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BCTYII

3aB/ISIKM €KOJIOTTYHIN Ta eHEepreTUYHId Kpu3i, akTyalbHICTh IOIIYKY HOBHX,
IHHOBAIIMHUX CIIOCOOIB reHEPYyBaHHs €JICKTPUYHOI eHeprii, a00 yA0CKOHAIECHHS Ta
OTTUMI3AIT BKE ICHYIOUUX METOJIIB, CTA€ HAJA3BUYANHO BaXIMBOKW. OMaHyBaHHS
HOBHUX BH/IIB €HEPrii, SIK1 € JIeIEBl, €KOJOTTYHO YKCTI Ta BIJIHOBJIIOBAHI, € HACYIIHUM
Ta MEPIIOYEProBUM 3aBIAHHIM JIJIsi BCHOTO JIIOJICTBA B Cy4acHOMY CBITI. [IpoTsirom
OCTaHHIX KIJBKOX JCCATHIITh BUKOPUCTAHHS €JIEKTPOCTAHIIIA Ta YCTAHOBOK, IO
BUPOOJISIOTH €JIEKTPOCHEPTIIO 3 aJIbTEPHATHBHHX JIKEPEIl, € OCHOBHOIO TEHIICHIII €10
B CEKTOpl ajbTepHaTHBHOI eHepreTHku. ILli craHuii BHKOPHCTOBYIOTH 'M'dki"
BigHOBNIOBaHI jkepena eHeprii (B/IE), sxi He Bukumarote CO, B atmocdepy i €
€KOJIOT1YHO O€3MEeYHUMH.

OxpiM BEJIMKOI EHEPreTHUKH, Jie IIHUPOKO BHUKOPUCTOBYIOTHCS IOTYXHI
BITPOEJIEKTPOCTAHII, OCTAHHIM YacOM BCE€ OUIBIIOI MOMYJISIPHOCTI HAOyBarOThH
MeHII Ta edekTuBHiml BiTpoBl TypOiHM (BEY). BoHM MOXyTh 3a/10BOJIBHUTH
norpedu  IHAMBIAYyaJIbHUX  CIOXKHMBA4YiB  €JIEKTPOEHEeprii  Ta  CHPHSATH
JeleHTpaai3oBaHoMy BUpOOHMUITBY. CIIIBIpalsi IUX YCTAaHOBOK € OCOOJHBO
€(PEeKTUBHOIO, OCKUIbKM iXHI poOoul IHTEpBaIM 4acTO HEPETYISpHI, TOMYy BOHH
JIOTIOBHIOIOTH OJIHA OJIHY 1 MOXKYTb IMOBHICTIO 3a/10BOJIBHUTH €HEPreTHYHI 0Tpedu
CIOXKWBa4vlB. TOMy BHKOPHCTAHHS BITPOBUX €JIEKTPOCTAHIIN € BaKIMBUM JIJIA
1H/IMBITyaJIbHUX CIIOKHUBAY1B CHOTO/IHI.

AxTtyanbHicte Temu. Ha jaHuit  nmepiog nepeBaxkHa — OUIBLIICTH
SHEPrOreHEePYIOUMX CHUCTEM Ta MEPEX CJICKTPOIOCTAuYaHHs € 3acTapuidMy Ta
Hee(PEKTUBHUMHU. BUIBLIICTH TETUIOBMX €IEKTPOCTAHLINH NEepedyBarOTh 3a MEKEHO
(i3uyHOro 3HOCY 1 MOTpeOyIOTh 3HA4HOI MojepHizalii abo 3aminu. bamanc
MOTY)KHOCTI  YKPalHChKOT ~ €JIEKTPOCHEPreTHUYHOI CHCTEMH XapaKTepU3YEThCs
nepIIUTOM pEeryjaiolounuX IMOTYKHOCTEH, 0 MNPH3BOAUTH IO HEPallOHATLHOTO
BUKOPUCTAHHS HAsIBHUX IOTYKHOCTEH Ta BUCOKOI'O PiBHS BTpaT. Y HaHOIMHKIOMY

MaiOyTHbOMY BHMKOPUCTAHHS aJbTEPHATUBHUX JDKEpes €eHeprii, B TOMYy 4YHCII



BiiHOBIOBaHUX JiKepen eneprii (B/IE), Oyne mnpiopureTHuM 4Yepe3 HEMHHYYE
CKOPOUCHHS CIIO)KUBAHHSI BUKOITHUX BHJIIB TTaJINBA.

Tomy, ocTaHHIM YacoM aJIbTEPHATUBHI JDKEpesa eHeprii ayxke e(eKTHBHO
BUKOPUCTOBYETHCS B MEBHUX CEKTOpPaX EHEPreTMYHOro CEKTOpY B psjii KpaiH i
YCHINIHO KOHKYPYIOTh 3 TpaauIIMHUMHU JpKepenamu eHeprii. OcoOnuBa yBara
MPUILISETBCA CEPEIHIM 1 BEJIMKUM CTaHLISAM, SKI € 4aCTHHOK PO3MOALIBYUX 1
nepeaaBajibHUX MEPEex.

CaitoBuii 1ocBig ocBoeHHs pecypeiB B/IE nokasye, 1o BukopuctanHs aumie
onHoro Buay BJIE y cucremax eHepromocradyaHHs aBTOHOMHHMX CIIO)KHBadiB HE
3aBXK/IM J103BOJIsIE 3a0€3IeUnTH HaliiHe Ta Oe3nepediiiHe eHepronocTayants yepes
¢13uuni ocobnuBocti camux BJIE. Sk npaBuno, enepro3ade3neueHHss aBTOHOMHOTO
criokuBaya 3a paxyHok BIE Hamararotbcs 3a0e3meunTH IUISIXOM KOMOIHAIIT pi3HHX
BH/IIB TIEPBUHHOT Ta BTOPUHHOI eHeprii B Tak 3BaHux eHeprokomiuiekcax (EK). o
iX CKJaay 3a3BU4ai BXOJATH K eHeproycTtaHoBku Ha 0as3l BJIE, Tak 1 nuzenbHi
(6ensunoBi) eneproycranoBku (EY, BEY), a Takox pi3HOrO BHIY CHCTEMH
akymyssiii  eHeprii. ABTOHOMHHMH €HEpPreTMYHHM KOMILIEKC Mae 3a0e3rneyuTH
HaJlliiHe EeJIEKTPO- Ta TEIUIONMOCTa4aHHS crokuBada. B poOoTi moCHimKyeThes
€(eKTUBHICTb EHEPreTUYHOTO KOMIUIEKCY, IO CKJIQJa€ThCsi 3 BITPOBHX,
TEIUIOHACOCHUX, JIN3EJIbHUX EHEPreTHYHUX YCTAaHOBOK.

Meta pob6oTu: po3poOka MaTeMaTHUYHOTO MPOTPAMHOTO 3a0e3MeYeHHS Ta
JOCIIPKEHHS TapaMeTpiB Ta pexumy po0otu eHepretuuHoro kommiekey (EK), mo
CKJIQ/Ia€ThCs 3 BITPOBUX, TEINIOHACOCHUX Ta JU3EIBHUX CHEPrOyCTaHOBOK.

OcHoBHI 3aBJaHHs JA0CJiKeHb. [l JOCSATHEHHS IIOCTaBJICHOI METH B
poOoTi Oys10 chOpMyIIbOBAHO Ta BUPIIIEHO TaK1 3aB/IAHHI:

|. BuxoHaTu aHalli3 Ha OCHOBI JIITEPATypPHHUX IHKEPEJI Ta PECypCiB IHTEPHETY

CTaHy BITPOBOI E€HEPreTHKH, CTaHy EHEPreTHKH, TeIUIOHACOCHUX
yctaHoBok (THY), icayrounx EK, mo ckimagaioTbcs 3 BITPOBHUX Ta
AU3eNbHUX (OCH3MHOBUX) EHEPreTUUHUX YCTAaHOBOK.

2. Po3pobutu MeToiuKy OOrpyHTYBaHHsI apaMeTpiB Ta pesxumy podoru EK

Ha OCHOBI COHSYHHX, BiTpOBHX Ta AAU3CIIBHUX CHEPICTUYHHUX YCTAHOBOK.
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I AHAJII3 CYYACHOTI'O CTAHY BITPOBOI, HU3bKOINOTEHLINHOI,
BOIHEBOI EHEPTETUKHU TA EHEPTETUYHUX KOMIIJIEKCIB HA iX
OCHOBI

1.1 HdocaigzkeHHsi Ta 3aCTOCYBAHHSI eHeprili BiTpy, BHKOPHCTAHHSA
eHeprii HU3bKONMOTEeHUIIHOTO0 TeNJIa Ta BOJHEBOI eHePreTHKH

21 CTOMITTS CTaBUTH MEPe/] YUCHUMH MPAKTUYHO BCIX KpaiH CBITY 3aBAaHHS
OTpUMATH HailHEe, €KOJIOTIYHO YMCTe JiKepesno eHeprii. Llima Hu3ka BYEHMX Ta
1HKEeHepIB, K B YKpaiHi ,TaK 1 3a KOPJIOHOM BBaXaloTh, 110 eHepro3ade3rnedyeHHs
MaiOyTHBOTO Ma€ OyTH 3aCHOBaHE Ha TIOHOBIIOBAHUX JKEpeax eHeprii.

Y it poboTI pO3MIAAAETHCS CIIIBHE BUKOPUCTAHHS BITPOBOI EHEPreTHKH,
JUKepesI HU3bKOITOTEHIIIHOTO Teruia i3 3actocyBanusaM THY Ta cucremu akymyssiii
€Heprii Ha OCHOBI BOAHEBO1 CHEPreTUKHU.

€Bpormeiilll BBaXAKOTh HAWMNEPCIEKTUBHILINM HANpsIMKOM — PO3BHUTOK
€IMHOI eHepreTHuHO1 cuctemu. [TopiBHAHO HEBEIMKI BIICTaHI MK €HepreTHYHUMHU
pecypcaMu 1 CHOKMBa4aMH, a TaKOK JOCHUTh BHCOKA IIUIBHICTH HACEICHHS
BUIPABIOBYIOTh 1€l HanpsIMOK. SIK OCHOBHMI BEKTOp Yy Tally3l pPO3BUTKY
BIJIHOBJIIOBAHOI eHepreTuku, €Bporna BuOpajga BHUKOPUCTAHHS €HEprii BITPY.
Haiibinp11oro po3BuTKy HaOY/IM BEJIMKI CUCTEMHI MAalIUHHU MOTYKHICTIO Bi 5 MBT
1 Buie. CTBOPEHHAM 1 JOCIIIPKEHHSIM €HEPreTUYHUX KOMIUIEKCIB /111 aBTOHOMHOTO
€HEeprorocTadyaHHs 3aliMa€eThCs HEBEJIMKA KUIBKICTh BYEHHX, 1 1€ HE HOCHUTH
CUCTEMHOIO xapakrepy. SK npaBujlo, aBTOHOMHE EHEprornocTadyaHHs MOXKHA
3yCTPITH Ha MPWICTIUX A0 €BPOMU OCTPOBaxX, J€ MOXJIMBICTH MPHETHAHHS 0
€IMHOI EeHEepreTHYHOoi CHUCTeMH oOMexeHa. MoHa BiJI3HAUUTH KOMIIaHIi
Hydrogenics Ta Siemens, sKi NPOMNOHYIOTh HU3KY pIillIeHb IS aBTOHOMHOIO
CIIOXKMBa4a HAa OCHOBI BITHOBJIIOBAHUX BUJIIB €HEPT1l Ta CUCTEMU aKyMYJISIIIl BOAHIO
[1-3].

3oBcim iHma cutyaiis B CIIA 1 Kanani. Tpaguuiiino, y CILIA € Huzka
FEHEePYIOUMX KOMIIaHIM, €JICKTPUYHI MEpEeXl SKUX HE 3aBKIM MOB'S3aHI OJHA 3

0J1HO0. € TOCHTBH BEJIMKA KIJIbKICTh EHEPrOCIOKUBayiB, IKI BAKOPUCTOBYIOTh Pi3HI
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CUCTEMU AaBTOHOMHOIO €HEpromocrayaHHs. BHacmigok 1bOro PO3BUTOK
BigHOBMOBaHOi eHeprii B CIIJA mimoB HUIAXOM CTBOPEHHS MallUX CHUCTEM
€HEeprornocTayaHHs, y TOMY YUCIl i eHepreTMyHuX KomiuiekciB Ha ocHoBi BJIE
(xoua B CIIA 1 € Benuki BITPOBI MapKu W COHSAYHI €IEKTPUYHI CTAHIIT); TOCUThH
OaraTo poOIT MPOBEAECHO MO CTBOPEHHIO BITPO-AU3EIBHUX KOMIUIEKCIB, SIK1 YCIIITHO
MPAaLOIOTh Y IITATI AJISICKA, a TAKOXK 1 B IHIIMX Tatax AMepuku[4].

AKTHUBHO BeIyThCS pOOOTH B rajly3l BUKOPUCTAHHSI CHUCTEM aKyMYJISIIi
BogHw [4]. Jlinepom y nanomy Hampsimi € kommanisi «General Electricy, sika
AKTHBHO BIPOBAJDKYE CBOT METOJIMKH M TEXHOJIOTIi B CUCTEMY €Hepro3ade3rneueHHs
CIIIA, a Takox y HU3KY 1HIIUX KpaiH [5-6].

Hocnmimkysannii EK moBunen 3a0e3meunTH HafiiiHy Ta Oe3mepeOiliHy
poOOTY CHUCTEMH EHEpronocTadyaHHs B IUIoMy. s 1poro, 3ajexHO BiJ THITY i
KaTreropii CIOKMBAYiB, Yy CHCTEMI1 EHEpPrornocTayaHHs HEOOXIJHO mepeadauuTu
BIAMOBI/IHI JpKEpeNa €Heprii, Kl TMOBUHHI 3IJIaJKyBaTH MIHJIMBICTH BlJ1aul

notyxHocti BEY B gaci, y Tomy uucini i joxepena 6e3nepe0iiHOro )XHBICHHS.

1.2 BitpoBa enepreruxka. CyyacHui cTaH

VY BCbOMYy CBITI KIHETMYHA €HEpris, IO MICTUThCSA y BiTpi, y 80 pasi
NEPEBUILYE CYKYITHE EHEprocroKMBaHHS HaceJleHHsSM 3emill, Xo4ya OCHOBHA
YacTUHA BITPOSCHEPreTUYHUX PECYPCIB MPHUIIAIa€ HAa CBITOBUM okeaH. Lle roBoputh
PO T€, 1110 EHEprisl BITPY MOKE CTATH MOTEHLINHOIO aJIbTEPHATUBOI0 YaCTKOBOMY
3aMILEHH] TPaJAULUIHHUX JHKepesl BUPOOIICHHS eJIeKTpoeHeprii. 3riHo 3 OLIHKaMU
Bceecpitaboi BiTpoenepretuunoi acomiamii (W.WEA), y 2010 poui BcTtaHOBIEHA
HOTY)XKHICTh BITpOe€HepreTnyHux yctaHoBok (BEY) y cBiTi craHoBwia Oam3bko
160 I'Br. [7-8].

BiTpoenepreruka € OQHUM 13 HAWIIBU/IIIE 3POCTAIOYUX CEKTOPIB HE TUILKU
B rajay3i IIOHOBJIIOBAHUX JDKEpeN, a i B eHepreTuui B winoMmy. Cepeani Temnu
3pOoCTaHHs CBITOBOI BCTaHOBIEHOI moTyxHOcTi BEY 3a ocranni 10 poki

nopiBHIOBasiM  npubnmu3Ho  29% wa pik. [9-10] Kpainamu-migepamu  3a
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BcTaHOBJeHOIO ToTyXxHIicTIO BEY ¢ Himeuuuna, Icranis, CHIA, Ingis, Kuraii i
Hanis. Punok HaiiOineiux BupoOHukiB BEY 3o0cepemxenuit Ha 6a3i motykxHOCTEH
JeCsATKa 3apyOlKHMX KOMIIaHIi; MamMHOOY yBaHHS, Takux sK Vestas, Siemens,
Enercon, GeneralElectric Tomo [11].

Y 2001 poui €C yxBaiuB AUPEKTHBY I0JI0 CHPHUSHHS BUPOOHUIITBY
esiekTpoeneprii Ha 6a3i BJIE 3 MeTor0 JocsirHeHHs yacTku enekrpoeHeprii Bij BJE
10 2020 poky y 22,1% Bij BajoBOro BHYTPIUIHBOI'O CIIOKUBAHHS €JIEKTPOCHEPTii
[12].

V ciuni 2008 poky €Bporneiicbka komicis (€K) onmyOmikyBana naHi 1moao
IPOrHO3Y 3MIHM KJIIMaTy Ta eHepreruyHoro mnakery. Y rpyadi 2008 poky
E€pponeniceknit  [lapmament 1 Pama pgocsrnm  JOMOBIEHOCTI  €HEPrOMAKET,
3anpornioHoBaHui €K, mono nocsruenns no 2020 poxy BJIE B 30u1b11eHH] YacTKu
B cepeanboMy 1o €C 5o 20% KIHUEBOrO CHOKMBAHHS €Heprii, BKIIOYHO 3 SK
MiHimym 10% 3akynoByBaHOi «3eeHO1 eHeprii» B KoxHINA nepxkasl €C [13].

Hapa3i BitpoeHepretuka 3abe3neuye 3,7%  ycbOro CHO)KHBaHHS
enekTpoeneprii B €C. Mera €K - 30u1biuTy 1o yactky 10 12 % no 2020 poky. 3a
nanumu €Bporeicbkoi BiTpoeHepretuuHoi acomamii (EWEA), y 2010 pomi
BCTAHOBJIEHA MOTYXXHICTh BiTpoeHepretnuHux cranuii (BEC) y €C cranosuna
80000 MBT, Bxmouno 3 3500 MBT odmopaux BEC. 1o 2020 poky nocraBiieHo-
3aBaanHsa orpumatu Ha BEC B €C 180000 MBT, Bkmtouno 3 35000 MBT Ha
opmopuux BEC, abo Bix 11,4 1o 14,3% 3aranbHOro, o0CAry CroXMBaHHS €HEprii
B €C B % B 2020 pomi 3alekHO BIJ CLEHapiiB- PO3BUTKY IONHUTY Ha
eIeKTPOCHEPrito. 3a OliHKaMu CBpPOMEUChKOI pajv 3 TMOHOBIIOBAHUX JHKEPE
eneprii" (EREC) mo 2020 poky BupoOienns enekrpoeneprii Ha BEC mocsirae 477
kBT roa/pik. I'piamic 1 BeecBiTHs paga 3 BiTpoenepretrku (GWEG) nporao3yrorsb
3poctanns notyxuocteit BEC Bix 41000 MBt y 1990 p. 1o 385000 MBT o 2020
JUISE HAMONITUMICTUYHIIIOIO CLEHAPI0 Ha OCHOBI BPaXyBaHHS 3POCTAHHS PUHKY 1
TexHI4HOro nporpecy B €C. [15-17].

JIns HamiiHUX CcepeaHbOCTPOKOBUX IPOorHo3iB po3Butky BEC HeoOximHi

HaJIiHI OLIHKK BITPOBOTO MOTeHI1ay €Bponu. OcoOIUBO 1€ aKTyadbHO 1JI THX
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KpaiH, ne po3Butok BEC noku mo He3naunuii i poOutu 1ie tpeda B reorpadivyHo
ABHIN Qopmi. 3a3Buuail y po3paxyHkax pecypcy Bitpy EWEA BukopuctoByeTbes
TPU KaTeropii noTeHIiajly BITPOCHEPreTUKH: BaJIOBHd, TEXHIYHHMI, OOMEXEHUH Ta
€KOJIOTTYHUH KOHKYPEHTHO CIIpOMOKHuUH [17].

[IoHATTS BamOBOTO MOTEHIIATy BIJMOBIAAE€ 3arajJbHOCBITOBUM MiAXOaM.
[Tp1 1bOMY «TEXHIYHHI MMOTEHIiaj1» BIAMNOBIJIA€ BUCOKOMY pIBHIO BHPOOHMIITBA
eneprii Ha BEC 3a maxkcumanbHOI 1miiibHOCTI posmimienHs BEY nHa 0asi
BUKOPUCTAHHS CYYaCHUX TeXHOJOTiH. «OOMeKeHUH MOTEHIlam BIAMOBIIAE
JaCTHHI TEXHIYHOTO TIOTEHIiaTy, IO BpaxoBYE Taki MpoOJeMH, K 3aXHCT
010JIOTYHOIO CEpeOBHINA, HOPMATHBHI OOMEKEHHS Ta COLiaJIbHI OOMEXKEHHS,
TOOTO IIe IBHUJIIE «TEXHIKO-COIIaIbHO-EKOJOTIYHUMY moTeHmian. « Exomoriynmii
KOHKYPEHTHO CIIPOMOKHUH TIOTEHILIam» BIAMOBIiZa€ TiH YaCTHUHI TEXHIYHOTO
NOTEHLIaTy, 0 MOKe OyTH peasli3oBaHa €KOJIOTTYHO €(EeKTHUBHO 3 ypaxyBaHHSAM
MPOTHO3Y CEepPEe/IHIX BUTPAT HA EJIEKTPOCHEPT1I0 B MAOYTHHOMY.

OcHOBHE [pKepeno JaHuX Mmoo mBuakocTi BiTpy B €Bponi -ECMWF -
€BpONeNCchKUIl LIGHTP CEPEeIHbOCTPOKOBUX MPOrHO3iB. BUKOPUCTOBYIOTHCS JlaH1 3
CepeIHLOPIYHOT IBUAKOCTI BITPY 3a niepioa 2000-2005 pp. [17, 18].

ECMWEF - mixxHapojHa oprasizanis, 110 NIATPUMYETbesa 18-ma kpaiHamu
€C 1 mae yroau npo crisrpaifto 3 inmumu kpainamu €C, a Takox 3 WMO (World
Meteorological Organization). Bona BiamoBigae 3a MIATOTOBKY ONEPATUBHOIO
rJ100aJIbHOTO aHami3y JaHUX 1 CepeAHBOCTPOKOBUX MPOTHO3IB JAAHMX AJI HOTO
YICHIB 1 TIPOBOAMTH KOMIUIEKCHI IIpOrpaMHd HAyKOBUX JIOCHIIKCHb  JUIS
3a0e31eueHHsI OIAJIbIIOr0 PO3BUTKY Ta BJIOCKOHAIEHHS CBOET TPOLYKILII.

L{i nani nepepaxoBYIOTHCS 3 ypaXyBaHHSIM MIOPCTKOCTI TOBEPXHI 3eMII1 IS
pi3HMX i THIB, 3 BHKOPHCTaHHAM CIIeLiali30BaHUX 0a3 JaHUX 110 IPYHTOBO-
pociiuiHoMy 1okpuBy. ECNWF nae mBuuakocti Bitpy Ha Bucoti 10 m. Jlawi

HIBUJIKOCTI IIepepaxoBaHi Ha piBeHb BUCOTH Bek BEY.



1.3 CyuyacHe 3aCTOCYBAHHS TeIVIOHACOCHUX YCTAHOBOK

BenpMu 3HauHMMM € wmacmTadbu  ocBoeHHs 1HIMUX BuaiB BJIE, sxi
CHPSIMOBYIOTBCSl HE TIJIbKM Ha PO3BUTOK €JIEKTPOCHEPreTUYHMX, & W MaJIMBHO -
E€HEPreTHYHNX CHCTeM. 3O0KpeMa, 1€ CTOCY€ThCS OAHOTO 3  HaWOUIbMI
MEPCIEKTUBHUX HANpPSMIB PO3BUTKY HAyKH 1 TEXHIKH, MOB'SI3aHOIO 3 PO3B'SI3aHHAM
npoobsieM eHepropecypcoszoepexeHtsi TerioHacocHux ycraHoBok (THY) abo
teroBux HacociB (TH). [19].

