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HaBeneno pe3yibTaTH PO3PaxyHKY TeXHIYHHUX Ta €KOHOMIYHMX MOKA3HMKIB BiTpo-
eJIeKTPOCTAHNII i3 pi3HOTHNHMMM BiTporeHepaTopamMu 3a BiTpoBuX yYMoB Kapmnarcbkoro
periony Ykpainu /i BUOOpPY ONTUMAIBHOTO 00 1aTHAHHS.
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The paper presents the results of the calculation of technical and economic perfor mance
of various wind farms WTG with wind turbines for the real wind conditions in Ukrainian
Car pathian region to choose the optimal equipment.

Keywords: wind power station, wind turbine generator, efficiency.

IMocTanoBka npodJaemu

Po3BUTOK CBITOBOI CHEPIeTHUKH Y TIOKA3HMKAX BCTAHOBJICHOI MOTYKHOCTI aJIbTEPHATHBHUX BiHOBIIIO-
BaHMX JDKEpell eNeKTpoeHeprii Ta oOcsriB iX BUPOOHHUIITBA JIEMOHCTPYIOTh CTAOUIbHY TO3UTHBHY JAWHAMIKY.
Pazom i3 TuM BiTpoBa €HEpreruka IOKa3ye 3HA4YHI TEMIH 3pPOCTaHHS BIUIMBY Ha piBEHb BHPOOHHUIITBA
enektpoeneprii. HeoqaopazoBo y 20162017 pp. 3'SBISsUIACS TOBIOMIICHHS PO BHUKOPHCTAHHS BHKIIOYHO
AIIBTEPHATUBHHUX BiJIHOBIIOBAHUX JDKEpEN €HEprii B OKpeMUX KpaiHax B TMepiomy 3HWKeHHs rpadikiB
HABaHTAXKCHHS y BUXimHI Ta cBATKOBI fHi [1]. Tlpu 1bOMy YacTka eeKTpOeHeprii, OTpUMaHOi Bif TiApo-,
BITPO-, 6i0- Ta COHSYHMX EIEKTPOCTAHITH, cTaHoBIIA TIoHa 87 %. 3acTocyBanms Bitpoenekrpocraniii (BEC)
3HIDKYE CTIOKMBaHHS TPAIUIIIHHUX MEPBUHHUX CHEPrOpECYPCiB, CIIPHSIE TEXHOJIOTIYHOMY PO3BUTKY TEPUTOPIH
Ta CTBOPEHHIO POOOUHX MiCIlb, CKOpOUye KitbKicTh BukuiB CO, B atMochepy [2].

AHAaJI3 0CTaHHIX TOCTiIKeHD

B VYkpaiHi BiTpoBa eHepreTrka rmokasye MeHII JHHAMIYHI MOKa3HUKH po3BHTKY. Y 2015 p. Bci BEC
VYxpainu Bupoounu 974 tuc. MBT-Ton enekTpoeHeprii, npu bOMY 4acTKa BITPOCHEPTETHKH Y 3arallbHOMY
6ananci cknana 0,62 % Tta 0,9 % y BcTaHOBIIEHIH MOTYXKHOCTI TeHEpaTopiB, o 3MeHIrye Bukuan CO; B
atmocepy Ha 500 Trcsy ToH. Y 2016 pori BCTaHOBIICHA TOTYKHICTh BITPOCTAHIIN CATHYJA BETHUYNHH Y
525 MBT 3a BupoOHu1TBa eHeprii y 925 tuc. MBT-roz Ta yacTky y 49 % moTy»KHOCT1 albTepHATHBHHX Ta
BIJIHOBJIFOBaHUX Jkepen B Ykpaini [3]. HeoOXiaHICTh PO3BUTKY BITPOCHEPTreTHKU B YKpaiHi BU3HAYAETHCS
HEOOXITHICTIO 3MEHIIEHHS 3aJIeKHOCTI BiJ TPaIUIIHHMX BUIIB INajMBa Ta HOro IMIOPTY, 3MEHIICHHIM
BukuaiB B atmochepy. Edekrunicte BEC BH3HauaeThbesi moKa3HHKaMH, MO0 MOTPEOYIOTh BpaxyBaHHS
3HAYHOI KUTBKICTh (JaKTOPIB JUIsl MPUHHATTS MPOSKTHHUX pillleHb. [le BUTUIMBaE 3 HassBHOTO 3aKOHO/IABCTBA,
pe3yabTaTiB MPOCKTHUX IHKCHEPHHUX BUIIYKYyBaHb (TEOJIOTIYHHUX, T€0JC3UYHUX), BUTPAT HA BIAIITYBAHHS
i i3HUX Ta BHYTPIIIHIX JOPIr, 0cOOJIMBO B TIPCHKHX YMOBAaX, JaHWUX i3 BUBYEHHS BITPOBOTO MOTEHINIATY
periony Tomo [4]. Tpeba 3ramaty 0coONMBI BUMOTHM IEP)KABHOTO 3aKOHOJABCTBA IOJ0 OTPHMAHHS
«GeJICHOr0 Tapu(y» 3aJISKHO BiJl YaCTKH 3aCTOCYBaHHS 00JaHAHHS BITYM3HSIHOIO BUPOOHHUKA.

