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Mipomnuk Karepuni BikTopiBHi
CucTreMa a/lbTePHAaTHBHOIO eHepro3abe3neyeHHsI
AHOTALIA

PoGora rmpucBsiueHa  poO3poOl[i  CHUCTeMH  eJleKTporeHepariii,  ska
BUKODUCTOBY€E KiHETUUHY €Heprito KpoKy JofuHU. Po3r/asiHyTO TpagulliiiHi MeToau
BUPOOHMUIITBA €JIeKTPOeHeprii 3 BUKODHUCTAHHSM TEIVIOBUX eeKTPOCTaHLiH,
TifIpOesIeKTPOCTaHLil Ta aTOMHUX eJleKTpocTaHLiil. lifpoenekrpocraHuii Ta
aTOMHi eJIeKTPOCTaHLIii MaroThb MepeBary y BUpPOOHMUMX TOTYKHOCTSIX. OCHOBHUM
HeJJOMKOM TeIyIOBOi e/IeKTPOCTaHLii € 3a0pygHeHHs aTtMocdepd, aToMHa
e/IeKTPOCTaHLlisl, MOBipHO, Ma€ pafioakTuBHe 3abpyJHEHHs, a iX 3araJbHAM
HeJomiKoM € 3abpynHeHHs TepmanbHOi Bogu. 'EC MaroTh MeHIi BUpOOHWYI
MOTY)KHOCTI, aje eKOJIOTIYHO Kpallli, HDK BHUIIle3a3HaueHi eyleKTPOCTaHLil.
OCHOBHOIO a/IbTePHATHBOIO LJUM CTaHLIiSIM € eJIeKTPOCTaHLIil, Ki BUKOPUCTOBYIOTh
BITPOBY Ta COHsSUHYy eHeprito. OCHOBHa TiepeBara BiTpPOe/JIeKTPOCTaHL{i - 1ie
MOXX/TUBICTB 11i/10/J000BOT TeHepallil e/leKTPOeHEePTii Ta MOXK/IUBICTh BCTAHOBJIEHHS
Maibke B Oy/b-SIKOMY Miclii, e BiZiOyBa€eTbCsl MOCTiHHMI pyX MoBiTpsi. OCHOBHUMU
He/J0/iKaMK BiTPOe/IeKTPOCTaHLil € HecTabiNbHICTh BUDOOHULITBA €/IeKTPOeHepTii
yepe3 HECTabLIBHICTbL TOBITPSHOTO TIOTOKY Ta reHepariiss iH(pasByKy mijJ uac
pobotu. [lepeBaroro COHSYHMX TaHesel € X BUCOKA eKOJIOTiUHiCTh, MOXK/TUBICTb
BCTaHOBJIEHHS B Oyab-ikomy Mmicri. HeonikoM € HeoOXiZiHiCTb BETUKOT TIIOLLi /ISt
BUPOOHMIITBA JOCTATHBOI MOTY)KHOCTI Ta JOLIIBHOCTI pO3TallyBaHHS y Oinblu
coHauHux perio”ax. LI Heponmiky BifCyTHI y TpoTryapHoi rmtku Pavegen.
XapakTepHOI 0COOMMBICTIO 1ii€l TeXHOJOTii € BUPOOIEHHS efleKTpOeHeprii 3a
paxyHOK BHKOPDHUCTaHHsS KiHETU4YHOI eHeprii KpokKy mofuHu. Hegposikom €
HEBUTi/IHICTb YCTaHOBKH B MICI[IX HU3bKOI iHTEHCHUBHOCTI TlepeCyBaHHS JrOfie.
OpvH KpoK reHepye 06/m3bKo 5 BT. Biiok-cxema po3po6sieHOI CHCTeMH TeHepariii
eJleKTpoeHeprii BK/IIOYa€ TUIMTKY, KOHTpOJep 3apsify akKyMy/siTopa, CBUHLIEBO-
TeJTiEBUI aKyMyJ/ISITOP, MiKPOKOHTPOJIED, AAaTUMK, MOAY/b 3B'A3KY, O/I0K KUBIE€HHS
Ta iHBepTOp. Bupo6sieHa eslekTpoeHeprisi Moxke OyTH 3aCTOCOBaHa [J1s OCBiT/IeHHS
TepPUTOPIi MiIPUEMCTBA, TPUMILL{eHb, BEHTU/IALIS TOLLO.

ANNOTATION

The work is devoted to the development of a power generation system that
uses the kinetic energy of a human step. Traditional methods of electricity
production using thermal power plants, hydroelectric power plants and nuclear
power plants are considered. Hydropower and nuclear power plants have an
advantage in production capacity. The main disadvantage of a thermal power plant
is air pollution, a nuclear power plant probably has radioactive contamination, and
their common disadvantage is thermal water pollution. HPPs have smaller
production capacity, but are more environmentally friendly than the above-
mentioned power plants. The main alternative to these stations are power plants
that use wind and solar energy. The main advantage of wind power plants is the
ability to generate electricity around the clock and the ability to install almost
anywhere where there is a constant movement of air. The main disadvantages of
wind farms are the instability of electricity production due to the instability of air
flow and the generation of infrasound during operation. The advantage of solar
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panels is their high environmental friendliness, the ability to install anywhere. The
disadvantage is the need for a large area to produce sufficient capacity and
feasibility of location in more sunny regions. These shortcomings are absent in
Pavegen paving slabs. A characteristic feature of this technology is the generation
of electricity through the use of kinetic energy of the human step. The disadvantage
is the inadequate installation in places of low traffic. One step generates about 5
watts. The block diagram of the developed electricity generation system includes a
tile, a battery charge controller, a lead-helium battery, a microcontroller, a sensor, a
communication module, a power supply and an inverter. The generated electricity
can be used to illuminate the territory of the enterprise, premises, ventilation, etc.
BCTYN

IMo Ti#i mpuumHi, WO 1Ie He Bci mpobsieMd BUpillleHi 3 BUPOOHUIITBOM
eJ/leKTpoeHeprii, y CBiTi AOC/A/PKYIOTh i 3aCTOCOBYHOTb BCi MOXUIMBI BapiaHTH
BUPOOHUIITBA esieKTpoeHeprii. OcHOBHA nmpodsieMa, sIKy CTaHOBUTH BUDOOHHLITBO
esleKTpoeHeprii, 1je eKosioriyHa mpobiema.

Haiibinblily uacTKy BUPOOHUWIITBA e/IeKTPOEHeprii 3aliMaloThb  TerJioBi
e/IeKTPOCTaHLii. Jis BUPOOHMUIITBA i CTaHLil BUKOPUCTOBYIOTh
HEeBiJJTHOBJIIOBa/IbHI pecypcH, sIKUX Moyke BUCTaunTy Ha 150-200 pokiB. 3Bakarouu
Ha TIPUPICT TIOTPEOM eyleKTpOeHeprii y CBiTi, Ui [JaHi MOXyTb MifAaTUCS
repepaxyHKy. Tako)X, B CBOIO Uepry, BOHH Halbisbile 3a0pyAHIOIOTh HABKOJIUILTHE
cepezioBullie. OKpiM BMIL|e ONMCAHUX BUTPAT pecypciB, NMPOAYKTH CIa/TOBaHHSI
BUKHW/IAIOTh B aTMoc(epy BYIJIeKUCIUM ra3 i iHI WKigIuBi peyoBUHU. TakoX Mif
yac BUPOOHULITBA BiZIOYBAETHCS TeTIoBe 3a0pyHEHHsS BOJONM i/l OXOJIOKEHHS
nap 3 TypOiH cTaHLji.

OcTaHHIM YacoM JTIOACTBO HAMaraeTbCsi OCBOITH 0OaraTo ajbTepHAaTUBHHUX
JoKepesl ejleKTpOeHeprii [0 HHUX MOXKHA BiJJHECTU eHeprilo BiTpy, COHL{,
TIPUTJIUBHUX Teuill, TersjioBa eHepris HajAp 3eMsi, TelyioBa eHeprisi COHSUHOIrO
BUTIPOMIHIOBaHHSI, KiHETUYHA eHepris KPOKy JIIOJUHW Ta Oarato iHmoro. Bonu
NPaKTUYHO HEBWUEPITHi, TOMY MPUBEPTAIOThL yBary MOCTiHUKIB. AKTYasIbHICTb
JlaHOI TeMH IIOSCHIOETLCSI 3aCTOCYBaHHSAM €KOJIOTIYHO YHCTOI ejleKTpOeHeprii
KPOKY JIFONVHU.

Metoro poGoTm € po3pobKa eNeKTPOreHepyrouoi CHUCTEMH, IO
BUKOPHUCTOBYE €HEprit0 KpOKY JIIO[IMHU A/ BUPOOJ/IeHHs efieKTpoeHeprii. [TaHa €
€KOJIOTiYHO YHCTOM0 i e(heKTUBHOIO ¥ MiCLISIX iHTEHCUBHOTO PYXY JFOJeH.

Pesynbrarom poboTru Moxe OyTH 3MeHILEHHsl 3aTpaT ITiANPUEMCTBA Ha
eJleKTpOeHeprito, MOKpalLeHHs eKOI0TriYHOI CATYyarlii.

1. OI7IA 4 ICHYHOUMX MKEPEJI 3A JITTEPATYPHUMMU TA
MEPEXEBUMMU JOKEPEJIAMUT
1.1 /I)xepena eHeprii

Ixepena eHeprii — 1je MaTepia/ibHi 00’€KTH, B IKUX 30Cepe/KeHa eHepris,
TIpYUZATHA JJisl TPaKTUYHOTO BUKOPUCTaHHSI JIFOAUHOIO.

Ixepena eHeprii 6yBalOTh TPHOX THITIB:

* BukomHe manuBO - TpaAWLiiiHi HEBiHOB/IIOBaHI /pKepesia eHeprii, sKi
BKJIFOUAIOTh BYTi/UIS, TIPUPOAHUM Ta3 Ta Hadry. Lli pe3epBu € BUUepNHUMH, i
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BUKOITHi peCypcy MO)KHA UiTKO BHU3HAUMTH. Y TOMW K€ yaC CyuyacHi TeXHOJOTii He
J03BOJISITH JOOYTH OCHOBHY IX UaCTHHY, 30KpeMa TV, sIKa 3HAXOJUTLCS B TUOWHI
okeany. Kpim Toro, TpagMuifiHi pecypcu HeraTMBHO BIIIMBalOTh Ha HaBKOJIMILIHE
cepegosuie.

* SlnepHe ManuBO - IOr0 BUKOPUCTAHHS [03BOJISIE OTPUMYBaTH TeIJIOBY Ta
e/IeKTPUYHY €eHEepril0 MUIAXOM 3MiHM eHeprii, 110 BUJIISETbCSA TIPU SIAEPHUX
peakuisx. TexHosIOrii Ta pecypcy, SOCTYIIHI CbOIOAHI, [O3BOJISIOTEL 33/,0BOJIbHUTH
CBiTOBI moTpeOu B esieKTpoeHeprii 3a [OMoMorow siiepHoi eHeprii. OfHak y
PO3BUTKY aTOMHOI eHePreTHKH iCHY€E psiJ MpobyieM - MOMITUYHUX i eKO/OTiYHuX.
TeMny 3pOCTaHHSI AaTOMHHUX €JeKTPOCTaHIlii Oy/iM  yrOBiIbHEHI HU3KOIO
€KOJIOriuHMX aBapiii (0CHOBHUMH 3 sIKMX € YopHoOumb i PyKycima), mpobremamu,
TIOB'sI3aHUMH 3 TIOXOBaHHAM sIIePHUX BifXoiB i sxepHoto Ge3mekoro. Kpim Toro,
MIOLIMPEHHSI SIZIePHUX TeXHOJIOTiM € OCHOBHOK TPHUUMHOK [/ TOMiTUUHUX
nebaTis.

+ [ToHOB/IOBaHI [pKepesa - 1je HEBUUEPIHI [pKepesna eHeprii (MpUpOJHi,
aZbTepHaTUBHI, HY/JbOBI BUKW/M, TIOHOBMIOBaHi). /J0 HUX BiZJHOCSTb COHSIUHY
€Heprilo, eHepril0 IpUILIMBIB, eoTepMajbHYy eHeprilo, €eHeprilo BITPy Ta
BUPOGHHUIITBO Tifpoe/ieKTpUKyd Ta 6Oiorasy mpu o00poOlli OpraHiuHUX BiAXOMiB.
Maibxke Bci 1i [Kepena eHepril € eKOJOTiYHUMU Ta iX po3yMHe BUKODUCTAHHS He
CTIpUUMHSIE 3a0pYAHEHHST HABKOJUIIIHBOTO CepeJOBHILA.

1.2 AnbTepHaTUBHI /pKepesia eHeprii

AnbTepHaTHBHA eHeprisi OXOIUTIOE BCi Ti pedi, siKi He TIOTpebye BUKOITHOTO
nanusa. Bonu 1mmpoko focTymnHi, Maike HeBUUepIIHi i eKosioriyHo uncti. Bonu
MaJio abo B3arasi He 3a0pyJHIOIOTE HAaBKOJIMILHE cepefoBuiie [1].

Ha choropHilHii AeHb iCHYIOTb TaKi eK0JIOTiuHO YMCTI [pKepesia eHeprii
(tabn. 1.1):

- eHepris COHL;
- BIiTpOEHepreTuka;
- TreoTepMa/bHa eHepris;
- bioeHepreTuka;
- TiJjpaBMiyHi eeKTPOCTaHLIii;
- eHepris NpUIIUBIB, MOPCbKUX XBW/Ib i OKeaHy;
- eHepris KpOKY JIFOJUHHU.
Tabmug 1.1.
Bugu eneprii Ta Ix noreHujian
1.3 ConAuHa eHepreTuka

CoHslUHa eHepreTHKa SIB/ISETHCS MEepIIMM [pKepesioM eHepril y cBiti. BoHa
BHUKODHCTOBYBajlaCh Ha Oararo paHillle, HiXK J/IOAM HABUWIMCH PO3IA/OBaTH
BOTrOHb. bararo >KMBUX iCTOT 3anekaThb Bifi COHSYHOI eHeprii, pOC/IWH, BOJHUX
OpraHi3miB Ta TBapuH.

CoHfIYHA eHeprif AB/ISETbCA OFHUM 3 albTePHATUBHUX JpKepes eHepril, gki
BUKODHCTOBYIOTHCSI HAKOi/TbIIl IIUPOKO B ycboMy cBiTi. CepeHbOpiUHA CyMapHa
€Heprisi COHAYHOr0 BUNIPOMIHIOBaHHS, KA HaXOJUTh, KOJIMBA€TbCs B Mexkax 1100-
1500 xkBr*rog/ M> . AKyMy/lrOBaHHS COHSYHOI eHeprii, Ha JaHWii MOMEHT, €
HaWOiNbII TIepCHeKTHBHUM HANpsIMKOM PO3BHUTKY albTePHATUBHUX [Keper
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eHepril. Bim3pko 70% COHSUHOTO CBiT/a BiZOMBAa€TbCS Ha3af B TPOCTIp, i MU
BUKOPUCTOBY€eMO Jiuiiie 30% COHSUHOI CBiT/Ia, 11106 3a/10BOJILHUTH Hallli MOTpebu B
eHepril.

CoHsTYHa eHeprisi He CTBOPIOE 3a0pYJHEHHS i IMPOKO BUKOPUCTOBYETHCS B
6araTbox KpaiHax. Ile mMOHOB/IOBaHe yKepeno eHeprii. CoHsuHi mMaHem, sKi
HeoOXiziHi [/i1 BUKOPUCTaHHS i€l eHeprii, MO)KYTb BUKOPUCTOBYBATHCS MTPOTSATOM
TPUBAJIOrO Yacy i MPaKTUYHO He BUMArarTh 0OciyroByBaHHs. COHSIUHA eHepris
SIBJISIETHCST Hee(DeKTUBHOIO B perioHax, sIKi He OTPUMYIOTh [JOCTaTHbO COHSTYHOTO
cBiTa. CoHslUHe CBIiT/IO He MO)Ke OyTH BUKODHCTaHe BHOYi, i He BCe COHSUHe
CBiT/IO MOXXe OyTU TOIMIMHYTe COHSAYHUMHU Oarapessmu. Ta TepeBar y COHSYHOL
eHeprii Oi/bIlie, HiXK HE/IOJIKIB.

IcHye aBa BUU COHSIUHMX CHCTEM: aKTHBHI COHSYHI CMCTEMH Ta MacUBHI
COHSYHI cucTeMu. IlacMBHa COHSIUHA CHCTeMa B OCHOBHOMY BHUKODHCTOBYE
TPUBAJIICTh, MOJIOKEHHS | IHTEHCHUBHICTb COHSYHUX NMPOMeEHIB. AKTUBHA COHSYHA
CHCTeMa BUKODHCTOBYE eJIeKTPUYHI TeXHOJIOrIl Ta MeXaHIUHi TeXHOJIOrii, Taki sIK
COHSYHI KOJIEKTODW, Hacocu i 30ipHi maHesmi, [nys 300py, TepeTBOpeHHs i
30epiraHHs eHeprii A/ MalOyTHHOTO BUKOPUCTaHHSI.

