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Peghepam—B HaBeeHiii cTAaTTi 3aNPONOHOBAHO METOAUKY BU3HAYEHHS BipTyaJbHOI INIJILHOCTI XMap HA OCHOBI 3acTO-
CyBaHHsI 3BOPOTHOTO NepeTBOPEHHs /s MiIBULEHHS BeJIHYHHH CepeHbOro PiBHSA eHeprii, 10 reHepy€eTbCsl COHSTYHOIO
€JIeKTPOCTAHLI€I0, HA edsKkoMYy 0a3oBoMy iHTepBaii. HaBeneno ¢opmyiy 3axkony bepa, sxuii onucye 3MeHIIeHHs iHTeHCH-
BHOCTi BUIIDOMiHIOBAHHS IIPH NPOXO/IZKCHHI Yepe3 XMapH, Ta ¢popmyJly JJIsi BUBHAYEHHS NpoeKuii xmap. PosriasgnyTo Tpu
BUNAIKH CIIBBiIHOIIEeHHS JNiHiHOI IBHAKOCTI pyXy XMap Ta mBUAKOCTI COHLSA, sika BU3HAYAETHCS HOro KyTOBHM Iepe-
MileHHsIM. [ KO’KHOI0 3 BHNIA/IKIiB HABeJeHO CXeMy PO3PaxyHKY BipTya/IbHOI IIITBHOCTI Ta (pOpMYJIH JJIS PO3PAXYHKY
IHTEHCHBHOCTi COHSIYHOI'0 BUIIPOMiHIOBAHHS, NPOEKLIi XMapH HA COHSIYHY NIaHeJIb, a TAaK0kK KoedinieHTa niniliHoro noryim-
HAHHsI, 3HAYeHHs IKOT0 KOPEeJIIOI0Th 3i 3HAYeHHAMH IIJIbHOCTI XMapH.

bioa. 13, puc. 4.

Knrouoei cnosa — conauna enekmpocmanuyis; ipmyanvha wiiibHicmes Xmap; 6i00ip MakcumanbHoi enepeii; Menoo 360po-
mnozo nepemeopenns; nepemeopennsn Oyp’e.

3rigHO 3 mMpUHIMIIOM HeBM3HauyeHocTi ['elizeHOepra
JUTS TIBUIIEHHS e(eKTHBHOCTI pOOOTH CHCTEMH Kepy-
BaHHS [I0TOKaMH CHEPTii B TAKUX CUCTEMAaX Mae 311HCHIO-
BaTHUCH TI0 JBOM KaHaJaM — 32 0a30BHM iHTEPBAJIOM IS

I. BcTvIl

B ocraHHI AecATHIITTS B €HEProcCUCTEMax CBITY Ta
YKpaiHy IHPOKO BUKOPUCTOBYIOThCS €JIEKTPOCTAHIIT Ha

OCHOBI Bi/THOBITIOBaHUX JDKEpPEN €HEprii, 30KpeMa COHsI-
gri enektpoctanmii (CEC) [l], BcTaHoBieHa TiKOBa
MOTYXHICTh SIKMX B YKpaiHi y 2016 poni nepeBummia
450 MBrT [2]. OzpHi€lo 3 HAUMOTYKHIIIMX COHSYHUX elie-
KTpocTaHLii B YKpaiHi € enekrpocranuis Crap [liBnens
Enepro (Star UA) motyxsictio 120 MBT [3].

Puc. 25 puxiag rpadixy 3minu piuis eneprii W 4+ Ta W_

3abe3rneveHHss HeoOXIHOTO pIBHS €Heprii aisl 3apsmy
HaKONMHAYyBaya Ta 3a MiHIMAJBHOIO TPHBAJICTIO iHTEp-
BaJTy CIIOCTEPEKEHHS IS 3a0e31eueHHsT He0OX1THOTO pi-
BHSI MaKCHUMAaJIbHO MOXITUBOI €HEeprii COHSYHNX MaHeIeH