3a mporuno3amu CsiToBoro enepreruuHoro Komitery (CIPEK) no 2020 p. y
PO3BMHEHUX KpaiHax /10 75 % Teruia Juisl ONajJeHHs Ta raps4oro BOJAONOCTaYaHHS
3a0e3neuyBatumersest THY. Skmo B 1972 p. y cBiTi nparoano 6auszsko 100000
THY, To croroani - 6im3bko 40 miH. TerutoBa notyxnicte THY y cBiTi HaBITH 3a
MIHIMQJIbBHUMH OL[IHKaMH CTaHOBUTH 0Jin3bK0 250 I'BT 3a piuHoro BUpoOITKY Teria
B 1 mupa. ['kasn, 110 BIAMOBIAa€ BUTICHEHHIO OpraHIvYHOTrO nanuBa A0 80 MJIH. TOHH
YMOBHOT0 nayiupa (T. y. 1m.). [20].

VY cucremax TeIUIONOCTaYaHHS CBITY CbOTOJAHI IIMPOKO IOIIMPEHI
napokommpecopui THY noryxkuictio 10 0,5 MBT 3 nopiiHeBuMUu KOMIIpECcOpaMu.
Matote Micue Takoxk TrBUHTOBI THY TtemnoBoro mnotyxkHictio 9 MBtT 1
TypOoKomIpecopHi - riona 9 MBt. Husi y cBiTi npautotots nonajn 18 mian. THY
011101 MOTYXKHOCTI. [21].

CboroiHi cnij BiA3HAYUTH MBUAKUH po3BUTOK THY B GaraThox 3axigHuX
kpainax: CIIA, Himeuuwna; Snonis, ®panuis, Ilseuis; Pinmsamis;. axis,
Hopgeris; ABctpis; BenukoOpuranisa, Kanana, ta tami. Y CHIA mopiuHe BBEACHHS
THY cranoBuTth 6Ju3bK0 | MITH yCTaHOBOK, B SIMOHIT - 01M3bK0; 3 MIJIH. YCTaHOBOK.
Juis crumymoBanHst po3BuTKy THY B psii mraTiB 3ampoBajykeHO KPEAWTH Ha
HIbIoB1 MOKynKu neBHux tuiiB THY. Piunuii; oOcsr npoaakis, 110 BUITYCKAIOTHCS
3a mexxamu. Ykpainu THY, ctanoBuTh choroi 01u3bpko 125 mupa. monapis abo B

3 pasu Ouibine." cBiTOBOro 06¢CsATYl MpoaaxkiB 030poeHs; [23].
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3a mnepioa 3 2005 nmo 2006 poku 0OcCSr NMpoAaxkiB KIMHATHHUX TEIJIOBHX
HacociB y Himewuuni 3pic Oinbin HiXK yaBiui, y ®PpaHiii; BiH 3pic Ha 5 B ABCTpIi:-
Ha 45 %, y lIBetinapiil - maiixe Ha 30%, y [lIBenii;- Ha 20 %.

Y €poni B CkaHauHaBii IHTEHCHMBHO PpO3BHMBAIOTHCS LIEHTpaIi30BaHi
cuctemMu TerionoctayanHs Ha ocHoBl THY, B Tomy umcmi 1 Benukux (MBrt-
Horoksacy) THY. V uenrpanehii €pori (Himeuuuna) mnowmmumpeni. THY 3
IIPUBOJIOM BiJI ra3oBoro" jaBuryHa, ocHoBaumu tunamu THY B €Bponi €: «Boaa-
BOJa», «Boma-moBiTpsi».

B sikocTi umroctparii B Tabsmui 1.1. mpeacrasieHi JaHl 10 BUKOPUCTAHHIO

TiIbKH reotepMaiibiux THY B neskux kpainax ceity B 2017p.

Tabnuus 1.1. Bukopucranus reorepmansaux THY B neskux kpainax cBiTy

B 2017 p. (mani EHPA - €Bporeiicbka acoriialiisi 3 TEIJIOBUX HACOCIB)

Kpaina BcranoBneHa noTyKHICTb Bupobaeno eneprii T/]x/pik
obmagnanus, MBt
ABcTpis 352,0 3039
Bourapis 109.6 1672
YropimmHa 694,2 7939 8
Himeuuuna 952,0 6060,0
I'pertis 74,8 567,2
Jlanist 330,0 4400,0
Icnanmis 1844,0 24500,0
Itamis 650 8000,0
Hinepianan 254.5 685,0
Hopgeris 600,0 3085.,0
IMosbmia 2100 1108.0
Cep0ist 88.8 2375,0
CnoBayynHa 187.7 30340
CLIA 6400,0 122000,0
Typeuunna 1385,0 24000,0
Dinnauais 260,0 1950.0
DpaHiis 308,0 5195,7
Yexis 204,5 1220,0
[lIBefinapis 500,0 550,0
IIBeris 377.,0 1146,6

JlunamiuHo po3BuUBa€Thcsi BUpOOHUITBO THY y CBITI; kUM 3aiMaioThCs
Oararo necsATKiB (pipM, 1110 OPIEHTYIOTHCS HAa BEIMYE3HUN PUHOK CIIOKMBAHHS IXHBOT

npoaykuii. Sk nmpuknan y Tabauui 1.2 HaBeAeH] JaHl MO0 KUIBKOCTI MPOJaHUX 1
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BCcTaHOBJeHUX reotepManbHux THY B Huswi kpain €sponu B 2002, 2013 12014 pp.
(mani EHPA) [23].

Jnsa  ctumymoBanHd — po3Butky THY 32 KOpAOHOM  LIMPOKO
BUKOPUCTOBYIOTHCS Pi3HI BUK MaTepiasibHOI miaTpuMku: Hanpukiaa; cy6euuii Bija
nepxkaBu. Y Himewyunni mo 2015 p. Buauisuidcs Beduki Aortaimii gipmam, 110
BukopucToBytoTh THY: 300 mapok Ha 1 kBt notyxuocti THY. [25]

[LIBeiiapchkor0 HAlLIOHAIBLHOIO ITPOrPAMOI0 €HEPro30epeKeHHs B Mep1o1 3
2005 mo 2008 pp. mnanyBanaocs 30UIbIIMTH BUPpOOHUIITBO Teruia Big THY B 3 pazu
(3 750 no 2250 I'Bt-rox Ha pik). s peanimanii wiei nporpamu aeprkaBa BUALISIIA
BEJIMKI 1IHBECTHIIIT BEJIMKUM €HEpreTHYHUM KOMITaHisAM 1 3a0e3nedyBajia iM 3Ha4Hi
noaatkoBi nuaery. [lepui THY nobynosani B kpaini mie B 30-1i poku 20 CTOMITTS.
CporoyHi TyT npauorTh gecatku Tucsy THY neBenukoi notyxHocti. [ToOynoBano
1 Besmuki THY jis poboTtH B cHCTeMaxX LEHTPai30BAHOTO TEIJIONOCTaYaHHSI.
Haiibinpiia 3 Hux mpaupoe B MicTi JlozanHa 3 TemmoBoo notysxkHicTio 7 MBT 3
€JIEKTPOIPUBOIOM.

Tabuuus 1.2. KibkicTb pojiaHux 1 BcTaHoBIeHUX reotepmaiibiux THY B

Hu31 kpain €sporu B 2002, 2013 12014 pp.

Kpaina 2002p. 2013p 2014p. Ipupict B 2014p.
10 2013p.

ABcTpis 800 3780 5129 36%
Bounrapis - 15 23 67%
Yexis 20 1200 2400 100%
Ecronis - 510 750 47%
Diunsauais 100 8540 12648 48%
Opaniis 4000 13700 17300 26%
Himeuunna 2000 15838 20636 30%
Ipnanmis - 1300 1800 38%
JlatBisn - 527 839 59%
lommaunis - 1557 1800 16%
Hopgeris 1000 55081 35390 -36%
CnoBeHis - 2D 35 40%
[IBeris 15000 68100 100215 47%
[lIBetinapis 2700 6695 9796 13%
Beworo 24100 178341 207924 17%

OcobmuBo caia BimzHauuTu llIBemito sk minepa y Buxopuctanni THY B

€KOHOMIIll KpaiHW, Je 3arajbHa BCTaHOBJIEHa NOTykHicTb THY mnepesumia




16

3800 MBrt. Croroani 6:mu3pk0 85% ycworo teria B kpaini otpumyioth Big THY.
Tyt cporosni npauoroTs 1 A1 HanoTyxHim THY y csiti B 200 1 320 MBT. Bonn
BUKOPHCTOBYIOTh SIK JUKEPEJIO HHM3bKONOTEHLIMHOIO Teria BoAM bairiichKoro
MOpsI, TeMIIepaTypa SIKUX CTaHOBUTh Bijl 5 10 6 °C y onajaioBalibHUKM THEPIOI.
Haiinoryxuima (320 MBt) Crokronemcbka THY, posrtamoBana Ha Oapikax,
npUyaieHuX 10 0epera, 0X0JIOKYE B3UMKY MOpPChbKY Boay J10 2 °C. CobiBapTicTh
teroru Bija wiei THY, mo 3abe3neuye 12 % Beworo onanenns Ctokroibma, Ha 20
% HMK4Ya 3a cOOIBAPTICTH TEIUIOTHU BiJl KOTEIICHD.

Hasgite y [lanii, ne ymoBu Bukopucranss THY oani 3 Haliripmmx y €Bpori
(BUCOKa 1iHAa Ha ejekTpoeHeprio - 20 ueHTiB/KBT-roj uepe3 mnomatrku, sKi
nocsaraiote 50 %), yxe mo 2005 p. mpamoBano 28000 THY (20 000 - rapsiae
BojioriocravyanHs, 8000 - onajeHHs).

VY HimeuuuHi ChOrojHi B eKcruiyaraiii nepeOyBaroTh cotHl Tucsy THY.
BoHu BUKOPHUCTOBYIOTHCS Y BOASHUX 1 MOBITPSIHUX CHUCTEMax OMNMAJEHHS Ta JULs
KOHJMIIIOHYBaHHS moBiTps. IlpuBin  KOomMmIpecopiB, B  OCHOBHOMY, B
enexkrpomoTopiB. € i cotni THY Benukoi noryxHocti ta 3 npuBogom Bia JIEVY i
I['TY. Jlxepena HU3BKOMOTEHILINHOT TEIJIOTH: TOBITPSA (30BHIIIHE 1 BHUTSKHE),
IpyHT, Boja Tomo. Benuki THY BUKOpPHCTOBYIOTE y cHCTEMaX HEHTPAi30BAHOTO
Teruionocrayandsa. Ekcruiyaryiorh 1 KiibKa jecsaTkiB  abcopOuiiinux THY
OJMHHUYHOI) TETIOBOIO MOTYXKHICTIO 10 4 MBT.

YV CHIJA ceoroani mpamroroTe Minbiionn THY. 3 #ux monang 5 0% - y
KUTIOBO-KOMYyHaJIbHOMY cekTopi. HaiOinpmoro nomupenns B CIIA maroTh
peBepcuBHl THY Tuny «mnoBiTps-MOBITPS 3 €ICKTPOINPUBOIOM I IIIOPIYHOTO
KOHAMLIIOHYBaHHs NOBITPs B npuMimeHHsax. THY Bunyckatots y CIIA nonan 50
(hipMm piznoi notykHocti. [JJo 30% crnopykyBaHUX KOTEIDKIB Y KpaiHl ChOTOJIHI
ocrauieni THY. ¥V CIIA nie edpexrtuBHa cucrema mtpadiB 3a Bukug CO, npu
CITAJTFOBaHHI OOMEKEHOI0 MajanBa, 1 3a0X04eHHs 3a BUkopuctanus THY.

Jlecatku ¢ipM y CBITI CbOTOJHI BHITYCKAaIOTh BeIMYe3HY KiabkicTe THY
pi3HOT TMOTYXKHOCTI, Tumy Ta mnpusHaueHnHs. [llupokomy Bukopucrannio THY

CIIPUAIOTh 1XHI BHUCOKI €KOJOTO-€HEePreTUYHI XApaKTEePUCTUKHU. SK mOpukian y
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Taﬁﬂﬂﬂ,i 1.3 naBeneHo ﬂ,aHi oo €KOJOro- CHEPreTUYIHHX MIOKA3HHUKIB CHCTEM

omaneHHs B €Bpori. [20]

Tabmuus 1.3 Exonoro-eneprernyna e(eKTUBHICTb PI3HUX CUCTEM OIAJICHHS B

€Bporti
Eneprernuna [Turoma BenuunHa
Cucrema onaaeHHs e()eKTHUBHICTH Bukuay CO02, kr/kBt roa
MIEPBUHHOT eHepriil %
Enexkrpuune onajgeHHs 35 0,55
Kotexn Ha pigkoMy NaMBi Ta OMaJIeHHs 80 0,29
rapsa4yor0 BOJOK
["a30BHi1 KOTEJ Ta ONAJICHHA rapsuor0 80 0,21
BOJIOHO
T"a3oBuUil KOHIEHCAIIMHNII KOTEIT i 95 0,19
OTMaJICHHs Taps90r0 BOJ0K0
Cucrema eeKTpo-TeIIONOCTaYaHHs 100 0,1
TenoBuit HacOC 3 EIEKTPUUHUM 110 0,14-0,22
HPUBOJIOM

Abcopouiinuii TH 130 0,17
TH i3 mpuBOJIOM BiJI Ta30BOTO JIBUTYHA 150 0,12

1.4 BoaneBa enepreruka. CyyacHuii cTaH

[ToHsTTS «BOAHEBA €HEPreTUKaA» 3'IBHIIOCS B: cepeirHl 70 pOoKiB MUHYJIOTO
CTOJNITTS, KOJM BECb LMBUII30BAHMH CBIT 3aQyMaBCs IpPO albTEPHATHBHE
BUKOITHOMY MaJIUBYy JpKepesno eHeprii. Ha Toit MomeHT mnependadanocs, IO
OCHOBHUMHU TEPBUHHUMH JDKEpeIaMH eHeprii OyayTh aTOMHa eHepris (posmnaj 1
XOJOJHMI CHHTE3) 1 IOHOBIIOBaHI Jukepena eHeprii. BoaeHb jxe mnoBuHEH
BUCTYNIUTU Y BUIJIAAI BTOPUHHOTO JDKEpENa €Heprii, [uis 1 TpaHCIOpTYBaHHS
Oes3nocepeiHbo 0 criokuBavya. Ha chorogHiniHii jieHb HakomuueHo Ouibir Hix 30
plYHUI, AOCBI/l Y 3aCTOCYBaHHI BOJHIO B eHepreTulll. CTBOPEHO AOCIIIHI 3pa3Ku
aBTOMOOLIIB, 5IKI B SKOCTI MaJlMBa BUKOPUCTOBYIOTh BO/ICHb. PO3BUBAa€THCS PUHOK
MAJMBHUX €JIEMEHTIB, BapTICTh SKUX Ma€ CTIHKY TEHACHIIIO [0 3HMKCHHS 1
macoBoro BrpoBamkeHHs; CtBopeHo EK, 1o BHKOPUCTOBYIOTH CHCTEMY

aKyMyJISILii BOJIHIO.
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3a3Bu4aii, BOJACHb OTPUMYIOTH HUIAXOM €IEKTpoJizy Boau. OTpuUMaHHs
€JIEKTPUYHOI €HEPrii 3 BOJAHIO MOXKE 31MCHIOBATUCS PI3HUMHU LIISXaMH.
Ha crorojHiniHii JieHb, OCHOBHUMH BBaXKalOTHCS TaKI:
— OTpPUMAaHHS EIEKTPUYHOI eHeprii 3a JOMOMOIOK  IaJUBHOIO
€JIEMEHTa;
— CHaJIOBaHHS BOJHIO B CIHEUIAJbHO NepepoOJeHUX JM3EIbHUX
reseparopax, abo maporeHeparopax.
BukopucTaHHs NaJMBHUX €JIEMEHTIB HAa CbOTOJHIIIHIA JE€Hb BBAXKAETHCS
OulbIn TepcrnieKTUBHUM. OTpuMaHHS eJIeKTpoeHeprii BiiOyBaeThcs 3  OLIbLI,
Bucokum KKJI (50-80% nporu 20-35% mnpu BUKOPUCTaHHI JPYroro crocooy).
Opnak, BapTICTh CAMUX MAJIMBHUX €IEMEHTIB 3a/IMILIAETLCSA JOCUTh BUCOKO1O. [13]
CbOrojiHi 1eCATKH KOMITaH1# 110 BCbOMY CBITY BUPOOJISIOTH 00JIaHAHHS JIs
BUPOOHMIITBA BOJHIO 1 BUPOOJICHHS, €JICKTPOCHEPril; 13 3a 11boro; naausa. Jleski 3
HUX MpeacTaBieHi B Tabi; 1.4
Tabnuus 1.4 - Komnanii, mo 3aiiMaroTbCs BUPOOHHUIITBOM YCTAaTKyBaHHSI

JlJ1 BOJTHEBO1 CHCPICTUKH.

Kommnanis Kpaina
BallardBowerSystems Kanana
Acumentrics CIIA
CeramicFuelCells ABcTpanis-BeankoOpuTaHis
HydrogenicsCorporation Janis
EuropeanFuelCells Himeuuuna
FuelGellTechnologies CIIIA
IdatecH CIIA
MitsubishiHeavyIndustries SInouis
SanyoElectric SAnouis
Shanghai-ShenLi SlnouHis
SharpCorporation Snowis

baraTo 3 nMx KOMIIaHii MPONOHYIOTh CBOIM KJIIEHTaM IOTOBI PIllICHHS Ha
0as3i1 ixauporo odnanHannsa. Hanpuknan, komnanis Hydrogenics Corporation ([lanis)
IPONOHYE HHU3KY PpillleHb, TNOOYJIOBaHMX Ha OCHOBI BHPOOJICHHX HEIO
CJICKTpOJII3epaMU Ta MAJMBHUMH elleMeHTamu, a Takoxk BJIE. Ili pimenHs

MpEACTaBIICH] B CTPYKTYPHI# cXxemi, moKa3aHii Ha pucyHky 1.1.



Existing System Madifications-

Solar
7 Fuel Cells

Wind
\ (Car) (CHP)

No
Utility

o == . Electric
Critical Vehicles

Loads
Opportune Electrolyser
Loads - <

Pucynok 1.1 - CxeMma pimeHs nponoHoBanux komnasiero Hydrogenics

Corporation na 6a3i B/IE 1 Bogus

[Tin dwac excruryarauii MOgIOHUX EHEPreTHYHMX KOMILIEKCIB BHHHUKAE
HEOOXIHICTh y 30epiraHHi BOJIHIO B JIOCHTh BeluKkuX oOcsrax. Ha choromHiuiHii
JIeHb 3aMpPOINOHOBAHO LTy HU3KY METOIB, YaCTHHA SKMX 3apEKOMEHIyBaju cede
3 4acOM, YacTHUHA SKHUX NPOXOJAATH JaOOpaTOpHI Ta BUPOOHMYI BUIPOOYBaHHS.
30epiraHHsi BOAHIO MOK€ 3/11MCHIOBATHCS TaKUMHU criocobamu [11].

1. 30epiranHga ra30MmoAIOHONO BOJHIO Y BEIMKUX KUIBKOCTAX 3
atMocgepHoro Ta niasuuieHoro (1-1,5 Mlla) tucky. nsg mporo 3acTocoByHOTH
ra3roJibJepu, MPUPOIHI Ta IITYUYHI MIA3EMHI pe3epByapH TOIO. 3arajibHa MICTKICThb
TaKUX CHCTEM MOXE CSIraTd KUIbKOX MUIBHOHIB KyOOMETpPIB, TOXK BOHHU
3aMINAKOTECS €MHOK MOJKIIMBICTIO 30€piraHHs BEIMKHMX KUIBKOCTEH BOJHIO 3
TPUBAJIUM, HalPUKIIAJ CE30HHMM, LIMKIIOM 3aIlpaBJICHHS CXOBMILA Ta BIAOOpPY 3
HBOTO BOJHIO. ['a3omoaiOHMII BOJEHBb 3a3BUYail 30€piraroTh 1 MEPEBO3STH IIijI
THCKOM 110 15-35 MIla B 6asioHax €MHICTIO BiJl KUIBKOX JITPIB 10 KITBKOX KyOI4HUX

METPiB.
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Jlnst 30epiranHs i nepeBe3eHHs] HEBEIUKUX KUILKOCTEH CTUCHEHOTO BOJIHIO
3a3BUYail BUKOPUCTOBYIOTh CTajieBl OajloHH 3 pobouum Tuckom a0 15-20 MIla.
BwmicT Bo/iHIO B TakuX OajioHax, SIK MpaBuiio, cTaHoBUTH 1,2-1,5% MacoBoi yacTkH,
a o0'emua ryctuna 10-12 kr/m. CyvacHi 0ajgoHM Aal0Th 3MOr'y 30epiratv BOACHb i1
TiCcKOM 110 35-69 MIla, n1o BiamoBiga€e HOro BMICTY MOHA 6 MacOBO1 9acTKH, % Ta
06'emuiii ryctuni g0 30 kr/m’. KommnosuTHi Ganmonu Ha Tuck 35 MIla napasi
BUITYCKAIOTLCS ITPOMUCIIOBICTIO, CepiiiHui BUIlycK OaoHiB Ha 69 MIla ruianyerbes
HaOmmKkyuM  yacoM. [IpoBigHumMu BupoOHHMKamMHu Takux OaloHIB € (ipmu
«Dynetec» (Kanana), «Quantumy» (CILIA), BOC (BenukoOpuTaHisi) i HU3Ka IHIINX.

2. Cucremu 30epiraHHs piAKOro BOJHIO CTAHOBIATH 3HAYHHM IHTEpEC 3
OTJISITy HAa BHCOKY 00'€MHY T'yCTHHY 1 BETTMKHH BMICT BOJHIO, IO 30epiraerncs.
Pinkuii BogeHb 30epiraeThCs B CrieLIaIbHUX pe3epByapax 3 MOJABIMHUMH CTIHKaMH
(mocyauuu proapa).

Bonenb y BuUIUISiI KPIOTEHHOI PIAMHU ICHYE Y BY3BKOMY 1HTEpBal
TeMIIepaTyp, BiJ TOYKM KUNiHHA MiHyc 252,77 °C 1o TOYKM 3aMep3aHHs MIHYC
259,19 °C. Yepes HU3bKY KpUTHYHY Temnepatypy (minyc 240 °C) piakuit BoJieHb
MOKHa 30epiratu abo y BIIKPUTHUX CHCTeMax, a00 B CHEIIAJIbHUX 3aKPUTHUX
pe3epByapax, y SKuX nepeadadyeHo CKUIaHHs ra3y B pa3i 3pOCTaHHS TUCKY Oiiblie
uik Ha 0,2-0,3 MIla; iHakIie THCK MOKe 3pOCTH (3a KiMHAaTHOI TemmnepaTypu) 10 10*
0ap.

Huni TexHosorii OTpuMaHHs BOJHIO 1 HOro 30epiraHHs B PiIKOMY CTaHI
no0pe BigmpamboBaHi. Y pe3yJbTaTi HEUIOJaBHIX pPoO3po0OK OyJ0 CTBOPEHO
BUCOKOC(EKTHBHI KpIOT€HHI pe3epByapH, 1HYPACTpyKTypy IS IXHBOTO
3aIpaBIISTHHS, TTOJIIMIICHO 3aX011 O€3MeKH.

