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MojeaoBaHH Ta

TeXHIK0-eKOHOMIYHWH

poO3paxyHoOK podoTH

COHSIYHOI eJIEKTPOCTAHIII HA TATOBIN MiACTAHIII

Y emammi pospaxoeano wopiuny cenepayiro ma wopiumi émpamu 3 piSHUMU MUNAMU MPEKEpi8 Y COHAUHIL
enekmpocmanyii. Ilpoeedeno nopisHAIbHUL AHANI3 OOYITBHO2O BUKOPUCIAHHS MPEKepi6 HA COHAUHIL eleKmpOCmanyil.
3a excnepumenmanvHumu OaHUMU HA OCHOBI NPOSPaMHO20 Komniekcy PVsyst eumipsano enepeiio, wo nepedacmucsa 00
MepexCi 8 PI3HUX 6apiaHmMax KPINuIbHUX KOHCMPYKYil (cmamuynux i ounamiynux). Ompumano epagixu eenepayii ma

8Mpam y mpeKepHux cucmemax 3a 25 pokie excniyamayii.

Knrouosi cnosa: comsuna enexmpocmanyis, COHAYHI NAHENi, CIMAMUYHA CUCMEMA, OOHOBICHUL WpeKep, O808iCHUlL

mpexep

IIpobsieMa NOCTAHOBKY JAOC/IiAKEHHS

VYpaxoByroun CydacHi TEHJICHII PO3BUTKY CBITOBOI
CHEePreTHKY, a TaKOX HASBHUM MO3UTUBHUM noceig AT
«YKp3aJi3HULS» Y  BUKOPHUCTAaHHI  €JIEKTpOeHepril
TEHEpOBAaHOI  BIJHOBIIOBAJIBHUX  JOKEpEN  eHepril
MIPOITOHYETHCSA 710 CXEMH OKHMBJICHHS BJIACHHUX IOTPEO
JIOAATH COHSYHI EJEKTPOCTaHLii SK OCHOBHE JDKEPEIo
XKHBJICHHS, TP LOMY MOXIIHMBOCTI pPE3epBYBAaHHSI
BJIACHUX IOTpPeO O3 >KOMHMX JDKEpeN, y TOMY YHCHi
cHCTeMH 30BHILIHBOTO €JIEKTPOIIOCTaYaHHS,
30epiratotbess. Y crarti  [6] pO3IISIHYTO — TSATOBY
MiICTAaHI[II0, HA SKIH BCTAHOBJIECHO CTaTHYHY COHIYHY
€JIEKTPOCTAHIII0, ITPOBEJCHO MOJIEIIOBAHHS Ta OTPUMAHO
pe3yibTaTé  BTpAaT CHUCTeMH. lIpoTe BIpPOBaPKEHHS
TPEKEPHUX CHUCTEM COHSYHHX EJIEKTPOCTAHIIN Ha TATOBHX
IACTAHIISIX HE PO3MIIAAAIOCh. 3alpOITOHOBAHA KOHIICTILIIS
MOJIEpHi3alii CXeMH >KMBJIEHHS BJIACHHUX IOTPEd TATroBOL
migcTaHmii Mae I ABUALLATH HaJIHHICTD
€JICKTPOIIOCTAYaHHs CIIOKMBAYiB BJIACHUX MOTpeOd 3a
paxyHOK iHTerpamii 10 CXeMH JOAATKOBOTO HE3aJIEC)KHOTIO
JOKEpeIta )KUBJICHHS.

aHaJi3 MOXJIMBOCTI BUKOPUCTAHHS COHSYHUX TPEKEPiB y
TEXHOJIOTISX COHSAYHOI CHEPreTUKU IS aJbTCPHATHBH
301IBIIICHAS 3aXOIUICHHS COHSYHOI pajiiarlii.

MerTa craTTi

Metoro CcTaTTi € MOJCMIOBAaHHS Ta IPOBCICHHS
TEXHIKO-€KOHOMIYHOTO pPO3paxyHKy poOOOTH COHSYHOI
MiJICTAHIII{ 3 PI3HUMU TUTIAMH TPEKEPiB.

