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COHSAYHA 3APAJHA EJJEKTPOCTAHIIA - KOMIUVIEKC JJIsA
IMPOBEJAEHHSA JJABOPATOPHUX TA ITPAKTUYHUX 3AHATDH

I'naros A. B.}, Apryn III. B.}, Cnarosa I'. A.},Tapacos K. C.!
XapkiBcbKuii HALIOHAIBLHUI ABTOMOOLILHO-10POsKHIl yHiBepcHTeT

Anomauia. Haseoeno mexuiyni xapaxmepucmuku po3pooaeno20 KOMNLEKCY, 3A3HAYEH] OCHOBHI 11020
CKAA0061 ma npedcmasieHo nepenix 1oeo 0oaadnanus. Ilpusedeno 0cHOBHI 3anelCHOCMI 011 PO3PAXYHKY
napamempie COHAYHUX Nanenell y ckiaoi po3poobieHo2o KOMNieKcy. 3anponoHosano cxemy 01 NPpoeoerHs
EKCNEPUMEHMATbHUX ~ OOCNIONCeHb 3 COHAYHUMU NAHEIAMU KOMNJIEKCY. 3anponoHosaHo nepenixk
1aOOPAMOPHUX ThA NPAKIMUYHUX 3AHAMb, WO MOICHA NPOBOOUMU HA PO3POOIEHOM)Y KOMNLEKCI.

Knrouoei cnoea: coumauna 3apsaona eneKmpocmaHyisn, 3ejleHd eHepeemuKd, 3eieHull mapug, couauHa
eHepeemuKa, COHIYHA eleKMmpPOCMAHYis, e1eKmpoMo0inb, enepeoe@eKxmuti mexHoa02il, COHAUHI NaAHEII.

Beryn

B Vkpaini consYHa eHepreTHKa, B TOPIBHAHHI 3
IHITMMH KpaiHaMH, TIIBKHA-HO TOYHMHAE PO3BHBA-
tUcs. J{7st 1 CTUMYITIOBaHHS iepkaBa BBOAUTH Pi3HI
3axX0/Id, HAPUKJIa, 1iJIbOBI CYOCHIil, BiAMiHY 200
rocaadJIeHHs IOJaTKOBOIO HaBaHTAYKEHHS, JOTaLlil
too [1-3].

V BIANOBIZHOCTI 10 3aKOHY YKpPaiHU PO €IEKT-
poerepretuky Ne 575/97-BP Bim 16.10.1997, «3erme-
Hui» Tapud — e tapud 3a TKUM ONTOBHUU PHHOK
eJeKTPUYHOI eHeprii Ykpainu 3000B’s3aHUM 3aKy-
MTOBYBAaTH C€JICKTPHYHY CHEPrilo BUPOOJEHY Ha
00’€KTax EJEKTPOCHEPTeTUKH 3 allbTePHATHBHUX
JOKEpeJ1 eHeprii.

Otxe, «3eneHni» Tapud — Le MeXaHi3M, Mpu3-
HAYCHWI JJI 320XOYCHHS HACENCHHS JJisi BUPOO-
JICHHSI €JIEKTPOCHEPTii 3 abTePHATUBHUX JPKEpel
eneprii [4]. ¥V BiAMOBIAHOCTI 70 BHUIIE 3a3HAYECHOTO
3aKOHY, €JIEKTPOCHEPris, fKa BUPOOJICHA COHAY-
HUMH €JICKTPOCTAHIIISIMHU, BITPOCIECKTPOCTAHIIISIMH
Ta TiAPOENEKTPOCTAHIIIMHA MPUIAMAETHCS 3arajib-
HOI0 MEPEXEH0 1 OIUIAYy€eThCsl ONTOBHUM PHHKOM
EJIEKTPOCHEPTIT 32 «3eNICHUM» TaprupoM.

Bapro 3a3naunTH, mo 3 1 ciuas 2020 p. «3ene-
HUiD» Tapud B YkpaiHi craHOBUTH 4,28 rpH. 3a
kBr-rox).

