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SCREENING FOR OBSTRUCTIVE SLEEP APNEA SYNDROME IN CHILDREN WITH
CONGENITAL HEART DEFECTS IN A CARDIOLOGY INPATIENT SETTING

Abstract.

This study investigates the prevalence and clinical impact of obstructive sleep apnea syndrome (OSAS) in
children with congenital heart defects (CHD) in a cardiology inpatient setting. A prospective observational study
was conducted involving 100 children aged 1-12 years with confirmed CHD. Comprehensive cardiological as-
sessment and stepwise screening for sleep-disordered breathing, including nocturnal portable polysomnography,
were performed. OSAS was detected in 41% of patients, with moderate to severe forms present in 24%. Children
with OSAS exhibited significantly higher pulmonary artery pressure, increased right heart overload, more frequent
nocturnal tachycardia, and reduced exercise tolerance compared to those without OSAS. Correlation analysis
demonstrated a dose-dependent relationship between apnea-hypopnea index, oxygen desaturation, and pulmonary
hemodynamic impairment. Longitudinal follow-up over 18 months revealed that correction of sleep-disordered
breathing improved oxygenation, reduced apnea-hypopnea episodes, stabilized pulmonary artery pressure, and
decreased hospitalization rates. The findings indicate that OSAS is a clinically significant, modifiable risk factor
that exacerbates the course of CHD in children. Systematic screening and timely management of OSAS should be

considered integral to pediatric cardiology care to optimize hemodynamic status and long-term prognosis.

Keywords: Sleep apnea, congenital heart defects, pulmonary hypertension, pediatric cardiology, poly-

somnography

Introduction. Obstructive sleep apnea syndrome
(OSAS) in children is a significant and potentially mod-
ifiable risk factor for cardiorespiratory complications.
In children with congenital heart defects (CHD), recur-
rent nocturnal hypoxemia, hypercapnia, and sleep frag-
mentation lead to persistent activation of the sympa-
thoadrenal system, endothelial dysfunction, and in-
creased pulmonary vascular resistance. These
pathophysiological mechanisms promote the develop-
ment and progression of pulmonary hypertension (PH),
thereby aggravating the underlying cardiac condition.

Despite this established link, OSAS in children
with CHD is frequently underdiagnosed, as clinical
manifestations of sleep-disordered breathing are often
masked by cardiac symptoms. Intermittent nocturnal
hypoxemia triggers endothelial dysfunction, oxidative
stress, and elevated production of vasoconstrictive me-
diators. In children with CHD, these effects compound
pre-existing congenital circulatory abnormalities, cre-
ating conditions for early onset or worsening of pulmo-
nary hypertension.

Even moderate OSAS can induce clinically signif-
icant increases in pulmonary artery pressure in patients
with underlying cardiac disease, highlighting its role as
a modifiable risk factor. Correcting OSAS may im-
prove hemodynamic parameters and slow progression
of heart failure.

However, in real-world clinical practice, OSAS
screening is rarely incorporated into standard cardiol-
ogy assessments. As a result, many children are moni-
tored and treated for their cardiac disease without ad-
dressing sleep-disordered breathing, a key contributor
to disease progression.

Systematic screening for OSAS in children with
CHD is therefore an urgent interdisciplinary challenge.
Implementing a standardized screening protocol can
improve early detection, guide timely intervention, and
ultimately enhance prognosis and quality of life.

Materials and Methods. The aim of this study
was to assess the prevalence of obstructive sleep apnea
syndrome in children with congenital heart defects and
to determine its impact on pulmonary hemodynamic
parameters. The study was designed as a prospective,
single-center, observational investigation with a fol-
low-up period of 18 months. A total of 100 children
with confirmed congenital heart defects who were hos-
pitalized and treated in a cardiology department were
enrolled in the study. The age of the patients ranged
from 1 to 12 years, with a mean age of 6.8 + 2.9 years.
Acyanotic congenital heart defects were diagnosed in
85% of cases, while cyanotic defects were observed in
15% of patients.

All participants underwent comprehensive cardio-
logical evaluation, including echocardiographic assess-
ment of pulmonary artery pressure, evaluation of signs
of right heart overload, determination of the functional
class of heart failure, and analysis of hospitalization fre-
quency. Screening for sleep-disordered breathing was
conducted in a stepwise manner and included a struc-
tured parental interview focusing on snoring, observed
apneas, and restless sleep, followed by nocturnal port-
able polysomnography with assessment of the apnea-
hypopnea index, minimum oxygen saturation, oxygen
desaturation index, and frequency of nocturnal tachy-
cardia. Obstructive sleep apnea syndrome was diag-
nosed when the apnea-hypopnea index was > 1 episode
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per hour, with subsequent classification according to
severity. Statistical analysis was performed using de-
scriptive methods and correlation analysis based on
Pearson’s correlation coefficient. Differences were
considered statistically significant at p < 0.05.

Results. The study included 100 children with
congenital heart defects aged from 1 to 12 years, with a
mean age of 6.8 + 2.9 years. The structure of cardiac
defects was dominated by acyanotic forms, which ac-
counted for 85% of cases, whereas cyanotic heart de-
fects were diagnosed in 15% of patients. Signs of heart
failure corresponding to functional class II-111 were
identified in 38% of the examined children.

According to the results of stepwise screening,
sleep-disordered breathing was detected in 41% of pa-
tients. Mild obstructive sleep apnea syndrome was di-
agnosed in 17% of children, moderate in 15%, and se-
vere in 9%. Thus, clinically significant forms of OSAS,
including moderate and severe disease, were observed
in nearly one quarter of the entire study cohort. The
highest prevalence of OSAS was noted among children
with combined and cyanotic congenital heart defects.

Analysis of sleep parameters demonstrated that in
children with OSAS, the mean apnea-hypopnea index
was 6.9 = 3.8 episodes per hour, whereas in patients
without sleep-disordered breathing it did not exceed 0.6
+ 0.3 episodes per hour (p < 0.001). The minimum ox-
ygen saturation level during sleep in patients with
OSAS decreased to 82.4 + 6.1%, while in children
without OSAS this parameter remained at 91.3 + 3.8%
(p < 0.001). The oxygen desaturation index was more
than six times higher in the OSAS group compared with
the control group, indicating the presence of pro-
nounced intermittent hypoxemia.

Assessment of pulmonary hemodynamics re-
vealed statistically significant differences between the
groups. The mean pulmonary artery pressure in chil-
dren with OSAS was 36.8 + 6.4 mmHg, whereas in pa-
tients without sleep-related breathing disorders it was
26.2 £ 5.1 mmHg (p < 0.001). In 72% of children with
moderate and severe OSAS, pulmonary artery pressure
values met the diagnostic criteria for pulmonary hyper-
tension. Signs of right heart overload were detected in
63% of patients with OSAS, which was more than

twice as high as in children without OSAS (28%, p <
0.01).

Correlation analysis demonstrated a pronounced
dose-dependent relationship between the severity of
sleep-disordered breathing and pulmonary hemody-
namic parameters. A significant positive correlation
was identified between the apnea-hypopnea index and
pulmonary artery pressure (r = 0.62, p < 0.001), as well
as between the oxygen desaturation index and pulmo-
nary artery pressure (r = 0.55, p < 0.001). At the same
time, a statistically significant inverse correlation was
observed between minimum nocturnal oxygen satura-
tion and pulmonary artery pressure (r = -0.58, p <
0.001). Graphical data analysis confirmed the linear na-
ture of these associations.

The clinical course of congenital heart defects in
children with OSAS was characterized by greater se-
verity. In this group, episodes of nocturnal tachycardia
were recorded significantly more frequently (58% ver-
sus 22%), along with reduced exercise tolerance and a
higher functional class of heart failure. The annual hos-
pitalization rate in patients with OSAS was 2.6 + 0.4
episodes per year, compared with 1.5 £ 0.3 episodes in
children without sleep-disordered breathing (p < 0.01).

Dynamic follow-up over 18 months after the im-
plementation of systematic screening and correction of
sleep-disordered breathing demonstrated clinically
meaningful improvement in several parameters. Mean
AHI values decreased by 1.7-fold, while minimum noc-
turnal oxygen saturation increased by an average of 6-
8%. In 61% of patients with baseline pulmonary hyper-
tension, stabilization or reduction of pulmonary artery
pressure was documented. The rate of recurrent hospi-
talizations decreased by 28% compared with baseline
values.

Overall, the results indicate a high prevalence of
obstructive sleep apnea syndrome in children with con-
genital heart defects and confirm its significant impact
on sleep-related respiratory parameters, pulmonary he-
modynamics, and the clinical course of the underlying
disease. The study cohort was representative in terms
of age and sex distribution, with a predominance of
acyanotic forms of congenital heart defects (Tables 1-
4).

Table 1.
Clinical Characteristics of Examined Children with Congenital Heart Defects
(n =100)
Parameter Value

Age, years (M £ SD) 6.8+29
Age range 1-12 years
Boys, n (%) 54 (54%)
Girls, n (%) 46 (46%)
Acyanotic CHD, n (%) 85 (85%)
Cyanotic CHD, n (%) 15 (15%)
Signs of CHF (FC 1I-111), n (%) 38 (38%)
Mean pulmonary artery pressure, mmHg 30.6+7.8

The study cohort is representative by age and sex.
The predominance of acyanotic CHD reflects the com-
mon distribution of congenital defects. Nearly 40% of

children exhibit moderate heart failure, indicating base-
line hemodynamic compromise.
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Table 2.
Prevalence and Severity of Obstructive Sleep Apnea Syndrome in Children with Congenital Heart Defects
OSAS Severity Criterion (AHI, events/hour) n %
No OSAS <1.0 59 59
Mild 1.0-5.0 17 17
Moderate 5.1-10.0 15 15
Severe >10.0 9 9
Total OSAS >1.0 41 41

OSAS affects 41% of the cohort, with 24% pre-
senting moderate to severe disease. This confirms that
clinically significant sleep-disordered breathing is

common in children with CHD and may contribute to
disease progression.

Table 3.

Pulmonary Hemodynamics and Cardiac Parameters According to the Presence of Obstructive Sleep Ap-
nea Syndrome

Parameter OSAS (n =41) No OSAS (n =59) p
Pulmonary artery pressure, mmHg 36.8+6.4 26.2+5.1 <0.001
Pulmonary hypertension, n (%) 29 (72%) 11 (19%) <0.001
Right heart overload, % 63 28 <0.01
CHF functional class > 11, % 51 24 <0.01

Children with OSAS demonstrate significantly
higher pulmonary artery pressures, more frequent pul-
monary hypertension, and increased right heart over-
load. This highlights the hemodynamic impact of sleep-
disordered breathing in CHD patients.

Correlation analysis demonstrated a dose-depend-
ent relationship between the severity of sleep-disor-

dered breathing and pulmonary hemodynamic parame-
ters. Specifically, there was a positive association be-
tween AHI and pulmonary artery pressure, as well as
between the oxygen desaturation index and pulmonary
artery pressure, and an inverse association between
minimum nocturnal oxygen saturation and pulmonary
artery pressure (Table 4).

Table 4.
Correlation Between Sleep Parameters and Pulmonary Hemodynamics
Parameters r p
AHI <> Pulmonary artery pressure 0.62 <0.001
Minimum SpO. <> Pulmonary artery pressure -0.58 <0.001
Oxygen desaturation index <> Pulmonary artery pressure 0.55 <0.001

There is a dose-dependent relationship between
OSAS severity and pulmonary hemodynamics. Higher
AHI and desaturation index correlate with elevated pul-
monary artery pressure, while lower minimum SpO: is
associated with worse pulmonary hypertension.

Correction of OSAS resulted in reduced AHI, im-
proved oxygen saturation, decreased pulmonary artery
pressure, and lower hospitalization rates. This confirms
that sleep-disordered breathing is a modifiable risk fac-
tor influencing both hemodynamic and clinical out-
comes in children with CHD.

Discussion. The present study provides strong ev-
idence that obstructive sleep apnea syndrome (OSAS)
is a clinically significant factor aggravating congenital
heart defects (CHD) in children. The prevalence of
OSAS in our cohort was 41%, substantially higher than
in the general pediatric population, highlighting the in-
creased vulnerability of children with CHD to sleep-
disordered breathing. Nearly one quarter of patients had
moderate to severe OSAS, accompanied by pro-
nounced intermittent hypoxemia, with minimum noc-
turnal oxygen saturation below 85% and elevated oxy-
gen desaturation index, indicating a chronic nocturnal
hypoxic burden that may exacerbate congenital hemo-
dynamic abnormalities.

A key finding is the dose-dependent relationship
between OSAS severity and pulmonary hemodynam-
ics. Apnea-hypopnea index (AHI) positively correlated
with pulmonary artery pressure, while minimum oxy-
gen saturation inversely correlated with pulmonary
pressure, indicating that the magnitude of sleep-disor-
dered breathing, rather than its mere presence, deter-
mines the degree of hemodynamic impact. These re-
sults align with the concept of intermittent hypoxemia
as a major trigger of pulmonary vascular dysfunction.

Our findings are consistent with prior studies.
Gozal et al. (European Respiratory Journal) empha-
sized that recurrent nocturnal hypoxic episodes activate
endothelial dysfunction, oxidative stress, and increase
pulmonary vascular tone, with accelerated progression
in children with underlying cardiac pathology.
Kheirandish-Gozal and Gozal reported persistent alter-
ations in vascular tone regulation and impaired noctur-
nal sympathetic withdrawal in pediatric OSAS, which
superimposes on pre-existing right ventricular over-
load-consistent with the high prevalence of right heart
overload in our OSAS cohort. Data from Circulation
and the Journal of the American College of Cardiology
further indicate that even moderate OSAS is an inde-
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pendent risk factor for pulmonary hypertension pro-
gression, and its correction can partially reverse hemo-
dynamic abnormalities, in line with our longitudinal
observations.

Clinically, children with OSAS experienced more
frequent hospitalizations, nocturnal tachycardia, and
higher functional classes of heart failure, demonstrating
that OSAS affects both subclinical and clinically rele-
vant outcomes. The 18-month follow-up confirmed that
these abnormalities are modifiable: reduction in AHI,
improvement in oxygenation, and stabilization of pul-
monary artery pressure were observed following OSAS
correction. These findings support systematic screening
and interdisciplinary management, as emphasized by
the American Academy of Sleep Medicine and the Eu-
ropean Respiratory Society.

Overall, OSAS should be considered not merely a
comorbidity, but a pathogenetically significant factor
contributing to pulmonary hypertension progression
and worsening of CHD in children. Incorporating
sleep-disordered breathing screening into standard car-
diology protocols in inpatient settings is both justified
and clinically necessary.

Conclusions. The present study provides evidence
that obstructive sleep apnea syndrome (OSAS) is
highly prevalent in children with congenital heart de-
fects (CHD), affecting 41% of patients in a cardiology
inpatient setting. Clinically significant forms of OSAS,
including moderate and severe disease, were observed
in 24% of the cohort, accompanied by pronounced in-
termittent hypoxemia and disruption of sleep architec-
ture.

Severity of OSAS was directly associated with
pulmonary hemodynamic impairment: the apnea-hy-
popnea index (AHI) and oxygen desaturation index
positively correlated with pulmonary artery pressure (r
=0.62 and r = 0.55, respectively, p <0.001), while min-
imum nocturnal oxygen saturation showed a negative
correlation (r =-0.58, p < 0.001). Children with OSAS
demonstrated higher prevalence of right heart overload
(63% vs. 28%), more frequent nocturnal tachycardia
(58% vs. 22%), reduced exercise tolerance, and in-
creased hospitalization rates (2.6 + 0.4 vs. 1.5 £ 0.3 ep-
isodes/year, p < 0.01).

Longitudinal follow-up over 18 months revealed
that correction of OSAS led to significant improvement
in respiratory and hemodynamic parameters: mean AHI
decreased by 1.7-fold, minimum nocturnal oxygen sat-
uration increased by 6-8%, pulmonary artery pressure

stabilized or decreased in 61% of patients with baseline
pulmonary hypertension, and hospitalization rates de-
clined by 28%.

These findings confirm that OSAS is a clinically
significant, dose-dependent, and modifiable risk factor
that exacerbates the course of CHD in children. Sys-
tematic screening, timely diagnosis, and interdiscipli-
nary management of OSAS should be considered es-
sential components of pediatric cardiology care, with
the potential to optimize pulmonary hemodynamics,
improve clinical outcomes, and enhance long-term
prognosis.
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A PROSPECTIVE STUDY OF ENDOSCOPIC SURGICAL TECHNIQUES FOR CHRONIC
RHINOSINUSITIS IN CHILDREN BASED ON EPOS 2020 GUIDELINES

Abstract.

In this article, the effectiveness of endoscopic surgical techniques for the treatment of chronic rhinosinusitis
(CRS) in children is investigated based on EPOS 2020 guidelines. A prospective study was conducted involving
100 patients aged 8—16 years who underwent comprehensive clinical, endoscopic, and computed tomography (CT)
evaluation, including Lund—Mackay scoring and SNOT-22 assessment. Patients were divided into two groups: the
main group underwent a modified minimally invasive functional endoscopic sinus surgery (FESS) with partial
uncinectomy and mucosa-preserving approach, while the control group received conventional FESS. The results
demonstrated significant postoperative improvement in both groups; however, superior outcomes were observed
in the main group. The modified technique was associated with greater reduction in SNOT-22 scores, lower inci-
dence of complications such as synechiae and mucosal edema, and improved restoration of nasal function. Addi-
tionally, recurrence rates were significantly lower, and overall treatment efficacy was higher compared to the
conventional surgical approach. The findings confirm that the proposed minimally invasive, function-preserving
FESS technique provides better clinical outcomes, enhances mucosal recovery, and ensures more effective long-

term control of CRS in pediatric patients.

Keywords: chronic rhinosinusitis (CRS), diagnosis, conservative, surgical treatment, functional endoscopic

sinus surgery (FESS), ostiomeatal complex

INTRODUCTION

Chronic rhinosinusitis (CRS) is a persistent in-
flammatory condition of the nasal and paranasal sinus
mucosa lasting 12 weeks or more, which significantly
impairs quality of life and generates a substantial
healthcare burden worldwide [1, 2]. Epidemiological
studies have consistently shown that the prevalence of
CRS has increased over the past decades, with recent
data reporting population prevalence rates ranging from
approximately 5% to 19% in different regions and de-
mographic groups [3, 4]. This rising trend has been at-
tributed to factors including environmental pollution,
increasing allergic disease, microbial dysbiosis, and
higher detection rates due to improved imaging tech-
nologies [5, 6].

CRS often coexists with comorbidities such as
asthma, allergic rhinitis, and immunologic disorders,
which complicates its clinical course and demands mul-
tidisciplinary approaches to management [7, 8]. The
disease contributes to significant direct medical costs
related to repeated physician visits, diagnostic proce-
dures, and pharmacotherapy, as well as indirect costs
from reduced productivity and absenteeism [9, 10]. Pe-
diatric CRS in particular presents unique challenges, as
symptoms overlap with other common childhood con-
ditions, and the impact on growth, cognitive function,
and school performance has been increasingly recog-
nized [11, 12].

Despite advances in diagnostics and therapeutic
modalities, a considerable proportion of patients with
acute rhinosinusitis progress to a chronic form that is
refractory to standard conservative treatments, includ-
ing prolonged antibiotic therapy and corticosteroids,
leading to persistent symptoms and frequent surgical
referrals [13, 14]. Endoscopic sinus surgery has im-

proved outcomes for many patients; however, variabil-
ity in surgical indications, techniques, and long-term
effectiveness underscores the need for evidence-based
optimization of treatment algorithms, especially in pe-
diatric populations [15, 16].

Consequently, the problem of accurately diagnos-
ing CRS, predicting disease progression, and selecting
individualized therapeutic strategies remains highly
relevant. Identification of clinical, immunological, and
radiological factors that serve as reliable prognostic
markers is critical for improving surgical deci-
sion-making, reducing complication rates, and enhanc-
ing long-term disease control [17—19]. Therefore, stud-
ies focusing on multifactorial diagnostic assessment
and tailored surgical approaches continue to be of par-
amount scientific and practical importance in modern
otorhinolaryngology.

Based on the above, the purpose of this study
was to optimize the choice of method of surgical treat-
ment of diseases of the paranasal sinuses in patients
with chronic rhinosinusitis.

MATERIALS AND METHODS

We conducted surgical treatment in a cohort of
100 pediatric patients diagnosed with chronic rhinosi-
nusitis (CRS), aged 8 to 16 years, who were consecu-
tively admitted to the Department of Otorhinolaryngol-
ogy at the “Happy Life” Medical Centre of the Ministry
of Health of the Republic of Uzbekistan. The study pe-
riod spanned from January 2019 to December 2025. All
procedures were performed in compliance with ethical
standards for research involving human subjects and
with informed consent obtained from the legal guardi-
ans of each patient.

Detailed clinical information was obtained for
each patient, including presenting complaints, duration
and severity of symptoms, history of previous medical
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therapy, history of allergic disease, and documented ep-
isodes of acute exacerbations. A comprehensive anam-
nesis and physical examination were conducted, with
particular emphasis on sinonasal symptomatology
specified in the EPOS 2020 criteria, including nasal ob-
struction, purulent nasal discharge, post-nasal drip, hy-
posmia/anosmia, facial pain/pressure, and sleep dis-
turbance.

General physical assessment was performed by a
pediatrician, and all patients underwent a standardized
ear, nose, and throat (ENT) examination using both an-
terior rhinoscopy and nasal endoscopy. Rigid endo-
scopes (0°, 30°) were employed to evaluate mucosal
edema, purulence in sinus ostia, nasal polyps (graded
according to the Lund—Kennedy scoring system), septal
deviation, inferior turbinate hypertrophy, and other
structural abnormalities. Endoscopic evaluation was
conducted under topical anesthesia to minimize dis-
comfort and ensure accurate assessment of the sinona-
sal anatomy.

Preoperative radiological evaluation included
three-dimensional (3D) computed tomography (CT) of
the paranasal sinuses in all patients. CT imaging was
performed with high-resolution slices in axial, coronal,
and sagittal planes, allowing detailed evaluation of the
osteomeatal complex, sinus pneumatization, presence
of mucosal thickening, obstruction of sinus ostia, ana-
tomical variants (e.g., Haller cells, Onodi cells, concha
bullosa), and bony erosion. Radiologic severity was
scored using the Lund—Mackay CT staging system,
with scores ranging from 0 (nho abnormality) to 24
(complete opacification of all sinus groups).

The diagnosis of chronic rhinosinusitis was estab-
lished on the basis of:

1. A clinical history of symptoms lasting >12
weeks in accordance with EPOS 2020 definitions.

2. Endoscopic findings such as mucopurulent
discharge or edema in the middle meatus and/or polyps.

3. Supporting CT evidence of sinonasal mucosal
disease and ostiomeatal complex obstruction.

We applied the EPOS 2020 classification system
to categorize CRS patterns, including CRS without na-
sal polyps (CRSsNP), CRS with nasal polyps
(CRSWNP), and other endotypes. Allergic status was
assessed by skin prick testing or specific IgE assays.
Where indicated, additional immunologic tests, bacte-
rial cultures, or allergy panels were performed to strat-
ify patient risk and guide perioperative management.

Our treatment strategy was based on the principle
that therapy should be comprehensive, patient-specific,
minimally invasive where appropriate, and aligned
with the latest evidence-based rhinologic surgical
standards. Treatment decisions balanced the severity
and chronicity of disease, previous medical therapy re-
sponse, comorbidities (such as asthma or allergic rhini-
tis), and identified contraindications to specific medi-
cations (e.g., systemic corticosteroids).

To optimize surgical outcomes, we developed a
treatment algorithm that began with maximal medical
therapy in all patients, including saline irrigation, in-
tranasal corticosteroids, and targeted antibiotics where

bacterial infection was suspected. Indications for sur-
gery included persistent symptoms despite adequate
medical management, radiologically confirmed osti-
omeatal complex obstruction, recurrent acute exacerba-
tions, and complications such as orbital or intracranial
extension.

The main objective of our surgical approach was
to employ techniques that provided maximal functional
restoration of sinus ventilation and drainage with mini-
mal trauma to the developing sinonasal skeleton,
thereby reducing postoperative morbidity, preserving
mucosal integrity, and promoting long-term disease
control.

For comparative analysis, patients were stratified
into two treatment groups:

Group 1 (Intervention Group) comprised 54 chil-
dren with CRS who underwent a modified Functional
Endoscopic Sinus Surgery (FESS) protocol. The surgi-
cal plan focused on selective removal of the inferior
portion of the uncinate process to reestablish natural os-
tial drainage, combined with conservative enlargement
of sinus ostia (maxillary, anterior ethmoid) where indi-
cated. This technique was chosen to maintain mucosal
surfaces, minimize disruption of mucociliary clearance,
and preserve anatomic landmarks essential for normal
sinus function.

Group 2 (Control Group) consisted of 46 children
of similar age and clinical severity with CRS who re-
ceived a traditional FESS approach, involving com-
plete removal of the uncinate process and systematic
enlargement of the ostiomeatal complex, with partial
ethmoidectomy and maxillary antrostomy performed as
deemed necessary. These procedures adhered to estab-
lished rhinologic surgical standards for conventional
FESS.

All surgeries were performed under general anes-
thesia with endotracheal intubation. Standardized oper-
ative techniques included use of high-definition endo-
scopes, microdebriders, suction electrocautery, and
navigational guidance systems when complex anatomy
was encountered. Particular attention was paid to pre-
serving the ethmoid bulla, middle turbinate, and muco-
sal surfaces to support physiologic healing and reduce
scar formation.

Perioperative antibiotic prophylaxis was adminis-
tered according to institutional protocols. Topical de-
congestion and corticosteroid irrigations were initiated
intraoperatively and continued postoperatively to miti-
gate inflammation. Postoperative care included saline
nasal rinses, endoscopic debridement at regular inter-
vals, and symptom monitoring using validated tools
such as the Sinonasal Outcome Test-22 (SNOT-22) and
symptom diaries. Surgical outcomes were evaluated
through follow-up assessments at 1, 3, 6, and 12
months, including symptom scores, endoscopic find-
ings (Lund-Kennedy), recurrence rates, need for revi-
sion surgery, and complication rates. Statistical analy-
sis employed appropriate parametric and non-paramet-
ric tests, with a significance threshold set at p <
0.05(Tablel.).
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Tablel.

Assessment of symptom severity using the SNOT-22 scale

No. SNOT-22 Symptom Item Mean Score (n = 100)
1 Need to blow nose 3.8
2 Nasal discharge (anterior/postnasal drip) 3.6
3 Sneezing 3.1
4 Nasal congestion/blockage 4.2
5 Loss of smell or taste 3.7
6 Facial pain/pressure 35
7 Ear fullness/pressure 2.8
8 Fatigue 4.0
9 Difficulty falling asleep 3.9
10 Waking up at night 34
11 Lack of a good night’s sleep 3.2
12 Wake up tired 4.1
13 Reduced productivity 3.6
14 Reduced concentration 3.3
15 Frustrated/restless/irritable 3.0
16 Sadness 2.9
17 Shortness of breath 35
18 Sore throat 2.6
19 Bad breath 2.7
20 Thick nasal discharge 3.8
21 Cough 3.0
22 Embarrassment caused by symptoms 2.5

Total average SNOT-22 score 3.4

A total of 100 pediatric patients with chronic rhi-
nosinusitis underwent SNOT-22 assessment before and
6 months after surgical treatment. The mean preopera-
tive SNOT-22 score was 74.8 + 11.4, while the postop-
erative mean was 28.6 + 9.8, demonstrating a signifi-

cant reduction in symptom severity. The mean differ-
ence was 46.2 points, with a standard error of 1.05. Sta-
tistical analysis using a paired t-test revealed a t-value
of 44.0, corresponding to a p-value < 0.0001, indicating
a highly significant improvement in patient-reported
outcomes following surgery.

