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Mojge/ilOBaHHAI Ta TeXHIKO-eKOHOMIYHHUM
COHSAYHOI eJICKTPOCTAHIII HA TATOBIM MiACTAHIIIL

PO3paxyHOK Ppo00TH

Y ecmammi pospaxoseano wopiuny ecenepayilo ma wopiuni empamu 3 pPI3HUMU MUNAMU MpeKepie y COHSAYHIU
enexkmpocmanyii. Ilpoeedeno nopieHsIbHUIL AHANI3 OOYLILHO2O GUKOPUCMAHHS MPEKEPI6 HA COHAYHIN eleKmpPOCMaHyil.
3a excnepumenmanvHumMu OaHUMU HA OCHOBI NPOSPAMHO20 KoMnieKcy PVsyst eumipsino enepeiio, ujo nepedacmvcsi 00
Mepexci 8 PI3HUX 8apIaHMAX KPINUIbHUX KOHCMPYKYit (cmamuynux i ounamiynux). Ompumano epapixu eenepayii ma

empam y mpeKepHux cucmemax 3a 25 poxie excniyamayii.

Knwwuosi cnosa: cousiuna enekmpocmanyis, COHAYHI nanemi, CMAmMu4Ha cucmemd, OOHOBICHUL mpeKep, 0808ICHUL

mpexep

IIpo6sieMma NOCTAHOBKY J0CJIiIZKEHHS

VYpaxoByrouH CydacHi TeH/EHIIii PO3BHUTKY CBITOBOI
CHEePreTHKH, a TAKOXK HAsIBHUMA TO3UTHBHUN nocBig AT
«YKp3anmi3HHI» Yy  BHKOPHCTaHHI  €JIEKTpOeHeprii
TeHEpOBaHOI  BIJHOBIIOBAIBHUX  JDKEpel eHeprii
IMPOMOHYETHCA 10 CXEMHU IKHUBJICHHA BJIACHUX HOTpC6
JIOIATH COHSIYHI EJIEKTPOCTAHII K OCHOBHE JDKEPEso
XKHBJICHHS, TIPH IIbOMY MOXKJIMBOCTI pe3epByBaHHSA
BJIACHUX MOTpe0 0e3 MKOMHHUX JDKEepes, y TOMY YHMCI
CHCTEMH 30BHIIIHBOIO eNIeKTPOIIOCTaYaHHs,
36epiratotbess. Y crarri  [6]  pOSMIAHYTO  TATOBY
MICTAaHIII0, Ha SKIii BCTAHOBJIEHO CTATHYHY COHSIYHY
eIIEKTPOCTAHIII0, TIPOBEICHO MOJCIIOBAHHSA Ta OTPUMAHO
pe3yabTaTh  BTpaT cucreMu. IlpoTe  BIpoBamKeHHS
TPEKEPHUX CHUCTEM COHSIYHUX ENEeKTPOCTAHLIH Ha TATOBUX
MIICTAHIISIX HE PO3MIISAAAIOCh. 3anpONOHOBaHA KOHLIEIIIIs
MOJICpHI3allii CXeMH XHMBJICHHS BJIACHHX IOTPed TArOBOI
micTasIii Mae M ABUILUTH HaaifiHICTh
eNIeKTPOIIOCTAYaHHS CIIOXKMBAdiB BIACHUX IOTped 3a
paxyHOK iHTerpaiii 0 CXeMH J0JaTKOBOTrO HE3aJIeKHOTO
IDKeperna JKUBJICHHS.

aHaJi3 MOXIIMBOCTI BHKOPUCTaHHSI COHSYHUX TPEKEPIB Y
TEXHOJIOTISIX COHSYHOI €HEPreTUKU Ui albTepHATHBH
301IBILIEHHS 3aXOIJICHHS COHSYHOI pajiiarii.

Merta crarTi

MeToro CTaTTi € MOJCIIOBAHHS Ta IPOBEACHHS
TEXHIKO-€KOHOMIYHOTO PO3pPaxyHKy pPOOOTH COHSYHOI
MiICTaHMil 3 PI3HUMH THUIIAMH TPEKepiB.