BinmnosigHO, po3po0Ka Ta BIPOBAKEHHS «3€TIe-
HHUX» TEXHOJIOTIH € HE TUIbKH aKTyaJIbHOI0, a i €KO-
HOMIYHO BWTiJTHOI0 HayKOBOIO Ta iH)KEHEPHOIO 3a-
nmadero. ToMmy BUIyck (haxiBIiB 3 HOBITHIX «3eJie-
HHUX» CHEProoOIaJHNX Ta €HEProePEKTHBHUX TEX-
HOJIOTIH € TAKOXK aKTYalIbHOIO 33/1a4€l0 1 JUIs cyvac-
HOT'O OCBITHBOTO ITPOIIECY.

Anani3 myoJikanii

PrHOK COHSIYHUX TaHENeH CKIIaIaeThes 3 ACKi-
JBKOX PI3HUX THITIB, IO BiAPI3HAIOTHCSA TEXHOJO-
Ti€l0 BUTOTOBJICHHS 1 MaTepianamu, 3 SIKUX iX BU-
poositoTh [5-7]. HalOinbn momyissipHAMH Ta TIO-
IMIMPEHUMH € COHSYHI TaHeN Ha OCHOBI KPEMHIIO.
Lle MOSICHIOETBCS MOCHTH LIMPOKHM PO3MOBCIO-
JOKEHHSIM KPEMHII0 Y MpUpPOAi, HOro BiJHOCHOIO
JICIIEBU3HOIO 1 BUCOKUM MOKA3HUKOM TPOTyKTHB-
HOCTI, B MOPIBHSIHHI 3 IHIIMMHU BHAaMU COHSYHHIX
Oarapeil.

[lepeBakHa OLMBITICTH €IEMEHTIB Cy9acHUX CO-
HSYHUX MaHeNeil BATOTOBISETHCS 3 MOHOKPHCTATI-
yaoro (C-Si) abo mnomikpuctaigiusoro (MC-Si)
KkpemHito. Ha 1ieli yac 3a3HaveHi kpeMHieBi poToe-
JIEKTPUYHI MOy 3aliMatoTh O611u3bK0 90 % pUHKY
doroenekTpruyHuX mepeTBoproBadiB [8, 9]. Tomy
JUTSI COHSTYHOIT 3apsITHOT €JIEKTPOCTAHIIIT, IK OCHOBH
KOMILJICKCY Ha 0a3i SKOTO IUIaHYEThCS MPOBOUTH
HU3KY J1a00paTOpHUX Ta MPAKTHYHKX 3aHSATh, BUO-
paHO KpEeMHI€BI COHSUHI TTaHElI.

JoxaaHo iHpOpMAaIIifO 110710 OCHOBHHUX BH/IIB
Ta TUniB conssuHux enekrpocraniiii (CEC) Hae-
nero B [10-12]. 3BakuBInm BCi mepeBard i Hemo-
niku cxemuux pimmenb CEC nmponoHyeThes 3a oc-
HOBY B3STH T10pHUIHY MEPEIKEBY COHSIUHY EIEKTPO-
CTaHII0 3MiHHOT'O CTPyMY.

MeTta Ta IOCTaHOBKA 3a7a4i
Meta poboTu: po3poOKa KOHIENTYAIBHOTO Pi-
IICHHS 111010 KOMILJICKCY JJIs IPOBEICHH JJabopa-
TOPHUX Ta NMPAaKTHYHUX 3aHATH HAa 0a3l COHSYHOL
3apsAHOT CTAHITII.
Jlist ocsSTHEHHsI 3a3Ha4Y€HOT METH B pOOOTI He-
00XI1THO pO3B’s13aTH TaKi 3a1a4i:
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— TPOBECTH AHATITHYHWHA OTJIAJ ICHYIOUHX
CITOCO0IB TIEPETBOPEHHS COHSIHOI €HEPTii B eJeK-
TPUYHY Ta AOCTIAUTH OCHOBHI BUIH 1 TUIIN COHSY-
HUX €JICKTPOCTAHIIIH;