Fig. 1. Intraoperative technique used in the minimally invasive functional endoscopic sinus surgery (FESS) per-
formed on pediatric patients with chronic rhinosinusitis



12 MEDICAL SCIENCES / «COLLOQUIUM=JOURNAL #9 (279). 2025

The provided image illustrates the step-by-step
intraoperative technique used in the minimally invasive
functional endoscopic sinus surgery (FESS) performed
on pediatric patients with chronic rhinosinusitis (CRS)
in our study (Fig. 1.). The sequence demonstrates both
schematic representations (top row) and intraoperative
endoscopic views (bottom row), corresponding to the
selective resection of the lower portion of the uncinate
process — a technique we adopted as part of our refined
surgical approach based on EPOS 2020 recommenda-
tions and recent pediatric rhinologic surgery protocols.
In our cohort of 56 patients (main group), this technique
involved a targeted removal of only the inferior seg-
ment of the uncinate process, preserving the superior
portion and the integrity of the natural ostiomeatal com-
plex. This conservative modification was guided by the
goal of minimizing mucosal trauma while achieving
adequate access to the maxillary sinus ostium for natu-
ral drainage restoration. The initial step included medi-
alization of the uncinate process, followed by a precise
incision with a sickle knife, and subsequent partial re-
section using Blakesley forceps, as shown in the first
two panels. The third panel illustrates the final view
with preservation of the superior uncinate border and
clear exposure of the maxillary ostium. Intraopera-
tively, no damage was observed to adjacent structures
such as the lamina papyracea or middle turbinate. The
surgical field remained bloodless in most cases, and
mucosal preservation was achieved, reducing postoper-
ative synechiae formation and facilitating mucociliary
recovery.

Postoperative endoscopic examination at follow-
up revealed clear re-epithelialization of the surgical
site, absence of adhesions, and patent maxillary ostia,
supporting the efficacy and safety of the minimally in-
vasive approach. This technique also allowed for faster

Fig. 2. S

The criteria for assessing the effectiveness of CRS
therapy in both groups of patients were: absence of
complaints and subjective sensations, cleansing of the
washing solution from the nasal cavity and SNP, reduc-
tion of hyperemia and swelling of the mucous mem-
branes of the nasal cavity with a decrease in the size of
the nasal turbinated, regression of symptoms of focal

tep-by-step surgical approach perfomed on pediatric patients with c

recovery, minimal crusting, and improved patient com-
fort in the early postoperative period. Compared to the
control group, which underwent complete uncinectomy
and more extensive ethmoidectomy, our method
demonstrated fewer complications, lower recurrence
rates, and better preservation of nasal physiology. The
successful outcome observed in this group confirms
that partial uncinectomy with functional ostium preser-
vation represents a reliable and child-friendly surgical
option for CRS, aligning with principles of mucosa-
sparing endoscopic sinus surgery and contributing to
long-term disease control with minimal surgical mor-
bidity.

The proposed surgical procedure was performed
under combined endotracheal general anesthesia with
continuous endoscopic visualization. After adequate
nasal decongestion, the middle turbinate was gently
medialized toward the nasal septum to improve access
to the middle meatus. Using reverse-cutting instru-
ments and Blakesley forceps, a selective resection of
the inferior portion of the uncinate process was carried
out. Subsequently, the natural maxillary sinus ostium
was identified and conservatively enlarged in the pos-
terior, inferior, and anterior directions to restore physi-
ological ventilation and drainage. Under 45° endo-
scopic guidance, the maxillary sinus cavity was thor-
oughly inspected, and pathological secretions and
inflammatory tissue were carefully removed. Meticu-
lous hemostasis was achieved at the end of the proce-
dure. Elastic hemostatic nasal packing was placed to
prevent postoperative bleeding and stabilize the surgi-
cal site and was routinely removed on the first postop-
erative day (Fig. 2.).

\ Y
hronic rhinosinusitis

intoxication, as well as the absence of exacerbation
CRS for the entire observation period and long-term re-
mission. To maintain the homogeneity of the groups,
patients were selected taking into account the identical
distribution of disease activity in all groups. At the be-
ginning of treatment, the children were in a hospital set-
ting, and subsequently received outpatient treatment
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with follow-up after 3 and 6 months, for two years. Fol-
low-up observation was carried out for two years.

RESULTS AND DISCUSSION

At the time of hospital admission, the majority of
patients presented with pronounced sinonasal symp-
toms. Nasal obstruction was reported by 98 patients
(98.0%0), while 46 patients (46.0%) demonstrated pu-
rulent discharge in the nasopharynx, and 69 patients
(69.0%) complained of mucous nasal secretion. Gen-
eral systemic manifestations were also frequently ob-
served: 41 patients (41.09%) reported generalized
weakness and fatigue, 33 patients (33.0%) experi-
enced chronic cough, and 28 patients (28.0%) exhib-
ited increased irritability and emotional lability.

In patients with more advanced stages of chronic
rhinosinusitis, persistent headache of varying intensity
and unilateral or bilateral impairment of nasal breathing
were documented. These clinical manifestations devel-
oped gradually over several months and were not asso-
ciated by patients with any specific triggering factors,
indicating the progressive and insidious nature of the
disease.

During the postoperative follow-up period, a
marked positive trend in clinical outcomes was ob-
served in both study groups, with significantly better
results in the main treatment group. Beginning from the
second postoperative day, patients who underwent the
modified minimally invasive surgical procedure com-
bined with comprehensive medical therapy demon-
strated a pronounced improvement in general condi-
tion. Symptoms of fatigue, weakness, and irritability re-
gressed completely in most cases. Episodes of epistaxis
ceased, and the frequency of dyspeptic manifestations,
including halitosis and coated tongue, was significantly
reduced compared with the control group (p < 0.01).

Endoscopic monitoring revealed a progressive re-
duction in mucosal edema, restoration of physiological
ventilation of the middle meatus, and normalization of
mucociliary clearance. Postoperative crust formation

and inflammatory secretion decreased substantially
within the first week after surgery. By the end of the
first postoperative month, stable epithelialization of the
surgical field was observed in the majority of patients.

The incidence of postoperative complications, in-
cluding recurrent epistaxis and formation of intranasal
synechiae, was significantly lower in the main group.
Adhesive processes in the middle nasal meatus were
observed in only 4% of patients in the intervention
group, compared with 15% in the control group. Simi-
larly, persistent mucosal edema was detected in 7% and
21% of patients, respectively (Table 1).

Functional outcomes assessed using endoscopic
scoring systems and patient-reported measures demon-
strated sustained improvement during the follow-up pe-
riod. Restoration of nasal breathing, reduction of nasal
discharge, and alleviation of facial pressure were
achieved in more than 85% of patients in the main
group. These results were consistent with the signifi-
cant postoperative reduction in SNOT-22 scores ob-
served in our cohort.

The superior clinical outcomes associated with the
proposed surgical technique may be attributed to its
mucosa-preserving nature, limited resection of the un-
cinate process, and preservation of key anatomical
structures of the ostiomeatal complex. This approach
minimizes postoperative scarring, reduces inflamma-
tory remodeling, and promotes physiological sinus
drainage.

Our findings support the concept that targeted,
minimally invasive functional endoscopic sinus sur-
gery, performed in accordance with EPOS 2020 recom-
mendations, provides effective symptom control and
improved quality of life in pediatric patients with
chronic rhinosinusitis. The combination of conserva-
tive surgical intervention and optimized postoperative
management appears to be crucial for achieving long-
term disease remission and preventing recurrence.

Table 2
Local signs after surgical treatment in observed patients
Before Control group
. treatment, _ ' Main group n=56, P2 )
Sign n=100 n=48, P1 P1:2
abs % abs % abs %

Swelling of nasal cavity 65 62,5 9 18,8 5 8,9 <0,05
Hyperemia of the nasal cavity 79 76 8 16,7 4 7,1 <0,05
Subatrophy of the nasal cavity 14 13,5 5 8,9 4 8,3 >0,05
Mucous secretions from the na- 79 69.2 12 250 3 5.4 <0,001
sal cavity

Puruler_1t discharge from the na- 48 46.2 5 104 0 0 <0,001
sal cavity

nH;;ggrtrophy of the nasal turbi- 58 55.8 14 29,2 5 8.9 <001
Polypous growths of the nasal 8 7.7 0 0.0 0 0.0 0,05
turbinates

Note: * - differences compared with the data of the proposed treatment are statistically significant (P<0.05; P<0.01;

P<0.001).

Immediately after surgical intervention, patients in
both study groups demonstrated a significant improve-
ment in general condition, accompanied by a reduction

in local inflammatory manifestations, decreased si-
nonasal discharge, improvement in olfactory function,
and alleviation of facial pain. These changes progressed
steadily over time, indicating favorable postoperative
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recovery dynamics. Endoscopic examination of the na-
sal cavity and nasopharynx in the early postoperative
period revealed pronounced differences between the
groups. In the majority of patients in the main group, a
marked reduction in inferior and middle turbinate
edema was observed. The nasal mucosa appeared pale
pink, well-epithelialized, and free of pathological se-
cretions, while no inflammatory exudate was detected
on the surface of the pharyngeal tonsil.

In contrast, patients who underwent conventional
surgical treatment exhibited persistent signs of mucosal
inflammation in a subset of cases. Complete resolution
of purulent nasal discharge was achieved in all patients
in the main group immediately after combined treat-
ment (p < 0.001), whereas this symptom persisted in 5
patients (10.0%) in the control group. Residual mucosal
hyperemia was detected in 4 patients (7.0%) following
the proposed minimally invasive technique, compared
with 8 patients (16.0%) after traditional surgery,
demonstrating a statistically significant intergroup dif-
ference (p < 0.05).These findings indicate that the mod-
ified surgical approach provides more effective early
postoperative control of inflammatory processes and
promotes faster restoration of normal sinonasal muco-
sal function.

A significant reduction in nasal mucosal edema
and turbinate hypertrophy was observed in both study
groups following surgical intervention. However, re-
sidual hypertrophic changes remained more pro-
nounced in the control group, being detected in 9 pa-
tients (18.8%) who underwent conventional treatment,
compared to only 5 patients (8.9%) in the group that
received the proposed minimally invasive technique (p
< 0.05), indicating a statistically significant difference
favoring the modified approach.While occasional epi-
sodes of mild postoperative epistaxis were noted in
both groups, no cases required intervention. Suba-
trophic changes of the nasal mucosa were detected in 5
patients (8.9%) in the control group and 4 patients
(8.3%) in the main group, without a statistically signif-
icant difference (p > 0.05), suggesting comparable out-
comes with respect to mucosal integrity preservation.
In all patients with polypoid changes, endoscopic re-
moval was successfully performed, with favorable
healing outcomes observed in both groups. Notably,
patients who underwent functional endoscopic sinus
surgery (FESS) using the proposed technique demon-
strated superior endoscopic findings, characterized by
the absence of edema and hyperemia, more rapid mu-
cosal re-epithelialization, and accelerated wound heal-
ing, compared to those treated with the traditional ap-
proach. These results support the clinical advantages of
the modified surgical method in terms of postoperative
recovery, mucosal preservation, and reduction in in-
flammation-related complications. In the control group,
endoscopic examination of the nasal cavity performed
one month after traditional surgical treatment revealed
persistent mucosal edema and congestion, predomi-
nantly in the upper regions of the nasal cavity. The na-
sal mucosa appeared more uniform in texture, with a
smooth and shiny surface, and was covered by clear,
serous mucus. Importantly, no recurrence of nasal
polyps was observed at this stage.

At the six-month follow-up, morphological
changes in the mucosa became more pronounced.
While the nasal cavity remained free of polyps, there
was evidence of diffuse thickening of the mucosal lin-
ing in the upper nasal regions, indicative of chronic
subclinical inflammation. In contrast, the lower nasal
regions demonstrated early signs of mucosal atrophy,
with focal areas of thinning and dullness. The character
of nasal secretions had also changed—mucus appeared
more heterogeneous, and localized accumulations of
dense, viscous mucus were observed in several pa-
tients, suggesting partial dysfunction of mucociliary
clearance.

Despite these structural and secretory changes, the
enlarged natural openings of the maxillary sinuses and
the ethmoidal labyrinth cells remained widely patent
and free from discharge, indicating that anatomical si-
nus drainage was preserved. However, the presence of
atrophic zones and thickened upper mucosa suggests
that traditional surgical techniques may result in re-
gion-specific healing disturbances, potentially compro-
mising long-term mucosal function.

In the main group, endoscopic examination per-
formed one month after the proposed surgical inter-
vention revealed a wide nasal cavity with clean, well-
aerated natural ostia of the maxillary sinuses and eth-
moidal labyrinth cells. The mucosal surfaces were
smooth, uniformly colored, and free of exudate. By the
six-month follow-up, these favorable findings had fur-
ther improved: the nasal mucosa across all regions dis-
played a near-normal pale pink coloration, with no ev-
idence of inflammation or discharge, and full resto-
ration of nasal airflow was observed in all patients.

Compared to the control group, patients who un-
derwent the modified technique demonstrated better
preservation of physiological mucosal characteris-
tics and faster recovery of normal nasal function. The
mucosa remained structurally intact, without evidence
of atrophy or synechiae.

Long-term follow-up over a two-year period re-
vealed a more stable clinical course in children who
received the comprehensive treatment protocol, with a
significantly lower rate of disease recurrence. The
mean annual relapse rate in the main group was 1.8 +
0.12 episodes per year, which was more than 1.8
times lower than that observed in the control group (3.4
+0.16 episodes per year). In terms of overall treatment
efficacy, a positive outcome was achieved in 96.2%
of patients who received the proposed surgical ap-
proach, compared to 79.4% in the group treated with
the conventional method (p < 0.01).

CONCLUSION

Thus, our findings demonstrate that the proposed
selective and minimally invasive surgical technique
for treating chronic rhinosinusitis in children offers
superior clinical outcomes compared to traditional sur-
gical methods. It ensures more effective and physiolog-
ically compatible sanitation of the nasal cavity and pa-
ranasal sinuses, promotes faster mucosal recovery, re-
duces relapse frequency, and improves overall quality
of life. These advantages support its broad implemen-
tation in pediatric otorhinolaryngological practice
as a safe and effective treatment strategy for CRS.
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IMMUNOLOGICAL INFERTILITY AS A COMPONENT OF THE ETIOLOGY OF INFERTILITY IN
MARRIED COUPLES

Abstract.

Infertility is a significant global health problem: according to the World Health Organization, approximately
one in six adults worldwide will experience reproductive dysfunction during their lifetime, representing about 15%
of the population of reproductive age. In the context of immunological factors, separate data indicate that approx-
imately 10-20% of cases of infertility in married couples may be related to immune reactions. Special attention is
paid to the role of the immune system in the regulation of reproductive processes, including the mechanisms of
formation of antisperm antibodies, autoimmune reactions, the involvement of cells of the immune system in im-
plantation processes, and the influence of chronic infectious and inflammatory processes on fertility. Modern ap-
proaches to the diagnosis and treatment of immunological infertility, as well as the importance of immunological
tolerance for the successful course of pregnancy, are highlighted.

Key words: immunological infertility, immunological incompatibility, antisperm antibodies, autoimmune

processes, implantation, immune system, cytokines.

Introduction. Infertility is an important medical
and social problem of modern society. According to
modern estimates, approximately 10-15% of married
couples of reproductive age face difficulties in conceiv-
ing a child. The causes of infertility can be diverse and
include anatomical abnormalities, hormonal disorders,
genetic factors, infections, as well as immunological
mechanisms. In recent years, scientists have paid con-
siderable attention to the immunological aspects of fer-
tility disorders, since the immune system plays an im-
portant role in the regulation of reproductive processes.

Immunological factors can affect various stages of
the reproductive cycle — from gamete formation to
embryo implantation and pregnancy development. Vi-
olations of immune regulation can cause impossibility
of fertilization, as well as repeated implantation failures
or early pregnancy losses. A special role in the devel-
opment of immunological infertility is played by auto-
immune processes, formation of antisperm antibodies,
imbalance of cells of the immune system and chronic
inflammatory reactions [1]. Understanding these mech-
anisms is important for improving the diagnosis and
treatment of infertility.

Results

The human immune system performs not only a
protective function, but also actively participates in the
regulation of many physiological processes, including
reproductive ones. Under normal conditions, immune
mechanisms ensure a balance between protecting the
body from pathogens and maintaining tolerance to
one's own cells and tissues. In the reproductive process,
the immune system is involved in the regulation of ov-
ulation, fertilization, embryo implantation, placenta de-
velopment, and pregnancy maintenance.

During ovulation, a local inflammatory reaction
occurs in the ovary, which contributes to the rupture of
the follicle and the release of the egg. Cytokines, pros-
taglandins, macrophages and other cells of the immune
system take part in this process. Violation of this mech-
anism can lead to anovulation or deterioration of oocyte
quality. After fertilization, the embryo contains the ge-
netic material of both the mother and the father, so it is
partially foreign to the woman's body. Normal preg-
nancy requires immunological tolerance to the embryo,
which is maintained thanks to regulatory T-lympho-
cytes, cytokines and other mechanisms of immune reg-
ulation.

One of the most studied mechanisms of immuno-
logical infertility is the formation of antisperm antibod-
ies. These antibodies are synthesized in response to
sperm antigens, which the immune system may per-
ceive as foreign structures. Antisperm antibodies can be
formed in both men and women [2]. In men, their for-
mation is often associated with a violation of the blood-
testicular barrier, which occurs as a result of injuries,
infections, surgical interventions or varicocele [3]. In
women, antibodies can be formed after contact with
spermatozoa in case of immunological sensitization.

The presence of antisperm antibodies has a nega-
tive effect on various stages of fertilization, in particu-
lar, it causes agglutination of spermatozoa, reduces
their mobility, prevents penetration through the cervi-
cal mucus and blocks the interaction of the spermato-
zoon with the egg [4]. In some cases, these antibodies
can affect the early stages of embryo development.

Immunological infertility can be associated not
only with antisperm antibodies, but also with autoim-
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mune processes. In such cases, the immune system be-
gins to produce antibodies against the body's own cells
and tissues. These include antinuclear antibodies, an-
tiphospholipid antibodies, antibodies to thyroid tissue,
as well as antibodies to the egg cell membrane (zona
pellucida) [5]. In particular, antibodies to the zona pel-
lucida can prevent sperm from entering the egg. Such
immune reactions can also disrupt the process of im-
plantation and contribute to the development of early
pregnancy losses.Autoimmune diseases, in particular
systemic lupus erythematosus or antiphospholipid syn-
drome, are often associated with impaired reproductive
function [6].

An important role in the regulation of implantation
is played by cells of the immune system, in particular,
natural Killer cells and T-lymphocytes [7]. In the mu-
cous membrane of the uterus, these cells constitute a
significant part of the immune cells and participate in
the formation of the placenta and remodeling of the en-
dometrial vessels. Under normal conditions, they per-
form a regulatory function and contribute to the devel-
opment of pregnancy, but their increased activity or
number can lead to disruption of embryo implantation
and repeated pregnancy failures.

In addition, the balance between different types of
T-lymphocytes, particularly between Thl and Th2, is
important. During a normal pregnancy, the Th2 type of
immune response prevails, which provides immunolog-
ical tolerance to the fetus. Violation of this balance can
lead to rejection of the embryo.

Chronic infectious and inflammatory processes of
the reproductive system also play an important role in
the development of immunological infertility [8]. In-
fectious agents are able to activate the immune system
and cause long-term inflammation, which is accompa-
nied by increased production of pro-inflammatory cy-
tokines, in particular interleukin-1, interleukin-6 and
tumor necrosis factor. This leads to damage to the tis-
sues of the reproductive organs and the creation of un-
favorable conditions for fertilization and implantation.

Chlamydia trachomatis, Mycoplasma hominis and
Ureaplasma urealyticum are among the main causative
agents of chronic infections of the reproductive tract.
Long-term persistence of these microorganisms causes
constant activation of the immune system and supports
a chronic inflammatory process, which negatively af-
fects the structure of the endometrium and the ability to
implant.

Diagnosis of immunological infertility includes a
complex of laboratory and clinical research methods
[9]. It involves the determination of antisperm antibod-
ies in blood or cervical mucus, analysis of subpopula-
tions of lymphocytes, determination of cytokine levels,
detection of autoantibodies, as well as examination for
infections of the reproductive tract. An important stage
is the exclusion of other causes of infertility, in partic-
ular hormonal, genetic or anatomical disorders [10].

Treatment of immunological infertility depends
on the cause of immune disorders. In some cases, the
treatment of infectious or inflammatory processes is ef-
fective, which contributes to the restoration of repro-
ductive function. Immunomodulatory drugs, hormone
therapy, and treatment of autoimmune diseases are also

used [11]. In difficult cases, assisted reproductive tech-
nologies are used, in particular, in vitro fertilization,
which allows bypassing immunological barriers.

Conclusions. Immunological incompatibility of
partners is a complex and multifactorial phenomenon
that arises as a result of a violation of the interaction
between the immune and reproductive systems. The
main mechanisms of its development are the formation
of antisperm antibodies, autoimmune processes, an im-
balance of the immune response, and chronic infectious
and inflammatory conditions. Timely diagnosis and a
comprehensive approach to treatment can increase the
effectiveness of therapy and the probability of preg-
nancy. Further research in the field of reproductive im-
munology will contribute to the improvement of diag-
nostic and treatment methods.
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THE ROLE OF HEMOSTASIS SYSTEM GENE MUTATIONS IN THE PATHOGENESIS OF
ABNORMAL UTERINE BLEEDING

Abstract.

Abnormal uterine bleeding (AUB) is one of the most common disorders of menstrual function in women.
Although structural anomalies explain some cases of AUB, dysregulation of the hemostasis system is considered
an important non-structural factor. Hemostasis involves a complex interplay between coagulation factors, platelet
function, and fibrinolysis, and genetic variants affecting these pathways can disrupt this balance. Evidence from
molecular studies suggests that mutations in genes that regulate blood clotting and fibrinolysis activity can cause
excessive or prolonged menstrual bleeding. Violation of physiological mechanisms of hemostasis during menstru-
ation due to such genetic variants can alter thrombin formation, fibrin formation, and clot stability, which con-

tributes to the development of AUB.

Key words: abnormal uterine bleeding, hemostasis, coagulopathy, genetic variants, PALM-COEIN classifi-
cation, menstrual cycle, von Willebrand's disease, molecular genetic methods.

Introduction. Abnormal uterine bleeding (AUB)
is one of the most common disorders of menstrual func-
tion in women of reproductive age. According to vari-
ous epidemiological estimates, from 10% to 30% of
visits to gynecologists are related precisely to patholog-
ical changes in the menstrual cycle, manifested by a
change in the regularity, duration or volume of bleeding
[1]. AMAs not only disrupt physiological processes,
but also have a significant impact on the quality of life,
ability to study and work, psychological state and re-
productive health of a woman. Excessive menstrual
blood loss can lead to the development of iron-defi-
ciency anemia, impaired cardiovascular function, and a
decrease in the body's immune defenses. Studies show
that up to 30-40% of patients with severe AUB have
moderate or severe anemia, which negatively affects
physical and psychoemotional health.

Results

To systematize the causes of abnormal uterine
bleeding in modern clinical practice, the FIGO PALM-
COEIN international classification is used, which di-
vides etiological factors into structural and non-struc-
tural ones [2]. Structural causes (PALM) include endo-
metrial polyps (P), adenomyosis (A), uterine leiomy-
oma (L), and endometrial malignancy and hyperplasia
(M). Nonstructural causes (COEIN) include coagulopa-
thies (C), ovulatory disorders (O), endometrial pathol-
ogy (E), iatrogenic factors (1), and unclassified causes
(N).

Although structural changes are often easily diag-
nosed using ultrasound and histological methods, a sig-
nificant proportion of AUB cases are associated with
nonstructural disorders, among which genetically de-
termined disorders of hemostasis occupy a special
place. Hemostasis is a key mechanism of menstrual

bleeding regulation [3]. It provides a balance between
coagulation and fibrinolysis and allows the body to
quickly stop blood loss during rejection of the func-
tional endometrial layer. Violation of hemostasis, espe-
cially against the background of genetic mutations in
genes encoding coagulation factors, platelet function or
fibrinolysis regulators, can lead to excessive, prolonged
or recurrent bleeding.

Von Willebrand disease (VWD) is the most com-
mon inherited coagulopathy characterized by defi-
ciency or dysfunction of von Willebrand factor (VWF).
This protein is responsible for the adhesion of platelets
to the damaged vascular wall and the stabilization of
factor VIII, which ensures normal hemostasis. With
VWEF deficiency, platelets cannot effectively form a pri-
mary platelet clot, and the coagulation cascade works
less efficiently, leading to prolonged and heavy men-
strual bleeding. Studies show that 13-25% of women
with heavy menstrual bleeding have occult vWD, often
without other clinical manifestations of coagulopathy
[4].

The most frequent mutations in hemostasis genes:

- The G1691A mutation in the F5 gene makes Fac-
tor V Leiden resistant to activated protein C, which dis-
rupts coagulation regulation. Resistance to protein C
changes the formation of thrombin, which affects the
stability of clots [5].

- The G20210A polymorphism in the F2 gene is
associated with an increased level of prothrombin,
which alters thrombin generation. Excess prothrombin
can disrupt the balance between clot formation and dis-
solution, especially during menstruation, leading to un-
stable clots and increased blood loss [6].
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- The enzyme methylenetetrahydrofolate reduc-
tase (MTHFR) controls the metabolism of homocyste-
ine. C677T and A1298C polymorphisms can increase
the level of homocysteine, which leads to endothelial
dysfunction and local hemostasis disorders [7].

- Plasminogen Activator Inhibitor-1 (PAI-1) con-
trols the rate of fibrinolysis. The 4G/5G polymorphism
modulates the activity of this protein. The 4G/4G vari-
ant is associated with a higher level of PAI-1, which
leads to a delay in fibrinolysis or, conversely, a viola-
tion of the stability of clots during menstruation [8].

Additional difficulties in the diagnosis of coag-
ulopathy in patients with abnormal uterine bleeding are
associated with the variability of laboratory parameters
of the hemostasis system. Standard screening tests such
as prothrombin time (PT), activated partial thrombo-
plastin time (aPTT), and bleeding time (BT) do not al-
ways reflect the presence of coagulation disorders. In a
number of cases, in particular, with mild or moderate
forms of hereditary coagulopathies, these indicators
may remain within the reference values, despite clinical
manifestations in the form of heavy or prolonged men-
strual bleeding. This situation is especially typical for
patients with von Willebrand's disease or with certain
genetic polymorphisms of genes of the hemostasis sys-
tem. In this regard, in order to establish an accurate di-
agnosis, it is often necessary to carry out extended la-
boratory studies, including determination of the level
and functional activity of the von Willebrand factor, as-
sessment of the activity of coagulation factors, studies
of platelet function, as well as molecular genetic meth-
ods of analysis aimed at identifying gene polymor-
phisms that regulate the processes of coagulation and
fibrinolysis [9].

The use of modern molecular genetic technologies
has significantly expanded the possibilities of diagnos-
ing disorders of the hemostasis system [10]. New-gen-
eration sequencing methods allow identification of mu-
tations in genes that regulate the processes of coagula-
tion, platelet aggregation, and fibrinolysis. In some
clinical cases, the use of whole-exome sequencing
makes it possible to detect rare genetic variants that af-
fect the balance of hemostasis and contribute to the de-
velopment of heavy menstrual bleeding [11].

