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AHoTanis: Y poOoTi JochiakeHo ocoOIMBOCTI (DYHKIIOHYBaHHS €IEKTPUYHUX alapariB B yMOBax
JELIEHTPATI30BaHUX CHEPTeTHYHUX CHUCTEM Ta CLIBCHKHX EJIEKTPOMEPEXK, SIKI XapaKTepU3YIOThCS 3HAUYHOIO
BapiaTUBHICTIO PEXHUMIB, BTpaTaMH HAMpyrd Ta HEPIBHOMIPHICTIO HABAaHTA)KEHHS. 3allPOIIOHOBAHO METOJ]
OaraTokpuTepiaJbHOi ONTHMi3amii Ha OCHOBI y3arajgbHEHOI WiNbOBOI (YHKIi, IO BHUKOPHUCTOBYE
0e3po3MipHi MOKA3HUKH TEXHIUHOTO PiBHs Ta IHBapiaHTHI KepOBaHi 3MiHHI. MaTemMaTH4Ha MOJIENb BPaXOBY€
MPOCTIP PEKUMIB €IEKTPOCHEPTETHYHOI CUCTEMH, IO JO03BOJIAE TEPEHTH BiJ JIOKAJTBHOI J0 1HTErpaIbHOT
OIITUMI3AIli]l eNIeKTPUYHMX amnapartiB. BBeaeHo cucTeMy KpuTepiiB, IKa OXOIUTIOE €EHepreTUYH1 BTpaTH, Maco-
rabapuTHI TOKa3HUKH, TEIUIOBY CTIMKICTh Ta aJalTUBHICTh O 3MIHHUX yMoOB pobotu. Ilokazano, 1o
BpaxyBaHHs CIEMU(IKN CIIILCHKUX MEPEX J03BOJISE MIJBUILUTH €(EKTUBHICTD Ta HAIHHICTD €NEKTPUYHHUX
anapatiB. OTpuMaHI pe3yJbTaTH MOXYTb OYTH BHUKOPHCTAaHI MpPH MPOEKTYBAaHHI €JIEKTPOTEXHIYHOIO
o0JiaJiHaHHS AJ11 aBTOHOMHHX Ta arpO€HEPreTUYHUX CHCTEM.

KurouoBi ciioBa: enexkTpuuHi anaparty, JELEHTPali30BaHl €eHEProCUCTEMH, CUIbCHKI €IEKTPOMEpEKi,
OaraTokpuTepiajJbHa ONTUMI3allisl, y3arajJbHeHa I[IboBa (PyHKIs, eHeproe(h)eKTUBHICTD

Cy4yacHMII  PO3BHUTOK  €JIIEKTPOCHEPI€TUKM  XapaKTEPU3YEThCS  IEPEXOJ0M [0
JICIIEHTPANII30BAaHUX CHUCTEM EJEKTPOINOCTayaHHs, W0 0a3yloThCsi Ha BUKOPHCTaHHI
BIJTHOBJIIOBAHUX JIKEpeJl €Heprii, CUCTEM HAKOMWYEHHS Ta JIOKaJbHUX €HEPTeTUYHHUX BY3JIIB.
Oco01MBO CKIaJHUMU YMOBaMHU (YHKI[IOHYBaHHS BIA3HAUAIOTHCS CLIIBCHKI EIEKTPOMEPEXKI,
AKl XapaKTepU3YIOThCS 3HAYHOI MPOTSKHICTIO JIHIM, MiABUIIEHUMHU BTpAaTaMH HAaINpyTH,
HEPIBHOMIPHICTIO HABAHTAXKECHHS Ta OOMEKEHOI MPOITYCKHOIO 3J]aTHICTIO. Y TaKUX YMOBax
€JIEKTPUYHI amapaTtd MNpaliolTh Y 3MIHHUX pEXKMMax, IO ICTOTHO BIJIPI3HSIOTHCA BIA
HOMIHAJIBHUX, 1 1€ OOYMOBIIOE HEOOXIAHICTh BUKOPUCTaHHS Y3arajJlbHEHUX METO/IIB
ONTUMI3aIlli, 31aTHUX BpaXxOBYBaTH OaraTo(akTOPHICTh MPOIIECIB.