[4].
Skuro 3a 6a3oBuil iHTEepBan T B3ATH A00Yy, MOXKHA

BU3HAYUTH CEpPEHE 3HAUCHHS eHepril chp , IKYy MO>Ha

OTpUMATH BiJl COHAYHOI €JIEKTPOCTaHIIi1, @ TAKOXK PiBEHb
eneprii W, , 1110 IepeBUIIy€e CEPEHE 3HAUEHHS 1 BUKOPH-
CTOBYETHCS LTS 3apsily HAKOITUYyBaya, Ta PIBCHb CHEPTii
W_, 110 MEHIIIHIA 3a CepeIHE 3HAUCHHSI 1 TOBEPTAETHCS B
Mepexy Bix HakonmdyBada (puc. 1). 3HaHHS UX piBHIB
eHeprii J03BOJISIE pealli3yBaTH MPOTHO3HE KEPyBaHHs CH-
CTEeMOI0 Ha HacTymHOMYy O0a3oBoMy iHTepBaii. OmHaK
Take KePyBaHHs € HETOUYHHUM, a OJHUM 3 TIIXOIIB ITi{BHU-
IICHHSI TOYHOCTI € MPOTHO3YBaHHS HA JICIKUN 1HTepBall
At 3 TIOJANTBIIOI KOPEKII€I0 Ta MMOKPOKOBHM 3MillICH-
HSIM JI0 KiHIIs 0a30BOT0 iHTEpBaY.
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[Neprmmm KpOKOM NP BUKOPUCTAHHI COHSYHUX €JIeK-
TPOCTAaHIIIN € OITUC MapaMeTPiB HABKOJIUITHHOTO CEPEIO-
BUINA, HANPUKIIAJ, IHTEHCUBHOCTI COHSYHOTO BHITPOMi-
HIOBaHHS, THCKYy, TEMIIEpaTypyd MOBITPs, BOJOTOCTI
TOIIO, a TakoK Kopeusuii Mk HuMH. L{i mapamerpu
€ HEOOXITHUMHM AJIsl BU3HAUYEHHS MAaKCHMAaJbHOTO PiBHS
eHeprii, sika Moxxe Oyt orpumana Bix CEC.

Benmuuna eHeprii, sKy MOKHa OTPUMATH BiJ COHSY-
HOI €JIEKTPOCTAHIIil, BU3HAYAETHCS 3arajibHOIO TUIOMICIO
COHAYHHX ITaHeNeH, Koe(illieHTOM KOPHUCHOI Aii Ta cepe-
JTHOMICSTYHOO TUTOMOIO IHTEHCHUBHICTIO COHAYHOTO BH-
NPOMIHIOBaHHS, 110 ITOTPAIUIIE HA TOPU30HTANIBHY HIOBE-
PXHIO. [HTEHCHBHICTb, B CBOIO YepTy, CyTTEBO 3AJICKUTh
Bi reorpadivHOl IMUPOTH MICIICBOCTI, MMOPH POKY Ta
yacy 100u, mpo3opocTi armocdepu, HasBHOCTI XMap,
XapakTepy MiICTHIAI0Y0] TTOBEPXHi Ta IHIMHUX (aKTOPiB

[5, 6].

Jlnst OLIHKY PiBHS €HEeprii, 10 MOTpaIuIse Ha MOBEp-
XHIO COHSIYHUX IMaHEeJeH, iICHy€e IeKiIbKa METOIIB, Cepesl
AKHUX: 1) BUKOPUCTAHHS JAaTYMKIB OCBITICHHS; 2) (ikca-
i TOJIOKEHHS pPo00Y0i TOYKH [UIss 3a0€3MMeUCHHS
poOOTH B OKOJIi TOUKH BiOOPY MaKCHMaIIbHOT ITOTYXHO-
CTi; 3) BUKOPHUCTAHHS QJITOPUTMIB MOLIYKY TOUYKHA MaKCH-
MaJIbHOT HOTYXHOCTi. Po3risiiaroun ctpym Ha BUXoi co-
HAYHUX TaHesell K KIHIEeBUH pe3ysbTaT MPOXOMKEHHS
COHSTYHOTO BHUIIPOMIHIOBAaHHS 4epe3 30BHIIIHE cepero-
BUIIE HAJ COHAYHUMHU IIaHETSIMH, IOLIIBHO OLIHWUTH
BIUIUB I[LOTO CEPEJIOBUINA Ha BEJIMYUHY CHEpTrii reHepa-
if.

OpHuM 3 KpOKiB Takoi ifeHTH(]IKalil € BU3HAUSHHS
IIITEHOCTI XMap, BiJl BETUYWHHE SKOT 3aJIC)KUTH BEJTMIUHA
EHeprii, 10 MOTPAIUISE Ha TOBEPXHIO COHSUHUX MaHEICH,
IO 1 € METOIO TaHOi POOOTH.