CoHsiyHa TaHenb — TN 30ipHUX TaHejed A TOIIMHAHHS eHeprii
COHSTYHUX NTPOMEHIB Ta ii epeTBOPeHHs Y eJIeKTPUYHY YU TerioBy [2].

[MpuHLMI poOOTH COHSUHOI MaHeni OyayeTbesi poTorasbBaHiuHOMY eheKTi,
KOTpUH TI0Ka3ye, 1110 COHTYHUM NTPOMiHb MO>KHa [IepeTBOPUTH Ha e/leKTpPOeHeprilo,
HaKOMWYyBaTH Ta BAKOPUCTOBYBATH 3aB/ASKU POOOTI HaIiBIIPOBiJHUKIB.

SIKITI0 KOPOTKO OXapaKTepH3yBaTH JaHHUU IPOLieC, TO BiH Bif0yBaeTbCs Tak:
COHSIUHUM MPOMiHB MOTPAIUISiE Ha TIOBEPXHIO P-N — IIapy MPOBiZHMKA Ta BUOUBAE 3
HbOTO enekTpoHU [3]. Tlicns 1BOTO [JaHi eeKTPOHH 3 TIEBHUM 3apsioM
MepeMilllyl0TbCSI 10  KOJy, 10 [I03BOJSE JKUBUTH  eJIeKTPOCIOXKHBaya,

TMiZK/IF0UeHOro 10 JaHoro Koja (puc. 1.1).
Puc. 1.1. ITpuHIMI BUHUKHEHHS (DOTO-e/1eKTPOpPYILiMHOI cChu

OpHak pi3HUIIS TOTeHLialiB, CTBOPIOBaHa OAHUM (DOTOEsIEMEHTOM, Masa
[UiIl TIPOMHCIIOBOTO 3acTocyBaHHs. IIl06 MaTH MOXIMBICTH BUKOPHCTOBYBaTU
COHSIUHI e/leMeHTH [J1 eJIeKTPOKUBJIEHHSI NIPUCTPOIB, iX 3’€AHYIOTh pa3oM. Tum
CaMUM BUXOJSTh COHsiuHI OGartapei (coHstuHi 36ipku, coHsuHi Mozyi). Kpim Toro,
(hoToesieMeHTH TOKPUBAaIOTh Pi3HUMM 3aXMCHUMH IllapaMH 3i CK/a, IIacTMacH,
pi3HuX miBoK. Lle pobmsTh 715t TOTO, 1100 3aXNUCTUTH KPUXKUH eJIeMEHT.

OcCHOBHOIO DPODOOYOI0 XapaKTePUCTHKOI COHAYHOI Oarapei € mikoBa
TIOTY>KHICTh, Ky BHUCJIOBMIOIOTH y Barax (Bt, W). LI xapakTepucTHKa IOKa3ye
BUXi[Hy TOTYKHiCTH Oarapei B ONTHUMaJbHHUX YMOBaX: COHSIYHOMY
BUNPOMiHIOBaHHI 1 KBT/M2, TemnepaTrypi HaBKO/JMILHbOTO cepefoBuia 25 °C,
COHSIYHOMY CITeKTpi MIMPWHOI 45° . Y 3BHUYalHUX yMOBaX MJOCSTTH TaKUX
TOKAa3HUKIB BIA€EThCS BKpal PifIko, OCBIT/IEHICTb HWKYe, a MOAY/b HarpiBaeThbCst
Buitle (70 60-70 rpagycis).

IMoepHyroun QoToeseMeHTH TIOCTIJOBHO MU [MiJBHUIYEMO Di3HHULIIO
MOTEHIia/iB, TIOEAHYIOUM TMapajesbHO — CTPyM. TakMM UYWHOM KOMOiHyHOUM
3’€THaHHS MOXKHA JOMOTTHCS HeoOXiJHMX MapameTpiB IO CTPyMy i Hampysi, a
omke i mo motyxHocti. KpiM Toro, mocsiifoBHO abo mapanensHO MOXKHA
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3’€HYBaTH He TUMBKW (OTOETeMEHTH B paMKaxX OZHi€l COHSYHOI Oatapei, asne
coHsiuHi 6arapei B mijiomy [3].
1.4 BiTpoeHepreruka

BiTpoeHepreTvika YKpalHM Ma€ [JOCTaTHId JOCBif BUPOOGHMIITBA,
MPOEeKTyBaHHs,  OyJiBHULITBA,  eKCIUlyaTauii Ta  0OCIyroByBaHHsA  sIK
BiTPOEHEPreTUYHUX YCTaHOBOK, TaK i BiTpOEHepreTHUHUX CTaHLiK (Tabsm. 1.2). B
KpaiHi € /[0CTaTHbO BHCOKWUM HAyKOBO-TE€XHIYHHWM TIOTeHLjiaJl i pO3BHHeHa
BHUpOOHMUYA Oa3a.

Tabmung 1.2.
INuToMuii eHepreTUUHMI MOTeHLia BiTPOBOI eHeprii B YKpaiHi
IMpoBpoBxeHHs Tabmi 1.2

BitpoBi Typ6iHM MpaLlOfOTh 3a MPOCTUM TPUHIIAIIOM: 3aMiCTh TOTO, 1100
BUKOPHCTOBYBATH eJIeKTPOeHeprito [/l OTPUMaHHs BITDY, sIK BeHTUIATOp — BEY
BHUKODHCTOBYIOTh BiTep [ijii OTPUMaHHS efneKTpoeHeprii. Bitep obeprae sonatku
TypOiHM, MoAibHI [0 TBUHTA, HAaBKOJIO pPOTOpa, SKWU oOepTae reHepaTop, SKUN
CTBOPIOE e/IEKTPHKY.

Bitep - 1je ¢dopma coHsYHOI eHeprii, BUK/IMKaHa TOEJHAHHSIM TPbOX
CYTIyTHIX TTOZiM:

- CoHlie HepiBHOMipHO HarpiBae arMocgepy

- HepiBHOCTI 3eMHOI MOBepXHi

- Ob6epTaHHS 3eMJTi.

BitpoBa Typb6iHa NepeTBOPIOE EHEPTit0 BiTPY B €/IEKTPUKY, BUKOPUCTOBYIOUH
aepoAMHAMIUHY CHJIy Bij| JioraTedl TBUHTA, SIKi TPALFOIOTH SIK KPHJIO JiTaka abo
JionaTi rBUHTa BepTo/boTa. Ko BiTep MpoxoguTh yepes 0marth, TUCK MOBITPS Ha
O[IHI¥M CTODOHI JIOMATi 3MEHIY€EThCs. Pi3HUILIA B TUCKY MOBITPs Ha 000X CTOPOHAX
JIOTIaTi CTBOPIOE mifiioM i omip. Cusia migioMy CUTbHIIIe, HiXK OIip, i e 3MyIye
potop obepTatucs. Potop 3'egHyeThCs 3 reHepaTopoM abo Ge3nocepeHBO (SKILO
e TypbiHa 3 TpsAMUM TIpuBOAOM), abo dYepe3 Baia i psAx 3yOuacTUX KOJIiC
(pepykropa), sIKi TPUCKOPIOIOTH 00epTaHHS i O3BOJSIOTH OTPUMATH (i3WdIHO
MeHILUI reHeparop.

Ha aymMKy pi3HUX aBTOpiB, BiTpO€HEPreTUUHUM MOTeHI[ia 3eMJTi CTaHOBUTh
1200 TBrT, ane BUKOpHCTaHHS LIbOTO BUy €Heprii B CBiTi MalOTh pi3Hi IepeBaru.
CepefHbOpiuHa MBUAKICTE BiTPYy Ha BUCOTI 20-30 M Haj MoBepxHer 3eMiii
MOBHUHHA OYyTH /OCTaTHBOIO, IOO TOBITPAHI CH/IW, IO pyXalOTbCS dYepe3s
Opi€eHTOBaHMIi BepTUKa/JIbHUN MTePeTHH, [0Csraau 3HaueHHs [ 000poTy BapTOCTi.

EHepris, 10 MiCTUTBCS B TIOBITPSHOMY IIOTOL{i, TpOIOpPLiHa KyOy
mIBUAKOCTI BiTpy. IlpoTe, He BCIO eHeprit0o MOBITPSHOTO MOTOKY MOJKHA
BUKODHUCTOBYBaTW  HaBiTb 3  [OCKOHa/MM  oOnagHaHHAM.  TeopeTWyHO
eHeproeeKTUBHICTh TIOBITPSHOTO TTIOTOKY MOyKe cTaHOBUTH 59,3%. Ha mpakTuiii,
3rifHO 3 OomyO/IiKOBaHUMM JAHUMU, MaKCHMajibHa e(eKTHBHICTh eHeprii BiTpy B
peanbHili BiTpOoTYpOiHi cTaHoBUTH Osu3eko 50% ,mpore i Iell TMOKa3HHUK
[IOCSATAETECS He TIPY BCiX MIBHAKOCTSX, a TiIbKA NPU ONTHMAaJIbHIN IIBUIKOCTI,
nepenbaueHiii mpoekroM. KpiM TOro, uyacTMHa eHeprii TMOBITPIHOTO TMOTOKY
BTPAYa€eThCsl, KOJIU [epeTBOPEeHHsI MeXaHIYHOI eHepril B eJIeKTPOeHeprit0 TOBUHHO
3[ilICHIOBAaTHCSI, 3BUYAlHO, 3 eeKTUBHICTIO Bif 75 mo 95%. BpaxoByroun Bci wi
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thakropy, aktuuHa enekTpuuHa eHepris ¢aktnuHoi BEY cranoButh Big 30 go

40% eHeprii MOBITPSHOTO MOTOKY 3a YMOBH, 1110 TypOiHa Ipalfoe peryyisipHo B

OUiKyBaHOMY Jiama3oHi wBUAKOCTI. Heposikom € Te, 1o BiTep iHOAI Mae
LIIBUJKICTh, 1[0 TepeBHIIyE pPO3paxyHKOBY IIBHAKICTb. IIIBUAKICTE BIiTPY
HaCTiJIbKU HU3bKa, 1110 BEY B3arasi He Moke TiparffoBaty abo HaCTiIbKU BUCOKHWH,
10 TIOTPiOHO BXXUTH 3aXOfiB /i 3aXMCTY Bifl MOIIKOMKeHb. SIKIIO0 HIBUAKICTh

BiTPDy IepeBHIy€ HOMiHaJbHY pobOOYy IIBHJKICTb, YaCTHMHA OTPHUMAaHOI
MeXaHiUHOI eHeprii BiTpy He BHKOPUCTOBYETbCS, IL[00 He MepeBUIIYBaTH
HOMiHa/IbHY eJIeKTPUUHY TIOTY)KHICTh TeHepaTopa. Yepe3 mi ¢aktopu Ha
BUPOGHHUIITBO eJieKTpoeHeprii mpumazae Bif 15 10 30% eHeprii BiTpy Ha pik, a To
11 MeHIlIe, 3a/Ie)KHO BiJ] Miclis po3TalllyBaHHs Ta rlapaMeTpie BEY.

MMpunHLMn Aii Bcix BiTpoaBUTYHIB oavH. YuM Ginblne giameTp BiTpOBOrO
Kojieca, TUM OLIBIIMI MOBITPSHUI MOTIK BOHO 3aXOIUIFOE i TMM Gisbilie eHeprii
BUPOOJIsSIE TeHepaTop.

3a TUNam#u BiTPOBIi IBUTYHU TIOAL/ISIOTE Ha /Bi TpymH (puc. 1.2):

1) BiTPOABUr'YHH 3 TOPU30HTA/IBLHOIO BicClo 06epTaHHs (Kpusibyari) (2-5);

2) BiTPOJBUTYHH 3 BePTHUKA/ILHOIO BiCcCl0 00epTaHHs (KapycesbHi: jomaTeBi
(1) i oproronansHi (6) [5].

Puc. 1.2. Tunu BiTPOABUTYHIB

Topr30HTanEHO-0CHOBI TYpOiHH

BiTpoBi Typb6iHH 3 TOPH30HTAILHOIO BiCCIO - 11€ Te, 1110 6araro Jirofei
YSABJISIOTh, IyMarouu 1po BiTpoBHX TypOiHax. HaiiyacTillle BOHM MatOTh TP JIOTIATI
i parIoI0Th «TIPOTH BiTPY», NPH 1{bOMY TypOiHa 00epTaeThCs Bropi Bexi, Tak I1jo
JIOTIATi AUBJIATBCA Ha BiTep.

[TepeBaramu ZjaHOTO TUIy YCTaHOBKM €: BUCOKA MOTY>KHICTb €Hepril, siKi
BOHA 371aTHa BUpOOJISITH (10 7 MBT), MaroTh BelTUKHIA KPYTSUHii MOMEHT, MalOTh
IIMPOKHWI MONUT Ha PUHKY, He MaroTh LIKiJ/IUBUX BifXOZiB.

Hepmomniku 1aHOTO THUIY YCTAHOBKY: BUCOKA IfiHa, BUCOKHM KoedilfieHT
IIyMY, 1[0 YHEMOJTUBJIFOE YCTAaHOBKY Oi/1s1 KUTIOBUX OYIUHKIB, 3MiHHHUIH
HarpsIMOK Ta CHJIa BiTPY, 110 noTpedye J0AaTKOBOTO /Kepesa eHeprii.

BepTrKaabHO-0CchOBi TypbiHN

BEY 3 BepTHKanbHOM BicClo OyBarOTh [I€KiIbKOX Pi3HOBU/IIB, BK/IIOUAIOUN
Mozenb [lap’e y ctui siitieHoc (puc. 1.3), Ha3BaHa Ha UeCTh CBOTO ()PaHITy3bKOTO
BuHaxigHuKa. i TypOiHM BCceHanpagieHi, 1je 03Hauae, 1o iX He MOTPiOHO
HaJIallITOBYBAaTH, 11100 BKa3yBaTH Ha Bitep st poboTu [6].

Puc.1.3. Porop [dap’e

B Takiii koHirypatiii siorateii 06epToBe KPUIO MOXKE MOBHICTHO
BHUKODHCTOBYBATH TIepeBart NMoToKy eHeprii, fie 6 BiH He 3HAXOUBCS AOCSATAE
TypOiHM Ti/| OyAb-IKUM BepTUKaJbHUM ab0 rOPU30HTA/TBHAM KyTOM TI0
BiJTHOIIIEHHFO [0 TIOJIOKeHHsI poTopa [7]. JlonaTi MatoTb TBUHTOBY (opMY A7t
3MeHIIIeHHs BibpaLliii Ha romtoci npu 06epti noBopoTHOTo Kpuia. KinbkicTb
Jionateid Oyo 06paHo [iis1 MOJIErIIeHHs] CaMo 3aIyCKy TTOBOPOTHOTO KpHJIA i
0JTHOUACHO 3MeHINNTH Bibpallii Ha roJroci mpu Horo obepranHi. Kinti onareit
PO3TaIlOBYIOTHCS /10 BHYTPILIHBEOI CTOPOHMU.
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B poTopi cTBOPIOETRCS MepeTsIryBaHHs 3aB/sSKH BUCOTI ITPodisio 1e3a, 1o
TIPU3BOJUTS [I0 TOJIIMIIIeHHs] MOK/IMBICTh CaMo 3amycKy. binblie Toro, ko
obepToBe KpU/io 00epTaeThCs, KiHlli Jie3a MPU3BOIATH [0 301/IbIIEHHS CHUIN
oMy, 1110 36i/TbIIYIOTE CTIHKICTh 000POTIB JIoNaTKu TypOiHM, SIK pe3y/bTaT
opieHTalil HOpMabHi CHIIH, 1110 Ail0Th Ha KOPITYC Jie3a, 3aKiHUyI0ThCs, 0COBUBO
TIPH BUCOKOMY 00epTaHHi.

[MepeBaru BUKOPUCTAHHS TO/IiOHOTO THITY KOHGirypatiii potopa:

- camo 3amnyck 6e3 3aliBUX KOMIIOHEHTIB TIpY IIBUAKOCTI BiTpy 1,25 M /

- He BUCOKHM piBeHb lymy (Tipu 5 M / ¢ 44,2 nB);

- YCTaHOBJIFOIOTH Ha HEBUCOKIM 1110 Ma€ repeBary B 0i/blil 3py4HOMY
o0cyroByBaHHi;

- TIPAL[IOE TIPY Pi3HUX HamMpsMKax BiTpy [8];

Hepomniku BUKOpUCTaHHS:

- CKJIa/iHa TeXHOJIOTisl BUIIYCKY 3aKpy4YeHHX Jlomnarel;

- Jlopori y BUDOOHHLITBI.

