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BCTYII

CoHsuH1 TTaHemi — IIe CTeiati30BaHi MPUCTPOI, K BUKOHYIOTh BAXJIUBY (PYHKITIFO
NIEPETBOPEHHS CHEprii COHSYHOTO CBITIa Ha eNeKTpU4Hy eHepriro. lleit mporec
3MIACHIOETBCS 3a JIONMOMOTOK0 (POTOENEKTPUYHUX EJIEMEHTIB, $SKi BHUKOPHUCTOBYIOTh
yHIKQJIbH1 BJIACTUBOCTI HAIIBIPOBIAHUKIB I CTBOPEHHS EJIEKTPUYHOTO CTPyMy IIiJl
BIUTMBOM COHSYHOTO BHINPOMiHIOBaHHSA. OCHOBHMI MPUHIIAN POOOTH COHSYHUX TAHEICH
0a3yeThcsi Ha sBUI, BioMoMmy sk (otoenexktpuunuii edekr. Komu doTtonu, siki €
YaCTUHKAMHM CBITJIA, MOTPAIUISIIOTh HA (DOTOCNEKTPUYHUIN €JIEMEHT, BOHU 3/1aTHI BHOMBATH
€JICKTPOHHU 3 aTOMIB KPEMHIIO, 1110, B CBOIO UYEPTY, MPU3BOIUTH JI0 YTBOPECHHS €JICKTPUIHOTO
CTpyMy. ICHy€ KilbKa OCHOBHUX THIIIB COHSYHUX ITaHENEH, cepel KX MOKHA BUAUIATH
MOHOKPHCTaJIIYHI, MOJIKPUCTATIYHI, TOHKOTUTIBKOBI Ta O1(acianbHi (IBOCTOPOHHI) MaHe,
KOXEH 3 SKUX Ma€ CBOi OCOOJMBOCTI Ta TmepeBard. MOHOKPHCTaJII4YHI TaHeml
BUTOTOBJISIFOTHCS 3 MOHOKPUCTAJIIB KPEMHIIO, 1110 POOUTH iX HAHO1IBII €(pEKTUBHUMHU CEPE]l
ycix tumiB. Bonu 3naTHi 3a06e3nedyBatu nepetBopeHHs Bia 18% no 22% consunoi eHeprii
Ha enekTpuuHy. Lli maneni mpaioroTh €(EeKTHUBHO HaBITh 3a YMOB HHU3bKOTO DIBHS
OCBITJICHOCTI, 1[0 pOOUTH iX YHIBEPCAIbHUMHU ISl PI3HUX KIIIMATUYHUX YMOB.

OCHOBHOIO (DYHKITIEIO COHSYHUX TIAHEICH JJIS )KUTIOBUX OYIUMHKIB € 3a0€CTICUCHHS
ABTOHOMHOTO XUBJICHHSI TIPH BiJICYTHOCTI LIEHTPAII30BAHOTO €JIEKTPOIOCTauyaHHs, 10 €
JIOCUTh aKTyaJhbHUM B HaIll 4ac. [aKoX IF0 €HEPril0 MOXKJIMBO BUKOPUCTOBYBATH IS
6e3mepediitHol poboTH 3ac00iB 3B 3Ky (IHTEPHET, MOOUIBHI MEPEXKi, TOIIO). 3aJIeIKHO BiJl
3arajbHOI TOTY)KHOCTI BCTaHOBIICHUX IIaHEJCH 3aJeKUTh SKi caMe MoTpedu OyIuHKY
MOKHA TIEPEKPUBATH 32 JOTIOMOTOI0 TAKUX CUCTEM. SIKIIO MOTYXKHICTh IOCUTh BHUCOKA, TO
JOLIFHO TIPOJaBaTH 3T€HEPOBAHY EIEKTPOCHEPII0 B 3arajibHy MEPEKy IO CIeliaTbHOMY
3eJICHOMY Tapu(i, 1110 Ji€ criemiaibHO JIJIsl aJbTePHATUBHUX JKEPEJ eHeprii, 11e J03BOJIUTh
3po0UTH CBIl BHECOK B CTa0UIbHICTH €HEPrOCHCTEMH a TaKOXK 3a KOILUTH, BHIy4YEHI 3
peanizaiiii HAJJIMIIKOBOI IOTY)XHOCTI pPO3BHMBAaTH Ta TMOKpallyBaTH OJIaroycTpii
3araJbHOAOCTYIHUX IUISHOK OYyAMHKY.

3aranpHa TMOTYXXKHICTh BCTAHOBJICHUX MOJYJIB CHJIBHO 3aJICKHUTh BiJl JOCTYITHOI
wiomi s poswmimieHHs cucteMu. 3 miauiieHHsM KKJ[ wa mmomyy myxe mgobpe

CHPAaBISAIOTHCS JABOCTOPOHHI COHSYHI MaHENl 3aBASKH PO3MIIICHHIO CBITIOUYTIUBUX
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€JIEMEHTIB 3 IBOX CTOPiH. 3aJIe’KHO BiJ] MOBEPXHI1, HA IKY BCTAHOBJICHI JBOCTOPOHHI MO
Iy’K€ CHIIbHO BIJIPI3HIETHCS iXHS MOTYKHICTh. SIKIIO a4 Tta dacaj, 1e BOHU PO3MIIICHI
nodapOyBaTH OLTUM KOJILOPOM, IIe OYJIyTh 1/1€alibHI YMOBH, SIKI MOXKJIUBO OTPUMATH JIJIsI
MPaKTUYHOTO BTUICHHS Takoi cuctemu 3 Makcumansaum KKJ/I.

Meta Mo€i poOOTH JOCTIIUTH peaibHy e(PEeKTUBHICTh BUKOPUCTAHHS JBOCTOPOHHIX
COHAYHUX MaHeJeH B MOPIBHAHHI 3 KJIACHYHUMU BapiaHTaMH. J{J1s1 IbOTO 5 TPOBIB peabHUMN
JOCIII] 3 TIOPIBHSHHSAM IIUX JBOX CHCTEM.

[IpeameT nociipKeHHs € TBOCTOPOHHI COHSIYHI MaHel, a caMe IXHs e()eKTUBHICTD Y
MOPIBHSIHHI 13 3BUYaAHMMHM MOAYJISIMH B YMOBaX BHUKOPHUCTaHHS B 0araTonoBEpXOBHX
KUTIOBUX OyauHkax. CTaHOM Ha 3apa3 Il MUTAHHS € JOCUTh aKTyaJlbHUMH, OCKUIBKH 3
OJIHIET 1 TIETK caMOT BUKOPUCTAHOI IO MOYKHA CYTTEBO 301JIBIITUTH 3arajibHy MOTYXHICTh

eHeprii.



PO311J1 1 3AT'AJIBHI BIZIOMOCTI IMTPO ABOCTOPOHHI COHSAYHI
MAHEJI TA IX IPU3HAYEHHS.

1.1 IcTopisi NOSIBM COHSIYMHUX MaHeJIeH.

IcTopist pO3BUTKY COHSUHUX MaHesel Oepe CBii moyaTok y 19 cTomiTTi, Koy Bepiie
OyJM MOMIYeH1 YHIKaJlbHI BJIACTUBOCTI MEPETBOPEHHS CBITJIOBOI €HEPrii Ha EJIEKTPUUHY.
[lepmiM Ba)KJITMBUM KPOKOM 0 TAHOILIOTO PO3YMIHHS IBOTO CKJIAIHOTO MPOIECY CTajlo
BIAKPUTTS poToesekTpuaHoro edekry B 1839 poui dpaHiy3pskum pizukoM AJEKCaHAPOM
Enmonom bekkepenem. Bin 3ayBakuB, 110 TiJ BIUTMBOM CBITJia Ha JESKI MaTepiaiw,
30KpeMa ENEKTPOJITH, 3 BISETHCS E€ICKTPUUHUN CTPYM, IO CBIAYUTH MPO MOKIUBICTH
NEePETBOPEHHS CBITJIOBOI €HEprii B eleKTpuuHy. lle BIAKpUTTS CTajio ChOpaRXHIM
PEBOJIIOLIMHUM JOCATHEHHSIM JJIi CBOTO 4Yacy, OCKUJIBKA BOHO IMOKJIAJO MOYaTOK HOBIN
€roci B HayIll Ta TEXHOJOTAX. X04a TEXHOJIOTI] Il HOTO MPAKTHYHOTO 3aCTOCYBaHHS IIIE
HE 1CHyBaJH, 1 HAYKOBLII JIUIIE MOYMHAIN YCBIAOMIIIOBATH MOTEHINIAN I[bOTO SBUIIA, CaMe
1€ BIAKPUTTS CTaJI0 OCHOBOIO JI MOJANBIIUX JOCHIIKEHb Yy Taly3l (POTOENEKTPUKU.
[TpoTsroM HaCTYMHUX AECATUIITH BUEHI MPOJOBKYBAIN BUBUATH Ta EKCTIEPUMEHTYBATH 3
pI3HMMH MaTepiajlaMd, HamMaraloyuch 3HAWTH ONTHUMAJbHI DIIIEHHS A1 €()EeKTHBHOIO
NEPEeTBOPEHHs COHAYHOI eHeprii. lle mpu3Beno g0 CTBOPEHHS MEPIIUX COHSYHUX
€JIEMEHTIB, sIK1, X04 1 OYJIM IPUMITUBHUMH, 3aKJIaJIH OCHOBH JIJII Cy9aCHUX TEXHOJIOT1H, SIK1
MU BUKOPHCTOBYEMO CHOTOJTHI.

HactynHi poku Oyiau TPHUCBSYEHI MOMAJBIIUM HAYKOBUM JIOCTIKEHHSM, SIKI
BIIKpUBAJIM HOBI TOPU3OHTM B Mii Tramy3i, pO3MIMPIOIOYM HaIIe PO3YMIHHS
doToenexTpuynux nporeciB. Y 1873 pori Oputanchkuit imkenep Bimnoy6i Cmit 3po6us
BXJIUBE BIJKPUTTS, BHUSBHUBIINM (DOTOUYTIHMBICTH CEJIEHY, IO CTajl0 OCHOBOK JIJISt
MOJaJbIINX EKCIEePUMEHTIB y Il cdepi. Lle BIAKPUTTS CTalo BaXXIMBUM KPOKOM Y
PO3BUTKY HOBUX MaTepiaiiB, sIKI MOTJIU 0 e(pEeKTUBHO NEPETBOPIOBATH CBITJIIOBY €HEPTIIO B
enektpuuHy. A B 1876 pori Binbsam I'pien Anamc i Piuapn EBanc [leit nosenu, mo cenex
MO3Ke Oe3MocepeIHh0 MEePETBOPIOBATH COHSYHE CBITJIO B €JIEKTPHUKY, IO CTAJNO MEPIIUM
CEepHO3HUM KPOKOM JI0 PO3POOKH MPHUCTPOIB HA OCHOBI (oToenekTpuyHoro edexry. Lli

OOCATHCHHA 3aKJIaJIi OCHOBU JIJISL ITOAAJIBIIOTO PO3BUTKY TCXHOHOFifI, SIK1 B HaIIl Yac CTaJIx
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HEBIJ'€MHOIO YaCTUHOIO E€HEPreTHYHOTO CEKTOPY, BIIKPHMBAIOUM HOBI MOKJIMBOCTI JIJIS
BUKOPHUCTAHHS BiJHOBIIIOBAJIBHUX JKEpen eHeprii. BoHun He muie cOpusiud po3BUTKY
HayKW, ajge i CTaJid OCHOBOIO [JIi CTBOPEHHS HOBUX TEXHOJIOTIH, SIKI JTO3BOJSIOTH
3MEHIIIATH 3aJISKHICTh B1JI TPATUIIIHHUX JHKEPEIT €HePTii, 110, B CBOIO YEPTy, Ma€ BEIMUC3HE
3HAYEHHS JIJISl CTAJIOr0 PO3BUTKY HAIOT MJIAHETH.

[epury dakTUyHy COHSYHY KOMIPKY BUHAWIIIOB aMEPUKAHCHKUIN JOCHIAHUK Yapib3
@pitrc y 1883 poui. Y cBoiif poOOTI BiH BUKOPUCTAB CENIEH, NOKPUTUN TOHKUM IIapOM
30J10Ta, 11100 CTBOPUTH (POTOETEKTPUUHUN €IIEMEHT, SIKUI CTaB MEPIIUM BaXKTUBUM KPOKOM
Y PO3BUTKY COHSUHUX TEXHOJIOT1i. X04ua eeKTUBHICTH IIbOTO €JIeMEHTa OyJia HaA3BUYaHHO
HU3bKOI — Jiuiie 6s1u3bKo 1% — 11e Oyna nepina TeXHOJOTTYHO Mpalfoloya KOHCTPYKIis
COHSIYHOI OaTtapei, sika MPOJEMOHCTpYBaja MOKIIUBICTh IEPETBOPEHHS COHSIYHOT €HEPTii B
enektpuuHy. Lleil BMHaxiJ cTaB OCHOBOIO /JIi MOJANBIIMX JOCIIIPKEHb y LI ramysi,
BIJIKpMBAIOYM HOB1 MEPCHEKTHUBH JUIsl BIOCKOHAJIEHHSI TEXHOJOrH. BaxiuBo 3a3HauyuTH,
1110, HE3BAXKAIOYM HAa CBOIO 0OMEXeHY e(EeKTUBHICTb, IIeH €JIEMEHT CTaB CHMBOJIOM HaJii
JUIA BUYEHUX 1 IHXKEHEPIB, AKI MparHyidd 3HANUTH CIOCOOM MOKpAIEHHS MEepeTBOPEHHS
COHS'YHO1 eHeprii. BigToai moyanacs €BOJIOLIS COHSYHUX TEXHOJOTIH, IO MpHU3BeEIa J10
CTBOpPEHHS OUTBII €(PEeKTUBHUX 1 MOTY>KHUX COHSYHHUX MaHENeH, sIki MU BUKOPUCTOBYEMO
choromHi. [1]

Benukuii TeopetnyHuil mpopuB ctaBcs Ha moyaTky 20 CTOMITTA, Koiu AbOepT
Eitamreiin y 1905 pori po3poOHuB Teopito, sika MOSCHIOBAJIA MPUPOAY (POTOEIEKTPUIHOTO
edexTy. Y CBOIMl 3HaKOBIM poOOTI BIH JAETalIbHO OINHUCAB, SK (POTOHM CBITNIA, fAKI €
YaCTUHKAMH CBITJA, BUBUIBHIIOTH €IEKTPOHU 3 aTOMIB y MaTepiaii, 110, B CBOIO Yepry,
CTBOPIOE €NEKTPUUYHUI cTpyM. Lle nocHiIPKeHHs He JIMIIEe CTajlo OCHOBOIO ISl PO3YMiHHS
(hoToENEKTPUUHOTO eeKTY, ajie i 3poOUIIO PEBOJIIOIIIO B 3araJIbHOMY CIIPUMHSATTI (PI3UKH
cBiTia. B pesynbTati 1iei po6otn Anpbept EitHmreiin otpuma HobGeniBebKy mpemito 3
¢di3uku y 1921 porii, 1110 TIKPECINUIIO BAXKIUBICTh HOT0 BHECKY B HAyKy. BaXKuBiCTh HOTO
poOOTH HE MOXHA MEPEOIIHUTH, aJPKe BOHA CTala OCHOBOIO JIJISl MOJANBIINX PO3POOOK Y
chepl COHSYHOI CHEPreTHKH. 3aBASKA MM PaHHIM JOCSTHEHHSM, HAYKOBII 3MOTJIH
PO3BUBATH HOBI TEXHOJIOT1I, SIKI B HAIll YaCc CTaJM HEBIJ €MHOIO YACTUHOIO €HEPreTUYHOTO

CEKTOPY, BIAKPUBAIOYM HOBI MOJIMBOCTI IS BUKOPUCTAHHS BiTHOBIIOBAIBHUX JKEPE
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e”eprii. L{i TexHouorii, 3acHOBaH1 Ha MPUHIIUTIAX, SIK1 OyJIM BIiepiie onvucani EMHIITeHOM,
JI03BOJIMJIM CTBOPUTH OUTbII €(PEKTHBHI COHSYHI MaHeml, [Ki 37aTHI MEpPeTBOPIOBATH
COHSIUHY €HEPril0 B €JIEKTPUUYHY 3 BHCOKOIO €()EKTUBHICTIO, 1110, B CBOIO YEPry, CIIPUSE
3MEHILIEHHIO 3aJIeKHOCT1 Bl BUKOTTHUX BHU/IIB MAIBHOTO.

[lepmuii 3HaYHUM TEXHOJIOTIYHUN CTPUOOK y PO3BUTKY COHSYHOI CHEPTrEeTHKHU
Bi10yBcs B 1941 poi, konu Paccen Ohl BuHaiimoB nepimii kpeMHi€BUl (POTOSTEKTPUUHUN
eneMeHT. Llei peBosmoLiiHNN BUHAX1/T CTaB BaXKJIMBUM KPOKOM yTI€pe, OCKIIbKUA KPEMHIN
BUSIBUBCS Habarato €(QEeKTUBHIIMIMM MaTepiajoM i (POTOCIECKTPUYHUX IPUCTPOIB Yy
MOPIBHSIHHI 13 CEJIEHOM, SIKWH BHUKOPHMCTOBYBABCS paHilie. 3aBAsIKM CBOIM YHIKaJIbHUM
(GI13MYHUM Ta €JEKTPUYHUM BJIACTUBOCTSM, KPEMHIN JO3BOJMB 3HAYHO IIJABUILUTH
€(EKTUBHICTh TEPETBOPEHHSI COHAYHOI €HEprii B E€JIEKTPUYHY, IO CTajJ0 CIPABKHIM
NPOPHUBOM Yy Iiil ramysi. Lleit BuHaxX17 MpOKIIaB IIISX AJIi CTBOPEHHS Cy4aCHUX COHSYHHX
naHeyned, SKi cTajad OLabll MPAKTUYHMMM Ta MEPCHEKTUBHUMH JJIsi KOMEpPLIMHOIO
3aCTOCYBaHHA. Big3HaunMo, 110 3 MOMEHTY MOSIBH KPEMHIEBUX €JIEMEHTIB, TEXHOJOTI1
COHAYHOI EHEPTETUKH MOYATN CTPIMKO PO3BUBATHCS, 1110, B CBOIO YEPTY, CIIPHUSIO PO3BUTKY
HOBUX TEXHOJIOTIM y Il ramysi. Big3Hauarouu BaXJIMBICTH ITbOTO JIOCATHEHHS, MOXHa
CKa3aTH, 110 BOHO CTajJ0 OCHOBOIO JIJIS IOJANIBIINX 1HHOBAIlIM, SKI JTO3BOJIUIN 3HU3UTU
BUTPATH HAa BUPOOHMIITBO COHSYHUX IAHEJEH Ta MIJBULIUTH IXHIO AOCTYNHICTH JUIS
[IMPOKOTO 3arajy, 110 B CBOIO YEPry CIPUSIO MOIMYJISpu3alii BiIHOBIIOBAIBHHUX JKEpel
€Heprii y BChOMY CBITI.

P03BUTOK CHpaB)KHIX Cy4aCHHUX COHSYHMX MaHesed posnouyasca B 1954 poui, konu
imkenepu kommanii Bell Labs — [apin Yamin, Kensin ®ymnep ta Jxepansa [lipcon —
po3poowy nepiuii eeKTUBHUN (POTOCTEKTPUUHHUMN eJIeMEeHT 13 KpeMHito. Llei 3HauHumit
IPOPUB Y TEXHOJIOTIT CTaB MOKJIMBUM 3aBJIIKM IXHbOMY HAIIOJIETJINBOMY JOCIIJKEHHIO Ta
EKCIIEpUMEHTaM, sIKI TPUBAJIM MPOTATOM OaraTh0X POKIB. BOHHM Jocariu Bpakarouoi
e(peKTUBHOCTI 6%, 1110 OyJI0 BEIMYE3HUM JAOCATHEHHSM TOTO 4acy, aJiKe 10 [bOrO MOMEHTY
COHAYHI €JIEMEHTH MajH 3HAYHO HUX4Yy MpOMyKTHBHICTH. Lle OyB mepumii pa3, koau
COHAYHI TaHeJll MOTJIM BHUPOOJSATH [OCTATHBO EJNEKTPOCHEPrii Ui MPaKTUYHOTO
BUKOPHUCTAHHS, 1110 BIAKPWJIO HOBI TOPU30HTH JUIsl €HEepreTu4Hoi inaycrpii. Llel nporpec

CTaB OCHOBOIO JIJIS MOJAIBIINX JOCTIIKEHb 1 pO3p000K y chepi COHIIHOT €HePTETHKH, IO
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BPEIITI-PEIIT MPU3BENIO 10 CTBOPEHHS OUIBII MOTY>KHUX 1 €()EKTUBHUX CHCTEM, SIKI MU
BUKOPUCTOBYEMO CBOTOAHI. 3aBISKH IIUM 1HHOBAI[iSIM, COHSYHA EHEpPreTuKa Ioyvanaa
aKTUBHO BIPOBAKyBaTUCS B pI3HUX cdepax, Big MOOYTOBOrO BHUKOPUCTAHHS 0
MIPOMUCIIOBUX MacITadiB, 0 CIIPHUSIIO 3MEHIICHHIO 3aJIEKHOCTI BiJl TPAIUIIIHUX JKepe
eHeprii Ta MOKpaIlleHHIO €KOJIOTIYHOI CUTYaIlli Ha TUIaHeTl. [2]

KomepuiitHuii mpopuB COHAYHUX MaHesnel BiaOyBcs HanpukiHii 1950-x pokiB, Koau
iX Toyanyu BUKOPUCTOBYBATH JJIsl 3a0€3MeUEHHS eIEKTPOCHEPTii Ha CYMMyTHUKAX, 110 CTaJIO0
BOXJIMBUM €TarloM y PO3BUTKY Ili€i TexHosorii. ¥ 1958 pomi cynytHuk Vanguard I ctas
MepIMM KOCMIYHUM arapaTtoM, OCHAIEHUM COHSYHUMH OaTapesMHu, sIKi JKUBWJIM HOTO
pazgionepenaBayi. lle HOBOBBEJCHHS HE JMIIE MPOJEMOHCTPYBAJIO MOTEHIA] COHAYHOT
eHeprii, aje i BIAKPUIO HOB1 MOXJIMBOCTI JJIsI 11 BUKOPUCTaHHS B KOcMOci. Bukopuctanus
COHAYHOI €Heprii B KOCMOCI CTaJIO KJIIOUOBUM (PaKTOPOM JUIsl MOAAIBIIONO PO3BUTKY €T
TEXHOJIOT1i, OCKIJIbKM BOHAa BHSIBWIAcAd HAJIHHOIO B YMOBax, Ji€ TpaAuIliiHI HKepela
KUBJICHHA Oynu HempugaTHUMH. COHSYHI MaHeNl, SKI MpamioBald B O€3MOBITPSIHOMY
MPOCTOp1, MPOJEMOHCTPYBAJIU CBOIO 3[aTHICTh 3a0e3MedyBaTu CTaOUIbHY €HEpPriio, II0
CTaJI0 BAXJIMBUM KPOKOM Yy PO3BUTKY KOCMIUHUX TexHojorid. lleit ycmix croHykaB a0
MOJAJBIINUX JAOCTIKEHb Y Tally3l COHSYHOT €HEPreTHKH, 1110 B CBOIO YEPry MPHU3BENO 0
BJIOCKOHAJICHHSI TE€XHOJIOT1A BUPOOHUITBA COHSYHUX TaHesNeH, IXHbOi e(PEeKTUBHOCTI Ta
HAJIAHOCTI, IO BPEIMITI-PEIIT CTajJO0 OCHOBOIO [JIi CYYacHUX CHCTEM, SKi MH
BUKOPHCTOBYEMO CHOTOJIHI.

Y 1970-x pokax, mij 4yac I100ajbHOI €HEePreTUYHOI KPU3H, COHSYHI TEXHOJOTIi
MOYaJId TIPUBEPTATH OiJIbIIE yBard SIK MOXKJIMBHMA CIOCIO 3MEHINEHHS 3aJIeKHOCTI Bij
BUKOMHOTrO nanuBa. llei mepion cTaB BaXJIMBUM €TArlOM Y PO3BUTKY albTEPHATUBHHUX
JOKEpeN eHeprii, OCKUIbKHM CYCIUJIBCTBO YCBIJIOMHIIO HEOOXITHICTh MONTYKY HOBUX PIllIEHb
g 3abe3meueHHsl eHepreTuyHux mnorped. Po3poOku B oOnacTi HOBUX MaTepiaiiB Ta
TEXHOJIOT1H JI03BOJIMJIM 3HU3UTH BApTICTh BUPOOHUIITBA COHSYHUX MaHeNel 1 3poOUTH iX
JAOCTYMHIMUMU JIJISI HIUPOKOTO BUKOpPUCTaHHS. L{e cTano MOXIMBUM 3aBISKH 1HHOBAIISIM
y BUPOOHUYHX TMPOTIecax, siKl IO3BOJIWIM 3MEHIIIUTHA BUTPATH HA CUPOBUHY Ta MIABUIIUTH
e(heKTUBHICTh BUPOOHMIITBA. Y II€H Yac TaKOXX MOYAIMCS JAOCIIKEHHS TOHKOILUTIBKOBHX

(bOTOENEKTPUYHUX €JIEMEHTIB, K1 J03BOJISUIA CTBOPIOBATH JIETK] Ta THYYKI MaHeNl 3 OUIbII
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HU3bKOIO c001BapTIiCTIO. L{i HOB1 TEXHOMOT] BIIKPUIIM HOBI MOKIIMBOCTI AJIs BUKOPUCTAHHS
COHSIYHOI eHeprii B pi3HUX cdepax, BiJ MOOYTOBOTO CIOXHUBAHHS JI0 TPOMHUCIOBHUX
3aCTOCYBaHb, 10 COPHUSIIO MOJATBIIOMY 3pOCTAHHIO MOMYJISPHOCTI COHSYHUX IMaHeNeH y
BChOMY CBITI. 30KpeMa, COHSYHI TaHEeJl T0Yald BUKOPUCTOBYBATHUCS HE JIUILIE B TPUBATHUX
JIOMOTOCTIOJJaPCTBAX, ajie ¥ y BEJIMKUX KOMEPLINHUX MPOEKTax, 0 JO3BOJIMIO 3MEHIIUTH
BUTpATH Ha eneKTpoeHeprito. Lle, B cBOIO uepry, CTUMYIIOBAJIO 1HBECTHIIIT B JJOCIIIXKEHHS
Ta PO3pOOKH, IO MPU3BEIIO A0 MOAAIBIIOTO BJOCKOHAIICHHS TEXHOJIOTIH Y 111 Tamy3i.

3 mouatky 2000-x pokiB €()eKTUBHICTb COHSIYHUX MaHeJIeH MPOI0BKYBaja 3pOCTaTH,
a IXHS BapTICTh — 3HIDKYBATHCS 3aBISKH MOCTIHHOMY BIOCKOHAJCHHIO BUPOOHHYUX
IPOIIECIB 1 MaTepialiB, 10 BUKOPUCTOBYIOTLCA Y BUPOOHUIITBI. B OCcTaHHI AECATUIITTS Ha
PUHKY 3'SIBUJTACS ABOCTOPOHHI TaHEJl, sIKI MalOTh YHIKaJIbHY 3/IaTHICTh MOTJIMHATH CBITJIO
3 000X CTOpIH, 110 3HAYHO MIABHILYE IXHIO 3arajibHy MPOIYKTUBHICTH 1 pOOUTH iX O1JIbII
npuBaOIUBUMHU ISl criokuBadiB. KpiM Toro, po3poOka NEPOBCHKITHUX KOMIPOK, SIKi
JE€MOHCTPYIOTh TOTEHI[Ia]l 3HAYHO MIJBUIIUTH €(PEKTUBHICT MEPETBOPEHHS COHSIYHOI
eHeprii, BIAKPUBAE HOBI TOPU3OHTH JIA 3HIDKEHHS BHUTpPAT Ha BUPOOHMIITBO COHSYHUX
nanenei. L1 iHHOBaIlT He JIHIe pOOIATH TEXHOJOTIIO O1IBII JOCTYITHOMO, ajle i CIIPUSIOThH
il momymspu3amii cepel CHOXHUBAyiB, fAKI BCce OUIbIIE YCBIIOMIIOIOTH IE€peBaru
BUKOPHUCTAHHS BiHOBIIOBAIBHUX JIXKEPENl €Heprii. 3pocTarouuii iHTepec 0 €KOJIOTTYHUX
pillieHb Ta 3MEHIICHHS BUKHUIB BYTJICII0O TAKOX MiAIITOBXYE PUHOK IO BIPOBAHKCHHS
HOBUX TEXHOJIOTiM. TakuM YWHOM, PO3BUTOK COHSYHHMX TAHENIEeH CTa€ BaKIWBUM
€JIEMEHTOM Y MEePEX0/il IO CTAJIOr0 €eHEPreTUYHOro MaildyTHHOTO, 110 3a0e3eUy€e He JIHIIIEe
€KOHOMIYHI, aj1€ ¥ €KOJIOr14YHl BUTOIH.

HuHi COHsIUHI MaHel € HEeB1J'€MHOI YaCTUHOK €HEPreTUYHHUX CTpaTerii 6ararbox
KpaiH, OCKUTbKM BOHU CIPUSIOTHh 3MEHIIEHHIO BUKU/IIB BYTJIEKUCIIOTO ra3y Ta J03BOJISIOThH
BUPOOJISITH €KOJIOTIYHO YUCTY €Heprito. BaxkmuBo 3a3HauMTH, 110 TEXHOJOTIS MPOJIOBKYE
pPO3BUBATHCS, 1 JIOCHIIHUKU aKTUBHO MPAIlOIOTh HAJ CTBOPEHHSM 1€ €(PEKTHUBHIIIUX,
JAOCTYMHIIMUX 1 CTIMKIIIKUX MaTepialliB A BUKOPUCTAHHS B COHsAYHIN eHepreruri. Lle
BKJIIOUYA€ B ce0e HE JIMIIE MOMIMIIEHHS ICHYIOUMX TEXHOJIOT1H, aje i MOIIyK HOBUX PIIIECHb,
K1 MOXKYTh 3a0€3MEUUTH 111e OUThINY €(DEKTUBHICTh Ta 3MEHIIUTH BIUIMB HA HABKOJIUIIIHE

CepeIOBHILIE.
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Cepen Takmx HOBOBBEJIEHb MOKHA BHIILJTUTH BIOCKOHAJIEHHS (HOTOTaIhbBaHIYHUX
€JIEMEHTIB, SK1 3/1aTHI MPAIfOBaTH B yMOBaxX HHU3BKOTO OCBITJICHHS, a TaKOX PO3POOKY
HOBUX METOJIIB 30epiraHHs eHeprii, 10 JI03BOJISIE MaKCUMalbHO €(EeKTUBHO
BUKOPHCTOBYBaTH BHUPOOJEHY enekTpuky. Kpim Toro, 3pocrae iHTepec 10 I1HTEerparii
COHS'YHUX TIaHeJIed B apXITEKTypy OyaiBelb, IO BIAKPUBAE HOBI MOJIMBOCTI IS iX
BUKOprcTaHHA. [{i iHHOBAITIT HE NHIIIe TiABUIIYIOTh 3aTAIbHY IPOYKTUBHICTh CHCTEM, aJie
! CIIpUSIIOTH 3MEHILEHHIO BUTPAT HA €HEPriio, 110 POOUTH COHAYHY €HEPIeTUKY I O1bIi
pUBaOIMBOIO JIJISl IMMPOKOTO KOJIa CIIOKHUBAYiB.

1.2 J/IBocTOpoHHI cOHAYHI nmaHeJi: IHHOBaniiHUI MixXia 10 eHePreTUKH

JIBOCTOpPOHHI COHSYHI MaHei, K1 TaKOX B1JOMI MijJ TepMiHOM OiBapiaHTHI MaHEN,
HaOyBalOTh BCe OUIBIIOI MOMYJSIPHOCTI B Cy4YacHIM eHepreTuuHii ramysi. Lle 3pocTtanus
NOMYJISIPHOCTI  BIAOYBA€ThCSl 3aBISKM IX YHIKQJIbHUM MOXIIUBOCTSIM €(EKTUBHO
T€HEepPYBaTH EJIEKTPUYHY €HEPriro 3 000X CTOpiH maHesel. g TexHoJsoris € crnpaBkxHIM
npopuBOM y c¢epl COHAYHOI E€HEepPreTHKH, OCKIIbKA BOHA JO3BOJSE MaKCHUMI3yBaTH
BUKOPWCTAHHS COHSYHOTO CBITJIA, SIKE€ TAJa€ HE JIUIIE HAa BEPXHIO, ajle 1 HAa HUKHIO
noBepxHIO maHesei. lle o3Hadae, M0 HaBITh y BUMAAKaX, KOJU COHSYHE CBITJIIO HE
MOTparisie OE3MOCePEeTHhO Ha TMaHEeNi, BOHU BCE IIE MOXKYTh T€HEPYBATH €JIEKTPHUKY, IO
pOOUTH 1X HaA3BUYANHO €()EKTUBHUMHU.

OnHi€r0 3 OCHOBHUX NEpeBar ABOCTOPOHHIX MaHENe! € IXHS 31aTHICTh MiABUILYBaTH
3arajJbHy TPOIYKTUBHICTH eHeprii. lle ocobmmBO MOMITHO B yMOBax, A€ BiIOWBA€ETHCS
CBITJIO, HAIIPUKJIA/I, HA CHITOBUX MOKPUTTSX ab0 CBITJIMX MOBEPXHSX, TAKUX SIK OETOH a0o
nmicok. Boun moxyTh 3a0e3meuyBatu 10 30% Ounbiie eleKTpoeHeprii B MOPIBHAHHI 3
TPaIULIMHUMUA OJHOCTOPOHHIMHM maHeassMu. Lle poOuTh iX BUTIIHUM 1HBECTHUIIHHUM
pIlICHHAM [ KOMEPIIHHUX 1 TPOMHUCIOBUX TIPOEKTIB, i€ BAKJIMBO OTPUMYBaTH
MaKCUMajbHy BiAJady BIJ BKJIAJEHUX KOWITIB. [HBecTopu Bce wyacTilie 0OHUparoTh
JIBOCTOPOHHI IMaHeJi, OCKiJIbKA BOHM MOXYTh 3HAYHO 3HU3UTU BUTPATH HA EIEKTPOCHEPTit0
B JIOBT'OCTPOKOBII MEPCIEKTHUBI.