I1.  BIPTYAJIbHA L[UILHICTH XMAP

CoHSYHA eJIEKTPOCTAHIIiS € HAOOPOM COHSYHHX TTaHe-
Jiel — MUCKPETHUX KOMIPOK, KITbKICTh SIKUX 3JIC)KUTH BifT
MOTY>KHOCTI €IEKTPOCTAHIII1, TOMY JOIUIHFHO 0YJI0 O Tpo-
BOJWUTH PO3paxyHKH M JTUCKpeTHOi mopeni. OpnHak
KOJI PO3IIIAAAI0TECS BEJMKI €IEKTPOCTAHINi, TakKi, SIK,
HaInpuKIazm, enekrpocraniis lvanpah Solar Electric Gen-
erating System [7], sika cknagaetsest 3 300000 coHsruHHX
naseJiei wiomero 14 M? KoKHa, BpaXoByIOUH, 110 IUIONIA
MPOEKIlil XMapu (HAIPUKIIAJl, KYITYacTOi) B CEPEIHBOMY
carae 100000 M?, MOKHa BUKOPUCTOBYBAaTH HENIEPEPBHY
Mozenb. [li MmIomer MpoeKIii XMapu B 3araibHOMY
BHIA/IKy PO3YMIETBCSA KIUIBKICTh 3aTIHEHHX XMapolo
KOMIpOK.

OCKIJIBKH TIOTIEPEYHI PO3MIpH COHSIYHOTO TPOMEHIO
3HAYHO MEHIII 33 IMOB30BXHI, MIPOMiHb XapaKTepU3y-
€Tbecs inTeHcHBHICTIO |(Z) B KOXHIN KOHKpETHi# ToUIl

Ha mpoMmeHi. [Ipym TPOXOHKEHHI KBAaHTIB COHSIYHOTO
BUIIPOMIHIOBAaHHSI Yepe3 XMapy CyMapHa iHTEHCHUBHICTh
BUIPOMiHIOBaHHS | , IO pO3paxOBY€EThCS HA OTMHHLIO
IUTOIII ITOBEPXHi, HEPIEHINUKYIIIPHOI HAIIPSIMKY PO3ITOB-
CIO/DKCHHS BUIIPOMIHIOBAaHHSI, 3MEHIIYETHCS 32 3aKOHOM
Bepa [8]:

—fp(mz
I(z)=1qe ° , )

Jie Z — KOOpJMHATa TOYKH Ha MpsIMii, B3IOBXK SIKOT PO3-
TMIOBCIO/DKYEThCSI BUIIPOMiHIOBAaHHS; | — MoyaTkoBe 3Ha-

YCHHS IHTEHCHUBHOCTI, TOOTO IHTCHCUBHICTH BUIIPOMIHIO-
BaHHs, 110 NoTparisie B armocdepy 3emii; u(Z) — koe-

(ilieHT JTIHIKHOTO MOTJIMHAHHS, 10 € (DYHKIIE€0 TPhOX
OpOCTOPOBUX KoopauHat (X,Y,Z), sKi YTBOPIOIOTH
paniyc-Bekrop Z . 3HaueHHs Koedimienta p(Z) pospaxo-
BYIOTBCSl B TOYKax Ha mpsaMiil, mapanensHii oci Oz
1 KOPEJIOIOTh 31 3HAUYCHHSIMH MIUTFHOCTI XMapy B TOYKAX
BeKTopa Z . BenmnunHa aMIDTiTy 1M iIHTEHCHBHOCTI COHSTY-
HOTO BHUITPOMIHIOBAHHS, 1[0 MPOUIILIO KPi3k XMapy, 00e-
PHEHO TIPOTIOPITiifHA MIITFHOCTI XMapH.

Jlorapugm BiTHOIIECHHS IHTEHCUBHOCTI BUITPOMIHIO-
BaHHS, 110 MOTPAIIsiE HA COHSYHY MaHeNb, 0 MOYaTKO-
BOT IHTEHCHBHOCTI OYJIEMO Ha3MBATH MPOCKIIE€I0 XMapH
B3JIOBJXK JTiHIi PO3MOBCIOKCHHS BUTIPOMIiHIOBAHHS:

p(z)=—lnﬂ,
lo

abo, BpaxoBytouu Gopmyiy (1):

p(2) = [n(2)dx.
0

Jis1 3HaX0KEHHS IUTFHOCT XMapy HE0OX1THO MaTh
HaOip 11 MPOEKIiN I BCIX MOXKIIMBHX TIOJI0KEHb XMapH
B KOOpAMHATAX X, Y, Z.