BuxiasieHHs 0CHOBHOI0 MaTepiary

AHaJi3 ocTaHHIX my0Jaikanii

Barato  HaykoBHX  JOCHIiKCHB MIPUCBSYCHO
MOJICTTIOBAHHIO 1 TEXHIKO-€KOHOMIYHAM PO3paxyHKam
COHSYHUX eNeKTpocTaHmiil. Ili mocmiukeHHS € IOCHTh
aKTyaJIbHUMHU JUIs Haioi kpainu. Y po6ori [1] posristayTo
TpaHc(hOpMaIlil0 COHTYHUX CHUCTEM Ha 3aJIi3HHMII, HATAHO
METOU Ta MTOTEHIIiHI METOoaU OIIIHIOBaHHS
€Hepro3ade3levyeHHsT  3alli3HUI. Takok  TPOBEICHO
€KOHOMIYHO-CKOJIOTIYHI acIeKTH. Y CTatTi [2] mpoBeneHo
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BBeneHHS B eKCIUTyaTallil0 COHSYHHMX CTaHLIM JyxKe
TIO3UTHBHO TTO3HAYMTHCS HA €KOHOMIi pecypciB KpaiHu, a
TakoKk Oyme TIOMIYCHO  TOJNINIIEHHS  EKOJOTiYHOI
00CTaHOBKU.

IcHye Kinbka THIB TpEeKepiB Ui COHAYHHX IaHENEH,
0 KePYIOTHCS PI3HUMH JITOPUTMaMH BHOOpY OpieHTaIl
B IPOCTOpi 1 MAlOTh pi3HI MEXaHI3MM CIIPallbOBYBAHH,
JIBA OCHOBHHMX THIIM CHCTEM JAWHAMIYHOI'O CTEXKEHHS —
OJHOBICHI Ta JBOBicHI. Ha BigqMiHy BiJf CTATHYHUX CHCTEM,
e MoXe 30UIbIHMTH TpoAyKTHBHiCTH Ha 35-50 %
MIPOTSITOM POKY.

IlepeBaru
€JIeKTPOCTAHIII!:

- HaWOUThIl e(peKTHBHE BUKOPHCTAHHSI COHSYHOL
€Heprii MOpiBHAHO 31 CTATHYHOIO;

- 30inbIIeHHsT BUpoOsieHHs ejnekTpoeneprii go 40 %
MIOPIBHSHO 31 CTAI[iOHAPHUMH CHOPYIaMHU;

- 3Ha4yHe 30UIBIICHHS JIOBIOCTPOKOBOIO HPHOYTKY.
Komrrun, BkaneHi B COHSUHI TpekepH, OyxyTh 30iibIIeH]
BTpUYi [0 KIHIM Mepioxy Iii YKpaiHCBKOTO «3€JIEHOT0
Tapudpy».

,HI/IHaMi‘IHI/IX CHUCTEM  JId  COHAYHHUX
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BararopiuHa mpakTHKa IOKa3aja, [0 BUKOPHUCTAHHS
TpeKepiB Ha COHSYHMX NaHENsAX INpamioe Iyxe ao0pe,
301IbLIyIOYH IIOpiYHE BUPOOHMITBO EJIEKTPOSHEpril 10
30-35 %.

OueBHAHO, WO JKOPCTKO 3aKpiluieHa COHSIYHA
Oartapesi, HaJalITOBaHA Ha IIONyJCHHE COHIlE, BUPOOIISE
HaWOLIBIIY KUIBKICTH €Heprii OmiBJIHI, KOJW COHSYHI
NPOMEHI MajaloTh BEPTHKAIBLHO Ha ii IOBEPXHIO.
VYpaxoBytoun ocobinBocTi 1000Boi TpaekTopii CoHI,
MOXHA CKa3aTH, Mo e()EeKTUBHUHM KyT ITOBOPOTY MaHEmi
craHoBuTh Omm3pko 150 °. Ilanens, 3adikcoBaHa B
HaNpsIMKY, PIBHOMY CEpeAMHI MDX TOYKaMH 3aXOny Ta
CXOIy COHII, BTpadae 10 75 % MakcHMajbHO
MOXIIUBOTO BHpPOOJIEHHS €Heprii BpaHIi Ta BBeYepi.
Tomy, sKImoO KyT HaaiHHS NPOMEHIB Ha OaTtapero Oyne