1.2T'eoTepMasibHa eHepris

TeoTepmasbHa eHeprisi OyKBa/JbHO 03HAYAE TEMJIO 3eMTi, sIKe OI[iHIOETHCS B
5500°C. B sipi 3emti pUOG/IM3HO Tak CaMO CIIEKOTHO, K Ha roBepxHi COHIIsL.
TeoTepMasibHa €Hepris - Lie YUCTHI TIOHOBJTIOBAHUH PeCypc, sIKUid MOXKe OyTH
BUKOpHCTaHUM 6araTbMa KpaiHaMH CBiTY, PO3TaIlIOBaHUMH B ['€0JIOTiYHO
CTIpUST/IMBUX MicUsix. ['eoTepMasibHa eHeprist Moxke OyTu f100yTa 3 MiZ3eMHIX
pe3epByapiB, 1110 MiCTATh BUCOKOTeMITepaTypHi OpoAy, HacudeHi Bozoko i / abo
naporo. 3a3BrUyaii B pe3epByapax npo0ypeHi cBep/IOBUHU TTMOMHOIO [Ba
KijlomeTpu abo Oisbie. ['apsiua Boja i rmap fAiajii mocTymnarTh Mo TpyOonpoBoay Ha
I'eoEC, e BOHM BUKOPUCTOBYROTBCS 151 [IPHBe/IeHHs B [Iit0 eJIeKTpPOreHepaTopiB
[U1sl BUPOOITKY eHeprii A/ miAnpueMcTB Ta OyAUHKIB.

YCio TIpUPOIHY TETUIOTY, 10 MiCTUTBCS Y TBEPAiH, pPiJKil Ta razonomioHii
CKJ1a[|0BUX 3eMHOI KOPH, MO>KHA PO3IVIsZaTH sIK re0TepMasibHi PeCypCH [JBOX BUJIB:
rizporepmabHi (mapa, Boga, ra3) Ta reTporeotepMasbHi (po3irpiti ripcbki
nopoan).

Y cepeHLOMY TeMIIepaTypa B 3eMHiii Kopi migeuinyerbcs Ha 3 °C uepes
KoxkHi 100 M y rubuny. Ha m6uni 20 KM BoHa cTaHOBUTL G1u3bKo 500 °C, a Ha
rirbuni 50 KM — nopsiaky 700-800 °C.

3areXxHo BiJi XxapaKTepUCTUK re0TepMaabHOI0 pecypcy, HanpuK/iaj, B
3aJIeXKHOCTI BiJl TeMIiepaTypy pecypcy, BUpOO/IeHHs eJieKTpOoeHeprii Bif0yBaeTbCs
abo B 3BMUaHUX MapoBux TypbOiHax, abo B GiHapHUX yCTaHOBKAaX.

3BHuaiiHi MapoBi TypOiHM BUMararoTh piIvH TeMIiepaTyporo He MeHIe
150°C i MoXyTh OyTH 3a6e3nedeni abo 3 aTomochepHUM (TIPOTUTHCK), abo 3
KOH/IeHCAI[IHHUM BUXJ/I0MOM. ATMOCGhepHi BUX/IOMNHI TypbiHu mpocTitiie y
BUKODHMCTaHHi i femesite. ITic/is mponaproBaHHst 6e3rocepeiHBO 3 CyXOMapoOBUX
CBepZ/IOBHH abo mic/s BifineHHs (BOoM BiJ apy), 3 BOJIOTHX CBEep/|/IOBHH,
TIPOITY CKAETHLCS Yepe3 TypOiHy i BUIMyCKaeThCsl B aTMocdepy. Y 1ibOMy THITi
arperary CIiO>KMBaHHS rapa Ha KiJioBaT-rofuHy (KBT:T) matike BaBiui Gisbiue, HixK
Y KOH/IeHCaL[iHOI YCTaHOBKHU.
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Komripe copHO-KOH/IeHCATOPHI arperarw, 10 MatoTh Oi/ibliie JOMOMI>KHOTO
o6/afHaHHsl, € OiMbIIT CKIaHUMH, HK aTMochepHi BUX/IOMHI arperaty, a Jijis
BUTOTOBJIEHHS arperariB BeJIMKKAX PO3MipiB MOXke 3HafobuTrcs BABidi Ginbiie
yacy. KoHzieHcarliiiHi ycTaHOBKHY MOTY>KHICTIO Bif 55 70 60 MBT fmysKe moimpesi,
ajie TakoX Oysiu 1o6yIoBaHi i BCTaHOB/IEHI efleKTpoCTaHIfil moTyxHicTio 110 MBT
[9].

3rigHo 3 Tomonorieto MikHapoaHOTO eHepreTuyHOro areHtcrea (MEA),
PO3PI3HSAIOTE 5 TUIIIB [KepeJl reoTepMasbHOL eHeprii:

cyxa rnapa;

BOJIOTa Tapa (rapsua Boja + mapa);

reotepMasibHi BOAM (rapsiya Boga abo mapa + Boja);

Cyxi rapsiui Kam’siHi TOpOAH, PO3irpiTi Marmoro;

Marma.

IcHye Tpy MeTOZM MepeTBOPeHHs re0TepMasbHOI eHepril B efIeKTpUKY (pHcC.
1.4.). I 3ymoBmeHoO Ije IBOMa (aKTOpaMH: CTAHOM Cepe/loBHIIA (Boza abo mapa) Ta
TeMIiepaTyporo TIOPOJiu.

[Mpsimuii MeToz 6a3yeThCsl HA BUKOPUCTaHHI CyXOl MapH.

Henpsimuit MeToz 6a3yeThCst HA BUKOPUCTaHHI BOZAsIHOI apu. BapTo
BPaxOBYBaTH, 1100 Bozia MOT/Ia TEKTH I1ifi BJJaCHUM THCKOM Bropy TeMIieparypa Mae
Oytu ioHaz, 180 °C. Taka Temriepartypa € HWXKUOI0, HiXK B CyXUX TTapOBUX
ycTaHoBKax. [IpyHIUIT poOOTH MOJISITAaE B TOMY, 1110 KOJIM TUCK 3MEHILY€ThCS,
YaCTUHA BOAU BUXO/WTH Y BUIJISA/I Mapy, sika MPOXOAUTh Uepe3 CeKIjito TypOiH.
Boga, 1110 He cTaja Maporo OBepPTAEThCS Ha3a/, B CBepP//IOBUHY 1 MOKe 3HOBY
BHKOPHUCTOBYBATUCh /151 OTa/IeHHS.

3Mirianuii abo GiHapHUM METO[| — BAKOPHUCTAHHS Te0TepMa/IbHUX BOJ, Y
TIOEAHAHHI 3 JOTIOMDKHOIO pifivHOO (Harpukiaz, gpeoHom). 3rifHo 3
MPOrHO3aMH, B MaiOyTHbOMY OiHapHi eneKTpoCTaHLii CTaHyTh HaluacTile
BrKopucTtoByBaHuM TUIIOM ['e0TEC. Lle 1oB’s13aHO 3 THM, L0 J/19 YCTAHOBOK
GiHapHOTO LUMKITY MiIXOAUTE BOAA 3 HIDKUOIO TEMIIEPATypor0. TaKoK BOHHU He
BUUISAIOTE HiSIKUX BUKUIB, KPIM BOJSIHOI Mapy. A, HarpuKJ/iaj, yCTaHOBKU 3
«CyXUWM TlapOM» BUJI/ISIOTh MMTAaPHUKOBI Ta3u [10].

Puc. 1.4. Ipunumu po6otu T'eoEC. TIpsivuii Metoa. Herpsimuit Metoz. BiHapHuii MeTo[,

Steam — napa; Water — Bogia; Subsurface injection — mizizemHa teuist; Ground
surface — 3emsisiHa moBepxHsi; Wellhead — pogoBuiie; Turbine — Typ6iHa;
Condenser — koHzieHCaTOp; Separator — cenaparop; Pump — Hacoc; Heat Exchanger
— TerioobminHuK; Generator — reHepatop; Turbine — Typbina.

[TepeBaru reorepmasibHOI eHeprii:

- IToHoBIOBaHI JyKepesia eHeprii - 3aBAsKY HaJle)XHOMY KepYBaHHIO
pe3epByapoM, IIBU/KICTb OTPUMaHHs eHeprii Moxke OyTu 36aaHCOBaHa 3i
LIBU/KICTIO IPUPOAHOIO TIOTIOBHEHHSI TeTl/la pe3epByapa.

- Ba3oBe HaBaHTa)KeHHs1 - TeOTepMaslbHi eleKTPOCTaHLil BUPOO/ISIOTH
€JIEKTPOEHEPTit0 MOCTIMHO, 1[0 TpaLoe 24 roAvHY Ha 00y / 7 OHIB Ha TWXK/EHB,
He3a/Ie)kHO BiJf TIOTOJHUX YMOB.

- Hepenuika nuionia - reoTepma’sibHi e/1eKTPOCTaHL[ii KOMIaKTHi;
BUKOPHUCTaHHS MEHIIOI KiflbKocTi 3eM1i Ha I'BT-roz (404 M 2), HiX BYTiJIbHOTO
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(3642 m 2) BiTpy (1335 M 2) ab0 COHSIUHOT (HOTOETEKTPUUHOT CTAHIIiT 3
LIeHTPaJIbHOM CcTaHLi€eto (3237 M 2).

- YucroTa - Cy4acHi reoTepMasibHi e1eKTPOCTaHLIil i3 3aMKHYTUM
KOHTYPOM He BH/I/IIIOTh TAPHUKOBUX rasis; Bukugu [1I" mpoTarom KUTTEBOro
uukiy (50 r ekB. CO2 / KBT  rof) B UOTUPH pa3u MeHIlle, HK B COHSIUHIN
eHepreTulli, i B 6-20 pasiB HWK4Ye, HIXK B IPUPOAHOMY rasi. ['eoTepmanbHi
eJIeKTPOCTaHLil CIIO’KUBAKOTh B CepeIHbOMY MeHILe BOY MPOTSATOM TepMiHY
cmy>X06u eHepril, HiXK GiNBIIICTb TPAaAULIIHHUX TEXHOJIOTiH reHeparii.

Heponiku I'eoEC:

- Bucoke crio)kuBaHHs IPiCHOI BOJY, 1110 MOJKe IIPUBECTH [0 i
nediunTy;

- Mae reorpaciuHe 0OMeKeHHs;

- Iopore OymiBHHUIITBO CTaHIiH.

1.3bioeHepreTuka

bioeHepreTvika — Tragy3b eHepreTWKH, 3aCHOBaHAa Ha BUKODHCTaHHI
GiomanuBa, 110 BUPoO/sIeThCs 3 GiomacH.

biomaca € 6ionoriuHuM MaTepiajioM, OTPUMaHWM 3 XKMBUX ab0 HejaBHO
JKMBUX OpraHi3miB. B KOHTEKCTi BUKOPUCTaHHS 6ioMacH [Jijisi BADOOHUIITBA eHepril
3a3BUuall miz 6ioMacor pO3yMi€TbCsS MaTepiav POCIMHHOTO TIOXO/PKEHHS, aje
TepMiH GioMaca MOKe B PiBHilM Mipi 3aCTOCOBYBaTHCS [J0 MaTepiasiB sIK TBAPHHH,
TaK i poCJIMHHOTO TIoX0/HKeHHs [11].

B cucremax BupoOHHLTBA Oioraly BHKOPHCTOBYIOTH CreLjia/ibHi Gakrepii,
[JIs1 PO3T1aZly MOKPHX OPraHiUHMX DEUOBHH, TAKWX sIK IMeperHii, cTiuni Bogu abo
xapuoBi Bigxogu. Lli cucremu BUpOO/IAIOTE CyMilll MeTaHy, BYIJIEKUC/IOTO rasy Ta
HaTTiBTBEpUX 3a/UIIKiB [12].

Bioras - 1je metaH 3 BmicToM MeTaHy Bif 70 o0 75% Ta TelIOTBOPHOIO
3parHicTro Big 5000 go 5500 kkan / M3, 1o B 2—2,5 pa3u NepeBULLYE TEMIOTBOPHY
3[aTHICTb Cyx0i 6ioMacH Mpy MPOCTOMY 3ropsiHHi. KilbKicTs Giorasy oTpuMyoTh 3
ofHOrO KybiuyHOrO MeTpa CUpOBWHH; EHepris, oTpuMaHa NpH CHalOBaHHI [IbOr0
00csary rasy, craHoBuTb 90% eHepril, 1[0 MiCTUTbCS B TepBUHHIM Maci. Lle
O3Hauae, 10 edeKTHBHICTL aHaepobHOI OGioTexHomorii mocsarae 90%, 10
NiATBeppKye Ii MepeBary nepeg ropiHHIM.

bioras, oTpuMaHuii 3a IJi€l0 TEXHOJIOTi€l0, MOXKe BUKOPHUCTOBYBATHCS
HACTYTTHUMH CII0Ccobamu:

a) ZpKepeJsio TeTula - CIA/IIOIUN OJUH KYOiuHWI MeTp LbOro rasy B KOT/Iax
MOJKHa OTpUMaTH 4 - 5 KBT TeryioBoi eHeprii;

6) MexaHiuHe mKepesio eHeprii MpU CHa/MtoBaHHI 6iorasy B ABUTyHax
BHYTDILIHBOTO  3rOpsiHHSI  (3rOpsIHHSL  3a3BMuYail He BUKODHUCTOBYEThCS B
ra3oTypOiHHMX ABUTYHAX 4Yepe3 BiJHOCHO HEBEIMKY abCOJIOTHY Ki/IbKiCTh I[bOTO
Buay ra3y). [Ipu cramoBaHHi KybiuHoro MeTpa Giorasy BiH MO)Ke OTPUMYBATH Bif
1,8 no 2,2 kBT - rog enekTpoeHeprii Ta 3a JONOMOIOKO Tella BiJj BiANpaLbOBaHUX
rasiB - 0/JaTKOBOI TeIJIOBOI eHeprii BiA 2,5 fo 3,5 kBT;

B) rasomno/jibHe MOTOpHe Ma/MBO [JIs1 TPAHCTIOPTHUX 3aco0iB, B sIKMX Oiora3s
CTUCKAEThCA [0 22 MITa.

nobanbHa HioeHepreTHKa pO3BUBAETHCS B TAKUX TEXHOJIOTIUHUX cepax:
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- TIpsIMe CIa/IFIOBaHHS CiTbCHKOTOCTIOIaPChKUX, TBEPAUX i TOOYTOBUX BiJXOAiB,
Topdy Ta MPOMUCTIOBUX BiXO/iB;

- aHaepobHa 00poOka TBep/iMX MOOYTOBUX BifIXO/iB;

- TepMoXiMiuHa KOHBepCist 6iomacu B ra3omnoziioHe abo pizfke maaueo;

- BUPOOHHLITBO €TaHOJy Ta POCJIMHHOI 0J1ii Ta BUPOOHULITBO Giogu3ess.

CrnasmroBaHHs OiomMacu mTpuBabmMOe€ BiJHOCHO TIPOCTOK TEXHOJIOTI€R0,
TIOPiBHSIHO HEeBeIMKMMU BUTPATaMH i /lelIeBO0 CHPOBUHOIO.

ITpocra GiorazoBa ycrtaHoBKa (puc. 1.5.) Ck/afjaeTbCsl 3 KOHTelHepa AJist
pO3MajJly OpraHiuHMX PEYOBHMH Yy BOJHOMY DO3uMHi, KOHTelHepa /s 300py rasis,
TaKoOXX CHCTeMH MOfaui OpraHiuHMX pPevyoBHH, CUCTEMU Tofadi rasy [o Micud
BUKODUCTaHHS i cucTeMa JikBizgauii Bigxonis [13].

Puc.1.5. ITpuHimnoBa cxema 6iora3oBoi yCTaHOBKH

PocnvHHa GioMaca MOTEHIIHHO € HAaNMOTYXKHIIIIUM TaJHBHO-CUPOBUHHUM
IkepesioM. Pict cektopy 6ioeHepreTviku YKpainu mpotsrom 2010-2016 pp.
OLIiHIOEThCSA, B CEPeIHbOMY, V¥ 45%/piK Mo MOKAa3HUKY BUPOOHMITBA Oiomamue i
35% B piKk Mo 3araJbHOMY TIOCTAuaHHIO TlepBUHHOI eHeprii 3 Hux.[14] o
POC/IMHHOI O6ioMacu BiZJHOCATBCS: JepeBHHA i Bifxomu il 3arOTOBKHU (Tak 3BaHi
JlicociuHi Bifxoau), 1o ctaHoBSATh 40 - 60% 3arasbHOI KibKOCTI 3aroTOBIeHOT
JIePEeBUHM; BifXoau nepeBooOpoOKu, ckiaajoBi Ao 20% obcsry BUpOOHUIITBA
[IiNOBOI ZlepeBUHM; BiJJX01 POC/MHHHIITBA (CO/IOMa, KYKypy/Z3siHa KauaH, prCcoBa i
COHSIIIIHMKOBA Jiy3ra Ta iH.), a KpiM Toro, Topd, TBepAi OpraHikoBMIiCHI,
MPOMUCJIOBI i MOOyTOBI Bizx0aM.

HIKigmMBiCTE [jaHOrO TIPOLieCy TIOJsITa€ B TeIUIOBOMY  3abpyaHeHHi
atMocdepy, 60 yepe3 3ropaHHi MaluBa BUBIILHSAETHCS TEIUIOBA eHepris. Takox
BiZibyBaeThCsl XiMiuHe 3a0pyJHeHHs BUKWAAMHM TaKUX OTPYHHHUX PEUYOBHH, SIK
OKCH/J] BYIVIELIFO, CipuaHWl aHTiJpHj, OKCHJ a30Ty Ta iHII OTPYWHi peUOBUHU
pasoM 3 i3 NpoZiyKTaMy MIOBHOT'O i HETIOBHOTO 3rOPSIHHS a/vBa.