3. 30epiranHsi BOAHIO B MIKpOKarcy/JboBaHOMY BHIJIsAl. Lleit meTon MmoxkHa
BIJIHECTH J10 30epiraHHs ra3onoaioHoro BoiHIo mig TuckoM (35-65 Mlla), ae poib
0a10HIB BUKOHYIOTH CKJIsIHI Mikpocdepu aiameTpom 5-500 MKM 3 TOBIITUHOIO CTIHKU
~1 mxm. 3a miaBumienoi temmneparypu (200-400 °C) ckisiHI CTIHKM CTaloTh
NPOHUKHUMHU JUISL BOJHIO, IO JA€ 3MOIY MPOBOJAMTH 3aIPaBIICHHS CHUCTEMH

30epiranHst BOJIHEM 1 BUIauy MOro crokuBadeBi. BmicT 30epexkeHoro BOAHIO - 10
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10 macoBoi yactku, %, a o0'eMHa rycrtuna - 10 20 Kr/mM°, o0 He MepeBepuIye
MOKa3HUKK 30epiraHHs BOJHIO B KOMIIO3UTHHMX Tra30BHX OanoHax. BoaHouac
3a3HaYCHUI METOJ] BUMArae J0JJaTKOBUX BUTPAT €HEPrii Ha HarpiBaHHs Mikpocdep
] 4Yac 3arpaBjeHHs CXOBHIIA 1 BiI0OpPY 3 HbOro BOAHK. OCHOBHHH HEIOJIK
METO/Ty - BUCOKI BTPATH BOJIHIO YePe3 MEXaHIYHe PYHHYBaHHS CKISIHUX Mikpochep
IPU TPAHCIIOPTYBAHHI.

4. BuUlbIll NMEPCHEKTUBHUM € 30€pIraHHs BOAHIO B KPIOT€HHHUX MOCYIUHAX
BUCOKOTO THUCKY. CyTHICTH METOIy IIOJIATAE y BUKOPUCTAHHI CTaHIAPTHUX
KOMIIO3UTHHUX OaJlOHIB BHCOKOTO THCKY (aJfOMiHIEBA Tiib3a, BKPUTA apMOBAHHUM
IUTACTUKOM), 10 PO3MILIYIOTHCS B KPIOTE€HHIN TEr10130J110t04ii 00osoHLi. Taki
0aJloHM MOXKYTh 3amoOBHIOBaTHCS ab0 pIAKMM BOJHEM, abo razomoaiOHMM 3a
3HWIKEHOT Temreparypu. B OCTaHHBOMY BHIIQAKYy JIOCSTAIOTHCS OLIBII BHCOKA
00'eMHa TyCTHMHA 1 BMICT BOJHIO, HDK y Ta30BuX OalloHaX, IO IPaIlOl0Th MPH
KIMHATHINA TeMIiepartypl.

5. Jlocutb yMOBHO BCi MaTepianu, 3/aTH1 30epiraTv 3B'i3aHUN BOJICHb,
MOXKHa PO3JILIMTH 32 E€HEeprier 3B'SI3Ky aroma-abo MOJIEKYJM BOAHIO 3 LIHUM
martepianom. Lle 3B'a3ku p13udHO aa- ado abcopOOBaHOTO BOAHIO (3 HAWMEHIIOIO
MILIHICTIO 3B'SI3KY), XeMOCOPOOBAHOTO 1 BAJIEHTHO 3B'S3aHOTO BOJIHIO.

6. Bojenb MokHa 30epiratu 1 TpaHCIOPTYBATH HE TIILKM B BIJILHOMY CTaHi,
a ¥ y XIMIYHO 3B'si3aHOMY. Y C1 Marepiaiu, Kl € CepeoBUILIeM 30epiraHHs XIMIYHO
3B'S13aHOTO BOJHIO, MOJKHA pO3AUIMTH Ha 1Bl rpynu. Jlo mepmoi HaiexaTsb
PEUYOBUHH, IO MICTATh Y CBOEMY CKJIaJl XIMIYHO 3B'I3aHUI BOJEHb 1 3/1aTHI B
MEeBHUX yMOBax (MIABMINEHA TeMIleparypa 1 i KaTajgizaTopa) BUIUIATH HOTO.
[IpuknagaMu € KaTadiTUYHI peakuii po3kiaganss amiaky 3a 800-900 °C ta peakuii
riipyBaHHs/ AT ApYBaHHS HCHACMYCHUX BYTJICBOIHIB.

Jlo apyroi rpynu Hajie)KaTh TaK 3BaHl CHEProaKyMYJIIOI04l PEUOBUHH, SIKI HE
3aBXKIU MICTITH XIMIYHO 3B'SI3aHUI BOJICHB, aJl€ 3/1aTHI TeHEPYBATH MOTO B MIPOIIEC]
rigpouizy. Knacuunuii npukiazn - ryduacre 3a1i30, 110 B3aEMO/II€ 3 BOASHOIO MTapoI0

3a 550-600 °C.
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7. Cepii03HOI0 alIbTepHATUBOIO OMHUCAHUM MeTojaMm 30epiraHHs i
TPAHCIIOPTYBAHHS BOJIHIO € METAJIOTIAPUIHUN Cc110CiO, TOOTO 30epiraHHs BOJHIO Y
dopmi rigpuiiB MeTasliB a00 THTEPMETAIIYHUX CIOJYK.

Bigkpurts B apyriii nosoBuHi XIX CTOMTTS 31aTHOCTI HU3KH METAIB,
00OpPOTHO TIOTJIMHATH 3HAYHI KUTBKOCTI BOJHIO TTOPOAMIO IIUTY HU3KY TEXHIYHHUX
1€ 11070 MPaKTUYHOrO BHKOPUCTaHHS 1pOro siumia. IlpuunHa - yHIKajibHE
MOETHAHHS BJIACTUBOCTEH CHUCTEM «METaJI-BOJICHBY, BKJIKOYHO 3 MOKJIUBICTIO
JOCATHEHHS] €KCTPEMaIbHO BHCOKHX O0'€MHHX TYCTHH aTOMIB BOJHIO B MATPHII
MeTayly, IMUPOKUM Jiarma30HOM pPOOOYMX THCKIB 1 TEMIEpaTyp, CENeKTHBHICTIO
IPOLIECIB TOTJIMHAHHS/BUAUICHHS, 3HAYHUMHU 3MiHAMU (PI3MYHUX BJIACTHUBOCTEH
MeTaJly i 9ac WOTO HACHUYEHHS BOJHEM, KaTaTITHYHOIO aKTHUBHICTIO Ta IIUIOIO

HU3KOI0 HIIMX HETPUBIAIBHUX 0cOOIMBOCTEN. [22-24].

1.5 Eneproxommiexcu Ha ocHoBi B/IE

CaiToBuit jnocBij ocBoeHHs pecypciB BJIE mnokasye, 1mo BHKOpHUCTaHHS
TubKH ogHoro Buay BJIE B cuctemax enepronocrauyaHHsi aBBTOHOMHUX CIIOKHBAY1B
HE 3aBXKIU Jae 3Mory 3a0e3neduTd HajiiiHe 1 OesnepeOiiiHe eHepronocTayaHHs
yepes ¢izuuHi ocobnuBocti camux BJIE. YV 3B'\i3Ky 3 1uM, SK IpaBuio,
E€HeprorocTayaHHs aBTOHOMHOIO crokuBada 3a paxyHok BJIE namararotbes
3a0e3neunTy muisixoM komOiHamii pizaux BuaiB BJIE y Tak 3Banux EK, Tak 3Banux
EK. [lo ix ckiamy, 3a3BMuail, BXOJIATh SIK eHeproycraHoBku Ha 0a3i BJ/IE, Tax i
nusenbHl (0eH3uHoBl) eHeproycranoBku (JIEY, BEY), a Takox pi3HOro BUIY
CUCTEMHM aKyMYyJIALIl eHEeprii.

Ha cporogni HaiOUIbII BUBYEHMMM Ta HAIIHHUMH KOMIUIGKCAMH €
BiTpoam3esbHi  eHepretuyni  komruiekcu  (BJIEK).  IlomiObui  komiuiekcu
eKCIUTyaTyIOThCS B 0araTbOx KpaiHax CBITY 1 € HAIIWHUM JHKEPEIOM €JIeKTPUUIHOI
€Heprii JAJis TUCSY aBTOHOMHUX CII0KHBaviB.

JlocnimpkeHHs nMpoBOIWIIMCA B HalioHaibHii snabopatopii RISO ([launis).

Jlocnimkeni BitpoausensHi ycranosku (B1Y) Oynu po3aineni Ha 4 knacu [25]:
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Knac 1 (madnpocrimmuii) (pucynok 1.2 a). JlocaimkyBaBcsi cTaHIapTHUH
BiTpoBHMii arperat (BA) MepexeBOro BUKOPUCTAHHS 3 aCHHXPOHHUM T€HEPaTOpOM
(AF), sixuit npautoe 3 nMocTiiHUM BKJIFOYeHHSAM Ha 301pH1 mnHu (311I) criokuBaya.
Y KOMIUIEKT 00s1a/lHaHHS BBEJAEHO aBTOMATUYHO perysiboBaHe HaBaHTakeHHsA (PH),
110 3anobirae nepeBaHTAKEHHI0O BA 1pu BUCOKHX HIBUAKOCTSIX BITPY 32 PaxyHOK
3HUKEHHSI 4acTOTH 00epTaHHs /0 3a/laHOr0 po3paxyHKoOBOro piBHs. CraHaapTHa
JIM3€JIb-I€HepaTOpHA CTaHIlIsg IMPAILIO€ TOCTIMHO, 3a0e3Meuyroyud pPEaKTHBHOIO
eHeprieto acunxponuuii reaeparop (AF). ITosua (100%) yactka y4acti B rpadiky
HaBaHTa)XE€HHsA BA BBaxkaeThcs A0NMycTUMOI0. ExoHOMIS manuBa Oy/ie HEBEJIMKOIO,
aJie CUCTeMa BUSIBIISIETHCS IPAHUYHO MPOCTOXO 1 IPUMHATHOIO B TUX BUIIAAKAX, KOJIU
(haxTOp HAAINHOCTI BaXKJIMBIIINM, HIDK MAKCUMYM €KOHOMII MaJnBa.

BV knacy 2 (pucyHok 1.2 0); ¥V koHcTpykuito JIEC BHECEHO 3MIHHM: MIXK
au3enbHuM  aBuryHom (/) 1 CHHXpOHHMM TeHEpaTOpoOM  YCTaHOBJICHO
3'enHyBaTIbHY MY(PTY 1 HeBENUKUN 1HepLiiHuM akymymsartop. BAY kinacy 2 1ocuth
npocTta 1 norpedye MIHIMyMY €JIEKTpPOHHOro oOnaaHaHHsA. ExkoHoMmis manuBa B
JaHOMY BapiaHTl ICTOTHO 3pOCTA€ 3aBASKUA TOMY, 1110 3a CHPHUSTIMBUX BITPOBUX

YMOB JU3elIbHUI JBUTYH HE MPAIIO€ 1 HE BUTPAYAE MAIUBO.

BA BA
M 3W 1 3L
AT AT -
PH PH
M IA
AE =| CT | pioi | : d CT 1 -
Cno:kAaBa4 " CnoEnBad
a 6

Pucynok 1.2 bnok-cxema BJ1Y knacy 1(a) i kiacy 2(6) BA - Bitpoarperar;
Al - acunxponnuii reneparop; PH - perymnioBajibHe HaBaHTAKCHHS;
311 -36ipui mmnu; JIJ1 - nuzensuuit geuryH; CI' - cuHxpoHHMI reHeparop;

3M - 3'ennyBanibHa My(Ta; A - iHEpLUIHHUI aKyMYJISTOP.



24

Cxema B/1Y kmacy 3 (pucynok 1.3 a) BIApI3HSETHCSA Bij IMOMNEPEIHBOTO
BapiaHTa BBeJCHHAM 10 ckiany BJIY akymynsTopa eHeprii, IKUM MOJKE CITyTyBaTH
akyMmyJsiTopHa Oarapes, TIApaBIIYHUN aKyMyJsiTOp 1 1HOI JUKepesia eHeprii.
Exonomis nanuBa npu BukopuctanHi BY kiacy 3 y paiioHax 31 CHpUSTIMBAMU
yMOBaMHU Jiocsrae BUCOKOTO piBHs. Hamionansna, madopartopis RISO Bkasye Ha Te,
IO 3aBJASKH BIJIHOCHO MPOCTOMY MPUCTPOIO 1 MOXKJIMBOCTI OTPUMAHHSI 3HA4YHOT

ekoHoMii nanuBa BJIY knacy 3 mae nepcrnekTrBy HIMPOKOTO 3aCTOCYBAHHS.

B
T = 1 =
o - 3 3
AT, AT
I P pr—m—=- 4 | | | PH
B ' . B
'AE 1 : : AE ; Sl
| In | . ' s [ 1 3w
CM Ia i =
: Ay AL cT -
i | =|: cr b :I{ '
— ‘ ' Cooxngraq -
Cno:xaBag
a) 0)

Pucynok 1.3 biokosa cxema BJIY knacy 3 (a) 1 kitacy 4 (6) BA - BiTpoarperar;
Al - acunxponnuii reneparop; PH - perymioroue nHaBantaxkenns; 311-301pHi
wnHu; JUJ1 - niusensaui asuryH; CI'- ciHXpOHHUE reHeparop; 3M-3’€iHyBajlbHa
mydra; [A- inepuiitnuii akymynsarop; AE-akymynsitop eneprii; B- Bunpsimiisiy;

[H- 1uBEepTOp

BPII knacy 4 (pucynok 1.3 6) mae y cBoemy ckiiajii BA ctaHgapTHOIO TUITY
3 CHHXPOHHHUM a00 AaCMHXPOHHUM T'€HEpPATOPOM, 1 CTAHIAPTHOK KOHCTPYKIIIEIO
JNEC nopiBHsHHOI 3 BA moTyXHOCTI, 0€3 BUKOPUCTAHHS 1HEPIIIHHOTO aKyMYyJIsITOpa.
BA mnpautoe depe3 BUNPSAMIISAY Ha 1HBEPTOP, BUXIA SAKOTO 3'€AHAHUN 31 301pHUMHU
HIMHAMU CIIOKUBaya. Y pasi HecTaul eHeprii aJis 3a0e3neueHHs moTped croKuBaya

BIJICYTHSl 4aCTMHa HaaxoauTh BiA Ab. VY pasi Ha[uMIIKy €Heprii mpOBOAUTHCS
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JKUBJICHHS HABaHTa)KEHb CIIOKMBava 1 miazapsgaka AbB. 3a mtuiboBoi moroau i 3a
ciabkoro BiTpy npamtoe JJEC y pexumi 3a0e3reueHHs] HaBaHTaKEHb CIIOJKHBAYIB 1
niazapsaku Ab.

BAY knacy 4 mae MOMXJIMBOCTI JJisl JOCATHEHHS MAKCHMAJIbHOK €KOHOMIT
nanuBa CucrtemMa KOHTPOJIO I YIPaBIIHHS POOOTOK) KOMIUIEKCIB MOBHHHA OyTH
KOMIT'FOTEPHOO, 1100 3a0e3neyuTH BUKOHAHHSA BCIX HEOOXIJHHMX —oreparii
EdexTrBHE BUKOpUCTAHHS BITPOJM3EIbHOTO eHepretudyHoro komiuiekcy (BZIEK)
MOXHa TipoutrocTpyBatu gocsiiom octpoBa Dep (Illornanais). Tam, nus cenuina
yrcenbHicTIO 70 *x)uTerniB Oyna moOymoBaHa enekTpocranilisa 3 nsoma JIEC, omgna 3
SIKUX ToTYxHICTIO 20 KBT Oynia joctaTHs UIsl €1eKTPOIoCTayanHs BIITKY, a 1HIIA —
50 kBT - npu3HaueHa A5 €1eKTPONOCTaYaHHS B3UMKY.

BiTpoBi yMOBH OCTpOBa BEJIBMHU CHPUATIMBI: CEpEIHS LIBHIKICTH BITPY -
9,6 m/c. Y uepBHi 1982 p. Tam Oyno BcranosiaeHo BEC notyxHhicTio 50 kBT. 3 TOro
yacy BHpPOOHHULITBO eHeprii 3pociio B 3,7 pasa. bnok-cxemy BJIY na oct. ®ep

HAaBEJICHO Ha PUCYHKY 1.4.
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Pucynok 1.4 brnok cxema B/IY Ha 0.®ep

Excrmyaramis BJIY ©Ha octpoBi ®ep mokazama, 1m0 co0IBapTICTh

eJIeKTPUYHOI eHeprii, oaepkysanoi Big JAEC, ctanoBuna 8 neHrtis/kBT roa, a Bij



26

BEC - 3,5 nenra/kBr*roa. Ha 1iii ctanii 6yno po3po0biieHo crieiiaibHuil pUCTpii,
IO JIa€ 3MOTY CIIOXKMBA4aM PO3PI3HATH BHJ CIIOKWUBAHHS, 1100 CHOXHUBa4 Y
KO)KHOMY JIOMi 3HaB, KOJM JIYMJIbHUK €Heprii BMHKA€ThCS Ha BUIIMHA Tapud.

Pesynbratt pobotu Ha 0. Dep HaBOAATLCS B Tabmuii 1.5.

Tabmuus 1.5. Pesynsraru podotu Ha 0. Dep

[Tokazuuku Bupobnenns YacTtxa,%

eneprii kBr*rog

Cymapne Bupobnenns eneprii BJY 3a pik pobotu 185024 100
Bupo6nenns eneprii BEC 3a pik poboru 168895 91,28
Bupoo6nenns eneprii JIEC 3a pik pobotu 16147 8,72

3 HaBeneHo1 Tabnuil BUAHO, 1m0 Ha 4YacTKy JAEC npunagae tuibku 8,72%
BUpoOIeHoi eHeprii. Pemty eneprii 3a6e3neuysanu BEC. V 1987 poui pipma SMA
noOymayBaiia 1 BurpoOysasia nepiuy y cBiti BAY 3 HOBoIO cucTeMOIO yrpaBiiiHHs Ha
octposi CapeClear. 3a neto mimmu BY B Ipeuii, Hopaani Ta Kura.

Jlo cxmany BJLY o.Pacnin (Ipnanais) BXOAMAM TpU BITPOEJIEKTPUYHI
arperatv «Aeroman» notyxHicTio 1o 33 kBt koxeH, Tpu JJEC notyxHicrio: 48, 80
i 132 xkBt1, Ab nanpyroto 220 B eneproemuictio 10 100 kBt*rox i tpudazuumii
1HBEPTOp BHXIAHOIO MOTYXHicTIO 140 kBT (kmac 4 3a qatchkoro KiacuQikaii€ero).
BitpoBi ymoBH 0. PaciuH BenbMM CHIPUATIMBI JUIsl BAKOPUCTAHHS €HEPrii BITpPY
(Vep=10 m/c). 3aBasiku 11poMy Ta BUKOpUcTaHHIO cucteMu [PS enexkrponocrayanss
octpoBa Oyno 3abesnedeHo 3 MiHiManpHOWO y4acTio JIEC: cymapHuii yac iXHbOI
poOOTH IPOTATOM POKY eKcIuTyaTalii He nepesuurysas 10-20%. [25]

OcHoBa 1€l TEXHOJIOrT — BUKOPUCTAHHS BITPOCHEPIeTUUHUX 1 T1OpUIHUX
BITPOIU3EIbHUX KOMITJIEKCIB METaBaTHOI MMOTYKHOCTI B AKOCTI JIPKepelia aBBTOHOMHO1
eneprii. Lo TexHomorito Bxe 6arato pokis ycrimHo 3actocoBytoTh y Kanazi, CILIA,
Hopgerii, ABctpautii, Ha ®@ininminax i me B 70 kpaiHax.

Co0iBapTiCTh €HEPrii KOMILICKCY 3aJIeKUTh TOJJOBHUM YHHOM BiJ] BITPOBOTO

MOTEHIIaTy 1 MoXe KonuBaTucs Big 2,5 rpu/kBr*roa no 1 rpu/kBr*rog.
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Beenenns BJIK mig xirou 3aiiicHioeTbes 3a 1,5-2 poku (B TOMY 4HCI
BITPOMOHITOPHHT | pik). TIuTtoMi KamitanbHi BKIajaeHHs Ha | kBT BcTaHoBieHoi
MOTY)KHOCT1 CTAaHOBJIATH 1,9 THC. €BPO.

3a HeOOXIAHOCTI, UIs MIABMILEHHS HAIIHHOCTI eHepro3ade3rneueHHs
BITPOJU3EIbHHUI KOMIUICKC JOJaTKOBO MO)KHA OCHACTHUTH MaXOBHKOM. MaXoBHK
JacTb 3MOI'Y B KOPOTKOCTPOKOBOMY II€piojll 4acy Hepepo3NOAUINTH EHEprilo,
OJIep;KyBaHy B1J BITPOBOI YCTAHOBKH, a TaKOXK 3a0e3neduTd podOTy aAu3elis B
HOMIHAJILHOMY PEKHMI, 10 MO3UTUBHO BIUIMBAE HA TiJICyMKOBY BUTpATy MaHBa
(pucynok 1.4). JlocnipkeHHs B 00/1aCTI 3aCTOCYBaHHS MaXOBUKIB; B TOMY YHCIII IIPH
cribHIA po6oTi 3 BJIE 10cuTh A0KJIaIHO BUCBITIIEHI.

Buxopucrannsa B/[Y nae 3Mory cyTTeBo 3a011a/0KyBaTh JU3EIbHE MAJIUBO,
OJTHAK, OTO BHECOK B €HEPro3abe3NedeHHs CIIOJKHBada 3aJIUIIAE€THCA CYTTEBUM.
Cucrema axkyMmyssiuii, sKa J0O3BOJsiE B  JOBIOCTPOKOBMHA TMeEpioj  yacy
MepepO3NOAUIMTH €HEPrii0, MOXKE 3BECTH 0 MIHIMyMY BUKOPUCTAHHS OPraHIYHOTO
namuBa. OJHUM 3  QJBTEPHATHBHUX pIlIEHb ITOCTABICHOTO 3aBJaHHA €
BUKOPHCTAHHS BOJHEBUX TeXHOJIOTH. B wac, konu BupoOneHHs eneprii Ha BEC
NIEPEBUIILYE HABAHTAXKEHHS CIIOKUBA4Ya TO, BUKOPUCTOBYIOUM HA/IJTUIIIKOBY €HEPTiHO
3a JTOTIOMOTOI0 €JIEKTpOJli3epa MOKHA OTPUMYBATH BOACHb. Llell BOjeHb MOKHA
e()eKTUBHO BUKOPUCTOBYBATH Mij Yac WTHIO abo ciabkoro BITpY. 3a JI0IOMOIO0
MaJMBHUX €JIeMEHTIB abo He3HauyHo nepepobnenux JIEY 3 BomHio MoxHa
OTPUMYBATH €IEKTPOCHEPTIIO /IJIsl MOKPUTTS HABAHTAKEHHS CTIOKUBAYA.

[ToniOHI eHepreTHUHI KOMIUIEKCH BXKE CTBOPEHI 1 YCIIIIHO €KCILTYaTYIOThCS
y CIIA, Kanani, Actpanii ta Jlamii.

VY Kanazi mu1s 3a0e3nedeHHs1 eHepriclo BIAAJICHUX CEIUIl 3aCTOCOBYIOTHCS
riOpuaHi CXeMH: BITpO-AU3€NbHI Ta BITpO-BOAHEBI. Boaenp 30epiraerbcs, 1
BUKOPUCTOBYETHCS Ui BUPOOHUITBA €JIEKTPOCHEPrii B JABUI'YHAX BHYTPILIHBOTO
3ropsiHHA. 3a BITPOBOAHEBOIO cxeMoro B Kanajal cTtBopeHo jBa mpoekTu: Prince
Edwardlsland Wind-Hydrogen Village i B micti Ramea. Ha puc. 1.5 npeacrasieno
CXeMy BITPOBOJHEBOIO KOMILIEKCY, 10 Tmpaioe B Micti Romea. [loTyxHicTh

reHeparopa BoaHI0 cTaHOBUTH 250 kBT. lllopiuno BiH gae 3mory ekonomutu 120000
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JITPIB MajKBa, THM CaMHUM 3arno0irae€ BUKHY HIKIJUTMBUX PEYOBHH B arMocdepy:
C0; - 320 T, NOy - 6,8 1, S02 - 0,6 T. Y poOOTI, MPUCBAYEHIN JOCIIIJIKEHHIO TaHOTO
KOMILJIEKCY, JiaHl 110 €KOHOMIll He BijgoOpakeHi. OjHaK, TaM BKa3y€TbCs, IO
CHOPY/IKEHHS KOMILIEKCY €KOHOMIYHO BUITPABJIAHE.

