiany OTPUMAHHA BiAHOBANOBAHOI eHeprii
KOPUCHMMM TaKOX € [OCNIAKEHHA BNACTUBOCTEN KOHKpET-
HUX NepeTBOptoBaviB. Hanpuknag, y [8, 9] npoBeaeHo aHa-
Ni3 XapaKTepPUCTUK COHAYHOI NaHeni B Pi3HUX YMOBAX eKc-
nayatau,ii, y Tomy Yncni y namtax 4OPOXKHbOro NOKpUTTA.

Y uit poboTi nig, ycTaHOBKaMn Masioi NOTYXKHOCTi po3ymi-
HOTbCA BITPOYCTAHOBKM 3 AiameTpom BiTpoKoneca Ao 10 m i
noTy»HicTio go 10 KBT, AKi 33 NpM3HaYEeHHAM € YCTAHOB-
Kamn ana 3abesnevyeHHA iHAMBIAYasbHUX [AOMOFOCMO-
Aapcts (nobyToBux noTpeb).

BianosigHo fo0 [10], nig TeXHIYHO LOCAXKHUM NOTEHLLiaN0OM
BAE po3ymieTbCA YaCTMHA eHeprii 3aranbHOro NoTeHuiany,
AKY MOXHa peanidyBaTu 3a JOMOMOIOH Cy4aCHUX TeXHiy-
HUX NPUCTPOIB. TaKoXK Yy poboTi HagaHi pekomeHaauil
wozo BMbOpy Ta BUKOPUCTAHHA oKpemux Buais BAE. Ce-
pen HaBeAeHUX PeKoMeHAaui AN OLiHKM TeXHIYHO aocs-
YKHOTO MOTEHLiaNy BaXMBO BUAINNTU NPU3HAYEHHA eflek-
TPOYCTATKYBaHHA:

— fAK aBTOHOMHE [XKepesno eHeprii;

AK pe3epBHe AXepeno eHeprii 32 HAABHOCTI UeHTpani-
30BaHOI Mepexi;

AK YCTAHOBKA, L0 NPALLIIOE Ha MEpesKy.

Li BapiaHT\ BM3HaYaloTb WAAXM KOMMEHCAL,ii HE36iKHICTb
NOTOKiB HaaxogxeHHA eHeprii BAE Ta ii cnoxuBaHHA. Ha
HalW nornsg, cnig, fo[aTv aHani3 BiANOBIAHOCTI AMHAMIKK
Haxo4KeHHA aNbTepHATUBHOI eHeprii O4iKyBaHiN AUHaMIL
CNOXKMBAHHA (piuHii, micauHil, noboB.ii). TakoX AOLiINbHO
BMABNATM Nepioay Ta 3HAYEHHA BM3HAYEHWUX MapameTpiB
BAE, Konu 3a HaABHOCTI eHeprii Yepes TeXHIYHi 0B MeXKeHHA
nepeTBoOplOBaYa HEMOXKMBE i CNOXKMBAHHA. Hanpuknag,
nig, 4ac OLiHKM NOTEHLiaNy BUKOPUCTAHHA BITPY AOLINBHO
BKa3yBaTu:

— HWXKHIO MeXy LIBUAKOCTI BITPY (BiTpOKO/NECO He obep-
TaeTbCA);

— BEPXHIO MEeXY LIBUAKOCTI BiTPY (LUKBasbHWIA BiTep — BIT-
POKONECO NepPexoamnTb Y 3aXMULLEHE MNOOKEHHSA);

— 30HYy (aianasoH wWBMAKOCTI BiTPY) HaliedeKTUBHILWOT po-
6oTun.

Tak camo, OLLiHIOYN MOXKANBOCTI NEPETBOPEHHA COHAYHOI
eHeprii Ha eNeKTPUYHY, AOLiINbHO BKa3yBaTN MeXi poboTtn
COHAYHOI baTapei 3aneKHOo Big, HaAXOAXKEHHS CBITI0BOro
MOTOKY, @ TAaKOX BpaxoByBaTh edeKTUBHICTb poboTn HaTa-
pei 3a pi3HOi TemnepaTypu HABKOULWHBLOTO cepesoBuLLa.

Takuit aHanis 403BONUTb BUABUTM YACTKy €Hepril, ika mae
HAKOMNYyBaTUCA B CUCTEMI ANA KOMNEeHcau,ii HeBignosigHo-
CTi NepioAiB HaAXOAKEHHA Ta CMOXMUBAHHA eHeprii. B aBTo-
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HOMHUX OyKepenax eHeprii Npu 3HauyHin He36iXHOCTI Yacy
BUTPATW Ta CMOXKMBAHHA eHeprii NoTPibHa KiNbKicTb HaKo-
NnYyBaYiB (aKymMynATOPHUX BaTapei) MmoxKe BUABUTUCSA YM-
Masoto. 3a LMX YMOB BUTPATM Ha HaKoMM4YyBaui (K KaniTa-
JIbHi, TaK i eKcnyaTaLiliHi) MOXyYTb BUABUTUCH iICTOTHUMM,
LLLO TAaKOX 3pO6UTb BUKOPUCTAHHA YCTAHOBKM EKOHOMIYHO
HeAoUiNbHUM.

Kpim TOoro, Ha pesynbTaTi aHanisy Moxe BNJANHYTU BPaxy-
BaHHA TOYHOrO PO3TallyBaHHA NepeTBOptoBaYa eHeprii Ha
MmicueBocTi. na BITPOYCTaHOBOK MOXANBUIN BNANB 6113b-
KOCTi BO4,0MM, Jlici, naropbis, 3HAYHMX BUCOTHUX CrOpyS,
Towo [11]. OnAa renioycTaHOBOK — ynamB 6/M3bKOCTI
06’€eKTiB, AIKi CTBOPIOIOTb TiHb.

Po3rnaHyTi matepianun BKasyoTb Ha Te, LWO:

— B3arani 3acTocyBaHHA BiAHOBNIOBAHWUX AKepen Ha Te-
puTOpii YKpaiHn € A0ouiNbHMM, iICTOPUYHO MiaTBEpPAKE-
HUM SIK 3 €KOJIOTIYHUX MiPKYBaHb, TaK i Woa0 3abe3ne-
YeHHA eHepreTMYHoi cTabinbHOCTI, 30KpemMa, NPUBaTHUX
AO0MOrocnofapcTs;

— Y pasi 3HAaYHWUX NOLWKOAMKEHb LLEeHTPANbHOT eHeprocumc-
TEMU Ha TpUBaUii nepioa, (Y 38’A3Ky 3 HaA3BUYAMHUMM
cuTyauismu, 60MOBMMM AiAMM TOLLO) 3aCTOCYBaHHA
BAE onAa okpemux NpuBaTHMX 4OMOrocnogapcTs MoXxe
BMABUTUCH EAVHUM MOXK/MBUM BapiaHTOM;

— 4na YKpaiHu cnig nepegycim po3rnagaty BapiaHTyM 3a-
CTOCYBAHHA COHAYHOI, BITPOBOI, reoTepMasibHOi eHepril,
eHeprii Manux piyok Ta bioeHepreTnku;

— icHye 6araTo roToBMx TEXHIYHMX PillEHb LLOAO 3aCTOCY-
BAHHA NEeBHOro BMAY eHepril, a TaKOX ribpuaHux cuc-
Tem;

— 3@ MOXNMBOCTI 3aCTOCYBAHHA AEKINIbKOX BigHOB/OBa-
HUX OKepen AOoUiNbHO NOEAHYBATU iX B 3aranbHy ribpu-
OHY cuctemy;

— YacoBa Ta TepuTopia/iibHa HecTabiNbHICTb TaKMX BUAIB
eHeprii, AK eHepria BITPy Ta COHUA, € Ba*KNMBUMMW Xapa-
KTEPUCTUKaMM ANA OLIHKM AOLLIIbHOCTI iX 3aCTOCYBaHHA
ONA Mannx NPOEKTiB,, 30Kpema NPUBATHMUX JOMOrocno-
0apcTs;

— BefeTbcsA poboTa WOoA0 HAJAHHA BUYEPNHUX BUXigHNX
AaHUX ONA NPUMAHATTA PilUEHHA LWOAO 3acTOCYBaHHA
Bi4HOB/MIOBAHOIO AKepena Ha nesHilt TepuTopii. Ha uen
Yyac € MOXK/IMBICTb OLHUTK MOTeHLian perioHy, obnacTi
(BipHOCHO BeNMKOi TepuTOpIi) LWOAO 3aCTOCYBaHHSA NeB-
HOrO BMAY BigHOBAOBAHOI eHepril.

BignoBsigHMX A0BiAKOBUX MaTepiaiB LWOA0 SIOKaNbHUX 06-
nacteli (piBHA HEBEAUKMX MICT, CENNLL, CiNl) MOKM LLLO HEMAE
Y BigKpuTOMy AOCTYni.

3. MerTa i 3agaui gocnigXeHHsA

3’AcyBaTM 3HAYEHHA MOKA3HWKIB KNIMATUYHUX aAKTOPIB,
LLLO MatOTb BMN/IMB HA BEIMYMHY TEXHIYHO AOCAXKHOIO noTe-
HUjaNy 3acTOCyBaHHA Ma/IUX BITPOBUX Ta COHAYHUX YCTaHO-
BOK Y JIOKaNbHil o6nacTi perioHy.

[ns pocarHeHHsA meTn Bynu noctasneHi Taki 3agaui:

—  BW3HAUYUTM Nepenik KNimaTUYHUX GaKTopiB Lo BNANBA-
FOTb Ha NOTEHLian BITPOBMX YCTAaHOBOK Ta iX MOKa3HMUKIB;

—  BW3HauYMTM Nepenik KNimaTMyHMUX GaKTopiB WO BNAMBa-
I0Tb Ha NOTeHL,ia COHAYHUX eHepProycTaHOBOK Ta iX No-
Ka3HMUKIB;

— CKNacTW aHaniTUYHWUI ONMC 33 BM3HAYEHUMWU Nepeni-
Kamu ¢daKkTopis, NpU3HaYeHUn ANA OLiHKM noTeHujiany
3aCTOCYBaHHA MaNNX BITPOBUX Ta COHAYHMX YCTaHOBOK
Y NOKa/bHi 06nacTi perioHy.

