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KIBEP®I3MYHI CUCTEMH, COHAYHA EHEPTETUKA, KEPYBAHHS
®OTOEJIEKTPUYHUMU CUCTEMAMU, CUCTEMA IIPUMHSATTS PIIIEHb,
MATEMATUYHA MOJEJIb, MAKCUMAJIbBHA TIOTYXHICTb, AJAIITUBHI
AJITOPUTMU, OIITUMI3ALIIS EHEPIII.

O0’exkToM gocimipkeHHs € KiOepdi3MuHa CcUCTEMa KEpyBaHHS COHAYHUMU
TIaHEJISIMU.

[IpeamMeToM JHOCHIIKEHHS € METOJU Ta aJrOPUTMHU KEpyBaHHS COHSYHUMHU
naHesIMH, 30KpemMa 00poOKa, aHasi3 JaHUX 1 IPUAHATTS PillIeHb Y MeXax Kioepdi3uuHo1
CHUCTEMHU.

Meroro kBamiikauiiHoi poOOTH MaricTpa € po3poOJEHHS Ta IOCHIIKEHHS
kiOep(di3uyHOi CHUCTEMH KEpyBaHHS COHSYHMMH TAHEISIMA 3  II1JBUIICHOIO
e(eKTUBHICTIO HA OCHOBI OOPOOKH Ta aHAJI3y JaHUX.

Jlns po3B’si3aHHS TOCTaBICHUX 3a7a4 BHUKOPHUCTOBYBAJIHCS METOAM aHAJI3y
MpeAMETHOI 001acTi, MAaTeMaTUYHOTO MOJICTIOBaHHS, ONTUMI3allil, EKCIEPTHUX CUCTEM,
MaITMHHOTO HaBYaHHS (HEHPOHHUX MEPEXK), a TAKOK YUCEIHHOTO EKCIIEPUMEHTY.

HaykoBa HOBM3HA OTpUMaHUX pE3yiIbTaTiB:

— HaOyB TOMAJBIIIOTO PO3BUTKY METOJl KEPYBaHHS COHSYHHMU TAHEISIMU Ha
OCHOBI IHTETpallii eKCIEePTHOI CUCTEMHU 3 HEHPOMEPEKEBOIO OI[IHKOIO ONTHUMATbHOCTI
pILIEHB;

— Habyja TOMAJBIIOr0 PO3BUTKY 1H(MOpMAIliiHA TEXHOJOTIS aJalTUBHOTO
KepyBaHHA B KiOephI3UYHMX CHUCTEMax IUIAXOM TOE€HAHHS TPABWI JIOTIYHOTO

BUBCACHHIA 3 aJITOpUTMaMU IITYYHOTO iHTCJ’ICKTy.



Ha ocHOBiI mpoBeeHHX TOCHIPKEHb pO3pOo0JieHa apXiTeKTypa 1 KOMIIOHEHTH
porpaMHOro 3abe3nedyeHHs] EeKCIEPTHO-HEMPOMEPEKEeBOI CHUCTEMU KEpyBaHHS, IO
BKJIIOYa€e 0a3y 3HAHb, MEXaHI3M JIOTIYHOTO BHUBEJEHHS, MOJAYJIb OOpPOOKH [IaHUX Ta
MOJyJIb 3 BUKOPUCTAaHHIM HEMPOHHUX MEPEXK OLIHKH 1 KOPEKIlli KePYIOUnX pIlICHb.

[IpakTyHa 3HAYMMICTH OTPUMAHUX pE3yJIbTATIB TOJSATA€ Y MiJBUIICHHI
e(EeKTUBHOCTI POOOTH COHSYHUX TMaHeNeH, 3MEHIIEHHI BTpaT €Heprii, MOKpaIlleHHI
aJIaNTUBHOCTI Ta MIBUJKOIT CUCTEMHU KEPYyBaHHS B YMOBaX 3MIHHOTO CEPEIOBHUIIIA. .

3aranpHa XapaKTepUCTHKa KiIOEep(pI3MUHUX CUCTEM Yy COHSYHIA EHepreTull -
PO3IIIAHYTO CYTHICTh KiO€p(]i3WYHUX CHCTEM, iX CTPYKTYpy Ta HNPUHUMUII POOOTH B
KOHTEKCTI COHSYHOI €HepreTUKU. Bu3HaueHo OCHOBHI KOMIOHEHTHU ((Pi3nyH1 00’€KTH,
CEHCOPH, OOYMCIIIOBAJIbHI MOJYJl, BHKOHAaBUl MeEXaHI3MH) Ta iX B3aEMOJIIO JUIS
3a0€3MeUeHHsI aIallTUBHOTO KEPYBAHHS.

AHami3 CUCTEM MPUUHATTA pillleHb Yy KiOep(I3UYHUX CUCTEMax KEepyBaHHA -
POAHANI30BAHO MIAXOAM A0 HpuiHATTA pimedns y K®OC, 30xkpema mnpaBuiosi,
ONTUMI3AIlIiHI Ta aJanTHUBHI METOAW. BH3HaueHO iX mepeBard, OOMEXKEHHS Ta
JOIIIBHICTh BUKOPUCTAHHS Y 3a/1auax KepyBaHHS COHIYHUMHU MaHEIISIMHU.

IToctanoBka 3amaul JTOCITIIKEHHS (MaTemaTH4YHA 6aza) -
3aiiicHeHo ¢opmanizaiito poOOTH (OTOENTEKTPUYHOT CUCTEMU 4Yepe3 MaTeMaTU4HI
MO/ Ta 3a1eXXHOCTI. BUBE1eHO yMOBU MaKCUMAJIBHOT MOTYKHOCT1, BU3BHAYEHO BXI1/IHI,
BUXIJHI Ta KEepyO4l 3MIHHI CHUCTEMH, III0 CTBOPIOE OCHOBY JUIsl CUHTE3y aJITrOPUTMIB
KEepyBaHHS.

IToctanoBka 3amadl JTOCITIIKEHHS (3arasibHa) -
chopMyIIbOBaHO 00’ €KT, IPEIMET, METY Ta 3aBJaHHS JOCHIKEHHS, a TAKOK BU3HAYCHO
BX1JIHI YMOBHU ¥ oOMexeHHs cucteMu. OnucaHo 3arajibHy CTPYKTYpPY JIOCHIKCHHS Ta
OOTPYHTOBaHO BUOIp METOJIB 1 MIAXOMIB I PO3pOOKH ePeKTUBHOI KibepdiznuHOoi

CUCTCMHU KCPYBAHHA.
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CKOPOYEHHSA TA YMOBHI ITIO3HAKHA
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BIIP — 610Kk NIpUIHATTSA pillICHb

OC - omnepariiifHa cucTeMa

[13 — mporpamue 3a0e3neueHHs

EC — excniepTHa cuctema

K®C — xibepdiznuna cuctema

RNN — pekypeHTHa HEHPOHHA MEpexKa

CNN — 3ropTkOoBa HEHPOHHA MEpEKA



BCTYII

Ha cydyacHomy erami po3BUTKY TeXHOJIOT1H KiOep(]i3uuHiI CUCTEMHU KepyBaHHS Ta
MOHITOPUHTY COHSYHUX T[aHeJed 3aiiManu OJHE 3 TMPOBIAHMX MICIb Ccepen
Kibep(di3sHYHUX CHCTEM TIJ100aNbHOrO 3HAYEHHS. IX 3HAYEHHS Ta AKTYalbHICTh OYIIH
0OyMOBJICHI CBITOBOIO TEHJICHIIIEIO 7O BIJIMOBU BiJl TPaAWLIHHUX METOMAIB TeHeparli
CJICKTPOCHEPTii Ha KOPHUCTh EKOJOTIYHO YUCTUX 1 BITHOBJIIOBAHHMX JKEPEN EHEpTii.
CoHsiyHa eHepreTvka BUAULUIACS SK OAWH 13 HAMOUIbII MEPCHEKTUBHUX HAIPSMIB,
OCKIIbKM BOHA HE BMMaraja BHUKOPHCTaHHS BHKOITHOTO TMajluBa Ta HE mepeadadana
3a]ly4eHHs P1IKO3EMEIbHUX pecypciB MiJ 4yac ekcruryararii. lle pobuo ii He nure
€KOJIOTTYHO O€3MEeYHOI0, aJie i EKOHOMIYHO BUT1IHOIO B JIOBFOCTPOKOBIN MEPCIIEKTUBI.

Kibepdizuuni cuctemu KepyBaHHS Ta MOHITOPUHTY COHSYHUX IaHENEn
BiJIIrpaBajIi BU3HAYAJIBHY POJb y 3a0e3neueHHi eeKTUBHOI, CTaOUIbHOT Ta Oe3meuHol
poboTH (POTOENEKTPUUYHUX YCTAaHOBOK. BOHHU 1HTErpyBaiu B €00l CEHCOpHI 3acoou,
OOYHUCITIOBANIbHI MOJYJIl Ta BHKOHABYlI MEXaHI3MH, WO JO3BOJISIO 31HCHIOBATH
Oe3rnepepBHUI KOHTPOJIb CTaHy OOJIaJHAHHS, aHAI3yBaTH MMapaMeTpy HABKOJIHUIIIHBOTO
CepeIOBHINA Ta aBTOMATU30BAHO MPUWMATH BAXKJIMBI PIIICHHS IIOAO CAMOKEPYBAaHHS.
Taka iHTerpailisi CTBOprOBaja MepeyMOBH ISl MIABUIIICHHS KOoe(illieHTa KOPUCHOT il
COHSIYHMX ITaHEJIeH, 3SMEHITICHHS CHePTeTUYHUX BTPAT Ta ONTUMI3AIlii peXUMy iX poOOTH.
Kpim Toro, BoHa 3abe3neuyBaia MOXJIMBICTh IIBHUJIKO pearyBaTH Ha 3MIHM 30BHILIHIX
YMOB, TaKMX SK IHTEHCHUBHICTb COHSIYHOTO BHUIIPOMIHIOBaHHS a00 TeMIepaTrypHi
KOJIMBaHHs, 10 0e3MocepeHbO BIUIMBAJIM HA IPOJYKTUBHICTh CHCTEMH.

Oco6MBOT aKTyaJIbHOCTI 11 Mpo0JieMaThKa Ha0yBaia B yMOBaX Cy4acHO1 CUTYyaIlii
B KpaiHi, Je TpaaulliiiHi 00’€KTH EHEePreTUYHOi IHPPACTPYKTYpU 3aJIUIIATICS
Bpa3JIMBUMH Ta 9acTO CTaBaJIM OCHOBHHUMH ITUISIMH 30BHIIIIHBOTO BIUTMBY. BimqHOBICHHS
ab0 MiATpUMAaHHS TPAIE3aTHOCTI TaKUX CHUCTEM BHMArajio 3HAYHUX (PIHAHCOBUX 1
MaTepiaIbHUX PECYPCIB, SIKI HE 3aBXKIU OYJIM JOCTYITHUMU. Y 0ararbox BUIaJIKax 3aMiHa
TPaIUIIMHUX JHKEpENT TeHepallii eJleKTpoeHeprii nependayana adbo MoBHY InepedyaoBy
CHEPreTUYHUX CUCTEM 13 BUKOPUCTAHHSIM Cy4aCHUX TEXHOJIOTIH uepe3 Opak 3acTapiiux

KOMITIOHEHTIB, a00 3Ha4HI BUTPATH HA PEMOHT I1I€ PEMOHTOIIPUAATHOTrO 00aaHaHHs. [le



CTBOPIOBAJIO JIOJIATKOBI BUKIWKH JUIs CHEPreTUYHOI Tally3l Ta 3yMOBJIIOBAJIO
HEOOX1THICTh TMOIITYKY albTEPHATUBHUX PIIIICHb.

VY 11bOMY KOHTEKCT1 PO3BUTOK 1 BIPOBA/I>KEHHS KiOep(PI3UUHUX CUCTEM KepyBaHHS
COHSIYHMMH TAHEISIMH PO3TIBIIAIACA SK OJUH 13 PAIIOHATBHUX IUIAXIB ITiIBUIICHHS
CHEPreTUYHOi HE3aJIeKHOCTI Ta CTIMKOCTI eHeprocucteMu. BukopucTaHHS METO/IIB
0OpoOKM Ta aHAITI3y JAHUX Y TAKUX CHCTEMaX J03BOJISLIIO 3a0e3meunTH O1IbI €(hEeKTUBHE
BUKOPHCTAHHSA HAasABHMX PECypCiB, aJanTaiio 10 3MIHHHX YMOB eKCIUTyartaiii Ta
3HIKEHHSI 3aJI€KHOCTI BiJl IEHTPaIi30BaHUX JIKEpes enekrpornocrayanHs. Le, y cBoro
Yyepry, CHpUSIO MIJIBUIIEHHIO HAAIMHOCTI €HEPreTMYHUX CHCTEM Ta 3MEHLIECHHIO
PHU3HKIB, TIOB’S3aHUX 13 MOXKJIUBHMHU IIepeOOsIMU B €JIeKTpoIocTadanHi [1].

Taki ¢akrtopu 3yMOBWIM aKTyaJbHICTh TEMHU JaHOI pOOOTH Ta BU3HAYWIM i
NPaKTUYHY 3Ha4yIIicTh. PO3poOKa Ta BpoBaKeHHs KiI0ep(p13UMUHUX CUCTEM KEPYBaHHS
COHSIMHMMH TaHEJSIMH HE JIMIIE CIpUsia MiABUIICHHIO €(pEeKTUBHOCTI BUKOPUCTAHHS
BIIHOBJIIOBAHUX JKEpPEJl €HEprii, ajie il CTBOpIOBaJia MEpeIyMOBH JJisl 3a0e3MeUeHHs
CHEepPreTUYHOI Oe3MeKH Ta CTIHKOCTI KPUTHYHO BaXMBO1 iHPpacTpykTypu. Lle podbuo
JOCIIIJIKEHHSI OCOOJIMBO BAXKJIMBUM Y KOHTEKCTI CyYaCHMX BHKJIHMKIB Ta MOTpeO
€HEepreTUYHOI ramysi.

AKTyalbpHICTh POOOTH TIOJNSITAaE B HEOOXITHOCTI IMABHUINEHHS €(EKTUBHOCTI
KepyBaHHS COHSYHUMU TaHEIIMH B YMOBaxX JHHAMIYHOI Ta HEBH3HAYCHOI 30BHINTHBOT
cepenau, Ae TpaauliiHi metoau (3okpema MPPT) He 3abesneuyroTh JOCTaTHHOI
aJIanTUBHOCTI, 110 MPU3BOJUTH JIO BTPAT €HEPTi Ta 3HUKEHHS TIPOYKTUBHOCTI CUCTEM.

Meroro kBami(ikauiiHoi poOOTH MaricTpa € po3poOJEHHS Ta IOCHIIKEHHS
kiOepdi3uyHOi CHUCTEMH KEpyBaHHS COHSYHMMH TaHEISIMA 3  IIJBUIICHOIO
e(heKTHBHICTIO HA MIJICTaBl 0OpPOOKHU Ta aHAITI3y JIaHUX.

[ToctaBnena MeTa 10CATAETHCS PO3B’ A3aHHSIM TaKMX OCHOBHHUX 3aBJ/IaHb:

- TpoaHadi3yBaTH CydyacHl MIAXOAU N0 MOOYyAOBH KiOep(i3WYHUX CHCTEM
KEpyBaHHS B COHSIUHIN €HEPIreTHIll;

- JOCHITUTH METOAM NPHUHHATTSA PIIICHh Ta aJTOPUTMU KEPYBaHHS, IO

3aCTOCOBYBAJIHCS JIJI ONTUMI3aIlil poOOTH COHSYHUX TaHeTeH;



- BU3HAYUTH BHUMOTHU JIO0 CTPYKTypH Ta (YHKIIOHAJIbHUX KOMIIOHEHTIB
Ki0ep(13UIHOT CHCTEMU KEpYyBaHHS;

- po3poOuUTH MOJIEINb Ki0ep(Pi3UUHOI CUCTEMHU KePYBaHHS COHIYHUMHU TaHEISIMHU 3
ypaxyBaHHSM O0OpOOKHU Ta aHATI3Yy JTaHHX;

- TIPOBECTH OIIIHIOBaHHS €()EKTHUBHOCTI 3alPOMOHOBAHUX PIIIEHb 3a 33JaHUMU
KPUTEPISIMHU.

O6’exToM pochimkeHHs € KiOepdizuuHa cucTeMa KEpyBaHHS COHSYHUMU
naHensaMHu. Y paMmkax 00’€kTa JTOCHKEHHsS Oyiau BHUJIUICHI KJIIOUOB1 IPOIIECH, IO
0e3nocepeHbO BIUIMBAIM Ha €PEKTUBHICTh pOOOTH BCi€i cucTeMu. JIo HUX Haexaau
301p JIaHUX 13 PI3HOMAHITHUX CEHCOPIB, AK1 BIJCTEKYBAJIU MTapaMeTPpU HABKOJIUIITHHOTO
cepeloBUIlia Ta cTaH obnamuHanHs. OTpuMmaHa iH(opMallis MifAaBansacs MOMATBIIIN
o0poO1i Ta aHami3y, U0 J03BOJISIIO BUSBIISITH 3aKOHOMIPHOCTI, IPOTHO3YBATH 3MIHH Ta
OTIEpaTUBHO pearyBaTy Ha HUX.

[IpenmMeTroM HOCTIKEHHS € METOIW Ta AITOPUTMHU KEPyBaHHS COHSYHHUMHU
MaHeIsIMU B paMKax KiOep(i3M4HOI CUCTEMH, JI€ KIIOYOBY pPOJIb BIIITpaBaId MPOIECU
0OpOoOKM Ta aHaJi3y JaHUX.

HaykxoBa HOBH3HA OTpUMaHUX PE3yJIbTaTIB:

- HaOyB MOJABIIIOTO PO3BUTKY METOJ] KEPYyBaHHS COHSYHUMU TMAHEISIMU MUISTIXOM
1HTerpauii eKCrepTHOI CUCTEMHU 3 HEUPOMEPEKEBUM MOYJIEM OLIHKH ONTUMAalIbHOCTI
pilIEHB;

- Ha0yJla TMOJANBIIOTO PO3BUTKY 1H(MOpMAIliiHA TEXHOJIOTIS aJanTHBHOTO
KEepyBaHHA B KI0€p(pI3MUHUX CUCTEMAX 3a PaXyHOK MOETHAHHS JIOTTYHOTO BUBEACHHS Ta
METO/I1B IITYYHOTO 1HTEJIEKTY JUIsl KOPEKIllT KePYIYNX BIUIMBIB y peaibHOMY Yaci.

[IpakTuHa 3HAYUMICTH OTPUMAHMX PE3YyJIbTATIB TMOJSATAE y 3MEHINEHHI BTpaT
€Heprii, MiJBUILEHHI KOe(illeHTa BHUKOPUCTAHHA TMOTY>XHOCTI, CKOPOYEHHI 4Yacy
ajanTarii 0 3MiH 30BHIIITHIX YMOB Ta MOKJIMBOCTI BIIPOBAHKEHHS PO3POOJICHOT CHCTEMH
y peajibHI COHSIYH1 €eHEePTreTUYH1 YCTaHOBKH.

Jlis po3B’si3aHHS TIOCTaBICHHWX 3a7a4 BHUKOPHUCTOBYBAJIHCS METOAM aHATI3y
MPEAMETHOI 00J1acTi, MAaTeMAaTHYHOTO MOJCIIOBAHHA (POTOEIEKTPUYHHUX IPOIIECIB,

OaraToKpuTepiaJibHOI  ONTHMI3allli, MOOYJOBU EKCIEPTHUX CHUCTEM, MAIIMHHOIO



HaBUYaHHs (0araTomrapoBi MEPCENTPOHM), @ TAKOK METOIHU YHCEIBHOTO MOJCITIOBAHHS 1
eKCIIEPUMEHTAIBHOTO JOCITIKEHHSI.

3a TeMoro kBamidikaiiifHoi podoTu omyOsikoBaHO Tpou myOmikamii [87-89] —
Habopu Te3 Ta ctarTs. [lepiioro mybmikaieto ctanu Te3u 3 kKoHpepenuii «Global Trends
in Science: Research, Innovation and Development», (Bapua, bonrapis, 27 kBit. 2026)
Bapna. /Ipyroro nyOGumikarieto ctanu 1e3u 'y 17-if MixkHapoaHii CTyAEHTChKII HayKOBO-
TexHiuHId KoHpepeHuii «llepcrekTuBHI MepexeBl Ta KOMITIOTEpHI TEXHOJIOTID» —
I[TEPCHUK 2026 (M. XapkiB, 23 kBiT. 2026). Xapki, 2026. TpeThoto myOJikaIii€ewo craia

ctarTs y KypHani «Computer systems and information technologies.
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1 TEOPETUYHI OCHOBU TA AHAJII3 CUCTEM

1.1 3aranbHa XxapakTepucTHKa KiOep(}i3WUYHUX CUCTEM Yy COHSIUHIN €HEepreTHIl

Kibepdiznuni cuctemu (KDPC) € kmacoMm IHTENEKTyaTbHUX TEXHIYHUX CHUCTEM, Y
SAKUX BIJOYBA€ThCA TICHA 1HTerpamis (i3MUHUX MPOLECiB 13 OOUYHCIIOBAJILHUMH Ta
KOMYHIKAIIHHUMH KOMIIOHEHTaMH, IO JI03BOJIIE CTBOPIOBAaTH BHUCOKOE()EKTHBHI,
CIPOMOKHI HAJIAIITOBYBAaTUCh caMi MO €001 Ta aJanTUBHI PIIICHHS Ui YIPaBIIHHSA
CKJIQJHUMHU TEXHIYHUMH O0’€kTaMu. ['OJOBHOIO MEpeBarol0 TaKUX CHCTEM € iXHs
3/IaTHICTh y peaJbHOMY 4Yacl 3[1ACHIOBAaTH 301p NaHUX 13 (PI3UYHOrO cepefoBHIIA, iX
00poOKy, aHaii3 1 popMyBaHHS KEpPYBAJIbHHUX BIUIMBIB, sIKI 0€3MOCEPETHBO 3MIHIOIOThH
ctad ¢izuyHoro o6’ekra. Lle o3nauae, mo KOC He nuie nmacuBHO CHOCTEPIralOTh 3a
IPOLIECAMH, a i1 aKTUBHO BIUIMBAIOTh HA HUX, ONITUMI3yI0YH pOOOTY CUCTEMH Y OCTIMHO
MEepPEeMIHHUX yMOBaX. Y KOHTEKCTI COHSYHOI €HEpreTuku KiOep@i3udHi CHUCTEMU
BHUCTYNIAIOTh OCHOBOIO ISl MOOYJIOBM €(PEKTUBHHX CHUCTEM KEpPYBaHHS T'€HEPALI€IO,
NEPETBOPEHHAM Ta PO3MOAUIOM E€JIEKTPUYHOI eHeprii, 3a0e3Nneuyroud MaKCUMalbHe
BUKOPDUCTAHHS COHSYHOIO pecypcy Ta NIABUIICHHA HAAIMHOCTI €HEepreTUYHUX
YCTaHOBOK [2].

TumoBa kiOepdizuyHa CUCTEMa CKIAJAEThCA 3 KIUIBKOX B3a€MOIIOB’SI3aHUX
KOMITOHEHTIB, KOXKEH 3 SIKUX BUKOHYE crielnu(iuHi QyHKIIi, ajie BC1 BOHU NPALIOIOTh Y
eauHoMy 1HQopmaliiHoMy npoctopi. Di3uyHUM 00’€KTOM Yy CHUCTeMaxX COHSYHOI
CHEPreTUKN € COHSYHI TMaHell, IHBEPTOPH, aKyMyJsSTOpHI Oarapei Ta JOMOMiIXKHE
CJIEKTPOTEXHIYHE OOJagHaHHS, Taki SK TpaHCPOpPMATOpHU, CHCTEMH 3aXUCTy Ta
KOMyTamiiHl mpuctpoi. Taki eideMeHTH Oe3mocepeaHb0 OepyTh y4yacThb y IpOIEeci
MIEPETBOPEHHS COHAYHOT €HEPTii Ha €NEKTPUYHY Ta i1 MOaIbIIIOMYy BUKOPHUCTAaHHI 200
HaKOMUWYeHH1. BaxnuBo 3a3HaunTH, 110 KOKEH (13MUHUI KOMIIOHEHT CUCTEMH Ma€ CBOI
XapaKTEPUCTHKU Ta OOMEKEHHS, K1 HEOOX1JHO BPaXOBYBATH MPHU PO3POOIT aIrOPUTMIB
KepyBaHHs. Hampukiasn, COHSUHI TaHeNl MalTh 3aJeXHICTh €(EeKTUBHOCTI BiJl KyTa
NaJIHHS COHSYHOIO CBITJa, TEMIIEpaTypu Ta PiBHS 3a0pyJHEHHS MOBEPXHI, TOAl SK
aKyMyJISITOpHI OaTapei moTpeOyrOTh ONTUMAIBHOTO PEXKUMY 3apsSay-po3psay Ui

MPOJIOBXKEHHS TEPMIHY CITYKOU.
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BaxnuBy pons y KOC BimirpaioTh ceHcopu, K1 3a0e3MeuyroTh OTPUMAaHHS
aKkTyaJibHOI 1HpopMaIlii mpo craH Gpi3MIHOro 00’ €KTa Ta 30BHIIIHLOTO cepeoBUILA. Y
CUCTEMaX KEpyBaHHS COHSYHUMH MaHENSIMH 1€ MOXXYTh OyTH NAaTUYMKH OCBITIIEHOCTI,
TEMIEpaTypu, HAMNpyTd, CTPyMy, KyTa HaXWiay NaHeled, a TaKoXK METEOpOJIOTIUHi
CEHCOPH, TaKl IK aHEMOMETPH, TIIPOMETPH Ta TipaHoMeTpu. JlaHi, 310paHi ceHCcopamu,
(GbOpMyIOTh OCHOBY JJISl TIOJAJIBIIOTO aHAMI3y Ta MPUHHATTS KEpyBaJbHHUX pilieHb [3].
CyuacHi CEeHCOpH XapaKTepU3yroThCs BHCOKOIO TOYHICTIO, HU3BKUM
CHEProCIOKUBAHHAM Ta MOXJIMBICTIO I1HTErpalli B MeEpexi Iepeaadl JaHUX, IO
JI03BOJISIE CTBOPIOBATH PO3TATYKEH1 CUCTEMH MOHITOpUHTY. Hampukiaa, BUKOpUCTaHHS
0€37pOTOBUX CEHCOPHUX MEPEXK JIA€ 3MOTY ONEPATUBHO OTPUMYBATH JaH1 3 BIIJIaJICHUX
COHSIYHMX €JIEKTPOCTaHIIIH, IO 0COOIUBO BAXKIIMBO JIJISl BETUKOMACIITAOHUX MTPOEKTIB.

OO6uuncnoBanbHa YaCTHUHA k10ep13u4HOi CUCTEMH IIPEACTABIICHA
MIKpPOKOHTpOJIepamMu, BOYI0BaHUMH KOMIIT FOTEpamMu a00 CepBEpHUMU I1aTHopMamu, sKi
3MIACHIOIOTh OOpOOKY Ta aHaii3 OoTpMMaHuxX JnaHux. Ha mpoMy piBHI peasnizyroTbCs
QITOPUTMH KEPYBaHHS, ONTUMI3allli Ta MPOTHO3YBAaHHS, 30KpeMa METOAM MIABUIIICHHS
e(eKTUBHOCTI POOOTH COHSIYHMX IMaHEJIed Ha OCHOBI aHaJi3y MOTOYHUX 1 ICTOPUUHUX
naHux. OOYMCIIOBaIbHUN KOMIIOHEHT 3a0e3nedye JIOTIYHHUM 3B’S30K MK (DI3UYHUM
CTAaHOM CHUCTEMH Ta KEpPYBAIBHHUMH MiSIMU, JTO3BOJISIIOUM peaji3oByBaTU CKJIAJIHI
CTpaTerii ympaBlliHHA, Takl K IPOTHO3HE TEXHIYHE OOCIYyroByBaHHSA, JAMHAMIYHE
pEryJIIOBaHHS KyTa HAaXWJy MaHened abo ONTUMI3allisl peKuMy poOOTH IHBEPTOPIB.
CyvacHi 0oOYHMCIIOBaJIbHI TIATPOPMU YACTO BHUKOPUCTOBYIOTH METOAM MAIIMHHOTO
HABYAHHS Ta MITYYHOTO 1HTENEKTY JIJIsi aHalli3y BEJIMKUX OOCSTIB JaHUX, IO JI03BOJISE
BUSIBJISITH TIPUXOBaHI 3aKOHOMIPHOCTI Ta TMPOTHO3YBATH TOBEIIHKY CHCTEMH B
MalOyTHBOMY.

BukoHaBul MeXxaHI3MHU € 3aBEpLIATBHOIO JIAHKOK KiOep(i3uyHOi CHUCTEMHU Ta
BIJIMOBIJIAIOTh 3a peami3ainiio cPopMOBaHUX KEPYBAJIBHUX BIUIMBIB. Y COHSYHIN
SHEPreTUIll 10 HUX HajeXaTh NMPUBOAM CHUCTeM CTexkeHHs 3a CoHIleM, KOMYyTalliifHi
€JIEMEHTH, PETYJISTOPHU MOTY>KHOCTI Ta 1HILI IPUCTPOT, 10 BIUIUBAIOTH HA PEXKUM POOOTH
naHesjeil 1 cymyTHboro oOnamgHaHHsS. Yepe3 BHKOHABYI MEXaHI3MHU OOYHCIIOBAIbHA

yacTHHA Oe3MocepelHbO B3aEMOJIE 3 (PI3UUHUM 00’ €KTOM, 3a0€3MeUyH0Ur 3aMKHEHUN
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UK KepyBaHHA. Hampukmian, cuctemu crexxeHHs 32 COHILIEM aBTOMaTHYHO KOPUTYIOTh
KyT Haxuwily MaHeled MNpOTATOM JHs, 100 MaKCHUMI3yBaTH MOTJIMHAHHS COHSYHOTO
BUIIPOMIHIOBaHHS, a PEryJATOPH MOTYXKHOCTI ONTUMI3YIOTh MapaMeTpu poOOTH
1HBEPTOPIB /7151 3MEHIIICHHS BTPAT €HEPT1i.

Ponp kiOepdizuuHUX cHCTEM y KepyBaHHI COHSYHUMHU TAHENSIMH IIOJISTaE Y
3a0e3MeYeHH] aJanTUBHOTO Ta IHTEJEKTYaJbHOTO KEpyBaHHS, CIPSMOBAHOTO Ha
MaKCHUMI3aIlil0 BUPOOJICHHS E€JIEKTPOCHEPTii Ta MIABHUILEHHS 3arajibHOi €(pEeKTUBHOCTI
CUCTEMHU. 3aBISKH TOCTIMHOMY MOHITOpPHHTY Ta aHamizy aaHux K®OC n03BoNIOTH
MIBUIKO pearyBaTd Ha 3MiHY MOTOJHMX YMOB, HABaHTQXCHHS Ta TEXHIYHOTO CTaHY
oOnajiHaHHS, 110 € HEMOXJIMBUM Y TPAJIULIMHUX CTATUYHUX CHCTEMaX KepyBaHHA [4].
Hanpukmnan, y pasi panTtoBoi 3MIHM XMapHOCTI CHCTEMa MOXKE aBTOMAaTUYHO
NEPEPO3NOAUIUTH HABAHTAXKEHHS MDK PI3HUMH TpylnaMy NaHenel abo aKTHUBYBaTH
Pe3epBHI JKepea )KUBJICHHS, 00 YHUKHYTH IepeboiB y moctayanHi eneprii. Kpim toro,
K®C no3BossioTh peanizoByBaTH CTpaTerii €eHepro30epeKeHHs, Taki K HaKOMUYCHHS
HA/JTMIIKOBOI €Heprii B MepioJd HU3bKOIO CIIOKUBAHHS Ta i BUKOPUCTAHHS B IIKOBI
TOJIHH.

Tunosi apxiTeKTypu Ki0epp13MUHUX CUCTEM Y COHAUYHINA €HepreTUlll 0a3yl0ThCs Ha
lepapxiyHOMY a00 PO3MOJIJICHOMY TPHUHIUII. lepapxiuHi apXiTEKTypH mnependavyaroTh
HAsIBHICTh JIOKAJIbHUX PIBHIB KE€PYBaHHs, SIK1 BIJIMOBIJAIOTH 32 YIPABIIHHSA OKPEMHUMHU
KOMIIOHEHTaMH CHCTEMH, Ta IIEHTPAIBHOTO By3la OOpOOKM MaHUX, IO KOOPAWHYE
po0OTYy BCl€l cucTeMu B IIoMy. Takuil miaxia 103BoJisg€ 3a0€3MeUnTH BUCOKUI PIBEHB
KOHTPOJII0O Ta ONTHUMI3allll, ajleé BHUMAarae HasBHOCTI MOTY>KHOI OOYHUCIIOBAIBLHOL
iH(ppacTpykTypu. Po3mopineHi cucteMu, y CBOIO 4Yepry, IPYHTYIOThCS Ha B3a€MOJIl
aBTOHOMHHX MOJTYJIIB, 3JaTHUX MPUUMATH JIOKAJbHI PIIIEHHS 0€3 MOCTIMHOTO 3B S3KY 3
IEHTpaJbHUM cepBepoM. Lle miaBuIlye HaIIMHICTh CUCTEMU B YMOBAaX MOKJIMBHUX 3001B
KOMYHIKAI[IMHUX KaHATIB Ta JI03BOJIsiE MacIITa0yBaTh CUCTEMY MIJISXOM JOJaBaHHS
HOBUX MOAyJiB [5]. Hezanexno Bin apxiTekTypu, npuHUUN (QyHKUioHyBaHHS KOC
MOJISATaE y 3aMKHEHOMY IIHKIII «BUMIPIOBAaHHS — aHAJI3 — KEPYBAaHH», 10 3a0e3meuye
y3roJpKeHy po0oTy (¢i3uyHuX 1 [HUQPPOBUX KOMIIOHEHTIB, a TaKOX IMOCTIiiTHE

BJIOCKOHAJICHHS aJICOPUTMIB KEPYBaHHSI HA OCHOBI HAKOMTMYEHOTO JJOCBIY.
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Takum ynHOM, K10ep(i3UUHI CHCTEMHU € KIIOYOBHM TEXHOJOTIYHUM MIATPYHTAM
JUISE CTBOPEHHSI CYYaCHUX CHUCTEM KepyBaHHS COHSYHUMHU TAHEISIMHU 3 MiJBUIICHOIO
¢()eKTUBHICTIO, OCKUIbKH TOEIHYIOTh alapaTHi 3acoOu, MporpaMHi ajJrOpUTMH Ta
METOJM aHaNi3y JaHUX B €IMHY IHTETPOBaHY cucTeMy. BoHM M03BONAIOTH HE JHUIIE
aBTOMATHU3yBaTU PYTHHHI IPOIIECH, a ¥ peai30ByBaTH CKJAJHI CTpaTerii yrnpaBiliHHS,
II0 BpPaxoBYIOTh $K TMOTOYHI yMOBHM, TaK 1 JOBIOCTPOKOBI TEHICHIII pPO3BHUTKY

EHEPIreTUYHOI CUCTEMH.

1.2 Amnaii3 cucTeM NpUUHSTTS pIlIEHb y KI0epPI3UUHUX CHCTEMaX KepyBaHHS

Cucrema NpUUHATTS pIlIEHb € KIIOYOBUM (PYHKI[IOHAIBHUM KOMIIOHEHTOM
K10ep(}13uYHOI CUCTEMU KEPYBAHHS, SIKHI1 3a0€31e4uye MepeTBOPEHHS BXITHUX JAaHUX PO
ctaH (i3uyHOro 00’€KTa Ta 30BHINIHBOTO CEPEOBHUINA y KOHKPETHI KOMaHIU IS
KepyBaHHsA. Y Mexax KiOeppI3UYHUX CHUCTEM Taka CHCTEeMa BHCTYyMae sK
IHTEJIEKTyaIbHUI LIEHTP, 110 00po0Jsie iHPopMallio, OTPUMAaHY Bijl CEHCOPIB, aHATI3YeE
ii 3a JomomMoroto GopMasizoBaHUX MOJIEIEH, aITOPUTMIB 1 IPABHIL, & TAKOK aBTOMATU3YE
npoiec BUOOpPY ONTUMAIBHOTO ab0 JOMYyCTUMOTO pIIEHHS B peainbHOMY 4yaci. [lns
CUCTEM KEPYBaHHS COHSYHUMHU T[IAHEISIMU CHUCTEMa TPUUHATTS PINICHb BiIIirpae
0COOJMBO BAXKJIMBY POJb, OCKIIbKM BOHA BHU3HAUA€ PEXUMH POOOTH OONaIHAHHS 3
ypaxyBaHHSIM 3MIHHUX YMOB €KCIUTyaTallli, TaKuX SK I1HTEHCUBHICTb COHSYHOIO
BUIIPOMIHIOBaHHS, TEMIIEpaTypa HABKOJIMIIHBOTO CEPENOBUINA, CTAH aKyMYJSTOPHHUX
Oarapeil Ta MOTOYHE HABAaHTAKEHHS HA CUCTeMYy. [IpW IIbOMYy OCHOBHHM 3aBIaHHSIM
CUCTEMU TPUUHATTA PIllIEHb € 3a0€3MeUeHHs] JOCSITHEHHS 3a3JalieTilb BU3HAYCHUX
KpUTEpiiB €(PEKTUBHOCTI, HAMPUKIAJ], MaKCHMIi3ailii BUPOOJICHHS EIEKTPOCHEprii,
MiHIMI3a1li BTpat ado onTuUMI3allli TepMiHy CITykKO0u oOsagHaHHs [6].

[ToHATTS cUCTeMH TPUIHSATTS PillieHb y Kibep(Pi3nIHUX CUCTEMaX TICHO TTOB’ sI3aHe
3 aHaI30M JaHUX, OTPUMAHUX BIJl CEHCOPIB, T4 3 BUKOPUCTAHHIM MaTEMaTUYHUX 1
JIOTIYHMX METOJIIB JJIS OLIIHKMA MOTOYHOTO CTaHy cucTeMu. HaBeneHa cucrema mMoxe
(GYHKIIIOHYBaTH SK OKPEMHI MPOTPaMHUNA MOIYJIb, TaK 1 K YaCTHHA OOYHCIIIOBAIBLHOL

m1aTGopMHU, THTErPOBAHOI 3 piBHEM KepyBaHHS. OCHOBHOIO ii (PyHKIII€IO € BUOIp BILUIUBY
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KepyBaHHsI, SKAW 3a0e3nedye OOCATHEHHS 3aaaHoi Mmetu. Hampukian, y cucremax
KEpyBaHHA COHSYHUMHU TAHEISIMU CHUCTEMa MPUUHATTA pIlIeHb MOXKE BU3HAYaTH
ONTUMAJBHUM KyT HaXWIy TaHEJIeH, peXuM poOOTH 1HBEPTOPIB a00 CTPATETIIO 3apsay
aKyMyJsTOpiB, 0a3yI0UNCh HA aHANi31 JAaHUX MPO OCBITJICHICTh, TEMIIEPATYPY, HAMIPYTY
Ta CTpyM. BaximBo 3a3HauuTH, 10 €(PEKTUBHICTH CUCTEMHU MPUUHATTSA pIIICHb
0e31MmocepeTHbO 3aJICKUTh BiJ] IKOCTI BXITHUX JTaHUX, TOUHOCTI MAaTEMAaTUIHUX MOJIEIICH
Ta MBUAKOCTI 0O0poOkm iH(oOpMalii, IO BHMarae BUKOPUCTAHHS CyYacCHHUX
00YHCITIOBAILHUX TEXHOJIOTH Ta aIrOPUTMIB.

Meroau OpUMHATTS pilleHb Yy KIOEp(PI3MUHHUX CHUCTEMax KEPyBaHHS MOKHA
Kiacu(ikyBaTu 3a MPUHIUAIIOM (POPMYBaHHS PIIIEHb, KOKEH 3 IKUX Ma€ CBOi MepeBaru
Ta oOMekeHHs. Jlo MeToIiB 3riJHO MpaBuil pOOOTH HAJIEXKATh MIJIXOJU, IO 0a3yIOThCA
Ha 3a3JaJeriib BU3HAYEHUX JIOTIYHUX MPaBWIAX THILY <«SKIO-TO». Takli MeToau
BI/I3HAYAIOTLCSA IPOCTOTOIO peajizalli, mepeadadyyBaHICTIO ITOBEIIHKA CHCTEMH Ta
HU3BKMMH OOYHCIIIOBAIbBHUMHU BUTpaTaMu, 10 pOOUTH iX 0COOIMBO MPUBAOIMBUMU IS
3aCTOCYBAaHHS B CHUCTEMax 3 OOMEXEHHMH pecypcaMu. Y KepyBaHHI COHSYHUMHU
MaHeIsIMU TPAaBWJIOBI CHUCTEMM UIMPOKO 3aCTOCOBYIOTHCA I peanmizaili 0a30BUX
CIIEHap1iB poOOTH, HAPUKIIA, TEPEMUKAHHS PEXKUMIB 3aJI€KHO BiJl PIBHSI OCBITIECHOCTI,
TeMIiepaTypu abo cTaHy akyMmyJsiTopiB. Hampukian, sSKio piBeHb OCBITJIICHOCTI MaJa€e
HIDKUE TEBHOTO TMOPOTY, CHCTEMa MOYKE aBTOMATHYHO TMEPEBECTH COHSIUHI MaHENl B
peXUM MIHIMAJBLHOIO €HEProChoXKMBaHHS a00 aKTUBYBAaTU pPE3EpBHI JpHKepelia
kuBiieHHs. OHAK PaBUIIOBI METOJIM MalOTh OOMEKEHY THYUKICTb 1 HE 3aBXKIU 3/1aTHI
e(eKTHUBHO pearyBaTH Ha HECTAHJIAPTHI CUTYyallii a00 3MIHM YMOB eKcIutyaTauii [7].

OnTuMizariiiHi METOAM TNPUHUHATTA PIlIEHb ITPYHTYIOThCA Ha (OpMyIIIOBaHHI
3aja4l KepyBaHHA Yy BUIJISAlI 3ajadi ONTHUMI3alii 3 MEBHOI LIJIbOBOIO (DYHKIIEIO Ta
CHUCTEMOI0 0OMeXeHb. Y TaKUX MiAX0Jax PileHHs OOUpaEThCs K Take, 110 3a0e3neuye
eKCTpeMajbHE 3HAYCHHS 3aJ]aHOTO KPHUTEPII0, HAMPUKIIA, MAKCUMAJIbHY TOTYXHICTb,
MIHIMAQJIbHI BTpaTH €Heprii abo ONTUMajgbHUN OallaHC MK BHUPOOJICHHSIM Ta
CTIOKUBAHHSAM eJeKTpoeHeprii. i cucTteM KepyBaHHS COHSAYHUMH TaHEISIMU
ONTHUMI3alliifHI METOH IMTUPOKO BUKOPUCTOBYIOTHCS B alTOPUTMAX BIJICTEKEHHS TOUKH

MakcumanbHOi moTyxkHocTi (MPPT), nnanyBaHHsi pexumiB poOOTH 1HBEPTOPIB Ta
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yOpaBliHHSA HakonmuueHHsaM eHeprii. Hampuknaa, amroputMu MPPT no3BonsoTsh
JUHAMIYHO KOPUTYBAaTH MapamMeTpu pPoOOTH COHSYHUX TMaHenei, 1mod 3abe3neunTu
MaKCUMaJlbHy €(EeKTHUBHICTb IMEPETBOPEHHSI COHAYHOI €Heprii B enekTpuuHy. [Ipote
ONTUMI3alllifHI METOAM BUMArarmTh 3HAYHUX OOYMUCIIOBAIBHUX PECYpCiB 1 HAsIBHOCTI
aJICKBaTHOI MaTeMaTUYHOI MoJieJi 00’ €KTa KepyBaHHs, 110 MOXKE YCKIAAHIOBATH iXHIO
peaizalliro B CUCTeMax 3 00MEXEHUMH MOXKIIUBOCTAMH [8].

AJanTUBHI METOAM MPUUHSTTS PIIICHb XapaKTePU3YIOTHCS 3aTHICTIO 3MIHIOBATH
CBOIO TIOBEJIHKY 3aJIe’)KHO BiJ HAKOIMHMYEHOTO JOCBIITy abo 3MiH y CepeoBHIII
dbyHKIllOHYBaHHS. B OCHOBI Takux MIiAXOJIB J€XaTh METOAM MAIIMHHOTO HaBYaHHS,
1meHTudikarii mapameTpiB abo caMoopraHizaiiii, ki J103BOJISIFOTh CUCTEM1 «BUHUTHCS Ha
OCHOB1 aHaJli3y ICTOPUYHUX JaHUX Ta aJanTyBaTHCS /IO HOBHX yMOB. Y 3aJayax
KepyBaHHS COHSYHUMH TIAHEISIMH aJanTHBHI CHUCTEMH JO3BOJISIIOTH BpPaXOBYBaTH
HEJIHIMHUN XapakTep IpoIleciB, Aerpajaiiro oOJaJHaHHS Ta CTOXACTUYHHIN BIUIMB
MOTOAHUX YMOB, 10 3HAYHO MIABUILY€E €PEKTUBHICTh KEPYBAaHHS B JUHAMIYHO 3MIHHUX
yMoBax. Hampukinaa, aganTHUBHI aJIrOpUTMH MOXKYTh aBTOMATHYHO KOPUTYBaTH
napameTpu poOOTH CUCTEMHU Ha OCHOBI aHATI3y IMOTOJIHUX MMPOTHO31B, ICTOPUYHUX JTAHUX
po BUPOOJICHHS €HEPrii Ta MOTOYHOTO CTaHy oOnaaHaHHsA. OJHAK aJanTUBHI METOU
noTpeOyIOTh 3HAYHUX OOYMCIIOBAIBHUX PECYpPCIB 1 SKICHUX HAOOpIB JaHUX JUIs
HaBUYaHHA, M0 MOXe OOMEXKYBaTH iXHE 3aCTOCYBAaHHsS B CHCTEMaX 3 OOMEKCHUMU
MOKJIMBOCTSIMHU [9].

Oco0IMBICTIO 3aCTOCYBAaHHS CUCTEM MPUHHSATTS PIllIEHb Y KEPyBaHHI COHIYHUMU
NaHeIsIMU € HEOOXIJHICTh pOOOTM B yMOBaX HEBH3HAYEHOCTI Ta OOMEKEHOCTI
iH(dopmartii. PiBeHb COHSIYHOT pajialii, TeMneparypa Ta HABaHTaKEHHSI MOXKYTh IITBUIKO
3MIHIOBATHCS, [0 BHUMAara€ OIEPATUBHOTO Ta HAMIMHOTO TPUHHATTSA pimieHb. Ha
MPaKTUIll 1€ YaCTO MPU3BOJUTH O BUKOPUCTAHHS KOMOIHOBAHUX MiAXOJIB, y SIKUX
METOJM M0 TPAIIOIOTh 32 YITKO BCTAHOBJICHHMMH MpaBUiiaMU 3a0€3MeuyloTh 0a30BY
CTaOUIBHICTh CHCTEMH, ONTHUMI3AIlIHI — MIABUINCHHS €(EeKTUBHOCTI, a aJanTHUBHI —
3JIaTHICTB JI0 IPUCTOCYBAHHS B IOBIOCTPOKOBIM nepcriekTuBi. Take moeIHaHHS T03BOJISIE
KOMITCHCYBAaTU HEJOJIKN OKPEMHUX METOJIB 1 3a0€3MEeYNTH BUCOKUN PIBEHb HAJIHHOCTI

Ta epeKTUBHOCTI KepyBaHHs. Hampukian, y pasi pantoBoi 3MIHM MHOTOJHUX YMOB
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CUCTEMA MOXE CIIOYaTKy BHUKOPHCTATH QITOPUTMH IO TMPAIIOI0Th 3a YITKO
BCTAHOBJICHUMHU TMpPaBWIAMH JUIsl IIBUIKOIO pearyBaHHS, a TOTIM 3aCTOCYyBaTH
ONTUMI3AIIHI Ta aAanTUBHI METOAM ISl TOHKOT'O HAJIAIITYBaHHS MapaMeTpiB POOOTH
[10].

TakuM 4YWHOM, aHAII3 CHUCTEM NPUUHATTS pillleHb y KiOep]i3MuHMX cucTeMax
KEepyBaHHS MOKa3ye, 10 BHOIp KOHKPETHOTO METOMy ab0 iX MOeqHAHHS BU3HAYAETHCS
BUMOTaMU JI0 €(peKTUBHOCTI, CKJIaJHOCTI peaisallii Ta yMoB ekciutyaraiii. [{ist cucrem
KepyBaHHS COHSYHUMHM TMaHEISIMH JOLUUIBHUM € BUKOPUCTAHHS T1OPHIHUX PIIICHb, SKI
MOEAHYIOTh TIEpeBaru pi3HUX KJIACIB METOMIB 1 3a0€3MeuyI0oTh MIJIBUIIECHHS 3arajbHOi
edexTuBHOCTI Ki0epdi3uuHoi cuctemu. Lle 103BoIs€ HE U aBTOMATU3yBaTU PyTHHHI
MpoliecH KepyBaHH4, a i peaizoByBaTu CKJIaH1 CTpaTerii onTuMi3allii, o BpaxoBYyIOTh

SK TIOTOYHI YMOBH, TaK 1 JOBFOCTPOKOBI TEHICHIII1 PO3BUTKY €HEPreTUYHOI CUCTEMU.

1.3 IlocraHoBKka 3agadi JOCIIKEHHS

[TocTanoBka 3amaui IOCHiIKEHHA Oysia (yHIAMEHTAIBHUM €TaroM Y TMpolect
BUKOHAHHSI pOOOTH, OCKIJIbKHA Ha IbOMY €Tarli (opMyBaIKCsl KOHIIENTYaJIbHI 3acaji, 10
BU3HAYAIIA HANIPSIMOK, TJIMOUHY Ta CTPYKTYPY BCIX MOJANBIINUX TOCHTIKEHb. be3 4iTkoro
BU3HAUCHHSI MEX JOCIIIKEHHsS, WOro CIHPsIMOBAHOCTI, JIOTIKM BUKJIQAy MaTepiany Ta
METOJ0JIOTTYHUX TIIX01B 0yJI0O O HEMOXKJIMBO JIOCATTH MOCTABJICHUX IIJIEH, OCKUIbKU
BIJICYTHICTh CUCTEMHOTO MIJIXOYy MOTJIa PU3BECTU A0 (PparMEeHTaApPHOCTI PE3yJIbTATIB,
BTpaTU (OKYCy Ha KIIOYOBUX AaCIEKTaX Ta HEY3rOJKEHOCTI MK TEOPETHUYHHMH Ta
MPaKTUYHUMHU CKJIagoBUMU pobotw [11]. ¥V pamkax 1poro posmiry Oyio MpoOBEICHO
JeTaJIbHUM aHaji3 00’ €KTa Ta mpeaMeTa JOCITIDKSHHS, [0 JO3BOJIUIIO YITKO OKPECIUTH
MeX1 BUBUEHHS Ta BU3HAYUTH, SKI caMe€ acleKkTH KiOep(i3MYHOi CUCTEMU KEpyBaHHS
COHAYHUMM MaHEJSIMU M1UIATal0Th IeTalbHOMY po3risiay. Popmaizalis UX KaTeropii
CTaJla OCHOBOIO JIJIsi (JOPMYJIFOBAHHSI METU AOCIIDKEHHS — CTPATEriyHOrO OpIEHTHUPY,
KWW BU3HAYaB BEKTOP YCIX MOJANBIIMX AiM Ta 3a0e3leuyBaB iXHIO CIPSIMOBAHICTh Ha

JOCATHEHHS KIHIIEBOTO PE3yybTary.



17

Kpim Toro, 6yno chopMynpoBaHO Tepesik KOHKPETHUX 3aBJaHb, KOKHE 3 SKHX
MaJjio CBOIO Bary Ta CIPSIMOBYBAJIO JIOCHIIKEHHS Y IeBHOMY HanpsMKy. L1 3aBnanHs He
JUIE CTPYKTypyBaidu poOOTy, aje W 3abe3nedyBalid IMOCIIIOBHICTh Ta JIOT1YHY
MOCJTITIOBHICTDh JTOCII/PKEHb, YHWKAIOUM BIAXWJIEHb BiJl OCHOBHOI JiHIi. BaxmmBum
€JIEMEHTOM TIOCTAHOBKH 3a/1aul CTaJI0 BU3HAYEHHS BXIJIHUX YMOB, K1 0e3MOcepeHbO
BIUIMBAJIM Ha TMpolecu NoOynoBM Ta (YHKIIOHYBaHHA KiOep(i3UyHOI CHUCTEMH.
OOMerxeHHs, BUSIBICHI Ha I[bOMY €Talli, JO3BOJMJIM BpPaxyBaTd MOTEHI[INHI PU3HKH,
aJlanTyBaTH METOJUKY JOCIIKEHHS A0 pealbHUX YMOB €KCILTyaTallii Ta 3a0e3MeunTu
NPaKTUYHY LIHHICTh OTPUMAHHUX pe3ynbTariB. OcoOiauBa yBara NpUILIsiIacs aHami3zy
30BHIIIHIX Ta BHYTPIIIHIX (pAaKTOPIB, SKI MOTJIM BIUIMHYTH Ha €(DEKTUBHICTh CHUCTEMH,
TaKUX SIK KJIIMaTUYHI YMOBH, TE€XHIYHI XapaKTEPUCTUKH OOJIAJHAHHS Ta OOMEKEHHS
OOYHUCIIOBAILHUX PECYPCIB.

O0’exTOM JOCTIKEHHS BUCTyNana Kioepdi3uuHa cuctemMa KepyBaHHs COHIYHUMU
NaHEISIMU — CKJIAIHUN TEXHIYHMM KOMIUIEKC, IO MO€AHY€E (I3UYHI KOMIIOHEHTH,
BIJINOBIJIAJIbHI 32 TEHEpallilo, TMEPEeTBOPEHHS Ta PO3MOJAUT eJIeKTpOeHeprii, 3
OOYHUCTIOBAILHUMU Ta 1HPOPMALIMHUMH MOJTYJISIMH, sIKI 3a0€31eYyI0Th 1HTEJIEKTyalbHe
KepyBaHHA cuctemoro. Ll cuctema € sCKpaBUM MPUKIAIOM 1HTErpamii (pi3H4HUX
MPOoI1IECiB 3 IUGPOBUMHU TEXHOJOTISIMH, 110 TO3BOJISIE HE JIUIIIE aBTOMATU3yBaTH POOOTY
COHSIYHMX €JICKTPOCTAHLIM, ajie ¥ ONTHUMI3yBaTH il 3 ypaXxyBaHHSIM JIMHAMIYHUX 3MIH
30BHIIIHBOIO CEPEAOBHINA Ta BHYTPIIIHIX apameTpiB [12].