— 3ampONOHYBATH KOHIICNITyallbHE PIllICHHS
OyIOBH COHSTYHOI €JIeKTPOCTaHIIii Ha OCHOBI ii T10-
PHUIHOT KOHCTPYKILiT, IK Y400BOT'O KOMILICKCY IS
MPOBEJICHHS J1a00paTOPHUX Ta MPAKTUYHUX 3a-
HSTB;

— HaBECTH IEpeliK OCHOBHUX EJIEMEHTIB Ta
00JaTHaHHS 3aIPOTIOHOBAHOTO KOMILICKCY;

— 3amporoHYBaTH Kypc J1a0OpaTopHUX Ta
MPaKTUYHUX 3aHITh HAa PO3POOICHOMY KOMILIEKCI
JUTSI 3MIICHEHHS HABYAIBHOTO TIPOIIECY .

Kommnueke aJ1st npoBeeHHs J1a00paTOPHUX
TA NPAKTUYHHX 3aHATH
Buxoasun 3 IpoBeJEHOTO aHaNi3y KOHCTPYK-
i TUMIB Ta OyJIOBU COHSYHHX EJICKTPOCTAHIIIH
[10, 11], y BiAmOBiAHOCTI J0O MOCTABJIECHOTO 3a-
BJIaHHS, 32 OCHOBY KOMIUIEKCY JJIsI IIPOBEICHHS JIa-
0OpaTOpHHUX Ta MPaKTHYHHUX 3aHATH BHOPaHO Ti0-
punnay mepexxeBy CEC 3aminHoTrO cTpymy, puc. 1.

Consni Gatapel
liseprop manpyrm 4 Mepexennii
SAPRMIE IPHCTPOCM IHEEPTOP
-
Buxia
{ Mo cTpys )

Mepeaene mUIHOYSHMR

MRS anems
B KoHTPOIK

AKb

EY

Biaaanesudl
MOHITOPHHT

Puc. 1. Cxema xoMIUIEKCY JUIsl TPOBEICHHS JJa00paTOPHUX Ta MPAKTUIHUX
3aHSTH Ha 0a31 COHAYHOI 3apsTHOI CTaHIIi{

Yepe3 maHenb KOHTPOJIIO, IO 300pakeHa Ha
puc. 1, MpOBOANTHCS BUMIPIOBAHHS CHTHAIIIB Ta Mi-
arpam CTpyMmy, HarpyrH, IIOTY>KHOCTI BiJ 4acy Ha
KITIOYOBHX CKJIQJIOBUX €JIEMEHTaX JIAHOTO KOMILIe-
KCy:

— cwurHaimiB 3 coHsTuHUX Oatapeii (CB);

— CHUTHAJIB 3 HAKONIMYYBaUiB €HEPrii — aKyMy-
asitopaux Oatapeii (AKB) (3apsin/po3psin);

— CHUTHaJiB 3 Mepexi (IpuifoM Ta Bingaya);

— CHTHaJIB, L0 MMOAAIOTHCS CIIOKUBa4aM (Ha-
TIPUKJIA, 3apsil eIEKTPOMOOIs).

B nanomy xomruiekci coHsiuHi OaTapei miakio-
YarTbCS O MEPEXEBOIO COHSYHOIO 1HBEPTOpA
(DC/AC). Mepexka 3MIHHOTO CTpyMY ITiJKITIOYa-
€ThCs 10 BXoay riopuanoro imBepropa (DC/AC).
Takox nm0 TiOpuUIHOrO iHBEpTOpa MiJKIIOUYEHI
AKB. Buxin MepexeBoro COHS4HOTO iHBepTopa i

riOpuaIHOTO iIHBEPTOpPA 00'€THAHI Yepe3 PO3IMOILITb-
HUM 1T 1 320€311e4yI0Th €J1eKTPOKUBIICHHSIM CII0-
JKUBaviB 3MIHHOTO cTpyMy. Buxin ribpuaHoro iH-
BEpTOpa MiIKIIOYAETHCS JI0 3apsIHUX CTaHIIIH ere-
KTPOMOOIITIB.

3acTocyBaHHS TiOpUAHOrO iHBEPTOpa 3 3apsil-
HUM TIPUCTPOEM 3abe3reuye psiji epesar, Hanpu-
knaa, CEC mpaiftoe HaBiTh NPH BIJICYTHOCTI Ha-
NIPYTY B MEPeXi 3MiHHOTO CTPyMY, a TAKOX B YMO-
Bax HECTaOUILHOI MEpexKi.

