


t.me/scupus_IST2100

Sharipov Kongiratbay Avezimbetovich, 
Doctor of Technical Sciences (DSc), Professor

Ahmed Aziz Ismail 
Doctor of Technical Sciences (DSc), 
Professor (Egypt)

Cham Tat Huei, 
Doctor of Philosophy (PhD), Professor (Malaysia)

Asongu Simplice 
Doctor of Philosophy in Economics (PhD), Cameroon

Abdurakhmanova Gulnora Kalandarovna, Doctor of 
Economic Sciences (DSc), Professor

Lee Chin 
Doctor of Philosophy in Economics (PhD), (Malaysia)

Muhammad Imran Sadiq 
Doctor of Philosophy in Economics (PhD), Professor, 
Malaysia

Rui Dang
Doctor of Chemistry (DSc), Professor, China

Zahoor Ahmed 
Doctor of Philosophy in Economics (PhD), Turkey

Shujaat Abbas
Doctor of Philosophy in Economics (PhD), Russia

Tina A Coffelt
Doctor of Philosophy in Educational Sciences (PhD), 
USA

Kurbonbekova Mohichehra Turobjonovna
Doctor of Economic Sciences (DSc), Professor

Abdikarimova Dinara Rustamxanovna
Doctor of Economic Sciences (DSc), Professor

Razakova Barno Sayfievna
Doctor of Philosophy in Economics (PhD)

Khasanov Sarvar Ulugbek ugli
Doctor of Philosophy in Economics (PhD)

Kholikova Rukhsora Sanjarovna 
Associate Professor (PhD)

Alimardonov Ilkhom Muzrabshokovich
Doctor of Economic Sciences (DSc), Professor

Electronic publication, Issue 10.  
Approved for publication on October, 2026.

EDITOR-IN-CHIEF:
Mirzaliyev Sanjar Makhamatjon ugli

DEPUTY EDITOR-IN-CHIEF:
Makhmudov Nosir Makhmudovich
DSc., Prof., Academican  

DEPUTY EDITOR-IN-CHIEF:
Ochilov Bobur Bakhtiyor ugli – Senior 
lecturer at TSUI

THE SCIENTIFIC-POPULAR ELECTRONIC 
JOURNAL  "INNOVATION SCIENCE AND 
TECHNOLOGY" HAS BEEN REGISTERED 
UNDER THE NUMBER C-5669633 BY THE 
AGENCY FOR INFORMATION AND MASS 
COMMUNICATIONS (AOKA) OF THE 
REPUBLIC OF UZBEKISTAN, EFFECTIVE 
FROM OCTOBER 9, 2024.

The scientific electronic journal “Innovation 
Science and Technology” has been 
included in the list of scientific publications 
recommended for the publication of 
main scientific results of dissertations 
for the award of PhD and DSc degrees 
in economics and technical sciences, in 
accordance with the Resolution No. 370 
of the Presidium of the Higher Attestation 
Commission of the Republic of Uzbekistan, 
dated May 8, 2025.

CONTACTS

Phone:  +998 50 737 87 88

Website: https://ist-journal.uz

Email: innovationist2025@gmail.com

E d i t o r i a l  b o a r d :

Xoliyorova Shoxista Qahramon qizi 
PhD in Economics, Assistant Lecturer at the Department TSUE

Nasiba G‘anijon qizi Sattorova 
PhD, Senior Lecturer at the Department of Banking



C
O

N
T

E
N

T
S

SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL10/2026

t.me/scupus_IST2100
3

https://ist-journal.uz

CONTENTS
IMPLEMENTATION OF THE IMPROVED METHODOLOGY IN PRACTICE AND ASSESSMENT OF ITS 
ECONOMIC EFFICIENCY................................................................................................................................................................. 8

Eshniyazova Yulduz Yuldashbayevna

EXPERIMENTAL OPTIMIZATION OF DESIGN AND ENERGY PARAMETERS OF A GARLAND-TURBINE 
MOBILE MICRO HYDROPOWER PLANT FOR FREE-FLOWING WATER...................................................................13

Sultonov Sanjarbe, Zokirov Islomjon, Nurillaev Ahadullo, Abdullaev Shavkat

METHODOLOGY FOR INCREASING THE EFFICIENCY OF CREDIT OPERATIONS IN COMMERCIAL BANKS.	
.................................................................................................................................................................................................................19