Conclusions. Abnormal uterine bleeding remains
one of the most urgent problems of modern gynecol-
ogy, significantly affecting the physical and psycho-
emotional health of women. Analysis of modern re-
search shows that disorders of the hemostasis system,
in particular hereditary mutations and polymorphisms
of coagulation factor genes, platelet dysfunction and
von Willebrand's disease, play a significant role in the
development of heavy and prolonged menstrual bleed-
ing. Detection of such genetically determined coag-
ulopathies is clinically important, since standard labor-
atory tests (PT, aPTT, bleeding time) do not always re-
flect the presence of hemostasis disorders. Modern
molecular genetic methods, in particular exome se-
quencing and analysis of polymorphisms of coagula-
tion factors, allow to accurately identify the etiological
factors of AUB, which opens up opportunities for a per-
sonalized approach to diagnosis and treatment. Early

and accurate diagnosis of genetically determined disor-
ders of hemostasis helps to optimize therapy, reduce the
risk of anemia, and improve the quality of life of pa-
tients [12]. Thus, the integration of genetic research
into clinical practice is a promising direction that al-
lows for a deeper understanding of the pathogenesis of
AUB, to identify potential biomarkers and to create
more effective individualized treatment strategies for
patients with heavy menstrual bleeding.
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MODERN PRINCIPLES OF LYME BORRELIOSIS DIAGNOSIS

Abstract:

Lyme disease (Lyme borreliosis) is the most common tick-borne zoonosis in Europe and North America and
represents a serious public health problem. The disease is caused by spirochetes of the Borrelia burgdorferi com-
plex and is characterized by multisystem involvement with diverse clinical manifestations, which significantly
complicates timely diagnosis. Early and accurate identification of borreliosis is a key condition for effective treat-
ment and prevention of chronic complications. In the early stage of the disease, clinical diagnosis plays a leading
role, particularly the detection of erythema migrans, as serological tests may be negative due to lack of serocon-
version. Two-tier serological testing (screening ELISA followed by confirmation with immunoblotting) remains

the gold standard in later stages.

Keywords: Lyme disease, borreliosis, erythema migrans, diagnostics, immunoblotting

Materials and methods: A literature review was
conducted based on international articles published in
scientometric databases over the past 10 years. Current
information on diagnostic principles of borreliosis was
analyzed.

Objective: To analyze scientific works and litera-
ture sources and determine modern principles of Lyme
borreliosis diagnosis.

Relevance: Lyme disease is an infectious multi-
system disease affecting primarily the skin, nervous
system, cardiovascular system, and musculoskeletal
system. It can occur at any age, but incidence is higher
among children and middle-aged adults. The disease is
widespread in the Northern Hemisphere, and infection
rates continue to rise due to environmental changes and
population migration. The disease can occur at any age,
but the typical age distribution suggests a higher inci-
dence among children and middle-aged adults [1].

Clinical manifestations of the disease are due to
the inflammatory response of the body to the pathogen
and its structural components. Spirochetes settle in the
skin and lead to the development of a local inflamma-
tory reaction, which is clinically manifested by ery-
thema migrans. In the absence of timely treatment, the
disease can progress with the development of various
systemic manifestations, most often affecting the cen-
tral nervous system, musculoskeletal system or cardio-
vascular system [2,3]. One of the most common and
pathognomonic manifestations of advanced Lyme dis-
ease is the Bannwart triad, which includes lymphocytic
meningitis, peripheral facial nerve palsy, and radiculitis
[4]. Sometimes the symptoms of borreliosis overlap
with those of other diseases, making diagnosis difficult
[5].

Results and their discussion

For a reliable diagnosis of Lyme disease, except
for the presence of erythema migrans, confirmation of

borrelial infection by laboratory tests is necessary. Cul-
turing Borrelia spp. from skin samples from tick-bite
patients allows for a definitive diagnosis, but is usually
limited almost exclusively to research experiments be-
cause of the need for specialized expertise and equip-
ment [6]. Direct detection of B. burgdorferi involves
methods that confirm the presence of intact spirochetes
or their components (DNA, proteins) in ticks, reservoir
hosts, or broken skin samples. Clinical practice in-
cludes microscopy, antigen or nucleic acid detection,
and culture. Microscopic detection and antigen tests are
of limited diagnostic value due to the low levels of
pathogen in the samples. Antigen capture tests in cere-
brospinal fluid or urine have low or questionable relia-
bility. Therefore, culture and molecular methods are the
mainstays of diagnosis.

Culturing B. burgdorferi is the most conclusive
method for confirming active infection. It uses liquid
media modified from Kelly's medium, which allow
efficient growth of spirochetes even from low
inoculum.

Growth is dependent on the quality of key
components, including bovine serum albumin and
rabbit serum, which requires careful quality control.
Cultures are incubated at 30-34 °C under
microaerophilic conditions for up to 12 weeks. Growth
is monitored by dark-field or fluorescence microscopy,
and identification of B. burgdorferi is confirmed by
monoclonal antibodies or polymerase chain reaction
(PCR).

Insufficient microscopy experience may lead to
false-positive results. The efficiency of isolation of B.
burgdorferi sensu stricto from erythema migrans
lesions is higher in the early stages of the disease,
indicating rapid elimination of the spirochetes by the
immune system over time [7].

If Lyme neuroborreliosis is  suspected,
cerebrospinal fluid should be examined for signs of
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inflammation and intrathecal antibody production to B.
burgdorferi, as determined by assaying paired serum
and cerebrospinal fluid specimens obtained on the same
day. Detection of intrathecal antibodies is more specific
than detection of antibody reactivity in serum or
cerebrospinal fluid alone.

However, elevated antibody titers may persist for
several years after infection, even after successful
treatment. Therefore, additional evidence of CSF
inflammation, such as pleocytosis, is required to
confirm active Lyme neuroborreliosis. The diagnostic
sensitivity of the antibody titer is about 80% in patients
with a shorter duration (<6-8 weeks) of clinical illness
and almost 100% when the duration of illness is longer.

IgM antibodies to B. burgdorferi are important for
detecting early infection, but their detection does not
aid in the serodiagnosis of late lymphocytosis. In some
individuals, an 1IgM immune response may persist for
months or even years after treatment or past infection,
although this phenomenon is not associated with
infection caused by B. burgdorferi.

Diagnostic use of single 1gG assays may be
sufficient if highly sensitive screening tests that include
the VISE antigen are used. In this case, IgM detection
does not appear to have a significant advantage over
1gG testing in recognizing early Lyme disease and may
actually reduce the specificity of diagnostic testing,
although this may depend on the antigen mixture used
in the assay [8].

A major limitation of serological testing is that
IgG and even IgM antibodies to B. burgdorferi may
persist for months or years after near-complete or
complete elimination of the spirochete with antibiotics.
Antibody levels decline slowly after treatment, but
Western blotting, a nonquantitative test, does not
change significantly in the post-antibiotic period.

Therefore, serological testing cannot be used to
determine active infection or the adequacy of antibiotic
therapy [6,9]. The proportion of patients with
confirmed Lyme disease is higher among individuals
with simultaneous IgM and 1gG positivity compared
with patients with isolated 1gG [10].

The characteristic band spectrum, especially in the
IgG immunoblot, also provides evidence for the
separation of the immune response into early and late
phases, so that laboratory results and clinical symptoms
can be better correlated. Therefore, a narrow band
spectrum with antibodies against early-phase antigens
(e.g., VISE, OspC, p4l) is usually consistent with a
short-term latent infection.

However, this does not indicate persistent clinical
symptoms. In contrast, a broad spectrum of bands,
including late-phase antigens (e.g., p100, p17/pl8),
corresponds well with late manifestations (e.g., Lyme
arthritis, acrodermatitis chronica atrophicans). Both
antibody patterns are also consistent  with
asymptomatic  persistence of antibodies (past
infection). Recurrent infections are difficult to diagnose
based on serological data alone without additional
clinical information and can only be detected by a
proven increase in 1gG antibody levels in a parallel
approach or significant changes in the immunoblot
band pattern in serum samples tested in parallel [8].

Conclusion: Timely diagnosis of Lyme disease is
essential and requires the integration of clinical and la-
boratory data. Despite the development of modern re-
search methods, serological diagnostics have limita-
tions, especially in the early stages of infection. Further
research should be aimed at developing more sensitive
and specific tests, standardizing diagnostic algorithms,
and implementing a personalized approach to the eval-
uation of patients with suspected Lyme disease.
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CLINICAL AND DIAGNOSTIC ASPECTS OF FUNGAL INFECTIONS
(LITERATURE REVIEW)

Anomauisn:

Y cmammi npoananizoeano kniniuni ocobnueocmi epudxosux ingpexyiv (I'l) y oimeii. Pozensnymo cumnmo-
MAmuKy nogepxuHesux mikosie (Oepmamogimii, KaHOUOO3u) ma Mmadxjckuil nepedie iHBA3UBHUX OpM Y epynax eu-
cokoeo puszuky. Hazonoweno Ha easxciugocmi nepexooy 6i0 mpugaiux mpaouyiiHux mMemooié OiacHOCMUKY 00
cyuacnux monexyaapuux cucmem (IIJIP, anmueenni mecmu) 015 weuokoi ioenmuixayii' 30yOHUKA MA 3HUHCEHHS

NOKA3HUKIG CMEPIMHOCMI.
Abstract:

The article analyzes the clinical features of fungal infections in children. It covers the symptoms of superficial
mycoses and the severe course of invasive forms in high-risk groups. The study emphasizes the shift from time-
consuming traditional diagnostics to modern molecular systems (PCR, antigen assays) for rapid pathogen identi-

fication and reduced mortality.

Knruosi cnosa: epubkosi ingexyii, nediampis, 0epmamomikosu, iHea3UHULU KaHOUO03, acnepzinbos, 11JIP-

diaenocmuka.

Keywords: fungal infections, pediatrics, dermatomycosis, invasive candidiasis, aspergillosis, PCR diagnos-

tics.

Marepiaau Ta MeTOAM: HAMU TIPOBEACHUN OTJIS]T
JITEepaTypy Ha OCHOBI CTaTel, OMmyOIiKOBaHUX y 0a3ax
nmarnx PubMed 3a ocranni 10 pokiB. AHani3yBanach
aKTyajbHa iH(pOpMAIlis 00 KITiHIKO-IiarHOCTHYHHUX
0co0IMBOCTEH rPUOKOBHX 1HPEKIIH Y JiTSH.

Mero1o Hamoi po6oTH OyI0 y3aralbHEHHS JaHUX
I110/10 KJTIHIKO-A1arHOCTUYHHUX OCOOIMBOCTEN TPHOKO-
BUX iH(EKIIH y JiTe, a TAKO)K BU3HAYCHHS HAWOLIBIIT
iH(OPMATUBHUX METO/IB ii JIarHOCTHKH.

AxtyanbHicTs: ['puokosi ingexuii (I'T) mmpoko
MOIIMPEH] Y BCbOMY CBITi, BpasKarouH sIK JiTeH 3 0cyad-
JICHUM IMYHITETOM, TaK i {iTeH 3 HOPMAJIBHIM IMyHiTe-
TOM, TIpU IIBOMY KJIiHIYHI HACJIJKH BapirolOThCS 3a-
JISKHO BiJ] BIKy Ta CYIyTHIX 3aXBOPIOBaHb. Y AiTeH 3
ocnalJIeHNM IMYHITETOM, OCOOJIMBO Yy JiTeH 3 Tremarto-
JIOTTYHUMH OHKOJIOTIYHUMH 3axXBOproBaHHsMY, ['T ipu-
3BOJIATH J0 3HAYHOTO 301IbIIIEHHS TPUBAJIOCTI TIepe0y-
BAHHS B JIIKAapHi Ta MiJBUIICHHS BHYTPIIHBOIIKAPHS-
HOi CMEPTHOCTi, NP IbOMY CHOJIy4EeHI IMOKa3HUKH
cTaHOBIATH Bin 15% mo 20% [1]. He3paxkarouwn Ha Te,
IO MOBEPXHEBI Mik03U (Iepmarodirii, KaHIUIO03 CIU-
30BHX O0OJIOHOK) € TIOIIMPEHUMH 1 3/1e01IBIIOTO JIETKO
MiAAI0THCS JIIKYBAaHHIO, HAHOUIBIY 3arpo3y CTaHOB-

nsTh iHBa3uBHI rprbKoBi iHdekuil (II'T). Yactora iHBa-
3MBHOTO KaH/W/I03Y BHUILA y AITeH, HIX y TOPOCIHX, 1
0COOJIMBO BHCOKa Y HOBOHapoJDKeHHX. OCHOBHHUMH
(dakTopamMu PU3HKY € TMPUHOM KiJTBKOX aHTHOIOTHKIB,
TIIIOKOKOPTHKOI/IIB, IIEHTPAJIbHI BEHO3HI KaTeTepH, Ia-
peHTepaibHEe XapuyBaHHS, IMYHOICIHPECis, HHU3bKa
Bara Ipy HapO/PKEHHI, KOJIOHI3allis rpudamMu Ta HeKpo-
TH3yl04ni eHtepokomit. [2,3]. Tomy paHHs niarHo-
CTHKa Ta CBOEYACHE NPOTUTPUOKOBE JTIKYBaHHS MalOTh
BUpINIaJbHE 3HAUCHHS, aJle € CKIIQJHUM 3aBJaHHSM Ye-
pe3 HewiTKi KIIHIYHI NpOsiBH, TOMY TOYHA IIEHTH-
¢ikamis 30yqHMKAa HeoOXigHA A BHOOPY BiINOBIf-
HOTO JIikyBaHHS [4].

Pe3ysabTaTH Ta iX 00roBOpeHHs:

IToBepxHeBi TpuOKOBi iH(EKIIi] BUKIHKAIOTHECS B
OCHOBHOMY nepmatoditTamMun (mampuxiam,
Trichophyton, = Microsporum) Ta  IpiLKIKaMHU
(Candida). ¥ HeMOBIAT mepeBakalOTh KAHIUIO3HI 1H-
(exii, Taki SK METOIMKOBUI AePMATUT 1 KaHIHI03 PO-
TOBOI MOPOXKHUHH, Y TOH 4ac SIK y IiJUIITKIB JacTile
PO3BMBAIOTBCSl CTPUI'YYWil JMIIaid CcTOm Ta Tija,
OHIXOMiK03 [6].

Crpuryuuii auiai BOJOCHUCTOI YACTHMHU TOJIOBU
MOX€E TPOSBIATUCA Yy pizHuX ¢opmax. DaByc -
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HaWOUThII Bakka (hopma, IO MPU3BOAUTH O YTBO-
peHHs pyOIIiB Ta HE3BOPOTHOI BTpaTH Bojioccs. Tpuxo-
(hITHYHUN TUI XapaKTepU3yeThCS YUCICHHUMHU IIpi0-
HUMH OCepeAKaMHU BUIIAIAHHS BOJIOCCS Ta iHBA31€I0 €H-
IOTpHUKCY (TpUOOK yCepedwHi BOJOCCA), TOMI SIK
MIKPOCIIOPHYHUI THUI TPOSIBIISIETHCS OUIBIINMH OCe-
peakamMyd Ta iHBas3i€l0 eKTOTpHKCY (TpuOOK Ha
30BHINIHIA TMOBEpXHI Boyoccs). | ocraHHs Qopma,
KEpiOH — 3anayibHa, 1110 XapaKTepU3yeThCs IMyCTYJIsp-
HUM (DOJIKYIIITOM y JIOKaNi30BaHil AUSHII IIKipH ro-
noBu. Le Baxkuil 1epMaTos, Mo XapaKTepU3yeThCs 1H-
TCHCUBHHM 3aITAJICHHAM, 1[0 IPOSBIAETHCSA XBOPOOIH-
BUMHM, YCPBOHMMH Ta HAOPSKINMHU YpaKCHHAMH
MIKIpH, SIKi MIPU3BOIATH O MOIIKOMKEHHS BOJIOCSHUX
(hoIikyIiB i 4acTO BHUKJIMKAIOTH PyOIleBe BWIANAHHST
BoJtoccs [6].

Mono indexuiit mxipu Ta HIrTiB, IPUYKUHOIO € T.
rubrum. I'puboK MPOSIBISIETHCS Y BUTIISAMI CYXHUX, Killb-
LEnOoIIOHUX, JTyCKaTHX ypaXKeHb LIKIpH, 110 3a4iNaloTh
cronu (tinea pedis), Tymy6 (tinea corporis), maxBuHHY
obmacte (tinea cruris) ta wirti (onixomiko3). Lli mpo-
SIBU, SIK MPABHJIO, MAlOTh BIHOCHO JIETKHi mepedir i
PO3BHUBAIOTHCS TOBUIBHO [6].

Kangumos - mommpeHa rpuOkoBa iHQEKIis y
ITeH, sfKa 4acTO KOJIOHI3Ye IIKipy Ta CIHM30Bi 000-
JIOHKW HaBiTh y 3M0pOBHX Jrojei. [lemomkoBuii KaH-
IUI03 3a3BMYad  TPOSBISETHCS  IOYEPBOHIHHSM,
HaOpsIKOM, Malepalielo Ta CaTeTITHUMU ITyCTYyJIaMHu,
0OMEXEHUMH 00JIacTIO MiATy3HUKA, ajle MOXKE IMOLIN-
pIOBATHCS 1 YTBOPIOBATH BHPA3KH Ta €PO3ii, 1110 BUKIIH-
KaloTh auckomdopt, Oute Ta cBepOik. Kanaunos no-
POXKHUHHU POTA - BAHUKAE FOCTPO 200 XPOHIYHO, 3a3BH-
Yyail y BHUIIISII OOJIICHUX, epUTEMAaTO3HUX abo OiMx
MICEBIOMEMOPAHO3HNX YPaKeHb CIN30BOI 0OOJIOHKH,
SIKi MOKYTb TIOIIMPIOBATHCS Ha TOPIIO [6].

TpamgumidaUE WAXiA OO MIaTHOCTHKH —Jep-
MaTOo(iTO31B B OCHOBHOMY IPYHTYETHCS Ha TPSIMOMY
MikpockomigHOMY pociimkerHi ([IMI) xrinigHOTO Ma-
Tepiaiay, KyJIbTYpaJdbHOMY JOCIHiPKEHHI TpuOiB Ta
MopdooriuHiil imeHTHdIKALIl BUIIICHUX MaTOTCHIB.
[Tpu BUKOpHCTaHHI KyJIbTypalbHOTO MeToay (IociB),
KyJIbTHBYBaHHs 'puOiB 3aiimMae Gararo 4yacy (1-5 Thx-
HIB) LI0 3aTPUMYE J1arHOCTUKY . B octanHi poku HaOyB
MOMYJISIPHOCTI METO/1 BUKOPUCTaHHS Jlamnu Byna, 3aB-
JUIKK CBOTH JTOCTYNHOCTI Ta HMPOCTOTI BUKOPUCTaHHS,
0co0JIMBO B 3aKJajax MEepBUHHOT MEJMYHOT IOTIOMOTH
Ta MeJiaTPUYHUX KJIiHIKaxX [6].

MeTonau, 3aCHOBaHI Ha IMOJIIMEPa3Hil JTAHIFOTOBIH
peakuii (ITJIP), Bce wacrinie BHKOPHUCTOBYIOTHECS B
JUArHOCTUIN JIEPMAaTOMIKO3iB 3aBISKH IXHIA 9yIOBId
YyTJIMBOCTI, CIIEIH(ITHOCTI Ta IIBUAKOMY OTPUMAHHIO
PEe3yNbTaTIB Y MOPIBHIHHI 3 TPAAUIIHHAMHA METOAaMHU
[6].

B okxpemmnx Bumagkax MoBEepXHEBi iH(eEKmii Mo-
KYTh BUKJIHMKATH iHBa3WBHI iH(EKIi, MOMHNpPEHICTh
SIKUX 3POCTAE, YACTKOBO Uepe3 301IbIIEHHS YUCIa TPYII
pusuxy [10].

InBasuBHI rpnOkoBi 3axBoproBanHs (1I'3) maroTh
BHUCOKY YacTOTy BHMHUKHEHHs Yy JiTell 3 remaro-
JIOTTYHUMHM 3JIOSKICHUMH HOBOYTBOPEHHSIMH Ta IICIIS
TpaHCIUIaHTAIli] FTeMOITOETUYHHUX CTOBOYPOBUX KIIITHH,
1110 3HAYHO MiJABMIIYE IMOKa3HUKU cMepTHOCTI. J{o oc-
HOBHHUX 30ymHUKIB BimHOCcATRCS Aspergillus, Candida

Ta HOBi HEacHeprilbo3Hi TUTiICHABI rpuOH. [HBa3UBHMIA
KaHIN/03 3a3BUYAN NPOSBISETHCS Y BHUIVISAI KaHIH-
nmemii abo remaTocIuieHOMeEraiii, Toal SK 1HBa3UBHUN
acIeprizpo3 NEepeBaKHO Bpakae HIDKHI JIHUXaJbHI
OUIIXH 1 BHKIUKaE OpOHXIT Ta THEBMOHIIO ac-
MIeprijbo3HOI €TiONOTil, 3a AKUMH CIIAYIOTh 1H(EKIil
Hoca Ta ueHtpanbHoi HepBoBoi cuctemu (LIHC). [lo
MOUIMPEHUX CHUMIITOMIB PECHIpPATOPHHUX aCIepriibo3-
HUX IHQEKIIH BITHOCATHCS KaIlIeib i 3aIUIIKa, KOPUY-
HEBO-YOPHI CJIN30BI ITPOOKHU Ta BiJKAIUTIOBAaHHS KPOBI
Y TSDKKHX BUIagKaxX. Acneprirso3si indeknii [THC mo-
XKYTh BUSIBIIITHCS] HE3BUYAITHUIMU TOJIOBHUMH OOJISIMH,
CyJOMaMH Ta TSXKKOIO BTPATOIO CBimoMocTi. [5,9].

Tpagumifina MikpoOiooTiss Ta TiCTOMATOJNOTIS
MIpY iHBa3MBHHUX I'PUOKOBUX iH(EKIisIX MalOTh CBOT 00-
MexeHHs. BpaxoByroum 1e, poOwimcs cmpoOu po-
3pO0OKM HOBUX METOMIB MiJBUILEHHS €()EeKTHBHOCTI
niarHoctukd. OCTaHHIM 4YacoM OCHOBHA yBara IpH-
JUISETBCS. HEKYJIBTYPAIILHUM METO/IaM BHSBJICHHS aH-
TUTEHIB Ta MOJIEKYJISIPHUM MeToaaM. Po3imupeHo Bu-
KOpPHUCTaHHSI METOJIiB BUsIBIICHHs anTUreHiB II'3 3a 1o-
ITOMOT 00 aHaizy 1,3-B-D-rimtokany Ta
raJakTOMaHHaHy, 3a SKHM IIOCTigyBana po3podka
eKCIPec-TeCTiB Ta iX MOETHAHHS 3 IHIIUMH JiarHO-
CTHYHUMH METOAAMH ISl MOAAIBIIOTO ITiJBHICHHS
e(pEKTHBHOCTI MIarHOCTHKHA. B ramys3i mMoiexymspHOi
JIarHOCTHUKHY 3'SBHJIMCS 1HILIATHBH IOJI0 CTAHAAPTHA3A-
i METO/IIB MOJTIMEPA3HOT JTAHIIOTOBOT PEAKIIil /IS BH-
SIBJICHHS TPUOIB Ta CTIHKOCTI 0 MPOTUTPUOKOBUX TIpe-
napariB, HoOBi miathopmu, Taki sk T2Candida
Biosystems, Ta TOCITiI)KCHHS B rajiy3i IpuOKOBOi MeTa-
resomiku [7,8].

BucnoBok: ['pu0OkoBi indekuii y niTeil xapakre-
PHU3YIOTBCSA 3HAYHUM KIIHIYHAM MOIIMOPQIZMOM —
BiJl TIOIIMPEHNX TOBEPXHEBUX JIEPMATOMIKO31B JIO TSK-
KHX 1HBa3UBHUX ()OPM 13 BHCOKOIO JICTAIBHICTIO Y TPY-
max pHU3WKy (HOBOHApPOJ/KCHi, MALI€HTH 3 IMyHOJHe-
(iTaMu, OHKOTeMaTOIOTIYHIMH 3aXBOPIOBAHHIMH).
Uepe3 HecmenuQpIvHICTh KIIHIYHUX MPOSBIB paHHA
JIarHOCTHKA 3aJHIIAETHCS CKIAMHOK Ta MNOTpedye
KOMILICKCHOTO miaxony. CydacHi MeToau Jraboparop-
HOI JIIarHOCTHMKH, 30KpeMa MOJIEKYJSIPHO-TeHEeTHYHI
(TIJIP) Ta Tectn Ha rpuOKOBI aHTUTEHH (TaJlaKTOMaH-
HaH, B-D-rirokaH), 3HAYHO MiABHUIYIOTH MIBHIKICTH 1
TOYHICTP 1eHTUdiKaLi] 30yaHuKa. Bukopucranus cy-
YaCHUX JIarHOCTHYHUX TEXHOJIOTIH CIpHs€e PaHHbOMY
MIPU3HAYCHHIO PalliOHAJILHOI IPOTUIPUOKOBOI Teparii,
110 TTOKPAIIly€e IIPOrHO3 3aXBOPIOBAHHS, 3HIDKYE PH3HK
YCKJIAJHEHb Ta JICTAIHUX HACII/KIB Y JIITCH.
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CLINICAL AND DIAGNOSTIC ASPECTS OF CONGENITAL AND ACQUIRED
CYTOMEGALOVIRUS INFECTION
(LITERATURE REVIEW)

Anomauisn:

Lumomeeanosipycna ingexyiss € nowuperow ipyCHOW IHQEKYIE, wo CMAHOSUMb 3HAYHY MeOUuKo-
coyianviy npooaemy, 0coOIUB0 Y 6ALIMHUX HCIHOK, HOBOHAPOOICEHUX MA NAYIEHMIE 3 IMYHOOe@IYUMHUMU CNA-
Hamu. Bpoodacena ma nabyma gopmu yumome2anosipycHoi inghexyii 6iOpisHAIOMbCs 3a MeXanizmamu nepedai,
KAIHIYHUM nepebicomM ma HACHiOKamu, wo 00YMOGII0E HeOOXIOHICMb IX YIMKO20 PO3MENCYSBAHHSI MA CBOEUACHOT
diaenocmuku. Bpoooicena yumomezanosipycrna inghexyis uHUKA€e HACIIOOK 6HYMPIUHbOYMPOOHO20 IHPIKYEaHS
na00a ma Modice NPOAGIAMUCA WUPOKUM CHEKMPOM KITHIYHUX CUMNMOMIG. 8i0 Oe3CUMNMOMHO20 nepebicy 00
MANCKUX 2eHepanizosanux ¢opm. Hanlbinbw xapakmepHumu npossamu € 3ampumka sHympiuiHboympoOHo20 po-
36UMKY, MIKpoyepaiuis, 2enamocnieHoMe2ais, HCOBMAHUYSA, MPOMOoyumoneHis ma xopiopemunim. Bascnueum
€ me, wjo HABIMb Npu OEICUMNIMOMHOMY nepedizy ¥ HEOHAMAIbHOMY Nepio0i MONCIUBULL PO3BUMOK 8i00AIeHUX
VCKAAOHEHb, 30KpeMa CeHCOHEe8PAIbHOI NPUSTLYXY8AMOCHI Ma 3aMPUMKU NCUXOMOMOPHO20 PO3GUMKY.

Habyma yumomezanosipycna ingexyis 3azsuuaii nepebicae 6e3cumMnmomto abo 3 makumu CUMNMOMAMU K
JIUXOMAHKA, 8MOMA ma 20108HUl Oinb. [liacnocmuka yumome2anogipycHoi inghexyii bazyemvcsa Ha KOMNIEKCHOMY
niox00i, Wo GKIIOYAE NPOBEOEHHS CEPONIOTUHUX MemODi8, A MAKOIC MOAEKYAAPHO-DI0ON02IUHUX MEeMO00i8 HACaM-
nepeo nonimepasnoi 1anyio2oeoi peaxyii ons eusenenns JJHK gipycy 6 6ionoeiunux piounax.

