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Beryn. [lnst po3s’si3aHHS TBOBHMIpHOI 3anadi
PO3MOIiTY 3apsiIiB IPHU MOCIIOBaHHI (POTOCICKTPH-
YHHX TIEPETBOPIOBAYIB IMOOYNIOBaHO aJalTHBHUI
AJITOPUTM, JJIS SKOTO CITKa IO 3MIHHUX IMPOCTOPO-
BUX X Ta y npu (ikcoBaHOMY 4Yaci ¢ Oyjie TOBHICTIO
HEPIBHOMIPHOIO, IO Ja€ MOMJIMBICTh 3MEHIIMTH
PO3MIPHICTh PO3B’SI3yBaHUX CUCTEM ayredpaidHux
PIBHSHB Ta 4ac po3B’si3aHHA 3anadi [1, 2]. Lle no3Bo-
JISI€ TTOBHOI[IHHO BPaxOBYBaTH OCOOJUBOCTI IMOBEIi-
HKM HEBIIOMOT (YHKIIT i CKOPOTHTH A0 MIHIMyMYy
BUTPATH MAIIMHHOTO Yacy.

OnHak y BUNAIKy HasBHOCTI BHPAXEHUX 30H 3
BEJIMKUMH Tpaji€eHTaMH IIykKaHoi (yHKIT poOorta
aJIalITABHOTO  ajJTOPUTMYy BHMaraTuMe 3HAYHOTO
3TYIICHHS CITKW JJIs JOCSATHEHHS 3a/JaHol TOYHOCTI
PO3paxyHKy B IIUX 30HaX, IO, BIAMOBITHO, IPU3BEIC
JI0 3HAYHOTO 30UIBIICHHS KUTBKOCTI BY3JIB CITKH Y
CYMDKHHX 30HaxX 4epe3 HasBHICTh OOMEKCHHS Ha
BiJIMIHHICTh 3Ha4eHb CYCITHIX KpOKiB. [Ipu 1pomy,
SKIO IIyKaHa QYHKIS Y 30HaX, CyMDKHHUX JIO 30H 13
BEJIMKHUMH TPaliEHTaMH, € JOCUTh TJIQJKOIO 1 3 HEBH-
COKMMHM TMOKa3HMKAMH T'PAJIEHTIB, aJrOPUTMY J0BE-
JIETHCSI TIPOBOAUTH 3HAYHO OUIBINY KUTBKiCTh 004HC-
JIEHb, HDK HEOOXIMHO IJIf 3aJaHOi TOYHOCTI. 3aiiBi
BUTpPATH Yacy Ta OOYHCIIOBAIBHUX pECypCiB OyAyTh
0COOJIMBO BETUKUMHU 32 YMOB, KOJH 30HU 3 BUCOKHM
rpaJiieHTOM JIOKaJIi30BaHI Ha PO3PaXyHKOBiH 0o0macTi

Ta 3aiiMalOTh HE3HAUYHY 11 YaCTUHY.
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IMocranoBka 3agaui. /s Takoro BHNAAKy 3ampo-
MMOHOBAHO MOJM(IKAII0 aJalTHBHOIO aJTOPUTMY,
sKa TIPY TIepexo/li Ha HOBUI YacOBHI IIap BH3HAYAE
HasIBHICTh JIOKAJIi30BaHMX O0JIACTeH 3 BUCOKHMH
rpajiieHTaMu NIyKaHOl (YHKIIil, 3aCTOCOBYIOUH HH-
CEIbHUM METOJ AJid MEepexXoAy Ha HOBUM YacOBUM
map y JIOKaJbHIM pO3paxyHKOBIH 00JacTi OKpeMo
JUIS 3MEHIICHHS PO3MIPHOCTI TJI00aNbHOI CITKH 1
CKOPOYCHHS MaIIMHHUX BUTpaT [3].

