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[IpeameTom pocnimkeHHs KBami(ikaliiiHOT poOOTH € BITpOBA CTaHLIS I
MPUBATHOTO XKUTJIOBOTO OyAMHKY. OO0’ €KTOM JOCIIHKEHHS € PO3PaxXyHOK Ta BUOIp

o0JiaJHaHHS BITPOBOI €JIEKTPOCTAHIII].

Metoro naHoi kBamidikamiitHOi poOOTH € Oprasizamis, 3aKpilJIEHHS Ta
3aCTOCyBaHHI HAOyTHUX 3HAHb 3 NPOdECcIiHUX AUCIUILIIH TiJ] Yac BUKOHAHHS
pPO3paxXyHKIB IJisi E€JICKTPUYHUX MEPEeX, BUOOPY BIJIMOBITHOTO EJIEKTPUUYHOTO

O6Ha,Z[HaHHH Ipu HJ'IaHYBaHHi CXCEM CJICKTPOIIOCTAa4YaHH:.



ABSTRACT

qualification work "Development of a wind farm project for a private residential

building"

The work contains 46 pages, 16 illustrations, 5 tables, 17 used sources.

Keywords: wind power plant, wind generator, electric drive, controller,

inverter, battery.

The subject of the qualification work research is a wind farm for a private
residential building. The object of the study is the calculation and selection of wind

power plant equipment.

The purpose of this qualification work is to organize, consolidate and apply
the acquired knowledge from professional disciplines when performing
calculations for electrical networks, choosing appropriate electrical equipment

when planning power supply schemes.
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Beryn

Bitpoenepretnka - 1€ ramny3b €HEPreTMKH, INO CHELIal3yeThbCcsl Ha
NEPETBOPEHHI KIHETUYHOI €HEPrii MOBITPSHUX Mac B arMoc(depl Ha €IeKTPUUHY,
MEXaHIuHy, TEIJIOBY abo iHIIy ¢opMy €Heprii, IpuaaTHy Jjis BUKOPHCTaHHS B
HapoAHOMYy TocnojapctBi. lle mepeTBopeHHS 3IIHCHIOETHCS 3a JIOMOMOTOIO
PI3HUX MPHUCTPOIB, TaKUX SK BITporeHepaTopu (AJis BUPOOJICHHS €IEKTPUYHOI
eHeprii), BITpsKU (11 MEPETBOPEHHS HAa MEXaHIYHY €HEepriio), BITpuiaa (s
3aCTOCYBaHHS B TPAHCIIOPTI) Ta IHIIHUX.

* OLIIHUTH €HEPrOCIOXKUBAHHA KUTIOBOTO OYAUHYKY;

" IIPOBECTH aHalli3 BITPOBOTO MOTEHIANy IMOOJU3Y TEPUTOPIi >KUTIOBOTO

OyIUHKY;

* BUKOHATH PO3pPaxXyHOK HaBaHTaXEHb OYJMHKY Ta BUOpATH BIAMOBIIHY BITPOBY
YCTaHOBKY Ta 1HIIIE 00JIaIHaHHS,
= BUKOHATHU CXEMY IIJKIFOUYEHHS 0 MEPEKI.

Mera 1i€i poboTu moJisirae B CUCTeMaTH3allli, 3aKpIMJIEHHI Ta TPAKTUIHOMY
3aCTOCYBaHHI OTPUMAHUX 3HAHb 3 MPO(PECITHUX AUCIUIUIIH IPU PO3PAXYHKAX IS
CJIEKTPUYHUX MEPEeXK, BUOOPI BIAMOBIAHOTO OOJIAHAHHS Ta IUIAHYBAaHHI CXEM

CJIEKTPONIOCTAYaHHS.

OCHOBHUMHU 3aBJIaHHSIMHU Y IIii1 pOOOTI € TPOBENCHHS PO3PAXYHKIB Ta aHAI3Y
BITPOBOI YCTAHOBKH [JIsi KOMIIEHCAllli BJACHUX MOTPEO >KUTIOBOrO0 OYyAMHKY Yy
eJieKTpoeHeprii. JlogaTkoBUMHU 3aBAaHHSMHU € PO3pOOKa MPUOIHM3HOTO HPOEKTY
JUTSL TIAKITIOUEHHS JKUTIA 0 BITPOSHEPTeTUYHOI YCTAaHOBKH Ta 3arajbHOi MEpexki

CICKTPOIIOCTAYaHHA.



PO311J1 1. BUJIU CUCTEM EHEPI'O3ABE3IIEYEHHSA

1.1 ABTOHOMHA BiTpOBa CTaHUIA

ABTOHOMHI BITPOBI €HEPrOCUCTEMH € HaWOUIbII MPAKTHYHUMHU B MICIISX,

3HAYHO BiJJaleHUX Bijl €NEKTPHYHOI Mepexi. IX 4acTo MOeaHyIOTh i3 COHAUHUMMU
OaTtapesiMu, 11100 TTOBHOIO MIpOI0 BUKOPUCTOBYBATH CE30HHI Ta TOOOB1 KOJIMBAaHHS
BITPOBUX Ta COHSIYHUX PECYPCIB.
Jlis HEeBEeNUWKHX aBTOHOMHHUX BITPOBHX YCTAaHOBOK, SK MPaBUJIO, MiHIMallbHa
CepeHbOPIYHA MIBUAKICTh BITPY Ma€e OyTH HEe MeHIe HiXK 4-5 m/c. Tinbku y nboMy
BUIAJIKy cucTeMa Oyne peHTaOelbHa. ABTOMAaTHYHI METEOpPOJIOTIYHI CTaHIl
3a3BUYail KOHTPOJIOIOTH MIBUKICTh BITPY Ha BUCOTI 10 METpiB Ha/l piBHEM 3€MIII.

Jlnst cTBOpEHHSI MOJieNl MIBUAKOCTI BITPY 3a3BHMYall OIIHIOIOTH IIBUIKICTh
BiTpy Ha BHcOTi 50-80 M. Ilpu mpomy moTpiOHO 3BEepTaTH yBary Ha BUCOTY, Ji€
OTpUMaH1 pivHi JaHi. SIKII0 BOHA HE 30BCIM Taka cama, SK BHCOTa OOpaHOi
YCTAHOBKH, TO MIBUJKICTh BITPY MOTPIOHO 1€ pa3 OI[IHUTU CaM€ Ha TaKiil BUCOTI.
Inakme edexTuBHICTH BiTporeHeparopa OyJle MiJi BEJIUKUM MUTaHHAM. Bucoxi
IIOTJIM Ta TapHE PO3TalllyBaHHS JO3BOJISIOTH BITpOreHepaTopaM OTPUMYBATH BHUIIT
HMIBUAKOCTI BITpY. BHpOOHMKM TOBMHHI BKa3aTH CTapTOBY UIBUAKICTH BITPY
BiTporenepartopa. [IIBuakicTh, 3a sikoi TypOiHa MOYMHAE 0OEpTATUCS 1 TEHEPYBaTH
EHEPrilo: y pailoHax 13 YaCTUMHU JIETKUMU BITpaMu JIJIi MaKCUMaIbHOT MOTYKHOCTI
BaKJIMBA HU3bKA CTAPTOBA MIBUIKICTh.

MakcumanbHO €(EeKTUBHO MPAaIlOI0Th BITPOTEHEPATOPU HA IMiIHECEHHUX,
BIJIKDUTHX AUISIHKAX, JIe HA NUISIXY BITPY HEMAE JepeB 1 OyIiBesb. SKII0 YHUKHYTH
MEPENIKoI HEeMae MOXJIMBOCTI, TO JOMOMOXXE JIMIe 301IbIICHHS BHUCOTH
YCTaHOBKH.

Yacto 11 HEBEIMKUX BITPOBHX CHUCTEM BHOWPAIOTh HEAOCTATHHO BHUCOKY
morny. Ile Bce ogHO, 0 BCTAaHOBIIOBATH COHAYHI Oarapei B TiHi. [[10 moMunky
JIy>)K€ BaXJIMBO HE JIONMyCKaTH B JKOAHOMY pasi. Buxim BiTporeHepartopa
MPUB'SA3aHUIN IO MIBUIKOCTI BITPY KyOi4HOI 3anexHOCTi. [10BOEHHS MIBUIKOCTI,

JIOCTYIHOI BITPOTE€HEPATOPY, 30UIBIIYE MOTYKHICTh Y BICIM pa3iB.
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Bucoki mornm, siki 3a6e31euyoTh JOCTYI 10 BEIUKHUX MIBUIAKOCTEH BITPY,
MIJBUINYIOTh €(EeKTUBHICTh BiTporeneparopa. [{o Toro sk, 31 30UIbIICHHSM BUCOTH
3HWKY€ETbCA 1 TypOyJeHTHICTh BiTpy. Bce, mo Hmxue 20 M 3arpoxye

VIOBUIBHEHHSIM IMIBUAKOCTI BITPY BHACHIIOK TepTs BITPY Ta 3eMJl Ta

TypOYJIEHTHICTIO.
MNpucTpol
BitporeHepatop D ; %
Nepemuray i
3anoBixHHUEN :
. 8 &G " © 8
i .;W:H':. : E IHEepTOp
+ +
KoHTponnep

+. o

]

P +d><>-.

AKKYMYNATOPH

Puc. 1.1 — Cxema aBTOHOMHOI BITPOBOi CTaHII1i

VYci BiTporeHepatu noTpeOyroTh PEryjsipHOro TEXHIYHOTO OOCITyTOBYBAHHS.
JloOpe crpoekToBaHi BITpoOBI TypOiHM mporHo3yroTbess Ha 20-30 pokis. 100
3a0e3MeUYuTH MPOAYKTHUBHICTH CHUCTEMH, JAOTPUMYIOTHCS PEKUMY TEXHIYHOTO
oOCIyroByBaHHs. bijgbllla YacTUHA TEXHIYHOTO OOCIYrOBYBaHHSI MOJSArae y
peTenpHIi nepeBipil TypOinu 1 moriu. OctanHs Mae OyTH CIIPOEKTOBaHA TaKUM
YUHOM, W00 3a0e3NMeYuTH BUIBHUNA JOCTYH JO0 MEXaHIYHUX KOMIIOHEHTIB

(MALIMITHUKIB).

1.2 ABTOHOMHA BiTpPO-COHSIYHA CTAHIIisI

Y Oingbmiocti padoHIB COHSYHA pajiaiis 1 BITPOBI yMOBH 4YacTO HE
CHIBIAJIal0Th: KOJM Ha HEOl SICHO 1 CBITUTH COHIlE, 3a3BUYall HEMae€ BITPY, 1

HaBMakW, KOJW JIME CUJIbHHMM BiTEp, 4acTo XMmapHO abo TemHo. OTxe, s
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3a0€3MeUeHHs] HaAIMHOrO €JEKTPONOCTa4YaHHs aBTOHOMHHUX O0'€KTIB, 3HUKEHHS
HEOOX1THOT TMOTY>KHOCT1 BITPSHOI Ta COHSYHOI EHEPreTHUKH, a TaKOXX E€MHOCTI
aKyMyJIITOPIB Ta ONTHUMI3allli poOOYMX PEKHUMIB CTaHIlli, YacTO IOIUIBHUM €
BUKOPHUCTAHHSA MOPUIHUX BITPOCOHIYHUX €JICKTPOCTAHITIH.

Bitporenepatop € TOJIOBHUM €JIEMEHTOM CHUCTEMH, SIKUH BHUPOOJISIE
CJIICKTPOCHEPTIIO 1 3apsKae aKyMyJsaTopHi Oatapei. s Toro, mob cuctema He
3aJie’kalia BiJ HasSBHOCTI ab0 BIACYTHOCTI OJHOTO 3 €HEPreTHYHHX PECYPCIB 1
mpaioBana OuUTbII CTa0UIbHO Ta €(EeKTUBHO, €HEProCHUCTEMa KOMIUIEKTYEThCS
(OTOENEKTPUYHUMH MOIYJISIMHU, SIKI T€HEPYIOTh €JIEKTPOCHEPTil0 BiJ COHLS Ta
3apsAKAIOTh aKyMYJISITOpHI OaTapei cTaHiiii.

['iOpuaHa  BITPO-COHAYHA  €JNEKTPOCTAHIS € OAHMM 3  HaWOUIbII
NEPCIEKTUBHUX HAINPSAMKIB PO3BUTKY BIJHOBIIOBAJIbHOI €HEpreTuku. BoHa He
JUIIe Joromara€ 3MEHIIUTH BHUKUIM Ta3ziB y arMmocdepy, aje i 3abe3neuye
CTaOlIbHE Ta EKOHOMIYHO BUT1IHE JKEPEIIO €JIEKTPOEHEPTI.

VY riOpuaHUX €NEeKTPOCTAHIIIAX BUKOPUCTOBYIOTHCS K BITPSHI TypOiHH, TaK 1
COHSIYHI Oarapei s MepeTBOPEHHS MPUPOIHOI €HEPrii Ha €JIEKTPUYHY. 3aBISKH
TaKOMY IO€THaHHIO MO’KHA OTPUMYBATH €JIEKTPOCHEPTIIO 3a OyAb-SIKUX YMOB: IIPU
BIJICYTHOCTI a00 cCilaOKOMY OCBITJIEHHI, @ TaKOXX NpPH HEJOCTaTHbOMY a0o
BiIcyTHbOMY BiTpl. lle poOuTh riOpuaHI cTaHUii OUIBII  yHIBEPCATbHUMHU
MOPIBHSHO 3 TPAAUIIMHUMHU CHUCTEMaMH Ha OCHOBI OJIHOTO JDKepesa eHeprii,
MIJBUIIYIOYH X €(PEKTUBHICTh Ta €KOHOMIYHY BUTOJY.