4. Martepianu Ta meToam A0CNiaKeHb

JocnigxyBaHow AinaHKo perioHy 6yna BubpaHa micue-
BicTb N06/1M3y cafoBMX TOBApUCTB Henoganik ¢ Benwuki
Mpoxoau XapkiscbKoi obnacTi (aani 6yaemo HasueaTu goc-
NigXKyBaHy AiNAHKY perioHy gocnigHum noniroHom). Jocni-
OXKeHHA TEXHIYHO AOCAXKHOr0 MOTEeHLiaNy NPOBOAW/IN B Ne-
piog, 3 TpaBHA 2018 poky Ao TpasHA 2019 poky.

OueBMAHO, WO BE/IMYMHA TEXHIYHO AOCAMKHOIO NOTeHLiany
Ma€E CEeHC A/19 KOHKPETHOI eHepreTMUHOI YCTaHOBKKN abo Hu-
3KM YCTAaHOBOK. AIK npuknag 6yno BMbpaHo BiTPOyCTaHOBKM
Flamingo Aero [12]. nA uMx yCTaHOBOK HOMiHa/IbHa LWBKA-
KiCTb BiTPYy cTaHOBUTbL 8 M/c. BiTpoKoneca noynHatoTb obep-
TaTUCb 3a WBMAKOCTI 2,5 M/C, a rpaHNYHa LWBUAKICTb CTaHO-
ButMMe 50 m/c. BaxkaHa BucoTa wornv —Big 17 o 25 m.

3 xapakTepucTmk Flamingo Aero BMAHO, WO 33 LWBWAKOCTI
BITPY 5 M/C yCTaHOBKM BiaaaBatMmyTb 25 % BCTaHOBAEHOI
MOTY>KHOCTI, 3a WBNAKOCTI BiTPY BiA 6 A0 7 m/c— 50 %, Bia,
7 no 8m/c— 6au3bko 75 % i 3a wWBMAKOCTI 6AU3bKO 8-
9 M/C — NOBHY MOTYXHICTb. Ha Ui 3HaueHHA i C/lig, OpieHTY-
BaTMCA Nif, YaC OLiHKN TEXHIYHO AOCAXKHOrO NOTEHLiany.

JocnigxyBaHa AinaHKa po3TaloBaHa B 30Hi sicocteny, y
LbOMY perioHi o4ikyBaHa cepefHs WBWUAKICTb BiTpPY 64un-
3bKa A0 4 m/c. TepuTopia 30HM nicocTeny, WO 3a1ULWIAETLCA
nicnA BUNYYEHHA NiCOBUX AiNAHOK i NepeLuKos aHTPonoreH-
HOro XapaKTepy, € LiJIKOM NpUAaTHOW ANA peanisaLii eko-
HOMIYHO e(dEeKTUBHUX IHBECTULIMHUX MPOEKTIB BITPOBUX
eHeproyctaHoBokK (BEY).

Y pocnigkeHomy perioHi NpubupaHHA NiCOBUX AINAHOK i
nepeLLKos aHTPOMNOreHHOro XapaKTepy € HENPUNYCTUMUM,
i OuUiHKY NoTeHUiany HeobxigHo 6yno nposectn ana BEY 3
BMCOTOO OCi poTopa He binbwe 30 m.

Biaomo, wWo eHepria BiTPY NponopuiinHa KBagpaTty Moro
wemnaKkocti [1]. OTKe, OCHOBHOI XapaKTePUCTUKOLO BITPY €
Mnoro wWBMAKicTb. BUbip TeXHIYHMX XapaKTEePUCTUK BiTpoyc-
TAaHOBKM 3a3faneriab L03BONASE OOMENKYBATM OMUC AuLle
TUMM 3HAYEHHAMM, AKI BNUCYIOTbCA B pObOYi XapaKTepuc-
TUKM YCTAHOBKMW.

LBMAKicTb BiTPY Mmae 6yt ouiHeHa B cepefHbOMY 3a piK,
3a micaub i 3a f06Y, Wo BiANOBIAAE NiAX0AY L0 OLiHKM cno-
YXMBaAHHA eNeKTPUYHOI eHeprii. [lnA OuiHKK BiTpOBOro note-
HLiaNy perioHy LWoA0 3aCTOCYBaHHA Masoi BiTPOYCTaHOBKMU
BA’K/IMBO BPaxOBYBATU TaKi paKTopu:
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— BiTpn Ha manux BUCOTax AyOTb Ay*Ke HEPIBHOMIPHO 33
WBMAKIcTIO, cTabinbHicTiO Ta HanpAamKom. Mpu Lbomy
XapaKTep HepiBHOMIPHOCTi 3MIHIOETbCA MPOTATOM He-
0b6xigHWX nepiogis ouiHOBaHHA (piK, micAub, ob6a).

— HemoxnuBiCTb 3HA4YHOro BNAMBY Ha NaHAawadT obme-
YKYE BUKOPMCTAHHA BITPiB NEBHMX HANPAMKIB, @ TaKOX
iHOAi CMPUYMHIOE 3MEHLIEHHA X LWBMAKOCTI B MEBHUX
HanpAMKax.

— BiTpoycTaHOBKa Ma€ BEPXHIO Ta HUMKHIO MEXi LUBUAKO-
CTi BiTpY.

OnAa aHanisy BiTpOEHepreTMYHOro MoTeHUiany MicLeBoOCTi
CKNAJAETbCA CYKYMHICTb aePONOFiYHMX | eHepreTMYHUX xa-
paKTepPUCTUK BITPY, LLLO 06’ €AHYETLCA MOHATTAM BiTpOeHep-
reTMYHOro KagacTpy. Y KagacTpi BCi XapaKTEPUCTMKM HaBe-
OeHi y TabanyHin abo rpadiyHii dopmi 3 BUKOPUCTAHHAM
maTepianis 6araToiTHIX cnocTepekeHsb.

[10 OCHOBHMX Ka8acTPOBMX NOKa3HMKIB BIiTPY HaeXKaTb:

cepeHbOPIYHA WBUAKICTb BITPY;

— piyHni | goboBwMiA Xig BITPY;

— MOBTOPIOBAHICTb LWBKUAKOCTEN BITPY;
— MOBTOPIOBAHICTb HANPAMKIB BITPY;
— MaKCMManbHa WBUAKICTb BiTPY;

— MKUTOMa NOTYKHICTb i NMTOMAa eHepria BiTpy (y i poboTi
He Po3rNAfaEeTbCA).

OCHOBHUM )Kepenom BUXIAHWUX AaHUX AN PO3PO6KM BiT-
poOeHepreTMYHOro KagacTpy € CNOCTEPEKEHHA 3a WBUAKI-
CTIO BITPY Ha OMOPHIi mepexi rizpomeTteocnyx6bu. Ix nepe-
Baroto € Te, L0 BOHM MPOBOAATHLCA 33 EANHOIO METOAMKOIO,
a micua (MagaHYMKKM) NPOBEAEHHA CNOCTEPEKEHD KNacu-
¢diKoBaHi 3a cTyneHem ix BigKpUTOCTi Ha MiCLLEBOCTI.

Ona yTouHeHHA iHbopMaL,ii TaKOXK AO0UiNIbHO BUKOPUCTOBY-
BATM AaHi OCTaHHbOrO Nepioay 3 HAUBAMKUMX METEOCTAHLLN.

HaBeaeHi AaHi meTeocTaHLUi HanexXaTb 40 nepioay 3 Tpa-
BHA 2018 poky Ao TpasHA 2019 poky.

COHAYHMIA NOTEHLiaN MiCLLEEBOCTI HE MA€ TaKoi 3a/1eXHOCTI Bif,
NIOKaNbHUX reorpadiyHMx YMOB, K BiTpoBuit. 3rigHo 3 [4] oui-
HKY COHAYHOrO MOTEHUjaNy Ha AOCAIAHOMY MOJIFOHI MOXHa
BMKOHAaTU 33 IaHNMU, WO BignosigatoTb MonTasi (BiacTaHb Big,
OKOMWLL MiCTa A0 30HM JocnigxeHb 6ansbko 140 Km). 3a oc-
HOBHMWIM MOKAa3HMK COHAYHOrO MOTEHLiaNy B3ATO iHTEHCUB-
HICTb COHAYHOI pagiauji. TaKOXK BM3HAYANMCb KiNbKiCTb AHIB
6e3 CoHLA Ta MMOBIPHI NPOMIXKKM AcHOro Heba. Mpu posrnaai
NOKA3HWKIB NOTEHUjaNy COHAYHOI eHeprii BpaxoByBaaAUCh Xa-
PaKTEPUCTUKM COHAYHOTO moayns [8, 14].

5. Pesynbtatn gocnipeHb
5.1. CepepHi Ta cepeHbOPIYHI WBUAKOCTI BiTPY

[aHi npo cepegHbOpiYHi WBMAKOCTI BiTPY 3a 2019 pik oTpu-
MaHi 3 MeTeoCTaHLjh aeponopTy XapKiB (aBiaujiiHa cTaHLif
MeTeoponoriyHa aep:kasHa —ACM/) Ta meTeocTaHuji 30-
nouis. Pe3ynbtaT 06pO6KM pAAIB cCnOCTeperKeHb 3a WBKA-
KiCTIO BIiTPY (piYHMI Xig, BITPY) i3 3a3HaYEHMX METeoposIori-
YHUX CTaHLUil, NpeacTaBaeHi B Taba. 1. [1na nopiBHAHHA 40
Tabnnui BHeCceHO AaHi, oTpUMaHi 3a TpuBanui nepion 3
ACMJ, i paHi mogeni NASA [15].

