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minimum. With two models studied electric brushless scheme in MATLAB and found the best for high dynamic
power and performance - with a PI speed controller with fuzzy logic.
Keywords: brushless drive, energy efficiency, electric, electric forklift, fuzzy logic.

1. Zakladnyi O.M. Energy-efficient electric drive with brushless motor: Monograph / O.M. Zakladnyi,
0.0. Zakladnyi — K.: Publisher "Libra”, 2012. — 185 p.

2. Zakladnyi O.M. The use of advanced power electronic components in a controlled electric / O.M.
Zakladnyi, O.0. Zakladnyi // Energy: economy, technology, ecology. 2006. Ne.2. P. 47-53.

3. Zakladnyi O.M. Influence of ways to manage the switch to electric conversion quality brushless drive /
O.M. Zakladnyi, O.0. Zakladnyi // nformation collection "Industrial power engineering and electrical
engineering" Promelektro. 2008. Ne3. P. 35-39.

4. Acarnley P.P., Watson J.F. Review of Position-Sensorless Operation of Brushless Permanent-Magnet
Machines// IEEE Trans. Ind. Electron. - Vol. 53, No.2, P. 352-362, Apr. 2006.

VJIK 62-83-52.003(082)
A.H. 3AKJIAJTHOH, O.A. BAKJIAJIHOM, B.O. BPOHULIKUI, J1.F0. MOTUJIAT
SHEPIO®®EKTUBHBIN SJIEKTPOIIPUBO/ DJEKTPOIIOIPY3UUKA
[IpuBencHBI pe3ybTaThl aHANM3a U CPABHCHHS DIICKTPOIPUBOIOB 3JICKTPOMOIPY3UYUKOB C Pa3IMYHBIMU
TUIIAMH DJICKTPOJABUTATEICH (TIOCTOSHHOTO TOKA, aCHHXPOHHBIM, CHHXPOHHBIM C MOCTOSHHBIMH MarHUTaMH).
ITokazano, 4Yro 1O Macco-rabaputHbiM moka3zatenssM u  KIIJ| HauOosiee MEPCHCKTHBHBIM — SBJSICTCS
JNEKTPOIIPUBOJ] C CHHXPOHHBIM [[BHTATEJEM C IOCTOSHHBIMH MarHutamu. [IpoaHaln3upOBaHBI CIIOCOOBI
YIPaBICHUSI BEHTHJIBHBIM JIBUTATE]IEeM, U BBHIOpaH 3HEProd(p(eKTHBHBIN, 3aKIIOUYAIONIHICS B IOACPKAHUM
MOCTOSIHHOW BEJIMYUHBI yIJIa 3amaca 6 npeodpa3oBarelisi Ha MUHUMATbHOM ypoBHE. C MOMOIIBIO IBYX MOJENeH
HCCIIeIOBaH AJIEKTPONPUBOJ MO cXeMe BeHTWIbHOTO nBuratens B cpeae MATLAB, u ompeneneHa mydmas mo
BBICOKUM TUHAMHYECKUM U SHEPreTHYECKUM MMoKa3aTesiMm — ¢ [T-perymsiTopoM CKOPOCTH € HEYETKOMN JIOTUKOM.
KaioueBble cji0Ba: BEHTWIBHBIN JBUTATEINb, SHEPTOIDHEKTUBHOCTD, DICKTPONPUBO/, IECKTPOIOTPY3UHK,
He4ETKas JIOTHKA.

YK 621.31

| AB. HPAXOBHI/IK|, T.M. BA3IOK

E®EKTUBHE BUKOPUCTAHHSA EHEPITETUYHUX PECYPCIB
TA KOHHEHTPAILISI IOTOKY EHEPIII
HUBBKOIIOTEHIIAJIBHUX JIZKEPEJI

VY crarti po3MISHYTO NHTaHHS ONTHMi3amii BHUKOPHCTAHHS €HEpPreTW4HuX pecypciB. I[IpoananizoBaHo
MOXJIMBOCTI MiJIBUIIEHHS €()EKTUBHOCTI BUKOPUCTAHHS HU3BKOMOTEHIIAILHAX JKEpell eHeprii, HepBUHHUX Ta
BTOPHHHHX CEHEPreTUYHHX pecypciB. Po3mIsHYyTO CrmocoOW pamioHaJhbHOTO Ta OUIhII  €(PEKTHBHOTO
BUKOPHCTAHHSI TPAAMLIHHNX JyKepel eHeprii. PO3rissHyTO MOXKIMBOCTI KOHIIEHTpALlii TOTOKY €HEpril COHIYHOTO
BUIIPOMIHIOBaHHS, BOJH, BITPY Ta HU3bKOMOTEHINAIHHOTO Teria. Bu3HaueHo ¢rmocib migBUIICHHS e(heKTHBHOCTI
HHU3bKONOTEHIIaJIbHUX pKepel eHeprii. HaBeneHo ocoOnmBocTi MoOy/I0BU Ta MEpeBaru elNeKTPOCHEPreTHYHUX
KOMIUIEKCIB Ha OCHOBI HETPaJMLIHUX Ta BIJHOBIIIOBAILHHUX JDKEpEN eHeprii. 3po0ieHo OLiHKY npobieM, siKi
BUPIIIYE BIPOBAHKEHS TAKUX KOMIUIEKCIB.

KrouoBi cioBa: eneproeeKTHBHICTh, HU3BKOIIOTEHITIANBHI [PKepesia eHeprii, KOHIIEHTPALis, IMiICHICHHS
MOTOKY, €JIEKTPOCHEPIeTUIHIH KOMIUIEKC.

Beryn. Jlnst orpumanHs eHeprii moTpiOHI mepBWHHI 11 JpKepena: COHIE, BiTep, BoJa Ta IaJIUBO:
ByIJIeBOAHEBe (HadTa, ras, Byriusi, 1poBa) Ta siiepHe. [Ippyyomy BCi BOHM He KOPHCHI J0 THX Tip, JOKH He
MEPETBOPATHCS. B HEOOXIJIHI €HEpreTHYHI IOCIYTH Ui KiHIIEBOrO CHOXKHBada. Y 0araThoX KpaiHax BeJHMKa
KIJIBKICTh TIEpBUHHOI €HEprii BHTPAa4daeThCS MapHO dYepe3 HEJTOCKOHATYy KOHCTPYKIiI0 abo HepalioHaNbHY
eKCIUTyaTallil0  yCTaTKyBaHHS  BHACHOK  HEAOaloro  TOCHOJApChKOTO  YHPABIIHHA  HPOIECaMHU
eHeproBuKopucTanus [1].
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OCHOBHUMH IaJIMBHO-EHEPreTHYHUMH pecypcaMy, Ha SIKMX 0a3yeTbCs CydacHa €HEpreTHka, € BHKOIIHE
MAJINBO, IPOIYKTH HOTO TIepepoOKH (MOTOPHE MAIHBO, Ma3yT, OPUKETH), BOJSHI TIOTOKH (PIUKH), sICpHE IMajJbHe
(ypas, Topiit) [3]. BukopucTtanHs TpaJumiHHUX HEBITHOBIIOBAIBHIX JDKEPET €HepTii, TaKuX sK BYTiULL, HadTa,
ra3 Ta iH. [UI1 BUPOOHHIITBA €HEPrii CIIPHYUHIOE [1Bi TII00ABHI MPOOIEMI: BUCHAXEHHS MPHUPOIHIX PECypCiB Ta
3a0pyIHEHHs HAaBKOJMIIHBOTO CEPEIOBHINA, a BUKOPHCTAHHS aTOMHOI CHEPreTHKH, SIK II0OKa3aB JOCBIJ, MOXe
CHPUYAHUTH TTI00aTbHI €KOJIOTI9HI KaTacTpod.