BukiageHHsi 0CHOBHOTO MaTepiaﬂy

AHaJgi3 ocTaHHiX myOaikauii

barato  HaykoBHX JOCTIDKEHb MIPUCBAYCHO
MOJICNIIOBAHHIO 1 TEXHIKO-€KOHOMIYHAM pPO3paxyHKam
COHSYHMX eneKTpocTaHmiil. Lli mochmimkeHHS € IOCHUTH
aKTyaJbHUMU JJIS Hamoi kpainu. Y poOori [1] po3risHyTo
TpaHc(opMallilo COHTYHUX CUCTEM Ha 3alli3HHMII, HaIaHO
METOIN Ta MOTEHIIIHHI METOIN OILIIHFOBAHHS
eHepro3abe3reveHHsT  3ami3HUII. TakoX  MPOBENEHO
eKOHOMIYHO-€KOJIOTiuHi acmekTh. Y cratti [2] mpoBeneHo
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BBenieHHs1 B eKCIUTyaTalifo COHSYHUX CTaHIH Jyxke
MO3UTHBHO MO3HAYHUThCS HA EKOHOMII pecypciB KpaiHu, a
TakoK  Oylde TMOMIYeHO TOJNIMIIEHHS  EKOJOTriYyHOI
00CTaHOBKH.

IcHye KiNbka THIIB TpeKepiB Ui COHSYHHX TMaHeseH,
10 KEPYIOThCSI PI3HUMH aNrOpPUTMaMH BHOOpPY OpieHTaii
B MPOCTOPi 1 MalOTh Pi3HI MeXaHI3MH CIIPallbOBYBaHHS,
IIBa OCHOBHUX THIIM CHCTEM AWHAMIYHOTO CTEXEHHS —
OJIHOBICHI Ta N1BOBicHI. Ha BiIMiHY BiJ] CTATHYHUX CHCTEM,
e Moxe 30UTbIIMTH TpoAaykTHBHICTH Ha 35-50 %
HPOTATOM POKY.

IlepeBaru
€IIeKTPOCTAHIIIH:

- HaiOUThII eQeKTHBHE BUKOPUCTAHHSI COHSIYHOI
€Heprii MOpiBHAHO 31 CTATUYHOIO;

- 30UIbIIeHHsT BUPOOJIEHHsS enexkTpoeHeprii 1o 40 %
MOPIBHSHO 31 CTalliOHAPHUMU CIIOPYIaMI;

- 3Ha4YHE 30UTBIICHHS HOBIOCTPOKOBOIO IPHOYTKY.
Komry, BIIazieHi B COHSAYHI TpekepH, OyayTb 30iTbIIeHi
BTpPHYi MO KiHIM Tepiomy nHii YKpaiHCBKOTO «3€IEeHOT0
Tapudy».

,Z[I/IHaMi‘IHI/IX CUCTEM I COHAYHUX
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BararopiuHa mpakTHKa TOKa3ajia, IO BUKOPHCTAHHS
TpeKepiB Ha COHSYHHMX MaHENAX MpaIfoe ayxe noope,
301IbLIYyIOYHM [IOpiYHE BUPOOHMULTBO EJIEKTPOEHEprii 10
30-35 %.

OueBHOHO, MO JKOPCTKO 3aKpilyieHa  COHSYHA
Oartapesi, HajalTOBaHa Ha IONYJIEHHE COHIE, BUPOOJISiE
HaAMOUIBIIY KUTBKICTH €Heprii OmiBIHI, KOJNW COHSYHI
MIPOMEHI MMa/Jal0Th BEPTHKAJIbHO Ha 1  ITOBEPXHIO.
VYpaxoByroun o0co0nMBOCTI 1000BOi Tpaektopii CoHus,
MOXKHa CKa3aTH, IO e(EeKTUBHHHA KyT IOBOPOTY MaHENi
cTtaHoBUTh Omm3bko 150 ©. TIlamenms, 3adikcoBaHa B
HanpsIMKy, PIBHOMY CEpeIHI MiX TOYKaMH 3axOoay Ta
CXONy COHI, BTpadae 1o 75 % MakcHMManbHO
MOXIIMBOTO BHPOOJIEHHSI eHeprii BpaHIi Ta BBeYepi.
Tomy, sKmIO KyT MajiHHS TPOMEHIB Ha Oatapero Oyne
HEBEJIUKUAM,  KUIBKICTh  BHUPOOJICHOI  eHeprii  pi3ko
3MEHIIYEThCS. TakoK BaXKIMBO BPaXOBYBAaTH