3HIKEHHS HAPYTH B CUIBCHKUX €JIEKTPOMEPEKAX OMUCYETHCS CIIBBITHOIICHHIM

U(t) = Uy — -&L'rline(t):
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ne U(t) - manpyra Ha 3aruckagax amapata, UO - mampyra jpkepena, a AUline(t) -
najginHg Hanpyru B miHii. [le magiaHas BU3HAYAETHCS MTOOYTKOM CTPyMy Ta MOBHOTO OIOPY
JiHii

&U-linr.-e = I(f} . Zlillt".-

o BigoOpaxae (I3MUHUN 3B’SI30K MK HaBaHTaKEHHSM 1 BTpaTamMH Hampyrd. Takum
YIHOM, HAaNpyTa )KUBJICHHS CTa€ (PYyHKIIEI0 PEKUMY, a HE CTAIOI0 BEJIMYUHOIO.
CraH eLeHTpai30BaHOI CUCTEMH OIUCYETHCS IPOCTOPOM PEXKHUMIB

r(t) = {U(¢), I(¢), P(t), £(t), cos p(t), AU(t), L},

AKUWA BKJIIOYAE EJICKTPUYHI, CHEPreTHYHI Ta MepexkeBl mapamerpu. lle o3Havae, 110
€JIEKTPUYHUN anmapar (PyHKIIOHYy€e B OaraTOBUMIPHOMY MPOCTOPI CTAHIB, IO 3MIHIOIOTHCS B
4aci, 1 ONTUMI3allisl MIOBUHHA BPAXOBYBATH BECH II€H MPOCTI.

VY po0oTi BUKOpUCTAHO METOJI y3araibHeHoi 1uiboBoi (yHkil (Generalized Objective
Function Method), saxuii 06a3yeTbcs Ha Tepexoal BiJl aOCOJIOTHUX TOKA3HUKIB 10
0e3po3MIpHUX 1HIUKATOPIB TEXHIYHOTO piBHA. KoxeH kpuTepiil onTumizailli MmogaeTbes y
HOPMOBAHOMY BHUTJISIII

Ji

II, —
J iref

ne Ji - 3HaYeHHS BIAMOBITHOTO Kputepito, a Ji,ref - 6a3oBe abo eranoHHE 3HAYCHHS.
Taka HOpMamizallis 3a0e3nedye I1HBapiaHTHICTh OIIHIOBAaHHS Ta J03BOJIIE 00’ €IHATH
PI3HOPIAHI KPUTEPIi B €IUHY CUCTEMY.

3rinHo 3 merogoM GOFM, TexHIYHMI pIBEHb €JIEKTPUYHOrO arapara BU3HAYAETHCS

y3araJbHCHHUM IMOKa3HNKOM
F.fcu' = f(-P( ;7 Kmnp-. P}:i;'}-.

ne Pd - ¢akrop BUXiTHUX IaHUX, IO BPAXOBYE €JIEKTPOMArHiTHI HaBaHTaxeHHs, Kcmp
- Koe(imieHTH, MO XapaKTepU3yIOTh BIACTHBOCTI MatepiamiB, a PKiix - 6e3po3mipHa
CKJIaJIOBa, fKa BPAaXOBYE€ Macy, BapTicTh Ta BTpaTh. Lleil Bupa3 BimoOpaxkae 1HTETpaJbHHM
MIIX11 10 OIIHIOBAHHS TEXHIYHOTO PIBHS amapara K (QyHKIT KOHCTPYKTUBHUX 1 (PI3UUHUX
napameTpiB.

VY paMkax MeTOay BBOJASTHCS KEPOBaAHI 3MIHHI

G — {B]’.l"l-. -.:'r,. k]_, Fﬁﬂl f_l},

ne Bm - maruiTHa iHayKis, J - ryctuHa ctpymy, K1,k2 - reomerpuuni koediieHTH, o -
KOHCTPYKTUBHUW mapameTp. LI 3MiHHI BU3HA4Yal0Th F€OMETPII0 Ta €JIEKTPOMArHiTHUI CTaH
amapara 1 € OCHOBOIO JIJIsl ONITUMI3allii.

EneprernuHi BIaCTUBOCTI €IEKTPOMArHITHOI CHCTEMH OIMUCYIOTHCS CITIBBITHOIICHHIM

Qn — f(BrrnJu fl]:
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ne Qn - HoMiHaNIbHA PeaKTHBHA MOTYXKHICTh, BM - iHmykis, J - ryctuna ctpymy, fl -
yactota. Ll  3amexHicTh TMOKa3ye, MO0 TOTYXXHICTh  amapaTa  BH3HAYa€ThCS
€JICKTPOMArHITHUMU HaBaHTAKEHHSIMHU Ta YACTOTHUMHU YMOBaMHU.