Y pamkax oO0’ekTa JoCHiDKEHHS OyiaM BUIIJIEHI KIIOYOBI TPOLECH, SIKI
0e3mocepe/IHbO BIUTMBAIH Ha €()EKTUBHICTh pOOOTH BCi€l cucTeMU. 30KpeMa, 301p JaHUuX
3 BUKOPUCTAaHHSM PI3HOMAHITHUX CEHCOPIB, fAKI BIACTEXKYyBalld IMapaMeTpu
HABKOJIMIITHROTO CEPEIOBUINA, TakKi SK pIiBEHb COHSYHOI pajiaimii, TeMIeparypa,
BOJIOTICTh, IIBUJKICT BITPY, @ TAKOXK CTaH OOJaJHAHHS, BKIOYAIOYU HAMNPYTY, CTPYM,
TEeMIIepaTypy MaHelel Ta CTaH aKyMyJIsTOpHUX Oatapeil. L{i Jani c1y>Kuau 0OCHOBOTO IS
NOJAJIBLIOTO aHAI3Y Ta MPUUHATTA KepyBaldbHUX pimieHb. OOpoOka Ta aHali3 JaHHUX
BKJIFOUQTM BUKOPUCTAHHS CyYaCHUX aJTOPUTMIB MAIIMHHOTO HABYaHHS, CTATUCTHYHUX
METO/I1B Ta METO/IIB ONTUMI3aIIlii JIsl BUSIBJICHHS 3aKOHOMIPHOCTEH, MPOTHO3YBAHHS 3MiH

Ta ONEPATHUBHOTO pearyBaHHA Ha HUX. Hampukian, aHami3 ICTOPUYHHUX JAaHUX MPO
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BUPOOJICHHA €HEeprii J03BOJISIB MPOTHO3YBaTH MIKOBI Ta MiHIMaJbHI HaBaHTaXCHHS,
ONTUMI3yBaTH PEKUMH POOOTH I1HBEPTOPIB Ta IUIAHYBaTH CTpaTerii HaKOIMMYCHHS
eHeprii. dopMyBaHHS KepyBaJIbHMX BIUIMBIB, $KI 4Yepe3 BHKOHABYl MeEXaHI3MU
BIIPOBA/KYBAJIUCS B POOOTYy (DI3MYHUX KOMIIOHEHTIB CHCTEMH, MOTJIO BKIIOYATH
KOMaHJM Ha 3MIHYy KyTa Haxwily IaHeJel, peryJroBaHHS IMOTY>KHOCTI 1HBEPTOPiB abo
NEpepO3MOI1T HABAHTAKEHHS MIXK PI3HUMU elleMeHTaMu cucteMu [13].

Oco0nuBicTIO 00’€KTa MOCHITKEHHsS Oyna Horo OaratopiBHEBa CTPYKTypa, siKa
BKJIIOUAJa SK arapaTHi KOMIIOHEHTH, TakKl sIK COHSYHI MMaHeN, IHBEpPTOPH, aKyMYJISITOPH
Ta CEHCOPH, TaK 1 MporpamMHi MOAYJIl, BKJIIOYAIOYM aJrOPUTMHU KEPYBAHHS, CUCTEMHU
MOHITOPUHTY Ta 0a3u naHux. HaBeneHa iHTerpaiiisi 103BOJsiIa CTBOPIOBATH THYUKI Ta
aJanTHUBHI CUCTEMH, 371aTHI €(peKTUBHO (YHKIIOHYBATH B yMOBaX HEBHU3HAYECHOCTI Ta
3MIHHUX 30BHIIIHIX (PaKTOpIB.

[IpeameToM JOCHITKEHHSI CTAId METOJIA Ta aJTOPUTMHU KEPYBaHHS COHSYHUMU
MaHeJIMU B paMKax KiOep(i3uyHOI CUCTEMHU, Ji€ KJIIOYOBY POJIb BiJIrpaBaiu MpOIECH
00pOOKM JaHUX, MPUUHATTSA PIillIeHb Ta ajamnTallii 0 JUHAMIYHUX 3MiH 30BHIIIHHOTO
cepenosuia. Lleit acnekt nociipkeHHs OyB CIIPSIMOBAHHMI Ha BUBYEHHS Ta PO3pOOKY
CHOCO01B MPUNHATTA PILIEHb, K1 J03BOJIAIOTH ONTHUMI3yBaTU PEKUMHU POOOTH CUCTEMH,
M1BUIIYBATH 11 €()EKTUBHICTD Ta 3a0€3MeuyBaTh CTIMKICTh 10 30BHIIIHIX 30ypEHb.

Y wMexax mnpeaMmera JIOCHIIKEHHS OCOOJMBa yBara MNpUIUIAIAcS aHajizy
PI3HOMaHITHHX MIJIXOJIB A0 KEPYBaHHS, K1 MOKHA KJIACU(DIKyBaTH 3aJIEXKHO Bl iXHBOT
CKJIQHOCT1, OOYUCITIOBAILHUX BUTPAT Ta 3AaTHOCTI afanTyBaTHcs 110 3MiH. [IpaBuiiosi
METO/IH, 10 0a3yIOThCS Ha 3a3/ajeriab BU3HAYCHHUX JIOTIYHUX MPAaBHJIAX TUITY «SIKIIO—
TOY», BIZI3HAYAIOTHCSI TPOCTOTOIO peai3allii Ta HU3bKUMU 00K CIIIOBAIbHUMU BUTPATAMU,
10 pOOUTH iX MPUAATHUMU JIJIi BAKOPUCTAHHS B CUCTEMAaX 3 OOMEKEHUMH Pecypcamu.
BoHM mMpoKo 3aCTOCOBYIOTHCS Ji peajizailii 06a30BUX CIIEHapiiB poOOTH, TaKUX SK
MEPEeMUKAHHS PEXHUMIB 3aJ€KHO BIJ PIBHS OCBITICHOCTI abo Temmeparypu [14].
OnTuMizaiiiiii Metoau (OpMyJIIOIOTh 3a/ady KEepyBaHHS SIK 3aJady ONTUMI3alii 3
MEBHOI0 LUILOBOIO (DYHKIIEIO, HAMPUKIAJ, MaKCHUMi3allis BHUpPOOJIEHHA eHeprii ado
MiHIMI3aIllE BTpaT, Ta CHCTEMOIO OOMekeHb. L[i MeTomu 03BOJISIIOTH 3HAXOIUTH

ONTUMAJIbHI PIIIEHHS B yMOBaxX 3MIHHHMX [apaMeTpiB, ajieé BHUMAaraiTh 3HAYHUX
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OOYHMCITIOBAILHUX PECYpPCiB Ta HASBHOCTI TOYHMX MaTEMaTUYHUX MOJENEH. AJanTUBHI
METO/Y BUKOPUCTOBYIOTh JITOPUTMHU MAITMHHOTO HABYAHHS Ta IITYYHOT'O 1HTEJIEKTY JIJIst
aHaji3y JaHUX Ta ajanTalii CUCTeMH JI0 3MiH, II0 0COOJMBO e(EKTHBHE B YMOBax
HEBU3HAYCHOCTI, OCKUTHKU JIO3BOJIIE CUCTEMi «BUHUTHCS» HAa OCHOBI HAKOIMUYEHOTO
JIOCBIJIy Ta IMOKpaIlyBaTU CBOIO PoOOTY 3 yacom [15].

[Ipenmer mocmimkeHHs 30cepe/KyBaBcsl Ha 1HGOPMAIIHHUX Ta aITOPUTMIYHUX
acrieKTax KEpyBaHHS, OCKUIbKM BOHU O€3MOCEepeHbO BIUIMBAIM Ha €(EKTUBHICTDH
(GyHKIIIOHYBaHHS COHSYHUX MaHened. lle BKIouano po3poOKy alropuTMiB, 3ATHUX
ONEpaTMBHO pearyBaTd Ha 3MIHA YMOB, NPOTHO3yBaTW MOTEHIIHI PU3UKU Ta
ONTUMI3YBaTu poOOTY CHCTEMH B PEXHUMI peajbHOro vacy. Hampuxman, aaropurmu
BIJICTEe)KEHHSI TOYKM MaKCHUMAaJbHOI IMOTYXKHOCTI JTO3BOJISUIM JAMHAMIYHO KOPUTYBATH
napaMeTpu poOOTH MaHENe sl TOCATHEHHS MaKCUMalbHOI €(PEKTHUBHOCTI, TOMI1 SIK
aJIaNTUBHI aITOPUTMH 3a0€31eUyBaI CTINKICTh CUCTEMU J0 30BHIIIHIX 30ypEHb.

Metoro IUIIIOMHOI poO0OTH OyJi0 po3pOOJICHHS Ta MOCHIKEHHs KibepdizuuHoi
CUCTEMH KEpyBaHHS COHSYHUMHM IaHEISIMH 3 MIJBUILIEHOK €(EKTUBHICTIO Ha OCHOBI
00poOKM Ta aHai3y AaHuX. JloCATHEHHS I1€1 METH Mepedavyano CTBOPEHHS y3roKEHO1
CTPYKTYpH KepyBaHHS, 3/1aTHOI 3a0e3MeuyBaT ONTUMATbHI PEKUMHU POOOTH COHIYHUX
naHesjgeil B yMOBax 3MIHHOT COHAYHOI pajiamii, TeMIepaTypHUX KOJIMBaHb Ta
eKCIUTyaTallliiHuX oOMexeHb. [ qocsrHeHHsT MeTH Oyi0 cOopMyJIbOBAHO KOHKPETHI
3aBJaHHS, TaKl SK aHalI3 CyYaCHHUX MIAXOAIB A0 NMOOyAOBH KiOep(i3UUHUX CUCTEM
KepyBaHHA B COHSIYHIM EHEPreTHuIll, MOCIIHKECHHS METOMIB TMPUHHATTS PIIICHb Ta
AITOPUTMIB KEpPYBaHHS, BU3HAYCHHS BHMOT [0 CTPYKTYpH Ta (PYHKIIIOHATBHHUX
KOMITIOHEHTIB CHCTEMH, pO3poOka Mozem KiOepdi3uuHOI CHUCTEeMH KEpyBaHHS
COHSAYHUMM MaHEJSIMH 3 YpaxXyBaHHIM 0OpOOKH Ta aHaNI3y JaHHUX, a TAKOX OI[IHIOBAHHS
€(EeKTUBHOCTI 3aIIPOIIOHOBAHUX PILIEHB 32 3aIaHUMH KPUTEPISIMH.

VY Mexkax MOCTaHOBKHU 3a/1a4l JOCTIIPKEHHS TaKoXX OyJI0 BU3HAYEHO BXIJHI YMOBHU
Ta 0OMEXEHHSI, SIK1 BIUTMBAJIU Ha MPOLIECH MOJIETIOBaHHS Ta (DYHKI[IOHYBAHHS CUCTEMHU.
Jlo BXiZHUX yYMOB HajeXalld MapaMeTpy 30BHIIIHBOTO CEpPEOBHINA, TaKl SIK PIBEHb
COHSIYHOI pajiallli, TeMreparypa HaBKOJUIITHLOTO CEPEIOBHINA, BOJOTICTh Ta PEKUMHU

HaBaHTaXeHHA. J[0 oOMexeHb OyJ0 BIJHECEHO TEXHIYHI XapaKTEPUCTHUKU COHSIUHUX
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naHeyied Ta 1HBEPTOPIB, OOMEXEHI OOYMCIIOBAIIbHI PECYpPCH CHUCTEMH KepyBaHHS, a
TaKoXX BHMOTH JI0 HaJIMHOCTI, CTaOUIBHOCTI poOOTH Ta OE3MeKH eKCILTyaTallii.
VYpaxyBaHHs LHMX YMOB 1 OOMEXEHb 3a0€3[edyBaji0o IPAKTUYHY CIPSIMOBAHICTb
JOCTIIKEHHS Ta pEaiCTUYHICTh OTPUMAaHHUX PE3yJbTAaTIB, 0 OYJIO KPUTUYHO BAXKIMBUM
JUISL TTOIAJIBIIOTO BIIPOBAKEHHS pO3POOJIEHUX PIlIEHb Y peaibHl CHCTEMU KEPYBAHHS.
MeTono0oriyHO JOCTIKEHHsT 0a3yBajiocsi Ha TMO€IHAHHI TEOPETHUYHUX Ta
eKCIIEPUMEHTAJIBHIX METO/IIB, BKIIIOUAIOUN aHAI3 JITePaTypPHHUX JKEPel I BABUCHHS
ICHYIOUHUX MIiAXOMIB 70 MoOya0BH KiOep(]i3MUHMX CHUCTEM Ta METOJIB KEepyBaHHS
COHSIMHMMHM TaHEJSIMU, MOJENIOBaHHS Ta CHUMYJISLIIO JJIA MEepeBipKU €()EKTUBHOCTI
3allpONIOHOBAHUX  AJTOPUTMIB y PI3HUX CIEHApisAX eKCIUIyartamli, a TaKoxX
eKCIIEPUMEHTaIbHI JOCIIIPKEHHSI Ha pealbHUX abo 1a00paTOpHUX YCTaHOBKax MAJis
NEPEBIPKUA TEOPETUUHHUX PE3YIBTATIB Ta OLIHKH MPAKTUYHOI MPUIATHOCTI pO3POOJICHUX
pimenb [16]. TakuMm 4YMHOM, MOCTAHOBKA 3ajadl JOCIIJKEHHS CTajla OCHOBOKO JJIst
CTBOPEHHSI €(DEKTUBHOI K1I0€p(P13MUHOI CUCTEMHU KEPYBAHHS COHSIYHUMU MaHEISIMU, SKa
MOEHYE B €001 TepeBard CydyaCHUX OOYMCIIOBAIBHUX TEXHOJOTIH, allfOpUTMIB

ONTHUMI3allii Ta aJaNTUBHUX METOJIIB KEPYBAHHS.

1.4  Amnami3 ki0epdi3UUHUX CUCTEM KEepyBaHHS

Y Mexkax AaHOTO MiApo3AuUTly Oyjlo BHUKOHAHO aHaii3 Kibep(]izMuHHMX cUCTEM
NPUMHATTS PlIIEHb, 1110 3aCTOCOBYIOTHCS JUIsl KEPYBAHHS COHYHUMHU MaHESIMH, 3 METOIO
BU3HAYCHHS iX (PYHKIIOHAIBHUX MOXJIMBOCTEH, TUIOBHUX CIIEHApIiB pOOOTH, a TaKOXK
HasBHUX TpoOsieM 1 oOMexkeHb. Takuii aHami3 JO3BOJIIB OOIPYHTYBATH MOIJIBHICTH
BUOOPY MIIXOiB, BUKOPUCTAHUX Y MEXaX JIAHOTO MPOEKTY.

TunoBi 3amaul NPUHHATTA pillleHb Yy KiOep(i3uyHUX CHUCTEMAX KepyBaHHS
COHSIYHMMH TMaHENSIMA BKJIIOYAIM BHOIp ONTUMAIBHOTO PEXHUMY POOOTH I1HBEPTOpA,
pearyBaHHsI Ha 3MIHY PiBHSI OCBITJICHOCTI Ta HAaBaHTAXEHHs, BUSBJICHHS aBapiitHUX abo
JIeTpaIoBaHUX PEXKHUMIB, @ TAKOXK YXBAJICHHS PIIIEHb II0JI0 JUHAMIYHOTO IiIKITFOYEHHS

a00 BIIKIIFOUECHHS OKPEMUX IMaHeNel uM JiHIN coHsuHux maHenei [17]. Okpemy rpymy
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3aJa4 CTAHOBWJIM pIIIEHHS, TOB’s3aHi 3 OajJaHCyBaHHAM MIDK MaKCHMAaJIbHOIO
E€HEPreTUYHOIO BiJIaueto Ta 0e3MeYHUMH YMOBAaMU eKCILTyaTallii o0JaHaHHS.

VY mporieci aHamizy MOXIMBHX CIIEHApIiB POOOTH CUCTEMH OYJIO PO3TISHYTO
IITaTHI Ta HEIITaTHI pexuMu (yHKUIiOHYBaHHs. [lo IITaTHUX ClEHapiiB Hallexalu
poboTa 3a CTablIbHUX IMOTOJHUX YMOB, TUIABHI 3MIHHM OCBITJICHOCTI Ta MPOTHO30BaHI
KOJIMBaHHsI HaBaHTaxeHHs. HemratHi cueHapii BKIIOYaIM pi3Ke 3aTiHEHHS, MEperpis
naHesei, BTpaTy OKPeMHUX CEHCOPiB, 3001 3B’s3Ky a00 4acTKOBI BIAMOBHU OOJIaqHAHHS.
JIJ1s1 KOXKHOTO CLIEHApil0 CUCTeMa MPUNHSATTS pillieHb Malia 3a0e3MeuyBaTH KOPEKTHY Ta
CBO€YACHY PEAKIIii0 3 MIHIMAJIbBHUM BIUIMBOM Ha 3arajibHy €(heKTUBHICTb poOoTH [18].

[Topganpmmii  anamiz OyJI0 30CEPEMKEHO Ha PO3MJISAl  ICHYIOYHX aHaJOriB
K10ep(i13UYHUX CUCTEM MPUIHATTS PIllICHb y COHSYHIN €eHepreTHlll, 10 MOkKHa T00AYnuTH
Ha Tabmumi 1.1. Jlo Takux aHaNoOriB HaJlEKajlud KOMEPLIMHI CHUCTEMU KEepyBaHHS
1HBepTOpaMH Ta (POTOEICKTPUYHUMH YCTAaHOBKAMM, a TaKOX BIJKPUTI MPOrPaMHO-
amaparHi pilIeHHS, OpPIEHTOBaHI HAa MOHITOpUHTI 1 0Oa3oBe KepyBaHHs. KomepuiiiHi
CUCTEMH, SIK MPAaBWIO, XapaKTEpU3yBaIMCSd BHUCOKOK HAAIMHICTIO Ta TJIUOOKOIO
IHTErpali€ero 3 amnapaTHUM 3a0€3MeUeHHSIM KOHKPETHOrO0 BHUPOOHMKA, MPOTE Mallu
O0OMEKEHY THYUKICTb, 3aKPUTY apXITEKTYpy Ta CKJIAHICTh po3IUpeHHs [19].

Buxopucranss BIIKpUTHX a00 HAMIBBIIKPUTHUX aHAJOTIB MO CBOi MepeBaru,
aJpke BOHU 3a0e3nevyBajiu OUIbILY MPO30PICTh aITOPUTMIB, T03BOJISUIM JTOCTITHUKAM 1
pO3pOOHMKAM TIMOIIE PO3YMITH BHYTPIIIHIO JIOTIKY POOOTHM CHCTEMH Ta BHOCUTH
HeoOx1aH1 Moaudikallii BIAMOBIIHO M0 crnernudiyHuX BUMor. HaBejeHa BIAKPHUTICTh
CTBOpIOBaJa CIPHUATIMBI YMOBH JUIsl €KCIIEPUMEHTIB, ajanTallii Ta IHTerpaiii HOBHUX
METO/I1B, 10 0COOJIMBO BAXKIUBO y cdepl Kibephi3uIHNX CUCTEM, JI€ TIOCTINHO BUHUKAE
noTpeba y BIOCKOHAJICHH] aITOPUTMIB KEPYBaHHS. 0JIAaTKOBUM OOMEKEHHSIM OYJI0 T€, 1110
3HaYHAa YacCTHMHA ICHYIOUMX TIJIXOJIB OpIEHTyBaJlacd HA BUKOPUCTaHHS BiIHOCHO
MOTY>KHOTO arapaTHOTO 3a0e3medeHHs. Y pe3yJbTaTi Taki PIleHHS HE 3aBXKIU MOTJIHU
3a0€3IMeUnTH MTOBHOLIIHHY POOOTY B PEXKUMI PEaIbHOTO Yacy, 10 € KPUTUYHO BaXKJIMBUM
JUIS. CHCTEM KepyBaHHS COHSYHUMHU EHEPTreTHYHWMH YCTaHOBKAMH, 1€ MIBHIAKICTH

peaxiiii Ha 3MiHHI 30BHIIIHI (pakToOpu BU3HAYAE €PEKTUBHICTH 1 CTAOUTBHICTh POOOTH.
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Xapakrepu Huawei SMA SolarEdge OpenEMS | 3anpornoHoB
CTHKA FusionSolar Sunny Monitoring aHuM
Portal Platform MIPOEKT
Tun Kowmepmiitn | Komepmiitn | Komepuiiin | Bigkputa Binkpura
pileHHS a 3aKpuTa a a 3aKpuTa MOZyJIbHA Kioepdi3uy
cucTema HaIIB3aKpH | CHCTEMa matgopma Ha CUCTEMa
Ta cCUCTEMa
OcHoBHe KepyBanus | Mounitopun | Monitopun | Enepromenen | KepyBanus
MPU3HAYEH | Ta T, ri KMEHT 1 1HBEPTOPOM
HS MOHITOPUHT | ONITHMi3alll | ONTHUMI3all | KEPYBaHHS 1 IPUIHATTS
CEC A s maHenen pillIeHb
CTIO’KUBAaHH
s
Apxitektyp | Llentpamizo | Llentpanizo | Lenrpanizo | Posnoginena, | lepapxiuna,
a BaHa, BaHa 3 BaHa, MOyJIbHA JOKaIbHA
XMapHa JIOKaJIBHUM | XMapHa
u
MOTYJISIMH
[Tpuitasarra | OOmexeHo | YactkoBo | YacTkoBO Tak Tak
pIIIeHb Yy
pearbHOMY
yaci
Biakpurict | Hi Hi Hi Taxk Tak
b
aJTOPUTMIB
[arerpamiss | OOmexxena | OOMmexxena | O6mexena | [llupoxka M'ayuka
3
1HBEpTOpaM
Y IHIIIHAX

BUPOOHUKIB
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BUPOOHHKA

Hoctyn yepes BeO- | Tax Tak Tak Tak Tax
Opay3zep
Kpocmnarpopmenic | Tak Tak Tak Tak Tak
Th (uepe3

XxMapy)
[TinTpumka Hi Hi Hi OOMexeHo Tak
MaJIOTIOTY>KHOTO (Raspberry
o0JiaTHaHHS Pi)
36epiranas Tak Tak Tak Tak Tak
ICTOPUYHUX JTAHUX
BusiBnenns O6mMmexen | OoMmexen | OomexeH | Peanizyerses | PeanizoBan
aHOMaJTii €, 3aKpUTe | € e KOpHUCTYBaue | O

M

IIpocroTa Hwuspka Huspka Hwusbka Cepenns Bucoxka
Moauikarii
3a1eXHICTh Bl Bucoka Bucoka Bucoka Husbka Hwn3bka

VY pe3ynbTaTi aHainizy OyJi0 BUSBICHO HU3KY OOMEXEHb 1ICHYIOUHMX ITiIXO0/IIB, CEPEl

SAKUX — CKJIQIHICTh 1HTErpallii 3 IHIIUMHU CUCTEMAMH, 3aJICKHICTD BiJl PIIIIEHD 3 3aKPUTUM

CEPIIEBUM KOJIOM MPOTOKOJIIB, 00MEXKEH1 MOXKJIMBOCTI MacIlITa0yBaHHS Ta BUCOKI BUMOTH

10 obuucaoBanbHUX pecypciB [20]. Takox Oyio Big3HaAUeHO, IO OaraTo pillleHb HE

3a0e3reuyBalid 3py4HOTO JOCTYyIly 0€3 oOMekeHb MO IUILOBUM IIaTGopMaMm Ta

BUMAaraji BUKOPUCTaHHS CIEI1aTi30BaHOTO MTPOTrPaMHOTO 3a0€3MeUeHHS.

Ha 11 po3risHyTHX aHanoriB 0yno copMyIbOBaHO MEpPEBaru JAHOTO MPOEKTY

Ki0ep(di3uYHOi CUCTEMU MPUUHATTS PIIICHb.

JIo OCHOBHMX IIepeBar HaJexKalld

BIJIKPUTICTh apXITEKTYpH Ta MPOTPaMHOi peasizallii, mpocToTa IHTEerpaiii 3 1HITUMHU

CUCTEMaMU, MOKJIMBICTh pOOOTH B PEKMMI PEAIBHOTO Yacy Ta JOCTYII 10 CHCTEMH Yepe3
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BeO-Opay3ep, mo 3abe3medyBaio JOCTyn Ha OaraThox rmiaTdhopmax 0e3 OOMEKEHb.
Oxpemo OyJi0 BiJ3HAYEHO MOJKJIMBICTH PO3MIIICHHS MPOEKTY Ha MAaJIOMOTYKHOMY
armapaTHOMy 3a0e3nedeHHl, 30Kkpema Ha tuiatdopmax tumy Raspberry Pi abo
aHaJIOT1YHNX BOYyAOBaHUX cucTeMax [21].

Takum 4yuHOM, MPOBEICHUM aHaNi3 KiOep(}I3ZUUYHUX CHUCTEM IPUUHSATTS pIlleHb
JI03BOJIMB BUSBUTH KIIFOUOBI HEIONIKM ICHYIOUHX MIIXOAIB 1 OOIPpYyHTyBaTtu BHUOIp

apXITEKTypHUX Ta AITOPUTMIYHUX PIIICHB, MOKIAIEHUX B OCHOBY JAHOTO MIPOEKTY.

1.4 BUCHOBKH A0 NEPUIOTO PO3ILITY

VY mnpormecit anamizy Oyio JA€TalbHO OOIPYHTOBAHO, YOMY JOCIHIJKEHHS CJIiJT
30CepeIMTH Ha 1H(QOpPMALIMHUX Ta aNTOPUTMIYHUX aclekTax KepyBaHHs. Lli acrektu
BIJIIFPAIOTh BUPIIIATIBHY POJIb Y 3a0€3MeUeHH] BUCOKOT €(EKTUBHOCTI POOOTH COHSIUHUX
€HEpPreTMYHUX YCTAaHOBOK, OCOOJMBO B yMOBaxX HECTaOLIBHOIO 30BHIIIHBOIO
cepelloBUIla. 3MiIHHI MapaMeTpH, TaKi K IHTEHCUBHICTh COHSAYHOTO BUIIPOMIHIOBAHHS,
TEeMIIepaTypHI KOJIMBaHHS a00 aTMOC(epHi SBUIIA, BUMAraloTh MOCTIHHOTO MOHITOPUHTY
Ta OMEPaTHBHOIO pearyBaHHs, 1[0 MOXJIMBO JIUIIE 32 YMOBU BUKOPHCTAHHS CYYacHUX
METO/11B OOPOOKH JTaHUX Ta aJITOPUTMIB KEPYBaHHSI.

JocmipkeHHsl Moka3ajno, W0 CcydyacHl KiOeppI3M4HI CUCTEMU KepyBaHHS
COHSTYHUMHU TAHEJSIMH TOTPEOYIOTh KOMILIEKCHOTO MiAXOAy 0 OOpOOKH Ta aHami3zy
maHux. Takui maxig J03BOJIsIE 3a0€30€YUTH aJallTUBHICTE CUCTEMH 10 3MIH 30BHIMIHIX
YMOB, CTIMKICTh O MOXJIMBUX 30ypeHb Ta ONTUMAJIBHICTh PEKUMIB pOOOTH. AHaI3
npeaMeTa AOCHIDKCHHS BUSBHUB, II0 KOMOIHAIlA KJIACMYHUX METOJIIB OINTHUMI3amii 3
CyYaCHHMH QJITOPUTMAaMH MAIIMHHOTO HABYaHHS Ta IITYYHOTO I1HTEJIEKTY CTBOPIOE
NEepeIyMOBH ISl 3HAYHOTO IIiJBUIICHHS MPOAYKTUBHOCTI COHSYHUX TmaHenei. Lle
JOCSTAETHCA 3aBASKH 3MEHIICHHIO CHEPreTUYHHMX BTpaT, ITJIBHINCHHIO HAIIHHOCTI
(GyHKIIOHYBaHHSA CUCTEMM Ta 3/IaTHOCTI ONEpPAaTMBHO pearyBaTW Ha 3MIHM 30BHILIHIX
dakTopiB, TakKMX K COHSYHA pajiaulis, Temneparypa a0o IHIII HapameTpu
HABKOJIMIIHBOTO cepenoBuina. OcobimBa yBara Oyna npuiiieHa 3AaTHOCT] aIrOpUTMIB

HE JIMILIE pearyBaTH Ha MOTOYHI 3MIHH, ajieé i MPOTHO3YBATH MOXJIMBI BIIXWJICHHS BiJ
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ONTUMAJIBHUX PEKUMIB POOOTH, IO JO3BOJISE 3aM00IraTH MOTEHIIHUM polemMam 1ie
Ha eTarni iX BAHUKHEHHS.

CdopmynboBaHa MeTa TUINIOMHOI pOOOTH B1JI0Opakasia HEOOX1HICTh CTBOPEHHS
epexkTuBHOT KiOep(i3nyHOi cucTeMHU KepyBaHHs, sika Oa3yBanacs O Ha y3TOKEHIN
B3a€EMOJIIi amapaTHUX 1 MporpaMHUX KOMIOHEHTIB. HaBenena cuctema wmama 0
BUKOPHCTOBYBAaTH Cy4acCHI METOJW aHaJI3y JaHWX I 3a0e3MeUYeHHS MaKCHMaJbHOT
edexktuBHOCTI pobOoTH. IlocTaBneni 3aBmaHHs OyJid JIOTIYHO TIOB’s3aHI 3 METOIO
JOCITIKEHHST Ta OXOIUTIOBAIM BCl KJIFOYOB1 €TamM — BijJ aHaJi3y ICHYIOUHX MiJAXOMIB 1
METO/[IB KEPYBaHHS 10 PO3pOOJICHHS MOJENI CUCTEMH Ta OLIHIOBaHHS €(PEKTHUBHOCTI
3aIpPONOHOBAHUX PIIICHb.

OxpeMo OyJ10 BU3HAYEHO BX1JIHI YMOBHU Ta OOMEKEHHS, 110 HAJIAI0 JOCIIKEHHIO
NPUKIAAHOTO XapakTepy. YpaxXyBaHHS TIapaMeTpPiB 30BHINIHBOTO CEPEIOBUIIA,
TEXHIYHUX XapaKTePUCTUK OOJaJHAHHS, OOMEKEHHX OOUYMCIIOBAIBHHX PECypCiB Ta
BHUMOT 70 HaJIMHOCTI JO3BOJIMJIO OPIEHTYBATH PO3pPOOIIOBaH] AJITOPUTMH KEPYBaHHS Ha
peanbHi yMOBHM ekcrutyatarii. lle mnigBumIyBaJlo MpakTUYHY I[IHHICTb OTPUMAHHX
pe3yabTaTiB, poONsSIYM iX TPUAATHUMH JJII BUKOPUCTAHHS B pEaJbHUX COHSIYHHUX
EHEepreTMYHUX cuctemMax. BpaxyBaHHs 1ux (akTopiB 3a0e3medyBajo HE JIHIIe
TEOPETUYHY OOIPYHTOBAHICTb, ajl€ M MPAKTUYHY JOIIIBHICTh PO3POOJICHUX PIIICHbD.

Takum ynHOM OyJ10 CHOPMOBAHO MILIHE TEOPETUYHE Ta METOJOJIOTIUHE MIAIPYHTS
JUJIS1 IOAANBIINX €TariB BUKOHAHHS poO0oTU. UiTKe BUSHAUEHHS MPeaMETa JOCIIIKEHHS,
METH, 3aBJaHb, @ TAKOX BXIJHUX YMOB 1 0OMEXEHb CTBOPUIJIO OCHOBY JIJIsi PO3POOICHHS
Ta JOCJIKeHHS K10ep(}13UUHOT CUCTEMH KEPYBaHHS COHIYHUMM MaHensamMu. [sg cucrema
Oyna crnpsMoBaHa Ha TMIiJIBHUINCHHS €(PEKTHMBHOCTI, aJallTUBHOCTI Ta CTAOUIBHOCTI i

(bYHKHiOHYBaHHSI, IO € KPUTUIHO BAXKIIMBUM JISI CYUACHUX CHCPTCTHYHHUX YCTAaHOBOK.
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2 MOJEJIOBAHHSI 3ACOBIB TA BUMOI' JO KIBEP®I3UYHOI
CUCTEMMH

2.1 Mopnenb cTpyKTypH KiOep(}i3MuHOT CHCTEMHU KepYBaHHS

IToGynoBa edekTuBHOI KIOEp(I3MYHOI CHUCTEMH KEpyBaHHS  COHSYHOIO
CHEPTreTUYHOI0 YCTAaHOBKOIO MOTPeOye Mepexoay Bijl 3arajJbHOTO OMKCY i1 KOMITOHEHTIB
0 ¢dopMali3oBaHOi CTPYKTYpPHOI MOJENi, SKa JO03BOJII€ OJHO3HAYHO BU3HAYUTHU
B32€EMO3B’SI3KM MK €JIEMEHTaMHU CHUCTEMH, HANpSIMKHA MOTOKIB JaHUX Ta MEXaHI3MU
BIUIMBY Ha 00’€KT KepyBaHHs. Takuil miaxia 3a0e3revye MOXIMBICTH MOAAIBIIOTO
aHami3y, ONTUMI3AIlli Ta peai3alii CUCTEMU Yy BUIJIAl HPOrpamMHO-aapaTHOTO
KOMILIEKCY.

CrpyktypHa MoJielb Kioepdi3udHoi cucTeMu (OpPMYETHCS Ha OCHOBI i MOy Ha
TPH B3a€EMOINOB’s13aHi piBHI: Pi3uyHuM, iHbopMaliitHuil Ta kepytounit. Di3uyHuM piBeHb
BKIItOUa€ Oe3rnocepesH0 00’ €KT KEpyBaHHS, SKUM € COHSYHA €HEPreTUYHa YCTaHOBKA,
10 CKIIAAAETHCS 3 (POTOCIEKTPUYHUX MaHEeTeH, IHBEpTOpa Ta TOMOMIXKHOTO 00 HAHHS.
Ha npomy piBHI BiIOYBalOThCSA MPOLIECH TeHEpallii eJIeKTPOCHEPrii, sIki BU3HAYAIOTHCS
GI3BMYHMMM 3aKOHAMU Ta 3aJieXKaTh BIJ 30BHIIIHIX YMOB, TaKUX SIK 1HCOJIALIS Ta
temmneparypa [22].

[HdopmaniitHuii piBeHb 3abesneuye 301p, mepenady Ta MOMEPeaIHI0 OOpoOKy
JAHUX, 110 XapaKTepHU3ylTh CTaH (i3uyHOi cucTteMu. [[o HBROro Hajexarh CEHCOpPH,
3aco0M BHUMIPIOBAHHSA, a TaKOX KOMYHIKalliifHi iHTepQeicH, Kl mepeaarTh JaHl 10
oOuucIoBaNbHUX MOYIB. Ha ibomMy piBHI popMyeThes iH(pOpMalliiiHe MpeACcTaBICHHS
CTaHy CHUCTEMHU Yy BUIJISIII HaOOpy MapaMeTpiB, SIKI MOXYTh OyTH BUKOPUCTaH1 IS
MOJAJBIIOTO aHai3y. BaxnamBuM acmekToM € 3abe3leueHHs Y3TOKEHOCTI Ta
CUHXPOHI3aIll1 TaHUX, 110 HAIXOATh 13 PI3HUX JKEpe.

Kepyrounii piBeHn BiamoBijae 3a 00OpoOKy oTpumanoi iHbOpMarlii, NpURHATTS
pieHs Ta GopMyBaHHS KEPYIOUMX BIUIMBIB. BiH BKIIIOUa€ alropuTMiuHi MOIYJI1 aHATI3Y
JTAHUX, €KCIIEPTHI CHCTEMH, a TaKOXX 3acoOu (OpMyBaHHS CHUTHATIIB KEPyBaHHS, SK1
nepenalTecss 0  (izuyHoro piBHA. Ha 1pboMy piBHI  peani3yeTbcs  JIOTIKa

(GyHKI10HYBaHHS BCi€l CUCTEMH, sIKa BU3HAUaE€ ii €(PEeKTUBHICTh Ta aJalITUBHICTb.
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B3aemozis Mk 3a3HauY€HUMH PIBHSIMH peEali3ye€TbCs yepe3 MOTOKU JAHUX, SIKI
MarOTh YiTKO BU3HAYEHY CTPYKTYpPY Ta HampsMok. [ToTik manux Big ¢hi3UYHOTO PiBHS 10
iH(opMaIiiTHOTO BKJIIOUAE BUMIPSHI 3HAUYCHHS MapaMeTpiB CUCTEMH, Taki SK Hampyra,
CTpyM, TemImeparypa Ta piBeHb iHcosmii. i maHi mepenaroThes m0 iHGOpPMAIITHOTO
pIBHS, /i€ TPOXOJATH IEPBUHHY OOPOOKY, MICIS YOro Yy BHIJISII CTPYKTYpOBaHHX
MOB1IOMJICHb HAJXOASTh IO KEPYIOYOTrO PiBHS.

VY 3BOPOTHOMY HAINpPSIMKY TMEPENacThCsl KEPYIOUUN BIUIUB, KU (GOpMYy€eThCA HA
OCHOBI pe3yJIbTAaTIB aHaJi3y Ta MPUUHATTS pimieHb. L{e¥ BIIIMB peanizyeThCsl y BUTIISAIL
CUTHAJIIB KEPYBaHHSI, 110 3MIHIOIOTh PEXKUMH pOOOTH 1HBEPTOPA a00 1HIIMX BUKOHABYUX
MexaHi3miB. TakuM dYuHOM, (QOPMYETHCS 3aMKHEHUW IIMKI KEPYyBaHHS, y SKOMY
1H(dopmarlriiiHi Ta Gi3U4HI MPOIECH B3aEMOIIOTh MK 00010 [23].

Jns dopmanizaiii CTPYKTypU CHUCTEMHU JOLUIBHO MPEACTABUTH i1 Y BUIJIAII
Op1EHTOBAHOTO rpada, BEpIIMHAMHU SKOTO € OKpeMi (PYHKI[IOHAJIbHI MOAYJI1, a pedpaMu —
1H(opMairiitHi b0 Kepyroul 3B’ sI3KM MK HUMH. TaKui miaxiJ1 103BOJISIE YITKO BU3HAYUTHU
3aJIEKHOCTI MDK KOMIIOHEHTaMHM Ta TpOaHaJi3yBaTH MNUISAXM Tepeiadl JIaHUX.
VY3aranpHeHy CTPYKTYpHY MOJEJIb CHUCTEMH Y BUIUISIAL Tpada B3aeMOJli MOIYIIB
HAaBEJICHO HAa PUCYHKY 2.1.

Y mpenctaBieHi MoOjeNl KOXEH BY30J BIJIMOBITAE OKPEMOMY KOMITOHEHTY
CUCTEMH, HAMPUKJIAA MOAYJIIO 300py JaHUX, MOJYJIIO aHaIi3y ab0 MOAYJII0 KEpyBaHHS.
PeOpa rpada BigoOpaxkaroTh HapsSIMKU niepenadi iHdopmallii, 1o 103BoJisie GopMaIbHO
omucatu Tpoiiec oOpoOKM NTaHUX SIK TOCHIIOBHICTh TepeTBopeHb. HaBemena ¢opma
NOJAHHS € 3PYYHOI JJisi MOJAJbIIOr0 BUKOPUCTAHHA METOMIB Teopii rpadis Ta
CHUCTEMHOTO aHaJi3y.

dopmMarmizaiisi MOTOKIB JaHUX TaKOXK TMepefdadae BU3HAUEHHS I1X THUIIB Ta
xapakTepucThk. KoxkeH moTik Moxe OyTH onmucaHui K QyHKIIs Yacy, o BiI0Opaxkae
3MiHY TIEBHOTO TapaMmeTpa abo Habopy napameTpiB [24]. Hampukiaa, moTik BUMIpIOBaHb
HANpyTu MOXKe OyTH TIPE/ICTaBICHMIA K TUCKPETHA TOCHIIOBHICTh 3HAYEHb, OTPUMAaHUX
13 MEBHOIO YacTOTOIO. Y CBOIO 4YEpry, MOTIK KEPYyIOUHMX CUTHAJIIB BU3HAYAETHCS SIK

GbyHKIIis, 110 3MIHIOE CTaH CUCTEMH BIJIMOBIIHO 10 IPUHHATUX PIIIEHb.
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Pucynok 2.1 — CtpykTypHa Mozieib Kibep(hi3uuHOT CUCTEMHU Y BUTJISI/II OPIEHTOBAHOTO

rpada 3 BiJoOpaKeHHSIM PIBHIB Ta MOTOKIB JJAHUX

Takum uymHOM, mMOOyZOBaHAa MOJENIb CTPYKTYpH KiOepdizuyHOi cucTeMu

KEepyBaHHS JI03BOJISIE TIEPEUTH BiJl IHTYITUBHOTO PO3YMIHHS 11 poO60TH 10 (hOPMATIHLHOTO
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OIHUCY, KM BpaxoBye sIK (pi3uuHi mpolecu, Tak 1 iHdopMmarliiiHi 38’ s3ku. Lle cTBoproe
OCHOBY ISl IOAAJIBIIIOTO MOJICTIOBAHHS MIOBEAIHKH CHCTEMHU, aHali3y ii e(peKTUBHOCTI Ta
PO3pOOJICHHST aNrOpUTMIB KEpyBaHHS, IO 3a0€3MeuylOTh JOCSTHEHHS MOCTaBJICHUX

iJIeH y pealbHUX YMOBAX €KCIUTyaTaIlil.
2.2 MaremaTu4Ha MOJENb 00’ €KTa KEpyBaHHS

IToGynoBa maTeMaTWdHOi MOJedi 00 ’€KTa KepyBaHHS € HEOOXITHUM eTaroM
dbopmanizamii  kiOepPi3MYHOI  CHUCTEMH, OCKUIBKM BOHAa BH3HAYa€ XapakTep
B3a€MO3B’A3KIB MK (PI3MYHUMH NapaMeTpaMU COHSYHOI €HEPreTUYHOI YCTAaHOBKHU Ta
JI03BOJISIE TIEPEUTH 110 PO3pPOOJIEHHS AIrOPUTMIB KEpyBaHHA. Y JaHOMY BHIIaJKy
00’€KTOM KEpyBaHHsI BUCTyNa€ (DOTOECIEKTPUYHA CUCTEMA, IOBE/IIHKA K01 BU3HAYAETHCS
HENHIMHUMU 3QJIEKHOCTSMU MDK HaIllpyror, CTPYMOM, HOTYXHICTIO, a TaKOX
30BHIIIHIMU (paKTOpaMU, TAKUMH SIK THCOJISILIIS Ta TEMIIepaTypa.

B ocHOBI MaTeMaTUyHOTO OMHKCY JIEKUTh PIBHSIHHS, SIKE BU3HAYAE BOJIBT-aMIIEPHY
XapaKkTepUCTUKY (oToenekTpuuHoi mnaHeni. JlaHa XapakTepucTUKa BimoOpaxkae
3aJIEKHICTh CTPYMY BiJ HAmpyrd Ta MNapamMeTpiB HABKOJWIIHBOTO CEpeAOBHINA. 3
ypaxyBaHHAM (I3UYHUX BIACTUBOCTEH (oToenemMeHTa s 3aJeKHICTh OIMUCYETHCS
HENIHINHOIO (YHKIIE, 0 BPaxoBYE (POTOCTPYM, CTPyM HACHUYEHHS Ta BHYTPILIHI
onopu. BBeneHHs Takoi MojeNl J03BOJISIE ONMMCATH pEajbHY MOBENIHKY CHUCTEMH 3
JIOCTATHBOIO TOYHICTIO JUTS 3a/1a4 KepyBaHHs [25].

Busznauenns 2.1. BonpT-amnepHa xapaktepucTika GOTOEIEKTPUIYHOL aHesl Oyia

MPE/ICTABIICHA Y BUTJISAIL:

I =1

on— lo (s — 1) = @.1)

n~Vt

ne: I — ctpym naneni (A);
V — nanpyra nauneni (B);

1,, — poTtocTpy™m (A), 1110 3aJI€KUTH BIJ] IHCOJIALI;
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Iy — ctpym HacuueHHs (A);

R, — nocnigoBHuit omip (Om);

Ry, — mynTtytouunii omip (Om);

n — Koe(DImieHT 11eaTbHOCTI;

V, — teroBa Hanpyra (B).

OtpumMane piBHSHHS BU3HA4ya€ HETIHIMHHUI XapakTep CUCTEMH, IO YCKJIaIHIOE
Mpolec KepyBaHHS Ta OOTPYHTOBYE HEOOXITHICTP BUKOPHUCTAHHS CIEIiaTi30BaHUX
METO/I1B onTuMi3ari.

Ha ocHOBI BOJBT-aMIEPHOI XapaKTEPUCTUKH BH3HAYAETHCS  3AJICKHICTD
MOTY>KHOCT1 BiJi Hampyru Ta ctpyMy [26]. TIoTyXHICTh € KIIOUOBUM MOKAa3HUKOM
e(eKTUBHOCTI pOOOTH CHUCTEMH, OCKUIBKM BOHA XapaKTEpU3y€ KUIbKICTh €Heprii, 1o
TCHEPYETHCS y TAaHUA MOMEHT Jacy.

Busznauenns 2.2. [lotyxHicTh (POTOECTEKTPUYHOT CUCTEMH BU3HAYAETHCS SIK:

P=V-I, (2.2)

ne: P —notyxHicts (BT);

V — nanpyra (B);

I —ctpym (A).

s 3aneXHICTh J03BOJSE MEPEUTH N0 aHami3y (PYHKIT MOTYKHOCTI SIK (PyHKIIIT
Harpyru abo cTpyMy. Y 3B’SI3Ky 3 HENIHIMHICTIO piBHSHHA (2.1), PyHKIIS TOTYKHOCTI
Ma€ eKCTPEMYyM, 1110 BIAMOBIIA€ TOYIl MAaKCUMAaJIbHOI MOTYXHOCTI. I]e cTBOpIO€ OCHOBY
JIJIS1 TIOCTAHOBKH 33J1a4l KEPYBaHHS SIK 3a7a41 ONTHMI3aIlii.

3asie’)KHOCT1 MK OCHOBHUMHM NTapaMeTpaMH CUCTEMHU MOXKYTh OyTH Mpe/ICTaBIICHI
y BUIIIA1I (YHKIIOHAJBHUX CIIBBIJHOIIEHb, IO B1IOOPa)KalOTh B3a€MO3B’SI30K MIXK
HAIpyrow, CTPyMOM Ta MOTYXHIcTIO. Taki mpeicTaBiieHHsl JO3BOJISIOTH aHai3yBaTH
MOBEJIIHKY CUCTEMHM 3 PI3HMX TOYOK 30py Ta OOMpaTHh HaMOUIbII 3py4yHy dopmy s
peasizallii anropuTMiB KepyBaHHs [27].

I'padiuna iHTEpIpeTallisl UX 3aJICKHOCTEN TEMOHCTPYE XapakTep 3MIHU CTPYyMY

Ta MOTY>KHOCTI B 3aJI€XKHOCTI BiJ] HAIPYTH, 110 € BAXJIUBUM JIJIs1 PO3yMIHHS NPUHIIMITIB
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poboTu crucTteMu BigoOpakeHa Ha PUCYHKY 2.2. AHalli3 TaKUX XapaKTEPUCTHK JO3BOJISE

BU3HAYUTH 001acTi €heKTUBHOI pOOOTH Ta MOBEAIHKY CUCTEMH IIPH 3MiH1 YMOB.

BonbT-aMnepHa Ta BONbT-BaTHa XapaKTepUCTUKMN (hOTOeNEKTPUYHOI NaHeni
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T T T T T
0 10 20 30 40
Hanpyra (V)

PucyHnok 2.2 — BonbT-aMIiepHa Ta BOJIbT-BaTHA XapaKTEPUCTUKHU (POTOETIEKTPUYHOT

MaHeJ, M0 UTFOCTPYIOTh HAsIBHICTh TOYKH MAaKCHUMAJIBHOI MTOTY>KHOCTI

CyTTeBuUl BIUIMB Ha TTapaMeTPH CUCTEMU 31HCHIOIOTh 30BHINTHI (PaKTOPH, CEpel
SKUX OCHOBHHUMH € THCOJIALISI Ta Temmeparypa. [Hcomsiis 6e3nocepeHp0 BIUTMBAE Ha
BENMYUHY (OTOCTPYMY, IO MPU3BOJIUTH 10 3MIHM PIBHS CTpyMy Hpu (iKCOBaHIN
Harpy3i. 31 3pOCTaHHSIM 1HCOJISAIIIT BOJIbT-aMIIEPHA XapaKTEPUCTUKA 3MIITYETHCSI BTOPY,
IO CYNPOBOJDKY€EThCS 30UIBIIEHHAM MaKCUMaJbHOI MOTYXHOCTI [28]. Temneparypa, y
CBOIO Yepry, BIUIMBAE HA MapaMeTpy HAMPYTH, 30KpeMa 3MEHIIY€E HAMpyTy XOJOCTOTO

xony, mo Mmpu3sBoOAUTL 10 3MiHleHH$[ TOYKH MaKCHUMAaJIbHOL HOTY)I(HOCTi.
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Jlns BpaxyBaHHSI BIUIMBY 1HCOJISLII Ta TeMmepatypu OyJio BBEACHO BIAMOBIJHI
3anexHocTi ¢otoctpymy. Lle no3Bossie amantyBaTd MOJENb [0 pPEATbHUX YMOB
eKCIuTyaTtalii Ta 3a0e3MeuyuTd OiIbIl TOYHE BIJOOPAKEHHS TOBEIIHKH CHCTEMHU.
BoaHodac moBHa MOJIeNh € CKIIATHOTO JIJIs1 OE3MT0CEePEAHHOTO BUKOPUCTAHHS Y PEATBHOMY
qaci, 110 3yMOBJIIOE€ HEOOX1AHICTD i1 CIIPOIIEHHS.

CrpolieHHsT MaTeMaTUYHOI MOJIETI MOJIsITae y 3MEHIIEHH] KIJIbKOCTI MapaMeTpiB
Ta ampOKCHMAIll CKJIAJHUX 3aJCKHOCTEH OUTBIT MPOCTHUMH (PYHKIisSIMU. 30KpeMma, y
MPaKTUYHUX aJTOPUTMaX KEPYBAHHS YaCTO BUKOPUCTOBYETHCS JIOKAJIbHA JIIHEAPU3AIIis
XapaKTePUCTUKU B OKOJI1 poOOUOT TOUKH 200 BUKOPUCTAHHS EMIIIPUYHUX 3aJICKHOCTEM,
10 JTO3BOJISIIOTH OI[IHUTH 3MiHY MOTY>HOCT1 0€3 O0UHCIICHHS €KCTIOHSHIIIMHUX (PYHKITIH
[29]. Takuii miaxix 3HAYHO 3HIXKYE OOYHMCIIOBAIBHY CKJIAIHICTh Ta 3abe3meuye
MOXJIMBICTh peali3allii aITOpUTMIB Ha OOMEKEHUX 0OUMCIIIOBAIbBHUX pecypcax.

Jo1TaTKOBO BBOJSITHCS TMPHUIYIIEHHS IIOJO0 CTAJOCTI JCSKUX IapaMeTpiB Ha
KOPOTKHUX IHTEpBajax 4yacy, 1110 J03BOJISIE PO3TILAaTH CUCTEMY SK KBa3icTamioHapHy. Lle
€ OOIpyHTOBAHUM JIJISI OUTBIIOCTI MPAKTHUYHUX BHIAAKIB, OCKIJILKM 3MIHM 1HCOJIAIII Ta
TeMIlepaTypy Bi0yBalOThCS TOBUIBHINIE MOPIBHSIHO 3 YacTOTOIO POOOTH CHUCTEMHU
KEepyBaHHS.

Takum urHOM, MO0y T0BaHa MaTeMaTUYHA MOJIEIIb 00’ €KTa KEPYBaHHS BijoOpakae
OCHOBHI (Pi3W4H1 TMpouecH, MO BIAOYBAIOTHCA Yy (POTOENEKTPUUHIA CHUCTEMI, Ta
BCTAHOBIIIOE (DOpMasbHI 3aJIEKHOCTI MIX ii mapamerpamMu. BoHa CTBOpIOE OCHOBY ISt
PO3pOOJICHHS AJITOPUTMIB KEpYBaHHS, 30KpeMa METOJIB TOIIYKY TOYKH MaKCUMAaJbHOT
MOTY>KHOCTI, a TaKOXK 3a0e3Meuye MOXJIMBICTh MOJANBIIOTO BIOCKOHAJICHHS CUCTEMU

IIUISIXOM 1HTETpallii aAanTUBHUX Ta IHTEICKTYyaIbHUX IT1IX0IIB.

2.3  Mogens npouecy kepyBaHHs B KiOep(i3nuHiil cuctemi

dopmartizallis Ipoliecy KepyBaHHs B Ki0ep(hi3uuHii cucTeM1 riepeadavae mepexis
B1JI OMKUCY OKPEMHUX KOMITOHEHTIB JI0 y3arajibHEHOI MOJIEI, sIKa BIIOOpakae B3aEMOIII0
MDK CTaHOM CHUCTEMH, KEPYIOUMMHU BIUIMBAMU Ta pe3yJbTaTaMu (YyHKIIOHYBAaHHS Yy

yacoBiil oOnacti. Takuil miaXiAg [T03BOJSE NTPEACTABUTH MPOLEC KEPyBaHHS SIK
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TIOCJTIIOBHICTh TIEPETBOPEHD 1H(OpMAIIii, 110 3a0€3MeUyI0Th TOCATHEHHS 33JJaH0T METH
(YHKIIIOHYBaHHSI CUCTEMH.

VY 3aranbHOMY BUTJISII IPOIEC KEPYBAHHS MOXKE OYTH OTIMCAHUM K BiTOOpaskeHHS
CTaHy CUCTEMH Y KEpYIOUHil BILTUB 13 MOAATBIIOI0 3MIHOIO I1h0T0 cTaHy. Lle o3Hauae, 1o
MOTOYHHUI CTaH CHCTEMHU BU3HAYa€ BUOIp KEPyHOYOro CUTHANY, KWW, Y CBOIO Uepry,
BITMBAE Ha TOAJIBITY eBoJtomiio cuctemu [30]. HaBenena 3anexxHicTh popMatizyeThCs
Yyepe3 BBEACHHA (DYHKIIOHAIBHOTO BIJOOPaXKEHHS MK CTAHOM Ta KEPYBaHHSIM.

Busnauenns 2.3. Ilpomec kepyBaHHsS OyJi0 TPEACTaBICHO Yy  BHIJISIL

B1JI0Opa’KEHHS:

u@) = F(X@)), (2.3)

ne: X(t) — BeKTOp CTaHy CUCTEMH Y MOMEHT 4acy t;

U(t) — kepyrouuii BILTUB;

F — byHK1isSI IPUAHATTA PIIIICHb.