@DopMyJTIOBAHHS Lijei cTaTTi
Inrencudikanii possurky BEC B VYkpaini chnpustimMe moOMMpeHHs HOBOi iH(opmanii mpo
e eKTUBHICTh CTBOpEHHS Ta ekciuryaraiii moty>kaux BEC B eHeprocucTeMi 3 BUKOPHCTAHHSIM Cy4aCHUX
NPOAYKTHBHUX BiTporenepaTopiB (BI'). A/pke eKcrepTHI OLIHKH I[iH Ha BITPOreHEepaTOpH IEeMOHCTPYIOTh
CTa0lIBbHY TEHJCHINIO J0 3HMXKEHHS BapTOCTi BcTaHOBIEeHOI noTyxHOCcTi BEC, Womy 30Kkpema cnpusie i
KOpPCTKa KOHKYPEHIIisl Ha PUHKY BUPOOHHUKIB TaKoro oOyiajHaHHs. B Takux ymMoBax JOIITBHO 3aCTOCYBATH
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CHPOILIECHUI aNrOpUTM BHU3HAYCHHS TEXHIUHHMX Ta CKOHOMIUHUX TMoKa3HUKIB ysiBHOI BEC Ha cranii
JIOTIPOEKTHOIO MPUUHSATTS TEXHIYHUX PillleHb, a/Ke TEXHIKO-eKoHOMiuHe 00rpyHTyBanHs (TEO) BapiaHTiB
BITPOCIIEKTPOCTaHIIIT TOTpeOye 3HAYHNX (HIHAHCOBUX IHBECTHUILIH [5].

[lepcniekTBHICTh perioHy YKpaiHcbkux Kapmar momo oTpuMaHHSI MPOMECIOBOIO BITPOBOTO
HABaHTAXCHHs MiATBEp/KeHO [6] 3a maHWMM ekcrepTHOro oiliHoBaHHS [4, 5]. BaxiuBuM mHUTaHHSIM
BuOOpy autsHku mig OyaiBHuinTBo BEC € mpobOnema BiTpoBMX BHMIpiB. METOIUKH OLIIHIOBaHHS
npoayKTHBHOCTI 3a [4] Ta [5] MaroTh MeBHI HEOMIKK Ta TepeBard, onHak y [4] HaBemeHo pe3ysbTaTH, 110
BPaxOBYIOTh pEabHY XapaKTEPHCTHKY BITPOBHX HABAaHTAKCHb JUIS KOHKPETHOrO OyIiBEIbHOTO
MaiiaHn4rka y 3axigHiid yactuHi Ykpaincekux Kaprat (koopaunHaT nociimkyBanoi nuisHke — (lat.,lon.)
49,2470; 22,8763) 3 BIACTHBUMH XapaKTEPHCTHKAMHU IMOBIPHOCTI BITPY 3a BIIOMHM aHATITHYHUM
posmnoniiom BeiiOyna:

