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A review of the therapeutic
and neuroprotective properties of ketamine

Abstract

Relevance. Depression is one of the leading causes of disability worldwide, and a significant proportion of
patients suffer from treatment-resistant forms of the disorder. An innovative approach involves the use of
ketamine and esketamine, which are capable of inducing a “window of neuroplasticity” - a period of enhanced
synaptogenesis and the formation of new neural connections. Theoretically, this increased neuroplasticity may
contribute to the improvement of not only mental but also motor and sensorimotor functions, which is critically
important for neurological rehabilitation following brain injuries, strokes, and other CNS lesions.

Aim. To conducta systematic review of the available scientificliterature on the effects of ketamine and esketamine
on neuroplasticity and neurological functions, with a particular focus on assessing their potential for use in
neurological rehabilitation following various CNS injuries.

Materials and methods. A systematic search of the scientific literature was conducted in leading databases
(PubMed, Cochrane Library, NICE, APA Psycinfo, CANMAT, UpToDate), focusing on studies from the past
20 years. The review included clinical trials, experimental animal studies (modelling acute CNS injuries), as well
as systematic reviews and meta-analyses. The collected data were synthesised using a descriptive method.
Results. The systematic review did not identify any clinical studies that directly evaluated the use of ketamine
or esketamine to enhance the effectiveness of human neurological rehabilitation programmes specifically due
to their neuroplastic effects. On the other hand, preclinical data in animal models (traumatic brain injury and
ischemic stroke) convincingly demonstrate that these drugs reduce neuroinflammation, excitotoxicity, and
oxidative stress. Furthermore, they support structural neuroplasticity and positively correlate with improvements
in sensorimotor and behavioural outcomes.

Conclusions. Ketamine and esketamine are promising candidates for use as adjunctive agents in neurological
rehabilitation programmes. However, there is currently insufficient clinical evidence to formulate official
recommendations. Well-designed randomised controlled trials with long-term follow-up and standardised
assessment of functional outcomes are needed to confirm their efficacy and safety.

Keywords: neurorehabilitation; depression; neuroinflammation; neuroprotection; ketamine-assisted therapy.

INTRODUCTION
According to the most comprehensive study to date, the ~ worldwide in 2021 [1]. Childhood depression is also
Global Burden of Disease (GBD) 2021, there were ap- a problem: between August 2021 and August 2023,
proximately 332 million cases of depressive disorders the prevalence of depression among adolescents and
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adults (aged 12 and older) was 13.1%. A clear correla-
tion has been observed: the prevalence is higher among
adolescents (ages 12-19) and individuals with lower
household incomes [2]. An estimated 4% of the popu-
lation experience depression, including 5.7% of adults
(4.6% among men and 6.9% among women), and 5.9%
of adults aged 70 years and older. Depression is about
1.5 times more common among women than among
men. Worldwide, more than 10% of pregnant women
and women who have just given birth experience de-
pression. In 2021, an estimated 727 000 people lost
their lives to suicide. Suicide is the third leading cause
of death in 15-29-year-olds [3]. Despite the availability
of a wide range of antidepressants, a significant propor-
tion of patients have treatment-resistant depressive dis-
orders, creating a need to search for new, more effective
therapeutic strategies. One such innovative approach
is the use of ketamine. Esketamine (the S-enantiomer
of ketamine), known under the brand name Spravato,
was officially approved by the FDA in March 2019 for
the treatment of treatment-resistant depression as an
adjunct to antidepressants [4], and subsequently as
monotherapy [5]. At the same time, racemic ketamine
is actively used off-label by specialised clinics as part of
ketamine-assisted therapy (KAT) for the treatment of
treatment-resistant depression, post-traumatic stress
disorder (PTSD), anxiety, and other mental disorders.
A number of studies have demonstrated the rapid an-
tidepressant effect of ketamine, particularly in patients
with suicidal thoughts, making it an important tool in
modern psychopharmacotherapy [6-7].