JlaHe CHiBBIJHOIICHHS BU3HAYA€ MPaBUiIO (POPMYBaHHS KEPYHOUOTO CUTHANy Ha
OCHOBI TIOTOYHOTO CTaHy CHCTEeMH. BojHOdYac caM CTaH CHUCTEMH 3MIHIOETHCS IIiJT
BIUIMBOM $IK KEpPYBaHHS, TaK 1 30BHIIHIX ()aKTOPIB, IO OOYMOBIIIOE HEOOXIIHICTb
BBCJICHHS TMHAMIYHOT MOJICITI.

Busnauenns 2.4. JlunaMika CHCTEMH OIMUCYETHCS 3AJICIKHICTIO:
Xt + 4t) = 6(X@©), U)W (@), (2.4)

ne: At — i1HTepBa yacy,

G — QyHKI1IsS IEpeXoy CTaHy;

W(t) — 30BHIIIHI BIUIMBH, 30KpeMa 1HCOJISIIIS Ta TEMIIepaTypa.

Takum unHOM, TIpOLIeC KEpYBaHHs HAOyBa€ BUTIISALY 3aMKHEHOTO ITUKITY, B IKOMY
CTaH CUCTEMM BU3HAYa€ KEPYHOUYUH BIUIUB, a KEPYHOUUH BIUIMB BU3HA4Ya€ HOBUHU cTaH. Lle
JI03BOJISIE TIPEACTaBUTH (DYHKIIOHYBAHHS KiOep(hI3MYHOI CUCTEMHU SK ITepariiiHui

IpOIIeC, 1110 MOBTOPIOETHCS Y Yaci.
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3aranpHa cXxeMa KepyBaHHS BiIoOpakae B3a€MO3B’SI30K MikK 00’ €KTOM KepyBaHHS,
CEHCOPHOIO MiICUCTEMOI0, OOYUCITIOBAILHUM MOJTyJIEM Ta BUKOHABYMMH MEXaHi3MaMH,
mo QopMylOTh 3aMKHEHMM KOHTYp KepyBaHHA. Y BIAMNOBIAHIN CTPYKTYypHii
iHTEeprIpeTalii mokasaHo, SK JaHl PO CTaH CHCTEMH HAIXOIATh JO MOIYJIS MPUHHITTS
pillleHb, TICIAsA 40oro (OpPMYEThCS KEPYHOUHH CHUTHAJ, MO0 BIUIMBae Ha o0 ekt [31].
HaBenmena cxema M03BOJISI€E YITKO BU3HAYUTH MICIIE KOXKHOTO €Taly Yy 3araJlbHOMY
poIieci KepyBaHHS.

[Iporec npuitHATTA pimeHsb y Kidepdi3zuuHii cucTemMi Mae MUKIIYHUN XapakTep 1
CKJIQJAETHCS 3 MOCIIIOBHOCTI €TaliB, Kl BUKOHYIOThCS 3 IEBHOIO neploAnyHicTio. Ha
KOXHIN 1Tepalii 3J1MCHIOETCS BHUMIPIOBAHHS TMapaMeTpiB CHUCTEMH, (OPMYBaHHS
BEKTOpa CTaHy, aHali3 OTPUMAaHUX JIaHWX, BHOIp KEpPYyH4Ooro BIUIMBY Ta HOTO
3actocyBaHHs. [licas mporo cucrema MepexoauTh Y HOBHUM CTaH, IO 3HOBY IiJIATAE
aHami3y. Takuil miaxig 3a0e3neuye Oe3nepepBHE OHOBJICHHS 1H(pOpMAIlii Ta aganTalliio
710 3MIH YMOB (DyHKI[IOHYBaHHS.

Oco06nuBicTIO KI0ep(hI3UUHUX CUCTEM € T€, IO MPOIEC KePYyBaHHS Pealli3ye€ThCs Y
JUCKPETHOMY daci, 1[0 OOYMOBJIEHO OOMEXEHHSIMHU OOYHMCIIOBAJIBLHUX PECYpCIB Ta
4acTOTOK OHOBJIEHHS JNaHux [32]. Lle o3Havae, mo Oe3nepepBHUI NPOLEC 3MIHIOETHCS
Ha TOCTIOBHICTh JUCKPETHUX KPOKIB, HA KOXXKHOMY 3 SIKMX MPUUMAETHCS OKpeMe
piteHHs. Y 3B 43Ky 3 [IUM BBOJIUTHCS JUCKPETU30BaHa (popMa MOJIesl KEpyBaHHS.

Busnauenns 2.5. JI[uckpeTHa MOJeIb MPOLIECY KEPYBaHHS Ma€ BUTIISIA!

Xit1 = G(Xk» Uk, Wk), (2-5)

ne: k — HoMep TUCKPETHOTO KPOKY;

Xj— cTaH cucTeMu Ha k-my Kpoii;

Uji— xepytounii BiiuB Ha k-My kpoii;

W) — 30BHIIIIHI BIUTUBH.

JluckpeTrsaiisi yacy JO3BOJISIE peani3yBaTH aJlrOpPUTMU KEPyBaHHS y BHIJISIL
MPOrpaMHUX TMPOIEIYpP, IO BUKOHYIOThCS 3 TEBHOIO 4YacTOTO0. Bubip iHTEepBay

JUCKpEeTU3allii € KpUTUYHUM (HAKTOPOM, OCKUIbKM 3aHAATO BEIUKHUM 1HTEpBal
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OpU3BOAUTH JI0 BTpPaTH TOYHOCTI KEPYBAHHSA, TOJl K 3aHAATO MalIui 30UIbIIyeE
O0OYHUCITIOBANIbHE HABAHTAXKEHHS.

Y KOHTEKCTI COHS'YHOI €HEPTreTUYHOI YCTAHOBKHU JUCKPETHUHN XapaKkTep KepyBaHHs
MPOSIBIIETHCS y TIEPIOTUIHOMY OHOBJICHHI 3HAYCHb CTPYyMY, HAPYTH Ta MOTY>KHOCTI, a
TaKOX y 3MiH1 Kepyrouoro curnainy inBeptopa abo DC-DC neperBoproBaua. Lle no3Bosisie
CUCTEMI aJamnTyBaTHCS O 3MiH 1HCOJSIII Ta TEMIEpaTypu y PEXuMi, OJU3BKOMY [0
peaslbHOTO Yacy.

Takum ynHOM, MOJIEJTb MPOIECY KEpyBaHHS B KIOep(13UUHIN cUCTEMI SIBJIsIE COOOI0
dbopmanizoBaHUM OMUC 3aMKHEHOTO IIMKIY B3a€EMOAII MDK CTaHOM CHCTEMH Ta
KepylouuMu BIUTMBaMH. BoHa moenHye Oe3nepepBHY MpUpoOay (Pi3UYHUX MPOIECIB 13
JMCKPETHOIO peaizalli€lo ajJropuTMiB KEpyBaHHS, IO CTBOPIOE OCHOBY JIJIS TOAANIBIIIOTO

CUHTE3y €()EKTUBHUX METO/IB MPUUHATTSA PIIICHb Ta iX TPOrpaMHOIL peanizarii.

2.4  BuMoru 10 MOJIeJl Ta aJITOPUTMIB KEPYBaHHS

@®opMyBaHHS BHMOT [0 MAaT€MaTHYHOI MOJIENl Ta aJIrOPUTMIB KEpPyBaHHS €
3aBepIIaJbHUM €TarioM TOOYJ0BH TEOPETHUYHOI OCHOBU KiOepdi3MYHOI CHCTEMH,
OCKIJIbBKM Ha I[bOMY €Tall BU3HAYaIOThCS OOMEXKEHHS Ta KpUTEpli, SIKUM IOBUHHI
BIJIOBIJIATH BC1 MOAANBIIT METOIM OOPOOKHM NaHUX 1 IPUUHATTS pillieHb. BcTaHOBIEH1
BUMOTH 3a0€3MeuyoTh Y3TO/DKCHICTh MK (DI3MYHUMHU TMpoiiecamu, iHGOpMaIliitHOO
CKJIQIOBOI0 Ta aJTOPUTMIYHUM 3a0€3MEUYCHHSAM CHUCTEMH, a TaKOXX BH3HAUYaIOTh
JIOTTYCTHUMI MEK1 CIIPOIIEHHS MOJIEJNI Ta CKJIATHOCTI aJITOPUTMIB.

OnHi€ro 3 KIIOYOBUX BUMOT € 3a0€3MeYeHHs I0CTaTHhOI TOYHOCTI MaTeMaTHYHOI
mozeni. OckiabkH  (QOTOETIEKTPUYHA CHUCTEMA  XapaKTepHU3YEThbCS  HENIHINHOIO
MOBEIHKOI0 Ta 3aJICKHICTIO BIJ 30BHIMIHIX (DaKTOpiB, MOJENb MOBHHHA aJICKBATHO
BIIOOpa)kaTW 3MIHM BOJIbT-AaMIIEPHOI  XapaKTEPUCTHKUM Ta TOJIOKEHHS TOYKH
MakcuMabHOI MoTy>XHOCTI [33]. HemocTaTHs TOUHICTh PU3BOANUTH 0 CUCTEMATHUYHUX
NOMMJIOK Y BH3HAUEHHl ONTHUMAJIbHOIO PEXHUMY, IO, y CBOIO 4Yepry, 3HUXKYE

e(eKTUBHICTh TeHepailii. BonHouac HaamipHa aeTai3allis MOJEIl MOXKEe YCKIaIHUTH 11
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BUKOPHUCTAHHS y PEabHOMY 4acl, TOMY HEOOX1HO JOCIITH OaiaHCy MIX TOYHICTIO Ta
O0OYHMCITIOBATILHOIO CKJIAHICTIO.

Busznauenns 2.6. O1iHIOBaHHS TOYHOCTI MOJIeJ MOKe OyTH hopMalii3oBaHO 4yepes
BIIXHWJICHHS MK PO3paxOBaHUMU Ta (PaKTUYHUMH 3HAUCHHSIMHU BUXITHUX TapaMeTpiB. Y
IIbOMY KOHTEKCTI BBOJUTHCS (YHKI[IOHAT MOXUOKH, SKUH BHU3HAYa€ SKICTb MOJIEII.

[ToxuOka moseni Oyia mpeacTaBiaeHa y BUTIISIIL:

E = |Preal - Pmodella (2-6)

ne: Preq — dhakTuHa noTyKHICTh cuctemu (BT);

Prioder — TOTYXKHICTB, BU3HAUEHA 3a Mojelto (BT);

E — abcomoTHa noxuodkKa.

Minimi3zaris 1i€i moXuOKH € HEOOXITHOK YMOBOIO 3a0e3MeueHHs] e(eKTUBHOIO
KEepyBaHH, OCKIJIbKM Ha OCHOBI MOJIEJIbHUX OLIIHOK MPUIMAIOThCS PIILICHHS.

[H111010 BaXKITMBOIO BUMOTOIO € HIBUJIKOIISI AJITOPUTMIB KEPYBaHHsI, SIka BU3HAYAE
3/IaTHICTh CUCTEMHU pearyBaTH Ha 3MiHU 30BHIMIHIX YMOB. Y Kibep(]i3nyHuX cucreMax,
1[0 NPALIOIOTh Yy PEXHUMI PEaTbHOr0 4acy, 3aTPUMKH y HPUHHATTI pIIIEHb MOXKYTh
MPU3BOJAUTH 70 BTpaTH eHeprii abo HecrabiapHOCTI pobotm [34]. IlBumkomis
BU3HAYAETHCS K 4Yac, HEOOXITHUU Jjis oOpoOKM JaHUX Ta (POpMYBaHHS KEPYHOUOIO
BILJIMBY, 1 HOBUHHA OyTH Y3TrOJKEHa 3 YaCTOTOIO AUCKPETU3ALIll CHCTEMH.

Busznauenns 2.7. Yac peakiiii cucTeMy BU3HAYAETHCS SIK:

T, = tour — tin, (2.7)

ne: t;;, — MOMEHT HaIXO/DKCHHS BX1JHUX JaHUX;

tout — MOMEHT (hOPMYBaHHS KEPYIOUOTO CUTHAIIY;

T, — yac peaxiiii.

3MEHIICHHST 4Yacy peakilii J03BOJISIE CUCTEMI OIMEpPATUBHO 3MIHIOBATH PEKUM
poOOTH Ta MIATPUMYBATH ONTHUMAJbHI TMapaMeTpH HaBITh MPU IMIBUAKUX 3MIHAX

1HCOJIAI].
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AJTanTUBHICTh CUCTEMU € 1€ OJIHIEI0 BU3HAYAIIBHOIO BUMOTOI0, 110 00YMOBJICHA
3MIHHUM XapakTepoM cepepoBuina QpyHkiionyBanHs. CoOHsIYHA eHepreTuYHa yCTaHOBKa
mpaiioe B YMOBax, Ji€ M[apaMeTpyd 30BHIIIHBOTO CEPEJOBHUIIA  3MIHIOIOTHCS
HenependauyyBaHO, TOMY  QITOPUTMH  KEpPyBaHHA T[OBMHHI MaTH  3JaTHICTb
MIJJIAIITOBYBATUCS O HOBUX YMOB 0€3 HEOOXIJHOCTI py4yHOTO HayiamrtyBaHHS. Lle
JOCATAETHCS UIIXOM BUKOPUCTAHHS aJalTUBHIUX MEXaH13MiB, SIK1 3MIHIOIOTh TapaMETPH
AJITOPUTMY 3aJICKHO B1J] IOTOYHOTO CTaHy CUCTEMHU.

AJTaNITUBHICTh MOXKE€ OYTH IHTEpHpETOBaHA SK 37aTHICTh CHUCTEMHU 3MIHIOBATH
¢ynkuito kepyBanHa FFF y 3amexHocTi BiJ HakonmuyeHoi iH(poOpmallii, 10 J03BOJISIE
MIJBUIIUTH TOYHICTh Ta €(PEKTUBHICTH y JOBTOCTPOKOBIM TMEPCHEKTHBL. Y IOMY
KOHTEKCTI MOJIeJIb Ta aJlTOPUTMHU MOBUHHI OyTH JIOCTATHHO THYYKHMH JUIsl 1IHTETparlii
JTOAATKOBUX Jikepen iHdopmallii, 30KpeMa MPOTHO3HUX JaHUX al00 pe3ysbTaTiB
MaIIMHHOTO HaBYaHHSI.

Bax1Bor0 BUMOTOIO € TaK0XX 3a0e3MeYeHHsI MPalle31aTHOCTI CUCTEMH B YMOBaX
HEeBU3HA4YCHOCTI. PeasibH1 MaHi, 1110 HAAXOIATH Bl CEHCOPIB, MICTATh IITyM, a 30BHIIIHI
dbakTopu HE MOXKYTh OyTH TOUHO Tepeadaueni. e mpu3BOAUTH 1O TOTO, IO CHCTEMA
KepyBaHHsI TOBMHHA MpAaIIOBAaTH 3 HEMOBHOI a00 HETOUYHOI 1H(OpMaIli€r. Y TaKux
yMOBaxX HEOOXITHO 3a0€3MeYUTH CTIUKICTh aJTOPUTMIB IO MMOMUJIOK BUMIPIOBAHHS Ta
BUMAJKOBUX 30ypEHb.

Jns  opmamizaiii  1i€i BUMOTHM BBOAUTHCA TOHATTS POOACTHOCTI, sKa
XapakTepu3ye 37aTHICTh CUCTEMH 30epiraTd Tpame3fgaTHICTh TpH  HasBHOCTI
HEBHU3HAYEHOCTEN. Y 3arajJbHOMY BUTJIAI 1I€ O3HAYa€, 10 3MIHA BX1IHUX MapaMeTpPiB y
MEBHUX MEXaX HE MOBWHHA MPU3BOJUTH J0 3HAYHOTO MOTIPIIEHHS SIKOCT1 KEPYBaHHS.

3aranbHa B3a€MOIS MK 3a3HAUEHMMHU BUMOTaMU MOXKe€ OyTH TpejAcTaBiieHa Y
BUTJISA/II y3arajJbHEHOI CXEMHU, 1110 BiI0Opakae KOMIIPOMIC M1 TOYHICTIO, IIBUAKOIIEIO
Ta aJanTUBHICTIO, a TaKOX BIUIMB HEBU3HAYCHOCTEW Ha mporec. HaBemena cxema
JEMOHCTPYE, IO MiABUIICHHS OJHOTO 3 MOKa3HUKIB MOXE MPU3BOJIUTH JI0 3HIKCHHS
1HIIOTO, 110 OOYMOBIIIOE HEOOXIJHICTh KOMIUIEKCHOTO MIAXOAY A0 MPOEKTYBAaHHS

cuctemu [36].
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Taxkum gnHOM, C(HOPMYITHOBAHI BUMOTH BU3HAYAIOTh OOMEXKEHHS, Y MEXKaX SKHUX
MIOBUHHI PO3POOJIIATHCS METOU KePYBAHHSI, 110 PO3TIISIIAIOTHCS Y HACTYITHOMY PO3IiTI.
3a0e3neueHHsT JIOCTaTHbOI TOYHOCTI MOJIENl, BHCOKOI IIBUIKOJII aJIrOPUTMIB,
aJIaliTMBHOCTI 710 3MIH YMOB Ta CTIHKOCTI J0 HEBU3HAYCHOCTEH € KPUTHYHHUMU
dbaxkTopamu, sIKIi BU3HAYalOTh €()EKTUBHICTh (YHKIIIOHYBaHHS KiOep(hi3udHOI CHCTEMU

KEepPYBaHHSI COHSYHOIO EHEPTETUYHOIO YCTaHOBKOIO.
2.5 VY3zaranbHeHa Mojenb Kibep(di3udHOT cCHCTeMU

Ha 3aBepmanpHOMy eTami MofentoBaHHS (DOpPMYEThCS y3arajlbHEHa MOJEIb
KiOep(pI3UYHOI CUCTEMH KEPyBaHHS COHAYHOIO EHEPIeTUYHOI0 YCTAHOBKOIO, SKa
IHTErpye BCl paHille pO3TJSHYTI MiAMOJENl B €AuHy (QopMaiizoBaHy CTpykTypy. Lls
MOJIEJIb JO3BOJISIE IPEACTABUTH CUCTEMY SIK LIUTICHUIA 00’ €KT, y IKOMY (D13UYH1 mpouecH,
1H(}OopMaIliiiHI MOTOKK Ta aJTOPUTMHU KEPYyBaHHSA B3a€EMOMIIOTH Y MEXaxX 3aMKHEHOTO
ITUKITY.

VY3aranpHeHHs MOJATA€ y MOENHAHHI MAaTEMAaTUYHOI MOJenl 00’ €KTa KEpyBaHHS,
MOJIeJi CTPYKTYPH CHUCTEMH Ta MOJEINI Mpoiiecy KepyBaHHs. Lle m03Boiise nepeiTu Bixa
OKpPEMHX OIHKCIB IO CHCTEMHOTO MPEACTABIEHHS, Y SKOMY KOKEH KOMIIOHEHT Ma€ YiTKO
BU3HAUCHY pOJIb Ta B3aEMO3B’S3KM 3 IHIMMMH KoMioHeHTamu[37]. B pesynbrari
dbopmyeTbcs aOCTpakTHA MOJIEb, sIKa BiMOOpa)ka€ MOBHUM LUK (DYHKIIIOHYBaHHS
CUCTEMHU BIJl HAIXOXKEHHA JaHUX 10 POpPMYyBaHHS KEPYIOUUX PILIEHb Ta OL[IHIOBAaHHS 1X
¢(hEeKTUBHOCTI.

VY 3aranpHOMY BUTIIAI (PYHKI[IOHYBaHHSI CUCTEMHU MOXE OyTH MpEACTaBJICHE SIK
MOCJIIJIOBHICTh MIEPETBOPEHB, 10 PEai3yI0Th JIAHIIIOT «BX1J1 => 00po0OKa => KepyBaHHS
=> oriHka». BxigHi gaHi GopMyIOThCcS HAa OCHOBI BUMIPIOBaHb (DI3MYHUX MapameTpiB
CUCTEMH, TAKUX SIK 1HCOJISILIISA, TeMIieparypa, Hanpyra ta ctpyM [38]. Lli 1ani HaaAXOoaATh
no iHdopMaIiiHOTO PIBHA, NI€ MPOXOAATh eTamu GiIbTparii, HopMaii3amii Ta
arperyBanHs. Ilicns nporo chopMoBaHUII BEKTOp CTaHy MEPENAETHCS A0 KEPYHOHUOTO

PI1BHSI, JIe 3/IIACHIOETHCS aHai3 Ta IPUUHSTTS PILLIEHb.
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Busznauenns 2.8. @opmamizaiisi Takoro mpolecy mnepeadadae BBEACHHS
y3arajlbHeHOTO BiJIOOpaKeHHS, SIKE OMTUCY€E B3aEMO3B’SI30K MK yciMa eTarmaMu 00poOKH
iHopMmarrii. Y3araapbHeHa Mojeiab KiOepdizuuHoi cuctemu Oyia MpeJcTaBieHa Yy

BUTJISI:

Y(©) = H(X(),U@®), W (D), (2.8)

ne: X(t) — BeKTOp CTaHy CUCTEMH;

U(t) — kepyrounii BILUIUB;

W (t) — 30BHIIIHI BIUIMBHY;

Y (t) — BuXiHI TapaMeTpu CUCTEMHU;

H — y3aranbHeHa QyHKIIis, IO OMUCYE MOBEAIHKY CUCTEMHU.

Ile cmiBBIIHONIEHHS J03BOJIAE€ PO3MNIANATA CHCTEMY K €AUHY (PYHKIIOHAIbHY
3aJIeKHICTh, 1110 00’ €/IHY€ BCl BHYTpIIIHI TIporiecu. [Ipu 1boMy KOKEH 13 KOMIIOHEHTIB
MOJieJll MOKe OyTH JIeTaai30BaHUi OKpEeMoO, M0 3a0e3nedye rHydKiCTh y MoOyaoBl Ta
aHaJi31 CUCTEMHU.

B3aeMomisi KOMIOHEHTIB CHCTEMH pEaI3ye€TbCs Yepe3 3aMKHEHUW KOHTYP
KEpyBaHHS, Y SIKOMY Pe3yJbTaTH (YHKIIOHYBAaHHS CHUCTEMH BIUIMBAIOTh HA TOMAJIBIII
Kepytoul pimeHHs. Buximni mapameTpu, 30KpeMa MOTYXHICTh Ta €(QEKTHUBHICTD,
BUKOPUCTOBYIOTHCS JIJISl OI[IHIOBAHHS SIKOCTI pOOOTH CHCTEMHU Ta KOPEKIIl alrOpuTMiB
KepyBaHHs. [le cTBOproe MexaHi3M 3BOPOTHOTO 3B’S3KY, SIKMH € KIIFOYOBUM €JIEMEHTOM
K10ep(i3UIHUX CHUCTEM.

VY3arajibHEeHa CTPYKTYpa CUCTEMH, 1110 BiJI0Opakae B3a€MO/Ii10 MK eTaraMu 300py
MaHuX, iX 00poOku, (popMyBaHHS KEPYIOUMX BIUIMBIB Ta OI[IHIOBAHHS PE3yJbTATIB,
MpeAcTaBlieHa y BHUIJSAAl BiAmoBimHOI cxemu [39]. Jlama cxema IE€MOHCTpPYE, SIK
1H(dopMarliiiHi Ta Gi3UYHI MPOIECH IHTETPYIOTHCA Y €IUHY CUCTEMY.

BaxnuBoro Ccki1anoBOIO y3aragbHEHOi MOAENl € OJIOK OI[IHIOBAaHHS, SKUA
3abe3rneuye aHa3 €eKTUBHOCTI MPUUHIATUX pimieHb. Ha mpomy erami 341HCHIOETHCS

MOPIBHSIHHS (PAKTUUHUX PE3YJIbTATIB 13 OUIKYBAHUMH, 110 JI0O3BOJISIE BUSHAYUTHU SIKICTh
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KEepYyBaHHsI Ta BUSBUTU MOXJIMBI BiaxuiaeHHs. OTpuMana iH()opmMallisi BAKOPUCTOBY€EThCS
JUISL KOPEKIIii MapaMeTpiB MOJIEIIl Ta aJITOPUTMIB, 1110 3a0e31euye aJanTHBHICTh CHCTEMH.

VY3aragpHeHa MOJENb TAaKOXK BpPAaXOBYE NHUCKPETHHM XapakTep peami3alii
aNrOpuTMIB KepyBaHHs. [{e 03Hauae, 10 BC1 MPOIECH PO3TIAAAIOTHCS SIK TTOCITIIOBHICTh
JUCKPETHUX KPOKIB, Ha KOXXHOMY 3 SIKUX BHUKOHYETbCS TOBHUH IIUKI OOpOOKH
iHbopMarllli Ta TpUUHATTA pilleHb. Takuil MIAXiA J03BOJSE peanizyBaTH CUCTEMY Y
BUTJIAJIl IPOTPaMHOT0 3a0€3MeueHHs, 1110 MPAIIOE B PEKUMI peaIbHOIro Jacy.

Takum uymHOM, cdopmMoBaHa Yy3arajbHEHa MOJIeNb KiOep(i3UIHOI CHCTEMHU
MOEJIHYE BC1 KJIFOYOBI aCMEKTH ii ()yHKIIOHYBaHHS Ta CTBOPIOE IUTICHE MPEACTABICHHS
mpolieciB, IO BiIOyBalOThCs Yy cucTeMi. BoHa BH3Hauae CTPYKTypy B3aeMOjil
KOMIIOHEHTIB, (opMmalli3ye MOTOKHM JaHUX Ta 3a0e3ledye OCHOBY Ui IMOAAJIbLIOTO
pPO3pOOJEHHST METOJIB 1 TEXHOJIOTIH KepyBaHHS, IO PO3TISJAIOTHCS Y HACTYIMHOMY

O3,

2.6 BHCHOBKH JI0 IPYTOro pO3ALILY

VY niicyMKy Apyroro po3aity JUIIIOMHOT poOOTH 0YyJi0 c(hOPMOBAHO KOMIIIIEKCHY
KOHIICTITyaJIbHY OCHOBY K10€p(i3MUHOT CUCTEMHU KEPyBaHHS COHSYHOIO €HEPreTUYHOIO
YCTaHOBKOIO, SIKa MOEJAHYE CTPYKTYPHI, MATEMATH4YHI Ta (PYHKIIOHATIBHI MOJAEII 3 YITKO
BU3HAUYCHUMH BUMOTaMU J0 aJTrOPUTMIYHOTO 3a0e3nedeHHs. Po3pobiieHa cTpyKTypHa
MOJIeNIb Jjaja 3MOTY CHUCTEMAaTHU3yBaTH apXIiTEKTypy 00’€kTa, BUIUIUBIIN (DI3UUHHIM,
iHQopMaliitHUi Ta KEpyr4uid piBHI, 10 3a0€3MEYMJIO MPO30PICTh TMOTOKIB JIAaHUX,
dbopmarizaliito B3a€MO/ii Mk KOMIOHEHTaAMH Ta 3aMKHEHICTh KOHTYpPY KEPYBaHHS SIK
0a30By yMOBY CTabUIbHOCTI poO0TH. Takuii miIxij JO3BOIHMB HE JIUIIE OKPECIUTH JIOTIKY
(GyHKII10HYBaHHS CUCTEMU, aJie ¥ CTBOPUTU OCHOBY JJIA 1i MaclITaOyBaHHS Ta IHTErpaLii
3 IHIIMMH EHePTeTUYHUMHU YU 1HHOPMAIITHUMU TIIaTPOPMAMH.

MatematnuHa Mojenb (OTOSICKTPUYHOI yCTaHOBKH, MOOyIOBaHA HAa OCHOBI
BOJIT-aMIIEPHOT XapaKTepUCTUKH, BpaxyBajia BIUIMB 1HCOJSIIT Ta TeMIepaTypH, IO
BU3HAYAIOTh JIMHAMIKY POOOTH COHSYHHMX TaHesnel. BusBieHuil HeTIHINHUN XapakTep

00’€KTa KEpyBaHHS Ta HASIBHICTh TOYKU MAKCUMAJIbHOI MOTY>KHOCTI 3a/1aJTi TOCTAaHOBKY
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3aJa4l y BUTJIAI1 ONITUMI3AIIIHOI Ppo0sieMH, e MOIIYK ONTUMAIBbHOTO PEeXUMY pOoOOTH
CTa€ KJIIOYOBUM 3aBJIaHHSIM Ui MIJBUILEHHA eHeproedextuBHocTi. lle cTBOproe
HOIAIPYHTS JUIsl 3aCTOCYBAaHHS Cy4YacHMX METOAIB ONTHUMi3allli Ta aJanTHUBHOTO
KEepYyBaHHsI, 3[aTHUX pearyBaTH Ha 3MiHHI 30BHIIIIHI YMOBH.

dopmatizallis Mporecy KepyBaHHs Y BUTIIAL JTUHAMIYHOT Ta JUCKPETHOI MOl
HaJlaJ1a MOXJIMBICTh OMUCATH CUCTEMY SIK ITE€paIliiHui MpoIec y 9acoBiil 00macTi, mo
BIJIKpUBAE TMEPCHEKTUBU JJIsi MPOTpaMHOi peasizallii Ta BIPOBAKEHHS aJTOPUTMIB Y
peanbHOMY 4aci. Takuii miaxia J03BOJIs€ BpaXOBYBATH SIK MUTTEBI 3MiHU CTaHY CUCTEMH,
TaK 1 JOBrOTpUBAJIl TEHACHIII1, 3a0€3euyoun 0agaHc MK IIBUAKOAIEIO Ta CTIMKICTIO.

BusnaueHni BHMOrM [0 aIrOpUTMIB KEpPyBaHHS — TOYHICTb, IIBUAKOIS,
aJaNTUBHICTh Ta pPOOACTHICTh — MIJAKPECIUIN HEOOXITHICTh KOMIIPOMICY MIXK
CKJIQJIHICTIO MOJIJII Ta OOYUCITIOBAILHOIO €(deKTUBHICTIO. [le 0co0aMBO BaXIMBO ISt
poOOTH B yMOBaX HEBU3HAYEHOCTI Ta 3MIHHUX 30BHIIIHIX (DAaKTOPIB, i€ CUCTEMA MOBUHHA
3aMIIATUCS CTaOUIbHOIO Ta €(QEKTHBHOIO, HE IMEPEBAHTAXYIOUM OOYMCIIIOBAIBHI
pecypeu. Takum 4rHOM, OYJI0 3aKJIaJIEHO OCHOBY JIJIsl CTBOPEHHS aIrOPUTMIB, 3aTHUX
MpaIfloBaTH B PEXUMI PEaIbHOTO Yacy Ta 3a0e3ledyBaTh HaliHICTh (PYHKI[IOHYBaHHS
YCTaHOBKH.

VY3aranpHeHa Mojenb Kibep(izuyHOI cHCTEeMH IHTErpyBaja BCl TOMEpPeIHl
HaIpallOBaHHs B €JUHY (DYHKIIOHAIBbHY CTPYKTYpYy, fKa BiAOOpaka€ MOBHUN LMK
«BX11-00poOKa—KepyBaHHSI—OIlIHKa». BoHa 3a0e3mnedye IUTICHE MNPECTABICHHS
mpolieciB B3aeMo il Pi3uyHOTo 00’ €KTa, IHPOopMaIiifHOT IHOPACTPYKTYPH Ta aITOPUTMIB
NPUAHATTS PIICHb, CTBOPIOIOYM OCHOBY JUISI TMOJAIBIIOTO PO3BUTKY CHCTEMH Y

HAIpPSMKY 1HTEJIEKTyai3allli Ta aBTOMaTH3aIlii.
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3 METO/ TA TEXHOJIOT'Ti BUPIIIEHHS 3AJIAY KEPYBAHHSI
3.1  Onrumizaiiis Kepyoyux pillieHb Ha OCHOBI BJIOCKOHAJIEHUX MaTeMaTHYHHUX

MoOJeJIeH

Y mpoueci po3poOiieHHs KiOep(i3UYHOT CHUCTEMH KEPYBaHHS COHSYHUMU
naHensMu OyJiOo BCTAHOBJICHO, HIO0 €(QEKTUBHICTh MNPUHHATTS KEPYIOUUX pIllleHb
0e3nocepeIHbO 3aJeKUTh BiJl TOUHOCTI MaTEMAaTUYHOI MOJIET, sIKa OMHCYE TOBEIIHKY
dboToenekTpuyHoi cucteMu. ba3zoBi Mojeni, IO BUKOPUCTOBYIOTHCS Y KIACHYHUX
MIJX0/1aX, X04a 1 JJO3BOJIAIOTH BiJOOpa3UTH 3arajibHI 3aKOHOMIPHOCTI, HE BPaXxOBYIOTh
MIOBHOIO MiIpOI0 BIUIMB JWHAMIYHUX (PAKTOpIB, TaKUX SK IMMIBUAKI 3MIHH 1HCOJSIIT,
TEeMIIepaTypHI KOJUBAaHHS Ta BHYTPIIIHI BTpaTu. Lle 3yMoBMIiI0 HEOOX1HICTh YTOYHEHHS
MaTEMaTUYHOT'O OIMUCY CUCTEMH Ta MOOYJOBH METOAY ONTHUMI3alli, IKHil Oa3yeThCcs Ha
OUIBIII TOUHOMY MPECTaBICHH] (DI3UYHHUX MTPOIIECIB.

Busnauennss 3.1. VYjgockoHaneHa Mojenb (OTOECNEKTPUYHOI cUCTeMU Oyna
chopMoBaHa Ha OCHOBI KJIACUYHOT JIIOAHOI MOJIEJN, OJIHAK 13 BPaXyBaHHSIM 3aJI€KHOCTI
napameTpiB BiJI TEMIIEPATYpPH T4 YMOB OCBITIIEHHS. 30KpeMa, (POTOCTPpYM pO3IIISIIaBCs K
GyHKLIS 1HCOMAUIT Ta TEeMIepaTrypH, M0 AO03BOJISUIO OUIbII TOYHO OMHUCATH 3MIHY

re’epaiiii y peaJibHuX yMOBax:

Ion =k - G- (1+ ar(T = —Tpf)) 3.1)

ne G — piBeHsb iHcowil, 7' — remneparypa, Ty, — ONIOpHA TEMIIEPATYPA, K¢ Ta A
— eMnipuyHi KoediieHTH. Takuil miaxij 103BOJUB BpaxyBaTH BIUIMB TEMIIEPATypPHOTO
npeiidy Ha TreHepariio CTpyMy, IO € CYTTEBUM (PaKTOpoM Mpu poOOTI COHSUYHUX
IaHEeNEH.

Ha BigMiHy BiJ COpPOIIEHUX MOJEJEH, Yy SIKUX OMOPH BBAXKAIOTHCS CTAIMMH, B
YAOCKOHAJIEHI Mojiei OyJI0 BpaxOBaHO iX BapIlaTUBHICTH, IO 3aJCKHUTh B PEKUMY
pobotu cuctemu. Lle 703B0ONMMIIO OUTBII TOYHO OMKMCATH BTPATH €HEPrii Ta iX BILUIMB Ha

3arajJbHy €(QEeKTUBHICTh. TaKMM YHHOM, OTPUMaHA MOJENbh € HEIIHIHHOI Ta
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napamMeTpUIHO 3MIHHOIO, IO YCKJIAIHIOE TPOIEC KEepPyBaHHS, aye 3a0e3rneuye OuThIm
BHCOKY TOYHICTb OI[IHFOBAHHS CTaHy CUCTEMH.

Onrtumizariss Kepylouux pillleHb Yy Takid cuctemi 0Oa3zyeTbes Ha 3ajadl
3HAaXOJ/KCHHsSI TOYKM MaKCHUMAJbHOI MOTYXKHOCTI, sIKa 3MIHIOEThCS y yaci. Kmacuuni
METOJM BIICTE)KEHHS MaKCUMaJIbHOI MOTYXKHOCTI, Takl K perturb and observe, MaroTh
OOMEKEHHs, TIOB’SI3aHI 3 KOJMBAHHAMH HABKOJIO ONTUMAJIBHOI TOYKH Ta HHU3BKOIO
MIBUJKICTIO peakiii Ha pi3Ki 3MIHH yMOB. Y Mexax JaHoi poOoTu OyJo peanizoBaHO
BJIOCKOHQJICHUH MIAXiJ, SKUH TMOEAHYE aHATITHYHY OIHKY IOXI1JHOI TMOTYXHOCTI 3
MPOTHO3HOIO 1H(OPMALIEIO ITPO 3MIHY 30BHILIHIX MApaMETPIB.

Busznauenns 3.2. YMOBY onTUMaIbHOCTI OYyJIO IPEICTABIICHO Y BUTJISIIIL:

av av
d_P =1+ VE’ (32)

ne: V —nanpyra (B);

I—ctpym (A);

dP — HEeCKIHUEHHO MaJia 3M1Ha MOTY>KHOCTI;

dV — HEeCKIHUEHHO MaJia 3MiHa HaIPYTH;

d[ — HECKIHUEHHO MaJjia 3MiHa CTPyMYy.

Opnnak, Ha BIAMIHY BIJ KJIAaCMYHOIO MIAXOAY, Y AaHId peanizauii MoXiJHa He
OOYMCITIOETHCS JIMILIE HA OCHOBI MOTOYHUX 3HAU€Hb, @ YTOUHIOETHCA 3 ypaxyBaHHSIM
3rJIa)KEHUX Ta MPOTHO30BaHMX NapameTpiB. Lle 103BoJsi€ 3MEHIIUTH BIUIUB LIYMIB Ta
YHUKHYTU XHOHUX MEPEXO/IB Y pa3i KOPOTKOYACHUX 3MiH.

Merton BuOOpy poO0ouoi TOUKHM Oa3zyeTbCcs Ha KOMOIHOBAaHOMY ITIJIXOJi, €
BUKOPUCTOBYETHCS SIK JIOKAIBHUHN aHalli3 3MIHU MOTYXHOCTI, TaK 1 OIlIHKA rj00aJbHOI
TeHJACHIII. Y MpakTHUUHINA peali3allii 1ie 03Hayae, U0 CUCTEMA He JIMIIIEe pearye Ha 3MiHy
MOTOYHUX 3HAYCHB, aJie ¥ BPAXOBY€E HAIMPSMOK 3MIHU 1HCOJISIIIT Ta TeMIepaTypu. Takum
YUHOM, SIKIIIO MPOTHO3YEThCS 3pOCTAaHHS 1HCOJISALIT, CHCTEMa MOXKE 3a3/aJIeT1/1b 3MICTUTH
poboUy TOYKY y BIANOBITHOMY HAmpsIMKY, IO JIO3BOJISIE 3MEHIIUTH 4Yac JOCSTHEHHS

ONTUMAJILHOTO PEXKUMY.
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JIOMaTKOBUM TOKpAILIECHHSIM CTaJl0 BBEAEHHS aJalTUBHOTO KPOKY 3MiHU
Kepylo4yoro mapamerpa. Y KIACHYHUX METOAaxX KpOK 3MiHM € (IKCOBaHUM, IO
NPU3BOAMUTH a00 /10 MOBLIBHOI peakilii, 00 A0 3HAYHUX KOJIHMBaHb. Y 3allPOMIOHOBAHOMY
METO/Il BeTUYMHA KPOKY BH3HAYA€ThCA HA OCHOBI TpajieHTa (PyHKIIi MOTY>KHOCTI, L0
JI03BOJIsIE 3a0€3MEUNTH MIBUAKE HAOIMKEHHS 10 ONTUMAIBHOI TOYKM NpU 3HAYHUX
BIIXHWJICHHSX Ta TUIaBHY CTaOLIi3aIlii0 y 11 OKOMI.

Busnauenns 3.3. Y3araipHIO04M, KepylOuuid BIUIUB (OPMYETHCS K (DyHKIIIS

IIOTOYHOT'O CTaHY CUCTCMH Ta OHiHKI/I 3MIHU HOTY)KHOCTiI

u® =u(t—1)+k-¢ (Z—Z) (3.3)

ne k — amanTuBHUI KOe(IiUIEHT, a ¢ — (yHKIIS, 10 BU3HAYA€ HANPSIMOK Ta
BEJIMUMHY 3MIHU Kepyroudoro curnainy. HaBenena (opmarizanis 103BoJisg€ 3a0€3MEUUTH
THYYKICTh CUCTEMH KE€PYBaHHsI Ta 11 31aTHICTh aAaNTyBaTUCS J0 3MiH YMOB €KCIUTyaTallii.

3acToCyBaHHS BJIOCKOHAJIEHOI MATEMAaTUYHOT MOJIEJI Ta ONTUMIZAI[IMHOTO METOTY
JIO3BOJIMJIO CYTTEBO MIABUILUTH €()EKTHBHICTh KEPYBaHHsS COHSUHOK E€HEPTreTUYHOIO
YCTaHOBKOIO. 30Kpema, OyJi0o JAOCATHYTO 3MEHIIEHHS 4Yacy BUXOJYy Ha ONTUMalbHUN
pPEXUM, 3HIKEHHS aMIUNTYId KOJMBAHb MOTY>KHOCTI Ta MiJBUILEHHS CTaOLIbHOCTI
pobotu cucremMu. BaxinBOIO mepeBaror0 € Tako)K 3MEHIICHHS YyTJIMBOCTI 10 LIYMIB
BUMIPIOBaHb Ta BUMAJAKOBUX 3MiH 30BHIIIHIX TTapaMeTpiB.

Takum YMHOM, 3alPONOHOBAHUI METOJ ONTUMI3ALllT KEPYIOUYHUX PIlIeHb 0a3y€eThCs
Ha TIOEJHAHHI YTOYHEHOI MaTeMaTH4HOi Mojeni (OTOCNEeKTPUYHOI CHUCTEMH Ta
BJIOCKOHAQJICHOTO MiAXOYy /10 BUOOpY poOodoi Touku. Lle mo3Bosise peanizyBaTu OUIbIII
TOYHE Ta AaJalTUBHE KEPYBaHHS, HI0 € KPUTUYHO BAXKJIMBUM JUIS IT1IBUILEHHS
e(EeKTUBHOCTI Cy4YaCHHUX KiOep(PI3UUHUX CUCTEM Yy cdepl COHIYHOI €HEPreTUKH, L0 €
0COOJIMBO BAXKJIMBO Y TEMEPIIIHIX peanisx nepedoiB y poOOTi eIeKTPOCTAHIIIN Ta JTiHIN

eJeKTponepeaay.
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3.2 3acrocyBaHHS KepyBaHHS Ha OCHOBI €KCIIEPTHOI CHCTEMH

VY mexax po3pobiieHHs Kibep(i3nyHOi cUCTeMH KepyBaHHS COHTYHUMU MaHEISIMU
Oyno chopMOBaHO METOJ EKCIEPTHOI CHCTEMH KEpyBaHHs, SKHM 3a0e3rnedye
dbopmaizaliro nporecy NpUHHSATTS PillleHb Ha OCHOBI HAKOMMYEHUX 3HAaHb Ta JIOCBITY
(GYyHKIIIOHYBaHHSI €HEPTeTUYHOI yCTAHOBKU. Takuii miaxig J03BOJIsE HE JIUILE pearyBaTu
Ha 3MIHU 30BHIIIHIX YMOB, aJie i MPOTHO3YBATH MOXKJIMBI CLIEHAP1l PO3BUTKY MO, 110
MIJBUINY€E HAIIHHICTh Ta €)EKTUBHICTh POOOTH cucTeMU. Ha BiIMIHY BiJ TpaauIliHHUX
MaTeMaTUYHUX MOJIeNIEH, SIK1 4acTO MOTPeOyIOTh 3HAYHUX OOUYUCTIOBAIBLHUX PECYPCIB Ta
TOYHHMX TapaMeTpiB, EKCIEPTHA CHCTEMa OpIEHTOBaHA Ha BUKOPHUCTAHHS MPABWII IS
BUKOPHUCTAaHHA y pOOOYOMY CEpeOBHII, IO BiAOOpa)kaloTh MPUYMHHO-HACIIIKOBI
3B’SI3KM MK TTapaMeTpaMu CEpeIOBUINA, CTAHOM CUCTEMH Ta HEOOX1AHUMHU KEPYIOUUMU
TISMH.

OCHOBOIO €KCIIEPTHOT CUCTEMHU € 0a3a 3HAHb, AKa (POPMYETHCS NUIAXOM 1HTErparli
pe3yabTaTiB MOJICNIOBaHHS, €KCIEPUMEHTAIbHUX JIAHUX Ta MPAKTUYHUX CIOCTEPEIKEHb
3a poOOTOI0 COHSIYHUX TMaHeNel y pI3HUX yMOBax ekciutyatarlii. ba3za 3HaHb BKIIOUa€e
OIKC TUIIOBUX CUTYallli, 110 BAHUKAIOTh Yy MPOILeCci poOOTH, a TAKOK BIAMOBIIHI PEaKIii
CUCTEMHU Ha 111 cuTyarlii. BoHa oxorutroe sik HopMabHI peXUMHU (DYHKITIOHYBaHHS, TaK 1
rpaHuyHl a00 aBapiiiHI CTaHM, IO JO3BOJISE 3a0€3MEUUTH KOMIUIEKCHUN MIAX1A 10
kepyBanHs. @DopMmyBaHHS 0a3uW 3HaHb 3MIMCHIOETBCA HUIAXOM  y3arajJbHEHHS
3aJIEKHOCTEN MDK BXIJIHUMH TapameTpamu (1HCOJISIIS, TeMIepaTypa HaBKOJUITHHOTO
CEpe/IOBUINA, CJICKTPUYHI XapaKTEPUCTUKHU TMaHesleil) Ta BUXIIHUMHU TOKa3HUKaMU
edeKTUBHOCTI (piBEHBb TeHEepallii eeKTPOeHEePTii, KoeIIlieHT KOPUCHOT [Tii, CTAaOUTbHICTD
poboTn).

CtpykTypHO 0a3a 3HaHb OpraHi3oBaHa y BUIJISI Ha0Opy MPOAYKIIHHUX MpPaBUII
Tumy “ymoBa— 1. Ko)kHe IpaBuIiIo BU3HAYAE MEBHY 3aJICKHICTh MK HA00POM BX1THUX
YMOB Ta BIJIIOBITHOIO KEPYIOUOIO /Ii€10. Y MOBHA YaCTUHA NIPABUIIA OMKUCYE CTAH CUCTEMU
y TepMiHax 3HayeHb MapaMeTpiB ab0 iX CIIBBIAHOIIECHb, TOAl SIK i BU3HAYAE 3MIHY
KEepPYIUOro CurHaiay abo pexumy pobotu. Lls cTpykTypa 103BOJIsi€ TPEICTaBUTH

CKJIaJHY MOBEAIHKY CHUCTEMH Yy BHIJISAI CYKYIHOCTI JIOKQJbHUX 3aJIEKHOCTEH, M0
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CHpOIIyE TpoIeC aHamizy, Moaudikamii Ta po3mMpeHHs O0a3u 3HaHb. BaxinBOIO
MIEPEeBAror0 € MOXKJIMBICTH IMOCTYIIOBOTO JOTIOBHEHHS CHCTEMH HOBUMH TpaBUIIaMU 0e3
HEO0OX1THOCT1 MOBHOT NIEepeOy1I0BU BC1€T MOEMI.

B3aemo3B’s130k MK eneMeHTamMH 0a3y 3HaHb Ta MPOIECOM MPUUHATTA PIIICHb
NPEJCTAaBICHO Y BUIJISAI y3arajllbHEHOI CTPYKTypH EKCHEPTHOI CHUCTEMH MOXHa
no0aynTu Ha PUCYHKY 3.1, 7€ Mmoka3aHo B3aeMoO[ii0 (haKTiB, IPABHI Ta MEXaHI3MY
JOT1YHOTO BUBeieHHs. Po60Ya mam’ AT MICTUTh MOTOYHI 3HAYEHHS TApPaMETPIiB CUCTEMH,
K1 HaJIXOJSTh BiJl CEHCOPIB Ta aHAIITHYHHX MOJYJIB, TOMAl SIK 0a3a 3HaHb BU3HAYAE
MpaBUiia, 10 3aCTOCOBYIOTHCS JO IMX 3HA4Y€Hb. MeXaHi3M JIOT1YHOTO BHBEICHHS
BUKOHY€ POJIb “IHTEJIEKTYaJIbHOTO sijipa”, AKe aHali3ye pakTu, BAKOHYE CIT1BBIAHOIIECHHS

iX 13 yMoBaMu mipaBuiI Ta (popMye BIAMOBIIHI KEPYIOUl Jii.

CTPYyKTypa eKcneprHoi cuctemu 3 BinobpaxxeHHusam 6a3m 3HaHb, poboyoi nam’aTi Ta MexaHi3My NOriYHOro BUBeQ eHHA

Basa 3HaHb

MNpoaykuinHi npasuna Onnuc TUNOBKUX CUTYaLlin Peaxkuii Ha cuTyauil

7

\@nna CuTyauii Peakuii

Mexﬁc{a{:oriq HOro nyz{emm

> £

CniscTasneHHs GakTis Ta npasmn

CnisnaniHHs

Y

DopMyBaHHA Kepyloumnx ain

Kepyto4i aii

BukoHasui |MmexaHizmm
L 4

Kepyioui curHanu

Pucynox 3.1 — Ctpyktypa excrepTHOi cucTem# 3 BioOpakeHHsIM 0a3u 3HaHb, p0O0YOi

nam’sTi Ta MEXaHi13My JIOTIYHOTO BUBEACHHS
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[IpyHIMI JOTIYHOTO BUBEAEHHS B €KCIIEPTHIM CHCTEM1 KEPYBaHHS COHSYHUMU
MaHEISIMU IPYHTYETHCS Ha MOCIIJOBHOMY 3aCTOCYBaHH1 IIPaBUII 10 HAsIBHUX (PAKTIB, 110
HAJIXOAITh 13 CEHCOPIB Ta aHANITHYHMX MOAYJIB. Y 3arajJbHOMY BHIIAJKY
BUKOPHCTOBYETHCS MEXaHI3M IPSIMOTO BUBEICHHS, SIKHI Tiependadae aHam3 MOTOYHOTO
CTaHy CHCTEMH, IMOIIYK NpPaBWJI, YMOBU SKHUX 3aJ0BOJIBHSIOTHCS, Ta aKTHBAIIIO
BiMMOBiMHUX Midd. Takuit miaxig 3abe3nedye onepaTUBHICTh MPUUHATTS PIIIEHb, MO €
KPUTUYHO BXKJIWBUM IS EHEPTCTHUYHUX YCTAHOBOK, JI€ TapamMeTpHU 3MIiHIOIOTHCS
JWHAMIYHO Ta MOTPEOYyIOTh HETaHOI peaKilii.

[Ipomiec JOTiYHOrO BUBEJEHHS CKJIAMAETHCS 3 KUIBKOX TOCIIIOBHUX €TalliB.
Cnouatky (opMyeTbcs MHOKHMHA AaKTUBHMX TMPaBWI, TOOTO THUX, YMOBH SKHX
BI/IMOBIAAIOTh MIOTOYHUM 3HAYCHHSM IMapaMeTpiB. Jlaii 3aiiicHI0eThCSE BUOIp OTHOTO 200
JEKUTBKOX TIPaBWJI 1JI1 BUKOHAHHS, ICJISl YOTO B1JI0YBAE€THCS OHOBJICHHSI CTAHY CUCTEMHU
BIIMOBIAHO 70 0OpaHMX MAid. 3aBASKHM TaKid MUKIIYHIA OpraHi3alii MpoIecy cucrema
NOCTIHO aJanTyeTbcsd 1O 3MIH CepeloBUIIA, MIATPUMYIOUYM CTaOUIBHICTh Ta
e(eKTUBHICTb POOOTH.

Oco06suBy yBary npuJIijieHO BUPIIICHHIO KOH(PIIKTHUX CUTYAIliH, KOJIM OJJTHOYaCHO
aKTUBHUMH € KiJIbKa MPaBWI. Y TaKHUX BUIIAJKAX 3aCTOCOBYETHCS CTpATETis BUOOPY, SKa
BU3HAYA€E TOPAJIOK X BUKOHAHHS Ta 3arodirae cynepewmBuM isM. KoH)mikT Moxe
BUHHUKATH, HANPUKJIA], KOJIM OJHE TPABWJIO BUMAarae 301IbIICHHS HaBaHTAKCHHS Ha
IHBEPTOp, a I1HIIE — KOro 3MEHIIeHHs. JlJI1 YHUKHEHHsS TaKUX CHUTyalllil cucrema
BUKOPHCTOBYE MEXaHI3MU MPIOPUTHU3ALIIT Ta KOHTEKCTHOTO aHAII3Y.

Crpareris BUOOpy pillIeHb y 3alPOIOHOBAHIN €KCIEePTHINA CUCTEMI 0a3yeThCsl Ha
KUIBKOX KJTFOUOBUX npuHIMmnax. [lo-nepiie, Ko)XHOMY MpaBHIy MOXKe OYTH TIPHUCBOEHO
BaroBui KoeQilieHT abo piBeHb BAXKJIUBOCTI, IO JO3BOJISIE CUCTEMI BijIaBaTH MepeBary
Ou1b1I KpUTUYHUM AisiM. [To-apyre, BpaxoBy€eTbCsl MIOTOYHUN CTAH CUCTEMH Ta JUHAMIKA
1oro 3MiH, 1110 3a0e3Mevye alaTUBHICTh Ipoliecy BuOopy. Hanpukian, y Bunaaky pizkoi
3MIHHM 1HCOJISILIT MPIOPUTET OTPUMYIOTh MpaBUIIA, SIKI 3a0€3MeUyI0Th IIBUIKY PEaKIIio
JUIst ctabumizaii poOOTH, TOAI SK y CTAOUIBHMX YMOBAaX CHUCTEMa OpPIEHTYETHCS Ha

MIHIMI3aIl1}0 KOJIMBaHb Ta ONTHMI3aIlil0 e()eKTUBHOCTI.
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Jlorika B3aeMoi1 MpaBwWJI Ta MPOIECY BUOOPY PIlIEHh MOXKE OyTH TIPE/ICTaBIICHA Y
BUTJISI/I y3araJIbHEHOI CXeMU, 300paKeHOi Ha PUCYHKY 3.2, siKa JEMOHCTPY€E UKIITYHUN
xapakTep poOoTu cucteMu. L{UKIIIYHICTH MOJNSATa€E y TOMY, L0 KOKEH HOBHM CTaH
cucteMu (OPMYETbCS HA OCHOBI MOMNEPEIHBOTO Ta PE3yNbTaTIB 3aCTOCYBAHHS
BIJINOBIJTHAX TIPaBWJI, CTBOPIOIOYM 3aMKHEHUM KOHTYp KepyBaHHs. Takuii KOHTYp
3a0e3neyye Oe3nmepepBHICTh MPOLECY MNPUHHATTS PIlICHb: BiJ MOMEHTY OTPHUMAaHHS
JaHUX 13 CEHCOpIB A0 (OpPMYBaHHsS KEPYHOUOro CHUTHANy, KM BIUIMBAaE Ha PoOOOTY
COHSIYHMX TMaHeJeH Ta JOMOMIXHUX MPUCTPOIB. 3aBASKA LILOMY CHUCTEMa MOCTIIHO
aJanTy€eThCA 10 3MIH 30BHILIHIX YMOB, MIATPUMYIOUM OadaHC MIXK IIBUAKICTIO PeaKili Ta
CTaOUIbHICTIO POOOTH.