[Ipu BuKOpHcTaHHI 0a30BOTO aJanTUBHOTO all-
TOPUTMY HEOOXiJHO Ha KOXXHOMY YacOBOMY KpOIIi

JUIsl KOKHOTO TIPOCTOPOBOTO By3na (X;,);) KOHTpoO-

JIOBATH TOYHICTh OJICPKAHUX PE3yJbTaTIB, IOPIB-

HIOIOYH JIOKaJIbHY IOXHOKY €;; 3 TOILyCTHUMOIO €y, 1
Ha OCHOBI IIbOI'0 OOMPATH BEIUYMHHU KPOKIB hwhz, ¥

Ta BETMYMHY YaCOBOTO KPOKY T TakK, 00 MPU Mak-
CUMAaJIbHIN BEMYMHI KPOKIB MOXMOKa 3HAXOIUIACh
y 3aJlaHuX Mekax. MeToj 3MIHHMX HampsSMKIB Mae
noxuOKy anpokcumanii O(c” +h' +h), T06TO pi3-
HUII0 MK TOYHUM Ta HaOJIMKEHUM PO3B’s3KaMu Ha
(k+1)-my uvacoBoMy mmapi. B3sBim 3a yMOBYy, IO
3Ha4YeHHS IS k-T0 mapy o0YMCIIEHO TOYHO, JJIsl KO-
KHOTO BY3Jla BEIMYMHY MOXHA MPEACTaBUTH Y
BursiAi [1, 4]:

e, =U, " —u"" =t(C’ + Ch’ + Cih,7). (1)



COHAYHA EHEPTETUKA

ISSN 1819-8058

J171st OIIHKYM TIOXHMOKH Ta BUOOPY HOBOI CITKH I10-
TpiOHO JeKiTbKa pa3iB 3poOUTH mepexin 3 k-ro Jaco-
Boro mapy Ha (k+1)-i 13 pi3HHMHU BETHYMHAMH KpPO-
KiB. BHkOprCcTaEMO HaCTYIHY MOCHTIJIOBHICTh 3MiHH

KPOKIB:
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Cxema MO (pIKOBAHOTO YHCETbHOTO METOAY
PO3PaxyHKYy po3noiiay 3apsiiiB y ¢oToenexTpuy-
HUX neperBoproBavax. Hexail po3s’s30ok Ha k-my
mapi BKe 3HaiJicHWH, BU3HAYCHa HOBa HEPIBHO-
MipHa ciTka i Tpeba 3HaiTH po3B’s30k Ha (kK +1)-my
wapi. Benuunun Ay ¢ ta ho o qs Bysna (x;, y;) nani
OyaeMo 1mo3Hayatu depes A, h,. Crioyatky 3a J0I0-
MOT'0I0 00paHol PiI3HUIEBOI CXEMU JPYTOro MOPSIKY

3HAAEMO PO3B’SI30K ﬁij 31 3MIHHEMH KpOKamu /1 j,

hyj ta xpoxoM 7. [Jlani 3pobumo mepexin i3 k-ro Ha

(k+1)-it map i3 kpoxkamu %,hz ,7 . Onmepxxanuii mpu

UbOMY B TOYUI (X,,,,/,,;) PO3B’SI30K MO3HAYMMO
, 1 JUTsl HBOTO CITpaBEIMBA PIBHICTS:
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3pobuMo Takuil ke mepexin, ane 3 KpPOKamH

h],zz,r . Jlna oxepKaHOro B I1IOMY BHUITAIKY
PO3B’SI3KY uh h,  CHPaBE/TUBA PIBHICT:
1 T
k+1
e =U;" —u =
Iy ,%Z,T b/ Iy ,%2,7
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=t(C* +C,h° +C,(2)%)
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BinnosiroBana enepreruka. 2017. Ne 3

19

Hapemri 3pobumo mepexin 3 k-ro na (k+1)-it
. T .
map i3 Kkpokamu h,, h,, 5 3aCTOCYBaBIIN O0OpaHuii

pisHuIleBUi Meroxa aBidvi. OpepikaHuil MPH IILOMY B

TOULI  (X,,,5f,,) PO3B’A30K MO3HAYMMO 4epe3

u ; » 1 /U1 HBOTO CIIPABE/UIMBA PIBHICTD:
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3amuiiemMo ojepKaHy CHUCTEMY YOTHPHOX PiB-

HsHb 3 yotupMma HeBinomumu U, C,,C,,C;:

U Uy . = Clr3 + C2h12r + C3h22r ,
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LIst cucTema cripaBemsiuBa JUis PO3B’SI3KY B OKO-

71 KOHKPETHOI TOYKHU X, V), li+1. 3HAHAEMO HEBIIOMI

BCIIMYHNHU:
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KonTtponboBany BenmuunHy (JIOKaJbHY MOXHOKY)
onepxxumo 3 (1):
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[NopiBHsIEMO OfepKaHy BEIMYMHY IMTOXUOKU € 3
JOIyCTAMOIO. SIKIIO €<€ypp, TO SIK OCTATOMHHN PO3-
B’5130K Ha (k+1)-My mapi MOKHA B3SITH YTOYHEHE 3HA-
YeHHs ITyKaHoi (pYHKIII 3rimHo 3 (8) Ta oTpuMaTu HOBi
3HAYEHHS YaCOBOr'0 Ta IPOCTOPOBUX KPOKIB [1, 5].