[TigxroueHHs IepeTBOPIOBada (B 3arajJbHOMY BHIIa-
JIKY — IMITyJIbCHOTO PEryJsiTopa) JI0 KOXKHOI eJleMeHTap-
HOi KOMIPKH COHSYHOI eJeKTpocTaHLii (i eneMeHTap-
HOI0O KOMIpKOI0 OyIeMO pO3yMiTH OKpPEeMY COHSIYHY
naHenp) 3a0e3nedye peanizalilo 2-ro Ta 3-T0 METOIIB
OIIIHKH PiBHS €HEPTii, 0 MOTPAIUIA€E HA TOBEPXHIO COHSI-
YHUX TaHeNled 3 MOAaNbIINM IiJICyMOBYBaHHSIM €HEpTii
B 3aranpHoMy By3mi [9, 10]. Tlpu mpoxomkeHHi XMapu
HaJl COHSYHOIO €JIEKTPOCTAHIIIEI0 YaCTHHA MaHesel 3aTi-
HSETBCA, 1 3arajibHUHA pIiBEHb CHEPrii 3MEHIIYETHCA.
B 3aiexHOCTI BiJ CHIBBIAHOIIEHHS JIHIAHOI IIBUAKOCTI
pyxy xmap V,,, Ta mBuakocti CoHIs, sIKa BU3HAYAETHCS

HOro KyTOBUM II€peMillleHHAM V., MOKJIUBI Taki BHIA-
JKH:

1) niniitHa IBUAKICTH PyXy XMapH 3HAYHO OiIbIIIA 32
mBUAKicTs COHIIS, sIKa BU3HAYAETHCA HOTO KyTO-
BUM nepemimenHsam: V., >>V.. Toxi Ha ne-
SIKOMY 1HTEpBaJli CIIOCTEPEXEHHSA (HAIPUKIAL,
1 ron) nonoxxenns: CoHusl BBakaeThcs (hiKCOBa-
HUM (puc. 2, a), ToOTO JiHii mpomeHiB A — A4, 4’ —
A’, A” — A’ 30epiraroTh CBOIO KOJIIHEapHICTh, TOJII
SIK TIPOEKIIiS XMapH IEePEeMINly€eThCSI Ha BiJICTaHb
h;

2) niHifiHa NIBUAKICTS PyXy XMapHy 3HAYHO MEHIIIA 38
mBHAKICT COHI, sIKa BU3HAYAETHCS HOTO KYTO-
BUM nepemimenssm: V,,, <<V, . Tozi minii npo-
MeHiB 3MiHIOIOThCS 3 A — A Ha B — B 3 KyTOM 3Mi-
meHHst CoHIt 0 , SKui 3MIHIOETHCS B 3a31aJIET1Ib
BU3HAYEHHUX MeXaX Opin <0 <0, (puc. 2, 6);
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L@ﬂ Copyright (c) 2017 Ocunenko K. C.


http://creativecommons.org/licenses/by/4.0/

ISSN 1811-4512. ElectronCommun, 2017, vol. 22, Ne3 57

a)

Puc. 26 IIpoekiii XMapu Ha COHSAYHY MaHENb: a) 328 YMOBH Vx o VC ; 0) 32 yMOBH Vx << V

3) miHifiHA BUIKICTH PyXy XMap Ta mBHAKicTh Co-
HISI, SIKA BU3HAYA€THCS HOTO KYTOBHUM IEepeMi-
IICHHSAM, € BEJIWYMHAMH OJHOTO HOPSAKY:

V., =V, . Leit Bunanoxk noeguye B cobi ocodmnu-

BOCTI MOTIEPEIHIX ABOX BUIAJIKIB.

Xoua BU3HaUEHHS (HOPMU MPOEKITii XMapH € BaKITH-
BOIO 3a/1a4€I0, B HABECHIN CTATTi JJIs CIIPOIICHHS PO3-
paxyHKIiB (hOpMy MPOEKIIiT XMapH alpOKCUMYEMO KOJIOM
Jesikoro paaiycy R 3 nerrpom B Touri O.