Kputepii ontumizanii GgopmMyroThcsi BIANOBIAHO A0 (pi3uuyHMX mporeciB. [HTerpanbHi
BTpaTH €HEeprii BU3HAYAIOTHCSA K

1
-F‘](JHH(i-':I dt,

1)

110 BPAaXxOBY€ 3MIHHICTh PEXUMIB. Maco-rabapuTHUIN TOKa3HUK

XapaKTCPU3YyE MaTepiaJIO(ZMHiCTB. TerioBUI cTaH BU3HAUAECTHCA qcpe3
J o — .-'lT,

10 BiI00pakae TEIUIOBY CTIHKICTh. UyTIUBICTD IO 3MIH HAIIPYTH 33]1a€THCS

) -
aTmEeE\ar )

110 MMOKAa3ye€ 3/1aTHICTh arapara NpamoBaTi B yMOBaX KOJIMBaHb HAIIPYTH.
Vi kputepii 00’ €AHYIOTHCS B y3araJIbHEHY LIJIbOBY (PYHKIIIIO

F—iw,—l’[
i=1

ne Wi - Barosi koedilieHTU. 3 ypaxyBaHHSIM JEIEHTPATI30BaHOTO XapaKTepy CUCTEMU
¢yHK11s HA0yBa€ IHTErPATbHOTO BUTIISILY

F— Zw'(rj{] {(G,r(t)) dt)

10 03HAYa€ yCepeAHEHHS! KPUTEPIIB y MPOCTOP1 PEKUMIB.
OnTuMizaliiiina 3ajaya (OpMYyJIOE€ThCA SIK MOIIYK TAKUX KEPOBAHUX 3MIHHUX, IIPH SIKUX
1T50Ba QYHKIIIS 1OCATAE MIHIMYyMY

G® — arg min F(G),

10 BiJNOB1/Ia€ BU3HAYEHHIO ONTUMAJIbHOI KOHCTPYKIi €JIEKTPUYHOIO arapara.

TakuM 4MHOM, 1HTerpaiisi METOAY y3arajJbHEHOi LUIbOBOI (PYHKII 3 ypaxyBaHHAM
MPOCTOPY PEXKUMIB JEIEHTPATI30BAHOI Ta CUTBCHKOT €HEPTOCUCTEMH J03BOJIAE MEPEHUTH Bif
JOKaJIbHOT ~ omTuMi3amii a0 cuctemMHoro migxoxy. lLle 3alesmedye  y3romkeHHs
CJIEKTPOMATHITHUX, TEIUIOBUX 1 KOHCTPYKTUBHHX IapaMeTPiB Ta J03BOJISIE CTBOPIOBATH
CJICKTPHUYHI amapaTH, aJanToBaHl JI0 peaJbHUX YMOB eKcIuryaraiii. OTpuMaHi pe3yabTaTu
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MIATBEPIKYIOTh €()EKTUBHICTh MIAXOAY Ta MOTO AOUUIBHICTH IS MPOEKTYBAHHS CYyYaCHUX
CHEPTETUYHUX CHCTEM.
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Abstract: This paper investigates the operation and optimization of electrical apparatus under the conditions
of decentralized energy systems and rural electrical networks, which are characterized by voltage instability,
distributed generation, and variable load profiles. A multi-criteria optimization method based on the
generalized objective function approach is proposed. The method utilizes dimensionless technical indicators
and invariant controlled variables to ensure a consistent evaluation of design alternatives. The mathematical
model incorporates the concept of the operating space, representing the set of possible system states defined
by voltage, current, power, and network parameters. This enables a transition from single-point optimization
to integral optimization over the entire operating range. A system of optimization criteria is formulated,
including energy losses, mass-to-power ratio, thermal performance, and adaptability to variable operating
conditions. The influence of rural network characteristics, such as voltage drops and line impedance, is
explicitly taken into account within the objective function. This allows improving the stability and efficiency
of electrical apparatus in non-ideal power supply conditions. The proposed approach provides a systematic
framework for the design of energy-efficient and reliable electrical equipment for decentralized and
agricultural energy applications.

Keywords: electrical apparatus, decentralized energy systems, rural power networks, multi-criteria
optimization, generalized objective function, energy efficiency

25