A key neurophysiological effect of ketamine, consid-
ered one of the possible mechanisms of its antidepres-
sant action, is the induction of the so-called “window of
neuroplasticity” - a temporary period following drug
administration, during which there is an enhancement
of gene expression, neurotrophy, synaptogenesis, and
the formation of new neural connections [8-10]. In a psy-
chotherapeutic context, this “window” is viewed as an
opportunity to enhance the effectiveness of psychother-
apeutic treatment and foster deeper and more lasting
changes. At the same time, increased neuroplasticity is
theoretically a prerequisite for improving not only men-
tal but also motor and sensorimotor functions, which
is critically important for neurological rehabilitation
processes following traumatic brain injuries, strokes,
concussions, brain contusions, and other lesions of the
central nervous system (CNS). Theoretically, it can be
assumed that the ketamine-induced “window of neuro-
plasticity” can be used not only to improve the quality
of psychotherapy but also to enhance the effectiveness
of physical and cognitive rehabilitation by intensifying
the neurophysiological component of recovery process-
es. However, the degree of empirical support for this
hypothesis remains unclear. The aim of this study was
to conduct a systematic narrative review of the availa-
ble scientific literature on the effects of ketamine and
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esketamine on neuroplasticity and neurological func-
tions, summarising current preclinical and clinical data
on their neuroprotective and neuroplastic effects.

MATERIALS AND METHODS

To achieve the aim of the study, a systematic narrative re-
view of the scientific literature was conducted to identify
studies evaluating the effects of ketamine and esketa-
mine on neuroplasticity, neuroprotection, and the resto-
ration of neurological functions. The search was conduct-
ed in leading medical and scientific databases: PubMed,
Cochrane Library, NICE, APA Psyclnfo, CANMAT, UpTo-
Date, as well as in open catalogues of clinical guidelines
and clinical trial registries (ClinicalTrials.gov, EU Clinical
Trials Register). There was no time limit, but the focus
was on studies published in the last 20 years, given the
active development of ketamine research in psychiatry
and neurology. The search utilised combinations of the
following keywords and their synonyms in English: “ket-
amine”, “esketamine”, “‘NMDA antagonist”, “neuroplasti-
city”, “synaptogenesis”, “BDNF”, “mTOR”, “AMPAR”, “neu-
roprotection”, “traumatic brain injury”, “TBI”, “stroke”,
“ischemic stroke”, “spinal cord injury”, “neurorehabilita-
tion”, “motor recovery”, “cognitive recovery”.

The review included:

O original clinical studies (randomised controlled
trials, open-label, and pilot studies) that evaluated: the
effect of ketamine/esketamine on neurological func-
tions in humans (motor, cognitive, sensory) or chang-
es in neuroplasticity biomarkers (BDNF, measures of
synaptic function, neuroimaging markers of structural/
functional plasticity);

O experimental studies in animal models (rats,
mice, and others) in which: acute CNS injuries were
modelled (traumatic brain injury, ischemic stroke, etc.);
the effects of ketamine/esketamine on behavioural,
neuro-morphological, and molecular indicators related
to neuroplasticity and neuroprotection were studied;

O systematic reviews and meta-analyses that syn-
thesised data on the neuroplastic and neuroprotective
effects of ketamine.

The following were excluded from the review:

O narrative reviews without a clearly described
methodology;

O case reports and case series without an objective
assessment of neurological or neuroplastic outcomes;

O studies focusing exclusively on psychiatric symp-
toms (depression, anxiety, PTSD) without analysis of
neurological or neuroplastic indicators;

O publications in which ketamine was used exclu-
sively as an anesthetic without assessment of long-term
neurofunctional outcomes.

The data obtained were synthesised descriptive-
ly, with a focus on identifying common trends, mech-
anisms, and gaps in current knowledge. Detailed a
search strategy based on PRISMA 2020 protocol is
shown in Figure 1.
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Identification of new studies via databases and registers
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Figure 1. Detailed search strategy and workflow by PRISMA 2020 protocol

Source: compiled by the authors based on [11]

RESULTS
A systematic review did not identify any clinical stud-
ies whose primary objective was to evaluate the effect
of ketamine on the restoration of human neurological
functions specifically through its neuroplastic effects
in the context of rehabilitation following CNS injuries.
Instead, a large number of studies on depression and
PTSD were found, which describe in detail the effects
of ketamine on neuroplasticity, synaptic function, and
related clinical changes. These studies demonstrate
that ketamine, through activation of the BDNF-mTOR
pathway, enhancement of AMPA receptor transmis-
sion, and stimulation of synaptogenesis, is capable of
remodelling pathological neural networks and improv-
ing patients’ functional status [12-14]. In contrast to
the clinical setting, several experimental studies in an-
imal models have been identified that directly demon-
strate the positive effect of ketamine on neurological
processes associated with functional recovery. In a
mouse model of traumatic brain injury (TBI), repeated
administration of sub-anaesthetic doses of ketamine
(10 mg/kg for 7 days) led to a reduction in neuroin-
flammation, preservation of dendritic branches and
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synaptic spines, as well as improvements in memory
and behavioural performance [15]. This indicates a
neuroprotective effect associated with ketamine-in-
duced neuroplasticity.