B Asctpamnii B iHcTuTyTi TAFE Tasmania aie kommiexc , no CKJIagaeTbes 3
2-X BITPOYCTAHOBOK, €JIEKTpoJIi3epa 1 nepepodeHol s MOXKIMBOCTI poOOTH Ha

BOJIHI JIN3€JIbHOT YCTAHOBKH.

I

—— ==

| Control System|

Pucynok 1.5. Cxema eHepreTHYHOIO BITPOBOJOPOJHOIO KOMILIEKCY

B micTi Romea (Kanana)

1.6. BucHOBKH 10 nepuioMy pos3aiay

1. 'V €Bpori HaWNepCrneKTUBHIINIMM BBaXKaeThcs BUKOpucTaHHs BEY, ski
MpaLoTh B 00'€ JHAH1M €HEPreTUYHIN CUCTEM1, METaBaTHOTO KJIacy.

2. 3acTrocyBaHHs CHCTEM aBTOHOMHOIO E€HEPrornocTadyaHHs HalOLIbII
aktyanbhe juist CIIA, Kananu, 1e eHepreTrka I'pyHTY€EThCS Ha KOHKYPEHIIii
HU3KH TEHEPYIOUUX KOMIIAHIM, Yhi €HEePreTHYH1 Mepexi, sIK MPaBuiio, HE
NoB'sI3aHl B €/IMHY eHeprocucreMy. TakoXk, 3aCTOCYBaHHS aBTOHOMHOI

eHepreTuku Ha 0a3i BJIE akryanbHO /1151 CrIOKMBAYiB, 1110 3HAXOASATHCS HA

OCTpOBAX.
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VY Hu31i BUNIA/IKIB, Yepe3 BUCOKY BapTICTh JOCTABKH NaJIMBA, 3ACTOCYBAHHSI
JEY npu3BoAHTE 10 CYTTEBUX (PIHAHCOBUX BUTPAT. Y 1IbOMY BUIAAKY CTa€
aKTyaJlbHUM 3aCTOCYBaHHs €HEeproycraHoBok Ha ocHoBl B/IE.

binblia yacTMHA BiAJaJeHUX Bijl LIEHTPAII30BAHOIO eHepro3ade3neyeHHs
CIIOKMBAUIB Mepel0yBalOTh HA TEPUTOPISLX, Kl BOJOMIIOTH XOPOUIUMHU
BITPOBUMHU pecypcamu. TakuM YMHOM, Y CHCTEMI 1X eHepro3albe3rneyeHHs
JIOCUTH €(eKTUBHO MOKHA BUKOpUCTOBYBaTH BEY.

Ha cworogui HailOuthil e€()EKTHUBHUMH Ta TMEPEBIPEHUMH BBAKAIOTHCS
BITPOAM3EIbHI €HEPTEeTHIHI KOMITJICKCH.

Jlnst Toro, o0 3BeCTH 0 MIHIMyMY CIOXHBaHHS OPraHIYHOIO IajauBa 1
Halie(DEeKTUBHIIIE MEPEPO3MOALIATH €HEPTIIO BITPY Ul MOKPUTTSA rpadika
HaBaHTaKEHHs, HeoOXigHOo 3abe3neuntH EK HagiiHOI CHCTEMOIO
akymynsiii. Lle 3aBmpaHHS €(pEeKTHBHO MOXKYTh BHMPILIMTH TEXHOJOTi
3aCHOBaH1 HA OTPUMAaHHI Ta BUKOPUCTAHHI BOAHIO. BojieHs — yHiBepcaibHe
nanuBo. Moro Mo)KHa BHKOPHCTOBYBaTH K TajbHE A MepepoONeHHX
JIEY (BEYVY) a0o sik enexTpoj y naauBHOMY €JIE€MEHTI.

CphorogHi pHUHOK BOJHEBOI EHEPreTUKU TIIbKUH ¢GopmyeThes. Tomy,
oOnagHaHH [J11 OTPUMAHHS, 30€pIraHHs Ta OKUCIIEHHS BOAHIO MA€ BUCOKY
BapTicTh. [Ipu 1bOMY € 4YiTKa TEHAEHIlIs 0 3HMKEHHS BapTOCTI LbOIO
obnanHanHA. Ha ceoromuimHii aeHp yke (yHKIIOHYIOTh Y Kanaal ta B
ABcTpanii HU3Ka CTaHLil, y AKUX AJIs1 NEPEPO3NOALTY OTPUMAHOI BiJ BITPY

eHepri'i 3aCTOCOBYHOTb CUCTEMY BOAHCBOI'O aKyMYIIFOBaHHS.
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2. TEXHOJIOTTYHA YACTHUHA

2.1 3arajibHa NOCTAHOBKA 3aa4i

Y poOoTi AOCHIKYETbCS MApaMeTpud Ta PEXUM poOOTH EHEPreTUYHOIro
KOMILJIEKCY 3aCHOBAHOTO Ha BITPOBIM, JAM3E/IbHIN, TEIJIOHACOCHIN YCTaHOBKAaX Ta
CHUCTEeMH aKyMYJIslii BOJHIO 13 3acTocyBaHHsAM TE Ta enexkTpomizepa mpUHIIMNIOBA
cXeMa SIKOro IoKa3aHa Ha PUCYHKY 2.1.

OCHOBHHUM KpHUTEpIEM ONTUMAJILHOCTI B POOOTI HPUHHATO MIHIMYM
IIPUBEACHUX BUTPAT 3a YMOBHU MOBHOro (inancyBanHsi OyaiBuuurea EK komrrom
3aMOBHHKa (MaeThCs Ha yBa3i, o rpu cTBopeHHi EK He BinOyBaeThCs 3amo3nyeHb
y Oankax a0o iHmKX (piHAaHCOBHUX opraHizaiisx). BpaxoByerbes iH(usLisS B KpaiHi
Ta 3pPOCTaHHA BApPTOCTI OPraHiYHOTO MajauBa B 4Yacl B IECUMICTHYHOMY,
HOpMaJIBHOMY Ta ONTHUMICTMYHOMY BapiaHTi, a TaKOX 3MIHA I[iH Ha oOJaJHaHHSI
BJE, sxe mae tenaenuito a0 3HmwkeHHs. CrnopymxenHs EK BigOyBaerbcs 3a
paxyHOK MICIEBOI poOO04Oi CuiaM, a TakoX (axiBIIB 3 MOHTaXY OCHOBHMX
€HEPreTHYHUX CIIOPYA.

Po3risgaerbcsi aBTOHOMHHME CHOXKHMBA4 y pO3pPaxXyHKOBIM Touli A 3
KoopauHaramu ¢°- 3a mupoToro i Y’ - 3a 10Broror. Jliisg HEOro 3a1ar0ThCs rpadiku
TIOTO/IMHHOTO CIOKMBAHHS TEIUIOBOI Ta €IEKTPUYHOI €Heprii B 4aci, ToOTO .4 Ha
pO3paxyHKoBOMy Tiepiozii yacy Q;taPj; =1,2...n Ha po3paxyHKOBOMY Mepiozi yacy.

T=t—tp= Z?’zlﬂti. (21)

)le Ati=1u.

L1i rpa¢iku HaBaHTaXEHHS MaIOTh OYTH MOKPHUTI 32 paXyHOK BUKOPHCTAHHS
BEY; cucremu orpumannss Hj ta O, Kl akyMyJTIOIOTBCS 1 11l BUKOPUCTOBYIOTHCS
y nanuBHuX enemenTax (I1E) mis oneprxanHs eeKTpoeHEprii, a TaKoX CYIyTHI iM
npuctpoi; THY 1 JAEY abo BEY, mua skux 3amaroTbess HEOOXITHI TEXHIKO-
€KOHOMIYHI IapaMeTpH 1 XapaKTepUCTHKH, BIANOBIIHE crieuiaibHe iHQopmalliiiHe

3a0e3reyeHHs.
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Pucynoxk 2.1. Tlpunumnosa cxema EK Ha: 0CHOBI BITPOBOIi, AM3€IbHOI,

TEIUIOHACOCHOI YCTAHOBOK 1 CUCTEMH aKyMYJIOBAHHS BOIHIO.

3a TE Ta cucremoro akymyusaumii H> ta O, HeoOXiiHO BpaxoByBaTH
NPOJLYKTHBHICTh eleKTpostizepa (HM® / 4), BCTaHOBJIEHY MOTYXkHicTh Poy (KBT),
TUCK Kommpecopa (arm.), HeoOXigHuwii 00'em 30epiraHHs BoAHIO Vi (3a
HeobximHocti — kucH Vi ) ( BHM®), BcTaHoBieHa noTyxHIicTh TE N%ET(KBT),
BapTICHI XapaKTEepPUCTHKH OOJaJiHaHHs, HOro IJOCTaBKa 1 MOHTaX, KJIIMaTHYHI
YMOBH €KCIUTyaTalii.

Jns THY 3 BepTUKaapHOI0 CUCTEMOIO BiIOOPY HU3BKOIIOTEHIIIMHOTO TeILIa
HeoOxiaHo 3Hatu: TUN THY 13 3ajaHUM TUIIOM BEPTHKAJIBHUX TEIIOOOMIHHUKIB,
THUII IPYHTY (JUKEpeia HU3bKOMOTEHIIHHOTO TeIJ1a); BCTAHOBJIEHY MOTYKHICTh THY

NTyfl;(KBT); KOe(DILIEHT MEPETBOPEHHS €IEKTPUYHOI €HEeprii B TEIIOBY; BAPTICTh
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THY; BapTicTh 1OCTAaBKH; BapTICTh MOHTAXY; BapTICTh OypiHHS; MOUHA OypiHHS
CBEP/UIOBUHHU (M); CEpEIHBbO1000BI TEMIIEPATYpPU I'PYHTY 1 IOBITPS B PO3PaXyHKOBIH
TOUILI.

ono AEY (BEY): tun AEY (BEY), nutoma Butpara nanusa by, (1/kB1),
BapTICTh MaynBa, TepMiH ciayx0u 1 Bapticts JIEY (BEY).

Takox HeOOXIAHO BpaxoOBYBAaTH EKCIUIyaTallliHI Ta  EHEepreTH4HI
XapakTepPUCTUKH  JIOMIOMDKHOIO  OOJajHaHHs,  Takoro  sIK  1HBEPTOPH,
TpaHcopmaropu, BUMIpIOBaJIbHE 0018 THAHHS, KepYIoYa CHCTEMa TOIIIO.

[TorpiOHO 3HAWTH ONTHUMaJbHI THUIHM 1 YHCIO OCHOBHHMX €JIEMEHTIB
postisinyroro EK 3 Meroro 3a0e3nedyeHHs MiHIMyMY HaBEJEHUX BHUTpaT 3a
PO3MISIHYTUH PO3PaxXyHKOBUH niepion yacy T= ti— ty, TOIIO.

35 (T)=3pgy+315+3amc Brhy ™ 3 1y (BEy) —MiID (2.2)

3a YMOBH BpaxyBaHHsI TAKMX YMOB Ta OOMEKEHb:

P <NppytNig' + Navecspy): (2.3)
P;= Nggyi(V;) + Nrgi + Npgysev)i. 24
Nggyi =Nggyi(V;). (2.5)
0 < V; < Vg (2.6)

0 < Nggyi < Nppy- (2.7)

0 < Npgi < Ny (2.8)

0 Nt seyy < Nigyseyy <N ey (2.9)
NTEi > ﬁTEi( VHZ)— (2.10)

0 < Vo (Npg(t) ) <Vip™. (2.11)
Via(T) = fT Via(Ngey(t))dt, (2.12)

ne V2 (am?) - 06car 3anaceHoro BOAHIO.

[Tpu upomy B (2.3) ciliji TAKOXK ypaxyBaTd 1 MPUAHSATE YKCIO OCHOBHUX
po3paxyHkoBux enemeHTiB EK, a Takoxx KamBKJIaJeHHS 1 BHTpaTH B HUX,

UKJIYHICTh PEMOHTIB 1 CTPOKHU CITYKOH.
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AHaJi3 po3rIsiHyTO1 3a/1a41 ja€ 3MOry Kiacu(pikyBaru ii sk OararohakTopHy,
LIJIOYUCEIbHY 3 ypaxyBaHHSM piBHSHb 3B'A3Ky Tuny (2.3), oOMexeHb TUIly
HepiBHOCTI (2.6, 2.7, 2.8, 2.11), iHTerpajsbHOoro oOmexeHnHs tumy (2.12) i
HeHIAHUX 3B'3K1B TUITy (2.5). [ToaiOHI 3aa4i MOXKYTh OYTH SIK OHO - TaK i1 0araTo
€KCTPEMallbHUMH, 10 BUMAra€ BUKOPHUCTAHHS I IX PO3B'A3aHHS T00ATBHUX
METO/1iB MOLIYKY B MaTreéMaTH4YHOMY IPOrpaMyBaHHI.

BuxiaHi gaxi:

Vv (t) - WBUAKICTH BITPY (IMOTOAMHHI JIaHi);

Pes(t) - e1exTpruvHe HaBaHTAXKEHHS CIIOKKBaya (MOTOAMHHI 1aHi);

Pmen(t) - TemioBe HaBaHTa)XKEHHS  CHOXKMBaya  (MOroauHHi  abo
cepeaHbo1000BI 1aHi);

XapakTepucTHKu OCHOBHOro oOmagHaHHs EK wmictare y cobi  Taxi
napamerpHu:

1. BEY
Ngey(V ) - XxapakrepucTuky notyxHocti BEY;

mgey, KI' - Maca BEY;

Usry, B- Buxigna nanpyra BEY;

T ey, pOKiB - TepMiH ciyx0u BEY;

gey,rpH. - BapTicTh BEY.

2. IEY

Nyersiey, KBT - BcTaHoBeHa notyxHicTh JIEVY;

bimon, J/KBT.4- mHTOMA BUTpaTa najuBa (MOXKe 3a/1aBaTUCs K KOHCTAHTA,
a00 ax ¢pyHkuig noTykHOCTI bron(Nyey), e Nyey - Bupobnena noryxHicts JJEY B
JaHUI MOMEHT Yacy);

byac, I/KBT.4 - nmuTOMa BUTpaTa macia;

mygy, Kr - Maca JIEY;

ey, rpH - BapricTh JIEY;

Tpew ey, 4 - TepMiH city:x6u JIEY 10 KanitaabHOro peMoHTY;

They, 4 - Tepmin cayx6u JIEY;
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3. THY

Nyer Ty, KBT - BcTanosnena noryxHsicte THY;

Kry, 0.€. - KoedilieHT NepeTBOPEHHS €JIEKTPUYHOI EHEPrii B TEIIOBY;
Tur rpyHTy (JUKEpesio HU3bKOTOTEHILIMHOTO Teria);

Limp,M - CyMapHa JIOBXKHUHA TPYO TEMIOOOMIHHUKA (3a7€KUTh BIJ THUILY

IPYHTY 1 IOTY>KHOCTI TEIUIOBOTO HACOCA);

BOJIHIO;

hes, M - IIMOMHA CBEPUIOBHH;

Mmrhy, KT - Maca THY (pa3om 13 TpyOamn);

Lrny, rpH - Bapticte THY;

Llsyp, TpH/M - BapTiCTh OypiHHS 1-rO MeTpa;

Tray, poKiB - TepMiH city:x0u THY;

4. Enexrtpomizep

Ne-pa; KBT - HOMIHaIbHA OTYXHICTb €JIEKTPOIIi3epa;
[1e.pa, HM/9 - IPOLYKTUBHICTH €JIEKTPOITI3Epa;

AE¢p, KBT.u/HM® - nmTomMa BuTpara emeprii Ha BHpPOOHHMITBO |HM

Me.pa, KT - MACa EIEKTPOIIiZepa;
Tepa, 4 - TEPMIH CITyK0U €NIEKTPOIII3EPA;

L[ c.pa, TPH. - BapTICTb €JIEKTPOII3EPa;

5. Komnpecop (3a3BHuaii BXOAUTH Y KOMIUIEKT Pa30M 3 €JIEKTPOIIi3epOoM)

Prown, @TM. - THCK BOJHIO Ha BUXOA1 Y3 KOMIIpecopa;

Hxomn, TPH. - BapTICTh KOMIIpECOpa (BPaXxOBYETHCS, SIKIIIO KOMIIPECOp HE

BXOJIUTH J10 CKJIaly €JIEeKTpOoIi3epa)

Miown, KI' - Maca KOMIIpecopa (BpaxOBYETHCS, SIKILIO KOMIIPECOp HE

BXOJIUTH JI0 CKJIaJly €JIeKTposIi3epa)

6. Cuctema akymy/ni0BaHHs BOAHIO (0anoHu /1y1s1 30epiraHHs BOJHIO)
Vs, HM® - cyMapHUii 06'eM BOJIHIO, 1110 BMIIIly€ThCS B OaJIOHHK;
Ps, aT™M. - THCK, i IKUM MOXKe riepeOyBaTH BOJCHB y OajloHi;

L, TpH. - BapTiCTh OATOHIB /17 30€piraHHs BOAHIO;
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Mg, kr - Maca 0asioHiB (ITOPOKHIX).

7. [TanuBHI €JIEMEHTH

Nrg, KBT - HOMIHaNbHA 1OTYXHICTh TE;
Nte, 0.€. - KK/ TE;

mrg, Kr - Maca TE;

T1e, u - Tepmin ciyx0ou TE;

I{rg, rpH. - Bapticts TE;

8. Jlxepeno 6e3nepediitHoro sxuBneHHs (JI5X)
Cusx, A4 - emHicTh JIBX;

Uk, B - nanpyra JIbX;

myex,KT - Maca JIbXK;

T sk, POKIB - TepMiH ciyxou JIbXK;
[gsx, rpH. - Bapricth JBXK;

9. TeroBuUii aKyMyJasaTOp.

Nte, 0.€. - KK/ TA;

mra, KI' — Maca TA;

Tra, 4 - TepMiH ciy:x0u TA;

Llta, rpH - BapTicTh TA;

Y po6oTi AOLIIBLHO MPUUHATH TaKl AOMYIICHHS:

1. V; - MIBUAKICTH BITPY MPOTATOM TOJAMHU MPUMUMAETHCS MTOCTIMHOIO;

2. Brparu TeroBoi eHeprii BXOAATh J0 CKJIaLy TEIJIOBOTO HaBAaHTaXKCHHS;

3. Brparu enexTpuyHOi eHeprii B Mepexi CIoKUBaya BXOAATH JI0 CKIIAIY
€JIEKTPUYHOTIO HAaBAaHTAXKEHHS;

4. Jlns 3pydHOCTI W aBroMaTtu3auii poOOTH €HEpreTUYHY XapaKTEPUCTHKY
BEY BuzHauaiorh TakuM ynHoM: [1IBuaKICTB BITPY 3a KO BiTpoarperar rnoymHae
HPALIOBATH V pyex = 3+4M/C BHU3HAYAETHCS BUXOIAYM 3 CEPEAHbOI ITyCKOBOI
mBUAKOCTI po3nisiHyToro kiacy BEY. IIBuakicTs, 3a sikoi BITpoarperar BUXOAUTh Y
HOMIHAJIbHUM PEKUM, BU3HAYAETHCS BUXOJSYM 3 CEPEAHbOI LIBUIKOCTI BUXOIY B

HOMIHAJIBHHUI PEeKUM BITpoarperaTiB JaHOTO KJIACy Vi, Ha JUISHII eHepreTUHYHO1
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XapaKTePUCTUKU — BIA Vpyex A0 V oy THOTY)KHICTB 3MIHIOETBCS 3a KyOIYHOIO
3aJIEIKHICTIO.

5. TemnoBe HaBaHTaXEHHs 3a JIONOMOrow 0Oaka akymyisropa
ePepo3nOAUIIETLCS MPOTAroM 100u. Lle npunyuieHHs 1ae 3MOry YHUKHYTH PI3KUX
CTpUOKIB y poOOTI TEIIOBOTO HACOCA, a TAKOXK 3HU3UTH WMOTO BCTAHOBJIEHY
HOTYXHICTb.

6. Y pasi AKIIO HA MOKPUTTS TEIUIOBOrO HaBaHTa)KeHHs moTyxHocTi THY
HEJOCTaTHBhO, TO BBAKAEMO, 1[0 BOHA MOKPHUBAETHCS 32 PAXyHOK, €IEKTPUYHOTO
obirpieaua 3 KK/ = 95%;

7. Brparu BozHIO 1ipH 30epiranHi B 0ajoHax HE BPaXOBYHOThCS.

8. MeTtoauka He BpaxoOBy€ BapTICTh 3€MEIbHOI AUISHKH, IPU3HAYEHOI JUIs
CTBOPEHHS EHEPTreTHYHOTO KOMILJIEKCY.

9. Sk GazoBuil BapiaHT NpPUIMAETbCS BapiaHT eHeproszabesrneyeHHs 3a
paxynok JIEY (IEC).

2.2. BUCHOBKH 1O APYIroMy po3aiay

1. OCHOBHMM KpHUTEpIEM ONTHUMAJIBHOIO CKIaay jociipkyBaHoro EK
OPUUHATO MIHIMYM HaBEJACHUX BUTPAT 32 YMOBH ITOBHOTO (p1HAHCYBaHHS 3a
paxyHOK 3aMOBHHUKA.

2. Ilig wyac po3misiy EHepreTMYHOro KOMILIEKCY, 3aCHOBAHOIO Ha
3aCTOCYBaHHI BITPOBOI, TEIUIOHACOCHOI, JM3EJIbHOI YCTaHOBOK 13
3aCTOCYBAaHHSAM CHCTEMH aKyMyJslii Ha OCHOBI BOAHIO, HEOOXiTHO
BU3HAYUTH [TaPaMETPU OCHOBHOTIO Ta JPYTroOpsAHOro 00JaIHaHHs, a TAKOX
PEKUM IXHBOI pOOOTH.

3. Jlns po3B'A3aHHSA IIOCTABICHOIO 3aBaHHS Oyln0 MPHUIHATO HU3KY

NPUIYILIEHb, IKI He0OX1IH1 U1 YHIBepcasi3alii npouecy 004UCIICHb.
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3. METOAUKA PO3PAXYHKY TA MOJAEJIFOBAHHS ITAPAMETPIB
POBOTHU EHEPTETUYHOI'O KOMIIJIEKCY
3.1 MeToauka po3paxyHKy

Jlnst 3a0e3redeHHst HAAIMHOCTI BIANOBIAHUX po3paxyHKiB 110 BEY nounHI
OyTH HasiBHI TPUBAJIL PS/IA CTIOCTEPEIKEHB 3a BITPOM Y PO3IISSHYTIN TOUIIl 3eMIll, Je
mianyeTbes criopykenHss BEY (Gaxano He menme 10 pokiB). Ilpu upomy
BEJIMYMHA PO3PAXyHKOBOTO IHTEPBAJY ISl IIBUIKOCTEN BITPY Ma€ OYTH HE OLIBIIOIO
3a OAHY TOAWHY, IO BEJIbMHU YCKIAQHIOE 3a0e3MeyeHHsl HaIIMHOCTI BCIX
pO3paxyHKiB yepe3 0OMEXKEHICTb PSIIB CIIOCTEPEKEHHS 3a BITPOM ONMMCAHMX BUILIE.
VY 3B'A3Ky 3 UMM Ui MOAIOHUX PO3PaxyHKIB MO)XHa BUKOPUCTOBYBATH, ICHYIOYI
ChOTOHI 0a3u TaHHWX 32 BITPOM.