Cyd4acHl ABOCTOPOHHI TaHENI BUTOTOBJSIOTHCS 3 BHKOPUCTAHHSM I1HHOBAITIHHUX
MarepialliB, TAKMX K MOHOKpHUCTaIIYHUN KpeMHii. Llel marepian 103BOJIsi€ MiABUIIATH

iXHI0O €(EeKTHBHICTh 1 JOBTOBIYHICTh, IO € BAXKIUBUM (HAKTOPOM JII TPUBAIIOTO
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BUKOpUCTaHHA. KpiM TOrO, 111 TTaHEe I MarTh MOJIMNIICHY KOHCTPYKIIIIO, sika 3a0e3medye
Kpally BEHTWIAIII0 1 3MeHIrye HarpiBaHHs. Lle, B cBOI depry, HiABHUILYE 3arajbHy
edeKTUBHICTh POOOTH TaHeNeH, OCKUTbKM BOHU MOXYTh NPAIOBATH HAa ONTUMAaIbHOMY
piBHI HaBiTh y CIEKOTHY HOTOJY, IIO € Ba)JIMBHUM aCHEKTOM I PETIOHIB 3 BUCOKUMHU
TEeMIIEPATyPaMH.

BuxopucTtanHs JBOCTOPOHHIX COHIYHUX NTaHesIel 0COOIMBO aKTyalbHO JJIs BETUKHUX
COHAYHUX (PepM 1 KOMEpUINHUX MPOEKTIB, /1€ BaXKIMBO MAaKCHMi3yBaTW BHPOOHHUIITBO
eHeprii Ha oOMexxeHii rrontl. L{s TeXHOOoTis J03BOJIsIE€ 3MEHIITUTH TTOTPEOYy B 3eMJIl JIJIs
BCTaHOBJICHHSI MMaHEJeH, OCKUIBKH 3 OAHOTO i TOTO K MPOCTOPY MOKHA OTPUMATH Olnbliie
eJNIeKTpUYHOI eHeprii. lle € BaXIMBUM acleKTOM y KOHTEKCTI 3pOCTal04yoro IMOMHUTY Ha
BIIHOBJIIOBAJIbHI JIPKEpesja €Heprii, OCKUIbKM B 0araTbOX perioHax ICHye oOOMexeHa
KUTBKICTB JJOCTYITHOT 3€MJI1 IJII BCTAHOBIICHHS COHSTYHUX YCTaHOBOK. [3]

JIBOXCTOPOHHI TIaHENlI TAaKOXX CTAlOTh BCE OUTBII MOMYJISPHUMH B TPHUBATHOMY
cektopi. Bce Oinplie pomMorocnogapcTB MparHyTh 3MEHIIMTA CBOI BUTPAaTH Ha
€JIEKTPOCHEPTIIO, 1 3aBASKUA CBOIM 3JaTHOCTI T€HEPYBATH €HEPTil0 HAaBITh MPHU PO3CITHOMY
CBITJI1, TaKi MaHEeI 17IeaIbHO MAXOATh JJI PETIOHIB 3 MIHJIMBUMH MMOTOJHUMH YMOBaMHU.
Ile pobuth ix mMpuBaObIMBUMHU AJIs IMIMUPOKOTO KOJa CIIOXKHUBAUiB, SIKI NIYKAIOTh €(PEeKTUBHI
PIIICHHS [T 3MEHIIIEHHS CBOIX BUTPAT HA CIIEKTPUKY.

Kpim Toro, ABOCTOpOHHI COHSYHI MaHell MOXYTh OyTH 1HTErpOBaH1 B pI3HOMAaHITHI
KOHCTPYKITii, Taki sIK HaBICH, MApKOBKU Ta naxu OyxdiBens. lle mo3BoIsIE MakCHMabLHO
BUKOPHCTOBYBATH JOCTYIHY IUIONLY, IO € BAKIUBUM AacCIEKTOM ISl €HEPreTUYHOTO
3a0e3neyeHHs. Takox 1€ MiIBUIIY€E €CTETUYHY NMPUBAOINBICTh 00'€KTIB, OCKIJIBKU Cy4acH1
nmaHesll MOXYTh OyTHM BHUKOHAaHI B pI3HUX JaM3aiiHaX, IO JO3BOJISE iM TapMOHIMHO
BIIMCYBATHUCS B apXITEKTypy OyaiBenb 1 JaHamadr.

3pocTaroua MOMyJsPHICTh IBOCTOPOHHIX MaHENIEeH TaKOXK 3yMOBJIEHA MPOTPECOM Y
TEXHOJIOT11X 30epiranHs eneprii. L{e m1o3Bosie edekTrBHIIIE BUKOPUCTOBYBATH BUPOOJICHY
CJIEKTPUKY, 3a0e3nedyroun Oibllly HAAIMHICTH Ta CTAOUIBHICT EHEPronoCTavyaHHs.
Enepris, srenepoBana B I€HHUHN yac, Moxke OyTu 30epexeHa Al BUKOPUCTAHHS B HIYHUHN
nepiog abo miJ 4Yac MIKOBUX HaBaHTaXEHb, II0 POOUTH CUCTEMY OUIBII THYYKOIO 1

aIaTITUBHOIO JI0 OTPEO CIIOXKUBAYIB.
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3aranom, TBOCTOPOHHI COHSIYHI TTaHE1 MPEeICTABIISIOTH COOOK0 IHHOBAITITHUH TI1AX1]T
0 BUPOOHUIITBA COHSAYHOI eHeprii. BoHM MOETHYIOTh BHCOKY €(EKTHUBHICTbD,
€KOHOMIYHICTh 1 €KOJIOTIYHICTb, BIAIFpalOuYd BaXJIUBY pOJIb Yy TMEPeXoai [0
BITHOBJIIOBANIbHUX JiKepen eHeprii. lle mpomonye cranuii 1 BUTIAHMIA BapiaHT ais
MaiOyTHBOT'O €HEPIeTHKU, OCKIJILKH 3pOcTaroda moTpeda B YMCTIM eHeprii cTae Bce OLIbII
aKTyaJbHOIO B YMOBaX IJ100aJIbHUX 3MIH KJIIMaTy Ta 3pOCTal0vyoro CIOKMBAHHS €HEPrii.

BaxxnuBo 3a3HaunTH, M0 BIPOBAKEHHS TBOCTOPOHHIX COHSYHUX IMAHEIIEH MOXKE
TaKOXX CIPHUSATH PO3BUTKY HOBHX POOOUMX MICIhb y cepi BIHOBIIOBAILHOI EHEPIEeTUKH.
3poCTaHHA MOMUTY Ha TaKi TEXHOJOTIT CTUMYJIIOE 1HBECTHIIIT B JOCTIKEHHS Ta PO3POOKH,
a TakoXX y BHPOOHMIITBO, IO, B CBOIO Yepry, MOXe IMPHU3BECTH JI0 CTBOPEHHS HOBHUX
pobounx Micip y mii ramysi. Ile € BaXJIMBUM acreKkToM JJjisi €KOHOMIYHOTO PO3BUTKY,
OCKUIBKH HOB1 pO0O0OY1 MICIISI MOXKYTh JOTIOMOTTH 3HU3UTH P1BEHb 0€3pO00ITTS Ta MOKPAILIUTH
3arajibHUi J0OpOOYT HACEJICHHS.

Takum 9UHOM, JBOCTOPOHHI COHSYHI MaHEN HE Jniie 3a0e3nmedyroTh e(heKTHUBHE
BUPOOHUIITBO €HEPTii, ajge W CHPHUSIIOTh €KOHOMIYHOMY 3POCTAaHHIO Ta PO3BUTKY HOBHX
TEXHOJIOT1H. BOHM € BaXXJIMBUM KPOKOM Yy HAMNPSMKY CTajoro pO3BUTKY, IO JTO3BOJISE
3MEHIIIUTH 3aJICKHICTh BiJl BUKOITHUX BUIB MAJIHHOTO Ta 3HU3UTH BUKHUIU TMAPHUKOBUX
ra3iB. Lle, B cBoto uepry, monomarae OOpOTHCS 31 3MiHaMM KJIIMaTy Ta 3a0e3leuye YucTe,
Oe3reyHe 1 TOCTyMHEe CHePreTUYHE MaiOyTHE IJIs1 HACTYITHUX MTOKOJIHb.

1.3 /IBOCTOPOHHI COHAYHI MaHeJi Il dKUTJI0BUX OyIMHKIB.

JIBOCTOPOHH1 COHSIYHI MaHeNll aKTUBHO BIPOBAKYIOTHCA B KUTIOBUX OYyJIMHKaX
3aBASKA CBOIM YHCIIEHHUM IepeBaraM, siki poOJiaTh iX HaA3BUYANHO MPUBAOTMBUMU IS
criokuBaviB. Ll iHHOBaIiHa TEXHOJOTIS JI03BOJISIE TEHEPYBATH €JICKTPUYHY C€HEPriio 3
000X CTOpIH TMaHEeJeH, 10 3HAYHO MiABHUIINYE IXHIO €()eKTUBHICTh. [le 0cO0IMBO BaXKIIMBO
JUTSI TOMOTOCIIOTAPCTB, SIK1 MPAarHyTh 3HU3UTH BUTPATH HA EIEKTPHUKY, & TAKOXK I ABUIITUTH
CBOIO €HEPreTUYHY aBTOHOMIIO, 1110 B yMOBaX Cy4aCHOT'O CBITY CTa€ BCE OUIbIII AKTyaJIbHUM.
B ymoBax 3pocTaroumx IiiH Ha €HEPriio Ta M00AJbHUX 3MiH KJIIMATy, BAKOPUCTAHHS TaKUX
TEXHOJIOT1H CTa€ He JIMIIE BUTITHUM, ajie i HEOOX1THUM.

OpnHiel0 3 KIOYOBUX OCOOJMBOCTEH JBOCTOPOHHIX NaHeNeld € iXHs 3/1aTHICTh

reaepyBatu A0 30% Oinblne eneKTpoeHeprii B MOPIBHSAHHI 3  TpaaULIHHUMU
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OHOCTOPOHHIMU MojensMu. lle mocsraeTbcs 3aBOSKM BHUKOPHUCTAHHIO CBITJA, SIKE
BIIOMBAETHCS BiJ] HABKOJIMIIHIX TOBEPXOHb, TAKUX SK 3€MJs, CHIT a00 HaBITh CTIHH
oyniBenb. Ll ocobmmBicTh poOUTH JBOCTOPOHHI MaHENl HaA3BUYAMHO €()EKTUBHUMU B
PI3HHUX YMOBax, BKJIIOYAIOUM Ti, A€ MpsMa COHSYHA pajiaimis Moxe OyTH oOMexeHa.
Hanpuknaz, y 3uMoBuii nepioji, KOJIM CHIT BiIOMBA€ COHSAYHE CBITIIO, IBOCTOPOHHI MaHel
MOXYTh MPOJOBXKYBaTH T€HEPYBATU ENEKTPHUKY, 1[0 POOUTH iX 1€aJTbHUM BUOOPOM ISt
PETIO0HIB 3 XOJOIHUM KIIIMaTOM. [4]

BcraHoBiIeHHST MBOCTOPOHHIX TMaHENEH Ha Jaxax >KUTIOBUX OYIWHKIB JT03BOJISE
MaKCHMaJIbHO BUKOPUCTOBYBATH HasiBHUH mpocTip. Lle o3Havae, 1110 HaBiTh pu 0OMEKeH1H
IJIONII MOXXHa OTPUMYBATH OUIbIIE EJEKTPUYHOI €HEeprii, Mo 3MEHIIye NoTpedy B
JOJATKOBUX 1HBECTHIIISIX Y HOBI COHSYHI YCTAaHOBKU. TakWM YWHOM, JIOMOTOCIIOAApCTBA
MOXYTh OTPMMATH 3HAYHy BHUTOAY BIiJ] BUKOPHCTAHHS I1i€1 TEXHOJOTIi, HE BUMAarar4u
BEJIMKUX BUTPAT Ha JOJATKOBI TUIOIII 1T BCTAHOBJICHHS. L{e 0cOOIMBO BayKIIMBO IS MICT,
7ie IPOCTip OOMEKEHUM, a TIOMUT HAa EHEPTII0 3POCTAE.

JIBocTopoHHI maHeni ocoOauMBO €(EeKTHBHI B PEriOHaX 13 PI3HOMaHITHUMHU
MOTOJHUMH yMOBaMH. BOHM 3/1aTHI BUPOOJISITH €IIEKTPHUKY HABITh MPHU PO3CITHOMY CBITII,
o poOuTh iX HANIWHMUMH B YMOBAax, KOJU TpsiMa COHsSYHA pamiamis HemoctaTHs. e
JI03BOJISIE TOMOT'OCIIOIAPCTBAM OTPUMYBATH CTA01IbHE €HEPrOMOCTauYaHHS POTIATOM POKY,
HE3aJIe)KHO BIJ CE30HY, IO € BAXKIUBUM (DAKTOPOM JUIsi 3a0€3MEUeHHs] €HepPreTUYHOl
He3anexxHocTl. Hampuknan, y moxmypi ani abo mij yac J0IIiB, JBOCTOPOHHI TaHEe BCe 111e
MOXYTh 3a0e3MedyBaTH EHEPri€l0 TOMOTOCIOAAPCTBA, IO 3MEHIINYE 3aJIeKHICTh Bif
TPaAUIIIHUX JKEPEN EHEePTii.

[{s1 TeXHOJIOT1sl TAKOXK MOXKE OYTH 1HTErpOBaHa B P13HOMAHITHI KOHCTPYKIIii, TaKl SIK
HaBICHM JJIS aBTOMOOWIIB, allbTAaHKW a00 OropoXki, IO PO3IIMPIOE MOXKIUBOCTI s
eHepreTMuHOro 3abesneuyeHHs. lle 703Boiisie MOMOrocmnomapcTBaM BHUKOPHUCTOBYBATH
COHSIYHY €HEpril0 HaBiTh Yy BUIIQJKaxX, KOJW JaX HE MiAXOIUTH IS YCTAHOBKHU TMaHEICH.
Hampuknan, HaBic a1 aBTOMOO1ISI MOKE CTaTH HE JIUIIE 3aXHUCTOM JJISI TPAHCTIOPTHOTO
3aco0y, ane i e(eKTUBHUM JHKEepeIoM eIeKTpuuHOi eHeprii. Lle BigkpuBae HOBI TOPU30OHTH
TSI BAKOPUCTAHHS COHSYHOI €Heprii B MOBCAKIECHHOMY XHUTTI1, JO3BOJISIOUN CIIOKHBadYaM

OTPUMYBATH €HEPTiI0 B 3pYUYHUHN IJI1 HUX CIOCIO.
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3aBASKM Cy4yaCHHUM CHCTeMaM 30epiraHHs €Heprii, TaKuM SK aKyMYyJIATOPH, SKi
MOETHYIOTHCSI 3 JBOCTOPOHHIMU IMAHEISIMH, JOMOTOCIIOAAPCTBA MOXKYTh HAKOTHUYYBaTH
HAJJTMIIIKOBY €JIEKTPUKY, BUPOOJIEHY BJICHbB, IJII BAKOPUCTAHHS BHOYI 200 I11]] 4ac MKOBHUX
HaBaHTakeHb. Lle poOuTk cuctemy eHeprozadesneueHHs 011b11 aBTOHOMHOIO 1 CTa0lIBHOIO,
110 € BaXJIMBUM aCIIeKTOM J1Jis1 3a0e3neueHHst KoMm(GopTHOro kuTTa. Hanpuknan, y BedipHii
9ac, KOJIU CTIOKMBAHHSI €JIEKTPUKH 3POCTAE, TOMOTOCTIOIAPCTBA MOKYTh BUKOPHCTOBYBATH
HAKOIMWYEHY €HEPrito, III0 3MEHIITY€ HABAHTAKCHHS Ha €JIEKTPOMEPEKY.

@diHaHCOBO 1HBECTHIIII B JBOCTOPOHHI COHSYHI MaHEN1 MOXYTh IIBUIKO OKYITUTHUCS

3aBJSKU 3HIDKCHHIO BUTPAT HA EIEKTPUKY. barato kpain mponoHyOTh JIepKaBHI TPOTrpaMu
HNIATPUMKH JUUISE BJIACHUKIB JOMOTOCIIOAAPCTB, SKI BIPOBAKYIOTh BIIHOBJIIOBAIbHI
JoKepena eHeprii, 10 poOUTh L0 TEXHOJIOTIIO Ie OUThIN mpuBadIMBOI. B pesynbrari,
JIOMOTOCTIOITAPCTBA MOKYTh HE JIUIIIE 3MEHIIIUTH CBOI BUTPATH, aJie i 3pOOUTH CBiii BHECOK
y 30epeKeHHS] HaBKOJMIIHBOTO CEPEIOBUIIA, BUKOPUCTOBYIOUH YHUCTY, BIHOBIIOBAIBHY
eHepriro. I{e Takox crpusie po3BUTKY MICIIEBOI €KOHOMIKH, OCKIJIBKHA 3POCTA€E MOIMUT HA
YCTaHOBKY Ta 0OCITYTrOBYBaHHSI COHSYHHX TTAHETICH.
JIBOCTOpPOHHI COHSIYHI MaHeJ1 HaJaloTh 0araTOKBapTUPHUM >KUTJIOBUM OyAuHKaM Oe3Jiy
mepesar, 1mo poOUTh X CydacHUM, IHHOBAIIMHUM 1 €()eKTUBHUM PIIICHHSAM IS CIIUIBHOTO
BUKOpUCTaHHsA eHeprii. Ili maHeni MaroTh YHIKAIbHY 3JaTHICTh TI'e€HEpyBaTH
€JIEKTPOCHEPTiI0 HE JIMIE 3 MPSIMOTO COHSYHOTO CBITJA, ajie ¥ 3 BIAOMTOrO, 110 3HAYHO
MIIBUIYE X MPOMYKTUBHICTE. [{e m03BOMISIE MakcUManbHO €(hEeKTUBHO BUKOPHCTOBYBATH
00OMEKeHy IUIONTY Jaxy, 10 € 0COOJIMBO BAXKIUBHUM Y MICbKMX YMOBAX, /1€ IPOCTIP YaCTO €
BKpail oOmexxeHnM. OTprMaHa eeKTPOeHEPTisd Moke OyTH BUKOpPUCTaHA I OCBITICHHS
nia'i3AiB, midTiB, MApKOBOK Ta IHIIMX 3arajbHUX 30H, IO CYTTEBO 3HMXKYE BUTPATU
KOXXHOTO MEIIIKAHII Ha KOMYHalbHI MOCAYrd. TakuM 4YHWHOM, MEIIKAHII MOXYTb
HACOJIO/DKYBATHCS 3HIKEHHSM BHUTPAT Ha EJEKTPUKY, IO € BAXJIMBUM aCIEKTOM Y
CYy4aCHOMY KUTTI.

[HCTaNSIIs TaKKUX TTAaHEIeW MOJKIIMBA HE JIMIIE Ha Jaxax, ajie i Ha dacagax OyaiBennb
a00 y BUIJIS/1 HABICIB HAJ MapKyBaJIbHUMH 30HaMHu. Lle mo3Bosisie He nuIie 301TbIINUTH
TJIONIY JJIsSl TeHepallii €Heprii, ajie ¥ IHTerpyBaTH NaHell B apXITeKTypHHUM 1u3aiiH OyaiBil,

0 poOuTh ii OLIBII MPUBAOIMBOIO Ta CYy4acCHOIO. 3aBISKH LIbOMY, MEIIKAHIl MOXYTh
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HACOJIO/PKYBATHCS HE JIUIIIE eKOHOMIYHUMH BUTOaMH, aJie 1 €CTETHYHUM BUTJISIZIOM CBOTO
XKUTia. BaxkImMBO 3a3HaYUTH, 1110 Cy4aCHI TEXHOJIOT1] T03BOJISIOTH CTBOPIOBATH TIAHETI, SKi
rapMOHINHO BIUCYIOTHCA B 3arajbHUN CTUIIb OY1BJI1, IIKPECIIO0YH i1 1HAWBITYyalbHICTb.
VY MICBKHX yMOBax JBOCTOPOHHI MaHell e(eKTUBHO BUKOPUCTOBYIOTh BiIOUTE CBITIIO, SIKE
HAJXOJUTh BiJ CyCIIHIX OyaiBenb abo Bia moBepxHi 3emii. lle 3abe3nedye crabiabHE
BUPOOHUITBO €JIEKTPOEHEPrii HaBITh 32 YMOB YaCTKOBOTO 3aTIHEHHS, IO € 3BUYANHUM
SBUIIIEM y TYCTOHACEJIEHUX pailoHax. Take pilIeHHS HE JHIIe 3HWKYE EHEPreTUYHY
3QJICKHICT, MENIKAHI[IB BiJl IEHTPaIi30BaHUX IMOCTAYaJbHUKIB EJEKTPOCHeprii, aie M
M1JBUIILY€E aBTOHOMHICTh OyIMHKY B pa3i aBapiiiHUX CUTYallll, KOJIU JOCTYM JI0 €EeKTPUKU
Moxe OyTu oomexeHui. [le 0coOJMBO BaXKIMBO B YMOBaX, KOJU €HEPreTHYHI CHUCTEMU
MOKYTh 3a3HaBaTH 300iB, 1 MEIIKAHIII MOXYTh 3aJTUIIMTUCA 0€3 CICKTPUKHA HA TPUBATHUM
Jac.

[nHOBaIITHA eHeproeeKkTUBHA TEXHOJIOTIS, IO JICKUTh B OCHOBI JBOCTOPOHHIX
naHeJsel, TaKOX CIIPHsie 3MEHIIICHHIO BYTJIEIEBOTO ciiay Oyaisii. Lle BiamoBigae cyyacHuM
€KOJIOTTYHUM CTaHJIapTaM Ta BUMOTaM CTIHKOTO PO3BHUTKY, IO CTAa€ JeAalll BAKIUBIIIUM Y
Ham Jac. B ymoBax rio0anpHHMX 3MiH KJIiMaTy Ta 3pOCTAar040i yBarw J0 €KOJOTIYHHX
MMUTaHb, BAKOPUCTAHHS TAKUX TEXHOJIOT1H CTa€ HE JIUIIE BUTITHUM, ajie i BIATOBIJaTbHIM
KpOKOM. BrpoBa/pKeHHS €KOJIOTIYHO YHUCTHUX TEXHOJOTIH Yy TOBCSAKIEHHE J>KUTTS €
BAXJIMBUM AaCIEKTOM Jisi 30€peKeHHS HAaBKOJUIIHBOTO CEPEeNOBHUINA ISl MalOyTHIX
MTOKOJTIHb.

BukopucranHs TBOCTOPOHHIX TMaHeNleld poOUTh 0araToKBapTUPHUN OYJIUHOK O1JIbIII
MPUBAOIMBUM JIJIsl TIOTCHIIMHUX MEMIKAHIIB a00 mokymiiB. 1le cBimuuTh Mpo cydacHHA
IiaXi7 10 eHepro3adesneueHHs Ta Typooty npo koMmdopt 1 7oOpoOyT MemkaHIiB. OKpiM
I[bOT'0, TIAHEJ JOTIOMAararTh 3MEHIIINTH TETUIOBE HABAHTAKEHHS HA OY/IiBIIO BIITKY, 1110, B
CBOIO Yepry, 3HI)KY€ BUTpPATH Ha KOHAMIIIOHYBaHHS MOBITpsA. [{e 0co0iamBO Ba)JIMBO B
YMOBaX CIIEKOTHOTO JIiTa, KOJIM BUTPATH HA OXOJOKEHHS MOXKYTh CYTTE€BO BIUIMHYTH Ha
OI0/KET TOMOTOCTIOAApPCTB.

dinaHcoOBI TepeBard CTAlOTh MOMITHUMH 3aBISKA 3MEHIICHHIO BHUTpaT Ha
CJIEKTPOCHEPTit0. Y TOEIHAHHI 3 JepKaBHUMU MPOrpaMaMy MiATPUMKH a00 TOTaTKOBUMHU

MiJbraMy, 1HBECTHUIII B Taki CHUCTEMH OKYMAIOTHCA 3HAYHO IIBHJIIE, HIX TpPaIUIiiHI
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MeToau eHepro3abesnedeHHs. [{e poOuTs TBOCTOPOHHI COHSUHI TTAHE1 HE JIUIIE BUT1THAM,
ajnie i po3yMHUM BHOOpPOM JJisi 0araTOKBapTUPHUX OyAWHKIB. TakKMM YMHOM, 1HTETparis
JBOCTOPOHHIX COHSAYHUX TaHeNel y 6araTokBapTHpHI OYJAMHKH € TPOTPECUBHUM KPOKOM,
IO MO€EAHYE EKOHOMIUHY BUT0/ly, KOM(OPT MEIIKAHIIIB Ta €KOJOTI1YHY BIAMOBIJATbHICTb.
Ile He numie i1HBEeCTHIlISI B MaWOyTHe, ajle W BaXKIUBUNA BHECOK Yy 30epeKeHHs
HABKOJIMIITHLOTO CEPEIOBUINA JJISI HACTYITHUX TMOKOJIIHb.

Kpim TOT0, Ba)XKIMBO 3a3HAYUTH, 110 BIPOBAKEHHS TAaKUX TEXHOJIOT1M MOKE CTaTH
KaTaIi3aTopoM Il PO3BUTKY HOBUX O13HEC-MOXKJIMBOCTEH y cdepl BiTHOBIIOBAIBHOT
eHepreTuku. Lle Moxe Mpu3BeCTH 0 CTBOPEHHSI HOBUX POOOYMX MICIb Y Taly3l MOHTAXY,
OOCTyrOBYBaHHSI Ta PEMOHTY COHSYHUX TIaHEJNeW, IO, B CBOIO 4Yepry, CIPUATUME
€KOHOMIYHOMY 3pOCTaHHIO periony. Takum 4MHOM, TBOCTOPOHHI COHSIYHI MaHeIl HE JIUIIIe
MOKPAIIYIOTh SKICTh )KUTTS MEIIKAHIIIB, ajie i CIPUSIIOTH PO3BUTKY MICLIEBOT €KOHOMIKH.
OTxe, TBOCTOPOHHI COHSYHI TMaHEN € He JIMIIe TEXHOJIOTIYHUM JOCSTHEHHSM, alie i
BOKJIMBUM €JICMEHTOM Yy CTBOPEHHI CTIMKOTO Ta KOM(OPTHOTO KUTJIOBOTO CEPEIOBHUIIIA.
Bonu 3a06e3meuyroTh €KOHOMIYHI BHTOJIH, 3MEHIIYIOTh €KOJOTIYHUHN CHiJ, MiABUIIYIOThH
E€HEProHe3aJIeKHICTh Ta POOJATH OYIWHKH OUIbII MPUBAOIMBHMM JIsi MEIIKaHIB. B
YyMOBaxX Cy4YacHOTO CBITy, J€ THTAaHHS CHEPreTUYHOi OEe3MeKu Ta EKOJOTI4HOT
BIJIMOBIAQIBHOCTI CTAlOTh JAeAall aKTyalbHIIIUMU, BUKOPUCTAHHS TaKMX 1HHOBAIlIHHUX
pillieHb € HEOOX1THUM KPOKOM TSl 3a0e3meueHHss KoOM(GOPTHOTO Ta CTAJIOr0 MaiiOyTHROTO.
[5]

1.4 TlepeBaru ABOXCTOPOHHIX COHSIYHUX NMaHe el B MOPIBHAHHI 3 KJIACHYHHUMH.

JIBOCTOPOHH1 COHSYHI MaHENl MPEICTABISAIOTH COOOI0 HAI3BUYANHO 1HHOBAIIWHUN
HiaXig 70 BUPOOHUIITBA €JEKTPOCHEPrii, KU Mae 3HAYHI TepeBaru B TMOPIBHSAHHI 3
TPaaUIIMHUMU OJAHOCTOPOHHIMH MojensMu. [li maneni 37aTHI e(PEKTUBHO TeHEepyBaTu
€HEPTiro 3 000X CTOPIH, IO BiIKPUBAE HOBI MOMKJIMBOCTI JJII EHEPTETUIHOTO 3a0€3MeUCHHS],
MiABUIIYIOYN 3arajibHy €()EeKTHBHICTh BUKOPHCTAHHS COHSYHOI eHeprii. 3aBAsKU CBOIH
KOHCTPYKIIIi, ABOCTOPOHHI MAHEN1 MOKYTh yJIOBIIOBATH COHSYHE CBITIIO, SIKE BIIOMBAETHCS
BiJl TOBEPXOHb, TAKUX SIK 3eMiisi a00 OyniBii, IO JO3BOJISIE€ 30UTBIINTH 3aralbHUNA 00CsT

BUpOOJIeHOT enekTpoeHeprii. Ile pobuth iX igcanbHUM BHOOPOM IS PI3HUX YMOB,
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BKJIIOUAIOYU OOMEKEH1 MPOCTOPH, /1€ BAKIMBO MAaKCUMaIbHO BUKOPUCTOBYBATH TOCTYITHI
pecypcu.

IlinBuiena nmpoaykTuBHicTh: OIHIEIO 3 Hal3HAYHIMIKMX TIEpeBar ITBOCTOPOHHIX
naHenen € ixHsg 3AatHicTh BUpoOisTH Ha 20-30% Ouiblie enekTpoeHeprii MOPiBHAHO 3
OJTHOCTOPOHHIMU MojaeNsiMU. lle mocsraeThCcsi 3aBISIKM BUKOPHCTAHHIO CBITIA, SIKE
B1IOMBAETHCS Bil HABKOJIMIIIHIX TTOBEPXOHB, TAKUX SK 3eMJIsl, achaiabT abo CHIT. 3aBIsSKH
i} YHIKaJNbHIA XapaKTepUCTHIIl, TBOCTOPOHHI MaHelNl CTal0Th 0COOIMBO €PEKTUBHUMU B
yMOBaXx, JIe IPSIME COHSYHE CBITIIO MOXKEe OyTH OOMeXeHe, HalpPHUKIa, i Yac XMapHHUX
AHIB a00 B3UMKY, KOJIM COHIIE HE CBITUTH TakK SICKPaBo, K BIITKY. Lle poOuTh ix igeansHum
BUOOPOM [IJIsl PETIOHIB 3 HEMOCTIMHOIO TMOTO0K0, JIe TPaAMIiAHI TaHell MOXYTh He
3a0€3MeUUTH JTIOCTATHIO MPOJYKTUBHICTh. JIBOCTOPOHHI TMaHeNi 37aTHI aganTyBaTUCS 10
PI3HMX YMOB HABKOJIMIIHBOTO CEPEJOBHINA, IO JO3BOJISIE iM MaKCHMaJIbHO
BUKOPHCTOBYBATH JIOCTYITHE CBiTJI0. BOHM TakoX MOXyTh OyTH BCTAHOBJICHI B MICIISIX 3
OOMEXEHHM MPOCTOPOM, JI€ BAXKIMBO 3a0€3MEUNTH MaKCHUMallbHy €(EeKTHBHICTb. Takum
YIHOM, JBOCTOPOHHI COHSYHI MTAHEeJI1 HE JINIIIE I IBUIIYIOTh 3arajbHy IPOyKTUBHICTb, aJIie
il cCIpusIOTH OLTBII CTAJIOMY BUKOPHCTAHHIO €HEPTii, [0 pOOUTH X BAXKIMBUM €JICMEHTOM
y Mepexo/i 10 BIAHOBIIOBAJIbHUX IHPKEPEN EHEeprii.

Exonomisi mpocropy: 3aBAsku BHIIM TPOJAYKTUBHOCTI, JBOCTOPOHHI TMaHENl
J03BOJISIIOTh MAaKCHUMaJIbHO BUKOPHUCTOBYBATH JTOCTYIHHM MPOCTIP, MO € HaI3BUYAIHO
BOKJIMBUM aCIEKTOM I 0aratbOX JIOMOTOCIIOJAPCTB Ta MIANPUEMCTB, SIKI MarOTh
0OMeXeHY IIJIONTY /i1 BCTAHOBJICHHS COHSYHUX cucTeM. L{e 0co0MmBO akTyaabHO B yMOBax
Cy4acCHOTO CBITY, Jie¢ KO’KeH KBaJIpaTHUI METP MOKE MAaTH BEJMKE 3HAYCHHS. 3MCHIIIUBIIH
notpedy B JOJAaTKOBUX YCTAaHOBKAX, BIACHUKA MOXKYTh 3HAYHO 3HHM3UTH BUTPATH Ha
THCTAJIALIIO Ta 0OCIYrOBYBaHHS, 1110 B CBOIO U€pPry pOOUTH BUKOPHUCTAHHS COHSIYHOI eHeprii
OUIbII €KOHOMIYHO BUT1HUM 1 TOCTYITHUM JUIS IIMPOKOrO Koja crokuBayiB. Lle Takox
O3Haudae, MO Oinblle JI0AeH MOXYTh OTPUMATH JTOCTYH JO BiHOBIIOBAIBHUX JDKEPEI
€HEeprii, HaBITh SKIIO0 Y HUX HEMAE€ BEJIMKOI IUIONI JJIS BCTAHOBJICHHS TPAJAMIIIHUX
nanesneit. TakuM 9uHOM, TBOCTOPOHHI TTAHET1 HE JIUIIE CIIPUSIOTh EKOHOMIT TTPOCTOPY, ajie

1 BIIKpMBAIOTh HOBl MOXJIMBOCTI JJI THX, XTO IparHe MeperTu Ha eKOJIOT14HI JpKepelia
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eHeprii, 3a0e3neuyoyu Ipu HboMY e(PEeKTHUBHICTH 1 3pyUYHICTh Y BUKOpUCTaHHi. Lle poOuTh
iX BaXXJIMBUM €JIEMEHTOM Y PO3BHUTKY CTAJIOr0 €HEPreTUHYHOTO Maii0yTHHOTO.

