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PE®EPAT

Ortuet 415 c., 1 kH., 125 puc., 33 Tabm., 53 UCTOUH., 4 MPUIL.

COJIHEYUHBIE JJIEKTPOCTAHLUU, ®OTOSNIEKTPUYECKMWE MOAYJIN, CO/JIHEUHASA
OHEPI'ETUKA, ITPOI'HO3VNPOBAHUE, YIIPABJ/IEHME, OIITUMN3ALIA

OObeKTOM UCCe[joBaHUSl SIB/SIOTCS. CUCTEMbl YIIPaBeHUs]  COJHEYHO-[U3e/IbHBIMU
KOMILIEKCaMH, BK/IFOUAIOLMMU B CBOW COCTaB CUCTeMY HaKOIUIEHUS] SHEPTUM.

Llenb paboTel — pa3paboTaTh MPOrpaMMHBINA KOMILIEKC, OCYIIECTBIISIONUN ONTUMHU3AI[UI0
CcoCTaBa, IapaMeTpOB U PeXWMOB (DYHKIIMOHUPOBAHUS COJIHEUHO-M3e/IbHOIO KOMILIeKca I10
KPUTEPUIO MUHUMM3ALIUY SKCIITyaTallOHHBIX 3aTpar.

Pesyneratamu stana 3 HUOKP sasnsrorcs:

1) pa3spaboTaHHBII TPOrpPaMMHBINA KOMIUIEKC, OCYIIeCTB/ISIOMIMI ONTHMH3aLMI0 COCTAaBa,
rapaMeTpoB U PeXUMOB (YHKLMOHUPOBAHUSI COJHEYHO-[U3e/IbHOTO KOMILIeKCa 10 KpPUTEepUR0
MHUHMMH3aLMH1 SKCIUTyaTalMOHHbIX 3aTpar;

2) 53CKU3HOe  OIuCaHWe  CO3laHHOW Ha  OCHOBe  [POrpaMMHOIO  KOMILIeKca
aBTOMaTHU3MPOBAHHOM CHUCTEMBI YTIpaB/ieHHs] PeXXMMOM PabOThI COTHEUHO-U3e/IbHOT0 KOMIUIEKCa,
BKJIFOUalolllee INPOrpaMMHYIO JIOKYMEHTAllM0 Ha IPOrpaMMHbIMA KOMIUIEKC, OCYIeCTB/ISAOLINN
ONTUMM3ALMI0 COCTaBa, IapaMeTpPOB U PeXUMOB (YHKLIMOHHPOBAaHUS COJIHEYHO-ZM3e/IbHOIO
KoMITeKca, u onicanue SCADA -cucTeMbl, 00ecCrieunBarolrield Yei0BeKo-MallliHHbIN UHTepdeTic;

3) pe3ynbTatel WCOBITAHHH  paboTocnmocoOHOCTH — Pa3pabOTaHHOTO — MPOTPAMMHOTO
KOMIIJIeKCa B Ppas/MYHbIX peXWMax paboThl COTHEUHO-/IM3e/lbHOT0 KOMILIeKCa B YCJIOBUSIX,
NpUOIVKeHHBIX K peabHbIM.

Pe3ysbTaTbl MOTYT OBITH HWCTIO/B30BAaHBI [jI1  YIIPAaBI€HUS PpeXAMaMd PaboThl  Kak

CyleCTBYIOIIUX, TdK U IIPOEKTHPYEMBIX CO/THEUHO-AW3e/IbHBIX KOMITIJIEKCOB.
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IEPEUEHb COKPAIIIEHUI1 1 OBO3HAYEHUN

B Hactosiiiem otuete 0 HVIP mpuMeHSIFOT cieyrolyie CoKpalieHus 1 0003HaueHusI:

AKB
APIT
APM
ACY
B/
BUD
B2C
T'OK
ity
Ty
Jilcle
ETO
3y
UT
KA
KIUYM
JIBC
MI'2C
MIT
MPB
HM
TIK
TIKD
TIJIK
TITK
TTC

CH

CHD
CHD33
CTO-BJI

CTO-03

— aKKyMyJ/IsiTOpHast 6aTapest

— abCOJTIOTHBIN pacxof AU3e/IbHOTO TOTIIMBA
— aBTOMaTHU3MpOBaHHbIe paboure MecTa

— aBTOMAaTH3MpOBaHHas CUCTeMa YIIpaB/IeHuUs
— 0a3a JaHHBIX

— BO300HOB/IsSIeMble HCTOUYHUKH SHEPrUU

— BETPOBasl 3JIeKTPOCTAaHLINS

— ruOpUAHBIN SHepreTHUeCKUI KOMILIEKC

— U3eJIbHbIN TeHepaTop

— Jl13e/b-TeHepaTopHasl yCTaHOBKa

— [U3eIbHask JTeKTPOCTaHLUA

— e)KeCMeHHOe TeXHU4YeCckoe 00C/Ty)K1BaHHe
— 3apsijHOe YCTPOMCTBO

— UH(OpMaLMOHHbIE TeXHOJIOTHUU

— KOMMYTallMOHHas anraparypa

— KO3(QULIMeHT UCIOIb30BaHUs YCTAHOBIEHHON MOIIHOCTU
— JIOKa/IbHasi BBIYUC/IUTE/IbHAS CeTh

— MaJiasi TU/IPOIeKTPOCTaHLUSA

— MMKPOIIPOLIECCOPHBIN

— MOHMUTOP peaibHOro BpeMeHU

— Harpy304HbI MOAYJ/Ib

— MepCOHAJIbHBIM KOMIIBIOTEP

— rlapaMeTpbl KaueCTBa 3JIeKTPO3HepPrun

— IpOrpaMMUpyeMbll JIOrMUe CKMU KOHTPOJIIep
— MPOrpaMMHO-TeXHUUECKUN KOMILIEKC

— IIPOrpaMMHO-TEXHUYECKOe CPeJiCTBO

— COJIHEYHO-/IU3e/IbHbIN KOMILIEKC

— coOCTBEeHHBIE HYK/IBI

— CHCTeMa HaKOIUIeHUs] SHepruu

— CHCTeMa HaKOIUIeHUs 371eKTPO3Heprun

— Ceé30HHOe TeXHHn4YecCKoe 06CJ'Iy>KI/IBaHI/Ie Ipuy 11epexojie K BeCeHHe-
JIETHEMY I1€epUOAY SKCILIyaTallkun

— Ceé30HHOe TeXHHn4YecCKoe 06CJ'Iy>KI/IBaHI/Ie Ipuy 11epexoie K OCeHHe-
3UMHEeMY Mepruoay 3KCIu1ydTaliin



CYB/, — cHCTeMa yTipaBJieHrs1 6a3aMu JaHHBIX

CoC — COTHeYHas! 1eKTPOCTaHLMs

TO-1 — repBoe TeXHU4YeCckoe 00C/Ty)K1BaHHe
TO-2 — BTOpPOe TeXHUUeCcKoe 00CTy)KBaHHe
TO-3 — TpeThe TeXHIUYeCKoe 00C/Ty)KiBaHe
TII — TeXHOJIOTMYeCKUW MPOoLecc

YPOT — yAenbHbINA pacxo/[, AU3eabHOTO TOTIMBa
YPYT — YZle/IbHBIM Pacxof, yCJIOBHOTO TOI/IUBA
OOM — (hoTO3M1eKTpUUECKU MOZY/Tb

CAIDI (customer average — WHJ€KC CpeHeN NPOO/KUTETbHOCTH OTK/IFOUEeHUs OIHOTO
interruption duration rorpeouresns

index)

CAPEX (capital — MHBECTULIMOHHBIE 3aTpaThbl
expenditures)

CV-CC (constant current- — IOCTOSIHHBIN TOK-ITOCTOSIHHOE HaIlpsDKeHUe
constant coltage)

DoD (depth of discharge) — riybuna pa3psiga

ER-guarpamma (entity- — — guarpamma «CyIHOCTb-CBSI3b»
relationship guarpamma)

IUoU — 3apsi/J B TPU dTara

LCOE (levelized cost of — HOpMUpOBaHHasi CTOMMOCTb 3/IeKTPO3HEPrUU
electricity)

LCOS (levelized cost of — HOpMUpOBaHHasi CTOMMOCTb XpaHeHus1 sHeprun CHO
storage)

MINLP (mixed integer =~ — cMelllaHHOe LieJIOUKC/IEHHOe HeJIMHEeMHOe TTporpaMMUPOBaHue
nonlinear programming)

MQTT (message queuing — IMPOTOKOJ 0OMeHa IaHHBIMU MEXKy U3AaTe/ISIMUA U TTOANMACUUKaMU
telemetry transport)

MTU (master terminal — TepMHHaJ JucrneTyepa

unit)

OPEX (operating — OrepaLyOHHbIe 3aTPaThl

expenses)

PR (pull request) — 3arpocC Ha BHeCeHWe U3MeHeHU! B KO

RTU (remote terminal — yZlaJIeHHbIV TepMUHa

unit)

PVPMC (photovoltaic  — coBMecTHOe MofieTMpOBaHKe TIPOU3BOIUTE/TbHOCTH
performance modeling  (oTO3/1€KTPUYECKUX CUCTEM

collaborative)



SAIDI (system average
interruption duration
index)

SAIFI (system average
interruption frequency
index)

SCADA (supervisory
control and data
acquisition)

SOC (state of charge)

SQL (structured query
language)

SSH (secure shell)
TCP/IP (transmission

control protocol/internet
protocol)

— MHJEKC CpeJIHel MPO/J0JKUTeTbHOCTH OTK/IFOUeHHUH B CUCTEMe

— UHAEKC CpE,Z[HEﬁ YaCTOThI OTK/IFOUEHHH B CUCTEME

— [IUCTIeTUepCKoe yrpaB/ieHre U cOop JaHHbIX

— YpOBeHb 3apsifia

— CTPYKTYPUPOBaHHBIM SI3bIK 3alIPOCOB

— «be3omacHas 000/104Ka»

— IIPOTOKOJ1 YIIpaBJ/IeHuUs lepefauelt/MHTepHeT-IIPOTOKO



BBEJEHUE

YripaBneHue pe>XXMMaMy PabOThI COMHEUHO-Au3e/bHbIX KoMiuiekcoB (CIAK) compspkeHo c
pSIOM  TPYAHOCTEM: CTOXaCTUUHOCTBIO IIOCTYIUIEHHWsS IIePBUYHOIO pecypca (COIHEeYHOro
V3/yueHus) W, KakK C/e[CTBHe, Pe3KOW W3MEHUMBOCTbIO MOIIHOCTH COJTHEUHOW 3/1eKTPOCTaHLUU
(C3C); ucnonb3oBaHWeM Pa3HOTUMHBIX KaK C TOYKM 3PEHHs] UCIONHEHHUs, TaK U C TOUKU 3peHUs
W3HOCA, Au3e/b-reHepaTopHbIX ycTaHOBOK ([I'Y) Ha gusenbHOUM snektpocTaHuyu (J3C). Kpome
TOro, B OOJBIIMHCTBE peaM30BaHHBIX Ha CETOAHAIIHWMN JeHb mpoektoB C/K Ha Tepputopuu
Poccuiickoii ®efepalid TPUMEHSIETCSl KpaillHe pa3HOTUIIHOe OCHOBHOE SHepreTuueckoe u
BCrioMoraresibHOe o00opyzoBaHue. I3-3a yKa3aHHbIX 0COOEHHOCTeM CyllecTBeHHO 3aTpyJHeHa
pa3paboTKa TUITOBBIX PEIeHUH B YacTH aBTOMaru3aimu yrpasneHus CIK. B HacTosiem oryere
Tpe/iCTaB/IeHbl WTOTOBBbIe pe3y/bTaThbl HAayYHO-UCC/IeI0BaTeNbCKOKM paboThl, B paMKax KOTODOM
CO3/]aH TIPOTPaMMHBIN KOMILIEKC, 00ecreurBaroiivii BEIMOTHEHe ONTUMHU3al[uM PeXKUMa paboThl
COJIHEYHO-/JU3€e/IbHOT0 KOMIL/IeKCa.

B oTueTe 3a nepBsIii 3Tar paboThl M0 TeMe «Pa3paboTka MaTeMaTHUeCKOM M UMUTAIIMOHHOMN
MOJie/ld  COJIHeUHO-/IM3e/IbHOTO KOMIJIeKCa» (peructpaluoHHbiii Homep 223020800165-3) [1]
Tpe/iCTaB/IeHO OlMcaHWe pa3paboTaHHBIX MareMaTHueCcKol W MMHUTalMoHHON Mogeneit COK.
Maremaruueckasi Mojie/lb Jieria B OCHOBY YaCTH TPOTPAaMMHOTO KOMILIeKca, 06eCreunBarolyto
MpOTHO3UpOBaHWe pexkuma pabotel CIAK Ha cyTku Briepen, a umurtaioHHasi (maket CIOK) —
TMI03BOJISIeT TPOBOJAWUTL HCIIBITAHMS arlapaTHO-INPOrpaMMHBIX KOMIUIEKCOB aBTOMaTU3MPOBaHHOU
cuctemsl yrpaenenus (ACY) B yc/I0BUsIX, MPUOIMKEHHBIX K peaibHbIM.

OTtuer 3a BTOpOM 9Tanm pabotrbl 1o TeMme «Pa3paboTka MeTOAMK TPOrHO3KWPOBAHUS
CO/THEYHOTO W3/IyueHWs U ONTHMH3al[MM COCTaBa, MapaMeTpoB U pexuma (PyHKIIMOHUPOBaHUS
COJTHEUHO-/IU3e/TbHOTO KOMILIeKca» (perucTpaloHHbiii Homep 224022400261-9) [2] mocesiiieH
pa3paboTKe MeTOAUK TIPOTHO3UPOBAHWS COJTHEYHOTO U3/y4YeHUSI U ONTHUMH3alMh COCTaBa,
napamMeTpoB U pexuma ¢yHKuroHrpoBanus CIK, mo3Bosstoieli MpoBoJuTh BBIOOD COCTaBa
BKJTFOUEHHOTO TeHepupymliero o00pyZoBaHUsS B peXHMe peajbHOTO BpPeMEeHH C YYeToM
WH/UBU/ya/IbHbIX SHepreTUueCKUx xapakrepuctuk JI'Y.

B HactosiijeM oTueTe [aHO 3CKU3HOE ONMCAHWe anmnapaTHO-NPOrpaMMHOIO KOMILIeKca
aBTOMAaTU3UPOBAHHOW CHUCTeMbl yIipaBieHusi pexxuMoM paboTtbl CHAK, ¢dyHKIHMOHMpYIOIIEro Ha
OCHOBe pa3pabOTaHHBIX METOAWK, a ero paboTOCTIOCOOHOCTH TIpOBepeHa B  YCJIOBUSX,
NpUOTM>KeHHBIM K peaslbHbIM Ha UMHUTALMOHHOW Mozei CIK. B oTuere mpuBe/ieHbI POTOKOJIBI
UCTIbITaHUM, TTogTBepxkjatoiiye 3¢ deKTHBHYI0 paboThl KOMIL/IEKCa B Pa3/IMUHBIX peKUMaX paboThl

CIIK.
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1 IIporpammHubIii KoMmiuieKc «IIpUHATHE pellleHUH MO yNPaB/JeHHI0 PeXXUMOM PaboThI
COJIHEYHO-/{U3€e/IbHOT0 KOMILIeKCa»

[TporpammMHbIii  KoMIUTeKC «[IpUHSITHE pellleHW TI0 YIIPAB/IEHWIO PEXXUMOM pabOThI
COJIHEYHO-/JU3e/IbHOT0 KOMILIeKCa» HarlpaB/eH Ha C03[jaHue YHHBEepCaJbHOIO0 WHCTPYMEHTa ISt
NOBbIILIeHUsT 3PPeKTUBHOCTU PaboThl TMOpPUAHBIX 3HeprocucteM. Ero pa3paboTka ocHOBaHa Ha
MpeiBapUTE/IbHBIX MCCAeI0BaHUAX W TIpeArosiaraeT [JajbHEWIIYH) [POBEPKY IIPUMEHsIeMbIX
TO/IXO/0B.

1.1 O0uHe mooKeHus

dopMupoBaHUe KpUTEpHEeB ONTUMH3alMd peXXhMa paboThl  COTHEYHO-/IM3eTbHOTO
KOMIUIEKCA SIB/ISIETCS K/TFOUEBBIM I1IarOM B pa3paboTKe TOAXOJ0B K YIIPaBIeHWUI0 THOPUIHOU
SHEProCcUCTeMOM. OTH KPUTEPUH CTAHYT OCHOBOW /il TMOC/IeAYIOLIero aHaau3a W TPUHATHUS
pelleHui.

1.1.1 Kpurepuu onTUMHU3alMU peskuMa paboThbl COTHEUHO-/IM3e/TbHOTO KOMITIeKca

B cocraB conHeuHO-AM3€MBHOTO0 KOMIUIEKCA BXOJAT TPU OTHAE/bHBIX CaMOCTOSITENbHBIX
37IeMeHTa: [Au3e/bHasi 3JeKTPOCTAHLUS, COJIHEeYHAsl 3/IeKTPOCTAaHLUS M CUCTeMa HaKOIIeHUs
sHepruu (CHO). 3Tu sneMeHThl cocobHBI paboTaTh B COCTaBe SHEPrOCHUCTEM APYTHUX THUIIOB C
oTIMYarLMMcs HabopoM o0opygoBaHUSI WM B KaueCTBe W30/MPOBAHHBIX CAMOOCTATOYHBIX
00BEKTOB.

OcHoBou komruiekca siBisiercss OC, cocTosijas U3 HEeCKOJbKUX [W3e/b-TeHepaTOPHbIX
yCTaHOBOK. 3a/laua CTaHIMM — obecrieurBaTh TMOTpeOUTesnell 31eKTpUUecKord >SHeprueil c
yCTaHOB/IEHHBIMY NapaMeTpaMU, XapaKTepH3yIOLIMMU ee KaueCcTBO (YPOBeHb HalpsDKeHUs1, 4acToTa
repeMeHHOro  Toka). Hawbosee  TpaJWIIMOHHBIM  peIIeHHWEM [l 37eKTPOCHabKeHust
W30/IMPOBAaHHBIX W  TPYAHOAOCTYIIHBIX TEPPUTOPUM sBAsieTCs ucmojb3oBaHue [IOC  kak
eIMHCTBEHHOT0 NCTOYHUKA 3/IeEKTPUUECKOU SHEPruHu.

OpHako BBbICOKasi CTOMMOCThb TPUBO3HOTO TOIIMBA M HU3Kasg 3PQPeKTUBHOCTH pabOThI
[IA3e/IbHBIX 3/1eKTPOCTAHLMM Jle/laeT TaKWe pelleHrs upe3BblualiHO Joporumu. Bxatouenne COC B
COCTaB HEPreTUYeCKOTO KOMILIEKCA TI03BOJISIeT CHU3UTHL o0Imumid pacxos torumea Ha JJOC u TeM
CaMbIM COKPAaTUTh pPacxo/bl Ha ero MoKyIIKY U JOCTaBKY.

Kak nmpaBwio T1ipy TMPOEKTHPOBAaHUU THUOPUAHBIX SHEPreTUYeCKMX  KOMILIEKCOB
ycTaHoB/ieHHass MomHOCTh COC mopdupaeTcss TakMM 00pa3oM, UTOObI OT/e/bHBIE TIePUOABI Tofa
(uarre Bcero /IeToM) ee BbIpabOTKa MOT/Ia TIOJTHOCThIO TIOKPBIBATh IOTPeO/IeHNe B TeueHHe CyTOK. B

TeMHOe BpeMsi CyTOK BbIpaborka COC paBHa HY/HO, TIO3TOMY TIOSIBIsieTCs HeoOXOJUMOCThb
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HAKOI/IeHUs] SHepruu B TeYeHue [Hs, AJI BblJaud MOLHOCTU B CeTb B BeuepHee U HOUHOe BpeMsl.
9Ty QyHKLMIO BeINOMHSIIOT CHO.

KntoueByto poss B paboTe  Takol — M30/MPOBAaHHOW — SHEPrOCHCTEMBI — WTPaeT
aBToMarusupoBaHHast cucrtema ynpasneHuss CIK. Ee 3azaua — c6op u 00paboTka [JaHHBIX O
COCTOSIHUM 3/1eMEHTOB CHUCTeMbl, KOHTPOJIb TlapaMeTpOB 3/eKTPO3HEPrMM B CeTH, obecrieueHue
ye/IOBeKO-MalllMHHOTO HHTep(elica M BblJjaua YMpaB/sOLUMX CUTCHA/JIOB HAa TOJKOHTPOJIbHBIE
snemMeHThl. Vicnonb3oBanne ACY CIIK B 3HepreTMueCKAX KOMITIEKCAX TI03BOJISIET CHU3UTh 00beM
obpabaTbiBaeMoli oriepaTopoM HMH(GOpPMaLMM W YIPOCTUTh TIPOLECC TIPUHSATHUS  pelleHuil.
HeobOxof¥MOCTb TIPUHSTHS pellleHWi BO3HUKAeT B MOMEHTbl W3MeHEeHUsl DeXUMOB paboThl
JHEPrOCUCTeMBbl B TeUEHWH CYTOK W pPe3KHWX HM3MeHeHHsX MoTpebsieHUsi SHepruu. B pesynbrare
TOBBILIIAETCS HaZIe)KHOCTh pabOThI KOMILIEKCa, Ka4eCTBO /IeKTPUUeCKOM SHepruu AJisl oTpeOuTers
1 3¢ deKTHBHOCTb UCIIOIb30BaHMUS reHepUpytolliero 000pyZ0BaHusl, UTO B UTOTe BeJleT K CHUKEHHUIO
CYMMapHOI'0 pacxoza TOIUIUBA.

CrpykrypHasg cxema C[IK, BXopdilero B C€OCTaB HayYHO-UCIILITATe/JLHOIO I10/IMTOHA
«Bo306HOBIsIEMBIE UCTOUHMKU 3Heprun» (BU3) ®I'BOY BO «HUY «MOW», mpencraBieHa Ha

pHUCyHKe 1.

LI

ACY CIIK Harpyska

CoC

CHD

Pucynok 1 — I'paduueckoe npegcraBnenue CAK

COK wmoxer paborath B pasHBIX peXWMaxX, KOTOpble OIpeesoTcss Habopom
000pyZoBaHus, yUaCTBYIOIEM B TIPOLieCCe IHeProcHabKeH!s B JaHHBI MOMEHT, er0 COCTOSIHUEM U
BEeJIMUMHON MOIIIHOCTH I10 OTHOILLEHHIO K 001eMy notpebseHuto. Obsi3aTeNlbHBIM yC/IOBUEM TIPU
BblOOpe pexxriMa paboThl siB/IsieTCss obecrieueHWe TOTpeOWTesNsT 3/71eKTposHepruell B TpeOyemMoM
o0beMe W C YCTaHOBJEHHBIM KaueCTBOM. [IpyM pacCMOTpeHMH YacOBBIX WHTEPBA/JOB BpPeMeHHU

(At = 1 u) 9TO yC/IOBHe MOXKHO BbIpPa3uTh uepe3 ypaBHeHHe OasaHca MoifHocTd Anasi COK (cm.

dopmysy (1)).
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Pio=P et Peoct Py s

Hazp

(M

rae P, — CyMMapHasi MOIIIHOCTb 3/1eKTporioTpebuTesnei (Harpyska);

P c5¢c — morrocts COC, onpeziesisieMast KCXO/st U3 UHTEHCUBHOCTH COJTHEUHOTO M3/TyUeHNs;

P.ys — wmommocts 3apsga/paspsga CHO, ompezsensiemas MCXOAS W3 COOTHOIIEHHS

MorHocTer COC 1 Harpysky, a TaKKe C YU4eTOM YPOBHS 3apsi/ia CUCTeMbI HAKOIUIeHUS SHepIruy;

P 15c — momHocTts [J3C (pe3epBHast MOLHOCTB).

B C1ydyae M3MEHEHUA DeXHMd pa6OTBI, d TdK)XKe COCTdBd HCIIOJIb3YHOIerocs OGOPy,Z[OB&HI/ISI

ypaBHeHHe OyzneT MeHsTb CBOM BH7. OcHOBHble pekuMbl paborel CIK, a Takke ypaBHEHHUS WX

OTMCHIBAIOIIHe, TIPUBE/IeHBI B Tabmuie 1.

Tabmuiia 1 — Bo3MoskHbIe peskuMbl paboTtel CIAK

YcnoBue pexxuma (asist

YpaBHeHMe OanaHca

Ob6opynoBaHue Pexxum
MOMEHTa BpeMEeHH ) MOIIIHOCTH
PZycm4ﬂ3y>PHaep;
ASC ;[)BOCAEE(;I‘;I;ME}? oo Psc=0; Pip=P poc
Py P,»=0,50C=1
P cm >PHGZ ;
2) CoBmecTHast pabora i
PCSC_O’ —
o9Cu CI—;S Ha o P, <0; Piow=P 5c—Pcus
Harpysky. 3a ’
PY3KY. apAA SOC. <SOC<SOC.,.
II2C, CHD
PZycm.ﬂ3y<PHaep;
3) CoBmecTHast pabora —0n.
PCSC_O’ —
JI3C u CHO Ha B 50 Py =P poct Py
Harpy3ky. Pa3psg CHO c>;
SOC, <SOC<1
PZycm.ﬂ3y>PHaep;
4) CoBmecTHasi paboTa P_,.>0; —
,HSC, oC I[)BC u CAC P P;j;;:o, PHaep_P,LISC+PC3C
SOoC=1
Pyon ov>0;
5) CoBmecTHas paboTa Pcoc>0;
3C, COC, . —
gHB ,Z[SC, C9C u CHD. PZycm.ﬂ3y+PC3C>PHazp’ Pnazp_Pﬂac"'Pcac_PCHs
3apsag CHO P.,,<0;
soc,,<S0C<1
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[TpomomkeHue Tabmuiib 1

YcnoBue pexxuma (/s YpaBHeHue OasaHca
Ob6opymnoBaHue Pexxum
MOMEHTa BpeMeHH) MOII[HOCTU
PZycm4ﬂ3y>0;
6) CoBMecTHast pabora Pcse>0;
VHSC’ CBC 151 CHB PZycm4ﬂ3y+PC3C<PHaep; P :P +P +P
Pa3p${,/:[ CHB PCH3>0; Haep 5C CoC CHD
SOC,, . <S0C<1
Py =0;
7) CoBMecTHast paboTa S
PC3C>PH(12p’ P _P _P
COC u CHD. 3apsz P_,,,<O0; wazp — L coc— L cHo
CHD ’
SOC,,..<50C<1
C3C, CHOD
Plycm.ﬂ3y:0;
8) CoBmecTHas paboTa )
PC3C<PHaep’ P _P +P
COC u CHD. Pa3psz P_,>0; wazp — L coc™ £ cHa
CHD ’
SOC,, . <S0C<1
Pyom gy =0;
9) OpuHouHas pabora Posc>P s p =p
CBC CSC PCH3:O; Hazp CcoC
SOC=1
Pyon oy =0;
10) OguHouHas pabora P5c=0; p =p
CHB CHS PCH3 > 0’ Hazp CH3
SOC, . <S0C<1

Takum obpazom Bcero cyiiectByeT 10 pasnbix pexxumoB CIK u 7 Bapuanuii Habopa
UCTI0/Ib3yeMOro 000pyA0BaHuUs AJIsl 3TUX PEKUMOB.

OddeKTUBHOCTE (DYHKLIMOHUPOBAaHUSI MaJbIX 3HEPrOCHMCTeM, YaCTHbIM CaydyaeM KOTOPBIX
SIBJISIFOTCS COJTHEYHO-/IM3€e/IbHble KOMILIEKChl, MO>KHO OLIeHWThb 10 PsZly KpWUTepHeB, BXOZSLIUX B
COCTaB 1ieJIeBbIX (PYHKIIMI ONTUMM3aLIMY Tpoliecca yrnpassieHus [3]:

1) KauecTBO TPOM3BOJUMON M OTITyCKaeMOW MOTpebuTessiM 3/1eKTPOIHEPTUu  SIB/SIeTCs
OJHMM W3 OCHOBHBIX KDUTEpPUeB TIpH OLeHKe 3(PPeKTUBHOCTH (YHKLIMOHHUPOBAHUS JIFOOOM
5HEepProcUcTeMbl U peryarpyeTcsi B COOTBETCTBUM C [4];

2) SKOHOMHYECKHe KDUTepUH OTpakaloT CTOMMOCTb TIPOM3BOACTBA 3JI€KTPO3HEPTHH,
OTepaLMOHHBIX 3aTpPaT, CTOMMOCTD TPOM3BO/ICTBA U HAKOT/IEHUS] JHEPTHUU KaXK/IbIM U3 HCTOUHHKOB.
XapakTepr3ylOT TIPOEKT CO CTOPOHbI (DMHAHCOBOM TIPUB/IEKATeJbHOCTH U OKYNaeMOCTH U
T03BOJISIIOT BBISIBUTH HEOOXOAMMOCTD TIOA/EPXKKH CO CTOPOHBI PErHOHA/NBHOTO W (efepasbHOTOo

6I-O,ZL)K€TOB. ,Z[J'Iﬂ HMHBECTODa [JdHHbl€ KDPUTEPHU XdPAKTEPU3YIOT HWHTEHCHBHOCTbL BO3BPATd
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3aTpaueHHbIX CpeJCTB B OIpe/ie/leHHOM WHTepBajie BpeMeHU TI0Cjae UX BJIOKEHWH 3a CcyeT
pa3nuuHoi 3¢ (heKTUBHOCTH, BO3HUKAIOIIIeN B Mpoliecce WCI0/Ib30BaHuUs 3TUX CPeZICTB;

3) HaJeXHOCTH TIPOL[ecca IeKTPOCHabKeHus (107, HaZie)KHOCTBIO TIOHUMAeTCsl CBOHCTBO
oObeKTa BBITIOJNHATh 3aJjaHHble (DYHKIMKM B 3alaHHOM OObeMe TIpU Orpe/ie/IeHHBbIX YCIOBUSIX
(YHKIIMOHHMPOBaHKs) SIBJISIETCS KPaiiHe Ba)KHOM COCTaB/sOIIeN B paboTre 0001 3HEpProCHCTEMBI.
C pocToM uHC/ia TeHepUpYIOIIUX YCTAaHOBOK, WX pa3HOOOpasusi yrpaBjeHHe YCIOKHSeTCs, a
BO3MOXXHOCTh BO3HUKHOBEHMsSI aBapuu pacTeT. [lepBocTeneHHbIMU 3ajjauaMd B CO3ZIaHUU U
yTpaB/JeHUM MaJiol M30/IMPOBAHHOM SHEProCHUCTEMbI SIBJISIFOTCS COXpaHeHWe U  TIOBbILIeHHe
Ha/IeXKHOCTU CHabkeHUsl MoTpebuTesiell SHeprueli 3a cueT MCIO/Ib30BaHUS 0cobeHHOCTel paboThl
KaK/I0r0 93/emMeHTa cucTeMbl. OIIEHKY Ha/Ie)KHOCTH pabOThl SHEPrOCUCTEM MOXKET ObITh
Mpou3BeJleHa MyTeM pacueTa HW3BeCTHbIX MapameTpoB: SAIFI (system average interruption
frequency index wiu MHJEKC cpefiHel UaCTOThI OTK/IOUeHUM B cucteme), SAIDI (system average
interruption duration index wiM WHJEKC cpefjHel TIPOJO/DKUTENLHOCTHA OTK/IHOUEHUN B CHUCTEMe),
CAIDI (customer average interruption duration index wiv WHJEKC cpefiHel TPOAOKUTENTbHOCTH
OTKJTFOUEHHSI OfHOTO TIoTpebuTesns). OfHAaKO TIpY OllIeHKe HaJIeXKHOCTU MaJbIX SHEPrOCHUCTEM WX
WCTI0/Ib30BaHKe He COBCeM KOPPEKTHO T.K. UHC/I0 OTK/IH0YaeMbIX TIOTpebuTesieil pyu aBapyuu B TaKUX
cucTeMax, Kak MpaBUIO COOTBETCTBYET YUCTY 00ciyKuBaeMbIx. [ToaToMy B faHHOM paboTe OyayT
WCTIOb30BaHbl JIpyTHe TOKa3aTer Ha/leXKHOCTH (CM. Huke), Oosee TOAXOAAIIME [T MaslbIX
W30/ITMPOBAHHBIX SHEPrOCUCTEM;

4) B 3MOXy 3aMeTHbIX KIMMaTUueCKWX HW3MeHeHWW Bce Oosblliee BHUMaHWE CO CTOPOHBI
obIlecTBa y/enisieTcsi BO3/MCTBUI0 OOBEKTOB WH(PACTPYKTYpbl Ha OKPYXKAIOLI[YI0 Cpeay.
OHepreTUKa SIBJSIETCST OJHOW U3 BeAYIUX OTpac/eil HapoAHOT0 X03sHCTBAa TI0 CYMMapHOMY BKJ/Ia/ly
B BbIOPOCKI TaPHUKOBBIX Ta30B. BMecTe ¢ 3TUM NMPUHUMAIOTCS 3aKOHBI HallpaB/ieHHbIe Ha CHIDKEHHE
3TOro BO3ZelcTBUs. [IpyMepoM C/Iy>KUT BBefeHHe 00si3aTe/lbHOM YI/iepOJHON OTYeTHOCTH st
TIpeANpUSTUN, KOTOpble BbIOpackiBatoT B atMocdepy 6osbiiie 150 Teic. ToHH CO--3kBUBasieHTa. Ha
OCHOBe OTYeTOB OyzeT (hopMUpOBaThCSI PeecTp BbIOPOCOB TAPHUKOBLIX ra30B B TIOPSIKE U TIO
tdopme, KoTopbie ycTaHaBnuBatoTcsi [IpaButensctBoM Poccuiickoit ®enepariu [5].

B Tabnuie 2 mpeActaBieH HabOp KpUTepHEB, COOTBETCTBYIOILIUX 4-M BBIIEYTIOMSHYTHIM
1esieBbIM QyHKLUSAM. [/ KaXK/[0ro KpuTepusi TIpUBeZieHbl HOPMUPOBaHHbIe 3HAUeHUs COTIacHo [4]

¥ OCHOBHBIE 1IeJIv TP ONITUMH3aliiN.
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Tabnuria 2 — Kpurepuu 3¢eKTHBHOCTHA pPabOThI Masiol W30/TMPOBAHHOM SHEPrOCUCTEMBI

LeneBast QyHKLUS

Kpurepuii

Hopwma / Lenb

1. KauecTtBO
3/1eKTpO3Hepruu [4]

HPO,Z[OJDKI/ITEIILHLIE HN3MEHEHHS XdPDAKTEPUCTHK HAIIPAXKEeHUA

Af — oTk/IOHeHue yacToThl (cM. hopmymny (2))

OTK/IOHEHVe 4aCTOTbl B CUHXPOHU3HMPOBAHHBIX CHCTEMax
371eKTpoCHa0KeHNs He I0/DKHO TipeBbiiath 0,2 'y B Teuerne 95 %
BpeMeHU UHTepBasa B ofHy Hezeso U £0,4 I'y B Teuenre 100 %
BpeMeHU MHTepBaJa B OJHY HeJleJlt0

OTK/IOHEHHe YaCTOThl B U30/IMPOBAHHBIX CUCTEMax
3/IeKTPOCHAOKEHUS C aBTOHOMHBIMH F'eHePaTOPHBIMH YCTAHOBKaMH,
He TIOJK/IFOUeHHbIX K CUHXPOHU3WPOBAaHHBIM CUCTEMaM Mepejadyu
3JIeKTpPAUEeCKOM SHEPryH, He JO/DKHO MpeBbIarh +1 'l B TeueHue
95 % BpeMeHM UHTepBasia B 0gHy Hezento U +5 I'y B Teuenre 100 %
BpeMeHU MHTepBaJa B OJHY HeJleJlt0

dU,, 06U+, — Mefi/ieHHbIe U3MeHeHUsT HarpsbkeHust (CM.
opmyuel (3) 1 (4))

[1711 yKa3aHHBIX Bblllle ITOKa3aresiel KauecTBa 3/1eKTPO3HepPruu
YCTaHOBJIeHbI C/IeIyIOLie HOPMBIL: TI0JIOKUTEe/IbHbIE U
OTpULiaTe/IbHble OTK/IOHeHHsI HalIPsDKeHUs B TOUKe Iepejaun
3/IeKTPUUeCKOM SHePryy He OJDKHBI IpeBbiath 10 %
HOMMHA/IbHOT'O WU COIVIACOBAHHOIO 3HAUeHUs HalpsUKeHUs B
TeyeHve 100 % BpeMeHM MHTepBasa B OJHY HeZeJlt0.
ITprmeuaHue — yCcTaHOB/IEHHbIE HOPMBI Me/I/IeHHbIX U3MeHeHU!
HarpspKeHUs /1eKTponuTaHus oTHocaTea K 1008 unTepBanam
BpeMeHU M3MepeHUH 1o 10 MUHYT KayK/bli

P, — KpaTkoBpeMeHHas fl03a ¢uivkepa (M3MepsieTcsi B P,<1,38

VHTepBase BpeMeHH 10 MUH B TOUKe Tiepefjauu

3JIeKTpUUEeCKOM SHEPTyu)

P;. — pnutenibHas f03a (uivikepa (M3MepsieTcs B P, <1,0 B Teuenne 100 % BpemeHU UHTEPBaja B OFHY HeZJet0

WHTepBaJie BpeMeH! 2 U B TOUKe Tepe/jaun
3/IeKTpUYeCKOM SHepryn)
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[TpomomkeHue TabMULIBI 2

LeneBast QyHKLUS

Kpurepuii

Hopwma / Lenb

CnyuaiiHbie COOBITHS

[TpepbiBaHUs HaMIPSHKEHUST

[TpoBasibl HanpsKeHUs U MepeHanpsHkKeHUst

Knaccudukanys B COOTBeTCTBUU C [4], ipuiokeHne A
«XapaKTepuCTHUKU TIPOBAJIOB, MpepbIBaHUM HAIPSLKeHUS U
TiepeHarpsHKeHU B 3/IEKTPUUECKUX CETSIX»

ViMnynbcHble HanpsDKeHNs

Knaccudukaiusi B cooTBeTCTBUM C [4], mpunoxenue b «3HaueHus
HMMITY/TbCHBIX HaIlpPsDKeHHH, BbI3bIBAEMbIX MOJTHUEBLIMU pa3psifiaMu U
TpoLiecCaMy KOMMYTal[u»

2. DKOHOMUYHOCTL
[7, 8]

LCOE — HopMUpOBaHHasi CTOMMOCTD 3JIeEKTPO3HEPTUr
(cm. dpopmyny (5))

CAPEX (capital expenditures) — UHBeCTULOHHBIE
3arparsl (cM. popmyny (6))

OPEX (operating expenses) — oriepaliiOHHbIe 3aTPaThbl
(cm. popmyay (7))

Llesib — MUHUMUM3ALUST KDUTEPUST

CTOMMOCTb MMPON3BOACTBA (HaKOI'IJ'IEHI/IH) SHeprur HCTOYHUKOM

C e 1oc — CTOMUMOCTB TIpoM3BozCcTBa SHepruu [19C (cMm.
thopmyry (8))

C.en.coc — cTOUMOCTD Tipou3BozcTBa sHeprun CIC (cM.
opmyny (5))

LCOS,,, cu> (levelized cost of storage) —
HOPMMPOBaHHasi CTOMMOCTb XpaHeHust sHepruu CHO
(cm. dopmyay (9))

W h, — 06bem siekTposnepruy, BoiganHoii CHI B rogy
t (cm. popmyny (10))

[Jenb — MUHMMM3ALMS KDUTEPUS
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[TpomomkeHue TabMULIBI 2

LeneBast QyHKLUS

Kpurepuii

Hopwma / Lenb

3. Hapie>xxHOCTh
3/IEKTPOCHA0KeHUS
[9, 10]

SAIFI — uHpeKC cpefjHel 4aCTOThbI OTK/TFOYEHUH B
cucreme (cM. hopmyny (11))

SAIDI — uHpeKC cpejHer TTPOJO/DKUTETBHOCTH
OTK/IFOUeHui B cucteme (cM. opmyny (12))

CAIDI — viHJeKC cpeiHel NMPOJI0JIKUTE/TbHOCTH
OTKJTIOUeHHUsI OfHOTO TIoTpebuTessi (cM. hopmyy (13))

IJI- — MHTE€HCHMBHOCTH BOCCTAHOBJ/IEHU ], 1/1"0,[[ (CM.
dopmyny (14))

A MG( t) — UHTEeHCHUBHOCTh OTKa30B 00bekToB BUD u
CHD, 1/rop, (cM. dhopmyny (15))

U, — K03bQUIIMEHT BBIHY>KIEHHOTO MPOCTOS (CM.
hopmysy (16))

Jenb — MuHMMM3ALMS KDUTEPUS

4. DKOJIOTUUHOCTDH
(8, 11]

O6neM BbIOPOCOB MapHUKOBBIX Ta30B (CO-) (cMm.
dopmyry (17))

enb — MuUHMMM3ALMS KDUTEPUS
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Af:fmexyw_fyom’ (2)

T0€ [ ey — 3HAYCHHE OCHOBHOW YACTOTHI HANPSDKEHUs DIEKTPONUTAHMS, M3MEPEHHOE B

uHTepBasie Bpemenu 10 cornacHo [6], pa3zen 5;

fHOM — HOMHUHAJIBHOC 3HAYCHUC YaCTOThI HAIIPAKCHUS SJICKTPOIIUTAHHA.

SUL = [(Uo= 8Un) / Uo] x 100; €))

83Uy = [(8Unmesy — Uo) / U] x 100, (4)

rie OUn), OUni) — 3HauUeHWs HalpsDKEeHUs 3/eKTponuTaHusi, MeHbime Up u Oonbiie Uy
COOTBETCTBEHHO, YCPeIHEHHbIe B MHTepBasie BpemeHW 10 MuH coriacHo [6], moapasgen 5.12;
U, — HarpsbkeHWe, paBHOE CTaH/APTHOMY HOMWHAJIBHOMY HampsHKeHUIO Unom WK

COIVIaCOBAaHHOMY HaripspkeHuro U..

n
I+M +F,
t=1 1+r
LCOE=——: ( ) . (5)
E
t
t
t=1 (1+r )
rae I, — MHBeCTULIMOHHBIE 3aTparThl B IO, ¢;
M, — onepalivioHHBIe 3aTpaThl U 3aTpaThl Ha COZep KaHue B TOf, t;
F, — 3arpatbl Ha TOTJIMBO B TOZ, ¢;
E, — Ipon3BOACTBO 3/1EKTPO3HEPTHH B TO[, t;
I — CTaBKa JJUCKOHTUPOBaHUS;
N — )KW3HeHHbIN LUK/ CUCTEMBI.
CAPEX =A PP & E+CurDep, (6)

rie APP&E — cymma 3aTpaT Ha TNpuoOpeTeHHe U MOJEepPHU3alMi0 OCHOBHBIX CPe/CTB
(3maHMiA, TPAHCTIOPTHBIX CpeCTB, 0bopynoBanusi, UT-nporpamMm u T.1.);

CurDep — pacxofpl Ha aMOPTU3aLMIO.
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OPEX=C,, ., —~CAPEX, )

ann, tot

r7ie C . o — 00IIIast CTOUMOCTD B TOZIOBOM UCUKC/IEHUH;

CAPE X, — ob11jast TofioBasi KarnvTaibHasi CTOUMOCTh, KOTOpasi BK/ItouaeT B cebsi: pacXofibl
Ha TIOKYIIKYy TOIUIMBA, 3apIuiaTy pabourM, MepOTpHUSiTUS T0 DPEMOHTY W TeXHUYeCKOMY
00C/y>KUBaHUIO, apeHAy 000pyj0BaHUs U TTIOMeIlleHuH , U T.1.

OcobeHHOCTH:

MHOTr'Opa30BbIi pery/sipHbIN XapakTep IiaTexem;

— PacXoAbl HalipaBJ/IEHEI Ha obecreuenue TeKYLHEﬁ AedATe/IbHOCTHU OpPraHr3aliiu,

CPOK HCIT0/Ib30BaHUA KYIIJIEHHBIX dKTHUBOB — 10 I'O4d;

3HaueHWe TIOKa3aTesss B OOL[UX W3EP)KKAaX 3aBUCAT OT OTPac/idi — YeM MeHbIlle B
aKTMBAX BeC OCHOBHOTO KamuTasa (37jaHuii, obopymoBaHus W Tip.), TeM Bbiie goms OPEX mo
CPaBHEHUIO C KaluTaabHbIMU BIOKEHUSIMU;

— (bI/IHaHCI/IpOBaHI/Ie B OCHOBHOM M3 COOCTBEHHBIX CpeaCTB MpearnpusaTys.

Csa

_ icle

CeeH.ﬂac_Com.ﬂ3C+ RM +F0><Yﬂ3C><Cfuel,eff) (8)
Jirclel

rae C,n. goc — cTouMocTs 3Kcrityaratumu JOC u nojjepikanus B paboueM COCTOSHHUY;

C ,on.15c — CTOUMOCTB 3aMeHbl [IOC (TpaHCIIOPTHPOBKA, YCTaHOBKA, IEMOHTAX, TIOKYIIKA);
R ;5¢c — cpok cnyx6s1 19C;

F, — pacxopiHast xapakTepUCTHKa (f1/1s TOTUIHBA);

Y ;5c — MOIIJHOCTB reHepaTopa;

C

fueleff — TIPABEJiEHHas CTOMMOCTb TOIUIMBAa 3a eJuHMIy oObema (IO pacxofHOU

XapaKTepPUCTHKe).

" OPEX,
t=1 (1+r)t
" Wh,

t=1 (1+r)[

CAPEX +

LCOS= , )

rae CAPEX — kanuTasibHble 3aTpaThbl Ha YCTAHOBKY HAKOIUTe/Isl SHepIruy;

OPE X, — 3KCIUTyaTallMOHHbIe 3aTparsl 3a rof t;
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W h, — 06nem sekTposHepruu, BeijanHoi CHO B rogy t;
N — YKCJIO JIeT pean3aliiy MPOeKTa;

I' — CTaBKa JUCKOHTHUDOBAHUA.

W h,= X X DoD X C o5, (10)

rae X — KOJMUeCTBO IMKJIOB 3apsifja-pa3psiia B TOA B 3aBUCUMOCTA OT CLI€HapHUs
WCII0/Tb30BaHMUS;
DoD (depth of discharge) — rmy6uHa pa3psiza HAKOTIUTES;

C cys — ©MKOCTh HaKOITUTEJISI.

N.
SAIFI=) TR (11)

t

rae N; — uucsio norpebuTesnel, MOJBEPTIINXCS OTK/IFOUEHHUEO 3/IEKTPO3HEPTUH;

N, — ob1jee uncio 06CTy)KUBaeMbIX TIOTPEOUTEIEH.

r- XN,
SAIDI:Z # (12)
t

rje 'y — BpeMsi BOCCTaHOBJ/IEHUSA 3]'[8KTPOCHEI6)KEHI/IH;
Ni — UHC/I0 HOTPEGHTE]’IGIZ, MnoJiBeprunxcs OTK/JIFOUEHHIO 3JIEKTPO3HEPTHH;

N, — ob1jee uncio 06CTy)KUBaeMbIX TIOTPEOUTETEH.

CAIDI==-"1 (13)
N.

rjge ', — BpemMsi BOCCTaHOBJ/IEHHS E)JIEKTPOCHH6)KEHI/IH;

N, — yncso notpebuTeel, MOABEPTIINXCS OTK/IFOUEHUIO 37IEKTPOIHEPrHH.

I'li:r_) (14)
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rjge 'y — BpeMsi BOCCTaHOBJ/IEHHSA 3]'[6KTPOCHEI6)KEHI/IH.

holt)="ae (15)

rae Nf e — oblee YMC/I0 COCTOAHMI cO0s B MaJioi CHCTeMe, TIpU KOTOPhIX COOM BbI3BaH
aBapuent o6bekTa BUD nm CHD (3a 3a/1aHHbBIN TIepro/, Hab/roieHnH);

T — nepuoy HabIFOAEHUHA.

U= A 16
i_}\i"'lli’ ( )

rze A; — MHTeHCHBHOCTb OTKa30B, 1/rog;

H; — THTEHCUBHOCThL BOCCTaHOB/IeHUSs, 1/ToI.

tC0,=3,667xm X HV XCEF XX, (17)

r7e M; — 00beM TOI/IMBA, JT;

H 'V, — rennoTBopHas criocobHOCTS TOrmBa, Mx/m;

CE F; — koad¢uimeHT BeiGpoca yriepoga, T C/TmK;

X . — dpakius (70/151) OKMC/IEHHOTO yI/Iepojia, O.e.

B panbHeiimiem B paboTe OCHOBHOe BHUMaHWE V/e/SeTCS TOMBKO 5-U  OCHOBHBIM
KpPUTEpUsIM, a UMEHHO:

1) HopmupoBaHHOUM cTouMocTU 3eKTpo3Hepruu LCOE (levelized cost of electricity nmm
HOPMHPOBaHHAsl CTOUMOCTb 3/IeKTPO3HEPrUH);

2) croumoctu npousBo/cTBa 3Hepruu I3C Cien iac;

3) UWHTEHCHBHOCTU OTKa30B OOBEKTOB Ma/IOW SHEPrOCUCTEMBI Auc(t);

4) ko3 duLMeHTy BbIHYXeHHOro npoctos Uj;

5) 00BeMy BEIOPOCOB MapHUKOBBIX ra3oB (CO»).

Crioco0bl ¥ XxapaKTep B/IMSHUS Ha 9TW KPUTePUH TIpeZicTaB/eHbl B Tabmuiie 3.
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Tabnuna 3 — Vccnenyemble Kputepun 3¢ dekTrBHOCTH pabotel CAK

Kpurepuii

[ToAKOHTPOJBHBIHM TapaMeTp

Crioco0 BAUSHUS

JKOHOMUUYHOCTb

LCOE — HopMHpOBaHHast
CTOUMOCTD 3/IEKTPO3HEpPruun

F; — 3arparsl Ha TOIUIUBO B
roay t

O, — cHWKeHHe obbeMa 1oTpebsisieMoro TOIJIMBA 3a CYeT yBenueHus fonu BUO-
reHeparuy;

3, — CHWKeHHe obbeMa oTpebsisieMoro TOrMBa 3a cueT pabotsl 1OY B onTUManbHOM
pekume Harpysku (Ipy nomou GyHKLIMY cpe3aHusi mikoB CHO)

N — >KU3HEeHHbIN QUKIJI
CHUCTEeMBI

95 — yBe/mMueHe KM3HEHHOTO 1[UKJIa 3a CUeT CHM)KeHUs uucsia yacoB pabotel 13Y;
3, — yBe/IMueHHe )KU3HEHHOTO 1JMK/Ia 3a CUeT COKpallleHHs1 YMcia MyCKOB ¥ OCTaHOBOB
A2V (npu oMoty ¢hyHKUMU cpe3aHus mukoB CHDI);

Os — yBe/MueHHe >KU3HeHHOT0 IMKJ/IA 3a cueT paboTel [I10Y B oNTUManIbHOM peKUMe
3arpy3Ku C MaJbIMU H3MeHeHUs MU BO BpeMeHU (TIpU TTOMOLIU PYHKIMU Cpe3aHust
mikoB CHO)

Crenioc — CTOUMOCTD
TIPOM3BO/ICTBA SHEPTUU
Jilcl®

Cogm noc — CTOMMOCTD
skcrutyarauuu J9C u
rofiiep>kaHusi B pabouem
COCTOSIHUU

O — CHIDKeHUe YKC/ia aKTOB TeX00C/Ty)KMBaHus 3a cueT pabotel 1Y B onTUMaIbHOM
PEXKUMe 3arpy3KH, Uhc/ia IyCKOB U OCTAaHOBOB JIBUTATe/ IS

F, — pacxogHast
XapaKTepUCTUKa /151 TOT/IUBa

O, — cHWKeHHe obbeMa 1oTpebsisieMoro TOIUIMBA 3a CYeT yBenueHus fonu BUD-
reHeparuy;

O, — CHWKeHHe obbeMa oTpebsisieMoro TOrMBa 3a cueT pabotsl 10Y B onTHManbHOM
pe)kume Harpys3ku (Ipy oMo GyHKUMY cpe3aHusi mikoB CHO)

Rysc — cpok city»x0se1 [19C

35 — yBe/mMueHe KM3HEHHOTO 1[UKJIa 3a CUeT CHM)KeHHsI urcsia yacoB pabotel 13Y;
3, — yBe/IMueHUe )KU3HEHHOTO 1JUKJIa 3a CUeT COKpallleHHs1 YMcia MyCKOB ¥ OCTaHOBOB
A2V (npu oMoty ¢hyHKUMU cpe3aHus mukoB CHDI);

Os — yBe/IMueHNe KU3HEeHHOT0 IMKJ/IA 3a cueT paboTel [10Y B oNTUManIbHOM peKUMe
3arpy3Ku C MaJbIMU H3MeHeHUsIMH BO BpeMeHU (TIpU TTOMOLIU (PYHKIMU Cpe3aHust
nvikoB CHO)
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[TpomomkeHue TabIULLT 3

Kpurepuii

[ToAKOHTPOJBHBIHM TapaMeTp

Crioco0 BAUSHUS

Hapexxnoctp

Avc(t) — THTEeHCUBHOCTD
OTKa30B 00BLEKTOB MaJlon
SHeprocucTemsl, 1/rox

Nnfuc — obI1iee UMCIIO
COCTOsIHU cO0sI B MaJion
cucTeMe

H, — cawxkenue pomu [19C B reHepalyiy 3/1eKTPO3HEPIUH 3a CUeT pacripe/iesieHus
re”epupyemoi MowHocTH [19C mexny COC n CHO3;

H, — cHwkeHMe 3a cueT BbinoHeHusi CHO ¢yHKiun becriepeboHOTO MUATaHUS;

H; — cHWKeHHe 3a CcueT COKpallleHHs UKcJ/ia IyCKOB U 0CTaHOBOB [12Y (ripu momolu
dbyHK1MK cpe3aHus nukoB CHD)

U; — Ko3ppuLiieHT
BBIHY’KZ,€HHOTO TIPOCTOsI

Amc(t) — IHTEeHCUBHOCTD
OTKa30B, 1/rox

H, — cuwxkenue pomu [15C B reHepaljuu 3j1eKTPO3HEPIUM 3a CUeT paclipe/esieHrs
reHepupyemoi MoifHocTu JOC mexay COC u CH3;

H, — cawkenue 3a cuet BoimonHeHnss CHO ¢yHkuyu 6ecriepe60itHOTO NTUTaHMS;

H; — cHWKeHMe 3a cueT COKpallleHHsI YMC/la IyCKOB U 0CTaHOBOB [1DY (mpy moMoIu
¢byHKIMM cpe3anus nukoB CHDI)

ODKOJIOTUYHOCTE

O6bem BbIOpPOCOB
rapHUKOBBIX Tra30B (CO,)

ms— 00beM TOTUTURA, JT

Ox1 — CHIKeHHe 00beMa MoTpeb/IsieMoro TOTUTHRA 3a CUeT yBeuueHus fgonu BUD-
reHeparyy;

Ok» — CHIDKeHHe 00beMa roTpebsisieMoro ToruivBa 3a cuet pabotsl [10Y B
OTITUMA/IbHOM peXkKMMe Harpy3Kku (TIpu rmomoriy GpyHKImu cpe3anus mikoB CHO)
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B cronbue «ITogKOHTPOJBHBIN MapaMeTp» TabaMLbl 3 HaXOAATCS Te MapaMeTphbl LiesieBoi
(GyHKIMY, Ha KOTOpble MO)KHO OKAa3bIBaTh BJMSHHE ITOCPEICTBOM BbIOOpa pe)krMa yripaBieHus. B
crosnbue «Criocob BMsTHUS» TIPUBEZIeH CIIocob v Habop criocoboB, KOTOpPhIe BeAyT K U3MEeHEHUIO
MIOJKOHTPO/IbHOTO TTapaMeTpa.

[Ona npumepa paccmorpum napametrp LCOE. OH sBnsieTCs OCHOBHBIM 3KOHOMMUECKUM
TroKasaTesieM, T.K. BKJIFOUaeT B ce0si BCe pacxofibl Ha TIPOU3BOCTBO 37€KTPOIHEPIHU 3/IeMeHTaMu
cucteMsl. Llesb onTMMM3aLM S5KOHOMUUYECKOH 11e/1eBoi (PyHKLIMM — CHID)KEeHHe [JaHHOTO NapaMeTpa.

KitoueBble criocobbl BAUSTHUS HA HOPMUPOBaHHYIO CTOUMOCThD 3JIEKTPO3HEPIUU — CHKeHHe
KaluTaJbHbIX 3aTpaTt (D3, D, Js), 3aTpaT Ha TMOKYMKY TOIJIMBA 3a CUET ero 3KOHOMUHU (I, 3I,), a
TaK)Ke Ha OTeparjiy TeXHUUeCKOro 00C/Ty)KMBaH!s, peMOHTa 000pyzoBaHus (Js) U T.II.

Homo KanuTasbHBIX 3arpaT B OOIMX 3aTpaTax MOKHO CHH3UTH 3a CYeT YBeJHMUYeHHs
JKU3HEHHOTO 1uKna cuctembl. [y [JOC 3TOro MOXKHO AOOWUTHCS TOCPeACTBOM CHMYKEHHsI Urc/ia
yacoB pabotel [II'Y B rogy mpu obiijeM coxpaHeHHH pecypca MOTO4acoB (dacTo cocTapssieT ot 80
70 100 TeIcsu YacoB A0 KalMTaJBHOTO PeMOHTa /MO0 3aMeHbl), PabOTHI B pe’KUMe ONTHUMAaIbHOU
3arpy3ky (UTO TakxKe IO3BOJISIET CHU3WUTH Y/eNbHBINA, a BMeCTe C 3TUM U abCOIOTHBINA Pacxof
TOIJIMBA), CHIDKEHWS] UWC/la TMHUKOBBIX BO3JEWCTBUM CO CTOPOHBI HAarpysku, 4uc/a IyCKOB U
octaHoBoB IT'Y u T.1. CHIKeHHe yKc/ia 4YacoB paboThl B rofi, HaripumMep ¢ 8760 mo 4380 mo3BossieT
yBeMuHTh CpOK Cmyk0Ob1 [JDC B 2 pasa (Tpy yC/I0BUM HEM3MEHHOCTH 00IIIero pecypca MOTO4acoB
ATY).

3aTpaThl Ha TIOKYTIKY TOTIIMBA MOTYT OBbITb CHW)KEHBI 3a cueT BHe/ipeHUsi BUID-reHeparuu:
C3OC, BetpoBbIX 3nekTpoctaHiuii (BOC) wumm Manbix rugposnektpoctaniuii (MI'OC) B
3aBUCUMOCTH OT WMMEIOIIMXCS B JIJaHHOM TOYKe MPUPOJHBIX BO300HOB/SIEMBIX SHEPreTHUeCKHX
pecypcoB (3:). YBenuunth 00beM 3Hepruu, npoussoaumon COC, mo3BossieT ucrnoab3oBanue CHO.
Tax>ke pacxof, TOT/IMBa MOYKHO CHU3WTB 3a CUeT ONTUMHU3aLuu 3arpy3ku AI'Y (3,).

B oHepretnueckux cucrtemMax, 1ofo06Heix CJK, Haubonee uactoe TexXHHUYeCKoe
obcnykuBanre Tpebyetcst [DC. Tlporeaypbl 00CTY)XMBaHUSI TIPOU3BOZASTCS B COOTBETCTBUU C
TUIaHOM, TIpeJOCTaB/IsIeMbIM TIPOM3BOAWTENIEM /M3e/bHBIX arperartoB. B Tabmuie 4 mpuBeneH
npuMep TpeboBaHM K TexXHHWYeckoMy obcmyxkuBaHuto [II'Y, TipeAcTaBieHHBIX B DYKOBOJCTBE TI0

3KCTUTyaTanuy obopynoBanus [12].
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Tabmiia 4 — Bujpl ¥ eproJUYHOCTb TeEXHUUeCKoro oocmykuBanus ATY [12]

[leproJUYHOCTD
Bup B nutpax
TEeXHUYECKOTO 00C/Ty)KUBaHHUSI B uacax 13pacxoZl0BaHHOT O
TOMJIMBA
TexHuueckoe 00CTy>KMBaHUE TIPY TTOITOTOBKE K
9KCITyaTalMOHHOM 06KaTKe B -
TexHuueckoe ob6cykK1BaHKe TIPU 8-10 3
9KCIUTyaTal[MOHHOW 0OKaTKe
TexHuueckoe 06cykKMBaHKe M0 OKOHUAHUU Moce 30 3
9KCITyaTaIJMOHHON 00KaTKU
E>xecMeHHOe TexHUYecKoe 00C/Ty)KuBaHe
8-10 -
(ETO)
ITepBoe TexHuueckoe obcykuanue (TO-1) 125 1050
Bropoe Texuuueckoe obcnyxuBanue (TO-2) 500 4200
Tpetbe TexHuueckoe obcmykuBanue (TO-3) 1000 8400

[Ipu noAroTroBke Au3ess K BeCeHHe-
JIETHEMY TIepUOAY 3KCIUTyaTaluH,
OZIHOBPEMEHHO C OYepe/HbIM
TeXHU4YeCKUM obcmykuBanuem (TO-1,
TO-2 unu TO-3)

IIpu moAroToBKe Au3esis K OCeHHe-
3UMHeMY [epyuoAy KCIulyaTalvy,
OJJHOBPEMEHHO C OYepe/iHbIM
TeXHUUeCcKuM obcnyxuBanuem (TO-1,
TO-2 unu TO-3)

Ce30HHOE TeXHUUeCKOe 00CTy)KUBaHHe TIPH
riepexo/ie K BeCeHHe-JIeTHeMY TIepHOJY
skcrutyatanuu (CTO-BJT)

Ce30HHOe TexHUUYeCcKoe 00C/TyKUBaHUe TIpU
repexozie K OCeHHe-3UMHeMYy Mepruosy
skcrtyaTaiuu (CTO-03)

TexHuueckoe 06C]'[y>KI/IBaHI/Ie MpH MOoAroToBKe K
AJTUTEJIbHOMY XpaHEHHWIO

HPOBOAHTCH B riponecce roAroToBK1
An3esid K JJIMTe/IbHOMY XPdHeHHIO

TexHuueckoe 06C]'Iy}KI/IBaHI/Ie pu AJIMTE€/IbBHOM
XpaHEHHHN

HPOBOAI/ITCH B riponecce 4JINTE/IbHOI0O
XPpaHeHHUA: Ha OTKPBITBIX IJIOIa/IKaX
eXXeMeCA4YHO, Ha 3dKPBIThIX — Yepe3

KaXkziple 2 MeC

OKOHOMUYeCKUe KPUTEPUH SIBJISIFOTCS OJHMMH W3 Haubosiee BaXKHBIX TP BbIOOpE COCTaBa
obopyzoBaHusi, a Takke pe>xxkuMoB yripaeieHuss CIK. Ho cymiecTBytoT U apyrue, CBsi3aHHbIE C
ONTUMM3aLleld B HalpaB/leHUM Hafle)KHOCTH, 3KOJIOTMYHOCTH W KadyeCTBa 3/1eKTPOsHepruu. B
OT/le/IbHBIX C/Iy4asX IOBbIIIeHWe KPUTePUeB OJHOU TPyNNbl NPUBOJUT K CHWDKEHUIO B [IPYTOW.
Takasi cuTyalusi BIIOJIHE MOXKeT IPOUCXOJWUTD U B MpefiesiaXx OLHOU rpymnmel. B Takom ciydae ais
BbIOOpPA OKOHYATeTbHOTO pellleHHs ONTUMH3aliy HeoOXOAMMO TIPUBECTH BEeCOBBbIE 3HAueHUs IS
Ka)XJJOM TpyIIbl KpuTepueB >((EKTUBHOCTM B COOTBETCTBMM C HX 3HAYMMOCTBIO B paMKax
pellleHNs [I0CTaB/IeHHOM 3a/jaui. BecoBble KpUTepUM MOTYT U3MEHSATHCS OT OFHOM MU30/IMPOBaHHOU
CUCTeMBI K [IPDYTOM, a B paMKax OJHOM KOHKDETHOW CHCTeMbl — Take U C TeUeHWeM BpeMeHW.

Brusinve Ha HUX OyZyT OKa3bIBaTh BHEIIHHE (PaKTOPBI, CPeJH KOTOPBIX MOXKHO OTMETHTh: 00beM
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UMEIOILUXCST  [IeHe)KHBIX CPeJCTB, KaTeropusi HaJeXXHOCTU TIOTpeOuTessi 3/1eKTPOIHepruy,
TpebOBaHUs K KOHTPOJTFO BBIOPOCOB MAapHUKOBBIX Ta30B U BJIMSIHUS Ha OKPY>KaIOIIYI0 CPeAy U T.J.

B pamkax uccienoBanus ObUT TTPOM3BE/IEH TEOPETUUYECKUH pacueT pexxuMoB paboter CIK
I/t 4-X cilyyaeB, Ka)KIbId W3 KOTOPBLIX CIIOCOOHEH CaMOCTOSITeSTbHO VZOBIETBOPSTH 3aripoChI
noTpebuTenss B TeueHHWe Tofia. OTH CJIyual COOTBETCTBYIOT peXKHWMaM, TIpe[CTaB/leHHbIM B

Tabsuie 5.

Tabmuiia 5 — Tabsuia SKCIIepuMeHTOB

Bpewms roga (xapakrepHbIii MecsiL) 3vMa (SIHBaphb) BecHna (ampesn) Jleto (uto/b)
(choii);(;léfag:6006T§;;qﬂoln§aﬂne) Ne sKcriepumenTa
O3C 1 2
O3C, CHD 4 5 6
O3C, C2C 7 8
AO3C, C3C, AKb 10 11 12

PaccmoTpuM cpaBHeHHe CYyTOUYHBIX TPaMKOB MPOM3BO/CTBA M TMOTpebsieHus: SHepruu st
YIOMSIHYTBIX BbIllle 4-X DEeXMMOB Ha TpUMepe BeceHHero rpaduka Harpysku. [lns mepBoro
peXxriMa, peKuma OfWHOUHOW pabotel [1OC, B Kablii MOMEHT BpeMeHHM 3HaueHWe Harpy3Kd
noTpeOuUTe/Isi COOTBETCTBYET MOLHOCTH, BblilaBaemoi [JIC. TTobiieHUs 3pPeKTUBHOCTH PabOThI
B TaKOM DeXUMe MO)KHO AOOWUTBHCS JIMIIb 3a CueT ONTHMH3al[MM BbIOOpa CoCTaBa U 3arpys3Ku
reHepupyoliero 000pyAoBaHus, B C/Iyyae eC/IM UCTIONb3yeTcsi 6oJiee OHOTO /IM3€/IbHOTO arperara.
OpHako B YC/IOBHSIX TIPOBEJEHHOrO SKCMeprMeHTa Obll 3a/lefiCTBOBAaH OWH, CJieJ[0BaTe/lbHO,
orrtuMu3alis ero paboTel He mpeaycMmoTpeHa, 'Y fgo/mkHa BbipabaThIBaTh Takoe KOJIMYECTBO
3Hepruu, KoTopoe TpebyeT ToTpeOUTENL B COOTBETCTBUU C ypaBHeHUeM (1) GasiaHCca MOIL[HOCTH B
sHeprocucteme. Tabmuma 6 oTpakaeT CyTOUHBIMA rpaduK MPOU3BOJCTBA U MOTPeb/ieHNsT SHepruu
IUIST BeCEHHEero Mecsria, pexwMa oauHouHou pabotbl [JDC. Kpome Toro aas KakAoro uaca
ripuBeZieH pacxof, Toruiiea Ha JII'Y B COOTBeTCTBUU C pacxofHOW Xxapakrepuctukou AI'Y 12 kBt
(cm. Tabmuiy 7) [13]. [Isisi MpOMeEKYTOUHBIX 3HaueHWM Harpy3ku, HM OTpPaKeHHBIX B Tabwile,

3HaueHWe pacxo/a ObIJIO OTIPe/Ie/IEHO C UCTIOH30BAHUEM JIMHEMHOW WHTEPIIOSILIY.
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Tabmuiia 6 — CyTounslii rpaduk Harpy3ku Ne 2, peskuM pabotsl «19Cx», Bpems rofia «BecHa»

Yac Pn, kBT Pnsc, kBT Pcac, kBT Pch3, kBT SOC, o.e. Q,n
1 7,6 7,6 - - - 2,2
2 7,5 7,5 - - - 2,2
3 7,5 7,5 - - - 2,2
4 7,4 7,4 - - - 2,2
5 7,4 7,4 - - - 2,2
6 7,8 7,8 - - - 2,3
7 8,5 8,5 - - - 2,5
8 9,0 9,0 - - - 2,6
9 9,1 91 - - - 2,6
10 9,6 9,6 - - - 2,7
11 9,1 91 - - - 2,6
12 8,8 8,8 - - - 2,6
13 8,8 8,8 - - - 2,6
14 8,8 8,8 - - - 2,6
15 8,5 8,5 - - - 2,5
16 8,8 8,8 - - - 2,6
17 9,1 9,1 - - - 2,6
18 8,8 8,8 - - - 2,6
19 9,1 9,1 - - - 2,6
20 9,1 91 - - - 2,6
21 9,3 9,3 - - - 2,7
22 9,6 9,6 - - - 2,7
23 9,1 91 - - - 2,6
24 8,7 8,7 - - - 2,5

CymMa 207,1 207,1 0 0 - 59,9

I'me B Tabsmutie 6 SOC (state of charge) — ypoBeHb 3apsijila akKyMyJIsITOpa.

Tabsnuria 7 — YcpeqHeHHBIN pacXof, TOTTUBA [JIs IU3e/IbHOTO reHepaTtopa

MolijHOCTb Pacxop Q (n1/vac) npu
redeparopa N, KBt Y4 Harpysku Y5 HarpysKu % Harpysku TIOJIHOW Harpyske
10 1 1,4 2,1 2,6
12 1,3 1,8 2,6 3,2
20 2,27 3,41 4,92 6,06
30 4,92 6,81 9,08 10,98

Crnepnytommii pexxuM — «J3C, CHO». CucteMa HakoruieHus sHepruu B CAK BbITIONHSIET psif

(byHKUMN, Cpeau HUX:

- KOMII€EHCallsl KpPATKOCPOYHBLIX ITMKOB W TIPOBA/JIOB MOIIHOCTH (HaanMep,

MyCKOBBIX TPOIieccax JBUraresiei);

— OrpaHrM4eHHe CKOPOCTH M3MEHEHHA MOIIHOCTH HaI'DY3KH reHepaTOPOB;
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—  (YHKUM aKTUBHOTO (U/IbTpa: KOMIIEHCALMSl BbICILIMX FapDMOHUK TOKAa U KOMIIEeHCaLUs
HecuMMeTpuH (a3 Tpexdas3Hoil CUCTEMBI;

— BbIpaBHMBaHMe rpadyKa Harpy3KH 3a CueT roTpeOsieHHs] JHEPTUU U3 CEeTH B TEPUO/bI
MaJioi 3arpy3KH U ee BbIJauM B C€Th BO BpeMsi IIMKOB MOTpeb/IeHus;

—  BbIpaBHHBaHHe rpaduka reHepaluu (00bIYHO — reHepal Ha ocHoBe BID)

— obecrieyeHre ONTHMABHOW 3arpy3Kd TreHepaTropa 3a cueT MoTpebeHus: W30BITOUHOMN
MOILLHOCTH U BbIIaYX HeZI0CTaroLLel;

— obecrieueHre OGecriepe6OMHOTO 371eKTPOCHAOKeHUs TIoTpebuTenedt I-it katreropuu u I-i
KaTeropuyd ocoboi rpynmbl (B TOM YKC/e C OTK/IIOUeHHWeM HeNPUOPUTETHBIX ToTpebuTeneil Ajis
Oosee AMTENLHOTO TIO//I€PKAHKS ITUTAHWS TIPUOPUTETHBIX TTOTpebuTeNei);

— obecrieueHrie TMTAaHUS TIOTpeOWTenell Ha BpeMsi TIpOrpeBa W 3allycka reHepaTropa
XOJIOIHOTO pe3epBa B aBapUMHOM CUTYaLWH.

B pexume coBmectHoi pabotrei ¢ JOC CHD mno3BosiseT 00ecreunTb ONTUMAaIbHYIO
3arpy3Ky reHeparopa, NMWTaHWe TOTpeOWTesield Ha BpeMs IMPOTrpeBa W 3allyCKa, BbIpaBHUBaHUE
rpaduka Harpy3ku. Tak, yacte AHS JI'Y MOKeT HaXOAWUTCS B BBIK/IFOUEHHOM COCTOSIHUU, B 3TO
BpeMsl 3/IeKTPUUECKYH0 MOIIHOCTEL OyzeT obecrnieunBate CHI. OctanbHyro yacth AHsi AT'Y Gyzet
paboTtaTb C OINTUMaNbHOW HArpy3koW, OCYIIeCTB/sii OZHOBDPEMEHHO 3HeprocHabkeHUe
norpeburenieit u 3apsi; CH3. B 310 ke Bpemss CHD MoKeT BBIMONHATE (YHKIUK Cpe3aHUs
KPaTKOBPEeMeHHBIX TIMKOB, obecrieurBasi pabory [J3C c MOCTOSHHOM ONMTHMasbHOM 3arpy3koi. B
TaKOM peXXUMe CHIDKaeTCsl abCcoMmoTHBIN pacxof Toryea Ha [JOC, a Takke BepOSITHOCTb OTKa30B,
CBsi3aHHBIX ¢ OPOCKaMH U MpoBasiaMy Harpy3Ku.

Takum o6pa3om, B pe3ynbrate BBola B pabory CHD 3KcrepuMeHTabHBIA CyTOUHBIH
rpadyK M3MeHHUTCsI U OyfieT BBIVIAZETh Tak, KaK 3TO MOKa3aHO B Tabmure 8, rae B cTonbue Pcus
TI0JIOKUTeJIbHBbIE 3HaUeHUs] MOLLIHOCTUA COOTBETCTBYIOT paspsay CHO, a orpuuarenbHble — 3apsy.
CpaBHeHue Tabu1] 6 U 8 MOKa3bIBaeT, YTO 3a CUeT ONTUMMU3ALIMHU 3arpy3KH AuU3e/bHOTO arperara 3a
OJJHY CYTKU Pacxof, TOI/IMBa CHU3WiICA ¢ 59,9 mo 55,7 .

Tpetuit pexxum — coBmecTtHasi pabora [I13C u C3C. Bripabotka COC B TeueHue Trofa
no3BosisieT CHU3UTHL 3arpy3Ky [JDC, a B oTAe/bHble TIepUOABI TOAA CIOCOOHA TMOSHOCTBIO
obecreunTh 3arpoc norpebuTeis, UTO MO3BOJsIET COXpaHUTh pecypc JDC, a Takke CHU3UTh 00beM
norpebsisieMoro TorvBa. MoIHOCTh, mpousBoauMas COC, ompefiesieHa Ha OCHOBe JJaHHBIX
MOILJHOCTH TIOTOKA COJIHEYHOIO W3/IydYeHusl W TeMIlepaTrypbl MOBePXHOCTH Mogyna paas COC

M3BECTHOM YCTaHOBJIEHHOM MolHOCTH (5,5 KBT) npu nomoiiuy dhopmyn (18)-(20).
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Tabmuiia 8 — Cytounsiii rpaduk Ne 5, pexkum pabotsl «[I2C, CHO», Bpems roza «BecHa»

Yac Pu, kBT Pnsc, kBT Pcac, kBT Pch3, kBT SOC, o.e. Q,n
1 7,6 0,0 — 7,6 0,936 0,0
2 7,5 0,0 - 7,5 0,874 0,0
3 7,5 0,0 - 7,5 0,811 0,0
4 7,4 0,0 — 7,4 0,750 0,0
5 7,4 0,0 - 7,4 0,689 0,0
6 7,8 0,0 — 7,8 0,624 0,0
7 8,5 3,2 - 5,3 0,579 1,3
8 9,0 12,0 — -3,0 0,605 3,2
9 9,1 12,0 — -2,9 0,629 3,2
10 9,6 12,0 - -2,4 0,649 3,2
11 9,1 12,0 — -2,9 0,673 3,2
12 8,8 12,0 - -3,2 0,699 3,2
13 8,8 12,0 — -3,2 0,726 3,2
14 8,8 12,0 - -3,2 0,752 3,2
15 8,5 12,0 - -3,5 0,781 3,2
16 8,8 12,0 — -3,2 0,808 3,2
17 9,1 12,0 - -2,9 0,832 3,2
18 8,8 12,0 — -3,2 0,858 3,2
19 9,1 12,0 - -2,9 0,882 3,2
20 9,1 12,0 — -2,9 0,906 3,2
21 9,3 12,0 — -2,7 0,929 3,2
22 9,6 12,0 - -2,4 0,949 3,2
23 9,1 12,0 — -2,9 0,973 3,2
24 8,7 12,0 - -3,3 1,001 3,2
Cymma 207,1 207,2 0 50,5 — 55,7
P:P(G(t))X[1+KTCMPPX(Tcell_25)]; (18)
P(G(t))=G(t)X AXM,; (19)
E
T.,=T,+(NOCT—20)x , (20)

NOCT

e A — mioiazas ®OM, Mm%

G(t) = E(t) — cpefHevyacoBoe 3HaueHHWe MOILIHOCTH CO/THEYHOIO W3/Iy4eHHs, Majaroliero B
IJIOCKOCTH (POTO3/IEKTprUUeCcKoro Mozayiis (P3M), Br/m?;

Nref — K03 GULMEHT nosie3Horo AeictBrss ®OM npy cTaH[apTHBIX yCI0BUSAX, %.

Pe3ynbratel pacueta paborel CIK B JaHHOM pekuMe TipuBe/ieHbI B Tabsuiie 9.
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Tabmuiia 9 — Cytounsiii rpaduk Ne 8, pexkum pabotsl «[I9C, CIC», Bpems rofia «BecHa»

Yac Pn, kBT Pnsc, kBT Pcac, kBT Pchs, kBT SOC, o.e. Q,n
1 7,6 7,6 0,00 - - 2,2
2 7,5 7,5 0,00 - - 2,2
3 7,5 7,5 0,00 - - 2,2
4 7,4 7,4 0,00 - - 2,2
5 7,4 7,4 0,00 - - 2,2
6 7,8 7,7 0,07 - - 2,3
7 8,5 8,4 0,13 - - 2,4
8 9,0 8,1 0,83 - - 2,4
9 9,1 7,1 2,06 - - 2,1
10 9,6 6,4 3,19 - - 1,9
11 9,1 5,1 4,04 - - 1,6
12 8,8 4,3 4,56 - - 1,5
13 8,8 4,0 4,78 - - 1,5
14 8,8 4,1 4,72 - - 1,5
15 8,5 4,1 4,43 - - 1,5
16 8,8 49 3,89 - - 1,6
17 9,1 6,1 3,06 - - 1,8
18 8,8 6,8 1,98 - - 2
19 9,1 8,3 0,78 - - 2,4
20 9,1 9 0,13 - - 2,6
21 9,3 9,2 0,06 - - 2,6
22 9,6 9,6 0 - - 2,7
23 9,1 91 0 - - 2,6
24 8,7 8,7 0 - - 2,5

CymmMa 207,1 168,3 38,7 0 - 50,6

B 4-m pexkuMe coBmMecTHO paboTatoT TpH 3nemeHTa cucteMbl: JI9C, COC u CHD. I5C kak
Y TIpeXK/ie CTY>KUT OCHOBHBIM MCTOYHUKOM 3/IeKTPUUECKON SHepruu, B TO BpeMs Kak pabota COC u
CHD HampaBneHa Ha CHWKeHHWe OOIIero pacxoja TOTUIMBA 3a CYeT 3aMeIleHUs] TeHepaluu |
orrrumm3aryu 3arpy3ku JJOC. Kpome toro, CHO mo3BosisieT MOBBICUTH 3(D(HEKTUBHOCTH PabOThI
COC 3a cyeT aKKyMyIMPOBAaHUSI U3/IUILIKOB SHEPTMM B MOMEHTHI TPEBBILLIEHUSI MPOU3BOAUMOMN
3Hepruu Haj motpebneHuem (Oosee akTyanbHO [JIsi JIeTHEro Tepuoja). JTO B CBOIO oOuepe/ib
T03BOJISIET 3aMeIaTh elrje OOJBIIYI0 YacTh SHepruu, rpousBoanmon JJOC. B uTore faHHBIN pesKUM
TO3BOJTUJT CHU3UTB O0IIUH pacxoz Torumea /10 45,8 i1 3a cytku (cM. Tabnuiry 10).

B panbHeliiiem ObI MpOM3Be/ieH pacyeT KpPUTepUeB, Mpe/CTaBleHHbIX B Tabnuie 3, A7
KaK/IOTO pe)khMa yIipaBieHUsi 3a TofHbIA Tof. Mccnenyembidt Tof Obul chopmupoBaH U3
XapakTepHbIX [Hel KaXA0ro HcciefyemMoro cesoHa. [Insi ce3oHa «3uMa» B3ST XapaKTepHBbIN

3uMHUM rpaduK. I[IpuUHATO JAomyllleHHWe, YTO TrpaduKdA /[ BCeX 3UMHUX JHeW BBIVIAJAT
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aHasioruuHo. TakuMm >ke 06pa3om copMrpoBaHbl TpadUKy AJisi BeCEHHUX, 0CeHHUX (TI0 BeCEeHHeMY

rpadmKy) u JieTHUX Hel. [lanee ObLT MPOU3Be/ieH TiepecyeT CYyTOYHBIX rPad)MKOB Ha Iie/IbIi rof.

Tabmuia 10 — CyTtounsiii rpaduk Ne 11, pexkum pabotsl «13C, COC, CHD», Bpems roza «BecHa»

Yac Pn, kBT Pnsc, kBT Pcac, kBT PchHs, KBT SOC, o.e. Q,n
1 7,6 0,0 0,00 7,6 0,936 0,0
2 7,5 0,0 0,00 7,5 0,874 0,0
3 7,5 0,0 0,00 7,5 0,811 0,0
4 7,4 0,0 0,00 7,4 0,750 0,0
5 7,4 0,0 0,00 7,4 0,689 0,0
6 7,8 0,0 0,07 7,7 0,624 0,0
7 8,5 0,0 0,13 8,4 0,554 0,0
8 9,0 0,0 0,83 8,1 0,487 0,0
9 9,1 0,0 2,06 7,1 0,428 0,0
10 9,6 10,0 3,19 -3,6 0,458 2,8
11 9,1 10,0 4,04 -4,9 0,499 2,8
12 8,8 10,0 4,56 -5,7 0,547 2,8
13 8,8 10,0 4,78 -6,0 0,597 2,8
14 8,8 10,0 4,72 -5,9 0,646 2,8
15 8,5 11,0 4,43 -6,9 0,703 3,0
16 8,8 12,0 3,89 -7,1 0,762 3,2
17 9,1 12,0 3,06 -5,9 0,812 3,2
18 8,8 12,0 1,98 -5,2 0,855 3,2
19 9,1 12,0 0,78 -3,7 0,885 3,2
20 9,1 12,0 0,13 -3 0,91 3,2
21 9,3 12,0 0,06 -2,8 0,93 3,2
22 9,6 12,0 0 -2,4 0,95 3,2
23 9,1 12,0 0 -2,9 0,98 3,2
24 8,7 12 0 -3,3 1,01 3,2

CymmMa 207,1 169 38,7 68,7 - 45,8

Cymmapnasi Bbipabotka COC 3a rop Oblla mosiyyeHa Ha OCHOBE TOJOBOTO pacyeTa
BbIPaOOTKM TPU MOMOILK UHCTpyMeHTa PV Syst.

WtoroBeie pe3ynbrathl pacyera pabotel CAK B 4-X pexkxuMmax cBefieHbl B Tabmuiy 11. Kak
BUIHO U3 Tabiuipl, Hanbo/iee SKOHOMHUHBIM PEKHAMOM paboThl sBsIeTCs 3-, HOPMHUPOBAHHAS
CTOUMOCTE 3J/1eKTpo3Heprund — 38,4 py6/kBt-u, B cpaBHeHMM C 42,2 py6/KBT-u Ansi OfUHOUYHOM
paboter [13C. CTOUT OTMETHTbh, UTO CTOUMOCTD MTPOM3BO/ICTBA SHeprur Ha COC Gosee uem B 2 pasa
HKe, yeM Ha [1DC, cyiefoBaTenbHO, 0OIIMe 3aTpaThl Ha MPOM3BOJCTBO 3/1EKTPOIHEPTHUU MOXKHO
CHU3UTD, yBeMuuBas /1o/0 BUO B sHeprobanaHce.

MuHUMAaBHBIM CyMMapHBI pacXof, TOIUIMBA, a BMeCTe C HMM U 00BeM BBIOPOCOB

MapHUKOBBIX Ta30B, HabmopaeTcs npu pexume «I3C, COC, CHO», uTo BMO/HE 3aKOHOMEPHO,
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BeJlb pa60Ta Cpa3y ABYX 3/IeMEHTOB HdIlpadB/I€eHA Ha WX CHHWJ)KEHHE. B 10O xe BpeMs 3TOT peXHM

MOXXeT He gBIAThCA Haubojiee SKOHOMHUHBIM B CBSA3H C 3dTpdTaMM Ha CHCTeMY HaKOIlJIEHHUA.

OpHaxko ripu pocte goiv BUD B 061em 3Heprobanance Heobxoaumocts B CHD Oyzer pacty, T.K. B

Clydyae ee OTCYTCTBUS 00beM HefooTmyieHHON sHeprud COC Oyzer yBenmumBatbcsa. CHO

TMO3BOJ/IMT HAKOIUTL M3/TUIIOKH 3JIEKTPOSHEPIrHMU W BbIAATH €€ B HY)>XHOE€ BpeMs obecrieurB TeM

caMbIM BbIpaBHMBaHHe rpadvka reHeparjyu.

Tabmuia 11 — CpaBHeHHe oKa3aresei 3¢deKTUBHOCTH pexkuMoB paboTsl CK

Pexxum pa6orsr CIK aC,
Kprrepuii O2C O2C, CHO | I3C, COC CSI([I, CHD
TexHuueckun
Oo611jast BepaboTka, MBT-u 66,5 68,4 66,5 68,5
Oo61jas Beipabotka 13C, MBT1-u 66,5 68,4 60,0 61,9
Cpok cy»x0b1 [JOC 9,1 13,9 9,9 16,6
Yucsio yacoB pabotel [13C 8760 5736 8116 4821
O6rrast BeipaboTka COC, MBT-u - — 6,5 6,6
Oo6rast sHeprus 3apsiga CHI, MBT1-u - 16,7 - 18,4
KosdduimeHT ncnonb3oBaHus
yctaHoBieHHOU MoiHocTy (KUYM) I9C, 63 65 63 65
%
KIMYMcac, % - 0 14 14
CymMapHbIi pacxo[, TOTIIMBa, T 17,2 15,8 14,7 12,9
OKOHOMUUECKUMN
LCOE, py6/(kBt-u) 42,2 43,0 41,1 41,5
LCOEjsc, py6/(kBT-u) 42,2 40,0 43,3 40,7
LCOEcsc, py6/(kBt-u) - — 19,8 14,9
LCOSch5, py6/(kBt-u) - 12 - 12
HagexxHocTtb
Uwucsio oTka30B 3a roj, 1/rof 1,168 0,937 1,582 1,315
Bpewmst BoccTaHOB/IeHUS, U 116,8 77,8 128,2 85,6
Ko3adbdureHT roToOBHOCTH 000pyI0BaHUS 0,989 0,991 0,991 0,993
JKoJIoruueCcKui

O6wem BbIOpoCOB CO,, T 53,5 49 3 45,7 40,2
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[TapamMeTpbl Hafle)XHOCTU CHUCTEMBI, TIpeZicTaB/eHHble B Tabiuie 11, HampsMYyO 3aBUCAT OT
cocraBa 000py/I0BaHUS U TIPOJOJDKUTEIEHOCTH PaboThI KaXKAoro 3imeMeHTa. Ha ocHOBe JaHHBIX U3
TabMMIBl MO)KHO pacCUMTaTh CpeJHee UWC/I0 OTKAa30B M Cpe/iHee BpeMsi BOCCTAHOBJIEHHUS 3a
3a/IaHHBIA TIPOMEXYTOK KakK [ OT/eNIbHOTO 37ieMeHTa, TaK W [Jig BCel CHUCTeMbl B I[eJIOM.
KonmuuecTBo 0TKa30B B roj ompegensercs no ¢opmyne (21) c ucrnosb30BaHWEM I1apaMeTpOB

MHTEHCHBHOCTH OTKA30B U MPO/I0/DKUTEILHOCTUA PaboThl 000py10BaHUs Ha OCHOBe opmysibl (15):

n/ v
Ayclt)=—;
MG( ) T
n/MG.eoa:AMGXTeoa’ (21)

e Nf e .o — OOIIlee Unc/io coOCTOSTHUM cO0si B MasIol CrcTeMe, TIPH KOTOPBIX COOM BbI3BaH
aBapueii o6bekta BUD nmu CHO (3a rop);

T,,, — unciio 4acoB paboTbl KOHKPETHOM YCTaHOBKH 3a TOfI;

Ay — MTHTEHCHBHOCTb OTKa30B, 1/rof.

OOi11ee KO/MUeCTBO OTKA30B B CUCTEMe 3a Tofl, onpejessieTcs 1o ¢popmysie (22). YBenuueHue
yuca U pa3HooOpasusi UCIo/Ib3yeMoro o6opy/0BaHUsI HEMUHYEMO BeJleT K POCTY Uuc/ia OTKa3oB,
OTHAKO COKpallieHne BpeMeHH paboTbl [JOC BefeT K CHIDKEHHI0 WX KOJMUeCTBA TIPH TOU Ke
MHTEHCUBHOCTH OTKa30B 00bekTa. Bpemsi BOCCTaHOB/IeHUs B TOZ, 3aBUCUT OT THIIa 000PYI0BaHUS U

KOJTMUeCTBa OTKA30B 3a 0003HaueHHbIN nieprof (cM. hopmysibl (23) u (24)).

N/ 6 200.06w =T/ MG 200 15T S MG .200.cocF J MG .200.cH S (22)
reoa‘ob’u;:ri‘,ﬂacxn/MG‘eoO‘HBC’. (23)
reoa.oﬁw:reoa.,ZISC+reoa.C3C+reoa.CH3' (24)

[anuble 06 MHTEHCHBHOCTH 0TKa30B 00bekToB C/IK, a Takke UX BpeMeHH BOCCTaHOBJIEHHS

TipeJcTaB/ieHbl B Tabmmiie 12 [14].
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Tabmuia 12 — [laHHble 00 WHTEHCMBHOCTH OTKa30oB 00wmekToB C/IK, a Takke BpeMeHH HX

BOCCTAHOBJIeHUs [14]

3/IEKTPOCHAOKEHHSI, U

[TapameTp HagexxHocTH / neMeHT CAK ary CoC CHO
Ayc(t) — MHTeHCHBHOCTB 0TKa30B 06bekToB CJIK, 1/roa 1,168 0,5 0,172
r; — CpefjHee BpeMsl BOCCTaHOBJIeHUS 100 40 78

KoadhdurmeHT BBIHYKIEHHOTO TpOCTosi Obul ompezesieH 1o dopmyne (16) Ha OCHOBe

pe3y/IbTaTOB BBIUYMC/IEHWA IIapaMeTPOB Ha/le’>)KHOCTH, TNIPHMBEI€HHBIX BbIIIIE:

A

1

U=——.
l At

I'padprueckoe rpezcTapaeHre pe3yasTaToB U3 Tabmui 6, 8-10 puBeeHO Ha PUCYHKe 2.

a) CytouHbi rpadmr Ne2; 13C - BecHa
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PucyHok 2 — CytouHble rpaduky noTpebsieHyst U BbIPAOOTKH /1J1s1 XapaKTePHBIX PeXXUMOB pabOThI

CIK B BeceHHMU Ce30H
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ITnan ucnelTanui (skcriepruMenToB) Ha CIIK, BxogsieM B cOCTaB HayYHO-UCIIbITAaTe/TbHOIO
nomroHa «Bo300HOBIsieMble MCTOYHWKK 3Hepruv» HUY «MO3OW», TOArOTOBIEH Ha OCHOBe
BBILIENPUBE/IEHHBIX TEOPEeTUYEeCKUX PacyeToB M 3aK/IIOUAeTCsl B BbIOOpe cOCTaBa 00OPYZOBAHUS U
rapameTpoB ero paboThl B KaXK/iblii MOMeHT BpeMeHU. OCHOBHBIM 3/1IeMEHTOM, Ha paboTy KOTOPOro
MOJKHO OKa3bIBaThb B/IMSIHME B XOZie BBITIOJTHEHUs SKCIIepuMeHTa, sBisteTcs JI'Y.

Crioco0Obl B/IUSTHUS:

— mnyck/octaHoB [II'Y B ornpe/iesieHHbII1 MOMEHT BpeMeHU B COOTBETCTBUM C IpadMKoM;

— OrpaHMueHHe BblJaBaeMoW MoOIIHOCTA /[II'Y mpu NOMOLIM H3MeHeHUs BepxXHero
Tipe/iesia YCTaBKU TOKa (BepXHUI Mpefies1 ycTaHaB/IMBaeTcsi Ha «Bxone 2» GarapeiiHoro MHBepTopa
Victron).

TakXe CTOMT OTMETHUTb, UTO YaCTb JIEKTPUYECKOM Harpys3Ku sIBJsieTCsl Heyrpasiasemon. K
Hell OTHOCATCA COOCTBeHHble HY)K/bl KOHTeiiHepa (OcCBelljeHUe), MoTpebsieHHe JOruueCcKUMU
yCTPOICTBaM{, KOHTpOJUIepaMH, YCTPOWCTBaMHU CBfi3M, COOCTBeHHOe TmOTpebeHue Kak[oro
3/IeMeHTa HeproCUCTeMbI HCIbITaTesibHOro nosmrona CIAK. Beugy storo B Tabmurax 13-16 B
ctonbue Pnpc TIpYBe/ieHbl 3HAUEHWsI BEePXHEr0 BO3MOXKHOTO Tipefiefia Harpy3ku. B cronbre Py
OTpa)keHa yCTaBKa Harpy3Ku YIIPaB/sieMOI0 Harpy30YHOIO MOZY/IS [J/Isl KaX[Oro vaca CyTOK, ee

v3MeHeHUe OCYILeCTB/IsIeTCs C i1aroM 1 KBT U pacripe/iesisieTcsi paBHOMEPHO MeX/ly TpeMs azaMu.

Tabmua 13 — ITnan ucnbrranuii NeNe 1-3, pexxum paboTsl «13C»

Ce30H 3uma BecHa Jleto
Yac P, Py, | Paw, | Posc, | Pu, Py, P, | Peoe, | Puy, | Pase, | Paws, | Pes,
KBT KBT | kBT | KBT | KBT | KBT KBt | KBT | KBT | KBT | KBT | KBT
1 9 9,8 - - 8 8,8 - - 3 3,8 - -
2 9 9,8 - - 8 8,8 - - 4 4,8 - -
3 9 9,8 - - 8 8,8 - - 2 2,8 — —
4 9 9,8 - - 7 7,8 - - 2 2,8 - -
5 9 9,8 - - 7 7,8 — — 2 2,8 - -
6 9 9,8 - - 8 8,8 - - 2 2,8 - -
7 9 9,8 - - 9 9,8 - - 3 3,8 - -
8 9 9,8 - - 9 9,8 - - 3 3,8 - -
9 11 11,8 - - 9 9,8 - - 3 3,8 - -
10 11 11,8 - - 10 10,8 - - 3 3,8 - —
11 11 11,8 - - 9 9,8 - - 3 3,8 - -
12 11 11,8 - - 9 9,8 - - 3 3,8 — —
13 11 11,8 - - 9 9,8 - - 3 3,8 — —
14 11 11,8 - - 9 9,8 - - 3 3,8 - -
15 11 11,8 - - 9 9,8 - - 3 3,8 — —
16 11 11,8 - - 9 9,8 - - 3 3,8 - -
17 11 11,8 - - 9 9,8 - - 3 3,8 — —
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[TpomomkeHue Tabmuip 13

Ce3oH 3uma Becna JleTo
Yac P, P, | P, | Pese, | P, Py, Pas, | Poc, | Puy | Proc, | Pawsy, | Pesc,
KBT KBt | kBT | KBT | KBT | KBT KBt | KBt | KBT | KBT | KBT | KBT
18 11 11,8 - - 9 9,8 - - 4 4.8 - -
19 11 11,8 - - 9 9,8 - - 4 4,8 - -
20 11 11,8 - - 9 9,8 - - 4 4,8 - -
21 11 11,8 - - 9 9,8 - - 3 3,8 - —
22 10 10,8 - - 10 10,8 - - 3 3,8 - -
23 10 10,8 - - 9 9,8 - - 3 3,8 - -
24 10 10,8 - - 9 9,8 - - 3 3,8 - -
Tabnuna 14 — IMnax ucnbitanuii NeNe 4-6, pexkxum paboTsl «13C, CHO»
Ce30H 31mMa BecHa JleTo
Yac P, P, | Paws, | Pese, | P, Py, Pos, | Posc, | Puy | Prse, | Paw, | Pesc,
KBT KBt | kBT | KBT | KBT | KBT KBt | kBT | KBT | XBT | KBT | KBT
1 9 9,8 - - 8 8,8 - - 3 0 3,8 -
2 9 9,8 - - 8 8,8 - - 4 0 4,8 -
3 9 9,8 - - 8 8,8 - - 2 0 2,8 -
4 9 9,8 - - 7 7,8 - - 2 0 2,8 -
5 9 9,8 - - 7 7,8 - - 2 0 2,8 -
6 9 9,8 - - 8 8,8 - - 2 0 2,8 -
7 9 9,8 - - 9 9,8 - - 3 0 3,8 -
8 9 9,8 - - 9 9,8 - - 3 0 3,8 -
9 11 10 1,8 - 9 9,8 - - 3 0 3,8 -
10 11 10 1,8 - 10 10 0,8 - 3 0 3,8 -
11 11 10 1,8 - 9 9,8 - - 3 3,8 - —
12 11 10 1,8 - 9 9,8 - - 3 3,8 - -
13 11 10 1,8 - 9 9,8 - - 3 3,8 - -
14 11 10 1,8 - 9 9,8 - - 3 3,8 - —
15 11 10 1,8 - 9 9,8 - - 3 3,8 - -
16 11 10 1,8 - 9 9,8 - - 3 3,8 - —
17 11 10 1,8 - 9 9,8 - - 3 3,8 - -
18 11 10 1,8 - 9 9,8 - - 4 4,8 - -
19 11 10 1,8 - 9 9,8 - - 4 4,8 - -
20 11 10 1,8 - 9 9,8 - - 4 4,8 - -
21 11 10 1,8 - 9 9,8 - - 3 3,8 - —
22 10 10 0,8 - 10 10 0,8 - 3 3,8 - -
23 10 10 0,8 - 9 9,8 - - 3 3,8 - -
24 10 10 0,8 - 9 9,8 - - 3 3,8 - -

37




Tabmuiia 15 — ITian ucnbitanuit NeNe 7-9, peskum pabotsl «13C, COC»

Ce30H 3umMa BecHa Jleto
Yac P, Py, | Pas, | Pesc, | Py P, P, | Pesc, | Puy | Pase, | Pawy, | Peses
KBT KBt | kBT | KBT | KBT | KBT KBt | kBT | kBT | XBT | KBT | KBT
1 9 9,8 - 0 8 8,8 - 0 3 3,8 - 0
2 9 9,8 - 0 8 8,8 - 0 4 4,8 - 0
3 9 9,8 - 0 8 8,8 - 0 2 2,76 - 0,04
4 9 9,8 - 0 7 7,8 - 0 2 2,74 - 0,06
5 9 9,8 - 0 7 7,8 - 0 2 2,7 - 0,1
6 9 9,8 - 0 8 8,75 - 0,05 2 2,65 - 0,15
7 9 9,8 - 0 9 9,69 - 0,11 3 3,6 - 0,2
8 9 9,8 - 0 9 8,88 - 0,92 3 2,68 - 1,12
9 11 11,8 - 0 9 7,67 - 2,13 3 1,47 - 2,33
10 11 11,8 - 0 10 7,51 - 3,29 3 0,43 - 3,37
11 11 11,8 - 0 9 5,57 - 4231 3 0 - 3,8
12 11 10,5 - 1,3 9 4,94 - 486 | 3 0 - 3,8
13 11 9,3 - 2,5 9 4,63 - 517 3 0 - 3,8
14 11 9,1 - 2,7 9 4,67 - 513 3 0 - 3,8
15 11 10,33 - 1,471 9 5,01 - 479 3 0 - 3,8
16 11 11,8 - 0 9 5,65 - 4,15| 3 0 - 3,8
17 11 11,8 - 0 9 6,56 - 3,24 3 0,32 - 3,48
18 11 11,8 — 0 9 7,69 — 2,11 4 2,34 — 2,46
19 11 11,8 - 0 9 8,88 - 092 4 3,44 - 1,36
20 11 11,8 - 0 9 9,73 - 0,07 4 | 4,555 - 0,245
21 11 11,8 - 0 9 9,77 - 0,03 3 3,65 - 0,15
22 10 10,8 - 0 10 10,8 - 0 3 3,69 - 0,11
23 10 10,8 - 0 9 9,8 - 0 3 |3,735 - 0,065
24 10 10,8 - 0 9 9,8 - 0 3 3,75 - 0,05
Tabmua 16 — [Tnan ucnbrranuii NeNe 10-12, peskum pabotsl «I9C, COC, CHO»
Ce30H 31ma BecHa JleTo
Yac P, P, Pysc, | Pow, | Pesc, p,, Pise, | Pasy, | Pese, | Puy | P, P,
KBT KBt | kBT | kBT | KBT | KBT KBt | kBT | KBT | KBT | KBT KBT
1 9 9,8 0 0 8 8 0,8 0 3 0 3,8 0
2 9 9,8 0 0 8 8 0,8 0 4 0 4,8 0
3 9 9,8 0 0 8 7 1,8 0 2 0 2,76 | 0,04
4 9 9,8 0 0 7 7 0,8 0 2 0 2,74 | 0,06
5 9 9,8 0 0 7 7 0,8 0 2 0 2,7 0,1
6 9 9,8 0 0 8 7 1,75 | 0,05 2 0 2,65 | 0,15
7 9 9,8 0 0 9 7 2,69 | 0,11 3 0 3,6 0,2
8 9 9,8 0 0 9 7 1,88 | 0,92 3 0 2,68 1,12
9 11 10 1,8 0 9 7 0,67 | 2,13 3 0 1,47 | 2,33
10 11 10 1,8 0 10 7 0,51 | 3,29 3 0 0,43 | 3,37
11 11 10 1,8 0 9 7 -1,43 | 4,23 3 0 -0,4 4,2
12 11 10 0,5 1,3 9 7 -2,06 | 486 | 3 0 -1 4,8
13 11 10 -0,7 | 2,5 9 7 -2,37 | 517 | 3 0 -1,25 | 5,05
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[TpomomkeHue Tabmuibl 16

Ce30H 3uma BecHa JleTo

Yac P, p,, Pysc, | Pow, | Pesc, p,, Pise, | Pasy, | Pese, | Puy | P, Py,
KBT KBt | kBT | kBT | KBT | KBT KBt | kBT | KBT | KBT | KBT KBT

14 11 10 -09 | 2,7 9 7 -2,33 | 5,13 3 0 -1,26 | 5,06
15 11 10 0,33 1147 | 9 7 -1,99 | 4,79 3 0 -1,02 | 4,82
16 11 10 1,8 0 9 7 -1,35 | 4,15 3 0 -0,49 | 4,29
17 11 10 1,8 0 9 7 -0,44 | 3,24 | 3 0 0,32 3,48
18 11 10 1,8 0 9 7 0,69 | 2,11 4 0 2,34 | 2,46
19 11 10 1,8 0 9 7 1,88 | 0,92 | 4 0 3,44 1,36
20 11 10 1,8 0 9 7 2,73 10,07 | 4 0 4,55 | 0,25
21 11 10 1,8 0 9 7 2,77 | 0,03 3 12 | -8,35| 0,15
22 10 10 0,8 0 10 13 -2,2 0 3 12 | -8,31 | 0,11
23 10 10 0,8 0 9 13 -3,2 0 3 12 | -8,27 | 0,07
24 10 10 0,8 0 9 13 -3,2 0 3 12 | -8,25 | 0,05

Pe3ysibTaTaMu MCC/eOBaHUS CTalMd CyTOYHbIe TPadMKN Harpy3Ku U BhHIPAaOOTKU 37€MEeHTOB
COK (cm. pucyHku 3-6). I'paduku TMOCTpOeHbI Ha OCHOBe [AHHBIX TeJleMeTpUH,
OCYILeCTB/IsAOLeiicsT Ha KoHTposiepe ATI'Y u GarapeiiHoro uHBepTopa Victron. OcCHOBY Aisi
aHa/IM3a COCTaBH/IHU C/IeAyoIre Habophl JaHHBIX:

— CcyMMapHas MolfHocTb Ha Tpex ¢asax [AI'Y. IlonyueHa mareMaThyeCKd Ha OCHOBE
JlaHHBIX O HampsbKeHWW U ToKe Aas 3-X (a3 OT[enbHO C WHTEpBaJioM BpeMeHW 1-2 CeKyH[BbI.
NcTtounuk — Tenemerpusi KoHTposiepa AI'Y;

— CyMMapHasi MoOIIHOCTb moTpeOseHus. IlosydyeHa MareMaTHueCKd Ha OCHOBe
MolHocTell 1o 3-M ¢asaM. 3anvch JaHHbIX TPOMCXOAUT TPU WX H3MEeHeHWH, WHTepBal He
TOCTOSIHHBINM, MeHsieTCsl B IIMPOKUX Tpefieniax oT 1 ceKyHAwl Ao 6onee 10 mMuHyT. VICTOUHUK —
TesieMeTpusi baTapeitHoro uHBepTopa Victron;

— MOIIHOCTb 3apsiia/pa3psifia akKymynsTopHbix Oarapeidi (AKB). IlpoucxomuT mpsimoe
M3MepeHre C WHTEepBajJioM BpPeMeHW OT COTeH MWJUTUCEKYH[ 0 MHUHYTHI U Oosiee. VICTOUHMK —
TesieMeTpusi baTapeitHoro uHBepTopa Victron;

—  MOLJHOCTb CO/iHeyHoro wuHBepropa SMA. I[lonyueHa B Xofe IIpeiBapUTeJ/IbHBIX
WCTILITAaHUM /711 KXXJ0r0 Habopa MCTo/b3yeMbIX B X0/e SKCIIepUMeHTa 3HaYeHWd MHTeHCHBHOCTH
MOTOKA COMHEYHOM pajuanuu (KBT-u/M®) ¥ TemriepaTypbl TOBEPXHOCTH MOAYIsA. Kaxziow
WCC/IelyeMOM rape 3HaueHUM COOTBETCTBYeT 3HaueHNe IeKTPUYeCKOM MOLHOCTU MHBEPTOpa.

CTOUT OTMETUTbh, UTO TIOMHUMO TIPHUBEJEHHBIX BbIllle HAOOPOB [JaHHBIX TPOWU3BOAUICS COOD
MHOXKeCTBa Jpyrux mapamerpoB 3jemeHToB C/IK, KoTopble He ObLIM MCIIO/Ib30BaHbI B JIaHHOM

pa60Te, HO MMEIOT IePCIIEKTHUBY aHa/IM3a U UCII0/Ib30BdHHSA B 6y,qy1_u;eM
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Pucynok 3 — CyTouHble TpadyKu 10 pe3y/ibrataM UcTibiTaHui NeNe 1-3, peskuM paboThl «JIC»,
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PucyHok 4 — CytouHblii rpaduk 1o pesynbraram ucrbiTanust Ne 6, pexkum pabotst «13C, CHI»,
BpeMs roga «Jleto»
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PucyHok 6 — Cytounsle rpaduku o pesynsraram ucribitaduid NeNe 10-12, pexxum pabotsr «/13C,
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ITo pe3ynbraTaM 3KCMiepUMeHTOB ObLT cZieslaH psifi BBIBOJOB, TIjle TIOC/Ae[HUe ObLTH
pasziesieHbl Ha HeCKOJIBKO TPYIIIL:

— KaueCTBeHHbIe — TOCBSIIeHbl pe3y/bTaTaM B OTHOIIEHUU TMOBbIIeHHsT 3¢ (HeKTUBHOCTH
Y OLIEHKU ONMCAHHBbIX KPUTEPUEB;

— TexXHWYeCcKHMe — KacarwTcsi 0COOeHHOCTel TIpOBe/leHUsl SKCIIePUMEHTOB, paboThl C
o0opyzoBaHreM, TIPOrPaMMHBIM 00ecIieueHreM, 3alicH JaHHBIX;

— MeTOAOJOTMYeCKHe — HampaB/ieHbl Ha IIOBbIIIEHHWe TOYHOCTH IPOBOAMMBIX
9KCIePUMEHTOB, OTMChIBAIOT MOC/Ie[0BaTeTbHOCTh BBITIOJTHEHHUST paboT 10 UCC/IeJOBaHUIO PeXXUMOB
JJ1s1 TIPe/ICTOSALLIMX SKCIIEPUMEHTOB.

KauecTBeHHbIe BBIBOJBI:

1) pns pexxuma pabots! «JOC» (skcriepumeHTbI NeNe 1-3):

— B3ar 3a oCHOBYy Kak cambli HU3KO3(D(PEKTUBHBIM peXUM, HYXAAIOUIUNCI B
ONTUMU3ALIUY;

2) pasa pexuma «J93C, CHO» (skcriepumenThl NeNe 4-6):

— Onrumwusanysi AOCTUTaeTCs 3a CUeT COKpAIl[eHWs uucia yacoB pabotel [IT'Y myTem
3aMelleHUs] CUCTeMOM HakoruieHusi. [Ins skcriepumeHta Ne 6 (Bpemsi roga «Jleto») ymamoch
CHU3UTb YMCJI0 YacoB paboThl Ha 44 %.

— B 10 xe Bpemsi pabora AI'Y mnpubmixaercs K Haubojiee ONTHMAaTbHOMY PeXUMY
3arpy3ku — 80-90 % OT yCTaHOB/IEHHOM MOIIHOCTH, UTO TaK)Ke BeJieT K CHIDKEHUIO TToTpeb/sieMoro
TOI/INBA;

3) pas pexuma «J3C, CIC» (akcriepuMeHTbI NeNe 7-9):

— B otgenbHble cyTku Jsieta pabora COC mo3Bonmia 3aMectuTh 53 % moTpebieHus, B
BeCeHHUe U oceHHUe CyTKU — 20 %, B 3uMHUe — 3 %.

— BnenpeHue conmHeuHol reHepaiyu 6e3 CHD yBesnnurBaeT HeEPaBHOMEDPHOCTh 3arpy3Ku
O3C B TeueHue CyTOK;

4) pns pexxuma «193C, COC, CHO» (3kcriepumeHThl NeNe 10-12):

—  CHDO no3Bosuia oBBICUTS /1010 BbIpaboTku COC /10 60 % B j1IeTHHIA Ce30H.

— CHO3 no3Bonuna caenarsb pexkum pabotel AT'Y Gosee 11aBHBIM ¥ paBHOMEDHBIM.

— bnarogaps coBmectHoi pabore COC u CHD ymanoch CHU3UTH UMCIO YacOB PabOTHI
O32C Ha 78 % B yieTHUN Ce30H;

5) oOugue:

— CHD no3BosisieT crinaauTh rpaduk Harpy3ku s 19C.

—  Hcnonb3oBanre CHO 1103B0JIsIET CHU3UTE UKC/IO YacoB paboter Y.
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— Bripabotka COC cHmxkaet 06111yto 3arpy3ky JIC.

— CHD mno3BosisieT MOBLICUTH 3P deKTUBHOCTh Mcrosb3oBaHusi COC A1 meprofioB, Korja
BbIpaboTka COC rpeBbIiiaeT noTpebieHue.

— C3C u CHO coBMECTHO CHWJKAIOT YMCJIO YacoB paboTsl [II'Y, 3arpy3Ky Ha arperarsbl,
TIO3BOJIIIOT 3KCIUIyaTUPOBATh TeHepUpPYIOIMe YCTaHOBKM B Haubosee ONTHMAalbHOM peXHUMe
paboTbI B COOTBETCTBUM C KPUTEPHUSMH 3(H(HEKTHBHOCTH.

TexHMUeCKue BbIBOABIL:

— B xope skcniepumenToB NeNe 9 1 12 mipou3otties1 60 3amuicy JaHHBIX, KOTOPBI MOYKHO
CBSi3aTb C YHUKAJbHBIM DEXUMOM, Korja TioTpeOsieHMe CO CTOPOHBI Harpy3kud ObLIO
OTpHUILIaTe/TbHBIM. BBI3BaHO OHO TpeBbIIeHHeM 00beMa BbIPAaOOTKM 3rmekTposHepruu COC Haf
norpebnenneM. C SHepreTHUeCKOM TOUKM 3peHMsl cucTeMa paboTana MCIpPaBHO: W3/UIIKH
3/IEKTPOIHEPruu ObLTM HarpaB/eHbl B CUCTeMy HakoruieHusi. O/IHaKO C TeXHWYeCKOW CTOPOHbI
MOXXHO TOBOpUTH O cboe B paboTe, KOTOphIM ObII BbIpa)KeH TMePephIBOM B 3alMCH JIaHHBIX
JUTATEIbHOCTBIO Oomee 10 MUHYT.

—  IIpu ucnonb3oBanuu nocsiefunx Bepcuii SCADA-crcTeMbl Takke Habmopamics cbou B
pabore. OHM BO3HMKAIM B XO[e SKCIIepUMEHTa I0 HCTeyeHWH uaca pabOThl MPU aKTHBHOM
UCrosib30BaHUM OKHa MPB (MoHuTOpa peanbHOro BpemMeHH). OKHO ObLIO OTKDHITO Ha IVIaBHOM
JKpaHe KOMIIbIOTepa orepatopa. B xoze mipekpaieHusi pabOThl OKHA Tepsjiach CBS3b C
obopyzoBaHreM cucTeMbl. B ciaydae paboTel OKHa B ()OHOBOM pekume (TIOC/e oOreparyu
«CBepHyTh») oOIIMOKa W TMOTepsi CBA3U C 0OOpyZOBaHHWEM MOIJIa BO3HUKAaTb TI0 MCTeUeHUU
HeCKOJIbKMX MUHYT.

— VHdopmanus c paTuvka YpoBHSI TOIUIMBa MPOTHMBOpPEUMBA U HEJOCTOBEPHA KaK B XO7e
JKCIIepUMeHTa, TaK M II0 3aBepllieHWU B OTK/IHOUeHHOM coctossHuud [AI'Y. B cBsi3u C 3TUM BO
n3bexaHve aBapuiiHoro octaHoBa [I'Y cnegyer obecrieunTh 3arac 10 YPOBHIO TOIUIMBA U
TIPOU3BOUTH CBOEBPEMEHHYIO 3arpaBKy TOTIMBHOTO 0aka. DTO TakXe CHI)KAaeT TOYHOCTh aHau3a
pacxoja TOI/IMBa B XO/ie SKCIIepUMEeHTOB.

— TpeOyercsi JOTIOMHUTENBbHBIA KOHTPOL coctosiHusl [II'Y B MOMEHTHI, KOTza 3a CYeT
n30bITOUHOM reHepatiid COC co CTOPOHBI MOTpebeHus IPOUCXOJUT BhIpaOOTKa SHepruv. B Takue
MoMeHTHI [IJ9C Mo)KeT BOMTH B PEXXUM MOTpeOUuTesst 3/1eKTPUYeCcKoi MOILHOCTH, UTO He SIBISIeTCs
HOPMa/IbHbIM /Il TeHepUPYIOIlleld yCTaHOBKH.

— Ilpu npoBefeHNY KCIIEPUMEHTOB HeOOXOUMO KOHTPOJMPOBaTh ypoBeHs 3apsifa AKB,
a TakXke HarpsbkeHUe Ha KjieMMax. B ciiyuae BbIxo/ja Kakoro-jimbo 13 rmapameTpoB 3a JOIMYyCTUMbIT

rnpeaesa np01/130171,qu aBapHﬁHOE OTK/IDUeHHe BCero KOMILJIEKCd. KOHTpOJ'Ib H€06XO,E[I/IMO
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OCYLIEeCTB/IATh KAaK Ha 3Tare MOATOTOBKM, TaK M B XOJe SKCrepuMeHTa. [lomycTUMbIM Auara3oH
paboThI YKa3aH B HACTPOWKAX, OTMPEE/TUTh WIH U3MEHUTb KOTOPble MOXKHO Uepe3 maHenb «Victron
Smart Control».

— Ilpu orpanuueHun BblgaBaemod wmoigHocTh [I'Y cyljecTByeT HWKHHN Mpefer,
KoTophli cocrasinsieT 10,5 A Ha opHy ¢asy. B ycnoBusx skcriepumeHTa NMpU HECUMMETPUYHOCTH
pacripezie/ieHlst Harpy3kud 1o (a3aM 3TO 3HaueHWe SKBUBAJIEHTHO TNpUOMM3UTENbHO 3,5 KBT
371eKTprueckor MorHoctu AI'Y.

Metooi0ornueckyie BEIBOJBI:

— TIlpu pa3paboTke TIaHa WUCMBITaHWNA CTOUT OpaTb BO BHUMaHHe TeXHUUeCKHe
orpanuueHus Ha 3apsg CHO. BaxHo Oparth B yueT 3apsiHyto xapakTepucTnky AKbB, uto oco6eHHO
aKTyaJbHO Ha rocnefHen craauu 3apsga AKbB.

— I TOBBILLIEHUsI TOUHOCTH aHa/ii3a HeoOXoAUMO BeCTU MOCTOSTHHYO 3alvCh JAHHBIX C
COTHEYHOTro UHBepTopa SMA.

—  TouHOCTH MPOU3BOAUMON CUMYJISILIMA MOXKHO MOBBICUTD 3a CYET YBeTUUYEHUs] BePXHEro
npefiesia Harpy3kd. /[l gaHHOTO Habopa SKCIepUMEHTOB OH cocTaBwil 12 kBT, Bupgy
TeXHUYECKUX OrPaHWYEHUM, HaK/IaJlbIBaeMbIX CO CTOPOHBI HArpy304YHOT0 MOZAYJIS, LIar U3MeHeHUs
Harpy3ku coctaBisger 1 kKBt wm 8,3 % or makcumyma. Cam mMogynb u obopyzgoanue [19C
MO3BOJISIFOT YCTAHOBUTH Tpezies1 Ha oTMeTke 40 KBT, B TakoM cjiyyae AWCKPETHOCTh U3MEHEHUs
Harpy3ku mnotpebutenss coctaBuT 2,5 %. OfHAaKO CTOMT TOAUEPKHYTh, UTO B TakKOM Cjydae
cHwkaetcss ponasi COC cpeay MCTOYHWMKOB SHEPruu. TeXHUUeCcKU BO3MOKHash MOLIHOCTL COC
MeHee 6 KBT u orpaHvumBaeTcss MOLIHOCTbIO MMUTaTOpoB ®OM. [Ipu MOBBIIIEHUH MOIHOCTU
O3C po 40 kBT B COOTBETCTBMM C COOTHOIIEHHEM YCTaHOB/IeHHbIX MoujHocTtern COC u I19C B
sHeprocucteMe mn. bararaii BepxosiHCkoro ymyca ycTtaHoBieHHas MoIJHOCTE COC  fmo/mkHa
coctaBUTh He MeHee 30 KBT.

— IloBbICUTHL TOUHOCTH aHa/av3a MOXKHO, B3sIB 38 OCHOBY He yCpeJHeHHble MeCsYHble
3HaueHMs1 Harpy3KH, a peasbHble TTI0UaCoBbIe U1 KaKbIX CyTOK Irofla, Wiv J/Is1 XapaKTepHbIX CYTOK
3a Nepuoz.

IToMuMO Bcero rpouero B Xojie UCC/e/JoBaHus ObITM TakKe MpoaHaIM3upOBaHbl OCHOBHbIE
TexHuueckue Tokasatenu CHK, cpeau kotopbix: obijasi BeipaboTka JOC u C3C, CpoK CTy»KObI
O3C, uucio vacoB pabortel JOC 3a roa, obmjasi 3Heprus 3apsga CHD, cymmapHbiii 00beM
notpebsisieMoro TorIMBa U Jp. Pe3ynbraThl aHa/mu3a mpe/cTaBieHbl B Tabivile 17. [Ins pe)kKumMoB
pabotel «I3C, CHOI», «[J3C, C3C» u «I3C, COC, CHD» B Ttabmuile TipuBeJeHbI Kak

abCo/TIOTHBIE 3HAUEHUS HOK&3&T€]’I€I>1, TaK U UX CDAaBHEHNE B % c 1roka3zareasiMu peXXruMa «,Z[BC».
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Tabnuia 17 — CpaBHeHUe TioKa3aresieli 3 heKTUBHOCTH peXKMMOB

Pexaun padorst C/IK Jilcle NI2C, CHD II3C, C3C A3C, €3G,
Kpurepuii CHS
TexHuueckui
;%ff Befpaborka /19C, 66,5 684 |103%| 60 | 90% | 619 | 93%
Cpok cy»x0s1 [JOC 9,1 13,9 153% | 9,9 109% | 16,6 | 182 %
Yucno yacos paboter 13C 8760 5736 65% | 8116 | 93% | 4821 | 55%
O61ag Beipabotka CIOC,
MBL?-T{ ’ B B B 6.5 B 6.6 B
1(\)/[?;?21 sHeprus 3apsizia CHO, B 16,7 B B B 18,4 B
SYMMaPHHﬁ PACXOA TOTLUMBA, | 179 158 | 92% | 147 | 85% | 12,9 | 75%
OKOHOMUUECKUMN
LCOE, py6/(kBt-u) 42,2 43 102% | 41,1 | 97% | 415 | 98%
LCOE p5c, py6/(kBt-u) 42,2 40 95% | 43,3 |103% | 40,7 | 96%
LCOEcsc, py6/(kBt-u) - - - 19,8 - 14,9 -
LCOScus, py6/(kBr-u) - 12 - - - 12 -
CyMMapHbIe 3aTparhl Ha
TPOM3BO/CTBO SHEPryu, MJIH. 2,8 2,9 104 % 2,7 96 % 2,8 100 %
pyb/rof
HapgexxHoCThb
Uwucsio oTKa30B 3a roj, 1/rof 1,168 0,937 80% | 1,582 | 135% | 1,315 | 113 %
Bpewms BoccTaHOB/ieHUs, U 116,8 77,8 67 % | 128,2 | 110% | 85,6 73 %
fg{;’gﬁt‘g’;‘:ﬁﬁz FOTOBHOCTH 0,989 | 0,991 |100% | 0,991 | 100 % | 0,993 | 100 %
OKonoruueCcKum

O6nem BbIOpoCcoB CO,, T 53,5 49,3 92% | 45,7 85% 40,2 75%

ITo uToram aHa/iM3a Tak>Ke ObUIH C/le/TaHbI OTIPe/IeIeHHBIE BBIBO/IBI:

1) 1O TexHUYeCKHUM TOKa3aTesisiM:

— Cpeau TeXHUUECKUX TO0Ka3aTesiell CTOUT BBIJEJUTh CPOK C1yk0bl [JDC U unc/io yacoB
paboThl cTaHIMM B TeueHue rofa. [Ipu BeIOOpe pexkuma pabotel «J3C, COC, CHO» MOKHO
JIOCTUYb COKpAITIeHUsST UKC/Ia yacoB paboThl Ha 45 % OT M3HAua/IbHOTO W YBEeJIMUEHUS )KU3HEHHOTO
LIMKJ/1a CTaHLUM Ha 82 %.

— HemanoBaxHbIM TlapaMeTpoM  siB/isieTCsi 00beM  M3pacx0[0BaHHOTO  TOTLIMBA.
CyluecTByeT AUHaMUKa pOCTa LieH Ha [Ju3e/bHOEe TOIUIMBO, TIPU 3TOM OCO0EHHO akKTyasibHa

npobsieMa 3aB0O3a TOIM/IMBA BBHJY CJIOKHOCTH TPAHCIIOPTHOTO IMK/A, Ce30HHOCTHU /IOCTaBKH, a
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TaKke JeduiuTa TPYZIOBbIX pecypcoB. B Xofe K1MMaTrhyecKWx W3MeHeHUH CA0XKHOCTb I0CTaBKU
OyZieT TONMBbKO YBeSMUMBATBCS BBUAY YIPO3bl /leTpajjallid MHOTOJeTHEMEp3/bIX TPYHTOB ISt
TPaHCIIOPTHOM HMH(MPACTPyKTypel. B xome 3Tux mporeccoB OyaeT yCWIMBAaThCS POCT IieH Ha
nprBO3HOe TOTUIMBO [15]. Camble 3aMeTHbIe pe3y/bTaThl M0 CHIKEeHHI0 oO0beMa moTpebssieMoro
TOTI/IMBA XapakTepHbl Ajis pexxuma «13C, COC, CHO». 3meck cymmapHbiii 00beM CHI)KaeTcsl Ha
25 %. A 3a cuer yBeqmmuenus gosu COC B o0iedl yCTaHOBJIEHHOW MOIITHOCTH 37IeKTPHUYEeCKUX
CTaHLMIA MOYKHO JOOUTHCS ellje Ooee 3HAUMTE/TBHBIX ITOKa3aTesiel;

2) 1O 5KOHOMHUYECKUM T0Ka3aTesisiM:

— TexHuueckue mapameTpbl HaNpsSIMyHO B/IMSIIOT HA CTOMMOCTb SHEPrUM, NPOM3BOAUMOMN
O3C. Tlpu yBenuuenuu >xu3HeHHOro IuKaa JOC U ToM >ke o0ObeMe KamnMTaabHBIX 3aTpar
CHIDKAEeTCsl CTOMMOCTh TIPOW3BOAIMMOM 3Heprud. Ba)kHO moguepkHyTh, uTo Tipu pabore [13C B
OTTUMAJIbHOM De)XKHMe 3arpy3Kd pacTeT o01uii 06beM BbIpabOTaHHOW HEpPrur 3a CPOK CIY»KOBbI,
CHW)XAaeTCs yJeNbHbIM pacxo[, AU3e7bHOI0 TOI/IMBA, CHIXKAETCsl PUCK aBapui (a BMeCTe C 3THUM
JIO7s1 3aTpaT Ha PEMOHT YCTAaHOBKH). TakKe MOJOKWTE/NbHBIA 3Q@eKT Ha CTOMMOCTb 3HEpruu
OKasblBaeT CHIDKeHHMe pacxXxOZioB Ha TOKyNKy ToruiiBa. CTOWT 3aMeTWUTh, 4YTO COIVIAaCHO
VICTIO/Tb3yeMOM METO/MKe, 10 UTOTy HOPMHPOBaHHAsi CTOMMOCTh 3JIeKTPOSHEPIUH, MPOU3BOAUMON
Ha JIOC cHmkaetcs Ha 5 % npu ucnonb3oBanuu CHO u Ha 4 % nipu fobaBneHun K cucreme «J9C,
CHD» conmHeuHOU 3/1eKTPOCTaHLIUH.

—  CrouMoCTh 37eKTpO3Hepruu, npousBoaumMon Ha COC, coctasnsieT MmeHee 20 py6/kKBT-u
Jlake B Cyvyae HeJOOTITyCKa NPOW3BeJeHHOU 3/1eKTpo3Hepruy. CucTema HakKOIJIEHUS M03BOJISIET
cHU3UTH ToKaszatenb LCOE no 14,9 py6/kBt-u. OT0 3HaueHue meHbine croumoctd LCOE [13C
Gomee uyeM B [Ba pa3a, I03TOMY SIB/ISETCS SKOHOMHYECKM OOOCHOBAHHBIM YBeJIWYMBAThH
yCTaHOB/IeHHY10 MOLIHOCTE CIC mo Tex nop, noka LCOE C3C He ctaHeT cpaBHuMa ¢ LCOE [10C
BBU/ly HeZI00TITyCKa 3Heprun COC.

— CTOMMOCTb HaKOIUIeHUS] SHEPTUH WUrpaeT OLYTUMYIO poJjib B (JOPMHUPOBaHUU Tapuda.
Ee cocraBnstoljasi HAacCTOMBKO OLIyTHMa, UTO pexxuM pabotel «[13C, COC» spnsiercsi Gonee
KOHOMHUECKU BBITOIHBIM TIPU JAHHBIX UCXOJHBIX TTapaMeTpax CUCTeMbI, XOTb U HabJrojaeTcst pocT
cronmoctu LCOE [I3C 0oTHOCHTENbHO NCXOLHOTO 3HaueHust 42,2 py6/kBr-u.