Djumaniyazov Ikram Karimbaevich

COMPARATIVE ANALYSIS OF A COMPACT RESIDUAL CONVOLUTIONAL MODEL AND LINEAR 
REGRESSION FOR IMAGE SUPER-RESOLUTION................................................................................................................27

Husan Arziqulov Normurod o‘g‘li

COMPARATIVE EVALUATION OF MACHINE LEARNING ALGORITHMS AND CLASS IMBALANCE 
HANDLING STRATEGIES FOR CREDIT CARD FRAUD DETECTION............................................................................33

Mahmudova Dilnoza Avaz qizi

DIGITAL TRANSFORMATION OF FINANCIAL RESOURCE MANAGEMENT IN PUBLIC SOCIAL SECTOR 
INSTITUTIONS..................................................................................................................................................................................39

Khasanov Tulkin Axmatovich

WAYS TO ENSURE THE STABILITY OF THE CAPITAL BASE OF COMMERCIAL BANKS....................................45
Isakov Isobek Janabay's son

CROSS-DAY EXPERIMENTAL EVIDENCE OF THERMAL-LOAD SHIFTING IN A SOLAR-DRIVEN HYDRONIC 
RADIANT FLOOR WITH MACROENCAPSULATED RT52 PHASE CHANGE MATERIAL......................................50

Jurabek Kamolov, Sokhib Temirov, Marjona Makhmudova

STUDY OF THE TRACTION DYNAMICS OF AN AGGREGATE CONSISTING OF A FRUIT-HARVESTING 
MACHINE AND ITS TWO-AXLE CONTAINER-CARRYING TRAILER PLATFORM...................................................59

Norchayev Davron, Sardor Nigmatjonov, Norchayev Jaloliddin, Norchayev Rustam

PRIORITY DIRECTIONS FOR STRENGTHENING THE FINANCIAL STABILITY OF AGRICULTURAL 
ENTERPRISES....................................................................................................................................................................................67

Kulmatov Zafar Jumanazarovich

METHODOLOGICAL APPROACHES TO DEVELOPING UNIVERSITY STUDENTS’ DIGITAL 
COMMUNICATIVE COMPETENCE BASED ON EMOTIONAL INTELLIGENCE.........................................................73

Malikakhon Kamiljanova

SIMULTANEOUS REMOVAL CHARACTERISTICS OF OIL AND HEAVY METAL IONS BY BIOFLOCCULANTS 
BASED ON THE CELLULOSE–DMAEMA/PEPA COMPOSITE.........................................................................................80

Xayitboeva Dilshoda, Ibragimov Nasrilla, Jumaev Anvarbek

ECONOMIC ANALYSIS AND DEVELOPMENT STRATEGY OF THE WOOD-POLYMER COMPOSITES 
MARKET...............................................................................................................................................................................................84

Abdumalikova Zarnigor, Ayubova Indira, Jumaev Anvarbek

ENERGY UTILIZATION ANALYSIS OF AGRICULTURAL DRYING BASED ON INTEGRATED SOLAR 
THERMAL AND PHOTOVOLTAIC ENERGY SUPPLY...........................................................................................................89

Ibragimov Umidjon, Mirzayarova Sevara, Khujayorova Aziza

RECENT ADVANCES IN THE SYNTHESIS OF NANOSTRUCTURED MATERIALS FOR ZINC-ION 
BATTERIES.........................................................................................................................................................................................96

Diyorbek Absattorov, Dilnoza Erimbatova, Murodjon Samadiy

ENTHALPY-MODEL SELECTION AND PRACTICAL IDENTIFIABILITY OF A MACROENCAPSULATED RT52 
RADIANT FLOOR UNDER UNCERTAIN BRANCH FLOW..............................................................................................101

Jurabek Kamolov, Sokhib Temirov, Marjona Makhmudova

THE IMPORTANCE OF THERMAL ENERGY STORAGE SYSTEMS IN ENHANCING THE EFFICIENCY OF 
SOLAR DRYERS..............................................................................................................................................................................110