VY BuUMajKy, SKIIO € > €., Ta X04a O OAMH i3
KpPOKIB OUTbIIMIA 3a MIHIMaJbHUH, TO Y 0a30BOMY
aJIalITHBHOMY aJITOPUTMI PE3yJIbTaTH aHYIIOKOTHCS 1
BHKOHYIOTbCS Taki il

® KpOK T IUTUTHCS HaBIIL;

® T1I0 TMPOCTOPOBHUX KOOpJHMHATaX OyIyeThes
HOBa HEpIBHOMIpHA CiTKa, BY3JIM SIKOi YIIUIbHEHI B
OKOJIi BY3J1iB 13 BETMKUM 3HAYCHHAM €;j;

® [I0OBEPTAEMOCS Ha Liap ;

® Ha mapi f; CTBOPIOETLCS OMOPHA (YHKIIS 3
HOBOIO, OIIBII HIIILHOIO CITKOIO 3a JOIOMOIOIO 1H-
TEpPIOJISIIIT.

VY MomudikoBaHoMy anroputmi Oyje iHIIA Io-
CIIIOBHICTh JiH; SAKIIO € > €yon, TO MPOBOIUTHCS
aHaJIi3 Pe3yJIbTATIB Ha BUSABJICHHS JIOKAJIi3allii 30H 13
MIEPEBUILCHHSIM TOXHOKH Ta iX po3Mipy BiHOCHO
rIo0abHOI PO3paxyHKOBOi obnacTti. Skiio By3mn 3
TIEPEBHUILEHHSAM TMOXUOKH HE MaroTh BHPaKEHOI JIO-
KaJli3allii, a TaKOK 3aiiMar0Th CyTTEBY YaCTHUHY IJIO-
0anbHOI PO3PaxXyHKOBOI 00J1aCTi, TO MPOBOAUTHLCS Ta
K cama IMOCIIIOBHICTh JiH, 110 ¥ y 0a30BOMY ajro-
putMi. [IpoTte y BUMasKy, KOJIH pe3yabTaTH aHaTi3y
BHU3HAYAIOTh HASBHICTH JIOKAII30BaHMX OOJacTed i3
MEPEBUIICHHIM 3HAYEHb JIOKAJIbHOI IMOXMOKH, SKi
3aliMaloTh HE3HAYHY YaCTHHY PO3PaxyHKOBOI obac-
Ti, TO BUKOHYIOTHCS HACTYITHI JIil:

® BH3HAYCHI 00JIACTI BUOKPEMIIIOIOThCS, 1 JJIs
HUX BHU3HAYAIOThCA KpailoBI yMOBU Ha OCHOBI CyMi-
YKHOTO IIapy TI00aIbHOI CITKH;

® 110 MPOCTOPOBUX KOOpJAMHATAX JJIsi KOXKHOT
JIOKaJIbHOT 30HU OYAY€EThCS YIIUIBHEHA CITKA;

® Ha mapi /; JIOKaIBbHOI 00JIaCTi CTBOPIOETHCS
onopHa (YHKI[IS 3 HOBOIO, OUIBII MIUTBHOIO CITKOO
3a JIONIOMOT'OI0 1HTEPITOJISAIIIT;

® BHUKOHYETHCS MEPEXiJ] YUCEIbHUM METOIOM 3

k na (k+1)-i yacoBuii mrap;
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e OTpUMaHi 3Ha4YeHHS IIYKaHOI QYHKIIT mepe-
HOCSTBCS 32 JIOMIOMOI'OI0 THTEPIOJIALIT Ha TJI00aJIbHY
HEpIBHOMIpHY CiTKy st HOBoro (k+1)-ro acoBoro
mapy 1ykanoi QyHKIii.