— s pexxuma «193C, CHO» HabmofaeTcst yBeMueHre CTOMMOCTH 3/IeKTPOIHepruu 2 %
(oo 43 py06/kBT-4) OT M3HAUa/NbHOTO 3HAUEHHs C Y4YeTOM CHIDKeHHs 4rciaa 4acoB pabotsl IV,
yBeJIMUeHUs1 CPOKa CTy>KObI CTaHL[MU U PabOThI B ONTUMA/IbHBIX Pe’KMMax 3arpy3KH arperaros;

3) 10 MOKa3aTessiM Ha/le>)KHOCTH:
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— ToBOps 0 KpUTepHUsiX HafIe)KHOCTH Ba)KHO TIOAUEPKHYTb, UTO TIpU H0O60M /106aBneHrn
HOBBIX 3JIEMEHTOB B JHEPreTHUUeCKyl0 CHUCTeMy BO3HMKaeT pDHUCK BO3HUKHOBEHHMSI aBapwy,
CBSI3aHHBIX C 3KCIUTyaTalyeid 3Toro obopynoBaHus. B To ke Bpems u3 Tabmuupl 17 MbI MOXKeM
BUJIETh, UTO B cyiyuae paboTsl B pexxuMe «J2C, CHD» uncio oTKa3oB 3a rof cHkaeTcs Ha 20 %, a
BpeMsi BOCCTAHOBJIEHUsSI HOPMa/IbHOM paboThl cokpaiijaeTcst Ha 33 %. DTO CBS3aHO CO CHMKEHHEM
yrcsia yacoB pabotsl [IOC B roay. I1pu Toi ke MHTEHCUBHOCTH OTKA30B 3a rofi Oy1eT MpOouCXoUTh
MeHbIIlee YHCI0 0TKa3oB obopyzoBanusi. CHD B cpaBHeHuu c [I9C ob6saziaeT KpaiiHe BHICOKUMH
TMoKa3aTesisIMK HaJle)KHOCTU BBU/ly OTCYTCTBUS MOABW)KHBIX YacTel U JPYTMMU KOHCTPYKTHBHBIMU
Y 9KCIUTyaTaluOHHBIMU 0COOEHHO CTSIMMU.

—  Pexxum pabotsr «[I3C, C3C, CHO» MOKHO cuuTath 60Jiee Ha/IEXKHBIM TI0 TIOKA3aTesTro
BpeMsi BOCCTAHOBJIEHHS B CPaBHEHHU C 0a30BbIM, 37eCh OHO HIKe Ha 27 %. B To ke Bpems unciio
aBapUMHBIX OTK/IHOUeHMH Bbille Ha 13 %, UTO CB3aHO C BO3HMKHOBEHMEM BEPOSITHOCTH OTKasa
obopynoBanusi COC.

4) 10 3KOJIOrMYeCKOMY IOKa3aTesIto:

—  Dkonornyeckuii 3¢¢deKT HampsiMyro CBs3aH C 0OBEMOM HCITOTb30BAaHHOTO TOTIIMBA,
TI03TOMY TI0 3TOMY KPUTepHIO Hanubosiee BHIMTPHIIIHBIM siBsieTcs: pexxuM «I3C, COC, CHO», e
o6beM BeiOpocoB CO, COBMECTHO C COKpalljeHreM TToTpe6sisieMoro TOTIMBa CHIXKaeTcst Ha 25 %.

[TopBOAST WUTOT, MO)KHO OTMETHTBH, UTO BBIOOD TOro WM uHOrOo pexknma pabortel CIAK B
COOTBETCTBUM C HaOOpoM KpuTtepreB 3((heKTUBHOCTH He SIB/ISIeTCsS OYeBHUAHOW 3azaueii. PemeHne
10 BbIOOPY pe)krMa 3aBUCHUT OT MCXOAHBIX JAHHBIX M TEKYIUX YCJIOBUSX paboThl 000py/0BaHMSI.
O603HaYUTh Ba)KHOCTb TOW WM WHOM LiesieBOi (DYHKLIMU TIPU pellieHUH ONTUMHU3al[MOHHOMW 3a/jaui
MOXKHO uepe3 orpejie/ieHre BecOBOro Ko3(ULMeHTa Ba)KHOCTH KpUTepusi (TPYIIbl KPUTEPUEB).
ITO yCI0XKHSAET MPOLIeCC pellleHus], a IPU HaJIMUYMU MHOXKeCTBa Pa3/IMUHbIX KPUTEPUeB U NPUHATUN
pellieHrli B pe)KuMe peajbHOrO BPEMEHH [ieflaeT ee Upe3BblYaiiHO CJI0KHOM.

1.1.2 XapakTepuCTUKH [u3e/ib-TeHepaTOPHbIX YCTaHOBOK

B kauecTBe XapakTepuCTHK pacxofa TOIUIMBA [y3e/lb T'eHepaTOPHBbIX YCTAaHOBOK MOXXKHO
WCTIO/Tb30BaTh 2 BEJIMUMHBI: aDCOFOTHBIM pacxo/ AU3e/IbHOTO ToTuvBa (B, /1/4) U yienbHbIA pacxos
ausenbHoro torvBa (b, r/kBt-u). s cpaBHeHUsl y[elbHOTO pacxoja TOIJIMBA pa3HbIX BUOB
UCTI0/Ib3yeTcsi ocobasi BeJTMUMHA — yCJIOBHOE TOTUIMBO. DTO TaKoe TOILIMBO, TIPU CKUTAHUHM 1 Kr
koToporo Bbigensercs 7000 kkasn Tervia. [y repeBoja yzAesbHOIO pacxoja Au3e/IbHOr0 TOIUIVBA B
yAeIbHbIA pacxof, YCAOBHOTO TOIUIMBA BBOAUTCS KO3IQQULMEHT Ky, (cM. dopmyny (25)), Ha

KOTOPbIM YMHOKaeTCsl yAebHbIA pacxo/] AU3ebHOT0 TOTuBa by, (cM. popmyny (26)).
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_ Q, _10180 _
" Q,e, 7000

1,45; (25)

b, =bxk,,. (26)

Ab6comoTHBIM pacxof AusenbHoro toruiuBa (APAT) momoraeT orpesenuTb, Kakoii o6bem
TOI/IMBA TPAaTUTCS Ha IEKTPOCTAHLMM, U OH NPaKTHYeCKU IIPSIMO IPOINOPLIMOHATeH Harpy3Ke Ha
BaJly /ii3e/b-TeHepaTOpPHOU YCTaHOBKHU (CM. PUCYHOK 7). YIe/IbHBbIM pacxof, AU3e/1bHOro/yCc/I0BHOIO
torutuBa (YPOT/YPYT) no3BonsieT onpezie/iiTh, HACKOJIBKO 3¢ GheKTHBHO paboTaeT o0opy0BaHHe,
OH MMeeT TpAaKTUYeCKH OOpaTHYI 3aBUCHMMOCTb OT Harpy3kd Ha Bamy AI'Y (cMm. pucyHok 8).
Mexay coboii faHHBIe TlapaMeTpPbl HAXOAATCS B 0OOpaTHOM 3aBUCHMOCTH, BBIPAKEHHOMH

tbopmymnoii (27).

(27)

r7ie P — JIOTHOCTh /IM3€/IbHOTO TOIJIUBA, MOYKHO MPUHATEL 860 Kr/m%;

N o= dakTryeckasi cpefiHss Harpy3ka 3a pacueTHbIN repuof, KBT.

Takum 00pa3oM, yMeHbIIIEHHe OIHOTO U3 TIOKa3aTesiel TPUBOAUT K YBETMUEHUIO [IPYTOro,
YTO HECKOJBbKO YC/IOKHSIET TOWCK ONTHMAa/JbHOTrO peileHus. [lo3ToMy [ CTaHLMOHHOM
orrrumu3atiuu pabotel A9C wim COK ciepyeT onuparbesi Ha 06a 3TH MOKasaTelis.

Cyl1iecTByeT MHOXXECTBO CIIOCO00B pacueTa abCOMIOTHOTO U y/eIbHOTO TOIuIMBa. Pasmuue
B pe3y/brarax, IOJyYeHHbIX MPU pacyeTax MO pa3HbIM MeTOAVKAM MOKeT UMMeThb Cepbe3Hble
MOC/Ie/ICTBUS,, TaK KaK 00BeM TMOTpebeHus1 /W3e/bHOTO TOTUTMBA SIBJISIETCSI OCHOBHOM CTaTbei
pacxofia Ha [u3e/bHBIX 35/eKTPOCTaHLMAX, OH BJMSeT Ha SKOHOMMYECKHe II0Ka3aTe/ld, a B
rUOpUIHBIX KOMIUIEKCaxX ellle W Ha COCTaB TeHepupyrolero oOOpy/OBaHMS U TOAXOJ, K
yIIpaB/IeHUIO, B 3aBUCMMOCTU OT >KejlaeMOr0 BbITeCHEHUs] TeHepaljiyd Ha OCHOBe [U13e/IbHOIO
ToruiuBa [16].

Ha pucyHkax 7 u 8 mipencTaB/ieHbl XapaKTePUCTUKK 4YeThbipex II'Y, yCTaHOB/IEHHBIX Ha
HayUHO-UCTIbITaTe/IbHOM TI0JIMrOHe «B0300HOB/IsIeMble WCTOUHUKK 3Heprun» HUY «M3W»: nBe
OT'Y u3 makera Berpo-AausenbHoro komruiekca (Perkins 1103A-33T 36,9 kBT ¢ CUHXpOHHBIM
reHeparopomM LSA 42.3-S5-J6/4m Leroy Somer 36 kBT), a Takke gBe [AI'Y U3 MakeTa COJHEUYHO-
nu3enbHoro komruiekca (AT'Y momHocthto 12 kBT u 30 kBT c guzensmu MM3 [1-243 u

reHeparopamu Marelli motori MJB 160 1 Marelli motori MJB 200).
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PucyHoK 7 — OKcrniepuMeHTasbHbIe 3HaueHus1 abCOMIOTHBIX PaCcXOf0B An3e/bHOro TormBa A1,
BXOZJSALIIMX B COCTaB HAYYHO-UCIILITATe/IbHOIO TTOIMroHa « BUO»
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PrcyHok 8 — OkcniepriMeHTa/IbHble 3HaueHusl y/ebHbIX PaCX0Z0B Au3ebHOro Torumsa AI'Y,
BXOZJSALIIUX B COCTaB HAYYHO-UCIIbITATe/IbHOIO TTOIMroHa « BUO»

CornacHo [2] Hanbosee TOUHOM MeTOAWKOM OIpeZiesieHus] pacxo/ja AW3ebHOTO TOTUTMBA B

3aBUCMMOCTM OT Harpy3ku SBAsIeTC MeToJvKa MUHHUCTepCTBa 3SHEPreTUku Poccuiickon

®enepauyiu (MunsHepro Poccumn) [17] (cM. dopmyny (28)).
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HOM I?

rae b

beFY

=b" XK XK

Homi u3Hi

peaici ?

(28)

r/(kBT-u) — mokaszaTesib pacxojia TOIUIMBa [u3esbHOro reHeparopa (AI') 1o

TacIiopTy, KOTOPBIA MOXKET ObITh paccurTaH 1o ¢opmyse (29);

K., — ko3 durment usHoca i-u AI'Y;

K

pedxci

re b’ — T0Ka3aTe/ b pacxofja TOIUIMBA TI0 [IU3eJTIO;

1’0, — KIIII reHepartopa.

K

pexci

o]
b,ﬂF __ “Hom
HOMI ™ o

HOM

=0,9+—2u1

(N i/ N

B
HOM I

— pe>XUMHBIN Ko3purmenT i-i 'Y, paccunTbiBaembiii 1o Gopmyse (30).

(29)

(30)

rae N, KBT — cpejjHsisi mporHosupyemas Harpy3ska i-ro JII" 3a COOTBETCTBYIOLM MepHO/;

N

omi» KBT — TIACTIOPTHAsA MOLHOCTH i-ro [T

CpegHrie 3HauUeHHWST OTHOCUTENBHBIX (O) 1 abCoMOTHBIX (A) MOTpenrHoCTel B AKiaria3oHe OT

25 no 100 % Harpysku Mexay peajbHbIMM W pacueTHbIMU XapakTepuctvkamu [I'Y HayuHO-

HCTIBITATe/ILHOTO Mo/roHa « B 3» npesicraBneHsb! B Tabmuile 18.

Tabma 18 - CpegHue 3HaueHUs] TIOTPELIHOCTe MEXKAy PpeanbHbIMH W pacyeTHBIMH
xXapakrepucTtukamu A1y
[TapameTp AT'Y AOry 12 kBr Ar'Y 30 kBt AI'Y 36 kBt Ne 3 | AT'Y 36 kBT Ne 4
0, % 17,7 8,4 5,9 3,0
A, /4y 0,71 0,39 0,38 0,14

Kak BuzsHO 13 Tabmuier 18, MeTomuka pacueta MuHsHepro Poccuu yke 10CTaTOYHO TOYHO

oripeZiesisieT TOKa3aHWsI pacxofa Av3enb-reHeparopa. st Toro, ytobbl MOXKHO OBUIO ellfe TOUHee

OLIEHUTb PacXof, TOTUIMBa Ha TMpou3BojCcTBO 1 KBT-u ot [AI'Y, Heo6XoAuMO YTOUHUTHL (HOpPMYITy C

yueToM 0coOeHHOCTel KOHKPeTHOM Mo/ie/id. 3a 0CHOBY Oblia B3siTa (hopmyrna (28) u npeobpa3oBaHa

cnepytromM obpasom (cm. hopmyny (31)):
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0

b
bﬁryzbyﬂo;iXKu3HiXermi: I:OMXKLBMX 0:9+ 0’1 =
HOM oi
NHoMi (3]_)
0,9%b° . 0,1xb% XN, .
= 2 + 2 XKL[3Hi'
rlHOM rIHOMXNqbi

HanpHelme pacueTsl BeAyTCs AJsi aOCOMFOTHOTO pacxofia AW3ebHOrO TOIUIMBA, TOTAA B

Co0TBeTCTBUH C opMysiamu (27) u (31) nonyuum popmymny (32):

0 0

bHOM bHOM ) NHOMi
ry 0,9- 240,12 M) N
B’.ZIFy:bi .Nd”': rlHOM r’HOM.Nd)i K=
i p p U3HI (32)
0’9'b20M'Ku3H1’ O’l.bSOM.KUBHi
:2—- ¢i z—.NHDMi
r’HOM.p r’HOM'p

ITo dhopmysne (30) MO)KHO cziesiaTh 2 MPeATION0KeHUs:

1) xospduuments! 0,9 u 0,1 monyueHbl SMIIMPUUYECKH U BBIPA)KalOT BKJ/Aa[, IepeMeHHOU
Harpy3ku B TIIOKasaTejlb pacxofia, B CyMMe OHHM Jai0T 1 (@Ha/JOTWYHbIM MeTOJ, UCIOJIb3YIOT
AO «Jlonmaau» B CBOel MeTO/IMKe, CM. [2]);

aHasornyHel ko3¢p¢unyentam A, u B, 3apybexxHoit

2) ppobu mepen N, u N,
MeToauKH (cM. [2]), ciieoBaTesbHO, MOXKHO TIPE/TIONIOKUTB, UTO 3apyOeskHast (opMysia BbiBeZieHa
[JJIs1 KOHKPEeTHOW yCTaHOBKH, JIM00 /151 ycpeJHeHHBIX 1oKasareseit [IT'Y.

ITorpobyem BbIBeCTH MapaMeTpbl, KOTOpble MCIO/b30BalIuCh B 3apybexxHoi (opmyse. B

cooTBeTCTBUM C (opmynoii (32), kospduuueHTsl A, U B, COOTBETCTBEHHO paBHBI (CM.

cuctemy dopmyn (33)):
O ’9 XbSOMXKIBHi
A= - =0,246;
Muon X P
33
O’IXbSOMXKIBHi ( )
B;= - =0,08145.
Nuon < P
[Mpeamnonoykum, 4to AaHHast opmysia CripaBe/vBa [yt HOBBIX MamivH 6e3 u3Hoca, K, . =1.

Takxe MOXXKHO NPUHATH MAaCIOPTHBIE AaHHble 'Y ¥ MIIOTHOCTU TOIUIMBA IOCTOSIHHBIMM, TO €CThb
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0
HOM
2
HOM

TIPUPABHSTD IPO0Ob K Hekoeli koHcTaHTe C. Torga dopmyna (33) mpumMet BUJ (CM. CUCTEMY

dhopmyn (34)):

C= 0,246
0,9XC=0,246; 0,9
0,1XC=0,08145. C= 0,08145

b

~0,273;
(34)

=0,8145.

Ncxoas u3z dopmyn (33) u (34) MOXKHO C/iesiaTh MPEATONIoKeHHe, UTO B OCHOBe 3apy0eKHOM
(dopmysibl Jie)kasio Apyroe COOTHOIIeHHe T0KasaTessl BK/IaZla TlepeMeHHOM Harpy3kKu Ha pacxof
ToriMBa. Torjla MPUCBOMM HEKOTOPbIM TepeMeHHbIM D u E 3HaueHUs KO3(DPULIMEHTOB KPUBOM

pacxoaa, npu 3Tom D+E =1. Torga gopmyna (34) npumet By, (cM. cuctemy dopmyrn (35)):

E=1-D;
D+E=1; D:w
DXC=0,246; - c’ -
EXC=0,08145. (1—0’2C46)><C=O,08145.
(35)
E=1-D; C=0,08145+0,426=0,32745;
Ll p2oe. p=_0:246 o .
C 0,32745
C—0,246=0,08145. E=1-0,75=0,25.

Takum o0pa3oM, B 3apy0exHOUM (opMyse CUATAaeTCs, UTO BKJIaZ TepeMeHHOW Harpy3Kd

MeHblIle, ueM 1o MeToguke MunsHepro Poccuu (0,75 mo cpaBHenuto c¢ 0,9). Takke 3apybexxHast
0

(hopMmyna cripaBesiyivBa Ipy COOTHOLLIEHUU 2”;“420,32745.
rIHOM X p

[Toripobyem BbiBecTu mapameTrp C, Tpu KOTOpPOM cpefHHWe 3HaueHus Ais [I'Y pasHoit
MOIIHOCTH OyZieT AaBaTb HaWMeEHbIIIMe TIOTPEITHOCTU. [/ 3TOr0 M3 OTKPBITBIX MCTOUHUKOB ObLia
rosydyeHa WHGoOpMaLMsi O IPUMEPHOM CpeJiHeM TIOTpeb/ieHnH JU3e/IbHOTO TOTIMBA B 3aBUCUMOCTH
oT Harpy3ku Ha Bany AI'Y [18-20]. [lanHble mipe[cTaB/ieHbl B TpaduueckoM BHJE Ha

pucyHkax 9-12.
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B, /9

130
—3
120 |
/ —10
110 | : —_
100 16
90 —_20
80 | —24
i —_32
—_0
60 |
—60
50 ==
40 —120
30 | —160
20 — 200
0 | —280
——— 400
0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
No¢/NHOM, 0.e.
PucyHnok 9 — [laHHble U3 uctouHuka [20]
b, r/kB1-u
500
—3
450 | —10
—12
400 | 16
—20
350 | —_—4
_ 0 —32
300 16
250 | o0
—380
200 | —120
—160
150 | ——200
——280
100 | ———400
_ 640
50 ——3800
o | ] . , [ L . ——1000
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1

Nd/NuoM, 0.¢.

Pucynok 10 — YaenbHble pacxo/bl 10 AaHHBIM [18]
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b, r/kBT'u

600
—5 —10
Sl —12 16
500 —20 —30
450 —40 —60
100 —75 ——100
—125 —135
4l —il e—
300 200 230
250 — 250 —300
55 ——350 ——400
——500 ——600
150 ——750 ——1000
100 1250 1500
50 1750 2000
5 —— 2250
0 01 02 03 04 05 06 07 08 009 1 1|
Nd/NroM, 0.¢.
PucyHok 11 — YzenbHble pacxofbl 10 AaHHbIM [19]
b, r/kBtq
375
—4
350 "
325
—i2
300 i
275
—20
250 i
225
—_—32
200 P
175 6
150
.
100
5% 160
——200
50
280
25
o 400
0 01 02 03 04 05 06 07 08 09 1 1.1

Nd/NHoM, o.e.
Pucynok 12 — YnenbHble pacxofbl 1o faHHbIM [20]
Kak BugHo w3 pucyHkoB 10-12, mnpaBAonogoOHBIMM KaXKyTCsS TOJBKO JlaHHbIE U3

vcTouHuKa [19], Tak Kak yae/bHBIA pacxofi He MOXeT UMeTb ()OpMY TOPHM30HTAIBHON JIMHUM, a

yaenbHbId pacxog 'Y 8 m 400 kBt He MOryT OBITh OAWHAKOBBIMA B CHTY KOHCTPYKTHBHBIX
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ocobeHHOCTeH U CbI/I3I/I‘-IECKI/IX XdpPpaKTepUCTUK [WU3€/IbHOI'O TOI/IMBA. CJ'IEAYET HUCK/IIOUUTb
COMHMTeJ/IbHbIe JaHHbIE U3 BBI6OPKI/I.

0
bHOM

Moo X P

CpeJHHMMH 3HA4YeHUsMH YAe/JBbHOIO U abCOJTIOTHOTO pacxoga [AW3e/IbHOI0 TOILIMBA ObLTH

HO,E[GEPEM 3HaUeHne OTHOIIeHU TdKUM 06pa30M, YTOOBI MOorpemHocCTb CO

MUHUMa/bHbIMH. [I7is1 maHHOW BbIOOpKM 3HaueHwe C monyuwiochk paBHbiM 0,2746, D = 0,89,
E = 0,11. 3HaueHus TIOTPEIITHOCTEN /7151 BbIBe/IeHHOH (hOPMYJIBI U TI0 3apyOeXXHBIM KO3 dHiieHTam

TpyBe/leM Ha pUcyHkax 13-16.

3, %
50
40
30
20
10 i g ¥ ‘
0 — ¢ B ~
-10 * ° i #
20 o .
T H
-30 g ®
40 °
L ]
-50
0 0.25 0.5 0.75 1

N/NHOM. 0.€.

PucyHok 13 — OTHOCHTE/TBHBIE TTOTPEITHOCTH MEXAY (GOPMYJION C 1oA0O0paHHBIMU
KO3((ULMeHTaMu U CPeJHUMH 3HaYeHUs MU
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0 0.25 0.5 0.75 1
N/NHOM, 0.€.

PucyHok 14 — OTHOCHTe/IbHBIE TTOTPeIITHOCTH MeX/y (OPMYIOH C 3apy0eKHbIMU
KO3((ULMeHTaMu U CPeJHUMH 3HaYeHUsIMU

A,
170

160
150
140
130
120
110
100
90
80
70
60
50
40
30
20
10 g
0 5—_ v
-10 ¢ 0.25 0.5

N/NHOM, 0.€e.

P9

s

(=]
h
[=”

PucyHok 15 — AGCO/IOTHBIE TIOTPELTHOCTUA MeXXAy (Hopmysioi ¢ TogobpaHHBIME KO3 duiieHTaMu
Y Cpe/IHUMU 3HaYeHUsIMU
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A, 1/a
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®
[ ] * 'y ®
1 ® &
. > —-.. .
$ $ $ $
" . L] w
: | i i
0.25 0.5 0.75 1
N/NHOM. 0.€.

PucyHOK 16 — AGCO/IOTHBIE TIOTPELTHOCTUA MeXKAY (hopmysiol ¢ 3apyOesKHBIMH KO3 PULIeHTaMu U
CpeIHUMHU 3HaYeHUsIMU

W3 Tabmunpl 19 BuAHO, uTo (OPMY/BI C BbIBeZEHHBIMH KO3(MOHULIMEHTaMH [OCTAaTOYHO

OMM3KM K CpeHMM 3HaueHUsiM abCOMIOTHOTO pacxoja ToruivBa. 3apybexHas (opmyrna [jaet

3HaA4YMTE/IbHbIE MOrpelrHoOCTH IMMPpU pacyeTe, 0co0eHHO B 00/1aCTH MaJlbIX HarpysokK. B CcpegHeEM OHa

JlaeT 3aBbiieHre TipuMepHo Ha 30 %, B Xy/iieMm cjiydae 3aBblllieHWe coctaisieT Oosee 70 %.

ITocuntaem JJIA KaXKA0T0 M3 pACYETOB OCHOBHLIE CTATHUCTHUUYECKHE ITapaMeTpBhI. B kauecTBe Takux

rapaMeTpoB Obl/IM BbIOpaHbl CpeJjHUe 3HaUeHHsI OTHOCUTETLHOTO OTKIoHeHUs § (%), abcomoTHOro

oTknoHeHusi A (%), cpe[JHeKBaZpaTUUHOTO OTKJ/IOHeHUs1 ¢ (J1/u), kKo3dduieHta Bapuatuu V (%),

ko3 duirenta ocupsuu V-R (%).

Tabnuia 19 — CraTrcTHueckue TlapaMeTphl [Jisi IPYUBeIeHHBIX pacueToB

ITo BbIBeieHHBIM KO3hduieHTaM

3HaueHue Y4 Niou Y5 Nuou % Nuou Niom CpefiHee
A, n/a 3,9 6,4 7,0 2,0 4,8
A, % -2,5 1,8 0,3 -1,5 -0,5
0, % 11,9 8,5 6,8 4,2 7,9

o, 1/u 15,9 11,7 10,1 7,8 11,0
V, % 133,5 136,5 149,7 184,8 151,1
Vi, % 366,9 377,1 433,8 647,8 411,0

ITo 3apy6eKHOM METOMKe

3HaueHue Y4 Nuou %5 Nuom % Nuom Nuou Cpennee
A, n/a 30,7 33,4 34,1 29,4 31,9
A, % 55,5 38,4 26,1 18,4 34,6
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[TpomomkeHue Tabmuipl 19

ITo 3apy6e)XKHOW MeTo/MKe
3HaueHue Y4 Nyou 15 Nuou % Nuou Niom CpegiHee
8, % 53,8 37,6 26,4 19,2 34,2
o, JI/4 25,4 15,8 12,7 9,4 15,8
V, % 47,3 42,2 48,1 49,1 46,7
Vg, % 141,6 125,0 105,8 103,0 118,9

BeiBezienHast ¢opmysna B cpegHeM 0Oomee TOUHO OIMMCHIBAET XapakTep TMOTpeOiIeHus
JIM3eJIbHOrO TOIUIMBA B 3aBUCUMOCTH OT Harpys3ky Ha Bany [II'Y, oHa onMpaeTcsl Ha MacropTHbIe
JlaHHble KOHKDeTHOW yCTaHOBKM M MOXKET ObITb CKODPeKTHMpPOBaHAa B 3aBUCHMOCTH OT HHUX. B
cpefiHeM TipeZ/ioyKeHHasi (hopMysia 3aBbllllaeT 3HaueHHe abCOMFOTHOTO pacxo/ia Au3e/bHOrO TOTUIMBa
Ha 4,8 y1/u, a PpopMmysa C UCXOAHBIMU KO3(PdUIMeHTaMu 3aBbiliaeT pacxof Ha 31,9 n/u. Cyxsa no
KO3 PUIIMeHTy Bapualui U Ko3D(ULIMeHTY OCLWISALMY, BbiBefleHHas (h)opMysia MOKa3bIBaloT, Kak
OuYeHb TOYHBIM pe3y/bTaT, TaK M 3HauWTe/bHble OTKJIOHEHWSs, MPU 3TOM (opMysa C UCXOAHBIMHU
K03((pULIieHTaMH TTOCTOSTHHO TOKa3bIBaeT 3aBbllleHe rapameTpoB. CriejoBaTebHO, MPU Mo/cUeTe
KOHOMHYECKHX TIOKa3areseid 1o 3apyOexHbM Kod(ddurpeHTam OyfeT MOCTOSHHOe 3aBbIMIeHHe
ToKasaTesield pacxofia /IM3e/bHOTO TOIMBaA (0COOEHHO B 30HE HM3KMX HArpy3ok, B Kotopbix 'Y
MoryT paboTaTh B W30/IMPOBAaHHBLIX CHCTeMax B COCTaBe TMOPUIHBIX KOMIUIEKCOB B pe3yJibTaTe
BbITECHEHUsS TeHepalyeli Ha ocHoBe BWD3), uTo MOXeT WCKasWTb pe3yabTaTbl TEXHUKO-
5KOHOMMYECKHUX PacyeToB.

[nsa  yrouHeHMss NapaMeTpOB  MOZEeIUPOBAHUS  COJTHEYHO-JU3e/bHOTO  KOMIIeKca
naboparopuu ObLIT MTPOBe/IEH aHAIM3 pacueTHBbIX XapaKTePUCTUK U peasbHbIX Xapakrepuctuk 'Y
(MM3 [1-243 momHocThio 12 KBT 1 30 KBT), ycTaHOB/IEHHBIX Ha MOMUTroOHe «MakeT COJIHeYHO-
Iu3enbHOro kKomruiekca» B HUY «MOW». OcHoBHas wuH@opmauuss no [AI'Y nonvroHa

nipesictaBsieHa B Tabmmie 20.

Tabmia 20 — Madopmarus o AT'Y

MougHocts AI'Y, kBT | YPAT.0m, I/KBTY KIA reoH:paTopa, [1/10THOCTH TOIUIMBA, KI/M’
12 226 0,882 860
30 226 0,885 860

N3Hoc ycraHoBKKM 12 KBT oOKasajicsi CyllecTBeHeH, 10 CpaBHEHMIO C TIaCIIOPTHOM
XapaKTepUCTHUKOW Pacxo/ I13e/bHOr0 TOT/IMBA Oosbliie Ha 65 %, COOTBETCTBEHHO, XapaKTepUCTHKA

YPIT 6buta fomHOKeHa 1,65. YcranoBka 30 KBT u3Hoca He umesa. Kpome Toro, Obla TipezijioykeHa
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KOppPeKTUpPOBKa (opMysbl (28), a MMeHHO, peXXUMHOro kKo3ddwuiuueHta (cm. dopmyny (30)).
Kosddunments! 0,1 u 0,9 onuchiBaroT TO, HACKOJIBKO 3arpy3ka [I'Y BiausieT Ha XapaKTepHUCTUKU
pacxozia Au3enbHOrO ToruMBa. TakuM obpasom, 0,1 — ko3¢¢uiMeHT Mpu TMOCTOSHHOM YacTh
ypaBHEHMH XapaKTepUCTUK (3aBUCUT OT HOMMHA/IBHOM MOLJHOCTH, HOMMHaiabHOro KII/I
reHepaTopa, HOMWHA/IbHOI'O pacxoja TOIUIMBAa M IUIOTHOCTU TorMBa), a 0,9 — koadduimeHr,
YUUTBIBAKOIIMK HW3MeHeHHe pacxofia TOIUIMBA IPU MOLJHOCTH, OTJIMUHOM OT HOMHHa/IbHOW. Ilpu
JOTOM 3KCIUTyaTallii ¥ CUJIbBHOM M3HOCE MOKHO TIPe/ITIONIOKUTD, UTO JaHHOe COOTHOIIeHue OyzieT
MeHsIThCs. [lyTem nozsbopa JaHHOTO COOTHOLIEeHHs ObIIO OTpeZiesieHo, UTO C yBeMYeHHeM M3HOCa
000pyZloBaHuUs CHIWKaeTCsl BK/1a/| 3HauUeHHs1 BbIXOHON MoITHOCTU. KosdduiiueHTh! [/ yCTaHOBKU
12 kBt cootBercTBeHHO Oymyt paBsbl 0,41 u 0,59, ans 30 kBt — 0,22 u 0,78. B pe3synbrare
KOppeKTUpoBKU (opmynel (31) Obim momyueHsl KpuBble «Koppeknusi», u300pa’keHHbIe Ha

pucyHKax 17 u 18, u onuceiBaeMble ypaBHeHUsIMU (36) u (37).

By, =0,2901X N ,+2,4187 , a/u 36)
APNT, 7/
;
6 y=0.2909x+ 2.538% _
R2 RH0D2 L Mun3Hepro (2)
5 Koppexues
! i 3apyGexnas (4)
» /" - . - DKCIIEPHMEHT
2 " A R S S E——— JIneeiinadg
(Koppekims)
, [ . (S S N S N JInzeiinas
(OKCTepHUMEHT)
0 Harpyska, kBT
0 2 4 6 8 10 12

Pucynok 17 — YcpennenHas peanbHas xapakrepuctuka APAT AI'Y 12 kBTt u pacueTHble
XapaKTepUCTUKU
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APNT, n/a

10
9 y=0.2314x+1.9309
y = 24609987 Mun3HeEpro (2)
8 =
- 3apyGexHad (4)
6 OKCIIEPHMEHT
5
Koppexnusa
4
3 -eeeeeee JIMHEHHAA
(3apy0OexHad (4))
1 (OKcIepHMEHT)
0 Harpy3ka, kBT

0 5 10 15 20 25 30

PucyHok 18 — PeanbHast xapakrepuctvka APAT AT'Y 30 kBT u pacueTHble XapaKTEePUCTHUKHU

Kak BuziHO U3 pucyHKoB 17 u 18, KpuBble C KOPPEKTUPOBKON peKUMHOro Ko3¢duieHra
JIOCTaTOUHO TOUHO OTKCHIBAIOT peasibHbie XapaKTepUCTUKU abCOMFOTHOTO pacxofa (OTHOCUTe bHas
TIOTPEIIHOCTh C KOPPeKTUPOBKOU cocTarysgeT 1,49 % u 1,19 %, 6e3 koppektupoBku 17,70 % u
8,39 % 1o dhopmyne Munsnepro Poccuu (28), 25,58 % u 12,87 % 1o 3apybexHoli popmyne (31),
26,04 % u 16,66 % no popmyne ['punkpyra (32) g JI'Y 12 kBt u 30 KBT, COOTBETCTBEHHO).

Hnst pacueTa yzesibHOrO pacxojja MOXKHO BOCII0/1b30BaTbCsl opMmysiamu (38) u (39):

0,59xb°  0,41xb° XN
by =| =22 Doy D% Do T | =049 45+ 220012 .y (38)
Mhom nHOMXNd)i N‘Ib
0,78xb°  0,22Xb° XN
bég:;;m: HOM+ HOM HOM i XKU3H1~:198,94+1683’52,2/KBm’Ll. (39)
nme r’inMXNd)l' N‘{b

1.1.3 XapakTepuCTUKHA CUCTEMBI HAKOIL/IEHHS SHEPTrUU

TouHass M Haje)xHasi OLleHKa COCTOSIHMSI 3apsfia akKKyMy/sTopa I103BOJIsIeT KOPPEeKTHO
NPOBOJUThL yTIpaBleHWe TMOpHUAHOM cucTeMOl B 1le/loM, a Takke Ooslee TOYHO pacCUUTHIBATh
MPOTHO3 PabOThI CUCTEeMBI HAKOTUIeHHs SHeprun B coctaBe C/IK.

Pabora CHD umeeTr orpaHWyeHusi, CBsSi3aHHbIe C HEBO3MOXKHOCTBHIO OECKOHEUHO pa3pspKaTb

WA 3dPsSiKdThb AKB, TdK KdK 3TO MOXXET IIPUBECTH K OTPULATE/IbHBIM IIOC/TIeACTBUAM, d MHOT/ld U K
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HeoOpaTUMBIM TpolieccaM B caMux Oarapesix. Takyke upe3MepHbIi Tiepe3apsii MOXKET TOCTY>XUTh
MPUYMHON aBapuy, B XOfle KOTOPOW aKKyMYyJISITOpHble OaTtaped MOTyT B30pBaThCs. K Takum
OTPaHUYEHUSIM MOXKHO OTHECTH OTPaHMUYEeHHE M0 eMKOCTU akKKymyasaTopHou Oarapeu (Coc), a
TaKKe OrpaHUueHue Ha 3HaueHusi MouHocTed 3apsiga W paspsifa AKDB (Nup/Npasp), KOTOpBIE
pacCMaTpuBalOTCs B OTueTe 10 BTOpoMy JTarmy pabotbl [21]. OpgHako STHX IapamMeTpoOB
HE/IOCTaTOYHO /ISl TOYHOTO MPOTrHO3upoBaHus pabotel CHD. [JomosHuTe/bHO HEOOX0UMO UMETh
BO3MOXXHOCTh OTpe/IeNIATh CKOPOCTh 3apsiia v paspsiza CHO, uToObl Gosiee TOUHO OMpeeNATh
yPOBeHb 3apsifia 6aTapeu B KOHLIe pacueTHOTO Ieprojia BpeMeHHU.

Pa3nmMuHbBIMU HCCIeA0BaTeNsIMUA TIPeJIOKEeHO OO0JbIIoe KOJMUeCTBO MeTO/IOB, T0 OLIeHKe
ypOBHS 3apsifa Oarapeu [22-35]. Ho MHOrume w3 HUX Majo NMPUMEHHUMBI Ha TPAKTHUKE, TaK Kak
WCTIONB3YIOT JIOTIOJTHUTE/IbHBIE BCTPAWBaeMble CHUCTEMbI, WIM JAlOT OOJIBINYIO0 TIOTPEIIHOCTh B
u3MepeHusx. [1o3Tomy Ha 0a3e MakeTa COJIHEUHO-[W3e/bHOTO0 Komruiekca HUY «MBOU» 6ot
TpOBe/leH Psifi WCIbITAaHUH COBMECTHOM pabOThl COMHEUHO-AU3e/IbHOW CTaHLMA W CUCTeMbl
HaKOIIEHWS] SHEPruu C LIeJIbl0 TOy4YeHWs 3aBUCHMOCTeH, OIpeZie/IsiolUX OrpaHhueHusl Ha
CKOPOCTH 3apsza u paspsiga CHD.

Onpenenenvie ckopoctu paspsga AKB: /s monydyeHusi AaHHBIX 00 oOrpaHUMueHMMd Ha
ckopocTh paspsija CHD Obia TmpoBefieHa cepusi 3KCIIEPUMEHTOB, BKJ/IHOUAloOIlasi paspsf
aKKyMYJ/IITOPOB C TIOCTOSTHHOM MOIIHOCTBIO TIPM paboTe M30/IMPOBAaHHO OT ceTH. [IpoTOKo o
3TOMY HCIMBITAaHUIO — TIpUiokeHWe A. /I 3Toro Ha coBMecTHYI paboTy Bkiouanvics CHD,
WHBEPTOP, BK/IIOUAIOIINM B cebsi 3apsgHoe yctpoictBo (3Y), U Harpy3ouHblii moayis (HM) (cm.
pucyHok 19). OrpaHuueHve MO pa3psAHOW MOLIHOCTU 3a/]aBajloCch C TIOMOLbI0 YCTaBOK,
BBICTaB/IsIeMbIX TIPU TIOMOIM BHelHero npunokeHnss HM u cucremer SCADA. B o6mjem 65110
TIPOBEJIeHO YeThIpe WCIIBITAaHWS IIPU Pa3HbIX 3HAYeHUSX MOIIHOCTU paspsifia, MeX[y KOTOPBIMU
aKKyMY/ISITOpPHbIe 6aTapen cHOBa 3apsbkamuch o 100 %.

B xope skcriepumeHTa OCYILLeCTBISUICS TTOCTOSTHHbIM MOHHUTOPUHT YeThIpex IoKasaTresield Ha
CHO3 — momrHocTh (P), ¢ KoTOpO# paspsbkanach Garapesi, pa3psgHble TOK (I) u Hanpspkenue (U), a
Takke ypoBeHb 3apsga (SOC). Ilo monmyyeHHBIM [@aHHBIM OBUTH TIOCTPOEHBI TrpaduKH,

ripe/icTaB/ieHHbIe HAa pUCYHKax 20-23.
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Pucynok 19 — Cxema, ucnosb3yemasi Ajis paspsiga CHO
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Pucynok 20 — MomHocTts paspsaa AKb
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PucyHok 22 — Yposens paspsga AKb
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BPEMJI C MOMEHTAa Havalia 3KCIIepHuMeHTa, 1

Pucynok 23 — Hanpsokenue paspsga AKb

BusyasnbHbll aHa/M3 NMOyueHHON 3aBUCUMOCTH y(x) (CM. PUCYHOK 22) MOKa3bIBaeT, YTO OHa
MOKeT OBITh amnmpOKCHMHpPOBaHa JiMHeWHOW ¢yHKuuel. Ha npumepe ypoBHs 3apsga AKB mpu
paspsifie IOCTOSIHHOM MOLIHOCTBIO 2 KBT, npe/icTaBleHHOro Ha PUCYHKe 24, MOXXHO YBUZETb, UTO
npsiMasi, TIoJlyuyeHHasi ONbITHBIM IyTeM U TpsiMasi IOCTPOeHHas 10 anmnpoKCUMUpYytolleid popmyrne
oyeHb O/M3KM. MakcuManbHOe OTK/IOHEHHE OT OIBITHBIX JJaHHbIX cocraBuio Bcero 0,65 %, a
cpefHeKBaJpaTuuHoe oTK/IoHeHue 0,23. [1719 0CTaNbHBIX OMBITOB MPOU3BOJUM MOXO0KUE 1eHCTBUSI.

Takum 00pa3oM TMo/y4yaeTcsi, UTO 3aBUCUMOCTb MOXKET OBbITh TIpeCcTaB/ieHa CJieyIOMMU
cooTHoleHussMu (cM. Gpopmyssl (40)-(43)):

1) st mocTosiHHOM MOIIHOCTU pa3psijga CHO paBHoit 2 KBT:

ASOC=-218,8XAt+SOC,, (40)

rae SOC,=100% — Hava/ibHBIA ypoBeHb 3apsga CHO (mmo ycinoBusM 3KcriepyuMeHTa). ITO

rokKasbiBaeT, uto pa3psz AKDB Hauasics npu mojiHOM ypoBHe 3apsi/a;
At — Bpems, 3a Kotopoe CHO pa3psbkaeTcss ¢ NMOCTOSSHHOM MOLHOCTBRO. IIpu 3TOM wac

paBHsieTcs 0,041666.
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Pucynok 24 — Paspsig CHD npu 2 kBt

2) [na noctossHHOW MolHOCTH paspsija CHO paBHoii 5 KBT:

ASOC=-532,91XAt+SOC,. (1)

3) /s nocrosHHOM MolHOCTH paspszaa CHO pasHou 7 kBT:

ASOC=-886,99XAt+SOC,. (42)

4) [lns nocTtossHHOM MoLHOCTH paspsiia CHO pasHo 13 kBT:

ASOC=-1946,9xAt+SOC,. (43)

HanoxxuB paHHbIe, nonyueHHble 110 (Gopmynam (40)-(43) (luTpuxoBasi MHUS), Ha JaHHbIe,
TMOTyUYeHHbIe B XO7e JKCIepuMeHTa (CTUIOIIHAs JIMHUS), MOKHO YOeAUThCS, UTO OHM COBIAAiOT
(cM. pucyHOK 25). HemHOro ommmyaroTcs npsimele 11 7 KBT, UTO BbI3BaHO HETOUHOCTBIO B Hayase
5KCMepUMeHTa, HO HeCMOTPSI Ha 3TO JIMHUU Uy T MapasulesibHO, a 3TO 3HAUMT, YTO (POpPMY/Iy MOXKHO

HCI10JIb30BATh [J1d OIIpe/ie/IeHHs CH>)KEeHWs YPOBHSA 3apsA/a.
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PrcyHok 25 — CpaBHeHue [JaHHbIX, IT0/TyUYeHHbIX OIbITHbIM Y TeOpeTUYeCKHUM MyTAMU

OpHako, ec/iy UCMO/b30BaTh YpPaBHEHUs MPSIMBIX TOBKO /1 MO/yYeHHbIX WCIBITAHUW, TO
OyzZieT JOBOJMIBHO TPYJHO TMPOCUUTaTh Kakoe OyfeT u3MeHeHWe 3apsiia [Jisi TMPOMEXYTOUHBIX
3HaueHWH MOILHOCTH, TaK KaK yroyl MeXxAy NpsMbIMU pa3psifia C pa3HOM MOIIHOCTBIO MEHSIeTCsl He
TMIPOTIOPLIIOHA/IBHO M3MEHEHHIO MOILHOCTH, ¥ ueM OOoJibllle MOIIHOCTb, TeM MeHbllle H3MeHeHHe
yrra. COOTBETCTBEHHO /[I0/DKHA CyIL[eCTBOBaTh 00Ilas 3aBUCUMOCTb, KOTOpasi T03BOjsia Obl
CTPOUTBH TIPsIMBIe /17151 JTF000M MOIITHOCTH.

Ecnu paccmarpuBarh momydeHHble GyHKLUM (cM. ypaBHeHus1 (40)-(43)) Kak cTaHJapTHOe
ypaBHeHHe JMHEeWHOW 3aBUCUMOCTU Y =aXXx+b, TO BUAHO, UTO TpaBas 4acTb BCEX ypaBHeEHUM
OT/IMYAEeTCS TOIBKO YITIOBBIM KO3(¢uieHTOM a. VI3 3TOro MO)KHO C/ieiaTh BBIBOJ, UTO BO3MOXKHO
MOCTPOUThH 3aBUCUMOCTb 3TOT0 KO3((UlieHTa OT MOLI{HOCTH pa3psifia (CM. pUCyHOK 26).

[TonyuyeHHasi 3aBUCUMOCTb y)Ke He JIMHelHasi, TI03TOMY /ISl anfpoKCUMalu ee (yHKLUN
OyzieM WCrosb30BaTh TOMMHOMUABHYIO JIMHUIO TpeHza. Hipke mpefcTaBneHbl fABa BapHaHTa

BbIOOPA TOJIMHOMA ZIJ1s JAHHOM KPUBOU (PUCYHKU 27-28).
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PucyHok 26 — 3aBucUMOCTb K03(dHieHTa a 0T MOIITHOCTH pa3psijia baTapeu

B nepBoM BapuaHTe paccMarpuBaeTCs MOJMHOM BTOPOM CTerneHW. BH3yasbHbIM aHaImu3
yKa3blBaeT Ha COBMAaZileHWe SKCIIePUMEHTa/bHOM W alMnpOKCHMUPYHOIeN  3aBUCHUMOCTEH.

Pacxoxxpenne wmexay Toukamud or 0,17 mo 6,86 %. IlonydyeHHass KpvBasi COOTBETCTBYET

ypaBHeHU1o (44):

a=—4,7421x P*—87,238 X P—14,723. (44)

KosdduimeHT Koppensiiiui U MakCUMaJ/lbHOe Cpe/HeKBa/[paTUUHOe OTK/JIOHEHHe B JJaHHOM

cnyuae cocrapisitor: R=0,9993, o0=27,78.

Bo BTOpOM BapuaHTe pacCMaTpuUBaeTCsl OJIMHOM TpeTbell cTerieHW. OH XOpOIIO COBMaZlaeT
C 9KCIIepUMeHTa/IbHOW 3aBUCUMOCTBIO (MakcumanbHoe oTkiIoHeHue 0,002 %). ITonyueHHas KpuBast

COOTBETCTBYET ypaBHEeHHUIO (45):

a=1,3196 X P>—32,942 X P*+74,426 X P—246 ,44 . (45)

KO9(1)(1)I/ILII/IGHT KOppe/I i U MdKCUMaJ/IbHOE€ CpeJHEKBAJPATHUYHOE OTK/JIOHEHHE B [JdHHOM

ciay4dae cocrapisoT: R=1, 0=0,02.
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PucyHok 27 — 3aBucUMOCTb K03(uLeHTa a OT 3HaueHHsl MOLTHOCTH pa3psiza
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®-a3=13196-P*-32942-P?+ 74.426-P - 246,44

PucyHok 28 — 3aBUCHMOCTb KO3(QULIMEHTa a OT 3HaYeHHUs1 MOLIIHOCTH pa3psija

Takum o6pa3oM MOXHO ObLTO OBl CZleNaTh BHIBOJ, UTO TaK KakK MOJMHOM TpeTbel CTereHu
JlaeT MEHBIIYI0 TIOTPelIHOCTh, TO C/IeAyeT BbIOMpaTh ero Jjisi pacueTa ypoBHs 3apsija CHO.
OpiHakKo, ec/iM MOCTPOMTb Ha OofiHOM rpaduke oba TmosMHOMa Ha OOJBIIMIK AWara30H 3HaueHWH
MOIITHOCTH pa3psifia (CM. pUCYHOK 29), To OyzeT MOHSATHO, YTO TOJMHOM TpPeThell cTereHu OyzneT
JlaBaThb ZI0OCTOBEPHBIN pe3ynbTaT TOJMBKO B Tipefiesiax 2-12 kBT momHocTu pa3psja. Ecmu OGyget
He00X0IUMOCTD TPOBOJUTL pacueT pexkuMa padoTel CHD mpu 60/BIINX MOIIHOCTAX pa3psja, TO
€ro WCTOJIb30BaTh HEBO3MOXKHO, TaK KaK OH HAuMHAaeT BBITMOATbCsS HaBepX U, COOTBETCTBEHHO,

AaBaThb BCe 60]'[]:U.Iy1-0 MOrpemHoCTb.

67



P. BT

[
LN

L=
L
—
=1
—
LA

20

-1500

Kozddmmuneant (a)
fg

—a=-4 7431-P=- 27 238-P - 14723
a=13106-P*-32042-P2+ T4 426-P - 246 44

& KosdbdaoEeHT, MoTyIeHHEH 00 ECIEPHEMEHTATEHEM JaHHEDM

PucyHok 29 — 3aBucuMocTb ko3¢ duLeHTa a oT 3HauyeHHsl MOLHOCTH pa3psza

Takum o00pa3oM, 3Hasi MOIIHOCTb, C KOTOpOW pa3pspkaeTcs AKB. MOXXHO BBIUMCIIUTH
ko3 duiireHT a no ¢opmyrne (44). A 3Has BpeMsi, KOTOpOe OHA pa3pspKaeTCs, MO)KHO BBIUKUC/UTD

Kakoii OyzeT ypoBeHb 3apsizia ipu pa3psizie AKB mo crcteme BoipaykeHUH (46):

SOC,=ASOC+SOC, ,;
ASOC=axAt; (46)
a=—4,7421xX P*—87,238 X P—14,723.

Bepudukanys maremarmyeckod mogend: i TIpOBEePKM TMOMY4YeHHOM MOJEeNd pacueTa
ypoBHs 3apsiia AKB Ha npakTrke ObLTI0 MPOBEZIEHO UCTIBITaHKE (TIPUIOXKeHHe A), B X0fie KOTOPOTO
MO/Ie/IMpOBaiaCh MeXXCe30HHasi Harpy3Ka, Tak Kak OHa Haubosiee yacto ucronb3yer pabory AKB
6e3 BK/IIOUeHUs [U3e/TbHOM UM COJTHEYHOMN 7IeKTPOCTaHLUH.

[yist aTOrO0 OBUTK B3SITHI JaHHBIE XapaKTepHBIX CYTOK JeMCTBYIOL[ET0 COTHEYHO-JU3€e/IbHOTO
KOMIUIeKca B T. BepxosHCK ¥ OTMaciiTabupoBaHbl [0 3HAUYeHHi, KOTOpble BO3MOXXHO
nporectupoBath Ha MakeTe CAK HNY «M3W». Kaxkpli1 yac MOZie/IMPOBAJICS B TEUEHUU 2 MUHYT.
[To mosyueHHON XapaKTepUCTHKe M3MeHeHHsI MOL[HOCTH 3apsiia BO BpeMmeHH (pucyHok 30) ObLio

pPaCCUNTAHO U3MEHEHHNE 3dPsi/id dKKYMYJ/IATOPOB.
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Pucynok 30 — MoijHOCTh, ob6ecrieunBaemass CHO

[Tocne 3Toro Mo dopmynam (46) O6bUTM TIpocuMTaHbl KO3(MOUITMEHT a U YPOBEHb 3apsifia B
TeueHUH pabOThI KOMILUIEKCA TIO 3aJJaHHOMY TpadMKy Harpy3ku. 1o TOyyeHHBIM [JaHHBIM ObUT

roctpoeH rpaduk paspsiza AKB (pucyHok 31).
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Bpemsa ¢ moMeHTa Hagala 3KCIIepHMeHTa, I

Pucynok 31 — YpoBeHb 3apsifia, TIOMy4eHHBIX TeOpeTUYeCKU

Ha OJHOM DHUCYHKeE ObLTH MOCTPOEHKI IaHHbIE, IMO/TyUeHHbI€ B X0/ € 3KCIIEPHMMEHTA, d TaKXe

rpaduK YpOBHs 3apsifia, 0/lyueHHbI SKCIIepUMeHTalTbHO (PUCYHOK 32).
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PucyHok 32 — Yposens 3apsza AKB

Kak BuaHO U3 pucyHka 32, Ha OoJibllieli yacTM [uara3oHa 3KCIepUMeHTaTbHbIN Tpafuk
MOJTHOCTBIO COBMAZiaeT ¢ TeopeTuueckuM. OpHako, Ommke K KoHIy 3kcriepumeHTa AKB
pa3psbKaeTcsi 4yTb ObICTpee, UeM IO TeOpeTHYeCKUM pacueraM. MaKcHMaibHOe OTKIOHEeHHe OT
OMBITHBIX JaHHbIX cocTaBuiio 0,6 %, a cpegHekBaipaTiyHOe OTK/I0HeHUe 0,18 %.

B nrobom ciyuae, rosiyueHHOe OTK/IOHEHHe He3HauuTe/IbHO, UTO TI03BOJIsIeT C/ieaTh BhIBO,
YTO TOAy4YeHHble (OPMY/Ibl MOXHO MCIO/b30BaTh [Jis TIPOBeeHUsl PacueTOB YPOBHS 3apsija
aKKyMYJIITOPHOM Oatapeu Tpy porHo3upoBaHuu pabotsl CIK Ha CyTKU Briepef.

Ornpenenienvie ckopoctd 3apsifia AKB: AHanoruyHo HaxoKieHuto ckopocTtu paspsza AKB,
MOXXHO HaMTH W CKOPOCTh 3apsiia aKKyMy/siTOPHbIX Oarapeil. [Iyii 3Toro ObuiM TIpOBe/eHbI
JIOTIONTHUTE/IbHBIe 3KcreprMeHTHI 110 3apsay AKB (mpunokenue A). B mporjecce MCosb30Baanch
tonbko cetb, CHO wu wunHBeprop (pucyHok 33). OrpaHuyeHre 3apsiiHOW MOIIHOCTH ObLIO
TIpOU3Be/IeHO TOKOBOM yctaBkoi 3Y. [Iisi ucronb3yeMbix GaTapeiiHbIXx MHBepTOpOB Victron Energy
Quattro 10000 mMuHMMasibHasi BO3MOXHasi yCTaBKa TOKa paspsga cocrasiaser 10 A, dro
COOTBeTCTBYeT 3,7 KBT 3aps/iHOM MOLJHOCTH. BbUIO NMpOBeeHO YeThIpe HCIBITaHUSI C pa3HbIMU
3HAUEHWSIMU 3apSIZTHBIX MOII[HOCTEH, MeXXy KOTOPBIMH aKKyMY/IITOPHbIe OaTaped pa3pspKaauch C

niomo1so HM no 55-60 %.
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Pucynok 33 — Cxema, rcnosibdyemast Asis 3apsga CHO
Hnsi Hauama HeoOXoAWMO paccMoTpeTh rpaduky (PUCYHOK 34), TOy4eHHbIe OTBITHBIM

myTeM [Jid YeTbIpeX PA3/IMYHbIX 3HAYEHUM MOIITHOCTH 3apsafid U OJId KaXKA0ro M3 HUX OIIpeae/nTb

3aBUCUMOCTB YpoBHs 3apsijjia CHO oT BpemeHU pa3psifia.

MomHocTs 3apdna:

=
Loj 3,7kBT1
7] 5 kBt
7 kBT
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0:30:00 1:00:00 1:30:00 2:00:00 2:30:00
Bpems ¢ MoMeHTa Havana 3KClepHMeHTa, 9

Pucynok 34 — Yposens 3apsizia AKb

BusyanbHbll aHa/MW3 NOMYyYeHHOM 3aBUCUMOCTH (PUCYHOK 34) TIOKasbIBaeT, UTO OHAa MOXKeT
OBITh anmpoKCHMHMpOBaHa WHEeNMHOW ¢yHKUMel. [l mpumepa pacCMOTPUM 3aBUCHMMOCTb IPU

P..,,= 5 KBT, nipeicTaBiieHHY0 Ha pUCyHKe 35.
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-17.05 (3 ¥B1) - 80C = 801.36-t+53.3
Pucynok 35 — 3apsg CHO nipu 5 kBt
MoXHO yBHZIeTb, UTO 3KCIIePUMEHTa/IbHasA MpsiMasi ¥ anmnpOKCUMUPYOLasi MpsiMasi OueHb
Omu3ku. MakcuManbHOe — OTK/JIOHEeHHe OT  OIBITHBIX  JaHHeIX coctaBuwio 0,3 %, a

CpeJHEKBA/JpATUYHOE OTK/JIOHEeHHE COCTaBHJIO 0,19 ,[[]'Iﬂ OCTa/IbHBIX 3aBUCHUMOCTEM npoBeJeHbI

dHdJ/IOTUYHbIE AEﬁCTBHH.

Takum 00pa3oM IMO/TyuaeTcs, UTO 3aBUCUMOCTb YPOBHs 3apsiza CHO oT BpemeHu 3apsija
OyzeT BBITTISIIETh CIeYIOIUM 00pa3oM:

1) pns mocTostHHOM MoIfHoCTH 3apsiia CHD paBHoii 3,7 kBT (dbopmyna (47)):

ASOC=403,42%t+SOC,; (47)

2) [7st IOCTOSIHHOM MolifHoCTH 3apsiia CHO paBHoii 5 kBT (popmyna (48)):

ASOC=601,56Xt+SOC,; (48)

3) [A7st HoCTOSIHHOM MolifHOCTH 3apsiia CHO paBHoit 7 kBT (popmyna (49)):

ASOC=794,56Xt+SOC,; (49)

4) pAns mocTosiHHOM MoljHOCTH 3apsiia CHO paBHoit 9,5 kBT (dhopmyina (50)):

ASOC=986,13Xt+SOC,. (50)
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[MpenctaBuB Ha pucyHKe 36 AaHHbIe, monyueHHble 10 dopmynaMm (47)-(50) (TpuxoBbie
JIMHWM), Ha [lJaHHbIE, TIOJTyYeHHbIe B XOfie SKCIepUMeHTa (CIUIOIIHbIE JIMHUK), MOXKHO yOeauThC,

YTO OHU COBIIA/IAIOT.
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BpﬁMﬂ ¢ MOMEHTa Ha49a/Ia 3KCIepIiMeHTa, 1

PI/ICYHOK 36 — CpaBHEHI/Ie JAaHHBIX, TTOJIYU€HHBIX OIIBITHBIM M TEOPETUUECKHM ITIyTAM

PaccmarpuBasi mosyueHHble  (YHKUMM KaK  CTaHJApTHOe ypaBHEHWe JIMHEeNHOMN
3aBUCUMOCTH, OTJIMYAIOLIMecs] TOJBKO YIVIOBBIM KO3((UIMEeHTOM MpsIMOM MOXXHO TOCTPOUTH

3aBUCHUMOCTB 3TOro K03 ulirieHTa OT MOILHOCTU (PUCYHOK 37).
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PucyHok 37 — 3aBUCHMMOCTD K03(uiirieHTa a OT MOIIHOCTH 3apsiia baTapeu
BusyanbHbIN aHa/IM3 3aBUCUMOCTH, Mpe/CTaB/IeHHON Ha pUCYHKe 37, TI0Kasasl, YTo OHa Y)Ke

He HHHEﬁHaH, MMO3TOMY [AJid OoImpenejieHus ee (I)YHKLII/II/I 6y,£[€M HCII0/IBb30BATh IMOJIMHOMHWHAJ/IBHBIE

JINHWXU TpeHJd. Tak Kak SKCIIepUMEHTA/IbHAA 3aBUCHMMOCTL IIp€/CTaB/IeHA HE BO BCeM /[iMdlld30He

73



BO3MOYKHBIX 3HaYeHUM MOI{HOCTH 3apsifia, TO He0OX0AUMO Kak MMHUMYM [J00aBUTh HYJIEBYIO TOUKY
(oueBMAHO, YTO TIPU Hy/e MOIHOCTH 3apsifia [O/DKHO OBITh M HYJIEBBIM 3HayeHHe YITIOBOTO
ko3¢ duimenta). Hike mpencraBneHsl BapyaHTHI BbIOOpa TOMMHOMA AJISi JAHHOW KPUBOW (CM.
puCyHKU 38-39).

B mnepBom BapuaHTe paccmaTpuBaeTCsl MOJIMHOM BTOPOM CTereHH. [losnyueHHass KpuBas

COOTBETCTBYeT ypaBHeHUIO (51):

a=—2,6382x P*+130,67X P—7,5352. (51)

KO9(1)(1)I/ILII/IGHT KOppe/I i U MdKCUMaJ/IbHOE€ CpeJHEKBAJPATHUYHOE€ OTK/JIOHEHHE B [JdHHOM

ciay4dae cocrasistoT: R=0,9980, 0=26,87.
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—&— KosbhduiHeHT, OTyYeHHBIH M0 3KCIEPHMEHTATHHBIM JTAHHBIM
—e—3a=-2.6382-P>+130.67-P-7.5352

PucyHok 38 — 3aBucrMOCTb K03uiieHTa a OT MOIIHOCTH 3apsiia baTapeu
Bo BTOpoM BapraHTe pacCMaTpHBAeTCs TIOIMHOM TpeTheld cTerieH. OH JIydlile JI0KUTBCS TI0

JIMHUH, KOTOpasA TIIOCTPO€Ha TII0O OINBbITHBIM [JdHHBIM. HOJ’Iy‘-IEHHaH KpHBadA COOTBETCTBYET

ypaBHeHHIO (52):

a=-0,9094 X P°+10,402 X P*+86,953 X P—1,0196. (52)
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KOB(I)(I)I/ILII/IGHT KOppe/Isdiii U MdKCUMaJ/IbHOE€ CpeJHEKBAJPATHUYHOE OTK/JIOHEHHE B JdHHOM

cnyuae cocraysior: R=0,9993, 0=15,99.
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—e—Ko3(hHITHEHT, MOIyYeHHBIH 0 YKCIePHMEHTAIBHBIM TaHHBIM
—e—a=-0.9094-P*+ 10.402-P>+ 86.953-P- 1.0196

PucyHok 39 — 3aBucUMOCTb K03 dui[eHTa a OT MOIIHOCTH 3apsifia barapeu

s mpumepa ObUTH TOCTPOEHBbI BCe BapWaHTHI Ha OfHOM rpaduke B Auaria3oHe oT 1 70
20 kBT (pucyHoK 40), uTOObI OTIpeie/TUTh KaKasi U3 TMOJYyYeHHbIX 3aBUCUMOCTEH OyzeT KOPPeKTHO

pa6OTaTb Ha 0OJIBITIOM AHarida30He MOILHOCTH 3apAaja.
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a=-0.9094-P*+10.402-P>+86.953-P-1.0196

o KoahbHIHeHT, MOTyIeHHBIH 110 SKCIICPHMEHTAThHBIM JTaHHBIM

Pucynok 40 — 3aBucuMocTh K03 duipieHTa a OT MOILTHOCTHU 3apsifia barapen
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Kak BuUAHO U3 rpaduKoB TMOMWHOM 3-ii CTemeHU He TIOAXOAST [Jis Orpe/eeHus
k03 duIeHTa, OTpe/esIAIOIero ypaBHeH!s TPSIMON W3MeHEHHUs] YPOBHS 3apsifia akKyMYJIsITOpa,
TaK KakK Ha OOJIBIIIMX MOIHOCTSIX 3HaUeHWe CUIBHO OTKJIOHSIETCS OT BO3MOXXHOTO. A BOT MOJIMHOM
2-11 cTeTieH! B IaHHOM CJTyyae MOXKHO CUMTaTh HauboJiee MOAXOAsIIei.

Takum o0pa3oM, 3Has MOIIHOCTb, C KOTOpoil pa3psbkaeTcsi AKB MOXHO BBIUMC/IUTH

k03¢ uULMeHT a, o cucTeMe BbipaxkeHuH (53).

SOC,=ASOC+SOC, ,;
ASOC=axAt; (53)
a=-2,6382xP’+130,67 X P—7,5352.

Bepudukanys maremarmueckodi mogenu: i TIpOBEPKM TMOMy4YeHHOM MOJEeNd pacyeTa
ypoBHs 3apsiia AKB Ha npakTuke Ob110 MPOBeZieHO UCTIbITaHUe (TIpUIoKeHHe A), B Xofie KOTOPOTo
mopemupoBascs 3apsis AKB. [Ia Toro, uroObl He yUUTHIBaTh MOTpebUTE/NsT OBIIO AOMYIEHO, UTO
3a/ilaBaeMasi MOILJHOCTb SIBJISIETCST OCTAaTKOM OT BBIPAOOTKH 3a BBIYETOM TMOTPeOIeHus.

HeobxomuMo mpocuutath KakoW OyzeT 3apsiy akKyMY/lsSTOPDOB U OLIEHUTb OM30CTh
MI0JIyYeHHbIX pe3yJIbTaTOB C SKCIIePUMEHTA/JbHO II0JIyYeHHbIMU 3HaueHUsIMA YPOBHS 3apsja
aKKyMYJIITOPHOU Oatapeu.

Ha pucynke 41 Mo)XHO HaO/OgaTh pe3Kuid CKayeK MOITHOCTH, BbI3BAHHBIM MOTpebeHrneM
HefocTaroieit sHeprun ot AKB. [[ist 6ombliieit J0CTOBepHOCTH MPOBEPKH Ha 3TOM yuacTke OyzeT
WCTI0/Ib30BaH MeTOo/| oripe/iesieHust pa3psiZia Oarapeu, MojiyuyeHHbIN U onmpoOOBaHHKIN Bhile. Takke
MO>KHO HabJ/Tr0fIaTh, UTO B IAaHHOM CJIydae 3apsiJ HJeT He MOCTOSHHOW MOIJHOCTBIO M TaKasl KpUBast
XapakTepHa Jjis 3apsijia B TpU 3Tamna (PUCYHOK 42), KOTOpbIM MPUMEHSIeTCS Ha WCMO/Ib3yeMOM
0b6opy0BaHUH.

3apsig B Tpu 5tana (IUoU) [36] — npoueaypa 3apsifja CBUHLIOBO-KUC/IOTHOTO aKKyMY/sTOpa,
cocrosiijas U3 Tpex (a3 (WM 1IaroB), BBIMNOJHSEMbIX 3apsiIHBIM yCTPOMCTBOM, B OTHOCHUTE/BHO
KODOTKUI Tieproy; BpeMeHH Oe3 CHIDKeHHS ee pecypca U Moj/ep>kKaHue akKKyMy/IITOpPHOU OaTapen B

IMOJ/THOCTBIO 3dpsSA’>KEHHOM COCTOAHHHK BCe BPpeMs, IMOKd K Hel noacoeqrHEHO 3apAaHoe YCTPOﬁCTBO.

76



12000
10000
8000
6000
4000

h
A 2000

-2000
-4000
-6000

-3000

0:00:00

1:00:00

2:00:00

3:00:00

4:00:00

5:00:00

BpeMH C MOMCHTA Ha4valla 3KCIICpHMEHTA, 1

PucyHok 41 — MoiHocTs, noaBogrMasi K AKb
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PucyHok 42 — 3apsiz B Tpu tamna (IUoU)

77

6:00:00



IepBasi ¢a3a I (3apsiA MOCTOSTHHBIM TOKOM) YacTO WCIIONb3YyeTCsl MpHU IyOoKoM paspsije
AKB. DTOT 3Tan camblii BaXHBIM M IVIaBHBIA 3Tal B aaroputme 3apsga. Ha stom srane Ha AKB
TI0J,aeTCsl TOK TaKOM CHUJIBbI, CKOJIBKO IT03BOJISIeT 3apsijHOe YCTPOMCTBO uiu MoxkeT npuHATe AKB, HO
He mipeBblarOM 10 % ot HomuHanbHOU eMKOoCTH AKDB (A-u), 10 Tex MOp, MOKa HampsbKeHHe
OaTapen He JOCTUTHET 3a/JaHHOTO MaKCHUMaJbHOTO ypoBHsS. [loka HampsbkeHue OyzeT pacTu U
JOCTUTHET 3a/JaHHOI0 MaKCHMMaJIbHOTO YPOBHs, TOK IPY 3TOM [JOJDKEH OCTaBaTbCsl MOCTOSIHHBIM U
OMU3KUM K €r0 MaKCUMa/IbHOMY 3HaueHUIO.

B GosbImMHCTBe CTydaeB, 10 OKOHUaHMIO AaHHOTO 3Taria AKB 3apspkaeTcss pUMepHO 7o
80 %. 3toro AocraTouHo, uTOOBI MOXKHO ObLIO MOMB30BaThCss AKB, He TPOW3BOAS JambHEMIINX
9TaroB 3apsiKU.

Bo Bpemsi Broporo srtama unu ¢asel U, (3apsi[i MOCTOSIHHBIM TepeHaripsbkeHueM, hasa
abcopOi1yy) TIOBe/leHNe HAMpsDKeHUST W TOKa 3apsifiKi MEHSIFOTCS Ha TPOTHBOIIOIOXKHOE T10
CpaBHEHMIO C TeM, KOTOpoe ObLIO Ha TpejbiayilieM 3Tare. Terepb HarpsbkeHHe MOJep>KUBaeTCst
IIOCTOSIHHBIM, & TOK MOCTENIEHHO YMEeHBbIIAeTCsl.

Yamje Bcero TakoW 3Tam 3apsiikKu siBsieTcss Haubosee 3(deKTUBHBIM, €C/d OH JITUTCS
JIOCTaTOUHO JIO/ITO, He MeHee 4 YacoB, [0 TeX TIOp, UTO KaKeTcsl Oarapes MpaKTHUeCKU He
1oTpeb/sieT TOK.

Ha Bropom »srare B 3aBucumoctu oT Tuna AKDB mocrossHHOe HaripsbkeHue 3apsiiHOrO
YCTPOWCTBA yCTaHaBAMBaeTCd B Auana3oHe oT 14,1 go 14,8 B, a TOK MOCTENEHHO yMEHBIIAeTCS
«aobuBas» ocrasimecs 20 % o nosHo 3apsagku AKB. TTosHast 3apsijka 0OBIYHO HACTYyTIaeT, KOrza
3apsiIHbIN TOK TaziaeT o 2 % oT HoMuHa/bHOM eMKocTh AKB. Hanpumep, koHeuHsIi Tok a1t AKB
50 A-u (C/20) cocrarnsiet pubmsutensHo 1 A (1000 MA) wiu gaxke menee. Ecim AKB He MoxeT
«yZlepKaTb» 3apsifi, TO TOK He yMeHbIIaeTCs I[0C/e pacueTHOro BpeMeHU 3apsigkud, a AKDB
HarpeBaeTcs Boilie 51,5 °C, 310 roBopuT 0 ToM, uTo AKB MOXXeT ObITh CUJTBHO 3acy/ib(aTupoBaHa.
B Go/bIIIMHCTBE CTyuaeB, 10 OKOHUaHUIO JaHHoro 3tana AKB 3apsbkaercst mpumepHo fio 95-100 %.

@®a3a U (3aps[ NMOCTOSHHBIM HarpsbDKeHWeM, MOAJEepKUBaloOIIUM 3apsif])) WUCHONIb3yeTcsl B
L[e/1s1X TOAAep>KaHusl TTOIHOCTBIO 3apsbkeHHOro AKDB U npeozoneHust eCTeCTBEHHOIO camopaspsiza
AKDBb MOXHO /[iepkaTb MpakTUUeCKd HeorpaHWYeHHO foiro. Ha 3ToM sSTame TOK 3apsku
yMmeHblIaeTcs: npuMepHo 70 1 % (C/100) wnu eie MeHbl11Ie.

Takum o6pa3om mo rpaduky mnozaBogumoi morHocTH K AKB mo dopmynam (53) Obut
npocuuTad Ko3¢dduiueHT a, mocje yero ObUT TIPOCUMTAH YPOBeHb 3apsiia B TeueHWH pabOThI
KOMIUIeKCa C 3aJJaHHOW MOIIHOCTBIO 3apsiia. [1o TomydyeHHBIM JaHHBIM ObLT TOCTPOEH Tpaduk

3apsga AKD (pucyHok 43).
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——SOC, noay4eHHBIH Ha OCHOBE MAaTEMATHUECKOH MOJEIH

-SOC, TToTy4eHHBIH SKCIIEPHMEHTATbHBIM IIyTEM

PucyHok 43 — YpoBeHb 3apsifia, TIOyueHHbIN TeopeTHueCKU

Kak BuaHO U3 rpadukoB mnosiyueHHas 1o (opmysnaM KpuBasi OT/IMYAeTCsl OT I0/IyuyeHHOMR
OTIBITHBIM ITyTeM. JTO MOXKET OBbITh BbI3BAHO TeM, UTO BbIBO (hopMy: (53) IpOBOAM/ICS TIPH 3apsizie
MOCTOSTHHOM MOIIJHOCTBIO M HE yUWThIBa/l CBOMCTBO 3apsiIHOTO YCTPOMCTBAa CO BPEMEHEM MEHSITh
peXXuM 3apsifia, yMeHblllasg CKOPOCTb 3apsija B 3aBUCUMOCTA OT YypoBHs 3apsga AKbB. s
yBeJIMUEHHs TOUHOCTH pacueToB 10 (¢opMynaM, ObUIO TIPUHSATO pelleHHe 1o00paTh
KO3 PUILIMEeHTHI, YUUTHIBAIOIIME 3TO BUSHUE.

[ns Hauana ObuUTM BbIOpAHBI [Uara3oHbl, B 3aBUCUMOCTH OT KOTOPBIX OyleT MeHSTbCs
kK03 duieHT — HaunHasi oT 50 % ypoBHs 3apsiga A0 100 % u c mwarom B 10 %. HauanbHblii
k03 duienT B 50 % OB MPUHAT W3 TTOKa3aTe s HalpshKeHUs, KOTOPbIN MPU MEHBIIINX 3HAuUeHUSIX
YPOBHS 3aps/ia CHIDKa/ICA [0 HeJONyCTUMbIX 3HaueHWH. B 3aBMCMMOCTH OT Haua/bHOIO YPOBHS
3apsila KaKJOoW wuTepaluu Tojdupascsi Takod KOo3(pQULIMeHT yMeHbIIeHHsT MOIIHOCTH, UTOOBI
TeopeTUYeCcKH TOCYMTAaHHasi KpUBasi MakKCUMasbHO O/M3KO Mpubmkanack K 3KCrepUuMeHTaTbHON
KPHBOM 1 CyMMapHOe Cpe/JHeKBaJpaTHYHOe OTK/IOHeHHe COCTaBsisiyio He bosee 0,5.

[TopobpanHble KO3GhbUIMEHTHI TIpeAcTaBieHbl B Tabmume 21. Torma ucmonb3ys 3TH
K03(p(ULIMEeHTHI U yuuThIBasi, uyTo Tocsie 3apsija AKB ypoBeHb MOAJep)KWBaeTCs Ha 3HAUEHUU B

100 %, rpaduk 3apsisa OyaeT BIIVIsZeTbh TaKUM 00pa3oM, Kak 3TO TTOKa3aHO Ha PUCYHKe 44.
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Tabnuma 21 — KoadpunueHTsl, yautbiBaromue BIUSHAE YPOBHS 3apsiaa Ha ckopocTh 3apsiaa AKb

Yposens 3apsiia AKB, % KoaddutiyeHr, o.e.

50-60 1
60-70 0,75
70-80 0,7
80-90 0,65
90-100 0,6

125.00

115.00 ,__/‘f

105.00

S0C, %
=]
n
=
=

0:00:00 1:00:00 2:00:00 3:00:00 4:00:00 5:00:00 6:00:00
BpeMmsa ¢ MOMEHTa Hadala 3KCIIEPHMEHTA, 4
—— SOC, nOoIy4eHHBIH Ha OCHOBE MAaTEMAaTHYECKOH MO/IEIH
=SOC, 1oIyueHHEI SKCIEPHMEHTAIBHBIM IIYTEM

SOC, nIpHBEIHHBIH K 3KCIIEPHMEHTAIBHBIM JaHHBIM

PucyHok 44 — Yposens 3apsizia AKb

Kak BugHO 13 rpadvKoB TMPUBEEHHBIM pacueT JIOKUTCS Ha SKCIIepUMeHTalbHbIM rpaduk
JIOBOJTbHO TOYHO, OAHAKO B KOHIle mocsie 96,3 % ypoBeHb GaTapeu pe3ko Bo3pactaet o 100 %, a
pacueTHbIM rpaUK MpOAO/KaeT MOCTENeHHO Bo3pacTath B TeueHWe BpemeHu 0 100 %. Ecmm
paccmarpuBath rpaduK A0 3TOr0 MOMEHTa, TO CpeJJHeKBaJpaTUUHOe OTKIoHeHue cocTtasmseT 0,13,
a C yyeToM pe3Koro Bo3pacranus — 0,24.

B xone axcniepuMeHTOB Takoe MoBeIeHne YPOBHs 3apsia (pe3koe Bo3pacranue SOC B KOHIIE
3apsifia), MOJYYEHHOTO OMBITHBIM ITyTeM, BCTpedanioch He oauH pa3. OAHako 3aBUCHMOCTh
IIOABJICHUS TAKOT'O SABJICHUSA BBIABICHO HE 6]:1.]10.

Kak ObUIO pacCMOTpEHO BBIIle TaKoe TIOBEIEHHE MOXKET ObITh BBI3BAHO Jerpajanyei
aKKyMyJISITODHbIX OaTapeif, a TouyHee cy/bdaraiueil. [IpoBeisi HeCKOTBKO SKCIIEPUMEHTOB C
3apsiioM U TIPOBEepPUB M3MeHeHHe TOKa B KOHL[e 3apsifia, ObIJI0 BBISIB/IEHO, YTO TOK TP JIOCTHXKEHUU
MaKCUMajbHOTO 3apsila He CHIDKAeTCS, a OCTAeTCsd Ha TOM >Ke YPOBHE, UTO MOXeT OBbITh

0XapaKTepru30BaHO HEBO3MOXKHOCTBIO «yJep>KaTb» 3apsi/i Ha (PMHAIbHOM JTarle 3apsija.
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OpHako ocTaeTcs HEMOHSITHO, [oUeMy TOTZia YPOBEHb 3apsifia JiefiaeT pe3KUil CKauek, a He
OCTaHaBJ/IMBaeTCs Ha OIpe/ie/IeHHOM YPOBHe Y [I0YeMy 3TO NPOMCXOAUT Ha Pa3HbIX YPOBHSAX 3apsja.

MOoXHO TIpeAIo/NIoKUTb, YTO pas3/Ivyve B MeCTax CKayka IPOMCXOLUT M3-3a pas/IMuHOU
nerpazaiu AKB 1 Mx Hecor/iacOBaHHOCTH MeXKIy co0oM Tocie rieprozia HeMCIo/ib30BaHusA. A BOT
caM CKaueK MOKeT OBITh BbI3BaH TO/ICTPONKOM 3apsiIHOTO YCTPOMCTBA K HeM3MeHHBIM TlapaMeTpam
AKB. Tem cambim 3Y «gymaet», uto AKB Gosibiiie He 3apspKaeTcsl M BBICTAaB/IsIeT 3HaUeHUe PaBHOe
100 %.

Takum o06pa3oM, paccMmaTpuBasi MakeT COJTHEUHO-Au3enbHOro komrviekca HUY «M3U»
HY)KHO YUYWTBIBaTh, UTO Haubosiee JocToBepHbili pacueT SOC Bo3moxeH oT 50 zo 90 %. Ilpu
OoMBLIMX YPOBHSIX 3apsi/ja, MOYKHO TIPOBOAUTE PacueT I10 JIoTapru(MuueCKoi 3aBUCUMOCTH JaJlblIle,
HO YUYWTBIBaThb, UTO peasibHoe 000py/i0BaHIe MOXKET JaTh JPYroil pe3ysibTar.

IIpu wucCrosnb30BaHUM JIaHHOW MeTOAMKM Ha JpPYruX o0beKTaxX HeoOXOJUMO YUMTBIBATh
cocTosiHUe U xapakTepucTuky AKB, MCIionb3yeMbIX Tam.

Bepuduikaiys ypaBHeHul ckopocteli 3apsiia u pa3psiza: [locne nonyuenus dopmyn (46) u
(53) ot omipesiesieHUsT CKOPOCTeH 3apsija U pa3psga CHO HeoOX0 MO TIPOBEPUTE UX COBMECTHYHO
paboTy Ha mpakTHKe. [1i 3TOro TakxKe ObI/ MPOBeZieH SKCTIePUMEHT (CM. TIpUIoykeHre A), KOTOPBIN
coyeTtaeT B cebe 3apsi/i ¥ pa3psj, aKKyMy/ISITOPHBIX Oarapeii. MI3MeHeHue BO BpeMeHH MOLI[HOCTH Ha

CHDO p11 jaHHOTrO OrIbITa MpejCTaBlIeHo Ha PUCYHKe 45.
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PucyHnok 45 — MomHocts Ha CHO
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Kak BupHO 13 rpadmka B TiepBOM TIOJIOBHMHE SKCTepuMeHTa mpoucxofun paspsga CHO
Pa3/IMYHBIMU 3HaUEeHUSIMU MOILIHOCTH, @ BO BTOPO#1 MosioBUHe — 3apsZ, CHO npu pa3HbIX 3HAUEHUSIX
MOLIJHOCTH 3apsijia.

PacueT HauMHaJCsl ¢ MOMeHTa U3MeHeHHs1 ypoBHs 3apsiia CHD. [Ist 3Toro UcIiosib30Bainch

dhopmyse (46) u (53), a Takke Tabmuiia 21. TTomyyeHHbIH rpaduK IIpeCcTaBIeH Ha pUCyHKe 46.
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Bpems ¢ MOMeHTa HadaTa H3MepeHns ypoBHs 3apsmaa CHI, 1
= JlaHHEIe, TIOTyYeHHBIe B X0JIe KCIIepHMEHTa

~—— JlaHHEIe, NONYYeHHBIe [0 PACIETHBIM (HOpMYyIaM

PucyHok 46 — YposeHs 3apszga CHO

Kak BugHO U3 rpadukoB, TO/lyueHHble 3HAaYeHWs HEMHOIO OTKJIOHSIFOTCSI  OT
5KCMepUMEeHTaNbHO TOMY4YeHHbIX [aHHBIX, UTO B CBOIO OYepelb CKOpee BCEero CBSI3aHO C
nmerpagaieii AKB, a Takke HeOOJIBIIION TMOTPeNTHOCThI0 pacueta ¢GopMmyn. B gaHHOM ciydae
MaKCHMaJibHasl TIOTPeIIHOCTh cocTaBuia 2 %, UTo OMyCTUMO /il UCTI0/Ib30BaHUsI JaHHBIX (hOpPMYJT
TIPY TIPOTHO3UPOBAHUU pe>KKUMa paboThI.

OpHako HaZil0 Y4yuTbIBaTh, UTO IIPOrHO3 Ha CYTKU BIlepes; MPOBOAUTCS KaXKAbIA yac C
oTipe/ie/IeHUeM [JIlaHHBIX C caMoro obopymoBaHus. TakvM 00pa3oM KaK/Ablii uac pacueT OyzeT
MPOBOJUTHLCS 3aHOBO C HOBOU Haya/lbHOW TOUKH.

Torjja AaHHBINA OMBIT MOXKHO pasfie/IUTh Ha 2 yuyacTKa — TiepBbIi U BTOpoi 4ac pabotel. B

TaKoM cjydae rpaduku OyyT BLIIVISIAETh C/IeAYIOIIMM 00pa3oM — CM. pUCYHKU 47 u 48.

82



S0C, %

102

100

98

96

94

92

90

88

36

0:00:00

0:30:00 1:00:00
Bpems B nepBrlii yac npoBeleHHs JKCIIepHMeHTa, 4

_,Z[aH'HBIe, MOIYYICHRBIC B X0/IC SKCIICPHMEHTA

~— JlaHHEIe, TIOTyIeHHEIE TI0 PACIETHEIM (hopMyIam

SOC, %

101
100
99
98
97
9
95

PucyHok 47 — YpoBens 3apsiza CHD B nepBbIi yac 3KCIlepuMeHTa
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PucyHok 48 — YpoBenb 3apsizia CHD Bo BTOpOI 4ac 3KCriepruMeHTa
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Kak BrHO 13 rpaMKoB, B Mpejie/ax yaca norperHocts usmensercs ot 0,6 % (BTopoit yac)
70 1,5 % (mepBbiii yac). COOTBETCTBEHHO MOYKHO CZie/1aTh BBIBOZ, UTO TIOTy4YeHHble (POpMYJIbl MOTYT
WCII0JIb30BaThCA [/1s1 KOHKPETHBIX Lie/lel KpaTKOCPOYHOIO IPOrHO3UPOBAaHMUS.

1.2 Onucanue cucTeMbl yIIpaB/IeHHs CO/THEYHO-AU3e/IbHbIM KOMILIeKCOM

OcyujecTBieHve  3af@d  ONTUMM3ALMM  COCTaBa,  IlapaMeTpOB U peXUMOB
(YHKLIMOHHMDOBaHUS COJTHEYHO-/IM3e/IbHOT0 KOMIUIEKCA IMPOrpaMMHBIMU CpeJCTBaMH BO3MOKHO
TOMBKO TIPM aKTHBHOM HCII0/Ib30BaHUM arapaTHOrO obecrieyeHusi, OCYILECTBJISIOIEro coop u
00paboTKy mepBUYHOI MH(pOpPMaLUY, ee Tepejauyy, XpaHeHWe U 00paboTKy M TakKe HCIIOTHEHHe
NPUHATBHIX pellleHui 1o ynpasrieHHuto pexxumoMm pabotsl CIK. T.e. daxkTtuueckd [Jo/pkeH OBITh
CO3[jaH anrnapaTHO-TIPOrpaMMHBIN KOMIL/IEKC, peaau3yrouid GyHKLU0 cucTeMbl ynpasneHus: CIAK
(CY COK) B aBTOMatr31pOBaHHOM peKUMe.

TpagULIMOHHO CHUCTeMBbI  YIIpaB/IeHUsl CTPOSATCS TI0 HepapXU4yeCcKoMy IIPUHLIUILY,
BKJIFOUAIOLIleMy BepXHUI YPOBeHb Y HW)KHUM YPOBeHb aBTOMaTU3MPOBAHHOW CUCTEMBbI YIIPaB/IeHHsI.
Hwxkauii ypoBenr ACY obecrneunBaeT mosiyueHrHe HeoOXOAMMOW WMCXOAHOW WH(GOPMAld O
TEKyIleM COCTOSHMM YIIPaB/isieMoro OOOpYZOBaHMS ¥ WCIIOJHEHWe YIIPAB/SIOMINX KOMaH/,
MOCTYMALMX C BepXHero YpoBHS. BepxHul ypoBeHb UrpaeT posib CUCTEMBbI NPUHATHUS peLIeHui
00 ynpaeneHnu pexxumoMm pabotsl CIK, pomosnHuTenbHble (YHKLUMM — apXUBUpPOBaHUE
uHbopMaluu, obecreueHre Ye10BeKO-MalllMHHOTO uHTepdetica.

B coorBerctBuM ¢ I'OCT TexHUYeCKoe OmMcaHue CUCTeMbl yIIpaB/JeHUs JO/DKHO BKJIHOUATh
C/lefyrolye pasjebl:

—  CXeMa JIOKaJIbHOW BbIUMC/IUTE/IbHOW CeTH;

—  (pyHKLMOHa/bHAas CXeMa;

—  oO1mee onvcaHue anropuT™Ma paboThl.

Anroput™m paboTel cucTeMbl yrnpaBieHuss pexxumoMm pabotsl CIK Bxouaer B cebst
C/1efyrollye 11ary U BbIMOJIHAETCS B LIUK/INYeCKOM pekume:

1) TlocryrieHue KOMaHZBI Ha 3aMyCcK pabOTHI B aBTOMAaTUYeCKOM pPeKHMMe TIPOrPaMMHOTO
KOMILJIEKCA,  OCYIIeCTBJ/ISIIOLero  ONTMMHU3aLMI0  COCTaBa, IlapaMeTpoB U PeXXUMOB
(DYHKLIMOHMDOBaHUS COJIHEYHO-JM3e/IbHOTO KOMIUIeKca (flalee — TIpPOrpaMMHBIA  KOMILIEKC
«[TpuHsATHeE pellieHnit 110 yrpaB/eHnto pe>xxuMoM paboTsl CIIK»).

2) CraproBasi UHULMAIU3aLYs:

— 3arpys3ka uH(popMaLyu 0 TeXHUUeCKUX XapakTeprcTHKax obopyznoBanus CIK.

— 3arpy3ka MH(pOpMaLM1 0 HaCTPOMKax NMporpaMMHOro Komiiekca «[IpuHsaTHe peleHuid

10 yTipaB/ieHuio pexkumoM pabotsl CK».
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3) BroimonHeHue riaHMpoBaHus pexkuMa pabotsl CIIK Ha CcyTKu Briepes:

—  Tlonyuenue nHbOpMaLMK O TEKYIeM cOCTOSTHUM ob6opynoBanus CK.

— DBrimosnHeHwe NpPOTrHO3MPOBaHUSI W3MEHEHUS Be/IUUMHBI COMHEYHOIO M3/IyYeHus M
MOILLHOCTU COJIHEYHOM 3/IeKTPOCTaHL1H.

— OnTumusanusi cocraBa, apaMeTpoB U pexKMMOB (yHKLMoHMpoBaHusi CK Ha cyTku
BIlepes.

4) Bepgenue pexxuma paboter C/IK:

— OnTumusanusi cocTaBa, NpamMeTpoB U pexxumoB (QyHKUMoHUpoBaHus CK B pexxume
peaibHOIO BPeMeHH.

1.3 Ofmiee onMcaHue aBTOMATH3UPOBAHHOMN CHCTeMbl yIPaB/IeH!s TeXHO/I0THYeCKHMU
nponeccamu (ACY TII) CAK

B cootBerctBUM ¢ I'OCT P 59795-2021 «WHdopmaliimoHHble TeXHOJOTUU. KoMriiekc
CTaH/]JaPTOB Ha aBTOMAaTHM3WPOBaHHbIE CUCTEMbI. ABTOMAaTH3WpOBaHHbIE CUCTeMbI. TpebGoBaHUS K
COZlep)KaHUIO JIOKyMeHTOB» obOmjee ommcanne ACY TII CHK BkmrouaeT XapaKTepUCTHKY
Ha3HaueHHsT CHUCTeMbl, ee OIMCaHWe M B3aWMMOCBA3b C [PYyTMMH aBTOMaTU3MPOBaHHBIMU
CUCTeMaMU — yKa3aHHas MH(OopMaLs IpUBeieHa HIKe.

1.3.1 Ha3nauenue ACY TII

ACY TII CODK mpenHasHaueHa /il aBTOMaTU4YeCKOrO YTIpaB/ieHHs] PeKUMaMu PabOThI
rUOpPUHOTO SHEPreTUYecKoro Komruiekca. B mipemyiokeHHyro ACY BXoAuT 000pynoBaHUE,

TipeJicTaB/ieHHOe B Tabmiie 22.

Tabmia 22 — CocTaB KOHTPOIMPYEeMOT0 000py/[0BaHHS

No En.
o HaumeHoBaHMe 000pyj0BaHUsS . Kosn-Bo KonTtpons | YmpasneHue
1 ary A-30 IIT. 1 + +
2 Ary A1-12 IIT. 1 + +
barapetinbiii uHBepTOp Victron 3

3| Energy Quattro-10000 . 3 i

4 AKB (Yellow Battery GB 12-200) IIT. 12 + —
CeteBou uaBepTop SMA Sunny

> | TriPower 12000TL T 1 " B
Nmurarop C3C Delta Elektronika

6 IIIT. 2 - +
SM 660 AR-11

7 Il;lgrpquHbm Moy HM-50-T400- - 1 + +

8 [TporpamMmmupyeMblii JorHyecKui — 1) . 3
KoHTpoJiiep Raspberry Pi

9 APM LT, 1 + +
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dynkimoHanbHas ctpykrypa ACY TII ctpouTcs Ha 6a3e co3zaBaeMoii B ee COCTaBe eJUHOMN
MHKPOIIPOLIeCCOPHOM CHUCTeMBI M3MepeHuii, cbopa, 00paboTKH, iepejaun U XpaHeHuUs1 TH(OPMaLn
0 HOPMa/IbHbIX W aHOMAaJ/IbHBIX peXWMax, BKJIIOUas PerucTpaljii0 aBapUMHBIX DPEXUMOB U
npotieccoB. OcHoBHble @QyHkimu ACY TII CIOK mnogpa3penstoTcss Ha [Be TPYNIbI:
TeXHOJIOTMUecKre U obirjecrcTeMHbIe.

TexHonoruueckue QyHKLIWM:

— wu3MepeHue, mpeobOpa3oBaHue, cOOp [AWCKpPeTHOM WHGOPMALKM O  TEKYIUX
TeXHOJIOTUUeCKUX Pe’KUMaxX U COCTOSTHUM 000py/j0BaHus;

— TIpeJCTaBleHHe TeKyLell W apXUBHOW MH(OpMAaLMM OrepaTUBHOMY I[€pPCOHAaNy M
npyrum nosb3oBarensm CIK (KoHTposb ¥ BU3yanu3alius coctosiHus obopynosanust CIK);

—  aBTOMaTHU3WPOBAHHOe yripaBieHue obopygoBanrem CK;

—  y#a/leHHOe W3MeHeHHWe COCTOSIHWSI MPOTrPaMMHBIX OIepPaTHBHBIX 371EMEHTOB CHUCTEM,
ACY CIK: ornepaTUBHBINM BBO/I-BbIBOJ, M3 PaOOThI, OTK/TFOUEHMe-BK/TFOUeHUe OT/Ie/IbHBIX QYHKIUM U
AP-;

— KOHTPOJIb COCTOSIHMSI M [JUCTaHLMOHHOE yIIpaBleHWe JIOKaJbHbIMU CHCTeMaMU
aBTOMaTUUeCKOTO yTpaB/ieHuUs;

— TmporpaMMHble OJIOKMPOBKM yIIpaBjieHHWss KOMMYTalMOHHOW armapatypoit (KA)
(omepatuBHas yiorudeckast OyokrpoBka KA);

— peructpauusi  COOBITMA  COOCTBEHHBIMU  CPeACTBAMH  WIM  TOCPE/ICTBOM
MH(OpMaI[MOHHOTO 0OMeHa ¢ 060pyZOBaHUEM;

— MOHWUTOPUHI  TapamMeTpoB  KauecTBa 3nekrposHeprun (IIKD) mnocpencTtBom
rHbOpMaIMOHHOTO 0OMeHa co cpeficTBaMu u3MepeHuii [TK3;

— uH(poOpMalMOHHOe B3auMofelcTBMe C uMetomuMucss Ha CIOK  aBTOHOMHBIMU
L[M(POBBIMU CUCTEMaMH T10 CTaHZJAPTHBIM MTPOTOKOJIaM.

Ob1ecrcreMHble QYHKIUA:

— opraHu3anys BHYTPHUCHCTEMHBIX U MEXCHCTEMHBIX KOMMYHHUKaI[i, o0paboTka wu
repesiaua MHGOpPMAaIMKU Ha CMeXXHbIe U BBIIIECTOSIIINE YPOBHY;

—  TeCTMpOBaHHe MPOrPaMMHOM, anrapaTHOW W KaHa/IbHOM (CeTeBOl) YaCT KOMIIOHEHTOB
nporpaMMHO-TexHuueckoro komriekca (ITTK), B ToM uncie KaHaloB BBOZA-BbIBOJA U Tepefjaur
vH(opMaLuy;

— apXyBHpOBaHWe M XpaHeHWe WH(OpMalMKd B 3a/laHHBIX (opmarax U 3a 3aflaHHbIe

HWHTEPBAJIbBI BDEMEHHU;
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—  JIOKyMEeHTUpOBaHWe, (pOPMHPOBaHWE M TleuaTb OTYETOB, PAarlOPTOB W TPOTOKOJIOB B
3alaHHOM (opMe, BefeHHe OIMepaTUBHOW 0a3bl JAHHBIX, CYTOYHOW BEAOMOCTA U OTIePATHBHOTO
JKypHana;

—  aBTOMaTW3UPOBaHHOE NPOEKTUPOBAHKE, MPOrPaMMHUPOBaHUeE U KOH(UTyPUPOBaHUE.

1.3.2 Oniucanne ACY TII1

Ona peamuzanmu  ¢yHkuuit ACY TII mpepycmarpuBaeTcsi yCTaHOBKAa MPOTrPaMMHO-
TeXHAYECKOr0  KOMIUIeKCa B COCTaBe  KOTOPOTO  MOTYT  BBIAEIATBCS  MOACHUCTEMBI,
K/IacCU(pUIMpyeMble 110 pa3/IMUHbIM MpU3HaKaM: 1o peanusyeMbiM ¢yHkimsm ACY TII, no Bugam
KOHTPOJIUDYEMOTO U yIipaBjsieMoro o6opynoBaHuss W T.1. OCHOBY apXWUTeKTYpPbl CHCTeMbI
COCTaB/ISIFOT ~ MUKPOIIPOL|eCCOPHBIe (MII) YCTPOWCTBA, 00beIMHEHHBIE BTOPUYHOM
KOMMYHUKAL[MOHHOM CeTbO.

[Tpu sTom [ITK cTpoutcs Kak efyHasi, MTHTETpUPOBaHHasi, Mepapxuueckas, pacrpe/eieHHast
ye/iIoBeKO-MalllMHHasi cucTeMa, paboTaroljasi B TeMrle MpOTeKaHWsl TeXHOJIOTMUeCKOro TpoLecca,
OCHaIIleHHas1 Cpe/ICTBaMH yTipaB/ieHus:, cOopa, 00paboTKH, 0TOOpa)keHUsl, peruCTparviu, XpaHeHUs
u nepefaun uHpopmaruu. B ITTK ACY TII BeigensieTcss yeTblpe yPOBHS MepapXuM NPOrpaMMHO-
TexHuueckux cpegct (ITTC): moneBou, HWKHUM U BEPXHUH YPOBHHU.

[ToneBoii ypoBeHb 00pa3yr0T KOHTPOJIephbl 060pyaoBaHus. C UX TIOMOILI[bI0 00ecrieurBaeTCst
c6op nH(bOpMaLK U Bbllaua KOMaH/, yTIpaB/IeHusI.

HwkH1ii ypoBeHb MpecTaBsieT Co00M KOMIUIEKC TeXHUUeCKUX CPe/ICTB, B KOTOPBIN BXOASAT
YCTPOMCTBA, BBITIOJHSIOIIME QYHKIIUM U3MepeHui, cbopa, 06paboTku AUCKpeTHOM MHbOpMAaLK U
(hopMrpOBaHKe MeCTHBIX CUTHA/IOB yTpaB/IeHUs .

YerpoiictBa BepxHero ypoBHsi ACY TII: Raspberry Pi, aBTOMaTtnsupoBaHHBIE paboune
mecta (APM), yctpoiictBa cbopa, 00pabOTKM M apXWBHUPOBaHWs JaHHBIX (0a3oBbIEe cepBepa),
npejCcTaBieHyss HHGoOpMaLuu Tosb30oBarensiM  (APM, mNpuHTepbl, 3KpaHbl KOJIJIEKTUBHOIO
MOAb30BaHUSI M T.OI.), LIJIIO30Bble cepBepa (cepBepa  TejieMeXaHUKW)  OCYIEeCTB/ISIOT
MH(OPMAaLMOHHBIN 00MeH C LIEHTPaMU BEPXHETO YPOBHSI.

@yHK1MY BepxHero yposHsa ACY TII:

— OpraHM3alusi U KOOpJWHALMSl BBIUMC/IUTEIbHBIX TPOLIECCOB, peanv3yrolUX 3a[auu
KOHTDOJISI U YTIPaB/IeHUsl TEXHOJIOTHUeCKUMU 00beKTaMU TUOPUHBIX SHePreTUyecKuX KOMILIEKCOB
(I'9K);

—  opraHu3aIys U yrpasjeHue equHon 6a3oit qaHHbx ACY TTI I'OK;

— TIpejCTaB/IeHHe orneparopaM B rpaduueckoil ¢opme B pealbHOM BpeMeHU MH(pOpMaLiH

0 TeXHOJIOTHYEeCKHUX IpoLecCax U COCTOAHUU 060py,Z[OBaHI/IH;
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MpOIieCCaMy, 37iIeMeHTaMH 000pyZIOBaHHS ¥ CUCTeMaMU aBTOMATHKW;

MOHUTOPHHIa TeXHUYECKUX U TIporpaMMHbIX cpencts ACY TIT I'OK.

obecneueHue orneparopaM CpeacTB JUCTAHIIMOHHOI'O YIIpaB/IEHWA TEXHOJI0rMmdeCKUMH

OpraHu3alvsi U BBITIO/THEHHE IIpoLeayp HEHTP&HHBOBHHHOﬁ CUCTeMbl JUArHOCTUKH U

B cocraB BE€pXHEro YPOBHSA BXOJAT C/ieAYyHOIHe TeXHUYeCKUe CpelCTBda:

yTpaBJieHus!.

CHCTeMa CepBepoB;

ceTeBbIe CPe/ICTBA,

dBTOMAaTH3HWPOBAHHEIE pa60t11/1e MeCTa repCoHaJld;

TeXHUUeCKrue CpencTBd, 06€C1'Ie‘-II/IBaIOLL[I/Ie B3aHMOﬂeﬁCTBHe C BE€pXHMMH YPOBHSIMU

APM cuctembl yripaB/ieHus 00eCTieunBarOT BCe PYHKIUM KOHTPOJIS U YIIPaB/IeHUS:

HaO/moeHue,;
yTpaB/IeHUeE;

MeHeIDKMEHT CHUCTeMBI.

OcHoBHas nH(opmars 1o opranu3anun yrpasnenus CIK cBesena B Tabmiy 23.

Tabmua 23 — Opranusarus yrpasnenus CK

Ne HavmeHoBanue Bug u mecto Komanpa yripaBneHust
| obopyznoBaHus yIpaBaeHUs UteHue 3anuch
CkopocTtb Bpatienus 'Y IMyck AT'Y
CocrosHue
Ocranos AI'Y
UTeHue/3armch, AI'Y (BKJ1/BBIKJT) A
KoHnTposiep Raspberry Pi o BxuiroueHue ceteBoro
1 Hanpspkenue o daszam
Ary-12 MPOTOKOTY BBIK/TFOYATE sl
modbus BhiktoueHue ceTeBoro
Tok no azam
BBIKJIFOUATe ISl
YacToTa no ¢azam N3menenne mowHoctu AI'Y
Ckopocrtsb Bpatenus 'Y [Tyck AI'Y
CocrostHUe
Ocranos AI'Y
UTeHue/3amnuch, AI'Y (BKN/BBIKIT) A
KoutpoJisiep Raspberry Pi no BkiroueHue ceteBoro
2 Hanpspkenue no ¢asam
A1Y-30 [IPOTOKOJIY BbIKJIOUaTe IS
modbus Bbik/itoueHre ceTeBOro
Tok 1o dazam
BBIKJIFOUATeJIsA
YacToTa no ¢azam N3menenne mowHoctu AI'Y
Mo1HOCTb Harpy3Ku 1o
barapeliHbie asam
I/IHBepTO bl Hrere, Harn H)KEHSE HMHBepTopa I10
3 [HBEpTOD Raspberry Pi o P pTOp -
Victron Energy bazam
rpotokony MQTT]
Quattro-10000 BrixogHasi akTUBHas
MOILHOCTb 10 (hazam
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[TpomomkeHue TabMULBI 23

Ne Hanmenosanue Bup u mecto Komanza yripasnenus
| obopynoBaHus yIpaB/ieHUsi UreHue 3anuch
BbixoiHOM TOK 10 (ha3am
BbixogHas uactora 1o (hazam
BrixogHast nonHas
MOILHOCTh 10 ¢a3zam 3
Tok AKb
MomHocte AKB
CocrosHue 3apsaa AKb
Hanpsokenne AKB
CeTteBon
YreHue, 110
MHBepTOp SMA CyMMapHasi BbIXOJHast
4 . TIPOTOKOIY -
Sunny TriPower Bluetooth MOII[HOCTh UHBEpTOpa
12000-TL

[nst opraHu3aliiv B3auMOZEeNCTBUSL MeXXy YCTPOUCTBaMH, BXOASIIUMU B coctaB ACY TII B
COK opraHusyeTcsi pe3epBUpyeMasi JoOKajbHasi BblUMcC/auTenbHasi ceTb (JIBC). ®@yHKIusiMU
BBIUKC/IUTE/IbHOU CeTH SIB/SIFOTCS:

— o0OMeH [aHHBIMH MeXXAy MHKPOIIPOLIeCCOPHBIMUA YCTPOMCTBAMU HIDKHETO YPOBHS,
B3aUMOZIeMCTBUe OPraHU3yeTCs 10 eJMHOMY ITPOTOKOJTY BBIUMC/IUTEIbHOM CeTH;

—  [l0CTaBKa UH(OpMalLMY Ha BePXHUM YpoBeHb CTPYKTypbl ACY TTI;

— obecrieueHue Tepefaud  JIaHHBIX ~CUHXPOHM3ALMM  TIOCPEJCTBOM  TpUMeHeHHs
CrieLjMaTu3upoBaHHOIO BPEMEHHOI'0 IIPOTOKO/IA;

—  opraHu3auys HH(GOPMAIIOHHOTO 00MeHa CO CMeXXHbIMUA CUCTEMaMM;

JlokasibHasi BBIUMC/IUTE/IbHAs CeTh BK/IIOUAeT B CBOM COCTAaB CJIE/IYIOLIUe 37IeMEHThI:

—  aBTOMaTM3WpOBaHHOe pabouee MecTO oriepaTopa, TpeACTaBIeHHbI CTalMOHAPHBIM
NepCOHaIbHBIM KOMITBIOTEPOM;

—  KOMMYTaTop;

—  KoHTpoJinepsl Raspberry Pi;

—  IporpaMMupyemsble JIoTUYeCcKue KOHTPOJU/IePEI VIMUTaToOpPOB COJTHEYHOU
anekTpocraniuu SM3300-series, [II'Y MM3 [1-243, narpy3ouHoro monysiss HM-50-T400-K2;

— TaHesb ynpas/eHus barapeiiHbiME nHBepTopamu Victron Energy Quattro 10000.

Cea3b ocyujectBasieTcsi nocpefctsoM Ethernet (Bcex ycCTpoMCTB yepe3 KOMMYTAarop) U
CAN-mmnbl (A csisu Mexay AI'Y). Wcnonbs3yrorcs mpotokonbli Modbus, MQTT, TCP/IP
(transmission control protocol/internet protocol — mMpoToKon ymnpaBieHusi Tepefadeii/UHTepHeT-
npoTokon). ODcku3 cxembl JIBC mpexcrtaBieH Ha pucyHke 49. Cxema Obla pa3paboTaHa 1o

KPUTEepHUIO MUHUMAJ/IBHBIX 3aTpPdT.
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Pucynok 49 — INpunuunuansHas cxema ACY TIT COK
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SCADA (supervisory control and data acquisition, T.e. AucrieTyepckoe yrpaBiaeHre U coop
JIAaHHbIX) — CHCTeMa, OToOpa’karolliasi Tekylllee coctosiHue obopyzmoBanusi. OHa obecrieurBaet
HerpepbIBHBIE MOHUTOPUHT PabOTHI aBTOMAaTHM3MPOBAaHHOTO oObekTa. [locTym K Hell wMeer
oneparop uepe3 APM. CrpykrypHo SCADA cocTouT U3 yjaneHHOro TepMuHasa (remote terminal
unit, RTU), cucTteMbl KOMMYHHMKAllUM M TepMHHa/a Aucrietdepa (master terminal unit, MTU).
CucTeMbl KOMMYHMKALIMM B peajlbHOM BpeMeHH rnepefatoT nHpopmaruio mexxay RTU u MTU, nns
3TOTO UCIIOJIB3YIOTCS pa3/IMuHbIe TIPOTOKObI. [IpoTOKOM — 3TO HabOp MpaBw, 3ajarouid HopmaThl
cooblieHni ¥ TIpOLIeAYPbI, KOTOpbIe TO3BOJISIIOT KOMITbIOTEPaM U TIPUKJ/IAJHBIM TIPOrpaMmaM
obMeHHBaThCs MH(OPMaleH.

Hanpumep, faTuuK 4aCTOThl CUMTHIBAeT YaCTOTY CHUCTEMBI U TepesiaeT 3Ty MH(POPMaLMIo B
SCADA mno nporokosty Modbus. Modbus cayxut ass oOMeHa JaHHBIMA MEXy YCTPOMCTBaMH
aBTOMaTH3alliM U peanr30BaH B BH/e OTBETOB Ha 3anpockl (request-reply protocol). Vicrionbs3yemast
apxutekTypa — «Master-Slave» («Client-Server»), To ecTb B CEeTH BBIZIeJII€TCS KIMEHTCKOe
YCTPOMCTBO, KOTOpOe IepUOUYeCKH OTIIpaB/sgeT 3arpochl Ha CepBepHble YCTPOMCTBA C LieJIbIO
YTeHUs WM 3alyicy KX mapameTpoB. Mcrnonb3yeTcs crnepudukaims mnporokosa Modbus RTU
(ZaHHBIe KOAVPYIOTCS B IBOMUHBIN (hOpMaT, paszie/inuTesieM MakeToB C/Iy>KUT BpEMEHHOW MHTepBall).
B uenom Modbus wucrnone3yercsi Assi cbopa TOKa3aHWM [JaTYMKOB, YIIpaBAeHUs pejie U
KOHTpOJIIepaMi, MOHUTOpUHra U T.J. Ilepeuenb mapaMeTpoB, MepefaBaeMbIX U CUATHIBAEMBIX 10

JJAHHOMY TIPOTOKOIY, TIPe/ICTaB/IeHbI B Tabsurie 24.

Tabmumiia 24 — Vicrionib3yemble TlTapaMeTphbl U3 PerucTpoBoit Tabmuiibi Modbus

[TapameTtp O6o03HaueHye Aagl;lx Paszen peructpoBoii Tabmuiel | Modbus agpec
YacToTa BpaileHus n, 06/MuH integer BBo/iHbIE perucTphl 576
Coctosgaue AI'Y Bxs1/Boikn bool UCKDPETHbIE BBOJHBIE KOHTAKTHI 3
Harpsibkenue ¢as3 V. B float BBo/iHBIE pErUCTpbI 504, 505, 506
Tok a3 LA float BBogHbIe perucTpsl 511, 512, 513
YacrtoTa a3 f,Tu float BBo/IHBIE pETrHUCTDHI 507, 508, 509

MQTT (message queuing telemetry transport) — TIpOTOKO/JI OOMeHa [JJaHHBIMU MeXAy
v3jatesnsiMd U moAnucuukamu («pub/sub»). DTo MpoToKo/n [ MOTOKOBOM Mepefayd JaHHBIX
MeXXJy YCTPOMCTBaMH C OTrPaHMYEHHOW MOLHOCTBIO L[@HTPaJbHOrO MpOLIeCCOpa WM BPeMeHeM
AaBTOHOMHOH pabOThl, a Takke /s CeTel C JOpPOroid, HU3KOM TPOMYCKHOW CIIOCOOHOCTHIO,
HeTpe/icKa3yeMoi CTabUIbHOCTBIO M BBICOKOW 3aziepxkkoil. MQTT — mpoTokos, kotopoi paboTaer
Kak «0bosiouka» st mpotokosioB TCP/IP. B cetsix TCP/IP ¢u3nueckuM KaHa/IOM Tiepejaud JaHHbIX

MoryT ObITh m00Obie Ethernet-uHTepdeticel, B KauecTBe TpoTOKOsa ucronb3yercss Modbus TCP
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(ZaHHBIE KOAUPYIOTCS B IBOMYHOM (popmare M ynakoBbiBatoTcsi B TCP-nakeT s nepesaun no IP-
cetsm). [lepeauy JaHHBIX MeXy KIMeHTOM U cepBepoM ocyiijecteiasieT MQTT-Broker. OTo Takoi
THIT aDXUTEKTYPBI, IPU KOTOPOM 3/IEMEHThI CUCTEMBI OCYIL[eCTB/ISIOT CBS3b C TIOMOIIBI0 OpoKepa, B
pe3ysibTaTe uero CHUMaeTCsi Harpyska C BebO-cepBucoB. B Tabsnuiie 25 ripefcTaBieHbl TTapamMeTphl,
KOTOpble MOI'YT Ilepe/iaBaThbCsl WIW CYMTBIBATLCA C romolbio MQTT-cepsepa.

[Mporokon MQTT 6wt BbIOpaH, Tak Kak B IVIABHOM YIIPABJISIIOIIEM YCTPOWCTBE CHUCTEMBI
(Victron Energy Quattro-10000) ecTh BCTpOEHHbIe CpeACcTBa pPabOTHI 1O 3TOMY MPOTOKOJY. st
oOMeHa COOOILeHUSIMU MeXK/y YCTPONCTBaMH TakXe MOTYT OBbITb HCIIOMb30BaHbl [Ipyrye
TIPOTOKOJIBI.

B 6ecrinarHoit Bepcii SCADA He MokeT oTmpaBiste koMaHgsl mo MQTT, mostomy B
KauecTBe 3BeHa CBsi3u SCADA u cepBepa JIoTUKY UCTonb3yeTcst 0a3a ganHbix (BI). Ee ocHoBHOe
Ha3HaueHue — XpaHWUThb NlapaMeTpbl CUCTeMBI 3a OIpe/ie/ieHHOe BpeMsl, BK/I0Uas TeKyllle JaHHbIe.
Celiuac B B/ xpaHATCs TeKyllMe KOMaH/ibl, COCTOSIHME KHOTIOK, a TaKXXe COCTOSIHAe TeXHHUYeCKHUX
XapaKTepUCTUK. B maHHOM paboTe /17151 3arpocoB, 00pabOTKK 1 OTIpe/ie/IeHus] JaHHBIX UCTIONMb3YeTC s

s13bIK MporpamMMupoBadust SQL (structured query language — CTpyKTYpHUPOBaHHbIN $3bIK 3alIPOCOB).

Tabmuiia 25 — ITapametpsl MQTT-cepBepa

ITapameTp O6o3HaueHue Twvn gaHHBIX
Craryc paboTsI start_stop bool
YrpaBnenue AI'Y control_dgu bool
CkopocTb Bpattenus Bana 'Y, o6/muH RPM_DG, float
Tok B Kaxkzo#t daze, A I L1 DG,I L2 DG, I L3 DG, float
MoriHocTh Kaxkzaou ¢asbl, BT P_L1 DG, P_L2_DG,P_L3 DG, float
CymmapHas momgHocts AI'Y, BT P_sum_DG float
CkopocTb Bpattenus Bana 'Y, o6/muH RPM_DG, float
Tok B Kaxkz1o# daze, A I L1 DG,I L2 DG, I L3 DG, float
MoriHocTh Kaxkzaou ¢asbl, BT P_L1 DG, P_L2_DG,P_L3 DG, float
CymmapHas momgHocts AI'Y, BT P_sum_DG float
[TonHasi MOIHOCTD, BT power_sum float
[TonHas mowHoCTE uMuTaropa Ne 1, Bt power_sum_1 float
Hanpsokenue umutaropa Ne 1, B voltage_1 float
Tok umuraropa Nel, A current_1 float
[MonHast motfHOCTL MMUTaTopa Ne 2, BT power_sum_2 float
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[TpomomkeHue TabMULBI 25

ITapameTp O6o3HaueHue Twvn gaHHBIX
Hanpsokenue umutaropa Ne 2, B voltage_2 float
Tok umuraropa Ne 2, A current_2 float
ac_consumption_L1_power,
Tok 1o ¢a3zam, A ac_consumption_L2_power, float
ac_consumption_L3_power
Mouiocts o Gasan, Br Cive. powen ac_ ot L3 actve power| 0%
ac_out_L1_current,
BoixogHbie Toku 1o daszam, A ac_out_L2_current, float
ac_out_L3 current
Tok akkymynsTopa, A battery_current float
MolllHOCTb aKKyMy/siTopa, BT battery_power float
Ypogens 3apsiia AKB, % battery_SOC int
HaripsbkeHue akkymysisitopa, B battery_voltage float
VnTepBasn BpeMeHH, CEKyH/IbI T float
NuTtencusHocts CU, BT/M? G int
Temmneparypa stueiiku CM, °C T_cell float
NuTtencusHocts CU, BT/M? G_W/mA2 int
HoctynHOCTb paboThl Kaxkaoi JI'Y zzzﬁzgig:ggzj bool
BkroueHHe ¥ BBIK/TFOUEHHE JIU3e/Is start_stop_diesel bool
Bpewms peiicTBusi, cek t_sec int
MoIHOCTb Harpysku, Bt power_kW float
KommyTtatop — 3T0 y3en, ciayKamuid Ais o0beAWHeHHsT HeCKOJbKUX YCTPOWCTB B

JIOKAJIbHYIO CeThb I10 kabemo. OH OCylIeCTBJ/IAET B3dMUMOCBA3b MeXXYy PAa3HBIMH 3/IEMEHTAMH. C ero

MOMOIIBI0 MOXXHO CO3[aTh 3aMKHYTYIO CeTb, B KOTODOM OCYIIeCTB/ISIETCS

obopynoBanus [37].

CB4A3b BCero

KonTponnep Raspberry Pi — 310 ogHomnatHbili komnbioTep. OH xpanut B u MQTT

cepep. AI'Y mogkmtoueHa ro USB-kabemo k Raspberry Pi, mocnegHsis, B CBOIO oudepe/ib,

TMOZIK/IIOUeHa K KOMMYTAaTopy 1o uHTepHety. @yHKIMU Raspberry Pi moryT BeimonHaTs U Gostee

CriejMaIvM3vpOBaHHble NIPOMBILLIEHHbIE TIpOrpaMMmupyemble jorudeckue KoHTposutiepsl (IIVIK), B

JlaHHOM cxeMe BeIOpaH Oosiee zelieBoe ycTpoicTBo [38].
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[na ynpaBneHusi HEKOTOPbIMU ycTpoiictBamu ('Y, uMHUTaTOpBI, HAarpy30UHbIN MOZY/b)
TIPUMEHSIOTCA  I[porpaMMupyeMble  JIOTUUeCKHe KOHTPO/UIepbl. 3OTO  MHKPOIPOLeCCOPHOe
yCTPOMCTBO, TIpefHa3HaueHHOe /71 cOopa, mpeobpa3oBaHusi, 00paboTKH, XpaHeHHs1 HHOPMALIUH U
BbIpaOOTKM KOMaHj, yTpaB/leHus, UMeII[Uii KOHeUHOe KOJIMYeCTBO BXOJOB  BBIXO/OB,
TIO/IK/TFOUEHHBIX K HUM [IJaTYMKOB, K/TtOUel, NCTIO/THUTEeIbHBIX MeXaHU3MOB K 0ObeKTY yIipaB/ieHuUs,
Y TIpe/IHa3HaueHHBIX /11 pab0ThI B peXXUMaX peasbHOrO BpEMEeHH.

IVIK wMuTaTtopa BCTPOEH B caM MpHOOp, OH SIBISETCS «MO3roM». VIMuTaTtop CBsi3aH C
cucreMoii uepe3 kommyTtatop no Kabemo Ethernet. Cetb Ethernet o06beguHsieT HeCKOTbKO
KOMTIbIOTEPOB B cUCTeMy C efuHbIM KabeseMm. IToka uro B SCADA OT umHTaTtopa HUUero He
BBIBOJUTCS, TOJIBKO OTHpaBKa AaHHbIX U3 SCADA. Ha faHHBII MOMEHT MOXXHO TOJIbKO 3a/iaBaTh
MMHWTaTOpaM OCBeLeHHOCTb M TeMIlepaTypy OKpy’Karwoljed cpeibl. B Hauane skcreprMeHTa
3a/]al0TCsl TlapaMeTpbl MacCHBa, KOTOPbIM HY)KHO TpOMOJieIMpoBaTth. B Xoze >KcmeprMeHTa
repefjaloTCsl TlapaMeTpbl OCBEIeHHOCTM W Temrieparypbl. Ha [aHHBIM MOMEHT BBLIXOJHbIe
HanpsbkeHue U TOKU HUKY/a He mofaroTcs [39-42].

WuBeprop SMA 3/1eKTpUYeCKH CBsi3aH C HMMWTATOpaMH, uepe3 Hero Ipeobpa3yeTcs
MOIIIHOCTh, BbIpaboTaHHasi uMuTaropamu. Yepe3 SMA MOXXHO CHMMaTh MOIIHOCTb MUMHTAaTOPOB
nocpesnctBoM Bluetooth. B Gyayiem OyzmeT HyXHO coeiuHUThH KabeneM SMA U MMUTATOP.
MrHoBeHHbIe 3HaUeHHsI UMUTAaTOPOB MOYKHO CUMThIBaTh, HO OHU HUKY/A He 3amuChiBaloTCs [43, 44].

Yepe3 B/l MO>KHO OTIIPaB/IATh U CUUTBLIBATH BCe mapaMeTpsbl [II'Y U3 perucTpoBoi Tabmmiibl
Modbus (komMaHABI Ha 3alyCK/OCTAaHOB, YCTaBKM Ha MOIIHOCTh, KO3(hdULIMEHT MOIIHOCTH,
MOII[HOCTh, TOKH, HarpsbkeHus ). Jns cBs3u mexay AT'Y wucrions3yetcss CAN-imHa. 3T0 ocobast
JIByXIIPOBOJIHAsA CHMCTeMa, KOTOpasi B pe)KMMe peasibHOrO BPeMeHM IepefiaeT [aHHble B JBOUYHOU
tdopme. AI'Y ynpaBnsieTcs ycTaBkamu uepe3 Raspberry Pi (kak BapuaHT) wiu Victron gaet
KOMaH/[bl Ha Cjie[joBaHue 3a Harpy3koil. 'Y MoxeT paboraTh 10 yCTaBKe MOIIHOCTH, HO TOJIBKO B
PYUYHOM peXvMe, HO B 3TOM C/lyyae HY)KHO KOHTPO/JIMPOBAaTh 3HaueHWe 4acToThl, T.K. AI'Y moxeT
OTKJIFOUMTCSI COOCTBEHHBIMHU 3aIiuTaMu [45-47].

Barapelinbie naBepTopsl Victron snekrpuuecku cBs3biBatoT AKDB ¢ ceTbro. OHU CUMTBIBAIOT
napameTpel AKbB (TOoKu, HampsbkeHHs], MOLHOCTH, 4aCTOTy Ha BXoje, Beixofe U AKB, cocrosHue
3apsizia) ¥ niepezatoT ero B B/I. Pemenus o pabore AKB Ha [aHHBIM MOMEHT MPUHUMAOT Victron.
Komanzy Ha ympaBneHue Victron MOXHO 3a/laTh W3BHe C moMoibio Broker-cepBepa. Ha
pucyHke 50 mpezcrasieH 3CKU3 CTpyKTypHOU cxembl ACY TII «MakeT CO/MHEUHO-[U3€/IbHOIO

KOMIL/IEKCa».
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1.3.2 Onucanne B3aumocsssert ACY TII ¢ gpyruvmu ACY TTI

Bzaumocssizu ¢ APYI'UMH aBTOMATHU3WPOBaHHBIMU CUCTEMdMU OTCYTCTBYIOT.
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1.4 SCADA cucrtemsbl ynpaB/ieHUsI CO/THEYHO-/JU3e/IbHBIM KOMILJIEKCOM

SCADA - cucremMa, wucriosib3yemMass B XOJe TNPOBOAUMBIX 3KCIIEPUMEHTOB, SB/ISETCS
cobcTBeHHOU  paspabortkoidi  Jlaboparopuu «CHCTeM  yIIpaB/ieHWs — COJTHEUHO-AM3e/IbHBIMU
KOMIL/IEKCaMm».

3agaur SCADA-cucTeMbl: 00MeH JaHHBIMU C «YCTPONCTBAMH CBSI3U C 0OBbEKTOM» (TO eCTh
C TPOMBIIIJIEHHBIMA KOHTPOJUIEpAMM M IUIaTaMM BBOZA-BbIBOJla) B peaJlbHOM BpeMeHHU uepe3
IpaiiBepbl; 00paboTKa MH(pOPMaIY B peasibHOM BpeMeHH; JIOTHUeCKoe yIipaBieHue; 0ToOpakeHue
MH(pOpMaI[MM Ha 3KpaHe MOHWTOpA B yAOOHOM M TIOHSITHOM [ijis uesioBeKa (opme; BesieHHe 0a3bl
JlaHHBIX peanbHOr0 BPEMEHH C TEeXHOJIOTUYeCKOW HWH(OpMalveil; aBapuiiHas CUTHaau3aLusi U
yTpaBjieHHe TPEeBOKHBIMU COOOIIEeHUsIMH; TIOATOTOBKA M TeHepHPOBAHHE OTYETOB O XOJe
TEeXHOJIOTUYeCKOT0 TMpoLlecca; OCYLeCTB/IeHHe ceTeBOoro B3aumogenctBusi mexay SCADA wu
niepcoHanbHbIM KoMmribioTepoM (T1K); obecrieueHve cBs3u ¢ BHelTHUMH TipwiokeHusmu (CYB/,
3/IEKTPOHHBIe Tab/ULIbI, TEKCTOBbIE TIPOLIECCOPHI U T.1.).

Ucnonb3yemass SCADA-cuctemMa pa3paboTaHa C UCIO/Mb30BaHHMEM OTeUeCTBEHHOTO
MPOrpaMMHOTO KoMIiekca — cpefibl pa3padotkrt SCADA Trace Mode 7 ot komnanuu Azacrpa [48].

Wcnonb3oBanune cobctBeHHOM SCADA-CHUCTEMBI TT03BOIU/IO TIPOBECTH SKCIIEPUMEHTHI 110
CyTOUHBbIM Tpadukam Harpy3ku rotpeburess. Uepes SCADA 6bid 3apaHee 3a/laHbl TI0YaCOBbIe
rpaduku riorpebsenusi, pecypcoB CU u TemriepaTypbl IOBEPXHOCTH MOZY/S B TeueHHWe CYTOK.
Manee c 3apaHee yCTaHOBJIEHHBIM TIEPHOJOM BpeMeHH 3TH HaOOpbI 3HaueHW# TepefaBalvCh Ha
yTpaBJisieMoii 060pyZjoBaHUe: Harpy304HbIM MOAY/Ib U UMUTATOPbl MaccuBa ®POM. Takum obpaszom
6110 0becrieueHO CyTOUHOe M3MeHeHUe Harpy3ku U BeipaboTku COC B X0/e UCTILITaHU.

Taxke ¢yHkuroHnan SCADA mnosBosisier mpousBoguth mnyck JI'Y, W oCyljecTBasATh
VH/IUKALMI0 00 WX COCTOSTHUM.

KoHTposib mapaMeTpoB CHCTEMBI OCYLIECTB/SETCS MPU MOMOLM rpapuuecKux 3/1eMeHTOB
rpadpuueckux 5KpaHoB. Cpeau UCMHOMb30BaHHBIX: «TpeHza», «®du3nueckas BeIUUMHAY,
«Crpenounsiii pubop» u «Ilon3yHok». IIpy momoOIIM HUX OrMepaTop OCYIeCTB/sieT KOHTPOJIb
rnapaMeTpoB cucTeMbl. Ha [I71aBHOM 3KpaHe OTpakeHbl: «YDOBeHb HampshkeHHs» 1O (hasam,
«Yactora mepeMeHHOro Toka», «Ko3(¢uIMeHT MOIIHOCTH CUCTeMbl», «CyMMapHas MOILHOCTb

Harpy3ku HM» (cM. pucyHok 51, a).
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a) «I'maBHbIN» 3KpaH; 0) 3kpaH «CICx»; B) 3KpaH «Harpy304HbIN MOY/Tb»
PucyHok 51 — Monutop peasnibHOro BpeMeHu SCADA-cucTeMbl

Ha skpane «C3C» oTpakaroTcsl ciiefyrolye nokasarenau: «MOoIHOCTb MOTOKAa COTHEUHOTO
n3nydeHus», «Temmneparypa ®OM». I3meHeHMe 3TUX NapaMeTpPOB MOKET IPOUCXOJUTH Kak B
PYYHOM peXXuUMe, TaK U B aBTOMAaTHUECKOM 10 3apaHee 3aJaHHOMY Trpaduky (cM. pucyHoK 51, 0).
Ha TpeHjie oToOpa)kaeTcsi u3MeHeHHe 000UX 3THX TTOKa3aTesiell B TeueHHe SKCIIepuMeHTa.

[Ipu nepexofie Ha 3KpaH ynpasieHus: «Harpy3ouHbiM MoJyneM» MOSIBASIETCS BO3SMOXXHOCTh
BbIOOpA pekrMa MpoBefieHHst JKcriepumenTa. Cpenu Hux: 1 — «PyuHoii», 2 — «Ilo pacrvcanuioy,
3 — «basa JjaHHbIX».

B «PyuHOom» pexxriMe omepaTop MOXKeT caM 3a/laTh YCTaBKy Harpy304YHOIO MOZY/Isl U MEHSTh
ee B 3apaHee YCTaHOBJIEHHBIX Tpe/iesiax B 000 MOMEHT BpeMeHH.

B pexume «[lo pacnucanuto» yIipaBleHre TIIPOM3BOAMUTCS 10 3apaHee 3aJaHHOMY
pacriucaHul, KOTOpoe XpaHUTCs BHYTpU KaHana Tuma «Call-Load_Schedule». Kanan xpanut
CYTOUHBIM HaboOp 3HAUeHHI Harpy3KH, MEHSIOLIUXCS KaKAyr MUHYTY. [s TociefHeil Bepcuu
SCADA 1.3.8 «Solar_Irradiation_set_simplified» — BO3MOXXHOCTb KOPpPEKTHPOBaTh PpacICaHHe
CyLLleCTBYeT TOJIBKO TI0 3aBepLlIeHUN SKCTIepUMeHTa.