B. A. Hikmatov, M. S. Mirzaev, 



C
O

N
T

E
N

T
S

SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL 10/2026

t.me/scupus_IST2100
4

https://ist-journal.uz

METHODOLOGY AND PRINCIPLES FOR THE APPLICATION OF ARTIFICIAL INTELLIGENCE IN 
ADAPTIVE ECONOMIC MODELS OF HIGHER EDUCATION.........................................................................................117

O‘lmasxo‘jayev Zoirxo‘ja Abbos o‘g‘li

FORECASTING ECONOMIC EFFECTS OF GREEN INNOVATION IN MINING THROUGH COST REDUCTION, 
ENERGY SAVINGS AND LONG-TERM COMPETITIVENESS.........................................................................................122

Kurbanova Mehriniso Nematjanovna

AN INTELLECTUAL HYBRID MODEL AND FEATURE SPACE FOR NAMED ENTITY RECOGNITION IN 
KARAKALPAK TEXTS..................................................................................................................................................................127

Kalmuratov Bekbosin Kushkinbaevich, Uzakbaev Jangeldi Sabit-uli, Rzambetova Suliwxan Baxtiyarovna

COMPARATIVE ANALYSIS OF EXISTING METHODOLOGIES FOR ASSESSING THE EFFICIENCY OF 
LENDING PRACTICE....................................................................................................................................................................133

Turdiyev Eralijon Muxtarovich

STRATEGIC MANAGEMENT OF SERVICE QUALITY: ADAPTING THE GAP MODEL TO SERVICE 
ENTERPRISES.................................................................................................................................................................................140

Tuxliyev Baxtiyor Maxmaziyayevich

ORGANISATIONAL AND LEGAL FOUNDATIONS FOR THE DEVELOPMENT OF ISLAMIC FINANCE IN 
UZBEKISTAN...................................................................................................................................................................................145

Khodjaev Aziz Shovkatovich 

REGIONAL TRANSMISSION OF MACROECONOMIC SHOCKS AND THE DYNAMICS OF ECONOMIC 
CONVERGENCE..............................................................................................................................................................................153

Elyor Nazarov

PRIORITY DIRECTIONS FOR INCREASING SECTORAL DIVERSIFICATION IN THE ECONOMY OF 
UZBEKISTAN’S REGIONS...........................................................................................................................................................159

Mamarasulov Nozimjon Mamajonovich

THE ROLE OF STATE STRATEGIC RESERVES IN ENSURING FOOD SECURITY: POLICY EVOLUTION AND 
REASSESSMENT OF THE MILITARY SUPPLY SYSTEM IN THE CASE OF UZBEKISTAN...................................165

Bazarov Nazirjon Sobirovich

LOCAL ADAPTATION OF MRA-FW FOR CARDIOVASCULAR RISK ASSESSMENT IN ARAL SEA REGION 
INPATIENTS.....................................................................................................................................................................................170

Uteuliev Niyetbay, Saytov Aralbek, Saytov Kamiljan

GREEN FINANCE IN UZBEKISTAN: FROM SOVEREIGN BONDS TO FOREIGN DIRECT INVESTMENT IN 
RENEWABLE ENERGY (2021–2026)....................................................................................................................................176

Temirova Nozima Shuhrat qizi

IMPROVING THE ACCOUNTING OF REVENUE, EXPENSES AND FINANCIAL RESULTS IN PRIVATE 
HIGHER EDUCATION INSTITUTIONS..................................................................................................................................182

Saidova Kamolat Farhodovna

THE IMPACT OF DIGITAL TRANSFORMATION ON SERVICE DELIVERY EFFICIENCY IN LOCAL HIGHER 
EDUCATION INSTITUTIONS.....................................................................................................................................................187

Masaidova Marguba Muratovna 

INVESTIGATION OF METAL REFINING DURING ELECTRIC ARC WELDING.......................................................195
Ermatov Ziyadulla, Rakhmatullaeva Nozima, Galperin Leonid

STATE AND INSTITUTIONAL SUPPORT FOR THE EXPORT ACTIVITIES OF CONSTRUCTION 
ENTERPRISES.................................................................................................................................................................................200

Mirzayeva Khulkar Abduladjon kizi 

ECONOMIC DIPLOMACY AS THE EXTERNAL TIER OF INVESTMENT GOVERNANCE: INSTITUTIONAL 
DESIGN AND IMPLEMENTATION GAPS IN UZBEKISTAN............................................................................................207