B skocTi HakonMYyBayiB eHeprii y 3anpornoHo-
BaHil 3apsIHIN CTaHLi]l MPOMOHYETHCS BUKOPUCTO-
ByBatu BxkuBaHi AKD Bin enexkrpomobiniB abo re-
miesi AKB, 110 npusHadeHi Jyisi BUKOPUCTAHHS B
COHSYHMX €JIEKTPOCTAHIIIfAX. IX cymMapHa MOTYX-
HicTh MoBUHHA 3a0e3neunTr 200 kBt roa. Le npu-
omm3Ho Big 8 no 10 miti-ionsux AKDB Bix enekrt-
pomoOins Nissan Leaf).
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3aranbpHUN BHJT KOMIUICKCY JJIs IPOBEICHHSI JIa-
0OpaTOPHUX Ta MPAKTUIHHX 3aHATH Ha 0a3i COHMY-
HOT 3apsAHOI CTaHIIIT MTPeIcTaBIeHO Ha puC. 2.

Binpm moxmagHo ckian obiamHaHHS KOMILIE-
KCy MpeJcTaBieHo B Tabmumi 1.

Puc. 2. Komrieke asist mpoBeieHHs 1abopaTopHUX
Ta npakTHYHHX 3aHATh: a — AKD 3 riopuaanm /
ABTOHOMHHM 1HBEPTOPOM; O — COHSTYHI MaHell

Tabmuis 1 — O6naHaHHSI KOMIUIEKCY

Ne HaiimMenyBaHHs TOBapy Km;ﬁc“’

1. | Consuna nmanens EnerGenie 4
EG-SP-M300W-33V9A

2. | I'iOpugHuii / aBTOHOMHHU# 1HBEP-
top Voltronic Axpert VM3000- 1
24(MPPT)

3. | AkymynsaropHa 6atapes KSTAR
Solar Series 12V 100Ah 4
(6-FM-100T)

4. | ABroMaTUYHUI BUMHKAY
Schneider Domae BA63 3
1P+n 16A C 11213

5. | Kab6ens cunosuii Brille IIIBBIT 30
3x1,5 (106658), m

6. | KopoOka monTakxHa Schneider 2
IMT35092

7. | Posmonineuuii mut MasterTool 3
OB-4 (94-0234)
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VY BiAMOBITHOCTI 0 MPOBEICHUX IOCIIIKEHb
Ha Kadenpi aBTOMOOUTBHOI €IEKTPOHIKH XapKiB-
CBHKOT'0 HAITIOHAJTHLHOTO aBTOMOOITHHO-IOPOKHIHM
yHiBepcutety (XHAY), po3po0iaeHo ekcriepume-
HTAJILHUH BapiaHT COHSIYHOI 3apsI/THOI €JIEKTPOCTa-
HITT UIT eIeKTPOMOOLTIB, SIK KOMIUIEKCY IS TIPO-
BEACHHS JIA0OpAaTOPHUX Ta MPAKTHYHHUX 3aHATH.
3riHO 3 HaBYAIBHUM IUIAHOM 3a CIELIaNbHICTIO
141 «EnexTpoeHepreTrnka, eICKTPOTEXHIKA Ta eye-
KTpoMexanika», cryaeHtn XHAJIY, mo HaBua-
I0ThCS 32 Iporpamoro «EnexTpomo0ini Ta eHepro-
30epirarodi TEXHOJIOTi» MOXKYTh BiIlTPAallbOBYBAaTH
MPAaKTHYHI Ha3BOYKH Ha PO3POOICHOMY KOMILIE-
KCi, 0 OXOIUTOE nuciuiutiny: «Exepro3oepira-
104l Ta eJeKTPOMOOLUTbHI TEXHOJIOTII Ha TPaHCIIO-
pTi»; «ENeKTpUdYHI CHCTEMH EKOJIOTiYHO YHCTHX
AT3»; «laTenekryanbHi iHGOpMaIiiiHI TEXHOIOTIT
i CHCTEMMN, ((MGTO)II/I IJIaHYBAHHA HAYKOBUX OOC-
mimkenbs B AT3». Kpim Toro, Ha po3pobieHomy
KOMILJIEKC1 CTYZICHTH MatOTh 3MOTY TIPOXOJIUTH Ha-
YKOBE CTa)XyBaHHS Ta BHUKOHYBATH ):[OCJ'Ii)I)KeHHSI
[I0/I0 TUILIOMHOTO TIPOCKTYBaHHS.