B pexume «ba3a [aHHbIX» TMOYacoBble 3HAyeHHs1 HArpy3KU MOZY/sS 3arpy’KarTcsl M3
Tab/mMubl 0a3bl JaHHBIX. VX W3MeHeHWe /s peasM3aliid DPa3HbIX PEeXUMOB TPOUCXOAUT C
HCII0/Tb30BaHKeM Jipyroi mporpammel — «DB_Load_test 24 hours editer_main.tmprj». B nporpamme

MOYXHO BBIOpaTh MecCsl] rojla W 3alyCTUTh 3aluCh 3HaueHWi B Tabmuily. Kpome 3toro siBisieTcst
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BO3MO)XHbIM H3MeHeHVe Iepuoja BpeMeHH, B TeueHHe KOTOPOI0 IPOUCXOAUT CMeHa I04YaCOBBIX
3HaYeHUM B XOJle IKCIIepUMEHTA.

B pexxume «ba3sa JaHHBIX» BMeCTe C YaCOBBIMU HabOpamMH JJAHHBIX O MOIIJHOCTH Harpy3Ku
TIPOUCXOAUT CUYUTHIBAHHE [aHHBIX O MOIIHOCTU IIOTOKAa COJIHEUHOI'O H3/IyYeHHus, a Takke O
TeMIlepaType TIOBEPXHOCTU MOZYJIS.

MoHUTOp peanbHOTO BpeMeHU SIB/SIETCS 3/1eMEHTOM 4Ye/IOBeKO-MalllMHHOTO WHTepdelica.
OH pa3fiesieH Ha HeCKOJIBKO 3KPaHOB, MO3BOJIIOIINX OCYIeCTBJIATh B3aUMOZEHNCTBYE Kak C LeJIon
HccaelyeMoM SHepProcucTeMol, Tak M C OTAe/lbHbIMU ee 3neMeHTamu: [3C, CO3C, HM (cm.
PUCYHOK 51).

1.5 CrapToBas HHULA/IU3aLUA

Ba3a fgaHHbBIX — 3TO yOpPsiAOUeHHbIM Habop CTPYKTYPHUPOBAaHHOM MH(MOPMALX WK IaHHBIX,
KOTOpble XDaHATCS B 3/eKTPOHHOM BH/le B KOMIIbIOTEDHOW cucTeMe. ba3a JaHHBIX OOBIYHO
yTIpaBJIsSIeTCSl CUCTeMOM yripaBieHus: 6azamu gaHHbix (CYB/).

CYB]/] — 3TO KOMIIJIEKC MPOrPaMMHO-SI3bIKOBBIX CDPE/ICTB, ITO3BOJISFOIIMX CO3/aTh 0as3bl
JAHHBIX W YIIPaB/sATh AaHHbIMU. Jpyrumu cioBamu, CYB/I — 310 Habop mporpamm, TO3BOJISFOILUIMA
OpraHu30BbIBaTb, KOHTPOJMPOBaTh U a[IMUHUCTPUPOBATh 0a3bl JAHHBIX. BOJBIIMHCTBO CalTOB He
MOTYT (YHKIMOHUpPOBaTh 0e3 06a3bl JaHHbIX, mMo3ToMy CYB/] wucronb3yercsi MpakTUUeCKd
IIOBCEMeCTHO.

CerogHsi TIO-TIpE)KHEMY HauOosiee TIOMY/ISIPHBIMH TIPH  CO3J@aHUM  BeO-TIPUIOKEHUH |
CepBUCOB OCTAlOTCsl peJIIMOHHBbIe 0a3bl AaHHBIX. [Ifsi yripaB/ieHUs pessiliMOHHBIMM 0a3amu
JAHHBIX ucronb3yeTrcs 36K SQL. M3HauanbHO SQL 6B MHCTPYMeHTOM paboThI MOJIb30BaTess C
0a30if [aHHBIX, OJHAKO CO BpPEMEHeM S3bIK YC/IOKHHICS M CTal CKOpee HHCTPYMEHTOM
pa3paboTuriKa, YeM KOHEeUHOT'O I10/Tb30BaTeIsl.

DBeaver — 3to niporpamma a5t pabotel ¢ CYB/I. C ee 1oOMOIIbI0 MOXKHO CO3/laBaTh HOBBIE
6a3bl, U3MEeHSTh U Ya/ITh JaHHbIE B yyKe CYIeCTBYIOIIUX, BBIMOMHATh SQL-3amnpochl.

DBeaver paboraetr co muorumu CYB/], Haripumep, MariaDB, MySQL u PostgreSQL. Ha
pucyHke 52 u3obpaxeH uHTepdetic mporpammel. OkHO Dbeaver cozmepXuUT CTPOKY MeHIO, TIaHeb
WHCTPYMEHTOB, TaHe/ib ObICTpOro ocTyma, pabouyro 0067acTb C OJHUM WM HeCKOJIbKUMHU
pefakTopaMy Y BUJJaMU, a TaKKe CTPOKY COCTOSIHUS.

OcHosHble ¢yHkimu DBeaver [49]:

—  TIOAK/IIOUeHMe K pa3HbIM 0a3am JaHHBIX — HanpuMep DBeaver MoKeT MOAK/TIOUATbCS K
ceTeBbIM 0a3am uiu 6a3aM, COCTOSIILIUM K3 TabOMUL] — pesiuOHHBIM. MOXXHO paboTaTh € pa3HbIMU

6a3amMu OIHOBPEMEHHO U B OZIHOM cpefie;
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Pucynok 52 — nTepdeiic nporpammel DBeaver [49]

—  aAMUHHUCTpUpOBaHHe 0a3 JaHHBIX — MOXKHO CO3[aBaTh, MEHATb W YAAJISTb TaOMULbI,
3alMCH U IpyTHe /1eMeHThI 0a3 1aHHbIX;

—  BhInosaHeHre SQL-3arpocoB — 3T0 crocob o6IIeHust C pesiALUOHHBIMUA Oa3aMU JJaHHBIX.
YTtoObl BLITIONMHUTE JIF000€ [leficTBYe, HarlpuMep, U3MEeHUTh JlaHHbIe B Tab/uile, B 6a3y HarpaB/sioT
3arpoc;

— TmepeHoC AaHHBIX — B DBeaver ecTb CTpoeHHbIe MHCTPYMEHTHI /I UMIIOPTA U 9KCIOpTa
JIaHHBIX pa3HbIX (opmaroB, Harpumep, CSV, XML, JSON. 3to mo3BosiseT A00aBisSITh HOBBIE
JlaHHbIe B 0a3bl WK BBITPYKaTb UX AJIsl OTUETOB;

— co3gaHve rpa¢uMKoB U JambopAoB — BHyTpu DBeaver MOXKHO CTPOWTH rpadyKvl U
JluarpaMMbl;

— UWHTerpauusi ¢ ApyrMMU UHCTpyMeHTamu — DBeaver MOXXHO MOAK/IIOYUTHL K pa3HbIM
WHCTPyMeHTaM U cpeiaMm pa3pabotku: Eclipse, Intelli] IDEA, Visual Studio Code. Takas
VHTerpanys 1o3BossieT paborate ¢ 0a3aMu [JaHHBIX TMPSIMO W3 Cpefbl pa3paboTKW, HUKyla He
MepeKTovasch. [IomycTiM, MpU CO3[aHUM TIPUIOXKEeHHs, KoTopoe paboraer c 0a3oi [JaHHBIX,
MOYKHO TTO/IK/TFOUMTBCS K Hell POBEPUTH 3aTpOChl /10 TOTO, Kak 106aBUTh UX B KO/,

[To ymosyaHutO TlaHe/Tb UHCTPYMEHTOB COZIEPXKUT CJiefiytolye MeHto [49]:
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— MeHIO «®aiil» CONep)KUT MyHKTbl MEHIO0 JJi CO3[aHus (pailyioB, MarokK, MPOEKTOB,
coefvHeHWI ¢ 0a3amu JIaHHBIX, MTPOEKTOB 0a3 AaHHBIX M ER-muarpamm (guarpaMm «CyLiHOCTb-
CB$13b»), @ TaK)Ke MYHKThI UMITOPT U SKCIIOPT;

— MeHIO «Pe/jakTUpOBaHHe» COJIEP)KUT Takue ro0a/sbHble KOMaH/bl, KakK BbIpe3arh,
KOIHMPOBAaTh, BCTaBUTh U yJa/IUTh, HalleJIeHHble HAa aKTUBHBIN 3/1EMEHT;

— MeHIO «HaBurarop» 1o3BosisieT TiepeMeraTbCs 110 CKPUNTaM 1 00beKTaM 0a3bl JaHHBIX;

— w™eHO «[Touck» mpenocTaBisieT BO3MOXKHOCTh TIOWCKa cpefu (ailyioB, 00beKTOB 0a3bl
JIJAHHBIX U T10 BCEM JJaHHBIM;

— MeHi0 «Pegakrop SQL» mpegHasHaueHo s oTKpbITUs SQL PefakTopa U yrmipaBieHust
€ro BHEIIIHUM BHU/IOM;

— MeHIO «ba3a aHHBIX» TI03BOJISIET YIPaB/ATh ApaiiBepaMu 0a3 AaHHBIX, COeJUHEHUSIMU
Y TPaH3aKI[UsIMU, a TAaK)Ke TeperoK/IrouaTbCs K 6a3e JaHHBIX U OTKJ/IOUAThCS OT Hee;

— MeHIO «OKHO» COAEepXUT MyHKThI J/isl yIpaB/eHusl BHEIIHUM BUOM oKHa DBeaver:
T0Ka3aTh/CKPbITb 1 MUHUMH3HUPOBATh/MaKCUMHU3HUPOBATh TPe/ICTABIeHUs U PeJaKTOPbl, 0TOOPa3UTh
TaHe/y, pa3/le/IuTh PeAaKToOphl U YIIPaB/saTh JPyTMMU HaCTPOWKaMy;

— MeHi0 «CripaBKa» COZIePXKUT CChIJIKM Ha MH(GOpPMAaL[MOHHbIE U CIIpaBOYHbIe PECYpPChl, a
TaKyKe MyHKTbI MEHIO /IJIsi IPOBEPKM HOMepa BepCUU U HaJTUuusi 0OHOB/IeHHUH.

BBl MO)KeTe HACTPOUTH CTPOKY MEHIO M CIIMCOK OTOOpakaeMbIX MyHKTOB MEHIO, /ISl 3TOTO
nepeiiaure B MeHt0 «OKHO» -> «HacTpouTts nepcnekTuBy» -> BK/IajKa « BUAMMOCTb MeHIO».

[TaHe/lb UHCTPYMEHTOB COZIeP>KUT KHOTIKH I/ OCHOBHBIX M Haubosiee yacTo UCIOJb3yeMbIX
KoMaH/l. HekoTopble KHOTIKM BK/IIOUeHBI (OKpalleHbl), ApyTrve BbIK/IHOUeHbI (3aKpalleHbl CEPhIM).
Habopbl BK/IIOYEHHBIX M BBIKTIOUEHHBIX KHOIMOK MEHSIFOTCS B 3aBUCHMOCTH OT TOTO, KaKOW
peflakTop akThBeH B paboueil obsactu. TonbKo BK/IIOUEHHbIE KHOIKK MPUMEHWMBI K aKTHBHOMY
BUAY WM pefakropy. Kpome Toro, Bbl MO)KeTe HACTPOUTHb MaHeIb WHCTPYMEHTOB, AJi1 3TOrO
nepeiijute B MeHI0 «OKHO» -> «HacTpolKM TepCreKkTWBbl» -> BK/IajKa «BUAUMOCTb TNaHenu
MHCTPYMEeHTOB». Takxke, Bbl MO)K€Te CKpPbITb WM [I0Ka3aTb [aHelb WHCTPYMEHTOB B OKHe
nipunokenusi. st atoro B MeHt0 « OKHO» BbIOepUTe MYHKT «BHeurHuid BUg» -> «CKpPBITh TIaHEeb
VHCTPyMeHTOB / [1oKa3aTh naHe/ib UHCTPYMEHTOB»:

— «Bugpi» — 310 OKHa B paboueli 065acTH, B KOTOPBIX TpeJCTaB/ieHbl MaTepuaibl U
CroCo0bI HaBUTALMH 110 UH(OPMALWY;

— «PepmakTopel» — 3TO OKHa, B KOTOPbIX MO)XHO B3aUMOJEHCTBOBaTb C COZ€PKUMbIM
¢aitioB 1 6a3 gaHHBIX. U BUIBI, U pelaKTOpPbl MOTYT OTOOpa)kaTbCsl KaK OT/le/lbHble OKHA WM Kak

BKJ/IdJKH, O6’I:€,£LI/IHEHHBIE C Apyrumu BI/I,E[aMI/I/pe,anTOPaMI/I B OKHO C BK/IdJJKaMH.
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Ha pucynke 53 u3obpakeHo coeguHeHue K B/I. [lasee paccMOTpuM MOAK/IIOUeHHe K Oase
JanHbIXx MariaDB:

— Haxwnmas Ha KHomke «HoBoe coefuHeHue», OTKpbiBaeTcsi OKHO «(Co3znarb
coeIMHeHue»;

— B nosBuBmemcsi okHO «Co3[aTb CcoeAWHeHWEe» MOXKHO BbIOpaTh TUIT HOBOTO
COe/IMHeHNs;

—  Haxwumas kHorky «All», MoxXHO yBUzIeTh criucok pa3Hbix bB/I;

— B Hamewm ciyuae mbl Beibepem B/l MariaDB;

— Bribupasi HyxHyto Ham BJl, HaKumaeM Ha KHOTKY «[lanee». Takum o6pa3oM MbI

repenieM K HaCTPOMKaM COeIUHEHUH.

£ Ao .= —t
@ DBeaver 2320 [
©ain ] Pegaxtuposanwe Haswrauma [Mowck  Pegawtop 50L  Basza gandex  Oxna  Crpaexa
[e]vev|ga-aoa-a- Q @@
f® bazul ganneix ¥ [ Nposxral =i ) ]
07| =~ 3
| Beegure 4acTe nMeHn oBLexTa ANA NoWcKa X e
» W postgres - locolhost:5432 Q Coz8Te COBLMHEHNE O x
> Loptest2 - 10.2.173.783:3306
BriSepuTe THN HOBOTO COSAMHEHHMA
Cozpate coeamHenue. Ecnu Bel HE BUAWTE Hy:HOH Baskl JaHHLIX B
| _EFNCKS,
| & | Sortby: (O Title (@) Score
_— = A
= Al =8
- | ey
& Popular | | MaricDB
= E-elR
- MaraDE 4 PostgreS0OL Dib2 for LUW
EN NosSQL
£ Analytical
0 Timeseries ™\
% Embedded MySQL REREETEEE
0 Hadoop / BigData
_% DuckDS MySOL Oracle
EN Full-text search
0 Graph databases
géT_Sewer
S0 Server S0iLite TiD8
W
3
5
TECT COEAWHEHNR ... < Hazan Toroeo | Otmexa
test 2

Pucynok 53 — Co3pnanue coeguHenue b/
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Hactpoiiku coefuHeHUs TIpuBeZieHbI Ha puUcyHKe 54. [Ins OosbILIMHCTBA JpaiiBepoB

Tp86y€TCH cneayroiiye HaCTpOﬁKH KaK: XOCT, IIOPT, HUMsA 0as3kI JaHHBIX, WM I10/1b30BadTe/Id U

MapoJib. O,E[HaKO KOJIMYeCTBO U THUII CBOMCTB coearHeHUs 3aBHCHUT OT ,/:[paﬁBepa. HapaMeprI A1

HaCTpoWkM coenuHenus: b/ mpuBesieHbl B Tabnuile 26. Hioke paccMOTpyM, Kakue JIeMCTBUST HY>KHBI,

yT00 HaCTPOUTH COEAMHEHUSI:

B oTkphiBilIeMcsi OKHe «HacTpoiKu coeiHeHUs», Ha BKIa/iKe «IylaBHas», HEOOX0AUMO

3allOJTHUTh HY>KHbI€ Hd CTPOKWU;

B crpoke «ba3a jaHHbBIX» BBeguTe MMs1 0a3bl AaHHBIX WK B cTpoke «CepBep» IP-azpec;
Takke, He0OXOIMMO BBOAWUTH UM TI0/TH30BATeEJIS;

3areM cileflyeT BBOAUTB [1apOJIb I10/1b30BaTe/1s;

YTo6bI 1TpOBEpUTH paboTaeT /M coeZlMHEHNE, HA)KMUTe Ha KHOTIKY «TecT coeluHeHusI»;

B koHIle Ha’)KMUTe Ha KHOTIKY «['0ToBO». CoeJuHeHUsI TIOSIBUTCS B [ilepeBe COeuHeHU

B HaBHWraTope 0a3 JaHHbIX U DBeaver moak/mounTcs K 6a3e AHHBIX.

(%) DBeaver 23.2.0 = | X
®aitn  Pegaktuposanwe  Haewrauywa [Mowck  Pepaktop SOL  Basza gandex  Owkna  Cnpaexa
¢&-|eev O ~va@aa-a- Q ®|@
£ Bazol ganmbix X [ Mpoexrsi = 5] = m
¢ 0= 3
| BeeguTe yacTs umeHw oBLEKTa ANA Noncka X
¥E, postgres - | P o

> g test2 - 102
Hacrpoiikn coeauHeHua

CeoicTea coeguHenwna ¢ MariaDB

Tnagroe | CooiicTea ,a,paﬁaepa: SSH: ssL| = Network configurations..,
Server
Connect by: ® Host (O URL
URL: Jjdbo:mariadb://localhost: 3306/
Cepeep: | localhost | MopT: @
Baza AaHHBIK: I 1 I

Ayrentudurauna (Database Native)

Monesoeatene: | root 3
MNapone: 4 [ Coxpanats napons
JonoaruTensHo
Server Time Zone: | Auto-detect w |
- Nokan. knnenT: My50L Binaries ~

Ty Bl pMOMKETE MCNOAES0BATE CUCTEMHEIE

] Onucanne coegnHeHWA (HaZBaHwe, THM, .. )
~ NEpEMEHHBIE B NAPAMETPaX,

Jpaiteep: MariaDB Hactpoiikn gpaiieepa | | fluyenzna gpaiisepa |

5 0

TecT coeguHeHNA .. < Hazag Hanee > loToec Otmena

test 2

PucyHnok 54 — Hactpotiku coeyuHenust b/]
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Tabmmiia 26 — [TapameTpsl A5 noakmouerus K b/ MariaDB

Cepgep 10.2.173.183
basa gaHHBIX test
[Tonb30Baresib userl

[Taposb 123

ITepen Tem Kak mepelizieM K CO3aHHIO Tabmuiibl, HEOOXOAUMO y3HaTh TUIT AaHHBIX B SQL,
KOTOPBIN OTpe/iesisieT KakKue 3HaueHWss MOTYT XPaHUTh B CTOJIOLIe U CKOJIbKO OHM OyAyT 3aHHMMAaTthb
MeCTa B aMsTH. THT JaHHBIX MOXKHO pa3fie/TUTh Ha TPYIIbL: YKC/I0BbIe, CTPOKOBLIE, /laTa U BPeMs,

OyneBble WK goruyeckue (cM. Tabmuiy 27).

Tabsmuria 27 — Tun ganHbix B SQL

Uucnossle
Hassanue Ornucanue Pasmep [wvaria3zoH yncen
Ot -2147483648 5o
Integer/int/int4 eJioe YrcIio 4 baiita
8 B 2147483647
o esioe Yuc/Io B HeOOoJIbIIOM N
Smallint/in2 | 1 2 Gaitra Or -32768 10 32767
[lMara3oHe
e Lenoe uncsio B 60/bIIOM o Ot -9223372036854775808
Bigint/int8 8 baiiToB
JlMara3oHe 110 9223372036854775807
Numeric/ BewectBeHHOE UKCIIO C . | He 6onbiie 131072 tudp 10
. N ITepemenHsbIN o
decimal yKa3aHHOW TOYHOCTBIO 3ansiTor M 16383 — nocie
BelijecTBeHHOE UmMCIIO C .
Real H . 4 batita o 6 tudp 1o 06e cTOPOHEI
riepeMeHHOM TOUHOCTBIO
Double BerjectBeHHOE ynCIO C 8 GaiiToB o 15 1o obe cTOpoHBI
precision repeMeHHOM TOUHOCTBIO 3ansTou
*PostgreSQE BocnipyuHuMaeT
BelijecTBeHHOE UMCIIO C N tur float 6e3 ykazaHHOM
Float H . 8 baiiToB y
repeMeHHO TOYHOCThIO TOYHOCTH Kak double
precision
CTpoKOBbIE
Ha3sanue Onucanue Pa3smep
o 10 485 760 cumBoJioB. TouHOe 3HaUeHue
JUTVHBI /17151 GUKCHUPOBaHHBIX CTPOK 3a/]aeTcsl B
MOMEHT CO371aHus Tabmuipl. Ecmm 1o dakTy
. CMMBOJIOB B CTPOKE MeHbllle, UeM yKa3aHo B
Character Crpoka (hvKcupoBaHHOM
CKOOKax, CHCTeMa aBTOMaTHUeCKU 3arloTHSIET
(n)/char(n) JUTUHBI
pasHully rnpobesnamu. Eciiu orpaHuueHue 1o
KOJTMUeCTBY CUMBOJIOB He YCTaHAB/IMBaeT
orpaHuyeHue aBToMaTudecku — char(1) umm
1 cumBoOIIL.
Character Ho 10 485 760 cumBosioB. Eciv fjiMHa CTpOKU
varying(n)/ CTpoka orpaHUUeHHOM OyzieT MeHbIIle, YeM 3asiBJIEHO B CTPOKY B
VarZha%(n) repeMeHHOM JIJTUHbI WCXOZIHOM BHU/e U He Oy/ieT 3aro/HsTh
He/IOCTAoIIHe CUMBOJTBI TIPoOeIaMu.
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[TpomomkeHue TabMULBI 27

CTpOKOBbIe
Ha3sanue Onucanue Pa3smep
Character Eciu orpanuuenue 1o AjiiHe CTPOKU He
varying(n)/ 3aJ]aHo, CKOOKax, crcTeMa COXPaHUT
varchar(n) TIPUHUMAET CTPOKH JIF0OOTo pasmepa.
. CTpoka HeorpaHUYeHHOU MepeMeHHOM JJIMHbI
CTpoKa orpaHuYeHHOU .
Text — TIPUHUMaeT CTPOKH JIF0OO0# [I/TUHBI, eCu
A OrpaHHYeHHe He 3a/]aHo.
Jarta u Bpems

Date [ara 4 barita
Time Bpewms 8 baiiToB
Timestamp with [ara u Bpemsi ¢ yueTom .

: 8 GaiiToB
time zone 4aCcoBOIO I0sica
Timestamp [ara u Bpems 0e3 yueTa
without time P Y 8 GaiiToB

4aCcoBOro Iosica

zone
[Ha wmm Het — —
True unu false — —
Owm 1 — —

YT1oObl MMeTh BO3MO)KHOCTb PaboOTaTh C COAEP)KUMBIM M CTPYKTypod 0a3bl [JaHHBIX,
Heo0X0IUMO TIOJKTIOUUThCS K Hel. TIpu co3maHre HOBoe coequHeHue ¢ 6a3oi maHHBIX, DBeaver
AaBTOMaTHUeCKH TIOAK/IIOYaeTcss K Hed. [I1d ToAkmoueHHsi K 0a3e [JAHHBIX, HCIIOIb3Ys
CyIIeCTByIOLee coearHeHue, B «HaBuratope» 0a3 aHHBIX WK B pa3sziese «[IpOeKThbI» ILeJIKHUTE
coefiiHeHHe, a 3aTeM HakMHUTe KHOMKY «CoeJuHeHWW» Ha WHCTPYMEHTOB WM Bbibepute «basa
JaHHbIX» -> «CoeauHeHre» B I7ITaBHOM MEHIO (CM. pUCYHOK 55).

Ternepp MMesi BO3MOXKHOCTh paboTaTh C cofepkaHueM 0a3 JaHHBIX, MbI TPUCTYIIaeM K
co3ganuio 00bekT «Tabmuia». s co3manust TabnuIbl HeOOXOAUMO Pa3BEPHYTh MEPapXHUECKYIO
CTIMCOK OOBEKTOB M B 3TOM CITUCKe KpoMe 00BeKTa «Tabmuibl» MOYKHO 3aMeTHTh ellle CJIe/IyIoIIye
o0bekThI: «IIpencraBnenusi», «UHAEKCH», «IIporeaypel», «IlakeTwbl», «IlocienoBaTeTbHOCTHY,
«Tpurrepel», «CoObITHSI». B JaHHBIE MOMEHT HaM TIOKAa HY)X€H TOMBKO O0BeKT «Tabmuifpi».
HakriMasi TIpaBOM KHOITIKOM MBI Ha 00beKT «Tab/MIiibl», TIOSIB/SIETCS CITUCOK KOMaH/, KOTOPbIX
MO>KHO TIDUMEHHTB [|/is IaHHOTO 00BbekTa. Hac mHTepecyeT komaHzaa «Co3gate 06bekT «Tabmurjax»
(pucyHOK 55), Ha’)KMasi Ha Hee aBTOMaTHUeCKH co3ziaeTcst Tabmmiia. Takum 00pa3oM Takoi Criocob
COo37laHus TAOJULIBI SIBJISIETCS CaMbIM TPOCTBIM, HO He €IWHCTBEHHBIM. ECTeCTBEHHO, elle ecTb
Jpyroi crocob co3aHusi U paboTaTh C COEPKUMBIM TabUIBI M 3TO MOXKHO cenath uepe3 SQL-
3arpocoB (cM. npunokeHne b). Urobrsl BeimomHUTE SQL-3arpoc B DBeaver Hy)KHO Takke BBIOpaTh

coequHeHWe C 0a30i AaHHBIX. [IOTOM Ha)kaTh MPABOM KHOIKOM MBIIIM IO COEIMHEHWIO U U3
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TOSIBUBILIEMCSI MeHIO BbIOpaTh koMaHzy «Pesaktop SQL». B OTKpbIBILIEMCSI OKHE pefilakTopa BBECTH
3arpoC Y Ha)KaTh Ha KHOTIKY «BBIMOMHUTL». Pe3y/bTar BeIMOTHEHHs 3arpoca 0TOOpasuThCs B OKHE
«Pesynbrarel 3ampoca», KOTOpOe II0 yMO/JYaHUIO HAXOAWUTCA I10f, OKHOM pegakropa SQL.
AmnanornuHbiM obpa3om ObuM cO37aHbBl Bce TabnMipl B JaHHOM paborte. [lanmee paccMOTpUM

rponecc Co34aHurs KOJIOHOK B caMmoi TaGJ’IHL{E.

= nic

{g) DBeaver 23
Pann FPepaktwposadwe Haewrauws [TMowck  Pesakrop SOL Basza ggHHe Owkna  Cnpaska
¢ - vy Jsa-aea~ar
f® Fazul gansnix ¥ [ Npoekrsl = B
P | e O W
¢~ | = & 3
BeeanTe yacTe vmeHn obbekTa A4NA nn::m| Y -

¥8 postgres - locolhost:5432
bv g test? - 1027

—
» 111 bazbl gaHHbIX

v = test| 2
>t Tatantip: BB Cozgate obwext "TaBnwua" 3 Alt+Insert
53 Mpegcraen
B WHaekcs: 47  Orxpeite obnext "Tabnuym” F4
B Mpoueaype = OTepeiTe HOBOE DKHO
8 Maketwl T  Ouastp »
I Mocnegosat |
B Tpurreps: | 000 View Diagram Ctrl+ Shift+Enter
B CoBermu EE CpaenuTe/Murpupoeate 3
F% Monesosatenm
E 2 Vimnopt gaHHe
£3 AgmuHWCTpUpoea
W Cucremuan undoj 2 WnctpymenTel 4
EE Menepauun SOL 3
M Konwposate Ctri+-C
™ Bcraewms Ctrl+V
Konupoeate nonHyto uHdopmalum Ctrl+Shift+ C
. (BHOBWTE F5
Tabmnue! - Tabnuygel

PucyHok 55 — Co3zanue Tabiuipi

Kak Tosbko co3panu Tabnuily, Mbl TlepexXofuM Ha CTpaHWlly, T7Ae Terepb HeoOXoAUMO
co3gatb «KosmoHku» (pUCyHOK 56). Ha cTpaHuile rjje repexojuid TMPU CO3[aHUX TaOIUIbl eCThb
Takue BK/IAJIKU KaK: CBOMCTBA, JlaHHbIe U Auarpammbl. Bo Bkiazike «CBOMCTBa» MOMUMO CO3/IaHUS

KOJIOHOK, eIlle HECKOJIbKO KOMdHJ M CTPOK, UdCTb KOTOPBLIX HEO6X0,E[I/IMO 3aro/IHUTE. HauHeM c
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YacTO MCIIO/b3yeMbIX CTPOK U KOMaH/, HarlpuMep, Ha3BaHMe TaOiMLIbl; [JBW)KOK XpaHeHus, JJisi
Tab/ML] C pa3fesaMu UMs JBIDKKA XpaHeHMs], BK/IIOUaloIl[ero BCe pasiesibl; aBTO-yBelnueHne — 3T0
¢yHkms B 06a3e maHHbIX SQL, KOTOpasi aBTOMaTW4yeCKU TeHepUpyeT YHUKAlbHBIA HOMep [Jist

KaK7I0M HOBOM CTPOKHU B TaOJHIIE U T.J.

| G DBeaver 23.2.0 - NewTable - o b4
| @aitn  Pegsxruposanie Haswraums Mowcx  Pegaxrop SQL  Base gsrwsn: Oxna  Cripagcs
=@ % oo ~ [ commit 32 A0lback F ~ @ fto | D 102173169 ~ Bl <NA> ~ D &~ 4 ~ Q |l
| % anw gk X [ Mposxms = 01 B0 parameters_of SOC BB “NewTable 3 BB simulstor_two L mi)
| e - B =
| i o * b o, = 5 BB Ceciicrea| ] Qavinse o Awarparma [ 102173169 [0 Gase aawnix. > = test [ Tabowpw v B8 NewTable (2]
e ofeTa 4ns now| T =
169 - 142 168 33K A Haseanwe NewTable Partitiored
~ [if} Base: garmsn
v test Asuwonn: |InncDE
w [ TaBnie:
B consumption_dgu Hazgamne & Tangawwese Mot NULL  Asto-yeenwuenne Kmou Mo ymonsemmro  Jonosmarensno  Bupaxense  Kommentapui
PR contrel_signal 51 Orparsuenivg
B icad B Beonine B Cosgarw obwest "Kononea® Aft+insent
: parameters_iny W Cearin & Omeporme owext “Kononm™ F4
B parameters_of_S0C == = Orcpwite Hotoe OkHO
ER parameters_of_pv_module: prrEpnl T o >
BB parametess pv B Wnaexce bl
BB power_dgu B Pazgens . View Data
BB settings -
e “m“lgmj one Statistics BE Cpasrurs/Murpuposars 3
PR simulator_two «T Dot 5 Fxcnopr asnnem
» BB NewTable £, Virtual B Wunopr gamse
-
9 Mpeacrasnersn % Mncrpymenms
B Mesgercm
B Mpousaype 2 Tewepays SOL ¥
B Naxers [T FRead datain SOL editor
B Nocneacearensroctn
B Tpurreps: ] Keonwposare Ctri=C
B Cofema ™  Berasums ChrleV
, I T ¥ + Shil _ = T
. pAszosaTenn " Tyera Konmposate NOAHYR radophagmo Crl= Shifit+ C | IVE:E [ Bepryre G Obuomims
MSK |

Pucynok 56 — Co3naHue KOJI0HOK

[TepexogyM K HYDKHEM CTOPOHBI CBOMcTBa Tabmuil. Ha pucyHke 56 KpacHbiM 00OBezeHa
KoMaH/ia «KoJioHKa», Ha)KUMasi Ha I10Jie peZlakTopa MpaBbIM KHOIKaM MBI TTOSB/ISIeTCSl OKHO I7e
TaK)Ke yKasaHbl psii QYHKLMH, KOTODBIX MO)KHO TPUMEHUTb K 00beKTy «KosioHku». M3 crmcka
¢dbyHkimu Heobxoaumo BeIOpaTh «Co3/aTh 00BeKT «KomoHKa». B pe3ynbTate momydaem CToJi0etl.
Ianee HY)XHO yKa3aThb KakOW THWIT [@aHHbIX OyAyT cCofep)KaTb SUeKW J[aHHOW KOJIOHKHU. B
TOSIBUBIIIEMCSI  OKHe, Heo0XO[IMMO HamnucaTh Ha3BaHWEe CTos0ell, BBIOpaTh TUM JaHHBIX U
orpannuenre «NOT NULL», KoTOpbIii MO3BOISIET OTPe/Ie/TUTh, UTO 3HAUeHHe B CTO/OIe He MOXKeT
obiTh «NULL» (pucyHOK 57), manee HakMuTe Ha «OK» ¥ Ha 3HaUOK COXPaHUTb B HWDKHEM YIJTy C

TpaBOX CTOPOHBI.
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(&) Co3aate konokky Column O X

Hazearue: | @il

CeoiicTea: Wraa 3Ha4yeHne
Tun gaHHbIX varchar(100)
Not NULL [1]
ABTo-yBENMYEHME [1

Mo ymondanuio
HononHwTensHo
BeipakeHue
Habop cumeonoe
Conocrasnenne
KermeHTapuit

o

Pucynok 57 — Co3fiaHus1 KOJIOHOK M MX CBOMCTBA

B KOHIle MMonmy4yniv KOJOHKY C HY)KHBIMU CBOMCTBaMHU (PUCYHOK 57). Terepb paccmMoTpum,
Kak 3arosiHsieTcsl B JlanbHelieM Tabmuia yepe3 rpaguueckuii uHtepdeiic DBeaver. [Ins 3Toro
repexo/iuM Ha BK/aJKe «/laHHbIe», I7ie TOsIB/IsSeTCs MycTast Tabauija ¢ KoJoHKaMu. [11s Toro 4to0sbl
peaaKkTop Tab/MLbI CTasl aKTyaIbHBIM, HeOOXOIMMO Ha)KaTh Ha KHOITIKY «+» BHHU3Y Tocepe/iiHe (CM.
pucyHok 58). Ilocsie HaXkaTvsi, Ha Tojie peflaKTOopa TAOJMIIbI TIOSBJ/ISIETCS AKTUBHAs CTPOKa, B
KOTOpOM CBOOOZHO BBOZASATCS 3HAYEHUs], B COOTBETCTBUM C TUIIOM JlaHHbIX. AHa/IOTMYHBIM 00pa3oM
3anonHsieTcst Tabsmuua. Ilocse 3amonHeHWst TabnMUIbl Takke HEOOXOJMMO HakKaTb Ha KHOIMKY
coxXpaHuTb. Takxe MOXKHO 3amoHUTL Tabivily depe3 pepakrtop SQL. [Iyisi 3TO HY)KHO OTKDBITh
BK1aaky «Pepsakrop SQL», Hammcars 3anpoc «INSERT INTO». HakaB Ha KHOIIKY «BBITIOJIHUTEY
WM TpMMeHMB coueTaHue KiaBuil «Ctrl+Enter», 3amyckaercsi 3amnpoc. B mpunoxenue b B
tabnuue b.1 npuBeseHbl onvicaHys Tab/IUL U UX NTapamMeTphl.

1.6 Bpinmo/iHeHHe IVIAHUPOBAHHUA Pe)XXMMa PabdOTHI COTHEYHO-AM3e/IHHOT0 KOMILIEKCa
Ha CyTKHM BIiepej

[TpoBefieHye mpe/iBapUTeNbHOTO I7IaHMPOBaHUs pexxuMa pabotel CIOK Ha cyTKM Brepef

TMO3BOJIUT ONNTUMU3HUPOBATH PEXXHM €TI0 (bYHKLII/IOHI/IpOBaHI/IH C yueTOM PIH(bOpM&LlI/II/I O TOCTYII/IEHUH
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MePBUYHOIO SHEpPreTUUecKoro pecypca (cosHeuHoro usmayueHusi). Hipke ommcana mporeaypa
BBITIO/THEHUS TI/TAHUPOBaHUs pexkuMa pabotsl CIIK.

1.6.1 TocTymHOCTL 000PY0BaHUS Ha Hayasio Mepuo/ia MJIaHUPOBaHUS

ITpu 3anycke ACY ¥ B Hauajie Kak/I0TO Tepuoja rulaHupoBaHus (Osvkaiiive 24 yaca)
TIPOBOJUTCSI TIPOBepKa JOCTYMHOCTU obopynoBaHus. O60pyZoBaHUe MOKeT ObITh HEJOCTYIHO K
WCTIOMb30BaHUIO M3-3a TPOBEJEHUsT T/ITAHOBOTO TEXHUUYECKOTO OOC/TY)KWMBAHUS WM PEMOHTA,
M3BECTHOW TEXHUYECKOM HEeMCIIPAaBHOCTH W T. 1. VHdopMmarmss o A0CTynmHOCTH 000pymOBaHUS
BHOCUTCs1 omepatropoM ACY BpyuHyto 3apaHee B Tabmuipl «JoctynmHocts AT'Y Ha MOMEHT 70
Hauasio pacueta» U «JloctymHocTs_uHBepTopoB_CHD_Ha _MOMEHT_/i0_Hauano_pacueTa» 0a3bl
naHabix ACY (moppobHee oM. Tabmuily B.1). B ciiyuae yka3aHusi Ha HeJOCTYITHOCTb TOTO WU
“HOTO 000pY/IOBaHUSI OHO MCK/IFOUAeTCss U3 paboThl Ha BeCh MEPHO/| TIaHUPOBaHUs (OJvbKamIme

24 yaca).

{4) DBeaver 23.2.0 - simulator_two - ] X
Taitn  Pegaxtwpoeanme Haswraums [Momck  Pegaxtop SOL  Basa ganmex Oxwa  Cnpaexa
¢ v 9 ¥R Osa vi[ Commit [2Rollback B '~ @ Auto |40 v 10.2.173.169 ~ E<NA>» ~ @A & v Q ~ Q ‘B|@
M bamp. X [0 Mpoex = 0 B simulstortwo X BB load ER control_signal BB control_dgu BB consumption_dgu ¥y = 1=
-8 - = 8 || M Cuonerss I fawwsie | 5 Avarpaniaa g 102173169 [0 Bazet gammbx v = test [ Tabnmuw v BB simulator_two &
Beegwre wacts umenn ofine n
v _g 102173169
~ [i1) Bazel gaHHeix
v 2 test
v 5 Tabnmnup

BB consumption_dgu —

B8 control_dgu o

BB control_signal 2

M load ¥

BB parameters_inv

FR parameters_of_SDC
BP parameters_of_pv_m
BB parameters_pv

PR power_dgu

FA settings

F

x2 b v | B N Xider =~

13j schedule_simulator2 id | 123 dt_sec '!‘-..".'.-'G_me-‘-z v| 123T cell ¥ |

mz:m-..'!ztrr_f.'.r.

] Tabanua
spueg iy

~
o

EJE

ol Texcr

3o

oo Fm.

BB simulator_one
» BB simulator_two
B NewTable
£3 Mpeacraenesna
B Mraexce
B Mpousaype
I Naxerst
B MocnegosatensHocTi

B Tpurreps —1 K
B Cobomma & O6HoEnTs * » [E Cancel : =

Fa Nonesoearenn r
< > | 200 Y 0 cTpox nonydeno - 2ms, 2024-03-27 e 09:05:54 |

MSK | ru

[a 3annen

> b T, 3xcnopr gannbix .. I BR

Pucynok 58 — [lobaByieHre HOBOM CTPOKHU B TabO/IHUILy
1.6.2 TIporHo3upoBaHye BbIPAOOTKU 3/1eKTPOIHEPTUH COTHEUHOU 3/IeKTPOCTaHLIeH

HPOFHO3 BBIPa60TKI/I 3JIGKTPO3HEPruu COJIHEUHOM 3JIGKTPOCTAHLIMKM  OCHOBaH Ha

WCI0/Ib30BaHUM BepUUIMPOBaHHOM METOAUKU MO/ieIMPOBaHUs (HOTO3/IeKTPUUECKUX CUCTEM
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«Photovoltaic performance modeling collaborative» (PVPMC) [50] u peanu3oBaH B CKpUIITe
«ForecastOfThePVPower.py» (cM. nipunoxeHue B).

OcHOBHBIe 3a7jauM CKPHUIITA:

— nmnonyueHue HH(opMarMu 00 U3MEHeHWH COTHEYHOTO W3/IyueHus], TaJjalollero B
rOpU30HTaIbHOM TIJIOCKOCTH, B TeUeHHe BCero nepro/ia NporHO3MPOBaHKs;

— pacueT COJHEYHOIO W3/IyueHMs, TMaJjalollero B IIJIOCKOCTH (POTO3/1eKTPUYECKUX
MOJyJieu;

—  MOJenvpOoBaHUe BOJIbT-aMIIepPHOW XapakTepucTUKU POM mpu NMPOrHO3HBIX YCIOBUSIX
BHEIIHUX YCJIOBUSIX;

—  MOJeSMpOoBaHKe BOJIbT-aMITIePHON XapaKTepUCTHUKH Oarapen ®OM;

—  MOJenMpOoBaHue NOTepb SHEPTUU B COJIHEUHOM MHBepTOpe.

TexHuueckue MapamMeTpbl Ucronb3dyeMbix B COC ®OM, OGarapeit ®OM u uHBepTOpa
COXPaHSIIOTCS B TabmLax

«[Tapametpbr_CIK», «ITapametpbl_mogens_CIC»,

«[TapameTpbI_nHBepTOpa» 0a3bl ZAHHBIX CHCTEMbI YIIPaB/IeHUsI W JO/DKHBI OBITH MOTyUYeHsI Tiepes

HauajioM  TIPOLIeAyPbl ~ TIPOTHO3UPOBaHWS ~ BLIPAOOTKM  3/IEKTPO3HEPTUH COTHEYHOU
3/1eKTpocTaHuyel. [TepeueHb apameTpoB TMpuBeZieH B Tabmuiie 28.
Tabma 28 — IlapaMeTpel  COMHEYHO-/IM3€/BHOTO — KOMIUIEKCA,  HWCITIO/b3yeMble  TIpH
TIPOTHO3UPOBAHMH BBIPAOOTKH 3/IEKTPOIHEPTUH COJTHEUHOM 37IeKTPOCTaHLMel
Ne /1 ITapametp HaHMEHOBaHfI ¢ 3anucs B B/1
riepeMeHHOM
1 |Iupota pacnonoxenuss CIK latitude [MapameTtprr_CJK]['latitude’]
2 | Honrora pacrniosnioxxenuss CIK longitude [TapameTpsi_CIK]['longitude']
3 Beicora pacrionoxenms CIIK altitude [Mapametpsi_CAK['altitude']
HaJl ypOBHEM MODSI, M
HaumenoBanue yacoBoro
4 |mosica, B KOTOPOM TimeZone ITapameTpsi_CK['timezone']
pacniosiaraetcsa CIIK
5 |HasBauue COC NameA IMapametpel_C/IK['name_of_SPS']
Yron Hak/10Ha MOBEPXHOCTH . , .
6 DOM, rpajychl surface_tilt | [Tapametpni_Mogens_COC['surface_tilt']
7 AsumyT noBepxHoctd @OM, | surface_azimut | [Tapametpsi_mogens_CIC['surface_azim
rpajlyChbl h uth']
8 |KomuectBo ®OM B 1]eMouke M HapaMEprI_MOAEHbTCS.(:[ n'u'mber_of_p
vmodules_in_circuit']
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[TpomomkeHue TabmUIlbI 28

Ne /1 ITapametp HaHMeHOBaHfI ¢ 3anucs B b1
riepeMeHHOM

Komuectso nerouex, [MapameTtpsi_Mmogens_CIOC['number_of_c

9  |MOJK/THOUEHHBIX K OJHOMY N N . .

ircuits_con_to_inverter']

HWHBEpPTOPY

10 KonmuecTBo MHBEPTOPOB Ha Ni [MapameTtpni_mogens_COC['number_of_i
CoC nverters_in_SPS']

11 Koaduipent npeancHocTu a_ref ITapametpsi_Mmogens_COC['a_ref']
Jiofna, o.e.

12 |®oToTOK, A I L _ref [MapameTpsi_mogens_COC['T_L_ref']

13 |«TemHOBOI» TOK, A I o_ref [Tapametpsl_mogens_COC['T_o_ref']

14 IyrTupyrowee R _sh_ref ITapametpri_mogens_COC['R_sh_ref']
conpoTuBaeHue, Om

15 Tocneposate/bHoe R s [TapameTpsi_Mozens_COC['R_s']
conpoTuBaeHue, Om
TemmnepaTypHbIi

16 |ko3(duieHT ToKa KOPOTKOTO alpha_sc [TapameTpsi_Mmogens_COC['alpha_sc']
3ambiKanus, A/C

17 |a a [TapameTpni_Mopens_COC['a']

18 |b b [MapameTtpsi_mogens_COC['b']

19 |deltaT delta T [TapameTpsi_Mmogaens_COC['delta_T']

20 SC(I:CI)EKTHBHM Mppajars, eff irr [Mapametpsi_mogens_COC['eff_irr']
HomuHanpHas MOIHOCTb . .

21 uHBepTOpa, BT pdcO [TapameTpsi_Mopens_CIC['pdc0']

2 KITA MHBEPTOPA TP eta_inv_nom HapaMETpLI_MO,E[EHI':_CBC[ eta_inv_
HOMUHAa/IbHOU 3arpy3Ke nom']
KII/l nuBepTopa rnpu . ' . .

23 . eta_inv_ref [Tapametpri_Mmogens_COC['eta_inv_ref']
ONTUMa/IbHOU 3arpy3ke

B ckpurire «ForecastOfThePVPower.py» nosnyueHre yka3aHHBIX IapaMeTpoB B Tab/miie 28
peayii30BaHO B CTPoKax 1...99.

HOJ’Iy‘-IEHI/Ie I/IH(I)OpMaL[I/II/I 0 (CpegHedaCOBBIX 3HAUE€HHAX  COJIHEYHOro M3/1y4YeHUHsd,

Mnagaromiero B FOpH3OHTaﬂbHOﬁ IJIOCKOCTH, B TeueHHWe BCero rIepuoga TIIPpOrHO3WMPOBaHHA

(bmkatime 24  yaca) TIPOM3BOAUTCS AByMs crmocobamu  (ctpoku  120...195 ckpunTa
«ForecastOfThePVPower.py»):

1) wucrnonb30BaHKe cepBrCa MPOTrHO3UPOBAHUS COTHEUHOTO U3nyueHus [51];
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2) 3arpy3ka WH(OpMalMM U3 3apaHee IMOJrOTOB/IeHHOTO (aiin «TMY». 3OToT crocob
CUMTAeTCsl «aBapUMHBIM» U WCIO/Ib3YeTCsl B Caydyae HEBO3MOXXHOCTM TIOJyueHHsl [AOCTyma K
CepBUCY MPOrHO3UPOBAHUSA CO/THEYHOT'O U3/TyUeHUS .

1.6.3 Bribop cocTaBa BK/TFOUEHHOTO TreHepUpYHoliero 000py0BaHuUs

B obmem cnyyae K reHepupytoiieMy obopynoBanuto CJK oTHocsATcs:  u3enb-
reHepaTopHble YCTAaHOBKM; CeTeBasg CO/HEYHAs 3JIeKTPOCTaHLMS; CHUCTeMa HAaKOIIeHUs
3/1IeKTPO3HEepIUu.

3ajaua BbIOOpa cOCTaBa BK/IHOUEHHOTO reHepUpyolero 0060py0BaHus MOXKeT ObITh pellieHa
MeTO/[aMH MaTeMaTU4YeCKOTro TpOrpaMMHpOBaHusl. BbIOOpD MeToza pelneHus ONTUMU3ALMOHHOM
3a/laud 3aBUCUT OT BUja LiesieBOM (YHKLMM, TUIMA TepeMeHHbIX U [IeHCTBYIOLMX OrpaHUuYeHUil.

[TocTaHOBKa 3a/jauyl ONMTUMHU3ALIAHU B 00IT[eM BU/Ie BBITJIAJUT CeYIOIUM 00pa3oM:

f(x)>min, (54)

e X — BeKTOp pa3sMepHOCTY;

nx€X — 0MyCTHUMOe MHOXXeCTBO 3HaUeHMH MepeMeHHBIX;

f(x)>min — yenesas GyHKUWS;

g:(x)<0,i=1...m — orpaHMyeHus BU/a HEPAaBEHCTB;

h;(x)=0,i=1...k — OrpaHM4YeHus BU/|a PABEHCTBE.

BrI6paHHbIi COCTaB BK/IIOUEHHOTO TeHepMpyFoIliero o6opy/I0BaHuUs! [0/DKeH obecreunBaTh
MMHMMU3aL1I0 SKCITyaTalldOHHBIX U3/Iep’KeK 3a BeCh pacCMaTpHUBaeMblil epyro/;, BpeMeHu. Takum

obpa3om, 1eneBass (QyHKLUS ONTUMHU3ALMM MOXKET ObITh 3amMcaHa CaeJyHoLUM o00pa3oM (CM.

dpopmyny (55)):

Myry

minOPEX =) (L] X > [K;XN 4 (t)+B]]), (55)

t=1 i=1

rje t — HOMep pacueTHOrO MHTepBaja BpeMeHH (PO O0/DKUTE/IbHOCTh MHTEpBasla MPUHSTA
paBHOM 1 yacy, pacueTHbIN TlepUOJ, BpeMeHHU — 24 yaca);

i=1...n,., —mnopszakoBeiii HomMep II'Y B cocraBe [J3C;

I —1eHa 3a 1 MUTp AU3eIBLHOTO TOTUIMBA, pyb (TpuHsiTa paBHO 60 pyo6.);

N gryi (t) — pabouas MomHOCTS i-# [JT'Y B TeKylleM pacueTHOM MHTepBajie BpeMeHH, KBT;
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K; u B, — x0o3¢duijeHTb! TMHeapu30BaHHOW 3aBUCUMOCTH abCOMIOTHOTO Pacxo/ia TOIUIMBA

i-it AT'Y ot ee paGoueii MomHOCTH N 41y (t) , 0.

OnTrMH3alMOHHAs 3a7laya BbIOOpA COCTaBa BK/IIOUEHHOTO TeHepHpYIOIiero 060pyA0BaHuUs

XapaKTepHu3yeTcs epeMeHHbIMU, TPUBeJeHHbIMU B Tabnuije 29.

Tabmuia 29 - IlepeMeHHbIe ONTUMU3AIMOHHOW 3aJjaud  BBIOOpPA COCTaBa BK/IFOUEHHOTO
reHepHUpYIOIero 000pyj0BaHUs
Ne Obosta- Tun ’HHaHaBOHUAOCTyHHHX [Ipumeuanue VIms1 mepemMeHHOM
/T yeHue 3HaUeHUH, e/l. U3M.
Pabouas MomHOCT, | m.X1, m.X2, m.x3
N ) max ’ ) s
1 ATYi float 0... Npry , KBT i-it ITY m.x4, m.x5,m.x6
bunapHbIi
KOS ULHEHT m.ul, m.u2, m.u3
u - I 17 . ’ . H . s
2 ATy bool 0,1 coctosiHus i-it AIT'Y B m.ud, m.u5, m.u6
MOMEHT BpeMeHH t
(0 — BBIKS; 1 — BKIT)
sa sap, max Mo1HoCTb Tpu 3apsije m.batl_ch
p p
3 N ok float 0... Ny ™ ,KBT Joii CHO m.bat2_ch
a3 asp , max MolilHOCTb TIpU m.batl_dch
pasp pasp,
4 Newon float 0... Newic » KBT paspsze k-it CHO m.bat2_dch
DOD;™ ... SOC;™ YpogeHs 3apsifa k-it m.socl
SOC k k >
> k float % CHD m.soc2
3arparbl Ha MyCK i-01 m.sucl, m.suc2,
6 SU, const 0, dgarmpeost,i » Y€ p y m.suc3, m.suc4,
’ ary
m.sucb, m.suc6
3arpaThl Ha OCTAaHOB m.sdel, m.sdc2,
7 SD, const 0, dgudowncost.i » Y-€ p i-ii 1Y m.sdc3, m.sdc4,
m.sdc5, m.sdc6
m.PV1, m.PV2,
PV3, m.PV4
PV, mex i .y, ’
8 i float 0.. PV;™ , kBT MoriHocTs j-it COC m.PV5, m.PV6,
m.PV7
ITpu pabote CIK momKHBI COOMIOAATECS CIeIyIONIMe OrpaHuYeHusi, (HOPMUPYIOIIHe 3aiauy
ONTUMU3ALIUU:

1) B Ka/bli pacueTHbIN WHTepBa/l BpeMeHHU [IOJDKHO BBITIOHATLCS ypaBHeHHe OaaHca

MoIiHocTH (popmyna (56)):
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nzu"y Ngam. une

,ZIFYI +ZNPV Z Né?;ak(t)"' Z Ng‘;;gk(t):P(t): (56)
k=1

e P(t)=Poom(t)+Pcy(t) — mporHosHasi cyMMapHasi aKTUBHasi Harpyska, orpejessiemMast
T0JIe3HOU Harpy3Kou roTpebuTesieit sHeprur U cobctBeHHbIMH HYXaamu C/IK, kBT;

Npy(t) — mporHosHas MOIHOCTB, BbIpaGaTeiBaeMasi COMHEUHOM 3/IeKTPOCTaHIuelt, KBT;

NZPIPeP () _ 3apsaHas/pa3psiHas MOLTHOCTh CHCTeMb] HAaKOTUIeHHs SHEPIUH, KBT;

j=1...n,, — TOPSIKOBBII HOMED COJIHEYHOTO UHBEPTOPA;

k=1...ng,, ,.. — IOPSIKOBbLIIi HOMep GaTapeiiHOro0 UHBEPTODPA.

2) TotoBHOCTB K pabore i-ii [I['Y B TeueHre Bcero pacueTHoro nepuoza T (bopmyna (57)):

aﬂFYiXNﬂFYi(t)_N,ﬂFYi(t)ZO’ (57)

e d ., — OMHapHBIKM KO3(QOULMeHT JOCTYNHOCTH i-i II'Y B MOMEHT BpeMeHH t.
3) Pabouas momHocTh [I'Y B KaKpli MOMEHT BpeMEHHU JO/DKHa ObITh OosibIle

MUHUMabHO-/I0MYCTUMOM U MeHbIIle MaKCUMaIbHO-A0MyCTUMOM MolifHOCTH (dhopmyra (58)):

NZ?YiSNﬂFYi(t) = NZ?;’I" (58)

OTo orpaHrUYeHHe TaKXKe MOXKeT OBbITh 3armrcaHo CieyommM 00pa3oM — yaebHas 3arpy3ka

i-i  paboraromert 'Y B MoOMeHT BpeMeHM ¢ [O/DKHa ObITh Oofbllle WM paBHA

Npy"= N/ Ny (cuctema BoipakeHui (59)):

uﬂFYi(t)zl;
max min (59)
NﬂFYi(t)/NﬂFYZNZaFY s
rge u myl.(t) -— OuHapHbIi KO3¢pduLmeHT AoctynHOCTH i-i 'Y B MOMeHT BpeMeHH t

(1 - AT'Y moctymnHa; 0 — AT'Y He AoCTyIHA).
4) OrpaHuueHHe IO YacTOTe MYCKOB U OCTaHOBOB [II'Y cgopMyaMpoBaHO Ha OCHOBe
KpUTepHsi MUHMMU3al[iy 3aTpaT Ha IMyCKU U OCTAHOBBI. 3aTpaThl Ha MycK i-i AT'Y (dbopmysa (60)):

SUi(t)ZSUiX(uﬂFYi_uﬂFYi—l)’ (60)
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rae SU, —3arparhl Ha MyCK i-To Ax3e/b-reHeparopa, pyo.

3arpaThkl Ha ocTaHoB i-i AT'Y (dbopmyna (61)):

SDi(t)ZSDiX(uﬂFYi_uﬂFYi—1>’ (61)

rae SD,; —3aTpaThl Ha OCTAHOB i-TO AiU3e/ib-TeHepaTopa, pyo.
5) B ciyuae Hauama pabothl (3amycka) i-s1 [IT'Y no/mpKHa Toc/ieloBaTelbHO paboTaTh He

MeHee 3a/laHHOr0 umc/ia yacoB (dhopmyna (62)):

[h?p(t_1)_Typ]x(uﬂrw_uﬂry:'—1)20: (62)

1

rae h?(t—1) — uncIo moc/Ie[0BaTe/ILHBIX YaCOB K KOHILY (t-1)-T0 uaca, B Te4eHHe KOTOPhIX
i-s AT'Y Obina B pabore;
T;” — MUHMMa/bHOE JOMyCTHMOE YHCJIO TI0C/IeZI0BaTe/IbHBIX YacoB paboThI i-it [IT'Y.

MuHuMabHOe YKC/I0 TI0C/IejoBaTeIbHbIX YacoB rpoctos i-it AT'Y (popmyna (63)):

[h;jown(t_1>_Tfown]xwﬂfyi_uﬂryiq)zo: (63)

rae h'®"(t—1) — uKMc/IO0 TIOC/TeoBaTe/IbHBIX YacoB K KOHIy (t-1)-To uaca, B TeueHue

KOTOpBIX i-s1 [AI'Y npocrauBana;

down
T;

— MUHHMAJIbHOE JI0MyCTUMOE YUCJIO TIOC/IeJ0BaTe/IbHbIX YacoB MpocTos i-u AT'Y.

6) ToroBHOCTH K pabote CHD (dhopmyna (64)):

Qe X Nt ™ (€)= N ™ (£)=0, (64)

Tle d 5 — OMHApHBIN KOG dULMeHT JoCTyTHOCTH k-t CHO B MOMEHT BpeMeHH t.

7) Tlopnepskanue ypoBHs 3apsifia CHD B gonyctumbix npezenax (dhopmyna (65)):

Nt
100XAE, [ g ez M)
k k

(1-DOD;™)<n; xSOC, (t—1)+ <S0C™, (65)

rae 7, — koahduuueHt camopaspsza k-it CHI, %;
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C, —eMkocTb k-i1 CHD, kBT-y;

DOD}"™ — MUHUMABHO-JOMyCTHMas [yOuHa paspsiza, %;
SOC, - yposeHs 3apsza k-1 CH3, %;

7.t et — KL CHD npu 3apsizie u pa3spsizie AKB, %.

8) OrpaHuueHue JOMyCTUMOM CKOPOCTH (MOIIIHOCTH) pa3psifia/3apsa k-it CHO (cucrema

BbIpa)keHUH (66)):

3ap 3apmax
NCHSk(t)SNCHSk ’

(66)
N5 (6) < NEg™,
rae Neopoe > NPor™  — MakCHUMasbHO-/IOMyCTHMble 3HAueHWs MOIHOCTH 3apsja u
pa3psiga k-it CHO.

9) HeB03MOXXHOCThL OJHOBPeMeHHOr0 pa3psija u 3apsijga CHO (dbopmyna (67)):

N o (£)X N g2, (£)=0. (67)
10) T'otoBHOCTH K pabote j-ro uaBepTopa CIOC (hopmysa (68)):

GCSCjXNPVz(t)_NPw(t):O: (68)

e dcsg — OuHapHeli Ko3(hduimeHT gocTynHOCTH j-ro uHBepTopa COC B MOMEHT
BpEMEHHU t.

B cBsI3U C yKa3aHHBIMU TeXHUUeCKUMU OTPaHUUYeHUsIMU Ha Pe)KUMbl paboThl 060pya0BaHus
CIOK, TUMOM HCII0/Ib3yeMbIX TlepeMeHHbIX W BUJOM 1iesieBOM (yHKIMM 3ajaua BbIOOpa cocTaBa
BKJTFOUEHHOTO TeHepUpYIoIero 000pyoBaHUsl OTHOCUTCS K 3aZiadaM CMEIIaHHOTO L{e/I0YUCIeHHOTO
He/MHeWHOoro nporpammupoBanus (mixed integer nonlinear programming, MINLP).

[ns pelieHusi 3afad CMeEIIAHHOTO L{eJIOYUC/AEHHOTO HEeJMHENMHOro MpPOrpaMMHUPOBaHUS
MOXKeT OBITh HCIIOJIb30BaHO J0CTAaTOUHO O00/bllIoe KOJIMYeCTBO TPOTPAMMHBIX TPOAYKTOB. K
CBOOO/IHO-PACTIPOCTPAHSEMbIM  pEIlIeHUsIM ~ OTHOCUTCS  Oubmoreka «Pyomo» [t si3bIKa
rnporpamMMupoBanust  Python, mipexcraBnsitoijas  uvHTepdeiic KO ~ MHOTUM  pelliaTesisiM

OINITUMM3AlIMOHHBIX 3a/1a4:
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— Couenne, IPOPT — cBob6ofHO-pacCIIpOCTpaHsieMble pellaTesd 3ajad HeIMHeHHOro
TPOrpaMMUPOBaHUS;

— SNOPT, CONOPT -  kxoMmmepueckwe  peliareqd  3ajjad  HeJMHEHNHOTO
IIPOrpaMMHPOBaHUS.

Tak kak B pamkax HMOKP pa3pabarbiBaeTcsi CHUCTeMa yIipaBieHUs, OCHOBaHHasi Ha
WCTIO/Tb30BaHUU OTKPBITHIX pellleHnH, TO B KaueCTBe perraresisi Obi1 BeiOpaH Couenne.

[Tpu HeKOTOpBIX HabOpax MCXOAHBIX JAHHBIX pellaTelb He MOXKeT BbIOpaTb ONTHMasibHOe
pellieHWe U ero paboTra ocraeTcsi He3aBeplleHHOW — TwiaH pabotel CAK Ha cyTku Brepef,
nipezicTaBsier cob0ii HaboOp HyseBBIX 3HaUEHUM MOLIHOCTH Kaxoro u3 3nemeHToB CAK. B 3Tom
Cjlyyae B KaueCTBe Pe3epPBHOTO MeToZa IulaHMpoBaHusi pexxuma paborer CK wucmosnb3yercs
MIPOCTOM NOC/Ie/j0BaTebHbIM pacueT pexxruMa CIIK, rnpesicTaB/ieHHbIN HIKe.

Pacuer BbINO/IHAETCA 17151 K&XKOI'0 Yaca repyoza rjaHvposanus t=1,2 ... 24:

1) YpoBenb 3apsija CHD Ha Hauaso pacyeTHOro HWHTepBajia t NMPUHUMAETCs pPaBHBIM
YPOBHIO 3apsiZia B KOHLe Mpe/IbIAyIIero pacueTHOro MHTepBasa BpeMeHH (t-1):

soc,.[t)=socC [t—1).

KOH

B camom Hauane pacyera mpu t = 1 ypoBeHb 3apsjga CHO Ha Hauaso 3TOTO pacyeTHOTro

HWHTEPBaJ/ld IDUHUMAETCA PABHBIM 3da/laHHOMY B Ha4aJ/IbHBIX YC/IOBUAX!
soc, . [t)]=SoC(t=0).

2) OrmpegeneHre orpaHUUeHUM Ha BO3MOXKHOCTb 3apsija Wau paspsga CHO3, a Takke Ha

MaKCHMMa/IbHO-I0MyCTUMYIO CKOPOCTS 3apsizia uin paspsiza CHO:
a) Ecm SOC,,,[t)<SOC™ , To 3apsis, CHD BO3MOXKeH ¥ MaKCHMaJ/IbHasl Be/IMUMHA 3apsifa

AKD orpaHvueHa HOMUHaIbHOW eMKOCThIO:
_ max
Nt sapms=SOC™™ = SOC, [t .

[TpoBepka Ha [JOMTyCTUMYIO CKOPOCTD 3apsiia CHD (orpaHuueHue co CTOpOHBI GaTapeiHOro
max

MHBepTOPa): eCMA Ny s0pm0> Noam we-sapo»  TO  3@pAfHYr0  MompocTs CHD  Heobxogumo

OTPaHUYUTh BEJTMUMHOU 3apsiIHOM MOII[HOCTH OaTapeiHOro MHBEpTOopa:
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__ apmax
NCH3 —3aps0 Nﬁam .UH8 — 3aps0°*

6) Ecm SOC,,(t)=SOC™ 1o paspsy CHO BO3MOKEH M MaKCHMa/bHAs BEIHUMHA

pa3psana AKBb OrpaHrU4eHa MHHHMaHBHO-AOHYCTHMOﬁ €MKOCTBHO:
NCHB - pasps0 = SOCHaq (t) - SOCmm.

[TpoBepKka Ha [JOMTyCTUMYO CKOPOCTh pa3psiza CHO (orpaHnueHue co cCTOpoHbI OaTapeiHOro

max

MHBEPTOPa): eCMM N cys - paspao > N gam une - paspso»  TO PaspsafHyro  MomHocte CHO  Heobxoaumo

OTPaHUYUTh BEJTMUMHOU Pa3psAAHON MOIIHOCTHA OaTapeiiHOro MHBEpTOpa:

__ aymax
NCH:-) - paspso — Nﬁam .UH8 — paspso*

3) Ecnu conneuHas 3JIGKTPOCTaHLIA BpraGaTBIBaeT SHepruun 60J'IBH.IE, ueMm HEOGXO,E[I/IMO

max

notpe6utento, T.e. Noc ()X N o o= Promp. (L ):

a) B 3TOM cydae BO3MOXKHO TOJTHOCTBIO 0cTaHOBUTE [IDC, T.e. N ﬂac(t |=0.

max

6) «M3mmku» sHepruu ot COC cocTaBsitoT BemuunHy dP =N ;5 (t)x Neomt.une Pnomp‘(t):

dpP
- Ecmu —= NCH3—3ap;16, TO BCHO 3Ty JIMIIHIOKO 3HEPrvU0 MOXXHO ITYCTHUTBb Ha 3apsan
6am. uHe
CHDO:
dpP
SOCKOH(t):SOCHGH(t)X(l_GCH3)+ :
rlﬁam.uye
Tak KaK U3/IUILKOB SHEePruu He 0CTaloCh, TO Ncgoﬁ(t):O.
dp 5
- Ecnu —>NCH3—3apga, TO TOJIBKO 4YdCThb JIMIIIHEW 3HEPIvMid MOXXHO ITyCTUTHb Had 3adpAaf
6am. uHe
CHO:
SOCKOH(t):SOCHaw(t)X(l - O'CHB)-I-]VCHstapﬂa ’ A t.
OcrTaBIlasca 4acTb 3TOU SHEePrvuv Ha3bIBaeTCsA CBO6OAHOI\/JI U OOJ/DKHA 6LITI) paccedHa Tpu
peryjinpoBaHUM:
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N
N 5l t)=dP - —;Ha’”f’”a X At.
6am.uHs

4) Ecm conHeuHasi 37e€KTPOCTaHIMs BbIpabaThIBaeT SHEPTUM MeHbIlle, YeM HeoOXOAMMO

max

norpeburesnto, T.e. N Cac(t)x Neo.une <P nomp. (t):
a) Yacte Harpy3ku obecrieunBaercsi COC, a ocraBluasics 4acTb, paBHas
L=P. _ [t)-NI%(¢) 6 6 CH3 u 13C
=P oy (T cac \E) XN o une [O/DKHA OBITH ODecreueHa u 15C.
6) Ecm 3amacenHoil sHepruu B CHO pgocrarouHo, yTOObI MO/MHOCTBIO 00ecreurThb
mataiisd L (N o5 paspso X Moam.ue = L), T0 CHD Oygmer paspsikatbes, a JOC MOXKHO MOTHOCTBIO

OCTaHOBHUTL:

SOC,,(t)=S0C, [t)X(1 - 0¢yp) - —L

XAt;

6am.uHs
N ;5c(t)=0.

B) B nporuHOM ci1ydae (N - paspmo X Moam.ue< L) CHI MoXkeT obecreuuTs /Milb YacTh

muTanust, PaBHYIO L, =L = N cy5_ paune0 X Nam.uie 1 AAOC HE MOXKET ObITh OCTaHOB/IEHA:

min

— Eom L,<Njse, To Heo0XOAMMO MCKyCCTBeHHO obecrmeuntsh 3arpysky [3C go

MI/IHI/IMaﬂBHO-AOHYCTHMOI‘/JI MOINHOCTH:
N ( )_Nmin N =p ( )_Nmax( )_Nmin
15C t)= 2C» CHD - pa3psd — + nomp. t CcoC t AoC-
— Ecmu L2>NZ§ZC3 TO 3arpys3kKa HBC JIEXKHUT B AOMYyCTHUMOM [Hdlla30He:
Nﬂsc(t):Lz;

NCHS—paapﬂazpnomp.(t) _Nggxc(t) - LZ'

—  Yposens 3apsiga CHO u3MeHUTCS Crie[ytoLuM 00pa3oM:
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N
SOCKO”(t):SOCHaq(t)X(l - GCHS) - MXAI.

6am.uHs

5) Pacnipenenenve moutHocty JOC Mmexay JAI'Y u onpezesnieHre pacxoja TOMJIMBA:

a) Ilpumeuanume — /g obecrieueHHs] YCTOWUMBOM W HaJ|e)KHOM pabOThI AW3ebHBIX
reHepaTopoB HeOOXOJMMO PaCIpe/ie/IUTh MeX/ly HUIMU aKTUBHYHO MOIIIHOCTh MPOTIOPLMOHATBHO UX
HOMUWHA/IbHBIM MOLLHOCTSIM.

AHanmm3 3aBUCMMOCTEH Y/|e/IbHOTO pacxofa TOIIMBAa OT paboueii MOIIHOCTH /AW3eTbHOTO
reHeparopa TOKa3blBaeT, UTO OITHMMajbHas 3arpy3ka Ju3e/b-reHepaTOpHbIX YyCTaHOBOK J[1OC

obecrieurBaeTCst IPU MaKCUMH3aLUX yAe/I5HOM 3arpy3ku (popmysa (69)):

Py t)
yo - ay
Py (t)= S~ Max. (69)
ary
OueBHIHO, UTO YKa3aHHOEe YCJ/IOBHE BBITIONHAETCS TIPU YZe/JbHOW 3arpy3ke Haubosee
6mu3Koi K 1, T.e. paboTe M3e/bHBIX TeHepaTopoB C MOIIHOCTHIO, O/11M3K0M K HOMUHa/IEHOU. Kpome

TOro, B&)KHOH 0COOEHHOCTHIO COBpPEMEHHBIX CHUCTEM YIIpaB/I€HUA ,Z[BC ABJIAETCA peain3ald

paBHOMEPHOTIO pacripeiesieHus1 yaeabHoU 3arpy3ku (popmymna (70)):

Pﬁ“m(t):Pzaryz(t):---:PZ;Yn(t):PZ;y(t)- (70)

6) /[na Bbibopa cocTaBa paboOTalOUMX [M3e/bHBIX TeHepaToOpoB IIpe/BapUTeIbHO
COCTaB/ISIETCSI MaTpUlja BAapUAaHTOB o0ecrieueHHWss MaKCMMasibHOW paboueit momHoctr [13C,

Harpumep, 17151 [13C, BKrouatorneid 4 an3enbHbIX reHeparopa (Tabmuiia 30).

Tabmua 30 — [Ipumep peanusaliy BapuaHTOB obecrieueHHsi MakKCUMa/lbHON paboueil MOIIHOCTU
yeTbIpexarperatHou J19C

BapuanTt ary ary ary ary MakcuMarbHasi paboudast MOIITHOCTh
3arpysku N Ne 1 Ne 2 Ne 3 Ne 4 O9C PZ“BXC
1 1 0 0 0 P”ﬂoﬁm
2 0 1 0 0 P”ﬂoﬁyz
3 0 0 1 0 P”ﬂo}wya
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[Tpomomkenue Tabmuisl 30

Bapuant ary ary ary ary MakcumasnbHas paboydast MOLJHOCTb
3arpysku N Ne 1 Ne 2 Ne 3 Ne 4 A3C P
4 0 0 0 1 Pirya
5 1 1 0 0 Pary1+Porys
6 1 0 1 0 PHgO#yﬁPHgoﬁya
7 1 0 0 1 PHgo;AyﬁPHﬂO;Ayzx
8 0 1 1 0 PHgOzTyz"'PHgolyya
9 0 1 0 1 Poryo+Prr
10 1 1 1 0 PH;ITy 1+P20}Wy2+PH;}Wy3
11 1 1 0 1 PHﬂO}"y1+PHﬂO}"y2+PH;}Wy4
12 1 0 1 1 P}Oﬂy1+P20}"y3+PZ),iwy4
13 0 1 1 1 PHﬂozj"wyz"'PHﬂozyys"'PHﬂozyyzx
14 1 1 1 1 PHﬂozj“wy 1+PHﬂOzyy2+PHﬂozyy3+PHﬂozyy4

s npeacTaB/JI€HHBIX BAPHUAHTOB BbI6I/IpEIETCH BapHaHT N, O6€CH€‘-II/IBEII-OH.[I/II>1 BBITIO/IHEHH €

Cre/lyIolMX YC/I0BUH (cucTeMa BbipaykeHuH (71)):

Pmax
PZaSCN(t):ﬂ(’Z) ~ max u P, [t) <1,0. (71)
nomp

B) Oripegesnienre pabodell MOIIHOCTU KaXKol M3 paboTarolux [u3esb-TeHepaTOPHbIX
YCTaHOBOK (CTaHI[MOHHbIE HOMepa — B COOTBETCTBUM C BapuaHTOM N) BBITIO/HSIETCS TIO

COOTHOIIeHUIO (72):

Pﬁ“yn(t):PZaSCN(t);
(72)
Pﬂryn(t):Pgaryn(t)XPHaoﬁyn-
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r) IlpoBepka orpaHMuyeHUs] MO MHHUMAaJbHbIA MOLJHOCTU €QUHUYHOIO [13e/IbHOTO
arperara: ecim P ﬂfyn(t)<PE}”yn, TO HeoOXOJMMO PacCMOTPeTh C/ieAyIOUMid BapuaHT N cocTaBa
paboTaroluii in3e/b-reHepaTopHbIX YCTAHOBOK.

1.7 Begenne pexxumMa padoThI COJTHEUHO-AN3€/IHHOT0 KOMIL/IEKCaMH

Benenue pexxuma pabotel C/IK mogpa3symeBaeT obecrieueHue ero paboOTOCIIOCOOHOCTH B
peXkume peasibHOTO BpeMeHM, 4UTO 3aK/II0UaeTcsl B IOAJep)KaHUM YacCTOThl 3/1eKTPUUYEeCKOro
HarpsDKeHUs! Ha IIMHe TIePeMeHHOr0 TOKa, paBHOM HOMWHA/JIbHOMY 3HaueHHIO BO BCEX BO3MOXKHBIX
pexkumax pabotel CIK. ITOCTOSHCTBO YaCTOTHI 3/IEKTPUYECKOTO HAIPSDKEHHS 00eCrieurBaeTCst

BBITIO/THEHWEM OaslaHca MotHocTH (popmyrna (73)):
PHaep(t):N,ZISC(t)+NC3C(t)iNCHS(t)’ (73)

rae PHaep(t J— COBOKYITHasi MOILIHOCTb /1IeKTPONIPUEMHMKOB (Harpyska), KBT;

Neoolt) — MOmHOCT — CONMHEUHOM — 5MEKTPOCTAHLMHM, —ONMPEeNsIeTCS. MCXOAS 13
VHTEHCUBHOCTU COJIHEUHOT'O U3JlydeHus, KBT;

iNCHa(t) — MOLLHOCThL 3apspa/paspszga CHO, ompezsensieTcs MCXOAs Y3 COOTHOLLEHUS
morHoct COC 1 Harpy3KH, a Takke C yUeTOM YPOBHSI 3apsifia aKKyMY/IITOPHBIX OaTtapeii, KBT;

N p5c (t) - Mo1HOCTh [I3C, pe3epBHas MOLHOCTb, KBT.

BaxHele 0COOEHHOCTH pellleHHs] ypaBHeHUsl 0ajlaHCa MOILHOCTH, YYWThIBaeMble TIpH
ynpasinenuu CK, 3ak/Iro4uaroTcs B C/IefyIoLeMm:

1) Cuwuraercs, yTo 3HaueHHe TMOTpeb/IsIeMOIl MOIL{HOCTH Pmp(t) V3BeCTHO 3apaHee U3
MIPOrHO3a Harpy3KH.

2) MougHocts C3OC NCSC(I ) OMpefie/IsieTC TakKe 3apaHee W3 MMEOLerocsi MporxHosa
TIPUXOZa COTHEYHOI'O U3/TyYeHNUs.

3) MomHocTs 3apsga/paspsga CHO + Ny ) oIpefie/isieTCsl UCXOAs U3 COOTHOILLEHUs
mouHocT COC U Harpy3KH, a TakKe C YUeTOM TeKyILero yposHs 3apsiza AKB SOC|t).

4) MowmnHocts J2C N ﬂac(t) KaK pe3epBHOI0 HCTOYHMKA SHEPrUM OIpefessieTcs B
NIOC/IE[HIOKD Ouepeib U paclpefessgeTcs Mexzny ucnonbsyeMeiMu [JI'Y 1o  Kpurepuro
MUHUMM3aLUU pacxoa TOIUIUBaA.

[Tpu pabore CJK B peanbHBIX YCIOBHSX ypaBHeHHe OasiaHCca MOIIHOCTH He Bcerzna OyzmeT
BBITO/IHATBCS B CBSA3M C HETOUHOCTHHO IIPOrHO3UPOBAHUS HArpysu PHaep(t) u MotHocty COC

N Cac(t), a Takke M3-3a CJIyuyalHBIX OTKJIOHEHWM KaXK/IOTO W3 CJlaraeMbIX ypaBHEHHs. JTo OyzieT
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MPUBOAWUTHL K HEKOTOPOMY OTK/IOHEHHIO TEKYIEro 3HaUeHUA YaCTOThI HAIIPS>KEeHUA f OT ee

mekyujee

HOMMHa/IbHOTO 3Hauenus f,,, (popmyna (2)):

A f:fmexquee_fHOM

Cucrtema yrmpaBneHuss pexumom pabotrel CAK jo/mkHa peardpoBaTh Ha T0J0OHbIe
otknoHeHusi. B cocraBe C/IK 3a BbimosiHeHre OasiaHca MOITHOCTH «oTBedaeT» 1OC. Hambonee
npocTou peanusauyend peakuuu JI3C Ha BO3HMKILIEe OTKJIOHEHHE YaCTOThI SIB/SIETCS M3MeHeHUe
MotHocT I9C, mnponopLUoHanbHOEe BO3HUKIIEMY OTK/JIOHEHWIO YacCTOThbl 3eKTPUUYECKOrO

HanpspkeHust (popmyia (74)):

AN ;e=AfXK;, (74)

rae K, — xo3dduipenT mepejaun perysnsTopa, onpesiessemMbli Mojb3osaresiemM (Tabmuia

«Hactpoiiku» 6a3bl gaHHbIXx ACY), 0.e. CTOUT OTMeTUTb, UTO TPU YBeJWYeHUU KO3(pdUlireHTa

rnepejaun perynartopa K TIPOMCXOAWT CHUMXKEHHWE yCTOWUMBOCTU CUCTEMBI PEryTMpoBanHus [52].

O,ZLHaKO, MOCTOAAHHOE HM3MEHeHHe MOIQHOCTHU ,HBC, CBA3daHHOE C TII0CTOAHHBIMK
(b]'Iy'KTyaLlI/IHMI/I UdCTOTBI 3JIGKTPUUECKOI'O HAIIPpSXKEHUA HeEXejlaTe/IbHO. B cBasu c 3tUM
p€a/M30BaHa 30HA HEUYBCTBHUTE/IBHOCTH PpeEryjadaTopd, Be/JIWMYKWHA KOTOpOﬁ TaKXXe 3a/iaeTcd

ToJIb30BaTesieM (rapameTpel  f U [, Tabma «Hactpoiiku» 6a3bl faHHBIX ACY).

minl

Peanuszanys perynmpoBaHus 4acTOThI Ha LIKWHe repeMeHHOro toka CK B cooTBeTCTBUM C
ypaBHeHHeM (74) TpuBeJieT K HEBO3MO)XXHOCTH BBITO/THeHUsT C(hOPMHUPOBAHHOTO TiaHa pabotsl CK
Ha CYTKHU BIiepe/l, UTO He TI03BOJIUT 00eCrieunTh ONTUMHU3AL|I0 ero pexkruMa paboThl 10 KPUTEPUIO
MUHUMH3ALUK pacxoja TormBa. [ Toro, uToObl u30ekaTb TMOAOOHBIX TIOC/IACTBUMN, B
ypaBHeHUe (74) nobaByieHO cjlaraeMoe, yUHThIBaroIIlee BO3MOXKHOe OTK/IOHeHHe MorHocTu [I9C ot

riaHoBoi (popmyna (75)):

AN e =AfXK+ANGS " XK, (75)

rne K, - KO3QUIMEHT MpOMOPLMOHATLHOCTH — PEryJsisiTopa, —«OTBEUaoluii»  3a

KODPEKTHUPOBKY OTK/IOHEHWs (PaKTU4eCKOro 3HaueHHss MoljHocTH [I13C oT miaHoBOro (Takxke
nipezictaBsieH B Tabsuie «Hactpoiiki» 6a3el ganHbix ACY), o.e.;

AN ™M= NTEwee— NS — oTkioHeHue MomHocTH JOC 0T IU1aHOBOH, KB,
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Takum o6pa3oMm, npu nepBuuyHoi HacTtpoiike ACY CIK mgo/mkHBI ObITH MOA0OpaHBI

ko3bduumenter K, u K, Tak, 4ro0el 0GecreunTh CTabWIbHYIO paboTy CUCTeMbl MpU
CYIL[eCTBYIOIL[eM YPOBHE BO3MYIL[eHHUI B Heil.

[Tocrne ompenenenie AN ;5. TIPOUCXOAUT PacyeT HOBOTO 3HAYEHHsI 3a/JaHUs IO MOLIHOCTH

O32C (bopmyna (76)):
N Zlgacwe =N r;nzg(éwee +AN JicToR (76)

3a0aHue

B nanereiiiem 3HaueHve N ;- pacrpefesnsieTcsi B PeXUMe PeasbHOTO BPeMEeHH MeXy

,Z[Fy MO0 KPpUTEPHUIKO MUHHMMHU3ALMKU pPACXOAd TOIVIMBA C YYe€TOM MHAWBHUAYd/IbHBIX SHEPreTh4YeCKux

XapaKTepUCTUK Kaxzou [II'Y.
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2 IIporpaMMHas JOKyMeHTalUsi Ha MPOrpaMMHbIA KoMmiuleKc «IIpuHATHe pelleHHi
M0 YIPaB/IEHUI0 PEXXUMOM Pad0ThI COTHEUHO-AU3E/TEHOT0 KOMILIEKCa»

B pa3zene mpuBezieHO omucaHuWe Pa3pabOTAaHHOTO TPOTPAMMHOTO KoMmruiekca «IIpuHsATHe
pellleHHdi 10 YIIpaBJeHUI0 PEXUMOM pabOThl COTHEUHO-JU3e/bHOr0 KOMIUIeKca». JlaHbI
TOSICHsAIOIIMEe (DYHKIJMOHHMPOBaHKE UCXOAHOTO KoZia O/I0K-CXEMBI.

2.1 Cnenudukarus

Crietjdukalys MporpaMMHOTo Komruiekca «IIpuHsATHe pellieHui Mo yrpaBAeHUI0 PeXKUuMoM

pa6OTBI CO/THEUHO-AHW3e/IbHOI'0 KOMILJIEKCa» IpUBeEHd B Ta6JII/IL[e 31.

Tabma 31 — Crienm¢uKanysi MPOrpaMMHOTO Komruiekca «IIpuHsiTHe pellieHHi TI0 yTIpaBJieHHI0
peXXMMOM paboThbl COTHEUHO-/I3e/TbHOT0 KOMILIEKCax»

O6o3HaueHmne HanmenoBanue [Ipumeuanue

LoKymeHTaLus

Tekct nporpamms! «[IpyHATHE pellleHuN MO ypaBIeHNIo
peXXMMOM paboThbl COTHEUHO-/I3e/IbHOT0 KOMILIEKCa»

KomrioHeHTHI
msg_broker KoMmrmoHeHT noKroueHrst 000py0BaHuUs -
app_optimize KommnoneHnT onrrumusaryiu pabotel CIK -

2.2 TekcT IporpaMmsbI

VcxoHbii Koz, mporpaMMHOro Komriekca «[IpuHsiTHe pellieHuit 10 yTIpaBAeHUI0 Pe;KMMOM
pabOThI COTHEUHO-/TU3€/TbHOTO KOMIUIEKCa» TIPUBEZIEH B TIPUIOXKeHNHA B.

[TporpaMMHBIV KOMILJIEKC peaqu30BaH C TOMOLIbI0 [BYX MPOrPaMMHBIX KOMITOHEHTOB:
«msg_broker» (cM. pucyHOK 59) 1 «app_optimize» (cMm. pucyHoK 60).

KomrmioHeHT «msg_broker» mpenHasHaueH il Mofk/roueHuss obopyzaoBaHuss K B, ¢
TIOMOII[BIO TaHHBIX KOTOPBIX Oy/IeT MPOX3BOJUTCS ONTUMU3AIMS U Mepeaya 1[e/IeBbIX MTapaMeTpPOB
Ha  JHepProyCctaHoBku. KoMIIOHeHT  app_optimize  rmpejHasHaueHa  [JJi1  [IPOBeZEeHUs
ONTHMHU3ALIMOHHBIX pacyeToB U Mepejiaun ux pe3ynsbratos B B/I.

B [aHHOM KOMIIOHEHTe peasvM30BaHbl TP OCHOBHBIX CKpHUIITa: «main_vic.py» (cMm.
pucyHok 61), «main_em.py» (cM. pucyHoK 62), «main_dgu.py» (cM. pucyHok 63). KaxbIii U3 HUX
Tipe/iHa3HaveH /1711 paboThI C Orpe/ie/IeHHbIM 000pY/I0BaHHUEM

CKpUIT «main_vic.py» B3auMoJeicTByeT C OarapeiiHbiIMH uHBepTOopamMH Victron. C
TIOMOILIbIO HET0, MPOMCXOAUT Tepesiadya JaHHbIX O COCTOSIHUM CHUCTEMbl HAaKOIJIEHUSl SHEPTUU U O

Harpyske B b/I.
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CKpHIIT «main_em.py» TiepefiaeT rmapaMeTpbl HeoOXoZuMblie st paboTbl UMUTaTOpoB CIC,
Takue Kak: UxX, Ik3, a Tak >ke rpaMKu BEIpaOOTKH.

Ckpunt «main_dgu.py» B3auMOJelCTBYeT C /[u3enb-reHepatopamu. biarogapsi Hemy,
reHeparopbl BOCIIPUHUMALOT YIIpaB/stoLe CUrHansl. Hanprmep, Ha BK/IFOUeHKe WY BBIK/IFOUEHUe,

d TdK J>Ke II0/Iy4aloT LieJ/ieBbie pa60q1/1e MapaMeTphbl. Takxke CKpUIIT MepefaeT OdaHHbIe C AU3€JIb-

reHeparopoB B B/l asis ux faneHelimneii oopaboTke.

logistics

Connected

niscaHwE

connection_db.py

conmection_db py - MOAYRG e pHE TR H
AnA nogknseaeHan & BN

contact_mettpy

Diesel

diesel_contact.py
emulators_connect.py

EOntAc_mait py - MOAYE MBEIRA SRaeH
Ann nogensdeHan € MOTT Gporepy

diese|_conactpy - MOgYNk NPEAHAIHEEH
Ana negendeHan £ MOTT Gpokepy

(DiftiAe dFd

diesel_callback py

Emulators

dimsel_cormmand. fry

dissel_calback.py - oBpaboTis HOMEHSY
LAy

diesel_command.py - KOMEH O JRE
BIaHMDGERcTERA © Y

Onucenne

lib

|_caliback.py
emulsion_command.fy

emnulsiors_callback py - obpaborka
HOMBHE WMATSTOpOS

emnulsiors_command py - RosmanLs anm
BISHMOAEECTHHA € HMETETODAMA

DndcaHnn

Request

requiremants txl - TEKCTOBLIR AOKYMEHT €
BMGAMOTEKEMM W HX BEDC RN

Onucenne

command_operalor.py - MOSyNs ¢
isnpocaa 8 B

DI B

main_dgu.py

maln_dgu.py - ckpunt gnm ACY (momoset
B paBaTY B MOOYIH oTHOCAWMSER & OTY)

main_em.py

O cAree

maln_em.py - CRERAT S 34y NATopos
{sEniraeT B paSory Boe MO0

ot K 3Ny I TO RS

Dnscanne

main_vic.py

main_vic.py - CEpMIT on BRKTOpOHOS
[mEnssiseT & pafoTy BCe Moayna

BTH K HRKTOP 1]

PucyHok 59 — ITepeueHb ¥ KpaTKoe OIMMCaHKe ITPOrpaMM | TIOAIPOrpaMM KOMITOHEHTa
«msg_broker»
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app optimize

OnucaHwe

connection_db.py - Mmogyne NpeQHaIHEYEH
ansa nogknioveHna K B0

connection_db.py
Connected contact_mqtt.py

contact_mqtt.py - moayne npegHasHaveH
AnA noakmovesna Kk MQTT Gpokepy

OnwucaHue

ForecastOfThePVPower.py - onTuMK3aumns

ForecastOfThePVPower.py| | Ha 24 4aca
optimize.py

optimize_24

optimize.py - onTUMH3AUMA Ha 24 yaca

OnucaHue

optimize.py - ONTHMH3AUMA B peanbHOM
BPEMEHN

Optimize_real optimize.py

OnwucaHue

lib requirements.txt requirements.txt - TRKCTOBbIA QOKYMEHT C
BUBMMOTEKAMM W MX BEPCHAMM

OnucaHue

ReqUESE command_operator.py command_operator.py - Mogyns ©
aanpocami B B

OnwucaHue

main_optimize.py - CKpUNT KOTOPLIA

main_oplll'l'IIZE-PY NYCKAET ONTUMUIALWMIO

PucyHok 60 — IlepeueHs ¥ KpaTKoe OInvcaHue IporpaMM U MOANpOorpaMM KOMIIOHEeHTa
«app_optimize»
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main_vic.py

l

I

I

l

Import asyncio

[contact_maqtt.py]

from Connected contsct_magit

Impart connection

[victron_contact.py]
from Victron.victron_contact
Import VictronCommand

[create_file_and_path_py]
from utiis.create_file_and_path
limport Util

[connection_dib.py]

import add user

from Connected.connection_db

[command_operator.py]

from Request.command_opearator
Import Command

l

|

|

l

l

|

I

maqtic = connaction()

Coagaewm nogsmodeHme ¥ MOTT

connect = add_user(}
Nopxmosasmcs & B

I

l

l

Qpergtor =

matic.

PEANRMIYEN NEPEMEHHYE DpPerator aAna
MCTIONLICBEHWRA KOMaHI modbus

AprymesTes:

1. mgtic - nogxmoeHne K mgtt
2. conect - nogxmoueHne K B

wpyem
nepesesHyso data path ane paoTe: ¢
b

TIYTRM

I ) ) |
data_path = L) wictron = WictronGi magtic
ML By v viciron
MHMLMERWE anA pafioTel ¢ soMmaHnaws Victron

LA LI A2 HKPOHNO TS DAPCE & DELENACTI

wictron caliback

data 0

Victron uz JSON gaina

son(“data topics wictron.json™))

Jarpysass W YCTAHARNMBAEM OAHHLIE QMR NONYYEHMA HAZBAHAR TONKKDE

1
BemonuRsm onpoc AasHsx oT Victron

I

|

survey = asyncio.create_task|deda yiyvictron))
Coanaew SCHHXPORHYIO 38084y ANA PEryNARHOTD GNPOCa AaHHLX oT Victron

awalt sy
MpHOCTaHABNMEREM BRINONHEHKE A 15

ceRyHA

Mo owica (uywen)
.don() \
O MR : of napaseTps! Victron &
Baze paHHLIX

Moka 1843498 ONPOCE He Ja8EPWIEHE

I

rator.update am_victron
list{wictron.dict msg.keys()), stivictron.dict msg,valuesi)})

OfHOBNAEM NAPAMETPE! B G238 NaHHEN

|

awalt asyncio skeep(1)

MNpwocTaHEENHESEM BLINOMHEHWE HE 1 CORYHOY

except CancelledEmor
OfpaBaTeiEasm cnyyqyan, ecnn 3a0aya

Bbing OTMEHEHA

onpoca

ORHAGEM J2BEPWEHHRA 23084H

PucyHok 61 — CTpyKTypHas cxema IporpaMmMsbl «main_vic.py»
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main_em.py l
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PucyHok 62 — CTpyKTypHas cxema IporpaMmMsbl «main_em.py»
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PucyHok 63 — CTpyKTypHasi cxema IporpaMMsbl «main_dgu.py»
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IMoamporpamMma «connection_db.py» Heobxoguma [/ TOAK/IFOUEHUS] YCTPOWMCTB K
nmeromeicst B/I.

[Mognporpamma «contact_mgqtt.py» U «diesel_contact.py emulators_connect.py» ciay»xat st
TIOZIK/TFOUEeHUsT YCTPOMCTB K mqtt Gpokepy.

IToamporpamMa «diesel_callback.py» Heobxoauima s TOro, uTOOBI [U3€/Tb-T€HEPATOPhI
BOCIIDUHUMA/IM  TIPUXOASIIME  KOMaHAbI, KOTOpble  00pabaThiBAafOTCA  MMOAIPOrPaMMOM
«diesel_command.py».

IMoanporpamMmma  «emulators_callback.py» mnpegHa3HaueHa /i1 TIO/lyuyeHMs] KOMaH[
umuraropamu CIC, obpabaTbIBatoLUMUCs TIOATIporpaMMoi «emulators_command.py».

TekcToBbI (aiin «requirements.txt» cogepXut B cebe Ha3BaHWs WCIIOIb3YIOIIUXCS
OUOTMOTEK, a TaK)Ke UX BEPCUHU.

IMoanporpamMmMa «command_operator.py» COfiep>KUT B cebe psifi 3aripocoB B B/l Ha uTeHue
VI/IU 3aIMCh [JAHHBIX.

B pgaHHOM KOMIIOHEHTe pea/M30BaH OJWH OCHOBHOM CKPUNT «main_optimize.py» (cwm.
PUCYHOK 64) ¥ BCIOMOrare/ibHble TMOANPOrpamMMbl. [TpuHIUI pabOThl /IaHHOTO KOMITOHEHTa
3aK/TrouaeTcsi B BbiOope omTuManbHOTO pexkuma pabotbl CIK Ha ocHOBe Toka3aresiell pacuera
BCIIOMOTraTeIbHOU IIpOrpaMMBel Jines KPaTKOCPOYHOI'O TIPOTHO3UPOBAHUSA
(«Optimize_real/optimize.py»), B KOTOpOU IPOMCXOJUT pacueT rapaMeTPOB MCXOAs W3 TeKYIlero
OTKJIOHEHMS OT YaCTOTBbl, & TakKe BCIIOMOraTe/IbHOW MPOrpaMMBbI /i1l IPOTHO3MPOBAHKUS Ha CYTKU
Briepe («optimize_24/ForecastOfThePVPower.py»), koTopasi orvpaeTcsi Ha JJaHHble 0 rpuxoje CU
3a [oCJIelyroLye CyTKH.

ITporpammsbl «conection_db.py», «contact_mqtt.py» u «command_operator» HeoOX0[UMbI
II7IsT TeX >Ke 1iesield, UTO ¥ OJHOMMEHHbIe TPOrpaMMbl B KOMIIOHEHTe «msg_broker», omucaHHOM
paHee.

«ForecastOfThePVPower.py» — moamporpamMma [/si TIPOTHO3UPOBAHUS  MOIITHOCTH
000pyZOBaHMs Ha CYTKU BIlepe[], YUUTHIBAst IPUXO/IbI COJTHEUHOTO M3/TyUYeHHs 3a IaHHbIe TepHo/.

«optimize.py» — MOANpOrpaMma /sl KpaTKOCPOYHOIO TPOTHO3UMPOBaHUSl MOIIHOCTH
00opy/10BaHMsl, OCHOBBIBalOIlasi CBOU TOKa3aHHs Ha OTKJIOHEHWH YaCTOThl OT YCTaHOBJIEHHOTO
3HaYeHUsl.

B TekcToBoM (aiine «requirements.txt» mepeuric/ieHbl Ha3BaHUsS OMOIMOTEK U X BePCUH.

B ckpunte «main_optimize.py» TPOMCXOAWUT pacyeT IapaMeTpoB PabOTbl COTHEUHO-
JM3ebHOT0 KOMITIEKCca Ha ocHoBe AaHHBIX U3 «ForecastOfThePVPower.py» u «optimize.py». To
eCThb CKpUNT BbIOMpaeT pexuMm paboTbl MCXOAs W3 KpPaTKOCPOYHOTO TIPOTHO3a M CYTOUHOTO

MPOTHO3a.
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PucyHok 64 — CTpyKTypHas cxeMa MporpamMmMsbl «main_optimize.py»

2.3 PykoBoACTBO omneparopa
B pykoBozacTBe omeparopa COJEp)KWT TMOC/e[0BaTeNbHOCTb JIeWCTBUM  OIeparopa,

HEO6XO,I:[I/IMBIX A/ 3arpy3KH, 3dI1yCKd, BBIIIOJIHEHWS W 3dBeplIeHHsa I[IpOorpaMMBbl. Takxe
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OMUCHIBAtOTCS (DyHKIMM, OpMaT ¥ BO3SMOKHbIE BapUaHThl KOMaH/, KOTOPbIMU OTepaTop YIpaB/isieT
BBITIOJIHEHWEM MPOrPaMMbl, @ TaK)Ke OTBEThI ITPOrPaMMbl Ha 3TH KOMaH/Ibl

2.3.1 OO61gee omurcaHue TPOrPaMMHOTO Komruiekca «[IpuHsATHe pelieHui Mo YIpaB/IeHHIO
pPe’KUMOM paboThI COTHEUHO-AU3e/IbHOTO KOMIL/IeKCa»

[MporpammMHbIii KomruieKC «[IpuHSITHE pellleHWI TIO YTIPAB/IEHUIO DPEXUMOM pabOThI
COJTHEUHO-/TU3€e/IbHOTO KOMITIeKCa» BKJ/IFOYaeT B COCTaB MOJY/H, paboTaroiiye Ha pa3IMuHbIX
yCTPOMCTBAXx:

— TIporpaMMHbIe KOMIIOHEHTHI, (JyHKIJMOHHPYIOL[e B aBTOMaTW3UpPOBAaHHOM peXXUMe Ha
YTIPaBJISIIOLIMX MHUKPOKOMITbIOTepaxX, U obecrneunBatoiijue obmeH uHbopmauueit ¢ TTJIK gusenb-
reHepaTOPHBIX YCTaHOBOK, OaTapeiHbIX HHBEPTOPOB;

— TIporpaMMHbIe KOMITOHEeHTbI, (DyHKIJMOHHPYIOL[e B aBTOMaTU3UPOBAaHHOM peXXUMe Ha
APM orneparopa, obecrieunBaroiiye BoirosHeHne GyHKui ACY BepxXHero ypoBHS: TiJlaHUPOBaHUe
Ha CyTKHU Briepe]; U BefleHHe pexkuma pabotel CIK;

— SCADA-cuctema, paboratoirjas Ha APM oneparopa u obecrieuuBarolriasi 4eioBeKO-
MalllMHHBIN UHTepderlic.

Bce nepeuncsieHHble NporpaMMHbIe KOMIIOHEHTBI pa3MellleHbl Ha MHOTO(YHKI[MOHAIbHOU
riatopMe A1 KoMaHAHOM paboTel HaJ mpoektamu GitHub (wm Git).

2.3.2 Pabora c rpoekToM, pa3meliijeHHbIM Ha GitHub

PaGota c mpoekrtoMm, pa3MerneHHbIM Ha GitHub, BkItouaer B cebsi HECKOBKO 3TarioB.
OCHOBHBIMU U3 HUX SIBJISIFOTCSI:

1) KnonupoBanue pernio3utopusi: UToObl HauaTh pabOTy C MPOEKTOM, HY>KHO CKOIIMPOBATb
€ro Ha CBOM JIOKa/IbHBIM KOMMbIOTep. [li 3TOro MCroab3yeTcs KOMaH/a «git clone» U cchika Ha

pPeno3uTOpr — Ha PUCYHKe 65 TpUBe/leH MprUMep KJIOHUPOBaHUS PErO3UTOPUM.

git clone

https://fgithub. comfusername/repository . git

Pucynok 65 — KnoHrpoBaHve peno3uTopys Ha JIOKaIbHbIA KOMIIBIOTED

3ameHUTh username Ha «int696» Ha GitHub, a «repository» Ha Ha3BaHUe «app_optimize» u
«msg_brokery. [Tocsie BbINo/HeHNs: 3TOM KOMaH/IbI Y Bac OyzieT JIoKaibHasi KOTUS Perio3UTOPHUS.

2) Co3panve HOBOM BeTKW: Ilepes BHeceHMEM H3MeHEHWM PEKOMEHZYeTCs CO3[aBaTh
HOBYIO BETKY. DTO TIOMOTaeT OT/e/UTb Ballli W3MEHEeHWs OT OCHOBHOW BETKH, KOTOpas OOBIUHO

Ha3bIBaeTCsl «main» Wiu «master» (CM. pUCYHOK 66).
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git checkout -b my-feature-branch

Pucynok 66 — Co3gaHue HOBOW BeTKU

3ameHuTbh «my-feature-branch» Ha Ha3BaHMe Balleli HOBOW BeTKHM, peKOMEH[YyeTCs
UCII0/1b30BaTh OMKcaTebHOE Ha3BaHUe.

3) Baecenue n3mMeHeHuii: Temepb Mbl MOXKEM BHOCHUThb W3MeHEHUs B (pailibl POEKTa, 3TO
MOTyT ObITh 0OaBIeHMe HOBOW (DYHKIMH, WCTIpaB/ieHre OMMOOK WK T00ble Jpyrie U3MeHeHMUs.
[ln1st pefakTHpOBaHKs (paiina MOXKHO MCII0/Ib30BaTh /10001 TeKCTOBbIM pepakTop mi IDE.

4) TIlpoBepka craryca: Ilepes nobaBneHreM U3MeHeHH PeKOMeH/yeTCsl IPOBEPUTh CTaTyC

Balllero peno3uTopHsi, KOMaHI0M «git status» (pUCyHOK 67).

git status

PucyHok 67 — IIpoBepka cTaryca perno3suropuu

[Tocne BBHITIONHEHUST «git status», KOMaHJa TIOKa)KeT Kakue (hailyibl ObLIM W3MeHEHBI,
no0aB/eHbI WM yAa/ieHsbl.

5) [obGaBnenve m3MeHeHui B WHZAeKC: [locse BHeceHWsi W3MeHeHHs B (ai/bl MPOEKTa,
CJ/IeYIOIUM II1aroM siBjisieTcst obaB/ieHre 3THX MU3MeHeHWH B MH/IeKC C TIOMOLbI0 KOMaHABI «git
add». VIHzekc — 3TO TIPOMEeXXyTOYHOe TIPOCTPAHCTBO, B KOTOPOI XpaHATCS W3MeHeHHUs (aiiioB Ha
MyTH OT paboueil JUPEKTOpUU A0 pemno3uTopusi. JJoOaBieHHe W3MEeHeHUH B WHIEKC T03BOJISeT
KOHTPOJIUPOBAaTh KakKhe KOHKPETHbIe M3MeHeHHUsi OynyT 3aMKCHPOBaHbI B CJIEAYIOIIEM KOMMHUTE.
KommuT (commit) — 3To UKCHPOBaHHOE COCTOSIHHE TIPOEKTa B OTpefie/IeHHbI MOMEHT BpeMeHH,
OPYTUMU CJIOBAMH KOMMHT TIO3BOJISIeT COXDAaHWUTh TeKyIljee COCTOsSIHMe IpoeKkTa. JTO [aeT
BO3MOXXHOCTh BEPHYTBLCSI K 3TOMY COCTOSIHUIO B OyzyIiieM, eciv 3To notpedyercs. YToObl 100aBUTh

BCe U3MEHEHUSs B BallleM Pero3uTOPUM UCTI0/b3yeTCsl KOMaH/ja, KoTopas TpUBe/ieHa Ha pUCYHKe 68.

git add .

PucyHok 68 — [lobaByieHe BceX U3MeHeHUH B UHJEKC
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[Mpu BeIMONHeHMs1 «git add» KoMaHAa J0OABUT BCe WM3MEHEHWs, BK/IOUAs HOBbIE (aiisibl,
M3MeHeHWs B CYyL[eCTByIOUMX (ainax U yhaseHHble (alabl. « .» — 3TO CHMBOJI, KOTODBIH
0003HauaeT TEKYIIYIO IUPEKTOPHUIO 1 BCE ee COJePKUMOe.

Onsa nobaBneHyWe W3MeHEHWs TOMBKO OIpefiesieHHble (ailie, He0OXOJUMO W3MeHUTh

«filename 1» Ha Ha3BaHMe (aiisia (CM. PUCYHOK 69).

git add filenamel filename?

Pucynok 69 — JobaB/ieHre KOHKPETHBIX (haiisioB B MH/EKC

6) KoMMuUT n3MeHeHu sIB/IsSieTCS Ba)KHBIN 111ar B rporiecce paboThbl ¢ CHUCTEMOM KOHTPOJIS
Bepcuu Git. [Tocsie Toro kKak BblI J00aBU/IM U3MeHEHUs] B MHAEKC C IMOMOIIbI0 KOMaH/IbI «git add»,

CIeIyIOLMH 1Iar — 3TO CO3[aHre KOMMHUTA KOMaHA0U «git commit» (cM. pucyHok 70).

git commit -m "OnNWCEHWE WIMEHEHWH™

Pucynok 70 — KoMMUT U3MeHeHUH

7) Ilyw (push) B Git — mpouecc, MpU KOTOPOM M3MeHEeHUs U3 JIOKAJIbHOTO Pero3uTopust
TIePEHOCATCS B yaaeHHbIH (CM. pUCYHOK 71). 3ameHUTb «my-feature-branch» Ha Ha3BaHue Bariieii

BeTKH.

git push origin my-feature-branch

PucyHok 71 — [1ym1 n3MeHeHuU! B yzia/leHHbINA Pel03UTOpUI

8) Co3maHue 3ampoca Ha BHeceHue u3MeHeHMM B Kop (pull request, PR) mosBossieT
pa3paboTurKaM TIpeAJIOKUTb HW3MeHeHUsl, KOTOpble OHM BHeId B KOf, W WHULMKMPOBATb
o0CyKZeHHe 3TUX W3MeHeHWH Tiepe[ CUsSHUEM B OCHOBHYIO BeTKy. [lyisi co3maHue HeobXomumo
riepexofuT B pero3utoprio Ha GitHub, BeiOpare Bally BeTKy W3 BbIMajaroiiero crvcka. [lanee
Ha)kuMaTth Ha «Compare & pull request» u 3amosHUTH 3arosioBok U omvcanve PR. Tlocne
3amnosiHeHus1 HakuMath Ha «Create pull request».

Takum 06pa3oM, crieziyst BBIIIETIepeYNCIeHHBIMA KOMaH/IJaMi MOYKHO BHOCHUTBH W3MEHeHUs U

paboTaThb ¢ MpoeKkToM pa3melrieHHbIM Ha GitHub.
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2.3.3 IloaroroBka APM onepaTopa ¥ yrpas/sifOLUX MUKPOKOMITbIOTEPOB

B kauecTBe yNpaBisIlOIMX MHKPOKOMITBIOTEPOB HcHonb3ytoTcsi Raspberry Pi ¢
yCTaHOBJ/IEHHOM OrnepainjoHHOM cucteMol Raspbian.

[ns pa3melrieHusi, 0OHOB/IEHUS] TIPOTPaMMHOTO KOMIIOHEHTa, obecrieunBaroiiero oomMeH
uHpopmarmeit ¢ TIJIK ausenb-reHepaTOpHBIX YCTAHOBOK, OaTapeliHbIX MHBEPTOPOB HeOOXOAMMO
BBITIOJTHUTL CJIeflyIOlue [elcTBUs: TlofgkmoueHrne K Raspberry Pi; co3manHue BUpPTyasbHOTO
OKDY)KeHHsI; TIepeHOC TpoeKTa cepBrca Ha Raspberry Pi v oOHOBIeHue TpoekTa CepBHCaA;
co3/jaHie MocCTa A1l GaTapeiiHbIX MHBEPTOPOB Victron; HACTPOMKY 171 06ecrieueHUs aBTO3arpy3Ku
cepBuca.

[Mopkmouenne K Raspberry Pi ocyiectBisieTcst cieayromuM o0pa3oM: TMOAK/TIOUEHHe K
BuptyanbHouM cetn HUY «MOW» (B ToM Ciydae, e IOAK/IIOUEHUE YaleHHOe); OTKPBITh
KOMaH/IHyt0 CTPOKy «Win + R», BBecTH koMaHAy «cmd»; BBeCTH KOMaHAy «ssh user@IP-azmpec»,
rge «user» — UMs mosb3oBarens, «address» — IP-agpec Raspberry Pi, (USER: userl; IP-azapec:

10.2.173.169) (cM. pucyHOK 72).

C:\Users\frodo>ssh userl@10.2.173.169

PricyHok 72 — [Ipumep mofK/roueHus 1o ceteBomy ipoTokoy SSH (secure shell — «6e3oracHast
000/10UKa»)

B otBet Ha 3anpoc SSH BBecTu maposib (TpU 3TOM TapoJib TIPU BBOJe He 0TOOpakaetcs):

123. Ipu ycrierHoM NoZAK/TI0ueHnH OyzieT 0ToOpa)keHO coo0ITeHre, MPUBeIeHHOe Ha PUCYHKe 73.

SHMP PREEMPT Mon Apr 3 17:24:18 BST 2823 aarchad

are free software;
scribed in the

fLinux comes with ABSOLUTELY NO WARRANTY
: applica :
ast legin: Mon Jul 15 116 2024 from 16.7.244.217

permitter

Pucynok 73 — Coo0irieHue, BBIBOAMMOE Ha SKPaH MPH yCIeITHOM MTOAK/TIOUeHUN

,Z[OHOJ'IHI/ITGJ'IBHO MOXHO TIIOAK/TFIOUYHTBCSA Yepe3 Q)YHKL[I/IIO HOAKII}O‘-IGHI/IE K YyAd/IeHHOMY

pabouemy crtomy (cM. pucyHOK 74). Bogum IP-agpec KOTOpBIii IpHBe/eH BHILIIE.
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HPI/I MPpaBHU/IBHOM ITOAK/TFOUEHWH TIOABJ/IAETCA C/ieAYyrolee OKHO, ITOKAdA3dHHOE Ha PUCYHKe 75.

BBozaum uMs nosib30Baresis U napoJib.

[Tocre BBOZA WMeHH I0/Ib30BaTeNss W Taposisi TosiBisieTcss paboumii cron Raspberry Pi
(pucyHok 76).

& Mopcnsoueise k ynansssomy paBasety crany e

MNogknoveHue K yoaneHHoMmy
* pabouemy crony

KoMt :I—; npHMep; compuieriabankam. cor

MomanssTens, Ha aagenn

MNane wrMeHd KOFTEOTERS He 3aNENHeHD. BBeOWTE NonHOeE
MIFTH YR RHHOT SOMALETREE

= [loxa=aTE NApamMaTRE MoakniesmTe CrpaBka

PucyHok 74 — [ogkntoueHre K yzjaneHHOMY pabouemy CTOJTy

St

fiariaLes L dny

Saswion i;.;.;n] =
LISEITITms |_|

passwisrd |

PucyHok 75 — VHTepdetic ayreHTrdrKaiyy B paboueM npoctpaHcTBe Raspberry Pi
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PucyHok 76 — Pabouwnii cron Raspberry Pi

[Mepen vcrionHeHuem pa3paboraHHoro 1O HeoOXOAMMO YOCTOBEPUTHCS B KOPPEKTHOCTH
Bepcur Python, pass 3TOro cCslefyer WUCIONMB30BaTh C/IEAYIONIYI0 KoMaHAy «python3 -V»

(pucyHoK 77).

Python 3.9.2

Pucynok 77 — Komanjja /15t mpoBepku Bepcuu Python

TakKe [/ KOPPEKTHOTO WCIIO/b30BaHUsI TMPOTPaMMbl HEOOXOJUMO OOHOBUTH TIaKeThI
crenyrommMy kKoManzamu: «sudo apt update» u «sudo apt -y upgrade».
[l co3maHust BUPTYabHOTO OKPY>KeHWsI, TIePEXO/IUM B TANKy «Opt», C TIOMOIIBIO0 KOMaH/I,

yKa3aHHbIX Ha pUCYHKe 78.

Pucynok 78 — KomaHzp! /14 niepexofia B Marnky «opt»

Ncnonb3ys koMaHabl «sudo mkdir examples», co3maeM mamnky «examples». Ilpumep

rpyMeHeHUs KOMaH/l yKa3aH HIKe Ha PUCyHKe 79.
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PucyHok 79 — KoMaH/bI [i7151 CO3AaHUS MaNKy «examples»

Co3zmaeM BUpTYyabHOE OKPY>KeHHe KoMaHzol «python3 -m venv my_venv» (pucyHok 80).

L yser 0 0 pdl: /opt & sudo pvythons —m vepy examples/my vepy

Pucynok 80 — KomaHz /151 co3/iaHMsi BUPTYabHOTO OKPYKeHUsI

AKTUBUpyeM BHUPTya/JbHYHO Cpely KOMaHJOM «source [myTb g0 aiina activate]» (cwm.

PUCYHOK 81).

cd examples/

source my_venv/bin/activate

PucyHok 81 — KoMaH/1b1 [/l aKTUBALIMK BUPTYa/IbHOTO OKPY KeHUsI

Ianee komaHzioH «pip list» TpoBepsieM crcoK 6UOMOTEK (CM. pUCYHOK 82).

my_venv
Package Version

pkg-resources
setuptools

PucyHok 82 — KomaH/ia /17151 IPOBEPKH CITUCOK OMOIMOTeK

[TepeHOC TIpOEKTa CepBHCA Ha YIIPaBISIOIIUN KomrbioTep Raspberry Pi mMoxeT ObITb
OCyIIIeCTB/IeH IByMsI CIiocobamu.

[MepBbIii crioco6 3akmouaeTcss B TiepeHoce (aliioB  HampsiMyro, KOTOpOe MOKHO
OCYLIeCTBUThL [IOC/e TIOAK/IIOUEHHsI K YIpaB/sIoeMy MHUKpOKoMIbioTepy Raspberry Pi, ¢
TIOMOIIIBI0 TIOAK/TIOUeHUs] K yzaneHHoMy pabodemy crtosy. st 3Toro HeoOXOJWMO KOIMPOBAaTh
periosutopuu («msg_broker», «app_optimize») ¥ BCTaBUTb UX B MAaIKy «examples».

Bropo#i crocob 3akiroyaeTcss B UCIOb30oBaHUM ¢yHKUMoHana GitHub. Cosgaem

pernosutopuii Ha GitHub ¥ gemaeM mnpuBsSI3Ky K JIOKa/JIbHOMY TpOeKTy Ha caiite [53], rae B
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MoAPOOHOCTSIX OMKMCAHO KaK CO3/1aTh PENO3UTOPUM U KaK K HeMY TIpMBsI3aTh MPoeKT. OObIUHO rocsie
TOrO KakK BbI TPOUW3BE/M CBSI3KY y Bac yKe Oy#eT TepBbli KOMMHWT, COOTBETCTBEHHO MOXKHO
KJIOHMPOBaTh MPOEKT Ha MUKpOKoMIibioTep Raspberry Pi. Vcrionb3ys TepmuHas, 3axofuM B Manky
«examples» ¢ momoIipl0 KoMaHbl «cd examples/» (cM. pucyHok 81), masnee komaHAoOW «git clone

[URL_permno3utopusi]» KJIOHHPYeM pero3uTopuii (CM. pPUCYHOK 83).

Pucynok 83 — KiioHupoBaHue perno3suTopust

711 IpPOBEPKU KOPPEKTHOCTU KJIOHUPOBAHUsI PETIO3UTOPUM BBOAWM KOMaHJy «ls» (CrMCOK

COZIep>KUMOT0 TeKyIIle Tarnku, CM. PUCYHOK 84).

PucyHok 84 — [IpoBepKU KOPPEKTHOCTH KJIOHUPOBAaHUsI PETI03UTOPUHN

[nst ycrnemHo# paboThl MPOrpaMMHOTO KOMILIeKCa HeoOXOAUMO TPOBEpPUTh OMOIHOTEKU
HeoOXOJUMBIX BepPCUM M YKOMIUIEKTOBaThb TPOEKT, TO eCTh YCTaHOBWUTh 3aBUCUMOCTU. [laHHbBbIe
3aBUCUMOCTH HaxogsaTcs B marke «lib/requirements.txt» (00si3aTelbHO aKTUBUPYWTE BHUPTyabHOE
OKpy>KeHHe, cM. pucyHok 81). [anee wucrosnb3yeM KomaHay «pip install -r [myTe g0
(hatina]/requirements.txt» (cM. pucyHoK 85).

CTOUT OTMETWUTb, UTO WHOT/Ia HEKOTOphbIe 3aBUCUMOCTU He YCTaHAB/IMBAIOTCS [O/DKHBIM
obpa3om, Harpumep OubMMOTeKa «paho», yCTaHOBUM ero BpyYHyIO KoMaHzoi «pip install paho-
mqtt». Ecmn moce BBoa KomaHe! «pip install paho-mqtt» 6yzer ommbka Buga: [ERROR: Could
not install packages due to an EnvironmentError: [Errno 13] Permission denied:
'Jopt/examples/my_venv/lib/python3.9/site-packages/paho’ Consider using the "--user’ option or
check the permissions].

B maHHOM cilydae BOCITO/B3yWTeCh KOMaH/0N «sudo Su» WU CJlesialiTe Manky «examples»

JIOCTYITHOM € TIoMoI1Ibi0 KoMaH Ikl «sudo chmod -R a+rwx examples/».
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PucyHok 85 — YcTaHOBKa 3aBUCUMOCTeN

[Tocsie yCTaHOBKM BCeX 3aBUCUMOCTeM 3amlyCTHM OJMH W3 CKPUITOB KoMaHoi «python3

logistics/main_vic.py», HanpuMmep «main_vic.py» (CM. pUCyHOK 86).

(my_venv)
Nogunwyenne & MOQTT npomnu YCTEeWHo

Lﬂﬂaumpflﬂﬂ L1_power', c_consumption_L2_power' : nsumption_L3_po
‘ac_out_L2_active_ pnwer' ac_out_L3_active

3L_uut_Ll_aLt1ue_pﬂwer'
power', 'ac_out_Ll_current', 'ac_out_L2_current', 'ac_out_L3_current', 'batt
ery_current',6 ‘'battery_power', 'battery _S0C', 'battery_voltage'] 13

[e, &, B, 8, B, O, O -

] [] i

update

"8, 0,8 0 0, 0] 13

Pucynok 86 — 3amyck ckpurita «main_vic.py»

Ecmu Bain yaasneHHbIM TIPOEKT WM3MEHHW/ICS HeoOXOJUMO BHECTH HW3MeHeHHUsl TakKe Ha
MuKpokommbtoTep Raspberry Pi. [lepexoum B /I0KanbHYIO JUPEKTOPUIO MPOEKTa (CM. PUCYHOK 81).
Komangzoli «git fetch origin» nmpuBHOCUM aKTya/qbHOCTb JIOKATbHOMY PeIO3UTOPHIO, a «git merge
origin/main» wucronb3yeM s obbemuHeHWe perno3utopusi u3 GitHub u MukpokommbioTepa
Raspberry Pi.

s obecrieuenust pabotocrnocobHoctu 10 HeoOXoAWMO CO374aThb MOCT AJisi GaTaperHOro
uHBepropa Victron. [Ins obOMeHa AaHHBIMU MeXKAy yCTpoicTBaMu BbIOpaH mportokon MQTT
(message queuing telemetry transport — mepezaya TeeMeTpUX B TIOPsIZKe OuepeAr COOOIIeHui),
KOTODBI SIB/ISIETCST TIPOTOKOJT i oOMeHa COooOLjeHUssMUA TI0 1I1abI0HY W3ZaTeslb-TIOANUCUHK.
Victron ucnonb3yeT cBoero 6pokepa MQTT, nmo3ToMy ero JaHHble TepeHarpaBIsiOTCs Ha Halllero

Opokepa.
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Ha mukpokomristotepe Raspberry Pi mepexofum 1o yka3aHHOMY TyTH «/etc/mosquitto/» u

HaxouM ¢aiin «mosquitto.conf» (cm. pucyHok 87).

Lmy_venv,) usel .
Cmy_venv) : nil: cd fetc/mosquitto/
{my_venv) -

acl_+ile aclfile.example ' | mosquitto.cont
mosquitto.conf.save passwd pshfile. o le pwfile.exa

PucyHok 87 — [1epexof B aiin «mosquitto.conf»

[ns penakThpoBaHUs OTKpbiBaeM (aili KomaHoi «sudo nano mosquitto.conf» u B

OTKPBIBITIIEMCSI OKHe ZI00aB/IsieM CTPOKU, KOTOPbIe TTPUBE/IEHbI Ha pUCYHKe 88.

connection my_bridge

address 10.2.173.189:1883

topic # both ©
bridge_protocol_version mqttv31ll

include_dir /etc/mosquitto/conf.d

PucyHok 88 — CTpoku fo6aB/sieMble B KOH(UTypalyio Opokepa «mosquitto»

KoHeuHbIii BapuaHT cofiep>kXuMoro ¢aiiia n3obpaxkeH Ha pucyHKe 89.

pid_file Srun/mosquitto/mosquitto.pid
persistence true

nersistence_location fvar/lib/mosguitto/
log_dest file fvar/log/mosquitto/mosquitto.log

connection my_bridge

ddress 18.2.173.189:1883

topic # both 8
yridge_protocol_version mgttw31l

inelude_dir fetcfmuiquittﬁfﬂﬂn+.d

Pucynok 89 — Cozepsxumoe ¢aiina «mosquitto.conf»
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[anee pns aBTO3arpysku cepBHCa IepexoJuM B Manky «/etc/systemd/system» KOMaHZOMH
«cd», ipuMmep Tiepexofia TipuBefileH Ha pucyHke 90 u co3faem dailin C pacivpeHHeM «.Service»
KOMaH/IOM, KoTopasi yKasaHa Ha puUCyHkKe 91. 3amonHseM CepBUCHbIM (ail 1Mo MpuUMepy,

TIpMBEICHHOMY Ha PUCYHKe 92.

cd /etc/systemd/system

nanoc victron_servic

Pucynok 91 — KomaHnjia st oTKphITUS (haiina

victron service.service *

GHNU nano 5.4

[HOWMEHHIH oM W/ unu
CTAAUM C paLMOHHORA

By=multi-user.t

Pucynok 92 — Cozep>kumMoe CepBUCHOTO (aiin

Komanmoit «sudo systemctl enable victron_service.service» pgo0aBnisieM CcepBUC B
aBTO3arpy3Ky (CcM. pucyHok 93) u 3amycTum cepBuc «sudo systemctl start victron_service.service»

cpa3y rpoBepsieM ero ctatyc pabotsl. IIprmep 3amycka nprBesieH Ha PUCYHKe 94.

Lem mu

fetc/systend

PucyHok 93 — [lobaBnieHue cepBUCHOTO (paiisia B aBTO3arpy3Ku
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Lines 1-19/19 (END)]

PucyHok 94 — 3arnyck cepBucHoro ¢arina

Takum o0pa3oMm, BhbIlIeNepeyrc/ieHHbIMU AelCTBUSIMU Obla MpoBefieHa moAroroBka APM
orieparopa 1 yIipaBJisiFoIlMX MUKPOKOMITBIOTEPOB K UX Jla/bHelIieli paboTe.
2.4 TIpoToK0/1 NCHBITAHUU

[TpoTOKO/IBI UCIIBITAHUN TTPUBE/IEHB] TPUIOKEHNH A.
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3 Bepudukanusa nporpaMMHOro kKomimsekca «IIpuHsATHe pellileHMH MO yHpaB/IeHUI0
PE&XXHUMOM PaboOThI COJTHEUHO-AH3e/IbHOT0 KOMILJIEKCa»

Bepuduikaiiys rnporpaMMHOT0 Komriekca «IIpuHsATHe peliieHU 10 YIIpaB/IeHHI0 PeXXUMOM
paboThl COTHEYHO-/IM3e/TbHOTO KOMILIeKCa» TIpOBeJleHa Ha MMUTAL[MOHHOM MakeTe COJTHEYHO-
Iu3enbHOTO  KoMmriekca. [loj — ympaBneHWeM — TIPOTPaMMHOTO — KoMIiekca — obecrieueHa
paboTocnoco6HOCTH 000PYZOBaHMS MaKeTa B Pa3/IMYHbIX PEXKUMAX (PyHKLIMOHUPOBAHMUSL.

3.1 UcnibiTaHue Ju3e/Ib-TeHepaTopPHbIX YCTAHOBOK

[aHHbIM BUJ, WCCIeOBaHUS SIBASETCS MPOCTEUIIMM BO3MOXKHBIM pexkumoM. [IpoBegeHue
WCTIbITaHUM paboThl Ju3esbHOTO 000pY/OBaHMS Ha Harpys3Ky I103BOJIsIeT TIPOBECTH TOHKYIO
HaCTPOWKY 000pymoBaHUs, KoTOopass obecrieunT KOppekTHOe (yHKIMoHupoBaHWe 'Y B yo6oi
MOMEHT BpeMeHH ITPOU3BOILHOTO paboyero pekuma.

OpHuM U3 Haubosee MHTepPeCHBIX TOKa3aresell KOPPeKTHOCTH WCIIONHSeMOro pabouero
pe’kuMa sIBJIsieTCsl OTKIOHeHHe pabodeil 4acTOThI [Ju3ebHOro 060py/I0BaHMs OT HOMUHAIBHOW Ha
BCEM TMPOTS)KEHUU 3KcreprMeHTa. [paduryeckoe mipezcTaBieHre OTK/IOHEHUM 4YaCTOThl MOKHO
YBUJIeTb Ha pUCYHKax 95 u 96, KOTOpble COOTBETCTBYHOT pe3y/abTaTaM SKCIEePUMEHTOB (CM.
npotokosn Ne 6), MOMy4YeHHbIX TIPU MCIOAb30BAHUM TIAKETOB JAHHBIX «3uMa» U  «JleTo»
COOTBETCTBeHHO. [l ABYX SKCIepMMeHTalbHbIX HCCaefoBaHuM pexuma «3C-Harpyska»
CTIpaBeJIUBO 3aMeTUTb, UTO OTK/JIOHEHHe B yCTAHOBUBIIMXCS pabOYMX pe)KMMax He IpeBbIlaeT
nokazarenss deltaf = 0,4 T1. OtknoHenusi Gosbiie 0,4 T'1p CBsI3aHBI C KOMMYTAl[MOHHBIMHU

MEepOIIpUATHUAMU WUJIN C Pe3KUM MU3MEHEHHEM COCTaBd HAalrpy3KH.

06« .
—— Dazaf

Dasa B
0.4 1 — Taza

e
e

=
o

OTENOMEHMAE YACTOTH, L
i
=
=]

=0.4 1

10:10:17 10:33:14 10:56:18 11:19:21 11:42:20 12:05:24
Bpema

Pucynok 95 — OTK/IOHEeHHe YacTOThI ITPY aBTOHOMHOM pabote [19C Ha Harpy3ky (R_1_1)
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—— Daia

0.6+

0.4

OTenoHeHWE YACTOTEE L

144344 150652 15:29:55 155302 161607 163907 1710222
Bpema

PucyHok 96 — OTK/I0HEHHe YaCTOThI TIPU aBTOHOMHO# pabote [I9C Ha Harpy3ky (R_1_3)

[Tpou3BesieM KOHTpOJIbHOE BBIUMC/AeHWe 0aaHCa MOIIHOCTH [Jis C/IyuyallHOM TOYKH
JKCIepUMeHTa peXXruMa aBTOHOMHOM pabotsl [JDC Ha HarpysKy s JBYX MOJe/IMPyeMbIX TPauKOB
HarpyskKu.

[Onsa  cueHapuss «3uMa» IyCTb KOHTPOJIBHOM TOYKOM BBICTYIIUT MOMEHT BpeMeHMU
t = 11:16:14. Torga, mojCcTaBUB JaHHble TeseMeTpuu B dopmyny (77), MOAyuuM ClieAyroilee

TOXXEeCTBO:

PHaep: P,LIBC .
(77)
11779 Bm=10934 Bm.

Habmtofaercss oTk/ioHeHHe OajlaHCa MOILHOCTA OT WjeanbHOro paBHoe 845 BT, uto B
yCJIOBUSIX JKCTiepyMeHTa o0yciaBnvBaeTcsi coOCTBeHHbIMU HyXAamu (CH) conmHeyHO-/[13ebHOT0
KoMmruiekca. ['paduueckast MpoBepKa BBITTOTHEHUsT OaslaHCca MOLTHOCTH U €T0 OTK/IOHEHUS CIieHapHUst

«3¥Ma» Mpe[CcTaB/IeHbl Ha pUCyHKax 97 u 98.
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20000

15000

10000

5000

MowHocTe, BT

-10000

-15000

Bpema, Y4:MM:CC

m [3C ofny mmmm Harpyaka_obuwy s (ITHAOHEHWE BANAHCA MOLWHOCTH

PucyHok 97 — banaHc MolifHOCTH 1pu aBToHOMHOM pabote JDC Ha Harpy3ky (R_1_1)

g

MolwHocTs, BT
=

.IE.