OCKUIbKM CyMapHa iIHTEHCHBHICTh COHSYHOTO BUIIPO-
MIHIOBaHHS BU3HAYAETHCS IOTOKOM MPSIMOTO COHSYHOTO
BUIIPOMIHIOBAHHSI, 1110 IPOXOAUTH Yepe3 XMapy; HOIJIH-
HEHUM MOTOKOM; IIOTOKOM, BiZIOUTHM MOBEPXHEIO 3EMITi;
MOTOKOM, MEPEBIIOUTHM Bijl MOBEPXHI XMapH, a TaKOX
HABEJICHUM IOTOKOM BiJ[ iHIMMX 00’€KTIiB Ha IMOBEPXHI
[11], To puist cipoleHHs pO3paxyHKiB Oy/1eMO BUKOPHC-
TOBYBAaTH MCAKYy CKBIBaJICHTHY BipTyallbHY UIiTBHICTD
XMap, sika Oy/ie BpaXOBYBATH SIK BEJIMUMHY MPSIMOTO, TaK
1 BeIMYHMHY BiJOWTOTO BUIPOMiHIOBaHHS. Takox i Ha-
OYHOCTI PO3paxyeMo MIIBHICTh OJHIET XMapu. Xo4a 3a
100y HaJl COHSYHOIO IEKTPOCTAHLIEI0 POXOIATh eCs-
TKH XMap pi3HUX po3MipiB, popM Ta LITbHOCTEH, METO-
JMKa PO3PaxyHKy JJIs KOXKHOT 3 XMap Oyle OJHAKOBOIO.
Jlns BU3HAYCHHS BipTYalbHOI IIITBHOCTI iCHY€E NIEeKiTbKa
METOJIiB, OJJHAM 3 SIKMX € METO]] 3BOPOTHOTO IEPETBO-
PEHHS, KU JO3BOJISIE BU3HAYNTH LIUTBHICTh 00’ €KTY 3a
HA0OPOM HOTro MPOEKITiil Ha AesKy mionuHy [12].

.  AJAOTALSI METOZY 3BOPOTHOI'O IIEPETBO-
PEHHS

3a yMOBH, IO JIiHIHA IIBUIKICTh PyXy XMapu 3Ha-
ygo Oumpna 3a mBHAKICTE COHIS, KA BH3HAYAETHCS
HOro KyTOBHM IIEpEMIlIEHHSIM, CXeMa PO3PaXyHKY BipTy-
aJBHOT IIITFHOCTI XMapH 3a HabopoM 11 MpOoeKIiil mpu
3aCTOCYBaHHI METOJly 3BOPOTHOTO NEPETBOPEHHS MOJIs-
ra€ y HaCTYITHOMY.

Ha consuniii maneni obupaeMo Mo4aTKOBY JEKapTOBY
cucremy koopanHat OXyz 3 nenrpom O. CoHSIYHE BUIIPO-
MIHIOBaHHS PO3IOBCIOJUKY€EThCS B37oBX Bici Oz . Ilpm

z =0 mouaTKOBa IMpoeKList XMapH | 3HaXOJUTHCS B IIJIO-
uHi OXY, py 4OMY HEHTP KOOPAWHAT CITIBIA/IA€ 3 LIeH-
TpoMm mpoekuii (puc. 3). Ockinbku mnonoxeHHs CoHIA
BBa)XKAEThCSI (DIKCOBAHUM, TOOTO PO3MIISAAETHCS MYUYOK
KOJIHEapHUX MpPOMEHiB 1 KyT 3MimenHs Connsg 0=0,

0)

c

HACTYITHA TIPOEKIIist XMapH 1’ po3paxoBYeThCA y CUCTEMI
koopaurat Oyy , HEHTP SAKOI MEPEHOCUThCS y TOUKY O’

3 koopauHartamu (@, b), Hanpsm Bici Oy cniBmangae
3 mHampsmoM Bici Ox, mampsm Bici Oy cmiBnamae
3 HarpsimoM Bici OY . I1oJ10KeHHST HOBOI CHCTEMH BiIHO-
CHO MOYaTKOBOT BU3HAYAETHCS HACTYTHUMH PIBHSIHHIMU:

x=X-—-a
y=y-b
Bimnosimao no ¢opmynu (1), iIHTEHCHBHICTh COHSY-

HOTO BHIIPOMIHIOBAHHS Ha IUIOLIMHI COHSYHOI MaHesi
npu Z =0 BH3HAYAETHCS HACTYITHUM YHHOM:

