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ABSTRACT Analysis of more than 1,200 scientific and technical articles devoted to Switched-Mode Power Supplies, which
have now become fundamental components of power systems for modern electronic devices across all spheres of human
life demonstrates that the development of these supplies still proceeds empirically. The practice of improving their basic
topologies is largely based on intuitive-heuristic combinations of established circuit design solutions and does not exhibit
tendencies toward forming universal methodological foundations for realizing the existing innovative potential. Moreover,
the absence of a theory of systemic development, built on a generalized model of the regularities of basic topology
modifications, and the lack of tools for predicting efficiency lead to the fact that design solutions are evaluated only post
factum, based on the results of full-scale experiments, instead of prior analytical validation to ensure predictability and reduce
time and costs of design. This situation restrains systemic structural-functional optimization of circuit solutions and
complicates achieving higher levels of scalability and energy efficiency. An additional obstacle is the insufficient integration
of digital tools and intelligent control methods to ensure the ability of supplies to adapt to variable and random operating
conditions. Unlike numerous routine reviews of the accumulated array of circuit solutions, a concept is proposed to overcome
these limitations, based on a set of formalized transformation operators for circuit design solutions. Such an approach not
only elevates the systematization of known solutions to a new level but also creates conceptual foundations for the transition
from design based on intuitive-heuristic assumptions to ensuring reproducible and predictable results. Promising directions
for further development include expanding the functional capabilities of pulse-width modulation and stepwise energy
accumulation in inductive and capacitive elements, which opens the way to integrating the analog diversity of circuit solutions
of supplies with the transformational potential of digital intelligence, aimed at adaptability to changing operating conditions
and optimization of operating modes in real time. All this together forms the conceptual foundation of the synthesis
methodology, which will contribute to the systematization of accumulated experience and implementation of established
promising directions of development for creating next-generation supplies, capable of ensuring high energy efficiency,
scalability, and flexible and profound integration into modern technological platforms of various purposes.

KEYWORDS basic topologies, energy accumulation structures, empirical improvement approaches, conceptual foundations

of synthesis methodology, system optimization.
I. INTRODUCTION
witched-Mode Power Supplies (SMPS) evolve into
S integral components of modern electronic devices,
which are the cornerstone of technical progress in
all areas of human activity — from household appliances
and healthcare to defense and renewable energy systems.

The principle of operation of the SMPS is founded on
accumulating and converting energy from the primary
power source in the inductive element (L) and regulating
the output voltage formed in the capacitive element (C)
using pulse-width modulation (PWM).

The advancement of SMPS has largely been driven by
an empirical approach involving the combination and
experimental testing of solutions derived via an intuitive—
heuristic path. The modeling and optimization of their
operating modes are based primarily on classical methods
for determining the duration of transient processes and
resonance conditions in uncontrolled circuits. Innovative
solutions that go beyond the scope of uncontrolled models
remain sporadic. In particular, as the method considered
in [1], which involves accumulating energy in a parallel LC
circuit and utilizing it in a series RLC circuit. In this case,

both circuits operate in an aperiodic mode, whereas they
are typically considered to be oscillatory.

Although SMPS are integral to newest technologies,
they themselves have the lowest level of implementation of
digital tools and intelligent control methods among all
branches of electronics. But these tools and methods are
crucial to ensure adaptive operation SMPS in changing
conditions, ranging from internal stochastic factors such as
load dynamics and battery discharge rate, to external
factors including seasonal and weather fluctuations in wind
speed and solar radiation that affect the power output of
generators and photovoltaic panels.

Given this context, as well as the growing demands for
scalability and adaptability of modern technology
components, the strategy for developing SMPS should
focus not only on improving their circuit architecture and
operating modes, but also on reorienting the methodology
of projecting from empirical research toward the systemic
synthesis of a new generation of solutions.

