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NEUROPLASTICITY IN THE RECOVERY
OF COGNITIVE FUNCTIONS AFTER ISCHEMIC STROKE:
INTEGRATION OF BIOMARKERS
AND THERAPEUTIC STRATEGIES IN REHABILITATION
(LITERATURE REVIEW)

Pavlovych O.S., Patiei P.M., Ushko Ya.A.

Academy of Recreation Technologies and Law, Lutsk, Ukraine

Background. Ischemic stroke is one of the leading causes of disability worldwide and is
characterised by a sudden loss of blood supply to the brain and subsequent neuronal death. After
the acute phase, patients often experience long-term impairment of cognitive functions, including
attention, processing speed, memory, and executive functions. The restoration of these cognitive
abilities has not only medical but also social and economic significance, as it determines patients'
quality of life and their ability to return to daily activities and work.

Aim. To analyse and systematise modern literature data on the mechanisms of neuroplasticity,
biomarkers, and the effectiveness of various therapeutic strategies in restoring cognitive functions
following ischemic stroke.

Materials and Methods. The study was conducted as a narrative literature review using
methods of theoretical generalisation, analysis, and synthesis of results. The literature search was
conducted from 2020 through 2025 in the scientometric databases PubMed, Scopus, Web of Science,
Google Scholar. The study was conducted as a private initiative; it did not receive any grant funding
and was not officially registered.

Research Ethics. Only studies whose authors adhered to ethical research standards were
included.

Results. The analysis demonstrated that cognitive impairment affects 30-70% of stroke
survivors within the first year, while the prevalence of post-stroke dementia at 1 year was estimated
at 18.4% when prestroke dementia was excluded. Given the limited effectiveness of traditional
correction methods, modern studies justify the need for a multidisciplinary, personalised approach
to the restoration of brain functions. This review summarises data regarding the mechanisms of
neuroplasticity, the role of biomarkers and the effectiveness of various rehabilitation strategies for
improving cognitive functions after a stroke and presents a synthesis of scientific data.

Conclusions. Neuroplasticity is a key mechanism for cognitive recovery after ischemic stroke.
Understanding its dynamics can inform more accurate prognostication and optimisation of
rehabilitation interventions. Available evidence supports several rehabilitation strategies, while
biomarkers remain promising tools for prognosis and monitoring that require further clinical
validation.
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Abbreviations
ADL — Activities of Daily Living.
BDNF — Brain-Derived Neurotrophic Factor.
CBT - Cognitive Behavioural Therapy.
CCT — Computerised Cognitive Training.
DSTB - Digit Span Test Backward.
FMA — Fugl-Meyer Assessment.
GDF-10 — Growth Differentiation Factor 10.
MD — Mean Difference.
MMSE — Mini-Mental State Examination.
MoCA — Montreal Cognitive Assessment.
PSCI — Post-Stroke Cognitive Impairment.
RCT — Randomised Controlled Trial.
rTMS — repetitive Transcranial Magnetic
Stimulation.
SMD - Standardised Mean Difference.
SOD - Superoxide Dismutase.
tDCS — transcranial Direct Current
Stimulation.
TMT-A — Trail Making Test, Part A.
TMT-B — Trail Making Test, Part B.
UPAR — urokinase-type Plasminogen
Activator Receptor.
VR — Virtual Reality.

Introduction

At present, ischemic stroke remains one of
the most urgent medical and social challenges.
Globally, approximately 15 million stroke cases
occur each year, and stroke is the second-
leading cause of death and the third-leading
cause of disability [1; 2]. Survival after stroke
is frequently accompanied by impairments
of motor function, sensation, speech, and
cognition. Cognitive impairments can include
deficits in memory, attention, executive func-
tions, language, and orientation. Cognitive
impairment persists in 30—70% of stroke sur-
vivors [1]. A systematic review and meta-
analysis estimated the prevalence of post-stroke
dementia at 18.4% (95% CI 7.4-38.7) at 1 year
when prestroke dementia was excluded [3].

Stroke disrupts both the structural and
functional integrity of the brain. Such disorders
significantly impair quality of life, reduce
the ability to self-care and increase the risk
of recurrent vascular events. Neuroplasticity
refers to the brain’s ability to reorganise neural
connections following injury or learning. Bio-
marker research has sought indicators associ-
ated with post-stroke cognitive impairment [4],
while mechanistic reviews describe synaptic
reorganisation, axonal sprouting, and network
remodelling as adaptive processes that may
contribute to recovery [5].