:

:

-A000

Bpemna, Y4:MM:CC

PucyHok 98 — OTK/IOHEHHMs OT W/ieaTbHOTO OaslaHca MOLHOCTH TIPU aBTOHOMHOM pabote 1OC Ha
Harpy3ky (R_1_1)

Ons cueHapusi «JleTo» TIpOBeZieM aHAJOTUUHbBINA UKMC/IEHHbI KOHTPOJb, TJe KOHTPOJIbHOM
TOYKOM BBICTYIIUT MOMEHT BpemeHHU t = 16:43:42. Torzna, MoJCTaBUB JaHHbIe SKCIIePUMEHTa B

dopmyny (78), monyuuM criefiyroiiiee TOX/eCTBO:

PHazp: P,ZISC,

(78)
4078 Bn=4382Bm.
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B paHHOM ciyuyae Takke HabmioflaeTcsi OTK/IOHeHHe 0OajaHca MOIHOCTH OT H/ealbHOro
paBHoe 304 BT, uTo MeHbllle, YeM B MpeAblAylleM ciyuae. I'paguueckast mpoBepKa BbIOJHEHHUS
OamaHca MOILJHOCTM W €ro OTKJIOHEHWs TIpU UCIIO/b30BaHWM Tpaduka Harpy3ku «Jleto»

rpezcTaB/ieHbl Ha pUcyHkax 99 u 100.

MowsHocoTs, BT
=

-4000

-6000
Bpema, Y4:-MM:CC

mm [13C o6y mmmm Harpyska_obuy e (TR DHEHWE DBNEHCA MOWHOCTH

PucyHok 99 — basaHc MoufHOCTH 1pu aBTOoHOMHOM pabore [JDC Ha Harpy3ky (R_1_3)

:

MowHocTs, Br
I

-600

-B00

-1000

Bpema, Y4 :MM:CC

Pucynok 100 — OTK/IOHeHusI OT WfeanbHOrO HGasaHca MOLIHOCTH MPU aBTOHOMHOM pabote J2C Ha
Harpy3ky (R_1_3)
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Beoller3ioxkeHHble  pe3ysibTaThl  SKCIIEPUMEHTOB  /1al0T OCHOBAHUSl  yTBepXKZAarb O
KODpeKTHOW paboTe au3enbHOT0 000pyZOBaHMS Ha HarpysKy B HCC/Ie[yeMOM OJHOKOMITOHEHTHOM
peXXuMe, TaK KaK BBINMOHsSeTCs: OasiaHC MOIIHOCTH (C YY4eTOM TOoTeph W COOCTBEHHBIX HYXK7), a
TaK)Ke He Ha0JIro1aeTCsi 3HAUUTE/IbHBIX OTKJIOHEHHH YaCTOThI.

3.2 VIctibITaHUA CHCTeMbI HAKOIJIGHUS] JHePrum

BaxHeiM 3TarioMm BepuduKanyuyd 000pYZOBaHUS UCC/IEyeMOrO KOMILIEKCa  SIBJISIeTCS
SKCIepYMeHTalbHOe HWCCIej0OBaHWe CHUCTeMbl HakoruleHusl 3sektposHepruu (CH33) npu
pa3/MUHBIX MOIIHOCTSIX 3apsiia W paspsga. COBOKYNMHOCTb WTOTOB MCHBITAHUM HE TOJIBKO
TI03BOJIsSIeT TIpeJIiosararb MoBe/leHHe CUCTeMbl HAKOTUIeHWsI B pa3/IMUHBbIX BO3MOXKHBIX paboumx
peXXrMaxX — COJNHEUHO-U3e/IbHOTO KOMIUIEKCA, HO W  BbIOpaTb  ONTHMAlbHBIA  PEXHAM
B3aUMOZIeCTBUAM CUCTeMbI HaKOIJIEHUS C [PYTUMHU 37IeMeHTaM{ CUCTEeMBI.

3apsi ycraHosieHHow CHO3 ocymiectBasiercs mo mnpuHiuny CV-CC (constant current-
constant voltage, MOCTOSIHHBIN TOK-TIOCTOSIHHOE HaripsikeHe). TakuM o6pa3om, Iporecchl 3apsia
JeNIITCS Ha /iBa STala: Ha IePBOM TIPH TIOCTOSTHHOM TOKe [IOCTHTaeTcss HeoOXoiuMasi yCTaBKa
HarnpsbkeHuss AKD, a Ha BTOPOM NpU MOCTOSIHHOM HarlpsDKeHUW IPOBOAUTCA fo3apsaaka CHOO.
[IpencraBnenHble Ha pucyHkax 101 wu 102 3apsifHble YW pas3psifHble XapaKTePUCTUKW SIBHO
MOKa3bIBalOT, KaKWe 3HaueHusl YCTaBOK W HACTPOMKU WCII0/Ib30BalUCh B TOM WM WHOM
5KCIIepYMeHTa/lbHOM HMCC/Ie[JOBaHWH, KaK OHM B/MSIM Ha TPOLIeCChl 3apsja W paspsza, a
COBOKYITHOCTb ~ TIOJIyYeHHBIX  XapakKTepUCTHMK  TO3BOJISIeT  IIpejrojiaratb  IOBe/leHHe
aKKyMY/IUPYIOIIMX MOLJHOCTEN ¥ CMEXXHBIX 3/IEeMEHTOB B C/TyyaliHbli MOMEHT BpEMEHU.

Takum obpa3om, Bepu(uUKalusi MoKasana, UTO B HallleM C/yuyae He CjiefiyeT pa3psbKaThb
CHO3 po nokasarens SOC menbiie 60 %. CBsi3aHO 3TO C Tem, UTO IPU MeHbILeM IlOKasarese
3aps/a 3HaueHre HanpsokeHus: Ha Bbixoge AKD ripyHrMaeT ync/ieHHOe 3HaueHne MeHblle 44 B, yto
TIpYBeZieT K OTK/IF0UeHUI0 OaTapeliHbIX MHBEPTOPOB, UTO, B CBOIO OUepe/ib, NPUBe/eT K HapyLIeHUO

9JIEKTPOCH86)KEHI/I$I HOTPE6I/IT6IIH B YCJ/IOBUAX OTCYTCTBHA reHepalkn.
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Pucynok 101 — 3apsanbie xapakrepuctuku AKb
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Pucynok 102 — Pa3psigHbie xapaktepuctuku AKb

I[Tpu Bepudmkauyu CHI3 Takke He0OXOJMUMO TIPOBECTH MCC/IeJOBaHKE T0Ie3HON eMKOCTH
aKKyMy/upyolero 000pyzoBaHusi, Tak Kak IoJIlydyeHHasi XapaKTepUCTHKa TOKaKeT CII0COOHOCTh U
TOTOBHOCTb YCTAQHOB/JEHHOTO COCTaBa akKKyMy/IsITODOB K paboTe, Hampumep, B peXuMax
CI/IaXKMBaHUsS MUKOB HAarpy3kH, WIM MOMOXeT ONTUMU3MpoBaTh rpaduk 3apsga AKB B Te uachl,

KOTJla CUCTeMa He BocTpeOoBaHa.
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B Hamem cnyuae cepusi MpoBeJleHHBbIX MCHBITaHUM (rpauuecKyii pe3ysbTaT MpUBe/ieH Ha
pucyHke 103) mokasbIBaeT, UTO B Pe)KMMe paspsifia Mbl MO’)KEM PACCUUTHIBATEH MPUOIM3UTENTFHO Ha
0,5 u paboret CH33 B yC/I0BUSX MaKCUMalbHOW 3arpy3ku wiv 6,5 4 paboTel TP MUHUMAIbHOU

(ripu ycsioBuu nionHOro 3apsiia AKB Ha MoMeHT cpabaThiBaHUsI CUCTeMbI Ha Pa3psif).
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0 2000 4000 6000 8000 10000 12080 14000

MowHooTs paspaaa, Br

Pucynok 103 — 3aBucumocTts 3apsigHou emkoct AKB ot momnjHocTH 3apsiga

3apsii CHUCTeMbl MaJjibIMH MOIIHOCTIMU (0Kosio 3,5 KBT) Tmo3Bo/sieT BBIMIpaTh TIOUTH
6 kKBT-u 3apsigHOl eMKOCTH (cM. pucyHOK 104), ecnu cpaBHMBaThb C TIPOLIECCOM 3apsiiku Gosiee
BBICOKMMU (BILVIOTh 70 9,5 KBT) MOIIHOCTSIMH, UTO He TOJIbKO TPeJOCTaBUT [[OTIOTHUTeTbHBIN
pe3epB peryiMpoBaHWsl U CHaO)KeHWs, HO U OyeT MpemnsTCTBOBATh YCKOPEHHOW Jerpajariviu

MCTI0/Ib3yeMbIX aKKyMY/IITOPHBIX GaTapeil.
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Pucynok 104 — 3aBucuMocCTh rosne3Hol eMkoctd AKB oT MoljHOCTH pa3psiza

Takum 06pa3oM, poBeZieHHbIE SKCIIepUMeHTa/IbHbIe UCCIeA0BAHMS TTOKa3aad, 4YTo CHCTeMa
HaKOIIJIeHUs] B COCTaBe COJIHEYHO-[M3e/IbHOTO0 KOMILIeKkca criocobHa obecrieunTbh HeoOXOANMYIO
r'MOKOCTb perynvpoBaHus, a Takke 00sa/jaeT A0CTaTOUHBIM 3allacoM T10/1e3HON eMKOCTH, KOTOPBIH
TI03BOJTUT TTOKPBITH KaK OOJIBIIYI0 KPATKOBPEMEHHY0, TaK U Mayio MPO/IO/DKUTETbHY IO Harpy3KH.

3.3 UcnpiTanus napauie/ibHOM PadoThlI fu3e/Ib-TeHePAaTOPHBIX YCTAHOBOK H CHCTeMbI
HaKOILJICHUS SHEPIruH

Pabora CIK ocnoxHsieTcs HeoOXofuMoCTbi0 —obecrieueHHsi YCTOMUMBOM  paboThbI
Pa3HOTHITHOTO SHepreTUdeckoro 00OpyZOBaHUS Tapaj/uleikHO [Jpyr € JpyroM. Hibke gaHa
XapaKTepUCTHKA TIPOBeIEHHBIX JKCIIEPUMEHTa/IbHBIX UCTIBITAHUA PabOThl MIMTHALIMOHHOTO MakKeTa
B MOJ00HBIX CUTYaLUsIX.

3.3.1 UcnbiTaHve au3esb-reHepaTOpHbIX YCTAHOBOK COBMECTHO C CHCTEMOM HaKOIUIeHWSs
SHepruu

ITocne mpoBenenuss uvactHoW Bepudmkarmu JOC u CHO3 HeoOXoAMMO MPOBECTH
UCC/Ie[IOBAaHHSl KX COBMeCTHOM paboThl B OFHOM W3 YacCTHBIX C/yuyaeB (YHKIMOHUPOBAHHUS
COJTHEYHO-/IU3€e/IbHOT0 KOMIUIEKCAa — pe)XrMa paboThl AM3enbHOr0 00O0pYZOBaHMSI Ha Harpysky,

MapaJiesibHO C CHCTEMOM HAKOILJIEHUS 3J/IEKTPO3HEPIHu.
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B aHHOM clydae SKCriepuMeHTabHOe MCC/ieloBaHKe TTPOBOJUIOCH /IS ClieHapust «JleTo».
[TocTpoeHHBIV MO MOMyYEHHBIM JJaHHBIM TPaUK OTKIOHEHMs YaCTOThI JU3e/bHOrO arperara (CM.
pucyHOK 105) Toka3bIBaeT, UTo MakcuMaibHoe deltaf B eIMHUYHOM Ciyuae coctaBusio 6osee 3 I’
7T ogHOW M3 (a3, UTO CBS3aHO C MOMEHTOM Iiycka B pabory AT'Y (tenemerpusi a3HbIX
rokaszaresied 4YaCTOThl 3alyCKaeTcsl paHblie Iycka o0opynoBaHus). B pabouem pexume
HaOsTro1ar0TCs e[JMHUYHBIE OTKIOHEeHUs 1T0Ka3aTeJist yacToThl deltaf o ogHoM u3 ¢a3 paBHoe 1,2 I'm.
Takoe MoBeZieHre CBsi3aHO C HEPAaBHOMEPHOCTBIO pacripejie/ieHHsl Harpy3ky 1o ¢asam. B obiem
Cly4yae Ha TpOTsHKeHWM Bcero pabouero pexxuma [IDC mipu mapaienbHoii pabore co CH33
OTKJIOHEHUsI YaCTOThI aHA/IOTUUHBI ITOKa3aTesIsiM, TIPUBeleHHbIM B TioApaszene 3.1, a umeHHo deltaf

He npessiliaeT 3Hauenud 0,4 I'n.

—— @aza A
Taza B
3+ — daza C

OTHAOHEHME WBCTOTE, L

14:42:46 14:57:02 15:11:27 15:25:48 15:40:13 15:54:32
Bpema

PucyHok 105 — OTK/IOHeHHe YaCTOTHI IpU TlapasuienbHou pabore [JOC u CHD (R_2_6)

AnanornuHo mofpazfeny 3.1 TpoBefieM UWCEHHBIA KOHTPOAb [Jis  C/IyuaiiHOM
KOHTPOJIbHOW TOukM. Tak, MOACTaBUM JaHHbIe CljeHapus «JIeTo» COOTBETCTBYIOIiE MOMEHTY

BpemeHH t = 15:36:36 B dhopmyy (79) v mostyuum ciieyroiee TOXAeCTBO OasaHca MOIITHOCTH:

PHazp:P,ZIBCiPCHB.

4374 Bm=5536 Bm— 1680 Bm. (79)

4374 Bm=3856 Bm.

B maHHOM ciyyae OTK/IOHeHHe OajiaHca MOIITHOCTH OT WJealbHOTO cOoCTaBssieT 518 BT, uro

BKJ/TFOUAeT B Cebs MOTepH Hd coOCTBeHHBIE HYXJbI U T1I0T€PU Hd npeo6pa3OBaHHe SHEpruu.
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Pucynok 106 — Bananc mMomHoCTH Tipy TlapasiesnsHou pabote [I9C u CHD (R_2_6)
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Pucynok 107 — OTK/IOHeHHs OT HzieaqbHOTo 6asaHca MOIITHOCTH TMpU TlapasiiesibHou pabote [JOC u
CH3 (R_2_6)

[IpoBemenre wCIbITaHMSl [ABYXKOMIIOHEHTHOro pexuMma «[I3C, CH33» mnoarsepauino
BO3MOXHOCTh DPa0OTBI KOMIUIEKCA TIPM TaKOM CLeHapud B HOpPMajbHOM pexxume. Cucrema
HaKOTIJIeHUs] B [JaHHOM CJlyyae CTOoCOOHA BBICTYTIATh He TOJIBKO MCTOUHMKOM 3/IEKTPOIHEPTud AJist
rnorpebuTeNisi TIPU OTK/IFOUEHHOM /IU3e/IbHOM O00O0pYZIOBaHWH, HO W CJIY>KUT JIOTIONIHUATE/IbHOU
Harpy3koi, KoTopasi OCyIleCcTBUT Ao3arpy3ky AI'Y no HeoOX0AMMOro YpOBHS /i ONTHUMM3aLUd
rotpeb/IeHust TOTUIHBA.

3.3.2 UcnblTanue [y3eslb -reHepaTOpHbIX YCTAHOBOK COBMECTHO ¢ umuraropamMu COC

AHanornyHo mnpejplAylieMy MyHKTY BepU(pUKaLUU TOJJ/IeKUT JABYXKOMIIOHEHTHBIA PeXUM

pabotel [JOC coBMectHO ¢ COC. HeobOXoAnMO MPOBECTH WCCIEOBAaHUS WX COBMECTHON pabOThI
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IS TIOATBEPyKAeHUsI KOPPeKTHOUM paboThl reHepUPYHOLel YacTy COTHeUHO-AU3e/IbHOTO KOMITIeKCa
Y aHa/TM3a MOoBe/IeHUs TU3e/TbHOTO 000PY/I0BAHMS B YaChl BELIDAOOTKH COJTHEUHOH 3/IEKTPOCTAHI[UH.

B panHHOM C/lyyae 3KCrepuMeHTa/lbHOE WCC/e[OBaHUe TIPOBOAWIOCH [Jii BCEX Tpex
cueHapveB. Pe3ynbraThl TesieMeTpUM IO TIOKas3aTelssM YacTOThl Ha KaK[oW (hase AU3eIbHOTrO
reHepupYyIOIiero o0OpyloBaHUS TIpe/CTaBleHbl Tpaduueckd Ha pucyHkax 108 wu  109.
[IpoaHanu3upoBaB MOJyUeHHbIE Pe3y/bTaTbl, MOXKHO YTBEpPXKAATb, YTO PEry/JMpOBaHUe T0 YacToTe
¥ MOIITHOCTH TIPOM3BOJUTCS KOPPEKTHO, TaK KaK He HaOMI0fiaeTcsl YHUKANbHBIX OTKJIOHEHUH
HaOMoJjaeMbIX —TIOKa3aTeseli — OHM KODPeIWPYIOT C  TIOKa3aTelasiMUd, TPUBOJAUMBIMU B
niogpaszene 3.1. Takum o6pa3om, oTK/IoHeHWe deltaf B ycTaHOBHUBILIEMCS paboueM pexume
coctaBnsier He Gosee 0,4 'l AyiA KakA0TO ClieHApHs, €AMHUYHbIE OTK/IOHEHWs, TIPEBBIIIAIOIINe

JlaHHOe 3HaueHUs CBA3aHbl C MOMeHTaMu Iycka [II'Y.
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Pucynok 108 — OTK/I0HeHHe YacTOTHI 1Tpu napasiienbHoi pabore [JOC u COC (R_3_7)
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Pucynok 109 — OTK/I0HeHHe YacTOThI MpH napasuienbHoi pabore [19C u COC (R_3_8)
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Pucynok 110 — OTK/I0HeHHe YacTOThI TIpy MapasensHoi pabote [I9C u CIOC (R_3_9)

[Tpou3sBesieM KOHTpOJIbHOE BBIUMC/IeHUe 0aaHCa MOIIHOCTH [Jis C/IydyallHOM TOYKH
JKCIepUMeHTa peXXrMa aBTOHOMHOM pabotbl [I13C Ha Harpysky /il KaXKoro MOJeIupyeMoro

rpa¢uKa HarpysKu.

[Onsa  cueHapuss «3uMa» IyCTb KOHTPOJIBHOM TOYKOM BBICTYIIUT MOMEHT BpeMeHH
t = 15:44:11. Torma, mojCcTaBUB JaHHble TeneMeTpuu B (opmyny (80) mosyuum creaytoiiiee

TOXXEeCTBO:
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Por=P poctPcac-
9364 Bm=9930 Bm+2500 Bm. (80)

9364 Bm=12430Bm.

HabGmrogaetrcss oTK/IOHeHWe OajlaHCa MOIIHOCTA OT WjeanbHOTO paBHOoe 3066 BT. B
YC/IOBHUSIX TIPOBOJMUMOIO SKCIIePHMEeHTa CO/IHeUHasi TeHepallysl 0Ka3aaach HeJ0CTaTOYHOM [iJIst TOTO,
yT0OBI COJTHEUHBIN MHBEPTOP BKIIFOUM/ICS B paboTy Ha morpeburess. B cBsA3u ¢ 3TMM Hab/rOfaeTCst
Oosiblliee OTK/IOHEeHHWe OajlaHca MOII[HOCTH, UeM B APYTUX SKCIepuMeHTax. ['paduueckast mpoBepka

BBINIOJIHEHUsT 0aslaHCa MOIIHOCTA M €ro OTKJIOHeHWsl CIieHapusi «3uMa» TIpeJCTaBlIeHbl Ha
pucyHkax 111 u 112.
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Pucynok 111 — bayiaHc MolIifHOCTH TIpH MapasienbHoi pabore I13C u COC (R_3_7)

MowHocTs, BT

ERE

Bpera, Y4:MM:CC
PucyHok 112 — OTK/IOHeHUs OT UleaTbHOTo OaaHca MOIIHOCTHY TIpU TlapasuiesibHo pabote [19C u
CoOC(R_3_7)
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[ns cueHapusi «BecHa» rpoBefieM aHa/JIOTUYHBIM UMC/IEHHBI KOHTPOJIb, I7je KOHTPOJIbHOM

TOUYKOW BBICTYMUT MoMeHT BpeMmeHHu t = 10:06:01. Torza, moAcTaBUB JaHHbIe SKCIIepUMEHTa B
dbopmyny (81) monyuum ciefyroiiee TOXAECTBO:

PHazp=P,ZI3C+PC3C‘

9646 Bm=5311Bm+5130 Bm. (81)

9646 Bm=10411Bm.

B pmaHHOM ciyuae Takke HaOstofaeTcsi OTKIOHeHWe OajiaHca MOIJHOCTH OT HZeasbHOro
paBHOe 765 BT, uTO MeHbllle, YeM B TIpeJbiAyieM ciydae. I'paduueckasi TpoBepKa BbITIOJTHEHHS

OamaHca MOILJHOCTM W €ro OTKJIOHEHWs TIpU UCIIO/b30BaHWU Tpaduka Harpy3ku «Jleto»
Tpe/icTaB/IeHbl Ha pUCYHKax 113 u 114.

150040

MowHocTy, Br

Bpema, H4:MM:CC

e [13C obw, s CO3C = Harpyska 03C+CH3  ——— bananc MowHoCTH

Harpyzka_obwana
Pucynok 113 — Bananc MomjHoCTH Tipy niapasiiensHoi padote 19C u C3C (R_3_8)
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PucyHok 114 — OTK/IOHEHUs OT Hjlea/IbHOro OalaHca MOIIHOCTH IpH MapasuiesibHoi pabore 19C u
C3C (R_3_8)

[ns cueHapust «Jleto» HeoOXOAMMBIN UKMC/IEHHBIM KOHTPOJIb TPOBeJEM /il KOHTPOJIbHOM
Touku t = 13:27:53. TloAcTaBuB JlaHHbIe 3KCliepuMeHTa B Gopmyny (82) monayuuMm crefyroliee

TOX/I€CTBO:

Poer=P poc*tPcac-
7776 Bm=3925 Bm+4200 Bm. (82)

7776 Bm=8125Bm.

B panHOM ciyuae Takke HaOmofaeTCs OTK/IOHeHWe 0OajlaHCca MOIIHOCTH OT H/easbHOro
paBHoe 349 Br. I'padmueckasi mpoBepKa BbITIO/HEHUsI OajlaHCa MOIIHOCTUA U ero OTK/IOHEeHUs TIPU

WCII0/Tb30BaHWY TpaduKa Harpy3ku «JleTo», mpe/icTaB/ieHbl Ha pucyHKax 115 u 116.
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PucyHok 115 — BanaHc MOIIIHOCTH MpH TlapasuienbHou pabote 19C u C3C (R_3_9)
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PucyHok 116 — OTK/IOHeHHs OT UfleaIbHOTo OalaHca MOIIHOCTHY TIpU TlapasuiesibHo pabote [19C u
CoOC(R_3.9)

st Bcex 3KCTIepUMEHTOB HeoOXOAMMO 3aMeTUTh, UTO rpaduueckoe OTKIOHeHHe OaaHca
MOIIJHOCTH OT HZiea/JibHOTO CBfI3aHO C TeM, uTO oOIllas Harpy3ka TipeZcTaBisieT coboil JaHHbIe,
MoJIyuyeHHble He TOJBKO C CUCTEeMBbI TejleMeTpUu OaTapelHbIX WHBEPTOPOB, HO U C TejleMeTpUu
CO/THEYHOro MHBepTopa. barapeiiHble MHBEPTOPHI SIBSIOTCS CBS3YHOLMM 37€MEHTOM CUCTeMBI (K
Hemy mnogk/oueHbl Kak AKB co cTopoHbl MOCTOSHHOrO TOKa, Tak U [IOC cO CTOpPOHBI BXOJa
riepeMeHHOro Toka). Mmuraropsl COC MOAK/IIOUEHbl uepe3 COJHeUHbId UHBepPTOp SMA, BBIXO[,
repeMeHHOT0 TOKa KOTOPOTO TOJK/IFOUeH Tapasijie/ibHO BBIXOZAY TepeMeHHOTr0 TOoKa OaTapeiHbIX
vHBepTOpOoB. TaknM 00pa3om, TpH Bbijade MOIIHOCTH uUmHTatopamu COC, naHHasi MOIIHOCTD
Oeper Ha cebsi uyacTb Harpy3kd, B CBSI3M C ueM, C TOUKM 3peHUs TeleMeTpuM OaTaperHbIX

HWHBEPTOPOB, HAd BbIXO[e Ha6J'IIOAHETCH CHW)KE€HHE HAI'DY3KH.
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3.3.3 UcnbiTaHue An3e/Ib-T’eHEPAaTOPHBIX YCTdHOBOK COBMECTHO C CHCTEeMOM HaKOILIeHUs

sHepruu ¥ umuraropamu COC
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PucyHok 117 — OTK/IOHeHKe YacTOThI TIpU mapasiensHoi padote [19C, COC u CHD (R_4_10)
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Pucynok 118 — OTK/IoOHeHHe YaCTOThI TIpU NapasiiensHou pabote [JOC, COC u CHI (R_4_11)
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PucyHok 119 — OTK/I0HeHHe YacTOThI TP MapasiensHoi padote [19C, COC u CHD (R_4_12)

AHanornyHo mpejplAyLIMM I[yHKTaM OCYILIeCTBUM UMC/EHHBIM KOHTPOJb I Kak[oro
WCCIeIOBaHHOTO clieHapus. Tak, [y rpaduvka Harpy3ku «3MMa» NpUMeM KOHTPOJIbHYIO TOUKY,
COOTBETCTBYIOLYI0O MOMeHTy BpeMeHM t = 15:36:14. IlopcraBuMm 3HaueHusi B ¢opmyny (83),

TOJIYYUM CJIeytolliee ypaBHeHUe OajlaHCa MOLI[HOCTH:

P wy=P p5ctPcoc T Peys-

Haep

12495 Bm=11319 Bm+1300 Bm+333 Bm. (83)

12495 Bm=12952 Bm.

OTK/IOHeHHe peaslbHOTO OasaHCa MOILHOCTH OT W/eallbHOTO B JaHHOW KOHTPOJIbHOMN TOUKe
coctaBisseT 457 BT, 4TO Kak ¥ B TMpeAbIAYLIMX SKCIEpPUMEeHTaNbHbIX HCCAeJ0OBaHUSIX
o0yc/aBMBaeTCsl TIOTEPSIMA U COOCTBEHHBIMU HyK7AaMu. ['pacduueckoe Tpe/icTaBlIeHHE JAHHBIX

peayii30BaHO Ha pyucyHKax 120 u 121.
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Pucynok 120 — BanaHc MOIIIHOCTH Tipu TlapasuienbHou pabore JOC, COC u CHO (R_4_10)
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PucyHok 121 — OTK/IOHEeHUs OT UieasbHOTro OajlaHCca MOIIHOCTH MPU TlapasiienbHoi pabote [J2C,
COCu CHD (R_4_10)

[nsa cueHapus «BecHa» KOHTPOJIbHOW TOYKOM BBICTYIIUT MOMEHT BpemeHHU t = 11:44:24.

[TopcTaBUB pe3ynbTaThl TeeMEeTPUH /ISl JaHHOW BpeMeHHOW OTMeTKH B (opmyny (84), momyunm

diaeagyrouiee ypaBHeHHe OamaHca MOIIIHOCTH:

PHaap:P,ZISC.l-PCBCiPCHS‘
10307 Bm=7388 Bm+3290 Bm+199 Bm. (84)

10307 Bm=10479 Bm.
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PucyHok 122 — Bananc MomHOCTH Tipy TlapasuiesibHou pabote [JOC, COC u CHD (R_4_11)
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Pucynok 123 — OTK/IOHeHHs OT HieasbHOTO 6aslaHCca MOIITHOCTH TIpU TMapasiiesibHou pabote J3C,
COCu CH3 (R_4_11)

AHanorvyHas 4yMc/IeHHasi IpOBepKa [JIsl CLieHapusi Harpy3ku «JIeTo» NpOBOAUTCS B TOUKe
t = 13:14:30. Ilpu MofenvpoBaHUM [aHHOU BpPEMEHHOM OTMETKe COOTBETCTBYIOT YCJIOBUS
OTCYTCTBHUSI COJTHEYHOUM TeHepalii TPU COBMeCTHOM paboTe BCeX KOMITOHEHTOB KOMILIEKCA, UTO

SIBHO BU/THO TP TIO/ICTaHOBKe 3KCTIepUMeHTa/IbHbIX 3HaueHu B popmyny (85):

Prooy=P joctPesct Py

5245 Bm=5749 Bm+0—1162 Bm. (85)

5245 Bm=4587 Bm.
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OTk/ioHeHHe OaslaHCa MOIIHOCTH B UCC/elyeMoi KOHTPOJBbHOM TOuKe cocTaBuio 658 BT.

I'padmueckas mpoBepKa OTpa’keHa Ha pUCyHKax 124 u 125.

o —

P e e

MowHooTs, BT

-10e000

Bpema, Y4 MM CC
s CH3 30 e Harpysea_[3C+CHS
50 ofw, — CTHADHEHWE GANEHIE MOWHOCTH  s— Harpyssa_obog

PucyHok 124 — BanaHc MOIITHOCTH Tpu TlapasuienbHou pabore [JOC, COC u CHO (R_4_12)
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Pucynok 125 — OTK/IOHeHHs OT HieasbHOTO 6aslaHca MOIITHOCTH TIpU TMapasiiesibHou pabote J3C,
COCu CHD (R_4_12)

Takum o6pa30M, pe3yabTaThl BCeX BbILIEINTPUBEAEHHBIX WCIBITAHUM TTOKa3aM CIIOCOOHOCTh
HOPMaJIbHOT'O (by'HKI_[I/IOHI/IpOBaHI/IH 3/IEMEHTOB COJ/IHEUHO-AW3€/IbHOI'0 KOMILJIEKCA IIPHU Pa3/IMYHBIX

pabounx pexxuMax. B o0imjem ciayuyae OTK/IOHeHWe OajaHCa MOIJHOCTH OT WZeaJbHOTO He
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nipeBbiiiaeT 1 KBT, 4TO CBsi3aHO C MOTepsiIMU Ha TIpeoOpa3oBaHye B MHBEPTOPHOM 000DPYJOBaHUU U
cobctBeHHbIM Hy>Kaamu CIIK. TpexXKOMIOHEHTHbIe UCIBITAaHUS TI0Ka3a/Id, UYTO KOMILJIEKC TOTOB K

(YHKLMOHMPOBaHUIO U Ja/IbHEUIIIUM HUCTIBITAaHUSM.
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3AK/IFOYEHUE

B pamkax BbIirosnHeHusi pabot Tpethero stama 3a 2024 ropx «Pa3paboTka mporpamMMHOTO
KOMII/IEKCA,  OCYILeCTB/IAIOLEr0  ONTHMMH3ALAI0  COCTaBa, IlapaMeTpoB U PeXUMOB
(DYHKLMOHMPOBaHUS COJIHEUHO-/IM3e/IbHOT0 KOMITJIEKCa» I10JIyUeHbl C/le/lytollye pe3y/bTaThl :

1) Pa3paboraH mporpaMMHbII KOMIUIEKC, OCYILECTB/SIOIMM ONTUMM3ALMI0 COCTaBa,
rapaMeTpoB U PeXHUMOB (DYHKLIMOHMPOBaHUS COTHEYHO-/IM3e/IbHOTO KOMILIeKCa IO KPUTEepHUIo
MUHHUMMU3AL[UY IKCITTyaTallMOHHBIX 3aTpar.

2) IlogroroBneHo 5CKHW3HOE OMMCAHME CO3[,AHHOW Ha OCHOBe MPOrpaMMHOIO KOMILIeKCa
aBTOMaTH3MPOBAaHHOM CUCTEMBI yIIpaB/eHNs] PeXXKMMOM PaboThl COTHEUHO-/J3e/IbHBIM KOMILIEKCOM,
BKJ/IIQUaolllee IPOrPaMMHYIO0 [JOKYMEHTAalM0 Ha IPOrpaMMHBIM KOMIUIEKC, OCYILeCTB/ISHOLIMN
ONTUMM3ALIMI0 COCTaBa, IAapaMeTPOB U PeXUMOB (YHKLIMOHUPOBAHUS COJIHEUHO-U3e/IbHOTO
Komriekca, onvcanre SCADA-crcTeMsl, 06ecrieurBatolileii uesioBeKo-MallliHHbIN HHTepdelic.

3) IlpoBesieHbl WCIbITAaHWS, TMOATBepAUBIIME paboTOCIIOCOOHOCTE  pa3paboTaHHOIo
MPOTrPaMMHOTO KOMIUIEKCA B PA3/IMUHBIX PEKHMMax PabOTHI COMHEUHO-JU3e/IbHOTO KOMITIeKCa B
YCJIOBUSIX, TIPUOJIVPKEHHBIX K PeasTbHbIM.

B X0 e BBIIIO/THEHHA pa60T AOCTUTHYTHBI ITI0Ka3aTeJ/iu, IIpeiCTaB/IeHHbIE B Ta6m/1ue 32.

Tabsnuria 32 — Pe3ynbTUpYOIIHe TTOKa3aTe/ v BLITIOIHEHUS paboT

ITnan Ha 2024
Tloka3arenb rox BrinonHenue

1) Vaskov A., Sigel A., Shurkalov P. A Software Package
for Optimization of a Solar-Diesel Complex Operation
Mode // 2024 7th International Conference on Information
Technologies in Engineering Education (Inforino) — 2024.
P. 1-6, DOI: 10.1109/Inforino60363.2024.10551958.

2) Guo L., Vaskov A.G. Analysis of the Requirements of
Technical Standards for Grid-Connected Distributed Power
[MTy6mmkaryy, B Sources // 2024 International Conference on Industrial
HayUHbIX )KypHa/ax, Engineering, Applications and Manufacturing (ICIEAM) —
VH/IeKCUPYeMBbIX B 2024. P. 190-195, DOI:
0a3ax Hay4yHOTO 10.1109/ICIEAM60818.2024.10553686.

LUTUPOBaHUs Scopus 3) Narynbaev A.F., Kremer V.A., Vaskov A.G. Comparison
1 Web of Science of Direct and Indirect Approaches to PV Power
Estimation // 2024 6th International Youth Conference on
Radio Electronics, Electrical and Power Engineering
(REEPE) - 2024. P. 1-6, DOLI:
10.1109/REEPE60449.2024.10479839.

4) Kharitonov V., Kharitonov D., Vaskov A. Testing of a
Diesel Generator Set As Included in a Solar-Diesel
Complex // 2024 International Ural Conference
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[Tpomomkerue TabUIbI 32

TToka3zarenn

ITnan Ha 2024
rof

BrinosiHeHMe

on Electrical Power Engineering (UralCon) — 2024.
P. 373-377, DOI: 10.1109/UralCon62137.2024.10718927.
5) Narynbaev A.F., Kremer V.A., Vaskov A.G. Evaluating
Day-Ahead Solar Radiation Forecasts from ICON, GFS,
and MeteoFrance Global NWP Models // Applied Solar
Energy - 2024. - Vol. 60,
No. 3. P. 491-500, DOI 10.3103/S0003701X24600152

[Tpouue myb6nukaryu,
Bxopsiye B PUHL]

1) Jeproruna [.B., Wrnatee E.B., Ky3snenos [I.A.
Bepudukaiusi nporpaMMHOrO  KOMILIEKCa  «pacueT
BbIpabOTKU comHeuHoro wmopayns (COOM)» // BecTHUK
Ka3zanckoro roCy/apCTBEHHOTO SHEepreTUyYeCcKoro
yHuBepcuteta. — 2024. — T. 16, Ne 2(62). — C. 133-143.

2) Bacunbea A.A., BacvkoB A.I, Curenr A.C,
[MMecronamoBa T.A., Iypkamo II.C. OnrumanbHbIN

pexum paboTbl MHOroarperaTHou [M3e/IbHOU
JIeKTpPOCTaHIMU // I'upoTexHuuYeckoe CTPOUTE/LCTBO. —
2024. - Ne 5. - C. 48-54. DOLI:

10.34831/EP.2024.30.82.007.

3) Avinynnoea W.H., BacvkoB A.I., [lonmatoB B.A.
O¢deKTUBHOCTb COMHEUYHOTO KHBEPTOpa B YC/IOBUSIX
peanbHOM 3KCIUTyaTaluu // OnektposHeprus. Ilepenaua u
pacnipezienienue. — 2024. — Ne 2(83). — C. 40-46.

4) BackkoB A.I.  Bpibop cocTaBa  BK/IFOUEHHOTO
reHepupyoiiero 000pyJOBaHHSI — COTHEYHO-AWU3eTbHOTO
komriekca / iPolytech Journal. —2024. —T. 28, Ne 4. — C.
550-561, DOI: 10.21285/1814-3520-2024-4-550-562.

5) Augpeea K.A., BacvkoB A.I., AinymioeBa W.H.,
Pomanrok H.C. MogenupoBaHue 3apsifHBIX U paspsAHbIX
XapaKTepUCTUK aKKyMY/ISTOPHBIX OaTapeii Ha OCHOBe
HaTypHbIX JaHHbIX // JKypHan «Oxpyxkarolljasg cpefa U
sHeproBezieHne» (OC3). — 2024. — Ne 4. — C. 73-84, DOI:
10:24412/2658-6703-2024-3-73-84

[oknaapl Ha BeAyIIMX
MeXXYHapO/HBIX
HayYHbIX
KOH(epeHLUsIX

OmuH  joknas  Ha  MexkayHapoJHol — KoH(epeHLUH
International Ural Conference on Electrical Power
Engineering (UralCon). Marnaurtoropck. 28.09.2024.
Hoxnaz:

1) Testing of a Diesel Generator Set As Included in a Solar-
Diesel Complex / V. Kharitonov, D. Kharitonov, A. Vaskov.
Opun jgoknax Ha 6th International Youth Conference on
Radio Electronics, Electrical and Power Engineering
(REEPE). Mockga. 29.02.2024.

Hoxnaz:

2) Comparison of Direct and Indirect Approaches to PV
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Power Estimation / A.F. Narynbaev, V.A. Kremer, A.G.
Vaskov.

IBa poknaga Ha International Conference on Industrial
Engineering, Applications and Manufacturing (ICIEAM).
Couu. 20.05.2024. Joknagpl:

3) Analysis of the Requirements of Technical Standards for
Grid-Connected Distributed Power Sources / L. Guo, A.G.
Vaskov.

4) Impact of a Partial Solar Eclipse on Electricity
Generation / K. Andreeva, A. Vasileva, V. Kharitonov.
Opun  poknag Ha 7th  International Conference on
Information Technologies in Engineering Education
(Inforino). Mockga. 16.04.2024.

Hoxnaz:

5) A Software Package for Optimization of a Solar-Diesel
Complex Operation Mode / A. Vaskov, A. Sigel, P.
Shurkalov.

[Tate poknazoB Ha XXI MexayHapoAHOM Hay4yHO-
TIPaKTUUeCKOM KoH(pepeHIMM «Bo300HOB/IsIeMasi U Masiasi
sHepretka 2024. DHeprocbepexxeHue. ABTOHOMHBIE
CUCTeMbI SHeprocHa0KeH!sl CTallMOHAPHBIX U TIO/IBWKHBIX
obbekToB». KpacHogap. 06.11.2024.

Hoknagsr:

6) iccnenoBanue  THOpDUIHBIX  CHCTEM  HAKOTIEHUS
5HEepruM Ha OCHOBe CyTnepKoH/eHcatopoB / Pomantok H.C.
7) OueHka TIPUMEHUMOCTH MeTO/ZIOB pacuerta
XapaKTepUCTUKM pacxojia TOIUIMBA [W3e/lb TeHepaTOpHOU
ycTaHOBKU / BacunbeBa A.A.

8) MogenupoBaHue 3apsAAHbIX u pa3psiiHbIX
XapaKTepUCTUK aKKyMY/ISTOPHBIX OaTapeii Ha OCHOBe
HaTypHBIX JaHHbIX / AHZIpeeBa K. A,

9) Bepuduxkarus paboTocriocobHOCTH 3JIEMEHTOB
VMMUTALMOHHOTO MakKeTa COJTHEYHO-ZH3e/IbHOT0 KOMILIeKca
/ XaputoHosB [J.A., XapuTtoHoB B.IO.

10) IlpuHATHe pellleHW [0 YIIPAB/IEHUID DPEXHUMOM
paboThI COTHEUHO-/TU3eTbHOTO KoMIliekca / BacbkoB A.T.
Tpu poknaza Ha IlIkone monofbix yueHbix — 2024 «Posb
B0O300HOB/ISIEMOI 3HEPTeTHKU TIPU TIepexojie K YIiepoHO-
HelTpanbHOM 3KOHOMMKe”. Mockga. 21.11.2024.

Hoxnazsr:

11) MogenupoBaHue 3apsAgHBIX 51 pas3psigHbIX
XapaKTepUCTUK aKKyMY/ISTOPHBIX OaTapeii Ha OCHOBe
HaTypHBIX JaHHbIX / AHZpeeBa K. A.

12) Ouenka TIPUMEHUMOCTHU MeTOZI0B pacueta
XapaKTepUCTHUKU pacxo/ia TOMJIMBa AU3e/b-reHepaTOpHON
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ITnan Ha 2024
IToka3zaresnnb - BrinosiHeHMe

ycTaHOBKM / BacunbeBa A.A.

13) Pa3paboTka MeToAMKM TOBBIIIEHUS 3(deKTHBHOCTH
paboThl POTO/IEKTPUUECHUX CHUCTEM 3a CUET YUETa BJIMSHUS
BHEIIIHUX yc/10BuM / AliHy/uioesa U.H.

Uucsio nojaHHbIX 1 CBUJieTENBCTBO O  TOCYJApPCTBEHHOM  perucTpalyu
3asBOK Ha I0IyYeHue nporpammbl  giasi OBM Ne 2024663616 Poccuiickas
riaTeHTa uiu ®denepariys. [TporpaMmHbIii KOMIIJIEKC «CepBuc
peructpauyto P/ KPaTKOCPOYHOI'0 IIPOrHO3UPOBAHUS BBIPaOOTKH

3/IeKTPOHEPTUY CeTeBOM COMHEYHOW 3/1eKTPOCTaHLIen» :
Ne 2024662614 : 3asBn. 03.06.2024 : ony6:1. 07.06.2024 /
A.®. HapbinbaeB, A.I. Bacvko, A.C. Curems, B.A.
Kpemep; 3asiBuTenb  (QefnepasbHOe TOCYyAapCTBEHHOE
OrofpkeTHOe  0Opa3oBaTe/ibHOe — yupeXKJeHHe  BBICIIero
obpa3oBaHus «HanmoHanbHbIN HCCJIel0BaTeTbCKUM
yHuBepcuTeT «MOW»

3alluieHHbIe 1 HaprinbaeB A.®. Pa3paboTka MeTOAMKY MTPOTHO3WPOBAHUS
JccepTraLuu 1o Teme BbIPaOOTKH 3JIeKTPO3HEepruv COJIHEUHBIMU
WCC/Ie/I0BaHNUS (h0TO31eKTPUUeCKUMH CTAHLUSIMU: [JUC. KaHJ. TeXH. HayK:
(KaHAUAATCKYE) 2.4.5: 3zammumena 29.11.2024. — &®I'bOY BO «HUY

«MB3W», Mocksa, 2024. — 154 c. PerucrpaniOHHBIN
Homep EIMCY 424122600107-3, pata perucrtpauuu

26.12.2024
O6wem 3,0 msiH. py6. |TIpu codpunHancupoBanuu I[TAO «Pycl'uppo» 3aKyriieHO
cohrHaHCUPOBaHUS obopyzoBanue (Ha cymmy 1665476 py6. 00 kom.) aist
CO CTOPOHBI (byHKLUHMOHMPOBaHUS JlabopaTopuu.
WH/Ty CTPHUA/ILHOTO [Tpu 3TOM B COOTBETCTBUU C /[OTOBOPOM TIOXKEPTBOBAHMUS
rapTHepa Ne 1010-761-2024 ob6muii 06beM 3aKyIIOK 000pyZoBaHKs

MoxeT coctaBuTh A0 10 000 000 (mecsiTb MWIJIMOHOB)
pyb6uieit 00 Komeek B CpoK 1o B cpok g0 30 mast 2025 roga

Bosnee mogpobHas nadopmarius o mybmvkausm v PUJT ipeacrapieHa B IpUIoKeHUH I

Pe3yneraTel paboTel ObUTH TIpeACTaB/IeHbl B paMKax [oksaza «[IoBbllieHre HafeXHOCTU
TUIAHUPOBaHHUSI Pe)KMMa PaboThl COTHEYHO-/IM3e/bHBIX HepreTHueCKUx KOMITIEKCOB» Ha CeKLUU
«['upposnekTpocTaHK, TUOPUHBIE SHEPreTUYecKrue KOMILIEKCHl U BO30OHOB/IsieMble UCTOUHUKU
sHeprun» HII «HayuHo-TexHuueckuii coBer EauHON 3Hepretmueckor cuctemb» (Mocksa,

12.12.2024)". HayuyHO-TeXHWYECKMA COBET OTMEYaeT, uTO pe3yJbTarbl pPaboTbl WUMEOT

1 TIpotokon Ne 10 coBmectHoro 3acefanust Cekiuii «[HIPO3/€KTPOCTAHIMY, TUOPUHBIE JHEPreTHUeCcKHe
KOMIUIEKCHI 1 BO30OHOBJIsIEMbIe MICTOUHHUKH HEPTUM» U «AKTHBHBIE CHCTEMbI pacrpezeeHus 31eKTPO3HepPriuy 1
pacrpefieieHHble  SHepretvyeckde — pecypcel»  HIT  «HTC  E3C»  or  18.12.2024. -  URL:
https://nts-ees.ru/assets/doc/p/protocol-p74-2024-12-12.pdf
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MpaKTHU4YeCKoe 3HdUeHHe, 1 peKOMEeHAYeT IIPOAO/DKUTE MCC/IeI0BAHKUA HAd OCHOBE I/IHq)OpMaL[I/II/I 00

3KCILTyaTalli aHA/IOTMUYHBIX I10 COCTABY 3HEPreTruyeCKUX KOMIIJIEKCOB.
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IMPUJIOXKEHUE A
IIpoToKo/1BbI HCIBITAHUM
ITPOTOKO/JI
HCNBITaHUA N0 NYHKTY «VicnbITaHue CHATUSA TOIUIMBHON XapakTepucTuku [II'Y-12»
OTueTa 0 HayYHO-UCCIIeZI0BaTe/TbCKOM pabote «CucTeMbl yIipaB/ieHUs COTHEYHO-/IH3e/TbHBIMU
KOMILJIEKCAaMU» 110 TeMe:
PA3SPABOTKA TTPOT'PAMMHOI'O KOMIIJIEKCA, OCYIIECTBJ/IAROIIET'O
OINTUMU3ALUNIO COCTABA, TIAPAMETPOB U PEXXMMOB ®YHKLINOHNPOBAHUA
COJIHEYHO-AM3EJIBHOI'O KOMITJIEKCA

Ne 1 2024 .

1. OobexkT wucnbiTaHus: [lu3enb-reHepatopHasi ycraHoBka A/l-12 B cocraBe Makerta

COJTHEUHO-/JU3e/TbHOTO KOMILJIeKCa.
2.1lenp ucneiTanusa: ViccnenoBaHWe W3MeHEHHWsS TIOTpeO/ieHUs [U3e/bHOTO TOTUTUBA

COOTBETCTBYIOIIIMM CUJIOBBIM arperaroM Kak B DeXHMe XOJOCTOrO XOfia, Tak W B paboTe Ha

Harpy3ky B guana3oHe oT 0 1o 12 kBT, uto cooTBeTCTBYeT cTerneHu 3arpy3ku ot 0 7o 100 %.

3. [laTa Hayas1a ucnbIiTanus: 2024 1.

4. 1atra oOKOHYaHMSA UCTIbITaHuA: 2024 1.

5. MecTto mnpoBejeHusi wucnbiTaHusi: DesepasbHOE TOCYIaPCTBEHHOE —OHOPKETHOE
oOpa3oBaTesbHOE yupeX[eHre BbICllero obOpa3oBaHusi «HalMoHanbHBIA HCCIeA0BATETHCKUNA
yHuBepcuteT «M3OU» (PI'BOY BO «HUY «MO3OW»), kabdeapa «['UApOsHEPreTUKU U
BO300HOB/IsSIEeMbIX MCTOYHUKOB SHepruu», saboparopusi «CHCTeMbl yIpaBleHUs COJIHEUHO-

An3e/IbHBIMU KOMITJIEKCaMI».

6. Pe3ynbTaThl HCHIBITAaHUI
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ITpu momortu trdpoBbix pacxopomepoB Eurosens Delta RS 100 6ty mosiyueHbl IaHHbIe,

CBe/leHHbIe B TaO/HUIIBI 1-5.

Tabmuia 1 — PacxogHas xapakrepucTtuka JI'Y-12 ¢ marom 1 kBT

YcraBKa Harpysku, KBt

TToka3aHust pacxo/ioMepa, j/4ac

0

3

3,1

3,3

3,5

3,9

3,6

4

4,6

4,8

OO N |UT|A|W|IN|F-

51

—_
o

5,4

11

5,9

12

6,2

Tabmua 2 — Pacxopnast xapakrepuctka JJI'Y-12 c marom 2 kBt

YcraBKa Harpysku, KBt IToka3aHusi pacxofomepa, Ji/uac
0 2,8
2 3,2
4 3,7
6 4,2
8 4,6
10 5,4
12 5,8

Tabmuiia 3 — PacxogHas xapakrepucTtuka JI'Y-12 ¢ marom 3 kBT

YcTaBKa Harpysku, KBt IToka3zaHust pacxo/jomMepa, Ji/9ac
0 2,7
3 3,4
6 3,9
9 4,8
12 5,9

Tabmiia 4 — PacxogHas xapakrepucTtuka JI'Y-12 ¢ marom 4 kBT

YcTaBKa Harpysku, KBt IToka3aHusi pacxo/ioMepa, J1/4ac
0 2,7
4 3,8
8 4,7
12 5,8
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Tabmuua 5 — PacxogHas xapakrepuctuka JJI'Y-12 c marom 6 KBt

YcraBka Harpysku, KBt ITokasaHus pacxozoMepa, j1/4ac
0 2,8
6 4,2
12 6

7. 3aMeuaHusl U peKOMeHJaliu

PexoMeHZaLMY ¥ 3aMeYaHUsi OTCYTCTBYHOT.

HNcnbiTanue IIpoOBOAUIH

1

L o (S

IS
VnxeHep-uccienoBare/s jaboparopuu CY CAK 4 @ XapuToHOB [I.A.

779
A
nxeHep-uccienosatenb naboparopuu CY COAK (W [-"*“ ~ XapuTtoHoB B.IO.
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ITPOTOKO/JI
HCNBITaHUA N0 NYHKTY «VcnbITaHue CHATHA TOIVIMBHON XapakTepuctuku [AI'Y-30»
OryeTa 0 Hay4YHO-UCC/Ie[0BaTe/IbCKOM paboTe «CUCTeMBI yIpaB/ieHuUs CONMHEYHO-/I3e/IbHBIMU
KOMIT/IeKCaMm» T10 TeMe:
PA3SPABOTKA ITPOI'PAMMHOI'O KOMIUIEKCA, OCYIECTBJIAIOIIEI'O
OIITUMUMBAILIIO COCTABA, ITIAPAMETPOB 1 PEXXMIMOB ®YHKINMOHNPOBAHNUA
COJIHEUHO-AN3EJIBHOI'O KOMIIJIEKCA

Ne 2 2024 r.

1. O0bekT wucnbiTaHus: /[{u3enb-reHeparopHasi ycraHoBka AJl-30 B cocraBe MakeTa

COJIHeUHO-A13e/IbHOI'0 KOMIL/IeKCa.

2. HEJIL HCIbITAHUA: M3MEHEHHA HOTPE6JIEHI/IH AW3€JIbHOTO TOIVIMBAa COOTBETCTBYHOILIMM
CUJIOBBIM arperatoM Kdk B peXMMe XOJIOCTOT'O XO/id, TdK U B pa60Te Ha HAarpys3kKy B [idIla30He OT 0

zo 30 kBT, uto coorBeTcTByeT creneHu 3arpy3ku ot 0 o 100 %.

3. /lara Hauasia uctbIiTanus: 2024 1.

4. latra OKOHYaHMA UCObITaHuA: 2024 1.

5.Mecro mnpoBefeHusi wucnbiTaHus: @DefepanbHoe ToCyJapCcTBeHHOe — OHOpKeTHOe
obpasoBaTe/lbHOe YyupeXJeHre BbICllero obpas3oBaHusi «HalyMoHanbHBINA HCC/Ie0BaTeTbCKUN
yHuBepcurer «M3WU» (®I'BOY BO «HUY «MOW»), kadegpa «['uaposHepretvkd u
BO300HOB/ISIEMBbIX MCTOUHUKOB >Heprum», maboparopusi «CHCTeMbl YIIpaB/eHUs] COJIHEUHO-

Jv3ebHbIMY KOMITJIEKCaMU».
6. Pe3ysibTaTbl HCIBITAHUA

[MTpu momouy LudpoBbix pacxogomepoB Eurosens Delta RS 100 611 momyueHb! JaHHbBIE,

CBefleHHbIe B Tabmuily 1.
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Tabmuria 1 — Pacxopnas xapaktepuctyka [AI'Y-30 c marom 1 kBT

YcraBka Harpysky, KBt [Toka3saHus pacxofjoMepa, Jj1/yac
0 2,2
1 2,5
2 2,6
3 2,8
4 3,0
5 3,1
6 3,5
7 3,6
8 3,9
9 4,0
10 4,2
11 4,5
12 4,7
13 4,9
14 5,1
15 5,3
16 .55
17 5,7
18 6,0
19 6,3
20 6,6
21 6,8
22 7,1
23 7,3
24 7,4
25 Z5l
26 8,0
27 8,2
28 8,4
29 8,7
30 8,9

7. 3ameuaHus U peKOMeH AU

PEKOMEH,I[BLII/II/I " 3aMeyaHusA OTCYTCTBYIOT.

HcnbiTaHue NpoBoguIv

PR
HCTA

VnxeHep-uccieioBatesib saboparopur CY COK f [*"\- ~ XaputoHoB B.IO.
“ | -

S Sp—

).
WnxeHep-uccienosatesb saboparopur CY COK . )@ XapuronoB [I.A.
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ITPOTOKOJI
HCIIBITAHMA 110 MyHKTY «Bepudukanus paéoTocnoco0HOCTH CHCTeMbl HAKOIJIEHUSI JHEPTHH»
OtueTa 0 HayYHO-UCC/Ie[0OBaTeNbCKOM paboTe «CHCTeMbI yTIpaB/ieHHs] COTHEYHO-A3e/TbHBIMU
KOMIUIEKCaMM» 110 TeMe:
PA3PABOTKA ITPOI'PAMMHOI'O KOMITJIEKCA, OCYHIECTBJIAIOLIEI'O
OIITUMU3ALIVIFO COCTABA, TAPAMETPOB U PEXXUMOB ®YHKLIMOHMPOBAHWSA
COJTHEYHO-AU3EJIBHOT'O KOMITJIEKCA

Ne 3 2024 r.

1. O0bekT ucnbiTanus: CrucreMa HakoruvieHus: SHeprun (CHD), BbIMoHeHHass CBUHIIOBO-
KUACJIOTHBIMH aKKyMY/IATOPHBIMU  Oarapesimu YELLOW GB 12-200 B koHpurypauum 4s2p B

COCTaBe MadKeTa CO/IHeUHO-AH3e/IbHOI'0 KOMIL/IeKCa.

2. Ilenb ucnbiTanus: Bepudukaiys paboThkl cMCTeMbl HAaKOTJIEHUS] SHEPTUY TapasliesibHO
C CeThI0 M CUCTEMBI DPETUCTPALMU [JaHHBIX TIPU JJTUTEJBHBIX HCTIBITAaHUSX IyTeM IPOBEeIEeHUsS

WCIBITAaHUS peKrMa Moc/e0BaTe/IbHOro paspsiga-3apsaga CHO.

3. /lata Hauasia ucnbIiTanus: 2024 1.

4. latra OKOHYaHHA UCObITaHuA: 2024 1.

5.Mecro mnpoBefeHusi wucnbiTaHus: @DefepanbHoe ToCyJapCcTBeHHOe — OHIKeTHOe
obpasoBaresbHOe yupexJeHHe BbICllero oOpa3oBaHus «HalmoHa/mbHBIA HCC/Ief0BaTeIbCKUM
yHuBepcurer «M3W» (®I'BOY BO «HUY «MOW»), kadenpa «['uaposHepreTvkd u
BO300HOB/ISIEMBbIX HCTOYHHMKOB SHeprum», Jaboparopusi «CucTeMbl yrpaBieHHs COJHEUHO-

Jv3ebHbIMYA KOMITJIEKCaMU».
6. PesysbTaTsl MCNIBITAHUA

TeJ'IEMeTpI/IH IIOJIMTOHA II03BOJIA€T MOMEHTa/IbHO (l)I/IKCI/IpOBaTB HN3MEHEeHU HEO6XO,£LI/IMBIX

HOK&B&TGJ’IEFI, d UMEHHO pa3psAAHOro WIr 3apAaaHOro (B 3dBUCHUMOCTH OT Ha6J'II-0,ZLaEMOFO pE)KI/IMa)
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TOKa, HamnpsUKeHWs] Ha KJeMMax CHCTeMbl HaKOIMJIeHWs, MOLIHOCTH 3apsiia uau paspsga CHO (B
3aBUCMMOCTH OT [JEeUCTBYIOLLETO peXrMMa) W YPOBHSI 3apsi/la CHUCTEeMbl HAKOIUJIEHWS] SHEPrUu.
VcnibITaHusl TIOKa3a/d HaJie)KHOCTb TeJIEMETPUH TIPU HaOMIOJeHnH eJUHUUHOTO peXxuma (Jubo
3apsifia, b0 paspsija). B paMkax JaHHOTO OMbITa TIPOBe/eHa HerpepbiBHAasl 3aMvch JAHHBIX C
n3MeHeHreM pabouero pexxuma CHD (u3Haua/sbHO TIPOM3BOJWICS Pa3psi[i Ha TIPOM3BOJILHYIO
Harpy3Ky C/Ay4alHOM [JTUTEeIbHOCTH, 3aTeM ObUT BBITIOJTHEH 3aps[i CHCTEMbI HAKOTUIEHUS).
CobpaHHbIe B X0/le IKCIIEPUMEHTa JaHHbIe MpeCTaB/soT coboit Excel-aiinbl ¢ KomuuecTBOM
3amuceil He MeHee OJHOM, KOoTopasi Oy/leT COOTBETCTBOBATh HaualbHOMY COCTOSTHHIO CHUCTEMBI, a
obIlee MX KOMMUECTBO OrpaHUYeHO BpeMeHeM WcCCefoBaHusl.  [103ToMy TipUMep [JaHHBIX

TIPUBOJUTCS HYDKe UCK/TIOUUTENBHO B rpadrueckoM Buje (CM. PUCYHKH 1-4).

Tox, A
150

100

0 . i Bpeusa
13:55: 1424:00 14:52:48 15:221:36 15:50:24 ' 16:19:12

Pucynok 1 — 3mMeHeHue ToKa Ha kiemmax CHO
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Haopaxeune, B
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56 | | 'I |
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13:55:12 14:24:00 14:52:48 15:21:36 15:50:24 16:19:12

PucyHok 2 — MI3meHeHue HanpspkeHUs Ha KinemMmax CHO
Momuocte, BT
8000
6000 |

4000 |

- Bpema

13:55:1 14:24:00 14:53:48 15:21:36 15:50:24 16:19:12

Pucynok 3 — VI3meHeHue 3apsijHOM/pa3psiaHor MoijHoctn CHO
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98
96
04
92
00
88 Bpena
13:33:12 14:24:00 14:32:48 13:21:36 15:30:24
PucyHok 4 — V3meHeHue nokasare/s 3apsaga CHO
7. 3aMeuaHMs U peKOMeHJaliu
3ameuaHus U peKOMeHJaliy OTCYTCTBYIOT.
HcnbiTanue npoBojuiIn
Texnuk aboparopuu CY CIOK Jlapganos JI1.O.
WnxeHep-uccnenoarens naboparopuu CY CAK . ‘ XaputoHoB [I.A.
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IMPOTOKO/JI
HCNBITAaHUA N0 MYHKTY «3apsAHO-Pa3pAAHbIE HCIBITAHUS CHCTéMbl HAKOTIEHUS YHEPTHH»
OtueTa 0 HayYHO-UCC/Ie[0OBaTeNbCKOM paboTe «CHCTeMbI yTIpaB/ieHHs] COTHEYHO-A3e/TbHBIMU
KOMTIUIeKCaMU» TI0 TeMe:
PA3PABOTKA IMTPOI'PAMMHOI'O KOMITJIEKCA, OCYIECTBJ/IAOIIET'O
OIITUMUBALINIO COCTABA, ITAPAMETPOB N PEXXMUMOB ®YHKIIVNOHVPOBAHUA
CO/THEUHO-IM3EJIBHOI'O KOMIIIEKCA

Ne 4 2024 r.

1. O0bekT ucnbiTanus: CrucreMa HakoruvieHus: SHeprun (CHD), BbIMoHeHHass CBUHIIOBO-
KUACJIOTHBIMH aKKyMY/IATOPHBIMU  Oarapesimu YELLOW GB 12-200 B koHpurypauum 4s2p B

COCTaBe MadKeTa CO/IHeUHO-AH3e/IbHOI'0 KOMIL/IeKCa.

2. Ilenb ucnbiTanus: Bepudukaiys paboThkl cMCTeMbl HAaKOTJIEHUS] SHEPTUY TapasliesibHO
C CeTbIO TyTeM IpOBe/leHUs] UCTIbITaHUs peXXUMa pa3psiia NpY MOMOILY [TPOM3BOJILHOW Harpys3ku 1

TOC/IeIYIOIIETO PEXXUMA 3apsifia OT CETH.

3. /lata Hauasia ucnbIiTanus: 2024 1.

4. latra OKOHYaHHA UCObITaHuA: 2024 1.

5.Mecro mnpoBefeHusi wucnbiTaHus: @DefepanbHoe ToCyJapCcTBeHHOe — OHIKeTHOe
obpasoBaresbHOe yupexJeHHe BbICllero oOpa3oBaHus «HalmoHa/mbHBIA HCC/Ief0BaTeIbCKUM
yHuBepcurer «M3W» (®I'BOY BO «HUY «MOW»), kadenpa «['uaposHepreTvkd u
BO300HOB/ISIEMBbIX HCTOYHHMKOB SHeprum», Jaboparopusi «CucTeMbl yrpaBieHHs COJHEUHO-

Jv3ebHbIMYA KOMITJIEKCaMU».
6. PesysbTaTsl MCNIBITAHUA

Ons  ocyujectBieHuss BepuduKaluu Obula TpoW3BefieHa TepBUYHas  Z03apsijika

aKKyMyJIUpyHOLLeli cucTeMbl. TereMeTpusi TIONMrOHAa TIO3BOJIsIeT MOMeHTalabHO (PUKCHPOBATh
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M3MeHeHUs: HeoOXOIMMBIX TI0Ka3aresell, a UMeHHO pa3psijHOro WM 3apsiHOro (B 3aBUCMMOCTH OT
HabJr01aeMoro pe’kuMa) TOKa, HarpspKeHHsl Ha KJIeMMax CHCTeMbl HaKOTIIeHUsl, MOIIHOCTH 3apsifia
v paspspa CHO (B 3aBMCMMOCTM OT [eHCTBYIOLLETO peXkuma) M YPOBHS 3apsifia CHUCTeMBI
HakorieHusi SHeprun. CobpaHHble [aHHbIe TpeZcTaB/sitoT coboit Excel-¢aitnel ¢ KommuecTBoM
3amuceii He MeHee OZJHOM, KoTopasi OyZileT COOTBeTCTBOBaTh Haua/JbHOMY COCTOSIHUIO CHCTEMBI, a
o01jee WX KOIMUYECTBO OTPaHUUYMBAETCS BPeMEHeM TeKyllero ucciefoBaHus. [lo3tomy rpumep

JTaHHBIX TIPUBOJIUTCS HIDKE UCKJTIOUMTeTHbHO B TpadrueckoM Buje (CM. pUCyHku 1-4).

Tox, A
200.00

150.00 \
100.00
50.00

0.00 - - Y Bpewua
50 &g:ﬂ{lzﬂﬂ 19§12:00 20:24:00 21:36:00 22-48-00 0:00:00

-100.00
-150.00

Pucynok 1 — I3MeHeHue 3apsAHOro ToKa Ha KjiemMax CHO

Hampaowerne, B
58

;5 ety —W

(%]

3 Bpeuma
18:00:00 19-12:00 20:24:00 21:36:00 22:48:00 0-00-00

PucyHok 2 — VI3mMeHeHue 3apsifHOTO HarpsbkeHUs Ha KieMMmax CHO
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Momaocts. Bt
12000

10000
8000
6000
4000
2000

0 | ] ] 1 L " EpEM.H
g:(}{]:ﬂﬂ 1%12:00 20:24:00 21:36:00 22:48:00 0-00-00

—Eﬁ&
4000
-6000
-8000

PucyHnok 3 — V3meHenue 3apsijHOU MolHOoCcTH CHO

S0C, %
100

95

90

85

80

73

70

65

60

55

50 Bpema
18:00:00 18:28:48 18:57:36 19:26:24 19:55:12 20:24:00  20:52:48

PucyHok 4 — NsmeHeHue niokasaTesns 3apsgaa CHO

[nst pexkuma paspsija MPOU3BOAWINCH UCTIBITAHUS TIPU TIPUJIOXKEHUM Cy4YaliHOM BHELLHEe!
Harpy3kd He(pUKCUPDOBaHHOW BeIUUMHBI M He(QUKCUPOBAHHOW [JIUTE/IbHOCTH. AHAJIOTMYHO
NpebIAYIeMy UCIIBITaHUIO Tpaduueckoe TpeJcTaBieHre COOPaHHBIX JaHHBIX MOXKHO HArJsJHO

YBUJIeTb Ha PUCYHKaxX 5-8.
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Tox. A
30

9 |
13:00:24
100 |
150
200

-250

Haopazennes, B
52

51
50

49

48 |

47

46 |

45

44

17:16:48

' 1 . Bpema
17:31:12 17:45:36 18:00:00
PucyHok 5 — V3MeHeHMe pa3psifHOrO TOKa Ha KinemMmax CHO
- - Bpeua
17:31:12 17:45:36 18:00-00

17:02:24

17:16:48

PucyHok 6 — MI3mMeHeHUe pa3psiJHOTO HarnpsbkeHUs Ha kiemMax CHO
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Momsocts, Bt

000
0 Bpens
17:02:24 17:16:48 17:31:12 17:45:36 1§00:00
BFaty ‘: 3

2000

P NaTa
1y
LR

-6000

PucyHnok 7 — 3meHeHue pa3psaHoi moigHoct CHD

Bpema
02:24 17:16:48 17:31:12 17:45:36 18:00:00
Pucynok 8 — M3ameHeHue nokazarens 3apsajga CHD
7. 3ameuaHMs ¥ peKOMeH/AaLNU
3aMeyaHusl U peKOMeH/jaliii OTCYTCTBYIOT.
HcnbiTanue npoBoguiu
Texnuk naboparopuu CY COK Jlaganos JI1.O.
(.
VmxeHep-uccenoBaresisb saboparopun CY COK . XaputonoB [I.A.
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IMPOTOKO/JI
HCNBITAaHUA N0 MYHKTY «Pe)KHMHBbIe HCIBITAaHUA CHCTeMbI HAKOTUIeHUS] SHEePTUH»
OtueTra 0 HayYHO-UCC/IE[0BATeNbCKOM paboTe «CHrCTeMbl yTIpaB/ieHHs] COTHEYHO-AM3e/TbHBIMU
KOMTUIEKCaMU» TI0 TeMe:
PA3PABOTKA IMTPOI'PAMMHOI'O KOMITJIEKCA, OCYIECTBJ/IAOIIET'O
OIITUMUBALINIO COCTABA, ITAPAMETPOB N PEXXMUMOB ®YHKIIVNOHVPOBAHWA
CO/THEUHO-IM3EJIBHOI'O KOMIIIEKCA

Ne 5 2024 r.

1. O0bekT ucnbiTanus: CrucreMa HakorvieHus: SHepruu (CHD), BbINoHeHHass CBUHIIOBO-
KUACJIOTHBIMH aKKyMY/ATOpHBIMU Oarapesimu YELLOW GB 12-200 B koHpurypauum 4s2p B

COCTaBe MadKeTa CO/IHeUHO-AH3e/IbHOI'0 KOMIL/IeKCa.

2.llenp ucnbITaHusi: VccnenoBaHue peXMMOB 3apsiia-paspsiia CHD mpu pabore Ha
Harpy3Ky pas3/iMyHOW BeJMUMHBbI Tapasiie/ibHO C ceThio. IlosyueHre OCHOBHBIX SHEPreTHuecKuX

XapaKTepPUCTHK CUCTeMbl HaKOIJIeHUS /IJI1 Pe)XKMMOB 3apsijia ¥ pa3psja.

3. /lata Hauasia uctbIiTanus: 2024 1.

4. latra OKOHYaHMA UCHbITaHuA: 2024 1.

5.MecTto mnpoBejeHusi wucnbiTaHus: @efepasbHOe TroCyapcTBeHHOe —OHOKETHOe
oOpa3oBaTesbHOE yupeX[eHre BbICIIero obOpa3oBaHusi «HalMoOHanbHBIA HCCIeA0BATETHCKUNA
yHuBepcurer «M3W» (®PI'BOY BO «HUY «MOW»), kadegpa «['uaposHepreTvkd u
BO300HOB/IsSIEeMbIX MCTOYHUKOB SHepruu», saboparopusi «CHCTeMbl yIpaBleHUs COJIHEUHO-

Ar3e/IbHBIMH KOMITJIEKCaMK».

6. Pe3ysbTaTbl MCNIBITAHUA

6.1. Pexxum paspsiga CHO
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[na pexxuma paspsifia TIPOW3BOAWIMCH WCIIBITAHWS MPU MPUIOKEHUM BHEIIHelW Harpy3Ku
BemmuuHOM 2, 5, 7 u 13 kBT. TenemeTpus MOMUrOHa IO3BOJIsieT MOMEHTa/lbHO (DUKCUPOBATh
M3MeHeHUs1 HeoOXOJUMBIX TI0Ka3aTesiel, a UMEHHO pa3psi/IHOTO WIH 3apsiIHOTO (B 3aBUCUMOCTU OT
Hab/TI0/JaeMOro peXkrMa) TOKa, HarpsDKeHHs] Ha KJieMMaX CHCTeMbl HaKOTUIeHUsI, MOIITHOCTH 3apsijia
v paspsga CHO (B 3aBUCMMOCTM OT [eHCTBYIOLLETO peXuma) M YPOBHS 3apsifia CHUCTEMBI
HakoruteHusi 3Hepruu. CoOpaHHBIE [laHHbIe TIPeACTaBsIOT coboii Excel-daiinbl ¢ komuuecTBOM
3amMceii He MeHee OJHOM, KOTopasi OyZieT COOTBeTCTBOBaTh HauaJbHOMY COCTOSIHUIO CHCTEMBI, a
o0I1lee MX KOMUECTBO OTPAHMUMBAETCS BPeMeHeM TeKyllero ucciefoBaHus. [loatomy npumep

JTAaHHBIX TIPUBOJUTCS HUXKe UCK/TIOUUTENTbHO B rpadruyeckoM Buie (CM. pUCyHKH 1-16).

Tox. A

100

50

]
10:48:00
-50

Bpeua

12:00:00 13:12:00 14:24:00 1

LA

4
36:00 16:48:-00 j:DO:DD

PucyHok 1 — MI3MeHeHue pa3psiHOro Toka Ha Kjiemmax CHO ripu Harpyske 2 kBT
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Hampaeerue, B

56

54 |

48

46

44

42

40
10:48-00

12:00:00 13:12:00 14:24:00 1536:00 16:48:00 18:00:00

Bpeua

PucyHok 2 — MI3mMeHeHue paspsiHOro HarnpsbkeHus Ha KieMMax CHO nipu Harpyske 2 kBt

Momuocte, Bt

10000
8000
6000
4000
2000
0 !
10:48:00
000 |

-4000
-6000

r.«

12:09:00 13:12:00 14:24:00 1536:00 16:48:00 1{:&&:!}{}

Bpema

Pucynok 3 — M3meHenue paspsgHon MoiHoct CHO nipu Harpyske 2 KBt
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S0OC, %
100

90
80
70
60

50

40 . . . . _ Bpema
10-48-00 12:00-00 13:12:00 14:24:00 15:36:00 16:48:00 18:00-00

PucyHok 4 — V3ameHeHue riokaszatens 3apsga CHO nipy Harpyske 2 kBT

Tow, A
20

10-04-48 1%:33:35 11:02:24  1131:12 12:00:00 12:28:48 12:57:36] 13:26:24
=20

-40

-60

-80

-100

-120

PucyHok 5 — MI3mMeHeHue pa3psiHOro Toka Ha kinemmax CHO npu Harpyske 5 kKBt
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Hampazeme, B
54
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44 ! . . . . | [ Bpema
10:04-48 103336 11:02:24 11:31:12 12:00:00 122848 125736 13:26:24

PucyHok 6 — VI3MeHeHMe pa3psiHOro HanpsikeHust Ha KnemMmax CHO nipu Harpyske 5 KBT

Momsocts, Bt
1000

o | Bpema

10-04:48 1033:36 11:02:24 11:31:12 12:00:00 12:28:48 12:57-36f 13-26:24

-1000

-2000

-3000

-4000

-5000

-6000

Pucynok 7 — 3meHeHue pa3psiaiHoi MorHocT CHD npu Harpy3ke 5 KBT
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SOC. %
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65
60

55
50 | . . . . Bpensa
10:04:48 10:33:36 11:02:24 11:31:12 12:00:00 12:28:48 12:57:36 13:26:24

PucyHok 8 — M3meHeHue nokasares 3apsga CHO nipu Harpyske 5 KBt

0 | | | | | | Bpema
_44:09:36  18:24:00 14:38:24 14:52:48 150712 15:21:36  1p:36:00§ 15:50:24

-100
-150
-200
-250
-300

PucyHok 9 — M3meHeHue pa3psiHOro Toka Ha kinemmax CHO nipu Harpyske 7 KBt
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Hampaaemne, B
53

52 |
51
50 |
49 |
48 |
47 |
46 | 1
45 |

44 |

43 L Bpema
14:09:36  14:24:00 14:38:24 14:52:48 15:07:12 1521:36 1536:00 15:50:24

Pucynok 10 — M3sMeHeHMe pa3psJHOIo HanpsokeHus Ha kinemmax CHOD nipu Harpyske 7 KBt

MommaocTs, Br
2000

14:09:36 18:24:00 14:38:24 14:52:48 15:07:12 15:21:36 1§56:00] 15:50:24
-2000 I

-4000

-6000

-8000

-10000

-12000

Pucynok 11 — 3meHeHue pa3psiiHoi MoifHocTd CHO nipu Harpy3ke 7 KBT
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SOC, %
100

95 |
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80 |
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70 |

65 |

60 |

55 |

50 - Bpema
14-:09:36 14:24:00 14:38:24 14:52:48 15:07:12 15:21:36 1536:00 15:30:24

PucyHok 12 — N3meHeHue noka3artess 3apsaa CHO nipu Harpyske 7 kBT

Tox, A
200
100 |
10:33:36:02:23:31:12:00:0028-38:57-38:26113:55:13:24- -14:19:12

-100 |

=200 |

=300 |

-400

PucyHok 13 — M3MeHeHMe pa3psLHOIo Toka Ha kinemmax CHO nipu Harpyske 13 kBt
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47 Bpema

10:33:36 11:45:36 12:57:36 14:09:36 15:21:36

PucyHok 14 — N3MeHeHMe pa3psiHOrO HanpsbkeHUs: Ha KinemMax CHD npu Harpys3ke 13 kBT

Momuaocts, BT
5000

Bpeusa
16:04-48

[ | e—
14:09-36 14338:24

-5000

15:36:00

15:07:12

-10000

-15000 | I

-20000

Pucynok 15 — Mi3aMeHeHue pa3psigHoi MoiHoctd CHO ripu Harpy3ke 13 kBT
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S0C. %
100

90

80

70

60

50

40 Bpemsa
10:33:36 11:45:36 12:57-36 14:09:36 15:21:36

PucyHok 16 — M3meHeHnue nokasaress 3apsga CHD npu Harpyske 13 kBT

6.2. Pexxum 3apsiga CHO

[ns pexxma 3apsiia POU3BOAWIMCH WCIIBITAHWUS MPU Pa3IUUHOM MOLIHOCTH BeTUYUHOMN
3.7, 5, 7 u 9.5 kBt. Tlpy momouu TeneMeTpyX Hay4YHO-HUCC/IeA0BATeIbCKOTO TOMIOHA ObLIN
3a(MKCHPOBAaHBI M3MeHeHUsT HeoOXOAMMBIX TIOKa3aresieill aHa/loruuHo mogpasgeny 6.1. ITpumep
coOpaHHBIX [JAHHBIX TaK)Ke TPUBOAUTCS MCK/IIOUUTENbHO B TpaduueckoM ¢opmare B BUAY

OO/BIITIOTO KOJTMYeCTBa 3aruceid (CM. pucyHku 16-32).
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Tox
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12:00:00 13°12:00 14-24-00 15:36:00 16:48-00 18:00-00 BpeMa
20

40
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-80

PucyHok 17 — MI3MeHeHMe 3apsAHOrO ToKa Ha KiaemMax CHO npu momjHocTtH 3,7 KBT

Hanpmzenne, B
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54 |

55 | k

49 |
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12:00:00 13:12:00 14:24-00 15:36:00 16:48:00 18:00:00

PucyHok 18 — M3MeHeHue 3apsiHOro HarnpsbkeHUs Ha KiaemMax CHO npu momHocTH 3,7 KBT
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Pucynok 19 — Nsmenenue 3apsigHor MowHoct CHO nipu MomHoCTH 3,7 KBT
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PucyHok 20 — M3meHneHue nokasaresis 3apsaa CHO npu MorHoctd 3,7 KBT
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Pucynok 21 — MI3MeHeHute 3apsiHOro ToKa Ha KinemMmax CHD npu MomHocTy 5 KBT

Hanpaxemme, B
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56 |
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52 |
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48 |

46 Bpeus
12:00:00 12:28:48 12:57:36 13:26:24 13:55:12 14:24-00

PucyHok 22 — VI3meHeHMe 3apsiIHOTO HanpskeHWs: Ha KieMMmax CHO nipu mMomjHocTr 5 KBT
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Momgrocts, BT
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-4000
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PucyHnok 23 — V3menenne 3apsigHor MowHocT CHO nipu MomHoCTH 5 KBT

55
50 . . . . _ Bpeums
12:00:00 12:14:24 12:28:48 12:43:12 12:57:36 13:12:00 13:26:24 13:40:48

Pucynok 24 — N3meHneHue nokasatess 3apsaa CHO ripu mougHoctr 5 KBT
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PucyHok 25 — I3MeHeHute 3apsiHOroO ToKa Ha KinemMmax CHD npu MomHocT 7 KBT
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10:48:00 12:00:00 13:12:00 14:24:00 15:36:00

PucyHok 26 — VI3meHeHMe 3apsIHOrO HanpskeHWst Ha KieMMmax CHO nipu momjHoctr 7 KBT
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PucyHok 27 — VIaMeHeHue 3apsifiHOM MotiHocT CHO npu MotHocTH 7 KBT
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Pucynok 28 — N3smeHneHue nokasatess 3apsaa CHO ripu moujHoctr 7 KBT
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Pucynok 29 — N3meHeHHe 3apsiHOTO TOKa Ha KiaeMmax CHO mipu mougHocTtr 9,5 KBT

Hanpzzenne, B
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52 : | Bpema
15:36:00 15:50:24 16:04:48 16:19:12 16:33:36 16:48:00

Pucynok 30 — M3sMeHeHue 3apsiHOrO HarnpsbkeHUs Ha KiaemMax CHO npu momjHocTtH 9,5 KBT

207



Momsocts, Bt

10000
2000
8000

7000
6000
5000
4000
3000
2000

1000 u
0 ! ! Bpema

15:36:00 15:50:24 16:04:48 16:19:12 16:33:36 16:48:00

Pucynok 31 — VisMeHeHue 3apsiiHOM MoliHocT CHO npu MorjHocTH 9,5 KBT
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Pucynok 32 — N3smeHeHue nokasatess 3apsaa CHO nipu mougHoctr 9,5 KBT

208



7. 3aMeuaHuA U peKOMeHAaLu

3ameyaHust ¥ peKOMeHZaLK OTCYTCTBYIOT.

HcnbiTaHue nNpoBojUIN

Texnuk aboparopuu CY CK @ Jlaganos JI1.O.
).,
VmxeHep-uccienoBatesib jaboparopuu CY COK . XaputoHOB [I.A.
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ITPOTOKOJI
ucnbITanusa no nyHkry «cnpiranus /II'Y-12 npu napaiensHo# padoTe ¢ 10Ka/IbHOM
HEpProcucTeMon»
OtuyeTa 0 Hay4YHO-UCC/Ie[J0BaTeNbCKOI paboTte «CHUcTeMbl yTIpaB/ieHHs] COTHEYHO-13e/TbHbIMU
KOMIUIEKCaMM» 110 TeMe:
PA3PABOTKA ITPOI'PAMMHOI'O KOMIUIEKCA, OCYHIIECTBJIAIOIIEI'O
OITTUMUBALNIO COCTABA, [IAPAMETPOB U1 PEXXMIMOB ®YHKIINOHVNPOBAHUA
COJIHEYHO-IN3EJIBHOI'O KOMITVIEKCA

Ne 6 2024 r.

1. O0bexkT wucnbiTaHus: [lu3enb-reHepatopHasi ycraHoBka A/l-12 B cocraBe Makera

COJIHeUHO-A13e/IbHOI'0 KOMIL/IeKCa.

2. I_Ienb HUCIbITAHUA: HCCJ’IEAOB&HI/IE BO3MO>XHOCTHU pa6OTI:>I JAH3eJIbHOI'O 060py,£[013aH1/1;1 He

Ha aBTOHOMHOTO TTOTpebuTesIs, a rapa’suie/ibHO JIOKaTbHOW SHEePrOCUCTEME.

3. /lata Hauasia ucnbIiTanus: 2024 1.

4. latra OKOHYaHMA UCObITaHusA: 2024 1.

5.Mecto mnpoBejeHusi wucnbiTaHus: DefepasbHOe TroCyapcTBeHHOe —OHOKETHOE
obpa3oBarenbHOE yupex/eHue Bbicliero obpa3oBaHusi «HalMoHa/NbHBIA HMCC/Ie0BaTeIbCKUAN
yHuBepcurer «M3W» (®I'BOY BO «HUY «MOW»), xkadenpa «['uaposHepreTvkd u
BO300HOB/ISIEMbIX HCTOYHUKOB SHEPrun», Jaboparopuss «CHCTeMbl yIIpaB/ieHUs COJTHEYHO-

An3e/IbHBIMH KOMITJIEKCaMK».

6. Pe3ysibTaTbl HCHIBITAHUA
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B pamkax WHCIOBITaHUS COIVIACHO — COMYTCTBYIOLEH TeXHUYECKOM [JOKyMeHTaliu
«PyKOBO/ICTBO 10 KOH(MUryparmu KoHTposuiepoB DEIF nyist mapasuiesibHOM paboThi»® O/DKHBI ObUTH
OBITH MCC/TeI0BAHBI IBa BO3MOXKHBIX PEXKMMa:

1) pexxuM (PUKCUPOBAHHOW MOIIIHOCTY;

2) peXKuM 3KCIIOpTa B CeTb.

VcnbITanust TIpYM  WCTIONb30BAaHMHM T1€PBOTO  PEXKMMa TIPMBEIM K HeIUTaTHOW pabore
obopyoBaHusi, KOTOpasi Oblla BhIpaXkeHa:

1) B CJIOKHOCTY CHHXPOHM3AlLMM C ceThio. [lepBasi KOMaH/la Ha CHHXPOHM3aL[MI0 He Oblia
UCII0/IHeHa, 0COOeHHOCTH cpabaThiBaHUs YTIPaB/SIOUMX KOMaH[ OTpakeHbl B COIMYTCTBYHOLUX
Jiorax — >KypHase coObITHi (cM. Tabmuiy 1);

2) Toc/ie TIOBTOPHOM TIOTIBITKM CHHXPOHHU3ALMU C CeThI0 Habsmoganvich Habop aKTUBHOU
MOIIIHOCTH CBepxX ycTaBKM (Oblia HabpaHa HOMMHa/bHasi aKTMBHas MOIIHOCTH 12 KBT BMecTo
HeobOxoMMbIX 6 KBT), pe3kuil pocT noTpebneHusi peakTUBHON MOILHOCTH U3 ceTu (ToTpebsieHre
pocturio 41 kBAp), HeOombIION pOCT TOKa3aTeseld YacTOTbI W HaNpsDKeHUs, Pe3KUd pPOCT
BeJIMYMHBI CW/IBI TOKAa B (ha3ax — [0 BeMMUMHBI, paBHOM 61 A, 4To BbI3Bajio cpabaTkiBaHHe
MaKCHMMaJbHOM TOKOBOM 3allldThl 000pyZ0BaHWs, 4YTO TpUBENO K OTKmodyeHuto AI'Y-12.

CootBetcTBytolllasi UH(GOPMaLIYsl OTPayKeHa B )KypHasie aBapuii (cM. Tabuily 2).

2 PykoBojcTBO 10 KoH(uryparmu koutposuiepos DEIF jy1s napasuiesibHoO#M paboTel [3nekTponHbiii pecypc] / 000
«[en-ABromatuka». — URL: https://gen-automatika.ru/upload/files/deif/agc4/configuration_manual_v-011.pdf
(mata obparrenus 09.01.2025).
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Tabmuia 1 — XKypHasn cobeituii AT'Y-12

Meria Texct MouHocTb Peaxr. Pf ul u2 U3 ren 1 12 ren I3 ren F ren MIunet Ul | MIuset U2 | Hlusst U3 | usst F | df/dt Vector Taxo
BpeMeHU MOLIIH. red red red
2024-09-10 OunCTUTH
12:54:15,0 aBapuu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0
2024-09-10 Ksutup.
12:54:15,0 aBapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0
2024-09-10 OuuncTuTh
12:54:08,0 aBapun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0
2024-09-10 Ksutup.
12:54:08,0 aBapuit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0
2024-09-10 OunCTUTD
12:54:02,0 aBapun 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0
2024-09-10 Ksutup.
12:54:02,0 aBapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0
2024-09-10 Ksutup.
12:53:49,0 aBapuit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0
Zlgzgéogéog BI' OTKJI 0 0 0 415 417 425 0 1 0 5243 398 401 399 4998 13 3 1519
210223;303;‘_05 BI" BKJI 1 0 6 399 402 400 21 21 22 4998 399 402 399 4997 0 0 1498
Haskata
210223,-703 iO(I)E) KHomKa BI' 0 0 0 400 401 400 0 0 0 4999 398 400 398 4998 0 0 1506
e BKJI
2024-09:05 | Quncrurs 0 0 0 | 400 401 400 0 0 0 4991 398 401 399 4997 0 0 1504
12:07:06,0 aBapuu
2024-09-05 Keurup. 0 0 0 398 400 400 0 0 0 4985 398 401 399 4998 0 0 1501
12:07:06,0 aBapuit
2024-09-05 Haxara 0 0 0 400 401 401 0 0 0 5008 398 400 398 5001 0 0 1503
12:06:27,0 KHOIIKA CTOIT
Haxara
2024-09-05 KHorKa BI' 0 0 0 399 400 400 0 0 0 4997 398 400 398 4999 0 0 1497
12:03:55,0 Bl
2024-09-05 Haxara 0 0 0 0 0 0 0 0 0 0 398 401 398 4997 0 0 0
12:01:21,0 KHOIIKA CTapT
2024-09-05 CETbH
12:00:36,0 HOPMA 0 0 0 0 0 0 0 0 0 0 398 401 398 5000 0 20 0
2024-09-05 YIIPABJIEH
12:00:15,0 WE I1-ABTO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0
2024-09-05 OunCTUTD
11:57:16,0 aBapuu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0
2024-09-05 Ksutup.
11:57:16,0 apapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0
2024-09-05 OuuncTuTh
11:57:13,0 aBapuu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0
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[TpomomkeHue Tabmuiib 1

Merka Texct MouHocTb Peaxr. Pf Ut u2 U3 ren 1 12 ren I3 ren F ren MIuset Ul | MIuset U2 | Hlusst U3 | usst F | df/dt Vector Taxo

BpeMeH! MOILI[H. reH reH reH

2024-09-05 Ksutup.

11:57:130 | Asapuit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 14 0
ABTO

2024-09-04

09:32:20,0 | Crapr/cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJT
ABTO

2024-09-04

09:32:19,0 | Crapr/cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0
BKJL.
ABTO

2024-08-27

12:56:20,0 | Crapr/cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0
OTKJI
ABtO

2024-08-27

12:56:25,0 | Crapr/eron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 19 0
BKJL.
ABtO

2024-08-27

12:56:25,0 | Crapr/cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0
OTKJI
ABtO

2024-08-27

12:56:25,0 | Crapr/eron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0
BKJL.
ABtO

2024-08-27

12:51:43,0 | Crapr/cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
OTKJI
ABtO

2024-08-27

12:51:28,0 | Crapr/eron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
BKJL.
ABTO

2024-08-27

12:51:27,0 | Crapreron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0
OTKJI
ABTO

2024-08-27

12:51:27,0 | Crapreron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26 0
BKJL.

2024-08-27 Haxara 0 0 0 | 399 400 400 0 0 0 4993 0 0 0 0 0 8 1497

11:20:47,0 KHOITKA CTOIT

2024-08-27 Haxara 0 0 0 | 400 401 401 0 0 0 5019 0 0 0 0 0 1 1501

11:20:00,0 KHOIIKA CTOIT

2024-08-27 Haxara

11:19:08,0 | KHormKa cTapT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0

2024-08-27 OuuncTuTh

11:18:55,0 aBapuu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0

2024-08-27 Ksutup.

11:18:55,0 aBapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0
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[TpomomkeHue Tabmuiib 1

Meria Texct MouHocTb Peaxr. Pf ul u2 U3 ren 1 12 ren I3 ren F ren MIunet Ul | MIuset U2 | Hlusst U3 | usst F | df/dt Vector Taxo
BpEMEHU MOIIIH. reH reH reH
2024-08-27 OunCTUTH
11:18:52,0 aBapuu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0
2024-08-27 Ksutup.
11:18:51,0 aBapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0
2024-08-21 Haskata
12:14:00,0 KHOIIKA CTOII 0 0 0 400 400 399 0 0 0 5018 0 0 0 0 0 9 1501
2024-08-21 Haxara 0 0 0 | 399 400 400 0 0 0 4997 0 0 0 0 0 3 1497
12:13:58,0 KHOIIKA CTOIT
2024-08-21 Haxara
12:13:08,0 | KHOIKa CTapT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0
2024-08-21 OuuncTuTh
12:12:51,0 aBapuu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
2024-08-21 Ksutup.
12:12:51,0 aBapwii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0
2024-08-21 OunCTUTD
12:12:49,0 aBapum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0
2024-08-21 Ksurmp.
12:12:49,0 aBapuiii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0
2024-08-19 Haxara 0 0 0 | 400 | 401 400 0 0 0 5010 0 0 0 0 0 4 1491
15:54:39,0 KHOTIKa CTOM
2024-08-19 Haskata
15:54:38,0 KHOIIKA CTOII 0 0 0 400 401 400 0 0 0 5007 0 0 0 0 0 14 1497
2024-08-19 Haxara
15:53:51,0 | KHomKa cTapT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0
2024-08-19 OunCTUTD
15:50:33,0 aBapuu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0
ABTO
2024-08-09
13:19:38,0 | Crapreron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJI
ABTO
2024-08-09
13:06:24,0 | Crapreron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BKJL
ABtO
2024-08-09
13:06:24,0 cTapr/cTorn 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJI
ABtO
2024-08-09
13:06:22,0 cTapr/cTorn 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BKJL
ABtO
2024-08-09
13:06:22,0 CTa([));]/(SITOH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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[TpomomkeHue Tabmuiib 1

Meria Tekct MorHocTh Peaxr. Pf | Ulren u2 U3ren | Ilren 12ren | I3ren F OIuae Ul | Ipset U2 | Oluaet U3 | Olusser F | df/dt Vector | Taxo

BpeMeH! MOII[H. reH reH

2024-08-09 Asto

13:06:21,0 CTapT/CTOMN BKJI. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ABTO

2024-08-09

13:06:18,0 cTapT/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJT

2024-08-09 Agsto

13:06:14,0 CTapT/CTOMN BKJI. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ABTO

2024-08-09

13:06:14,0 crapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJT

2024-08-06 Agsto

18:31:08,0 CTapT/CTOMN BKJI. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ABTO

2024-08-06

18:31:08,0 crapr/cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJT

2024-08-06 Agsto

14:02:02,0 CTapT/CTOI BKJI. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ABTO

2024-08-06

14:02:02,0 crapt/cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJT

2024-08-06 Asto

14:01:56,0 CTapT/CTOI BKJI. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ABTO

2024-08-06

13:34:39,0 crapr/cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJT

2024-08-06 Asto

13:34:39,0 CTapT/CTOI BKJI. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ABTO

2024-08-06

13:34:33,0 crapr/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJT

2024-08-06 Asto

13:34:32,0 CTapT/CTOM BKJI. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ABtO

2024-08-06

12:13:17,0 cTapT/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJT

2024-08-06 AgstoO

12:05:58,0 CTapT/CTOMN BKJI. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ABTO

2024-08-06

12:05:49,0 crapr/cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
OTKJT

2024-08-06 Agsto

12:05:49,0 CTapT/CTOMN BKJI. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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[TpomomkeHue Tabmuiib 1

Merka Tekct Moo | Peaxr. Pf ul u2 us I1 ren 12 ren I3 ren F ren [lvrst [Hyser [Hyser IMuner F df/dt Vector Taxo
BpeMeHHU CTh MOLIH. re” re” re” U1l U2 u3
ABTO
zlgz,g;’féog crapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Y OTKJT
ABTO
zlgz,gfgiog cTapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T BKJI.
ABTO
zlgggigg;og crapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T OTKJT
ABTO
21022,319?(? crapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T BKJI.
ABTO
21022,31931;0(? crapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T OTKJT
ABTO
2024-08-06
. CTapT/CTOI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11:52:48,0 B
ABTO
2024-08-06
. CTapT/cTON 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
11:52:48,0 oKL
ABTO
21012,2(')(_)%05 cTapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T BKJIL.
ABTO
21012,2(')(_)%05 cTapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T OTKJI
ABTO
21%2_‘1‘(')93"105 cTapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T BKJI.
ABTO
21%2_‘1‘(')9;05 cTapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T OTKJI
ABTO
21032,‘1‘(')9%002 cTapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T BKJI.
ABTO
21032,‘1‘(')93;002 cTapt/cTon 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
T OTKJT
2024-07-31 Ksurup.
14:40:51.0 apapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0
2024-07-31 Haskara
14:40:24.0 KHOLK CTOM 0 0 0 | 399 | 400 | 399 0 0 0 4993 0 0 0 0 0 3 1509

216




[TpomomkeHue Tabmuiib 1

Bxi;:;ﬂ Tekct MO_LFLIEHOC 1323:(;: Pf H;‘ gi U3ren | Ilren 12ren | I3ren F ren MIuser Ul H'[[I}I;m Iune U3 | [Muuel F | df/dt | Vector Taxo
21(12:;;,?;;)?& Ha’KaZ:O’;H"“Ka 0 0 0 400 | 400 399 0 0 0 5005 0 0 0 0 0 8 1498
Mg | Memeena |0 | o | o f o | o | o | o | 0o | 0 | o 0 0 0 o | o | 4 | o
21(2‘2;190;5301 OuKCTUTL aBapUM 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0
2&2;;)037501 Ksutup. aBapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0
i‘f;f;f& OuUMCTHUTE aBapHH 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0
21(22;‘90;33& KsuTHp. aBapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0
21(2‘2:(4)1;3(:)5(-)’23 Asro C}EE” cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0
Mrasne | M emptieron |0 | o | o | o | o | o | 0o | 0o | 0o | o0 0 0 0 o | o | 7 | o
21%2:2;?56)23 Bl OTKJI 0 0 0 409 | 410 409 0 0 0 5137 0 46 45 0 0 0 1558
21%222(;?;5)209 ﬂ”“ag;‘gg“““ﬁ 11 0 wt | 401 | 403 402 16 15 15 | 4990 402 403 402 4990 7 7 1499
2024-07-29 Bl BKJI 0 0 0 | 398 | 400 | 398 0 0 0 | 5004 399 401 399 5004 | 11 6 | 1504
13:40:48,0
21032:3(')?;’23 CETb HOPMA 0 0 0 402 | 402 402 0 0 0 5017 401 402 401 5018 23 28 | 1504
21%2:26%)23 Ha"‘g}aé‘;}"m‘a 0 0 0 399 | 400 400 0 0 0 4999 0 0 0 0 0 0 1504
21%2226%5)209 ﬂ”m;?‘gz“““ﬁ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
sty | Mergmomnit |9 | o | o | o | o | o | o | o | o | o 0 0 0 o | o | o | o
21032;0017723 'H”CTag;‘;sHH“ﬁ 0 0 0 399 | 401 400 0 0 0 5006 0 0 0 0 0 21 1493
21%2:;1;3(:);;)23 ﬂmm;?‘c‘}f““ﬁ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0
21%2:;1;3?27(;)209 Asto CBT;ET/ cron 0 0 0 68 74 93 0 0 0 0 0 0 0 0 0 41 639
21032:3{3?27;3’23 Asro ZTT?(T/ cron 0 0 0 79 78 79 0 0 0 2434 0 0 0 0 0 26 875
21032;502732(? 'H”CTag;‘;sHH“ﬁ 0 0 0 399 | 400 400 0 0 0 5012 0 0 0 0 0 5 1506
21%2:;(;?&23 ﬂmm;?‘c‘}f““ﬁ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
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[TpomomkeHue Tabmuiib 1

Bg/ii;r;:“ Texkct MoruHocTtb ﬁgz{; Pf 1211{ U2ren | U3ren | I1ren rIeZH 13 ren F ren mglfb] lunst U2 U.III-/II;H:I MIunsl F | df/dt | Vector Taxo
s | e |0 o | o o | o | o | o | o | o | o 0 0 0 o | o | 5 | o
Tmo | e |0 o o o [ o | o | o | o] 0| o 0 0 0 o | o | 3 | o
207490 | aeapan 0 o o o | o | o | o | o | 0| o 0 0 0 o | o | s | o
21032:3;%’23 Keutup. ABapuit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0
1507450 | ssopma 0 o | o o | o | o | o | o | o | o 0 0 0 o | o | 3 | o
21%2:3;%?3 KuTHp. aBapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0
21022:;‘;3?27;3 Asro CIEET/ cron 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0
e | o |0 o o o [ o | o | o[ o] o] o 0 0 0 o | o | 7 | o
21(;2350;123 ﬂmmg;‘(‘)‘;’“”ﬁ 0 0 0 398 399 398 0 0 0 4990 0 0 0 0 0 6 1501
oo | e |0 o | o o | o | o | o | o | 0| o 0 0 0 o | o | 1 | o
s | |0 o o o | o | o [ o | o] o] o 0 0 0 o | o | « | o
orsn | e |0 o | o o | o | o | o | o | o] o 0 0 0 o | o | u | o
o e || o [ 0 | 0 | o | o |0 o | 0| v | o | v | v ol |
21022:3;,?253 Asto ;T;ET/ cron 0 0 0 73 72 75 0 0 0 0 0 0 0 0 0 29 712
21022:35%1’23 Asro ETT?(T/ cron 0 0 0 67 68 67 0 0 0 2245 0 0 0 0 0 23 837
21(;2:3;?;;,’23 'H”CTag;‘ggHH”ﬁ 0 0 0 398 399 399 0 0 0 4987 0 0 0 0 0 8 1492
o Wm0 | o [ 0 | 0 | o | o |0 o | 0| v | o | v | v ol |
a4 | ropmt 0 o | o o | o | o | o | o | 0| o 0 0 0 o | o | 3 | o
21012:;‘;3153 Ksutup. aapuit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 17 0
1030030 | ssopmt 0 o | o o | o | o | o | o] o] o 0 0 0 o | o | 4 | o
zl(izzga?gi’zg KuTHp. aBapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0
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[TpomomkeHue Tabmuiib 1

Meria Texct MorHocTb Peaxr. Pf Ul ren u2 U3 ren 11 ren 12 13 ren Fren | HIuuer Ul [Hyeer Muuet U3 | Iunst F | df/dt Vector | Taxo
BpeMeHU MOLIH. reH re” U2
2024-07-29 OunCTUTD
11:33:59,0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0
2024-07-29 .
11:33:59,0 Ksutup. aBapuit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0
2024-07-26 OuucTuThH
11:23:48,0 aBapiu 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0
2024-07-26 .
11:23:48,0 Ksutup. aBapuii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0
2024-07-26 OunCTUTD
11:23:46,0 - 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0
2024-07-26 .
11:23:46,0 Ksutup. aBapuit 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 8 0
2024-07-25 | AsTO CcTapT/cTon
15:53:55.0 KL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0
2024-07-25 | Asro cTapt/cTon
15:53:52,0 oTK 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0
2024-07-18 | Haara krorka 0 0 0 400 401 401 0 0 0 4997 0 0 0 0 0 0 1504
16:14:59,0 CTOIT
2024-07-18 BI' OTKJI 0 0 0 405 405 406 0 0 0 5062 42 19 23 0 0 0 1514
16:13:20,0
2024-07-18 | Haxara KHomka 4 0 96 | 401 418 416 17 2 2 4985 401 419 416 4985 3 3 1494
16:13:20,0 CTOI
21()62(‘):057i1(? BI' BKJI 0 0 0 399 401 399 0 0 0 5005 400 402 400 5005 7 4 1500
21%23é057i1§ CETb HOPMA 0 0 0 401 402 401 0 0 0 5013 400 401 401 5012 5 7 1500
2024-07-18 HaskaTta KHOMKa
16:03:49,0 BT BKn 0 0 0 400 401 400 0 0 0 4985 0 0 0 0 0 0 1502
2024-07-18 HaskaTta KHOMKa
16:03:36,0 crapr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2024-07-18 Haskara KHOTIKa
15:47:20,0 cron 0 0 0 400 401 401 0 0 0 5016 0 0 0 0 0 0 1512
2024-07-18
15:47:18,0 BI' OTKJI 0 0 0 403 404 403 0 0 0 5039 40 0 43 0 0 0 1515
2024-07-18 | Haxara kHorka 2 0 9 | 39 409 407 9 2 1 5006 398 410 406 5007 2 5 1504
15:47:17,0 CTOIT
2024-07-18
15:32:48.0 CETb HOPMA 0 0 0 397 399 398 0 0 0 4984 399 401 398 4984 24 27 1508
2024-07-18 Haskara KHOTKa
15:32:45,0 BT BKn 0 0 0 402 402 401 0 0 0 5020 0 0 0 0 0 0 1497
2024-07-18 Haskara KHOTKa
15:32:31,0 crapr 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Tabmiia 2 — XKypnan apapuii AT'Y-12

MeTtka PeakT. U1l U2 U3 11 12 13 Munbt | Munsl | Odusel | Husb df/ Yeraska
Texct Homep | MouHocTts Pf Fren Vector | Taxo cpabarbi-

BpeMeHU MOLLH. reH reH reH reH | reH | reH U1l U2 U3 F dt BaHMsT
2024-09-05 ABapHiHbIi 3490 0 0 0 0 0 0 ol o] o 0 398 400 398 | 4999 | 0 0 0 100
12:13:13,0 0CTaHOB
2024-09-05

12:08:22.0 I Iv> 1110 11 -41 24 400 | 402 | 399 | 66 67 | 66 4996 400 403 400 4997 0 1 1509 305
2024-09-05

12:08:22.0 >> 2 1140 11 -40 24 400 | 402 | 400 | 65 65 | 65 4998 400 402 399 4998 0 0 1509 303,6
2102281;30?;)005 > 1 1030 11 -7 55 403 405 404 29 29 29 4998 403 406 404 4998 0 0 1500 133,6
2024-09-05 BL 2130 0 0 0 400 401 400 0 0 0 5011 397 400 398 4999 0 1 1506 1
12:04:55,0 HEeHMCIP.CUHXPOHU3.
2024-08-27 ABapuiiHbIH

11:22:09.0 OCTAHOB 3490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 100
2024-08-27 Kourpor, 6553 0 0 0 | 399 | 400 | 400 | 0 | 0 | 0 | 4999 0 0 0 0 0 12 | 1498 1
11:19:42,0 TOT/I.3aKay.
2024-08-21 ABapuiiHbIit

12:20:04,0 OCTAHOB 3490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 100
2024-08-21 Kowrpor, 6553 0 0 0 | 398 [ 399 [ 309 | 0o | o o 4994 0 0 0 0 0 6 1501 1
12:13:42,0 TOIU/I.3aKau.
2024-08-19 ABapuiiHbIH

15:56:30,0 OCTAHOB 3490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 100
2024-08-19 Konrpons

15:55:09,0 N— 6553 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 1
2024-07-31 ABapuiiHbIit

14:40:30,0 OCTAHOB 3490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 100
2024-07-29 ABapuiiHbIH

14:02:49.0 OCTAHOB 3490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
2024-07-29 KoHTtpons

13:08:15.0 ——— 6553 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 1
2024-07-29 ABapuiiHbIit

12:36:03.0 OCTAHOB 3490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 100
2024-07-29 Konrposns

11:35:11,0 TOM1.3aKAY. 6553 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 1
2024-07-29 KoHTtpons

11:34:28,0 S — 6553 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 1
2024-07-26 KoHTtpons

11:24:15.0 ——— 6553 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1
2024-07-26 ABapuiiHbIit

11:23:52.0 OCTAHOB 3490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 100
2024-07-18 ABapuiiHbIit

16:16:00,0 OCTAHOB 3490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
2024-07-18 Kowrpors 6553 5 0 100 | 400 | 417 | 414 | 16 | 3 | 2 | 4997 | 400 417 43 | 4997 | o0 1 1498 1
16:11:28,0 TOIUI.3aKau.
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[TpomomkeHue TabMULIBI 2

Metka Peakr. U1 u2 u3 I 12 3 Hluner | HIuxer Muser | Ouaer | df/ Ycraska
BpeMeHu Texer Homep | Moupocrs MOLIIH. Pt reH reH red | IeH | TeH | red Fren U1 U2 u3 F dt Vector | Taxo C[;Zial;r;’['

21(212‘5‘3027 i}g A‘z’g‘gg‘;ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 7 0 100
2&2‘5‘3027 i}g Aﬁiﬂ’;ﬁg‘;ﬁ 3490 0 0 0 0 0 o | o] o]o 0 0 0 0 0 0 7 0 100
21(12221‘-8;-5)153 Aﬁi‘;’;ﬁ;‘;‘ﬁ 3490 0 0 0 0 0 o o] ool o 0 0 0 0 0 0 0 100
zl(ﬁé?g;g Aﬁi‘;’;ﬂg‘:ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 4 0 100
21022:3;)?%’2(;5 A‘z’g‘gg‘;ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 100
21()12;205 125’ Aﬁiﬂ’;ﬁg‘;ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 4 0 100
21012:;;?&;,205 re 1 1210 0 0 0 | 398 |39 [398 | 0| 0o | o |s5321 0 0 0 0 0| 165 | 1600 106,4
21%223;?3 1205 Aﬁi‘;’;ﬂg‘:ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 10 0 100
20%2:2;;25 Aﬁiﬁgig?ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 13 0 100
21%2:;‘;?? é’zg Aﬁiﬂ’;ﬁg‘;ﬁ 3490 0 0 0 0 0 o |l ol] o] o 0 0 0 0 0 0 3 0 100
21%2:1‘;?;26‘ PasHble cXeMbl 7872 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 1

21%223;)??;)13 Aﬁi‘;’;ﬂg‘:ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 2 0 100
21012:;_(;?52(? Aﬁiﬁgig?ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 6 0 100
21012:;?% }g Aﬁiﬂ’;ﬁg‘;ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 2 0 100
21(212:;2?3_;303 p> 1 1450 14 0 100 | 402 | 402 | 401 | 21 | 21 | 21 | 4982 | 400 402 400 4982 | 0 1 1488 116,6
21052:;16?55;)?5 Torepst AT 7535 0 0 0 0 0 o loflo]o| o 0 0 0 0 0 0 0 1

21052:;1(')?;?5 Hog;gi;;ex 7533 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 1

21052:;(')?55_(3?02 ng&g{l 0 0 0 0 0 0 o lojlolo]| o 0 0 0 0 0 0 0 1

21(1223;?2;))203 Aﬁi‘;’;ﬁ;‘;‘ﬁ 3490 0 0 0 0 0 o o] ool o 0 0 0 0 0] 10 0 100
21(212:3(;?;1 123 Aﬁi‘;’;ﬂg‘:ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 5 0 100
Z&Z:Sé?ffg Aﬁiﬁgig?ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 18 0 100
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[TpomomkeHue TabMULIBI 2

MeTtka Peakr. U1l U2 u3 11 12 I3 Muner | Muser | use! Muner | df/ Ycraka
BpeMeH! Texer Howmep | Mowocts MOLLH. P re” re” reH | TeH | TeH | reH Fren U1 U2 U3 F dt Vector | Taxo C[;Zial;r;’['
2&2:3;)?2_(;’23 Aﬁiﬁgii‘;ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 10 0 100
2&2:35?;;’23 Af)iﬁ’;ig‘:ﬁ 3490 0 0 0 0 0 o |l ol] o] o 0 0 0 0 0 0 4 0 100
21(22:(4)1;)(:);1(;)203 Azi[;’;i;‘;‘ﬁ 3490 0 0 0 0 0 o o] oo 0 0 0 0 0 0 4 0 100
21(212:(4)1;1(:);:)109 Aﬁi‘;’;ﬂ;‘;‘ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 6 0 100
21012:3(')??;1,107 RMI fuel 46.1 4220 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 11
21012:3(']??6’107 Af)iﬁ’;ig‘:ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 100
22%2:11;?;;)?()3 RMI fuel 46.2 4230 0 0 0 0 0 o |l ol] o] o 0 0 0 0 0 0 2 0 9
21072:3;)?;?03 RMI fuel 46.2 4230 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
21072:3;?;;?3 RMI fuel 46.1 4220 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
21072:35?;5?3 Af)iﬁ’;ig‘:ﬁ 3490 0 0 0 0 0 o |l ol] o] o 0 0 0 0 0 0 0 0 100
21072:3;:);15-;?03 RMI fuel 46.2 4230 0 0 0 0 0 o |l o]o]o 0 0 0 0 0 0 0 0 9
21072:3;:);_;.?03 RMI fuel 46.1 4220 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
21072:3{3??{;?3 Aziﬁgig‘;ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 100
21072:3;3?36?3 RMI fuel 46.2 4230 0 0 0 0 0 o]l ol] oo 0 0 0 0 0 0 0 0 9
21072:3;?;?03 RMI fuel 46.1 4220 0 0 0 0 0 o]l ol]o]o 0 0 0 0 0 0 0 0 9
21072:3;?;6?03 Aﬁi‘;’;ﬂ;‘;‘ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 100
21072:3;3?;(;?3 RMI fuel 46.2 4230 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
21072:3;3?;?3 RMI fuel 46.1 4220 0 0 0 0 0 o]l ol]o]o 0 0 0 0 0 0 0 0 9
21072:3(;?;(;?03 Azi[;’;i;‘;‘ﬁ 3490 0 0 0 0 0 o o] oo 0 0 0 0 0 0 0 0 100
21072:3;3;‘1?03 RMI fuel 46.2 4230 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
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[TpomomkeHue TabMULIBI 2

MeTtka Peakr. U1l U2 u3 11 12 I3 Muuer | [luaer | Tluaer Muner | df/ Ycraka
BpeMeH! Texer Howmep | Mowocts MOLLH. P re” re” reH | TeH | TeH | reH Fren U1 U2 u3 F dt Vector | Taxo C[;Zial;r;’['
Zlg%gé?fé?g RMI fuel 46.1 4220 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
21072:35?3?3 Af)iﬁ’;ig‘:ﬁ 3490 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 100
21072:36?2(;?03 RMI fuel 46.2 4230 0 0 0 0 0 o |l ol]o]o 0 0 0 0 0 0 0 0 9
21072:36?;?03 Aﬁi‘;’;ﬂ;‘;‘ﬁ 3490 0 0 0 | 387 |38 [ 387 | 0 | 0 | o | 4423 0 0 0 0 0 0 1492 100
21%2:‘5‘;,?:?3 RMI fuel 46.1 4220 0 0 0 | 399 | 400 [ 399 | 0o | o | o | 4986 0 0 0 0 0 0 1510 11
21032:31?;?3 TE‘;;?;‘]’(’; 6553 0 0 0 0 0 o |l ol]o]o 0 0 0 0 0 0 9 0 1
21%2:;??;?03 Tﬁ;’{'ﬂ; o 6553 0 0 0 0 0 o o] oo 0 0 0 0 0 0 0 0 1
22%%3;?2;?03 RMI water 48.1 4460 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
i%%gi?gé?g RMI water 48.1 4460 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
22%2:36?;{;?3 RMI water 48.1 4460 0 0 0 0 0 o |l o] o] o 0 0 0 0 0 0 0 0 9
%%%jé?fé?g RMI water 48.1 4460 0 0 0 0 0 o]l ol] o] o 0 0 0 0 0 0 0 0 9
21%2;120;1001 RMI water 48.1 4460 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
21%2:;‘1?;’_(;?01 RMI water 48.1 4460 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
21%2:;‘1?2’(;?01 RMI water 48.1 4460 0 0 0 0 0 o |l ol]o]o 0 0 0 0 0 0 0 0 9
20012:;?3;?01 RMI water 48.1 4460 0 0 0 0 0 o |l ol] oo 0 0 0 0 0 0 0 0 9
200122322;?01 RMI water 48.1 4460 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
20012:;;?;’(;?01 RMI water 48.1 4460 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
20012:;;?3;?01 RMI water 48.1 4460 0 0 0 0 0 o]l ol] o] o 0 0 0 0 0 0 0 0 9
200122;?25?01 RMI water 48.1 4460 0 0 0 0 0 o | o] o]o 0 0 0 0 0 0 0 0 9
200122;?25?01 RMI water 48.1 4460 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
20012:;(')?;’;?01 RMI water 48.1 4460 0 0 0 0 0 o | o] o] o 0 0 0 0 0 0 0 0 9
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[TpomomkeHue TabMULIBI 2

Metka Peakr. U1 U2 U3 11 12 13 IIuubr | [uHbI IITuHbI IIyuer | df/ Yeraexa
Texct Homep | MorHocTts Pf F ren Vector | Taxo cpabarbi-

BpeMeH! MOLLH. re” re” reH | TeH | TeH | reH U1 U2 U3 F dt BaHMs
2024-03-01

01:19:18,0 RMI water 48.1 4460 0 0 0 0 0 o |lo|l o] o 0 0 0 0 0 0 0 0 9
2024-03-01

01:19:08,0 RMI water 48.1 4460 0 0 0 0 0 o |lo o] o 0 0 0 0 0 0 0 0 9
2024-03-01

01:19:03,0 RMI water 48.1 4460 0 0 0 0 0 o |lo o] o 0 0 0 0 0 0 0 0 9
2024-03-01

0117210 RMI water 48.1 4460 0 0 0 0 0 o |lo| o] o 0 0 0 0 0 0 0 0 9
2024-03-01

01:17:08,0 RMI water 48.1 4460 0 0 0 0 0 o |lo| o] o 0 0 0 0 0 0 0 0 9
2024-02-29

02:41:440 RMI water 48.1 4460 0 0 0 0 0 o |lo o] o 0 0 0 0 0 0 0 0 9
2024-02-22

16:56:50.0 RMI fuel 46.2 4230 0 0 0 0 0 o |lo o] o 0 0 0 0 0 0 0 0 9
2024-02-22 KouTposns

13:55:27,0 TOIJI.3aKau. 6553 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
2024-02-22 KonTtpons

13:54:53,0 TOI/I.3aKay. 6553 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1
2024-02-22 KonTtpons

11:36:09,0 TOI/1.3aKau. 6553 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1
2024-02-22

112957 0 p> 1 1450 13 0 100 | 400 | 403 | 402 | 20 | 18 | 18 | 5015 | 401 404 402 5015 | 4 12 1508 100
2024-02-22

12297 0 RMI fuel 46.1 4220 7 0 100 | 398 | 402 | 401 | 11 | 9 | 9 | 5014 | 398 402 400 5014 | 4 8 1509 14
2024-02-22 Konrpor, 6553 1 0 83 | 399 | 402 [ 401 | 2 | 1 | o | 5027 | 398 402 401 5027 | 5 5 1508 1
11:20:49,0 TOIU/I.3aKau.
2024-02-22 Korrrpors 6553 1 0 83 | 399 [ 402 | 401 | 2 | 1 | 0 | 5013 | 398 401 401 | 5014 | 6 7 1501 1
11:19:55,0 TOIU/I.3aKau.
2024-02-22

10:49:57 0 p> 1 1450 13 0 100 | 399 | 402 | 400 | 20 | 18 | 17 | 5005 | 399 403 401 5005 | 11 4 1504 100
2024-02-22 Korrrpor 6553 2 0 100 | 398 | 402 | 401 | 5 | 3 | 3 | 4977 | 397 401 400 | 4977 | 7 15 | 1493 1
10:41:17,0 TOTI.3aKau.
2024-02-22

1041170 RMI fuel 46.1 4220 2 0 100 | 399 | 403 | 401 | 5 | 3 | 3 | 4983 | 399 402 401 4984 | 5 3 1490 14
2024-02-22 Kowtpor, 6553 0 0 0 | 400 | 400 | 399 | o | 1 | o | 4995 | 400 401 401 4995 | 4 6 1497 1
10:39:08,0 TOIU/I.3aKau.
2024-02-22 Korrpor: 6553 13 0 100 | 403 | 405 | 404 | 20 | 18 | 18 | 5070 | 402 | 405 404 | 5070 | 1 5 1519 1
10:29:28,0 TOTI.3aKay.
2024-02-22

1099160 RMI fuel 46.1 4220 13 0 100 | 403 | 406 | 404 | 20 | 18 | 18 | 5068 | 403 407 405 5068 | S 6 1519 14
21%2;{3922;‘25 P> 1 1450 13 0 100 | 403 | 405 | 404 | 20 | 18 | 18 | 5086 | 402 405 404 5086 | 1 7 1528 100
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[TpomomkeHue TabMULIBI 2

Metka Peakr. U1 U2 U3 11 12 13 Iuuel | [Muxer | uaer | uHb df/ Ycraka
Texct Homep | MomHocTts Pf F ren Vector Taxo cpabartbI-

BpeMeH! MOLLH. re” re” reH | TeH | TeH | reH U1 U2 U3 F dt S
2024-02-22

1097560 RMI fuel 46.1 4220 12 0 100 | 402 | 405 | 404 | 18 | 16 | 16 | 5077 | 401 405 403 5077 | 4 1 1526 14
2024-02-22 Kowrpor, 6553 10 0 100 | 402 | 405 | 404 | 15 | 13 | 13 | 5069 | 401 404 402 5069 | 10 7 1526 1
10:22:09,0 TOIU/I.3aKau.
2024-02-22 Kowrpors 6553 5 0 100 | 400 | 404 | 402 | 9 | 8 | 7 | s078 | 401 404 403 5078 | 5 8 1528 1
10:13:11,0 TOTI.3aKau.
2024-02-22 Kowtpor, 6553 3 0 100 | 399 | 402 | 401 | 5 | 3 | 3 | 5097 | 399 402 401 5097 | 4 3 1535 1
10:07:29,0 TOTI.3aKau.
2024-02-22 Kowporm 6553 2 0 100 | 398 | 401 | 401 | 5 | 3 | 3 | 5095 | 399 402 401 5096 | 2 4 1535 1
10:06:58,0 TOIUI.3aKau.
2024-02-22 Kowtporm 6553 0 0 50 | 398 | 309 [ 399 | 1 | 1 | o | 508 | 399 400 399 5087 | 7 1 1517 1
09:57:20,0 TOIU/I.3aKau.
2024-02-22 Kowrpor, 6553 0 0 0 | 399 | 400 | 399 | o | 1| o | 5108 | 399 399 399 | 5108 | 7 11 1527 1
08:53:29,0 TOTI.3aKau.
2024-02-21

1338140 I> 1 1030 19 2 98 | 402 | 404 | 403 | 29 | 28 | 28 | 5015 | 402 404 403 5015 | 6 3 1499 131,8
2024-02-21

13.38:08.0 p> 1 1450 17 2 98 | 403 | 406 | 404 | 25 | 25 | 25 | 5009 | 403 405 403 5009 | 3 6 1499 141,6
2024-02-21

1337930 > 1 1030 9 13 57 | 399 | 401 | 400 | 24 | 23 | 23 | 4998 | 400 402 400 | 4997 | 6 3 1504 107,2
2024-02-21

13.37:00.0 Q> 1530 7 1 50 | 401 | 403 | 402 | 19 | 18 | 19 | 4996 | 400 402 401 4996 | 0 4 1497 91,6
2024-02-21

1398120 p> 1 1450 12 0 100 | 402 | 404 | 403 | 19 | 18 | 18 | 4996 | 402 404 402 4996 | 4 3 1495 100
2024-02-21

13.17-33.0 p> 1 1450 13 0 100 | 401 | 404 | 403 | 20 | 18 | 17 | 5031 | 400 404 402 5031 | 17 17 1497 100
2024-02-21

11:50:00.0 RMI fuel 46.1 4220 0 0 0 0 0 0 0] o] o 0 0 0 0 0 0 0 308 0
2024-02-21 KouTposns

11:49:54.0 o 6553 0 0 0 0 0 0 0| o] o 0 0 0 0 0 0 0 0 1
2024-02-21

1149270 RMI fuel 46.1 4220 0 0 0 0 0 0 0] o] o 0 0 0 0 0 0 0 295 0
2024-02-21 ruv- 2 1160 0 0 0 | 655 | 679 | 661 | 0 | 0 | o | 5100 0 0 0 0 0 23 1533 169,6
11:28:36,0
2024-01-14

16:00:58,0 RMI water 48.1 4460 0 0 0 0 0 0 0] o] o 0 0 0 0 0 0 9 0 9
2024-01-14

16:00:50.0 RMI water 48.1 4460 0 0 0 0 0 0 0] o] o 0 0 0 0 0 0 6 0 9
2024-01-14

16:00:20,0 RMI water 48.1 4460 0 0 0 0 0 0 0] o] o 0 0 0 0 0 0 2 0 9
2024-01-14

16:00:100 RMI water 48.1 4460 0 0 0 0 0 0 0] o] o 0 0 0 0 0 0 14 0 9
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[TpomomkeHue TabMULIBI 2

MeTtka Peakr. U1l U2 u3 11 12 I3 MIvubl | IMuner | Mussr | Oluser | df/ Ycraka
BpeMeH! Texer Howmep | Mowocts MOLLH. P re” re” reH | TeH | TeH | reH Fren U1 U2 U3 F dt Vector | Taxo C[;Zial;r;’['
21052‘5‘8021213 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 9
21052‘5‘4051,513 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 9
20%223;)(:);(;)161 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 9
%%%ji?ié?g RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 9
2&2:3;811_(;?5 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 9
21(12:3;811(')?5 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 9
21(12:(4)1;:);&?02 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 9
21(22:(4)1;)(:);&?02 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 9
2&2:35)(:)21(-3?5 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 9
21(12:35?111?02 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 9
21(12:(4)1&(:);&?02 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 9
2&3&?;?02 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 9
21032:;;?;?5 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 9
220125’11125206 ruv- 2 1160 0 0 0 639 | 661 | 644 | 0 0 0 | 5013 0 0 0 0 0 0 1497 165,2
22(12?6156206 ruv- 2 1160 0 0 0 640 | 663 | 646 | 0 0 0 | 5005 399 401 399 5001 2 5 1500 165,8
210522’5111338 Iorepsa AT 7535 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
21%255111338 IloTeps Bcex 6rokoB | 7533 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
21%255111338 ng&gﬁ 0 0 0 0 0 0 0 0] 0] o 0 0 0 0 0 0 0 0 1
20%253)5111838 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
21(1238111715 Moreps /I 7535 0 0 0 0 0 o | o] o] o 0 0 120 121 4997 | 0 0 0 1
21(;238111715 TToteps Bcex 60koB | 7533 0 0 0 0 0 0 0 0 0 0 0 120 121 4997 0 0 0 1
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[TpomomkeHue TabMULIBI 2

Metka Peakr. U1 U2 U3 11 12 13 IIuuel | [uxer | IIuHB IIuHbI df/ Yeraexa
Texct Homep | MorHocTts Pf F ren Vector | Taxo cpabarbi-
BpeMeH! MOLLH. re” re” reH | TeH | TeH | reH U1 U2 U3 F dt BaHMs

2023-11-16 CANBID 1
11:08:17,0 [OTEPSI 0 0 0 0 0 0 0 0 0 0 0 0 120 121 4997 0 0 0 1
2023-11-16
08:20:59,0 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 121 122 5000 0 0 0 0
2023-11-15
13:59:07,0 RMI water 48.1 4460 0 0 0 0 0 0 0 0 0 0 0 119 120 4998 0 0 0 0
2023-10-10 BI' Heunp.
18:30:32,0 TIOTIO’KeHTe 2180 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
2023-10-10 ABapuiiHbIH
18:30:31,0 OCTAHOB 3490 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100
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Pe3ynbratel 1epBOro MCHBITAaHUSI [Jajyd OCHOBaHMWSI /i1 TPOBEPKU TeXHUYEeCKOU
JOKyMeHTalMd. AHalu3 OPUTMHAJBbHOW JOKYMEHTALUM TPOMW3BOAUTE/NS Ha AHIVIMKCKOM SI3bIKe
«DESIGNER’S REFERENCE HANDBOOK»®  fan MOHATH, UTO PEXUM (PUKCHPOBAHHOM
MOIIJHOCTH TIpe/iHa3HaueH MCK/IIOUUTENLHO /11 paboThl B aBTOHOMHOM DeKUMe. YIIPaB/IsIOLLUi
KOHTDOJIZIep He MOXKeT oOecrieunTb HeoOXo[MMOe peryavpoBaHHe /Jisi HOPMaJIbHOW paboThl

TrapasijiesIbHO C CeThIO B CHJTy Pa3/IUuMil alrTOPUTMOB paboThl (CM. PUCYHOK 1).

Fixed power Mains power export

Start ) Start |

b Y
Activate start Activate start
input input
1 Y
Start Start
sequence sequence
9 ¥
GB close Close GB
sequence sequence
k. k.
Ramp-up to . Ramp up to ;

load set point Opaaticn MPE spet Eoint »| operation
Deactivate Deactivate
start input start input
L L
GB open GB open
sequence sequence
L L
Stop Stop
sequence sequence
L ¥
End End

PucyHok 1 — AnroputMBbl paboThI KOHTPOJIEpa i1l PeXXUMOB (PMKCUPOBAHHOW MOIIIHOCTH (CJ1eBa)
1 9KCIOpTa MOIHOCTH (CrpaBa)

HanbHeliliiee  ucrnbiTanue AI'Y-12 B peXrMe  3KCIIOpPTa  MOIJHOCTM B CeThb
XapaKTepH30BajioCh OBICTPOM W He HapylllaeMOil CO BpeMeHeM CHHXPOHM3alvel, 0HaKo, SKCTIOPT

AKTUBHOMU MOIIIHOCTH He Ha6n}o,qanc;1, B KOMIIeHCallin peaKTHBHOﬁ MOIITHOCTHU YCTAHOBKA yUaCTHUA

3 DESIGNER’S REFERENCE HANDBOOK [DnektponHbiii pecypc] / DEIF. — URL: https://deif-cdn-
umbraco.azureedge.net/media/aq3aiwp0/agc-200-drh-41893406090-uk.pdf?rnd=133578925684930000&v=9 (zara
obpartenus 09.01.2025).
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He npuHuMasna. Takum obpas3oM, yctaHoBwiack pabora [AI'Y-12 B pexxriMe XOJ0CTOTO X0ja IpU

IapayieJIbHOM IOAK/IHOUYEHNHU K CETH.

7. 3amMeuyaHMs U peKOMeHJaliu

3amMeuaHusi U peKOMEeH/Jal[i OTCYTCTBYOT.
WcnbiTaHue npoBoguIu
77
VIrmkeHep-rccrefoBarens nagoparopun CY COK (V-] = XapuroHos B.1O.