Accordingly, unlike the numerous routine reviews and
systematizations of the collected array of modifications to
basic SMPS topologies, in particular [2-19], the aim of this
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work is to identify promising directions to improve and
develop the conceptual foundations of a methodology for
integrating known and synthesizing new solutions, as well
as criteria for evaluating their potential with the goal of
creating a new generation of SMPS.

Il. DEVELOPMENT TRENDS

Depending on whether the L element is employed as an
inductor or a pulse transformer, SMPS topologies are
classified into non-isolated and isolated types.

The non-isolated topologies include Boost, Buck, and
Buck-Boost. The following isolated topologies have been
derived from them: Flyback, originating from Buck-Boost,
for low-power applications; Forward, derived from Buck,
for medium power with improved efficiency; Push-Pull,
based on Buck, symmetrical for medium and high power
levels; Half-Bridge, evolved from Push-Pull, efficient and
simple for micro grids and low-voltage systems; and Full-
Bridge, also evolved from Push-Pull, for high-power
applications.

Summarized in the form of hierarchical trees in Figs. 1-
5, the results of the analysis of review articles [2-19] for
the period from 2008 to 2026, whose combined
bibliographies exceed 1,200 sources, indicate that in the
early stages of development, SMPS modification occurred
by duplicating basic topologies.

The sequence of their emergence is as follows: Series —
used to increase voltage without a transformer; Parallel —
for high power and improved thermal performance;
Interleaved — a phase-shifted parallel connection to reduce
ripple and enhance efficiency; Multiphase — an extension
of Interleaved to three or more phases for high-current
applications; Bridge-based — combinations of Half-Bridge
and Full-Bridge for high power; Stacked/Multicell —
cascaded multilevel structures for inverters and battery cell
balancing systems; Dual — symmetrical for reducing
voltage ripple; Modular/Matrix — matrix scaling for high
voltage and power.

An analysis of modifications to basic topologies reveals
a gradual transition: from the use of separate L and C
elements to perform functions determined by their dual
properties (L for voltage amplification and C — for current),
to structures of L and C elements designed for energy
accumulating and voltage/current conversion.  This
transition encompasses both classical LC circuits and
specialized network cells, including structures such as
Switched Capacitor (SC), Switched Inductor (SI), and
hybrid combinations (SC+SI). The development proceeds
sequentially: from simple series and parallel LC structures
to cells of the Cuk, SEPIC, and Zeta types; from switching
structures SC, SlI, SC+SI, and Series/Parallel Resonant
LLC schemes to topologies with enhanced conversion
ratios such as Voltage Lift, Quadratic, and Multiple Lift.
The current stage of development is characterized by
convergence into complex LC networks — Multicell,
Multilevel, Interleaved, Cascaded, Coupled, and Hybrid. A
separate direction of progress is the integration of Z-source
and quasi-Z-source topologies.

In Fig. 4, a tree illustrating the evolution of structures
for energy accumulation and voltage/current conversion
is presented. These structures combine integrated
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solutions with improved adaptability, functional
integration, and system optimization, thereby providing
power scalability, high energy density, extended voltage
regulation range, increased conversion ratio, and low
losses.

In addition to SMPS topologies and structures for
energy accumulation and conversion, the characteristics of
voltage rectifiers must be considered. Although they serve
only a matching function — forming DC voltage from a
pulsed signal — their parameters significantly affect overall
SMPS efficiency. Functionally, rectifiers act as universal
autonomous modules: the same circuit solution can be
integrated into different topologies. To avoid re-
considering identical rectifiers within various topologies of
other structural-functional components, their evolution
should be analyzed separately.

Buck

Established modifications:
Interleaved / Multiphase / Parallel / Series / Dual / Matrix
Synchronous Buck
Tapped Inductor Buck
Current-fed Buck
— Isolated derivatives:
Forward
Half Bridge
Full Bridge
—— Evolutionary branches:
Resonant Buck (derived from Synchronous Buck + LC)
Coupled Inductor Buck (derived from Interleaved Buck)
Multi-cascade LC networks (development of Tapped Inductor Buck)
Multi-level inverters (Buck — series connection of cells)
Switched Capacitor Buck (Buck — charge pump integration)

FIG. 1. Tree based on Buck topology modifications.