Xy
=[ [ n(x=x,y-v)dxdy
1(x,y) = loe 00 : 2
IIpu nojanplIMX po3paxyHKax INpUMMEMO, 110 11032
xmaporo W =0, i iHTerpan y ¢dopmyni (2) po3paxoBy-
€THCS JIMILE T10 BiJPi3Ky, 10 PO3TAIOBAHUN BCEpEIHHI
TUIOIIMHH KOJIa.

3amumemMo BHpas sl NPOEKLil XMapH Ha COHSYHY
MaHEeNb HACTYITHUM YHHOM:

Xy
p(x,Y) = [ [u(x=x, y-7)dxdy .
00

BpaxoBytoun, 1o 3miHa GyHkiii p(X, Y, Z) Ha OJAUHHIO

. . . d
BiacTaHi o oci OZ BU3HAYa€ThCS OIEPATOPOM [, = —

dz
, 1 3aCTOCOBYIOYH 3BOPOTHE IepeTBOpeHHS [13], orpuma-
€MO HACTYIHUI BUpa3 I KoedilieHTa JNiHiifHOro nor-
JIMHAHHS XMapH:

n(x, y,2)=jp(x,y)ei(|Dz><+pzy)dpZ ,
0

SIKWUH 1 BU3HAYae 11 IUIBHICTD.

0]
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Puc. 27 Cxema po3paxyHKy BipTyalbHOI IIUIBHOCTI XMapH 3a YMOBH,
wo V, >>V,

Puc. 28 Cxema po3paxyHKy BipTyalbHOI IIUIBHOCTI XMapy 3a YMOBH,
o VXM << VC

Cepenne 3HaueHHS KoedilieHTa JiHIHOTO MHOIJH-
HaHHs Ha iHTepBamax 0+ X, 0+Y ,me X ta Y — rpa-
HUYHI PO3MIpH TPOEKIii XMapH, BU3HAYAETHCS HACTYII-
HUM YHHOM:

11 XY '(p o )
— _ - = J(PzX+Pzy
H(x,y,z) <y '([.([El; p(x y)e dxdydp,

Jlnst 3HaXOJDKEHHS TPEHY 3MIHHU BIpTyaJbHOI IIijIb-
HOCTI XMapH Ha 0a30BOMY iHTepBaJli HEOOXiJHO PO3paxo-
BYBaTH MaTeMaTHYHE OYiKyBaHHS BeJIMYMHHU BipTyaIbHOT
IIIJIBHOCTI Ta HOTO BiJXWJICHHS HA KO)KHOMY 3 0OpaHuX
iHTepBaJiB (iKcallii MOJIOKEHHS XMapH.

Jns BUnanKy, KOJIM JIiHiHA IIBUIKICTD PYXY XMapu
3HAYHO MEHIIa 3a MBHUAKICTE COHIl, KA BU3HAYAECTHCS
HOT0 KyTOBHM MEPEMIIIICHHSAM, IPUAMEMO, IO 3MIIICHHS
Conng B3gosx Bici Oy € mesnaunum. Toxi BimHOCHO

HepyxoMoi cuctemu KoopauHar OXZ BBEHEMO PyXOMY
cuctemy OCE, Bice O¢ sikoi HampaBiieHa, SIK TIOKa3aHO

Ha puc. 4.

[TomoxxeHHS pyXOMOi CHCTEMH BiTHOCHO HEPYXOMOI
BU3HAYAETHCS KyTOM 0 :

{=12c0s0+Xxsind
£=—2siN0+xc0s0

[HTEHCUBHICTE COHSYHOTO BHUIPOMIHIOBAHHS ISt
JIESTKOTO 3HAYCHHA KOOPAWHATH Y MPOEKIi XMapu BHU-

3HAYAETHCSl KYTOM 3MIILEHHSI 0 [TOTOYHOTO POMEHIO Bi-
JHOCHO ITOYaTKOBOT'O:
z
1(&,y,6) = lgexp| —[ u(x,y, 2)dg |,
0

e Z — BepXHs IPaHULS XMapH.

