Inghopmaniinni mexnonocii, enexmponika,
MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,
mechanical and electrical engineering

ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma inscunipune, No 2(19), 2024

https://doi.ora/10.30857/2786-5371.2024.2.6
VK 621.31: IITABBOJIKIH O. O., IIITAMHAHA M. O.

535.215 Kuiscovruti nayionanvnutl ynigepcumem mexnonoeiti ma ousauny, Yxpaina

BJIOCKOHAJIEHHSI CHUCTEMMW YIOPABJIIHHSA TIBPHIHOIL
®OTOEJIEKTPUYHOI CUCTEMU JJIsI CAMOCIOKUBAHHSA
ZAKUTJIOBOI'O BYJIUHKY 3 PEI'YJIIOBAHHAM CIIO)KUBAHHSA

Mema. Yoockouanenns ynpasninus 2i6puoHol homoenekmpuunoi cucmemu Heumio6020 OYOUHKy 3
KOHOUYIOHEPOM MA Pe2yibO0BAHUM eleKMPUUHUM OOUIepoM OISl HASPIBAHHS 600U ULIAXOM NIOBULYEHHS
CMYNeHI0 BUKOPUCMAHHS eHepeii ¢homoenexmpuynoi bamapei HA CHONCUBAHHA, PO3GUMOK NPUHYUNIG
peanizayii cucmemu YnpasuiHHA eHepP2OCNONCUBAHHAM 3 BUKOPUCIAHHAM NPOSHO3).

Memoouka. Ananiz modcaugocmett 3acmocy8aHHs KOHOUYIOHEPA NPU PISHUX MeMNepamypax nosimps
ma 2enepayii pomoenekmpuunoi bamapei 3a CMaMmucmMuyHuUMy OanuMu. AHAni3 memnepamypHux pexcumie
bouinepa 3 ypaxysanHsam eHepeoCnoNCU8anHs KOHOUYIOHepa ma Xapakxmepy 3miHu 1020 ROMYHCHOCHI Y Yaci.
Bukopucmanns xomn 1omepro2o Mo0ent08aHHs 015 OYIHIOBAHHSA Pe3)bIMamis.

Peszynomamu. Po3pobreno cmpykmypy 010Ky pe2yno8ants ROMYICHOCmi 60tiepy 3 GUPI6HIOBAHHIM
CHOJCUBANHS 8 HACT ThA ANICOPUMM YIPABIIHHI MEMNEPATNYPHUM DENCUMOM OOILIepy 3a NPOSHO30M ceHepayii
Gomoenexmpuunoi bamapei ma memnepamypu Hogimps.

Haykosa mnoseusna. Possunymo cnocio peanizayii pezyno8anHss nomyscHocmi 6oiiepy 3
BUPIBHIOBAHHAM 2pApIKY 3a2albHOI NOMYNHCHOCME CNONCUBAHHA 6 uaci. Pozeunymo npunyun peanizayii
cucmemu YRpaeinHs eHep2oChONCUBAHHAM 3 UKOPUCIAHHAM NPO2HO3)Y MEMNEPAmypu nosimps ma 2eHepayii
Gomoenexmpuunoi bamapei 01 3a80anHsA MeMNEPAmypHux pesxicumis botinepy. Lle cnpusmume nioguwyenmio
BUKOPUCMAHHSL eHepaii homoenekmpuunoi bamapei ma 3MeHUEHHIO CONCUBAHHSL eLeKMPOEHEP2IL 3 MePedici.

Ilpakmuune 3nauenns. Ompumani piwienHs € OCHOB0I0 OJid NPOEKMYB8AHHS (HOMOeNeKMPUUHUX
cucmem 0Jis CAMOCHONCUBAHHA NPUBATNHUX OVOUHKIB 8 pa3i 3ACMOCYB8AHHS eNeKMPUUHO20 O0oliepy 8 cucmemi
3abe3neyenns Menyior 600010 ma KOHOUYIOHepY.

Knwuogi cnoea: zibpuona gomoenekmpuyna cucmema, pecyir08anHs NOMYdHCHOCMI 0Ooirepy,
BUPIGHIOBANHS NOMYICHOCII 8 YACT; YIPABLIHHA 30 NPOSHO30M; MOOETIOBAHHS eHep2eMUUHUX NPOYECIE.

Bceryn. BukopucranHs BiTHOBITIOBAJILHOI €HEPTii 3apa3 € T100aIbHOI0 CBITOBOIO TCHACHITIEIO
PO3BHUTKY JIOACTBA. BUPOOHHMIITBO «3€NIEHOI» eNeKTpOeHeprii MOCTIIHO 3pocTae, 1€ CTOCYEThCS 1
noOyTOBUX CIOKHMBauiB. BaXJIMBUM acnekTOM € MaKCHMajbHE BUKOPHCTAHHS I[bOTO PeCypcy Ha
CMOXMBAaHHA. [HTEepec 100 MJOCATHEHHS MaKCUMAalbHOTO CaMOCIOXKHUBAHHS €JIEKTPOEHEpril
BITHOBIIOBaHUX JpKepen enekrpoeHeprii (BJE) mis nokanbHUX TIOpUIHUX CUCTEM, MiAKITIOUESHUX
70 MEpeXi, 3pOCTae cepell BIACHUKIB CUCTEM 1 B HayKOBii cnijbHOTI. Jl0 TOTO X, y HM3II KpaiH
€Bpony BIJIMOBIIIFOTHCS Bl CTHUMYJIIOBaHHS JIOKATI30BAaHOTO BHPOOHHIITBA E€IEKTPOCHEPTrii Bij
HeBenukux poroenekTpuunux cucteM (PEC). BukiioueHHs eKcropTy HaJIMIIKOBOI €Heprii B pasi
MTOBHOTO CIOKMBAHHS J03BOJINTh 3HU3UTH HABAHTAKEHHS HA PO3MOJIIILYI MEPEXKi CICKTPOCHEPTii.
TakuM 4MHOM, CAMOCITOKHMBAHHS € BAKIIMBOKO MOJIEIUII0O BUKOPUCTAaHHS JOKaJIbHUX cucteM 3 B/IE,
0CcO0MBO, B pa3i BIACYTHOCTI MUIbroBux TapudiB. OTe, MABUIICHHS CTYINEHsS BUKOPUCTAHHS
ereprii B/IE B mpuBaTHOMY CeKTOpi AJIs 3HUKEHHS BUTPAT HA €IEKTPOCHEPTiI0, 1110 CIIOKUBAETHCA,
IIPU 3HIDKEHHI €KCIIOPTY B MEPEXKY, aK 0 HOTo MOBHOTO BUKIIIOUEHHS], € aKTyaJIbHUM 3aBJJaHHSIM.