Boost
— Established modifications:
— Tnterleaved / Multiphase Multiphase / Parallel / Series / Stacked / Matrix
Synchronous Boost
Quadratic Boost
Switched Capacitor Boost
Current-fed Boost
— Isolated derivatives:

Fl\ back
Push-Pull
Bridge-based Boost (Half / Full Bridge)

Evolutionary branches:
Resonant Boost (derived from Synchronous Boost + LC)
Coupled Inductor Boost (derived from Interleaved Boost)
Multi-cascade LC networks (development of Quadratic Boost)
Multi-level inverters (Boost — series connection of cells)

Z-source Inverter (Boost — inductive-capacitive matrix integration)

FIG. 2. Tree based on Boost topology modifications.

Buck-Boost
—— Established modifications:
Classical Inverting Buck-Boost
Non-inverting Buck-Boost
Cuk
SEPIC
Zeta
Interleaved / Multiphase / Dual / Matrix
Quadratic Buck-Boost
— Isolated derivatives:
Flyback (inverse version)
Bridge-based Buck-Boost
—— Evolutionary branches:
Resonant Buck-Boost (derived from Noh-inverting Buck-Boost + LC)
Coupled Inductor Buck-Boost (derived from Interleaved Buck-Boost)
Multi-cascade LC networks (development of Quadratic Buck-Boost)
Multi-level inverters (Buck-Boost — series connection of cells)

Switched Capacitor Buck-Boost (Buck-Boost — charge pump integration)

Voltage Source Inverter (Buck-Boost — transition to inverter structures)
Current Source Inverter (Buck-Boost — transition to inverter structures)

FIG. 3. Tree based on Buck-Boost topology modifications.
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L — energy storage, self-induction pulse generator
Combined L, C elements (Capacitor + Inductor):
— Simple LC Structures:
Series LC — energy transfer
Parallel LC — stabilization, resonance
— Classical cells:
Cuk Cell — derived from series LC

SEPIC Cell — derived from parallel LC

Zeta Cell — mirror of SEPIC
— Parallel branches:
Switching Cells:
E Switched Capacitor (SC) — evolution of SEPIC/Zeta

E C — energy storage, output filter

Switched Inductor (SI) — evolution of Cuk with inductor switching
Hybrid SC+SI— integration of both approaches
Resonant cells:
Series Resonant LC — evolution of series LC
Parallel Resonant LC — evolution of parallel LC
LLC Resonant Converter — combination of two inductors + one capacitor
Quasi-Resonant Cells — modifications for loss reduction
— Further complication:
Voltage Lift (VL) Cells — modification of SC/SI for higher conversion ratio
Quadratic Converters — cascaded VL structures
Triple/Multiple Lift Cells — extension of the VL approach
— Complex LC networks (convergence of branches):
Multicell Converters — cascaded duplication of SC/LC
Multilevel Converters — multilevel structures with LC networks
Interleaved Converters — parallel channels with LC cells
Cascaded SC/LC Networks — cascaded SC and LC structures
Coupled Inductor Cells — development of SI with magnetic coupling
Hybrid Resonant + SC Networks — integration of resonant LC and SC

FIG.4. Tree of development the energy accumulation and
conversion structures.

Fig. 5 shows the rectifier evolution tree: from
classical diode circuits, through synchronous MOSFET
rectifiers, to actively controlled structures and matrix
solutions. Similar to energy accumulation and conversion
structures, the evolution of rectifiers reflects the
transition from passive elements to controlled
multifunctional systems. This transition meets modern
requirements for integration with diverse signals and
sources, ensuring circuit-level scalability and enhanced
energy efficiency.