SIk mpaBMJI0, 1aHi 3a BITPOM NOJaHO 1 eBHOI BUcoTH ( 10M-EBpomna; S50m-

CIIA). Jlns nepepaxyHKy LIBHAKOCTI BITPY Ha BHCOTY BEXI BHUKOPHUCTOBYIOThH
dhopmyny (3.1):
Vi = Viw (Z5), (3.1)

Hizm
ne Hg - Bucora Bexi; Hizy- Bucora, Ha sikiii mpoBOAMINCS BUMIPIOBAHHS,
Vjgy-BUMIPSIHA IIBUAKICTH BITPY Ha BUCOTI Hizy; Koedinient y ~0,2 (3anexuTh Bij
MICLSI pO3TalllyBaHHS JA0CIIKYBAHOTO 00'€KTa).
[ToryxHicTb, 0 BupoOiserbcst BEY, Busnauaetncs 3a popmysioro (3.2):
Ngey () = Nggy (v (1) (3.2)
[lix yac BUKOpUCTAHHS TEIJIOBOTO Hacoca abo €JNeKTPUYHOro oOIrpiBayda
BUTPAYAETHCS JIOAATKOBA EJEKTPUYHA EHEprisd, sSKy HE BpaxoBaHO B rpadiky
HABAaHTAXKEHHS CHOXKHBaya. EJeKTpu4yHe HaBaHTa)XKEHHS 3  ypaxyBaHHSM
Bukopuctandsi THY, abo enextpuuHoro oOirpiBada B Oyab-IKUM MOMEHT 4acy
PO3pPaxoBYETHCS 3a JTOMOMOTO0 BUpasy (3.3):
Pen (t) + %}S) y AKIOR, (t) — Nyyy <0

Prelt) = ,
PC.?I (t) + ::;ﬁ + (PTCH(t) - NTHY) * Nop, AKLIO PTCH(t) - NTHY >0

(3.3)
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ne: P.,(t)- enexTpuuyHe HABaHTaKEGHHs CHOXMBa4a, P,(t) — Terose
HABAHTAXXCHHS CIIOXKUBa4a, Kty - Koe(illieHT epeTBOPEHHS eIEKTPUYHOI SHepTii
B TEILIOBY.

VY nepiox yacy, koiau BupoOmoBaHa 1orykHicTh Ha BEY(BEC) Nggy(t)
MIEPEBUIIYE HABAHTAKCHHS CIIOKMBaua 3 ypaxyBaHHsIM Bukopuctanus THY, a6o
enexkTpuyHoro oOirpiBada P'e; (t), HaWIMIIKOBY MOTYXHICTH  JOLLJIBHO
akymysoBatu. [1OTykKHICTb, 1110 TMEpeAaeTbCss Ha EIeKTPONi3ep Ui OTPUMAaHHS

BOJIHIO, PO3PaxoOBYEMO 3a BUpazoMm (3.4):

Nggy(t) — P’ (), six1mo Npgy (t) — P'e, (£) >0

Pem(® = {0 o ) P S0 B4
BupoOGenuit 00'eM BOAHIO MOKHA BU3HAYUTH 3a (3.5):

Ve ()= {P'e_pa(t) oMy SRS Pl (8) € B, (3.5)
e Peyf;a Mg AKINO Py gy (E) > Peyf;a ’ '

pe: lle_p, — MPOAYKTHUBHICTB eJIeKTpoli3epa (um3 /KBT -
YCT : ;
4); FPi_pa — BCTaHOBJIEHA MOTYXHICTb esleKTpoJiizepa (kBT).

[ToryxHicTb, o Bupobisierbcs TE, Bu3nayaemo 3a 3.6:

0, ko P’e, — Npgy (£) < 0abo Vy, (t) >0
N’TE(t): NTE,HKMO — NBEY (t) > NTEDVHZ > 0 (36)
P’e;(t) — Nggy (t), axio Npg > P'e, () — Nggy(t) > 0,Vy, »> 0

Buxopucranuii 06'em Bogato npu Npgy(t)-P'e,(t) < 0 BuzHauaetses 3a (3.7):

V”Hz (t) — 3600000N/Tg (t) , (37)

qH5 PH,MTE
ae : qu, = 120 - 10°® JIx/Kr -nuToMa TEIroTa 3rOpsHHS BOJHIO; Pu, =

0,09 kr/um?® - ryctuna Boanio; 3600000 koediuienT nepepaxynky Jx y kBT rog.

HasiBumii 00'em BoaHIO B MOMEHT yacy T BuzHauaemo 3a 3.8:
Vi, =Viggas+ [ (Vigy () - V', (0)d. (3.8)
[Ipy npomy HEOOXIIHO BpaxyBaTh OOMEXKEHHS IIOJO0 3aracy BOJHIO
Vg, max = Vg

[ToryxHicTb, o BupoOisierbes JIEY BusHauaemo 3a Bupazom (3.9).
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N' gy
P'oy (t) = N'ggy(t) — N'pg(t), sikio Nygy > P’ (t) — Npgy(t) — N'qg(t) > 0
= Nygy, aKkmo Nygy < P'e;(t) — N'gey(t) — N'rg(t) (3.9)

0, AKiwo P'e; (6) < N'pgy(t) — N're(t)
Burpara manusa o0uncmoeTses 3a (3.10):
Qnan = XZ3°" byan N'ev(HAt (3.10)
Butpary macna oGuucniorors 3a (3.11):
Qmac = Z?Z??OT bmacN?ﬂEY(t)ﬂt (31 1)

JIns  BH3HAYEHHS  E€KOHOMIYHOI  €(EeKTHBHOCTI  JOCIHIKYBaHOTO
EHEPreTHYHOT0 KOMIUIEKCY HEOOXIZHO TMPOBECTH pO3PAaxXyHOK BHUTpaT 3a
JNOBFOCTPOKOBMM  Iepiof 1 MOPIBHATM HOro 3  0a30BUM  BaplaHTOM
eHepro3abesneueHHs 3a paxyHok JIEC 3a Toil cammii nepioa dacy. SIk mpaBuiio,
PO3paxyHKOBHH Iepio 00MparoTh 3a 00JIaJHAHHAM, [0 MAa€ HAaWOUIBIIMK TepMiH
CITyx0mu.

Po3B's3aHHS I[IOCTaBJIEHOTO 3aBJAHHS BHUAAETHCA HEOJHO3HAYHUM 1
TPYAOMICTKMM, 3aCHOBAaHMM Ha JEKUIbKOX CLEHapisix PO3BUTKY CBITOBOT
ekoHoMikH. Lle moB'si3aHO 3 TAKUMU TEHACHIISIMM:

1. BusHaueHHs iHQIALIT B JOBrOCTPOKOBUI MEPIOJ] HA CHOTOJHINIHIN AEHb Y
nepioJl KpPU3M BHUAAETHCA JIOCUTb HEBU3HAYEHUM 3aBHaHHAIM. Tomy
IIPOIMOHYETHCS TPU BapiaHTH PO3BUTKY CUTYALlli: ONTUMICTUYHUMN (1H(IISILIis
He nepeBunrye 5% Ha pik); HopmaubHuH (1HGUsisS ctanoBUTH Big 0 10 10 %
Ha PIK 13 TEHJEHUIE0 i1 3MEHUICHHS) NEeCUMICTHIHUIN (1H(IIALIS CTAaHOBUTH
B 5 1o 15 % Ha pik).

2. 3amacu JETKOAOCTYIMHOTO OPTaHIYHOIO IMajiBa MOCTYIIOBO BUCHAXKYIOTHC.
Ha puHKY mOCTYIOBO 3'SBJII€THCS albTCPHATUBHE NAJIMBO: BOJACHb, CHHTE3
ra3z OionanuBo. Tomy 3miHA 1iH Ha najuBO (Au3eiab 1 OcH3MH) He Oyie
KOPEJIIOBATUCA B JIOBTOCTPOKOBOMY Mep1oi 3 IHGIIALIEO (K 11e OyJ10 paHilIe,
NiJBUILIEHHS LIH Ha MaJUMBO MPAKTUYHO 3aBXAU MPHU3BOAMIO JI0
IPOIOPLIIHOrO MIBUILEHHS I[IH Ha OCHOBHY IpOAyKIIito). HalimoBipHiiie,

MIJBUIIEHHS 1[IH HA majauBO Oynae Bumnepemkatu iHQsmio. OaHak Ba)kKO
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JIATH JIOCUTh HaJIHHMI porHo3. {1 eKOHOMIYHOTO aHalli3y MPOMOHYEThCS
PO3IJIsIHYTH 3 BapiaHTH MOXXJIMBUX 3MIH LIH: ONTUMICTUYHHM (IT1ABUILIEHHS
I[1HA Ha NaJMBO BiANOBIAaTUME 1HQIIALIT); HOpMaJIbHUM (ITIIBUILEHHS LIIH HA
NaJMBO IepeBuilyBaTuMe 1HQALIO 10 5 % Ha pik); NECUMICTUYHUM
(maBUILIEHHS I1H HA NaauBO nepeBuiyBatume iHsmio 10 10 % Ha pik);
MEeCUMICTUYHUHI (IM1IBUILEHHS LIH Ha MAJIMBO NEPEBUIYBaTUME THQIISILIIIO 10
10 % na pik).

3. Ha cporomuimHIi aeHs 00magHaHHs, 10 mpamtoe Ha BJ/IE, komTye nocuts
JIOpOro, MpOTE ICHY€ CTiKa TEHICHLIA 10 3HWKEHHS HOro BapTOCTI,
noB'si3aHOi 13 3allyCKOM HOro B MacoBe BHPOOHMIITBO, a TaKOXK
BIPOBA/DKEHHIO HOBHX TEXHOJIOTiH, SKi AlOTh 3MOTY BUKOPUCTOBYBATH
JIEIIEBILI MaTepialiv 1 3HU3UTH MaTep1aJIOMICTKICTh BUpOOiB. /{11t ciporeHHs
pO3B'si3aHHS 3a/1a4l BBa)KaTUMEMO, 10 3MIHA BapTOCTI Ha OOJaJHaHHs, IO
npaitoe Ha BJIE, Oyne onnakoBoro. Po3risigaioTecs Tpu cueHapii 3MiHU 11H
Ha eHepreTuyHe oOJjaJHaHHs, 10 Ipaltoe Ha ocHOBl BJIE: ontuMicTHuHMi
(3HmkeHHs Baprocti obnaananus BJIE cranoButh Bix 0 jo 5% Ha pik);
HOpMaJIbHUK (3M1Ha BaprtocTi oOnagHanHs BJIE Bianmosimae 1u s,

MECUMICTHYHUH (BapTiCTh 001 iHaHHS TiepeBUITye iHGIAL0 10 5%).

3.2. BoaHeBa eHepreTukKa, MeTOAM OTPUMAHHS BOJAHIO i3 32CTOCYBAHHSIM
BITHOBJIIOBAHMX /KepeJ eHepril. OnTumizanisi napamMeTpiB cUCTEMH
OTPUMAHHS BOIHIO

bazoBa koH(irypaiiisi aBTOHOMHOI CUCTEMU THUITY «BITPO-BOAEHb) BKJIIOYAE
B cebOe BiTpoenekTpuuHy yctaHoBky (BEY) mns BupoOHMUTBa enexkTpoeHeprii Ta
enekrpodizep (EJI), skuii BUKOPUCTOBYE IIO €JIEKTPOCHEPTIIO ISl OTPUMAHHSI
BO/IHIO. [TpoTe eekTHBHICTB TaKoi CHCTEeMHU € 0OMEKEHOIO Yepe3 MOKIIUBI IIPOCTOT
a00 HENnoOBHE BUKOPUCTAHHS OOJIAHAHHS Yy TMEpIOJU HEIOCTATHbOI BITPOBOI
aKTHUBHOCTI.

[TigBuIIeHHS E€KOHOMIYHOI €()EeKTHUBHOCTI MOKJIMBE ULISXOM JOJIaBAHHS

KOMITIOHEHTIB, K1 JO3BOJISIIOTH Kpallle BUKOPUCTOBYBATH JOCTYITHY €HEPTii0 BITPY
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Ta PO3MIMPUTH MOXJIMBOCTI 3aCTOCYBaHHS HasiBHOTO oOianHanHs. Hanpukian,
BapTO  TepeadaunuTH  HAKOMWYeHHS a0o  ajmbTEpPHATHBHE  BHUKOPHCTAHHS
HAJUIMILIKOBOI €JIEKTPOCHEprii y BHIIaJIKaX, KOJIM IMOTYKHICTh BEY nepesuiye
CIOXKMBAHHS €JIEKTPOIi3epoM. Y MPOTHIICKHIM CUTyallll — NpH HecTaul BITPOBOI
EHeprii — 10 CUCTEMH MOXKYTh OyTH MIIKIIOYCH] TOJATKOBI HKEpea eHeprii: K 13
HAKOIKWYyBayviB, TaK 1 3 30BHINIHLOT Mepexi uu iHmUX BJIE, 30kpeMa COHAYHUX
MaHesen.

Co01BapTICTh OTPUMAHOTO BOAHIO MOXKE BapiIOBATUCS 3aJIEKHO BIJ
CLIEHapIIo:

~  SIKIIO BOJICHb € €JMHUM KIHIIEBUM IPOJAYKTOM CHUCTEMHU;

~ SKIIO HAJIMIIKOBA EIEKTPOCHEPTisl CIIOKUBAETHCS B MEXKAX ABTOHOMHOI
CHCTEMH, TOJI ii BAPTICTh BU3HAYAETHCA 32 BHYTPIIIHIMHU TapH(paMu;

~  SIKIIO HA/UIMIIKOBA €HEPris 0CTa4yaeThCs 30BHILIHIM KOPUCTYBayaM, ii 1{iHa
MOKe OazyBaTucsi Ha «3elleHoMy» Tapudi, BCTaHOBICHOMY A
eJIeKTpOeHeprii, BUpoOJeHoi 3 BiTpy uM iHmux B/IE.

[TiakoueHHs 110 LEHTPa1130BaHOT eJIEKTPOMEpexi K
BHCOKOIIPOJYKTUBHUIN BaplaHT Hapa3l HE PO3TIIAIAE€TLCA, OCKUIBKU HIEThCA came
PO aBTOHOMHY, TOOTO JIOKAJIbHY, €HEPTOCHCTEMY.

Maremaruuna Mojeilb. 3 Teopii BITPOBOI EHEPreTHKW BIIOMO, LIO
BupoOseHa Ha BEY 3a neBuuit yvac T enekTpoeHeprisi BU3HAYA€THCS PIBHICTIO

Ew=T[. P(v)f(v)dv (xB.rom), (3.12)
ne P(v) — enepretudna xapakrepuctuka BEY, kBt (kpuBa nmoTy»HoCTi);

f(v) — byHKLIS MUILHOCTI PO3NOJALTY IIBUAKOCTI BITPY SIK BHIIAJAKOBOI
BEJIMYUHU,;

V — MIOTOYHA NIBUJIKICTh BITPY, K MPABUJIO HOPMOBAHA.

Tpanuuiiine BU3HAUYECHHS COOIBApTOCTI — MPUBEICHI KaliTajJbHI BUTPATH
MIHYC A0XiJ BiJI MOOIYHOI TPOAYKIII (€JIEKTpPOCHEprii), BIAHECEH1 H0 0O0CsTy

BUPOOJIEHO] POAYKIII, K IPAaBUJIO B PIYHOMY BUMIpI:

C _ alcw"'aZCE_ t(Ew - EE)
B KEg

; (3.13)
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JIle 0 — BIJACOTOK MLIOPIYHUX BUTpAT (aMOPTHU3aALls Ta eKCIUTyaTariiHi
BUTPATH);

Cw ta Ce — KamiTajibHI BUTpPaTH BITPOBOi Ta €JEKTPOJI3HOI CKJIaJ0BHX
BIJIIIOBIHO;

t — Tapud HA ENEKTPOEHEPTII0; k — MPOAYKTUBHICTh BUPOOHUIITBA BOIHIO.

Co0iBapTiCTh NMPOJAYKIIT BU3HAYAETHCS HA OCHOBI BUTpAT Ha €KCIUIyaTallio
obnagHaHHsa Ta o0csariB BUpoOHunTBa. O0car BupodsieHoro BoaHio NNN 1
HamImKoBoi enektpoeHeprii EEE oOumciaiooThes 3 ypaxyBaHHSIM PO3MOALTY
HIBUKOCTI BITPY Ta €HEPTeTHIHHX XapaKTEPUCTHK BITPOCICKTPHIHOI YCTAaHOBKH
(BEY).

logo excruiyaTaliiHMX BHTpaT, IS NPUKIAAY, BHUKOPHUCTAHO Taki
niaxoau. 3a nanuMu €Bpornenchkoi BiTpoeHepreTnyHoi acouianii (3BT EWEA,
2014 p.), cepennst BapTicTh BcTaHOBJIEHHS | KBT mOTYyHOCTI BITPOEIEKTPOCTAHIIIT
cranoBusia Big 1160 go 1600 eBpo. B Vkpaini, 3a iHdopmaliiero YKpaiHChKOT
BiTpoeHepreTnyHoi acouiauii (YBEA), y nepioa 3 2011 no 2014 pik 6yno BBeneHO
B ekcrutyataiio 410 MBT nortykHocTeH, 1m0 norpedyBajio IHBECTHUIIH Ha Cymy
1110 muH €Bpo, TOOTO OpieHTOBHA MUTOMA BapTiCcTh cTaHoBUIIa 2700 eBpo/kBT. Llei
MOKa3HUK BUILMHI, HIK y €BpOIIi, aje BKIYAE BUTPATU HA peasti3alito Oy/11BeIbHOI
nporpamu 2015 poky, cTBOpeHHs BUPOOHHUYOT 0a3u Ta pO3BUTOK iHOPACTPYKTYpH.
JInsi €BpOmEeNnChbKUX TMPOEKTIB TUIIOBHM BBAKA€THCS PIBEHb KaIlITAJIOBKIIAJICHB Y
mexax 1500 eBpo/kBr.

Ki1r040BMM KOMIIOHEHTOM BO/IHEBOI CUCTEMH HAKOIIUYCHHSI € €JIEKTPOIII3ep,
BiJl SIKOTO 3aJICXKATh yCi iHII eTeMeHTH cHcTeMu. Moro Bubip TICHO OB’ sI3aHUIA 3
MOTY)KHICTIO BCTAQHOBJICHMX BIJHOBJIIOBAHUX JDKEpen eHeprii. Y AOCiDKEeHHI
PO3IIISLIAOTECS €JIEKTPOIII3HI MOJIYJI 3 HOMiHaJIbHOI npoaykTuBHicTIO 0,2 1 1,0
m*/rox (moneni EBJ1 0,2-150 ta EB/] 1,0-150), a Takos BapiaHT 13 MPOJAYKTHUBHICTIO
6,0 M*/TOJ1 1 MUTOMUM CHIOKHUBAHHSM eJieKTpoeHeprii Ha piBHi 4,0 kBT roa/m?.

[TpoaykTuBHICTH pizHuX THIIB BEY Ha pociimkyBaHOMy MaiilaHuuKy OyJia
po3paxoBaHa Ha OCHOBI METEOPOJOTIYHUX JaHUX IIPO BITPOBY AaKTHUBHICTD,

3adikcoBanux npotsarom 2013-2014 poxi (tabmuns 3.1).



Tabnuus 3.1 BupoOitok enexkrpoeneprii oguHouHoo BEY (kBt-ron)
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BEV-075 WE-8000 To00-48

MICALE
2013 2014 2013 2014 2013 2014
1 77 145 275 800 17250 48030
2 89 63 405 220 24800 14000
3 154 133 9440 763 56230 48200
4 80 96 3350 490 21850 28600
5 68 73 295 320 18650 19600
6 51 T 185 305 12300 18750
7 58 63 220 250 14100 13530
45 55 140 205 9350 13050
9 77 73 345 320 21350 19900
10 61 69 245 295 15150 18100
11 123 8o 603 420 36250 25600
12 113 82 520 305 31100 18900
3a pix 997 1023 4525 4700 278400 28930
Ksen 0.152 0.157 0.065 0,067 0.053 0,055

Ax BuaHo 3 Tabmuumi 3.1, Koe(ILIEHT BUKOPUCTAHHS BCTAHOBIIEHOI
notyxHocti (KBBII) BiTpoenekTpoyCTaHOBOK 3arajloM HEBUCOKHH, 110 CBIYUTh
npo ciabkuil  BITPOBUU IOTEHIIa)l JIOCHIJKYBAHOIO Maiilanyrka. 30Kpema,
cepeiHs WBHAKICTh BITpY Ha BHcoTi 10 m cranoBuma 2,51 m/c y 2013 poui Ta
2,55 m/c 'y 2014 poui. Jlemo kpaii pe3yibTaTH AEMOHCTPYIOTh YCTaHOBKH THILY
BEVY-075, ockijibki BOHM CIIELiaIbHO PO3pOOIIeH]I jisi pOOOTH B yMOBAX HHM3bKOI
HIBUIKOCTI BITPY.

Po3paxyHku 6a3yrOThCs Ha MPSIMIX BUMIPIOBaHHSX MIBUAKOCTI BITpY. BapTo
3a3HAaYUTH, 1110 BAKOPUCTAHHS po3noainy BeliOyiua n1eno 3aHuxKye nporHo30BaHy
reHepalliio €Heprii MOPIBHSHO 3 peabHUMHM JaHUMH. AHAJI3 IMOBIPHICHOTO
posnoauty notyxHocti BEY mokasye, mo ocHOBHE BUpOOJIEHHS €IEKTPOCHEPTIi
NPUIIAJIa€ Ha Jiana3oH IIBUAKOCTEH BITPY B MeKaxX PeryjabOBaHOI 30HM poOOTH

yctaHoBKH (Vo < v < V}), e 1 BU3HAYAETHCS CHIBBIHOIIEHHS MOTYKHOCTEH M1XK
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BEY Tta enexrposizepom. 3a cepeiHbOi IBUIKOCTI BITPY 2,6 M/C OCHOBHA reHepailis

€JIEKTPOEHEPTii MPHUIMAJA€ Ha IBUAKICTh OIM3bKO 4 M/C.

B OABA WBWAKOCTI BITPY

s UUPOBITOK eHepril

V, m/c

-
6

7 H

2

3 4 5

Pucynok 3.1 — I'icrorpama po3mnoiiny MBUAKOCTEH BITPY Ta BUPOOITKY

BEVY-075 3a nauumu MC Srotun

Posrnsinemo BapianT noegHanHs obnagHanus: BEY 0,75 kBt — 3 wr., CEC
1,0 kBTt; enexrposizep 0,2 um3/roa (0,8 xkBt). 3a pesyibraramu MoJeIIOBaHHS
CYMICHOI MOTY)KHOCTI PO3paxOBaHO IMOBIPHI pPiBHI BUPOOITKY €JIEKTpOCHeprii Ta
BIANOBIAHOTO 00’emy BOAHIO (Taba. 3.2 ) 3 ypaxyBaHHAM JOCTYNHOI s

€JIKTpOJIi3epa eHeprii B KOXKEH MOMEHT 4acy.

Tabnuus 3.2 [TokazHuku podOTH JJ151 CHCTEMHU «BITPO-BOJACHbY

Micsup bepeseHn YepBeHb Bepecenn I'pyneHn 3a pik
Bcworo eneprii, kBT.roa 405 247 242 270 3270
Bonens,Hm> 83 56 54 62 715
3aiiBa enepris, KBr.rox 73 23 26 22 405
Tabmuus 3.3 [MokazHuku poOOTH 11t CUCTEMH «BITPO-BOjIeHb 1itoc CEC»
Micsue bepesens YepaeHb Bepecenn I'pynens 3a pik
Bcworo eneprii, kBT.roa 510 438 324 285 4370
Bonens, HM? 94 85 70 65 880
3aiiBa eHepris, KBr.roj 134 98 44 25 845
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Takum yuHOM, aoaaBaHHs coHsuHO1 enekTpocTanili (CEC) HoMiHaIBHOIO
notyxHictio 1 kBT 1o HagBHOi BiTpoenekTpoctanuii (BEC) noryxsictio 2,25 kBt
3a0e3rievye 3arajbHe 3pOCTaHHs BUPOOITKY ejekTpoeHeprii Ha 33%, 30kpema Juis
BUpOOHULTBAa BOAHIO — Ha 23%. Boanouac, nasBuicte CEC npusBoauTh 110
YaCTIIIOTO MEPEBUIIICHHS MAaKCUMAJIbHOI TOTY>KHOCTI €JIEKTpOJIi3epa, 0 BUMarae
yTuiIi3auii HaUTMIIKOBOI elleKTpoeHeprii. OYeBUIHUM PILICHHSM € 30UIbIICHHS
MOTYHOCTI €JIEKTPOJII3HOr0 00IaiHAHHS, TIPOTE Yepe3 MOAYJIbHY CTPYKTYPY Take
30UIbIICHHS! MOJKJIMBE JIMIIE CTYMIHYACTO — HAMNPHUKIAM, HUISIXOM MOABOECHHS
HOTY>KHOCTI.