Kpama aganTuBHicTh 10 MOrogHux ymoB: J[BOCTOPOHHI MaHEJl JI€MOHCTPYIOTh
BUCOKY €(EKTHBHICTh B PI3HUX KIIMATUYHUX YMOBax, IO POOUTH iX HaA3BUYAIHO
yHIBepCaIbHUMU. BOHU 371aTHI T€HEPYBAaTH €JIEKTPUKY HABITH IIPH PO3CISTHOMY CBITJI, IO
€ BaXJMBUM (DakTOpoM I 3a0e3leueHHs HaJIIMHOTO JKEepesia €Heprii B perioHax 3
HEMNoCTIiHOI0 morozoto. Lle 3abe3neuye cTabiibHE €HEPromoCTayaHHS MPOTSITOM POKY,
HE3aJIEXKHO B1Jl TOPU POKY YU MOTOJHUX YMOB, 1110 € KpUTUYHO BAXKJIUBUM JIJIsl CTIO’KMBAYIB,
K1 TOKJIaJal0ThCs Ha Oe3MepepBHICTD eNeKTporocTayanHs. Hanpukian, B yMoBax J0I0BOT
oroau a00 B TYMaHi, KOJIM COHSTYHE CBITJIO HE € IHTEHCUBHUM, IBOCTOPOHHI MMaHe1 BCE 111e
MOXYTh 3a0e3rnedyBaTH 3HAuYHUM 00csr enekTpoeHeprii. Lle poOuTh iX Haa3BUYANHO
KOPUCHUMH JIsI CIIOKHMBAUiB, SIKI TOTPEOYIOTh CTAOUTLHOTO €HEePronocTayaHHs, HaBITh Y
HECHPUSATIMBUX YMOBax. 3aBISKHM CBOiMl 3aTHOCTI aanTyBaTHCS O PI3HUX MOTOJHHMX
CUTYyaIliii, JBOCTOPOHHI TAaHEN CTalTh 1€aIbHUM BHOOPOM I THUX, XTO IIparHe
3MEHIIUTH 3aJIeKHICTb BIJ TPAIUIIHHUX JKEPEIT eHeprii Ta 3a0€3MeYnTH €KOJIOTIYHO YUCTE
€HEeprornocTavyaHHs y Oyab-sKUi 4ac poky. [6]

JloBroBiuHicTh i HaaiiiHicTh: barato ABOCTOPOHHIX MaHeNeld BUTOTOBIISIIOTHCS 3
BUCOKOSIKICHUX, CTIMKHX 70 KOpO3il MaTepiaiiB, 1[0 3a0e3Meuye TpUBAIUN TEPMiH CITY>KOU.
i maTepianu, sIK MPaBUIIO, MAIOTh MIJBUIICHY CTIUKICTh IO PI3HUX 30BHIIIHIX BIUIUBIB, 10
pPOOUTH iX 1€aTbHUMU I BUKOPUCTAaHHS B YMOBaX, 7€ TTaHel MiIJal0ThCSl arPECUBHOMY
cepenoBuilly. BoHr 4acTo mpoxoaTh CyBOpl TECTYBAHHS HA BUTPUBAIICTh 10 MEXaHIYHUX
HABaHTa)XXeHb, TPajay, CUJIBHOIO BITPY Ta IHIIMX 30BHIIIHIX BIUIMBIB, IO POOUTH iX
HaJIHHUMU y PI3HUX yMOBax ekcruryatarii. Lle o3Hauae, 1m0 iHBECTyBaHHS B TaKl TMaHel
MOe OYTH BUT1HUM Y JOBIOCTPOKOBIHM MEPCIEKTUB1, OCKIJILKH BOHU MOTPEOYIOTH MEHIIIE
OOCTyroByBaHHsI 1 MAalOTh MEHIIUN pPHU3UK TIOJOMOK. 3aBIASKU CBOIM KOHCTPYKIII,
JIBOCTOPOHHI MaHesl 3JjaTHI BUTPUMYBATH €KCTpEeMallbHI MOTOJHI YMOBH, 11O POOUTH iX
HaJIHUM BHOOPOM /Jisi CHOXKMBAadyiB, SIKI MParHyTh 10 CTaOLIBHOCTI Ta O€3MeKu B
€HEPTOMOCTavYaHHI.

I'nyukicThb y 3acTocyBaHHi: J[BOCTOPOHHI ITaHEl MOKHA BCTAHOBJIIOBATU HE JIUIIIE

Ha Jaxax, ajlie ¥ B IHIIMX KOHCTPYKIIAX, TAKUX SK HABICH JJIs1 aBTOMOOLIIB, albTaHKH,
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OTOpOKI Ta HaBITh B paMKax apXITeKTypHUX pimeHb 1 OyniBens. Lle 3a0e3meuye
MOJKJIUBICTh OTPUMAaHHS €JIEKTPUYHOI €Heprii HaBiTh y THX BUMAAKaX, KOJU TPaaWIIiHI
naHeli He MOXYTh OyTW BHUKOpHCTaHi. Hampukman, iX MOKHa iHTErpyBaTh B JU3aiiH
nanamadTy ab0 BUKOPUCTOBYBATH B KOMEPLIHHUX OYIiBISAX, IO JO3BOJISE MAKCUMAaJIbHO
e(EeKTUBHO BHKOPHUCTOBYBATH JOCTYIHUN MpoCTip. 3aBISKKA CBOil YHiIBEpCaIbHOCTI,
JBOCTOPOHHI TMaHeNl MOXYyTb OyTH afamnToBaHl JO PI3HUX MPOEKTIB, L0 POOUTH iX
NpUBaOIUBUMU JUIS apXITEKTOPIB 1 JOW3aiHEpiB, SKI NParHyTh CTBOPUTU €CTETUYHO
npuBabauBl Ta ¢yHKIIOHANBHI pimeHHs. lle BiAKpuBae HOBI MOMJIMBOCTI s
BUKOPHUCTAHHS COHSIYHOI €Heprii B pi3HUX cdepax, IO CIPHsIE 3pOCTAHHIO MOMYJISIPHOCTI
TaKUX TEXHOJIOT1H.

3MeHIlIeHHsI BYIJIENEeBOr0 CJiay: BukoprcraHHs TBOCTOPOHHIX TMaHENEH Crpusie
3HaYHOMY 3MEHIICHHIO 3arajbHOTrO BYTJEIEBOTO CIiTy, OCKIJIBKA BOHH J03BOJISIOTH
reHepyBaTH OLIbIIe eeKTPUYHOI €HEeprii Ha MEHIII IUIONI, 10 € BaXXJIMBUM aCHEKTOM Y
cydyacHOMy CBIiTi. [le 3MeHIIye 3aleXHICTh BiJ] BUKOITHMX BHIIB MAJIBHOTO, TAKUX SIK
BYTULISL, HATa Ta IPUPOJHUM a3, 1 CIPUsIE EPEXOy 10 OUIbII CTIHKUX (POPM EHEPTEeTUKH,
AK1 HE 3aBIAIOTh IMIKOIM HABKOJUITHHROMY CEPEIOBHINY. 3MEHIIICHHS BUKHIIB BYTJICIIO €
BAXXJIMBUM KPOKOM y 00poThO1 31 3MiHAMU KJIIMaTy, 1 ABOCTOPOHHI MaHeIl MOXYTh CTaTH
BOXKJIMBUM IHCTPYMEHTOM Yy 11l OOpOTHOl, OCKUIBKM BOHM 3/1aTHI €()EKTHUBHO
BUKOPHCTOBYBATH COHSIYHY €HEPIil0, HaBITh Y yMOBaxX oOMexeHoro npoctopy. Lle He nuie
3HWKY€E BYTJICLIEBUH CIIiJ, aie i MiJIBUIIY€ 3arajbHy €(PEeKTUBHICTh CHEPIETHUHUX CUCTEM.

Mo:xauBicTh iHTerpaunii 3 cucremamu 30epiranns eneprii: KowmOinaris
JIBOCTOPOHHIX MaHEeJeH 3 aKyMyJ I TOpaMu 3a0€31edy€e MOKIUBICTh 30epiraTi HaIJTUIIIKOBY
€JICKTPUKY, 1110 BUPOOJIAETHCS BJCHB, JUIsl BUKOPUCTAHHS BHOY1 a00 B MEPIOAM IMIKOBOIO
HaBaHTaXEHHsA. lle TMigBUINYye eHepreTUYHy He3aJeKHICTh JOMOTOCIOAapCTB i
HIANPUEMCTB, OCKIJIBKM JO3BOJISIE ONTHMI3yBaTH BUTPATH Ha eNeKTpuky. Hampuknan,
BJIACHUKH MOXYTh BHKOPHCTOBYBaTH HAKOIWYCHY CHEPril0 B TOAWHM, KoM Tapudu Ha
CJIEKTPUKY € HaWBHUILMMH, IO JO03BOJSIE 3HU3UTH 3arajibHi BUTPATH HAa E€HEPreTUYHI
pecypcu. Takum 4YHMHOM, IHTErparlisi ABOCTOPOHHIX IMaHENEW 3 cuUcTeMamMu 30epiraHHs
eHeprii He JIUIIe MiABUINY€e ¢(heKTUBHICTh BUKOPUCTAHHS €HEprii, aje ¥ crnpuse eKoOHOMIT

KOIITIB, 0 POOUTH iX I1ie OB TPUBAOIUBUMU JIJISI CTIOKUBAYIB.
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®inancoBi Buroau: [HBecTuilii B JBOCTOPOHHI MaHEl MOXYTh IIBHIKO OKYIHUTHCS
3aBJSKH 3HAUHOMY 301JIbLICHHIO BUPOOHHUIITBA €IEKTPOCHEPT 1, @ TAKOK 3HIKEHHIO BUTPAT
Ha €NEKTPUKY, 110 € BAXKIUBUM aCleKTOM JUIsl 0araTb0X JOMOTrOCHOIAPCTB 1 MiAPUEMCTB.
baraTo ypsaiB mo BCbOMY CBITY TaKOX IMPOMOHYIOTh PI3HOMaHITHI IporpaMu cyOcuii ta
MOJATKOBUX TIUIBI, SKi CHPUSIOTH CTHUMYJIOBAHHIO BHKOPHCTAHHS BiJHOBIOBAJIbHUX
JDKEpeN eHeprii, 10 pOOUTH II0 TEXHOJIOTIIO 1€ OB TPUBaOIUBOIO /Ui 1HBECTOpIB. Lle
MO’K€ BKJIIOYATH HE JIMIIE 3HIKKM Ha TMOKYIIKY MaHesel, ane i moJaTKOBlI KPeauTH, SIKi
JOMOMAararoTh 3Ha4YHO 3MEHIIUTH MOYAaTKOBI BUTPATH HA BCTAHOBJIEHHS. TakuM UYUMHOM,
(GiHaHCOBI BHWTOAM BiJl BUKOPUCTAaHHS JIBOCTOPOHHIX TMAaHENEeW CTalOTh OYCBHUIHHUMU,
OCKUJIBKM BOHHM HE JIMIIE€ 3HIKYIOTb BHUTpPAaTH Ha EJEKTPUKY, ajle U 3a0e3meduyroTh
MOXJIMBICTh OTPUMaHHS JTOJATKOBMX (DiHAHCOBUX IEpeBar uepe3 Jep:KaBHI MPOrpamu
MITPUMKH.

3aBISKM MM YHCJICHHUM IepeBaram, siki HaJaloTh BOCTOPOHHI COHSYHI IMaHel,
BOHHM CTalOTh HE JIMIIE 3HAYHUM TEXHIYHUM JIOCSTHEHHSIM, a W BaXXJIUBUM KPOKOM Y
HAmpsIMKy —cTajoro po3BUTKy. Lli maHenmi J03BOJIAIOTH JIOMOTOCHOAApCTBAM — Ta
HiAPUEMCTBAM 3MEHIIYBaTH CBOi BUTPATH HA EHEPrilo, IO € KPUTUYHO BAXKIUBUM Y
Cy4aCHOMY CBITI, /Ieé eHepreTUYH1 BUTPATH MOCTIHHO 3pocTatoTh. KpiM Toro, BOHU poOIsSTh
CBili BHECOK y 3aXMCT HaBKOJIMIIHHOT'O CEPEOBHIIA, 3MEHIITYIOUM BUKUIM BYTJICIIO Ta 1HIII
3a0pyIHIOI0Y1 pedoBUHU. B yMOBax rmobanbHUX 3MIH KJIIMaTy, SIKi BAMararoTh TEPMIHOBUX
Aiii, Ta 3pocTaroyoi MOTpeOH B YHCTI €Heprii, JBOCTOPOHHI MaHENl MOXYTb CTaTH
KJIIOYOBUM €JIEMEHTOM Yy TMepexojl A0 OuIbIl CTIMKOI €HEepreTM4Hoi cucteMu. BoHu
BIJIMOBIAAIOTh CyYaCHUM BHMOTaM, 3a0e3meuyrour He Jjumie e(eKTUBHICTb, aje U
HAJIAHICTh, 0 POOUTH iX 17€aTbHUM BHOOPOM [IJISi THUX, XTO IparHe A0 €HEPreTUYHOI

HE3aJIEKHOCTI Ta €KOJIOTTYHOI B1AMOBIAJILHOCTI.
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[Ipuknan:

Puc 1.1 - JIBOCTOpOHH1 COHSYHI MaHETI.

[TincymMoByrOUM MO TMEPIIOMY PO3ALTI, MOXHa 3pOOUTH BHCHOBOK, IO KIIFOUOBA
0COOJIMBICTH IBOCTOPOHHIX COHSYHMX IMaHEJIe MOPIBHAHO 31 CTAaHAAPTHUMH TOJISATAE B iX
OyJI0B1 Ta MOXJIMBOCTI Kpallle NMepeTBOPIOBATU COHAYHY eHeprio. CTaHaapTHI COHSYHI
MaHesl MPaIoTh JIUIIE OJHIEID CTOPOHOIO, IO BIJIOBIIOE TIPSIME COHSYHE CBITIIO.
HaromicTe 1BOCTOpOHHI TaHeNl 371aTHI BUPOOJIATH E€IEKTPOCHEPTiI0 000Ma TTOBEPXHSIMH:
JUIFOBA YaCcTHUHA TOTJIMHAE MPSIME COHSYHE BUIPOMIHIOBAHHS, a THJIbHA BUKOPHCTOBYE
CBITJIO, IO BIJOMBAETHCS BiJl MOBEPXOHB ITiJI MAHEISIMH Ta JOBKoJa HuX. Lle 3a0e3meuye
CYTTEBE MIJBUIICHHS 3arajibHOi €(PEKTUBHOCTI, OCOOJIMBO B yMOBaxX MOTY>KHOT'O BIAOUTTS
CBITJIa, HANpHUKJIaJ, Bl CHITOBOIO MOKPHUBY, MIIIaHUX TMOBEPXOHb, OETOHY UM BOJOUM.
3aBAsKU I XapaKTEpPUCTHIl BOCTOPOHHI MaHeml reHepyroth Ha 30% Oinblue eHeprii
MOPIBHSHO 31 3BUYAMHMMHU Ha OJHAKOBiM rwiomnil. lle poOuTh iX ONTUMAILHUMU JIJIs
MICIIEBOCTEH 3 HECTAOILIHLHOIO MOTO0I0I0 a00 0OMEKEHHM MOHTOKHHMM TPOCTOpoM. BoHm

TaKOXX TMOKa3ylTh BUCOKY PE3yJbTaTUBHICTH MPHU PO3CISTHOMY OCBITJICHHI, 1110 OCOOJHMBO
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I[IHHO B YMOBaxX XMAapHOCTI YM YacTKOBOTrO 3aTiHeHHs. Jl0JaTKOBOIO MeEpeBarorw €
pPO3IIMPEH]I BapiaHTH MOHTaXy. J[BOCTOpOHHI mMaHeNl BCTAaHOBIIOIOTH HE JIUIIE Ha
TOPU30HTAIILHUX TOBEPXHSIX, 5K JaXH, ajie i BEPTUKAIBLHO Ha CTiHaX OyiBelb, MapKaHax,
COHSIYHMX KO3MPKAaX YU CICMIAIbHUX KOHCTPYKINSX, IO POOUTH iX YHIBEPCAITBHUMH IS
pPI3HOMAHITHMX MPOEKTIB. Taka THYYKICTh MOHTa)XXY CTBOPIOE HOBI MOJKJIMBOCTI IS
apXITEeKTypHOI 1HTETpallii Ta palioHATbHOTO BUKOPUCTAHHSA MIPOCTOPY. 3 TEXHIYHOTO OOKY,
JIBOCTOPOHHI MaHell 3a3BU4ail BUTOTOBJISIIOTHCS 3 BUCOKOSIKICHUX MaTepiaiiB, BKIIOYAI0UU
MOJBIMHE CKJIO Ta 1HIII BUTPUBAJIl €JIEMEHTH, 1110 MiJBUIIYE iX JOBIOBIYHICTD 1 CTIMKICTD 10
npuponHux ¢akropiB. Lle rapanTye iM AOBIIMII TepMiH eKCIUTyaTallli MOPIBHSAHO 31
3BUYAHUMHU MOJIEIISIMH.

OTxe, OCHOBHA BIJIMIHHICTh JIBOCTOPOHHIX TaHEJICH BIiJ TPAIUIIMHUX MOJIATaE y
3MaTHOCTI TEHEpPYyBaTH EJCKTPOCHEprito 3 000X OOkiB, M0 3a0e3medye BHIILY
MPOJIYKTHUBHICTh, THYYKICTh MOHTaXYy, IPUCTOCOBAHICTH JI0 PI3HUX YMOB Ta €(PEKTUBHIIIIEC

BUKOPHCTAHHSA B1THOBJIIOBAHOI €HEPTIi.
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PO3 111 2 JOCIITKEHHA E®EKTHUBHOCTI ABOCTOPOHHIX
COHSYHUX MAHEJENA HA TIPAKTUYHOMY JTOCJIIL.

2.1 Kpurepii BUOOPY COHAYHUX NMAaHeJel AJsl 10CTiay.

Bulip cCOHAYHUX MaHeNel A MPOBEACHHS TOCHTIKEHb € CKIaJHUM MPOIIECOM, III0
BUMarae 4iTKOro po3yMiHHS METHU €KCIIEPUMEHTY, YMOB, B IKUX BiH Oyji€ 3/IIMCHIOBATHUCS,
a TaKOXX HEOOXITHMX TEXHIYHHUX XapaKTepHCTUK oOmamHaHHs. [lepm HIDK posmouarw,
BRXJIMBO BU3HAYUTH, SKi camMe IMapaMeTpu IUTaHYeThcs BHUBYATH. Lle MOXyTh OyTH,
HaMpUKIiIaj, e)eKTUBHICTh MaHeNeH MPH PI3HUX KyTax HAXWJy, BIUIMB PI3HUX MOTOJHHUX
YMOB, TECTYBAaHHS BIJJOMTOTO CBITJIa, MOBIOBIYHICTh TMAHENEH, a TAKOX I1HII Ba)XJIHBI
aCTleKTH, fAKI MOXYTh BIUIMHYTH Ha pe3yibTaTh AOCHiDKeHHS. [lns oTpumaHHS
KOMIUIEKCHUX 1 JOCTOBIPHUX JaHMX JOLUIBHO BHUOpAaTH KiNbKa PI3HUX THIIB TMaHENEH,
TaKuX SIK MOHOKPHUCTAJIIYHI, TOJIKPUCTAIIYHI, TOHKOIUNIBKOBI a6o aBocTopoHHi. Lle
JI03BOJIUTh MPOBECTH MOPIBHSIBHUN aHami3 iXHbOI poOOTH B OJHAKOBHX yMOBaX, IO €
BKJIMBUM JIJIs1 BUSIBIICHHS ITepEBar 1 HEAOIKIB KOXKHOTO THITY.

TexHiYHI XapaKTePUCTHKHU TAHENeW MAaroTh BEJIMYE3HE 3HAYCHHS JJISl YCIHIIIHOTO
NpoBeJeHHS eKcrnepuMeHTiB. Hampuknan, ams nabopaTOpHHX JOCHIIKEHb 3PYYHO
BUKOPHUCTOBYBATH MaHeli MoTyx HIicTio Bi 50 1o 100 BT, ockiibki BOHH € KOMIIAKTHUMHU,
JeTKUMH Yy TpaHCHOPTYBaHHI Ta MPOCTUMHU Yy BCTaHOBIEHHI. BaxkimBo, mo0 ixHi
napaMeTpu, Taki SK HOMIHaJbHAa Hampyra, CTPyM, TeMIepaTrypHi KoeQIillieHTH Ta
CIIeKTpaJibHa YyTJUBICTh, OyJIM YITKO BKa3aH1 B TeXHIUHIN gokyMmeHralli. Lle 103BoauTh
JOCTIIHUKAM Kpallle 3pO3yMITH, SIK MaHell MOBOISATHCS 3a PI3HUX YMOB, 1 aganTyBaTu
EKCIIEPUMEHTAJIbHUM TMPOTOKON [UIsl JOCSTHEHHS MAaKCHUMaJbHO TOYHHMX 1 HaAIMHHUX
pe3yJIbTaTIB.

He meHI1 BaXIMBUM € TaKOX MiCIle MPOBEACHHS JOCTIKEHHS. K10 eKCIIEPUMEHT
IJIAHYEThCS B JIAOOpATOPHMX YMOBaX, HEOOXIJHO BpaxyBaTH CYMICHICTh IaHeNe 13
CUMYJIATOPAaMHU COHSIYHOTO BHIIPOMIHIOBaHHS a00 IHIIMMHU CHUCTEMaMH, SIKIi MOXYTb
IMITYBaTH peaibHl YMOBU. Y BUMAIKY MOJBOBUX JOCIIKEHb CITiJl BpaXOBYBAaTH KIIMaTUYHI
0COOJIUBOCTI MICIIEBOCTI, TakKi SIK PIBEHb COHSYHOTO BHUIIPOMIHIOBAHHSI, BOJIOTICTb,

TEMIIEpaTypa, a TAKOXK MOKJIUBICTh BIUTUBY BITPY 4M Tpady. jis Takux yMOB JOLIIBHO
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BUOMpATH TaHeNl 3 TMOCHJICHHM 3aXHMCTOM, HANpPUKIAJ, 13 3arapTOBaHUM CKJIOM abo
J0JTATKOBUMHU YITITLHEHHSIMH, 11100 3a0€3MeUnTH iXHIO0 HAIIHICTD 1 TOBTOBIYHICTD.

JloBroBiuHICTh 1 MeEXaHIYHA CTIMKICTh IaHEJAeH TaKOX € BaKJIMBUMH
xapakrtepuctukamu. [laHemi, sKi BUKOPHUCTOBYIOTHCSI B EKCIEPHUMEHTI, MOBHHHI OYyTH
JIETKUMH ISl TPAHCIIOPTYBAaHHS Ta MOHTaXy, OCOOMWBO SKIIO JOCTIIHUKH TJIAHYIOTh
3MIHIOBAaTH MICIE IPOBECHHS €KCIIEpUMEHTIB. BoHOYac Martepiany, 3 IKHX BUTOTOBJICHI
MaHeNi, MaloTh OyTH CTIMKMMHU 10 3HOCY, 1100 3a0e3meyuTH CTaOLIbHICTh pe3yJbTaTiB
IPOTATOM YChOTO TIEPiOAY JAOCHTIIKESHHS.

CyMICHICTb 13 BUMIPIOBAJILHUM OOJIaTHAHHIM € KJIIFOUOBOK YMOBOIO JJIsl YCTIIIHOTO
POBEJICHHS €KCIepUMEHTIB. [laHesnl MOBUHHI JIETKO MiJAKIIOYATUCS A0 PI3HUX JATUYHKIB,
TaKux SIK aMIIepMETpPH, BOJBTMETpHU abo crerianaizoBaHi cuctemu 300py nanux. Lle
JI03BOJIUTh PEECTPYBATHU MapaMeTpu poOOTH MaHeJeil y peaJbHOMY 4aci Ta OTPUMYBaTH
TOYHI BUMIPIOBAHHS HaBITh y 3MIHHUX yMoBaX. JIJIsl IbOr0 BaKJIMBO, 00 MaHEl MajH
CTaHJAPTHI PO3’€MU Ta BIANOBIAANHU crienr(iKaIisiM BUKOPUCTOBYBAHUX BUMIPIOBAIIBHUX
npUIaIiB.

bropxeT Takosx BiJlirpae 3Ha4Hy poJib Y BUOOPI COHSIYHUX TTaHeen JJIs TOCTIKEHHS.
S0 MeTow JOCHKEHHS € TolepeaHid aHami3 abo 0a30Be TeCTyBaHHS, MOXHA
BUKOPHCTOBYBATH BXKMBaHI IMaHE, SKi KOMITYIOTh JIEHICBIIE, ajie BCE 1€ MOXYTh HAaJlaTH
HeoOximal madl. OmgHak [UId JOCHIDKEHb 13 BHCOKMMHM BHMOraMHM [0 TOYHOCTI Ta
JOBTOBIYHOCTI JOIIBHO 1HBECTYBATH B HOBI MOJIENI 3 MEPEBIPeHOI0 AKICcTIO. [Ipu 1ipomy
BapTO BpPaxOBYBaTH, YW € MOXJIUBICTh OTpUMATH (iHAHCYBaHHS abo cyOcumii s
MPOBEJICHHS €KCIIEPUMEHTY.

3pemiToro, BUOip COHSYHUX MaHENeH I TOCTIHKEHHS Ma€ ITPYHTYBAaTHUCS Ha OajaHCl
MK MOTpedaMu eKCTIEpUMEHTY, YMOBAaMHU MPOBEACHHS, TEXHIYHUMH XapaKTEPUCTHKAMU
oOnanHaHHA Ta (1HAHCOBUMH MOXIUBOCTAMH. [IpaBunbHO migiOpaHi maneni 3abe3nedarsb
HAJIAHICTh PE3YJIbTATIB 1 CIHPUATUMYTh YCHIITHOMY 3aBEPIICHHIO JIOCTIIHUIIBKOTO

MPOEKTY, 1110, 0€3yMOBHO, € METOI0 KOKHOTO HAYKOBOTO JIOCIIIKEHHS.



2.2 Onuc o0paHuX MaHeJsel 1 J0CTiay.

s nocaigy 6yno oOpaHo Taki MaHeli:

Puc 2.1- XapakTepucTUKH COHSYHOT aHeJl.

ITapaMmeTpu 00paHuX maHeJiei:

[ToTtyxHicth Moayssi: 3.5BT

28
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Buxinna nanpyra 3 moxyssi: 7B

Makcumanbauii ctpym: 0.5A

Posmipu moayss: 140x250mMm

s gocainy Oyio B3sTO 3 TaKUX MOAYJIS, TAK SIK TOTOBHX JIBOCTOPOHHIX MaHeNel He Oyo,
ajie 1€ He 3aBaJuI0 3PO3yMITH iXHIO €()eKTUBHICTb.

Taxi Moy MOXKIIMBO 310paTé CaMOCTIIHO BUKOPHUCTOBYIOUM MOHOKPHUCTAJIIUHI €JIEMEHTH,

TYT OyJIM BUKOPUCTaHI MOHOKPHUCTAIIYHI €JIEMEHTH 3 TAKUMU ITapaMeTpaMu:
Buxingna nanpyra: 0.5B

Buxigauit ctpym: 0.48A

Buxinna nmotyxHicth: 0.24BT

®i3uyH1 po3MipH: 55Xx26MM

Puc 2.2- MoHOKpuCTaniuH1 COHSIUHI €JIEMEHTH.
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3aranbpHa KUIbKICTh TAKMX MOHOKPHCTAJIYHUX MOJYJIB Ha OJHIN MaHell CTaHOBUTh
14 mrr. Bonu 3’€qHaH1 MOCTIOBHO, TI€ TO3BOJISE OTPUMATH OUTBIITY HAMPYTy HA BUXOI, 3
SIKOI0 HabaraTo JIeTIe MpaIfoBaTH Ta MPOBOJAUTH J0CHiau. Po30epy fmeTanbHilIe pi3HUITIO
3’€IHaHHSA MOCJIIJOBHO Ta MapajielbHO MOHOKPUCTATIYHUX COHSIYHHUX €JIEMEHTIB.

IlepeBaru mocJaiI0BHOIO 3’€IHAHHSA MOHOKPHCTAJIYHUX COHSIYHUX NMaHesel

[lepeBara mOCTIIOBHOTO 3’€THAHHS MOHOKPHUCTAJIIYHUX COHSYHHUX TaHENeH Yy
MOPIBHSHHI 3 TapaJebHUM 3’ €IHAHHIM TOJISITAa€ B MOKIIMBOCTI 3HAYHOTO 301IBIICHHS
BUXIJHOI HAMPYTH, [0 MAa€ KPUTUYHO BAXKJIMBE 3HAYEHHS JJIs MIABUIICHHS €EKTUBHOCTI
pOOOTH COHSIYHOI €HEPTOCHUCTEMHU. Y BHUIAJKY MOCHIIOBHOTO 3’ €QHAHHS HAMpyra KOXKHOI
OKpEMOi MaHel T0Ja€ThCS 10 3arabHOI HAIPYTU CUCTEMHU, TOAL SIK CTPYM 3aJIMIIAE€THCS Ha
piBHI oxH1€T maneni. Llei meTon 3’€THaHHS BIIKPUBAE KiJbKa KIIFOYOBUX MEPEBAr, ki BapTo
PO3TIISIHYTHU AeTanbHime. [7]

Bucoka Hanpyra Tta 3MeHIIEHHSI BTPAT eHeprii

[To-mepiie, BECOKa Hampyra B CHCTEMI, IO CKIAAAETHCS 3 MOCHIIOBHO 3’ €THAHUX
naHesel, 103BOJIsiE 3HAYHO MIHIMI3yBaTH BTPATH €HEPTii, SIKI BUHUKAIOTh HAa MPOBOJAX.
BaxxnuBo 3a3HauMTH, 10 E€HEPreTUYHl BTPATH B MPOBOJILI 3ajleXaTh BiJ CTPyMYy,
BIIMTOBITHO 710 3akoHy [[xoyns-JIenma. Y nocmimoBHOMY 3’ €THAHHI, € CTPYM 3aJTHIINIAETHCS
Ha P1BHI OJIHIET MaHEMI, 11€ 3MEHIITY€E TEIJIOBI BTPATH, SIK1 3a3BUYall BUHUKAIOTh Y TPOBOIAX.
Ile o3nauae, MO0 MOXHA BUKOPUCTOBYBAaTH IPOTH MEHIIOTO MEpepidy, Kl € HE JIHIIe
JICTICBIINMH, aJie ¥ JISTIITUMU JIJI1 MOHTaXXY, 1110 B CBOIO YEPTy CKOPOUYE 3arajabHi BUTPATH
Ha BCTAHOBJICHHS] CUCTEMHU.

OnrTumizauisa podéoTu inBepTopa

[To-apyre, mocnigoBHE 3 €HAHHS CIIPUSE Kpalllii poOOTI iHBepTOpa ado 3apsIHOTO
KOHTpPOJIEPA, OCKUIbKM 1I MPUCTPOi 3a3BUYail MalOTh ONTUMAJILHUN [1alla30H BXI1JAHOI
HaIpPYyTH, B SKOMY BOHU MOXYTh MPAITIOBATH HAWO1IBIT €(DEKTUBHO. 3aBISKH CyMyBaHHIO
HAIPYyTH KOKHOI TTaHeJ1, TOCJIII0BHE 3’ €THAHHS TOJIETIITYE JOCATHEHHS HEOOX1JHOTO PIBHS
Hampyry Juisi HOpMajdbHOTO (YHKIIOHYBaHHA oOmamHaHHsa. lle m03Bojsie miABUIIUTH
e(eKTUBHICTh TIEPETBOPEHHS €HEprii, OCOOJMBO B CHCTEMax, $KI TPU3HAYCHI IS

BUCOKOHAIIPYTrOBUX YCTAHOBOK, JI€ BAXJIMBO 3a0€3MEYUTH CTA0IbHY Ta HaAIHHY pOOOTY.
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CriliKicTh /10 3aTiHeHHS

[Ile omHI€O BAXIIMBOIO IMEPEBATOIO € 3AATHICTh CUCTEMH 3 MIOCIIJOBHUM 3’ € THAHHIM
30epiratu mparne3/1aTHICTh HaBITh 32 YaCTKOBOT'O 3aTIHEHHS JICAKUX IMaHeNe. Y cydyacHHX
COHSIYHMX TIAHEJISX 3a3BUYail BCTAHOBIIOIOTH OaWmacHI J10aM, sKi 3a0e3MedyioTh 00Xij
3aTIHEHUX IUISTHOK. X0dYa MPOAYKTHBHICTh yCi€l CUCTEMH MOXKE NIEII0 3HU3UTHUCS 4Yepe3
3aTiHEHHS, 3aBASKH TaKWM J10JaM 3MEHIIYIOThCS BTPATH TOTYXHOCTI, 1 CHCTeMa
MPOJIOBXKYE TPAIIOBATH, IO € BAXKJIWBUM AaCMEKTOM JIA 3a0e3MedeHHs] CTallIbHOCTI
€HEepromoCTavYaHHsI.

BpasimBicTh 10 mpodsaeM 3 naHeaIsIMHU

OmHaK Ba)XJIMBO BPaxOBYBATH, IO MOCHTIIOBHE 3’€IHAHHS Ma€ i CBOi OCOOJIMBOCTI,
AKi MOXXYTh BIUIMHYTH Ha 3arajbHy NMPOIYKTHUBHICTh CHCTEMH. SIKIIO O/JHA 3 TaHENeu
MpaIfoe MEHIT e(PEeKTUBHO dYepe3 TOIIKOHKEHHS ab0 YacTKOBE 3aTIHCHHS, 1€ MOXE
HETaTWBHO BIUTMHYTH HA IPOAYKTUBHICTH yciei cuctemu. Lle BinOyBaeThCst TOMY, IO CTPYM
y MOCHII0BHOMY 3’ €IHAHHI 0OMEKY€EThCS HalCIa0II010 MaHEIUTIO, [0 MOXKE MMPU3BECTH 10
3HWKEHHS 3arajibHO1 €()EeKTUBHOCTI.