BucnoBku. Takum unHOM, MoaH(iKOBaHMIA Ba-
piaHT aganTUBHOTO AJITOPUTMY BHUILISE 30HU BHCO-
KOTO TPaieHTy SIK OKpeMi, Oepe IUid HUX KparoBi
YMOBU 3 OTPUMaHHUX pE3yJbTaTiB, Jie MOXHOKa €
NPUIHATHOK, Ta IMPOBAIUTh PEKYPCUBHMM 3aIlyCK
METO/Iy OKPEMO JJIsl BUJIUICHOT Mi30HU, IO JIA€ MO-
JKJIMBICTh 3HAYHOTO YIIUIbHEHHS CITKU JUIA po3pa-
XYHKY 3 BHCOKOIO TOYHICTIO TaMm, Ji¢ I1¢ HEOoOXiTHO,
ane 0e3 BIUIMBY Ha PO3MOILI BY3IIB y CYCIIAHIX 30-
Hax rinobanpHOI citku. lle mo3Bomnsie onTuMizyBaTh
BHUTPATy YaCOBHX Ta OOYMCIIIOBAILHUX PECYPCIB IPHU
YHCEIBHOMY MOJIC/IIOBAHHI IPOIIECIB MEPEHOCY 3a-
psziB y GOTOCTEKTPHUYHUX TIEPETBOPIOBAYAX EHEPT .

1. Mamsx C.B., Jlyx anenxo C.O. IlporpamHe 3abe3neueH-
HSI ZUIsL MOJICIIIOBaHHsI IIPOLIECIB y (hOTOCNICKTPUUHMX Ta €IEKT-
POXiIMIYHHUX NepeTBoproBadax. // BigHoBIIIOBaHa eHepreTuxa. —
2007. — Nel. - C. 27-33.

2. Jlyk’anenxo C.O. AnanTuBHI OOYMCIIOBAJIBHI METOIU
MOJICIIFOBaHHS 00’€KTiB 3 po3NOjiUICHUMH napamerpamu. — K.
IBI] "TTomitexnika", 2004. — 236 c.

3. Mamax C.B. HecrilikocTi mporeciB nepeHocy 3apsny B
(GOTOCNIEKTPUYHNX 1 EJEKTPOXIMIYHMX IIEpPEeTBOPIOBAYaX 3
HeNiHIMHMUMM napamerpamum 1nepeHocy //  BinHosmroBana
eHepreruka. — 2010. — Nel (20). — C. 41-43.

4. Jlyk’anenxo C.O., Mamax C.B., Pesyos B.®D., HAyenxo
JI.B. MojientoBaHHsI IBOBUMIPHHX IIPOLECIB IIEPETBOPEHHS €He-
prii y BigHOBIIOBaHil eHepreruui // BinHoBIOBaHA eHEpreTHKa
XXI cronitra : VIII-a mixnap. koHd., 17-21 Bepecus 2007 p. :
te3u pom. — AP Kpum, cmt. Mukonaiska, 2007. — C. 87-91.

5. Mamax C.B. OcoOnuBOCTi BHPIIEHHS ABOBHMIpPHOI 3a-
Jladi po3MOALTY 3apsiiiB NPU MOJEIIOBaHHI (POTOCTEKTPUIHHX 1
€JISKTPOXIMIUHUX IepeTBOpIOBadiB // BigHoBiOBaHA eHepreTu-
ka XXI cromitts: XV-a 1oBineliHa MibkHap. koH(Q., 16-17 Bepec-
Hs 2014 p. : Te3n pon. — Kuis, 2014. — C. 223 -225.

REFERENCES

1. Matyakh S., Lukyanenko S. Software for modeling
processes in photovoltaic and electrochemical converters // Re-
nevable energetics. — 2007. — Nel. — P. 27-33.

2. Lukyanenko S. Adaptive computational methods of
modeling objects with distributed parameters. — K.: IVC
"Politechnic", 2004. — 236p.

3. Matyakh S.Instability of charge transport in photovoltaic
and electrochemical converters with nonlinear transfer parame-
ters. // Renevable energetics. — 2010. — Nel (20). — P. 41 — 43.