Jlo Toro »*, OCHOBHE HAJXOJKEHHSI COHSYHOI €Heprii NMpurajgae Ha JITHI
MICAIll, TOAl K y 3UMOBHI mepiof ii BHeCOK € He3HauHuM. lLle mie Oinbie
noriauOIIr0e HEPIBHOMIPHICTD 3aBaHTAKEHHS €JIEKTPOJIi3epa MPOTIATOM POKY.

VYV naemeHomy mnpukiaal Bukopucrano BEY motyxkuictio 0,75 kBT,
po3po0IIeHY AJIs1 YMOB HU3bKOTO BITPOBOTO MoTeHIiany. CepenHs NBUAKICT BITPY
Ha piBHI 2,5 M/C BBa)KA€TbCA HECTIPHUATIMBOK IS €PEKTUBHOIO BUKOPUCTAHHSA
BITPOEHEPreTUKH. Y MIBJICHHUX perioHax YKpainu, je MBUAKICTb BITpY Bullla, BEY
MpaLOBAaTUMYTh 3HAYHO MPOJAYKTHBHIIIE. Tam K€ MOXKJIMBE W TOKpAIICHHA
edextuBHOCTI CEC yepe3 O11blily COHSYHY aKTUBHICTb. TOMY OCTaTOYHE PIlIEHHS
o0 gouuibHocTi noeaHanHs BEC 1 CEC mae npuiiMarucs 3 ypaxXyBaHHSM
KOHKPETHUX KJIIMAaTHYHUX YMOB MICHEBOCTI Ta CIHIBBIJHOIICHHS BapTOCTI
BIJIITOBITHOTO O0JIaJHAHHSI.

3arajiom, o€ JHaHHs BITPOBOI Ta COHSUHOI reHepariii € epeKTUBHUM 3 TOUKH
30py 30UIBIICHHS 3arajpbHOr0 BHUPOOHUIITBA enekTpoeHeprii. I[lpore Take
KOMOIHYBaHHs CYNPOBOJIKYETHCS OUIBILIO HEPIBHOMIPHICTIO T€Hepallii, OCKIIbKH
CEC ne npautoe B HIiYHMH yac, Ha Biaminy Big BEY. BogHouac, skmo pobora
CUCTEMH IUIAHYETHCS IEPEBa)KHO HA JIGHHUW Nepiojl, BUKOPUCTAHHS COHSYHOI

EHEeprii CTa€ MUIKOM OOTPYHTOBAHHUM.
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3.3 Knacudikauis riopuanux cucrem. BUKopucTaHHS BiIHOBJIIOBAHHX

JsKepes1 eHepril B riopuaHii eneprocucremi

['iOpuani enextpocTaniii Ha 0a3i BigHOBIOBaHUX kepen eneprii (B/IE)
SBIISIIOTE COO0K0 KOMOIHOBaHI CHUCTEMH €JICKTPONOCTA4YaHHS, Yy SKHX TOpPSI i3
COHSIYUHUMHU TIaHEJISIMU YM BITPOIE€HEPATOpPaMU MOXKYTh 3aCTOCOBYBATHCS W 1HIII
JUKepesa €Heprii — Takl sSK LEeHTpali30BaHa eJIeKTpoMepea, OCH3MHOBI ado
IU3eNbHI TeHepatopu Tomo. /s HAKOMWYEHHS €Heprii BUKOPUCTOBYIOTHCS
aKyMyJIATOPHI CHUCTEMHM, HEOOXIJIHICTh Yy SKHX BH3HAYAETHCSA JIOCTYITHICTIO
LEHTPaTI30BaHOr0 KUBJICHHS Ta BUMOTAaMH /10 SIKOCTI €JIEKTPOEHEPITii.

['iOpuzHI cUCTEMH, 11O MIAKIIOYAKOTHCA A0 €IEKTPOMEPEXK], MOXKYTh MATH
pi3H1 KoH}irypaii. Hanpukiaa, BOHU MOKYTh OyTH 00'€/IHaHI 3arajbHOI0 IIHUHOO
MOCTIMHOTO CTPYMY, SIKa 3’ €IHYETBCS 3 MEPEKEI0 3a JOINOMOIror iHBepTopa (puc.
3.2). IuBeprop BHUKOHYE (YHKIIO I1HTepdecy MDK KepelamMu eHeprii Ta
MEPEKEI0, PETYJIIOI0UN HANPyTy B IIHHI OCTIHHOTO CTPyMY.

OkpeMi MOyl B TakKMX CHCTEMax MOXYTb OYyTH IpU3HA4YeHl s
JNOCATHEHHSI MaKCUMAaJIbHOI TPOAYKTUBHOCTI COHSYHHUX 1 BITPOBHUX YCTaHOBOK.
AxyMynsTopHi Oarapei 3apsKaloThCsl Y pa3i HaUIMILIKY T€HEepOBaHOI €Heprii Ta
BIUIAIOTH 11 B cucTteMy mpu Hectaui nortykHocti 3 BJIE. Kpim Toro, enepris 3
BIJIHOBJIIOBAHUX JIKEpEJI MOJKE IepeaBaTUCs A0 MEpexl Oe3nocepeaHbo 4Yepes

okpeMi iHBepTopH (puc. 3.3).

Gnd

Pucynok 3.2 Mepexesa riOpuaHa cuctema 31 CliJIbHOK HIMHOK MOCTIHHOTO

CTPYMY
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Gnd

I
-

Pucynok 3.3 Mepexesa riOpuiHa cucTema 13 3arajJbHOK IIHHOK 3MIHHOTO

CTpyMy

Xoua BHMKOpPUCTaHHS T1OpHIHOI MEpExXi J03BOJISE 3MEHIIMTH KIJIbKICTh
IPOLIECIB MEPETBOPEHHS CTPYMY B OKPEMHX JKepesax, Ha MPaKTHULll BUHUKA€E HU3Ka
CKJIQJHOILIB mpH 11 iHTEerpaiii B iHGPpacTpyKTypy, A€ NepeBakae 3MIHHUN CTPYM.
Jns crabiibHOT pOOOTH CHCTEMH Ha BUCOKOMY PiBHI BIPOBAKEHHS COHIYHUX a00
BITPOBUX YCTAaHOBOK HEOOXIJHI creliai3oBaHl KOHTpOJEpH, sKI 3a0e3nedyroTh
JWHAMIYHE PETyJIOBaHHS HANpyru Ta CTIAKICTh Yy TEpexXiIHuX pexkuMmax. bes
J0/IaTKOBHX 3aX0/11B 11100 3MIL[HEHHS MEpeXi a00 3anpoBa/KEHH 0OMEKEHb Ha ii
poboTYy, CTabUIBHICTD €JIEKTPOIIOCTaYaHHI MOXKe OYTH I11]1 3arpO30I0.

Bapricth cuctem 30epiranHs eHeprii € Cepio3HUM €KOHOMIYHUM Oap'epom
JJI1 aBTOHOMHHX JDKepen kuBjieHHd. OnHak 00’€/lHaHHS COHSYHHUX 1 BITPOBHX
IEHEpaToOpiB Y €IuHYy KOMOIHOBAaHY CHCTEMY JIO3BOJISIE 3MEHIIUTH INOTpPeOy B
aKyMyJsITOpax, 110, Y CBOKO 4epry, 3HMIKYE 3arajibHy BapTicTh npoekty. lLle
TIOSICHIOETBCST THM, 1110 aKyMYJISITOPHI Oarapei 3Ha4HO JOPOXK4i i MarOTh MEHIIHN
TEPMIH CITy)KOH, HI)K COHSYHI ITaHE/I1 YU BITPOBI TYpOIHH.

OaHuM 13 MOXKJIMBHX BapiaHTiB MOOYJOBU CHCTEMH € BUKOPHUCTAHHS
CIIUIBHOI IIMHU MOCTIHHOTO CTpyMy Ta ofgHOro iHBepropa (puc. 3.4). OcHOBHOIO
IIepeBarol0 Takoi apXiTeKTYpH € 3JIaTHICTb 00’€JIHyBaTH Pi3HI THIIM T'€HEPaTOPIB,

K1 HE MOTPeOYyI0Th CMHXPOHHOI poOoTH uM cTaynoi yactotu. Hampyra Ha mmHi
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MOCTIHOTO CTPyMy MOKe OyTH BCTaHOBIIEHA Ha (hiKCOBAHOMY PiBHI, TOJII SIK CTPYM
B/l KOJKHOT'O JDKEpeJia PEryIreThCs HE3AJIEHKHO.

Ves cykynHa MOTYXKHICTh CUCTEMH T10/IA€ThCSl HA 3arallbHUi 1HBEPTOp, a

crabinizallis HaIpyru 3IHCHIOETHCS 3a JOMIOMOI0I0 aKyMYJIATOPHOT OaTapei.

Y

Pucynox 3.4 ABronomHa riOpuaHa cuctema 31 CHijbHOI HIMHOK MOCTIHHOTO

CTpyMy
_f\;
| v =
= A/
L= =] N
LN

Pucynok 3.5 ABTOHOMHa riOpuaHa cucTeMa 13 3arajbHOI0 IIMHOIO

3MIHHOTO CTPYMY

BuxopuctanHs CUIIOBOI €IEKTPOHIKU € TPAAULIIMHUM MAX0A0M 10
KEepyBaHHS TApaBIiYHUMHU a00 riOpUIHUMU €HEPreTHYHUMH cucTeMaMu. OCHOBHE
il npu3HauYeHHs — 3a0€3MeUYNTH MAaKCUMAaJIbHE BUKOPUCTAHHSI €HEprl, SIKY

TeHEPYIOTh COHSYHI MaHel Ta BITPOBI TypOIHH, HUISIXOM JOCATHEHHS TOYKH
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MaKCUMaJIbHOI MOTYXHOCTI. KpiM TOro, cujioBa €JIeKTpOHIKa CIIPHSIE 3MEHILIEHHIO
KOJIMBaHb MOTYXKHOCTI.

Ha pucynky 3.5 npejcraBieHO NpUKIIaJ] aBTOHOMHUX COHSYHUX Ta
BITPOBHUX €JIEKTPOCTAHIIIH, 00’ €IHAHUX Y KOMOIHOBAHY CUCTEMY 3 €JMHOIO IIIMHOIO
3MIHHOTO CTPyMY.

JIns ouiHkM HagiHOCTI poOOTH JoKkabHKUX eHeprocucteM (JIEC), 3
ypaxyBaHHSIM OCOOJIMBOCTEH CTaIMX PEIKUMIB, JDKEpeEIIa eleKTPOKUBICHHS
YMOBHO NMOAUISIIOTH HA TPU KaTEropii:

1. mxepena HEHTPaII30BaHOTO EJIEKTPONOCTAYaHHS;

2. Jxepena posnoaiieHoi renepaii (PI), 3natHi 3a0e3nedyBatu Oe3rnepepBHe
KUBIICHHS,;

3. mxepena PI' 3 HeperyinboBaHMMHU BUXITHUMH XapaKTEPUCTHKAMHU, 1110

3aJIeKaTh BiJl IOTOJHUX YMOB (HAIIPUKIIa/l, BITPOCIEKTPOCTAHLIIT Ta COHAYHI

€JIEKTPOCTAHIIIT).
Cucrema resepatii HaxomyeHHs
3aranbHa |—I[>Repe.no Pl'_| ’_:Ixcepeno PI‘_I myuymo HFI
eJIeKTPHYHA Mepeka Ha OCHOBI Ha OCHOBI Ta HAKOIMYe HHA

1020 kB P |_ P;BiE _l |_CM/AM_] L eie!p_ri'l' J
m) X ) -1

\
|

[Tepena4a ta
posnomn T G o (s
Kin| |k | |Km \ A )
Cno:mmauuu ; = ’ f(Usle) ; =]
HapaHTaxe HHA (L m..’m_.w) HapaHTaxkeHHA
3IMIHHOTO CTpyMY ’ MOCTIHHOTO CTPY MY

Pucynok 3.6 KommiekcHa ctpykrypa jgokansHoi EC (Microgrid)
KII - kopuryroui npuctpoi, PI" - po3zocepemxena reaepauis, HBJE - netpaauuiiini
Ta BIAHOBIIOBaHI Jxepena eneprii, CE - cunosa enekTpoHika,

CM/AM — cuHXpOHHA/aCMHXPOHHA MallliHa
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JlokansHa eneprocucrema (JIEC) — 1e CykymnHICTH T'€HEpPaATOPHOIO
€JIEKTpo00IIaIHaHHSI 0OMEXKEHOI NOTYKHOCTI Ta HU3bKOI HAPYTH, IEPETBOPIOBAUIB
1 CHOXHMBayiB eJeKTpoeHeprii, o0'€qHAaHUX 13 ypaxyBaHHSM CTPYKTYypH
po3noiib4oi Mepeki (puc. 3.6). Y Takiit cucteMi BiiOYBarOThCs B3a€EMOIIOB s3aHi
€JIEKTPOMATrHITHI TPOLIECH, XapaKTEepHI JJisi PEXUMIB TeHepallil, NepeTBOPEHHS,
PO3IO/TY Ta CIIOKHMBAHHS €JIEKTPOEHEPTii, 110 BIANOBIIAE€ KOHLEMNII CydyacHUX
Mikpomepex (Microgrid).

Y posni enekTpuyHUX reHepaTopiB MOKYTh BHKOPHUCTOBYBATUCH SIK JU3EIIbHI
abo0 razoBl yCTaHOBKH, L0 NPALIOIOTh HA TPAJAULIHHOMY 4M OlonanuBi, Tak 1 Mail
riipoenekrpoctaniii. TakumM YMHOM, JONOMIDKHE KOHTPOJIbOBAHE JDKEPEIIo
resepainii Moke OyTH $K TpaAuMILiiHOrO, TaK 1 BIJHOBIIOBAHOTO THILy, 1
3aCTOCOBYETBCS Ui 3a0€3Me4YeHHs] CTaOUIBHOTO E€HEpronocTavyaHHs y pasi
BIJICYTHOCTI LIEHTPaJIi30BaHOT Mepeski a00 JUIsi 3SMEHIIICHHS HaBaHTaXEHHS Ha Hel B

Mepi0/Ih MKOBOTO CIOKUBAHHS.

[= Feneparop
Y. I
IHBepTOpPYH
BEC Mepexa
2 —O-
— |
CnoxuBayu
AkyMynaTop _&_
L |=
Tl

Pucynoxk 3.7 biok-cxemMa KkoMOiHOBaHOT MEpPEKEBO-aBTOHOMHOI

CHCProCUCTEMH

Y MDKHapOJHIM TIpaKkTUIll TUIAHYBaHHSA POOOTH EJIEKTPOCTAHIIN, IO
BUKOPHCTOBYIOTh BiJIHOBJIIOBaH1 JpKepesa eHeprii, 000B’A3KOBO BKJIIOYAE aHAJII3
iXHBOI'O BIUIMBY Ha HaJAIMHICTh PYHKI[IOHYBaHHS €HEPIOCUCTEMH B JIOBIOCTPOKOBIi

MePCTIEKTUBI.
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J1y1st OLiHIOBAHHS MOTEHIITHOTO BIUIMBY Ha HAMIMHICTD €JIEKTPONOCTAYaHHS

CIIO’KMBAaYiB 3a3BMYail 3aCTOCOBYIOTh TaKl MOKA3HUKH:

ouikyBaHu# oOcsr BrpaTh HaBaHTaxKkeHHs (Loss of Load Expectation, LOLE);
- ouikysaHi Brpatu eHeprii (Loss of Energy Expectation, LOEE);

yacToTa BUHUKHEHHs BTpaT HaBaHTaxeHHs (Loss of Load Frequency, LOLF);

BTpavyeHa ad00 HEBMKOpHUCTaHa eHepris 3a neBHui nepioy yacy (WE).

IcHyIOTH pi3HI MiAXOAM [0 BHM3HAYEHHS 1HAEKCIB TakKoro pojuy.
KonuenTtyanbHO BOHM BU3HAYAIOTHCS HACTYITHUMU BUPA3aMU.
LOLE = Yiesp; T, (3.14)

Jie pi — IMOBIPHICTb NepeOyBaHHSI CUCTEMH B i-MY CTaHi, S — MHOXKHHA BCIX
CTaHIB CHCTEMH, 1110 ACOLIIOIOTHCS 3 BTPATOIO HaBaHTaXKeHHs, 77 — TPUBAJIICTh CTaHY
(AMCKpPETHICTH 1O Yacy).

[HIIMI CXOXKUH MOKa3HMK, IO 3aCTOCOBYETHCS NMPU BUBUYEHHI HAJIHHOCTI
€HEeprocUCTeMHU — IMOBIPHICTh BTpaTu HaBaHTtaxkeHHs LOLP (loss of load
probability). Ile mporrHo3oBaHa KiJbKICTh 4YacCy B JIOBIOCTPOKOBIH IEpCIEKTHBI,
KOJIM OYiKyBaHEe HaBaHTa)XXEHHs Oyjae OUIbIIMM, HDK IOTYKHICTh HasBHUX
TEeHEePYIOUMX MOTYKHOCTEH.

Opnse 3 popmyTrOBaHb IIHOTO 1HEKCY:

LOLP=Y;P[C]- P[L; > (], (3.15)
ne P[] — IMOBIpHICTb [EBHOT MOTYKHOCTI (1HOI MO3HAYAETHCS K Prob);
Cj nocsikHa B j - BIIPI30K 4acy reHepoBaHa MOTYKHICT; Lj - HABAaHTAKEHHSI.

L1i innexcu moB’s3aHi 3anexnictio LOLE = LOLP - T =);; T;.

KiHueBuii MOKa3HUK BIJOMMHA SK I1HAGKC HaaiiHocTi eHeprii. Hexai
HMOBIPHICTh HEIOCTATHLOI MOTYXKHOCTI Ha K-My IHTEpBajl 4acy IMO3HAYEHO pk;
BTpau€Ha BHACJIJOK Je(IUUTYy CHEprisi HaBaHTa)XEHHS, K HEJOBHUKOHaHa poOoTa,
nopiBaioe Ek. Toxi ¥imoBipHa BTpaueHa (HexonoctarieHna) enepris LOEE (loss of

energy expectation) TOpiBHIOE pifk, @ OUIKyBaHA BTpaTa €HEprii 3a MeBHUM Mepiojl

PO3PaXOBYETHCH  SIK ZkestEk. Sk npaBuio, OOUpAETBCS PO3MIPHICTH
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«MBTtroa/pik». HopmanizoBaHuii 1HIEKC BHU3HAYAETLCS AUICHHSAM Ha 3arajibHy

CIIOKUTY EHEPrIIO:

LOEE, = Ezlpg—?, Ex=3T_,E,(t) - At. (3.16)

Tyt n — KiABKICTh YaCOBUX MEPI0/1iB (MPU YACOBIN JUCKPETHOCTI «IO/PiK»
n=8760, mist «aHIB/pik» n=385).

BiaxuieHHsT TeHepOBaHOI IMOTY)KHOCTI BiJ IOTpPeO CIHOKHUBAHHS MOXeE
MPU3BECTH [0 KoJiMBaHb Hanpyru. [TokazHukom skocti npodiawo Hanpyr (voltage
quality) moke OyTH BelIMYMHA BIJHOCHOTO BIAXWJIEHHS ITOTOYHOI HAmpyrw Bif

HOPMAJIBHOI:

VQ (T)= X1 eerm—YON (3.17)

Vnorm

Hexait HMOBIPHICTD  HEBHUKOPHCTAHOI  (BIAK/IIOYEHOI) TIeHEPOBAHOI
MOTY)KHOCT] M03HaueHo Py; BTpaueHa uepe3 BIAKIIOUEHHS MOTYXKHICTh JOPIBHIOE
Ex. Toni iimoBipHa BTpaueHa eneprist LOEE (Loss of Energy Expectation) gopiBHIo€
EkPk, a ouikyBana BTpara eHeprii po3paxoByetbesi sk LOEE = Y ¢_, Ex Py .
HopwmaitizoBanuil iHAEKC BH3HAYAETLCS JAUICHHAM Ha 3arajibHy €Hepriio HuK4e
KPUBOI HABAHTAKEHHS.

[nnexc HenaniiHocTi eneprii EIR (Energy Index of Unreliability):

(3.18)

Konu reHepoBana eHepris € HaJMIPDHOIO, BOHAa BTPAYaeTbCA SIK
HeBukopucTana. [Ipu nepeBumieHHI MmoTped 1 TOBHICTIO 3apsypKeHIM Oatapel
aKyMyJISITOPIB  BTpau€Ha Ha €JIEeMEHTapHOMY 4YacOBOMY IHTEpBajll EHepris

BHU3HAYAETHCS PIBHICTIO:

Pioad (t) Chat max — Cpat (t—1
WE(t) = [Pegc () + PBEc(r)]At—(%AH( et onax Lo >)), (3.19)

Ninv Ncha

1€ Char— pIBEHD 3apsJIKM aKyMYJISTOPHUX OaTapei.
Yactka naanuikoBoi eneprii EXC (energy excess) 3a nepiof 7

St—o WE(t)-At

EXC (T) ===
> H

(3.20)
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V pasi aBTOHOMHOTr0 (pYyHKI[IOHYBAHHS €HEPrOCUCTEMHU BUMOTH CIIO’KHUBAYiB
J0 SIKOCT1 €JIEKTPOEHEPrii MOKYTh 3aJMLIATUCS TAaKMMH K BUCOKHMH, K 1 MpH
LEHTPaII30BAaHOMY €JIEKTPOIIOCTayaHHI. Y 1IbOMY BHIIJIKy 3rajJlaHi BUIIE 1HACKCH
BUKOPHCTOBYIOTBCS [UIsi BUOOPY aKyMyJIsiTOpHOT Oarapei, sika TOBUHHA BIATIOBIIATH
€HEePreTUYHUM MOTpedaM CTIOKMBAUIB 3TIAHO 3 33ITaHUMH TTOKa3HUKamMu. [0 Takux
KpUTEPIiB HaJlexkKaTh, 30kpema, iHjaekcu EXC ta WE.

Kosin aBTOHOMHA cHUCTEMa TPALIOE Pa30M 13 KOHTPOJIbOBAHUM I'€HEPATOPOM
(pe3epBHUM JDKEpPEIOM JKMBJICHHS HA TPAAUIIMHOMY TalWBl), 10 ITOKAa3HUKIB
HAJIAHOCTI JOAAIOTBCSA W 1HINI BHUMOTM: MIHIMI3allis BUTpAT NajJuBa IpH
MaKCHMMaJIbHO MOJKJIMBOMY BHKOpHcTaHHI eHeprii 3 BJIE, a Takox 3HM)KEHHS
co0iBapTOCTI BUPOOIEHOI €NEeKTpOoeHeprii. Y TakoMy BUMNAAKY €(EKTHBHICTH
€HEeProCUCTEMHU OLIHIOETHCS HE JIMIIE 3a PiBHEM HaAIMHOCTI (SIKMH MOke OyTH
3a0e3nedYeHnil 3a paxyHOK TpaaMiliiiHOi reHepauii), a ¥ 3a €KOHOMIYHMMH Ta
€KOJIOTTYHUMH TTapaMeTPaMH.