ITapasesibHe 3’ €AHAHHS: MIEPEBATH TA HEAOJIKHU

Ha Bigminy Bix 1bOr0, mapanenbHe 3’ €IHAHHS J03BOJISIE CyMYyBaTH CTPYM BiJl yCiX
naHesnei, 1o 3ade3neuye OUIbIT HE3alIe)KHY PoOOTY KOXKHOI 3 HUX. Lle 03Havae, 1110 HaBITh
AKILO OJIHA 3 TIaHeJIel Mae MpoOJIeMH, 1HII MOXKYTh IPOJOBKYBATH MPALIOBATH Ha TIOBHY
noTyXkHicTh. OmHAK Me#l crocid 3’€qHAaHHS TaKOX Ma€ CBOI HEJOJIKU: MPU BUCOKOMY
CTpyMi 301JBIIYIOTHCS BTpaTH €HEPTrii B MPOBOJIAX, 110 BUMAara€ BUKOPUCTAaHHS KaOesiB
Oinpmioro mepepisy. Lle, B cBOr0 uepry, miaBUIYyE BUTPATH HA CUCTEMY, 11O MOXE OyTH
CYTTEBUM (aKTOPOM IIPH IIaHYBaHHI OFODKETY MPOEKTY. [ 8]

Buoip Mik 3’€xHaHHSAMH

Taxkum yuHOM, BHUOIpP MK TIOCIIOBHUM 1 MapajeIbHUM 3’ €THAHHSIM 3aJICKHUTh BIJ
BUMOT KOHKpeTHOi cucteMu. [locminoBHe 3’€qHaHHS € OB €PEKTUBHUM y TIPOEKTaX, 1€
NPIOPUTET HAAAETHCSA BUCOKIN HAmpy3l Ta HU3bKUM BTpaTaM €Heprii, 0cOOJMBO B yMOBax
00OMEKEHUX PECYPCiB ISl MOHTAXY KaOeiB.

Cawme yepe3 HaBeieH1 BIKIIE (PaKkTOpH 5 1 00paB MOCIIIOBHE 3'€ THAHHS.
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2.3 Bu0ip xkoHTpOJLIEepa AJid 300py Ta 00pPOOKM JTaHHHX.

Bubip xontponepa ans 300py Ta OOpOOKM MapaMmeTpiB COHSYHUX MaHENeH €
HAJ3BUYallHO BaXKJIMBUM TEXHIYHMM 3aBJAaHHSM, SK€ BUMAra€ peTeibHOTO BpaxXyBaHHS
0COOJIMBOCTEM CHCTEMH, a TaKOX METH ii BUKOopucTaHHs. KoHTposiep BUKOHYE (PyHKIIIIO
MOHITOPUHTY KJIIOYOBUX XapaKTEPUCTUK, TaKUX SK HaIMpyra, CTPyM, IMOTY>KHICTb,
TeMIlepaTypa HaHelied, a TaKOXX BIJACTEKEHHS €(PEKTUBHOCTI IXHBbOI pPOOOTH B PEKUMI
peasibHOTO 4acy. [l onTUMalbHOTO BUOOPY KOHTpoOJiepa MOTPIOHO OLIHUTH HHU3KY
TEXHIYHUX MapaMeTpiB Ta GyHKIIIOHATBHUX MOXKIUBOCTEH, SIKI MOXKYTh CYTTEBO BIUIUHYTU
HAa 3arajibHy MPOJyKTUBHICTH CUCTEMH.

BusHaueHHs1 HeOOXiTHMX MapaMeTpiB

[leprioueproBo c¢iiji BA3BHAYUTH HAOIp MapaMeTpiB, K1 HEOOX1THO BUMIPIOBATH IS
JOCATHEHHS] MakKcUMaibHOI edeKTUBHOCTI. IIpocTii KOHTposep Moke 3abe3nedyBaTH
MOHITOPHUHT JIMIIIE HANPyTH Ta CTPYMY, OJHAK sl OUIbII TJIMOOKOrO aHali3y JOILIBHO
BUKOPHCTOBYBAaTH MPUCTPOi, IO TakoX (IKCYIOTh Taki BEIUYHHM, SK TEMIIEparypa,
IHTEHCUBHICTh COHSYHOTO BHUINpOMiHIOBaHHS, KoediuieHT 3anoBHeHHs (fill factor) abo
3QJICKHICTh TOTYXKHOCT1 Bif 4acy. Takuil miaxiJ J03BOJISSE OTPUMYBATH IOBHOIIIHHY
KapTUHY €HepreTUYHUX XapaKTePUCTUK CUCTEMH, 1110, B CBOIO YEpry, CIIpUs€ ONTUMi3alii
il poOOTH Ta MIABUILEHHIO 3arajibHOI €()eKTUBHOCTI.

CyMicHicTh KOHTpOJIEpa

Knio4oBUM acmekToM € CyMICHICTh KOHTpOJiepa 13 COHSYHUMHU MaHEISIMU 3a
napamMeTpaMu Harpyru Ta crpymy. KoHTposiep NoBUHEH MiATPUMYBATH poOOTY B J1ana3oHi
HaIPYTH, Ky TeHEPYE MACUB TaHENeH, 1 OyTH 37aTHUM 0O0POOIISITH MaKCUMAIBHUN CTPYM
0e3 meperpiBy abo 3HWKEHHS TOYHOCTI. lle 0coONMBO akTyaqbHO IJiIsi CHCTEM, SIKi
NpalO0Th 3 BUCOKOIO HAIMPYTOI, OCKUIBKM HENPAaBWIbHUNA BUOIp KOHTPOJEpA MOXKE
MPU3BECTH JI0 CEPHO3HUX MPOOIIEM, TAKUX SIK 3HUKEHHSI MPOTyKTUBHOCTI 200 HaBITh BUXI]
3 naxy oOnagHaHHs. [9]

IIBuaKicTH 300py Ta 00POOKM TaHUX

He menI BaxIIMBOIO € MIBUAKICT 300py Ta 00poOKH JaHuX. J{Js 1OCHI THUIIBKUX YU
IPOMUCIIOBUX CHCTEM CIIiJI BUOMPATH KOHTPOJEPH, 3/1aTHI BUKOHYBATH BUMIPIOBaHHS 3

BHUCOKOIO YacTOTOIO OHOBJICHHA, LI0 3a0e3mneuye [eTalbHU MOHITOPUHT HaBiTh Yy
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IMHAMIYHUX YMOBax. Lle 103BosIsie onepaTUBHO pearyBaTH Ha 3MiHU B yMOBaxX €KCILTyaTaIii
Ta BYACHO BHSBJISTH MOXJIMBI HPOOJEMH, IO MOXKE CYTTEBO MIJIBUIMUTH HaAIHHICTD
CUCTEMH.

InTepdeiicu mixKI0YeHHs

[aTepdeiicu miaKIIOUYSHHS MalOTh BEJIUMKE 3HAYEHHS JJIs 1HTerpallii KoHTpojepa 10
3arajbHOI CUCTeMH yrnpaBiiHHA. CydacHi MoJienl 3a3BUYail MATPUMYIOTh Pi3HI TPOTOKOJIU
nepenadi gaHux, Bmrodaroun Ethernet, RS-485, Wi-Fi a6o Bluetooth, mo mae 3mory
IHTEeTrpyBaTH iX y JIOKaJdbHI a00 BiJJIajieHl cUCTeMHU 300py maHux. BuOip 3anexuTh Bij
0COOJIMBOCTENM CUCTEMH Ta BUMOT JI0 LIBUAKOCTI IIepeayi JaHUX, a TAKOXK BiJl YMOB, y SIKUX
Oyze eKCIuTyaTyBaTUCs KOHTPOJIEP.

IIporpamue 3a0e3ne4yeHHs1

KonTponepu 9yacto mocTtayaroTbCs 3 MPOrpPaMHUM 3a0€3MEUEHHSM, SKE 03BOJISE
MPOBOJIUTH Bi3yalli3alliio JaHUX, HAJIAIITOBYBATH NTapaMeTPH MOHITOPUHTY Ta T€HEPyBaTH
3BITH. SIKiCHE mporpamHe 3a0e3nedeHHs Ma€ OyTH THYYKUM, ATPUMYBAaTH aBTOMAaTH3AII1I0
aHamizy Ta 3abe3nedyBatu 3pydHuid iHTepdeiic a1 podotu omepartopa. lle mo3Bosse He
JIUIIE CIPOCTUTU MPOIIEC MOHITOPUHTY, ajie ¥ MIABUIIUTH €(PEKTUBHICTh YNPABIIHHS
CHUCTEMOIO B IIJIOMY.

EneproedexkTuBHicTH

Oxpemo chifi OLIHUTA €HEeProeeKTUBHICTh MPUCTPOIO, OCOONMBO SIKIIO BIH
BUKOPDHCTOBYETbCS B AaBTOHOMHHUX COHSYHMX cHUcTeMax. KoHTposiep 13 HHU3BKUM
CHEeproCIOXKUBAHHIM MIHIMI3y€e BIUIMB Ha 3arajbHy MPOAYKTUBHICTb CHCTEMH Ta
3a0e3neuye ii crabuIbHICTh. lle 0COOMMBO BaXMMBO ISl CHCTEM, SIKI MPAIIOIOTh Y
BiIIaJICHUX a00 Ba)XKOJOCTYMHUX MICIISIX, JI€ EHEPreTU4YHI Pecypcu MOXYyTh OyTu
00OMEKEHUMH.

MacmraboBaHicTh KOHTpPOJIEepa

MacmtaboBaHiCTh KOHTpOJIEpa € BaXXJIMBUM MapaMeTpoM JJisi CHCTEM, SKi
nependavaoTb MOXKIMBICT PO3MUpPEeHHA. [IprucTpiif HOBUHEH MiATPUMYBATH MMiIKIIOUEHHS
JI0JTATKOBHX MaHese abo ceHcopiB 0e3 HeoOX1THOCTI 3aMiHU OCHOBHOTO obOyagHaHHs. [le
JI03BOJISIE€ aIalITyBaTH CUCTEMY JI0 3MIHIOBAaHUX YMOB €KCIUTyaTallii Ta moTped, 1Mo Moxe

6YTI/I KPUTHUYIHO BAXKIIMBHUM 1L JOBIOCTPOKOBOI'O BUKOPHUCTAHHA.
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JloBroBiuHicTh Ta CTiliKicCTD

JIOBrOBIYHICTh 1 CTIMKICTH [0 30BHIIIHIX YMOB TaKOX € KIIOUOBUMHU
xapakrtepuctukamu. KoHTposep, mpu3HaueHuil 7151 BUKOPUCTAHHS B MOJBOBUX YMOBAaX,
MOBUHEH MaTH BUCOKHM CTymiHb 3axucTy (IP65 abo Bummii), CTIHKICTD A0 MHITY, BOJIOTH,
BiOpariii 1 ekcTpeMaapbHux Temmepatyp. Lle 3ade3neuye HaAiHICTE POOOTH MPUCTPOIO B
PI3HUX KIIMaTUYHUX YMOBAX 1 MPOJOBKY€E TEPMIH HOTO CITyKOH.

@PiHaHCOBA CKJIA/I0BA

diHaHCOBa CKJIaJIoBa BUOOPY 3aJICKUTh BiJ PiBHA (PYHKIIIOHAIBHOCTI Ta BUMOT J10
cucTeMu. SIKIo cucrema Mpu3HAYeHA i 0a30BOTO MOHITOPUHTY, MOKHAa OOMEXKUTHCS
OropxeTHUME MozemsiMi. OHAK 1711 BACOKOTOYHOTO JTOCIIKEHHSI BAPTO 1HBECTYBaTH B
KOHTPOJIEPH 13 PO3MIMPEHUMHU MOXKIUBOCTSIMH 300py naHuX Ta iHTerpamii. Lle moxke
CYTT€BO TIBUIIUTH SKICTh OTPUMAHUX JIAHUX 1, BIMOBITHO, €(DEKTUBHICTh CHCTEMH.
Otxe, 111 1OCTIAY BiJl KOHTpoJUiepa MOTpiOH1 OyiIu HACTYIHI MOXJIMBOCTI: BUMIPIOBATH
CTpyM, HampyTy Ta (IKCyBaTH 4ac, TAaKOX BIH Ma€ OyTH MIHIMYM TPbOXKaHAJILHUM IS
OJIHOYACHOTO 3amlKCy MapaMeTpiB reHepaiii pi3HUX MaHeneid. 3BIBIIM Il BCl KpUTEpIl 5
obpa kouTposmiep MCJI-200. OnuH 13 TOJIOBHUX KpUTEpPIiB BUOOpY — #oro ¢izuyHa

HASBHICTb.
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i MC/A-200

SD card

@l

Puc 2.3 - Kontponnep MCJI 200.

Po3noBiM TpilIKK JAeTaNbHIIIE PO HOTO MOXKJIMBOCTI. lle BHCOKOTEXHOJIOTIYHUN
MPUCTPIN, CHeIiagbHO PO3pOOJICHH IS MOHITOPHUHTY Ta aHajizy mnapameTpiB
CHepreTUYHUX CHCTEM, 30KpeMa, COHSYHHUX eJeKTpocTaHIiil. OCHOBHE 3aBIaHHS LbOTO
MOJTyJISI TTOJIsATaE B 300pi, IeTaIbHOMY aHaJji31 Ta nmepeiayl JaHuX Ipo poOOTy CUCTEMHU, 1110
€ KPUTUYHO BAXKJIUBUM Ui 3a0e3mneueHHs ii e(eKTUBHOCTI, CTaOLTBHOCTI Ta HAJIMHOCTI.
MC/I-200 Bosiozi€ MIMPOKHM CHEKTPOM (YHKIIH, fKI pOOISITH HOro yHIBEpCaTbHUM
THCTPYMEHTOM [Tl IPOBEICHHS CHEPTeTUYHHX JOCIiIKEHb, a TAaKOX ISl KOMEPIIHHOTO
BUKOPHCTAHHA B PI3HUX cepax.

OcnoBHi moxxauBocti MC/I1-200:

306ip mapamerpiB.

[IpucTpiii Ma€ MOXIJIMBICTD BIJICTEKYBAaTH KJIIOYOBI MOKAa3HHKH, TaKi SIK Hampyra,
CTPYM, TIOTYXKHICTh, TeMIepaTypa €JIEMEHTIB CHCTeMH, a TaKoX 1HII Ba)JIHUBI

XapaKTePUCTHKH, M0 CTOCYIOThCSI POOOTH eHepreTMyHuX wmoayiiB. lLle mo3Boisie
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OTPUMYBATU JETaJbHY Ta TOYHY 1H(QOpMAIIO MPO CTaH €HEPreTHUYHOI CHUCTEMH, IO €
HEOOXI1THUM JIsl CBOEYACHOTO BUSIBIICHHS MOXKJIMBUX TPOOJIEM 1 ONTUMI3AIlil pOOOTH.

O0poOka naHux.

Monyns 3a6e3nedye TokanbpHy 00poOKy 310paHoi iHpopMaIlii, IO T03BOJISE MBHUIKO
aHaJi3yBaTu e(PEeKTUBHICTh pOOOTH CUCTEMHU 0€3 HeOOX1THOCTI BUKOPUCTAHHS JJOJATKOBUX
npuctpoiB. lle 3Ha4HO crpollye Mpoliec MOHITOPUHTY Ta YIpPaBIIHHSA, OCKUIBKH JaHi
MOXXYTb OyTH 00pOOJICHI B pealbHOMY 4aci, 10 J03BOJISIE ONIEPATHBHO PEaryBaTH Ha 3MIHU
B CHUCTEMI.

Ilepenauya nanmx.

MCJI-200 mintpumye Kigbka 1HTepdeHciB s mepenadi iHdopMariii, Takux sk
Ethernet, RS-485 a6o 6e3apoToBi 3’e¢ananHs. Lle 3a0e3neuye rHy4YKICTh y HajaIllTyBaHHI
CHUCTEMH MOHITOPHHTY, JO3BOJIAIOUM IHTETPYBaTH MOMAYJb Y BXKE ICHYIOUl cHUCTeMHU abo
CTBOPIOBATH HOBI PIIIEHHSI BIJMIOBIIHO JIO0 CHIEHU(DIYHUX BUMOT TIPOCKTY.

CyMicHicTb i3 ceHCcOpaMu.

[Tpuctpiii Moke mpamoBaTH 3 PI3HUMU THIAMH JaTYHKIB, IO JO3BOJISIE
HaJIAINTYBAaTH CHCTEMY U 300py KOHKPETHUX JaHUX 3JICKHO BiJ BUMOT TpoekTy. Lle
poouts MCJ/I-200 HaA3BMYAMHO THYYKMM 1 aJanTHUBHUM pIIICHHAM, 3JaTHUM
3a2/I0BOJIHUTH PI3HOMAaHITHI TOTPEON KOPUCTYBAUIB.

HanamryBanHs Ta MaclITA0OBAHICTD.

3aBasku MoaynbHiN apxiTekTypl, MC/I-200 serko iHTerpy€eThCs B iICHYIOU1 CUCTEMHU
a00 pPO3IIUPIOETHCS Y pa3l 30UIbIICHHS OO0CITYy eHepreTudHoi iHdpacTpykTypu. lLle
JI03BOJISIE KOPUCTyBauyaM aJanTyBaTH CHCTEMY [0 3MIHIOBAaHMX yMOB 1 MOTpeOd, IO €
BaYKJINBUM aCIIEKTOM JIJIsl TMHAMIYHO PO3BUBAIOUNX EHEPTETUYHUX PUHKIB.

IIporpamua nmiaTpumka.

MC/I-200 3a6e3neuyeThCsi IpOrpaMHUM 3a0e3MeueHHIM [T Bi3yaii3allii Ta aHaizy
nanux. Lle m03BosIsie 3pydHO KOHTPOIIOBATH pOOOTY CUCTEMH, HAJIAIITOBYBATH MTapaMeTpu
300py iH(popmallii, a TAKOXK FreHePyBaTH 3BITH, 10 € BAXJIMBUMH JJIs1 IPUNHHATTS pIIICHb Ha

OCHOB1 OTPUMaHUX JIaHUX.
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EneproedgekTHBHICTSD.

Monynb CHOpOEKTOBAaHO 3 YpaxyBaHHSIM MIHIMQJIbHOTO E€HEpProCMOKMBAHHSA, IO
pOOUTH HMOTO TMPUAATHUM JJIi BUKOPHCTAHHA B aBTOHOMHHX CHCTEMax i3 OOMEXEHUM
JI0CTyroM 1o eHepropecypciB. lle ocob0mmBo BakiIuMBO s BigjgajieHuX abo
BaKKOJIOCTYITHUX MICIIb, JI€ CHEPTETHUUHI PECYPCH MOXKYTh OyTH OOMEKEHI.

HapilinicTs T2 3aXHCT.

[IpucTpiii Mae BUCOKHMIl CTyMmiHb 3aXUCTY BiJ 30BHiImHIX BImBiB (IP-kmac), mio
JI03BOJISIE HOTO EeKCIUTyaTallild B CYBOPHUX YMOBaX, BKJIFOUAlOUM BHCOKI ab0 HU3BKI
TEeMIepaTypy, MiJBUIIEHY BOJOTICTh 1 3amwieHicTe. lle 3abe3meuye TpuBamy Ta
oe3nepeobiitny poooty MCJI-200 B pi3HHX KIIMAaTUYHUX YMOBAX.

J1ist mpoBeeHHS AOCIIY S BAKOPUCTAB HACTYIIHY CXEMY IIJIKJIIFOUECHHS:

Komn'iotep
MCA-200 =
USB USB

i : “5x 4
Bxip 4 ~ 73 |lanmka .o iy

k112 T RS-485

I LU

Bxin 3 my v LIS

+ | 10 o+ = =
Bxip 2 — 9 ﬂ.aT'iHK 2 +d_ -B)K 2 pucTpin

+ | 8 z+

i TmMK 1, I BX 1
s - L ﬂa +\9 i Mpucrpin N
N .| B| 6
RS 2 NpucTpoi G
Komn’'lotep

5 [ 7 |5 |ACSM nK2
RS 1K RS232 F— RS232

Al 3 HA

MuBneHHa
+  BbX

+ | 2 e >

48 - | 1 P ‘324 B

Puc 2.4 - CxeMa nmiiKIr0Y€HHsI KOHTPOJIIepa.
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310pani 1aHH1 KOHTPOJIJIEp 0/pa3y 3amucye Ha kapTy nam'arti popmaty MICRO-SD
y BUTJIsiA1 Ta0nuii. [HTepBan 3anucy JaHHUX CTAHOBUTH 3 XB.

2.4 YMOBHM NPOBeAECHHS J0CJIiTy.

Hocmnin 6yno Bupimeno posmnodaru 30.10.24 B 14:00. Jlomomory 3 maTepiasiamu Ta
BUKOHAHHSIM HaJaBalM BUKIagadi Hamoi kadeapu, a came KaHaedaT TEXHIYHUX HayK
3axapuenko Pycnan BonoaumupoBud Ta n0UEHT Kadeapu aBTOMATHUKH, €IEKTPOHIKHA Ta
TenekoMmyHikamii Tper'sk Amnnpiii BanepiiioBuu. [l imiTamii ABOCTOXCTOPOHHBOI
COHSIYHOT TIaHes1 3'elHaB JBa MOAYJS (M0 14 MOHOKPHUCTAIIYHUX €JIEMEHTIB B KOKHOMY)
napanensHo. Jlami Oymy BBakaTd iX 3a JABOCTOPOHHIO COHSYHY TaHenb. Jlms imirtamii

CTaJIOI'0O HaBAHTAXKCHHA BI/IKOpI/ICTaHi PE3UCTOPH.

Puc 2.5 - 3aranpauii Bup 310paHoi yCTaHOBKH.



Puc 2.7 — Bup 13 3BOPOTHROI CTOPOHH HA YCTAaHOBKY.

39
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Puc 2.8 — ®oTo po3MilIeHOi yCTaHOBKHU.

Jlokartiss 11l IPOBENIEHHS JOCHIy BUOpaB Jax OyIWHKY, 1€ JO3BOJISIE 3aMO0IrTH
MepenkoiaM JJii COHSYHMX MpoMeHiB. KOHTposuiep BCTaHOBJEHWW B MPHUMIIIEHHI,
MIPUYMHA TOMY BIJICYTHICTh TIOBHOTO BOJIOTO3axuCTy. [Toroga 3miHoBanzace auHamivyHo, 30
x0BTHS 3 14:00 mo 18:59 Oyno consiuno Ta 6e3 xmap, 31 x0BTHA 3 5 panky 10 14:00 6ymno
MOXMYypO Ta HakKpamap JpiOHUN 1o, aje 1€ He 3ipBajgo gociia. s mokparieHHs
XapaKTEPUCTHK JIBYXCTOPOHHBOI COHSYHOI MaHe 0yfia BUKOpPHUCTaHa aloMiHieBa (ojbra.

Hwxie HaBeeHi koedimieHT BIIOUTTS CBITIA TSI PI3HUX MaTepiajiB Ta TOBEPXHOCTEH
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Mmarepian KoediUieHT BIAGUTTA marepian KoedilieHT BiaGUTTA
bina oniitHa apba 0,7-0,85 Mocpibnexi A3epkanbHa NOBEPXHA 0,9-0,94
O6nuULoBaHHA CTiH: 6ina 0,7-0,85 [N3epkano 3i cpiGHOIO NiJOCHOBOK 0,75-0,9
KoBTa 05-07 CBITNWUIA PO34MH 04-09
yepsoHa 0,3-0,5 XOBTWW Lerna 0,35-0,4
cipa i kopuyHesa 0,25-0,5 CaiTni AepesHi NNUTH 04-0,5
3eneHa abo GnakuTHa 0,15-0,45 6inuit Kaxenb 0,6-0,75
YopHUit OKCamuT 0,02 - 0,01 Ginun papgop 06-08
ANIOMIHii: aHOA0BaHWI 0,85-0,9 bina emanb 0,65-0,75
noniposaxHum 0,65-0,75 Ginui nak 0,75-0,85
MaToBMiA 0,55-0,6 bina kpecnapcbka nanip 0,7-0,75
ONUCKY4UN XPOM 0,6-0,7 NiHi/, npoBeaeHa TBeEpAUM OniBUEM 0,45
noniposaHa nartyHb 05-0,6 TNiHia, nposeaeHa M'AKUM onisLeM 0,25
noniposaxa crans 0,55-0,6 YopHa Ty 04
nonipoBaHMii Hikenb 0,55-0,6 AcansToBe NOKPUTTA AOpir 0,05-0,15
bina xepcTb 0,65-0,7 BeToOHHE NOKPUTTA Aopir 02-03

Puc 2.9 - Koedirientu 151 BiIOUTTA CBITIA.

2.5 Pe3yabTaTtu gociiny.

[To 3akiHYeHHIO s OTpUMAaB JlaHHI B TaOJMINl 3 pe3ynbTaTaMu. JJisi Bi3yaJabHOIO

PO3YMIHHS 3HU3Y HaBeJeHUI rpadik eeKTUBHOCTI.

EdeKTUBHIicTb pi3HUX moAaynis
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16:06:58

16:27:58
16:48:58

17:09:58
17:30:58
17:51:58
18:12:58
18:33:58
18:54:58

5:15:00
5:36:00
5:57:00
6:18:00
6:39:00
7:00:00
7:21:00
7:42:00
8:03:00

ﬂ,BOXCTOpOHHH naHesNb

8:24:00
8:45:00
9:06:00
9:27:00
9:48:00
10:10:23
10:31:23

3BMYaiHa NaHeNb

I'padix edpexTuBHOCTI 1

10:52:23

jun |
[
I
o
=
T
w

11:13:23
11:34:23
11:55:23
12:16:23
12:37:23
12:58:23
13:19:23
13:40:23
14:01:23

Ha npomy rpadiky mokasasi JaHHi 3 TPhOX OKPEMHUX MOIYJiB. BusBunocs, mo npu

COHSIYHIN TIOTO/Ii B MOJIOKEHHI, B IKOMY OyJiu maHeni, e(peKTUBHICTb BIIOUTOTO MPOMIHHS



42

Ha MoJyJi 3 Oyia BKpail HU3bKa, ajie CUTyallisl 3MIHUIAacAd Ha HACTYIHU IeHb, KOJIU COHIIS
He OyJio, mepeBakaimy IpiOHI omaau y BUTIISAI JOIIY Ta XMapHICTh. [Ipn Takux morogHux
yMOBax HOro e(QeKTHUBHICTh 3aJIMIIAJIACh HAa TaKOMYy K pIiBHI, a OT Ha TPaJIULINHO
BCTAHOBJICHUX TMAHEISIX BOHA 3HM3WIACh NMPUOIM3HO B 3 pas3u, L0 € JyKe CYTTEBOIO
pI3HUIIEIO.

MNopiBHAHHA epEeKTUBHOCTI pi3HUX TUNIB NaHeneun

16
14
12
1

ON B O 0O

14:00:58
14:21:58
14:42:58
15:03:58
15:24:58
15:45:58
16:06:58
16:27:58
16:48:58
17:09:58
17:30:58
17:51:58
18:12:58
18:33:58
18:54:58
5:15:00
5:36:00
5:57:00
6:18:00
6:39:00
7:00:00
7:21:00
7:42:00
8:03:00
8:24:00
8:45:00
9:06:00
9:27:00
9:48:00
10:10:23
10:31:23
10:52:23
11:13:23
11:34:23
11:55:23
12:16:23
12:37:23
12:58:23
13:19:23
13:40:23
14:01:23

3BMYalHa NaHenb

[BoxcTo POHHA COHAYHa NaHe/lb

I'padik pizHuill €(heKTUBHOCTI MK TaHEIISIMH.

BucHOBOK /10 po3aiity 2: 3riJHO OTPUMAHUX JAHHUX JTOCIITY, SKUH S OMUCAB Y IbOMY
po31idi poOII0 BHUCHOBOK, IIO CHUCTEMa 3 JIBOCTOPOHHIMH MaHEISIMM Ma€ HENOTaHWN
IPUPICT B OPIBHAHHI 31 3BUMaHUMHU MOAYIAMH. OTKe, B HACTYITHOMY PO3/1Jii OyJe Onuc
TaKoi CHCTEMH JJsi TPAKTUYHOTO BHUKOPUCTAHHS B 0araTONMOBEPXOBUX IKUTIOBHX

OyJIMHKaX.



43

PO3 111 3 BHUKOPUCTAHHA ABOCTOPOHHIX COHAYHUX
MAHEJIEN B BATATOIIOBEPXOBOMY BYJIUHKY.

3.1 BUKOpHCTAHHA COHSIYHMX MAHeJIel B :KUTJIOBUX OyIMHKAX.

BripoBaykeHHSI COHSIUHUX MMAaHETeH Y )KUTIOBUX CIIOPYJaxX PO3MOYanocs B CepeInHi
XX CTONITTS MICHs PEBOJIIOIIMHOTO BUHAXOAY KPEMHIEBUX (POTOCIEKTPUUYHHUX €JICMEHTIB
komnaHniero Bell Labs y 1954 poui. [TouaTkoBo 111 iHHOBAIIiITHI TaHEeN1 BUKOPHUCTOBYBAIUCS
BUKIIOYHO I CHepro3ade3lmeueHHs KOCMIUYHUX amapariB, OCKUIBKH TIPOIEeC ix
BUPOOHUITBA OyB HAA3BUYANHO JOPOTHUM Ta TEXHOJOTIYHO CKJIAJAHUM JUIS IITUPOKOTO
JOMaITHBOTO 3acToCyBaHHs. Bucoka cob6iBapTicTh Ta oOMexeHa e(pEeKTHBHICTh MEPIINX
MOJIETIC CTPUMYBAJIM 1X MacOBE BIpoBaIKeHHs. [10]

[TouaTkoBl crIpoOM BCTAHOBJICHHS COHSYHMX CHUCTEM Yy JKUTJIOBUX OYyIUHKAxX
s'sBuiuch y 1970-1980-x pokax Ha Tii ri00albHUX €KOHOMIYHMX BUKIMKIB. CBiTOBa
€HepreTMYHa Kpu3a cTaja MOTY)KHUM KaTalll3aTOpoM [UIsl aKTUBI3alii JOCTIKEHb Ta
po3poboK y cdepl ambrepHaTUBHHX eHepreTudHux mrepen. Y CIIA ta Snonii, sk
MPOBITHUX TEXHOJIOTIYHUX JepKaBax TOro dacy, OyJiM 3amoyaTKoBaHI MepIni MaciiTaOH1
MIJIOTHI TPOEKTH 3 BOPOBAIKEHHS (POTOCIEKTPUUHHUX CHUCTEM Y JOMOTOCIIOJApPCTBAX.
[TapanensHO €KOJOTIYHI OpraHizallii pPO3ropHYJIM MIMPOKY HPOCBITHUIIBKY MiSUIBHICTD,
CIPUSIOYH TOMYJSpHU3allii BiIHOBIIOBAHOI €HEPTETUKH CEpe]l TPOMAJISH Ta ITiIBUIICHHIO
0013HAHOCTI MO0 ii Tepenar.

MacoBe BUKOPUCTaHHS COHSIYHUX MaHEeIeH y KUTIOBUX OyIMHKaX HAOyJI0 3HAYHOTO
nommperHss y 2000-x pokax 3aBASKM HU3LI COpUATAUBUX ¢akTopiB. CTpiMKui
TEXHOJIOTIYHUNA TMpOrpec Ta ONTHUMI3AIlisl BUPOOHHUYHMX IMPOLECIB CYTTEBO 3MEHIIMIN
BUTPATH HAa BUPOOHMIITBO, 3POOMBIIM TAHENl OUIbII JOCTYMHUMHU [IJIs TEPeCcIuHHUX
cnoxuBayiB. JlogatkoBo, ypsau OaraTbOX pPO3BMHEHHX JepkaB, 30kpemMa HimeuunHwu,
Snonii ta Kwuraro, 3anmpoBagwid KOMIUICKCHI MPOrpaMH MiATPUMKH Ta BIPOBAIWIN
cucTeMy '"3eneHux Tapu@iB", 110 CTBOPUIIO MOTYKHI €KOHOMIUHI CTUMYJIH ISl MAaCOBOTO
MOHTa)Ky COHSYHHMX CHCTEM Ha Jaxax MPUBAaTHUX OYIMHKIB.

B VkpaiHi iHTEeHCUBHE BIPOBAKECHHS COHSIYHUX TMAHENECH Yy JKUTIOBHUX OyIWHKAX

posmnouainocs y 2010-x pokax i HaOyno ocobmmBoi quHaMiky. L{e cTamo MOXIMBUM 3aBIISKU
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BIIPOBA/KEHHIO €(DEKTHUBHOI CUCTEMHM JE€P>KaBHOI MIATPUMKHU Yepe3 MEXaHi3M '3eJeHOro
Tapudy", SKUNA CTBOPUB CHPUATIMBI yMOBH JJsi BIACHHUKIB TNPUBATHUX COHSYHHUX
eJIEKTPOCTAHIIIA  peayi30ByBaTH HA/UIMIIKK TEHEPOBaHOI €Heprii B  3arajibHy
€JIEKTPOMEPEKY Ha EKOHOMIYHO BUT1IHUX yMOBaX. Taka MporpecuBHa CTPATEris HE TUIbKU
3HAYHO MiJABHIIMIA 3alliKaBJIEHICTh HACEJCHHS Y PO3BUTKY COHSYHOI €HEPreTHKH, aje i
CYTTEBO TIOCHJIMJIA EHEPreTHYHY HE3aJeXKHICTh YKPAiHChKHX JIOMOTOCIIOAAPCTB,
CTBOPUBILIM  TEpeayMoBH  Juisi  (OpMyBaHHS  JICLIEHTPAJII30BaHOI  CHUCTEMHU
eHepro3zaoesnedeHHs. [11]

o Take mexanizm "3emenoro tapudy"? Cucrtema ''3ejieHoro Tapudy miIs
COHSIYHMX eJIEKTPOCTAHII|" € Jep>KaBHOIO MPOrPAMOI0 MIITPUMKH, 110 Hagae (h1HAHCOBI
CTUMYJIM BIACHUKAaM 00'€KTIB BiTHOBIIOBAHOI EHEPT€TUKH, CIIOHYKAIOYH J10 BITPOBAKECHHS
EKOJIOTITYHUX TEeXHONOTi reHepamii. I[lporpama chopsMoBaHa Ha CTUMYJIOBaHHS
BUPOOHHUIITBA €JIEKTPOCHEPTii 3 BIAHOBIIOBAHMX JIKEpEN, 30KpeMa COHSYHOI eHeprii,
rapaHTylOud BUKYN HAJUIMIIKOBOI €HEeprii 3a CIeliaJbHOI0 TMIJBUIICHOI0 CTaBKOIO
MOPIBHSIHO 31 CTaHAapTHUMU Tapudamu. L4 iHiiaTHBa cTana BU3HAYaIbHOIO ISl PO3BUTKY
aJIbTEPHATUBHOI €HEPreTUKH YKpaiHu, CTBOPIOIOYM BHUTiAHI YMOBH AJISi TOMOTOCIIOIaPCTB
Ta MIIIPUEMCTB, Kl MPAarHyTh JOIYYUTHUCA 10 €KOJIOTTYHOTO BHUPOOHUIITBA €HEprii Ta
3aXHCTy JOBKIJLIS.