reorpadiuHi  KOOPAWHATH  pPO3TAIlyBaHHS  COHSIYHOI
CTaHIi{, OCKUIBKM KyT ONTHMAaJbHOTO PO3TALIYBaHHS Ha
miBHOYI YKpaiHu Oyje Bipi3HATHCS Bil KyTa Ha MiBIHI
Ta cxonmi. BomHouac KOXKeH BIIaCHMK Xod4e, MI00 HOro
COHSIYHA €JICKTPOCTaHIisl BHPOOJIa OJHAKOBO Oarato
€Heprii sIK MPOTATOM YChOTO JHS, TaK i BIPOAOBK YCHOTO
poky. JlocsArTm mmx mapamerpiB MOXKHa 32 JOIOMOTOIO
Tpekepa, SKUH  BHKOPHCTOBYE  iH(pOpMAIiio  BiA
CreliaJIbHUX JAaTYMKiB, IO BH3HAYaTHMYTh HaMKpalie
TIOJIOKEHHSI TSI COHSYHMX OaTapeld 1 TOBEPTaTUMYTh
marhopmy B moTpibHuMit 6ik i mig moTpidHuM KyTom [3].

OcoOnuBicTio  Takoi  Moneni  (OTOCNEKTPUUHHX
MOJYJIB € MiJBUINEHA CTIHKICTh IO BILUIUBY arpeCHBHOIO
cepeloBUILlA 1 MiHIMaJbHE MaAiHHA TMPOAYKTUBHOCTI.
BupoOHuk nae rapanTiro, 1m0 MoAynb Oy/Je BUIABaTH HE
meHnre 90 % HomiHanbHOI MoTYXHOCTI Yepe3 10 pokiB i He
menie 80,7 % uyepes 25 pokis (puc. 1).
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Puc.1. JliniitHa rapanTisi IPOJAYKTHBHOCTI

®oronaneni Jinko Solar Eagle PERC JKM305M-60
MOXYTh OyTH BUKOPHCTaHI B HEBEIMKHX 1 BEJIHMKHX
COHSYHHX €IEeKTPOCTAHLIISAX I TeHeparlii exeKTpoeHeprii
B 3arajbHy Mepexy. ['apaHTis Ha IpOIyKIIit0, MaTepiaad —
10 pokis. ["apanTist Ha BUpOOJIEHY MOTYKHICTh: 25 POKIB —
ne menmie 80 %, 12 pokis — He MeHte 90 %.

Hezpaoayis conaunux nauenet

[TpORAYKTUBHICT COHSAYHUX MOIYJIB 3MEHIIYETHCS 3
gacoM. SIk mpaBuiio, Aerpagamnis AEmo BUIIA B TEPIIUi pik
BHACNIIOK  MOYAaTKOBOI'O  BIUIMBY  CBITJIA,  TOTIM
cTabimi3yeThCA.

®daxTopu, IO BIUIMBAIOTH HA CTYIHH JAeTpajarii,
BKITIOYAIOTh TaKi IMapaMeTpH, SK MaTepiaid, IIo

BUKOPHCTOBYIOTECS TP BUPOOHULITBI, TEXHIYHUH IIpoIeC,
AKicTh 30IpKM Ta TMaKyBaHHS €JIEMEHTIB Yy MOJIYI,
KBauti(pikaris mpaIiBHUKIB Ha MIiCILIX. PerymsapHe TexHiuHe
00CIyroByBaHHS Ta NPHOMPAaHHS OONaIHAHHS MOXYTh
3HM3UTH BIJIICOTOK Jerpanaiii, ajxe OCHOBHHN BIDIHB
3aJIeKUTD BiJl THUIy BUKOPUCTOBYBAHOTO €JeMeHTa. ToMmy
MPOBiHI BUPOOHWKH COHSYHUX MaHETeH JyXe peTenbHO
BIJICTeKYIOTh SKICTh TPOAYKTY 1 BIAMOBIAHICTH HOTO
MIKHApOJHUM BHMOTaM i CTAaHIApTaM.

