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AOCHNIIKEHHA MOAENI NEPEABAYEHHSA NOTYXHOCTI, WO
r’EHEPYETbCA COHAYHOIO ENNEKTPOCTAHLIEIO

Humanna eusnauenns mMoxcaugoi upoOIeHoi nomyxcHocmi omoenekmpuunoi cmanyii Haneped cmoims Oyce
20Cmpo y 36 A3KY 31 3p0CMAIOUUM NONUTNOM HA GIOHOBTIOBANLHY eHepeemUKY Pa3oMm i3 mum, Gakmom, wo 6 mexcax 0oou
ompuMyeamu upoOneHy enepeii 6i0 Maxoeo 0ixcepena MONCIUBO Juuie Npomazom obmexcenozo uacy. Taxum uunom
CRUPAIOYUCy HA OMPUMAHT AHATIMUYHI OaHi, WO 0AIOMb 3MO2Y CHPOSHO3Y8AMU HO200HI YMOBU MOICHA NEGHUM YUHOM
peayniogamu 00’em 8i00anoi 6 mepescy enepeii 3a paxyHox Oinbut MaHespeHUx eaeKmpUIHUX CIanyii.

Kniouogi cnosa: pomoenexkmpuuna nanens, Simulink, ineepmop, conaune onpominenns, memnepamypa, Hanpyza
X0710cmo20 X00y, KPOK NPOZHO3YB8AHHA, PO30OLIbHA 30amMHICHb

[poTsarom momepenHiXx pOKiB BYCHUMH Ta IOCTITHUKAMH Pi3HHX KpaiH I MoTped eIeKTpUYHOi iHKeHepil Oymun
po3polbiieHi Ta peani3oBaHi METOOM 3 BU3HAYCHHS IMOTOJHHMX YMOB, TaKHX SK: XMapHICTb, TEMIeEpaTypa MOBITPS,
3aIMICHICTh aTMOC(EpH Ta i1HIII, a TAaKOXK IXHii BIUITMB HA TIOKa3HUKU BUPOOICHOI eHEeprii COHIYHOI eNeKTPOCTAHIIII.

doToeneKTpruyHa TaHEeb — CKJIATHAN HeNiHIHHIA 00’ €KT 13 0ararbMa 3MiHHUME. OKpIM CTPYKTYPHHX 0COOIMBOCTEH
MOZYJIsl Ha BUXIJHY NOTY>KHICTh Hai{O1IbIIMi BIUIMB MalOTh: COHSYHE BUIPOMIHIOBAHHS Ta TeMIIepaTypa MaHe.

VY naniii po6oTi MM POOMMO JIMIIIE aKIEHT Ha 30BHIIIHI, BITHOCHO COHSYHOTO MOIYJIs, a He BHYTpilIHI (akTopu
BIUIMBY, 4Yepe3 Te, L0 OCTaHHI 3 IUIMHOM HayKOBO-TEXHIYHOI'O TpOLECy B HamiBIPOBIIHHKOBIH Taiy3i He ayxke
BIJIPI3HSIOTHCS OJHI BiJl OJHUX. 3 IIIEI0 METOK MOJENb (POTOCIEKTPHYHOI CTaHIl y mociigax ¢opmysanacs Ha Oasi
naneni Canadian Solar CS6X-300M (300W) (ta6:. 1) B 3aranbHiil kinbkocti 3000 ckoMmoHOBaHUX y 20 mapanenbHux
rinok, mo 150 moaymniB Ha rinky. Uepes Te, 1110 nepenada OTpUMaHOi €Heprii BiI0yBaeThcs uepe3 yCTaTKyBaHHS 3MiHHOTO
cTpymy OyB oOpanumit TumoBuii aBroHOMHHIA iHBeprop Green Power Technologies WD3 940WD3-LV400 [400V]
mapaMeTpH SIKOTO HaBeJCeHi B TaOmi 2.

Ha BenmnumHy BHpoOJIeHOI eHepril NpsSMO BIUIMBA€E BEIMYMHA COHSAYHOTO ONPOMIHEHHS Ta TeMIleparypa
(bOTOETEKTPUYHOTO MOYJIS.