AHaJi3 momepexHix XOCHiTKeHb. Y OrsaoBiid poOoTi [1] y3arambHIOIOTBCS iCHYROUI
JOCITIDKEHHS 110/10 camoctioxuBaHHsl eHeprii ®EC miist )KUTIOBUX CUCTEM. 3a ITbOTO MPOITOHYETHCS
BU3HAYaTH CAMOCHOXKMBAHHA SIK YaCTKy 3arajgbHOro oOcsAry (OTOENEKTPUYHOI eHeprii,
Oe3rnocepenHbo criokuBany BiacHuKoM @EC. Bu3HnadaeThcsi 1Ba OCHOBHMX YMHHUKH 301JIbIIICHHS
BJIACHOTO criokuBaHHs. Lle 30epiraHHs eHeprii Ta ynpaBliHHS HaBaHTAXXEHHSAM (a00 KepyBaHHSAM
mornutoM). Po3BuTOK miei pobotu mpeacrasicHo B [2]. YV poGori [3] Takok 3a3Ha4a€ThCS, IO
BUpIIICHHS MpOOJIeM eHepreTHyHoro Oamancy B kurioBux OymuHkax 3 @OEC mnoB’s3aHo 3i
CKOPOUYEHHSM EKCIIOPTY €HEPTii B MEpEekKy Ta 30UIBIICHHSIM i1 JIOKAIBHOTO CTIOKUBaHHS. OOMEKEHHS
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eKCIOPTY HAJIUIIKOBOI €Heprii B Mepexy /A0 IMOBHOIO HOro BHKIIOYEHHS € (YHKLIEIO, M0
nepeadavaroTh cydacHi riopuani inBepropu it PEC modyroBux crioxusayis [4, 5].

B po6ori [6] 3a3HaueHo, 1110 HaiiOLIbIIa YacTka (10 65%) crioXkMBaHHS €HEPril y KUTIOBUX
OyIuMHKaxX TIOCia€ OMajeHHS NPUMIIICHb, 30Kpema, 15% BUKOPUCTOBYETHCS Ha HarpiBaHHS
no0OyToBoi Boau. Lle % KOHCTaTyrOTh y poOoTi [7], J¢ 3a3HAYCHO, IO OCBITJICHHS Ta OMAJCHHS,
BEHTHJIAIIS T4 KOHIMIIIFOBAHHS € OCHOBHOIO CKJIaJIOBOIO 3araIbHOTO €HEPTOCIOXHUBAHHS OYIiBEIb.
L{s oOcTaBMHA BU3HAYAE HAMPSM OLIBIIOCTI POOIT.

Onrtumizamiro  QOTOETEKTPUYHOTO CIIOKUBAHHA 3 BHUKOPUCTAHHSIM CHCTEM Tapsdoro
BOJIOTIOCTaYaHHSI PO3IISIHYTO B po0oTi [8]. 3a 1iporo Hammumkose BupoOHUITBo ®EC 30epiraerbes
y pe3epByapi 3 rapsdor BOJIOI0 SK TeruioBa eHepris. [Ipu 3amoBHEHHI pe3epByapa HAJIUIIOK
(hOTOENEeKTPUYHOI eHEPrii MPOAAETHCA B MEPEXKY. ABTOPH HAroJjONIyIOTh HA BEIMKOMY MOTEHINA]
eJIeKTpU(IKOBAHUX CHCTEM raps4yoro BoJonocTadyanus Juist BukopuctanHs eneprii ®EC 3a paxyHox
yIpaBIiHHS eHeprocnoxkuBaHHsIM. OHAK BUKOPUCTAaHHS JOJATKOBOTO pe3epByapa-HAKOMMYyBayda
HE 3aBXKIU MOXJIMBE. A TIPOJIaXK HAJUTUIIKY (OTOETEKTPUYHOT eHepTii y Mepexy 30epiraerbes. I e
MaTUME MiCIle BIITKY, KOJIM TeHeparis ¢oroenekrpuyHoi Oarapei (Pb) € makcumanbHOO.
[TnanyBanHs vacy po0OOTH MoOyTOBOT TeXHIKM B poOoTi [9] mpercramieHO sIK ojfHA 3 HAHOLIBII
e(eKTUBHUX CTPATETii YIIPaBIiHHS JOMAIIHIM €HEPrOCIIOKMUBAHHIM. 32 IbOTO MOXKHA 3MICTUTH Yac
pobotu moOyToBUX TpwiIaniB Ha mepion Bucokoi renepaiii ®EC. Cucremu 30epiraHHs eHeprii,
30KkpemMa, akymynsaTopHi 6arapei (AKDB) mominpHO BUKOPUCTOBYBATHCS IS 3aps/KAHHS Yy Tepioan
HU3BKHUX I[iH, a TAKOX TPU HAIUIIKY (OTOCIEKTPUYIHOI eHeprii. Po3psaka MOXIIMBa B TEpioaH
BHUCOKUX IIiH Ta HecTaui eHeprii PEC.