Imamov Javokhir 

METHODS FOR IMPROVING THE EFFICIENCY OF PRODUCTION RESOURCE UTILIZATION IN 
AGRICULTURE................................................................................................................................................................................213

Nurxonov Nurkomil Qahramon ugli

COMPARATIVE ANALYSIS OF MACHINE LEARNING ALGORITHMS FOR AUTOMATIC TOPIC 
CLASSIFICATION OF KARAKALPAK NEWS TEXTS.........................................................................................................218

Asenbayev Nurbek Adilbayevich



C
O

N
T

E
N

T
S

SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL10/2026

t.me/scupus_IST2100
5

https://ist-journal.uz

JOINT OPTIMISATION OF EXTERNAL-WALL INSULATION THICKNESS AND RADIANT-FLOOR HEAT 
OUTPUT FOR A SOLAR-CONCENTRATOR-HEATED DWELLING IN THE CLIMATE OF BUKHARA............223

Jurabek Kamolov, Sokhib Temirov, Marjona Makhmudova

IMPROVING THE METHODOLOGY FOR ECONOMIC ANALYSIS OF CONSTRUCTION SERVICE COSTS AT 
SOCIAL FACILITIES......................................................................................................................................................................234

Gapparov Azim Kayumovich

SPATIOTEMPORAL TRENDS IN WATER QUALITY ALONG THE TASHKENT URBAN REACH OF THE 
CHIRCHIK RIVER: A PAIRED MONITORING ANALYSIS FOR 2017–2024.............................................................241

Ruziev Dilmurod, Matkaziyev Dilshod, Begzod Burkhonov, Abdurakhimova Durdona, Yuldosheva Saodat

ECONOMIC REGULATION OF ENVIRONMENTAL EXTERNALITIES IN CONSTRUCTION INDUSTRY 
ENTERPRISES: A GRADUATED PAYMENT–SUBSIDY MECHANISM AND FORECASTING APPROACH.....251

Xolov Xamza Tojiddinovich

DIFFERENTIATED APPROACHES TO INCENTIVIZING THE TRANSITION OF SMALL BUSINESSES TO 
THE FORMAL ECONOMY...........................................................................................................................................................260

Yunusov Marat Erkinovich

THE EFFECTIVENESS OF CORPORATE GOVERNANCE IN BANKS AND ITS IMPACT ON FINANCIAL 
PERFORMANCE AND RISKS.....................................................................................................................................................266

Susanna S. Alieva

GREEN INNOVATION–INVESTMENT EFFECTIVENESS AND STRATEGIC FORECASTING IN THE CABLE 
INDUSTRY: EVIDENCE FROM UZKABEL.............................................................................................................................273

Igamberdiev Karimberdi

LEVEL OF ADAPTATION OF PUBLIC INFRASTRUCTURE FOR PERSONS WITH DISABILITIES IN 
BUKHARA.........................................................................................................................................................................................280

Bomurodova Madina Voxidjon qizi

FREQUENCY-DEPENDENT ASSESSMENT OF FACADE SOUND INSULATION REQUIREMENTS UNDER 
NOISE EXPOSURE FROM ABOVE-GROUND METRO SYSTEMS..................................................................................285

Zafar Tulaganov, Rakhmatullo Pirmatov

ADAPTIVE TIKHONOV REGULARIZATION FOR ROBUST ENERGY BALANCE OPTIMIZATION IN PV-BESS 
SYSTEMS UNDER SEVERE ENVIRONMENTAL DISTURBANCES..............................................................................294

Gulayim Baymuratova Tajimurat kizi



SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL
IN

N
O

V
A

T
IO

N
 S

C
IE

N
C

E
 A

N
D

 T
E

C
H

N
O

L
O

G
Y

t.me/scupus_IST2100
294

https://ist-journal.uz

10/2026

ADAPTIVE TIKHONOV REGULARIZATION FOR 
ROBUST ENERGY BALANCE OPTIMIZATION 
IN PV-BESS SYSTEMS UNDER SEVERE 
ENVIRONMENTAL DISTURBANCES
Gulayim Baymuratova Tajimurat kizi
PhD Researcher, Tashkent University of Information Technologies 
named after Muhammad al-Khwarizmi, Tashkent
Email: gulayim0298@gmail.com