Abstract:

Cytomegalovirus infection is a common viral infection that constitutes a significant medical and social prob-
lem, especially in pregnant women, newborns and patients with immunodeficiency states. Congenital and acquired
forms of cytomegalovirus infection differ in transmission mechanisms, clinical course and consequences, which
necessitates their clear differentiation and timely diagnosis. Congenital cytomegalovirus infection occurs as a
result of intrauterine infection of the fetus and can manifest a wide range of clinical symptoms: from asymptomatic
to severe generalized forms. The most characteristic manifestations are intrauterine growth retardation, micro-
cephaly, hepatosplenomegaly, jaundice, thrombocytopenia and chorioretinitis. It is important that even with
asymptomatic course in the neonatal period, the development of long-term complications is possible, in particular
sensorineural hearing loss and psychomotor developmental delay. Acquired cytomegalovirus infection is usually
asymptomatic or with symptoms such as fever, fatigue and headache. Diagnosis of cytomegalovirus infection is
based on a comprehensive approach, which includes serological methods, as well as molecular biological meth-
ods, primarily polymerase chain reaction for the detection of viral DNA in biological fluids.

Knrouoei cnoea: yumomezanosipyc, 8pooicena ingexyis, Hosonapooiceni, habyma ingexyis, diacnocmuxa,
cuMnRmoMu

Keywords: cytomegalovirus, congenital infection, newborns, acquired infection, diagnostics, symptoms




«COLLOQUIUM=JOURNAL» #9 (27%), 2024 / MEDICAL SCIENCES 29

Marepiaau Ta MeTOIU: HAMH TIPOBEIACHHUNA OTJIST
JiTepaTypy Ha OCHOBI cTaTel, omyOIikoBaHUX y 06a3ax
nmaanx PubMed 3a ocranmni 10 pokiB. AHamizyBanach
aKTyaJbHa iHpOpMaMis MO0 KIiHIKO-TiaTrHOCTHIHIX
ocobnmBOCTEe BpoKeHOi Ta HAOyTOi IUTOMeTra-
JOBipycHOI iHDeKII.

Mertoro Hamoi poOOTH OyJIO y3aralbHEHHS CY-
YaCHHUX JAaHUX LIOAO KJIHIKO-IIarHOCTUYHUX OCOOJIH-
BOCTEH BPOKeHOT Ta Ha0yTOi IMTOMEraJoBipyCHOI iH-
(exmii, a TakoK BH3HAYEHHs HaiOUIbII iHpOpMATHB-
HHMX METOMIB Ii M1arHOCTHUKH.

AxrtyanpHictb:  [luTOMeranoBipyc — JOIUHH
(IMB), mo HamexuTh A0 POAWHU HEHPOTPOITHHUX
Oera-repriecBipyciB, MoXke iH(iKyBaTH Maiie BCi TUITH
KJIITHH, BKJIIOYAOYU €miTelialbHl KIITHHU CITKIBKH,
(hibpobacTi mepMH, MOHOIMTH/Makpodaru, Tiaji-
KOM's130B1 KIJIITHHH, HEHPOIUTH Ta KIITUHH TpodoOia-
cty [1]. IMB nepenaetbcs uepe3 npsimuit abo Henpsi-
MUl KOHTAKT 3 OIOJOTIYHHUMH DPiTUHAMHU, TAKUMHU SIK
KpOB, cedYa, CJIMHA, BariHAJIbHI BUIUICHHS, CICpMa,
IpyAHE MOJIOKO, 8 TAKOX TPaHCIUIaHTOBaHI oprauu [2].
Jlronuua € equHUM HOcieM Jroackkoro [IMB, sikwuii €
0COOIIBO CTICIU(IYHUM IS KOKHOTO BHIY, aJie MOXKE
BUKJIMKATH TPHBAJIi HEBPOJIOTiYHI yckiamHeHHS y 10—
15% 6ezcumnromanx [IMB-indexniit y moxmei [1].

OTtxe, LIMB-iH(ekis - e MHUPOKO PO3IMOBCIOA-
JKeHa BipycHa iH(eKIis, ska Bpaxkae mpudIm3Ho 40—
80% nacenenHs cBiTy. He 3Bakatouu Ha Taky BHUCOKY
NOMIMpPEeHicTh, Y OlnbinocTi Bunaakis LIMB-indexiis
nepebirae 6e3cCMMNTOMHO 3aBJSIKM €(eKTHBHIH iIMyH-
Hill BinmoBiai opradismy [3,4].

Pe3yabraru Ta ix o6roopennsi: LIMB-indexiis
MOXKe OyTH BpOJKEHOIO, TOOTO iH(IKyBaHHS BimOy-
Ba€THCS BHYTPIITHEOYTPOOHO Ta HaOyTOI - pH iHPIKY-
BaHHI Micisl HApO/PKeHH. BaxmiBuM € Te, 10 BpOJI-
kera LIMB-iH(ekmis BBaXXaeThCs MPOBIIHOIO Bipyc-
HOIO MMPUYMHOIO BHYTPIITHROYTPOOHOT 3arnberi mioaa
Ta BUKUAHIB [4-6]. Y Bumamky Bpomxenoi [[MB-
iH(eKIil mepenava Bipycy Bil MaTepi 0 Imioja Bimoy-
Ba€ThCs 4epe3 1H(IKYBaHHS TJIaJKOM SI30BUX KIIITHH
MaTKH Ta KJIiTHH JeluayaabHOI 000JIOHKH, a TAKOXK de-
pe3 B3aEMOJIII0 BIpyCy 3 pelenTopaMu KIITHH TpO-
(dbobmacta, mo 3abe3nedye HWOro TpaHCIUIAIEHTapHE
nporukHeHHs [3]. Ilepemaerscs Bpomxena [[MB-
iHGeKIs Big MaTepi A0 AWTHUHH IMiJf 4ac MEPBHHHOL
IMB-indexkuii marepi 3 yactoToro 61mu3b6k0 30% npo-
TSITOM TIEPLIOTO TPUMECTPY BariTHOCTI, 3pOCTAI0YH 10~
Hax 70% y Tperbomy TpuMecTpi. B Toii ke uac, mo-
CJIIJPKEHO, IO PHU3MK BUHHUKHEHHS YCKJIAQJHEHb MIJIS
3JI0pOB'S IJI0/Ia € HAUBHUIIMM ITpH 1H(iIKyBaHHI IJ10/1a B
MpeKOHIIEIifHOMY Tiepiofi [2], ne HMOBipHICTH mepe-
nadi indexrii oriHoeThcs mpubm3Ho 10 10%, Toxi K
y mepukoHnenmiiaomMy - 10 30% [7]. Jo MoxauBuX
KIIHIYHUX TposiBiB BpomkeHoi [IMB-indexuii Hame-
XKaTh TeTeXil, JKOBTSHHIISL, YpPaKeHHS TMEYiHKH,
XOpiOpeTHHiT, Mikpomedaris, 3aTpUMKa BHYTPIIIHBO-
YTPOOHOTO PO3BUTKY Ta remarociuieHoMeratis. Okpim
IIbOT0, MOKYTh CIIOCTEpIraTHCs K paHHi, Tak i Bijjia-
JIeHI YCKJIaJHEHHs, 30KpeMa CEHCOHEBpaJbHa IIpH-
TIIyXyBaTiCTh 1 HOPYLIEHHS HeHpopo3BUTKY [3,8]. Cen-
COHEBpaJlbHa BTpaTa CIIyXy € HaiyacTilluM JOB-
TOCTPOKOBMM  HacligkoM Yy Bpo/keHoro [IMB-
iH(EKIil y HEeMOBIIAT 3 MOIHUpeHicTio 10 15% [9].

Hab6yra [IMB-iadexiis gacTo mpoTikae 6€3cuMII-
TOMHO 200 3 HE3HAYHUMHU HECTEIM(PIYHUMUA CHUMIITO-
MaMHM TaKUMH K JINXOMaHKa, BTOMa Ta TOJIOBHHUM O11b.
Takox 9acTo MOXKYTh IIPOABIISATHCS CHUMITOMHE TOA10H1
JI0 TETIaTUTY: Hy0Ta, OJIFOBaHHS, OLTb Y )KHUBOTI, TEMHA
ceda, OUTh y cyrno0ax Ta »KOBTAHHI [6]. 3BHUaiiHO,
JlaTeHTHa iH(eKLis 0e3 OyIb-IKUX CUMITOMIB € OUTBII
mommMpeHow  cutyariero.  [IMB  3anmmaetscs
JIOBIYHUM BIpYCOM B OpraHi3Mi JIIOAMHU 1 MOXKe peak-
THBYBATUCSI B OYyAb-SIKUH yac, CIPUYMHAIOUH 3HAYHY
3axBoproBaHicTh [10].

IIpu wabytiit [IMB-iadekuii Bipyc mpoHHKae B
OpraHi3M depe3 emiTeNil cau30BuX 00010HOK. Ilicms
MIPOHUKHEHHS B OPTaHi3M BipyC CIIPHYMHSE ITEPBUHHE
YypaXXeHHS TAaKUX OPTaHiB, sIK IeUiHKa, CeNIe3iHKa Ta Jie-
reHi. [HTeHCUBHE pO3MHOKEHHS Bipycy B KIITHHAX, 30-
Kpema y GpidpobriacTax, renaToruTax i rIaaKuxX MioIu-
Tax, 3a0e31euye BUCOKE BipyCHE HABAaHTAXKEHHS B IIHX
opranax [3].

Jlns miarnoctuku BpopkeHoi 1IMB-iHdekrril 3a-
CTOCOBYIOTH BH3HaueHHs anTutin IgG ta IgM no [IMB
y BaritHoi. fkmo BusBIsIOTBCS IgM, noaaTtkoBo
omiHIOOTE aBinHICTh IgG mo LIMB. V Bumaaxy, xomu
IgG mozutuBHi, a IgM HeraTHBHI, HoHambIIe 0OCTE-
XKEHHs, K IIPAaBWJIO, HE NPOBOIMTHCS UEpE3 HU3BKY
HMOBIpHICTh HEUIOAABHHOTO a00 aKTUBHOTO iH(]IKY-
BaHHS.

ABINHICTE aHTUTII - i€ IOKa3HUK MIIHOCTI
3B’SI3Ky aHTUTIJIa 3 aHTUTCHOM. Br3HAYEHHS aBiTHOCTI
IgG nmae 3MOry OILIIHUTH MILIHICTh 3B’SI3Ky aHTHTLI Op-
ranizmy i3 [IMB: Hu3bKa aBiIHICTh BKa3y€e Ha HEJIABHE
a0o0 MoTOYHE 3apakeHHs, TOJI SK BUCOKA Ha NepeHe-
ceHy pawinre iHndekiio. ABigHicts aHTUTLI pu [IMB
IHTEpIIpeTyeThCS TaK: npH 3Ha4eHHX 30-40% BusHa-
YalOTh HU3bKY aBiJHICTb, IO CBIIYUTH IPO NEPBUHHY
LMB-ia¢dekmiro, 3a3Bu4aii y MeXax OCTaHHIX 3
MicsamiB; mnokasHukH 40-60%  pO3WIHIOIOTH  SIK
MIPOMIXHI, TOMY B TaKOMY BHIIQJIKy PEKOMEHIYETHCS
MTOBTOPUTH aHAJI3 yepe3 2—3 THKHI; SIKIIO X aBIIHICTh
nepesuiiye 60%, 1e BiAMOBiga€ BUCOKIHM aBigHOCTI i
BKa3ye Ha Te, 0 iH(eKIis Oyja mepeHeceHa paHilie
(nmonan 3—4 micsui Tomy).

[Monpu Te, mo OUIBLICTh KIIHIYHUX PEKOMEH-
Janiil po3riIsaalTh BiACyTHICTh IgM y BariTHOi sk
O3HaKy BIJICYTHOCTI HEJaBHbOI uu akTuUBHOI [[MB-
iHdeK1ii, a 0TKe, | HU3bKOT0 pU3NKY BpopkeHol LIMB-
ingpeknil mioga [11]. Haromicte "3010THM CcTaHmap-
TOM" JJIsI AIarHOCTUKH BHYTPIIIHBOYTPOOHOTO 1H(IKY-
BanHs [IMB e BusBnenns JJHK [IMB B amHioTHYHII
piAMHI METOJOM MOJiMepa3HOi JIAHIFOTOBOI peakIii
(TLJIP).

Hab6yrta [IMB-iH(ekis Takox MOXKe TiarHOCTY-
Batuch 3a gomnomororo ITJIP Ta BM3HAueHHSA cHeLu-
¢iuanx anTHTin KiaciB IgM Tta IgG. Busgsnenns IgM
MOJKE CBIIYUTH NPO NMEPBUHHY iH(EKIifo abo peakTu-
Ballif0, OJJHAK Leil MOKAa3HUK Ma€e OOMEXEHY CIIeIH-
(iUHICTH Yepe3 MOXKJIMBI XHOHOIIO3UTHBHI PE3yJIbTATH
Ta TPUBAILy NMEPCUCTEHII0 aHTUTUI. Busnauenns IgG
JI03BOJISIE BCTAHOBUTH (DaKT iH(IKYBaHHS B MHHYJIOMY,
a ormiHka aBigHOCTI IgG MOXe momomortu nudepeH-
LIIOBaTH HEJABHIO NEPBUHHY 1H(EKIiIO BiJ JaBHBOTO
indixyBanns [12].
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BucnoBok: Bpomkena ta HabyTa ¢opmu [[MB-
iH(eKIl MarTh CYTTEBI BiIMIHHOCTI y TaTOreHe3i,
KIIIHIYHOMY TIepebiry Ta IiarHOCTHIHHX METOMAAX, IO
BH3HAYa€ HEOOXiAHICTS iX HiTKO1 Audepenmiamii. Bera-
HOBIICHO, 1110 BpomkeHa [[MB-iHdexmis gacTo cympo-
BOJDKYETBCSl YPa)XEHHSIM LEHTPAILHOI HEPBOBOI CH-
CTEMH Ta BHCOKHM PH3HKOM BiIJaJICHUX HACIIIKIB.
HaGyra LIMB-indexuis 3a3Buyail cynmpoBOIKYEThCS
JIETKUMH CHMITOMAaMH TaKUMH SK BTOMA, T'OJIOBHHH
0inb Ta TxoMaHKa. MeTou 1IarHOCTHKY SIK BPOJDKe-
HOoi Ta Habyroi LIMB-indekuii XapakTepu3yroThCS
npoBeneHHsaM [1JIP Ta BH3HAYeHHS aHTHUTIT TIPOTH
IIMB.
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EVOLUTION OF BIOLOGICAL WEAPONS: FROM THE CLASSIC THREAT OF BACILLUS
ANTHRACIS TO THE MODERN VIRAL CHALLENGES OF THE FUTURE

Anomauisn:

Y emammi oocniosicyemocs esontoyis 6iono2iunol 36poi- 6i0 K1acuuHUX 6AKmMepiantbHUX a2eHmie 00 HOBIMHIX
sipycrux sukauxie. Ha npurxnaoi amax y CLLA 2001 poxy npoananizoearno nebesnexy cubipku ma npobiemy cmeo-
PeHHsI aHmubiomuxopesucmeHmuux wmamis. Y konwmexcmi ypoxie nanoemii COVID-19 poszensioacmocs cyuacna
smina napaouzmu 6iozaxucmy. Ocobnuesy ysazy npudineno gipycy Hinax (Nipah virus, NiV), sx 3azposi maiioymub-
020 («Xeopoba X»), wo noeoHye BUCOKY 1eManIbHiCMb, 30AMHICb 00 MACOB020 NOWUPEHHS MA GIOCYMHICIb
qikysanns. Iliokpecaeno kpumuuny Hebe3nexky 3acmocy8aHus Memooie Cunmemudnoi 6iono2ii Ons wmyyHoi mo-
ougbixayii namozenis.

Abstract:

This article examines the evolution of biological weapons: from classic bacterial agents to the latest viral
threats. Using the 2001 attacks in the United States as an example, it analyzes the danger posed by anthrax and
the problem of the emergence of antibiotic-resistant strains. In the context of the lessons learned from the COVID-
19 pandemic, the article examines the current paradigm shift in biosecurity. Particular attention is paid to the
Nipah virus as a future threat (“Disease X”), which combines high lethality, the potential for widespread trans-
mission, and the lack of a cure. The critical danger of using synthetic biology methods for the artificial modifica-
tion of pathogens is emphasized.

Knouosi cnosa: 6Gionoziuna 36pos; cubipka; Bacillus anthracis; aeposonvre szapascenns; siiicokosa
enioemionocis; anmubiomuxopeucmenmuicms; 6iozaxucm; ¢ipyc Hinax; Xeopoba X; acpomepopusm.

Key words: biological weapons; anthrax; Bacillus anthracis; aerosol contamination; military epidemiology;
antibiotic resistance; biosecurity; Nipah virus; Disease X; agroterrorism.

Mera JAOCJIIKeHHS ITpoananizyBaTtu Berym: Y npuponi  nereneBa  cubipka

eIiIeMi0JIOT19HI Ta 010TEXHOJIOTIYHI 0COOIUBOCTI KTa-
cuuHOi Giooriunoi 36poi Ha mpuknai Bacillus anthra-
CiS Ta OIIHUTH CyJacCHi TEHACHIlT MEUYHOTO 3aXHCTY
BiJl aHTHOI0TUKOPE3UCTEHTHUX MTaMiB. BogHodac mo-
CIIIUTH 3MiHYy TIapaJUrMHy rI00anbHOTO 0103aXUCTy i
OoOTpyHTYBaTH HOBITHI 3arpo3u MaiOyTHBOTO, TIOB'S-
3aHi 3 moteHmianom Bipycy NiV Ta pusukamu BUKOPH-
CTaHHS METOJIIB CHHTETHYHOI 010JI0Tii.

Martepiann Ta Meroau: [y NOIIYKYy JaHUX BU-
KopucToByBanucs kepena 3 (PubMed, Web of Sci-
ence, Elsevier ta Google Scholar). Bye 3actocoBanmuii
010110CEMaHTUYHUI Ta KOHCEITYAbUI METOIH.

3ycTpidaeThesl BKpail pifko, 3a3BHYal JIIOJIM XBOPIIOTh
Ha MIKipHY (GOopMy MiCiIs KOHTAaKTy 3 XBOPUMH TBapH-
Hamu. llosBa HaBiTP OJHOTO BHHAIKY JIETEHEBOI
(dhopmu cepen mrojiel, He TIOB'SI3aHUX 13 CUTBCHKUM TOC-
TOIaPCTBOM, ISl €MiIeMiOJIOTiB € MEePIIUM CUTHAJIOM
PO 3acTOCyBaHHs 6iosoriunoi 36poi [1].

Bumagok i3 3apaxkeHHsIM CHOIpKOIO CTaBCS Yy
CHIA B 2001 poui micns tepakty 11 Bepechs. Ilepma
Topuist JIMCTIB 31 criopamMu cUOIpChKOi BUpa3Ku Oyiia
posiciaHa 3a TWKAEHb dYacy. JlecATKH JIHCTIB
HamiWnuM B Kinbka odicie 3MI i nBoMm ceHaTopam.
CuOipchKOK BUPA3KOI TOMI 3apasuiiucs KidbKa
MIPALiBHUKIB MOIITH, [0 COPTYBAaJIH KOHBEPTH, 1 0hicHI
CITy)O00BIIi, SKi po30Hpaty KOPECIOHACHIN0. 3a JBa
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TIKHI  TIoOMep Yy  JiKapHi  >KypHajicT PobepT
CriBeHc, KA po3nevaTaB KOHBEPT. 22 JIFOAWHHA 3apa-
3UITHCS CHOIPCHKOIO BUpaskoio [2].

I'eneTnuHuii aHaJIi3 TOKAa3aB, 10 B JIMCTAaX BHUKO-
PHUCTOBYBaBCS TaK 3BaHUH mTaM Ames, SIKUH He € "au-
KuM'" 1TamMoM, BiH OyB €TaJIOHHUM 1 30epiraBcs B Jia-
OopaTopisix, 30kpema B IHCTHTYTI MEOUYHHX [O-
crimkenp iHbekuitaux xBopob apmii CLIA [3].

Kniniyna kapTuHa Oynla OUIbII pPi3HOMaHITHOIO
gyepe3 crenudiky KOHTAKTy 3i CIOpaMu. 3 JIBaALSATH
JIBOX TIATBEPIKCHUX BHUITAAKIB PIBHO MOJOBUHA MPH-
maja Ha JiereHeBy ¢opMy, a IiHIOIa TOJOBHHA Ha
MKipHY. Y MAaIi€HTiB 3 IHTaAMiHHAM 3apakeHHIM
CIIOCTEpIrajncs TNXOMaHKa, 03HOO Ta CHJIbHA BTOMA.
[IpoTe ronoBHOO 1IarHOCTUYHOIO 03HAKOIO, 110 ZI03BO-
IWIa aMEpUKAaHCHKUM JIIKapsM IIBHIKO BCTAaHOBHUTH
NpaBWJIBHAN JIiarHO3, CTaJl0 PO3MLIMPEHHS Cepeno-
CTiHHS Ta HAKOTIMYEHHS PIIMHH B IJIEBPaJIbHIN MOPOXK-
HUHI, sKi OyJlOo 4YITKO BHJHO Ha PEHTI€HIBCHKHX
3HIMKaX. 3aB/ISIKH BUACHOMY 3aCTOCYBAHHIO CY4acHOI
IHTEHCHUBHOI Teparlii JeTaJbHICTh IPH JereHeBiit Gpopmi
Baanocs 3Hu3uTH 10 45%. LlkipHa dopma, sika BUHH-
KaJia y JIIoZIe, 1o 0e3rocepeIHbo TOPKAUCS 3apaxe-
HHUX KOHBEPTIB, MPOSBISLIACS JOKaIbHO. CrouaTKy Ha
BIIKPUTUX JOUIIHKaX TiMa 3'IBIacs HEBEIHKa
cBepOIsTYa TUIsAMa, sIKa 3a KiNbKa IHIB IIEpPEeTBOPIOBA-
Jacsl Ha IMyXHUpenb. 3roJJoM BiH JIONABCs, YTBOPIOIOUN
XapakTepHy 0e300IiCHY BHpa3Ky 3 YOPHHUM HEKPOTHY-
HUM CTPYIOM y LIEHTpi Ta CHWJIbHUM Ha0psIKOM HaB-
KOJI0. YCi MamieHTH 31 WIKIpHOIO ()OPMOIO YCIHILIHO
OJTy>KalTi 3aBISIKK aHTHOI0THKOTEparii [4].

Y npUpOIHUX YMOBAxX CIIOPH CHOIPKH 3/1aTHI 3J1H-
MaTucs OJlHa 3 OJHOI 4Yepe3 CTaTH4YHY EJEKTPHKY i
MIBUAKO ocimaTh Ha 3emiro. 11{o0 BoHM TpuBanmii gac
BHCLIM B TTOBITPi y BUTIIAA1I HEBHIUMOI XMapH 1 IPOHU-
KaJ TIHOOKO B alIbBEOJIH JISTCHb HeOOXiTHA CKJIaTHa
TexHooriyHa 00podka. Y CIIIA, 3a taHUMH CITIiICTBA,
3aCTOCOBYBJIMCS CIENiaIbHI METOM OYHUIEHHS, 00
MOPOIIOK OyB MAaKCHMaJIBHO CHIyYHUM 1 JIETKO
poamitascst [5].

Araku 2001 poky y CIIIA 3mycunu ypsau po3po-
OWTH CydYacHI aJrOPUTMH MAaCOBOI MOCTKOHTAKTHOT
npodiJakTUKH, IHBECTYBATH MIJBSPAN Y JaTUUKU BH-
SIBJICHHsI O10JIOT1YHMX 3arpo3 y MOBITPI Ta MOCHIIMTH
KOHTPOJIb HaJl IATOT€HAMH T10/IBIHHOTO MPU3HAYECHHSL.

PesyabTaT gociigxeHHs Ta ix 00roBopeHHs:
CyuacHuii eTan po3BUTKY 6ioyoriyHoi 30poi nependa-
Yyae HE CTUIBKM IOUIYK HOBUX 30YIHUKIB, CKUIBKH
BJIIOCKOHAJIeHHs Bxke Bimomux. Xoua Bacillus anthracis
€ KIIACHYHHM areHTOM, ii HaliBHIIa cy4acHa HeOe3meKa
MOJISATAE y IiJIecTIpsMOBaHiil cemekIlii abo reHeTHyHii
Momudikamii AJIS CTBOPEHHS MYJIBTHPE3HUCTEHTHHX
mramiB. CTaHmapTHI BINCHKOBI Ta IIMBITEHI IPOTOKOIH
MacoBO{ MOCTKOHTAKTHOI MPOQITaKTHKN Y pa3i aepo-
30JIbHOT aTaK! 0a3yIOTHCS HA HETaifHOMY 3aCTOCYBaHHI
AHTHOIOTHKIB MeEpIIoi JIiHii, 30KpeMa (TOPXIHOIOHIB
(unnpodokcanmHy) Ta  TETPAUMKIIHIB  (JIOKCH-
ukiiny). [Ipore tabopatopHi 10CiPKEHHS JOBOSTS,
1o 30yJHUK CHOIPKH MOKE BiTHOCHO JIETKO HaOyBaTH
CTIHKOCTI J0 LMX TpemapartiB in Vitro. 3acrocyBaHHs
TaKoro MoAM(IKOBAHOTO LITaMy 31aTHE HiBEJIOBATH
e()eKTHBHICTh CTAHIAPTHOI BIICHKOBOI anTeyKH, 0 B

yMOBax 0OMOBHWX Jii MPU3BEE 10 HEKOHTPOIHOBAHOTO
3pOCTaHHS JETALHOCTI [6].

Y BiAMOBiAb Ha 3arpo3y 3aCTOCYBaHHSA aHTHO10-
TUKOPE3UCTCHTHHUX IITaMiB, CydacHa BiHCHKOBA ME/IN-
[HA Ta eMiIeMioJIoTis 3MICTHIN (DOKYC Ha ajlbTepHa-
TUBHI METOJU JIIKyBaHH, K HE 3aJIeXKaTh BiJl YyTJIH-
BocTi OakTepii 1o aHTHOi0THKIB. [IpOoBiAHUM
HanpsIMKOM CTaJI0 BUKOPUCTaHHS aHTUTOKCHHIB - pe-
KOMOIHaHTHUX MOHOKJIOHAIBHUX aHTHUTLII, TAKUX K
pakcibakyma0, siki 6e3nocepeHp0 OIOKYIOTH Ail0 Jie-
TaJIBHOTO TOKCHHY CHOIpKH B opraHi3mi [7].