VmxeHep-uccnenoparesns jaboparopun CY COK XaputoHoB [I.A.
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INPU/TIOXXEHUE b

Omnucanue Tadmu U3 0a3pl JaHHBIX 1 SQL-3anpockl

Tabsmuria b.1 — Ormcanue Tabmuil U3 6a3bl JaHHBIX

Ha3BaHue Tabuibl

ITapameTp

Tum JaHHBIX

Onucanue

HocrynHocTtb_ pabotel_[II'Y

control_id

int

[TepBUYHBIN K/TIOY, TIO3BOJISIET OIHO3HAYHO
HUAeHTU(DUITMPOBATH KaXK/IYIO 3alKCh B TabuIle

available_dgu_1, available_dgu_2,

available_dgu_3, available_dgu_4, bool HoctynHOCTb pabothl Kaxkaou AI'Y
available_dgu_5, available_dgu_6
. . [TepBUUHBIM K/It0Y, T103BOJISIET OJHO3HAYHO
Consumption_id int
UAeHTU(DUITMPOBATH KaXKAYIO 3alKCh B TabuIle
Pacxon ALY dgu_1, dgu_2, dgu_3, dgu_4, dgu_5
gu_t, dgt_s, Cgu_s, dgu_%, dgt_o, float Pacxog AI'Y, r.y.T./KBT-u
dgu_6
. . [TepBUUHBIM K/THOY, KOTOPBIW MT03BO/ISIET OJHO3HAUHO
contol_id int
UAeHTU(DUITMPOBATH KaXK/IYIO 3alKCh B TabuIle
running_main bool IocTymHOCTb paboThI BCETO KOMITIEKCA
Yopasnenue 1Y : :
p A available_dgu_1, available_dgu_2,
available_dgu_3, available_dgu_4, bool HocryrHoCTb paboThl Kaxkaou [IT'Y
available_dgu_5, available_dgu_6
d int [TepBUUHBIM K/IIOY, T103BOJISIET OJHO3HAYHO
UAeHTU(DUITMPOBATH KaXK/IYIO 3aliCh B TabuIle
start_stop_all bool Bk/roueHHe U BLIK/TFOUeHHEe 000pyI0BaHUs
CurnHan ynpae/jieHUs start_stop_load Bk/itoueHMe 1 BLIK/TIOUeHHe Harpy3Ku
start_stop_diesel BxJiroueHue U BBIK/IIOUEHHE TU3e]is
start_stop_em
start_stop_optimizator BxtroueHre ¥ BBIK/IIOUeHHE ONTUMHK3al[iN
. . [TepBHUUHBIHN KJTHOY, KOTOPKIH IT03BO/ISIET OJHO3HAYHO
parameters_SDK_id int I/II),ZLeHTI/I(i)I/IL[I/IpO];aTB Klajm,qy}o 3aIuch B ?a@mue
ITapameTpnl K .
P pel_C/L latitude float [Iupota pacnonoxenusi CAK
longitude float [Honrora pacnonoxkenusi CAK
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[Tpomomkenue Tabmuilsl b.1

HasBanue Tabmuiipl [TapameTtp Tun fa”HbIX Onucanue
altitude float BricoTa pacrionoxxenusi CIK Hazi ypoBHEM MoOpst
name_of_SPS varchar Haspanue COC
. HaumeHoBaH1e 4acoBOTO Mosica, B KOTOPOM
timezone varchar
pacrnionaraetcs CAK
o . [TepBUUHBIM K/THOY, KOTOPBIW MTO3BO/ISIET OJHO3HAUHO
parameters_inv_id int
UAeHTU(DUITMPOBATH KaXK/IYIO 3alKCh B TabIuIle
[TapameTpsi_uHBepTOpa pdcO float MoIiHoCTb UHBEpTOpa, BT
eta_inv_norm float KT/l nHBepTOpa Npy¥ HOMUHAJ/ILHOM 3arpyske, %
eta_inv_ref float KII/Il vHBepTOpa Mpu oNTUMaJIbHOM 3arpy3ke, %
. . [TepBUUHBIM K/THOU, KOTOPBIN 1103BOJISIET OJHO3HAUHO
parameters_PV_id int p p A
UIEHTUUITMPOBATh K&Ky 3aMyCh B TaO/IHIe
surface_tilt float Yron Hak/oHa noBepxHocty PIOII, rpasychl
surface_azimuth float A3sumyT nnopepxHoctu @I, rpagycel
number_of_pvmodules_in_circuit int Komuectso @OM B 11enouke
o . . KonnuecTBo 1]e110uek, MoAK/IH0UeHHbIX K 0JHOM
number_of_circuits_con_to inverter int 1 A AHOMY
VHBEPTODPY
number_of inverters_in_SPS int KomuectBo vHBepTOpOB Ha COC
a_ref float KoadduimeHT upeanbHOCTH AU0/a, O.€.
[TapameTpri_Mopens_C3OC I L_ref float ®doroToK, A
I o_ref float «TemHOBOI» TOK, A
R_sh_ref float [llynTtupytoiiee conpotuBiaeHye, Om
R_s float [TocnenoBarenbHOe CONPOTHUB/IeHUe, OM
TemriepaTypHbIii KO9PHUIMEHT ToKa KOPOTKOTO
alpha_sc float patyp bmn ° P
3aMbIkaHus, A/°C
a float
b float [TapameTphl, HEOOXOUMBIE [I7Isl pacueTa TeMITepPaTyphbl
TIOBEPXHOCTHU siueeK
delta_t float p
eff_irr float OddekTrBHas UppagUaIys, 0.e.




[Tpomomkenue Tabmuilsl b.1

Ha3BaHue TabMIIbI

[Tapametp

Tur fjaHHbIX

Ornumcanue

HepBH‘-IHbIﬁ KJ/IIOY, KOTOprI‘/JI IMo3B0OJiAeT OAHO3HAYHO

parameters_id int
UAeHTU(DUITMPOBATL KaXKIYIO 3aM1Ch B TaO/IUIe
v_oc_V float HanpsikeHue xoJiocToro xoza, B
isc_ A float TOK KOPOTKOT0 3aMbIKaHUs1, A
[TapameTpsI_ v_mpp_V float HanpsikeHre B TOUKe MaKCMMa/lbHOM MOLIIHOCTH, B
MMUTATOpa i_mpp_A float TOK B TOUKe MakKCMMabHOM MOIIHOCTH, A
alpha_se float TemmnepaTypHbIi KoacbchuHeHoT TOKa KOPOTKOI'O 3aMbIKaHHs,
- A/°C
beta oc float TemMIepaTypHbIU KOBCl)Cl)I/IL[I/IEH”l; HaIpsyKeHUs1 X0JI0CTOIo
- xopna, B/°C
No. of item int [TepBHYHBIM K/THOU, KOTOPBIM MO3BOJ/ISIET OZIHO3HAUHO
Morsocts_ [TY HUAeHTU(DUITMPOBATH KaXK/IYIO 3alKCh B TabuIle
dgu_1, dgu_2, dgu_3, dgu_4, dgu_5,
dau 6 float MorHocTh, KBT
setting_id int [TepBUUHBIM K/THOU, KOTOPbIN 1103BOJISIET OJHO3HAUHO
— UAeHTU(DUITMPOBATL KaXKIYIO 3aMKCh B TaO/IHUIle
f min 3,f min 2,f min 1 float OrpaHuueHus TT0 MUHAMaIbHOM OMyCTUMOM paboTe
Hacrpoiiki f max 3,f max_2,f max_1 float OrpaHnueHrs 10 MaKCUMaJ/IbHOM IOMMYCTUMOM 4acTOTe
K f float KosdduieHT nponopliioHaabHOCTH Pery/sitopa 1o
- YyacToTe
K_p float KosdduieHT nponoplLioHaabHOCTH pery/sitopa 1o
- BBITOJIHEHHIO TJTAHOBOTO PeXXUMa pPaboThI.
i int [TepBHYHBIM K/THOU, KOTOPBIM MO3BOJ/ISIET OZJHO3HAUHO
UAeHTU(DUITMPOBATH KaK/IYIO 3alKCh B TabuIle
Nmwurarop_1 dt_sec int MHTepBan BpeMeHH, CEKYH/bI
G W int MHTEHCHBHOCTB COTHEYHOTO M3TydeHus, Br/m’
T_cell float Temmneparypa siueiiku @M, °C
Vivprarop,_ 2 d int [TepBUUHBIM K/THOU, KOTOPbIN 1103BOJISIET OJHO3HAUHO

WIeHTU(UIMPOBATh KaXKAYIO 3aMuch B Tabsvie
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[Tpomomkenue Tabmuilsl b.1

HasBanue Tabmu1bl [Tapametp Tun faHHbIX Onucanue
dt_sec int VHTepBa/ BpeMeHH, CeKYH/IbI
G W int MHTEHCUBHOCTH COHEYHOTO M3Iy4YeHus, Br/m?
T _cell float Temneparypa siueiiku CM, °C
d int [TepBUYHBIH K/THOU, KOTOPBIH TI03BO/ISIET OIHO3HAUHO
UAeHTU(DUITMPOBATL KaKIYIO 3aMKCh B TaO/IUIe
ac_consumption_l1_power float
ac_consumption_I2_power float Tok o ¢azam, A
ac_consumption_l3_power float
ac_inverter_l1_voltage float
ac_inverter_I2_voltage float Harnpspkenue o dasam, B
ac_inverter_13_voltage float
ac_out_l1_active_power float
ac_out_l2_active_power float MoiuHocTb 110 dazam, BT
ac_out_l3_active_power float
ac_out_l1_current float
Hrgomamps 0 Tekylem ac_out_l2 current float BrixoaHbie ToKu 110 ¢ha3zam, A
cocrostHud CHO
ac_out_l3_current float
ac_out_l1_frequency float
ac_out_l2_frequency float Yacrora B Kaxkzol dase, 'l
ac_out_l3_frequency float
ac_out_l1_full_power float
ac_out_l2_full_power float [MonHast MolHOCTH 110 da3zam, BT
ac_out_l3_full_power float
battery_current float Tok akKymynsTopa, A
battery_power float MOoIITHOCTb aKKyMy/sTopa, BT
batttery_SOC float YpoBeHns 3apsizia AKB, %
battery_voltage float HarnpsbkeHune akkymyssitopa, B
F float Yacrora, I'1g
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[Tpomomkenue Tabmuilsl b.1

HasBanue Tabmu1bl [Tapametp Tun faHHbIX Onucanue
d int [TepBUYHBIM K/THOU, KOTOPbIM MO3BOJ/ISIET OIHO3HAUHO
UIeHTU(UIMPOBATh KayKAYIO 3aich B Tabsiie
IIporHo3s MoIHOCTU o dgu_zﬁoggir__:alfﬁgu_a TS, ggz: ITporHo3 pa6oqelg MOLHOCTH O2C u kaxgout IT'Y Ha
JivoKaunimue 24 yaca
dgu_6 float
d int HepBHquclbﬁ KJTIO4, KOTOPBIW M103BOJISIeT o,qu3HaqH0
WIeHTU(QULIMPOBaTh K&XK/YH0 3aMycCh B Tabnuie
Tpadux narpysiu CIK t_sec int Bpewmsi meiicTBUs, ceK
power_kw float MoI1HOCTb Harpy3ku, BT
U L1 float
U_L2 float Harmpsikenue o azam, B
U_L3 float
I L1 float
Harpy30uHbiii Moy [ L2 float Tok 1o ¢azam, A
I L3 float
frequency float YacToTa, 'y
P float AKTHUBHasi MOIIJHOCTb, BT
Q float PeakTrBHasi MOLIIHOCTE, BT
S float [TosiHasi MOIIHOCTB, BT
d int [TepBUYHBIM K/TH0U, KOTOPbIM MO3BOJ/ISIET OJHO3HAUHO
[TapameTpbl_MMHUTaTOPOB WIeHTU(UIMPOBATh KayKAYIO 3aMuCh B Tabsie
_TeK_uaca T int VHTepBan BpeMeHH, CeKyH/Ibl
G int VHTEHCUBHOCTD COJIHEYHOTO U3NIyYeHus, Br/m*
i int [TepBHYHBIM K/THOU, KOTOPBIM MO3BOJ/ISIET OZIHO3HAUHO
WIeHTU(PULIMPOBATh KaXK/IyH0 3aMuch B Tabsuie
G_irr float MHTEHCHMBHOCTD COJTHEYHOTO M3/IydeHHUs1, BT/M
Monutopunr COC v B
T _cell float Temmneparypa siueiiku ®@OM, °C
voltage float Hanpsokenue, B
power_sum float ITosiHasi MOLIHOCTB, BT
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[Tpomomkenue Tabmuilsl b.1

HasBanue Tabmu1bl [Tapametp Tun faHHbIX Onucanue
current_ float Tok, A
G irr 1 float MHTEHCUBHOCTD COJTHEYHOIO Izlze.nyquH;I nmutaropa Nel,
Bt/m
power_sum_1 float [TonHasi MOIHOCTL uMuTaropa Ne 1, Bt
voltage_1 float Hanpsbkenue nmuraropa Ne 1, B
current_1 float Tok umuraropa Ne 1, A
G_irr 2 float HMHTEHCUBHOCTB COJHEYHOIO I/II;JIy‘IGHI/ISI umuraropa Ne 2,
Bt/™m
power_sum_2 float [TomHast MotiHOCTE UMUTaTopa Ne 2, BT
voltage_2 float Harnpsikenue umutaropa Ne 2, B
current_2 float Tok umuraropa Ne 2, A
power_sum_sma float [TosiHasi MOLIIHOCTh UHBepTOpa SMA, BT
voltage_sma float Hanpsikenue naBepropa SMA, B
current_sma float Tok nHBepTopa SMA, A
frequency_sma float Yacrora uuBepropa SMA, I'y
i int [TepBUYHBIM K/THOU, KOTOPBIM MO3BOJ/ISIET OZIHO3HAUHO
WIeHTUPULIMPOBATh KaXK/IyH0 3aMuch B Tabsuile
slave int Howmep AI'Y Ha CAN-111He
RPM_DG float CkopocTtb Bpartiienusi Basia II'Y, 06/MuH
Running_Status_DG_1 tinyint Craryc pabotsl AI'Y
I L1 DG float
AI'Y _rtekyliijee [ L2_DG float Tok B Kaxxzol ¢aze, A
COCTOsTHME_TlapaMeTpOB I L3 DG float
P L1 DG float
P L2 DG float MolijHOCTb Kaxk/10M ¢a3bl, BT
P L3 DG float
P_sum_DG float CymmapHast morHocts JI'Y, BT
pe>KUM_yripaByieHus_dg 1 text Pexxum ynpasnenus 'Y
pacxoj_TOI/IMBa float Pacxop TonvBa, /4
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[Tpomomkenue Tabmuilsl b.1

HasBanue Tabmu1bl [Tapametp Tun faHHbIX Onucanue
[JocTtynHOCTb ATy Ha i int [TepBUYHBIM K/TH0U, KOTOPbIM MO3BOJ/ISIET OIHO3HAUHO
MOMEHT /IO Hauayio UIeHTU(UIMPOBATh K&Ky 3aMUCh B TaO/IuIle
pacyera availability_state int HocrynHoctb pabotel AI'Y Ha MOMEHT /10 Hauasio pacueTa
[JocTynmHOCTb_HMHBEPTOPO d int [TepBUYHBIM K/THOU, KOTOPbIN MO3BO/ISIET OIHO3HAUHO
B_CHI_Ha UIEHTU(UITMPOBATh K&Ky 3aMyCh B TaO/IUIe
_MOMEHT_/I0_Hauajo_pa ess_availability_state int HoctynHocTb paboTtel vHBepTOpoB CHD Ha MOMEHT /10
cueta - - Hauasio pacyeTa
3aTpATEl Ha d int [TepBUYHBIM K/THOU, KOTOPbIM MO3BO/ISIET OIHO3HAUHO
OCTEHOBE Ty WIeHTU(UIMPOBATh KayKAYIO 3aMuCh B Tabsvie
Y shutdown_cost float 3arpathbl Ha ocTaHOBKY JIT'Y, y.e
3aTDATEL HA XONOAHBIN i int [TepBHYHBIM K/THOU, KOTOPBIM MO3BOJ/ISIET OJHO3HAUHO
o CII){ - - Al WIeHTUPULIMPOBATh KaXK/IyH0 3aMuch B Tabsuile
Y startup_cost float 3arparbl Ha XOJIO[JHBIN MYCK, V.e

i int [TepBHYHBIM K/THOU, KOTOPBIM MO3BOJ/ISIET OZJHO3HAUHO

Kosbduipentr K_B WIeHTUPULIMPOBATh KaXK/IyH0 3aMuch B Tabsuile
H - Kb float .

Bb float Kosdduiments! npsimoit pacxoga torvea AI'Y

i int [TepBHYHBIM K/THOU, KOTOPBIM MO3BO/ISIET OZIHO3HAUHO
MAKCHMATLHELS MMM UIeHTUPULIMPOBATh KaXK/IyH0 3aMuch B Tabsuile

— DGU_pmax float MakcumasnbHas MoiHocTh 'Y, Bt
JibHble_MoLHocTu_[I'Y ;
DGU_pmin float MwuHumMasnbHasi MolHoCTE A1'Y, BT
DGU int Homep AI'Y Ha CAN-111He

MuHrMabHOe_ 0y CTH i int [TepBUYHBIM K/THOU, KOTOPBIM MO3BO/ISIET OZJHO3HAUHO
MOe_uuCIIo_Toc/ejoBare WIeHTUPULIMPOBATh KayK/IyH0 3aMuch B Tabsuile
JIBHBIX_4aCOB_ITPOCTOS_ min down time int MuHuManbsHOe 0y CTUMOEe YHC/IO0 TT0C/Ie[0BaTe/IbHbIX

Ty

vacos ripoctod 1Y, yac
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[Tpomomkenue Tabmuilsl b.1

HasBanue Tabmu1bl [Tapametp Tun faHHbIX Onucanue
MuHuManbHOe_ 10Ny CTH i int [TepBUYHBIM K/TH0U, KOTOPbIM MO3BOJ/ISIET OIHO3HAUHO
MOe_4uCIIo_IocaesoBare UIeHTU(UIMPOBATh Ka)K/IYO 3aMUCh B TaO/IuUIle
JIbHBIX_4acoB_paboTsi_/] . . . MuHuManbHOe 10y CTUMOE YKCJ/IO TI0C/Ie[0BaTebHbIX
min_up_time int
ry yacoB pabotel [II'Y, yac
HacrtparBaemsbili ypoBeHb i int [TepBUUHBIM K/THOU, KOTOPBIW [T03BO/ISIET OJHO3HAUHO
3apsiza CHO Ha KoHery WIeHTUPULIMPOBATh KayKIyH0 3aMuch B Tabsuile
pacyeTHOro Ieproza soc_after int YpoBeHb 3apsifa CHOD Ha KOHel| pacueTHOTr0 repuojia, %
i int [TepBUYHBIM K/THOU, KOTOPbIM MO3BOJ/ISIET OZIHO3HAUHO
UIeHTU(UIMPOBATh K&Ky 3aMUCh B Tab/IuIle
D1, D2, D3, D4, D5, D6 int Aary
CH1 int MouHocTb 3apsija, Bt
dCH1 int MorHoCTb pa3psifia, Bt
CH?2 int MoriHoCTb 3apsifia, BT
dCH2 int MouHoCTb paspsifa, Bt
OnTumusanys_24_vaca SOC1 int Ypogens 3apsija CHO, %
SOC2 int YpoBeHs 3apsiia CHO, %
PV1, PV2, PV3, PV4, PV5, PV6, PV7 int C3C
Diesel int ary
ESS int CHD
PV int C2C
Load_plan int Harpy3ka, %
. . [TepBUYHBIM K/THOU, KOTOPbIM MO3BOJ/ISIET OZIHO3HAUHO
id int
[MapameTtpri_13C UIEHTU(UIMPOBATh K&Ky 3aMUCh B TabO/IuUIle
N_dgu int KomuectBo [AI'Y B coctaBe 1DC, WT.
i int [TepBUYHBIM K/THOU, KOTOPBIM MO3BOJ/ISIET OZJHO3HAUHO
WIeHTU(PULIMPOBATh KayK/IyH0 3aMuch B Tabsuie
[TapameTtpei_CH3 battery_capacity float EMKOCTB
SOCmin float MuHrMasbHbIN ypoBeHb 3apsiga CHO, %
SOCmax float MakcumasibHbIN ypoBeHb 3apsifia CHO, %
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[Tpomomkenue Tabmuilsl b.1

HasBanue Tabmu1bl [Tapametp Tun faHHbIX Onucanue
Eff Bat float KII[ CHD, o.e
soc_after float 2Kenaemblii ypoBeHb 3apsiia CHO B KoHIle, %
i int [TepBHYHBIM K/THOU, KOTOPBIM MO3BOJ/ISIET OZIHO3HAUHO
TTapaMeTpbl_HHBEPTOpOB . WIeHTUPULIMPOBATh KaXK/IyH0 3aMuch B Tabuie
ESS_inv float MouHoCTh (HOMWHA/IbHAs) UHBEPTOpa, BT
PV float KonnuecTBo conHeuHbIX UHBEPTOPOB B cocTaBe COC, WiT.
i int [TepBHYHBIM K/THOU, KOTOPBIM MO3BOJ/ISIET OZJHO3HAUHO
Pacxonomen 1 UIeHTUPULIMPOBATh KayKIyH0 3aMuch B Tabsuile
AOMEP_ o0beM_TorvBa float O6nem TormiBa pacxogomepa Ne 1
MIHOBEHHBIM_pacxoj, float MrHoBeHHbIN pacxop pacxogomepa Ne 1
i int [TepBUYHBIM K/TH0U, KOTOPbIM MO3BO/ISIET OZIHO3HAUHO
PacxofoMep_ 2 UIEHTU(UITMPOBATh K&Ky 3aMUCh B TaO/IHIe
- 00beM_TOT/IMBA float O06wem ToruBa pacxogomepa No 2
MTHOBEHHBIU_pacxo/ float MrHoBeHHbIN pacxof pacxogomepa No 2
i int [TepBUYHBIM K/TH0U, KOTOPbIM MO3BO/ISIET OZIHO3HAUHO
Ypogens 3apsiia CHO Ha UIeHTU(UIMPOBATh K&Ky 3aMUCh B TaO/IuUIle
MOMEHT Hauasa pacueTa soc before int YpoBeHs 3apsia CHO Ha MOMEHT Havasio pacueTHOro
- nepuoaa, %
d int [TepBUYHBIM K/TH0U, KOTOPbIM MO3BO/ISIET OIHO3HAUHO
Lena_/u3_torvBa UIEHTU(UITMPOBATh K&Ky 3aMUCh B TaO/IUIle
fuel_price int IleHa TOM/IMBa, Y.€.
YHe/i0_ 4acoB_ mpocTos d int [TepBUYHBIM K/THOU, KOTOPbIM MO3BO/ISIET OIHO3HAUHO
Ty T MoMe HT_10 o UIEHTU(UIMPOBATh KaXK/IYO 3aMUCh B TaO/IuIle
qaﬂa_pagqua - down before float Uucsio vacos ripoctod 1Y Ha MOMEHT Hauasio pacueTHOTO
- - nepuoja
U0, uacos, pabotbi ] i int [TepBUYHBIM K/TH0U, KOTOPbIM MO3BOJ/ISIET OZIHO3HAUHO
T'Y_Ha_ MOMeHT_go_aua UIeHTU(UIMPOBATh K&Ky 3aMUCh B TaO/IuUIle
11a_pacueta up_before float Yucso yacoB pabotsl JIT'Y Ha MOMEHT Hauasio pacC4eTHOTO

niepuoga
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[Tpomomkenue Tabmuilsl b.1

HasBanue Tabmu1bl [Tapametp Tun faHHbIX Onucanue
Cratyc_pabotel_/II'Y_Ha id int [TepBUYHBIM K/TH0U, KOTOPbIM MO3BOJ/ISIET OIHO3HAUHO
_MOMEeHT_Hauvajia_pacuyeT UIeHTU(UIMPOBATh KayKAYIO 3auch B Tabsiie
a status int Craryc paborel AT'Y

d int [TepBUYHBIM K/THOU, KOTOPbIN MO3BO/ISIET OIHO3HAUHO
Texky1iiass_MOIHOCTb WIeHTU(UIMPOBATh KXKAYIO 3aIuCh B Tabsie
current_power float Teky1iasg MOLHOCTb, BT
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SQL-3anpockl Ha co3/jaHue 0a3bl JAHHBIX H TAOTHLIBI

/*Co3paHne 6a3bl gaHHbIX SUSDK*/
CREATE DATABASE test;

/*Co3panne Tabauupl CtaTyc_paboTbl 'Y Ha_MOMeHT_Ha4ana_pacyeTa*/
CREATE TABLE CTtaTyc_paboTbl_[AI'Y_Ha_MoMeHT_Hayana_pacyeTa (

id SERIAL PRIMARY KEY NOT NULL,

status float NOT NULL);

/*Co3panue Tabnuupl paduk_Harpysku_COK*/
CREATE TABLE Tlpaduk_Harpysku_CIOK (

id SERIAL PRIMARY KEY NOT NULL,

t_sec float,

power_kW float);

/*Co3pnaHne Tabnuubl ArY Tekylwee cOCTOAHME napameTpoB 2*/
CREATE TABLE [ArY_Tekywee_cocTosHue_napameTpoB_2 (
id SERIAL PRIMARY KEY NOT NULL,

slave int,

RPM_DG_2 float,

Running_Status_DG_2 float,

I L1 DG_2 float,

I L2 DG_2 float,

I L3 DG_2 float,

P_L1 DG_2 float,

P_L2 DG_2 float,

P_L3_DG_2 float,

P_sum_DG_2 float,

pexvMm_ynpasneHna_DG_2 text,

pacxoa_tonauBa float);

/*Co3pnaHne Tabnuubl UHPO O Tekyuwem cocToAaHuMu_CHI*/
CREATE TABLE WHdo_o_Tekywem_cocTosiHuM_CHI (
id SERIAL PRIMARY KEY NOT NULL,
ac_consumption_L1 power float,
ac_consumption_L2_ power float,
ac_consumption_L3 power float,
ac_inverter_L1 _voltage float,
ac_inverter_L2_voltage float,
ac_inverter_L3_voltage float,
ac_out_L1 active_power float,
ac_out_L2 active_power float,
ac_out_L3_active_power float,
ac_out_L1 current float,
ac_out_L2_ current float,
ac_out_L3 _current float,
ac_out_L1 frequency float,
ac_out_L2 frequency float,
ac_out_L3 frequency float,
ac_out_L1 full powert float,
ac_out_L2 full power float,
ac_out_L3_full power float,
battery_current float,
battery_power float,
battery_SOC float,
battery_voltage float,

F float);
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/*Co3pnaHne Tabnuubl MporHo3_MowHocTu*/
CREATE TABLE MNporHo3s_mowHocTtn (

id SERIAL PRIMARY KEY NOT NULL,
power_kW float,

dgu_1 float,

dgu_2 float,

dgu_3 float,

dgu_4 float,

dgu_5 float,

dgu_6 float);

/*Co3paHne Tabnuupl Harpy3o4Hbii_moaynb*/
CREATE TABLE Harpys3so4Hblii_Moaynb (
U L1 float,

U L2 float,

U_L3 float,

I L1 float,

I L2 float,

I L3 float,

frequency float,

P float,

Q float,

S float);

/*Co3paHne Tabnauubl MOHUTOPUHF_CIC*/
CREATE TABLE MoHuTOpMHI_C3C (
id SERIAL PRIMARY KEY NOT NULL,
G_irr float,

T_cell float,

voltage float,

power_sum float,

current_ float,

G_irr_1 float,

power_sum_1 float,

voltage 1 float,

current_1 float,

G_irr_2 float,

power_sum_2 float,

voltage 2 float,

current_2 float,

power_sum_sma float,
voltage_sma float,

current_sma float,
frequency_sma float);

/*Co3paHne Tabnuubl ArY Tekywee cOCTOAHME napameTpoB*/
CREATE TABLE [AlY_Tekywee_cocTosHue_napameTpoB (
id SERIAL PRIMARY KEY NOT NULL,

slave INT,

RPM_DG float,

Running_Status_DG_1 bool,

I L1 DG float,

I L2 DG float,

I L3 DG float,

P_L1 DG float,

P_L2 DG float,

P_L3_DG float,

P_sum_DG float,

pexum_ynpasnenusa_dg 1 text,
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pacxon_tonnuea float);

/*Co3paHue Tabnuupl 3aTpaTbhl_Ha_oOCTaHOBKY [ArYy*/
CREATE TABLE 3aTpaTbl_Ha_ocTaHoBky ArY (

id SERIAL PRIMARY KEY NOT NULL,

shutdown_cost float);

/*Co3paHne Tabnuupl 3aTpaTbl_Ha_XOnoA4HbIN_nyck_Ary*/
CREATE TABLE 3aTpaTbl_Ha_XxonoAHblii_nyck _Ary (

id SERIAL PRIMARY KEY NOT NULL,

startup_cost float);

/*Co3panune Tabauupl KoapduumeHTol K _B*/
CREATE TABLE KoadduumeHTol K B (

id SERIAL PRIMARY KEY NOT NULL,

Kb float,

Bb float);

/*Co3paHne Tabauusl MakcumasbHble MUHUMaJibHble MowHocTu Ary*/
CREATE TABLE MaKcCWMasnbHble_MUHUMasbHble_MowHocTU_ArY (

id SERIAL PRIMARY KEY NOT NULL,

DGU_pmax float NOT NULL,

DGU_pmin float NOT NULL,

DGU INT);

/*Co3paHne Tabnuubl MMHMManbHOE A0NYyCTUMOE YUCAO_MNoc/aeAoBaTeNibHbIX_YacoB_npocTtoa_Ary*/
CREATE TABLE MuHUManbHoe_JoMnyCTUMOE_YUCJIO_NocnefoBaTesbHbIX_YacoB_npocTtos_Ary (

id SERIAL PRIMARY KEY NOT NULL,

min_down_time int);

/*Co3paHne Tabauupl MMHMMaNbHOE AOMYCTUMMOE_YUCA0_Moc/iefoBaTesibHbIX_YacoB_paboTsl ArY*/
CREATE TABLE MuHMManbHoe_JoMyCTUMOE_YUCJIO_NOoCnenoBaTesbHbIX_YacoB_paboTol _ArY (

id SERIAL PRIMARY KEY NOT NULL,

min_up_time);

/*Co3paHne Tabauubl HacTpavBaembii_ypoBeHb_3apAga_CHI_Ha_KoHel_pacyeTHOro_nepuoga*/
CREATE TABLE HacTpauBaemblii_ypoBeHb_3apsfa_CH3 Ha_KoHelu_pac4deTHoro_nepuoga (

id SERIAL PRIMARY KEY NOT NULL,

soc_after INT);

/*Co3paHne Tabauupl OnTumm3auma _24 4Yaca*/
CREATE TABLE Ontumusaumsa _24 vaca(
id SERIAL PRIMARY KEY NOT NULL,

D1 INT, D2 INT, D3 INT,

D4 INT, D5 INT, D6 INT,

CH1 INT, dCH1 INT,

CH2 INT, dCH2 INT,

SOC1 INT, SOC2 INT,

PV1 INT, PV2 INT, PV3 INT,

PV4 INT, PV5 INT, PV6 INT,

PV7 INT, Diesel INT,

ESS INT, PV INT,

Load_plan INT);

/*Co3paHne Tabauusl MapameTpbl A3C*/
CREATE TABLE MapameTpbl_[13C (

id SERIAL PRIMARY KEY NOT NULL,
N_dgu INT);
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/*Co3paHne Tabauupl MapameTpbl_CHI*/
CREATE TABLE [MapameTpbl_CH3 (

id SERIAL PRIMARY KEY NOT NULL,
battery_capacity float,

SOCmin float,

SOCmax float,

Eff_Bat float,

soc_after float);

/*Co3paHune Tabauupl MapameTpbl_MHBeEpTOpOB*/
CREATE TABLE NapameTpbl_unHBepTOpoB (

id SERIAL PRIMARY KEY NOT NULL,

ESS_inv float,

PV float);

/*Co3paHne Tabauusl Pacxopgomep 1*/
CREATE TABLE Pacxogomep 1 (

id SERIAL PRIMARY KEY NOT NULL,
obbem_tonnuea float,
MrHOBeHHbIi_pacxogn float);

/*Co3paHne Tabauupl Pacxomomep 2*/
CREATE TABLE Pacxogomep 2 (

id SERIAL PRIMARY KEY NOT NULL,
obvem_tonnusa float,
MrHoBeHHbIM_pacxop float);

/*Co3paHne Tabauubl YpoBeHb 3apsapa CH3 Ha MoOMeHT Ha4dana_pacyeTta*/
CREATE TABLE YpoBeHb_3apapa_CHD _Ha_MoMeHT_Ha4ana_pacyeTa (

id SERIAL PRIMARY KEY NOT NULL,

soc_before INT);

/*Co3panne Tabauupl LeHa_aus_Ttonnuma*/
CREATE TABLE UeHa_gu3_tonauBa (

id SERIAL PRIMARY KEY NOT NULL,
fuel_price INT);

/*Co3paHne Tabauupl Yncno_4vacoB_npocTtoAa_[AlY Ha_MOMeHT_ Ao Ha4dana_pacyeTta*/
CREATE TABLE Yucno_uvacos_npocTosi_[I'Y Ha_MOMeHT_AO0_Havana_pacyeTta (

id SERIAL PRIMARY KEY NOT NULL,

down_before float);

/*Co3paHne Tabauusl Yncno 4vacoB _paboThl AI'Y Ha MOMEHT [0 Hayana_pacyeta*/
CREATE TABLE Yucno_uvacos_paboTbl_[Al'Y_Ha_MOMeHT_Ao_Havana_pacydeTa (

id SERIAL PRIMARY KEY NOT NULL,

up_before float);

/*Co3paHue Tabnuupl Tekywaa MowWHOCTb*/
CREATE TABLE Tekywasa MowHocTb (

id SERIAL PRIMARY KEY NOT NULL,
current_power float);

/*Co3paHune Tabauupl Pacxop Ary*/

CREATE TABLE Pacxopa_Ary (

consumption_id SERIAL PRIMARY KEY NOT NULL,
dgu_1 float, /*Pacxogb nepsoun ArY*/

dgu_2 float,

dgu_3 float,
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dgu_4 float,
dgu_5 float,
dgu_6 float);

/*Co3paHne Tabauupl YnpasneHue Ary*/
CREATE TABLE Ynpasnenue Iy (

id SERIAL PRIMARY KEY NOT NULL,
running_main bool NOT NULL,
available_dgu_1 bool NOT NULL,
available_dgu_2 bool NOT NULL,
available_dgu_3 bool NOT NULL,
available_dgu_4 bool NOT NULL,
available_dgu_5 bool NOT NULL,
available_dgu_6 bool NOT NULL

)5

/*Co3paHune Tabauupl CurHan_ynpaBaeHua*/
CREATE TABLE CurHan_ynpasnexuus (

id SERIAL PRIMARY KEY NOT NULL,
start_stop_all bool NOT NULL,
start_stop_load bool NOT NULL,
start_stop_diesel bool NOT NULL,
start_stop_em bool NOT NULL,
start_stop_optimizator bool NOT NULL);

/*Co3paHune Tabauupl UmmTtaTop 1*/
CREATE TABLE UmuTtaTtop_1 (

id SERIAL PRIMARY KEY NOT NULL,
dt_sec int,

G_W int,

T_cell float);

/*Co3paHune Tabauupl UmmuTtaTop 2*/
CREATE TABLE WmuTtaTop_2 (

id SERIAL PRIMARY KEY NOT NULL,
dt_sec int,

G_W int,

T_cell float);

/*Co3paHne Tabauusl MowHocTb ArY*/
CREATE TABLE MowHocTb_ArY (

id SERIAL PRIMARY KEY NOT NULL,

dgu_1 float, dgu_2 float, dgu_3 float,
dgu_4 float, dgu_5 float, dgu_6 float);

/*Co3panne Tabauupl HacTtponkun*/

CREATE TABLE HacTpoiikn (

setting_id SERIAL PRIMARY KEY NOT NULL,

f _min_3 float, f_min_2 float, f_min_1 float,
f_max_3 float, f_max_2 float, f_max_1 float,
K_f float, K_p float);

/*Co3paHune Tabauupl MapameTpbl CAK*/

CREATE TABLE NapameTpbl_COK (

parameters_SDK_id SERIAL PRIMARY KEY NOT NULL,
latitude float NOT NULL,

longtude float NOT NULL,

altitude float NOT NULL,

name_of_SPS varchar(60) NOT NULL,
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timezone varchar(60) NOT NULL
)

/*Co3paHne Tabauupl MapameTpbl_MHBepTOpa*/
CREATE TABLE NapameTpbl_uHBepTOpa (
parameters_inv_id SERIAL PRIMARY KEY NOT NULL,
pdc@ float NOT NULL,

eta_inv_nom float NOT NULL,

eta_inv_ref float NOT NULL

)5

/*Co3paHne Tabauusl MapameTpbl_Mogens C3C*/
CREATE TABLE NapameTpbl_Mogenb_C3C (
parameters_PV_id SERIAL PRIMARY KEY NOT NULL,
surface_tilt float NOT NULL,

suraface_azimuth float NOT NULL,

number_of pv_in circuit int(11) NOT NULL,
number_of_circiuts_con_to_inverter int(11) NOT NULL,
number_of_inverters_in_SPS int(11) NOT NULL,
a_ref float NOT NULL,

I L_ref float NOT NULL,

I o_ref float NOT NULL,

R_sh_ref float NOT NULL,

R_s float NOT NULL,

alpha_sc float NOT NULL,

a float NOT NULL,

b float NOT NULL,

delta_T float NOT NULL,

eff_irr float NOT NULL

)5

/*Co3paHne Tabauupl MapameTpbl_MMutTaTopa*/
CREATE TABLE NapameTpbl_umuTtaTtopa (
parameters_pv_id SERIAL PRIMARY KEY NOT NULL,
v_oc_V float NOT NULL,

i_sc_A float NOT NULL,

v_mpp_V float NOT NULL,

i_mpp_A float NOT NULL,

alpha_sc float NOT NULL,

beta_oc float NOT NULL

)5

/*Co3paHue Tabauupl JOoCTynHOCTb_paboTel ArY*/
CREATE TABLE JocTynHocCTb_paboTbl_ArY (
control_id SERIAL PRIMARY KEY NOT NULL,
available_dgu_1 bool,

available_dgu_2 bool,

available_dgu_3 bool,

available_dgu_4 bool,

available_dgu_5 bool,

available_dgu_6 bool);

/*Co3paHne Tabauubl JoCTynHOCTb_MHBepTOpoB_CH3 Ha MOMeHT_jo_Ha4dana_pacyeTta*/
CREATE TABLE [JoCTynHOCTb_MHBepTOpoB_CH3 Ha_MOMeHT_ Ao Hauvana_pac4deTta (

id SERIAL PRIMARY KEY NOT NULL,

ess_availability state int);
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ITPIJIOKEHUE B
VicxopHbIi KOf IPOrpaMMHOr0 Komiiekca «IIpuHsATHe peleHui 10 ynpaB/IeHHI0 Pe)XKHMOM PadoThbl COTHEUHO-/U3e/TbHOT0 KOMILIEKCa»

Peno3uropuun «<MSG_BROKER»

conection_db.py

1 import configparser # imnopTupyem moaynb ans pabotbl ¢ KoHUTypaLOHHbIMY (parinamm

2

3 import pymysql # Vimnoptupyem moaynb ans pabotsl ¢ MySQL

4 from pymysql.cursors import DictCursor # Vimnoptupyem DictCursor ans paboTbl ¢ pe3ynbTaTaMy 3anpocoB Kak C ClIoBapsiMu

def add_user():

# Cozpnaem o6bekT ConfigParser ans uteHus koHdurypauunoHHoro garna
9  config = configparser.ConfigParser()
10  config.read("utils/setting.ini") # Yntaem koHdurypaumoHHsbii daiin

5
6
7
8

12 # 3aKOMMeHTMpOBaHHble CTPOKM HUXKe MOTYT ObITb UCMOb30BaHbl A/ MONYyUYeHUs NapaMmeTpoB NoAKItoueHus us daina
13 # host = config['BD']['HOST']

14 # user = config['BD']['USER']

15  # password = config['BD']['PASSWORD']

16 # BD = config['BD'][BD_NAME']

17

18  try:

19 # YcTaHaBnuBaem coeanHeHue ¢ 62300 AaHHBIX C UCMONb30BaHMEM MPeAOCTABIEHHbIX JaHHbIX
20 connect = pymysql.connect(

21 host="10.2.173.169', # Anpec cepBepa 6a3bl AaHHbIX

22 port=3306, # [lopT anga noakntoueHNs NO yMmonyaHuio 3ToT nopTt 3aHumaet b/l

23 user='user1’, # Imga nonb3oBaTtens

24 password="123", # [laponb nonb3oBatens

25 cursorclass=DictCursor, # Vicnonbayem DictCursor ans nonyuyeHns aaHHbIX B BUae croBapen
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26 database="test', # HaszBaHue 6a3bl faHHbIX

27 autocommit=True # Bkniouaem aBTOMaTMuyeckoe NOATBEPXKAEHUE TPAH3AKLUMNI
28 )

29

30 return connect # Bo3Bpaiaem o6bekT noaknoueHus

31

32 except Exception as e: # BbizbiBaeM ncknoueHns npy HeyJauHOM MOAKIIIOYEHUN
33 print("lNMoaknioueHne He yaanocs") # CoobLiaem 0 HeyJauHOM MOAKTOUYEHUN

34 print(e) # BoiBogum nHdopmaumio 06 ownbke

contact_mgqtt

1 import paho.mqtt.client as mqtt # imnopTupyem 6ubnuotexky paho-mqtt ans pa6otet c MQTT

2 from utils.create_file_and_path import Util # UmnopTtupyem ytunuty ans pabotsl ¢ paitnamu n nytamum
3

4

5 # ®yHkuus, BbI3biBaeMas npu noakniouennn k MQTT 6pokepy

6 def on_connect(client, userdata, flags, rc):

7  ifrc==0:

8 # Ecnu kop Bo3BpaTa 0, MoaK/loueHne NpoLLIo YCnewHo

9 print("Moaknouenne k MQTT npowno ycnewHo")

10 print(" ")
11 client.subscribe('#') # MNoanucbiBaemcs Ha Bce TeEMbI

12 else:

13 # B cnyuae owinbku BbIBOAUM cOOOLLEHME

14 print("Owwn6bka npu noaknoueHnn k MQTT")

15

16

17 # ®yHkums ang yctaHoBku coeguHermns ¢ MQTT 6pokepom
18 def connection():

19  # 3arpyxaem koHdurypauumio n3 darna 'setting.ini’

20  config = Util().config_pars('setting.ini’)

21
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22 #Tlonyyaem napameTpbl NOAKIOUYEHUS U3 KOHUTypaLmoHHoro darna

23 user = config["MQTT"]["USER"]

24 password = config["MQTT"]["PASSWORD"]

25  host = config["MQTT"]["MQTT_HOST"]

26 port = int(config["MQTT"]["MQTT_PORT"]) # no ymonuaHuto nopt 1883 3anumaetr MQTT 6pokep
27  interval = int(config["MQTT"]["MQTT_KEEPALIVE_INTERVAL"])

28

29 # Cozpaem MQTT knueHTa

30  mgqttc = mqtt.Client()

31  # YcTaHaBnuBaeM MMs Mosb3oBaTens U Naposb A MOAKIUeHUs

32  maqttc.username_pw_set(username=user, password=password)

33  # HasHauaem ¢yHKUMIO 0OpATHOrO BbI30BA NPU MOAKITOUEHNN

34  mgqttc.on_connect = on_connect

35  #[Noakntouaemcs k MQTT 6pokepy ¢ ykazaHHbIMK MapaMeTpamu

36 mgqttc.connect(host, port, interval)

37  # 3anyckaeM umMkn 06paboTku coobLLeHNT

38  mgqttc.loop_start()

39

40  return mqttc # BosBpawaem 06bekT MQTT knueHTa nHbiMuK cnoBamu noakniodeHre k MQTT 6pokepy

diesel_contact.py

1 from pymodbus.client.serial import ModbusSerialClient # VimnopTtupyem knacc (6ubnunoteka) ans pabotsl ¢ Modbus no nocnenosaresns-
HOMY MOpTY

2

3 # PyHKUMS ANs cO3AaHMs NOAKIIIOUEHNs K AM3eNbHOMY reHepaTopy uepe3 Modbus

4 def diesel_contact():

5

6 try:
7 # lnnunanusupyem Modbus-knueHT ans pa6oTbl uepe3 nocnenosatenbHbiit nopt (RTU)
8 client = ModbusSerialClient(
9 method="rtu’, # YkasbiBaem meTOoa nepeaaum aaHHbix - RTU
10 port='"COM3', # nopT MallMHbl Ha KOTOpOI paboTaeT CKpUNT
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11 baudrate=19200, # YctaHaBnuBaem ckopocTb nepeaaun aaHHbix (19200 60na)

12 bytesize=8, # YcTaHaBnuBaem pasmep 6aiita (8 6uT)

13 parity="N', # YcraHaBnusaem npoBepKy yeTHocTu (HeT)

14 stopbits=1 # YcTtaHaBnuBaem konnuectBo cton-6uToB (1)

15 )

16 return client # BosBpaluaem 06bekT kKnneHTa ANs AabHeRLLIEero ncnosib3oBaHus

17

18  except Exception as e: # ObpaboTka UCKIIOUEHWIT B cllyuae olMOKU Npu NOAKIIOUEHUN
19 print(e) # BbiBoanm coobuueHune 06 ownbke

emulators_connect

1 import configparser # MimnopTupyem moaynb ans paboTbl ¢ KOHPUTypaunoHHbIMU daiinamu
2 import socket # iImnopTupyem moaynb ans paboTbl ¢ ceTeBbIMU COKETaMU
3 import re # VMimnopTupyem moaynb Afis paboTbl C peryasipHbIMn BblpaxXeHUSIMU

4

5

6 class ContactEmulators:

7

8 def __init__(self, name_config):

9 # VMIHMumanu3auns nepemMeHHbIX Kiacca

10 self.result = None # [lepemeHHas ans xpaHeHus pe3ynbTaTOB U3MeEpPEHUN

11 self.power = None # [NlepemeHHas ans XxpaHeHUs pacCUMTaHHON MOLLLHOCTU

12 self.socket = None # NepemeHHas ans xpaHeHus o6bekTa cokeTa

13 self.config = configparser.ConfigParser() # Coznaem o6bekT ans paboTbl ¢ KOHDUTYpaLMOHHbIMY (hainamu
14 self.sockets = [] # Cnucok ans xpaHeHusi COKETOB

15 self.command_list = ["MEAS:VOL?","MEAS:CUR?","MEAS:POW?"] # Cnucok komaHA Ang amynsatopa
16 self.name_config = name_config # /Ims koHdurypaumnoHHoro daiina unu cekumu

17

18 def close_socket(self):

19 try:

20 # [TonbiTka KOPPEKTHO 3aKPbITb COKETHOE COEMHEHE

21 print("closed socket ", self.socket)
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22 self.socket.shutdown(socket. SHUT_RDWR) # 3aBepluaem nepeaauy u nprvieM AaHHbIX

23 self.socket.close() # 3akpbiBaem cokeT

24 except Exception as e:

25 # O6paboTKa MCKIUEHNI NPU 3aKPbITUUN CoKeTa

26 print("Coket 3akpbIT", self.socket, e)

27

28 def __connect_sockets(self, data_socket, timeout_seconds):

29 print(f"loaknioueHmne k umutatopy: {data_socket}")

30 ip, port = data_socket # [Nonyuaem IP u nopT n3 nepeaaHHbIX AAHHbIX

31 try:

32 # Cospaem TCP/IP coker

33 supply_socket = socket.socket(socket.AF_INET, socket. SOCK_STREAM)
34 # PaspeluaeM MoBTOpHOE MCMoNb30BaHUe afpeca CoKeTa

35 supply_socket.setsockopt(socket.SOL_SOCKET, socket.SO_REUSEADDR, 1)
36 # [loaknouaemcs kK amynaTopy

37 supply_socket.connect((ip, port))

38 # YcTaHaBnuBaem ¢pnar ycnewHoro noakioueHus

39 print(f"YcnewHroe noakntoueHme k {data_socket}")

40 print(f" ")

41 self.sockets_flag = True

42 return supply_socket # Bosspaluiaem cokeT ans gasibHeiilero ncnosib3oBaHus
43 except (ConnectionRefusedError, TimeoutError) as e:

44 # O6paboTKa MCKIUEHUI NPU HEYyAAYHOM MOAKIIOUYeHUN

45 print(f"Owwn6bka {e} npn noaknouennn k {data_socket}")

46 print(f" ")

47 self.sockets_flag = False

48

49 def send_and_receive_command(self, msg, supply_socket):

50 try:

51 # OTnpasngem KOMaHAy amMynaTopy

52 msg = msg +"\n"

53 supply_socket.sendall(msg.encode("UTF-8"))

54 # [Nonyuaem pasmep 6ydepa ans nonyueHus aaHHbIX U3 KoHUrypaumm
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35
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

buffer_size = self.config[self.name_config]["BUFFER_SIZE"]
try:

ALLALE o

bl

""MpuHMMaeM 1 AeKOANPYEM OTBET, M3BJlEKAs YMCIIOBbIE 3HAUEHMS C MOMOLLbIO PETYSIPHBIX BblpaXKeHU i

wabnoH r'\d+\.\d+' et noacTpoku, KOTOpbie NpeACTaBAAOT COO0I Yncaa ¢ AeCITUUHON TOUKOM

\d+ o3HauaeT "ogHa unu 6onee undp".

\. COOTBETCTBYET CUMBOJTY TOUKM.

\d+ nocne Touku cHoBa o3HauaeT "oHa unu 6onee undp."""

return re.findall(r'\d+\.\d+', supply_socket.recv(int(buffer_size)).decode())
except TimeoutError as e:
# O6paboTKa NCKIIIOUEHNs NPY TalimayTe NojydYeHnst AaHHbIX
print(e)
except Exception as e:
# Ob6paboTka NCKIIOUYEHUI NMPY OTMPABKE UM MOJTyUYEHUU AAHHbIX
print("send_and_receive_command", e)

def connection_sim(self, path):
# YUTteHne koHdurypaumorHoro darnna ans noayyeHus HACTPOEK MOAKIOUYEHUs
self.config.read(path)
ip = self.config[self.name_config]["IP"] # MNonyuaem IP agpec n3 koHdburypaumn
port = int(self.config[self.name_config]["PORT"]) # [Monyuaem nopt n3 koHdurypaumm no ymonuaHuto 8462 B amynstope
timeout = int(self.config[self.name_config]["TIMEOUT_SECONDS"]) # lNonyuaem TaiimayT n3 koHdurypauum
# YcTaHaBnMBaem coeMHEHVE C IMYIITOPOM Uepe3 CoKeT
self.socket = self.__connect_sockets([ip, port], timeout)

def get_data_emulators(self):
# [MonyuyaeM gaHHble OT IMYNSATOPA, €CIN COKET YCMNeLIHO NOAKIToUeH
if self.sockets_flag:
try:

# OTnpaBnsieMm KOMaHbl HA U3MeEpPeHNEe HAMPsSKEHUs 1 TOKa
self.result = self.send_and_receive_command("MEAS:VOL?\nMEAS:CUR?", self.socket)
# PaccunTbiBaeM MOLHOCTb HA OCHOBE MOJTyYeHHbIX AAHHbIX
self.power = f"{float(self.result[0]) * float(self.result[1])}"
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88 except TypekError:
89 # ObpaboTka cuTyaunn, Koraa AaHHble He OblM NOyYeHbl
90 print(f"BbixoaHble napameTpbl {self.socket} asnsatoTcs Tuna None")

JupekTopus «diesel»

diesel_callback.py

1 from datetime import datetime # MimnopTupyem moaynb ans paboTsl ¢ naToit U BpeMeHeM
2

3

4 class DieselCallbackBD:

5

6 def__init_ (self, diesel):

7 # lHnunanusauus obbekTa Knacca

8 self.flag = True # dnar ans ynpasneHus coctosiHuem

9 self.diesel = diesel # O6bekT Ans paboTbl ¢ AU3ENbHBIM FTEHEPATOPOM

10 self.old_command = 0 # [NepemeHHas ans xpaHeHus npeabiayLeil KOMaHabl

11 self.old_list_command = [] # Cnucok ans xpaHeHus NpeabIAYLLMX KOMAH[

12

13 def checking_work_status(self, address=3, count=1, slave=2):

14 # [poBepka cTaTyca paboTbl AU3eNbHOIO reHepaTopa

15 status = self.diesel.get_data_bool(address, count, slave) # Monyuaem cratyc pabotsbi
16 print("Cratyc pabotbi:", status) # BeiBogum ctaTtyc paboTbl

17

18 def ready_auto_launch(self, address=31, count=1, slave=2):

19 # [lpoBepka roTOBHOCTM AM3€eNbHOIO reHepaTopa K aBTOMaTMU4eCKOMY 3anycky

20 status = self.diesel.get_data_bool(address, count, slave) # [Tonyuaem cTaTyc rotoBHOCTM
21 # 3/1ecb cTaTyC rOTOBHOCTU MOXHO MCMOJb30BaTh AN Aa/IbHENLUNX AeACTBUIA

22

23  def get_power_current(self):
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53

# [NonyyeHune TeKyLlei MOLLLHOCTU AN3eNbHOIO reHepaTopa

power = self.diesel.command_read_input_registers(address=519, count=1, slave=3) # YteHue perncrpa mowiHoCTU
print(f"MowHocts 13C {power}") # BbiBoa MoLHOCTM Ha 3KpaH

def on_off(self, available_dgu, slave, value=True):
# BktoueHme iy BbiK/IlOUeHMeE AN3€ebHOTO reHepaTopa
if available_dgu:
address = 0 # Anpec ans BK/lOUeHUs reHepaTopa
else:
address = 3 # Anpec ans BbIK/TlOUeHMs reHepaTopa

self.diesel.command_write_coil(address, value, slave) # OTnpaBka komaHabl Ha BK/lOU€HWe/BbIKITIOUEHME
print(f"OTnpaBneHa komaHaa Ha slave {slave} address {address} {datetime.now()}") # JlorupoBaHne komaHabl C ykazaHneM BpeMeHU

def command_processing_diesel(self, available_dgu):
# O6paboTka KOMaHA A/1s AN3EebHOIO reHepaTopa

print(available_dgu) # BbiBoa cnucka AOCTynHbIX reHepaTopos

for dgu in available_dgu:

if dgu not in self.old_list_command: # NpoBepsiem, ecnu komaHaa He Gblna BbINONHEHa paHee
self.on_off(dgu['control_dgu'], slave=dgu['slave']) # BbinonHsem komaHay BKIHOUYEHMS/BbIKITIOUEHNS
self.old_list_command = available_dgu # O6HoBnsem cnucok komaHa

def get_power_dgu(self, slave):

# [MonyueHve AaHHbIX O MOLLLHOCTU A/151 KOHKPETHOTO reHeparopa
power = self.diesel.command_read_input_registers(address=516, count=3, slave=slave) # YteHue pernctpos moujHocTu

return power # Bosspaljaem 3HaueHne MOLLHOCTU

def get_current_dgu(self, slave):

# [MonyueHre AaHHbIX O TEKYLLEM A1 KOHKPETHOrO reHeparopa
current = self.diesel.command_read_input_registers(address=513, count=3, slave=slave) # YTeHue perncrtpos Toka

return current # BosBpaluiaem 3HaueHue Toka
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diesel_command

1 class DieselCommand:

31

def __init__(self, client):

# Mlunymnannsaynga obvekta knacca DieselCommand
# client - 06bexT ans B3anmopencTeus ¢ moaynem Modbus
self.client = client

def command_read_holding_registers(self, address, count, slave):

# YUtenune ynepxmsaembix peructpos (holding registers)
# address - HauanbHbIN aapec perncTpa
# count - KONIMUECTBO PErNCTPOB AN UTEHUS
# slave - npeHTndukaTtop Begomoro yctpoiictsa (slave)
data = self.client.read_holding_registers(address=address, count=count, slave=slave)
print(data.registers, address, slave) # BbiBoa naHHbIX peructpos, aapeca u naeHtudurkaTtopa slave
if not data.registers:
return 0 # Ecnu paHHble oTCyTCTBYIOT, BO3Bpawaem 0
return data.registers # Bo3Bpallaem cnucok 3HaueHuit perucTpos

def command_read_input_registers(self, address, count, slave):

# YrteHune BxoaHbix pernctpos (input registers)
# address - HauanbHbIN aapec perncrpa
# count - KONIMUECTBO PErNCTPOB AN UTEHUS
# slave - npentTndukartop Begomoro ycrpoiictsa (slave)
data = self.client.read_input_registers(address=address, count=count, slave=slave)
if not data.registers:
return 0 # Ecnu naHHble oTcyTCTBYIOT, Bo3Bpawiaem 0
return data.registers # Bo3Bpallaem cnucok 3HaueHuit perucTpos

def get_data_bool(self, address, count, slave):

# UrteHune auckpeTtHbix Bxoaos (discrete inputs)
# address - HauanbHbIN aapec AMCKPETHOro BXoaa
# count - KONMMUYECTBO BXO0B /19 UTEHUSA
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32 # slave - npeHTndurkaTtop Begomoro yctpoiictsa (slave)

33 data = self.client.read_discrete_inputs(address=address, count=count, slave=slave)
34 return data.bits # BosBpaluaem cnmcok 3HaueHUN ANCKpPeTHbIX BXOA0B (OyneBbl 3HaUeHMs)
35

36 def command_write_coil(self, address, value, slave):

37 # 3anucb 3HaYeHNs B OAUH AUCKPeTHbIN Bbixoa (coil)

38 # address - agpec qMCcKpeTHOro Bbixoaa

39 # value - 3HaueHune ans 3anucu (True unu False)

40 # slave - npeHtTndukartop Begomoro ycrpoiictsa (slave)

41 self.client.write_coil(address=address, value=value, slave=slave)

42

43 def command_write_registers(self, address, value, slave):

44 # 3anncb 3HaUYEeHUN B HECKOJIbKO perncTpoB

45 # address - HauanbHbIN aapec perucTpa

46 # value - cnucok 3HaueHnn ans 3anvcu

47 # slave - npeHTndukaTtop Begomoro yctpoiictsa (slave)

48 self.client.write_registers(address=address, values=value, slave=slave)

Jupektopusa «<EMULATORS»

emulators_callback.py

1 import json

2

3 class EmCallback:

4

5 def __init__(self, mqttc, em, em_command):

6 # Mlnnumnanusaynsa obvekta knacca EmcCallback

7 # mqttc - 06bekT MQTT-knneHTa

8 # em - 00bEKT, NpeACTaBASOLWMIA IMYATOP

9 # em_command - 06beKT A5 OTNpaBKM KOMaH/ 3MYNISITOpY
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self.flag_get_data = None

self.em = em

self.mqttc = mqttc
self.em_command = em_command

self.flag = True
# CnoBapb AN XpaHeHus MPeAbIAYLNX KOMaH/, OTNPaBIEHHbIX IMYJIATOPY
self.old_command = {

"OUTPUT,": 0,

"SYST:INT:SIM:SET TPV,": None,

"SYST:INT:SIM:SET GPV,": None

}

def callback_data(self, topic="mpei/command_operator/em"):

# MeToa ang noanucky Ha onpeaeneHHyto temy MQTT u HasHaueHus callback-pyHkunnm
# topic - TeMa, Ha KOTOpYO MPOUCXOAMT NOANMCKA
self.mqttc.message_callback_add(topic, self.get_data)

def get_data(self, client, userdata, data):

# MeToa ang o6paboTku BxoasLmx coobuweHmnii ot MQTT
# client - MQTT-knuenT
# userdata - nonb3oBaTenbCckue AaHHble (He MCNOJb3YIOTCS 3/1Ch)
# data - coobwenmne MQTT
parsed_data = json.loads(data.payload.decode("utf-8", "ignore"))
# Banupaums noaydeHHbIX JaHHbIX
self.validate_data(data)
# Ecnu paHHble Npownu BanuaaLumio, oTnpasiseM KOMaHay aMynsaTopy
if self.flag_get_data:
self.push_command(parsed_data)

def validate_data(self, data):

# MeTopn ang Banuaaunmy noslyyeHHbIX AaHHbIX
# YcTaHaBnuBaem cnar ycnewHoi BanvMaaumm, eCnm AaHHble He NycTble
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if data:
self.flag_get_data = True

def command_out(self, msg):
# MeToq ANt OTNPABKU KOMAHA 3MYJISITOPY
# msg - C/1I0Bapb C KOMaHAaMM 4715 OTNPaBKU
for key, value in msg.items():
command = f"{key}{value}"
self.em_command.send_command(command)

def push_command(self, msg):
# MeToa ansg oTnpaBky Habopa KOMaH[ IMYATOPY
# msg - C/I0Bapb C KOMaHAaMM 4715 OTNPaBKU
self.em_command.set_prog_source_v("eth")
self.em_command.set_prog_source_i("eth")
for key, value in msg.items():
command = f"{key}{value}"
self.em_command.send_command(command)
self.em_command.set_prog_source_v("slot4")
self.em_command.set_prog_source_i("slot4")

def command_processing_em(self, start_stop_em, command, value):
# MeToa ang o6paboTkm komaHA start/stop n nx oTnpaBku aMynsaTopy

# start_stop_em - ¢nar ans 3anycka/ocTaHOBKM 3mMyJnisTopa

# command - komaHAaa ans amynsTopa
# value - 3HaueHune KomaHAbl
if start_stop_em:

# Ecnn IMYNIATOP AOJI2KEH ObIThb 3anyweH n komaHaa n3MeHnacb € NOCIENHEIO pa3a

if self.old_command[command] != value:
self.command_out({
command: value,

b

# OOHOBNSIEM COXpAHEHHYI0 KOMaHAy
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76 self.old_command[command] = value

77 # Bkniouaem Bbixos

78 self.command_out({

79 "OUTPUT,": 1,

80 Y

81 self.old_command["OUTPUT,"] = 1

82 print(f"Komanaa {commandlvalue} Ha {self.em.socket.getpeername()}")
83

84 else:

85 # Ecnn amynaTop nonkeH ObITb OCTAHOBIEH M KOMAHAA M3MeHUACh C NOCIeAHEro pasa
86 if self.old_command[command] != value:

87 self.command_out({

88 command: value,

89 })

90 # OTk/II0UaeM BbIXof

91 self.command_out({

92 "OUTPUT,": 0,

93 Y

94 self.old_command[command] = value

95 print(f"Komanaa {commandlvalue} Ha {self.em.socket.getpeername()}")

emulators_command.py
1 class CommandEmulators:

2

3 def __init__(self, socket):

4 # NMunumnannsaumnsa obvekrta knacca CommandEmulators

5 # socket - cokeTHOe coeamHeHme, uepe3 KOTopoe 6y ayT OTNPaBASTbCS KOMaH/bl IMYJIATOPY
6 self.socket = socket

7 # Cnncok onyCcTUMBbIX MCTOYHUKOB CUTHANIOB, KOTOPbIE MOTYT GbITh YCTAHOBIIEHbI

8 self.validSrcList = ["front", "web", "seq", "eth", "slot1", "slot2", "slot3", "slot4", "loc", "rem"]

9
]

0 def send_command(self, msg):
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# MeTopa ans OTNPaBKM KOMAHAbI Uepe3 COKETHOE CoeAnHeHe
# msg - CTpOKa C KOMaHoIi AJs OTNPaBKM
try:
print(f"Calling command: {msg}")
# [1o6aBneHne CMMBOJIa HOBOI CTPOKM B KOHEL, KOMaH/bl
msg = msg +"\n"
# OTnpaBka KOMaH/bl Yepe3 COKETHOE COeAHeH Ve
self.socket.sendall(msg.encode("UTF-8"))
except Exception as e:
# O6paboTKa BO3MOXHbIX MCKTIOUEHUI NPU OTNPaBKe KOMaH bl

print(e)

def set_prog_source_v(self, src):

# MeTopa Ans ycTaHOBKU MCTOUYHMKA HanpsibkeHus (Voltage) ans nporpaMmHoro ynpasieHus
# src - CTpoka, yKa3blBatLLlasi Ha UCTOUHMK (qonxeH 6bITb B cnucke validSrcList)
retval = 0
if src in self.validSrcList:
# Ecnu UCTOUHMK BanuaeH, oTnpas/iseM KOMaHAy Ha YCTAHOBKY UCTOUHMKA HanpsikeHUs
self.send_command("SYST:REM:CV {0}".format(src))

else:
# Ecnu nctouHnk He BanuaeH, Bo3spaiiaem —1 kak owmoky
retval = -1

return retval

def set_prog_source_i(self, src):

# MeTopa ansg yctaHoBkM nctouHuka Toka (Current) ans nporpamMMHoro ynpasneHus
# src - CTpoka, yKa3sblBallllasi Ha UCTOUHUK (fomxkeH 6bITb B cnucke validSrcList)
retval = 0
if src.lower() in self.validSrcList:
# Ecnu UCTOUHMK BanuaeH, oTnpasseM KOMaHAy Ha YCTAHOBKY UCTOUHMKA TOKa
self.send_command("SYST:REM:CC {0}".format(src))
else:
# Ecnu nctouHuk He BanuaeH, Bo3spatiaem —1 Kak oLmoKy
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44 retval = -1
45 return retval

Jupektopus «REQUEST»

command_operator.py

1 class Command:
def __init__(self, mqttc, connect):

nn

VlHI/lLlI/IaJ'Il/ISaLU/Iﬂ o6bekta Command.

:param mqttc: O6vekT knneHta MQTT ans paboTbl ¢ 6pokepom.
:param connect: O6beKT MoakIoUeHNs K 6a3e JaHHbIX.

nmn

R d N AW

9 self.parsed_data = None
10 self.mqttc = mqttc

11 self.connect = connect

12

13 def callback_data(self, topic="mpei/command/on_off"):
14 nmn

15 HacTpoiika kon63ka ans o6pabotku coobieHunit MQTT Ha ykazaHHOM ToMuKe.
16

17 :param topic: Tonuk gng noanuckm.

18 nnn

19 self.mqgttc.message_callback_add(topic, self.get_data)
20

21 def get_data(self, client, userdata, data):

22 nmn

23 Ob6paboTka Bxoadwmnx aaHHbix MQTT.

24
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:param client: Knuent MQTT.
:param userdata: [Nlonb3oBaTenbckne aaHHble.
:param data: Coob6wenne MQTT.
try:
self.parsed_data = int(data.payload.decode())
if self.parsed_data:
print("KomaHpaa BknioueHa!', self.parsed_data)
else:
print('Komanaa BbiknoueHa', self.parsed_data)
except Exception as e:
print(f"Owwnbka npu ob6paboTke aaHHbIx: {e}")

def validate_data(self, data):
MpoBepka gaHHbIx. Ha gaHHbIl MOMEHT METOA HE UCMONb3YeETCS.
:param data: [laHHble Ans NpoBepKU.
pass

def check_connections(self, column):

nun

ﬂpOBepKa 3HA4Y€HNA B KOJIOHKE Ta6ﬂl/llel Cu rHalli_ynpaBieHu4a.

‘param column: HassaHue konoHkmn Anga NpoBEPKN.
:return: 3HaueHue B YKaSaHHOﬁ KOJIOHKE.

nmn

cursor = self.connect.cursor()

cursor.execute("SELECT * FROM Curnan_ynpasnesns WHERE id ='1")

start_stop = cursor.fetchone()[column]
cursor.close()
return start_stop
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def get_param_em(self, tables):

nun

MonyueHne napameTpoB 13 yKaszaHHOI Tabnuubl.

:param tables: HazBaHue Tabnuupbl.

:return: Cnucok napameTpos.

cursor = self.connect.cursor()

cursor.execute(f"SELECT * FROM {tables} WHERE id ='1"")
param_em = list(cursor.fetchall()[0].values())
cursor.close()

return param_em

def get_available_dgu(self):

nun

ﬂonyqume Crnncka NCKIKYEHHbIX AN3EJTbHbIX TEHEPATOPOB.

:return: CNMCOK MCKITIOUEHHbIX TEHEPATOPOB.

cursor = self.connect.cursor()
cursor.execute("SELECT * FROM Ynpasnenue_[I'Y")
excluded_engines = list(cursor.fetchall()[0].values())[2:]
return excluded_engines

def update_current_power(self, data, dgu):

nun

O6HOBnEeHMe JaHHbIX O TeKYLLell MOLLHOCTY 1 TOKe /151 YKa3aHHOro AN3e/bHOro reHepaTtopa.

:param data: [laHHble 0 MOLLLHOCTY 1 TOKe.
:param dgu: VineHTudurkatop An3enbHOro reHepaTopa.

cursor = self.connect.cursor()
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query = (f"UPDATE AT'Y_Tekyluee_cocTosiHue_napameTpos”
f"SET"
f'P_L1_DG = %s,"
f'P_ L2 DG = %s,"
f"P_L3_DG = %s,"

f1_ L1 DG = %s,"
f'1_L2 DG = %s,"
f'1 L3 DG = %s"

f"WHERE slave = {dgu}")
cursor.execute(query, list(data))
cursor.close()

def get_excluded_engines(self):

nn

ﬂonyqume CnnckKa UCKITIYEHHbIX AN3EJTbHbIX TEHEPATOPOB.

:return: CNmcoK UCKITIOUEHHbIX TEHEPATOPOB.

cursor = self.connect.cursor()

cursor.execute("SELECT * FROM Ynpasneuune_[I'Y_new")
excluded_engines = cursor.fetchall()

cursor.close()

return excluded_engines

def update_excluded_engines(self, available_dgu, status):

nn

O6HoBNEeHNE ctatyca Angd MCKNHYEHHbIX AN3E/1bHbIX TEHEPATOPOB.

:param available_dgu: Cnucok nocTynHbix reHepaTopos.
:param status: HoBblii cTaTycC.

nn

cursor = self.connect.cursor()
for dgu in available_dgu:
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124 cursor.execute(f"UPDATE Ynpasnenue_[I'Y_new SET control_dgu = {status} WHERE slave = {dgu['slave']}")
125 cursor.close()

126

127 def update_control_signal(self, column, status):

128

129 O6HoBneHue curHana ynpasneHus B Tabnuue CurHan_ynpasneHus.
130

131 :param column: HazBaHue konoHku ang o6HOBNEHUS.

132 :param status: HoBblIli cTaTyc.

133

134 cursor = self.connect.cursor()
135 cursor.execute(f"UPDATE Curnan_ynpasnenus SET {column} = {status} WHERE id = 1")
136 cursor.close()

137

138 def update_param_em(self, params, c):

139 "

140 O6HoBneHue napameTtpos B Tabnunue MoHutopuur_C3C.
141

142 :param params: Cnucok 3HaueHuii Ansg 0OHOBNEHUSI.
143 :;param c: Cnucok Ha3BaHMI KOJIOHOK.

144 "

145 cursor = self.connect.cursor()

146 query = (f"UPDATE Moxutopuur_C3C"

147 f"SET"

148 f"{c[0]} = %s,"

149 f"{c[1]} = %s,"

150 f"{c[2]} = %s")

151 cursor.execute(query, params)

152 cursor.close()

153

154 def update_param_victron(self, c, params):

155 "

156 O6HoBneHne napametpos B Tabnuue MHdo_o_tekyuiem_coctosHum_CHI.
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183

:param c: Cnmcok Ha3BaHUii KOJIOHOK.

:param params: Crnmcok 3HaueHuin ans 06HOBAEHUS.

print(c, len(c))

print(params, len(params))

cursor = self.connect.cursor()

print('update')

query = (f"UPDATE Nudo_o_tekywem_coctosHum_CHI"
f"SET"
f"{c[0]} = %s,"
f"{c[1]} = %s,"
f"{c[2]} = %s,"
f"{c[3]} = %s,"
f"{c[4]} = %s,"
f"{c[5]} = %s,"
f"{c[6]} = %s,"

f"{c[7]} = %s,"

f"{c[8]} = %s,"

f"{c[9]} = %s,"

f"{c[10]} = %s,"

f"{c[11]} = %s,"

f"{c[12]} = %s,"
f"{c[13]} = %s")

cursor.execute(query, params)

cursor.close()

184 def get_setting(self):

185
186
187
188
189

nnn

MonyueHne HacTpoek u3 Tabnuubl Hactporiku.

:return: Hactporikn.

nn
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190  cursor = self.connect.cursor()

191 cursor.execute("SELECT * FROM Hactpoiikn")
192 setting = cursor.fetchall()[0]

193 cursor.close()

194 return setting

JupekTopusa «UTILS»

control_err.py

1 def control_f(operator, column, status=0):

2 f=operator.get_energy_storage_system()['F']

3 settings = operator.get_setting()

4 if settings['f_min_3"] >= f >= settings['f_max_1"]:

5 print(f'OctaHoB akcnepumenTa operator.update_control_signal({column}, {status})’)
6 operator.update_control_signal(column, status)

create_file_and_path.py

1 import csv

2 import json

3 import os

4 from sys import platform
5 import logging

6 import configparser

7 class Util:
8 (@staticmethod

9 def get_data_path(name_file):
10 current_script_path = os.path.abspath(__file_ )
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11 if platform =='win32' or platform =="win64"

12 return os.path.dirname(os.path.dirname(current_script_path)) + f"\\utils\\{name_file}
13 elif platform =="linux' or platform =="linux2"
14 return os.path.dirname(os.path.dirname(current_script_path)) + f"/utils/{name_file}"

15 @staticmethod

16 def get_data_path_log(name_file):

17 current_script_path = os.path.abspath(__file_ )
18 if platform =="win32' or platform =="win64"

19 return os.path.dirname(os.path.dirname(current_script_path)) + f"\\log\\{name_file}"
20 elif platform =="linux’ or platform =="linux2"
21 return os.path.dirname(os.path.dirname(current_script_path)) + f"/log/{name_file}"

22 def open_json(self, name_file):

23 try:

24 path = self.get_data_path(name_file)

25 with open(path,'r') as json_file:

26 data = json.load(json_file)

27 return data

28 except Exception as e:

29 print(f"Owwnbka otkpbiTus {name_file}: {e}")

30 def create_json(self, name_file, data):

31 try:

32 path = self.get_data_path(name_file)

33 with open(path,'w’) as json_file:

34 json.dump(data, json_file, indent=4)

35 except Exception as e:

36 print(f"Owwnbka cozpaaHus {name_file}: {e}")

37 def open_csv(self, name_file, mode, data):

38 path = self.get_data_path(name_file)
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39 with open(path, mode=mode, encoding="utf-8', newline=") as file:

40 writer = csv.writer(file)
41 data_to_add = data
42 writer.writerow(data_to_add)

43  def create_log(self, mode):

44 path = self.get_data_path_log("py_log_mgqtt.log")

45 logging.basicConfig(level=logging.INFO, filename=path, filemode=mode,
46 format="%(asctime)s %(levelname)s %(message)s")

47  def config_pars(self, name):

48 config = configparser.ConfigParser()

49 project_root_path = self.get_data_path(name)
50 config.read(project_root_path)

51 return config

data_topics_client.json

——

"N/d436 391eal3a/system/0/Dc/Battery/Voltage": "mpei/Victron/PV_battery_voltage",
"N/d436 391eal3a/system/0/Dc/Battery/Power": "mpei/Victron/PV_battery_power",

"N/d436 391eal3a/system/0/Dc/Battery/Current": "mpei/Victron/PV_battery_current”,
"N/d436 391eal3a/system/0/Dc/Battery/Soc": "mpei/Victron/PV_soc",

"N/d436 391eal13asystem/0/Ac/Consumption/L1/Power": "mpei/Victron/PV_ac_consumption”,
"N/d436 391ea13a/system/0/Dc/Pv/Power": "mpei/Victron/PV_power",

"N/d436 391eal3a/system/0/Ac/Genset/L1/Power": "mpei/Victron/PV_generator",

9 "N/d436391eal3a/solarcharger/256/History/Daily/0/Yield": "mpei/Victron/Power Generated Today",
10 "N/d436 391eal3a/solarcharger/256/Yield/System": "mpei/Victron/Power_Generated_Total",
11 "N/d436 391ea13a/vebus/257/Ac/Out/L1/F": "mpei/Victron/Frequency_L1",

12 "N/d436 391ea13a/vebus/257/Ac/Out/L2/F": "mpei/Victron/Frequency_L2",

13 "N/d436 391eal13a/vebus/257/Ac/Out/L3/F": "mpei/Victron/Frequency_L3"

14}

RN WN =
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data_topics_diesel.json

1]

2 {

3 "power": [

4 "mpei/DGU/1/power/set_point",

5  "mpei/DGU/1/power/rated_power",
6  "mpei/DGU/1/power/current_generator_power"
7]

8 "job_status": [

9  "mpei/DGU/1/job_status"

0 ],

11 "autorun": [

12 "mpei/DGU/1/autorun”

13 ]

14 "voltage/frequency": [

15 "mpei/DGU/1/voltage_frequency"
16 ]

17 ),

18 {

19 "power": [

20  "mpei/DGU/2/power/set_point",

21 "mpei/DGU/2/power/rated_power",
22 "mpei/DGU/2/power/current_generator_power’
23 ],

24 "job_status": [

25 "mpei/DGU/2/job_status"

26 1,

27 "autorun": [

28  "mpei/DGU/2/autorun"

29 ],

30 "voltage/frequency": [

31  "mpei/DGU/2/voltage_frequency"”
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32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

]
5
{

]

power": [

"mpei/DGU/3/power/set_point",
"mpei/DGU/3/power/rated_power",
"mpei/DGU/3/power/current_generator_power"

b

"job_status": [

]

]

]

"mpei/DGU/3/job_status"
autorun: [
"mpei/DGU/3/autorun”

oltage/frequency": [
"mpei/DGU/3/voltage_frequency"

power": [

"mpei/DGU/4/power/set_point",
"mpei/DGU/4/power/rated_power",
"mpei/DGU/4/power/current_generator_power"

b

"job_status": [

]

]

"mpei/DGU/4/job_status"

autorun: [
"mpei/DGU/4/autorun”

b

"voltage/frequency": [

]

"mpei/DGU/4/voltage_frequency”
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65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97

b
{

]

power": [

"mpei/DGU/5/power/set_point",
"mpei/DGU/5/power/rated_power",
"mpei/DGU/5/power/current_generator_power"

bl

"job_status": [

]

]

]

"mpei/DGU/5/job_status”
autorun: [
"mpei/DGU/5/autorun”

oltage/frequency": [
"mpei/DGU/5/voltage_frequency"

power": [

"mpei/DGU/6/power/set_point",
"mpei/DGU/6/power/rated_power",
"mpei/DGU/6/power/current_generator_power"

b

"job_status": [

]

]

"mpei/DGU/6/job_status"

autorun: [
"mpei/DGU/6/autorun”

b

"voltage/frequency": [

]

"mpei/DGU/6/voltage_frequency”
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98 ]

data_topics_victron.json

—~—

"ac_consumption_L1_power":"N/d436 391ea13a/system/0/Ac/Consumption/L1/Power",
"ac_consumption_L2_power":"N/d436 391ea13a/system/0/Ac/Consumption/L2/Power",
"ac_consumption_L3_power":"N/d436 391ea13a/system/0/Ac/Consumption/L3/Power",
"ac_out_L1_active_power":"N/d436 391ea13a/vebus/257/Ac/Out/L1/P",
"ac_out_L2_active_power":"N/d436 391eal13a/vebus/257/Ac/Out/L2/P",
"ac_out_L3_active_power":"N/d436 391ea13a/vebus/257/Ac/Out/L3/P",
"ac_out_L1_current":"N/d436 391ea13a/vebus/257/Ac/Out/L1/I1",

9 "ac_out_L2 current":"N/d436 391eal13a/vebus/257/Ac/Out/L2/I",

10 "ac_out_L3 current":"N/d436 391ea13a/vebus/257/Ac/Out/L3/1",

11 "battery_current":"N/d436 391ea13a/battery/259/Dc/0/Current",

12 "battery_power":"N/d436 391eal13a/battery/259/Dc/0/Power",

13 "battery_SOC":"N/d436 391ea13a/system/0/Dc/Battery/Soc",

14 "battery_voltage": "N/d436 391ea13a/battery/259/Dc/0/Voltage",

15 "F":"N/d436 391ea13a/vebus/257/Ac/Out/L1/F"

16}

RO IO WN =,

publish.py

import json

class Publish:

nn

1
2

3

4

5

6  def __init__(self, mqttc):
7

8 Nunymnanunsaumng obvekta Publish.
9

1

0 :param mgqttc: O6vekT kKneHta MQTT ang nybnukaummn coobLEeHN.
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

nmn

self.mqttc = mqttc

def publish_data_emulators(self, emulator):

nn

My6nukaumus aanHbix amynsatopa 8 MQTT-Tonuku.

:param emulator: O6beKT aMyngTOpa, Coaep)KaLmii AaHHbIE A NyOIMKaumnm.
if emulator.sockets_flag:
try:
# [Ny6nmKyem faHHble O HANPSXKEHUU, TOKE U MOLLLHOCTM 3MYJIsSiTOpa
self.mqttc.publish(
f'mpei/Emulator_{emulator.socket.getpeername()}/Volt',
payload=json.dumps({"value": emulator.result[0]})
)
self.mqttc.publish(
f'mpei/Emulator_{emulator.socket.getpeername()}/Current’,
payload=json.dumps({"value": emulator.result[1]})
)
self.mqttc.publish(
f'mpei/Emulator_{emulator.socket.getpeername()}/Power’,
payload=json.dumps({"value": emulator.power})
)
except TypekError:
print(f"Owwunbka: BbixoaHble napameTpbl {emulator.socket} apnsitorcs Tuna None")
else:
# Ecnu naHHble OTCYTCTBYIOT, Ny6IMKYeM HyfeBble 3HAUEHUs
self.mqttc.publish(
f'mpei/Emulator_{emulator.socket.getpeername()}/Volt',
payload=json.dumps({"value": 0})

self.mqttc.publish(
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44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

f'mpei/Emulator_{emulator.socket.getpeername()}/Current’,
payload=json.dumps({"value": 0})

)

self.mqttc.publish(
f'mpei/Emulator_{emulator.socket.getpeername()}/Power’,
payload=json.dumps({"value": 0})

)

def push_name_socket(self, em, name):
Mybnukauus nmeHun coketa amynatopa B MQTT-Tonuk.
Heobxoanmo BbiHecTH B 623y AaHHBIX.

:param em: O6beKT amynsTopa.

:param name: Vimsa ans ny6nukaumm.

msg = em.socket.getpeername()
self.mqttc.publish(f"mpei/info/{name}", f"{msg}")

setting.ini

RN WN =

Ne)

10
11
12

[MQTT]

MQTT _HOST=10.2.173.169
MQTT_PORT=1883
MQTT_KEEPALIVE_INTERVAL=60
USER=user1

PASSWORD=123

[EM_ONE]
IP=10.2.173.233
PORT=8462
BUFFER_SIZE = 128
TIMEOUT_SECONDS=5
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13 MAX_VOLT=660

14 MAX_CUR=11

15

16 [EM_TWO]

17 1IP=10.2.173.234

18 PORT=8462

19 BUFFER_SIZE = 128
20 TIMEOUT_SECONDS=5
21 MAX_VOLT=660

22 MAX_CUR=11

23

24 [BD]

25 HOST = 10.2.173.169
26 USER = user1

27 PASSWORD = 123
28 BD_NAME = test

Jupektopusi «<VICTRON»

victron_contact.py

import json
import datetime
from functools import partial

def __init__(self, mqttc):

nn

Munymnanunsaymng obvekta VictronCommand.

1
2
3
4
5
6 class VictronCommand:
7
8
9
1
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11 :param mgqttc: O6bekT knueHta MQTT ansa nybnukaumm n nonyyeHUs CoobLLEeHUNA.
12 mnun

13 self.parsed_data = None # XpaHeHue pacnapceHHbIX AaHHbIX
14 self.flag_parsed_data = False # ®nar, ykasbiBatoLimnii Ha To, UTO AaHHble pacrnapceHbl
15 self.dictionary = None # Cnosapb Ansi xpaHeHUs JaHHbIX

16 self.flag_get_data = False # ®nar, ykasbiBatowimnii Ha To, UTO AaHHbIE NOMYYEHbI
17 self.dict_msg = {

18 "ac_consumption_L1_power": 0,

19 "ac_consumption_L2_power": 0,

20 "ac_consumption_L3_power": 0,

21 "ac_out_L1_active_power": 0,

22 "ac_out_L2_active_power": 0,

23 "ac_out_L3_active_power": 0,

24 "ac_out_L1 current": 0,

25 "ac_out_L2 current": 0,

26 "ac_out_L3 current": 0,

27 "battery_current": 0,

28 "battery_power": 0,

29 "battery_SOC": 0,

30 "battery_voltage": 0,

31 "F": 0

32 } # CnoBapb Ans XpaHeHUs pa3MUHbIX JaHHbIX, MOMYYEHHbIX OT YCTPONCTBA
33 self.mqgttc = mqttc # CoxpaHeHue obbekTa knueHta MQTT
34

35  def survey_victron(self):

36

37 OTtnpaBka cooblieHus ans nposepku cBsizu ¢ Victron.

38

39 # [Mybnukaums coobLueHns AN NPOBEPKN CBA3U

40 self.mqttc.publish('R/d436 391ea13a/keepalive/','empty’)

41

42 def get_data(self, client, userdata, data, key):

43 e
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44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76

O6paboTka aaHHbIX, nonyueHHblx oT MQTT, anst KOHKpeTHOrOo Kitoua.

:param client: Knuent MQTT.
:param userdata: [laHHble nonb3oBaTens.
:param data: [TonyueHHble aaHHble.
:param key: Kntou ans obHoBneHus 3HaueHus B dict_msg.
try:
# [lekognpoBaHue n pacnapcmsaHue aaHHbix n3 JSON
parsed_data = json.loads(data.payload.decode("utf-8", "ignore"))
self.dictionary = parsed_data # CoxpaHeHue pacnapcupoBaHHbIX JaHHbIX B CJTIOBapb
# O6HOBNEHME 3HAUEHMNS B ClIOBApe C JaHHbIMU
self.dict_msg[key] = self.dictionary.get('value', 0)
self.validate_data(data) # [NpoBepka aaHHbIX Ha KOPPEKTHOCTb
if self.flag_get_data:
self.parsed_data = parsed_data # CoxpaHeHue pacrnapcupoBaHHbIX AaHHbIX
self.flag_parsed_data = True # YctaHoBka ¢niara, UTo gaHHble pacnapceHbl
else:
print("lMonyuena nycrtas nonesxas Harpyska:", data.topic) # BbiBog coobuieHus B criyyae nycTbix AAHHBIX
except json.JSONDecodeError as e:
# ObpaboTka ownbky aekoamposanus JSON
print("Ownbka nekoamnposarus JSON:", e)

def callback_data_all(self, log_victron, topic="N/d436 391eal13a/#"):

nun

Hactpoiika callback-yHkuun ans 06paboTkm aaHHbIX MO BCEM TONMMKaM.

:param log_victron: ®yHkuns ansg 3anmcu AaHHbIX B JOT.

:param topic: Tonuk ana noanuckm.

self.log_victron = log_victron # CoxpaHeHue dyHKUMM AN NOTMpPOBaHUs

# [lo6aBneHune GpyHKUMMN 06paTHOrO BbI30Ba A 06pabOTKM AaHHBIX MO yKa3aHHOMY TOMUKY
self.mgttc.message_callback_add(topic, self.get_data_all)

277



77
78  def get_data_all(self, client, userdata, data):

79 e

80 O6paboTka gaHHbIX, MOyUYEHHbIX MO TONUKY, X 3aNUCh B JIOT.

81

82 :param client: Knuent MQTT.

83 :param userdata: [laHHbie nonb3oBarens.

84 :param data: [MonyueHHble naHHbIe.

85 e

86 try:

87 # [lekogupoBaHue n pacnapcmsaHue aaHHbix n3 JSON

88 parsed_data = json.loads(data.payload.decode("utf-8", "ignore"))

89 self.validate_data(data) # [NpoBepka aaHHbIX Ha KOPPEKTHOCTb

90 if self.flag_get_data:

91 # 3anncb JaHHbIX B 0T

92 self.log_victron('log_victron.csv','a', [data.topic, parsed_data, f"time {datetime.datetime.now()}"])
93 else:

94 print("MonyueHa nycrtas nonesxas Harpyska:", data.topic) # BbiBoa coobLueHuUs B cryyae nycTbix AaHHbIX
95 except json.JSONDecodeError as e:

96 # ObpaboTka ownbky aekoamposanuns JSON

97 print("Ownbka nekoanposarus JSON:", e, data.topic)

98

99  def callback_data(self, topic):

100 "

101 Hactpoiika callback-cbyHkunmn ans 06paboTku AaHHbIX MO yKadaHHbIM TOMMKaM.
102

103 :param topic: CnoBapb ¢ TONMKaMM U COOTBETCTBYOLLMMM KITHOUAMMU.

104 "

105 # [1nsa kaxaoro kiatua u Tonmka nobasnsem 06paboTumMK gaHHbIX

106 for key, item in topic.items():

107 self.mqttc.message_callback_add(item, partial(self.get_data, key=key))

108

109  def publish_topic(self, topics_client):
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-l—]O mnun
111 My6nnkaums gaHHbIX MO yKa3aHHbIM TOMMUKAM.
112

113 :param topics_client: CnoBapb ¢ TOonukamu u 3HaueHMsIMU A Nyo6amnKaumnmu.
114 "

115 # [1ns Kaxkaoro Kntova 1 3HaueHusi Ny6nmKyem JaHHble M0 COOTBETCTBYHOLLEMY TOMUKY
116 for key, item in self.dict_msg.items():

117 self.mqttc.publish(

118 topics_client.get(key), item

119 )

120

121 def validate_data(self, data):

122 "

123 [MpoBepka AaHHbIX HA KOPPEKTHOCTb.

124

125 :param data: [laHHble AN NpoBepKMU.

126 :return: True ecin aaHHble KOppeKTHbI, MHaue False.

127 "

128 if data:

129 self.flag_get_data = True # YctaHoBka c¢pnara, uTo JaHHble NOJyUeHbI

130 return True

131 return False

Jupexktopusa « WEATHER»

weather.py

1 from datetime import datetime # MimnopTupyem knacc ans paboTbl ¢ 4aTON U BpeMeHeM

2 import requests # imnopTtupyem 6ubnuotexy ans ornpaskun HTTP-3anpocos

3 import pandas as pd # VMimnoptupyem Pandas ans paboTbl ¢ gaHHbIMU

4 from utils.create_file_and_path import Util # ImnopTupyem ytunutsl ans pa6otsl ¢ daitnamu u nytamu
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class WeatherForecast:

def __init__(self):

nn

Nuunynanusauyuna ob6vekta WeatherForecast.

nun

self.__params = None # [lpuBaTHas nepemeHHas Afis XpaHeHWs NapaMeTpoB 3anpoca
self.__headers = None # [puBatHas nepemeHHas Ans XpaHeHus 3arofloBKOB 3anpoca
self.set_param() # YcraHaBnvBaem napameTpbl N0 YMOMUYAHUIO

self.name_file = Util() # MlHnunanusmpyem o6bekT yTunutsl Ans paboTsbl ¢ daitnamm

def set_param(self, station='1', var_station="mpei', var_nwp_provider='icon’):

nn

YcTaHaBnueaem napamMmeTpbl Anag 3anpoca norojbl.

:param station: MineHTudunkaTtop ctaHumu.
:param var_station: HazBaHue ctaHumm.
:param var_nwp_provider: [locTaBumnk nporHosa noroapbi.
mn
self.__headers = {
'accept':'application/json', # 3aronoBok yka3sblBaeT, UTO Mbl 0X1JaeM MONYyUNTb AaHHble B popmate J]SON

}

# [NapameTpbl 3anpoca BK/OUAT MAEHTUMKATOP CTAaHLUM, Ha3BaHKWe CTAaHL MM 1 NpoBaiiaepa NporHo3a noroabl
self.__params = {

'orgld": station,

'var-station': var_station,

'var-nwp_provider': var_nwp_provider,

}

def get_json(self):
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54
55
56
57
58
59
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68
69

nmn

BbinonHsieM 3anpoc K cepBepy U coxpaHsiem nosiydeHHole gaHHble B popmate JSON.
# dopmupyem URL ans 3anpoca Ha 0cHOBe NnapameTpos
address = f"http://62.109.30.150:81/stations/" \

f"{self.__params['var-station']}/" \

f"{self.__params['var-nwp_provider']}"

# Boinonnsem GET-3anpoc Ha cepsep
response = requests.get(address, headers=self.__headers)
if response.status_code == 200: # [1poBepsiem, ycneliueH nu 3anpoc
try:
print(200) # BeiBogum ctatyc-kop 200 (OK) ans otnaaku
json_data = response.json() # [Nonyuaem paHHble B popmaTe JSSON
data = self.__get_data() # Onpenensiem Tekywni yac ans BbIGOPKM JaHHbIX
# Cospaem u coxpaHsiem JSON-¢aiin ¢ paHHbIMK MporHosa Ha cieaytolimne 24 yaca
self.name_file.create_json("weather.json", json_data[data:24 + data])
except ValueError:
# ObpaboTka oLIMOKM, eciu AaHHble He MOTYT ObITb NpeobpasoBaHbl B JSON
print("Cepsep BepHyn HekoppeKkTHbIn JSON")
else:
# ObpaboTka oLWmnOKM, eClv cCepBep BEPHY HEYCMELHbIN CTaTyC-KOA
print(f"3anpoc 3aBepuncs ¢ kogom ownbku {response.status_code}")

@staticmethod
def __get_data():

nn

OnpepensieM TeKyLmMii yac ans BbIGOPKU AaHHbIX.

:return: Texywni yac B BUae Lenoro yucna.

nn

return int(datetime.now().strftime("%H")) # MNonyuaem Tekywumii yac B popmate 24-4acoBOro BpemeHu
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70 @staticmethod
71  def get_param_weather(hour=1, *param):

72 "

73 Monyuaem napameTpbl NporHo3a noroabl n3 coxpaHeHHoro JSON-daiina.

74

75 :param hour: Bpems B uacax ans Bbi6opKku nporHosa.

76 :param param: [TapameTpbl NOroabl, KOTOpble HEOOXOAMMO MONYUUTD.

77 :return: DataFrame nnun Series ¢ BbiOpaHHbIMY MapamMeTpamu NOroAbl.

78 "

79 data_json = Util().open_json("weather.json") # OtkpbiBaem coxpaHeHHblit JSON-barin ¢ nporHo3om norofpbi
80 if param:

81 # Ecnn nepeaaHbl mapameTpbl, BO3BpalllaeM TOJbKO BbIOpaHHble MapaMeTpbl AJ1d yKa3aHHOro yaca
82 df = pd.json_normalize(data_json).iloc[hour].loc[list(param)]

83 else:

84 # Ecnu napameTpbl He nepejaHbl, BO3Bpallaem Bce JaHHble 4151 YKa3aHHOro yaca

85 df = pd.json_normalize(data_json).iloc[hour]

86 return df # BosBpalaem paHHble B popmaTe DataFrame unu Series

main_dgu.py

1 # Vimnoptupyem Heobxoammble moaynu u pyHkumMm ans pabotsl ¢ 6a3oi aaHHbix, MQTT, ynpaBneHus au3enbHbIMU reHepatopamu u
00paboTKN KOMaHA.

2 from Connected.connection_db import add_user

3 from Connected.contact_mgqtt import connection

4 from Diesel.diesel_command import DieselCommand

5 from Diesel.diesel_callback import DieselCallbackBD

6 from Connected.diesel_contact import diesel_contact

7 from Request.command_operator import Command

8 from utils.control_err import control_f

e}

def init_start():
10  # YctaHaBnuBaem coeanHeHne ¢ MQTT-6pokepom
11 mgqttc = connection()
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12  #Tlloakntouaemcs k b/l
13 connect = add_user()

14 # Vlnmumnannsupyem o6bekT ans 06paboTkm KOMaHA
15 operator = Command(mgqttc, connect)

16  # YcTtaHaBnuBaem coeavHeHNE CO BCEMU AM3EebHbIMY reHepaTopamu
17  diesel = diesel_contact()

18 # Co3pnaem 06bEKT /15 OTNPABKYU KOMAHA AM3ENbHbIM reHepaTopam
19 diesel_command = DieselCommand(diesel)

20 # Co3pnaem 0O6bekT Anst 06paboTKM 06pPATHON CBSI3U OT AU3ENbHbIX FEHEPATOPOB
21 diesel_callback = DieselCallbackBD(diesel_command)

22 # dnar ong oTCNeXMBaHUS NOCTYMNNeHUs KoMaHAa 06 octaHoBKM paboTbl Bcex ATY

23 # Ecnu npuxoant komaHaa Ha octaHoB Bcex 1Y dnar meHsieT cBoe 3HaueHue, 3anycKaeTcs normyeckas 4acTb OCTaHOBKU
24  # Bcex ATY

25 flag_start_stop_all = True

26  while True:

27 # [poBepsieM cocTosiHME BCEX MOAKITIOUEHUT

28 while operator.check_connections("start_stop_all"):

29 flag_start_stop_all = True

30 # [lposepka Ha 3anyck ckpunta AT'Y

31 if operator.check_connections("start_stop_diesel"):

32 # ObpabaTbiBaeM KOMaH/bl 4718 AN3ENIbHOTO reHepaTopa, UCKIoUas onpeaeneHHble ABMratenm
33 diesel_callback.command_processing_diesel(operator.get_excluded_engines())

34 # [lonyyaem TeKyLLyt0 MOLLHOCTb 1 TOK Af15l FeHepaTopa c Homepom 3

35 power_dgu3 = diesel_callback.get_power_dgu(3)

36 current_dgu3 = diesel_callback.get_current_dgu(3)

283



37
38
39
40
41
42
43
44
45
46
47

48
49

50
51
52

# O6HOB/IsIEM TeKyLLMe MapaMeTpbl MOLLHOCTU U ToKa s reHepaTtopa 3 B b/]
operator.update_current_power(power_dgu3 + current_dgu3, 3)
else:
# O6HOBISIEM CMMCOK UCKITIOUEHHDbIX ABUTATENElN 1 yCTaHaBiBaem (ar OCTaHOBKU BCEX FeHEPATOPOB
operator.update_excluded_engines(operator.get_excluded_engines(), 0)
else:
# Ecnu 6b1n ycTaHoBneH iar ocTaHOBKU BCEX FreHepaTopoOB
if flag_start_stop_all:
# O6GHOBIISIEM CMMCOK UCKIOUEHHbIX ABUTATENE M CUTHAN YNpaBneHus AN3eNibHbIMU reHepaTopaMmu
operator.update_excluded_engines(operator.get_excluded_engines(), 0)
operator.update_control_signal('start_stop_diesel’, 0)
# CbpacbiBaem ¢nar 0CTAHOBKU BCEX FeHEPATOPOB, YTOObI MCKIHOUUTb MOBTOP BbIMOMHEHMS IOTMKN 58-59 cTpoKm
flag_start_stop_all = False
if _name__ =='_main_"
# 3anyckaem OCHOBHYI0 (DYHKLMIO NPU 3aMyCKe CKpUnTa
init_start()

main_em.py

1
2
3
4
5
6
7
8
9

10
11

# MiImnopTupyem Heobxoanumblie Mmoaynu v dyHkumu ans pabotel ¢ 6a3oit aaHHbix, MQTT, amMynsgTopamMmu 1 KOMaHAHbIMY ONepaUnsIMU.
from Connected.connection_db import add_user

from Connected.contact_mqtt import connection

from Connected.emulators_connect import ContactEmulators

from Emulators.emulators_command import CommandEmulators

from Emulators.emulators_callback import EmCallback

from Request.command_operator import Command

from utils.create_file_and_path import Util

from utils.publish import Publish

def init_start():
# YctanaBnuBaem coeamHeHue ¢ MQTT-6pokepom
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12

13
14

15
16

17
18

19
20

21
22
23
24
25

26
27
28
29
30

31
32
33

34
35

mgqttc = connection()

# lNoaknouaemcsa k b/]
connect = add_user()

# VIHnumanusunpyem o6bekT Ans 06paboTKU KOMaH[
operator = Command(mgqttc, connect)

# lHnumanusupyem o6bekT ans paboTbl ¢ hainoBbiMy NyTAMU U AAHHBIMU
data_path = Util()

# Cozpnaem 00bekT ang nybnukauuu aaHHbix B MQTT
publish = Publish(mqttc)

# YcTaHaBNMBaeM COeMHEHMNE C NMEPBbIM IMYSITOPOM

emulators_contact_one = ContactEmulators("EM_ONE")
emulators_contact_one.connection_sim(data_path.get_data_path("setting.ini"))
emulators_command_one = CommandEmulators(emulators_contact_one.socket)
emulators_callback_one = EmCallback(mqttc, emulators_contact_one, emulators_command_one)

# YcTaHaBnMBaem coegMHEHNe CO BTOPbIM 3MYJISITOPOM

emulators_contact_two = ContactEmulators("EM_TWQ")
emulators_contact_two.connection_sim(data_path.get_data_path("setting.ini"))
emulators_command_two = CommandEmulators(emulators_contact_two.socket)
emulators_callback_two = EmCallback(mqttc, emulators_contact_two, emulators_command_two)

# OtnpaBnsem B MQTT uHdopmaumio o cokeTax sMynsiTopos
publish.push_name_socket(emulators_contact_one,"em_1")

publish.push_name_socket(emulators_contact_two, "em_2")

# [NonyuyaeM napameTpbl A5 3MYASTOPOB U3 6a3bl JAHHbIX
em_param = operator.get_param_em(tables="lTapameTpbi_nmutatopa")
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37
38
39
40
41
42
43
44
45
46

47

48
49
50
51
52
53
54
55
56
57
58

59
60
61
62

63

# OTrnpasnseM KOMaHAbl HA HACTPOIKY NapameTpoB MepPBOro aMynsTopa
emulators_callback_one.push_command({

"SYST:INT:SIM:SET VOC_STC,": em_param[1],

"SYST:INT:SIM:SET ISC_STC,": em_param[2],

"SYST:INT:SIM:SET VMPP_STC,": em_param[3],

"SYST:INT:SIM:SET IMPP_STC,": em_param[4],

"SYST:INT:SIM:SET ALPHA,": em_param[5],

"SYST:INT:SIM:SET BETA,": em_param[6],

"SYST:INT:SIM:SET TSTC,": 25,

"SYST:INT:SIM:SET GSTC,": 1000

by

print() # BbiBoAMM NycTyio CTPOKY ANs pasjeneHus BbiBoa

# OTrnpasnsiemM KOMaH/bl Ha HACTPOIKY NapameTpoB BTOPOro IMysiTopa
emulators_callback_two.push_command({

"SYST:INT:SIM:SET VOC_STC,": em_param[1],

"SYST:INT:SIM:SET ISC_STC,": em_param[2],

"SYST:INT:SIM:SET VMPP_STC,": em_param[3],

"SYST:INT:SIM:SET IMPP_STC,": em_param[4],

"SYST:INT:SIM:SET ALPHA,": em_param[5],

"SYST:INT:SIM:SET BETA,": em_param[6],

"SYST:INT:SIM:SET TSTC,": 25,

"SYST:INT:SIM:SET GSTC,": 1000

by

print() # BbiBoanM nycTyio CTpOKy /sl pa3aefieHuns BbIBOAA
# [Monyuaem 06paTHYIO CBSA3b OT MEPBOrO U BTOPOrO 3MYISITOPOB
emulators_callback_one.callback_data()

emulators_callback_two.callback_data()

# OCHOBHOI LMK AN 06paboTKM KOMaHA yrnpasiieHUs aMynsaTopamu
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65
66
67
68
69
70
71
72
73
74

75
76
77
78
79

80
81
82
83
84
85

86
87
88
89
90

91
92

while True:
# [poBepsieM COCTOsIHUE BCEX MOAKITIOUEH NI
while operator.check_connections("start_stop_all"):
# [lposepka Ha 3anyck ckpunta AT'Y
if operator.check_connections("start_stop_em"):

# ObpabaTbiBaeM KOMaHAYy yrnpasiieHUs 3MyISTOpom 1: yCTaHOBKA TemmnepaTypbl U COTHEUHOI pagnaunn

emulators_callback_one.command_processing_em(
operator.check_connections("start_stop_em"),
"SYST:INT:SIM:SET TPV,
operator.get_param_em(tables="sim_TG")[1]

)

emulators_callback_one.command_processing_em(
operator.check_connections("start_stop_em"),
"SYST:INT:SIM:SET GPV/,
operator.get_param_em(tables="sim_TG")[2]

)

# ObpabaTbiBaeM KOMaHAY yNpaBleHUs 3MYIATOPOM 2: YCTaHOBKa TemnepaTypbl U COMHEUHOWN paanaumnu

emulators_callback_two.command_processing_em(
operator.check_connections("start_stop_em"),
"SYST:INT:SIM:SET TPV,
operator.get_param_em(tables="sim_TG")[1]

)

emulators_callback_two.command_processing_em(
operator.check_connections("start_stop_em"),
"SYST:INT:SIM:SET GPV/,
operator.get_param_em(tables="sim_TG")[2]

)

# [NonyuaeM naHHble OT IMYNSATOPOB 1 Nybnukyem nx uepes MQTT

emulators_contact_one.get_data_emulators()
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93
94
95

96
97
98
99
100
101
102

103
104
105
106
107
108
109

110
111
112
113
114
115
116

117
118
119
120
121

emulators_contact_two.get_data_emulators()
publish.publish_data_emulators(emulators_contact_one)
publish.publish_data_emulators(emulators_contact_two)

# O6HOB/IsIeM MapameTpbl A5l NEPBOro 3MynsaTopa B 6ase AaHHbIX
¢ = ["power_sum_1","voltage_1","current_1"]
operator.update_param_em([
emulators_contact_one.power,
emulators_contact_one.result[0],

emulators_contact_one.result[1]

1.0

# O6HOB/IsIEeM MapameTpbl A1l BTOPOro 3MyfsTopa B 6a3e AaHHbIX
c = ["power_sum_2","voltage_2","current_2"]
operator.update_param_em(|[
emulators_contact_two.power,
emulators_contact_two.result[0],
emulators_contact_two.result[1]

1.9

# O6HOBNIIEM CyMMapHble napamMmeTpbl A5 060MX 3MynSTOpOB B 6a3e AaHHbIX

c = ['power_sum’, 'voltage','current’]

operator.update_param_em([
float(emulators_contact_one.power) + float(emulators_contact_two.power),
float(emulators_contact_one.result[0]) + float(emulators_contact_two.result[0]),
float(emulators_contact_one.result[1]) + float(emulators_contact_two.result[1])

1.0

else:

# Ecnu ynpasneHue amMynsTopamMmu OTKITHOUEHO, NMOCbITaeM KOMaHAYy OTK/UeH s
emulators_callback_one.command_processing_em(False,"OUTPUT,", 0)
emulators_callback_two.command_processing_em(False,"OUTPUT,", 0)

else:
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122 # OTKMoUaeM 3MynaTopbl U 3aKpblBaeM COeAMHEHUs, eC/IN yrnpaBlieHe BCeMU 3MyNsiTopamMu OCTaHOBJIEHO

123 emulators_callback_one.command_processing_em(False,"OUTPUT,", 0)

124 emulators_callback_two.command_processing_em(False,"OUTPUT,", 0)

125 emulators_contact_one.close_socket() # 3akpbiBaem cOKeT Afis NepBOro amMmynsTopa
126 emulators_contact_two.close_socket() # 3akpbiBaem cokeT ansi BTOPOro amynstopa
127 break # INpepbiBaeM UMK, 3aBepLuas BbINOMHEHWE MPOrPaMMbl

128 if  _name__ =='_main_ "

129  # 3anyckaem OCHOBHYI0 (DYHKLMIO MPY 3aMyCcKe CKpUNTa
130 init_start()

main_vic.py

import asyncio

from asyncio import CancelledError # Mimnoptupyem owinbky ans o6paboTkm oTMeHbl 3aaay

from Connected.contact_mqtt import connection # Mimnoptupyem cdyHkunto ansa noakniouerns Kk MQTT

from Victron.victron_contact import VictronCommand # Vimnoptupyem komaHay ans pa6otsbi ¢ Victron

from utils.create_file_and_path import Util # imnopTupyem ytunuty ans pabotsi ¢ paitnamm n nytamu

from Connected.connection_db import add_user # Vimnoptupyem ¢yHkuunto ans nob6aBneHns nonb3oBatess B 6a3y qaHHbIX
from Request.command_operator import Command # ViImnopTupyem knacc ang o6paboTky KOMaHp,

NN W N =

8 # AcuHXpoHHas QyHKLMs ANs perynspHoro onpoca AaHHbix Victron ¢ uHTepsanom B 15 ceKyHp
9 async def delay(victron):

10 while True:

11 victron.survey_victron() # BboinonHsem onpoc aaHHbix ot Victron

12 await asyncio.sleep(15) # [NpnocTtaHaBnuBaem BbinofiHeHNe Ha 15 ceKyHA

13 # AcHXpoHHas QyHKUUS AN MHMUMANM3auum 1 3anycka OCHOBHOTO LiMK/1a MPOrpaMmmbl
14 async def init_start():

15  mgqttc = connection() # YctaHaBnuBaem coeantervie ¢ MQTT-6pokepom

16  connect = add_user() # [lo6aBnsiem nonb3oBatens B 6a3y gaHHbIX

17 operator = Command(mgqttc, connect) # Co3naem 06bekT At 06paboTKM KOMaH[
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18 data_path = Util() # Minnunanusupyem o6bekt ans paboTsbl ¢ HannoBbiMu NyTASMU U AAHHBIMU
19  victron = VictronCommand(mqttc) # Co3znaem 06bekT ans paboTbl ¢ komaHaamu Victron

20 # 3arpyxaem u ycTaHaBnMBaeMm JaHHble AN obpaTHoro Bbizosa Victron us JSON daiina
21 victron.callback_data(data_path.open_json("data_topics_victron.json"))

22 # Co3pnaem acCMHXPOHHYI0 3afauy A/ PeryJsipHoOro onpoca aaHHbix ot Victron
23 survey = asyncio.create_task(delay(victron))

24 # OCHOBHOI LMK Nporpammbl: o6HoBAsSieM napameTpsbl Victron B 6a3e qaHHbIX
25  while not survey.done(): # Noka 3agaua onpoca He 3aBeplueHa

26 operator.update_param_victron(

27 list(victron.dict_msg.keys()), list(victron.dict_msg.values())) # O6HoBnsiem napameTpbl B 6a3e AaHHbIX
28 await asyncio.sleep(1) # lNpuoctaHaBnuBaemM BbinonHeHue Ha 1 ceKyHAY

29 try:

30 await survey # Oxuaaem 3aBeplLueHNs 3aaaum onpoca

31 except CancelledError: # O6pabaTbiBaeM cnyuai, ecnum 3aaauva bbina oTMeHeHa
32 print('3apgaua survey 6bis1a cHsiTa')

33if  _name_ =='_main_"
34 asyncio.run(init_start()) # 3anyckaem acuHxpoHHyt0 dyHKUMIO init_start B kauecTBe OCHOBHOW
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Peno3uropuii «<APP_OPTIMIZE»
Jupexktopusa « CONNECTED»

connection_db.py

1 import configparser

2

3 import pymysql

4 from pymysql.cursors import DictCursor

5

6 from utils.create_file_and_path import Util
7

8

9 def add_user():

10  # [Nonyuyaem gaHHble nonb3oBaTens U3 GyHKLUN
11 config = configparser.ConfigParser()

12 # config.read("utils/setting.ini")

13 # host = config['BD']['HOST']

14 # user = config['BD']['USER']

15  # password = config['BD']['PASSWORD']
16 # BD = config['BD']['BD_NAME']

17 try:

18 connect = pymysql.connect(
19 host="10.2.173.169",

20 port=3306,

21 user="user1",

22 password="123",

23 cursorclass=DictCursor,
24 database="test",

25 autocommit=True

26 )
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27

28 return connect

29  except Exception as e:

30 print("lMoaknioueHne He yaanocs")
31 print(e)

32 raise

contact_mqtt.py

1 import paho.mqtt.client as mqtt

2 import configparser

3

4

5 ,[led)onTHble meToabl ang noakntoueHns kK Connected
6"

7

8 def on_connect(client, userdata, flags, rc):

9 ifrc==0:

10 print("Moakntouenne Kk MQTT CEPBEPY npouuno ycnewHo")
11 print(" ")
12 client.subscribe('#")

13 else:

14 print("Owwnbka npu noaknoueHnn Kk MQTT CEPBEPY")
15

16

17 def connection(config_path="utils/setting.ini"):
18  config = configparser.ConfigParser()

19  config.read(config_path)

20

21 user = config["MQTT"]["USER"]

22 password = config["MQTT"]["PASSWORD"]
23 host = config["MQTT"]["MQTT_HOST"]

24 port = int(config["MQTT"]["MQTT_PORT"])
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25 interval = int(config['MQTT"]["MQTT_KEEPALIVE_INTERVAL"])
26

27  maqttc = mqtt.Client()

28 maqttc.username_pw_set(username=user, password=password)
29 mgqttc.on_connect = on_connect

30 magqttc.connect(host, port, interval)

31  maqttc.loop_start()

32

33  return mqttc

JupekTopusa «OPTIMIZE_24»

ForecastOfThePVPower.py

1 # Moaynb NpOrHO3MpoBaHuUs CONTHEUHOTO N3NTyueHUs Ha bnuxaiiwne 24 yaca

2 # B ocHoBe pyHKLMOHUPOBAHUS MOAYJIS NexaT ABa MHCTPYMeHTa:

3 # 1. CepBuc HapbiH6aeBa A.®. No NporHo3npoBaHMIO COMTHEUHOrO N31yYeHUsl Ha ocHoBe MeTeonporHo3a. C
4 # wncnonb3oBaHuem ero APl B pazaene 3 ocyuiecTBasieTcs 3anpoc AaHHbIX;

5 # 2. bubnuoteka PVLIB - c ee nomouybto ocyuiectsasietcs nepecuet C/l ¢ ropuzoHTanbHOM NOBEPXHOCTU Ha
6 # HaknOHHYl0, MofenupoBaHue BAX 6atapen PIM u pacueT BbIpabOTKM 3N1EKTPOIHEPTUMN CO CTOPOHbI

7 # nepeMeHHOro Toka MHBepTopa.

8 #

9 import Weather.weather

10 import pandas as pd

11 import pvlib

12 import datetime

13 from Connected.connection_db import add_user
14

15

16 def get_forecast_pv_power(connect):

17  cursor = connect.cursor()
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18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50

# [MonyueHne nudopmaumm ns tabnuubl parameters_of_SDC
cursor.execute("SELECT * FROM TMapametpbi_CAK")
parameters_of_SDC = cursor.fetchone()

print('OK_1:', parameters_of_SDC)

# [MonyueHue nudopmaumnm n3 tabnuubl parameters_of_pv_modules
cursor.execute("SELECT * FROM lMapametpbi_mopaens_CIC")
parameters_of_pv_modules = cursor.fetchone()

print('OK_2:, parameters_of_pv_modules)

# [MonyueHne nncdopmaumm n3 Tabnuubl parameters_inv
cursor.execute("SELECT * FROM [MapameTpbi_nHBepTopa")
parameters_inv = cursor.fetchone()

print('OK_3:', parameters_inv)

cursor.close()

### 1.2 Mectopacnonoxenue COC ##########H###H##HHH#HH#

# LlLlnpoTta pacnonoxenna CAK
#latitude = 55.72
latitude = parameters_of_SDC['latitude']

# [lonrota pacnonoxenns CAK
#longitude = 37.55
longitude = parameters_of_SDC['longitude']

# BbicoTta pacnonoxenuns C1K Haa ypoBHem mops, m

#altitude = 127

altitude = parameters_of _SDC['altitude’]

# HanmeHoBaHMe uacoBoro nosica, B kotopom pacnonaraetcs CAK
#TimeZone ='Europe/Moscow'

TimeZone = parameters_of _SDC['timezone']

# Haszsanune CC
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52
53
54
35
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

#NameA ='Moscow’
NameA = parameters_of _SDC['name_of SPS']

# Yron HaknoHa nosepxHoctu ®3I[1, rpaaycsl
#surface_tilt = 55

surface_tilt = parameters_of_pv_modules['surface_tilt']
# AsnumyT nosepxHocTtu P31, rpaaycsl
#surface_azimuth = 180

surface_azimuth = parameters_of_pv_modules['surface_azimuth']

# Konnuectso ®IM B uenouke
#M =8

M = parameters_of_pv_modules['number_of_pvmodules_in_circuit']

# KonnuecTBo Lenouek, MOAKIOUEHHbIX K O4HOMY UHBEpPTOPY

#N =1

N = parameters_of_pv_modules['number_of_circuits_con_to_inverter']

# KonunuectBo nuseptopos Ha CIC
#Ni =1

Ni = parameters_of_pv_modules['number_of_inverters_in_SPS']

# [NapameTpbl ncnonb3dyemoro ®IM npu ctaHAapTHBIX YCIOBUSX

# (onpeaenuTb MOXHO ¢ nomouubio pyHkunm pvlib.ivtools.sdm.fit_cec_sam)

# KoadpuruneHT ngeanbHoctn amnoaa, o.e.
#a_ref = 2.8727 862399469 153

a_ref = parameters_of_pv_modules['a_ref']

# doToTOK, A

#| L ref = 10.605174110772369

|_L_ref = parameters_of_pv_modules['l_L_ref']
#"TemnoBon" Tok, A

#| o_ref =9.748765307 697 816e-08

|_o_ref = parameters_of _pv_modules['l_o_ref']
# LLlyHTupytowee conpotusneHne, Om

#R sh ref =702.2821810615955

R_sh_ref = parameters_of_pv_modules['R_sh_ref']
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84 #llocnenoBatenbHoe conpoTusieHue, Om

85 #R _s=0.01152964797494233

86 R_s = parameters_of_pv_modules['R_s']

87 #TemnepaTypHblii kK03 PrLUMEHT ToKa KOPTKOro 3ambikaHus, A/C

88 #alpha_sc = 0.055

89 alpha_sc = parameters_of _pv_modules['alpha_sc']

90

91 # [NapameTpbl, HeOOX0aAMMbIE AJI pacueTa TemnepaTypbl MOBEPXHOCTHU siueeK
92 #a=-347

93 a = parameters_of_pv_modules['a']

94  #b =-0.0594

95 b = parameters_of_pv_modules['b']

96 #deltaT =3

97 delta_T = parameters_of_pv_modules['delta_T']

98

99  # dddexTnBHag nppaanaLms, o.e.

100  #eff_irr =0.97

101 eff_irr = parameters_of_pv_modules['eff_irr']

102

103 # napameTpbl MHBepTOpa

104  #pdc0 = 12000 # moLHOCTb MHBEpTOpA, BT

105 pdc0 = parameters_inv['pdc0']

106 #eta_inv_nom = 0.979 # KI1/[]l nusepTopa npn HOMMHaNbHOI 3arpy3ke
107 eta_inv_nom = parameters_inv['eta_inv_nom']

108  #eta_inv_ref = 0.982 # KI1/] nHBepTOpa npn onTuMasnbHOI 3arpyske
109  eta_inv_ref = parameters_inv['eta_inv_ref']

110

111 # 3apaem napameTpa MectopacnonoxeHus C9C

112 A = pvlib.location.Location(latitude,

113 longitude,

114 tz=TimeZone,
115 altitude=altitude,
116 name=NameA)
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117
118
119
120
121
122
123
124
125
126

# 3arpyska meteoposiornueckoit nHgpopmauuun B TMY-popmate

# naHHble JOMKHbBI ObITb 3apaHee ckayaHbl, Hanpumep, ¢ PVGIS, n anantuposaHbl k MecTy pasmeteHmns CIC.
# ums dana - TMY_.csv

# pasaenurtenb -

tmy = pd.read_csv('TMY_.csv/, sep=";")

tmy = tmy._append(tmy.iloc[0:24], ignore_index = True) # KonupoBaHue nepBbIX CYyTOK roaa B KoHel,

# uTOOBI MOXHO OblnI0 paboTaTh ¢ 31 nekabps

HAFFHFAFHFFFHF R A R R R R R R R R R R R A R A A AR AR AR R R AR R R R R AR AR AR AR AR AR AR AR AR AR

127
128

#2 Onpe,ueneHme MOMEHTOB BpEMEHN, HaAaYMHAadA OT TEKYLLEro 4aca n Ha 24 yaca Briepen

HHFHFHFFFFFFHFFFFF AR R R R R R R R R R AR R R R R R R R R R R R R R

129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147

now = datetime.datetime.now()
current_year = now.year
current_month = now.month
current_day = now.day
current_hour = now.hour
beginning_of_year = datetime.datetime(current_year, 1, 1)
tt = (now - beginning_of_year).total_seconds() // 3600
if current_year % 4 == 0 and tt>=1416: # Ecnu ropa - BUCOKOCHbIN, TO 29 ¢eBpans npupaBHUBaETCS K 28 uncny
tt = tt-24
StartTime = datetime.datetime(current_year, current_month, current_day, current_hour)
EndTime = StartTime + datetime.timedelta(hours=23)
times = pd.date_range(start=StartTime,
end=EndTime,
freq="1h’")
times_loc = times.tz_localize(A.pytz)
tmy24 = tmy.iloc[int(tt)-T:int(tt)+24-1]
tmy24 = tmy24.assign(time = times_loc)
tmy24.set_index('time', inplace=True) # meTkn BpemeHu yctanasnusatorcs B dataframe B kauecTBe MHAEKCOB
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148
149
s e e e e s s
150  ### 3 [lonyueHne meTeonporHosa c nomotubto cepsuca Hapoin6aesa A..
151
HERH AR HHRHHHHHH AR HHEHHHRHHERHHERHHHHHHHAH R HH R H AR H R R HHHH R R H R HH R H R HH A H R R H R R R R R H R R R R AR H R R RS
152  test = Weather.weatherWeatherForecast()
153  test.set_param(station=1, var_station="mpei’, var_nwp_provider='icon')
154  test.get_json()

155 1=0

156 if test.status_code == 200:

157 # Ecnu obpauieHune K cepBuCy 3aBepLUNIOCH YAAUYHO, TO 4acTb CTONOLOB B NpeaBapuTenbHO 3arpyxeHHom dataframe
158 # 3ameHsieTcs Ha HeoOX0AMMble 3HAUEHUs

159 for i in range(24):

160 direct_radiation = test.get_param_weather(i, 'direct_radiation').values

161 direct_normal_irradiance = test.get_param_weather(i, 'direct_normal_irradiance').values
162 terrestrial_radiation = test.get_param_weather(i, 'terrestrial_radiation').values
163 diffuse_radiation = test.get_param_weather(i, 'diffuse_radiation').values

164 surface_pressure = test.get_param_weather(i, 'surface_pressure').values

165 temperature_2m = test.get_param_weather(i, 'temperature_2m’').values

166 windspeed_10m = test.get_param_weather(i,'windspeed_10m").values

167 # Homepa cTton6uos B dataframe:

168 # time - nHAEKc

169 # HOY 0

170 # month 1

171 # day 2

172 # hour 3

173 # temp_air 4

174 # atmospheric_pressure 5

175 # ghi 6

176 # dni 7

177 # dhi 8

178 # wind_speed 9
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179 # albedo 10

180 tmy24.iloc[i, 4] = temperature_2m

181 tmy24.iloc[i, 5] = surface_pressure

182 tmy?24.iloc[i, 6] = errestrlal radiation # GHI - Global Horizontal Irradiance

183 tmy?24.iloc[i, 7] = direct_normal_irradiance # DNI - Diffused Normal Irradiance
184 tmy24.iloc[i, 8] = diffuse_radiation # DHI - Diffused Horizontal Irradiance

185 tmy24.iloc[i, 9] = windspeed_10m

186

187

188

HAHBHHHHRHHHHHHHAHBHBHHAHBH R AR HHHAHRHHHHRH R B HHH B R HHHAHRH R B HRH R HBH B AR HHH R R B R R HHHH B H B HRH R R HRH R HRH R AR H RS R R RS HH
189  ### 4 PacueT conHeuHOro n3nyyeHuns najawtilero B ninockoctu IM
190

HAHBH AR HRH RS R R H AR R H R R H R H RS H R R H R R H R H R R R H R R SR H R R H R RS R RS R R H R R R H R R R R R R R R R RS R R RS R R
191  DNI_extra = pvlib.irradiance.get_extra_radiation(times_loc, method="spencer’)
192 SPA = pvlib.solarposition.spa_python(times_loc, A.latitude, A.longitude, A.altitude)
193  airmass_relative = pvlib.atmosphere.get_relative_airmass(SPA['zenith'], model="simple’)
194  DiffuseSky = pvlib.irradiance.perez(surface_tilt,

195 surface_azimuth,

196 tmy24['dhi'],

197 tmy24['dni'],

198 DNI _extra,

199 SPA['apparent_zenith'],

200 SPA['azimuth'],

201 airmass_relative,

202 model="allsitescomposite1990',
203 return_components=False)
204  DiffuseGround = pvlib.irradiance.get_ground_diffuse(surface_tilt,
205 tmy24['ghi'],

206 albedo=tmy24['albedo'],
207 surface_type=None)
208  AOI = pvlib.irradiance.aoi(surface_tilt,

209 surface_azimuth,
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210 SPA['zenith'],

211 SPA['azimuth'])

212 GTI = pvlib.irradiance.poa_components(AOl,
213 tmy24['dni'],

214 DiffuseSky,

215 DiffuseGround)

216  GTI = GTlfillna(0)

217

218

219

HAHBHHHHRHHHHHHHHAHBHBHHAHBH B AR H B AR HHHHRH R B H R R R HHHAHRH BB HRH R HBH B R HHHHRH R R H B HH B H B HRH R R HRH R AR H B HRH R R R RS HH
220 ### 5 MopenupoBaHue BbIXOAHbIX NoKa3aTenei eanHuuyHoro PIM, 6atapen PIM, eanHuuHoro nieeptopa u Bceit CIC B uenom
221
HAHBH AR HRH RS R R H AR R H R R H R H RS H R R H R R H R H R R R H R R SR H R R H R RS R RS R R H R R R H R R R R R R R R R RS R R RS R R
222 effective_irradiance = GTI['poa_global'] * eff_irr
223 Cells_temperature = pvlib.temperature.sapm_cell(
224 GTI['poa_global'].values,
225 tmy24['temp_air'].values,
226 tmy24['wind_speed'].values,

227 a,

228 b,

229 delta T,

230 irrad_ref=1000.0)
231 photocurrent, saturation_current, resistance_series, resistance_shunt, nNsVth = pvlib.pvsystem.calcparams_desoto(
232 effective_irradiance,
233 Cells_temperature,
234 alpha_sc,

235 a_ref,

236 I_L_ref,

237 |_o_ref,

238 R sh_ref,

239 R s,

240 EgRef=1.121,
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241 dEgdT=-0.0002677,

242 irrad_ref=1000,

243 temp_ref=25)

244  DCout = pvlib.pvsystem.singlediode(
245 photocurrent,

246 saturation_current,
247 resistance_series,
248 resistance_shunt,

249 nNsVth,

250 method="newton')

251  VDC_array = DCout['v_mp']* M

252 IDC_array = DCout['i_mp']* N

253 PDC_array = DCout['p_mp']* M* N

254  ACout = pvlib.inverter.pvwatts(PDC_array, pdc0, eta_inv_nom=eta_inv_nom, eta_inv_ref=eta_inv_ref)
255  Npv_forecast = ACout ™ Ni

256  return Npv_forecast
257

258

259 if  _name__ =='_main
260 user_bd = add_user()
261 get_forecast_pv_power(user_bd)

Main_forecast.py

#!/usr/bin/env python
# coding: utf-8

#
# Your AMPL Community Edition License (UUID: 31bce597-178d-4f2a-83e9-64bbe2d7c20b) is ready!
#
8 # AMPL's Community Edition is full-sized, full-featured, perpetual, and free with open source solvers for development and prototyping.
Add 30-day trials of commercial solvers anytime.

1
2
3
4 # Hi Aleksey,
5
6
7
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9 #

10 # With this license you can use AMPL for free with open-source solvers such as: HIGHS, CBC, SCIP, GCG, IPOPT, Bonmin, and Couenne.
11#

12 # Learn more at: https://ampl.com/ce/

13 #

14 # Step 1: Download AMPL & Solvers

15 #

16 # For Windows:

17 # - Download installer: https://portal.ampl.com/dl/amplce/AMPLSetup.exe
18 # - Acitvate using the UUID: 31bce597-178d-4f2a-83e9-64bbe2d7c20b

19 #

20# For macOS:

21 # - Download installer: https://portal.ampl.com/dl/amplce/AMPLInstaller.pkg
22 # - Acitvate using the UUID: 31bce597-178d-4f2a-83e9-64bbe2d7c20b

23 #

24 #  For Linux:

25 # - Download: https://portal.ampl.com/dl/amplce/amplbundle.linux64.tgz
26 # - Instructions: https://dev.ampl.com/ampl/install.html#linux

27 # - Acitvate using the UUID: 31bce597-178d-4f2a-83e9-64bbe2d7¢20b

28 #

29 # For Google Colab:

30 # - Model Colaboratory: https://colab.ampl.com/

314 - Minimal notebook to get you started: https://try.ampl.com/

324 Just set license_uuid="31bce597-178d-4f2a-83e9-64bbe2d7c20b".

33 #

34# For Python:

35 # - Python Modules: https://dev.ampl.com/ampl/python/modules.html
36 # - Python APl documentation: https://amplpy.ampl.com

37 #

38 # Step 2: Activate your license

39 #

40 # Your unique License UUID is: "31bce597-178d-4f2a-83e9-64bbe2d7c20b" (Do not share this publicly!)
41 #
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42 #  Run this command in AMPL to activate your license:

43 #

44 # ampl: shell "amplkey activate --uuid 31bce597-178d-4f2a-83e9-64bbe2d7c20b";

45 #

46 # Note: you need to restart AMPL in order to start using the new license.

47 #

48 # This is a dynamic cloud license that renews every 5 minutes over the internet. Activate it anywhere on as many different machines as
you need!

49 #

50 # The expiration date in the license file corresponds to the current license seed. It will keep getting extended perpetually as long terms-
and-conditions are not violated (e.g., sharing the license publicly is not allowed).