Kyt noBopoty cuctemMn KoOpauHaT O 3alIeXUTh Bil
KyToBOTO TIonoxeHHs1 CoHI (dacy 1o0m), KyTa Haxuiy
COHSYHOI MaHeNi Ta Biji reorpadivHUX KOOPIUHAT COHS-
YHOI eNIEKTPOCTaHIII1, a/ke aTMocdepa 3eMIli Kparie Bifl-
OuBa€e KOCi COHSYHI NMPOMEHI, TOMY TOJJMHHA 1HCOJISILIS
Ha €KBaTOpi i B cepelHiX MHUpOoTax HabaraTo OiNbIIa HixK
B BHCOKHX, 1 TOMY B €KBaTOpiaJIbHUX pErioHax KyT
HAXWIy TaHenel Oyie 3HaYHO MEHIIIMM, HiXK Y PerioHaX,
OMKYMX IO HOJIIOCIB.

Habip npoekuiii xmapu Ha Bich Of BH3HAaYaeThCs

HACTyITHUM YMHOM:

Z
P(&.Y.0) = [n(x.y.2)ds.
0

Bpaxoyroun, mo Bice O& moBepHeHa BiHOCHO Bici OX

Ha KyT 5—9 , piBHsiHHA npoekuil &, Bici O Ha Bics OX
3aIMCy€ThCS HACTYITHUM YHHOM:

&y =—Z+Xctgo.

Toni, mno3HauuMBIIM Ha0ip NpPOEKLid XMapu uepe3

. do .
p(&y.Y,0) i BpaxoBytoun, 110 vl ®, — 3MiHa KyTa
X

MOBOPOTY CHCTEMHU KOOPAMHAT HAa OJMHHMIIIO BIICTaHI 11O
oci OX, oTpuMaeMO HACTYNHHIN BHpa3 AJsl PO3PAXYHKY
KoediIieHTa JIHIHHOTO MOTJIMHAHHS:

“(X’ y’ Z) = J- p(éX’ y! 9)ejmxgxd(*))( ’
0

SKH{ SIK 1 y NonepesHbOMY BUIAJKy BH3HAuYa€ BipTya-
JBHY IIIIBHICTH XMapH.

VY BHUNajKy, KOJN JIiHIMHA IBUAKICTh PYyXYy XMapH Ta
mBuAKicTs COHI, fIKa BU3HAYAE€THCA HOTO KyTOBHUM Iie-
PEMIIIEHHSM, € BEITMYMHAMH OJHOTO MOPSIKY, HEOOXi-
JTHO BPaXxOBYBAaTH OCOOIUBOCTI, MPUTaMaHHi MOTIEPEeTHIM
JIBOM BHUIIaIKaM. 32 YMOBH, 110 3MiteHHs: COHIIS B3J0BXK
Bici Oy € He3HAYHNM, AHAJIOTIYHI PO3PaXyHKH JOLIBHO

MIPOBOJUTH Y HOBiil CUCTEMI KOOPJHHAT:

{=12c0s0+xsind
& =—zsinB+xcosO

y=y-b

. d
3 BUKOPHCTAHHSAM ONEPATOPiB — Ta — .
dz dx
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BUCHOBKHI