Studies of rTMS, rehabilitation-related bio-
markers, and acupuncture-associated neuroim-
aging indicate that different rehabilitation
interventions can modify functional networks
or neuroplasticity-related signals [6-8]. Indi-
vidual brain resources — commonly described
as cognitive reserve — also influence recovery;
higher cognitive reserve is associated with
more favourable rehabilitation outcomes [9; 10].

Numerous studies are devoted to studying
the issue of treating cognitive disorders that have
arisen after ischemic stroke. Standard cognitive
rehabilitation methods have shown limited
efficacy, and no universal approach has been
found to date. One of the current challenges
is to identify optimal rehabilitation strategies
that combine different methods to maximise
the effective stimulation of neuroplasticity.

Current literature emphasises the need for
amultimodal, individualised approach to stroke
recovery that may combine neurostimulation,
pharmacotherapy, and training according to
patient characteristics and rehabilitation goals [1].

Despite significant advancements, signifi-
cant gaps remain in understanding the inter-
action of biomarkers, neuroplastic mecha-
nisms, and specific therapeutic strategies for
patients recovering from ischemic stroke.
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The aim of the work is to analyse and sys-
tematise current literature data concerning
the mechanisms of neuroplasticity, biomarkers
and the effectiveness of various therapeutic
strategies in restoring cognitive functions
following ischemic stroke.

Materials and Methods

This study was conducted as a narrative
literature review. Scientific publications from
2020 through 2025 on neuroplasticity after
ischemic stroke and rehabilitation approaches
were searched in PubMed, Scopus, Web
of Science, and Google Scholar. Methods
of theoretical generalisation, comparative analysis,
and synthesis of results were used. Search
terms were applied individually and in Boolean
combinations and included "ischemic stroke",
"post-stroke cognitive impairment”, "neuro-
plasticity"”, ""cognitive rehabilitation™, “cognitive
reserve”, "brain-derived neurotrophic factor"
OR "BDNF", "biomarkers", "physical exercise",
"computerised cognitive training", "virtual reality",
"repetitive transcranial magnetic stimulation™
OR "rTMS", "transcranial direct current
stimulation" OR "tDCS", "acupuncture”, and
"pharmacotherapy". Sources were selected
purposively for relevance to the mechanisms
or markers of neuroplasticity, cognitive outcomes
after ischemic stroke, and rehabilitation
interventions; duplicate records, publications
outside 20202025, and sources unrelated to
the aim were not retained. No preregistered
protocol, PRISMA flow diagram, duplicate
independent screening, or formal risk-of-bias
assessment is reported; accordingly, the present
synthesis is treated as a narrative review
rather than a systematic review. Four sources
were used only for context: an editorial [2] and
an epidemiological meta-analysis [3] for
background epidemiology, a conceptual
framework article [10] for cognitive reserve,
and a study protocol [11] as a methodological
source. These four publications were not in-
cluded in the analytical narrative synthesis.

Of the 22 sources listed in the reference list,
18 publications were used in the analytical
narrative synthesis, while four sources [2; 3;
10; 11] provided epidemiological, concep-
tual, or methodological context. The selected
evidence was synthesised through theoretical
generalisation, comparative analysis, and
narrative synthesis.

Research Ethics

Only studies whose authors adhered to
established ethical standards for conducting
research were included in this review.

Results

Current scientific studies have provided data
on the role of neuroplasticity as a key mecha-
nism for the recovery of cognitive functions
following ischemic stroke. It has been estab-
lished that neuroplastic processes occur dyna-
mically and understanding these dynamics can
help predict the course of cognitive recovery
and optimise rehabilitation interventions
according to individual patient characteristics.

At the same time, the results of individual
rehabilitation interventions remain incon-
sistent, which limits the possibility of applying
a single algorithm for combining them. The
available data support a personalised approach
to selecting a rehabilitation strategy, taking into
account the stage of recovery and the patient's
individual rehabilitation potential [1; 12].
Cognitive reserve is of particular importance:
a higher level of cognitive reserve is associated
with a more favourable prognosis for cognitive
and functional recovery after a stroke [9].

A review of the literature indicates that
different approaches to cognitive rehabilitation
after stroke yield variable outcomes (Table ).

Rehabilitation interventions aimed at
stimulating neuroplasticity have been shown
to have varying degrees of efficacy in improving
cognitive function in patients with ischemic
stroke. The main therapeutic strategies include
physical activity, cognitive training, neuro-
stimulation, virtual reality, acupuncture, and
pharmacotherapy.