Bubip micis 11 BCTAaHOBJICHHSI T1OpUIHOT BITPO-COHSIYHOI €JIEKTPOCTAHIIIT €
KPUTHUYHO Ba)XKJIMBUM €TArlOM y CTBOPEHHI LIbOT'O TUITY €HEPreTUYHOTO KOMILIEKCY .
OntumanbHe po3TalllyBaHHS TOBHHHO 3a0e3NedyBaTH JOCTATHIO KIJIBKICTh SIK
COHSIYHOI, TaK 1 BITPOBOI €HEprii I cTa0lIbHOT pOOOTH CTaHIIII.

[Tpu BUOOP1 MicIls po3TalryBaHHSI HEOOX1AHO BpaxoBYBaTU Taki (hakTOpH, SIK
HIBUIKICTh BITPY, IHTEHCHUBHICTh COHSYHOIO BHUIPOMIHIOBAHHS, HAaBKOJUIIIHI
o0'ektn Ta penbed micreBocTi. Hampukian, mist BITpOT€HEpaTOPIB BaKIMBUMHU
KpUTEPISIMUA € BUCOTA MICIIEBOCTI Ta CEpEIHS LIBHUJKICTh BITPY, a AJIsI COHSYHUX

IaHejiey — HasgBHICTh AOCTAaTHBOI'O IIPAMOI'O COHAYHOI'O OCBITJICHHS.
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Takox BaXJIMBO BpPaxOBYBAaTH MOXMJIMBICTh MIJKIIOYEHHS CTaHLIi 110
E€HEpProcUCTEMHU Ta JOCTYIHICTh TPAaHCHOPTHUX KoMyHikamid. Koxken 3 1mux
dakTopiB MOXe OyTH BHpIIIAIGHUM TP BUOOPI ONTUMAJIBHOTO  MICI
po3TanryBaHHS.

OmHMM 3 TOJOBHHX IEpeBar BITPO-COHSYHUX CTaHIINA € Te, M0 IM JIErKo
mparoBatu 0e3 mepedoiB mpoTsaroMm 1o0u. BaeHs coHie 3abe3nedye BHCOKY
MIPOJYKTUBHICTh, @ BHOUI CIIOCTEPIra€ThCsl MiHIMaJIbHA KOHIICHTpAIlisSl COHSIYHOTO
BUIIPOMiHIOBaHHs. Bitep >xe Oinbin HemependauyBaHHM, 1HOMI BiH OyBae IyxKe
CWIbHHUM, & 1HOJIl, HaBMaKH, y>Ke CIa0KUM. 3 I[bOTO BUXOUTh, III0 BITPO-COHAYHI
CJIEKTPOCTAHIIIl JTO3BOJSIOTh KOMIIEHCYBAHTH HEJOJIIKM COHAYHUX IaHeled Ta
BITpOT€HEepaTopa Ta 3a0e3MeunTr CTadlIbHE BUPOOJICHHS €JIEKTPOEHEPTi.

Konuemnmist  riOpugHoi  CHCTEMH  TaKOXX  BKJIIOYA€  BUKOPUCTaHHS
HAKOIMYYyBayiB €HEPrii, TAaKUX K aKyMyJSATOpHI Oarapei ado 1HII IPUCTPOI s
30epiranHs BUpOOJIEHOI eHeprii 10 MOMEHTY ii HEOOX1THOCTI.

BaxxnmuBUM KOMIIOHEHTOM TiOpUAHMX CHUCTEM € MOHITOPUHT 1 KOHTPOJIb.
CreuiaibHe NporpaMHe 3a0e3MeUYeHHs T03BOJISE€ ONTUMI3ZYBAaTH pOOOTY CTaHIIi B
peXHUMI peabHOTO Yacy Ta KepyBaTH MPOIECaMU 3aps/KaHHS 1 PO3PSIKAHHS
aKyMYyJISITOPIB.

3araqoM BITPO-COHSYHI TIOpHJIHI €JIEKTPOCTaHUIli € MepCIEeKTUBHUM
MIIXO0JAOM JO BHUPOOHMIITBA YHUCTOI eHeprii. BoHm MoXyTb OyTH 0COOIMBO
KOPUCHUMHU JIsl BIIJIaJIeHUX a00 130JIbOBAaHUX PalOHIB, /1€ HEMAE IMiAKIIOUCHHS 10

[EHTPAIBHOI €JICKTPOMEPEKI.
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AvcywyarTop

Puc. 1.2 — Cxema aBTOHOMHOI BITPO-COHSYHOT CTaHITi1
3arayioM riopuaHa BITPO-COHSYHA CTaHIIIS Ma€e Takl CKJIa0B1 YACTHHH.

1. Koutponep 3apsay (Moxke OyTu BOyIOBaHUN y TiIOpUIHUN KOHTPOJEP
JIJIs1 BITpOr€HEpaTopa)

2. Bitporyp0Oina, mioryia, OajlacTHe HaBaHTaXKEHHSA, OJIOK KOHTPOJIO Ta

YOPABIIHHS 3apsA0M aKyMYJISITOpHOI OaTapei

ConstuH1 (hOTOETEKTPUYHI MOAYJI1

[HBepTOp HEOOX1AHOT MOTYKHOCTI

Cnomyyni kaberni

o g bk~ w

AkymynsTopHi  Oarapei, $KIi BUTPUMYIOTH PEKUMHU  TIIMOOKOTO
LUKJYBaHHS: CBUHIIEBO-KHCIIOTHI 3 BYIJIELIEBUM KOMIIOHEHTOM, T'€JIEBl,
1, e Kpame, JiTiid-3am3o-gocdartHi.Crionyynux kalemniB, iHIIE

CICKTPOMOHTAXHE 00JIaTHAHHS.

1.3 BiTpoBa cTaHuisi 3 MiAKJIIOUYEHHS 10 Mepexi

ABtomatnunuii Bumukady (ABP) — me cucrema aBTOMaTHYHOTO
NEpeMUKaHHs eNIEKTPOOOIaHAHHS 3 OCHOBHOTO JKEpelia )KUBIICHHS Ha pe3epBHE
y pasi Horo BigMOBH, 3abe3medyroun Oe3nepebiitHy poOoTy oOnamHaHHS Ta

30€peKEeHHs JaHUX Iij yac 30010 B OCHOBHIM CUCTEMI.
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ABP cknagaerbcsi 3 KUIBKOX KOMIIOHEHTIB: aBTOMAaTUYHUX BHMHKaYiB,
KOHTpoJIepiB, TpaHchopMaropiB Ta Oatapeit. Ilpu Buxoal 3 jJagy OCHOBHOTO
JKepena YKUBJICHHS KOHTpOJIEp ABP ABTOMATUYHO IEPEMUKAE
€JIEKTPOOOJIaTHAHHSI HA PE3EpPBHE JKEPENO KUBJICHHS, 3amo0iraloud BHUXOAY 3
Jany oOiagHaHHS Ta BTpaTl JaHUX MPOTATOM KUJIBKOX CEKYH]I.

ABP BUKOPHUCTOBYIOTBCS B pI3HHUX Tally3sX, TaKUX SK MEIUIIMHA,
TeJeKOMYHiKallii, 0aHKIBChbKa CIpaBa Ta BUPOOHUIITBO. Y cdepi OXOPOHU 3/I0pOB’ s
ABP 3a6e3neuye Oe3nepepBHY poOOTYy MEAMYHOTO OOJaAHAHHS, IO MOXE OyTH
JKUTTEBO BAXJIMBUM JUJIA TAIlIEHTIB. Y TEJICKOMYHIKalIMHUX KoMiaHisx ABP
rapantye 0Oe3nepeOiiHICTh KOMYHIKAIIMHUX MEpeXk, 3amo0iralouu mnepedosiMm y
3B'SI3KY Ta BTpaTi JoXoAy. Y OaHKIBChKiM cripaBi ABP 3a0e3neuye 6e3nexy aHux 1
Oe3mepepBHICTb POOOTH OAHKIBCHKUX CHCTEM.

VY npuBatHux OyAMHKAaX Yy CUIbChbKIH MiciieBocTi ABP  aBTomMaTmuHO
NEPEeMHUKAE  EIEKTPOTNOCTAa4aHHA 3  OCHOBHOTO  JpKepena  (IEHTpasbHOT
CJIEKTPOMEpEKi) Ha aBapiiiHE JKEpeso (€IeKTporeHepaTop) y pasi BiIKIIOUECHHS
OCHOBHOI enekTpoeHeprii. e 3a0e3neuye Oe3nepediiiny poOOTy cuctem Oe3MeKH,
BiJICO3aINCY, KOHIUWIIIOHYBaHHS TOBITPsA, omajieHHs abo ocymeHHs. [lig dgac

TPUBAJIUX BIAKIIOYEHB €JIEKTPOCHEPrii MOOYTOBA TEXHIKA TAKOXK MOXKE MPALIOBATH

N
[

Oe3nepepBHO.

IMepenorxad i
3an0DIAHEEE

Komrpomep

Enextponepesa /

Lk~ ]

Liming /
/ b . [

| AmprymaTops

Puc. 1.3 — Cxema BITpOBOI CTaHIIIi 3 MAKIIOYSHHSIM 0 MEpPExKi
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1.4 3esiennii Tapud B Ykpaini

3enenuit Tapud - 1€ PEryJSATUBHUNA  MeXaHi3M, 10 PO3BUTOK
CJICKTPOCHEPTETHKN 3 BUKOPUCTAHHSAM JDKEpENl €HEepTii, SKi € BiIHOBIIOBAHHUMHU.
Inest monsirae B ToMy, 11100 CTBOPUTH CTUMYJIH ISl IHBECTUIIHN Y BIIHOBIIOBAIbHY
CHEPreTUKy, CHPUSIIOYM 3MEHILIEHHIO BUKOPHUCTAHHS BYTJEIIO 1 HEraTUBHOTO
BIUIMBY Ha HABKOJIMIITHE CEPEIOBUIIIC.

3enenuit  Tapud nepenbayae, 1O BUPOOHHKU  EJIEKTPOCHEPrii 3
BITHOBJIIOBJIILHUX JKEpENl MaloTh MPaBO HAa TapaHTOBAaHUN BUKYIl Ta MPOAaX
€JIEKTPUYHOI EHEprii 3a CTAJOI LIHOK NPOTATOM TPUBAJIOTO MEPIOAY, SKUI
3a3BUYall CTAHOBUTH Kiibka pOKiB. Lli Tapudu BCTaHOBIIOIOTHCA JIE€PKABHUM
OpraHOM €HEPreTUYHOr0 PEryJIOBaHHS 1 3a3BUYail BUIIl 3a PUHKOBY I[IHY
CJIEKTPOEHEPT1i, 100 3a0e3MeunTd I1HBECTUIINHY MPUBAOIUBICTh ISl JKEpe
eHeprii, Skl € BIJIHOBIIOBaHMMHU. Ha ChOromHINIHIA JE€Hb BapTICTh 3E€JICHOTO
tapudy B VYkpaiHi noctynoBo 3poctae.Y TpaBHi 2023 poky wme 430,25
rpa/MBTTon, a 3 1 nmumas — 3pocte Ha 12,7%, no 485,1 rpu/MBT Tox.

OcHoBHa MeTa 3eneHoro Tapudy noJsrae B TOMy, 00 MIATPUMATH HEPexif
0 €KOJIOTIYHO YHCTOI €HEpPreTMKH, 3MEHIIWTU 3aJeKHICTh Bl IMIOPTY
€HEProHOCIiB 1 3MEHIIMTH BUKUIW IIKIAJIMBUX Ta3iB y armocdepy. Lle crpuse
CTBOPEHHIO CTIHKOTO Ta €KOJOT1YHO BIAMOBIAAIBHOTO EHEPIeTUYHOTO CEKTOPY.

3enenuit  Tapud MOXKe MaTH TO3UTUBHUM BIUIMB HA  PO3BUTOK
BIJIHOBJIIOBJIBHUX JIKEPENI €HEprii, 3aJlydeHHs] 1HBECTHII, CTBOPEHHS POOOUMX
MICI[b Ta 3MEHIIEHHS HETaTWBHOTO BIUIMBY Ha MOBKULIA. OJHAaK, BiH TaKOX
noTpedye e(pEeKTUBHOTO MOHITOPUHTY Ta PEryJIlOBaHHS, 100 3amo0irTu
3JIOBXKMBAHHAM Ta 3a0€3MEYUTH  COPABEAJUMBICTb JIJII BCIX  yYaCHHKIB
eHepreTuyHOro puHKy. Lle o3Hayae, 10 PO3MOJINT Ta BUKOPUCTAHHS 3€JIEHOTO
Tapudy MOBHHHI OyTH MPO30PUMH, MPOTHO30BAHMMH 1 OE€3MEPENTKOAHUMU IS
BCIX 3allIKaBJIEHUX CTOPiH, BKJIIOYAIOUM BUPOOHHUKIB, CHOKHMBA4diB Ta JEp>KaBHI
opranu. [IpaBmia Ta yMOBHM OTPUMMAaHHS 3€J€HOr0 Tapudy TOBUHHI OyTH

pO3po0JIeHi 3 ypaxyBaHHSIM MPUHIUIIIB PIBHOCTI, KOHKYPEHIII1 Ta MPO30POCTI.
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Kpim Toro, crpaBeniuBiCTh nepeadavyae BpaxyBaHHS COLIAJIbBHUX aCMEKTIB,
30KpeMa JIOCTYITHOCTI €Heprii Juisi BCiX BepcTB HaceneHHs. lle o3Hagae, mio
po3pobka TapudiB MOBHHHA BPaxOBYBaTH MOMKJIMBOCTI €HEPreTHYHOTO JOCTYILY
JUIS ypa3iduBUX TpyI, 3a0e3nmeuyroud, 00 TepexiJ 0 BiJHOBIIOBAJIBHOI
CHepreTUKH HE CTBOPIOBAB JIOJATKOBHUX HEpIBHOCTEH ab0 EeHEepreTHYHOI
BITIYKEHOCTI.
Takum yuHOM, 3eJeHui Tapud mMae OyTH HE JUIIE €KOJOTIYHO €(heKTHBHUM,
alie ¥ crpaBeJIMBUM, IO JTO3BOJIMTH BCIM CTOpPOHAM BUTIAHO OpaTH ydacTh y
PO3BUTKY BIJHOBIIOBAJIBHOT €HEPTETUKHU Ta CHPHUSATUME CTAJIOMY Ta BKIIOYCHOMY
PO3BUTKY.