Tabmius 1 — INapameTpu (OTOENEKTPUIHOTO MOTYJIS Tabmuus 2 — [MapameTpu iHBEpTOpa

[TapameTtp Bennuuna [TapameTtp Bennuuna

HowmiHanpHa IOTYXHICTB, BT 300 KK, % 97.0

KKA, % 15.63 Buxigna nanpyra, B 400

Crpym MPP, A 8.22 BuxinHa moTyXHicTh, KBT 935.55

Hanpyra MPP, B 36.5 Jiamason BxigHoi Hampyru, B | 593 — 880

CTpyM KOPOTKOTO 3aMHKaHHS, A 8.74

Hanpyra xomocroro xoxy, B 45

Temmeparypumii koedimient Voc, B/K | -0,157

Temneparypuuii koediuienr Isc, %/K | 0.06

Ipu nocnimkenHi nepeabdadeHHs: 00’eMy BUPOOIIEHOT eHeprii BayKIMBUM € 3HAWTH JOCTaTHBO JOCTOBIPHI Ta CTaii
nani. Ha mepeoBuX NO3MIUISX B JAHUX NUTAHHIX 3HAXOIATHCS YHiBepcuTeTH Ta pochigHunbki neHtpu CIA.
Hanpuknan, yaisepcurer mraty HeBany B Jlac-Beraci, me y 2006 potri yBelH B eKCIUTyaTaIlif0 KOMIUIEKC BUMIPIOBaHHS
MOTOJIHUX YMOB: PIBHS COHSYHOTO OINPOMIHEHHS, TEMIepaTypd HaBKOJMIIHBOTO CEPEAOBHINA, IIBHUAKOCTI BITpY,
BOJIOTOCTI Ta iH. JlaHi JOCTYITHI y pealbHOMY 4aci (OHOBIIOIOTHCS KOXHI 10 XBUIIMH) Ta 32 BeCh Epiof i3 KPOKOM B OJIHY
xpwiuny[1]. Txni nani My BUKOpHCTaeMO sk 10CTOBipHi. 3 iHImOro GOKy iCHYIOTH JeKijbka Mojeseil nependaueHHs
MOTOJIHUX YMOB, IIO TAKOXX BHUKOPHCTOBYIOTHCSI NPH JOCHIIKEHHI 00’€My MHOTY)KHOCTI T€HEpPOBaHOI COHSYHUMHU
craumismu: GFS, HRRR, RAP, NAM, NDFD. B ocHOBHOMY IIi CHCTEMHU JIOKAJTLHOTO MOKPHUTTS, M0 OOMEXYIOThCS
tepuropiero CIIIA, oxpim GFS, abpesiaTypa sixoi 6ykBaipHO 03Hadae Global Forecast System, abo «I'mobGanpHa cucrema
porHo3iBY». OKpIM IO HOKPHUTTA JaHi CHCTEMH BiIpPi3HAIOTHCS MAaKCHMAJIBHUM CTPOKOM NPOTHO3YBAHHS, YaCOBUM
KPOKOM, PO3AiIbHOIO 3AaTHicTIO. J1Jis 1iel poboTu Oynu ob6pani gani NDFD (National Digital Forecast Database, a6o
HarmionaneHa miugposa 6a3a IpoOrHo3iB).

Tpeba Bigmituty, o NDFD ckopitie € He MOeInTio, a 6a3010 JaHHX, IO MATPUMYETHCS HamioHaIbHO0 TOT0THOKO
ciyx6oro CIIIA — National Weather Service), BOHA OHOBIFOETHCS KOXKHI ITICTh TOHH.
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Mertoauka, po3pobieHa rpyno0 BUCHHUX, LTS TTaHENIEH, PO3TAIIOBAaHNX HA OJHOOCHOBHX MOBOPOTHHX Tpekepax [2].
3a JONOMOTOI JMaHMX MPHUCTPOIB MPOTIrOM JOOW MaHENi 3MIHIOIOTH CBOE TOJOXKEHHS 3a 3a37alierifib BiJIOMUM
aJTOPUTMOM, IO HAJAIITOBYETHCS BiJIIOBITHO IO ITMPOTH MICIIEBOCTI, BUCOTH HaJ PiBHEM MOps. TakuM YUHOM, SIKIIO
HaM BiJIOMi, NIJIIXOM BHMIPIOBaHHS, CKJIAJIOBI COHTYHOTO ONPOMIHEHHS: MPSAME HOpMAabHE BUIIPOMIHIOBAHHS, PO3CisIHE
TOPHU30HTATBHE OIPOMIHCHHS Ta INI00aIbHE TOPU30HTAIBHE ONMPOMIHEHHS, a TAKOXK MOT'OJ{HI YMOBH Ta XapaKTEPHCTUKA
HABKOJIMIIHEOTO CEPEJOBHUINA, MH MOXEMO I BHINE3raJaHOi CXEMH pO3paxyBaTH OIPOMIHCHHS IUIOIIMHU
macuy(Plane of Array (POA) Irradiance).