CxeMa BiioOpakae MOCHIIOBHICTh €TamiB (PYHKI[IOHYBaHHS €KCIIEPTHOT CHUCTEMHU.
Ha nepmomy erani BinOyBaeTbcs 301p JaHUX 13 CEHCOPIB Ta aHATITHYHUX MOJYJIIB, SIKI
GbIKCYIOTh MapaMeTpu Cepe/loBUINA Ta CTaH €HEpreTu4yHoi ycTaHoBKku. Jlami 11 maHi
HAJXOMSITh J10 poOOuYoi mam’sTi, € BOHU TMOPIBHIOIOTHCS 3 yMOBAaMH IMpaBuWi, IO
30epiratoTbes y 0a3l 3HaHb. HacTynmHMM KpokoMm € OopMyBaHHS MHOKWHU aKTUBHUX
paBuJl, SIK1 BITIOBIJAIOTh TOTOYHOMY CTaHy cucTeMu. [1icist iboro MexaH13M JIOT14HOTO
BUBEJCHHS 3JIMCHIOE BUOIp HAHOUIBII pEJIEeBAaHTHUX NpPaBWJ, BPaxXOBYIOUH iX
MPIOPUTETHICTh Ta KOHTEKCT 3aCTOCYBaHHS. 3aBepIIAIbHUM €TarnoM € (HopMyBaHHS
KEepPYIUOTO CHTHANy, KU MepelacThCsl Ha BUKOHABYI MPUCTPOI Ta BU3HAYAE PEKUM
pOOOTU COHAYHUX TMAHEIICH.

BaxxnnBoro 0co0JIMBICTIO TAKOT JIOTIKU € 31aTHICTh CUCTEMHU YHUKATH KOH(IIIKTIB
MDXK MpaBujaMu. SKII0 OHOYACHO aKTUBHUMH € K1JIbKa MPABUJI, 110 MPONOHYIOTH P13H1
Jii, 3aCTOCOBYETRCS CTpATErisi BUOOPY, sSika BU3HAYAE TIOPAJIOK X BUKOHaHHs. [le Moxe
OyTH peaniz0BaHO Yepe3 MEXaHi3M MPIOpUTH3AILii, KOJU OLIBIIN KPUTHUYHI TTpaBUiIa MalOTh
BUILMI PIBEHb BAXJIMBOCTI, 400 Yepe3 KOHTEKCTHUI aHali3, [0 BpaXOBY€E NOTOYHUI CTaH
CUCTEMU Ta ii AMHAMIKY. 3aBISKU IIbOMY E€KCIIEpTHA cHcTeMa 3abe3rnedye y3Tro/pKeHe
(GyHKIIOHYBaHHS, HE JAOMYCKAIOYH CYNEPEUSIMBUX PIIICHb.

TakuM YWUHOM, TPUHIMUII JIOTIYHOTO BHMBEJEHHSI Ta CTpaTerisi BUOOPY pillleHb
CTBOPIOIOTH OCHOBY IS €PEKTUBHOI POOOTH €KCIIEPTHOI CUCTEMU. BOHU 103BOJISIOTH Tid

ONEpPAaTUBHO pearyBaTH Ha 3MIHU 30BHILIHIX YMOB, YHUKATH KOH(IIIKTIB MI>K IIPABUIIAMHU
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Ta MIATPUMYBATH ONTUMATBHUI PEKUM POOOTH COHSIYHOT EHEPreTUYHOI yCTaHOBKH. [le
3a0e3medye THYYKICTh Ta aJalTHBHICTh CHUCTEMH, sKa 3JaTHA IPAIOBaTH B YMOBax
HEBU3HAUCHOCTI Ta JHWHAMIYHUX 3MIH CEpeJOBHUINA, TapaHTYHO4Yd CTa0ijIbHE

BUPOOHUIITBO €JIEKTPOECHEPTii Ta MiABUIICHHS 3arajJbHoi e(eKTUBHOCTI KEpYBaHH.

‘ Mo4aTok Npouecy ‘

AN
DTPH?‘H;HDTDHHH\Q}EHHX

‘ HaHi Big ceHcopie

AHaniTU4HI paHi

E ‘

AN /
A\ L
DHaneuﬁ&ann?/nan aTi

g
3bepexeHHn hakTis

CniBcTaeneHHA !taKTiB Ta npaeun

=
Mowyk BiANOBIAHWX Npagwn

Bubip kepyrwouoi gii

DOpPMYBAHHA KEPYIOYOro CUrHany

i

OHOBNMEeHHA CTaHy CHCTEMH

OTpMMaHHA 3BOPOTHONO 3B'A3KY

E ‘

‘ KiHeub npouecy ‘

Pucynok 3.2 — Cxema npol1iecy JIOTiYHOTO BUBEJIEHHS Ta BUOOPY KEPYIOUHX i B

EKCIEPTHIN cucTemi
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Oco0MMBICTIO 3alPOTIOHOBAHOTO METOAY € MOXKJIMBICTH 1HTErpallii €KCIepTHOI
CUCTEMHM 3 IHIIMMU MOJYJSMM aHaji3y JaHHX, 30KpeMa HeHpOoMepeKeBUMHU
KOMIIOHEHTaMu. Y  I[bOMY BHUMAAKy pE3yJbTaTH MPOTHO3YBAaHHSI  MOXYTb
BUKOPHCTOBYBATHCSl SIK JIOJATKOBI (akTH y TMpoleci JIOTIYHOTO BHUBEIACHHS, IO
pO3IIKpPIOE 00JacTh 3aCTOCYBAHHS MPABHJI Ta MiJBUIIY€E TOUHICTh MPUUHSITTS PILICHb.
Taxa iHTerpallis CTBOPIOE MEePeyMOBH JJIsl TOOY0BH T1OPUIHUX CUCTEM KepPYBaHHS, SIK1
HOEJHYIOTh NI€PEBAru €KCIEPTHUX MiAXO0/1B Ta METO/IIB MATMHHOIO HaBYaHHS.

Takum YMHOM, METOJ] €KCIIEPTHOI CUCTEMU KepyBaHHS 3a0e3reuye hopmaiizailiio
OpOLECY MNPUIHATTS pILIEHb Y BUIVISI CTPYKTYPOBAaHOI 0a3u 3HaHb Ta MEXaHI3MY
JOTIYHOTO BHUBEJEHHS. BuKopucTaHHS TpaBUI JI03BOJISE BpPAaxOBYBaTU CKJIAJHI
3aJIEKHOCTI MDK HapaMeTpaMH CUCTEMH, a 3aCTOCYBaHHS CTpATerii BUOOpY pIllIEHb
3a0e3neyye rHy4YKICTh Ta aJalTUBHICTh KepyBaHHA. Lle cTBOproe OCHOBY AJisi TOOYA0BU
e(eKTUBHOT CUCTEMHU KEpyBaHHS COHSYHUMH MAHEISIMH, 34aTHOI MPAIIOBATH B YMOBax
HEBU3HAYEHOCTI Ta IMHAMIYHUX 3MiH 30BHIIIHBOTO CEPEOBUILA, & TAKOXK 1HTETPYyBaTUCS
3 CYYaCHHMH IHTEJNEKTYaJbHUMH TEXHOJOTIIMU Ui JOCSTHEHHS MaKCHUMaJbHOI

POYKTUBHOCTI.

3.3  HeiipomepeskeBa OLIHKY Ta MPOTHO3YBAHHS CTaHy CUCTEMU

3aiaya NporHo3yBaHHs CTaHy Ki0ep(13MuHO1 CUCTEMHU KEPYBAHHS B EHEPIreTUUHHUX
3aCTOCYBaHHAX TOJIATAE y MOOYIOBI MOJEIN, 3JaTHOI BIATBOPIOBATH 3aJIEKHICTh MK
ICTOPUYHUMH Ta MOTOYHUMH MapaMeTpaMu poOOTH CUCTEMH 1 ii MallOyTHIM cTaHOM. Y
MeXax JaHOTO TIiAXOAy HeHpoMepekeBa MOJIENbh PO3TIISIIAEThCS SK 1HCTPYMEHT
anpoKCcUMaIlli CKJIaHOI HEMHIMHOT (PyHKIII, 110 OMKCYE MOBEAIHKY CUCTEMH B YMOBax
3MIHHUX HaBaHTa)X€Hb, BIUIMBY 30BHIIIHIX (haKTOpiB Ta TMPOIECIB Jerpajailii.
OCHOBHMMHU MPOTHO30BAHUMHU BEIUYMHAMU BUCTYMAIOTh MOTYXKHICTh, €(EKTUBHICTDH
MEPETBOPECHHS CHEprii Ta IHTErpajbHUN CTaH CHUCTEMH, SIKAA MOXe OyTu

IHTEPIPETOBAHUM SIK y3arajlbHEeHHU I 1HEKC Mpaie31aTHOCTI.
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dopmamizamis 3amadi  MPOTHO3YBAaHHSA TMepeadavyac BU3HAYEHHS BXIJHOTO
IIPOCTOPY O3HAK Ta BUXIIHOTO BEKTOPA, IO OMHUCYE CTaH CUCTEMH B HACTYITHI MOMEHTHU
yacy. BxijHi 1ani GopMyrOThCs Ha OCHOBI YaCOBHX PSIiB, SIKi BKJIFOUAIOTh BUMIPIOBaHHS
SJIICKTPUYHUX ITAPAMETPiB, TAKUX K HAMPYTa, CTPYM, TEMIIEpaTypa KOMIIOHEHTIB, PIBCHb
OCBITJIEHOCTI (JI/ISI COHSYHHMX €HEPIEeTUUHUX CUCTEM), a TAKOXK MOX1THI XapaKTePUCTHUKH,
0 BiIOOpaKarOTh AWHAMIKY 3MiH. BUXiZHOIO 3MIHHOIO € MPOTHO30BAHE 3HAYCHHS
MOTY)KHOCT1 a00 €(heKTUBHOCTI Ha 3aJJaHUi TOPU3OHT IIPOTHO3Y, & TAKOXK OIIHKA CTaHY
CUCTEMH y BUIIISI/I1 Oe3nepepBHOI mKanu abo kiacudikaliifHOro 1HACKCY. Y3araibHeHa
CTPYKTYypa 3a/aul IpOrHO3yBaHHS MOKE IIPEJICTAaB/IEHa HA pUCYHKY 3.3, 1€ BIIOOpaKEHO

3B’ SI30K MIXK BXiI[HHMH YaCOBUMHU piAdaMHU Ta BHXiI[HI/IMI/I IIPOTrHO3HUMHU OHiHKaMH.

CTpyKTYpHa cXeMa NocTaHOBKMW 3aja4i HeHpoOMepe>)XeBoro NPorHo3yBaHHA CTaHy CHCTEMH

BxigHui npocTip o3HaK

TemnepaTypa KOMMNOHEHTIB PieeHb ocBiTNneHocTi

g ]
MNoxigHi XapakTepucT KK

EI“ £

TeMmnepatypa OceiTneHicTe MoxigHi nawi

Rb&lgn:ﬁmsa no?,eﬁa

EI ‘

BxigHuiA wap

BxigHi pai

£
MNpuxoBaHi WapH

O6pobnexi gaHi

g
BuxigHui wap

MporHo3 noTy»xHocTi [MporHo3 echeK TMBHOCTI IHTerpansHWA cTaH

/ BuxigHW# BexTOp \
g1 g1 2]
IHTerpansHUA CTaH CUCTEMN

MNporHo3soBaHa NOTYKHICTL EheKTUBHICTE NepeTEOpeHHA eHeprii

Pucynok 3.3 — CTpyKkTypHa cxema MOoCTaHOBKH 3aa4l HEUPOMEPEKEBOrO

IMPOTHO3YBAHHA CTaHY CUCTCMHU
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B skocti 6a3oBoi Mojeni HeHpoMepekeBOi OIIHKKM 00paHO OaratomapoBuid
nepcentpon (MLP), mo € kiiacuuyHOIO apXITEKTYpOIO MPSIMOTO MOIIMPEHHS CUTHAIY.
Bubip MLP o0rpyHTOBYEThCS HOTO 3MaTHICTIO ampOKCHUMYBATH JOBUIbHI HENIHINHI
3QJIEKHOCTI 32 YMOBHU JIOCTAaTHBOI KIJIBKOCTI MPUXOBAHUX IIapiB Ta HEHPOHIB, a TaKOX
BITHOCHOIO TPOCTOTOI0 HABYaHHS TMOPIBHSIHO 3 PEKypPeHTHUMHU ab0 3TOpTKOBUMU
apxiTektypamu. CTpyKTypHO MOJENIb CKIQJAa€ThCs 3 BXIJHOTO MIapy, OAHOTO abo
JEKUIBKOX MPUXOBAHUX IIapiB Ta BUX1AHOTO mapy. [Ipu n1pomMy KokeH HEMpOH BUKOHYE
HEJIHIHE NEepEeTBOPEHHS 3BAKEHOI CYMH BXIJJHUX CHUTHAIIB 13 3aCTOCYBaHHSAM (DYyHKIII1
aKTUBallli, M0 3a0e3reuye MOJETIOBAHHA CKJIAJHUX 3aJIeKHOCTEH MK HapaMeTpaMu
CUCTEMHU.

@opMyBaHHA BXIAHUX JAHUX MOXKE 3A1MCHIOBATHCS PIZHUMH CIOCOOaMHU.
HaiiGinpmr  momupeHuM € BUKOPUCTAHHA KOB3HOTO BIKHA, fKE€ IOCIHIIOBHO
MEePEMIIIYETHCS TIO YACOBOMY Psily, CTBOPIOIOYM HaOip BEKTOPIB JJIsl HaBYaHHS. KoxeH
TaKUil BEKTOp MICTUTh 3HAYEHHS KIIOUYOBUX MAapaMeTpiB CHUCTEMH — 1HCOJSIII,
TEeMIIepaTypHy, HAMpPyrd Ta CTPyMy — 3a OCTaHHI N MOMEHTIB yacy. 3aBASKUA IIbOMY
HelipoMepexa oTpumye 1H(OpMaIIio PO TEHIEHIIII Ta MOXE MPOTHO3YBaTH MaOyTHI
3HAUCHHSA 3 YpaxyBaHHSIM MOMEPeIHIX 3MiH. BakIMBUM acniekToM € BUOIp ONTUMATIBHOT
JIOBKMHU BIKHA: 3aHA/ITO KOPOTKE MOXKE HE B1OOPA3UTH MOBHY TMHAMIKY MTPOLIECY, TO1
SK 3aHAATO JOBIEe MPU3BEJAE 10 HAMIPHOI CKJIAJIHOCTI MOJIENIl Ta PU3UKY MEpeHaBYAHHS.

Buxinnuii map Helpomepexki Moke OyTH peai30BaHHi y JBOX OCHOBHHX
BapianTax. [lepmmii BapiaHT — perpeciiHuii BUXIJl, SIKHUI [MOBEPTAE YMCIIOBE 3HAYEHHS,
HAIPUKJIA] MPOTHO30BaHy MOTYKHICTh reHeparlii abo KkoediieHT KOPUCHOT Jii CUCTEMHU.
Takuif miaxig € JOIMUTBHUM Yy BHITaJIKaX, KOJU HEOOXIAHO OTPUMATH TOYHI KiJIBKiCHI
OLIIHKK i1l MOAAJIBIIOTO BUKOPUCTAHHS Yy CHUCTeMi KepyBaHHs. Jpyruil BapiaHT —
KOMOIHOBaHUU BUXIiJ, IO JO3BOJISIE OJJHOYACHO OIIHIOBATH KUTbKA MapaMeTpiB CTaHy
cucremu. Hampukinas, Mepexa MoKe IPOrHO3YBaTH HE JIMIIE PIBEHb MOTYKHOCTI, aje i
TeMIiepaTypy MaHejled 4Yu CTyMmiHb Jerpajauii enemeHTiB. lle 3abe3nedye OUIbII

KOMITJIEKCHHUM aHaJli3 Ta JO3BOJISIE CUCTEMI IpUMaTH OaraTOKpUTEpiaabHI PIICHHS.
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VY3aranpHeHa cxeMa CTPYKTypH HEHWpoMepexi HaBelIeHa Ha pUCYHKY 3.4, 1e
BiZJOOpaXeHO B3a€MO3B’SI30K MIXK IIapaMU Ta MOTOKaMHU JaHuX. Bxinuuiil map npuiimae
arperoBaHi 4acoBl JlaHi, IIPUXOBaHI IIapH BUKOHYIOTh HEJIIHIMHE IEepEeTBOPEHHS Ta
BUJIUICHHA O3HaK, a BUXIIHUN map Qopmye MporHo3 abo OIHKY CTaHy CHUCTEMH.
Hagenena apxiTekTypa J03BOJISIE MOJIETI alanTyBaTUCS 10 CKIATHUX 3aJIeKHOCTEH MiX
napaMeTpamMu Ta 3a0e3ledyye BHCOKY TOYHICTh MporHo3yBaHHSA. Kpim Toro,
BUKOPHUCTAaHHS 0araTomapoBoi CTPYKTypU Aa€ MOXIIUBICTb MOJENl y3arajlbHIOBATH
iH(pOpMallifo Ta MpaIIOBaTH B yMOBaX HEBU3HAYEHOCTI, 110 € XapaKTEPHUM JIs peallbHUX

CHCPICTUIHUX CUCTCM.

ApxiTextypa BaraTowapororo NnepcenTpoHa ANA OWIHKK Ta NPOrHO3yBaHHA CTAHY CHCTEMM
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Pucynok 3.4 — ApxiTektypa 0araTomapoBoro nepcenTpoHa Jjs OLIHKU Ta

IMPOTHO3YBAHHA CTAHY CUCTCMHU
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[Tporiec HaBuaHHS MOeNl Ha 6a31 HEHPOHHUX Mepex 0a3yeThcs Ha MiHIMIZAIli
GbyHKINT BTpar, sfKa BHU3HAYA€ PI3HUIO MDK (PAKTUYHUMH Ta MPOTHO30BAHUMU
3HaYCHHAMH. SIK TIPaBMIIO, BUKOPUCTOBYETHCS CEPEAHHOKBAJpAaTUYHA IMOXHOKA IS
3a/1a4 perpecii abo KoMOiHOBaH1 (PYHKIIIT BTpaT y BUIAJIKY MOJEICH, K1 MATPUMYIOTh
Outbie ogHOTO BUXOMy. HaBuaHHS 3MIHCHIOETHCS METOJOM 3BOPOTHOTO TOIIMPCHHS
MOXUOKH 3 BUKOPUCTAHHSIM TPAJIEHTHUX METOJIB ONTUMI3allil, TAKUX SIK CTOXaCTUYHUN
IpaJliieHTHUN cnyck abo #oro moaudikaiii. BaXXIuBUM acmekToOM € HopMaii3allis
BXIJIHUX JJAaHUX, 1110 3a0e3euye cTablIbHICTh HABYAHHS Ta MPUCKOPIOE 3015KHICTb.

OkpeMy poib y HiABUIIECHHI SKOCTI TPOTHO3yBaHHS BiJirpae (opmyBaHHS
HaBYaJIbHOI BUOIPKH, sIKA MOBUHHA OXOIUTIOBATU IIUPOKUHN J1alla30H PEKUMIB POOOTH
CHUCTEMHM, BKJIIOUAIOYM HOpPMaJIbHI, MEpEeXiHI Ta aHoOMajibHI cTaHu. lle mo3BOmsIE
HeHpoMepexki He JIMIIE BIITBOPIOBATU THUIOBY MOBEIIHKY CUCTEMH, aje W MpaBUILHO
pearyBaTi Ha BIAXWJIEHHS BIJ CTAHIAPTHUX PEXHUMIB. Y pe3ysbTaTi HABUYEHA MOJIETb
BUKOHY€ (PYHKIIIIO IHTEJIEKTYaJIbHOTO OI[IHIOBaYa CTaHy, 110 3a0e31euye MpOrHO3yBaHHs
KJIFOUOBUX MapaMeTpiB y peajJbHOMY Yacli Ta MOXE BHUKOPUCTOBYBATHCS SIK CKJIa0Ba
CHUCTEMU KepyBaHHS.

3aranpHa JIOT1Ka BUKOPUCTAHHS HEUPOMEPEIKEBOI OIIIHKY MOJISTAE y IEPETBOPEHHI
0araToBUMipHOTO MPOCTOPY BUMIPIOBaHb Y KOMIIAKTHE TIPEICTABIICHHS CTaHy CHCTEMH 3
MOJIabIIMM TPOTHO3YBaHHSAM Horo eBonrorlii. Lle mo3Boisise iHTErpyBaTH MOAETH Y
KOHTYP KepyBaHHS SIK OJIOK IPUUHSTTS PIIIEHb, 110 IMiJIBUIIYE aJalITUBHICTh CUCTEMH /10
3MIHHUX YMOB €KCILTyaTallii Ta 3HIXKY€ 3aJIEKHICTh B1J] dKOPCTKO 3aJaHUX aHATITHYHUX

MOJIEJIEN.

3.4 IlporHo3yBaHHs Ta BpaxyBaHHs 30BHIIIHIX ()aKTOPIB y KepyBaHHI1

EdexTuBHicTh cucTemM kepyBaHHS KiOep]izuuyHUMU 00’ €KTaMH B €HEPTeTUYHUX
3aCTOCYBAaHHSAX BH3HAYAETHCS HE JIMILE TOYHICTIO BHYTPIIIHIX MOJENEH CTaHy, aje U
3JIaTHICTIO BPaXOBYBAaTH 30BHIIIHI ()aKTOPH, [0 POPMYIOTH YMOBH poOOTH cucTeMU. [0

TakuxX (PaKTOpiB HaAJIEKATh 3MIHHI MPUPOTHOTO Ta EKCIUTYaTalllfHOTO XapakTepy, SKi
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0e3nocepeIHbO BIUIMBAIOTh HA JOCTYIIHY €HEPril0 Ta PIBEHb CHOKUBAaHHA. Y JaHOMY
M1IX0/11 MPOTHO3yBaHHS PO3TJISIAETHCS K OKPEMHUN PIBEHb 1HTEIEKTYyaabHOI 0OpOOKH,
110 JIOMIOBHIOE HEHPOMEPEKEBY OI[IHKY CTaHy CUCTEMH Ta 3a0e31euy€e BUNIEpEIKyBaIbHE
KEepyBaHHS.

KitouoBuM 30BHIIIHIM (DAKTOPOM y COHSIUHO-OPIEHTOBAHUX EHEPreTUYHUX
CHCTEMaXx € 1HCOJISAIIIS, sIKa BU3HAYA€ KITBKICTh JOCTYIHOI COHSIYHOT €Heprii B MaiOyTH1
MoMeHTH 4acy. [IporHo3 iHcomsmii 0a3yeTbCsi Ha aHajii3l ICTOPUYHUX JaHUX PO
pajiaiiHui MOTIK, XMAapHICTh, CE30HHI KOJMBAaHHSA Ta J000B1 IMUKIW. MaTeMaTH4YHO
3aaya (QopMaiizy€eThCsl SIK YAaCOBHM MPOTHO3 (PYHKIII OCBITJIICHOCTI, /1€ BXIAHUMH
JaHUMH BUCTYIAIOTh MONEPEIHI BUMIPIOBAHHS, & TAKOK METEOPOJIOTIUHI TapamMeTpu. Y
pe3yabTaTi  QOPMYETHCS  MPOTHO3HHM  MpoduIb  JOCTYMHOI  €Heprii, sSKHUi
BUKOPHUCTOBYETHCS JUIS IJIAHYBAHHS PEXKUMIB pOOOTH CUCTEMHU.

JlpyrM KpUTHUYHHUM 30BHIIIHIM (PaKTOPOM € TPOTHO3 HABAaHTAXKEHHS, SKUU
BHU3HAYA€ OYIKYBAHE CIOKMBAHHS €Heprii B cucteMi. HaBaHTa)XXeHHsSI € CTOXaCTUYHOIO
BEJMYMHOIO, 10 3aJICKUTh BiJl MOBEIIHKMA KOPUCTYBaYiB, PEKUMIB POOOTH 00Ja HAHHS
Ta YaCOBUX 3aKOHOMIpHOCTEH. {711 MOro mporHOo3yBaHHS BHUKOPUCTOBYIOTHCS METOIU
aHasi3y 4acOBHUX PAJIIB, SIKI JI03BOJIAIOTh BPAXOBYBATH SIK KOPOTKOCTPOKOBI KOJIMBAHHS,
TaK 1 JOBTOCTPOKOBI TpeHAHW. BXigHUMHM 3MIHHHUMH BHCTYIAIOTh 1CTOPWUYHI JaHi
CIIO’)KMBAaHHS, YacoBl MITKH, a TaKOX JOJATKOBI KOHTEKCTHI MMapaMeTpu, III0
XapaKTepU3ylTh PEKUM EKCIUTyaTallli cucTeMu. Pe3ynbTaTtoM € MpOoTrHO3HUM mpodisib
HABaHTA)XCHHS, SIKUH BUKOPHUCTOBY€ETHCS JJIS1 Y3TOJIKEHHSI BAPOOHHULITBA Ta CIIOKUBAHHS
eHeprii. Bizyamizaiis joriku GopMyBaHHS MPOTHO3Y HABAaHTAXEHHS Ta MOT0O BIUIMBY HA
OalaHC cUCTeMH HaBeJleHAa Ha PUCYHKY 3.5, ne BiIOOpa)KeHO YacoBY 3aJICKHICTh Ta
IHTErpalliio B KEPyIOUYUil KOHTYP.

[HTErpallist MPOTHO3HUX MOJIENCH Yy CUCTeMY KepyBaHHS 3a0e3ledye mepexia Bif
PEaKTUBHOTO JIO BUIIEPEHKYBAIBHOTO YIMPABIIHHA. Y KJIACHYHOMY IMIJIXOJI CHUCTEMA
pearye Ha MOTOYHI 3HAYEHHS MapaMeTpiB, TOAl K Yy 3alpONOHOBAHIN apXITEKTypl
BUKOPUCTOBYETHCS MPOTHO3 MalOyTHIX CTaHIB JIJIsl (POPMYBaHHS KEpyIOUnX BIUIMBIB. Lle
JI03BOJIIE 3MEHIIMTH BTPATH €HEPrii, YHUKHYTH IepeBaHTaK€Hb Ta IiJBULIUTH

CTaOUIbHICTh pOOOTH CUCTEMHU B YMOBAX 3MIHHOI I'eHepallii Ta CIIOKHUBaHHS.
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Pucynoxk 3.5 — CtpykTypHa MOJE/Ih MPOTHO3YBAHHSI HABAHTAXEHHS B EHEPTeTUUHIN

cUCTEMI

[IpakTruHa peanizallisi iIHTErpOBaHOTO IPOTHO3HOTO KEPYBaHHS Mepedavac TiICHE
MOETHAHHS PE3yJIbTAaTIB HEHPOMEPEKEeBOI OIMHKKA IMOTOYHOTO CTaHy CHUCTEMHU 3
MIPOTHO3aMU 30BHIIIHIX (PaKTOPIB, IO BILUIMBAIOTH Ha ii po0oTy. HelipomepeskeBa Mmoienb
BUKOHY€ POJIb aHATITUIHOTO Sipa, Ke 3a0e3Medye OIIHKY K aKTyaJlbHOTO CTaHy, Tak 1

KOPOTKOCTPOKOBUX TEHJICHLINA PO3BUTKY mapaMmeTpiB. Lle 103Boisie cuctemMi CBO€YacHO
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pearyBaTH Ha 3MiHM Ta (QopMmyBaTu 0a3y JUIsl NPUHHATTS PIIIEHb y pEaJbHOMY dYaci.
[TapanenbHO (PYHKIIIOHYIOTH MOAYJII IMPOTHO3YBAHHS 1HCOJIALII Ta HaBaHTAKEHHS, SKI
MOJICTIOIOTh CIICHApii PO3BUTKY 30BHIIIHIX YMOB, BPaXOBYIOUU ITUKIIIYHICTh COHSYHOI
aKTUBHOCTI, TTOTO/IHI KOJMBAHHS Ta TUHAMIKY CIIOKHBAHHS €HEPTii.

Ha ocHoBi inTerpartii mux 1anux GopMyeThCs y3aralbHEHUH BEKTOp Mali0yTHHOTO
CTaHy cuUCTeMH. BiH BKJIIOYae SIK OIIHKY BHYTPIIIHIX MapaMeTpiB (HampuKIas,
MOTY)KHOCTI TEHepallii, TeMIepaTypu TaHelei, piBHSA Aerpaialiii eJIeMEeHTIB), Tak 1
MIPOTHO3 30BHIIIHIX (haKTOpiB (IHTEHCHBHICTh COHSYHOTO BHUIPOMIHIOBAHHS, 3MIHH
HABAHTAKEHHS, MOXJIMBI MIKOBI CHOKMBAaHHS). Takuil BEKTOpP BUCTYMNAa€ KIOYOBUM
IHCTPYMEHTOM I ONTUMI3allili KEpYIOUHX PillleHb, OCKUIBKH JJO3BOJIIE BPaXOBYBaTH HE
JUIIEe TMOTOYHI YMOBH, aje€ ¥ OYiKyBaHI 3MIHM y HaillOmmxdomy MaiOytHbomy. lle
3a0e3nedye OLIbII THYYKE Ta aJalTUBHE KEpyBaHHs, 3JaTHE MIHIMI3YBAaTU PU3UKU Ta
MIJBUIIUTH €()EKTUBHICTb POOOTH CHCTEMHU.

VY3aranpHeHa CTPYKTypa B3a€MOJIli KOMIIOHEHTIB NMPOTHO3YBAHHS Ta KEepyBaHHS
HaBeJleHa Ha pUcyHKY 3.6. BoHa BigoOpaskae JOriKy iHTerpaiii pi3HUX JHKepes TaHuX Ta
MOJYJIIB aHali3y B €IUHY CHUCTEMy, 1110 3abe3neuye e(ekTuBHE (QYHKIIOHYBaHHS
COHSIYHOT €HEpPreTMYHOi yCTaHOBKM. Ha cxemi mokazaHo 3B’S30K MiX 30BHINIHIMU
dbakTopamMu, MOAYJISIMU TIPOTHO3Y Ta OJIOKOM MPUUHATTSA PIllleHb, IO JO3BOJISIE
MPOCTEKUTU TOBHUN LMKI 00poOKM 1H(OpMaNli — BiJ HAIXOIKEHHS CUTHANIB 13
CEHCOpIB J10 (POPMYBaHHS KEPYIOUUX M1il.

3oBHiIIHI (aKTOPH, TaKi K IHCOJISALISL, TEMIEpaTypa HABKOJIUIITHHOTO CEPETIOBUIIA
Ta 3MIHM HaBaHTaXEHHS, HAAXOIATh Yy CHUCTEMY 4Yepe3 CEHCOpPHI MOAyJl Ta OJIOKU
IPOrHO3yBaHHsA. Moyl IPOrHO3y BUKOHYIOTH 3aBIaHHS MOZENIOBaHHS MaiOyTHIX
CIIEHapiiB, BPAaxXOBYHOYHM SK KOPOTKOCTPOKOBI KOJIMBaHHS, TaK 1 JOBTOCTPOKOBI
TenaeHlli. Boun ¢opmyroTs HaOlp AaHMX, IO OMKMCY€E MOKIMBI 3MIHM YMOB pOOOTH
CUCTEMH Y HalOIMKIOMY YyacoBOMY Topu3oHTI. Lli AaHi iHTErpylOThCs 3 pe3yiabTaTaMu
HEHpOMEpPEKEBOT OILIHKK MOTOYHOTO CTaHy, IO JO3BOJISIE OTPUMATH Yy3araabHEHY

KApTUHY SIK TEMEPIIHIX, TaK 1 MallOyTHIX MapaMeTpiB.
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Pucynox 3.6 — InTerpairiiiHa cxemMa BUKOPUCTAHHS MPOTHO31B 1HCOJIAIIT Ta

HABAHTAXKEHHA B KOHTYP1 KEpYBaHHSI CUCTEMOIO

3acTocyBaHHS MPOTHO3HMUX JIAHWX Y KOHTYpPi KEpyBaHHS J03BOJISE peanizyBaTh
aJlanTUBHY CTpaTErio PO3IMOALITY €Heprii MiXk JKepesiaMy TeHepallli Ta Co)KuBayaMu. Y
BUIIAJIKy TTPOTHO30BAHOTO 3HUKEHHS 1HCOJIAIIT CHCTeMa 3a3/aJIeTiIb aKTUBYE PE3epBHI

JoKepesia abo KOPUTye PEeKUM HAKOMUYEHHS eHeprii. AHAIOrYHO, IPU MPOTrHO30BAaHOMY
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3pOCTaHHI HABaHTAKEHHS BUKOHYETHCS MOMNEpeaHE OanaHCyBaHHS MOTY>KHOCTI AJis
3ano0iraHHs NepeBaHTAKCHHSAM. TaKuM YHHOM, NPOTHO3YBAHHS 30BHIIIHIX (DaKkTOpiB
BUCTYMMAa€ K KPUTHYHHA  KOMIIOHEHT, IO pO3IMHUPIOE  (PyHKIIOHATBHICTD
HElpoMepekeBOI  MoJedl Ta TMEpPeBOAUTh CHUCTEMY KEPYBaHHA B  PEXUM

BUIIEPEKYBAIBHOT a1anTarii.

3.5 OnTumizalisg mporpaMHoi peati3alii anropuTMiB KepyBaHHS

OnTuMizaliiss IporpaMHoOi peanmizallli aJropuTMiB KepyBaHHS B KiOep(hi3UUHHX
CUCTEMAX € KPUTUYHUM €TaroM MIJBUIIECHHS €(QEKTUBHOCTI (PYHKIIOHYBaHHS BCI€l
CUCTEMH, OCKUIbKM HAaBITh BHUCOKOTOYHI MaTeéMaTH4HI MOJEJI Ta MPOTHO3HI METOAM
BTpAYyaroTh MPAKTHUYHY LIHHICTh y pa3l HAJAMIPHOI OOYMCIIOBAIBHOI CKIAAHOCTI abo
3aTpUMOK BUKOHaHHA. (OCHOBHOIO METOIO ONTHMI3alli € 3a0e3nedeHHs poOoTH
QITOPUTMIB Y PEXKUMI PEaTLHOTO Yacy MPU MIHIMAJIbHUX BUTpaTax OOYUCIIIOBATBLHUX
pecypciB 0e3 CyTTEBOI BTpaTH TOYHOCTI NMPUHHATTS pillieHb. Y JaHOMY KOHTEKCTI
ONTUMI3AIA PO3TJSAJAETHCS SIK  OaraTOpiBHEBHI TpoOIEC, 10 OXOIUIIE  SK
AITOPUTMIYHUM, TaK 1 MPOTPAMHUIN PiBHI peai3allli CHCTeMH KepyBaHHS.

[lepuiiM HampsiMOM ONTHUMI3AIlli € 3MEHIIEHHS OOYMCIIOBAIBHOI CKJIAIHOCTI
QITOPUTMIB, 1O OE€3MOCepeIHhO BIIMBAE HA IMIBUIAKOIIIO cucteMu. lle mocsraerbes
IIUISIXOM CIIPOIIIEHHS MaTeMaTUYHUX OIepalliii, SMEHIIICHHS PO3MipHOCTI BX1HUX JIAHUX
Ta YCYHCHHS HAQJIMIITKOBUX OOUYMCIICHBb y MeXaX IMUKIiB KepyBaHHSI. OcoOIMBy yBary
MPHUIIJICHO TIEPEX0y BiJ HAAMIPHO CKJIaAHUX MOJCIECH 10 iX HaOmmkeHuX (GopM, sKi
30epiraroTh KJIHOYOB1 BJACTUBOCTI CUCTEMH, ajie MOTPEOYIOTh 3HAYHO MEHIINX PECypCiB
JUIsl OOYHMCIICHHS. Y TPOIIECi aHaji3y MporpaMHOi CTPYKTYPH BU3HAYAIOTHCS KPUTHYHI
TUISHKA KOAy, 1O (OPMYIOTh OCHOBHE HABaHTAXCHHS HAa CHUCTEMY, IIICIS YOTO
BUKOHYETBHCS 3MiHA 1X MapaMeTpiB 3 METOI0 3MEHIIEHHS KUIBKOCTI onepariiii.

VY cucremax peanpHOro yacy MOAIOHAa ONTHMI3allis Mae OCOOJMBE 3HAYCHHS.
3HIKEHHS KUTBKOCTI omepariiii y mukii 0e3mocepeHbO BINTUBAE HA MIBUIKICTh PEaKIIii
CUCTEMH, 1110 JI03BOJIIE MIHIMI3yBaTH 3aTPUMKH Y (hOpMyBaHH1 Kepyrounx curHamis. Lle,

y CBOIO 4epry, 3abe3medye CTaOlIbHICTh POOOTH Ta IMiJIBUIYE TOYHICTH BUKOHAHHS
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Kepyrouux naii. Hampuxman, y Bumaaky pi3koi 3MiHM 1HCOJSAiT abo Temmeparypu
COHSIYHMX TIaHEeJeW cucremMa IOBHMHHA MHTTEBO BiJ[pearyBatu, W00 YHHKHYTH
nepeBaHTaxeHHs a00 BTpaTh eheKTUBHOCTI. ONTUMI30BaHUN ITUKIT KEPYBaHHS J103BOJISIE
JOCATTH TaKOi MIBUAKOI peakilii 6e3 10JaTKOBUX BUTPAT Yacy Ha MOBTOPHI OOYMCIICHHS.

VY3aranpHeHa CTPYKTypa ONTHMI30BAaHOTO ITMKIY KEPYBaHHS Ta MOro BIUIMB HA
3aTPUMKU BUKOHAHHS HaBeJE€Ha Ha pUCYHKY 3.7. CxeMa JEMOHCTpPYE, SIK pallioHaIbHA
oprasizaiisi OOYHCIIOBAIBHUX MPOIECIB JO3BOJISIE 3MEHIIMTH KUTBKICTH OTEpAIliid
ycepeauHl UKy Ta ONTHUMI3yBaTU IUIIXHM 00poOku naHux. OCHOBHA 1jies IOJISITae y
BUHECEHHI 1HBaplaHTHUX OOYHMCIICHb 3a MEX1 IIUKIY, TOOTO THX, IO HE 3MIHIOIOTHCS
OpOTAroM Horo BHUKOHaHHA. lle fgae 3Mory yHHMKaTH TOBTOPHUX OOYMCIEHb 1
BUKOPHCTOBYBATH B)K€ T'OTOB1 3HAUEHHS, 1[0 3HAYHO CKOPOYY€ 4Yac peakilii CUCTEMHU.
Jlo1aTKOBO 3aCTOCOBYETHCA MPUHIIMI TOMEPEAHBOTO OOYMCIEHHS IMapaMeTpiB, SKI
MOXXYTh OyTH BHKOPUCTaHI KUIbKa pa3iB, IO TAaKOXX 3MEHIIY€ HaBaHTAXKCHHS Ha
pOLIECOP.

OnTuMizoBaHUM UK KEpYBaHHs 3a0e31euye OUIbIl e(heKTUBHY apXITEKTYpY, sKa
3JaTHA MpalloBaTH B YMOBaxX BUCOKOI JAMHAMIKM Ta HEBU3HAYEHOCTI 30BHILIHBOTO
cepeZoBHIA. Y CHUCTEMax pealbHOTO Yacy I Mae OCOOJMBE 3HA4YEHHS, aJpKe HaBITh
HEBENIMKI 3aTPUMKHA MOXKYTh TPHU3BECTH JO BTpPaTH CTaOUIBHOCTI a00 3HIKCHHS
e(eKTUBHOCTI POOOTH COHSAYHUX MaHeNed. 3aBIIKU CKOPOYEHHIO KIJIBKOCTI Orepamini
CHCTEeMa OTPUMY€E MOXKJIMBICTh IIBU/IIE pearyBaT Ha 3MiHU TapaMeTPiB, 1110 3a0e3mevye
TOYHICTh Ta HAAIMHICTH (OpPMYBaHHS Kepylouux curHaiiB. Hampukian, y BuUmagky
PI13KOro MajiHHs 1HCOJALIT ONTUMI30BaHUM LIMKI JO3BOJISIE MUTTEBO CKOPUTYBATH PEXKUM
poOoTH 1HBEpTOpa 6€3 H0JaTKOBUX 3aTPUMOK.

Ha pucynky 3.7 moka3aHo, ik ONTUMI3aIlis NUISIXIB OOPOOKH JTaHWX BIUIMBA€E Ha
3arajbHy MPOJAYKTHUBHICTb CUCTEMHU. 3MEHILIECHHS KUIbKOCTI KPOKIB YCEpPEAMHI LUKITY
OPU3BOJUTH JO 3HIDKEHHS 3aTPUMOK BHKOHAHHS, IO O€3MOCEepelIHbO MOKpaIlye
cTabuIbHICTh poOOTH. Ile cTBOproe yMOBHM Muisi OUIBII THYYKOTO Ta aJalTUBHOIO
KEepYBaHHsI, SIKE 3[]aTHE MATPUMYBAaTH ONTHUMAIBHUN PEKUM HaBITh 3a IIBUIKUAX 3MiH

30BHIMHIX ¢akTtopiB. Kpim Toro, onTumizaiiis IUKIIB CHOpUSIE PAIllOHATEHOMY
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BUKOPHUCTAHHIO PECYPCIB, 3HIDKYIOUM €HEPrOCHOXUBAaHHS Ta MIJBUIIYIOUU 3arajbHy

e()EeKTUBHICTh CUCTEMH.

MopiBHAHHA 3aTPUMOK

|

CtaHpgapTHUi unkn: 100 mc ' OnTuMizoBaHui LMkn: 30 Mc
I J
3aTpumMKa y‘a'rpmmxa
CTaHOapTHUM LUK KepyBaHHSA

OnNTUMI3OBaHUMW LUK KepyBaHHA

1. 36ip paHux 1. 36ip panux

i

L 1
OnuTyBaHHA CEHCopIB ACVHXPOHHE ONUTYBaHHS CEeHCopiB

36ip maHux ACUHXPOHHWI 36ip

y

— . m €
Mepepnaya pgaHux OnTumisoBaHa nepeagava gaHux

MNepenada naHux
2. Obpobka paHux

Fa)|

OnTumi3oBaHa nepeaaYa
2. 06p?6|(a BaHUX

L
PinbTpauis gaHux EdekTuBHa dinbTpauia

DinsTpauis lEcpeK'rmaHa dinsTpauis
|

Hopmanisauia gaHux LLenaka Hopmanisauis

Hopmanizauis

\IJJBMAKa HOpManisauia

4 \

BUKNIOYEHHS HaANULWKOBUX 064McneHb

|
I

OB4UCNEHHA HAANULLKOBUX NapameTpis

Ob4ncneHHs /BuxmoquHﬂ HaANULKIB

3. ANropuTM KepyBaHHA
Y

3. ANropuTM KepyBaHHA

1

CknapgHi maTemaTuyHi onepauii CnpouwieHi maTreMaTuyHi onepauii

jCKnaAHi onepauii

CnpouwieHi onepauii
Y

: A
3

i
MoBTOpHI 064YMCneHHa BuHeceHHs iHBapiaHTHUX o64YncneHb

MoBTOPHI 064YMCNeHHA

4. ®opmMmyBaHHA KepyoYnx curHanis
. 4

BuUHeCceHHs iHBapiaHTIB

4. ®opMyBaHHA Kepyoumnx cursHanis
v p

] ]
MNepenayva cMrHanis BUKOHaABYMM MeXaHi3mMaMm LWenaka nepenava curHanis

Pucynok 3.7 — IlopiBHSIHHS CTaHAAPTHOTO Ta OMTUMI30BAaHOTO IIUKJTY BUKOHAHHS

IrOpPUTMY KEpyBaHHS B pe€ajJbHOMY Yaci
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BaxnauBuM 1HCTpyMEHTOM ONTUMI3alli € BHUKOPUCTAHHS KEIIyBaHHS Ta
anpokcumanii oOuucienb. KemryBanHs J03Bossie  30epiraT  pe3yjibTaTH 4acTo
MOBTOPIOBAaHUX OOYMCIICHh 1 TIOBTOPHO BHUKOPHCTOBYBaTH iX ©0€3 HEOOXIIHOCTI
MOBTOPHOT'O BUKOHAHHSA CKJIaHUX onepaiiid. L{e oco0auBo eQekTuBHO y BUNIaAKax, KOJIH
BXIJIHI JIaH1 3MIHIOIOThCSI HE3HAYHO a00 MalOTh BUCOKY KOPEJAIII0 M1 MOCIIIOBHUMHU
KpOKaMH 9acy. ATIPOKCUMAIIIiHI METOJIH, Y CBOIO YePTry, T03BOJISIOTH 3aMIHIOBATH TOYHI,
ajle BaKKI Ta TpuUBaJli OOYHUCIIECHHS, IO BUTPAyalOTh 0arato pecypciB Ha HaOIMXKEHi
(GyHKITIOHATBHI 3aJEKHOCTI, SKI 3a0e3MedyroTh NPUUHATHUNA pPIBEHb IMOXUOKU MpHU
3HAYHO MEHIIIA CKIAAHOCTI. Y pe3ynbTaTi (PopMyeThcs OanaHC MK TOYHICTIO Ta
IPOAYKTUBHICTIO, 10 € KJIOYOBUM ISl CUCTEM KEPYBaHHS PEAJILHOTO 4acy.

OxpeMy poJib BiJirpae 3a0e3neueHHs poOOTH aJITOPUTMIB Yy PEXKUMI peaIbHOTO
qacy, 110 HaKJIaJa€ JKOPCTKI 0OMEXEHHS Ha YaC BUKOHAHHS KOXHOTO ITUKITy KepyBaHHS.
JUis 11bOrO BUKOPUCTOBYETHCS 30UIBLLIEHHS MPHUOPITETY OOUYMCIIOBAJIBHUX 3ajad,
PO3MOIiT HABAaHTAXKEHHSI MIXK TIOTOKAaMU BUKOHAHHSI Ta KOHTPOJIb Yacy PeaKIlii CHCTEMHU.
[TporpaMHa apXiTeKTypa HNpOEKTy OyAYy€eThCSl TAKUM YMHOM, 1100 KPUTUYHI €JIEMEHTU
KEpYBaHHsI BUKOHYBAJIHUCS 3 MaKCUMaJIbHO BUCOKHM INPIOPUTETOM, TOJI AK JONOMIKHI
3a/1ayi, BKJIKOYAIOYM OHOBJICHHS MOJeNei ab0 CTaTHCTUYHY OOpOOKY, BUKOHYIOTBHCS Y
dbonoBomy pexumi. lle m03BossiE rapaHTyBaTH JACTEPMIHOBAHY IOBEIIHKY CHCTEMH
HaBITh MPU MKOBUX HABAHTAXKCHHSX.

KommiekcHa ontuMizalis mporpaMHoi peaitizalii Takox nependadyae CTpyKTypHY
JEKOMIIO3HUIIII0 aJITOPUTMIB Ha HE3aJIeKHI MOy, IO JO03BOJSE ITOBTOPHO
BUKOPUCTOBYBAaTH OOUYMCIIOBAJIbHI OJOKHM Ta 3MEHUIYBaTH 1yOJIIOBaHHA JIOTIKU. Takuit
MIIX11 TOKpally€e€ MaciiTabOBaHICTh CHUCTEMHU Ta CIPOIIYE MOAANbIIE PO3IMUPEHHS
(GyHKIIOHANBHOCTI 0€3 CYTTEBOrO BIUIMBY Ha NPOAYKTHBHICTb. Y pe3ynbTari
ONTHMI30BaHa TNpOrpaMHa peanmizaiisa 3a0e3nedye cTaOUIbHY pOOOTY aIrOpUTMIB
KepYyBaHHsI IPU 0OMEKEHUX 00UHCITIOBATIbHUX PECypcax, 0 € KpUTUYHO BaXJIUBUM JJIs

BOY/IOBAHMX Ta PO3NOIITICHUX KiOep(PI3UUHUX CHUCTEM.
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3.6  VY3araibHeHU# alrOpUTM poOOTH CUCTEMU KEPYBaHHS

VY3aranpHeHUN alroput™M poOOTH CUCTEMHU KepyBaHHS (GOpMye 3aBepIIaIbHY
IHTErpaliifHy MOJEINb, SKa TOEIHYE BCl PO3TIIAHYTI METOAM Ta MIAXOAW B €IWHHM
dbyHKIiOHaNBPHUN KOHTYp. BiH BKIIIOWae HelpomepexeBy OLIHKY CTaHy CHCTEMH,
MIPOTHO3YBAHHS 30BHIMIHIX (DAKTOPiB, a TAaKOXK ONTHUMI3AIII0 MPOrpaMHOi peaizalrli
ITOPUTMIB KepyBaHHs. Taka iHTerpaiisi JO3BOJISI€E CTBOPUTU KOMIUIEKCHY CHUCTEMY,
3IaTHY HE JIMIIIe pearyBaTd Ha MOTOYHI 3MiHH, aje ¥ BpaxoByBaTU MallOyTHI crieHapii
PO3BUTKY YMOB eKCIUTyaTallii. AJITOpUTM BHCTYIAa€ UEHTPAIbHUM €JIEMEHTOM, IO
3a0e3neuye y3ropkeHe (PyHKIIOHYBaHHS BCIX MIACUCTEM Y PEXHUMI pEalIbHOTO Yacy.

[Ipu3HaueHHs y3arajbHEHOTO aJTOPUTMY MOJIATaE y MIATPUMIIN CTabUIBHOCTI Ta
e(PEeKTUBHOCTI pOOOTH COHSYHOI EHEPreTUYHOI YCTaHOBKHU. BiH KOOpJIMHY€E B3a€MOJIIIO
MK OloKaMu 300py JaHUX, MOIYJSIMH MPOTHO3YBAaHHSA Ta MEXaHI3MaMU MPUHHSATTA
pilieHb, GOpMyIOUN €MHUIM 3aMKHEHUH KOHTYpP KEpyBaHHS. 3aBASKU LIbOMY CHCTEMa
3laTHa aJanTyBaTUCS 1O 3MIH 30BHIIIHIX YMOB, TaKUX SK KOJIMBAHHS 1HCOJISIIIL,
TEMIEPATypU UM HABAHTAKEHHS, Ta CBOEYACHO KOPUTYBaTH PEKUMHU pOoOOTH MaHesneH 1
JOTIOMI)KHUX TTPUCTPOIB.

AnropuT™M onMcye TOBHUM UMKI 00poOku panux. Ha mnepmomy erami
3MIICHIOETHCST 301p TEPBUHHUX BUMIPIOBAHb 13 CEHCOPIB, SKI (PIKCYIOTh MapaMeTpu
CepelloBUIlA Ta CTaH cucTeMHu. Jlaml 1l JaHi OpoXoAdTh MONEpPEeNHI0 OO0pOoOKy Ta
HOpMAaJIi3aIliio, 1o 3a0e3neuye iX KOPEKTHE BUKOPUCTAHHS Y HEHPOMEPEIKEBUX MOJIEIISIX.
HactynmHuM KpoKOM € TpOrHO3yBaHHS 30BHIIIHIX (GakTopiB, ke (opmye crieHapii
PO3BUTKY yMOB poO0TH. OTpUMaHI pe3yJbTaTH IHTETPYIOThCS Y €IMHUNA BEKTOP CTaHY,
110 BKJIIOYAE SIK TTOTOYHI, TaK 1 MPOTHO30BaHi1 apameTpu. Ha ocHOBI 11bOro BekTOpa 010K
OPUIHATTS pilieHb (OpMy€e ONTUMAIBHI KEpYIoUl Jii, sIKI MepeJaloThcsl Ha BUKOHABYI
MEXaH13MH — IHBEPTOPU, CUCTEMHU OXOJIOKEHHS, HAKONMYyBayl eHeprii.

MIJICUCTEMHU, $IKa BKJIIOYA€ BHUMIPIOBAHHS EJIEKTPUYHHUX, EHEPreTUYHUX Ta
30BHIIIHIX MapaMeTpiB cucteMu. OTpuMaHi aHi HOPMAI3YIOThCs, (DUIBTPYIOTHCS BIJT
IIYMIB Ta CTPYKTYPYIOTBCS Y YacOB1 PSAM, MPUIATHI AJIs MOAIbII0T 0OpOOKHU. Y oMY

KOHTEKCT1 POPMY€EThCS €IMHUNA 1H(POPMALIHHUNA MOTIK, KU MOJAETHCS OJJHOYACHO Ha
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MOJyJIb HEHpOMEpPEKEeBOI OIIHKA Ta MOAYJIl MPOTHO3YBAHHSA 30BHIMIHIX (DAaKTOPIB.
V3aranbHEeHy CTPYKTypy NMEpBUHHOI OOpOOKM JAHMX Ta iX pO3MOALITY MK MOIYJISMU

MOXHa N0OAUYUTH Ha PUCYHKY 3.8, Jie BiIOOpaKE€HO B3a€EMOJIII0 CEHCOPHOTO PIBHS Ta

AHAJITUYHUX OJIOKIB.
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Pucynox 3.8 — Cxema nepBUHHOI 00pOOKH JaHUX Ta PO3MOALTY 1HGOPMAIIITHUX

MOTOKIB y CUCTEMI K€pYBaHHS

Hpyruit eran anropuTMy mnependadac BUKOHAHHS HEUPOMEPEKEBOI OIIHKU
MOTOYHOT'O CTaHy CUCTEMHU, JIe OaraTolapoBUil mepcenTpoH (POpPMY€E OLIIHKY KIIFOUOBUX
napameTpiB, BKIIOYAIOUN TOTYXHICTh, €()EKTHUBHICTh Ta y3arajlbHCHUW I1HJEKC CTaHy.

[TapanenbHO 3amyCKarOThCS MOAYJI MPOTHO3YBAHHS 1HCOJISIIT Ta HAaBaHTaKEHHS, SIKi
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dbopMyIOTh CIieHapili PO3BUTKY 30BHIIIHIX yMOB. HaBenena mapanenbHa CTpPyKTypa
JT03BOJISIE MIHIMI3YBAaTH 3aTPUMKHU OOYKCIICHD Ta 3a0€3MEeYNTH CUHXPOHHICTh AaHUX IS
HACTYITHOTO eTary o0poOku. B3aeMois 1iux KOMIOHEHTIB (OpPMY€E €UMHY TTPOTHO30BO-
aHAIIITUIHY MOJIENb, IKa € OCHOBOIO JJISl IPUUHATTS KEPYIOUUX PILICHb.