1.5 IlpuHuun po6oTH BiTporeHeparopa

Enepris BITpYy € OAHMM 13 BUIB BIJIHOBIIOBAaHOI Ta €KOJIOTIYHO YHUCTOI
€HEprii, IKy MU OTPUMY€EMO 3 TpUpoAu. BoHa yTBOPIOETHCS Yepe3 MepeMillieHHs

MOBITPSHUX Mac BHACIIIJIOK PI3HUII TEMIIEpATyp y pi3HUX MIapax atMochepu.
€ranu podoTH BiTporeHeparopa:

e Bitep obeprae nonati BITpOBOi TypOiHHU.

e (OOepTaHHs TMepelae KiIHETUUHY EHEPrilo d4epe3 KOpPoOKy mepedad o
reHepaTopa, AKui NepeTBOPIOE ii Ha EJIEKTPUUHY EHEPTIIO.

e BupobiieHa enextpoeHeprisi 30epiracrbcsi B 6arapesix, a MmoTiM MOAAEThCs
B MEpEKy a00 BUKOPUCTOBYETHCS ISl )KUBJICHHS P13HUX MPHUCTPOIB.

[Ticnst 3amycky BITporeHepaTopa eKCIUTyaTallliHI BUTPATH MPAKTHYHO
BiJICyTHI. MacoBe BUKOpUCTaHHS TypOlH 3/1aTHE 3a0€3MEUUTH EIEKTPOCHEPTIE€I0 HE
TITBKY MPUBATHI OyMHKH, a ¥ 111J11 HACEJICH] ITyHKTH Ta KUTIIOBI PAiOHU MICT.

[TpuHIIMTT POOOTH YCTAaHOBKH OMHMCYETHCS HACTYITHUM YHWHOM: CHJIA BITpY
MPUBOIUTH y PYyX JIOMATI BITpOreHEepaTopa, Kl 4epe3 MpHUBIJ 00epTaroTh POTOP.
BryTpimHs 00MOTKa cTaTtopa MEPEeTBOPIOE MEXAHIYHY EHEPTii0 B EJICKTPUYHY.
3aBASKA aepOJUHAMIYHUM BJIACTHBOCTSM IPOTENEPH IIBHAKO KPYTATH TypOiHY

reHepaTopa.
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[Ipu cunbHOMY BITp1 JomaTi TOCHJIIOITh CBOw poboty. IlocrtiiiHe
oOepTaHHsi TYpOiHM, TIEPETBOPEHE B CEIEKTPOCHEPTil0, HAKONMHYYEThCS B
aKyMyJIITOpHUX  Oartapesx. Ha mBuakictb poOOTH MPUCTPOIO  BIUIMBAE
KOHCTPYKIlisl JlomaTeil: oJlHa CTOpPOHA IUIOCKA, a IHINA 3Jierka 3akpyrieHa. Lle
3aKpyTICHHS CTBOPIOE PO3PIHKEHHS MOBITPSI, 301JIbLITYIOUN YTBOPEHHS €HEprii, 110
o0epTae MEXaHi3M.

Ha portopi reHeparopa BCTaHOBJIEHO 12 HEpPyXOMHUX MAarHiTiB, SKi
CTBOPIOIOTH y CTaTOpi 3MIHHHM CTPyM, IO TEPENAEThCS Ha BEJMKI BiJCTaHI.
VYcepenuni TypOIHM YTBOPIOETHCS TOCTIMHHM €IEKTPUYHUN JIAHILIOT: TBUHTHU
00epTaroTh BiCh, 3'€THAHY 3 POTOPOM.

3MIHHA €JICKTPOCHEPTisl, aHAJIOTIYHA 3a YaCTOTOIO JO TI€l, IO MOJAETHCS B
PO3ETKH CMOKMBAUiB, BA)KKO HAKOMUYYETHCA, alle MOXKE Tepe/laBaThCs Ha 3HAYHI
BiJicTaHl. [IpoMHCIIOBI yCTaHOBKHM, Yy MOpPIBHSHHI 3 MOOYTOBUMH, JI03BOJIAIOTH

OTpUMATH OUIBIIY KUTBKICTh €JIEKTPOCHEPT1i.
1.6 CyuacHi Buau BiTporenepartopis

Bitporeneparopu mMokHa kinacudiKyBaTH 32 KOHCTPYKIIEIO Ta MPUHIIATIOM

nii. Ocbk OCHOBHI THIH BITPOTrE€HEPATOPIB:

e [‘opusoHTanbHA BICH:
[le#ti Tunm BITPOBOi TypOIHM Ma€e TOPU3OHTAIBHY BICH OOepTaHHS 1
CKJIQJIAEThCS 3 JIOMATel, TeHepaTopa Ta Bexi. BoHU € HalOUIbI e(peKTUBHUMU Ta
3/1aTHI BUPOOJIATA HANWOUIBILY KUIBKICTh €HEPrii, aje BOHM TaKOXK HAWJOpOXKUl Ta

HaANCKJIaIHIII B YCTAHOBIII.
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Puc. 1.4 — BitporenepaTtop 3 TOPU30HTAIBHOIO BICCIO 0OCPTaHHS

[cHy€ KiJbKa THIIB BITPOr€HEPATOPIB 3 TOPHU3OHTATIHHOIO BICCIO:

3 ¢ikcoBanum kpokom: e HalinmommpeHimuii Tum BiTporeHeparopa. Jlonati
MaroTh (DIKCOBAHMH KyT HaXWiIy BIJHOCHO BITpY, IO 3a0e3nedye ONTUMAalbHY
€(EeKTUBHICTb MIPHU PI3HUX LIBUJKOCTAX BITPY.

3 peryiboBaHUM KPOKOM: Y IIMX BITpOreHepaTtopax KyT HaXWJy JiomaTei
MOXHa 3MIHIOBAaTH 3aJ€KHO BIJl IIBUJIKOCTI BITPY, IO JO3BOJISAE MIABUIIUTH
3aranpHUM Koedirient kopucHoi mii (KKJI) mpucrporo.

[[Ta6nenoniOui: Jlomari mux BITpOreHepaTopiB MatOTh 0COOIUBY (HopMy, sKa
JI03BOJIAE€ M O1TbII €()eKTUBHO MpAIIOBATH MPU BUCOKIM IIBUIKOCTI BITpY. BoHuU
TaK0X IEMOHCTPYIOTh BUCOKY MPOAYKTUBHICTh TPU HU3bKIHM IIBUJKOCTI BITPY.

e BeprukanbHa BiCh:

Y 1uporo TuUIly BITPOTEHEPATOpPIB BIiChb OOEpTaHHS poO3TalloBaHa
BEPTUKAJIbHO, 10 J03BOJSE€ IM MpaioBaTd NpH OyIb-IKOMY HAmpsIMKy BITpY.
Bonu meHmn egekTuBHI, HDK TOPU3OHTAIBHI BITPOTCHEPATOPH, ajie MPOCTIIIl B

YCTaHOBIII Ta JICIICBIIII.
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Puc. 1.5 — Bitporenepatopu 3 BepTUKIBHOIO BICCIO 00epTaHHS

Taki "BiTpsiku" MaloTh KiJbKa pi3HUX KOHGIirypamiid. Hiwkue npeacrasieHi
TPH HAUTIOMIMPEHIIII THUIIH:

3 poropom Cagoniyca: Ile# Tim mae aBi a00 OibIlie BUTHYTHX JIOTATEH, 1110
MalTh (POpMy CHHYCOiJaidbHOI KpuBOi. BOHM mpalloloTh 3a MPUHIUIIOM
CTBOpPEHHSI MIAWOMHOI CWJIM Ha JIOMATAX, KA MPU3BOAUTH 10 OOepTaHHS OCl
BITpOreHepaTopa.

Bitporeneparop [ap'e: Mae omHy abo Kigbka JOomaTei, poO3TaIllIOBAHHX
y37I0BK BepTHKaNbHOI oci. JlomaTi mMaroTh ocoOnuBy (opmy, sKa IO3BOJSIE iM
CTBOPIOBATH MIAWOMHY CHJTy TIpU pyci no noBitpro. Lle cTBoproe KpyTHUI MOMEHT
Ha 0Cl BITPOBOI TypOiHH, 3MYIIyI0UuH 11 00epTaTucs.

Bitporeneparop ®ena: BukopuctoBye IMWINHAPUYHY TYpOIHY 3 KITbKOMA
JomatsMu JJis BUPOOHUIITBA enekTpoeHeprii. JlomaTti oOepTaroTbcs HABKOJIO
BEPTUKAJIBHOI OCI, 1 KOJIM BiT€p NPOXOJIUTh Ye€pe3 HUX, BOHU CTBOPIOIOTh KPYTHUI
MOMEHT, SIKUi 3MyIIye TypOiHy oOepTaTucs.

e PotopHi:

[{i BITpOr€HEpaTOPH BUKOPUCTOBYIOTH CIEIIaJIbHI POTOPH, SIK1 BJIOBJIOIOTH
BITEp 1 MEPETBOPIOIOTH HOro B eHeprito. BoHu Oiiblll epeKTuBHI, ane CKIAAHINI B
YCTaHOBIII Ta BUMAratoTh 0COOJIMBUX YMOB.

PoropHi BiTporeHepatopu CKJIaJarOTbCsl 3 pOTOpa, TeHepaTopa, BEXi,
KOHTposiepa Ta moriu. [Ipomec poOOTH POTOPHOTrO BITpOreHEpaTOpa BKIIOUAE

BIUIUB BITPY Ha JiomaTi poTopa, MPHUBiA pOTOpa 1 BUPOOJICHHS e€JIEKTpOeHEepril
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TCHEepaTOpPOM, pETYJIIOBaHHS TapaMeTpiB  EJIEKTPOCHEPrii KOHTPOJIEPOM Ta

nepeaavy il Ha po3MOAUTBHUMN NMPUCTPIH.

Puc. 1.6 — PoropHi BiTporenepatopu

Jlo mepeBar poTOPHUX BITPOTEHEPATOPIB HaJIEKaTh BUCOKA €(PEKTUBHICTH
NIEPETBOPEHHS €HEPrii, 3AaTHICTh MPAIIOBATH B PI3HUX YMOBaX, a TaKOX MEHIII
BUTPATH Ha BUPOOHUIITBO 1 MOHTAX.

Henoniku BKIIIOYAIOTH IIyM, PU3UK TOIIKO/KEHHS JIOTAaTe Ta 0OMEXKEHY
BHUCOTY BEXI. 3arajioM, pOTOpHiI BITporeHepaTopu € €(EeKTUBHHM 1 HaAIMHUM
Croco0OM OTPUMAaHHS €KOJIOTIYHO YHUCTOT €Heprii.

e KapycenbHi:

[le ocoOnuBuUII BUI BITpOre€HEpaATOpiB, 10 MalOTh KUIbKa JomaTel, sKi
00epTaloThCsl HABKOJO IIEHTPalbHOT OCi. BOHU XapakTepu3yrThCS BUCOKOIO
e(EKTHBHICTIO Ta HAIIHHICTIO, TPOTE TOTPEOYIOTH CIEIaIbHOTO O0aHAHHS TS

YCTaHOBKH.

1.7 Micue BiTpoeHepreTuku B CBiTi
VY OGaraThox KpaiHax BITpOEHEPTreTHKa PO3BUHYJIACS HACTUIBKHU, IO MOXKE
BUCTYIATH OCHOBHUM JKEPEJIOM eHeprii. 301IbIIICHHS] YaCTKU BITPOCHEPTEeTUKHU B
PO3BUHYTHX Jep’kaBaX, OCOOJMBO B €BpOIi, 3HAYHOK MIpOI0 TIOB'SI3aHE 3

HEOOX1IHICTIO OOPOTHOU 3 TJI00ATLHUMHM 3MIHAMU KIIIMATY.
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3MiHa KJIIMaTy — CKJIaJIHA Ta cepiio3Ha nmpoodiema. SKIo ypsiiu He BXKUBYTh
3aXO0/IiB II0JI0 CKOPOUCHHS TapHUKOBUX €MICIi, pyiHIBHA CHJIa TAKMX yparaHis, K
Karpina ta PuTa BHUSBUTBCS HIYMM MOPIBHSHO 3 THUMH OlfamMH, SKIi MOXYTb
OOpyIIMTUCA Ha IIJIaHETy BHACHIJIOK 3MIHM KiiMaTy. CKOpOYEHHS BHKHU/IIB
MapHUKOBUX Ta3iB Ma€ SK EKOHOMIYHE, TakK 1 eKkojoriuHe 3HadeHHs. [1[o0
YHUKHYTH
pYHHIBHUX KJIIMAaTHYHHMX HACIIJIKIB MIKHAPOJIHA IMOJITHKA B 001acTi 30epeKeHHsI
KIiMaTy Mae OyTH CHOpsIMOBaHAa Ha Te, 100 yTpUMaTH 3POCTaHHS CEpPEAHbOI
rJI00aJIbHOI TeMIlepaTypu He OuTbliie HiXK Ha 2 rpagycu 3a Llenbciem mOpiBHSHO 3
JTOIHAYCTplabHUM mepiofgoM. [ns BupilieHHs Ili€l 3a7adi CBITY B HalOIMxK4e
JNECATWITTS HEOOXIAHO KapJUHAIBHO 3MIHUTH MIAXOAU J0 BUPOOJICHHS Ta
CIIOYKMBAHHS €Heprii.