B po6oti [10] gocmimkyeThest MOTEHITIAN YIIPABIiHHS TOMUTOM MUIIXOM 3CyBY 4acy IOIMUTY
enekTpoeneprito. Ha mpukiaai moOyToBoi MOCYIOMHUWHOI MAIIMHU JIEMOHCTPYETHCS MOXKJIUBICTD
301IBIICHHS BIJIHOBIIIOBAHOI EJIEKTPOCHEPrii, IO CIO0XXUBAETHCS, 3 OJHOYACHOIO (PIHAHCOBOIO
€KOHOMIEI0 ISl CTIOKMBada. TakoX MOJIMBE 3HM)KCHHS TIONMHUTY B TOAWHU MK OUThI sik Ha 60%.
ABTopu [5] BBaXKaroTh, 110 TaKi BAXKJIMBI HABAHTAKCHHSI, SIK OCBITJICHHS Ta OMAJICHHS, BEHTUJISILIIS Ta
KOHJIMIIIFOBAaHHS MOXXHa O€3MepepBHO PETYJIIOBAaTH 3a JOIMOMOTOI PETYJIIOBaHHS SICKPaBOCTI,
TEPMOCTaTyBaHHs Ta/ab0 KepyBaHHS MIBUAKICTIO BEHTHISATOpPA. TaKUM YWHOM, MEPCIEKTUBHUM €
aKTUBHE YOpPAaBIIHHA TOMUTOM 13 PpEryJIIOBaHHAM €HEpProcrnoKMBaHHA. IlepcrneKTUBHICTH
BUKOPUCTAHHS HABAHTAXXEHHS 3 PEryIhOBAHOIO MOTYXKHICTIO SK €lIEMEHTa CHCTEMH ONTHMi3allii
CHEPrOCIIOKMBAHHS CTBEPIKYETHCS TAKOK B poOoTi [11].

B po6ori [12] moesHaHO BUKOPHCTaHHS IUTAHYBaHHS CHEPTrOCIOKUBAHHS IIPUBATHOTO OYIUHKY
3 BHUKOPHCTaHHSIM CLEHapliB Ta BUKOPUCTAHHSAM EJIEKTPHUYHOIO HAKOMHYyBaJbHOTO OOMiIepy 3
PEryJIbOBaHOIO TMOTYXKHICTIO. 3a IbOTO PO3MVISIHYTO MiJBUINEHHS CTYIEHS CIIOKMBaHHS EHEeprii
dotoenektpuuHoi 6arapei (OBb). [IpoTe aBTOpH 0OMEKUITICS peaTi3alliero YIpaBmiHHS 3 GOpMyBaHHS
crany 3apsay AKB SoC(t) npu renepauii @b Buile JiTHBOT CEpeAHLOMICIYHOI 3 BUKOPHCTaHHIM
KoHauITlioHepy. He BupilieHO MUTaHHS KEpyBaHHS TeMIIEpaTypHUMHU peXUMaMu Ooiyiepy TpH 3MiH1
reHepanii @b Ta NPOAYKTHBHOCTI KOHIMIIOHEPY. TakoXk po3riif] OOMEXKEHO BHUKOPUCTAHHIM
IHBEPTOPHOTO KOHAMIIIOHEPY 3 PIBHOMIPHUM CIIOYKWBAaHHSM €HEPTii B 4aci 3T1JHO MPOIYKTHBHOCTI.

[TixBuieHHs cryneHs Bukopuctanus eneprii BJIE Ha crioxuBaHHS MOKJIMBE 32 YMOBU BUKO-
puctanHs mporuo3y reueparitii ®b. Y pobori [13] mpeacrasiero pitieHHs 3 BAKOPUCTAHHSIM IPOTHO3Y
rerepauii ®b mis popmysanns rpadika SOC(t) AKB. BukoprcToBytoThest JaHi MPOTHO3y TreHepailii
oJHOTO 3 BeO-pecypciB [14, 15]. 3acTtocoByeThest qaHe pileHHs, Koiau rerepariiist @b € HeaocTaTHROI0
1151 3a0€3MeUeHHS] HABaHTAXXEHHS 00’ €KTY 1 HEZIOCTATHS €HEPrisl CIIO’KUBAETHCS 3 MEPEXKi.

IlocranoBka 3aBaanHs. [ligBuieHHs cTyneH0 BUKOpucTaHHS eHeprii @b B ribpumgHii
CHCTEMI eJIEKTPOKUBIICHHS KHUTIOBOTO OYAMHKY U1 3a0€31eUeHHS BIIACHHUX MOTPEO € MOXKIIMBHUM 32
YIOCKOHAJICHHSAM YIpaBiIiHHSA OoiJiepy CHUCTEMHU TEIJIOBOJONOCTauYaHHsA. 3a LbOro mnoTpedye
BUPINICHHS P/ MUTaHb IOJI0: MOXJIMBOCTEH BUKOPUCTAHHS 3 PI3HUMH THUIAMH KOHIUITIOHEPIB;
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BpaxyBaHHsI MporHo3y reHepauii @b Ta TemmepaTypu TOBITPS B TIpolLeci KepyBaHHS
TeMIIepaTypHUMH pekuMamu Ooiiiepa ta popmysanus SOC(t) AKB.

Meta poboTH mosirae y BAOCKOHAJEeHHI ympasiiHHS riopuanoro ®EC nias KUTIOBOTO
OyIMHKY C KOHJIMIIIOHEPOM Ta PEryJIhOBAaHUM CJICKTPHUYHUM OOMJIEpOM JIsI HarpiBaHHS BOJH
[UIIXOM TIJABUINEHHS CTYICHsI CHOXXUBaHHS (POTOENEKTPUYHOI €HEeprii Ta 3HWKCHHS BUTPAT Ha
€JIEKTPOCHEPTIIO.

3aBnaHHs I BUPIIICHHS:

- BHKOHATH OIIHKY MOXKJINBOCTEH BUKOPUCTAHHS KOHIMIIIOHEpa 3a pizHoi reHepartii @b ta
TEMIIEPATypH MOBITPSI 3 BAKOPUCTAHHSIM CTATUCTUYHHX JTAHUX;

- pO3pOOWTH aNTOPUTM YIPABITIHHS TEMIIEPATypPHUMH PEKUMaMH OOWUJIEPY Yy BCHOMY
niana3oHi 3MiHIOBaHHs reHepanii @b Ta eHeprocmnoXuBaHHS KOHIUIIIOHEpa 32 BUKOPHCTAHHSIM
JTaHUX MPOrHo3y rexepariii @b ta TemnepaTypu moBITPS;

- OOrpyHTyBaTH peaji3allilo yIpaBliHHSA MOTYXHICTIO Ooiiyiepa B pa3i BHUKOPUCTAHHS
KOHJIUIIIOHEPY, TMPOAYKTHUBHICTh SIKOTO PETYJIOETHCS 3MIHIOBAHHSM TPHBAIOCTI PEKHUMIB
MaKCUMAaJIbHOI Ta MiHIMaJIbHOT MMOTYKHOCTI;

- BHKOHATH MOJICIIIOBAHHS 3 OIIHKOIO €()eKTHBHOCTI 3aIPOTIOHOBAHMX PIIICHb.