Abstract: Photovoltaic-battery energy storage systems (PV-BESS) in arid zones suffer from instability caused by extreme 
temperatures and dust-salt deposition. During dust storms, power balance equations become ill-conditioned, provoking 
severe control chattering and premature battery degradation. This study proposes an adaptive Tikhonov regularization 
framework featuring a first-order differential smoothing operator to stabilize real-time energy dispatch. The regularization 
parameter is dynamically updated via the Morozov Discrepancy Principle driven by real-time noise bounds. Numerical 
simulations demonstrate that the method suppresses control chattering, reduces battery cyclic stress by 28.4%, and 
maintains power balance errors below 2.1%.

Keywords: Microgrid energy balance, Photovoltaic generation, Battery energy storage (BESS), Tikhonov regularization, 
Ill-conditioned optimization, Soiling dynamics. 

Annotatsiya:  Qurg‘oqchil hududlardagi quyosh-akkumulyatorli (PV-BESS) tizimlar haroratning keskin o‘zgarishi va 
chang-tuz cho‘kishi tufayli beqarorlikka uchraydi. Bo‘ronlar paytida quvvat balansi tenglamalari yomon shartlangan mas-
alaga aylanib, batareya buyruqlarida zararli titrash (chattering) va tez eskirishni keltirib chiqaradi. Ushbu tadqiqotda real 
vaqt rejimida energiyani taqsimlashni barqarorlashtirish uchun birinchi tartibli differensial silliqlash operatoriga ega adap-
tiv Tixonov regulyarizatsiyasi taklif etilgan. Regulyarizatsiya parametri real vaqt shovqin chegaralari asosida Morozov 
nomuvofiqlik prinsipi orqali dinamik yangilanadi. Sonli modellashtirish natijalari usulning titrashni yo‘qotishini, batareya 
degradatsiyasini 28,4 % ga kamaytirishini va quvvat xatosini 2,1 % dan oshirmasligini tasdiqladi.

Kalit so‘zlar: mikrotarmoq energiya balansi, fotogalvanik generatsiya, akkumulyatorli energiya saqlash (BESS), Tixonov 
regulyarizatsiyasi, yomon shartlangan optimallash, changlanish dinamikasi.

Аннотация:  Фотоэлектрические станции с накопителями энергии (PV-BESS) в аридных зонах подвержены 
эксплуатационной нестабильности из-за температурных перепадов и осаждения пыли и солей. Во время пыльных 
бурь уравнения энергобаланса становятся плохо обусловленными, вызывая высокочастотный дребезг (chat-
tering) и преждевременную деградацию батареи. В работе предложена адаптивная регуляризация Тихонова с 
дифференциальным сглаживающим оператором первого порядка для стабилизации диспетчеризации. Параметр 
регуляризации динамически адаптируется по принципу невязки Морозова на основе оценки шума измерений. 
Численное моделирование подтверждает, что метод устраняет дребезг управления, снижает циклическую 
деградацию батареи на 28,4% и удерживает ошибку энергобаланса ниже 2,1%.

Ключевые слова: Энергобаланс микросети, Фотоэлектрическая генерация, Аккумуляторные накопители (BESS), 
Регуляризация Тихонова, Плохо обусловленная оптимизация, Динамика запыления.

I N T R O D U C T I O N
Photovoltaic-battery energy storage systems (PV-BESS) deployed in the Aral Sea basin of Karakalpakstan 

are designed to operate under diverse environmental conditions. Seasonal and daily temperature variations, 
ranging from -25°C in winter to +45°C in summer, together with airborne dust and salt deposition, influence 
solar power generation and require adaptive energy management strategies. During sandstorms, available 
photovoltaic output may decrease by up to 50% within minutes, highlighting the importance of responsive 
battery systems in maintaining the balance between energy supply and demand.

Managing rapid changes in solar power generation with standard quadratic dispatch solvers requires 
effective numerical optimization strategies. Under variable weather conditions, changes in the power balance 
matrix can affect numerical conditioning and the response of conventional optimization algorithms to sensor 
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measurements. These conditions highlight the value of advanced control methods that support stable transitions 
between battery discharge and charging modes. Implementing such methods helps regulate battery operation, 
reduce unnecessary thermal and electrochemical stresses on lithium-ion cells, preserve battery capacity, and 
support longer operational life.