ITponec onTuMmizanii MOYNHAETHCA 1€ HA CTA/II1 MPOEKTYBAHHS, TIPH BHOOPI
00J1a/IHaHHS Ta CTPYKTYPHU CUCTEMH, sIKa Ma€ BIATOBIIATH NOTpedaM KOHKPETHOTO
crio)kuBadya. OCHOBHUMM WUISIMH ONTUMI3AINT MOXKYTh OyTH: TapaHTOBaHE 1
CTablIbHE €NEeKTPONocTavaHHs Jisl 3a0e3nedeHHss HaAiitHoi poOoTH o0naaHaHHS
a00 noOyToBMX YMOB; e€(eKTHBHE BHKOPHCTAHHS BCi€l I'€HEpOBaHOI eHeprii 3
MIHIMI3AI€10 BTPAT; MIBUIICHHS €KOHOMIYHOI €()eKTUBHOCTI, TOOTO 3MEHIIICHHS
co01BapTOCTI eNneKTpoeHeprii. Sk nmpaBuio, Taka 3agada Mae 0araTOKpUTEP1aIbHUM
XapakTep.

AHaI3yIO4uu OTPUMAHHUI PE3y/IbTaT, MOJKHA BII3HAYUTH TaKe:

1. BuxopucTtanHsa eHeprii BITpy B yMOBax 3HaxXO/UKEHHs 00'ekta — BKpaii
e(eKTUBHE SK 3 EKOHOMIYHOI, TaKk 1 3 EHepreTu4yHoi Touku 3opy. Lls Teza
HIATBEPDKYETHCSI BCIMA TMPOBEICHUMHU PpO3paxXyHKaMu 3a Oylb-SIKOTO 3aJIaHOro
€KOHOMIYHOTO CIIEHApil0, a TaKOX pPEaJbHUM EKCILUTyaTallliHUM J10CBIJIOM
BCTAHOBJICHOTO Ha 00'€KTI BITPO-IAM3EJIbHOr0 KomIuiekcy. Hactiibku edextuBHe

3actocyBaHHsi BEY noscHoeTbCs BUCOKUMU Ta JOCUTH CTAOUTBHUMU IIBUIKOCTSIMU
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BITPY, SKi JO3BOJISAIOTH 3aCTOCOBYBaTM iX 3 KOE(ILIEHTOM BHUKOPUCTAHHS
BcTraHoBieHoi notyxHocTi (KIYM) Bix 0,5 1o 0,8.

2. 3acTrocyBaHHsl TEIUIOBUX HACOCIB TAKOXK MOXe OyTH €(pEeKTUBHUM JUIs
poro o0'exkra. HeoOxigHa mis o0'ekTa NOTY)KHICTh TEIJIOBONO HAcoca He
nepesuirye 4 kBt Jlana ycrtanoBka 103Bonsi€ 10AATKOBO €KOHOMHUTH 10 20%
MaJiBa il BETPOAM3EIIbHOT CTaHIIi 3a BCIX CLEHApIiB eKOHOMIYHOIO PO3BHUTKY.

3. IIpoBeneHi H0CaKEHHS MOKa3aay, 10 001K 3MIHM BapTOCT1 0014 HAHHS
BJIE nns BJIEK ta EK nHa ocuoBi JIEY, BEY ta THY icroTHO He BmuBae Ha
HiJICYMKOBUH pe3yibrar. Lle MOXKHA MOSCHUTH THM, IO MPOTATOM Mailke BChOTO
TEPMIHY eKCIUTyaTalii 3aMiHa JaHoro oOyajgHaHHS He 3A1HCHIoeTbCs abo
BinOyBaeThea 1 pa3. ExcruryaraniiiHi BUTpaTH 3MIHIOIOTHCS BIATIOBIIHO A0 1H(IIALII.
[HIIMMHU cOBaMu, I EHEPreTMYHUX KOMIUIEKCIB I[bOIO BHUAY JOCTaTHBO
BpaxyBaTH 1HQIISIII0 Ta 3MIHY IIIH Ha JAu3ejdbHe naauBo abo 9 BapiaHTIB
€KOHOMIYHOTO PO3BUTKY BIAMOBIIHO 10 PO3pOOIEHOT METOIUKH.

4. Ilpu BUKOPUCTAHHI CUCTEMHU aKyMYJISIli Ha OCHOBI BOAHIO BUHMKAE HU3KA
ICTOTHUX TPYHOILIB LIOA0 ONTUMAJIbHUX MapaMeTpiB €HEPreTHYHOro KOMILIEKCY.
Hanpuknan, skiio B3sTH psij 3Ha4€Hb BCTAHOBIIEHOT OTYKHOCTI BEY (Hanpukian,
Bix 20*80 kBT 3 kxpokom 1 kBT) i KO)KHOTO 3HaueHHSI PO3paxyBaTH OMTHMAJbHI

napamMeTpu oo Cﬂi,ﬂ}i{yBaHOF 0 CHEPIr€THYHOI'0 KOMILICKCY.
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Moy, KBy

Pucynok 3.8 3anexHicTh HaBEACHUX BUTPAT Ha AOCIIKYBAHUN eHEPreTUYHUH

KOMIIJIEKC B1J] BCTAHOBJIEHOI OTYX)HOCTI BEY
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AHanizyrouu KpuBy puc.3.8, MOJKHA CKa3aTH, 1110 BOHA Ma€ KUIbKa JIOKaJIbHUX
ekctpemyMmiB. ToOTO pimIeHHs TPO CKJIaJ EHEPreTHYHOrO KOMIUIEKCY HE €
onHO3HaYHMM. HaeneHa (QyHKIIS 3a1€XUTh TUIBKM BIJI OJHOIO Iapamerpa.
PeanbHa ¢yHKIiS Mae HU3KY 3MIHHMX, TakKMX SIK IOTYXHICTb e€JIeKTposisepa,
MOTYKHICTh TAJMBHUX EJIEMEHTIB, 00csar OanoHiB s 30epiraHHs BoaHIO. Lle
O3Hayae, 110 KUIBKICTh JIOKAJIbHUX €KCTPEMYMIB 3HAYHO OuibIla, HIXK Ha puc. 3.8.
Jlana KpuBa Mae sCKpaBO BHUpakeHy 30HY Big 45 no 60 kBT BcTaHoBiIeHOI
notykHocTi BEY, ne maBeneni naitmenmri Butpartu. [liacymkoBe pilieHHS MO0
CKIIaJly EHEPTreTHYHOTO KOMIUJIEKCY MOJKHA YXBaJIHTH KEPYIOUYHCh HHU3KOIO
MipkyBaHb. UuMm HMk4a BcTaHoBlieHa notykHicth BEY, TE Ta enekrpoinizepa Tum
HIDKYl BUTPATU HA MOYATKOBOMY €Tall EKCIUTyaTallli €eHEpPreTUYHOTO KOMILIEKCY,
IpOTE IIOpPIYHI BUTPATH Ha OpraHiyHE NaJIMBO BHINI 1 HaBmaku. HaniifHicTb
€HEPreTMYHOr0 KOMIUIEKCY THMM HHXK4a, 10 OUIbIlE MOCIIOBHUX EJIEMEHTIB Y
CHUCTEMI Ta BHUIIIE, SKIIO € TyOI0I04l eJIEMEHTH.

5. Tak gk mpu BUKOPUCTaHHI CUCTEMH BOJIHEBOI aKyMYJIALll Pi3KO 3pocTae
KUIBKICTh €JIEMEHTIB, 1110 npainioTh Ha ocHoBl BJIE, 00iik 3MiH 1iH Ha jaaHe
o0/MaiHaHHS TOTPIOHO TPOBOAUTA B OOOB'A3KOBOMY TOPSAKY. Pi3HHI MiX
KamiTalbHUMM BKJIQJCHHAMHU IPH ONTHMICTUYHOMY IIPOTHO31 3MIHM IIIH Ha
obnaananus BIE Ta necumictuunomy MoxyThb repesuiysatu 20%. Ha puc. 3.9 ta
3.10 11 3a7eKHOCTI TOKa3aHi y rpadiyHOMY BUIJIsAAI. AHalI3 AAHUX 3aJ€KHOCTEN
Mokasye, 1o 31 301IbIICHHSIM BCTAHOBJICHOI TMOTYKHOCTI HEOOXITHUN o0cAr
BOJIHEBOCXOBHILA T MOTYKHICTb €JIEKTPOIi3epa 3MEHIIYIOThCS. UMM MOTYKHIIIHMA
€JIEKTPOJII3ep, TUM MEHIIINI 00CIT BOJHEBOCXOBUIIA MOTP10HUH 11t podoTu EK (114
Te3a CIpaBe/JIMBa 3a YMOBH, 110 B MEpiOj MOBHOIO 3alOBHEHHS OajOHIB BOJHEM
B1J1I0YBa€eThCA BIAKIIOUEHHS noTykHOocTel BEY):

Beranoniiena noryxHicte TE 3anexuth BiJl JKOIHUX IapaMerpiB, Kpim
HAaBaHTAKCHHS CIOXKHUBaya. SAKio enepretnuHuii komivieke BkiodeHa JIEY (BEY),
TO BCTaHOBJICHA MOTYXKHIcTh TE Bu3HadaeTbcs nuimie ekoHomikoro. Ha miarpami
(puc. 3.11) BimoOpakeHo 3MiHY HaBeAeHUX BUTpaAr 3a 20 pOKiB 1Jisi BUKOPUCTAHHS

manie JIEY B 3anexHOCTI BiJT 00paHOTO CIIEHAPII0 €KOHOMIYHOTO PO3BUTKY.
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Pucynok 3.9 Burpara nanuBa mpoTsIrom poky 3ajIeKHO BiJl BCTAHOBIEHOT
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Pucynok 3.10 3anexHicTh 00cAry BOJHEBOTO CXOBHINA BiJl BCTAHOBJIEHO1

notyxkHocti BEY npu ¢dikcoBaniit moTy:KHOCTI eJ1eKTpoJiizepa
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Puc. 3.11 3anexHicTh HaBeIEHUX JIMCKOHTOBAHUX BUTPAT HA BUKOPUCTAHHS

auie DY

OO - ontumicThyHi 3HaueHHS 1HGIALIT Ta 3MIHM I[IH Ha TAJIHBO, IO
BiJI0OpaXkaroTh BapTicTh BUKopucTaHHsS JIEY y BiacyTHOCTI Oyab-sfKMX 3MiH.
Hlopiuna iHusanis craHoBUTh 0%, 3MiHA LIHHU MAJUBO CTAHOBUTH TakokK 0 %.

IIIT — necumicTuyHi 3HaueHHs 1HQUIALID Ta 3MIHM LIH Ha NaJUBO.
HaiinecnipustiuBimmii nmporuo3 st Bukopuctands JAEY. [Hdusiis ctaHOBUTH Bijl
5 no 15% Ha pik, 3MiHa LiH Ha naibHe — BiA 15 1o 25%.

OOuBa 111 BaplaHTH € MaJTOMMOBIpHUMU. HallIMOBIpHIIIUM MTPOTrHO30M Oy/ie
BapianT IIH, a Takox npunernm no Heoro BII ta BII. OcobnuBoro 3HaueHHs mae
nuTaHHs 30epiranHs BoaHio. [Ipu BupilueHH] 3aBAaHHS HEOOXIJHO BHMOpaTH TaKi
rnapamMeTpu 00JIaIHAHHS, SIK1 IO3BOJISITh BUKOPUCTOBYBAaTH 0AllOHU 3 MIHIMAJIbHUM
oOcsarom 30epiraHHs BOAHIO Ta BIJCYTHICTIO HEOOXIOHUX BHKHIIB IIiJ dYac
nepernoBHeHHs1 OanoHiB. Ilpu 1bOMY NOBMHEH JIOTpUMYBATHCs OasiaHCy: 00CsTr
3aMaceHoro BOHIO Ha MOYATOK POKY 1 HA KiHEIb POKY Ma€ OyTH OJIHAKOBHUM.

JlocniUKeHHs TOKa3ald, 110 CTBOPEHHS EHEPreTUYHOIO KOMIUIEKCY Ha
ocHoBi BEY, JIEY, THY 13 cucremoro akymynisiii BOJHIO Jii aBTOHOMHOIO
CIOXMBaya K TEXHIYHO, TaK 1 €KOHOMIYHO aouuibHO. [leil KomIuieke 103BOJIUTH
HallMHO 3a0e3Me4nuTH CHOXKMBaya TEIUIOBOK Ta EJIEKTPUYHOK EHEPri€r IpH

MiHiMaJIbHOMy BHKOpHCTaHHi A0pOroro Au3C€iIbHOIO Mnajlvea.



58

[TpoBeaeHi po3paxyHKH MOKa3yHOTh, 10 BXKE CbOIOIHI MOXKJIUBE CTBOPEHHSI
€HEePreTUYHOr0 KOMIUIEKCY Ha OCHOBI BITPOBOI, TEIUIOHACOCHOI, JIM3€JIbHOI
YCTaHOBOK Ta CUCTEMHU aKyMyJisLlii BoAHIO. [Ipy bOMy € MOXJIMBICTD JUIsl BIZIMOBH
Bukopuctanus JIEY. Opnak g 0CTarodyHOro BHPILICHHS LIBOTO [MHMTAHHS
NMOTPIOHUN eKCIUTyaTaliiHuid qocBil. B minoMy K, po3paxyHKH Ta JOCIIIKEHHS
IOKa3yIOTh BUCOKY €HEPreTUYHY €()EeKTUBHICTh KOMILUIEKCY, @ TAKOXK 32 HasIBHOCTI
BUIIIEOMMCAHUX YMOB, MOB'SI3aHUX 3 MPOOIEeMaMu JOCTaBKU MaJIMBa, Ta EKOHOMIYHY
e eKkTuBHICTD. SIKIIO X 3BAXXKUTU HA 3HUKEHHS BapTocTi oonaaHanus BIE B gaci, To
MOJKHA CKa3aTH, 10 MacoBE€ BHUKOPUCTAHHS MOJIOHMX EHEProCUCTEM HUTaHHS

HANOJIMIKIOTO JECATHIITTS.

3.4. BUCHOBKH 110 TPeTHOMY PO3/iJi

TounicTh eHepreTHuHuX po3paxyHkiB 1t BEY 3a0e3neuyeTscss TOUHICTIO
BUX1AHO1 1HMOopMalii. g mpoBeleHHS pO3paxyHKIB HEOOXIJTHO MaTH AaHl 3a
HIBUJIKICTIO BITPY 3 IHTEPBAJIOM HE OUIbIIE MOIMHHU.

Jlnst npoBeeHHSI JOCIIPKEHb 3 BM3HAYEHHs ONTUMAJIbHUX CllapaMeTpiB
€HEePreTMYHOT0 KOMILJIEKCY, 3aCHOBAHOTO HAa BUKOPHUCTAHHI OIBII HIK OJHOTO
JUKepena eHeprii Ta CUCTEeMH 11 aKyMyJIIOBaHHS, HEOOXIIHO pO3risAaTH KijbKa

MOKJIMBMX CLIEHApPIiB JMHAMIKH €KOHOMIYHOI'O PO3BUTKY.
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BUCHOBKH

Y po0oTi BMKOHAHO aHaji3 Cy4acHOTO CTaHy BITPOBOI EHEpPreTHKH,
BUKOPUCTAHHS TEIUIOHACOCHUX YCTAaHOBOK, BOJHEBOI EHEPIreTHKH,
3aCTOCYBAaHHS C€HEPreTUYHHMX KOMILUICKCIB Ha OCHOBI BITPOBHX Ta
OU3ENBHUX  EHEPreTHYHHUX  YCTAHOBOK,  PO3MISHYTO  ICHYIOYI
BITPOBOJIOPO/IHI eHepreTruHi komiuiekcu B Kanaji ta ABcrpanii.
3asie’Ho BiJI reorpadiyHOro po3ranryBaHHs Ta NoOyJ0BH BHYTPIILIHIX Ta
30BHIIIHIX €KOHOMIYHMX B3a€EMHMH KO)KHA KpaiHa oOupae CBiM ILIsX
EHEPreTUYHOro po3BUTKY. E€Bponeicbkuil Cor3 MIMIOB  HUISIXOM
CTBOPEHHS €JIMHOI €HEPreTHYHOI CUCTEMH 1, OTIKE, OCHOBHHUM BEKTOD
pO3BUTKY B rany3i 3actocyBanHsi BJIE — 1e cTBOpeHHS BenMKHUX
CHEPreTUYHMX YCTAaHOBOK Ta CTaHIIM, [0 MIAKIIOYAITECS 0
CHEPrOCUCTEMH.

Oco06ausictio CIIIA Ta Kanaau € Toit ¢akrop, 110 B raigy3i eHepreTuKu
KOHKYPYIOTb HHM3Ka EHEpPreTHYHUX KOMIIaHid, sKI MariwTh CBOI
CHepreTUYHl CUCTeMHM Ta Mepexi. HanailiHICTh Takoi CHUCTEMM Jenio
HUK4Ya, HDK MPU BUKOPUCTAHHI €IMHOI €HEPreTHYHOoi Mepexi. Tomy
€KOHOMIKA IIMX KpaiH 0a3yeTbCs HA MParHEHHI CIIOKUBA4diB €HEprii 10
HE3aJIe)KHOCTI BIJI eHepreTUuHuX kommaHid. Lleit dakTop crpuse
AKTUBHOMY PO3BHUTKY PHHKY CHCTEM aBTOHOMHOI'O €HEpPronocTa4aHHs,
0co0MBO Ha 0cHOBI BUKopucTaHHs BJIE.

Y mpoueci BHUKOHaHHS poOOTH  Oyj0 pO3pOOJIEHO  METOIUKY
oOrpyHTyBaHHsl mnapamerpiB Ta ckiagy EK Ha OCHOBI BITpOBHX,
JU3ETHHIX, TETJIOHACOCHUX YCTAHOBOK 13 CHCTEMOIO aKyMYJISAIiT BOJHIO
Ha OCHOBI MMAJIMBHUX €JIEMEHTIB.
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I ANALYSIS OF THE CURRENT STATE OF WIND, LOW-POWER,
HYDROGEN ENERGY AND ENERGY COMPLEXES BASED ON THEM

1.1 Research and application of wind energy, use of low-potential heat
energy and hydrogen energy

The 21st century poses the task of scientists from almost all countries of the
world to obtain a reliable, environmentally friendly source of energy. A number of
scientists and engineers, both in Ukraine and abroad, believe that the energy supply
of the future should be based on renewable energy sources.

This paper considers the combined use of wind energy, low-potential heat
sources using HPUs, and an energy storage system based on hydrogen energy.

Europeans consider the most promising direction to be development a single
energy system. Relatively small distances between energy resources and consumers,
as well as a fairly high population density justify this direction. As the main vector
in the field of development of renewable energy, Europe has chosen the use of wind
energy. The greatest development has been achieved by large system machines with
a capacity of 5 MW and above. A small number of scientists are engaged in the
creation and research of energy complexes for autonomous energy supply, and this
1s not systemic in nature. As a rule, autonomous energy supply can be found on
islands adjacent to Europe, where the possibility of connecting to a single energy
system is limited. It is worth noting the companies Hydrogenics and Siemens , which
offer a number of solutions for an autonomous consumer based on renewable energy
sources and hydrogen storage systems [1 - 3].

The situation in the USA and Canada is completely different. Traditionally,
the USA has a number of generating companies, the electricity networks of which
are not always connected to each other. There is a fairly large number of energy
consumers who use various autonomous energy supply systems. As a result, the
development of renewable energy in the USA has gone through the creation of small

energy supply systems, including energy complexes based on RES (although there
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are large wind farms and solar power plants in the USA); quite a lot of work has
been done to create wind -diesel complexes, which are successfully operating in the
state of Alaska, as well as in other states of America[4].

Active work is being carried out in the field of using hydrogen storage
systems [4]. The leader in this direction is the company " General Electric ”, which
is actively implementing its methods and technologies into the US energy supply
system, as well as in a number of other countries [ 5-6 ].

The EC under study must ensure reliable and uninterrupted operation the
power supply system as a whole. To do this, depending on the type and category of
consumers, it is necessary to provide appropriate energy sources in the power supply
system, which should smooth out the variability of the wind turbine power output

over time, including uninterruptible power supplies.

1.2 Wind energy. Current status

Worldwide, the kinetic energy contained in the wind is 80 times greater than
the total energy consumption of the Earth's population, although the bulk of wind
energy resources are in the world's oceans. This suggests that wind energy can be a
potential alternative to partially replacing traditional sources of electricity
generation. According to estimates by the World Wind Energy Association
(W.WEA), in 2010 the installed capacity of wind power plants (WPPs) in the world
was about 160 GW [7 - 8].

Wind power is one of the fastest growing sectors not only in the renewable
energy sector, but also in the energy sector as a whole. The average growth rate of
the world's installed capacity of wind turbines over the past 10 years was
approximately 29% per year. [9-10] The leading countries in terms of installed
capacity of wind turbines are Germany, Spain, the USA, India, China and Denmark.
The market of the largest wind turbine manufacturers is concentrated on the capacity
base of a dozen foreign companies; mechanical engineering, such as Vestas |,

Siemens , Enercon , GeneralElectric , etc. [11].
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In 2001, the EU adopted a directive on the promotion of electricity
production from renewable energy sources with the aim of achieving a share of
electricity from renewable energy sources of 22.1% of gross domestic electricity
consumption by 2020 [1 2 ].

In January 2008, the European Commission (EC) published data on the
climate change forecast and energy package. In December 2008, the European
Parliament and the Council reached an agreement on the energy package proposed
by the EC, aiming to achieve by 2020 an EU average share of renewables in final
energy consumption of 20%, including at least 10% of the purchased “Green
Energy” in each EU country [13].

Wind power currently provides 3.7% of the EU's total electricity
consumption. The EC's goal is to increase this share to 12% by 2020. According to
the European Wind Energy Association (EWEA), in 2010 the installed capacity of
wind farms in the EU was 80,000 MW , including 3,500 MW offshore. The target is
to have 180,000 MW of wind power installed in the EU by 2020 , including 35,000
MW offshore, or between 11.4% and 14.3% of the total. energy consumption in the
EU in % i 2020 depending on electricity demand development scenarios.
According to estimates by the European Council on Renewable Energy Sources"
(EREC) by 2020 production electricity at wind farms will reach 477 kW h/year.
Greenpeace and the World Wind Energy Council (GWEQG) predict an increase in
wind power capacity from 41,000 MW in 1990 to 385,000 MW by 2020 for the most
optimistic scenario based on market growth and technical progress in the EU. [15 -
17];

For reliable medium-term forecasts of wind power development, it is
necessary to reliable estimates of Europe's wind potential. This is especially relevant
for those countries where the development of wind power plants is still insignificant
and 1t is necessary to do it in a geographically explicit form. Typically, in the
calculations of the EWEA wind resource three categories of wind energy potential

are used: gross, technical, limited and ecologically competitive [17].
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The concept of gross potential corresponds to global approaches. In this case,
“technical potential” corresponds to a high level of energy production at wind farms
at maximum density of wind farms based on the use of modern technologies.
“Limited potential” corresponds to the part of the technical potential that takes into
account such problems as protection of the biological environment, regulatory
restrictions and social restrictions, that is, it is rather a “technical-social-ecological”
potential. “Ecologically competitive potential” corresponds to that part of the
technical potential that can be implemented environmentally effectively, taking into
account the forecast of average electricity costs in the future.

The main source of wind speed data in Europe -ECMWEF- European Centre
for Medium-Range Forecasts. Data on average annual wind speed for the period
2000-2005 are used [17, 18].

ECMWEF is an international organization supported by 18 EU countries and
has cooperation agreements with other EU countries, as well as with the WMO (
World Meteorological Organization) . Meteorological Organization ). It is
responsible for preparing operational global data analysis and medium-term data
forecasts for its members and conducts comprehensive scientific research programs
to ensure the further development and improvement of its products.