3 aHani3y AaHux, HaBegeHUx y Tabn. 1, BugHoO, Wo 3Ha-
YEeHHA cepeaHbOpPIYHOI WBMAKOCTI BITPY Ha A0CAIAHMLb-
KOMYy noAiroHi (ouiHka 3a AaHUMMKM MeTeocCTaHLUil) 3a
OCTaHHIW pPiK HUXKYe, HiXK cepefHE 3HAYEHHA 3a TPUBANUN
nepiog. OpieHTylouMCb Ha AaHi Tabn. 1, MoXKHa CKasaTy,
o BiTPOYCTAaHOBKM, BMOpaHi ana posrnagy, B cepea-
HbOMY MPaLOBATUMYTb Ha TPETUHY BCTAaHOB/EHOI NOTY K-
HOCTI.

HactynHum napameTpom BiTpOBOi 06CTaHOBKM € MOBTOPIO-
BaHiCTb WBKMAKOCTEN BiTPY. MNoBTOpPIOBAHICTL BiTPiB BUpa-
YKAETbCA KIiNbKICTIO BUNAAKiB Yy BiACOTKaxX. [TOBTOPIOBAHICTb
PO3rNAJAETLCA 3a rPafaLiaMmn WBUAKOCTI 1 OKPEMO MO KO-
YKHOMY ce30Hy. BignosigHo fo wkaam bodopTa, 3a cepea-
HbOPIYHMMM WBMAKOCTAMMW BITPY, AKi CNOCTEPIratoTbCA Ha
[OCNIAHULBKOMY MOANITOHI, L BiTPX HanexaTb A0 cnabrkux
BiTpIB.

Ta6nuua 1. CepegHAa micAyHa Ta piuHa WBUAKICTb BITPY Ha AoCnigKyBaHOMY NOAIrOHI 3a TpMBa MK nepiog Ta gocni-

A)KyBaHMiA nepiop,

1 ) >\~
g s f g' CepeaHs WBMAKICTb BITPY NO micauax, m/c
S (o}
o8 | £5%
o o g%
o = g:[
a o> I Il 1] v Vv VI Vil VI IX X Xl Xl
o
3
ACI\;I?H(;pm- 13 5 5,6 5,9 5,9 5,4 50 (43| 41 3,8 3,9 46 |54 | 5,8
3onouis 10 2,3 2,3 2,6 2,9 2,5 2,5 2,1 | 2,0 1,7 2,4 1,8 {2,1]| 23
ACM[, 13 3,8 41 41 4,2 3,7 40 |36 | 3,4 3,1 4,0 33|37 4,0
NASA 10 3,5 3,6 4,4 3,2 3,8 33 [31| 25 4,2 3,4 2,8 |30 34
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AHaniz gaHux Tabn. 1 nokasye, WO 61M3bKO TPbOX-4OTU-
pbox (NiTHiX) micauis (y pi3Hi poKn) Ha pi BUBpaHi ycTaHOB-
KM ByayTb CMPOMOKHI BUAaBath He binble 25 % BCTaHOB-
NEeHOi NOTYXHOCTI.

XapaKTepHo, WO MaKCMMyM LWBMAKOCTEN BiTpy ANA BCiX
06’€eKTiB NpMNagae Ha X0/1I04HY NOPY POKY i 36iraeTbes i3 ce-
30HHUM MiKOM CMOXXWBAHHA TENJ0BOI 1 €NEKTPUYHOI eHep-
ril. MiHiMmym LWBMAKOCTEN BITPY 418 BCix 06’ eKTiB Npunagae
Ha NiTHIO Nopy PoKy. BignosigHo o 6araTopiuHmMx cnocte-
perkeHb XapaKTep 3MiHW cepeaHbOil WBMAKOCTI BITPY Hara-
AYE nepiog, cnHycoian, To6To BigNOBiIAA€E NNaBHIN 3MiHi ce-
30HiIB. HaBnaku Kpusi cnoctepexeHHsa 3a 2018-2019 pp.
BUABNAIOTb NEBHE NiABULLEHHA LWBUAKOCTI BITPY B nepios
CepreHb — KOBTEHb.

5.2. lo6oBui xig BiTPY

HacTynHoto xapaKTepucTUKo € 060BUi Xig BiTPpY — 3MiHa
cepegHix WBMAKOCTEN BiTPY NPOTArom A06Mm.

Ha ocHoBi MimoOBIpHOCTI HasABHOCTI BiTPy 3a rpagauiamu
WBMAKOCTI MOXKHaA OTpMMaTK J,0608BY TPUBANICTD iX BNAMBY
Ha BiTPOKoONEeco

n(t)o0
BILL 00 = M : 24
‘ 100

lpadiyHe npeacTaBNeHHA MMOBIPHOCTI WBMAKOCTI BITPY 3a
rpagaLiasMm Ha BiANOBIAHMX METEeOCTaHLiAX, HaBe4eHO Ha
puc. 1, 2, 3.

(1)

Kharkiv Airport (long-term observations)

01:55:40

Probability for wind speed , %
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Wind speed ranges, m/s —
CJAverage Duration of Wind,hom:s —<—1 ——7 —+/—13 ——19

Puc. 1. ImogipHicmb ciocmepexceHHs pi3HUX weudkocmeli simpy (3a epadayiamu) y pi3Hi 200uHU 8obu, % ma ix po3pa-
XyHKO8a mpusasnicme no cmaryii ACM/ (mpusani cnocmepexceHHs) (M. Xapkis)

Kharkiv Airport (research period)
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Puc. 2. ImosipHicmb cnocmepexceHHs pi3HUx weudkocmeli simpy (3a epadayiamu) 8 pisHi 200uHU dobu, % ma ix po3pa-
XyHKO08a mpueasnicme no cmaryii ACM/] (piuHi cnocmepexceHHs) (M. Xapkis)
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Zolochiv (research period)

|
00:46:26

S @

< 80% 4 <

O E o0
“ O 60% &
E 40% = S
5 En =
s 20% g I
2 0% = B
e o 0 o
ﬁ — o <t

-7
8-9

Wind speed ranges, m/s
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Puc. 3. ImosipHicmb cnocmepexceHHsa pi3Hux weuokocmeli

—1 ——7 —13 —=—19

simpy (3a epadauiamu) y piaHi 200uHU 006U, % ma ix po3pa-

XyHKO8a mpueasicme no cmaryii m. 3o0s104i8 (piuHi cnocmepexeHHs)

3 aHani3y HaBeAEHUX JAHUX BUOHO, WO Ha JOCNIAHULbKOMY
NoAiroHi AianasoH HaliMOBIPHILWMX WBWAKOCTEN BITPY Npo-
TArom A06m —Big, 2 Ao 5 m/c. HaTpusanilummm Bitpamu € Bi-
Tpu Big, 4 Ao 6 M/c. XapaKTep 3miHM MMOBIPHOCTI cnocTepe-
JKEHHA 33 pPi3HMMK WBKMAKOCTAMM NO cTaHuii ACM/, 3a
TPMBANIMMM Ta PIYHUMM CNOCTEPEIKEHHAMM B LLiIoMy 36ira-
€TbcAA. Ha rpadiky piuHMX cnocTeperkeHb MOXHa 6aunTu Ko-
pyUcHe nNiABULLEHHA TpMBaNocTi BiTpis 6—7 m/c. BogHouac
BiANOBIAHO A0 AaHWMX MO CTaHLT 30/104iB TaKi BiTPM MaiKe
He cnocTepiratoTbcA. CniBBiAHOWEHHA MiXK rpagauiamu 2—
3 m/c Ta 4-5 m/c y M. 3on0o4iB Ta no cTaHuii ACM/[, nokasye
nepeBakHiCTb BiTpiB 2—3 M/c no cTaHLii 3o10u4iB.

Ha puc. 4—6 HaBeaeHO KpWBi 3MiHM MMOBIpPHOCTI cnoctepe-
eHHA WBKuAKocTel BITPY BiA 240 6 M/c B pi3Hi roaMHu
406U, BiTpu BuLLe 3a 9 M/c cnocTepiratoTbCa Ay¥Ke KopoT-
KWit Yac, a BiTpu BuLle 3a 11 m/c cnocTepiratotbes iveHi ce-
KYHAM i yepes3 iHepUuiHICTb YCTAaHOBKM HE MOXYTb BMAU-
HYTM Ha reHepaL,ito eNeKTPUYHOI eHeprii.

BHacnigok aHanisy puc. 4—6 mokHa 3p06UTU BUCHOBOK Npo
Te, WO Yac HaMbiNbL eHepreTMYHO KOPUCHUX LIBUAKOCTEN
BITPY, 3 06cAry THX, LLLO 3yCTPiYatoTbCA HaWvacTiWwe, cnocTe-
piraeTbca y AeHHOMY MPOMIKKY n06u. 3aebinbworo nik
iMOBIPHOCTI iX cnOCTepeXKeHHA NpUnagae Ha 13-Ty roanHy.

Kharkiv Airport (long-term observations)

<

Probability for
wind speed , %

h
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Puc. 4. ImogipHicmbe crnocmepexceHHA weudkocmeli simpy

8i0 2 00 6 m/c 8 pi3Hi 200uHu 006U, % cmaruii ACM/A (mpu-

easni cnocmepexceHHsA) (M. Xapkis)

Kharkiv Airport (research period)
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Puc. 5. ImogipHicmb ciocmepexceHHs wieudkocmeli eimpy

8i0 2 00 6 M/c 8 pi3Hi 200uHU 06U, % cmaHuii ACM/ (piuHi

cnocmepexceHHsA) (M. Xapkie)
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Zolochiv (research period)
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Puc. 6. ImogipHicmb criocmepexceHHaA weuokocmeli simpy 8i0 2 6 M/c 8 pi3Hi 200uHu dobu, % no cmaxuii m. 3on04is (pi-
YHi cnocmepexceHHs)

5.3. MoBTOpIOBaHiCTb WIBUAKOCTEN Ta HANPAMKIB BiTpy

HopmanbHi WwemaKocTi BiTpy Ana BUOpPAHUMX BiTPOYCTAHO-
BOK fieXaTb B gianas3oHi Bia 5 ao 10 m/c. Tomy AouinbHO
npoaHanisysaTu po3u BiTpiB, WO NobyA0BaHi 3 ypaxyBaH-
HAM NuLWe BITPiB 3a3HAYEHOro giana3oHy. Ha puc. 7 Hase-
LEeHO BiANOBiIgHI PiYHi po3n BiTPIB Ha AOCANiAKYyBaHOMY
06’€eKTi.