Sxmo icropudHi mporpaMu 3 po3poOku Oionoriv-
HOi 30poi (hoKycyBanmcs Ha BHCOKOJICTANFHUX Oak-
Tepisx (cmbipka, dyma), TO CydacHi eIiJeMiOJIOTidHi
MIPOTHO3M BKa3yIOTh Ha 3MiHYy mapaaurmu. [ mobansHa
magaemiss COVID-19, xo4a i He € HaCIiAKOM 3aCTOCY-
BaHHS 010JI0T1YHOT 30pOT 32 KOHCEHCYCOM CBITOBOI Ha-
YKOBOI CIIJIBHOTH, CTajia Oe3MmperieICHTHUM "cTpec-Te-
cToM" s cucteM Oio3axucty. BoHa moBena, 1mio ige-
QIbHOMY 010areHTy CY4acHOCTI He OOOB'SI3KOBO MaTH
100% neranpHiCTh. BHCOKA KOHTAri03HICTh, HAsSBHICTD
0E3CUMIITOMHHMX HOCIiB Ta TpHBalIMi I1HKyOaliifHuUi
nepio; 37aTHI MEPEeBAHTAKUTH MEANYHY CHCTEMY,
BHUKITMKATH TAHIKY Ta 3aBIaTH KaTacTpo(]iuyHUX eKo-
HOMIYHHX 30HUTKIB ILTHM AepkaBaMm [§].

s 3mina mapagurmu oQiliifHO BU3HAHA HA PiBHI
BcecBiTHpOi opranizarmii oxoporu 3mopos's (BOO3),
sIka BBeJIa KOHLENLio «XBopodu X». Lleil TepMiH 1mo-
3HAYa€ TIMOTETHYHY IAaTOr€HHY 3arpo3y, IO 3JaTHa
BUKJIMKATH CEPHO3HY MIDKHAPOAHY eMiieMifo. 3 orsiny
Ha 1 (aKTOPH, OHIEI 3 HAWOIIBIIMX 3arpo3 Maii-
OYTHBOTO, SIKY HIKOJIU paHillle He BUKOPUCTOBYBAJIH SIK
30poro, ekcriepTu BBaxkaroTh Bipyc NiV. Ileit 300H03-
HUI Bipyc CTaOLIBHO BXOAWTH JO MPIOPHTETHOTO
circky BOO3 mo1o po3poOKku eKCTpeHnX 3aX0IiB pe-
aryBaHHs [9].

Bipyc Himax Bukmukae ocoOnuBe 3aHENOKOEHHS
BIICPKOBHX €ITiEMIOJIOTIB 3 MeKiTbKoX npuunH. [lo-
TepIie, BICOKA JICTANBHICTh TpH iH(IKYBaHHI CTaHO-
Buth Bim 40% 10 75% , PO3BHUBAETHCS TOCTPHIA
pecIiipaTOpHUii CHHIAPOM Ta BaXKWi eHuedair, mo
HaOmKae #oro 1o Bipycy Eoomna. [To-apyre, ciagaxu
B Iuaii Ta BaHrmagen miaTBepIHiIN 31aTHICTh BipyCy
nepenaBaTUcs BiJl JIIOJWUHMA JO JIIOJWHHM TOBITPSHO-
KPAIUIMHHUAM LISIXOM.

Icropryno mepmmii MacmTabHUN crnanax iH(ex-
uii y Manaii3ii nmposeMoHCTpyBaB 31aTHICTh Bipycy
iH]IKyBaTH CLIBCHKOTOCTIONAPCHKUX TBapuH. Lle mpu-
3BEJIO HE JIMIIE O JIIOJACHKUX XXEPTB, ajle i 3MyCHIIO
YPs 3HUIIUTYU [TOHA]] MUIBHOH TONIB CBUHEH. B ymo-
Bax TiMMOTETUYHOI O10JOTIYHOT BIHHU HJIECTIpSIMOBaHe
3apakeHHs TBAapPHHHUIBKUX KOMIUIEKCIB MOIiOHNM
30yIHUKOM 37]aTHE Tapaji3yBaTH IMPOJOBOIbUY 0e3-
nieky 1rinoi kpainu [10].

Cuenapiii, sKoro HaiOimbIIe TOOOOIOTHCS
eKcriepTa 3 010TepOpH3MYy € 3aCTOCYBaHHS METOJIB
CHUHTETHYHOI Oioyorii mms Moxudikamii moaiOHuX
BipyciB. lleli HanpsMOK Hayku BiZoMHH sK "m0-
CJTi/DKEHHS TTOABIHHOTO MpH3HAaYeHHA". 3IemICBICHHS
Ta JOCTYIHICTh Cy4YacHHX TEXHOJIOTIH pemaryBaHHS
CTBOPIOIOTH O€3MpEeLEeICHTHIH PU3UK TOTO, 1110 HeJllep-
’KaBHI aKTOpH 200 TEPOPUCTUUHI IPYIIH 3MOXXYTh BTPY-
YaTHCs y TEHETUYHUH KOJ MaTOreHiB. SIKIIO MTyIHO
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MOETHATH TIPUPOJHY JIeTalbHICTh Bipycy Himax i3
MiIBUIIEHAM DPiBHEM KOHTAario3HOCTI pecIipaTOpHHX
BipyciB (takux sik SARS-CoV-2), e ctBoputs 30yx-
HUK 3 allOKaJIIITHIHAM TTOTCHIIATIOM, IPOTH SIKOTO CY-
YacHI TPOTOKOJH EMiJeMiONOTiYHOTO CTPHUMYBaHHS
OynyTh abcomoTHO Oe3cmumu [11].

BucHoBok: IcTopuuHMi JOCBII YITKO MOKas3sye,
110 cUOipKa 3aJHINAeThCs HAI3BHYAHO HEOC3MEUHOIO
0i010TI9HOIO0 30pO€r0. SIKIO CrenianbHO MiATOTOBIICHI
CIIOPH PO3MIOPOIIUTH B TIOBITPi, BOHM BHKIUKAIOTH JIe-
rereBy opmy xBopoOu, sika 6e3 HeraifHOTo JIiKyBaHHS
Ma€ HaJJBUCOKY JIeTalbHICTh. ChOTO/IHI TOJI0OBHA HEOe3-
MeKa KIaCHIHUX OakTepialbHUX areHTIB MOJATae y
iXHIH MOXJHBIH nmabopaTtopHiii Moamdikarii. CTBo-
peHHS aHTHOIOTHKOPE3WCTEHTHHX INTaMiB 3IaTHE
HIBEJIIOBATH JiI0 CTAHJApTHHUX Mpenaparis, 10 3MYy-
HIy€e Cy4acHy MEJHULMHY IIyKaTH ajJbTepPHATHUBHI JIIKH,
30KpEMa aHTUTOKCHHHU.

Bopanouac rimobansHa napaaurma 0103aXucTy Kap-
JMUHATBHO 3MiHIOEThCA. CydacHi emiieMioIoriuHi mpo-
THO3M JIOBOJSTH, IO TINOTETUYHOIO 30pO€0 Maii-
OYTHBOTO MOKYTh CTATH HOBITHI 300HO3HI BipyCH, TaKi
gk Bipyc Himax. Po3Butok cumHTeTH4HOI Oioorii Ta
TEXHOJIOTi MOABIHHOIO NPH3HAYECHHS CTBOPIOE MOXK-
JIMBICTh IITYYHO MOETHATH BUCOKY JICTAIBHICTD TAKHX
BIpYCIB i3 IXHBOIO 3/IaTHICTIO MacCOBO ITOIIUPIOBATHUCS
MOBITPSIHO-KPAIUIMHHUM IIIsixoM. lle BuMarae Bif
MIXKHAPOAHOT CIUIBHOTH JOKOPIHHOTO MEpEryisiay ai-
TOPUTMIB €MiZIeMiOJIOTTYHOTO CTPUMYBaHHS Ta FOTOB-
HOCTI 10 TPUHIIMIIOBO HOBUX OI0JIOTTYHMX 3arpo3.
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LEVEL OF AWARENESS AMONG FAMILY DOCTORS REGARDING PEDIATRIC ALLERGOPAT
HOLOGY

Annomauusn:

B cmamuve npedcmasnenvl dannvie ananuza OCHOBHLIX (PAKMOPOE, OKAZLLEAIOWUX GIUSHUE HA KAYeCME0 OKA-
3aHUSL MEOUYUHCKOU NOMOWU OeMAM, CIMpPaoarowumu aiiepeudeckumu 3abonesanusmu. Ilposedennulii onpoc ce-
MeUHbIX 8payell NOTUKIUHUK NO360IUL NPUOMU K 3aKTI0UEHUI0, YUMo euje UMEIOMCsL PO HeOOCAmKO8 8 Op2aHu-
3AYUOHHBIX BONPOCAX BbIAGNICHUS, 83AMUSL HA YUem, JedeHus 0emell ¢ anriepeuldecKkumu 3a001e8anHusImMuy, peulenue
KOMOPbIX NO360JUM NOGLICUMb KAYECMB0 ALIeP20I0SULECKOU NOMOWU HA YPOSHE NEPEULHO20 36€HA 30PA800XPA-

HEeHUA.
Abstract:

This article presents an analysis of the main factors influencing the quality of medical care for children with
allergic diseases. A survey of family physicians at outpatient clinics revealed a number of organizational gaps in
the identification, registration, and treatment of children with allergic diseases. Addressing these gaps will im-
prove the quality of allergy care at the primary healthcare level.

Knwuesvie cnosa: ajiiepeuieckue 3a60ﬂ€6aHl/lﬂ, ()emu, cemetinbvie NOJUKIIUHUKU, cemelinble epavu, kaivecmeo

MeOUYUHCKOL NOMOUU.

Keywords: allergic diseases, children, family clinics, family physicians, quality of medical care.

Beenenne. OnHMM M3 aKTyaJbHBIX BOIIPOCOB
3[paBOOXPAHEHUS SBJIAETCS NOBBIIICHHE KauecTBa Me-
JUIUHCKOM MOMOIIHY, B TOM YHCIIE M B yUPEKACHHAX
MEepBUYHOTO —  aMOyJIaTOPHO-TIOJIMKIMHUIECKOTO
3BeHa [6,7,10]. B Hacrosiiiee Bpemst 00JbIIIOE BHUMA-
HHE B Y30€KHCTaHe yJesIeTcs] IOBBIIICHHIO KauyecTBa
OKa3bIBAEMBIX MEIUIMHCKHUX ycIyr. OCOOEHHO aKTy-
IBHBIM 3TOT BOIIPOC SIBISETCS JUIS JACATEIBHOCTH
yupexxaenuii [IMCII. Ha nanHOM 3Tame Hamu ObuIH
BBISIBJICHB! HEKOTOpBIe mpobiems! B CII cromuisr V3-
OekncraHa TO OpraHu3alud  NPOQUIAKTHYECKHX
OCMOTpOB JieTell ¢ 1enbio BeisiBiieHHsT A3. IIpaBmisHas
opraHuzaiys paboThl cCeMEHHBIX MOJIUKIMHUK B 3HAUH-
TENILHOM CTENeHW CIIOCOOHAa COKpAaTUTh 3aTpaThl Ha
JlanbHEHIe JieueOHble U peadMINTallMOHHBIE MEepo-
NpUATHST TpU  ajuleprudeckux 3adoneBanusax (A3)
[1,2,4].

Hens uccinenoBaHusi: BRIABICHHE OpPTaHU3AIM-
OHHBIX NPOOJIEM, C KOTOPBIMH CTaJIKHUBAIOTCSI Bpauu
amMOyJIaTOPHO-MIOJIMKIMHUYECKUX YUPEXKICHUIT 30HBI
TIMCII npu poBeicHUH CKPUHUHTA U TUCIIAHCEPH3a-
LMY JeTeN C aJNIepTUsIMU.

MaTepuaa U MeTOAbI HCCIEI0OBAHMA: IS aHA-
JM3a OPraHM3aIOHHBIX MPOOJIEM B CEMEHHBIX IOJIH-
KJIMHUKax OBLJIO MPOBEIEHO aHOHMMHOE aHKETHUPOBa-
Hue 60 ceMelHBIX Bpadyel CeMEHHBIX MOJUKIMHUK T.
TamkeHTa. AHKETHPOBaHUE HPOBOJIMIIOCH IO CIICIH-
QIbHO pa3paboTaHHOW aHKeTe. AHKETa BKIJIIOYaja B
ce0s 3 Oi0Ka BOIIPOCOB — AeMorpaduiecKie JaHHbIE,

cBe/leHUs 00 OpraHM3aluy MpreMa MalueHTOB H JIUC-
MaHCcepH3any OONBEHBIX ¢ A3 U TPYIIIBI PUCKA.

Bce onpomeHHbie HAMU Bpadd CEMEWHBIX OBLIH
JKCHIITIHBI CPETHIHA BO3PACT KOTOPBIX COOTBETCTBOBAI
42,4+1,7 ner. 13 obmiero 4rcia OMpoIIEHHBIX TOJIBKO
13,3% umernu crax paboTsl MeHee 10 JeT, y OcTambHBIX
crax O0bur 10 u Oonee set, cpeau Kotopbix y 21,7 %
ctax Obl1 Oonee 30 ner.

PesyabTaTsl uccnegoanusi: OnHoi u3 06s3a-
TEJIBHBIX COCTABJISIOIINMX KauyecTBa MEAMIIMHCKON MO-
MOIIIY B JIEYEOHO-TTOJMKIMHUYECKUX YUPEKICHUSIX SIB-
JIeTCA €€ pecypcHoe obecneueHne, KOTOpoe BKII0YaeT
00€eCIIeYeHHOCTh KauyeCTBEHHBIMHM KaJlpaMH, COBpe-
MEHHYIO MaTepHaIbHO-TEXHUYECKYI0 0a3y, ycClIoBHUS
paboTel Bpaded HX IICUXOJOTHYECKHH  craryc.

OnHUM 13 BaXKHEHIHNX (haKTOPOB, BIMSIOMNX Ha
Ka4ecTBO PadOTHI CHELHUAIMCTOB SBISIETCSI KOM(POPT-
HBIN IICUXOJIOTUYECKUI MUKPOKIMMAT, OJJHAKO TOJIBKO
41,7% pecnoHJAEHTOB OIICHUJIM €ro Kak OJarompusT-
HbIl. Ha oTCyTCTBHE B3aMMOIOHMMAaHUS ¢ KOJIJIEraMu
obpatmnu BHUManume 25,0% pecrnoHaeHTOB. Bonee
TpeTH pecrioHneHToB 35,0% He HaxoIAT O0IIero A3bIKa
1 TIOJJIEPKKH Y PYKOBOACTBA NOMUKINHUKY. CHIKaeT
MOTHBAIMIO K NOJTHOLEHHOMY TPYAY U HHU3Kas 3apa-
0oTHas IUIaTa, OCOOCHHO IIPH TOBBIMICHHON (hn3uye-
CKOM M mcuxojornueckoi Harpyske. Ilonmapmnsroinee
OospiHCTBO pecniongeHToB  90,0% ObuM  Heno-
BOJIBHBI CBOECH 3apaboTHOM rutaroit. Tpu ueTBepTH ce-
MeHHBIX Bpaueil (75,0%) oTMeTHaM HEJZOCTAaTOK Bpe-
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MEHH JIJIs1 OOIIEHHS ¢ OOJIHHBIM PEOSHKOM U €T0 POJIU-
TeasaMu. [IpakTHaeckn BCe Bpadd CBSA3AIU ITO C Upe3-
MEpHBIM KOJMYECTBOM 3aIOJIHAEMON MEANLHUHCKON
nmokymenrarun (95,0%). HeobxoauMo oTMETHTH, ITO
W B HACTOsIIEe BpeMs He y BCEX Bpadel MMEIOTCS KOM-
MBIOTEPBI HAa PaO0OYUX MECT, KOTOPEIC, TI0 MHCHHIO Bpa-
4eid, MOTJIM Obl YMEHBIIUTH PabOTy C TOKYMCHTaMHU.
IToutn nonosuHa Bpaueii (46,7%) B BULY UX 3aTPYyKEH-
HOCTH Ha pab0Te HE MOTYT yIICIUTh BPEMCHU Ha CaMO-
MOJITOTOBKY, a Oojiee TpeTh u3 Hux 36,7% moxanosa-

JUCh Ha HEIOCTATOYHOE KOJMYECTBO 00pa3oBaTelb-
HBIX TIPOTPaMM, B TOM YHCIIE TI0 aJUIEPTOJIOTHH.
PaccmatpuBast BOIpOCH HETIOCPEACTBEHHO BITH-
SIFOIIUE Ha KaYeCTBO TUCTIAHCEPU3AINH ACeTEH ¢ amiep-
romaroyiorueii (Tabin.1), HEOOXOIUMO OTMETHUTh, YTO
60 pecrioHAEHTOB JaJid B 00IIEH CIOXKHOCTH 254 OT-
BETa, TO €CTh KaXIbIil ceMelinbiii Bpad (CB) Ha3Ban 6o-
nee 4 (akTopoB, HETATUBHO BIIUSIOMIMX HA KAYeCTBO
OKa3aHHs JICUCOHO MPOGUIAKTUUCCKOW MOMOIIM Jie-
M ¢ A3.
Tabmuma 1.

DakTOopbl, BIAUAIOIINE HA KA4eCTBO JHCIIAHCePU3AIHH JeTell ¢ ajlliepruyecKuMu 3a00/1eBAaHUIMH 110 MHe-
HMIO ceMeiiHbIX Bpayeil MOJMKJIMHUK I. Tamkenra.

®axkrop Uucno | Yacrora Ha 100 pecnion-
OTBETOB JICHTOB
(n=60) (P<0,05)

[To3xHee obpameHne poauTeNeii ¢ JeTbMH 32 MEIUIIMHCKOW MOMOIIBI0 22 36,7+6,2

Huskuit 00beM IMArHOCTHYECKUX HUCCIIENOBAHNN B MOJMKINHUKE 41 68,3+6,0

TpynHocty B opopMIICHHN HaIpaBICHUS MarienTa ¢ A3 Ha KOHCYIb- 16 26,7£5,7

taruio B PHITITA3

TpynHocTH B 0OpMIICHHH Op/iepa Ha TOCITUTAIH3AIHIO 16 26,7£5,7

OTCyTCTBUE AJIIEProJIora B NOJUKIMHHUKE 54 90,0+3,9

He xauecTBeHHOE Tab0paTOpHOE 0OCITY:KHBAHHE 17 28,3+5,8

HepmocraTok nH(bOpMaMU 10 aJUIEPTrOJIOTHH 22 36,7+6,2

OTcyTcTBHE B3aMMOCBSI3U MEXAY YUPEKICHUSIMH, OTBEYAIOLIMMH 32 12 20,0+5,2

JICTIAHCEPHU3AIINIO OOJIBHBIX ¢ A3

HenocraTtouHasi OTBETCTBEHHOCTh POJUTENEH B OCYIIECTBICHUHU MEPO- 37 61,7+£6,3

NPUSATHH 110 PO UIIAKTHKE U JICYSHUIO peOeHKa

HenocrarouHast OTBETCTBEHHOCTH Bpaueil B OCYLIECTBICHUN MEPOIIPH- 17 28,3+5,8

SITUH TUCTIaHCepU3aluy peOeHKa ¢ aJlJIepronaTooruei

Bcero otBeToB 254 42:1

Ha mepBoe MecTo 1O 3HAYUMOCTH BBISBICHHS H
KadeCTBEHHON aucmaHcepu3anuu gereil ¢ A3 Bpaun
MOJMKIMHUKY TTOCTaBHIM HAIMYKE PAHOHHOTO ajuiep-
ronora. [To maennto 90,0% omnpoImeHHbIX OTCYTCTBUE
aJuIeproyiora B IEHTPAJbHOM MONMKIMHHUKE OTpHIA-
TEJILHO BIIMSIET Ha BEISIBISIEMOCTH U JJAJIbHEHIIIee JTede-
HHe 00JBHEIX ¢ A3. Hemocrarounas TexHuueckas ¥ Ii-
arHoCTHYecKas 0a3a MONMKINHUKA B 68,3% npuBOIUT
K TUIep- WIN THNonarHoctuke A3 U BEIHYXKIAeT Ia-
IHEHTOB OOpaIaTeCs B YaCTHBIC YUPEKACHUS,
PHCAILL u npyrue ydpexJIeHHs PpecIyOIUKaHCKOTO
MacmTaba, TJe 3Ta JUArHOCTHKA OCYIIECTBIISIETCS Ha
IUTATHOM OCHOBE, YTO B CBOIO OY€pEIb YMEHBINACT yPO-
BEHb 00paIaeMOCTH MAaIeHTOB C HAYaJIBHBIMU FITH
nerkuMu popmamu A3.

K cHmxeHHIO ypoBHS 00paIaeMocTy B crenua-
JM3UPOBaHHBIE YUpeXJeHUs B 26,7% ciydaeB criocoo-
CTBYET TPYIHOCTb (OOMIINE IOKYMEHTOB, PE30JIIOINI 1
3aTpaT BPEMEHHM IalMEeHTa) U 0(OPMIIEHHH HaIlpaB-
JICHWH Ha KOHCYJBTALMIO WIH OPJEpPOB HA TOCTIMTAIIN-
3aIH1I0 B TOCYIapPCTBEHHBIE CTPYKTYPHI. DTO MPUBOAUT
K TOMY, 9TO OOJIbHBIC HaNpsIMyI0 00paIIaroTcs B 4acT-
HBIE WIN PECIyOIMKAaHCKUE YIPESKICHUS C MTOCIEaAYIO-
MM JICYCHHEM U HaOJIIOJICHHEM Y HHUX, YTO 3a9acTyIO
MPHUBOJUT K BBIMAJCHHUIO JAHHBIX MAI[CHTOB U3 IO
3peHHs] NOJIMKIMHUK U B KOHEYHOM HTOTE CKPBIBAET
UCTUHHBIH pa3Mep NpoOJIEeMbl PacHpOCTPaHEHHOCTH

A3 cpenu neteii B MmacmTabax JaHHOTO palioOHA U BIIU-
S€T Ha IUITAHUPOBAaHUE MPOIIAKTHIECKUX MEPOTIPHS-
THH. DTOMY € MO0 MHEHHIO KaXKJOTro ISATOro Bpaya
(20,0%) cnocobcTBYEeT HU3KHH YPOBEHb B3aUMOCBSI3H
MEXAY YUPSKACHUSIMH, OTBEUYAIONINMH 3a AWCIIaHCe-
pu3auo OOJIBHEIX ¢ A3.

BakHBIM 3JIEMEHTOM AWCIIAHCEPH3ALMH TIPH JIIO-
60oM 3abosieBaHUM SIBJIAETCS JINYHAsI OTBETCTBEHHOCTh
Bpaueil B OCYIIECTBJICHUH MEpONpHsATHHA 1o npodu-
JIAKTHKE, BBIIBICHUIO, JICUCHHUIO M JalbHeHmemy
HaOJIOIEHUIO ManueHTa, ogHako 28,3% Bpaueil mpu-
3HAIOT, YTO B HACTOSINEE BPEMs 3Ta OTBETCTBEHHOCTh
HAXOJIUTCA Ha JAOCTaTOYHO HHU3KOM ypoBHe. OpmHako,
60bIIMHCTBO Bpaueit 61,7% CUMTAIOT, YTO K HU3KUM
TOKa3aTelsIM KayecTBa JUCTIAHCEPU3AlMU U yXyAlle-
HUIO COCTOSIHMS NalMeHTa, MPUBOIAUT HEJOCTaTOYHAs
OTBETCTBEHHOCTh M poxuteneil nerei 60ibHBIX A3 U
caMuXx JieTeil. DTo MposIBIIsieTCs] B HEOPE)XKHOM OTHOIIIE-
HUHM K BBITIOJIHEHHUIO TIPEIIMCaHni Bpaya (He peryJssip-
HOCTh TIOCEIIEHHsI Bpada, 3JEMEHTHl CaMOJICYCHHS,
HapyImeHne AueTs u 1p.). OueHp gacTo 3aboeBaHue y
pebeHka THarHOCTHPYETCs B MO3IHUX CTaAUAX HIMEHHO
moTomy, 4to 36,7% OONBHBIX 00pamaroTcs 3a IOMO-
IO K Bpady MO3/HO.

Jnsa onpeneneHus ypoBHS MH(GOPMHPOBAHHOCTH
Bpaye B BONPOCax MpOopHIaKTHKH, TUATHOCTUKH H Jie-
YeHUsI NaMeHToB ¢ A3 HaMy OBbUIM 3aJaHbl HAIIUM pe-
CIIOHJICHTaM COOTBETCTBYIOIINE BONPOCHI (TaldlI. 2).
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Tabmmma 2.

Yposenb undpopmupoBanHocT CB ceMelHbIX MOJUKIUHUK I'. TalikeHTa.0 ajjiepruyeckux 3adojieBa-
HMAX Yy AeTei

YactoTa npaBUiIbHBIX
Yucno npa-
otBeToB Ha 100 pecnioH-
OtBeTHI BUJIBHBIX OT-
BETOB JICHTOB
(n=60) (P<0,05)
Uro takoe ISAAC 35 58,3+6,4
Yro Takoe aTOMUYCCKUI MapIll 43 71,7£5,8
Yro Takoe nepeKpecTHast ajiepris 28 46,7+6,4
Kak npoBonisiTcst KOXKHBIE IPOOBI 56 93,3+3,2
I'e npoBoAsITCS NPOBOKAIMOHHBIE POOBI 31 51,7+6,3
UT0 TaKO€ 3IMMUHALMOHHEIN TECT 35 58,3+6,3
Kaxwue MPOYKTEI HauboJiee 4acTo BHI3BIBAIOT MHUIIEBYIO ajuiep- 35 58.346.3
THIO Yy JIeTed
Kakue yupexaeHus B ropoie OCyIeCTBIISIOT AUATHOCTHKY U JIe- 43 71,7458
yeHue O00JIbHBIX ¢ A3
CpenHnii ypoBeHb IPaBUIBHBIX OTBETOB 63,8+1,8

Onpoc CB (cemelHbIH Bpay) MOKa3all CPEIHIOI0
MH()OPMHUPOBAHHOCTH Bpayell B BOIpOCaxX ajuieproma-
Tonoruu. Tonpko Ha Bompoc «Kak mpoBomsTCs KOX-
HbIe TIPOOB» OBUTO MoMy4deHo 93,3% NpaBHIBHBIX OT-
BeToB. UTO Takoe aTommueckui mapml 3Hamu 71,7%
Bpauel. C MOHATHEM NEPEKPECTHOW alsIEepruu 3Ha-
KOMBI TOJBbKO 46,7% pecnioHaeHToB. C MEXIyHapO.I-
Hoil mporpammoii BeisiBneHust AP u BA ISAAC, nons-
THEM 3TMMUHAIMOHHOTO TeCTa M TeM KaKHe MPOTyKTHI
HanOoJiee 4acTO MPOBOLUPYIOT MHIIEBYIO alICPrHIO
npaBUiIbHO oTBeTHNIN 58,3% pecnionneHToB. CpenHuil
ypOBEeHb MH()OPMUPOBAHHOCTH CEMEHHBIX Bpadel 1o
BCEM BOIpOcaM 00 alIepronaToioTHH COCTaBUI 63,8.
Henocrarounass mHGOPMUPOBAHHOCTh NMPAKTHYECKUX
Bpadeil ceMeHBIX MOJUKIMHUK B TpobieMaTnke A3,
1o MHeHHI0 36,7% caMux CrieMajucToB, CBsI3aHa C He-
JIOCTaTOYHBIM KOJIMYECTBOM OOYHaIOMIMX MPOTPaMM U
MH(OpMALIUH 110 AJUIEPTHAM Y NETEH, UMEIOLINXCS B UX
pactopsKEHUH.

OTcyTcTBHE AIIeproI0rOB-UMMYHOJIOTOB B MHO-
TrONpOHIBHBIX CEMEHHBIX MOJHKINHUKAX, BBIHYX-
JlaeT CEeMEMHBIX Bpauel HanpaBIsTh JETEN ¢ MO03pe-
HHEM Ha aJUIepru ISl CHeUU(pUIECKOH TUarHOCTUKU
U JIeYCHUS B Jpyrue ydpexaeHus. M3 oOmiero umcia
00NBHBIX, OOPATUBIINXCS B TEPPUTOPUAIBHBIE TTOJIHU-
KIMHUKK 110 TioBony A3, 61,7% Obuin HampaBiieHbI B
PHCAILI; 20,0% B yacTHbIE AMArHOCTUYECKUE LIEHTPHI;
B cranuoHaps! 13,3% u B npyrue HayyHO-IpaKTHU4e-
CKH€ LEHTpbI U KIMHUKUA By3oB 5,0%.