Ha puc. 2 300paxeHo Aerpaaanito COHIYHUX ITaHeIei
3a 20 poKiB 3 pI3HUMH THIIAMH TPEKEPIB.
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Puc. 2. Jlerpanaiiisi COHTYHUX MaHECH
CoHsiuHl  MoOAyni MOXYTh MaTH  JIOBTOCTPOKOBY 3 Tabu. 1 BUHO, 110 3arajbHa reHepallist COHYHNUX
HOTYXXHICTh, BUAKICTh Aerpaaauii Big 0,3 1o 1 % Ha pik.  maHenei cykynHo 3a 25 pokiB ckiiana:
Crynisb i XapakTep JAerpajaiii Bapiloe cepei pizHHX - cratuuHa cuctema — 316680 kBr;
TEXHOJIOTIH BUTOTOBJICHHSI NOJATKIB. J[is KpucTamivyHux - onHoBicHuit Tpekep — 407882 kBr;
MOAYJIIB €IEMEHTH MOXYTh CTPaXKIaTH BiJj HE3BOPOTHOTO - JBoBicHui Tpekep — 453770 kBr.
pyHHYBaHHS, BHKJIMKAHOTO Ji€lo cBiTia. [lowyaTkoBa 3aranbHa BUpPOOJIEHA TMOTYXHICTh PI3HUX THUIIIB
Jerpajanisi BinOyBaeTbcs depe3 Je(eKTH, 110 aKTUBHO COHSYHHMX CTaHLIH MOKa3aHa HA  pHC. 3.
MPOSBIIAIOTE cebe MPH MOYaTKOBOMY BILTHBI cBiTaa [7].
Tabmnuus 1

[lopiuHa reHepallisi Ta BTPATH MOTY>KHOCTI COHSIYHOIO ENIEKTPOCTAHIII€I0 3 PI3HUMHU TUIIAMHU TPEKEPiB

CraTuuHui OnHoOBicHUI JIBoBicHui
Pik excruryaTarii
[MoTyxHicTb, Brpatu, [oTyxHicTb, Brpatu, [MoTyxHICTb, Brpartu,
kBt/p. kB1/p. kB1/p. kB1/p. kB1/p. kB1/p.

0 13920 0 17929 0 19946 0

1 13781 139 17749 180 19746 200

2 13642 278 17570 359 19547 399

3 13502 418 17391 538 19348 598

4 13363 557 17212 717 19148 798

5 13224 696 17032 897 18949 997

6 13085 835 16853 1076 18749 1197
7 12946 974 16674 1255 18550 1396
8 12806 1114 16495 1434 18350 1596
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ITponorsxennst Tadbmwii 1

9 12667 1253 16315 1614 18151 1795
10 12528 1392 16136 1793 17951 1995
11 12389 1531 15957 1972 17752 2194
12 12250 1670 15777 2152 17552 2394
13 12110 1810 15598 2331 17353 2593
14 11971 1949 15419 2510 17154 2792
15 11832 2088 15240 2689 16954 2992
16 11693 2227 15060 2869 16755 3191
17 11554 2366 14881 3048 16555 3391
18 11414 2506 14702 3227 16356 3590
19 11275 2645 14522 3407 16156 3790
20 11136 2784 14343 3586 15957 3989
21 10997 2923 14164 3765 15757 4189
22 10858 3062 13985 3944 15558 4388
23 10718 3202 13805 4124 15358 4588
24 10579 3341 13626 4303 15159 4787
25 10440 3480 13447 4482 14959 4987

Cyxynna
reHepanis X 316680 45240 407882 58272 453770 64826
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Puc. 3. 3aranpHa BUpOOJIeHA MOTYKHICTh PI3HUX THITIB COHSYHUX CTAHINIH
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Jns  omiHioBaHHA pIiBHA BTpar OyiaW MpOBENCHI
MaTeMaTH4Hi pO3paxyHKH Ta po3polieHa imiTaliiHa
MoOJedb  00’eKTa  JIOCHI/DKEHHS B HPOrPaMHOMY
cepenoBuili PVsyst 3 TakMMU BUXITHUMH JaHUMH: 00paHi
consiyni maneni mapku Jinko Solar JKM305M60 Eagle
305 Br, iuBepropu mapku Ainelec K3 130-350 V/50Hz,
3aJaHi KIIMaTHYHI YMOBU XapKiBCbKOi 00JIacTi Ta Iuromia
JIaxy TATOBOI mifcTaHiii [6]. 3aranbHi BTpaTH 3a paxyHOK