ToMy BapTO MaKCHMajbHO OOMEXUTH BUKOPHUCTAHHS TEXHOJIOTI TPSIMOTO
CriamoBaHHsA. [I1s AesKUX BUJIB MajldBa BUKOPHUCTOBYBATH Oi/bII MpOrpecuBHi
TexHosiorii (aHaepoOHe 30pOPKYBaHHS, TEPMOXiMiuHe MepeTBOPEeHHs1) OyBae He
JIOpPeYHO i TOMY BMKODMCTaHHSI TEXHOJIOTII CHa/jlOBaHHA € BUMpaBAaHuM. s
crnianmoBaHHs OioMarepiany 3 Haubinbi MoxkmuBuM KK/ BUKODUCTOBYIOTh KOT/IH 3
KUATITYuUM 1rapom (puc. 1.6).

Puc. 1.6. KoTen i3 KUIJISTUMM 11apOM

Ha pucynky 1.6 306pakeHi OCHOBHi eTamu cra/rOBaHHsI Giomarepiany B
KOT/IaX i3 KUIISIUMM IapoM: 1 — ToIlapoBe CIaaioBaHHs; 2 — KUILISUMM 1map i3
Oynmpbarkamu; 3 — peXkXuM TIepexofy A0 IHEeBMOTPAHCIIOPTY; 4 — DeXuM i3
LUPKY/TIOI0UUM KUIUISTYUM I11apOM.

Y KOT/Ti i3 KUTUISIUMM 11apOM Bi/I0YBa€ETLCS CMATOBaHHS I€PEBHUX BiZIXO/iB
Ta 1MoOYTOBOTO CMITTsI TIPU 3HIDKEHIN Temrieparypi /s 3amobiraHHs YTBOPEHHIO
miokcupy asory. CrnamroBaHui Oiomarepias MPUMYCOBO TPOAYBAEThCS 3HU3Y
TOBITPSIM i3 peryJbOBaHOI0 TMOZAuero, L0 ZJ03BOJSE MPUCTOCOBYBAaTH MPOLIEC
TOpiHHS [0 KOHKpeTHOro Oiomarepiamy i 3a0e3rmeuyBaTé Tpu  CHaTFOBaHHI
Makcumanbuanii KK/,
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Teepni mpoMuc/oBi Ta TOOYTOBI BigXoAW, SIK TPaBWIO MOTPeOYyIOTh
CrajlOBaHHS B OKPeMill YCTaHOBL, uepe3 HasBHICTb Pi3HOMaHITHUX 3MilllaHUX
MarepiasiB, TaKuxX SIK CK/IO, Maky/jaTypa, OOrOpTKH, IMakKeTH, TKAHWHW i T.IL., a
TaKo)XK BOHM MICTATh IIKiJJIMBi PEUOBHMHU: CypMY, Ka/iMili, CBHUHEL[b, DTYTh,
OpraHiyHi TOKCUHHU i T.1.

Cria/itoBaHHS MOOYTOBOTO CMITTSI SIB/ISIETHCST KOPUCHUM. [IJif 1IbOTO 4acTo
3aCTOCOBYIOTH YCTAQHOBKH SIK Ha puC. 1.7. Uepe3 cMmiTTe3BanmIIa TOGIH3Y BETHKUX
MicT cTaroTh po0sIeMu MoyKexKoHeOe3reKky, 3abpyAHeHHs MOBITPs CMepPAIOUYNMU Ta
TOKCUYHHUMH ra3aMi, BOHU 3aliMarOTh BeJIMKi TUIOIIi, a TaKOXK i3 JIOII[OBOIO0 BOJOO
11i 3a0pyHEHHs MOTPAIIATL Y IPYHTOBI BOAU.

Y 6GaraTbox KpaiHaxX BXKe BiZIMOBWIMCH Biji CKiafayBaHHS cMiTTs. Tak y
AnoHii crnamorote 80% Takux Biaxogi, a y IlBenii 60%. Temnnora 3ropsiHHA
TaKuX BiAxoAiB focsirae Bif 7 7o 12 MJx/Kr.

Puc. 1.7. Cxema yCcTaHOBKHM [/ CIIa/IFOBaHHS TBePAUX BiAXOAIB i cMiTTA

Biogu3enb — MeTU/IOBI Ta/abo eTHIOBI eTepy BUIIMX OPraHiYHHUX KHCJIOT,
OTPpUMAaHUX i3 pPOC/MHHUX OJiii abo TBapUHHUX J>KUPIB, OTPUMYIOThCS 3i
crelialbHAX yCcTaHOBOK (puc. 1.8) i BUKOPHUCTOBYIOTBCS SIK OiomasuBo UM
GiokommoHeHT [15].

Puc.1.8. YcraHoBKa 1151 oTpuManHs 6ioau3sens[16]

TexHiuHi XapaKTepUCTUKHU: BUPOOHUYICTh — 20071/4, HeoOXizHa myoma s
po3MilieHHst 06/1agHaHHs — 60-80M?, CrI0KKBYA TIOTYKHICTh — 35KBT, rapaHTidHuiA
CTPOK poboTH — 24 MicsLj.

OCHOBHUMH HeZIOJTIKaMH [JaHOT YCTAaHOBKH € 11 HU3bKa BUPOOHUYICTh, BeJHKI
€HeproBUTpaTH, NMOTPeOye BeNUKOI TUIOL[ /i1 YCTaHOBKM, MO CYTi JOOYTOK
Giomu3senss BifOyBa€ThCS NLIAXOM MEXaHIUHOrO 3MilllyBaHHS KOMIIOHEHTIB, $IKi
BXOZISITH B OiomasmiBo.

1.4TigpaBiuHi ejieKTpoOCTaHILIi

l'igpoeneKTpocTaHLil MOIJTMHAIOTL KiHETUUHY €Heprito BOJH, 10 PyXa€ThCs
i BigmaroTh MexaHiuHy eHeprito TypOiH. IToTiM pyxomi TypOiHM MEPeTBOPIOIOTH
MeXaHIUHy eHeprito B eJIeKTpUYHYy 4Yepe3 reHeparopu. ICHyOTb pi3Hi TUIHU
rizpoenektpocraniil. [igpoeHepreTka €  TIOHOBJIOBAaHUM, TIOCTiMHHM,
nepeAbauyBaHUM i KOHTPOJILOBAaHMM JDKEpPesoM eHeprii. BOHH He BUIIISIOTH
TIaPHUKOBUX Ta3iB i € ekosioriuHo unctumu [17].

IcHye 6araTo TWMIB rigpoenekTpocTauiii. Ix BUGip 3amexuTh Bif 0bcAry
[IOCTYTIHOI BOAM i BUTpaTh BoAW. lle TakoXK 3anexutb Bif o0macTi, sika Ham
[IOCTYITHA, i Tpolliel, sKi MU XOueMO BUTPATUTU. € y>Ke BeJMKi e/leKTPOCTaHII1,
Taki K Mikpo-T'EC, a Tako>XX HeBeJIMKi e/IeKTPOCTaHIIil, sTKi TaKOXX MOXYTh OyTH
noOyAoBaHi mopyu 3 BaliMM OyJWHKOM, OCKIJIbBKM BOHH He 3aBJal0Th BeIHKOI
wKogu.

I'izpoenekTpocTaHLiisi HaKa4uyBaHHS.

s cucrema ¢(akTUYHO TMpalffo€ Ha TIIOMUT Ha ejieKTpoeHeprito. BiH
BHUKODHCTOBYE Pi3HI BUCOTH MiX [JBOMa pe3epByapaMH Jis lepeKauyBaHHs BOAY, B
3anexxHocTi Bif BuMor. Ko moTpeba B eIeKTpHIli MeHIIe; MOTiM Ha/ THIIOK
eHepril BUKauye BOAy B TPOXH Oi/ibIl BUCOKWI OaceiiH. Y pas3i GijbIl BUCOKOTO
nonuTy TypOiHM CKMZAIOTh Ha3aj, BOAY B HU3BKHN pe3epByap udepe3 HBOIO.

CX0XicTb I LnTtatn I MocnnaHHs KomeHTap A MigmiHa cumBonis

IOo>xkepen Ha cTopiHuwi: 14, 23, 38, 48, 62


https://unicheck.com

ID cphanny:

HaszBa pokymMmeHTy: 2020-bachelor-EDD_Miroshnyk_plytka_fch 1004084169

AXyMymro€e CXOBHIIlE € KOMEPIIHHO HaWOibII BaXK/TMBOI (DOPMOI0 HAKOTIMUEHHS
eHeprii, a TaKoX MiZABUIIYE 1[0fleHHUH Koedil[ieHT KOPUCHOI il cucteMu.

ITporin piuku I'EC.

Lleti Tvn He Mae Micus [y 30epiraHHs abo pe3epByBaHHs. Bopa Teue i
MPOXOJUTL uepe3 TypbiHu. BiH MOCTiiHO pyXaeThCsi i He TOBHMHEH 3a/IMIIIATHCS
HepyxoMHM. TakvM 4MHOM, BOAQ, fKa HaJXOLWUTb 3 BepxXHbOI Teuil, NMOBUHHA
BUKOPHCTOBYBAaTHUCs B IaHUI MOMEHT, abo BOHa TIOBUHHA 06iiiTH rpebiro.

IMipzemua I'EC.

L5 cucrema Tiparjfoe Ha OCHOBI MPUPO/JHOI Pi3HUIIL BUCOT, fIKa MOXe OyTH
OTpHMaHa MpYU BUKOPHCTaHHI JBOX BOAHUX ILJISAXiB, SKi MOXKYTh OyTH BOAOCTaZOM
abo ripcekuM o03epoM. IlizzeMHMi TyHenb MOOYZOBAaHUU /ST TIPUTLIMBY BOAU 3
BEepPXHbOI PaKOBHMHM [0 MICLsl YTBOPEHHS i TOPU30HTA/JLHOIO XBOCTOBOI'O ILLISXY,
SIKWH [TOCTAaBJISIE BOJY B HIDKHIO pakoBUHY [18].

Mikpo I'EC.

KK/l nepeTBOpeHHs eHeprii Mazarouoi BOAU B CTPyM Jocar 73%, L0 gyxke
nobpe. B3umky x I'EC mpo/ioB)Kye TpaijfoBaTH Mmij JboZoM. Bcs cripaBa B TOMy,
1110 HalbiIBII Li/TbHA BOZA (3 TEMIEPaTyporo B 4 TPaflyCH) TsDKIE€ 0 LIEHTPY BHPY.
ITo Kpasix UWIiHApPA YTBOPHOETBCSI KpWKaHa KipKa, fKa BUCTyIla€ B PO
yTerulroBaya, M0 He Jla€ 3aHa[TO CUIBHO OXOJIOAMTHCA IeHTtpy. HaginHi,
€KOJIOTiuHi, KOMITaKTHi Ta He/IOpOTi />Kepesa eHepril Jyis ciji, MicT, Gpepm, Maaoro
Oi3Hecy y BiAJaneHMX Ta HeJOCTYIIHUX TipCBKUX pailloHax, [e Hemae JIiHil
eflekTporiepeiad Ta OyoiBHUITBO TAaKWX JIiHIM 3apa3 /IOBIIe i ZOpOXKYe, HiXK
nipuz6anHs Mikpo-I'EC asist BcraHoBeHHs [19].

ITepeBaru Takoro mikpo-I'EC:

- EdekTUBHICTb IIEDPETBOPEHHS eHeprii BoAy, 1[0 MOTpaIyIsie Ha 001afHaHHS 15
BUMpoOyBaHHs, Jocsirna 73%, 110 ayxxe fobpe.

- Bsumky I'EC 3aBx/u npatitoe mif ibogom. CripaBa B TOMY, 1110 Halrycrimia Boga (4
rpafiycu) e 1o LieHTpy BUxopy. Ha Kpasx [u/iH/pa yTBOPIOETLCS KpHyKaHa
KipKa, SIKka BUCTYTIAE i30/IITOPOM i He Jia€ L[eHTPY 3aHa/ITO CUIBHO OX0IOHYTH. [20]

- OpuriHajabHe KOMIIOHYBaHHs arperartiB Mikpo-I'EC, 3acTocyBaHHs niepefioBOI
TEXHOJIOT1{, CyyacHi MaTepiaiy i [u3aiiH 3a0e3MeuyroTh BUCOKI CIIOXKUBYi
BJIACTUBOCTI i iX HafiiliHy po0OOTY.

Hepnonikun:

- IcHye pesika ce3oHHiCTb. B 3UMOBUIA i TiTHIN Nepiof TOMITHI 3HKeHHS
e(eKTMBHOCTI.

- HepnocratHs peMOHTHA Ta BUPOOHIYA MOXJ/IUBICTE MiIPHEMCTB.

- HepocraTHbO BUBYEeHHMI HeraTUBHKI BIIMB Ha HABKOJIMILIHE CepeZloBUILie Ta
CiNTbCHKOTOCTIOAAPCHKY AisTbHICTE [21].

1.5EHeprisa npun/iMBiB, MOPCHKHX XBWIb i OKeaHiB

Uepe3s BeMKi po3Mipu OKeaHiB Lisl eHepris Mo)ke BUKOPUCTOBYBAaTUCS B
HabaraTo mupiomMy MacmuTabi, HDK iHIIi afbTepHaTHBHI JyKepesia eHeprii. XBui,
CTBOPIOBaHI OKeaHOM i MPU/IMBaMH, SIKi JOCATal0Tb MOPCHKOTro Oepera, MarOTh
BeJIMUE3HUH MoTeHLjasl. SKI0 BOHU OyyTh 3aZisHi Ha TIOBHY MOTY>KHICTb, BOHU
3MOXXyTh 3HAUHO CKOPOTHUTH €HepreTHyHi rpobsiemu B cBiTi. IcHye 3 criocobu:
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TIPWIVBHA eHepris, XBWIb0OBa eHeprid i TepeTBOPeHHs TEIIOBOI eHepril OKeaHy, 3a
JIOTIOMOT 00 SIKUX MOKHa BUKOPHCTOBYBAaTH eHeprilo OKeaHy.

[TpunvBHa cra B OCHOBHOMY BKITIOUA€E B ce0e BUKOPUCTAHHS KiHETUYHOI
eHepril Bi/j NPUIVIMBIB i Bi/IWBIB. Pi3HUII B IPU/INBH i BiJI/IMBU TaKOXX Ba)XK/IMBa B
boMy BigHoIIeHHi. Lle e ogHa dopma rigpoeHepretviku. ITigfiom i nagiHHS
OKeaHiYHUX MPUTIMBIB (iKCYIOTHCS reHepaTopaMy NPUIMBHOI eHeprii, ski
obepratoTh Typb6iHU. Pyx TypOiH BiATOBiZIa€ 32 BUDOOHUIITBO €JIEKTPOEHEPTii.
Koportie KaKyuu, reHepaTop IIpU/IMBHOI eHeprii BJOB/MOE KiHeTHYHe pyX
TIPUIIMBIB i IEPEeTBOPIOE IX B €/IeKTPUYHY €Heprito.

lenepatopu npunuBHOI eHeprii (puc.1.9) HalluacTillle BCTaHOBJTIOIOTHCS
y3I0BX OeperoBoi JiHii, Xoua MOPCbKi YCTaHOBKH CTalOTh BCe OisbII
nonysisspHUMHU. beperosi JiHil € Kpaljumu, ToMy 1[0 BOHU OTPUMYIOTh 2 TIPUIUVIMBY
i 2 BiZyMBY KO>KeH JieHb. [y BUpOOIeHHs e/leKTPOeHeprii Pi3HULIS B PiBHSAX BOJU
MOBUHHA OyTH He MeHILe 5 MeTpiB.

Puc.1.9. TpurutuBHi TypOiHu
[punvBHi TYpOiHU

[MpunueHI Typ6iHM BUKOPHUCTOBYIOTE TY XK TEXHOJIOTIIO [/l BITPSIHUX
TypOiH. Pi3HUIS JMIIIEe B TOMY, ITI0 JIOTATi IPUIMBHUX TypOiH Habarato MilHiie i
kopoTiile. OTKe, HAWKpaIyii crnocib nopiBHATH MPUIKBHI TYPOiHU - Lie miABOHI
BiTpsiku. B izeasni BogHi moToku 06epTaroTh TypOiHy. Typ0OiHa 3'eqHaHa 3
reHepaTopoM uepe3 Bajl. TaKUM YMHOM, KOJIH TypOiHa 06epTaeThCsl, Basl TaKoXkK
o6epraeThbcs. [IOBOPOTHUI Bajl aKTUBYE reHepaTop, SIKUil BUPOOJIsi€ eHeprito.
ITepBicHa BapTiCTh yCTaHOBKHU Lii€l cCCTeMU NPUIMBHUX Teuill JOCUTh BUCOKA, He
Ka)XyuH BXKe I1PO CK/IaJHiCTb B 006c1yroByBaHHi. Ta Bce X Ije 3a/1uIaeThcs 6ibI
JlellIeBOI0 a/lbTePHAaTHBOM) i He MOTipIlye CTaH 0TOYYIOYOro CcepefloBHUILlA Ha
BiIMiHY BiJ] iHIIIMX NPUTUIMBHUX TEXHOOTIM.

