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Inbuenko BOJIOAMMUP
CucreMa pe3epBHOr0 eHepro3alesreueHHs] IPUBATHOro OyJUHKY Ha OCHOBi
Bif{HOB/IIOBA/IbHUX /KepeJI eHeprii
AHOTALIA

B gumniomMHOMY MPOEKTI MpeZCcTaB/ieHO OIVIsi[, HAYKOBO — TEXHIUHOI JliTepaTypu
M0 BUZIAM aJIbTepHAaTUBHUX JiKepeJsl, [lepepaxoBaHo0 IUIFOCH Ta MIHYCH KOXKHOTO 3
HUX, Ta HABeJEeHO IePCIeKTUBU IPUBATHOI'O BUKOPUCTAHHS. AHaliTAYHO OMHCaHO
poOOTYy KOXKHOI CTaHIil, iKa TIPaI[f0€ 3 JOTOMOTOI aJbTePHATUBHUX JPKEpest
eHeprii. OnucaHo Nporec BUHUKHEHHS eJIeKTPUYHOI0 CTPYMY B P — N [Tepexoji Mmif,
Jiero cBitna. [IpoBesneHo anani3 napamerpiB AGM ta GEL akymysnsTopiB, siKi
BUKODHUCTOBYIOTbCSI B SIKOCTI pe3epBHOrO Jpkepesna JkubjeHHs. IIpoBezieHO
TOPiBHSHHSA ~ TOJi Ta  MOHOKDHUCTaliUHMX  COHSYHWAX  TIaHened,  siKi
BUKODUCTOBYIOTbCS B $IKOCTi (DOTOE/IEKTPUYHOrO TMepeTBoproBaya. OmucaHo
npuHIMn pobotu 670Ky ABP. OrnvcaHo eTanu MiZiK/IFoueHHsl, Ta MPUHIUI pPoO0TH
cTaHLii 3a ymoBamMu «3eneHoro Ttapudy». IIpuBeneni QyHKIioHamBHI Ta
CTPYKTYpHi CXeMU CHUCTEMHU De3epBHOTO €eHeprosabe3reueHHsl TPUBaTHOTO
OyZWHKY Ha OCHOBi BifHOB/TIOBa/MbHUX Kepes eHeprii. Po3paxoBaHO MOTY>KHICTh
CTIO>KUBAHHS OYJIMHKY B CBIT/IMH Ta TeMHHI yac 106u. B cBiT/ME yac MOTYXHiCTh
CNOXKUBaHHA ckiana 2,7 kBt/rog. B TemHwMii yac 100U MOTY>KHICTh CIIOXUBaHHS
cknana 0,53 kBt/roa. bepyur 70 yBaru MOTY)KHICTb CITOKHMBAHHSI B TEMHUM Yac
o0y, O0yno po3paxoBaHo eMHicTh 010Ky AKB, sika ckiana 334 A*roa. OmucaHo
npuHLUUN pobotu MPPT anroputmy, Ha HOTO OCHOBi CTIIPOEKTOBAHO KOHTPOJED
3apsagky 6y10ky AKB. Po3po6/ieHO KOHCTPYKTOPCBKY JOKyMEHTaIlil0 Ha MPUCTPIH,
Ta cucremy. Po3pobneHo efeKTpUYHYy TPUHLMIIOBY CXeMy Ta APYKOBaHy ILIaTy
KOHTpoJIepy 3apgy. OnucaHo TeXHOJIOTiI0 BUTOTOB/IEHHS JPyKOBaHOI N/1aTy.

ANNOTATION

The diploma project presents a review of scientific and technical
literature on the types of alternative sources, lists the pros and cons of
each of them, and presents prospects for private use. The operation of
each station, which works with the help of alternative energy sources, is
analytically described. The process of electric current occurrence in p - n
junction under the action of light is described. The parameters of AGM
and GEL batteries used as a backup power supply are analyzed. A
comparison of poly and single-crystal solar panels used as a photovoltaic
converter is made. The principle of operation of the AVR unit is
described. The stages of connection and the principle of operation of the
station under the terms of the "green tariff" are described. Functional and
structural schemes of the system of reserve power supply of a private
house on the basis of renewable energy sources are given. The power
consumption of the house in light and dark times of the day is
calculated. In daylight, the power consumption was 2.7 kW / h. In the
dark, the power consumption was 0.53 kW / h. Taking into account the
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power consumption in the dark, the capacity of the battery was
calculated, which amounted to 334 A * h. The principle of operation of
the MPPT algorithm is described, on its basis the battery charging
controller is designed. Design documentation for the device and system
has been developed. The electrical schematic diagram and printed circuit
board of the charge controller are developed. The technology of PCB

manufacturing is described.
BCTY

AnbTepHaTHBHI /pKepesia eHeprii — eHeprisi i3 BiJHOB/MIOBaHHX, abo
HeBUYEpITHUX eHepreTUYHuX pecypcis. IIpUHLIUN BUKOPUCTAHHS BiJHOBJ/IIOBAHOI
eHeprii mosisirae B i TeHepyBaHHI 3a [JOIMOMOTO TPOLECiB, SKi TMOCTiMHO
BiZIOyBalOTbCSI B HABKOJIMIIIHBOMY cCepeZioBHIli. Taky eHeprito OTpUMYIOTH i3
MPUPOJHUX peCcypciB, TakUX $K: COHSYHe CBiWIO, TNPWIMBKM Ta BiJIUBY,
reorepmMasbHi  BOAY, €Hepris BITPY, BOASHI TIOTOKW, SIKi  SIBJISIOTHCS
BifHOBMOBaAbHUMU. [laHuii BHJ eHeprii Mae TmepcrnekTHMBU pO3BUTKY B
HaWO/MKUOMY MalOyTHBOMY, TaK K BUKOPUCTAHHS HEBiJHOBIIOBAaHWX JKeper
eHepril TsarHe 3a cobor0 0araTo HeraTMBHUX Hac/iAKiB. OCHOBHUM MiHyCOM
SIBJISIETHCSl BUUEPITHICTb PecypciB, Ta 3a0pyAHeHHs HABKOJIMIIIHBOTO CepefOBUIIIA.
Bukuau B atmocdepy 3 TEC ta AEC 3a0pyaHIOIOTE aTMOChepY, 110 TPU3BOJUTH
[0 TIapHUKOBOTO edeKTy, a BiH B CBOIO uepry Jo Ii/BUILeHHS CepeJHbOI
TemriepaTypH Ha njaseTi [1].

BesKyM TUTIOCOM BUKOPHCTAHHS «3e/IeHO1» eHepril € Te, 110 BifCyTHi Oyap sKi
BUKMAM B ekocdepy. Ha 3akoHozaBuOMy piBHi CTMMY/bOBaHO BHUPOOHMLITBO
eJIeKTpOeHeprii, 3 aJbTepHATUBHUX J[PKepes, 3a «3ejeHuM» TapudoM. 3rifgHo
3akoHy YkpaiHu «[Ipo enektpoeHepretuky» Ne 575/97-BP Big 16.10.1997,
«3e/leHUK» Tapud € crewialbHUM TapudoM IO SIKOMY BifOyBaeTbCsi 3aKyrka
e/IeKTpoeHepril, BWPOO/eHa 3 BUKOPUCTAaHHSM  aJbTEePHATHBHUX  JKepes
enekTpoeHeprii [2]. MoX/IUBICTb TIPOJaxXy MO «3eleHOMY» Tapudy HarpsMy
CTIOKMBauaM, 3a0e3reuyeTbcsi 3aBAsSKM  BUKOPUCTAHHIO  JBOHAIpaB/IeHOr0
niunnbHYKa. Mloro oCcHOBHA 3ajJaua paxyBaTd Pi3HMLI0 B eHeprii oTpuMaHoi Bif
JIEII, Ta eHeprieto sika Oyia mepeHarnpaeieHa B MEPEXY.

[nist 3abe3reueHHsT eIeKTPOXKMB/IEHHSIM TIPUBAaTHUX OyZeTiBesib, 3aCTOCOBYIOTh
creljiasibHi JIiHIT mepesad. BoHa CKiaflaeThes i3 6araThOX efieMeHTIB, sKi TIpH
TIpaBU/IbHINA POOOTI 3a0e3reuyroTh €JIeKTPOXKUBIEHHSAM HaBiTb caMi BifgaseHi
oyauuku. JIETT cKaafja€ThCs i3 TaKUX OCHOBHMX €JIEMEHTIB: €IeKTpOCTaHLis,
nifBuIyBanbHUN TpaHc(OpMaTop, BHUC/IKOBOJBTHI JIiHII Mepejay, MOHMWKYIOUHUI
TpaHcdopmarop, JiHis esekTporepenadi 220 B.

HenomikoM pO3I/ISHYTO CHUCTEMUM € uacTi OOpuUBH JIiHiH, Ta HEMOXKIUBICTb
efleKTpo3abesrneueHHs Bigganenux OygiBenb. [Iisi BupileHHs1 1ji€i mpobiemu
icHyroTb Ge3repebiliHi cucTemMu uBeHHs. Le MOXyTb OyTH CHCTeMH, FOJIOBHUM
€HepreTUUYHUM peCypcoM SIKUX € J[W3e/lbHe TNajabHe (TaK 3BaHi TeHepaTOpHi
[oKepesia eHepril) , abo cUCTeMH Ha OCHOBi BiJHOB/IFOBaHUX [pKepes eHeprii. IIpu
BUKODHCTaHHI T'eHEPaTOPHUX CHCTeM 3’SIBJISIEThCA TpobsieMa 3  ILKiZJTMBAMU
BUKH/IAMU B aTtMocdepy, BeaMKuH KoedillieHT 1yMmy i mocTikiHe 3abe3neueHHs
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reHeparopy nambHUM. [locTiliHO cucTeMd Ja@HOTO TUIY  HeJOLIJIBHO
BUKODHCTOBYBaTH, TOMy BUOiIp Tajae Ha CHUCTeMH, SIKi TpALFOIOTh Ha OCHOBI
BiZIHOBJIFOBaHMX JpKepen eHeprii. [l TNpUBaTHOTO 3aCTOCYBaHHS HaHOiibII
TIOIIVPEHVMH  SIB/ISTIOTHCST  BiTPOT@HEepaTopH, Ta eeKTPOCTaHLii Ha COHSUHiMN
eHepril. EdeKTUBHICTb BHUKOPHCTaHHSI KOXKHOI 3 HUX pO3IVITHEMO TIPOTAIOM
poboTn.
1. TEPEOTHNYHI BITOMOCTI
1.1 Buau mxepes eHeprii
Ha crorogHiuHil fieHs icHye 1Ba OCHOBHI [pKepesia eHeprii, BOHU MOJi/IS0THCS
Ha TpajuLiliHI Ta anpTepaTuBHi. /0 TpajuLiiHUX BiAHOCATH BUKOMHI KOPHUCHI
KOTIa/IMHU — BYTi/isl, HadTa Ta MPUpOAHiii ra3. OCHOBHUM HeJOJiK I10JIsITa€E B TOMY,
1110 HaBiTh HakbaraTili poIoBUIIla BUUEPMAaOTh cebe uepe3 [eKibKa COTEHb POKIB,
a MOXUIMBOCTI IX BiJHOBJIEHHS1 He icHye. [IpyrMM 3a IOpSJKOM, aje He 3a
3HAYMMICTIO, € BIUIMB Ha ekosorito. Ilif vac craaroBaHHSI BUKOITHOIO TajuBa B
aTMoc(epy BUKU/IAETLCS BeslMKa Ki/lbKiCTh NTAPHUKOBUX TasiB, sIKi B CBOIO 4epry
TOPYLUYIOTh KIiMaTWuHUi OajaHc, 110 Befie ZO HeMONpaBHUX HacmigkiB. Tomy
TIUTaHHS a7bTePHAaTUBHUX [PKepes CTOITh AOCTAaTHBO T'OCTPO, TaK SIK Ie €IUHUM
JOCTYIHUM CMOCIO 3HU3WTH TEMMU KAiMaTHUHUX 3MiH. Ha ChOrofHilHik /eHb
ICHYIOTb TaKi €KOJIOTIUYHO YMCTI JpKepeJsia eHeprii:
¢ OioeHepreTuka;
e BiTpPOEHepreTuka;
® reoTepMasibHa eHepris;
® eHepris coHg [1].
1.2 bioeHepreTuka
BioeHepreTrKa — ranay3b eHEpreTHKU sika 0a3yeThCsl Ha BUPOOHULITBI eHeprii 3
Giomanuea pi3HUX BHUJIB. BioeHEPreTUKOK BBAKAETHCSI BUPOOHUIITBO €Heprii K i3
TBep/UX BU/IB OiomasiuBa, Tak i 3 Giorasy Ta pizkoro GiomasvBa pi3HOMaHITHOTO
TTOXO/PKEeHHS.
biomanuBo — manMBO i3 POC/AMHHOI ab0 TBapUHHOI CHPOBWHH, i3 TMPOAYKTIB
JKUTTEMISIBHOCTI  opraHismiB  abo OpraHiyHMX TIPOMHCIOBUX  BifXOfiB.
Po3pi3sstoTh Tpu MUTH Giomanuea: TBepAe, pifke, rasonofibHe.
bioraz — ra3 oTpuMMaHHWii BOAHEBMM ab0 MeTaHOBHUM OpoZiHHSAM 6GioMacw.
MetaHoBul po3k/aj O6ioMacy MOMK/MBHE TiJi BIUIMBOM TPhOX BH/IB OakTepiii:
TifpoJii3Hi, KHUC/IOTOYTBOPIOKOYWI Ta MeTaHOyTBoprowui. HalinmomumpeHimmm
pi3HOBHOM Oiorasy € 6ioBofeHb.
biomaca — 6iosioriuHO BiZJHOB/IFOBAaHA PEYOBHHA OPTaHiUHOTO TOXOKEHHs, sKa
3a3Hae GiosoriuHoro po3kiany. 3a3Buuaii  GioMacow BBaXKalOTh:  Bigxoau
CL/TbCHKOTOCIOAAPChKUX MiJINIPUEMCTB, JICOBOTO FOCHOJAPCTBA, & TAKOXK OpPraHiuHa
YacTMHA TMPOMHUCJIOBUX Ta  ToOyToBux  Biaxoxie. HaliedekTuBHimmmmu
TeXHOJIOTisIMA BUKOPUCTaHHsI GiomMacu B OioeHepreTuili €: Tiposi3, aHaepoOHa
(depmeHTaLlisi 3 YTBOPEHHSM OJHOAaTOMHHX CITUPTiB, BUPOOHWLITBO Maces s
OTPHMAaHHs MOTOPHOIO Ia/InBa, rasuikariis, npsiMe CriaJroBaHHs.
bioBogieHb — pi3HOBU/ OioranuBa, SKUH OTPUMYETHCS 3 HioMacu 3a /I0TIOMOT o0
MeTaHOYTBOPIOIOUMX OakTepili, 6akTepil KiHLEBUM TPOAYKTOM KUTTEZiSUTBHOCTI
SIKUX € BOZleHb, a He MeTaH. Mae fyxe Be/MKy IlepeBary Iepef, BUKOITHUMU
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kepesiaMy. BiH BigHOB/MOBaHUM, OakTepii MO)KHa BHKODHCTOBYBAaTH JeKijbKa
pasiB, 06MeXyroud BUPOOHWUMI LMK/ TUTBKA CHPOBHHOIO STKA TEPepOOISETHCS.
EHeproedekTHBHiCTb HabaraTo BWIAa YMM B MPUPOJHBOTO Tra3y i BHUKOITHOTO
BYTU/UISI, TaK SIK TIPH 3TOPaHHI BUJI/ISIETHCS Makke B TpU pasu Oisbliie eHeprii. e
He MaJI0 Ba)XXHO Te, 10 BiH eKOJIOTiYHO UMCTHM, MPHU 3rOpaHHi He yTBOPIOETHCS
TOKCUYHUX PEUOBUH.

OCHOBHUM He/IONIKOM rasonofibHoro 6iormasMBa € [JJOPOTOBW3HA HOTO
TpaHCHOPTyBaHHS. Tak K TPaHCIOPTYHOTb MOTO /Mille B HeBEeMKUX KibKOCTSIX,
TOMY L]0 HaBiTh IPU BUCOKOMY THCKY WMOTO IIiJIbHICTh HACTiIbKM HU3bKA, 1[0 HOTr0
Bara Oyme ckmazaTh TiibKH 2 % Big Bciel macu. IIpu 1jbOMy BapTiCTh
TPaHCIIOPTYBaHHS Pi3KO0 30i/IBILYETHCS.

TBepje 6ioMmanuBO — ManMBO, sIKe CKIAJAETHCS i3 TBEPAUX OPTaHiuHUX CTIONMYK,
HalyvacTilie poBa Ta 3a/IMIIKU Bifl AepeBo0OPOOHUX MiAMPHUEMCTB. 3 HeZlaBHiX mip
y CBiTi 711 BUDOOHULITBA POB BUPOILYIOTh €HepPreTHyYHi JTica, sKi CKIaZarThCs i3
IIBH/IKO3POCTAIOUMX TI0Pif ZiepeB (TOMOJs, eBKalinT i T. 7.).

IcHytoTh Taki BHAM pigkoro OiomanvBa: poC/AMHHI 0/MBH, OioeTaHou,
6io0yTaHo/1, GiomMeTaHOI, BYTVIEBO/HI, JUMETH/IOBUI edip Ta Giogu3e/bHe Ta/ibHe
[3].

bioetaHon — Lie BUCOKOKOHLIEHTPOBaHWM CIHMPT 3 [JBOMA aToMaMH KapOoHY
(C2H50H), pgpyruii TIpeACTaBHUK T'OMOJIOTiYHOTO OFZHOATOMHHUX CIHPTIB,
OTPUMYETLCSI B TIPOLECi MMepepoOKU POCIMHHOI CUPOBUHH [/l BUKOPHCTAHHS B
skocti OiomanvBa. B mpommcioBux wmacmtabax OioetaHon BUPOOJSIOTH i3
KyKypyZ3d Ta LYKpPoBOi TPOCTMHH. CHPOBHHOIO TakKOX MOXYTb OyTH Ppi3Hi
CiNIbCHKOTOCTIONAPChKI KY/IBTYPU 3 BeIMKAM BMICTOM LIYKpy abo Kpoxmajio
( kapToruIs, yKpoBUi OypsIK, pi3Hi 3ePHOBI KY/IETYPH).

IMporiec ofepkaHHsI 6i0OTiUHOTO CITUPTY [OCTaTHBO CKIAJHWH, Tak sIK HOMY
repefye BelMKa KiTbKiCTb TEXHOJIOTIYHMX Orfepalliif, 3B’s3aHUX 3 BUALIEHHIM
OKpeMHX KOMIIOHEHTIB i3 3epHa: KpOXMas0, K/IITKOBUHH, IVIIOTEHY, Y BOLHOMY
cepefoBuIli. 37e0iBIIOr0 TEXHOMOTIUHI TPOIeCH CXOXKi C  MPOIecoM
BUPOOHMIITBA XapuoBOro crvpty. Ha BigMiHy Bif 3BHuaiiHOTO CriupTy, HGioeTaHoU,
B CBOEMY CKJIafii, Maike He MiCTUTb Bogu ( KoHLeHTparist ~ 99,8 % ) [4].