reorpadiuyHi KOOpIMHATH PO3TAIIyBaHHS  COHSYHOL
CTaHMii, OCKUIBKA KyT ONTHMaJIFHOTO PO3TALIyBAaHHS Ha
miBHOYI YKpaiHu Oyzae BiApi3HATHCS BiJ KyTa Ha IiBIHI
Ta cxoxi. BomHowac KOKeH BJIACHHK Xode, o0 ioro
COHS'YHA EJEKTPOCTaHLisi BUPOOJIAIa OJHAKOBO Oarato
€Heprii SIK IPOTATOM yChOT'O JIHS, TaK i BIPOJIOBXK YCHOTO
poky. Jocartu mpx mapaMerpiB MOXKHA 32 JJOITOMOTOIO
Tpekepa, SIKMH  BHUKOPHCTOBYE  iH(OpMaLilo  Bif
cremialbHAX AATYMKIB, II0 BH3HAYATUMYTh HaHKpaiie
MIOJIOXKEHHSI ISl COHSYHUX Oarapell 1 HOBEpPTATUMYTH
wiaTdopMy B MOTPiOHMH OiK 1 i moTpiOHNM KyToM [3].

OcobnuBicTIo  Takoi  MoAedi  (OTOENEKTPHUUHMX
MOJIYJIIB € IIBUIICHA CTIMKICTh IO BIUIUBY arpeCHBHOIO
cepeoBUINA 1 MiHIMaJbHE NaXiHHA IPOTYKTUBHOCTI.
BupoOHuk nae rapanTiro, o MOAyib OyJe BHIaBaTH HeE

HEBEJIMKNM, KUIBKICTh BUpoOjeHol eHeprii pisko MeHme 90 % HoMiHanbHOI OTyXHOCTI uyepe3 10 pokiB i He
3MEHIIYETHCS. Takox BAXKJIUBO BpaxoByBatu MmeHme 80,7 % uepes 25 pokiB (puc. 1)
10 Year Product Warranty * 25 Year Linear Power Warranty
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Puc. 1. JliniiiHa rapaHTist IPOXYKTUBHOCTI

@oronaneni Jinko Solar Eagle PERC JKM305M-60
MOXYTb OyTH BHUKOPHCTaHI B HEBEIMKMX 1 BEJIUKHX
COHSIYHMX EJIEKTPOCTAHIIIAX VISl TeHepallii eneKTpoeHeprii
B 3araJibHy Mepexy. [ 'apaHTis Ha IPOAYyKIi0, MaTepiau —
10 pokiB. ["apanTist Ha BUpPOOJICHY ITOTYKHICTB: 25 pOKIB —
ne menute 80 %, 12 pokis — ve menmte 90 %.

Heepaoayis conaunux nanenet

[TponyKTHUBHICTH COHSYHUX MOIYJIB 3MEHIIYETHCS 3
yacoM. SIk mpaBmito, Aerpajianis A€o BUIIA B MEPIIni pik
BHACJI/IOK ~ IOYaTKOBOI'O  BIUIMBY  CBITJIa,  IOTIM
cTabinizyeThes.

dakropy, IO BIUIMBAIOTH Ha CTYMiHb Jerpajarii,
BKJIIOYAIOTh TaKi IapaMeTpH, SK MaTepiaid, Mo

BHUKOPHCTOBYIOTHCS TIPH BUPOOHHIITBI, TEXHIYHUH TIpoIIec,
SAKicTh 30ipKM Ta MaKyBaHHS EJIEMEHTIB Yy MOAYII,
KBaJTihiKallis MpaliBHUKIB Ha MicIsAX. PerynspHe TexHiuHe
00CITyroByBaHHsI Ta INpUOWpaHHS OOJIAJAHAHHS MOXYTh
3HMU3UTH BIJICOTOK JIerpajalii, aje OCHOBHHWH BIUIUB
3aJISKHUTH BiJl TUIy BUKOPHCTOBYBAHOTO ejeMeHTa. Tomy
TIPOBiJIHI BUPOOHMKN COHSYHMX ITaHEJel JIyXKe PeTeIbHO
BIJICTe)KYIOTh SIKICTh IIPOAYKTY 1 BiANOBIIHICTH HOro
MDXKHApOJHAM BUMOT'aM 1 CTaHIApTaM.