IcHyrOTS # iHII €HEepPreTHYHI pecypcH, HampHuKiaz, 6ioMaca, eHepris COHIIS, EHEPTis BITPY, €HEpTis XBUIb,
rizpopecypcH, reoTepMajibHa HEepris Ta iH. — e BIIHOBIIIOBAJIbHI JKepesia eHepril.

Cy4acHuii piBeHb CIIOKMBAHHS €JIEKTPUYHOI Ta TEIJIOBOI €Hepril He JI03BOJISIE MOBHICTIO BIJIMOBUTHCS BiX
BUKOPHCTAaHHsI OpraHiduHOro Ta siaepHoro nanusa. OJHaK, BpaXOBYIOUHM Te, LIO IX 3alacd BHYEpPIHI, [OCTae
NUTaHHA B €(QEeKTUBHOCTI HOTO0 BHKOpUCTaHHA. Bce OUIble yBarm NPHUIUIAETHCS «Maliid €HEPreTHLI», sKa
BUKOPHCTOBYE T€HEPATOPU HEBEJINKOI MOTY)KHOCTI, 110 € OUIbII eHeproedeKTHUBHI, OLTBII BUTiAHI €eKOHOMIYHO
Ta EKOJOriyHO uwucTimn. [Ipym BUKOpHUCTaHHI HOBUX TeHepaTopiB B atMmocdepy notpamise Ha 70...100%
BiJICOTKIB MEHIIE IIKi[UIMBUX PEYOBHH, HDK BiJ 3BHYaWHUX eJeKTpocTaHmiid. lle BimOyBaeThcs 3a paxyHOK
OimpII  €(EeKTUBHOTO CIIANIOBAHHS TPATUIIIHOTO TaliBa, CIIUIFHOTO BHPOOHHIITBA TEIUIOBOI Ta EJICKTPHUYHOL
eHeprii, BUKOPUCTaHHS BiIHOBIIOBAIGHUX JDKEPEN €Heprii, a TakoK yepe3 Te, IO HOBI T'C€HEPATOPH MAIOTh
3HaYyHO OumbImuii KoedimieHT KopucHOi Ail. OCKIIBKH, iX BCTaHOBIIOIOTH B Oe3mocepenHiit OTM3BKOCTI 10
CIOXHBAYiB, TO 3MEHIIYIOTHCA BTPATH MPU TPAHCIIOPTYBaHHI, a OUIBIIICTh TEIUIOBHX BHKHIIB YTHIII30BYETHCS
(BHKOPUCTOBYETBCSI JUIsl MOTPEO CHCTEM Tapsdoro BOJOIOCTA4aHHS Ta OINMAJICHHS), YUM 1 JOCATA€EThCS BUCOKA
e(eKTUBHICTh BUKOPHCTaHHS ManuBa Ha piBHi 80...96% [2].

Merolo naHOi cTarTi € NpOBENEHHS HOCHKeHb 00 e(EeKTHBHOCTI BHKOPUCTAHHS EHEPreTHYHUX
pecypciB Ta BU3HaYE€HHsI MOKIIMBHX IIUISAXIB MIIBUIIECHHS KOHIIEHTpalii HU3bKOMOTEHIIANBHUX JPKEpel eHepril
Ta MOAAJIBIIOT ONITUMI3AIII] MapaMeTpPiB MOTOKY.

AmHaji3 nokasas, II0 BCl €HEPreTUYHI pecypcu MOYKHa BUKOPUCTOBYBATH €()EKTUBHIIIE Ta palliOHaNbHIIIe,
a BPaxOBYIOYHM HOCTiifHE 3pOCTaHHA LiH Ha MaJHBO Ta PiBEHb 3a0pYyIHEHHS HABKOIUIIHBOTO CEPEIOBHINA LIE €
HEoOXimHUM. Y BHpINICHH] IIFOT0 MUTAaHHS BXe HAOYTO MEBHUN JOCBI, POTIITHEMO 1 1HIIII MOKJIMBOCTI TaKOTO
BUKOPUCTAHHSL.

IIpencraBnena cxema (puc. 1), HAOYHO TOKa3ye NUIAX CHEPrii Bifg I BUXITHOTO CTaHy 1O KiHIIEBOTO
CIIO)KHMBAHHS, BioOpaXkae 3araJlbHUil B3a€MO3B 530K MIX JKepelaMH MEepBHHHOI eHepril Ta BHIAMH KiHIEBOT
eHeprii [3].

NEPBWHHI OEPENA EHEPTIT

HesigHOBAKEANLHI Awepena eHeprii BigHoBMOBANEHI axepena eHeprii
BUKOMHE MOAUSO. | AGEpHE NaNUED: EHEPriA COHAYHOID BHNDOMIHIOBaHAS |
BYrinng YREH EHERria sirpy
HadTa ToOpiH reoTEpMansHa eHepria
ras rigpopecypcH
Topg

| nepeTeopeHHa r—m'pa'm:>

BTOPWHHI AXEPENA EHEPTIT

MASTMBO |
TBEpAE: razonogitHe: pigme:
AepesdHa NpPHPOLHUA ras BeHIuH
BYTinAA WTYYHHI a3 CONAPOEE Macno
Giomaca BOOEHE MaszyT

[ ENEKTPHUYHA EHEPTIA |
[ TEMJIOBA EHEPTIA ]

TREHCNOPTYESHA
P PTYe BTRATH
Ta poEnogin
HESHEPRTSTHHHE

CNOMKHBaHHA

KIHLLEBA EHEPTIA
NepeMHHE
BTOpPMHHA

NEpETECPEHHA

KOPWUCHA EHEPTIA |

TENAD eneKTpoeH eprin OCBITNEHHA ‘

BMKOPHUCTAHHA

Puc. 1. — CtpykTypa eHepromnoctaqaHHs.
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OnHUM 13 OCHOBHMX 3aBJiaHb, SIKI CTaBHTh IIEpel CYCHLIBCTBOM «EHEPreTHKa CTaloro pPO3BUTKY» €
e(eKTHBHE BHUKOPHCTAaHHSI CHEPTeTHYHUX PECypCiB, SKOTO MOXKHA JOMOITHCS pisHHMH cnocobamu. Lo
CTOCY€ThCS TPAAHIIHHUX DKEpeN eHeprii, To me 30arayeHHs MajiBa, BUKOPHCTAHHS €PEKTHBHUX DPEXKHMIB
CHAITIOBAaHHS, J0/IaBaHHS Pi3HOTO POy MPHUCAIOK UL OTPUMAHHSA HaWOUIBIIOT eheKTUBHOCTI Ta iH. Y BHITAIKy
HETPaIULITHNX IPKEPEI €HEeprii, Al AKUX XapaKTEePHOIO € HU3bKa I'yCTHHA €HEPIeTHYHOTO MOTOKY Ha OJHHUIIIO
IUTOIIi, HAMKpammM CIIOCOOOM MiABUINCHHS €(QEKTHBHOCTI BUKOPHCTAHHSA € KOHIICHTpAIis EHepril.
BukopucTaHHSI KOHIIGHTPATOPiB 03BOJISIE MOKPAIIUTH XapaKTEPUCTUKHU Ta MapaMeTpu MOTOKY (IOBITps, BOIH,
COHSIYHOTO BUIIPOMIHIOBAaHHS) Ta TEMJIOBOi €Heprii (HU3BKOMOTEHLIAJbHE TEIUIO) IICIs YOro 3pocTae
e(eKTUBHICTh BUKOPHCTAHHS INX CHEPIETUYHUX PECYPCIB.