Tabmuug 1.1
EHeproedeKTHBHICTh BUPOOHHLTBA HioeTaHOMy i3 Pi3HUX CiNbCHKOTOCMOAAPCHKUX KY/BTYD

BiobyraHon — crupT 3 4oThpMa atoMamu KapboHy (C4H9OH), ueTBepThii
NIpe/iICTaBHUK TOMOJIOTIYHOIO Ppsily OJHOAaTOMHMX CIupTiB. OCHOBHa IlepeBara
niepes; GioeTaHoM: OGinbIn Ka/nopiliHWY i MeHIe 3aTpaTHUM NPU BUPOOHWLTBI.
Tako)K MO’KHa BUZIJIMTY HACTYIIHI [1lepeBaru:

® (e3MeyHillMii y BUKOPUCTAaHHI, OCKLIBKY B IIIiCTh Pa3iB MEHIIIe BUTIAPOBYETHCS, i B
13,5 pasiB MeHIII JIeTFOUMi B IOPiBHSAHHI 3 OeH3UHOM;

®  KOpO3iliHi B/aCTHBOCTI HabaraTto MeHIi HiK B 6ioeTaHOJy, 1[0 /Ia€ MOXK/TUBICTh
TPaHCIIOPTYBAHHS 110 iCHYIOUMM TTaJIMBHUM TPYOOTIpOBOZaM;

®  3aB[SKW HU3BKOMY THICKY TIapiB, JIETKO 3MIIyEThCS 3 3BUUAHHUM OEH3UHOM;

CupoBuHOIO [yisi  BUpOOHMITBAa OyTaHOoMy Tak sK 1 eTaHolny €
CiTbCHKOTOCTIOIAPCHKI KYJIBTYPU 3 BEJTUKUM BMIiCTOM KPOXMAJIIO Ta LYKpPY [5].
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biomeTaHonm — pi3HOBUZ, pigkoro OiomanvBa, TEpPIIMA  TIpeJCTaBHUK
TOMOJIOTIYHOTO Psily OAHOATOMHMX criupTiB. OCHOBHA MOTY)KHICTH BHPOOHUIITBA
30cepe/pkKeHa Ha Ky/lbTHUBALlil (hiTOIJIAHKTOHY B CrielliaJibHUX BofoitmMax. [lepeBaru
I[bOTO MeTOAy TIOJSraloTb B TOMY, L0 TP BHPOOHWLTBI TMajvBa He
BHUKODHCTOBY€ETbCS IPYHT i mpicHa Boza. Takok ¢iTOIVIaHKTOH Ma€ BHCOKY
npoAyKTuBHicTh ( 6mm3pko 100 T/ra B pik), Ta Xopouly eHeproBiggady. Sk i iHmmi
BU/IM OJIHOATOMHUX CIIMPTIB, iICHYIOTh SIK IUIFOCH TaK I MIHyCH BUKOpUCTaHHA. [0
IUTIOCIB MOXKHA BijHECTM Maluii BHKHWJ, BYIVIEKMCJIOrO rasy B arMmocdepy,

yTWIi3allii OpraHiyHUX BIAXOAIB Ta TMPOAYKTIB >KUTTENISIBHOCTI

TBapHH.

Heponiky BUKOpUCTaHHS JaHOI ManyMBHOI CyMillli MO/SIraloTh B TOMY, 11J0 METaHOI
HeraTMBHO BIIMBA€ Ha TeXHIYHWI cTaH [BUTyHa. PaljioHa/bHO BUKOPUCTOBYBAaTH

H0ro y SIKOCTi MMa/IMBHUX eIeMeHTiB Ha JaHWH MOMEHT HeMOXJTUBO [6].

biorasoBa ycTaHOBKa Mpe/icTaB/isie COO0I0 CyyaCHHM KOMITIEKCHUH GiopeakTop,
110 TIPALfO€ 3 HU3BKMMHU BUTPaTaMU Ta 3 BUCOKOIO edeKTHBHICTI0. DaKTUUHO TakKi
YCTAaHOBKYM CKOPOUYIOTh IMKJT PO3K/Ialy CK/Ia[HUX OPraHiuYHUX PEUYOBHMH Ha OisbII

TNIPOCTi, 3 BUZiNeHHsM Giorasy, sikiii yTBOPIOETHCS B TIpoLieci 6pozinHs [7].

1.3 BiTpoeHepreTuka

EHeprito BITpPy BiJHOCATb [0 a/JbTePHAaTHBHUX JpKepesl eHepril, Tak sK BILIUB
BiTpOoreHepartopiB OyAb-sKOTO BHJY Ha eKOCHUCTeMY TUIAHETH BiACYTHiM.
BiTpoeHepreTtuka, sK OAWH i3 OCHOBHMX BHU[IIB «3e/IeHOI» eHeprii, akKTUBHO
PO3BUBAETHCSI TPOTIATOM OCTaHHLOrO JecaTuniTrs. Ha mnouarok 2016 poky
3arajbHa yCTaHOBJIEHA IOTYKHICTb BCiX BiTporeHepaTopiB ckiana 432 I'Bt, s
TIOPiBHSIHHS, YCTaHOBJ/IEHA IOTYKHICTh BCiX aTOMHHUX e/IeKTPOCTaHL{ilii Ha 11oYaToK

2016 poky cknana 394I'BT [8].

BiTtporeneparop — npunaz AJis epeTBOPeHHsI KIHeTUYHOI eHeprii MOBITPSHOro
MOTOKY B MeXaHiUHy eHeprito 06epTaHHs poTopa 3 MOJAJBIINM ITePETBOPEHHSIM B
e/IeKTpUYHYy eHeprito. OCHOBHOIO XapaKTepUCTUKOI TaKOr0 TUIly T'eHeparopis, €

MOTYXKHICTb.

[ToTy>xHiCTb BiTpOreHepaTopa 3a/IeXXUTh Bifl IOTY)KHOCTI MOBITPSIHOTO TMOTOKY (

N ), siKa BU3HauYaeThCs IBU/KICTIO BiTPY i nioltieto jsonari

ge: V—LIBWUAKICTb BITPY, p—LUiNbHICTbOOBITPSA,S—0a0Lla AonaTi
Puc. 1.1 Koncrpykuiss BEY

1 - dyHAaMeHT; 2 — IUTOK 3 CWIOBHMH ejleMeHTamu; 3 — Ijoria; 4 —
npabuHa; 5 — TOBOPOTHHUH MeXaHi3M; 6 — ToHzI0/1a; 7 — eJIeKTPUUHKI TeHepaTop; 8
— cHuCTeMa CIIOCTepeXXeHHsI 3a HalpsiMOM Ta WIBHAKICTIO BiTpy; 9 — raneMiBHa
cucreMa; 10 — TpaHcMmicig; 11 — sonari; 12 — cucTeMa 3MiHM KyTa aTakuy jionari; 13

— Kpuika potopa [9].
1.3.1 OcHoBHi Buiu BEY

IcHyrOTB pi3HI 3a KOHCTPYKLIi€I0 MOZesi BITpOreHeparTopiB, Pi3HOI MOTY>KHOCTI,

asle OCHOBHA KJlacu(iKallisi 3a reoMeTpiero 06epTaHHsI 0CHOBHOI OCi poTopa.

1. BepTuKanbHUii THM — TypOiHa reHepaTopa pO3TalllOBaHa IEPIeHAUKY/ISPHO 10
MoBepxHi Ha sikili po3miirieHo BEY. IlepeBaru faHoro BUy: MOYMHAE TPAL{IOBATU

TIpU HeBeUKil IBUJKOCTI BIiTpY.

2. Topu3oHTaNBHUUM THM — Bich poTopa obOepTaHHs Tapajie/bHO TMOBEPXHi Ha SKii
posMileHo BEY. IlepeBaru faHoro BUy: Ma€ Be/IMKY IOTY>KHICTb ITePETBOPEHHS
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KiHeTHYHOI eHeprii BiTpy B mocTitinuii Ta 3minHui ctpym. KK/ Ha 5-10 % Bumyi,
HDK y BepTHKa/IbHUX.

HaiinommpeHimymMu reHepaTropaMy BepTUKaAbHOTO TUIy € TeHepaTopu 3
poropom CaBoniyca, [lap’e Ta foro mogudikarii [10].

1.3.2 Bygora Ta npunnun podoru poropa CaBoHiyca

Potop CaBoHiyca — KOHCTPYKIlisfi 3 BEePTHKa/JbLHOI Biccio obepranHs. Jlomari
[AHOTO pOTOpa TIPeJCTaB/SIOTE COOOI0 [Ba, HAa TMPAKTHL 3aCTOCOBYIOTHCS
KOHCTDYKIIii 3 Oi/JbIIOI KiJbKiCTIO, HamiBIWIiHAPAa 3’€IHAHUX MiXK C00O0.
3aBAsSKU LbOMY 30i7bLIyETBCS poboua TUIOIIA TIOBEpXHi, IO B CBOKO YEpry
30iIbIIy€ 3arajbHy MOTYXKHICTh TeHepaTtopy. Taka KOHCTPYKLisi 0O0YMOB/IEHa THM,
10 TOTOKM BiTpy, fIKi NMOTPAIUIIOTH HAa BUITYK/y YaCTUHY JIONATi, 3aBAdKU il
3a0KpyT/eHid ¢GopMi AinsaTbes Ha ABi yactHu. OpfHaA TIOTparvise€ Ha pobouy
CTOpOHY i crpusie 36i/blileHHI MIBUAKOCTI 00epTaHHs, iHIIA BiBOAUTHCA B
cTopoHy. [lanuii eheKT MpOSBISETHCS TiTBKU B KOHCTPYKIIii 3 IBOMA AiaMeTpasbHO
PO3TalllOBAHUMHU JIONATIMM.

[lepeBaramMu Zi@aHoro potopa €: Tpaloe npu Oyab sSKOMY HampsiMy BiTpYy;
HU3bKWI piBeHb IIyMy, B IIOpPiBHSIHHI 3 pOTOpaMH T'OPU30HTAJbLHOTO THILY;
[POCTOpa KOHCTPYKLIi{; KOMITAaKTHi pO3MipH.

Heponikamu faHOro poropa €: HeMOX/IMBICTb CaMO3allyCKy i3 3a BeMKOro
TUCKY IMOBiTPS Ha TWIBHY CTOpPOHY JIallaTi; HeBe/lWKa IIOTYXXHICTb; BTpara
e(heKTUBHOCTI MepeTBOPEHHS eHepril MPY Be/IMKUX LIBUAKOCTSX BiTpy [11].

Puc 1.2 CxematiuHa Mogenis potopa CaBoHiyca
1.3.3 BygoBa Ta npuHIMN podoTHu poropa Jlap’e

Porop /[lap’e — Tum TypOiHM HHU3bKOTO THCKY, BiCb 00epTaHHS SKOi
TMeprieH/IMKY/IsSpHa TIOTOKY pifuHM abo ra3y. Potop ckiajaetbcs i3 fBOX, abo
JeKiNIbKOX, aepofMHaMiYHMX KpW/ 3aKpilyieHMX Ha 0ankaX, sKi CHMeTPHYHO
po3TalloBaHi Ha oci obepraHHs. 3aranbHUNA MPUHLMIT pOOOTH POTOpa BifioMHuid, ase
He iCHye TOYHOI MareMaTM4yHOI MOJesi, Ta TIOC/TiIJOBHO OMMCAaHWX (i3WYHUX
MpoLieciB uepe3 CH/IBHO HeCTaLiOHAPHUH XapakTep OOTiKaHHs Jjomarei (YMcio
Crpyxasns) i Benvke unciio PeiiHonbca.

IMpuHUMT pobOTH 3acHOBaHWY Ha Pi3HOCTI aepoJWHaMiUHMX IOKa3HHWKiB. Ha
KOXKHe KPWIO [i€ TifiliMasbHa cuia BifJHOCHO TMOTOKY BiTpy. ITokasHuKM cunu
3a7e)kaThb BiJj KyTa, SIKWH YTBOPIOETbCS Mi’K KPWJIOM i BEJMUMHOIO IIBUKOCTI
BITPY.

Puc. 1.3 TTpunuun pobotu potopa dap’e

[ns 3MiHM KyTa araku KpWjaa 3aCTOCOBYETbCS [jBa METOAU peryJtOBaHHS:
MacHBHUN Ta akTWBHUM. [IpH macuBHOMY MeTofi BHOIp KyTa NPOBOAWTHCS Ha
OCHOBI UMCe/BHOTO Ta eKCIIepUMEHTa/lbHOIO [OCJi/KeHHsl. AKTUBHUI MeTo[
3aCHOBAHUWM Ha 3MiHi 3HAUEHHS KyTa ZIJIs1 KOXKHOI JIoTaTi ipy 06epTaHHi.

Puc. 1.4 3mina KyTa ataku nonari [12].
ITepeBaru BEY BepTHKa/lbHOIO TUIY
1. BukopucTaHHsI reHepaTOpiB MOK/IMBO HaBITh MPH Ay>Ke Ma/IMX IBUJKOCTSIX BITPY;
2. IlpaioroTe MPU pi3HUX HAMpsIMKaxX BiTPYy, THM CaMUM He TOTpeOye cucTeMu
CIIOCTepeXXeHHs 3a HalpsIMOM BiTpy;
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3. YCTaHOBMIOIOTECS HAa HEBHCOKiM INOIVI, IO /la€ MOK/IMBICTH 0OC/IyroByBaTH
CUCTEMHU Ha 3eMJIi;
4. Illym B mexxax 40 gbu;
Heponiku BEY BepTUKanbHOro TUITY
HeBucoka lBHKiCT 06epTaHHs POTOpa, SIK HaC/Ii/I0K Masla MOTY>KHiCTh;
HecrnipoMoykHi 10 camo3anyckys;
3. CksafHi Ta opori B BUPOOHUIITBI;
T'opusonransHa BEY
SIBnsiFOTHCST HaWmommMpeHimyM BugoM BEY. Uepes Besmuki rabaputu, poboda
BHUCOTa KOMMBAETHCA MiXK 25 i 180 M, Ta JOpOroBU3HY KOHCTPYKLil, HEMOXX/IMBO
BHUKODHCTOBYBaTH Ha 0OMe)KeHOMY TpoCTopi. B 3anexxHoCTi Bif BUCOTH ILIOT/H, Ta
LIBUJKOCTI TIOBITPSIHOI'O MOTOKY, MOTYKHICTb KOMMBAEThCA B Mexkax Bif 100 kBT
1o SMBT.

N

[MpuHLMT poboTh

1. Birep obeprae momari, TUM caMHM Tepeiae KPYTAUMH MOMEHT Yepe3 peyKTop Ha
BaJjl reHepaTopa;

2. Tlpu obepTaHHi Bajly reHepaTopa CTBOPIOETHCS TPHU(DasHUiA CTPYyM;

3. Uepes koHTposiep, oTpuMmaHuid cTpyM mnotpamisie B AKB. Axymynsarop
BUKODHCTOBYIOTb 3afi/ii CTBOpeHHsl crabibHOCTI poboTu BiTporeHeparopa.
KoHTposiep BUKOPHCTOBYIOTH 11 KOHTPOJIIOBAaHHS Iepe3apsly akyMmy/asaTopa. 3a
HeoOXiZIHOCTi 3aiiBa eHepris Mepepo3NOAiNAeTbCS Ha PpEe3UCTOP 3 BEJIUKUM
HOMiHaJ/IoM;

4. [In9 3aXUCTy BiJ, yparaHHMX BITPiB BUKOPHUCTOBYETbCSI CHUCTeMa BiJiBefleHHS
BiTpOKOJIeca Bif BiTpy, abo rasbMyBaHHsI BiTpOKO/Ieca eleKTporaabMoM;

5. Ha Buxozi 3 AKB BctaHOBMI0IOT iHBepTOp. [IpUCTpiii /151 mepeTBOpeHHS
MOCTIHOTO CTPYMY B 3MiHHU;

[lepeBaramMu [jaHOrO THMIy YCTaHOBKM €: MaroOTb BHCOKWUI TIOMUT Ha PHHKY,
BUPOOJISIFOTH €HEPrit0 MOTYXKHICTIO 70 7 MBT, 3aBAsky BenMKil eHeprii MaroTh
BeJIUKUM KPyTsAUMi MOMEHT, B MPOIIeci eKCIulyaraiiii BijicyTHi Oy/ib-sKi Hebe3meuHi
abo wikigymei Bigxomu [13].

Heponiku nanoro tunmy BEY: 3MiHHHI HanpsiMOK Ta CWiia BiTPY, BHAC/IIIOK YOTO
noTpibHe [OFAaTKOBEe [KEpeso eHeprii, BHUCOKA T[OYaTKOBAa IjiHa, BHCOKHIA
Koe(illieHT IyMy, II0 YHEMOX/IUB/IOE yCTaHOBKY BEY mobm3y >XUTIOBUX
MAacHBiB, uepe3 BHUCOKY IIBH/KICTH 00epTaHHS JonaTeil MOTeHiHHO HeOe3meyHi
JL/IS1 TITaxiB.

Puc. 1.5 EHepretuHa KapTa BiTpiB YKpaiHu

Sk BugHO 3 Puc. 1.7, HalnepCreKTUBHIIIMMU 00aCTAMM /sl BUKOPHUCTAHHSA
BEY e ripceki MmacuBu Kaprar, cTernoBi 06/1acTi LieHTpa/ibHOI Ta CXiIHOT YaCTUHU
Ykpainu, [Ipua3or’s ta [IpuuopHomop’s [14].

1.4 TeoTepMasibHa eHepris

l'eoTepmantcHa eHeprisi — OfHe i3 BiJHOB/IIOBaHUX JpKepes €eHeprii, mpouec
PaJlioaKTUBHOTO PO3Majly ypaHYy, Kasifo i TOpito, SKUi MPOXOAWThH B Ha/[pax 3eMili,
HarpiBa€ Cyxi ripcbKi MOpoAu, IPYHT, CaTeiTHI MiJj3eMHI BOAY [0 TeMIlepaTypu &

200—270°C . Takuii TIpUpPOAHIM TIOTeHLial Ma€ BeNWKi TIePCIIeKTHBU B
€HepreTulli, TakK fAK Tepebir sAZepHUX peakiii B 3eMHOMYy AApi Maibke
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HeCKiHYeHHHUH, 1110 B CBOIO Uepry MO’Ke 3a0e3MeunTH HOACTBO eKOJIOTiYHO YHCTORO
eHeprieto.
leoTepmanbHa eHepreTKa — HarpsiM eHepreTUKH, 3aCHOBAHWI Ha BUKOPUCTaHHi
TeIVIOBOi eHeprii Hagep 3em/i /s BUPOOHWITBA HA TeOTepMasbHUX
@JIEKTPOCTAHI[isIX e/IeKTPUUHOI eHeprii. B 6inbIocTi BUMAJKIB /I OTPUMAaHHS
e/leKTpOeHeprii BHUKOPHUCTOBYHOTH TeOTepMa/ibHi BOJY, TeMIlepaTypyu SKHX
nepepuiye  100°C. B 3a/7€XKHOCTI Bifi arperaTHoro CTaHy TeIIOHOCIS i #oro
TeMIlepaTypH 3aCTOCOBYIOTb Ty UM iHIy cxemy reoEC [15].
Haii6inmpie nommpenHs: Habymu Taki By TeoEC: TpsiMa cxemMa BUKOPUCTaHHS
cyxol (reorepManbHOY) Mapy, HelpsiMa cXxeMma, Ha OCHOBI TifipoTepMasbHOI BOAH,
TeoTepmarbHi esleKTpOCTaHLIii MaroTh OaraTo repeear, a came:
* BiJJHOCHO €KOJIOTIYHO YMUCTi. B MOPIBHSHHI 3 BYT'/IbHUMU €/IeKTPO CTaHLIiSIMHU,
KI/IbKiCTh NTApHUKOBUX rasiB ckiagae e 5 % ;
¢ [IpakTUuHO Ge3KiHEuHe /PKepesio eHepPropecypcy;
* HusbKi eKcIutyarTalliiiHi BUTpaTy;
¢ TIlocriliHe eHepronocrauaHHs. Bupo6HULTBO enekTpoeHeprii Ha I'eoEC He
3aJIeXXKUTH BiJj IOPU POKY, PETiOHYy PO3MillleHHS Ta TOr0JHUX YMOB;
® Husbkuii KoedillieHT mymy
o HefoMiKiB MOXKHA BiJHECTHU:
¢ EkoJsioriuni po6iemu. TOKCUYHICTb eHEPTOHOCIS Ta TAPHUKOBUX Ta3iB
reoTepMabHUX BOJ, TIPU HeSIKiCHiM OUMCTLI Ta MOPYILLIeHil TeXHOoOoril yTui3arii,
MOJKYTb HaHECTH HeloNpaBrUMy LIKOAY eKocucTeMi periony. [Tinsuiene
BUKODHUCTaHHS MPiCHOI BOAY, B IOBIOCTPOKOBIl IepCrieKTUBi Befie [0 fediluTy;
¢ CeiicmiuHa HecTabinbHiCTE. ['e0TepMasbHI KOMITJIEKCH BUK/TMKAIOTD MiJj3eMHi
MOLITOBXY MaJjIol aMILTiTy/IH, sIKi HeCyTb TIOTeHL[iHHY Hebe3mneKy /s
iHdpacTpyKTypH, Ta epcoHay;
* Benuki iHBecTULIiMHI 3aTpaTtu [16].
1.5 Enepris coHns
CoHstuHa eHeprist — eHepris Bij COHLS, y BUIVISAL CBIiT/IA Ta COHAYHOI pajiariil,
sika OGe3repepBHO HAXOAWTH [0 MoBepxHi 3emsti. CepefHbOPiUHA CyMapHa eHepris
COHSTYHOTO BUIIPOMIHIOBaHHS, sIKa IOPIYHO HAAXOAWUTb, KOJIMBAETLCSI B MeXKax
1100-1500 kBt*rog/ m® . AKyMy/rOBaHHSI COHSIUHOI eHeprii, Ha laHUi MOMEHT, €
HaWOI/BII TIepCIIeKTUBHUM HAmNpPSIMKOM PO3BUTKY —a/IbTeDHAaTUBHUX DKepest
eHepril.
CoHstuHa MaHesb — HaMiBIIPOBiIJHUKOBUM TIPUCTPIiH, KU TIepeTBOPIOE CBIiTIOBY
eHepril0 COHIA B MTOCTIHUM eNIeKTPUYHUN CTPYM.