3pOCTaHHIO PUHKY BITPOBOi E€HEPreTUKH CIPHUSE€ HU3KA YWHHUKIB.
CykynHicTh X (DaKTOPIiB CHOHYyKaja Ypsau JIESKUX AepaB HaJaTH PO3BUTKY
BITPOBOT MPOMUCIIOBOCTI MOJITUYHY HIATPUMKY.

Enepeemuuyna 6Gesnexa: MixHaponHe eHepretuude areHTcTBOo (MEA)
MPOTHO3Yy€E, M0 0€3 aKTHMBHUX 3aXOiB B 00JIaCTI €HEepPro30epeeHHs CBITOBA
notpedba B eHeprii g0 2030 p. 3pocte Ha 60%. Y TOM e yac, mMOCTayaHHs
BUKOIMHOTO MaJMBa CKOPOUYIOThCs. Jlesiki HallO1IbIil CBITOBI €KOHOMIUHI CUCTEMU
3MYIIIEH1 Bce OUIbINE MOKJIAIaTUCA Ha IMIIOPT MaJIUBa 3 PETiOHIB, ¢ KOH(IIIKTH Ta
MOJIITUYHA HECTaOUIbHICTh CTaBIATH MiJ 3arpo3y Oe3meKy IOocTadaHHS
CHEPropecypcis.

IIpobnemu oosxinna. HeoOX1aHICT, TEPMIHOBUX 3aXOJIB JJIA 3aro0iraHHs
NOJAJBIIMM  3MIHaM KJIIMaTy cTajla CTHUMYJOM [UJIi  PO3BHUTKY BITPOBOI
CHEepreTUKU.MIHOBUX 3aXOJIIB JIJIsl 3a1100IraHHs MOJAIBIINM 3MiHAM KIIIMaTy cTajia
CTUMYJIOM [UJIi PO3BUTKY BITPOBOI E€HEPreTHKU. 3MIHAa KJIIMaTy BH3HaHA
Halicepiio3Himow riaobanbHOK Mpobsiemoro. KioTcekuit mpotokon (1997 p.)
nokjaB Ha kpaiHu Opranizaiii €KOHOMIYHOTO CHIBPOOITHHUIITBA Ta PO3BUTKY
(OECD) 30008B's3anHs 110110 ckopoueHHs BukuiB CO2 y cepennbomy Ha 5,2%. Y

KpaiHax TPEThOrO CBITY HaWOIIbINE 3aHEMOKOEHHS BHKIHMKAE Oe3mocepeHin
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BILJIMB CIAJIOBAaHHSI OPraHIYHOrO MajiiBa HAa MOBKULISA (Hacammepen 3a0pyAHEHHS
noBiTpsA). [HII eKkonoriuyHi MpooJieMH, MOB'S3aHl 3 BUKOPUCTAHHSM BHUKOITHHX
pecypciB st
BUPOOJIEHHSI €HEeprii, 110 BHHUKAIOTh MPHU Te0JIOrOpo3BIIYyBaJIbHUX pOOOTax,
pO3poOKax pOAOBHUII BUKOITHOTO TMMalKBa, pO3IUBaX HAPTH, paiallifHOMy BILIUBI.
BukopucTaHHs BIIHOBIIOBAHUX JKEPET €HEprii, y TOMY YHCIi €HEeprii BITpY, IO
JI03BOJISIE YHUKHYTHU [IUX PU3HUKIB 1 3arpo3.

Exonomika: 3poctanHs TJI00aIBHOTO PUHKY BITPOCHEPTETUKH MPU3BEIO IO
3HAYHOTO 3JICHIEBICHHS eHeprii, oTpumanoi 3 BiTpy. CydacHi BITpOBI TypOiHU
BUpOOJIsIIOTH Y 180 pa3iB Oiible eJIEKTPUKU MOPOKY, HIk 20 pOKiB TOMY. 3aBIsSKH
BUTITHOMY  pO3TallyBaHHIO, BITPOENEKTPOCTaHLIi MOXYTh 3Maratucs 3a
€KOHOMIYHOIO €(pEKTUBHICTIO 3 TEIJIOBUMH €JIEKTPOCTAHIIISIMU Ha BYT1JUTI Ta rasi.

KOHKYpEHTOCTIPOMOKHICTh BITPOBOT €HEPreTUKU 30LIbIINIIACA 3aBISKU
MIJBUIIICHHIO I[IH Ha BUKOMHE majuBo. KpiM Toro, Akmo O MpUXOBaHI BUTPATH,
MOB's3aHI 3 BIUIMBOM Ha JOBKUUIS Ta 3J0POB'S JIOJAEH NTpH BUKOPUCTAHHI
BUKOITHOTO TIaJuBa Ta sACpPHOI eHeprii, Oyau O BKIOUYEHI Yy BapTICTh
CJIEKTPOCHEPT1i, BHUPOOJICHHS €JIEeKTPOEHEPrii BITPOBUMHU EJIEKTPOCTAHIIISIMU
BUSIBMJIOCA O 11I€ AelIeBIINM. BiTpoBa eHepreTuka Takox Ja€ €eKOHOMIYHUHN eeKT
3a PaxyHOK CTBOPEHHS HOBHX po0OoYMX Micib. Y KpaiHax, 10 PO3BUBAIOTHCA,
BITpOBA CHEpPreTHKa BIJKPHBA€ CEKOHOMIUHI MOXJIHMBOCTI JUIS  BIJJIQJICHUX
TEPUTOPIid, IO HE MAIOTh TOCTYITY IO ETEKTPHUHUX MEPEK.

Texnonoeii ma inoycmpianvuuii pozeumox: 3 1980-x pokiB, KOJIM po3novain
BUKOPHCTOBYBATH TMEPII KOMEpIIAHI BITPOBI yCTAaHOBOKH, BIIOYJIOCS 3HAYHE
NIJBUIIEHHS OJAMHMYHOI TOTYXHOCTI Ta €(EeKTUBHITH BITPOBUX TYpOIH,
YyIOCKOHAJIMBCA iXHIN 30BHIIHIA au3aiiH. OxHa cydacHa TypOiHa 2 MBT-knacy
MOXxe BUpoOJSITH eHeprii Ouibmie, HDK 200 yctaHoBOK 3pa3ka 1980-x poki..
Haii6ib11i Ha ChOTOAHINIHIA JIeHb TYpOiHM MaloOTh MOTYKHICTh MoHaa 5 MBT Ta
niametp BiTpokoseca moHaa 100 metpiB. CyyacHi BITPOYCTAaHOBKU CKIATAIOTHCA 3
MOJYJIIB Ta JIETKO 3BOJATHCA. BiTpoBI cTaHIili MOXYTh OYTH Pi3HOT MOTYKHOCTI —

B1JT OJHOTO O KUIBKOX COTEHH MeTaBar.
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PO3A1JI 2. POBPAXYHKOBA YACTHHA
2.1 Po3paxyHOK HaBaHTaKeHb OyIMHKY Y 3MMOBH Ta JIaTHIil nepioau

Jlnst  OOYWCIICHHS HaBaHTAKEHHS 3MIHHOTO CTPyMy Ta BH3HA4YCHHS
MOTPiIOHOTO 00CATY €HEprii, SIKa CIIOKUBAETHLCS HEOOX1THO BUKOHATH HACTYITHI JIii:

1. HeoOximHO OOYMCIWTH 3arajbHy KUJIbKICTh HABaHTAKECHHS 3MIHHOTO
CTpyMy MIJISXOM JOJIaBaHHS TIOTY)KHOCTEH Ha BCIX MPHUCTPOSX, BKA3aHUX B
Tabmuii 2.1, a TakoX 3a3HAYMTH 1X HOMIHAJIBHY TMOTYXKHICTH 1 4ac pPoOOTH B
TOJIMHAX MPOTATOM THXKHSI.

2. llle ogHUM KpOKOM MOTPIOHO NMOpaxyBaTH €HEPTito, CII0KUBAaHY HAIMpPOTSI31
THXKHS, MIJITXOM MEPEMHOKEHHS TMOTY>KHOCTI KOXKHOTO MPUCTPOI0 HAa 4ac MOro
poOOTM B TOJMHAxX, a MOTIM J0JaTh BCl OTpuUMaHl A00yTku. Pe3ynbrar

no3HavyaeThes K WT. [loTyxkHICTh TpUCTpOiB HaBeneHi B Ta0mui 2.1.

Tabmuns 2.1 — CnoxuBaHHS €JIEKTPOCHEPTii B 3MMOBHUH NEP1o]

Yac
[ToryxHicTs PCp, Br*ron/
Hasga pobOTH, TOANH
Bm THXKJICHb
3a THXKIEHb
Tenesizop 170 55 9350
Komm’rotep 130 35 4940
Jlammna cBiT/IOA101HA 35 38 1330
XO0JIOIUIILHUK 350 160 56000
[IpanpHa MammmHa 900 3 2700
[Tpacka 1700 4 6800
boiinep 1500 25 37500
den 2000 2 4000
[Tunococ 1300 1.5 1950
Enerporuura 670 14 9380
Beboro: 8755 133950

Tabnuis 2.2 — CoKUBaHHSI €JIEKTPOCHEPT1i B JIITHIN Mepioj
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Haszsa [TotyxHicTs Pcp, | Yac pobotu, Br*roa/tTuxaeHpb
Bt ro1/ TV IEHb
Tenerizop 170 25 4250
XOJIOOUIBHUK 350 160 56000
Kowmm’totep 130 20 2600
Jlamma cBiTIOII0AHA 35 25 875
Enerpormura 670 14 9380
[IpanpHa mammmHa 900 4 3600
[Ipacka 1700 3.5 5950
®den 2000 1 2000
[Tunococ 1300 1 1300
Konguuionep 1200 12 14400
Bcenboro: 8455 100355

3 1uuMx O0OpaxyHKiB MOXHa JI3HAaTHUCh, 110 HaWOUIbIIE CHOKUBAHHS
CJIEKTPOCHEPT1i MpHUIlalac HAa 3UMOBHM TEpioA POKY, TOMY OOpaxyHKH OyIyTh

BECTHUCH BpaxoByouu, mo W3m=134 kBT -roa/TxaeHb.

[[lo6 Bu3HAUMTH MOTPiIOHY MOTYXHICTh MOCTIHHOTO cTpyMy WH, ITOYHEMO 3
MHOKEHHSI 3arajibHOi MOTY>KHOCTI 3MIHHOTO cTpymMy W3M Ha koedimienT k = 1,2,
KWW BpaxoBYye OMip 1HBEPTOPA.:

WH=W3wm -k (2.1)

OTxe, MOTY>KHICTh MOCTIMHOTO CTPYMY, sIKa HEOOX1/HA 3 BpaXyBaHHSIM OIOPY
1HBEpTOpA CTAHOBUTb:

Wu =134 1,2 =160 kBt
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2.2 Po3paxyHok mapaMeTpiB BITPOYCTAHOBKH
Bubepemo BITpOyCTaHOBKY BIAMOBIAHOI MOTYXKHOCTI, 31aTHY 3a0€3MEUUTH
BUPOOHUIITBO HEOOXITHOI KUTBKOCTI €IEKTPOEHEPTii JIJIs KUBJICHHS i€l OyaiBIIi.

Sxio cuiia BITpy HEIOCTaTHS, TO MOKHA BUKOPUCTOBYBATH €HEPTIIO 3 MEPExKIi

Tabmug 2.3 - PesyabTaT cTaTUCTUYHOI OOPOOKH BUMIPIOBAHb IIBUAKOCTI

BITpY

delele el lels ez | ule
0 RS 8 g 58 g s E|2 E
0 89 71 38 28 58 82 366 0,1671 | 1,0 0,00 0,0000
1 1 0 0 0 0 0 1 0,0005 |0,8329 | 0,65 0,0003
2 75 67 20 25 58 66 311 0,1420 |0,8324 | 5,20 0,7384
3 55 67 42 47 71 77 359 0,1639 | 0,6904 | 17,55 2,8769
4 64 69 94 90 68 68 453 0,2068 | 0,5265 | 41,60 8,6049
5 35 51 73 64 54 33 310 0,1416 | 0,3196 | 81,25 11,5011
6 13 12 29 32 22 12 120 0,0548 | 0,1781 140,40 7,6932
7 20 12 31 32 14 14 123 0,0562 | 0,1233 | 222,95 12,5218
8 7 9 26 37 17 6 102 0,0466 | 0,0671 | 332,80 15,5003
9 5 4 7 6 3 6 31 0,0142 | 0,0205 | 473,85 6,7075
10 |1 1 2 3 0 1 8 0,0037 | 0,0064 | 650,00 2,3744
11 |0 1 2 1 0 0 4 0,0018 | 0,0027 | 865,15 1,5802
12 |0 1 0 0 0 0 1 0,0005 | 0,0009 1123,2 0,5129
13 |0 0 1 0 0 0 1 0,0005 | 0,0005 | 1428,05 0,6521
> 2190 1,0000
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[Iponenypa 0o6poOKu pe3yabTaTiB BUMIPIOBaHb Ma€ TaKU BUTJIS/L:

1. Pesynbprati BUMIpIOBaHb WIBHJAKOCTI BITPY COPTHPYIOTh Yy TPYyNH 3a
BEJIMUMHOIO 3 KpokoM AV=1 m/c, To6TO B Tpynu 31 mBuakoctamu 0 m/c, 1 m/c, 2
M/c, 3 M/c 1 T. 1. 3aranbHa KiabKicTh BuMiproBanb N = 2190.

2. B xoHIi TpyIl MiJpaxoBY€ThCS KUIBKICTh BUMIPIOBAHb 1 BU3HAYAETHCS
BigHomeHHss AN(V) / AV. Bemnumaa AN(V) / AV — KiIbKICTh BUMIpIOBaHb B
OJIMHUYHOMY IIBUJKICHOMY 1HTEpBajai ab0 MIUIBHICTG QYHKINI poO3MOALTY
HMIBUAKOCTI BITpY. [Ipu iboMy ciiifi BpaxoBYBaTH, SIKUM € HMIBUAKICHHUM 1HTepBai (B
HamoMmy Bunaaky AV=1 m/c, ane BiH Moxe Opatucs i OuibimuM). [MicTorpama

PO3MO/ILTY IMIBUAKOCTEH BITPY HaBeqeHa Ha puc 2.1,

500
450
400
350
300
250
200
150
100
50
0

0 1 2 3 4 5 6 7 8 9 10111213
[Hsudkicme simpy, V M/c.