Jns mifcuneHHst eHeprii COHSYHOrO BHMIIPOMIHIOBAHHS BUKOPHCTOBYIOTH ONTHYHI KOHIEHTPATOpPH, SIKi
JIO3BOJISIFOTB 310paT MakCHUMalbHY KUIBKICTh MPOMEHIB Ta CHPSAMYBAaTH IX Ha mpuiiMad CoHs4HOI eHeprii. J{is
MIiJICWJICHHS TOTOKY BOJAM BHUKOPHCTOBYIOTH DI3HOMAHITHI BOJONpHUiIMadi, OCHOBOIO SIKHX € KOH(Y30pH,
mudys3opu Ta ix KOMOIHAIIIT, a TAKOXK, MOTOKOHAIIPABIISIOY €JIEMEHTH, SIKi TAKOXK MOYKHAa BUKOPUCTOBYBATH 1 ISt
migcuienHs Bitpy. Ilo crocyeTbcsi KOHIEHTpalii HU3PKONOTEHIIATHHOTO TEIDIa Ta HOTO MEPETBOPEHHS i
mepeaadi 10 CHoXuBaya, TO JIs IBOTO NMpu3HaueHui TerioBuit Hacoc (TH).

[Ipu BUKOpHCTaHHI KOHIICHTPATOPIiB MOXKHA 3MEHIIUTH PO3MIPH Ta Macy OCHOBHOTO  IpHiiMada i
BUKOPHUCTATH HOBI, X04Ua i BUCOKOBAPTICHI, aie OinbpIr eeKTHBHI mepeTBoproBadi. Kpim Toro, Oinpmie eneprii Ha
OIMHHIIIO TUTOIIi 30UIBIIYE €HEPreTHYHY €(PEeKTHBHICTh IEPETBOPEHHS TOTO YW IHIIOTO BHIY MEpBUHHOI abo
BTOPHUHHOI €HEPTii B €JIEKTPUYHY YU TEIIOBY.

Konyenmpayin enepeemuunux pecypcie — 1ie IpoLEC 30CePEKECHHS 1 HAKOIMYEHHS eHepreTHYHUX PecypciB
B OJHOMY MicCIi Ta 30UIbLIEHHS IX EHEPreTHMYHOro MOTEHNiaNny JJisi MOAANBIIOro Okl e(eKTHBHOTO
MIEPETBOPEHHS B EJICKTPUUHY, TEIJIOBY 200 MEXaHIYHY €HEprilo.

Tpanuniiini xkepena edeprii. Ilonam 80 % TeruIoBOi Ta €NCKTPUYHOI €HEPril OTPUMYIOTh 338 PaXxyHOK
CHAJIOBaHHS BUKOITHOI'O OPraHIYHOIO MajiMBa. Y CTPYKTYPI BUKOIHOTO OPTaHiyHOTO MajiBa IMTOMAa Bara
HadTi cTaHOBHTH OnU3BKO 45%, mpupoaHoTOo Tazy — 18%, Byrimis — 37%.

3ajexHO Bifl BUAY IEPBHHHOI eHeprii po3pi3usioTh TeruioBi enekrpocrauiuii (TEC), rimpoenekrpudi
crauuii (CEC), aromni enextpocraniii (AEC) Tta in. Jlo TEC nanexats xonjaeHcariini enexkrpocraniii (KEC) i
terutoenekTpouenTpani (TELL).

Ha TEC, ne BupoOmserscs monax 80% opepKyBaHOI y CBITI eHeprii, HMOTEHIiHa XiMiYHa EHepris
OpTaHIYHOTO TanuBa (BYriUIsA, HAPTH ab0 Ta3zy) MEPETBOPIOETHCS HA TEIUIOBY €HEPTiI0 BOISHOI Mapw, fKa, B
CBOIO YEpry, IIEPETBOPIOETHCS B eneKTpuuHy [3].

Haii6inb BUTiAHUMH crOCOOaMHU MiJBUILEHHS €(EKTUBHOCTI BHKOPHCTaHHS MEPBHHHUX E€HEPreTUYHUX
pecypciB Ha TEC € 30araueHHs Ta e(EKTHBHE CHAIIOBAaHHS IAJKMBa, BJIOCKOHAJICHHS TEXHOJIOTIYHOIO
obnasHaHHs (KOTJIB, MaJBHMUKIB), 130/l TPYyOONPOBOJIB Ta IIOBTOPHE BHUKOPUCTaHHS BTOPUHHHUX
enepreruunux pecypcis (BEP) (pereneparis, pekynepaiiisi). Il{o crocyerscst AEC, To 10 HalO1IbII BUTIIHUX
HanpsMKiB e(QEeKTUBHOTO BHKOPHCTaHHS EHEPropecypciB MOXKHa BIHECTH 30aradeHHs SIEpHOTO IalvBa,
BIOCKOHAJICHHS 00JTaHAHHS Ta BUKOPUCTAHHS CKUIHOI TEIUIOBOT €Heprii.

Herpanguuiiini mkepena emeprii. Maibke Bci eHepreTH4Hi pecypcd 3eMili € MPOAYKTaMH isUTBHOCTI
Conn. OIHAM 3 TOJNOBHX HAINPSMKIB HETPAaJULIHHOT €HEPIreTHKH € TEePETBOPEHHS 1| BUKOPUCTAHHS COHSYHOI
eHeprii NpsSMHUMH Ta HENPAMUMH MeTomamu. [IpsMUMHK Ha3MBalOTh METOIM OE3MOCEpPEHBOTO IIEPETBOPEHHS
eHeprii COHSYHOrO BUIIPOMIHIOBAHHS Ha EJIEKTPUYHY Ta TeIuloBy. HempsiMi MeTOOM Jai0Th MOJKIIHBICTB
BUKOPHCTOBYBaTH KiHETUYHY 1 IOTEHIIiHY €HEpPrito 10 BUHUKAE BHACIIJIOK JIiT COHSYHOTO BUIIPOMIHIOBaHHS Ha
6iochepy.

J1o OCHOBHHUX HeTpaAMUIHHUX 1 BigHOBMOBaHUX Jkepen eHeprii (HBJIE) nanexats: eneprist Conus, BiTpY,
Teruta 3eMii, 6ioMacu (OpraHidHi BiIXOAM FOCHOAAPCHKOI MiSIBHOCTI JIOAWHH, €HePreTUYHI MIaHTaIlil POCIUH),
OKeaHiB 1 MOpiB (IPUIUIMBU 1 BIAMJIMBH), TiIpOCHEPTis (PidukH, TiAPOAKyMyNIIOBadbHI CHCTEMH), a TaKOX
BTOPHHHI €HEPTETHYHI pecypcH (TEIUIOBI BiAXOIH MPOMHCIOBHX 1 CLIBCHKOTOCTIONAPCHKUX MIJIPHEMCTB Ta iH.).

Eneprisi coHsiyHOro BUNpoMiHoBaHHA. ONTHYHI KOHIEHTPATOPH COHSYHOTO BHUIIPOMIHIOBAHHS € OJIHUM
i3 HaWBaXXJIMBIIIUX KOMIIOHCHTIB, IO ITiJBUIIYIOTh EHEProe(PEeKTUBHICTh TEIUIOBHX Ta (POTOCIEKTPHUHIIX
CHCTEM CHEPIeTHKH.

OnTuYHUH KOHIIEHTPAaTOp — 1€ KOHCTPYKTHUBHUI €JIEMEHT NPHU3HAYEHUH 11 KOHIEHTpauii (30MpaHH:)
eHeprii COHSYHOrO BUIIPOMIHIOBAaHHA Ha mnpuiiMad. Ha puc. 2 mnpencraBneHa xiacuikamiss ONTHYHHX
KOHIeHTpaTopiB. KoMOiHawis KUIBKOX TaKMX KOHIIEHTPATOPiB YTBOPIOE ONTHYHY KOHIIEHTPATOPHY CUCTEMY.