JIETpaIalliifHuX TPOIECIB y COHSYHMX ITaHEISIX 3 PI3HUMHU
THUIAMH TpPEKepiB CyKyNmHO 3a 25 pOKiB eKcIuryaTamii
ckitanu (puc. 4):

- BTpaTtH craTn4HOi cucremu 45240 xBr;

- BTpaTH OfHOBICHOrO Tpekepa 58272 kBr;

- BTpaTH JIBOBICHOTO Tpekepa 64826 kBr.
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Puc. 4. Brpatu noTyXHOCTi TpekepiB

Jnst miaTBepKeHHsS PO3paxyHKIB Oynau po3podieHi

3D-momeni  coHsiuHOT  enekTpocTanmii.  [IpoBenene
nonepenHe MozemtoBaHHs Tiarooi miactanmii  (TII),
obnagHanoi coHsyHor ernekrpocraHuiero (CEC) 3

pI3HUMHU TUMaMH TpekepiB; moxens TII MakcuMaibHO
HaOJIIKEeHa 10 peaJIbHOrO BUTIISAY.

Cmamuuna cucmema

MonentoBaHHs TPOBEACHO 3 ypaxyBaHHAM YCiX
KIIMaTHYHUX YyMOB XapKiBCchKoro periony. Ha puc. 4

300paxkeHo 3D-Mozienb TATOBOI MiJCTaHIll, HA AaxXy SIKOI
po3mitieHo cratuuny cuctemy CEC, consuHi mnaneni
po3TamioBaHi B 4oTUpHU psiau 1o 10 maHenel 3arajbHOIO
noTyxHicTio 12,2 kBT 1 3aiiMatoTh 3araipHy miomy 65 m2.
CoHsUHI TMaHeNni BCTAHOBJIGHO 3 KyToM Haxwiy 33 © i
HAIlPaBJICHO Ha CXil I OTPHMaHHSI MAaKCHMaJIbHUX
MOKa3HHUKIB BUPOOHHIITBA SHEPTIi.

PesynmpraTH MOnenmoBaHHA HaBEISeHO Ha pHC. b,
TeHepallis MOTYXHOCTI CTATUYHOI CHCTEMHU — PHUC. 6.

IKC3T, 2023 Ne2




IHPOPMAIIMHO-KEPYIOUI CUCTEMU HA 3AJIIBHUYHOMY TPAHCIHOPTI

Perspective of the PV-fleld and surrounding shading scene

Zenith

East .

3 pe3yabTaTiB MOJETIOBAHHS CTATHYHOI CHCTEMH
0  CTaHIifg

BHJIHO,

West South
Main results
System Production 13916 kWh/yr Maormalized prod. 3.13 kWh/\Wp/day
Spedfic prod. 1141 kwhkWpfyr  Array losses 038 kwhiwp/day
Performance Ratio 0.846 System losses 0.19 kWwhwp/day

Puc. 5. Pe3ynpTati MOZIE€IOBaHHSA CTaTUYHOI CHCTEMU

eNIeKTpUYHOI eHeprii 3a nepiuid pik. CymapHi BTpaTH B
srerepyBaia 13916 kBr/ron  macuBi Ta cuctemMHi BTpatH ckianarots 0,57 kBr/neHs.
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Puc. 6. T'enepattist TOTYXHOCTI CTATHYHOI CHCTEMU
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OOHOBICHUI COHAYHULL MpeKep
JuHaMmiyHa cupcTeMa KpIiIUICHHS TIpU3HAYeHA JUIS

ropu3oHTanbHOI  ¢ikcarii. I[liHHICTP mpHCTpOrO  —
MIPOTSITOM ~ CBITJIOBOTO [JHS BiH aBTOMAaTHYHO 3MIiHIOE
TIONIO’KEHHST  (DOTOMOJYNIB  3aJIE)KHO BiJl  TpaekTopii

TiepeMillieHHsT COHIISI B OJHIN TUIOIIMHI (TI0 BEPTHKAJI).

Takoxk Taka cucreMa KpiIJIEHHsSI KOpEerye KyT Haxwiy
Gartapeil BUXOJSYH 3 TIOPU POKY.