For esketamine, in a mouse model of TBI, a reduc-
tion in brain edema, neuronal death, and oxidative
stress was demonstrated via activation of the AMPK/
mTOR-TFEB pathway, accompanied by improve-
ments in neurological parameters [16]. In a model of
mild closed-head TBI in rats, intravenous ketamine
increased synaptic density in the medial prefrontal
cortex, although it did not restore synaptic loss in the
hippocampal CA1; the functional (behavioural) con-
sequences of these changes were not yet analysed in
detail in this study [17]. This example indicates the
regional specificity of ketamine’s neuroplastic effects.
Similarly, in a model of ischemic stroke (middle cere-
bral artery occlusion in rats), ketamine promoted im-
proved sensorimotor function, reduced infarct volume,
and increased BDNF levels and AMPA/GRIA1 expres-
sion, alongside enhanced dendritic branching [18].

Thus, available preclinical data convincingly
demonstrate that ketamine and esketamine:



O reduce neuroinflammation, excitotoxicity, and
oxidative stress;

O support structural neuroplasticity (dendrites,
synaptic spines, synaptic density);

O modulate key molecular pathways (BDNF-mTOR,
AMPAR, AMPK/mTOR-TFEB) associated with the resto-
ration of neural networks (shown schematically in Fig-
ure 2);

O correlate with improvements in behavioural and
sensorimotor parameters in animal models of TBI and
ischemic stroke.
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Ketamine indirectly leads to the activation of AMPA
receptors, which in turn triggers two cascades with
downstream effects: the AMPA-BDNF cascade (left)
and the AMPA-AMPK cascade (right). The AMPAR-BD-
NF cascade (left) ultimately activates the mTORC1
complex, which stimulates protein synthesis, thereby
enhancing synaptogenesis and synaptic plasticity. The
AMPAR-AMPK cascade (right) inhibits the mTORC1
complex, leading to increased autophagy and the degra-
dation of damaged cellular components, which in turn
reduces neuroinflammation and apoptosis.
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Figure 2. The main mechanisms of action of ketamine that underlie its neuroprotective and therapeutic effects

Source: compiled by the authors

The findings from psychiatric models are consist-
ent with the theoretical concept regarding the central
role of BDNF-AMPA-dependent pathways in the forma-
tion of the ketamine-induced “window of neuroplasti-
city”. A number of review articles have also described
the anti-inflammatory and neuroprotective properties
of ketamine: reduction of excitotoxicity, levels of pro-in-
flammatory cytokines, suppression of excessive micro-
glial activation, and reduction of oxidative stress [19].
Theoretically, these mechanisms may contribute to bet-
ter neurological outcomes in acute brain injuries.

Despite strong preclinical evidence, clinical data
on the use of ketamine as a neuroprotective agent in
trauma or stroke, concussion, or contusion-related
brain injury remain limited and insufficient for de-
finitive conclusions. In the clinical setting, there are

currently no well-designed studies that directly eval-
uate the use of ketamine to enhance the effectiveness
of neurological rehabilitation in humans, particularly
through the targeted integration of rehabilitation in-
terventions during the “window of neuroplasticity”.
This creates a significant research gap and highlights
the need for further clinical trials aimed at testing
ketamine’s potential as an adjunctive agent in recov-
ery programmes following CNS injuries. However, it
should be noted that some studies suggest the possi-
bility of transient inhibition of neurogenesis or chang-
es in the glial cell ratio in the hippocampus following
TBI [20-21], which requires further analysis. Table 1
summarises the current state of the literature and out-
lines the discrepancy between preclinical successes
and clinical research gaps.

Table 1. Summary of the literature on ketamine effects on neuroprotection and neurorehabilitation

Research focus Key findings and implications

Mechanisms and characteristics Sources

A systematic review did not identify
any clinical studies that directly
evaluated the use of ketamine/

esketamine to enhance neurological

rehabilitation specifically through
their neuroplastic effects. Clinical
data on the use of ketamine as a
neuroprotective agent in cases
of trauma or stroke remain limited.