ke o' Ve
&b, =—c—= Co, 1
Vet e (1)

ne @, — GpyHKIis po3MOniTy MOsIBU iMOBIpHOCTI BiTpY, % ; K — koedirienT poscisaus; C — koedimieHT
MacmTaby, 110 BU3HAYAETHCS 33 CEPEIHBOIO MBHIKICTIO BiTpy A, Habmmkeno C=2A/r"%; V — mBuakicts
BITpY, IO OI[IHIOETKCSI, M/C.

XapaKTepUCTUKHU BITPOBUX HaBaHTA)KEHb 3a3HAYCHOI JAUISHKU HaBeleHO B [3], 1m0 i 3acTocyemo jist
nojanemx po3paxyskis. Lli pesynpraté orpumano misi Bucotd Bexi BI' y 100 m. ns BpaxyBaHHS
peasibHOI BUCOTH BITPOr'eHEpaTOpiB MOXKHA CKOPUCTATHCS EKCIIOHEHIIIa IbHUM 3aKOHOM XenMmaHa [7]:

b
aH, 0
Vie =Viy )g_zi ' 2
H. 2
19
ne Hj —Bucota, 10 IKOi 3AIHCHIOEThCS MpUBeneHHs; Hy — BucoTa, A1 AKO1 3A1MCHIOBAJINCS BUMIPH BITPY;
Vhi, Vh2 — BigmoBimHi mBHAKOCTI BiTpy; b — mokasHuk mpodimo MicieBocti BcraHoBieHHs BIT

(b=0,14+0,30).

Buxan ocHOBHOT0 MaTepiajny

InTencudikalliss po3BHTKY BITPOCHEPTeTUKHA CTUMYIIOE TIOSBY Ha PUHKY HOBUX IIPOIO3HIIIN Bif
BUPOOHUWKIB 00aTHAHHS, OCOOJMBO 32 BCTAHOBIICHOIO MOTYXHicTio BI'. BiTpoycTaHOBKH BENHMKOI MOTYX-
mocti Bixm Vestas, Enercon, Fuhrlander, Aerodyn, Alstom, Gamesa, Siemens ta Guangdong MingYang
TOWIO, BIIPI3HAIOTHCS 32 CBOIMH XapaKTEPUCTUKAMH, alle OCTATOYHUH BHOIp TOr0 YM iHIIOTO BUPOOHHKA,
noryxHocti BI' moB’s3aHuii 3 OIIHKOIO TPOIYKTUBHOCTI Ta MPUOYTKOBOCTI B KOHKPETHHUX BITPOBHX
ymoBax ekcrutyaraiii. Crorogni HalnonymsapHimmMu notyxHocTsiMu Bl € 2,5-3,3 MBt. BupoOHuku
MPOIIOHYIOTh HOBITHI PO3pO0KH MOTYKHICTIO 10 8 MBT. Po3risHeMo TexHI4HI Ta €KOHOMIYHI MOKa3HUKH
yseHoi BEC st psny mponoHoBaHWX BiTporeHepaTopiB. s po3paxyHKy TexHIUHUX TokazHuKiB BEC
BubOepemo Tpu Tunu BI' Enercon E-126, E-126EP4, E-101 [9] pisnoi nmotyxuocTi. Obupaemo BIT Bin
OJIHOTO BHPOOHHMKA JUIS KOPEKTHIIIOrO MOPIBHSHHS OTPHUMAaHUX pe3ynbTariB. [lapamerpu mpuiHSATHX
reHepaTopiB HaBeaeHO B Tabi. 1.