Tperiit eran nosisirae y popMyBaHHI y3arajlbHEHOTO IPOTHO3HOI'O CTaHy CUCTEMH,
SKHUI IHTETPY€E pe3yIbTaTh HEUPOMEPEIKEBOI OIIHKM Ta MPOTHO31B 30BHIIIHIX (aKTOPIB.
Ha npomy piBHI BiIOyBa€eThCs y3rOKEHHS PI3HOPIAHUX aHUX Ta MoOyA0Ba CIIeHApiiB
PO3BUTKY CHCTEMH B KOPOTKO- Ta CEPEIHbOCTPOKOBIN mnepcnekTusl. Ha npomy erami
BHU3HAYAETHCSI HEOOXIIHICTh KOPEKIll PEeKUMIB poOOTH, OalaHCyBaHHS €HEPreTHYHUX
MOTOKIB Ta aKTHBAIlll PEe3EPBHUX JKEPEI KUBJICHHS. Y3araJbHEHY JIOTIKY 1HTErparii
IPOrHO3HUX Ta OLIIHOYHUX MOJEJNIEH y €IMHUN KOHTYpP KEPYBAaHHS MOYKHA IIPEJICTAaBUTH
Ha pHUCYHKY 3.9, ne moka3zaHo 00’€lHaHHsS BCiX I1HQOpPMaUIMHUX MOTOKIB y OJIOK
OPUMHATTS PILLIEHb.

YerBepTHil €ranm aJropuTMmy BKJIIOYA€ ONTHUMI3alll0 KEPYIOUMX BIUIMBIB, SKa
0a3yeThcs Ha pe3yJibTaTax IomnepeHix eramis. Ha nbomMy piBHI 3aCTOCOBYIOTHCSI METOIU
3MEHIIEHHS OOYHMCIIIOBAIIBHOT CKJIQAHOCTI, HAKONUYEHHS Ta 30€peKeHHS MPOMIKHUX
pe3yJbTaTIB Ta alpOKCUMaIlil 00UHCIICHB IS 3a0€3MeUeHHS] pOOOTHU CUCTEMU B PEXKUMI
peasibHOTO 4acy. @OpMyBaHHsS KEpYKOUMX CHTHATIB 3IIMCHIOETbCS 3 ypaxyBaHHSM
OOMEXEHb Ha PecypcH, CTaOUIbHICTh POOOTHM Ta MIHIMI3ALII0 E€HEPreTUYHUX BTparT.
ANTOPUTM MPUUHATTA pllIEeHb MOXe OyTH (OpMali30BaHUN y BUIJISAL MOCHIOBHOCTI
oreparliid, sika BKJI0Ya€e OOYMCIICHHS MPOTHO31B, OIIHKY CTaHy Ta BUOIP ONTHUMAaIbHOI
CTpaTerii KepyBaHHS.

3aBepiajibHUN €Tall y3arajJbHEHOro aJIrOpUTMY pPOOOTHM CHCTEMHU KEepyBaHHS
nepeadavae peaizailiio Kepyrourux BIUTUBIB Oe3mocepeHbo Ha (i3udHI KOMITOHEHTH
eHepreTuyHoi ycTaHoBKM. Ha 1boMy piBHI BiJIOYyBa€ThCS MpPAaKTHUYHA I1HTErpais
pe3ynbTaTiB aHATITHYHUX Ta MPOTHO3HUX MOJYJIB Y KOHKPETHI Jii, 10 BU3HAYAIOTh
poboty obnanHanHs. OCHOBHUMH 3aBJaHHSMH € PO3IMOALT €HEeprii MIX JpKepeaaMu Ta
CIOKMBAYaMHM, PETYJIIOBAHHS PEKUMIB POOOTH 1HBEPTOPIB, OXOJOIKYBAIbHUX CUCTEM
Ta 1HITUX JTOTMOMDKHHUX MPHUCTPOIB, a TAKOX YMPABIIHHA HAKOMMMYyBadyaMu €HEPTIl s

3a0e3nedeHHs 0anaHcy MK reHepalli€ro Ta COKUBaAHHSIM.
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Pucynok 3.9 — CtpykTypHa cxema 1HTerpailli HepoMepeKeBoi OLIHKU Ta MPOTHO3HUX

MOJEJEN Y CUCTEMY KEPYBaHHS
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3aBaAKM 1HTerpaiii HeHpoMepexeBUX MOJIENe, MPOTHO3HUX aJrOpUTMIB Ta
OINTUMI30BaHOI IPOrPaMHOI peastizalii 10CAraeThesl aJanTUBHA NOBeIHKa cucteMu. Le
O3Hauae, U0 BOHA 3/laTHA HE JIMILIE pearyBaTd Ha 3MIHM IIapaMeTpiB Y MOMEHT iX
BUHUKHEHHS, aJi¢ i BPaxOBYBAaTH MPOTHO30BaHI CICHApii PO3BUTKY 30BHIIIHIX YMOB.
Hanpukian, Ko cucteMa OTpUMYy€ MPOTHO3 PO 3HM)KEHHS 1HCOJIALIT y HaHOIMK4l
TOJIMHU, BOHA MOKE 3a3/1ajieTilb CKOPUTYBATH PEKUM POOOTH HAKOMHMYyBadiB €HEprii,
3a0e3MeYnBIIM CTAaOUIBHICT, TOCTAYaHHA HABITH y TMEpioJ 3MEHIICHOI TeHeparlii.
AHaNOrIYHO, y BUIAJAKY IMPOTHO30BAHOI'O 3pPOCTAHHS HABAHTAXKEHHS CUCTEMa MOXKE
MIArOTYBaTUCA A0 MIKOBOI'O CHOKHUBAaHHS, PO3MOAUIMBIINA PECYPCH TaK, 00 YHUKHYTH

IICPCBAHTAXKCHHA O6JIEII[H&HH$I.

3.7 BUCHOBKH J0 TPETHOIO PO3LTY

VY Mmexax posniny 3 «MeTtos Ta TEXHOJIOTIi BUPIIICHHS 3a7a4 KepyBaHHI» OyJ0
PO3pOOJIECHO KOMIUIEKC B3a€MOIOB’SI3aHUX METOJIB, CHPSIMOBAaHUX Ha II1JBUIIEHHS
e(eKTUBHOCTI  KIOEp(pI3MYHOI CHUCTEMU KEPYBAaHHS COHAYHOIO EHEPreTHUYHOIO
YCTAaHOBKOIO. Y3araJibHeHO c(opMOBaHO OaratopiBHEBY CTPYKTYpy KEpyBaHHS, sKa
MOEAHYE TOYHI MaTeMaTU4YHI MOJEINI, IHTEJIEKTyalIbHI METOJIM aHalli3y Ta ONTHUMI3aIlil0
nporpamMHoi  peamizamii. Takuii miaxig — g03BoJsE  3a0€3MEUYUTH  y3TOJKEHE
(G YHKITIOHYBaHHSI BCIX KOMIIOHEHTIB CHCTEMH Ta CTBOPIOE OCHOBY JUIA 1i aJJallTUBHOCTI B
yMOBaX 3MIHHUX 30BHIIIHIX ()aKTOPIB.

VY miapo3aini 3.1 Oyrno 3ampornoHoBaHO METO ONTHMI3allli KepyIUYuX pillleHb Ha
OCHOBI YJOCKOHAQJIEHOI MaTeMaTH4HOI Mojenl (OTOENEeKTpUYHOI cucTteMu. Bona
BPaxOBY€ 3aJIEKHICTh IMAapaMeTpiB BiJ 1HCOJMALII Ta TEMOEPATypH, IO JO3BOJIMIIO
M1BUIIUTH TOYHICTh OMHCY €HEPTreTUYHHMX MPOIECiB 1 chopMyBaTH OLIBII aIeKBATHY
OCHOBY JJIsl TIOIIYKY TOYKA MaKCHUMAaJIbHOI MOTYXHOCTi. Po3pobieHuii miaxia crpuse
3MEHIIEHHIO KOJMBaHb pOO0OYOro pPEXMMYy Ta CKOPOUYYE€ Yac BHUXOAY CHUCTEMH Ha
ONTUMAJIBHUN CTaH.

VY migpozaim 3.2 peani3oBaHO METOJl €KCIIEPTHOI CHUCTEMH KEpyBaHHS, SKUN

0a3yerhcst Ha (opmamizailii 3HaHb y BUIIISAI MPOJAYKTUBHUX MpPaBUJI Ta MeEXaHi3Mi
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JIOTIYHOTO BUBEACHHS. Taka CTpyKTypa A03BOJISIE BIITBOPIOBATH MPHUUMHHO-HACIIAKOBI
3aJIKHOCTI MDK T[apaMeTpaMu CHUCTEeMH Ta KEepyIouuMHU [isIMH, 3a0e3neuyrouun
aJanTUBHICTD y PI3HUX PEKUMaX eKcIuTyaTallii. BaximBowo 0COOIMUBICTIO € CTIMKICTH J10
KOHQIIKTHUX CHUTyallli MK HpaBHJIaMH, LI0 TapaHTY€ Y3roJpKeHe (DyHKIIOHYBaHHS
CUCTEMU HaBITh y CKJIQJHUX yMOBaX.

VY migpo3aim 3.3 po3po0seHO METO ] HEHPOMEPEKEBOI OIIHKH Ta TPOTHO3YBAHHS
CTaHy CHUCTEMH, SIKUW IPYHTY€ThCS Ha OaratomapoBOMy MEpCENnTpOHi. 3ampornoHOBaHa
MOJIe/Ib 3a0e3nedye anpoKCUMaIlil0 HETIHIMHUX 3aJIEKHOCTEH MK YacCOBUMHU psaaMU
napameTpiB Ta J03BOJISIE OTPUMYBATH OI[IHKH SIK IOTOYHOT'O, TaK 1 MailOyTHHOTO CTaHy
cuctemu. Lle cTBOpIOE€ MOXKIIMBICTH BPaxOBYBaTH JUHAMIKY 3MiH Ta IiIBUIIY€ TOUYHICTh
IPOrHO3YBaHHS.

VY migpos3aim 3.4 oOrpyHTOBaHO METOJ MPOTHO3YBAHHS 30BHIMIHIX (DAKTOPIB,
30KpeMa IHCOJISAIT Ta HAaBaHTAXXEHHS, SIKI € KJIOYOBUMH JIETEPMIHAHTaMH POOOTH
eHepreTMyHOi cucTeMH. [HTerpamiss NPOTHO3HUX MOJEIe y KOHTYp KepyBaHHS
3a0e3rnevye nepexiJi Biji peaKTUBHOIO J10 BUIIEPEIKYBaIbHOIO yIpaBiiHHA. Lle 1o3Bosie
dbopmyBati Kepyroul Ail 3 ypaxyBaHHSIM MaWOYTHIX CI€HapiiB PO3BUTKY YMOB, IO
N1JBUILYE CTa0IIBHICTh Ta €PEKTUBHICTH POOOTH CUCTEMH.

VY migposain 3.5 BUKOHAHO OINTHMMI3AII0 MPOTPAMHOI peaizallli aaropuTMiB
kepyBaHHs. OCHOBHUMHU HAaNpsiMaMU CTad 3MEHIICHHS OOYHMCIIOBAILHOI CKIIAJHOCTI,
BUKOPHUCTAHHS KEIIyBaHHs, alPOKCHUMAI Ta PO3MOALTY OOYMCIIOBAIBHUX 3a1ad 3a
npioputeramu. Lle 3a0e3neunsio BUKOHAHHS aITOPUTMIB y PEKUMI peaIbHOro 4acy Ta
MIJBUIIMIO CTaOUIBHICTh (DYHKIIIOHYBAHHSI CUCTEMH IMPU OOMEKEHHUX pecypcax, Io €
KPUTUYHO BaXKJIMBHUM JIJISl IPAKTUYHOI peaizaiiii.

Y migposaini 3.6 chopmMoBaHO y3aradbHEHUN alrOPUTM POOOTH CHUCTEMU
KepyBaHHA, SIKUWA I1HTErpye BCl po3poOJIeHI METOAW B €AUHUN 3aMKHEHHU KOHTYP.
AJTOpUTM OXOIUTIOE eTanu 300py JaHUX, HEMpOMEpeKeBOi OLIHKHU, MPOTHO3YBAHHS
30BHIIIHIX ()aKTOPiB, (POPMYBaHHS KEPYIOUMX BIUIMBIB Ta iX peamizauli y (izuuHii
cucteMi. Taka cTpykTypa 3a0e3neuye y3roJkeHy poOoTy BCiX KOMIOHEHTIB Ta IM1IBUIILY €

aJIaNTUBHICTh CUCTEMH JI0 3MIHHUX YMOB €KCILTyaTaIlli.
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Y pesynpTaTi BUKOHAaHUX PO3POOOK CTBOPEHO KOMIUIEKCHY METOIOJIOTIIO
KepyBaHHS, sAKa TOEAHYE aHATMITHUYHI, €KCIEPTHI, HEHpOMEpEeKEeBl Ta ONTHUMI3aIliiHI
niaxoau. Lle m103Bossie MiABUIITUTH TOYHICTh TPUHHATTS PillieHb, 3MEHIIIMTH €HEPreTHYH1
BTpatu Ha 17%, cTabini3yBaT pexkKUMU POOOTH Ta 3a0€3MeUnTH 3arajbHy e()eKTUBHICTD
COHSYHOI €HEPreTHUYHOI YCTAHOBKHM HABiTh B YMOBaX HEBHU3HAYCHOCTI Ta JUHAMIYHHUX

30BHIIIIHIX BIUIMBIB.
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4 IPOTPAMHA PEAJIBAILIS KIBEP®I3UYHOI CUCTEMUA

4.1 ApxiTekTypa mporpaMHOro 3a0e3MneueHHs

VY mexax peamizariii Ki0ephi3UIHOI CUCTEMHU KEpPyBaHHS COHSYHUMH TMaHEISIMU
Oyn0 copMOBaHO MPOTpamMHy apXITEKTYpPy, sIKa CIIUPAETHCS HAa MOJIYJbHUM MPUHIIMIL
moOyI0BH Ta BPaXxOBY€ PE3yJIbTATH MTHOOKOTO aHAII3y ICHYIOUHX PIIIeHb, 30KpeMa THX,
mo Oynau peani3oBaHl B MONEPEAHHOMY NporpamMHoMy mpoekTi InterServer. Ils
apXiTeKTypa € JIOTIYHHUM PO3BUTKOM paHIIlIe 3alpolOHOBAHMX IIIJXOJIB, OJHAK 3
ICTOTHUM PO3IIUPEHHSAM (YHKLUIOHATBHUX MOKIMBOCTEH Ta IHTETpalllEl0 CyYacHUX
IHTEJIEKTyaIbHIUX METOJIIB aHaji3y JaHUX, [0 JO03BOJISIE MiABUIIUTH €(PEKTUBHICThH
CUCTEMU B LUIOMY. BUKOpHUCTaHHS MOIYJIBHOrO MIiAXOAY 3a0e3nedye THYUYKICTb,
MaciTabOBaHICTh Ta 3PYUYHICTh MIATPUMKH CUCTEMH, L0 € KPUTHUYHO BAXKIUBHUM IS
MOJAJIBIIOTO BIPOBAPKEHHS Ta ajanTallii 10 3MiHHUX YMOB eKCILTyaTarlii.

3arajibHa CTPYKTypa IporpaMHOro 3a0e3MeueHHs nepeadayae po3noija CUCTEMHU
Ha JIEKUJIbKA JIOTIYHO HE3aJICKHUX, ajie TICHUM YMHOM B3a€MOIIOB’ I3aHUX KOMIIOHEHTIB,
KOXEH 3 SKUX BHKOHYye crnenu@iuHi (yHKIII B paMKax 3arajbHOi apXITEKTYypH.
OCHOBHOIO 1JIe€I0 TaKOi OpraHizaiii € YiTKEe PO3AUICHHS BIANOBIIATBHOCTI MIXK
MOJIYJISIMH, 110 HE JIMIIE CIPOLIY€E MPOIEC PO3POOJICHHS Ta TECTyBaHHs, aje W 3HaYHO
MOJIETIIYE TIOAAJIbIle MaciTabyBaHHs cucTemMu [64]. Takuit miaxia J03BOJSIE BHOCUTH
3MiHM a00 OHOBJICHHS B OKpeMi MOJysi 0e3 HeoOXiTHOCTI MOBHOI MEepepoOKH BCI€l
CUCTEMH, LI0 OCOOJMBO BaXXJIMBO B yMOBaxX IIBUIKOTO PO3BUTKY TEXHOJOTIH Ta
3pOCTalOYUX BUMOT J0 €(DEKTUBHOCTI KEPYyBaHHS COHIYHUMU €IEKTPOCTAHLISIMH.

OpnHi€ro 3 KITIOYOBUX OCOOJMBOCTEH HOBOI apXiTEKTypH € IHTerparis
NPOTHOCTUYHUX MOJIEICH, 3aCHOBAaHMX Ha HEHUPOHHHX Mepexkax, sKi JTO3BOJISIOTH
MPOTHO3YBAaTU TEHEpAIlll0 EJNEeKTPOEHEPrii Ha OCHOBI aHali3y MorogHux ymoB. lle
HOBOBBEJICHHsI 0a3y€ThCs Ha BHUKOPHUCTAHHI CY4YaCHUX AaJTOPUTMIB MAaITUHHOTO
HABYaHHS, 30KpeMa peKypeHTHUX HelpoHHUX Mepex (RNN) abo 3ropTkoBux HEHPOHHUX
mepexk (CNN), saxi 37aTHI OOpOOJSTH HYACOBI PSAAUM METCOPOJIOTIYHMX JaHUX Ta
BU3HAUATH 3aJIe)KHOCTI MDK MOTOAHMMH YMOBaMH Ta TPOJYKTHUBHICTIO COHSYHHUX

nanesieid. Takuit miaxijg 103BOJISIE HE JIUIIE MIBUJIKO pearyBaTH Ha 3MIHU B 30BHIIIIHHOMY
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CEPENIOBUIIT, alie 1 ITaHyBaTH PEKUMU POOOTH CUCTEMH HaIepe, 10 3HAYHO ITiIBUIIYE
il e(peKTUBHICTh Ta HAIHHICTb.

Kpim Toro, apxitektypa mnepeadadae mokpamieHHs e(EeKTUBHOCTI 3a PaxXyHOK
ONTUMI3allli aJrOPUTMIB KEpPyBaHHs, 30KpeMa ajrOpUTMIB BIJACTEKEHHS TOUYKU
MakcuMalibHOT oTykHOCcTI (MPPT), sKi Temnep MOMOBHEH1 aJlallTUBHUMU MeXaH13MaMU,
3TaTHAMH IIBUAKO KOPUTYBATH MTapaMeTPH POOOTH CUCTEMH B 3aJICKHOCTI BiJ] IOTOYHUX
yMOB. lle BKiIro9ae BUKOPUCTAHHSI METO[IB ONTUMI3allii, TAKUX K TEHETUYHI aJlTOPUTMHU
ab0 aNropuTMHU PO YACTUHOK, K1 JO3BOJISIIOTH 3HAXOJIUTH ONTUMAJbHI PIIICHHS B
yMOBaX 3MIHHUX MapaMETPIB Ta OOMEKEHb.

ApXITeKTypa HOBOI CHCTEMH He JMIle 30epirae KIOYOBl MPHUHIUIIN, 3aKIaJcHl B
InterServer, ane it po3muproe iX, GopMyroun OUTBII OAaraTOpiBHEBY Ta 1HTEIEKTYaJIbHO
HACUYEHY CTPYKTYpy. MojyiibHa oprasizaiiisi Koay ¥ Hajami 3a0e3nedye THy4YKIiCTh Y
po3po0Ili Ta MIATPUMIN, a BHUKOPUCTAHHS MIKPOCEPBICHOI apXITEKTypH TrapaHTye
MacmTabOBaHICTh, BUCOKY JOCTYHHICTh Ta CTIMKICTh [0 BIAMOB. [HTerpamis 3
ICHYIOYUMH CHCTEMaMH MOHITOPUHTY Ta KepyBaHHS JIO3BOJISIE MIJATPUMYBaTH
Oe3rnepepBHICT, POOOTH Ta 3abe3Medy€e CyMICHICTh 13 NMEpPEeBIPEHUMH 1HCTPYMEHTaMHU
aaMiHICTpyBaHHs. BogHouac HOBa apXITEKTypa BUXOAUTh 32 MEXI1 NONEPEHIX PIIICHb,
JIOJIA0YH CTICIialli30BaH1 apu Jjisi OOpOoOKH TaHMUX Ta MPUUHATTS pimeHb. e o3nauae,
II0 cHCcTeMa 37aTHa He JHIe pearyBaTd Ha MOTOYHI 3MiHM, a W MPOTHO3YBAaTH iX,
BUKOPHUCTOBYIOUM METOJIU AaHATITUKH Ta MAITMHHOTO HaBYaHHS 1J11 (pOpMyBaHHS O1JIbIII
CKJIQJHUX cTpaTeriii kepyBaHHsa. OnucaHy apXiTEKTypy MOXHa MOOAYUTH HA PUCYHKY
4.1.

3aBISKA TAKOMY PO3IIMPEHHIO apXITEKTypa NMEPETBOPIOETHCS HA €BOJIOLIMHMI eTart
PO3BUTKY, /1€ TPaIAULINHHI MPUHIIMIIN MOEIHYIOTHCS 3 CYYaCHUMU TEXHOJIOTISIMU aHAi3y
JaHWUX, IPOTHO3YBaHHS Ta aJalTHBHOTO KepyBaHHs. L{e 703Bomsie crucTeMi mpaifoBaTH B
yMOBaxX BHCOKOI JWHAMIKM 30BHINIHIX (aKkTopiB, 3a0e3medyroun CTallIbHICTh Ta
ONTUMAJIbHICTh (PYHKIIOHYBAaHHS COHSYHMX TMaHenell. Y pe3yibTaTi HiABUILLYETHCS
e(EeKTUBHICTh BUKOPUCTAHHS EHEPreTUUHHUX PECYPCIB, 3pOCTA€ HANIMHICTh CUCTEMH Ta ii

3I[3THiCTI> AJAITyBaTuCA 10 HOBUX YMOB.



72

KiHUeea Touka API
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iHdopnaLi Mogynk poGoTH
3 G333MH JaHWX
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Pucynox 4.1 — 3aranpHa apxiTEeKTypa MporpaMHOTo 3a0e3nedeHHs Kioep(i3uuHo1

CHUCTCMH

VY mporieci po3podku kibephi3udHOi CHCTEMH KepyBaHHS COHSYHUMU MaHEIIMU
OyJio cpOpMOBAaHO MPOrpamMHy aApPXITEKTYpy, siIka 0a3yeTbCcsi Ha YITKOMY PO3MOILII
(GYHKIIIOHATLHUX OOOB’SI3KIB MK OKPEMHMH KOMIIOHEHTaMH, IO B3aEMOJIIIOTH MIXK
co00I0 B paMKax €auHOi cuctemMu. KITFOUOBHMMHM KOMIIOHEHTaMU Ili€l apXITEKTypH
BUCTYMAIOTh MOAYJI, KOXKEH 3 SIKUX BIJIMOBIJIa€ 32 BUKOHAHHS CHEUU(IYHUX 3aBJIaHb,
3a0e3Mneuyourd NpHU I[bOMY BHCOKHI PIBEHb Y3TOJDKEHOCTI Ta €(eKTHBHOCTI POOOTH
CUCTEMHU B LIIJIOMY.

Moayns 300py maHux € QyHIaMEHTAIBLHOIO CKJIAJ0BOI0 apXITEKTYpH, aJKe BiH
BIJINIOBIJIa€ 32 OTpUMaHHs 1HGOpMaIIii Bix (I3UIHIX KOMIIOHEHTIB CUCTEMHU, BKITIOYAI0YH

PI3HOMAaHITHI ceHCOpH Ta iIHBepTOpU. OCHOBHOIO (PYHKIIIEIO I[LOTO MOJTYJIS € OpTaHi3alis
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CTaO1IbHOTO Ta MEPIOANYHOTO 300py JaHHUX 3 MIHIMAJTbHUMU 3aTPUMKAMHU, 10 KPUTUIHO
BOKJIMBO JIJIs1 3a0€3IEeUeHHs] aKTyaJdbHOCTI 1H(opMaIlii, ska HaJAXOAUTh Ha TMOJAJBIILY
00poOKy [65]. aHi, 310paHi 3 G13UIHUX IPUCTPOIB, MEPEAAIOTHCS Y CTAaHAAPTU30BAHOMY
dbopmari, IO CIPOIIy€E iXHIO IHTETPAIIIO 3 THITMMH MOJIYJISIMH CUCTEMH Ta 3a0e3reuye
CYMICHICTb 3 PI3HUMH THUITaMH O0OJIa{HAHHS.

Ha pucysnky 4.2 npeacraBiieHa cxema B3a€MO/IIi CEpBEPHOTO MOIYJIS 3 KIIIEHTaMHU
Ta (I3UYHUMH TPUCTPOSAMH, KA UIIOCTPY€E MPHUHIMIIMA OpraHizailii KOMYyHIKaliiHUX
MOTOKIB y cucTeMi. Lls cxema 1eMoHCTpye, SIK CepBEPHUN MOTYJIb 00pOOJISIE 3aITUTH BIT
KJIIEHTIB, B3a€MOZIE 3 (PI3MYHUMHU IPUCTPOSMU Ta 3a0€3MEeUy€E CUHXPOHI3ALII0 JAHUX MIXK
yciMa KOMIIOHEHTaMU CUCTeMH. Taka oprasizallis 103BOJISI€E MIHIMI3yBaTH 3aTPUMKH B

00poOr11i JaHUX Ta 3a0e31euyBaTH BUCOKUHN piBEHb HAAIMHOCTI CUCTEMH.

“__  KiHueBa Touka AP|

oy

Bignoeiae 3anut

TCP
Janut

—» Moayns oOpo0EW 3anuTie
TCP IHBEpTOP

Bignoeigk

MepeteopeHa Cupa TCP

TCP indropmain iHchopmauin
Moayns 00pobku

iHhopmauji

Pucynok 4.2 — CxeMa B3aeMO/I1i CEpBEPHOTO MOAYJIS 3 KJIIEHTAMU Ta (P13UYHUMU

MIPUCTPOSIMU
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KomyHikamiitnuii MoJysb, peai3oBaHUNA 3a aHaJOTIEl0 3  apXiTEKTYpOlo
InterServer, BUKOHY€ pOJIb LEHTPAJIBHOIO BYy3Ja OOMIHY JaHUMH, 3a0€3MeUyloun
B3a€EMOMII0  MDK  KIIEHTCHKOIO  YaCTHHOIO  cucTeMu  (BeO-iHTepdeiicom),
OOYHUCITIOBAILHUMU MOJYJISIMU Ta (PI3MYHUMU NPUCTPOsiIMU. BukopucTanHs cepBepHOi
MOJIEJTi TO3BOJISIE OPTaHi3yBaTH IIEHTPAIi30BaHy 00pOOKY 3aMuTiB, 10 3HAYHO T1ABUIITYE
e(eKTUBHICTh YNpaBIIHHSI CHCTEMOIO Ta 3abe3meuye JOCTyH 10 Hei depe3 Mepexy 3
pI3HUX TPUCTPOiB. Llelt MOmynb € KpUTUYHO BAKIMBUM JUIsl MIATPUMKH CTAOLIBHOTO
3B’A3Ky MIXK yciMa KOMIIOHEHTaMH CHUCTEMH, a TaKOXX IJs 3a0e3meueHHs Oe3nexu
nepeaayi JaHuX.

Moaynbs 00poOKuU Ta aHali3y JaHUX BUKOHYE (DYHKIIIT PuibTpallii, HopMasizailii Ta
1HTEeprpeTanii OTpUMaHUX MapaMeTpiB, IO HAAXOIATh Bl MOAyJia 300py nanux. Ha
[bOMY PIBHI peati3yloThCsl AJITOPUTMH OI[IHIOBAHHS CTaHy CHUCTEMH, BHSBJICHHS
aHOMaJIIi Ta MIATOTOBKHU JAHMUX ISl NPUUHATTS pimieHb [66]. Lleit Monynb € 0CHOBOIO
JUIsL peamizaiili 1HTENEeKTYaJbHUX (YHKIIH CHUCTEMH, OCKUIBKH TYyT BiJIOYBA€THCS
NEPETBOPEHHA CUPHUX JIaHUX y KOpPHUCHY 1HGOpMaIlilo, sika BUKOPHUCTOBYETbCA MJIs
MOJAJBIIOTO aHalli3y Ta KEepyBaHHSA. 3aBISKHM BUKOPHUCTAHHIO CY4YaCHHUX METO/IB
00pOOKM JaHMX, TaKMX SK CTAaTUCTUYHHHN aHaji3, KJIacTepH3allisl Ta BiACTCKYBaHHS
BUKUJIB, MOJlyJIb 3a0€3I1€4y€ BUCOKY TOUHICTh Ta HAaJ{IHHICTh OTPUMAHUX PE3YJIbTATIB.

OKpemMOI0 CKJIaJIOBOI0 apXITEKTYpPH € MOJYJIb MPOTHO3YBaHHS, SIKUW € 3HAYHUM
HOBOBBEJICHHSAM Yy TOpIBHSHHI 3 0a3oBoro apxitektyporo InterServer. Lleit momynb
BUKOPHUCTOBYE METOIM HEHPOHHUX MEPEX JIJIsl POTHO3YBAHHS TeHEpallii elIeKTPOSHEPTii
Ha OCHOBI aHAJII3y MOTOJHUX YMOB. BXiTHUMM TaHUMU TSl HHOTO CIYTYIOTh SIK TOTOYHI1
napamMeTpu CHCTEMHM, TaK 1 30BHIIIHI JIaHl, 30KpeMa MPOTHO3U MOTOAM, IO TO3BOJISE
BpPaxOBYBaTH CKJIaJHI HENIHIAHI 3aJeKHOCTI MDK MapaMeTpaMyd HaBKOJUIIHBOTO
CepelloBUIlla Ta BHUPOOJICHHSIM eHeprii. BukopuctanHs wmoneneid 3 HEUPOHHUMHU
MepexXamH, TaKuX sIK peKypeHTHI HeilpoHH1 Mepexi (RNN) abo 3ropTkoBl HEHpOHHI
Mepexi (CNN), m03Bosisie 3HAYHO TMIJABHUINMTH TOYHICTh MPOTHO3IB Ta aJamnTyBaTH

CHCTEMY JI0 3MIHHUX YMOB eKcIutyaTauii [67].
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Moy NpuiHATTS pillieHb peai3ye JOoriKy (OpMyBaHHS KEpyIOUHX BIIUBIB HA
OCHOBI1 PE3yJIbTATIB aHali3y JaHMX, OTPUMAHUX BiJl MOMEPEAHIX MOAYJIIB. Y HHOMY
MOETHYIOThCS €KCIIEPTHI MTpaBuiia, 3aCHOBAaH1 Ha YITKO BU3HAYEHUX JIOTIYHUX YMOBaX, Ta
pe3ynbTaTd pPOOOTH MOAYJS 3 BUKOPUCTAHHSIM HEHPOHHUX MEpEeX, IO JO03BOJISE
3a0€3IMeUnTH K TPAKTAIIO PIllIeHb, TaK 1 IXHIO aJJallTUBHICTH A0 3MIHHUX YMOB. Takuii
riOpuIHUNA MIAXIT BIAMOBIAA€ CyYacCHUM KOHIIEHISM 1HTETpallii eKCIepTHUX 1
HEHpPOMEPEKEBUX METOJIIB, SIKI JOBEIH CBOIO €(PEKTUBHICTh y 3aJayax KepyBaHHS
CKJIQJJHUMU TE€XHIYHUMH CUCTEMaMH, 30KpeMa COHIYHUMHU €JIEKTPOCTAHIIISIMHU.

Monynb B3a€EMOII1 3 IHBEPTOPOM BIIIOBIIA€ 3a Mepelauy KepYIOUUX CUTHAIIB J0
GI3UYHOI YaCTMHU CHUCTEMH, peaji3yloud HU3bKOPIBHEBY JIOTIKY KepyBaHHS. BiH
3a0e3neuye 3MiHy peXUMIB poOOTH 1HBEPTOpA, HANAIITYBAHHS IMapaMeTpiB reHeparlii Ta
BUKOHAHHS KOMaHJ, CPOPMOBAHUX MOJYJEM MPUUHATTA pimeHb [68]. Llelr Monynb €
3aBEpIIAIHLHOI0 JIAHKOIO B JIAHIIOTY KEPYBaHHS, AK€ 4Yepe3 HBOTO Peali3yIThCs
Kepyloul BIUIMBH, 110 O€3MOCEPEIHbO BIUIMBAIOTH HA POOOTY (PI3UYHUX KOMIIOHEHTIB
CUCTEMHU.

Monynb 30epexeHHs1 TaHuX 3a0e3nedye HAKOMUYEHHs 1CTOpUYHOI 1H(opMarllii
po poOOTy CUCTEMH, IO € KPUTUIHO BAXKIJIMBHUM IS MOAABIIOTO aHali3y, HaBYaHHS
HEHPOHHMX MEPEX Ta BUSIBICHHS JTOBIOTPUBAIUX TEHACHIINH y poOOTI CHUCTEMHU.
30epekeHl JlaHi JIO3BOJIAIOTH peali3yBaTH MEXAaHI3MH CAaMOHAaBYaHHS, W0 CIpUSE
MIJBUIICHHIO €(DEKTUBHOCTI KEPYBaHHS 3 4acoM, JI¢ YUM JIOBIIIE CUCTEMa MPalloe, TUM
Kpatie OynyTh pe3yJbTaTH, 3HAUCHHS, Niepei0adeHHs, Tomo. Bukopucranas 6a3 maHux
Ta CUCTEM YIIPABIIIHHA JaHUMU 3a0€e3Meuye IBUIKUI TOCTYI O ICTOPUYHOI 1HQopMallii
Ta ii e)eKTUBHY 00pOOKY.

Ha pucynky 4.3 mpencraBiieHa 3arajibHa CTPYKTypa B3a€MOJii KOPUCTyBada 3
CUCTEMOIO uepe3 BeO-iHTep(deiic, sika 1II0CTpY€e OCHOBHI (D)yHKIIOHATBHI MOYJIMBOCTI,
JIOCTYITHI KOPUCTYBa4yeBl, Ta MPUHIUINK OpTaHizailii B3aeMomii 3 cuctemoro [69]. 1ls
cXeMa JIEMOHCTPYE€, SIK KOPHUCTYyBa4 MOKE BiACIITKOBYBaTH MOTOYHHWHA CTaH CUCTEMH,
aHali3yBaTU JaHI Ta KepyBaTH ii poOOTOI0 uepe3 3pyuyHui Ta (DyHKIIOHATIBHUN
iHTepdeiic. [HTyITUBHO 3p0o3yMisuil qu3aifH Ta (PyHKITIOHAIBHICTH 1HTEpdENCy poOIsITh

CUCTEeMY JOCTYIHOI HaBITh JJIi KOPUCTyBauiB 0e€3 chelliajibHOl JOBroi TEXHIYHOI
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miAroToBkH. Takox mpu moTpedl y CUCTEMHU € MPOrpaMHUi 1IHTEpQEc s MOKIMBOCTI

B3a€MOI[i.1. 3 IHIIMMHA CUCTCMaMU, SKIIO Y KOPHUCTYBadad MOKC BUHUKHYTHU TdKa HOTpC6a.

3aranbHa CTPYKTypa B3aeMmoaii kopucTtysaya 3 cucteMmolo 4epes seb-intepdeinc

Kibepdisnyna cucrema
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| 30ip manwmx: T

- KoHTponepw

H !—!
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‘ Moayne arperawii ‘
- MalmHHe HABYAHHSA
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-
-
-~
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ArperoeaHi gaHi |-

-
-
-
-

‘ Mofyne NpoOrHO3yBaHHA

MNporHo3m

‘ Moayne NPUAHATTA pilleHk ‘

PileHHA Ta KoMaHaK

| Baza pnaHux

OHoBneHi paHi

,‘ Beb-iHTepdenc

—~
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3anuTw/Komangwn / Bizyanizauia/3eitn My,

L
%

Arperauifa gaHux: L

- GinsTpadia
- Hopmanizauis

3anNUT AaHux

| KopwucTyBad

- BipobpareHHs gaHux

Beb-iHTepdenc:
- KepyBaHHA cUCTEMO

Pucynok 4.3 — 3arajibHa CTpyKTypa B3a€MO/Ili KOPUCTyBaya 3 CUCTEMOIO Yepe3 BeO-

iHTepdeiic

KopucryBanpkuii iHTepdeiic peaii3oBaHO y BUTJIAI BeO-I01aTKY, 1110 3a0e3neuye

3pYYHHU JOCTYT IO CUCTEMHU 3 Oy Ib-SIKOTO MIPUCTPOIO, IKUiA Mae BeO-0paysep. Uepes ieit
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1HTepdeiic KopucTyBad MOKE OTPUMYBATH aKTyalibHY 1H(OpPMALIIIO PO CTaH CUCTEMH,
nepersiiaTH ICTOPUYHI JIaHi, aHaIi3yBaTH MOKa3HUKH €(pEKTUBHOCTI Ta O€3M0CePEIHhO

B3aEMOJIISTU 3 KEPYIOUUMH (PYHKIIISIMHU.

[Iporpamua apxiTekTypa noOyJoBaHa 3 ypaxyBaHHSM HPHUHIUIIB MOIYJIbHOCTI,
MacmTaboOBaHOCTI Ta PO3MIMPIOBAHOCTI. MOIYJIBbHICTH JO3BOJISIE HE3AJICKHO PO3POOIIATH
Ta TECTyBaTH OKpEMi KOMIIOHEHTH CHUCTEeMH. MacmTaOoBaHICTh 3a0e3MeuyeThCs
MO>KJIMBICTIO PO3TOPTaHHS CHUCTEMHU SIK Ha MAJIONOTYXXHUX NPUCTPOSX (HAMPHUKIA/I,
Raspberry Pi), Tak 1 Ha O1IbII POYKTUBHUX cepBepax. Po3mmproBaHicTh nepeadayae
MO>KJIMBICTh JOJIaBaHHsI HOBUX MOJIYJIB, 30KpeMa JIJIsl 1HTerpailii J0JaTKOBUX JKEpel
naHux a0o peanizailii HOBUX aJTOPUTMIB KEpyBaHHS.

Takum unHOM, 3aIIPOIIOHOBAHA APXITEKTypa MPOTPaAMHOT0 3a0€3MEeYCHHS MTOETHYE
nepeBipeHi pillieHHs 3 MOMepeAHiX peani3alliid, 30kpeMa 3 cucremu InterServer [70], 13
CyYaCHHMH MIJXO0JaMHU, OPIEHTOBAHUMHU HA BUKOPHUCTAHHS 1HTEJIEKTYaJIbHOIO aHaNli3y
nanux. lle 3abe3nedye minBuieHHS €()EKTUBHOCTI POOOTH KiOepd13U4HOI CUCTEMH, il
aJIaNTHUBHOCTI Ta 3JaTHOCTI (PYHKI[IOHYBaTH B YMOBaX 3MIHHOT'O CEpPEIOBHIIA, IO €

KPUTUYIHO BAXKIIMBUM JJIA CYUYdCHUX CUCTEM KEPYBAHHA COHAYHUMUA CJ'ICKTpOCTaHL[iHMI/I.

4.2 Peanizailisi OCHOBHUX MOMAYJIIB CUCTEMU

VY mporieci mporpaMHoi peanizariii Kioepgi3uuHOT CUCTEMHU KEPYBAHHS COHIYHUMU
naHeiasiMu  OyJo  3IMCHEHO KOMIUIEKCHY pO3pOOKYy Ta IHTErpaumiio KIHOUYOBUX
GyHKIIOHATFHUX MOMYJIB, AKI 3a0€3Me4yl0Th MOBHUN IMKJI POOOTH — BiJl MOMEHTY
300py MEPBUHHUX JaHUX /10 POpMyBaHHS KEPYIOUNX KOMaH/ Ta iX BUKOHAHHA. B OCHOBY
peanizalii MOKJIAAEHO MNONepeaHb0 CPOPMOBaHY apxXIiTEKTypy, sfika Oyia JTONMOBHEHA
HOBUMHU IMIX0/IaMH 10 00poOKu iHpopMaIii, onmTumizallii aropuTMiB Ta 3a0€3MeUCHHS
CYMICHOCTI 3 ICHYIOUMMH KommoHeHTamu [71]. Takui miaxig J03BOJIUB CTBOPUTH
CUCTEeMYy, 1[0 HE JIMIIEe BIJMOBIAA€E Cy4yaCHMM BHMOTaM, aje ¥ 3aaTHa €(pEeKTUBHO
GyHKIIIOHYBaTH B yMOBaxX OOMEXEHHX pecypciB, 3abe3medyroud CTaOUIBHICTh Ta

HaJIIHHICTh POOOTH HABIThH y BUIAKaX IMTiABUIIIEHOTO HABAHTAXKEHHS.
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3aranpHy B3a€EMOJII0 MK Peasli30BAHUMHU MOJIYJISIMU HaBEJICHO HAa PUCYHKY 4.4.
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Pucynox 4.4 — B3aemo/1isi OCHOBHUX MPOTPAMHUX MOJTYJIIB CUCTEMHU

Moayns 360py naHux 0yJio peariz30BaHO K OKPEMUI TPOrpaMHUil KOMITOHEHT, 10
BUKOHY€ pETyJIIpHE OTPUMaHHs 1H(OpMaIllii BiJl iHBEpTOpa Ta CECHCOPHUX MPHUCTPOIB, SKI
KOHTPOJIIOIOThH TTapaMeTpu poOOTH COHSYHHX TaHeJeH Ta HAaBKOJUIITHBOTO CEPEIOBHUIIIA.
Horo po6oTa opranizoBana y BUITISIII LIKTIYHOTO TPOLIECY, SKHH i3 3aJaHOI0 YaCTOTOIO
3MIMCHIOE OMUTYBAHHS JHKEpeNl JaHUX, MICIAS YOoro mepeiac OTpUMaHl 3HAYCHHS 110
HACTYMHHUX PIiBHIB 00poOku [72]. OcoOnmBICTIO peamizallii CTajo 3aCTOCYBaHHS

ACUHXPOHHUX MEXaHI3MIB B3a€MO/Ili, 10 JO3BOJIAJIO MIHIMI3yBaTU 3aTPUMKHU MpHU
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00poOI11l 3amuTiB 1 3a0€3MeYUTH BUCOKY LIBUAKOMAIIO cUCTeMH. [laH1 mepenaroTbes y
CTaHJapTU30BaHOMY ¢opmMari, IO CIHPOIILyE iX MoJaIblry OOpoOKy Ta TapaHTye
CYMICHICTb 13 1HIIMMHU MoayJsiMu. KpiMm Toro, Oyjo peanizoBaHO MeXaHI3MHU MEPEBIPKH
KOPEKTHOCTI JIaHUX, 110 JI03BOJISIFOTH BIACISITH HEKOPEKTHI 200 HEMOBHI MOKA3HUKHU IIIE
Ha eTarni 300py, 3MEHIITYIOUM HaBaHTa)KCHHSI Ha HACTYITHI PIBHI CHCTEMH.

Monynp aHamizy JaHUX BUKOHY€E IICHTPAIbHY pOJIb y CHUCTEMI, aJKe TyT
BiIOYBa€ThCS IHTEpHpETAaIliss OTpuMaHoi iHdopMarllii Ta ii mAroToBKa 10 BUKOPUCTAHHS
B Mpolecl NMPUUHATTS pillleHb. Peamizaiis 1bOro MOIyJsl crupaiacs Ha pe3yjibTaTH
MOTIEPE/IHIX JTOCIHIHKEHb, MPOTEe MPAKTUYHE BIPOBAHKCHHS MaTEeMaTHUYHUX MOJEJeiH
CYIIPOBO)KYBAJIOCS HU3KOI TPYAHOLIIB. 30KpeMa, TPAHCIALISA CKJIaJHUX aHAIITUYHUX
dbopMy1 y mporpaMHuii koa MoBoro C# BUMaraiia peTeabHOro miaxoay A0 3a0e3neueHHs
YUCJIOBOI  CTAaOLIBHOCTI, ONTHUMI3alli OO4YMCIEHb Ta BpaxyBaHHA OOMEXEHb
npoayktuBHOCTI [73]. ¥V xomi poOoTu OyJi0 BCTaHOBJIEHO, IO HE BCl TEOPETUYHO
oOrpyHTOBaH1 (HOPMYJIH € JOIMIIBHUMHU JJISl TPAKTUYHOTO 3aCTOCYBAHHS: YaCTHHA 3 HUX
HE J1aBajia CyTTEBOTO MPUPOCTY TOYHOCTI a00 kK BUMarajia HaMIpHUX OOUHCIIOBAIbHUX
pecypciB. ToMmy Oys10 MpOBENIEHO ONTHUMI3AIIII0 AITOPUTMIYHOTO 3a0€3MeUCHHS MIITXOM
BIIOOpY JMIIE TUX METOMAIB, $IKI 3a0e3Me4yl0oTh JOCTAaTHIM pIBEHb TOYHOCTI MpHU
NPUIHATHIN ckiIaaHoCTI. Lle m03Bommno nocsartu 6anaHcy Mik eQEeKTUBHICTIO aHAITI3y Ta
HIBUKOJIEI0 CHCTEMH, a TAKOK CTBOPUTH OCHOBY /ISl TTOJIAJIBIIIOTO MacIITa0yBaHHS Ta
1HTerparii HOBUX MOJIETIEH.

OxpeMy yBary mnpuauieHo Moaudikaimii JOriku o0poOku naHux. Ko y
MOMEPEIHIX BEPCIsIX BUKOPUCTOBYBABCS MPOCTUNM MEXaHI3M MOCIIJIOBHOTO Mepedopy
3Hau€Hb, TO Yy HOBIM peamizaimii OyJ0 BHPOBAKEHO OLIBIN CKIATHUN MIAXII, IO
BpPaxoBYy€ YacOBY CTPYKTYpY JaHUX Ta iX B3a€MO3B’s3KH. lle 103BOJMIO 3MEHIIUTH
KUIBKICTh HAQJUIMIIKOBUX OOYMCIICHb Ta IIJBUIIUTH TOYHICTh OI[IHIOBAHHS CTaHy
cuctemu. OHOBJIEHA cxeMa 0OpoOKH Ta aHaJI3y JaHUX HABEJCHA HA PUCYHKY 4.5.

Moaynbs KepyBaHHs BiANOBiAA€ 32 GOpPMYBaHHS Ta Mepeaavyy KepyruHnX BIUIMBIB
10 iHBepTopa. Moro po6ora 6a3yeThcs Ha pe3yiibTaTax aHali3y JaHHX i Tependayae
CTBOPEHHS KOMaH/, SKI 3MIHIOIOTh PEKUMH POOOTH CHCTEMH BiIIIOBIIHO J0 IMTOTOYHHMX

yMOB [74]. OcobiuBICTIO peaiti3allli CTajao IHTErpPyBaHHS LIOIO MOAYJS 3 ICHYIOUUM
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nporpaMHUM 1HTep(dEcoM, IO TO3BOJIWIO 30€perTd CYMICHICTh 13 TMOIMEpeaHIMHU
BepcisiMU  cucTeMu. [l 3a0e3nedeHHs 3BOPOTHOI CYMICHOCTI OyJio 30epekeHo
cTpykTypy API, ska BuKOpHCTOByBamacs paHimie, M0 Jajl0 3MOTYy YHHKHYTH
HEOOX1THOCTI TTOBHOI MepepoOKH KIIEHTCHKOI YaCTUHU Ta 3a0e3neunsio 0e3nepepBHICTb

(GYHKITIOHYBaHHSI CUCTEMH TPH 11 MOJIepHI3aIlii.

Moayns 360py AaHux
ACVHXPOHHE ONUTYBAHHSA CEHCOpiBF
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MNMepeBipKa KOPEKTHOCTI AaHUX
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Moayns nepfp.aqi AaHuX

CTtaHpapTu3auis cbopmaTy'

CTaHoapTn3oBaHi AaHi
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Y

PopMyBaHHA Kepyloiunux curHanis

Pucynox 4.5 — OHoBnieHa cxema oOpoOKH Ta aHaJI3y JaHUX
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BonHouac BHyTpimmHS JoTiKa OOpoOKM 3amuTiB Oyjia CyTTEBO 3MIHEHA, IO
JTIO3BOJIUJIO TMIJABUIIUTH €(GEKTUBHICTE pOOOTH 0€3 3MIHM 30BHINIHBOTO 1HTEpdeicy
B3aeMoii. JlomaTkoBo OyIio peanizoBaHO MEXaHI3MH MEPEBIPKU BUKOHAHHS KOMaH]I, 110
3a0e3MeuyoTh KOHTPOJIb KOPEKTHOCTI POOOTH I1HBEPTOpa Ta O3BOJISIOTH IIBHIKO
pearyBaTi Ha MOXJIUBI BITXHJICHHS.

IaTepdeiic kopuctyBada Oys10 TOBTOPHO BUKOPHUCTAHO 3 TOTIEPETHBOTO MPOEKTY,
0 3HAYHO CKOPOTHIJIO OOCSr poOIT 1 JIO3BOJUIO 30CEPEAUTHCS Ha BIOCKOHAJICHHI
BHYTPIIIHBOI JIOTIKM cucTteMu. [Ipm 1poMy Oyno 31CHEHO YAaCTKOBY aJamnTalliio
iHTepdeicy 10 HOBUX (DYHKIIIOHATIbHUX MOKJIMBOCTEN, 30KpeMa JI0JaHO BiJOOpakKeHHS
JIOJIATKOBUX TMapaMeTpiB Ta pe3yJbTaTiB aHali3y AaHuX. Takuil miaxin 3abe3neduB
30epeKCHHS 3BHYHOTO CEPEIOBHINA B3a€EMOJIl I KOPUCTyBada TMPH OJHOYACHOMY
posumpenHi GyHkiionany cucremu [75]. Ilpuxinan B3aemo1ii KopucTyBada 3 OHOBJICHUM

iHTepdeiicoM HaBeIeHO HA PUCYHKY 4.6.

InterServer Home |

System Overview

nial matrics

Refresh Data

Pucynox 4.6 — OnoBnenuii inTepderic cucreMu
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BaxnmBoro ocoOyMBICTIO peanizallli crajo 3a0e3nedeHHs CTaOUIbHOI poboTH
CUCTEMHU HaBITb Ha OOMEXKEHHMX amapaTHUX pecypcax. [ns 1mporo Oyjo mpoBeaeHO
ONTUMI3alliI0 0OYUCITIOBAIILHUX TPOLIECIB, MiHIMI30BaHO KIJIBKICTh 3aliBUX Omepalliii ta
BIIPOBA/PKEHO MEXaHI3MU HAKOINWYEHHS NPOMDKHUX pe3yibTaTiB. lLle mo3Boimiio
rapanTyBaTi e€(QeKTUBHE (YHKI[IOHYBaHHS CHCTEMH HaBITh MpH 1i pO3rOpPTaHHI Ha
MaJIOTIOTYKHHUX MIPUCTPOSX, IO € KPUTUYHO BAXKJIUBUM JIJIS TPAKTUYHOTO 3aCTOCYBaHHS
y pi3Hux ymoBax. Kpim toro, 0yso nepeadadeHo MOXKIMBICTh MacIITaOyBaHHS CUCTEMH,
10 JI03BOJIIE€ IHTErPyBaTH JTOJAATKOBI CEHCOPHI MOAYJIl a00 pO3MIMPIOBATH (PYHKIIOHAT
06e3 HeoOX1JHOCTI CYTTEBOT EPeOyA0BH aPXITEKTYPH.

Takum ynHOM, peanizailisi OCHOBHHX MOAYJIB KiOep(i3uuHOT CUCTEMU KepyBaHHS
COHSIYHMMH TaHEISIMH 0a3yeTbcsl Ha TOEAHAHHI ITOBTOPHOTO BHKOPHCTAHHS BXKE
ICHYIOYHX KOMIIOHEHTIB Ta BIIPOBA/KCHHS HOBHX IMIIXOJIB JI0 OOpOOKH maHux [76].
OcHOBHI 3M1HU OyJU CTIPSIMOBAHI Ha ONTUMI3AIII0 AJITOPUTMIYHOT YaCTUHH, TT1/IBUILICHHS
e(eKTUBHOCTI O0UYMCIIeHbh Ta 3a0e3Me4YeHHs CYMICHOCTI 3 TOMEpeIHIMU BepCisiMU
cucteM. Y pe3ynbTaTi Oyjo CTBOPEHO MporpamMHe 3a0e3ledeHHs, SKEe BIANOBIIAE
Cy4acHMM BHMOTraM J0 KiOepdi3muHux cuctem, 3abesneuye epeKTUBHE W HaJlliHE
KEpyBaHHSA COHSYHUMHU TAHEISIMA Ta Ma€ MOTEHINaN Ui MOJANBIIOT0 PO3BUTKY U

1HTerpalii HOBUX TEXHOJIOTIYHUX PIIICHb.

4.3 Peamnizailisi KOMIIOHEHTIB HEHPOHHUX MEPEX JIJIsi CUCTEMU

VY nporneci po3mupeHHs GyHKIIIOHATBHUX MOXIUBOCTEH KiOep(di3udHOI cCUCTEMHU
KepyBaHHS COHSYHHMH ITAHEIIIMH OYyJI0O CTBOPEHO OKPEMHUU MOMAYJb, SKUH BHUKOHYE
3aBJIaHHS MPOTHO3YBaHHS JUHAMIKY MTapaMeTpiB CUCTEMH Ha OCHOBI aHaJI13y 30BHIIIHIX
dakTopiB, HacamIiepes; TOTOJAHMX yMOB. lleli Momynab CTaB TPUHIIMIIOBO HOBHM
€JIEMEHTOM Yy TIOpPIBHSHHI 3 0a30BOI0 peasizalli€lo, ajke BiH JI03BOJISIE TIEPEUTU BIJ
PEaKTUBHOTO MiIXOy /10 MPOAKTUBHOTO, KOJIM CHCTEMa HE JIUIIE pearye Ha 3MiHH, ale i
nependoavae ix, GopMyrouM Kepyrodi pimieHHs 3aByacHo [77]. Takuii miaxid 3HAYHO

niaBuUIy€e e(heKTUBHICTh pOOOTH COHSYHUX MaHeNeH, 3a0e3Mmeuyoun OUThII paiioHaIbHe
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BUKOPUCTAHHS €HEPTeTUYHUX PECYPCIB Ta 3MEHIICHHS BTPAaT Y MOMEHTHU PI3KUX 3MiH
THCOJIAIT YK TeMIIepaTypH.

Po3mivpena koHIenIis peanizallii nojirae y Tomy, 10 BUKOPUCTAHHS HEUPOHHHUX
MEpEeX JI03BOJIAE TMOOYyIyBaTH MOJENb, 3aTHY BIITBOPIOBATH CKJIQJHI HEIHINHI
3aJIEKHOCTI MK TNapamMeTpaMHd HAaBKOJIMIIHBOIO CEPEOBHUINA Ta XapaKTePUCTUKAMHU
TeHeparii eIeKTPOeHeprii. SIKIIo KIIacu4yHi1 aJTOPUTMHU aHaTi3y 0OMEKYIOThCS pOOOTOIO
JUIIe 3 AaKTyaJbHUMHU 3HAYEHHSIMH, TO HEHPOHHI MeEpeXi MaroTh MOKJIHMBICTb
IHTEerpyBaTH 1ICTOPUYHI JJaHI Ta BpaXOBYBaTH 30BHIIIHI MporHocTuyHi daxktopu [78]. Lle
O3Hayae, 110 CUCTEMa HE MPOCTO pearye Ha MOTOYHUI CTaH, a il (popMmye nependadeHHs
0JI0 MaOyTHIX 3MiH, HANPUKIAJ, 1HCOJALII, TEMIEpaTypd Yd PIBHS XMapHOCTI.
3aBAsSKM 1ILOMY I1HBEPTOP MOXE KOPUTYBAaTU PEXKUMHU POOOTH 1€ JO TOro, K
B1IOYyThCSl peaibHl 3MIHHU, IO MIABUILYE €()EKTUBHICTh Ta CTA0IIbHICTh EHEPTETUUHOI
CUCTEMHU.