Ha choropHiuHii JeHb IIMPOKE PO3IOBCIOMKEHHS B CHCTEMax COHSYHOI €HEPreTHMKH OTPHUMANU JIHIIEe
ONTHYHI KOHIIEHTPATOPH NEPIIOr0 TOKOJIHHS, SKi PO3BHBAIOTHCS Y HANpsMi BAOCKOHAJCHHA KIACHIHHUX
TEXHOJIOTifl Ta CTBOPEHHS IPHUHIIMIIOBO HOBUX TEXHOJIOTiH 30MpaHHS ONTHYHOTO BUIIPOMIHIOBAaHHS. 30KpeMa,
pedpaxiiiiii Ta BigOuBaro4i (I3epKaibHi) ONTHYHI KOHIIEHTPATOpu. BOHU JO3BOJISIOTH TOCSTTH BUCOKOTO PiBHS
KOHIIGHTpAIlii COHAYHOTO BUIPOMIHIOBAHHA Ta BHKOPHUCTOBYBATH MAlOTra0apuTHI BHCOKOE(EKTHBHI
(oroenexTpuuHi neperBoproBaui. Ha skanb, KOHIEHTPATOpH NEPIIOTO IMOKOJIIHHS MalOTh BENMKI Ta0apuTH Ta
Macy i HoTpeOyIoTh BUKOPHUCTAHHS TPYAOMICTKHUX METO/IB MEXaHOOOPOOKH ITPH BUTOTOBJICHHI 1 € HE CYMICHUMHU
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3 IHTerpaJbHUMM METOJAMH THPAXyBaHHSA, sIKI BUKOPHCTOBYIOTbCS CHOTOJHI y  BHUPOOHMITBI
HAITiBIIPOBITHUKOBHUX (POTOENEKTPHYHIX IPUIMAaUiB COHIYHOI €Heprii.

Ne KJACUDIKALIA COHAYHUX KOHIHEHTPATOPIB
1) pedpaxuiiini (3asomittoroui)
. . SIIEeMEHTH;
3a  (QI3MYHUM [PUHLUIOM BiAXWICHHS ONTHYHHX . . .
1 . 2) JI3epKaJbHi (BimbuBaroui)
IPOMEHIB eJIECMEHTH
SIIEeMEHTH;
3) mubpakiiiui (romorpadiumi).
1) yabpTpadioneroBe
BHITPOMIHIOBaHHS,
2) BUTIPOMIHIOBAHHS BUIMMOTO
3a CHEKTPaIbHUM CKJIaJIOM COHSIYHOTO | CHEKTpY;
2 BUMPOMIHIOBAaHHS, LIO KOHICHTPYEThCS Ha mpHitMadi | 3) iH(ppauepBOHE BUIIPOMIHIOBaHHS;
COHSYHOT eHeprii 4) OararocnexkTpaibHe
BUIIPOMIHIOBAHHS;
5) MOHOXpPOMaTHYHE
BUIIPOMIHIOBaHHSL.
.. 1 BY3bKO anepTypHi KOHCTPYKIIIT;
3a  KyTOBOIO  amepTypold  ONTHYHOI  CHCTEMH ) M pIYP PYKIIL
3 . . 2) HIAPOKO anepTypHi
KOHIIEHTpaLlii IPsIMUX, KOCUX Ta PO3CISTHUX IPOMEHIB (CBITTOCHTbHI) KOHCTPYKILT
. . . 1 chepruHi KOHIICHTPATOPHIi
B 3anexHOCTI Bix GpopMu poOGOUOi MOBEPXHI ONTHYHOTO GJ?IGMCHTI/ITP p Tparop
eneMeHTa Ta (I3BUYHUX OcCOOIMBOCTEH (OopMyBaHHS ’ . . .
4 . 2) acepuyuHi (umniHApHUYHI,
BUXITHOTO XBHJIBOBOTO ()POHTY, IO BUKOPHUCTOBYETHCS L . . o
.o mapa0oiigHi, rimepOomiyHi Ta  iHII)
IUIs yCyHEeHHs abepaliii ONTHYHOTO IydYKa KOHIICHTpATOPH
5 B 3anexunocti Big ¢opmu chokycoBaHoro omntuyHoro | 1) TOYKOBI KOHIICHTPATOPH;
ny4ka Ta (opMHU MpuiiMaya COHsIYHOI eHeprii 2) JHIHHI KOHLIIEHTPATOPH.
. 1) OJTHOEJIEMEHTHI KOHIIEHTPATOPH;
3a KUIBKICTIO MapaleibHO PO3TAIOBaHUX (POKYCYIOUU .
6 . o . . 2) OaraToeIeMeHTHI
€JIEMEHTIB B ONTHYHIH KOHIIEHTPYIOYill cCHCTEeMI KOHIICHTpATOPH
.. . .. | 1) OJHOKACKaJIHi;
3a KUIBKICTIO (POKYCYIOUHMX CJICMCHTIB B ONTHYHIN 2) IBOKACKAIH:
7 KOHIICHTPATOPHIH CHCTEMi, PO3TAIIOBAHUX MOCIiIOBHO >
. 3) TPbOX KaCKaJHi;
0 XOJly ONTHYHUX IIPOMEHIB 4) Garato kackai
1) KOHLIEHTPaTOPH HEePBUHHOTO
8 3a (Qi3UYHIMH TPHUHIUIIAMH, IIO JIEKAaTh B OCHOBI | BUIPOMiHIOBaHHS;
BHUHUKHEHHS KiHIL[EBOT'O BUIIPOMiHIOBaHHS 2) KOHLIEHTPaTOPH BTOPUHHOT'O
BHITPOMiHIOBaHHS (200 JTFOMIHECIICHTHI).
9 3a 0cOOMMBOCTSAMH IOIIMPEHHS XBHUIBLOBOrO (poHTYy | 1) XBHJICBH]IHI €JIEMEHTH;
TIpH 30MpaHHI COHSIHOTO BHIIPOMIHIOBAHHS 2) €JIeMEHTH 00’ €EMHOTO THITY.
3a XIMIYHAM CKJIaJIOM MaTepialis 0 o . .
A P ’ ! 1) opraHivHi (TToiMepHi);
10 BUKOPHCTOBYIOTBCSL Ul BUTOTOBJICHHS ~ ONTHYHOTO 2) HeOPraHiHi
KOHIIEHTpaTopa P )
B 3ajexHOCTI BijJ CHIBBIJIHOLIGHHS IOBXWH XBHJI Ta
1 TEOMETPUYHHUX PO3MIpIB eleMEHTapHUX CTPYKTYpHHUX | 1) MaKpOCKOITIYHi;
YTBOPEHb  KOHIIEHTPATOpiB,  BiAMOBigaJbHHX  3a | 2) HaHOCTPYKTYPOBaHi.
BIZIXMJICHHSI OIITUYHOTO MyYKa

Puc. 2. — Kiacuikaiiist ONTHYHUX KOHLEHTPATOPIB COHSIYHOT eHeprii.

Jlpyre NOKOJIIHHSI COHSYHHMX KOHLIEHTPATOPIB MOB’sI3aHE i3 3aCTOCYBaHHAM JU(PaKIIHHUX rojorpadidHux
€JIEMEHTIB, II0 TPAIlIOIOTh Ha TMpOIycKaHHsS Ta BigOuBaHHA. Jlo mudpakuiliHux rosjorpadivanx
KOHLIEHTPATOPiB BigHOCATbCA TrosorpadiuHi  Qoxkycyrodi eneMeHTH Ta JIiHiHHI AnpakUiiHi rpaTky, [Ki
BUKOPHCTOBYIOTbCS JUIS BBEJCHHS BHUIIPOMIHIOBAaHHS B ONTHYHI XBHWJeBOAW. [lepeBaroro rosmorpadivanx
KOHLIEHTPATOPiB € MaJli TadapuTH (TOBIIMHA) Ta HM3bKa BapTicThb. Bagamu rojorpadidyHuX KOHLEHTPATOPIB €
HU3bKa auGpakiiifHa epeKTHBHICTh Y IIUPOKOMY CIIEKTPaJbHOMY Mdiala30Hi COHSYHOTO BHIIPOMIHIOBAHHS, a
TaKOX HASBHICTH XPOMATHYHNX abepalliiHUX BUKPHUBJICHb COHSIHOTO my4Ka [4].