[IpynuBHI 3aropojkeHHs

[MpunvBHI 3arOpPOPKEHHS € HAUOIbIT e(heKTUBHUMH TEXHOJIOTi MU
TIPUIKMBHOI eHeprii. BoHu HaraziytoTh rpebiii, sKi BUKOPHUCTOBYIOThCS Ha
rifpoenekrpocraHLisix. Pi3HULS B TOMY, 1110 BOHM Habararo Ginbllie, Tak sK BOHU
noOyzioBaHi uepe3 3aToKy abo rupso. [1Io6 3aropomkeHHst MOTJIO BUPOOJISITH
€Heprito, NPUWIYMBHA JMCTaHLlisl, IKa BUSHAYAETHCS SIK PI3HUL MK [IPUTJIMBOM 1
BiZyiMBOM, 1MoBUHHA OyTH Oisiblile 5 MeTpiB. Kosii MPUTIMB BXOAUTE B CHCTEMY,
OKeaH ab0 MOpCBKa Bo/ja Teue yepe3 rpebstro B 6aceiiH. Kok mpUIMBY CTHXAIOTh,
BOpOTAa CUCTEMH 3aKpPUBAIOThLCS, 3aTPUMYIOUHM BOAY B rupiii abo baceiini. Komu
TIPUTIMBY TIOYMHAKOTH BUXOJUTH, BOPOTa B rpebili, sKi CK/IafaroThes 3 TYpOiH,
BiZIKDHBAIOTHCA, i BO/IA TIOUMHAE BUTIKATH, BIUVIMBAKOUX Ha TypOiHH, SIKi B
pe3yJ/bTarTi epeTBOPIOIOTHLCS B eHeprito.[22] ByziBHULITBO IPUIMBHUX
3aropo/pKeHb IOB'SI3aHO 3 BUCOKVMMU I0YaTKOBUMH KarliTaJbHUMU BUTpaTaMy,
TITIOC BOHU HaJ,al0Th PYVHIBHY /li0 HA OTOUyIOUe CepeJjOBHIIle.

ITepeBary BUKOPUCTaHHS aHOI CUCTEMU:

- eKOJIOTiYHO YHUCTHH;

- lle BiIHOB/IIOBaHe J>KepeJsio eHeprii;

- mepeabauyBaHO, IPUIUIMBH i BiZINJIMBY — L@ LIUK/IiUHUH riporiec. PiBeHb
MOTY)KHOCTI SIKOMY MifIBeprHeThCS CHCTeMa BXKe BU3HauUeHUH;
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- KOHKYPEHTOCNPOMOXXHMWA;

- edeKTHBHIlIle, HiX BiTporeHeparopu. [T0TOKM OKeaHiB 3/1aTHi BUPOO/IATH
Oinblire eHeprii.

Heponiky BUKODHACTaHHS:

- BUCOKI [104aTKOBI 3aTpaTy;

- mipobsieMa edeKTUBHOCTI. [IpUII/IMBY i BiATUTMBY BiZOyBalOTHCS JTUILE JBiYi
Ha JleHb. Lle 03Hauae, 1110 KOMK MPUIIMBY He BiJJ0YBaIOTHCS, eHepris He
BUPOBNSAETLCS;

- BIIMB HAa MOPCHKY (riopy Ta ayHy.

1.6KiHeTHuHa eHeprisi KPOKy JIIOJUHA

JOCHTb MepCreKTUBHOK € 3aCTOCYBaHHSI TeXHOJOTi, 1110 BUKOPUCTOBYE
KPOKM Jtoflel i1 BUpOOHMI[TBA eyiekTpoeHeprii (puc. 1.10). Ilepemarow €
MOXJ/IMBICTb BCTaHOBJIEHHSI B MiCLfiX, Jile He MOX/IMBO abo HeJoLi/lbHO
BCTAHOBJIIOBATH IHIIII eHeproreHepyrooui cucteMd. BoHa BUrOTOBJIEHA 3 THYYKOTO
BOZIOHENTPOHVKHOTO ~Martepiaiay, OTpPMMaHOro TIpH TMepepolIli BUKOPHUCTaHUX
aBTOMOOLTBHUX TIOKPUIIIOK, 1[0 HAJ|A€ TUTUTILIi MillHICTh i pobuTs ii CTilikowo A0
ctupaHHs. Kopryc T/MTKA BUTOTOBJ/IEHWH 3 0CcOO/MMBOI HepxkaBitouoi ctami. Ipu
HaTUCHEHHI TOBepxHs TMporuHaerbcsi Ha 5-10 MM, i 3Myllye iHTerpoBaHUA
repeTBOPIOBAY  reHepyBaTU  ejleKTpoeHeprito. TexHosoria nepeTBOproBavya
0a3yeTbcsi Ha riOpUIHOMY TIEPETBOPEHHI, 1[0 BKIIIOUAE T1’€30€/IeKTPUUHUN edeKT,
0 TreHepye eJeKTPOeHeprilo 3a paxyHoK Jedopmalii, i eeKTpoMarHiTHy
iHaykuito. HeponikoM € HeJOL/BHICTE BCTAHOBJEHHSI B MICLSX MaJsol
IHTEHCHBHOCTI pyXy Jirofei.

Puc.1.10. KoHCTpyKLisi eHeproreHepyo4uoi JIMTKA

Ha puc 1.10 moka3aHO KOHCTDYKL|il0 eHeproreHepywuoi IUIATKA. 1 —
KpHIIIKa HaTUCKY; 2 — CTaTop; 3 — HEOJAVMOBI MarHiTH B HAaTUCKHIW KpUIILli; 4 —
pobounii XiJi HATUCKHOI KPUWIIKHW; 5 — TIPY)KUHU; 6 — repMeThuHe 3’€QHaHHS
KPHIIIKA 3 KOPIyCOM; 7 — KOpIyC; 8 — HEOAWMOBI MarHiTi potopa; 9 — 06MOTKa
korymku cratopa (K1 — K3); 10 — HeomumoBi MarHiTH B kopmyci; 11 —
e/IeKTPUYHUN BUMIPSIMIISY.

ITpuHLMT AiT MaIONOTY>KHOI eHeproreHepyo4dol MIUTKY.

Ha puc. 1.11 noka3aHo pob0Ty eHeproreHepyrUoi ruTku [23].
Puc. 1.11. CxemarnuHe 306pakeHHsI IPUHLIUITY Aiil eHeproreHepyouoi IINTKYU 10
HaTHCcKaHHA () i micsis HatuckaHHs (0)
OpHa miiutka Pavegen renepye 4-5 BT eHepril BiJ KO)XHOro Kpoky. Ilnutku
BUITYCKalOTh MPSIMOKYTHOI (puc. 1.12) i TpukyTHOI (puc. 1.13) dopmu [24].
Puc. 1.12. Cxema npsiMOKyTHOI r/IUTKU Pavegen
Puc. 1.13. Cxema TpuKyTHOI /IMTKA Pavegen

InHOBaljifiHa T/IMTKa BUTOTOB/IEHA 3 THYUYKOTO BOJOCTIMKOTrO Marepiaiy,
OTPHUMAHOTO TP Tepepo0lii BUKOPHUCTAHMX aBTOMOOIMBEHUX TTOKPHIIOK, IO Ja€
TUIMTL MiL{HICTB i pOOHTS ii CTOMKO A0 cTrpaHHs. Kopryc MUTKH BUTOTOBIEHUNA
3 0cobMBOi HeprkaBirouoi crami. IIpy Ha)kaTi BepXHsI TPaHb MPOTWHAETHCS HA 5
MijsliMeTpiB, i 3acTaBrsi€ iHTerpoBaHUI [IepeTBOPIOBAY FeHepyBaTH eHeprito.

ITnuTka Mae psif repesar:

- Bucoka MilHiCTh Ta 3HOCOCTIMKiCTh;
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- Hwusbkuii piBeHb CTUPaHHS;
- IToBHa BOJIOTOCTiMKIiCTB;
- CrilikicTb 0 HU3bKMX TeMmepatyp (a0 -70 rpagycis Llenbcis);
- CrilikicTb 10 arpeCUBHUX XiMiUHUX 3ac00iB;
- Mana Bara.

Heponikamu Takoi CUCTEMU MOXYTh OyTH:
- Marna edeKTHBHICTh B HiUHMI Yac;
- HeBesuka noTy>KHICTb.

BucHoBoOK

Y pfaHOMy pO3AUIL IOKa3aHOo, L0 IIOLIYK HOBUX /pKepes ejleKTpoeHepril
3aBXK/JU € aKTyaJbHUM 3aB/laHHSM B Cy4YaCHOMY CBITi, SIKWH BUpi3HS€TbCS 3
KOKHUM DOKOM BCe OiBIIMM  eJeKTPOCIIOKMBaHHAM. — BigmiueHo, 10
a/lIbTePHATUBHI pKepesia eHeprii pO3ILMPIOIOTh PAMKH MOXK/IMBOCTEH 37100yBaHHS
e/IeKTPOeHeprii pi3HUMU CriocobaMu Ta MpH pi3HUX yMoBax. BijblicTe MeTo[iB
3000y TTS e/leKTpOeHeprii 3 anbTepHaTUBHUX [PKepes eHeprii € JOCUTb eKOMIOTiYHO
YuCTUMHU, Oe3MeYyHrMHU Ta JOBTOBiYHUMHU. AJie siK i Oyab sKuil iHIIKi MeToz, y HUX
HasIBHI CBOI ITepeBary Ta HeJO/iKU.

Meto, 110 BHUKOPUCTOBYE KIiHETUUHY €HEprif0 KpOKy JIIOUHU €
Ha/[3BUUAHO MepCreKTUBHUM CrIocob60oM BUpoOJieHHs enekTpoeHeprii. [TepeBaroto
€ MOX/IUBICTb BCTaHOBJIEHHS B MICLfX, Je He MOXIMBO abo HeAOLiIbHO
BCTAHOBJIIOBAaTH iHILII e/eKTporeHepyroui cuctemu. A came Ge3nocepesHBO
MPaKTUYHO B MiCLISIX CMIOKMBaHHSI eJIeKTpPOeHeprii, B MiCLISIX BUCOKOTO CKYITUeHHS
yopei. HemomikoM € HeZOLiIbHICTh BCTAHOB/IEHHSI B MICIISIX Majioi iHTeHCUBHOCTI
PyXy mrofei.

2. PO3POBKA CUCTEMMU I'EHEPAIIII EJIEKTPUYHOI EHEPI'TI
3A PAXYHOK EHEPIOTIEHEPYIOUOI IIJIMTKA PAVEGEN
SYSTEM

2.1 OOrpyHTyBaHHS CXeMHHX PillleHb Ta BUKOPUCTAHHA eJIeMEeHTHOI 0a3u
Y3ara/ibHIOI0UM pe3yabTaTy IPOBeJEHOro aHaslisy JiTepaTypy, MepeskeBUX
IbKepet Ta mobakaHb TTiJTIPUEMCTBA, po3pob/ieHa BiJHOCHO HOBa CHCTeMa
eHepro3abesneyeHHs], sika 0a3yeThCsl HA BUKOPUCTaHHI KiHeTUYHOI eHepril, a came
BHMKOPMCTaHHI KiHeTUUHOI eHeprii KpoKy /oAnHu. Taka cucrema fjae 3Mory
reHepyBaTy Ta HAKOMMMYYBATH B aKyMYJIITOpax efeKTpoeHeprir. [JaHa cucrema
TIpH3HauveHa [y 3MeHIIeHHs] HaBaHTa)KeHHsI )KUBJIEHH BiJj MepeXxi MipreMcTBa
IITXOM 3aCTOCYBaHHsI BUPOOJ/IEHOT e/IeKTPOEHEePril IaHOI CUCTEMH /1S )KUBJIEHHS
CHCTEeM BEHTHUJIALII Ta OCBIT/IEHHS] KOPU/OPIB MiAPHUEMCTBA.
Po3po6ka crctemu Oyzie MPOBOAUTHCS 3 yPaxyBaHHIM TaKKUX BUMOT':
- IIpocrota cucremu (MiHiManbHa Ki/IbKiCTh KOMITOHEHTIB);
- JIOBrOBiuUHiCTh Ta MPOCTOTAa B 06C/yrOByBaHHi;
- Cwucrema noBuHHa 3abe3reuyBaTH )KUB/IEHHS! MEDPEXEI0 3MiHHOTO CTPYMY 3
yactororo 50 I'ly Ta HoMiHanbHOK Hanpyror 220B.
2.2 Onuc i poboTa cucTeMu
2.2.1 CTpyKTypHa cxema
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Pavegen Systems — BUKOpHCTaHHS KIHETUYHOI eHeprii KpoKy JroAuHU. [laHa
TeXHOJIOTisI BiZIHOCHO HOBA, €KOJIOTiYHO UKMCTA TIPH BUPOOJIEHH] e/IeKTpOeHeprii,
JIOCUTD AIOLIi/IbHA Y 3aCTOCYBaHHI B MiCLSIX BEJIMKOTO CKYITUeHHs Jirofieii i ix
iHTEHCUBHOTO PYXY, HallpUK/IaZ, Ha Pi3HUX MPOMHUC/IOBUX 00’€KTaX, B
IPOMa/ICEKHX MICIISIX T'yCTOHACe/IeHNX MICT.

Ha puc. 2.1. npuBefieHa CTPYKTypHa CxeMa CUCTeMU reHepatiil
eJIeKTpOeHepril BiJi KPOKY JIFO[VIHU.

Puc. 2.1. CTpyKTypHa cxeMa CUCTeMHU reHepaliii efleKTpoeHeprii

EnexkTporeHepytoua rianta reHepye BiJ 04HOTO KPOKY BiZ 2 1o 4 Ik
aBTOHOMHOI eHeprii abo 6/3bK0 5 BT moTy)KHOCTI 24 B Hampyru 3a OlUH KPOK
[25]. 3a ;aHMMH KoMIIaHii BUDOOHHMKA e/IeKTPOTreHepyrouoi TPOTYapHOI IIUTKU
Pavegen Systems 3a 2016 pik, HUMU Oy/I0 BAOCKOHa/IEHO KOHBEPCito eHeprii B 20
pasiB [26].

0 KO>KHOT T/IMTKY TTiJKJTFOUeHO JaTurK, KOTpUl TiepeJiae JaHi 1[o/j0
KUJTBKOCTI 371iiCHEeHUX HAaTHCKIiB Ha TPOTYapHY IUIMTKY i repesiae Ha iHpopMariiiiHy
myHy. MiKpOKOHTpOJ1ep BiAnosifae 3a 30ip JaHuX 37iCHEHUX KPOKIB 3 LIIMHU.
ITicnis 360py JaHKWX, BOHU BiAIMPAB/SIOTHCSA HA MOAY/Ib 3B’ 3Ky, KOTPHM B CBOIO
Yepry BiAlIpaBUTh iX /10 cucTeMu 06po6KY JaHUX. MiKpOKOHTpOsIep i MOAy/b
3B’SI3KY MiJK/TI0UeHi 10 610Ky KUBIEHHS.

Bupo6sieHa efieKTpoeHepris HaJX0AWUTb 10 KOHTPOJIepa 3apsily, KOTpyi
nepeTBoproe Hanpyry 24 B y Hanpyry 14 B. [IepeTBopeHa ejileKTpoeHepris
HaJXOOUThb [I0 aKyMyJIaTOpa, 3apszkatouu ii. [Ticas 3apsky, akyMy/sTop rojae
e/leKTpOeHeprilo Ha iHBepTop, 1110 MepeTBOPIOE I Ha Hamnpyry 220 B, Hagcunarouu
B MEPEXY.

2.2.2 EneproreHepyrwua TpoTyapHa miuTKa Pavegen Systems

Pavegen Systems nepejjae KiHeTUUHY eHeprito KpOKY JIFOLVUHU
e/IeKTPOMarHiTHi¥M KOTYIIL i IT'€30e/1IeKTPUYHOMY TIepeTBOPIOBayY.

- IT’e30enexTpyyHuii TIEPETBOPIOBAY — MOTO [iisi 3aCHOBaHA Ha TIPSIMOMY
’e30edexTi. BiH sBnisie cob0t0 11’ €30e/1eKTPUYHY TIaCTHHY Ha sIKill € 1Ba
eJIeKTPO/IY i30/1b0BaHi offuH Bij ofHoro. ITig BriiMBOM Aedopmariil BiH BUpoOJisie
eneKTpoeHeprito.

- EnexTpomarHiTHa KOTYyIlIKa — eJIeKTPOreHepyrounii MpUCTpiit pu nepeMmillleHHi
ocep/is B KOTYIIIL[i BUPOOJISIE €/IEKTPOEHEPTit0.

- JlaTuMK — MPUCTPil y BUMMIAZAL CYKYITHOCTI OJJHOTO abo JIeKiTbKOX BUMipIOBaTbHUAX
TepeTBOPIOBAUIB, 1110 MepeAar0Thb CUTHA TIPO 3AilicHeHHs KpoKy. [2C —
[TocnizoBHa MMHA JaHUX /1S 3B'A3KY IHTerpasbHUAX cxeM. BUKOpUCTOBY€EThCS AJ1st
3BSI3Ky KOMIIOHEHTIB 3 MaTepUHCHKOIO TIATOlO.