To overcome this limitation, this study implements an adaptive Tikhonov regularization strategy for real-
time microgrid power dispatch. By coupling a dynamic dust-temperature attenuation model with a first-order 
smoothing difference operator, the proposed formulation directly suppresses destructive battery ramp rates 
while maintaining active power equilibrium. The regularization parameter is adjusted online via the Morozov 
discrepancy principle, yielding a robust, noise-resilient control trajectory tailored to extreme desert microgrid 
conditions.

R E V I E W  O F  L I T E R A T U R E  O N  T H E  S U B J E C T
The mathematical foundation for handling ill-conditioned matrix equations originates from the classical 

regularization framework of Tikhonov and Arsenin [1], which demonstrated that direct matrix inversion under 
noisy inputs leads to unbounded solution divergence. To avoid arbitrary parameter selection, Morozov [2] 
formulated the discrepancy principle, establishing that the regularization parameter must match the physical 
noise boundary of the measurement signal. Hansen [3] extended these formulations to discrete linear systems, 
showing that ill-conditioned problem matrices can be effectively stabilized by embedding penalizing difference 
operators that filter out high-frequency numerical noise.

In renewable microgrid applications, initial energy balance strategies relied on deterministic predictive 
dispatch and standard quadratic optimization (Bevrani et al. [4]; Parisio et al. [5]). With increasing solar 
penetration, research shifted toward using battery buffers to smooth solar output fluctuations (Sarrias-Mena et 
al. [6]). However, aggressive smoothing creates hidden operational costs. Xu et al. [7] quantified the degradation 
mechanics of lithium-ion cells, showing that high-frequency charge-discharge micro-cycling induces severe 
thermal stresses and accelerates solid-electrolyte interphase growth, substantially reducing overall battery 
lifespan.

Environmental studies in arid zones emphasize that solar generation is heavily dictated by ambient 
conditions. Mani and Pillai [8] documented that airborne dust deposition causes non-linear optical losses, 
reducing panel output by up to 40% in desert environments. Complementary thermal modeling by King et al. [9] 
established that extreme cell temperatures further degrade open-circuit voltage. However, existing microgrid 
energy management literature largely treats soiling and temperature as slow, static derating factors rather 
than dynamic state disturbances, leaving optimization solvers unprepared for rapid, storm-induced generation 
collapses.

In the Republic of Uzbekistan, renewable microgrid deployment is driven by state policies including the Law 
of the Republic of Uzbekistan No. LRU-5391 dated on May 21, 2019 “On the use of renewable energy sources” 
and Resolution of the President of the Republic of Uzbekistan No. RP-572 “On measures to accelerate the 
introduction of renewable energy sources and energy-saving technologies in 2023” on accelerating green energy 
adoption. Within this framework, regional studies in the Aral Sea basin evaluated solar irradiance profiles and 
particulate sedimentation characteristics (Orinbaev et al. [10]; Kodirov and Tursunov [11]). Furthermore, recent 
investigations into desert microgrid dispatch (Baymuratova and Joldasova [12]; Djaykov and Baymuratova 
[13]) demonstrated that uncoordinated battery scheduling under severe weather volatility causes significant 
economic and operational losses.

Despite these advancements, opportunities remain to strengthen the integration of numerical regularization 
theory with practical microgrid dispatch. Mathematical studies [1–3] primarily address static inverse problems, 
while applied control studies [4–6, 12, 13] employ standard quadratic programming solvers that can be 
further enhanced by incorporating ramp-rate damping mechanisms and discrete battery constraints. Under 
variable weather conditions, including dust storms that affect matrix conditioning, advanced control strategies 
can improve battery operation and power dispatch stability. This study addresses these opportunities by 
incorporating a first-order difference operator (D₁) into an adaptive Tikhonov functional and applying online 
parameter selection based on Morozov’s principle, thereby enhancing control smoothness while maintaining 
reliable bus power balance.