YKe MpOTATroM KiJIbKOX AECATHIIITH KOHIIEHTPATOPH COHSAYHOI €HepTii IHTEHCHBHO PO3BUBAIOTHCS Ta OlIbIIIE
HE TOTPeOyIOTh 0COOIMBHX TOKA3iB JJIS MiATBEPIKEHHS iX €(DeKTHBHOCTI Ta TIpaB Ha iCHYBaHHS.
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Eneprisn BiTpy. Cyuachi BirpoeHepreruuHi ycranoBku (BEY) BHKOpHCTOBYIOTH BiTEp NMPHU3EMHOTO LIapy
atmocdepu. Ha momepenniit cranii BusBieHHS nepcrekTuBHOCTI BEY BUKOPHCTOBYETHCS OAWMH 3 TOJIOBHUX
MOKAa3HHKIB €(peKTUBHOCTI — CepeqHbOPIYHA MBHUIKICTE BiTpYy. BBaxaeTscs, mo ansa modynosu edekruBHoi BEY
I BeJIMYMHA TTOBMHHA CTAaHOBUTH 5 M/c Ta Oimbime. Maibke He BHKOPHUCTOBYETHCS, AT BUPOOJICHHS €HEprii,
BiTep i3 MEHIIIOO MIBUIKICTIO.

Ipu omiHIli €EeKTHBHOCTI BITPOBOTO MOTOKY, BAKOPHCTOBYETHCSA HACTYIIHA (hOpPMyIIa:

3
P=CP-p-S-V7, @

e Cp— xoedilieHT edeKTHBHOCTI BITpOKOJIeca, p — rycTHHA TMOBiTpst (M°/c), S — mioma Bitpokoneca (M2), V
— IBHAKICTH BiTpY Ois BiTpoKomeca (m/c) [2].

KonnenTpaTopu BiTpOBOTO NOTOKY MAlOTh 3HAYHUU BIUIMB HA MIBHIKICTH BITPY, B KyOiUHIH 3aJI€KHOCTI Bix
AKOT 3HAXOMMTHCA TMOTYHKHICT BCHOTO MOTOKY MOBITPS. IX  BMKOPMCTAHHS JacTh 3MOTY IIiIBHIIUTH
e(eKTHBHICTH BUKOPUCTAHHS MaJIOMOTYKHIX BiTPIB.

Mupoxomy posnosciomkeHHio BEY mepemxkompkae psn npuduH: 1) Majna mHTOMa TYCTHHA BIiTPOBOTO
MOTOKY; 2) CYTT€Ba 3aJIC)KHICTh BEJIMYMHH C€HEPTii BITPOBOTO IOTOKY BiJ MPUPOIHUX YMOB Ta MEPEIIKO; 3)
HEJIOCTaTHhO PO3pOOJIEHI METONUKH ONTHMi3alii OCHOBHUX mapamerpiB.  ['yCTHHY BITPOBOrO NOTOKY, a,
OTXKe, 1 €(EeKTHUBHICTh BITPOCHEPTETHYHUX YCTAHOBOK, MOJKHA ITiJIBUIIUTH 3 JOIOMOTOK  KOHLIEHTPATOpa
BITPOBOIO MOTOKY, a00 B JAESKUX BHIAJKaX IOTOKOHANPABISIOUOro ejJeMeHTy. BOHM CyTTEBO 3MIHIOIOTH
KiHEMaTH4YHI XapaKTEPUCTUKU MOTOKY (IUBUIAKICTH Tedii, HampsMOK Ta iH.). OmHOYAacHO NOTOKO(OpPMYIOUi
YCTaHOBKH 3a3BMYail XapaKTEPH3YIOThCS JIOCTATHHO BEJIMKMMH PO3MipaMH, a TOMY BIUIMBAalOTh Ha  BapTiCTh
IIiJI01 YCTaHOBKH, OCOONMBO , SIKIIO BOHA MAa€ Mally MOTY>KHICTb.

[Ipn 00’enHaHHI €HEPreTUYHHMX YCTAHOBOK, MPAIOIOYMX BiA PI3HUX IPKEpeNl €Heprii, MOKHa CYTTEBO
IiIBUIIUTH TapaHTOBAHE EHEPTONOCTaYaHHs CIIOXHUBAYIB.

Eneprisi Bogu. EnemMerraMy mo migBUIIyIoTh €()E€KTHBHICTH MOTOKY B TiAPOCHEPIETHYHHX YCTAHOBKAX €
BOJIOTIPHIIMAaJIbHI Ta BOAOBIABINHI CIIOpyAW, TypOiHHI KaMepH, HANPABJISAIOYi IUIOIIMHH, BOJOBHUITYCKH Ta iH..
Konnenrparopamu moToky B TipoeHepreTuuHux ycraHoBkaX, Takux sk I'EC, mini-T'EC, TAEC Ta HacocHmX
CTaHIIiAX, € BOJONPHUIMadi Ta BOZOBHUITYCKH, TAPAMETPH SKHUX 3HAYHO BIUIMBAIOTh HA BTPATH HAIOPY, Ta Ha caM
MOTIK, 1, BIANMOBIIHO Ha MOTYXHicTh eHeproycraHoBok 1 BupoOHuuTBo ('TAEC, I'EC) Tta cnoxuBanHs
esleKTpoeHeprii (HacocHi cTaHuii). BogonpuiiManbsHi Ta BOZOBIABIAHI €IEMEHTH B KOHCTPYKTHBHOMY BUKOHAHHI
€ KOH(Y30pHO-TU(DY30PHUMHU KaHATAMH, IIPOXOSTUX KPi3b sIKi 30LIBIITYETHCS 200 3MEHIIY€ETHCS HAIIP MOTOKY.

ITpu omiHLi eheKTUBHOCTI MOTOKY BOJIM, BUKOPUCTOBYETHCS HACTYITHA 3aJIEKHICTB!

P=98Q-p-H, %)

ne Q — 00’eMHa BUTpaTa BOJU (v¥c), H— Harip (M), p — TYCTHHA BOJU (¥c) [2].

Konnenrpyroui Ta moTokoopMyrodi eIeMeHTH TiJpPOSHEPTeTHYHNX YCTAaHOBOK BIUIMBAIOTH Ha IIBHJKICTH
notoky Boau V (M/c), Bia sikoi 3anexarth 00’emua Butpara (Q=f(V)) ta mamip moroxy Bomu (H=f(V)). CBoro
e(eKTHBHICT, KOH(Y30pHI BOJOMIIBIAHI Ta TU(PY30pHI BOAOBIABIMHI KaHAIM JOBOIATH TPHU POOOTI 3
MAJIOTIOTYKHAMH TiIpOTypOiHAMHU B MaJHX pivKax, [UKepeliaX, Imepernaji BUCOT Ha 03€PHUX BOJIOCTOKAX, Ta iH..

BropunHi eHeprernuHi pecypcu. BTOpHHHHME €HEPreTMUHHMH pecypcaMH Ha3MBalOTh SHEPreTUYHHN
MOTEHIIa]l MPOAYKIi, MOOIYHUX 1 MPOMDKHUX MPOIYKTIB, 1[0 YTBOPIOETHCS B TEXHOJIOTIYHMX YCTaHOBKaX i
BTPAuYa€ThCs B CAMOMY arperari, ajne #oro Mo)kHa 4acTKOBO 200 MOBHICTIO BUKOPUCTATH JJIsl eHEProONOCTauaHHs
inmux crnoxupavis. Bukopucranas BEP e omHuM i3 HaiGinbliux pesepBiB eKoHOMii mamuBa. IX MoOHa
BUKOPHCTOBYBaTH Oe3rocepeHbo 0e3 3MiHU BHUIy €HEeproHocis (IoTpeOu B TeIUIoBiil eHeprii Ta manusi) abo
Yyepe3 BHUPOOHHMITBO TEIUIOBOI Ta EJNEKTPUYHOI eHeprii, xoyiogy abo MexaHiyHOI poOOTH B yTHII3alliifHUX
ycTaHoBKax [3].