12 C BUKOpHUCTOBYE ABOHAMNPAB/IEHY JIiHil0, 1110 TOCTAUYa€ThCSl HAMIPYTOk KUBJIEHHS
i Kepy€ThCs uepe3 BifIKpUTHIA KOIEKTOP a0 BiJKpUTHI pO3psi] - MOC/iIOBHY JTiHit0
nmaaux (SDA, Serial DAta) i mociigoBHy TakToBy JiHito (SCL, Serial CLock).
CranzapTtHi Hanpyru - +5 B a6o +3,3 B, ane iHiii Tex go3BoneHi[27].

2.2.3 InBepTop

ITepeTBOpIOE MOCTIiMHUI cTpyM B 3MiHHUI. IIpu 1jbOMY yacToTa Ta Hampyra
3MiHIOIOTECS. CXeM iHBepTOPiB JOCTaTHbO BeJIHKa Ki/bKicTh. HalmnomypeHiri Tpu
TUTH:
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- Tlepumii TUT — 1je MOCTOBI iHBepTOpH Oe3 TpaHchopMaTopa, BUKOPUCTOBYIOTHCS
Z1s1 BUCOKOT HampyrH (Bizg 220 B go 360 B).

- [pyruii TuI — 1je iHBepTOPHU 3 HY/IbOBUM BHUBOZIOM TpaHC(hOpMaTopa,
BHUKOPHCTOBYIOTBCSI B CHCTEMax 3 HU3bKOIO Haripyrot (12 — 24 B).

- Tperili TUM — 116 MOCTOBI iHBepTOpU 3 TpaHCPOPMaTOpoM. BUKOPUCTOBYIOTHCS /151
IIMPOKUX Aiama3oHiB HaripyTu (48 B).

B HOpMa/sibHOMY peKrMi iHBEpTOP CIIOXKUBAE MiHIMaJIbHY KiJIbKiCTh
ejleKTpoeHeprii. OfHi€l0 3 0CHOBHUX XapaKTepUCTUK IHBEPTOPIB € HOMiHa/IbHA
BUXiZIHA MOTYXXHiCTb. UnM Gi/bllla BUXiZIHA TOTYXXHICTb TUM Oi/Tbliie
HaBaHT&KeHHsI MO)Ke BUTPUMYBAaTH IlepeTBOproBay [28].

MepeskeBuii iHBepTOp [103BOJISIE BUKOPHUCTOBYBATH CUCTEMY
a/IbTEPHAaTUBHOTO eHepro3abe3reueHHs i Maiike He BUMarae 00C/TyroByBaHHS.
SIK1io eHeprii fIKy reHepye cucTeMa He I0CTaTHbO, TO HeCTauy MOTY>KHOCTI MOJKHa
OTpUMATH 3 Mepexi.

KpuTepisimu f7151 BU3HaueHHs pallioOHaIbHOTO PEKIMY pPOOOTH €:
® HU3bKe BUKOPUCTaHHS eHeprii;
¢ Bucokui KKI;
® MIKpOIIPOLIECOPHE YIIpaBJ/liHHS;
TIPUMYCOBEe OXOJIO[PKEHHS;
HerepepBHUM peXXuM pobotu [29].

IHTerpanbHi cxeMu MoOAyASTOpa IUPHHU iMITy/bCy cepii SG3525A
po3po0sieHi TaKMM YMHOM, 11006 3abe3meunTH MoKpalieHy MPOAYKTHBHICTb Ta
3MeHIlIeHHs KiJIbKOCTI 30BHILIHIX YaCTHUH, KOJIU 3aCTOCOBYETHCS TIPY NTPOEKTYBaHHI
BCiX THMiB KOMyTaL[illHUX [pKepes )kuByeHHs. [TocuniaHHsa Ha MikpocxeMy + 5,1 B
ropiszaHo Ha = 1% Ta BXiJ{HHMIA 3araJbHUN PeXXUM MTOMUJIKH ITiZICU/TI0OBaY BK/TIOUAE
OTOPHY HampyTy, 1110 YCyBa€ 30BHillIHI pe3ucTopy. CUHXPOHI30BaHU! BXifl Ha
reHeparop J03BOJISIE BeCTH JeKi/ibKa OJUHHULb abo 6yTH eAnHUM 6110KOM
CHUHXPOHi30BaHUH i3 30BHIIIHIM CUCTEMHUM T'OAVMHHUKOM. OIWHOKWH pPe3uCTop
MK KT i po3psgHIME KiieMamu 3a6e3MeuyroTh UPOKUI CIIeKTP KOPUTYBaHHSI
MepTBOro uacy. Lli mpucTpoi TakoxX ocHallleHi BOyZI0BaHOI CXeMOIO TIJIABHOTO
MyCKy TOTpibeH /iviie 30BHIlIHIN KOHIEHCATOp CUHXPOHi3allii. TepmiHan
BiJJK/TFOUeHHS Kepye sK JIaHLIFOTOM [171aBHOTO MYCKY, TaK i BUXiJHIM eTanami,
3abe3Meuyoun MUTTEBUI pe3y/bTaT BUMKHYTH depe3 3acyBky LIIM 3 immymbcHUM
Bi/IK/TIOUEHHSIM, a TAaKOXX TIePe3aITyCTUTH POrpaMyBaHHsI 3 Oi/bI TPUBAIMMU
KOoMaHZamH BigkmroueHHs. LI QyHKIIT TaKo)X KepyroTbCsi O/I0KyBaHHSIM HarpyTHy,
1110 BUMUKAE BUXO/IY 1 PO3PSAIKEHUH KOH/IeHCaTop CyOHOpMaUibHI BXifIHI HampyTH.
LIst cxema 6oKyBaHHs BK/Ttouae npubnusno 500 MB rictepesucy s 6e31poToBoi
pobotu. [e ogHa ocobmuBicTh 1ux cxem HIIM - 1ie 3acyBKa, 1110 Hze 3a
KomraparopoM. Pa3 a [ITIM immysnbcu Oyiu npHITHHeHi 3 Oyb-sIK01 TPHUYMHH,
Buxozy 3a1MIaTUMyThCSl BAMKHYTHMU [TPOTSTOM Mepiofly. 3acyBKa CKUA€ThCS 3
KO’KHUM TaKTOBUM imMIysnbCcoM. BUXifHi eTanu - 1je ClipOMO’KHI KOHCTPYKLIiT
TOTEMHMX TOJTFOCIB /Kkepesio abo 3aToryieHHst moHas 200 MA. Buxigauii etan
SG3525A mae noriky NOR, paroun HU3bKMM Buxif ast ctany OFF [30].

2.2.4 AKymynaTtop
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Iy>ke BaXX/IMBUM eJIEMEHTOM CUCTeMU siBsieTbest 610k AKB. Big obpaHoro
THITYy aKyMY/ISITOPA 3a/1eXKUTh TPUBAJIiCTh aBTOHOMHOI POOOTH, KiJIbKiCTh LIUKITB
po3psiay i 3apsgy. Bukopucrtanus AKDB 3 pigKyiM efleKTpoJliTOM HeJOLiIBHO, Tak K
BOHM UYyT/MBI /10 IOBHOTO PO3psAY, Masa KiJIbKiCTh LIUKIIIB 3apsAfy i po3psagy, sK
HaC/IiJOK Majinii TepMiH eKcIiTyaTailii, Hebe3reuHi y BUKOPUCTaHHI uepe3
HerepMeTUYHICTh KOHCTPYKLJil.

st cucteM 3 of[iOHUM TUIIOM POOOTH HAUIOIi/IbHIIIIE BAKOPUCTOBYBATH
CBUHLIEBO — resieBi akymynsitopu Tuny AGM (myneturenesi) Ta GEL (renesi).
AGM (absorbent glass mat) 0co6/TMBiCT TEXHOJIOTii BUTOTOBJIEHHS TOJIATAE B
TOMY, 1110 3aMiCTh Pi/IKOTO e/IeKTPOJIiITy BUKOPHUCTOBYEThCS abcopboBanuii. AGM,
SIK i TenieBi akyMy/nsiTopH, Hasexxath o Kiacy VRLA (valve-regulated lead-acid
battery) akymysastopie [31]. TexHosorist KpiM cTaHAApTHOT KOMOiHallii CBUHIIEBUX
e/IeKTPOZAIB i po3urHy cipuaHoi KUC/I0TH Nlepefbayae Jo4aTKOBUIN eJleMeHT -
abcopOeHT.

Y posi abcopbeHTy B CyuacHUX MO/IeJISIX BUCTYIIAE CKJIOBOJIOKHO.
Abcop0Oyroue CK/I0BOJIOKHO 03BOJISIE BIIPOBAZUTH TEXHOJIOTiI0 «peKoMOiHaril
rasiB». Koy uIixoM HeCK/IaZiHOTrO XiMIiYHOTO IIPOLeCy BOZIeHb 3a/IMIIAEThCS Ha
eJIeKTPO/IHIM [/1aCTHHI, TPUIMMAarOUX y4acTb Y HACTYITHOMY PO3psiJHOMY MpoLieci.
TakuM UMHOM BU/IiJIeHHs rasy 3 TaKUX Mojiesieli He TIepeBUILY€ OFHOTO BiiCOTKa.

B akymynsaropu 3 GEL eneKTposiTOM BUKOPHCTOBYIOTBCS] TEXHOOTIT
CBUILIEBO-KUC/IOTHUX aKyMY/IATOPIB i festki TexHosorii AGM, Taki sik pekombiHarfis
rasis.

€IMHOI0 BiIMIHHICTIO € eJIeKTPOJIiTHA peyoBHHa. BoHa BUroTOB/EHa He 3
KHC/IOTHOTO PO3YKMHY, a 3 CUJIiKareto. BBakaroTh, 1110 TYCTHI rejieBUN e1eKTPOoJIiT
6iIbIl HAiHMI B eKCIuTyaraliil akymysisitopa. Takuil THIT aKyMyJIITOPiB Ma€e
HallMeHIMH Bi/ICOTOK BUMApOBYBaHHS, Maibke Hy/boBUH [32].

Tabmuns 2.1.
Bigminnicte AGM Ta GEL akymynsTopis

BpaxoBytrouu naHi napameTtpu Ta MOX/IMBOCTI ux AKDB founinbHiie
BHUKODHCTOBYBATH BUTOTOB/IeHi 3a TexHosorieto GEL. Tak siK BOHH Oi/bLI CTiMKi
10 TIO TIOBHOT'O PO3PSAY.
2.2.5 Mopyas 3B’s13Ky ISP8566

WiFi mopyns ESP-12E po3pobsienuii Kommnaniero Ai-thinker i mobynoBanwii
Ha 0a3i mporecopa 3 sgpom ESP8266, BiMiHHOIO DUCOI0 SIKOTO € HAasBHICTh
paziointepdeticy WiFi. inpo ESP8266 inTerpoBano B Tensilica 1.106 - 32-6iTHui
MIKPOKOHTpOJIED 3 Y/IbTPAaHW3bKUM €HeprocloXUBaHHsAM. [lifTpUMKa TaKTOBUX
yacror 80 i 160 MI'y, migtpumka RTOS, BOynoBani Wi-Fi MAC / BB / RF / PA /
LNA, MuKporo/iocKoBasi aHTeHa Ha MJi1aTi MOJY/Isl.

Mopysns nigrpumye crangapt IEEE802.11 b/ g / n, moBHwmii ctek TCP / IP
MPOTOKOTiB. KOpHCTyBadi MOXKyTh BUKOPUCTOBYBATH MOAY/Ti abo B SIKOCTI
JOTIOBHEHHS [IJ1s1 TiAK/TFOUeHHSI Oy/Ib-sIKOTO MPUCTPOIO 10 Mepexi, abo B SKOCTi
OKPEeMOr0o MepekeBoro KOHTpoJepa.

XapakTeprCTUKU (KOPOTKO):

. 802.11b/g/n;
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. BOyznoBanwuii 32-0itHMH MCU 3 HU3LKUM €HEeproCroXXUBAHHIM;
o BOymoBanuii 10-6itHuii ALITT;

. BOyznoBaHMl cTek rpotokosis TCP / IP;

L]

BOynoBanuii PU komytarop, PU TpanchopmaTop onopis, LNA, mizcumioBau
MOTY>XXHOCTI;

BOyznoBaHi 6;10ku PATIY i yripaBsiHHS MOTYXKHICTIO;

Wi-Fi 2,4 I'T'y, nigrprvMka WPA / WPA2;

SDIO 2.0, (H) SPI, UART, 12C, 12S, IRDA, PWM, GPIO;

STBC, 1x1 MIMO, 2x1 MIMO;

CIIO)KMBAHHS B PeXKUMi TTHO0KOro cHy <10 MKA, CTPYM BUTOKY B
BUMKHEHOMY peKuMi <5 MKA;

. npoOy/PKeHHS i Tiepe/iaya MakeTiB uepe3 <2 MC;
. BUXi/{Ha MOTYXXHicTh +20 1bM B pexkumi 802.11b;
. [niama3oH pabouik Temmnepatyp: -40 - 125 °C[33].

2.2.6 B10K XUB/IeHHS
BJ10K >XMB/IEHHS BOJIOZli€ HACTYITHUMY TeXHIYHUMH XapaKTepUCTUKaMU:

- Hanpyra >xuBnenns1, B: 220 B / 50 I'y;

- BuxigHa Haripyra, 5 B nocTiiiHOro ofjHOMoJISIPHOI HarpyTy;

- [MiamasoH BuxigHoro ctpymy, A: 1o 2 A [34].

2.2.7 MIiKpoOKOHTpoJiep
Atmega328 3abecrnieuye HacTymHi ¢-i: 4K \8K 6aiiTos

BHYTPiLLIHLOCHCTEMHOI TIporpaMoBaHoi (1elI-ram'saTi 3 MOXK/IMBICTIO 3UNTYBaHHS
iz yac 3armcy EEPROM 256/512/512 / 1K 6aiit EEPROM, 512 / 1K / 1K/ 2K
6aiit SRAM, 23 niHii BBe/IeHHsI / BUBOAY 3arajibHOrO MpU3HayeHHs1, 32 pobounx
pericTpa 3arajibHOTO MpU3Ha4YeHHsI, TPU THYUKHX TaiiMepa / TiurIbHUKA 3
pe>KrMaMU MOPiBHSIHHS, BHYTPIIIHI i 30BHIIIHI epeprBaHHs, OCIiJOBHUM TOPT
nporpamoBanuii USART, 6aliTOBUMK-OpiEHTOBAHMU 2-TIPOBiAHUI MOC/TiOBHUIMA
inTepdeiic, mocmigosuuii nopt SPI, 6-kaHaneHM 10-po3psigauit ALIT (8 kaHamiB
B naketax TQFP i QFN / MLF), nporpamoBaHnii CTOPOXKOBHI TaiiMep 3
BHYTPIIIHIM reHepaTopoM i I'siTb TIPOrpaMHO 00paHi pe>XKUMU eHepro30epeXXeHHsl.
Y pexkumi ouiKyBaHHS 3yNTUHSIETHCS LIEHTPATBHIN TIPOLiecop, B ToH yac sk SRAM,
taiimep / niumnbHuKY, USART, 2-nipoBigauii octigoBHui intepdetic, mopt SPI i
cUcTeMa IepeprBaHb MPOJIOBXKYIOTh MpaLtoBaTy. Pexkum Power-down 36epirae
BMICT pericTpy, ajie 3yMuHsIE TeHepaTop, BiAK/I0Uarour BCi iHmm QyHKIii
MiKpOCXeMH [I0 HaCTyITHOTO TiepeprBaHHs abo arnapaTHOTO CKUZaHHS. Y peXKuMi
eHepro30epekeHHsI aCHHXPOHHHUI TaliMep MPOJIOBXKYE MPALFOBATH, [[03BOJISTFOUM
KODHUCTYBaueBi MmifATprMyBatH 6a3y TaiiMepa, MOKH iHIlla YaCTHHA MPUCTPOIO
3HAXOZUTHLCA B CIUIAUOMY pexkuMi. Pexxum mymosarnyinenss AL symase LIIT i
BCi MOZIy/1i BBe/IEHHS / BUBOAY, KPiM aCUHXPOHHOTO Taiimepa i ALITT, 106
MiHiMi3yBaTH LIyM IlepeMUKaHHs Ipu nepetBopeHHAx ALIIL. Y pexxumi
OUiKyBaHHS reHepaTop KBapLIOBOIO pe30HaTopa MpaLjto€, MOKH iHIlla YacTHHA
MIPUCTPOIO 3HAXOAUTHCS B CIUISTUOMY pexkuMi. Lle f03Bosisie Ayske MIBUAKAMN 3aIycK
B TIO€/IHAHHI 3 HU3bKUM eHeprocrnokuBaHHAM. I1pucTpiii BUTOTOB/IEHO 3
BHUKOPHCTaHHS TEXHOJIOTi1 eHepro3aie)xHoi nam'sati BUCOKOT IIiybHOCTI Atmel.
B6ynoBana Mikpornporpama ISP fi03BosIsi€ TepernporpaMyBaTH MaM'siTh MPOrPaMu B
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cucTeMi uepe3 mocaimoBHUH iHTepdeiic SPI, 3a 0MOMOror 3BUUaitHOTO
mporpamaropa He3aseXkHili mam'siti abo 3a JOMOMOror MpOrpamMu 3aBaHTayKeHHsT
BCepeJuHi KprcTaa, 1o npauroe Ha sgapi AVR. [Iporpama 3aBaHTa)K€HHSI MOXKe
BUKOPHCTOBYBATH OyZb-sIKUi1 iHTepdeiic /151 3aBaHTa)KeHHsT TPUKJIa[HOI POrpaMu
y ¢newr-niam'sate porpamu. [Iporpamue 3abe3neuenHs B po3ziii Boot Flash 6yze
TIPOZIOB)KYBATH TpAIlFOBaTH, TIOKW OHOBTIOETHCS po3zin Application Flash,
3abe3reuyIoun CIpaBKHIO OIepallifo0 UATAHHS IMif yac 3anvcy. Kombinyrouu 8-
6itHMi RISC-mipotiecop 3 BHyTpinporpaMMHOI caMoriporpaMMipyemoi quier-
nam'siTTIO0 Ha MOHOiTHOMY uuni, Atmel ATmega48A / 48PA / 88A / 88PA / 168A /
168PAA /328 / 328P siisie co6010 MIOTY>KHUI MiKPOKOHTPOJIED, 1110 3abe3meuye
BUCOKY THYUKICTb i EKOHOMIUHICTb. pillleHHs 6araTbox BOY/[0OBaHUX JO/ATKIB
ynpasniHHsa. AVme ATmega48A / 48PA / 88A / 88PA / 168A / 168PA / 328 / 328P
i JTPUMYETHCS TOBHUM HAOOPOM iHCTPYMEHTIB p03p00OKH MPOrpaM i cucrem,
BKJTFOUarouu: kKoMrisisitopu C, MakpoacceM0Jiepa, MporpamMHi OT/IafuuKH /
CUMYJIATOPH, BHYTPiCXeMHUe eMy/ISITOPU Ta OL[iHOYHI KOMILIeKTH[35].
BuncHoBoK

B maHomy po3zisi 6ys0 po3pobieHO CTPYKTYPHY CXeMY eeKTpOTreHepyouoi
CHCTEMH, TIPOBeJIeHO OIVIsiJ KOMITOHEHTIB, KOTpi OyIyTh 3aCTOCOBYBATHUCH TIPU
Po3po0iLii eseKTPUUHOI MPUHLUIIOBOI CXeMH CUCTEMHU a/IbTePHATUBHOTO
eHepro3abecrieueHHs. Y fjaHild cxeMi Oy/10 3aCTOCOBaHO CaMe eHeproreHepyuy
cuctemy Pavegen System uepe3 ii nepeBary HaJ, iHIIIMU eJIeKTPOreHePYHOUUMHU
cncremMmamn.