Rectifiers
— Classical diode rectifiers:
E Half-wave rectifier — simplicity. high losses

Full-wave rectifier — improved efficiency
Bridge rectifier — versatility. basic standard

—— Svnchronous rectifiers:
MOSFET-based rectifier — reduced losses, low-voltage systems
Controlled conduction rectifier — controllability, higher efficiency

— Active rectifiers:
Phase-controlled rectifier — output voltage regulation
Power factor correction (PFC) rectifier — improved power quality
Matrix rectifier — multifunctionality. integration

— Isolated rectifiers:
Transformer-isolated rectifier — galvanic isolation, safety
High-frequency SMPS rectifier — compactness. scalability

—— Evolutionary branches:

EMultiphase rectifiers — load balancing, scalability

Resonant rectifiers — minimized losses, high-frequency operation
Multilevel rectifiers — reduced device stress, efficiency
Integration with inverter structures — versatility, system-level integration

FIG. 5. Tree of development the rectifiers.

The analysis of decision trees presented in Figs. 1-5
shows that, among all branches of electronics, the design
of SMPS exhibits the greatest diversity of circuit and
structural-functional approaches to performing the same
tasks. Meanwhile, none of these approaches supports the
integration of digital technologies or the deployment of
intelligent control strategies. This highlights the need for a
paradigm shift in power electronics aimed at uniting the
richness of switched analogue diversity — systems that,
while operating in discrete modes akin to digital devices,
contain no inherent prerequisites for digital control — with
the transformative potential of digital intelligence.
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I1l. EMPIRICAL IMPROVEMENT APPROACHES

The results of the analysis demonstrate that, despite
significant progress, improvements to SMPS have largely
been achieved empirically — through intuitional-heuristic
configurations and integrations of pre-developed design
solutions, along with the selection of favorable outcomes
during full-scale laboratory experiments.

A representative example of such practice is the hybrid
SMPS [20], obtained as a result of the sequential
integration into the basic Boost topology of three circuit
solutions differing in construction principles and
functional purpose, as shown in Fig. 6 (taken from [20]).

Si(¢) Si(d.) (42)

%L IICI % 0575, &
v, v, C; v, }}D&J V.

Sy, 1

FIG. 6. Circuit solutions forming the hybrid SMPS [20]: coupled
inductors with a voltage multiplier (a); step-up switched
capacitor (b); switched capacitors (c), and the sequence of their
integration into the Boost topology (d-h).

As a result, without any justification of feasibility, the
number of elements increases significantly, while the
number of operating modes per switching period rises from
two to four.



SISIOT Journal | journals.chnu.edu.ua/sisiot

In general, the results of the analysis indicate that all
modifications of SMPS topologies, as summarized in [2-
18], were obtained by combining empirical approaches
with intuitive-heuristic methods.

IV. PROMISING DIRECTIONS AND METHODS OF
REFINEMENT

An example that transcends established approaches is
the method of converting DC voltage into pulses, whose
implementation is discussed in [1].

This method gives the element L a new functional role:
without additional energy input, the electromotive force of
self-induction automatically reconfigures the parallel
connection of the elements L and C, in which energy is
accumulated in the electric and magnetic fields, to their
series connection with the active load R, thereby ensuring
controlled energy transfer and utilization.

Modeling and analyzing the efficiency of topologies
transformed from basic ones using this method, denoted by
the prefix LC and presented in Fig. 7, goes beyond classical
approaches. In particular, traditional methods for
determining the duration of transients in RL and RC
circuits, as well as the analysis of the resonant state in ideal
LC and real RLC circuits, according to which such circuits
are considered uncontrolled, prove insufficient.

FIG. 7. Modifications of basic topologies according to method [1]:
LC-Boost (a), LC-Buck (b), LC-Buck-Boost (c), LC-Flyback (d).
Moreover, method [1] enables optimization of known
solutions, particularly topology SMPS [21] presented in

Fig. 8 (adapted from [13, p. 9157, Fig. 18c]).
D, D,

FIG. 8. Topology [21] —

This topology was obtained as an integration of a
switched C element and coupled L elements. It is reported
that a prototype based on topology [21] delivers a power of
250 W with an efficiency of 97.2%, which decreases to
93.6% under full load.