According to the network meta-analysis
by Wang H. et al. (2025) [13], multimodal
exercise programmes combining strength,
balance, and aerobic training significantly
improved overall cognitive function com-
pared with routine medical care (SMD —
5.58, 95% CI —-8.00 to —3.16) and ranked
highest among the physical-activity modali-
ties assessed. Aerobic exercise also showed
a significant benefit (SMD —4.22, 95% CI —7.04
to —1.41). These estimates concern compari-
sons among physical-activity modalities and
do not establish superiority of a broader pro-
gramme combining exercise with cognitive
training, virtual reality, or neurostimulation.
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Table. Effectiveness of basic interventions in restoring cognitive functions following ischemic stroke

Therapeutic strategy

Proven effect

References

Physical exercise (aerobic,
mixed programmes)

SMD -5.58 (95% CI -8.00 to —3.16) in global cognition
versus routine medical care; multimodal exercise ranked
highest among physical-activity modalities

Wang H. et al. (2025)

Computerised cognitive
training (CCT)

Improvement in general cognition (SMD +0.46), atten-
tion (SMD —0.45), and executive function (SMD +0.39);
pooled memory effect was not statistically significant

Gao M. et al. (2025);
Feng X. et al. (2025);
Kazinczi C. et al. (2024)

Virtual reality (VR)

Significant improvement in TMT-A and TMT-B;
MoCA MD +1.45 (95% CI —0.20 to 3.09), not statisti-
cally significant

Gunawan H. etal. (2024)

Repetitive transcranial
magnetic stimulation
(rTMS)

Improvement in general cognition and in attention, language,
memory, and visuospatial function; long-term effect reported
for general cognition, with substantial heterogeneity

Zhao J. et al. (2024)

Transcranial direct current
stimulation (tDCS)

Improvement in general cognitive function (SMD +2.22),
executive function (SMD +2.15), and visuospatial function
(SMD +2.64); no statistically significant improvement
was demonstrated for attention or memory

Zhao J. et al. (2024)

Acupuncture

Cognitive and neuroimaging changes involving the
prefrontal cortex and hippocampus; evidence remains
heterogeneous

Yang S. et al. (2025)

Pharmacotherapy (nootropics,
antidepressants, ginkgo
biloba)

Two medication studies in a systematic review yielded pooled
MD +4.00 (95% CI 3.48-4.52); evidence for individual
agents remains mixed and requires further confirmation

Kreiger K. et al. (2025);
Patel J. et al. (2025)

Notes: DSTB — Digit Span Test Backward; MD — Mean Difference; MoCA — Montreal Cognitive Assessment;
SMD - Standardised Mean Difference; TMT-A — Trail Making Test, Part A; TMT-B — Trail Making Test, Part B.

Computerised cognitive training (CCT) has
evidence of benefit for several cognitive out-
comes. A systematic review and meta-analysis
by Gao M. et al. (2025) [14] found significant
improvements in general cognition (SMD 0.46,
95% CI 0.21-0.71), attention (SMD -0.45,
95% CI1-0.64 to —0.25), and executive function
(SMD 0.39, 95% C1 0.12-0.67), whereas the
pooled effect on memory was not statistically
significant. Additional studies support benefits
of computer-assisted training and working-
memory training, although effects vary by
outcome and protocol [15; 16].

Virtual reality (VR) has also shown benefits
in selected cognitive domains. In the meta-
analysis by Gunawan H. et al. (2024) [17],
VR significantly reduced completion time on
TMT-A (MD -26.43, 95% CI -43.18 to —9.68)
and TMT-B (MD -59.23, 95% CI -103.21
to —15.25). The pooled MoCA difference
favoured VR but was not statistically significant
(MD +1.45, 95% CI1 —0.20 to 3.09).

Non-invasive brain stimulation has shown
significant cognitive effects. A meta-analysis
by Zhao J. et al. (2024) [18] found that rTMS
improved general cognition immediately after
treatment (SMD 2.58, 95% CI 1.44-3.71)

and at longer follow-up (SMD 2.33, 95% ClI
0.87-3.78), with significant effects in attention,
language, memory, and visuospatial function.
For tDCS, significant effects were reported
for general cognition (SMD 2.22), executive
function (SMD 2.15), and visuospatial function
(SMD 2.64), whereas pooled effects on attention
and memory were not statistically significant.
Considerable heterogeneity and uncertainty
about optimal stimulation parameters remain.