51

52

53

54 # [Insa peweHuns 3agaun MINLP (mixed integer nonlinear programming) - cMellaHHOTO Lie/IounCNeHHOro

55 # HenUHeNHOro nporpamMMupoBaHus - ucnonbdyem petuatens ot COIN-R noa HazsaHuem Couenne.

56 # OH pacnpocTpaHsieTcs MOA OTKPbITON NuueH3uneir. Ho kak ero ycTaHOBUTb B CUCTEMY OTAENbHO 51 HE pa3obpancs.

57 # VMicnonb3ayem Habopa nHctpymeHToB onTumudaumu AMPL. CTouT oTMeTUTb, 4To ANs NojyueHus Homepa nuueH3un Ha AMPL

58 # HeobxoaMMO Ha nx calT 3axoanTb yepe3 VPN.

59 #

60 # YctaHoBuTb Python APl ans Habopa nHctpymeHToB onTumusaunun AMPL:

61# $ python -m pip install amplpy --upgrade

62 #

63 # YctaHoBUTbL Mmoaynn "petwatenein” ans AMPL:

64 # $ python -m amplpy.modules install coin

65 #

66 # AkTuBauns nuueHaum (moapobHocTh cm. 3aecs: ampl.com/ce unu 3aecs ampl.com/courses):

67 # $ python -m amplpy.modules activate 31bce597-178d-4f2a-83e9-64bbe2d7c20b

68

69

70 # # MoaenupoBaHue CONHEUHO-AM3€e/IbHOTO KOMIIJIEKCa M ONTUMM3aL s cocTaBa U pexnma paboTbl ero reHepupytoLero o6opyaoBaHus

71

72 # ### 1. 3arpy>aem Hy>XHble 6MOIMOTEKU
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73

74

75

76 import matplotlib.pyplot as plt
77 import numpy as np

78 import pandas as pd

79 import pyomo.environ as pyo
80 import pvlib

81 import math

82 #from pvlib.temperature import TEMPERATURE_MODEL_PARAMETERS
83 import time

84 #import pypsa

85 from pyomo.environ import *
86 import requests

87 from io import StringlO

88 import math

89

90

91

92

93 print(np.__version__)

94

95

96

97

98 from amplpy import AMPL, modules
99

100 # ### 2. 3arpyxaem 1 3agaemM NCXOAHble JaHHble
101

102

103

104T1=0

105T2=T1+24
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106 HOY = np.array([t for t in range(T1, T2)])

107 HOD = np.array([t for t in range(0, 24)])

108 T = np.array([t for t in range(T1, T2)])

109

110

111

112

113 Load8760 = pd.read_csv('Load_o.csv', sep=";, header=0)
114 # .."Bbipe3aHne” 13 gaHHbIX 32 OAMH roa 6;mMxanLmx 24-x yacos...
115 Load = Load8760['Load'].values

116 Load

117

118 # IPUMEYAHWE:

119 # nepemeHHas Load obs3aTtenbHo fomkHa ObITb MpeAcTaBIeHa NUMPY-MAacCUBOM U3 24-X 3HaueHuii!
120

121

122

123

124 NPV_forecast = pd.read_csv('PV_o.csv/, sep=";', header=0)
125 # ...[lonyuyeHne nporHosa mouwHoctu CIC...

126 PV = NPV_forecast['P'].values

127 PV

128

129 # MPUMEYAHWE:

130 # nepemeHHas PV obsi3aTenbHO A0MKHA ObITh NpeacTaBieHa NUMpPY-MacCMBOM U3 24-X 3HauUeHU!
131

132

133

134

135 fig, ax = plt.subplots(2, 1, figsize=(18, 16))

136

137 ax[0].bar(HOY, Load[HOD], color="'blue’)

138 ax[0].set_xlabel('"Homep uaca’)

305



139 ax[0].set_ylabel('Harpyska, kBT')
140 ax[0].grid(linestyle="--")
141

142 ax[1].bar(HOY, PV[HOD], color="yellow')
143 ax[1].set_xlabel('Homep uaca')

144 ax[1].set_ylabel('BbipaboTka CIC, kBT')
145 ax[1].grid(linestyle="--")

146

147 fig.tight_layout(pad=2)

148

149 plt.show()

150

151

152 # ### 3. OnTMMMU3auus coctaBa U pexnmos obopyaosaHus AIDY
153

154 # #### 3.1 3apnaem napameTpbl 0bopynoBaHus AI9Y
155

156

157

158 #konuuectso AIY

159 Ndgu =1

160 N = np.array([n for n in range(0, Ndgu)])

161

162 #MmmakcumanbHble MmowHocTy ATY

163 DGU1_pmax = 12 #kBt

164 DGU1_pmin = 0.3" DGU1_pmax #MunHuManbHo-gonyctumas mowHoctsb Iy
165

166 DGU2_pmax = 0 #kBt

167 DGU2_pmin = 0.3* DGU2_pmax

168

169 DGU3_pmax = 0 #kBT

170 DGU3_pmin = 0.1* DGU3_pmax

171
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172 DGU4_pmax = 0 #kBt

173 DGU4_pmin = 0.1* DGU4_pmax
174

175 DGU5_pmax = 0 #kBt

176 DGU5_pmin = 0.1* DGU5_pmax
177

178 DGU6_pmax = 0 #kBT

179 DGU6_pmin = 0.1* DGU6_pmax
180

181 d1_availability_state = 1

182 d2_availability_state = 0

183 d3_availability_state = 0

184 d4_availability_state = 0

185 d5_availability_state = 0

186 d6_availability_state = 0

187 # Kpusble pacxoaa tonnusa 'Y
188 # [lnana3oH nocTpoeHus KpuBbix pacxoaa tonnusa 1Y
189 p1 = np.arange(0, DGU1_pmax + 1)
190 p2 = np.arange(0, DGU2_pmax + 1)
191 p3 = np.arange(0, DGU3_pmax + 1)
192 p4 = np.arange(0, DGU4_pmax + 1)
193 p5 = np.arange(0, DGU5_pmax + 1)
194 p6 = np.arange(0, DGU6_pmax + 1)
195 # Koadpdpmunentsl K u B npsmoit nuHumn, annpokcumupyiouien (abconioTHyto) pacxoaHyto xapaktepuctuky AlY (u3 nacnoprtos AY)
196 Kb1 = 0.29

197 Kb2 = 0.23

198 Kb3 = 0.0

199 Kb4 = 0.0

200 Kb5 = 0.0

201 Kb6 = 0.0

202 Bb1 =242

203 Bb2 = 1.93

204 Bb3 =0
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205 Bb4 =0

206 Bb5 =0

207 Bb6 =0

208 # Kpusble abconioTHoro pacxoaa tonnausa Y

209 DGU1_FuelCurve = Kb1* p1 + Bb1

210 DGU2_FuelCurve = Kb2* p2 + Bb2

211 DGU3_FuelCurve = Kb3™ p3 + Bb3

212 DGU4_FuelCurve = Kb4™* p4 + Bb4

213 DGU5_FuelCurve = Kb5 ™ p5 + Bb5

214 DGU6_FuelCurve = Kb6 ™ p6 + Bb6

215 DGU1_fuel = DGU1_FuelCurve

216 DGU2_fuel = DGU2_FuelCurve

217 DGU3_fuel = DGU3_FuelCurve

218 DGU4_fuel = DGU4_FuelCurve

219 DGU5_fuel = DGU5_FuelCurve

220 DGU6_fuel = DGU6_FuelCurve

221 # MocTpoeHre pacxoaHbIX XapakTepucTuk Tonbko ans tex ArY, uto goctynHel k paborte

222 fig, ax = plt.subplots(1,1)

223 if d1_availability_state == 1: ax.plot(DGU1_FuelCurve, label="[ATY #1)

224 if d2_availability_state == 1: ax.plot(DGU2_FuelCurve, label="1T'y #2")

225 if d3_availability_state == 1: ax.plot(DGU3_FuelCurve, label="[ATY #3')

226 if d4_availability_state == 1: ax.plot(DGU4_FuelCurve, label="[ATY #4')

227 if d5_availability_state == 1: ax.plot(DGU5_FuelCurve, label="[ATY #5')

228 if d6_availability_state == 1: ax.plot(DGU6_FuelCurve, label="[ATY #6')

229 xmax = max(DGU1_pmax, DGU2_pmax, DGU3_pmax, DGU4_pmax, DGU5_pmax, DGU6_pmax)

230 ax.set_xlim(0, xmax*1.05)

231 ymax = max(DGU1_FuelCurve.max(), DGU2_FuelCurve.max(), DGU3_FuelCurve.max(), DGU4_FuelCurve.max(),
DGU5_FuelCurve.max(), DGU6_FuelCurve.max())

232 ax.set_ylim(0, ymax*1.05)

233 ax.set_xlabel('"MouwHocTb, kKBT')

234 ax.set_ylabel('"Pacxon Tonnusa, n/u’)

235 ax.legend(loc="best")

236 ax.grid()
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237 # 3aTpatbl Ha xonoAHbin nyck ATY

238 d1_startup_cost = 0

239 d2_startup_cost =0

240 d3_startup_cost = 0

241 d4_startup_cost = 0

242 d5_startup_cost = 0

243 d6_startup_cost = 0

244 # 3aTpaTbl Ha octaHoBKy AT'Y

245 d1_shutdown_cost = 0

246 d2_shutdown_cost = 0

247 d3_shutdown cost = 0

248 d4_shutdown cost = 0

249 d5_shutdown_cost = 0

250 d6_shutdown_cost = 0

251 #ueHa gn3.Ttonnmea

252 Fuel_price = 60 #py6/n

253 # MOLLIHOCTb CONTHEUYHbIX NHBEPTOPOB

254 PV _invl =7

255 PV _inv2 =7

256 PV _inv3 =7

257 PV _inv4d =7

258 PV _inv5 =7

259 PV _inv6 =7

260 PV _inv7 =7

261 # MolHOCTb 6aTapeiiHbiX MHBEPTOPOB

262 ESS_inv = 30

263 BatteryCapacity = 19.2 # Emkoctb CH3 B kBTu

264 SOCmin = 50 # MnHnmanbHO fonycTumblii ypoBeHb 3apsiga CHI, %
265 SOCmax = 100 # MakcumanbHo fonyctumslii yposeHb 3apsina CHI, %
266 Eff_Bat = 1.00 # KN4 CHI (KM akkymynsaTopos 1 MHBEPTOPOB, KO3 PrLUMEHT camopaspsiaa Nnoka He BKITIOUEH)
267 # loctynHoctb nHeptopoB CHI Ha momeHT 10 Hauana pacuerta (0 - nuseptop CHI HepgocTyneH)
268 ess1_availability_state = 1

269 ess2_availability_state = 0
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270 # YposeHb 3apsaa CHI Ha MOMeHT Hauana pacueTa

271 # TIPUMEYAHWE: 3HaueHune 1onKHO 6bITh NnonyuyeHo n3 b/l B MomeHT Hauana pabotel MNanHuposuinka
272 soc1_before = 100

273 soc2_before = 100

274 # HactpanBaembliit ypoBeHb 3apsiaa CHI Ha koHel, pacueTHoro nepuoaa (ecnv HyxHo 3apsanTb/paspsants AKb npuHyantenbHo)
275 soc1_after = 100

276 soc2_after = 100

277 m = pyo.ConcreteModel()

278 output = []

279 #[paHnunble ycnosus AT'Y

280 #uncno yacoB paboTbl [JI'Y Ha MOMeHT 10 Hauana pacyeTa
281 d1_up_before = 0

282 d2_up_before = 0

283 d3_up_before = 0

284 d4_up_before = 0

285 d5_up_before = 0

286 d6_up_before = 0

287 #uncno vacos npoctosa 'Y Ha MoMeHT 0 Hauana pacueTta
288 d1_down_before = 0

289 d2_down_before = 0

290 d3_down_before = 0

291 d4 _down_before = 0

292 d5_down_before = 0

293 d6_down_before = 0

294 # CtaTyc pa6otbl [II'Y Ha MOMeHT Hauana pacueta

295 # MPUMEYAHWE: 3HaueHne nonxHo 6biTb nonyyeHo us b/l B MomeHT Hauana pabotel [ManHuposlmka
296 ul_start =0

297 u2_start =0

298 u3_start =0

299 u4_start =0

300 u5_start =0

301 u6_start =0
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302 # MMHUManbHOe JOMYCTUMOE UKCI0 NocneaoBaTenbHbIX YacoB pabotbl Y

303 d1_min_up_time = 0

304 d2_min_up_time = 0

305 d3_min_up_time = 0

306 d4_min_up_time = 0

307 d5_min_up_time = 0

308 d6_min_up_time = 0

309 # MUHUMaNbHOE 4OMYCTMMOE UKCII0 Moc/iefoBaTeNbHbIX Yacos npoctos ATY

310 d1_min_down_time =0

311 d2_min_down_time =0

312 d3_min_down_time =0

313 d4_min_down_time =0

314 d5_min_down_time = 0

315 d6_min_down_time = 0

316 # ##### 3.2.2 OrpaHnuyeHus

317

318 # banaHc mowHOCTH

319 # $$\sum_{i\in\mathcal{I}}P_{i,t}"{DGU}+\widehat{\sum_{j\in\mathcal{J}}P_{j,t}"{PV}}-\sum_{k\in\mathcal{K}}P_{k,t}"{charge}

320 # +\sum_{k\in\mathcal{K}}P_{k,t}"{discharge}= \widehat{\sum_{N\in\mathcal{L}}P_{I,t}"{load}} \qquad \forall t \in \mathcal{T}$$

321 #

322 # <p><center> rae $\widehat {P_{l,t}"{load}} = \widehat{P_{t}"{consumer}}+\widehat{P_{t}"{self}}$ - nporHo3zHas cymmapHas akTusHas
Harpy3ka (notpebuTtesnb + cO6CTBEHHbIE HYXKabl), KBT </center></p>

323

324

325

326

327 def balance(model, i):

328 return m.x1[i] + m.x2[i] + m.x3[i] + m.x4[i] + m.x5[i]+ m.x6[i] + m.bat1_dch[i] - m.bat1_ch[i] + m.bat2_dch[i] - m.bat2_ch[i] +
m.PV1[i] + m.PV2[i] + m.PV3[i] + m.PV4[i] + m.PV5[i] + m.PV6[i] + m.PV7[i] == (np.asarray(Load)[i])

329

330

331 # MuHumanbHOe umncio nocneaoBatenbHbix yacos 1Y B pabote (noka npuHsaTo 3a 3 vaca)

332 #
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333 # $$[h_i*{up}(t-1)-T_i*{up}][u_i(t-1)-u_i(t)]\geq0 \qquad \forall t \in \mathcal{T}$$

334 #

335 # <p><center>rae $h_i"{up}(t-1)$ - uncno nocnepoBatenbHbIX UacoB K KoHLUY $(t-1)$-ro uaca, B TeueHune koTopbix $i$-biit AU3enb-reHe-
patop 6bin B pabote; $T_i"{up}$ - MMHUManbHOe foNycTMMOE Uncno nocfiefoBaTeNbHbIX YacoB $i$-ro ansenb-reHepaTtopa B pabote; $u_i(t)$ - 6u-
HapHblit k03 duLUneHT cocTosiHug $i$-ro ausenb-reHepatopa B MoMeHT BpeMeHu $t$ (0 - Bbikn; 1 - BKIT) </center></p>

336 #

337 #

338 #

339

340 # <p><center> OrpaHuueHue no yaenbHoi 3arpyske [AIY. YaenbHas 3arpyska $i$-ro paboratouiero ansenb-reHepatopa B MOMEHT Bpe-
meHn $t$ 6onblue nnu pasHa 0.5: </center></p>

341 #

342 # $$\begin{cases}u_{i,t} = 1,\\\frac{P_{i,t}}{P_{i}"{max}} \geq 0.5\end{cases} \hspace{.5cm} \forall i \in \mathcal{l}, \ t \in \mathcal{T}$$

343 #

344 # <p><center> [0TOBHOCTb Kk paboTe $i$-ro Ansenb-reHepatopa B TeueHue Bcero pacuetHoro nepuoaa $\mathcal{T}$: </center></p>

345 #

346 # $$% a_{i}"{DGUNcdot u_{i,t} - u_{i,t} = 0 \hspace{.5cm} \forall i \in \mathcal{l}, \ t \in \mathcal{T}, a \in [0,1]$$

347 #

348 # <p><center> rae $a_{i}$ - GunapHbiii koaddpuumnenT goctynHoctu $i$-ro ansenb-reHepatopa Ha Becb pacueTHbilt nepuoa $\mathcal{T}
$ (1 - poctyneH, 0 - peMOHT, Tex.06CyK1BaHWe, aBapus U T.4.) </center></p>

349

350

351

352

353 def d1_min_up_time_c(model, i):

354 ifi==T1:

355 return (d1_up_before - d1_min_up_time)*(u1_start - m.ul1[i]) >= 0
356  elifi<=T1+2:

357 uj =[]

358 uj.append(m.ul[i-1])

359 for j in range(T1, i):

360 uj.append(m.ul[j])

361 return ((sum(uj) - d1_min_up_time)*(m.u1[i-1] - m.u1[i])) >= 0
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362 else:

363 return ((m.u1[i-1] + m.u1[i-2] + m.u1[i-3] - d1_min_up_time)*(m.u1[i-1] - m.u1[i])) >= 0
364

365 def d2_min_up_time_c(model, i):

366  ifi==T1:

367 return (d2_up_before - d2_min_up_time)*(u2_start - m.u2[i]) >= 0
368 elifi<=T1+2:

369 uj =[]

370 uj.append(m.u2[i-1])

371 for j in range(T1, i):

372 uj.append(m.u2[j])

373 return ((sum(uj) - d2_min_up_time)*(m.u2[i-1] - m.u2[i])) >= 0
374  else:

375 return ((m.u2[i-1] + m.u2[i-2] + m.u2[i-3] - d2_min_up_time)*(m.u2[i-1] - m.u2[i])) >= 0
376

377 def d3_min_up_time_c(model, i):

378  ifi==T1:

379 return (d3_up_before - d3_min_up_time)*(u3_start - m.u3[i]) >= 0
380 elifi<=T1+2:

381 uj =[]

382 uj.append(m.u3[i-1])

383 for j in range(T1, i):

384 uj.append(m.u3[j])

385 return ((sum(uj) - d3_min_up_time)*(m.u3[i-1] - m.u3[i])) >= 0
386 else:

387 return ((m.u3[i-1] + m.u3[i-2] + m.u3[i-3] - d3_min_up_time)*(m.u3[i-1] - m.u3[i])) >= 0
388

389 def d4_min_up_time_c(model, i):

390 ifi==T1:

391 return (d4_up_before - d4_min_up_time)*(u4_start - m.u4[i]) >= 0
392 elifi<=T1+2:

393 uj =[]

394 uj.append(m.u4[i-1])
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395 for j in range(T1, i):

396 uj.append(m.u4[j])

397 return ((sum(uj) - d4_min_up_time)*(m.u4[i-1] - m.u4[i])) >= 0

398 else:

399 return ((m.u4[i-1] + m.u4[i-2] + m.u4[i-3] - d4_min_up_time)*(m.u4[i-1] - m.u4[i])) >= 0
400

401 def d5_min_up_time_c(model, i):

402 ifi==T1:

403 return (d5_up_before - d5_min_up_time)*(u5_start - m.u5[i]) >= 0

404  elifi<=T1+2:

405 uj =[]

406 uj.append(m.u5[i-1])

407 for j in range(T1, i):

408 uj.append(m.u5[j])

409 return ((sum(uj) - d5_min_up_time)*(m.u5[i-1] - m.u5[i])) >= 0

410  else:

411 return ((m.u5[i-1] + m.u5[i-2] + m.u5[i-3] - d5_min_up_time)*(m.u5[i-1] - m.u5[i])) >= 0
412

413 def d6_min_up_time_c(model, i):

414 ifi==T1:

415 return (d6_up_before - d6_min_up_time)*(u6_start - m.u6[i]) >= 0

416  elifi<=T1+2:

417 uj =[]

418 uj.append(m.u6[i-1])

419 for j in range(T1, i):

420 uj.append(m.u6[j])

421 return ((sum(uj) - d6_min_up_time)*(m.u6[i-1] - m.u6[i])) >= 0

422 else:

423 return ((m.u6[i-1] + m.u6[i-2] + m.u6[i-3] - d6_min_up_time)*(m.u6[i-1] - m.u6[i])) >= 0
424

425

426 # MuHUManbHoe uncno nocnegoBatenbHbIX YacoB npoctos Y (noka npuHsaTo 3a 3 vaca)
427 #
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428 # $$[h_i*{down}(t-1)+T_i"{down}][u_i(t)-u_i(t-1)]\leq0 \qquad \forall t \in \mathcal{T}$$

429 #

430 # <p><center>rge $h_i"{down}(t-1)$ - uncno nocnenoBatenbHbIx uacoB K koHuy $(t-1)$-ro uaca, B TeueHue koTopbix $i$-biit An3ennb-
reHepatop npoctamsan; $T_i"{down}$ - MuHuManbHOe gonycTumMoe umucio nocienaoBaTeNbHbIX YacoB npoctos $i$-ro amsenb-reHepaTopa </

center></p>
431
432
433
434
435 def d1_min_down_time_c(model, i):
436 ifi==T1:
437 return (d1_down_before + d1_min_down_time)*(-u1_start + m.ul[i]) <=0
438 elifi<=T1+2:
439 uj =[]
440 uj.append(m.ul[i-1])
441 for j in range(T1, i):
442 uj.append(m.ulf[j])
443 return ((sum(uj) - 2 + d1_min_down_time)*(-m.u1[i-1] + m.u1[i])) <=0
444  else:
445 return ((m.ul1[i-1] + m.u1[i-2] + m.u1[i-3] - 3 + d1_min_down_time)*(-m.u1[i-1] + m.u1[i])) <= 0
446
447 def d2_min_down_time_c(model, i):
448 ifi==T1:
449 return (d2_down_before + d2_min_down_time)*(-u2_start + m.u2[i]) <= 0
450  elifi <=T1+2:
451 uj =[]
452 uj.append(m.u2[i-1])
453 for j in range(T1, i):
454 uj.append(m.u2[j])
455 return ((sum(uj) - 2 + d2_min_down_time)*(-m.u2[i-1] + m.u2[i])) <= 0
456  else:
457 return ((m.u2[i-1] + m.u2[i-2] + m.u2[i-3] - 3 + d2_min_down_time)*(-m.u2[i-1] + m.u2[i])) <= 0
458
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459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
4382
483
484
485
486
487
488
439
490
491

def d3_min_down_time_c(model, i):

ifi==T1:

return (d3_down_before + d3_min_down_time)*(-u3_start + m.u3[i]) <=0
elifi <=T1+2:

uj =[]

uj.append(m.u3[i-1])

for j in range(T1, i):

uj.append(m.u3[j])

return ((sum(uj) - 2 + d3_min_down_time)*(-m.u3[i-1] + m.u3[i])) <= 0
else:

return ((m.u3[i-1] + m.u3[i-2] + m.u3[i-3] - 3 + d3_min_down_time)*(-m.u3[i-1] + m.u3[i])) <= 0

def d4_min_down_time_c(model, i):

ifi==T1:

return (d4_down_before + d4_min_down_time)*(-u4_start + m.u4[i]) <= 0
elif i <= T1+2:

uj =[]

uj.append(m.u4[i-1])

for j in range(T1, i):

uj.append(m.u4[j])

return ((sum(uj) - 2 + d4_min_down_time)*(-m.u4[i-1] + m.u4[i])) <= 0
else:

return ((m.u4[i-1] + m.u4[i-2] + m.u4[i-3] - 3 + d4_min_down_time)*(-m.u4[i-1] + m.u4[i])) <= 0

def d5_min_down_time_c(model, i):
ifi==T1:
return (d5_down_before + d5_min_down_time)*(-u5_start + m.u5[i]) <=0
elif i <=T1+2:
uj = []
uj.append(m.u5[i-1])
for j in range(T1, i):
uj.append(m.u5[j])
return ((sum(uj) - 2 + d5_min_down_time)*(-m.u5[i-1] + m.u5[i])) <= 0
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492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524

else:
return ((m.u5[i-1] + m.u5[i-2] + m.u5[i-3] - 3 + d5_min_down_time)*(-m.u5[i-1] + m.u5[i])) <= 0

def d6_min_down_time_c(model, i):
ifi==T1:
return (d6_down_before + d6_min_down_time)*(-u6_start + m.u6[i]) <=0
elif i <=T1+2:
uj = (]
uj.append(m.u6[i-1])
for j in range(T1, i):
uj.append(m.u6[j])
return ((sum(uj) - 2 + d6_min_down_time)*(-m.u6[i-1] + m.u6[i])) <=0
else:
return ((m.u6[i-1] + m.u6[i-2] + m.u6[i-3] - 3 + d6_min_down_time)*(-m.u6[i-1] + m.u6[i])) <= 0
# 3anaHvie orpaHMUYEHin MO YacToTe NyckoB u octaHoBoB [AIY (no kpuTepuio 3aTpart Ha MycKU U OCTAHOBbI)
#
# <p><center> 3atpaTbl Ha nyck $i$-ro ausens-reHepatopa B MomeHT Bpemeru $t$: </center></p>
#
# $$SU_{i,t}"{DGU} \geq SU_{i}"{DGU} (u_{i,t} - u_{i,t-1}) \hspace{.5cm} \forall i \in \mathcal{l}, \ t \in \mathcal{T} $$
#
# <p><center> rge $SU_{i}"{DGU}$ - 3atpatbl Ha nyck $i$-ro ausenb-reHepatopa, pyb </center></p>
#
# <p><center> 3atpartbl Ha ocTaHoB $i$-ro nusenb-reHepaTopa B MOMeHT BpeMeHu $t$: </center></p>
#
# $$SD_{i,t}"{DGU} \geq SD_{i}"{DGU} (u_{i,t-1} - u_{i,t}) \hspace{.5cm} \forall i \in \mathcal{l}, \ t \in \mathcal{T} $$
#
# <p><center> rae $SD_{i}"{DGU}$ - 3aTpaTbl Ha ocTaHOB $i$-ro au3enb-reHepartopa, py6 </center></p>

def d1_start_up_cost(model, i):
ifi==T1:
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525 return m.sucl1[i] >= d1_startup_cost*(m.u1[i]-u1_start)
526  else:

527 return m.sucl1[i] >= d1_startup_cost*(m.u1[i]-m.u1[i-1])
528

529 def d2_start_up_cost(model, i):

530 ifi==T1:

531 return m.suc2[i] >= d2_startup_cost*(m.u2[i]-u2_start)

532 else:

533 return m.suc2[i] >= d2_startup_cost™(m.u2[i]-m.u2[i-1])
534

535 def d3_start_up_cost(model, i):

536 ifi==T1:

537 return m.suc3[i] >= d3_startup_cost*(m.u3[i]-u3_start)

538 else:

539 return m.suc3[i] >= d3_startup_cost*(m.u3[i]-m.u3[i-1])
540

541 def d4_start_up_cost(model, i):

542 ifi==T1:

543 return m.suc4[i] >= d4_startup_cost™(m.u4[i]-u4_start)

544  else:

545 return m.suc4[i] >= d4_startup_cost™(m.u4[i]-m.u4[i-1])
546

547 def d5_start_up_cost(model, i):

548 ifi==T1:

549 return m.suc5[i] >= d5_startup_cost*(m.u5[i]-u5_start)

550 else:

551 return m.suc5[i] >= d5_startup_cost*(m.u5[i]-m.u5[i-1])
552

553 def d6_start_up_cost(model, i):

554  ifi==T1:

555 return m.suc6[i] >= d6_startup_cost™(m.u6[i]-u6_start)

556  else:

557 return m.suc6[i] >= d6_startup_cost™(m.u6[i]-m.u6[i-1])
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559
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590

def d1_shut_down_cost(model, i):
ifi==T1:

return m.sdc1[i] >= d1_shutdown_cost*(u1_start-m.u1[i])

else:

return m.sdc1[i] >= d1_shutdown_cost*(m.u1[i-1]-m.u1[i])

def d2_shut_down_cost(model, i):
ifi==T1:

return m.sdc2[i] >= d2_shutdown_cost*(u2_start-m.u2[i])

else:

return m.sdc2[i] >= d2_shutdown_cost*(m.u2[i-1]-m.u2[i])

def d3_shut_down_cost(model, i):
ifi==T1:

return m.sdc3[i] >= d3_shutdown_cost*(u3_start-m.u3[i])

else:

return m.sdc3[i] >= d3_shutdown_cost*(m.u3[i-1]-m.u3[i])

def d4_shut_down_cost(model, i):
ifi==T1:

return m.sdc4[i] >= d4_shutdown_cost*(u4_start-m.u4[i])

else:

return m.sdc4[i] >= d4_shutdown_cost*(m.u4[i-1]-m.u4[i])

def d5_shut_down_cost(model, i):
ifi==T1:

return m.sdc5[i] >= d5_shutdown_cost*(u5_start-m.u5[i])

else:

return m.sdc5[i] >= d5_shutdown_cost*(m.u5[i-1]-m.u5[i])

def d6_shut_down_cost(model, i):
ifi==T1:
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591 return m.sdc6[i] >= d6_shutdown_cost*(u6_start-m.u6[i])

592 else:

593 return m.sdc6[i] >= d6_shutdown_cost*(m.u6[i-1]-m.u6[i])

594

595 # OrpaHuueHus Ha paboty CHO:

596 #

597 # <p><center> [lopaepxaHue yposHs 3apsaaa CHI B ycTaHOBNeHHbIX Npeaenax: </center></p>
598 #

599 # $$(1-DOD_{k,min})\leq\eta_k"s SOC_{k, t-1}+100 \cdot \left(P_{k,t}"{charge} \cdot \eta_k"{charge} + \frac {P_{k,t}"{discharge}}
{\eta_k"{discharge}}\right) \frac{\Delta t{C_k}\leq SOC_{k,max} \hspace{.5cm} \forall k \in \mathcal{K}, \ t \in \mathcal{T} $$

600 #

601 # <p><center> rae $\eta_k"s$ - koacppuument camopaspsaa $k$-it CHI, %; $C_k$ - emkoctb $k$-11 CHI, kBtu; $DOD_{k,min}$ - max-
cumanbHas rinybuna paspsana (70%), %; $SOC_{k}$ - yposeHb 3apsna $k$-n CHI </center></p>

602

603 # <p><center> OrpaHuueHne nonycTumon ckopoctu (MowHocTn) paspsiaa/sapaaa $k$-n CHI: </center></p>

604 #

605 # $$P_{k,t}"{dch} \leq P_{k,max}"{dch} \hspace{.5cm} \forall k \in \mathcal{K}, \ t \in \mathcal{T} $$

606 # $$P_{k,t}"{ch}\leq P_{k,max}"{ch} \hspace{.5cm} \forall k \in \mathcal{K}, \ t \in \mathcal{T} $$

607

608

609

610

611 def soc1_ctrl(model, i):

612 ifi==T1:

613 return m.soc1[i] == soc1_before - 100"m.bat1_dch[i]/(Eff_Bat*BatteryCapacity) + Eff_Bat*100*m.bat1_ch[i]/BatteryCapacity
614  else:

615 return m.soc1[i] == m.soc1[i-1] - 100*m.bat1_dch[i]/(Eff_Bat*BatteryCapacity) + Eff_Bat*100*m.bat1_ch[i]/BatteryCapacity
616

617 def soc2_ctrl(model, i):

618 ifi==T1:

619 return m.soc2[i] == soc2_before - 100*m.bat2_dch[i]/(Eff_Bat*BatteryCapacity) + Eff_Bat*100*m.bat2_ch[i]/BatteryCapacity
620 else:

621 return m.soc2[i] == m.soc2[i-1] - 100*m.bat2_dch[i]/(Eff_Bat*BatteryCapacity) + Eff_Bat*100*m.bat2_ch[i]/BatteryCapacity
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644
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646
647
648
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650
651
652
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654

# <p><center> loToBHOCTb Kk paboTe $k$-it CHI B TeueHme Bcero pacuetHoro nepuoaa $\mathcal{T}$: </center></p>
#
# $$ a_{k}"{ESSP\cdot P_{k,t}"{ch/dch} - P_{k,t}"{ch/dch} = 0 \hspace{.5cm} \forall k \in \mathcal{K}, \ t \in \mathcal{T}, a \in [0,1]$$

def ess1_availability (model, i):
return m.bat1_dch[i] + m.bat1_ch[i] == (m.bat1_dch[i] + m.bat1_ch[i]) * ess1_availability_state

def ess2_availability (model, i):
return m.bat2_dch[i] + m.bat2_ch[i] == (m.bat2_dch[i] + m.bat2_ch[i]) * ess2_availability_state

# <p><center> OrpaHuueHue ogHoBpeMeHHOro paspsaa u 3apsaa $k$-it CHI B momeHT BpemeHnn $t$: </center></p>
#

# $$P_{k,t}"{dch} \cdot P_{k,t}"{ch} = 0\hspace{.5cm} \forall k \in \mathcal{K}, \ t \in \mathcal{T} $$

# CH?D He nonkHa 3apsKaTbCsi U pas3psiKaTbCsl OHOBPEMEHHO
def ch_x_dch1 (model, i):
return m.bat1_ch[i] * m.bat1_dch[i] == 0

def ch_x_dch2 (model, i):
return m.bat2_ch[i] * m.bat2_dch[i] == 0

def ess12(model, i):
return m.bat1_dch[i] - m.bat2_ch[i] - m.bat1_dch[i] == 0
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655 def ess21(model, i):

656  return m.bat2_dch[i] - m.bat1_ch[i] - m.bat2_dch[i] == 0
657

658 def cycle1(model, i):

659  return m.soc1[T1+T2-T1-1] >= soc1_after

660

661 def cycle2(model, i):

662  return m.soc2[T1+T2-T1-1] >= soc2_after

663

664 #cnHxpoHHas paboTa nuseptopos CHI

665 def as_onel(model, i):

666  return m.bat1_dch[i] == m.bat2_dch[i]

667

668 def as_one2(model, i):

669  return m.bat1_ch[i] == m.bat2_chi]

670 # ecnun CHD 3apsixkeHa He Ha 100%, He orpaHnumnBaem nHeeptopbl CIC
671 def curtailment_control1 (model, i):

672  return m.PV1[i] + m.PV2[i] + m.PV3[i] + m.PV4[i] + m.PV5[i] + m.PV6[i] + m.PV7[i] - PV[i] - m.bat1_ch[i]/ESS_inv <=0
673

674 def curtailment_control2 (model, i):

675  return m.PV1[i] + m.PV2[i] + m.PV3[i] + m.PV4[i] + m.PV5[i] + m.PV6[i] + m.PV7[i] - PV[i] - m.bat2_ch[i]/ESS_inv <=0
676

677 def d1_availability (model, i):

678  return m.ulfi] == m.ul1[i] * d1_availability_state

679

680 def d2_availability (model, i):

681  return m.u2[i] == m.u2[i] * d2_availability_state

682

683 def d3_availability (model, i):

684  return m.u3[i] == m.u3[i] * d3_availability_state

685

686 def d4_availability (model, i):

687  return m.u4[i] == m.u4[i] * d4_availability_state
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688

689 def d5_availability (model, i):

690  return m.u5[i] == m.u5[i] * d5_availability_state

691

692 def d6_availability (model, i):

693  return m.u6[i] == m.u6[i] * d6_availability_state

694

695 # ##### 3.2.3 Coopka moaenu Pyomo no chopmynmpoBaHHbIM OrpaHUUeHNIM

696

697 # <b><center> LleneBas ¢pyHkumus: </center></b>

698 #

699 # $$min \ OPEX = \sum_{t=1}"{48} \sum_{i=1}"{4} \sum_{j=1}"{7} \sum_{k=1}"{2} \sum_{m=1}"{2} F\cdot (0.0219\cdot P_{max}
"{DGU1}\cdot u_t"{DGU1}+0.3125\cdot P_t"{DGU1}

700 # + 0.0219\cdot P_{max}"{DGU2}\cdot u_t"{DGU2}+0.3125\cdot P_t"{DGU2} + 0.049\cdot P_{max}"{DGU3}\cdot
u_t"{DGU3}+0.2788\cdot P_t"{DGU3}+

701 # 0.049\cdot P_{max}"{DGU4}\cdot u_t"{DGU4}+0.2788\cdot P_t"{DGU4}) + SU_{it}"{DGU} + SD_{i,t}"{DGU} + PV_{j,t}"{cost} +
ESS_{k,t}"{cost} + ESS_{m,t}"{cost} $$

702 #

703 # rpe $F$ - uena 3a 1 nutp amstonnuea, py6 (npuusto 3a 45 py6.); $P_{max}*{DGU1}$ - makcumanbHas akTUBHAs MOLLHOCTb AU3ENb-
reHepatopa Nel, kBt ; $P_t*{DGU1}$ - mowHocTb ansenb-reHepatopa Nel B momeHT Bpemenn $t$, kBt; $u_t*{DGU1}$ - 6unapHbiin koapduumnert
cocTosiHus ausenb-reHepatopa Nel B MomeHT BpemeHu $t$ (0 - Bbikn; 1 - Bki); $SU_{i,t}"{DGU}$ - 3atpatel Ha nyck $i$-ro amusenb-reHepatopa B
momeHT Bpemenu $t$; $SD_{i,t}"{DGU}$ - 3atpatbl Ha octaHoB $i$-ro qusenb-reHepatopa B MomeHT BpemeHu $t$; $PV_{j,t}"{cost}$ - akcnnyataun-
OHHble 3aTpaTbl $j$-ro nHeeptopa B momeHT Bpemenn $t$; SESS_{k,t}"{cost}$ - akcnnyataumonHbie 3arparnol $k$-ro nnsepropa CHI B momeHT Bpe-
meHu $t$; ESS_{m,t}"{cost} - akcnnyataumnoHHbie 3aTpaTtbl $m$-1i CHI B momeHT BpemeHu $t$ $$

704

705 #0.0219, 0.3125 - 370 K03(pULMEHTBI C pacxoaHbIX XxapakTepuctuk AIY. dopmyny ucnpasnio nosxe
706

707 def unit_commitment():

708

709 m.N = pyo.Set(initialize=N)

710 m.T = pyo.Set(initialize=T)

711

712 mx1 = pyoVar(m.T, domain=pyo.NonNegativeReals, bounds = (0, DGU1_pmax))
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713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745

m.ul = pyo.Var(m.T, domain=pyo.Binary)

m.x2 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, DGU2_pmax))
m.u2 = pyoVar(m.T, domain=pyo.Binary)

m.x3 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, DGU3_pmax))
m.u3 = pyo.Var(m.T, domain=pyo.Binary)

m.x4 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, DGU4_pmax))
m.u4 = pyoVar(m.T, domain=pyo.Binary)

m.x5 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, DGU5_pmax))
m.u5 = pyo.Var(m.T, domain=pyo.Binary)

m.x6 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, DGU6_pmax))
m.u6 = pyo.Var(m.T, domain=pyo.Binary)

m.bat1_dch = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, ESS_inv))
m.bat1_ch = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, ESS_inv))

m.bat2_dch = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, ESS_inv))
m.bat2_ch = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, ESS_inv))

m.soc1 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (SOCmin, SOCmax))
m.soc2 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (SOCmin, SOCmax))

m.sucl = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds =
m.suc2 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds =
m.suc3 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds =

( (0, d1_startup_cost
( (
( (
m.suc4 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (
( (
( (

, d2_startup_cost
, d3_startup_cost
, d4_startup_cost
, d5_startup_cost
, d6_startup_cost

m.suc5 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds =
m.suc6 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds =

S O O O O O

)
)
)
)
)
)

324



746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778

m.sdc1 = pyoVar(m.T, domain=pyo.NonNegativeReals, bounds = (0, d1_shutdown_cost
m.sdc2 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, d2_shutdown_cost
m.sdc3 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, d3_shutdown_cost
m.sdc4 = pyoVar(m.T, domain=pyo.NonNegativeReals, bounds = (0, d4_shutdown_cost
m.sdc5 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, d5_shutdown_cost
m.sdc6 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, d6_shutdown_cost
m.PV1 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, PV_inv1))
m.PV2 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, PV_inv2))
m.PV3 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, PV_inv3))
m.PV4 = pyoVar(m.T, domain=pyo.NonNegativeReals, bounds = (0, PV_inv4))
m.PV5 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, PV_inv5))
m.PV6 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, PV_inv6))
m.PV7 = pyo.Var(m.T, domain=pyo.NonNegativeReals, bounds = (0, PV_inv7))

m.Ib1 = pyo.Constraint(m.T, rule=lambda m, t: DGU1_pmin*m.u1[t] <= m.x1[t])

m.ub1 = pyo.Constraint(m.T, rule=lambda m, t: DGU1_pmax*m.ul1[t] >= m.x1[t])
m.Ib2 = pyo.Constraint(m.T, rule=lambda m, t: DGU2_pmin*m.u2[t] <= m.x2[t]
m.ub2 = pyo.Constraint(m.T, rule=lambda m, t: DGU2_pmax*m.u2[t] >= m.x2[t])
m.Ib3 = pyo.Constraint(m.T, rule=lambda m, t: DGU3_pmin*m.u3[t] <= m.x3[t]

)
]
)
m.ub3 = pyo.Constraint(m.T, rule=lambda m, t: DGU3_pmax*m.u3[t] >= m.x3[t])
m.Ib4 = pyo.Constraint(m.T, rule=lambda m, t: DGU4_pmin*m.u4[t] <= m.x4[t])
m.ub4 = pyo.Constraint(m.T, rule=lambda m, t: DGU4_pmax*m.u4[t] >= m.x4[t])
m.Ib5 = pyo.Constraint(m.T, rule=lambda m, t: DGU5_pmin*m.u5[t] <= m.x5[t])
m.ub5 = pyo.Constraint(m.T, rule=lambda m, t: DGU5_pmax*m.u5[t] >= m.x5[t])
m.Ib6 = pyo.Constraint(m.T, rule=lambda m, t: DGU6_pmin*m.u6[t] <= m.x6[t])
m.ub6 = pyo.Constraint(m.T, rule=lambda m, t: DGU6_pmax*m.u6[t] >= m.x6[t])
m.pv1 = pyo.Constraint(m.T, rule=lambda m, t: m.PV1[t] <= PV[t]/7)
m.pv2 = pyo.Constraint(m.T, rule=lambda m, t: m.PV2[t] <= PV[t]/7)
m.pv3 = pyo.Constraint(m.T, rule=lambda m, t: m.PV3[t] <= PV[t]/7)
m.pv4 = pyo.Constraint(m.T, rule=lambda m, t: m.PV4[t] <= PV[t]/7)
m.pv5 = pyo.Constraint(m.T, rule=lambda m, t: m.PV5[t] <= PV[t]/7)

)
)
)
)
)
)



779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811

m.pv6 = pyo.Constraint(m.T, rule=lambda m, t: m.PV6[t] <= PV[t]/7)
m.pv7 = pyo.Constraint(m.T, rule=lambda m, t: m.PV7[t] <= PV[t]/7)

m.pv1_curtailment = pyo.Constraint(m.T, rule=curtailment_control1)
m.pv2_curtailment = pyo.Constraint(m.T, rule=curtailment_control2)

m.min_up_time_d1 = pyo.Constraint(m.T, rule=d1_min_up_time_c)
m.min_up_time_d2 = pyo.Constraint(m.T, rule=d2_min_up_time_c)
m.min_up_time_d3 = pyo.Constraint(m.T, rule=d3_min_up_time_c)
m.min_up_time_d4 = pyo.Constraint(m.T, rule=d4_min_up_time_c)
m.min_up_time_d5 = pyo.Constraint(m.T, rule=d5_min_up_time_c)
m.min_up_time_d6 = pyo.Constraint(m.T, rule=d6_min_up_time_c)

m.min_down_time_d1 = pyo.Constraint(m.T, rule=d1_min_down_time_c)
m.min_down_time_d2 = pyo.Constraint(m.T, rule=d2_min_down_time_c)
m.min_down_time_d3 = pyo.Constraint(m.T, rule=d3_min_down_time_c)
m.min_down_time_d4 = pyo.Constraint(m.T, rule=d4_min_down_time_c)
m.min_down_time_d5 = pyo.Constraint(m.T, rule=d5_min_down_time_c)
m.min_down_time_dé6 = pyo.Constraint(m.T, rule=d6_min_down_time_c)

m.sul = pyo.Constraint(m.T, rule=d1_start_up_cost)
m.su2 = pyo.Constraint(m.T, rule=d2_start_up_cost)
m.su3 = pyo.Constraint(m.T, rule=d3_start_up_cost)
m.su4 = pyo.Constraint(m.T, rule=d4_start_up_cost)
m.su5 = pyo.Constraint(m.T, rule=d5_start_up_cost)
m.su6 = pyo.Constraint(m.T, rule=d6_start_up_cost)

m.T, rule=d1_shut_down_cost)
m.T, rule=d2_shut_down_cost)
m.sd3 = pyo.Constraint(m.T, rule=d3_shut_down_cost)
m.T,
m.T,

m.sd1 = pyo.Constraint(
(
(
m.sd4 = pyo.Constraint(m.T, rule=d4_shut_down_cost)
(
(

m.sd2 = pyo.Constraint

m.sd5 = pyo.Constraint , rule=d5_shut_down_cost)
m.sd6 = pyo.Constraint(m.T, rule=d6_shut_down_cost)
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812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
844

# OrpaHuueHue - poctynHoctb ATY ansa pa6oTsl

m.d1_ava = pyo.Constraint(m.T, rule=d1_availability)
m.d2_ava = pyo.Constraint(m.T, rule=d2_availability)
m.d3_ava = pyo.Constraint(m.T, rule=d3_availability)
m.d4_ava = pyo.Constraint(m.T, rule=d4_availability)
m.d5_ava = pyo.Constraint(m.T, rule=d5_availability)
m.d6_ava = pyo.Constraint(m.T, rule=d6_availability)

m.soc1_ctrl = pyo.Constraint(m.T, rule=soc1_ctrl)
m.soc2_ctrl = pyo.Constraint(m.T, rule=soc2_ctrl)
m.chdch1 = pyo.Constraint(m.T, rule=ch_x_dch1)
m.chdch2 = pyo.Constraint(m.T, rule=ch_x_dch2)
#m.ess12 = pyo.Constraint(m.T, rule=ess12)

#m.ess21 = pyo.Constraint(m.T, rule=ess21)

m.ess1_ava = pyo.Constraint(m.T, rule=ess1_availability)
m.ess2_ava = pyo.Constraint(m.T, rule=ess2_availability)
#m.d1_cstr1 = pyo.Constraint(m.T, rule=d1_cstr1)
#m.curt1 = pyo.Constraint(m.T, rule=curtailment_control1)
#m.ess1_cyc = pyo.Constraint(m.T, rule=cycle1)
#m.ess2_cyc = pyo.Constraint(m.T, rule=cycle2)

m.as_onel = pyo.Constraint(m.T, rule=as_oneT)
m.as_one2 = pyo.Constraint(m.T, rule=as_one2)

# OrpaHnyeHmne 6anaHca MOLLHOCTH
m.demand = pyo.Constraint(m.T, rule=balance)

# ueneas pyHKLMS

m.cost = pyo.Objective(expr = sum(Fuel_price*((Kb1* m.x1[t] + Bb1) +\
(Kb2* m.x2[t] + Bb2) +\
(Kb3 ™ m.x3[t] + Bb3) +\
(Kb4 ™ m.x4[t] + Bb4) +\
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845 (Kb5 + m.x5[t] + Bb5) +\

846 (Kb6 + m.x6[t] + Bb6)) \
847 for t in m.T), sense=pyo.minimize)
848

849  return m

850 # 3anyckaem onTUMmM3aunio cobpaHHoi moaenu

851

852 m = unit_commitment()

853

854 opt = pyo.SolverFactory('couenne') # Obpaluaemcs kK anroputMuueckomy pewiatenio 3agay tuna MINLP
855 #results = opt.solve(m, logfile=r'couenne_logg.log', tee=True, timelimit=6000, keepfiles=True)
856 #results = opt.solve(m)

857 results = opt.solve(m, load_solutions=False)

858 if (results.solver.status == SolverStatus.ok) and (results.solver.termination_condition == TerminationCondition.optimal):
859  print('Solve OK')

860

861 m.solutions.load_from(results)

862  #results.write()

863

864 # Cobupaem pe3ynbTaTbl ONTMMU3ALUUM B UMTaeMblii natadpeinm

865 result_df = pd.DataFrame()

866 result_df['D1, kW'] = m.x1.get_values().values()

867 result_df['D2, kW'] = m.x2.get_values().values()

868 result_df['D3, kW'] = m.x3.get_values().values()

869 result_df['D4, kW'] = m.x4.get_values().values()

870 result_df['D5, kW'] = m.x5.get_values().values()

'D6, kW'] = m.x6.get_values().values()

'CH1, kW'] = m.bat1_ch.get_values().values()

'dCH1, kW'] = m.bat1_dch.get_values().values()

'CH2, kW'] = m.bat2_ch.get_values().values()

'dCH2, kW'] = m.bat2_dch.get_values().values()

'SOC1, %'] = m.soc1.get_values().values()

'SOC2, %'] = m.soc2.get_values().values()

871 result_df
872  result_df
873 result_df
874  result_df
875 result_df
876  result_df
877 result_df

ol o B s B s I s I s I s B s B s W s B s B oy |
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878 result_df['PV1, kW'] = m.PV1.get_values().values()

879  result_df['PV2, kW'] = m.PV2.get_values().values()

880 result_df['PV3, kW'] = m.PV3.get_values().values()

881 result_df['PV4, kW'] = m.PV4.get_values().values()

882  result_df['PV5, kW'] = m.PV5.get_values().values()

883 result_df['PV6, kW'] = m.PVé6.get_values().values()

884  result_df['PV7, kW'] = m.PV7.get_values().values()

885

886 result_df.replace(to_replace=[None], value=np.nan, inplace=True)

887

888  result_df['Diesel, kW'] = result_df['D1, kW'] + result_df['D2, kW'] + result_df['D3, kW'] + result_df['D4, kW'] + result_df['D5, kW'] +
result_df['D6, kW']

889  result_df['ESS, kW'] = -result_df['CH1, kW'] + result_df['dCH1, kW'] - result_df['CH2, kW'] + result_df['dCH2, kW']

890  result_df['PV, kW'] = result_df['PV1, kW'] + result_df['PV2, kW'] + result_df['PV3, kW'] + result_df['PV4, kW'] + result_df['PV5, kW']
+ result_df['PV6, kW'] + result_df['PV7, kW']

891 result_df['Load, kW'] = Load[T1:T2]

892 else:

893  print('Solve failed’)

894

895 #

896 #3[ECb HY>XHO BCTABUTb"BA30BbIN BAPUAHT" PACYETbI PEXKVIMA PABOTbI C1K
897 #

898 # Cobupaem pe3ynbTaTbl ONTUMU3AUUN B UMTAEMbIN faTadpeim
899 result_df = pd.DataFrame()

900 result_df['D1, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
901 result_df['D2, kW'] = [0, 0, 0,0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
902 result_df['D3, kW'] = [0, 0, 0,0, 0, 0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0, 0, 0, 0, 0, 0]
903 result_df['D4, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
904 result_df['D5, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
905 result_df['D6, kW'] = [0, 0, 0,0, 0,0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
906 result_df['CH1, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
907 result_df['dCH1, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
908 result_df['CH2, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
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909 result_df['dCH2, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0, 0, 0, 0, 0, 0, 0]
910 result_df['SOC1, %'] = soc1_before

911  result_df['SOC2, %'] =soc2_before

912 result_df['PV1, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0, 0, 0,0, 0,0, 0, 0,0, 0]
913 result_df['PV2, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
914 result_df['PV3, kW'] = [0, 0,0, 0,0, 0, 0, 0, 0,0, 0,0, 0, 0,0,0,0,0,0,0,0, 0,0, 0]
915 result_df['PV4, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0,0, 0,0, 0, 0,0,0,0,0,0,0,0,0, 0, 0]
916 result_df['PV5, kW'] = [0, 0,0, 0,0, 0, 0, 0, 0,0, 0,0, 0,0,0,0,0,0,0,0,0,0, 0, 0]
917 result_df['PVe6, kW'] = [0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0, 0, 0,0, 0,0, 0,0, 0, 0]
918 result_df['PV7, kW'] = [0, 0,0, 0,0, 0,0, 0, 0,0, 0,0,0,0,0,0,0,0,0,0,0,0, 0, 0]
919

920 #result_df.replace(to_replace=[None], value=np.nan, inplace=True)

921

922 result_df['Diesel, kW'] = result_df['D1, kW'] + result_df['D2, kW'] + result_df['D3, kW'] + result_df['D4, kW'] + result_df['D5, kW'] +
result_df['D6, kW']

923  result_df['ESS, kW'] = -result_df['CH1, kW'] + result_df['dCH1, kW'] - result_df['CH2, kW'] + result_df['dCH2, kW']

924  result_df['PV, kW'] = result_df['PV1, kW'] + result_df['PV2, kW'] + result_df['PV3, kW'] + result_df['PV4, kW'] + result_df['PV5, kW']
+ result_df['PV6, kW'] + result_df['PV7, kW']

925 result_df['Load, kW'] = Load[T1:T2]

926

927

928 result_df

929

930

931 result_df.to_csv('result.csv')

932

933 # Ctpoum rpacduk c pedynbraramm

934

935 # Ctpoum rpacuk paborsl CAK

935 def plot_summary(df):

936

937 fig, ax = plt.subplots(2, 1, figsize=(18, 24))

938
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939  PV_power_df = df[['PV1, kW' 'PV2, kW', 'PV3, kW' 'PV4, kW', 'PV5, kW','PV6, kW' 'PV7, kW']]
940 PV_power = PV_power_df.sum(axis=1)

941

942  ax[0].set_ylabel('"MowHocTb, KBT', fontsize=15)

943  ax[0].set_xlabel('Homep uaca', fontsize=15)

944  ax[0].bar(df.index, PV_power, label="C3C', edgecolor="black", width=0.75, hatch='//', color="orange')
945  ax[0].bar(df.index, -df['CH1, kW'], width=0.75, edgecolor="black’, hatch='0', color="slateblue’)

946  #ax[0].bar(df.index, -df['CH2, kW'], bottom = -df['CH1, kW'], width=0.75, edgecolor="black’, hatch='0, color="'darkslateblue")

947  ax[0].bar(df.index, df['dCH1, kW'], bottom = df['D3, kW'] + df['D4, kW'] + df['D1, kW'] + df['D2, kW'] + PV_power, label='"CH3 1/,
width=0.75, edgecolor='black’, hatch="0', color="slateblue')

948  #ax[0].bar(df.index, df['dCH2, kW'], bottom=df['D3, kW'] + df['D4, kW'] + df['D1, kW'] + df['D2, kW'] + df['dCH1, kW'] + PV_power,
label="CH3 2', width=0.75, edgecolor="black’, hatch='0', color='darkslateblue')

949 ax[0].bar(df.index, df['D1, kW'], label='ATY 1', bottom=PV_power + df['D3, kW'] + df['D4, kW'], edgecolor="black", align="center’,
width=0.75, hatch="//", color="royalblue’)

950 ax[0].bar(df.index, df['D2, kW'], label="ATY 2, bottom=PV_power + df['D3, kW'] + df['D4, kW'] + df['D1, kW'], edgecolor="black",
align='center’, width=0.75, hatch="//", color="dimgray')

951 #ax[0].bar(df.index, df['D3, kW'], label="AT'Y 3, bottom=PV_power, edgecolor="black", align='center, width=0.75, hatch="//",
color="teal')

952 #ax[0].bar(df.index, df['D4, kW'], label='ATY 4, bottom=PV_power + df['D3, kW'], edgecolor="black", align='center’, width=0.75,
hatch="//", color="deepskyblue')

953  ax[0].plot(df.index, df['Load, kW'], color="red’, label="Harpyska', linewidth=4, marker='o', markeredgecolor='black’, markersize=10)

954  ax[0].legend(fontsize=15)

955  ax[0].grid()

956

957 ax[1].set_ylabel('YposeHnb 3apsna AKB, %', fontsize=15)

958 ax[1].set_xlabel('Homep uaca', fontsize=15)

959  ax[1].set_ylim([SOCmin*0.9, SOCmax*1.1])

960 ax[1].plot(df.index, df['SOC1, %'],'--, color="darkred', label='SOC 1, linewidth=3, marker='0', markeredgecolor="black’, markersize=10)
961 ax[1].plot(df.index, df['SOC2, %'],'--', color="darkred’, label="SOC 2, linewidth=3, marker='s', markeredgecolor="black', markersize=10)
962 ax[1].legend(fontsize=15)

963  ax[1].grid()

964

965 plt.show()
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966

967 return

968

969 plot_summary(result_df)

970

971

972

973 print(MTOTOBbIE 3HAYEHWS')

974

975 result_df['B1'] = Kb1* result_df['D1, kW'] + Bb1

976 result_df['B2'] = Kb2* result_df['D2, kW'] + Bb2

977

978 print('BeipaboTtka 3/3 CIC, kBTu: ', result_df['PV, kW'].sum())
979 print('BeipaboTtka 3/3 19C, kBtu: ', result_df['Diesel, kW'].sum())
980 print('pacxon Tonnuea Ha [JC, n:', result_df['B1'].sum() + result_df['B2'].sum())
981

982
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Abstract—The article considers the basic principles of the
solar-diesel complex operation mode control system. The
methodology that allows to determine the most effective
combination of operating equipment is proposed. The
suggested solutions are evaluated for the conditions of the
solar-diesel complex located in the city of Verkhoyansk, and it
is carried out using the author's software package.

Keywords—solar power plants, photovoltaic modules, solar
energy, diesel power plants, forecasting, control, optimization

I. INTRODUCTION

To date, several dozens of solar-diesel complexes (SDC)
are in operation in the Russian Federation, and new ones are
being designed and built. Most of them are located in
isolated and hard-to-reach areas. The traditional source of
energy in such places are diesel power plants (DPP), the use
of which is associated with a number of difficulties of
technical (high wear and tear of equipment) and economic
(caused by the high cost of diesel fuel) nature. In this regard,
solar power plants (SPP) are being implemented as part of
isolated energy systems, which allow to replace a certain
share of DPPs in the total energy balance.

The areas of application of SDCs are very different —
from the use of SDCs for partial replacement of diesel power
plants to the possibility of operation in a fully autonomous
mode.

From the point of view of design and operation, the most
relevant is the classification of SDCs according to the level
of power generation by solar power plants in the local power
system:

® There are SDCs with the share of SPPs in the annual
power generation up to 20% and the capacity of SPPs
not exceeding 50% of the capacity of the local power
system. Such SDCs are characterized by the
following features: the DPP is in operation during the
entire operating cycle; there is a relatively small
reduction in fuel consumption, which leads to
insignificant environmental benefits and low
economic efficiency; at the same time, such SDCs do
not require a central management controller — the
SDC operation mode is controlled on the basis of the
regular capabilities of controllers of diesel generator
units (DGU) and solar inverters.

® SDCs with the share of SPPs in annual power
generation from 20 to 50% and the capacity of SPPs
exceeding 50% of the capacity of the local power
system. The following features are typical for such

The research was carried out within the framework of the project “Control
Systems for Solar-Diesel Complexes” supported by the grant of the
Ministry of Science and Higher Education of the Russian Federation

Ne FSWF-2022-0006.

979-8-3503-7136-9/24/$31.00 ©2024 IEEE

SDCs: the DPP is in operation during the entire
operating cycle; there is a need of a simple controller
or a small energy storage device for frequency and
voltage regulation.

e SDCs with the share of SPPs in anmual power
generation of more than 50-80% and the capacity of
SPPs of about 100-150% of the capacity of the local
energy system and more. The following features are
typical for such SDCs: DPP operates only
occasionally, acting as a backup energy source; an
energy storage system (ESS) is required to
redistribute the electricity generated by the SPP: a
centralized control system of the SDC is required.

Automation of the control process of SDCs with medium
and high share of SPPs in its power generation allows to
reach the best performance indicators. Selection of the most
efficient operation mode of SDC should be performed
automatically in real time.

II. ALGORITHM FOR CONTROLLING THE OPERATION OF
SOLAR-DIESEL COMPLEX

A. General Provisions

As arule, the main algorithmic idea of the control system
of SDC operation is to ensure power quality: maintenance of
frequency and voltage value at the nominal level [1, 2]. In
the case of renewable energy sources (RES) based power
units operating as part of an interconnected power system,
this approach is certainly reasonable. But in the case of
isolated power systems, in which the mutual influence of
energy sources on each other, on consumers and vice versa is
very strong, the work on mode management in the format of
reaction to the deviations that have already occurred does not
allow making optimal decisions on the choice of the
composition of the included generating equipment. In other
words, high-quality power supply is ensured, but the
maximum economic effect is not achieved.

This approach can be changed only by adding a module
to the SDC control system algorithm that provides a
preliminary forecast of the SDC operation mode for a certain
period of time in advance (Fig. 1). Such an approach makes
it possible to prepare power equipment in advance for power
changes. switching on or switching off.

The second feature of the proposed approach is as
follows. When distributing power between DGUSs, the most
common approach is to use uniform distribution, when each
of the units operates with the same specific load as the
others. Theoretically it is repeatedly shown that this solution
gives the optimum in terms of fuel consumption
minimization only when the power characteristics of the
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Fig 1. General structure of the algorithm of solar-diesel control system operation.

DGUs are the same. As it is shown below, this is not always
the case, and therefore it is necessary to implement the
procedure of searching for the optimal load of DGUs in the
control algorithm of SDC.

So, the control process is based on the well-known
requirement to fulfill the power balance, expressed in the
equation (1):

Ploaq (At) = Nppp(At) + Nepp (At) & Nggo(AL), (1)

where Pj,pq(At) [KW] — is the total power of electric
receivers (load); Ngpp(At) [kW] — is the power of SPP,
determined based on the intensity of solar radiation;
Nggo(At) [kW] — is the power of charging/discharging of
ESS, determined based on the ratio of power of SPP and
load, as well as taking into account the level of battery
charge; Nppp(At) [kW] — is the power of DPP (reserve
power); At — time interval of 1 hour.

The important features of the solution of the power
balance equation considered in the control of SDCs are as
follows:

1) The value of the power consumption is assumed to be
known in advance from the load forecast.

2) The SPP power is also determined in advance from
the available solar radiation forecast.

3) The charging/discharging power of the ESS is
determined based on the ratio of the SPP power to the load,
and also taking into account the current battery charge level.

4) The DPP power, as a backup energy source, is
determined last.

The main element of the proposed software package is
the model for forecasting the operation mode of SDC. The
forecasting problem is solved for the next day with time

intervals of 1 hour. The procedure for performing the solar
radiation forecast for a day ahead and the procedure for
performing the in-station optimization of the DPP operation
mode are discussed in detail below.

B. Predicting the Operating Mode of SDC

A neural network model with multilayer perceptron
architecture was used to solve the regression problem in
which the predictor is the hourly average solar radiation flux
density, and the predictors are various geometric and
meteorological parameters correlating in one way or another
with the predicted value. The training sample consists of
combined data from ground-based measurements of solar
radiation intensity and meteorological data archive with
values of total cloudiness, relative humidity, and air
temperature for 9 geographical locations.

The authors are working on the next phase of the solar
irradiance prediction software component to improve the
predictive model by adding time series analytics, resulting in
a hybrid model that relies on retrospective measurements of
the predictor and meteorological forecast data.

The above approach requires mandatory access to the
meteorological forecast data, which is not always possible in
the conditions of real SDC operation for various reasons
(e.g., due to the lack of Internet connection, lack of access to
the meteorological provider's site, efc.). As a backup method
of obtaining a forecast of solar radiation arrival, direct
modeling using the functionality of the verified PVLIB
library [3] is used. Predictors in this case are the time period
for which the forecast is made, geographical coordinates of
the SDC location and a number of actinometric and
meteorological data in TMY format obtained in advance and
locally placed in the database of the automated process
control system. For example, the source of necessary data
can be PVGIS service [4], which provides the following
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information: air temperature at a height of 2 meters above the
ground surface; relative humidity; sum of total solar
radiation arriving on a horizontal plane; sum of direct solar
radiation arriving on a horizontal plane; sum of diffuse solar
radiation arriving on a horizontal plane; wind speed and
direction at a height of 10 meters above the ground surface;
atmospheric pressure.

Based on the specified meteorological information and
technical characteristics of the main power equipment used
at the SPP, the forecast of the SPP power is estimated:

1) The wolt-ampere characteristics of photovoltaic
modules (PVM) are modeled based on the temperature of
solar cells [5] (equations (2) and (3)):

Tm=T,+E-expla+b- -WS); (2)
E

y T 3)
Ep

where T,y [°C] — temperature of solar cells; T,, [°C] —
temperature of PVM surface; F and E, = 1000 W/m© —
intensity of solar radiation under current and standard
conditions; AT [°C] — empirically determined temperature
difference between front and back side of PVM, depending
on the type of PVM; T, [°C] — ambient air temperature;
WS [m/s] — wind speed; @ and b — empirically determined
coefficients depending on the type of PVM.

According to the method given in [6], the parameters of
the five-parameter substitution scheme of a single PVM are
calculated at the current values of solar radiation intensity
and ambient air temperature. On the basis of the obtained
parameters of the substitution scheme, the equation
describing the volt-ampere characteristic of the PVM is
solved by numerical methods (equation (4)):

_y VHRs\ ] _ VHRg
I=1,—1, [exp(msvm) 1] T @)
where I; [A] — photocurrent proportional to the

illumination of the PVM surface; I, [A] — diode saturation
current; R, and R, [Ohm] — series and shunt resistances:
nN;Vy;, — product of three components: diode ideality factor,
number of elements connected in series inside the PVM and
element thermal voltage); I [A] and ¥V [V] — current and
voltage at the PVM terminals.

2) Modeling of the volt-ampere characteristic of the
PVM array is performed on the basis of the obtained
characteristic of a single PVM taking into account the
scheme of modules connection into the array. The number
of PVMs connected in series in the array is determined by
the maximum allowable voltage at the inverter input; the
number of chains is determined based on the maximum
allowable current at the inverter input.

3) The DC to AC conversion system is modeled using
the methodology described in [7]: voltage and current values
at the point of maximum power of the PVM array are used
as input parameters, the result is the power generation on the
AC side of the inverter.

Then, based on the predicted values of the SPP power,
the other terms of the power balance equation can be
predicted.

The modeling of the ESS operation mode is based on the
well-known approach of determining the charge level of
accumulator batteries (AB), based on restrictions on the
minimum and maximum permissible charge levels, as well
as on whether there is a “surplus” or “deficit” of energy
produced by the SPP to supply consumers (equations (5)-
(7)). If the ESS is idle for a sufficiently long time, possible
self-discharge is also taken into account [8]:

SOC(t) = SOC(t — 1) - (1 — o) + (Nspp(at) — 222440) 5)

mv

S0C(t) =S0C(t—1)- (1 —a) — (f"—n“@ . Nspp(i\t)) (6)
SOC,m < SOC() < SOC g, %)

where SOC(t — 1) and SOC(t) — AB charge level at the
beginning and end of the calculation period (1 hour); ., —
efficiency of the solar inverter; o — self-discharge value of
the AB; 50C,,;, and 50C,,,, — minimum and maximum
allowable levels of the AB charge.

Using the equation (1), the results obtained allow
estimating the DPP power with which it should operate at a
particular moment of the forecast day:

Nppp(At) = Pioaq (At) — Nspp (At) F Ngss (AL).

The specified sequence of actions is realized once within
the current hour time interval. In this way “sliding”
forecasting for the next 24 hours is realized.

C. Methodology for Selecting the Structure of Included
Generating Equipment

The purpose of the procedure for selecting the structure
of included generating equipment is to determine the
combination of included units and the distribution of power
between them, ensuring the fulfillment of the condition of
minimizing the specific fuel consumption at the DPP. This
functionality is implemented as a microservice, iteratively
working on the basis of a programmable logic controller
Raspberry Pi.

Within each iteration, the current frequency of electric
current in the network is monitored (Fig. 2). If the frequency
is equal to the nominal frequency (taking into account the
permissible measurement errors and the specified
insensitivity zone), there is no instantaneous change in the
value of the components of the power balance equation. The
current deviation of the DPP power from the planned values
is analyzed, and only in this case the DPP power is adjusted,
bringing its operating power as close as possible to the
planned one.
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Microservice of selection of the structure of the included generating equipment
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Fig. 2.

In a situation where the frequency deviates from the
nominal value, a new value of the DPP power (equation (8))
is calculated to ensure a smooth return of the frequency to
the nominal value:

Npsp(t) = Ky Af " Kpp + Ky + AP *Kppp,  (8)
where Af = f — f,,m [Hz] — deviation of the current
frequency of electric current from the nominal value; AP =

= Nppp(t) — Ng;;d'(t) [W] — deviation of the current value
of DPP power from the predicted one for the considered time
interval; K; and K, — empirically determined coefficients,
Ki+K,=1; Kpj; and Kp;, — empirically determined
coefficients of the proportional regulator of DPP power.

In order to set a new power value at each DGU, the
calculation of the optimal power distribution between
individual DGUs according to the criterion of minimizing the
specific fuel consumption for the whole DPP is carried out.

In case the power characteristics of all DGUs installed at
the power plant are identical, the problem of power
distribution between them is solved simply — DGUs are
loaded evenly. This ensures the equality of specific fuel
consumption for each of the loaded machines. In this case,
the maximum energy efficiency of the DPP as a whole is
achieved. However, as soon as a situation arises in which
DGUs have different energy characteristics (the models of
DGUs used are different or the characteristics are affected by
mode and design factors), the task of finding the most
efficient ratio of capacities of individual DGUs becomes
more complicated.

Algorithm of the system for selectmg the structure of included generating equipment.

The research carried out by the authors showed that the
difference between the energy characteristics of DGUs even
of the same models can reach 12%. The necessary
information was obtained experimentally using the pilot
energy complex available to the author's team, consisting of:
two 40 kW DGUSs; controlled electric load (heat-electric
heaters), the power of which can vary from 0.2 to 51.2 kW:
flow meters installed on each DGU.

In the process of obtaining characteristics showing the
dependence of fuel consumption on load, the DGUs were
loaded three times in the range from 22 to 95% of rated
power, and the results were finally averaged. The final
characteristics are presented in Fig. 3. In addition. for
comparison, the figure shows the energy characteristics
modeled according to different methods [9-11] for this model
of DGU.

D. Optimization of the Structure of Included Diesel-
Generator Units
To solve the optimization problem, linear programming
methods are used — a software module is developed that
provides the search for the optimal structure of the included
diesel-generator units.

The optimization algorithm using linear programming
includes the following steps:

1) Creation of decision variables.

2) Definition of the target function.
3) Definition of constraints.

4) Solving the problem.

5) Checking the status of the solution.
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Fig. 3. Power characteristics of DGUs: the characteristics of DGU 1
and DGU 2 were obtained during the tests; the other 4 characteristics
were modeled according to the methods from [9-11].

To solve the problem using linear programming it is
necessary to determine the target function. In this case, the
target function has the form according to the equation (9),
and is used to minimize fuel costs:

- E?:i R;; X Cyj, (9

where E — number of DGUs; F — number of points; R;; —
value of the binary wvariable i at point j: Cj; — fuel
consumption for DGU 7 at point j.

There are only a few restrictions, namely: DGUs
unavailable for operation (under maintenance, in repair, etc.)
are not considered; the limitation on the total output power of
the DPP, determined according to equation (8), is taken into
account.

The optimization problem is solved in the Python
programming language using the CBC (Coin-OR Branch and
Cut) solver, which applies combined branch and bound
methods to solve linear programming problems. The solution
of the optimization problem using the CBC solver proceeds
in several steps:

1) Iterative process. The process starts by partitioning
the variable space into subproblems (branching). For each
branch, a subproblem is solved, which is a linear
programming function, and the CBC solver tries to find the
optimal solution for this subproblem. In case the solver fails
to find a solution to the problem, it produces an empty
result. The estimates of the best solutions are updated based
on the results of solving the subproblems.

2) In each branch, the CBC solver determines the value
of the target function subject to the constraints mentioned
carlier.

3) The estimates of the best solutions are updated based
on the results of solving subproblems. This allows the solver
to efficiently refine the search space to find the optimal
solution.

4) The process is repeated until the stopping criteria,
such as reaching the maximum number of iterations, is
reached.

5) Once the optimization process is complete, the CBC
solver returns the optimal values of the variables that ensure
the extremum of the target function while satisfying all
constraints.
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Fig.4 Example of optimal loading of three DGUs.

As an example, Fig. 4 shows the result of the program
module operation in terms of power distribution between
three DGUs in the town of Verkhoyansk. It can be seen that
the minimum of specific fuel consumption at the power plant
is ensured at uneven loading of DGUs. That is, the local
minimum of the specific fuel consumption for each DGU
separately does not provide a global minimum for the entire
DPP.

III. EVALUATION OF THE EFFECTIVENESS OF THE PROPOSED
SOLUTIONS

To validate the developed mathematical model, an
existing SDC located in the town of Verkhoyansk in Yakutia
(coordinates: 67°33"' N, 133°23' E), for which the author's
team has data, was selected as the object of research.

The main background information that was used is:

¢ Characteristics of SDC diesel generators (Table 1).

s Daily load schedules for characteristic days of each
month of the year (Fig. 5).

¢ Daily power generation schedules of the SDC solar
modules (Fig. 6). These graphs were obtained using
the functionality of the internet resource PVGIS. The
average values for each month of 2020 were selected
for further calculations.

TABLEL CHARACTERISTICS OF SDC DIESEL GENERATCRS

Unit type Engine type Power [kKW]
AD-400 KTAL9-G4 400
AD-400 KTA19-G4 400
AD-520 KTA38-G2A 520
AD-520 KTA33-G2A 520
DGA-315 G6CN 25/34 315
DGA-315 6CIN 25/34 315

Approbation of the developed software package was
carried out for two variants — at uniform load distribution
between DGUs and at optimal load distribution according to
the minimum specific fuel consumption. The main results
obtained during the calculations are presented in Table 2.
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Fig_ 6. Daily power generation schedules of the SDC solar modules.

TABLEIL MATN RESULTS OF DGU OPERATION UNDER DIFFERENT
VARIANTS OF LOAD DISTRIBUTION
Insitalled
DGU Operating = Number = Output capacify Absolute
fime [h] of staris | [kWh] ufilization Jlow rate fi]
_ Jactor [%]
Uniform load distribution
1 68 18 25404 22.05 7385
2 23 ‘ 5 8520 740 2314
3 51 13 24265 16.20 10373
4 0 ‘ 0 . 0 0.00 0
5 135 ‘ 27 . 34098 37.59 11579
6 32 21 15179 16.73 4543
Total 397 84 7 107465 15.11 36196
Optlmal load distribution
1 165 7 21 7 39440 34.24 11344
2 109 - 10 - 43600 37.85 11749
3 51 A 13 7 24305 16.23 7166
4 0 - 0 ] . 1] 0
1 1 80 0.09 30.74
6 3 3 240 026 92 22
Total 397 48 107665 15.14 30382

IV. ConcLusIOoN

The analysis of the obtained results showed that optimal
load distribution between DGUs compared to uniform
distribution leads to higher efficiency:

¢ Specific fuel consumption decreased by 2.68%.

¢ Absolute fuel consumption decreased by 16.06 %.
¢ The number of DGU starts decreased by 42.86 %.

Thus, the proposed variant of load sharing between
DGUs allows to achieve a more efficient use of fossil fuels,
because by reducing the number of switching operations, the
fuel consumption for idling of DGUs is reduced. In addition,
the probability of accidents is also reduced.

Despite the positive results of the study, it should be
noted that there are still many tasks to finalize the developed
software package. So at the moment it does not take into
account the suboptimal operation of DGUs at a load of less
than 50% of the rated capacity of the unit, it is not able to
perform load forecasting and calculation of diesel fuel
consumption for idling, and the wear of DGUs is set
manually at the stage of input data. In further studies it is
supposed to add these capabilities to the model for more
accurate modeling of operation modes not only of DPP, but
also of SDC as a whole.

REFERENCES

[1] Bella, A Benbouzid, M.; Berkouk E.-M.; Amirat, ¥. On Energy
Management Control of a PV-Diesel-ESS Based Micrognd in a
Stand-Alone Context. Energies 2018, 11, 2164.
hitps//dot.org/10.3390/en1 1082164

Mahmoud M. Mohamed, Helmy M. El Zoghby, Soliman M. Sharaf,
Magdi A Mosa, Optimal virtual synchronous generator control of
battery/supercapacitor hybrid energy storage system for frequency
response enhancement of photovoltaic/diesel microgrid. Joumal of
Energy Storage, Volume 51, 2022, 104317, ISSN 2352-152X%,
hitps//doi org/10 1016/ est 2022 104317

William F. Holmgren, Clifford W. Hansen, and Mark A Mikofski
“pvlib python: a python package for modeling solar energy systems.”
Journal of en Source Software, 3(29) 884, (2018)
hittps://doi.org/10.21105/j0ss.00884

PVGIS (Photovoltaic Geographical Information System) URL
https//joint-research-centre ec europa eu/photovoltaic-geographical -
information-system-pvgls_en

King, D. et al, 2004, “Sandia Photovoltaic Array Performance
Model”, SAND Report 3535 Sandia National Laboratories,
Albuquerque, NM.

W. De Soto et al., “Improvement and validation of a model for
photovoltaic array performance”, Solar Energy, vol 80, pp. 78-88,
2006

D. King, S. Gonzalez, G. Galbraith, W. Boyson, ‘Performance Model
for Grnid-Connected Photovoltaic Inverters”. SAND2007-5036, Sandia
National Laboratones.

S. Diaf, D. Diaf M Belhamel M Haddadi, A Louche A
methodology for optimal sizmg of autonomous hybrid PV/wind
system, Energy Policy, Volume 35, Tssue 11, 2007, Pages 5708-5718,
ISSN 03014215, https//doi org/10.1016/j.enpol 2007.06.02

Ismail, M.S., Moghavvemi, M, Mahlia, TMI (2013). Techno-
economic analysis of an optunized photovoltaic and diesel generator
hybrid power system for remote houses in a tropical climate. Energy
Conversion and Management, vol 69, 163-173, DOI
10.1016/) .enconman 2013.02.005.

Ministry of Energy of the Russian Federation Prikaz ot 30 dekabrya
2008 goda MNe 323 "Ob utverzhdenu poryadka opredeleniya
normativov  udelnogo raskhoda topliva pri  proizvodstve
elektricheskoj 1 teplovo] energi" [Order No. 323 of December 30,
2008 "On Approval of the Procedure for Determination of Specific
Fuel Consumption Standards for Electricity and Heat Generation"],
from htips:/docs entd my/document/902148460, accessed on 2023-04-
10

JSC Lonmadi. Kak schitaetsya raskhod topliva dizel'nogo generatora
[How to calculate the fuel consumption of a diesel generator], from
hitps //www.jebgenerators ru/tekhmicheskaya-biblioteka/kak-
schitaetsya-raskhod-topliva-dizelnogo-generatora html, accessed on
2023-04-10

[3]

[4]

(5]

[e]

7

[8]

(9]

[10]

[11]

Authorized licensed use limited to: National Research Univ Moscow Power Eng Inst. Downloaded on November 14,2024 at 07:41:09 UTC from IEEE Xplore. Restrictions apply.

338



Guo L., Vaskov A.G. Analysis of the Requirements of Technical Standards for Grid-

Connected Distributed Power Sources // 2024 International Conference on Industrial Engineering,

Applications  and

Manufacturing

10.1109/ICIEAMG60818.2024.10553686.

2024 International Conference on Industrial Engineering, Applications and Manufacturing (ICIEAM) | 979-8-3503-9501-3/24/$31.00 ©2024 IEEE | DOI: 10.1109/ICIEAME0818.2024.10553686

(ICIEAM) -

2024. P. 190-195,

Ccoblka Ha ckauuBaHue: https://ieeexplore.ieee.org/document/10553686

2024 Intemational Conference on Industrial Engineering, Applications and Manufacturing (ICIEAM)

Analysis of the Requirements of Technical Standards
for Grid-Connected Distributed Power Sources

Liqun Guo
Institute of Hvdropower and Renewable Energy
National Research University "MPEI"
Moscow, Russia
litsyun(@mail.ru

Abstract—In recent years, the rapid growth of distributed
power sources has promoted the development of their grid
connection standards. This article introduces the current status
of distributed power grid connection standards at home and
abroad. Representative distributed power grid connection
standards in North America, Europe and China were selected
and compared from aspects such as power control, grid
adaptability, power quality, safety and protection. Point out the
main differences between distributed power grid connection
standards in North America, Europe and China, and analyze the
development trend of distributed power grid connection
standards. It will facilitate the next step to study the impact of
distributed photovoltaic power generation system grid
connection on power quality and propose solutions.

Keywords—distributed power sources, power quality, grid
connection, standards, grid adaptability

[ INTRODUCTION

With the development and utilization of conventional
energy, environmental pollution has become increasingly
serious. Countries around the world are focusing on greener
energy and more efficient and flexible power generation
methods. Distributed power generation has attracted the
attention of many countries due to ifs green, environmentally
friendly, efficient and flexible characteristics. In recent years,
driven by policy support and technological progress,
distributed power has developed rapidly.

Distributed power sources are connected to the distribution
network nearby to reduce line losses, improve the power
quality at the end of the power grid, relieve the pressure of
power grid transformation, improve the power grid's disaster
resistance, and improve the reliability of power supply for
important users. However, distributed power sources have
small installed capacity, large quantity, many grid connection
points, and many types of power sources. Their connection to
the distribution network will have a series of impacts on the
operation, control, and protection of the power grid. To this
end, it is necessary to formulate corresponding technical
standards for grid connection, standardize the technical
requirements for grid connection of distributed power sources,
and ensure the safe and reliable operation of the power system.

At present, many distributed power grid connection
technical standards have been introduced in the world [1-11],
such as IEEE 1547 series standards, Canadian C22.2NO.257
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standard, German VDE-AR-N 4105, VDE-AR-N 4110 efc.
China has also formulated a series of national and industry
standards represented by GB/T 335393 for distributed power
grid connection.

Literature [12-16] introduced the interconnection standards
between distributed power sources and power grids. Document
[12] introduces the IEEE 1547 series of standards and drafts.
Literature [13-14] studied the differences between Chinese
enterprise standard Q/GDW480-2010 and domestic and foreign
standards. Literature [15] studied the differences between
China’s industry standard NB/T 32015-2013 and domestic and
foreign standards. Literature [16] compared commonly used
international standards and domestic enterprise standards
Q/GDW480-2010, Q/GDW617-2011. Technical standards for
distributed power grid connection are constantly updated and
iterated with the development of distributed power. The
interpretation and research of these standards also need to be
continuously followed up to meet the development needs of
distributed power.

This article introduces the current status of distributed
power grid-connection technical standards, and selects
representative distributed power grid-connection technical
standards in North America, Europe and China for research.
Compare key aspects such as power control, grid adaptability
and power quality, point out the main technical differences of
each standard, analyze the reasons for the differences, and
analyze the development trend of distributed power grid-
connected technical standards.

II. STANDARDS FOR INTERCONNECTING DISTRIBUTED
RESOURCES WITH ELECTRIC POWER SYSTEMS

A. IEEE 1547 Series of Standards

The IEEE 1547 standard is a standard for interconnecting
distributed resources with electric power systems developed by
the Institute of Electrical and Electronics Engineers (IEEE). It
is applicable to distributed power sources of all power
generation technologies. It is a series of standards including
testing, monitoring, information communication and control.

B. China

China released GB/T33593-2017 Distributed power grid-
connected technical requirements and GB/T33592-2017
distributed  power grid-connected operation control
specifications, and implemented on December 1, 2017. GB/T
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33593-2017 and GB/T 33592-2017 are applicable to the new
construction, reconstruction and expansion of distributed
power supplies connected to the power grid through voltage
levels of 35 kV and below.

C. Canada

There are currently two main grid connection standards:
(C22.2N0.257 Converter-based micro power supply access
distribution network standard, and C22.3NO.9 Distributed
power supply system grid connection standard. The
C22.2N0O.257 standard applies to the grid connection
requirements for converter-based distributed resources to be
connected to low-voltage distribution networks with voltage
levels below 0.6 kV. C22.3NO.9 is suitable for distributed
power supplies connected to distribution networks with voltage
levels below 50 kV and with a capacity not exceeding 10 MW.

D. Germany

VDE-AR-N 4110 is suitable for power generation
equipment, energy storage equipment, etc. that are connected
to the medium-voltage power grid (1~60 kV) and have a grid-
connected capacity of 135 kW and above. The same applies to
situations where the grid connection point is in the low-voltage
network, but the common connection point to the grid is in the
medium-voltage network. VDE-AR-N 4105 is suitable for
power generation equipment and energy storage equipment
outside the scope of VDE-AR-N 4110, connected to low-
voltage distribution network (<=1 kV), or with a capacity less
than 135 kW. For total capacity of 135 kW and The above
power generation system, but the capacity of a single power
generation equipment is less than 30 kW, is also applicable.

II. COMPARISON OF DOMESTIC AND FOREIGN
DISTRIBUTED POWER GRID CONNECTION STANDARDS

A. General Requirements and Access Principles

None of the five standards compared in this article directly
limits the grid-connected capacity of distributed power sources,
but they all constrain it by reasonably limiting the voltage
change rate or the resulting change in power quality after the
distributed power sources are connected to the grid.

Among them, IEEE 1547-2018 and the German Medium
and Low Voltage Grid Connection Guidelines both constrain
the grid connection capacity of distributed power sources by
limiting the maximum voltage change of the point of common
coupling (PCC) after the distributed power sources are
connected. The IEEE 1547-2018 standard requires that before
and after distributed power is connected, the root mean square
value of the medium voltage (1~35 kV) PCC voltage amplitude
change cannot exceed 3%. Low voltage (<1 kV) PCC voltage
amplitude wvariation shall not exceed 5% rms. Germany's
medium-voltage grid connection requirements stipulate that the
voltage amplitude of each PCC in the network cannot change
more than 2%, and the low-voltage grid connection
requirements stipulate that the voltage amplitude change of
each PCC in the network cannot exceed 3%.

The Canadian C22.3N0.9 standard stipulates that the
change in power quality level caused by the connection of

distributed power sources to the grid should not exceed the
voltage quality requirements of the corresponding voltage level
distribution network.

Unlike the definition methods of other standards, the
Chinese standard does not directly stipulate the range of
voltage changes caused by the connection of distributed
generation (DG), but contains specific provisions on the
connection power and voltage level of the connection of DG.
Special requirements: The total power of DG should, in
principle, not exceed 25% of the maximum load in the supply
area of the upper level transformer; The ratio of the short
circuit current of the connection point of the DG network to the
rated cumrent of the DG should not be less than 10; The
connection voltage level of DR should be as follows: DR of
200 kW and below should be connected to the 380 V voltage
level power grid, and DR above 200 kW should be connected
to the power grid of 10 kV (6 kV) and above.

B. Power Quality

The five standards all impose restrictions on the impact of
distributed power sources on power quality, requiring them to
meet the requirements of the country's (or this organization's)
power quality-related standards. The power quality impacts
involved mainly include harmonics, voltage deviation, voltage
fluctuation and flicker, voltage imbalance, DC component, etc.

e Cumrent Harmonics

One of the most serious power quality problems is
harmonic distortion, which is characterized by voltage and
current waves that are not purely sinusoidal or have a positive
sequence fundamental frequency. The main source of
distortion at the generation stage is the use of electronic power
devices. Distributed generation uses frequency converters to
connect to the power grid, and these devices can create this
kind of distortion. Power quality is typically analyzed by
measuring total harmonic distortion (THD) of voltage and
current. IEEE 1547-2018 and Canadian C22.3NO.9: Total
harmonic distortion shall not exceed 5% of rated value at 60
Hz. For any distributed generation, the total harmonic
distortion at the common connection point should not exceed
3% of the rated value. Chinese standards stipulate that the THD
of 10 (6) kV voltage shall not exceed 5% of the rated value.
The THD of the voltage specified by German standards at 50
Hz must not exceed 5% of the rated value.

e Voltage Imbalance

Voltage imbalance occurs when phase voltages differ in
magnitude or phase shift. In general, global standards have
determined that the appropriate voltage unbalance threshold is
between 1% and 2%. The IEEE 1547-2018 standard requires
voltage unbalance to be less than 3%, and German standards
require distributed generators to maintain a voltage unbalance
ratio of less than 2%. In Canada, the standard established a
maximum voltage unbalance factor of 2%. Chinese standards
trumpet when the connection points of the photovoltaic power
generation system to the grid are in normal operation of the
power grid, the degree of imbalance of the negative sequence
electric voltage does not exceed 2%, and for a short time
should not exceed 4%; The permissible value of the degree of
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imbalance of the negative sequence point voltage at these
points caused by the photovoltaic power generation system is
usually 1.3%, and for a short time should not exceed 2.6%.

e Voltage Fluctuation and Flicker

To reduce or avoid short-term voltage fluctuations, many
countries require that the maximum installed power be several
times less than the short-circuit power at the common
communication point. The severity of a surge event is
quantified using the short-term surge severity indicator (Pst)
and the long-term surge severity indicator (Plt). The Plt
indicator reflects the intensity of the surge caused by voltage
fluctuations tested over a continuous period of 10 minutes. The
Plt indicator reflects the intensity of the surge caused by
voltage fluctuations tested over a continuous period of 2 hours
[17]. According to the surge intensity indicators adopted here
as an indicator of voltage fluctuations. The voltage surge limits
are shown in Table I.

TABLEI LIMITATIONS OF VOLTAGE SURGES IN ACCORDANCE WITH
VARIOUS STANDARDS
Standard Plt Pst
IEEE 1547-2018 0.35 0.25
GB/T 33593-2017 07 -
‘ C223N0O9 08 1

¢ Direct Current Component

When a distributed generation power converter is directly
connected to the grid, DC current can be injected into the grid,
causing saturation and heating of the transformer and motor
and thus generating harmonic currents. Especially if there is an
internal fault in the distributed generation power converter,
direct current appears. According to national and international
standards, the DC curmrent supplied by distributed inverters
currently ranges from 20 mA to | A or 0.5%~5% of the rated
current. IEEE 1547, Canada C22.3N0.9 and Chinese standards
stipulate that the DC current supplied by the DG shall not
exceed 0.5% of the total rated output current of the point of
connection of the distributed generators.

C. Active Power Control Capability

IEEE 1547-2018 and the German grid connection standard
provide detailed regulations on the active power control of
distributed power supplies. It is clearly stated that distributed
power supplies need to adjust the active power output of the
power supply according to signals such as grid frequency and
grid dispatch instructions. GB/T 33593-2017 requires that
distributed power supplies connected to the grid at a voltage
level of 10 (6) ~ 35 kV have active power adjustment
capabilities, and does not require distributed power supplies
connected to the grid at a voltage level of 380 V. Canadian
standards do not impose requirements on distributed power
sources. When the grid frequency is abnormal, some standards
require distributed power sources to have the ability to
participate in grid frequency regulation by adjusting active
power output, that is, active power-frequency response
capability. The requirements for ride-through of distributed

power supplies at abnormal frequencies by various standards
are shown in Table II. The Canadian C22.3N0O.9 standard does
not have requirements for active power control to support the
grid frequency. It is considered that the system frequency is
regulated by the large grid, and when the system frequency
exceeds the normal range, the distributed power system only
needs to be cut off within a specified time.

TABLEIL FREQUENCY RIDE-THROUGH REQUIREMENTS UNDER.
ABNORMAL OPERATING PERFORMAMNCE BY VARIOUS STANDARDS
" Frequency o
Standard range (Hz) Requirements
<618 /<570 | Terminate power delivery and take the
power source off the grid
IEEE 1547- | 61.2-618 Force mun
2
Lk 58.8-61.2 Contiuous runnig
57.0-588 Force mun
>525/<475 | Trp and disconnect within 0.1 s
51.5-525 Trip and disconnect within 5 s
German 510—5L5 Continuous operation without leaving
standards . 2 the grid within 30 minutes
49.0-51.0 Continuous running
Contimuous operation without leaving
AEA5890 the grid within 30 minutes
~505 /<48.0 Immediately termmate power delivery
to grid lmes
Distnbuted power sources that are out
GB/T 50.2-505 of service are not allowed to be
33593-2017 integrated into the power grid
495-502 Continuous rumimng
48.0-49.5 Can run for at least 10 minutes

D. Reactive Power Control Capability

The IEEE 1547-2018 standard stipulates that distributed
power supplies must have reactive power control capabilities.
Under the limit of rated apparent power, in order to ensure the
injection or absorption of required reactive power, distributed
power sources may need to actively reduce active power.

The Canadian C22.3NO.9 standard does not require the
reactive power control capabilities of induction generator type
distributed power supplies. The power factor of the converter-
type distributed power supply should be adjusted to within the
qualified range at the PCC. German medium and low voltage
grid connection standards stipulate that distributed power
supplies must have reactive power control capabilities.

GB/T 33593-2017 proposes different reactive power and
voltage regulation requirements for different voltage levels and
different types of distributed power supplies. Distributed power
supplies connected to the grid at a voltage level of 10 (6) ~ 35
kV are required to have power factor and voltage regulation
capabilities at the grid-connected point; for distributed power
supplies connected to the grid at a voltage of 380 V, only the
power factor at the grid-connected point is required. meet the
requirements.

Various standards have roughly the same provisions on
power factor at the grid connection point or PCC of distributed
power sources: the power factor is adjustable within a certain
range; for distributed power systems with particularly small
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capacity, the power factor is required to be fixed. The values
stipulated in the specific standards are shown in Table III.

TABLE III. POWER FACTOR REGULATIONS IN DIFFERENT DR GRID
INTEGRATION STANDARDS
Standard Scope of application Power factor
I?%Ig: 1547- | All distributed power Any value is adjustable
2 sources
DR supply above 30 | 0.9 (lead) ~ 0.9 (lag)
kW adjustable
C223NO0.9 No power factor
DR supply below 30 adiustinent capability
kw
required
VDE-AR-N All distnbuted power | 0.95 (lead) ~ 0.95 (lag)
4110 sources adjustable
Synchronous 095 (lead) ~ 095 (lag)
VDE-AR-N generator type DR adjustable
4105 Asynchronous Maintained at 0.95£0.02
generator type DR (lag)
Synchronous 095 (lead) ~ 095 (lag)
GB/T 33593- | generator type DR adjustable
2017 Asynchronous 098 (lead) ~ 098 (lag)
generator type DR adjustable

Without centrally installing reactive power compensation
equipment, making full use of the reactive power control
capabilities of distributed power sources can adjust the voltage
at the grid connection point and improve the wvoltage
qualification rate. Germany and IEEE1547-2018 have stricter,
more detailed and specific requirements for distributed power
reactive power-voltage control capabilities and control modes
than GB/T 33593-2017.

E. Fault Ride-through Capability

The IEEE 1547-2018 standard specifies different levels of
abnormal voltage ride-through capabilities for three-level
abnormal response performance. When the voltage at the grid
connection point is abnormal, the distributed power supply can
be cut off from the grid, as shown in Figure 1.

The Canadian C22.3NO.9 standard does not require high
voltage ride through capability. With the consent of the power
grid company, the C22.3N0.9 standard does not require but
allows distributed power sources to carry out low voltage ride-

through.

The German medium and low voltage grid connection
standards have requirements for the abnommal voltage ride-
through capability of distributed power supplies as shown in
Figure 2. Within the voltage ride-through boundary, distributed
power sources should ensure that they are not disconnected
from the grid.

GB/T 33593-2017 standard requires that distributed power
supplies connected to the grid at a voltage level of 10 (6) ~ 35
kV should have low voltage ride-through capabilities, as shown
in Figure 3. For distributed power supplies with low voltage
access and 10(6) kV voltage level access to the user side, low
voltage ride through capability is not required. GB/T 33593-
2017 does not have requirements for high voltage ride through
capability.
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F. Grid Connection and Synchronization

To avoid the influence of the grid connection, the
requirements for allowing distributed power supplies to be
connected to the grid are as follows: When the system voltage
and frequency are in the normal operating range, and the
deviation of the phase, amplitude and frequency of the voltage
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between the distributed power supply and the grid is within a
certain range. The parameters are shown in Table TV.

TABLEIV. PARAMETER RESTRICTIONS FOR SYNCHRONOUS NETWORK
CONNECTION
Parameter IEEE1547-2018 VDE-AR-N
Total power DR | 0 - | 500 - 1500 - %Zh‘;m
(kVA) 500 | 1500 10000 g8
connection)
Frequency deviation
0.3 0.2 0.1 0.5
(Hz)
Voltage deviation (%0) | 10 5 3 10
I:’B]:.llase angle deviation 20 is 10 10

A large power grid failure may cause a large number of
distributed power sources to go off the grid. After the power
grid retumns to normal, if no restrictions are imposed, a large
number of distributed power sources will be connected to the
grid at the same time in a short period of time, thus causing an
impact on the power grid. The five standards stipulate the
reconnection of distributed power sources after the grid fault is
restored, requiring that the reconnection of distributed power
sources after being disconnected from the grid requires a delay
or permission from the power grid dispatching agency.

Chinese standards stipulate that after the power grid returns
to normal operation, distributed power supplies of the power
grid 10(6) kV - 35 kV can be connected to the network in
series after issuing instructions from the dispatch authority of
the power grid. Distributed power supplies connected to the
2207380V power grid should be connected to the grid with a
delay after the grid retums to nommal operation, and the grid
connection delay setting value should be greater than 20
seconds.

G. Overall Situation Comparison

Overall, these distributed power grid connection standards
have great differences in terms of active power control,
reactive power control, voltage ride-through, etc. The main
comparison is shown in Table V.

In recent years, with the increase in the penetration rate of
distributed power sources, the role of distributed power sources
in the power grid has become increasingly apparent. Countries
have revised the grid connection standards of distributed power
sources in a timely manner. For example, IEEE 1547-2018 and
the German Grid Connection Guidelines have put forward
higher requirements in terms of fault ride-through capability,
grid adaptability and active support capabilities, including
increased active power-frequency response, higher low-voltage
ride-through requirements, increased the requirements for high
voltage ride-through and a wider reactive voltage adjustment
range are proposed. This allows distributed power sources to
play a more active role in the power grid, participating in
power grid regulation through active and reactive power
control, and supporting the stable and reliable operation of the
power grid together with large-scale traditional power sources.

TABLEYV. POWER FACTOR REGULATIONS IN DIFFERENT DR GRID
INTEGRATION STANDARDS
IEEE1547- GB/T
Comparison 2018 C22.3N0.9 33593-2017
VDE-AR-N
=
l; ontrol required
Reactive Requured Medmm voltage
power above 30 required
ool | c-vutl'ol Required kW low voltage not
Frequency required
response
Not
LVRT required
HVRT | Notrequired

IV. CoNCcLUSION

This article introduces the current status of distributed
power grid connection standards at home and abroad. Through
a comparative study of several typical standards, it points out
the main differences in the current standards of different
countries, fundamentally analyzes the reasons for the
differences, and analyzes the distribution the development
trend of power supply grid connection standards.

Distributed power grid connection technical standards need
to consider the proportion of distributed power in the power
erid, the development of distributed power control technology
and other factors, and update them in a timely manner to
promote the development of distributed power and ensure the
safe and stable operation of the power grid. When the
penetration rate of distributed power sources was relatively low
in the early days, the grid connection technical requirements of
various countries were relatively simple, with no support for
the power grid in steady state and rapid disconnection from the
grid when the grid failed; as the penetration rate of distributed
power sources gradually increases , its impact on the security
and stability of the power grid has begun to appear, and many
countries have successively proposed higher voltage and
frequency support, fault ride-through, grid adaptability and
other requirements.

Therefore, it is very important to analyze and study the
impact of distributed photovoltaic power on the power quality
of the distribution network in the future. By building a
photovoltaic power generation system model and a distribution
network model, changing the capacity and grid-connected
location of the photovoltaic power source, and conducting
simulation and quantitative analysis of the voltage distribution
and harmonic changes at each node of the grid after grid-
connection, it can be determined whether the grid-connection
conditions are met. And put forward corresponding power
quality evaluation methods and improvement measures.
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Abstract—This study compares direct and indirect
approaches for estimating the output power of solar

The forecasting of the output power of PV plants can be
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photovoltaic plants. The effectiveness of the direct approach is
assessed through a case study of the Bichurskaya PV power
plant, utilizing a supervised machine learning model, specifically
the MLP model. Data from two grid-connected PV power plants,
based on PVOD data, is used to evaluate the performance of the
indirect approach, which involves sequential mathematical
modeling of PV plant components using models from the pvlib
library. Results indicate that, with sufficient input data, the
direct approach is able to surpass traditional mathematical
modelling in PV plant output power estimation. The MLP model
achieved an nRMSE metric of 3.3%, while the model chain
demonstrated a 5.3% performance on the same dataset.

Keywords—irradiance-to-power conversion, model chain,
solar forecasting, machine learning, multilayer percepiron

1. INTRODUCTION

As the share of solar power generation continues to grow,
and solar power plants become more integrated into power
systems, predicting solar power generation emerges as one of
the most critical challenges. This is primarily attributed to the
intermittent nature of solar radiation on the Earth's surface.

The prediction of solar radiation and often the associated
forecasting of solar power generation have become subjects of
heightened interest among researchers worldwide.
Consequently, a myriad of diverse approaches has been
developed to address this issue. However, for each specific
case, one should choose from a limited set of known
methodologies available today or propose a unique approach.
Limitations are frequently associated with retrospective data
and their characteristics, sometimes extending to their
availability.

Among the primary criteria for selecting an approach to
forecasting the output power of solar photovoltaic (PV) plants,
the following can be highlighted:

e Characteristics of the input data (quality,
completeness and temporal characteristics of the data
set)

e Forecasting time horizon (ultra-short-term, short-
term, medium-term, long-term)

e Forecast discretization (depending on the application
area, different requirements for temporal resolution
may be imposed on models for the same forecasting
horizon)

e Required type of forecast data representation
(deterministic (point) or probabilistic)

979-8-3503-8289-1/24/$31.00 €2024 IEEE

conceptualized as a two-stage process: initially, the magnitude
of the primary energy resource is forecasted (for solar power
plants, this corresponds to the amount of solar radiation), and
subsequently, the obtained physical quantity is converted into
the output power of the PV power station using pertinent
mathematical models. This approach is termed indirect.
However, an alternative exists in the form of a direct approach,
where the PV power forecasting is directly conducted through
various regression models.

The recalculation of primary energy resource volumes
into target values is the most crucial step in addressing the
modelling and forecasting tasks related to the operational
performance of energy systems based on renewable energy
sources. In the literature, the collective term "irradiance to
power conversion" has been established to denote such
recalibration specifically in solar energy applications. This
term encompasses groups of methods for converting "raw"
data on solar irradiance into electrical power for photovoltaic
converters or the output power of PV power plants.

It should be noted that both approaches have their
respective advantages. For instance, the indirect approach is
indispensable for newly commissioned PV power plants or in
situations where retrospective data from local measurements
are unavailable. The direct approach proves valuable in
conditions characterized by incomplete project information
about the PV power station and its individual components.

From an operational standpoint, the challenge in selecting
an approach lies in the inability to anticipate in advance which
of the approaches will prove to be more accurate.
Nevertheless, a detailed comparison of direct and indirect
approaches to PV power calculation has not yet received
extensive coverage in thematic research. Among the studies
providing thorough and representative analyses, [1] and [2]
stand out, focusing on the comparison between physical and
statistical methods in forecasting solar power plant generation.
Additionally, [3] conducts a comparison between indirect and
direct approaches. The general problem of irradiance to power
conversion was also investigated in the recent studies [4-10].

A recurring theme in these studies emphasizes the
imperative of empirically validating all available methods
within the constraints at hand. This is necessitated by the
inherent challenge of pre-determining which approach will
exhibit superior accuracy.

The aim of this research is to practically compare and
evaluate the coherence of direct and indirect approaches in
addressing the problem of estimating the power output of a
photovoltaic station.
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II. PROBLEM FORMULATION

The data used in this research can be subdivided into two
categories. Initially, an examination was conducted on the
publicly accessible Photovoltaic Power Ouftput Dataset
(PVOD) [11]. Subsequently, the data analyzed in this paper
includes measurements obtained from the Bichurskaya
Photovoltaic Power Plant located in the Russian Federation.
The description of the data is broken down below.

A. The PYOD

The PVOD, authored by a group of Chinese researchers
[3]. is accessible through their project’s GitHub repository [4].
This dataset encompasses information from 10 PV plants
situated in Hebei Province, China. It includes measurements
and essential details crucial for PV model chain modelling.
Comprising a total of 271,968 records, the PVOD features
NWP output at a 15-minute temporal resolution, aligning with
the temporal resolution of local measurement data collected
from PV sites. The extensive dataset spans over 300 days,
organized chronologically from July 1, 2018, to June 13, 2019.

For this study, data from PV plants 1 and 2 were utilized.
Table I provides metadata and technical parameters for the
selected stations.

B. Bichurskava PV plant data

In order to assess the efficiency of the indirect approach
to PV power modelling, data from Bichurskaya PV plant was
investigated.

Bichurskaya PV power plant is a solar power facility
located in the Bichursky District of the Republic of Buryatia,
Russian Federation. The installed capacity of the station is 10
MW. Local measurement data from the power plant include
values of solar irradiance on a horizontal surface and in the
plane of the photovoltaic modules, recorded at a 5-mimute
interval over the period from November 2, 2018, to
November 13, 2019. Fig. | and Fig. 2 depict the measurement
data of global horizontal irradiance (GHI) and the output
electrical power of the power plant.

III. METHODOLOGY

A. Indirect approach

PV power estimation through indirect approach primarily
involves the necessity of component-based mathematical
modeling, which in fact can be regarded as a fully independent
task.

TABLE L THE PVOD STATIONS DATA
Station Number (according to the dataset)
Parameters T
1 [ 2
Latitude [deg] 38.04778 | 38.18306
Longitude [deg] 114.95139 | 117.45722
" Tnstalled Capacity l
[kW] 6600 20000
PV technology Poly-51 | Poly-51
Panel Size, m’ 1.6236 | 1.66350
PV Module LW255(29)P | LW6P60-270
Solar wverter NSG-500K3TL | TCS00KH
PV Modules Number 26000 | 74000
PV Modules Amay Tilt | ] .
 [deg] |
PV Armray Layout 20x96 | 22x128

o

m

Fig. 2. GHImeasurements data from Bichurskaya PV plant.

The mathematical modeling of the physical process of
photovoltaic conversion is a multistage endeavor. Unlike the
direct approach where uncertainty in the selection of a
computational model arises once, in this context, at each stage
of the modeling process, the researcher is presented with a
choice among several options. These choices, ultimately, may
lead to various model combinations. In the literature, the
established term for such combinations (or groups) of
employed physical models is "model chain" [12]. The phrase
implies a lack of interchangeability between the stages of
modeling, meaning that the order of succession is strictly
adhered to. The number of models involved in a combination
varies significantly depending on the spectrum of available
input data. Considering that the models utilized at each stage
are independent of each other, one can contemplate thousands
of different combinations in an attempt to identify the optimal
configuration for each specific case. According to the research
conducted by Mayer and Grof[1], the performance difference
between the worst and best model combinations can reach up
to 10% (both in terms of root mean square error and
normalized mean absolute error). The search of a model
combination with optimal performance is analogous to the
process of hyperparameter optimization in machine learning
models used in the direct approach to PV output power
forecasting.

A notable advantage of the indirect forecasting approach
is its complete independence from retrospective
measurements, allowing for the implementation of forecasting
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models simultaneously with the final stage of preparing for the
commissioning of a solar power station. However, as
previously mentioned, to maximize this advantage, sequential
mathematical modeling requires detailed information about
the technical parameters of the PV plant and the equipment
used on it.

Even with high accuracy in predicting solar radiation,
significant errors in forecasting the output of PV power plants
can occur if the operating conditions of the station are not
taken into account. Local physical and geographical
conditions, such as atmospheric characteristics, snow cover
heights, and shading horizons, should often be considered [13,
14]. Depending on the type and configuration of the
photovoltaic system, separate considerations can be made for
calculating the solar position and assessing less significant
losses that are not generally addressed (the general case here
refers to ground-mounted PV systems).

The primary criteria for selecting optimal models are the
overall accuracy of the forecast and computational
complexity. The selection process may involve sifting through
tens or even hundreds of models presented in the literature [1].
The narrowing of the search scope can be achieved by
introducing a third criterion in addition to the two primary
ones — the prevalence of the model in thematic studies.

The pvlib Python programming language library [15],
implements the necessary tools for step-by-step mathematical
modelling of the irradiance-to-power conversion process. For
each considered stage, the library provides several basic
models. Undoubtedly, the models implemented in the package
are not universally applicable everywhere. Nevertheless, when
constructing forecasting models from scratch or under
conditions of insufficient initial data. the application of the
pviib library can prove to be highly beneficial. A detailed
examination of the process of solving the problem of indirect
approach to PV power forecasting will be conducted using the
example of employing the pvIib library.

The concept of the indirect approach is depicted on Fig. 3.
In most cases the first stage of such a modelling has to be
started from applying GHI decomposition models as this is the
only solar radiation related parameter measured in a PV plant
site. Since the PVOD contains DHI (diffuse horizontal
irradiance) measurements data as well, the first stage focuses
on modelling clear-sky DNI which is required for the next step
of modelling.

| | em DEI w | | =

I | 2 lnsichen) . \ Y e
R I e B B Stage 1, Clear-sky madels

Y [Stage 2. GRIt0 GTT

{1 Lowmed) (3. Biagracad I \f
| Tordam ) i it &t || 5P 6T | Lo et
I,
,"" \ i N £ . i A Stage 3. PV call
\AeMAE (V) PRk LSRN ) tomparsture modols
\ i
1T,
Lo
/- Desoas, [ i \ Stage 4. PV pecfarmance
| mingle | [ 2-cEc | [t-Pomm| |s-Pvmem g i
i g I y medls
{1-5adn | |2-Driesse | fi-m'wm- Stage 5. Inverter models

Fig 3. Indirect approach. The concept of model chain for PV power

modellmg

Transposition from GHI to GTI (global tilted irradiance) is
another essential step in order to take info account PV modules
array tilt angle. Stages 3 includes models that aid to consider
the influence of ambient temperature to the performance of a
PV cell, while stages 4 and 5 are responsible for conversion
solar radiation into DC and AC power respectively.

Models for each of the stages are enumerated in Tables II-
VI. At each stage, there is uncertainty in choosing a particular
model, necessitating a sequential exploration of all possible
combinations of models. In our case, the total number of
models is 20, with the overall count of unique combinations
amounting to 3x6x4x4x3 = 8§64.

TABLEIL CLEAR-SKY MODELS
Model = ?
Number Model Method in pviib
1 MeClear [16] -
2 Ineichen and Perez [17] | pvlib.clearsky.ineichen
3 Hawrwitz [18] pvlib.clearsky havirwitz
TABLE ITL. TRANSPOSITION MODELS
Model 5 3
Number Model Metheod in pviib
1 Liu and Jordan [19] | pviib.irradiance.isotropic
2 Klucher [20] pvlibiiradiance klucher
3 Hay and Davies [21] | pviibiiradiance.haydavies
4 Remdl [22] pviib.irradiance.reindl
i Perez [23] pviib.irradiance perez
6 King [24] pvlibiiradianee king
TABLEIV. PV CELL TEMPERATURE MODELS
Model < 3
Number | Model Method in pviib
1 SAPM [25] pvlib.temperature.sapm_cell
2 DPVsyst [26] pvlibtemperature pvsyst_cell
3 Fauman [27] pviib.temperature faiman
4 | SAM [28] pvlib.temperature.noct_sam
TABLE V. PV PERFORMANCE MODELS
Model 2 .
Number Model Method in prviib
De Soto (single . 5
1 diode) [29] pvlibmodelchain.desoto
2 CEC [30] pvlibinodelchain.cec
3 PVsyst [31] pvlibanodelchain pvsyst
4 PVwatts [32] pvlib.modelchain pywarts_de
TABLE VL INVERTER MODELS
Model x
Number | Model Method in pvlib
1 Sandia [33] pvlib.modelchain.sandia_inverter
2 Driesse [34] pviib.modelchain.adr_inverter
3 PVwatts [35] pviib.modelchain pyvwatts

The criterion for optimality was determined by selecting
the minimum value of the normalized root mean square error
(nRMSE) in modelling the PV plant output power:

1:2 2
53 Bt )
nRMSE = = N , (1)

installed
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where Prodelted and Pacrual are modelled and measured PV plant
output power respectively; Pinsuled 18 installed capacity of a
PV plant.

B. Direct approach

When employing a direct approach to calculating the
output of a solar photovoltaic power station, a hypothesis is
posited regarding the presence of a correlational relationship
between the power output of the power station and the
accompanying meteorological parameters available in the
dataset (naturally, contingent upon the availability of local
solar radiation measurement data).

Let a dataset Z of size [ = m be given, encompassing
predictor vectors X1 and the response vector Y. The
formalized definition of the generalized regression equation
can be expressed as follows:

Y =f(Xmi1) +&, (2)

where f'is a regression function, and £ is a regression errors
vector.

In the case of direct estimation models, the response
variable Y represents the output power of the PV plant.
Typically, the independent wvariables X consist of
accompanying meteorological parameters. When considering
PV plant output power as the response variable and the set of
meteorological data as independent variables (predictors), the
conversion of solar radiation into PV plant output electrical
power represents a specific application of regression analysis.

The exploration of relationships between the
aforementioned parameters is commonly undertaken using
machine learning methods, with supervised learning methods
finding widespread application in the industry. In the process
of constructing models, one may encounter the necessity of
selecting a regression model from the array of available
options. The choice of a specific model can present certain
challenges. as justification in terms of performance is
complicated by the extensive variety of results and metrics
found in the literature, often unsuitable for direct comparison.
This complexity arises from the fact that direct approach
models, during construction, "adapt" to a specific set of
training data that implicitly encompasses dependencies such
as the variability of meteorological data series, the accuracy of
weather forecasts, and the physical characteristics of the solar
power station. Consequently, robust conclusions can only be
drawn through a comprehensive comparison of various
machine learning models on the same set of training data.

To address the challenge of translating irradiance data into
power output, we opted for a statistical model employing an
artificial neural network (ANN) with a multilayer perceptron
(MLP) architecture. The utilization of ANN for solar radiation
and PV power forecasting is prevalent, given their superior
ability to discern patterns in extensive datasets. The MLP
model, in particular, offers the added benefit of online learning
capabilities. The selection of the MLLP model is justified by its
straightforward algorithm implementation and a sufficient
number of successful applications in the field of solar energy
forecasting and estimation. The authors of the extensive study
[2] assert that, in their case, the MLP model, is most
preferable, representing a reasonable compromise between
computational complexity and error rate. The conducted
analysis also emphasizes the importance of predictor selection
procedures, particularly highlighting the predominant role of
predictor composition in comparing the performances of

different models. Consequently, in the development of direct
prediction models, primary attention should be directed not
toward the procedure of selecting a regression model but
toward data preprocessing and predictor selection.

MLPis a supervised learning algorithm that leams a
function f(-): R" — R° by training on a dataset, where n is
the number of dimensions for input and ¢ is the number of
dimensions for output. Given a set of features
X =x,x%,...x, and a fargety, it can learn a non-linear

function approximator for either classification or regression.

The leftmost layer, known as the input layer, consists of a
set of neurons {.r, N } representing the input features.

Each neuron in the hidden layer transforms the values from the
previous layer with a weighted linear
summation wyx, +w,x, +...+w,x, . followed by a non-linear

activation function g(-): R — R — like the hyperbolic tangent

function. The output layer receives the values from the last
hidden layer and transforms them into output values [36].

A feedforward neural network with n inputs and 1, neurons
in one hidden layer with a linear output activation function can
be expressed as

My n
_v:f(x.w):Zu-‘kg*[Zuﬁxj+w,]qk]+u'ﬂq 3)
=1 =

where x is input variables and w denotes weights of network
connections.

The estimation accuracy is highly dependent on the model
inputs combination. Geometric parameters, on which the
intensity of solar radiation depends, can be transmitted to the
model input in the form of the day number of the year (which
in terms of features is equivalent to the extraterrestrial solar
radiation) and the time of day [37]. Such geometrical
parameters, considering the Sun position at a given latitude on
a given day of a year and at a given time of the day, are also
the solar zenith (£;) and azimuth (y) angles. These angles are
calculated using the following formulas [38]:

c0sd, =sing-sind+cosd-cosg-cosm, (4
sing, -sin @—sinéd
cos ys —_—— (5)
Cosa -cos@

where @ is geographical latitude of the location, é is solar
declination angle, @ is hour angle, and @ is solar elevation
angle.

In this research the aforementioned angles were calculated
using a pvlib method solarposition.get solarposition().

IV. RESULTS

The described indirect approach was applied to data from
stations 1 and 2 (Table I). According to criterion (1), the
optimal model combination for station #1 was determined as
follows: 1-5-3-1-1 (clear sky model: McClear, GHI to GTI
transposition: Perez, temperature model: Faiman, PV
performance model: De Soto, solar inverter model: Sandia).
For station #2, the optimal combination was identified as 1-
1-1-1-1 (McClear model, Liu and Jordan model, SAPM
model, De Soto model, Sandia model).
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For the purpose of comparing the performance of
approaches, a direct approach using the MLP model with the
scikit-learn library was also tested. The input data included
6., 7, GHI, DHI, and ambient air temperature. The
hyperparameters of the MLP model were chosen by default,
as optimizing their combination was not the focus of the
study.

The modeling results using both direct and indirect
approaches for the selected solar power stations are presented
in Fig.4-7 and table VIL.

1 23 4 58 6 7T 8 8 1010 1213 4151617
Actual output power (MW)

Fig. 7 The PVOD. Station 2. Direct approach. Scatter plot of modelled and
measured output power

g

As evident from table VII, in the case of both PV stations,
the accuracy metrics of the direct modeling approach turned
out significantly better than the indirect modelling method.
This observation may indicate inaccuracies in specifying the
parameters of models employed in the analyzed model chain

3 ] : ! . combinations.
Aenal ourput posves (MW) As the original information on the technical
Fig.4. The PVOD. Station 1. Indirect approach. Scatter plot of modelled  characteristics of Bichurskaya PV power plant was not
and measured output power available, the assessment of accuracy was exclusively

conducted for the direct modeling approach of the power
output. To address this task, the MLP model with default
hyperparameters was employed. The input data consisted of
6-, 75, measured GHI, and ambient air temperature. Fig. 8
presents a scatter plot depicting the dispersion between the
modelled and actual values of the power output of the station.
The nRMSE metric was calculated as 5.92% on the fest
dataset, which constituted 25% of the overall available data.

Actual owiput power (MW) ;
Fig. 5. The PVOD. Station 1. Direct approach. Scatter plot of modelled and g
measured output power :*
TABLE VIL  COMPARISON OF INDIRECT AND DIRECT APPROACHES T
(THE PVOD) 7
i;;‘::f;t Approach nRMSE, %
Indirect 33 :
1 = 0 1 1 3 1 5 6
Direct 33 Actual output power (MW
2 Indirect £ Fig. 8. Bichurskaya PV plant. Direct approach. Scatter plot of modelled and
Direct 425 measured output power
V. CoNCLUSION
A comparison between the direct and indirect approaches
to estimation the output power of two grid-connected solar
photovoltaic plants was conducted using publicly available
PVOD data. The effectiveness of the direct approach was also
assessed using data from Bichurskaya PV power plant. The
direct approach relied on a supervised machine learning
model, specifically the MLP model. The implementation of
the indirect approach involved sequential mathematical
modeling (model chain) of PV plant components using models
available in the pviib library. Based on the results obtained, it
; can be concluded that, when there is sufficient input data, the
AE] s PoNET QR use of the direct approach may outperform traditional
Fig. 6. The PVOD. Station 2. Indirect approach. Scatter plot of modelled ~ mathematical modelling in addressing the task of estimation
and measured output power the output power of PV power plant for its electricity
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generation forecast. For instance, the minimum value of the
nRMSE metric for the MLP model was 3.3%, whereas the
model chain demonstrated a performance of 5.3% on the same
data. The irradiance-to-power conversion models developed
in the study can be applied in PV power forecasting with
numerical weather forecast data taken as input.

In future research, a similar comparison between the direct
and indirect approaches is planned, considering an expanded
set of models within the context of day-ahead PV power
forecasting.
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Abstract—The article is devoted to the study of diesel genset
unit (DGU) operation as a part of solar-diesel complex (SDC). The
description of the technical facilities of the research site "Solar-
Diesel Complex" (SDC) is made. Possible regimes of functioning
of diesel equipment as a part of SDC are considered. The testing
of the SDC was performed, the equipment was adjusted and
prepared for further tests. On the basis of real data obtained from
SDC, located in the city of Verkhoyansk, modeling of its operation
was performed and experimental studies of possible regimes were
carried out, on the example of some of them graphical and
numerical control was performed in order to verify the fulfillment
of the power balance.

Keywords—Solar-diesel complex, equipment ftesting, operating
modes, frequency control, load operation

L INTRODUCTION

The problem of electrification and power supply of remote,
hard-to-reach and isolated regions is one of the most urgent
problems of the power industry in the Russian Federation. This
issue is described in detail in many reports and papers. For
example, [1-4] describe the strategic importance of the problem
at hand. Such territories can be divided by the extent of
electrification into three zones [5], where the first is the zone of
locations within the area of centralized power supply, the second
is the zone of local power systems and power centers, the third
is the zone with no centralized supply systems, which are
characterized by autonomous power generation by means of
diesel power plants or none at all.

Fig. 1. Map of power interconnections and power systems of the Russian
Federation
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Having studied the existing management structure provided
by the Russian Power System Operator (Figure 1), it can be seen
that most of the Sakha Republic, Magadan Oblast, Chukotka
Autonomous Okrug, and Kamchatka Krai are technically
isolated. At the same time, a significant part of the territories
included in the regional integrated energy systems according to
the above classification can be referred to zones 2 and 3 (Figure
2). Despite the introduction of new capacities and replacement
of obsolete components of generating and grid facilities, the
published statistics according to Russian Power System
Operator [6] shows that in 2021 50 subjects of the Russian
Federation faced energy shortage. For example, the Republic of
Tuva had an indicator equal to 4.6% of energy self-sufficiency
of the subject, and the Jewish Autonomous Okrug demonstrated
a zero indicator.

Kalimtigrat
L]

5

B Conteatized powver supply
Independant power supply
Wonelecwified

divostck

Fig. 2. Map of geographical zones according to the extent of electrification

To solve the problem of electrification of isolated and hard-
to-reach regions, various suggestions are made, including both
technical and organizational measures. The previously cited
sources provide a detailed description of possible resolution
paths. One of the technical solutions is the integration of
renewable energy sources into the structure of existing diesel
generation facilities with different levels of replacement of
diesel power generation [7], creating hybrid power plants. Also,
some studies emphasize that any decisions concerning the
planning and development of the Scheme and Development
Program of the energy- shortage region of concern, such as
Siberia or the Far East, should be based only on balance and
regime studies [8].
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The above points clearly prove the relevance of practical
modeling and testing of a potential hybrid power complex, study
of its possible operating modes, collection and analysis of output
information on energy balance within the simulated power
system. The technical capabilities of the Research and
Experimental Facility "Solar-Diesel Complex" (hereinafter -
REF "SDC") at the National Research University Moscow
Power Engineering Instimte (NRU MPEI) allows to fully
accomplish such complex studies, enabling to fulfill the
necessary pre-analysis of the power balance and characteristic
modes. Also, RIF facilities allow to test the equipment as part of
SDC and draw conclusions about its condition and suitability for
operation under such conditions.

II. EQUIPMENT DETAILS

A. Overall structure of the REF “SDC”

The solar-diesel complex at NRU MPEI consists of three
main parts: a diesel power plant (DPS), a solar power plant (PV),
and an energy storage system (ESS). Such a composition of
equipment allows to study the full range of possible modes of
operation, which can occur both at autonomous power supply
and when working in parallel with the local power grid. The
structural scheme of the complex can be found in Figure 3. It
shows the main elements of the REF, as well as the power and
logic connections between them.

Fig. 3. Structural diagram of the REF “SDC”

B. Stnicture of the DPS

The diesel power plant is equipped with two diesel genset
units (DGU) with a total capacity of 42 kW (12 + 30). They are
implemented by identical diesel internal combustion engines
(ICE) of Minsk Motor Plant (MMZ, Belarus) model D-243 and
synchronous AC generators Marelli Generators model MIB 160
MAA4 in the installation for 12 kW (DGU-12) and MJB 200 SA4
in the installation for 30 kW (DGU-30). Each of the DGU is also
equipped with a DEIF AGC 200 diesel genset controller. This
controller is used to control, monitor, customize and adjust, as
well as upload data on the operating status of the DGU.

The research was conducted within the framework of the project "Control
Systems for Solar-Diesel Complexes" supported by the grant of the Mmistry of
Science and Higher Education of the Russian Federation Ne FSWF-2022-0006

C. Structure of the PV-plant

The block of solar generation is represented by a group of
main elements, namely two identical regulated DC sources of
Delta Electronika SM 660-AR-11 and SMA Sunny TriPower
12000TL grid inverter, as well as by a group of auxiliary
elements, which are necessary for controlling the PV simulator
and storing the control and measurement control data. The
structural diagram of the block of solar generation as a part of
SDC with all logic and power connections is presented in Figure

Barer
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00 = 3300

—
MO MQTT Server

SAIA Sy rijwe 12000 11

Fig 4. Structure diagram of PV-plant SDC

Such structure of equipment allows to carry out modeling of
any photovoltaic modules ("PV modules") operation using real
data in accelerated mode, which provides high speed and
convenience of analysis of PV operation as a part of SDC.

D. Structure of ESS

The energy storage system consists of two parts: an energy
storage unit based on 12 lead-acid batteries model Yellow GB
12-200 and a battery inverter Victron Quattro 48/10000/70-
100/100.

The ESS as part of the REF SDC allows modeling of systems
that provide for energy storage under conditions of excess solar
generation during the daytime and its release under conditions
of insufficient or zero PV generation at night or during periods
of prolonged shading of the aray.

III. PosSIBLE REGIME STUDIES

Regime and balance studies are necessary to verify the
fulfillment of the law of balance between the generated and
consumed power. According to the above description of REF
SDC, all the modes available for research can be categorized
into three groups based on the number of major components of
the solar-diesel complex involved.

A. Single-unit regimes

These are modes in which the single operation of each of the
main elements on the load is investigated. In this case, the
balance equations should be of the form:

P[uad == Pgemet (l)

P.’.aad :Ppu 2)
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Pluad = Pbat (3)

B. Two-unit regimes

In this case, the combined operation of two of the three main
elements on the applied load is investigated. Then the balance
equation for the DPS/PV mode will have the form:

Pioad = Pgenset it va 4

The equations are similar for the DPS/ESS and PV/ESS
modes, but in this case it is recommended to write two equations,
where the ESS power with the minus sign will correspond to the
charging mode, and with the plus sign - to the discharging mode.
Then, for example, the power balance law will take the form (5)
or (6) for the DPS/ESS mode:

Pload = Pgenset B Pbat (5)
Pioad = Pgenset + Pbar (6)

C. Three-unit regimes

This mode represents the full operation of the SDC on the
applied load. Similarly to the mode using ESS in two-unit
studies, in this case the power balance equation takes the form
(7) or (8) depending on the ESS charging or discharging process
taking place:

Proga = Pgem‘et 2E Pp’v — Pyar (7
Pl‘.oad = Pgenset * va +P.bat (8)

IV. STUDY OF OPERATION OF STAND-ALONE GENSET
UNDER LoAD

As mentioned earlier, the third zone is characterized by a
high rate of using DPS as the main source of generation. In the
conditions of construction of new hybrid diesel stations and
integration of RES facilities into already existing diesel
generation facilities, the efficiency of operation depends to a
greater extent on the performance of DPS. In this regard, this
study analyzes the performance of a single DPS as a basic
operating mode of SDC.

This type of test allows to investigate changes in the
behavior of diesel units at load shedding, namely, changes in
fuel consumption and ability to maintain at the output electricity
of the required quality. Thus, for example, in the territory of the
Russian Federation high quality electricity corresponds to the
index of nominal frequency equal to 50 Hz with an allowable
deviation of 0.2 Hz and a maximum allowable deviation of 0.4
Hz [9].

A. First testing

As part of this test, it was decided to study the autonomous
operation of DGU-12 during load shedding in steps at different
step sizes. However, even in idle mode, an unacceptable
frequency deviation was detected with the AGC 200 controller
(Table 1): 51 Hz operating frequency versus 50 Hz normal
frequency. This deviation is numerically 2.5 times the maximum

permissible frequency. Therefore, the need to adjust the settings
and configurations of DGU-12 installed by the manufacturer
became obvious.

TABLE1 FREQUENCY MEASUREMENT RESULTS OF DGU-12 IN THE
IDLE MODE
Load value Measured frequency value (Hz)
(kW) Mini; | Average Maximum
0 50.77 | 5097 I 51.13

B. Adjustment

The analysis of the associated literature [10] suggests that
the possible error may be related to the speed control settings
(RPM) of the DGU, since the generating set should be set in such
a way that the mode comresponding to the normal mode at a
nominal frequency equal to 50 Hz is established without the
participation of the RPM controller (i.e., in manual control
mode). There are many studies devoted to the search for optimal
values of PID control coefficients when tuning the RPM
controller, as, for example, in [11] —[13]. However, they do not
assume possible technical mismatch of the controllers used.
Thus, the technical manual describes the procedure for setting
the frequency regulation by changing the initial value of the
signal applied at the analog output of the controller (analogue
governor offset, parameter code 2550 in the accompanying
operation manual [14]) at the start of the generating set. The
iterative process of changing this parameter helped to achieve
the required frequency of 50 Hz at a value of 38%, although
normally this should be achieved at a value equal to 50% (Figure
5).