R E S E A R C H  M E T H O D O L O G Y
The dynamic photovoltaic generation and environmental attenuation model governs the effective electrical 

1	  https://lex.uz/docs/4346835
2	  https://lex.uz/ru/docs/7554007



SOCIAL, ECONOMIC, SCIENTIFIC, AND TECHNICAL ACADEMIC JOURNAL
IN

N
O

V
A

T
IO

N
 S

C
IE

N
C

E
 A

N
D

 T
E

C
H

N
O

L
O

G
Y

t.me/scupus_IST2100
296

https://ist-journal.uz

10/2026

power output of the photovoltaic array ( )pvP t  under coupled thermal stress and airborne dust-salt deposition 
according to:

( ) [1 ( ( ) )] (1 ( ))pv pv ref cell ref soilP t A T t T tη γ β= ⋅ ⋅ − − ⋅ −  (1)

where pvA  is the total array active aperture area (m²), refη  is the nominal module conversion efficiency 

at standard test conditions (STC), γ  is the cell junction temperature coefficient (%/°C), ( )cellT t  is the dynamic 

cell temperature modeled via the King thermal equation, ( )G t  is the tilted solar irradiance (W/m²), and 
( )soil tβ  is the dynamic dust-salt accumulation coefficient modeled by the differential equation:

( ) ( ) ( ) ( )soil
d wind dust clean

d t k v t C t t
dt

β µ= ⋅ ⋅ −  (2)

Here, ( )dustC t denotes airborne particulate concentration, windv is wind velocity, and dk is the deposition 

propensity factor.
To buffer the discrepancy between volatile photovoltaic generation and consumer demand, a battery 

energy storage system (BESS) is integrated. The state-of-charge (SoC) evolution of the battery bank over 
discrete horizon t∆ satisfies:

( ) ( )( 1) ( ) ch ch dis

nom dis nom

P t P tSoC t SoC t t
E E

η
η

 
+ = + − ∆ 

 
 (3)

subject to operational constraints:

min max( )SoC SoC t SoC≤ ≤

max max0 ( ) ,0 ( )ch ch dis disP t P P t P≤ ≤ ≤ ≤  (4)

At any discrete epoch t , instantaneous active power equilibrium across the microgrid common bus 
requires:

( ) ( ) ( ) ( ) ( ) 0pv dis ch grid loadP t P t P t P t P t+ − ± − =  (5)

In compact matrix form over the receding prediction horizon:

Ax b=

where [ , ]T
batt gridx P P= is the control vector, and [ ]T

load pvb P P= − represents the net demand vector. 

When pvP  experiences stochastic dust-induced volatility, matrix A exhibits an extremely high condition number 

3( ( ) 10 )cond A >> , rendering standard matrix inversion and unregularized optimization unstable.

To restore well-posedness in the sense of Hadamard and suppress destructive control chattering provoked 
by ill-conditioned matrix inversion, we formulate the unconstrained adaptive Tikhonov regularized functional:

2 2
2 2( ) || || || ||J x Ax b xα α= − + Γ  (6)

where 0α >  is the regularization parameter, and Γ  is the Tikhonov penalty operator. Rather than 

adopting an identity operator Γ = Ι , we construct a composite operator:
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1 2 1Dω ωΓ = Ι +  (7)

Where 1D  is the first-order difference operator penalizing abrupt fluctuations:

1

1 1 0 0
0 1 1 0

0 0 1 1

− … 
 − … =
 
 … − 

D x x
M O O M

 (8)

The analytical solution minimizing ( )J xα  is derived via normal equations:

1( )T T TX A A A bα α −= + Γ Γ  (9)

Because ( )T TA A α+ Γ Γ  is strictly positive definite for any 0α > , the existence and uniqueness of the 

optimal dispatch trajectory are guaranteed.
For dynamic parameter selection via the Morozov Discrepancy Principle, setting a static α fails in dynamic 

environments: an excessively large ( )tδ  oversmooths the control, sacrificing power balance accuracy, while 

an undersized α admits noise-driven chattering.

Let ( )tδ denote the estimated noise bound of the net forecast vector such that | ||trueb b δ− ≤  . The 

regularization parameter ( )tα is computed online by solving the nonlinear residual equation:

2( ) || || ( ) 0Ax b tαα δΦ = − − =  (10)

Using Newton-Raphson iterations:

1
( )
( )

k
k k

k

αα α
α+

Φ
= −

′Φ
 (11)

The algorithm guarantees convergence within 5k ≤ iterations, satisfying real-time EMS dispatch cycles 

(typically 1–5 seconds).