Pharmacological evidence is mixed across
individual agents. Patel J. et al. (2025) [12]
describe uncertain or inconsistent findings
for levodopa and selective serotonin reuptake
inhibitors, while ginkgo diterpene lactone
meglumine has shown promising cognitive
effects in selected studies. In the systematic
review by Kreiger K. et al. (2025) [1], two
medication studies yielded a pooled MD of 4.00
(95% CI 3.48-4.52), although the evidence
base comprised only two pharmacotherapy
studies. Acupuncture also shows potential benefit,
but heterogeneity and the need for larger
confirmatory trials limit certainty [1; 8].
Neuroimaging reviews describe modulation
of the hippocampus and prefrontal cortex in
association with acupuncture interventions [8].
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Available evidence supports an individu-
alised multimodal rehabilitation strategy rather
than a fixed combination proven to be superior.
Physical and cognitive components may be
combined, but direct comparative evidence
for synergistic or sustained superiority of a
specific cross-modal package remains insuf-
ficient [1; 13]. Considerable variability in
outcomes further supports tailoring rehabili-
tation and monitoring response with objective
clinical and, where appropriate, biological
measures.

Biochemical, neuroimaging, and neuro-
physiological biomarkers are being investi-
gated as potential tools for personalising
rehabilitation. They may help predict recovery,
monitor response, and inform protocol
adjustment, but their validity, reproducibility,
and clinically useful thresholds vary across
studies. Standardised methods for data
collection, analysis, and interpretation are
therefore still needed.

Several studies have evaluated biomarkers
related to neuroplasticity and recovery after
ischemic stroke. Serum BDNF has been
studied in relation to cognitive or functional
recovery [7; 19], while endostatin, GDF-10,
and UPAR have been investigated as candidate
recovery-related biomarkers [20; 21]. A meta-
analysis by Chen G. et al. (2023) [7] found that
rehabilitation interventions were associated
with increased serum BDNF, and higher BDNF
was associated with functional improvement.

In a cohort study by Setyopranoto I. et al.
(2024) [19], the mean BDNF concentration
on day 5 among patients with acute ischemic
stroke was [24.54+6.42] ng/mL and on day
30 was [24.86+8.51] ng/mL. Patients with
PSCI (MoCA<26) had lower BDNF levels
onday 5 ([22.86+5.97] ng/mL) than those without
cognitive impairment ([28.01£5.99] ng/mL,
p<0.001). In a randomised trial by Li F. et al.
(2025) [22], serum BDNF increased signifi-
cantly in the intervention group compared
with controls (p<0.001), and the change
in BDNF correlated with improvement
in MMSE scores (r=0.58, p<0.001).

Other candidate biomarkers are also under
investigation. Garcia-Rodriguez N. et al.
(2025) [20] reported that higher baseline

GDF-10 and uPAR were associated with less
favourable motor or strength outcomes during
follow-up, while a reduction in endostatin
and an increase in GDF-10 during the first
month of rehabilitation were associated with
greater functional or motor improvement.
For example, a decrease in endostatin of
25.75 ng/mL was associated with a 4.55-point
improvement in FMA (p=0.04). These find-
ings support endostatin, GDF-10, and uPAR
as candidate biomarkers of recovery during
post-stroke rehabilitation rather than estab-
lished clinical markers. Qian S. et al. (2020) [21]
separately reported an association between
acute-phase plasma endostatin and post-stroke
cognitive impairment.

Discussion

Across intervention categories, evidence
supports several potentially useful approaches,
but it does not establish that a programme
combining physical exercise, cognitive training,
and neuromodulation is superior to individual
interventions. Wang H. et al. (2025) [13]
found multimodal exercise superior to other
physical-activity modalities, whereas broader
comparisons across rehabilitation categories
remain heterogeneous [1]. Many studies use small
samples and heterogeneous designs, and
cognitive outcomes are measured with dif-
ferent neuropsychological tests and follow-up
intervals, limiting direct cross-study comparison.

Neurostimulation demonstrates significant
cognitive benefits, but the durability and gene-
ralisability of these effects remain uncertain.
Meta-analyses report significant effects of rTMS
and tDCS together with substantial between-
study heterogeneity and a continuing need for
larger, methodologically consistent trials [1; 18].