! 51400 Ta, C 40
Bm/m |
1200 F ’ } ‘.‘ \ 1 38 4
1000 b “- e . m\‘r j 36 1
| TRy
H | ™ 1
< N N
600 .-‘I H\ 1
‘ \ 32 1
400 | Vo
0'1 w B
20 ﬁ“ | ]
o 28 1
6:00 8:00 10:00 12:00 14:00 16:00 18:00 T T T T T T T T
2:00 5:00 8:00 11:00 14:00 17:00 20:00 23:00
Pucynok 1 — Obuucnenuii 3a umipsinumu Pucynok 2 — Bumipsina memnepamypa HagKOAUWHLO20
NOKASHUKAMU Pi6eHb COHAYHO20 ONPOMIHEHHS cepedosuiya

BpaxoByroun naHi, o MpeacTaBieH] Ha pUCYHKaxX 1, 2, 3 JOCTaTHROIO TOYHICTIO BU3HAYUMO TEMIIEPATyPy
COHSAYHOI ITaHeN i 32 (JOPMYJIIOH0:
T, =30,006+0,0175-(G —300) +1,14-(T, —25) 1)

ne G — piBeHb onpoMiHeHHS; T, — TeMIepaTypa HaBKOJIHIITHBEOTO CepeIOBHINA.

I'padik 3MiHN TemMmepaTypu MaHe i MPOTATOM ITHS MpencTaBlIeHHH Ha pUCyHKY 3. @opmyna (1) He B mOBHIN Mipi
BpaxoBY€ IHEPUIWHICTh 3MiHU TEMIIEPaTyPH COHSIHOI ITAHEIN TIPH 3MiHi ONIPOMIHEHHS Ta TeMIIEPaTypH HaBKOIHIITHEOTO
CepeloBUINla, TOMY B PEalbHOCTI rpadik MaB OM HE HACTUTBKM KOCTpyOaTwil BUTisAa. ns oOYMCICHHS BUXiTHOI
MOTYXKHOCTI CTaHWIl puC. 4 3pYYHO CKOPUCTATHCA MOXUIHBOCTsAMH Oibmioreku Simulink. 3py4no, o BHyTpimHs 6a3a
Simulink mictuTe Bei HeoOXiaHi st Hac mapameTpu naneni. Ha pucyHky 5 mpezcraBieHa MoJielb (OTOCIEKTPHYHOTO
MacuBy, 7Ie BXIIHMMHU IapaMeTpamH € ONpOMiHEHHs Ta Temreparypa. KoHgirypauis MacuBy Ta HajalTyBaHHS
3aJal0ThCsl Y BiKHI mapameTpiB puc. 6. [Ipu oO4HCIEHHI MOTYKHOCTI, SIKa TEHEPYEThCS IaHENsIMH, BBaXKAETHCS, IO
cUcTeMa Mpalfoe B TOYIl MaKCHMaJbHOI MOTyKHOCTi. CXeMa Mpalioe HACTYyIIHUM YMHOM: 33Ja€MOCSI 3HAaYCHHSIMH
temnepatypu(Temperature) ta onpominenns(Irradiance), Ha BHUXigHI KIeMH MacCHBY MOJA€MO HAMPYTY 3MIHIOKOYH ii
BesuuuHy Bif 0 10 Voc. 3HIMAEMO TIOKA3HUKHU CTPYMY B KOXKHIHM TOYII, JJIsI KOKHOT TOYKH 3HAXOAUMO MOTYXKHICTh, CEpe]
OTPUMAaHOr0 MACHBY TOYOK 3HAXOAUMO MakCUMyM. [I0BTOpPrOEMO Ha BChOMY Jialia30Hi BXiTHUX BEINYMH. TakuM 4MHOM
OTpUMY€EMO Tpadik BUXiTHOI MOTY>KHOCTI pHUC. 4 MOTIEpeTHRO BPaxXyBaBIIH BTPATH B iHBEPTOPI.
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%] Btack Parameters: PV Array x

PV aray (mask) (link)

Implements a PV array built of strings of P¥ modules connected in parallel. Each string consists of modules connected in series.
Allows modeling of a variety of preset PV modules available from NREL System Advisor Madel (Jan, 2014) as well as user-defined PV module.
Inpat 1 = Sun imadiance, in W/m2, and input 2 = Cell tamperature, in deg.C.
Parameters  Advanced
Amay data Display 1V and P-V charactertstics of
Irradiance | parael strings [150 §amay © 1000 Wim2 & speciied temperaturss ~
> I T_cell (deg. €) [[4525 ]
- Seres-connected rodules per sring [20 -
Irradiance
+ B Module data Model parameters.
T t ’ Module:  Canadian Solar Inc. CSEX-300M - . e )
emperature Ught-generated curent 1L (A
p - » out.Ppy| Maimum Power (W)
Temperature | et per mocule ucell Diode saturation current 10 (4) 1.3