Ak npauroe "'3esennii Tapud''?

I'enepanisi eleKTpoOeHeprii:

BracHUKM COHSYHMX MaHeNel pPO3MILIYIOTh Cy4acHi (POTOENEKTPUYHI CUCTEMH Ha
naxax OymiBenb, (hacamax abo 3eMeNbHUX AUITHKAX IS TeHepallii eKoJIOT19HOT
€JICKTPOEHEPT1i 13 COHSIYHOTrO CBITJIA. [HHOBAIIIITHI TEXHOJIOT1T 3a0€3eUyI0Th ONTUMAIbHY
KOHBEPCi0 COHSYHOTO BUIIPOMIHIOBAHHS B €JIEKTPUYHY €HEPIii0 BIPOJIOBK yCHOTO
CBITJIOBOTO TIEPIOY.

KoMneHcanist BJaCHOI0 CIIOKMBAHHSA:

BupoOnena enextpoeHeprisa HacaMIepe]] BAKOPUCTOBYETHCS ISl 33 JOBOJICHHS
moTped JOMOTOCTIOAAPCTBA, BKIIOYAIOUN OCBITICHHS, JKUBJICHHS TOOYTOBOI TEXHIKA Ta
OTaJTIOBAILHUX cUcTeM. Lle 703BosIsI€ 3HAYHO CKOPOTUTH 200 TIOBHICTIO BUKITIOUUTH

BUTPATH HA €JIEKTPOCHEPTIIO 3 IIEHTPATbHOI MEPEXKI.
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IIponax HAAJIMIIKY eHeprii:

HapnuimkoBa enekTpoeHepris, U0 NePeBHILy€e MOTOYHE CIIOKUBAHHS
JIOMOTOCTIOJapPCTBA, MEPEIAETHCS A0 3arajbHO1 eJIEKTPOMEPEX] uepes creniaibHi
JBOHATPABJICHI JIYMJIbHUKUA. BIacCHUK OTpUMye TrapaHTOBaHY OIUIATy 32 M1ABUIICHUM
"3emeHUM Tapudom" 3a KOKHUHN MepelaHui K1JIOBaT.

®dinaHCcOBA MiATPUMKA:

Tapu¢ BuU3HAYAETHCA Ta KOHTPOJIOETHCS JEP>KaBOIO, (DIKCYETHCS B €BPOBATIOTI Ta
rapaHTy€eThCsl 3aKOHOM Ha JOBroTpUBaui nepiof (3a3Buuaii 10-25 pokiB), 3abe3neuyoun
cTaOLIbHUM MPUOYTOK Ta MPOTHO30BaHY OKYIHICTh IHBECTHUIIIH.

OcHOBHiI XapakTepucTMKH cucTeMHu ''3ejieHoro Ttapudy' I COHAYHHX
€JIEKTPOCTAHIIIH

IinbroBuii BUKyI eJIeKTPOEHePrii:

JleprkaBa 3a0e3reuye BUKYT KOKHOI BUPOOJICHOI KIJIOBAT-TOJIMHU 32 CIIEL1aIbHUM
M1BUIIEHUM Tapu(OM, BCTAHOBICHUM 3aKOHOJIABCTBOM, SIKUI CYTTEBO MEPEBUILYE
3BHYaliHl PUHKOBI PO3IIIHKU Ha eyieKTpoeHeprito. Lle hopmye BUriTHI €KOHOMIYHI YMOBHU
JUTS BJIACHUKIB COHSIYHUX €JIEKTPOCTAHI[IN Ta 320X04Y€ MOAATBIINN PO3BUTOK 3€JI€HOT
EHepreTHKH B AepkaBi. CucTeMa omiaTé (PyHKI[IOHY€E MPO30PO Ta B aBTOMATUYHOMY
pEXKUMI, TAPAHTYIOUH PETYJISPHI BUILIIATH.

Tpusanauii nepion Aii:

Tapud dyHKIIOHY€E Ha TOBrOTEPMIHOBIM OCHOBI, 3a0€3MeUyI0Ur 1HBECTOpaM
BIIEBHEHICTh Y HaIIMHOCTI iXHIX iHBecTHIlIA. B YkpaiHi oro aito rapantoBano g0 2030
POKY, IIT0 CTBOPIOE MPUBAOIMBI YMOBH JIJIsl IHBECTYBAHHSI Ta I03BOJISIE 3IHCHATH TOYHI
pO3paxyHKH OKYMHOCTI poekTy. Lle Mae ocobirBe 3HaYEHHS 1JIs1 TPUBATHUX
JIOMOTOCTIOJJAPCTB MPHU MJIAHYBAaHHI JJOBTOCTPOKOBUX BKJIAICHbD.

IHoTyXHICTh NPUBATHUX CTAHIIN:

Y OumbmIocTi KpaiH CBITY, 30KpeMa B YKpaiHi, JIIOTh YiTKI OOMEXEHHS I10/10
MOTYKHOCTI MIPUBATHUX COHSUHUX €NEeKTpOoCTaHIii. [y yKpaiHCHbKUX TOMOTOCIIOAapCTB
BCTAHOBJIEHO MakcuMaibHUK MMIT y 30 kBT, mo € 30amaHCcOBaHUM MOKA3HUKOM JJIS
3a0€e3MeUeHHsI BJaCHOTO CIOKMBAHHS Ta MPOAAXKY HAUIMILKOBOI eHeprii. Taki oOMexeHHs

CHPUAIOTH CTA0IbHIN POOOTI EIEKTPOMEPEKI.
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3umxenHs Tapudy 3 yacom:

3aBASKH TEXHOJOTIYHOMY MPOTPECY Ta 3/ACLIEBICHHIO BUPOOHUIITBA COHSYHUX
naHesnei, Tapudu sl HOBUX MIIKIIOUEHb MOCTYNOBO 3HIKYIOThCs. BogHowac, st
BJIACHHKIB paHillle BCTAHOBJIEHUX CUCTEM 30€epiraloThCsi IOYATKOBI BUT1IHI YMOBH, II0
3a0e3neuye crpaBeAJIMBUil 0alaHC HA PUHKY COHSYHOT €eHEPTeTUKH.

Crnenudika "3esenoro tapudy' B Hamiii kpaini

IcTopisn BnpoBamxkeHHsi: MexaHism OyB 3ampoBamkenuit y 2009 poui sk
cTpaTeriyHa JepkaBHa iHiriaTuBa. Bin OyB po3poOieHuil Ajs1 CTUMYJIIOBAHHS PO3BUTKY
BITHOBJIIOBAHOI E€HEPreTHUKM Ta TOCWJICHHS EHEPreTUYHOl HEe3aJIeKHOCTI YKpaiHH.
IMniemenTaniss 1UBOro MeEXaHI3MYy CTajla BHU3HAYaJIbHUM €TarnoM Yy TpaHchopMmallii
EHEePreTUYHOTO CEKTOPY Ta 3HIKEHHI 3aJISKHOCTI BIJ TPAAMIIIHHUX HKEPEN eHeprii.

®dikcoBaHi Tapu¢u: /{ep>kaBa BCTAaHOBIIOE TapU(pH 3 ypaxXyBaHHSIM THITY €HEPrii Ta
yacy BBEJCHHS CTaHIIli B €KCIUTyaTalliio, Oepydd J0 yBaru TEXHIUHI XapaKTEPUCTUKHU Ta
PUHKOBY CHUTYyaIlil0. 30KpemMa, Tapudu A COHSUHUX eneKkTpocTaniii y 2024 pomi Oynu
3HIKEH1 TIOPIBHSHO 3 MHUHYJIMMH TepiofamMH, TpoTe 30epiraloTh 1HBECTHILIHHY
npuBaOJUBICTh JJIS BJIACHUKIB Ta 1HBeCTOpiB. Lle cTBOproe onTuMaibHMM OajaHC MIK
PO3BUTKOM Trajy3i Ta €KOHOMIYHO €()EeKTUBHICTIO.

ITigK/I049eHHS 10 Mepe:Ki:

JlomorocnoiapcTBa, siKi IUIAaHYIOTh BCTAHOBJICHHSI COHSIUHUX MaHENeW, MOBHUHHI
NPOUTH OOOB'A3KOBY NPOLEAYPY JIIEH3YBaHHS Ta YKIACTH BIAMOBIAHUM JOTOBIp 3
eHepronocradyaabHukoM. IIponec mnepeabavae MpPOBEACHHS TEXHIYHOI EKCIEPTHU3H,
MiTOTOBKY BCi€l HEOOX1THOT JOKYMEHTAIIIT Ta MOHTaX CIEI1ai30BaHOTO 00JIaTHAHHS TSI
00JIIKy T€HepOBaHOI €JIEKTPOCHEPTIi.

BaawTHa npuB'sa3ka: Po3paxyHku 3a "3eneHuM tapudom" B YKpaiHi IPOBOASITHCS
B HaI[lOHAJIBHII BAJIIOTI 3 MPUB'SI3KOIO 10 €BPO, 110 TAPAHTYE 3aXUCT JOXO/11B BIACHUKIB B[
1HQIISIIIAHUX TIPOIIECIB Ta KOJMBAHb BAJIIOTHOIO Kypcey. Taka cucTeMa OriaTv IiJIBUIILYE
1HBECTUIIITHY TPUBAOIUBICTh Tay3i.

IlepeBaru mexaHizmy:

dinancoBa BUT0/A:

BrnacHukyu cCOHSUHUX TaHenel 3a0e3neuyroTh co01 CTaOUThHUI MaCHBHUN TPUOYTOK
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yepes3 MpoJax eNeKTPOSHEPrii  3a  MIJBUIICHUM Tapu(PoOM TMOPIBHSIHO 3 PO3APIOHUMHU
ninamu. Lle 3a0e3neuye He TUIBKM MMOBEPHEHHS MMOYATKOBUX BKJIAJ€Hb B OOJaJHAHHS, ajie
I TeHepye CTIMKUM 10Xid. 3T1HO 3 JOCTIPKEHHSIMU, IHBECTHUIIIT B COHSYHI IMaHel
OKYTIOBYIOThCS 32 4-6 pOKiB IpH MOTOYHOMY "3eseHoMy Tapudi”.

ExoJioriyna KOpucThb:

BinOyBaeTbcs 3HMKEHHSI CMOKMBAHHS BUKOITHOTO TAjMBa Ta 3HAYHE CKOPOUYCHHS
BUKHU/IB TApHUKOBHUX Ta3iB. COHSYHA eNeKTpOCTaHiis moTyxHicTio 10 kBT mopoky
3smenmye Bukuan CO2 Ha 5 ToHH, 1110 JOopiBHIOE edekTy Bij Bucaaku 250 nepes.

CrumyJ 1J1s iHBeCTHILIHN:

"3enenuii Tapu@d" aKTHBI3y€ PO3BUTOK BIJIHOBIIIOBAHOI €HEPreTHUKH, MPHUBAOIIOIOYH
pi3HuX 1iHBecTOpiB. lle cTBOproe poOodui MicCIs, PO3BHUBAE TEXHOJIOTIT Ta IOCHUIIIOE
€HEPrOHE3AICKHICTD JIEPKaBH.

Buxkiauku Ta 00MeKeHHs

Bucoki BuTpaTH A1 1epKaBU:

dinancyBanHs "3eneHuX TapuPiB" CTBOPIOE ICTOTHE HABAHTAXKEHHS HA EHEPTETHUHY
CHUCTEMY Ta Jep:KaBHY CKapOHMIIIO, IO MOTEHIINHO Beae 10 MiABUIIEHHS TapudiB s
crokuBayiB. EKciepTHI OLIHKM MOKAa3yIOTh, 10 PIYHI BHUILIATH 3a '"3eleHUM Tapudom"
CATAIOTh OAraTOMUTBSIPAHUX CYM.

3asekHicTh Bil 3aKOHOAABYMX 3MiH:

KopuryBanHs MONITHKA MIATPUMKA Ta PErYISTOPHOTO TOJS MOXKE KPUTHYHO
BIUIMBATH Ha 1HBECTHUIIHHY JOBIPY Ta rajgy3eBy CTaOUIbHICTB. Lle mopomkye m01aTKoBi
PHU3UKHU [T TOBTOTEPMIHOBUX KamiTaJOBKJIaICHb.

HeoOxigHicTh MoaepHi3anii Mepex:

BrpoBakeHHSI YHMCIIEHHUX COHSIMHHUX €JIEKTPOCTaHLI MOoTpedye TIPyHTOBHOTO
BJIOCKOHAJICHHSI Ta PO3LIMPEHHS EJEKTpONepeaaBaibHOl 1HPPACTPYKTYpH, IIO BUMArae
MacIlITa0HUX 1HBECTHUIIIN Y OHOBJICHHS €JIEKTPOMEPEIK.

MixknapoaHuii 10CBijg

VY Himeuunni cuctema "3enenoro tapudy" ycmimHo ¢yskiionye 3 2000 poky Ta
CTaJla BU3HAYaJbHUM YUHHUKOM CTPIMKOIO PO3BHUTKY COHSIYHOI €HEPreTUKH. 3aBsKU

MOCIIIJIOBHIN JIep)KaBHIM cTpaTerii Ta HaAIMHUM MeXaHi3MaM HIATPUMKH, KpaiHa Jocsria
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3HaYHUX NOKa3HUKIB: ToHa] S0 'BT BcTaHOBIEHOT MOTY>KHOCTI COHSIYHUX €IEKTPOCTAHIIIMN,
o reHepye npubauzno 10% Big 3araIbHOTO €HEPTrOCIIOKUBAHHS.

Kuraiicbka mepikaBa TaKOX IHTECHCHBHO CTUMYJIIOE PO3BHUTOK COHSYHOI €HEPTeTHKU
4epe3 KOMIUIEKCHY CHCTEMY MiJIbI' Ta CyOCHIIH, 1110 JTO3BOJUIIO KpaiHi 3aHATH MPOBITHY
MIO3UIIII0 Y BUPOOHMIITBI Ta BIPOBAKEHHI COHSYHUX MaHEJeH. 3a MUHYJE NECATUIITTS
Kuraii 3011b11IKMB MOTYKHICTh COHSIYHHX €JIEKTpOCTaHLiN Ounbi HXK y 100 pasis.

Mexanizm "3eneHoro Ttapudy" € KIIOYOBUM IHCTPYMEHTOM Yy CTUMYJIOBaHHI
MEepPexoy M0 BiTHOBIIOBAHOI EHEPreTHUKH, CHPUSIOYM 3MEHIIEHHIO 3aJIe)KHOCTI Bif
BHUKOITHOTO IMaJIMBa Ta MOCHWJICHHIO €KOJIOT14HOi Oe3neku. [IpakTuka mpoBiAHUX JepiKaB
MIATBEPKYE €(EKTUBHICTh TaKOi MOJITUKHU JUIsl peatizallii IIe CTaJloro po3BUTKY Ta
nexkapOoHi3allli eKOHOMIKH.

3.2 byanHok, oOpaHuil 1Jis1 MPOEKTY BCTAHOBJIEHHS [IBOCTOPOHHIX COHAYHHUX
naHeJem.

3a ocoHOBY B3ATO 0araTonoBepxoBuii 0y IMHOK HaBeJeHUH HUKIIE:
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Puc 3.1 - dacan OyaiBii 1Jis peasizallii MpoeKTY.

3rigHo  00paHoro OyAMHKY MOXHA 3pOOMTH BHCHOBOK IPO  MOJKJIMBICTH

BCTAHOBJICHHSI maHesne. Ha moro mymKy, ans HalO11b110i €(h)eKTOBHOCTI BUKOPUCTAHHS
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JIBOCTOPOHHIX COHSYHHUX MaHeJeH Ha ICHYIOUY IUIOUTY MOTPiOHO BUKOPHCTOBYBATH Jax Ta
dacan OyauHKY.

3.3 Po3MillleHHSI COHSIYHUX MaHeJ el HA JKUTJI0BOMY OYJAMHKY.

Buxopucrtanus ¢acagy >XKATIOBOro OyAWHKY IS PO3MIIIEHHS JIBOCTOPOHHIX
COHS'YHUX TIaHEJIe — 1€ IHHOBAIlIMHUM Ta BUCOKOS(MEKTUBHUN METOJ IHTEerparii
BIJTHOBJIIOBAaHUX JDKEpEN €Heprii y cydyacHe MIChbKe cepenoBuine. Takuil mporpecuBHUMN
HiAXia 103BOJsIE TpaHC(OpMyBaTH BEPTUKANIBHI IUIOMIMHU OyadiBeNb, SIKI TPAAHUIIIHO
3aJIMIIAIOTHCS HEBUKOPUCTAaHMMHM, Y TOTYXKHI JDKepena TreHepalii eKOJOriYHO YHCTOl
enektpoeneprii. Lle 0co0aMBO akTyanbHO Ji T'yCTOHACENEHUX YypOaHICTUYHHUX 30H, 1€
KO>KEH KBaJPaTHUN METP IUIOLII Ma€ BEJIMKE 3HAYCHHSI.

[lepeBaru po3MmilieHHs] TBOCTOPOHHIX COHSYHMX TaHeJel Ha dacanax XUTIOBHX
OyIUHKIB

PanioHajibHe BUKOPUCTAHHS NPOCTOPY:

VY cydyacHux 6araronoBepxoBHUX OyIWHKAxX (acaau HaIal0Th 3HAYHY KOPUCHY TUIOILY
U BCTAHOBJICHHS! COHSYHMX TaHeJel, Mpu boMy 30epiratouu LIHHUK MPOCTIpP HAa Jaxax
JUTSL THIIMX BKJIMBUX MOTPEO, TAKUX K PO3MIIIEHHS TEJIEKOMYHIKAIIMHOTO 00Ja{HaHHSI,
CTBOpPEHHS 3€JIeHUX 30H ab0 OONamTyBaHHA MICIb I BIAMOYMHKY MeEIIKaHIiB. Lle
J03BOJISIE MAKCUMAIILHO €()€KTUBHO BUKOPHUCTOBYBATH HAasIBHY IUIONLY OyiBIIi.

HinBuimeHHs eeKTUBHOCTI 3aBAAKH IBOCTOPOHHIN KOHCTPYKIIII:

[HHOBAILIMHI JBOCTOPOHHI COHAYHI MTaHEJ1 MAIOTh YHIKAIbHY 3[aTHICTh BIOBIIOBATH
COHSIYHE CBITJIO SIK 3 (DPOHTANIBHOI, TaK 1 3 THJIBHOI CTOPOHH, IO CYTTEBO MiJIBUIIYE iX
epexTuBHICTh. Lle 0coOMMBO BaXXJIMBO B yMOBaxX MICBKOTO CEpEIOBHUIINA, A€ MPUCYTHS
BeJIMKa KUIBKICTh B1JIOMBAIOUMX IIOBEPXOHb - CKISHI (acaau cycigHiX OymdiBelb,
ac(asbTOBaH1 JOPOTH, CBITII CTIHM Ta IHINI €JIEMEHTH MIChKOI 1H(PACTPYKTYpH, SKi
CTBOPIOIOTH JIOJTIATKOBE BIJOWTE OCBITIICHHS.

ITokpamenHus eHeproeeKTUBHOCTI OyiBJIi:

CyuacHi (pacagHi COHSIUHI aHEIl BUKOHYIOTh OJpa3y JEKUIbKA BAXKIUBUX (PYHKIIIH.
OxpiM reHepalliii e1eKTpoeHeprii, BOHU 3a0€3Meuy0Th €(peKTUBHY TEII0130JIALII0 Oy iBIIL,

3aXMINAKOTh BiJI HAJMIPHOTO COHSYHOI'O BHIPOMIHIOBAHHS Ta TEPErpiBy MPUMIIICHb Y
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miTHIN mepiox. e mpu3BOAWTE 10 3HAYHOTO 3HIKCHHS BUTpAT HAa OMAJEHHS B3UMKY Ta
KOHMIIIOHYBaHHS BIITKY, OKPAIIYIOUX 3aralbHUN eHepreTHuHui 6ananc Oynisii. [12]

ExoJioriyna BUroaa ta 3HMKeHHsI BYIJIeleBOro CJiay:

BnpoBamkeHHs: TBOCTOPOHHIX COHSYHUX MAHENIEH € BAKIIMBUM KPOKOM Y HATIPSIMKY
CTajJOr0 PO3BUTKY Ta €KOJIOTIYHOI BIiAMOBIAAIBLHOCTI. lle pillleHHs aKTUBHO CIpUsiE
Nepexoy J0 3€JeHOI CHEPreTUKH, CYTTEBO 3HMKYE 3ANEKHICTh B TPATUIIIHUX JKEpen
eHeprii Ta 3HAYHO 3MEHIIY€ BHUKUAM MAPHUKOBUX Ta3iB B aTMocdepy, M0 OCOOIUBO
BaKJIUBO JIJIS1 BEJTMKUX MICT.

EcrernyHa Ta apxiTeKkTypHa iHTerpamis:

CyyacHi COHSIYHI TaHeJl MOXYTh OyTHM MaWCTEpHO IHTETPOBaHI B apXITEKTYpHHUIH
u3aiiH Oy[IBJI, CTBOPIOIOYM TapMOHINWHE TMO€AHAHHA (PYHKIIOHAIBHOCTI Ta €CTETHKHU.
BoHM MOXYyTh BHKOPHCTOBYBATHCS SK CTWJIbHI JIEKOPATHUBHI €JIEMEHTH, HANPHUKIAA, y
BUTJISI/II HAITIBITPO30PUX MAHENICH PI3HUX BIATIHKIB, K1 HAJAHOTh OYIIBJII YIBTPACy4acHOTO
BUTJISALY Ta MIAKPECIIOIOTH i1 IHHOBAILIHHUIN XapakTep.

Buxiauku, noB's3aHi 3 po3MillleHHSM COHSIYHMX NAaHeseil Ha acagax

Opienranis ¢acagiB Ta COHTYHE BUNIPOMIHIOBAHHSA

EdextuBHicT poOOTH COHSYHMX TMMAHENEH 3HAYHOI MIPOI0 3aJekKHUTh BIJ
[lanemi, BcTaHOBJIEHI HA MIBACHHUX Qacanax, OTPUMYIOTh MaKCHUMAaJbHY KUIbKICTh
MPSIMOTO COHSYHOTO CBITJIA MPOTATOM JHSI, TOJl AK 3aXigHI Ta CXigHl (acaau MOXKYTb
JEMOHCTPYBATH HIDKIY MPOAYKTUBHICTh YepPE3 MEHII CIIPUSATIMBHUHA KyT MaiHHSI COHIIYHUX
MIPOMEHIB.

TexHiYHA CKJIAJAHICTH YCTAHOBKH:

[Iportlec MOHTaXXy COHAYHUX T[aHENEH Ha BEPTUKAIbHI TOBEPXHI BHMAarae
BUKOPHUCTAHHA CIEIIali30BaHUX KPIMJIEHb Ta MIATPUMYIOUHX KOHCTPYKIIIH, 110 MOTpedye
JOJIATKOBUX TEXHIYHUX PIlIEHb T4 MOKE MPU3BECTU J10 30UIbLIECHHS 3arajbHOi BapTOCTI
npoekTy. BaxxnuBo 3abe3neunTy HagiiiHICTh Ta 6€31eKy KPIIUIeHb 3 ypaxXyBaHHIM BITPOBHX

HaBaHTAaXXCHb.
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Onrumizaniss BUKOPUCTAHHS BiZ0OUTOrO CBIT/IA:

Jlst MmakcumanbHOI €(EeKTHBHOCTI CUCTEMH HEOOXIHO PETENhbHO aHai3yBaTH Ta
BpPaxoBYBaTH BiJIOMBaJIbHI BIACTUBOCTI HABKOJMIIIHIX MOBEPXOHb, III0 BUMArae CKIaJHUX
PO3paxyHKIB Ta MOJENIOBAHHSA MpPH IMPOEKTyBaHHI cucTemu. lle BKIO4Yae BpaxyBaHHS
CE30HHMX 3MIH Ta MOTEHIIIHHUX 3MiH Y MIChKiH 3a0y0BI.

BapricTb inBecTHILI:

[TouaTkoBl KamiTaJOBKJIAQJE€HHS y BCTAaHOBIEHHS (acagHUX COHSIYHUX TMaHelen
MOKYTh OyTH JOCUTh 3HAUHUMHU, BKIIOYAIOYH BUTPATH HA 00JIaJHAHHS, MOHTa)X Ta CHCTEMHU
kepyBaHHs. [IpoTe, 3aBAsiKu TpuBajIOoMy TEpMIHY €KCILTyaTallli Ta MOCTIHIM eKOHOMIT Ha
eHepropecypcax, Taki IHBECTHUIIT MalOTh XOPOIIHMI MOTEHIIa] OKYITHOCTI.

IepcnekTHBY BUKOPUCTAHHA (PpacajHUX COHAYHUX MAHeJ el

BnpoBamxkeHHST TBOCTOPOHHIX COHSYHUX MaHenel Ha ¢acamax 0araronoBepXOBUX
OYJIMHKIB BIJKPHBA€E IIMPOKI MEPCHEKTHBU JJII PO3BUTKY E€HEPreTUYHOI HE3aJIeKHOCTI,
0Cc00JIMBO B yMOBAaX IIIIBHOI MICHKOT 3a0y10BH, /1€ TPAAULIIITHO 0OMEXKEH1 MOKIUBOCTI IS
BCTAHOBJICHHSI KJIACMYHUX COHSYHUX eJeKkTpocTaHmiil. Ll mepegoBa TexHoNOTris €
BaYKJINBHM €JIEMEHTOM Cy4YacCHO{ JCTICHTPaIi30BaHO1 eHEPTeTHUKH, 1110 MTOBHICTIO BiAMOBI1a€
rJ100ambHUM €KOJIOTIYHUM TPEHJIaM Ta aKTUBHO CIPHUS€ PO3BUTKY KOHIIEMII PO3YMHUX
MicT (smart cities). [13]

[le KOMIUIEKCHE pIIIEHHS JO3BOJIAE OPraHIYHO TMOEJHATH  EKOJIOTIUHY
BIJIMOBIIaJIbHICTh, EKOHOMIYHY JOIUJIBHICT Ta Cy4YacHI apxXITeKTypHI TEHJCHIII],
CTBOPIOIOYM eHeproeekTrBHI OyAiBJI1 HOBOT'O IMOKOJIIHHS, SIKI BU3BHAYATUMYTh MaOyTHE
MICBKOT'O PO3BUTKY.

EdexTnBHEe BUKOpUCTAaHHS Naxy OyAMHKY JO3BOJISIE CYTTEBO 30UIBIINTH 3arajibHy
MOTY>KHICTh T€Hepallii BCTAHOBIIEHOI CHCTEMHU.

InHoOBawiiiHe 3aCTOCYBaHHS ABOCTOPOHHIX COHSTYHMX MaHeJ el Ha 1axy OyAiBJIi €
OJIHUM 3 HaWOLIbII MPOrPECUBHUX Ta MEPCHEKTUBHUX HAMPSIMKIB Yy rajay3l BITHOBIIOBAHOI
CHepreTHKH, 10 MailcTepHO 00'€qHye CydacHl TEXHOJOTIYHI 1HHOBAllli, ONTHUMAaJbHE
BUKOPHUCTAHHA JIOCTYIHOTO MPOCTOPY Ta 3HAYHO MOKpalleHy e(QeKTUBHICTh TeHeparli
COHS'YHO1 eHeprii. JIBOCTOPOHHI COHSIUHI IMaHeNl € MEePeJIOBOI0 TEXHOJOTIE, 10 37aTHa

edeKTUBHO 30UpaTH Ta KOHBEPTYBaTH COHSUHY €HEpPrilo 3 000X CTOPIH MOJIYJ,
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MaKCUMI3YIOUd BHUKOPHUCTAHHS SIK TPSIMOTO COHSYHOTO CBITJA, TaK 1 BIJOUTOrO
BUINPOMIHIOBAHHS BiJl TOBEPXHI JIaXy Ta OTOYYKOYOTO CEPEOBHIIA.
OcHOBHI nepeBaru BCTAHOBJIEHHS IBOCTOPOHHIX COHSYHUX MaHeJ el Ha 1axy
1. OnTumizaunis 10CTYNHOT0 MPOCTOPY:

JlaxoBa moBepxHs OYyiBIl ABJIsiE COOO 3HAYHUN HEBUKOPUCTAHUHN MPOCTIP, SAKUN
3a3BUYall 3aJMINAETHCS €HEPTeTUYHO MACUBHUM. BCTAaHOBIICHHS COHSYHHMX MaHENIeH Ha
7axy JT03BOJISIE TIEPETBOPHUTH IIIO TUIOITY Ha MOTYKHY I1aT(opMy JuIsi TeHeparllii eHeprii, He
3aiiMarouM 107aTKoBO1 TepuTopii. Lle pimenHs 0co6aMBO 1IHHE B YMOBAX HIIJILHOT MiChKO1
3a0y70BH, /1€ KOKEH METp IUIOINII MA€ BEJIMKE 3HAUYCHHA. TaKuil MiJXiJ TaKoX 3amodirae
KOH(DJIIKTaM 3 THIIMMU BUJAMU BUKOPUCTAHHS 3€MEJIbHUX JUISHOK.

IHigBunieHa egpeKTUBHICTH reHepailii eJIeKTPOeHeprii:

[HHOBaAIlIiHA  TEXHOJOTIA JBOCTOPOHHIX TMaHenel 3abe3medye TEeHepalliro
€JIEKTPOEHEPTii K BiJl MPSIMOTO COHSYHOIO CBITJA, TaK 1 BiJi PO3CISHOTO Ta BIJOUTOTO
BUIIPOMIHIOBaHHS 3 TOBEpPXHI Jaxy. BukopucTaHHsS 1HHOBaLIMHUX CBITJIOBIAOMBHHUX
MarepiaiiB, 30KpeMa BUCOKOSKICHOI 015101 MeMOpaHHu, crerianbHoi pedriekTuBHOT hapou
a00 repeIoBUX BIIOMBHUX MOKPUTTIB, MIABUIINYE KOSDIIIEHT BIAOUTTS J1axy Ta 30UIbIIYyE
npoAyKTUBHICTH cucteMd Ha 10-30% mOpiBHSHO 31 CTaHIAPTHUMU OJHOCTOPOHHIMHU
naneasiMu. e cyTrTeBo miaBuUIy€e peHTaOEIbHICTh YCTAHOBKHU.

3MeHIIeHHS HABAHTAKeHHsI Ha OyaiBJIIO:

CoHsiuHI MaHenl, CTPaTeriyHO BCTAHOBJIEHI Ha TMOKPIBII, 3a0€3Me4yl0Th HHU3KY
JOJTATKOBUX KOPHUCHUX (PYHKIIIM, BKIIOYAOUYM BHCOKOC(HEKTHUBHY TEIUIOIZ0MAIII0 Ta
HaJIMHUIA 3axucT BiJ meperpiBy. Bonu (opmyroTs mpupomHuii 3axucHuUi Oap'ep, sIKU
3HAYHO 3MEHIIYE HarpiBaHHS J1axy B CIIEKOTHI JIITHI MICSIII, 1110 BEJIe IO CYTTEBOI €eKOHOMIT
Ha KOHJIMIIIOHYBaHHI Ta 0XOJIO/KEHHI MpUMilieHb Oy 1iBiil. KpiMm Toro, maHeni CTBOPIOIOTh
MILHUN 3aXUCHUNA 1Iap, KU e(EeKTHBHO NPOTHIE PI3HUM aTMOC(hEpHHM OmaaaM Ta
301JIBIITY€ JOBIOBIYHICTH MOKPIBIII.

EneproedekTuBHicTh Ta eKOHOMifi: BCTaHOBJIEHHS CHCTEMH JIBOCTOPOHHIX
COHAYHUX MaHeJel M03BOJIA€ BIAaCHUKAM OYyAHHKIB CaMOCTIMHO BUPOOJATH €KOJOTIYHO
YUCTY €JIEKTPOEHEPTiI0 JJI BJIIACHOTO CIOXHWBAaHHA, 1[0 CYTTEBO CKOPOUYYE BUTpATH Ha

enekTponioctauanHd. [Ipu npboMy HaJJIMIIKOBAa €HEpris Moke OyTHW BUTIAHO MpoJaHa B
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3arajJbHy €HEepProMepexy 3a MpuBaOIUBUM '3eleHUM Tapudom', CTBOPIOIOYH J0/IaTKOBE
JKEPENo MaCUBHOTO JOXOTY JUIsl BIACHUKIB CHCTEMHU.

JIoBroBiuHicTh | HAAIMHICTD:

[HHOBAILIMHI JBOCTOPOHHI COHSAYHI MaHEelN AEMOHCTPYIOTh BUHSTKOBY CTIMKICTH JI0
EKCTpEMaJbHUX TMOTOAHUX SIBUIL, BKJIIOYAIOYM IITOPMOBI BITPH, MACHBHI CHITOBI
HABaHTa)XXCHHA Ta pACHI omaau. I3 rapantoBanuMm TepMmiHOM ciyx0Ou 25-30 pokis, 11
CUCTEMU TMPEJICTABISAIOTh COO0I0 HAIIHY JOBrOCTPOKOBY 1HBECTHUIIIIO 3 Mepe0adyBaHOIO
OKYIHICTIO Ta CTa0lJIbHUM MPUOYTKOM BIIPOJIOBXK YChOT'O TIEPi0 1y BUKOPUCTAHHS.

CnpusiHHSI €KOJIOTiYHIl CTIHKOCTI:

EdexkTuBHE BUKOPHCTaHHS JaXxOBOTO MPOCTOPY JUIsl BCTAHOBJIEHHS COHSYHUX
naHeseil CyTTeBO 3MEHINYE BUKUIM TAPHUKOBUX T'a31B Ta MPUCKOPIOE CBITOBUM MEpeXiJl 10
€KOJIOT1YHO YHCTOI €HEepreThkH. Taka cTpaTerisi LUIKOM Y3TODKYETbCS 3 TJIOOATBHUMU
IJIIMH OOpPOTHOM 31 3MIHAMH KJIIMATy Ta CIIPHUSE MOCTYIIOBOMY 3HM)KEHHIO 3aJI€KHOCTI1 BiJl
TPaAUIIHHUX BUKOITHUX €HEPropecypciB, MO € KPUTHYHO BAXIIMBUM JJII MaOyTHHOTO
HAIol IUIAaHETH.