Ha puc. 2 300paxeHo aerpaaariito COHIYHUX HaHeeH
3a 20 pokiB 3 pI3HHMH  TUNAMH  TpPEKepiB.
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Puc. 2. [lerpanmarist COHTYHUX MaHenei
CoHsuHI MOAYNI MOXYTb MAaTH JIOBIOCTPOKOBY 3 tabi. 1 BUIHO, 110 3arajbHa TeHepallisi COHTIHUX
TIOTYKHICTb, IBUAKICTH Aerpasanii Big 0,3 1o 1 % Ha pik.  manene# cykymmHo 3a 25 pokiB ckiaa:
Cryninb 1 XapakTep Aerpaiamnii Bapiloe cepei pi3HUX - cratnyHa cucrema — 316680 kBr;
TEXHOJIOTiil BUTOTOBJICHHSI JNOAATKIB. s KpucramigHux - onHoBicHUit Tpekep — 407882 kBr;
MOJIYJIIB €JIEMEHTH MOXYTh CTPa)IaTH BiJ HE3BOPOTHOTO - nBoBicHHH Tpekep — 453770 kBr.
pyiHYBaHHS, BHKJIMKaHOro jiefo cBitina. [lowaTkoBa 3arampHa BUpOOJEHA TMOTYXKHICTH pI3HUX THUIIB
Jerpaaanisi BiOyBaeTbesl depe3 Ae(EeKTH, MO0 AKTUBHO  COHSYHHX CTaHIIN IoKa3zaHa Ha  pHC. 3.
MIPOSIBISIFOTH ceOe IpH IT0YaTKOBOMY BILIHBI CBiTIA [7].
Tabmmms 1

[IopiuHa reHepanist Ta BTpaTH MOTYXHOCTI COHSTYHOIO EIEKTPOCTAHIIIEI0 3 PI3SHUMH THIITAMH TPEKEPIB

CratuyHuii OnHoBicHHUI JIBoBicHUI
Pik ekcruryararii
[MoTyxHicTs, Brparn, [MoTyxHicTs, Brparn, [MoTyxHicTs, Brparn,
kBt/p. kBt/p. kBt/p. kBt/p. kBt/p. kBt/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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[pomorxenus Tadmumi 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
Cykynna
resepanis X 316680 45240 407882 58272 453770 64826
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Puc. 3. 3aranpHa BupoOJieHa OTYKHICTh Pi3HUX TUIIB COHSYHUX CTaHIIN
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Jis  ouiHioBaHHA PpiBHA BTpar OyinM TpOBEIEHI
MaTeMaTH4Hi pO3PaxyHKH Ta po3podieHa imiTauiiiHa
MoJenb  0o0’e€KkTa  JOCHIDKEHHS B HPOTrpaMHOMY
cepenoBuili PVsyst 3 TAKMMHU BUXIAHUMHU JaHUMHU: 0OpaHi
consiuHi ma”em Mapku Jinko Solar JKM305M60 Eagle
305 Br, imBepropu mapku Ainelec K3 130-350 V/50Hz,
3aJaHi KIiMaTH4Hi YMOBH XapKiBChKOI 00JacTi Ta ruioma
JIaXy TATOBOI mijcTaHmii [6]. 3aranbHi BTpaTH 32 paxyHOK

JIeTpaalifHuX TPOIECiB Y COHSYHHX INMAHEISIX 3 PI3HUMHU
TUIIAMU TPEKepiB CYKYyMHO 3a 25 pOKiB eKCcIuTyaTamii
cknaiu (puc. 4):

- BTpaTu CTaTU4HOI cucremu 45240 kBr;

- BTpaTH OAHOBICHOrO Tpekepa 58272 kBr;

- BTpaTH ABOBICHOrO Tpekepa 64826 kBT.
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Puc. 4. Brpatu nmotyHOCTI TpekepiB

Jia minTBepKeHHS pO3paxyHKIB Oy po3podieHi

3D-moneni  coHsyHOI  enekrpocTaHmii.  [IpoBemene
rorepegHe MonenmoBaHHA TAroBoi mifcraHmii  (TTI),
obmamHanoi coHsuHOK enektpocraHmiero (CEC) 3

pi3HUMH THIIAMH TpekepiB; Monens TII MakcuMaibHO
HaOIIKeHa 10 peabHOTO BUIIISLY.