The topology [21] can be considered redundant and
simplified to the LC-Boost topology in Fig. 7a, as shown
on the right in Fig. 8. This should prevent the efficiency
reduction reported in [21], since the dissipation losses in

left, and its simplification — right.
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coupled L elements are inherently greater than in a single
L element.

Also, the method [1] makes it possible to consolidate
approaches aimed at reducing peak currents and losses in C
elements through stepwise energy accumulation, as
discussed in [22, 23]. In addition, it is possible to propose
an inversion and extension of the approaches [22, 23] and
apply them simultaneously to L elements, which has not
yet been described in the known literature. This will allow
for the control of energy storage in several C- and/or L-
elements using separate switches and several sources.

Such an approach creates prospects for extending the
‘single channel” PWM, in which voltage regulation is
performed by varying the duration and repetition period of
control pulses for commutation of only one L element.
Fig. 9 illustrates an example of separate control of L and C
element commutation by pulses and repetition periods of
different and variable duration.

XWM1 XWM2 R3
010
el : oo A U3

29 @ Vs s C1
[ J 4.TuF

U2 & R5 75Q —‘

: AN .
Cf‘"‘F R4 0.5Q

U1 AN W

R1 IRF224N
10 }
Vin Vswi Vsw2
— 12V ovi2v ov12v
—; T 160usec 380usec 25usec 380usec

FIG.9. A circuit diagram for studying the LC-Buck-Boost
topology in the Multisim simulator environment, which contains
independent switches Q1 and Q2 for elements L1 and C1,
respectively.

As the switch count increases, the circuit shown in
Fig. 9 is equivalent to synchronous MOSFET rectifiers (in
the tree shown in Fig. 5) [24], which lower voltage drop
compared to diode rectifiers. However, such rectifiers do
not offer the same opportunities for PWM development as
the method described in [1].

In addition to improving the controllability of energy
accumulation and voltage/current conversion, LC-Buck-
Boost topology in Fig. 9 creates the conditions for
integrating digital tools and intelligent methods for SMPS
control and operating-mode optimization.

For example, Fig. 10 illustrates a circuit diagram for
stepwise accumulation of energy from a single battery in
three C elements in the order C1 to C3. Fig. 11 illustrates
stepwise energy accumulation in a single C element from
three battery cells, sequentially connected in the order V1
to V3. This provides a radically new way to interact with
digital intelligence to control the performance of SMPS
under changing conditions in real time.

JCE [e2 e

T T
&

| Microcontroller |

L Load

FIG. 10. LC-Buck-Boost topology illustrating stepwise energy
accumulation in three C elements from a single battery.
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Microcontroller |
FIG. 11. LC-Buck-Boost topology illustrating stepwise energy
accumulation in a single C element from three battery cells.

V. CONCEPTUAL FOUNDATIONS FOR A METHODOLOGY
OF SOLUTION SYNTHESIS

Analysis of the sequential process of modifications of
SMPS topologies and L and C element structures has made
it possible to identify and formalize operators that reflect
established approaches to their transformation:

1. Combination — sequential and/or parallel connection
of basic topologies and L and/or C elements to form
new functional units;

2. Cascading —sequential or parallel duplication of basic
topologies and L and/or C elements for scaling power
and voltage ratings;

3. Switching — introduction of additional switching
elements to implement new or extend existing
principles and operating modes;

4. Resonance — creation of conditions and modes for
utilizing resonance phenomena by adding extra L
and/or C elements;

5. Coupling — application of inductive, capacitive,
optical, or wave coupling between elements and/or
subsystems to transfer energy and signals without
galvanic contact;

6. Integration — merging of topologies and/or their
structures into networks and systems with enhanced
interaction;

7. Hybridization — combination of heterogeneous design
and control principles, as well as physical media, into
multifunctional, highly efficient, and adaptive
systems.

