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Along with the growing share of renewable energy sources in electricity, the
demand for electricity storage devices is also growing [1-2]. Their reliable and
long-term service is inextricably linked with the technical conditions of their
charging and discharging. Problems with charging and discharging affect elec-
tricity storage devices differently depending on the developed material, as well as
lead to electricity losses and a decrease in energy efficiency.

The development of a new mathematical model for reducing the efficiency of
battery systems and energy losses is a very important task [3; 4]. This model helps
to determine optimal control strategies, taking into account the processes of en-
ergy storage, transmission, and loss in various operating modes of the accumula-
tor [5; 6].

1. Increasing energy efficiency during battery charging/discharging processes.

2. Minimizing energy losses.

3. Extending the battery life and optimizing its operating parameters.

Based on the energy balance equation, we can write:

SOC(t+ Ar) = SOC(1) + i{nP - P—“)j ’

max n discharge
where Af — time interval, s; Omax — maximum battery capacity, Wh; SOC(¢) — ac-
cumulator charging state at a given time (state of charge) 0 < SOC(r) <1; Pin(t) —
input power of the accumulator at a given time, W; P,.(f) — accumulator power
at a given time,W; Ncharge — charging efficiency; ndischarge — discharge efficiency;
R, — internal resistance of the battery; T — battery operating temperature.
Energy losses occur in 2 ways:
1. Energy lost in the form of heat through internal resistance

B (O =1@)R,,>

where I(#) — current flowing through the battery, A.
2. Efficiency losses in charging/discharging processes
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})ej]iciencyloss (t) = })in (t)(l - ncharge) + ])out (t)[ - 1] N

discharge
Total energy losses:
B rartoss (B) = Bopoe (O + B prioneyioss (£)-

To maximize battery efficiency and minimize energy losses, we will solve the
following optimization problem:

)
min I Foattoss ()AL

ty

Boundary conditions:
1. soc . < SOC(1) < SOC,,, ~ charging limits.

min

2. p >0, P, (t)=0 —positive powers.

3. socq,)=soc,,.. SOC(t,) = SOC ., ~ initial and final charge states.
Temperature impact

T]L‘hurge (T) = n?harge : (l - ktemp

T- T;)pt |) >

where T,,; —optimal temperature; kemp — temperature coefficient.

The mathematical model described above was developed to enhance the effi-
ciency of battery systems and reduce energy losses. The developed mathematical
model enables accurate calculation of efficiency and losses, takes into account
crucial factors such as temperature and internal resistance, and aids in determining
optimal control strategies.
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MaTeMaTl/I‘{eCKOG MO}]eJ’alOBaHl/Ie BTOpl/I‘leIX NCTOYHUKOB IIUTAHUA
TATOBOI'O 3JI€KTp0HpI/lB0)]a IMMOCTOSAHHOI'O TOKa

Konecuukos U. K., Xakumon C. X.
TamkeHTCKUI rocyJapCTBEHHBIN TPAaHCIIOPTHBIN YHUBEPCUTET
TamkenT, PecryOnika Y30ekucTan

B cmamve paccmampusaromes 60npocel Mamemamuiuecko2o MooenupoSaHus
BMOPUYHBIX UCTOYHUKO8 NUMAHUA O MA20B020 SNEKMPONPUS00d NOCHOAHHO2O0
moxka. Paspabomana mamemamuueckas, MOOeb, YUUmvléarowdas, 0COOEHHOCMU pa-
bomul nPeoOPA308aAMENLHBIX YCMPOUICIE, PENCUMOB 3aPAOKU HAKONUMENel SHepeUuU
U Xapaxmepucmux Hagpysku dnekmponpusoda. IIposedeno moodenuposanue nepe-
XOOHBIX HPOYECCO8 NPU PATUYHBIX PEHCUMAX PYHKYUOHUPOBAHUSA CUCTEMbI C UC-
NOTb308AHUEM COBPEMEHHBIX MEMOO08 uucienHo2o anamusa. Ocoboe sHumanue yoe-
JIEHO GIUAHUIO NAPAMEMPOS BMOPUYHBIX UCTOYHUKO8 HA YCIOUYUBOCb U dHep2e-
muueckylo  dgexmusnocmo  mA206020  dnekmponpusooa.  Pezynvmamor
MOOEUPOBaAHUsL MO2YM GblINb UCNOIL306AHBL 05k ONMUMUAYUU CXEMHBIX DeUleHUT
U neOpUMMO8 YNpaeleHus 6 cucmemax nexmpomparcnopma. Ilpedcmaenennvle
6b1800bI NOOMBEPHCOAIOM NEPCHEKMUBHOCb NPUMEHEHUs! PaA3pAOOMaHHbIX MOOe-
et 0151 ROBbIUEHUSL HAOEHCHOCTU U 3 HEKMUSHOCTIU 6MOPUUHBIX UCHIOYHUKO Nl-
MAHUSL 8 MACOBbIX YCMAHOBKAX.

Pa3pa60TaHa MCTOJAMKA MOACIIUPOBAHUA 1 UCCIIEAOBAHBI DJICKTPOMAar HUTHBIC
IIPpOUECCHI BO BTOPHUYHOM HCTOYHHUKE IMATAHUA DJICKTPOIIPHUBOJIA IMOCTOAHHOTO
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