Yacmoma, ANV)AY.

Puc. 2.1 — T'icrorpama po3noiiiy mBUIKOCTEH BITPY

3. Busnauaetnscst BeamuuHa AN(V) / N = ®y — iMOBipHICHHMIA PO3MTOILT
mBHUAKOCTI BiTpy. Ha puc. 2.2 naBeaeno 3anexHicts Oy Bix V. 3naueHHs QyHKIii
@y 3BOPOTHO MpomnopIiiiHe mBHIKICHOMY iHTepBany. JoOytok @y - AV MmoxkHa
IHTEpPIPETYBATU SIK YAaCTHHA Yacy POKY, Ha MPOTA31 SKOi IMIBUAKICTH BITPY Mae

3HAauYeHH4, oMinleHi B iHTepsan V + AV.

4. Jlns BuzHaueHHs 1MOBIpHOCTI Dys\ MOSBU BITPY 13 MIBUAKICTIO V,
OUTBIIOI JESKOl 3a7aHoi BeMMYMHU V, HEOOXIJHO CKJIACTH IMOBIPHOCTI BCIX
mBUAKICHUX 1HTepBaiB Dy - AV, B akux V> V', [H11a iHTepripeTalis iMOBIPHOCTI

®ysy — yacTUHA POKY, Ha MPOTHA31 SIKOI IMYTh BITPHU 31 IIBUJIKOCTAMHU, OUIBIIUMHU
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3a V'. ImoBipHicTh Oys>V', HEBAXKKO MOMITUTH, — O€3po3MipHa BeauunHa. [i rpadik

HaBeJIcHUH Ha puc. 2.3.

025
02z i
e,
— g5 1 //""’."‘m\
M} | I i ‘j
2
= af :
=N / h
s B
000 =
g 1 2 3 4 5 6 7 & 9 w00 120
v om/c
Puc. 2.2 - ImoBipHiCHUI pO3MOILT MIBUAKOCTI BITPY.
10
s}
]
= \l
= -'1',_-; b,
02 P,
141 M
0 12 3 4 5 6 7 & 9w 2B
V m/c
Puc. 2.3 - IMOBipHICTb MOSIBH LIBUJIKOCTI BITPY, OUTbIIOI 32 3a1any V'
5. CepenHe 3HaueHHs WIBUJIKOCTI BITPY V  MOXHa BHU3HAYUTH 3a
CI1BBITHOIIIEHHSIMH:

7 D> ((AN/AV)-V)
B N

(2.2)

V=2 V), (2.3)
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CepeaHe 3HaUEHHS MIBUIKOCTI, 3TiAHO 3 JaHUMH BHMipIOBaHb CTAHOBUTH Y

=3,6014 m/c.
6. I10Ty>KHICTh BITPOBOTO IIOTOKY OJMHUYHOIO HEPETUHY (IIMTOMA ITOTYXK-
Hicts) Py =p - V3/ 2. Sdxmo B cepenubomy p = 1,3 kr/m3, To Py = K - V3,

ne k = 0,65 xr/m®. OueBuano, mo Py - @y € QyHKILiE0 pO3NOAiTy eHeprii BiTpy

(puc.2.5).

=N
|

=

ﬁ\ﬁ 12 il N
c‘%‘ /i /y \\"\
g 6 :f [l 3
= &
< 1/ N
z -
{7 -_..("-/ TM.‘B

g 2z 3 4 5 6 7 & 900 1203

Puc. 2.4 - ®yHkI1is po300I1Ty €HEprii BITPY.

PosrnsHyTnii  BHIe aHajgi3 3acHOBAaHMM Ha CTaTUCTUYHIA 0OpoOIT
pe3ynbTaTiB CUCTEMAaTUYHMX BUMIPIOBaHb IIBUAKOCTI BITPY Ha MpPOTS31 POKY.
TouHO Taky METOAMKY MOKHA BHUKOPHUCTOBYBAaTHM 1 TMPU aHaNi3l JIaHUX

HETEePEPBHOTO 3aMUCY MIBUJIKOCTI BITPY 3a OUIBII KOPOTKUN MTPOMIXKOK Hacy.

Ta nanuii anani3z mae cyTTeBUM Henodik. BiH moTpeOye BETMKOro MacHUBY
EKCIIEpUMEHTAJIbHUX TIOKa3HHWKIB, a oJepkaHl Trpaiku HE OJHO3HAYHO
XapaKTEPHU3yIOTh BUJ CTATUCTUYHOTO po3nonauty. baummo, mo rpadiku, HaBeaeH1
Ha puc. 2.1-2.4, narorp nume HAOMMKEHY YsIBY npo (GyHKLID po3NoAiLTy
MIBUIKOCTEN Ta eHeprii BiTpy B ymoBax [lontaBu. B Toit xe wac OyBae myxe
3py4HO MaTH aHANITUYHI BUpasd I1wmX (QyHKOIH, g1 BignoBigamu O

EKCTIIEPUMEHTAIbHUM JTaHUM. B 11bOMy BUTIAJKY, MO-TIEpIIE, Pi3KO CKOpOoTUiiacs O



28
HEeOoOX1IHa KUIbKICTh BUMIPIOBaHb IIBUJIKOCTI BITPY, 1, MO-Apyre, 3'aBuiacs O
MOJKJIMBICTh AQHAIITUYHOTO PO3PAXYHKY TEXHIKO-EKOHOMIUYHUX XapaKTEPUCTHK

BITPOYCTaHOBOK.

Cepist eKCriepUMEHTAIbHUX PO3pPaxyHKIB 1 aHali3 CHOCTEPEKEHb BITPOBUX
XapaKTepUCTHK MOKa3aJlv, 0 HaWKPaIIow 301’KHICTIO pe3yJIbTaTiB CIOCTEPEKEHD

13 pO3paxyHKOBHMH BEJIMUYMHAMU BOJIOJi€ 3aKOH Belilyna :

ool (2] »

k-1 k
CDV :E(\ij .exp _(\Lj
C C C

ne K Ta ¢ — mapameTpu po3moaiy.

, (2.5)

Ha  xopucth  3acTocyBaHHS  camMe€  TaKOro  alpOKCUMYIOYOTO
(IHTEpIOJAIIAHOTO0) PIBHSHHA TOBOPUTH TOW (akT, IO 3a HOTO JIOIMOMOTOIO
MO>KHA 3aIlMCaTy BECh Jliaa30H OJTHOMOIATBLHUX PO3MOIIIIB IIBUIKOCTI BITPY, BIJ
HOPMAJIBHOTO JI0 CYTTEBO IMPABOCTOPOHHBOIO acuMeTpuuHoro. Tak mpu K = 1,
posnonin BeiOyna crmiBnagae 3 eKCIOHEHIIATBHUM PO3MOIiIoM, a pu K = 2 — 3

posnozinoM Penes (y? posnominom).

CkopucTaBIIMCh 3acob0amu TporpamHoro makety Microsoft® Excel |
OTpUMAEMO 3HA4YCHHS mapamerpiB K Ta ¢, mpu sSKHX BOHM HalKparie
BIJIMOBIIATUMYTh  €KCIIEPUMEHTAIIbHUM JaHuM. [lpu 1upomMy st aHamizy
BUKOPUCTOBYBAaTUMEMO JIMIIE poOOoYl MBUIAKOCTI BITpY. Ilicns mporo moxkemo

noOyayBaTH rpaQiku.
Otxe, orpumyemo st ymoB [Tonrasu K = 1.908785; ¢ = 4.413319.

I'padixu anamitnunux ¢yskmii Oy ta Oysy 111 ymoB [lonTaBu HaBeneHi

Ha puc. 2.5 Ta 2.6, kBagpaTUKaMu MO3HAYCHI €KCIIEpUMEHTAIbHI JaHI.
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MoxeMo BU3HAUUTH, 10 rpadik aHAMTHYHOI (YHKIT pO3MOALTY eHeprii
BiTpy Py @y 306iraerncs 3 rpadikom, 300pakeHuM Ha puc.2.3. OyHKIIIS PO3MOILTY

Mae MakcUMyM mipu V= 6,5 m/c.

MoskHa TakoX MOOYIyBaTH 3aJI€KHICTh MOTYKHOCTI BITPOBOTO MOTOKY
OJMHUYHOTO NIEPETUHY BiA IMOBIpHOCTI @Dy, fKa J103BOJISIE BHU3HAUYUTH
IMOBIPHICTh CIIOAIBaHHS BITPOBOTO MOTOKY 33/JaHO1 MOTYXHOCTI (3a0€3MeUYeHICTh

MOTY>KHOCTI), UB. puc. 2.7.

Ha ocHOBI po3moainy HIJILHOCTI IMOBIPHOCTI IIBHJIKOCTEH BITPOBOTO
MOTOKY B SKOCTI TNPUHUHATHOI OIIHKKA BITPOCHEPrEeTUYHOrO IMOTEHINATY CIij
BUKOPUCTOBYBAaTH IMOBIPHY KUIBKICTh KIHETHUHOI €HEprii BITPOBOIO MOTOKY, SIKY

MO>KHA MaTH B JIOCJI/I)KyBaHIi MiCIIEBOCTI.

L e |
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Lo —t
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.
i

GDI-‘-I-r

Ly 0y & 0 B

|/ -
F, .H_.-jl.

Puc. 2.5 - Ananitnyaa QpyHKIIist iMOBIpHOCTI TIOSIBH IIBUIKOCTI BITpPY,

OUIBIIOT 3a4aHO1 BEJIMUUHU V'.
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Puc. 2.6 - IMoBipHiCHUIT pO3MOILT MIBUAKOCTI BITPY (PO3MOILT UITHHOCTI

IMOBIPHOCTI), OTPUMAaHU aHAJITUYIHO.

[Ticass 3HaxXOKEHHs 3aKOHY [OBTOPIOBAHOCTI IIBUAKOCTEH BITPY B
KOHKPETHIM MICIIEBOCTI PO3pPaXyHOK 3arajbHOI KIJIBKOCTI TMTOMOI €Heprii
BITPOBOI'O TIOTOKY Ye€pe3 3BEACHHA JI0 TPEThOr0 CTYNEHS CEepeaHbOPIYHOT
MIBUJKOCTI BITPOBOTO IOTOKY MOXE BHUKOPUCTOBYBATHUCA JIMIIE B SIKOCTI

HaOJIMKEHOT OI[IHKH, OCKIJILKH J1a€ 3aHMKEHE 3HAYEHHS CHEProMOTEHIIIAITY.

[HTEHCUBHICTh BITPOBOIO IMOTOKY BHM3HAYAa€ThCs 3BEACHHSAM 10 KyOa
OpJIMHAT PO3MOAUTY IIUIBHOCTI IMOBIPHOCTI Ta 3a0e3MEYeHOCTI IBUIKOCTEH

BITPOBOT'O TIOTOKY.

1600 L
A \
1200 \\J i
4977
LI ) T -
\\u o3
805
\b‘_ a0

5 7

ol w‘? g

Litd

Py

LU

o=
=

Puc. 2.7 - 3anexHicTh TUTOMOT IOTYKHOCT1 BITPOBOTO MOTOKY BiJ{

iMOBIpHOCTI Dys\
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3a OTpUMaHuUMHU pe3yJibTaTaMHU CTaTHCTUYHOI OOpOOKH BHMipIOBaHb
IIBUJIKOCTI BITPY, 1110 OYJIM OTpUMaHi Ha MeTeocTaH1ii M. [lositaBu Mu Maemo BUOpaTH

BITPOYCTaHOBKY, sIKa 3a/J0BOJIbHATHME OTpPHMaHI 3HA4YEHHS, a caMme: CepeaHs

mBuaKicTs Bitpy V = 3,6014 M/c, moTyxHicTs — 10 4 KBT.
Oo6upaemo Bitporenepatop tuiry ENERSUN-3000
Komruiekraris:

- TypOiHa;
- XBICT, JIOIATI, KPIIJICHHS BITPOreHEepaTopa;
- TpOC LIOTJIN;
- MOBOPOTHUU MEXaHI3M;
XapaKTEpUCTUKHU:

Howminansna noryxHicts: 3000 BT;

MakcumanbHa notyxHicts: 3600 BT;

Howminansna Hanpyra: 24 B;

JliameTp BiTpOKOJeca: 2 M;

CraproBa MIBUAKICTH BITPY: 2.5 M/c;

ITouaTkoBa po6Goya MBUAKICTH BITPY: 3 M/C;
Howminansna mBuakicTs BiTpy: 11 M/c;
MakcumaibHa poboda mMBHAKICTH BITPY: 30 M/c;
VYparanna po3paxyHKOBa HIBUJKICTb BITPY: 45 M/c;
HowminanpHa mBuakicTe 06eptanHs poropa: 380 06/XB.;
Crynensp 3axucty o0osionku: |P54;

Kiac narpiBoctiiikocTi 1305ms1ii: F;

Marepiasi TOHAOJU: TUTUN aJTFOMIHIN;

Marepian nonareii: FRP;
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Tun renepatopa: TpudazHuil CHUHXPOHHHI T€HEpaTOp 3MIHHOTO CTPyMy 3

MMOCTIMHUM Mar"iToM
Tun BUX1IHOTO CUTHATY HAIPYTH: YMCTa CUHYCOI/a;
OcnogHi napametpu BEY :

1) HOMiHAJbHA MOTYXKHICTD Pyoy [BT,KBT] - MOTYXHICTB, III0 PO3BUBAETHCS

BITPOYCTaHOBKOIO MPH PO3PaxXyHKOBIH IIBUIKOCTI BITPY;

2) po3paxyHKOBa IIBHJIKICTh BiTpY V, [M/C] ;

3) miametp BiTpoTypOiHu D [M] ;

4) BupoOeHHS eHeprii 3a micsaib Wy, [KBTTo/] - BenmnuuHa, 1110 3a1eKHUTh Bij
CEpelIHbOI IIIBUIKOCTI BITPY;

5) cepennst moTyxHicTh P, [KBT] — Ile kimo4oBmii mapaMeTp BiTpOYCTaHOBKH,
KWW TOBUHEH BIAMOBIAATH BiJOMiM ab0 IJIaHOBaHIM KIJIBKOCTI €HEPrii,
CIIO’KMBAHOI ~HABAaHTAXEHHSMU TMPOTATOM TOro K mepiogy. Bin
BU3HAYAETHCS CEPEJAHBOI0 IIBUIKICTIO BITPY B MICHI PO3TAllyBaHHS
BiTpOoycTaHOBKH, po3mipamu BEC (miomiero o00ayBaHHS, JdiaMeTpOM
BITpOTYpOiHH) Ta edekTrBHICTIO KOHCTPYKIIii BEC.
3a yMOBH, 1110 BITPOYCTAaHOBKA BUKOHAHA HA BUCOKOMY PiBHI 3

BUKOPUCTAHHSAM CY4aCHUX TEXHOJIOT1H, MPOTHO3YBATH BUPOOHUIITBO €HEPTil

MOXHA 3a JIOTIOMOT'OI0 CIEHIAIbBHOTO BITPOKAJIBKYJISITOPA.