Mpuuiun pobotn 6Gyab — sAKOI COHsAUHOI TaHedi 0a3yeTeCs  Ha
¢dororanbBaHiuHoMy  edekTi.  dDoToranbBaHiUYHUM ~ edeKTOM  Ha3UBalOThb
BUHHWKHEHHSl eJIeKTPOPYLIiHOI CW/IM TIPU OCBIiT/IEHHI eJIeKTpO — ipKOBOTO

nepexoay i gingHok HII, mo npumukarote J0 Hboro. IToTik nmagarounx Ha HIIT
(hOTOHIB CTBOPIOE B HEOMY /IesIKY Ki/IbKiCTb pyXOMUX HOCIIB 3apsiZly — e/IeKTPOHiB i
Jipok. [leska uacTuHa HOCIiB 3apszy, AUGYHAYIOUM [0 TpaHULi Nepexony, He
BCTUTAIOTh peKoMOiHyBaTu. Ha rpaHuii mepexony eieKTPOHHO — JipKOBi MapH
PO3JLIAIOTECS TPUCKOPIOKOUMM  eJIeKTPUUHUM TI0J7ieM Ilepexofly, TUM CaMHM
MepeKU/IAl0ThCS LM TI0JIEM 3a Tepexi/|: eleKTPOHH B n — obacTi, a Aipku B p —
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obsacti. EfeKTpuuHe Toe TIepexo[y 3aTPUMYE OCHOBHI HOCIi 3apsy y CBOiH
o6acTi, THM CaMHUM CTBODIOIOYM HArpoMa/pKeHHs1 He CKOMIIEHCOBAaHHX HOCIIB
3aps/ly Ha repexofii, THM CaMHUM CTBOPIOETHCS JOJATKOBA Pi3HULS MOTEHLialiB Mif,
Ha3B0I0 (hOTO — esleKTpopywIiliHa cua. 11 BeMuMHa, TOIOBHUM UMHOM, 3a/IEKHThH
Bifi iHTEHCUBHOCTi CBiT/JIOBOTO TOTOKY. SKIO TIpU BUHUKHEHHi ¢OTO —
e/IeKTPOPYILiHOI CHJIM 3aMKHYTH P — N TepexiJ, To B HbOMY CTBOPIOETHCS
eJIeKTPUYHUN CTPYM, CHJIa SIKOTO 3a/IeXKUTh BiJj BeJTMYMHU MOTY>KHOCTI CBIT/IOBOrO
BUIIPOMiHIOBaHHS, Ta BeJIMYMHU OINIOPY HaBaHTa)KeHHSI.
Puc. 1.6 TIpyHIMN BUHKKHEHHs (HOTO — eflekTpopywiknoi cum [17].

IcHye Be/MKA pi3HOMAaHITHICTb COHSUHUX TMaHeseld. TIpUHIMIT iXHBOI pOOOTH He
BiJIpi3HAETHCA, TOJIOBHA Pi3HUILIS MK HUMHU 1]e pi3HA TeXHOJIOTis BUPOOHUIITBA,
pi3HI HamiBIPOBIJHUKOBI MaTepiany, fIKi CIy’KaTb OCHOBHHM I1€pPEeTBOPIOIOUNM
enemenToM, Ta pi3Hui KKJI. Haibinbin moimmpeHi TexHomorii BUPOOGHUIITBA
oTOENEMEHTIB:

1. Kpucraniuni poTtoenemenTn
A) MoHokpucTaniuHi
b) Ionikpucramiuni
2. ToHkorutiBKOBi (hoTOEIEMEHTH
A) 3 BUKOpUCTaHHSIM aMOP(HOTr0 KPeMHit0
b) 3 Bukopucranusim CdTe
B) 3 BUKOpUCTaHHSM JWceseHija iHAiwoo i Mifi

MOHOKpPUCTA/IIUHI  CTPYKTYpM COHSIYHHUX  €/IEMEeHTIB  BHUPOLIYIOTBCA 34
JlorIoMOororo  MetoZy YoxpasbCbKOTO 3  PO3IIIAB/EHOrO IO/IKPUCTaTiuHOrO
KpeMHit0. TToyaTkoBUi KpUCTaa 3aHYPIOETHCS B KPeMHi€BO — OOpOBHUil pO3IliaB,
Mic/si 4oro CJifye TMpoLec TMOBIJBHOTO [[iCTaBaHHS MOYaTKOBOIO KPHUCTady 3
po3miaBy. [IIBUAKICTE fjicTaBaHHS JIe)KUTh B MexXax 1-20 Mm/rog. Janum metorom
OTPUMYIOTHCSI MOHOKPHCTA/H 3 3a[jaHo0 KpucTasnorpadiuHoto opieHTatiieto. [Tics
BHPOILYBaHHSI, MOHOKPHCTAJ JIeTyI0Tb ¢ocopoM [jisi CTBOPEHHS P — N IIePeX0LY,
HAHOCSTH CTPYMOIIPOBIHI HOPKKU. [J0pOroBHU3Ha MeToAy 00yMOB/IeHa BUCOKUM
KK, (18 — 22 %).

[Iporiec BUTOTOB/EHHS TOJIKPUCTAMTIYHMX (DOTOENIEMEHTIB BiJPi3HAETHCS THUM,
1110 KPeEMHi€BO — OOPOBUIA PO3IUIAaB PiBHOMIPHO OXOJIOMKYEThCs. [IpU 0X0/IopKeHi
(hopMyeTbCsI OHOCIIPSIMOBaHi rOMOTeHHi KpUCTaau pisHoro po3mipy. OTpuMaHUit
670K TOJTiKpUCTa/MiB 0OPOO/ISETHCS aHAMOTIYHO MOHOKPHMCTAJTIUHIN CTPYKTYPI.
Iponec BupolyBaHHs feleBie, ane KK/ Hibkue (13 — 16 % ).

TexHonoris BHUPOOHUIITBA TOHKOI/TiBKOBUX doToeieMeHTIB Jero
BiZpi3HsI€TbCA: [JI1 CTBOPEHHS p — N Ilepexo/y Marepianu JieryioTb docdopom,
cipkoro abo rasiem. B sikocTi aHOy BUKOPHCTOBYETHCS HamueHHs 3 MOJ1i6geHy,
OKCHJIM O0/I0Ba, Talil0 4M LMHKY. KarofoM c/yryroTb MeTasneBi IJIaCTHHMU.
OCHOBHMIA HEZIONIK TaKUX COHSTYHUX (oToesieMeHTiB Mase 3HaueHHss KK/ (8 — 11
%). Tako>X CUIBHO 3ajieXkHi BiJl TIOTOAHUX YMOB, TaK SIK MeTaJji3allii Katofay i
aHOAy CXWJIbHA 0 KOpO3il, Manuii uac ekcrutyararii [18].

CoHsluHa ef1eKTPOCTaHL}isl — cCUCcTeMa, Mp13HavyeHa /I/is1 IepeTBOPeHHs COHSYHOI
eHepril B eleKTpUUHY (TMOCTiiiHKI abo 3MiHHMK cTpym). HalnommpeHinmi Tvmn
COHSYHHUX eJIeKTPOCTaHL{il 3aCHOBaHWM Ha BUKOPHCTAaHHI IUIACKMX MOJi abo
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MOHOKPUCTAIIUHUX  (DOTOEIEKTPUUHUX MOAYMiB. Haiibismblioro momvpeHHs
Haby/M HACTYIHI BWAW €eKTPOCTaHIifi: aBTOHOMHA (MocCTikHuK cTtpyMm, DC),
aBroHOMHa ( 3MiHHHME cTpyMm, AC), mepexxeBa ( 3MiHHUH cTpyMm, AC), ribpuzaHa
( 3minHM cTpyMm, AC).

1.5.1 ABTOHOMHA COHSIYHA €JIeKTPOCTAHIiA (MOCTIHHMI CTPyM, 3MiHHMI CTpPyM
DC/AC)

IMpyHIMI pobOTH: COHSYHE CBiT/IO IEPETBOPIOETHCS B TIOCTIHUI e/IeKTPHYHIH
CTPYyM 3a /IOTIOMOI'O0 COHSIYHMX TaHesleld, sIKi MiZiK/ItoueHi 0 KOHTPOJepiB 3apsify
AKB. B nepiof akTHBHOCTI COHL, e/leKTpUUYHa eHeprisi HakonuuyeTscsl B AKB,
MiC/IA YOoro MoXKe BUKOPHCTOBYBATHCh CIIOXKHMBauaMM MOCTIMHOrO CTpymy. [laHHa
CcUCTeMa MpU3HayeHa [ijId aBTOHOMHOI'O BY/IMYHOIO OCBIT/IEHHS, [JIL JKUBJIEHHS
OXODOHHUX CHCTEM Ta TeJIeKOMYHIKal[iiHUX YyCTaHOBOK. PobGoTa B yMoBax
«3eJieHoro Tapudy» HeMOXuBa. [1py HeOOXiZHOCTI KUB/IEHHST eIeKTPOTPUIIAZiB
3MiHHUM cTpyMoM, Ha Buxofii 3 AKb BcranoBmoerscsi DC/AC iHBepTOp.

1.5.2 MepeixeBa COHSYHA €/IEKTPOCTAHIis

[puHuun pobotu: BUPOOIEHWH TOCTIHHMI CTPYM COHSIUHMMH OaTtapesMu
TOCTyTIa€ Ha BXif iHBepTOpa, KW TepeTBOPIOE TOCTIHHUNA CTPYM B 3MiHHHM.
Buxiz iHBepTOpa MigK/IHOUEHWI [0 30BHILIHBOI MepeXi 3MIHHOTO CTpyMy i [0
KopucTyBauiB. EnekTpocTaHLjis mnpaijoe B TOMy BUIAAKY, KOM B CTPyM 3
30BHILIHBOI €JIEKTPUYHOI MepeXXi HaJIXOAWUTh O KOPUCTYBAuiB, a TAKOXX Harpyra B
Mepexi MOBUHHA 3HaXOJUTHUCh B poOOUOMY [iara3oHi iHBepTopa. B cBiTnuii mepiop
00U, KoJIu CIIOXKWBAHHS eJIeKTPOeHeprii MiHiMasibHe, Ha/JIWIIOK e/leKTpOeHeprii
TepeflacThCsl B MEPEXKY 3a YMOBAMH «3eJieHOro Tapudy». B HiuHMi i BeuipHiii yac
o0y, eHeprisi HaAXOAWTh 3 30BHILIHBOI Mepexi. TakuM YMHOM, JaHWUN BUJ
e/IeKTPOCTAaHL{i{ 103BOJIsIE 3MEHIIIUTH BUTPATH 3a ejieKTpoeHeprito. [Ipu ycraHoBLji
JOCTaTHROTO MaCHBY IIaHeseHd, /03BOJSIE OTPUMYBaTH NPHOYTOK Ha TMpojaxi
e/leKTpoeHeprii, uepe3 TMO3WTHMBHY Ppi3HULI0O BUPOONEHOI Ta  CIIOXKUTOL
e/IeKTpOeHeprii.

1.5.3 Ti0puaHa cOHSYHA eJIeKTPOCTaHIIist

Constuni Gatapei migkmroueHi 1o mepexeBoro iHBepropa DC/AC. 3oBHiLIHS
Mepexka 3MiHHOro cTpymy, Ta 010k AKB MifK/IFO4aeThCs Ha BXij TiOpuaHOrO
inBepTopa. Buxoau i3 Mepe)keBOro iHBepTOpa COHSIYHUX Oartapel, Ta ribpugHOrO
iHBepTOpa 006’€HaHi yepe3 po3mofimpuni wUT. OJHOYaCHe BUKOPHUCTAHHS ABOX
iHBepTOpiB 3abe3reuye HaCTYIIHIMH TIepeBaraMy: eeKTPOCTAHLIis [Tparioe HaBiTh
TIpYU BiZICYTHOCTI 3MiHHOTO CTPYMy B 30BHIllIHili Mepexi, KOpUCTyBauy [JOCTYITHO
TPHY pPEXXUMY PoOOTH.

ABTOHOMHa  e/IeKTpPOCTaHLIisl. 3reHepoBaHUH eIeKTPUYHHUN  CTPyM
HaKOIMUY€eThCS B aKyMyJIsITOpax: MepeXkeBUi iHBepTOp IMofjae 3MiHHUNA CTPyM Ha
BXiJ] ribpugHoro iHBepTOpa, KWK 3apspkae 670k AKB. Hagmvimok BifgaeTscs B
Mepexy 3MiHHOTO CTPyMy 3a YMOBaMU «3ejieHOro Tapudy». /s Takoro pexumy
MOTPiOHO BCTAaHOBUTU BEeNIMKY KiJIbKiCTh COHSYHUX Oarapeid, 106 3abesneunTH
JIOCTATHIO KiIbKiCTh eJIeKTPOeHeprii A/ist 3apsiaku 60Ky AKB.

3MilllaHe e/IeKTPOXKUB/IeHHs. B faHOMy BUIIa[Ky AoIycKaeTbesl pospsgka AKB,
TICJIST YOTO eIeKTPOXKUBIIeHHs Oyzle TIPOBAJJUTHUCH Ti/IBKY BiJ| 30BHIIIHBOI Mepexi
3MiHHOTO CTpyMy. IHBepTOp 3 BUXOAly COHSTUHUX bGarapeii 3apsiikae AKB.
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Pe3epBHe enekTpokuB/IeHHs. CXeMa Ha/lallTOBaHa TaKUM YMHOM, L0 PO3psifKa
610Ky AKB MoX/MBa Ti/IbKH B TOMY BHUTIA/IKY, KOJIM BiJICyTHS Harpyra B 30BHIIIIHiH
Mepexi [19].

Benukoro noiupeHHs1 cepe[ IPUBaTHUX [OMOTOCIIO/APCTB, (OTOEeKTpPHUYHE
yCTaTKyBaHHs1, Ha0y/10 TiCHS IPUMHATTA TaK 3BaHOTO «3e/ieHoro Tapudy». 3rifjHo
3 3ak0oHOM Ne 2019 — VIII Big 13.04.2017 mpo anbTepHaTHBHI JyKepesa eHepril,
«3e7leHUH Tapud» - creljiasbHUAN Tapud, 3a SKUM 3aKYIOBYETHCS eJleKTPUYHA
eHeprisi, BUpobieHa Ha 00’€KTaX eleKTPOeHepPreTHKH 3 a/JbTePHATUBHUX [Kepest
eHeprii. [Ipoga)k Ha/IMIIIKy efleKTpOeHeprii Mo «3eeHoMy Tapudy» MOKIMBUI
TiILKM B TOMY BUNAJKYy, SIKIO 3arajbHa MOTY)XKHICTb YCTAHOBKMU He MepeBUILy€E
150 kBr. LiHa 3a KiJioBaT efleKTpOeHeprii BCTAHOBMIOETHCS Ha PiBHI po3apibHOro
Tapudy AJis1 CIIOKUBaYi APYroro Kiacy Hampyru [2].

o mepeBar COHSIUHUX eJIEKTPOCTAHLII MOXXHA BiZJHECTU: €KOJIOTiUHO UMCTi,
BiZicyTHi¥ Oyap sKMiA 1IyM mpu poOOTi CTaHLil, MOTeHLIHHO BeJUKi TOTY)KHOCTI
BUpOOHUIITBA. [T0 HeZoiKiB MOXKHA BifHecTH: HU3bkud KK]I, mpsiMa 3a/1eXHiCThb
BiJ] TOTOIHMX YMOB.

1.6 Po6ora craHii 3a yMoBaMu «3e/1eHOro Tapudy»

OpHi€ro i3 ro/MIOBHUX TepeBar NPHBaTHUX eJIEKTPOCTaHL{iil € Te, 1[0 BOHU
MOXYTh 3abe3reuyBaTd aBTOHOMHY pOOOTY BChOrO Oy[MHKY, TOOTO Bi[MOBUTHUCH
Bif BHWKOpHCTaHHs1 enekTpoeHeprii Big JIEII. A TakoX mpogaBaTéi 3ailiBy
e/IeKTPOEHeprito 3a yMOBaMH «3eleHOro Tapudy». Sk Oyno omwvcaHo Buille
«3ejieHud Tapud» crieljialbHUM Tapud 3a yMOBaMU SIKOTO Oy/ib — siKka 0coba Moxke
MPOZIaBaTH Di3HULII0 eeKTpOoeHeprii 3a BCTaHOB/eHMM TapudoM. [Iyis Oisbid
JleTa/IbHOTO VSIBJIEHHSI TIPO  anropuTM pobOTH e/leKTPOCTaHL{il 3a yMOBaMH
«3eJIEHOTO Tapu(y» OMUILIEMO eTarly IiK/TF0UeHHs Ta TOJIOBHI YMOBH.

«3eneHuii Tapud» He IOUMHAE IpalllOBAaTH aBTOMAaTUYHO MiC/s MiJK/IOUeHHs
craunii go JIEI, abo micast yk/iafaHHSI JOrOBOPY Ha MpojaXK efeKTpoeHeprii. Ha
BCTaHOBJ/IeHHS Tapu(y MalOTh TIPaBO eeKTPOCTaHLIil, siKi BBeZleHi B eKCIUTyaTallito
Ta TigKmoueHi A0 eHeprocucteMd. OCTaTOUHO Tapu] YKIAZAEThCS IMiCs
OTpUMaHHs JileH3ii Ha BHUPOOITOK enekrpoeHeprii. [ns ykiagaHHs Tapudy
MOBUHHI OyTH 3i6paHi HACTYIHI JOKYMEHTH:

1) «JoBipeHicTh Ha MPe/ICTaBHUIITBO iHTEpeciB BUPOOHUKA (32 HEOOXimTHOCTI);

2) MOSICHIOBA/IbHA ~ 3aliCKa 3  JIeTa/JibHOWO  iH(MOpMalliero  TMpo  Cy0’eKT
rocriofapioBaHs (dopMa BJIACHOCTi MiJTIpPUEMCTBA, BCTAHOBJIEHI MOTY)KHOCTI
reHepyrouoro o6safHaHHs, XapaKTePUCTUKH reHepyrouoro obiasgHaHH);

3) po3paxyHOK BUTPAT Ha BUPOOHULITBO €/IEKTPOEHEPTil 3a BCTAHOBJIEHOIO ()OPMOIO;

4) oOIpyHTYBaHHs CTaTell Ta eJIEMEHTIB BUTPAT Ha BUPOOHHULITBO (KOMii JOrOBOpiB,
PO3paxyHOK BUTpAT, MOSICHEHHS 10 PO3PaxyHKY, Z0BiKa mpo 6asaHCOBY BapTiCTb
OCHOBHHX 3ac00iB CTaHOM Ha /IaTy TIOJaHHS 3asBH);

5) TOsICHIOBa/IbHA 3aMKCKa 10 poH0UOro MpoeKTy OyAiBHULITBA €/1eKTPOCTAHLIiH;

6) Komii TeXHIYHMX YMOB Ha TMiAK/IFOUEHHSI HOBHUX YCTaHOBOK BHUPOOHHKA
e/leKTpOeHeprii;

7) 3apeecTpoBaHa JieKjaparlis TIpo0 FOTOBHICTh 00’€KTa OyAiBHHUIITBA /10 €KCIUTyaTarlii
abo CBiJOL[TBO, BU/IaHe Ha ITi[ICTaBi aKTa TOTOBHOCTI [J0 eKCITyaTallii;
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8) Kkormisi po3paxyHKy OFO/PKETy Ha pPEKOHCTPYKIIil0, MOJEpHi3allifo H TexHiuHe

TIepeOCHAIIIeHHS 3a PaXyHOK BJIACHUX a00 3ayueHHX KOIITiB» [22].
BUCHOBOK

1. TluTaHHS eHepreTHKH, Ta eKOJIOTil B OCTaHHI POKU CTOITh [y’Ke TOCTpO. 3araciB
BHKOITHMX TOPIOUMX KOPHCHHUX KOMa/lMH 3 KO)KHUM DOKOM CTa€ Bce MeHule. Ha
[IOTIOMOTY TIPUMIIUIA a/IbTePHAaTUBHI J[Kepesia eHeprii, B OiNbIIOCTI BUMajKiB
HecKiHueHHi abo BiJHOB/IIOBaHI, sIKi He HAHOCAThH IIKO/M eKOocHUCcTeMi. Buire Oysu
MpUBEJEHI ICHYHOUI Ha CbOTOJHI YCTAaHOBKM [JI1 OTPHMMaHHS eJleKTpOeHepril
anbTepHaTUBHUM MeTofOM. Ko)keH BHZ YCTaHOBKM Ma€ CBOI IO3WTHMBHI Ta
HeraTHBHI CTOPOHHU.