These data are converted to account for the roughness of the Earth's surface
for different types, using specialized databases on soil and vegetation cover.
ECNWF gives wind speeds at a height of 10 m. These speeds are converted to the
level of the height of the wind turbine towers.
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1.3 Modern application of heat pump systems

The scale of development of other types of renewable energy sources is very
significant, which are aimed not only at the development of electric power, but also
fuel and energy systems. In particular, this concerns one of the most promising areas
of development of science and technology, related to solving the problems of energy
conservation. heat pump units (HPU) or heat pumps (HP). [ 19 ].

According to forecasts of the World Energy Committee (WEC), by 2020 in
developed countries up to 75% of heat for heating and hot water supply will be
provided by CHP. If in 1972 about 100,000 CHPs were operating in the world, today
there are about 40 million. The thermal capacity of CHPs in the world, even
according to minimal estimates, is about 250 GW with an annual heat output of 1
billion Gcal , which corresponds to the displacement of fossil fuels by up to 80
million tons of equivalent fuel (equivalent fuel). [20].

In the world's heating systems today, they are widely used steam-compressor
HPPs with a capacity of up to 0.5 MW with piston compressors. There are also screw
HPPs with a thermal capacity of 9 MW and turbocompressors - over 9 MW .
Currently, more than 18 million HPPs of higher capacity are operating in the world.
[21].

Today, it 1s worth noting the rapid development of TNU in many Western
countries: the USA, Germany; Japan, France, Sweden; Finland; Denmark, Norway;
Austria; Great Britain, Canada, and others. In the USA, the annual introduction of
TNU is about 1 million installations, in Japan - about; 3 million installations. To
stimulate the development of TNU, loans for preferential purchases of certain types
of TNU have been introduced in a number of states. The annual; sales volume of
TNU produced outside of Ukraine is today about 125 billion dollars or 3 times more
than the world volumel of arms sales; [23].

Between 2005 and 2006, sales of room heat pumps in Germany more than
doubled, in France it increased by 5 times, in Austria by 45%, in Switzerland by

almost 30%, in Sweden by 20%.
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In Europe, centralized systems are developing intensively in Scandinavia.

Heat supply systems based on HPU, including large ( MW - class ) HPU. In central

Europe (Germany) HPUs driven by a gas engine are common, the main types of
HPUs in Europe are: "Water-water", "Water-air".

As an illustration, Table 1.1. presents data on the use of only geothermal

HPPs in some countries of the world in 2017.

Table 1.1. Use of geothermal HPPs in some countries of the world in 2017
(data from ENRA - European Heat Pump Association)

Country Installed capacity equipment, Energy produced TJ /year
MW
Austria 352.0 303.9
Bulgaria 109.6 1672
Hungary 694.2 7939.8
Germany 952.0 6060.0
Greece 74.8 567.2
Denmark 330.0 4400.0
Iceland 1844.0 24500.0
Italy 650 8000.0
Netherlands 254.5 685.0
Norway 600.0 3085.0
Poland 210.0 1108.0
Serbia 88.8 2375.0
Slovakia 187.7 3034.0
USA 6400.0 122000.0
Turkey 1385.0 24000.0
Finland 260.0 1950.0
France 308.0 5195.7
Czech Republic 204.5 1220.0
Switzerland 500.0 550.0
Sweden 377.0 1146.6

is developing dynamically ; it is engaged in by many dozens of companies,
which are focused on the huge market for their products. As an example, Table 1.2
shows data on the number of geothermal heat pumps sold and installed in a number
of European countries in 2002, 2013 and 2014 (ENRA data) [23].

To stimulate the development of TNU abroad, various types of material

support are widely used: For example; subsidies from the state. In Germany, until
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2015, large subsidies were allocated to firms using HPP: 300 marks per 1 kW of
HPP power. [25]

GWh per year) between 2005 and 2008. To revive this program, the state
allocated large investments to large energy companies and provided them with
significant tax breaks. The first CHP plants were built in the country back in the
1930s. Today, tens of thousands of small-capacity CHP plants are operating here.
Large CHP plants have also been built for operation in district heating systems. The
largest of them operates in the city of Lausanne with a thermal capacity of 7 MW
and an electric drive.

Table 1.2. Number of geothermal HPUs sold and installed in a number of
European countries in 2002, 2013 and 2014.

Country 2002 2013 2014 Growth in 2014
compared to

2013
Austria 800 3780 5129 36%
Bulgaria - 15 25 67%
Czech Republic 20 1200 2400 100%
Estonia - 510 750 47%
Finland 100 8540 12648 48%
France 4000 13700 17300 26%
Germany 2000 15838 20636 30%
Ireland - 1300 1800 38%
Latvia - 327 839 59%
Holland - 1557 1800 16%
Norway 1000 55081 35390 -36%
Slovenia - 25 35 40%
Sweden 15000 68100 100215 47%
Switzerland 2700 6695 9796 13%
Total 24100 178341 207924 17%

Sweden should be especially noted as a leader in the use of HPPs in the

country's economy, where the total installed HPP capacity has exceeded 3,800 MW
. Today, about 85% of all heat in the country is received from thermal power plants.
Today, the two most powerful thermal power plants in the world, 200 and 320 MW
, are also operating here . They use the waters of the Baltic Sea as a source of low-
potential heat, the temperature of which is from 5 to 6 °C during the heating season.

The most powerful (320 MW ) Stockholm thermal power plant, located on barges
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moored to the shore, cools sea water to 2 °C in winter. The cost of heat from this
thermal power plant, which provides 12% of all heating in Stockholm, is 20% lower
than the cost of heat from boiler houses .

Even in Denmark, where the conditions for using HPPs are among the worst
in Europe (high electricity prices - 20 cents/kWh due to taxes reaching 50%), by
2005, 28,000 HPPs were operating (20,000 for hot water supply, 8,000 for heating).

In Germany today, hundreds of thousands of HPUs are in operation. They
are used in water and air heating systems and for air conditioning. The compressors
are driven mainly by electric motors. There are also hundreds of high-power HPUs
and those driven by diesel engines and gas turbines. Low-potential heat sources: air
(external and exhaust), soil, water, etc. Large HPUs are used in district heating
systems. Several dozen absorption HPUs with a unit thermal capacity of up to 4 MW
are also in operation .

There are millions of TNUs working in the United States today. Of these,
over 50% are in housing and communal sector. The most widespread in the USA are
reversible HPUs of the "air-to-air" type with an electric drive for year-round air
conditioning in premises. HPUs are produced in the USA by more than 50
companies of various capacities. Up to 30% of cottages being built in the country
today are equipped with HPUs. The USA has an effective system of penalties for
CO ; emissions when burning limited fuel, and incentives for the use of HPUs.

Dozens of companies in the world today produce a huge number of HPUs of
various capacities, types and purposes. The widespread use of HPUs is facilitated by
their high environmental and energy performance. As an example, Table 1.3
provides data on the environmental and energy performance of heating systems in

Europe. [20]
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Table 1.3 Environmental and energy efficiency of different heating systems in

Europe
Energy Specific value
Heating system efficiency CO2 emissions, kg/kWh
primary energy %
Electric heating 35 0.55
Oil-fired boiler and hot water heating 80 0.29
Gas boiler and hot water heating 80 0.21
Gas condensing boiler and 95 0.19
hot water heating
Electric and heating system 100 0.1
Heat pump with electric 110 0.14-0.22
reason
Absorption TN 130 0.17
Gas engine driven HV 150 0.12

1.4 Hydrogen energy. Current status

The concept of "hydrogen energy" appeared in: the mid-70s of the last
century, when the entire civilized world began to think about an alternative source
of energy to fossil fuels. At that time, it was assumed that the main primary sources
of energy would be nuclear energy (fission and cold fusion) and renewable energy
sources. Hydrogen should act as a secondary source of energy, for its transportation
directly to the consumer. To date, more than 30 years of experience in the use of
hydrogen in energy have been accumulated. Experimental models of cars that use
hydrogen as fuel have been created. The market for fuel cells is developing, the cost
of which has a steady tendency to decrease and mass implementation; ECs using a
hydrogen accumulation system have been created.

Typically, hydrogen is produced by electrolysis of water. Generating
electrical energy from hydrogen can be done in various ways.

To date, the following are considered the main ones:

— obtaining electrical energy using a fuel cell;
— hydrogen combustion in specially converted diesel generators or

steam generators i
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The use of fuel cells is currently considered more promising. Electricity is
obtained with a higher efficiency (50-80% versus 20-35% when using the second
method). However, the cost of the fuel cells themselves remains quite high. [13]

Today, dozens of companies around the world produce equipment for the
production of hydrogen and the generation of electricity; from this; fuel. Some of

them are presented in Table ; 1.4

Table 1.4 - Companies engaged in the production of equipment for hydrogen

energy.
Company Country
BallardBowerSystems Canada
Acumentrics USA
Ceramic Fuel Cells Australia-Great Britain
Hydrogenics Corporation Denmark
EuropeanFuelCells Germany
FuelGell Technologies USA
IdatecH USA
Mitsubishi Heavy Industries Japan
Sanyo Electric Japan
Shanghai-ShenLi Japan
Sharp Corporation Japan

Many of these companies offer their customers turnkey solutions based on
their equipment. For example, Hydrogenics Corporation (Denmark) offers a range
of solutions based on its electrolyzers and fuel cells, as well as renewables. These

solutions are presented in the block diagram shown in Figure 1.1.
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Figure 1.1 - Diagram of solutions offered by Hydrogenics Corporation based on

renewable energy and hydrogen

During the operation of such energy complexes, the need to store hydrogen
in fairly large volumes. To date, a number of methods have been proposed, some of
which have proven themselves over time, some of which are undergoing laboratory
and production tests. Hydrogen storage can be carried out in the following ways
[11].

1. Storage of gaseous hydrogen in large quantities at atmospheric and
elevated (1-1.5 MPa) pressure. For this purpose, gas holders, natural and artificial
underground reservoirs, etc. are used. The total capacity of such systems can reach
several million cubic meters, so they remain the only possibility of storing large
quantities of hydrogen with a long, for example seasonal, cycle of filling the storage
and withdrawing hydrogen from it. Gaseous hydrogen is usually stored and
transported under pressure up to 15-35 MPa in cylinders with a capacity from several
liters to several cubic meters.

For storage and transportation of small quantities of compressed hydrogen,

steel cylinders with a working pressure of up to 15-20 MPa are usually used. The
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hydrogen content in such cylinders is usually 1.2-1.5% by mass, and the bulk density
1s 10-12 kg/m3. Modern cylinders allow storing hydrogen under pressure up to 35-
69 MPa, which corresponds to its content of over 6% by mass and a bulk density of
up to 30 kg/m3 - Composite cylinders for a pressure of 35 MPa are currently
produced by the industry, and serial production of cylinders for 69 MPa is planned
in the near future. The leading manufacturers of such cylinders are the companies "
Dynetec " (Canada), " Quantum " (USA), BOS (Great Britain) and a number of
others.

2. Liquid hydrogen storage systems are of considerable interest due to the
high bulk density and high hydrogen content stored. Liquid hydrogen is stored in
special double-walled tanks ( Dewar vessels ).

Hydrogen as a cryogenic liquid exists in a narrow temperature range, from a
boiling point of minus 252.77 °C to a freezing point of minus 259.19 °C. Due to its
low critical temperature (minus 240 °C), liquid hydrogen can be stored either in open
systems or in special closed tanks that provide for gas release if the pressure
increases by more than 0.2-0.3 MPa; otherwise, the pressure can increase (at room
temperature) to 10 * bar.

Today, the technologies for producing hydrogen and storing it in a liquid
state are well-developed. Recent developments have resulted in the creation of
highly efficient cryogenic tanks, infrastructure for their refueling, and improved
safety measures.

3. Hydrogen storage in microencapsulated form. This method can be
attributed to the storage of gaseous hydrogen under pressure (35-65 MPa), where the
role of cylinders is performed by glass microspheres with a diameter of 5-500 um
with a wall thickness of ~1 um . At elevated temperatures (200-400 °C), the glass
walls become permeable to hydrogen, which makes it possible to fill the storage
system with hydrogen and deliver it to the consumer. The content of stored hydrogen
is up to 10 mass fraction, %, and the bulk density is up to 20 kg/m *, which does not
exceed the indicators of hydrogen storage in composite gas cylinders. At the same

time, this method requires additional energy costs for heating the microspheres
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during filling the storage and removing hydrogen from it. The main disadvantage of
the method is high hydrogen losses due to mechanical destruction of glass
microspheres during transportation.

4. Storing hydrogen in cryogenic vessels is more promising high pressure.
The essence of the method is to use standard composite high-pressure cylinders
(aluminum sleeve covered with reinforced plastic), which are placed in a cryogenic
heat-insulating shell. Such cylinders can be filled with either liquid hydrogen or
gaseous hydrogen at a reduced temperature. In the latter case, a higher bulk density
and hydrogen content are achieved than in gas cylinders operating at room
temperature.

5. Rather conventionally, all materials capable of storing bound hydrogen
can be divided according to the energy of the bond between the hydrogen atom or
molecule and this material. These are bonds of physically adsorbed or absorbed
hydrogen (with the lowest bond strength), chemisorbed and valence bonded
hydrogen.

6. Hydrogen can be stored and transported not only in a free state, but also
in a chemically bound state. All materials that are a storage medium for chemically
bound hydrogen can be divided into two groups. The first group includes substances
that contain chemically bound hydrogen and are capable of releasing it under certain
conditions (elevated temperature and the action of a catalyst). Examples are catalytic
reactions of  ammonia decomposition at 800-900 & & and
hydrogenation/dehydrogenation reactions of unsaturated hydrocarbons.

The second group includes the so-called energy-storing substances, which
do not always contain chemically bound hydrogen, but are capable of generating it
during hydrolysis. A classic example is sponge iron, which interacts with water
vapor at 550-600 °C.

7. A serious alternative to the described methods of storing and transporting
hydrogen is the metal hydride method, i.e. storing hydrogen in the form of metal

hydrides or intermetallics. compounds .
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The discovery in the second half of the 19th century of the ability of a number
of metals to reversibly absorb significant amounts of hydrogen gave rise to a whole
range of technical ideas for the practical use of this phenomenon. The reason is the
unique combination of properties of "metal-hydrogen" systems, including the
possibility of achieving extremely high volumetric densities of hydrogen atoms in
the metal matrix, a wide range of operating pressures and temperatures, selectivity
of absorption/release processes, significant changes in the physical properties of the
metal during its saturation with hydrogen, catalytic activity and a number of other

non-trivial features. [22-24].

1.5 Energy complexes based on renewable energy sources

World experience in the development of renewable energy resources shows
that the use of only one type of renewable energy in the energy supply systems of
autonomous consumers does not always allow to ensure reliable and uninterrupted
energy supply due to the physical characteristics of the renewable energy sources
themselves. In this regard, as a rule, the energy supply of an autonomous consumer
at the expense of renewable energy sources is attempted to be provided by
combining different types of renewable energy sources in the so-called EK, the so-
called EK. They usually include both power plants based on renewable energy
sources and diesel (gasoline) power plants (DEU, BEU), as well as various types of
energy storage systems.

Today, the most studied and reliable complexes are wind-diesel power
complexes (VDEC). Such complexes are operated in many countries around the
world and are a reliable source of electrical energy for thousands of autonomous
consumers.

The research was conducted at the RISO national laboratory (Denmark). The
studied wind turbines (WTUs) were divided into 4 classes [25]:

Class 1 (the simplest) (Figure 1.2 a). A standard wind turbine (WT) for

network use with an asynchronous generator (AG) was studied, which operates with
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constant connection to the consumer's busbars (BS). An automatically regulated load
(VL) is introduced into the equipment set, which prevents overloading of the WT at
high wind speeds by reducing the rotation speed to a given design level. A standard
diesel generator station operates constantly, providing reactive energy to the WT. A
full (100%) share of participation in the WT load schedule is considered permissible.
Fuel savings will be small, but the system turns out to be extremely simple and
acceptable in cases where the reliability factor is more important than maximum fuel
savings.

Class 2 VDU (Figure 1.2 b); Changes have been made to the design of the
diesel power plant : a coupling and a small inertial accumulator are installed between
the diesel engine (DE) and the synchronous generator. Class 2 VDU is quite simple
and requires a minimum of electronic equipment. Fuel economy in this version
increases significantly due to the fact that under favorable wind conditions the diesel

engine does not work and does not consume fuel.
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Figure 1.2 Block diagram of class 1(a) and class 2(6) VDUs VA - wind
turbine ;

AG - asynchronous generator; RN - regulating load;

ZSh - prefabricated tires; DD - diesel engine; SG - synchronous generator;

ZM - connecting coupling; IA - inertial accumulator.

The scheme of the VDU class 3 (Figure 1.3 a) differs from the previous

version by the introduction of an energy accumulator into the VDU, which can be a
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battery, a hydraulic accumulator and other energy sources. Fuel economy when
using the VDU class 3 in areas with favorable conditions reaches a high level. The
National, RISO laboratory indicates that due to the relatively simple device and the
possibility of obtaining significant fuel savings, the VDU class 3 has prospects for

wide application.
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Figure 1.3 Block diagram of class 3 (a) and class 4 (b) VDU VA - wind turbine ;
AG - asynchronous generator; PH - regulating load; 3111 - busbars; JI/] - diesel
engine; CI" - synchronous generator; 3M - coupling; IA - inertial accumulator; AE
- energy accumulator; B - rectifier;

IN- inverter

Class 4 VRP (Figure 1.3 b) includes a standard type of VA with a
synchronous or asynchronous generator, and a standard design of a diesel generator
of comparable power to a VA, without the use of an inertial battery. The VA operates
through a rectifier to an inverter, the output of which is connected to the consumer's
busbars. In the event of a lack of energy to meet the consumer's needs, the missing
part comes from the battery. In the event of an excess of energy, the consumer's loads

are powered and the battery is recharged. In calm weather and with light winds, the



78

diesel generator operates in the mode of providing consumer loads and recharging
the battery.

Class 4 VDU has the ability to achieve maximum fuel economy. The control
and management system for the operation of the complexes must be computerized
to ensure the performance of all necessary operations. The effective use of a wind-
diesel power complex (VDEC) can be illustrated by the experience of the Isle of Fer
(Scotland). There, for a village with 70 inhabitants, a power plant with two wind
turbines was built, one of which with a capacity of 20 kW was sufficient for
electricity supply in the summer, and the other - 50 kW - intended for electricity
supply in winter.

The wind conditions on the island are very favorable: the average wind speed
15 9.6 m/s. In June 1982, a 50 kW wind farm was installed there. Since then, energy
production has increased 3.7 times . The block diagram of the wind farm on the Fer

Island is shown in Figure 1.4.

BA
PH
P cT
HP
% Bl
EH
/B2
=

B3
A1 CcT ——(

Figure 1.4 Block diagram of VSU on the island of Fer

Operation of the VDU on the island of Fer showed that the cost of electricity
received from the DPP was 8 cents/kWh, and from the wind farm - 3.5 cents/kWh.

A special device was developed at this station that allows consumers to distinguish
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the type of consumption so that the consumer in each house knows when the energy
meter is switched to a higher tariff. The results of the work on the island of Fer are

given in Table 1.5.

Fer Island
Indicators Making Fraction,%
energy kWh

Total energy production of the VDU per year of 185024 100
operation

Wind power plant energy production per year of 168895 91.28
operation

Energy production of DPPs per year of operation 16147 8.72

From the above table it is clear that the share of DES is only 8.72% of the
energy produced. The rest of the energy was provided by wind farms. In 1987, SMA
built and tested the world's first VDU with a new control system on the island of
CapeClear . It was followed by VDUs in Greece, Jordan and China.

Raslin Island (Ireland) included three wind turbines " Aeroman " with a
capacity of 33 kW each, three diesel generators with a capacity of: 48, 80 and 132
kW, a 220 V battery with an energy capacity of up to 100 kWh and a three-phase
inverter with an output power of 140 kW (class 4 according to the Danish
classification). The wind conditions on Raslin Island are very favorable for the use
of wind energy ( Vcp =10 m/s). Thanks to this and the use of the IPS system, the
island's electricity supply was ensured with minimal participation of the DPPs: the
total time of their operation during the year of operation did not exceed 10-20%. [25]

The basis of this technology is the use of megawatt- capacity wind and
hybrid wind-diesel complexes as a source of autonomous energy. This technology
has been successfully used for many years in Canada, the USA, Norway, Australia,
the Philippines and 70 other countries.

The cost of energy for the complex depends mainly on the wind potential

and can range from 2.5 UAH/kWh to 1 UAH/kWh.
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The turnkey implementation of the VDK is carried out in 1.5-2 years
(including wind monitoring for 1 year). Specific capital investments per 1 kW of
installed capacity are 1.9 thousand euros.

If necessary, to increase the reliability of energy supply, the wind-diesel
complex can be additionally equipped with a flywheel. The flywheel will allow in
the short term to redistribute the energy received from the wind turbine, as well as
to ensure the operation of the diesel engine in the nominal mode, which has a positive
effect on the final fuel consumption (Figure 1.4). Research in the field of flywheel
applications; including in joint work with renewable energy sources, is covered in
sufficient detail.

Using VDU allows you to significantly save diesel fuel fuel, however, its
contribution to the consumer's energy supply remains significant. An accumulation
system that allows for long-term energy redistribution can minimize the use of fossil
fuels. One of the alternative solutions to the problem is the use of hydrogen
technologies. At a time when the energy production at wind farms exceeds the
consumer load, using excess energy using an electrolyzer, hydrogen can be obtained.
This hydrogen can be effectively used during calm or weak winds. Using fuel cells
or slightly modified DEUs, electricity can be obtained from hydrogen to cover the
consumer load.

Similar energy complexes have already been created and are successfully
operated in the USA, Canada, Australia, and Denmark.

In Canada, hybrid schemes are used to provide energy to remote villages:
wind -diesel and wind -hydrogen. Hydrogen is stored and used to produce electricity
in internal combustion engines. Two projects have been created in Canada under the
wind-hydrogen scheme: Prince Edwardsland Wind-Hydrogen Village and in the city
of Ramea . Fig. 1.5 shows a diagram of a wind-hydrogen complex operating in the
city of Romea . The capacity of the hydrogen generator i1s 250 kW. It allows saving
120,000 liters of fuel annually, thereby preventing the emission of harmful
substances into the atmosphere: CO0 ;- 320 t, NO 4- 6.8 t, S02 - 0.6 t. In the work

devoted to the study of this complex, data on the economy are not reflected.
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However, it is indicated there that the construction of the complex is economically
justified.
Tasmania Institute operates a complex consisting of 2 -wind turbines, an

electrolyzer, and a diesel plant converted to run on hydrogen.
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Figure 1.5. Scheme of the wind-hydrogen energy complex

in Romea (Canada)

1.6. Conclusions on the first section

1. megawatt -class wind turbines operating in a unified energy system .

2. The use of autonomous energy supply systems is most relevant for the USA
and Canada, where energy is based on the competition of a number of
generating companies, whose energy networks, as a rule, are not connected
into a single energy system. Also, the use of autonomous energy based on
renewable energy is relevant for consumers located on islands.

3. In a number of cases, due to the high cost of fuel delivery, the use of DEU
leads to significant financial costs. In this case, the use of renewable energy-

based power plants becomes relevant.
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4. Most consumers remote from centralized energy supply are located in areas
with good wind resources. Thus, wind turbines can be used quite effectively
in their energy supply system.

5. Today, wind-diesel power plants are considered the most effective and
proven.

6. In order to minimize the consumption of fossil fuels and most effectively
redistribute wind energy to cover the load schedule, it is necessary to
provide the power plant with a reliable storage system. This task can be
effectively solved by technologies based on the production and use of
hydrogen. Hydrogen is a universal fuel. It can be used as a fuel for recycled
diesel engines (DEU) or as an electrode in a fuel cell.

7. Today, the hydrogen energy market is just emerging. Therefore, equipment
for obtaining, storing and oxidizing hydrogen has a high cost. At the same
time, there is a clear trend towards a decrease in the cost of this equipment.
Today, a number of stations are already operating in Canada and Australia,
where a hydrogen storage system is used to redistribute energy obtained

from the wind.
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