OcHoBHI MaTepiaau gociaigxeHHsi. Posrisnaersesa riopuana @EC npuBaTHOTO KHIOTO
OyanMHKY. 3a OCHOBY IPUUHATO CUCTEMY, HaBeAEHY B po0OoTi [12], 3 BUKOPUCTAHHSAM CIIEKTPHYHOTO
HaKOMUYYBAIBHOTO Ooiiniepa Jist 3a0€3MeUeHHs TEIUIOK0 BOAOK0 Ta KOHAMIIIOHEpa. JIJIT MOKIUBOCTI
3ICTaBJICHHS OTPUMAHMX PE3YJbTATIB PO3IIISAAIOTHECA Ti K Trpadikd eIeKTPOCIOKHBAHHS Ta
CTMOXHMBaHHS TEII0i BoAH. SIk 1 B poOoTi [12], anst crpolieHHsT pO3TisgaeThCsl CKOHIIGHTPOBAHE
CIIOKMBAHHS TPHOX OOCATIB TEIUIOI BOAW MPOTATOM IHS: BpaHIN, BACHL Ta BBeuepl. ['padikm
TeMIepaTypy BOau B Ooityiepi 7 HaBeAeHO Ha puc.l mpu moaiii Ha iHTepBamu yacy: paHok (1, 2),
nennunit yac (to, t3), Beuip (13, ta). [ToTyXHICTh €JIEKTPOCIIOKUBAHHS Mae paHkoBui (i1, t2) Ta BeuipHii
ik (14, ts). Takosk 30epekeHO KOHIIETIIIIF0 BAKOPUCTAHHS [Tl HarpiBaHHS BOIU HAIHIIKOBOT CHEPTii
@b, sika HE BUKOPHUCTOBYETHCS Ha CIIOKMBaHHS HaBaHTakeHHAM Ta 3apsag AKDB. e € moxinBuM Ha
inTepBai (2, t3), koau renepanis @b gocratus. [Ipu Bucokiit rerepariii @b Takok mepeciiayeTses
3aBaHHs MakcuMainbHoro 3apsay AKDB y nenHuit uac 3 moganbiimM BUKOPUCTAHHSAM y BEUipHIN yac
Ta TOJIMHM BEYIPHBOTO MMIKY JIJIS1 3HIKCHHSI CTIOKUBAHHS 3 MEPEXKIi.

Amnani3 apxiBHHX JaHuxX reHepauii @b ta TemmnepaTypu moBITps Uz JUIS JIITHBOTO MEPIOTY
(2016 pik) moka3sye, mo Bucoka reuepaitiss Wpy>5 kBt (makcumansHa 6 kBt) mana micre 30 aHiB.
[Tpu npomMy Temmeparypa 3MiHioBanacs BiJ 24 °C (IpUIHATO SK HIDKHE 3HAYCHHS TEMIEpPaTypH,
KOJIM BKJTFOYAETHCS KOHIUITIOHEP) 10 34 °C: mpoTarom 6 IHIB CEpeIHE 3HAYCHHS TeMIepaTrypH (C
11:00 mo 20:00) 24-26 °C; 15 nniB — 26-29 °C; 7 auiB — 26-29 °C. TakuM 4HMHOM, KOHIHIIIOHED
BHUKOPHUCTOBYETHCS 3 PETYITIOBAHHSIM IMPOAYKTHBHOCTI y IOCUTH IMIUPOKOMY fAiana3oHi. ['enepartis @b
JIMILE HA PIBHI CEPEIHHOMICSIUHUX 3HaYCHb MaJla Miclle IepeBaXHO MpH Temneparypax 24-28 °C.

[Ipu TomMy camomy 3HaueHHI TeHepamii ®Pb Temmeparypa mOBITpsS MOXE I1CTOTHO
BigpizHaTUCs. [Ipu iboMy MOXkITBE (DYHKIIIOHYBaHHS 3 KOHJHUIIIOHEpOM Ta 6e3 KoHauiionepa. Kpim
TOT0, KOHAMIIIOHEP MOXE BKJIIOUATUCH Y pi3HUH yac. Po3risiHemo poboTy cucTeMu 3 BUKOPUCTaHHIM
MPOTrHO3Yy MOTYXHOCTI rerepaunii @b Ppy Ta Temnepatypu noBiTps tp 3 auckpernictio 1 ywac. s
1[,Or0 OJIOK KepyBaHHs gomoBHeHO Wi-fi Mogynem st 3B'13Ky 3 BeO-pecypcom [14, 15] ta moayiem
PO3PaxXyHKY I KEpYBaHHS TeMIIEpaTypHUM PEKUMOM Ooiimepa.