Baxnyro poip B npouiiakTHKe 1 paHHEM BBISB-
neann A3 WrpaeT NMpocBeTHTENbCKas pabora cpean
Hacenernsa. ®30XK sBnsercs o6s3aTenbHON HyHKINEH
Bpadeil B MEPBHYHOM 3BEHE 3/paBOOXpaHeHHs. Bce
OTIPOIICHHBIE OBLIIM COTTIACHBI C TEM, YTO MIPOBEICHUE
MacCOBBIX MEPOIIPUATHI 110 IIpONIAraHe 3HaHUM Cpelu
HaceJieHHusT 1Mo BompocamM A3 SBISIOTCS OJHOW W3
HanOosee AEHCTBEHHBIX Mep IO MPOQHIAKTHKE JaH-
HOW TAaToJIOTHMHM JeTcKoro Bo3pacta. K cokaneHuro,
TOJIBKO 68,3% Bpaueil IpOBOAUIN MACCOBBIE MEPOTIPH-
atus (Oecepl U JICKIUK) 110 JTaHHOW TeMaTHKE Cpeau
JKUTeAed Maxannu. B opraHM3anuu npaBUIBHOIO
yX0Jla U MUTaHUSA JeTel U3 IPyNIbl pUcKa pa3BuTHs A3
WIN QJUIEPTHKOB OONBIIYIO POJIb UTPACT MPABHIbHAS

MOJITOTOBKA YJIEHOB CEMBU MAIlEHTa B JaHHOM BO-
mpoce. MakcuMaibHO prUeMIIeMoii (opMOii Takoit pa-
00TEI sIBIIsIETCS KypcoBoe obyuenne B «lllkomne ammep-
THW», OJHAKO Takas ¢opMa paboOThl CYIIECTBYET
tonbko B PHCAILL u Tonsko 38,3% U3 onpoleHHbIX
Bpadel HaNpaBISIIN TyAa AETEH U3 IPYIIBI PUCKA WIIH
OOJIBHBIX C AJIEPTHSIMHU.

BreiBoabI: TakuM 00pa3oMm, Ha Kaue€CTBO OpTaHH-
3aluK MPOGUIAKTUKY, IUATHOCTHKH M JaIbHEHIIero
JIeUeHHUs, U HaOIIOAEeHHUs 3a JeThbMU ¢ A3 B IOJUKIIH-
HUKaX HanOoJIbIlIee BINSHIE OKa3bIBAIOT:

- OTCYTCTBHE AETCKHX aJUIeprojiorOB HAa YpPOBHE
paliOHHOTO MEIMIIMHCKOTO O0BEAMHEHNS;

- HU3Kasl 3aMHTEPECOBAHHOCTh 1 HH(POPMHUPOBAH-
HOCTH Bpaueil B BONPOCaX PaHHETO BBIABICHUS U JIUC-
NaHcepU3allK JeTel ¢ JaHHOW MaTONIOTHeH;

- HEJOCTaTKM B O0CJIEIOBaHWM MAalWEHTOB Ha
YPOBHE NEPBUYHOTO 3BEHA B PE3YJIbTaTe HU3KOU TeX-
HUYECKOI OCHAIIEHHOCTH;

- OTCYTCTBHE COOTBETCTBYIOIIMX INPOrpaMM II0
BBISIBJICHUIO (PaKTOPOB PHCKA Cpen OepeMEeHHBIX U PO-
JUTEeJeH C TeThMU MIIQICHIECKOTO BO3pacTa.

- HEJIOOIICHKa POJUTENISIMH OCHOBHBIX (DaKTOPOB
pUCKa JTaHHOW IaTOJOIMM, HAauyalbHbIX IPOSBICHUI
00e3HH, HapyIIeHUs MPEIIHCAaHHOTO peXuMma Jede-
HUS ¥ BOCTIUTaHHA peOeHKa ¢ A3;

- HU3Kasi MEIUIMHCKAsl aKTUBHOCTb ¥ MH(OPMHU-
POBAaHHOCTb POJUTENEH.
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FEATURES OF CELLULAR IMMUNITY IN CHRONIC VIRAL INFECTIONS (HIV, HBV, HCV)

Anomauis.

Xpowniuni ipychi inghexyii, 3oxkpema B, ¢ipyc cenamumy B (HBV) ma sipyc cenamumy C (HCV), saruuua-
FOMbCsl OOHIEI 3 NPOBIOHUX MEOUKO-COYIANbHUX NPOoDIeM cyuacHocmi. Bonu xapakmepuzyiomscs mpusaium nep-
CUCTYBAHHAM GIPYCY 8 OP2AHI3MI MA (OPMYBAHHAM CKIAOHUX MeXaHizmie iMyHHOI Oucpeeyrsayii. Llenmpanvuy
PO Y KOHMpOTi 8ipycHoi inghekyii gidiepae knimunnutl imyrnimem, 30kpema CD4+ ma CD8+ T-rnimgpoyumu, NK-
KAIMuHYU ma aumueennpesenmyioui kuimunu. Ilpu xponizayii ingexyii 6iodysaemucs sucnaxcenns T-kuimum, 3Hu-
JHCEHHS IX PYHKYIOHANLHOT aKMUGHOCME Ma po36umok iMyHHoi monepanmuocmi. Ocodnuee 3HaueHHs Maoms npo-
yecu excnpecii ineibimopnux peyenmopie, maxux sik PD-1, CTLA-4, wo npueniuyroms npomusipycny ionogios.
Takooic 8ax)ciusuUMu € 3MiHU YUMOKIHO8020 NPOQINIo, 3CY8 Y OIK IMYHOCYNPECUBHUX PEaKyill ma NOPYULeHHS KO-
onepayii Migc KIiMUHHUMU JaHKaMUu iMynimemy. Po3yMiHHA yux Mexauizmie € Karouo8um 071 po3poOKU HOBUX
mepanesmMuyHUX cmpameziti, BKII0YAIOYU IMYHOMEPANIio.

Abstract.

Chronic viral infections such as HIV, hepatitis B virus (HBV), and hepatitis C virus (HCV) remain a major
global health concern. These infections are characterized by persistent viral replication and complex immune
dysregulation mechanisms. Cellular immunity plays a central role in viral control, particularly involving CD4+
and CD8+ T lymphocytes, natural killer cells, and antigen-presenting cells. Chronic infection leads to T-cell ex-
haustion, reduced functional activity, and the development of immune tolerance. The expression of inhibitory re-
ceptors such as PD-1 and CTLA-4 is crucial in suppressing antiviral responses. Additionally, alterations in cyto-
kine profiles and impaired cellular interactions contribute to disease progression. Understanding these mecha-
nisms is essential for the development of novel therapeutic strategies, including immunotherapy.

Knrouosi croea: xnimunnuti imynimem, BLI, HBV, HCV, T-izimpoyumu, imynna 6ionogiov, imynna moie-
PAHMHICMb, BUCHANCEHHS T-KIimuH, Yyumokinu.

Key words: cellular immunity, HIV, HBV, HCV, T lymphocytes, immune response, immune tolerance, T-cell
exhaustion, cytokines.

XpoHiuHi BipycHi iHpEKIii CTAaHOBIATH CEPHO3HY
npobiieMy cydacHOI MEAMIIMHM uepe3 31aTHICTh
BIpYCiB YHHMKAaTH IMyHHOTO KOHTPOJIO Ta TIEPCHUCTY-
BaTH B OpPraHi3Mi NpoTsAroM TpuBasoro yacy. Oco0-
nuBe Miciie cepen HuX 3aiimaiots BIJI, HBV ta HCV,
SIKi XapaKTEePU3yIOThCSI CKIIATHOI0 B3aEMOJIIEI0 3 iMYH-
HOI0 CHCTEMOIO, IO MNPU3BOJAUTH 10 (OPMYyBaHHS
iMyHHO{ TUCOYHKIIIT Ta POTPeCyBaHHS 3aXBOPIOBAHHS
[1]. KimtowoBy posib y MNpOTHBIpYCHOMY 3aXHCTi
Bilirpae KJIITHHHUN IMyHITeT, SIKUH Bitovae T-mimpo-
IIUTH, TPUPOAHI KUJIEPHI KJIITHHH Ta aHTUT €HIIPE3CHTY-
104l Kt [2].

VY roctpiii ¢azi BipycHOI iH(pEKLii aKTHBYETHCS
MOTY’KHA KJIITHHHA IMyHHa BiJIIIOBi/Ib, sIKa CIIPSIMOBaHa

Ha eniMiHali iH}ikoBaHuX KIiTHH. CD8+ muToTOK-
cryHi T-nmiM¢pouuTH po3mi3HAIOTH BipyCHI aHTHICHH,
MIPE/ICTaBICHI MOJIEKYJIaMH TOJIOBHOT'O KOMILIEKCY
ricrocymicHocTi | Kiacy, Ta iHAYKYIOTH aIlonTo3
iHdpikoBanux kiiTHH [3]. CD4+ T-xenmnepu BixirparoTh
JIOTIOMi1XHY POJIb, CTUMYJTFOIOYH TIPOAYKIIIFO IUTOKIHIB
i miarpumytoun pynkiito CD8+ kiitus [4]. [IpoTe mpu
nepexoxi iHGekmil y XpoHiuHy (hopMy ePEeKTHBHICTh
1i€l BiAMOBI i 3HAYHO 3HIKYETHCSI.

OpnHi€0 3 KIIOYOBUX OCOOJIIMBOCTEH XPOHIYHHX
BipycHuX iHdekuiil € peHoMeH BucHaXKeHHS T-KITiTHH.
BiH xapakTepH3yeThCs MOCTYIIOBOIO BTPATOIO IPO-
niepaTUBHOT 3aTHOCTI, 3HUKCHHAM IPOIYKIIii iHTep-
¢depony-y, TNF-o Ta iHIIMX HUTOKIHIB, @ TAKOXK ITiABU-
IIEHOI0 EKCIIPECI€r0 1HTIOITOPHUX PEIEenTOPiB, TAKUX
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sk PD-1, CTLA-4, TIM-3 [5]. Le# nporec g00pe omm-
canmit npu BIJI-iHdexrtii, ae crocTepiracTbes mporpe-
CUBHE 3HIDKEHHA KimbkocTi CD4+ T-nmimdonuTis i mo-
pymenas ¢ynkuii CD8+ kit [6].

I[Ipu HBV-iadekuii iMyHHa BiAMOBiIE 3HAYHOIO
MIpOI0 BHM3HAua€ pe3ysbTaT 3aXBOPIOBaHHA. Y pasi
e(eKTUBHOT BIiANOBiAI BinOyBa€eThCsl KIIIPEHC Bipycy,
TONI SIK MpH HEMOCTaTHiW akTwBamii T-kimiTwH Qop-
My€eThCsl XpoHiuHa iH(ekis [7]. Y Takux MmamieHTiB
CIIOCTEPIraeThbcsl 3HWKEHHS (DYHKI[IOHAJIbHOI aKTHB-
Hocti CD8+ T-miMQomuTiB i 3MEHIIEHHS MPORYKIIil
npoTuBipycHUX IUTOKIHIB [8]. [TomiOHI MexaHi3MH Xa-
paxtepHi i s HCV-iadexkuii, ne Bipyc 3maTHHIA yHH-
KaTH IMyHHOTO KOHTPOJIO HUITXOM MYyTalliil i mpu-
THIYeHHS KJIITHHHOI BiamoBizi [9].

BaxxnmmBy ponb y po3BHTKY XpoHIUHOI iH(eKii
Biflirpae mopyuieHHst GpyHKIii aHTHICHIPE3CHTYIOUHX
KJIITUH, 30KpeMa neHapuTHuX kimithH. [Ipu BLJI Ta
HCV cnocrepiraerbest 3HHKEHHS iX 30aTHOCTI 10 Tpe-
3eHTallil aHTUTreHy Ta aktuBarii T-mimdoruris [10]. Le
NPU3BOAMTL 10 HEMOCTAaTHBOI IHIIiAIil iIMYHHOI
BIJITIOBIIi Ta CTIPHSIE IEPCUCTEHIIIT BipyCy.

NK-KkTiTHHE TakoXX 3a3HAalOTh (YHKIIOHATHHHUX
3MiH NIPH XPOHIYHUX BipycHUX iH(peKuisx. Boru mo-
KYThb BTpadaTH IIMTOTOKCHYHY AaKTHBHICTE a0bo
3MIHIOBaTH TPOQie penenTopiB, MO BIUIMBAaE Ha iX
3IaTHICTH po3mi3HaBaty iH(dikoBaHi kit [11]. [Tpu
BUJI-in¢exuii onucano aucOanaHc MiX aKTUBYIOYHMHU
Ta IHrIOITOPHUMHU CHTHAJIAMH, 1110 TPU3BOMUTH J0 3HH-
sxeHHs eexTuBHOCTI NK-Kkmitun [12].

L{urokiHoBUH MPodisib MPU XPOHIYHUX 1HPEKIIAX
TaKOX 3a3HA€ CYTTEBHX 3MiH. BinOyBaeThes 3cyB y Oik
IMYHOCYNIPECHBHUX IMTOKIiHIB, Takux sk IL-10 Ta
TGF-B, mo npurHivyOTh KIITHHHY IMYHHY BiJIOBiIh
[13]. OmHOWacHO B3HMXKYETBbCA MPOAYKIis iHTEpde-
POHIB, sIKi € KIIOYOBHMH MEIiaTOpaMU IMPOTHBIpYyC-
Horo 3axucty [14]. Takuit aucOanaHc Crpuse miaTpHU-
MaHHIO XpOHIYHOTO 3allaIeHHs Ta BIpyCHOI IEPCUCTEH-
.

Oxpemy poiib y (OpMyBaHHI XPOHIYHOT BipycHOT
iHekuii BiAirparoTb MeTadoNi4YHI 3MiHM IMYHHHX
KkiIiTiH. Y HOpMi aktuBaiis T-1iM(OIHUTIB CynpoBoI-
JKYETHCSI IEPEXOIOM JI0 TIIKOJITHYHOIO METaboi3My,
mo 3abesnedye I1X MBUAKY mnpomidepaiio Ta
edextopHi ¢yHkiii. [IpoTe npu TpuBamii aHTUTECHHIH
CTUMYJIALI, XapaKTEepHiH Uil XpOHIYHMX IH(EKUiH,
BiIOYyBAa€THCS META0ONiYHE BHCHAKECHHS KIIITUH, 3HU-
JKEHHSI MITOXOHIpianbHOi (QYHKIII Ta HOPYIIEHHS
eHepreTnyHoro Oanancy. lle nomaTkoBO 0OMeEXye
3[aTHICTh IMYHHOI cHUCTeMH e(EeKTHMBHO KOHTpPOIIIO-
BaTH Bipyc.

Ocob6muBe 3HaYCHHS MAa€ POJb PeryysaTopHux T-
kiaituH (Treg), sKi MPUTHIYYIOTH IMYHHY BiAIOBiZb i
CHPUSIOTH PO3BUTKY IMYHHOI TonepaHTHOCTI. Ilpm
HBYV ta HCV iX KiTbKICTh 1 aKTUBHICTH 3pOCTAIOTh, 110
ACOIIIOEThCSA 3 XpOoHi3atieto iHdekmii [15]. Ananorivni
3MiHM crioctepiratotecs 1 npu BUJI, e Treg mMoxyTh
oOMexyBaTn e(eKTHBHICTh MPOTUBIPYCHOI BiAMOBIAi
[16].

Baxnmeum acniexktoMm iMyHHOI nucyHKUIT € Ta-
KO’ 3MiHH Y (hopMyBaHHI iMyHoJ0Ti4HOT 1am’siti. [1pn
XPOHIYHUX BIpYCHHX IH(EKLisX mopyumyerbes nude-
peHITialis AOBroKMBYYHX TaM’sITeBUX T-KIITHH, IO

3HIDKYE 3IaTHICTh OPTaHi3My JI0 IIBUAKOI Ta €()EeKTHUB-
HOI BIANOBiAI TNpW TOBTOPHIM axkTUBaIli Bipycy.
3aMicTe IIPOTO TEPEBaXKAIOTh (EHOTHIIN KIITHH i3
O3HAaKaMH BHCHAXCHHS, IO OOMEXye TpHBaIMil 3a-
XHCHUH IMyHITET HaBiTb 32 YMOB YacTKOBOTO KOH-
TPOJIIO BIpYCHOT perutikarii.

MexaHi3MH IMYHHOTO BHCHa)XEHHSI aKTHBHO JIO-
CIIIJKYIOTBCSL Y KOHTEKCTI HOBHX TE€PaleBTUUHUX ITiJI-
xoziB. OJTHUM i3 IEPCIIEKTUBHUX HAMIPSIMKIB € OJI0Kaa
inribitopaux peuentopis, 30kpema PD-1/PD-L1, mio
no3Boisie BimHOBUTH (yHKIito T-wmitua [17]. Taxki
MiIXOTN BXKE BHKOPHCTOBYIOTHCS B OHKOJIOTII Ta MO-
CTYIIOBO BHBYAIOTHCS IIPU XPOHIYHUX BipYCHUX iH(EK-
misx [18].

BUI-indexmis xapakTepu3yeTbesl TITHOOKHM ypa-
KEHHSIM IMyHHOI CHCTEMH, 110 MPOSIBISIETHCS MPOTPE-
cytounM 3HmkeHHIM CD4+ T-mimdouuTiB i po3Bur-
KoM imyHozediuuTy [19]. AHTHpeTpOBipyCHa Teparis
JIO3BOJISIE YaCTKOBO BiJHOBUTH IMYHHY (YHKIIifO, OJI-
HAaK MOBHOTO BiJTHOBJICHHS KJIITHHHOI'O IMYHITETY J0-
ciartu ckiaagHo [20]. Tlpu 1mboMy 30epiraerbest cTaH
XPOHIYHOI IMyHHOT aKTHBallil, 110 HETATUBHO BILIMBAE
Ha nporHos [21].

HBV-ingexkmiss xapakTepu3yeTbCs  CKIAIHOIO
B3a€EMOJIIEI0 MK BipycOM 1 IMyHHOIO CHCTEMOIO, e
iMyHHa BiIOBiIh MOXE OYTH K 3aXHCHOIO, TaK i ma-
TOTEHHOIO, CIIPUYNHSIOYN YITKOKCHHS ITeYiHKH [22].
[Mpu HCV-indexuii BaxJIMBY pob Bilirpae reHeTH4HA
BapiabeNIbHICTh BIPYCY, SKa J03BOJISIE HOMY YHUKATH
IMyHHOTO KOHTpOJTEO [23].

CyuyacHi AOCIIKeHHSI TAKOXK IPUIUISIOTh 3HAYHY
yBary poJi ermireHeTHYHUX 3MiH y peryJisuii iMyHHOT
BIIMOBI/Il MIPY XPOHIYHUX BIpycHUX iH(ekisx. Bera-
HOBIICHO, II0 TPUBaJa €KCIIPECis iHTiOITOPHUX peler-
TOpIB i PyHKIIOHANEHE BUCHAKEHHS T-KIIITHH CyTIpo-
BO/DKYIOTHCSl CTaOUTHHUMHE CIITeHETHYHUMH Iepedy-
JIOBaMH, sIKi (DIKCYIOTh IeH TUCHYHKIIOHATBHAN CTaH.
Le nosicHIOE, YOMY HaBITB TiCIIS 3HWKEHHS BipYCHOTO
HaBaHTAKEHHS IMyHHa CHCTEMa HE 3aBXIH IMOBHICTIO
BIJIHOBJIFO€ CBOIO (DYHKIIIOHAJIBHICTB.

TakuM 4YMHOM, KIITHHHUI IMYHITET TIpH
XPOHIUHUX BIpYyCHUX iH(EKIIsNX 3a3Ha€ ITUOOKHX 3MiH,
IO BKJIIOYAIOTh BHUCHAXEHHS T-KITHH, MOpYLICHHS
(GyHKIIT aHTUTeHNPE3eHTYIOUHX KIITHH, AucOaIaHc
[UTOKIHIB Ta MiJABHUIICHHS aKTUBHOCTI PEryJSITOPHUX
MexaHi3MiB [24]. Po3yMiHHS IMX TMPOIECIB € KITF0-
YOBUM IS PO3pOOKH HOBUX METO/IIB JIIKYBaHHS Ta I10-
KpalleHHs POTHO3y Namui€eHTiB [25].

Bucnosok

XpoHiyHi BipycHI iH]eKLii CyNpOBOIKYIOTHCSI
TINOOKHUMY TMOPYIIEHHSIMH KIITHHHOTO IMYHITETY, 110
MIPOSIBIISIIOTECS. BUCHAXKEHHSM T -J1iM(pOonnTiB, 3MiHAMHI
LIUTOKIHOBOTO TPO(]III0 Ta PO3BUTKOM IMYHHOI TOJE-
panTHOCTI. [leHTpabHy poJb y WX Mpoliecax BiJirpae
naucOaiaHC MK e(EeKTOPHUMHE Ta PEryIATOPHIMH Me-
XaHi3MaM¥ iIMyHHOT BiAmoBii. He3Baxarouu Ha gocsr-
HEHHS Cy4yacHOI MEIMIIMHH, TIOBHE BiJTHOBJICHHS IMyH-
HOi (YHKIIT 3a]IMIIA€THCS CKIIAJHUM 3aBAaHHAM. [o-
JANbIli  JOCTIDKCHHS y Wi cdepi BIAKPUBAIOTH
TIEPCIIEKTUBH ISl BIPOBA/KEHHS! HOBHX IMYHOTEpa-
MEeBTUYHUX MiJIXOJIB, CIIPIMOBAHMX Ha BiJHOBICHHS
e(eKTUBHOT MPOTUBIPYCHOT BiAMOBI .
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PATHOGENETIC ASPECTS OF DIPHTHERIA MYOCARDITIS
(LITERATURE REVIEW)

Anomauisn:

Judpmepiiinuti miokapoum € 0OHUM (3 HAUMANCYUX A NOMEHYIUHO TeMANIbHUX YCKIAOHeHb ougmepil, wo
npuU3800UMb 00 BUCOKO20 PiBHA CMEPMHOCMI HABIMb 3a YMOBU CE0ECUACHOT 0iA2HOCMUKU MA NOYAMKY JIKYEAHHS
saxeoproeants. Kuiniuni nposeu ougmepitinoco miokapoumy 6apitooms 6i0 CYOKIIHIMHUX 3MIH HA eleKmpo-
Kapoioepami 00 msxckoi cepyesoi HedOCMAMHOCMI, BANCKUX APUMMIL Ma NOSHOI cuHoampianieHoi brokaou. /Jugh-
mepiiHuil Miokapoum 3azsudail wepes 1-2 musicni nicist nouamxy cumnmomie ougpmepii pomoznomru. Ypasicenns
MIOKapoa po36u8acmucsi 6HACIIOOK MOKCUUHOL Oil Oupmepiiino2o ex30moKcuty, aKuil ineibye cunmes OLIKa 6
KapOioMioyumax, CRpudUHAIOYY iX HeKpo3, NOPYyWeHHs npo8iOHOCmI ma ckopomaugoi yynkyii cepys. Jugpmepiti-
HULL eK30MOKCUH 8PAdICAE MIMOXOHOPIT Kapoiomioyumia, npuzeo0sayu 00 ix HAOPAKY 3 6MPAMOI MaAmMpuKcy ma
BUCHAICEHHSL 2TIIKO2EHY 3 HAKONUYEHHAM JINIOHUX Kpaneib 8CepeouHi.

Abstract:

Diphtheria myocarditis is one of the most severe and potentially fatal complications of diphtheria, leading to
a high mortality rate even with timely diagnosis and initiation of treatment. Clinical manifestations of diphtheria
myocarditis range from subclinical changes on the electrocardiogram to severe heart failure, life-threatening
arrhythmias, and complete sinoatrial block. Diphtheria myocarditis usually occurs 1-2 weeks after the onset of
symptoms of oropharyngeal diphtheria. Myocardial damage develops due to the toxic action of diphtheria exo-
toxin, which inhibits protein synthesis in cardiomyocytes, causing their necrosis, impaired conduction and con-
tractile function of the heart. Diphtheria exotoxin affects the mitochondria of cardiomyocytes, leading to their
edema with loss of matrix and depletion of glycogen with the accumulation of lipid droplets inside.

Kniouosi cnosa: ougpmepis, miokapoum, eK30MOKCUH, apummii, cunoampianbra 610Kada, namozexes
Keywords: diphtheria, myocarditis, exotoxin, arrhythmias, sinoatrial block, pathogenesis

Marepianu Ta MeTOAU: HAMU POBEACHUINA OTJIS]T
JiTepaTypy Ha OCHOBI iHO3EMHUX CTaTEH, OMyO0JIiKOBa-
HUX y HAYKOMETPUYHHMX Oa3ax AaHWX 3a ocTaHHI 10
pOKiB. AHamizyBajach akTyajdbHa iH(MOpPMAIiS MIOI0
MATOT€HETHYHTX ACHEKTiB AU TEPiHOTO MiOKapIUTYy.

Meta - Oyyno mpoaHali3yBaTH HayKOBi pOOOTH,
JTepaTypHi JUkepena Ta BU3HAYeHO TaTOTeHETHYHI ac-
NEeKTH TUPTEPIHHOTO MIOKapIUTY.

AxtyanbHicTs: [Judrepis — ne HebesneuHe s
JKUTTSI 32XBOPIOBAHHS, 110 CIIPHYMHEHE TOKCUT'€HHOIO
C. diphtheriae [1]. Corynebacterium spp. — ue rpammo-
3UTHBHI, HEpyXOMi Manmu4ku 3 OyJaBoNoAiOHOIO
¢dopmu, aepoOHiI abo dakyapraTHBHO aHaepoOHi. IH-
(hekmitHIMH areHTaMu, 0 BUKIMKAIOTh TU(pTEpPio, €

tokcurenHi mrtamu C. diphtheriae ta, pinme, 61u3bKo-
cnopigaeni C. ulcerans ta C. pseudotuberculosis [2].
TOKCHTeHHICTh 3aJISKHUTH BiJl YCHINIHOI OaKTepiaabHOI
eKcrpecii JUPTepiHHOTO TOKCUHY, KOJIOBAHOTO TEHOM
ToKcHHY (tox) [3]. IH¢ikyBaHHSI TOKCUT€HHHMH IITa-
mamu Corynebacterium diphtheriae BinOyBaeThCst uis-
XOM BJIMXaHHs 200 MPSMOro KOHTaKTY, 3 HOAANIBIIAM
BUHHUKHEHHSM PECHIPAaTOPHUX CHMIITOMIB MicCIsl 1HKY-
0aniiHOTO Iepioay Bif ABOX 1o m'atu AHiB.JAudrepiro
MOXYTh TepelaBaTH SK CHAMITOMATHYHI, Tak i 0e3-
CHUMIITOMHI 0co0u [4,5]. HalinommpeHinmm nposiBom €
3aXBOPIOBaHHS IUQPTEPist POTOMNIOTKH, IO HPOSB-
JSIEThCS HAOPSIKOM MHUTJANMKIB Ta IMUHHUM JiMQO-
aZeHiToM. XapaKTepHOI € YTBOPEHHS HEKPOTHYHOT
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TICEBJOMEMOpaHN Ha MUTJAIHMKAX, TIOTII Ta TOpTaHi,
0 TIpH CIpoOi 3HATTS KpoBOTOYMTH [S]. Takox cro-
YaTKy CHMITOMAaTHKa MOXE BKJIIOYATH OB y TOpII,
HEe3Ay)KaHHS, Kallellb, XPUIKUA Toyoc, OoiicHe Ko-
BTaHHS, KPOB'SITHUCTI BUAITICHHS 3 HOCA Ta CIMHOTEYY
[2]. Bizyamizaiiss mnceBIOMeMOpPaHH B POTOLIIOTIN
micwioe  KIiHIYHY — migo3py. Bussaenns C.
diphtheriae 3a momomMororw mociBy Ma3ska 3 ropia, abo
BUSIBIICHHSI  JU(TEPIHHOrO TOKCHHY  JIOTIOMarae
MmiATBEpANTH jAiarHo3. Xouya riio0ajbHA 3axBO-
pIOBaHICTh Ha AUMTEPi0 3HAYHO 3HHU3HIIACS, 3aBISKU
e(eKTHBHIM MpoTrpaMaM BaKIMHAIIi, BOHA 3aJId-
IIA€THCS CHIEMIYHOI B KITBKOX pETiOHaX, e IPOrpaMu
BaKIMHAMI{ HE MATPUMYIOTBCS, Ta I YPaXKaeThCS BCE
OiypIIIa 9acTKa TOpociIoro HaceneHHs [1].