[ToTyXHICTh BITPOYCTaHOBKH PiBHA:
PBEy:n'Pm, (2.6)

7€ 1| — KoeiIeHT KOPUCHOT /11 reHepaTopa 1 TpaHcMmicii (3a3BUYai piBHHIMA

0,8-0,9);

P, — MOTY>XHICTb BITPOTYpOIHHU.
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[ToTyXHICTb TYypOiHU CKJIaJIa€:
P,=¢ P 2.7)

ne & — koedilieHT BITpOBUKOpUCTaHHs Biapi3HsaeThcs Big KKJ[ TuMm, mo
"HegooTpuMaHa" MOTYXKHICTh, TOJIOBHUM YMHOM, HE BTPAYA€THCS, a 3ATHUIIAETHCS
B mnoromi. Pi3Hi Teopii BKa3yloTh Ha MaKCHUMajbHE 3HAueHHS KoedimieHTta
BITPOBUKOPHUCTAHHS 1/1€aJIbHOTO MpUCTporo y aianazoHi 0,59-0,68. V peanbHux
yMOBax  J00pe  CIpoeKTOoBaHa  BiTpoBa  TypOiHa  Mae  Koe(ilieHT

BITPOBUKOpUCTaHHS y niana3oni 0,4-0,55
P — MOTYXHICTH BITPOBOTO MOTOKY, 110 MPOXOAUTH Yepe3 00TiKaouy BITPO-
TypOIHOIO ILJIONLY.

[ToTyXHICTh MOTOKY OOYMCIIIOETHCSA 32 (HOPMYJIOHO:

p,=2" s (2.8)

e p — LIIGHICTE IOBITps (cTanmapTHe 3HaueHHS 1.225 Kr/M°);
V' — mBHIAKICTH HEOOYPEHOTO BITPOBOTO MOTOKY; nmpuiitMaemo V =11 m/c.

OO0Tikaro4a ioa.

s=" (2.9)
s =2~ 628 M.
BusHaunMo noTyXHICTh IOTOKY:
113
Py === 6,28 = 5112 Br.

O6unCII0EMO MOTYKHICTh TypOIHU:

P, =045-5112 = 2300 Br.
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OTxe, MOTY>KHICTh BITPOYCTAHOBKHU JOPIBHIOE:

JlaHMX 3aJIeKHOCTEN JOCTATHBO ISl HAaJallTyBaHHs TaKUX NapaMeTpiB
BEY, six HoMiHa/IbHA MOTYKHICTh, I1aMETP 1 pO3PaxyHKOBA MIBUAKICTh BITPY.
[TpoTe Tak camo BaXJIMBUMHU € OYIKyBaHE BUPOOJICHHS €HEprii 1 cepeaHs
MOTYKHICTh BITPOYCTaHOBKH. [[1 BeIMUMHM MOKHA IOCTaTHHO TOYHO OOUMCIIUTH,

BPaxoBYIOUH JlarpaMy po3MOiTy MIBHAKOCTEH BITPY 3a MEPIOA, KU [IKABUTh.

ni/c

Puc. 2.8 - Cepenni mBuakocti BiTpy no Micsisx ([lonrasa).

[Tpu oOumucIeHH] MICSTYHOTO BUPOOJICHHS €HEeprii MPUtMaIOThCsl HACTYIIHI
TIPUITYIIICHHS :
- IOTY>KHICTh BITPOre€HepaTopa Npy MWBUIKOCTI BITPY HHXKUYE PO3PAXYHKOBOT

3MEHILY€EThCS MPOMOPLIHHO KyOy IIBUIKOCTI BITPY:

— 3.
P_PHOM'(V/Vp) y
- IOTY>KHICTh BITPOr€HEPATOpa MPHY BUILINA BITPOBIN IIBHUJIKOCTI BIANOBIIa€
HOMIHAIBHIN (OOMEXYEThCSI CHCTEMOIO YIIPaBJIiHHS a00 TEHEPATOPOM);

- PO3MOJLT IBUAKOCTEN BITPY 0 YAaCOBI MiANOPSIIKOBYEThCS 3aKOHY ['ayca:

2 2
A2 -V
potee T 2.10)

ne Vo — cepenHs MBUIKICTH BITPY M/C; A - BeTU4HHa, 3aJIeKHa B Vo.
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Tabnuns 2.4 - 3HaueHHs KoedIiieHTY A MPHU PI3HUX MIBUIKOCTIX BITPY

Vo ,M/c 3 4 S 6
A 0,228 | 0,185 | 0,165 0,15

OT1xe, cepeqHs MOTYKHICTh BITPOYCTAaHOBKH OyJie 3anexaru Bif i1

PO3paxyHKOBOI MIBUAKOCTI Ta CEPEIHbOI MMBUIKOCTI BITPY 1 CKJIaJIE:
3
Py = [ Pupn [VV_,,] A e A V-V gy (2.11)
Matroun pani: P,,,=3000 Brt, V=11 m/c, V,=11,431 m/c, A=0,185 m/c,
V=3,6014m/c i 3a monmomororo Mathcad, orpumyemo:
P.,=647 Br.
BianoBigHo, BU3HAYAEMO €HEPTIIO sika OyJie BUpOOJIEHA MPOTATOM MICSLIS:
Wn=Pe-N-n, (2.12)
ne N — KUTbKICTh JTHIB Y MICSIIL;
N — KUIBKICTh TOAWH Ha 100y .
Wn\=0,647-30-24=465,8 xBT'rox.

2.3 TlonmepenHe BHU3HAYEHHSI €HEPrOCHOKUBAHHS i MOTYKHOCTI

iHBepTOpa

CnoxuBaHHs eHeprii Ha TwxkaeHb cknanae W, = 144 xkBrroxa (tabn.2.1).
Kosu BUpOOHUIITBO MEPEBUIIUTE CIIOKUBAHHS, €JIEKTPOCHEPTisl Oyje HampaBieHa
Ha 3apsaaKy Oarapei akymynaropiB. [loTpiOHa MOTYXHICTH MOCTIHHOTO CTPyMy 3

ypaxyBaHHSAM BTpAaT y IHBEPTOP1 BU3HAYAETHCA 32 (POPMYIIOIO:

W =W_-k

nomp — ' Vsm ’

(2.13)

ne W, — cymapHa BUTpata eJIeKTPOCHEPrii 3MIHHOTO CTPYMY MPOTITOM

THUKHSA

k — koeditieHT, 10 BpaxoBye BTpaTH B iHBepTOpi, K=1,2.
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Wnomp =144 -1,2 = 172,8 kBr'rox.

Jliist BUOOpY 1HBEpTOpa MOTPIOHO PO3ALIUTU 3HAUCHHSI WIIOTpP Ha KUIBKICTh

TOOWH HAa TWKOEHb, 7 - 24 = 168 rox:

w
P, =", Br (2.14)
7-24
103
Py = =22 = 1028 Br

Bubupaemo ridopuauuii inBeptop, Moaens: ENERSUN - 10224.

Howminanena Hanpyra inBepTopa Uins=12 B, HOMiHanpHa TOTYXHICTE: Pyoy=1 KBT.

JI71s1 BU3HAYEHHS YKClia aMIep-rOANH Ha THXKACHb, HEOOX1THUX TSt

IIOKPHUTTS HAaBAHTAKCHHA 3MIHHOT'O CTPYMY, BUKOPHUCTOBYCMO TaKy (bOpMYJIYI

w
sm _ _ nomp . 215

1€ Worp —€HEpPTis IOCTIMHOTO CTPYMY 3 YpaxyBaHHIM BTpPaT y 1HBEPTOPI;
Uixs—BX1JIHa HaIlpyra iHBEpTOPA.

Ywucno aMmnep-roauH Ha THXKICHD SIKE BUPOOJISE BITPOTCHEPATOP

103
g = 1321210 = 11000 A-rox

[ToTpiOHe it OyAMHKY YHUCIIO aMIIep-TOJIH

103
gy = == = 14333 Aron.

Takum yuHOM PI3HUIL CKIIAA€e

qmp = 14333 — 11000 = 3333 A'ron

bynemo BBaxkatu, 1o B OyIWHKaxX BIJCYTHE CIOXMBAaHHS TOCTIHHOTO

CTpyMy.
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CnoxxuBaHHs AMIIep-TOIMH 3a 100Y:

o = =2, (2.16)

\I

3Mm

e q. KUIBKICTh ~ aMIIep-TOJWH, HEOOXITHUX Ha TIKICHb IS

3a0e3MeYeHHsI CTI0KUBAHHS 3MIHHOTO CTPYMY ..

14333

Qoo =—— = 2047,57 A-ron.

3 BITPOr€HEPATOPOM

Qoo = = = 476,14 ATon.

2.4 BusHaveHHsI HeOOXiTHOro 00CAry aKymyJATOPHOI Oartapel Ta iIx

HeOoOXiaHOI KiILKOCTI

BusznaunmMo MakcuMallbHY TOCHIIOBHICTH "maHIB 6e3 BiTpy" NOB, Koin
HEJIOCTaTHbO BITPOBOI €HEPrii Juisl 3apsAaku aKyMyJaTropHoi Oarapei. [lpu
NOCTIHHOMY BHKOPHCTAHHI CHCTEMHM, BKIIOYAIOYM 3'€THAHHS 3 EJIEKTPUYHOIO
MEpEXero, i 3MEHUIEHHS BUTPAT MOXHA BUOPATH MiHIMaJbHY KIJIBKICTh JHIB
6e3 BiTpy Ha TWxkAeHb — 1. Lle o3Haudae, 110 MOXKHA 3apsKAaTH Bl pPe3epPBHOTO
JoKepena B Oynb-skuil yac. Takok MOXHA BpaxyBaTd IIed mapameTp K oOpaHy
KUIBKICTh JHIB, MPOTATOM SKUX aKyMyJsTOpHI OaTtapei OyayTh KUBUTH

HABAHTAKEHHS CaMOCTIHHO, 0€3 MoTpeOu B NOAATKOBIN MiA3aPsIIIL.

CymapHa MICTKICTh aKyMyJSITOpiB, IO BpaxoBy€ KUIbKICTh "AHIB 0e3
BITpY":
AN = Qoo * Noe» (2.17)

1e, Jros — T0OOBE 3HAUCHHSI AMITEP-TO/IMH;

Nec — mH1 6e3 BiTpy. [IpuitmaemMo Ng=1.
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qy = 476,14 -1 = 476,14 A-Ton.

3amaMoO BEIMYMHOIO TIMOWHU po3psAy akymylsiTopHoi Oartapei - 50%.
BianosinHo koedimienT BukopuctanHs y = 0,5.3apsa akymynsaTopHoi Oartapei 3

ypaxyBaHHSAM MIHOWHU PO3PSIAY:

g =
v, (2.18)

7€ (N — CyMapHa KUTbKICTh aKyMYJIITOPIB;

Y — Koe(IL1€HT BUKOPUCTAHHA aKyMYJISITOPHO1 OaTapei.

476,14
qy = o5 = 952,28 A-ron.

Bubupaemo koedimienT o 3 Tabmuii 2.5, SKUl ypaxoBye€ TeMIepaTypHi
YMOBU HaBKOJHUIITHHOTO CEPEAOBUIIA TaM, /e BCTAHOBJICHI aKyMYJISITOpHI Oartapei.
3a3Buuail 1€ cepeiHiil piBeHb Temmeparypu. JlJis Hamoro perioHy ooupaemMo
0=1,19 npu cepenniii Temmneparypi 10°C. KoedimieHT BpaxoBye 3MEHIIICHHS

€MHOCTI IPY 3HUKEHHI TEMIIEPaTypHU.
3aranpHa €EMHICTh aKyMYJIITOPHUX OaTapei, sika HeoOxiHa!
O =0, @ (2.19)
1€, Oy - 3apsa aKkyMYJIITOPHOI OaTtapei 3 ypaxyBaHHSM INIMOMHU PO3PALY;
o - TeMIepaTypHUl KOeDIIIEHT ISl akyMyJIsITOpHOT OaTapei.

Qs = 952,28 - 1,19 = 1133,21 A-Ton.
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Tabmuig 2.5 - TemneparypHuid KoedilieHT I aKyMyJISTOPHO1 OaTapei

Temmeparypa B rpagycax Koedimient
[enbcis ®dapenrenita

26,7C 80F 1,00

21,2C 70F 1,04

15,6C 60F 1,11

10,0C S0F 1,19

4,4C 40F 1,30

-1,1C 30F 1,40

-6,7C 20F 1,59

Bubupaemo akymynstopHy Oarapero Jarrett GEL Battery 250Ah 12V, 3

HOMIHAJEHOIO HAnpyTot0 Uye,=12 B Ta HOMiHaIBHOIO EMHICTIO (uon=250 A TOS.