Tabnuys 1
ITapamerpu BI'
Mapamerp E-101E2 E-126 E-126 EP4
Ne 1 No 2 Ne 3
HowminanpHa motyxHicth, MBT 35 7,58 42
iametp poropa, M 101 127 127
Bucora 6amry, M 74/99 135 99/135/159
Inowa poropa, M° 8012 12668 12668

[oryxnicte BI' s KOHKpPETHOro BHUIAAKy OYymiBEILHOI'O MalJaHYMKa BH3HAYAETHCS TaKHUMHU
rapaMeTpaMHu: CepeIHBOO IBUIKICTIO BITPY Ha BHCOTI OCI pOTOpa T'OHI0NH, T'YCTHHOIO MOBITPS, 1000BHM
MaKCHMYMOM Ta MIiHIMyMOM IIBHIKOCTI BiTpy [7]:

P=k-p- V- 92 (3)
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ne K — xoedimieHT eekTUBHOCTI TYpOiHH; p — T'yCTHHA TOBITPs, Kr/mM*; V — MBUAKICTH BiTpy, M/c; S —
TUIOIIA BITPOBOT'O TIOTOKY, M2,

[IpoaykTUBHICTh MPUHHATHX Ui aHanmizy Mmoxaenei BIT mae Buriisn, sk Ha puc. 1. BupoOHHIITBO
enekrpoeHeprii BI' MoskHa BU3HAYUTH Tak:

n
E= ersvica,T]av, @
v=0
Je p — TYCTHHA HOBITps; S — miomia Bitpokoineca; C; — mapaMerp, IO XapaKTepusye e(eKTHBHICTH
BUKOPUCTAHHS BITPOr€HEPaTopoOM €Heprii BiTpoBoro motoky [7,8].

Puc. 1. Xapaxmepucmuxu npodyxmusnocmi BI': 1- E-101, 2-E-126, 3- E-126EP4

3 METOI0 MiABUINEHHS BIPOTIAHOCTI PO3PAaXYHKOBHUX XapaKTEPHCTUK 3aCTOCOBYEMO KOC(IIiEHT
edexruHocTi BI, 1110 Hagauuit BupodbHukom [9] (puc. 2).

Puc. 2. 3anexcuicmo koegiyicuma epexmuenocmi Bl 610 6imposoco Hasanmasicenmst

Hns yseaoi BEC i3 BuOpannmu BIT pivHI MOKa3HWKH TPOAYKTHBHOCTI JUIS 3a3HAYEHO! JUISTHKH B
yMOBax Tipchkoro xpebra 3 ypaxyBanHsM (1) Ta orpumanux [4] 3a (2)—(4) BITpOBUX XapaKTEPHCTHK
MaroTh Taki 3Ha4YeHHs (Talm. 2):

Tabauys 2
XapakTepucTHKH NPOAYKTHUBHOCTI BI'
Tun BT’ Kinpkicts BI' | Piuna npongykruBHicts, MBT Oz
E-101 8224,843
E-126 1 13744,483
E-101EP4 11446,695
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Ha ocHoBi Tabn. 2 ominumo edekrtuBHicTs modynosu ans 10-arperatHoi BEC B ymoBax oOpanoi
JUISHKY Ta Tpbox TUIiB BI'. BUpoOHUITBO enekTpoeHeprii mpoTsaroM poKy BH3HAYEHO 3 ypaxyBaHHIM
2 % BuTpaTH eHeprii Ha MoTpedu enekTpocTaHilii. 3a «3eneHuii» Tapud Ha BUPOOJIEHY €ICKTPOCHEPTIio Ha
BITPOCTaHIlX B YKpaiHi Bu3Hauvaerbes noctaHoBoro HKPEKIT Ne 2380 Bim 29.12.2016 i ckianmae
Bennuuny 0,11 €/kBtron. Bpaxyemo BapTicTh onHOI BitpoyctanoBku y 0,61 miH.€ 3a MBT BcTaHOBIICHOT
MOTY)KHOCTI, IO BIANOBimae ekcnepTHUM omiHkaMm. [lpuwiimemo, mo mus 10-tu BIC Bapricth
3eMJICBIIBE/ICHHS, JIO3BLIBHOI 1 MPOSKTHOT JOKYMEHTAIIIT, JIII[eH3ii Ha TeHepallito BUTpaTu He Outbiie 3a 1,9
MITH.€, TPaHCIOPTHI BUTPATH, BapTiCTh OYIIBENBHUX 1 ITyCKOHAIATO/XKYBAIBHUX POOIT, 30KpeMa BapTiCTh
MaTepialiB 1 amapartiB po3NMONUILHUX TPHUCTPOiB — 25 % cymapHOi BapTOCTi, HA OCHOBI YOT0 MOXKHA
otpuMaTu HaOmmxeHy Bapticte BEC. EkcrutyarariiiHi BUTpaTH MOXKHa OpPIEHTOBHO OLIHUTH Y 8,5 % —
30KpeMa 3apo0iTHa IuIaTa, AMCIETYEPChKe OOCIIyrOBYBaHHS, aMOpPTH3alliliHI BipaxyBaHHS, OpEHIA,
IHBECTHIIIiHI BiipaXyBaHHS Ha PO3BUTOK TEPUTOPII.