2. bioeHepreTuuHi ycTaHOBKM HalMeHII TOLIMpeHUH BHJ, ycTaHOBOK. UYepe3
CK/TafIHICTh TeXHOJIOTil 30pomKeHHss Giomacu 1yl oTpuMaHHs Oiorasy, Ta Horo
M0/a/TBILIOr0 TPAHCIIOPTYBaHHS.

3. 3a OCTaHHI POKM PO3BUTOK BiTPOEHEPreTHMKH IPUILIBUILIMB CBOI TeMIIU uepes3 Te,
o0 3’SBWINWCA HOBI BHJM BIiTpOreHepaTOpiB BeJMKOI TMOTY)KHOCTi, $Ki B
CTIPUST/IMBUX [l HUX PerioHax MO)KyTb TIOBHICTIO 3a0e3MeunTH esleKTpoeHeprieto
HeBeJIMKe 3a pO3MipOM MICTO.

4. Bemuka  edeKTHMBHICTb  reoTepMaqbHMX  €JIEKTPOCTaHLiW B KpaiHax
CkaHJMHABCHKOTO MiBOCTPOBY NpoOyAn/ia iHTepec 1o HUX.

5. CoHsuHa eHeprisi BUKOPUCTOBYETBCS Y BCIX acCHeKTax JKUTTELISUIBHOCTI JIFOAUHU.
[TounHatrour BiJ KOCMIYHMX CTaHLii, 3aKiHUYIOUU CilIbCbKOTOCIIOAAPCHKUMU
poboramu. Ile Oys0 OAHWUM i3 TOJOBHUM UWHHUKOM DO3BUTKY COHSYHOI
€HepreTHKHU.

6. IlpoaHanisyBaBUIM BCi TepeBard Ta HeJOMKM YCTaHOBOK [/ BHPOOHMIITBA
e/IeKTpOeHeprii 3  a/JbTePHATUBHUX [DKEpe, BU3HAUEHO, 110 HaWOi/bII
NMpUBab/MBUM BUZIOM eJIeKTPOCTAHLIil, SIB/ISETHCS YCTAHOBKA HAa COHSIYHUX
Oatapesix. Tak sik Masio ¢akTopiB siKi BIUVIMBalOTH Ha pPOOOTY CTaHLi, mMpocToTa
eKCITyaTallii, MOpiBHSAHO HeBe/MKa LjiHa.

2. CUCTEMA PE3EPBHOI'O EHEPI'O3ABE3INEYEHHSA ITPUBATHOI'O
BYJIUHKY HA OCHOBI BIJHOB/TFOBAHUX /IKEPEJI EHEPT'Ii

3arasbHa KUTbKICTh HEBIZIHOBIKOBAHUX NPHUPOJHUX PeCYpPCiB 3MEHIIYEThCS 3
KOYXHUM POKOM, TIOB’sI3aHO 1ie 3 BUCOKHUM TeMIIOM iHAyCTpiasi3aliii, skuii motpedye
BeJIMKOI KiJTbKOCTi eHepropecypciB. Yske uepe3 TIOPiBHSHO HEBEJMKUM TPOMi’KOK
yacy LiiHa Ha HUX 3pOCTe B JleKi/lbKa pasi, a yepe3 JeKijbKa JeCATUIITh ITOHATTS
BUKOITHE Ma/JMBO 30BCiM 3HMKHe. IIUTaHHs a/nbTepHAaTUBHUX JyKepes eHeprii, Ha
JJAHW MOMEHT 4acCy, CTOiThb JOCTaTHbO T'OCTPO, TaK $K LiHA Ha MpPUPOAHIi
eHepropecypcy 3poCTa€ 3 KO)KHMM DOKOM. Y’Ke 3apa3 MOXKHa 3 YIeBHEHICTIO
CKa3arH siKe i3 [pKepes Hai0i/bll TIepcrieKTHBHe Ta JOCTYITHe B BUKOpUCTaHHI. Ha
OCHOBI IIPOBeJIEHOI0 B IOMepeIHbOMY PO3JLI aHasi3y anbTepHaTUBHUX JKepes
eHeprii, 6ysJ0 BW3HAueHO, 10 HaWOinbII MpyUBab/IMBA 3a CIHiBBiJHOIIEHHSIM
L[iHa/AKICTh € eHepreTMYHa YyCTaHOBKA Ha OCHOBI COHAYHOI eHeprii. Tak sk 3
KOXKHUM POKOM TeXHOJIOTisl ¢oToransBaHiyHUX TIepeTBOPIOBAYiB
YIOCKOHA/IIOEThCS, TAaKOXX HEMaloBHKHUM (akTopoM € Te, 10 iCHYE
pi3HOMaHITHICTb BHOODY TepeTBOPIOBAUIB, 110 03BOJISIE TIOOYyBaTH e/IeKTPUUHY
CTaHL|il0 3 3asfajeriib BH3HAUeHUMU MapaMeTpamu. [ljis OTpUMaHHSA
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MaKCHMaJIbHOI BUTOAW Ta AOJATKOBOTO pKepesa MpUOYTKY, AOLIIBHO OymyBaTu
TMOBHICTIO He3a/e)XHy YCTaHOBKY, fKa 3MO)Ke 3a0e3leuuTd eJleKTpOeHepriero
MIpUBATHUN OyAWHOK. [[)KepesioM A0AaTKOBOTO MPUOYTKY B L[BOMY BUIAAKY C/IYTYE
BUTIZIHUM TIPOZI@XK Pi3HMILII CMOXKWATOI/BUPOOIEHOI €e/eKTPOEHepril 3a yMOBaMH
«3eJIeHOTO Tapudy».
Po3po6sitoBaHa ~ CHUCTeMa  pe3epBHOrO  eHepro3abe3rieueHHsT  [MOBUHHA
3a[J0BOJIBHATH JleKi/IbKa BUMOT, SIKi IlepeJ] Hel0 CTaBJIsAThCS, a CaMe:
3a0e3MeunTy MOBHY eHepProHe3aieXxHiCTh Bi/f 30BHIlHLOT JIEIT;
B pa3i aBapiiiHOi cuTyaljii, B pe3ysbraTi sKoi 3HUKIO >XuBjeHHs1 Bix JIEII,
3a0e3MeunTH )XUBJIEHHs TIPUIA/ZiB 3 Pe3ePBHOTO [PKEpena;
® pe3epBHE /PKEPesio MOBUHHE 3a0e3reuyBaTy KUBJIEHHS MPUIA/iB MPOTIrOM O/Hi€l
nobu;
® cucTeMa MOBUHHA 3abe3reuyBaTH >KUB/IEHHS MepeXel 3MiHHOTO CTPyMy 3
yactororo 50 I'y, Ta HOMiHanMBHOIO Hanpyrow 220 B;
® [epexi/ Ha pe3epBHe J)Kepesio KUBJIEHHS] TOBUHEH NPOXOJUTH aBTOMaTUYHO;
® TOBMHHA OyTH MifK/II0OYeHa TakKUM UYMHOM, 106 MOIJIa IpaljfoBaTH 3a yMOBaMH
«3eJIeHOTOo Tapudy».
[IpoananisyBaBIIM HaBeJieHi BUIlle BUMOIH, HaBeleMO NapaMeTpU CUCTeMU SIKi
MoTpibHO po3paxyBarH.
® HOMiHa/IbHA NOTYKHICTb CUCTEMH;
® TIOTY)KHICTh CTIO)KMBAUiB B CBIT/IMI yac f06u;
® TMOTY)XHiCTh CIIO)KMBAYiB B TEMHUH yac Z00u;
® EMHICTh aKyMYyJ/IATOPHOI GaTapei;
® Ki/ibKiCTh (hOTOra/IbBaHIiUHUX €JIEMEHTIB
2.1 IMip6ip THIy COHAYHOI e/IeKTPOCTaHIYil
IcHye TpHM OCHOBHHMX TNpPUYMHUA MOOYZOBU TPMBATHUX CTaHL{ii Ha OCHOBI
BifJHOBMIOBaHMX [pKepen eHeprii. [lo mepime: Ije 3MeHIeHHs BWUTpaT Ha
€JIEKTPOEHEPTif0 3a PaxyHOK KOMOIHOBAHOTO BUKOPUCTAHHS €eKTPOeHeprTii Bif
JIiHII enekTpomepeZiayi Ta BiacHOI eHeprii OTpUMaHOI Bifi COHSIYHUX MaHesel
(aBTOHOMHa COHsiUHA eyieKTpocTaHijisi) . [lo fApyre: oTpUMaHHSI BUTOAM Bif
MIPOJIAXKy BCi€l BUPOO/IEHOT e/IeKTPOEHepTii 3a YMOBaMH «3e/IeHOTO Tapudy» (Tak
3BaHa MepeXXeBa COHsYHA e/1eKTPOCTaHLjiss). Ta TpeTs mNpuuuHa MO6YA0BU
€/IeKTPOCTaHLiI : MOXJIMBICTb TOKDMBAaTU BJaCHI BUTpPATU eJleKTpOeHeprii 3a
paxyHOK mpsiMol mofaui Bif (OTOeNeKTPUUHHX I1epeTBOpIOBauiB, Ta O/I0Ky
aKyMy/ISITOPHUX Oatapei, siKi 3apsi/KatoThCs BiJ COHSUHUX TaHesel, eleKTpUUHOl
eHeprii. Ta mpojaxk pi3HMUI}i Mi>kK BUPOO/IEHOIO Ta CITO’KUTOI0 EHEePri€lo 3a yMOBaMU
«3e7ieHoro  Tapudy»  (ribpugHa COHsUHA  efeKTpocTaHifis).  Haibisbin
npyBab/IMBUM BapiaHTOM € TiOpUHI COHSIUHI e/IeKTPOCTaHLiil, Tak K Mpy OyAb —
sIKili yMOBi ( 0OpHB JTiHIT esleKTporiepeiadi, ToXMypa Torofia, ToIo) OyAUHOK Oyzne
3abe3reueHnl eleKTpOeHeprieo, 3a paxyHoK 0yioky AKB, Benvka BapiaTUBHICTD
poboTH cTaHLii 3aBAsKY riOpaHOMY iHBepTOpY. AJle OCHOBHUM HeJO/TiKOM JJaHOTO
THITY € BUCOKA IIiHa, I1J0 B CBOIO Uepry 30ilbIINTE Yac, 3a SIKMHA CHCTeMa ITOBHICTIO
OKYITUTBCSI.
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2.2 OcHoBHi pyHKL{iOHa/TbHI 0/I0KM COHSIYHOI e/IeKTPOCTaHLii

Ba)K/MBUM €JIeMEHTOM CHCTEMU Pe3epBHOTO eHepro3abesreueHHs SIBSIETBCS
6mok AKB. Bizg BipHOro BHOOpY THITy Ta €MHOCTi Oartapei 3a/e)KMTh TPUBAIiCTh
aBTOHOMHOI pOOOTH, KiJIbKICTh IUK/IB 3apsy — po3psaay akymysnsTopa. Cucrema
PEe3epBHOI0 KUB/IEHHS Ha COHSYHHUX ejieMeHTaX, yepe3 0COOIMBOCTI KOHCTPYKLIi
Ta HecTabibHUX TIOTOJHWUX YMOB, BuUMarae BuKopucTanHsi AKB ski cTiiiki 10
MOBHUX ab0 YaCTKOBMX PO3PSIJiB, 3 TiBUIIEHOO KiJbKICTIO I[UK/IIB 3apsKaHHs,
Ta MOK/IUBICTIO 3aps/ly MOPIiBHAHO BeJUKUMU Hanpyramu. Bukopucranus AKBD 3
PiIKMM eJIeKTpPO/IITOM HeJOLJIbHe, TaK SIK BOHM UYYTJMBI [0 ITIOBHOTO DO3pSAY,
Mana KUTbKICTh LMKIIIB 3apsifly, SK HaCliOK Majuil TepMiH eKCIUTyararliii,
He0e3reuHi B BUKOPUCTaHHi, i3-3a HErepMeTUUHOCTI KOHCTPYKIii [23].

[nst cucteM moAibHOTO POy BUKOPUCTOBYETHCS aKyMY/IATOPH, BUTOTOBJIEH] 3a
texHonorisMmu AGM (mynetureneeBi) ta GEL (reneeBi). AGM TexHosoris
BUTOTOBJIEHHS] CBUHLIEBO — KHUCJIOTHMX akymyssTopiB. OCHOBHa 0OCOO/MBICTH B
TOMY, 10 3aMiCTh PiJJKOTO €JeKTPOJIiTy, BUKOPUCTOBYEThCSI abcopboBanuii. AGM
(absorbent glass mat) — CK/JIOBOJIOKOHHWM Marepiana, BUKOHYHOUMK (YHKI[iIO
pe3epByapy [Js1 e/1eKTPOJIiTy Ta Ceraparopa, eIeKTPUYHO PO3JiJis€ MO3UTUBHY i
HeraTWBHY YaCTUHY IVIaCTHUHMU.

Akymynaropu, BUrotoBiaeHi 3a AGM TexHOJIOTi€l0, BUIOTOB/SIETBCS B
cripanbHili abo TwIOCKiH KoHGirypauil. CripasbHi e/leMeHTH MarTh Oilbiay
IUIOLYy TIOBEDPXHEBOTO KOHTAKTY, 3aBASKHA UOMY KOPOTKOYaCHO BHJA€ Oinbiimii
CTPYM, i IIBU/IIE 3apsAIKaeThCs. Asle B TIOPiBHSIHHI 3 TIaCKOIO KOHiryparli€eto
MaroTh MeHIIIe CITiBBi/JHOIIEHHS eJIeKTPUYHOI EMHOCTI Ta po3MipiBs. IlepeBaramu e:
CTiMiKicTh fo BiOpariiif, BifCyTHiCTH HeoOXigHOCTI 06C/TyroByBaTH, yCTaHOBKA
MPAaKTUYHO B Oy[b — SKOMY TIOJIO’KEHHi, 30i/bllleHe UMC/IO0 LUKJ/IB 3apajjKu —
po3pszaky, B nopiBHaHHI 3 GEL AKDB mBupamie sapsgkatotbcs. Hepomikamu e:
BesiMKi rabapuTy Ta Bara, Hampyra He TOBMHHA BracTy Hwkde 1,8 B Ha opuH
eJIEMEHT, B MPOTUBHOMY BWIMAJKy 3HaUHO 3MEHINYEThCs €MHICTH Oarapei, BHIIa
LiiHa B [TOPiBHSIHHI 3 aKyMYJ/ISTOPaMH 3 PiIKUM eJIeKTPOJIITOM.

GEL TexHoJIOTifl — MK ITapaMy HeraTUBHO i MO3UTHBHO 3apsi[yKeHUX I/IaCTUH
3aMiCTh eJIeKTPOJITY 3a/lMBA€TbCSl CIIeLlialbHUM Tefb, KWK TiC/As 3aCTUTaHHS
MepeTBOPIOETHCA B TBepAe Tiio 3 Oe3miuuto mop. ITopu 3aTpumyioTh B Cobi
eJIeKTPOJIIT, 3aB/JSIKM UOMY BCS IUIOLA TJIACTHH, i MPOCTip MXK HUMH 3allOBHEHUH
eJIeKTPOJITOM, II[0 3abe3meuye MOJOBKEHHH CTPOK CIy>XOW Oatapei. JdaHuii Tvn
AKB Bonofie Bcima riepeBaramu OaTapeii BUroeneHux 3a AGM TexHOJIOTi€l0, ane 3
30i/TbILIEHAM YacoM eKCIITyarariii.

Tabmurs 2.1
Bigmianocti AGM Ta GEL akymynsaTopHuX Gatapeit

B sxoCTi Akepesia pe3epBHOTO >KUBJIEHHS [OLibHINIe BUKOprcTOByBaTH AKB
BurotossieHi GEL TexHosoriero. Tak SIK BOHHU GifbIll CTiliKi /10 TOBHOTO pO3pSIAy
[29].

OcHOBHUM pOOOYMM efleMeHTOM Oyab — SIKOi eeKTPOCTaHL[il Ha COHSYHIM
eHeprii € coHsuHi maHesi. Big BipHoro BHOOpY THIMy MaHesi 3aeXuTh 6Ge3niu
(hakTopiB, TOMY HEMaJIO yBard MoTpibHO MPUZALMTH came L{bomy. COHSIUHA TIaHe/Tb
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— HariBINPOBIJHUKOBUM TIPWJIaZ, TIPUHLIUI Aii SIKOTO 3aCHOBAaHUM Ha TlepeTBOPeHHi
COHSTYHOT'O BUIIPOMiHIOBaHHS B MIOCTIMHUI e/IeKTPUYHUNA CTPYM.

[IpuHLMN BUHUKHEHHS elIeKTPUYHOTO CTPYMY [IOCTaTHbO CKJIa/IHUM, ajie MOyKHa
BUJIITUTH TIOPSIIOK OCHOBHMX MPOIECiB, IKWK BifbyBaeThcs Tif fieto ceitia. Ha
TIOBepXHi KpeMHi€BOI IJIaCTUHU p — TUIY cHOPMOBaHUM p — N Mepexifi, 3 TOHKOHO
MeTa/ieBOI0 TIlacTUHOIO. [IpyM TOMIMHAHHI COHAYHUM efleMeHTOM (OTOHIB
BUZIISIETLCSL €Hepris, fiKa MeHepye€ HepiBHOB&)KHI e/IeKTPOHHO — JipKOBi Iapy,
3reHepoBaHi eJIeKTPOHU B P — LIapi OiAXO[ATb 4O MeXi eeKTPOHHO AipKOBOIO
Tepexofly, iCHyroue Ha MexKi rlepexo/ly eJleKTpUUHe 10J1e ITepeKusiac eJIeKTPOHU 3 P
— mapy i n — map. AHa/JOriYHUM UYKWHOM 3reHepOBaHi HaJJIMIIKOBI [ipKu
MOTPAIvIsIOTH 3 N — obsacti B p — obsacte (puc. 2.1 a). B pe3synwraTi 4oro
3MEeHIY€EThCS] KOHTAaKTHA Pi3HULS NTOTeHL{iaiB, i B 30BHILIIHBOMY JIAHLF031 BUHMKAE
Harpyra (puc. 2.1 06). ITlo3uTMBHOMY TMOJIOCY /yKepesa BiAMoBizae p — miap,
HeraTMBHOMY N — I1ap.

Puc. 2.1 30HHa MOZe/b PO3iMKHYTOIO p — Il [Iepexofy: a) MOUaTKOBHI MOMEHT OCBiT/IeHHsI 0)
3MIHa 30HHO1 MOJie/Il 1 A1€0 OCBIT/IEHHA

HOna  crabinbHO edekTHBHOI pOOOTH COHSUHMX €JIEMEHTIB  HeoOXifHO
JOTPAMYBAaTHUCs ITEBHUX YMOB :

® xoedillieHT TMOIMMHAHHS AaKTWBHOTO Ilapy TMOBHHeH OyTH BeMUKUM, 1100
3a0e3MeunTy MOT/IMHAHHS 3HAUHOT YaCTUHU (DOTOHIB;

® 3reHepOBaHi TP OCBIT/IEHI eIEKTPOHHM Ta ipKU MOBHUHHI e(eKTUBHO 36MpaTHCs Ha
MeXi repexoay;

® (ororanbBaHiuHMII eneMeHT TIOBUHEH MaTW 3ayHy BHCOTY TOTeHL[ia/IbHOTO
bap’epy;

® O[HOPIJHICTb CTPYKTYpH MO BCiM aKTHUBHiN 00/aCTi BUK/IIOUAE 3aKOPOUEHHS Ta
BIUIMB LIYHTYIOUHX OMNOPIiB HAa XapaKTEPUCTHUKHU eJIeMeHTY.