[opsim 31 30UMBbmICHAAM e(EKTHBHOCTI BHKOPUCTAHHS MAMBHO-CHEPTeTUYHUX pecypciB, yTmiizamis BEP
Jla€ 3MOT'y 3HU3UTH HEraTHBHUI BIUIMB EHEPrornocTayaHHs W EHEProCIIOKMBAHHS HAa JOBKIUIA, 30KpeMa
MEHIIMMH CTAIOTh TETJIOBI BUKUIAM BUPOOHMIITBA, @ TAKOXK BMICT IIKIJUIMBUX PEUYOBHH Y MPOAYKTAX 3TOPAHHSL.

3acTocyBaHHSI BTOPUHHUX €HEPreTHYHMUX PECypCiB, 10 TaK YW IHAKIIE BUHUKAIOTH MiJl Yac TEXHOJIOTIYHUX
MPOLIECIB, € OJHMM 13 HAWOUIBIINX pe3epBiB eHeprozoepexeHHs. Buxi BTOPHHHUX €HEpropecypciB 3aleKUTh
BiJl WiOi HU3KM YHWHHUKIB: MapameTpiB, 3a SKHX BifOyBa€THCS MPOLEC, HOTO PEXKUMY, TEXHOJIOTIYHOTO
yCTaTKyBaHHS Ta iH.

3 MeTOI0 3MEHIICHHS BTpaT, Ha MPaKTHIll BUHUKAE MOTpeda MOCTIIfHO MPOBOANUTH OpraHi3amiiHO-TeXHIYHI
3aX0JH, IPOBOJUTH HANAIITYBAHHA TEXHOJOTIYHMX NPOIECiB 1 PEXHMIB POOOTH arperatiB Ta MeEpexK,
MOKPAIIyBaTH 130JIAII0 TEXHOJOTIYHOTO yCTaTKyBaHHS, TPYOOIPOBOMIB raps4oi Ta XOJOAHOI BOJH, BOJASHOL
[apy Ta iH.
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OnHKUM i3 crIoco0iB 3MEHIICHHS BTPAT € MOKJIMBICTh TIOBEPHEHHS YaCTHHU BTPAT €Heprii Oe3rnocepeanbo
JO TOTO TIPOIIECY, B SIKOMY BOHH YTBOPIOIOTHCSA. UMCIIEHHI JOCHIMKECHHS MiATBEPIUKYIOTh CHEPreTHUHY H
eKOHOMIUHY e(eKTUBHICTh pereHeparii Ta pexynepamnii eHeprii. [Ticis 11b0ro 3aNnIIaoThCs TUTBKU BTPATH, SKUX
IIPY HassBHOMY PiBHI PO3BHUTKY TE€XHIKH 3MCHIINTH H YHUKHYTH HEMOXXJIHBO. CaMme IIf0 YaCTHHY €HEpPreTHIHUX
BTpaT MPHUHHATO BBAXKaTH BTOPHHHIMH EHEpropecypcamy, sKi MOXKHA TOMUTUTH Ha IAIHWBHI, TEIUIOBI Ta
T IBUIIICHOTO THUCKY.

3anexHO Bif BUIY 1 MapaMeTpiB BTOPUHHI €HEPropecypcy BUKOPHUCTOBYIOTH B OJJHOMY 3 TaKHUX HAIIPSIMiB:
namueHi — SK KOTCIBHO-TIYHE TMAalHMBO; Teniogi — B YTWI3alllHHUX YCTaHOBKaX  abo Oe3mocepenHbo
CIIO)KMBaueM, 11100 3a0e3MeYnTH TOTPEeOH B TEIUIOBIH eHeprii abo X0ooi; eekmpoenepeemuyni — IepeTBOPEHHS
SHEproHOCIsl Ul OJepiKaHHS eJISKTPOeHeprii B ra3oBuX ab0 MapoBUX KOHAEHCALIHHMX TypOoarperarax;
KOMOIHO8ani — ]Il BUPOOHHWITBA B yTWii3auiiHuX ycranoBkax TEIL[ enexTpuuHoi # TerioBoi eneprii 3a
JOTIOMOro¥0 TernodikariiHoro nuky [3].

Husbkonorennianbue Temto. /0 HU3BKONMOTEHUIAJIBHUX TEIJIOBUX BIIXOMIB (SKi € BTOPUHHUMH
E€HEPreTUYHNMH PEeCcypcaMy) HaJCKUTh CHTAJbINS JUMOBHUX ra3iB TEXHOJOTIYHUX 1 €eHEPTeTHIHUX YCTaHOBOK 3
temneparyporo  Hikde 400 °C; TeXHONONiYHMX PpiZMH, IO OXOJOMKYIOTh CIEMEHTH KOHCTPYKIIiif
TEXHOJIOTIYHOTO YCTaTKyBaHHS; BEHTWIAIMHUX BUKHUIB;, IIaXTHUX BOX; CTigHMX Box Tomo [3]. Takox mo
HU3bKONOTCHI[IAIbHUX TEIUIOBUX PpECYpPCiB BIAHOCHUTBCA TEIUIO TPYHTY, TPYHTOBHX BOJ, BOJOHM Ta
HaBKOJIMIIHHOTO CEPEIOBHINA.

[TpuctpoeM sIKMH TIEPETBOPIOE 1 MEpeAae Take TEIUIO0 B CUCTEMY TEIUIONOCTAYaHHs y BUIJISIII HArpitoro
TEIUIOHOCIST a00 TOBITPs [uis OOIrpiBy mpuMilieHb € meniaosuti Hacoc (TH), sIKUi SBISETHCS CBOEPITHUM
KOHIIGHTPATOPOM  TEIUIOBOI €Heprii, aj/uke miJg yac poOOTH BiH HAKOMHYYE HHU3BKOTEMIIEPATYPHY CHEPIirO
HaBKOJIMIIHBOTO CEpeloBHINA 1 mepenae ii  vepe3 TEIJIOHOCIH 70 CIOXKMBaya BXKE 13 OULIBII BHUCOKOIO
temneparyporo. Knacudikamiro termonacocHux ycranoBok (THY) mpencrasieno Ha puc. 3.:

z

KJACH®PIKANIA TENVIOHACOCHHUX YCTAHOBOK

1) xommpeciiini TH; 2) razo-kommpeciiiai (I'TH);

3) mapo-kommpeciiiHi (IITH); 4) cop6miitai TH;

5) abcopo6uiiini TH; 6) amcopouiitni TH; 7) mapo-
exxextopui TH; 8) Buxposi TH; 9) tepmoenexTpuuni
TH; 10) marnitokanopuuni TH; 11) mexanoximiuHi
TH; 12) ximiyni TH; 13) repmoaunamiuni TH.

1 3a npuHuMNoM aii (cxema, po6oue Tifno):

2 3a kinbkicTio TensioBux HacociB y THY: 1) onHOCTyneHeBl; 2) ABOCTYIEHEBI; 3) KacKajHi.

1) HaBKOJIMILIHE MOBITPs; 2) BoJOIMU (03epa, piuku Ta
3a aKepesioM HHM3BKO MNOTEHIiaJbHOro | iH.); 3) IPYHTOBI Ta miA3eMHI Boay; 4) NOBEpXHEBHI
Terja: Ta [IHOMHHUA TPYHT; S) wrTy4Hi JpKepena
HHU3bKOMOTEHIIAJIbHOT'O TeIIa.

1) Boma-Bona; 2) BOAa-moBITPsi; 3) MOBITPS-TOBITPS;

4 3a Tunom Temiooominnuka TH: . .
4) moBiTpsA-BOAA; 5) 3eMIIsI-BoMa; 6) 3eMIIS-TIOBITPSL.