Kio4yoBi 4YMHHUKHM BIUIMBY HAa NPOAYKTHBHICTH JBOCTOPOHHIX COHSTYHHX
MmaHeJeu aaxy

1. OpieHTanisi Ta HAXKUJI JAXY:

KitouoBuM (hakTOpoM MakCUMaabHOI MPOMYKTHBHOCTI € KOPEKTHE PO3TAIlyBaHHS
MaHeseH, Py I[bOMY ONITHMATHPHIM BBa)KA€THCSI MIBICHHUN HATIPSIMOK 13 KyToM Haxuiny 30-
35°, uro rapanrtye Haiie(eKTHUBHIIIE MOTJIUHAHHS COHSIYHOI €HEeprii BIIPOJIOBK CBITIOBOIO
IHs Ta 3a0e31euye MaKCUMaJIbHUM pIYHUN BUIOOYTOK €EKTPOEHEPTIi.

2. BinOuBHa 31aTHICTH aaXy:

BukopucranHs cy4acHMX MarepiaiB 3 TOKpalleHUMH CBITJIOBIIOMBHUMU
BJIACTMBOCTSIMH, 30KpeMa CHEI[laIbHUX O1IMX MOKPUTTIB, BUCOKOC(PEKTUBHUX BIAOMBHHUX
MeMOpaH abo mepeoBUX peIeKTUBHUX MaTepialiB, CYTTEBO MOKpAIIy€e MPOAYKTUBHICTh

3BOPOTHOI CTOPOHU TaHelNeH Ta 3arajbHy €()eKTUBHICTh CUCTEMH.
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3. BiacyTHiCTb 3aTiHeHHS:

OntumanbHa €(EeKTUBHICTb CHUCTEMHU 3a0€3MEUYyeThCSl 3a BIACYTHOCTI OYIb-SIKUX
00'€KTIB, IO CTBOPIOIOTH TiHb, BKIIOUatoun TB-aHTeHHM, BEHTWISIIHHI CUCTEMH, JUMapi
abo0 CyciJH1 BUCOKI CIIOPY/H, SIKI MOXKYTb 3MEHILIYBaTH MPOTYKTUBHICTH TTaHEIEH.

4. MIKpOKJIiMATHYHI YMOBH:

[TpoIyKTUBHICTH CHCTEMH 3HAYHOIO MipOIO BU3HAYAETHCS MICIIEBUMH KIIMAaTUIHUMU
XapaKTepUCTHUKaMH, MPUYOMY HalBuIa €(EKTUBHICTb CIIOCTEPIra€ThbCcsl B perioHax i3
MaKCHMAaJIbHOIO KiJTBKICTIO COHSIYHUX JIHIB MMPOTSITOM pOKy. BapTo 3ayBakuTH, 110 B3UMKY
CHITOBUH TOKPUB MOKE MO3UTUBHO BIUIMBATU HAa 3arajbHy MNPOJYKTUBHICTH 3aBISIKU
JI0IATKOBOMY B1JIOUTTIO COHSIYHOTO CBITJIa B O1JIOCHI>KHOT TOBEPXHI.

Bucora ycTaHOBKHU:

OnTuMarnbHe po3TallyBaHHS MaHeNlel Hall MTOBEPXHEIO Jaxy 3abe3neuye HeoOX1THHM
IPOCTIp ISl MPUPOTHOI BEHTHUIIALT, IO TapaHTye e()eKTUBHE OXOJOHKCHHS CHCTEMU Ta
HiATPUMY€E MaKCUMAaJIbHY MTPOyKTUBHICTh HaBITh 32 BUCOKUX TEMIEPATYP AOBKIJIIA.

3.4 BukopucTaHHs 00JIaJHAHHS ISl peaJi3allii cucTeMu.

Bubip obiiagHaHHs 1715 BCTAHOBIIEHHS! CUCTEMH TBOCTOPOHHIX COHSYHUX MaHEIeH y
npuUBaTHOMY OyIMHKY € (yHIaMEHTaJIbHUM KpPOKOM, IO Oe3MOoCepeHhO BH3HAYAE
e(eKTUBHICTh (YHKI[IOHYBAaHHS BCI€i EHEPreTUYHOI YCTaHOBKU. SIKICHO TiaiOpaHi
KOMITOHEHTH 3a0€3MeUyIOTh HE TIIbKU ONTUMAJIbHUN PIBeHb T'eHepallii eNeKTpoeHeprii, ane
W TpuBanuii TepMiH E€KCIUTyartalii, cTaOUIbHICTh pOOOTH, Oe3nedyHe BUKOPUCTAHHS Ta
3pY4HICTh TEXHIYHOT'O OOCIYroBYBaHHS BIIPOJOBX YyChOTO TIEpPIOAYy eKCILIyaTalri.
['pamoTHuii migbip oOnagHaHHS 3a0e3medye CTBOPEHHS 1AeaibHOI KOHQIryparii, 1o
MOBHICTIO 3aJI0BOJIHUTH MOTPEOM KOMXKHOTO JIOMOTOCIIOAAPCTBA. PO3TisiHEMO TOKJIaIHO
OCHOBHI KOMITOHEHTH, MOTPIOHI JJIs peaiizailii Takoi CUCTEMHU, Ta KJIFOYOBI aCMEKTH iX
BHOODY.

JIBOCTOPOHHI COHSIYHI MAaHeJTI.

JIBOCTOpOHHI MaHeni - 1€ TMepeloBe TEXHOJOTIYHE pIllleHHs, L0 3a0e3neyye
TeHepalio eJIeKTpoeHeprii 3 000X OOKIB MOIyJs, MaKCHUMajbHO BHKOPHUCTOBYIOUH SIK
npsiMe€ COHSIYHE CBITJIO Ha (pPOHTANBHINA MOBEPXHI, TaK 1 BIIOWTE BUIPOMIHIOBAHHS Ha

3BOPOTHIN CTOPOHI.
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Kpurepii BuGopy:

KoedginienT neperBopenns: [Ipu Bubopi COHAYHMX MOIYJIIB KIFOUOBUM (HAKTOPOM
€ iX 3JaTHICTh MEPETBOPIOBATH COHSYHE BUIIPOMIHIOBAHHS B EJIEKTPUYHY EHEPrio.
Haii6inp11 epeKTHBHUME BBa)KalOThCS ITaHel1 3 MoKa3HUKaMu koHBepcii 20-25%, OCKIIbKU
BOHU TapaHTYIOTh ONTHMAJIbHY MPOAYKTHBHICTH T€Hepallii eJeKTpOeHeprii Ha HasiBHIN
ot iHcTanauii. [ligBuienuit koediieHT KoHBepcli 3a0e3neuye OIbIINNA BUX1] €Heprii
IIPY MEHIIIH KITbKOCTI BCTAHOBJICHUX MaHENEH.

Marepian: CydacHudl PHUHOK NPOIOHYE PI3HOMAHITHI TUMH (DOTOETECKTPUUHUX
naHesel Ha OCHOBI KPUCTAIIUYHOTO KpEeMHit0. MOHOKpUCTaNIYHI MOJYJi, BUTOTOBJIEHI 3
IJIBHOTO KpHUCTalla KPEMHII0, 3a0e3MeuyloTh MakCUMalbHy e(eKTUBHICTH (22-25%) Ta
HAJIAHICTh, ajieé KOITYITh gopokue. [lomikpucTaniydi MaHem 3 MHOXKHHHUX KPHUCTAIIB
MalTh HWKYY edektuBHICTh (15-17%), mpore € ekoHOMIuHO BWrimHIMUMU. Bubip
MaTepiany 3aleXHuTh Bl (DIHAHCOBUX MOXIMBOCTEH Ta JIOCTYIHOIO MPOCTOPY s
BCTAHOBJICHHS.

CriiikicTh 10 mMoroaHux ymoB: {7 rapaHTyBaHHS JOBTOTPUBANOl €KCIUTyaTaiii
BXJIMBO NIEPEBIPUTH HASBHICTh CePTU(DIKATIB, 110 MIATBEPIKYIOTh CTIHKICTh MaHeeH 10
atMocepHUX BIUMBIB. KpUTHUYHO BaXIMBOIO € CTIMKICTh JO CHWJIBHUX BITPIB (3
HaBaHTaxeHHaAM Bixg 2400 Ila), rpagy (BUTpUMYBaHHSA yAapiB TpaguH A0 25 MM),
eKkcTpeManbHuX TeMiepatyp (miama3os Bix -40°C no +85°C), a TakoX CHITY Ta MiABUIIIEHOT
BOJIOTOCTI.

Jlst CBO€ET cucTteMu s MPONOHYIO COHsuH1 naHesni BupooHuka LP Longi Solar Half-

Cell 580W

BoHu MaroTh HaCTYIIHI XapaKTEPUCTUKU:
e Tun

MOHOKPHCTAaJIIYHI IMaHeN i
o IlotyxHnicts, W

580
o Kinbkicth GoTOCIEMEHTIB, T

144 (6%12)*2



ToBumHa npodiiro, MM

30

CryrmiHb 3aXUCTy

P68

PoGoua remnieparypa, °C
-40 ~ +85

Hanpyra B MakcumainpHiii Touti, V
42,37

Hanpyra BiakpuToro kourypy, V
51,06

CTpyM KOpPOTKOTO 3aMUKaHHS, A
14,46

Edextusnicts poromonyns, %
22,45

JloBKrHA KaOeo, CM

24,5 + koHekTop 6,5 cM
JloB)KMHA, MM

2278

[Iupuna, Mm

30

Bucora, Mmm

1134
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®oto 0Opanoi maneni:

Puc 3.2 - ®oto oOpaHnoi manei.

2. IuBepTopu

[HBepTOpH € OCHOBHHUM €JIEMEHTOM COHSIYHOI €JIEKTPOCTAHIli, SKHM 31HMCHIOE
TpaHCcPOpMaIIilO MOCTIIHOTO CTPyMY BiA (POTOETEKTPUYHUX MaHeNlel y 3MIHHHMI CTPyM, 10
BUKOPDHUCTOBYETbCA JAJI1 poOOOTHM MOOYTOBOI TEXHIKM Ta Iepefayl B  3arajbHy
EJIEKTPOMEPEKY.

Tunu inBepTopiB:

Mepe:keBi inBepropu: Lle ctangapTHe pillIEeHHS JUIsl CUCTEM 3 HIAKIIOYEHHSM J10
LEHTPaII30BaHOi Mepeski. BOHM BiIPI3HAIOTHCS] €KOHOMIYHICTIO Ta JIETKICTIO MOHTAXY, aJjie
HE MOXYTb MPAIfOBaTH aBTOHOMHO IPH BIICYTHOCTI HAPYTH B MEPEXKI.

l'iopuani inBepTropM: € KOMIUIEKCHMM PIIIEHHSAM, IO JO3BOJISIE MIIKJIHOYATH
akymysaTopHi Oatapei. Lle 3abe3meuye HaKOMMUEHHS €HEPTii 11T BAKOPUCTAHHS B TOJIMHU
M1KOBOT'O CIIOXHUBaHHS a00 Npu nepedosiX eNeKTPONOCTaYaHHS.

Kpurepii BuGopy:

IoTtyxkHicTh: [HBEpTOp MOBMHEH BIAMNOBIIATH 3arajibHId MOTYXHOCTI COHSYHUX

naHenei Ta 3abe3nedyBath OOpOOKY MAaKCHMAJIbHOTO HaBaHTakeHHs. [Ipu po3paxyHky
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MOTYXKHOCTI HEOOXITHO BpaxoBYBaTH HE TUIBKM CyMapHy MOTY)XKHICTb NaHeneu, a u
nomaBatu  pesepB 10-15% s 3abe3nedeHHs CTaOUIbHOI POOOTH MPHU  MIKOBHUX
HaBaHTaXeHHsX. Lle rapanTye HagiiiHY poOOTY cHCTEMU TPU MaKCUMaJbHIl reHeparii.

EdexTuBHicTh: PekomennyeThcst oOupatu inBepropu 3 Bucokum KK/ (monan 95%)
JUIs MiHIMI3allli BTpaT npu nepeTBopeHH1 eHeprii. CydyacHi SIKiICHI 1HBEPTOPH JOCATAIOTh
edekTuBHOCTI A0 98%, 110 CYTTEBO MOKpAIIy€e 3arajbHy MPOAYKTHBHICTH Ta 3MEHIIYE
nepioj] OKyIMHOCTI.

VYHiBepcadbHUM PIIMICHHSAM [JI1 TaKoi CUCTeMH OyJie BUKOPUCTAHHS T1OpUIHOTO

consuHoro iuBepTopy 10,2 kBt Daxtromn AGH-10.2KW 48V

@®0oT0 NMPONOHOBAHOTO iHBEPTOPY:

O

25 1

Puc 3.3 - O6panuii iHBEpTOP 7151 CUCTEMHU.

OOpanuii 1HBEPTOp Mae NMPUHHATHY IIHY Ta JOCUTh HeEMoraHi mapameTpu. Bin €
onHO(a3HUM, ajie MaKCUMaJbHUN BUXITHUN CTpyM cTaHOBUTH 44.3A mpu Hampysi 220-

240B 3 ynucTUM CIHYyCOM, 110 OyBa€ KPUTHYHO JJIsi UYTJIUBOI elleKTpoHiku. Llei iHBepTop
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BMI€ MpAaIfOBaTH 3 OyJb-SKUMH MOMYJISIPHUMH TUIIaMU aKyMYJIATODIB, ajieé HallKpaiie Ha
MOI0 AyMKy BukopuctoByBatu LiFePO4 xomipku. BoHn MaroTh 1OCHTH BUCOKY BapTiCTh,
ane ayxe Ao0Ope mpaiorTh B MoAiOHMX cuctemax. LI akymysnsiTopy MarOTh BHCOKY
CTPYMOBIiIJauy Ha HAaBaHTA)XKCHHS, 3apsIXKAIOTHCS BUCOKUM CTPYMOM (0OpaHHil 1HBEPTOP
BMie BuaaBatu 10 160A npu Hanpy3si 48B Ha akyMymsTopi, IO € TOCUTh MOTYXKHUM. [1i
gac cTalimi3amiiHuX BIAKITIOYEHHSIX CBITIIA 1€ AY)KE CYTTEBO, aJKe CHCTeMa po3podsieHa
K aBapiiiHe JKepesio AKUBJICHHS, KOJIU BIICYTHE €HEPromnoCcTayaHHs a Mij] 9ac «IPOCTOI0»
MO>K€ B1JIJIaBaTH HAJUTUIIKOBY MOTY>KHICTh B MEPEXKY Ta MPUHOCUTHU TIEBHUN MTPUOYTOK.

3. CucreMa MOHTAKY

KopekTHuii MOHTa)x maHeneld 3a0e3neuye iX MaKCUMallbHy €(eKTHUBHICTh Ta
TpuBaMii TepMiH ciiyxk0u. [IpodeciiiHa ycTaHOBKa rapaHTye ONTHUMAJbHE PO3MIIICHHS
naHesen Ta iX HaJAliHe KPITJIeHHS.

Kpurepii Budopy:

Martepiaan: 3acTtocoByiiTe KOpO31HHOCTIMKI MaTepianu (ajdroMiHINA, HepxaBiiouya
CTaJIb) JUIsl MOHTaXy MaHEJEeH, 1110 TapaHTye JOBroTpUBalie BUKOpUCTaHH:. Bci enemenTu
KPIIUICHHS] MalOTh OYTH 3aXHUILICH1 B11 KOPO3ii Ta BIJMOBIIaTH CBITOBUM CTaHAapTaM SIKOCTI.

Tun koHcTpykuii: JloctynHi ikcoBani abo perynboBaHi (3 HaJAIITYBaHHSAM KyTa
Haxuly) KOHCTPYKIii. PeryiboBaHi CUCTEMH AEMOHCTPYIOTh BHUIY €()EKTUBHICTb, MPOTE
BapTYIOTh JOpOkue. BOHM HAMOUIBII MOIIIBHI B MICIIEBOCTAX 31 3HAYHUMH CE30HHUMHU
3MIHAMU TIOJIOKCHHS COHIIS.

AKYMYJIITOPHI CHCTEMHU

Axkymynaropu 3a0e3neuyloTh 30€peKeHHS HAUIMIIKOBOI €JIeKTPOeHeprii  Bif
naHesnel i BUKOPUCTAaHHS B TEeMHUH 4Yac 106w abo npu mnepebdosx. lle rapantye
€HEePreTUYHy aBTOHOMHICTb, 10 HAJ3BUYANHO aKTyaJbHO MiJ Yac BIAKIIOUEHHS CBITJIa B
HACJIIJIOK MPUPOJHIX SIBUII Ta BIMICHKOBUX 1M HA TEPUTOPIi HAIIOI KpaiHU Ta ONTUMIZYE
BUKOPHUCTAHHS COHSIYHOI €HEPrii.

Tunu akymyasitopis:

Jlitili-ionni akymyasaTopu: JIeMOHCTPYIOTh BHUHSITKOBY NPOAYKTUBHICTh Ta
TPUBAJIMKM TEPMIH €KCIUTyaTallil, X04a MaloTh BUIY BapTiCTh. BiAPI3HAIOTHCS MiABUIIIEHOIO

IIUTHHICTIO €HEepTii, IO T03BOJIIE MAaKCUMaIbHO €(EKTUBHO BHKOPHUCTOBYBATH TPOCTIP.
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XapakTepu3yloTbCcsl ~ MIHIMAJIbHHM  CamMOpO3pSIOM Ta  3[ATHICTIO  BUTPUMYBATU
0araTOTUCSYHI UK 3apsiay-po3psany 0e3 cyTTeBoi merpanaitii. OcoOIMBO IIHYIOTHCS 3
JIETKY Bary Ta KOMITaKTHI PO3MIpH.

CBHHIIEBO-KHCJIOTHI aKyMYyJaaTOpH: EKOHOMIUHO BUT1/IHIIII, TPOTE MOCTYMAIOTHCS
e(DEeKTUBHICTIO Ta JIOBrOBIUHICTIO. JIUIIat0ThCsl 3aTpeOyBaHUMU JJIsl MAJIUX CUCTEM 4epes
JOCTYTIHY LI1HY Ta HecKJIagHe 00cayroByBanHa. OnTUManbHO GYHKIIOHYIOTh MPU CEPEAHIX
TeMreparypax 0e3 moTpedu y CKIaJHUX CUCTEMaxX KOHTPO0. B cucremax i3 COHITYHUMU
MaHeJsIMHU MaloTh Majy e(peKTUBHICTh Ta JOCUTh Majui TepMiH ciyxou. I1ig gac po6oTH 3
takumMu AKDB moTpiGHO 4iTKO ITOTpUMYBAaTHCh MpaBWI eKcIuiayTamii. B mponeci podotu
BUIUISIOTH OTPYHHUI Ta TOPIOYHIA Ta3, 0 MOXE MPUBECTH JI0 OTPYEHHS a0 CMEpTi.

Kpurepii Budopy:

€muicTs: OOupaiiTe aKyMyJaTOpH 3 JIOCTATHBOIO EMHICTIO [JIsi 3a0e3TMeUCHHS
HIYHOTO  €HEeprocrnoxuBaHHsA. Po3paxoByroun  HeoOXimHMN  00'eM, BpaxoByHTe
cepenHbo1I000BE CIOKHMBAHHS, MEPIOJ AaBTOHOMHOI pOOOTH Ta AOMYCTHUMY TJIHOUHY
po3psny. PexomennoBano goaatu 20-30% 3amacy [uist KOMIIEHCAITT MPUPOTHOTO 3HUKEHHS
€MHOCTI 3 yacom. [14]

Cucrema ynpapiainas: OOOB'S3KOBUM € HasBHICTb CHCTEMH MOHITOPHHIY Ta
kepyBanHs (BMS), mo koHTposoe mporecu 3apsiny-po3psiay. Cydacni BMS 3abe3neuyroTs
KOMIUIEKCHUM 3aXMCT Bl KPUTUYHHUX PEXKHUMIB pOOOTH Ta HANAIOTh JETAIbHY aHAIITUKY
gepe3 cMapTQoH.

KonTpoJiepu 3apsiny

KoHnTponepu 3apsmy onTuMi3ytoTh €HEPTeTUYHUN MOTIK MK COHSYHUMH TTaHESIMU
Ta aKyMyJSITOpamH, TapaHTylouu OesmedHy poOoTy. BOoHM € KITIOYOBHM €IEMEHTOM Yy
3a0e3neueHH] €(heKTUBHOCTI CUCTEMH Ta 3aXKMCTI BCIX KOMIIOHEHTIB BiJ IEPEBAHTAXKECHb.

KpuTrepii BuGopy:

Tun kouTposepa: HeooxigHo oopatu mixk [ITUM (ImmpoTHO-IMITYJICHA MOTYJISIIIIS)
ta MPPT (BiacTeXeHHS TOYKM MaKCHMAajbHOI MOTYXHOCTi) KoHTposepamu. MPPT
KOHTPOJIEpU JEMOHCTPYIOTh 3HAYHO BHIY €PeKTUBHICTH nopiBHsIHO 3 LIIMM, ocobmmBo
IIPU CYTTEBIH PI3HULII HAPYTH MK IMAHEJSIMU Ta aKyMyJisTopamu. BoHu 31aTH1 3017161THTH

3arajgbHy NMPOAYKTHBHICTH cucteMu Ha 20-30%. [15]
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Makcumanbaa Hanpyra: KoHTposjep Mae MOBHICTIO BIANOBIAATH TEXHIYHUM
napaMeTpaM CHCTEMH Ta MaTh HEOOXIJIHUU 3amac MOTY>KHOCTI JIJIsl HaAliHOT poOOTH mpu
MiKOBUX HaBAHTAXCHHSIX.

Enexrpuune 00/1alHAHHA 1JIA PO3NOALLY eHepril

[le obnagHAaHHS € KPUTHYHO BaXIIMBHUM JJIsi O€3[IEYHOTO PO3IMOALTY EIeKTPOCHEPTil
B OyIMHKY Ta 3a0e3mneueHHsl cTablIbHOT poOOTH COHSYHOI enekTpocTaHiii. [lpaBunbuuit
nia0ip KOMIOHEHTIB 3a0e3neuye TpuBaily Ta 6e3nepeliiiHy eKCIUTyaTalilo CHCTEMHU.

Kpurepii Budopy:

Eaexkrpommmt: OOupaiite po3nmoauib4i MIMTH 13 JOCTAaTHBOIO  KUIBKICTIO
ABTOMATHUYHUX BUMHUKAYiB Ta HaIITHUM 3aXUCTOM BiJ niepeHanpyru. LLut mae BiagnosigaTtu
HeoOXiHOMY Kilacy 3axucTy [P Ta BUTpuMyBaTH MakCMMallbHE HABAaHTAKCHHSI CHCTEMHU.
HeoOxiaHo nepeadaunTu mpocTip Ui MOAATBIIONO PO3IMIMPEHHS Ta MOHTAXY JT0OAATKOBUX
eneMeHTiB. ONTUMaTbHUM BUOOPOM € IIUTH MOAYJIHHOTO THITY IS TIPOCTOTH TEXHIYHOTO
00CITyrOByBaHHSI.

Ka6eui: 3acTocoByiiTe KabenpHy MPOAYKIIIIO 3 AKICHOIO 130JIA111€10, pO3pax0OBaHy Ha
MiJIBUINCHI HAaBaHTa)XEHHSA Ta CTIMKY J0 BIUIMBY cepenoBuina. IlinOuparoum nepepis
Ka0eniB, BpaXOBYWTe MaKCHUMalbHI CTPYMH, HNPOTSHKHICTH JIIHIM Ta MOTEHLINWHI BTPaTH
Hanpyrd. J[as 30BHIMIHROTO MOHTaXy OOOB'S3KOBO BHKOPHCTOBYyWTE Kadem 3 Y-
3aXUCTOM Ta MOJBIHHOIO 130JIALIIEIO.

Cucrema 3a3eMJIeHHS Ta 0JTHCKABKO3aXUCT

3a3eMIIeHHS BIAITpa€e KJIIOYOBY poJib y 3a0e3meueHH] 0e3MeKu Ta 3aXUCTY CUCTEMU
BiJl €NeKTpUYHUX po3psaAiB. KopekTHO cmpoekToBaHa cucTeMa 3a3eMJICHHS MIHIMIZYE
PU3UKH TMOIIKOKCHHS 00JIaIHAHHS Ta TapaHTye Oe3MeKy J0eH BiJl ypaKeHHS CTPYMOM.

Kpurepii Budopy:

Martepiaan: 3acToCOByHTE €JleMEHTH 3a3eMJIeHHs 3 Mial abo crami, Mo
XapaKTepU3yHTHCS T1IBUIIIEHOIO CTIHKICTIO 10 KOPO3ii Ta MOBHICTIO BITIOB1Ial0Th YAHHUM
HOpMaTHBaM. Bci TOYKM 3'€qHAHHS HEOOXITHO HAMIMHO 130JIOBAaTH BIJ BIUIUBY

aTMoc(epHUX OTaiB Ta MOKIMBUX MEXAHIYHHUX IMOIIKOKEHb.
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IIpoexTyBaHHs cucTeMHu: [ paMOTHE MPOEKTYBAHHS CUCTEMH 3a3€MJICHHS TapaHTYe
HaJIMHMIA 3aXUCT BiJ nepeHanpyru. CucteMa mae BiIMOBIAATH JOKAIbHUM OyJIBETbHUM
HOpMaM Ta CTaHJapTaM eJIEKTPOOE3MEKH.

MoHiTOpHHIOBI cCTEMH

MoHniTopuHr €(heKTUBHOCTI CHCTEMH J03BOJIIE KOHTPOJIOBAaTH ii podOTy Ta
OlepaTHUBHO ycyBaTu HecnpaBHOCTI. CydacHI CHUCTEMH MOHITOPUHTY 3a0€3MeuyroTh
KOMITJIEKCHHM 301p Ta 00pOOKYy JaHWX Y peaIbHOMY 4Yaci.

Kpurepii Budopy:

Tun moniTopunry: Bubip Mk JTOKaTbHUMU Ta XMAPHUMHU CUCTEMAMH € KIIFOUYOBUM
JUIsl  pe3yJbTaTUBHOIO KOHTPOJIIO. XMapHI pINIEHHS HAJAl0Th 3MOrY JHMCTAHIIITHO
OTPUMYBATH JaHI 4epe3 IHTEPHET 3 OyAb-SKOro MicClid, 3a0e3leuyloud aBTOMAaTH4YHE
CTBOPEHHSI PE3€PBHUX KOIIIH Ta OHOBJIEHB. JIOKAJIbHI CUCTEMH, TTOTIPH OOMEXKEHHM TOCTYII,
(YHKIIIOHYIOTH 0€3 IHTEpHET-IIIKIFOYEHHS Ta FapaHTyIOTh IOBHUH KOHTPOJIb 1H(OpMaIIii.

JonarkoBi ¢pynkuii: HasBHICTh po3MKPeHOro QPyHKIIOHATY I CIIOCTEPEKEHHS B
pPEeXMMI peabHOTO Yacy, 30KpeMa aBTOMATHYHI CTOBIIICHHS TPO 3001, rHOOKMA aHai3
e(heKTUBHOCTI, Bi3yaJIbHE MPEJICTABICHHS JAHUX Ta TeHepallisi CAICTEMHUX 3BITiB. CyTTEBOIO
MEPEeBarol0 € MOXKIJIMBICTh MOETHAHHS 3 IHIIMMH KOMIIOHEHTaMHU "pO3yMHOT0" OyAHHKY.

Bukopucranusa ABP

IIpusHaveHHs Ta PYHKUIOHAJBHI XapaKkTepucTuku ABP

ABP 3aGesneduye HaOlp BaXJIMBUX OIEpaliif, [0 TapaHTyIOTh CcTaOUIbHE Ta
Oe3repepBHE MOCTaYaHHs €JIEKTPOCHEPTrii CIIOKUBAYAM.

ABTOMaTH4YHe TNepexk/aYeHHsi: [Ipu BTpaTi KUBJICHHSA BiJl OCHOBHOTO JIKEpena
ABP MuTTEBO, 3a YacTKU CEKyHAHM, BUKOHYE IEpPEMUKAHHS Ha pPE3EpBHE JHKEPEo,
rapaHTyIOuu HEMEPEPBHICTh €NEKTPONOCTaYaHHs AJI1 BCbOTO MIAKIIOYEHOTO YCTaTKYBaHHS
Ta cucteM. lle KpUTHYHO BaXXIMBO Ml OO'€KTIB, /€ KOPOTKOTPUBAja BIJICYTHICTb
€JIEKTPOEHEPTii MOXKE MaTH CEpHO3H1 HACTIIKHU.

Momnitopunr ta anaji3z: ABP mae inTerpoBaHy cucteMy KOHTPOJIIO HapaMeTpiB
€JIEKTPOMEPEXKI, 10 Oe3MepepBHO BIICTIAKOBYE MOKA3HUKH HAPYTH, CTPYMY Ta YacCTOTH.
CucteMa BUsBIISiE€ HAUAPIOHIII BIAXUICHHS B1J] HODMAaTUBHUX 3HAY€Hb, 30KpeMa MaiHHS

HAMpyTd, MepeBaHTAXKEHHSI MEPEki, KOPOTKI 3aMUKaHHS Ta 1HIII aHomamii. e 3amobirae
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MOIIKO/PKEHHIO  KOIITOBHOTO  €NEKTPOOOJagHaHHA Ta 3abe3neuye MOro TpHUBaLy
eKCILTyaTallIo.

3a0e3neuennss Oe3mexku: ABP BrpoBamkye KOMIUIEKCHY CHUCTEMY 3aXHCTY BiJl
aBapiiiHux cutyauiii. [Ipu BusBIEHHI KPUTUYHUX BIAXUJIECHb ApaMETPiB CHCTEMa HETalHO
BUMMKAE >KUBJICHHS, 3a11001rat0uy MOMIKOKEHHSIM 00aiHaHHs Ta noxexam. ABP takox
3IHCHIOE CAaMOJIIarHOCTUKY Ta PEECTPAIIIIO TOIIH.

Ipunuun podoru ABP

ABP € iHTerpoBaHOIO €JIEKTPOMEXaHIYHOIO CHUCTEMOIO, IO MOEAHYE CYy4YaCHUMU
KOHTpOJIEp Ta MOTYXHi KOMyTauifini emementd. Moro po6ota 3mifiCHIOETbCS 33 TaKHM
AITOPUTMOM:

HopMmanbHuil peskum:

VY 3BuUYalHOMY pPEXHMI €JNEeKTPOKUBICHHS MOMA€ETHCS Bl TOJOBHOTO JDKEpena,
rapaHTywo4u 6e3nepediliny poOOTy BCIX €JIEKTPUYHUX MPUCTPOIB Ta cucTeM OyauHKy. ABP
MOCTIMHO 3/11MCHIOE KOHTPOJIb OCHOBHHUX MapaMeTpiB MEPexki, 30KpeMa Hampyru, YaCTOTH
Ta CHUJIM CTPYMY, 31CTaBJISIOYH 1X 13 BCTAHOBJICHUMHU HOPMATUBHUMU TTOKA3HUKAMU.

BusiBjienHs1 npo6JsemMu:

Komm cucrtema peectpye BIIXWICHHs MapaMeTpiB Bia JO3BOJICHHX MEX (TTOBHUI
OJiekayT, KpUTUYHE 3HM)KEHHS Harpyru, aucodananc (a3 ToIlio), BOHA aBTOMAaTHYHO
3aIlyCcKae Mpoleaypy aBapiiiHoro nepeMukanns. KoHTposnep anamisye TUIl HECIIPABHOCTI Ta
BH3HAuae NMoTpely nepexoay Ha pe3epBHE )KUBJICHHS.

IlepexiaroyeHHsI HA pe3epBHE KUBJICHHA:

ABP 3piiicHioe omepaTuBHE Ta HaJliiHE TMEpPEeMHKAaHHS HaBaHTAXCHHS Ha
anbTepHATUBHE  JpKepeno  >kuBieHHd.  Cucrtema — 3abe3nedyye  MepHIOYEPrOBe
€JICKTPOINOCTAaYaHHs KPUTUYHUX O0'€KTIB OYMIBJIl - aBapiitHOTO OCBITJICHHS, JI()TOBHX
MEXaHI3MIB, TMPOTUIIOXKEKHUX CHCTEM, OXOPOHHOI CHUTHANI3AIlli Ta IHIIUX BaXKIUBUX
crioskuBaviB. [Iporiec koMyTaliii BiI0yBa€ThCs Maliyke MUTTEBO, 110 YHEMOKIIUBITIOE 3001 B
po0oTi oOagHAHHS.

IToBepHeHHSs 10 OCHOBHOIO JKepeJia:
[Ticns crabimizalii mapamMeTpiB OCHOBHOTO eliekTporioctadyanHs, ABP Bukonye

PO3IIMPEHY TMEPEBIPKY CTIMKOCTI MEpeXi MPOTITOM BU3HAYEHOTO TMepiogy. 3a yMOBHU
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30epeKeHHSI HOPMATUBHUX MMOKAa3HUKIB CUCTEMA TIEPEXOUTh J0 KUBJICHHS CITOKHBAYIB BiJI
Mepexi. B 1eil yac akyMynsSTOpu 3apsIKalOThCS, a HAAJIUIIKOBA MOTYKHICTh MOXe OyTH
peasizoBaHa B MEPEXKY 3T1JIHO YMOB 3ejieHoro Tapudy. [16]

3.5. Micusi BCTAHOBJICHHS HA Oy AUHKY.

Jns Haiikpanoi piHaHCOBOI €(heKTUBHOCTI Ta palliOHAILHOTO BUKOPUCTAHHS TUIOIIII
pO3MillyBaTH MaHedl MOTPIOHO B NEKUIbKOX Micisx: Ha ¢acaal Ta aaxy Oyaunky. Lle
JI03BOJISIE 3AMINATUA TIEBHY YAaCTHHY IUIONI Naxy OyIWHKY JIJii BCTAHOBJICHHS 1HIITUX
1H)KEHEPHO-TEXHIYHUX KOMYHIKaIlli. 3arajibHa KiUIbKICTh aHeJiel CTaHOBUTH 18 MOTyiB.
Ha c¢acani BctaHoBieHO 6 MOAYJIB 3araibHOI0 MOTYXKHICTIO 3.48 kBT. Bukopucranus
dacany, K Miciie JJs1 BCTAHOBIJICHHS COHSYHUX TaHeJNeH 11e JOCUTh IPOTPECUBHE PIIICHHS.