Puc. 2.2 CtpykTypa consiuHoi 6atapei [31].

Ha puHKY KOPUCTYIOTHCS TIOUTOM 2 BUAU COHSUHUX TaHe el, MoJliKpruCTatiuHi
Ta MOHOKPMCTAaJIi4Hi.

Tabmuris. 2.2
TopiBHSIHHSA OCHOBHUX TUIB ()OTOEEKTPUYHUX [lepeTBOproBauiB [27].

HeBifg’eMHOIO CK/IaIoBOIO Oylb — SIKOI €/IeKTPOCTaHIIii SIB/ISIEThCS iHBEPTOP.
OcHOBHOIO pOOOTOIO iHBEpTOpa € TepeTBOpeHHs mocTiHoro crpymy (DC) B
3minHni (AC). Binbmiicte cydacHWX mNpwiafiB OOMaAHYIOTECS IMITY/IBCHUMU
6/10KaMU >KUBJIEHHS, U1 SIKUX He BaX/IMBa (hopMa BXiZJHOI Hampyru. AJie He Majo
npunafiB obsagHaHi OifbnI [emeBUM TpaHCHOPMATOPHUM OJIOKOM JKMBJIEHHSI.
IMpu migKOUeHHI MPUOOPIB 3 TAKUM OJIOKOM JKHMBJIEHHS /10 CTYIIHUATOI HaIrpyTH,
BOHM 30BCiM MOXYTh He TIpaL[foBaTH, abo iXHi eKCruTyaTaljiliHi XapaKTepUCTHUKH 3
yacom OyayTh moripiryBatichk. CaMe yepes 1ie Oi/bIIiCTh CyyaCHUX iHBEPTOPIB Ha
BUXO/|i Ma€ YUCTY CUHYCOIZla/IbHY HamnpyTy.

[Mpunnmn pobotu iHBepTOpa
1. B pesynbrari momnepesHBOrO IepeTBOpeHHsT (OPMYETHCST Harpyra IOCTiHHOTO
CTpyMy, GyIM3bKe TI0 3HAUeHHIO /10 BUXiJJHOI CUHYCOifaabHOI Hanpyru. [Ticss nporo
CHTHaJ HarpaBJ/ISIEThCS Ha BXiJj MOCTOBOIO iHBEPTOPA;
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2. Ha MocToBOMY iHBEpTOpi MepeTBOPIOETHLCA MOCTilHA Harpyra B 3MiHHy. [1 dpopma
HaOmDKeHa [0 cHHycoifambHOi. [laHa dopma [JOCSTaeThCsl BUKOPUCTAHHS
CreL{ia/IbHOTO TIPUHLIMIY KepyBaHHsI TpaH3ucTopiB ( 6araTopa3oBa ILIUPOTHO —
iMmmynbcHa kKomyTarjis). Ha iHTepBasmi Ko)kHOTO TiBIepiofy BiAmoBizHa mapa
TPaH3UCTOPiB MOCTOBOrO iHBepTOpa Harpyrd, 0araTopa3soBo KOMYTYETbCS Ha
BHCOKiii yacToTi. TpuBasicTh iMmy/nbCiB BapitoeThCst 3a CUHYCOIIATbHUM 3aKOHOM;

3. Ha Buxozi i3 MocTOBOro iHBepTOpa BCTaHOB/IOETHCS BHCOKOUACTOTHUM (ilbTp
HIDKHIX 4acToT, sIKUi 3abe3neuye cuHycoiganbHy dopmy Hanpyru [30].

[ns  ofHOYACHOTO BHUKODHMCTAaHHSl De3epBHOTO JKepejia JKUBJIEHHS, Ta
MiAK/TIOUeHHSs] e/IeKTPOCTAHIIi] 3a YMOBaMHU «3€JIEHOTO Tapu(y» BUKOPUCTOBYETHCS
ribpugnmii inBeprtop. 'ibpuaHuii iHBepTOp — TOEAHYE B C0Oi TepeTBOpIOBau
Hafpyry, TIPUCTPik Oe3mepebiHOTO JKUMBJEHHS Ta MepeXkeBUH iHBepTOD.
Ti6pugnuii iHBepTop — 6aratodyHKIiOHAIBHUI TIpUIaj, sIKUH ONTHMI3ye poboTy
totoenexkTpuuoi cucrtemu 3 AKB, Ta migkIrOueHUN A0 3arajbHOI eIeKTPUYHOL
Mepesxi. OCHOBHa 3a/laua — IepeTBOPeHHs Halpyry HU3bKOro Nopsiaky (12/24 B) B
3MiHHMI cTpyM BesmuuHor 220 — 380 B. OcobmuBicTe poGOTH [JaHOTO THITY
iHBepTOpa MOJISTa€ B TOMY, 1[0 CHHXPOHi3y€ poOOTY 30BHIIIHLOI e/leKTPOMepexi, i
T0BepTaE Ha/JIMUIOK 3reHepoBaHOl eJIeKTpUYHOI eHeprii. B pasi BifgcyTHOCTI
HaripyTd B 30BHIIIHIA eJIeKTpUUHIA Mepexi, [/ JKUBJeHHsS CIOXUBauiB
BUKOPHUCTOBYE eHeprito 3 6;oky AKB. OcHoBHa mepeBara ribOpuiHOTO iHBEpTODY,
HaJ, IHIIMMU COHSYHUMM IHBEpPTOpaMH IIOArae B TOMY, IL[O MpPH MIiKOBUX
HaBaHTa)XeHHsIX MOKe TPaL{fOBaTH BiJj A€KiIbKOX [PKepes >KUBJIeHHs (Harnpsimy Bif
COHSIUHMX TaHesed, BiJ 6;ioky AKB Ta BijJ 30BHILIHBOI Mepexi), 3aBAsSKH LbOMY
BiJICyTHi CTpUOKM HampyTH, SKi MOXKYTh MPU3BECTH /10 BUXOAY i3 Jlafy npubopiB, B
Mepexi CUCTeMM.

IpuHumn poboTH TiOpUJHOTO iHBEpTOpa 3aCHOBAaHWUM Ha MOABIMHOMY
NepeTBOPeHHI T0YaTKOBUX TMapameTpiB Mepexi. CrioyaTKy I1epeTBOPHOEThCS
Harpyra, sika TOJaETbCSl Ha BXiJ iHBepTOpa, Bif coHsyHMX maHesned Ta AKB
(DC/AC), micas 4oro MOKAa3HWKU MiJBUIINYIOTLCS A0 HeoOXiTHMX TapaMeTpiB
Mepexi.

OCHOBHi pe>kuMy poOOTH TriGpPUAHOTO iHBEPTOPY

1. B cBiTnmii yac 10o6u BUpobieHa COHSIUHMMU MaHe/sIMU TIOCTiliHA Haripyra, yepe3
MPPT xoHTpoJsiep TMOJAETbCs Ha BXif iHBepTopa, [Je TpaHchopMyeThcs i
MiICUTIOEThCA 10 HeoOXiZiHMX TapameTpiB Mepexi. IIpy TOBHiM 3apsari
aKyMy/ISITOpa, Ha/I/IMLLIKOBA eHeprisi MPOJIaeThCsl 10 «3e/leHOMY Tapudy»;

2. B TemHuil uac gobu iHBepTOp XMBUTH TOOyTOBY TexHiKy Big AKB, abo
esleKTpoMepexi (B 3a/Ie)KHOCTI Bifi 06paHOro pexxumy);

3. flkiio BiACYTHS ejieKTpOeHepriss B 30BHIIIHBOMY /Kepesi, iHBepTOpHUM
TepeTBOPIOBAY [MOJ]A€ eJIEKTPOEHEpPTi0 BiJj COHAUHMX TaHened Ta Omoky AKB
ogHOoYacHo [32].

[ns MoXIMBOCTI poOOTM CTaHIii 3a «3e1eHUM Tapudom», HeobXiaHe
BCTAHOBJIEHHSI 3BOPOTHOIO JiUWJIbHUKA. 3BOPOTHIM JIUMIBHUK — e/IeKTPOHHUM
OaraTodyHKL[iOHa/IbHUH JTIYMIBHUK eeKTPUYHOI eHepril, iK1 BU3Haua€ akTUBHY
i peakTHBHY MOTY>KHICTb 3MIHHOIO CTPYMY B [JBOX HampsMkKax. JIiUWIbHUK JaHOoro
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THUITy A03BOJISIE BECTH OOJIK 3reHepoBaHOI eHepril ajbTepHaTUBHUMHM METO/aMU,
sIKa ifie He MpoJi@k 3a YMOBaMH «3eJIeHOro Tapugdy.

Hns poBroctpokoBoi ekcrutyarauii 0oky AKB moTpibHO Benwky yBary
NPUJIMTH  KOHTPOJIepY 3apsAy sKuii OyZe PperymoBaTH HampyTH, SKUMH
3apsHKAEThCST aKyMYJISTOD, 1106 ybepertu Horo Bif mepesapsiay. Ipyra mpHUuKHa
BUKODHUCTaHHSI KOHTpOJIepa 3apsfy 3ak/IIuaEeTbCs B TOMY, L0 aKyMy/IsSTOpU
UyT/IMBI O He TOBHOro 3apsiay. Ha mnpaktuii coHsuHi 6arapei g0 AKB
TiK/TIOUaETHCS TIOC/iJOBHO Uepe3 KOHTPoOJIep.

IpuHUMT pobOTH KOHTpOJEpa 3a/leXuTb BiJ Horo Tury. ICHYIOTH /ABa TWIH
koHTposiepiB: PWP (power width modulation), Ta MPPT. Iepiuuii Tn riepezibavuae
BHUKODHCTaHHS LIMPOTHO iMITY/IbCHOT MOAY/IsLIii, TOOTO UMM Oisiblile 3apsiPKaeThCS
OaTapesi, TUM Oinbllla CKBa)KHICTh 3apsi/KAlOUUX iMITy/IbCiB CTpyMy. YacrtoTa
iMIy/IbCiB 361BIIYETHCS 3 3MEHIIIEHHSIM HAMpPyTH Ha KJeMax.

MPPT koHTpoOJIepH TakoK BUKOPUCTOBYIOTH IIIIM, ane 3 fYHaMiYHOIO 3MiHOIO
MPOTSDKHOCTI Ta YaCTOTH iMITy/bCiB 3i 30inbIneHHAM 3apsgy Oatapei. ITig wac
TIpoLiecy 3apsifly, Omip akKyMyJsTopHOi Oarapei 3MiHIO€ThCs HemmiHilHO. [Ipu 3miHi
OTOpPY HABAaHTAKEHHS Be/MYMHA BUPOO/IEHOI COHSYHOK OaTapeero Harpyrd Ta
CTPyMy TakKOX 3MiHIOETbCSI HeqiHilHO. Yepe3 Lie 3arajbHa MOTY)KHICTb MaHesi
pi3ko 3meHLIyeTbcsi. BeraHoBneHHss MPPT KoHTposiepa BUpillye Lo rpobiemy,
Tak SIK BiH Ma€ TOCTiMHWN BHYTPILHIM OMip /7S BXiZHOTO CTPyMY, IO [J03BOJISIE
YHUKHYTW TaJiHHA TOTYy>KHOCTi 6Oatapei. 3 Buxomy MPPT koHTposepy
3reHepoBaHa €Hepris MOTparvisg€ Ha BXiJ 3apsQHOTO TNMPUCTPOO, AKUM Tifdupae
ONTHMabHe 3HauUeHHsI CTPYMY Ta HaIpyrH At 3apsiaku 6moky AKB [26].

2.3 ETanu miK/Ir04eHHs 3eJIeHOro Tapudy

3eneHuii Tapud — 1Ie Crelia/bHUA BCTAHOB/IEHWN [lepXKaBOl0 Tapud Ha
e/IeKTPUYHY eHeprito BiJ| BIZIHOB/IIOBAHUX J[pKepesl eHeprii, B TOMy 4MCIL —
3reHepOBaHMX 3a JOINOMOIOH yTW/i3allii eHeprii COHSYHOTO BUIPOMiHIOBAHHSI.
3eneHuit Tapud A coHssuHUX PV esekTpocTaHIii B YkpaiHi fie 3 1 kBiTHs 2009
poky mo 31 rpygHs 2029 poky. B paHuii yac piBeHb 3esieHOro Tapudy
BCTAHOBJIIOETbCS HAa ONTHMMAaJbHOMY PpiBHI, 1[0 fa€ MifiCTaBU IMPOTHO3yBaTU
MOZJA/IBIINE PO3BUTOK IPOEKTIB Oy/[iBHUIITBA COHSYHUX (DOTOE/EKTPOCTAHIIH B
Harmidi kpaini [1].

PO3BUTOK TIpMBaTHUX €JIeKTPOCTAHILIiM Ha OCHOBi aJbTepHATHBHUX JKepes
eHeprii 3acHOBaHMI Ha OZHIW i3 HAaWBUIIMX CTAaBOK MO «3e/leHOMY Tapudy» B
€Bporni. B cepeHbOMy CTaHLlisl OKyIa€eTbCsl 3a 5 — 8 pOKiB, a MPOrHO30BaHUMN
niepios; poboTH KomuBaeThcss B Mexax 20 — 25 pokie. IlepeBaru «3eyieHOro
Tapr¢y» 06a3yI0ThCS Ha [JeKiJIbKOX OCHOBHUX (haKTOpax:

® rapaHTOBaHe IiJK/IIOUeHHs CTaHLil /10 3arajbHOI eJIeKTPOMepesKi Mic/s YK/IaJaHHs
yroaou;
® JOBrOCTPOKOBHH KOHTDAkKT, sSIKUi 3000B’sI3y€ KyIUIITU HAZJIMIIOK BUPOOJEHOI
erleKTpoeHeprii 3a BCTaHOB/IEHUM TapuU(oM, SKHH TOCTIHO KOPeryeThCs.
YMOBHU Ta eTanu MiJjK/IF0UeHHs
® [puBaTHi [OMOBJACHUKHA MOXYTh IIJKIIOYaTH [0 «3eJeHOro Tapudy»
¢horoenekTpuuHi cTaHLii notyxHicTio 10 30 KBT;
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® [ofaya 3asBU, CXeMU MiJKIIOUeHHs Ta cepTU(ikaTiB [0 eHepromocrayajbHOi
KOMMAHIT;

® BCTAHOBJ/IEHHs [BOHAIPABJIEHOrO JIUW/IBHUKA [ 3aMipiB 3yCTpIYHMX IOTOKIB
BUPOOGJIEHOT/CIIOXKUTOT €IEKTPOEHEpTil;

® yKJ/aJleHHs JOBrOCTPOKOBOTO I0TOBOPY;

® BI/INOBIJHO O HOPM 3aKOHY YKpaiHW «IIpo eleKTpoeHepreTuKy», CIOXXUBau Mae
TIPaBO OTPUMYBATH KOMepliiiiHy Burony [33].

2.4 Po3paxyHoOK NOTY)XHOCTi CIIO)XUBaHHSI

Haii6inmpi po3mnoectomkeHi poboui Haripyr AKB B COHSTUHUX e/IeKTPOCTaHIIisIX
48 B 24 B 12 B. Yum 6iablimid CTpyM, TUM MOTPi6He Gisbilie TorepeyHe ciueHHs
MPOBiZIHMKA, TUM CaMUM 30i/bIIEHHS 3aTpaT. 3MEHIIUTH CTPYyM MOXHa 3a
JIOTIOMOTOFO 30i/TbIIIEHHST HATIPYTH B CUCTEMI.

[Tlo6 mobygoBaHa cucteMa Oysa HaWbIIbII egeKTHBHOIO, Iepe[ MobynoBO
MOTPiOHO po3paxyBaTh CyMapHY TMOTY>KHICTb CIIOXKMBaHHs OyauHKY. OcobmBicTiO
COHSIYHOI eJIeKTpOCTaHL|il € Te, IO IPA He [JOCTaTHbOMY PpiBHI IHCO/ALT,
reHepyBaHHs eJIeKTPUYHOTO CTPYMY TPUIUHSAETECA. ToMy 3a3fanerifp morpibHO
BHU3HAYMTUA OCHOBHHUX CTIOXKHMBAUiB, sIKi OyyTh MparoBaTy B CBIiT/Iy YaCTUHY H00H,
TOOTO HAMpsAMY BiJ| MePeTBOPIOBaYa, a siKi B TEMHY YacTHHY 106u, Bij 610Ky AKB.

Tabmuus 2.3
CriokvBaui B CBiT/M yac 1061

Matouu TIOTY)KHICTh CIIO)KMBaHHSI B TEMHHM uac 00, MOXKHa pO3paxyBaTH
emHicTb 610Ky AKB, siKuii 3a0e3meunTh efleKTpoeHeprierd OyMHOK B HIUHHWM yac
nobu.

Tabmuug. 2.4
Crio)kvBaui B TeMHHI yac 1oou

[o6 36inbIIMTH TepMiH ekcrutyartanii 610Ky AKB jgorycTiiMa BesvMudHa
pO3psily He NOBHHHA TepeBuyiyBatu 30% BiJ 3araJbHOI EMHOCTI.

[ns po3rnsHyTOro BUMAAKy akyMynasaTop Ha 12 B He mifgXoAuWTh, OCKIMbKM
3HaueHHs CTPYyMy, L0 NPOXOJUTh 4epe3 KAeMU aKyMy/sTOpa, 3aHaZTO BeJIMKe.
[ToTpibHO 30iMBIIUTA HATpPYTy aKyMY/IATOPHOI Oarapei MOC/IiZIOBHO 3’€QHABIIN
JleKiJibKa akyMy/IsTopiB. [JJaHy cucTeMy MOX/IMBO peani3yBaTy Ha 24 B

dopmyrna /151 po3paxyHKy €EMHOCTI Ma€ HaCTYTIHUM BUITISAJ;:

E=Q / (V x k), ge E — HeoOxizHa 3arajbHa €MHicTb bOatapei, Q — Ki/lbKiCTh
eHeprii cnoxxuBaHHs, V — Hanpyra AKB, k — koediljieHT BUKOpHCTaHHSI EMHOCTI.

E =5600/(24*0,7) = 334 A*rog. [dns 610Ky AKB BUKoprcTaemMo 4 akymysnsitopa
no 100 A*rop koxeH. ITomapHO 3’efHaeMO 2 aKymy/naTopa, OTPHMaHi Iapu
MiZK/TIOUeHo TapasenbHo [23].

3apsigka 6moky AKB B cBiTiy 00y rogvH{ TIOBMHHA TIPOBOAUTHUCH CTPYMOM,
BeJMUMHA sIKoro ckiafae 10% Bij 3aranbHOI eMHOCTi, npotsirom 10 ropuH.
Benuuuba ctpymy 3sapspy  |=E*10%.1.,=40A . Maiouu BeJMYHHY CTPyMY
3apsaky, Ta Hanpyry AKB Mo)kHa po3paxyBaTy NOTY>KHICTb 3aps/KU:

2.4 Po3paxyHOK MOTY)XHOCTIi CTaHIlii, Ta migbip e;leMeHTHOI 6a3u

[IpoananisyBaBwm Tab. 2.3 Ta Tab. 2.4 onTUMasbHUM BapiaHTOM [isi
BUKODHUCTaHHS € MOHOKpHUCTamiuHui (oTromMoAynb. [ [aHOTO TUIY CUCTEMU
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OCHOBHOIO I1epeBarol0 MOHOKPUCTA/IIUHOro (poToesieMeHTy € Te, 1jo Horo KKII,
TIpY TIOTaHil OCBIT/IEHOCTI, 3MEHILY€EThCS HA He BEJIMKY BeJIMUMHY.

B skocti ¢ororanbBaHiyHOro enemMeHTy OyB 0OpaHHU IOJIKpUCTaTiYHUMA
dpoTomoaynb DNA Solar DNA60-5-315M. TToTykHicTh MoAy/s ckiaagae 315 Br,
Tak fK 1e nosikpucTaniuauii ¢poroenement KK/ nocTaTHRO BUCOKWH, i CKIajae
19 %. Marouy OTY)KHICTb CITO’KMBaHHS eJIeKTPONIPUIAZiB Ta NMOTYKHICTh 3apaJKH,
MO)KHa pO3paxyBaTd 3araibHy MOTYXKHICTb CTIOKMBaHHS OYyOWHKY 3a TOAUHY.
[ToTy>KHICTb CIIO’)KUBaHHS B CBiT/Iy YaCTHHY 00U 3a OfHY rofiuHy ckiana 1800 Br.