Bukopucranns 6e3 konauiionepa (<24 °C). Hagmumkosa eneprist @b Ha HarpiBanHs Bou
y Ooitepi Wp23 Ha inTepBadi (t2, ta)

Wi25=Wpv2s-nc — W23, 0

ne Wpv23 — po3paxyHkoBe 3HaueHHs eHeprii @b Ha iHTepBai;
W\ 23— po3paxyHKOBE 3HaYCHHS €HEPTii, 10 CIIOKUBAETHCS HABAHTAKCHHSIM;
nc — KKJI neperBoproBaua eHeprii.
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Sxmo Wg23 <0 HarpiBanHs HE 3A1MCHIOETBCS 1 B MIpYy BUTPATH TEIUIOI BOJM TeMIIeparypa
BOaM B Oomiepi 3HWXKYeThbcs. HaBiTh SKIIO MOYaTKOBE 3HAYCHHSI TEMIIEPATypH 7 JOPIBHIOE
MaKCHUMaJbHOMY 3HaueHHI0 75 °C, 3HaYeHHs TeMIepaTypH BoJH y Ooiiyepi BBeuepi 73 Oyae HUK4IE
3a kompoptHe 3HaueHHs 37 °C (kpuBa 1 Ha pwuc.l). lle € HempunmycTHMUM 1 HEOOXiTHO
BUKOPHCTOBYBaTH f01aTkoBe HarpiBanHs AWgy = C-V A7 (¢ — TemmoemMuicTs Boau, V — 00'eM BoaH B
Ooitepi). [nsa mpuiinatoro rpadika BuTpar Temsoi Boau 3HaueHHs Ar > 3 °C. HarpiBanHus
3nifcHIOEThCs Ha iHTepBaii (t1, t2) (Ha puc. 1 (kpuBa 2) abo (t2, t3)). HarpiBaHHS 10 3HAUCHHS 70
3MIMUCHIOETBCA BHOYI. Takok mependadeHo He3ajaekHe JT0AaTKOBE HarpiBaHHS BOIMW MPU 3HMKCHHI
temneparypu Huxk4de 38 °C no 3naderHs mvin = 40 °C. Ile koMneHCye MEepEeBUIICHHS CIIOKUBAHHS
BUIIIE 32 IPUHHATHN Tpadik.

3nauenas Wg23 > 0. IIpu Wp23 < AWy eHeprist Ha 10AaTKOBE HarpiBaHHS 3HUKYETHCA. 3a
YMOBU MaKCHMaJbHOT'O BHKOPHCTAaHHS Ha/uuIIKoBoi eHeprii @b na HarpiBanus Bogu npu Ws2; >
AWpg 3HaYeHHST 72 Ma€ MaTH MiHIMalIbHO MOuBe 3HaueHHS. [Ipu 1bomy We2smaxy < CV-(max -
T2MIN), 1O BiamoBigae kpuiii 4 Ha puc. 1. Bukopucranns 3 kouauiionepom (tz > 24 °C).

B pobGori [12] po3risHYTO BUKOPHCTaHHS IHBEPTOPHOTO KOHJAMUIIIOHEpa, KOJIU
€HEPTOCIOKMBAHHS € PIBHOMIPHMM Ta MOTYXHICTh BIJIIIOBIJIa€ MOro MpOAYKTHBHOCTI. BomHodac
IIMPOKO TOIIUPEHI KOHIMIIIOHEPH, B SAKHX PETYIIOBAaHHS MPOAYKTUBHOCTI 3/IHCHIOETHCS 3MIHOIO
TPUBAJIOCTI PEKUMY MaKCUMAJILHOT Ta MiHIMAJIBHOT TOTYXHOCTI. [Ipu 1ipomy 3a 1iukit podotu 7' = At
(puc. 2) maemo 4ac ton, KOJIM MOTYKHICTh KOHaUIIIOHEpa Pk = Prr (Pxr — HOMiHAJIBHA MTOTYKHICTB ).
Cepente 3Ha4eHHs TOTYXHOCTI Pxc = yPxr (¥ = ton/ T). Ilpu uibomy 3HaueHHsS Pxr € TOCUTH BEJIUKE
(y po6orti [12] Pxr=980 BT), 1110 npu3BOaANTH 10 3HAYHUX KOJIHMBAHBb MOTYKHOCTI HAaBaHTaXKCHHS
APL= (Pumax — Puvin) = 1 kBt. Lle ocobmuBo mposiBisietbest pu ctani 3apsany AKB Q*>Q*q
(Q* = Q/Qr — cran 3apsany SoC (%), Q=Q, +I I;dt, Q*o — mouarkoBe 3HaueHHs, Qr — BiAMOBiga€e
emHocTi AKDB Cp (A-ron), Q*d — BiANOBia€ epexoy B PEKUM 3apsiy 3 OCTIHHOIO HAIIPYTO0 IpH
3HWKEHHI cTpyMy 3apsay s [16]), komu AP 3nauHO nepeBuiiye notTyxHictsb 3apsny AKB. Lle npu

BUKITIOYECHHI €KCTIIOPTY €HEprii B MEpPEKy 3yMOBIIO€ HEOOX1THICTh 3HIKEHHSI TOTYKHOCTI TeHepartii
®b Ta mpU3BOIUTH IO HETIOBHOTO BUKOpHCTaHHs eHeprii @b Ha crokuBaHHS.
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P At At
a) 0)

Puc. 2. IlppHIMn BUPiBHIOBaHHSI CyMAPHOI OTYKHOCTI 0oiijiepa Ta KOHANLIOHepa NpH:
a) Plgi <Pkg; 6) Plgi> Pkr

»
Ll

\ 4
A

Takum 9YuHOM, TIPH PETYJIIOBaHHI MOTYKHOCTI Ooiiepa mo BinaxuiaeHHI0 Q* 11010 3a1aHor0
3HaueHHs Q*r(t) BUHHMKAae IOMaTKOBE 3aBOaHHs — 3a0€3MEUUTH BHUPIBHIOBAHHS IOTYXKHOCTI
CHoXKMBaHHsA y 4acl. [Ipu po3riasHyTOMy CHiBBIAHOIIEHHI MaKCUMaJIbHUX 3HAYCHb MOTYKHOCTI
ooiinepa Ppr = 1.5 kBt ta konauuionepa Pxr = 980 Bt (Psr> Pxr) 11e peanbro. CymapHa moTyKHICTh
y npomy Bunanaky (Ps+ Px) < Par.