Cxewma po3sTtalryBaHHs MOJTYJTIB Ha (acaii Oy IUHKY:
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Puc 3.4 - Bcranoneni naneni Ha (acai.

OO6pane po3ranryBaHHs IMaHeel He IEPEeKPUBAE BiKHA, ECTETUYHO BIUBAETHCS B
30BHIITHIA BUTJISL OyAiBII1, JOIaF0UH 11 O1IBII TEXHOJOTTYHOTO BUTJISTY.

HacTtynmHuM KpOKOM € BCTAaHOBJICHHS MaHened Ha Aaxy Oyxiiai. OnTumaibHa
KUIBKICTh TaHeneil cranoButh 12 mT. lle 103BOoMUTH HE 3aliMaT CHJIBHO IUIOILY, ajie
CYTTEBO 301IBIIUTH MOTYXKHICTh cucTeMu Ha 6.96 kBT. Cxema BCTaHOBIICHHS MaHenel Ha

Jaxy IPUBEACHA HUXKIIIE.
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Puc 3.5 - Po3ranryBaHHs COHSTYHUX MaHeeH Ha Jaxy OyaiBii.

OOpaHnuii BapiaHT PO3MIILIEHHS MaHENeH JO3BOJIsIE€ 3aiHATH HEBEIUKY IUIONTY AaXy
JUIST MOXKJIMBOTO PO3MIIIEHHS 1HIIOTO 1H)XXEHEPHO-TEXHIYHOTO0 OOJIaJHAHHS, PO3BUTHU
MaKCUMaJIbHYy €(DeKTUBHICTh FeHepallii.

JUis  MiOKITIOYeHHS 10 1HBEPTOpY MOTPIOHO BUKOPHUCTOBYBATH MapayeabHO-
MOCTIIOBHE 3'€THaHHS MOAYIiB. JIJisi 1bOro 3arajbHy KIUIBKICTh TaHeNleld MNOTpiOHO
po3ainuTH Ha 3 MArpynu mo 6 MOoaymiB B KOkHOMY. Lle m103BoMTh MiHIMI3yBaTH BTpaTH

Ha Ka0esx Ta 3a0ecneynTh ONTUMAIbHY poOOTY 1HBEpTOpa. BXinHa Hanmpyra Ha IHBEpTOpI
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B1Jl COHSIUHUX MTaHEIIEH B 1/IeaTbHUX ISl HUX yMOBaX CTaHOBUTH 254,22 B 31 ctpymom 41.07
A mo cranoButh 10440 BT MmakcuManbHOT TOTYKHOCTI.

3.6. Ilpu3HayeHHs1 aBapiliHOIO /zKepesia KUBJICHHS.

OTxe, OyIMHOK Ma€ JOCUTh BUCOKY MOTY>KHICTh aBTOHOMHOTO JiKepesia >KUBJICHHS,
Ky MOXHa pealli3yBaTH JIOCUTh MIHpOKo. [lepioueproBo notpiOHo 3abecneunTr Oe3neKy
MEMIKAHIIB MiJl 4Yac BIACYTHOCTI eHepromocTtadyaHHs. OOpanuil OyAMHOK Ma€ JOCUTh
CyyacHy cHCTeMy Oe3leKku (BCTaHOBJCHMH KOHTPOJIb JOCTyNMy JJis MiA3AIB 3
B1JICO3B'SI3KOM, KAMEPH B1ICOCTIOCTEPEIKECHHS OIS M1 i3/11B Ta Ta MAPKOBII 017151 OYIUHKY ).
B 3aranpHOMYy 1151 cucTeMa mocTiiiHO cnoxkuBae npudausHo 500 Bt nmoryxHocTi, 24/7 Ta
365 nuiB B pik. HactynHa cucrema, sika Takox moTpedye MOCTIHHOTO €NeKTPONOCTayaHHs
1€ OCBITJICHHsI 3araJbHOJOCTYIHMX Miclb. HaBeneHuit OyJIWHOK Ma€e OCBITJIEHHS O
OiA3ay MO0 JaT4uKy pyxy (motyxHicTh jamnu 100BT) Ta ocBiTieHHS B camuX mixi3aax
(3arajgpHa KUIBKICTh JIaMIT CTaHOBUTH 11 T Ta MOTYXHICTh KOXKHOi cTaHOBUTH 20 BT).
3arajbpHa MOTYXHICTh OCBITIIOBAJIbHUX MpHIaAiB cTaHOBUTH 320 BT.

Cucrema TakoX MIAXOAUTh s Oe3nmepeOifHOro  KUBJCHHS — OOJIagHAHHS
poBaiIepiB IHTEPHETY Ta 3B'SI3KY, 11100 HE 3AUIUIIUTUCH O€3 IOCTYNYy B MEPEKY IHTEPHETT
Ta 3aBXK]IM 3aJIMIIaTHCS Ha 3B's13Ky. CBITY IHTEpHET MpoBaiiiepa, 3aJIeKHO BiJl BCTAHOBJICHO1
mozeni Mmoxe crioxkupatu 10 500 Bt. e qocuts cepito3Ha moTyKHICTh AJi1 aBTOHOMHOTO
JKepera AKUBJICHHS.

3aranpHa TOTYXHICTH 0a30BUX CrHokuBadiB cTaHOBUTH 1320 Br. Ile cranoBUTH
12,64% Big MakCUMaJIbHOI MOTYXHOCTI COHAYHUX MaHene. 3aBIsSKU BEJIMKOMY 3aracy
eHeprii MO)KHa OpraHi3yBaTH MICLUEBUN «IYHKT HE3JIaMHOCTI», B SIKOMY MOJIUBO
HiI3apsIANTH  TaDKETH ab0 3IrpiTUCh B3UMKY. [Ipy HasBHOCTI IIEHTPasIi30BaHOTO
€HEPronocTavyaHHs HAJUTUIIKOBY MOTYKHOCTh Kpallle IPOJaBaTH MO «3€JICHOMY Tapudy».

3.7. llopiBHsIHHA 3BHYANHUX MaHeJel 3 ABOXCTOPOHHIMM.

Jns mopiBHSIHHS TMiJ0Mpard OJHOCTOPOHHI TaHeNl 3 MaKCUMaJbHO TMOAI0HUM
po3mipom. HaitGimeim moaioHO0 BusiBunack monens LP Longi Solar Half-Cell 550W. Bona
Ma€ JOCUTh MOAIOHI XapaKTEPUCTUKU [0 JBOXCTOPOHHBOI IMaHENl, ajle MOCTYMa€eThCs
(haKTHUHII MOTY>KHOCTI, IKY BOHa MO>K€ BIJIZIaTH B peajibHUX YMOBax B cepeiHboMy Ha 10-

13%. Lle Bxe MOCUTH CYTTEBA PI3HUIIL, aIPKE SKIIO TOPIBHITH iXHIO BApPTICTh, PI3HUIA
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CTAaHOBUTh B CepemHbOMY 7% Ha KOPUCTh 3BHYAWHUX TaHEJEH, aje EeKOHOMIYHO

JOLLIBHIIIE € caMe JBOCTOPOHHS COHSYHA MaHEb.
J/{BOCTOPOHHI COHSIYHI NMaHeJi: aHAI3 peHTa0eJbHOCTI Ta MPOAYKTUBHOCTI

PentabenbHICTP Ta TPOAYKTHUBHICTh BH3HAYAKOTHCS HU3BKOK  CHEHU(pIYHUX
XapaKTEPUCTHK, WO BIAPI3HAIOTH iX BiJ 3BUYAHHUX OJHOCTOPOHHIX cucTeM. Llg
NpOrpecUBHA TEXHOJIOTiA 3a0e3leuye ONTUMadbHE BUKOPWUCTAHHS COHSYHOI €Heprii,
BJIOBJIIOIOYH SIK TIPSIME, TaK 1 BITOUTE CBITJIO. 3aBISKH 11111 BTACTUBOCTI, ABOCTOPOHHI MMaHE1
MOKAa3ylOTh ICTOTHO BHUIIY €(EKTUBHICTh MOPIBHSIHO 3 TPAAUIINHUMH MOJEISAMH.

PosrisaeMo 111 0COOIMBOCTI IETAJILHIIIIE.
PenTalebHICTH: IIBUAIIA OKYNHICTH BKJIA/IEHb.

JonaTkoBa reHepauisi eHeprii: [HHOBaIiiiHa TEXHOJOTIS JBOCTOPOHHIX MMaHEIEH
3a0e3neuye BUPOOHMIITBO €JEKTpOoeHeprii 3 000X CTOpiH Moayis, e(eKTUBHO
BUKOPHUCTOBYIOUH SIK TIPSIME COHSYHE BUIIPOMIHIOBAHHS, TaK 1 CBITJIO, BIAOUTE Bif 3€MIIl,
CHITOBOTO TIOKPHBY YW HaBKOJHINHIX 00'ekTiB. lle m03BOisie 30IMBIIUTH 3arajabHY
renepaiiro Ha 10-30%, 3anexHO BiJi YMOB MOHTaXy Ta ocoOjuBocTel Jokarlii. Taka
MiJBUIICHA TPOAYKTUBHICTh TapaHTY€ BJIACHUKAM OUIbIIMN MNpUOYTOK BiA '"3€JIEHOTrO
Tapudy", CyTTEBO 3HIKYE BUTPATH HA €JICKTPOSHEPTiI0 JUIsi OCOOMCTOTO CIIOKMBAHHS Ta

IIPUCKOPIOE MIOBEPHEHHS MOYATKOBUX 1HBECTULIIH. [17]

Exonomist njiomi: JIBocTOpoHHI maHei 3a0e3Me4y0Th BUIILY MPOJTYKTUBHICTh 3 Ti€T
K TUTOIITI 3aB/ISIKY 3aTHOCTI BIIOBJIIOBATH BIIOUTE CBITIIO, IO TO3BOJISE 3HAYHO CKOPOTHTH
3arajgbHy KUIBKICTh MAHEJICH I JOCSATHEHHS IIIbOBOI MOTYXXHOCTI cuctemu. Lle cyTTeBO
3HM)KYE BUTpPaTH Ha MOHTaXHY 1H(pACTpyKTypy, BKIIOHAIOUM KpIIUICHHS, Kabell,
IHBEpTOpU Ta IHNI JOMOMDKHI KOMMOHEHTH. Kpim TOro, I CIpoirye Tpolecu

BCTAHOBJICHHS Ta TEXHIYHOI'O O6CJIYTOBYB8,HH}I.

30inbIeHHsT  e()EeKTUBHOCTI BUKOPHCTAHHS iHBeCTUNi: 3aBAsKu BUIIIH
MPOJIYKTUBHOCTI Ta ONTUMAIBHOMY BUKOPHCTAaHHIO JOCTYITHOTO MPOCTOPY, JBOCTOPOHHI

naHesni 3a0e3MeuyioTh BUIILY OKYITHICTh KaliTal0BKIaeHb MOPIBHSIHO 31 CTAaHAAPTHUMU
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OJTHOCTOPOHHIMU MoOjeNsIMU. B cepenHbOoMy mepioJ; OKYyMHOCTI JBOCTOPOHHIX MaHelen
ckianae 4-7 PoKiB, TOMI SK JJI1 OJHOCTOPOHHIX IIeH MOKa3HUK 3pocTae 10 S5-8 pokis. Lle
pOOUTHL JABOCTOPOHHI MaHEIl OCOOJUBO MPHUBAOIUBUM BHOOPOM ISl JTOBTOTEPMIHOBHUX

1HBECTHIIIIl Y COHAYHY €HEPreTHKY.

JoBroBiunicTh: [[BOCTOpOHHI mMaHEeal JIEMOHCTPYIOTh BHUHATKOBY HAJIMHICTD
3aBASKU CIICIIAIILBHOMY 3aXHCHOMY TMOKPUTTIO 3 000X OOKiB, 1m0 3a0e3mnedye TpHBaTHMA
TepMiH cayxk0u 10 25-30 pokiB. Lle rapantye crabiibHE BUPOOHUIITBO €JIEKTPOEHEPTii Ta
JI03BOJISIE BIIACHUKAM OTPUMYBATH 3HAYHUIN €KOHOMIYHMI €()eKT IpOTAroM 0araTb0X poKiB
MiCJIst OKYITHOCTI 1HBECTHIIIM. BUKOpHCTaHHS epe0BUX TEXHOJIOT1H Ta SIKICHUX MaTepiajiB

3abe3rneuye CTIMKICTh O MOTOAHUX BIUIMBIB Ta MiHIMaJIbHE 3HUKEHHS €()EKTUBHOCTI.

EdexTuBHiCTh: MakcuMajJbHA TeHepalisi eHeprii 4Yepe3 JBOCTOPOHHE

NOTJIMHAHHS Ta ONTUMI30BaHY CTPYKTYpY.

IligBunIeHa NPOAYKTHUBHICTH 3aBASAKM Big0uTOomMy cBiTaYy: TuiabHa CcTOpOHA
naHesned Mae 3JaTHICTh BUPOOJSITH €JIEKTPOEHEPrilo, BUKOPHCTOBYIOUM CBITJIO, IIIO
B1IOMBAETHCS BiJ] MOHTa)XHOI MOBEepxHi. JIJIT MOCATHEHHS MaKCUMajIbHOI €(EeKTHBHOCTI
PEKOMEHIYE€ThCsl 00UpATH MOBEPXHI 3 BACOKUMU IMOKA3HUKAMHU BITOUTTS COHIYHOTO CBITJIA.
OnTuMalbHUMU BaplaHTaMU € CBITJI TOKpiBIi, OETOHHI MOBEPXHI, Marepiaiud 3
MiIBUIICHUM Koe(]illieHTOM ajah0e0 Ta CIelianbHl CBITIOBINIOUBHI TOKpUTTA. [lpu

paBUJIBHOMY BUOOpI1 MOBEPXHI 3arajibHa €(PEeKTUBHICTh CUCTEMH MOXKe 3pocTH Ha 5-30%.

YHiBepcaqbHicTh MOHTaXy: J[BOCTOpOHHI TaHENi JIEMOHCTPYIOTh BHCOKY
e(eKTUBHICTH HE TIJIbKHU MPU BCTAHOBJICHHI HA JIaXax, ajie i y BEpTUKAIbHUX KOHCTPYKLIAX
- Ha (Qacamax BUCOTHHUX OyJiBesb, MapKaHax YM 3BYKOI30JLLIMHUX Oap'epax y3m0BK
aBTONUIAX1B. BOHM e(pEeKTHBHO BHKOPHUCTOBYIOThH CBITJIO Mijl PI3HUMH KyTaMHu THPOTITOM
no6u, 3a0e3neuyroyd OUIbLI PIBHOMIpHE BUPOOHHULITBO eHeprii. Taka THYYKICTH Yy
BCTAHOBJIEHH1 pOOUTH X ONTUMAJILHUM BUOOPOM JJI MICHKOTO CEpeIOBHUIIA 3 0OMEKEHUM

TOPU30HTAIBHUM IIPOCTOPOM.

Buima npogyKTHMBHICTH Y MOXMYPI JAHi: 3aBIsSKH YHIKAJIbHIN 31aTHOCTI €()eKTUBHO

MOTJIMHATH PO3CISTHE CBITJIO, IBOCTOPOHHI IMaHEI MOKAa3yIOTh Kpallll pe3yJbTaTh HaBITh 3a
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HECHPUATIUBUX MOTOAHUX YMOB. Lle MiHIMI3y€e ce30HHI KOJMBAaHHS TeHepallii Ta TapaHTye
CTaOlIbHIIIE E€HEePronoCTayaHHsS BIPOJOBXK POKYy. Y XMapHy MOrofy ix e(peKTUBHICTh

nepeBuIlye 3Bu4aiidi Moy Ha 10-15%.

3MeHIlIeHHsI BTPAT eHeprii: [[BOCTOPOHHI MaHeli CTBOPIOIOTHCS 13 3aCTOCYBaHHIM
nepeoBUX (POTOEIEMEHTIB OCTAHHBOTO MTOKOJIIHHSI, 110 TAPAHTYIOTh ICTOTHO BUIIUH PIBEHb
KOHBEPCIl COHSYHOTO BHUIPOMIHIOBAHHS B EJIEKTPOCHEPrito. 3aBISKU MIPOrPECUBHUM
BUPOOHUYUM TEXHOJIOTISIM Ta 1HHOBAIIMHUM MartepiajiaMm, Koe]illleHT KOPUCHOI Aii TaKUX
nanenen csrae 20-24%, nopiBasHO 3 16-22% y oanoctoponHix. lle 3abesneuyeThcs
ONTHUMI30BaHOI0 Oy/0BOIO (DOTOEIEMEHTIB, BIOCKOHAJICHUM 3aXHCTOM BIiJl BTpaT Ta

BHCOKOSIKICHUMU HpOBi,Z[HI/IKOBI/IMI/I KOMIIOHCHTaMH, 110 3HMXYIOTb OHip Impu Hepeﬂaqi

CTpyMy.
J1oBrocTpokoBa eKOHOMi4YHA e()eKTHUBHICTH IHBECTHIIIH

3HMKEHHSI BUTPAT HA CYNYTHE OOJaAHAHHS: 3aB/Jsku 30UIbIICHINH TeHeparlii
eHeprii ABOCTOPOHHI MaHe 3HaYHO 3MEHIIYIOTh HEOOX1IHICTh y TIOJAATKOBUX 1HBEPTOPAX,
KaOeJIbHUX CHUCTEMaxX Ta MOHTaXHHMX KOHCTpyKUisx. lle mpu3BoguTh HE TUIBKH 0
3MEHIIIEHHS TIOYaTKOBUX 1HBECTHIIIH, ajie W ONTUMIZyE BUTpPATH Ha TEXHIYHE
0OCIIyroByBaHHsI Ta MOJEPHI3allll0 CUCTEMU B JOBIOCTPOKOBIN mepcrekTuBl. Excneptu
HiAPaxoOBYIOTh, IO €KOHOMIS Ha JOAATKOBOMY oOjanHaHHI Moxe pocsaratd 15-20% y

MOPIBHSIHHI 31 CTAHJAPTHUMU CUCTeMaMHU. [ 18]

IMokpameHnsi eHepreTuyHoro 6anancy: EdexTuBHilIe BUKOPUCTAHHS TOCTYITHOT
COHAYHOI eHeprii uepe3 [IBOCTOPOHHIO TEHEpAIlll0 CYTTEBO MIJABHILYE 3arajibHy
MPOYKTUBHICTH cucTeMH. Lle poOuTh ABOCTOPOHHI MaHes i 0COOIMBO MPUBAOITUBUMH TSI
MAacCIITA0HUX KOMEPIIWHUX Ta JKUTIOBMX IHCTAJAIIA, JI€ KPUTUYHO BaXIMBO
MaKCUMI3yBaTh BUPOOHHIITBO €HEPTii Ha 0OMexkeHOMY mpocTopi. JlogaTkoBa renepartis 3
TUJILHOTO OOKY MO’K€ 301JIBILINTH 3arajibHy €(heKTUBHICTb cucTeMH Ha 5-30% 3anexHo BiJ

YMOB MOHTaXy Ta OTOYCHHAL.

CrilikicTh 10 3HoOmyBaHHs: [HHOBaIlIifHA JBOIIAPOBA CKJISHA KOHCTPYKIIIS

3a0e3neyye MaHeasiM BUHATKOBY CTIMKICTh JO PI3HHMX 30BHIIIHIX (DaKTOPIB, BKIIIOUAIOYU
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Y ©-BUNpOMIHIOBaHHS, OTIaIU, TEMIIEPATYPHI KOJIMBAHHS T4 MEXaHIuH1 MOMKOKeHHs. Le
MiHIMI3Y€ PU3HK HECIIPAaBHOCTEN Ta MOTPEOyY B TOPOTOMY PEMOHTI, 3a0e3Meuyroun HadliHy

POOOTY IPOTATOM E€KCILTyaTalllfHOTO Mepioay MoHa T 25 POKiB.
IMpuxaaa eKOHOMIYHOI MO/IeJIi OKYITHOCTI
BcranoBienns cucremu Ha 20 kBT:

OaHocTopoHHI nanedi: 3a0e3neuyroTs redepaiito 24 000 kBt-roa enekrpoeneprii
HIOPIYHO, 110 MOBHICTIO MOKPUBAE EHEPTreTUYHI MOTPEOH TUIIOBOTO KOMEPIIHHOTO 00'€KTa.
3a akTyaJbHHX pPHUHKOBUX YMOB Ta CTAaHJApTHOTO pPEXUMY eKCIUTyaTaulii mnepion
MOBEPHEHHS 1HBECTHIIIH CKJIafgae 6 pOKiB, BpaXOBYIOUH MOYATKOBI KaIliTaJOBKJIAJCHHS Ta

ITOTOYHI BUTpATH.

JBocToponHi maHesi: 3abe3neuyoTh BupoOHHUUTBO 30 000 kBT'roa mopidHO
(BKJIFOYAIOUHU JOJIATKOBY I'€HEpalliio BiJl BIAOMTOTO CBITJIA), III0 3MEHIITYE TEPMIH OKYITHOCTI

10 4,8 poKy 3aBISKHA ONTUMI30BaHiil MPOyKTUBHOCTI.
Joxoau Bix "3esenoro rapudy'':

[Tpu notounomy tapudi 0,15 eBpo 3a kBT TOA piuHMi MPUOYTOK BiJ TBOCTOPOHHIX
naHesell MEepeBUIllye NOKa3HUKHU OJHOCTOPOHHIX Ha 20%, IO MiJBUILY€E 1HBECTULIWHY
npuBabauBicTh. [lomaTkoBuil moxin 3a0e3nedyeThCcsl 3aBASKUA 30UIbIIEHIA TeHepalii Ta

e(hEeKTUBHIIIIOMY BUKOPHUCTAHHIO COHSYHOI €Heprii.

[TincymoByrouM mpoBeaeHy poOOTy BHAHO, IO CaMe€ ABOCTOPOHHI COHSIUHI MaHel
MAaroTTh MOBHY IepeBary HaJl 3BHuaifHUMH. OCHOBHI 3 HaBEACHHUX II€ IBUIIA OKYIIHICTb,

OlspIIIa TEHEepallis 3 TaKO1 K TUIOIII Ta TOCUICHHM 3aXHCT Bl HABKOJIHUILIHBOTO CEPEIOBHIIA.
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BUCHOBKH

JIBOCTOpPOHH1 COHSIYHI MaHENl € 1HHOBAIIMHUM MPOPUBOM Y cepi anbTepHATUBHOL
CHePreTHKH, CTBOPIOIOYM HOBI MOXJIMBOCTI JJISi ONTHUMAJbHOTO BUKOPHUCTAHHS €HEprii
COHIISL. 3aB/AsIKUA 3/JATHOCTI BJIOBJIIOBATH COJTHEYHHUH CBIT 3 JIBOX CTOPIH TMAHEII, 11l CydacHi
MOYJIl TTOKa3yKTh 3HAYHO Kpallll pe3yibTaTu €(eKTUBHOCTI B IOPIBHAHHI 3 3BUYAMHUMU
OJTHOCTOPOHHIMH aHaJIOTaMu, 1110 3abe3neuye 3HauHy (PIHAHCOBY BUTOJY MPHU TPUBAJIOMY

BUKOPUCTAHHI Ta MMPHUCKOPEHOMY T€PMiHI1 MOBEPHEHHS BKJIAJICHUX KOIITIB.

Taxi mporpecuBHi CUCTEMH AEMOHCTPYIOTh HaJ3BUUalHY pe3yIbTaTUBHICTh B PI3HUX
yMOBax pPO3MIIICHHS, 30KpeMa B OOMEXKEHHWX MICHKUX yMOBax ab0 Ha cCHellaibHUX
KOHCTPYKIifIX, TAKMX AK HABICU Ul MAapKyBaHHA 4M arpapHi o0'ekTu. IX mimsumena
POJYKTHUBHICTh OCOOIMBO BiIYyTHA NP BCTAHOBJICHHI Ha BiIOMBAIOYMX MMOBEPXHAX a00 y

BEPTUKAJILHOMY PO3TalllyBaHHI.

Exomnoriuna 6e3neka Ta He3HayHe BIUIMB Ha JOBKULIS pOOJISTH IBOCTOPOHHI MaHel
ineanbHUM pillIeHHAM /71 HOBUX €HEpPreTUYHUX CHCTEM. [X 3aCTOCYBAHHS CTa€ KIIOUOBHM
€JIEMEHTOM Y JOCSTHEHHI €HEepreTHYHOI aBTOHOMIi, CKOPOYEHHI BHKHUJIB BYTJEIIO Ta
IPOCYBaHHI CTAJIOTO PO3BUTKY B CY4aCHOMY CYCITUIBCTBI, JIe €KOJIOT1YHA BIMOBIIaJIbHICTh

CTa€ BCE BAXKIIMBIIIIOK.

BripoBakeHHST IBOCTOPOHHIX COHAYHHX MaHese y 0araTornoBEpXOBUX JKUTIOBUX
KOMIUIEKCaX € IHHOBALIHHUM Ta €eKOHOMIYHO OOIPYHTOBAHUM I1XOJ0M, 110 Ma€ YUCICHH]
cyTTeBi nepeBaru. Lls imxeHepHa po3poOka 3a0e3neuye onTUMalibHE BUKOPUCTAHHS Jaxy
Ta ¢acamiB OyAiBil AN BUPOOHUIITBA €NEKTPUYHOI eHeprii. KirouoBa xapakTepucTHKa
JBOCTOPOHHIX MaHeNel MoJsATrae y iXHii 3JaTHOCTI T€éHEPYBAaTH HEPTiio 3 000X MOBEPXOHb,
MOTJIMHAIOYHW SIK TPsIME COHSYHE CBITJIO0, Tak 1 Bijbute. lle 3HauHO 301IbIIyE 3arajbHy
NPOAYKTUBHICTH €HeproreHepaiii, mo Ha0yBae 0coOJIMBOI IIHHOCTI B yMOBaX MicTa, i€

KOXKCH MCTp HJ'IOHIi € Ha,Z[SBI/I‘IaI\/’IHO BaXJINBHUM.

B exoHOMiIUHOMY acmexTi, JBOCTOPOHHI MaHesNl JAEMOHCTPYIOTh Kpallli MOKa3HUKU
OKYITHOCTI MOPIBHSIHO 31 CTaHJIAPTHUMH OJTHOCTOPOHHIMU. [liBUIIIEHA TPOIYKTUBHICTh Ha

10-30% He TUIBKH CKOpOYYy€ BUTpATH >KUTETIB Ha EJIEKTPOCHEPTii0, a W CTBOPIOE
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MOJKJIUBICTh OTpUMAaHHS MpHOYTKY BiA peamizalii HaJJIMIIKOBOI €Heprii 3a '"3eleHuM
tapudom". Y KOHTEKCTI 0araTonoBepxoBUX OyIWHKIB, 1€ €HEPrOCIOXKUBAHHA MOXe OyTH
3HAYHUM, TaKl MAHEJ1 CTalTh €PEKTUBHUM 3aCO00M 3MEHILEHHS (PIHAHCOBOTO TATAPs JJIs

MEITKAHIIB Ta MOKPAIIEHHS eHeProe(heKTUBHOCTI CIIOPY/IH.

TexHiyHa aalITUBHICTh IBOCTOPOHHIX MaHeel poOUTh X ONTUMAaIbHUM PIIISHHIM
JUTSI pO3MIIIICHHST Ha Jaxax i ¢acajgax BUCOTHHX OyaiBelb. BOHU JEMOHCTPYIOTH BHCOKY
e(EeKTUBHICTh Yy PI3HOMAHITHUX YyMOBaxX eKCIUTyaTallii, BKJIOYAIYM BEepPTUKAIbHUN
MOHTaK, 110 JI03BOJISIE TAPMOHIMHO BIUcaTH iX y (acagu 0e3 MOpyIIeHHS apXiTeKTypHOI
ecTeTukH. J{01aTkoBO, ABOCTOPOHHI MaHelNl XapaKTepU3yIOThCS BHCOKOIO TOBTOBIYHICTIO
Ta CTIAKICTIO JI0 30BHIMIHIX ()aKTOPIB, BKIIOUAKOYN YIbTpadiosieToBe BUIIPOMIHIOBAHHS,
3a0pyJHEHHs Ta MexaHiuHl BIUUBU. lle rapantye cTabuIbHICTh IXHBOT pOOOTH TPOTITOM

TPUBAJIOT'O nepiozxy, IO KPUTHUYIHO BAKINUBO AJIA1 JOBIrOCTPOKOBHX HpO€KTiB.

ExosioriuHuii acmekT HbOro PIMIEHHS TaKOX 3aciIyroBy€ YBaru. 3acTOCYBaHHS
JIBOCTOPOHHIX COHSYHUX TMaHeNell [gormomara€ 3HHM3UTH €MICiI0 BYIVIEKHUCIOIO Tasy,
3a0e3Meyyrour eKOJIOTIYHO YHCTEe BUPOOHHUITBO eHeprii. Y 0araTomnoBepXOBHUX >KUTIOBHX
KOMILJIEKCaX IIe CTBOPIOE MOXJIMBICTH PO30YIOBH CTIMKOi €HEpPreTUYHOI CHUCTEMH, IO

BIJIMOBIA€ Cy4aCHUM BHMOTaM IEPEXOAY /10 BITHOBIIFOBAHOI €HEPTEeTHUKH.

OTtxe, 1HTErpalliss ABOCTOPOHHIX COHSYHUX TaHeJed y 0araTomoBepXOBl OYJIWHKH
703BOJIsiE  €(DEKTHMBHO BHUPIIIUTH JCKUIbKA CTPATETIYHMX 3aBAaHb: MIHIMI3YBaTH
CHEPreTUYHY 3aJIeKHICTh, 30UIBIIUTA EKOHOMIYHY €(EKTHBHICTh IS MEIIKAHIIIB,
paIlioHaTbHO BUKOPHUCTOBYBATH JOCTYNHY IUIONLy Ta 3pOOWTH 3HAYHUN BHECOK Y
30epekeHHs1 NOBKULIA. Ll TexHomoris sBise cOOOK MEPCIEKTHBHE Ta JIOBrOTpHUBAJIC

pIILLIEHHS 1711 Cy4acHOTO OyIBHUIITBA KHUTJIA.
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Chapter 1 General Information about Bifacial Solar Panels and Their Purpose
1.1 The History of Solar Panels

The history of solar panels dates back to the 19th century when the unique properties of
converting light energy into electrical energy were first observed. The first significant step
towards a deeper understanding of this complex process was the discovery of the
photovoltaic effect in 1839 by the French physicist Alexandre Edmond Becquerel. He noted
that when light impacted certain materials, particularly electrolytes, an electric current
appeared, demonstrating the potential for converting light energy into electricity. This
discovery was a revolutionary achievement for its time, as it marked the beginning of a new
era in science and technology. Although the technology for practical application did not yet
exist, and scientists were only beginning to realize the potential of this phenomenon, this
discovery laid the groundwork for further research in the field of photovoltaics. Over the
following decades, scientists continued to study and experiment with various materials,
trying to find optimal solutions for the efficient conversion of solar energy. This led to the
creation of the first solar cells, which, although primitive, laid the foundations for modern
technologies that we use today.

Subsequent years were dedicated to further scientific research, which opened new horizons
in the field, expanding our understanding of photovoltaic processes. In 1873, British
engineer Willoughby Smith made an important discovery by identifying the
photoconductivity of selenium, which became the basis for further experiments in this area.
This discovery was a significant step in developing new materials that could effectively
convert light energy into electricity. In 1876, William Grylls Adams and Richard Evans Day
demonstrated that selenium could directly convert sunlight into electricity, marking the first
serious step toward the development of devices based on the photovoltaic effect. These
achievements laid the foundation for the further development of technologies that today
have become an integral part of the energy sector, opening new possibilities for utilizing
renewable energy sources. They not only advanced science but also became the foundation
for creating new technologies that reduce dependence on traditional energy sources, which
is of enormous importance for the sustainable development of our planet.

The first practical solar cell was invented by American researcher Charles Fritts in 1883. In
his work, he used selenium coated with a thin layer of gold to create a photovoltaic element,
which became the first significant step in the development of solar technologies. Although
the efficiency of this element was extremely low—only about 1% —it was the first working
solar cell that demonstrated the possibility of converting solar energy into electricity. This
invention became the basis for further research in the field, opening new prospects for
improving the technology. It is important to note that despite its limited efficiency, this
element became a symbol of hope for scientists and engineers who sought ways to improve
the conversion of solar energy. From that point on, the evolution of solar technologies began,
eventually leading to the creation of more efficient and powerful solar panels that we use
today.
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A major theoretical breakthrough occurred at the beginning of the 20th century when Albert
Einstein, in 1905, developed a theory that explained the nature of the photovoltaic effect. In
his groundbreaking work, he described in detail how photons of light, which are particles of
light, free electrons from atoms in a material, thereby creating an electric current. This
research not only became the foundation for understanding the photovoltaic effect but also
revolutionized the general understanding of light physics. As a result of this work, Albert
Einstein was awarded the Nobel Prize in Physics in 1921, underscoring the importance of
his contribution to science. The significance of his work cannot be overstated, as it became
the foundation for further developments in solar energy. Thanks to these early achievements,
scientists were able to develop new technologies that have become an integral part of the
energy sector today, opening new possibilities for utilizing renewable energy sources. These
technologies, based on principles first described by Einstein, have allowed the creation of
more efficient solar panels capable of converting solar energy into electricity with high
efficiency, which, in turn, helps reduce dependence on fossil fuels.

The first significant technological leap in the development of solar energy occurred in 1941
when Russell Ohl invented the first silicon photovoltaic cell. This revolutionary invention
was a major step forward, as silicon proved to be a much more effective material for
photovoltaic devices compared to selenium, which had been used previously. Due to its
unique physical and electrical properties, silicon significantly improved the efficiency of
converting solar energy into electricity, marking a real breakthrough in the field. This
invention paved the way for the creation of modern solar panels, which became more
practical and promising for commercial use. Since the advent of silicon elements, solar
energy technologies began to develop rapidly, which, in turn, contributed to the
development of new technologies in this field. Emphasizing the importance of this
achievement, it can be said that it became the foundation for further innovations that allowed
for reduced costs in solar panel production and increased their accessibility to the general
public, thereby contributing to the popularization of renewable energy sources worldwide.