OpnHIM 3 OCHOBHUX €JIEMEHTIB KOMILIEKCY KU
MIEPETBOPIOE CHEPTII0 COHSYHOT'O BHITPOMIHIO-
BaHHs B CJICKTPUYHY € COHSYHI MaHenmi (COHAYHI
Oartapei). Y BiIMOBIIHOCTI O TEXHIYHUX XapaKTe-
PUCTUK COHSYHHX TaHENed MOXKHA BHU3HAYMTHU iX
BHYTPILITHIH OITip:

R = - (1)

ne Ry — BHYTpiHIN onip coHstuHOl naneni, Om;

U — Hampyra npu po3iMKHYTOMY KOHTYpi CO-
Hs4YHOI maHeni, B;

ls — CTPYM KOPOTKOT'O 3aMUKaHHSI COHSIYHOT 1a-
Hem, A.

IIle ogHUM BaKIMBUM IAPAMETPOM COHSYHOI
TaHei, SKUi HeoOXiHO BU3HAYATH — 11 Koediri-
ent 3anoBHeHHs FF. Lleit mapamerp y noeananHi 31
CTpyMOM KoOpoTKoro 3amukaHHs (l) 1 Hampyroro
IpU PO3IMKHYTOMY KOHTYpi consiuHOi naHem (Uxy)
BU3HAYA€ MAKCHUMAJIbHY TIOTYXHICTh Ha BUXO/Ii CO-
H4HOI maHeni. FF Bu3HavaeThes K BigHOLIEHHSA
HOMIHAJILHOI MOTY>KHOCTI COHSYHOT MaHesl 10 J0-
0yTKy Uy Ta lis 1 TOpiBHIOE MAaKCUMANTBHIN IO
NPSAMOKYTHHKA, SIKHIl MOYKHA BITUCATH B BOJIBT-aM-
HepHy KpUBY COHsUHOI maHedi [13]:

FF — HOM .UHOM . (2)

K3 K3
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[le oqHVMH 3 BOXKITUBUX TAPAMETPIB COHTTHUX
TaHeseH, sIKi MOJKHA 1 po3paxyBaTH, i BUMIPSATH, €.

— BOJIBT-aMIIEPHA XapaKTEePUCTHKA,

— XapaKTepUCTHKA HAaBaHTAXKCHHS (3aJIC)KHICTh
MOTY>KHOCT1 COHSIYHOI TTaHEeJ1 BiJl CTPYMY HaBaHTa-
JKCHHS).

BupoOHrKH MOBHHHI BU3HAYATH 1Ii XapaKTepu-
CTHUKH Y BiAMOBITHOCTI 10 3aTBEPPKCHUX METO/IIB,
ki Haseneni B [14, 15].

Po3paxyHOK BONBT-aMIIEpHOT XapaKTEPHUCTUKU
MOJKHA BUKOHATH 32 (hOPMYJIOI0:

I=1, —|0[exp{A%(u +1R, )}1}, 3)

ne lt — dotoctpym, A;

lo — cTpyM HacudeHHS, A;

g — 3apsn, Ki;

A — xoeQilieHT, OTPUMaHUI MPH MOPiBHIHHI
TEOPETHYHUX Ta EKCIICPUMEHTAIBEHIX XapaKTepHC-
TUK (MpuiiMae 3HadeHHs Bif 1 10 5);

K — mocriitna BonbnmMana;

T — abcomoTHa Temrieparypa, K;

| — cTpym coHsrHOT maHen, A;

U — nanpyra, B;

R| — akTiBHUH omip COHSYHUX MaHenel, OM.