Physical exercise generally shows beneficial
effects on post-stroke cognition, with multi-
modal exercise ranking highest among the
physical-activity modalities assessed in a net-
work meta-analysis [13]. The psychological
dimension remains less well studied: CBT
may complement rehabilitation, particularly
through mood and behavioural mechanisms,
but durable effects on post-stroke cognitive
recovery are not established [12]. Acupuncture
has shown cognitive and neuroimaging changes,
but the evidence remains heterogeneous and
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largely exploratory [8]. Circulating bio-
markers and neuroimaging measures are also
being examined for monitoring recovery;
BDNF, endostatin, GDF-10, and uPAR show
associations with cognitive or functional
outcomes, but their clinical utility requires
further validation [7; 19-22].

Conclusions

Neuroplasticity constitutes the founda-
tion for the restoration of cognitive functions
following ischemic stroke, encompassing
alterations in synaptic connections, remodel-
ling of network organisation and mobilisa-
tion of reserve neuronal pathways. Under-
standing these mechanisms can inform targeted
and personalised rehabilitation strategies.
Available evidence indicates that physical
exercise, computerised cognitive training,
virtual reality and neuromodulation may
each contribute to cognitive recovery after
stroke. Multidisciplinary rehabilitation incor-
porating several of these approaches appears
promising; however, current comparative
evidence is insufficient to determine whether
their combined use provides superior cogni-
tive outcomes compared with individual
interventions.

The integration of biomarkers into prog-
nosis and monitoring is an active area of
research rather than an established compo-
nent of routine rehabilitation. Peripheral
biochemical markers, neuroimaging measures,
and neurophysiological indicators may help
characterise neuroplastic changes, estimate
recovery trajectories, and assess response to
interventions. However, their clinical use
requires further validation of reproduci-
bility, thresholds, and incremental prognostic
value beyond clinical and neuropsycho-
logical assessment.

Prospects for Further Research

The analysis identifies several unresolved
questions that should define subsequent
research. The first concerns the temporal
organisation of rehabilitation: the optimal
timing, sequence, and dose-response rela-
tionships for physical exercise, CCT, VR,
rTMS, and tDCS remain undetermined. The
potential benefit of multimodal programmes
therefore requires clarification of whether

effects are additive, synergistic, or dependent
on the stage of recovery. A second problem
is the heterogeneity of cognitive outcomes:
differences in neuropsychological instru-
ments and follow-up intervals limit cross-
study comparison and prevent definition
of clinically meaningful cognitive change.
A third unresolved area is biomarker valida-
tion. Associations of BDNF, GDF-10,
UPAR, and endostatin with recovery have
not yet established their specificity for cog-
nitive neuroplasticity, clinically useful
thresholds, or incremental prognostic value
beyond clinical and neuropsychological
predictors. Their longitudinal dynamics
should be examined together with neuroim-
aging and neurophysiological measures
to determine whether peripheral biomarker
changes correspond to reorganisation
of functional brain networks. The durability
of cognitive gains after rTMS, tDCS, VR,
and combined training also remains insuffi-
ciently defined. Finally, the modifying
effects of age, infarct topography and volume,
cognitive reserve, comorbidity, and psycho-
logical factors should be incorporated into
prospective models of rehabilitation response
to identify patient profiles most likely
to benefit from specific interventions.
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Ilagnoeuu O.C., Hameu II.M., Yuko A.A.

HEWPOILIACTUYHICTD Y BIJHOBJIEHHI KOTHITUBHUX ®YHKII MICJIS
IMIEMIYHOT'O THCYJILTY: IHTETPAIISI BIOMAPKEPIB TA TEPAIIEBTHUHMX
CTPATETTi Y PEABLIITALT (OTJISI IITEPATYPH)

AKTyalbHicTh. [1IeMiYHMIA IHCYIBT € OJHIEIO 3 OCHOBHUX NPHYUH 1HBAJIIAHOCTI y CBITI,
110 XapaKTePH3YEThCS PANTOBOIO BTPATOIO KPOBOMOCTAYaHH MO3KY Ta TMOAAJBIIIOI0 HeWpOoHa-
napHOMO 3arudetto. Ilicns roctpoi (has3u maiieHTH 4acTO CTUKAIOTHCS 13 TPUBATMMHE MMOPYIICH-
HSIMU KOTHITUBHUX (YHKI[IM, BKJIIOYAIOUM yBary, MBUIKICTb 00poOKu iH(opmarlii, nam'siTh
Ta BUKOHaBYl (DyHKIlIi. BiZHOBNEHHS MX KOTHITUBHUX (QYHKIIH Mae HE JTUIIe MEAUYHE, a i
coliajibHe Ta EKOHOMIYHE 3HAYEHHS, OCKUILKHU B IILOT'O 3aIE€KUTD SIKICTh KATTS MAI[ICHTIB Ta
iXHsI 3/1aTHICTb IOBEPTATHUCS JI0 MOBCSIKACHHOI aKTUBHOCTI Ta MpaLll.