IliBH.
ITiBn. 3ax.

. DN
7R

IliBa.Cx.

IliBH.Cx.

IliBa.3ax.
IliB .
Puc. 7. loemoprosaHicme HanpAmMKie eimpy no cmaHyii

ACM/ (mpusani cnocmepexceHHsA) 078 8impie WeuoKi-
cmto 5-10 m/c

ITiBH.
12%

7% 16%

A
N

7% 5%

3axin  14% - 16% Cxin

14% HIBH

Puc. 8. lloemoprosaHicms HanpamKie eimpy No cmaxyii
ACM/ npomsazom 0ocniorcysaHozo nepiody 018 8impis
weuokicmio 5-10 m/c (9 %— wmunv)

IliBH.
12%
% 16%
3axig 14% - >‘(\7/ .
7% 5%
14% IliBn.

Puc. 9. lloemoprosaHicme HanpAMKie eimpy no cmary,ii
30s10u4ie npomsazom 00cnidncysaHoz20 rnepiody 014 simpis
weudkicmio 5-10 m/c (9 %— wmusnb)

Ha pwuc. 10 gna nopiBHAHHA HaBeAeHO diarpamy NOBTOPIO-
BAHOCTi HaNpPsAMKiB BiTpy no cTaHuii ACM/ (Tpusani cnocre-
peXeHHA) AnA BCix BiTPiB, LWO cnocTepiraancb

ITiBH.
12%

149% 12%

Baxin 12% 0—>>{<—’ 16 9% Cxin

1104 15%

8%

ITiB .

Puc. 10. [TosmoprosaHicme HAnpAMKie 8impy no cmaxuyii
ACM/ (mpusani cnocmepexceHHs) 017 8cix gimpis, w0
crnocmepizanuce

MopiBHiotouM purc. 7 Ta puc. 10, moXKHa 6a4nTU 3HAUHY pis-
HULO MO NiHIT NiBHIYHKUI 3axig — niBAeHHWUI cxia. Lle noAc-
HIOETbCA CNOCTEPEXKEHHAM 3HAYHOI KiNbKOCTI BiTPIB BULLE
10 m/c. 3a3Buuail B aTnacax HaBOAATLCA PO3M BIiTPIB, AKI
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BPAXOBYOTb BCi CNoCTepeXeHi BiTpu. AK BUAHO 3 HaBeae-
HOro NpuKnagy, Taki po3u BiTPiB He 403BOAKOTbL 3P0BUTU
TOYHY OL,iHKY AN KOHKPETHMX BiTPOYCTaHOBOK.

ACM/ (TpuBai.) (OCiHHBO-3UMOBHIA TICPiOT)

ITiBH.
30% —
. . g soane XII
ITiBH.3ax. 20% JTiBH.CX. |
——1I
3ax. I
—=X
- = XI
ITiB1.3ax.

[T 1.

Ha puc. 11-13 HaBeZeHO NOBTOPHOBAHICTb HANPAMKIB BITPY
Ha 06’eKTax y OCiIHHbO-3MMOBMUI Ta BECHAHO-/ITHIl Nepioan
AnA BiTpiB weuAakictio —10 m/c.

ACM/] (TpuBai.) (BecHSHO-JITHIN TIepion)

ITiBH.

30% - v

[isn.3ax<_ 209, Alisn.Cx. v

’ —— VI
3ax. ICx. Vit
—--=VIII

- —IX

ITie.3ax. < TliBa.Cx.

l’[iﬁ:{.

Puc. 11. MoemoprosaHicms Hanpamkie eimpy 3a 0aHumu ACM/ Xapkie (mpusani cnocmepexceHHs) 045 8impie WeuoKi-
cmto 5-10 m/c

30s104iB (OCIHHBO-3UMOBHH 1EPIOT)

IliBH.
40% —a—TI
ITieH.3ax< Iieu.Cx. 1
—X
3ax. Cx. o X1
--—--XII

S liaCx.

IliBa.

30104iB (BECHSHO-JITHI Mepion)

------- v
) —a—V
IliBn.3ax e VT
—VII
3ax. | —--—- VIII
—--—--IX
ITie1.3ax.

[lBa.

Puc. 12. lMosmoprosaHicmb Hanpamkie simpy 3a 0aHUMU cm. 30704ie (0ocnioxcysaHuli nepiod) 08 eimpis weudKicmio
5-10m/c

ACM/ (pivH.) (OCIHHBO-3UMOBHIA TIEPiO/)

IliBx.

ACM/] (piuH.) (BECHSIHO-JITHIN MEpiox)

------- v
ITiBH.3ax =V
——VI
— Vil
3ax. —= VI
—--—--1X
ITiB1.3ax.

IIiB 1.

Puc. 13. MMosmoprosaHicme Hanpamkie simpy 3a 0aHumu ACM/ Xapkie (0ocnioxcysaHuli nepiod) 015 eimpie weudkicmo
5-10m/c

AHani3 giarpam NOKasye, WO OCHOBHUM HAaNpAMKOM BITpy
B OCiHHbO-3MMOBWIA NepioA € cxif —3axig. Y BeCHAHO-NITHIN
nepiog, BNAnB NiBAEHHO-CXiAHWUX BITPIB € NOPIBHAHMM 3i CXi-
OHUMU.

5.4. AHani3 NOKa3HUKIB HAAXOAKEHHA COHAYHOI paaiauii

Ha puc. 14 HaBeAeHO 3aNEXKHICTb iIHTEHCMBHOCTI COHAYHOI
pagiauii B8ig yacy £obu no micauax ans o6’ekTis, AKi po3Ta-
WwoBaHi No6n3y M. Xapkis. IHTEHCUMBHOCTI COHAYHOI pajia-

Lii, Wo HaBeaeHi Ha puc. 14, xapaKTepHi anA cepegHix 3Ha-
YeHb XMAapHOCTi 3a TpMBanuii nepios,. 3anexHo Big xmap-
HOCTi cepeaHi MiCAYHI IHTEHCMBHOCTI MOXYTb BiApPI3HATUCH
Bif, HaBeAEHMUX.

TpuBanicTb 4Yacy, KOAM iHTEHCUBHICTb COHAYHOI pagiauii
suwte pisHA 100 %, € TpuBanicTio Yacy, KOAU COHAYHA Na-
Henb npautoe 3 KK, wo sianosBigae HomMiHanbHOMY 3Ha-
YeHH!0. Y NPOMiKKY mixK piBHem 100 % (acHO) Ta piBHem
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60 % (nerka xmMapHicTb) COHAYHA NaHeb 3HUXKYE CBOO Ne-
peTBoOplOBasibHY 34aTHiICTb A0 60 % Big HOMiHanbHOI. Y
NPOMIXKKY MiX piBHem 60 % Ta pisBHem 30 % (XmapHicTb)

COHAYHA MaHe/lb 3HW}KYE CBOK MepeTBOPIOBA/IbHY 34aT-
HicTb 80 30 % Big, HOMiHaNbHOI. EHeprieto, AKa nepeTBOptO-
€TbCA OaTapeEro B peLUTy Yacy, MOXKHA HEXTyBaTH.

Bt .
Q— XapkiB
M
Ciuenn
700 —0— Jlrotuit
P ss— —a— bepesenn
600 // s i
SF ~ —— KBiTeHb
~
500 - —— \ S Tpaseun
= N
//, 7 \\ \N ——o6— Yepaenb
400 L
738G & —+— Jlunenp
24 N
300 .,/ e \\ — -3+ — Cepriens
d /7 == _ N ——0- — Bepecens
~
200 £, 4 4 //T/ ! ~ SNANN — = — Kosrenn
|:1 7, _—= = X= ~ —_——- —
/ 2 %~ - S NN ~ L \\§\ X- = Jlucronay
100 —-O- — I'pyneHb
A S AR =y R
== X =— J iBeHb o
o0& ; ku_-_\\g
— Pi 60% (JIX
6:30 9:30 12:30 15:30 18:30 iscre 60% (1X)
Yac nobu — — — — Pisens 30% (X)

Puc. 14. 3anexHicme iHmeHcusHocmi coHA4HOT padiayii 8id Yacy 0obu no micaysax 0218 06’ekmis, AKi po3mawiosaHi No6-
nAusy m. Xapkis, Bm/m?

Y 1abn. 2 Ta 3 HaBeAeHO MOTEHLiNHY TpMBanicTb Yacy,
KOJIN COHAYHA NaHenb 343aTHa MepPeTBOPIOBATU COHAYHY

pagiauilo Ha eneKkTpuKy. [aHi HaBeAeHO 3a TPbOMa piB-
HAMM.