Clinical studies
(neurological
rehabilitation)

Currently, there are no well-designed studies

on the targeted integration of rehabilitation

interventions during the “window -

of neuroplasticity”, creating a significant
gap in the research.
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Table 1. Continued

Research focus Key findings and implications Mechanisms and characteristics Sources
Studies on depressmq anq PTSD These effects involve BDNF-mTOR activation,
. . demonstrate that ketamine is capable . . X
Clinical studies . . enhanced AMPA signalling, and synaptogenesis, | [12-14,
. of remodelling pathological neural . . .
(psychiatry) . . . , along with reduced excitotoxicity, 22-23]
networks and improving patients . . o
) pro-inflammatory cytokines, and oxidative stress.
functional status.
Reduced neuroinflammation, The action of esketamine is mediated by
preclinical studies preserved dendrites and synaptic activation of the AMPK/mTOR-TFEB pathway.
. . spines, and improved memory and Regional specificity was observed: in rats, [15-17,
(traumatic brain behaviour in mice. Esketamine also ketamine increased synaptic density in the 19]
injury models) . ) ynap y .
reduced brain edema, neuronal death, | prefrontal cortex but did not restore synaptic
and oxidative stress. loss in the hippocampus.
. . Improvement in sensorimotor These effects correlated with increased BDNF
Preclinical studies . L .
(ischemic stroke) functions and reduction in infarct levels, AMPA/GRIA1 expression, and enhanced [18]
volume in rats. dendritic branching.
Potential risks Some studies suggest the possibility of Possible changes in the glial cell ratio
. transient suppression of neurogenesis in the hippocampus were noted, [20-21]
(preclinical data) . . s - . .
following traumatic brain injury. which requires further analysis.

Source: compiled by the authors

As analysed in Table 1, while studies in psychiatry
and preclinical models of TBI and stroke provide robust
evidence of neuroplastic and neuroprotective mech-
anisms (such as BDNF-mTOR activation and reduced
neuroinflammation), there is a complete absence of
clinical trials evaluating these effects for neurological
rehabilitation. This highlights the most critical promis-
ing direction for future research: bridging the gap be-
tween established preclinical models and human clin-
ical applications.

DISCUSSION

A review of the current scientific literature reveals sig-
nificant interest in the neuroprotective and neuroplas-
tic properties of ketamine. Studies in animal models by
L.R Aleksandrova & A.G. Phillips [22], Y. Gao et al. [24]
and Y. Liu et al. [25], convincingly show that both race-
mic ketamine and its S-enantiomer (esketamine) are
capable of reducing the extent of brain damage, im-
proving sensorimotor functions, reducing inflamma-
tion and oxidative stress, and stimulate synaptogene-
sis and neuronal network remodelling. Furthermore,
Y. Gao et al. [24] and Y. Liu et al. [25] demonstrated that
the mechanisms of action include activation of BDNF/
TrkB-, AMPAR-, mTOR-, and Nrf2-dependent pathways,
as well as modulation of the immune response through
polarisation of microglia into the M2 phenotype.

Clinical studies on the use of ketamine in TBI, is-
chemic stroke, or other acute and chronic neurological
conditions remain extremely limited. Some studies,
such as those by A.P. Carlson et al. [26], M.C.T. Gregers et
al. [27], and M. Sameer & D.A. Abbas [28], demonstrate
a positive effect on reducing the frequency of cortical
depolarisations (SD), stabilising intracranial pressure,
and improving cerebral perfusion. However, system-
atic reviews by M.C.T. Gregers et al. [27], M. Sameer &
D.A. Abbas [28], and T.H. Andreasen et al. [29] highlight
the low level of evidence for clinical effects: results
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regarding functional recovery are inconsistent, and the
risk of bias remains high. At the same time, M.C.T. Gre-
gers et al. [27], S. Himmelseher & M. Durieux [30], and
C. Zanza et al. [31] note that no significant adverse ef-
fects of ketamine on the course of acute TBI or stroke
have been identified under controlled ventilation and
appropriate monitoring.