RPM
1530 0%
1470 4.0%
0% 100%

50%
Load, %
Fig. 5. Typical diagram of the static characteristic of RPM

Thus, it was found that the error in setting the generating
equipment to nominal frequency is not software, but
mechanical, because the resistor installed inside the controller
does not meet the necessary requirements and does not provide
symmetrical speed control at the initial value of the analog
output of the controller equal to 50%.

C. Second festing

After making the necessary changes, the DGU was tested
again. The load was increased evenly in the range from 0 to 12
kW in 2 kW intervals.

TABLE I FREQUENCY MEASUREMENT RESULTS OF DGU-12 AT
STEADY LOAD SHEDDING IN 2 KW STEPS
Load value Measured frequency value (Hz)
(EW) Minimum Average Minimum

0 49.66 49.98 50.16

7 4978 4999 5022

4 49.70 50.01 50.17

6 49.87 50.01 50.14

8 49 65 4999 5022

10 49.63 49.95 50.07

12 49.71 49.86 50.03
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Similar tests with larger step size were conducted. According

to the fact of maintaining the nominal speed and deviation from 12000
it within the acceptable values in the entire power range, it can 10000
be concluded that the DGU-12 operates correctly in standalone = 2000
mode. ':
g;l 6000
V. STUDY OF SDC OPERATION UNDER LOAD QE: 4000
Possible modes of operation of DPS are presented in Figure 2000
6. To model power supply within the third electrification zone, N
it is necessary to swifch the operation mode of the generating 0
equipment to the off-grid mode. 10:19:12 11:31:12
Time
P genset P load
Genset mode
Island Fig 7. Smgle load operation of DPS 1n winter
AMF
Peak shaving 12000
Fixed power 10000 —
Mains power export & 8000 -
Load take over ': 6000
P Pu ﬂé 4000
Ay 2000
0
-200843:36 9:57:36 11:09:36
Time
-P_genset P_load P pv
Fig. 6. List of possible modes of operation of generating equipment

For modeling three packages of real data from the SDC ~ Fig-8. Combined operation of PV and ESS m the spring
located in Verkhoyansk town of the Republic of Sakha (Yakutia)
were used, each of which represents a set of load schedule, solar

radiation arrival at the receiving site located at an optimal angle i{,ggg A
and PV-array temperature for characteristic days of the average _ 8000 '8
month of the corresponding season: January for winter, April for = 6000

spring and July for summer. This energy facility is one of the 5 4000

modernized generation facilities under the Energy Development % 2000

Program of the Republic of Sakha (Yakutia) for 2022-2026 [15]. =] 0

Such composition of the data is sufficient for carrying out i;ggg:‘“:u i TE13:12
studies of all modes specified in point IIT on the basis of REF 6000
SDC at NRU MPEIL However, the technical capabilities did not
allow conducting the tests at full scale. Therefore, a scaling

factor was adopted in order to adapt the obtained data to the P_penset P_load
technical facilities of REF SDC.

Time

Fig 9. Combined operation of DPS and ESS i summer
The result of the tests are arrays of data from telemetry

carried out on the elements used, which allow both numerical
and graphical control of the fulfillment of the power balance idbaa
equations (construct daily graphs of load and generation of the

test components). An example of the result of processing the test
data of single-unit, two-unit and three-unit regimes of SDC
operation can be seen in Figures 7, 8, 9 and 10.

o
2
(=]
(=}

Power, W

The plots constructed clearly show the interaction between

the generating and consuming elements of the network and -1000 2012 12:43:12 13:55:12

demonstrate the power balance in the simulated system. e Y. [ = B
Let's perform numerical control of the constructed load P penset Time P load

graphs. For example, let's take two random points on the graph P_[m i ks

9, which will correspond to the time intervals before and after = £

switching on the diesel generation. Fig. 10. Combined operation of DPS, PV and ESS mn summer
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TABLE IIL TELEMETRY DATA OF POWER OF SDC FACILITIES DURING
TWO-UNIT TEST OF COMBINED OPERATION OF DPS AND ESS

Time Measurement of load power | Measuremen Measureme
h.m.s, by phase, W tof ESS nt of DPS
Li L2 L3 Sum power, W | power, W
14.30.02 943 692 565 2200 -24126 0
| 16.00.03 1713 1060 | 996 3769 965.59 4838

According to formulas (5) and (6) for this regime, the power
balance equations for the first and second points will take the
form (9) and (10):

2200 =10 + 24126 = 24126 9
3769 = 4858 — 965.12 = 3892.88 (10)

The calculations are correct. The discrepancies in the
calculations are due to the fact that the load of auxiliary needs of
SDC, as well as losses in wires are not taken into account. Thus,
we can conclude that the power balance equation is satisfied in
the case of two-unit regime of combined operation of DPS and
ESS.

Let's perform a similar check for the case of combined
operation of all elements of SDC. Let's choose three points, one
of which lies in the time range before the start of PV generation,
the second one in the range of the highest PV generation, and
the third one in the time interval after sunset.

TABLEIV. TELEMETRY DATA OF POWER OF SDC FACILITIES DURING A
THREE-UNIT TEST OF COMBINED OPERATION OF DPS, PV AND ESS
Ti 'l;u';l Measurement | Measurement = Measurement
h % n‘::er of ESS of PV power, of DPS
ams B W ’ power, W w power, W
i ST 40 ! 0
] > | i35 Aokay | S5 | A
131501 6810 1057 8 30 5541

Substituting the obtained values into the formulas for
calculating the power balance of three-unit regimes (7) and (8),
we obtain the following expressions:

3454 = 0+ 40 + 3279.54 = 3319.54 (11)
4735 = 0 + 3370 + 1466.72 = 4836.72 (12)
6810 = 5541 + 30 4+ 1057.8 = 66288 (13)

The result is similar to the result of the two-unit studies. The
power balance is fulfilled, the observed discrepancies are due to
the lack of auxiliary load telemetry, as well as to losses in wires.

VI. CONCLUSION

Thus, within the framework of this study, the diesel unit was
tested, RPM parameters were adjusted for the correct
functioning of the diesel unit, and studies of the operation of this
machine in a single mode as an autonomous and the only source

of energy in the simulated network were performed. Studies of
combined operation of the diesel power plant with other
components of the SDC were carried out, based on the results of
which load schedules were built, numerical control was
performed and compliance with the power balance at random
momenfs of time of some of the possible regimes was
confirmed.

REFERENCES

[1] Analytical Center under the Government of the Russian Federation
Generation facihities in 1solated and hard-to-reach areas m Russia.
[Online] Available: https://ac_gov.ru/uploads/2-
Publications/anahtika/%D0%B3%D0%B5%D0%BD%D0%B5%D1 %8
0%D0%B0%D1%86%D0%B8 %D0%B8_2%D0%B2_%D0%98%D0%A
2%D0%A2 pdf

[2] S.M. Gmnand A. M Vorotmkov, Energy supply of the arctic regions of
the Russian Federation with renewable energy sources. [Onlne]
Available: https://arctic2035. m/m16-p67

[3] VIOD International Conference ARCTICA SUSTAINABLE
DEVELOPMENT. State support helps to achieve reliable power supply
to remote territories of the Far East and the Arctic. [Online]. Available:
hittps://arctic.s-kon r/gospodderzhka-pomogaet-dostigat-nadezhnogo-
jenergosnabzhenie-udalennyh-temritonj-dalnego-vostoka-1-arktik/

[4] I. A Boshmakov, Improving the efficiency of energy supply m the
northern reglons of Russia. [Online]. Available:
hitp:/~www.cenef u/file/Bashmakov 21 pdf

[5] ©O. A Swzhikova, Problems and main directions of development of power
supply of remote and sparsely populated consumers in Russia, Bulletin of
science of Siberia. Ne 3 (4). pp.103-108.

[6] Ratmng ofregions by the level of energy sufficiency. [Onlme]. Available:
hitps://maratmg ru/regions/20220315/630218945 html

[7] D.S. Stepanov, Autonomous hybnd power systems based on renewable
energy sources for isolated temritomes. [Online]. Available:
hitps://altren m/img/mews/2020/09/journal 2 pdf

[8] V. Stennikov, V. Golovshchikov, and A. Osak, Problems and prospects
of electric power industry development in the eastem regions of Russia.
[Online]. Available: https:/energypolicy.m/problemy-i-perspektivy-
razvittya-elektroenergetic-v-vostochnyh-regionah-
rossii/energetika/2023/12/13/

[9] State standards 13109-97. Standards of quality of electric energy in
general purpose power supply systems. [Onhne] Available:
https://docs.cntd. my/document/1 200006034

[10] Configuration guide for DEIF controllers for parallel operation
[Online]. Available: https:/dvic-
electro ru/06powerStation/configuration_manual_v-011 pdf

[11] AliS. Allahloh, et al Revolutionizing IC genset operations with IToT and
Al A study on fuel savings and predictive maintenance. [Online]
Available: https://www. mdpi com/2071-1050/15/11/8808

[12] V. A Markov, E F. Pozdunyakov,and M. I Shlenov,
Improvement of quality indicators of the system of automatic speed
regulatton  of a  diesel-generator [Online]. Available:
hitps://eyberleminka ru/article/n/uluchshenie-pokazateley-kachestva-
sistemy-avtomaticheskogo-regulirovaniya-chastoty-vrascheniya-dizel-
generatora-1/viewer

[13] B. V. Sushkov and E. E. Revyakin, System of synchronization of phase
angles of voltages of generators at their switching on combined operation.
[Online]. Available: hitps://cyberleninka m/article/n/sistema-
sinhronizatsu-fazovyh-uglov-napryazhemy- generatorov-pri-th-
vklyuchemi-na-sovmestnuyu-rabotu

[14] Manual on operation controller electroaggregate diesel AGC 200
[Online]. Available: https:/www powerunit ru/support/AGC-200 pdf

[15] On the scheme and program of development of electric power mdustry of
the Republic of Sakha (Yakuta) for 2022 - 2026 wears. [Onlne]
Available: https://docs. entd mu/document/40606329 3 marker

377
Authorized licensed use limited to: National Research Univ Moscow Power Eng Inst. Downloaded on November 14,2024 at 07:40:28 UTC from IEEE Xplore. Restrictions apply.

355



Narynbaev A.F.,, Kremer V.A., Vaskov A.G. Evaluating Day-Ahead Solar Radiation
Forecasts from ICON, GFS, and MeteoFrance Global NWP Models // Applied Solar Energy — 2024.
—Vol. 60, No. 3. P. 491-500, DOI 10.3103/S0003701X24600152.

Ccblka Ha ckaumBaHue: https://doi.org/10.3103/S0003701X24600152
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Abstract—The accuracy of hourly global horizontal irradiance forecasts provided by the ICON (Icosahedral
Nonhydrostatic Weather and Climate Model), GFS (Global Forecast System), and MeteoFrance Global
models for Moscow, Russia, over a 36-h forecast horizon, is analyzed. The study investigates the suitability
of these freely available global Numerical Weather Prediction (NWP) models for predicting the output of PV
power plants, considering the standards of the Russian wholesale electricity and capacity market. The study
conducts a comparative assessment of the forecasts from the mentioned models. A notable conclusion drawn
from the study is the superior performance of all the NWP models over the naive 36-h persistence forecast,
as indicated by the root mean square error, mean absolute error and mean bias error metrics. The overall find-
ings suggest a higher accuracy of hourly global horizontal irradiance forecasts from the ICON model com-
pared to the others under the investigated conditions.

Keywords: solar radiation, global horizontal irradiance, NWP, forecasting, verification, solar energy
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INTRODUCTION

The continuous growth of solar photovoltaic (PV)
plants in power systems worldwide has led to an
increasing demand for informative, accurate, and reli-
able forecasting methods. These methods aim to miti-
gate the impact of the high variability in power gener-
ation from PV plants and improve their operational
efficiency. Solar radiation forecasting, on its own,
does not hold significant value from the perspective of
energy meteorology. Therefore, it is often considered
in conjunction with the challenge of forecasting the
output of PV plants.

The issue of forecasting PV plant output power has
attracted significant attention from researchers since
the early 21st century. This interest has arisen along-
side the rapid development of PV technology, leading
to the need for effective and safe integration of large-
scale solar generation objects into interconnected
power grids.

Existing approaches to addressing the challenge of
solar PV output forecasting encompass a wide range of
methods and can be classified, at a high level, based on
the variable being forecasted. The indirect approach
involves forecasting solar radiation and subsequently
converting it into power output using mathematical
models specific to PV arrays. In the direct approach,
the forecast directly predicts the power output of the
PV array itself [1].
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Important characteristics of forecasting
approaches include the forecast horizon and temporal
resolution of the forecasts. Common classification of
forecast horizons in research papers includes [2]:

— very short-term forecasts (from seconds to min-
utes ahead, with second- or minute-level resolutions);

— Short-term forecasts (from 1 h to 48 or 73 h
ahead, with up to 1-h resolution);

— medium-term forecasts (from several days to a
week ahead);

— Long-term forecasts (from a month to a year
ahead).

The choice of forecasting methodology primarily
depends on the target forecast horizon and lead time.
Statistical models based on time series analysis and
machine learning methods are useful and applicable
for short-term and very short-term horizons [3]. In
these time frames, approaches that utilize ground-
based imaging data from specialized cameras for sky
imaging and satellite data are also employed [1, 4]. For
short-term and medium-term horizons, NWP data
forms the basis, while traditional statistical methods,
along with machine learning approaches, can be uti-
lized for long-term horizons [35, 6].

Forecasting models can also be classified based on
the nature of the input data. From this perspective,
two main categories can be distinguished:
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— Models that use endogenous (internal) data
derived from current and/or lagged time series data of
solar radiation or solar PV plant output.

— Models that utilize exogenous (external) data,
which can come from sources such as local measure-
ments (temperature, relative humidity, wind speed
and direction, etc.), analysis of full-sky ground-based
imagery, satellite imagery, NWP data (temperature, rela-
tive humidity, solar radiation intensity, cloud cover, wind
speed and direction, pressure, etc.), other meteorological
databases, and neighboring PV plants [4].

Forecasting models can be further divided into
deterministic and probabilistic approaches. Probabi-
listic approaches have found widespread application in
wind power forecasting and electricity load forecast-
ing. In contrast, solar energy forecasting has primarily
focused on deterministic models, as the field of wind
energy forecasting is considered more developed and
mature, benefiting from similarities to meteorological
forecasting, where probabilistic methods have been
applied for along time [4].

To date, there is a vast amount of research on this
topic, making it challenging to conduct a comprehen-
sive review, classification, and ordering of scientific
papers. However, interested readers can refer to highly
informative review materials published recently [7—9].

The accurate forecasting of average hourly power
output from PV plants, with an hourly resolution, is of
great importance. This demand arises from the need
for stable power system operation and the require-
ments of electricity trading in wholesale markets,
including Russia. In accordance with the regulations
of the Wholesale Electricity and Capacity Market of
the Russian Federation, solar power plants are not
penalized for deviations within a =10% range of their
installed capacity in a single day. However, failing to
meet the dispatch schedule of the PV plant can result
in financial losses for the generating company. These
losses include missed benefits when the actual gener-
ation exceeds the allowed deviation range and costs
associated with penalties for generation deviations that
fall below the permissible range [10].

It is known that NWP models are the best tool for
forecasting renewable energy resources, including
solar energy, for forecast horizons of 6 hours and
beyond. This is confirmed by comprehensive review
articles [9—11] and studies [13, 14].

Numerical weather prediction models can be cate-
gorized based on various criteria. They can be global or
regional models, depending on the geographical cov-
erage of the forecast. There is also a classification of
models into thermotropic, barotropic, hydrostatic,
and non-hydrostatic models, which reflects different
conceptual views of the atmosphere and the dominant
atmospheric processes considered in the forecast
model [15]. Global NWP models cover the entire
Earth and the most commonly used models are
Global Forecast System (GFS), the model of Euro-
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pean Centre for Medium-Range Weather Forecasts
(ECMWF), the model by United Kingdom METeo-
rological Agency (UKMET), the model of Navy
Operational Global Atmospheric Prediction System
(NOGAPS), and the Global Environmental Multi-
scale Model (GEM) [16].

Drawing a parallel with the wind energy industry,
when utilizing NWP data for PV power plant forecast-
ing, interested parties may face an initial obstacle—the
absence of necessary parameters in the standard array
of publicly available weather forecasts. Unlike tem-
perature, wind speed and direction, or relative humid-
ity, solar radiation and its components have never been
considered fundamental meteorological variables in
NWP. This fact often complicates the integration of
solar radiation forecast results into the indirect model-
ing process of solar PV plant output using a stepwise
modeling approach based on global horizontal irradi-
ance (GHI) data. Furthermore, despite the significant
advancements in NWP methods, cloudiness forecast-
ing remains one of the most challenging tasks in mete-
orology [17].

In Russia, weather forecasting is conducted using
the COSMO-Ru model through numerical modeling.
Specialists from the Hydrometeorological Centre of
Russia perform calculations four times a day. The
model calculates both the direct and diffuse compo-
nents of total solar radiation flux. However, these
parameters are considered supplementary and are not
stored in archive databases, which makes accessing
them difficult. In Europe and North America, various
models are utilized to forecast solar radiation for solar
energy generation. Nevertheless, the American
regional model, for example, is not suitable for the
specific conditions in Russia. Weather forecasts from
ECMWEF are commercial products [18].

Returning to the question of problems in building
PV output power forecasting models, it should be
noted that difficulties also arise in developing models
for direct forecasting. Building regression models typ-
ically requires a dataset that is sufficiently comprehen-
sive and representative. In solar energy, the training
dataset usually consists of local measurements of the
predicted variable (a predictand) correlated with
meteorological predictor variables based on temporal
criteria. The meteorological predictor variables used
can be the results of measurements and/or modeling,
as well as the results of NWP with a fixed lead time.
The latter is preferred because the construction of an
exogenous regression model, regardless of the method
used, is primarily aimed at establishing correlation
relationships and patterns. The natural discrepancies
between the forecasted predictors and the measured
values of the predictand can be successfully “learned™
by the predictive model. The main difficulties in
developing models for direct forecasting of solar power
generation are associated with obtaining retrospective
forecast information. In practice, applying such mod-
APPLIED SOLAR ENERGY  Vol. 60
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els to newly commissioned solar power plants are often
hindered by the lack of historical meteorological data
for a specific geographical location. Weather forecast
providers explain the absence of historical forecast
database services by the large volumes of regularly
generated information, which require significant stor-
age resources. Thus, the only way to obtain historical
forecasts is through independent accumulation of such
data by regularly and automatically collecting it from
relevant sources. The authors of articles [19, 20] also
came to similar conclusions.

From the perspective of large-scale PV power
plants owners, there is little benefit in personally
engaging in numerical weather forecasting, focusing
on parameters that have the greatest impact on solar
radiation flux. This process requires a significant
amount of labor and resources. It is much more
advantageous to use information from national mete-
orological services, aerospace agencies, etc., especially
if these sources of forecast information provide an
extended range of meteorological parameters. How-
ever, for someone interested in obtaining forecasts,
there is a second obstacle. Full access to extended
meteorological forecast data is exclusively provided on
a paid basis, and the number of offerings from meteo-
rological providers also depends on the geographic
coordinates of the solar power plant’s location. This
prompts the question: should individuals acquire
NWP data through purchase or rely on freely available
data sources? In [19] the authors proposed to
approach the aforementioned question as a complex
function that is contingent upon a variety of factors.
These factors include the integration of a PV power
plant into the local power grid, the financial stability
of the operating company, the size of the power plant
itself, the distinctive characteristics of the local climate,
and most notably, the accuracy and reliability of the fore-
cast. In any case, it is crucial to evaluate the quality of
forecasts through a verification procedure [ 19].

This study focuses on the verification of GHI fore-
casts provided by the ICON, GFS, and MeteoFrance
Global models for the conditions of Moscow, with a
forecasting horizon of 36 hours. The applicability of
these global NWP models, which are offered by mete-
orological providers free of charge, is examined in
relation to forecasting PV power plant output genera-
tion in compliance with the requirements of the
Wholesale Electricity and Power Market in the Rus-
sian Federation. Similar issues have been previously
explored for the territory of Russia in works [10, 18, 21]
albeit in a slightly different context. In those studies,
the ICON model was compared with satellite forecast
data and statistical models based on artificial neural
networks. As for international publications focusing
on the verification of GHI day-ahead forecasts gener-
ated by NWP models, works from Sweden and Fin-
land [13], Australia [22], Morocco [23], and Romania
[24] can be noted. In the latter three articles, in partic-
ular, the quality GHI forecasts by the GFS model was
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evaluated. The objective of this study is to conduct a
comprehensive assessment of the applicability and
compare the forecast quality between the mentioned
NWP models.

MATERIALS AND METHODS
Data

Measurements Data. The measurements of solar
radiation used in this study were obtained from the
Vaisala WXT536 weather station, mounted on the roof
of the main building of the Moscow Power Engineer-
ing Institute (geographic coordinates 55.754638,
37.708967). The weather station is equipped with two
Kipp & Zonen CMP3 pyranometers, one installed
horizontally and the other inclined at a 45-degree
angle to the horizontal plane. For the verification pro-
cess, data from the first pyranometer were utilized
since the research objective was to assess the accuracy
of GHI forecasting. Measurements were recorded
from January 1 to October 24, 2023.

During the data preprocessing stage, the sample
was filtered based on the following criteria:

— Ensuring that GHI values corresponded to the
limit of GHI,,, (GHI ., was set to 900 W/m? based on
data from the McClear clear sky model [25, 26] for the
specific geographic location under consideration).

— Excluding data points where the solar zenith
angle exceeded 80 deg.

Applying these criteria allowed for the exclusion of
inadequate values and measurements taken during
nighttime, sunrise, and sunset periods, as the accuracy
of GHI measurements can be significantly affected
during the morning and evening hours. Filtering based
on the solar zenith angle is a common practice and is
often employed in comparative analyses between
actual observations and results of forecasting [24]. The
final data preprocessing step involved obtaining hourly
average values from the data series with 1 minute reso-
lution.

NWP Data. In this study, data from three global
NWP models, ICON, GFS, and MeteoFrance Global
were considered.

ICON (Icosahedral Nonhydrostatic Weather and
Climate Model) is a global numerical weather predic-
tion model developed by the German Weather Service
(DWD) and the Max Planck Institute for Meteorol-
ogy. The results of the ICON model are freely available.
The model has a native grid resolution of 13 km and
includes 90 atmospheric levels, reaching a maximum
height of 75 km. It is run four times daily at 00, 06, 12,
and 18 UTC. The forecast horizon is +180 h for the
00 and 12 UTC runs, and +120 h for the 06 and
18 UTC runs. The time interval is 1 h for forecast peri-
odsup to +78 h, and 3 h for all forecast periods beyond
+81 h [27].
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The Global Forecast System (GFS), developed by
the National Centers for Environmental Prediction
(NCEP) in the United States, is another widely used
global model in meteorological research and forecast-
ing. The GFS model is freely accessible and is coupled
with the Global Data Assimilation System (GDAS)
for initial conditions and reanalysis purposes. GFS fore-
casts are generated four times a day at 00, 06, 12, and 18
UTC. Hourly forecasts are available for the initial 120 h,
and for extended periods, the GFS model provides
3-hourly forecasts for up to 16 days [28].

MeteoFrance Global (MF Global), also known as
ARPEGEA40, is a global NWP model by the French
national weather service. The global resolution of the
model is 40 km with 105 vertical levels. Forecasts are
generated four times a day at 00, 06, 12, and 18 UTC.
Hourly forecasts are available for the initial 48 h, while
the overall forecast horizon is 4 days [29].

According to the rules of the Wholesale Electricity
and Power Market in the Russian Federation, price
bids for the following day must be submitted by partic-
ipants before 13:30 Moscow time on the current day.
Therefore, based on the classification mentioned
above, the forecasting in this case can be categorized
asshort-term, asit has a lead time of 10.5 hand a fore-
casting horizon of 36 h. Thus, data from the ICON,
GFS, and MF Global forecasts issued at 06 UTC can
be utilized for the formation of the price bid for PV
power plants.

In the current study, the accumulation of data from
the aforementioned meteorological forecasts was
organized through automated data collection from the
free Weather Forecast API by open-meteo.com [30],
covering the period from January to the end of Octo-
ber 2023. The collected data was stored in a MySQL
database. The database contained a comprehensive
range of forecast data, with GHI data provided under
the header “shortwave solar radiation” in the open-
meteo.com APIL.

During the NWP data preprocessing, dates with
missing information in the meteorological forecast
archive were identified. The selection of GHI mea-
surement data was aligned with the meteorological
forecast archive based on the chosen forecast horizon.

Verification. Various quantitative indicators are
used to assess the accuracy of solar energy forecasts.
The determination of the most suitable indicator par-
tially depends on the goals of the end user of the fore-
cast information. System operators require metrics
that accurately reflect the cost of forecast errors, while
researchers need indicators of the relative perfor-
mance of different forecast models and the same
model under different conditions. In addition to
choosing the metric, the selection of an appropriate
set of test data and analysis procedures is crucial. The
data must be analyzed using appropriate quality assur-
ance procedures to ensure that the evaluation reflects
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forecast accuracy and not the inconsistency of the
actual data used to test the forecasting model [31, 32].

The quality or accuracy of forecasts is character-
ized by the difference between the actual and fore-
casted values of the predicted parameter. In solar
energy, the predicted parameter can be solar irradi-
ance, the sum of solar radiation received over specific
time intervals, the power, and/or the energy output of
PV power plants. The choice of the predicted parame-
ter itself does not affect the calculation process of
absolute metric values. However, when transitioning
to relative values through normalization, there are
additional peculiarities, which will be listed later.

Error Metrics. In research papers on solar energy,
examples can be found of at least 18 different metrics
used to assess forecast accuracy. The most common
metrics are the root mean square error (RMSE) and
the mean absolute error (MAE) [9]. Both of these
metrics allow for an assessment of overall forecast
accuracy.

MAE and RMSE values are negatively oriented
(the lower the value, the better the forecast) and pos-
sess the same dimension of quantity as the predicted
variable. The deviation between forecasted and actual
values also has a negative impact on both metrics. In
comparison to MAE, where all errors have equal
weight, RMSE is more stringent in capturing outliers
(or extreme deviations) and significant variability in
the data.

In addition to accuracy, characteristics such as
bias, uncertainty level, forecasting skill, determined by
calculating the mean bias error (MBE), forecasting
skill score, and variance, are also evaluated [9]. Partic-
ularly, positive MBE values indicate overestimation in
forecasts, while negative values indicate underestima-
tion. The MBE metric is centered around zero (the
closer the value to zero, the better the forecast).

Traditionally, most research in solar energy fore-
casting focuses on deterministic models [4]. These
types of models provide a single value for the predicted
variable at each time step of the forecasting horizon.
For deterministic forecasts, the basic metrics are the
previously mentioned MAE and RMSE. In addition
to these statistical measures, MBE and the mean abso-
lute percentage error (MAPE) can also be mentioned.

Unlike verification methods in traditional meteo-
rology, normalization (scaling to a specific range) of
forecast accuracy metrics is a common practice in
solar energy field [33, 34]. Here are the main normal-
ization methods for the aforementioned absolute met-
rics. Various methods are used for verification and
comparison of GHI forecasting models, but only
those used in this study will be mentioned:

nRMSE:%xmo%; )
NMAE = MTAE % 100%: Q)
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Table 1. Averaged error metrics in GHI forecasts
MAE., W/m?/ RMSE, W/m?/ MBE, W/m?/
Model kY
oce nMAE, % nRMSE, % nMBE, % RMSE

ICON 534.05/23.41 84.31/37.71 19.34/8.39 0.47
GFsS 88.5/37.26 110.41/50.75 29.37/11.40 0.30

MF Global 70.38/32.09 109.76/48.33 36.06/14.98 0.31
Daily Persistence (Naive) 106.49/46.74 158.76/71.77 0.41/0.15 -

NMBE = M?Exm[)%. (3)

where [ is average of the actual GHI values.

If the forecasted variable is power and/or energy
generation, normalization can be done based on the
installed capacity of the PV power plant.

Of course, it is only meaningful to compare metrics
that have been normalized in a similar manner. This
imposes additional constraints on the uniformity of
model performance verification, highlighting the need
for a universal dimensionless indicator.

In solar energy, the concept of skill score evaluation

comes from classical meteorology, where it is calcu-
lated as follows [35]:

_ A4
A, — A
where 4;, A, and A, are the accuracy indicators of the
investigated forecast, the ideal forecast (typically equal
to 1), and the accuracy of the reference (baseline)

forecast, respectively. For example, the skill score
based on RMSE can be represented as [33]:

4

s

~ RMSE;
RMSE,’

where RMSE;and RMSE, are root mean square errors
of the investigated and reference models correspond-
ingly.

If s > 0, the verified forecasts outperform the base-
line in terms of accuracy. s < 0 indicates the inade-
quacy of the investigated forecasts compared to the
utilized reference baselines. Clearly, when comparing
s of different forecasting models, the following factors
need to be taken into account: 1) the chosen error met-
ric and (2) the reference forecasting method used.

(5)

Srmse = 1

In the solar energy research papers, RMSE is most
commonly used as 4 in Eq. (4), thus this metric is
mentioned by several authors as a recommended
choice [33]. Similar recommendations also apply to
the reference model—for deterministic forecasting,
the preference is for the clear-sky persistence
approach or, for forecasting up to one day ahead, daily
persistence forecasts can be used [9, 33, 36].
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BASELINE MODEL

As a reference baseline model, let us consider the
naive daily persistence model, where the daily variant
with hourly resolution is based on the following
hypothesis [37]:

i =1, (6)
where ]"f represents the forecasted values of the hourly
average value of GHI for the upcoming jth day, and

I,’ ~! denotes the actual GHI values for the preceding
day.

Thus, in this example of naive forecasting, it is
assumed that the hourly average GHI value at the ith
hour of the jth day is equal to the value of the ith hour
of the (f— 1)th day.

RESULTS AND DISCUSSION

The verification results of the global models
ICON, GFS, and MF Global for GHI forecasting are
listed below. Table 1 provides the numerical values of
the metrics RMSE, MAE, and MBE, along with their
normalized values and calculated Sgyse. GHI fore-
casts from the GFS and MF Global models exhibits
noticeably more outliers, which inevitably affects the
overall assessment of forecast quality. Hourly values of
the metrics RMSE, MAE, and their normalized val-
ues are presented in Figs. 1—4.

Based on the results obtained in studies [18, 22,
23], it can be concluded that the observed RMSE val-
ues of the considered forecasts fall within the expected
range. Therefore, in the first approximation, all of the
considered models are suitable for forecasting the out-
put of PV power plants under the examined condi-
tions. As expected, the naive 36-h persistence model
demonstrated the worst performance, resulting in the
spmse values of the GFS, ICON and MF Global mod-
els being greater than zero. However, it is essential to
note that there is a significant difference in the forecast
quality between the models, which leads us to con-
clude that the ICON model is preferred for the studied
region. The positive MBE of all three models indicates
a generalized overestimation of GHI values during
forecasting. Specifically, as evidenced by prior studies,
the GFS model tends to overestimate solar radiation
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Fig. 1. Hourly values of MAE for the GH1 forecast.
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Fig. 2. Hourly values of nMAE for the GHI forecast.

values in disparate geographic regions and climatic
conditions, such as Australia [22] and Morocco [23].
Additionally, as a limitation of the study, it should
be noted that the verification conducted in this study
relied on raw weather forecast data. The use of raw
data for indirect forecasting of PV power plant output
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is generally acceptable when the objective is to forecast
the average hourly power for the next day, and there
has not been enough time since the commissioning of
power plant to accumulate a sufficient amount of his-
torical weather forecast and measurement data (actual
solar radiation values, PV power plant output etc.).

RMSE (MF Global)

21 25 27 29 31 33 35
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Fig. 3. Hourly values of RMSE for the GHI forecast.
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Fig. 4. Hourly values of nRMSE for the GHI forecast.

Typically, the data collection period should be at least
one calendar year. If access to quality retrospective
information is available, it would be highly beneficial
to consider approaches to statistically process the raw
forecast data. These manipulations, also known as
post-processing, involve searching for patterns in the
discrepancies between forecasted and actual predictor
values. As a result, a corrective calibration mathemat-
ical model is developed, taking into account local cli-
matic peculiarities (identified as site adaption in solar
energy meteorology) and allowing for optimization of
the forecast data by incorporating knowledge
extracted from the analysis of historical data. In mete-
orology, this approach is known as Model Output Sta-
tistics (MOS). In solar energy field, the MOS
approach was first investigated in [31]. Currently,
there is a wide range of calibration methods for fore-
cast data, which extends beyond simple regression
models and includes machine learning methods [17].

However, in scenarios where there is limited cer-
tainty regarding the suitability of a specific forecast
model for a particular region, the analysis of unpro-
cessed weather forecasts can still offer valuable insights
for guiding subsequent research endeavors and facili-
tating data collection efforts. In other words, post-
processing techniques facilitate the derivation of
improved results from the optimal NWP model
selected for the specific site under consideration,
which can be determined through analysis and com-
parison of raw forecasts generated by multiple models.

To showcase the practical application of numerical
weather predictions in forecasting electricity genera-
tion by solar PV plants, historical data spanning from
May 14 to May 18, 2023 are presented. These data are
used to convert solar radiation values into electrical
power for an experimental solar power plant with a
peak capacity of 3.4 kW, situated near the meteorolog-
ical station that provided the solar radiation measure-
ment data for the research. Asthe primary objective of
this study does not encompass the process of convert-
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ing irradiance to power, an approximate estimation is
employed, derived from the following formula [38]:

i 0
Pic = 7EOA P [14 Ypy (Toy — 25°C) | My

1000
where [y, represents the forecasted value of the
global solar irradiance on the plane of PV modules
array (also known as GTI—global tilted irradiance),

(7)

Ps'-jr\é is the capacity of the PV array in standard test
condition, ypy and 7, are the temperature coefficient
and the temperature of the PV modules respectively,
and m;,,, denotes the efficiency of the inverter.

It is important to note that the original composi-
tion of specialized numerical weather forecasts from
the providers used does not include values of solar
radiation on an inclined receiving surface. Therefore,
the conversion according to formula (7) should pre-
cede the transformation from GHI to GTI, which is
typically achieved through the utilization of appropri-
ate mathematical models. Solar radiation on the plane
of the PVmodules can be represented as the sum of the
following form:

Tpoa = Ipnc0sO, + Ry, +pRI, (8)

where [,y is direct normal irradiance, 0, is the solar
zenith angle, I, and Ry are diffuse component of solar
radiation and its conversion coefficient respectively, p
isthe ground albedo and R, denotes the coefficient for
reflected component of solar radiation, which in most

cases might be estimated as I;CE-S&#

The most challenging task is to calculate R;. There
are numerous mathematical models in the literature,
and in this research the widely accepted Liu and Jor-
dan isotropic model [39] is utilized as a straightfor-
ward solution:
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Fig. 5. Comparison of hourly means of measured output power of the test PV plant with forecast values derived from the raw NWP

models data.

where § is the tilt angle of PV modules.

PV modules temperature can be estimated using
the Ross model [40]:
Tov =T, +

(10)

NOCT -20 I
70 POA>

where T, is the ambient temperature.

The results of this simple and approximate irradi-
ance to power conversion using forecasts from the
ICON, GFS, and MF Global models are illustrated in
Fig. 5. Forecast data from 06 UTC of the previous day
were utilized. It is evident that on clear days, there is
no significant difference between the forecasts,
whereas on May 14—a day with variable cloudiness,
the GFS and MF Global models exhibited consider-
ably poorer performance compared to the ICON
model. The increase in forecast error in the afternoon
can be attributed to the simplified irradiance to power
conversion, specifically the lack of consideration for
local shading. Nevertheless, the demonstrated out-
come of PV power estimation further supports the
conclusion that the ICON model isthe optimal choice
for the climatic conditions of Moscow.

The obtained results and verification concept can
offer valuable insights in selecting NWP models for the
task of forecasting solar energy generation. For geo-
graphical locations with climatic conditions akin to
those of Moscow, the ICON model is recommended
for solar radiation and PV power forecasting. In other
instances, it is advisable to consider the ICON and
GFS models as primary options. However, for optimal
selection, it will be necessary to incorporate available
results obtained by other researchers for the consid-
ered climatic conditions and region.

CONCLUSIONS

The research article conducted a verification of
forecast data for the global horizontal solar irradiance
in Moscow, Russia, utilizing the global numerical

weather prediction models, ICON, GFS and
MeteoFrance Global. Statistical error metrics such as
RMSE, MAE, and MBE were evaluated. All three
NWP models outperformed the naive daily per-
sistence model in terms of negatively oriented metrics,
as reflected in the positive forecast skill value. This fact
indicates the formal suitability of GHI forecasts from
the ICON, GFS and MeteoFrance Global models for
day-ahead forecasting the power output of PV power
plants, considering the geographic location and the
requirements of the Russian electric power market.
Overall, based on the obtained results, it can be con-
cluded that in the examined conditions, the forecast
data from the ICON model exhibit higher accuracy
compared to the other two models. Therefore, for
indirect forecasting of PV power plant output in the
studied region, the use of forecasts from the ICON
model is recommended. To improve the quality of
indirect PV power forecasts, it is necessary to perform
statistical calibration of the raw forecast data, taking
into account local climatic characteristics and error
patterns observed during specific time periods. In
future research, the calibration of forecast data in mul-
tiple geographical points across Russia will be consid-
ered, based on data spanning a longer period.
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Peswome: AKTVAJIBHOCTB. QO0Holi  u3z npoéiem Rpu  RPOEKMUPOBAHUL  COTHEUHBIX
anekmputdeckux  cmandyull (C3C) Ha pazmudHey 3manax  AerAaemca ofpadomrka Gonsliozo
Konudecmea cmamuchuyeckux danrelx. B OawHoil pabome cmaguidcs 3adadd pazpadomxi
NPOZPAMMHO20 KOMNIEKCA, CHOCOOHO20 EbINOIHANG eNU0IHEPIeMIHECKIe paciemsl Ha OCHoge
OMMKPBIMBIX UCINOYHUKO8 OAHHBIX, 8 Kadechee Komopo2o Geina eeibpanda éasa oanneix B «NASA
SSE». ITpocpamMMbl-aHATOU UMEOM C8OU HpeuMVujecned, Ho obujum 014 HUX HedocamkoM
AgNAEMCA  OomMCVINceue psdog cpednevacoeoli mougrocmu C@PIM, Heobxodumoco npu
npoexmuposantu  cicmemusix 1 aemonomusiy COC. LEJAb pabomu Aenifemca co3oaue
HPOPAMMHO20 HPOOVKIMA 018 pacyéma esipadomku eduHudHoco CPIM u eco eepudhuxayua.
Cpeodu enagHvlx mpedosaHuli, NOCIMABTIEHHBIX NPU €20 PA3PAGOMKe, MONCHO GLIOETUNb NPOCNOMY
UHIMYUMUEHOCINE PAOONb], ROTYYEHe OAHHBIX U3 OMKPBINLIX UCXOOHUKOR, a4 MAKice YOoOCHeo
pesvismanmog padomsl 018 Hcnoavzoeanua e opvaux npoexmax. METOIBL B memoodlixe
NPUMEHAIOMCA  CIAMUCIRUYECKIE MeIOoobl U Memoosl MAMEMAIMUYECKO20 MOOeIUPOSAHLA.
Buifop  onmumansroli  KOHQUIVDaWUN  MPOU3BOOUMCA  MeMOoOOM  MHO2OKPUMEPUATbHOI
ORMUMUZAUUN 1 PELLAEMCA LINEPAUOHHBIM MEMOO0M Nepedopa U3 8cex 803MONCHbBIX 8aAPUAHINOE,
SHAYUMOCHIL KOMOPLIX oyeHueaenca no memody panzos. PE3YJ/IBTATHI. Bviio YCmanogieHo,
HINO OMHOCUMETLHBIE OMKTIOHEHUA 2000801 CYMMAPHOL COTHedHOT paouayil Ha ONMUMATLHO
opueHmupogarisie CO3M u codossle gvipadomxu CIC, paccyumaHHsle NO HPOSPAMMHOMY
Komnaexcy, He npegvitiarom I4% om u3MEPEHHBIX SHAYEHUIl Ha NIOWAOKAX, IKCIIAVATIPYEMbIX
C3C. 3AK/IFOYEHHE. Buwn paspadoman npocpaMmuelll xomniexc «Pacvem evipaGomku
COTHEYHO20 MOOVAAN U YCHeWHA NPoeedeHd e20 eepudUraljua.

Kniouesvie co6a: cOMHedHAA 3HEP2UA; COTHEdHbll omosnexmpudeckuti modvas (COIM);
CYMMAPHAA COTHEIHAA PAouayus, OudgysHaa corHedHan paouayla; NPozpaMmHelll KOMIIeKc;
V20N HAKTOHA NPUEMHOTl RIOWAOKL, MeMnepamypruili 3ghexm.

Bnazooapuecmu: PaGoma, ne pe3yiemamam KomMopoil exlnoIHeHd Chambva, esloIHeHd 8 PamKax
npoexma « Ciucmemst YnpagneHua CoTHeyHo-0UENbHbIMI KOMIIEKCamIly Npu No0O0epXHCKe 2paHma
Munucmepemea Hayku U eviciieco odpazoeaniia Poccutickoli Pedepayun Ne FSWF-2022-0006.

Jns uwntupoBanmsi: [eprornia [ B., Ilrmatees E.B., Kysumeuo [I.A. Bepuduxamms
TIPOTPaMMHOI0 KoMIUIeKca «Pactder BeIpaboTkn comHeduHOTO Moayima (CO3M)» // BecTHHK
Kazanckoro rocyapcTBEHHOTO 3HepreTHdIecKoTo yHHBepcureTa. 2024. T. 16. Ne 2 (62). C. 133-
143.

VERIFICATION OF THE SOFTWARE BUNDLE «CALCULATION OF THE ENERGY
YIELD OF PV-MODULE»

Deryugina G.V., Ignatev E.V., Kuznetsov D.A.

National Research University "MPEI" (NRU "MPEI"), Moscow, Russia
Jeniva_ig@mail.ru

Abstract: RELEVANCE. One of the problems in designing a solar PV power plant at various
stages is the processing of a large amount of statistical data. In this work, the task was to develop
a software package capable of performing solar energy calculations based on open data sources,
as which the database of the «Nasa SSE» database was selected. Each of these solutions has its
pros and cons, limited by the tasks to be solved. The main weakness of other similar software
solutions is the inability to obtain a complete series of intermediate calculation vesults, and in
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some software products, final values. THE PURPOSE of the work is to create a software product
for calculating the output of a single PV-module and its verification. Among the main
requirements for its development, it is possible to highlight the simplicity of intuitive management,
obtaining data from open source code, as well as the convenience of the results of work for use in
other projects. METHODS. The methodology uses statistical methods and mathematical modeling
methods. The task of determining the optimal position of single PV-module relates is solved by
sorting through all possible options. RESULTS. It was found that the relative deviations of the
annual total solar irradiance for optimally oriented single PV-module and annual solar PV power
plant output, calculated using the software bundle, do not exceed 14% of the measured values at
the sites operated by solar PV power plant. CONCLUSION. A software bundle has been developed
«Calculation of the energy vield of PV-moduley.

Keywords: diffiise solar irradiance; insolation; module ovientation; PV-module; solar PV power
plant; solar irradiance; software bundle; temperature effect.

Acknowledgments: Work, basing on which results was written this article, made within project
«Control systems of solar-diesel complexes», with support of Ministry of science and higher
education of Russian Federation grant Ne FSWF-2022-0006.

For citation: Deryugina G.V., Ignatev E.V., Kuznetsov D.A. Verification of the software bundle
«Calculation of the energy yield of PV-module». KAZAN STATE POWER ENGINEERING
UNIVERSITY BULLETIN. 2024. T. 16. No. 2 (62). P. 133-143.

Bseoenue (Introdiiction)

IIpoeKTHpOBAHIE COMHEUHBIX AIEKTPHUeCKIX cTaHmmii (C3C) Ha pa3mIdHBIX 3Talax
TPOBOIITCS HAa OCHOBE TENIOPHEPTETINECKIX pacdeToB. Bce OCHOBHBIE XapaKTepHCTIIKID
COJIHEYHOT'0 H3IydeHHIA IPHHIIMaioTcd B cooTBeTcTBIH ¢ PJ] 52.04.562-96.

TemiosmepreTHdeckiie  pacdeTh! I[IPEANIONATaloT  BEINONHEHNE OolblIoro obbeMa
OTHOTHTIHBIX BBMHCTEHMIT I 06paboTKy 3HATHTETHHOT0 06heMa Pa3HOPOIHEIX JaHHBIX. [1o3ToMY,
B HacTosIIee BpeMs B MIDKEHEPHOII IPAKTHKe 71 3THX Ielell IpIMeHMIOT CIlelanI3IpoBaHHbIe
TIpoTpaMMHEBIE TIPOJAYKTHI, CPell KOTOPHIX B o0macTn mpoektnpoBanng COC Hambombimee
pacnpocrpanerne monyamwnr SOLARGIS PROSPECT [1]; RETScreen [2]; SYSTEM ADVISOR
MODEL (SAM) [3]; PV*SOL [4]; PVSYST [5], 0630p KOTOPBIX TIPHBOANTCS B Tabmme 1.

Kaxnas 13 ITH paccMaTpHBaeMBIX IPOrpaMM HMeeT CBOU JOCTONHCTBA I HeTOCTAaTKIL, a
X (YHKIIOHATBEOCTh OrpaHIdeHa KPYToM penracMBIX 3agad. OONImM I oCHOBHEIM HEJJOCTATKOM
paccMaTpHBaeMBIX IPOTPAMMHBIX MPOIYKTOB ABIAEICH OTCYICTBHE MpPOLEAYpP IIONYdYeHIS
TIPOMeKYTOUHBIX pe3yIbTaTOB pacdeToB, a B HEKOTOPEIX X HIOX H HTOTOBBIX 3HAUCHIIL
Hampimvep, OTCYTCTBHE TPOMEKYTOIHBIX 3HATEHINN pacdeTa psia CpeJHedacoBON MOITHOCTID
COOM He NO3BOJMET HCHOIB30BAaTh HX JAHHBIE B JPYIHX OPOTPaMMHBIX NPOIYKTAaX Il
TIPOEKTHPOBAHNA CHCTEMHBIX T aBTOHOMHBIX C3C. JaHHBII HEJOCTaTOK OBIT YCTpaHEH B
MpPOrpaMMHOM KOMILIeKce «PacdeT BbIpaDOTKH coiHedHOro Moayis (COIM)», mpegocTaBiss
BO3MOMKHOCTh TIOTH30BATENI0 COXPAHATh He TONBKO WCXOHBIE JaHHBE, HO I PE3YIBTATHI
BBIYIICIIEHINI Ha JF00OM 3Tale HCIIONB30BaHIM MporpaMmbl. Takixe IpH ero pa3spadoTke ObUIH
YUTEHHI CcHeytonmie TpeOGoBaHIA: TIPOCTOTa MW HHTYHTHBHOCTE B paboTe, HATTSTHOCT
TI0/IB30BATEIBCKOTO HHTep(eiica; BO3MOMKHOCTh MONYYEHNT HCXOTHBIX JAHHBIX I3 OTKPBITBIX
IICTOYHIKOB II BBOJA JAHHBIX, [IONyYeHHBIX IIONB30BATelIeM I3 IPYIUX IICTOYHIKOB; HaIIdie
TIpOTIENYP, KaK PYIHOTO, TaK 1 ABTOMATHIecKOTO BBO/IA.

Ilemsio paboTel sBIieTCsl paspaboTKa METOMIKH H IPOTPaMMHOIO OOecIledeHIs ISt
OIEHKI BHIPAOOTKH 3MEKTPOSHEPTHH CONHEYHBIMH MOIYISAMH ¢ YacoOBOM [eTalli3aliet,
TIPOBOIITE ONEHKY I IIPEeICTaBIATh B BIJe IpadHKOB cyMMapHYIO0 CONTHEUHYIO paJHaIiio I ee
COCTABIAIONTIE Ha TOPH3OHTANBGHYIO H HAKIOHHYIO TMOBEPXHOCTH ¢ HCTIONH30BAHIEM JAaHHBIX C
caiita NASA SSE.

K HacTosATmeMy BpeMeHN pa3paboTaHbl MHOTOMICIEHHBIE TIOXOB K OTICHKE COJTHETHOIT
paJmaIrim 1 BeIpaboTKi 3nekTposHeprim CIC. [IpakTHIecKI BCe TIOIXOIE! K OIeHKEe BEIPAOOTKI
3MEKTPOIHEPTHI COMHETHBIMI 3TeKTPOCTAHIIIIMII BKTIOYAIOT TPH OCHOBHBIX 3Talla: Ha IEPBOM
JTale OIleHHBAaeTCAd MpAMas I paccesHHAas CONHEYHAad paJHalud Ha TOPH30HTANBHYIO
IIOBepXHOCTh; Ha BTOPOM 3Talle OCYIIecTBIIeTCs IepecdeT CyMMAapPHOIL COJIHETHOIT paiHallil II ee
COCTaBIAIONTIX HA HAKIOHHYIO TIOBEPXHOCTh TIIOJT YTIOM VCTAHOBKH (DOTOITNEKTPITIECKITX
npeoOpazopaTenell; Ha TpeTheM 3JTalle IIPOBOMITCA pacdeT BEIPa0OTKI 3MIeKTpOIHepruil
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(bOTO3NEKTPIYeCKIMI TIPeobpa3oBaTeIaMI C YIETOM BIINIIHIS Pa3/IIdHBIX (PaKTOPOB, TAKIX KaK
TeMmepaTypa I cHeT [6, 7].

Tabnmma 1
Table 1
TIporpaMMHEIe IPOOYKTEL, IICIIOAE3VEMEIE B IIpoIecce MpoeKTipoBanis C3C
Software products used in the SES design process
IIporpamma,
IO/ BRIy CKa, OmricaHIle, BO3MOKHOCTII JocTonHCTBA Hexaoctatsn
pazpadoTdnE
Bribop mionaiki i
napameTpos C2OC (MOIIHOCTE,
- HeT (QIHAHCOBOTO
Mogenn CE3BM 1 mHBepTOpa,
- IIPOCTOTA aganmza
SOLARGIS CHCTEMA MOHTAXa, a31MYT, P
TICTIONTB30BAHIIA - OXBAaTEIBAaeT He Bce
PVPLANNER, 2010 |yron HakIoHa). Pacder
5 @ - TOUHEBIE JaHHEE ¢ 19 | permoHs! Mipa
SolarGIS, CooBakns | Mecs4HOII IUII TOXOBOIT
CIYTHIKOB - HE TIO3BOJISET BBIIOIHAT
371eKIPO3HEPII, TapaMeTps!
CYTOHEIE pacUeTEHl
COJIHETHOTO H3Ty4eHId 11
TeMIEPaTypLl
- He II03BOMIAET COXPAHATD,
- obmnpHas
_ pacIedaThIBaTh I
ononmnorexa 6a3 =
nepeaaBaTh (aillel B
RETSCREEN, 1998 | OueHka 3¢ (eKTHBHOCTI JTAHHBIX 2
" DecIulaTHOM pexIIMe
CanmetENERGY, 3AEKTPOCTAHITHIT Pa3HBIX - MHOXKECTBO
L 3 - He TIOIIEPAIBAcT
Kanama BILJIOB B 0001 TOUKe MIIpa MYIBTIMEIIITHEX .
BEIYIICIIEHIIS C BEICOKOIT
00y TArOMIII
TOYHOCTBIO
MaTepIaToB
MojenpoBaHIe
nponspoTenIsHocTH C2C, B
SYSTEM ADVISOR - pacyeT & =
T.4. B cOCTaBe THOPHIHEIX 3C. - CTIOKHBI HHTepheiic
MODEL cedecTOIMOCTH
Pacyer cyTo4HOro - CTI0JKHAA cICTeMa
(SAM), 2007 IIPONZBOJICTBA
HoYacoBOTO Ipadika MOZIeIIPOBAHIA
NREL, CIITA 3IeKIPO3HePTIII
BBIPAOOTKI 3MeKTPO3HEepIHIL
PHUHAHCOBOE MOJEMIPOBAHIIe
- MeHbIasd HOIHOTA
Mogemmpopanne C3C n ee - BEIOOD agannsa
PV*SOL,1999 peIMa paboThI. OOTHMAILHOIO TPON3BOANTEIEHOCTH, TeM
Valentine Energy OueHKa (QHHAHCOBHIX 3aTpaT | pasMemeHns CPBM | ¥ KOHKYPHPYIOIIIIX
Software, 'epmaHIg |Ha 37TeKTpo- I Ha KPBIIAX co IporpamMm
TelnocHadKeHIe 3TaHIIT CIOAKHBIM HpoIUIeM |- CI0XKHOCTE MOCTPOSHIIA
3D-mMogeneii
- BRICOKas TOYHOCTh
PVSYST, 1992 OOpEIeTICHILL - MOAENHPYET TOIBKO
IIHCTUTYT HayK 00 3D-MoJenIpoBaHIle 1A HeTraTIBHEIX KPVIHEIE ceTeBble C3C I
OKpyXaromeli cpefie | pacdeToB MOTeph OT thaxTOpOB, He MO3BOIIET
mpn VHIBEPCHTETe | 3aTeHeHIT TPHBOAANIINE K aHaTH31IPOBATh
JKeHeBBI, HOTEpPSAM THOpIHETe
IITeeiinapns 371eKTPO3HEPTINI 11 3IEKTPOCTAHIIIIT
Tenna

*Hemounux: Cocimaeiedo asmopavu Source: compiled by the authors.

B mporpaMMHOM KOMITIeKce «PacdeT BHIPAOOTKH CONHETHOTO MOJIYJIA» PEalH30BaHO
ONpeleNe e KINMATIMECKIX I 3IHEPTeTHUYECKIX XapaKTepHCTIK COJHEUHOIO I3NYIEHII B
TIPOT3BOTBHOMN TOUKE 3EMHOTO INapa, BEIOOp KOTOPOI OCYIIECTBIAETCS BBOJIOM Teorpadirdeckix
KOOpAIHAT. JIOCTOBEPHOCTE TONYYEHHBIX pPE3YILTATOB OCHOBBIBAETCA, B IIEPBYIO OYepelb, Ha
JOCTOBEPHOCTH HCXOJHOH HHpOpMAIIH IO CONHEYHOMY MH3IYYEHIIO I TEeMIepaType,
TIOTydaeMoil I3 Pa3mIrHBX HHGOPMAITHOHHBIX NCTOTHIKOB (6a3 manuex (BJ1)). B mamHoil pabote
Ha JaHHOM 3Tale pealI30BaHO MONydYeHIE JAHHBIX 13 INI00aNbHOII 6asbl JaHHBIX € OTKPBHITEIM
moctymoM NASA SSE, koTopas sSBUSeTCS OJHIM I3 Hambolee MOTYISPHBIX TCTOTHHKOB
METEOPOIOTIMECKIX AaHHBIX, ICIIONB3YEMbIX B HEZKCHEPHOII I HAYIHOII IPAKTIHKE.

CTpyKTypa nporpaMMHoro komMiiekca « Pacuer BeipadboTka CPIM»
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ITporpammEsni komimeke «Pacder Beipadortkn COSM» mveeT MOIYIBHYIO CIPYETYPY I
COCTOMT I3 UeTHIpeX MOTYTelT:

1. TemosHepreTIIeckKIIii pacieT — pacueT COMHETHEIX PECYPCOB IO JAHHBIM M3 OTKPBITHIX
H(pOPMAIIOHHBIX IICTOYHIKOB B 33TaHHON TOUKE;

2. OnpegeneHne ONTHIMAIBHOTO YIIa HaknoHa CODM;

3. MojemipoBaHHe pajla CpelHeYacoBOll MOIIHOCTH CYMMApHOII CONHEYHON palualli ¢
ropirzonTanbHoi1 [1I1 Ha MPON3BOILHO OPIEHTHPOBAHHYIO 33 BEIOPAHHBIIL TIe PHO/T;

4. Pacuer paga cpelHedacoBoil paboduell MomHocTn eamHImgHOre CO3M 1m  ero
IHEPTETHHECKNX TOKa3aTenell JIId pa3jTHYHBIX YCIOBINL TEOMETPHUIECKOS pPAaCTIONOKeHHe
TIPHEMHOI ILIOIAIKH (a3HMMYT H YT0J HaKIIOHA); Y9eT TEMIEePaTyphl OKPYKAIOIIEi CPeIbL.

CTpyKTypHas cXeMa, 0ToOpaKatommas CBSI3H MeXTY MOIYIAMHI TMPOTPaMMHOTO KOMILTEKCA
1 ¢ TIOOKIIOUeHHOIT Oazoll qaHHBX NASA SSE, mokazaHa Ha prcyHKe 1.

| 3BneueHUe aHHbIX e/ CYBOANASA  /

‘ BpemeHHoe xpanunuwe

M Moayne Moayns Moayns
0AYNb ”

5 «Onpeaenexne «Mopnenuposanue yacosoro «Pacyer pRna cpenHe4acosoi
«[ennosKepreTrIecknil A

e OMTWMENBHOTO yINa praa CP 1a uakncHuyw pafiouei MOWHOETH 1
P HaKIoHan NOBEPXHOCTE® sbipafotin CO3M»
Y Y Y
Bhbirpyska paHHbIx

Prc. 1. CipykTypHas cxema mporpammuoro Fig. 1. Structure scheme of the Software bundle
KoMITTeKca «PacdeT BEIpadoTKI CD3M» «Calculation of the energy vield of PV-module»
*Hemounux: Cocmaeileno agmopamu Source: compiled by the author.

Bece MoIymm B3alMOJEICTBYIOT ¢ BpeMEHHBIM XPAHILTHIIEM TIPOrPAMMHOTO KOMILIEKCA 1T
MOTYT TIONy9aTh J[aHHBIE N3 Hero, oOpa0aThIBaTh X W BO3BpAMATh B HETO pPE3YIBTATHI
BBIMIICIIEHIT. DTO O3BONAET MOTYIATh IIPOMEKYTOUHBIE PANIBI TAHHBIX Ha KazKIOM 3Tate paboTEI
TIpOrpaMMBI 1 TIpH HeoOXO0IIMOCTH COXPAHITh Pe3yIbIaTH IS pacdeToB B PYITIX IpOrpaMMax B
ynobHoM dopmate «xls».

HcTOMHAKH JAHHBIX 151 OeHKH COTHETHBIX PeCcypCcoB B IPOH3BOJIbHOMH TOUKe

TIpi oNeHKe pecypcoB COTHEYHON SHEPTHH B TPOIBBOIBHON TOUKE OCHOBHBIMI
ICTOUHNKAMII IICXOJHOII HHGOpMAII SBISIOTCS MHOTOJNETHNIE [aHHBlE HAOMIONEHINI Ha
MeTeOCTaHINIIX, 00 pe3ylIbTaTEl MaTeMaTHIecKoro MOJe/IIpOBaHIIs, IpecTaBIeHHEe B BILIS
0a3 mannex (BJI) ¢ pa3mIMHBIM pekiIMoM JocTyia. Cpemt TTo0amsHBIX 6a3 JaHHEIX HalboTRIIee
paclpocTpaHeHHe B MHpPe HauUml aBe 0a3el JaEHBIX: BT «Meteonorm-8» [8] n BT «NASA» [9].
B/l «Meteonorm-8» He ABNAETCA OTKPHITHIM HCTOYHHKOM JAaHHBIX, T.€. HE OTBETAeT OJHOMY H3
TpeOoBaHMIl, YIUTHIBAEMBIM IIPH pa3pabOTKe IPOrpaMMHOrC KOMILIEKCA: IOTYIEHHS HCXOJHBIX
JAaHHBIX W3 OTKPBITBIX IICTOYHHKOB. 1l03TOMY B TPOTPAMMHOM KOMIIIEKCE pealn3oBaHO
TIoNydeHIe JaHHBIX ¢ JOCTYIIHOTO JH000MY II0IB30BATEIIO TIodaIbHOTO caifTa «INASA SSE» [9].
a TakKe IPeJyCMOTpeH BBOJ JaHHBEIX N3 MOOOT0 IpeJBApHTENLHO CO3JAHHOTO IIOIB30BaTelleM
thaiina.

I3 B «NASA» B 1000l IpOH3BONBHOI TOUYKE 3eMIIH MOMKHO IOJNYYHTH CIEHYHOLIIE
ACCHMILTHPOBAaHHEIE METEOPOJNOTINECKHE JAHHBIE I TeNHOIHEPTETHIECKNX PACTETOB: DPSJIBI
YacOBBIX 3HAUCHHII cyMMapHoH n Jubdyssoii CP; pgaiusl cpeJHEYacOBBIX 3HAYSHHII
KoathdimiieHTa TMpo3padHOCTH  atMoctdeps!, kodddumiimeHTa OTpaKeHNS TMOBEPXHOCTH 1
TeMmeparypsl. Mo/emIpoBaHile [aHHBIX B BHIOPAHHON TOYKE IPON3BOLNTCA L[PH IOMOIII
KoMIBtoTepHOTT Mofemn MERRA mo JaHHBIM T3 pPasMIMHBIX NCTOYHIKOB — CITYTHHKOBHEIX
HabmoneHmi 3a 3eMHONl aTrMochepoil, NaHHEIX METeOPOIOTIIECKHX H aKTHHOMETPIYECKIIX
cragmmi u ap. [9]. Mamusre B BI «NASA» mpencTaBlIeHs! B BII¢ MHOTOICTHHX DAIOB Jac OBBIX
3HadeHmI 3a mepuon ¢ 2001 roga mo HacTosilee BpeMa H HHTEPIIOMIPYIOTCA TI0 TePPHTOPHI
3eMHOI0 IIapa ¢ IIaroM 0,50x0,6250. OpHako, accuMIUIIpoBaHHble JaEHbBle NASA SSE, Kak u
mobble pe3yIbTAaThl MOJIETHPOBAHNS, TPeOYIOT cpaBHeHHS (BepH(HKAIN) C Ha3eMHBIMII
aKTHHOMeTpudeckuMu m3MepermsiMu. ITorpemsocts gaHHBIX BI] «NASA» He npesbiuaer 10-
15% mng GONMBINIEl TEPPUTOPIT 3eMHOTO Mapa, HO 3HAYHTEIBHO YBEMIHBAETCS B BRICOKOTOPHBIX
paiiorax [9]. OT TOYHOCTH JaHHBIX CYINECTBEHHO 3aBHCHT TEXHIKO-3KOHOMIYECKIE MOKA3aTeNll
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npoekTupyeMoil C2C, mo3ToMy IIpH HCIOIB30BAaHHI JAHHEBIX BJ «NASA» B TeX IIH HHBIX
peTHoHaX 3eMHOTO TIIapa TpeOyeTcs MX BepH(hITKAIIIL.

B mporpaMMHOM KOMILDIEKCe IIPETYyCMOTPEHA BO3MOXKHOCTH NONKIIOYEHNI APYTHX 0a3
TaHHBIX. B mepByto odepe/b MIaHNpYeTCd JOMONHEHNE MporpaMMHuoro koMmuekea BT «HIIC», B
KOTOpOIl TpefcTaBlIeHbl MHOTONETHIE JAHHBIE HaOMIONEHINT Ha aKTHHOMETPHYECKHX CTAHLIIIX
Pocenn 1 OpmBiIX pecnyonnk CCCP [10].

Mopyab «I'eiHo3HepreTHYeCKHIH pacaeT»

B cocrap paccunTEIBAEMBIX IAapaMeTpOB BXOINT: CyMMapHBIe 3HadUeHIT CyMMapHOI I
b y3HOT COMHETHON paUAIlIN 3a pa3Hble MepHofsl (3a Bech MepHoJ, TOJ, MECSI, CYTKH),
CpelHNe 3HAuUeHHs cyMmMapHoi n mp¢gy3aoil CP, ampdeqo NOBEpXHOCTH H TeMIepaTypa 3a
pa3HBle TIEPHOIHI (32 Bech MEpHOJ, TOM, MECAN, cYTK). /Jlusa aHanmsa BpeMeHHBIX BapHaIliit
IapaMeTpOB B MOJyJIe IPEAYCMOTPEH BHIBOA HA 3KpaH ICXOQHEIX JAHHBIX I pe3yIbTaTOB
pacueToB.

Moayab «OnpejeleAHe oNTHMAJIBHOTO YIJIa HAKJI0HA NPHEMHOH MI0MIATKH»

Ilpir pa3paboTke IIpOSKTOB IICIIONB30BAHIIL COJIHEYHOII 3HepIll Gofblloe BHHMAHIE
HeoOXOMIIMO YIeNITh TOYHOCTH OLEHKH IPIXOJa CYMMApHON CONHEYHON paTHallil Ha
HAKJIOHHBIE TIpHeMHBle IoBepxHocTH. K HacTosmieMy BpemeHH pa3paboTaHBI MHOTOYIICIICHHEIE
MOJIENH ONEHKH TPAMOIl, paccesHHON W OTPAKEHHOT CONMHEYHON paJIATMI, MOCTyTAlonell Ha
HAaKIOHHBIC IpHeMHBIe moBepxHocTH [7, 11-14]. B JaHHOM DPOrpaMMHOM KOMIDICKCE
OTpe/eNeHITe OMTHMATBHOTO YIa HAaKNOHA TIPHEMHOIN TITOMIANIKH PEealli3oBaHO MO METOJIIKE,
OCHOBAHHOII Ha OIpENeNeHNN BeKTOpa HAIPABICHIS Tydell COMHeYHOI pa/iallii OT COJHIA Ha
TIPOM3BOTHEHO OPHIEHTHPOBAHHYIO TPHEMHYIO miomanky (I1I1) ¢ mraroM ofIiMH Yac /U 3aJaHHOTO
reorpaduecKoro IONOKEHIA IPHEMHOI IIomankn Krec. 3HaueHNe Krec HCIONB3yeTcd Imd
IepecdéTa psga CYMMApHOI I Anhdy3HOI COTHETHOI paaIallili ¢ TOpPH3OHTAIBHOI TOBEpXHOCTIL
Ha HAKIOHHYI IO 3aJaHHBEIM YTIOM HAKIOHA TIPHEMHOII IIOMAnKH f; I14 3aJaHHOTO yIia
asuMyTa y. MogennpoeaHne cpeJHedacoBoro psna cymmapHoil CP 3a BEIOpaHHENI Tox
TIPOM3BOANTCS TIo hopmMynam (1-2):

1808, . _
3fy = Kr‘ec((p.lp, Bj,y,tf) . (R[-Ef Rf) + — d -Rfl‘r +0,5:p-R™™-sin (4))
n=8760
= D AMRF™RY, 00,08y, 1) @
i=1

e ¢ — WHpoTa; Y — JOAroTa; j — BapHaHT reoMerpudeckoro pacnonoxerus IML B; — yrox
HAaKJIOHA TUTOM[A/IKH OTHOCHTENHHO TOPH30HTAIBHON IMOBEPXHOCTH; Y — a3HMYT IUIOINAAKH; i —
HOMEp Jaca B To1y; R{r, Rf — muddysnas i cymmapras CP; p — ane0e1o moBepXHOCTIL.

Jlns ompeneneHHs ONTHMATFHOTO YITIa HAaKJIOHAa HeoOX0JmMoO cthOpMHpPOBAaTh MHOKECTBO
3HAUeHHIT yiempHoll cymmapaoii CP 3a rof 3’;‘;, paccINTHIBaeMBIX TI0 hopmye (2) Ha MPHEMHYIO
IUIOMEIKY IIOW@As0 | M° IpH PasHBIX 3HAYEHINX YIVIA HAKIOHA IVIOL[AJKH OTHOCHTGNBHO
TOPH30HTATBHOI TOBEPXHOCTH, MeHsIoIxes B manasone ot 0° 1o 90° ¢ BHGpaHEBM UrATOM.
TIpu onTHMAaNbHOM YIJIe HaKIOHA IUIOMAJIKH JOCTHTAETCS MAKCHMYM YAeIbHOIl HSPrHil, pacuéT
KOTOpPOTT IPOM3BOITCH TI0 thopMymam (3-5):

3y ={a8,...,98r} 3)
3):‘3\;110.2: = {V 3?1: € 32 .321; € 32"32[3:1 = 3%‘3} (4)
t _ popt (5)

povt = ot

Mogyiab «Moge lMpOBAHHE PSJA YACOBBIX CYMM CYMMAPHOH COJIHeYHOH PAJHAIIHH C
FOPH30HTAJIBHOH ILI0MAJKH HA HAKJIOHHYH0 ITOHAKY

MogemipoBanne paga  YacoBRIX CYMM  CYMMAapHOI CONHEYHOH  paialil C
TOPH30HTAIBHOI IIOMIAKI Ha IPOH3BOJNBHO OPHEHTHPOBAHHYIO IUIONIANKY IIPOH3BOIITCA IO
thopmye (1) Uit 3aJaHEOTO yITIa HAKIOHA H azuMyTa 1T

Mogyab «Pacuer psiga cperHedacoBoii padoueii MomHocTH CP3M H ero BbIPAGOTKH
718 3a1AHHBIX YCIOBHIT»

Pacuer paga cpefHedacoBoll pabGodell MoImHOCTH euHITMHOTO COIM NpOBOTHTCA O

thopmye (6):
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ectn3® > 3 TO: 1; * F 9By
N;q@]ﬂ = i MHH? N F CaM i ) (6)
! eciu 3%" > Dy To: 0
e 1; — 3¢pdexTmBrOCTs (KIIJ]) COOM mpHHIMAaeTcs paBHOI 1,,,, — MAKCIMAIEHOE 3HatUeHIe
KIIT C®5M mpH CTaHOAapTHRIX YCJIOBHAX, YKa3hlBAeMOe B IIACIIOPTHBIX  JaHHBIX
TPOM3BOAUTENEM; Frpay — IDIomans CODM, ME', 3’? — YIEIBHBIH MPHX0/ CYMMAapHOH COJNHETHOIT
paJmanim Ha TPOM3BONGHO OPNEHTHPOBAHHYIO TIPHEMHYIO IUIONMAJKY ILTOMAIsio 1 M 3a
BBIODAHHBII IPOMEXYTOK BPEMEHI, Yac. J,, — MIHIMAIbHOe (KpUTHUecKoe) 3HAUCHIIS
CONHEYHOIl paialii, NpH KoTopoil paboraer C®3M. I[Ipn pacuere Ko3dddbmmeHTa
3erTHBHOCTH 1); He YIUTHIBAKOTCS pa3IITHEIE BIUTHI [I0Teph: OTEPH HA COEINHEHNe, IIOTEpH
Tlepeqaqi o T.1.

MoempoBasiie 9acoBOro psja cpegHedacoBoil pabogeil mommoctn CODM ¢ yaeToMm
TeMIepaTypsl TPONM3BO/IITCS To ¢(opMyne (6), B KOTOPOIl 1); TEPECUNTHIBAETCE € YISTOM
TeMIepaTypsl 1o dopmyie (7) [15]:

NOCT — 20
Nti = NMmax 'npt [1 - Bti (Tc - Tr) - ﬁti : 38;“ (T) (1 — Mmax * npt)} (7)

A€ 1, — OPHHIMAeTCS paBHEM 1, ecrmr COOM paboTaeT B TOUKe MaKCHMalbHOI MomHocTH; T,
— TEMIepaTypa BHYTPH CONHEYIHBIX 3neMeHTOoB COOM; T, — cTaggapTHas TeMIlepaTypa (ZSUC);
Bii — TeMmIepaTypHEITD Ko3GhdImIeHT >GhQeKTIBHOCTI, 3aBICANNGI oT Marepnaza CODM, 1
MeHseTes a7 KpeMHIeBRIX CO3M B npepenax ot 0,003 1o 0,006 Ba opna rpagyc nensens (1° C)
1 331aeTcd B TACTIOPTHBIX JAHHBIX MPOH3BOINTENEM. B cilydae oTcyTcTBHA MHGOpMAII 10 f;; B
MIporpaMMHEOM KOMIUIEKCEe IPHHIMASTCS [0 YMOTIAHHIIO: I aMophHOro KpeMHIs (TeXHOIOTHS
TOHKHX TueHok) — (0,003; mmg ToMHKpHCTaIIdecKoro H MOHOKPHCTAJUIHYeCKOTO KPEeMHHIS —
0.,006.

Temmepatypa BHyTpu CODOM ompefendeTcds Ha OCHOBe 3HepreTHdIecKoro Oamamca,
npemioxensoro Duffie B 1991, o dhopmyre (8) [15]:

Ta
To= T +30 - (T) ®
1

rae T, — TeMmepaTypa okpyskaromteii cpensl (°C); U; — Ko3(IIeHT TEIIOBBIX IOTEPh (BTIM2 Ha
1° C); 7— ko3 dmpreHT MpotyckaHms; a — KoaddmmieHT mormomerns COOM.
OOmuii  Ko3(QQMINeHT TeIIOBEIX IIOTEPh (L—“) ompeensercss INpH CTaHIapTHOI
1

Temneparype (NVOCT) o dopmyne (9) [15]:

t@ _ NOCT — 20 0
U, 800 ©)

TlapaMeTpEl e, By, NOCT, Feepy SBIMIOTCA ApAMETPAaMI, KOTODBIE 3ABHCAT OT THIIA
MOJIYTNS II JOIDKHEI OBITh YKa3aHBl B KauecTBe BXOJHOI IMH(opMammm. Ecan mpomsBonTeneM He
VyKasaH mapameTrp NOCT, To OH B IPOTPAMMHOM KOMIDTEKCE TIPHHIMAeTCA paBHBIM 47°C.

Peann3anus NporpaMMHOT0 KOMILTEKCA

TIporpaMMHEIT KoMIIeKe «PacueT BHIPabOTKH COMHETHOTO MOYNA» pa3paboTaH Ha S3EIKE
C++. Hetounnk gasHBIX BT «NASA» Haxonurcd B ceTH IIHTepHET, IIOSTOMY VI NOJIHOLEHHOIT
paboTH TPOTPaMMBI Tpe OyeTcs IO KTIOYEHHE K CeTIL

MuHnmansHbIE CICTEMHEIE TpeOoBaHIL:

OmeparnorHas cuctema Windows 7 mwmi Beime, Linux;

e Open Gl 4.2 unn BeimIe;

e ITponeccop 1.5 ITt;

* OnepaTtinBHasg namats 500 M6 1 Gonpmre.

Hcmomp3yeMble CTOPOHEHE OHOMIOTEKII:

o JTna cm3u ¢ B/ «NASA» nenomns3yercs bubmioteka «curly» [16];

o JTng s3ammMopeiictsis ¢ BJT «NASA» ncnompsyercs dhopMmat mepeqatdn JaHHBX .csv [17];

* Pabota ¢ opMaTOM IIPONCXOAIT ¢ MOMOINIBI0 GHOMIOTEKN «csv-parser» [18]:

o JTng grerns/zamicn 113 Excel nemombayetes «OpenXLSX» [18];

o I'padiraeckas acTh IpoTpaMMEI peamI3oBaHa ¢ momoursio «Cepheid engine» [19].

BepudHKanus nporpaMMHoOro KoMiiekca «Pacder spipadboTkn CHINM»
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Bepudukaing nporpaMMHOTo KoMiiekca «Pacder BripaboTkn COOM» IpoBOMLIACh IO
IKCITYaTalTHOHHBIM JaHHBIM et CIC, pacmonokeHHBIX Ha Tepputoprin Poccmm (prc. 2). B
Tabmimie 2 IpHBOIATCA OCHOBHBIE JaHHEIE IO paccMaTpuBaeMeiM C2OC, a B Tabmmie 3 OCHOBHEIE
TapaMeTphl COTHETHBIX MOJYINEH, YcTaHOBIEHHBIX Ha BhIOpaHHBIX C3C. Takke B KauecTBe
HCXOOHOI mHbopMalim mo sceM CDC OBUNN JKCINMyaTAHOHHEIE MaHHBE 3a 2021 Tom B Bie
PAIIOB cpemHedacoBoii MommocTn (V7).

PecnyBauka Pecryfiauxa
MopgoBua Ynoaxobckas Bk
obnacms
Comopckan
NexzancKes 3 obracme
obracme °
TamboBekon
ofaacmo Opentypeckan
obnacmo
8

Capamobcras 5

obnocms

Bonzozpogekas
obracms

7

L PecnyBauka Kazaxcmax
5@ gf

PocmoBeros

P Acmpoxanokas
obaacms S
Pecnybauka 21
Kanmeikus ‘.
g et
= Kacnutckoe
4 : Mope
. Cmabponeabckud ok

xpad

Puc. 2. MecTomonoxeHne BeOpaHHEIX CDC BHa Fig 2. Location of considered Solar Power Plants at
KapTe PD the map of the Russian Federation
*Hemounux: Cocmaeneno asmopamu Source: compiled by the author.

Tabmmma 2
Table 2
OcHOBHBIE JaHHBIE 110 HecaenyeMsm C2C
Basic data on the studied SES
By By
st | s v Koopmmate! C3C | MommocTe | 3pac ron Mapxa o Orron: i
o, co. | y, B | C3C, MBT | mma xBru CO5M KBT-u/M™
1|3 46,39 48,51 15 21,0 L 56600 1339
3 ] 21, 5
R 270/HIT
TIpoa 11-
g, | ROMEIROR 4639 | 47,98 15 20,5 HVL- | 53000 | 1325
MaTepIaisl
290/H0T
3 | Camapckag 53,02 49,81 75 94.8 250000 1299
4 | CtapomapeeBcKas 45,09 42,18 100 131.9 349560 1292
5 | dyguctas (JTya-1) 48,75 44,19 25 318 83333 1308
6 | Actepron 48,68 | 44.78 15 19,6 VL= [so000 | 1342
300/HIT
7 | Mexsema 49,04 44,46 25 304 83333 1248
8 | UxamoBcKas 51,70 55,40 30 39,2 100000 1343
9 | ©yHTOBCKAs 46,24 48,14 60 80 200000 1369

*Hemounux: Cocmaeneno asmopamu Source: compiled by the author.

IlockombKY (akTHHecKne JaHHble 1o opHeHTanun CO5M Ha mmomaakax C3C
(onTIMANBHBII YTol HAKIOHA H as3IMYT) I H3MEPEHHEIC JacOBEIE 3HAYCHIL cyMMapHoil CP mHa
mromaakax C3C HeM3BECTHBI, TO PSJT YaCOBBIX CYMM cymMMapHoil CP, TpITHIIMAeMBIX B KauecTBe

(haKTHIECKIX 3HAYCHINI, PAacCINTHIBAJICA U CyNIecTBYIONMX oprerTtamnl CO@3M Ha C3C 3‘?’

1o dopmye (10):

Nex
=T (10)
neean M- Mo Feaam
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TAE Ngesm — kommaectBo COOM B coctaBe COC; 1, — cymmapesle noTepu COC, B JaHHOM
pacteTe IpHHIMAaTICh 8§%. @opmMyna (10) cpaBeITBa IPH OTITHAKOBHIX YCIOBHAX PaboTH Beex
Moayneii B coctase C2C.

TIpocyMMIpOBaB 3‘?2 OmpefemimI TOJOBOil mpuxox cymmapHoii CP B  TOUKax

pacnonoxeHns C2C npn dhakTieckoii oprenTammm COOM 3‘1‘;/1 (Tabm. 2).

Tabmima 3
Table 3
TTapamMeTphl (OTOIIEKT PITISCKIIX MOIyIeii
Parameters of photovoltaic modules
Mapka Moy HVL-270/HIT HVL-290/HIT HVL-300/HJT
TexHomorus TeTepocTpyKTypHas
TTirkoBas MOMTHOCTE, BT 270 290 300
TeoMeTpiaeckie pasmepsl, AXBXH ymm 1671x1002x35 1671x1002x42 1671x1002x42
Iltomazms, M* 1,67 1,67 1,67
Maxcrnaneabnt KITT, % 0,18 0,19 0,19

*emoynux: hips:/mww. hevelsolar.com/ Source: hitps://www.hevelsolar.con/.

B paccmaTpuBaeMBIX TOUKaX pacmonokeHEHI COC ¢ HCIONb30BaHNEM IPOTPaMMHOTO
KoMIiekea «PacdeTr Bepaborkun COSM» OBIIN cKauaHBI PATBI YACOBEIX CYMM CYMMApHOM 1
mithdysaoit CP m3 BJI «NASA SSE» 3a 2021 ron. Ilo >TiM mamHeM s gesarn COC Ownumn
BBIIIOJTHEHB! PacdeThl IO ONPENeIeHI0 ONTHMAIRHOIO YIa HAKIOHA IPHEMHOI INIomaikn [y,

TP OpHEHTaIlm cTporo Ha for (y = 0), rofgoBofl cymmaproil CP Ha HAKIOHHYIO IIIOIMAIKY
By—m
rog *

CO5M (3%{3’_32“;() u C3C (BBCEE:’M) Omnpenenemne BeIpaboTok C3C IPOBOAIIOCE TIPH
JOIyLICHIMX: OJIHaKoBas BEIpadoTka oT Bcex COBM n cymmapHEe moTepn ais Bcex C2C
TprHIManich 8%. Pe3yTsTaTel pacteToB TIPeICTaBIEHB! B Tabmimre 4.

N N o
IONM@AAR0 1 M~ TOM ONTHMANBHEIM YTIOM 3 TOJI0BOIT BRIPAOOTKH E/ITHITTHON MOIeIH

Tabmrma 4
Table 4
PacueTHEle NOKazaTem! C2C, DodydeHHLIe ¢ HCIIOIB30BAHIIEM IPOIPaMMHOT 0 KoMILIekca «PacaeT
BEIpatoTEI CPDM»
Calculated indicators of SES obtained using the program complex "Calculation of SFEM output”

& S Koopmmmarsr C3C B p. 32;!0;0@: 3|3C1§ C:«O;;:‘
QIp.CcIL L, IPBJ KBT-9/M™ MITH.KBT4
1 | 3aBojckas 46.4 48,5 25 1512 23,7
2 | TIpoMcTpoiiMaTepHaIs! 46.4 47,97 25 1480 22,9
3 | Camapckas 53.02 4981 30 1342 98,0
4 | CrapomapseBckas 45,08 42,17 25 1441 147,1
5 | Jysicras (JIys-1) 48,75 44.18 25 1401 34,1
6 | Actepmon 48,68 44,78 25 1400 20,4
7 | MeagBe mmma 49.04 44,46 25 1293 314
8 | UkamqoBCcKas 51,70 5540 25 1529 44,6
9 | ®yHTOBCKAL 46.24 48,14 30 1510 88,1

*Hemounux: Cocmaeileno asmopawu Source: compiled by the authors.

AHann3 npoBoAIICS B ABYX HalpaBICHNIAX:

1. AnexkBaTHOCTE TaHHBEIX «NASA SSE» B ToUKax JeB4TH 3KCILTyaTHpyeMsIx COC;

2. TouHOCTh METO/MIK, 3a10KCHHBIX B IPOTPAMMHBII KOMILIEKC.

TlapameTpoM CpaBHeHHS ObLTa OTHOCHTENbHAS IOIPEIMHOCTh (8) roJoBOil CyMMapHOI
COJIHEYHOII pajHallii, IPHXO/AINCH Ha ONTHMAaIBHO opHeHTHpoBaHHEIe CDOBM, 3a 2021 rog u
To0Boil BeIpaboTki CIC. Pe3ynsTaThl cpaBHEHNS TIpe/ICTABIEHET B Tabmie 5.

BEUIO yCTAHOBIEHO, ITO OTHOCHTEIBEEIE OTKIOHEHHS TOJOBOIl CYMMAapHOI CONHETHOII
pajmanii  Ha ONTHMambHO opHeHTHpoBaHHble COOM u rofoBele Bhpabotkn C3C,
paccIHTaHHEIE 110 IPOTPAMMHOMY KOMILIEKCY, He IpeBRIMAaT 4% oT 3HA9eHMHil, MOIyJeHHBIX
TI0 IKCITYATAIIIOHHEIM JTAHHBIM BRIOpaHHBX COC. ClemyeT OTMETHTh, UTO BeNIUHHA OIMIOKI
MO2KeT OBITh KaK HIDKE, TAaK H BbIIIE H3-3a IPHHATHIX JomylneHnil. B mobOoM ciydae BBLICHEHIE
TIPIUIH  TOTMYyYeHHBIX 3HAYECHHIT OTHOCHTENBHBIX TIOTPENTHOCTEl TpeOyeT cHemHambHBIX
mseIcKammi. Tem He MeHee, ommiOKa rMo0anbHOI Ga3hkl JaHHBIX ¢ OTKPBITHIM JOCTYIIOM NASA
SSE B Toukax oKcmiyatupyemblx CDC He mpeBsimaer 15%, d9ro cupraercs BIIOJIHE
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YAOBIETBOPUTENBHBIM Il OLEHKI NIOTEHLHANA B 3THX TOYKAX M pacueTa xapakTepuctuk COC

[9]. CnenoBaTenbHo, 714 OTIEHKI TOOBRIX 3HadeHHil cymMapHoil CP u Bripabotkn C3C, MOKHO

CUNTAaTh JOMYCTHMBIMII JaHEEIE BI « NASA» 1 BepH(IIINpoBaTh METOINKI, peamI3oBaHHBE B
TIpoTpaMMHOM KOMILIEKCE.

Tabmmma 5

Table 5

PesyneTaTEl cpaBHEHI ro10Boil cymmapHoil CP 1 BeipadoTkn C3C mo 3KCIDTYaTalIOHHEM JaHHEIM I
PacIeTHBIM IPOTPaMMHOTO KOMILTCKCa
Results of comparison of anmual total SR and SES ouiput according to operational data and calculated by the
software system

Ne Hazpamie C3C 3%’5?;;“ B%EE:LT B 3@’9’;“"’ 35!0;M0i 2
MIH.KBT4 MIH KB4 % KBT-9/M~ KBT-9/M™ %

1 | 3aBoacKas 21,0 23,7 12,91 1339 1512 12,91
2 | IpomcTpoiiMaTe pHaIEl 20,5 22,9 11,70 1325 1480 11,70
3 | Camapckas 94,8 98.0 3,31 1299 1342 3,31
4 | CrapoMapLeBcKasn 131,9 147,1 11,55 1292 1441 11,55
5 | Jdymctas (JIya-1) 31.8 34.1 7,07 1308 1401 7,07
6 | AcTepIoH 19,6 204 4,32 1342 1400 4,32
7 | Mexsemma 304 314 3,54 1248 1293 3,54
8 | UkamoBCcKas 39,2 44.6 13,85 1343 1529 13,85
9 | dyHTOBCKAK 80,0 88.1 10,24 1369 1510 10,24

*Hemounux: Cocmaenedo aemopavu Source: compiled by the authors.

Buisoodst (Conclusions)

PazpaboTka TIpOTpaMMHOTO KOMIDIeKca «PacdueT BHIPADOTKI CONHEYHOTO MOTYIISA
(CO>OM)» mpoBoimIach B paMKaxX IpoekTa «CHCTeMBI VIIPABISHISA COTHETHO-TI3eIbHBIMI
KOMIUIGKCAMIT» TIPH IIOZAepkKe IpaHTa MIHIICTepcTBa HAayKHI U BEICIIETO 0Opa30BAHIII
Poccmiickoit @egeparmm Ne FSWF-2022-0006.

TIporpaMMHBII KOMIUIEKC IICIIOJIB3YeTCS CTYACHTAaMII HalpaBlIeHHA moarotopkn 13.03.02
«3NeKTPOIHEPreTHKa 1 3eKTpoTeXHHKay I 13.04.02 «3OnekTpos3HepreTKa H 371eKTPOTEXHHIKA»
npu eemonHeRnn HITP, KypcoBoro NpoeKTHPOBAHISI, BEIIYCKHBIX KBaIH(IKAaIIOHHBEIX paboT,
TaK jkKe MOKeT OBITh MCTIONH30BAH CTIETIHATICTAMII TIPOSKTHBIX OPTaHIT3aTITI.

Ha pa3paboTaHHBII NIpOrpaMMHBII  KOMIUIEKC I[0dydeHOo CBHIETEIBCTBO O
TOCY/TapCTBEHHOI permcTpamm mporpaMmet amst 3BM [20]. IporpaMMHRIT KoMmmieke «Pacuer
Boipaborkn CODM» mmeeT OOIMNIpHBII IIOTEHIUAN JUIM JOpaboTKI. B mepByio odepeln
aBTOPCKIIM KOMIEKTHBOM TITAHHPYETCS pPA3BHTIE (DYHKIHMOHANA TPOTPAMMHOTO KOMILIEKCA
To0aBIeHIeM MOATep KK cepiica PV-GIS n nogkmouerneM BT «HIIC».

Bepugmkamid [OporpaMMHOIO KOMIUIEKca [POBOJIUIACh 110 JAaHHBIM  JEBATH
skcryatnpyeMblx COC Ha Teppuropmm P®.  bBelTo yCcTaHOBIEHO, 9TO OTHOCHTEIbHBIE
OTKIIOHEHIIM TOJOBOIl CyMMAapHOIl COJHETHOH pafHamiIl Ha ONTHMAalbHO OpPHEHTHPOBAHHEIE
C®3M u ronmoBele BeIpaboTkn C3C, paccuNTAHHBIE MO TPOTPAMMHOMY KOMIUIEKCY, He
npeBelaoT 14% OT H3MEpeHHBIX 3HAYCHHI Ha IUIOIIAJNKax SKciuryatHpyemblx C3C. D1o
000CHOBBIBAET aJI€KBAaTHOCTE TIoOamsHON Ga3hl JAHHBIX ¢ OTKPHITHIM JocTymoM NASA SSE B
TOUKax 3KcIuryarupyeMsx COC o BepH(IIIPYET METOMNKI, Pealli30BaHHBIE B IPOrPAMMHOM
KOMITIEKCE.
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OnTuManbHbLii pekuM padoThbl MHOTOATPEraTHOM
JH3eIbHOH 31eKTPOCTAHIMH

Bacunsera A. A.?, VMHXEHep-uccnenoBaTens,
BacbkoB A. I‘.2, K.T.H., 3aB. nabopaTopuen,

Cwurenb A. C.3, HxXeHep-uccneposartens (‘CY COK" ®BEOY BO “HUY “M3A"),
LWectonanoea T. A.4, K.T.H., 3aB. kadegpon (MBS ®I60Y BO “HAY “M3WN™),

LWypkanos 1. C.5, K.T.H., CTApLWA Hay4HbIA COTPYOHWK
("CY COK" ©I'bQY BO "HIY “M3WN")

B craree PaccMOTPCHEI CIIOCODE! MATEMATHYCCKOTO MOJACIHPOBAHNA 3ABHCHMOCTEH pacxola TOIUIMBA OT 3arpy3KH 3¢ b-
HBIX I'EHEPATOPHBIX YCTAHOBOK, y‘IéT KOTOPBLIX ITPH MOJAEIHPOBAHHH PEXKUMOB [JE[(’JDT]:I COMHEYHO-/IH3E/IbHBIX YHEPIrOKOMIT-
JICKCOB MOKET IMO3BOJIMTE CHH3HTE uorpeﬁ.'lel-me JHU3EIBHOIO TOILIMBA M KOTHYCCTRO YacoB pﬂﬁm‘bl JH3CNEHBIX I'CHEPATOPOB.

Knwiessie ciopa: ONTHMH3ALHA, AH3eIbHAg NIEKTPOCTAHLHA, CO}IHE‘IHU'ﬂM}EﬂBHB{ﬁ IHEPrOKOMIUIEKC, y,‘Ie,‘Il:HI:[I:] pacxoa
TONINBA, paclpelie/ieHHe Harpy3KH.

Optimal operation of the diesel power plant

Vasileva A. A.1, research engineer of CSSDC laboratory,
Vaskov A. G.2, PhD, head of CSSDC laboratory,
Siegel A. 8.3, research engineer of CSSDC laboratory,
Shestopalova T. A.4, PhD, head of HRES department,
Shurkalov P. 8.5, PhD, senior researcher of CSSDC laboratory (MPEI).

The article considers methods of mathematical modeling of dependencies of fuel consumption on the load of diesel genera-
ting sets, the accounting of which in modeling the modes of operation of solar-diesel energy complexes can reduce the con-

sumption of diesel fuel and the number of hours of operation of diesel generators.

Keyweords: optimization, diesel power plant, solar-diesel power complex, specific fuel consumption, load distribution.

[Ipodaema HKCIIYATALHH IH3E1BHBIX WIEKTPo-
cranumii B Poceun. B Poccun octpo cront npobiema
IHeprocHadKeH!s OT/1ANEHHBIX HACCICHHBIX ITYHKTOB,
HE MMEHOLINX [IPUCOSIHHEHU K 00beIMHEHHON IHep-
rocucreme. Cornacio [1], M30/HMpOBaHHbBIE OOBEKTHI
reHepalMH CymecTRYT B 23 pernoHax crpaHsl. Haie
BCEIo B COCTaBe H3IOIMPOBAHHLIX DSHEPIreTHYCCKHUX
CHCTEM B Ka4eCTBE OCHOBHOI'O HCTOYHHKA BHepmM HC-
HOJIB3YHOTCS JIH3enbHbIe dnekTpocTanimu (J12C).

O6uweit mpodnemoii sxcruyaramuu Beex [2C sg-
JeTCs BhICOKHI pacxol TOIUIMBa, 4TO [IPUBOAXT K I10-
BbILLIEHHBIM BKCIIJ'lyaTaLlHOHHblM paCXO,LlaM. Cy].l.lBCT-
BYET HECKOJIBKO CHOCODOB CHIDKCHHA OOBEMOB HC-
HOJTBL30BaHUA Joporoctodiiero towusa. Hanpumep,
MOXCHO 3aMEHHTH ycrapesiiee ofopyroBaHue JeHcT-
BYIOILIEH 2IEeKTPOCTAHIMK Ha DoJee COBPEMEHHOE HITH
JKE BHEAPUTD 3HeprocOeperaroime TeXHOIONHH,

VasilyevaA A@mpei.ru

Kpome Toro, mpuderaroT K cTPOUTENLCTBY THOPHI-
HBIX 9JEKTPOCTAHLMI, [Je K OCHOBHOMY IeHepHpylo-
uemy obopyaoanuto JID9C nobaensiercs Beromora-
TelbHOE TeHepupylouee 00opyaoBaHHEe (BETPO- WITH
COJIHEYHAs 3MEKTPOCTAHLMS). DIEKTPOCTAHIHM Ha
0aze B0300HOBIACMBIX HCTOUHHKOB 3Heprun (BHUD)
MO3BOJISIIOT  Hallle OTK/IIYATh AW3e/b-ITeHepPaTopsl,
b0 HACTHYHO UX Pasrpykarb, YTO AAET BLIMIPHIL B
abcoJoTHOM pacxoie AuselbHOro tomwmea. OpnHako
BBIY TOIO, YTO BeJIHUMHA YIeJbHOIO Pacxoja TOIUIU-
Ba JIDC BO MHOrom omnpejensiercs pacnpeienecHueM
MOIHOCTH MEK/1y BKJIFOUCHHBIMHU B paboTy JU3e/IbHbI-
MH arperatami, yielbHbIi pacxoi AH3eNbHOrO TOIUIH-
Ba TOH WIH HHOH JM3€]1bHOH I'eHepaTOPHOH YCTaHOBKH
(AI'Y) u3-3a 51010 MOXET YBEJIIMYHBATLCH, TO €CTh
obopynosanue Oyaer paborars Menee b eKTHBHO.

Cornacno [2] mus AT'Y, pabotatoiux napaluielibHo
JPYr ¢ APYTOM WIH B COCTABE KPYITHOIl 3HEpProcHcre-
MBI, pacnpeieieHie HAarpy3kM akTHBHOH MOLIHOCTH
(kBT) sBnsgercs QyHKuueil peryinstopa aBurareis, a

1

5 2 =2

3¥?§§&§g%$ip?&m pacupe/ienieHHe peakriBHod MmowHoctn (kBAp) —

:s[{esmpaibvam@mpej_ru dyukuueil Bo3Oy:kaenus reneparopa. [lostomy nan-
ShurkalovPS@mpei.ru HbI BOIPOC, KaK IIPABUIIO, H3y4aeTcs I[10-OTAe/IbHO-
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cri. OHAKO B KOHTEKCTE JJaHHOH CTAThH HAHOOIBIIHIH
HHTEPEC NPEICTABIACT HMEHHO PACIpPE/IC/ICHHE aKTHB-
Hoi mompocru Mexay JI'Y, B cBasu ¢ ueMm Bonpoc
paclpejelieHusl peakTHBHOH MOLUHOCTH Jlaliee He pac-
CMaTpHBaeTCs.

Maremarnueckoe mojeaupoanue AI'Y. Ha ce-
TOJHAIHMIA JIEHb CYIECTBYIOT pasHble MO/, KOTO-
Pble HCIIONbL3YHOTCH 151 MATeMAaTHIECKOro MOJEIHpPO-
parusa JII'Y. M3 ux o0lero 4Mcia MoMXKHO BBIJEIHTD
JBa BHJ1a MareMaTHYCCKOI'O MO,LleJalOBﬂHHH:

— no3neMeHTHOE Mogenuporanue IV

— mozenuposanue JI'Y nocpeacrsom pacuéra Be-
JIAYHHbI IIOTpe6ﬂH€MGI‘U TOIIMBA.

IMosneMeHTHOE MareMarMiecKoe MOJeIMpOBaHHE
JAI'Y B 0CHOBHOM IIpUMEHSETCS /15 aHAIIM3a [1epexo/l-
HBIX HPOLECCOB, MPOHCXOMIIMX B SHEProcCHCTEME C
JM3e/bHbIMH reHeparopamu. Jlns OLEeHKH pexuMOB
pﬂ60ThI 'BHEpFETH‘iECKHX KOMILIEKCOB, B COCTaB KOTO-
peix Bxogat JI'Y, HacTONBKO jJeTanbHOE MOAEIHPORA-
HHE PejlKO MPUMEHACTCH.

Mogaenuposanue [II'Y nocpeacTBom pacuéra Beitu-
YHHBbI IIGTpE6JlﬂeMOFO HMH TOILIHBA ABIACTCHA Fﬂpﬂgﬂﬂ
douniee mpocteiM criocoboM. Tak pacxon TomiMBa Au-
3e/b-IeHeparopa 3aBHCHT 0T HOMHHAIbHOH MOILUHOCTH
reHeparopa u GakrHYecKOi BBIXOHOH MOIIHOCTH, Bbi-
nasaemoil uM. HcenonbszoBanue KpHBOH pacxoja Toll-
IuBa, npeaocrasiseMoi npoussoautenem 1Y, apis-
€TCsA TOYHBIM CIOCODOM OlpeASIICHU pacxoia TOIUIH-
Ba IpH 1000 Harpyske auselb-redeparopa. OnHako,
KaK [paBuilo, B IIACIOPTHBLIX XapakrepHceTukax HAI'Y
NPOH3BOANTENM YKa3blBAKOT JIMIIb 3HAYEHHE PacXoia
TOIUIHBA l'lpld HOMMHAJILHO I MOLIHOCTH H HEe BKIIKOYa-
10T caMy KpUBYIO pacxoja toriusa. OcobeHHo 510 Ka-
CaeTcst reHepaTopoB Masol MouiHocTH [3].

Jusi peutenuss 5Toif npobiemMbl CYLIECTBYET He-
CKOJIBKO CHoco0OB pacuéra pacxoga TOIUIMBA JH-
3ellb-I'eHeparopa:

— pacuéT ¢ MCIOIb30BAHUEM IMIHPHUCCKUX KO-
(uupenTon;

— pacyfT B COOTBETCTBUM C MCTOAMKOI, YTBep-
skaeHHod MunucTepeTBoM sHepreTHkH Poccuiickoi
Denepaunu [4];

— pacué€T B COOTBETCTBHH ¢ METOAMKOH KOMIAHHH
AQO “Jloumaan™ [5].

Pacuér ¢ MCHONB3OBAHHEM SMIHPHYECKHX KO3(-
duentos. Cornacuo [3] pacxon tornnuea JAIY B 1/u
MozKeT ObITh paccunrtau 110 dopmyie (1):

FCq =A5P; +BgPrg» (1

rae Pg, Ppg — COOTBETCTBEHHO BBIXOJHAA W HOMHHA-
npuas Mownocta AT'Y (kBr); Ag, Bg — xosdpduumen-
Tbl, paccuMTbIBAEMbie 110 KPUBOH pacxoja ToILIMBA
[/(kBrt - 1)].

Kak npaguio, 3Hadenus koaqduinentos Ag u Bg
npuHuMaroTes clieayomumu: Ag = 0,246 n/(kBt - 1) u
B =0,08145 n/(kBr - u) [3]. Cornacuo [6], pe3yibra-
Thl pacyéra pacxoia toriusa JI'Y no 3tum 3HavyeHu-
SIM XOPOLIO COMIACYIOTCS € [PEA0CTABISEMbIMU 1PO-
H3BOAMTEISAMH JM3€/b-TeHEPATOPOB 3HAYEHHAMH pac-
X00B IpU HOMUHAIILHOH MomHocTy ALY

Jnsa nepepacuéra pacxoja TOIUIMBA B YIE/bHBIH
pAacxoll YCIIOBHOTO TOILIMBA [rp.y.T./(KBT - u)] ucnons-
syercs dopmyia (2):

FeC,,
by = 1,45 =2 2)
Fg

rae p = 860 KI/M® — IJIOTHOCTE JAH3€/bHOTO TOILIHBA;
1,45 — kosduument nepesoja AH3eIbHOTO TOIUIHBA
B YCJIOBHOE TOILIUBO (0.€.).

Meroa pacu€ra, yrBepikieHHbT MuHUCTepCTBOM
suepretuku Poccuiickoit @expepauun. Cornacuo [4],
HOpPH OTCYTCTBHH PE3yJILTATOB HCIBITAHUIT IN3eib-Te-
HEepaTOPOB MIIM IACHOPTHBIX JAHHBIX YCTAHOBOK [10-
HYyCKAeTCsl NMPHHUMATE HM3MEHEHHME Pacxoja TOIIIHBA
tpu paboTe B HEHOMHHAIBHBIX PeKHMax paboTsl 1y-
TéM BBeslcHUs peskumHoro koadduumenra (em. dop-

myiy (3)):

0,1

Kpogi =09+ ————
i Nyi /N

3 3)

HOM{

rae Ny; — cpefHsis IpOrHO3HpYeMas Harpy3Ka i-ro au-
3e/b-reHeparopa 3a coOTBeTCTBYIoWMA nepuoa (kBT);
Nyomi — nacnoptHas MmowHocTs i-i A1'Y (kBr).

[Ipu 5ToM yaelbHBIH pacxoi] YC/IOBHOIC TOIJIHBA
[rp.y.r./(kBT - u)] Bymer paccunrsiBarhes 10 Gopmylie

(4):

. - Qu
bflly - K B

HOM{ ™ peski 70001 (4)

rae @ = 10180 kkan/kr — TenioTa cropaHus Tomm-

Ba.

[loxasarens pacxoaa ronausa 'Y no nacnopry (B
TeXHHYEeCKHX ycaoBusx) [rp./(kBr - 4)] paccuntsiBaet-
cs 110 hopmyite (5):

. b A
b =—2%, (5)
HOM

rae bjl,, — IlOKasaTellb pacxoga TOILIMBA MO JH-
senb-reneparopy [rp./(kBr - w)]; ny,, — K14 AT'Y

(0.e.).
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Puc. 1. 3asucumoctn YASNBHOTO pacxoda TOIIHBa OT MOMIHOCTH
JIM3ENIBHBIX arperaTos

Meropn pacuéra kommanun AQ “Jlonman”. Pacuér
pacxoja TOILUIHBEA 10 JaHHOH MeTOAMKe Npearonaraer
HCHosb30BaHne Kod(UIHEHTOB, YIHTHIBAIOLIMX Ha-
IPY3KY Ha [HM3e/b-TEHEPATOP M CTEeleHb €ro M3HOCa
[5].

Pacxoj1 rormea MoxkeT ObITh Onpe/elieH 1o ¢op-
mynam (6) mnu (8):

By
5’

b;‘J,Df — Euom H-C- 1136 4
e

(6)

I71€ oy — Y/CIBHBII Pacxojl TOIUIMBA IPH MOLIHOCTH
B 75% or HomMHHatbHOH (mo nacnopry JAI'Y)
[rp./(kBt1 - 4)]; H, C — ko3bduuneHTs!, YIHTHIBAK-
11e HAIPY3KY U H3HOLMIEHHOCTh ABMIaTellst COOTBETCT-
Benuo (o.e.) (mpusenenst B [5]); nr — KIII reneparo-
pa B 3aBHCHMOCTH 0T pexuma paborst (0.e.); D — 1ua-
HHupyeMas BeipadoTka snekrposHepru (KBt - u).

Pacxos Tonnmea npu pabore JII'Y Ha xonoctom
X014y paccunTeiBaeTes 1o popmyie (7):

By =0,15Nyom “ Guon - K - C - 1, (7

e Nuom HOMUHAJILHAs MOIIHOCTE TeHepaTopa
(11.c.); Ki=0,21 o.e. — koadduuueHT pacxosa Ha Xo-
nocrom xony aas JII'Y momnoctsio menee 1000 e n
— IUTAHUPYEMOE YHCIIO 3aIIYCKOB JIBHIATEIS.

b;ﬂ'l'\f _ 1,05K " Ehom + LO'SK:\— “Ehom Nqu ) 0~15‘ (8)
My 3

Tadbnuna 1

TexHHuecKHe XAPAKTEPHCTHKH PACXOIOMEPOB
Eurosens Deltfa RS 100

[@— L [ — [ m— T Horpemnocts, %o

10 50 100 +1

rjae K — xoadduiment, yuuThiBatOKi yBeIHYCHHE
pacxozna u3-3a kotebaHus HATPY3KH, (0.€.) M paccuu-
ThiBaeMblii 110 (opmyite (9):

N
K=0,87+0,13- —N“"M 2 9)

P

rze Nep — cpeanss Momsocts JAI'Y (i.c.).

MocraHoeka nean necaenopanns. Kak yxe dsu10
OTMeueHO paHee, oOwedl npobnemol >KcIUTyarauuu
Beex JIDC sapnsieTcs BLICOKHI pacxoj TOIUINBA, KOTO-
pblil BO MHOIOM OIpe/ielisieTcs pacupe/ielleHHeM MOlll-
HOCTH MEXKY BK/IIOUEHHLIMH B pabOTy IH3eIbHBIMH
reHeparopamMu. B cBA3H ¢ 3THM aBTOPCKHM KOJUIEKTH-
BOM Obli1a IMOCTaBIeHA Lelib: pa3paboTaTs METOAMKY U
COOTRETCTBYIOLIYH) MarcMarH4ecKyr Mojiels Beibopa
ONTHMAIBHOIO COCTABA BK/INOYEHHLIX B paboTy sHep-
roycranosok JDC. Kpurepuii Beibopa — MHHHUMYM
CYMMapHOIo yjelbHoro pacxoja tomusa J[3C.

Tak kax B nacnoprHeix xapakrepuctuxax [II'Y 3a-
BHCHMOCTH PAacxoa TOIUIMBA OT MOIIHOCTH FeHepaTo-
pa OpUBOAATCS JJOBOINBHO PEKO, TO [epBoi 3ajauei
uceheoBaHus sBisics Beibop Haubosee nojaxosie-
ro Merona pacuéra TakoH 3asucumoctH. Beibop ocy-
LIECTBIINICS Cpeld cl1oco00B, PACCMOTPEHHBIX BhILLE,
a anpoatus pesylkTaToB — ¢ MOMOLIBI HMEHLIErocs
B PpaclHOpsAKEeHHHM aBTOPCKOIO KOJUIEKTHBA JKCHEpPH-
MEHTAJIBHOIO 3HEPrOKOMILIEKCd.

DKCHEPUMEHTAILHBIH JHEPreTHYECKUl KOMILIEKC
npejcragasier codoit JDC, ocHalleHHYO ABYMs Jid-
3€J/IbHBIMHM 3HEPIOYCTAHOBKAMM Ha OCHOBE JIBMIareis
Perkins 1103A-33T mownoctsio 36,9 kBt ¢ cunxpou-
HbIM reHeparopom LSA 42.3-S5-16/4m Leroy Somer
40 kBr. JuzeneHeie arperate! paboTalT Ha yIpaBise-
MYIO 3JIeKTPHUECKYH) HATPY3KY, IPEACTABIAIOLIYIO CO-
Goit uabop TerwodexTponarpesareneii. MowHOCTD
Harpysku Moxer usmensrecs ot 0,2 1o 51,2 kBt

M3mepureibHas 4acTb SHEProKOMILIEKca Ipejl-
CTaBJIeHa YCTAHOBIIEHHBIMU Ha Kaxa0d 1Y pacxono-
mepami Eurosens Deltfa RS 100. OcHoBHbIe TexHIYe-
CKHE XapakTePHCTHKH PACX0/I0OMEPOB NMPE/ICTABICHBI B
tabn. 1.

B nacnoprubix xapakrepuctukax JAI'Y sneproxom-
[IeKca OTCYTCTBYIOT 3aBHCHMOCTH pacxoja TOIUIMBA
OT MOIIHOCTH, NO3TOMY HeoOxojumas WH(pOpMAaLiis
Obla MojydeHa SKCIEPHMEHTAIbHBIM NMYTEM C HC-
[O/L30BAHHEM HMEIOLIerocs: H3MepHTenbHoro obopy-
jposanus. B rmpouecce “cHsatus” 3aBMcHMOCTEH jiH-
3eJIbHBIE FeHEepPATOPB! TPH3K/BL HAIPYXKAIHCH B JHana-
30He ot 22 110 95 % HOMUHAILHOH MOLIHOCTH, A MOMTY-
YEHHbIe pe3ylbTarsl ObUIM B HTOE OCPEIHEHBI.
Cooreercreytomine rpaduku npeacraeiessl Ha puc. 1.

Ha ocHoBe momyueHHBIX pe3yneraroB ObUl caeliaH
BBIBO/I, YTO XapaKTePUCTHKH YIeIbHOIO Pacxoia yc-
JIOBHOTI'O TOILIMBA MOFyT OTIIHYaThCH Y O/IHHAKOBBIX 110

50
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Puc. 2. HZME’peHHble H paC‘{éTHb[e 3aBHCHMOCTH H3MEHEeHHs yae-
JIBHOrO pacxo/a Toliiea

MOILHOCTH W ycnosusaMm skcryarauun 1Y, [lo pe-
3yJIbTATaM SKCHEPUMEHTA OHU B CpelHeM OT/IMYatoTCs
na 11,78 %. Takum oOpazom I1OKA3aHO, YTO OJHHAKO-
BBIC MOJEJH JAH3ebHBIX arperaroB o0nafalr paziu-
HAIOLIMMUCS XapaKTePUCTUKAMM M [ IOBbILLEHUS
s dexrunoctn pexmuma padorst JIC neobxonumo
HCHOJIB30BATh AJITOPHTM ONPEJe/IeHHsT ONTHMAIbHON
HEPaBHOMEPHOI1 3arpy3KH arperaros.

Beidop maremarnueckoil mopenu AI'Y. [dns Boi-
Dopa Haubosee MOAXOAALIEr0 MeTola pacuéra y/elb-
Horo pacxoja tomwiusa 'Y Gnuti npousBejieHbl Bbl-
qpclieHus ¢ Hcloib3oBanueM Gopmyit (2), (4), (6) u
(8). PesynpraTsl pacuéToB MpecTaBlieHbl HA PHC. 2 U B
Tabm. 2.

Ilpu nposeneHuH pacy€TroB MCHONL30BANIUCH Clle-
JYIoLHE JTy:

nacnoprHbie JaHHbIC

bi . =216 t/(kBr - u);

Mo = 90.5 %.

Guon = 220 1/ (kBT - u);

CornacHo Tabn. 2, HAMMEHbIIIHE OTKIOHCHHS pac-
4ETHBIX 3HAYEHHI OT (PAKTHUECKHX [JAeT METOJ pacué-
Ta, yrBepaKIcHHbIH Munucrepersom sHepreTiki Poc-
cuiickoit ®enepaunu (hopmyna (4)). Jauuwit Meton 8
JlalibHeHIIeM HCIIOIb3YeTCH 1A I10JIY YEHH HCXOAHBIX
JIAHHBIX, HEOOXOMHMBIX [UId ONTHMH3ALHH COCTaBa
BKIIKOYEHHbIX B paboty aHeproycraHosok [19C.

MaremaTHueckas MoJedb BbIfOpa OOTHMAJb-
HOr'0 COCTAaBa BKIAIYCHHBIX B paﬁoTy JHeproycra-
HoBok J1DC. Marematuueckas Mojeb BHIOOpa ONTH-
MallbHOH 3arpy3Ku JAM3eNbHbIX HeproycraHoBok J19C
Obuta paspaborana Ha sA3bIKE IIPOrPaMMUPOBAHIS
Python. OcHOBHBIME HCXO/HBIMM JIJAHHBIMH, HeOOXO-
JUMBIMH U1l OCYILECTBIEHHS ONTHMU3ALUN PaboThl
JADC sBastioTes cleayronue:

—runopasmep JI'Y, ux ocHOBHbIE TEXHHYECKHE Xa-
PAKTEePUCTUKH (HOMMHAJIbHAA MOLIHOCTb, COOTBETCT-
ByHOllee el norpedieHrne TONINBA U 3aBUCHMOCTD Pac-
X0/1a TOIUIMBA OT MOIIHOCTH reHepaTopa) H KOJIHYeCT-
BO arperaroB Kay0ro THIIA;

— MHHUMAJIbHOE M MAKCHMalbHOE 3HA4YeHUs Ha-
IPY3KH;

— BEJIMYHHA 111ara, ¢ KOTOPbIM Dy/IeT H3MEHsTCs Ha-
Ipy3Ka OT MHHHM@IBHOI'O 10 MaKCUMAlbHOIO 3Hade-
HH3 PU POBEASHHH COOTBETCTBYIOIMX pacu&ToB.

OCHOBHBIM KPHTEPHEM paclpele/ieHHs HArpy3KH
MEK/Y JIM3€lb-TeHEepaTopaMi  sBIsETC] MUHHUMYM

ab .
BKIIHOYEHHBIX B paoTy arperaros, 1.e. ”E[nf — min.

Tabnuua 2

3HAYCHHSA OTHOCHTEIbHO NOrpetiHOCTH MeXKIy pﬂc‘lé’ﬂll‘ml‘l H H3IMEePeHHBIMH 3aBHCHMOCTAMH H3IMEHeHHA YIeJdsHOro pacxofa TOILTHBA (%)

Cpaetennec IV 1 Cpaenenme ¢ JII'Y 2

3arpy3ka

ALY % Dopmyna (2) | @opmyna (4) | Dopmyna(6) | Dopmyna (8) | opmyna(2) | Dopmyna (4) | Dopmyna (6) dmp;;[)y i
21,68 60,44 222 = 43.47 12,56 = —
24,39 79,98 13.16 = 44,99 8,84 = —
27,10 65,62 7.04 s 45,75 5,81 = —
2981 54,37 2,24 < 52,31 0.87 = —
3523 51.31 448 5,55 17,82 37.86 4.80 8,27 25,12
5149 44.90 9.19 13,83 12,90 34,14 1,08 5,38 19,36
65,04 34,99 6,66 10,57 17,09 26,08 0,39 3,27 22.57
81,30 3146 8,13 13,04 16,97 25,13 2,92 7,59 20,97
94 85 26,26 6,47 8.46 19,26 18,53 0,05 1,82 24,20

Cpeanee 49,92 6,62 10,29 16,81 3647 4,15 5,27 22,45
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Puc. 3. brok-cxema mareMarHueckoii Momenm

OCHOBHBIM pe3y/bTaTtoM ofTuMu3anuu  paborel
A3C spisroTes: onTHMANBHBIH cocTa padoTArMIuX
ALY npu 3a1aHHOM 3HAYeHHHM HArpysKH, COOTBETCT-
BYIOIIHE €My 3HaueHus 3arpyskn kaxioi m3 JII'Y u
BEJIMYHHA NO0TPedIAeMOr0 TOILUIHBA, KaK KaiIbIM 1U-
3e/IbHBIM arperatoM, Tak u Beeit [J2C B uenom

Maremarnueckas Mojiellb BKIHouaeT B cebst 2 Mojy-
.

Modyas 1. “Pasnomeproe pacnpedeneHue Hazpys-
ku”. Tpunin paboTsl JaHHOTO MOJIYIIS 3aK/THOYaeTCs
B omnpeneneHuu cornacHo Gopmyne (10) ynenshoi
momocri JA9C (0.e.) B 3aBUCHMOCTH OT HAIPY3KH:

P
i notp
N,{IBC = 71 (10)
N;‘_I,Z)C

e Ppuorp — Harpyska norpeGurens (kBr); Nﬂcgc —

ycranosiennas mouocts 12C (kBr).
MOIHOCTE Ka¥/0T0 U3 BKIUEHHBIX B paboTy au-
3elb-I'eHEPaTopoB olpe/elsiercs no gpopmyse (11):

400

Iry 3
360 + —ry?2
7 340
z
= /
T 320 N / #
# N P
E ™~
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Puc. 4. VienbHble XapakTepHCTHKH pacxoa auseneil ¢ Hx onTuma-
JIBHOH 3arpy3KoH

HOM

N nrvi =N jNN 50 (11)

rae { — Homep ATV Nr.!i"]:'%“, — HOMHHAJ/IbHAs MOL-

nocte JI'Y (kBr).

3HaueHHs pacxoza TOIUIHBA U ero yIelbHbIe Belu-
YHHBI OIPEJICNAKTCA 110 PAcXO/HBIM XapaKTEePHCTH-
KaM M (opmyi1aM, yIOMAHYTHIM B pazaeie “Marema-
THYecKoe Moaeauposanue Y™,

Moaoyas 2. “Hepasnomepnoe pacnpedeienue na-
epy3xu”. JlaHHBIE MOAyIb COCTOMT M3 HECKOIBKHX
OJI0KOB UM OTBEYAET 33 CO3JaHHE “KAPThl BO3MOMKHBIX
BapuaHToB cocraga paboraromux JAIY JIDC”, a rake
3a BbIOOp onTtumansHoro Bapuanta. “Kapra” coznaer-
¢l ¢ YUETOM KaxK/I0TO 3HAUYeHUs HArpys3KH noTpeduTe-
JId PHOTP, KOTDPZ&H MOMKET H3MCHATHCA OT MHHHUMAaJIb-
HOT'O 10 MaKCHMA/IbHOTO 3HAYeHMs ¢ HEKOTOPBIM Il1a-
roM (CM. UCXO/HbIE JaHHBIE).

Bioxk 1. “Bo3MoxHble BApUAHTLI cOCTaBa 000pyi0-
BaHus”. BIIOK OCYLIECTBISIET TeHEPALUI) BCEX BO3-
MOXxHBIX KoMOuHauuii padoraoumx AI'Y npu Harpys-

Ke Pyop € YUETOM KpuTEpHS nﬂ?ﬁy —> min 1 ycrnosus
yer
N jiae 2 Promp.

Brnok 2. “Bo3moxHbIe BapHaHThl 3arpy3kd 00opy-
nosanus”. Biok oTBeyaer 3a reHepaLnio BCeX BO3MOMK-
HbIX BapuanToB 3arpysku JAI'Y nns kaxjpoit u3 panee
chopmuposaHHbix komOuHaumMit cocraBa obopy/loBa-
uug. [pu pacnpeseieHUK HArPY3KH MKy JAH3eIb-Te-
HEpaTOPaMH PUHHMAETCH, YTO HX MOILIHOCTh MOKET
H3MEHATBCS ¢ TeM JKe LI1aroM, Y4TO W HAarpy3ka [moTpe-
ourens. B npolecce reHepaui BAPMAHTOB 3arpy3Ku
JAT'Y rakxe ocyliecTrisercs pacuér noTpedneHus 1o-
nnuBa kaxaoi JIY u JIDC B uenom, a Takke 3Haue-
HHS YAEILHOIO pacxoia TOILIUBA.

Ha ocxoge pesyisraros pabotst diokos 1 1 2 Qop-
MHpyeTcs “KapTa BO3MOXKHBIX BApPHAHTOB COCTaBa pa-
ooraromux 'Y ADC”, coxpaHsercs B COOTBETCTBY 10~
wuit paitin 1, B rociaecTBHN, MOKeT ObITh HCHOJIB30-
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BaHa J1J1s1 OIEPATHBHOIO Bbi60pﬂ OINTHMAJIBHOIO cOoCTa-
Ba 000pyl10BaHHs B 3aBHCHMOCTH OT 3a/aHHOIl
HArPY3KHU oTpeburens.

biiok 3. “Beibop onTHMAalIbHOrO coctaga obopyao-
BaHua". B 3aBucumocTd or Harpysku norpeduresis
Onok 3 ocyuiecTnisieT BLIOOP H3 paHee COCTABIeHHOMN
“KapTel” BAPHAHT, Il KOTOPOIO XapakTepeH MHHH-
MAallbHBIH cyMMapHblil yaenbHblil pacxos Tonuea. Ta-
KuM 00pazom, pesysbTatoM paboThl JaHHOTO OJIOKa sIB-
nsieres cocras JDC ¢ MHHHMAIBHBIM KOIHYECTBOM
3a/IcHCTBOBAHHKLIX B paboTe JIM3elb-IeHEpaTopoB M
MUHHMMAJILHBIM HoTpebieHHeM ToIUIHBa.

B obuiem Buje Oiok-cxema pazpaboraHHoil maTe-
MaTHYeCKOH MOJIelu 1ipeAcTaBieHa Ha pucyHke 3. Kak
BH/IHO M3 PUCYHKA, B 3aBUCHMOCTH OT TpeOoBaHHI
orepaTopa MareMaTHuecKas MOjellb MOXeT BblIol-
HATH CIEAYIOLHIT psij onepauuii:

— OIpeIeneHrne oNTHMaJIBHOIO COCTaBa BKJIKOYECH-
ubix B padory AI'Y npu ycinoBuH HX paBHOMEPHOMH 3a-
Ipy3KH;

— OonpezelieHHe ONTHMAIBHOIO COCTABA BKIIHOUEH-
HeiX B paboty JAI'Y npu ycnoBum ux HepaBHOMEpPHOI
3arpy3Ki;

— uibop naubosnee sdpdexrunHoro pexmxuma paboTs
A3C u3 nepebix 2-x BAPHAHTOB (BBIOOP MEKIY PABHO-
MCPHOI 1 HepaBHOMepHOIl 3arpyskoit JII'Y).

[Tpumep pesyibrara paboTbl MaTeMaTHYECKOI MO-
JIeH NPH ONpeie/ieHHH ONTHMATBHOIO pacupeielie-
Hus Harpyskd B 1000 kBt no 3-m pasHbiM jiu3enb-re-
ueparopam J3C npejgcrasien Ha puc. 4.

Anpofauust MmareMaTuueckoii mogemn. s an-
po0auuK MareMaTyecKoH MOJIeNH B KauecTse 00beKTa
uccleoBadus ObUT BIOpaH CYLIECTBYHOLIMNA COTHEY-
HO-au3ebHpli  dueprokomivieke (CADK), pacmnono-
JKeHHblii B ropojie BepxosiHek B AkyTuu (KOOpAHHATHL:
67°33" cau, 133° 23" B.21.).

OcHosuas ucxoauas uudopmalius, Kotopas Obuia
HCIIOJIB30BAHA:

— XapakTepUCTHKH Ju3eIbHbIX reHepatopos CADK
(tabn. 3),

TaGauna 3
XapakTepHcTHKA TH3elbHbIX renepatopos C/ADK B r. Bepxoanck

— CyTOYHbIe TpaMKH HAIPY3KH Ui XapakTepHbIX
JHeH Kax/10ro Mecsia roja,

— cyTouHble rpa(ukn BoIpabOTKH 3J1EKTPOIHEPIHH
cosHeuHbiME MoayIisamu CIIDK.

CornacHo [7], BbIOpaHbl CleAyrOLUIHe OCHOBHbIE
KpHuTepHH BbIOOpa ONTUMAILHOIO cOCTaBa BKIIOYEH-
HBIX B paboty ausens-reseparopos CADK:

— KOJHYECTBO BLIPaDOTAHHOH HIIEKTPO3HEPrHH
H2C;

— Kod(pULMeHT HCMONBL30BAHMS YCTAHOBIEHHON
mouinocetH (KHYM),

— yHenbHBIA pacxoa ychosHoro Tommea (YPYT)
Ha OTITYEHHYH) JIEKTPOIHEPrHI0.

OcHOBHBIE Pe3YJILTATLI HCCeT0BANNA. Apoba-
LU MaTeMaTHYeCKOH MOeNH OCYLIEeCTBIsIAch s
BAPMAHTOB ¢ PABHOMEPHLIM PACIIPEIENEHUEM HAIPY3-
ki mexy JAI'Y C/ADK u ¢ onrrumansHeIM pacrpeseiie-
HueM Harpy3kH. OCHOBHbIE Pe3yJIETaThl [Pe/1CTaBIeHb]
B Tabi. 4.

N3 tabn. 4 BujHo, uTo Mem1y 2-Ms paccMOTpeH-
HBIMH BapPHAHTAMH HMeeTcsi HeOONbINOe paziuvHe B
BeIpaboTKe dIexTposHeprun — nopaaka 0,19 %. Do
obycnosneHo 0cobeHHOCTEIO padoTel pazpaboTaHHOrO
AIropUTMa, 4 MMEHHO — LaroM ontumusauuu. B nan-
HOM CIlydae 3HAueHHsl Harpy3KH H3MEHSIIMCh C [IAaroM
B 5 kBT, norpeumHocte B pesyinbrarax pacuéroB MeHee
yeM B 1 % MOKHO CUMTATh HeCYLIeCTBEHHOM.

Kpome BblleynoMsiHyThiX  KpuTepues padorTsl
AY CADK Gbum nmpoaHanu3upoBaHel W apyrue: ab-
COJIFOTHBLI Pacxo/] TOILIMBA H KOJIMYECTBO BKIHOYEHHH
JIM3C/IbHBIX reHeparopos. Pesyisrarel HpHBE/JCHBI B
Tadmn. 5.

Ha ocHoBe aHamu3a peayasraroB w3 tadin. 4 u 5
ObUIN clleNanbl CIe/1yH1IMe OCHOBHBIE BbIBO/IbI Kaca-
TesnbHO S()eKTHBHOCTH ONTHMAIBHOIO pacHpejielie-
HHA Harpysku Mexay HI'Y no cpaBHeHMIO ¢ paBHO-
MEPHBIM paciipe/ie/IcHHEeM

— y/eNbHBIH PACX0/1 TOIUINBA CHI3MICH Ha 2,68 %;

— abcomoTHBI pacxol TOIUIMBA CHU3WICH Ha
16,06 %,

— konudectro BrirodeHuit JITY cHusmwiocs Ha
42,86 %.

Takum 0Opazom, npeaiaragMelii BAPHAHT HO3BOIIS-
et n06uThes DoJee IKOHOMUYHOTO HCIOIB30BAHHS HC-
KOMAeMOro TOILJIMBA, T.K. 33 CYET CHHKEHMA KOJIHYEeCT-

Tun arperara Mapka aBuraTens Momnocts, kBT

AJI-400 KTA19-G4 400 TaGauua 4
OcHOBHBIE Pe3yIbTATHI ANPOGALMH MATEMATHYEC KO MOIETH

AJ1-400 KTA19-G4 400

AJl-520 KTA38-G2A 520 Pacnpenenenne 3
HATPY3KH BI:[PI;IBUT!\E, KHYM, % y1:yl‘3r 0

AJ1-520 KTA38-G2A 520 wexay Y KB Py TAKET 4,

JTCA-315 6UH 25/34 315 PaBHOMEpHOE 107465 15,11 371.4

JTrA-315 6YH 25/34 315 OnrumansHoe 107665 15,14 3614
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TaGnuuna 5

OcHosuble pe3ynbTaTel mo padore JIY npu pasueX BapuaHTax
pacnpe/ieeHns HATPYIKH

PaeHOMEpHOE pacnpeIencHHE HATPYIKH

o Bpemst pa- Romriect Bripabot- 4 Aﬁcfmm-

ary i BO BRImOde-| KHYM, % | i pac-
i, T X001, 11
1 68 18 25404 22,05 7385
P 23 5 8520 7,40 2314
3 51 13 24265 16,20 10373

4 0 0 0 0,00 0
) 135 27 34098 37,59 11579
6 52 21 15179 16,73 4543
Hroro 397 84 107465 15,11 36196
OnTHMATEHOE PacTpeaeIcHHE HATPY 3KH

T i e L] P i
Huil, W X0, 71
1 165 21 39440 34,24 11344
2 109 10 43600 37.85 11749
3 51 13 24305 16,23 7166

4 0 0 0 0 0

5 1 1 80 0,09 30,74
6 3 3 240 0,26 92,22
Hroro 397 48 107665 15,14 30382

BA BKIIFOUCHHH CHHKACTCS PACXOJ TOIUIMBA HA XOJIO-
croit xoi AI'Y. Kpome 31010, yMeHbI1aeTCs M BEPOSAT-
HOCTb aBapHii.