Tabaunua 2. TpusanicTb Yacy NepeTBOPEHHA eHeprii COHAYHOI NaHenlo (roguH Ha aoby), roa,

PiBeHb I I I v v Vi Vi Vil IX X Xl Xl
100 % 0 2 6 8 10 11 11 9 6 4 0 0
60 % 5 6 4,4 1,6 1,6 2 2 2 3,9 4 5 3
30% 1,2 1,5 1,3 1 0,8 0,5 0,5 0,8 1 1,3 1,5 1
BCbOTO 6,2 9,5 11,7 10,6 12,4 13,5 13,5 11,8 10,9 9,3 6,5 4
Tabauua 3. TpuBanicTb Yacy NnepeTBOPEeHHA eHepril COHAYHOI NaHeAo (ro4MH 32 MicALAMM Ta Ha PiK), roa
PiBeHb | Il 11 A% Vv VI VII VI IX X Xl Xl Pik
100 % 0 56 186 240 | 310 | 330 | 341 279 180 | 124 0 0 2046
60 % 155 168 | 1364 48 49,6 60 62 62 117 | 124 150 93 1225
30% 37,2 42 40,3 30 24,8 15 15,5 | 24,8 30 40,3 45 31 375,9

3a NOBHOI XMapPHOCTI COHAYHA MaHeNnb NepeTBopIoE He bi-
nbuwe 3 % eHeprii, WO HaAX0A4MTb, TOMY MOXKHA CKa3aTy, L0
Konun CoHLEe MOBHICTIO 3aKPMTO XMapamMu, COHAYHA NaHeNb
baKTUYHO He € AXKepeniom eHeprii.

Y nucTonagi, rpyaHi, CivHi Ta AtoToMy 6/1M3bKO NOOBUHM
MiCALA COHAYHA NaHenb Maike He 6yae BMpobAATK

Ta6nuua 4. KinbKictb gHiB 6e3 coHuA

eHeprito. Y 6epesHi Ta *KOBTHi gHiB 3 6J1M3bKMM 4,0 HY/bO-
BOro piBHEM reHepau,ii eHeprii 6yae 6/11M3bKO TPETUHU. 3
KBITHA 40 BEPECHA BKAKOYHO KiNbKICTb MOBHICTHO XMApPHUX
OHiB 6byae He3HaYHOolo, i Ui micaui Ha AOCNiAKYBaHUX Tepu-
TOPIAX MOMKHA BBaXKaTW AOLINBHUMW ANA BUKOPUCTAHHA
COHSAYHOI eHeprii (Taba. 4).

Micaui
Bcboro
| I 11l \% Y VI VII VIII IX Xl Xl
19 14 10 3 1 1 1 1 1 16 22 96

CoHsYHe cAlMBO HA A0CNIAHOMY MOJIroOHi Ma€e PiBHOMIpPHWUIA
XapaKTtep. bifblua KifbKicTb «ACHMX» TrOAMH crocTepira-
€TbCA Y CEPEAMHI AHA.

Po3noain «acHMx» roanH no micausx, HasegeHo y Taba. 5.
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Ta6nuua 5. ImoBipHi NpoMmixKKu yacy acHoro Heba

Micaub | Il 1 I\ \ Vi Vil Vil IX X Xl Xl
Mpomixok | 10.00- 9.00- 8.00- |7.00- |6.00- |5.00- |[5.00- |5.00- |6.00- |8.00- |9.00- |10.00-
yacy 13.00 13.00 14.00 |16.00 |16.00 |17.00 (17.00 |17.00 |16.00 |15.00 |13.00 |13.00

6. O6roBopeHHA pe3ynbTaTis

OTprMaHi pe3ynbTaTh NOACHIOKTLCA BPaxyBaHHAM MicLe-
BUX KNiMaTUYHUX Ta reorpadivyHmx ocobamsocTten, Wo ao-
3BOJIN/IO AeTanizyBaTu piuHy Ta 4060BY ANHAMIKY BITPOBOI
M COHAYHOI reHepauil. 3HauYeHHA NOKa3HWKIB, HaBeAgeHI B
Tabnnuax i pucyHKax, BignosifatoTb 6aratopiyHMMm crocTe-
peXeHHAM, O4HAK YTOYHEHI 3a AOCNIAKYBaHUI Nepioa, Wo
B NO4A/NbLIOMY NiABULMNTE TOYHICTb OLIHKM EHEepPreTMYHOro
noTeHLuiany.

Ha BiamiHy Big, y3aranbHeHUX NiAX0A4IB Y iHLWMX AXKepenax,
L€ PO3paxyHKM MpoBOAATbCA 33 CepefHiMW perioHanb-
HUMW NOKA3HWKaMM, Y LLbOMY OOCAIAMKEHHI BUKOPUCTAHO
JNIOKaNbHi AaHi 3 NONbOBUX BUMIPIOBaHb, WO A3an0 3MOry
OZlepXKaTh TOYHILLY KapTUHY.

Bu3HauyeHHs napameTpiB KNimaTuuHmMx GaKTopis, Wo BNAN-
BalOTb HAa HAaAXOLKEHHA BITPOBOI Ta COHAYHOI eHeprii 3a
piK, MicaLb Ta f06Y, B NO4aNbLIOMY 4,03BOINTL 6e3nocepe-
[OHbO 3iCTaBAATM OTPUMaHI AaHi 3 NOTPIBHMMM rpadikamm
HaBaHTaXXeHHA eHeproyCcTaHoOBKMW.

OBmeKeHHA AOCNIAXKEHHA NONATAOTb Y NPUB’A3L A0 KOH-
KpPeTHOi MmicueBoCTi Ta obmexkeHOMYy 4YacoBomy nepiogi
CMoOCTEpErKeHDb, WO CAig, BPaxoByBaTHM MpPW eKcTpanonauii
Ha iHLWIi perioHwn.

Mopanblunii pO3BUTOK AOCAIAKEHHS MOXKe NonAraTv B 6es-
nocepeHii oLiHLi TEXHIYHO 4,0CAMKHOr0 MNOTEHLiaNy 3acTo-
CyBaHHA Ma/inX BiTPOBUX Ta COHAYHMX YCTAHOBOK Y J1OKa/b-
Hin 06nacTi periony.

7. BUCHOBKM

MpoBegeHo aHani3 KnimaTUYHUX GaKTOpIB, AKI BNAINBALOTL
Ha Be/MYMHY TEXHIYHO [OCAXHOrO MOTeHLiany 3acTocy-
BaHHA Ma/INX BITPOBMX Ta COHAYHUX YCTAHOBOK Y IOKA/bHiM
ob6nacTi XapKiBCbKOro perioHy. 3anponoHOBaHO YTOYHEH U
niaxiz 4,0 aHanisy, Wo BpaxoBye AK 0cob61MBOCTI MicLeBo-
cTi, ii reorpagivyHoro po3TallyBaHHA Ta NPUPOAHNX 0COBAN-
BOCTEN perioHy, TaK i TEXHIYHI XapaKTepUCTUKN eHepreTny-
HUX YCTaHOBOK

BcTaHOBNEHO, WO Ha A0CNIAKYBaHIM AiNAHLI Ha BUCOTI 3a-
CTOCYBaHHA Manux BiTPOycTaHOBOK (10 m) BiTep He € cTa-
JIUM | 3aN€X1Tb Bif, NOpM POKy Ta yacy Aobu. Hanvacriwi
BITPM, O MOXYTb 6YTW BUKOPUCTaHi Manoto BiTpOyCcTaHOB-
KO0, MaloThb WBKUAKICTb 2—3 m/c (6aun3bko 11 roa Ha goby)
i 4—5 m/c 6nu13bKo (4 roa Ha Ao6y). BiaHOCHO NOTYKHi Tex-
HiYHO NpunycTUMI BiTpN 5—7 m/c (He BGinblue 1 roa). Mano-
NOTyXHi BiTpn 1-2 m/c Big 7 oo 8 rog Ha goby). Hainnotyx-
Hiwi BiTpW yacTiwe cnocTtepiratoTbca 6a13bko 13-i rogmHu.
OCHOBHMM HanpsaMKOM BITPY Y OCIHHbO-3MMOBWI Nepiog, €
cxig — 3axig,. NoBTOPIOBaAHICTL HANPAMKIB BiTPiB NPOTArOM

POKYy € BigHOCHO HE3MiHHOM. Y BECHAHO-NITHIN nepiog,
BNAMB MiBAEHHO-CXiAHWUX BITPIB € MOPIBHAHHMM 3i CXig-
HUMMW.

[aHi, oTpMMaHi nig, Yac OUiHKM BITPOBOrO i COHAYHOrO No-
TeHUjany, B LiNOMYy BiANOBIJAIOTb ycepegHEHMM OAHUM
LA UbOro perioHy, ane nogaHi 'y BUrnagi, 3py4yHomy ans 3i-
CTaBNEHHSA 3 rpadikom CNOKMBAHHA €NEKTPUYHOIT eHeprii Ta
3 KapTo MmicueBocCTi. [laHi HAaBOAATLCA came ONA eHepro-
YCTaHOBOK Manoi NOTYXKHOCTiI (Hanpuknaa, BiTep Ha BUCOTI
10 m). HaBeaeHi Tabnuui i rpadiku nokasytoTb, WO BigHO-
CHO HEBE/IMKMI 3CYB Yy MPOCTOPiI MOXKe MaTU iCTOTHUM
BN/JIMB Ha 3HaYeHHA napameTpis (ocobaunso ana BiTpy). 3a-
3BMYAM PEKOMEHAYOTb 3BEPTAaTUCb A0 aTNaciB, TakUX fAK
[10], ne HaBOAATLCA y3araNbHEHI AaHi, 40 TOrO XK pPO3paxo-
BaHi Ha NOTY}XHi eHeproycTaHoOBKK (HanpuKknaa, AaHi Wwoao
BITPY HABOAATLCA ANA YCTAHOBOK 3 liaMeTpOM BiTpoKoeca
126 m). Tob6TO HasBHI AOBIAHWMKN ANA EHEPreTUKIB OpiEHTO-
BaHi Ha NPOMWCNIOBUIA BapiaHT 3acTOCYBaHHA BigHOBNIOBA-
Hoi eHeprii. Taki pecypcy, sk [15}, HIBUTO HagaOTb MOXKAU-
BicTb BMOpaTM Ha KapTi TOYKYy I OTpUMatTM pgnsa Hei
HeobxigHi NnapameTpu. Ane HacnpasAi faHi na Xapkosa
Ta 30/104€eBa He BiAPI3HAKTbLCA, WO He BigNOBiAAE HAWNM
pocnigxKeHHam. Lle nigTeepayKye AOLINbHICTb NpoBeAEHHA
AOCNIAXKEHb «Ha MicLLi».