HeoOxiHa KUIBKICTh aKyMYJIATOPHUX Oarapei, siKi 3’€HaHl MapajesbHo,

pO3paxoByeMO MO Takiit popmyi:

NAKE — q3a3

nap
q Hom

, (2.20)

1€, (sar — HEOOX1HA EMHICTh AKYMYJISITOPHUX OaTapei.

1133,21
NRE = ——=~ ~ 5,
nap 250

HeoOximHa KITBKICTh aKyMyJISITOPHUX OaTapeid, siki 3’€QHaHl IMOCHIJIOBHO,

pPO3paxoBYEMO M0 Takii popmyi:

N AKF _ Uing

nocn ’

(2.21)

ne Uiy — BXiJIHA HAIIpyra 1HBEPTOPA;
Uov— HOMIHAJIbHA HaIlpyTa aKyMyJISITOPHOI OaTapei.

AKE _ 12 _
NI’lOCJl - E = 1.
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3aranbHa HEOOX1/IHA KIJIBKICTh aKyMYJIATOPHUX OaTapeil:

NAKE — N’:L[;E . NAKE (2.22)

nocn !

NP =5.1=5,

Haiikpamum BuGopoMm mnpu Hampysi 12 B ta emuocti 250 A-rom Oyxae
akkymyssarop Jarrett GEL Battery 250Ah 12V. BpaxoByroun pHHKOBY BapTiCTh,
ska cTaHoBUTh Onmm3bko 10000 rpH, Ta gomaBmy BapTicTh S5 Takux Ab, kiHIEeBi
3aTpatu OyayTh ckiagaTtuch nopsjka 50000 rpH.

[Ticns mpoBeAeHUX PO3PaxyHKIB CTAIO OYEBUIHUM, IO BAPTICTh HEOOXITHUX
aKyMyJIITOpHUX OaTapeil € 3Ha4HOI0, JI0 TOrO K CTPOK ekciuryaramii Ab ckianae
nopsiaka S5 pokiB. OCKUIBKM TaKl BEJNMKI KammiTaldbHI BUTpPATH HEIOILUIbHI, MU
BUPIIIWIA BIAMOBUTHUCS BiJ] TaKOi KUIBKOCTI aKyMyJSITOPIB 1 BCTAHOBHUTH JIUILE
JIeKUJIbka Ha BUMNAJOK BIJIKIIIOYEHHS €JEKTPOCIOXUBaHHA Bl Mepexi. Lle
CIPUYMHEHO aBapliHUMU BIJIKJIIFOUEHHSIMH Yepe3 BIICbKOBHIA CTaH B KpaiHi.

B3siBIIM 10 yBarm €KCTpPEHHY CHUTYyalll0, IpU sKId He OyJe MOoCTayaHHS
CBITJIa, TO JIJI aBTOHOMHOI po06oTH OyANMHKY Ha 00y, BpaXOBYIOUM BUKOPUCTAHHS
HAaWHEOOXITHINUX TPUIaAIB, TaKUX SIK XOJOIWIBHUK, JIaMIu, Ooiyiep, TOIIO,
JOCUTH Oyne 2X aKyMyJISITOPiB, 3arajibHa BapTICTh SIKUX OyJle CTAHOBUTU OJM3BKO

20000 rpH.
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PO31JI 3. MOHTAX TA BCTAHOBJIEHHS OBJIA/THAHHSA

3.1 MonTtax o6sagnaniss BEC

MoHTax BiTporeHeparopa BKJIIOYa€ KUTbKA €TaliB:

- pakyagaHHsa GyHAAMEHTY ITiJT OCHOBY IIOTJIH 3 PO3TSHKKAMU;

- BCTAaHOBJICHHS TIEPITIOT CEKITii IIOTIIH;

- KpITUICHHS TIEPIIOi CEKIIil IOTJIA 0 OCHOBH 3a JIOTIOMOTOF0 "MasbIis';

- MIJArOTOBKA IIOTJIM A0 CKJIQJaHHS Ta MPOTATYBAaHHsS KaOeiB ycepeauHi

IIOTJIN;
- CKJIaJaHHs BCIX CEKI[IH IIOIJIN;
- 3'€THAHHA TeHEepaTopa 3 MIOIJIOK);
- 3'€JHAHHS CWJIOBUX Ta CHTHAJbHUX KaOeJiB, 3aKpIIJIEHHS iX ycepeauHi
TypOI1HU;
- KpiIJICHHS FeHepaTopa JI0 IOTJIH;
- MOHTAX JIOIIaTel Ta OOTIYHMKA;

- BCTAHOBJICHHS Ha TypOiHI JaT4yMKa HaMpsiMy BITPY Ta MIIKIIOUEHHS 10

KaOeto;
- MOHTaX JPYroro oOTIYHUKA;
- KpIMJICHHS PO3TSHKOK JI0 LIOTJIM Ta MiJIHOM BITpOTreHepaTopa;

- PETyJarOBaHHA PO3TAXKOK, KOHTPOJIb YITKOTO BCPTHKAJIBHOT'O ITOJIOKCHHS

IIOTJIN;
- BCTAaHOBJICHHSI aHEMOCKOIIA;

- MIIKJIFOYCHHSI PEIITH SJIEKTPUYHOT YACTUHHU CUCTEMH.
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Jlomar:
Enextpuusa

Taaemo cHCTeM2
Movmomysay  JoPismmEx

Tomaona
Feneparop
Xad \\
(xoMnexrparop 1 Cucrena
potop) opienTai
[
—t— Moraa
Mpuexmams ainilt nepenaw:
eHeprii COOXHEagY

Puc 3.1 — CtpykTypa BiTporeneparopa
3.2 Micue BcTaHOBJIEHHSI BiTporeHeparopa

Hegenuki Moieni MOo>kHa BCTAaHOBIIIOBATH Ha Aaxy OyaiBii. OcoOauBo, SIKIO
amapar BIJpPI3HAETbCA HE BUCOKUM piBHEM Iymy. [Ipu 1nboMy BapTO BCTaHOBUTHU
BITPOTEHEpPATOp HE MEHINEe HDK Ha 3 METpW HaJ JaxoM, a TaKOXX BpaxyBaTH
MOXXJIUBE BIly4eHHS OnuckaBku. Ilpm BuOOpi cepHO3HINIUX  YCTAaHOBOK
PEKOMEHIyEThCSI TIEPEHOCUTH iX MOJaNi BiJ KHUTJIOBUX OyniBesib. MiHIMaIbHO

nomyctumMa Bifctanb — 20 M, ontuMaiibhuid Bapiant — 30-40 m.

Puc 3.2 — Bitporenepartop Ha naxy OyaiBii
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Takoxx HeoOXimHO mnepeadauntv 1 BUCOTy Ioriau. [Ipu MakcumanbHii
BHCOTI Ta BHMCOKIM IIBHUIKOCTI BITPY BITPOT€HEpATOp IpalfoBaTUME HaMOUIbII
ebexktrBHO. [lepeBa Ta cmopynau, po3TallOBaHI HA TEPUTOPIi, MEPEIIKOIKAIOThH
MOTOKY BITpY. Y 3B'I3Ky 3 IHMM, IO BHIIE MICIIe YCTaHOBKH, TO Kpaile.
OnTuMaapHUM BapiaHTOM € MaT4a, sKa 32 BUCOTOIO MEPEBEPIITy€E HAWBHIILY TOUKY -
e Moke OyTu OymiBist abo JepeBo, BUCOTA sIKOTO jocsirae 10 M, po3ramioBaHa B
niama3oHi 100 meTpiB. He pekoMeHy€eThCsl BCTAHOBIIOBATH IIPUCTPOT HA MICIISX 13
YBITHYTOIO (opMoro penbedy. BiamoBimHO 70 HOPM Ta peKOMEHIAIi arperatu

MaroTh OyTH BCTAHOBJICHI Ha TEPUTOPISIX, HEAOCTYITHUX ISl CTOPOHHIX OCI0.
3.3 O6cayrosyBannst BEC

O6CJIyr OBYBAaHH: BiTporeHepaTopa € BaXJ/INBOIO YA4dCTHHOI OTpPpHMAaHH:A

aJIIbTEPHATUBHOI €HEPTil.

BiTporeneparopam MOCTIHHO TOBOAUTBHCS MPALIOBATH y BAXKKUX YMOBAx,
CTBOPIOBAHMX 3MIHHOK CHJIOK0 BITpY Ta  MIHJIMBICTIO TeMIEpaTypH
HaBKOJIMILIHBOTO CEpeJOBHUINAa. TOMY PpPEKOMEHAYEThCS MMPOBOAUTH IIOPIUYHUMN
texorisa oonanHanns BEC. ¥V nepury yepry, TexHidHa nepeBipka IpOBOJUTHCS Ha
JUJISTHKAX, sIKI OCOOJMBO CXWJIBHI JO BIUIMBY 30BHIMIHIX (DAKTOPIB, TaKUX SIK

BITpsiH1 Oyp1 a00 3aMOPO3KHU B XOJIOJIHY TIOPY POKY.

HeoOxi1HO mepeBipATH CTaH BY3J1iB 1 MEXaHI3MIB y CHCTEMI Ha HasiBHICTb
CKPYYEHHUX KaOeliB B OIOpi, YTBOPEHHS TPIIMIMH Ta CKOJIOBAHb Ha JIOMATSX.

3aMIHUTH IIITKK CTPYMO3HIMaya (SKIIIO BITPOTeHEpaTop iM 00s1afHAHU).

[lepeBipsiTM CTyMiHb OKUCIEHHS Ta MOXJIHMBE YTBOPEHHS KOpO3id Ha
BITPOT0JIOBII. 3aTATHYTH (TpW HEOOX1THOCTI) ociiabieHl OOJTH HAa MaTodlll Ta
cnanisix. SAxkmo BEY o6nannana morioro Ha BIATSKKAX, IEPEBIPUTH CTaH TPOCIB.
[IpoBecTu AeTanbHy JA1arHOCTHUKY CHUCTEM O€3IEeKH Ta HajaroJ»KEHOCTI aBapiiHOI
3YMUHKU y pa3l BUHUKHEHHS HECHPABHOCTEW 1 MPOKOHTPOJIOBATH CIPaBHICTH
pobotu akymynaropa. HecnpaBHICTh OZHOTO aKyMyJIATOpa MOXE MPHU3BECTH 0

30010 B POOOTI CUCTEMH.
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BucnoBku

Ilin yac BHKOHAHHS JaHOi OakaldaBpPChKOi poOOTH OyiI0 BHUPIIIEHO BCI
MOCTABJICHI 3aBJaHHS 10O BUOOPY OOJaJHAHHS Ta BCTAHOBJCHHS BITPOBOI
€JIEKTPOCTAHLIII /I 3a/I0BOJICHHS] €HEPTeTUYHUX MOTPEO KUTIOBOTO OYIMHKY .

Hacammepen cmin 3a3Ha4uWTH, MO0 BCl PO3paxXyHKH € MPUOIM3HUMH, aJKE
iHGOpMaIlii MOTJIO HE BUCTAUUTH JJIs1 OUTBII TOYHUX PE3yJIbTATIB.

3a nomepeaHiMu po3paxyHkamu Oyino oopano Bitporenepatop ENERSUN-
3000 motyxHicTio 3 KBT., sikuii Maibke TOBHICTIO 3a/J0BOJIbHAE€ CHEPreTHYHI
NOTpeOr Cy4acHOTO >KUTIOBOTO OyauHKY. Takox Oyio oOpaHO 2 aKyMyJISITOPHHX
Oarapeit Jarrett GEL Battery 250Ah 12V, amkxe Ouiblnma iX KIIbKICTh HE €
€KOHOMIYHO JIOIJIbHA Yepe3 iX IOPOrOBU3HY, a TAKOXK Yepe3 Te, 10 YACTHHY Yacy
OyIMHOK NIJKIIOYEHUN 1O EJIEKTPOMEPEXk 1 1 MOXKE JKMBUTHCS BIJI Hei. byno
obpano riopunuuit inBepTrop ENERSUN — 10224,

[IpoBeneno 30ip CTaTUCTUYHUX JIaHMX Ta BHUKOHAHO BCl HEOOXIJIHI
PO3paxyHKHU JJi1 BU3HAYEHHS JOIILHOCTI BCTAHOBJIECHHS BITPOBOI €JIEKTPOCTAHIIIT

3 MIJIKJIFOYEHHSIM 10 MEPEXKi.
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Homatoxk A
CHAPTER 1. TYPES OF ENERGY SUPPLY SYSTEMS
1.1 Autonomous wind station
Stand-alone wind energy systems are most practical in places far removed
from the electricity grid. They are often combined with solar panels to take full

advantage of seasonal and diurnal fluctuations in wind and solar resources.

For small autonomous wind turbines, as a rule, the minimum average annual
wind speed should be at least 4-5 m/s. Only in this case the system will be
profitable. Automatic weather stations usually monitor wind speed at a height of 10

meters above ground level.

To create a wind speed model, the wind speed is usually estimated at a
height of 50-80 m. At the same time, you need to pay attention to the height where
the annual data is obtained. If it is not exactly the same as the height of the selected
installation, then the wind speed must be estimated again at this height. Otherwise,
the efficiency of the wind generator will be greatly questioned. Tall masts and a
good location allow wind turbines to produce higher wind speeds. Manufacturers
must specify the starting wind speed of the wind generator. The speed at which the
turbine starts to spin and generate power: In areas with frequent light winds, a low

starting speed is important for maximum power.

Wind generators work most efficiently on elevated, open areas where there
are no trees or buildings in the wind's path. If it is not possible to avoid obstacles,

then only increasing the installation height will help.