[TpuHIIMTT BUPIBHIOBAHHS CyMapHOi MOTYXXHOCTI Ooiijiepa Ta KOHIHWIIIOHEpa Ha IHTEpBal
JTMCKPETHOCTI pETYNIOBaHHA TMOTY)XKHOCTI Ooiinepa umoctpye puc. 2. Kpok AHMCKpeTHOCTI
perysoBaHHs MOTYKHOCTI Ooiiepa At = 7' 3a1ae€ThCs IMTUKIIOM pOOOTH KOHIUITIOHEPA 32 BUMIPSIHUM
3HAYEHHSIM HOro moTyHOCTi. [1oTyXHICTh Ooityiepa Ha I-TOMY iHTEpBaIi JUCKPETHOCTI 3a/1a€ThCS
peryastopom [12] 3a Bigxunenusm crany 3apsay AKb Q* BigHocHo 3aganoro rpadika Q*gr(t) sk

_ K(Q*R_Q*M)!if (Q*R _Q*M)<O
"10,if Q% —Q*y) 0.

ne Q*y — BUMIpsIHE 3HAYCHHS,
K — xoedilieHT MiICUICHHS PETYISITOpA.

1)

3HaveHHs Pgi mepepaxoBy€eThCs 10 TPUBAJIOCTI IHTEPBAIY, 10 BiNIOBIJa€ BAMKHEHOMY CTaHy
KOHJIUIIIOHEpa

P.
Pl =—8, 2
o= @
3Ha4YCHHS OTYXXKHOCTI Ooiisiepa st iHTepBany ton (pu oomexenHi Pgii < (Psr — PkRr))
(P'&i-P )1—7), if P'ai > Py
Bli — " (3)
0, if P'ei < P
3Ha4YeHHs NOTYXXHOCTI Ooiisiepa s iHTepBally BUMKHEHHS KOHIMIIIOHEepa
((P'8i-Pgg )A—7) + Py ), if Plai > Pg
B2i — 4)

Plai, if Plei < Py

3a3HauuMo, 110 Y IOMY BapiaHTi MOPIBHSIHO 3 BUKOPUCTAHHIM 1HBEPTOPHOTO KOHAMITIOHEPA
Ma€eMO 3HIDKEHHS TPAaHUYHOI CyMapHOi MOTYKHOCTI Ooiiniepa Ta konauuionepa Pc;. Tak npu y= 0.6
orpumyemMo Pc;=1.5«Bt, npu imBepropHomMy koHmumionepi Pc2=YyPxr+ Ppr=2088 Br. lle
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MPU3BOAUTH 10 OOMEXKEHHS PIBHS ITiIBUIIEHHS CIIOKUBaHHS. KOMIPOMICHUM € TiABUIIEHHS MEXi
Pg1i < (bPsr — Pkr) mpu 3uauenni b 3anexxno Big nporuosy rerepariii ®b six b =1.1 o b =1.3. Ile
Jla€ MOXKJIMBICTH 30UIbllyBaTH Pc;; mpu miaBHIeHHI reHeparii @b Ta He3HauYHOMY KOJMBaHHI
CYyMapHO{ MOTY>KHOCTI.

3aganHs TemreparypHoro pexumy. Ha moment vacy t (11:00), komu Bike TOCHTH 5KapKo i
TUTAHYETHCSI BKIIFOUEHHSI KOHMIIIOHEpPA, MOT0 €HEeProCIOKMBaHHS HeBigoMe. MOXKINBE HACTYITHE
pimenns. OniHtoeThes GakTuyuHe (BUMIpsiHE) 3HaUYeHHs cTany 3apsaay AKDB Q*2, dopmyeTnes rpadik
Q*r(t) 3 pospaxynky Q*3— 100% 3 muckpernictio 0,5 wac [12]. 3rigHo AQ*23 = (Q*3 — Q*2)
BH3HA4YaEeThCs eHepris Ha 3apsia AKB

AWg23= 0.014Q*23We/1 113,

ne Wg = Cp-Ug — ereproemuicts AKB;
ns — KKJI akymynstopHoi 6aTapei.

HapnumkoBa ecuepris ®b na intepBami. (f2, t3), ska MOXe BHKOPHCTOBYBATHCS IS
HarpiBaHHs Ooiepa

Wp23=Wpv23- ¢ — W23 — Pkr(ts — 12) — AWa2s. (5)

Posrasmaemo rpanudHME BUNIAIOK a1 y = 1.

IIpu W23 > 0 mae micue noBumii 3apsig AKb Ta narpiBanus 6oitnepa. [Tpuiinsatomy rpadiky
00CATIB CITOKMBAHHS TEIUIOI BOAM BIJIMOBIJIA€ €HEPTis, IO CIIOXUBAaeThCs Ha HarpiBaHHS Wry, B
nanomy Bumnaaky Wgy = 3880 Br. Lle 3nauenns eneprii 3abe3neuye 1000BHii OanaHc TemrnepaTypu
Boau B Ooinepi mpu m = 7x. Otpumane 3rigao (5) suaueuus Wp23 npu Wiz < Wry Bu3Havae
TeMriepatypy HarpiBaHHs Bogu Ans = Wp2s/cV. V pasi nepeumieHHs yactuHa eHeprii @b, ska
nopiBHIoe (Wp23 — W) Oyzne He BUKOpHCTaHa.

3 ypaxyBaHHSM 3HaueHHs A 723 Tpadik HarpiBaHHs HaOyBae BUTIISAY KpuBOi 3 a00 4 Ha puc. 1.
[Ipu uboMy 3HaUEHHS 7, 73 BA3HAYAIOTHCS 32 YMOB

n=((MmiN +A413) —A) > aiN, = 2mIN + A+ An,

ne Arn, An, A3 — 3HWKEHHS TeMIepaTypu BOJAM y Ooiiepi uid NPUHHATUX 00CATIB
CIIO’KMBAHHS BOJM Ha IHTEpBaJIaX MPOTSATOM JHS.

Sxmo paxtruHe 3HaueHHS ¥ < 1 rpadik 30epiraeTbcs y yacTUHI 3HAUYEHb 7, 71, 72, SHAUYCHHS
W23 1 A 123 301TBITYFOTHCH.