Bepyuu fi0 yBaru npuBeieHi BHIlje PO3PaxyHKH, BU3HAUMMO KiJIBKICTh IaHesied,
Juis 3abe3rieueHHst eleKTpoeHeprieto OyquHky. N=P /P ., n1ne N KiJbKiCTb
naHeneil, P, — MNOTY)XHICTb CIIOKUBaHHS 3a TOANHY, P, — MOTY)KHICTb OfHi€l
1800 _

315 .

[nst Toro, mo06 craHLis Morna edeKTHBHO TpaLloBaTH 3a YMOBAMH 3eI€HOTO
tapudy, AojaMo [leKisbka TaHesed. 3arajbHa IMOTYXKHICTb CTaHI{ii CTaHOBUTH 3
KBT.

HOna PO3IVIAHY TOL BUlLle KoHiryparil cucTeMu pe3epBHOro
eHepro3abe3smneuenns, Oyno migibpaHo iHBeprop SMA Sunny Boy 3000TL.
3aBpsiku  Bucokomy KK/, mepeTBoproe Hampyry Maibke Oe3 BTpar, (opma
BUXi[HOTO CWUTHany — ifeasbHa cuHycoiga. CurHan fa”oi  dopmu
BUKODUCTOBY€EThC y  Oisbiiocti mobyToBux mnpuiazax. OcHOBHI  poboui
XapaKTepUCTHKK HaBeZeHi B Tab. 2.5

na”emi. N=

Tabmuws 2.5
Poboui nrapameTpw iHBEpTOpa

IIpy paHMX mapameTpax CUCTEMM MOKHa BHUKOpUCTATU JiuwibHUK Itron ACE

6000.
2.5 CTpyKTypHa cxemMa CHCTeMH pe3epBHOr0 eHepro3aldesnedyeHHs
Puc. 2.3 CTpyKTypHa cxema CUCTEMU
. ®oTOeNneKTpUYUHI NepeTBOPIOBaYi;
MPPT koHTposep 3apsagy
bnok AKB
Mepexxa 3MIHHOIO CTPyMy
3BOPOTHi I UYMIBHUK
TibpugHuii iHBEpTOD;
. Cnoxunsan.

IMpuHUMT poOOTH CUCTEMM MOXHA 3PO3YMITH PpO3MISHYBILM Puc. 2.3.
[Mocrittanii cTpym 3 BUXoAy GOTOENTeKTPUYHOTO IepeTBoproBava (1) rmorparuisie Ha
Bxizy MPPT xoHTposiepa (2), AKUil OTPUMY€E MaKCUMaJIbHO [JOCTYIHY MOTY>KHICTh 3
(hoTOeIeKTPUUHOTO TIepeTBOPIOBaYa IpU MeBHMX yMoBaX (piBeHb OCBiT/I€HOCTI,
TeMIliepaTypa MOJYJsl, HaBaHTaXeHHs). JJaHWH KOHTpoJiep Ma€ 2 BUXOAH, OAWH
nigkmouenuit 1o 6moky AKB (3), ans 3apsaku, iHmMA Ha BXif ribpuaHOrO
inBepTopa (6). IToku 610k AKB He Oyze TMOBHICTIO 3apsiipkeHHUM, Ha BXOZi
inBepropa Oyme 0. B momeHT moBHOoro 3apsay AKB MPPT KoHTposiep
TiepeHaripaB/isi€ eHepril0 Bif COHSUHUX TaHesiell Ha BXif iHBepTOpa. IHBepTOp
TepeTBOPIOE TIOCTiMHWN CTPyM B 3MiHHUM i Togae ¥oro croxuBadam (7).

NouswNE

19

CX0XicTb I LnTtatn I MocnnaHHs KomeHTap A MigmiHa cumBonis

O>xkepen Ha cTopiHui: 38


https://unicheck.com

ID cphanny:

HaszBa pokymMmeHTy: 2020-bachelor-EDD_lIchenko_rezervne_zhyvlenn... 1004048808

HapnvikoBa eHeprisi mepeHarpaBisieTbCsl uepe3 3BOPOTHIN miunibHUK (5) B
30BHIIIHIO e/IEKTPUUHY Mepexy (4).

B TemHwmii yac 106U PUHLUN POOOTH CHCTEMH 3MiHIOETBCS. [1py MpUITUHEHH]
reHepyBaHHSl eHeprii COHSUHUMM T[aHeIsIMM, iHBEpTOp, B SKOCTi [pKepesa
JKUBJIEHHS, BUKOpUCTOBYE Oy10k AKB.

SAkmio mikoBa MOTYKHICTh HaBaHT&KEHHS IePeBUILYE IMOTY)KHICTb COHSAYHUX
naHesieH, A7 Toro w00 YHUKHYTU MafiiHHS HampyTy B Mepexi OyAWHKY, YacTHHA
eHepril 6epeThbCs i3 30BHIIIHBOI MepeXi.

2.6 dyHKIiOHA/IbHA CX€Ma CHCTEMH

st mobynoBu (GyHKIIOHANMBLHOI CXeMH MOTPi6GHO po3ibpathcs 3 poboTow BCix
¢yHKOioHambHUX  Os0KiB. [0/0BHMM  (yHKL[iOHa/BHUM OJIOKOM B cucTeMi
SIBJISIEThCSL TiOPUIHUU iHBEpTOp., BiH CKIaJA€ThCsl i3 CHCTEMH aBTOMAaTUYHOTO
BubOOpY pe3epBy (ABP), Ta camoro iHBepTOpY.

lTonoBHa  3asaua sKa  CTAaBUTBCSA  Mepef,  CUCTEMOIO  Pe3epBHOIO
eHepro3abe3rneyeHHsl € aBTOMAaTHUHUH Tepexifi 3 oJHi€l /IiHil KUBNEHHA Ha iHIY.
[y crcTeMu Ha COHSIYHMX ejleMeHTax pe3epBHOIO JIHI€I0 >KUBJIEHHS B CBITVIMI
yac J00M SAB/IAIOTHCS COHSUHI OaTapei, a B TeMHUH 0JI0K aKyMy/IsSiTOPHUX OaTapet.
B cyuacHuX COHAYHHX iHBepTOpax 0JI0K aBTOMAaTUYHOTO BHOOpY JIiHii JKUB/IEHHS
BOyZOBaHMIA. 3aB/sKU [JbOMY 3MEHIITYETHCS 3arajibHa 1liHa CTaHIIil.

ABP (aBTOMaTMUHHWH BBiJ pe3epBy) — OJIOK aBTOMAaTWUYHOTO TEPEK/TIOUEHHS Ha
pe3epBHe J)KepeJio >KUBJIeHHS B pa3i 3HUKHEHHsI )KMBJIEHHS 3 0CHOBHOr0. OCHOBHI
BHUMOTH $IKi CTaBIAThCA Nepes cucteMoro ABP:

* IIBUAKOZiA (Yac BK/IIOUEHHS pe3epBy Mae cTaHOBUTH Omusbko 0,3-0,8
CeKkyHA);

* HY/IiIMHICTh BKJTIOUEHHS,

* MOXIMBICTb  Ha/JallITyBaHHS  [opora  BK/IIOUEHHS  pe3epBHOr0
eJIeKTponocTavyaHH4;

* (CIpanbOBYBaHHSl TiMbKM 3a YMOBM, SIKIIO Ha pe3epBHOMY /DKepeal €
eJleKTpoeHepris.

IMpuHiun podoty ABP 3acHOBaHMI Ha KOHTPOJIi HArIpyTy B KoJii. Peai3yeTbcs
1]e 3a JJOTIOMOTOr0 Oy/Ib TKUX pesie Hanpyrd. [IpuHLun po6otu ABP noka3aHuii Ha
puc. 2. KoOHTpO/ib Hampyryd 37iMCHIOETbCA 3a [JOMOMOTOH KOHTakTopy KM.
KoHTakTOp — eneKTpoMarHiTHUM npuiaj, [jiss BBIMKHEHHS i BUMKHEHHSI CTPyMY B
eJIeKTPUYHOMY KOJli. KOHTaKTOp CK/IaflaeThCsl i3 KOTYIIKH, PyXOMUX KOHTAKTiB Ta
He PyXOMHUX KOHTakTiB. [IpuHLMN po6OTH 3aCHOBaHMI Ha e/IeKTPO MarHiTHiM cumi
KOTYILKH.

B mouatkoBuii MoMeHT uacy obugsa aBTomMard SF1 Ta SF2 BBimMKHeHi, mpu
LIbOMY KOTYIIIKA KOHTAaKTOPY BBIMKHEHa, I 3a paXyHOK MAarHiTHOI CUIM CTPyMy
BTArye pyxomuit KoHTakT KM 1.1, TumM camum 3amukae Horo. Ilpy 3HMKHeHHI
JKUBJIEHHSI 3 OCHOBHOT'O [Kepesia yepe3 KOTYIIKY [epecTaE NMpOTiKaTh CTPyM, TUM
camuM Kou KM 1.1 po3mukaetbcs, a Kmou KM 1.2 3aMUKa€eTbCs, TUM CaMUM
TepeBO/ISTUH XKHUBJIEHHS CTIOXKKBadiB Ha 6710k AKB [40].

Puc. 2.4 Cxema pobot ABP

SIk 6ysn0 cka3aHo BuiIle 6JI0K aBTOMaTUYHOTO BUOOPY JiHil pe3epBy BOyIOBaHU

B KOHCTPYKILIif0 iHBEpTOPY, Ha pUC. 2.5 [10Ka3aHO (QYHKL[iOHA/IbHY CXEMY CUCTEMHU.
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Puc. 2.5 dyHKijioHa/IBPHA CXeMa CUCTeMU

ABP — aBTOMaTHuHe pejie BUOODY;

CB - consiuna barapes;

DC — nocriltnuii cTpywm;

AC — 3MiHHU CTpyM;

F1, F2, F3, F4 — aBToMaTUUH1l BUMHKAU.

Y paniii cxeMi Ha Bxif yepe3 MPPT koHTtposep 3apsay Ha DC BXif iHBepTpy
TM0J,A€ThCS NMOCTiIMHUNA CTPyM. IHBepTOp MepeTBOPIOE 3MiHHUM CTPYM B MOCTINHHUH i
nofae iioro Ha BxiZ In 2. Ha In 1 mogaerscst 3miHHa Harpyra Big mepexi JIEIT.
ABP HanamtoBaHui TakKMM YMHOM, 1110 In 2 BXiJ OCHOBHOIO [pyKepena >XKUBJ/IEeHHS,
a In 1 Bxiz pesepBHOro mkepesa. Hagnuimok BUpoOsieHOI eHeprii CKUZAETHCS B
MepexXy uepe3 JBOHAIpPaB/IeHUN JTiUMTbHUK.

BUCHOBKW

1. B manomy po3gini Oynu rpvBefieHi OCHOBHI BUMOTH $IKi TIOCTaBJieHi Tepef
CUCTEMOIO, TIPUBEJIEHO OCHOBHI [MapamMeTp, fKi TOTpiOHO po3paxyBaTu [ijisi
edeKTUBHOI poOOTH CUCTEMHU.

2. IlepepaxoBaHi OCHOBHI CHOXKMBaui eHeprii, Ta pO3paxOBaHO 3arajbHy
TIOTY)KHICTh CIOKMBaHHS. BHU3HaueHO Ti CHOXKWBAdi, SKi MPAaIffolOTh 1i10000RB0.
Po3paxoBaHO 3arajbHy €MHICTH  akKyMy/JsaTopHOoi OaTapei Ha  OCHOBI
€HeproCroyKUBaHHS 11i/107000BO MPALIOIOUNX CTIOXKMBAdiB. Po3paxoBaHO 3arajibHy
TIOTY)KHICTh €/IeKTPOCTAHLIii Ha OCHOBI eJIeKTPOCIIOKUBAHHSI TIPU/IAZiB B OYAUHKY.

3. IlpoBefieHO MOpPIBHSJIBHY XapaKTePUCTHUKY ICHYHOUMX aHa/OriB OCHOBHUX
¢byHKIioHaMEHUX O/I0KIB, Ta mifibpaHO Ti, sIKi 3a/{0BONBHSAIOTL BHMOTaM SIKi
CTaBJISATHCS TIepeji CUCTEMOIO.

4. TlpuBesieHO CTPYKTYPHY CXeMy YCTaHOBKH, 3 IepepaxyBaHHSIM OCHOBHUX
6710KiB, Ta OITUCOM POOOTU CUCTEMHU.

3. KOHCTPYKIIISA MPPT KOHTPOJIEPA 3APAY BJIOKY AKB
3.1 Bubip enemeHTHOI 0a3u /i peasisanii GyHKI[ioHAaIBHUX 0/I0KIB
cncrTemMmnm

P03BUTOK HAyKOBO TeXHIYHOIO IIPOrpecy He CTOIThb Ha MICL{i. 3 KOXXHUM [JHEM
3’SIBJITFOTBCS. HOBi, OiJIbII YIOCKOHAJIeHi, TIPWIaAX Ta TPUCTPOi. /il CTBOpEHHs
Cy4acHUX CHUCTeM, T[OTpPiOHO TMpOBeCTH JeTaJbHUHA  OIMIsAL  iCHYRHOUMX
MiKpOKOHTpOJIepiB, Ha 6a3i SKMX MO/IMBa peaJti3aLlisi 3aJyMaHuX MPOEKTiB.

Inst peanizanii aeromariuHoro MPPT koHTposiepy 3apsiay Garapei moTpi6bHO
o0paTy MiKpOKOHTpPOJED, SIKMi OyZe BUKOHYBAaTH pPO/ib 00UYMCI/IIOBATBHOTO OJIOKY.
Ha crhorogHimHiA JeHb iCHY€ Be/MKa KilbKiCTb BUPOOHWKIB Ta apXiTEKTyp
MikporpotiecopiB. Ha mpakTuili 3a3Buuaii 3acTOCOBYIOTh 16 Ta 32 — X po3psjHi
apxiTeKTypH, TaK SIK BOHU € Oi/IbIll IPOCTUMU B OCBOEHHI, MatOTh HabaraTo Oisbliie
AaKTMBHUX KOPHUCTYBauiB, 10 B CBOIO uepry 30i/JblIye KiJbKiCTh HayKOBO —
TeXHIYHOI JliTepaTtypu. Ha JaHui MOMEHT HalMOLIUpeHI MU
MiKPOKOHTpOJIEPHUMH T1aTGopmami siB/sttoThest: Kinetis, Arduino SMT32.

Kinetis — ciMelCTBO HU3BKO CIIO’KHBAIOUHX MiKpPOIIPOLIECOPIB, fAKi 0a3yrOThCS
Ha 32 — po3psiAHiil apxXiTeKTypi, 3 BUKOpUCTaHHSIM TpoljecopHux sigep ARM
Cortex-M0/M4/M7. [laHe ciMelCTBO MiKpPOKOHTPO/IEDiB BOJIOZi€ TAKUMH €JIeKTPO
— TeXHIYHUMU IapaMeTpaMHu:
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yacrtoTa sgpa fo 240 MI'n;

32 biTa;

po3wmip flash mam’siti 1 M6;

po3mip RAM nam’srti 256 kb;

MiHimMasIbHa Harpyra >kusjeHHs 1,71 B;
MaKCHMaJibHa Harpyra >KueieHHs 3,6 B [25].

B ocHOBHOMY [jaHi MIKpONpOLIeCOPH BHKOPUCTOBYIOTb B: TIpWIafax 3
AaBTOHOMHHM J>KUBJIEHHSIM, CEHCODHHX MepeXax Ta MeJWYHOMY o0/1afiHaHHi.
Bes3anepeyHoro nepeBaror0 € NpUCTOCOBAHICTh /10 JKOPCTKUX YMOB eKCIUTyaraLii,
pi3HOMaHITHI MeXaHi3MM IIpOrpaMyBaHHs, BeJIMKa KIJbKICTb TPUKJIAJHUX
6i6sioTeK, HasBHICTb e(EKTUBHUX OE3KOIITOBHUX CEPEJOBUIL] /i PO3POOKHU.
OcCHOBHUI He/IOMIK — TIOPiBHSHO BUCOKa IiHa [34].

STM32 — cimelicTBO MiKPOKOHTpOJIEpiB, MOOyAOBaHUX Ha 32 — GITHUX sApax
ARM Cortex-M7F, Cortex-M4F, Cortex-M3, Cortex-M0+ a6o Cortex-MO.
JliHilika HeJOpOrMX MIKDOKOHTpOJIeDiB pi3HOMAaHITHOTO TIpW3HA4YeHHd, 3
Ti/IBUIL{EHO0 MPOAYKTHUBHICTIO Ta HU3bKUM EHeprocrioKiuBaHHsIM. Mae BOyoBaHy
niepudepito, a came: USB, DMA, CAN, RTC, UART. OcHOBHi niepeBaru: BeJTMKUH
BUOip cepemoBuL] A7 PpO3p0o0KM, MOXIMBICTB Ppin-to-pin 3aMiHM, BHCOKa
TIPOAYKTUBHICTb, 3py4yHa BiJylafka MIKpOKOHTposiepy. Hepmomiku: HepmocTaTHs
KiJIbKiCTh aKTMBHUX KODHUCTYBauiB, fIK HACTiJOK Mamué 00’eM JiTepaTypH, Ta
3actapisi 6i6miorexn.[28]

Arduino - cimelicTBo mpwiaziB mnobymsoBanux Ha 8, 32 6iTHux AVR
MiKpoKoHTposiepax Atmega 328 Ta Atmega2560 BifnoBigHO. MIKpOKOHTpO/epu
Ha Arduino Bifpi3HAIOTHCS HAsIBHICTIO TIPOLIMTOTO B KOHTPOJIEP 3aBaHTa)XKyBaua, 3a
JOTIOMOTOI0 SIKOTO KODHCTYBau 3aBaHTa)Ky€ TPOrpaMy B MiKDOKOHTposep 0Oe3
BHUKOPHUCTaHHS OKpPeMUX arapaTHUX Porpamaropis.

Ha 6a3i mikpokoHTposnepa Atmega 328, Puc. 3.1, nobygoani miatd «Unow,
«Mini», «Nano», «Pro». EIeKTpo — TexHiUHi XapaKTepUCTUKH MiKDOKOHTpOJIepa:
yacrora sipa 16 Mruy;

8 biT;

po3wmip flash mam’siti 32 xb;

po3Mmip RAM nam’sri 2 kb;

14 nopris, i3 Hux 8 AIIII, Ta 6 IIIM;
pEeKOMeH/I0BaHa Harpyra >KuBjeHHs 7-12 B;
MaKCuMaslbHa Harpyra XusjieHHs 6-20B.

Puc. 3.1 Ilpu3HaueHHs IOPTiB BBOAY/BUBO/y MiKPOKOHTpOJiepy ATmega328.

st 36inbIIeHHs 06UMCIIOBAIBHOI 37aTHOCTI, TiaTh Arduino moOyzoBaHi Ha
MiKpokoHTpoJiepi Atmega 328, MoxxHa 00’egHyBaty uepe3 SPI inTepdetic. AGo
BUKOpUCTaTU Tulath Arduino «Mega» moOymoBaHi Ha 6a3i MiKpOKOHTpOJEpY
Atmega 2560.Ha puc. 3.2 HaBefeHO IIpU3HaueHHs IIOPTiB BBOZY/BUBOLY
MIKPOKOHTpOJIepy. EfleKTpo — TeXHiuHI XapakTepUCTUKU MIKpOKOHTpOJIepa:
yacToTa g7pa 16 Mru;

8 biT;
po3mip flash mam’siTi 256 kb;
po3mip RAM nawm’4ri 8 kb;
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® 54 nopra, i3 Hux 16 ALII, Ta 15 IIIM;

® DeKOMeH/I0BaHa Harpyra >XuBjieHHs 7-12 B;

® MakCHMajbHa Hampyra kusjeHHs 6-20B.

Puc. 3.2 Ilpu3HaueHHs OPTiB BBOAY/BUBOAY MiKPOKOHTposepy Atmega 2560.
TonoBHa nepeBara ruiatgopmu Arduino mepeq; iHIIMMUA MiKPOKOHTPOJIEPHUMU

iathopMaMi  —  TIOLIMPEHICTh BUKOPUCTaHHSA. YuMm  Oisblle  aKTHBHHX
KODHUCTYBauiB, THM Oi/bllle HaBUaJBHOTO MaTepially MOKHA 3HaWTH B Mepexi
Internet. IlpocToTa eKCrTyaTyBaHHs, Ta iHTYITUBHO 3po3yMiiMi iHTepdeiic
30i/bIIy€ KiJIBKiCTh KOPUCTYBadiB. BenMka Ki/lbKicTh JOMOMi>KHOI mepudepii Ta
Pi3HOMaHITHICTh SKiCHUX JOMOMDKHUX 6ibioTek [35].