3a npuHUUIOM B3aeMofdii  podoumx

1) BIAKPUTHN OMKIT;, 2) 3aKPUTHHA LIUKIIL.
cepeIOBHIIL: ) BiKp B ) 3aKp B

1) moBitps; 2) Bona; 3) ppeonmu; 4) amiak;
6 3a tunom xosaon0arenta TH: 5) Byriekuciora;, 6) BojeHb; 7) remiii; 8) iHmm rasu
Ta CyMIlIi.

1) BucokoTeMmepaTypHi; 2) cepeAHbOTEMIIEpaTypHi;

7 3a TeMnepaTypHUM PeKUMOM: 3) HU3bKOTEMIIEPATYHI.

1) crauioHapHi, 2) nepecyBHi; 3) AJsl aKyMYyJIOBaHHS
8 3a npusnayenusam THY: TeIIoBOi eHeprii;  4) A TPaHCHOPTY TEIUIOBOI
eHeprii; 5) myst yTuii3arii CKHIHOTO Tera.

1) cucremMu OIaJNEHHS; 2) cuCTeMH Trapsuoro
BOJIONIOCTAYaHHs; 3) CUCTEMHM MiJirpiBy; 4) cucremu
OXOJIOJUKEHHS; 5) CHCTEMH aKyMYJIIOBaHHS;

6) 3MilIaHi CHCTEMH.

9 3a cnmokMBaYaMHM TeIIa:

1) MOHOBaJCHTHHH peXuM; 2) MOHOEHEPTeTHYHHH

10 3a pe:xxumom excniyaramnii THY: pexum; 3) GiBaICHTHMH PEKUM.

Puc. 3. — Kiacudikamis THY [5]
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BukopucTaHHIO 0XapaKTepU30BaHUX BHIIE CHEPIETUUHHUX PECYPCIiB HE MPHUIISIIOCS JOCTaTHLO YBaru 4epes
Te, IO BBAXKAIOCSH, [0 BOHH € CKOHOMIYHO Hee(eKTHBHI. SIKIIO BpaxyBaTH, IO TEIUIOBUMH BUKHIAMH
CYIPOBOXKYETHCS Maike KOXKEH TEXHOJIOTIYHMH IIpolec, TO 3 TOYKH 30py IOTCHLIIHUX CIIOKMBadiB
HU3BKOIIOTCHIIIATBHOTO TeIUIa, PKepena TEeIUIOBOi eHepril 3HaXomAThCS B Oe3mocepemHili OMM3BKOCTI 10
CIOXWBAYiB, a OT)Ke BTPATH IpPH TPAHCIOPTYBaHHI OyOyTh MiHIManbHUMH. TakoX, BapTO 3a3HAYUTH IO
YTHIII3aIlisl HU3BKOIIOTEHIIaIbHOTO TeIuia, K i1 Bcix BuAiB BEP, cupuse oXopoHi MOBKIUIA Ta 3MEHIICHHIO
TEIUIOBOTO HAaBAHTA)KCHHS Ha HABKOJMIIIHE CEPELOBHILE.

KomnuiekcHi cucremn eHepronocrayanust Ha ocHoBi HB/IE

Komnnexcna cucmema enexmponocmauanus — CHCTeMa €HEpro3aOesledyeHHs, fKa CKIAJA€Tbes 13
obnasiHaHHs 1o 3a0e3neuye e)eKTHBHE EPETBOPEHHSAM EHEPTeTHYHOTO TIOTEeHIiaTy Kibkox BuaiB B/IE.

Enepeemuunuii komniexc — e Te oOJlaHaHH, ke HEoOXiqHEe 11 e(heKTHBHOTO MEPETBOPEHHS HU3BKOTO
npupoHoro eHeprerndHoro norenuiany BJIE B enexktpuuny abo TEIIIOBY €HEpTilo.

EnexTpoeHepreTHIHNH KOMIUIEKC € MOZYJIBHOIO MIKPOCHEPrOCHCTEMOIO, SIKa 33 PAaXyHOK HAKOIHMYEHHS
eHeprii 3abe3nedye OamaHC MiXK CIIOKMBAaHHSIM Ta BUPOOHHUIITBOM eJIeKTpoeHeprii. Taka cuctema Oe3mnepediifHo
3a0e3medye CroXuBada HEOOXiTHOIO KIBKICTIO €IEKTPOSHEPTii BUCOKOI sSKocTi. JlaHa cucTeMa cKiagaeTses i3
TPpOX OJIOKiB: eHepreTMdHa ycTaHOBKa (coHsuHa Oartapes, BEY Tta iH.)) — Omox kepyBaHHI — OJOK
HAKONMYyBadiB (B JaHOMY BHIAJKy). biliouyHe BHKOHAHHS [O3BOJISIE CTBOPIOBATH Pi3HOMAaHITHI KoMOiHamii
MOIyJdiB B 3ajgekHOCTI Bigx Bumy BJIE Ta HaBaHTaxkeHHs CcrHoxuBada. MOJIyJbHE BHKOHAHHS
EJIEKTPOEHEPTETUYHOTO KOMIUIEKCY J103BOJIsIE 00’ €IHYBATH CIIOXKUBAUIB Y JIOKaJbHI Mepeski (MIKpOMEpexi).

BBezieHHs B eKCIUTyaTallilo eJIEKTPOSHEPTeTUYHNX KOMIUIEKCIB JJONOMOKE BHPIIIyBaTH HACTYITHI MTUTAHHS:

- 3MEHIICHHS CMIOYKMBAaHHS BUKOIIHOTO TaJIMBa JIJI BUPOOHUIITBA €JIEKTPOSHEPTil;

- 3MEHILICHHS 3arajlbHOr0 HaBaHTa)XEHHsI HA EHEPrOCUCTEMY;

- 3MEHILEHHS MMIKOBOTO HAaBaHTAKEHHS HA EHEPIOCUCTEMY;

- 3a0e3IedeHHs eJICKTPOCHEPTIEI0 Y BUMAAKY aBapifHIX CUTYyaIil;

- 3MCHIIICHHS BTPAT B €JIEKTPOMEPEXKi MpH nepeaadi (BUpOOHUIITBO SIEKTPOSHEPTii Ha MiCIIIX);

- MOXIIUBICTh OTPUMATH JOJATKOBI T'CHEPYIOUi IMOTYXHOCTI 0e3 OymiBHUIITBAa BEIHMKHX EICKTPOCTAHIIIH,
BBEJICHHS HOBUX ITiACTAHINH Ta 3aMiHH JIiHIH eJIeKTporepead;

- MOKJIUBICTh OTPHMYBATH JJOXOJH 32 PaXyHOK IIPOJIAXKy HAJUIHIIKY €IEeKTPOEHEPTii;

- 3MCHIIECHHSI BUTPAT Ha €JIEKTPOSHEPTiI0 IMIISIXOM 3MEHIICHHS 3araJlbHOTO Ta/ab0 MIKOBOTO HABAHTAKECHHS
Ha eHeprocuctemy (AJsl MiANPUEMCTB Ta IHAUBIAYaJbHUX CIIOKHBAYIB);

- 3MEHILICHHS BUTPAT 32 PaXyHOK aKyMYJIFOBaHH: €JIEKTPOCHEPTil B mepio Ail «HIYHOTO Tapudy»;

- MiJBUINCHHS CHEPrOHE3aIC)KHOCTI CIIOKUBAYIB;

- MiJBUINCHHS HAMIHHOCTI CHEPTOMOCTaYaHHS.

3acToCyBaHHS €JIEKTPOCHEPreTHYHUX KOMIUIEKCIB JI03BOJISIE 1HAMBIAYaJbHOMY CIOXKHMBAdy IMOBHICTIO abo
xoya O uYacTKkoBO 3abe3medyBaTn ce0e «UHCTOIO» EINEKTPOCHEPri€lo, a y pa3i BUKOPUCTAHHA
TEIJIOCHEPIreTUYHOTO UM KOMOIHOBAHOTO EHEPreTHYHOTO KOMIUIEKCY — TEIUIOBOIO EHEpri€l0 sl CHCTEM
rapsioro BOAOIIOCTauYaHHS Ta ONaJeHHS.