ITpu W;23 < 0 3navenns Ansz = 0 maemo rpadik 2 (puc. 1) 3 10JaTKOBUM HarpiBaHHSM.
JlonatkoBe HarpiBaHHsi 3hilicHIOeThess Ha iHTepBanmi 12:00-13:00. SIkmo KoHAUWIIIOHEpP HE
BBIMKHYBCSI, TOJaTKOBE HarpiBaHHs He BUKOpUCTOBYeThbcs. [Ipu renepamii @b wmxdue 0.5 momo
CepeIHbOMICAYHOI JIITOM BBOAUTHCS oOMekeHHs ctany 3apsany AKB Q*min > 50%, mio mae Ha MeTi
MIIBUIIATHA TEPMiH HOTO eKCILTyaTartii.

PesyinbTaT Moaed0BaHHS. MOJENIOBaHHS EHEPreTHYHUX IMPOLECIB BUKOHAHO 3
BUKOpHCTaHHIM Mojeni [12], ska qomoBHeHa 070Kk0M (GOpMyBaHHS 33JaHOT0 3HAYEHHS IMOTYKHOCTI
Ooitiepa BianosigHo 10 (1) — (4).

PosrnsHyTo BapiaHTH KepyBaHHS 3 BHUPIBHIOBAaHHSM IIOTY)KHOCTI Oomnepa Ta 0e3
BUpiBHIOBaHHs. JlaHi HaBeaeHi B Ta0i. 1 npu eneprocnoxxuBanHi konaumionepay = 0.2, 0.4, 0.6, 0.8
JUIS JIITHIX JTHIB 3 MaKCUMabHOIO reHepaiieto @b ta reHepaiieto 61M3bK0I0 10 CEPEAHBOMICIIHON.
[Ipu iboMy BpaxoBYBaBCsl TOJATKOBHA MIAITPIB BOIN, HEOOX1THUH JIJIsl MIATPUMKH TEMIIEPATYPHOTO
peXUMY TSI TPUHHATOrO rpadika CHOXUBaHHS Terioi Boau. Y Tabn. 1 HaBeneHO 3HAYCHHS
eHeprocnokuBanHs Ooinepa Wp23+ Wy, 3arambHOro cnokuBaHHs — enektpoeHeprii Wic,
HeBukopuctanoi eHeprii @b (abo renepariist eneprii y mepexy) Wg, Crio>)KuBaHHS €JIEKTPOEHEPrii 3
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Mepexi 3a 100y), CTyIiHb 3HI)KEHHSI BUTPAT Ha €JIEKTPOCHEPTrilo 3a OJHi€l CTaBKH Tapudy oriaTtu
Ke1 Ta 1715t 1BOX cTaBOK Tapudy Kez (Hiunmii Tapud npuitasto 0.5 Big 1eHHOTO).

Tabnuys 1
Pe3yabTaTn MoaeI0BaHHsI
7, | We23+Wpgg, | Wic, Wy, Ke1, Ke2, | Wr23+Wpg, | Wie, | Wy, Ke1, Ke2,
B.O. Bt Bt Bt B.O. B.O. Bt Bt Bt B.O. B.O.
3 BUpiIBHIOBAaHHM rpadiky MOTYKHOCTI be3 BupiBHIOBaHHS rpadiky NOTYXKHOCTI
Jlens niTa 3 MakcuMabHOO reHepaitieto Ob
0 3802 17230 | 3171 | 471 | 4.94 3802 17230 | 3171 | 471 | 4.94
0.2 3802 19000 | 2033 | 7.576 | 8.19 3802 1900 | 2091 | 7.294 | 7.858
0.4 3802 20760 | 940 | 10.39 | 11.51 3.802 20760 | 1124 | 8.7 | 9.46
0.6 3771 22520 | 26.53 | 11.8 | 13.26 2997 22520 | 824.8 | 6.393 | 7.536
0.8 2678 24290 | 20.55 | 6.65 | 8.176 2251 24290 | 461.6 | 5.355 | 6.569
Jlens 1tita 3 cepeqHbOMicsIUHOIO TeHeparliero Ob
0 2225 17230 | 32.67 | 7.208 | 11.59 2225 17230 | 32.67 | 7.208 | 11.59
0.2 | 1056+380 | 19000 | 69.6 | 4.565 | 6.339 | 994+380 | 18990 | 102.7 | 4.475 | 6.205
0.4 0+380 20760 | 119 346 | 461 0+380 20760 | 119 | 3.46 | 4.61
0.6 0+380 22520 0 3.03 | 3.738 0+380 22520 0 3.03 | 3.738
0.8 0+380 24290 0 2.639 | 3.068 0+380 24290 0 2.639 | 3.068
P, Bt
10Q*, % P o ~Ppy
101B, A Pev Y P
’ 1 e
oo [T ps g
o I
7.%C 1000 / H \ ih a)
, 't- Ch] U
L 1/ ‘h il n .\\
500 ox e i N
3 P === TR -U
s (]
-500 - B
-1 000, 2 4 6 8 10 12 14 16 18 20 22 t,roxn
P, Bt
10Q*, % TR Py
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1000 / s g 7= 0)
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—
10005 4 6 8 10 12 14 16 18 20 22 t,rox

Puc. 3. OcunjiorpaMu npoieciB 3a MAaKCHMAJIbLHOI MOTYKHOCTi renepaiii ®b:
a) 3 BUPIBHIOBAaHHSM IOTY>KHOCTI; 0) 6€3 BUPIBHIOBAaHHS MTOTY>KHOCTI

63



Inghopmaniinni mexnonocii, enexmponika,
MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,
mechanical and electrical engineering

ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma inscunipune, No 2(19), 2024

Ocuunorpamu notyxHocTi @b B pexumi MakCUManbHOT TOTYXHOCTI Ppym 1 3 BpaxyBaHHSIM
perymoBaHHsI Ppy (BHKJIIOUEHHSI €KCIIOPTY €HEPTii B MEPEXY), MOTYKHOCTI, IO CIHOKHBAETHCS 3
Mmepexi Pg, motyxHocTi Goitnepa Ps, Temneparypu Boau B Ooitnepi 7, crany 3apsiny AKb QF,
3arajbHOI MOTYKHOCTI CIIOKMBaHHsI OyqUHKY PLc UIs THS 3 MaKCUMaJbHOIO T'€HEpalli€l0 HaBeeHI
Ha puc. 3, ay = 0.6 3 BUpiBHIOBaHHSM MMOTY>KHOCTI Ta Ha pucC. 3, 6 6€3 BUPIBHIOBAHHS MOTYXXHOCTI.