Cmamuuna cucmema

MopenoBaHHsT TPOBEACHO 3 YpaxyBaHHAM  YCIX
KIIIMaTHYHAX YMOB XapKiBCbKOro periony. Ha puc. 4

300pakeHo 3D-Momenp TATOBOI IMiJICTAHIN, HA JaxXy SIKOI
posmimeHo ctatnuny cuctemy CEC, coHs4HI maHemi
po3TamoBaHi B 4OTHUpH psiau 1o 10 maHenel 3arajbHOIO
NoTyXHIcTIO 12,2 KBT 1 3aliMatoTh 3arajipHy miomry 65 m2.
CoHsTYHI TaHeNi BCTaHOBJICHO 3 KyroM Haxwiny 33 ° i
HalpaBJICHO Ha CXiX JUId OTPUMAaHHA MaKCHMaJbHUX
TIOKa3HUKIB BUPOOHHIITBA €HEPTIii.

Pe3ynpraTi MopenroBaHHS HaBEIEHO Ha pHC. S,
reHepamis TOTYKHOCTI CTaTHYHOI CHCTEMH — puc. O.

IKC3T, 2023 Ne2




IHPOPMAINIMHO-KEPYIOUI CUCTEMU HA 3AJII3BHUYHOMY TPAHCIHOPTI

Perspectiva of the PY-fleld and surrcunding shading scane

West

Zenith

East

South
Main results
System Production 13916 kWh/yr Mormalized prod. 3.13 kWh/kwp/day
Spedfic prod. 1141 kWwhfkWpfyr  Array losses 038 kwh/Wp/day
Performance Ratio 0.846 System losses 0.19 kKWhikwp/day

Puc. 5. Pe3ynbraTtu MoJ€nIOBaHHS CTATUYHOI CUCTEMU

3 pe3ynpTaTiB  MOAENIOBAHHS CTATUYHOI CHUCTEMH eJeKTpHYHOi eHeprii 3a mepmmid pik. CymapHi BTpaTd B

BUIHO,

IO  CTaHIiA

sremepyBana 13916 kBr/ronr  MacuBi Ta cucteMHi BTpatu ckianaiots 0,57 xBt1/nmens.
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Puc. 6. I'enepariist HOTY>KHOCTI CTaTHYHOI CUCTEMH
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OO0nosicHull COHAYHUL mpeKep

JuHamigHa cucTeMa KpIiIUICHHS TpU3HAYEHA IS
ropu3oHTanbHOI  (ikcarii. LligHicTs mpHCTpOIO  —
MPOTATOM CBITIIOBOTO JHSA BIiH aBTOMAaTHYHO 3MiHIOE
MOJIOXKCHHA  (DOTOMOIYJIB  3alIKHO BIiJ  TPAEKTOPIi
TiepeMilieHHs COHIIS B OJHIN IIOMIMHI (110 BEpTHKAJIL).

Takoxk Taka cHCTeMa KPITUICHHS KOPErye KyT HaXWITy
Oatapell BUXOMISTYH 3 IIOPH POKY.

[lepeBaru OTHOBiICHOI TPEKEPHOI CHCTEMH:

- HaJiliHa CTIHKICTh 10 30BHIIIHIX BILUIUBIB IPHUPOIH:
CHITOMAay, TYMaHy, BITPOBHX HaBaHTa)KCHb, OMAIIB, TPAILy
Ta iH. [Ipm 1BOMY B 3HWMOBHI CE30H HE IOTpeOye
OUHIIECHHS BiJ| CHITY;

- JUIA BCTAHOBIICHHS KOHCTPYKIIi HE MOTPiOHO
BEJIMKHUX YaCOBUX UM (Pi3WYHUX BUTpAT. PeMOHTHI poOoTu
TaKOXX BUKOHYIOTBCS OTIEPATHUBHO 1 IIPOCTO;

- TIOJIOXKCHHS JUTA COHSYHUX MaHEeIeH 3 MiHIMAIIEHUM
OIOPOM TIOBITPSHUM ITOTOKAM;

- TpUBaIWi TapaHTidHWA mepiog — 12 pokis, aie
eKCIUTyaTallifHui TEepMiH IpPH LIBOMY CTaHOBUTH 25-30
POKiB;

- pyxoma yCcTaHOBKa jomomarae 30upatu Ha 25-40 %
OiNpIe eHeprii, HXK CTAaTHYHI aHAJIOTH;

- pIBHOMIpHE 3aBaHTa)XCHHS COHSIYHOTO IHBEpPTOpA,
3HIDKCHHS BTpAT TeHEparlii;

- BCTaHOBJICHHS HA IPYHTOBUX MaiTaHYMKaX 3 Oy/Ib-
SIKFM PENTBEPOM;

- TMpamoe TOBHICTIO aBTOMATHYHO O€3 BTpYYaHHS
moauHA [4].