CxeMy Uil TIPOBEICHHS EKCICPUMEHTAIBHUX
JOCHI/DKEHb 3 COHSYHUMH MaHEISIMA KOMILIEKCY
MIPEJICTABICHO Ha puc. 3, e A — e ammIepMerp,
V — BonbT™eTp; W — BaTMeTp.

Y BIZMOBITHOCTI A0 MPEICTABIEHOI CXEMHU CO-

HSIYHY TIaHENb MO)KHA HABaHTA)XKYBaTH aKTHBHUM
OIIOPOM Ta MPOBOIUTH BUMIPIOBAaHHS 3 TOOYI0BOIO
rpadikis.

Puc. 3. Cxema a7t mpoBeieHHS BUMIPIOBaHb
Ha COHSYHMX ITaHEeJsIX

3pa3ok rpadikis, 110 OTpUMaHi IPH MIPOBEIEHHI
EKCIEpPUMEHTANILHUX JIOCII/DKEHb HAaBEJICHO Ha
puc. 4.

Puc. 4. Pe3ynbratu ekcriepuMeHTaIbLHUX
JIOCHIDKEHb COHSIYHUX NaHeIeH

Crmparounch Ha OTPUMaHI Pe3yNbTaTH, BUKO-
PHCTOBYIOUH MPEICTABICHHUI KOMILIEKC, IPOIIOHY-
€ThCsI TIPOBOJIUTH HACTYITHI JJAOOPATOPHI Ta Mpak-
THYHI poO0TH meperniveHi Hiwk4e [16].

JlaGopaTopHi poboTu

1. JlaGopatopna po6ota Ne 1. JlocmimkeHHs
CEC B pexxuMi aBTOHOMHOI poO0TH — 4 TOZ.

3aBlaHHA:

1.1 Jocmigutu rpadiku cTpyMmy, HAIpyTy Ta
MOTY>KHOCTI TIpY TeHEepallii eJIeKTPOSHEPTii COHs-
HUMU 0aTapesiMU B 3aJICKHOCTI Bijl IX KyTa HaXUIy.

1.2 JMocnigutu, Ky 4acTKy eHeprii Oyje cro-
sxkuto CEC 3 Mepexi, mpu:

— TIOBHICTIO TOPU30HTAIFHOMY TIOJIOKEHHI CO-
HSYHMX [TaHENEH;

— npu KyTi Haxmiy 15%

— npu KyTi Haxmiy 30

— npu KyTi Haxuiry 45°,

1.3 JocnignTty 3a sIKUX yMOB IPU CTaJIOMy Ha-
BaHTaxeHHi, Cb OynyTth reHepysatu piBHO 50 %
€JIeKTPOCHEPTii.

2. JlabopatopHa poGota Ne 2. JlociiKeHHS
CEC B pexxuMi 3MIIIaHOTO €JIEKTPONIOCTaYaHHs —
4 ron.

3aBJlaHHS:

2.1 Jocnmigutu pobdory CEC mnpu pospsai
AKBD na 20 % i migkIro4eHHI Mepexi KUBJICHHS.
Bumiparu cTpyM, Hanmpyry i MOTYKHICTb, IO ITiJI-
Boauthes Big Cb 1 AKDB:

— 1pwu poboti CEC 6e3 miIKIIoYeHnX CIOXKH-
BayiB €JIEKTPOCHEPTii;

— 1pu po6oti CEC B pexxumi 3apsjry enekTpo-
MOO1IIS.

2.2 Jocnigutu podory CEC mnpu pospsi
AKB Ha 50 % 1 migkiaroueHHI Mepexi )KUBJICHHS.
Bumiparu cTpyM, Hanpyry i HOTYKHICTb, IO IiJ-
Boauthes Big Cb 1 AKDB:
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—mpu pobori CEC 6e3 migkiIioueHux CIIo-
JKUBAUiB eNEKTPOCHEPTii;

—1npu poboti CEC B pexxumi 3apsy enext-
poMoOiIs.