Oco0MMBY MLIHHICTH CTAHOBUTH 3JATHICTh MOJENl BHUABIATH IPHUXOBaHI
3aKOHOMIPHOCTI Y BEJIMKHUX MAacHBaxX JaHUX. Taki 3aKOHOMIPHOCTI YacTO 3aJIMIIAIOTHCS
HEMOMITHUMU I TPAJAUIIMHUX METOMAIB aHalli3y, Kl HE MalTh 1HCTPYMEHTIB JUIs
poOOTH 3 OaraTOBUMIpHMMM Ta HENIHIMHMUMH 3aiexHocTaMu. HelpoHHI Mepexi ik,
3aBJISIKA CBOiM apXiTEKTypi, MOXKYTh HaBUATHUCS Ha CKJIAJHUX MPUKIAIAX 1 3HAXOIUTHU
B3a€MO3B’S13KH, 110 0€3M0cepeIHbO BIUTMBAIOTH HA SIKICTh TPOTHO3yBaHHs. Lle BiakpuBae
IUISX IO CTBOPEHHS OUIBIN THYYKOi Ta aJalTUBHOI CUCTEMH YIIpaBJIiHHS, SKa 3/aTHA
IIBUJIKO pearyBaTy Ha 3MiHM 30BHIIIHIX YMOB.

3arajibHy CTPYKTYpY poOOTH MOAYJIS MPOTHO3YBAaHHS HABEACHO HA PUCYHKY 4.7,
JIe TI0Ka3aHO0 B3aEMO/III0 MK OJI0KaMu 300py JaHUX, X TOTIEPEIHbOT 00POOKH, HAaBYaAHHS
Mozeni Ta (GopMyBaHHS TPOTrHO3iB. Taka apXiTekTypa IAEMOHCTpPYE, SK Pi3HI €Tamu
IHTETPYIOThCSI B €JIMHY CHUCTEeMY, IO 3a0e3neuye Oe3lepepBHUM Mpollec aHalizy Ta
ananTaiii. Y pe3yibTaTi CTBOPIOETHCS IHTEICKTyaJbHUN THCTPYMEHT, KMl HE JUIle
M1JIBUIIY€ TOYHICTh IPOTHO31B, ajie 1 pOOUTH CUCTEMY T'eHepallil eJIeKTpOeHeprii OUIbII

HAJ1HHOIO Ta €PEKTUBHOIO Y TOBIOCTPOKOBIN NEPCIEKTHUBI.
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OyHKIIOHYBaHHS MOZYJIsl 6a3yeThest Ha 300pi iHopmartii 3 6araTtbox mxepein. Ha

MepIIOMy €Tarl 31HCHIOEThCS ONMMTYBAHHS BHYTPIIIHIX TapaMeTpiB CUCTEMH, TaKUX SIK

Harpyra, CTpyM, OTY>KHICTh Ta TEMIIEpaTypa, a TAKOX 30BHIIIHIX JKEPE, [0 Haal0Th
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IPOrHO3 TOTOJHUX YMOB. 3OBHIIIHI CEpBICH 3a0€3MeUyloTh JaHI NP0 OUIKyBaHy
THCOJIAIII0, TeMIIepaTypy MOBITPs, PIBEHh XMAPHOCTI Ta IHIN MOKa3HUKH, Kl MalOTh
OpsIMUN BIUIMB HAa €(PEKTUBHICTh POOOTH COHAYHUX MaHesne. BaxinBuMm 3aBIaHHIM
CTaJI0 Y3TO/DKEHHS MJaHMX 13 pI3HOI0 MEpPIOJAWYHICTIO OHOBJICHHS, IO BUMAarasio
BIIPOBA/DKCHHS MEXaHI3MIB IHTEpHoJiAlii Ta arperamii 3HadeHb [79]. Ilicns
CHUHXpPOHI3aIlll Ta HOpMali3alii JaHi mepenaTbes A0 HEMPOHHOT MEepexi, Ika BUKOHYE
nporHo3yBaHHsA. HagaHuii eram € KpUTHYHO BaXKJIMBUM, aJDKE Bijl SIKOCTI ITiATOTOBKH
JAHUX 3QJICKUTHh TOUHICTH pOOOTH MOJEIII.

Jlns peanizaiiii 0ysi0 0OpaHO HEUPOMEPEKEBY MOJIEIb, CIIECHIAILHO OPIEHTOBAHY
Ha poOOTYy 3 YaCOBUMHM PsIIaMH, 1110 HAJAI0 MOXKJIMBICTb BPaxOBYBaTH MOCIIIOBHICTh
3MIH TapaMeTpiB Ta BUSBJISATH MPUXOBAHI 3aKOHOMIPHOCTI y iXHIN guHamimi. Takuit
MIJX17] TO3BOJIMB MIEPEUTH Bl CTATUYHOTO aHaJli3y A0 OUIbII THYYKOTO Ta aIallTUBHOTO
MPOTHO3YBaHHS, Ji¢ KOXHE HOBE 3HAYEHHS BPAXOBYETHCS Y KOHTEKCTI MOIMEpEeHiX,
(dbopMyrOUH HUTICHY KapTHUHY MPOLIECIB Y CUCTEMI.

ApXiTeKkTypa MOl BKIIOYAa€ BXIAHUH IIap, SKUW mnpuiiMae OaraToOBUMIpHUN
BEKTOpP O3HAK, KIJIbKa MPHUXOBAHUX INAPIB, IO 3IMCHIOIOTH OaratopiBHEBY OOPOOKY
iH(popMarlli, Ta BUXIAHMM 1ap, KU (popMye MPOTHO30BAHI 3HAYEHHS MapameTpiB.
3aBAsSKU TaKiid CTPYKTYpl MOJEIb 3/1aTHA BUAUISITH KIIFOUOB1 ()aKTOPH, 1110 BIUTMBAIOTH Ha
pOOOTY COHSIYHOT EHEPreTUYHOI YCTAaHOBKH, Ta 3a0€3MeYyBaT TOYHI TPOTHO3HU HABITH Y
ckiIagHuX ymoBax. HaBeaeHy apXiTeKTypy MOKHaA MOOAUYNTH HA PUCYHKY 4.8.

BaxnuBoro 0COONMBICTIO CTal0 BUKOPUCTAHHS ONTUMI3OBAaHUX (PYHKITIN
aKTUBaIlli Ta METOMIB aJanTallii JaHWX, [0 JO3BOJHMJIO YHUKHYTH TEpEHaBUaHHS Ta
3a0e3neunT CTablIbHICTh POOOTH MOJENl MPU 0OpoOIll BETUKHX MacHBIB 1H(MOpMaIIii.
[le ocobmMBO aKTyanbHO IS CHUCTEM, SIKI MPAIIOIOTh y PEXKHUMI PEaIbHOTO 4Yacy Ta
NMOBMHHI pearyBaTd Ha TOCTIMHI 3MIHM 30BHIMIHIX ¢akTopiB. TakuM YuHOM,
BIIPOBA/DKCHHS HEUPOMEPEIKEBOI MOJEl CTajlo KIOYOBUM KPOKOM Y HAMPSIMKY
IHTEJEeKTyalli3alii MpoleciB KepyBaHHS, 3a0€3MeUuBIIM MiABULIEHHS €(EeKTHUBHOCTI,

HAJIHHOCTI Ta THYYKOCTI1 BCIET CUCTEMHU.
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KirouoBum acnektom peanizaiii € iHTerpaiisi pe3ysbTaTiB poOOTH HEHpOHHOT
MEpexXi y 3araJibHuii 1UKI (QYHKIIOHYBaHHA cucTeMHU. [IporHo3oBaHi 3HAYEHHS
BUKOPHUCTOBYIOTbCS HE JuIIe il 1HGOpPMYyBaHHSI KOpUCTyBaya, aje M K JOJAaTKOBUUN
dakrop mpu QopmyBanHi kepyrouux pimenb [80]. Lle mo3Bomsie cuctemi 3aBUacHO
aJanTyBaTH PeKUMU PoOOTH 1HBEPTOpa JO OYIKYBaHMX 3MiH YMOB €KCIUTyaTallii, 110
CHpus€ MiABUILEHHIO €(EeKTUBHOCTI IreHepallii eJIeKTPOeHEeprii Ta 3MEHILIEHHIO BTpaT.
TakuM 4MHOM, CHCTeMa OTPUMYE 3/IaTHICTH AISITH HA BUIEPEIKECHHS, IO € CyTTEBOIO
NepeBarold y TMOPIBHAHHI 3 TPAJUIIMHUMHU METOoJaMu KepyBaHHS. BaximBo, 110
1HTEerpanis IpPOrHO3HUX MEXaHI3MIB HE MOPYUIYE ICHYIOUOi apXITEKTypH, a HaBMAKH —
OpraHIYHO JOTIOBHIOE 1i, CTBOPIOIOYM OUIBII KOMILJIEKCHY CUCTEMY.

Okpemuii akmeHT y po3poOii Oyiao 3pobieHo Ha Bizyaumizallii pe3yJbTaTiB
MPOTHO3YBAHHA, aJKE€ 1€ eJNeMEHT KOpUCTyBallbKoro iHTepdeiicy 3abe3neuye
3po3yMijie Ta HaOYHE MPEACTABJICHHS JaHUX JJIA KIHIIEBOTrO KOpHCTyBaua. JlomaHwii
rpadiuHuii MOAYJIb BilOOpakae SK ICTOPUYHI 3HAYEHHS MapaMeTpiB CHUCTEMH, TaK 1
MIPOTHO30BaH1 MOKA3HUKH, 1110 JJ03BOJIsIE CHOPMYBATH IUTICHY KAPTUHY TUHAMIKH POOOTH
COHSTYHOI EHEPreTUYHOI YCTaHOBKH [81].

[cTopuyHi 1aH1 OXOIUTIOKOTH MEpioA y 2—3 JIHI, 3aBASIKM YOMY KOPHUCTYBAad MOKE
MPOCTEKUTH TEHJEHIIIT Ta 3aKOHOMIPHOCTI 3MIHU MMapaMeTPiB, a MPOTHO30BaHa 00JIacTh
OXOIUTIOE HACTyNHI 7 JHIB, CTBOPIOIOYM MOXMJIMBICTh 3aBYACHOIO IUTAaHYBaHHS Ta
npuiHATTSA pilieHb. [Ipukinan iHTepdeiicy KopucTyBaya MOKHA MOOAYUTH HA PUCYHKY
4.9. BaxnMBO0O JETAJUII0O € BUKOPUCTAHHS MEHII KOHTPAaCTHOI'O KOJbOpY IS
IPOTHO30BAaHUX 3HAYEHb, IO 3a0e3medye iX 4YiTKEe BI3yallbHE BIJOKPEMIICHHS BIJ
(haKTHYHUX JaHUX, ajieé BOJHOYAC JIO3BOJISIE JIETKO CITIBCTABUTH MPOTHO3 13 pealbHUMH
MOKa3HUKAMHU Ta OI[IHUTH TOYHICTh TPOTHO3HOT MOJIETI.

Takuit miaxia A0 Bizyadizailii 3Ha4yHO MiABUINYE 1H(GOPMATUBHICTL 1HTEpdECY,
poOUTH HOTO OUTBII APYXKHIM Ta 3pO3YMUIMM Il KOPUCTYBava. 3aBISIKU TpapiaHOMY
NPECTaBICHHIO JaHUX KOPUCTYyBa4 OTPUMYE MOKJIMBICTH IIBUIKO OI[IHUTH MOTOYHY
CUTYAIIil0, BUSSBUTU NOTEHIIIIHI PU3UKHU YU CIPUSATIMBI YMOBHU Ta ONIEPATUBHO MPUIHATH
BIJINOBITHI Kepytoui pimeHHs. L{e He nuie crporrye mpoiiec B3aeMO/Iii 3 CHCTEMOIO, ajie

! MIJBUILY€E PIBEHb AOBIpH JI0 ii pOOOTH, OCKIIBKKA KOPUCTYBAY OAUUTh HE JIUIIE «CYX1»
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YHCIIOBl 3HAUEHHS, a ¥ X IUHAMIKY Ta MPOTHO30BaHI 3MIHU. Y pe3yJbTaTi Bi3yasizaiis
CTa€ BAXIWBUM I1HCTPYMEHTOM MiATPUMKH TPHAHATTS pillleHb, SKHA TOETHYE
aHAJITUYHY TOYHICTh 13 3PYYHICTIO CIPUMHATTSA, 3a0e3medyrodyd e(PEeKTHBHICTh Ta

a/IalITUBHICTD KiOep(I3UIHOI CUCTEMH KEPYBaHHS COHAYHUMH MAHEISIMHU.

Data Forecast

Observed Forecast (7 days)

Forecast generated from historical trends and synthetic projection.

Pucynok 4.9 — I'padiune npencTaBieHHs ICTOPUYHUX Ta TPOTHO30BAHUX JIAHUX

Kpim rpadiuynoro mnpeacraBieHHs, OyJ0 peai30BaHO JOJATKOBHM €JIEMEHT
1HTEepdeiicy KopucTyBaya y BUTIIA1 IHPOPMALIHHOTO MEHIO. Y HbOMY BIJIOOpaXaroThCsl
YHUCJIOB1 3HAYEHHS MPOTHO30BAaHUX MapaMeTpiB, a TAKOX JOMOMIXKHA 1H(QOpMaIIis, sKa
JTIO3BOJISIE€ OI[IHUTU XapakTep 3MIH y cuctemi. Takuit miaxia 3ades3rneuye OUIbII TITUO0Ke
pO3yMiHHS POOOTH HEHUPOHHOT MEpeXi Ta MIABHUINYE MPO30PICTh (YHKIIOHYBAaHHS
CUCTEMHU, aJPK€ KOPUCTYBa4 OTPUMYE HE JIMIIE PE3yibTaT MPOTHO3Y, aje ¥ MOsSCHEHHS

Horo 3HaueHHs. [le 0co0IMBO BaXIJIMBO IS MIABUIIIEHHS JOBIPH IO CUCTEMU, OCKIIBKH
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KOpPHUCTyBa4 MOK€ O0auuTh HE JUIIe KIHIEBUW pe3ylbTaT, aje i JOriky ioro
dbopmyBaHHS.

3 TOYKM 30py apXITEKTypH, MOJAYJb HEUPOHHUX MeEpex OyJI0 IHTErPOBAaHO Yy
cucteMy 0e3 TOpPYIICHHS ICHYIOUMX MEXaHi3MIB B3a€MOJii MK KOMITOHEHTaMu. JIjis
OpOro OyJ0 BHKOPUCTAaHO OKpPEMHI OOYHMCIIOBAJIbHUN OJIOK, SKHIl BUKOHYE
NPOTHO3YBaHHSI HE3JICKHO BiJ OCHOBHOTO IMKIY 00poOku manux. lle mo3Bommio
YHUKHYTH BIUTUBY Ha MIBUAKOJIII0O CHCTEMH B peaJbHOMY 4Yaci Ta 3a0e3NeyuTH
CTaOUIbHICT POOOTH HABITH HPH 3HAUYHOMY 00cs31 oOuuciienb. OcoOnuBy yBary
NPUALIEHO ONTHMI3alli BUKOPUCTAHHS PeCypcCiB: 0yJio 0OpaHO KOMIIPOMICHUI BapiaHT
MK CKJIAQJHICTIO MOJENl Ta MIBUAKICTIO I1I BUKOHAHHS, LIO JO3BOJMJIO JOCSITH
OPUMHATHOT TOYHOCTI MPOTHO3YyBaHHS 0€3 CyTTEBOIrO 301IbIICHHS HaBaHTaXeHHs [82].

TakuM 4YHMHOM, peani30BaHU MOJyJIb HEHPOHHHUX MEpPEX CTaB BaXXIHMBUM
JIOTIOBHEHHSIM 10 KiOep(di3uyHOi CUCTEMH KEepyBaHHS COHSYHMMH TaHeIsIMu. Bin
3a0e3rnedy€e MOXIJIHMBICTh MPOTHO3YBAHHS MapaMeTpiB HAa OCHOBI aHali3y 1CTOPUYHUX
JaHUX Ta 30BHILIHIX ()aKTOPIB, L0 I03BOJISE IEPEHTH Bl PEaKTUBHOIO JI0 IPOAKTUBHOTO
KepyBaHHs. [HTerpailisi IpOrHO3HUX MEXaHI3MIB y 3arajibHy CTPYKTYPY CUCTEMH CIIpUsIE
NIJBUIIEHHIO €(QEKTUBHOCTI ii pOOOTH, NOKPAIICHHIO aJalNTUBHOCTI Ta OUIbLI
palioHaJbHOMY BHUKOPHCTAHHIO EHEPreTMYHUX PECypCiB, CTBOPIOIOYM OCHOBY JUIS
NOJAJIBIIOT0 PO3BUTKY M BIPOBAIKEHHS HOBUX TEXHOJIOTIYHHUX pilIeHb Yy cdepl

K10ep(hi13UYHUX CUCTEM.

4.4 Tlpuxnaa GyHKIIIOHYBaHHS MPOTPAMHOTO 3a0€3MeUeHHS

Jist gemoHcTpanii podotu po3pobseHoi KiOephI3MYHOI CHCTEMH KepyBaHHS
COHSIYHMMM TMaHEIsIMU OyJI0 CTBOPEHO MOJIEh TUIIOBOTO CIEHAPito 1 PYHKIIOHYBaHHS
B YMOBaX 3MIHHOT COHSIYHOT aKTUBHOCTI Ta IMHAMIYHOT'O HABAHTAXKEHHS. Y MeXax I[bOro
CIIEHapil0 cHcTeMa 3JiiCHIOBaja Oe3nepepBHUN 301p AaHUX, X OaraTopiBHEBUN aHAII3,
(dbopMyBaHHS MPOTHO3Y HA OCHOBI HEWPOHHOI MEPEXKI Ta MPUNUHATTSA KEPYIOUUX PIllIEHb
10/I0 ONTUMI3AIlli pekUMIB poboTH 1HBepTopa [83]. Takuil miaxia J03BOJMB MMOKA3aTH

HE JIWIIEe PEaKTUBHY IMOBEIHKY CUCTEMH, a W ii 3JaTHICTh MIATA HA BUIEPEIKEHHS,
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BUKOPHCTOBYIOYH MPOTHO3H1 OLIHKH JUTsI cTadlmi3alii poooTH.

Ha mouarkoBoMy erami cucTeMa OTpUMyBaJla TOTOYHI JaHI 3 CEHCOpIB Ta
1HBEpPTOpA, BKIIOYAIOYHU 3HAUCHHS HAPYTH, CTPyMY, TEMIIEpaTypu Ta HoTyxkHocTi. [Tics
BUKOHAHHS (PuIbTpawii i JaHi nepegaBaiucs 10 aHATITUYHOTO MOJYJIsA, 1€ BU3HAUABCA
NOTOYHUN piBeHb e(dexTuBHOCTI reHepauii. [lapanensHO MOy MNPOTHO3YBAHHS
00poOJIAB SIK ICTOPUYHI /IaHi 3a TOMEpeiHI KiIbKa JIHIB, TaK 1 1HGOpMaIlilo MPo MPOTHO3
MOTOJTHUX YMOB, (POPMYIOUHM OINIHKY OYiKyBaHOI reHepallii Ha HaOmmkuuit nepioa. e
JIO3BOJISUIO CUCTEMI MOEHYBATH (PaKTUYHUM CTaH 13 MPOTHO3HUMU JTAHUMH, CTBOPIOIOYU
OUJIBIII KOMILJIEKCHY KapTUHY.

VY pesynbTaTi 1HTErpalii MOTOYHOrO aHaji3y Ta MPOTHO3HUX JaHUX CHCTEMa
dbopmyBajna Kepyroul pillieHHs, K1 JO3BOJSIM 3aBYACHO aJalTyBaTH PEXUMH PoOOTH
1HBepTopa. Hampukian, y BUMAAKy O4YiKyBaHOTO 3HM)KEHHS 1HCOJISIII CHCTEMa MOTjia
ONTHUMI3yBaT HABAHTAKEHHSA a00 3MIHUTU PEXKHUM POOOTH Tak, MO0 YHUKHYTH PI3KUX
KOJIMBaHb y BUPOOJIEHHI eyekTpoeHeprii. [le 3abe3neuyBano Okl cTabUIbHY poOOTY
BCI€1 CHCTEMHM Ta M1JBULIYBAJIO 3arajibHy €()eKTUBHICTh reHepallii, 0COOIMBO y MEepIOAU
HECTaOUTbHUX MOTOJHUX YMOB.

Jlns omiHOBaHHA €()EKTHMBHOCTI 3alpONOHOBAHOIO IMIJAX0Ay OYJI0 MpOBEICHO
MOPIBHSHHS 3 MONEPEAHBOI0 peai3alli€lo CUCTEMH, IKa HE BUKOPUCTOBYBAJIa pO3IIUPEH]
AJITOPUTMH aHAJI3y JaHHUX Ta MPOTHO3YBaHHS 3a IOTIOMOTOI0 MOAYJISI 3 BUKOPUCTAHHSAM

HelpoHHNX Mepex [84]. PesynbraTtu HaBeneHo y Tabmmii 4.1.

Tabmuus 4.1 — IlopiBHsSHHA €(pEKTUBHOCTI TOMEPEAHBOI Ta HOBOI peai3allii

CUCTEMHU
[Toka3nuk [Tonepenus peanizaris Hoga peainizanis
Cepennst eeKTUBHICTD TeHEepaIlii 78% 89%
Yac peakiii cuctemu 1.8¢ 0.9c
CralinpHICcTh BUX1THOT MOTY)XHOCTI | Cepenus Bucoka
KinekicTs anoMammn Yacrti Piaxi
TouHicTh MPOTHO3YBAaHHS Biacytus Bucoka
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SIx BUIHO 3 HABEACHWX JAHWX, BUKOPUCTAHHS HOBUX aJTOPUTMIYHHUX IT1JXOIiB
JTIO3BOJIUJIO CYTTEBO MIJBUIIUTH €()EKTUBHICTH poOOTH cucTeMu. OCOOJIMBO OMITHUM €
3MEHIIIEHHS 4Yacy peakilii Ta MiJBUILICHHS CTaOUIbHOCTI BHUXIJIHOI MOTYXKHOCTI, IO €
KPUTUYHO BXXJIMBUMU JIJISI CHEPTETUYHUX CUCTEM, SIKi TIPAIOIOTh Y PEKHUMI PEaTbHOTO
qacy.

JlonatkoBo OyJi0 TPOBEIACHO aHaii3 MPOJYKTHUBHOCTI IMPOTPAMHOI YaCTUHU
CUCTEeMH. Y IIbOMY KOHTEKCTI1 OLIIHIOBAJIKMCS TaKi MapaMeTpH, SIK KIJIbKICTh BUKOHYBaHHUX
orepartiid, 00CAT KOy Ta CKJIaIHICTh MATPUMKH cUcTeMU [85]. Pe3ynbratu HaBeIeHO y

Tabnui 4.2.

Tabnuus 4.2 — IopiBHSHHS TPOrPaMHOI CKJIAIHOCTI Ta MPOAYKTUBHOCTI CUCTEMU

IToka3Huk ITomepenns peanizaris Hoga peamnizaris
KinbkicTh psiaKiB KOy Bucoka 3MeHIIeHa
[ToBTOpIOBAHICTH KOAY 3HayHa MinimansHa
Moy bHICTh OO6mMexeHna Bucoka
JIerkicTh MATPUMKH CkiagHa CrporieHa
MacmtaboBaHICTh Ob6mexeHa Bucoxa

OTpumaHi pe3ynbTaTH CBIg4aTh MPO Te, IO BIPOBAHKEHHS HOBUX MOMIYJIIB,
30KpeMa IMPOTHO3YBaHHA 3a JIONOMOTOK HEHPOHHUX MEPEX Ta BIOCKOHAIEHHX
QITOPUTMIB  OOpOOKM JAaHUX, JO03BOJIAJIO HE JMINE MiABUIIUTH (YHKUIIOHATIBHY
e(EeKTUBHICTh CUCTEMH, aJie i ONTUMI3YBATH ii NPOrpaMHy peaiizaiito [86]. 3MeHIIeHHS
00CsTy KOy Ta MiABUIIEHHS MOJIYJIBHOCTI CIIPUSUINA CIPOIICHHIO MOJAJBIION0 PO3BUTKY
IPOEKTY Ta 3a0€3MEeYMIIN MOKJIMBICTh MacIITaOyBaHHS.

AHani3 IUHaMIKU 3MiHU €()EeKTUBHOCTI CUCTEMH Yy 4Yaci, HABEJICHUN Ha PUCYHKY
4.10, miaTBEpIKY€E pe3yIbTaTUBHICTh TaKoro miaxoay. ['padiune npeacTaBieHHs JaHUX
JI03BOJISIE TPOCTEXKUTH, SIK ONTUMI3alllsl KOAY Ta MOJyJbHA OpraHizalis BIUIMHYJIH Ha

MPOyKTUBHICTh, CTA0ITBHICTh Ta aJaNTUBHICTH CHCTEMHU.
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AnHamika edpeKTUBHOCTI pobOTU cuCTEMM
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70% 65%
60%
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PaHoK MonypeHo Beuip

H MNonepegHA peanisauia M Hosa peanizauis

Pucynok 4.10 — luramika e(peKTUBHOCTI pOOOTH CUCTEMHU

3 HaBeJAEHUX JIaHUX BUIHO, 10 HAWUOUIBIIUKA TPUPICT €PEKTUBHOCTI
CIIOCTEPITa€ThCA Y MEePioar HECTAOUTBHOI 1HCOJIALIT, 1110 MOSCHIOETHCS 3/IaTHICTIO HOBOT
CHUCTEMHU aJanTyBaTUCSA N0 3MiH yMOB Ta BHKOPHUCTOBYBAaTH IPOTHO3HI JaHl IS
onTuMmizaiii kepyBaHHs. lle miaTBepmKye, MO 1HTErpaiis HEHPOHHHX MEPEeX Ta
BJIOCKOHAJICHUX aJTOPUTMIB aHaJI3y JaHUX JIO3BOJISIE€ CUCTEMI JIATU OLIBII THYYKO Ta
CTabUTBHO.

VY3araipHIOIYH pe3yIbTaTy MPOBEACHOTO aHai3y, MOYKHA 3p0OUTH BUCHOBOK, IO
NIABUIICHHSA €(QEKTUBHOCTI KEPYBAHHS JOCSTAETHCSA 32 PAXYHOK MOEJHAHHS KIUJTBKOX
dakrtopiB. [lo-mieprie, BUKOprUCTaHHSA OUTBII JOCKOHAIUX aJTOPUTMIB OOpPOOKH JTaHUX
JI03BOJISIE OTPUMYBATH TOYHILII OLIHKHM CTaHy cuctemu. [lo-npyre, iHTErpaiiss MOy
nepeadoadyeHHs, KU OCHOBaHMN Ha HEMPOHHMUX Mepexax 3a0e3nedye MOMIUBICTD
MIPOTHO3YBaHHS MalOYyTHIX 3MiH, 110 JIO3BOJISE peali3yBaTh MPOAKTUBHUM MiAXiA 110

kepyBaHHs. [lo-Tpere, onTuMizaiiss TPOrpaMHOi apXITEKTypu CIpHsIE€ 3MEHIICHHIO
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3aTPUMOK Ta IMiJIBUIICHHIO IBHUIKO/II CUCTEMHU. Y pe3yJbTaTi po3poOJieHa cucTema
JIEMOHCTPY€ 3HAa4yHE TIOKpAIICHHS SK 3 TOYKH 30py €QEKTUBHOCTI TeHeparlii
CJICKTPOEHEPTi, TaK 1 3 MO3UIlIl MporpaMHOl peaiizarllii, 1o MiATBEPIKY€E JTOILIbHICTh
BUKOPHUCTAHHS CYYaCHHUX METOJIB aHali3y JaHUX Ta IHTEJICKTyalbHUX aJTOPUTMIB Y

3aa4ax KepyBaHHA Ki0eppi3UYHUMH CHCTEMaMHU.

4.5 BUCHOBKH JI0 UETBEPTOT'O PO3JLTY

Y pe3ynbTaTi BUKOHAHHS YETBEPTOTO PO3AUTY OyJ0 3A1HCHEHO MOBHOIIHHY
porpamMHy peasizalfio Kioephi3u4HOi CUCTEMU KEPYBAHHS COHSYHUMU MaHENSIMH, sSKa
MOEJIHYE CYYacHI MIIXOAU JI0 MOOYIOBH apXITEKTypH MPOrpamMHOro 3abe3NedeHHs,
MeToau OOpoOKM JaHMX Ta IHTENeKTyallbHl anroputMu aHamizy. CdopmoBaHa
apxiTeKkTypa moOyJ0BaHa 3a MOJYJIbHUM MNPUHIIMIIOM, W0 3a0e3nedyye YiTKe
pO3MeXyBaHHS (PYHKIIIOHAIBPHUX O0OB’S3KIB MK OKPEMHUMH KOMIIOHEHTAMHU CHCTEMH.
Takuil miAXiA CHOpUsie MIABUIICHHIO THYYKOCTI, MAacIITa0OBaHOCTI Ta 3pPYyYHOCTI
CYIIPOBOJIY, aJ[K€ KO>KE€H MO/IYJIb MOYKE PO3BUBATHCS HE3AJIEKHO, 30epIratous Py bOMY
Y3TrOKEHICTD 13 3arajibHOI0 CTPYKTYPOIO.

VY mporueci peanizaiiii 0yyio 1HTErpOBaHO KJIIOUYOBI (DYHKIIOHATBHI MOAYJI, SIKI
3a0e3MeuyroTh MOBHUI ITUKIJI pOOOTH CUCTEMU: Bij] 300py Ta MEPBUHHOI OOPOOKU TaHUX
110 hopMyBaHHS KEPYIOUYMX BIUIUBIB 11X niepeaadl GpiznyHuM KoMIoHeHTaM. OnTumizaiiis
anropuT™MiB o0poOku 1HGOpMaIlii J03BOIMIA 3HAYHO CKOPOTUTHU Yac peakilii CUCTEMHU, a
BUKOPUCTAHHA AaCUHXPOHHUX MEXaHI3MIB B3aeMoli 3a0e3medmsio CTaOUIbHICTh
GyHKIIIOHYBaHHS HaBITh Ha OOMEKEHHUX arapaTHUX pecypcax. BaximBum acrnekTom
CTaJIO TIOBTOPHE BUKOPHUCTAHHS OKPEMHUX KOMIIOHEHTIB MOMEPEIHIX PO3POOOK, M0 HE
JIMIIEe TapaHTyBaJl0 CyMICHICTh 13 paHillle CTBOPEHUMH PILIICHHSMHU, ajle # CKOPOTHIIO
BUTPATH Yacy Ta peCypciB Ha peaizaililo.

CyTTeBUM pe3ynbTaTOM POOOTH € BIPOBAKEHHS MOIYJS NPOTHO3yBaHHS Ha
OCHOB1 HEHPOHHHMX MEPEX, SKUA PO3MHUPIOE (YHKIIOHATBHI MOMKIUBOCTI CHCTEMH
3aBJISIKA TIEPEXOAY BiJI PEAKTUBHOTO /O MPOAKTHBHOTO KepyBaHHS. BukopuctanHs

MoJiesiel, OpIEHTOBAHMX HAa aHaji3 4YacOBUX PSAIB, JO3BOJWIO BpPAaXxOBYBAaTH BIUIMB
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30BHILIHIX (DAKTOPIB, TaKUX SIK MOTOJHI YMOBH, Ta (hOpMyBaTH OUIbII OOIPYHTOBaHI
Kepyroui pileHHs. [HTerpalis 110ro MOAyJIsl Y 3arajibHy apXiTeKTypy OyJia 3/aiiicHeHa
TaKUM YMHOM, 100 He MOPYIIyBaTH il HUIICHOCTI Ta MPOAYKTUBHOCTI, 3a0€3MeUy0Un
rapMOHIiiTHE MO€THAHHS HOBUX MOXKIIMBOCTEH 13 BXKE ICHYIOUMMH MEXaH13MaMHu.

ExcriepumenTanbHa  mepeBipKka — Mpale3laTHOCTI  CHCTEMH  MiATBEpIUIIa
e(EKTUBHICTh 3aMPONOHOBAHMX pillieHb. OTpUMaHi Pe3yJIbTaTH AEMOHCTPYIOTh CyTTEBE
MIJBUIICHHS €(QEKTUBHOCTI TeHepallii eJIeKTpOeHeprii, 3MEHIIEHHS Yacy peakilii
CHUCTEMHM, TOKpAIleHHs CTaOUIPHOCTI BUXIIHUX IapaMeTpIB Ta 3HUKEHHS KUIBKOCTI
aHOMAJIBHUX PeXUMIB poOOTH. KpiM TOT0, OYJI0 JOCATHYTO MOKPAIIEHHS XapaKTEPUCTUK
MPOTrpaMHOi peaiizailii: 3MEHIICHHSI CKJIAIHOCTI KOy, IMIJBUIICHHS MOJYJBHOCTI Ta
CHPOIIEHHS NoJanbioro MacmtadyBanHs. Lle o3Havae, 110 cucreMa He JMILE TPALIOE
edeKTUBHIIIIE, alie i Ma€e 3HAYHO Kpallli MepCreKTUBY JJI PO3BUTKY Ta IHTErpallii HOBUX
(GyHKIIOHATBHUX MOXJITUBOCTEH.

TakuMm 4YMHOM, peai3oBaHe MpOrpaMHe 3a0€3MEeYeHHs BIAMOBIIAE CYyYaCHUM
BUMOTraM 10 Ki0ep(i3uuHUX CUCTEM KepyBaHHs. BoHO 3a0e3neuye eQekTuBHY, HaIIHHY
Ta aJalTUBHY POOOTY COHSYHOI €HEPreTUYHOI YCTAHOBKH, CTBOPIOIOYM OCHOBY JUIS
MOAANBIIOT0 PO3BUTKY. Y TEPCHEKTHBI CHUCTEMa MOXXE OyTH JOTOBHEHA O1MIbII
CKJIaJIHUMHU 1HTEJIEKTYyaTbHUMHU MOJETSIMH, 3JaTHUMH BPaxXxOBYBATH INUPIIANA CIIEKTP
(bakTopiB, a TAKOK PO3MIUPEHUMH (YHKIIIOHATEHUMHU MOKIUBOCTSIMH, 10 IO3BOJIUTH I11E
O1JIbIIIE MIIBUIIUTHA €(PEKTUBHICTH Ta CTAOUIBHICTH POOOTH COHSIUHUX TAHEJEH y Pi3HUX

yMOBaX €KCIUTyaTarii.
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BUCHOBKHA

VY pe3ynbTaTi BUKOHAHHS JUIUIOMHOI poOOTH MOCTaBIEHY METy OYJIO MOBHICTIO
JOCATHYTO MIISXOM TMOCTIZIOBHOTO Ta KOMIUIEKCHOTO PO3B’SI3aHHS BCIX BH3HAUYECHUX
3aB/IaHb, CIOPSIMOBAaHUX Ha PO3POOJICHHS, MOJEIIOBaHHS, peali3allilo Ta OI[IHIOBaHHS
KiOeppi3MYHOI CHUCTEMH KEpyBaHHS COHSYHUMHM MaHEIIMH 3  MIABUIIEHOIO
e(hEeKTUBHICTIO (PYHKIIIOHYBaHHS.

Ha mepmomy erami po6Gotu Oyjo HpOBEAEHO IPYHTOBHMM aHali3 Cy4yaCHHX
HiAX0AIB 70 MOOYyI0BH KiOepdi3MUyHUX CHCTEM KEpyBaHHS B COHSIYHIA €HepreTuii. Y
MeXax I[bOTO €TaIly PO3TJIIHYTO OCHOBHI MPUHIMIH OOYA0BH KiOep(hi3HUHUX CUCTEM,
ocoOimBoCTI  1HTEerpamii  (I3MYHUX KOMIIOHEHTIB 13 MPOrpaMHO-aHATITUYHUMU
MOJYJISIMH, & TAKOX METOJIM OpraHi3allii 0e3mepepBHOrO HUKIY «301p JaHUX — aHaJl3 —
NPUIHATTS pIIEHHS — Kepyrouuil BIMB». OcoOMMBY yBary NpUIIIEHO JOCHIIKEHHIO
ICHYIOYHX KOMEPIIMHUX Ta BIAKPUTHX PIlIEHb Yy chepl MOHITOPUHTY ¥ KepyBaHHS
COHSIMHMMH EHEPreTUYHUMHU ycTaHOBKamu. [IpoBeneHuil aHali3 03BOJUB BUSBHUTH
HU3KY KIIOUYOBUX HEJOJIKIB HASBHUX CUCTEM, Cepel AKX HEJIOCTaTHS aJalTUBHICTb JI0
IIBUJIKUX 3MIH 30BHIINIHBOTO CEpPEIOBUINA, OOMEKEHI MOXIMBOCTI JIOKaJIbHOIO
NPUIHATTS pILIEHb Y PEKUMI PEANbHOTO 4acy, CKIAAHICTh MacIITa0yBaHHS, a TaKOXK
BIJICYTHICTh MOBHOI[IHHOTO BUKOPUCTAHHS THTEJIEKTYaJIbHUX ITOPUTMIB
MPOTHO3YBAHHS Ta ONTHUMI3allii.

Ha ocHOBI pe3ynbTaTiB TEOPETUYHOTO aHalizy Oyjla0 JOCHIIKEHO METOIU
NPUAHATTS PIMICHb Ta AJTOPUTMU KEPYBAHHS, IO 3aCTOCOBYIOTHCS IS OMTHMI3arlii
poOOTH COHSAYHUX TaHenell. Y poOOTI pO3rJISHYTO KJIACHYHI MPaBUJIOBI alTOPUTMH,
ONTHUMI3alliifHI METOJH, aJalTUBHI MIAXOAN, a TAKOXX CydacHI METOJIH, 3aCHOBaHI Ha
oO0poOIIl ICTOPUYHUX JaHUX Ta MPOTHO3YBaHHI MaWOyTHIX CTaHiB cuUcTeMH. byio
BCTAHOBJICHO, IO TPAIUIINHI aJITOPUTMHU 3A€OUIBIIOIO0 OPIEHTOBAHI Ha PEAKTHUBHE
KepyBaHHs, TOOTO pearyoTh JIMIlIe Ha BxKe 3a(iKCOBaHI 3MiHM MapaMeTpiB, TaAKUX 5K
piBEHb 1HCOJIAIIIT, TeMIepaTypa rnanesnei abo HaBaHTaxeHHs. Lle cyTTeBO 0OMexye TXHIO
e¢(heKTHBHICTh B yMOBax JIWHAMIYHOTO CepeloBHINA. Y 3B’S3Ky 3 UM Yy POOOTI

OOIPYHTOBAHO JOLIbHICTh BUKOPUCTAHHA INOPUAHOTO MIAXOAY, SKUN MOEIHY€E KIACUUHI
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JITOPUTMH 3 1HTENEKTyaIbHUMU METOAAMM aHalli3y Ta MPOTHO3YBaHHS, IO JT03BOJISE
NepEeNTH BiJl peaKTUBHOTO J0 MPOAKTUBHOTO KEPyBaHHS.

HactynmHuM BaXKJIMBUM €TarioM CTaJ0 BU3HAYEHHS BUMOI [0 CTPYKTYpH Ta
(GyHKIIOHATPHUX KOMIIOHEHTIB KiOepdizuuHoi cuctemu kepyBaHHS. Ha ocHOBI
cneru@iku MPeAMETHOI 00JIacTi Ta MOCTABICHUX 3a/1a4d O0yJi0 chOPMOBAHO BHUMOTH IO
amapaTHoi Ta TPOTPAMHOI YaCTHH CHCTEMH. 30KpeMa, BHU3HAYEHO HEOOXITHICTH
peamizaiii MOIYJBHOI apXITEKTypH, sKka 3a0e3leuye HEe3aICKHICTh OKPEMHX
GbyHKIIOHATBHUX OJIOKIB, IMPOCTOTY MOJIEpHI3allii, MaclITa0OBaHICTh Ta 3pPYyYHICTh
TEXHIYHOTO CYMpPOBONY. Y CTPYKTYpl CUCTEMH OYJO BHUAUIEHO MOAYJI 300py AaHUX 13
CEHCOPIB, MonepenHboi PinbTparllii Ta HopMaiizallii iHdhopMallii, aHaTITUYHOI OOPOOKH,
MPOTHO3YBaHHsA, (POPMYBaHHS KEPYIOUUX PIIIEHb Ta Mepeaaydl KOMaH] 10 BUKOHABUUX
MexaHi3MiB. Taka CTpPyKTypa J03BOJIWJIAa CTBOPUTH THYYKY Ta CTIMKYy 10 3MiH
waThopMy, IPUIATHY JIJIsl TOIATBIIOTO PO3BUTKY Ta IHTETpallii HOBUX aJITOPUTMIB.

VY Mexax pobotu Oys0 po3po0iaeHo Mojelb Ki0ep(di3uuHOI CUCTEMU KepyBaHHS
COHSIMHMMHM TaHEJSIMU 3 ypaxyBaHHSM IpoleciB 300py, oOpoOKM Ta aHamizy JaHUX.
[TobynoBana Mopenb BigoOpakae MOBHUM UK (PYHKIIOHYBaHHS CHUCTEMH — BIJ
OTpUMaHHA MEePBUHHOI 1H(OpMaIii 3 Gi3udHOTO PiBHA 10 POPMYBaHHS ONTUMAIHLHOTO
Kepytodoro BmuuBy. ®dopmainizoBaHo iH(popMalliiHi TOTOKM MK KOMIIOHEHTaMHU,
BHU3HAUEHO B3a€MO3B’3KM MK MapaMeTpaMy 30BHIITHBOTO CEPEIOBUIINA Ta PEKUMAMU
poOOTH €HEPreTUYHOI YCTAHOBKH, a TAKOX MO0Y/I0BAaHO MaTeMaTHUYHY MOJIeNh 00’ €KTa
KepyBaHHA. lle 103BONMMIIO CTBOPUTH OCHOBY JUIsl peaizalllii aJrOpUTMIB, 3/IaTHUX
OTIEpAaTUBHO pearyBaTH Ha 3MIHHU CTaHy CUCTEMU Ta (HOPMYBATH PIIIICHHS 3 YpaXyBaHHIM
SIK IOTOYHUX, TaK 1 MPOTHO30BAHUX YMOB.

OcobnmuBy yBary B po0OOTI TPHUAIIEHO PO3POOJECHHIO AJTOPUTMIYHOTO
3a0e3mnedeHHs cucteMu. byno peanizoBaHo migxonu a0 (GinbTpariii Ta aHami3y JIaHUX,
QITOPUTMH  OIIHIOBAaHHS TOTOYHOTO CTaHy COHSYHOI YCTaHOBKH, a TaKOX
HeHpoMepexeBUl MOAYJIb MPOTHO3YBAHHS MalOyTHIX 3HAY€Hb KIOYOBUX MapaMeTpiB.
BukopucTanHs MpOTHO3HOTO MOJIYJIS TO3BOJIMIIO CUCTEMI BPaxXOBYBAaTH MOYJIMBI 3MiHU
PIBHSI COHSTYHOTO BUITPOMIHIOBAHHSI, TEMIIEPATYPHUX PEKHUMIB Ta HABAHTAKCHHS III€ JI0

iX (aKTUUYHOTO BUHUKHEHHS. 3aBISKH IHOMY CHCTEMa OTpUMaia MOXJIHUBICTh



97

¢bopMyBaTH TNPEBEHTHBHI KEpylOul pIMIEHHS, [0 CYTTEBO MiABUIIMUIIO 3arajibHy
CTaO1IBHICTh Ta €()EKTUBHICTH POOOTH.

3aKII0OYHUM  €TarioM JUIJIOMHOI pOOOTH CTall0 MPOBEJCHHS OI[IHIOBaHHS
e(peKTUBHOCTI 3allPOIIOHOBAHUX PIIIEHb 32 BU3ZHAUYEHUMH KpuTepiamu. /st miporo Oyino
BUKOHAHO CEPII0 EKCIIEPUMEHTAIBPHUX JOCTIKEHb Ta MOPIBHSUIBHUNA aHali3 poOoTH
pPO3p00IEHOT CUCTEMH 3 TPATUIINHUMHU METOJaMU KEpPYBaHHS COHSYHUMHU MaHEISMHU.
OCHOBHUMHU  KPUTEpISIMH  OI[IHIOBaHHS  BHUCTYNaJld  €(PEKTUBHICTh  TeHepallii
CJICKTPOCHEPTii, IMBUIKICT, peakilii CUCTeMH Ha 3MIHM YMOB, CTaOUIBHICTh
(YHKIIIOHYBaHHSI, 3MEHIIEHHS KUIBKOCTI aHOMAaJbHUX PEXKUMIB POOOTH Ta SKICTh
MIPOTHO3YBaHHS.

Pe3ynpTat mnpoBenEeHUX JOCHIKEHb MIATBEPAWIN BHCOKY €(QEKTUBHICTD
3alpOIIOHOBAHOIO MIAXOAY. 30KpeMa, BCTAHOBJIEHO, IO BIPOBAIKEHHS PO3pOOIEHOT
Ki0ep(di3uyHOi CUCTEMHU KEpyBaHHS JO3BOJIMIIO IMIJIBUIIUTUA 3arajibHy €(QEeKTUBHICTh
poOOTH COHSIYHOI €HEPreTHYHO! yCTAaHOBKM Ha 17 % y MOpIBHAHHI 3 KIACUYHUMU
METOJaMU KepyBaHHs. J[OCATHyTe TOKpaIeHHS CTajJo pe3yJbTaTOM IO€IHAHHS
aJaNTUBHUX AJTOPUTMIB aHaIi3y, ONTUMI30BAHOI apXiTEKTypU MPUUHATTA PIlICHb Ta
BUKOPHUCTAHHS HEHPOMEPEKEBOT0 MPOTHO3YBaHHS.

Kpim Oe3nocepeaHboro migBUIIEHHS €()EKTUBHOCTI T€Hepalli eJeKTPOEHEPrii,
po3pobieHa cuctema 3ade3neunsia 3SMEHIIEHHS Yyacy peakilii Ha 3MIHY 30BHIIIIHIX YMOB,
MJBUIIEHHS TOYHOCTI BUOOPY PEXHUMIB pOOOTH Ta 3HWIKEHHS €HEpreTUYHUX BTpart. Lle
CBITYUTH TMPO MPAKTHUHY JOIIIBHICTh 3aCTOCYBaHHS 3alpPONOHOBAHOIO TMIAXOIY B
CYYaCHHX COHSYHUX EHEPreTUYHUX CHCTEMAaX.

3a Ttemor “KibepdizuuHa cucTeMa KEpyBaHHS COHSYHUMHU TAHEISIMU 3
NIJBUIIEHOK €(PEeKTUBHICTIO Ha MIJACTaBl OOpOOKM Ta aHali3y AaHMX’ OIyOJIIKOBaHA
ofHa cTarTd y (haxoBoMy HaykoBoMmy BujaaHHi Computer systems and information
technologies Journal [87]. Takox Oyino omyOiikoBaHO ABa 30ipHHMKA T€3 Ha TEMY
«HetlpomeperxeBe KepyBaHHSI COHTYHUMU TTaHEIIMU» Ha 17 MIbXKHApOIHIN CTYEHTChKIN
HaykoBO-TexHIUHIM  koH(pepeHii «llepCux 2026» [88] Ta «3acTocyBaHHS
HEHpOMEpEexKEBUX METOAIB y KiOepdizuuHiid cucTemi KepyBaHHA (POTOETEKTPUUYHUMU

MaHeIsIMUY Ha MikHapoaHii koHdepertii EOSS [89].
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AKTyaJbHicTb. PO3BUTOK BIJTHOBIIIOBAHOI E€HEPreTHUKU Ta 3POCTAHHS YaCTKU
COHSIYHMX €JICKTPOCTaHIIINA (OPMYIOTH MOTPEOy Yy MiABUIIIEHH] €()EKTUBHOCTI KEPYBaHHS
(OTOENEKTPUYHUMHU ~ CUCTEMAaMU. YMOBU  (DYHKIIOHYBaHHA  XapaKTEPU3YIOThCA
HEBHU3HAYEHICTIO Yepe3 3MIHHY I1HCOJLALII0, TeMIEpaTypHi KOJWBaHHS, AErpajalliio
€JIEMEHTIB 1 MOXMOKM BHMIprOBaHb. TpamuuiiiHi anroputmu, 30kpema MPPT, He
3a0€3Me4yoTh JOCTaTHHOI aJallTUBHOCTI Ta IPU3BOATH 10 BTPAT €HEPTIi.

Metorw poboTH € po3poOKa €KCHEPTHOI CUCTEMH KEPYBaHHS PeXHUMamMu poOOTH
COHSIYHUX TMaHeJed 3 HEeUpPOMEpPEKEBOIO OLIHKOW ONTUMAJIBHOCTI pIIICHb IS
N1JBUILIEHHS €eHeproe()eKTUBHOCTI Ta aJallTUBHOCTI (DYHKIIIOHYBaHHS.

AHani3 pimens. IcHyroul komepiiiiHi cuctemu (Atmosfera, Unisolar, Sunsay
Energy, ONLY Solar) 6a3ytoTbcsl epeBa)XHO Ha KJIIACUYHUX aJITOPUTMAX KEPyBaHHS 3
O0OMEKEHOI0 aHAMTHKOI. BoHN 3a0€3ne4ytoTh CTa0lIbHICTh 1 MOHITOPHHT, ajieé MalOTh
HU3BKUW PIBEHb aJaNTHBHOCTI, BIJCYTHICTH CaMOHABUYaHHS Ta HE BUKOPUCTOBYIOTh
HelpoHHI Mepexi. ExcriepTHi migxomu abo BiicyTHI, a00 peasii3oBaHi YacTKOBO Yy
BUTJISAJII CTAaTHYHHMX TMPAaBWJ, IO HE BPaxXOBYIOTh CKIQJHI HEIIHIMHI 3aJIe)KHOCTI
napaMeTpiB CUCTEMH.

PesyabTarn. UucenbHI €KCINEPUMEHTH TIOKa3ajld, IO €KCIepTHA CUcTeMa
MIJBUIIYE TOYHICTh MIATPUMAHHA POOOYOT TOYKM MOPIBHAHO 3 KiacuyHuM MPPT.
JlonaBaHHsT HEMPOMEPEKEBOTO MOJIYJS 3MEHIIYE CEepeAHbOKBAIPATUYHE BIIXUIICHHS
noTy>kHOCTI Ha 15-25 %, miagBunlye KOE(IIEHT BUKOPUCTAHHA MAaKCUMAJIbHOI
MOTY>KHOCT1 Ta CKOpouye 4ac aganTaiii npuoiusno Ha 15-20 %. 3aranbpHuil npupict
e(peKTUBHOCTI CTaHOBUTH 3—5 % 3a paXyHOK 3MEHIIICHHS EHEPreTUYHUX BTpaT.

BucHoBku. IloeqHaHHS eKCIEPTHOI CHCTEMH 3 HEHPOMEPEKEBOIO OIIHKOIO
JI03BOJISIE  KOMIIGHCYBAaTH OOMEXEHHS KOXKHOTO MiaXoay OKpeMo. EdekTuBHICTh
3aJIeKUTh B SKOCTI HaBUAIBHUX JaHUX 1 TOTpeOdye TNepeHaBYaHHS TPH 3MiHI
XapaKTEPUCTHK OOJIaTHAHHS.
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Huoyabcokuii €rop

3100yBay BHILIOT OCBITH MariCTepChbKOro piBHS

Kadenpa komn'toTepHOi 1H)KeHepii Ta 1HOpMALITHUX CUCTEM
XMeNbHULIBKUI HalllOHAIBHUM YHIBEPCUTET, YKpaiHa

AHoTanisi. Y po0oTi pO3rasHyTO MiAXia 10 NoOyAoBH KiOep(hi3nyHOi cCUCTEMU
KEpyBaHHSI COHSIYHMMU IMAHEJSIMU 3 MIJBUIICHOK €(PEKTHUBHICTIO Ha OCHOBI BXIJIHUX
JaHUX, Ta iX 00pOOKH. 3amporoHOBaHA CHCTEMa MO€aHye (PI3MUHY peati3alliio piBHIO
dboToenekTpuyHOi cUcTeMH, 1IHPOpPMaIIiHUN piBEeHb 300py Ta mepenadi iHpopmailii, a
TaKOX KEPYIOUHM pPiBEHb, II0 BUKOPUCTOBYETHCS IJISi MPUUHSATTS pinieHb. OCHOBHY
yBary OyJI0 TPHUAUICHO TMiABUIICHHIO €(QEKTUBHOCTI 3a pPaxXyHOK aJIallTUBHOIO
MEePEKIIFOYCHHST COHSYHMUX TIaHeJled B yMOBaX 3MIHHOI 1HCOJAIIi, KOJIMBaHb
HABKOJIMIITHKOT TEMIIEPATYPH, Ta 3arajbHOTO HAaBaHTAXXEHHS CUCTeMH. [[J1s1 OIliHIOBaHHS
ONTUMAJIBHOCTI ~ KEPYIOUMX  KOMaHa  OyJi0o  3ampoONOHOBAHO  BUKOPHUCTATH
HEUpOMEpEeKEBUM MOYJIb 1HTETPOBAHUN 3 EKCIEPTHOI cuctemor. Y Pesynbrarti
JOCIIIJIKEHHSI OYyJI0 BCTAHOBJIEHO 3pOCTaHHs €(EeKTUBHOCTI podoTu cuctemu a0 17%,
MOPIBHSHO 3 TPAJULIMHUMH M11X0/IaMU KEPYBaHHS.

KuarouoBi ciaoBa: kibepdizuuHa cucTema, COHSAYHI MaHenl, (OTOENEeKTpUuYHA
yCTaHOBKa, OOpoOKa JaHUX, HEUPOHHI MEPEeXi, eKCIepTHa CHUCTEeMa, OMTHUMI3allis
KepyBaHHS, eHeProe(eKTUBHICTb.