IIpoaHani3yBaBillM HaUMOMY/SPHIIIl MiKDOKOHTPOJIEPHI T1aT(GOpMH iZieasbHUM
MiKPOKOHTPOJIEDPOM [JIs1 pearni3atiii mocrasieHoi 3agaui siBisteTbest Arduino. Tak sik
He MOTPiOHO Be/MMKOi OOUMCTIOBA/MBHOI 3[ATHOCTi, HU3bKA LiiHA Ta MPOCTOTA
ekcnayaTauii.

3.2 ITIpunnun podotu MPPT anropurmy

MPPT anroputM - BU3HAueHHS TOYKM MaKcHMMaibHOI moTyxHocTi (TMII)
COHSAYHOI TaHeJli, NPYU pi3HOMY PpiBHI iHcosALil. HasgBHICTE JaHOro aaroputMy B
KOHTPOJIepi 3apsifly, TOMITHO 30i/mbllye 3araneHy MPOAYKTHUBHICTE COHSTUHOL
TaHeJIi.

B mokymeHTalii o 6yap — sIKOi COHSYHOI TTaHeyTi, ii MPOJYKTUBHICTb BKa3yEThCS
IpY CTaJOMy piBHI iHcomsLii, skuii cranoeuts 1000 Br/ ™® . Ilpu peanbHUX
yMOBax €KCIUlyaTallii, Takoro piBHA He JOOWUTHCS, /[0 TOTO >X BiH TOCTiHHO
3MIiHIOETBCS, IO B CBOK UEPry 3MeHIIyE€ TMOTYXHICTb. /s Toro 1mob
KOMIIEHCYBATH Lji 3MiHU BUKOPUCTOBYIOTh KOHTPOsiepy. I1pu 3MiHi piBHA iHCOMALIT
3MIHIOETBCS BOJIBT — amIepHa XapakTepUCTUKa puc. 3.3.

Puc. 3.3 3mina BAX nipu 3MmiHi piBHS iHCOMALIT

SIK mokasaHO Ha pUCYHKY /1 KO)KHOI BAX TOuKa MakCUMaJsbHOI MOTYKHOCTI
3HaXOAWUTbCS B TOMY MICL, [e 3HaueHHsI CTPyMy Ta Hampyrd Oyzge Martu
MaKCUMaJIbHe 3HaueHHs [26].

3.3 Po3po0ka NpUHIUIIOBO] e/JIEKTPUYHOI CXeMH

[IpyHIMIIOBa e/leKTpUYHA CXeMa — KOHCTPYKTOPCHKWI TpadiuHMil [JOKYMEHT,
SIKAI TIOBHICTIO TIOSICHIOE TPWHIWI PO6GOTH BUPOOY, €/eKTPUUHI 3B’SI3KM MiXK
efleMeHTaMy  MOro  eeKTpUUHOI CXeMM, BKa3ye Ha eJeMeHTU  siKi
BUKODHCTOBYIOTLCSI B CXeMi. [I/isf YCMIlTHOTO TOTPiOHO po3ibpaThCh 3 TIPUHLIUIIOM
pobOTH OCHOBHHUX CHJIOBUX €/1IEMEHTIB.

B posrnsgHyTOMY BUMNaKy OCHOBHUM CHJIOBUM €JIEMEHTOM CIY’KUTh TOHWKyBau
HalpyTH, TakK SIK TpeJCTaBjeHa BHILje CHCTeMa eHepro3abe3reueHHs MPOAYKYE
Harnpyry NOpsJKy [eKiNbKoX KiNoBOJbT. AKYMY/SITOPU He PO3paxoBaHi Ha 3apsAKy
TakMM{ Harpyramy, TOMy ITMTaHHS TIOHVD)KeHHd BXIiJJHOI Hampyru CTOITh Ha
nepmioMy wmicti. Kpamm BapiaHTOM 1S TOHWKeHHsT Hanpyrd € Busk —
TepeTBOPIOBaY, TaK SK BiH e¢deKTMBHO Tpalfo€ 3 BeJMKMMM Halpyramu 3a
noriomoroto IGBT Ttpan3ucTopa. IlepeBaroto Asisi Horo BUKOPUCTaHHS CITY>KUTh Te,
1110 HUM JI0CTaTHBO MPOCTO KepyBaTH 3a J0IIOMOTr0K0 MiKPOKOHTPOJIEpY.
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[ns  petansHOTO PO3YMiHHS TIPUHLMIY Po0OTH, TOTPiOHO po3pobuTH
tdyHkiioHanbHy cxeMy MPPT koHTposiepy 3apsify 6atapei. CxeMy mpe/CTaB/IeHO
Ha puc. 3.4

Puc. 3.4 ®ynkijionanbHa cxeMa MPPT KoHTposiepy 3apsify 6ioky AKB

BiamosigHo qo mokymenTaiiii st Arduino Nano 1mvHa fanux — 32 6iTH, a IvHa
agpecy 24 6itu.

Flash mam’sth - mam'ath 06'eMom 32 KB, J/1s1 3arUCy KOMaH .

SRAM - eHepro-3anexHa nam'sate ob'emom 2 kB. 306epiraroTbcsi 3MiHHI i
00'eKTH, CTBOpPEHHI B X0/i pOOOTH MpOrpamy.

EEPROM - eHepro-He3asexHa nam'sth 06csiroMm 1k6. B Hili 36epiHatoThes AaHi,
1110 He BU/Ia/IsSIIOTHCS TIPU BUKJTFOUEHHI KOHTpoJiepa

PericTp KOMaH/I, - TIpU3HaUeHUH [/ 30epiraHHs KoLy KOMaHJu Ha Tiepiof Jacy,
HeoOXiJHUH /15 i1 BUKOHAHHS.

Apudmetrko-oriuanid nipuctpiii (AJIII) - 670K mpoLecopa, CIYXWUTb A
BUKOHAHHS apu(MEeTUYHUX i JIOTIYHUX OTIepaLlii.

CurHany, sIKUM OTPUMYIOTHCS Bifl JaTUMKy CTPyMy IaHesli, BeJJMUMHA Halpyru
raHeni Ta BesMuuMHa Harpyrd O0noky AKB Hazxogute Ha AL, ne BiH
NepeTBOPUTHLCS Ha LiU(POBUI CUrHA.

[TeperBopeHi 1M(pOBi CUTrHaNMM NOTPaIIIOTH B PericTp KOMaHZ, B SIKOMY
BizOyBaeThcsl iHiLjamizaniiss mporpamu, ska Oy/a Creria7bHO HamucaHa Jjist
MoTpiOHUX HaM (QyHKITiH

3 perictpa koMaHZ curHan morparvisie B AJIII, B skoMmy BigOyBaeThcs
TOPIiBHSTHHS OTPUMaHWX BEJIMUMH, /s OiJbIl TOYHOTO 3MillleHHS TOYKH
MaKCHMabHOI MOTYKHOCTI, Ha BOJIBT — aMIIepHill XapaKTepUCTUL|l ITPY MEBHOMY
piBHI iHCOMALI.

CurHan aHasi3yeTbCs MPOrpamMol0, Ta BHUKOHYETbCS po3paxyHok IHIM pmns
nofavi foro Ha 1 BXif ApaiiBepy 3aTBOpPY TPaH3UCTOPY.

3.3.1 Ilpunnun podoru Busk KoHBepTepa

Buck xoHBepTep — rnepeTBoproBau MOCTiIHHOI HANPYTH, SIKUWA MOHIWKYE 3HaUeHHs
Harpyry Ha BXOZi, B IOPIBHSHHI 3 HAIPYTOO Ha BUXOZ1

Ha puc. 3.4 ta 3.5 noka3aHi pe>kiMu poOOTH HAaUMPOCTIMIOT CXeMH KOHBEpTepa.
Ha Ttpansucrop VT1 3a pmonomororo kepyrouoi Mikpocxemu mnozgaerbcs IIIIM
CUTHaJl 3 MeBHUM Koe(illieHTOM 3armoBHeHHs immysbciB. CxeMa Mpaljfoe B BOX
pexxuMax KoM TpaH3ucTop VT1 3akpUTHil Ta BiAKPUTHIM, pe)KUMHU YepryroThCs
ofvH 3a iHmwmM. [Tepmuii pexkum puc. 3.4 (tpaHsuctop VT1 BiakpuTHii): cragis
HakornmueHHst eHeprii B LC koHTypi. LC — KOHTYp B AaHOMy BUMNajKy ¢opmye
GinbTp HWKHIX YacTOT SIKMM  3r71a/pKye  edeKT BiJKpMBaHHs/3aKpUBAaHHSI
TpaHsucropa. Ha pgaHomy erami CTpyM IIpOTiKae uepe3 TPaH3UCTOP B
HaBaHTa)XeHHsI, HAaKOMMUYIOUM eHepril0 B KOTYIILi iHAYKTMBHOCTi Ta BUXiAHiH
€MHOCTi. XiZi CTpyMy Ha PUCYHKY ITOKa3aHUM YepBOHUMM JIiHisIMU.

Puc. 3.5 TpaH3ucTop BiAKpUTHI

B momenT 3akpurTs TpaHsucrtopa VT1 rmorteHIjianm SKWAN TPUKIaaBcs [0
KOTYIIKM 3HUKAE, NP 3HUKHEHHI MOTeHIliany KOTYIKa MIOUYMHA€E pPO3psiyKaTUCS B
HaBaHTaXeHHsI. [y TOro 100 3aMKHYTH KOJIO BCTaHOB/eHO Aiof VD1, Tak siK
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CTPYM He IIpOTiKae€ B He3aMKHeHOMy Komi. XiJj CTpyMy Ha pucC. 3.5 IMOKa3aHo
3eJIeHUMH JIHIAMMU.
Puc. 3.6 TpaH3sucrop 3aKkpuTuii

CnabkuMm MiclLieM B /laHili KOHCTPYKI[il TIepeTBOpIOBaua € [iof, SKUM 3aMUKae
KOJIO, TaK SIK HA HBOMY BTPAUaeThCsl YyacTUHA eHeprii. [Ipobsemy Bupiuye 3amina
Jiomy Ha TpaH3uctop. Ha puc. 3.5 mnoka3aHa cxema 3 3aMiHOK [ioAy Ha
TpaH3MCTOop.

Puc. 3.7 KoHCTpyKIiist CMHXpOHHOTO busk KoHBepTepa
3.3.2 Po3paxyHok napameTtpiB Ajsa busk KoHBepTepa

Ons  mpaBwabHOI pobOTH KOHBepTepa TOTPIOHO pO3paxyBaTH JAeKislbKa
napamMeTpiB: BEJMUMHY BHUXIJHOTO CTPYMY  laux , KOeQil[ieHT 3aroBHeHHst
imMynsciB D, iHAYKTUBHICTH KOTYIIKK L, BelMuMHy Iy/bCyrodoro ctpymy k Ta
€MHiCTh KoHZieHcatopa C. Marwud 3HaueHHS1 TOTY)KHOCTI OaTtaped  Pear
BeIMUMHY BUXifgHOI Hampyru Vg, Ta BequuuHy V.x MOXHA IOUHMHATH
PO3paxyHKMU.

, /11 KOPeKTHOI poOOTH TUIIOBe 3HAUeHHsI MyJ/IbCYOUOl Harpyru ckiaagae 35%
BiJl CTpyMy HaBaHTakKeHHs.

B pe3sysnbrati po3paxyHKiB OTpUMasy 3HaueHHSI EMHOCTI Ta iHAYKTUBHOCTI [/
repeTBOpIOBaua. Maroun IX 3HaueHHS, MOXXEMO PpO3pOOUTH TIPUHLUIIOBY
enekTpuuHy cxemy [37]. EnekTpruHa MpUHIMIIOBA CXeMa HaBeJieHa B 10/jaTKy B.

IpuHIMO po6OTH 3acHOBaHWK HA B3aeMO/iil MiKpoKoHTposiepa Arduino, Ta
JpaiiBepa kmoua Tpan3uctopiB (U2). [IpaiiBep Kiaroya — TpefcCTaBisie€ CoO00
MiJCUIIOBaY TOTY)KHOCTI /11 KepyBaHHS CWJIOBUM KI/IHOUeM IIepeTBOpIoBayva.
OcHoBHa 33/jaua — MOCWIWTH KEPYHOUWi CUTHal M0 Hampysi Ta MoTy)KHOCTi. B
Tpe/iCTaBleHi eNeKTPUYHi TMPUHLMIOBIA cxemi BUKOpPHUCTaHHs JpaiiBepa
HeoOXiZiHe, Tak K KOHTposiep moOymoeanuii Ha IGBT Ttpansucropax. IGBT -
Insulated Gate Bipolar Transistor, TpaH3WUCTOp sIKMii IpeJCTaB/isie COO0I0 Tibpuz
MO/BOBOTO Ta OiMO/ISIPHOTO TPaH3UCTOPIB, 3 TIOEAHAHHSIM MO3UTHUBHUX SIKOCTEH
kokHoro. CyTb poOOTH TpaH3UCTOpA TAKOr0 THITY 3aK/IIOYAETBCS B TOMY, ILO
TMOIbOBUH TPAH3UCTOP Kepye MOTY>KHUM OirnosispHUM. B pe3ysbrati nepekmoueHHs
TIOTY)KHOTO HAaBaHTa’KeHHSI MOXXJTMBe TPY MaJsiiil TOTY)KHOCTI, TaK K KepyHuHi
CUTHaJl TIOAA€ThCsl Ha 3aTBOP M0OJIbOBOTO TPaH3UCTOPY.

B npuBegeHili cxemi BuKopucToByeThcs ApaiiBep IR2104. Ha Bxig Mikpocxemu
nogaeteest IIIIM curHanm Bif MiKpOKOHTpO/epa, B CBOIO Uepry JpaiiBep Kepye
TpaH3ucTopamu. CUrHas BifJ MiKpOKOHTpOJIepa MoJaeThcst Ha 1 KOHTAKT JpaiiBepy,
3ri[HO JOKyMeHTaLii 3HaueHHs BXiJHOTO CHUTrHaay JeXuTh B Mmexax 10-20 B.
Bucoxkouacrornuit IIIIM curHan Bifi MIKDOKOHTpOJIEpY IIOAETHCS HAa KOHTaKT 2.
CurHan BUK/IIOUEHHS TIOJA€ETbCsl Ha 3 KOHTAakT. KepyBaHHs JpaiiBepoM
3[IiICHIOETRCS 3a JOTIOMOTOI0 LM(POBUX BUXOZIB MiKDOKOHTDPOJIEDY, i/l HOMEPOM
8 ta 9. Buxigni IIIM curHany reHepyrOThbCs C BUBOZAIB IiJj HOMepoM 5 Ta 7.
KoHpeHcaTop Ta fiof; BBIMKHEHi Mi>XX BUBoZiamMu 6 Ta 8 BABiui 30i/IbIIYIOTh BUXiIHY
Harpyry, i3 3a L[bOr0 BepXHi TPaH3WCTOPU MOXYTb OyTH BBiMKHeHMMH. Buck
IepeTBOPIOBaY CKJIaJA€ThCS i3 CUHXPOHHUX TpaH3ucTopiB Q2 ta Q3, korymkuy L1
Ta KoHgeHcatopiB C1 ta C2. Koryiika 3miaKye CTPyM MiJi yac Mepek/oueHb, a
koHzeHcaTop C2 3rnajkye BuxifHy Hanpyry. Konpencatop C8 i pesuctop R6
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BUKODHCTOBYIOTBCS [I/I1 0OMEXKEHHS HAalpPyTy Ha iHAYKTUBHOCTI, TKa BUHUKAE TIPH
NepeK/II0UeHHsIX.

Tpanszuctop Q1 cayxuTh Ay 610KyBaHHs eHeprii Biz 610Ky AKB Hazan B
COHSIUHI MaHesi MpU NPUNVHEHHI reHepyBaHHS eHeprii. B MOMeHT BHKITIIOUeHHs
TpaH3uctopa Q2, uepes aiog D1 mpoTtikae Hampyra, sika BMUKae TpaHsucTop Q1.
IIpu BkmouenHi Q2 pesuctrop R1 3HimMae Hanpyry 3 3atBopy Q1. [as
BUMIDIOBAaHHS HArpyrd 3 BUXO/AY COHSUHOI mMaHeni Ta Buxony 3 6moky AKE,
BUKODUCTOBYIOTbCSL TMOAIMbHUKM Hanpyru R1 R2 ta R3 R4 BignosigHo.
Konpencatopu C3 Tta C4 BUKOPUCTOBYIOTHCS AJis1 3MV1aJpKyBaHHS Hampyru. Ha
BUXO/J| i3 MOZI/IbHUKIB HAMpyra MoJa€eTbCsl Ha aHA/I0I0Bi BUBOU MiKPOKOHTPOJIEPY
0 Ta 2 BifgnoBigHO.

Tpansuctop Q1 BHUKODUCTOBYETHCS [/1 KepyBaHHsS HaBaHTa)KeHHSIM.
[patiBepoM /11 HBOTO CJIY>KUTb OimosisspHuii Tpan3uctop T1 Ta pe3uctopu R9
R10. D4 D5 — TVS piogu A5 3aXYCTy BiJi MepeHanpyryd 3 COHSIYHOI TaHesi Ta
iHBepTOpy. B SKOCTI faTuMka CTPyMy COHSTYHUX TI1aHe/lell BUKOPUCTOBYETHCS
ACS758LCB-100B-PFF-T (U1), sikuii mojjae 3HaueHHs BUMipPSIHOTO CTPyMy Ha
aHajIoroBuUl BUBiZ 1 MiKDOKOHTPOJIEDY.

3.4 Po3po0ka pgpykoBaHoi miatu MPPT koHTposiepy 3apsify 010Ky
AKB

Hns disnuHOoi peanizawii eleKTPUYHOI MPUHLUIIOBOI CXeMH BHKOPUCTOBYETHCS
[iBa BUJM TJaT MakeTHI Ta /pyKoBaHi. ¥ KOXKHOI € cOI repeBaryd Ta HeJOJiKU.
MakeTHa TuiaTa — 1jiata A 300pKH Ta MOTNepefHBOT0 MOJEFOBAHHS poOOTH
TIPOTOTUIIIB €e/IeKTPOHHUX NpWIaZiB. MakeTHI IUIaTH [iNATbCS Ha /iBa THIW: JJIs
MOHTa)XXy 0e3 maiikul Ta 3 Heto. MakeTHi TlaTé 6e3 Mailki BUKOPHCTOBYHOTHCS IS
MofiemoBaHHsT poboth  LudpoBux mnpunagie. ns  MomentoBaHHS pobOTH
aHaJIOTOBUX e/IeKTPOHHUX NpU/aZiiB BUKOPUCTOBYIOTHCSI MaKeTHI IUIaTH, MOHTaXX
e/leMeHTIB Ha $IKi, IPOBOJUTHCS 3a [OTIOMOIOI0 Maiiku. [laHa mnara npejcTaBiisie
C00O0F0 TEKCTOJTIT 3 MPOCBEP/IEHUMH B HROMY OTBOpaMH 3 MeTaji3auier. B pormi
e/IeKTPUYHUX NPOBIJIHYKIB BUCTYIIAIOTh TIepeMUYKH.

JpykoBaHa MaTa — IJIaCTUHA 3 [ie/IeKTPUKY, Ha TOBEpPXHi $IKOI HaHeCeHO
MeTasli3aljito, B OCHOBHOMY i3 MeTasliB 3 HU3bKUM [TUTOMUM ONOpPOM. [Ipu3HaueHHs
IUIaTH  e/IeKTpuuHe abo MexaHiuHe 3’€[QHAHHS eJeKTPUYHMX KOMIIOHEHTIB.
IIpoekTyBaHHS [PYKOBaHOI IIJIaTW IIPOBOJUTBCS Ha OCHOBI eJIeKTpPUYHOI
TIPUHLUIIOBOI CXEMH.