[epeBaru oZIHOBICHOI TPEKEPHOI CHCTEMHU:

- HaJiiHA CTIHKICTH JIO 30BHINIHIX BIUTHBIB IPUPOITH:
CHIromanay, TyMaHy, BITPOBUX HaBaHTaXKEHb, OMaiB, Tpay
ta iH. Ilpm 1pOMy B 3UMOBHII CE30H HE MOTpEOye
OYUIIEHHS BiJl CHITY;

- 7S BCTAHOBJIEHHS KOHCTPYKLII He MOTPiOHO
BEJIMKUX YacOBHX 4YM (i3UUHHMX BUTpar. PeMoHTHI poboTn
TaKOX BUKOHYIOTHCS OIEPATHBHO 1 IPOCTO;

- TIOJIOXKEHHS ISl COHSYHMX TaHesield 3 MiHIMabHAM
OITOPOM TOBITPSIHUM TIOTOKAM;

- TpUBaJWHA TapaHTiHHWK mepionq — 12 pokis, ame
eKCIUTyaTallifHuid TEepMiH INpHU [BOMY CTaHOBHTH 25-30
POKiB;

- pyxoMa yCTaHOBKa joromarae 30upatu Ha 25-40 %
OlIBIIe eHeprii, HiXK CTATHYHI aHAJIOTH;

- pIBHOMIpHE 3aBaHTaKEHHS COHSYHOIO iHBEPTOpA,
3HI)KEHHS BTpaT I'eHeparlii;

- BCTaHOBJICHHS Ha IPYHTOBHX MalJaHYMKax 3 Oymab-
SKAM peNnbePoMm;

- TIpaIfoe€ TOBHICTIO aBTOMAaTHYHO Oe3 BTPYYaHHS
nroauan [4].

Ha puc. 7 300pakeHO Mozenb OJHOBICHOTO TpeKepa,
COHSYHI MaHeli PO3MIIICHI TaK, K 1 Ha CTATUYHIA CHCTEMI
— y 9otupu psimu no 10 maneneit ropuzoHTanbHOI (ikcarii
1 3MIHIOIOTh TIOJIOKEHHS MOJIYJIIB 332 TPA€EKTOPIEI0 COHILT
(o BepTHKai).

:Zenith

North

Perspective of the PV-field and surrounding shading scene

East

f‘."-’estx. South
Main results
System Production 17929 kWhjyr Mormalized prod. 4.03 kWhfkWp/day
Spedfic prod. 1470 kWhkWpfyr  Array losses 040 kWhfWp/day
Performance Ratio 0.867 System losses 0.22 kwhfkwp/day

Puc. 7. PesynpTaTn MOAEIIOBaHHS OJTHOBICHOTO TpEKepa
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3 pe3ynbTaTiB MOJETIOBAHHS OJHOBICHOTO TpeKepa,
PO3MIIIIEHOTO Ha Jaxy TATOBOI IiJCTaHILii, BHIHO, IO
cTaHIis 3reHepyBasia 17929 xBt/rox enekTpu4HOi eHeprii

3a mepumi pik. CymMapHi BTpaTH B MacuBi Ta CHCTEMHI
BTpaTH ckianaTs 0,62 kBr/aens (puc. 8).
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Puc. 8. I'enepaittis TOTY»HOCTI OZJHOBICHOT'O TpeKepa

Jlgogicnuti consiuHull mpexep

Pyxoma ycTaHOBKa Ha MABOX OCSX Uil COHSYHHX
enektpocTaniii. lle nuHamiuHa cucrema, IO BIACTEXKYE
MepEeMIIIIeHHs] COHIISI MPOTATOM YChOTO CBITJIIOBOTO JIHS,
KOperye Haxwil MaHeNed I MaKCHMAaJIBHOIO OTPHMAaHHSI
eneprii. OTKe, IPOAYKTHBHICTh O0'€KTa albTEPHATUBHOI
eHeprii nopiBHsHO 3 aHanoriunumu CEC Ha craTW4HUX
yCcTaHOBKax 30umbimyeThest 10 45 %. KpimeHHs Takox
pEryIIoe TOJNIOKEHHS COHAYHHX IaHeNeil 3aJieHO Bix
CE30HY.