Beryn. CydacHuil po3BUTOK BITHOBJIIOBAHOI €HEPTETUKH 3YMOBIIOE€ HEOOX1THICTh
MIIBUIIEHHS  €(PEKTUBHOCTI CHUCTEM KEPYBaHHS COHSYHHMH  CHEPTreTUYHUMU
yCTaHOBKaMH. TpamuiliiiHi adropuTMu, 30kpema kiacudHi MPPT-meronu, He 3aBxau
3a0€3Meuy0Th JOCTATHIO aJJalITUBHICTh B YMOBAaX IIBHUIKOT 3MIHU MOTOHUX (DAKTOPIB Ta
napamMeTpiB HaBaHTaXEHHS. Y 3B’A3Ky 3 IIUM aKTyaJbHUM € 3aCTOCYBaHHS
KiOephi3udHUX cucTeM, SKi 3a0e3MeUyroTh 1HTEerpaliio (Gpi3MIYHUX MPOIECIB TeHepaIlii
eJICKTPOEHEPTIl 3 MeToJaMu ITU(PpoBOi OOPOOKU JTaHUX, THTEJIEKTYaJIbHOTO aHali3y Ta
OPUMHATTS PpIIEHb Y peXuUMi peasbHOro uacy. OcoOnuBY TNEpCHEKTUBY Mae
BUKOPUCTAHHS METOJIB INTYYHOTO IHTEIEKTY Ta HEHPOMEpPEKEBOTO aHaJi3y Il
MiIBUIIEHHS TOYHOCTI KEPyBaHHS Ta 3MCHIIICHHS CHEPTeTHYHUX BTpPaT.
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Mera Ta 3agaui gocaigkeHHs. MeTo0 JOCHIKEHHS € PpO3pOOJICHHSA
kibephizuyHoi CcHUCTEMHU KEpyBaHHS COHSYHMMH TAHEISIMA 3  ITiJBUIIICHOIO
e(hEeKTHUBHICTIO HAa OCHOB1 OOPOOKHU Ta aHAJI3y JTaHUX.

JI71st HOCSATHEHHS TOCTABJICHOI MEeTU 0YyJI0 BUBHAUEHO TaKl 3a/1ayi:

- MpoaHali3yBaTH ICHYIOUI MIJIXO0IH J0 KepyBaHHS ()OTOCICKTPUIYHUMHU CHCTEMaMHU;
- pO3pOOUTH CTPYKTYPHY MOJIEb KiOep(h13UIHOT CUCTEMHU KEPYBaHHS;

- nmoOyIyBaTH MaTeMaTUYHY MOJIENIb 00’ €KTa KEpYBaHHS;

- peanizyBaTy alrOpPUTM NMPUUHATTA PIIIEHh HA OCHOBI €KCIIEPTHOI CUCTEMU;

- IHTErpyBaTH HEUPOMEPEKEBUI MOJTYJIb OLIHKH ONTUMAJILHOCTI;

- TIPOBECTH MOJICITIOBAHHS Ta OI[IHUTH €(DEKTUBHICTH 3aPONOHOBAHOTO MITXOMY.

Pe3yabTaTH JOCailKeHHs1 Ta iX 00roBOpeHHsl. Y TpOIECl JOCTIKEHHS Oyio
pO3p0o0IIEHO Ta MPOAHATI30BAHO MOJIENh KiOep(i3UUHOT CHCTEMU KEPYyBaHHS COHTYHUMHU
NaHEIsIMU, OPIEHTOBAHY Ha MIABUUICHHS €()EKTUBHOCTI TeHepalii eJIeKTpOeHEeprii B
yMOBax JMHAMIYHOi 3MIHM 30BHINIHIX MapaMeTpiB. OCHOBY CHCTEMH CTaHOBHUTh
OaratopiBHEBa apxITEKTypa, sKa MNOe€AHYe (GI3UMYHUA pPIBEHb (HOTOEIEKTPUYHOI
YCTaHOBKH, 1H(QOpMAaIIHHO-aHATITUYHUA MOJYJb 300py Ta OOpOOKHM JaHHUX, a TaKOXK
IHTEJIEKTyaIbHUI pIBeHb MPUUHSTTS pilieHsb [1].

Ha mnepmomy erami Oyno chOpMOBAHO CTPYKTYpPHY MOJIETb CHUCTEMH, Yy SIKIH
nependayeHo OesnepepBHUN 301p JaHUX 3 JATYMKIB OCBITJIICHOCTI, TEMIIEpaTypH,
Hanpyru ta ctpymy. OTpuMaHi 3Ha4eHHs] HAAXOAATh 10 OOYUCIIIOBAIIBHOTO MOAYJIS, /1€
MPOXOJISATH MOMEPeIHIO (DUTBTPAIlif0, HOpMATI3aIliIo Ta MOAANbIINI aHami3. Takuit miaxis
J03BOJIMB C(hOpMyBaTH MOBHUI BEKTOP CTaHY CUCTEMU I MOAAIBIIONO BUKOPUCTAHHS
B QITOPUTMaX MPUHHSTTS PIlICHb.

Jns popmanizanii npouecy KepyBaHHsS Oyji0 BUKOPUCTAHO MaTEMAaTHYHY MOJIEIb
(GOTOENEeKTpUYHOI TaHel, 10 BPaxOBY€ HEIIHIMHY 3aJ€KHICTh MK CTPyMOM,
HaIpyTow, TEMIIEPATyporo Ta piBHeM iHcoswii [2]. [le 703BOMMIO BIATBOPUTU 3MIHY
po0O0YOi TOUKH MaHEesl B peaJbHUX YMOBAxX €KCIUTyaTallii Ta OLIIHUTH BIUIUB 30BHIIIHIX
(bakTOpiB Ha MPOJYKTUBHICTH CUCTEMH.

OcoOnuBy yBary OyJ0 TPHUAUIEHO pPO3POOIN 1HTEIEKTYaJbHOTO aJrOpUTMY
kepyBaHHs. Ha BigMmiHy Big kimacuuHux MPPT-migxomiB, y 3amporoHoBaHii Mojeni
BUKOPUCTAHO TIOPUIHUNA MEXaHI3M, SKHM MOEIHY€E EKCIEPTHY CHUCTEMY Ha OCHOBI
MPOAYKIIMHUX TPaBUI 13 HEHPOMEPEKEBUM MOJYJIEM OIIHKH ONTUMAaIbHOCTI [3].
ExcnieptHa cucrema popmye nepBUHHE KEPYIOUe PIIICHHS HA OCHOBI TOTOYHOTO CTaHy
CUCTEMHU, TOJI SIK HEHpOoMeperka BUKOHYE OIIHIOBAaHHS €(DEKTUBHOCTI IILOTO PIIICHHS Ta,
32 HEOOX1THOCTI, 3IIMCHIOE HOTO KOPEKIIifo [4].

J171s1 mepeBipKH Mpane31aTHOCTI 3aPOINIOHOBAHOTO MIAX0AY OYJI0 MPOBEACHO CEPII0
YUCEJbHUX EKCIEPUMEHTIB Yy pI3HUX CLEHapisX (YyHKIIOHYBaHHS: 3a CTa0LIbHOL
1HCOJIALIIT, MPU PI3KUX 3MIHAX XMApHOCTI, MIJBUILEHHI TEMIIEpaTypy NaHeseil Ta 3MiH1
HaBaHTa)KCHHSI.

VY pe3ynbTati NpoBeIeHHS AOCIHKEHHS, 0yJI0 BAKOHAHO MOPIBHSAHHS TPAIULIAHUX
Ki0ep(Di3UMYHUX CUCTEM, Ta 3aMPONOHOBAHOI KiOEp(hI3UUYHOI CUCTEMU HA PsiJ TUIIOBUX
3HAYEHb BAKIIUBUX JJIs1 POOOTH cucTeMH. Pe3ynbTraTu mOpiBHSHHS Ta TUIOBI MapaMeTpu
3 BUKOPHUCTAHHS CUCTEMH HaBeJIeHO Ha TaOmmiIl 1.
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Tabmuis 1 — [lopiBHSHHS pe3yNbTaTiB AOCTIKCHHS 3 TPAIUIIIHHIM ITiIX0I0M

IToxasHuk Tpanuuiiine kepyBanns | 3anpononoBana KOC | ITokpameHHs
Cepenniii KKJI cuctemu 81 % 94 % +13 %

UYac anmanrarii 10 HOBUX yMOB | 4.8 ¢ 2.1c -56 %
Brpartu eneprii 100 % (6a30Be) 83 % —17 %
CrtabinbHICTh pOO0YOT TOUKU | CepeaHs BHCOKa MTOKpAIEeHO
Tounicts BUOOPY pexxumy 78 % 92 % +14 %

Sk BUITHO 3 pe3ysIbTaTiB, HAMOUIBII CYyTTEBUM €(DEKT JOCATHYTO Y 3MEHIIICHH] BTpAT
eHeprii. Y MOpiBHIHHI 3 KJIACHYHUMU JITOPUTMAMH KEPYBaHHS BTPATU OYJIO 3HUKEHO
npubau3Ho Ha 17 %, mo Oe3nocepeHbO Y3TOMKYETbCS 3 IOCTABICHOI METOIO
JOCTIIKEHHSI.

Oxpemo cniJl BIJ3HAYUTH CKOPOYEHHsSI 4Yacy IEpeXoqy CUCTEMH JI0 HOBOI
ONTUMAJIbHOI TOYKHU TICIsl 3MIHU 30BHIIIHIX yMOB. lle Mae ocoOnuBe 3Ha4YeHHS s
poOOTH B yMOBax 3MIHHOI XMapHOCTI, /i€ MIBUAKICTh PEaKIlii CUCTEMHU OE3MOCEPETHbO
BILJIMBA€E HA 3arajbHUi o0cAT BUPOOJIEHOI €HEeprii.

OTpumaHi pe3yJibTaTh CBiAYaTh MPO T€, IO BUKOPUCTAHHS METOJIB aHami3y
ICTOPUYHUX Ta MOTOYHUX JAHUX Y TOEJHAHHI 3 HEHPOMEPEIKEBUM MOJIYJIEM J03BOJISE
CYTTEBO MIJBUIIUTH AJANTUBHICTh cucTeMHu [5, 6]. Ha BiaMiHy Bi1J] CTATUYHUX MPABUII
TpaJAMILIHUX CUCTEM, 3alPONOHOBAHUU MIAX1J 3a0e3neuye TUHAMIYHE KOPUTYBaHHS
napameTpiB KepyBaHHS 3 YpaxXyBaHHSIM HEIIHIMHUX B3a€MO3B’SI3KIB MK MapaMeTpamu
CEpelIOBHUIIA Ta XapaKTePUCTUKAMU (POTOCIEKTPUUHUX MOJTYIIB.

VY Mexax 00TOBOPEHHS Pe3yJIbTaTiB MOKHA 3pOOUTH BUCHOBOK, IO HANOUIBIINN
BHECOK Yy TIJBUIIEHHS €(EeKTUBHOCTI 3a0e3Meuye caMme 1HTerpailisi eKCIepTHOI JIOTIKHU 3
HEHpPOMEpEKEBUM  aHai30M. EKCHepTHHl MOJyJib TapaHTye CTallIBHICTh Ta
IHTEPIPETOBAHICTh PIIIEHB, TOA1 SIK HEHPOHHA MEpeka KOMIIEHCY€E OOMEXEHHS YKOPCTKO
3aJlaHuX TPABWII y CKIAAHUX 200 ciabKko ¢hopMali3oBaHUX pekuMax poOOTH.

Takuit miaxig € NEepPCHeKTUBHUM JIJIi IMPAKTHYHOTO BIIPOBAKCHHS B CydYacHi
CHUCTEMHU COHSIYHOI €HEPTreTHKH, OCOOJMBO B aBTOHOMHHX Ta TIOPUIHUX CHEPTeTUIHUX
KOMITJIEKCAX, JI€ aIalTUBHICTh 1 MBUAKOIIS € KPUTUYHO BXKJIMBUMH IMapaMeTpaMu

BucHoBku. VY pe3ynbrari AOCHIIKEHHS po3po0JieHO KiOep(di3udHy CHUCTEMY
KepyBaHHS COHSYHMMH T[aHEJISIMHU, sKa 3a0e3neuye TMiJBUIICHHS €(QEeKTUBHOCTI
GbyHKI1OHYBaHHSA (DOTOENIEKTPUYHOI YCTAaHOBKHM 3a PaxyHOK aJanTHBHOI OOpOOKM Ta
aHamizy naHux. lloegHaHHS EKCIEPTHOI CHUCTEMH 3 HEUpOMEPEeKEBUM MOAYJIEM
JTO3BOJIMJIO TTiIBUIIIUTUA TOYHICTh MIPUUHSATTS KEPYIOUUX PIIICHb Ta 3a0€3MEUNUTH CTIHKY
poOoTy B ymoBax HeBU3HaueHOCTI. OTpumaHi pe3ylbTaTd MATBEPIKYIOTh
MEPCIEKTUBHICTh 3aCTOCYBaHHS IHTEJEKTyaJbHUX METOJIIB KEPyBaHHS B CY4YaCHUX
CHUCTEMaX COHSYHOI EHEPreTHKH Ta MOXYTh OYyTH BHKOPHUCTaHI SIK OCHOBA JIS
MOIAJTBIIOTO MPAKTUYHOTO BIIPOBAHKEHHSI.
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EXPERT SYSTEM FOR CONTROLLING OPERATING MODES OF SOLAR
PANELS WITH NEURAL NETWORK-BASED OPTIMALITY ASSESSMENT OF
DECISIONS

The rapid growth of solar emergy utilization necessitates increasing the efficiency of control systems for photovoltaic
installations operating under conditions of variable solar irradiance, temperature fluctuations, and component degradation.
Modern photovoltaic systems are characterized by nonlinear behavior, stochastic external influences, and dynamic load
conditions. Under such circumstances, traditional Maximum Power Point Tracking (MPPT) algorithms, which are typically
based on fixed logic and local optimization procedures, do not always ensure optimal system performance, especially in
transient and rapidly changing environments.
Existing approaches to photovoltaic system control primarily rely on classical MPPT techniques, rule-based logic, or
monitoring-oriented analytical modules. While these methods provide stability and acceptable efficiency under steady-state
conditions, they are often limited in adaptability and do not adequately account for complex interdependencies between
environmental and electrical parameters. In particular, conventional solutions lack mechanisms for self-learning, dynamic
optimality evaluation, and real-time corre ction of control actions, which significantly reduces their effectiveness under
uncertainty and nonstationary operating conditions.
A promising direction for overcoming these limitations is the development of cyber-physical control systems that integrate expert
knowledge with adaptive data-driven models. In such systems, an expert subsystem generates control decisions based on
formalized rules and domain knowledge, while a neural network module evaluates the quality of these decisions and performs
their correction based on learned patterns. This hybrid approach enables combining interpretability and structural clarity of
expert systems with the adaptability and approximation capabilities of artificial neural networks.
The use of neural networks allows modeling nonlinear relationships between system parameters, approximating complex
objective functions, and adapting to changing operating conditions. At the same time, expert systems provide a transparent and
logically structured mechanism for initial decision formation, ensuring reliability and compliance with operational constraints.
The integration of these components creates conditions for building intelligent control systems capable of maintaining high
efficiency, stability, and robustness of photovoltaic installations.
Therefore, the development of an expert system for controlling operating modes of solar panels with neural network-based
optimality assessment of decisions represents a modern and relevant scientific and practical task. Such systems have significant
potential for improving energy efficiency, reducing losses, and enhancing the adaptability of renewable energy sources within
modern cyber-physical infrastructures.
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EKCIIEPTHA CUCTEMA KEPYBAHHS PEXKUMAMHU POBOTH COHSYHUX
ITAHEJIEH 3 HEUPOMEPEXEBOIO OHIHKOIO OIITUMAJIBHOCTI PILIEHD

3pocmanna wacmku CoHAYHOI eHepeemuKku 3YMOGTIOE HeoOXIOHICMb NiOSUWEeHHs eeKmUSHOCMI cucmem KepyeamHs
@omoenekmpuuHUMY YCMAHOBKAMY, WO GYHKYIOHYIOMb 8 YMO6AX 3MIHHOI [HCONAYIl, MeMnepamypHux KOIUSAHb i
Odeepadayii  enemenmis. CyuacHi  gomoenekmpuuni  cucmemu  XAPAKMEPU3VIOMbC — HENHIUHICMIO  npoyecis,
CMOXACTMUYHICMIO 308HIUHIX 8NIUBIE MA OUHAMIYHUMU 3MIHAMU HABAHMANCEHHSA. 34 MAKUX YMO8 MpaouyitiHi areopummu
giocmediceHHs moyku maxcumanvhoi nomyocnocmi (MPPT), axi 6aszyiomvca na Qikcoganiti n02iyi abo 10KATbHUX
npoyedypax onmumisayii, He 3a8xcou 3abe3neyyoms eQekmuery pobomy, 0coOIUB0 8 NEPEXIOHUX PEHCUMAX.

Icnyroui nioxoou 0o KepyeauHs (HOMOENeKMPUYHUMY CUCIEMAMU NepeaddcHo IpyHmylomvcsa Ha kiacuunux MPPT-
aneopummax, npoOyKYiHuX npasunax abo aHanimuuyHux mooyaax Mouimopunzy. Taxi piwenns 3abe3neuyioms
cmabinbHicms pobomu 68 YCMAaieHux YMo8ax, 0OHAK Maiomb 0OMednceHy a0anmueHIiCmy i He 8Paxo8yromy CKIAOHI HEeNIHIHI
63AE€MO038 'SI3KU MIJIC napamempamu cucmemu. Biocymuicmos mexanizmie camonasuants, a0anmueHoi OYiHKU AKOCMI PilueHb
i KopeKyii Kepylouux 8naiueia y peanvHOMy Haci 3HUNCYE eQeKmusHicms ix 3aCmoCcy8anta 8 YMOBAX HeGU3HAUEHOCMI ma
OUHAMIYHUX 3MIH cepedosuua.
Ilepcnekmusnum HANpAMOM € noby0oea Kibep@hisuynux cucmem Kepy8amus, wjo NOEOHYIOMb eKCnepmui Memoou 3
a0anmueHUMU HelupoMepercesUMU MOOeAMY. Y maKux cucmemax excnepmua niocucmema opmye Kepyloyi piuienns Ha
OCHO8I Oa3u 3HAHb I 02IYHO20 BUEe0eHH s, MOOI AK HEUPOHHA Mepedcd 30IUCHIOE OYIHKY IX ONMUMATbHOCMI MdA 8UKOHYE
KOPEKYilo 3 Ypaxy8auHAM Hakonuuenozo 0oceidy. Lle doszsonsic noconamu inmepnpemogaHicms eKCHepmHux cucmem i3
30aMHICMIO HeUPOHHUX Mepedc 00 anpoKCuMayii CKIaOHUX 3anexcHocmell i adanmayii 00 3MIHHUX YMO8.
3acmocysanns nevipomepedsicesux mooenei 3a06e3neuye MONCIUSICMb 6PAXYEBANHA HENHIUHUX epeKmis, NPOSHO3YEAHHS
no8ediHKU cucmemu ma MiHIMIzayii QyuKkyii émpam, mooi AK eKCnepmHi cucmemu 2apaHmyms CmMpyKmypo8aHicmy i
HAOTliHiCMb  POPpMYBaAHHA NEPBUHHUX piuwleHb. [Hmezpayis yux nioxoodie cmeopre nepedymosu OJia po3pooieHHs
iHMeNeKmyanoHUx CUcmem Kepyeaums, 30amuux niosuumu eqoeKmusHicms GUKOPUCIANHA eHepeii, SMeHuUmMy empamu ma
3abesneuumu cmadiibHicms pooomu HomoereKmpuiHUX YCMAaHoBOK.
Taxum yunom, po3pobKa excnepmHuoi cucmemu Kepy@auHs pexcumamiu poOomu COHAYHUX nanenell 3 Heupomepextcesoio
OYIHKOI0 ONMUMATLHOCII PIUEHb € 6AJICTUBOI0 HAYKOGO-NPAKMUYHOIO 3a0aYel0, W0 MAE 3HAUHULL NOMEHYIAN 3ACMOCY6AHHS
6 CYYACHUX CUCMEMAX GIOHOBNI0BAHOT eHepeemUKU.

Knouosi cnosa: omoenexmpuuni cucmemu, excnepmui cucmemu, HeupouHi mepedici, Kepyeanus, MPPT,
Kibepizuuni cucmemu, ONMUMATbHICIb PIULEeHb, COHAYHA eHepeemuKd.

1 Introduction

The current stage of renewable energy development is characterized by a rapid increase in the
deployment of photovoltaic systems, the growing complexity of their architectures, and rising
requirements for energy efficiency, stability, and adaptability. Solar power plants operate under
conditions of significant uncertainty caused by fluctuations in solar irradiance, temperature variations,
degradation of photovoltaic modules, and dynamic changes in load profiles. Under such conditions,
effective control of operating modes becomes a critical factor in ensuring maximum energy extraction
and reliable system performance.

Traditional approaches to controlling photovoltaic systems are primarily based on classical
Maximum Power Point Tracking (MPPT) algorithms, including perturb and observe and incremental
conductance methods. These approaches are relatively simple to implement and provide acceptable
performance in steady-state conditions. However, in dynamic environments with rapidly changing
external factors, such methods often exhibit oscillations around the maximum power point, delayed
response to disturbances, and limited ability to account for complex nonlinear dependencies between
system parameters [1].

Modern commercial solutions for solar energy management are mainly focused on monitoring,
visualization, and maintaining operational stability. Analytical modules, when present, typically perform
auxiliary functions and are not directly integrated into the decision-making loop. As a result, such
systems lack mechanisms for adaptive control, self-learning, and real-time evaluation of decision
optimality, which significantly limits their effectiveness in conditions of uncertainty and nonstationary
operation.
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A promising direction for improving control efficiency is the use of cyber-physical systems that
integrate physical processes of energy generation with intelligent data processing and decision-making
algorithms. Within this paradigm, expert systems enable the formalization of domain knowledge in the
form of production rules and provide a structured and interpretable mechanism for generating control
actions. At the same time, expert systems are inherently limited by the static nature of their rule base
and difficulties in representing complex nonlinear relationships.

To overcome these limitations, it is advisable to combine expert approaches with methods of
artificial intelligence, particularly artificial neural networks. Neural networks are capable of
approximating nonlinear dependencies, processing multidimensional data, and adapting to changing
operating conditions based on accumulated experience. Their integration into the control loop makes it
possible to evaluate the optimality of decisions generated by the expert system and to perform their
correction in real time.

The combination of expert knowledge representation and neural network-based adaptive
evaluation creates a foundation for developing intelligent control systems for photovoltaic installations.
Such systems can ensure higher accuracy in maintaining optimal operating modes, reduce energy losses,
and improve responsiveness to external disturbances.

The relevance of this work is justified by a requirement of increasing efficiency of controlling
solar panels in the everchanging environment, increasing requirements for energy efficiency and
limitations of traditional MPPT methods. Integration of expert systems and neural models opens vast
possibilities for creating adaptive solutions, capable of accounting for complex parameter
interoperations and ensure optimized operations in real-time.

The aim of this work is to develop an expert system for controlling operating modes of solar
panels with neural network-based optimality assessment of decisions [2].

The object of study is the process of energy generation and control in photovoltaic systems.

The subject of the study is methods, models, and software-hardware tools for expert-neural
control of photovoltaic installations.

The scientific novelty lies in the integration of a rule-based expert system with a neural network
module for adaptive evaluation and correction of control decisions under uncertainty.

The practical significance of the obtained results consists in the possibility of applying the
proposed approach in intelligent control systems for solar power plants to improve energy efficiency,
reduce losses, and enhance system adaptability.

2 Analysis of Existing Methods for Controlling Photovoltaic Systems

Modern approaches to controlling photovoltaic systems are increasingly oriented toward
adaptive, data-driven, and intelligent decision-making mechanisms. The rapid growth of solar energy
integration into power systems is accompanied by an increase in the variability of operating conditions,
structural complexity of energy infrastructures, and the need for continuous optimization of energy
conversion processes. Photovoltaic installations operate under stochastic external influences, including
fluctuations in solar irradiance, temperature changes, and dynamic load behavior. Under such conditions,
conventional static control methods become insufficient, creating a demand for intelligent systems
capable of real-time adaptation and optimal decision-making[3].

The evolution of control technologies in photovoltaic systems reflects a transition from
deterministic algorithms to hybrid and intelligent approaches. Classical control methods, particularly
MPPT algorithms, were designed to maximize instantaneous power extraction under relatively stable
conditions. However, modern energy environments require systems that are capable not only of tracking
optimal points but also of predicting, adapting, and correcting their behavior dynamically. This has led
to the development of approaches based on expert systems, artificial intelligence, and hybrid
computational models [4].

Classical MPPT methods, such as Perturb and Observe and Incremental Conductance, remain
widely used due to their simplicity and ease of implementation. These methods operate by iteratively
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adjusting the operating point of the photovoltaic panel to maximize output power. While effective in
steady-state conditions, they exhibit several critical limitations. In rapidly changing environments, these
algorithms tend to oscillate around the maximum power point, leading to energy losses. Additionally,
they demonstrate slow response times to abrupt changes in irradiance and temperature, which reduces
overall system efficiency. Their inability to account for complex nonlinear interactions between system
parameters further limits their applicability in modern adaptive control systems.

Expert systems represent the next stage in the development of control methodologies. These
systems rely on formalized knowledge represented in the form of production rules and logical inference
mechanisms. By encoding domain expertise, expert systems enable structured and interpretable
decision-making. They can incorporate multiple criteria, including efficiency, stability, and safety
constraints, and are capable of handling discrete operating conditions more effectively than classical
algorithms. However, their primary limitation lies in the static nature of their knowledge base. The
process of defining and updating rules is labor-intensive and does not scale well with increasing system
complexity. Furthermore, expert systems struggle to model continuous nonlinear relationships and lack
mechanisms for autonomous learning and adaptation.

Artificial neural networks introduce a fundamentally different paradigm by enabling data-driven
modeling and approximation of complex nonlinear dependencies. Neural network-based approaches can
learn from historical data, identify hidden patterns, and generalize across a wide range of operating
conditions [5]. In photovoltaic systems, neural networks have been applied for power prediction, optimal
control, and anomaly detection. Their ability to adapt to changing environments makes them suitable for
dynamic control tasks. However, these methods also exhibit significant drawbacks. They require large
volumes of high-quality training data, are computationally intensive, and often function as black-box
models, limiting interpretability. The lack of transparency complicates validation and reduces trust in
critical applications.

Hybrid approaches attempt to combine the strengths of multiple methodologies. In particular, the
integration of expert systems with neural networks has been proposed as a means of achieving both
interpretability and adaptability. In such systems, expert rules provide an initial decision framework,
while neural networks evaluate and refine these decisions based on learned patterns. This approach
improves performance in dynamic environments and reduces reliance on manual rule updates [6].
Nevertheless, hybrid systems introduce additional complexity in terms of architecture, synchronization,
and parameter tuning. Ensuring stable interaction between components remains a nontrivial task.

To provide a structured comparison of the analyzed approaches, Table 2.1 summarizes their
characteristics according to key system criteria.

Table 1. Comparative analysis of photovoltaic control methods

Paper Method Adaptability | Complexity | Reliability | Interpretability Main limitations

[4-5] Classical Low Low Medium High Oscillations, slow response,
MPPT limited adaptability

[6-9] Expert Medium Medium Medium High Static knowledge base, no self-
systems learning

[10-15] | Neural High High Medium Low Data dependency, black-box
networks behavior

[16-22] | Hybrid High High High Medium Architectural complexity,
approaches integration issues

The comparison indicates that no single method fully satisfies the requirements of modern
photovoltaic control systems. Classical methods are efficient but lack adaptability. Expert systems
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provide interpretability but are limited by static knowledge. Neural networks offer adaptability but
introduce complexity and reduce transparency. Hybrid systems improve performance but require careful
design to avoid instability.

To further illustrate the performance differences between these approaches, efficiency
characteristics under dynamic conditions can be represented using comparative charts.

Efficiency comparison of control methods under
variable irradiance
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Figure 2.1 — Efficiency comparison of control methods under variable irradiance
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Analysis of these characteristics demonstrates that while hybrid approaches outperform classical
methods in terms of efficiency and adaptability, they still face limitations related to stability,
computational cost, and integration complexity.

A critical review of existing solutions reveals several systemic shortcomings. First, most methods do not
provide a unified mechanism for combining interpretability with adaptive learning. Second, the majority
of approaches either rely heavily on predefined models or require extensive retraining, which limits real-
time applicability[7]. Third, many systems lack a formalized mechanism for evaluating the optimality
of control decisions, focusing instead on local optimization objectives.

These limitations lead to a fundamental contradiction: achieving high adaptability often reduces
interpretability and increases complexity, while maintaining simplicity and transparency limits
performance under dynamic conditions. This trade-off remains unresolved in existing methodologies.
Therefore, the problem addressed in this work is the development of an integrated control approach that
combines the structured decision-making capabilities of expert systems with the adaptive evaluation and
correction mechanisms of neural networks. The objective is to create a system that ensures high
efficiency, stability, and adaptability while maintaining interpretability and manageable computational
complexity.

The proposed approach aims to eliminate the identified shortcomings by introducing a neural
network-based optimality assessment module into the expert control loop. This enables continuous
evaluation and correction of control decisions, ensuring adaptive behaviour in dynamically changing
environments while preserving the logical transparency of the expert system.

3 Extensive descriptions of the methodology of synthesis and system operation

Information technologies in the domain of cyber-physical energy systems are undergoing a
paradigm shift toward deeper integration between physical processes, data-driven analytics, and adaptive
control mechanisms. This evolution is particularly critical in photovoltaic energy generation, where the
inherent variability of environmental conditions—such as solar irradiance, temperature fluctuations, and
atmospheric interference—demands a sophisticated approach to system management [8]. The proposed
method addresses these challenges by introducing a hybrid expert—neural control loop, designed to
continuously adapt to uncertainty while preserving the deterministic integrity of the system. This hybrid
approach bridges the gap between traditional rule-based systems, which excel in interpretability but lack
adaptability, and purely data-driven models, which offer flexibility but often struggle with transparency
and domain-specific constraints.

The methodological foundation of the proposed approach is rooted in a structured decomposition
of the control process into sequential yet interdependent stages. Each stage is responsible for a distinct
transformation of information, beginning with raw sensor data acquisition and culminating in the
generation and refinement of control actions. This modular architecture ensures not only traceability of
decisions but also the ability to incrementally refine individual subsystems without compromising the
overall system stability [9]. By isolating functional components, the method facilitates targeted
improvements, such as enhancing noise suppression algorithms or refining rule-based inference
mechanisms, without necessitating a complete redesign of the system.

At the initial stage, the method emphasizes the structured acquisition of input data within the
cyber-physical framework. Sensor measurements, collected in real time, undergo rigorous preprocessing
to mitigate the impact of environmental noise and sensor inaccuracies. This preprocessing includes
normalization to standardize data ranges, temporal alignment to synchronize measurements across
distributed sensors, and advanced filtering techniques to suppress high-frequency noise [10]. Given the
stochastic nature of solar irradiance and ambient temperature, adaptive filtering methods, such as
Kalman filters or wavelet transforms, are employed to stabilize input signals. Additionally, validation
checks are implemented to detect and eliminate anomalous readings, which may arise from sensor
malfunctions, communication delays, or external interference. The result is a consistent and reliable state
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vector that accurately represents the current operating conditions of the photovoltaic system, forming
the basis for subsequent decision-making processes.

The second stage focuses on transforming preprocessed data into symbolic representations
suitable for expert system processing. Continuous variables, such as irradiance levels or temperature
readings, are mapped into linguistic categories through discretization or fuzzy membership functions.
This transformation enables the application of rule-based reasoning mechanisms, which operate on
qualitative descriptors rather than raw numerical values. The design of membership functions is
informed by empirical data distributions and domain expertise, ensuring that the symbolic representation
captures essential system dynamics while reducing computational complexity. For instance, solar
irradiance may be categorized into linguistic terms such as "low," "moderate," or "high," allowing the
expert system to reason about system states in a more intuitive and interpretable manner [11].

At the third stage, the expert system performs inference based on the current symbolic state. The
knowledge base, structured as a set of production rules, encodes domain-specific relationships between
environmental conditions, system states, and optimal control actions. These rules are derived from a
combination of empirical observations, theoretical models, and expert insights, ensuring that the system
operates within safe and efficient boundaries. The inference mechanism evaluates rule conditions in
parallel, constructing a conflict set of applicable rules. Conflict resolution strategies, such as priority-
based selection or rule specificity, are then applied to determine the most appropriate control action.
These strategies may also incorporate historical performance data, allowing the system to favor rules
that have consistently yielded positive outcomes under similar conditions.

The output of the expert system is an initial control action that defines the operating mode of the
photovoltaic converter. While this action is derived from deterministic logic and reflects accumulated
domain expertise, it is not assumed to be globally optimal under all conditions. Recognizing the
limitations of static rule-based systems, the method introduces an additional evaluation layer to assess
and refine the proposed decision [12]. This layer leverages neural network-based models to evaluate the
potential performance of the control action, ensuring that the system remains adaptive and responsive to
dynamic environmental changes.

The fourth stage involves the neural network-based evaluation of the generated control action.
The neural model receives as input both the system state and the proposed control action, forming an
augmented feature vector that captures the relationship between control decisions and their resulting
performance metrics. The neural network operates as a regression model, estimating key performance
indicators such as energy efficiency, system stability, and response time [13]. This evaluation provides
a probabilistic assessment of the control action's effectiveness, complementing the deterministic output
of the expert system.

Training of the neural network is performed offline using historical operational data, which
includes recorded system states, applied control actions, and corresponding performance indicators.
Feature scaling and dimensionality reduction techniques, such as principal component analysis or
autoencoders, may be applied to improve model convergence and generalization. The training process
1s guided by a multi-objective loss function that balances energy efficiency, stability, and response time,
ensuring that the model aligns with the system's operational goals [14]. To enhance robustness, the
training procedure incorporates cross-validation and regularization techniques, such as dropout or L2
regularization, which prevent overfitting and improve generalization to unseen data.

The model is periodically retrained to account for long-term changes in system behavior, such as
component degradation, seasonal variations, or shifts in operational patterns. This continuous learning
capability enables the system to adapt to evolving conditions without requiring manual reconfiguration
of the knowledge base. By integrating new data into the training process, the neural model remains
aligned with the current state of the system, ensuring that its evaluations remain accurate and relevant
over time.

At the fifth stage, the evaluation output is compared against predefined performance thresholds,
which represent acceptable levels of efficiency, stability, and responsiveness. If the estimated
performance of the control action falls within these bounds, the action is accepted and transmitted to the
actuator layer for execution. However, if the evaluation indicates suboptimal performance, a correction
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mechanism is activated [15]. This mechanism adjusts the control parameters iteratively or selects
alternative rules from the knowledge base, generating a revised control action that better aligns with the
system's objectives.

The correction process is guided by feedback from the neural model, effectively forming a
closed-loop optimization system. Unlike traditional iterative optimization methods, which rely on
exhaustive search or gradient-based techniques, the proposed approach leverages learned representations
to accelerate convergence. This results in faster adaptation to changing conditions and reduced
computational overhead during real-time operation, making the system more efficient and responsive in
dynamic environments.

The sixth stage addresses the temporal dynamics of the photovoltaic system, which are inherently
time-dependent and influenced by transient behaviors. To capture these dynamics, the method
incorporates a sliding time window for state analysis, allowing the system to identify short-term trends
and transient patterns that may not be evident from instantaneous measurements [ 16]. Temporal features,
such as the rate of change of irradiance or temperature gradients, are included in the input vector to
enhance the predictive accuracy of both the expert system and the neural model. This temporal awareness
enables the system to anticipate changes in environmental conditions and proactively adjust control
actions to maintain optimal performance.

Additionally, the method accounts for delayed effects and system inertia by integrating state
history into the decision-making process. This is achieved either through feature augmentation, where
historical data is explicitly included in the input vector, or by employing recurrent structures, such as
long short-term memory (LSTM) networks, in the neural component [17]. The choice between these
approaches depends on computational constraints and the required level of accuracy, with recurrent
structures offering superior performance in capturing long-term dependencies at the cost of increased
computational complexity.

The seventh stage extends the control framework to incorporate system-level coordination and
resource management. In practical deployments, photovoltaic systems often operate as part of larger
energy networks, which may include energy storage systems, load demand centers, and grid interfaces.
The method integrates constraints related to energy storage capacity, load demand profiles, and grid
stability into the decision-making process. These constraints are enforced through additional rules in the
expert system and modified evaluation criteria in the neural model, ensuring that control actions align
with broader operational objectives. For example, during periods of high energy demand, the system
may prioritize grid stability over maximum energy extraction, adjusting control actions to balance supply
and demand.

The method also includes robust mechanisms for fault detection and resilience. Continuous
monitoring of system behavior allows for the early detection of deviations from expected performance,
triggering diagnostic procedures to identify and mitigate potential faults. The expert system contains
predefined rules for handling common fault scenarios, such as sensor failures or communication
disruptions, while the neural component assists in detecting subtle anomalies that may not be captured
by these rules. This dual-layer approach enhances system reliability, reduces downtime, and ensures safe
operation even in the presence of unforeseen disturbances [18].

An important aspect of the methodology is its focus on interpretability, which is critical in safety-
critical energy applications. While neural networks provide adaptive capabilities, their internal
representations are often opaque, making it difficult for operators to understand the rationale behind
control decisions. To address this, the method incorporates an explanation module that traces the
contribution of individual rules and input features to the final decision. This module generates human-
readable explanations, highlighting the key factors that influenced the control action and enabling
operators to validate system behavior. By providing transparency into the decision-making process, the
method fosters trust and facilitates the adoption of adaptive control strategies in real-world applications.

The final stage of the method involves performance monitoring and feedback integration. Key
performance indicators, such as energy yield, system efficiency, and fault detection rates, are
continuously evaluated, and the results are used to update both the knowledge base and the neural model.
Rule effectiveness is assessed based on historical outcomes, allowing for the pruning of obsolete or
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ineffective rules and the reinforcement of those that consistently yield positive results. Similarly, the
neural model is updated with new operational data, ensuring that it remains aligned with the evolving
dynamics of the system. This feedback loop enables the system to continuously improve its performance,
adapting to changes in environmental conditions, operational requirements, and technological
advancements [19].

The overall methodological framework can be summarized as a hierarchical control loop
consisting of data acquisition, symbolic transformation, rule-based inference, neural evaluation, decision
correction, and feedback adaptation. This structure strikes a balance between interpretability and
adaptability, addressing the limitations of existing systems while providing a foundation for further
advancements in intelligent energy management. By combining deterministic reasoning with data-driven
evaluation, the method achieves improved efficiency, robustness, and scalability, making it suitable for
deployment across a wide range of photovoltaic installations.

The proposed method distinguishes itself through the explicit integration of expert knowledge
and machine learning within a unified control architecture. Unlike purely data-driven approaches, which
may struggle to enforce domain-specific constraints, or traditional expert systems, which lack
adaptability, the hybrid approach retains the strengths of both paradigms. It ensures safe and efficient
operation under all conditions while continuously adapting to new challenges and opportunities. This
dual capability is particularly valuable in the context of photovoltaic energy systems, where
environmental variability and operational complexity demand a flexible yet reliable control strategy.

The scalability of the method is further ensured through its modular design, which allows each
component to be independently developed, tested, and optimized. This modularity facilitates deployment
across diverse photovoltaic installations, from small-scale residential systems to large utility-grade solar
farms. The method is also compatible with distributed implementations, where local controllers operate
autonomously while sharing aggregated data for global model updates. This distributed architecture
enhances system resilience, enabling robust operation even in the face of localized failures or
communication disruptions.

In conclusion, the developed methodology provides a comprehensive and adaptive framework
for the control of photovoltaic systems within a cyber-physical context. By integrating deterministic
reasoning with data-driven evaluation, it achieves a harmonious balance between efficiency, robustness,
and interpretability. This framework not only addresses the limitations of existing systems but also forms
a solid foundation for future advancements in intelligent energy management, paving the way for more
sustainable and resilient energy infrastructures.

4 Experimental Evaluation of the Expert—Neural Control Method

The evaluation of the proposed expert—neural control methodology for photovoltaic systems
demands a rigorous and structured experimental framework that accurately reflects real-world
operational conditions. Such a framework must not only incorporate stochastic environmental variations
but also enable a comparative analysis against established baseline control strategies. Unlike purely
analytical validation, which relies on theoretical models and simulations, experimental assessment
provides empirical evidence of system behavior under dynamic and often unpredictable conditions [20].
This includes the nonlinear interactions between environmental inputs, control actions, and the resulting
energy output, all of which are critical for validating the effectiveness and robustness of the proposed
methodology.

The experimental methodology is meticulously constructed around a series of controlled
simulation scenarios, derived from a high-fidelity mathematical model of the photovoltaic subsystem.
These scenarios are designed to replicate both stationary and transient operating conditions, ensuring
that the performance of the control system is thoroughly evaluated across a representative spectrum of
environmental states. The evaluation process is centered on three primary performance dimensions:
energy efficiency, which measures the system's ability to maximize power extraction; dynamic
responsiveness, which assesses the system's capacity to adapt to rapid changes in environmental
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conditions; and stability of operation, which evaluates the consistency and reliability of the system's
performance over time.

At the initial stage of experimentation, a comprehensive baseline dataset is generated using a
classical Maximum Power Point Tracking (MPPT) algorithm operating under identical environmental
conditions. This dataset serves as a reference point for subsequent comparisons, allowing for a clear and
unbiased assessment of the proposed control methodologies. The expert system and the integrated
expert—neural system is then applied to the same input sequences, ensuring that any differences in
performance can be directly attributed to the inherent characteristics of the control methodology rather
than variations in the input data.

The first experimental scenario focuses on system performance under gradually varying solar
irradiance. The irradiance profile is modeled as a continuous function with periodic fluctuations,
simulating the natural diurnal variations observed in real-world conditions. Under these circumstances,
the classical MPPT algorithm exhibits oscillatory behavior around the maximum power point, leading
to persistent energy losses due to its reactive nature. The expert system, while reducing the amplitude of
these oscillations through rule-based stabilization, still demonstrates a noticeable lag when
environmental changes accelerate. This lag is primarily due to the system's reliance on predefined rules,
which may not fully account for the rate of change in irradiance.

In contrast, the expert—neural system demonstrates a marked improvement in tracking accuracy.
By incorporating a predictive evaluation of control actions, the neural module anticipates shifts in the
optimal operating point and adjusts the control signal proactively. This proactive adjustment results in a
smoother trajectory toward the maximum power point, significantly reducing oscillatory deviations and
enhancing overall energy extraction efficiency. The ability to predict and adapt to changes before they
fully manifest is a key advantage of the hybrid approach, allowing the system to maintain optimal
performance even under dynamic conditions.

Graph of output power vs time for three control
methods under smooth irradiance variation
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Fig 1 - Graph of output power vs time for three control methods under smooth irradiance
variation

The second experimental scenario is designed to evaluate the system's dynamic response to
abrupt environmental changes, specifically step-like reductions in solar irradiance that simulate sudden
cloud coverage. This scenario is particularly critical for assessing the system's ability to rapidly adapt to
new operating conditions. The classical MPPT algorithm exhibits a significant delay in adjusting to the
new environment, during which the system operates far from the optimal point, resulting in substantial
energy losses [21]. The expert system improves reaction time by triggering predefined rules for rapid
adjustment; however, the effectiveness of this response is inherently limited by the completeness and
granularity of the rule set. Gaps in the rule base can lead to suboptimal decisions, particularly in scenarios
that were not fully anticipated during the system's design phase.
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The expert—neural system, on the other hand, achieves the fastest adaptation among the evaluated
methods. The neural component evaluates multiple candidate control actions in parallel and selects the
one that minimizes expected energy loss under the new conditions. This approach not only reduces the
transition period but also limits the magnitude of transient inefficiencies, ensuring that the system
quickly stabilizes at the new optimal operating point. The ability to dynamically evaluate and select
control actions based on real-time data and learned patterns is a significant advantage, particularly in
environments characterized by rapid and unpredictable changes.

Adaptation Time (s)
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Fig 2 - Graph of adaptation time comparison under step change in irradiance

The third experimental scenario introduces combined disturbances, including simultaneous
variations in temperature and load conditions. This scenario is designed to reflect realistic operating
environments where multiple factors interact in a nonlinear manner, creating complex and often
unpredictable system dynamics. The classical MPPT algorithm struggles to maintain stable operation
under these conditions, exhibiting frequent deviations from the optimal point due to the conflicting
influences of temperature fluctuations and electrical load variations. The algorithm's inability to account
for these interactions results in suboptimal performance and increased energy losses.

The expert system maintains partial stability through rule prioritization, which allows it to handle
some of the complexity by focusing on the most critical variables [22]. However, the system's
performance is still limited by its inability to fully account for the intricate interdependencies between
temperature, irradiance, and electrical parameters. As a result, suboptimal decisions occur, particularly
in regions of the state space that are not adequately covered by the rule base. This limitation highlights
the challenges of relying solely on rule-based systems in complex and dynamic environments.

The expert—neural system, however, demonstrates robust performance under these challenging
conditions. The neural network component captures the nonlinear dependencies between temperature,
irradiance, and electrical parameters, enabling a more accurate and comprehensive evaluation of control
actions. This enhanced understanding of the system's dynamics allows the expert—neural system to
maintain closer proximity to the optimal operating point across a broader range of conditions. The
integration of expert knowledge with neural network-based evaluation ensures that the system remains
both adaptive and reliable, even in the face of complex and interacting disturbances.
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Fig 3 - Multi-factor performance comparison showing deviation from maximum power point

To quantify the observed improvements, a comprehensive set of aggregated performance metrics
is computed for each control method. These metrics include the relative efficiency coefficient, which
measures the system's ability to extract maximum power; the mean squared deviation from the optimal
power point, which assesses the stability and precision of the control actions; adaptation time, which
evaluates the system's responsiveness to changes; and total energy loss over the simulation period, which
provides an overall measure of efficiency. The results of these computations are summarized in Table 2,
offering a clear and comparative overview of the performance of each control method.

Table 2 - Comparative performance metrics of control methods

Metric Classical MPPT | Expert Systems | Expert—Neural System
Relative Efficiency Coefficient 0.92 0.95 0.97
Mean Squared Deviation from MPP | 12 8 3
Adaptation Time (s) 2.5 1.5 0.8
Total Energy Loss (%) 25 15 5

A detailed analysis of Table 2 reveals that the expert—neural system consistently outperforms
both the classical MPPT algorithm and the standalone expert system across all evaluated metrics. The
relative efficiency coefficient for the expert—neural system reaches values exceeding 0.97, compared to
approximately 0.92 for the classical MPPT and 0.95 for the expert system. This improvement is
particularly notable in scenarios involving rapid environmental changes, where the system's ability to
adapt quickly and accurately is critical. The reduction in mean squared deviation from the optimal power
point further confirms the system's enhanced stability and reduced oscillatory behavior, contributing to
more consistent and reliable performance.

Energy loss analysis provides additional insight into the system's efficiency. The integrated
expert—neural approach achieves a reduction in energy loss of up to 20-30% compared to the classical
MPPT method, depending on the specific scenario. This improvement is attributed to both faster
adaptations to changing conditions and more precise steady-state operation. The reduction in adaptation
time is particularly significant in environments characterized by frequent and rapid changes in irradiance,
where the system's ability to quickly stabilize at the optimal operating point directly translates to higher
energy yields and lower operational costs.

A closer examination of the control signal trajectories offers further insight into the behavior of
each control method. The classical MPPT algorithm produces periodic perturbations in the control
signal, which inherently introduce inefficiencies by causing the system to oscillate around the optimal
point. The expert system reduces the frequency and amplitude of these perturbations through rule-based
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adjustments but may still apply overly conservative control actions due to the limitations of its rule set.
In contrast, the expert—neural system generates smoother and more targeted control signals, minimizing
both overshoot and steady-state oscillations. This refined control strategy not only enhances energy
extraction efficiency but also reduces mechanical and electrical stress on the system, contributing to
longer component lifespans and lower maintenance requirements.

Control signal comparison across methods
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Fig 4 - Control signal comparison across methods

An important aspect of the experimental evaluation is the assessment of the system's robustness
to measurement noise and uncertainty. Additional experiments are conducted to introduce stochastic
noise into the sensor inputs, simulating the real-world imperfections and inaccuracies that are inevitable
in practical deployments. Under these conditions, the classical MPPT algorithm becomes unstable, as
the noise is often misinterpreted as genuine variations in environmental conditions. This
misinterpretation leads to erratic control actions and further energy losses. The expert system, while
more resilient due to its rule-based thresholds, may still react to spurious signals, particularly if the noise
falls within the range of expected environmental variations.

The expert—neural system, however, demonstrates increased resilience to measurement noise due
to its learned representation of system dynamics. The neural model effectively distinguishes between
meaningful changes in environmental conditions and random noise, reducing the frequency of
unnecessary control adjustments. This ability to filter out noise and focus on relevant signals results in
improved stability and reduced sensitivity to measurement errors, making the system more reliable and
robust in real-world applications where sensor noise is a common challenge.

The scalability of the proposed method is further evaluated by extending the simulation to larger
photovoltaic arrays with distributed control nodes. The modular structure of the expert—neural
architecture allows each node to operate independently while sharing aggregated data for continuous
model refinement. Experimental results indicate that the performance gains observed in smaller systems
are preserved in distributed configurations, with minimal degradation due to communication delays or
data synchronization issues. This scalability is a critical advantage, as it enables the methodology to be
effectively deployed in large-scale photovoltaic installations, where centralized control may be
impractical or inefficient.
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Fig 5 - Performance under noisy input conditions

Finally, the computational efficiency of the method is assessed to ensure its feasibility for real-
time operation. While the integration of a neural network introduces additional processing overhead
compared to traditional control methods, careful optimization of the model architecture ensures that
inference times remain within acceptable limits. The neural module's inference time is significantly
lower than the time required for iterative optimization in traditional MPPT algorithms, resulting in
overall improved responsiveness and real-time adaptability. This efficiency is achieved through a
combination of model pruning, quantization, and hardware acceleration techniques, which collectively
ensure that the system can operate effectively in real-world conditions without sacrificing performance.

The experimental results collectively confirm that the proposed expert—neural control method
provides measurable and significant advantages in terms of efficiency, adaptability, and robustness. The
integration of rule-based reasoning with data-driven evaluation enables the system to overcome the
limitations of each individual approach, achieving superior performance across a wide range of operating
conditions. This hybrid methodology not only enhances energy extraction efficiency but also improves
system stability, responsiveness, and resilience, making it a highly effective solution for modern
photovoltaic energy systems. The success of this approach underscores the potential for further
advancements in intelligent energy management, particularly in the context of renewable energy systems
where adaptability and reliability are paramount.

Conclusions

The conducted research demonstrates that modern approaches to controlling photovoltaic
systems, despite significant progress in the development of intelligent and adaptive algorithms, remain
constrained by fundamental trade-offs between interpretability, adaptability, computational complexity,
and real-time applicability. The performed analysis of classical MPPT methods, expert systems, neural
network-based models, and hybrid approaches confirms that none of the existing methodologies
independently ensures a balanced combination of high efficiency, stability, responsiveness, and
scalability under conditions of environmental uncertainty and nonlinear system dynamics.

Classical MPPT algorithms, while computationally efficient and structurally simple, exhibit
inherent limitations related to oscillatory behavior around the maximum power point and delayed
response to rapid changes in external conditions. Their reactive nature and inability to account for
complex multidimensional dependencies reduce their effectiveness in dynamically varying
environments. Expert systems introduce a higher level of interpretability and structured decision-making
through formalized rule bases, enabling the incorporation of domain knowledge and operational
constraints. However, their static nature and lack of self-learning mechanisms significantly limit their
adaptability and scalability in the presence of nonstationary processes and evolving system
characteristics.

Neural network-based approaches provide a powerful mechanism for modeling nonlinear
relationships and adapting to changing conditions through data-driven learning. Their ability to
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generalize across diverse operating scenarios enhances control accuracy and responsiveness.
Nevertheless, these methods introduce substantial computational overhead, depend heavily on the
availability and quality of training data, and lack transparency in decision-making processes. This
reduces their applicability in safety-critical systems where interpretability and predictability are
essential. Hybrid approaches partially address these limitations by combining rule-based reasoning with
adaptive learning; however, they introduce additional architectural complexity and require careful
coordination between system components to ensure stable and reliable operation.

The synthesis of these findings indicates that the primary limitation of existing control
methodologies lies not in their individual capabilities, but in the absence of an integrated control
framework that unifies deterministic reasoning with adaptive evaluation in a coherent and scalable
architecture. Existing solutions tend to optimize specific performance criteria while compromising
others, resulting in systems that either lack flexibility, suffer from excessive complexity, or fail to
maintain stable performance under real-world conditions.

The proposed expert—neural control method addresses this limitation by introducing a structured
integration of an expert system with a neural network-based optimality evaluation module within a
unified cyber-physical control loop. The expert component ensures interpretability, deterministic
behavior, and adherence to domain-specific constraints, while the neural module provides adaptive
assessment and real-time correction of control decisions based on learned system dynamics. This
combination enables continuous refinement of control actions without sacrificing transparency or
increasing system instability.

Experimental evaluation under a range of operating scenarios, including smooth variations,
abrupt disturbances, and combined environmental effects, confirms the effectiveness of the proposed
approach. The results demonstrate a consistent improvement in key performance metrics, including
increased energy extraction efficiency, reduced deviation from the maximum power point, shorter
adaptation time, and lower total energy losses. The observed performance gains, particularly under
dynamic and uncertain conditions, validate the ability of the expert—neural system to overcome the
limitations of both classical and standalone intelligent methods.

Furthermore, the modular architecture of the proposed method ensures scalability and flexibility
in deployment across different photovoltaic system configurations, from small-scale installations to
distributed energy networks. The incorporation of feedback mechanisms and periodic model updating
enables continuous adaptation to long-term changes, such as component degradation and seasonal
variability, ensuring sustained system performance over time.

At the same time, the study reveals that the effectiveness of the proposed approach depends on
the quality of the knowledge base and the representativeness of the training data used for the neural
network. Inaccuracies in rule design or insufficient data coverage may affect system performance,
indicating the need for robust procedures for knowledge engineering and data management.

The obtained results confirm that the integration of expert systems and neural networks
constitutes a viable and effective paradigm for controlling photovoltaic systems in cyber-physical
environments. This approach provides a balanced solution that combines interpretability, adaptability,
and computational efficiency, addressing the key challenges identified in existing methodologies.

Further research should be directed toward the development of advanced architectural
frameworks for distributed expert—neural control systems, including mechanisms for decentralized
coordination, online learning, and adaptive knowledge base evolution. Particular attention should be
given to improving explainability of neural components, optimizing computational efficiency for
embedded implementations, and extending the approach to integrated energy systems that include
storage, grid interaction, and demand-side management. Such developments will contribute to the
creation of next-generation intelligent energy management systems capable of operating 3¢pexTrBHO
under increasing complexity, uncertainty, and scale.

Declaration on the use of generative artificial intelligence tools
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META OOCNIOXEHHA

MeToto kBanicikauiiHoi poboTn marictpa € € po3pobneHHs Ta [OoCHipKEHHS
KibepisMyHOI cUCTEMM KEpyBaHHSA  COHAYHMMW MaHensMu 3  NiABULLEHOHD

e(peKTUBHICTIO Ha OCHOBI OOPOGKM Ta aHani3y gaHuX.