The development of true modern solar panels began in 1954, when engineers from Bell
Labs—Daryl Chapin, Kelvin Fuller, and Gerald Pearson—developed the first efficient
silicon photovoltaic cell. This significant breakthrough in technology was made possible
due to their persistent research and experiments, which lasted for many years. They achieved
an impressive efficiency of 6%, which was a major accomplishment at the time, as prior to
this, solar cells had much lower performance. This was the first time that solar panels could
produce enough electricity for practical use, opening new horizons for the energy industry.
This progress became the foundation for further research and development in solar energy,
eventually leading to the creation of more powerful and efficient systems that we use today.
Thanks to these innovations, solar energy began to be actively implemented in various
sectors, from household use to industrial-scale applications, which helped reduce
dependence on traditional energy sources and improve the ecological situation on the planet.

The commercial breakthrough for solar panels occurred in the late 1950s, when they were
first used to power satellites, marking an important stage in the development of this
technology. In 1958, the Vanguard I satellite became the first spacecraft equipped with solar
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batteries that powered its radio transmitters. This innovation not only demonstrated the
potential of solar energy but also opened new opportunities for its use in space. The use of
solar energy in space became a key factor for the further development of this technology, as
it proved reliable in conditions where traditional power sources were unsuitable. Solar
panels operating in a vacuum demonstrated their ability to provide stable energy, which was
a significant step in the development of space technologies. This success stimulated further
research in the field of solar energy, which in turn led to improvements in the production,
efficiency, and reliability of solar panels, eventually forming the basis for the modern
systems we use today.

In the 1970s, during the global energy crisis, solar technologies began to attract more
attention as a potential means of reducing dependence on fossil fuels. This period became
an important stage in the development of alternative energy sources, as society realized the
need to find new solutions to meet energy needs. Developments in new materials and
technologies allowed for a reduction in the cost of producing solar panels, making them
more accessible for widespread use. This became possible due to innovations in
manufacturing processes, which reduced raw material costs and increased production
efficiency. During this time, research into thin-film photovoltaic elements also began,
allowing for the creation of lightweight and flexible panels with lower production costs.
These new technologies opened up new possibilities for using solar energy in various fields,
from household consumption to industrial applications, contributing to the growing
popularity of solar panels worldwide. In particular, solar panels began to be used not only
in private households but also in large commercial projects, reducing electricity costs. This,
in turn, stimulated investments in research and development, leading to further technological
advancements in the field.

Since the 2000s, the efficiency of solar panels has continued to increase, and their cost has
continued to decrease due to ongoing improvements in production processes and materials.
In recent decades, bifacial panels have emerged, which have the unique ability to absorb
light from both sides, significantly increasing their overall performance and making them
more attractive to consumers. In addition, the development of perovskite cells, which show
potential to greatly improve the efficiency of converting solar energy, is opening new
horizons for reducing the cost of solar panel production. These innovations not only make
the technology more accessible but also promote its popularization among consumers, who
are increasingly aware of the advantages of using renewable energy sources. The growing
interest in ecological solutions and reducing carbon emissions is also driving the market to
implement new technologies. Thus, the development of solar panels is becoming an
important element in the transition to a sustainable energy future, providing both economic
and ecological benefits.

Today, solar panels are an integral part of energy strategies in many countries, as they help
reduce carbon dioxide emissions and enable the production of clean energy. It is important
to note that the technology continues to develop, and researchers are actively working on
creating even more efficient, affordable, and durable materials for use in solar energy. This
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includes not only improving existing technologies but also seeking new solutions that could
provide even greater efficiency and reduce environmental impact.

Among these innovations, one can highlight the improvement of photovoltaic elements
capable of working in low-light conditions, as well as the development of new energy
storage methods, allowing for the most efficient use of produced electricity. In addition,
there is increasing interest in integrating solar panels into building architecture, opening up
new possibilities for their use. These innovations not only increase the overall productivity
of systems but also contribute to reducing energy costs, making solar energy even more
attractive to a wide range of consumers.

1.2 Bifacial Solar Panels: An Innovative Approach to Energy

Bifacial solar panels, also known as bi-variant panels, are gaining increasing popularity in
the modern energy sector. This rise in popularity is due to their unique ability to effectively
generate electrical energy from both sides of the panels. This technology is a real
breakthrough in solar energy, as it allows for maximizing the use of sunlight that falls not
only on the upper surface but also on the lower surface of the panels. This means that even
when sunlight does not directly hit the panels, they can still generate electricity, making
them highly efficient.

One of the main advantages of bifacial panels is their ability to increase overall energy
productivity. This is especially noticeable in conditions where light is reflected, such as on
snow-covered surfaces or light-colored surfaces like concrete or sand. They can provide up
to 30% more electricity compared to traditional monofacial panels. This makes them a
profitable investment solution for commercial and industrial projects, where maximizing
return on investment is important. Investors are increasingly choosing bifacial panels, as
they can significantly reduce electricity costs in the long term.

Modern bifacial panels are manufactured using innovative materials such as
monocrystalline silicon. This material enhances their efficiency and durability, which are
critical factors for long-term use. Moreover, these panels feature an improved design that
provides better ventilation and reduces overheating. This, in turn, increases the overall
performance of the panels, enabling them to operate at optimal levels even in hot weather,
a crucial aspect for regions with high temperatures.
The use of bifacial solar panels is particularly relevant for large solar farms and commercial
projects, where maximizing energy production within a limited area is important. This
technology reduces the need for land as more electricity can be generated from the same
space. This is a significant factor in the context of growing demand for renewable energy
sources, as many regions have limited land available for solar installations.
Bifacial panels are also gaining popularity in the private sector. More households aim to
reduce their electricity costs, and with the ability to generate energy even in diffused light,
these panels are ideal for regions with variable weather conditions. This makes them
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appealing to a wide range of consumers seeking efficient solutions to lower their electricity
expenses.

In addition, bifacial solar panels can be integrated into various structures, such as canopies,
parking lots, and building roofs. This allows for maximum use of available space, an
important aspect for energy provision. It also enhances the aesthetic appeal of properties, as
modern panels can be designed in various styles to harmonize with building architecture and
landscaping.

The growing popularity of bifacial panels is also driven by advancements in energy storage
technologies. These allow for more efficient use of the generated electricity, ensuring
greater reliability and stability in power supply. Energy produced during the day can be
stored for use at night or during peak demand periods, making the system more flexible and
adaptable to consumer needs.
Overall, bifacial solar panels represent an innovative approach to solar energy production.
They combine high efficiency, cost-effectiveness, and environmental sustainability, playing
a crucial role in the transition to renewable energy sources. This offers a sustainable and
profitable option for the future of energy, as the increasing demand for clean energy
becomes more pressing amidst global climate change and growing energy consumption.
It is worth noting that the implementation of bifacial solar panels can also promote job
creation in the renewable energy sector. The growing demand for such technologies drives
investments in research, development, and manufacturing, which in turn can lead to the
creation of new jobs in this field. This is an important aspect of economic development, as
new jobs can help reduce unemployment and improve overall population welfare.
Thus, bifacial solar panels not only ensure efficient energy production but also contribute to
economic growth and the development of new technologies. They are a significant step
towards sustainable development, helping to reduce reliance on fossil fuels and lower
greenhouse gas emissions. This, in turn, aids in combating climate change and provides a
clean, safe, and affordable energy future for the next generations.

Bifacial Solar Panels for Residential Buildings

Bifacial solar panels are actively being implemented in residential buildings due to
their numerous advantages, which make them highly attractive to consumers. This
innovative technology allows for electricity generation from both sides of the panels,
significantly increasing their efficiency. This is particularly important for households
aiming to reduce electricity costs and enhance their energy autonomy, which is becoming
increasingly relevant in today’s world. With rising energy prices and global climate change,
using such technologies 1s not only Dbeneficial but also necessary.
One of the key features of bifacial panels is their ability to generate up to 30% more
electricity compared to traditional single-sided models. This is achieved by utilizing light
reflected from surrounding surfaces such as the ground, snow, or even building walls. This
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feature makes bifacial panels highly efficient in various conditions, including those where
direct sunlight is limited. For example, during winter, when snow reflects sunlight, bifacial
panels can continue generating electricity, making them an ideal choice for regions with
cold climates.
Installing bifacial panels on residential roofs maximizes the use of available space. This
means that even with limited area, more electricity can be produced, reducing the need for
additional investments in new solar installations. Thus, households can significantly benefit
from using this technology without requiring extensive expenses on additional installation
space. This is particularly important in urban areas where space is limited, and energy
demand is growing.
Bifacial panels are especially effective in regions with diverse weather conditions. They can
produce electricity even in diffused light, making them reliable in conditions where direct
sunlight is insufficient. This ensures stable energy supply throughout the year, regardless of
the season, which is crucial for achieving energy independence. For instance, on cloudy
days or during rain, bifacial panels can still provide households with energy, reducing
dependence on traditional energy sources.
This technology can also be integrated into various structures, such as carports, gazebos, or
fences, expanding possibilities for energy provision. This enables households to use solar
energy even when the roof is unsuitable for panel installation. For example, a carport can
not only protect a vehicle but also serve as an efficient source of electricity. This opens new
horizons for utilizing solar energy in everyday life, allowing consumers to access energy in
a convenient way.
Thanks to modern energy storage systems, such as batteries paired with bifacial panels,
households can store excess electricity generated during the day for use at night or during
peak demand. This makes the energy supply system more autonomous and stable, which is
an essential aspect of ensuring a comfortable life. For example, in the evening, when
electricity consumption increases, households can use stored energy, reducing strain on the
power grid.
Financially, investments in bifacial solar panels can quickly pay off due to lower electricity
costs. Many countries offer government support programs for homeowners adopting
renewable energy sources, making this technology even more appealing. As a result,
households can not only reduce expenses but also contribute to environmental preservation
by using clean, renewable energy. This also supports local economies, as the demand for
solar panel installation and maintenance grows.
Bifacial solar panels provide numerous benefits for multi-family residential buildings,
making them a modern, innovative, and efficient solution for shared energy use. These
panels can generate electricity not only from direct sunlight but also from reflected light,
significantly enhancing their productivity. This allows for the most efficient use of limited
roof space, which is especially important in urban settings where space is often scarce. The
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electricity generated can be used for lighting entrances, elevators, parking lots, and other
communal areas, significantly reducing individual utility costs. This enables residents to
enjoy lower electricity expenses, a critical aspect of modern living.

Installation of such panels is possible not only on roofs but also on building facades or in
the form of canopies over parking areas. This allows not only to increase the area for energy
generation but also to integrate the panels into the architectural design of the building,
making it more attractive and modern. Thanks to this, residents can enjoy not only economic
benefits but also the aesthetic appearance of their homes. It is important to note that modern
technologies allow the creation of panels that harmoniously fit into the overall style of the
building, emphasizing its individuality.

In urban conditions, bifacial panels effectively utilize reflected light coming from
neighboring buildings or from the ground surface. This ensures stable electricity production
even under conditions of partial shading, which is a common phenomenon in densely
populated areas. Such a solution not only reduces residents' energy dependence on
centralized electricity suppliers but also increases the autonomy of the house in case of
emergencies when access to electricity may be limited. This is especially important in
conditions where energy systems may experience failures, and residents may be left without
electricity for extended periods.

The innovative energy-efficient technology underlying bifacial panels also contributes to
reducing the building's carbon footprint. This aligns with modern environmental standards
and sustainable development requirements, which are becoming increasingly important in
our time. In the context of global climate change and growing attention to environmental
issues, the use of such technologies becomes not only profitable but also a responsible step.
The implementation of eco-friendly technologies in everyday life is an essential aspect of
preserving the environment for future generations.

The use of bifacial panels makes apartment buildings more attractive to potential residents
or buyers. This reflects a modern approach to energy supply and care for the comfort and
well-being of residents. In addition, the panels help reduce the thermal load on the building
in summer, which, in turn, lowers air conditioning costs. This is particularly important in
hot summer conditions when cooling costs can significantly impact household budgets.

The financial advantages become apparent through reduced electricity costs. Combined with
government support programs or tax incentives, investments in such systems pay off much
faster than traditional energy supply methods. This makes bifacial solar panels not only a
profitable but also a smart choice for apartment buildings. Thus, the integration of bifacial
solar panels into apartment buildings is a progressive step that combines economic benefits,
resident comfort, and environmental responsibility. It is not only an investment in the future
but also an important contribution to preserving the environment for future generations.

Furthermore, it is important to note that the implementation of such technologies can act as
a catalyst for the development of new business opportunities in the field of renewable
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energy. This may lead to the creation of new jobs in the installation, maintenance, and repair
of solar panels, which, in turn, will contribute to the economic growth of the region. Thus,
bifacial solar panels not only improve the quality of life for residents but also foster the
development of the local economy.

Therefore, bifacial solar panels are not only a technological achievement but also an
important element in creating a sustainable and comfortable living environment. They
provide economic benefits, reduce the environmental footprint, increase energy
independence, and make homes more attractive to residents. In the modern world, where
energy security and environmental responsibility are becoming increasingly relevant issues,
the use of such innovative solutions is a necessary step towards ensuring a comfortable and
sustainable future.

1.4 Advantages of bifacial solar panels compared to traditional ones.

Bifacial solar panels represent an extremely innovative approach to electricity generation,
which has significant advantages compared to traditional monofacial models. These panels
can effectively generate energy from both sides, opening new opportunities for energy
supply and increasing the overall efficiency of solar energy utilization. Due to their design,
bifacial panels can capture sunlight reflected from surfaces such as the ground or buildings,
allowing for an increase in the total amount of generated electricity. This makes them an
ideal choice for various conditions, including limited spaces where it is important to make
the most of available resources.

Increased productivity: One of the most significant advantages of bifacial panels is their
ability to produce 20-30% more electricity compared to monofacial models. This is achieved
through the use of light reflected from surrounding surfaces, such as the ground, asphalt, or
snow. Thanks to this unique feature, bifacial panels become particularly effective in
conditions where direct sunlight may be limited, such as on cloudy days or in winter when
the sun does not shine as brightly as in summer. This makes them an ideal choice for regions
with variable weather, where traditional panels may not provide sufficient productivity.
Bifacial panels can adapt to various environmental conditions, allowing them to make the
most of available light. They can also be installed in places with limited space, where
maximizing efficiency is crucial. Thus, bifacial solar panels not only enhance overall
productivity but also contribute to a more sustainable use of energy, making them an
important element in the transition to renewable energy sources.

Space-saving: With higher productivity, bifacial panels allow for the maximum use of
available space, which is an extremely important aspect for many households and businesses
that have limited areas for installing solar systems. This is especially relevant in the modern
world, where every square meter can be of great significance. By reducing the need for
additional installations, owners can significantly lower installation and maintenance costs,
which in turn makes solar energy use more economically viable and accessible to a broader
range of consumers. This also means that more people can access renewable energy sources,
even if they do not have a large area for installing traditional panels. Thus, bifacial panels
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not only promote space savings but also open new opportunities for those seeking to
transition to ecological energy sources while ensuring efficiency and convenience of use.
This makes them an important element in the development of a sustainable energy future.

Better adaptability to weather conditions: Bifacial panels demonstrate high efficiency in
various climatic conditions, making them extremely versatile. They can generate electricity
even in diffuse light, which is an important factor for ensuring a reliable energy source in
regions with unpredictable weather. This provides stable energy supply throughout the year,
regardless of the season or weather conditions, which is critically important for consumers
who rely on continuous electricity supply. For example, in rainy weather or fog, when
sunlight is not intense, bifacial panels can still provide a significant amount of electricity.
This makes them extremely useful for consumers who need stable energy supply, even in
unfavorable conditions. Due to their ability to adapt to different weather situations, bifacial
panels become an ideal choice for those looking to reduce dependence on traditional energy
sources and ensure eco-friendly energy supply at any time of the year.

Durability and reliability: Many bifacial panels are made from high-quality, corrosion-
resistant materials, ensuring a long service life. These materials typically have increased
resistance to various external influences, making them ideal for use in environments where
the panels are subjected to aggressive conditions. They often undergo rigorous testing for
durability against mechanical loads, hail, strong winds, and other external impacts, making
them reliable in various operating conditions. This means that investing in such panels can
be beneficial in the long term, as they require less maintenance and have a lower risk of
breakdowns. Thanks to their design, bifacial panels can withstand extreme weather
conditions, making them a reliable choice for consumers seeking stability and safety in

energy supply.

Flexibility in application: Bifacial panels can be installed not only on roofs but also in
other structures such as carports, gazebos, fences, and even within architectural solutions
for buildings. This provides the opportunity to generate electrical energy even in cases
where traditional panels cannot be used. For example, they can be integrated into landscape
design or used in commercial buildings, allowing for the most effective use of available
space. Due to their versatility, bifacial panels can be adapted to various projects, making
them attractive to architects and designers who seek to create aesthetically pleasing and
functional solutions. This opens new opportunities for utilizing solar energy in various
fields, contributing to the growing popularity of such technologies.

Reduction of carbon footprint: The use of bifacial panels significantly contributes to the
overall reduction of the carbon footprint since they allow for generating more electrical
energy on smaller areas, which is an important aspect in the modern world. This reduces
dependence on fossil fuels such as coal, oil, and natural gas, and promotes the transition to
more sustainable forms of energy that do not harm the environment. Reducing carbon
emissions is an important step in combating climate change, and bifacial panels can become
an important tool in this struggle, as they can effectively utilize solar energy even in limited
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space conditions. This not only lowers the carbon footprint but also increases the overall
efficiency of energy systems.

Integration with energy storage systems: The combination of bifacial panels with
batteries provides the ability to store excess electricity generated during the day for use at
night or during peak load periods. This enhances the energy independence of households
and businesses, as it allows for optimizing electricity costs. For example, owners can use
stored energy during hours when electricity rates are highest, allowing them to lower their
overall energy resource costs. Thus, the integration of bifacial panels with energy storage
systems not only improves energy utilization efficiency but also contributes to cost savings,
making them even more attractive to consumers.

Financial benefits: Investments in bifacial panels can pay off quickly due to significant
increases in electricity production, as well as reduced electricity costs, which is an important
aspect for many households and businesses. Many governments worldwide also offer
various subsidy programs and tax incentives that promote the use of renewable energy
sources, making this technology even more attractive to investors. This may include not
only discounts on panel purchases but also tax credits that help significantly reduce initial
installation costs. Thus, the financial benefits of using bifacial panels become evident as
they not only reduce electricity costs but also provide opportunities for additional financial
advantages through government support programs.

Thanks to these numerous advantages provided by bifacial solar panels, they become not
only a significant technological achievement but also an important step towards sustainable
development. These panels enable households and businesses to reduce their energy costs,
which is critically important in the modern world where energy costs are constantly rising.
In addition, they contribute to environmental protection by reducing carbon emissions and
other pollutants. In the context of global climate changes that require urgent action and the
growing demand for clean energy, bifacial panels can
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Figure 1.1 - Bifacial solar panels.

In summary of the first chapter, it can be concluded that the key feature of bifacial solar
panels compared to standard ones lies in their design and ability to convert solar energy
more efficiently. Standard solar panels operate with only one side, which captures direct
sunlight. In contrast, bifacial panels can generate electricity from both surfaces: the front
side absorbs direct solar radiation, while the rear side utilizes light reflected from surfaces
beneath and around the panels. This provides a significant increase in overall efficiency,
especially under conditions of strong light reflection, such as from snow cover, sandy
surfaces, concrete, or bodies of water. Due to this characteristic, bifacial panels generate
30% more energy compared to conventional panels on the same area. This makes them
optimal for areas with unstable weather or limited installation space. They also demonstrate
high performance in diffused lighting, which is particularly valuable in cloudy conditions
or partial shading. An additional advantage is the expanded installation options. Bifacial
panels can be installed not only on horizontal surfaces like roofs but also vertically on
building walls, fences, solar awnings, or special structures, making them versatile for
various projects. This installation flexibility creates new opportunities for architectural
integration and rational space utilization. From a technical perspective, bifacial panels are
typically made from high-quality materials, including double glass and other durable
elements, which enhance their longevity and resistance to natural factors. This ensures a
longer service life compared to conventional models. Thus, the main difference between
bifacial panels and traditional ones lies in their ability to generate electricity from both sides,
providing higher productivity, installation flexibility, adaptability to different conditions,
and more efficient use of renewable energy.
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CyyacHl TeHJEHIII B MPOEKTYBAaHHI KOPIOPATUBHUX MEPEXK OPIEHTOBAHI Ha
3aCTOCYBaHHS HOBITHIX TEXHOJIOTIH, TakuxX K 5G, XMapHI OOYHCICHHS, INITYYHUN
1HTENeKT Ta [HTepHEeT peueit. [HTerpamis MUX TEXHOJOTIH y PO3MOAUICHI MEpexi
JI03BOJISIE 3HAYHO 30UTBIIUTH MIBUIKICTH OOMIHY JaHUMH, 3a0e3neuntu Oe3neKy Ha
HOBOMY PiBHI, a TAKOX ONTHUMI3yBaTH BUKOPUCTAHHS PECYPCIB.

Jlocm/DKeHHST BKa3ylOTh Ha BaXJIMBICTh KOMIUIEKCHOTO  IMIAXOAY  JO
MPOEKTYBAHHS PO3MOJUICHUX KOPIMOPATUBHUX MEPEXK, IO BPAXOBYE SIK BUMOTH
Oe3meku, Tak 1 eQEeKTUBHICTh BUKOPHCTAaHHSA pecypciB. Po3poOka onmTumanbHUX
TOMOJIOT1i, BIPOBA/KEHHSI CUCTEM OE€3IMEKH, a TaKOK TEXHOJOTr1M ISl yNpaBiIIHHA
TpadgikoM 1 OanmaHCyBaHHA HaBaHTAXEHHS JIO3BOJISIE 3HAYHO IOKPAIIUTU
OPOAYKTHBHICTh 1 HaAIMHICTh TakuxX Mmepex. OTpuMaHi pe3ylbTaTH MOXYTh OyTH
BUKOPHUCTAHI Ui TPOEKTYBaHHS MEpEeX Yy KOMIIaHIfAX, II0 MalwTh MNOTpedy B
Oe3reyHOMy Ta €(pEKTHUBHOMY OOMIHI JaHWMH MK BIIJAICHUMH MiAPO3IiIaMH, a
TaKOX JUIsI TIOJABIINX JOCHIKeHb y cepl onTuMizallli MEepekeBUX apXITEKTyp Y
BEJIMKUX OpraHi3allisx.
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[Enexmponnuti pecypc] / Internet Engineering Task Force. — 2005. — Peoicum
oocmyny: https://www.ietf.org/rfc/rfc4301.txt.

2. Kosiur D. IPSec: The New Security Standard for the Internet, Intranets, and
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BU3HAYEHHS EGEKTUBHOCTI ABOCTOPOHHIX COHAYHUX
ITAHEJIEN HA ITIPAKTUYHOMY JOCJILAI

CoHsyH1 MaHes MUPOKO YBIMIILIK B HAIly Oy/IeHHICTh. BOHM BUKOPUCTOBYIOTHCS
B JIOMAIIIHIX Opuiiajiax (CBITWJIbHUKAX, KaJbKYJIATOPaX) CIYTyIOTh JIOMIOBHEHHSIM J1JIs
MOPTATUBHUX JDKEPENl eJeKTpoeHeprii (moBepOaHKM, 3apsigHI CTaHIli) a TaKoX
BIJIITPAIOTh YUMAaIy POJIb B €HEPreTHULIL.

39



3 PO3BUTKOM TEXHOJIOTIH, MOAEPHI3YIOThCS 1 caMl MaHell, MiABUILYEThCA IXHE
KK Ta tepmin cmyxOu 10 3MEHIIEHHS MPOIYyKTUBHOCTI (Aerpadarlii KpeMHII).
OmgHuM 3 MOXUJIMBUX BapiaHTIB 301IbIICHHS MOTY>KHOCTI Ha Ty K caMy IUIOILY €
JIBOCTOPOHHI COHSIYHI MaHeli. Take pillleHHs JT03BOJISi€ OTPUMATH 3 MOJIYJIsI OlIbIe
EHeprii, 10 € Ay’Ke KOPUCHUM 11 0OMEKEHOTO MICIISI BCTAHOBJICHHS.

Jist po3yMiHHS BUTOAM Ta PaKTUYHUX TIEPEBAr, 10 MOYKHA OTPUMATH MPOBEACHO
JOCIIJ] 3 BUKOPHCTAHHSIM TpPbhOX TNaHenew mnoryxHicTio 3,5 BT, mMakcumanbHuUM
ctpymoMm 7 B ta crpymom 0,5 A. Jliia imiTamii ABOCTOPOHHBOI NaHENl 3 €HAHO JBa
€JIEMEHTH BHYTPIIIHIMU CTOPOHAMH OJIMH JI0 1HIIOTO. TpeTs maHelb OJHOCTOPOHHS Ta
B3sITa JUIS TOPiBHSAHHSA. [laHesi BCTaHOBJICHO Ha AaXy YOTUPHOX TMOBEPXOBOI OyAiBIIi 3
IUIOCKOIO MOKpiBIero. [[i1st 06’ €KTUBHOTO PO3YMIHHS T€Hepallii eKCIIepUMEHT TPUBaB
POTAroM 24 TOQuH.

st 3060py mammx oOpano kouTpoiep MCJ/I-200. Bin 3amucyBaB mapameTpu
€KCIIEPUMEHTY — MOTOYHHUM Yac Ta reHepoBaHuil cTpyM. Pe3ynbTaTu ekcriepuMeHTy
300paxkeHi Ha rpadiky:

leHepaLia pi3HUX TUMIB COHAYHUX NaHeNen
16
14
12
10

N OO

14:00:58
14:24:58
14:48:58
15:12:58
15:36:58
16:00:58
16:24:58
16:48:58
17:12:58
17:36:58
18:00:58
18:24:58
18:48:58
5:12:00
5:36:00
6:00:00
6:24:00
6:48:00
7:12:00
7:36:00
8:00:00
8:24:00
8:48:00
9:12:00
9:36:00
10:00:00
10:25:23
10:49:23
11:13:23
11:37:23
12:01:23
12:25:23
12:49:23
13:13:23
13:37:23
14:01:23

e [JaHENb OAHOCTOPOHHA MaHenb ABOCTOPOHHA

Puc. 1. IlopiBHAHHA reHepanii pi3HUX TUIIIB MaHeleh

3 OTpUMaHuX pe3yJbTaTiB BUJIHO TIEpEeBaru JBOCTOPOHHIX COHSIYHUX MaHEIEH:

- OUTBIII €PEKTUBHE BUKOPUCTAHHS ILIOIII;

- npupict KKJI B cepeauromy Ha 14%.

Ile no3Boisie oTpuMaTH OuIbIlIE €HEprii, SKy MOXHa HAKONUYyBaTH B
aKyMYJISITODHUX OaTapesiX Ta BUKOPHUCTOBYBATH Ha pPE3EpBHI MOTPEOU Ba)KIMBUX
CUCTEM TaKHX SIK 3B’SI30K, 1HTepHET Ta ocBiTieHHs. [llo B choromHimHIX peamisx
KUTTS TyKe aKTyaTbHO.

SKI10 po3riIsgaTé 3 EKOHOMIYHOI TOYKH 30PY, TO 00MpaTH 0Jpa3y ABOCTOPOHHI
COHSIYHI MMaHesl Ha Jaxu OyIMHKIB Ta (hacaau CTa€ BUTIIHO, TaK SK I[iHA B TTOPIBHSIHHI
13 3BHYAMHUMHM MaHEIIMH HE HaATO BiIMiHHA (B cepenHboMy Ha 5-10%), a y
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JIOBFOCTPOKOBIM MEPCHEKTHBl 1€ 3HAYHO MIJABUILYE KIIBKICTh 3T€HEPOBAHOI
€JIEKTPOCHEPT1i.

JlocmipkeHHsT TTOKa3alo, M0 IBOCTOPOHHI COHSYHI MaHelNl BUTITHO OOupaTH Ta
BCTAHOBITIOBATH BXKE 3apas.

JITEPATYPA:
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CEPBICHU IHTEJIEKTYAJIbHOI OBPOBKH JIAHUX JJIS1 IHTETPAIIIL 3
OB’€EKTHUMHU XMAPHUMHU CXOBUIITAMHA

B cyuacHomy iHbOopMaIiitHOMyY cepeoBHIII CTIOCTEPITAETHCS CTPIMKE 3POCTAHHS
oOCsTIB JaHuX, SKI MOTPeOYIOTh HaAINHOTO 30epiraHHs Ta €(EeKTUBHOI OOPOOKH.
XMapHi CXOBHUIIA JAHUX BiAITPAIOTh KJIIOYOBY POJIb Y BUPIIICHH] IIUX 3aBAaHb. OTHUM
3 B@XJIMBUX HANPSAMKIB PO3BUTKY XMapHUX CXOBHII € IX IHTErpaiis 3 cepBicaMu
1HTENeKTyaIbHOI 00p00OKM nanux [1-4]. AkTyanapHICTh TEMU 00YMOBIJICHA TOTPEOOIO B
PO3po0ITi peKOMEH 111l 010 BUOOPY CEPBICIB IS IHTENEKTyaIbHOI 00pOOKH aHUX,
AK1 THTErpoBaHI 3 00 €KTHHUMH XMapHUMHU CXOBHIIAMU. KUTBKICTh 1 CKJIaa TaKUX
CEpBICIB MOCTIHHO 3pOCTAE.

[IpoBeneMo aHasi3 MOMIJIMBOCTEH 1HTEIEKTYyaIbHOI OOPOOKH JaHUX B XMAapHUX
CXOBHMILIaX HAMOUTBII BIJOMHMX XMapHUX NpoBaiaepiB: Amazon Web Services (AWS),
Microsoft Azure, Google Cloud Platform (GCP) ta Oracle Cloud Infrastructure (OCI).
Kosken 3 HuX mae cBoi peainizaiii 00’ ektHux cxoBunl: AWS S3, Azure Blob Storage,
Google Cloud Storage, OCI Object Storage. Bci BoHM MOXYTh 1HTErpyBaTHCh 3
PI3HOMaHITHUMH CEpBICAMHM  IHTEJEKTyaJlbHOI OOpOOKM JaHWX BIATOBIAHOTO
npoBaiiepa. [l 3pyyHOCT] HAIlIOTo aHalli3y Ta peKOMEH1alllid po3i0’eMo iX Ha rpymnu
3a MPU3HAYCHHSM.

Obpobrka mekcmosux Oauux BKJIIOYAE PO3MI3HABaHHS TEKCTY 3 JIOKYMEHTIB Ta
BUTATYBAaHHSA KOPHUCHOI 1H(OpMaIlii, Takoi SIK IMEHa, JaTH, aJpecd, a TaKOoX aHaji3
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Metoto  poOOTH  AOCHIAWTH  peajbHy  €()EKTUBHICTH
BUKOPHCTAHHS JIBOCTOPOHHIX COHSYHUX ITaHEJIEH B IIOPIBHSIHHI 3
KJIACHYHUMHU BapilaHTamu. /I bOrO s OPOBIB pE€abHUK AOCIIT 3
MOPIBHSAHHSM IIUX JBOX CHUCTEM /11 BUKOHAHHS IOCTAaBJICHOI METH
B p0OOT1 HEOOX1THO BUKOHATH HACTYIIHI 3aBIAHHS:

* (O3HallOMHUTHUCH 3 TUIAMH T4 BUJAAMH JIBOCTOPOHHIX IaHEIICH;

* IIpoBecTH peanbHUN H0CH1] €PEKTUBHOCTI PI3HUX THIIIB
ITaHEJICH,

* IligiOparu enexkrpooOIaJHAHHS Ta MaTeplaid Ha OCHOBI
IPUMHITUX TEXHOJOTIYHUX PIIICHB;

* Po3paxyBaru eleKTpHUYHI HABAHTAXKECHHS CUCTEMM;

00’ ekT H0CTiTKEeHHSI — €PEKTUBHICTh BUKOPHUCTAHHS
JBOCTOPOHHIX COHSYHUX MAHEJICH B YMOBAaX KUTIOBOIO OYJAUHKY.

IIpeamer aociaiaKeHHs — JBOCTOPOHHI COHSIYHI ITAHENI Ta iX
IepeBaru y IMOpI1BHSAHHI 31 3BUYaHUMM MTaHEIISIMHU.



JIBOCTOPOHHI COHAYHI MaHeJIi




JocaigxeHHs epeKTUBHOCTI HA NPAKTHIII
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BucHoBknu

JIBOCTOpOHHI COHSYHI TTaHEel 3apa3 aKTHBHO 3’ SIBJISIIOTHCS HA PUHKY.
[IpoBiBiM gocCiia 51 O0AYMB, IO PI3HUIL MK TBOCTOPOHHIMHU Ta
OIHOCTOPOHHIMU cHcTeMaMu Moke Oytu 10 20%. Bpaxoyroun
PIHULIIO y CKJIAHOCTI MOHTaXYy Ta BapTOCTI ABOCTOPOHHIX MOJIYIIIB
y TOPIBHSHHI 31 3BUYAaHUMH BHJHO, IO JBOCTOPOHHI IMaHENIl €
O1IbIII ONTUMAJIBHUM BHOOPOM.

3a paxyHOK 30UIBINIEHOT KUTBKOCTI TEHEPYIOYOT CHEPTi Ta OIHY 1 Ty
K 3aiiMaHy T[UIOILY, IBOCTOPOHHI MaHENl HaJAalTh MOKIUBICTH
3pO0OHTH CHCTEMy Habarato OUIBINOI MOTYKHOCTI Ta CTIMKOCTI Y
MOPIBHSHHI 31 3BUYaMHUMU MoayiasmMu. Came dyepe3 1€ oOpaHa
CHCTEMa YYyJIOBO IMIAXOAUTh JJIs 6araT0HOBer0BHX >KUTJIIOBHUX
OyIUHKIB. Bcranosienus naHejeii  poOUTH X O1JIBIII
(pyTYypUCTHYHMMM Ta HAJAE YMMAJll TIEPEBark MpU BIIKIFOYCHHAX
cBiTna. Ilix wYac M[EHTpami30BaHOTO €JIEKTPOIIOCTAYaHHs —Taka
CHCTEMa HaJa€ MOXIIUBICTH OTPMMYBAaTH JIOAATKOBI (pIHAHCH 3
OPOJaXy €IEKTPOECHEeprii 110 3CIICHOMY Tapn(by K1 MOJKHA
BUTPATUTH Ha PO3BUTOK IPWICNIOI TEPUTOPIl UM IIOKPAICHHS
1HIIIUX YMOB IIPOKUBAHHS.