VY pe3ynbTari po3paxyHKIB OTPUMYEMO BEIMYMHY PIYHOrO BUPOOITKY enekTpoeHeprii W, BaioBoro
npuOyTKy [l TpOTATOM PpOKY eKCIUTyaTallil YSBHOI eJIeKTpOCTaHIlii Ta TepMiH okymHocTi 7,
kamitanoBkianens K (puc.3). OTprMaHi JaHi ClTiji po3riisiaaTd K OI[HKY, [0 He MOXKe OyTH aOCOIFOTHO
Yyepe3 HaOIMKEHICTh BUXIHHUX JaHUX Ta BUKOPHCTaHHS €KCIIEPTHUX OIIHOK Ta XapakTepucTuk. OmHaK 1i
JaHi Jar0Th MOXIMBICT TIOB SI3aTH TEXHIYHI XapaKTEPUCTUKH PI3HOTUITHHX 32 BCTAaHOBJICHOIO
MOTY>KHICTIO BITPOTEHEPATOPIB 3 MPOAYKTUBHICTIO BIPTYaJbHOI E€JIEKTPOCTAHINI 3a pEaJIbHUX BITPOBHUX

HaBaHTa)XEHb OOpaHOi AUITHKUA Oy-
MIBHHUITBA, ODXKE, 13 €KOHOMIYHHUMH
MOKa3HUKaMH 11 e()eKTHBHOCTI.
OtpumaHi B pe3yibTaTi po3-
paxyHKy TEXHIYHI Ta €KOHOMIYHI Xa-
PAKTEPHCTHUKU EINEKTPOCTAHIIIT AloTh
MOXIIUBICTh TIOPIBHATH €()EeKTHBHICTh
BITPOTEHEPATOPiB Pi3HOI MOTYKHOCTI
Bil OJHOr0 BHPOOHMKA B yMOBaXx
peaJbHHUX BITPOBHX HABAHTAKEHb.
BucHoBku. Pesynprar nokasye, 1o
BI' MeHmIoi mOTYXHOCTI B yMOBax
BITPOBHX  HAaBaHTaXXEHb  OOpaHOi

JUISTHKY JIGMOHCTPY€E MEHIIHUH TepMiH
Puc. 3. Pesyntomamu po3paxyHKy mexHiuHux

. OKyHHOCTI iHBecTHii. Ile moB’s3aH0 3
ma exonomiynux noxasnuxie 10-aepecammnoi BEC