3acToCOBaHWUIM BapiaHT NpeacTaBNeHHA AaHMX B Nofasb-
LIOMY [03BOJINTb BPaxXyBaTW HEPIBHOMIPHICTb reHepaLlii Ta
BMKOPWUCTAHHA eHeprii Nig Yac ouiHKK HeobxiaHoro obcary
HaKonuuyBayiB eHeprii, WO CBOE Yeprow byae 3Ha4YHO
BM/IMBATU HA TEXHIKO-EKOHOMIYHY OL,iHKY NPOEKTY.

AHani3 NOKa3HMKIB HAAXOAXKEHHA COHAYHOI eHeprii NoKa-
3aB, WO KiNbKIiCTb TOAWH, KOIM MOXHA O4iKyBaTM poboTH
COHAYHOI H6aTapei Ha 100 % BCcTaHOB/AEHOI MOTYXHOCTI, He
nepesuwlye 2046 rog, Ha pik (61M3bko 23 % piyHOro vacy).
LLle 1225 roa (14 % piyHoro yacy) BoHa byae Bupobaatu Big,
6040 100 % HOMiHaNbHOI NOTYXKHOCTI 1 6AM3bKO 375 rog,
(6nm3bK0o 4 %) — Bia 30 fo 6 0% noTy*kHocTi. Lli aaHi Biano-
BiZlaloTb igeanbHil noroai.

Y pasi NOBHOI XMapHOCTi COHAYHA NaHe/lb NepeTBOPIOE He
6inbwe 3 % eHeprii, WO HAAXOANTb, TOMY MOKHA CKa3aTH,
o Konm CoHue NOBHICTIO 3aKPUTO XMapaMmu, COHAYHA Na-
HeNb GAKTUYHO He € AXKepesiom eHeprii.

Y nuctonagi, rpyaHi, CiyHi Ta AtoTomy 6/1M3bKO NOOBUHMU
MiCALA COHAYHA NaHeNb Maiixke He byae BMpPobAATH eHep-
rito. Y 6epesHi Ta }KOBTHI AHIB 3 6/IM3bKMM [0 HY/1bOBOTO
piBHeM reHepadii eHeprii 6yae npubansHo TpetnHa. 3 Ksi-
THA 4,0 BEPECHA BK/IOYHO KiNbKiCTb NOBHICTIO XMAapPHUX AHIB
6yae He3Ha4Ho, i Ui micali Ha AOCNiAKYBAHUX TEPUTOPIAX
MO>KHa BBaXKaTu AOLINbHUMM ANA BUKOPUCTAHHA COHAYHOI
eHeprii.
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OTpuMaHi fiaHi MOXKyTb BYTU BUKOPUCTaHI AN OLIHKK CO-
HAYHOrO Ta BITPOBOroO NOTEHLialy MiCLLeBOCTEN 3 YyMOBaMMU,
HabAMMKEHUMM 4,0 YMOB LLbOFO AOCNIAKEHHS.
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The article provides a review of publications related to the
historical and contemporary experience of using alternative
energy sources in Ukraine, with an emphasis on their
application under conditions of limited or absent centralized
energy supply. It is shown that in emergencies caused by
military actions, terrorist threats, or natural disasters, the
traditional power system may suffer severe damage or a
complete shutdown. Under such circumstances, alternative
energy sources—particularly solar and wind energy—may
become the only available means of electricity supply for
individual households, critical infrastructure, or social facilities.
The study substantiates the feasibility of using small-capacity
wind and solar installations for autonomous power supply in
rural or sparsely populated areas. It is noted that the efficiency
of such sources is highly sensitive to geographic location,
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terrain, climatic conditions, and diurnal and seasonal variations of natural energy flows. Existing reference data
are generally focused on large-scale energy projects and are insufficient for accurate assessments of technical

potential for local applications.

The paper presents an example of analysing climatic factors that influence the technically achievable potential for
using small wind and solar installations in a specific area of the Kharkiv region, taking into account local
meteorological observations and the daily and seasonal variations of natural energy resources. The proposed
approach to analysis and the results can be used to assess the technically achievable potential for deploying small

wind and solar installations in similar regions.

Key words: renewable energy sources, wind turbine, solar panel, wind energy cadastre, wind regime, diurnal wind
variation, technically achievable potential, solar radiation.

1. Problem statement

Application of renewable or alternative energy sources
has recently been expanding at the micro and macro lev-
els. The development of alternative energy in Ukraine is
in line with global trends. The introduction of alternative
sources is supported at the state level, particularly by the
introduction of the so-called “green tariff” [1]. Despite the
problems associated with the large-scale invasion of
Ukraine by the Russian Federation, support for the devel-
opment of alternative energy is continued [2]. The issue
of reducing energy dependence in Ukraine through the
development of an effective energy saving and alternative
energy development programme is of strategic im-
portance.

In the period 2023-2024, due to the damage to a significant
portion of the generating capacities, the national energy
company Ukrenergo calls on the population to purchase
power generators as a preventive measure against possible
hourly (or sudden) power outages in the winter period [3].
However, it should be noted that for many private house-
holds, the use of mobile petrol or diesel power stations on
a permanent basis may be unaffordable due to the con-
stant rise in energy prices. Thus, the relevance of alterna-
tive energy sources as sources with potentially low operat-
ing costs is growing significantly. We can expect a certain
relative increase in the application of alternative energy
sources in minor private households, i.e., the spread of al-
ternative mini and micro energy sources.
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One of the difficulties of introducing alternative energy
sources is the instability and some intermittency of energy
supply from primary sources. In large energy enterprises, the
problem of untimely energy supply is solved by redistributing
it among consumers. The integration of micro sources into
the overall system may prove to be economically impractical.
In the current environment, when the national power grid
continuous is at the limit of its ability to provide a sustaina-
ble, supply of electrical and thermal energy to an individual
consumer, the owner of an alternative energy source is re-
sponsible for overcoming this problem.

From a technical point of view, this problem is solved by the
application of energy storage, which should solve two tasks:

— Overcoming consumption peaks;
— Accumulation of energy during periods when it is not
needed.

An increase in the total capacity of energy storage devices
significantly raises the overall cost of the equipment and
negatively affects the profitability of using alternative en-
ergy sources and, in certain conditions, may make their use
economically unfeasible. This feature is most important for
mini and micro sources due to the lack of the scaling effect
observed in large power systems.

Thus, the assessment of the potential for applying an alter-
native energy source in private households requires a more
detailed analysis. Research aimed at studying the potential
of a certain local area for the application of mini and micro
alternative energy sources is relevant.

2. Analysis of recent research and publications

The use of renewable energy is a fairly popular research
topic, so the number of publications devoted to it is very
large. The primary and most productive areas of renewable
energy in Ukraine are wind energy, solar energy, bioenergy,
hydropower, and geothermal energy.

Starting from the direct use of sunlight and heat, humanity
moved on to systems that convert solar energy into elec-
tricity. This application of solar energy is now considered
the primary method for its use. The next widely used re-
newable energy source is the Earth's heat. The potential for
utilizing geothermal energy in Ukraine’s agro-industrial
complex is discussed in [4].

The experience and scale of small hydropower use, partic-
ularly in Ukraine, are described in detail in [5]. It is noted
that renewable sources based on water resources have a
high efficiency.

Data from long-term weather observations in Ukraine are
presented in various historical references [6] and specifi-
cally in [7].

For assessing the potential of renewable energy, the re-
search on the properties of specific converters is also valu-
able. For example, in [8]—[9], an analysis of solar panel char-
acteristics under different operating conditions is carried
out, including on road surface plates.

In this study, small power installations refer to wind tur-
bines with a rotor diameter of up to 10 meters and a rated

power of up to 10 kW, designed to supply energy for indi-
vidual households (domestic needs).

According to [10], the technically achievable potential of RES
is understood as the part of the total potential that can be
realized using modern technical devices. Recommendations
are also provided regarding the selection and use of specific
types of RES. Among the recommendations for evaluating
the technically achievable potential, it is important to high-
light the intended use of electrical equipment:

— as an autonomous energy source;

— as a backup energy source when a centralized grid is
available;

— as an installation working with the grid.

These options determine the ways to compensate for the
mismatch between the energy flow from RES and its con-
sumption. In our opinion, the analysis should also include
the alignment of the dynamics of alternative energy availa-
bility with the expected consumption dynamics (annual,
monthly, daily). It is also advisable to identify periods and
values of certain RES parameters when, due to technical
limitations of the converter, energy consumption is not
possible even when energy is available.

For example, when evaluating the potential of wind energy,
it is useful to indicate:

— the lower wind speed limit (the rotor does not spin);

— the upper wind speed limit (a gale-force wind — the ro-
tor goes into a protected position);

— the zone (wind speed range) for the most effective op-
eration.

Similarly, when assessing the conversion of solar energy
into electricity, it is advisable to specify the working limits
of the solar panel depending on the incoming light flux, as
well as consider the panel’s efficiency under various ambi-
ent temperatures.

Such an analysis will reveal the share of energy that needs
to be stored in the system to compensate for the mismatch
between the periods of energy availability and consump-
tion. In autonomous energy sources, with significant mis-
matches between energy generation and consumption
times, the number of accumulators (batteries) required
may be considerable. Under these conditions, the costs of
accumulators (both capital and operational) may turn out
to be significant, making the use of such a system econom-
ically unfeasible.

The analysis may also be influenced by considering the ex-
act location of the energy converter in the area. For wind
turbines, the results can be affected by the proximity to
bodies of water, forests, hills, significant height structures,
etc. [11]. For solar installations, the proximity to objects
that cast shadows is important.