In experimental animal models of cerebral ischemia
and TBI, ketamine promotes neuronal survival, reduces
apoptosis, and supports plasticity through its effects on
antioxidant systems (Nrf2), autophagy (AMPK/mTOR/
TFEB), and regulation of the cytokine profile, as support-
ed by N.I. Martinez-Torres et al. [18], G.N. Silva et al. [19],
and Y. Liu et al. [25]. Esketamine additionally demon-
strates the ability to modulate glial responses and metab-
olism via STAT3- and AKT-dependent pathways [24-25].
However, it is crucial to consider potential risks. M. Bo-
ese et al. [20], A. Peters et al. [21] and ]. Liang et al. [32]
suggest the possibility of transient inhibition of neurogen-
esis or changes in the glial cell ratio in the hippocampus
following TBI, which requires further analysis. Overall,
preclinical data support ketamine’s potential as an agent
for stimulating neuroplasticity and recovery from neuro-
logical injuries. However, clinical efficacy remains insuffi-
ciently proven due to the limited number of high-quality
randomised trials with long-term follow-up and stand-
ardised endpoints, a limitation repeatedly emphasised
by M.C.T. Gregers et al. [27], M. Sameer & D.A. Abbas [28]
and T.H. Andreasen et al. [29]. It is necessary to consider
the dose-dependence of effects, the difference between
ketamine enantiomers, and the possible influence of con-
comitant therapy.

CONCLUSIONS
1. A systematic review of the existing literature has shown
that, to date, there are no clinical studies that directly
evaluate the use of ketamine or esketamine to enhance
the effectiveness of human neurological rehabilitation



through their neuroplastic effects. Instead, there is a
compelling body of data from psychiatry demonstrat-
ing ketamine’s ability to induce a “window of neuro-
plasticity” through the activation of BDNF-mTOR and
AMPAR-dependent pathways, stimulation of synapto-
genesis, remodelling of neural networks, and anti-in-
flammatory effects.

2. Experimental animal models of traumatic brain
injury and ischemic stroke indicate that ketamine and
esketamine can reduce neuroinflammation, excitotoxic-
ity, and oxidative stress, preserve dendritic architecture
and synaptic density, modulate autophagy and glial re-
sponses, accompanied by improvements in sensorimo-
tor and cognitive parameters. These data are consistent
with the concept of a ketamine-induced “window of
neuroplasticity” and suggest the potential for its use in
supporting recovery processes following CNS injuries.

3. At the same time, existing clinical studies of keta-
mine in acute neurological conditions (traumatic brain
injury, stroke) are largely focused on safety parameters,
control of intracranial pressure, and cortical depolari-
sations, rather than on the targeted integration of reha-
bilitation interventions during the period of heightened
neuroplasticity. The level of evidence for clinical effects
regarding long-term functional recovery remains low, and
the results are heterogeneous. Furthermore, some exper-
imental data point to potential risks associated with dos-
age, administration regimen, and effects on neurogenesis
and glial ratios, which requires cautious interpretation.
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4. Thus, ketamine and esketamine may be consid-
ered promising candidates for use as adjunctive agents
in neurological rehabilitation programmes; however,
the available evidence is insufficient to formulate clini-
cal recommendations.

5. To translate the concept of the ketamine-induced
“window of neuroplasticity” from the theoretical level
and preclinical models into the practical realm of ev-
idence-based neurological rehabilitation, future re-
search must focus on: well-designed randomised con-
trolled trials with long-term follow-up;

standardised assessment of motor, cognitive, and
functional endpoints; investigating optimal doses,
administration regimens, and time windows for com-
bination with physical and cognitive rehabilitation;
analysing differences between racemic ketamine and
esketamine, as well as the impact of concomitant phar-
macological and rehabilitation therapy.
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Orisj TepaneBTUYHUX
Ta HeHPONPOTEeKTUBHUX B/IACTUBOCTEH KeTaMiHy