Ha puc. 7 300paxeHo Monenab OJHOBICHOI'O Tpekepa,
COHSYHI MaHeJIi PO3MIllleHi TaK, SK 1 Ha CTaTH4HIN cucTemi
— y gotupu psau o 10 maHened ropu3oHTaIbHOI (ikcamii
i 3MIHIOIOTh ITOJIOKEHHS MOIYJIB 332 TPAa€KTOPIEI0 COHILA
(o BepTHKaII).

Zenith

North

west

Perspactive of tha PV-fisld and surrounding shading scena

East,.

South

Main results

System Production
Spedfic prod,
Performance Ratio

17929 kWh/yr

0.867

Mormalized prod.
1470 kWhiWpfyr  Array losses
System losses

4.03 kWhfkWwp/day
0.40 kWhikWwp/day
0.22 kwhfkwp/day

Puc. 7. PeByJ'IBTaTI/I MOACIOBAaHHA OI[HOBiCHOFO TPEKEpa
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3 pe3ynpTaTiB MOICTIOBAHHS OIHOBICHOTO TpeEKepa,
PO3MIIIEHOTO HAa Jaxy TATOBOI IiJCTAHINi, BHUIHO, IO
craHuis 3renepyBaia 17929 kBr/ron enekrpuuHoi eHeprii

3a mepumii pik. CymapHi BTpaT# B MacuBi Ta CHCTEMHI
BTpartu cxianaoTh 0,62 kBr/ners (puc. 8).
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Puc. 8. I'enepariist NOTY>XHOCTi OHOBICHOTO TpeKepa

JlsosicHuti consaunull mpexep

Pyxoma ycraHoBka Ha JBOX OCSX JUIi COHSYHHX
enektpoctaniiil. [le auHamiyHa cucrema, IO BiICTEXKYE
MIepeMillIeHHs] COHI HPOTSATOM YCHOI'O CBITJIOBOTO MHS,
KOperye Haxwil HaHeNeH Uil MaKCUMaJIbHOTO OTPUMAaHHS
eneprii. OTxe, MPOAYKTUBHICTh 00'€KTa aJbTEPHATHBHOI
eneprii nopiBusHO 3 ananoriunuMu CEC Ha craTHyHHX
ycraHoBKax 30inmbiryerscst 1o 45 %. KpimieHHS Takox
PETYIIOE TIOJNIOXKEHHS COHSYHMX IIaHeJeld 3aJieXHO Bix
CEe30HY.

[epeBaru qBOBICHOI TPEKEPHOI CHCTEMHU:

- BHUOHWpae TO3UINIO IS TaHeNeld 3 MiHIMAIEHUM
OITOPOM TIOBITPSIHOTO TTIOTOKY;

- TPUMHATHICTH  BCTaHOBJICHHS
0e3KapKacHUX JIOAATKIB;

KapKacHUX 1

- perymioBaHHS ()OTOMOIYNTIB y JABOX IUIONIMHAX:
TOPU30HTAJIbHIN, BEPTUKAIIBHIH;

- yci mporiecu MOBHICTIO aBTOMAaTH30BaHi, TOMY JUIs
KepyBaHHsI 00JaJjHaHHAM HE MOTpiOHA y4acTh JIIOIUHY;

- 3aXMCT Bij OJIMCKABOK i NEepeBaHTaKeHb, HAsIBHICTH
JIaTYMKIB JIbONY, CHITY, Tpalty Ta BiTpY;

- 30HMpaHHS COHSYHOI €HEeprii HaBiTh y MOXMYpI IHi;

- MOXJHBICTh KEpyBaTH, MOHITOPUTH pPOOOTY
YCTaHOBKH TUCTAHIHHO [5].