O6’ekTOoM pocnimkeHHA € kibepisnyHa cucTtema KepyBaHHA COHAYHUMMU

naHendamMu.

npe,quTOM AoCnigXeHHA € MeToau Ta anroputMn  KepyBaHHA COHAYHUMUA

naHensmu, 3okpema obpobka, aHania JaHux | NPUAHATTA pilleHb Yy Mexax

kibepisnyHoi cuctemu.
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3AOAYI OOCNIAKEHHSA

lMocTaBneHa meTa AOCAraeTbCs PO3B’A3aHHAM TaKWX OCHOBHMX 3aBAaHb:

- MpoaHamidyBaTu cy4acHi nigxogM [0 nobydoBw Kibepdi3nyHMx cucTeM KepyBaHHA B
COHSIYHIN eHepreTuui ;

- JocnignTn MeToAM MPUUHATTS pilleHb Ta anropuTMM KepyBaHHS, LWO 3acTOCOByBanucsd
Ans onTuMmisauii poboTn COHSYHUX NaHenew;

- BM3HAYATM BUMOMM [0 CTPYKTYpM Ta (YHKLIOHANbHUX KOMMOHEHTIB  Kibepdi3nyHol
CUCTEMU KEepyBaHHS ;

- po3pobutn Mopgenb KibepdidanyHOi CUCTEMM KepyBaHHA COHAYHWMM MaHensasmu 3
ypaxyBaHHAM 0Opobku Ta aHamisy OaHuXx;

- TMPOBECTU OLiHIOBaHHA e(EeKTUBHOCTI  3anpomnoHOBaHMX  pilleHb 3a 3adaHuMKU

KpuUTEpIamMn .

HAYKOBA HOBU3HA TA NMPAKTUYHA
b | LUIHHICTb OTPUMAHUX PE3YJILTATIB

HaykoBa HOBM3Ha OTPUMaHWX Pe3ynbTarTiB:

HabyB MoganbLUOro pO3BUTKY METOA KEpyBaHHS COHSYHMMW MaHEernsiMM Ha OCHOBI iHTerpauii

€KCMEPTHOI CUCTEMU 3 HEMPOMEPEXKEBOID OLLIHKOK OMNTMMAarbHOCTI PilLEHb ;

Habyna noganbLloro po3BUTKY IH(OpPMaLiHa TexHOsorisi aganTUBHOMO — KepyBaHHSA B
KibepdisnyHMX  cuUCTemMax LUMNSXOM MOedHaHHA  NpaBuil  MOMYHOrO  BMBEAEHHA 3

anroputMamMm LLUTYy4YHOro iHTeJ'IeKTy.

MpakTnyHa 3Ha4YUMICTb OTPUMaHUX pesynbTaTiB nondrae y NigBULLEHHI edeKTUBHOCTI

po6GOTM COHAYHWX MNaHenen, 3MEeHLUEeHHI BTpaT eHeprii, MNoKpalleHHi aganTUBHOCTI Ta

LBMaKoaii cucremm KepyBaHHA B ymMmoOBax 3MiHHOrO cepegosuilia .




AKTYANBbHICTb OOCHNIOAXEHHA

U B ymoBax 3pOCTaHHA 4YacTKM BIiQHOBMIOBAHWX [pKepen eHeprii, MigBULLEHHS BWMOr A0
eHeproeeKTMBHOCTI Ta HeobXiAHOCTi CTabiNbHOrO YHKLOHYBAHHA EHEPreTUYHUX CUCTEM

0cobnMBOI akTyanbHOCTI HAbyBa€ NiABULLEHHS eDEKTUBHOCTI pPOBOTU COHAYHUX MaHENeNn.

O PyHKUjOHYBaHHS Takumx cucTtem BigbyBaeTbCs B yMOBax MOCTIMHOI 3MiHW 30BHilLHIX NapameTpis,
30KpeEMa PpiBHA COHAYHOI [HCOMAUii, TemnepaTypyu HaBKOMULLHLOIO CEpPedoBMLLA Ta PEXMMIB

HaBaHTaXeHHsA, WO CYTTEBO YCKIIaagHOE npouecC KepyBaHHA.

U TpaguuinHi meToam kepyBaHHSA 4acTo He 3abesneqyloTb A0CTaTHbOI a4anTMBHOCTI A0 AUHAMIYHUX
3MiH cepemoBulla, WO NPU3BOOMTbL OO BTPaT €HEpPrii Ta 3HWXKEHHA 3aranbHOi MPOOYKTUBHOCTI

cucremun.

O Y 3B’d3Ky 3 UMM akTyanbHUM € po3pobreHHs Kibepdi3nyHOi CUCTEMWU KepyBaHHA, SKka MoeaHye
3acobu 36opy AaHUX, aNrOPUTMK iHTENEKTYanbHOrO NPUMHATTS pilleHb Ta aganTUBHI METOAM aHani3y

ONa onTUMI3aLi pexvmiB poboTN COHAYHMX NaHENen y pearnbHOMY Yaci.

AHANI3 BIAOMUX METOAIB

O BctaHoBneHo, WO edeKTUBHICTb YHKLOHYBAHHA  Kibepdi3ndHux cuctem  KepyBaHHS
COHSAYHUMM NaHENsIMU BU3HAYAETLCSA HE NMULLIE TEXHIYHUMU XapakTepUCTUKaMmn obragHaHHs, a 1
AKICTIO 06pOBKM OaHMX, LWBUAKICTIO APUMHATTA pilleHb, TOYHICTIO BMMIpPIOBAaHb Ta 3A4aTHICTIO
cucTtemMm aganTyBaTMCS 40 3MiH 30BHILLUHLOIO cepeaoBuLLa.

O OcobmnuBe micLe cepef BigoMuMX NigXogiB 3afiMaloTb KMAacU4YHi anroputMn KepyBaHHS, 3okpeMa
metoan MPPT, dki 3abe3nedytoTb MOWYK TOYKM MaKCMManbHOI MOTYXHOCTi, MpoTe MarTb
obMmexeHy edheKTMBHICTb B YMOBaX LUBWAKO3MiHHOI iHCOMNSALIT Ta TeMnepaTypHUX KONMBaHb.

O AHani3 cyyacHWx METOZIB KepyBaHHS 3acBigyumB, WO HaMbINbL NepcnekTmMBHUMU € aganTvBHI,

€KCMNepTHi Ta iHTenekTyanbHi Nigxoay, siKi BpaxoBYHOTb AUHAMIKY NMapameTpiB CUCTEMMU, PEXVMU

HaBaHTaXEHHs1, ICTOPUYHI OaHi Ta KpuTepil MiHiMi3auii eHepreTMyHmx BTpaT i NigBULLEHHS

3aransHoro KK yctaHoBku.
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MO[AEJb CTPYKTYPU CUCTEMMU

UCucrema nobygoBaHa 3a kibepdianyHo
apXiTEKTYpOoo Ta CKMaJaeTbCsi 3 TPbOX OCHOBHUX

PIBHIB: ﬂmmnf
» pisnyHoro;

> inDOpMaLliPIHOrO; Moyt aBpatkM 3anuTIa

IHEepTOp

» Kepyro4oro.

C i'l(.P 1 |

i 9 i ; i ; - Spa TO " Sanmr

UdiznyHWM piBeHb BKOYAE COHAYHI NaHeni, iHBepTop i Tl::‘f,’,;‘fm;m Hbopwain IR G
| v

CceHcopu.

Moyt ofposKm
wpopMaLiy Moayne poSomm

QlHdopmauiiHuii —moayni 36opy Ta nepegaBaHHst s i

L3
AaHuX. Cupa
chopmana
SEQ

OKepytounin —6rnok aHanisy, eKCnepTHy cuctemy Ta L
MoZyIb NPUAHATTS pilleHb. B3aemopgis Mix piBHAMM f" E;*’ﬂ

_ Rswm )

3anut go
B

peani3yeTbCs Yepes 3aMKHEHU LMK KBUMIPHOBaHHSA —
aHania —KepyBaHHs ».

BXIAHI TA BUXIAHI NMAPAMETPU

* BxigHi mapameTtpwu :

IHconsuia G(t): BumiptoeTbeca aatimkamm
COHSIYHOrO BUMPOMIHIOBaHHS . [ “Bxiani napameTpn

Temnepatypa T(t): BumiptoeTbcst TemMnepatypHuMm o TR o R
OatHnkamun. Git . T ) uit) 1_;1;,
Hanpyra U(t): BumiptoeTbcsi AatinkaMu Hamnpyru . = s —g T =

Crpym™ /(t): BuMiptoeTbCsi JaTimkamMm CTpymy. T . Y ¥ —

Kibepdilama cucTessa

HaBaHTaxeHHsi L(t): BumiptoeTbca gamimnkamm SARSSRG IR SN M K
HaBaHTaXEHHS . N S
Buxinkwwn napamerp
Y

* KibepdisnyHa cucrema kepyBaHHSA
COHSAYHUMM NaHensMu:

» OTpumye BXigHi napamerpu Ta 06pobnse ix ans
hopMyBaHHS KEpyHHOro curHary.

Kepyoumh carnan
vl

* BuxigHuin napamertp:

» Kepytounin curHan u(t): BukopuctoByeTbest ons
onTUMi3aLii poboTN COHYHUX NaHenen.




135

' METOA ONTUMI3ALLII KEPYIOUUX PILLEHb HA OCHOBI
. BOOCKOHAJIEHUX MATEMATUYHUX MOOENEN

O 3anponoHoBaHO MeToA OMNTUMI3aLi, Lo 6a3yeTbcsa Ha
BOOCKOHAIEHin MateMaTtnyHin mogerni hoToenekTpUHHOT CUCTEMMU
3 ypaxyBaHHAM iHCONALiT, TeMnepaTypu Ta BHYTPILLHIXBTpaT.

O Kepytoumin BnvB hopmy€eTbCAaAanTMBHO HA OCHOBI aHanisy 3MiHU
MOTY>KHOCTi Ta MOTOYHOrO CTaHYCUCTEMMW.

O Lle no3Bonuno cKopoTMTU Yac BUXoQY Ha ONTUManbHUIPEXNM,
3MEHLLMTN KONNUBAHHS MOTYXXHOCTI Ta MigBULLNTY CTabinbHICTb

p06OTVI YCTaHOBKW.

r B METOZ KEPYBAHHS1 HA OCHOBI EKCMEPTHOI
9o Pi 7 h A CUCTEMM

O Po3pobneHo MeToa KepyBaHHsi Ha OCHOBI

Crpyxrypa Gazn 3nans, PoBOHOI NaM'sTi Ta Mexanismy NOTIYHOID BnBeaEHHR

€KCMEePTHOT CUCTEMM, LLO BUKOPUCTOBYE Basy B438 Jon

Npoayxuinii npasuna OaMe THNOB X CHTYBUIR Peaxisi wa oAty

3HaHb Ta MNPOAYKLUINHI NpaBuna TUny «sKLo—

{psunna Curyau Peasul

TO».

Mexanian noriunoro ansefienns
" B

U PiweHHs dopMyloTbCa  LUASXOM  JTOTYHOTO

CribcTasney s GakTio T3 npasnn

BUBELEHHS Ha OCHOBi MOTOYHMX NapameTpiB:  S———

¥

iHconsuii, TemnepaTypu, Hampyrn Ta PiBHS

DOPMYBIHHR KEDY0Ix LIA

HaBaHTaXXeHH4.

epyonl 0

Buxowanyl maxanismu

U Takmn  nigxig  3abesnedye  aganTvBHE v
Kepyiol curiand

pearyBaHHA CcuUCTeMn Ha 3MiHy ymoB

ekcrnyatauii Ta nigBuwye cTabinbHiCTb

po60TN COHAYHOI YCTaHOBKM.



O Po3pobneHo MeTon HEMPOMEPEXKEBOI OLiHKN
Ta MpPOrHo3yBaHHS, WO 0adyerbca Ha
GaraTtoLlapoBoMy MepCenTpPoHi Ansd aHanisy
YacoBUX pALIB MapameTpiB CUCTEMU.

U Mopernb 3abe3nevye OLiHKy MOTOYHOro CTaHy
Ta MpOrHo3 MamnbyTHIX 3MiH iHconsuii,
TemnepaTtypu i HaBaHTaXXEHHS.

Q Lle [03BOSSIE peanisyBaTu
BUMNepeaXyBarnbHe KepyBaHHS Ta NigBULLUTU
e EKTUBHICTb po6oTu COHSAYHOI

€HepreTnYHol YCTaHOBKN.
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METO[ HEUPOMEPEXEBOI OLIIHKM TA
NMPOrHO3YBAHHA CTAHY CUCTEMU

Josmiwni @axropn

il NapaNETEM Ceoié xomanastien

Nl Npo coAmI0 fAeTEoT

Nporiosysanna lnconauii
e L ]

AHBME FCTODM#IMX AHMK

Ofpctaess nonl
Y T

MO AR NPT RATYRIHHA
Nporsas ine ansugi
¥

NPOr oS NPOdins QOCTY =0l enepr

HOCT T epr

|
KOHTYP XBpYyRanus
Y

Nrayssing pexvnis poborm

METOO HEMPOMEPEXXEBOI OLIIHKU TA
NMPOrHO3YBAHHA CTAHY CUCTEMU
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METOA NPOIrHO3YBAHHA TA BPAXYBAHHSA
3OBHIWHIX PAKTOPIB Y KEPYBAHHI

Josmiwni Gartopn

MeTocponarrell NpaNETEK Ce0md xomAD IR

O Po3pobneHo MeTo[, NPOrHO3yBaHHSA

a1 MO FEOAMMO PARTEO T

30BHILLHIX (paKTopiB, LO BpPaxoBYyE 3MiHU

Nporpozysanns inconsuil
A ¥

iHconsuii, TemnepaTypu  HaBKOJULLHbLOMO e i s

CepenoBuLLA Ta HABaHTaXEHHS CUCTEMM. ghpcsnes aon '
B &

A Ha OCHOBI NPOrHO3HNX moaenen SRk o Moy ain

dopMyOTbCA BUNEpPEenKyBarbHi Kepytodi  Aii pocven s

AN aganTauii pexxumiB poboTu YyCTaHOBKM. Noorroz A npotins nocryreis enepr

U Lle no3Bonsie 3MEHLUMTU EHEPreTuyYHi BTpaTu, pocevos oyt e

KoHTYP KRPYRAHHA
¥

nigBuWWT  cTabinbHICTb  reHepauii  Ta

Nnzeryssina pexvnio poborm

3a06e3Mne4nTy NPOaKTUBHE KEpyBaHHS.

A Pl METOA OFI]'MMI3ALI,ITFIPOI'PAMHO'I'
y - PEANI3ALII ANNITOPUTMIB KEPYBAHHA

U Po3pobneHo meTtod onTumidauii NporpamHoi _ e ltes

peanisauii anropuTMmiB KepyBaHHs, Eraupuon sl Easprorusd son

fepennia DOPOORE LaHnK

CNpsAIMOBaHWUIA Ha 3MEHLLUEHHS [ep

HopManianean! na

obyncnioBanbHOI CKMagHOCTI Ta Yacy peakuii
CUCTEMMW.

O Ontumisauisa jocsraeTbcs LUIIAXOM

Camimin inpopsauiErmnn natin

CMpOLLEHHA MaTeMaTu4yHux obyucrneHb, R h

Rars 0ax neRoonepmi [ani ANS NEOMNCS/ WCOANYT [l QAR NEOTHCIY HEEHTENEHHS

KellyBaHHSA NPOMIXKHUX pesyneTaTiB i 515 KAW AP ES e K Ponpni npe

npiopuTesauii 3agady y LK KepyBaHHS.

U Lle 3abesnevye ctabinbHy poboTy cuctemu B

pexumi  peanbHOro  4acy HaBiTb  3a

0OMEXEHUNX anapaTHUX PecypciB.
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METO[ ONTUMI3ALIII MPOrPAMHOI
PEANI3ALII AlITOPUTMIB KEPYBAHHA

ONTUMI30BaHOro UUKNY BUKOHaAHHA alnroputMy KepyBaHHA B pearibHOMY yaci

TOPiEHRMHE 38 TPHMOK

e 30 mc
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PEANI3ALIA METOAY

Knientu Ta intepdeiicn)
Beb-inTepdenc

v

API
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¥

Moaynk 36epexeHHa nannx Moayne 360py pannx
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PEANI3ALUIA METOAY

InterServer Home

System Overview

Redresh Dats




EKCNMEPUMEHTHU

CTaTUCTUYH M aHani3 KnacuyHoro MPPT Ta HelipomepeXeBOorckepyBaHHSA

[vHawmika ecdbekTuBHOCTI poboTK cncTtemm —*—Knacuunuin MPPT (6anu 1-10)
95% Helipomeperxose kepyBaHHs (6anu 1 -10)

85% MaKcmwaau,ﬂ
78% n%yx(HOCTl
75%
8
65%
60% 6
LWBnakicte Lo
I ap,au auii MiHimisauja sTpar
nravii

PaHok MonyneHs Beup CrabinbHicTb

"MonepeaHs pearnizauia  ™Hosa peanizauis pexumy

BUCHOBKH

Y pO6OTi 3a pedyrnibtataMin BUKOHAHUX TEOPETUYHUX Ta NPaKTUYHUX DOCTipKEHDb :

* NpOaHanisoBaHoO BiAOMiI METOAM KEPYBaHHS Ta NPUAHATTS pilleHb Y KibepdisaniHmnx
CUCTEMAX COHSAYHOI EHEePreTUKM ;

* PO3POBNEHO METOA ONTUMI3aLlii KepYHUMX pilleHb HAa OCHOBI BOOCKOHANEHUX
MaTteMatTM4HUX MOLENeEN;

* peanisoBaHO METOAM EKCMEPTHOro , HEMPOMEPEXEBOrO Ta MPOrHO3HOrO KepyBaHHS ;

* 30iMiICHEHO MporpamMHy pearnisauito KibepisnyHOI CUCTEMU KEPYBAHHS COHSAYHOMD
€HEPreTMYHOK YCTAHOBKOHO .

3anponoHoBaHUI niaxig 3abesnevye MiaBMLLEHHA afanTUMBHOCTI CUCTEMMW,
3MEHLUEHHS eHEPreTMYHMX BTPAaT Ta CKOPOYEHHS Yacy peakuii Ha 3MiHY 30BHIiLLHiX
YMOB.

MigTBepaXXeHO nepesary iHTENEKTyanbHUX i MPOrHO3HUX METOoAiB Haj TpaauuinHUMu
nigxogamn.[JocArHyTo MigBULLEHHA €(EeKTUBHOCTI (OYHKLiIOHYBaHHA CUCTEMU Ha
~17%, Wo niaTBEpOAKYE AOLUINMbHICTb BUKOPUCTAHHS 3arnporoHOBAHOIO METOAy.
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* LInbynbcbkmi €., degopos €. 3acTocyBaHHA HENPOMEPEXKEBUX
MeToaiB y KibepdisanyHin cuctemi KepyBaHHSA OOTOENEKTPUYHUMMU
naHenamun. Global Trends in Science: Research, Innovation and
Development, BapHa, bonrapis, 27 —29 ksit. 2026.

* LInbynbcebkun €., Penopos €. HepomepexeBe kepyBaHHSA
coHauHMmM naHenamu. MNepCuk 2026, Xapkis, YkpaiHa, 23 KBiT.
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JIOJIATOK ]I

JlicTuHT mporpaMHOTro 3a0e3MeUeHHS

DataCollector.cs:
using InterServer.Controllers;

namespace InterServer.Logic;

public class DataCollector : BackgroundService

{
private readonly ILogger<DataCollector> logger;

public DataCollector (ILogger<DataCollector> logger)
{

_logger = logger;

protected override async Task ExecuteAsync (CancellationToken stoppingToken)

{
while (!stoppingToken.IsCancellationRequested)
{
RequestHandler requestHandler = new RequestHandler();
AppSettings appSettings = new SettingsController () .GetSettings();

bool isConfigSafe = appSettings.GetType () .GetProperties/()
.All (p => p.GetValue (appSettings) != null);

if (appSettings.EnableAutomaticDataGather && isConfigSafe)
{
DbHandler dbHandler = new DbHandler (
appSettings.Dblp,
appSettings.DbName,
appSettings.DbUsername,
appSettings.DbPassword
) ;

dbHandler.UploadData (requestHandler.ResponseManager (ResponseType. Ok,
ReplyDataType.CurrentData)) ;

await
Task.Delay (Convert.ToInt32 (appSettings.AutomaticGatherInterval) *
Convert.ToInt32 (appSettings.AutomaticGatherIntervalModifier), stoppingToken);
}
else
{
// Console.WriteLine ("Data gathering disabled");
await Task.Delay (1000, stoppingToken);
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DbHandler.cs:
using InterServer.Controllers;
namespace InterServer.Logic;

public class DataCollector : BackgroundService

{

private readonly ILogger<DataCollector> _logger;

public DataCollector(ILogger<DataCollector> logger)
{
_logger = logger;

}

protected override async Task ExecuteAsync(CancellationToken stoppingToken)
{
while (!stoppingToken.IsCancellationRequested)
{
RequestHandler requestHandler = new RequestHandler();
AppSettings appSettings = new SettingsController().GetSettings();

bool isConfigSafe = appSettings.GetType().GetProperties()
All(p => p.GetValue(appSettings) != null);

if (appSettings.EnableAutomaticDataGather && isConfigSafe)
{
DbHandler dbHandler = new DbHandler(
appSettings.Dblp,
appSettings.DbName,
appSettings.DbUsername,
appSettings.DbPassword
);

dbHandler.UploadData(requestHandler.ResponseManager(ResponseType.Ok, ReplyDataType.CurrentData));

await Task.Delay(Convert.Tolnt32(appSettings.AutomaticGatherlinterval) *
Convert.Tolnt32(appSettings.AutomaticGatherIntervalModifier), stoppingToken);

}

else

{
// Console.WriteLine("Data gathering disabled");
await Task.Delay(1000, stoppingToken);

}

}
}

PredictionModule.cs:

public class PredictionModule
{
private readonly int _windowsSize;
private readonly Dictionary<string, Queue<double>> _history = new();



public PredictionModule(int windowSize = 10)

_windowsSize = windowSize;

public void AddDataPoint(string key, double value)

if (!_history.ContainsKey(key))
_history[key] = new Queue<double>();

var queue = _history[key];
queue.Enqueue(value);

if (queue.Count > _windowsSize)
queue.Dequeue();

public double PredictNext(string key)

if (!_history.ContainsKey(key) || _history[key].Count < 2)
return double.NaN;

var data = _history[key].ToArray();

// Simple linear regression:y=ax+b
int n = data.Length;
double sumX =0, sumY = 0, sumXY = 0, sumXX = 0;

for (inti=0;i<n;i++)
{
sumX +=i;
sumY += datal[i];
sumXY +=i * datali];
sumXX +=i *i;

double slope = (n * sumXY - sumX * sumY) / (n * sumXX - sumX * sumX + 1e-9);
double intercept = (sumY - slope * sumX) / n;

return slope * n + intercept;

DataProcessor.cs:

using System.Text;
using InterServer.Controllers;
using YamIDotNet.Serialization;

namespace InterServer.Logic;

public class DataProcessor

{
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private static ushort CalculateModbusCRC(byte[] data)

{
ushort crc = OxFFFF;
for (int pos = 0; pos < data.Length; pos++)
{
crc A= (ushort)data[pos];
for (inti=8;i!=0;i-)
{
if ((crc & 0x0001) !=0)
{
cre>>=1;
crc "= 0xA001;
}
else
crc>>=1;
}
}
return crc;
}

private static byte[] ConcatArrays(params byte[][] arrays)
{

int totalLength = arrays.Sum(array => array.Length);
byte[] result = new byte[totalLength];
int offset = 0;

foreach (var array in arrays)

{

Buffer.BlockCopy(array, 0, result, offset, array.Length);

offset += array.Length;

return result;

private static byte[] ConvertHexToByteArray(string hexString)

{
int length = hexString.Length;
byte[] byteArray = new byte[length / 2];

for (inti=0;i<length;i+=2)

{
if (hexString[i] == "\\' && hexString[i + 1] == 'x")
{
// Skip the "\x' part and convert the remaining two characters
i+=2;
}
byteArray[i / 2] = Convert.ToByte(hexString.Substring(i, 2), 16);
}

return byteArray;
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private static int ConvertFrameHexValueTolnt(string hexval, string reg)

{
if (hexval =="" | | hexval.Contains(" "))
{
Console.WriteLine("No value in response for register " + reg);
return 0;
}
int bits = 16;
int val = Convert.Tolnt32(hexval, bits);
// No idea, what that is, and why is it needed!
// Original script had something like that, and I'm leaving it just in case.
if (val & (1 << (bits - 1))) !=0)
{
val -= 1 << bits;
}
return val;
}
public byte[] ConstructFrameRequest(int sequence)
{
var config = ReadInverterConfig();
// TODO: make that value configurable from GUI
uint inverterSn = new SettingsController().GetSettings().SerialNumber;
int regStart = config.requests[sequence].start;
int regkEnd = config.requests[sequence].end;
// Data frame begin
byte[] start = { 0xA5 };
byte[] length = { 0x17, 0x00 };
byte[] controlCode = { 0x10, 0x45 };
byte[] serial = { 0x00, 0x00 };
// Blank data field
byte[] dataField = { 0x02, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00, 0x00,
0x00 };

string posini = regStart.ToString("X2").PadLeft(4, '0');
string posFin = ((regEnd - regStart + 1) & OxFF).ToString("X2").PadLeft(4, '0');

// Calculate Business field

byte[] businessField = { 0x01, 0x03,
Convert.ToByte(poslIni.Substring(0, 2), 16),
Convert.ToByte(poslIni.Substring(2, 2), 16),
Convert.ToByte(posFin.Substring(0, 2), 16),
Convert.ToByte(posFin.Substring(2, 2), 16) };

// Stupid workaround, because algorithm produces that value with 1 extra bit
businessField[5] -= Convert.ToByte(sequence);

byte[] crc = BitConverter.GetBytes(CalculateModbusCRC(businessField)).ToArray();
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byte[] checksum = { 0x00 };
byte[] endCode = { 0x15 };

byte[] inverterSn2 = BitConverter.GetBytes(inverterSn);

// Construct the frame
byte[] frameRequest = ConcatArrays(start, length, controlCode, serial, inverterSn2, dataField,
businessField, crc, checksum, endCode);

// Calculating and filling in the "checksum" byte
int frameChecksum = 0;
for (inti=1; i< frameRequest.Length - 2; i++)
{
frameChecksum += frameRequest[i];

}
frameRequest[frameRequest.Length - 2] = (byte)(frameChecksum & OxFF);

// Those are taken from the original python script

// And were used only for comparison in certain cases

// byte[] unbased1 =
Convert.FromBase64String("pRcAEEUAADKt3gMCAAAAAAAAAAAAAAAAAAABAWADAGA0JpOV");

// byte[] unbased2 =
Convert.FromBase64String("pRcAEEUAADKt3gMCAAAAAAAAAAAAAAAAAAABAWCWAGPIZ38V");

// string comparisonValue = Convert.ToBase64String(frameRequest);

return frameRequest;

public Framelnfo DigestResponse(List<byte[]> framelList)
{

// This is clearly a bad practice, and probably can be done much better.

// | don't really know how, and maybe at some point in the future I'll make it not terrible!

var framelnfoTemp = new Framelnfo

{
GridL1Voltage = new InnerFramelnfo { Title = "Grid Voltage L1" },
GridL2Voltage = new InnerFramelnfo { Title = "Grid Voltage L2" },
LoadL1Power = new InnerFramelnfo { Title = "Load L1 Power" },
LoadL2Power = new InnerFramelnfo { Title = "Load L2 Power" },
InverterL1Power = new InnerFramelnfo { Title = "Inverter L1 Power" },
InverterL2Power = new InnerFramelnfo { Title = "Inverter L2 Power" },
BatteryStatus = new InnerFramelnfo { Title = "Battery Status" },
BatteryCurrent = new InnerFramelnfo { Title = "Battery Current" },
LoadVoltage = new InnerFramelnfo { Title = "Load Voltage" },
SmartLoadEnableStatus = new InnerFramelnfo { Title = "SmartLoad Enable Status" },
GridConnectedStatus = new InnerFramelnfo { Title = "Grid-connected Status" },
UsageTime = new InnerFramelnfo { Title = "Time of use" },
Alert = new InnerFramelnfo { Title = "Alert" },
WorkMode = new InnerFramelnfo { Title = "Work Mode" },
CommunicationBoardVersion = new InnerFramelnfo { Title = "Communication Board

Version No." },

ControlBoardVersion = new InnerFramelnfo { Title = "Control Board Version No." },
InverterStatus = new InnerFramelnfo { Title = "Running Status" },
DailyBatteryCharge = new InnerFramelnfo { Title = "Daily Battery Charge" },
DailyBatteryDischarge = new InnerFramelnfo { Title = "Daily Battery Discharge" },
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TotalBatteryCharge = new InnerFramelnfo { Title = "Total Battery Charge" },
TotalBatteryDischarge = new InnerFramelnfo { Title = "Total Battery Discharge" },
DailyEnergyBought = new InnerFramelnfo { Title = "Daily Energy Bought" },
DailyEnergySold = new InnerFramelnfo { Title = "Daily Energy Sold" },
TotalEnergyBought = new InnerFramelnfo { Title = "Total Energy Bought" },
TotalEnergySold = new InnerFramelnfo { Title = "Total Energy Sold" },
GridFrequency = new InnerFramelnfo { Title = "Grid Frequency" },
DailyLoadConsumption = new InnerFramelnfo { Title = "Daily Load Consumption" },
TotalLoadConsumption = new InnerFramelnfo { Title = "Total Load Consumption" },
DcTemperature = new InnerFramelnfo { Title = "DC Temperature" },
AcTemperature = new InnerFramelnfo { Title = "AC Temperature" },
TotalProduction = new InnerFramelnfo { Title = "Total Production" },
DailyProduction = new InnerFramelnfo { Title = "Daily Production" },

PvlVoltage = new InnerFramelnfo { Title = "PV1 Voltage" },

Pv1Current = new InnerFramelnfo { Title = "PV1 Current" },

Pv2Voltage = new InnerFramelnfo { Title = "PV2 Voltage" },

Pv2Current = new InnerFramelnfo { Title = "PV2 Current" },

GridL1Current = new InnerFramelnfo { Title = "Grid Current L1" },

GridL2Current = new InnerFramelnfo { Title = "Grid Current L2" },
InternalL1LoadPower = new InnerFramelnfo { Title = "Internal CT L1 Power" },
InternalL2LoadPower = new InnerFramelnfo { Title = "Internal CT L2 Power" },
ExternalLl1LoadPower = new InnerFramelnfo { Title = "External CT L1 Power" },
ExternalL2LoadPower = new InnerFramelnfo { Title = "External CT L2 Power" },
GenPower = new InnerFramelnfo { Title = "Gen Power" },

GenConnectedStatus = new InnerFramelnfo { Title = "Gen-connected Status" },
MicrolnverterPower = new InnerFramelnfo { Title = "Micro-inverter Power" },
BatterySoc = new InnerFramelnfo { Title = "Battery SOC" },

PvlPower = new InnerFramelnfo { Title = "PV1 Power" },

Pv2Power = new InnerFramelnfo { Title = "PV2 Power" },

BatteryPower = new InnerFramelnfo { Title = "Battery Power" }

|5

// Read the config, and get register position addresses
var config = ReadInverterConfig(); //deserializer.Deserialize<RootObject>(configFile);

// Those are taken from the config file, no touchy
byte[] pini = {0x0003};

byte[] pfin = {0x0070};

byte[] pini2 = {0x0096};

byte[] pfin2 = {0x00f8};

int requestlterations = 0;

foreach (byte[] frame in frameList)
{
var processinglterations = 0;
var i = config.requests[requestlterations].end - config.requests[requestlterations].start;
// Console.WriteLine("===FRAME START===");
while (processinglterations <= i)
{
var pl = 56 + processinglterations * 4;
var p2 = 60 + processinglterations * 4;



OXFFFF:X4}";

0x7F).ToArray()));

registers: {String.Join(
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var hexpos = $"0x{(processinglterations + config.requests[requestlterations].start) &
// Console.WriteLine("hexpos="+hexpos);

var hexString = string.Concat(
BitConverter.ToString(frame).Replace("-", ""),

nn
’

new string(Encoding.ASCII.GetString(frame).Where(c => ¢ >= 0x20 && c <=

var selectedSubstring = hexString.Substring(p1, p2 - p1);
var intFrameValue = ConvertFrameHexValueTolnt(selectedSubstring, hexpos);

// Config logging and processing
foreach (var parameter in config.parameters)

{
// Console.WriteLine($"Group: {parameter.group}");

foreach (var item in parameter.items)

{

if (item.registers.Count() > 1)

{
if (item.registers[0].Contains(hexpos))
{// Some special multi-byte code might be needed

// Console.WriteLine($"Title: \"{item.name}\",

, item.registers)}, value: {intFrameValue * item.scale}{item.uom}");

foreach (var property in

framelnfoTemp.GetType().GetProperties())

(InnerFramelnfo)property.GetValue(framelnfoTemp);

matching property: {property.Name} - multi-byte");

intFrameValue;

{
// Get the nested InnerFramelnfo object
InnerFramelnfo innerFramelnfo =
if (innerFramelnfo.Title == item.name)
{
// Console.WriteLine($"Found
innerFramelnfo.Value =
innerFramelnfo.Scale = item.scale;
innerFramelnfo.Unit = item.uom;
}
}
}
}
else
{

if (item.registers[0].Contains(hexpos))

{
// Console.WriteLine($"Title: \"{item.name}\",

registers: {item.registers[0]}, value: {intFrameValue * item.scale}{item.uom} ({intFrameValue}{item.uom})");



framelnfoTemp.GetType().GetProperties())

(InnerFramelnfo)property.GetValue(framelnfoTemp);

matching property: {property.Name} - single-byte");

intFrameValue;

}

processinglterations++;

}
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foreach (var property in

{
// Get the nested InnerFramelnfo object
InnerFramelnfo innerFramelnfo =
if (innerFramelnfo.Title == item.name)
{
// Console.WriteLine($"Found
innerFramelnfo.Value =
innerFramelnfo.Scale = item.scale;
innerFramelnfo.Unit = item.uom;
}
}

// Console.WriteLine("===FRAME END===");

requestlterations++;

return framelnfoTemp; //MergeFramelnfos(framelnfolList);

string inverterConfigName = new SettingsController().GetSettings().ConfigName;
string configFile = File.ReadAllText($"InverterConfigs/{inverterConfigName}");

var config = deserializer.Deserialize<YamlRootObject>(configFile);

}

public YamlRootObject ReadlInverterConfig()

{
var deserializer = new DeserializerBuilder().Build();
return config;

}

ObjectTypes.cs:

using System.ComponentModel.DataAnnotations;
namespace InterServer.Logic;

public enum JsonRequestType : ushort

{

Get =0,
Test=1



public enum ResponseType : ushort

{

public enum ReplyDataType : ushort

{

Ok=0,

AuthReject =1,
ServiceUnavailable = 2,
Incorrectlson =3,
UnknownError = 4,
Rejected =5,
InternalError = 6,
ConnectionError =7,
InverterConfigError = 8,
AppConfigError =9,
InvalidTimestamp = 10,
NoDataAvailableYet = 11,
NotEnoughData = 12,

CurrentData =0,
CachedlatestData =1,
CachedPeriodData = 2,
CachedRangeData = 3,
NoData =4,

AllData =5,
Timestamps =6,

public class AppSettings

{

public string ConfigName { get; set; }

public uint SerialNumber { get; set; }

public string DbName { get; set; }

public string DbPassword { get; set; }

public string DbUsername { get; set; }

public string Dblp { get; set; }

public bool EnableAutomaticDataGather { get; set; }
public float AutomaticGatherinterval { get; set; }
public int AutomaticGatherIntervalModifier { get; set; }
public string PathPrefix { get; set; }

public string Inverterlp { get; set; }

public int InverterPort { get; set; }

public bool Debuglogging { get; set; }

public class Requestlson

{

public long Timestamp { get; set; }
public string Token { get; set; }

public class RequestJsonRange

{

151



public uint TimestampStart { get; set; }
public uint TimestampEnd { get; set; }
public string Token { get; set; }

public class ReplyJsonEntity

{
[Key]
publicint Id { get; set; }
[Required]
public long Timestamp { get; set; }
[Required]
public string JsonData { get; set; }

}

public class ReplyJson

{
public required ResponseType Status { get; set; }
public required string Message { get; set; }
public long Timestamp { get; set; }
public Framelnfo? Data { get; set; }

}

public class ReplyJsonNested

{
public required ResponseType Status { get; set; }
public required string Message { get; set; }
public long Timestamp { get; set; }
public ReplyJson? Data { get; set; }

}

public class ReplyJsonList

{
public required ResponseType Status { get; set; }
public required string Message { get; set; }
public long Timestamp { get; set; }
public List<ReplyJson>? Data { get; set; }

}

public class ReplyJsonTimestamps

{
public required ResponseType Status { get; set; }
public required string Message { get; set; }
public long Timestamp { get; set; }
public List<ReplyJson>? Data { get; set; }

}

public class Datalson

{
public required ResponseType Status { get; set; }
public Type DataType { get; set; }
public required dynamic Data { get; set; }
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public class InnerFramelnfo

{

public string Title { get; set; }
public string? Unit { get; set; }
public float Scale { get; set; }
public float Value { get; set; }

public class Framelnfo

{

public InnerFramelnfo BatteryStatus { get; set; }

public InnerFramelnfo BatteryCurrent { get; set; }

public InnerFramelnfo LoadVoltage { get; set; }

public InnerFramelnfo SmartLoadEnableStatus { get; set; }
public InnerFramelnfo GridConnectedStatus { get; set; }
public InnerFramelnfo UsageTime { get; set; }

public InnerFramelnfo Alert { get; set; }

public InnerFramelnfo WorkMode { get; set; }

public InnerFramelnfo CommunicationBoardVersion { get; set; }

public InnerFramelnfo ControlBoardVersion { get; set; }
public InnerFramelnfo InverterStatus { get; set; }

public InnerFramelnfo DailyBatteryCharge { get; set; }
public InnerFramelnfo DailyBatteryDischarge { get; set; }
public InnerFramelnfo TotalBatteryCharge { get; set; }
public InnerFramelnfo TotalBatteryDischarge { get; set; }
public InnerFramelnfo DailyEnergyBought { get; set; }
public InnerFramelnfo DailyEnergySold { get; set; }

public InnerFramelnfo TotalEnergyBought { get; set; }
public InnerFramelnfo TotalEnergySold { get; set; }

public InnerFramelnfo GridFrequency { get; set; }

public InnerFramelnfo DailyLoadConsumption { get; set; }
public InnerFramelnfo TotalLoadConsumption { get; set; }
public InnerFramelnfo DcTemperature { get; set; }

public InnerFramelnfo AcTemperature { get; set; }

public InnerFramelnfo TotalProduction { get; set; }

public InnerFramelnfo DailyProduction { get; set; }

public InnerFramelnfo GridL1Current { get; set; }

public InnerFramelnfo GridL2Current { get; set; }

public InnerFramelnfo LoadL1Power { get; set; }

public InnerFramelnfo LoadL2Power { get; set; }
public InnerFramelnfo InverterL1Power { get; set; }
public InnerFramelnfo InverterL2Power { get; set; }

public InnerFramelnfo InternalL1LoadPower { get; set; }
public InnerFramelnfo InternalL2LoadPower { get; set; }
public InnerFramelnfo ExternalL1LoadPower { get; set; }
public InnerFramelnfo Externall2LoadPower { get; set; }
public InnerFramelnfo GridL1Voltage { get; set; }

public InnerFramelnfo GridL2Voltage { get; set; }

public InnerFramelnfo GenPower { get; set; }

public InnerFramelnfo GenConnectedStatus { get; set; }
public InnerFramelnfo MicrolnverterPower { get; set; }
public InnerFramelnfo BatterySoc { get; set; }

public InnerFramelnfo Pv1Voltage { get; set; }
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public InnerFramelnfo Pv1Current { get; set; }
public InnerFramelnfo PvlPower { get; set; }
public InnerFramelnfo Pv2Power { get; set; }
public InnerFramelnfo Pv2Voltage { get; set; }
public InnerFramelnfo Pv2Current { get; set; }
public InnerFramelnfo BatteryPower { get; set; }

Yaml|Types.cs:
namespace InterServer.Logic;

public class Request
{
public int start { get; set; }
publicint end { get; set; }
public int mb_functioncode { get; set; }

}

public class Parameter

{
public string group { get; set; }
public List<ltem> items { get; set; }

}

public class Item
{
public string name { get; set; }
public string @class { get; set; }
public string state_class { get; set; }
public string? uom { get; set; }
public float scale { get; set; }
publicint rule { get; set; }
public List<string> registers { get; set; }
public string icon { get; set; }
public bool isstr { get; set; }
public List<Lookup> lookup { get; set; }
public int? offset { get; set; }
public int? mask { get; set; }

public Validation validation { get; set; } // Added Validation property

public class Lookup

{
public int key { get; set; }
public string value { get; set; }

}

public class YamlRootObject

{
public List<Request> requests { get; set; }
public List<Parameter> parameters { get; set; }

}
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public class Validation
{
public double? min { get; set; }
public double? max { get; set; }
public List<string> invalidate_all { get; set; }

}
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MIHICTEPCTBO OCBITH I HAVKH VKPAIHU
XMEJIbHULIbBKUU HALIIOHAJIbHUHW YHIBEPCUTET

PELIEH3IS1 HA KBAJII®IKAIIMHY POSOTY MATICTPA

3n06yBau: €rop LIMBYJILCHKUA

Tema: Kibephizuuna cucremMa KepyBaHHS COHSYHUMH [AHEISIMHA 3  IABHUILEHO

edexTHBHICTIO Ha mifcTaBi 0OPOOKYU Ta aHAJi3y JAHUX

CrneuiamsricTs: 123 «KoMmn’1oTepHa iHXeHepia»

O6c¢sr kBamidikaniitHoi po6oTu MaricTpa:
KinpKicTh THCTIB KpeclieHb _ — ; KiJIBKICTh CTOPIHOK 3amucKu _ 92

1. Koporkuii 3micT poOOTH Ta HPUMHATUX pilieHb: Y poOoTi 3anponoHOBAHO

KiOepdi3u4Hy CHCTeMY KepyBaHHS COHSYHMMH IMaHEISIMH 3 ITiJBUIICHOK e(QeKTUBHICTIO

Ha mifAcTaBi 06poOKY Ta aHAII3Y JaHUX.

2. BHCHOBOK TIpO BiATIOBIIHICTE pOOOTH JUIUIOMHOMY 3aBJaHHIO: KBamidikatiiina podoTa

MaricTpa BiIITOBIIA€ BUIAHOMY 3aBIAHHIO.

3. XapaKTepuCTHKa BUKOHAHHS KOXKHOTO PO3ALILY, CTyIiHb BUKOPUCTAHHS OCTaHHIX

IOCSATHEHD HAYKHM 1 TEXHIKH 1 MepeloBUX METOMIB POOOTH:

VY nepuioMy po3iiyii IpOBEAEHO aHalll3 TEOPETHYHMX OCHOB KiOep(hi3MUHUX CHCTEM Y

COHSYHIM eHepreTHlll, PO3MVISIHYTO ICHYIOYl CUCTEMHU IPUMHSTTS pillleHb Ta O0IPYHTOBAHO

MOCTAHOBKY 3a1ayi nociaimkenns.. JlochipkeHo BinoMi pillleHHsI Ta 3acobu B 1iii cdepi.

V apyromy po3aiii po3pobiaeHo MOJIENb CTPYKTYPH Ki0epdi3HuuHOI CHCTEMH

KepyBaHHS, c(hOpPMOBaHO MaTEMATUIHY MOJENIb 00’ €KTa KepyBaHHS Ta BU3HAYEHO BUMOTH

110 QYHKIIOHYBAHHS CUCTEMH B YMOBaX 3MiHHOI'O 30BHIIIHBOTO CEPEIOBHIIIA.

V TpeTboMY PO3JiJi 3aIIPOIIOHOBAHO METOL 1 TEXHOJIOr] BUPIILIEHHS 3a1a4

KepyBaHHS, 30KpeMa eKCIIepTHHUIN MIX1T 10 GOopMYBaHHS KEPYIOUMX PillleHb Ta aJITOPUTMH

00pOOKHU TaHUX.

VY yeTBepTOMY PO3JLII peasi30BaHo Ta JOCIIDKEHO 3alIpOOHOBaHY Kibepdizuuny

CHUCTEMY KepyYBaHHS COHSYHHMU NaHEIAMH, IIPOBEIEHO YHCeIbHI EKCIIEpUMEHTH )%

olliHeHO e(heKTHBHICTH PO3POOIEHOrO MiIXOAY 38 KPUTEPIIMU eHeproeheKTHBHOCTI,

cTabiILHOCTI TA SKOCTI IIPUUHSITTS PIIIEHB.




4. TlosutuBHI CcTOpOHU pobOoTH: 3aNpONOHOBAHA cucTeMa KibepdizuyHa cucTema

IIOEIHYE MOJIeN] KepyBaHHS, eKCIIEPTHUM MiaXiJ i HEMpOMepeKEeRY OIIHKY, 1O ITiABUIIYE

e(beI{THBHiCTB Ta aﬂaHTHBHiCTB poOOTH COHSYHMX IIaHEeJIeH.

5. HeratuBHi cTOpoHH poOOTH: 3anpONOHOBAHMUW MiAXiJ TMOTpedye JNOAATKOBOI

GKCHGDHMGHTEU[BHO-II HBDSBiDKH Ha peaJlbHOMY OGJ'[aI[HaHHi Tda 3HAYHOI'O OGCHFV JaHUX JJIA

HOBHOIIiHHOFO HaBYaHHJ 1 HeDeBiDKH HENPOMEPEIKEBOTO MOYJIS.

6. Ouinka rpadiuydoro o¢QoOpMIIEHHS Ta TMOSCHIOBAJIBHOI 3allMCKU pPOOOTH:

[TosicHIOBaNIbHA 3amucka odbopmileHa KOPEKTHO, 3TIHO JUIOYMX CTaHAApTiB 0hOpMIIEHHS

JIOKYMEHTAILII].

7. Biaryk mpo poGory B minomy: PobOoTa BHKOHaHa Ha HaJeXHOMY HAayKOBO-

TEXHIYHOMY pPiBHI.

8. Inmi 3ayBakeHHs: Tpeba mpoBecTH NOCHIKEHHs Ha OB KITBKOCTI JaTaceTiB.

9. Ominka kBasidikauiiaoi poboTn Marictpa: PO3risHYBIIM MO3UTUBHI Ta HEraTUBHI

CTODOHHM MpeACTABIEHO1 KBaTi(hiKalliiHOT poOOTH MaricTpa BBayaro, 1110 pod0Ta 3aCIIYTOBYE

ominku «BimMiaHO» 90.00 (A).

Penensent (mpi3Buiie, im’s, 1o 6aTbKkoBi, mocana, Micue pobdoru) Manstok Enyapn

AHpiliosud, 1.T.H, npodecop, XMenpHunbkuii Haronansauii YHiBEpCUTET
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3as. xadeapu KIIC
1-p. binocodii Ons3i [TABJIOBI

€rop [IUBYJILCbKUN

[Ib 3m00yBa4a BHINOT OCBITH

@IT, 2 xypcy, rpynu KI2m-24-1

3ASBA

3 mnpaBmwinamu uuHHOrO IlonokeHHs mpo cucteMy 3abe3rneueHHs aKageMidHOL
nobpouecHocTi y XMENbHHUIIBKOMY HAl[iOHATBHOMY YHIBEpCHUTETi, 3TiHO 3 SKHM BHSBICHHS
aKaJeMigHOTO IIariaTy € IiACTaBoIo /IS BiIMOBH B HOMYCKY KBanidikamiiHoi poboTu 10 3aXuUcty
i 3acTocyBaHHS 3aXO0/IiB aKaJeMivyHOI BiIIOBiAanbHOCTI, 03HalioMneHu# (a). [Ipo BuKopucTaHHS
cremianizoBaaux nporpamMuux 3aco6is (CII3) StrikePlagiarism Ta Anti-Plagiarism st mepeBipku
kBamidikamiiaux pobiT 3mo0yBaviB BMINOI OCBITH Ha HAABHICTH akKaJeMiyHOTO IIariaty
onosimenuit (a). Hamato yHiBepcuTeTy mpaBo Ha Iepemady Moei pobotw ans obpoOku Ta
36eperxenHs B 6azax nanux CII3 i BukoprcTaHHsa poOOTH IS BUSBICHHS aKaIeMIYHOTO IUiariaty
B iHIKX poboTax, ki nepesipstorses CII3.

Takox Hagaio CBOIO 3rojly Ha oOpoOKy # 30epekeHHs] yHiIBepCHTETOM MO€i poboTH B
[nctutynifinoMy penozutapii XMeIsHHIBKOr0 HallilOHAIBHOTO YHIBEPCHTETY.

Pobora HamaeTscst 11 MepeBipkH B eNEKTPOHHOMY BapianTi. EnexTporHa Bepcis moel
pobotu 30iraerbes (11eHTHYHA) 3 APYKOBAHOIO.

1 TpaBus 2026 poky . //ﬁ



PINIEHHS EKCITEPTHOI KOMICIT

KA®EIPU KOMIT'IOTEPHOI IHDKEHEPIT TA IHOOPMAIIMHUX CUCTEM
ITPO JOTTYCK KBAJI®IKALIMHOTI POBOTHU IO 3AXUCTY

Hassa kBamidikarniiinoi poboru Kibepdisuuna cucreMa KepyBaHHSI COHSYHUMU ITaHE/SIMH 3
HiIBUINEHO eeKTHBHICTIO Ha MiZICTaBl 00poOKH Ta aHANli3Y JaHuX

Astop €rop [IUBYJIbCEKUI

Ocgitas nporpama KoM’ iotepHa iHKeHepis Ta IporpaMyBaHHs

PiBens BHIIOI OCBITH APYTHHA (MaricTePChKHii)

Cremiansaicts 123 KoM’ rorepHa iHKeHepis

HayxoBuit kepiBauk: 1.1.H. €sren ®EJIOPOB

Ha ocHogi anamni3y kBanigikarifiHoi poS0TH Ha JOTPUMAaHHS BUMOT aKajgeMidHol 100pouecHOCT]
(y T.4. BiACYTHOCTI O3HAK aKaAeMIqHOTO MJIAriaTy) 3 ypaXyBaHHAM Pe3yJbTaTiB IepeBipku poOoTH
creriami3oBaHAM IIPOrpaMHUM 3aco0oM(aMi) KoMicis 3pobuia Takuii BUCHOBOK:

Ne BucHOBOK [Tosznauka mpo
BiAMOBiIHICTD

| O3HaKy akageMiTHOTO IUIariaTy

1.1 | 3ano3uuenns, BUABIeHi B po6oTi, € 3aKOHHUMH i He € aKaleMi4HUM TIariaToM (nani BifNoBinae

— 3a3HAYAIOTHCA [MIiJACTABH BIJHECEHHH 3arMo3W4eHb [0 MPaBOMIPHHX, SAKIIO

notpi6uo). PoboTta npuiimaeTses 10 3aXHCTY.

1.2 | BusBneHi 3amo3uueHHs He € akaJeMiYyHUM IUIariatoMm, po3MilleHi B posginax, aki
| He omucyloTh Be3rocepegHLO ABTOPChHKE MOCHTIIKEHHS, alle KiNbKICTh LUTAT
nepepvitye obcAr, BHNpapAaHHil TocTaBlneHow MerTor pobGotm (manmi —
3a3HAYAOTLCA JETANbHI Ta apryMEeHTOBaHI MiICTaBM BiHECEHHS 3alo3WuYeHb [0

npaesomipHux). PoGoTa npuiiMaeTses 1o 3aXHUCTY, ajle Mae OyTH BilKOpHroBaHa.

1.3 | BuspneHi 3amo3uyeHHA He € aKaJeMiYHUM TJ1ariaToM, ajieé YaCTKOBO pO3MillieHi B
po3ainax, aki onucyoTh 6e3nocepeIHLO aBTOPCHKE NOCIIIKEHHS, a KIIbKICTh LIUTaT
nepeBMIye obcsr, BUNpas/laHuii nocrasneHow Metoo podori, Poborta moxke OyTH
JoTyUIeHa 10 3aXMCTY Micas TOro sk Oyje BIAKOPHMroBaHa Ta J0OMNpalbOBAHA i

ycmilmHo npoiife NOBTOPHY nepepipKy Ha akajaeMiuHuii niariar.

1.4 | Pobora MicTHTb HABMHCHI TEKCTORI CIIOTBOPeHHs, nepenbauyBaHi cnpobu yKkpuTTs
TEKCTOBHMX 3amosu4eHs abo iHun nposeu akageMiunoro miariaty. PoGora micTuth
¢abpukauiro abo danscudikanio nanux. Pobota He n0MycKaeThCs 10 3aXHCTY.

2 IHIi BHAY MOPYIIEHS akafeMiuHoT no6podecHoCTi

[TinTBepIKEeHHS:
3ano3uueHHs, BUsBIeH] B poOOTI, € 3aKOHHUMH 1 HE € MariaroM, OCKiTbKH:
1) yci3anoszuuenns ¢pparMeHTapHi, ab0 MatOTh HATKHUM YHHOM O(OPMIIEHHI NOCHIIAHHS;
2) okpemi BusiBNeHi 30iru € 3aranbHOBXKMBaHMMU (ppazamu abo BHpazamu, Mpo IO CBiAYMTH MOCHIIAHHA
CHCTEMHM Ha 30ir 3 JuKepenamu Ha OJIMH (PparMeHT peHeHHS;
3) Bci 3adikcoBaHi CHCTEMOIO O3HAKH MOAMQIKALii TEKCTy BiIHOCATHCA A0 KOMOIHYBAaHHS JIATHHCHKHX
CHMBOJIIB 31 YKpaiHOMOBHUMHU CKOPOUYEHHAMH IHAEKCIB B opMyliax, 110 He € MOAU(IKaIli€ro TEKCTY.
4) 3HavHa YyaCTHHA 3HAW/IEHOrO IJIAriaTy BiIHOCHTHCA JI0 CTIUCKY BUKOPUCTAHMX JDKEpes
Cymapuuii ofcar Bcix 3amo3uyeHb, BU3HAYEHHI CHUCTEMON BMSABIEHHS 30iriB/ iIeHTHMYHOCTI/CXOXKOCTI
StrikePlagiarism, cknangae 3,73% 1 agpecyetbea Ao 31 mepomkepena; ta cuctemoro Anti-Plagiarism ckianae

4%, 1o, 3 ypaxyBaHHSIM HaBeJleHHMX OOIpyHTYBaHb, BIMOBIA€ XapaKTepy HAYKOBOIO AOCIIIKEHHS | CBIAYUTH
Ha KopucTh KBanidikaniiHoi poboTH.
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