AHoTanis

AKTyaJIbHiCTb. /lenipecisi € 0iHI€I0 3 FOJIOBHUX NPUYMH IHBAJIJHOCTI y CBITi, i 3Ha4Ha YacTWHA Mali€HTIB
CTpaXJja€ Ha Pe3UCTEHTHI /10 JIiKyBaHHS GOPMHU po3Jiajy. IHHOBaiHHUM MiZIX0/I0M € BUKOPHUCTAHHS KeTaMiHy
Ta eCKeTaMiHy, 3JJaTHUX IHAYKYBaTHU «BIKHO HEHMPOMJIACTUYHOCTI» — NepioJ MOCUIEHOr0 CHHANTOreHe3y Ta
dbopMyBaHHSI HOBUX HeHUPOHHUX 3B's3KiB. TeopeTu4Ho, L miJiBUIleHA HEWPOIJIACTUYHICTD MOXE CIPHUATH
MOKpalLleHHIO He JIUILEe NCUXIYHUX, ajle 1 MOTOPHUX Ta CEHCOMOTOPHUX QYHKIIH, 1110 € KPUTUYHO BaXKJIMBUM
JLJ1s1 HeBpoJIoTivHOI peabisiTanil mic/isl TpaBM roJ0BHOT0 MO3KY, iHCY/IbTIB Ta iHLIMX ypaxeHsb [JHC.
Martepiasmm. IlpoBecTn cUCTeMaTUYHHUU OIVIAZ AOCTYNHOI HAYKOBOI JiTepaTypd LI0J0 BIUVIMBY KeTaMiHy
Ta ecKeTaMiHy Ha HeMpOIJIACTUYHICTB i HeBpoJioriuHi PyHKIil, 30cepeAUBLIN OCOGIUBY yBary Ha OL{HI IX
NOTeHLialy [JiJ1s1 BAKOPUCTAHHS B HEBPOJIOTiIYHIN peabiniTauii micsisa pisHux ypakenn LIHC.

Marepiaim Ta MeTogM. bysio mpoBe/ieHO cUCTEMaTUYHUM MOLIYK HAYKOBOI JliTepaTypu y NpoBifHUX 6azax
naHux (PubMed, Cochrane Library, NICE, APA PsycInfo, CANMAT, UpToDate) 3 doxycoMm Ha AocJiJpKeHHS
3a octaHHi 20 pokiB. [lo orisigy BKJ/OYAIWCA KJIHIYHI JOCTiP)KEHHS], eKCIepUMEeHTa/IbHI JOC/I/P)KEHHSI Ha
TBapHHaX (3 MOJe/IIOBaHHAM roctpux TpaBM LIHC), a Takox cucTeMaTH4Hi OIVIIN Ta MeTa-aHaJi3u. 3ibpaHi
JaHi CMHTe3yBaJIUCA ONMUCOBUM METOLOM.

PesynbraTi. CucTeMaTUYHUH OIJISAA He BUSIBUB KJIHIYHUX JOCHiIKeHb, siki 6 6e3mocepeHbO OI[iHIOBAIU
BUKOPHCTAHHS KeTaMiHy a60 eckeTaMiHy AJis iJiBUILLeHHS eeKTUBHOCTI IporpaM HeBpoJioriyHoi peabisitanii
JIIOJIMHY caMe 3aB/AKHY iX HeHpomacTUYHUM edeKkTaM. 3 iHIIoro 60Ky, JOK/IiHIYHI faHi Ha TBAPUHHUX MOJIeJIAX
(uepenHO-MO3KOBi TpaBMH Ta ilIeMiYHUH iIHCYJIBT) TEPEKOHJIMBO IEMOHCTPYIOTH, 1110 Iii TpernapaTy 3MeHIIYI0Th
Helpo3ala/leHHsl, EKCUTOTOKCUYHICTb Ta OKUC/IOBaJbHUM cTpec. KpiM Toro, BOHU NiATPUMYIOTb CTPYKTYPHY
HeNpOIJIACTUYHICTD Ta IO3UTHUBHO KOPEJIIOIOTh i3 NOKpalleHHSAM CEHCOMOTOPHHUX i TOBeJIHKOBUX IOKa3HHUKIB.
BucHoBkM. KeTaMiH Ta eckeTaMiH € MepCHEKTUBHUMH KaHAWJATaMH Ha POJib JIONOMDKHHUX 3acobiB y
nporpaMax HeBpoJioriuHoi pea6initanii. [Ipote Hapasi k/aiHIYHMX J0Ka3iB HeJOCTAaTHHO A/ GOpMyBaHHSA
odiniiiHux pekoMeHgauiil. [isa miaTBep/KeHHS X ePEKTHUBHOCTI Ta O6e3MeKu HeobXiAHI Jo6pe ClylaHOBaHi
paHA0Mi30BaHl KOHTPOJIbOBAHI JOC/II)KEeHHA 3 TPUBAJIMUM I1€pioJlOM CIIOCTEePEeXEeHHA Ta CTaHAAPTU30BaHOIO
OLliHKO0 QYHKILiOHa/JIbHUX PE3y/IbTaTiB.

Kio4oBi c/1oBa: HelipopeabistiTaliis; Aenpecis; Helpo3anajeHHs; HEHPOMPOTEKIis; KeTaMiH-aCCTOBaHa Teparisi.
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