PesyabTaTH Ta ix o6roBopennsi: CucremHe 3a-
XBOPIOBAaHHSI BUHUKAE, KO AUPTEPIHHUA TOKCHH I10-
HIMPIOETHCS. B KPOBOTOL, 1110 TIPU3BOANUTH 0 TOKCHH-
OIOCEPEKOBAHOTO MOIIKO/KEHHS CepIls, HUPOK Ta
nepudepruHux HepBiB [2]. YpakeHHs cepls € OCHOB-
HOIO TIPHYMHOI0 CMEPTHOCTI Y IMX MAIi€HTIB, IO CHO-
crepiraetbes y 10-20% manienTis 3 audrepieto poTo-
riotku [1].

Hudrepiitauit MiokapauT yckinamHtoe Bix 10 mo
25% Bunanxis qudrepii porornoTtku [2,5]. Miokapant
3a3BHYail MPOSABISIETHCS HANPHKIHII APYroro THKHS
iH(EKIil, are Mpu THKKAX THPEKIIsIX MOXKEe MPOsSBHU-
TUCs paHile. JudrepiiHuii MiOKapIUT KOJUCH MaB
piBeHb JieTanbHOCTI 60%—70%, aje B OCTaHHIX CTAaTTsIX
MOBiZOMIISLIOCS TIPO piBeHb cMepTHOCTI Bix 0% 10 80%
[5,7]. Xoua KapAiOTOKCHUYHICTh 3a3BUYail PO3BH-
BA€THCSI HA JIPYroMY THIKHI XBOPOOM, BaXKKi BUIIAJIKU
MOXYTb MPOSIBISITHCS YPXKEHHSM Ceplisl BKe MPH Iep-
oMy 3BepHEHHI. TOKCHH Bpaskae MioKap[[ i BUKIIUKAE
3amaJeHHs Ta IOpYIICHHS poOOTH BY3JIO0BOI Ta
CIeMiaTi30BaHOI MPOBIOHOI TKAHWHU, THM CaMHUM
CIPUYHHSIOYH TUIATAIHHY KapAioMiomaTiio 31 3HU-
JKEHOI0 (pakiiero BUKUAY, KapJiOTCHHHH WIOK Ta
HU3KY MMOpYIICHb NMpOBiAHOCTI [5]. 3amigo3putu mud-
TepiiHUI MIOKapIUT, CJiJl Y MAIEHTIB 3 TOCTPOIO Ccep-
LIEBOI0 HENOCTATHICTIO, OOJieM y ropji B aHamHesi,
CYNYTHIMH HEBPOJIOTTYHUMH MPOSIBAMH Ta YPAKEHHSIM
YEepEeMHUX HEPBIiB, OCOOJMBO Y HEBAKI[MHOBAHHX Bif
nudrepii oci6 [1]. Cepuesi nposiBu audTepiiHOro Mio-
KapJUTy MOXYTh OyTH PI3HOMaHITHUMH Ta BKJIIOYATH
JchYHKIIIO — MioKap/a, MOpPYLIEHHS  PUTMY
(bpaniapuTmii abo Taxiapurmii) Ta 6JI0KaAM cepld, IO
noTpeOyroTh KapaiocTuMyisimii. IligBumenunit piBeHb
cepeBux (epMeHTIB Ta MOPYIIEHHS Ha eIeKTpo-
kapaiorpami (EKI') MoXyTh cBimunTH 1po Oe3cumIl-
TOMHE ypakeHHs Miokapa [7-9].

HudrepiiiHuii TOKCHMH Mae TalbMiBHUH BIUIMB Ha
aKTUBHICTh (paKTOpa eNOoHTaIlii 2, MO0 € KPUTHIYHUM
erarioM y cuHTe3i Oinka. KpiM TOroO, BiH BHKIIMKAE
¢parmenranito JJHK ta muromniz [10]. [IpumitHO, 1m0
TeTapuH-3B'A3YI0YHNA emigepManbHuil (akTop pocTy,
noAiOHui 710 Qakropa pocry, SIKMH € MicueMm 3B's-
3yBaHHs IUQPTEPIHHOTO TOKCHHY, IHTEHCHBHO €KCIIpe-
CYETBCS Ha KIITHHHUX MeMOpaHax Kap/iOMiOIHTIB Ta
HEWpOHIB, L0 CIPHI€E TOKCUYHIA il audTepii B 1Ux
TkaHuHax [2]. [icromaTonoriydi ocoOaMBOCTI aug-
TepiiHOro MIOKapAWTY Hapasi BUBYAJMCS JIMIIE B i

4yac pO3TUHIB. 3pa3ku PO3THHY MioKap/a MoKa3aJid Be-
JIMKI TUITHKY T1aJIIHOBO1 JiereHepailii Ta HeKpo3y Mio-
KapJa pa3oM 3 aKTHBHHUM 3allaJeHHSM B IHTEp-
CTHIIANBHUX TpocTopax. [HDIIpTpaTH MOHOHYKIIEAp-
HUX KIITHH 3 €03MHO(]IIFHOI0 MUTOIUIA3MOI0 TaKOXK
BUSIBJISIIOTHCS B WX AlsiHKax. PiryopecueHTHe GapOy-
BaHHS 3pi3iB TKaHUH aHTHUTUIAMH JIEMOHCTpYye Iud-
TepilHUI TOKCHH Y IUIIMHCTOMY PpO3IOALT B Mio-
KapJiaJIbHAX BOJOKHAX, 1[0 MOKE MOSICHUTH POJIb TOK-
CHHY B OIOCEpEIKyBaHHI ITOIIKO/DKECHHS MioKapla.
EnextponHa wikporpadis mokasye Bpaxarodi yib-
TPacTPYKTYpHi 3MiHHU B ypakeHUX Mio¢iOpmiax, mepe-
BaXHO 32 YYACTIO MITOXOHIpPIA, fAKi BUIILIAIOTH
HaOpSKIMMH 3 BTPATOI0 MATPHUKCY Ta JI€30pTaHi3oBa-
HUMH KPUCTaMH, 1[0 TAKOXK MOB'SI3aHO 3 BUCHAXKCHHAM
TIIIKOTEHY Ta HAKOMMYCHHSIM JIIMIAHUX Kparenb. [Ipo-
Lec MIOKapIUTy TaKOX 3ajlyda€e CepLEeBY HpPOBiTHY
TKaHUHY Ta I[PU3BOAUTH [0 CIHEKTPY EJIEKTPO-
kapaiorpadiuHux 3MiH. Maiike y MOJIOBHHHU TAII€HTIB
3 U TepiHUM MIOKapIUTOM PO3BHBAIOTHCS TSDKKI 110~
PYIICHHS ITPOBITHOCTI, HAWCEPHOZHIIINM 3 SIKHX € T0-
BHA CHHOATpiaibHa Os0kaa cepiud [1]. HatomicTs kima-
TIaH{, KOPOHAPHI apTepii, erikapA Ta eHI0Kap/ 3a3BH-
yail He ypaxaroTbcs [9].

BucnoBok: J[ludtepiitauii MiokapIuT 3aiH-
[Ia€ThCSI ONHUM 13 HalfHEOe3NMeYHINX YCKIaTHEHb
madTepii Ta OCHOBHOIO NPHYMHOIO  JIETAIBHHUX
HACJIJIKIB NIPU IbOMY 3aXBOploBaHHi. ToKcHYHE ypa-
JKEHHsI MioKapJa 3a paxyHoK Aii audTepiiiHOro ex3o-
TOKCUHY Ha  KapIiOMIOUUTH  XapaKTepU3yEThCS
MOJIMOP(I3MOM KITIHIYHUX HPOSBIB, CXWIBHICTIO 10
HMIBUJKOTO NPOrpeCyBaHHA Ta BUCOKUM PU3BUKOM PO-
3BUTKY TSDKKHUX ITOPYLIEHb CEPLEBOTO PUTMY.
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THE GENERAL CLASSIFICATION OF CONNECTED SPEECH

Abstract.

This article provides a comprehensive analysis of connected speech within the framework of phonetics and
phonology. The study focuses on systematic phonetic modifications that arise in continuous speech as a result of
the interaction between adjacent sounds. Particular attention is given to such processes as assimilation, elision,
linking, intrusion, and weak forms, examining their linguistic nature, underlying mechanisms, and functional roles
in spoken communication.Furthermore, the article explores the relationship between these processes and key prin-
ciples such as articulatory economy, speech efficiency, and communicative effectiveness. Connected speech is also
analyzed in relation to prosodic and rhythmic features, emphasizing its role in shaping natural speech patterns.
The findings of the study highlight the significant importance of connected speech in language acquisition and
teaching, particularly in developing pronunciation accuracy and listening comprehension skills.

Keywords: connected speech, assimilation, elision, linking, intrusion, weak forms, phonetics, phonology,

prosody, pronunciation

INTRODUCTION

In contemporary linguistics, spoken language is
increasingly understood as a complex, dynamic, and
continuously evolving system rather than a simple se-
quence of discrete and independent units. Traditional
approaches often focused on isolated words and their
standard pronunciation forms; however, modern pho-
netic and phonological studies emphasize that real-life
speech is inherently connected and context-dependent.
This continuous flow of speech, known as connected
speech, represents one of the most significant features
distinguishing natural spoken language from its written
counterpart.Connected speech is characterized by the
interaction of sounds across word boundaries, resulting
in various phonetic modifications that alter the surface
realization of speech without changing its semantic
content. These modifications arise due to the articula-
tory, acoustic, and perceptual constraints inherent in
human speech production. In spontaneous communica-
tion, speakers do not produce words in isolation; in-
stead, they articulate them in a fluid sequence, where
each sound is influenced by its phonetic environment.
[1]

Consequently, the pronunciation of words in con-
nected speech often differs significantly from their ci-
tation forms presented in dictionaries.From a theoreti-
cal perspective, the study of connected speech lies at
the intersection of phonetics and phonology. Phonetics
examines the physical properties of speech sounds, in-
cluding their articulation and acoustic characteristics,
while phonology investigates the abstract system and

patterns governing sound organization in a language.
Connected speech processes provide a crucial link be-
tween these two domains, as they demonstrate how ab-
stract phonological units are realized in actual speech
under the influence of contextual factors. Therefore,
analyzing connected speech allows linguists to better
understand the relationship between underlying lin-
guistic structures and their surface manifestations.

One of the fundamental principles underlying con-
nected speech is the principle of articulatory economy,
which suggests that speakers naturally tend to minimize
effort while maintaining communicative efficiency.
This principle leads to the simplification, reduction, or
modification of certain sounds in order to facilitate
smoother and faster speech production. As a result, a
variety of phonetic processes emerge, including assim-
ilation, elision, linking, intrusion, and the use of weak
forms. These processes are systematic and rule-gov-
erned, reflecting the internal organization of the lan-
guage rather than random variation.

Assimilation, for instance, demonstrates how ad-
jacent sounds influence each other, often becoming
more similar in place or manner of articulation. Elision
illustrates the tendency to omit sounds that are difficult
to articulate in rapid speech. Linking and intrusion en-
sure the continuity of speech by preventing hiatus be-
tween vowels, thereby contributing to the overall flu-
ency of communication. Weak forms, on the other
hand, highlight the role of stress and rhythm in spoken
language, where function words are typically reduced
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to maintain the natural prosodic pattern of English. To-
gether, these processes form a coherent system that un-
derpins the phonetic structure of connected speech. [2]

In addition to its production-related aspects, con-
nected speech also plays a crucial role in speech per-
ception. Listeners must be able to decode a continuous
stream of sounds that often deviates from canonical
forms. For native speakers, this process is largely auto-
matic; however, for non-native learners, it can present
significant challenges. The discrepancy between the
forms taught in language classrooms and those encoun-
tered in authentic speech often leads to difficulties in
listening comprehension. Therefore, an understanding
of connected speech processes is essential for develop-
ing effective listening strategies and improving overall
communicative competence. From a pedagogical
standpoint, the incorporation of connected speech into
language teaching is of paramount importance. Tradi-
tional teaching methods tend to prioritize grammar and
vocabulary, often neglecting the phonetic dimension of
language.

However, without adequate exposure to connected
speech, learners may develop unnatural pronunciation
patterns and struggle to understand fluent speech. By
integrating the study of connected speech processes
into pronunciation teaching, educators can help learn-
ers achieve greater fluency, intelligibility, and confi-
dence in spoken communication.Moreover, connected
speech is closely related to prosody, including stress,
rhythm, and intonation, which play a vital role in con-
veying meaning and structuring discourse. The rhyth-
mic pattern of English, often described as stress-timed,
relies heavily on the alternation of stressed and un-
stressed syllables.

Weak forms and reductions contribute to this pat-
tern, ensuring that speech maintains its characteristic
tempo and flow. Thus, connected speech cannot be
fully understood without considering its prosodic con-
textlt is also important to note that connected speech
processes may vary across different dialects and varie-
ties of English. For example, the use of linking and in-
trusive /r/ is more prominent in British English, while
certain reduction patterns may differ in American Eng-
lish. These variations highlight the adaptability and di-
versity of spoken language, further emphasizing the
need for a comprehensive and systematic approach to
the study of connected speech. [3]

In light of the above considerations, the present ar-
ticle aims to provide a general classification of con-
nected speech processes, focusing on their linguistic
nature, underlying mechanisms, and functional roles in
spoken communication. By examining the main types
of connected speech phenomena, this study seeks to
contribute to a deeper understanding of how speech op-
erates as an integrated and dynamic system, as well as
to underline the importance of these processes in both
theoretical linguistics and practical language teaching.

Systematic Classification of Connected Speech
Processes

Connected speech represents a fundamental char-
acteristic of natural spoken language, where linguistic
units are not produced in isolation but as part of a con-
tinuous and dynamically organized speech stream. In
real communicative situations, speakers do not con-
sciously articulate each sound separately; instead, they
produce speech in a fluid manner, allowing sounds to
interact and influence one another. This interaction
leads to systematic phonetic modifications that form
the basis of connected speech processes.From a speech
production perspective, these processes are closely
linked to the physiological and cognitive mechanisms
of articulation.

The human speech apparatus operates under time
constraints and aims to achieve maximum efficiency
with minimal effort. As a result, speakers naturally ad-
just their pronunciation depending on the surrounding
phonetic context, speech rate, and communicative in-
tention. These adjustments are not random but follow
predictable patterns that can be classified into distinct
categories.In connected speech, the flow of spoken lan-
guage is shaped by three major factors: articulatory
convenience, speech rhythm, and communicative effi-
ciency. Articulatory convenience ensures that speech
organs move smoothly from one sound to another.
Speech rhythm organizes the temporal structure of ut-
terances, particularly in stress-timed languages like
English. [4]

Communicative efficiency guarantees that the
message is conveyed clearly despite phonetic reduc-
tions. Together, these factors determine how connected
speech processes operate in real-time communica-
tion.The general systemic classification of connected
speech processes reflects these underlying principles
and divides them into five main categories: modifica-
tion, reduction, juncture, insertion, and prosodic pro-
cesses. Each of these categories corresponds to a spe-
cific type of phonetic behavior observed in natural
speech.

Importantly, these categories are interconnected
and often occur simultaneously within a single utter-
ance, demonstrating the integrative nature of spoken
language.Connected speech is a multidimensional pho-
netic and phonological phenomenon that reflects the
dynamic interaction of sounds within a continuous
stream of speech. Unlike isolated word pronunciation,
connected speech involves systematic modifications
that arise due to coarticulation, prosodic structure, and
communicative efficiency. These processes are gov-
erned by linguistic rules and can be classified into sev-
eral categories based on their mechanism and func-
tion.From a theoretical standpoint, connected speech
processes can be grouped into five major categories:
modification, reduction, juncture, insertion, and pro-
sodic processes. Each category represents a specific
type of phonetic behavior that contributes to the natu-
ralness and fluency of spoken language. This classifi-
cation allows for a structured understanding of how
speech operates as an integrated system.
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Table 1
Category Process Phonetic  mecha- | Primary funtion Level
nism
Modification pro- | Assimilation Sound adaptationto | Articulatory ease Segmental
Cesses neighboring sounds
Reduction pro- | Ellision Omission of sound | Speech economy Segmental
cesses
Juncture processes | linking Connection be- | Continuity of | Boundry/Prosotic
tween word bound- | speech
aries
Insertion processes | Intrusion Addition of transi- | Avoidance of hia- | Boundry
tional sounds tus
Prosodic processes | Weak forms Reduction of un- | Rhythm and stress | Supersegmental
stressed  function | organization
words

From the perspective of speech perception, these
processes are equally important. While speakers pro-
duce connected speech unconsciously, listeners must
decode a highly variable and often reduced speech sig-
nal. This requires the ability to recognize words even
when their phonetic forms differ from standard diction-
ary pronunciations. Therefore, connected speech serves
as a bridge between speech production and speech per-

Connected Speech in Different Speech Styles

ception, ensuring effective communication despite pho-
netic variability.Furthermore, connected speech pro-
cesses are influenced by speech style and context. In
careful or formal speech, these processes may be less
pronounced, while in rapid or informal speech, they be-
come more frequent and more noticeable. This varia-
bility highlights the adaptive nature of spoken lan-
guage, where pronunciation changes according to com-
municative needs. [5]

Table 2.

Speech Style Characteristics

Connected Speech Activity

Careful speech Characteristics

Minimal Reduction

Neutral speech Normal conversational speed

Moderate processes

Rapid speech Fast,informal communication

Strong reduction and assimilation

In addition, connected speech processes can be
viewed as part of a broader speech organization system,
where segmental and suprasegmental features interact.
Segmental processes (such as assimilation and elision)
affect individual sounds, while suprasegmental features

(such as stress and rhythm) shape the overall structure
of speech. The interaction between these levels creates
a coherent and natural speech pattern that is character-
istic of fluent speakers.

Table 3.

Multi-Level Nature of Connected Speech

Level Processes Speech function
Segmental Assimilation ,Elision Sound —level modification
Boundry Linking,Intrusion Word connection
Supersegmental Weak forms,rhythm Speech timing and fluency

Classification by Linguistic Levels and Speech
Organization

Connected speech should be understood not as a
collection of isolated phonetic processes, but as a multi-
layered linguistic system that operates across different
levels of language organization. In real speech, sounds
are not produced independently; instead, they function
within a complex structure where segmental, boundary,
and suprasegmental elements interact continuously.
This interaction reflects the dynamic nature of spoken
language and highlights the importance of analyzing
connected speech from a systemic perspective. At the
most basic level, connected speech involves segmental
processes, which affect individual sounds or phonemes.

These processes arise due to coarticulation, a phe-
nomenon in which the articulation of one sound over-
laps with that of adjacent sounds. As a result, phonetic

units are modified in accordance with their phonetic en-
vironment. Assimilation and elision are the most prom-
inent examples of segmental processes, demonstrating
how sounds adapt or disappear in order to facilitate
smoother and more efficient speech production. These
modifications are particularly noticeable in rapid or in-
formal speech, where the need for articulatory economy
is strongest. However, connected speech cannot be
fully explained by segmental processes alone. Equally
important are the boundary or juncture processes,
which occur at the interface between words. In natural
speech, speakers tend to avoid pauses between words,
especially when this would disrupt the flow of commu-
nication. Consequently, linking and intrusion emerge as
mechanisms that ensure continuity. Linking connects
the final sound of one word to the initial sound of the
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next, while intrusion introduces an additional sound to
bridge two adjacent vowels. [6]

These processes contribute to the smoothness of
speech and help maintain its rhythmic integrity Beyond
the level of individual sounds and word boundaries,
connected speech is also shaped by suprasegmental fea-
tures, including stress, rhythm, and intonation. These
features operate over larger units of speech and play a
crucial role in organizing the temporal structure of spo-
ken language. In English, which is typically described
as a stress-timed language, the distribution of stress de-
termines the rhythm of speech. Weak forms, which in-
volve the reduction of unstressed function words, are a
direct manifestation of this prosodic organization.

By reducing less important elements, speakers al-
low stressed syllables to stand out, thereby preserving
the natural rhythm and intelligibility of speech. Im-
portantly, these linguistic levels do not function inde-
pendently; rather, they interact in a highly integrated
manner. For example, a segmental process such as as-
similation may occur at a word boundary, while its re-
alization is influenced by the stress pattern of the utter-
ance. Similarly, the use of weak forms depends not only
on the lexical category of a word but also on its position
within the rhythmic structure of speech. This interplay
demonstrates that connected speech is not merely a
phonetic phenomenon but a reflection of the broader
organization of language. From a speech-oriented per-
spective, the classification of connected speech by lin-
guistic levels provides valuable insight into both speech
production and speech perception. Speakers rely on
these processes to produce fluent and efficient utter-
ances, while listeners must decode a continuous and of-
ten reduced speech signal.

The ability to recognize words despite phonetic
variation is a key component of communicative com-
petence, particularly in a second language. Further-
more, the degree to which these processes occur is in-
fluenced by factors such as speech rate, formality, and
communicative context. In careful speech, pronuncia-
tion tends to be closer to canonical forms, with fewer
reductions and modifications. In contrast, rapid and in-
formal speech is characterized by a higher frequency of
connected speech processes, resulting in greater pho-
netic variability.: This variability underscores the adap-
tive nature of spoken language and highlights the im-
portance of contextual factors in shaping pronuncia-
tion. In conclusion, the classification of connected
speech according to linguistic levels segmental, bound-
ary, and suprasegmental—provides a comprehensive
framework for understanding how speech is organized
and realized in natural communication. This approach
reveals that connected speech is a highly structured and
systematic phenomenon, governed by linguistic princi-
ples and shaped by the demands of real-time communi-
cation. [7]

Functional Classification of Connected Speech

In addition to structural and linguistic-level classi-
fications, connected speech can also be analyzed from
a functional perspective, which focuses on the roles that
these processes play in real communication. From this
point of view, connected speech is not merely a set of
phonetic modifications, but a system of mechanisms

that serve specific purposes in speech production, per-
ception, and interaction. These functions are closely re-
lated to the efficiency, clarity, and naturalness of spo-
ken language.One of the primary functions of con-
nected speech is articulatory simplification. Human
speech production is constrained by physiological fac-
tors, including the movement and coordination of the
speech organs. In order to produce speech efficiently,
speakers naturally tend to reduce effort by modifying
or omitting certain sounds. Processes such as assimila-
tion and elision directly contribute to this function by
minimizing articulatory complexity. For example, in-
stead of producing each sound separately, speakers al-
low adjacent sounds to influence one another, thereby
reducing the need for abrupt or difficult articulatory
movements.

Another important function is rhythmic organiza-
tion, which is particularly significant in languages like
English that rely on a stress-timed rhythm. In such lan-
guages, the alternation between stressed and unstressed
syllables creates a regular temporal pattern. Connected
speech processes, especially the use of weak forms,
play a crucial role in maintaining this rhythm. By re-
ducing the prominence of function words, speakers en-
sure that content words carry the main stress, resulting
in a more natural and balanced speech pattern. Without
these reductions, speech would become overly rigid
and lose its characteristic flow. Connected speech also
fulfills a transitional or cohesive function, ensuring the
smooth connection between words and phrases. Pro-
cesses such as linking and intrusion prevent breaks or
interruptions in the speech stream, allowing speakers to
maintain continuity. This function is particularly im-
portant in fluent speech, where pauses between words
are minimized. By creating seamless transitions, con-
nected speech enhances the coherence of spoken dis-
course and facilitates listener comprehension.

From a cognitive perspective, connected speech
contributes to processing efficiency for both speakers
and listeners. For speakers, phonetic reduction reduces
the cognitive and physical effort required for speech
production. [8]

For listeners, familiarity with connected speech
patterns allows for faster and more accurate decoding
of the speech signal. Although reduced forms may ini-
tially seem more difficult to understand, they actually
follow predictable patterns that experienced listeners
can recognize automatically. Thus, connected speech
supports efficient communication by optimizing both
production and perception processes. Another key
function of connected speech is its role in communica-
tive effectiveness. Natural speech is not only about
transmitting information but also about doing so in a
way that is appropriate to the context and easily under-
stood by the listener.

Connected speech processes help achieve this by
making speech more fluid and less fragmented. In in-
formal contexts, a higher degree of phonetic reduction
may signal spontaneity and naturalness, while in formal
contexts, more careful articulation may be used to en-
sure clarity. Therefore, the use of connected speech is
closely linked to pragmatic and sociolinguistic factors.
It is also important to consider the pedagogical function
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of connected speech, particularly in the context of sec-
ond language acquisition. Many language learners ex-
perience difficulties in understanding native speakers
because they are not familiar with the reduced and mod-
ified forms that occur in connected speech. By studying
these processes from a functional perspective, learners
can develop a more realistic understanding of how lan-
guage is used in practice.

This, in turn, improves both their listening com-
prehension and their ability to produce more natural-
sounding speech. Furthermore, connected speech plays
a role in discourse organization, as prosodic features
such as stress and intonation help structure information
within an utterance. For instance, stressed words often
carry new or important information, while unstressed
elements provide grammatical support. Connected
speech processes reinforce this distinction by reducing
less important elements and highlighting key infor-
mation. In this way, they contribute not only to the pho-
netic structure of speech but also to its informational
and communicative organization. In conclusion, the
functional classification of connected speech demon-
strates that these processes serve multiple and intercon-
nected roles within spoken language. They facilitate ar-
ticulation, maintain rhythm, ensure continuity, enhance
cognitive efficiency, and support effective communica-
tion. By examining connected speech from a functional
perspective, it becomes clear that these processes are
essential for the natural operation of language and can-
not be separated from the broader system of human
communication.

Assimilation as a Core Process in Connected
Speech

Assimilation is widely regarded as one of the most
fundamental and systematic processes within con-
nected speech, reflecting the natural tendency of adja-
cent sounds to influence one another during speech pro-
duction. In continuous speech, sounds are not articu-
lated in isolation; instead, they are produced in a
coordinated and overlapping manner, a phenomenon
known as coarticulation. Assimilation emerges as a di-
rect consequence of this interaction, allowing speakers
to achieve smoother transitions between sounds and
greater articulatory efficiency. From a phonetic per-
spective, assimilation involves changes in specific ar-
ticulatory features such as place of articulation, manner
of articulation, and voicing. [9]

These changes occur when one sound becomes
more similar to a neighboring sound, either partially or
completely. Importantly, assimilation does not alter the
semantic meaning of an utterance; rather, it affects only
the phonetic realization of sounds. This demonstrates
that assimilation operates at the level of speech perfor-
mance, while the underlying phonological structure re-
mains intact. In real speech, assimilation is highly con-
text-dependent and varies according to factors such as
speech rate, style, and level of formality. In careful or
formal speech, assimilation may be less pronounced, as
speakers tend to articulate sounds more clearly. How-
ever, in rapid and informal speech, assimilation be-
comes more frequent and more noticeable, contributing
to the natural flow of communication.