[epeBaru ABOBICHOI TPEKEPHOI CHCTEMHU:

- BHUOHWpae TO3UWINIO A TaHened 3 MiHIMaJIbHAM
OIIOPOM TIOBITPSHOT'O TIOTOKY;

- TPUHHATHICTD  BCTAHOBJICHHS
0e3KapKacHUX JONATKIB;

KapKacHHX 1

- perymtoBaHHS (OTOMOIYNIB y JBOX IUIONIUHAX:
TOPU30HTAJIbHIN, BEPTUKAIIBHIIL;

- ycl mpolecH MOBHICTIO aBTOMAaTHU30BaHi, TOMY JUIs
KepyBaHHs 00JIaJIHAHHSAM HE MOTPIOHA y4aCTh JIFOIUHU;

- 3axHCT Bijl OJIMCKABOK 1 MepeBaHTaKEHb, HASBHICTh
JIATYHKIB JIbOIY, CHITY, TPajy Ta BITpY;

- 30HMpaHHs COHSIYHOI eHeprii HaBITh Yy MOXMYPI JTH;

- MOXIHMBICTh  KEPYBAaTH, MOHITOPHTH  pOOOTY
YCTAHOBKH JIWUCTaHIiiHO [5].

Ha puc. 9 300pakeH0 Moenb IBOBICHOTO TpeKepa,
COHSYHI TMaHeni po3MillleHi Ha YOTUPHOX Tpekepax mo 10
maHesel (1Ba psAOy MO I SATh COHSYHHX IaHEJe) Ha ABOX
0CsIX, CHCTEMa BIJCTEXYe MEepEeMiIeHHs] COHII i Koperye
TaHewl K 110 TOPU3OHTAN, TaK 1 BEPTHUKAJI.
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Perspective of the PV-field and surrounding shading scene
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East |

North

West

South
Main results
System Production 19946 k\Wh/fyr Mormalized prod. 448 kWhikWwp/day
Spedfic prod, 1635 kWhiWpfyr  Array losses 0.46 kWhikwp/day
Performance Ratio 0.B65 System losses 0.24 kwhfkwp/day

Puc. 9. Pe3synbraTit MOzIeNIOBaHHS IBOBICHOTO TpeKepa

3 pe3ysibTaTiB MOJENIOBAHHS JBOBICHOIO Tpekepa, 3a mepiuuii pik. CymapHi BTpath B MacHBi Ta CHUCTEMHI
PO3MIIIEHOr0 Ha [Oaxy TATOBOI MiACTaHMii, BHAHO, 10 BTpatH ckiamaroth 0,70 kB1/aens (puc. 10).
cranuist 3reHepyBasia 19946 kBt/rox enekTpu4HOi eHeprii
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Puc. 10. T'enepariist IOTY>KHOCTI JIBOBICHOTO Tpekepa
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3 T1abn. 2 BUAHO, MO PI3HUOS MK OJHOBICHUM
TpEeKepoM 1 CTaTH4YHOIO cucTeMoro ckianae 4009 kBt 3a
nepmmii pik excruryaraunii CEC, BapticTh 0mHOBiCHOTO
Tpekepa ctaHoBUTH 88000 rpH [4], a cTaTMYHA CUCTEMa HE
motpe0dye TONATKOBHUX 3aTpaT. Pi3HUISI MiX OIHOBICHUM i
JIBOBICHUM Tpekepamu ctaHoBuTh 2017 kBt 3a mepmmii
pix excruryatanii CEC, pi3HHIS BapToOCTi LIMX TPEKepiB
craHoputh 163000 rpu [5]. 3a muMH DaHUMH MOXHA
3pOOHUTH BUCHOBOK, IO JOLUIbHIIIE BCTAaHOBIIOBATH
omHoBicHUH Tpekep Ha Taky CEC.

Tabnus 2
[opiBHsIBHI 1aHI PI3HUX THITIB TPEKEPIiB
[MoTyxHicTb, Bapricts, rpH
kBt/ron
CraTuyHuii 13920 0
OnHOBiCcHHNI 17929 88,000
JIBoBicHUi 19946 251,000
BucHoBku
Y crarti  pO3TISHYTO 1 MPOBEACHO  TEXHIKO-