A N A LY S I S  A N D  R E S U LT S
The framework was validated using high-resolution meteorological data recorded at the Nukus station in the 

Aral Sea region (Republic of Karakalpakstan). The microgrid configuration comprises a photovoltaic capacity 
of 100 kWp, an electrochemical battery energy storage system (BESS) rated at 150 kWh / 75 kW (LiFePO4), 
a discrete sampling time of Δt = 1 min, a prediction horizon of N = 60 min, and a simulated sandstorm event 
occurring between t = 11:00 and t = 13:00, resulting in a 42% reduction in available solar radiation accompanied 
by high-frequency fluctuations (σ² = 0.18).

Regarding dynamic power dispatch and control stability, the unregularized quadratic programming (QP) 
method responded to dust-related sensor variations through frequent transitions between battery discharge 
and charging modes, resulting in a ramp rate RMS of 31.6 kW/min. As illustrated in Figure 1(a) and Figure 
1(b), the proposed scheme effectively manages the 42% reduction in solar radiation and the associated high-
frequency fluctuations. Standard Tikhonov regularization (Γ = I) provides stable control with a tracking deviation 
of 4.8 kW, while the proposed adaptive Tikhonov framework improves control smoothness by 89.8%, reducing 
the ramp rate RMS to 3.2 kW/min and maintaining the active power balance mismatch within 1.9 kW (2.1%). 
Furthermore, the proposed method maintains the system within the specified bus voltage limits, demonstrating 
its effectiveness in improving power dispatch stability and supporting reliable battery operation under variable 
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environmental conditions (Figure 1; Table 1).

Figure 1. (a) Photovoltaic generation collapse and load demand under severe sandstorm perturbation; (b) Battery 
energy storage dispatch trajectories: chattering elimination via adaptive regularization3

Table 1. Comparative performance metrics of unregularized QP, standard Tikhonov, and proposed adaptive 
Tikhonov scheme under sandstorm disturbance4

Metric Unregularized QP Standard Tikhonov 
(Γ=I)

Proposed Adaptive 
Tikhonov

Max Power Balance Error (kW) 14.2 kVt 4.8 kVt 1.9 kVt

BESS Power Ramp RMS (kW/
min) 31.6 kVt/min 12.4 kVt/min 3.2 kVt/min

Daily Battery Degradation Factor 
(day) 41.42 10x − 41.15 10x − 41.01 10x −

Computational Latency per Step 
(ms) 12 ms 14 ms 18 ms

In terms of electrochemical battery degradation mitigation and computational efficiency, suppressing 
parasitic micro-cycles through the 1D  difference operator minimized battery thermal cycling losses, yielding an 

estimated 28.4% extension in operational lifespan under harsh regional conditions. Furthermore, as confirmed 
in Figure 2(a) and Table 1, the autonomous Morozov discrepancy selection dynamically scales the regularization 
parameter from baseline α ≈ 0.08 up to α ≈ 0.50 during the storm peak, keeping battery SoC (Figure 2(b)) 
smoothly bounded within [20%, 90%] without high-frequency chattering, and converging within 18 ms per 
control cycle.

3	  Source: Author’s own work.
4	  Source: Author’s own work.
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Figure 2. (a) Dynamic evolution of the regularization parameter determined by Morozov Discrepancy Principle; (b) 
Electrochemical battery State-of-Charge (SoC) profile demonstrating stress reduction5

C O N C L U S I O N S  A N D  S U G G E S T I O N S
This study developed a robust energy balance optimization scheme based on adaptive Tikhonov 

regularization for PV-BESS systems subjected to severe environmental disturbances. By modeling the specific 
impact of dust-salt deposition and coupling it with a dynamically tuned first-order smoothing operator, the 
proposed framework resolves the ill-conditioned nature of the dispatch equations. Simulation results confirmed 
that the method effectively eliminates chattering, bounds balance deviations within 2.1%, and safeguards 
battery integrity, making it an ideal candidate for deployment in arid, weak-grid microgrid installations.
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