Open circuit voltage Voc (V) |4

Short-drcuit current 1sc () .74 Diode idsalty factor

sontinuous
| Voltage at maximum power point Vimp (V)

| cument at masmum power point 1mp (a) 522 Shunk resistance fish (chms)
_ | Temperature cosfficient of voc (3/deg.C}
| Seres resistance Rs (chms)

| Temperature coeffictent of 1sc (34/deg.C)

Pucynok 5 — JJocriona mooenw ! CERIE
domoerexmpuunozo macusy & Simulink Pucynox 6 — Bixro napamempie 6a0xy PV Array Simulink

[MopiBHsBIIN prcyHKH | Ta 7 MOKHA MOOAYMTH, IO MOJIEIIb Mepe0aYeHHs] COHSIYHOTO ONPOMIHEHHS HE BPaxoBY€
To Qakt, mo (OTOENEKTPUIHA CHCTEMa MOXE 3HAXOMWUTHCH i ompoMiHeHHsM Bume 1000 Br/m%. lle sBume
00yMOBIICHO reorpa)iYHUM PO3TAIIyBAHHAM, a TAKOK CIPHUSATIMBUAMY IS IIbOTO TOTOJHUMH YMOBaMH Ta OTOIYIOUUM
cepenosuieM. Lle, B cBOIO uepry, NpU3BOANTH A0 HAUIMIIKY MOTY)KHOCTI, IO HAJAXOAWUTH IO iHBEPTOpa, II0 MOXKE
HETaTHBHUM YHMHOM BIUIMHYTH Ha TIpane3faTHiCcTh iHBepTopa. I[IpaBunbHEM YMHOM po3pobieHa cucteMa KepyBaHHS,
MOJKe BOEperTH iHBepTOp BiJ HOIIKOIKEHHS.
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Pucynox 9 — Ilpoenosoeana nomyosicuicms Ha 6uxooi ineepmopa

BucnoBok. IlpoananizyBaBmn OTpHMaHi JaHi MOKHA MIHTH BHCHOBKY, IO CHUCTEMa HPOTHO3YBaHHS, 4epe3
0oOMeXeHy BEIMYHHY MIHIMaJIbHOTO KpPOKY IIPOTHO3YBAaHHS, a TAKOX YAacCTKOBI 3aTiHEHHA KOPOTKOI Ta CepeaHbOl
TPHUBAJIOCTI BHACIIAOK PYXY MOBITPSHUX Mac, HE Ma€ 3MOTH BPaXxOBYBAaTH KOPOTKOYACHI IEPEBUIIICHHS PiBHSA OCBITICHHS.
Ile 0OymoBIIOE PO3OIXKHOCTI y TeMIepaTypHHUX MOKa3HHUKax (puc. 8) Ta rpadiky pe3yibTyrdoi HOTYKHOCTI CTaHII1

(puc 9).
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Study of the solar power plant power generation forecasting model. The question of determining the possible capacity
of a photovoltaic power plant is very acute due to the growing demand for renewable energy, coupled with the fact that
during the day we have limited time to generate energy from such a source. Thus, based on the obtained analytical data,
which allows to predict weather conditions, it is possible to regulate the amount of energy supplied to the network in a
certain way due to more maneuverable power plants. In previous years, electrical engineering scientists and researchers
from different countries have developed and implemented methods for determining weather conditions, such as clouds,
air temperature, atmospheric dust and others, as well as their impact on the energy output of a solar power plant. A
photovoltaic panel is a complex nonlinear object with many variables. In addition to the structural features of the module,
the output is most affected by solar radiation and panel temperature. When researching the prediction of the amount of
energy produced, it is important to find sufficiently reliable and consistent data. At the forefront of these issues are US
universities and research centers. For example, the University of Nevada in Las Vegas, in 2006 put into operation a set
of measurements of weather conditions: the level of sunlight, ambient temperature, wind speed, humidity and others.
When calculating the power generated by the panels, it is assumed that the system operates at the point of maximum
power. The scheme works as follows: we set the values of temperature (Temperature) and irradiation (Irradiance); we
apply voltage to the output terminals of the array by changing its value from 0 to VVoc. We take current readings at each
point, we find the power for each point, we find the maximum among the obtained array of points. Repeat over the entire
range of input values. Thus, we obtain a graph of the output power of Figs. 4 pre-considering the losses in the inverter.
Key words: photovoltaic panel, Simulink, inverter, solar radiation, temperature, open circuit voltage, prediction step,
resolution
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