€KOHOMIYHHUI PO3PaXyHOK 1 MOJEITIOBAHHSA COHSYHOT
MmiACTaHIli, BCTAHOBJIEHOI Ha TArOBIM  MmijgcTaHI],
pPO3paxoBaHO MHIOPIYHY TEeHEpalilo Ta IIOPiuHI BTPaTH 3
PI3HUMH THUTIAMH TPEKEPIB.
3a IOImOMOroro mporpamMHoro komiiekcy PVsyst 6ymo
OTPUMAHO PEe3yJAbTaTH MOJENIOBAHHS PI3HUX  THIIIB
TpekepiB. BcranoBieno cykynHy renepauito CEC 3
PI3HUMHU THUNIaMHU TPEKepiB 3a 25 pOKIB eKcIulyarallii, Je
cratnuHa cucrema reHepye 316680 kBr, opHOBicHwmiA
Tpekep renepye 407882 kBr, nBoBicHHM Tpekep renepye
453770 kBTt. 3 ypaxyBaHHSIM BapTOCTI TPEKEPHUX CHUCTEM
HAMOUIBII JIOLIJIHHOIO € CTaHIIiS 3 OJJHOBICHOIO TPEKEPHOIO
YCTAaHOBKOIO, OCKUIbKM BoHa reHepye Ha 91202 kBt
Olbllie, HIXK CTaTHYHA CHCTEMa 3a 25 POKIB eKCIuTyaTallii,
ane Ha 45888 xBT MeHIe, HiX IBOBICHA CHCTEMa 3a I
poxkwu, pizuuns B niHi cknanae 163000 rpH.
3a paxyHOK TEXHIKO-€KOHOMIYHOTO pPO3PaxyHKY
orpuMmaHo rpadiku reHepamii Ta BTpaT y TPEKEPHHUX
cucTeMax 3a 25 poKiB eKCILTyaTallii.
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Panchenko Vladyslav, Kharin Ruslan. Modeling and
technical and economic calculations of the solar power
plant work at the traction substation.

Abstract. In this study, the task of modeling and making
technical and economic calculations of the work of the
solar substation with different types of trackers was set.

Commissioning the solar power plants will have a
very positive effect on saving the country's resources, as
well as improving the environmental situation. Trackers
for solar panels come in several types, are controlled by
different algorithms when choosing the direction of spatial
orientation and have different drive mechanisms.

There are two main types of dynamic tracking systems
- uniaxial and biaxial.

Practice has long shown excellent results in the use of
trackers for solar panels with the maximum increase in
annual electricity production by 30 - 35%.

The efficiency of solar modules decreases over time.
As a rule, degradation is slightly higher in the first year
due to the initial exposure to light, then it stabilizes.

Factors influencing the degree of degradation include
parameters such as materials used in production, technical
process, quality of assembly and packaging of the
elements in the module, as well as the qualifications of
field workers.

The proposed concept of modernization of the traction
substation’'s own power supply scheme should increase the
reliability of electricity supply to consumers' own needs by
integrating an additional independent power supply into
the scheme.

To assess the level of losses, mathematical
calculations were performed and a simulation model of the
object of study was developed in the PVsyst software
environment with the following initial data: selected Jinko
Solar JKM305M60 Eagle 305 W solar panels, Ainelec K3
130-350 V / 50Hz inverters, climate conditions of Kharkiv
region and the area of the traction substation roof.
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To confirm the calculations, 3D models of solar power
plant systems were developed.

The results of the static system modeling show that the
station generated 13,916 kW / h of electricity in the first
year.

The results of the uniaxial tracker modeling, which is
located on the roof of the traction substation, show that the
station generated 17929 kW / h of electricity in the first
year.

The results of the biaxial tracker modeling, which is

located on the roof of the traction substation, show that the
station generated 19946 kW / h of electricity for the first
year.
Conclusions. In the article the technical and economic
calculation and modeling of the solar substation installed
on the traction substation are reviewed and carried out, the
annual generation and annual losses with different types of
trackers are calculated. The results of modeling different
types of trackers were obtained with the help of PVsyst
software. The total generation of the solar power plant
with different types of trackers during 25 years of
operation was determined, where the static system
generates 316,680 kW, uniaxial tracker generates 407,882
kW, biaxial tracker generates 453,770 kW. Taking into
account the cost of tracker systems, a uniaxial tracker
station installation is the most expedient, as it generates
91,202 kW more than a static system during 25 years of
operation, but 45,888 kW less than a biaxial system during
the same time, the price difference is 163,000 UAH.

On account of the technical and economic calculation,
graphs of generation and losses in tracker systems for 25
years of operation were obtained.

Keywords: solar power plant, solar panels, static system,
uniaxial tracker, biaxial tracker.
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