Often, a mast that is not high enough is chosen for small wind systems. It is
like installing solar panels in the shade. It is very important not to make this
mistake in any case. The output of the wind generator is tied to the cubic wind

speed. Doubling the speed available to a wind turbine increases power eightfold.

High masts, which provide access to high wind speeds, increase the

efficiency of the wind generator. In addition, with an increase in altitude, wind
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turbulence also decreases. Anything below 20m is at risk of slowing wind speed

due to wind-ground friction and turbulence.

Devices

Wind turbine é g ,l, >
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Fig. 1.1 — Diagram of an autonomous wind station

All wind turbines require regular maintenance. Well-designed wind turbines
are predicted to last 20-30 years. A maintenance regime is followed to ensure
system performance. Most maintenance consists of a thorough inspection of the
turbine and mast. The latter must be designed in such a way as to provide free

access to mechanical components (bearings).
1.2 Autonomous wind-solar station

In most areas, solar radiation and wind conditions often do not coincide:
when the sky is clear and the sun is shining, there is usually no wind, and vice
versa, when the wind is strong, it is often cloudy or dark. Therefore, in order to
ensure a reliable power supply of autonomous objects, reduce the required power
of wind and solar energy, as well as battery capacity and optimize the operating

modes of the plant, it is often advisable to use hybrid wind and solar power plants.
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The wind turbine is the main element of the system, which produces
electricity and charges the batteries. In order for the system not to depend on the
presence or absence of one of the energy resources and to work more stably and
efficiently, the power system is equipped with photovoltaic modules that generate

electricity from the sun and charge the station's batteries.

The hybrid wind-solar power plant is one of the most promising areas of
renewable energy development. It not only helps to reduce gas emissions into the

atmosphere, but also provides a stable and cost-effective source of electricity.

Hybrid power plants use both wind turbines and solar panels to convert
natural energy into electricity. Thanks to this combination, it is possible to obtain
electricity under any conditions: in the absence or weak lighting, as well as in the
absence of sufficient or absent wind. This makes hybrid plants more versatile
compared to traditional systems based on a single energy source, increasing their

efficiency and economic benefit.

Choosing a place to install a hybrid wind-solar power plant is a critically
important stage in the creation of this type of energy complex. The optimal
location should provide a sufficient amount of both solar and wind energy for the

stable operation of the station.

When choosing a location, it is necessary to take into account such factors as
wind speed, intensity of solar radiation, surrounding objects and topography. For
example, for wind generators important criteria are terrain height and average wind

speed, and for solar panels — availability of sufficient direct sunlight.

It is also important to consider the possibility of connecting the station to the
power system and the availability of transport communications. Each of these

factors can be decisive in choosing the optimal location.

One of the main advantages of wind-solar plants is that they can easily
operate without interruption during the day. During the day, the sun provides high

productivity, and at night there is a minimum concentration of solar radiation. The
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wind is more unpredictable, sometimes it is very strong, and sometimes, on the
contrary, very weak. It follows that wind-solar power plants make it possible to
compensate for the shortcomings of solar panels and a wind generator and ensure

stable electricity generation.

The concept of a hybrid system also includes the use of energy storage, such

as batteries or other devices to store the generated energy until it is needed.

An important component of hybrid systems is monitoring and control.
Special software allows you to optimize the operation of the station in real time

and manage the processes of charging and discharging batteries.

In general, wind-solar hybrid power plants are a promising approach to clean
energy production. They can be particularly useful in remote or isolated areas

where there is no connection to the central electricity grid.

Wind turbine

@ { Controller

Consumer

5
Diesel or gasoline
generator

Fig. 1.2 — Diagram of an autonomous wind-solar station
In general, a hybrid wind-solar plant has the following components:
1. Charge controller (can be built into a hybrid controller for a wind generator)

2. Wind turbine, mast, ballast load, battery control and charge control unit
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3. Solar photovoltaic modules
4. Inverter of required power
5. Connecting cables

6. Accumulator batteries that withstand deep cycle modes: lead-acid with a carbon
component, gel, and, even better, lithium-iron-phosphate. Connecting cables, other

electrical installation equipment.
1.3 Wind station with connection to the grid

An automatic circuit breaker is a system of automatic switching of electrical
equipment from the main power source to a backup one in the event of its failure,
ensuring uninterrupted operation of the equipment and saving data during a failure

in the main system.

Automatic circuit breaker consists of several components: circuit breakers,
controllers, transformers and batteries. When the main power source fails, the
automatic circuit breaker controller automatically switches electrical equipment to
a backup power source, preventing equipment failure and data loss within a few

seconds.

Automatic circuit breaker are used in various industries such as medicine,
telecommunications, banking and manufacturing. In the field of health care
automatic circuit breaker ensures uninterrupted operation of medical equipment,
which can be vital for patients. In telecommunications companies, automatic
circuit breaker guarantees the continuity of communication networks, preventing
interruptions in communication and loss of income. In banking, automatic circuit

breaker ensures data security and continuity of banking systems.

In private houses in rural areas, the automatic circuit breaker automatically
switches the power supply from the main source (central power grid) to the
emergency source (electric generator) in the event of a main power outage. This

ensures uninterrupted operation of security systems, video recording, air
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conditioning, heating or dehumidification. Household appliances can also work

continuously during long power outages.
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Fig. 1.3 — Diagram of a wind station with connections to the grid
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1.4 Green tariff in Ukraine

The green tariff is a regulatory mechanism for the development of electricity
using renewable energy sources. The idea is to create incentives for investment in
renewable energy, helping to reduce carbon use and negative environmental

impact.

The green tariff provides that producers of electricity from renewable
sources have the right to a guaranteed purchase and sale of electricity at a fixed
price for a long period, usually several years. These tariffs are set by the
government's energy regulatory body and are usually higher than the market price
of electricity to ensure investment attractiveness for renewable energy sources.
Today, the cost of the green tariff in Ukraine is gradually increasing. In May 2023,
it will be 430.25 UAH/MWh, and from July 1 it will increase by 12.7% to 485.1
UAH/MWh.

The main goal of the Green Tariff is to support the transition to

environmentally clean energy, reduce dependence on energy imports and reduce
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emissions of harmful gases into the atmosphere. This contributes to the creation of

a sustainable and environmentally responsible energy sector.

A green tariff can have a positive impact on the development of renewable
energy sources, attracting investment, creating jobs and reducing the negative
impact on the environment. However, it also needs effective monitoring and
regulation to prevent abuse and ensure fairness for all energy market participants.
This means that the allocation and use of the green tariff must be transparent,
predictable and unobstructed for all stakeholders, including producers, consumers
and public authorities. The rules and conditions for obtaining a green tariff must be
developed taking into account the principles of equality, competition and

transparency.

In addition, equity involves taking into account social aspects, in particular
the availability of energy for all segments of the population. This means that tariff
design must take into account energy access opportunities for vulnerable groups,
ensuring that the transition to renewable energy does not create additional

inequalities or energy exclusion.

Thus, the green tariff must be not only environmentally efficient, but also
fair, which will allow all parties to profitably participate in the development of

renewable energy and promote sustainable and inclusive development.
1.5 Principle of operation of the wind generator

Wind energy is one of the types of renewable and environmentally friendly
energy that we get from nature. It is formed due to the movement of air masses due

to the difference in temperature in different layers of the atmosphere.
Stages of wind generator operation:
* The wind turns the blades of the wind turbine.

» Rotation transfers kinetic energy through a gearbox to a generator, which

converts it into electrical energy.
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 Generated electricity is stored in batteries and then fed into the grid or used to

power various devices.

After starting up the wind generator, there are practically no operational
costs. Mass use of turbines can provide electricity not only to private houses, but

also to entire settlements and residential areas of cities.

The principle of operation of the installation is described as follows: the
force of the wind is set in motion by the blades of the wind generator, which rotate
the rotor through the drive. The inner winding of the stator converts mechanical
energy into electrical energy. Thanks to their aerodynamic properties, the

propellers quickly turn the turbine of the generator.

In strong wind, the blades intensify their work. The constant rotation of the
turbine, converted into electricity, is stored in the batteries. At the speed of
operation, the device provides the design of the blades: one side is flat, and the
other is slightly rounded. This rounding creates rarefaction of the air, increasing

the generation of energy that rotates the mechanism.

12 fixed magnets are installed on the rotor of the generator, which create an
alternating current in the stator, which is transmitted over a large width. A
permanent electrical circuit is formed in the middle turbine: the screws rotate

around an axis connected to the rotor.

Alternating electrical energy, similar in frequency to that supplied in the
consumers' socket, is difficult to accumulate, but can be transmitted over a
considerable distance. Industrial installations, in comparison with household ones,

do not allow to obtain a larger amount of electricity.
1.6 Modern types of wind generators

Wind generators can be classified by design and principle of operation. Here

are the main types of wind generators:

» Horizontal axis:
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This type of wind turbine has a horizontal axis of rotation and consists of
blades, a generator and a tower. They are the most efficient and capable of

producing the most energy, but they are also the most expensive and complex to

install.

Fig. 1.4 — Wind turbine a horizontal axis of rotation
There are several types of wind turbines with a horizontal axis:

Fixed pitch: This is the most common type of wind turbine. The blades have
a fixed angle of inclination relative to the wind, which ensures optimal efficiency

at different wind speeds.

With an adjustable step: In these wind generators, the angle of inclination of
the blades can be changed depending on the wind speed, which allows to increase

the overall efficiency of the device.

Saber-shaped: The blades of these wind generators have a special shape that
allows them to work more efficiently at high wind speeds. They also demonstrate

high performance at low wind speeds.
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» Vertical axis:

In this type of wind generators, the axis of rotation is located vertically,

which allows them to work in any wind direction. They are less efficient than

horizontal wind turbines, but easier to install and cheaper.

Fig. 1.5 — Wind turbines with a vertical axis of rotation

Such "windmills" have several different configurations. Below are the three

most common types:

With a Savonius rotor: This type has two or more curved blades shaped like
a sinusoidal curve. They work on the principle of creating a lifting force on the

blades, which leads to the rotation of the axis of the wind generator.

Darier wind turbine: Has one or more blades located along a vertical axis.
The blades have a special shape that allows them to create lift when moving
through the air. This creates a torque on the axis of the wind turbine, causing it to

rotate.

Fen wind turbine: Uses a cylindrical turbine with multiple blades to generate
electricity. The blades rotate around a vertical axis, and when the wind passes

through them, they create a torque that causes the turbine to rotate.
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* Rotary:

These wind turbines use special rotors that capture the wind and convert it
into energy. They are more effective, but more difficult to install and require

special conditions.

Rotary wind turbines consist of a rotor, a generator, a tower, a controller and
a mast. The operation process of a rotary wind generator includes the effect of
wind on the rotor blades, the rotor drive and the generation of electricity by the

generator, the regulation of electricity parameters by the controller and its

transmission to the distribution device.

Fig. 1.6 — Rotary wind turbines

The advantages of rotary wind generators include high energy conversion
efficiency, the ability to work in various conditions, as well as lower production

and installation costs.

Disadvantages include noise, risk of blade damage and limited tower height.
In general, rotary wind turbines are an effective and reliable way to obtain

environmentally friendly energy.
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e Carousels:

This is a special type of wind turbine that has several blades that rotate
around a central axis. They are characterized by high efficiency and reliability, but

require special equipment for installation.
1.7 The place of wind energy in the world

In many countries, wind energy has developed so much that it can be the
main source of energy. The increase in the share of wind energy in developed
countries, especially in Europe, is largely related to the need to combat global

climate change.

Climate change is a complex and serious problem. Unless governments take
action to reduce greenhouse gas emissions, the destructive power of hurricanes like
Katrina and Rita will pale in comparison to the disasters that could befall the planet
as a result of climate change. Reducing greenhouse gas emissions has both

economic and environmental significance.

To avoid destructive climatic consequences, international climate protection
policy should be aimed at keeping the increase in the average global temperature
no more than 2 degrees Celsius compared to the pre-industrial period. In order to
solve this problem of the world in the next decade, it is necessary to radically

change the approaches to the production and consumption of energy.

A number of factors contribute to the growth of the wind energy market. The
combination of these factors prompted the governments of some countries to

provide political support to the development of the wind industry.

Energy security: The International Energy Agency (IEA) predicts that
without active energy conservation measures, global energy demand will increase
by 60% by 2030. At the same time, fossil fuel supplies are dwindling. Some of the
world's largest economies are forced to rely increasingly on fuel imports from
regions where conflict and political instability threaten the security of energy

supplies.
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Environmental problems: The need for urgent measures to prevent further
climate change became an incentive for the development of wind energy. urgent
measures to prevent further climate change became an incentive for the
development of wind energy. Climate change is recognized as the most serious
global problem. The Kyoto Protocol (1997) imposed obligations on the countries
of the Organization for Economic Cooperation and Development (OECD) to
reduce CO2 emissions by an average of 5.2%. In third world countries, the direct
impact of burning organic fuels on the environment (primarily air pollution) is of
greatest concern. Other environmental problems associated with the use of fossil
resources for energy production arising from geological exploration, development
of fossil fuel deposits, oil spills, radiation exposure. Use of renewable energy

sources, including wind energy, to avoid these risks and threats.

Economics: The growth of the global wind energy market has led to a
significant decrease in the cost of wind energy. Today's wind turbines produce 180
times more electricity each year than they did 20 years ago. Thanks to their
favorable location, wind power plants can compete with coal and gas-fired thermal

power plants in terms of economic efficiency.

The competitiveness of wind energy has increased due to higher fossil fuel
prices. In addition, if the hidden costs associated with the impact on the
environment and human health of using fossil fuels and nuclear energy were
included in the cost of electricity, the production of electricity by wind farms
would be even cheaper. Wind energy also provides an economic effect due to the
creation of new jobs. In developing countries, wind energy opens up economic

opportunities for remote areas that do not have access to electricity grids.
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