3. Jlaboparopua pobGora Ne 3. [lociimkeHHS
CEC B pexxuMi pe3epBHOIO €ICKTPONOCTAYaHHS —
4 ron.

3aBmaHHS:

3.1 Busnauntu ymoBu naBanTtaxenHs CEC Ta
BUMIPATH Tpadiku HANPYTH, CTPyMY Ta HOTYKHO-
CTi Bif 4acy, pH SIKUX:

— 20 % 3reHepoBaHOI €JNEKTPOCHEPrii Wae B
MEpEexKy 3a 3eJIEHUM TapuQom;

— 50 % 3renepoBaHOi eNeKTpoeHeprii Wae B
MEpEKy 3a 3eJICHUM Tapu(oMm;

— 70 % 3reHepoBaHOl eNEKTpOCHeprii iae B
MEpPEexKy 3a 3eJICHUM TapuQoM;

— 100 % 3reHepoBaHOi €IEKTPOCHEPTIl e B
MEpPEexKy 3a 3eJICHIUM TapuQom.

MpakTnyni 3anarTa

1. HamamryBanHs TiOpumHOTO iHBEpTOpa CO-
HSIYHOT eIEKTPOCTAaHIII1 Ha Pi3Hi peXKUMHU POOOTH.

2. BumipioBaHHs BOJBT-aMIIEPHOI XapaKTepH-
ctuku Cb 3 mocTynoBuM 301NBIICHHSIM Ta 3MEH-
IICHHSIM OTIOPY HaBAaHTA)KECHHSI.

3. BuzHaueHHsS ONTHMAILHOTO HaBaHTAKEHHS
Cb mpu pi3HHX cxemax iX IiIKITFOYeHHS.

4. BumiproBannus ¢pynkiii motyxuaocTti Cb B 3a-
JIEKHOCTI Bij 1i HABaHTAKEHHS:

— 1pu kyTi Haxuny CB 15%

— 1pu kyTi Haxuny CB 30%;

— 1pu kyTi Haxuny CBb 45%

— 1pu kyTi Haxuny CB 60°%;

— 1pu kyTi Haxuny Cb 75°.

5. BuwmiproBaHHs QyHKIIT cTpyMy, Hallpyry Ta
MOTY>KHOCTI Bifl wacy mijg gac po3psgy AKb cons-
YHOI eJIeKTPOCTaHIlii MpH POOOTI HA HOMiHAIbHE
HaBaHTA)KCHHSL.

6. Busnauenns edexruBHocti pobotu Cb B 3a-
JIKHOCTI BiJl i1 HAarpiBy.

7. Busnauenns edekruBHocTi pobotr Cb mpu
if YacTKOBOMY Ta TOBHOMY 3aTE€MHEHI.

8. IloOyznoBa rpadixy HaBaHTaKEHHS COHSTYHOL
€JIEKTPOCTAHIIIT ITPH i IKIF0YEHHI 3MIHHOTO Y Yaci
HaBaHTa)KCHHSI.

9. Po3paxyHOK COHSYHOI 3apsiAHOI eJeKTpoc-
TaHLI{ 47151 3apsay eIeKTPOMOOIIIA.

10. Po3paxyHOK COHSYHOI €IeKTPOCTAHIT s
poOoTH Ha 3eneHuil Tapud Al OAHOTO JOMOTOC-
NoJapcTBa.
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11. Po3paXxyHOK COHSYHOI aBTOHOMHOI EJIEKT-
pocTaHIii 11t 3a0e31eUeHHS SICKTPOSHEPTIEI0 OT-
HOT'O JIOMOTOCITO/IaPCTRA.

[iOpunHuii / aBTOHOMHUI ~ 1HBEPTOp  THITY
Voltronic Axpert VM3000-24 (MPPT) mno3Bosnse
BHMIPIOBATH €JIEKTPUYHI CUTHAIM, K 3 050Ky CB,
tak i 3 AKD 1 30BHIIIHELOT Mepexi. Takox naHa Mo-
nenb Gopmye rpadiku HaBanTakeHHs CEC Tta rpa-
ik TeHepoBaHOI eNeKkTpoeHeprii. BuBim ganmx 3
IHBEpTOpa Ha KOMII FOTEP M03BOJISIE ITBUAKO 1 ede-
KTUBHO MTPOBOJIUTH iX aHaJi3, BIAMOBITHO, eheKTH-
BHO mporpamyBatu pexxuM podotu CEC y ckmazi
KOMITJIEKCY JJIs TPOBEICHHS J1abOpaTopHUX Ta
MPAKTUYHUX 3aHATh.