3MiHY TEMIIEpPaTypHOTO pEXHMY JUIsl JIITHBOTO JTHS 13 CepenHboro reHepaiieio Db
JEMOHCTpY€E ocumiiorpaMma Ha puc. 4, a mpu y = 0 Ta qHs 3 HHU3bKOIO TeHepartieto Ob Ha puc. 4, 6.

P, Bt

10Q*, % PPVl'v
M —

10IB, A /‘ -,

1000 / - 2

T’ OC 500 Q* j : Pb\

\\
N
~
O—F—-E—-Esé/‘/ll/ - Hm "\\

-500

-1 000

_15000 2 4 6 8 10 12 14 16 18 20 22 t,rox;

P, Bt

10Q*, %
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D
1000 Hall Prc

Q?F
500 = e 6)
P_I;‘,.—Q N
0 P —m—

7,°C

-500
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-1 500

|~

2 4 6 8§ 10 12 14 16 18 20 22 t,rox;

-2000
0

Puc. 4. OcunjiorpaMu npoieciB: a) 3a cepeHbO1 MOTYXHOCTI reHeparlii Ob;
0) 3a HU3bKOI MOTYKHOCTI renepauii @b

TakoX pO3MIIAHYTO 3MiHY EHEProClOXXHMBaHHS Ooiiepa HPOTSAroM IHSA y pasi 3MiHU
vy =0.6 -0.72 (B mexxax 20%). I[Ipu 1ibOMy JUIsE CITPOIIEHHS UK pOOOTH KOHIUIIOHEpa 30epiraBcst
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nocriiiauMm. [Ipu o6panomy 3a metoaukoro [12] 3nauenni K = 220 npu MmakcumalbHii reHepariii @b
MMOKAa3HUKH MOPIBHIHO 3 MOCTIHHUM Y = 0.6 He moripiuimcs.

BucnoBku. BuzHaueHO MOIIIBHICTE BpaxyBaHHS MPOTHO3Y TEMIEPAaTypH TOBITpS Ta
notyxHocti redepanii ®@b. 3a 1poro B cTpykTypy 0J0Ka yrpasiiHHsS BBeZeHO Wi-fi MOIyITb 3B’ 3Ky
3 BeO-pecypcoM Ta MOIYJIb PO3PAXyHKY MapaMeTpiB 3TiAHO MPOTHO3Y.

ANTOPUTM YIpaBIiHHS pPEANi3yeThCS 3TIAHO TEMIEpaTypi Ta pO3paxOBaHOMY 3HAUCHHIO
HauMIKoBo1 eHeprii @b Ha HarpiBaHHS Boau B 0oiliepi Ta BU3HAYEHOMY 3HAYCHHIO JTOJATKOBOT
eHeprii Ha HarpiB. Lle 3a0e3neuye 3aBaaHHs rpadiky TeMIEpaTypHOTO PEKUMY ISl MPUUHSATOTO
rpadiky CoKMBaHHS TEIJI01 BOJIH.

BupiBHioBaHHS B 4yaci rpadiky MOTYKHOCTI CHOXXHBaHHS JO3BOJISA€ IIJBUIIUTH CTYIIHB
BukopuctanHs eHeprii ®b. 3a mporo B pasi makcumanbHOi TeHepamii @b BiiTky BUTpaTH Ha
CTOXHMBaHHSA 3 Mepexi 3MeHIytoThes Bia 1.038 1o 1.848 paszis. IIpu y= 0.8 nocsaraerscs mpakTHYHO
noBHe BukopuctanHs eneprii ®b. 3a cepenHpoi reHepalii BIITKY BUTPATH Ha CIIOKUBAHHS 3 MEPEXKI

3MeHIIyroThes aume B 1.02 pasu.

[Tomanbmnii HaIPSIMOK POOOTH OB’ S3aHO 3 YAOCKOHAJIICHHIM peajizailii OTpUMaHuX pillieHb

Ta GKCHepI/IMeHTa.HBHI/IMI/I ,Z[OC.HiI[)KGHHSIMI/I.
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IMPROVEMENT OF THE CONTROL SYSTEM OF A HYBRID PHOTOVOLTAIC
SYSTEM FOR SELF-CONSUMPTION OF A RESIDENTIAL BUILDING
WITH CONSUMPTION REGULATION

Purpose. Improving the management of a hybrid photovoltaic system of a residential building with air
conditioning and an adjustable electric boiler for heating water by increasing the degree of use of photovoltaic
battery energy for consumption, developing the principles of implementing an energy management system
using forecasting.

Methodology. Analysis of using possibilities an air conditioner at different air temperatures and
photovoltaic battery generation using statistical data. Analysis of boiler temperature conditions, taking into
account the energy consumption of the air conditioner and the nature of its power changes over time. Using
computer modeling to evaluate results.

Results. The structure of the boiler power regulation block with consumption equalization in time and
the algorithm for controlling the boiler temperature mode based on the photovoltaic battery generation
forecast and the air temperature has been developed

Originality. A method for implementing boiler power regulation with leveling the graph of total power
consumption over time has been developed. The principle of implementing an energy management system
using air temperature forecast and photovoltaic battery generation to set boiler temperature conditions has
been developed. This will help to increase the utilization of PV energy and reduce the consumption of
electricity from the grid.

Practical value. The obtained solutions are the basis for the design of photovoltaic systems for self-
consumption of private houses in the case of using an electric boiler in the providing warm water system and
air conditioning.

Keywords: hybrid photovoltaic system; boiler power regulation; power equalization in time;
management by forecast; energy processes modeling.
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	В роботі [6] зазначено, що найбільша частка (до 65%) споживання енергії у житлових будинках посідає опалення приміщень, зокрема, 15% використовується на нагрівання побутової води. Це ж констатують у роботі [7], де зазначено, що освітлення та опалення,...