4. Lukyanenko S., Matyakh S., Reztsov V., Yatsenko L. Two-
dimensional modeling of energy conversion process in renewable



COHAYHA EHEPTETUKA

ISSN 1819-8058

energy // Materials of International scientific conference Re-
nevable Energy of XXI Century, 2007. — P. 87 —91.

5. Matyakh S. Features of solving two-dimensional
problem of charge distribution in modeling photovoltaic and
electrochemical converters. // Materials of International scien-
tific conference Renevable Energy of XXI Century, Kyiv, 2014.
—P.223-225.

B.®.Pe3noB, uwi.-kopp. HAHY, C.B.Marsix, KaHA.T€XH.HayK
(MuctutyT Bo3obHOBIsIeMoit sHepretukn HAH Ykpaunsl, Kues)

Monudukanusa aganTHBHOIO AJTOPHTMA ISl  PelIeHHs]
JBYMEpPHO# 3a/ia4uM paclnpejejieHUsl 3apsiioB B (POTOIJIEKT-
pUYeCKHX Mpeodpa3oBaTessiX MPH CYHIeCTBOBAHHH JIOKAJIH-
3UPOOBAHHBIX 30H C OOJBIIMMH 3HAYECHUSIMH rpagueHTa

yHkuuun

B pabome npeocmasnen mooupuyuposannvlii  adanmugulii
anzopumm, KOMOPbIl NO360NAEm ONMUMUZUPOBATNb 3AMPANY
BPEMEHHBIX U BLINUCTUMENBHBIX PECYPCO8 NPU YUCTEHHOM MOOe-
JUPOBAHUU NPOYECCO8 NEPeHoca 3apsdos 8 (homodneKxmpuiec-
KUX npeobpazosamensix suepeuu Oisi Cyudas, Ko2od Ha pacdem-
HOU 0bnacmu 03HUKAIOM JOKATU308AHHbIE 30Hbl C DONLUUUMU
3HaYeHuAMU 2paduenma uckomo ynkyuu. bubn. 5.

Kniouosi cnosa: pomosnexmpuueckue npeobpazosamenu suep-
2UlU, YUCTIEHHOE MOOCTUPOBAHUe, A0aNMUGHbLI AI2OPUNM.

Reztsov V., Matyakh S. (Institute of Renewable Energy Na-
tional Academy of Sciences of Ukraine, Kyiv)

Modification of the adaptive algorithm for solving the two-
dimensional problem of charge distribution in photovoltaic
converters with the existence of localized bands with large
values of target function gradient

The paper presents a modified adaptive algorithm that allows to
optimize the expenditure of time and computing resources in the
numerical modeling of charge transfer processes in photovoltaic
energy converters for the case when localized bands with large

BinnosiroBana enepreruka. 2017. Ne 3

21

gradient values of the target function appear in the calculated
region. References 5.

Keywords: photovoltaic energy converters, uucenvhe mooenio-
6AHMHS1, AOANMUGHUL AN2OPUMM.

SYNOPSES

The aim is to build a modified adaptive algorithm for
solving two-dimensional problems in modeling the charge
distribution of photovoltaic energy converters. In case of the
existence of localized bands with large values of target function
gradient adaptive algorithm work will require significant
thickening of the grid to achieve a given accuracy of calculation
in these areas, which will significantly increase the number of
grid nodes in neighboring areas because of restrictions on the
difference between the values of neighboring steps. However, if
the target function in areas adjacent to areas with large gradients
are pretty smooth and has low gradient values, the algorithm will
have to spend considerably more computing resources than
necessary for a given accuracy. The extra amount of time and
computing resources will be particularly great in a situation
where a high gradient areas are localized in the calculation area
and occupy a small part of it.

For this case modification of an adaptive algorithm is
proposed. During the transition to a new time layer algorithm
determines the presence of localized areas with high gradients of
target function, using a numerical method for transition to a new
time layer calculation in every localized area separately to reduce
the dimension of the global grid and reduce computing costs.

A modified version of the adaptive algorithm identifies
areas of high gradient, defines the boundary conditions for these
areas from the results, where the error is acceptable and leads
numerical method recursive launch separately for every selected
area, which allows significant thickening of the grid to calculate
with high accuracy, where necessary, but without affecting the
distribution of nodes in neighboring areas of the global grid. This
modification allows to optimize the spend of time and
computational resources in numerical simulation of charge
transport in photovoltaic energy converters.
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