The materials reviewed suggest that:

— in general, the use of renewable sources in Ukraine is
reasonable, historically confirmed, both from ecological
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considerations and in terms of ensuring energy stability,
particularly for private households;

— in the case of significant damage to the central energy
system for an extended period (due to emergencies,
military actions, etc.), the use of RES for individual
private households may be the only viable option;

— for Ukraine, the primary options should consider solar,
wind, geothermal energy, energy from small rivers, and
bioenergy;

— there are many ready technical solutions for the
application of specific energy types, as well as hybrid
systems;

— where multiple renewable sources are available, it is
advisable to combine them into a general hybrid
system;

— the temporal and territorial instability of such energy
types as wind and solar energy is an important
characteristic for small renewable energy projects,
particularly for private households, for evaluating the
feasibility of using these energy types;

— work is underway to provide comprehensive data for
making decisions regarding the use of renewable sources
in specific areas. Currently, it is possible to assess the
potential of a region (province) (for a relatively large
area) regarding the use of a particular type of renewable
energy. However, relevant reference materials for
smaller areas (e.g., small towns, villages, etc.) are not yet
available in open access.

3. Goal and Objectives of the Study

To determine the climatic factors that affect the magnitude
of the technically achievable potential of small wind and so-
lar installations in a local area of the region.

To achieve this goal, the following tasks were set:

— to determine the list of climatic factors influencing the
potential of wind installations and their indicators;

— to determine the list of climatic factors influencing the
potential of solar energy installations and their
indicators;

— to prepare an analytical description of the identified
factors to evaluate the potential of using small wind and
solar installations in a local area of the region.

4. Materials and Methods of Research

The studied area of the region was chosen near the garden
communities near the village of Velyki Prokhody in the Kharkiv
region. In this article, the studied area will be referred to as the
test site. The research on the technically achievable potential
was conducted from May 2018 to May 2019.

It is evident that the value of the technically achievable po-
tential makes sense for a specific energy installation or a
group of installations. For example, we chose Flamingo

Aero wind turbines [12]. For these turbines, the nominal
wind speed is 8 m/s. The wind turbines start spinning at a
wind speed of 2.5 m/s, and the maximum wind speed is 50
m/s. The desired tower height is from 17 m to 25 m.

From the characteristics of Flamingo Aero, it can be seen
that at a wind speed of 5 m/s, the turbines will generate
25% of their rated power, at wind speeds from 6 m/s to 7
m/s — 50%, from 7 m/s to 8 m/s — nearly 75%, and at wind
speeds of 8-9 m/s — full power. These values should be
considered when evaluating the technically achievable po-
tential.

The studied area is in the forest-steppe zone, and the ex-
pected average wind speed in this region is close to 4 m/s.
The area of the forest-steppe that remains after removing
forested areas and anthropogenic obstacles is suitable for
implementing economically viable wind energy projects.

In the studied region, clearing forest areas and anthropo-
genic obstacles is unacceptable, so the potential evaluation
had to be conducted for wind turbines with a rotor axis
height of no more than 30 meters.

It is known that wind energy is proportional to the square
of its speed [13]. Therefore, the main characteristic of the
wind is its speed. Choosing the technical characteristics of
the wind turbine in advance limits the description to only
those values that fit the operational characteristics of the
installation.

Wind speed should be evaluated annually, monthly, and
daily, which corresponds to the approach for evaluating
electrical energy consumption. For evaluating the wind po-
tential of the region for small wind turbines, it is important
to consider that:

— winds at low heights blow very unevenly in terms of
speed, stability, and direction. Moreover, the nature of
this unevenness changes over the necessary periods of
evaluation (year, month, day);

— the inability to significantly affect the landscape limits
the use of winds from certain directions and, in some
cases, leads to a decrease in their speed in specific
directions.

— the wind turbine has upper and lower wind speed limits.

To analyze the wind energy potential of the area, a set of
aerological and energy characteristics of the wind is cre-
ated, which is combined into the concept of a wind energy
cadastre. The cadastre contains all characteristics in tabular
or graphical form, using materials from long-term observa-
tions.

The main cadastre indicators for wind are:

— annual average wind speed;

— annual and daily wind variations;
— frequency of wind speeds;

— frequency of wind directions;

— maximum wind speed;
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— specific power and specific wind energy (not considered
in this study).

The primary source of data for developing a wind energy
cadastre is wind speed observations from the state hydro-
meteorological service’s observation network. The ad-
vantage of these data is that they are carried out according
to a unified methodology, and the locations (sites) of ob-
servations are classified by their openness to the terrain.

Torefine the data, it is also advisable to use the most recent
data from nearby meteorological stations.

The meteorological data refer to the period from May 2018
to May 2019.

The solar potential of the area does not have such depend-
ence on local geographical conditions as wind energy. Ac-
cording to [4], the solar potential in the test site can be esti-
mated based on data corresponding to Poltava (about 140
km from the study zone). The primary solar potential indica-
tor is the intensity of solar radiation. The number of days
without sunshine and the probable clear sky intervals were
also determined. When considering the solar energy poten-
tial indicators, the characteristics of the solar module were
taken into account according to [8,14].

5. Research Results
5.1. Average and Annual Wind Speeds

Data on the average annual wind speeds for 2019 were ob-
tained from the meteorological stations at Kharkiv Airport

(State Aviation Meteorological Station (SAMS)) and the
Zolochiv meteorological station.

The results of the processing of wind speed observation se-
ries (annual wind cycle) from the mentioned meteorologi-
cal stations are presented in Table 1. For comparison, Table
1 also includes data obtained over a long period from the
ASMDS (Aviation Meteorological Station of the State Mete-
orological Service) and NASA model data [15].

From the analysis of the data shown in Table 1, it is evi-
dent that the average annual wind speed at the research
polygon (based on meteorological station data) for the
last year is lower than the long-term average value.
Based on the data from Table 1, it can be concluded that
the wind turbines chosen for consideration will operate
at approximately one-third of their rated capacity on av-
erage.

The next parameter of wind conditions is the frequency of
wind speeds. The frequency of winds is expressed in the
number of occurrences as a percentage. The frequency is
analyzed by speed gradations and separately for each sea-
son. According to the Beaufort scale for the average annual
wind speeds observed at the research site, these winds are
classified as light winds.

Analysis of the data in Table 1 shows that for about three
to four (summer) months each year (depending on the
year), the selected installations will be able to deliver no
more than 25% of the rated capacity.

Table 1. Average monthly and annual wind speeds at the research site for a long period and the last year

v RS
S e 2E Average wind speed by month, m/s
2 o 59
<] E o v
=Y o
© ‘g c
2 o2 | I I VooVl v | ox |ox o x|
<3
SAMS (cont.) 13 5 5.6 5.9 5.9 5.4 5.0 43 | 4.1 3.8 3.9 46 | 54| 538
Zolochiv 10 2.3 2.3 2.6 2.9 2.5 2.5 21| 2.0 1.7 2.4 1.8 | 21| 23
SAMS 13 3.8 4.1 4.1 4.2 3.7 4.0 3.6 | 3.4 3.1 4.0 33 (3.7 4.0
NASA 10 3.5 3.6 4.4 3.2 3.8 3.3 3.1 |25 4.2 3.4 28 (3.0| 34

It is characteristic that the maximum wind speeds for all
sites occur during the cold season and coincide with the
seasonal peak in thermal and electric energy consumption.
The minimum wind speeds for all sites occur during the
summer season. According to long-term observations, the
variation of the average wind speed resembles a sinusoidal
period, that is, it corresponds to the smooth change of sea-
sons. In contrast, observation curves for 2018-2019 show
a certain increase in wind speed during the August—Octo-
ber period.

5.2 Daily Wind Cycle

The next characteristic is the daily wind cycle — the change
in average wind speeds during the day.

Based on the probability of wind occurrence by speed gra-
dations, one can determine the daily duration of their im-
pact on the wind wheel

_p®%
r= 100

X 24 (1)

The graphical representation of wind speed probability by
gradations at the respective meteorological stations is
shown in Figures 1, 2, and 3.
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Fig. 1. Probability of observation of different wind speeds (by gradations) at different hours of the day, % and their esti-
mated duration at the SAMS station (continuous observations) (Kharkiv)
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Fig. 2. Probability of observation of different wind speeds (by gradations) at different hours of the day, % and their esti-
mated duration at the SAMS station (continuous observations) (Kharkiv)
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Fig. 3. Probability of observing different wind speeds (by ranges) at various hours of the day, % and their calculated dura-
tion at the Zolochiv station (annual observations)
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Analysis of the presented data shows that at the research site,
the most probable wind speeds during the day range from 2
m/s to 5 m/s. The longest-lasting winds are in the range of 4
m/s to 6 m/s. The pattern of probability distribution for differ-
ent wind speeds at the ASMD station, based on both long-
term and annual observations, generally coincides. On the an-
nual observation graph, a noticeable increase in the duration
of winds of 6-7 m/s can be seen. At the same time, according
to the data from the Zolochiv station, such winds are almost
not observed. The ratio between the 2-3 m/s and 4-5 m/s
ranges at Zolochiv and the ASMD station shows the predomi-
nance of 2-3 m/s winds at the Zolochiv station.

Figures 4, 5, and 6 present the probability curves of observ-
ing wind speeds from 2 m/s to 6 m/s at different hours of
the day. Winds above 9 m/s are observed for a very short
time, while winds above 11 m/s occur for only a few sec-
onds and, due to the inertia of the installation, cannot in-
fluence electricity generation.

From the analysis of Figures 4-6, it can be concluded that
the period of the most energetically useful wind speeds,
among those most frequently encountered, is observed
during the daytime hours. In most cases, the peak probabil-
ity of their occurrence falls at 1 p.m.