OCHOBHMUMHM MeTOZAaMH BUT'OTOBJIEHHS [JPYKOBaHUX IUIaT €: CyOTpaKTUBHUN Ta
aguTuBHUNA. CyOTpaKTUBHUM MeTOJ ToNisATae B (hOpMyBaHHI PUCYHKY e/IeKTPUYHHX
TPOBIHMKIB Ha IIapi MeTani3alil, NIIXOM BUJANeHHs 3aliBUX [i/ISHOK.
AuTHBHUM MeTo[ TofiArae B (popMyBaHHI PUCYHKY eleKTPUYHUX MPOBiJHUKIB Ha
niapi MeTasisalii, 3a JOIOMOrOK XiMiUHOTO HaHeCEeHHs 3aXWCHOI MacKu. 3TriHO
OCTY 2646-94 icHye 3 Tumu JApyKOBaHUX IuIaT: ofHOCTOpoHHI (OAIT),
gBoctoponHi (JIT), 6ararowaposi (BIT).

XapakTepuCTUKA  OJHOLIAPOBHUX  [IDYKOBaHMX  IUIAaT @  KOMIIOHEHTHU
PO3MIIIYIOTbCSl HA OZIHIM CTOPOHI MJIaTH, 3 MOXK/IMBOIO MeTaJlisalii€to oTBopiB. [is
3’€THaHHS KOMITOHEHTIB Mi’K COOOI0 BMKODHCTOBYIOTH MeTasieBi fopixku. OZIT
XapakTepHa BUCOKa TOYHICTb HaHECEHOTO0 PHCYHKy IIPOBIJIHUKIB, MOXJIMBICTb
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BUKODUCTaHHsS HABiCHMX eJieMeHTiB, HU3bKa 3arajbHa BapTiCThb BHUPOOHHIITBA.
Heponikamu €: HU3bKA LIIBHICTE PO3TALLlyBaHHS €JIeMeHTIB, 3HWKeHa TeIrlioBa Ta
MeXaHiuHa CTiMKiCTb.

Oco6MBiCTE JBOCTOPOHHIX [JPYKOBAHUX IUIAT TIOJISITA€ B TOMY, IIJ0 MOYK/IUBHI
MOHT&X €/IeKTPOHHUX KOMIIOHEHTiB 3 060X cTopiH maaTh. Il ocobuBicTb
MOX/MBA i3 3a MeTaqi3alii OTBOpiB, Ta BHCOKUMH KOMYTaLiiHUMU
ByactuBocTAMU. J/II1 XapakTepHa BUCOKA Ii/IBHICTh PO3MIllJeHHSI KOMIIOHEHTIB,
NiZIBYIIleHa TeIuIoBa Ta MeXaHiuHa CTilikicTh B nopiBHsHHI 3 O/I1. Hezmonikamu €
CKJIa[IHICTb peasli3yBaHHS 3B’SI3Ky Mi)K CTODOHaMHU T/IaTH, Ta BUCOKaA LjiHa.

BararomapoBi ApykoBaHi IaTH Mpe/CTaB/sIOTL OO0 Habip /BOCTOPOHHIX
JIPYKOBaHUX TI/1aT, sAKi CKeeHi Mk coboro. KinbkicTs mapie B B/ITT BapitoeTbCs Bif
3 — 4 po 32. [Inatu [JaHOrO THITy 3aCTOCOBYIOTHCSI NPU NMPOEKTYBaHHI CKJIaJHUX
MPUCTPOiB, B SIKMX OOOB’SI3KOBA BHUCOKA IWIJIbHICTE PO3MIllleHHSI eJIEMEHTIB.
Heponikamu B/IT € ckiafiHiCTh pPO3pOOKM, BUPOOHUWIITBI, pPEMOHTi, BHUCOKA
BapTIiCThb.

IIpoaHani3yBaBiM TNpuUBe/ieHy Bullle iH(oOpMarlifo, Ta B3SBIIM [0 YBaru
€JIEKTPUUHY TIPUHLUIOBY CXxeMy, Oy/i0 TPUHHATO PpillleHHs BUKOPHCTOBYBAaTH
[BOCTODOHHIO /IDYKOBaHy ILIaTy. [Ijsi mouaTKy NpOeKTyBaHHs IUIaTH MHOTPiOHO
JisHarucs rabaputHi po3Mipu enemeHTiB [39].

Ha puc. 3.8 npesctaBieHo rabaputHi po3mipu Arduino Nano

Puc. 3.8 T'abaputHi po3mipu Arduino Nano [35].

Bigcrane MK KOHTakTaMu BiJNOBifjae cTaHZapTHOMY 2.54 MMm. BifgnoBigHo mo
rabapuTHUX po3MipiB HeOOXiJJHO PO3pOOUTH IPYKOBaHY I/IaTy.

[l KepyBaHHS 3aTBOpPaMM TPaH3UCTOPHUX KIIIOUiB BUKOPUCTOBYEThCS JpaiiBep
IR2104, rabapuTHi po3mipH SIKOTO TIpe/iCTaBIeHi Ha puc. 3.9.

Puc. 3.9 T'abapuTHi po3mipu IR2104 [38].

Bigcrane MK KOHTakTaMy BiAmoBifiae craHzapTHoMy 2.54 mMM. B skocti
JIaTYMKY TIOCTIHOTO CTPYMY COHSIUHMX TaHesel BuKopuctoByeTbcst ACS758LCB-
100B-PFF-T, rabapuTHi po3mipu sIKOTO TIpe/icTaB/ieHi Ha puc. 3.10

Puc. 3.10 I'abapuTthi po3mipu ACS758LCB-100B-PFF-T

Bincrane MK KOHTaKTaM{ He BIiZITIOBiJja€ CTaHAAapTHOMY, i cknagae 1.9 mm, Ha
Ile MOTPiOHO 3BepHYTH YBary Npy NPOEKTYBaHHI [JPYKOBaHOI IuiaTH. B siKocTi
TPaH3UCTOPHOro Kmoua BUKOPUCTOBYeTbCst IGBT Tpansucrop IRG4P254SPBFE,
rabapuTHi po3MipH STKOTO TIpe/icTaB/ieHi Ha puc. 3.11.

Puc. 3.11 'abapuThi po3mipu IRG4P254SPBF

Bigcrane MiJK KOHTaKTamMu He BiZINOBiJlae CTaHAApTHOMY, i cKnazae 2,15 MM, Ha
1je TOTPiOHO 3BEPHYTH yBary Ipy MPOEKTyBaHHI APYKOBaHOI TiaTh. ['abGapuTHi
po3mipu binmosstpHoro TpaHsuctopy 2N3940 rokasasi Ha puc. 3.12.

Puc. 3.12 I'aGaputHi posmipu 2IN3940

BifctaHe Mi)K KOHTakTamMH BiJniOBiflae cTraHfapTHOMy 2.54 MM. Matoun
iHdopmaljito mpo rabapuTHI PO3MipM KOMITOHEHTIB SIKi BUKODUCTOBYIOTHCS TIPH
MPOEKTYBaHHI MOKEMO PO3BOJUTH [pPYKOBaHy marty. JIpykoBaHa miata MPPT
KOHTpOJIepY 3apsAy IpezcrasieHa Ha puc. 3.13 Tta 3.14. EnemeHTH Ha 1uiarti
MOBUHHO PO3MILIyBaTH TakK, fIK Lie M0Ka3aHo Ha camiii myari. ['abapuTHi po3mipu
BKa3aHi Ha puc. 3.11.
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1. Byno mnpoBefieHO aHasi3 BCiX ICHYHOUMX aJIbTEDHaTUBHUX [Kepes eHeprii,
repepaxoBaHo ITFOCH Ta MIHYCHM BHUKOPUCTaHHSI €HepreTUYHUX YCTaHOBOK SIKi
MpaLolTh Ha KOXXHOMY i3 TepepaxoBaHUX [kepes. [IpoBefjeHO MOpPIBHSIBHY
XapakTepUCTUKy Ta B SKOCTi /pDKepesia eHeprii o0paHO CHCTeMH Ha
¢doTtoranbBaHiuHUX TepeTBOproBavyax. IlepeBaramMu CUCTEMU JaHOTO THIY €:
BiZICyTHiCTB LIyMy mpu po0OTi, 110 [03BOJISiE PO3MILLATH TaHenmi B Oygp — SKOMY
MicIi, MOX/TMBICTE poboTH 6e3 00C/TyTOBYBaHHS, TOBHAa aBTOMAaTUYHICTh, IIPOCTOTA

ekcnayaTauil.

2. OnmcaHi ymoBM po0OTH CTaHLii 3a «3e/eHUM Tapudom». IlepepaxoBaHO

TOC/IIJOBHICTD Ail, Ta IPUHLIMII MiAK/TF0OYEeHHS.

3. IIpoBefeHO MOPIBHAIIBHY XapaKTePUCTUKY IOJII Ta MOHOKPUCTATIYHUX COHAUHUX
eneMeHTiB. Ha OCHOBiI TOpiBHAHHS 006paHO MOHOKPUCTa/MUHWI (DOTOEIeMeHT
DNAG60-5-315M, motyxHicTio 315 Bt, Tak sk BiH Mae Oimbmmii KK, kpaiie

MpaLoe B yMOBaX MOraHoi OCBIT/I€HOCTI.

4. TlpoBeseHo mopiBHAHHA AGM Ta GEL akymynsTtopiB. B skocti mgxepena
pe3epBHOro >kuBjieHHS o00paHo GEL akymynatop, Tak fK i3 3a B’S3KOTO
eJIeKTPOJITY T/IAaCTUHM aKyMy/IsITOpa Maike 3aBX/JU 3MOYeHi, 1[0 B CBOIO Yepry
MIPOJIOBXKYE CTPOK ekcrutyartaijii. GEL akyMy/isTop po3paxoBaHuWi Ha OiIbIy
KiJIbKiCTb IL[UK/IIB 3apsaKu B nopiBHsSHHI 3 AGM, CTilikuii [0 riepe3apsizy, 1110 Tpu

0C06/IMBOCTSIX pOOOTH CUCTEMU BaK/THUBO.

5. B skocti iHBepTopy o6paHo ribpuanuii inBeprop SMA Sunny Boy 3000TL
notyxHictio 3 KBT. 3aBgsaku Bucokomy KKJI, mepeTBoproe Haripyry maibke 0e3

BTpaT, (hopMa BUXiHOIO CUTHa/y — ifjeajlbHa CHHYyCOIza.

6. Po3paxoBaHO 3arajbHy TOTYXKHICTb CIIO>KMBaHHsS OyAWHKY B CBiT/Iy Ta TEMHY
yacTuHy A00u. B cBiT/Mi mepiog 00U MOTYXXHICTh CrOKMBaHHS cKiaaia 1,8
KBT/rozi. TIOTY)KHiCTh CMIOKUBAHHS B TEMHHU mepios 106 ckiaana 0.53 kBt/rog.
[MoTyxHicTe 3apsgHoro mpuctporo ans 610Ky AKB ckmanma 0.96 kBr/roa. Ha

OCHOBi  BWIIleTIepePax0OBaHUX IIOTY)KHOCTeH Oy/I0  CIPOEKTOBaHO

CTaHI[il0

3arajibHOI0 TIOTYXXHicTIO 3 KBT. [l 3abe3rneueHHst )KMBJAEHHSIM TIpUIAJiB B
TeMHUI dyac 106w, Oysa po3paxoBaHa eMHicTs 610Ky AKB, sika ckimana 334 A*rog,.
7. s OTpUMaHHS MaKCHMaJIbHOI TTOTY’KHOCTI COHSYHOI maHeni 6yno po3pobieHo
KOHTpOJIEp 3apsify, MPUHLMI POOOTH SIKOro 3acHOBaHuit Ha MPPT anropuTmi.
OrmvcaHo TIPUHLUIT POOOTH alrOPUTMY Ta JAOLIbHICTE BUKOPUCTAHHS KOHTPOJIEPiB

SIKi MpafiorTh 3d IUM a/ITOPUTMOM.

8. B sikocTi MikpokoHTposepy Oyno obpaHo MikpokoHTposep Atmega 328 Ha 0a3i
Arduino. Voro nepeBaramu sIBJISIFOTBCS : TIPOCTOTA €KCIUTyaTyBaHHS, iHTYiTUBHO
3p0o3yMisnnii iHTepdeiic, BenMKa KibKiCTb AOTMOMIXKHOI Tepudepili Ta sKicTb

JIOTIOMDKHHUX 6i0/tioTek.
SUMMARY

Backup supply system based on renewable energy sources for private house
The diploma project of first educational level "Bachelor" by specialty 171

Electronics, specialization Electronic Instruments and Devices

Ilchenko
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Volodymyr. 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. - 60 p., I11. 24, tables 6.
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controller, busk converter.

Summary of the project: The work consists of an introduction of 2 pages,
which describes the concept of alternative energy sources, lists the existing types
of alternative sources, and methods of obtaining energy from them. The work of
the "green tariff" and the possibility of selling electricity are given. The main
advantages of power plants whose main energy resource is alternative energy
sources are given. The purpose of this work, which is to develop an autonomous
power plant based on renewable energy sources, is highlighted.

The first section is devoted to the analysis of the literature on the types of
alternative energy. This section includes 18 pages. It contains information on all
major types of alternative energy sources, provides an energy map of winds,
describes the principle of operation and design of the Savonius rotor and Darier
rotor, the principle of operation of power plants running on a particular type of
energy, lists the pros and cons of each type of station. operation of the photovoltaic
converter, the main types and principle of operation of solar power plants are
given: autonomous solar power plant (direct current, alternating current DC / AC),
network solar power plant, hybrid solar power plant. The documents that need to
be collected for registration of the "green tariff" are listed.

The section ends with the following conclusions: bioenergy plants are the least
common type of plants. Due to the complexity of biomass fermentation technology
for biogas production and its further transportation. In recent years, the
development of wind energy has accelerated due to the emergence of new types of
high-power wind turbines, which in favorable regions can fully provide electricity
to a small city. The high efficiency of geothermal power plants in the Scandinavian
countries has aroused interest in them. Solar energy is used in all aspects of human
life. Starting from space stations, ending with agricultural work. This was one of
the main factors in the development of solar energy. After analyzing all the
advantages and disadvantages of installations for the production of electricity from
alternative sources, it was determined that the most attractive type of power plant
is a solar installation. Since there are few factors that affect the operation of the
station, ease of operation, relatively low price.

The next section of the work is devoted to the review of the existing element
base for the implementation of the station on the basis of solar panels, the
calculation of the power consumption of electricity by devices in light and dark
time of day. The section is set out on 15 pages. The beginning of the section is
devoted to the formulation of requirements for the operation of the power plant, the
definition of parameters for the calculation. A comparative characterization of
AGM and GEL batteries is performed. The advantages and disadvantages of each
of them are listed, and the one that satisfies the requirements is selected.
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In the next section, a comparative characterization of a poly and a single-crystal
photomodule is performed. As a result of the comparison, it was decided to use a
single - crystal photomodule, due to the higher efficiency and better performance
in low light. The operation of a hybrid inverter is described step by step. A
comparison of the operation of two types of controllers: PWP (power width
modulation), and MRRT. The first type involves the use of pulse width modulation,
ie the more the battery is charged, the greater the duty cycle of the charging current
pulses. The pulse frequency increases with decreasing voltage at the terminals.
MRRT controllers also use PWM, but with a dynamic change in pulse length and
frequency with increasing battery charge.

To determine the power of the power plant, the total power consumption of the
devices and the power of the battery charger were calculated. As a result of
calculations, a 3 kW power plant was designed to supply electricity to a private
house.

At the end of the section is a block diagram of the designed power plant, with a
detailed description of the operation of each functional unit, and the operation of
the system as a whole.

he next section is devoted to the development of MRRT battery charge
controller. The section is set out on 16 pages. The section begins with a
comparative description of the most popular microprocessor platforms: Kinetis,
Arduino SMT32. Kinetis is a family of low-power microprocessors based on a 32-
bit architecture using ARM Cortex-M0 / M4 / M7 processor cores. STM32 is a
family of microcontrollers built on 32-bit ARM Cortex-M7F, Cortex-M4F, Cortex-
M3, Cortex-MO0 + or Cortex-MO cores. A line of inexpensive microcontrollers for
various purposes, with increased performance and low power consumption.
Arduino is a family of devices built on 8, 32-bit AVR microcontrollers Atmega 328
and Atmega2560, respectively. Microcontrollers on the Arduino are distinguished
by the presence of a bootloader stitched into the controller, with which the user
loads the program into the microcontroller without the use of separate hardware
programmers. After analyzing the most popular microcontroller platforms, the
ideal microcontroller for this task is the Arduino. Since it does not require high
computing power, low cost and ease of operation. At the given capacities of
system, the busk converter is used as the voltage converter. The principle and
features of this type of converter are described. The calculation of capacitance and
inductance for efficient operation of the converter is performed.

Based on the calculated data, the electrical schematic diagram of the charge
controller was developed. Then the principle of interaction of the basic power
elements, and the scheme as a whole is analytically described

The last subsection in the third section is the reduction of the overall
dimensions of the main elements of the circuit for the dilution of the printed circuit
board. The section ends with the following conclusions: an analysis of all existing
alternative energy sources, lists the pros and cons of using power plants that
operate on each of these sources. The comparative characteristic is carried out and
systems on photovoltaic converters are chosen as an energy source. The advantages
of this type of system are: no noise during operation, which allows you to place the
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panels anywhere, the ability to work without maintenance, full automation, ease of
operation. The conditions of operation of the station according to the "green tariff"
are described. The sequence of actions and the principle of connection are listed. A
comparative characterization of poly and single-crystal solar cells is performed. A
comparison of AGM and GEL batteries is performed. The GEL battery is chosen as
the backup power supply, as the battery plates are almost always wet due to the
viscous electrolyte, which in turn extends the service life. GEL battery is designed
for more charging cycles compared to AGM, resistant to recharging, which is
important for the system. A 3 kW hybrid inverter was chosen as the inverter. Due
to the high efficiency, it converts voltage almost without losses, the shape of the
output signal is an ideal sine wave. The total power consumption of the house in
the light and dark part of the day is calculated. In daylight, the power consumption
was 1.8 kW / h. Power consumption in the dark was 0.53 kW / h. The power of the
charger for the battery was 0.96 kW / h. Based on the above capacities, a station
with a total capacity of 3 kW was designed. To power the devices in the dark, the
capacity of the battery was calculated, which amounted to 334 A * h. To obtain the
maximum power of the solar panel, a charge controller was developed, the
principle of operation of which is based on the MRRT algorithm. The principle of
operation of the algorithm and the expediency of using controllers working on this
algorithm are described.

The next section is a list of references. 40 sources were reviewed and used to
review literature from books and Internet resources
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LivTatmn

1

1 «poBipeHicTb Ha NpepCTaBHULTBO iHTepeciB BUpoOHMKa (3a HeobXiAHOCTI); 2) NoACHIOBaibHA 3anNucKa 3 AeTasibHOlo
iHcdopmauieto npo cy6'ekT rocnopaptoBaHHs (bopma BlacHOCTI NiANPUEMCTBA, BCTAHOBJIEHI MOTY>XHOCTI reHepylo4oro
obnamHaHHA, XapaKTePUCTUKKU FreHepyloyoro o6s1agHaHHA); 3) po3paxyHOK BUTPaT Ha BUPOOHULTBO eNleKTpoeHeprii 3a
BCTaHoOBJIEHOI0 (hopMoI0; 4) OGrPYHTYBaHHA CTaTel Ta eJIeMeHTIB BUTPaT Ha BUPOOGHMLTBO (Konii J0roBopiB, po3paxyHoOK
BUTPAaT, NOACHEHHSA A,0 PO3paxyHKY, A0BifaKa npo 6anaHcoBy BapTiCTb OCHOBHUX 3ac06iB cTaHOM Ha AaTy NopaHHA
3asBM); 5) NOsICHIOBaJibHa 3anucka A0 pobo4yoro npoekTy 6yAiBHMLTBA eNleKTPOoCTaHLUii; 6) Konii TeXHIYHMX YMOB Ha
niaKJ/I04YeHHS HOBUX YCTaHOBOK BUPOOHMUKa eNneKTpoeHeprii; 7) 3apeecTpoBaHa AeKJlapaliis Npo roToBHiCTb 06'ekTa
OyniBHMUTBaA A0 ekcnsyaTauii abo cBiaouTBO, BUAaHe Ha NiacTaBi akTa roTOBHOCTI A0 ekcnayaTauii; 11 8) konin

po3paxyHKy 6loa)KeTy Ha PEKOHCTPYKLilo, MOA,epPHi3aLilo ¥ TEXHIYHE NepeoCcHall,eHHA 3a paXyHOK BllacHUX abo
3aJly4eHUX KOLUTiB»
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