BucHoBku

B xonmi poboTH TpOBENEHO OTJSAN ICHYIOUHX
CIOCO0IB MIEPETBOPEHHS COHSIUHOI €HEpril B elieK-
TPHUYHY Ta JOCIIHKEHO OCHOBHI BHIH 1 THITH COHSI-
YHUX EIEKTPOCTAHIIIH.

Crmpatouyrch Ha TPOBEICHI TOCITIJKEHHS 3a-
MPOTMOHOBAHO KOHIENTyallbHE pIlICHHS OyIOBH
COHSIYHOI €IIEKTPOCTAHINI HA OCHOBI 1i TiOpUAHOT
KOHCTPYKIIii, SIK y4OOBOTO KOMILIEKCY JIsl TPOBE-
JICHHS JTa0OPAaTOPHHUX Ta MPAKTHYHUX 3aHSATh.

Haseneno TexHIYHI XapaKTEepUCTHKHU PO3poO0ITe-
HOTO KOMIDIEKCY, 3a3Ha4eHi OCHOBHI HOTO CKIa-
JIOB1 Ta MIPEJICTABIICHO MEPEIiK 00IaTHAHHS.

3Ba)karo4yM Ha Te, [0 COHAYHI MaHell € OCHOB-
HHUM €JIEMEHTOM KOMILIEKCY, 110 TIEPETBOPIOE eHe-
PTil0 COHSIYHOTO BUIIPOMIHIOBaHHS B €IEKTPHYHY,
MIPUBEJICHO OCHOBHI 3aJISKHOCTI JJISI PO3PaxyHKY
ix mapameTpiB. 3apoNoOHOBaHO CXEMY JUIs POBe-
JACHHs CKCIICPUMCHTAJIbHUX I[OCJIiI[)KeHL 3 COHAY-
HUMMU MAHCIIIMU KOMIIJICKCY.

3anpornoHOBaHO MeperiK JlabopaTopHUX Ta
NPaKTHYHUX 3aHATh, [0 MO’KHA TIPOBOJUTH Ha PO-
3p00JICHOMY KOMILICKCI JUIs 371CHEHHSI HaBYaJlb-
HOT'O ITPOIIECY.
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Solar charging power plant — a complex for
laboratory and practical training

Abstract. Problem.  The  development and
implementation of green technologies is not only
relevant, but also a very cost-effective scientific and
engineering task. Therefore, training specialists in the
latest green energy-saving and energy-efficient
technologies is also an urgent task for the modern
educational process. Goal. The aim is development of a
conceptual solution for the complex for laboratory and
practical classes based on a solar charging station.
Methodology. The analytical methods of research on the
development and application of methods and devices for
transforming the energy of the sun into electricity were
used. Methods of experimental research and
mathematical methods of processing and modulation of
the received results are used. Results. A review of
decisions on the main methods of converting solar
energy into electricity was made and the main kinds and
types of solar power plants were studied. It is proposed
to develop a complex for laboratory and practical
classes with students based on a hybrid design of a solar
power plant. The technical characteristics of the
developed complex are given, its main components are
indicated and the list of its equipment is presented.
Because solar panels are the main element of the
complex that converts the energy of solar radiation into
electricity, the main dependences for calculating their
parameters are given. The scheme for carrying out

experimental research with solar panels of a complex is
offered. Originality. A list of laboratory and practical
classes that can be conducted on the developed complex
for laboratory and practical classes is proposed.
Practical value. Implementation of the proposed
complex for laboratory and practical classes on the
basis of a solar charging station will allow educational
institutions not only to conduct a quality educational
process on modern equipment, but also to generate a
certain amount of green energy that can be used for their
own needs.

Key words: solar charging power station, green energy,
green tariff, solar energy, solar power station, electric
car, energy-efficient technologies, solar panels.
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