Mera. Anani3 Ta cucTeMaru3allisi CydacHUX JITepaTypHUX JaHUX PO MEXaHI3MU Helpo-
IUTACTHYHOCTI, Oi0MapKepy Ta e(heKTUBHICTh PI3HUX TEPANEBTHYHUX CTPATETid y BiHOBJICHHI
KOTHITUBHHUX (DYHKIIIH MICJIS 1IIEMIYHOTO 1HCYIIBTY.
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Marepiaaun ta Meroam. JlochmipKEeHHS MPOBEACHO SK HApPATHBHUN OIJISAN JIITEpaTypu
3 BUKOPHUCTAaHHSM METOJ[IB TEOPETUYHOTO y3arajJbHEHHS, aHAi3y Ta CHHTE3Yy pPe3yJbTaTiB.
[Tomryk miteparypu Oyno mpoBeneHo 3a 2020-2025 pp. y HayKOMETpUYHHX 0Oa3ax JaHUX
PubMed, Scopus, Web of Science, Google Scholar. JlocmipkeHHSI BUKOHAHE SIK MPHBATHA
1HIIIaTHBa, HE OTPUMYBAJIO IPAHTOBOTrO (piHAHCYBaHHS 1 HE OYyJ10 O0(DiliiiHO 3apeecTpoBaHe.

Etuka nociigxenns. Y xoai po6otu Oynu BigiOpaHi JOCTIKEHHS, aBTOPU SKUX JTOTPH-
MYBaJIUCS €TUYHUX HOPM.

PesyabTtaTn. Y xoxai poGotu Oyjo MOKa3aHO, IO KOTHITHBHI MOPYIIEHHS HPOTATOM
NEPILIOro POKY MICHs 1HCYIBTY crnocTepiratoThes y 30—70 % naiieHTiB, TOA1 SK MOUIUPEHICTh
HICISIHCYIBTHOI JeMeHnii yepe3 1 pik omiHoeThes y 18,4 % 3a BUKIIOYCHHS JEMEHIIII,
110 ICHYBaJIa 70 1HCYJIBTY. 3 OIJIsIIy Ha 0OMeXeHY e(PeKTUBHICTh TPAIUIIIHHIX METO/IIB KOPEKIIii,
CyYacHi JJOCIIKEHHSI OOIPYHTOBYIOTh HEOOX1THICTh MYJIbTHAUCIUILTIHAPHOTO, IEPCOHATI30-
BaHOTO MiIXOy A0 BITHOBJIEHHS (YHKIIH MO3KYy. Y LIbOMY OTJIS/l y3araJlbHEHO JaHi, 110
CTOCYIOTBCS MEXaHi3MiB HEHpPOIUIAaCTHYHOCTI, pojii OiomMapkepiB Ta €(peKTHBHOCTI Pi3HUX
peabimiTaliiiHuX cTpaTeriil Uil MOKPALIeHHS KOTHITUBHUX (DYHKIIIH MicTs 1HCYNBTY, IPEACTaB-
JICHO CHHTE3 HAYKOBUX JIAHUX.

BucnoBku. HeiiporniacTHuHICTh € KJIIOYOBUM MEXaHI3MOM BiJTHOBJICHHSI KOTHITUBHUX
(byHKIIH Ticis imeMiqHoro iHCYIpTY. Po3yMiHHS 11 TMHAMIKKA MOYKE CIPUSITH TOYHIIIOMY ITPOTHO-
3yBaHHIO Ta ONTHUMI3aIli] peadimiTalliiHuX BTpy4anb. HasBHI AaHi NIATPUMYIOTh 3aCTOCYBaHHS
KUTBKOX peadlmTalifHuX CTpaTerii, ToMi sSK OloMapKepH 3aJHIIAIOTHCS NEPCHEKTHBHUMU
3ac00aMu MPOTHO3YBAaHHA i MOHITOPUHTY, IO TOTPEOYIOTH MOIAIBINOT KIIHIYHOT BaIiIallii.

Knwuoei cnosa: mepanis, nesponozis, Hetipompoghiunuii pakmop Mo3Ky, MPaAHCKPAHIAIbHA
MACHIMHA CMUMYTIAYIA, 6IDMYANIbHA PEAIbHICTb.
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