This set of operators provides a tool for the purposeful
design of innovative solutions through the transformation
of L and/or C element structures. For example:

— Series LC + Switching — Cuk;

— Parallel LC + Switching — SEPIC;

— SEPIC + Cascading — Quadratic SEPIC.

Fig. 12 presents a hierarchical tree of these operators
along with examples of their application. In this tree, the
new operators ‘Self-Reconfiguration’ and ‘Step-By-Step
Charging,” highlighted in red, represent the method [1] and
the approaches [21,22]. Unlike operators that reflect
existing practices, solutions on the ‘Self-Reconfiguration’
operator with independent energy accumulation control
offer fundamentally unprecedented prospects for realizing
the benefits of digital intelligence.

This tree constitutes both a conceptual framework and
a foundation for the systematic analysis of patterns in the
purposeful development of innovative solutions in SMPS
topologies and L and/or C element structures.

The deployment of this conception into a rigorous
methodology for the synthesis of new solutions requires a
deeper elaboration of the initial set of operators, the
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development of a formalized database of known solutions,
and the systematization of physical phenomena and
technical principles — both those already applied and those
that may be utilized. It further necessitates the definition of
criteria for evaluating the resulting circuit solutions in
terms of transient process dynamics, energy indicators, and
loss magnitudes, which ultimately determine their
efficiency.

Avoiding empirical practice will ensure the systematic
and reproducible nature of solutions obtained through
consistent and well-grounded transformations, rather than
accidental intuitive-heuristic conjectures. It will also open
the way to predicting promising topologies and operating
modes of structures for energy storage and voltage
conversion, while expanding the research space for
practical applications.

Basic C and L elements

— COMBINATION (series/parallel connection of L and/or C elements)
Series LC — example: Buck, Boost
Parallel LC — example: SEPIC, Zeta
—SWITCHING (SC/SI switching of combinations of L and/or C elements)
Cuk — example: Series LC + switching
SEPIC — example: Parallel LC + switching
Zeta— example: mirror of SEPIC
SC Buck, SC Boost — example: switched-capacitor variants
SI Cuk, SI SEPIC — example: switched-inductor variants

— RESONANCE (adding extra L and/or C elements for resonance condition)

Resonant Buck, Resonant Boost — example: resonant extensions

LLC Resonant (2L + 1C) — example: resonant tank

Quasi-Resonant Cells — example: soft-switching cells
— CASCADING (cascading VL/Quadratic)

Voltage Lift (VL) — example: lifted output converters

Quadratic Boost — example: quadratic gain structures

Triple/Multiple Lift — example: extended lift converters
—INTEGRATION (network connection)

Multicell — example: multicell converters

Multilevel — example: multilevel networks

Interleaved — example: interleaved converters
— COUPLING (magnetic coupling)

Coupled Inductor — example: coupled-inductor converters

Interleaved Buck — example: magnetically coupled buck
—SELF-RECONFIGURATION (SR-LC series/parallel reconfiguration of RLC circuits)

L— LC-Buck, LC-Boost, LC-Buck-Boost, LC-Flyback — example: C, L Elements+SR-LC

— STEP-BY-STEP CHARGING (SBSC incremental increase of voltage and/or current)

C. L Elements — example: LC-Buck-Boost with several parallel capacitors

DC voltage source — example: LC-Buck-Boost with charging from several battery cells
‘— HYBRIDIZATION (combination of different complication mechanisms)

E Hybrid SC+SI — example: combined switched-capacitor/inductor
Hybrid Resonant + SC — example: resonant switched-capacitor
Hybrid SR-LC + SBSC — example: LC topologies with multi-cell input and parallel C

FIG. 12. A hierarchical tree of transformation operators that
reflects established and news approaches.