) o ] 0COOJIMBOCTSAMH  BITPOBHX HaBaHTa-
i3 2eHepamopamu Pi3HOL NOMYHCHOCMI

1- E-101, 2'E'126, 3- E-101EP4 KCHb OUILIHKH, SK1 BH3HA4YalOThCA Xa-

pakTepuCTHKaMH PO3MoAlTy BeiiOymna
st Hel. [IpuOytkoBicts BIT pi3HOiI MOTY)KHOCTI MOKHa OLIHUTH SK BalloBUM TpubOytkom [I, Tak i
TepMmiHoM okymHOcTi T,. [Tpu npomy edexruBHImMM Burisiaae BI'Ne 3 3 HaiiMeHIIUM TepMiHOM OKYITHOCTI
Ta TIOPIBHSHO 3HAYHUM BUPOOITKOM EJIEKTPOSHEPTil, 110 MiATBEPKYETHCS OIM3bKUMH XapaKTePUCTUKAMH
MPOIYKTHBHOCTI IS «po00YMX» miarna3oHiB [4] BITpiB Ta MEHIIOH BapTICTIO OAMHHMII MOpiBHSIHO 3 BI'
Ne 2 (puc. 1).
He3HauHa BiIMIHHICTh OTPUMAHUX PO3PAXyHKOBUX Bijl OMYOITIKOBAaHUX MPAKTHYHUX PE3yNIbTaTIB 5]
Jla€ 3MOTY 3pOOHMTH BHCHOBOK TPO aJeKBATHICTh OTPUMAHUX XaPaKTEPHCTHUK Ta MOXKIIHMBICTh OTPUMAHHS
MOPIBHSUTBHUX JTAHUX Tpo npoayktuBHicTh BEC 3a mponoHoBaHo MeToankor y KaprnaTtcbkomy perioHi
VYkpaiHu 3 oNTUMaJIbHUM BUOOPOM 00TaTHAHHS IS MIABUIICHO HOro epeKTHBHOCTI.

1. lepmanus ycmanosuna pekopo no Hpouzeoocmsy <zenenoi» suepauu. [ Enexmpounuii pecypc| |
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pecypc] | © 2017 BP P.L.C. // — Pesxcum oocmyny: http://bp.convstatisticalreview.htm. 3. Iugopmayis
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Bicnux HY “ Jlvsiecoka nonimexnixa” . — 2016. — No 862: Enexmpoenepeemuuni ma enekmpomexaniuui
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K. B. Hoxposcokuii, O. I. Maspin, B. I1. Oniinux, M. C. fAsopcokuii || Hempaouyitini i nonosmosani
Odoicepena enepeii K anbMepPHAMUBHI NePEUHHUM Odicepeniam eHepeii 8 pecioni: Mamepiaiu Bocvmoi
MINCHAPOOHOI Haykoso-npaxmuunoi xougepenyii (Jlvsie, 2-3 keimus 2015): 36. nayx. cmameil, —
C. 148-151. 6. WPP “ Stary Sambir-1" nature does nothing in vain. [ Exexmponnuii pecypc] | Ilpoepama
Ginancysanns  anemepuamusnoi  enepeemuxu 6 Vipaini (USELF) /[ — Pexwcum oocmyny:
http: /imwww.usd f.com.ua/fileadmin/documents’ USEL F-Launch_Event_Kozytskyi_eng_140627.pdf. 7. " Beias-
JleHue npoorem uHmezpayuu BempodIeKMpPOCMAHYUL 8 INEeKMPOIHEPeeMUYecKyio cucmemy Yxpaunul"
[ Enexmponnuii pecypc] | IF'omwbepm A. E. [Joxnad ons kpyenozo cmona. «Hoebie 6bi306bl, KOmopbvie
CBA3AHBL ¢ AKMUBHBIM PA3GUMUEM ATbMEPHAMUGHOU dHepeemuku. Eé mecmo u ponv ¢ O3C Vipaunvr»
Esicecoonviii hopym «Tonnusno-snepeemuyeckuti Komniekce Ykpaunot: nacmosujee u oyoywee». Il Peocum
docmyny:. http:/immw.proza.ru/2011/09/19/975.htm. 8. Ahmed F. Zobaa. Handbook of Renewable Energy
Technology / Ahmed F. Zobaa, Ramesh C. Bansal. World Scientific, 2011. 9. ENERCON product overview.
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