HeeMoTpst Ha [MOIOKHTEILHBIC PE3Y/IBTATHL IIPOBE-
JICHHOTO MCCIEA0BAHMS, ClleyeT OTMETHTb, 4T0 BCE
ewé umeercs GoibLIoil mpocTop s AopaboTiu pas-
paborannoi Mmaremaruueckoi mogeim. Tak Ha AaHHbBIH
MOMEHT OHA HE YUHTBIBACT HEONTHMAallbHYK paboTy
AT'Y npu zarpyzke menee 50 % 0T HOMHHAJIBHOMH
MOILHOCTH arperara, He ciocoOHa OCYLIECTRIATE MPOo-
TFHO3MPOBAHHE HAIPY3KH M IOACYET pacxoa JH3ellb-
HOI'O TOILIMBA HA X0M0cTOH X0, a u3zunoc JAI'Y 3anaer-
csl BPYYHYI0 Ha JTane BBOJA HMCXOIHBIX [aHHbIX. B
JabHeHIINX Hec/el0BaHUAX [peanonaraercs no0a-
BHTb B MOJIe/b U 3TH BO3MOKHOCTH 1714 Gollee TOUHOTO

MOJICIIHPOBaHHA PEKIUMOB paboTet He Toabko J[DC, HO
u CJIDK.

Boisozpt
ABTOMATU3HPOBAHHLIE — CUCTEMbI  YIpPaBJIeHUs
CIADK  jomkHBl  1IpeiycMarpuBarb  BO3MOKHOCTb

VIpPaBlIeHHs B €JHHOM LIHKIE BCEM HCIIOIb3YeMbIM
o0opyIoBaHHEM: COIHEYHBIM U OaTapeidbiM HHBEPTO-
pom, au3enbHeiMu arperatamu. [lposeaéunas pabora
IOKa3a/1d, 4T0 PAaBHOMEPHOE pacipejleneH e akTHBHOH
momnoctH Mexay AIY A2C ue sBasercs onTUMalb-
HbIM pettieHneM. CHH3HTh BEIIMUMHY Y/EIbHOIO Pacxo-
JAd TOIUIMBA I103BOJIACT IIpe,ﬂﬂD)KEHHbli:l B cTarbe Homa-
X0/, OCHOBAHHBIH Ha IIOMCKE TOYKH MHHHMAaJIbHOI'O
yaenbHoro pacxoaa romymsa A seei JJ3C. D1o Bos-
MOKHO IIpH HepasHomepHoil 3arpyske AI'Y. Ilpenno-
JKEHHOE B CTATbe PeLIeHHe I03BOIAET CHH3HTh 00BEM
noTped11eMoro TOITHEA Ha HECKOJIBKO IIPOLICHTOB.

Col/noeHne 3THYECKHX HOPM

DuHAHCHPOBAHHE: HCCICI0BAHIE, IPHBCIMICE K STHM pe-
3YIETATAM, HOTy o hHHancHposanie oT Munucrepersa nay-
KH M Beiciiero obpaszosanus Poccuiickoit enepannn B paMxax
rpaHToBOrO cornamenns Ne FSWE-2022 — 0006.
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CKdUMBdHHE:

b PeKTUBHOCTH COTHETHOTO
VHBEPTOPA B YCIOBUAX
peanbHOM IKCIUTyaTaumn

YOK 621.311.25:620.92

Mpu NpoeKTMpPOBaHMM M OLIEHKE NapaMeTpoE yXe paborarowmx con-
HEeYHbIX 3NeKTpocTaHUuMi yaobHo McnonbL30BaTh CPpeAHEeB3BELUEH-
Hble XapaKTepMUCTUKM, Hanpumep, cpegHee sHavyeHue KIMO ee ane-
MeHTOoB. B nacnoprHbIX gaHHLIX MHBEpTOopHoro o6opyaosaHMa yactTo
YKa3biBalTCA TONbKO NMbo makcumansHoe sHadeHue KIQ, nmbo
cpepHeB3BelWleHHoe 3HauyeHue KMO, onpegeneHHoe B COOTEETCTBUM
¢ eBponercKMmM ctaHgapTtom DIN EN 50524. 3naueHuUe 3TOro cpen-
Hes3aseweHHoro KN onpepenserca Ha OCHOBE CTAaTUCTUYECKOM
o6paboTku paHHLIX 0 paboTe MHBepTOpa NPpU YacTUYHOW 3arpyskKe.
Hu ogHa U3 3TUX BENWYMH HE YYMTbIBAaeT peanbHble YCINOBMA 3KC-
nnyarauvM (B NepByro ocuepenb — KNMMaTu4YecKMe), XxapakTepHbie
anAa TepputopumM Poccunckon @epgepaunn. B ctatse npegnoXxeHa
nepeMuYHan oueHKa cpefHeB3BeleHHoro sHaveHuna KM, nonyyeH-
Horo gna C3C, paboTarocwen Ha TeppuTtopuMm r. Mockaesl. [ina aToro
aBTopamu 6bina paspaboraHa cucTemMa MOHMTOPUHIa aKTUHOMETPM-
YecKMX M MeTeoponormyeckmx nokasarenen u pexxuma paGotbl con-
He4YHOW 3MeKTpocTaHuMu. CucTeMa MOHWUTOPWHIA BKMOYAaeT B CBOW
COCTaB CEepPBMChI aHANM3a, XPAHSeHNA U BUSYyanM3aumMM gaHHbIX. 3a
Gonee yem gBa roga paborTbl cucTemsbl 6bin coxpaHeH n o6paboran
OrpomMHbii o6bem gaHHbIX. OgHMM M3 3HAYUMMbIX PEe3yNbTATOB CTa-
Fia BO3MOXXHOCTbL NpoBegeHnA oueHkn 3cdcheKTMBHOCTH CoNnHeYHoro
MHBEepTopa B YCNOBMAX peanbHOW 3KCIUIyaTaLMM.
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OfnHe4YyHas IHeprusa crana ogHUM U3 caMbix

pacnpocTpaHeHHbIX WCTOYHUKOB 3HEepruu

B mupe. B nocnegHue rogel Habnrogaetcs

BreyaTnsoLWmWiil POCT yCTaHOBMNEHHOM MOLL-
HOCTW COMHEYHbIX 3neKkTpocTaHuni (C3C). 1o cBaA-
33aHO C PasBUTMEM HOBbIX TEXHOMOrMK, CHWMEHWEM
CTOMMOCTK (POTOSNEKTPUYECKUX Mogynei (P3SM)
M peanvsauuelr rocygapcTBEeHHbIX nporpamMmm nog-
OEPXKKKU OTpacnu, a Taileke CTpeMIeHeM K yMeHbLue-
HWIO 3aBMCKMMOCTM OT MCKOMaeMOoro TONMvBa U CHWU-
JKEHWIO BbIBPOCOB NapHUKOBbLIX ra3os.

Mo nporHosam MexxayHapogHoro aHepreTu4ecKo-
ro areHTtcTBa (M3A), B 2022-2027 rogax o6bem Bo3006-
HOBMSIEMbIX WCTOYHWKOB SHEPrVWA BbIPACTET MOYTH
Ha 2400 BT, 4TO COOTBETCTBYET BCEW YCTaHOBMEH-
Hol MolHocTU Kutas cerogHsa. 3To Ha 85% 6Gonk-
we, 4yeMm 3a npeasigyline NatTe neT, U nodtn Ha 30%
Bbille, YeM MpPOorHo3MpoBanock B MPOLUMOrogHeM
oTyeTe. OuaaeTcA, UYTO B TEYEeHWe NPOrHo3upyemMo-
ro nepvofAa Ha A0nMo BO30GHOBMAEMbIX UCTOYHUKOB
aHepruv npuaetcs Gonee 90% rnobBanbHoro pocta
AreKTpoOsHepreTU4yeckux MmollHocTel [1].

3aTpaTbl Ha NPOW3BOACTBO COMHEYHOW SHEepruu
MOTYT BbITb CHUXEHbI 32 CUET YMEHBLUEHUA He ToMb-
KO CTOMMOCTU NpoussoacTea ®3M 1 MHBEpPTOPOB, HO
M 32 cUeT MNoBbILIEHWS NPOU3BOOUTENBHOCTU hoTo-
aneKkTpuyeckol cuctemsl. B cBA3u ¢ 3TuM Bee Gonb-
wee BHUMaHue ygenseTca addpekTMBHOCTM dhoTo-
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3MeKTpudeckux wHBepTopoe. [ns 15Ty T
OLEHKM SKCnnyaTauuoHHoW adhcpek- o 11
TUBHOCTWM WHBEPTOPa MPEANOKEHD E 12 \(\.»Hacha
HECKOMbKo crnocofoB, OCHOBaHHbIX &
I.o wi—+ [lonA B BeipaboTke

Ha MOHUTOPUHIE HaNPHKEHA B Tou- gos 9 \ :
K& MakcMMankHo MowHocTH [2]. B2 \ i

OpfHako NpOeKTHbie OLUEHKU Basu- %§ 6 | I
PYOTCA Ha EQMHCTEEHHOM NoaXoae — = ° Tt Tt
B KauyecTBe Havbonee BaXKHOMO MoKa- 'g 3 i
3aTens Ans CpasHEHWs MHBepTopHoro &8 1 |mulewl | TR
obopynosaHua ucnoneayetca K4 TR T B T T T I N

200 300 400 500 600 700 800 900 1000 1100 1200 1300
Ipagauumn CoMHeUHOoro ManyueHusa, Br/m?

COMHEYHOrD WHBEPTOPA T, OMpede- 0
NeHHbI B COOTBETCTBMM C eBponei-
ckim ctaHaaprom DIN EN 50524 [3].
KIMNQ nHeepTopa, onpegeneHHbIi
B COOTBETCTBUM co cTaHgapTomM DIN

100

Puc. 1. Om+ocumensHsie Yyacmomsi CH s 2000 eody, a maixe 2odosble 3Hepae-
muyeckue donu omdenbHbix epadauyuld CH so Ppalbypee [6]

EN 50524, — 370 ycpegHeHHan 3Ke-
nnyatauuoHHas  3¢deKTUBHOCTL
npwv rogOBOM pPacripedeneHnn anex-
TPOSHEpruu, CcooTBeTCTBYLWan
KNUMmaTy cpegHeil uyactu Esponbi.
3T10T nogxog GbiN NpegnoxeH O6b-
eOVHEHHBIM  WCCneaoBaTenbekum
LIEHTPOM Ha OCHOBE OLIEHOK Knuma-
Tar. Nenpe (MTanus), v Tenepb aToT
napameTp ykaskelBaeTcs B nacriopTe
npakTuyeckn mnwoboro WHBEpTOpA.
3HayeHue 3TOro cpegHEB3BELUeH-

vcronb3yemas Mogens BansT-amnep-
HOW XapaKTepucTKA COOTBETCTBY-
er ®OM w3 KpucTannuyYeckoro
KPEMHUA C Ko3ULUMEHTOM 3a-
nonHeHus 0,75 n TemnepatypHbIM
koacpcpuymeHTom = —0,4%/K;
BCE WHBEPTOpPbI, WCMOMNb3IOBaH-
Hble B WcCregoBaHvy Ansd cpas-
HEHUS T)g, UMENM Makcumarb-
HYH BbIXOOHYH MOLHOCTE He
6oree 5 kBT.

B pesynerate pabor 6bin coe-

2000 roga ¢ M3MepeHHOW YacToTol
BO3HWKHOBEHUA pPa3nyuHbIX rpaja-
Ui conHeyHoro nanydeHna (CH) Ha
nnowagke r. Gpaibypra (Ml'epmaHua)
(cnnowHasa nuHus). BepTukansHble
ctonbukk  npeacTaeBnarT  cobol
OOMKM 3HEPTUW, KOTOPblE COOTBET-
cteytowme rpagaumn CW BHocAT
B 0bwWyto rogosyto BblpaboTky aHep-
. Tak, nepeas nonoca nokassisa-
€T, uto pabota C3C npu obryyeHUw
CW B gmanasoHe ot 0 go 50 Br/im?

NpUBOOUT K NonydeHuto noutn 1,5%
oT rogosoro o6bema BbipabaTeiBa-
emMor aHeprun. CHY B gnanasoHe ot
0 go 500 Bt/m? B TeueHue roga obec-
neuymeaeT okono 30% oT Bceil Bbipa-
6oTaHHOW sHeprum [6]. MamepeHusn
CU nposogunuce Yyepes Manble UH-
TEpPBankl BpEMEHU — OCPEAHANUCH
3a 10 cekyHg — 4TO NO3BOMAET pac-
CMaTpuBaTb WX KaKk MrHOBEHHbIE
3HaAYEHWS.

WHTepecHO OTMETUTb, YTO HU3-
ke rpagauum CW, nabniogaemble
B TeYeHWe roga, JalT OTHOCUTEMb-
HO BLICOKWE [OMW B CYMMapHOW ro-
0oBoV BoipaboTke aHeprun. [na uH-
BepTopa 3TO 03HAYaET, YTo OH YacTo
pabotaeT B 06nacTi MOHWKEHHOIA
Harpyaku.

B crangapte [3] onpegeneH
Ng,, B KOTOPOM YUTeHbl OTAeNbHbIE
3HadeHus KIMO npu yacTudHoW Ha-
rpy3Ke B 3aBUCMMOCTU OT TOrO, Ha-
CKOMbKO 4YacTo OHM BCTpEeYarTcH
B LleHTpansHoit EBpone [6]:

Horo Kl nonyyaeTtca nyTem HasHa-

UYEHUA NPOLEHTa BPEMEHU, B Tede-

HKYe KOTOPOro MHBEPTOP HaxoauTcs

B OMpeereHHoM AuanasoHe pabo-

yell MoLLHoCTK [4].

B pabote [5] ykasaHbl OCHOB-
Hble npobnemMbl B oueHke adidpek-
TMBHOCTW COMNHEYHOro WHBEPTOPA,
CBA3aHHblE C BMNWMAHMEM pacrnpe-
OENeHUs U3NY4YeHWUs BO BPEMEHU
B 3aBWCMMOCTW OT MecTa yCcTaHOB-
KI, 3aBUCUMOCTBH athdheKTUBHOCTH
npeobpasoBaHna OT BXOOHOTO Ha-
NPsEKEHWA MOCTOAHHOIO TOKA W BrnA-
HMEM KayecTBa  OTCMEXVBaHUA
TOUYKM Makcumyma mMoluHocTu. [ns
onpeneneHus TUMUYHBIX YCMOBUIA
paboTel HOTOBMNEKTPUUECKOrD Mnpe-
obpasosatens HeobxoauM XopoLLniA
Habop MeTeoponornyeckux AaH-
HbIX — A TOYHOW XapaKTepUCTUKM
YCMOBUIA 3KcnnyaTauuu Heobxogwu-
Mbl, KaKk MUHUMYM, JaHHble o6 ocse-
wieHHocTi B nnockoctv ®3OM u Tem-
nepatype Mogyrns B TEYEHWE Liernoro
rofga. AsTopamu rnpu pacyetax 6binu
MPVHATLI CriegyoLwve JomnyLWeHUs:

— M3MEepeHHas OCBELLEHHOCTL COOT-
BETCTBYET OCBELLEHHOCTI B Mrioc-
koctt ®3M gnsa onTUManbHoOro
yrma HakrnoHa (sce BbiBogbl, cOe-
nNaHHble B JaHHbIX paboTtax, npu-
MEHUMBI K ycTaHoBkam bez cuc-
TEM CNEXeHWs);

naH BblBOA, YTO MNpPW YcpeaHeHWW
esponeiickoro KINM so sBcem guana-
30He paboyero MHBEpPTOPa BHOCAT-
cA norpelHocTy. MosToMy npeno-
CTaBfeHWe Monb3oBaTeNo AaHHbIX
0 MaKcHMMansHOM W MUHVMAansHOM
pnoctwkumelx KMO nossonuno 6wl
nonyynTe LEHHYr uHdopMaLuio
(HackornbKo XopoLl WHEEPTOP B KOH-
KPETHOW reorpaduUyeckoin Touke).
Ha senuumny KM cywectseHHoe
BMUAHWE OKasblBaeT MecTononoxe-
HWe 1 paccmartpyBaeMblii rogq — 310
BMUAHWE OLEHWBAETCA BEMNWYWHON
nopagka 0,3%. Ctout OTMETUTS,
YTO AnA nNpoBefeHWA Wccnenosa-
HUA BNWUAHUA MECTOMOMNOXEHUS Ha
cpegHeB3BewenHbld KM Heobxo-
AVMMBl Aa@HHbIE M3MepeHWid ¢ Bbl-
COKOM 4acToTOM OWCKPETM3aumn
(nepviog AVCKpeTU3auMn — MeHee
1 muH). lNMonyyeHHble peaynsTathbl
NoATBEPKAAKT, UTO JaXe Mpu yye-
Te Tonbko obwero KM B kauecTse
Kputepusa adeKTMBHOCTI cpaBHe-
HWe MHBEPTOPOB NpefcTaBnsaeT co-
B0li HenpocTyk 3agauy.

WTak, nukoseii Kl vHBepTopa
He TaK Y B&KEH C TOUKM 3peHus
onepatopa OTOIMNEKTPUYECKON
cTaHuuwn. Pelwarowmm ana goxon-
HOCTW CTaHUMKM SBNAETCH cpeaHui
Kl 3a secek rog. [Ans HarnsgHocTA
Ha pucyHke 1 npveegeH npumep

g, = 0,03 - 1y, + 0,06 - 1ygm, +
+ 013 - 120 + 0,1 - gon +
+ 0,48 - N5y, + 0,2 - Moo

M

W3 npoBefeHHOro aHanusa cTa-
o MNOHATHO, HYTO WCNoNb3oBaHWeE
g, B HeCOOTBETCTBYHLUMX KINU-
MaTUYEeCKMX YCNoBuUAX NpUBOONT
K BOSHMKHOBEHWIO cUCTeMaTUYecKon
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Seraphim Eclipse
SRP-320-E01B x6

AKE RA12 |+ =+ =
200AG X8 [ <

SMA Sunn

Islang 504 ~ __I s

ProSolor
SunStar MPPT
SS-500C

JKM270P-60 x7 TCM-200B TCM-200 B
Mono x8 Poly x8

= Samil Power
SOFAR b
SolarRiver
L0011 3400 TL-D

CeTb b,4 kB

Puc. 2. CmpykmypHas cxema y4ye bHo-akcrepumermansHold COC HINY «M3i»

owwnbkn B oueHke ahbdeKTUBHOCTKN
(POTOSNEKTPUUECKUX CUCTEM. AK-
TyanbHOW 3afjadveli sBMseTcH aHa-
nu3s  ahpheKTMBHOCTU  COMHEYHOro
WHBEPTOPa B YCMOBUSAX peansHoun
3Kcnnyatauuu Ha Tepputopun Poc-
cunickon ®epepaumu. NMoHATHO, UTO
Mockea xapaktepusyetca 6Gonee
XOMNoAHBIM KnuMaToM ¢ Gonee anu-
TenbHbLIMI M XONOZHBIMUW 3MMaMu Mo
cpaBHeHWK c KnumaTtoMm T Vcnpel
(Utanua) U MHOrMMU perroHamun
LleHTpansHoi EBponbl. 3T0 MOXeT
CKa3aTbCA Ha NPOU3BOAWTENBHOCTU
C3C B 3vMHMIA Nepuopg us-3a Bonee
HWM3KOW MHTEHCUMBHOCTW COMHEYHOTO
usnyJyeHna 1 Bonbluero KonuuyecTea
obriakos U NacMypHbIX OHEN.

B HauwoHanbHOM wWccrnegosa-
Tenbckom yHuBepcuteTe «M3U»
dhyHKUMOHMpYeT ydvebHo-3Kkcne-
puMeHTanbHaa C3C, Ha KoTopoK
npoBegeHsl YccnegosaHus adpdpek-
TUBHOCTU paboTbl VHBEPTOPHOrO
obopygoBaHua B KNMMaTWUdeckux
ycnoeuax LleHTpansHoit Poccun 3a
nouyTH ABa roga skcnnyarauuu. Pe-
3ynsTatsl MoKasanu sHaduTensHoe
oTnuuve peanbHoi adeKkTUBHO-
CTW WHBepTopHoro obopygosaHus
OT 3afABEHHON MNPOU3BOAUTENEM.
[Mony4yeHHbIE OLLEHKW, XOTA 1 OOMK-

Hbl BbiTb YTOYHEHBI Ha npumepe
Bonblwero konuyectsa C3C, MoryT
6bITb UCMONL30BaHblI NpKU NMPOEKTU-
pPOBaHMK HOBbIX DOTO3MEKTpUUE-
CKUX CUCTEM.

YUEBHO-
3KCNEPUMEHTANBLHAA
C3C HAY «M3IU»

B gaHHoM pasgene npreegeHo KpaT-
KOe TeXHWYecKoe onucaHue yueb-
Ho-3kcnepumMeHTansHo C3C HWAY
«M3W». Komnnekc npegcTaBnseT
13 cebs COMHEYHYH SMNEeKTpOCTaH-
UMD WU MEeTeocTaHUMK. JnekTpo-
CTaHuus uMeeT 5 HesaBUCUMbIX
Gatapeid ®OM pasHO MOLLHOCTH,
2 ceTeBblX WHBepTopa, 1 rubpua-
Hbli U 1 KoHTponnep 3apaga AKB.
MbpuaHelt uHBepTOop SMA Sanny
Island paboTaeT B Ka4ecTBE UCTOYHW-
ka BecnepeborHoro nutaHusa, obb-
eOVHAs CeTEBbIE WHBEpPTOpPbl, CUC-
TEMY HaKOMMEHWA 3HEPru U 3Mek-

TPOSHEPrETUYECKYH CUCTEMY.

Ha pucyHke 2 npuseneHa cTpyk-
TypHas cxema C3C. Ha cxeme obo-
3HaveHbl P3OM, mx mMogenun M oc-
HOBHbIE Aa@HHbIE, yKasaHa cucTema
VW3MEPEHWS Ha OCHOBE [aT4UKOB
TOKa, MOAKMKYEHHbIX K CcUCTEME
moHuTopuHra ABB CMS-700, kom-

Tabn. 1. TexHn4Yeckue XapakTe pucTMKN UHBEpTOpa
Samil Power SolarRiver 3400TL-D

TexHU4ecKan XxapaKTepucTuka SHa4eHue
| MakevmansHbiii Kng 974 %
1, (KMA 8 cootseTcTum co cTaHaapTom DIN EN 50524) 96,5 %
MakcumanbHaa MOLLHOCTb CO CTOPOHbI MOCTOAHHOTO Toka 3400 Bt
MakcumanbHan MOLLHOCTb CO CTOPOHbI NEPEMEHHOTo Toka 3200 Br
Koruyecteo BX040B €O CTOPOHBI MOCTORHHOO TOKa 222(%" ES: i a?:::;-:;)
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MyTaLMOHHO-3alWKTHLIE YCTpOolicTBa
W UX HOMWHanbl, UHBEpTOpHOE 06o-
pyAosaHue c yKasaHWeM OCHOBHIX
XapakTePUCTUK, NMUHUK NOCTOAHHOO
W NepemMeHHoro Toka.

B 2021 rogy co6cTBEHHBIMKA CU-
namu 6bin paspaboTaH annapaTtHo-
nporpamMMHbIiA KOMMMEKE, OCYLLECT-

BNAOWMA  MOHWUTOPWHT  pexuMma
pabotel C3C (panee — cuctema
MOHWTOpPUHra). CuctemMa MOHUTO-

pUHra yHKLUMOHUPYET Ha OCHOBE

NpPOMBILUNEHHbIX CTaHAapToOB:

— B OCHOBE «HWMXHErO YPOBHAY ne-
KUT  OBLLENPUHATBLIA  MPOTOKOIN
Modbus, 4To nossonseT nony-
yatk WHGOPMaUUK HaMNPAMY
OT KOHTPOMIEPOB UHBEPTOPA;

— CcpeOHWiA ypoBeHb peanv3osaH Ha
ocHose npoTtokona MQTT — npo-
ToKOMa nepegadyn coobLueHwid,
KOTOPbIA paspaboTtaH gna obme-
Ha OaHHBIMU MEXOY YCTpoMCTBa-
MW C OrpaHu4YeHHbIMU pecypcamm
WM npw ucnonb3oBaHuM cnaboro
KaHarna cBH3u,

— BEPXHWA YpoBEHb MPeacTaBneH
rpacuyeckum KHTepdeilicom
nonb3cBartena v MHTepderncom
pocTtyna k 6ase faHHbIX, B KOTO-
poli XpaHATCA OaHHble MOHWTO-
puHra pesxuima pabotel C3C.

B npouecce pasBuTUA CUCTEMBI
MOHUTOpUHra yganock Jobutbes
BO3MOMHOCTM COXpaHeHwuss B OGaay
AaHHbIX M3MEpPAEMBIX BEMWYKH C auC-
KpeTHocTeio B 1 cekyHay, TO ecTb
NpaKkTUYECKA MIHOBEHHBIX 3HaUEHWIA.

[NepeyeHe coxpaHsembix B baze
OaHHbIX 3HaYEeHUIA:

— BbIxogHoW Tok BaTapen ®3SM;

— BbIXOOHOEe HanpsxeHue GaTapeu
DIOM;

— BbIXogHas MolHocTe bGaTtapewu
DIM;

— BbIXOGHOI TOK MHBEPTOPA,;

— BBbIXOQHOE HanpsKeHWe WHBEp-
TOpA,;

— BbIXOAHas MOLLHOCTE MHBEPTOPA,;

— notok cymmapHoro CU B ropu-
30HTarnbHON MIOCKOCTH.

[Onsa panbHeWwWwel oUeHKn SHep-
retmyeckor adheKTUBHOCTH  UH-
septopa 6bin BblbpaH ceTesoWt
vHeepTop Samil Power SolarRiver
3400TL-D (TexHuueckue XapakTe-
PWCTUKK NpuBegeHs! B Tabnvue 1).

K cetesomy wuHBepTOopy Samil
Power SolarRiver 3400TL-D noa-
KnwodyeHo gaee 6Gatapeu ®3M no
8 nocriegoBaTensHO COEOUHEHHBIX
D3M cnegyrolux Mogenen:



— TCM-200B n1KoBOW MOLLHOCTLIO
198 BT (HanpseHWe XonocToro
xoga — 43 B; Tok KopoTKoro 3a-
MblkaHua — 5,35 A; pasmepbl —
1580x815x40 Mmm);

TCM-200B nMKOBOIA MOLLHOCTEH
200 BT (HanpskeHWe XonocToro
xoga — 42 B; TOK KOPOTKOro 3a-
MblKaHua — 5,70 A; pasamepbl —
1338x988x40 mm).

OLEHKA
3HEPFrETUYECKOW
SOPEKTUBHOCTMU

UHBEPTOPA

OueHrka cpegHesaselleHHoro KI4
npoBogWnack B creqyoLwem nopsake:
1) aHanu3 NonHoTLl pAda AaHHbIX
MoHuTopuHra CH;

onpegeneHne 4acToTbl MosBne-
HusA rpagauuii CK;

pacuyeT MrHOBEHHBIX 3HaYeHWit
KNAQ uHeeptopa;

cornocTasneHue MOMEHTOB BpemMe-
Hu namepeHun KN v nosisneHus
COOTBETCTBYIOLLEro 3HaueHus CH.
Ha pucyHke 3 npegcTasneHo
rpaduyeckoe oTobpakeHns gaH-
HbIX MOHWUTOpWHra BenuuuHel CU

2)
3)

4)

M BbIXogHoW MolwHocT 6artapei
®3M. BuaHbl nepurogbl, B KoTopble

CTAJIKEP 80-24

KOMMNEKC TPACCONOMCKOBbIA
MPUEMHUK NT-24

BerpoerHbin GPS/TNOHACC moaynt;
BLICOKOTOUHOE NO3UUMOHMPpOBaHKe (Ao 1.cM)
cosMecTHO ¢ RTK nnaHwerom PrinCe LT700H;
MCNONb30BaHWE CMapTGOHa BMECTO BHELUHEro
GPS-Tpexepa.

DOYHKUMA «KOMNAC»

C PEXXMMOM «BTOPAA NUHWUA»
OnHOBPEMEHHOE CXEMATUYEC-
Koe otobpareHue Ha gucnnee
WCKOMOW KOMMYHMKaLIMK W Tpacchl

€ npotexatoLmM TokoM 50, 100 unu 300 M.

Bpems pabotsl — no 20 yacos;
YBENUUYEHHBIW CBEPXLAPKKMA UBETHON aMCNNed.

MotutoeTs 1 1ok o 80 Br, 12 A; |
$uKcHMpoBaHHbie yacTtotul MT-80:
273, 526, 1024, 8928, 32768 Iu;
BbIGOP NPOM3BONEHON YACTOTHI
or 300 no 10 000 My
AnA paboTel ¢ NPUEMHIKAMH e
LPYTWX NPOWU3BOMTENEN;
BCTPOEHHbIA MHAYKTOP
00ecneunBaeT HaseneHue
curdana 33 Klu B MMHWIO

C NOBEPXHOCTH 3EMNK;
AMCTAHUMOHHOE ynpasneHue
reHepatopom yepes cerb GSM;
OTNOMEHHBIM CTPT.

Ne 2 (83) 2024

COSTHBYHOE U3ITyYeHVe —— MOLLUHOCTE batapen ©3M1
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Puc. 3. QaHHbre moHumopuHea Cl 3a 2022 200
Nno TEXHUYECKUM MPUUMHAM OTCYT- MrHoBeHHBId  KMO  vHBEpTO-

CTBYHOT JaHHbIe.
CTOWUT OTMETUTE, YTO Ha MOMHOTY
psga gaHHbIX BNUSAET cpasy MHOMe-
cTBO haKToOpOoB:
HOUYHOE BpeMs, Tak Kak B AaHHOM
PEXUME NOKa3aHWs paBHbl HYM;
TexHudyeckne paboTel, B xoge
KOTOpPbIX OTKMKoYanuck Gatapeu
DIM;
nporpaMmHele npobnemsl, us-3a
KOTOPbIX HE OCyWwecTenanace
3anncb QaHHbIX;
obnepeHeHne ®3M B 3aumMHMIA
nepvog BpeMeHu.

pa onpegenancd Kak OTHOLUeHWe
BbIXOOHOW MOLUHOCTKM WHBEpTOpa
K CYMMapHOW BbIXO4HOW MOLLHOCTHU
obeunx baTtapenn 3SM:

PAC

Eff= m - 100%.

(2)

YpoBEHb 3arpy3ku WHBEpTOpa
onpegerneH Kak OTHOLUEHWE Cym-
MapHOl BbIXOAHOW MOLLHOCTU 06eux
Gatapeit ®OM k ero nacnopTHoMmy
3HaYEHWO HOMWHATBHOW MOLLHOCTU
CO CTOpOHbI MOCTOSHHOMO TOKA, CO-
cTaBnsaoLLen 3400 BT:

«50 MNu»

024 Ty T

W3MEPMTENL NAPAMETPOB Y30
W CONPOTHBNEHWA CETH

o~ st 2 [ e
B e Hocommath

MNposepka napameTpos obumx U cenextusHbix Y30 Tunos A, AC

€ HOMMHanbHLIMK anddepeHumanbHbiMi TokaMu 10, 30, 100, 300

1 500 MA npu NpoTEKaHMM CUHYCOMOANBHOTO W NYNBCHPYIOWErD
NOCTOAHHOTD TOKA C YoM 3anepwku dasw 0°, 90° u 1359%

W3MepEHUe NONHOro CONPOTMBNEHWA NETNH «a3a-Hynbs U «hasa-pasas

ot 0,01 go 300 OM ¢ BbiMMCAEHMEM SKTMBHOID, PEKTMBHOM CONPo=-

1 nporHosupyemoro Toka K3 ot 0,001 ao 24 (41) kA;

W3MEepeHUe conpoTHBneHA metannoceasu ot 0,01 oo 20 OmM;

W3MEPEHWE HaNpRXEHUs nepeMeHHoro Toka L-N ot 10 ao 450 B,

L-PE 1 N-PE or 10 go 300 B;

M3MEDEHWE HANDAMEHWUA NPUKOCHOBEHUA NPYU NPOTEKAHUK HOMUHANLHOTD.
anddeperunanbHoro Toka Y30; e
® NPOBEAEHME UCNLITAHMA B ABTOMATMYECKOM PEXMME NO 3apaHee BbIGPaHHORA NporpaMMe.

NMCU-2510, NCU-2530
34 MarduTHbIR

& nepwatens
MeRnoBEpO4HbIRA CreneHs 3aumrsl
wHTepsan 2 ropa a PS4

= » Mcnoimatenshbie Hanpskenua: 100, 250, 500, 1000,
2500 B (MCK-2510), ot S0 ao 2500 B (war 10 B) (NCK-2530);

« M3MEDEHWE conpoTHBNeHuMA uzonAaunu or 1KOM no 1 TOM;

* 3BTOMaTM4YECKWA pacyeT KoadduumeHTa abcopbumm;

* M3MEPEHWE HanPAXEHMA NOCTORHHOMD W NEPEMEHHOTD TOKa;

* 3BTOMATMUECKOE CHATWE OCTATOYHOMD HANPAMEHUA Ha oObekTe

NOCNE OKOHY3HUA M3MEDEHWA W MHAWMKAUMA Ero YPOoBHS;

BCTpOEHHaA naMaTb Ha 10000 uamepeHui, ceasb c MK (NCK-2530).

n3®-300

HOBUHKA

MexnoBepoyHbIH
wWHTEpsan 2 ropga

-

METAOMMETPbI

lapanTuA
Isp:acaue-

.2 (3412) 43-91-44, CﬂEnﬂHD

BPOCCHWA

nw.radio-service.ny
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Puc. 6. 3asucumocme Kl uHeepmopa om Haspy3xku
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Kioag = 22 ¥ Foc2 4009, (3)
3400

Ha pucyHke 4 unaobpaxeHa 3a-
sucumocTe KM wHeepTopa oOT ero
3arpysku, nonyyeHHada 6e3 npep-
BapuTenbHol ©06paboTkM AaHHbIX
MOHWTOpMHra pabotel CAC HWY
«M3W».

W3-3a Donblworo pasbpoca W3-
MEpPEeHHbIX 3HaueHui, ocobeHHo
B obrmact HWU3KoW 3arpysku (aTo
CBSA3aHO C WymMaMu OaTuMKoB TOKa)
nonyJYnTb aHaNUTUYECKYID 3aBWUCH-
MOCTb He nonydyunocs. Beino npu-
HATO peLUeHne O KyCOYHO-TTMHEAHOI
annpokcumaumm sasuciumocTin Ko
VHBEpPTOpa OT Ero 3arpysku (pucy-
HOK 5).

WMToroBeiM Wwiarom sBnAeTcs no-
MCK XapaKTepHbIX TOUYeK OTHOLLEHUA
KO nHeepTopa K Harpyske Ha Hero
(pUcyHOK 6).

B 1abnuuHoM BuAe monydyeHHas
saeucumocTe KM wHBEpTOopa OT
€ro 3arpysku npwsegeHa B Tabnu-
ue 2, raqe BUOHO, YTO MHBEPTOP Ha-
uMHaeT paboTaTb ¢ MakcuMarbHbIM
KIMO npwu Harpyske uyTe 6Gonblue
50%, v panee ero K gepxutca
Ha MakcUManbHOM 3HadeHuu. Ta-
kUM o6pasomM MoaTBEepPXKOEHO BNWA-
Hue paboTbl ¢ HU3KOW 3arpy3Kon UH-
BepTopa Ha ero obwy sdpdekTue-
HOCTb.

[Ons oueHKW BEPOATHOCTW BO3-
HWUKHOBEHUS MEPUOLOB BpPEMEHM
C HW3KOW 3arpyskoll WHBepTOopa
npoBogunca pacyeT pacnpegene-
HWA BepoaTHocTu npuxoga CU Ha
nnowagky W onpegerneHue Oonu
BbIpaboTKM 3HEPTUU B OaHHbLIX rpa-
gauusx. [ns pelweHusa 3Toi sagadyn
BpeMeHHoW psAg HabnwogeHwid 3a
CW pasbueaercsa Ha rpagauuu no
50 BT/M?, nogcuuThIBAOTCA Criydau
nonagaHnus UW3MEPEHHbIX 3Hade-
HUIA B KaOyH M3 HUX U paccyuTbl-
B3aeTcs BEPOATHOCTb MOSABMNEHUA
rpagaunm Frecizg Kak oTHOLEHWe
KOMWYEeCcTBa WM3MEPEHWU B pamkax
rpagauumu Kk oblemy KonudyecTsy
U3MepEHUI.

Ha pucyHke 7 npegctaeneH rpadmk
pacnpeneneHus BEPOATHOCTU MPUXO-
aa CU Ha nnowagke C3C 1 gaHHble
0 BbIpaboTKe 3HepPrvK 3a COOTBETCTBY-
1oLUE Nepuoabl BPEMEHM.

Kak BYOHO W3 pUCYHKa, Haubo-
nee «BepoOATHbIMWY® rpagauuaMm
CW sBnstotea rpagauun 0-50 BT/m?
1 50-100 Bt/m2. 370 obBbAcHAeTcA
ONUTensHbIMU Nepuogamu paboTsl



B YCMOBUSIX HW3KOW OCBELLEHHOCTU
B yTPEHHMWE U BEUEPHWE Yachkl, a Tak-
KE B MacMYypHY Norogy, Xxapakrep-
HYH ONA OCeHHe-3aMMHero nepuoga
roga. WHTepecHo OTMETUTb, u4TO
MaxkcumaneHas pgons BbipaboTaH-
HOW SHEpruKn NPUXOQWTCA Ha rpaja-
umm CK ot 550 Bt/m? go 800 Br/m°.

Pabouas MowHocTe OaTtapein
®3M onpepenseTcA  cregyowm
COOTHOLLUEHWEM:

Pyom = G - Agam X @)
x 1 -KMNOoamuon = G - K,
rae G — Tekyllee 3HauYeHWe WH-

TeHcuBHocT CW, Bt/M%, Agsy —
nnowags eguHuyHoro O3M, m?;
n — Kormdecteo ®OM B Gatapee,
wt;  KNBesuion HOMWHarb-
Held  (macnoptHelid) KM <©3M,
oe; K = Agow - n - KlDgoupom =
=1,29m2 - 16wt ' 0,150.e. =3,17.

CpepgHeBsaBelleHHoe 3HauyeHue
paboyeld MOLWHOCTW WHBEpTOpa
B paMKax rpagauuu onpegensercs
no dopmyne:

_ Frecijas - K
P=—300 - ©
rae 3400 — HoMMHanbHas MOLL-

HOCTb UHBEpPTOpPa, BT.

Onsa nonydyeHHbIX CpegHeB3BE-
LIEHHbIX 3HAYEHWW MOLUHOCTW WH-
sepTopa P, no sasucumoctu K[
VHBEpPTOpPa OT ero 3arpysku (pucy-
HOK 6) onpedennArTcs cpenHeB3Be-
WeHHble 3HadeHus KMO v cooTtseT-
CTBYIOLME 3HAUYEHUA BEPOATHOCTU
BO3HWUKHOBEHUA TaKoW  3arpysKku.
MonyyeHHbl Takum o6pasom Habop
OaHHbIX NpefcTaeneHd B Tabnuue 3.

Takvm obpaszom UTOroBOE Cpesd-
HerogoBoe 3HadeHue KM wHBep-
Topa MOXHQ OMpPESENWUTL MO COOT-
HOLLUEHUIO:

18
KM Owe = ;:Efﬁ- - F; = 90,748%. (8)

MonyyeHHoe 3HaJYeHWe cpegHe-
rogosoro KM pasHo 90,748%, uTo
Ha 6,652% HwKe nNo cpaBHEHUH
¢ MakcumanbHeiM W Ha 5,752%
HUKE MO CPABHEHWIO C 1)g,, KOTopble
3anBneHbl B MacrnopTHbIX XapakTe-
pUCTUKaXxX K uHBepTopy Samil Power
SolarRiver 3400TL-D.

3AKNMHOYEHUE

U BbIBOOLI
3a bGoree uem pgsa roga pabo-
Tbl cHMCTEMOW MoHUTOpuHra C3C
HWY «M3W» Beino coxpaHeHo
OrPOMHOE KOMUYECTBO LuUchpoBbIX

Ne 2 (83) 2024
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Puc. 7. Mpachux pacnpedeneHus sepoamHocmu npuxoda conHeqHol paduauuu
Ha nnowadky u ebipabomka 3Hepauu 3a daHHbie epadauyuu

OaHHbIX [7]: © akTMHOMEeTpUYEeCcKoi
cTaHuvm — Oonee 14 MWUNNWMOHOB
3anuceid; no pexumy paboTel ce-
TeBoro WHeepTopa Samil Power
SolarRiver 3400TL-D — Gonee
60 MUNNMOHOB 3anvcel ¢ OUCKpPeT-
HOCTBHO B 1 cekyHAay.
MpoeeneHHble  UccnegoBaHWA
rnokasanu BaXHOCTb YTOUHEHUS
cnocoba oueHKkM S eKTUBHO-
CTV MHBEpTOpHoro obopynoBaHUS.

YkasbiBaeMble B NacnopTHbIX AaH-
HblX 3HAaYeHUA He peKkomeHayeTcA
NPUMEHSATL B CBA3K C TEM, YTO OHU
He YyuuTbiBalOT BIWAHWE KNUMaTU-
yeckux ocobeHHocTell Ha paboTy
choToaNEKTPUIECKOM CUCTEMBI.
Mpv ucnonb3oBaHWW MNacropTHbLIX
OaHHbIX TMPOEeKTHblE MoKasaTenu
C3C moryT BbITe MpesblilweHbl 6o-
nee Jyem 5,752% no cpaBHEHWIO
C peanbHbIM pexvMoM paboThl,

Tabn. 2. XapakTepMcTUKN MHBEPTOPa MO XapakTepHbIM ToO4YKam

Kng, % 10 | 20 | 30 | 50

75 | 80 | 85 | 90

5 [07,72[97.1

Harpyska, % | 0,25 0,66 | 0,98

15 (285

4,34 | 5,64 |11,37/17,33/53,92| 100

Tabn. 3. BepoATHOCTb BO3HUKHOBEHWA pexiMa paboTbl MHBepTOpa
c onpefgeneHHon 3eKTMBHOCTBIO

3arpy3ka
WHBEPTOPA, Kicad, %

CpeaHeB3BeLIeHHOe
3Ha4eHue KMNQ

BepofATHOCTL
BO3HUKHOBEHUA,

vHBepTOopa, Eff, % Fi, %

1 2,33 544 3
2 6,99 86,2 19
o} 11,6 91,6 12
4 16,3 944 9
5 20,9 955 8
6 25,6 96,1 7
7 30,3 96,6 6
8 349 96,7 5
9 39,6 96,9 4
10 443 97.1 4
1 489 97,5 4
12 536 976 5
18 58,2 976 3
14 62,9 976 3
15 67,5 976 2
16 72,2 976 2
17 76,9 97,6 1

18 81,5 97,6 1
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BO3OBHOBAAEMAA
IHEPI1A

yTo ANA POTO3MNEKTPUYECKUX CUC-
TeM SBNSAETCA OrpoOMHOI Benu-
UYMHOIA.

McecnepgosaHusa, nposBoguMble
Ha OCHOBE [aHHbIX MOHWUTOPWH-
ra ob6opygoeaHua, paboTarowero
B peanbHbiX YCMOBUAX 3KCMy-
aTauvv, JommkHbel 6bITb Mpogon-
EeHbl — aBTOPbl CUYUTAT, 4TO

W yBEnuuyeHwe aHanuaupyemoro
nepuoaa paboTbl, U UCMONb30OBa-
HUEe [OaHHbIX C OPYrUX 3MeKkTpo-
CTaHUWIA MOXeT MO3BONUTb Nped-
NoXWUTb 0BOCHOBaHHY MEeToaWKY
pacuyeTa cpegHeB3BelleHHOoW 3g-
P EeKTUBHOCTU WHBEPTOPHOTO
o6opygoeaHnA. [MpusegeHHbIN
B cTaTbe NpUMep nokasan Heobxo-

OVMOCTb npoBedeHus nogobHon
paboTbl.

Weccnepoeanue npoBoaunoch
B pamkKax npoekTa «CucTemsl ynpas-
NEHWs COMHEYHO-AN3ENEHEIMU KOM-
nnekcamu» fnpu NoSAepKKe rpaHTa
MuHucTepCcTBa Haykh U BbICLUETO
obpazoeanuna Poccuiickon Pegepa-
umm Ne FSWF-2022-0006.
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Buibop cocTaBa BKAKOYEHHOTO rEHEPHPYIOLLETO
060pyAOBaAHMA COAHEYHO-AM3EALHOr0 KOMNAEKCA

A.T. Bacorop®
THEYHOHAAEHEIA HOCABA0BSTEALCHHE yrHeepoHTeT «M3H. Mockea, PoccHR

Pamoare. Uss: - paapaborsa metoanky BGopa COOTAES BHAIMEHHOM TEHEPMIYHHUETD 000pYADBAHHA COA-
HEMHO-LWIEAEHOND KOMNAEKES, O0eCNeyHESRILLEHN ONTHMH3BLWND 8r0 PEMMME PAGOTE ND KAMTEDWED MHHAMHZ3LUAK
YABALHOM PECNDAS TOMAMER HA AWZSAL-TEHEPATOpHEX yeTaHoEkax. [pw pazpalorke NPOTPaMMHLE CREACTH NDHME-
HRACE MPHHUMT PELIEHHA B DEXHME PEEALHOTD BEQEMEHHE I3AA4K UBADMMCASHHOND HEAHHBRHOMD NpOTpaEMMHPOER-
HIA, IFHAHSWEACA B MOWCHE MEHHMYME 3ECTAVETALNDHHLE W3LepHes npr palione soamnaesca. Npu 3TomM yme-
BAAKCEH OMPEHEHYEHHA HA DEox s PAG0TE ASKTROTENHHYECKOMD 060 pyADEAHNA. A0S AHMIEALHOR SNSKTPOCTEH LM MOLL-
HOCTE — HE MEHLLE MHHRMEARHD 40MCTHMOR, PEEHOR 30% o HOMHHBALHOR MOWLHOCTHY, PRCMPEAENEHHE MOLLHOTTH
MEEAY AWZENETEHEPETOPHEME YCTEHOEREMM - C YHETOM HHAHBHAYEALHR PACADAHKEN XE0ERTENHCTHR. JAR CHCTEM
HAKDMASHHA IASKTRHHECHDR 3HEQTHH: ADMYCTHMOS HaMEHEHRE BmBoCcTH - of 50 a0 100%; cxopocTe 3apAAa, paIpRAa
OrpaHHYEHE BEAHYMHONR =10 ANR COAHETHOR SAEKTROCTEHLNN YUHTRIEEADCE HAMEHE HHE KOE-DHLMEHTE NOABIHOMND
BEACTEMA HHEEDTOPS B 388MCUMOCTH OT BR0 JAMPYEHH, NDOrHOIHOYEMOR Ha nepsos 24 4. B nooAsa0SaHHAR HONONE-
3I0BEAOCE HETYPHOE DH0PYAOBSHHE MMWTALNOHHIND MEKETHE CONHEYHO-AHIEALHON KOMNASKEA, COCTORLEND M3 ABYX
ANZENE-TEREPSTOPHEX YCTaHoE0 12 1 30 kBT HMUTaETOPRS COAHEYHOR 3ASHTPOCTIHLMH MIMUHOCTESD 6,6 kBT, cecTems
HAKDMASHHA IHEQIHHY, HMHTATODS SKTHEHCH HATRYSHA MOWHOCTEID 40 50 81, Npuesseso ONHCEHWE BATDRHTMAYE-
CHMX OCHOE Padorul SBTOMBTHANPOESHHOR CHOTEMEI YNPEENSHMA, CROCoGoTEY HHUEH oheCcnEYEHNID BHEDMETHHECHORA
IHEEHTHEHDOTH INCAAYSTURYEMEE COAHEHHO-AHIBALHLIX HOMNABKCOE. Tokazado, wo paapaborankar SCADA-ChoTe-
ME NOABOARET DOHBCNEYNTE MOLEAMPOEAHHE AGLX DEXHMOE PAGOTEl COAHEYHIFAWIBALHDIT HOMMASHDS B YOADBHAY,
NPHEAMEEHHEI K PEAALHEM. YCTAHDEAEHD, YTO B ISEMCHMOCTH OT YCADSHA dWHEUMWOHHDOBAHWA COAHBHHO-AHIEN L
HOM KOMMASKCE M N3pameTpos obopyADSaHA (KONMHMECTED AMBEAL-TEHEPSTOPHEX YCTAHOBOK M HE HOMHEHEALHEIE
RCALHOCTH, BMKOCTE M MOLLHOCTE CHOTEM L HAKOMASHHA 3AEKTRHYECHDN SHEDTHW, YCTHHOBASHHER MOUHOCTE CETEE0N
CONHEYHOA INEXTPOCTAHIMH] NOBLILEHKS TOSHOCTH MOASAMPOEEHHA ero pexuma pabome moxet gocturam 30%. Ta-
WHM COpPS30M, NOAYYEHHLE DEIYALTATE MOASAMDOBANHKA DEXKEME PAG0TE COAHEMHD-AHMIEALHOM KOMNASHCS NOKSIRI-
BT BOIMOMHICTE CYIWECTEEHHOM YTOYHEHAA OUEHOK SHINAYSTEUHOHHLN NBQEMETPOE NOA0HHLIX IHEDMETHYECKEN
ofiLBrToS GABFOASPA YYETY DESALHLL 3HEPMETHYECKHE SEPaKTE PHCTHR AMIENL-TEHEPETOPHLD YOTSHIEOH.

HKArWeERM CADBS! CONHEHEA INSHTPOCTEHUMA, AMIEALHER IALEHTDOCTAMUNA, COAHEHHO-AMZEALHEIR KOMMASHKE,
NPOrHOZMPOSEHKE, YTDSBASHHE, ONTHMUIAUMA

BagrosaprocTi. HoCABADBAHWE NDOBOAMAOCE B PAMKAX NpOEKTE ~fUCTEML! yMPEBAEHMA COAHEHO-AWIEARL HEl-
M EOMAASKCSMM NDH NoAEPEHe rpada MuducTepomea Hayes # Beiciiern ofpasoesnHr PocouickoR Pesgpauvs
ke FSWF-2022-0006.

Aas gwmuposasns: Bacwsos AL Bwliop coct@aBa BEAMFEHEOMD FEHEDHDVIOWEND OO0pYADSEHHR COAHEYHO-AH-
zensHOFD KoMnaekca /) iPolvtech Journal. 2024 T. 28. Ne 4. £ 550-582. hitps://dolorg/ 10.21285/1814-3520-
2024-3-550-562. EDN: YEVEMG.

POWER ENGINEERING
Original article

Selection of generating equipment for a solar-diesel complex
Aleksey G. Vaskoyt-'

*National Research University *Moscow Power Engineering Institute”, Moscow, Russia

Abstract A methodology for selecting the composition of generating equipment included in 8 sodar-diessl com-
plex to optimize its operating mode by minimizing the specific fuel consumption of diesel generator units is de-
scribed. Software developed according to the prninciple of real-time integar nonlinear programming is used to calou-
late the minimum operating costs during the operation of the complex. Variouws restrictions on the operating modes

& Bacewoe AT, 2024
550 https:// ipoiytech.elpub.ru
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Bacuxog AL Hbc'ﬁﬂp COCTARA BHAKIMEHHOM FEHEDHHOLETD Uﬁﬂp}ﬂﬂ&ﬂl{ﬂﬂ' COAHEYH O H20AHANT HOMIAZKCE...
Vaskov A.G. Selection of generaling equipment far & solar-diesel complex

of electrical equipment were taken into account. For a diesel power plant having a minimum capacity not less than
30% of the norminal capacity, the cistribution of capacity between diesel generator units takes into account individu-
al consumption characteristics. For an electrical energy storage system whose permissible change in capacity varies
from 50 to 100%, the charge,/discharge rate is limited to "1C", For the solar power plant, the change in inverter effi-
ciency was teken into account depending on its load as predicted for a 24-hour period. The research used a model
to simulate full-=cale equipment of a solar-diesel complex comprising two diesel generator units of 12 and 30 kW, a
solar power plart simulator having & capacity of 6.6 kW, an energy storage system, and an active Ipad simulator with
a capacity of up to 50 kW. An algorithmic description of the operational principles of an automaed control system
for ensuring the energy efficiency of solar-diesel complexes in operation is provided. The developed SCADY system is
suitable for medeling the operating modes of a sclar-diesel complex under conditions close tc actual. Depending on
the operating conditions of the solar-diesel complex and the equipment parameters (the numer of diesel generator
units and their nominal capacities, the capacity and power of the electrical energy storage system, as well as the
instalied capacity of the grid solar power plant), operating mode modeling accuracy can be increased by as much as
30%. Thus, the obtained results of modeling the operating mode of a splar-diesel complex demonstrate the possibil
ity of significantly refining the estimates of the operating parameters of such energy facilities by taking into account
the actual energy characteristics of diesel generator units.

Heywords: solar power plant, diesel power plant, solar-diesel complex, forecasting, control, optimization
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BBEAEHHME

Ha cercaHAWHWIA AeHb Ha TeppHTORMK Poc-
CHMICKOA @epepally HAXOAHTCA B 3Kcnayara-
LMK HECKOALKDO ABCATHOE COAHEUHO-AMIEALHBIY
komnnexcos (CAK), npoexTMpyITCA 1 CTROATCA
HOBLIE. BOABLUMHCTES W3 HMX PACNOACKEHD B
M3ONMDOBAHHLIX M TPYAHOADCTYNHLIY TEPPUTC-
puax’, TPAAMLMOHHBLIM HMCTOMHUKOM SHEPIHK
B TAKWX MECTAX ABARIDTCA AMBEALHLIE INEKTPO-
cTaduMK (A3C), NpUMEHEHMS KOTODLIX CONPA-
MEHO C PAADM TPYAHOCTEH TEXHWHYECKOrD (Bbl-
COHHA H3HOC DBOPYADBAHMA) M FHOHOMMYECHKO-
ro (BLICOK&R CTOMMOCTE AM3SALHOID TONAMBA)
xapawTepa. B cBRIW ¢ 3THUM B COCTAE M30AMPO-
BAHHBLIX 3HEPIETHUECKWK CHSTEM BHEAPAIITCA
conHeuHble anekTpocTadume (C3C), nozsoas-
HOWME 3aMecTHTh HekoTopyke aono A3C B ob-
LWeM IHepreTMueckom Banarce.

C TOUKM 3pEHWA NPOEKTHMPOBAHKMA M 3KCIAY-
araume «CAK passuHon CTRYKTYRPE W napa-
METPOE MOXHO PA3ASAWTE HA TDW KATETOpPUM B
COOTBETCTEMM C YPOEHEM BhipaboTki 3neKTpo3-
Hepruv COAHEYHOH INEKTPOCTAHUMER B ADKAAL-
HOH 3HEproCHCTEME:

CAK ¢ aoned C3C B rofoBOd BhipaboTke
FAEKTPO3HEeprMM Ao 20% M wowHocTeo C3C,
HE npesslwarouied 50% or MOWHOCTH AO-
KaALHOM 3HeprockweTemel. Ann Takux CAK xa-
pakTepHbl creayiowmne ccobedHoctu: A3C Ha-
xoautcA B pabote B TeveHue Boero pabouero

LUMKAS; OTMEYASTCA OTHOCHTEARHO HeboAabWoe
COKpaLWeHWe pacxoad TONAMEA, 4TO NDUEOD-
AWT K HE3HAUMTEALHBIM JKOACTHUBCKHM npe-
MMYLLECTEAM M H2BLICOKOH 3KOHOMMUSCKON
3PHEKTMEHOCTH; MpK 310N B Takom CAK oT1-
CYTCTBYET HEOBXDAMMOCTL HAAWYMA LIEHTPaNL-
HOTO KOHTPOAAEDE YNIDABAEHHMA — YNPABAEHHE
pexumon pabotel CAK peaan3yetcAa Ha oc-
HOBE WTATHLIX BOSMOMHOCTER KOHTpOAASDOB
AM3EAL-TEHEDATOPHBIX yoTaHoBoK (AlY) W con-
HEYHLIX MHBEPTOPOB.

CAK ¢ aoaei C3C B rososod BeipaboTHe
snekTpoareprii or 20 a0 50% W MOLWHOCTEIO
C3C bonee 50% o7 MOLWHOCTH AOKSALHOW
sHeprocHcTenet. Lna Taxux CAK xapawtepHel
creayiowme ocobenHoctu: A3C HaxoaMTcA B
pabote 8 TeueHue 3cero paboyero uMKAa; npu-
CYTCTBYET HEeobNOAMMOCTL HaAWMYMA NPOCTOrD
KOHTpOANEDE YNPaBAEHWA W/MAM HeboablIOrD
HAKOMNWTEAR IHEDPMMK ANA PETYAMPOBAHWA ua-
CTOTHl M HANMPAXSH A,

CAK ¢ aoned C3C B roaoBol BbipaBortke
IeKTpoaHeprnk bosee 50..80% U MOWHO-
crerd C3C nopraka 100...150% 0T MOLIHOCTH
ACKAABHOM 3HEprocMcTemsl w Gosee. AnA Ta-
kix CAK xapaxkTepHel cheayiowmMe ocobDeHHOD-
cTi: AIC paboraeT HENOCTOAHHO, OORA3ATEAL-
Ho TpebyeTcA CHMCTEME HAaKOMAEHWA IHEPIHM
(CH3) aAnR nepepacnpepscnBHUWA  3ABKTPO3-
HepriW, Beipabatwisaemoi CIC; obRzatens-

“0fLEKkTh reHeEpaUMH B HIOAMDDBAHHLIX H TRVAHOAOCTYNHLE TEPPHTORHAY B Pocoui, Pexune aoctyna: hittps://ac.gov.ru/uploads,’
2-Publications/analitika/ renepawan_s_MTT.pdf (nata obpaueswn: 19.04.2024).
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Ha UEHTPAAM30BAHHAR CHCTEMA YNpPaBAEHWA
CAK,

MocazaHAa Kateropua CAK ABARETCA Hau-
Gonse CMHTEDECHOW: AAR pRAAMZALMW, T.K.
MO3IBOAAST NCAYYMTE HAWMBLICLUMA 3KOHOMKYE-
CHMEA 3ddexT W obecneynTs OTHOCHTEALHOD He-
ELICOKMA CO04 ORYNBEMOCTH NpoekTa. DAHaKo
Ha CETOAHALUHMEA ABHB OTCYTCTBYIOT THNOBLIE
FEWEHHA B 06ASCTH CO3AAHMA HeoBXoAMMBIX
AnA SODEKTMBHON 3KCnAYaTE UMK CAK ueHTpa-
AMZ0BAHHBIX CHCTEM YyNPaBAEHHA,

LUEAb UCCAEAOBAHMWA

Lensto MocheADBaHWA AENAETCA pa3pabor-
KA BATOPHMTMHMECKMX OCHOB GYHKUWOHMpOEA-
HIMA LEHTPAAMIOBAHHON ABTOMATHIMPOBAHHOH
cucTenmsl ynpaeseHua (ACY) pexumonm pabotel
CAK, OCVILUBSCTEARIOWER B PEXMME DEAALHOID
BPEMEHH BLIBOD ONTMMAALHOMD COCTABA BKAKD-
UEHHOro reHepupywwero 060pYADBAHWA C
YMETOL NPOr+03a BuIPaboTKH 3AEKTPO3HEPTHK
Ha C3IC. dyHKUMOHANLHLIMK 0CODEHHOCTAMM
npeasaraewoi ACY ABARKOTCA!

— DYHKLUMOHAABHLIA BADK KPATKOCPOMHOID
(Ha CyTHM BNepes C 4ACOELMM WHTEDEAMAMM
EPEMEHM) NPOTHOIMPOBAHWA COAHBYHOIO M3-
AYUEHMA, KOTOPBIA BRINOAHABRTCA NPH MCNOAL30-
EaHMKM AAHHLIX YMCABHHOIO T POTHO3a NOroALl;

- QYHKUMOHAABHLIR  BAOK  ONTHRMM3ALMK
cocTasea, NapaMeTpoB W DEXMMOB QyHKLIMOHMK-
POBAHMA COAHEYHO-AM3EALHDIO KOMMAEKCA ©
YUETOM BbiS0Da HAMDONEE IHEPTETHYECKH -
PEKTUBHOTD COCTAEa paboTawwmx aAv3ess-Te-
HEDATOPHBIX YCTAHOBOK.

PazpaboranHblil 3KcnepHMEeHTaNLHEIR an-
NapaTHO-NPOTPAMMHLIF  KOMIASKE  ADAKEH
oBecneunTs PEAAM3ALMIO YRAZAHHbLIX ByHKLMO-
HAALHLIX BAOKOB B YCADBMAX, MPHOAMMEHHBIX K
pPEaALHLIM.

MATEPHAA U METOABI MCCAEAOBAHUWA
AnR McorepoBaHMA  cnocoboB  NOBBIWLE-
HWA AHepretHyeckol addertveHocty CAK B
2022 r. HauuoHAALHBIK HCCASAOBATEARCKKHE
yHuBepCHuTET «MOCKOBCKMIA 3HEDrETHHMECHKMIA
MHCTHTYTs (HMY «M3Ms) cozpan monogemHyo
nabopaTtopuic, COTPYAHWKEMM KOTOPOW ABAR-
FOTCA CTYAEHTH W acnupadHTel;, aabopatopwa

IS5N 2782-6341 (onlina)

BLINDAHAET  HaYYHO-WCCAEBADBATEALCKYHR M
ONBITHO-KOHCTRYKTOPCKYD paboTy, UeALID KO-
TOpOA ABARETCA paspaboTka nporpamMmHono
KOMMABKCE, OCYLLECTBARIDILETD OBICTRYIO W Ha-
AERHYK) ONTUMMZALWIO COCTaBa, NapamMeTpos
H PEXUMOBE DYHKLUMOHHMPOBAHAR THEpPMAHOM
FHEQrOKOMNAEKCE B GAM3KHX K peankHBIM YC-
AOBWAX 3xcnayataunu. «AnR anpobaunk pe-
aynwTaros pabotw B HHUY «M3Ke nenonsavercs
yueBHO-3KCNEPUMEHTEABHBIR  MMHTALWOHHLIH
MEaKeT COAHEYHO-AM3IBALHOMND KOoMnnekca (pa-
nee - Maxer).

MakeT coCTOMT M3 ABYX AM3EAL-TEHEpPaTop-
HbIX YOTAHOBOK (3ABKTDOarperatsl AM3EAbHLIE
NCMW AAL2 mowHooTeio 12 kBT v NMCM AA3D
molwHocTen 30 KBT), MMHMTATOpa COAHEYHOH
SABKTPOCTAHUMK MOWHOCTEY 6,6 KBT. noskao-
HEHHOMO K CETM Wepe3 CEeTeB0l TpexdazHuii
HHBEpTOR SMA SUNNY TRIPOWER 12000TL w1
CUCTEMbLl HAKONABHMA 3HEPIMY Ha ocHoee 12
CTAUMOHAPHLIX, HeOBCAYHUBAEMBIX, FEpMETH-
IUPOBAHHBLIX AKKYMYARTOPOB emuocTeio 200
Ay Kamaslid v Tpex 0ata peMHeiX HHEeDTOpOB
Victron Quattro 48/10000/142-100/100.
PyHKUWOHANLHAR Cxend Makera npeacraene-
Ha Ha puc. 1, 8 OCHOBHLIE TEXHMYECKHE XapaK-
TEPHCTHEMY Ero IAEMEHTOE — B Taba. 1,

B ceran ¢ Oonblukm pazHoobpasvem Mo-
nonsayemore B CAX oDopyADBaHHA ANA ADCTH-
MEHMA HEZABHCHMOCTH BEpXHEro ypoeHa ACY
OT HHKHEND NPUHATO PEWEHME O CO3AEHWK
AOTHMECHOM wPASBAZKMY MEXAY ITHMK ABYMA
YpOBHAMK. TakanA «pas3BAsKay PeaM30BaHa B
hopMaTe MUKDOCEIBMCHOH BpXMTEKTYDLI, B Na-
paavrne kotopoi pazpaboran Habop Hesaew-
CHMO DYHKUMOHHOYIOLWMY NporpammHLx Bao-
KOB, 0BMEHHBAKIIWMXCA WHpOpMaLKMER Yepea
cepeep Oasbl AaHHbIX. Takunm obpasom, AAR
BEpXHEro YypoBHA ACY MCNDAHMTEALHLIE MExa-
HU3MBEI MPEACTABARHLL CTAHAAPTHBIM M HEM3-
MEHHBIM HaDopOM TEXHUYECKMX NapamMeTpoe,
SHAUSHHA KOTOPLIE MOMYT BbiMs NOAYYEHsl Ha
HUXHEM YDOBHE B ZOBEDLIEHHD HEe3aBWCHMOM
pexume. [pn paspabotke ACY anA noboro
HOBOTD obbekTa 3107 Noaxos DyaeT TpeboBark
AL MOASDHHIALUMH MCXOAHBIX KOADB MMKDO-
CepedcoB, obecnaudBalollMy «00WeHHE C
0BOopYACBEHWEM HMMHEFD YDOBHRA, B TO BPEMA

*PazpaboThs METOAKK NDOTHOIMDOESH HA COAHBYHOID MIAYUEHHA W ONMTHAMIELHK COCTEEA, NEPamETPOE M DEXHAE GYHELMOHKHDO-
BAHWA COAHEYHO-AMIEABHOMD WomMnAsesca. Pemun aoctyna: https://mpei.ru/Structure/Universe/IHRE/structure/heares,/ susdc,
Documents/ ®D0%IERD 1 EE2%DIHET %D 1% 91 %D 1%8 2% 20% D0%ADXAD1 KE2%D0%B0%D0%BF%202 pdf {aaTa oG pawenus;

15.04.2024).
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Pue. 1. DVHKCHOHSARHAR CXEME HMETALHOHHOMD MaKETa COAHEUHD-H3BALHOTD KOMIAEHES
Fig. 1. rlowchart of the solar-diesel compiax simuiation Layout

Tﬂﬁ.ﬂ.ﬂuﬂ 1. OcHOBHBIE TEXHH4YECKHE XE PAXTEQHCTHMKH IAEMEHTOE MawkeTa coAHEYHO-AHEBABHOTD KOMIAAEKCE

Table 1. Basic technical specifications of the solar-diesel complex Layout elements

COAHEYHBIA HHBEDTOD

Snement CAK TexHHYECHHE XaPaKTEPHCTHEMH
AY Ne 1 HomMuHaABHEA MOWHOCTE 12 KBT
MUHHMAARHD AONYCTHMERA MoWHOCTE 3,6 KBT (30%)
ATY Ne 2 HomuHaseHaA MOWHOCTL 30 KBT

MUHMMAAEHD ADNYCTHMER MowHocTs 3,0 kBT (30%)
HomuHasEHEA MOWHoCTs 12 KBT

BarapeHulA MHEERTOD

HomuHaneHaa MowHocTs 30 kBT

AriynayaATopHan DaTtapen

HomuHaneHaa emrocTs 19,2 KBy
MUHHMaARHD AONYCTHMBIM YROEEHE 323pAsa 50%

KaK CHMCTEMA NDWHATHA pelleHWd OCTaHeTcH
YHHESDCAALHOW.

AAR NpOBEAEHWA 3IKCMELHMEHTAALHBEIX MC-
CAEAOBAHKA Obina pazpaborada SCADA-cucTe-
Ma, NPEAHAZHAYEHHERA ANA YTIDABAEHHA Make-
ToM. C MCNons30BaHWEM DyHKUMOHaN AGHHOK
pazpaboTaHHOM CHCTEMBI NEPEL NPOBEABHHEM
SHCMEQHMEHTE 3aAA10TCA NOYACOBLIE rpadHKK
NOTREGAEHHA 3IHEPrMM, BEAMMHMHBL MPHXOAS
COAHEMHOMD HanydeHMA (CH) W TeMmnepatypbl
NOBEPXHOCTH  DOTOINEKTRMHMECKOrD  MOAYNA
E TeYeHHEe cyTok. Aanee, C 3apadee yCcTaHoe-
AEHHBIM  MEPUMOADM BpemeHMd 3T Habopkl
FHAYEHWIA NEPEARIITCA Ha ynpasasemoe obo-
PYADBEHWE. HATPY3OUHBIA MOAYAL M MMUTATOP
COAHEMHOR 2ABKTPOCTAHUMK. Tarkm obpazom,

obecneurBaeTcA MOAEAMPOBAHKME CYTOUHOMO
HIMEHEHHMA HATPYIKKM M BbipaboThM 3ABKTROS-
HEDIMK COMHEYHOH 3nerTpocTaHuWer. Takwe
pyHKyMoHan SCACA-cucTeMBl NOZBOARET NpOo-
M3BOAMTE MYCK M ocTadoery AlY, ocywecTendTs
MOHHTOPWHE MX COCTOAHMA M OCTAALHBLIX 3AE-
mMeHToB Maketa.

OcobeHHOCTH YIPaBAEHWA PEXMMOonM pabo-
ol Makera corHEeYHO-AW3BABHOID KOMMOASKCE,
pEAAHI0BAHHLIE C NoMolbo SCADA, onvcaHbl
HUHE.

OCOEEHHOCTH YNPABAEHWA PABOTOMH
COAHEYHO-AM3EABHOIO KOMMAEKCA

O CHOBHOW ANTOPMTMHHECKON MABEH CHCTEM I
ynpaeaeHuA pabotod aobol  3HeprocHcTeMEl
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ABARETCA ob0ecneYeHWe KauyecTsa SHepTrHK: Noa-
AEDHAHWE YACTOTE U BEAHMYHHEI HANPAXEHWA Ha
HOMWHaLLHOM ypoeHe [1, 2]. Ho B cayvae uaoau-
POBAHHHY IHZPrETHUECKHY CHCTEM, B KOTOPLIX
OueHb CHABHC B3aWMMHOE BAMAHWE MCTOUHWMKOE
IHEPIHA ADYT Ha ADYIa W Ha noTpebuTessi (1 Ha-
obopor), pabora no BEEAEHKMI0 pEXMME B GOpME-
T2 PEEKLMM HA YHE NPOH30LWeALIWE OTHADHEHKA
HE MO3B0ARET ODECHEYMTE NEHHATHA ONMTHMEAL-
HbIX peLseHHi No BbIBopy COCTABE BRAKHEHHOTO
reHepupylowero obopyaoBaHuA. MHeiMKM cao-
BamMM, OBECNEYMBAETCA KAMECTEEHHOE 3HEpro-
CHab#eHMEe, HO HE ADCTHMIEETCH MaKCHMAaNLHOTD
IKOHOMHYECKOTD QP EKTa.

MameHHTe 3T0T NOAXDA BO3MOKHO AMLWIL
pobasneHHeM B anroputi paboTel cUCTEMBI
ynpaereHnA CAK dyHKUMOHAALHOMO MOAYAR,
obecneuMBa0LWIErD NPEABAPHTEALHOE BbINOA-
HEHWE NDOrHoas pesxuma pabotel CAK Ha He-
KOTODLIA NEPHOA BPEMEHM BNepes (KaK Npasu-
N0 — HA CYyTKM Bnepea). TakoH Noaxos No3E0AR-
ET 3afAaroBpeMEHHD MOATOTOBHTE 3HEDreTHYS-
cKoe 0BOpYACBAHWE K HAMEHEHUIO MOLLHOCTH,
EKAONEHMID AWM OTKAKUEHWID.

Bropaa oyHKUMOHAALHAR ocOBEHHOCTE
pazpabotaHHoi ACY zawniouaeTch B CABAYIO-
west. MNpy pacnpessreHuE MOLLHOCTH MEeXay
LAY uae BCcero MCNoOAL3YETCA PaBHOMEPHDE
pacnpessieHie, KOTAS KaMAAR W3 YCTEHOBOK
paboTaeT C TAKOW Me YASABHOM 3arpyako[, uto
W ocTasbHEe 3], TeopeTHYEcKH HEOAHOKPETHO
NOKA3AHD, YTD 3TO PELUEHWE ABET ONMTHUMYM C
TOUKKH 3PEHMA MHHUMW3EUMKM PacXoAa TONAM-
Ba TOALBKO MPH OAMHEKOBLIX JHEPrETHYBCKMX
rxapakTepucTekax AlY. Kak nokasanm wmocae-
LOBAHWMA, NpOBEAEHHBE Ha MakeTe, 310 He
COOTBETCTBYE™ ASHCTBMTEABHOCTH, 8 3HIYMT, B
aaroputve yrpaeaenna CAK HeobBxoawma pe-
AAMBALMA NPOUBAYDEl NOWMCKA ONTHMAALHOW
aarpyaki AY.

Huxe AaHO KpaTKOE DMNMCAHME WCNoAL3ye-
MBIX pELLeHHHA.

B ocHoBe Npouecca yNpaBasHHA ABXMT M3-
BecTHoe TpeboBaqHue o BeINDAHEHWW DasaHca
MOLHOCTH, BLIDaXEHHOE CARAVIDWLWM YpaBHe-
Huen [4]:

.Fm t:‘ = Hﬂacir} + Hcacit] ing.{E]‘ [1_:|

ISSN 27826341 {online)

rae Buarp(t) — COBOKYNHAA MOLLHOCTEL 3AEKTPO-
npHemMHMKos (Harpyska), KBr; Neac(t) — wmowt-
HOCTh COAHEYHON SAEKTDOCTEHLMM, ONpEASARA-
ETCHA MCXOAR M3 MHTEHCHEHOOTM COMHEYHOMD M3-
nyueHus, KBt & News(t) - mowmocTs s3apnaa/
pazpAaa CH3, xB-, onpeasenreTcA MCXOLA M3
COoOTHOWEHKMA mowHocTk C3C v HaroyzeM, a
TAKKE C YYETOM YPOBHA JapRAA BKKYMYAITOD-
Heix batapen (AKE), Nyac(t) - mownocts ASC,
pesepBHaR MOLLHCCTE, KBT.

BamHsle oCOBEHHOCTH DELWESHWA YpasHe-
HWA BaraHca MOLWHOCTH, YUMTLIBAEMbIE NPH
ynpasaeHit CAK, 3aKaO4a0TCA B CABAYIO-
Len:

1. Cuutaetca, 4To 3HaveHue notpebane-
MO MOLLHOCTH P“,,.p{r} M3BECTHO 3apaHes M3
NPOrHO3a HAarpy3KH.

2. Mownocts C3C Neac(t) onpeaensetcs
TAKKE 3IAPAHES W3 WMBIOWErOCA NpOrHo3a
NPHMXOAR COAHEMHOMD M3AYYEHMA B COCOTBET-
CTEMH C METOAWKEMM, WINOKEHHbiK E [5-B].

3. MowmHocTs 3apraa/pazpasa CHI £ Negalt)
ONPEASAAETCH MCKOAA M3 COOTHCLUEHHA MOLLHO-
cti CIC M Harpyake, 2 TAKKE € Y4ETOM TEKVLLETD
vpoBHA 3apaaa AKE 50C(t) [3, 10].

4. MowHocts A3C Npac(t) kak pesepexoro
HMCTOMHMKA 3HEPTMM ONPEAENARTCA B MOCASA-
HIOK) OMepeab M PACTDEAEARETCA MENAY WC-
noabayembimn AlY no KpUTepHio MUHHMK3A-
UMM pacxoaa Tonaksea™” [11-13).

OaHHMM M3 OCHCBHBIX 3NSMEHTOB Npeasara-
enmoi ACY RBARETCA MOABAL NPOMHO3W POBAHKMA
pexuma pabotel CAK. 3aaaua nporHoszvposa-
HKMA PELLABTCA HA BAMMARLIME CYTHM C YAC0BLI-
MK MHTEpPBAAaMMW EPEMEHU AL = 1 4.

LA peweHuA 3ToW perpeccHcHHor 3aaa-
YK, B KOTOPOH MPeAHMKTAHT — CpeaHesacnsas
NAOTHOCTE MOTOKA COAHEYHOTD MIAYYEHWR, 3
NPEAHKTODEl — PAZAHYHLIE NEOMETDMYECKHE M
METEDDOADTHYMECKHE TapaMETPRI, TaK AAM MHE-
HE KOPPENHMPYIOWKE C NPOTHOAWDYEMOR BEAM-
YHHOM, MCMOALIOBAHA HERPOCETEBaA MOASNL
C 8pXMTEKTYROR MHOTOCADHHOTO NepuenTpoHa.
Obyuaowan BuBOPKA COCTOMT M3 COBMELLEH-
HbiX AaHHLIX HA3EMHBIX MAMEDPEHHA MHTEHCHB-
HOCTH CONHEMHOW DaAMALMKM M apxMBa MEeTeo-
ABHHBIX CO 3Ha4YeHuAMK obwel obrauHDCTH,
OTHOCHTEALHOR BAGMHOCTH, TEMNEeRaTYpLl BO3-

TOCT P 550062012, CTAUAOHAPHLIE AKIBALHLIE ¥ FAZONOPWHERLIE IASKTPOCTAHUWK © ABMIBTEAAMH BHYTPEHHETD CTOPEHIAA.
Ofwme TexHuseckie yoaoawA. Baea, 20092012, M.: Crampapmusdopm, 2014,

TOCT P 55007-2012. CTAUMOHADHLIE AMIEALHBE W FEI0NOMUHEBLIE JABHTPOCTAHUWH C ABMFATEAAMM BHYTPEHHETD CTOpPaHIA.
JneproxpdertuarocTe. Beeg, 04012044, M.: Cranaaprusdopa, 2014,
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LYXE ANA ASBATH FreorpadguYeckiy TOYEK Ha Tep-
PHTOPHK PeCCHM.

MoayueHHaA matemaTMyueckan Moaeis [14]
MMEET CABAYOLLWE BEAMMWHBI OwWWboK npo-
rHosuposa-ma: MAE = 1233 Br/m?, RMSE =
177.9 Br/m® 1 nRMSE = 16,1%, koTopwie AB-
AFIOTCH  PESYVALTATAMM TECTHPOBAHWA MOABAM
HE HOBLIX [HE YYaCTBYHOLWMX NPH 0OyYeHUK K
T2CTMPOBAHUH MOAEAM) ABHHBLIX METEONPOrHo-
3a (anA 1. HoBouebokcapok MeTeonpoBanaep —
«Pacnucaudve Norogs®).

YkazaHHwid noaxop Tpebver obAzatens-
HOFo AOCTYNA K ASHHBIM METEOMNPOrHO3a, Y10
B YCADBMAX peankHOM akcnayarauuk CAK He
BCEMA BOAMOMHO MO DA3AMYHBINM NDHYMHEM
(HaNpMMep, M3-3a OTCYTCTEMA MHTEpHEeT-CBR-
3K, ADCTYMA K CaWTy METeonpoBanAepa W T.M.).
B kadectee pesepsHoro cnocoba noayyeHWA
npordoaa nprxoaa CH o Mecnoab3yeTcs npamMmoe
MOAEAHMPOBEAHME C NOMOWSH  $yHKUMOHEAS
EepMéHMuMpoBaHHON Bubamotern PVLIB [15],
NPEAMKTODaMM B 3TOM CAy-ae ABARKOTCA ne-
EMCA EPEMEHM, HA KOTODLIE OCYLLECTBARETCA
NPCrHD3, TeorpaduuecKMe KODPAWHATE MECTa
pamtews=Hua CAK W 3apadee noayHeHHBbIR K
ADKAALHO paszMeleqHHsii 8 baze paHHeix ACY
TN pRA AKTUHOMETPHMECKHE M METEO0DOADIH-
HeckHx AaHHbIX B $opmate TMY. Hanpumep,
HMCTOMHMKOM  HEo0XOAMMBIX  ASHHBIX  MOMET
ABAATLCA cepedc PVGIST?, npea0cTaBARKDLLIMIA
CABAVIOLLYIO MHGOPMaUMID: TeMneparypa Bo3-
L¥xa HA BLICOTE ABA METRa Hagh NOBEPXHOCTLIO
3EMAM; OTHOCHTEALHE R BAAXHOCTL, CyMMa Cym-
MBPHOMS COAHEYHOMD M3AYYEHMA, NasaWeno
B FOPHACHTAEASHOR NADCKOCTH; CYMME NPAMOFo
COMHEMHDMD HIAYYeHWA, NaAaOWErD B ropu-
IOHTANBHORA TIAOCKOCTH,  Cynama AndidyaHoro
COAHESMHDID H3nyYeHWA, NaAaoWero B ropu-
IOHTANSHOM MACCKOCTH; CKOPOCTE W HANpaBAe-
HHE BETPA Ha BuicoTe 10 M Hap NOBEPXHOCTLIO
FEMAM; BTMOCPEPHOE AABAEHHE,

Mpouesypa Bwibopa cocTaBa BHAKIYEHHO-
ro reHepupylowers obopyAC BRHWA NO3BOARET
ONpeAsANTE COCTAB BHAKIMEHHLIX Grperatos
pACTpeASnEHWE MOLWLHOCTH WMEXAY HUMK, obe-
CNEeJYMBAET BLINOAHEHWE YOAOBKMA MUHWMKMIE-
UMK YABALHOMD pacxoaa tonauea va AJC, pe-
AAMIOBAHHOM B BUAE MUKDOCEDEMCE, UTEpa-
uMoHHO paboTtaowero Ha Gaze nporpamMupy-

EMOTO AQTMHYECKOro koHTposaepa Raspberry
Pi.

NpK 0AMHAKOBLIX IHEPrETUHECKHY XapaKTe-
pucTukax seex AMY, yetaHoBaeHHBIx Ha AL, aa-
ABYE PACNPEASASHMA MOLLHOCT MEMAY HWUMM
pewaetcA npocte — ANY 3arpyRarnTca paEHo-
MepHO. 310 0BecnesMBAET Pa BEHCTED YABALHBIX
PACKOACE TOMAMBA Ha KasaA0H H3 BKAMEdHbIX
no4A Harpyawy mawuu. Moy 3oM aocTUraeTcs
MaKCHMankHaA SHEpreTHYeCcKan  SpPexTHB-
HocTs A3C B ueaon. OAHAKD, KAK TOALKD BO3H K-
KAET CUTYaUKA, B KoTopoi AlY MMEIOT OTAMMHLIE
APYT OT APYIra 3HEPrETHYECKHME XaPaKTE PHCTHHM
(MoaEAM Monoas3ayemisx AY waHavansHo pas-
HbIE MAW CKA3EA0CE BAHAHKE DEXMMHLLY M KOH-
CTPYKTHEHBIX (PaKTOpOE), 3aaa4a noncka Haumbo-
nee 3QOEeKTMEHOTT COOTHOLIEHWA MOLLHOCTER
oTaenbHBIX AY YOAOKHAETCA.

MpoeeseHibie 8 HAY «M3M- wcoaesoea-
HHA NOKA3ZAAM, YTO Pa3AMHMA MEXAY IHEpPTe-
THYECKMMHK XapakmepucTrranmm AlY paxe oam-
HAKOBLIX MOABAEH MOMYT accTHrate 12%. He-
obxoAMMaR WHGODMAaUWA DbIAZ NOAYUEHE 3KC-
NEPHUMEHTAALHLIM MYTEM © MCMNOALICEAHUEN
MMEDWerocA B coctage Maketa namepurent-
Horo obopyaoeanHA. B npouecce noay4YeHKHA
3ABMCHMOCTER PAcxkoAs TOMAMBA OT 3Arpy3KM
Al'Y TpMx Akl HAMDYKAAKCL B AManaldoxe ot 22
AD 95% HOMMHEARHOR MOLWIHOCTH, 8 NOAYYEH-
Hble peaynsTaThl GbiAM B MTOTE YCPEeAHEHL
MoayueHHsbIE  33EWCHMMOCTH  NPEACTABAEH
Ha pHC. 2, AONOAHMTEALHD AAA CPRBHEHMA Ha
3TOM DHCYHKE NOKA3aHLI «CMOABAMPOBAHHLIE
pasnMuHBIMKM DECUETHBIMK CnocobBamMK 3Hep-
TETMHECKUE XaPaAKIEPUCTHKM® AAR AAHHOR MOo-
AeaK AlYe,

MpK NOWCKE ONTUMANLHOW CTPETETHHM AMC-
net4epuzauvn CAK OCHOBHBLIMK napameTpa-
MM, KOTOPLIE CABAYET YYMTLIESTh, RBAFHITCH
IOHEKTHEHOCTE W *EPaKTEPHCTHRM pacxoad
ToNAMEa, HaubonEe CHABHO BAMAKWME Ha
IHOHOMMHYECKHE NOKA3aTeAM npoexta. Takum
obpazom, BeIBpaHHBIA COCTAE BHAOMEHHOMD
reHepupylowero obopyaoBaHuA aoaxed obe-
CAEMMBATE MUHMMMIALMID 3KCIAVETALWOHHBIX
MIASDKEK 38 BECh PACCMATPHBAEMBLIA NEpUOA
epemedd [16, 17]. a ueaeBan GYHKUMWA OOTH-
MM3AUMM MOMET GLTh 3ANUCAHA CABAYIILLMM
obpazom:

IPACIMCEHME NoroAsl. PERKMM aocTyna hitpsy/ /rpSaryy (aars ofpawenwn: 21.04.2024),
"Photovoltaic Geographical Informazion System. Peswne gocryna:  https://joint-reseanch-centre.ec.europa.eu/photovoitaic-
gecgraphical-information-system-pyvgis_en [aara obpawenna: 21.04.2024).

https://ipolytech.elpub.ru

555

396



2024.7. 28. N= 4. C. 550-582

ISSN 2782-4004 (print)

iPolytech Journal

2024;28(4).550-562
24 nary
minOPEX = - E [Ki <Nt + Ei] (2)
=1 i=1

rae t — HOMED pacyYeTHOrD WHTepBana BpemMe-
Hi (MPOADMKMTEALHOCTE WHTEDBAna NPHHATE
FaEHCH 1 u, pacYeTHbi¥ NEPWOA BPEMEHH —
24 y)y i=L..ngy - NOPRAKOBLIA Homep AMY
B cocrase A3C; I - ueHa 3@ 1 A AM3EALHOFO
tonamea, pyb; Npryi(t) - pabouas mowHoCTs
i-4 ATY B TeKylLEM pACYETHOM MHTEDBAAE Bpe-
meHM, KBT; Ky u By — ko3ddruneHTsl AMHeapH-
30BAHHOW 3aBHCHMOCTH abcomoTHOro pacxo-
A8 TONAMBA -4 AY oT ee pebodueld MOLWMHOCTH
Hﬂm[’t}, o.e.

O0BLIUHO NPOWIBOAWMTEAM YHAZLIBAKT HOP-
Mb! PACX0AS TONAMBAE B CNEUMOUKaLWK ABMra-
Tend. fAna A3C, cocToAWER M3 HeckonbKrux ATY,
HEeOBXOAMN O WMCNOAL30BATE HWHAHBMAYAALHLIE
XAPAKTEPHCTH KM pacxoaa Tonakea. lMpumep
TAKMX XapaKTepucTK anA A30, BXOAALLENA B CO-
cTas Ma<e-a, npUBEAEH Ha puc. 2.

Hak BHAHD M3 pye. 2, 3aBHocHmMocThaboconor-
HOMD pacxona TonAMeEa @ ot sarpy3a ATY Nory
HMEET AMHEHHBIH XapakTep: Q = K - Nyy + B, B
COOTHOLUEHWH KOSQEOUUMEHTR K W B B nepaom

ISSN 2782-6341 (online)

NPUBAMKEHHH MOTYT BbiTh NOAYYEHEI M3 CRBLM-
GHKALWK NpoMIBOAKMTENA, 8 Goaee TOUHO — K3
AHANKM3A AAHHLIX FHERrETHYECKMY MCT BITAHKWA,
CooTBeTCTEYIOWME  KO3GDWUMEHTE  KPWBOI
pacxopa TonaMBa saR obBenx ANY Maketa npu-
BeseHsl B Tabn 2.

Mpw pabore CAM ponkHE CODADAA BCA CAE-
AYHOLUME OTPaHHYeHMA, OODWKPYIOLLKE 3aaadqy
OTMTHMWIALHH:

1. B kamabiil pacueTHbii MHTEpBRaN BpEME-
HM AOAMHO BLINOAHATECA YpaBHEHMe BanaHca
MOLLHOCTH:

(3)
Néii(£) = P(1),

rae P{t) = F,mp(t] =+ Py (t) - nporHO3Han cym-
MApHaA AKTMEHAR Harpyakd, OnpejeiRemMan
NOAE3HON HArpy3Kol notpebuTensl IHepTHM U
coBoTBEHHBbIMK Hysaamn CAK, kB Naylt) -
MPOrHO3HaA MOLWHOCTL, Bl pabaTsliBAEMAR COA-
HEYHOH 3AEKTDOCTaHUMER, KBT; Hgf[p:,‘;‘]’“p{t,‘! -

= [TY Mrl - MCMEpAMENTANBHAR XOP-Ka 2
—— [FY M - MCAEpUMENTARBHARA KOP-Ki >~
By === [TV Ml - nacnopTsas xap-xa // |
=== [T¥ Ml - NACNOPTHAR XAP-KA -
-
= '_,-" '
pLE 2
"
3 7=
]
c
-]
-
E’l. &
o
]
[-N
34
|:| T T T
a ] 1 20 Fibs | 30

MowmocTe, kBT

Prue. 2. Kprseie pacxosa TOAHBS ANT AM3EAL-TEREDETODHLX YeTaHoBOH MakeTa coAHEYRD-AHIEALHEIX HOMIAEKCDE
Fig. 2. Fuel consumption curves for diesel generator installations of the solar-diesel complax Layout

Tatavua 2. KoahguUHeHTE KPHBOH PACKOAA TONAMER
Table 2. Coefficients of the fuel consumption curve

NacnopTHbie saHHbE IHCNEPHMEHTANBHEIE AAHHEIE
ArY
K, oe. B, oe. K oe. B, oe.
LY 13 kBT 0,45 0,59 0,29 242
LY 30 kBT 0.27 0,89 0.23 | 183
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3APAAHAR/DA3PAAHAR  MOWHOCTE  CMCTEMB
HawonaeHws avepruu, kBT, k = L...ny,, - no-
PAAKOELA HOMED COAHEYMHOIO WHBEPTOPE;
k=1. Repms NOPAAKOBLIA HOomep Oara-
PEFHCTD MHBRPTOPA.

2. loroBHocTh K pabore HA ANY B TeueHKe
ECErD pacu4eTHOoro nepuoaa T:

aarys * Naryi () — Ny (8) = 0, (4)

TAE apry; - OUHaPHLIA KO3DEHLHWEHT ADCTYTIHO-
CTH - AY B MOMEHT BEpEMEeHN £,

3. MNpou3BoAMTEAM  AM3EABHLIX TeHeparo-
POB pEeKOMEHAYIOT Maberats WCNOAb3OBAHMA
reHepaTopoE C MOWHOCTEI MeHee 25-30% ot
MX HOMMHANLHOW BbIXOAHOH MowHocTk'. Pabo-
Ta AM3eAb-TEHEPETOPA Ha DOAEE HWAKON BbIXOA-
HOM MOLWHOCTH CHUMABT erg 3QhEeKTMBHOCTE M
MOXET NEMBECTH K Boaee vacToim pabotam no
TEXHWHECKOMY OBCAYRHMBAHMIO M3-38 HEraTHE-
HOrD BOZAEWCTEMA Ha paboTy AM3ENLHOTD ABW-
ratens. Takmm obpazom, pzbovas MOWHOCTE
LY B Ka#abiA MOMEHT BpEMEHH A0MNKHE BbiTh
Eonblue MAHHMAALHO ADMYCTMMOR W MEHbLLE
MEKCHMANHO-AOMYCTHMOR MOLLHOCTH:

NAE < Nary(t) < NET. (5)

370 OrpaHUMEH ME TAKHE MOXET DbITh 3anvca-
HOCARAYIOLLMM 0BPAZ0M - YARABHARA 3ArPYaKa i-A
paboratowen Al'Y 8 momeHT EI|:IEMEHH t .ﬁ.Dmcha

fmnm -
BuiTh GoAbLIE MAM paBHE N ,qnn NI

wypy(t) = 1

Nares (O/ NG = N H

rae ugry; (t) — BUHAPHBIA KOIDGUUMEHT ADCTYT-
HocTH - ATY B momenT Bpemend £ (1 - ATY
poctynHa; 0 - AlY HeapctynHa).

d. Yacmle NyckK W OCTAHOBKM TeHepaTopa
YBEAM-M33-0T H3HOC AM3EABHOW MeHEepaTopHOH
YOTAHOEKRM. Takum 0Bpazom, orpaHHUYeHHe Mu-
HUMAABHOM BPEMEHK BHAIKCMEHWA W NPOCTOR
AMBEALHOR reHepaTtopHoil voTadoBkM Baaro-
TEOPHO BAMAET Ha MMHMMHIALUWK 38Tpat Ha
TexHUueckoe oBeayRMBaHue, OrpaHuueHMa Ha
MUHHMMaALHOE BPEMA BHAHMEHWA W NPOCTOA
MOTYT ObiTe CHOPMYAMPOBaHLI  OMMCAHHBIM
Huxe obpazow [18].

Orpa-u-e-4Me no YacToTe NYCKOB W OCTaHo-
eoe Al'Y chopmyampoBEHO Ha OCHOBE KpMTe-

DHA MMHWMM3ALWMK 3ATPAT HA MyCKM M DCTaHD-
Bhi. 3atparsl Ha nyok i ALY

SU(t) = SU; - (uarye— Yaryica)s {7
rae SU; — aatparsl Ha Nyck [-ro AM3saL-reHdepa-
Topa, pyb.

JaTpate! Ha OCTAHOE -0 AlY:

SDy(t) = 5D - (ugpyrs — Ugryioa), (8)
rae §D; - 3aTpathl HA OCTAHOE (-M0 AM3EeAB-TEHE-
patopa, pyb.

5. B cayvae Hauwana pabotw (zanycka) i-A
AlY apadHa nocAeADBaATEALHD paboTaTe HE Me-
HEE 3aAAHHOMD YMCAA YacoB:

[R7 e~ 1) = 7] - (wgrvi — waryia) 20, (9)

rae h:“’(t — TJHMCAD MOCARADBATEALHEX YACOB
B TEYEHWE KoTopeix i-A AY Owaa B pabom Ha
MOMEHT OKOHYEHHA NPEABAYLISIO PACYETHOMO
WHTEpBAAa BpemMeHu - (t-1)-ro vaca; 77 - mu-
HHUMAALHO ADNYCTHMOE YMCAD rlcrc-.e,aﬂsa'renh—
HbiX wacos paborkl - Al'Y.

MHHMMAABHOE YACAD MOCAEADBETEALHBIX

Yacoe NpocTofA -4 AMY:
[h:‘lownfr . 1] _ -j-ldown] N
s(uarys — upryica) 2 0,

rne hf"“"‘[l:— 1) - 4YMCAD NOCABAOBATEALHBIX
UECOE B TEMEHWE KOTOpLIX i-A AlY npocTawea-
A HA MOMEHT OKOHYAHWA NPeablAYLLEerD pac-
UETHOMD MHTEpPBAAA BpemeHW - (t-1j-ro uaca;
T;d”""“ - MHHMMAALHO ADNYCTMMOE WMCAD MNo-
CABAOBATEALHBLIX YACOB nNpocTon - Al'Y.

6} lotoBHOCTL K paborte CH3:

(10)

Acyar - NTRIPOR(¢) — NZRPRR () —

TAE Aryar — OWMHAPHBIF KO3GDHMUMEHT AOCTYNHO-
cTH k- CH3 B momMeHT BpeMeHH £,

7) MNopaepradre ypoBHA 3apAsa CHI B ao-
nyCTHMbEX npeaenax [4, 19, 20]:

(11)

(1- poDPM™) < 0 - SOC,(t— 1)+

100 - At - p;;il: t)
el O +
o (Mo + Yo

< socrex,

)E (12)

“THK TCC: NpEEHABHLIR EbIO0R SHIEAL-DR FEHEPETOPHOA YoTaHOoERH. Pexum aocTyna: hitps:/xn-B0aaighoe 2bzaigsfTixn-plai/
upload/articles/pdf/spherecilandgas_2019-5_tss.pdf {para obpawenwn: 10.04 2024,

Fttps:/ i olvtech.elpuboru
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TAE i — KO3dPUUMEHT camopa3spraa k-t CH3,
%: € — EMKOCTE k- CH3, kBrv; DODM™ - nan-
HUMEALHO ACMyCTHMAR rayEuHa paspaga, %,
50C; - yposeHb 3apana k-4 CH3, %", ni™ -
KNA CH3 npe 3apaae v paaprae AKBE, .

B. OrpeHMMEHHE  AONYCTHMOMW  CHOPOGCTH
(MOWHOCTH) pasprRaa/3apaaa k- CH3:

2024;28(4):550-562

=p ARQIREL
Nﬂi?#(ﬂ = HEHE# "

pazp paspmmx (13)
Newawe () = Neyaye
rae Nenoe o Niime o = MaKCHMaABHO-AONYCTH-

MblE 3HAYEHWA MOLLHOCTH 3apAaAa ¥ pa3pRaa
k-i CH3.

9. HeBo3MOMHOCTE DAHOBPEMEHHOIO pa3s-
pAsa 1 zapAaa CH3:

Nenae (&) - N (8) = 0. (14)

10. foroevoCcTs K pabote jro vHeeptopa CIC:
Azacy - Npyi(t) — Npy () = 0, (15)

e @cscy — BUHAPHLIA KOIGMMLMEHT AOCTYNHO-
CTH J-ro MHeepTopa C3C B MOMEHT BpeMeHn ¢,

B CBAIM C YKa33HHBIMK TEXHMYECKHMH
OTpaHHHuEHMAMM Ha pexuMb pabotm obopyao-
BaHWA CAK ¥ BMAOM LEASBEOR dYHKLKK, 3aaa4a
ELIBOpa COCTABA BHAKDYEHHOMD reHEpHDyHLLE-
ro obopyADBAHMA OTHOCHMTCA K 3a3jadvam cme-
WAHHOTD UEeACUMMCAEHHOTO HEeAWHERHOro npo-
rpamaposadua (MINLP).

ArA pelledHuA 38434 CMELLIAHHOMD UeAo-
YMCABHHIMG HEAMHEAHOMD NporpamMMUpoBEaHHA
mMoweT GLITh MCNOAL3IOBAHD AODCTATOMHO BOAb-
WOE KOAM-BCTED NPOTPaMMHBLIX  NDOAYKTOB.
K. cBoBoarD pacnpoCTDaHARMBbIM  DELLEHWAM
COTHOCHTCA SuiauoTexa Pyomo asa Askika npo-
roasviMmpoeaura Python, npeacTaBaqiowan M-
TEPDERc KO MHOTMM pPeLUaTessn OnTHMKMSaLM-
OHHLEX 38584

ISSN 2782-6341 (online)

1. Couenne, IPOPT - ceobopHo pacnpo-
CTPEHAEMBLIE pEWATerd 38484 HEAMHERHOD
NporpaMKMUpoBaEHHA,

2. SNOPT, CONOPT - HOMMEPYBCHHE [eLLa-
TEAM 38484 HEAMHENHOTO NPOorpaMMHPOBaHHA,

OcHoBHAaA ueAb ONTHMMIAUMKA NadHWpOBa-
HMA 3AKAKOYBSTCA B HaxOoMLeHHM Habopa auc-
NETUEPCKUX PeLUeHMiA, NDW KOTOPLIX IKCNAYaTa-
LUMOHHBIE pacxoabl Ha CAK saMHWMMIKpPYHOTCR,
1 BLINOAHAKOTCA BCe OrpaHudeHusA. AR pewe-
HWA NOCTABABHHOH ONTHMM3AUMOHHONW 3aAa4M
MCMOAL3IOBAACA pewaTens Couenne.

PE3YABTATEl MCCAEAOBAHUWA
W UX OBCYXAEHHE

Urobul npouanDCTpMpOBETE cnocob pewe-
HMA 334344 NPOrEC3MPOBaHMA ONTHMAALHOMD
pexuma pabotsl CAK ¢ MCNoALI0BAHWSM NPeA-
ACKEHHOHR GOPMYAMDOBKM, OblA DaccMoTped
npumep CAK, nokazaHdHeld Ha pue. 1 c napa-
METPamK, YKa3aHHbiMK B Taba. 1.

B 370M MCCASADBAHMKM MCNOALIYIOICA NoYa-
COBLIE AAHHLIE O COAHEMHOR pRaHaUMK 3a de-
ThIPE XaDAKTEPHLIX AHA B COOTBETCTEHKM C AaH-
Hilve TMY 12 recMHbopMaUMoHHORH CHOTEMBL
PVGIS 1 paHHbie 00 3ABKTDMMECHOR Harpyake
AMR TMIMMHOTO  ABTOHOMHOID  notpebuTens,
PACMOADKEHHOMD Ha TeppuropM AasbHEBO-
CTOMHOMD GeAepaAsHOMD OKpYTa.

Pexun pabotel CAK 3a Kamabli «xapaktep-
HblHs p2HB DA pAccUMTaH ABYMA cnocobamu:

1) 6e3 BLINOAHSHWA ONTHMH3ALMK CYTOMHD-
ro NhaHa paboTel M © UCNOALIOBAHWEM NACMHopT-
HbIX XA PAKTEPUCTHE packosa TonaMea ALY,

2) ¢ yuETOM pPEAALHLIX TOMAMBHBIX XA paKTE-
pPUETHE ATY BEINOAHAMACE ONTUMMW3ALMA NASHD-
BOFD CYyTOMHOMO pesuma patoru.

YMCAeHHBIE pPEIYALTATEI DACHETOB NpMBE-
AeHel B Taba. 3. lMpumep cyTouMHOMD pexmma
pabotsl CAK ¢ ykazaHwem nepumoace paboTb

TabAanua 3. CPaBHHTEALHEIE PEIYMTETL PEMHMOE PE0DOTEl COAHEY HO-AMIEALHOMND KOMNASKCE
Table 3. Comparative results of sclar-diesel complex operating modes

AeHb OnmHMK3anMA BeipaboTka aneprum | Bupabotka aHeprum Pacxoa B
pexama pabotel CAK | C3C, KBTU B ABHB A3C, KBTu B ABHL | TONAMEBA, A x

Kapaﬁriapﬂblﬁ HET 9.19 835.268 il o] 3,65
FHMHHA ABHL AB 0,00 B45,75 307,79
XapaxTepHs HET 51.78 661.43 227,09
ABHE BECEHHE- i
QCEHHZTD AR 56,29 668,21 260.03 1451
neproas
KEDEH!'EFHE!H_-‘I HET 57,15 183,12 117,97 30,24
MET-HIE AEHE A 58.74 192,91 153.64
£hE https://ipoly-ech.elpub.ru
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MouHoC T, KBT

a ] w

Hasep Haca
Py, 3. NpHMED CyTOMHOM DEMHME DE00TAN COAHEYHD-AMIEABHOMD KOMITASHCE

Fig. 3. An example of solar-diesel compiex daily operating mode

OCHOBHOMD 3HEPTeTMMECKOrs 0BopyADBaHWA B
rpadMUeckonm EMAE NPEACTABABH Ha puC. 3.

AHaAK3 NpuBeAEHHLIX B TAbA. 3 pesynwra-
TOB MOAENMPOBaHWA CYTOMHOro pexuma pabo-
T CAK nowmazwipaet

— 38 XApaKTEPHBLIA 3MMHWA ABHB pacxog To-
naMBa MoxeT BTk yTOMHEH Ha 3,65%;

— 38 XEPEKTEDHLIA ABHbL BECEHHE-OCEHHE-
ro NEPHOAA PACKOA TONAMES MOXET DbiTh yTou-
Her Ha 14,51%;

— 338 XBPAKTEPHLIA ASTHWH ABHb DACXOA TO-
nauBa mMomeT BT yTouHeH Ha 30,24%.

Takuw obpazom, NpH YNPOLWEHHOM METOAS
ypaesreHus pexKmon pabotel bez npoeeps-
HK1A Bro NpeABapKUTEALHOMR ONTUMK3aLKA 1 Bea
YUEeTa peanbHbIX IHEPTETHUZCKMX XapakTepH-
cTiK ANY Takol BasxHeHWMA nokazateak pa-
BOThI, KAK DACKXOA TOMAMEE (HANDAMYKD BAMAD-
LWHA HE 3KOHOMMYECKYID IMPEKTHBEHOCTE NpO-

exTa CAK), momeT DLITe 3JaHMMEH HA BEAMYMHY
AD GAHOH TPETK, UTD ASCT MHEECTORY HEBEpHDE
NpeACTABAEHHE 08 3KOHOMMWYECKON 3QQEKTHE-
HOCTH NPOEKTA.

3AKANHOYEHHME

MNpeanoweHHwid cnocob swbopa cocTaea
BEAKIMEHHOMD TEHEPHMPYIOWEro obopyADBaHHA
CAK oTAM4EEeTCH OT CYLLECTBYIOWMX TeM, HTO
YMWTLIBAET NPOFHO3 COAHEYHOM® MaAYyYEHHA Ha
BEeCh NEpHOL NASHWPOBEHMA, 8 Takxe obacne-
YMBEET ONTHMBAEHOE PECNPEAEAEHHE MOLWLHOD-
ot memay AMY AH3EALHOH IAEKTROCTAHUMK ©
YUBTOM WX WHAMBUAYAALHBIX XA QaKTEDHOTHK.

AHAAMZ NOAYUEHHLIX PEIYALTATOE NOKA3AA,
uTD MCAOALIOBAHWE NPEANONEHHOrD cnocoba
onpeseneHHA pexKma pabote CAK npuBoamr,
COOTBETCTBEHHO, K YTOMHEHWID 3O OeKTMEHOCTH
Ha BEAMYMHY a0 30%.
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Asnoramnd, B coapeseiios MEpe B YIeHiikix 0 TPy IHOI0CTY IHWX pafoay
CTPOHTCH DONLILOE KOUIMYSCTRO AETOMETHIHPOBRHHEX THOPIIHLL SHEpTeTHe-
CEUX KOMTUICKCON, HMEIIHX B CBOCM COCTARE [AMICILHYI VICKTPOCTAHITHI
(IDC) B ANeKTPOCTAHINNG B DCHOBE ROJODHOBIRCMEIN HCTOUNHKOR SHEPTHN
(BHD), sauacTyio coHeunne MekTpocTansy (T30, Oauake, Hi-10 cToXecTi-
yeckoro xapaktepa mupaborken C3C, ans wagesroll paborw rubGpuinodi ci-
CTEMb HEOOROINMO MONOIHNTEIRHD HENOTLI0RATE CHOTEMY HRKOILIEHUE Hop-
ra (CHD), i rakse BporHosHposaTh pesus pabors komiiekes. B tnnwoll pa-
GoTe B0 NPOBLICHO HECIEIORIHEE N0 MOJISTHPORLIHIG JPRIILIY I pIIpaj-
ik XaparTeprerii CHD no waTy pHim Jo0iss, Domyeiiuy Ha olTHOM 110-
nurene HHY MO, am soasmosuioctn obecnevenns Goee ToMHOTO TIPOrHoTH-
ponaiia pesina paboria CHD B cocTane coMHedno-IHeibHore KoMIIeke.

Kimensie CAOBAT cOMHETHO-THIe LN KoMITexe, CHCTeMa HEKOILIeHIE

SHEPTHH, MOICINPOBAHHE, [NIMHAPORIHNE PEARHMI.

1 Brepeune

Bee wanie B yaaneHHBX o TPYAHOIOCTYIHLX paiionax Poccun (cescpuan MacTh
Kpacuonpckoro kpas, copepiad vacts Axyrmn, Kamuartcrnil kpail) cTpoRTel HORLIC
ruGpHIHLIC IHEPIECTHUCCKHE KOMIUICKCR! IUTH MOASPHHIHPYIOTCH CTAPLIC [ISCILHLIE
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cramn. [Las 3700 YCTaHaRINBA0 HCTOMHAKH MCHCPAIHE HA OCHOBE BOTOOHORARE-
MEX HCTOMHHEOB FHCPrHMH (COAHCHHLIC HIH BCTPNHLIC CTAMIMH), 8 TOKMKC CHCTCNL
naxomrcuna ducprun. Hagcxman pabora maxmx reGpiuiHLx SHCPIOTHYMCCKHX KoM=
MAckcos OBCCHCHIBACTCN 33 CHCT HCNOALIOBAHNS MPOIHOTHPOBANKES pokiMa paboTu
Ha CYTKH Bocped. Jlas 370ro HeoGXOIMMO IHATE N YMCTE PACCHNTHBITE NAPAMCTPL
KAAION0 IACMCHTE KOMILICKCE, B 0COBEHHOCTH CHCTeML HAKOMACHNS JHCPIHI, B0~
satowicii 8 cebs Garapeio axxymyanTopos. Townas i BAACKHAS OHCHKD COCTONHIA 1a-
PRAA AKKYMYISTOPA NOIBOARCT KOPPCKTHO NPOBOIMTE YIPaRICHHS HOpRANGH cucTe-
MOl B HCA0M, 8 TaKae Dosce TOMHO PACCUNTMBATE NPOTHOT PabOTH CHCTCME HAKOM-
acuma meprin (CHI) 8 cocrase coaneuno-nneasnoro kounaexca (CJIK).

Pabora CHD sumeetT orpanutcHNS, CENIAHHLIC © HCBOIMOKHOCTEIO BECKOHCHHO pa3-
paaaTsh i sapsxars AKD, Tak kak 310 MOKCT NPHBCCTH K OTPIMIATCALHLIM (OCICT-
CTHHAM, 3 HHOTA # K HeoDpanmuy nponeccam B cauux Garapesx. Take upeamcp-
HLIl ICPCIAPAT MOKCT NOCTYENTE NPHMHRCH ABIPHH, B X0IC KOTOPOI BEKYMYASTOp-
Huic Garapen MoryT ssopeaties. K Takuu orpamricHisM MOKHO OTHCCTH ONpaHntc-
HHC 00 cMROCTH axkysyasTopaoil Gatapen (AKB) (Caoct), a Tax&e orpasmicuie Ha
IHAUCHNA MOmBOCTEH 3apasa i paspaga AKE (Nizap/Npasp) [1]. Oasaxo ymux napa-
MCTPOS HEAOCTATOMNO 1R TONHOM npornoiuponanns paboru CHO. Jdonomuwrensno
HCODROANMO HMCTE BOIMOKNOCTE ONPCACINTE CKOPOCTL Japsza ® paspaza CHO.
uTo0 Gonce TOMHO ONPEICINTL YPOBCHE 3apRTa GaTapei B KOHIC PACHCTHOTO NCPH-
012 BPEMCHIL

PaamrHuMN HCCICAOBITCANMM NPEATOKCHD GOAMIOS KOANNMCCTRO MCTOZ0R, DO
OlCHKE ypoaHs 3apsia Garapen [2-15]. Ho mporne io mix Mano npuMesnMid Ha npax-
THKE, TAK KaK HCHOALIVIOT JOTIOAHHTEILILE BCTPANBICMEIC CHCTEMLL, N 30T Db~
HIYIO HOMPCHIHOCTE B WIMCPCHURX.

?  Marepnansuan Gaza

Ha Gase maxera CJIK HHY «MD3H» (puc. 1) Gun nposcacs paa scnuTamsi con-
MCCTHON paloTil COMMCYHO-DNCILIONH CTANIME M CHCTCMM HAKOIUICHHS MICPrin ©
HCILI I0TYICHIE IARHCHMOCTCH, ONPEACASIIINY ONPaHHYCHIE HA CKOPOCTE Japaia
u paspaaa CHO.

lNepaas rpynna ncmuTanmil BKMOMATE 8 CoOR PAIpa] AKKYMYINTOPOS ¢ NOCTOSHIOH
MOUIHOCTLIO ¢ HPOMEKYToMI0R Jozapwikoi g0 100%. [las s1oro sa cosmectinyio pa-
Gory sxmounancs CHD), smmncprop, skmouaonpii » ccbs mpaanoce yerpoiictso (3V),
u marpysounsit mogyas (HM). Orpassvenie no paspaanodi MOuMocTi 31aEA10CkK ¢
NOMOLLI YCTABOK, RMCTARISCMLX NPH NoMOuDt Bcmnero npinoscins HM u cn-
cresid SCADA.

Bropas rpynna #cuLTaME NPOSOIRIICE AN PRIINMHKEX MomuocTeil sapaa AKB.
B npouccee scnoas3osatncsk Toasko oetk, CHI u suncprop. Orpammcune sapaanoi
sotmocTi G0 npomscacHo Tokosoi yeraakoit 3Y. [las scnonsayesiax Garapeii-
HLEX HHBCPTOPOS MHHHMATLEAY BOTMOKHAN YCTARKD Toka paspaga cocraRmmet 10 A,
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uro coorsercrayer 3.7 kBT sapaamoil mommocti. buino nponeieno HETLIPE HCNLITA-

HHA C PAIHEIMH IHAMCHUAMH JaPAAHLIX MOWHOCTEH, MEAY KOTOPLIMH BKKYM yIATOp-
ueie Garapen (AKD) paipaamanics ¢ nomomso HM no 55-60%.

Pue. 1. Mager conmeuno-muaensioro koMnnckca HHY aM 3y

Onpepesienne CKOPOCTH paipsia

B xoae skcnepumMenTa 1o onpeaeacuino ckopocti paspsaa CHD ocymecransncs
MOCTORHHLII MOHHTOPHHT YeThIpeX nokasatencit ua CHO

momnocts (), ¢ koTopoit
paspmkanace Gatapen, paspagusie 1ok (1) # nanpmkenne (U), a Tacke yponens sapajia
(SOC). Hurepecyiomme 3naucns YpoRHs 3apaaa OLUmM NocTpoctsl B Bujc rpadmxa,
MPEACTARICHROID Ha pHCY HEC 2.

106
AonHoCTh paspLLE
sl 7 2xBr
\ L
LR T
I|I \ ‘/__,.-'—'—— 5 EBr
R AR
R 0|\
T

T kB
H\ v
k"
\ = 13 kBt
&0 .
A0
40
0 0000 1:00:00 240040 30000 4400040 $00:00 000
Bpeus ¢ MOMEHTS HIYLTE SECTIARILIEHTA, 1

Puc. 2. Yposens sapaga AKB
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Binyansimdii aHaTH NOTYMCHHON JBRCHMOCTH NOKAIMBACT, MTO 0N MOECT 6T
annpokcuMuponana auncinoil dyuxumcii. Ha pucynxe 3 moxno yaniems, 4ro nps-
MLIC, NOTYHCHHLIC ONLTHMM TYTCM H NOCTPOCHHLC MO ANNpoKCHMHpYWmei dop-

syac owcHb Omnk. MakcHMATAHOS OTKIOHCHNC OT ONMTHMX JAHHMX COCTABMA0
scero 0,65%.

0000 19000 20000 0 40000 30008 & 000y
Bpeadl ¢ MOUSHTE BITATE MOTFEDGERTE, ¥

Puc. 3. CpasscHie 1aHHMX, NOMYSCHHLX ONBTHEM M TCOPCTHMICCKHM Ty TRMH

Ecan paccmatpusats noayucHibic (yMEIH KaK CTANIAPTHLC YPABHCHNA Jincii-
Hoit sasscusocTit (Taba. 1), To Biase, YTO NPABAN YACTL BCCX YPABHCHHI OTAHYACTCE
Tonsxo yraoaws kosdubummentos. Ha sToro soxaio cacaars BBOL. 9TO BOIMOKHO
NOCTPONTE JABRCHMOCTE 3100 KoxpduimenTa o1 MomHoCTH paipsia (pic. 4).

Tabanua 1. MMoayuciiike ypaniuciits AMHCHNOI ANIPOKCIMEITITH

Paspamas MOHOCTE Y panucHRC NPAMOi

2 kBr ASOC = —2188- At + S0C; |
5 xBr ASOC = —53291-At+ 500G
7 xBr ASOC = —B86,99- At +50C; |
13 xBr ASOC = — 19469 - At 4+ 50C; |
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Eypuan «ODupyEaoiias Cpela H sepropeicanes (0C) Na(2024)

] z 4 L . 10 12 14
0 - . - . .

Koadyiiitien v ()

P.kBr

Pac. 4. 3agucHEMOCTE K03MpHITHCHTE 3 OT MOIMBOCTH Pa3paia DaTapeH

MNomycinmas 3aERCHMOCTE Y#c HC AHHCHEAN, NOITOMY 198 aONpoKCHMSIHH o
DVIDIIHA HoODXOIHMO HCHOTEIOEATE IOTHHOMHEATLHYI THHHK Tpenta. Ha rpaduxe
(pHc. 5) npcacTasncHE AB3 BEAPHINTA BLIOOP3 IOIHHOMS J78 J3HHOH KPHEOIL

=]

5 10 15 20 25

288,

III%HEE‘I' )

i

P.xBr
a=-4.T421-P* - 8T.238-P - 14.723

a=1.3196-P* - 32.942-P* + 74 426-P - 246,44
® KoodupamesT, NOTYICHHLI 10 IECTICPHMCHTATRHEM JAHNRIM

Pme. 5. 3asncHMocTs KoxdupEIBCHTA 3 OT IHAYCHNE MOIIHOCTH pEIpaga

B necpeosm sapuaHTe paccMaTpHBACTCE DOIHEOM BTOpoil creneHH. Pacxosscmme
sy Toukass ot (.17 g0 6.86 % Bo sTopoM BapuanTe paccMaTpHBACTCH NIOTHHOM
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TpeTeci crencHi. Makcauvanenoe orenonenie 0.,002%. Bropoil sapraHT 13cT MCHE-
Iee OTKADHCHEES OT IKCICPHMCHTANLHLIN TOUCK. OOHAKD, TPH NOCTPOCHHH Ha OIHOM
rpaiike oboHX TOTHHOMOE HA DONLITHE THATIAIOH IHAICHIH MONIHOCTH DAIPSIA. 0=
HATHD, 970 OOTHHOM TPETLCH CTENCHH JACT HEAOCTORCPHLIH PeIyALTAT OPH GONBIIHX
somHecTEX. COOTBETCTEEHHO. /INE MOJETHPOBIHHA HEo0X0IHMO HCNOAEIOBATE TOIH-
HOM BETOPO#E CTEEHH.

Takum obpasom, BEMHCINTE YPOBEHE 3apaia npa paspage AKD mozsno mo dopuy-
mam (1)

50C;, = ASOC + 50C,_,
ASOC =a-At
a=—4,7421- P* — 87,238 P — 14,723 ()

4  Bepunduranus maremarnyeckoii Mogean

Jins mpoBepxkH NONYYEHHOE MogenH pacdera ypoBHS lapana AKB va npaxraxe
OeINC WPOBCACHO HCOWTAHHE, B XOOC EOTOPOrD MOACTHPOBANACE MEMCCIOHHAN
marpy3xa. Jlas oToro ORIOH B3INTHI JAHHEIC XapaKTEpPHEX CYIOK AcHCTEYHMIETD COl-
HCUHO-AHICALHOID KoMiUtckca B BepxosHcke B NpoMacITaDHpPOBIHLE 10 IHAMCHHH,
KOTOPERIE BOIMOKHO MPOTCCTHPOBATE Ha MareTe CAK HHY «M3H» (pac. 6). Kaxaii
Y3C MOJCTHPOBAICH B TCUCHHE 1 MHHYT.

2

I

8

(]

P, kBr

4

z

L
0

000l 0:10:00 02000 030:00 04000 0-50:00 R LT

Epﬂ‘ﬁﬂ C MOMCHTSE HA%a[la IECTICPHMCHTA, 9

Puc. 6. Mompocrs, obecnesmpaeman CHD

[Mocne 3T0ro OMTH DPOCYHTAHE VIOOBLIC KOMDDHINCHTE H YPOBCHE 33pAJA B Te-
YEHHH Pab0Th KOMIIICECA [0 33JaHHoMy rpaduey sarpy3sn. Ha Donsmeii 9acTe JHa-
Na30HA IKCOCPHMCHTAILHEIC IHATWCHHE MOHOCTRN) COBNASAKT C TCOPCTHYCCKHMEL
Oauaxo, bmaske K xoany »kcnepasMenta AKD paspssaeTes 9y Th OeICTper, ¥eM OO0 TED-
peTidecknM pacueTad. MaxcHMmankHOe OTKIOHCHHE OT ONBITHRIX JAHHEIX COCTABHIO
0.6%, a cpeaHckBaIpaTHHMHOC oTEnoHcHERE (0, 18%.
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AyucHiLc GOPMYIL MOKNO HCNOILIOBATE I8 NPOBCACHHE PACYCTOS YPOBHS Japaia
axkymyasTopuwodt Gatapen opu npornossposaniy paboru CJIK ma cymem sncpea.

5  Omunpeaeaenne cRoOpocTH 3apsaa n sepudurauns

MNoaysennoe OTKIONCHIE HOIHAMHTEILNO, YTO NOIBMANCT CACTATE BLIBOIL, YTO NO-
AyucHHLE GOPMYITE MORHO HCTIOALIOBATE 18 NPOBCACHNE PACYCTOR YPOBHS JApiia
axxysyanTopuoil Garapen npn npornossposar pabors CJIK ma cyrim snepen

ABanoriuno Haxoagemno ckopocti popaas AKb, nposompuimcs ncmaTanmus u
AMAIHT VIR OAYMCHHR CKOPOCTH Japaia akkymyastopuwmx Garapeil. [loaywennue
ypasncuns (1) npeacTanicus nHae.

S0C;, = ASOC + 50¢C;_,
L ASOC = a- At (2)
= —2,6382 - P* + 130,67 - P — 7,5352

Omnaxo mpn sepuduxaism ypasycindi (puc. T) Gum noayvicnu pacxoaacins. o
MOKET GLITh RLTIBANO TEM, 4TO BLBOA GOPMYIL NPORCIIICE HPH JPIIE NOCTORHHON
MOUHOCTRIO # HE YUHTHBAT CBORCTBO WPHIHONO YCTPONCTES CO BPCMCHCM MCHNTL
PCAGHM JAPAJA, YMCHBIIAS CKOPOCTS JAPRAS B JARNCHMOCTH OT yporus japiaa AKE.
Jas yeeanvucnns TounocT pacieton no dopayaas, GLU0 NPHHETO PEIICHNE N040-

Gpare koxphUICHTI, YINTHBIIONINC YTO AIHNHHC.

125,00

115,00
105,00

§ssm
75.00
65.00

55,00
(0000 1:00:00 2:00:00 0000  4:00:00 50000 60000

Bpeus ¢ Mosscuma navam sxcnepisena,
= S0C, noayucuunii na ocHOBE MaTCMaTHHCCKON MOaCN

=——S50C, noayscinil IKCOCPHMENTAILIM TYTEM

Puc.7. Yponcus sapaan CHD
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Jlna navana Gune swOpannl AMANAI0HL, B JABHCHMOCTH OT KOTOpMX Dyaer me-
HATLCA Koodipuent ~ pavuman o 50% yposus sapaga ao 100% n ¢ marom s 10%.
Haswaasuwii xospduument B 50% Guin npumsT #3 NOKA3ATCIN HANPSAEHNE, KOTOPLI
MPH MCHBIIHX JHAYMCHHAX YPORHS JAPAIA CHIKANCA 10 HEAOMYCTHMEIX Inavcumii. B
IARHCHMOCTH OT HAMANLHOTO YPOBHS I Ka#d0i irepaimn noabupancs Takod ko-
ppuIHeHT YMCHBLIICHI MOUIHOCTH, HTO0M TCOPCTHHMECKH NOCUNTANHAN KPHBAS Mak-
CHMAILHO GniKo mpubINKAIach K IKCHCPHMCHTAILHON KPUBOT 1 cyMMaproe cpei-
HCKBAZPATHHHOS OTKAOHCHHE cocTamasao ue Goace 0.5, MMogobpanuse xoddnim-
CHTII NpeacTaRicHi B Taba. 2.

Tabanua 2. Kospdunuiend, yiTLBUONIHE BAMAHAE YPOBHA 13pala HA CKO-
pocth 3apaaa AKB

¥ poscne 3apaza AKB

Kowpdmumcnr

50-60 %

1

60-70 %

0.75

70-80 %

0.7

BO-90 "%

0,65

90-100 %

0.6

Kax anano i rpapuxos npuscacHniii pacueT CORMATACT ¢ IKCTICPHMCH TRMLHEIM
rpatikom, oamako nocae 96,3% yposcus Gatapen peiko sospactact go 100%, a pac-
qcTHLI FPadHE NPOIOIKICT NOCTENEHNO BOIPACTATE B TeucHne npescnn a0 100%.
Cropee secio Takodl CKauek IKCOCPHMEHTANLHLX JaHHLIX BOTHHKACT HI1-1 Jcrpata-
wnonnsx npoteccon sryTpi AKB. Ecam pacomarpusars rpaduk 10 Toro mosmcsTa,
TO cpeancKBAIpaTHUNOC oTkAoHenHe coctanaset 0,13, a ¢ yucTom peakoro nospacta-
min - 0,24,

Jlanee Guia npoBeACcH ONLT, KOTOPLI yuHTLBacT U apaa o pasput [Moayuenime
PCIVILTATE NPEACTARICHE HA PUCYHES 8.

100
o
6
T
8 5
8
(1]
]
00000 03000 10000 13000 20000 23000
Bipes ¢ senicHTa K35aTa WnaeRsENa yposae zipin CHI, ¥
—— Jlansaie, NOTVHCHELE B X092 MCOSPEMEHTI

—— Jlasihic, MOTVIEHHENE N0 pacscTHE hopuyaad

Puc. 8. Vposens sapiaa CHD

Kax siamo, co speMeics NOrpeiliiocTs pacticta pacter. B sannom ciyuac mMakci-
MAILHAN DOIPeocTs coctasina 2%, 4T0 JONYCTHMO 1S HCHOAbIOBAHNA JAIKIX
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dhoparya npi nporuosiposaniy peaima paboril. OIHAKe TP IPOrHOIHPOBIHMN pac-
HOT BLNOANSCTCS KAAIIl 93C, B XOE KOTOPOro CHIMANTCS JaHNLE © paboTammero

obopynosanns. B takowm cayuae norpemmocts 118 GOMEaiNero Yaca HapacTacT yKe
He Tak cunsno (puc 9-10).

100

(0000 0:30:00 10000
Bpeux B nepasi 1ac MpoBEICHIN IKCTICPEMEHTA, 1

= [laHMBic. MOTYMCHRIC B XOJC SKCICPIBCHTA
—— TaHsmIe. MOTYUCHHEC N0 PACHETHEN (ogny 1

Pue. 9. Yposens sapana CHI B nepewil uac skenepusena

101

SOC,%
®

100-00 150400 2:00:00
Bpeus Bo ETopodl ag MpOneISHNE SKCTIEFHMENTL 4
= Jamuue, nOTYMEENLE B X0 WECOSPILERTE
= Tamuie, MOTyENNLE 10 IECOCPIMISHTL TR (O Imsg
Puec. 10. Yposeus sapaza CH so p1opoii uac sxcnepumenta
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Kag snano w3 rpadukos, B OpeIciax 4aca norpemmocts mcurerca ot 0,6% (wro-
poii wac) no 1.5% (nepawii uac). CooTRETCTBEHHO MOKHO CAC/IATE BLIBOM 4TO NONY-
qCHHBIC GOPMYIEL MOTYT HCTIONBIOBATECH JUIN KOHKPETHLIX UEICH KPaTKOCPOYHOID
NPOrHOTHPOBANNE JAKC © YICTOM POCTE NOFPEIINOCTH BO BPEMCHI.

6 Buigoast

MNonywennsie B xoae RocacAOBAHMA (POPMYTIL PACTCTA YPOBHS 3Aps1a W paIpaaa
CHD mmeror pefonsmme norpemmocTd OTHOCHTENLHO JAHHLYX, TOTYSICHHLX IKCne-
pHMeHTANLHO. Takke CTONT YUHTRIBATE, WTO NPH YBCAHYUCHHN BPEMCHE MOJCTHPOBA-
aua pabori CK orcnonenne moxer sospactars, ocoberno ccan AKD yxe ne noase.
Ozmaxo npn nporsosnporanni pexuna pabor CJIK ¢ awckpernocrsio 8 wac oTxno-
HCHHE TCOPCTHYCCKOTO IHAYWCHHA OT JKCTICPHMCHTAILNOIO PEIyILTATAE HE IHATH-
Tensne. Takusm o0paoM JaHHas MATEMATHHECKAN MOAETE MOKET ORThH HCNDILIOBAHA
AR DOBMINCHNA TOMHOCTH MPOrHOTHPOBIHEA PEKHMA PabOTE B NOBLIICHHA HAIEK-
HOCTH VICKTpoCHabKeHHE rHOPHINLX KOMIICKCOE, HCTOALTYEMBIX B TPYAHOIOCTYTI-
HLIX pafoHIx.

baaroaapuocrs

Hecne rosanne nposogiiocs B pamkax npoexTa «CHcTeMul yIpanicHus conne io-
OCALHBME KOMILTCKCAMHD NpH Nojtepkke rpanta Munncrepcrsa Haykn o Bic-
wmero obpazosanns Pocouiickoil @enepaimn Ne FSWF-2022-0006.
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Modeling Charge and Discharge Characteristics
of Batteries Based on Field Data

I Ksenia Andreeva, '~ Alexcy Vaskov, ' Inora Ainulloyeva, ' Nikita Romaniuk

'Mational Research University "Moscow Power Engineering Institute”,
Moscow, Russia

E-mail: !AndreevaXA@mpei.ru,?VaskovAGempei.ru,
: AinulloyevaIN@mpei.ru, * RomaniukNS@mpei.ru

Abstract. In the modem world. a lange number of hybrid energy ¢ Xes are
being built in remote and hard-to-reach areas, which include a diesel power plant
{DPP} and a power plant based on rencwable energy sources {RES), often solar
power plants (SPP). However, due to the stochastic nature of SPP generation, an
additional energy storage system (ESS) is required for the relisble operation of
the hybrid system. and the operating mode of the complex must be predicted. In
this paper, a study was conducted 1o model the charging and discharging charac-
teristics of the ESS using doia obtained o the expenimental energy complex of
the National Research University MPEL in onder to provide a more accurate pre-
diction of the operuting mode of the ESS as part of the solar-diesel complex.

Keywords: solar-diesel complex, PV -genset-battery, energy storage sysiem,
modeling, mode planning.
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