VI. CONCLUSION

The predominant reliance on empirical, intuitive, and
heuristic practices in SMPS design and refining hinders the
full realizing of untapped innovative potential inherent in
the diversity of existing solutions and promising trends.

The proposed framework of formalized operators for
consolidating and transforming circuit design solutions
constitutes a methodological foundation for systematic
structural-functional optimization of existing topologies
and for the purposeful development of new modifications.
This methodological tool further underpins the search for
innovative solutions, while laying the groundwork for a
future methodology of synthesis.

A promising direction for advancement emerges from
the convergence of independent switching control with
stepwise energy accumulation in inductive and capacitive
elements. This convergence expands the functional scope
of classical PWM and provides a solid foundation for
integrating modern digital and intelligent control systems
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into SMPS. In combination, these innovations advance the
efficiency of SMPS and augment their adaptability under
variable operating conditions in renewable energy
networks and energy-saving technologies.
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TeHAeHUii pO3BUTKY Ta niaxoan A0 onTumisauii
IMNYAbCHUX AXKepen KUBJEHHA

Masno Bpatiok”

Kadeapa nporpamHo-anapaTHuUx cuctem iHGOKOMYHiKaLii, IHCTUTYT iHGOPMaLLiMHO-KOMYHIKALLIHUX TEXHOIOTi Ta €NEKTPOHHOI iHXKeHePil,
HaujioHanbHMi1 yHiBepcuTeT «/IbBiBCbKa NONiTEXHIKa», J1bBiB, YKpaiHa

*ABTOp-KOpecnoHAeHT (EnekTpoHHa agpeca: pawel.bratiuk@gmail.com)