Ha puc. 9 300paxeH0 MOAens JBOBICHOTO TpEKepa,
COHSYHI MaHesi po3MillleHi Ha YOTHUPHOX Tpekepax mo 10
naHenel (qBa psay 1Mo I'SATh COHSYHHX NaHeneil) Ha IBOX
0CsIX, CHCTEMa BIJICTEXYE IEpeMillleHHs] COHISA 1 KOperye
maHen K 1O TOpPHU30HTall, TaK 1 BEpPTUKAJII.
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Marth

Perzpective of the PV-field and surrounding shading scene
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Main results

System Production
Spedfic prod.
Performance Ratio

Puc. 9. PesynpraTt MofeIIoBaHHs JBOBICHOTO TpeKepa

19946 k\Whfyr Mormalized prod. 448 kwhikwp/day
1635 kWh/kwpfyr  Array losses 0.46 kWwhikwp/day
0.865 System losses 0.24 kwhiwp/fday

craHuis 3renepyBaia 19946 kBr/ron enekrpuuHoi eHeprii

3a mepmmii pik. CymapHi BTpaT# B MacuBi Ta CHCTEMHI
BTpartu ckianaroTh 0,70 kBr/nens (puc. 10).
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Puc. 10. I'enepartiist moTyXHOCTI IBOBICHOT'O TpeKepa

11

IKC3T, 2023 Ne2




IHPOPMAINIMHO-KEPYIOUI CUCTEMU HA 3AJII3BHUYHOMY TPAHCIHOPTI

3 Tabm. 2 BUAHO, IO PI3HHUIA MK OJHOBICHUM
TPEKEpOM 1 CTaTHYHOI cucTeMoro ckimamae 4009 kBt 3a
nepmmii pik excruryatanii CEC, BapTicTb OXHOBICHOTO
Tpekepa cranoButh 88000 rpH [4], a cTaTHYHA CHCTEMa HE
morpedye MOMATKOBHUX 3aTpaT. Pi3HHUII MiX ONHOBICHUM i
JIBOBICHMM Tpekepamu cTaHoBuTh 2017 kBT 3a mepmmit
pix excruryatanii CEC, pi3HHI BapTOCTi IMX TpeKepiB
cranoButh 163000 TpH [5]. 3a UMM JaHUMH MOXKHA
3poOWTH BHCHOBOK, W10 JOLUIBHINIE BCTaHOBIIOBATH
onHoBicHuUI Tpekep Ha Taky CEC.

Tabmus 2
[TopiBHsIBHI 1aHi PI3HUX THIIB TPEKEPIB
[MoTyxHicTs, Bapricts, rpH
kBt/ron

CratnyHuii 13920 0

OnHoBICHHUI 17929 88,000

JIBoBicHUI 19946 251,000
Bucnoskn

Y crarti  po3rISHYTO 1 IIPOBEJEHO  TEXHIKO-
CKOHOMIYHMH pO3paxyHOK 1 MOJETIOBAHHSI COHSYHOI
MMiJCTAHII, BCTAHOBIIEHOI HAa TArOBiM  IMiJACTaHII],

pPO3paxoBaHO IIOpiYHY I'€HEpaLilo Ta IMIOPIYHI BTpaTH 3
PI3HHUMHM THIIAMU TPEKEPIB.

3a 101moMOororo IporpaMHoOro Komiuiekcy PVsyst 6yino
OTPUMAHO pe3yJAbTaTH MOJCIIOBAaHHSA pI3HUX THUIIB
TpekepiB. BcranoBneno cykynny renepauito CEC 3
PI3HUMH THUIIAMHU TPEKepiB 3a 25 POKIB eKCILTyaTalii, ae
cratnyHa cucremMa reHepye 316680 kBT, omHOBicHUiA
Tpekep rerepye 407882 kBrt, nBoBicHUIl Tpekep reHepye
453770 xBT. 3 ypaxyBaHHSIM BapTOCTi TPEKEPHHX CHCTEM
HANOLIBII AOIUTEHOIO € CTAHIIIS 3 OJJHOBICHOIO TPEKEPHOIO
YCTAHOBKOIO, OCKUIbKM BoHa reHepye Ha 91202 kBt
OibIle, HIX CTATHYHA CHCTEMa 3a 25 POKiB eKCILTyaTarlii,
ame Ha 45888 kBT MeHIle, Hi’K JBOBICHA CHUCTEMa 3a IIi
poxkwy, pi3HuL B LiHI ckinagae 163000 rpH.

3a paxyHOK TEXHIKO-eKOHOMIYHOTO pO3paxyHKY
oTpuMaHo rpadiky TeHepalii Ta BTpaT y TPEKEpHUX
crcTeMax 3a 25 poKiB eKCIUTyaTarlii.
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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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