3. OIINC POBOTHU CXEMMUA I PO3PAXYHOK ITIOTY KHOCTI
3.1 JlaHi npo 3ificHeHi KPOKU

OTpuMaHHSl [@aHMX 3 JaT4dKa, 110 BCTAHOBJIEHUM B IUIUTL[i € KOPUCHUM
JIOTIOBHEHHSIM [0 eJleKTporeHepyrouoi cucrteMu. IHpopmatiisi po 3zilicHeHi Kpoku
Oyze JaBaTH CTaTUCTUYHI laHi Mpo Te, SIK YaCTO JIFOAW HATUCKAaTUMYTh Ha TUIUTKY B
TOW UM iHIIUM MOMEHT 001, TOOTO B L[i/IOMy iHTEHCHUBHICTb PYXY JiFo[el B MicCIli
posTailyBaHHs NIWTKU. Ha puc. 3.1 HaBefleHO efleKTpUUHY NPUHLIUIIOBY CXeMY
cuctemu 360py Ta 06poOKHM JaHUX 3 CEHCopa.

Puc. 3.1. EnektpyyHa NpUHIMIIOBa cxeMa 360py AaHHX 3 CeHCopa
OcHoBHi cknazoBi cxemu (puc. 3.1) BKIOUarOTh B cebe Mikpompoiecop

Atmega328, monynb 3B’ s13ky ESP8266, ceHcop i 6/10K >XKMB/IEHHST MiKpoTpoliecopa
i moxmynst 3B’s13ky. Lludposuii cencop, mo BOyZOBaHWI B IUIUTKY, MpALOE IO
npotokosy [2C, mo f03Bo/sIE€ NOAABaTA CUTHA/A Ha OUH BXiJ, MiKPOKOHTpOJ/epa
Bif 1024 ceHcopiB. MiKpOKOHTpOJIEp B CBOKO Yepry HakONMU4ye OTpPUMaHi faHi, i
yepe3 BHM3HAUeHi MPOMDKKM uacy TOCWIae iHpopMariilo Ha HeoOXizHi mopTh
Mopys 38°s3Ky ESP8266. Po3pobsieHa cxeMa MoAy/st 3B°513Ky 3abe3smneuye Oibii
cTabinbHy poboTy. OTpuMaHi faHi Moay/b Hagcutae mo WiFi-3’s13Ky cucTeMi, 10
HakoMuuyBaThMe, 00poOsSTHMe i aHamisyBaTuMe iHQopMaliito mpo 3aificHeHi
KPOKHU Ha e/IeKTPOreHepyoUi M/IMTKU. YCS CUCTEMA >KUBUTHCS Bifl O/IOKY YKUBJIEHHS
3.3 B. Cxema J0CUTb TpOCTa, HajiliHa, [OCTaTHbO BUKOHYE CBOI (YHKLii i
CTIOKMBA€ MiHIMyM eniekTpoeHeprii. OOpobiieHi ZaHi MO)KHa 3aCTOCOBYBAaTH IS
CTaTUCTUYHOI'O aHasi3y II0A0 JOLIJIBHOIO pPO3TallyBaHHS IVIMTKU y BU3HAYEHOMY
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Micii, ToOTO Zie BUTiJHIIIE i pO3TAIIOBYBaTH, B IKOMY MiCLli CTIOCTEPIiraTUMETbCS
GinbIe BUPOOHUIITBO e/IeKTPOeHeprii.
3.2 EnekTporeHepyrdya cucremMa

BupobiieHHs1 efleKTPOeHeprii 3a ZOMOMOTOI0 eHEeProreHepyHUHX IJIMTOK Oyze
nofiibHa CUCTeMi 3 COHAYHMMU TAHEAMH, TaK SIK TIPUHIMIT Aii cxoxkuil. Ha puc.

3.2 HaBe/leHO (YHKIJiOHA/IbHY CXeMY eHeproreHepyrUoi CUCTEMU.
Puc. 3.2. CTpyKTypHa cxema eHeproreHepyro4ol CUCTeMHA

HaBegmena Ha puc. 3.2 cuctema CK/IaJa€TbCsl 3 HACTYIHUX K/IHOUOBUX
KOMITOHEHTiB: eHeproreHepyroua IUIMNTKA, KOHTPOJep 3apsfAy, 3arnobiKHUK,
aKyMYyJISITop, pesie, O/I0K >KUBJIeHHS, iHBepTop i Mepexka. [Ipu 3zilicHeHHI KPOKY Ha
TIJIMTKY FeHepyeThCsl e/IeKTPOeHepris MoTyXHOCTI 5 BT Ta Hanpyru 24 B. Bona
repeflacTbCsl Ha KOHTPOJIep 3apsfy, KOTpPUM BifC/IiJKOBYE CTpPyM 3apsfy i B
3aJIe)KHOCTI BiJ| CTeleHi 3apsi/ly PeryJjro€ Harpyry, 10 MOJAETbCS Ha aKyMyJIsaTop.
IMopana Hampyra Ha AKB 12 B uepe3 3amo0iKHUK HAaKOMUUYETHCS /10 MOBHOI
3apsiiKU aKymyssTopa abo A0 3YNMHKM TOCTauyaHHs efneKTpoeHeprii. B o6ox
BUMAJIKax MOJAETbCS CUTHAN Ha pesie, KOTpe 3amuKae jaaHlor, wo zgae AKB
ToCcTayaTy eHepriro Ha iHBepTOop. [HBepTOp B CBOIO Uepry nepeTBOPIOE Hanpyry 12
B y 220 B 50 I'y y mepexy, i L5l eHeprisg CTae€ AOCTYIIHOIO [Ji CIIOXXUBAHHS,
HaIpUKJIaZ, /1 OCBIT/IeHHSI Ui BeHTW/IALl. Tak, K L1 efleKTporeHepyroua CUCTeMa
3HAXOJUTHCST TIPAKTUYHO Oe3rocepefHBO Oilsl MiCIb CIIOKMBaua eneKTpoeHeprii,
1110 3HAUHO 3MeHIIy€ BTPAaTH Ha [lepejiauy eHeprii.

3.3 /lpykoBaHa njara
s KOMITOHEHTa eJIEKTPOreHepyrUoi cucteMu Oysio po3pobsieHO IPYKOBaHy IUIaTy
(puc. 3.3 1 puc. 3.4).
Puc. 3.3. [IpykoBaHa njiata, BepxHsl CTOPOHa
Puc. 3.4. [IpykoBaHa 11aTa, HWKHSI CTOPOHA
3.4 Po3paxyHOK BHUXi/JHOI NOTY>KHOCTi

CucreMa, 10 po3pobsisieThCs], IPH3HAYeHa I TTi/IIPUEMCTBA, IO MPALIoE B
TPU 3MiHM Ma€ 3arajbHy KiIbKICTh jtofieli O/M3bKO MiBTOPY THCSAYi, MJIOIIA
MiATIPUEMCTBA € JOCUTh 0OMe)xeHOw. Ha miArpreMCTBI KOXKHOTO [JHS [Biui Ha
JleHb BiZiOyBaeThCs 3MiHa mepcoHany npoTaroM 30 xB y KibkocTi 300 uo/oBiK Ha
3MiHy. TakuM 4MHOM, Ha MpOXifHiM npoxoasaTs 600 uyosOBIK 2 pasu Ha [eHb.
JoBxxvHa [OPDKKM Bifi MPOXiZAHOI A0 po3psaranbHi cknazae 45 m. Takox, Ha
MiANpUEMCTBI 3HaXOAUTHCS KOPUJOP, B IKOMY ,(paKTUUHO, MOCTiMHO pyxaroThcs 10
Yyo/IoBiK 0O(icHOrO TepcoHany TMpOTSIroM 8 ToAuH, TOOTO, KOXHOI CEKyHIU
3miticHioeThest 10 KpokiB. [JoBkuHa KOopugopy ckiazgae 165 m. Posmipu opHoro
MO/ZY/IIO eJIeKTpOoreHepyo4ol TPOTyapHOI IVIUTKY CK/azatoTs 0,6

0,4 M. IupuHy j/1s BCTaHOB/IEHHs MIUTOK Pavegen Systems Ha npoxifHii
obpaHno 1,6 M, asist kopuopy 0,8 M (puc. 3.3).

Puc. 3.5 Cxema po3millleHHsI TVIMTOK B KOPU/Opi (BULLe) i Ha MpoxigHil (HrKue)
nignprMemMcTBa

KinpkicTh IUTOK Ha NpoxifHiKA N; CTaHOBUTUME:

KinekicTs murok B Kopugopi N; CTAHOBUTUME:

BBakatmmeMmo, 110 Ha TMPOXiAHIM KO)KHA JIFOAMHA HAcTyrnaTUMe Ha KOXXHY
JpYry IUTUTY B OZHIM JiHIl Ha BCiM AOBXUHI NUIAXY. TaKUM UMHOM, Ha TIPOXiJgHIM
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OJJHa JIIOAMHA TIPO¥Ze B cepefHBOMY IO 37,5 eyleKTpPOreHepyHunuX TPOTyapHUX
IJINTKaX. 3reHepoBaHa MOTYKHICTb Ha NMPOXiJHiN Pp 3a epe3MiHKy CTaHOBUTHUME:
Taxol MOTy>KHOCTi CHCTeMH MOXKHA [JOCSIT'TH He BPaXxOBYIOUM BTPAT CUCTEMHU.
Bepyun f0 yBaru BTpaTH B CHCTeMi, KiHI|eBa MOTYXHICTb Oy/ie HMKUOLO.
KK/ cuctemu K cknazae 50 %. 3aransuuii koeditieHT cucremu K = 0.5.

BpaxoByroun koedillieHT po3paxyeMo BUXi/IHY MTOTYKHICTb, PO3paxoBaHy 3a
¢dopmynoto:

L moTy>kHicTb OyJe HakomuueHa HakoruuyBauamu 12 B emnictio 200
A/rop y KinbkocTi 95 akymyssTopiB. EHepris Oyze CrO>KUBaTHCS eHEPTOCUCTEMOIO
IiTIPUEMCTBA Ha OCBIT/IEHHS, BEHTWHILIO [0 HACTYMHOI mMepe3MiHKu abo 70
BHUUEPIIaHHS eHeprii.

Y KopuzOpi MiANPUEMCTBa YMOBH TaKi, 1[0 KOXKHOI CeKYH/IU 3/iCHIOETHCS 5
KPOKiB Ha MUTKY. [10TY>XHICTb 11]0 TeHepy€eThCs KOPU0POM 3a 1 rofi CKiajaTtume:

BpaxoByroun BTpaTH CUCTeMH, 3@ TaKUM CaMHUM TPUHLIMIIOM PO3paxyemMo
BUXIJIHY MOTY>KHICTb B KOPUZOPI.

Tak sIK Taki cucTeMM He MOXKYTb Ipal{f0BaTh Ha MpsIMY 3 iHBEPTOPOM /st
MiJK/IIOUeHHsI [0 eJIeKTpOMepeXi, TOMY eJIeKTpOreHepyroua IUIMTKa, L0
po3TalioBaHa B KODHJOpi, MiJKTIOUAETHCS [0 aKyMY/IATOPHUX Oarapedl zis
€/IeKTPOTreHepyUnUX IUIUTOK BiJj MPOXIiAHOI, MapajensHO A0 HUX. I Bxke moTim
eJIEKTPOEHEPrisl Bifi HUX uepe3 iHBepTOp OyAe TOTPAIUIATH B €JI€KTPOMEPEXKY
nignpueMctBa. EnekTporeHepyroua IIIMTKA, L0 pO3TalloBaHa B odicHOMY
KOPH/IOpi 3MOXKe 3reHepyBaTH 3a yac poboTH odicHUX NnpuMillieHs 10 9,9 kKBT.

BpaxoByroun BifxuieHHs BHPOOHMITBA eJieKTpoeHeprii, Mo0yzoBaHO
arpoOKCUMOBaHUH rpadik MoTy)KHOCTi BUPOOHHMLITBA TIPOTATOM POOOUMX FOAUH JHS
(puc. 3.4). Pobouwnii ZieHb Ha TiJNPUEMCTBI TIOUMHAETLCS O 8 TOAMHI, BiOyBaeThCs
repe3MiHKa 3 MiB 8 /o miB 9. ¥ 1ieii e yac OUHMHAETLCS poboTa odicy Ha MPOTA3i
8 roguH, T06TO 3 8 0 16-0i roguHu. HacTymnHa nepe3MiHka BifiOyBaeThbcs uepes 12
TOZIVH ITiCJ/I MOYaTKy AHSA NPOTAroM roguuy, 3 19:30 go 20:30 .

Puc. 3.6 I'padix BUpOOHHULITBA MTOTYKHOCTI MTPOTITOM /{061
BuncHoBoK

Y pmaHomy po3gini Oyso omMcaHO [Bi CK/IAOBUX €I€KTPOreHepyruoi
CUCTEMH, PO3pax0OBaHO TOTY)KHOCTI BUPOOHULITBA CUCTEMH, a TaKOXX PO3BeJEHO
MJ1aTy KoHTposiepa 3apsigy. OmucaHo pobory i mpusHaueHHs iHdopMarlifiHOi
YaCTHHY eJIeKTPOreHepyrodoi CUCTeMH, TTOB’s13aHoi 3i 300poM JjaHuX Tpo 37iliceHi
KPOKM 1 IX BijmpaBleHHs B CUCTeMy /JJI1 CTaTUCTMYHOIO aHajisy. Takox,
npe/icTaB/ieH0 pobOOTy eHepreTMYHOI CUCTeMM, KOTpa 3abe3reuye HajiliHe
edekTHBHe BUPOOHHUIITBO e/IeKTpOeHepril.

SUMMARY
Alternative energy supply system

The diploma project of first educational level "Bachelor" by specialty 171
Electronics, specialization Electronic Instruments and Devices Miroshnyk
Kateryna. National Technical University of Ukraine «Igor Sikorsky Kyiv
Polytechnic Institute». Faculty of Electronics, Department of Electronic Devices
and Systems. Academic group DE-62. - Kyiv: Igor Sikorsky Kyiv Polytechnic
Institute, 2020. — 58 p., I11. 20, tables 3.
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System.

Summary of the project: Summary of the work: This work has increased in
one direction, in which the higher relevance of the use of environmentally friendly
electricity is a human step.

The first section is devoted to literary and measured sources. This is divided
into 27 pages, and is divided into slightly lower sections.

The first section presents reviews of scientific and technical literature, and
the most basic types and principles of environmentally friendly energy supply, an
overview of other energy sources.

This review has been used in the search and study of a wide variety of power
supply systems, making advantages and disadvantages, as well as in the system of
the system itself, as necessary for existing systems.