3anponoHOBaHa B CTATTI METOAMKA JO3BOJISE Ha

OCHOBI 3aCTOCYBaHHS METOJY 3BOPOTHOTO IIEPETBOPEHHS
BU3HAYUTH KOEDILIEHT JIHIWHOTO MOTJIMHAHHS 1, BIAIO-
BiZIHO, BIpTyaJIbHY IIIJIBHICT XMapH 3a JaHUMHU IHTEHCH-
BHOCTI COHSYHOTO BHIIPOMIHIOBAaHHS, IO TOTPAIUIAe HA
MIOBEPXHIO COHSYHMX TaHeJeH.
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Peghepam—B nipuBeeHHOI cTaThbe NPeEIJIOKEHA METOANKA ONpee/IeHHs] BUPTYAIbHOM IJIOTHOCTH 00/1aKOB HA OCHOBeE
NpPUMeHeHHs1 00PaTHOr0 Npeodpa3oBaHus /i NOBBIIIEHHUS BeJIMYHHBI CPeHEr0 YPOBHS HEPIruH, F'eHePHPYeMoii coTHed-
HOIi 3JIeKTpOcTaHIKel, Ha HeKoTopoM 0azoBoM nHTepBaiie. [IpuBenena gpopmyna 3akona bapa, onuceiBaero yMeHblIe-
HHe HHTEHCHBHOCTH M3JIy4YeHHsl NPU MPOXO0sKIAEHUH Yepe3 00.,1aKa, U (hopMy.ia 1J1s onpeseeHus: NpoeKnuii odaakos. Pac-
CMOTPeHbI TPH CJIy4asi COOTHOIIEHHsI JIMHEHHOI cKOpoCTH ABM:KeHHs 00,1aKkoB U ckopocTH CostHLa, onpeensiomeiics ero
YIJIOBBIM NepeMenenneM. Jsl Kajk10ro u3 cIy4yaeB NpUBeJAeHA cXeMa pacyeTa BUPTYaJbHOH MIOTHOCTH H GopMyJIbI st
pacyeTa HHTEHCHBHOCTH COJIHEYHOI0 U3JIy4YeHHs, HPOEeKIHH 00/1aKa HA COJIHEYHYI0 IIaHe/b, 2 TaK:Ke Kod¢duuuenra -
HEHHOI0 NOIJIOIICHHs, 3HAYeHHs1 KOTOPOI0 KOPPEIHUPYIOT CO 3HAYCHUAMH ILIOTHOCTH 00/1aKa.

bubu. 13, puc. 4.

Knrwouesvle cnosa — conneunasn INNEeKMPOCMAHUUA; 6UPMYAIbHAA NIOMHOCMb MyU; omﬁop MAKCUMATbHOUL IHepzuu; me-

moo oopamnozo npeodpazosanus; npeoopazoeanue Dypoe.
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Abstract—In the presented paper data on solar power stations power in the world and Ukraine are given. Also data on
the installed peak power of solar power stations in Ukraine in 2016 are given. It is shown that the efficiency of such power
stations is provided by maximum energy selection from solar panels at each specific moment in time and efficient operation
of the storage on some basic interval. The necessity of implementation of two-channel control in distributed generation
systems due to Heisenberg uncertainty principle is shown. It should control the basic interval to ensure the necessary level
of energy to charge the storage duration and the minimal duration of observation interval to ensure the maximum level of
energy, taken from solar panels. The maximum value of the energy generated by solar panels depends on the existence of
clouds and their density, because when the cloud passes over solar panels, part of them is shaded and the level of output
energy decreases. Knowing the average level of energy that can be obtained from solar power station and energy levels that
excess and is less than average, allows implementing the predictive control on the next basic interval. However, such control
is inaccurate. One of the approaches to improve the accuracy is a prediction on a certain small interval with subsequent
correction and step-by-step displacement until the end of the basic interval. Considering the solar panels output current as
a final result of solar radiation passage through the external environment it is advisable to assess the impact of this environ-
ment on the magnitude of generated energy. One of the steps of this identification is to determine the clouds density, on the
magnitude of which the amount of energy that falls on the solar panels surface depends. The Beer law is presented. It de-
scribes the reduction of the total irradiation intensity, calculated per unit of surface area perpendicular to the direction of
irradiation propagation. The method for determination of the virtual cloud density, which takes into account both the values
of direct and reflected solar radiation, with reverse transformation is given. It enhances the value of the average level of
energy, generated by solar power station on some basic interval. It is shown that in order to find the cloud density it is
necessary to have a set of projections for all possible positions of the cloud. It is proposed to approximate the form of the
cloud projection with a circle of defined radius to simplify the calculations. Three cases of the ratio between the linear
velocity of the clouds and the velocity of the sun, which is defined by its angular displacement, are considered: first is when
the linear velocity of the clouds is much greater than the velocity of the sun, which is defined by its angular displacement,
then at some observation interval the position of the sun is fixed; second is when the velocity of the clouds is much less than
the velocity of the sun; and third is when the velocity of clouds and the velocity of the sun are the values of the same order.
This case combines the features of the previous two cases. For each case the scheme for virtual cloud density calculation,
formulas for calculation of solar irradiation intensity, cloud projections on the solar panels and the linear absorption coef-
ficient, which values are correlated with the density of the cloud are given.

Ref. 13, fig. 4.

Key words — solar power station; virtual cloud density; maximum power point tracking; inverse transformation method;
Fourier transform.
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