Kommieke enekTpo- Ta eHepromocTadaHHsS Ul IIOKPUTTS IMIKOBHX HaBaHTa)XeHb. OCHOBHOIO IIE€pEBaroro
TaKOro KOMILJIEKCY € Te, IO JJIsI MOBHOTO a00 YacTKOBOTO 3a0e3NeUeHHs MIKOBHX HaBaHTAKEHb CIIOXKHBAYa
HEOOXiZTHO BCTAHOBIIOBATH TI'CHEPYIOYi MOTY)XHOCTI B 5 — 20 pa3iB MeHII caMHX MIKOBHUX HAaBaHTa)XEHb
crnioxxuBaya. KpiM Toro, MojiyJibHe BUKOHaHHSI KOMIUIEKCHUX CHCTEM €HEeProroCcTa4aHHs JO3BOJIUThH ONEPaTHBHO
Ta B KOPOTKI TEPMiHM J0aTH a0O0 3aMiHUTH Ha HOBI UM 1HIII THUIIM HAasSBHUX I'CHEPYIOUYHX MOTYXKHOCTEH.

BaxiauBuM MOMEHTOM € Te, IIO BCi JUKepena eHeprii Ta MOIyi sKi BUKOPHUCTOBYIOTBCS IPH CTBOPEHHI
EJIEKTPOCHEPTeTUYHNX KOMILJICKCIB € B3a€EMO3aMiHHMMH Ta B3a€MOJOIIOBHIOIOYMMH, 3aBISKH YOMY MOXKHA
OTpPHUMATH JJOCUTh BUCOKY HaJiHHICTh €HEPronocTayaHHs;.

TexHiyHi Ta E€KOHOMIYHI acHeKTH 3alpoIlOHOBAHOIO IiJXOJLY 3 BIPOBAJPKEHHS EJIEKTPOCHEPreTHYHUX
KOMIUIEKCIB TIOKa3ylOTh JOLIBHICTE iX BUKOPUCTAHHS JJIsl eHEPrONOCTaYaHHS K aBTOHOMHHX CITOXKHBAdiB, TaK
1 CIIOKMBAYiB, i €THAHUX JO IEHTPATi30BaHOI MEPEXKi.

BucHosku.

1. Buxopucranns HBJIE, BEP, HHM3bKONOTEHLiaJdbHUX JDKEpeNl EHeprii CHpUSATHME CKOPOUYCHHIO
BUKOPHCTAHHS TPAAWILIHHOIO OpPraHIYHOTO IaJMBa, IO B CBOIO YEpry CIPHATHME 3MEHIICHHIO BHUTpaT, Ta
MO3UTHBHO BIUIMHE HA TMOKPAIIECHHS EKOJIOTii HaBKOJHIIHBOTO CEPEOBHINA BHACHIIJOK CKOPOYEHHS BHKHIIB
IKIUIMBUX PEYOBUH Ta TeILIa.

2. BuxopucTaHHs Pi3HOTO POAY KOHIIEHTPATOPIB JUIA MiABUIICHHS €()DEKTUBHOCTI CHEPTETHYHUX CHUCTEM
JIO3BOJIMTH BUKOPHUCTOBYBATH Ti €HEPTeTUYHI PECYpPCH, SIKi paHillle He BUKOPUCTOBYBAINCS Ta 3AJIMIIAIHCS 11032
6amaHcoMm.

3. Po3poOka HOBHX THIIB Ta ()OPM KOHLEHTPATOPIB JAaCTh MOXKJIMBICTH OiJIbII IIMPOKO BHKOPUCTOBYBAaTH
HHU3bKONOTEHIIaJIbHI €eHEPTeTHYHI PecypcH B OyAb-IKOMY MicCIli.
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4. KOMIUIEKCHI CHCTEMH YacTKOBOTO ab0 IOBHOTO 3a0C3MCUCHHS MOTPEO CIOKHMBAYiB B CIICKTPUYHIN Ta
TerutoBi eHeprii Ha ocHoBi HBJ/IE momoMokyTh BHPIUTH WMHHA psn mpoOiieM, BUKIMKAHUX ITOCTIHHUM
3pOCTaHHSIM MOTPEO CIIOKUBAYiB, B TOMY YHCIi IPOOIEMY MIKOBUX HaBAaHTAXKCHb.
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| A. PRAKHOVNIK.|T. BAZIUK
THE EFFICIENT USE OF ENERGY RESOURCES AND ENERGY CONCENTRATION OF LOW-
POTENTIONAL ENERGY SOURCES
The article deals with the question of optimization of the energy resources usage. Possibilities for low-
potential energy sources, primary and secondary energy resources efficiency increase were analyzed. The
methods of the rational and more efficient use of the traditional energy sources were considered. Possibilities for
the energy flow concentration of solar radiation, water, wind and low potential heat were observed. Method for
increasing the efficiency of low-potential energy was defined. The features and advantages of the electrical
power systems construction based on alternative and renewable energy sources were pointed. Evaluation of the
problems solved by implementation of these complexes was done.
Key words: energy efficiency, low-potential energy, concentration, flow enhancement, energy complex,
alternative and renewable energy sources.
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VJIK 621.31

A.B. IPAXOBHUK |, T.M. BA3IOK
IO O®EKTUBHOE UCIIOJIb30BAHUE SHEPTETUYECKUX PECYPCOB M
KOHUEHTPALUSA IIOTOKA SHEPTMH HU3KOIIOTEHIMAJILHBIX UCTOYHUKOB

B CTaThbe PacCMOTPECH BOIIPpOC ONTUMHU3ANH HCIIOJIb30BaHUsA OHEPIreTUYCCKUX peCcypcCoB.
HpoaHaHI/IBI/IpOBaHBI BO3MOXHOCTH IIOBBIIICHUA 3(1)(1)6KTI/IBHOCTI/I HCIOJIb30BaHUA HU3KONOTCHIHAJBbHBIX
HNCTOYHHUKOB OJHEPruur, NEPBUYHBIX W BTOPHUYHBIX JHEPIETUYCCKUX PECYPCOB. PaCCMOTpeHBI crocoObl Ooiee
palMOHAJIBHOTO U Ooxee 9(1)(1)GKTI/IBHOFO HCIOJIb30BaHUA TPAAUIIMOHHBIX UCTOYHUKOB SHCPTUU. PaCCMOTpeHBI
BO3MOXXHOCTU KOHHICHTpPAUHWHU IMOTOKA SHEPrur COJIHEYHOI'O U3JIYYCHUS, BOJbI, BETpa U HU3KOIOTCHIUAJIBHOI'O
terwia. OmnpexeneH cmoco0 mOBBIIEHUS 3(P(YEKTHBHOCTH HU3KOMOTEHIMAIBHBIX HCTOYHWKOB SHEPIHH.
HpI/IBeLIeHBI 0COOEHHOCTH TIOCTPOCHUA W TMNPEUMYHICCTBA DBJICKTPOOHEPIETUYCCKUX KOMIUIEKCOB HAa OCHOBE
HETPAJUIIMOHHBIX W BO300OHOBIIIEMBIX HCTOYHMKOB dSHepruu. CrenaHa oreHKa MpoOieM, KOTOpPBIE pemaeT
BHCAPCHUEC TAKUX KOMIIJICKCOB.

Kuaruesble cioBa: 3Hep1“03(b(beKTI/IBHOCTB, HU3KOIIOTCHIIUAJIBHBIC MCTOYHUKU JSHECPTHUU, KOHUCHTpAIUA,
YCWIECHHUE TIOTOKA, 3JIEKTPOIHEPTETUIECKUM KOMILIEKC.
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