AHOTALLIA AHani3 maTepianis noHag 1200 HayKOBO-TEXHIYHUX CTATEM, NPUCBAYEHMX iIMMYNbCHUM AXKEPenam KUBNEHHSA, AKI
HWHI cTann PyHAAMEHTaZIbHUMN KOMMOHEHTAaMU CUCTEM XKMBJIEHHA CYY4AaCHUX €NEeKTPOHHMX NPUCTPOIB ANA BCiX ranysemn
NIOACbKOTO UTTA — Big NOBYTOBOT TEXHIKM Ta OXOPOHW 34,0p0B'A 4,0 060POHM Ta BigHOBNIOBAHOI EHEPTETUKM, 3aCBIAYYE, LLO
iX PO3BUTOK AOCI BigOYBaETbCA EMNIPUYHUM LWAAXOM. MpaKTUKa BAOCKOHANEHHA 63a30BMX TOMOJONIN iIMMNYNIbCHUX AKepen
YKMBNEHHA 34e6iNbloro rPyHTYETbCA HA iHTYITMBHO-EBPUCTUYHMX KOMOIHALIAX YCTaNeHUX CXEMOTEXHIYHUX pilleHb, i He
LEMOHCTPYE TeHAeHUin GopMyBaHHA yHIBEpPCAZlbHUX METOLO0/MOMYHUX 3acaf ANA peanisaii iCHyt4YOoro iHHOBALIMHOMO
noTeHuiany. BogHouac, BigCyTHICTb TEOPIT CUCTEMHOrO PO3BUTKY, NOBYA0BAHOI Ha y3arasbHeHiln MoAeni 3aKoHOMIpHoCTeN
moandikauii 6a3oBMx TONONOriN, K HECTAYa IHCTPYMEHTIB NPOrHO3yBaHHA iX eGeKTUBHOCTI NPU3BOAATb A0 TOTO, WO NPOEKTHI
PilLEHHA OLHIOITLCA AMWe NOCTGAKTYM, 38 pe3y/bTaTaMn HaTYPHUX EKCNepPUMEHTIB, 3amicTb nonepeaHboi aHaNITUYHOI
BaNifauii anA 3abe3neyeHHn ix nepeabavyBaHOCTI 1 CKOPOUYEHHA Yacy Ta BUTPATU HA NPOEKTYBaHHA. Taka CUTyaLlia CTpUMYE
CUCTEMHY CTPYKTYPHO-QYHKLiOHA/NIbHY ONTMMI3aLito CXeMOTEXHIYHUX pilleHb i YCKNAAHIOE AOCATHEHHA BULMX PiBHIB
MaclTaboBaHOCTI M eHeproedpeKTUBHOCTI AKepen XKuBNeHHs. [onaTKoBY Nepellkoay CTBOPHOE HeOOCTaTHS iHTerpauis
LMbpoBMX 3acobiB Ta IHTENEKTYaNIbHUX METOAIB KEPYBaHHA A/15 3abe3MneYeHHs 30aTHOCTI AKepPen *KUBNEHHA afanTyBaTUCS
00 3MiHHMX | BMNAAKOBMX YMOB eKcnyaTtauii. Ha BigMiHy BiA YMCNEHHUX PYTUHHUX OrNAALIB HAaKOMUYEHOro MacuBy
CXEeMOTEXHIYHMX pilleHb, 3aNPONOHOBAHO KOHLEML0 NOA0NAHHA LMX 06MeXKeHb, AKa 6a3yeTbca Ha Habopi dopmanizoBaHMX
onepaTtopis TpaHCHOPMaLLii CXeMOTEXHIYHMX pilleHb. TakKMK Niaxig He vwe BUBOAMTL CUCTEMATU3ALLIO0 BiJOMUX pilleHb Ha
HOBWW piBEHb, a 1 CTBOPIE KOHUENTya/bHi 3acagu nepexody Bif, MPOEKTYBaHHA LWAAXOM iHTYiTUBHO-€BPUCTUYHMUX
npunyLeHb Ao 3abe3nevyeHHA BiATBOPIOBAHUX i NepenbdavyBaHWUX pe3ynbTaTis. MepcnekTMBHUMM HanpAMammn NoaasnblLoro
PO3BUTKY € PO3LIMPEHHA YHKLIOHANbHUX MOXK/IMBOCTEN LIMPOTHO-IMMNYNbCHOI MOAYNALIT Ta NOKPOKOBOrO HAaKOMUYEHHS
eHeprii B iHAYKTUBHUX | EMHICHUX eleMeHTaXx, L0 BiAKPUBAE LWAAX A0 iHTerpaLii aHa10oroBoro pisHOMaHITTA CXEMOTEXHIYHNX
pilleHb iIMMNYNIbCHUX AXKEpPen KMBAEHHA Ta TpaHCPOpPMALLMHOro NoTeHuiany UMPpPOBOro iHTENEKTy 3 METOH aAanTUBHOCTI
O3Kepen XMUBNEHHA 00 MIHAMBMX YMOB eKCnyaTauii Ta onTUmi3aLii pexxunmis ix poboTn B peasbHOMY Yaci. Yce Le pasom
dopMye KOHLLeNTyasbHy OCHOBY METOL0/10Tii CUHTE3Y, AKa CNPUATMME CUCTEMATM3aL,ii HaKoNMYeHOoro JoCBiAy i peanisauii
BCTAaHOBNEHWUX NEPCNEKTUBHUX HANPAMIB PO3BUTKY A1 CTBOPEHHA iMMYNbCHUX AXKEPEen KUBAEHHA HACTYMHOIO NMOKOJIHHA,
3/aTHMX 3a6e3ne4YnTn BUCOKY eHeproedeKTUBHICTb, MacCLUTaboBaAHICTb Ta THYYKY i IMOOKY iHTerpaL,ito y Cy4acHi TEXHONOTIYH
naatGopmm pi3HOro NPU3HAYEHHS.

KNKOYOBI C/IOBA 6a30Bi TONOOTiT, CTPYKTYPY HAKOMMYEHHA eHeprii, eMMipuyHi NiAXoamM 40 BAOCKOHANEHHSA, KOHLeNTyanbHi
3acagu MeToA0/10rii CUHTE3Y, ONTUMI3aLLiA cucTem.
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