Kharkiv Airport (long-term observations)
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Fig. 4. Probability of observing wind speeds from 2 m/s to 6 m/s at different hours of the day, % at the ASMD station
(long-term observations) (Kharkiv)
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Fig. 5. Probability of observing wind speeds from 2 m/s to 6 m/s at different hours of the day, % at the ASMD station (an-
nual observations) (Kharkiv)
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Fig. 6. Probability of observing wind speeds from 2 m/s to 6 m/s at different hours of the day, % at the Zolochiv station
(annual observations)
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5.3 Recurrence of Wind Speeds and Directions

The normal wind speeds for the selected wind installations
fall within the range of 5 m/s to 10 m/s. Therefore, it is rea-
sonable to analyze the wind roses constructed taking into
account only winds within this range. Figure 7 presents the
corresponding annual wind roses for the studied site.

N
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Fig. 7. Recurrence of wind directions at the ASMD station
(long-term) for winds with speeds of 5-10 m/s
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Fig. 8. Recurrence of wind directions at the ASMD station
during the studied period for winds with speeds of 5-10
m/s (9% calm conditions)
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Fig. 9. Recurrence of wind directions at the Zolochiv station
during the studied period for winds with speeds of 5-10
m/s (9% calm conditions)

For comparison, Fig. 10 shows the diagram of wind direc-
tion recurrence at the ASMD station (long-term observa-
tions) for all observed winds.
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Fig. 10. Recurrence of wind directions at the ASMD station
(long-term) for all observed winds

Comparing Figures 7 and 10, a significant difference can be
seen along the northwest—southeast line. This is explained
by the observation of a considerable number of winds
above 10 m/s. Typically, wind atlases present wind roses
that take into account all observed winds. As shown in the
example above, such wind roses do not allow for an accu-
rate assessment for specific wind installations.

Figures 11-13 present the recurrence of wind directions at
the sites during the autumn—winter and spring—summer
periods for winds with speeds of 5-10 m/s.

SAMS (cont.) (spring-summer)
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Fig. 11. Recurrence of wind directions based on ASMD Kharkiv data (long-term observations) for winds with speeds
of 5-10 m/s
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Fig. 12. Recurrence of wind directions based on Zolochiv station data (study period) for winds with speeds of 5-10 m/s

SAMS (ann.) (autumn-winter)
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Fig. 13. Recurrence of wind directions based on ASMD Kharkiv data (study period) for winds with speeds of 5-10 m/s

The analysis of the diagrams shows that the main wind di-
rection during the autumn—winter period is “east—-west.” In
the spring—summer period, the influence of southeastern
winds is comparable to that of eastern winds.

5.4 Analysis of Solar Radiation Indicators

Figure 14 shows the dependence of solar radiation intensity
on the time of day by month for sites located near Kharkiv.
The solar radiation intensities presented in Figure 14 are
characteristic of average cloudiness over a long period.

Depending on cloud cover, the average monthly intensities
may differ from those shown.

The period during which solar radiation intensity exceeds 100%
corresponds to the time when a solar panel operates at an effi-
ciency equal to its nominal value. In the range between 100%
(clear sky) and 60% (light cloudiness), the solar panel reduces its
conversion efficiency to 60% of the nominal. In the range be-
tween 60% and 30% (cloudy), the solar panel reduces its con-
version efficiency to 30% of the nominal. The energy converted
by the panel during the remaining time can be neglected.
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Fig. 14. Dependence of solar radiation intensity on the time of day by month for sites located near Kharkiv, W/m?
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Tables 2 and 3 present the potential period during which a
solar panel is capable of converting solar radiation into

electricity. The data are provided for three levels.

Table 2. Duration of energy conversion time by a solar panel (hours per day), h

Level I Il i v \Y Vi Vil VI IX X Xl Xl
100% 0 2 6 8 10 11 11 9 6 4 0 0
60% 5 6 4,4 1,6 1,6 2 2 2 39 3
30% 1,2 1,5 1,3 1 0,8 0,5 0,5 0,8 1 1,3 1,5 1
Total 6,2 9,5 11,7 10,6 12,4 13,5 13,5 11,8 10,9 9,3 6,5 4
Table 3. Duration of energy conversion time by a solar panel (hours per year), h
Level I Il I v \Y Vi Vil VI IX X Xl Xl Total
100% 0 56 186 240 | 310 | 330 | 341 279 | 180 | 124 0 0 2046
60% 155 | 168 | 136,4 48 49,6 60 62 62 117 | 124 | 150 93 1225
30% 37,2 42 40,3 30 24,8 15 15,5 | 24,8 30 40,3 45 31 375,9

Under full cloud cover, a solar panel converts no more than
3% of the incoming energy, so it can be said that when the
sun is completely obscured by clouds, the solar panel is ef-
fectively not a source of energy.

In November, December, January, and February, for about
half of each month, the solar panel will produce almost no

Table 4. Number of sunless days

energy. In March and October, days with near-zero energy
generation will account for about one-third of the month.
From April through September inclusive, the number of
fully overcast days is insignificant, and these months can be
considered suitable for solar energy use in the studied ar-
eas (Table 4).

Months Total
| Il 1l \Y) \Y VI VIl VIl IX X Xl Xll
19 14 10 3 1 1 1 1 1 7 16 22 96

The solar light at the research site is uniform. A greater
number of ‘clear’ hours is observed in the middle of the

Table 5. Probable time intervals of clear sky

day. The distribution of ‘clear’ hours by month is given in
Table 5.

Month I Il 1] \Y v VI VI Vil IX X Xl Xl
10:00 AM-|09:00 AM-| 08:00 | 07:00 | 06:00 | 05:00 | 05:00 | 05:00 | 06:00 | 08:00 | 09:00 | 10:00
Timeinter- | 01:00 01:00 AM- AM- AM- AM- AM- AM- AM- AM- AM- AM-
val PM PM 02:00 | 04:00 | 04:00 | 05:00 | 05:00 | 05:00 | 04:00 | 03:00 | 01:00 |01:00 PM
PM PM PM PM PM PM PM PM PM

6. Discussion of Results

The obtained results are explained by considering local cli-
matic and geographical features, which enabled a detailed
analysis of the annual and daily dynamics of wind and solar
generation. The values of the indicators presented in the
tables and figures correspond to long-term observations,
but have been refined for the studied period, which will fur-
ther improve the accuracy of energy potential assessment.

Unlike generalized approaches found in other sources,
where calculations are based on average regional indicators,
this study uses local data from field measurements, which
made it possible to obtain a more accurate picture. Deter-
mining the parameters of climatic factors that affect the
availability of wind and solar energy on a yearly, monthly,

and daily basis will allow direct comparison of the obtained
data with the required load profiles of the power unit.

The limitations of the study include its attachment to a spe-
cific locality and the limited observation period, which
should be taken into account when extrapolating to other
regions. The further development of the research may in-
volve the direct assessment of the technically achievable
potential of small wind and solar installations in the local
area of the region.

7. Conclusions

An analysis of climatic factors influencing the technically
achievable potential of small wind and solar installations in
the local area of the Kharkiv region has been carried out.
An improved analytical approach is proposed, which
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considers not only the features of the locality, its geograph-
ical position, and natural conditions of the region, but also
the technical characteristics of energy installations.

It has been established that, in the studied area, at the
height of small wind installations (10 m), wind is not con-
stant and depends on the season and time of day. The most
frequent winds usable by small wind installations have
speeds of 2-3 m/s (about 11 hours per day) and 4-5 m/s
(about 4 hours per day). Relatively strong technically per-
missible winds of 5—7 m/s occur for no more than one hour.
Low-power winds of 1-2 m/s last from 7 to 8 hours per day.
The strongest winds are most often observed around 1 p.m.
The main wind direction during the autumn—winter period
is “east—west.” The recurrence of wind directions through-
out the year is relatively constant. In the spring—summer
period, the influence of southeastern winds is comparable
to that of eastern winds.

The data obtained in the assessment of wind and solar po-
tential generally correspond to averaged data for this re-
gion, but are presented in a form convenient for compari-
son with electricity consumption profiles and with the local
map. The data are provided specifically for small-scale en-
ergy installations (e.g., wind at a height of 10 m). The pre-
sented tables and graphs show that even a relatively small
spatial shift can significantly affect parameter values (espe-
cially for wind). Typically, reference is made to atlases such
as [10], which provide generalized data, calculated for
large-scale energy installations (for example, wind data
given for wind turbines with a rotor diameter of 126 m). In
other words, available handbooks for energy specialists are
oriented toward industrial-scale renewable energy applica-
tions. Resources such as [15] ostensibly allow a point on the
map to be selected and the necessary parameters ob-
tained. However, in practice, the data for Kharkiv and
Zolochiv do not differ, which does not correspond to our
findings. This confirms the expediency of conducting on-
site studies.

The applied method of data presentation will make it pos-
sible to take into account the unevenness of energy gener-
ation and consumption when assessing the required capac-
ity of energy storage systems, which in turn will significantly
affect the techno-economic evaluation of the project.

The analysis of solar energy inflow indicators showed that
the number of hours when a solar panel can be expected to
operate at 100% of its installed capacity does not exceed
2,046 hours per year (about 23% of annual time). For an-
other 1,225 hours (14% of annual time), it will produce
from 60% to 100% of nominal capacity, and for about 375
hours (about 4%) from 30% to 60% of capacity. These data
correspond to ideal weather conditions.

Under full cloud cover, a solar panel converts no more than
3% of incoming energy, so it can be said that when the sun
is completely obscured by clouds, the solar panel is practi-
cally not a source of energy.

In November, December, January, and February, for about
half of each month, the solar panel will produce almost no

energy. In March and October, days with nearly zero gen-
eration will account for about one-third of the month. From
April through September inclusive, the number of com-
pletely overcast days will be insignificant, and these
months, in the studied areas, can be considered suitable for
the use of solar energy.

The obtained data can be used to assess the solar and wind
potential of areas with conditions similar to those of this
study.
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