This study presented an overview of the following alternative energy
sources: solar energy, wind energy, geothermal energy, bioenergy, hydraulic power
plants, energy flowing to marine resources and the ocean, kinetic energy, human
culture. Each type of energy source according to different criteria has advantages
and disadvantages, as well as uncertain problems of their operation, repair, design
and maintenance.

The first section presents an overview of a variety of energy sources and a
brief description, which was provided in all methods: to investigate fuel, nuclear
fuel, renewable sources. The main advantages and disadvantages of these types of
energy are given.

The second section of the first section is devoted to the study of existing
types of alternative energy sources, such as solar energy, wind energy, geothermal
energy, hydraulic and kinetic.

In the third section, the study of the advantages and disadvantages of solar
energy, identifying its potential, the study of environmental friendliness of
production methods. The principle of energy generation by this system,
accumulation and storage is investigated. It is revealed and described that the
system works on the principle of photovoltaic effect.

The fourth section describes wind power plants, explores the potential use of
such plants. The principle of operation of wind turbines and their main types are
also described. There are two of them, the first - wind turbines with a horizontal
axis of rotation, the second type - wind turbines with a vertical axis of rotation. The
advantages and disadvantages of the above types of wind turbines are given.
Selected to describe the Darier rotor as the most appropriate type of wind energy
use, the model is shown in the figure.

The fifth section is devoted to the study of geothermal energy. The section
describes the methods of application of this type of energy, gives examples of the
most common methods of converting geothermal energy into electricity, such as a
mixed method, which allows to obtain energy by adding an auxiliary liquid to
geothermal waters. Factors taken into account: the state of the environment and the
temperature of nature. The advantages and disadvantages of this installation are
revealed. The advantages are that renewable energy, constant energy production,
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compact power plants. The disadvantages of using geothermal energy are: high
consumption of fresh water, limited geographical location and expensive
installation of stations.

Bioenergetics was considered in the sixth section. Methods of biogas
production and methods of using the obtained energy are investigated. Schemes of
the most widespread installations of a different principle of action are resulted. A
review of the technical literature revealed some shortcomings of direct combustion
plants for biofuels, such as the release of significant amounts of heat into the
atmosphere, there is also chemical pollution by emissions. But the advantage of
using biomaterial as a fuel, such as household waste, is that it will reduce the
number of landfills and solve the problem of groundwater pollution and free up
large areas of land.

The subject of the study of the seventh section were hydraulic stations.
There are many types of hydroelectric power plants. Their choice depends on the
amount of available water. The subdivision considers hydroelectric power stations,
pumping of the river HPP, underground HPP, micro HPP. The described principles
of their work also give the key advantages and disadvantages. Energy production
by means of hydroelectric power stations is expedient for a number of reasons such
as, hydroelectric power stations work even in the winter under ice, efficiency of
use of energy of water reaches 73% that is very good. And the disadvantages are
the following factors: in winter and summer, the amount of water decreases,
insufficient repair and production capacity.

The eighth section examines the energy of tides, sea waves and oceans. The
use of this type of station is advisable in a limited number of places and difficult to
maintain. The section presents illustrations of these systems, as well as describes
the main types of stations. The advantages and disadvantages of inflow barriers
and inflow turbines are listed. Their principle of operation and technology of using
the generated energy are described.

The following section describes the low-power Pavegen System energy-
generating tile, which works on the basis of the piezoelectric effect and converts
the kinetic energy of a human step into electrical energy. This section presents the
advantages and benefits of using such a system. This tile should be installed in
places with large crowds. The tile has high resistance to abrasion, it is moisture
resistant, and also resistant to chemically aggressive means. From the list of
disadvantages: little effective at night, has low power.

The second section is devoted to the development of an electric power
generation system due to the Pavegen System energy generating tile.

As a result of the analysis of the literature, network sources and wishes of
the enterprise, the system of alternative energy supply is developed. The system is
designed taking into account the following requirements:

- Simplicity of the system;

- Resistance to voltage changes;

- Durability and easy maintenance;

- The system provides power to the AC mains with a frequency of 50Hz and a
nominal voltage of 220V.

CX0XicTb I LnTtatn I MocnnaHHs KomeHTap A MigmiHa cumBonis

IO>xkepen Ha cTopiHwi: 29, 34, 54, 56, 63


https://unicheck.com

ID cphanny:

HaszBa pokymMmeHTy: 2020-bachelor-EDD_Miroshnyk_plytka_fch 1004084169

In the second section you can get acquainted with the developed structural
scheme. The energy generating plate generates 5 W of 24 V voltage from one step.
The generated electricity enters the charge controller, which converts the voltage of
24 V into a voltage of 14 V. The converted electricity enters the battery, charging it.
After charging, the battery supplies electricity to the inverter, which converts it to a
voltage of 220 V, sending it to the network.

Also in the subsections of the second section you can get acquainted with the
initial parameters of the elements.

The third section describes the operation of the circuit and calculates the
power of the system. Taking into account the information from the previous
section, the electrical schematic diagram is developed, the principle of its operation
is described. The output power is calculated. The calculated number of tiles for
installation on the checkpoint, as well as in the corridor of the enterprise. The error
and maximum voltage are calculated.

CX0XicTb I LUntatn I MocunaHHs KomeHTap A MigmiHa cumBonis

O>kepen Ha cTopiHLi: 64


https://unicheck.com

Ha3zBa pokymMmeHTy: 2020-bachelor-EDD_Miroshnyk_plytka_fch

ID panny:

1004084169

CxoXicTb

CxoXicTh i3 pokepenamum 3 IHTepHeTy n

3 http://ecost.lviv.ua/ua/sonce prunc work son batter.html

8  https://works.doklad.ru/view/xrI8iptbRis.html 12 Bxepeno

9  https://b-ok.org/book/3301351/016d65 3 ixepeno

12 https://prel.orom.ua/a315870-sonvachna-batareva-budova.html

14 https://uspp.ua/assets/doc/uspp-biomass.pdf

15 http://ir.nmu.org.ua/ispui/bitstream/123456789/151207/1/%D0%9F%D1%80 %D0%B7 %D0%95%D0%9F%D0%95 %D1%87%D..

16 http://uapatents.com/7-121489-pristriii-peretvorennya-kinetichno-energi-v-elektrichnu.htmil

24  http://zlitos.com/publ/ehlektronika/arduino i t p/nodemcu upravlenie 4 rele iz prilozhenija android po wifi/12-1-( 8 Axepeno

30 https://uk.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BD%D1%8F%D1%87%D0%BD%D0%B0 %D0%BF%D0%B0%D0Y: 4 Axepeno

36 https://ela.kpi.ua/bitstream/123456789/25667/1/VS labs Adamenko.pdf

38 https://TextBook.com.ua/ekologiva/1473446044/s-27?page=6

39 https://uk.wikipedia.org/wiki/AGM 3 Mxepeno

40 https://ela.kpi.ua/bitstream/123456789/28338/1/Zavalniuk bakalavr.pdf

44 https://otherreferats.allbest.ru/physics/00201034 0.html

45  http://www.8ref.com/19/referat 194634.html 2 fxepeno

46 https://stud-baza.ru/mkrokontroleri-RISC-arhtekturi-uchebnoe-posobie-informatika-programmirovanie 9 Axeperno

47 https://revolution.allbest.ru/manufacture/00924178 0.html

49 https://prom.ua/p1030966877-mikrokontroler-atmega328p.html

50 https://prog.bobrodobro.ru/105828 10 Axepeno

52 https://kpi.ua/en/fel 29 fixxepeno

CrtopiHka 27 3 30

1.7%

0.99%

0.83%

0.61%

0.51%

0.48%

0.48%

0.26%

0.19%

0.18%

0.17%

0.17%

0.17%

0.16%

0.15%

0.13%

0.13%

0.13%

0.11%

0.11%


http://ecost.lviv.ua/ua/sonce_prunc_work_son_batter.html
https://works.doklad.ru/view/xrl8jptbRis.html
https://b-ok.org/book/3301351/016d65
https://prel.prom.ua/a315870-sonyachna-batareya-budova.html
https://uspp.ua/assets/doc/uspp-biomass.pdf
http://ir.nmu.org.ua/jspui/bitstream/123456789/151207/1/%D0%9F%D1%80_%D0%B7_%D0%95%D0%9F%D0%95_%D1%87%D0%B0%D1%81%D1%82%D0%B8%D0%BD%D0%B0_2.pdf
http://uapatents.com/7-121489-pristrijj-peretvorennya-kinetichno-energi-v-elektrichnu.html
http://zlitos.com/publ/ehlektronika/arduino_i_t_p/nodemcu_upravlenie_4_rele_iz_prilozhenija_android_po_wifi/12-1-0-27
https://uk.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BD%D1%8F%D1%87%D0%BD%D0%B0_%D0%BF%D0%B0%D0%BD%D0%B5%D0%BB%D1%8C
https://ela.kpi.ua/bitstream/123456789/25667/1/VS_labs_Adamenko.pdf
https://textbook.com.ua/ekologiya/1473446044/s-27?page=6
https://uk.wikipedia.org/wiki/AGM
https://ela.kpi.ua/bitstream/123456789/28338/1/Zavalniuk_bakalavr.pdf
https://otherreferats.allbest.ru/physics/00201034_0.html
http://www.8ref.com/19/referat_194634.html
https://stud-baza.ru/mkrokontroleri-RISC-arhtekturi-uchebnoe-posobie-informatika-programmirovanie
https://revolution.allbest.ru/manufacture/00924178_0.html
https://prom.ua/p1030966877-mikrokontroler-atmega328p.html
https://prog.bobrodobro.ru/105828
https://kpi.ua/en/fel
https://unicheck.com

Ha3zBa pokymMmeHTy: 2020-bachelor-EDD_Miroshnyk_plytka_fch ID panny:

1004084169
53 https://www.brighthubengineering.com/power-generation-distribution/71084-how-a-substation-works 0.11%
57 https://ela.kpi.ua/bitstream/123456789/33819/1/Davydenko magistr.pdf 2hxepeno  0.1%
58 https://ela.kpi.ua/bitstream/123456789/25511/1/Sukhovii magistr.pdf 3 Pxepeno  0.09%
59 https://revolution.allbest.ru/law/00286152 0.html 3 PAxepeno  0.09%
60 https://www.BiblioFond.ru/view.aspx?id=451450 5 Axepeno  0.09%
61 https://knowledge.allbest.ru/radio/2c0a65635b2bd78b4c53b89521206d27 0.html 0.09%

63 http://diplom-bank.ru/market/angl/a-comprehensive-analvtical-evaluation-of-economic-activity-of-the-enterprise 11 Bxepeno  0.09%

64 https://patents.google.com/patent/US8170766 0.09%
CxoxicTb no bibnioTeui akayHTy 247
1 CrymeHTcbkKa poboTta ID daiiny: 1000063917 Institution: Lviv Polytechnic National University 29 fxepeno  2.16%

2 kropenko_d_o_TM81 ID dbanny: 1000766261 Institution: National Technical University of Ukraine “Kyiv Polyt« 3 Axepeno  1.88%

4 CrypmeHTcbKa poboTta ID chainy: 53606 Institution: Lviv Polytechnic National University 1.7%

5 2020-bachelor-EDD_lichenko_rezervne_zhyvlennya_fch ID dauny: 1004048808 Institution: National Technic: | 28 Bxepeno  1.27%

6 CtymeHTcbKa pobota ID dauny: 1000064041 Institution: Lviv Polytechnic National University 1.14%

7 CTymeHTcbKa poboTta ID dainy: 3639687 Institution: National University of Water Management and Natu 3 Axepenoc  1.11%

10 2020-bachelor-EDD_Pakhomov_protydiya_lazeram_fch ID cdainy: 1004048804 Institution: National Technica 28 Axepeno  0.64%

11 2020-bachelor-EDS_Shtykalo_Pokryttya_optychn_fch ID cdainy: 1004030965 Institution: National Technical U 7 Bxepeno  0.64%

13 CTtymeHTcbKa pobota ID damny: 50248 Institution: Lviv Polytechnic National University 10 xepeno  0.54%

17 CTymeHTcbKa pobota ID damny: 2091461  Institution: Lviv Polytechnic National University 3 Axepeno  0.45%

18 2020-bachelor-EDD_Osokin_Manipulyator_fch  ID cdainy: 1004076725 Institution: National Technical University of Ukr... 0.42%

19 CrymeHTcbKa pobota ID chamny: 7814875  Institution: Lviv Polytechnic National University 6 Axepeno  0.37%

20 CrtypeHTcbKa pob6ora ID cdanny: 1050882 Institution: National University of Life and Environmental Scienc 6 Axepeno  0.36%

CropiHka 28 3 30


https://www.brighthubengineering.com/power-generation-distribution/71084-how-a-substation-works
https://ela.kpi.ua/bitstream/123456789/33819/1/Davydenko_magistr.pdf
https://ela.kpi.ua/bitstream/123456789/25511/1/Sukhovii_magistr.pdf
https://revolution.allbest.ru/law/00286152_0.html
https://www.bibliofond.ru/view.aspx?id=451450
https://knowledge.allbest.ru/radio/2c0a65635b2bd78b4c53b89521206d27_0.html
http://diplom-bank.ru/market/angl/a-comprehensive-analytical-evaluation-of-economic-activity-of-the-enterprise
https://patents.google.com/patent/US8170766
https://unicheck.com

Ha3Ba pOKyMeHTYy:

21

22

23

25

26

27

28

29

31

32

33

34

35

37

a1

42

43

48

51

54

55

56

CTyAeHTcbKa poboTa

CTypeHTcbKa poboTa

CTypeHTCcbKa poboTa

CTypeHTCcbKa poboTa

Arxi

CTyneHTCcbKa poboTa

MB-51 - ®epopoB (nepeBipka)

CTypeHTCcbKa poboTta

CTyneHTCcbKa poboTa

CTypeHTCcbKa poboTa

CTyneHTcbKa poboTa

CTyneHTCcbKa poboTa

CTyAeHTcbKa poboTa

CIHYYK_punnom

Ounnom Ctpuxxeyc A.l

CTypeHTCcbKa poboTa

CTyneHTCcbKa poboTa

CTyneHTCcbKa poboTa

CTypeHTCcbKa poboTa

CTypeHTcbKa poboTa

MN3MA_AYTC_KMI_2018_JliTBiHOBIM

KyMaHiKiH

ID chaitny: 1003973986

ID channy: 11595551

ID chaitny: 1000045867

2020-bachelor-EDD_Miroshnyk_plytka_fch

ID chavny: 1000531001

ID cbanny: 47234

ID channy: 1003530306

ID chaiiny: 1000744267

ID cpanny: 1000293235

ID hanny: 6008796

ID channy: 5200924

ID cbanny: 1978583

ID chaitny: 1000727646

ID channy: 8161763

ID charny: 1000051580

ID chaitny: 1000032450

ID cbanny: 8319465

ID cbanny: 5200971

ID cbanny: 47789

ID dpanny: 1111503

ID channy: 1003318449

ID chbamn

ID chbainy: 1000087713

Institution: Lviv Polytechnic National University

Institution: Lviv Polytechnic National University

Institution: V.I. Vernadsky Taurida National University

Institution: Lviv Polytechnic National University

Institution: National Technical University of Ukraine “Kyiv Polytechnic Institute”

Institution: National Aviation University

Institution: Lviv Polytechnic National University

Institution: Yuriy Fedkovych Chernivtsi National University

Institution: Lviv Polytechnic National University

Institution: Lviv Polytechnic National University

Institution: Vasyl Stus Donetsk National University

Institution: Lviv Polytechnic National University

Institution: National Technical University of Ukraine “Kyiv Polytech

Institution: Lviv Polytechnic National University

Institution: Yuriy Fedkovych Chernivtsi National University

Institution: Lviv Polytechnic National University

Institution: Lviv Polytechnic National University

Institution: Donetsk National Technical University

v: 8476466

Institution: National Technical University of Ukraine “Kyiv Polytechnic |

CropiHka 29 3 30

Institution: National Technical University of Ukra

ID cphanny:
1004084169

2 fxepeno

9 fixxepeno

8 Dxepeno

29 O>xepeno

Institution: National Technical University of Ukraine “Kyiv Po..

7 Bxepeno

8 Dxepeno

27 Bxxepeno

5 Oxepeno

Institution: National Technical University of Ukraine “Kyiv Polytechn..

6 O>xepeno

2 Bxepeno

2 Dxepeno

2 fxepeno

0.35%

0.3%

0.27%

0.22%

0.21%

0.2%

0.2%

0.2%

0.19%

0.19%

0.19%

0.18%

0.18%

0.18%

0.17%

0.16%

0.16%

0.13%

0.11%

0.1%

0.1%

0.1%


https://unicheck.com

ID cphanny:

Ha3zBa pokymMmeHTy: 2020-bachelor-EDD_Miroshnyk_plytka_fch 1004084169

62 CTymeHTcbkKa poborta ID canny: 1000613328 Institution: National University of Life and Environmental Sciences of...  0.09%
65 CTypeHTcbkKa poboTta ID cdamny: 1000752623  Institution: Cherkasy State Technological University 2 xepeno  0.09%

66 CTtymeHTcbKa poboTta ID daiiny: 1003798853 Institution: Lviv Polytechnic National University 0.09%

CropiHka 30 3 30


https://unicheck.com