For instance, phrases like “good boy” or “hand-
bag” often exhibit assimilation, where certain sounds
are modified to match neighboring ones, resulting in
more fluid pronunciation. From a classificatory stand-
point, assimilation can be analyzed in terms of its di-
rection and scope. Directional classification distin-
guishes between regressive assimilation, where a fol-
lowing sound influences a preceding one, and
progressive assimilation, where a preceding sound af-
fects a following sound. Coalescent assimilation repre-
sents a more complex type, in which two adjacent
sounds merge to form a new sound that shares features
of both.

These types illustrate the dynamic and bidirec-
tional nature of sound interaction in connected speech.
Another important dimension of assimilation is the de-
gree to which it occurs. Partial assimilation involves the
modification of only one or two phonetic features,
while complete assimilation results in one sound be-
coming identical to another. The degree of assimilation
often depends on the strength of articulatory influence
and the phonetic environment in which the sounds oc-
cur. This variability highlights the flexible and gradient
nature of speech processes. From a functional perspec-
tive, assimilation serves several important roles in spo-
ken communication. First, it contributes to articulatory
economy, reducing the effort required to produce com-
plex sound sequences. By allowing sounds to adapt to
one another, speakers can minimize abrupt movements
of the speech organs and maintain a more efficient ar-
ticulatory pattern. Second, assimilation enhances the
fluency and continuity of speech, ensuring that utter-
ances are produced smoothly without unnecessary in-
terruptions. Third, it supports communicative effi-
ciency, enabling speakers to convey messages quickly
while preserving intelligibility. [10]

In addition to its role in speech production, assim-
ilation also has significant implications for speech per-
ception. Listeners must be able to recognize words even
when their phonetic forms differ from canonical pro-
nunciations. This requires familiarity with common as-
similation patterns and the ability to use contextual cues
to interpret reduced or modified forms. For language
learners, this can present a considerable challenge, as
they may initially rely on dictionary forms that do not
reflect real speech. Therefore, understanding assimila-
tion is essential for developing both listening compre-
hension and pronunciation skills.

Furthermore, assimilation can be viewed as part of
a broader system of phonological organization, where
phonetic variation is governed by underlying rules and
constraints. Rather than being random or irregular, as-
similation follows predictable patterns that can be sys-
tematically described and analyzed. This reinforces the
idea that connected speech is a structured and rule-gov-
erned phenomenon, deeply embedded in the linguistic
system.In conclusion, assimilation represents a central
mechanism of connected speech, illustrating how
sounds interact and adapt within a continuous speech
stream.

Its analysis provides valuable insights into the re-
lationship between phonetic realization and phonologi-
cal structure, as well as into the processes that underlie
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natural speech production and perception. As such, as-
similation occupies a key position in both theoretical
linguistics and practical language learning, serving as a

bridge between abstract linguistic knowledge and real
communicative use. [11]

Type Desciption Example Pronounciation

Regressive Following sound effects | Good boy /gub boi/
previous sound

Progressive Previous sound effects | Dogs dogz/
following sound

Coalesent Two sounds merge into | don’t you dountfu:/
one

Partial Sound changes partly Bad boy

Linking and Intrusion as Boundary Processes
in Connected Speech

Linking and intrusion are two closely related pro-
cesses in connected speech that operate at word bound-
aries and play a crucial role in maintaining the continu-
ity and fluency of spoken language. In natural speech,
words are not produced separately with clear pauses be-
tween them; instead, they are connected into a smooth
and uninterrupted speech stream. Linking and intrusion
emerge as mechanisms that facilitate this continuity,
ensuring that transitions between words are phoneti-
cally natural and articulatorily efficient. From a pho-
netic perspective, linking refers to the connection be-
tween the final sound of one word and the initial sound
of the next.

This process typically occurs when a word ending
in a consonant is followed by a word beginning with a
vowel. In such cases, the final consonant is not released
separately but is directly attached to the following
vowel, creating a seamless transition. For example, the
phrase “pick it up” is pronounced as /pikitap/, where
the /k/ links smoothly with the vowel /i/. This type of
linking is essential for avoiding pauses that would oth-
erwise disrupt the natural flow of speech. A special type
of linking involves the use of linking /r/, which is char-
acteristic of non-rhotic varieties of English, such as
British English. In these accents, the /r/ sound is pro-
nounced only when it occurs before a vowel, even if it
is not pronounced in isolation. For instance, in the
phrase “far away”, the /r/ appears as a linking sound:
[fa:r ower/.

This phenomenon demonstrates how pronuncia-
tion can depend on the phonetic context rather than the
spelling of words.Intrusion, on the other hand, involves
the insertion of an additional sound between two vow-
els at word boundaries. Unlike linking, intrusive sounds
are not present in the spelling of the words but are
added to facilitate smoother articulation. The most
common intrusive sounds in English are /r/, /j/, and /w/.
For example, in the phrase “idea of”, speakers often in-
sert an /r/, producing /aidiar ov/. Similarly, in “I agree”,
an intrusive /j/ may be added, resulting in /ar j
ogri/.Both linking and intrusion can be explained by
the need to avoid hiatus, which is the occurrence of two
adjacent vowel sounds without an intervening conso-
nant. [12]

Such sequences can be difficult to articulate and
may disrupt the rhythm of speech. By introducing a
consonant-like transition, speakers ensure that the
speech stream remains smooth and continuous. This

highlights the importance of articulatory ease in shap-
ing connected speech processes.From a functional per-
spective, linking and intrusion contribute significantly
to the fluency and cohesion of speech. They enable
speakers to produce longer stretches of speech without
interruption, thereby enhancing communicative effi-
ciency.

In addition, these processes support the prosodic
organization of language by maintaining a regular
rhythm and preventing unnatural breaks between
words. In terms of speech perception, linking and intru-
sion play a crucial role in how listeners interpret con-
tinuous speech. Native speakers are typically able to
recognize linked and intrusive forms without difficulty,
as they are familiar with these patterns. However, for
language learners, these processes can be confusing, as
they may obscure word boundaries and make it harder
to identify individual words. For example, a learner
might perceive “pick it up” as a single word due to the
linking of sounds.

Therefore, understanding these processes is essen-
tial for improving listening comprehension. It is also
important to note that linking and intrusion are influ-
enced by speech style and context. In formal or careful
speech, these processes may be less pronounced, while
in rapid or informal speech, they become more frequent
and more noticeable. This variation reflects the adap-
tive nature of spoken language, where pronunciation
changes depending on communicative needs. Further-
more, linking and intrusion illustrate the interaction be-
tween phonetic and phonological systems. While they
are realized at the phonetic level, their occurrence is
governed by phonological rules and constraints. [13]

This demonstrates that connected speech is not
random but structured and rule-based. In conclusion,
linking and intrusion are essential boundary processes
in connected speech that ensure smooth transitions be-
tween words and contribute to the overall fluency of
spoken language. They reflect the principles of articu-
latory economy and communicative efficiency, while
also playing a significant role in speech perception.
Their study provides valuable insights into the dynamic
and interconnected nature of spoken language.

The Role of Connected Speech in Communication
and Language Learning Connected speech is not
merely a phonetic phenomenon, but a fundamental
component of real spoken communication that reflects
the dynamic and adaptive nature of language. Its pro-
cesses—assimilation, elision, linking, intrusion, and
weak forms—operate together to ensure that speech is
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produced efficiently, perceived accurately, and inter-
preted meaningfully. Therefore, the role of connected
speech extends beyond pronunciation and becomes es-
sential in both communication and language acquisi-
tion. From a communicative perspective, connected
speech contributes significantly to the fluency and nat-
uralness of spoken language. In real-life interaction,
speakers aim to convey their ideas quickly and
smoothly, without unnecessary pauses or interruptions.

Connected speech processes allow them to
achieve this by simplifying articulation and creating
seamless transitions between words. As a result, speech
becomes more continuous and rhythmically organized,
which enhances overall communicative effectiveness.
Another important role of connected speech is its con-
tribution to speech economy and efficiency. By reduc-
ing or modifying sounds, speakers minimize the physi-
cal effort required for articulation. This is particularly
important in spontaneous speech, where rapid produc-
tion is necessary. For example, the use of weak forms
and elision allows speakers to shorten less important el-
ements, while maintaining the clarity of the message.
Thus, connected speech supports the principle of max-
imum communicative output with minimal effort. [14]

Connected speech also plays a crucial role in
speech perception and comprehension. For listeners,
understanding natural speech involves decoding a con-
tinuous stream of sounds that often differs from canon-
ical forms. Native speakers are generally able to pro-
cess these variations automatically, relying on their
knowledge of phonetic patterns and contextual cues.
However, for language learners, this can present signif-
icant difficulties. The mismatch between dictionary
pronunciation and real speech often leads to misunder-
standings. Therefore, awareness of connected speech
processes is essential for improving listening skills.
From a pedagogical standpoint, connected speech is of
great importance in language teaching and learning.
Traditional approaches to language instruction tend to
focus on grammar and vocabulary, often neglecting the
phonetic dimension of language. As a result, learners
may develop accurate grammatical knowledge but still
struggle with pronunciation and listening comprehen-
sion. Incorporating connected speech into teaching
practice helps learners bridge this gap by exposing
them to authentic speech patterns and enabling them to
produce more natural utterances.

CONCLUSION

In conclusion, connected speech plays a central
role in both communication and language learning. It
enhances fluency, supports efficient speech production,
facilitates comprehension, and contributes to the natu-
ral rhythm of language. Its study provides valuable in-
sights into how spoken language functions as a dy-
namic and integrated system. Therefore, connected
speech should be considered an essential area of re-
search in linguistics, as well as a key component of ef-
fective language teaching and learning.

In addition, connected speech contributes to the
development of communicative competence, which in-
cludes not only linguistic knowledge but also the ability
to use language appropriately in different contexts. By
mastering connected speech, learners can improve their
fluency, intelligibility, and confidence in speaking.
They also become better equipped to understand native
speakers in real-life situations, where speech is rarely
slow or carefully articulated. Another important aspect
of connected speech is its relationship with prosody, in-
cluding stress, rhythm, and intonation.

These suprasegmental features play a key role in
structuring information and conveying meaning in spo-
ken language. Connected speech processes work to-
gether with prosody to create a balanced and coherent
speech pattern. For example, weak forms help maintain
the rhythm of English, while linking and intrusion sup-
port smooth transitions between words. This interaction
highlights the integrated nature of speech organization.
Furthermore, connected speech is influenced by con-
textual and sociolinguistic factors, such as formality,
speech style, and speaker identity. In formal contexts,
speakers may use more careful pronunciation with
fewer reductions, while in informal settings, connected
speech processes become more prominent. This varia-
tion reflects the flexibility of language and its ability to
adapt to different communicative situations.

Understanding these variations is essential for de-
veloping pragmatic competence. In conclusion, con-
nected speech plays a central role in both communica-
tion and language learning. It enhances fluency, sup-
ports efficient speech  production, facilitates
comprehension, and contributes to the natural rhythm
of language. Its study provides valuable insights into
how spoken language functions as a dynamic and inte-
grated system. Therefore, connected speech should be
considered an essential area of research in linguistics,
as well as a key component of effective language teach-
ing and learning.
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research highlights the necessity of integrating metacognitive instruction into language education to foster auton-
omous, reflective, and communicatively competent learners.
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INTRODUCTION

The development of writing and speaking skills re-
mains a central concern in modern language pedagogy,
especially in multilingual educational environments
such as those in Central Asia. Traditional approaches to
language learning often emphasize grammatical accu-
racy and vocabulary acquisition, yet overlook the cog-
nitive and metacognitive dimensions that enable learn-
ers to consciously plan, monitor, and evaluate their
communicative performance. In recent years, educa-
tional researchers have increasingly recognized the sig-
nificance of metacognitive strategies-those that involve
learners’ awareness and regulation of their cognitive
processes-in fostering meaningful language production
and comprehension.

Metacognition, as defined by Flavell[1], refers to
“knowledge and cognition about cognitive phenom-
ena,” which includes both awareness of one’s learning
processes and the ability to regulate them. In the con-
text of language education, metacognitive approaches
facilitate the transformation of students from passive
recipients of information into active, reflective partici-
pants in the learning process. They provide tools for
learners to independently assess their progress, identify
communication difficulties, and apply adaptive strate-
gies for improvement. The metacognitive framework
aligns closely with the communicative and compe-
tency-based paradigms promoted by UNESCO[27] and
the OECD[26], which stress the importance of lifelong
learning skills, self-directed learning, and critical re-
flection. Therefore, the present article aims to explore
the theoretical underpinnings and methodological ap-
plications of the metacognitive approach in the devel-
opment of writing and speaking skills among university
students, proposing practical insights for educators and
curriculum designers.

METHODS

The methodological foundation of this research is
based on a theoretical-analytical and comparative ap-
proach, drawing from existing literature, cognitive psy-
chology, and pedagogical models. The study synthe-
sizes data from scientific publications (2015-2025),
meta-analyses of language pedagogy, and empirical
studies conducted in higher education contexts. It
adopts a qualitative interpretive framework to identify

how metacognitive instruction affects the development
of writing and speaking competencies.

The analysis focuses on three key methodological
components:

1. Identification of metacognitive strategies ap-
plicable to writing and oral communication;

2. Evaluation of instructional models that inte-
grate metacognition into communicative activities;

3. Assessment of theoretical congruence be-
tween metacognitive frameworks and language-learn-
ing outcomes.

4. The selected sources include works by Vygot-
sky, Oxford, Wenden, Schraw, Zimmerman, and con-
temporary Uzbek scholars emphasizing reflective and
self-regulated learning.

LITERATURE REVIEW

The notion of metacognition-“thinking about
thinking”-was first systematically articulated by John
Flavell[1], who defined it as knowledge about and reg-
ulation of one’s cognitive processes. Since its emer-
gence, this construct has evolved into a cornerstone of
educational psychology, language pedagogy, and self-
regulated learning. Flavell distinguished between met-
acognitive knowledge (awareness of one’s cognitive
strategies, tasks, and self) and metacognitive regula-
tion (planning, monitoring, and evaluating cognitive
performance). His early research revealed that learners
who consciously reflected on their thinking achieved
higher problem-solving success, an idea that deeply in-
fluenced language education.

Subsequent decades witnessed the integration of
metacognitive principles into various educational para-
digms. Anderson[9] emphasized that in language learn-
ing, metacognition empowers students to become “con-
scious managers of their own comprehension and pro-
duction.” Oxford[10], in her taxonomy of language
learning strategies, positioned metacognitive strategies
as the most critical for autonomous learning, compris-
ing planning for learning, monitoring progress, and
evaluating outcomes. Wenden[22] and O’Malley and
Chamot[12] further operationalized these strategies in
communicative contexts, suggesting that metacognitive
awareness underlies learners’ capacity to control speak-
ing and writing processes consciously.
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In Uzbekistan and Central Asia, the adoption of
metacognitive frameworks has aligned with the compe-
tency-based and reflective paradigms endorsed by in-
ternational agencies. Local scholars such as Abdul-
layev and Azizova [28,29] have expanded this theoret-
ical base, interpreting metacognition as an essential
condition for the development of self-directed, reflec-
tive learners in multilingual environments. This orien-
tation corresponds to the post-Soviet pedagogical tran-
sition toward learner autonomy and constructivist
methodology.

Moreover, Piaget’s[4] cognitive developmental
theory contributes to understanding the emergence of
metacognition in adolescence and adulthood. He
viewed reflective abstraction-the capacity to think
about one’s own thought processes-as the highest level
of cognitive development. Thus, integrating metacog-
nitive training in tertiary education supports the transi-
tion from surface learning to deep, reflective learning-
a principle corroborated by the Constructivist Learning
Theory[5], which regards learners as active construc-
tors of meaning.

Writing, as both a cognitive and linguistic activity,
demands complex integration of planning, drafting,
monitoring, and revising. Bereiter and Scardamalia
(1987) proposed a cognitive model distinguishing be-
tween “knowledge-telling” and “knowledge-transform-
ing” strategies, with the latter reflecting metacognitive
awareness. Metacognitive writers are able to con-
sciously regulate their composing process, set rhetori-
cal goals, and evaluate textual coherence and reader im-
pact. Anderson and Graham[16,9] demonstrated empir-
ically that explicit metacognitive instruction-teaching
students to plan content, monitor language use, and
self-evaluate-enhances textual organization and argu-
mentation quality. In ESL/EFL contexts, metacognitive
scaffolding (e.g., reflective journals, think-aloud proto-
cols, self-assessment rubrics) improves both fluency
and accuracy. Wenden[11] identified that learners who
systematically apply planning and evaluation strategies
produce more cohesive and contextually appropriate
texts.

Recent studies by Uzbek researchers confirm
these findings, showing that when university students
engage in reflective writing cycles (planning - drafting
- peer feedback - revision - reflection), their analytical
and critical thinking abilities substantially improve.
These scholars emphasize that metacognitive writing
practices correspond with the Bloom’s Revised Taxon-
omy[23] facilitating transitions from remembering and
understanding to analyzing and creating.

Moreover, digital metacognitive tools-such as
online portfolios, writing blogs, and Al-based text ana-
lyzers-enhance self-regulation in writing instruction. In
the Uzbek EFL context, hybrid learning environments
employing such tools support the development of func-
tional literacy and critical discourse awareness.

Speaking requires immediate cognitive pro-
cessing, where metacognitive control plays an equally
crucial role. Goh and Taib[14] proposed the Metacog-
nitive Awareness Listening and Speaking Framework,
emphasizing the phases of planning (goal-setting, task

analysis), monitoring (self-observation, error detec-
tion), and evaluating (self-correction, feedback incor-
poration).

Learners who internalize metacognitive speaking
strategies demonstrate higher speech fluency and co-
herence, as they can consciously monitor lexical
choice, syntactic structure, and pragmatic appropriate-
ness. Chamot[13] and Vandergri[22] found that meta-
cognitive awareness enhances listening and speaking
comprehension, as learners reflect on what they under-
stood, why misunderstandings occurred, and how to re-
pair communication breakdowns.

In multilingual Uzbek classrooms, where Russian
and English function as second and foreign languages,
metacognitive approaches to speaking are vital. They
encourage students to shift from rote memorization to-
ward strategic oral expression, incorporating self-eval-
uation and peer feedback. Recent pedagogical experi-
ments[28,36] demonstrated that using “reflection
cards” and “self-assessment checklists” during oral
tasks significantly improves pronunciation accuracy
and discourse management.

Furthermore, collaborative  metacognition-joint
reflection among peers-facilitates higher-order thinking
and collective regulation. Mercer and Donohoo[17,18]
described this process as “intermental development,”
where learners co-construct knowledge through dia-
logic reasoning. Such collaboration aligns with the Ko-
laborativ yondashuv (collaborative approach) pro-
moted in Uzbek pedagogical research, linking meta-
cognition with socio-interactive competence.

Metacognition is often conceptualized as the cen-
tral component of self-regulated learning (SRL). Zim-
merman[6] defined SRL as a process through which
learners activate and sustain cognitions, behaviors, and
affects to achieve learning goals. His cyclical model-
comprising forethought (goal-setting and plan-
ning), performance (self-monitoring), and self-reflec-
tion (evaluation and adaptation)-mirrors the structure
of metacognitive regulation.

Schraw and Moshman[7] proposed that metacog-
nition and SRL share common mechanisms of cogni-
tive control but differ in scope: SRL encompasses mo-
tivational and emotional regulation, while metacogni-
tion focuses primarily on cognitive awareness.
Nevertheless, both constructs converge in the context
of communicative skill development, where successful
learners plan linguistic choices, monitor discourse, and
evaluate communicative outcomes.

In applied linguistics, research by Teng and
Zhang[21] has demonstrated that explicit SRL training
embedded with metacognitive components signifi-
cantly improves oral and written performance. Simi-
larly, in Uzbek higher education, Mirzayeva[37] re-
ported that SRL-based EFL programs promote learner
autonomy and reflective reasoning, which are crucial
for academic literacy and professional competence.

Despite extensive theoretical support, practical
implementation of metacognitive approaches faces sev-
eral challenges. Firstly, teachers often lack training in
facilitating reflection and self-assessment, relying in-
stead on traditional knowledge-transmission meth-
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0ds[10]. Secondly, students accustomed to teacher-cen-
tered instruction may resist assuming responsibility for
their own learning. As noted by Uzbek researcher Qodi-
rova[33] fostering metacognitive awareness requires
gradual cultural adaptation within classrooms where hi-
erarchical teacher-student relationships prevail.

Technological integration presents both opportu-
nities and obstacles. Digital learning environments of-
fer rich platforms for metacognitive engagement (e.g.,
e-portfolios, self-tracking dashboards), yet they require
digital literacy and critical thinking skills that are une-
venly distributed among learners. Nonetheless, re-
search in Uzbek universities[34] demonstrates that
blended learning combined with reflective practice fos-
ters self-monitoring and metacognitive dialogue among
students.

Synthesizing the literature reveals several conver-
gent insights:

1. Cognitive and social interactionist theo-
ries (Vygotsky, Bandura, Bruner) provide the philo-
sophical basis for metacognitive instruction, emphasiz-
ing internalization and self-regulation through interac-
tion and reflection.

2. Empirical models (CALLA, SRSD, TLF) op-
erationalize these theories into pedagogical practices
that cultivate learners’ capacity to manage their own
communicative performance.

3. Cross-disciplinary research-linking metacog-
nition with neuroeducation and digital pedagogy-high-
lights the adaptive potential of reflective learning in the
21st century.

4. Overall, the literature underscores that meta-
cognitive instruction is not a supplementary technique
but a transformational paradigm in education. It re-
frames teaching as guidance for self-awareness and
learning as an active process of meaning-making.

In the context of Uzbekistan’s ongoing educa-
tional modernization, the metacognitive approach as-
sumes special significance. National strategies priori-
tize competency-based learning, functional liter-
acy, and reflective  practice[38,39]. Within  this
framework, developing students” writing and speaking
skills through metacognition fosters not only linguistic
proficiency but also cognitive independence and socio-
emotional maturity.

Uzbek researchers[28,29,30] emphasize that the
metacognitive paradigm bridges traditional didacticism
with innovative pedagogy. It aligns with Islamic and
humanistic educational values that regard self-
knowledge (ma’rifat) as the foundation of learning. By
training students to think about their thinking, educa-
tors nurture reflective citizens capable of contributing
to the nation’s intellectual and cultural development.

In applied methodology, metacognitive training
can be embedded in:

1. Pre-task planning (goal setting and predic-
tion),

2. During-task monitoring (self-correction and
peer dialogue), and

3. Post-task reflection (self-evaluation and port-
folio compilation).

DISCUSSION

The synthesis of theoretical and empirical evi-
dence presented in the literature reveals that the meta-
cognitive approach is not merely a supplemental strat-
egy but a fundamental paradigm for effective language
instruction. When applied to writing and speaking de-
velopment, metacognitive pedagogy reshapes the
learner’s role from that of a passive receiver of infor-
mation to an autonomous, reflective participant. The
capacity to consciously plan, monitor, and evaluate
one’s linguistic performance is directly linked to im-
proved communicative competence and cognitive flex-
ibility.

A key insight derived from Vygotsky’s socio-con-
structivist theory is that metacognitive development is
inherently social. Through guided interaction and col-
laborative reflection, learners internalize strategies that
later become part of their independent practice. In prac-
tical terms, this means that classroom environments
promoting dialogue, peer feedback, and shared prob-
lem-solving serve as optimal conditions for metacogni-
tive growth.

Traditional writing instruction in many post-So-
viet systems, including Uzbekistan, has been
largely product-oriented, focusing on grammatical cor-
rectness and textual structure. The metacognitive per-
spective, however, advocates a process-oriented ap-
proach, where learners engage in iterative cycles of
planning, drafting, revising, and reflecting. Each phase
involves specific metacognitive operations that en-
hance both linguistic accuracy and conceptual depth.

At the planning stage, students activate prior
knowledge, define communicative goals, and anticipate
possible challenges. This stage encourages higher-or-
der thinking consistent with Bloom’s cognitive taxon-
omy-especially the levels of analysis and synthesis.
During the drafting process, metacognitive monitor-
ing ensures that writers stay aligned with their rhetori-
cal objectives, checking coherence, argumentation, and
lexical appropriateness. Finally, self-evaluation after
drafting allows learners to identify strengths and areas
for improvement, consolidating self-regulated learning
habits.

Research conducted by Graham and Harris and
Aytjanova[16,30] provides strong empirical support for
this recursive model. Students trained to use reflective
journals and self-assessment rubrics produced signifi-
cantly higher-quality academic texts. Moreover, these
practices enhance learners’ metalinguistic awareness,
enabling them to view writing as a form of cognitive
problem-solving rather than mechanical reproduction.

In the Uzbek tertiary education environment, in-
structors can operationalize this model by integrating
explicit metacognitive tasks into writing courses:

1. Pre-writing logs, where students articulate
their objectives and strategies;

2. Peer feedback cycles, allowing learners to ex-
ternalize and compare thought processes;

3. Post-writing reflections, assessing personal
progress and strategic effectiveness.

Such reflective documentation transforms writing
into a deliberate act of intellectual self-regulation.

The metacognitive approach also redefines oral
communication as a consciously regulated cognitive
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process. Speaking involves rapid decision-making and
real-time monitoring-conditions under which metacog-
nitive control plays a decisive role. Learners who de-
velop awareness of their communicative intentions and
linguistic choices can adapt their speech dynamically to
context and audience.

Chamot (2004) and Goh (2018) have shown that
teaching students to plan their discourse, anticipate po-
tential misunderstandings, and self-correct during inter-
action enhances both fluency and accuracy. In Uzbek
universities, where students frequently experience lin-
guistic anxiety in English communication, this meta-
cognitive scaffolding also contributes to psychological
resilience and confidence.

Effective classroom practices for metacognitive
speaking development may include:

1. Think-aloud dialogues, where learners verbal-
ize their reasoning before responding;

2. Self-recorded speech analyses, allowing them
to monitor progress over time;

3. “Reflection cards” or checklists, encouraging
self-assessment after each oral task;

4. Peer reflection sessions, where metacognitive
strategies are exchanged and co-evaluated.

These techniques correspond with Bandura’s con-
cept of self-efficacy: learners who observe evidence of
their improvement are more likely to persist and en-
gage. Thus, metacognition not only enhances linguistic
skills but also strengthens motivational and emotional
dimensions of communication.

Among innovative models emerging from Uzbek
pedagogical research, the Triadic Learning Framework
(TLF) represents a significant contribution to the inte-
gration of metacognition in education. Structured
around three interrelated phases-analysis, prediction,
and reflection-TLF operationalizes the cognitive mech-
anisms[31]

In the analysis phase, learners examine linguistic
problems or communication scenarios, identifying key
patterns and potential difficulties. The prediction phase
involves setting goals and anticipating outcomes-a met-
acognitive act of forward planning. Finally, the reflec-
tion phase promotes self-evaluation, encouraging
learners to compare actual results with intended goals
and to plan adjustments for future performance.

Empirical validation of the TLF model Jo‘ra-
zoda[31] in 5th-grade and university contexts demon-
strates its effectiveness in improving analytical think-
ing, self-correction, and cooperative learning. The
model’s adaptability to both primary and tertiary edu-
cation levels suggests its potential as a universal meta-
cognitive scaffold. In higher education, integrating TLF
into writing and speaking courses could involve pro-
ject-based assignments where students conduct micro-
research, predict communicative challenges, and reflect
on their performance outcomes. Such iterative reflec-
tion cycles correspond with Kolb’s[19] experiential
learning model, reinforcing the continuity between ex-
perience, reflection, conceptualization, and application.

Implementing metacognitive pedagogy demands a
transformation of the instructor’s role from knowledge
transmitter to facilitator of reflection. Teachers guide

learners in recognizing their thought processes, verbal-
izing strategies, and applying them autonomously. This
aligns with Schon’s[20] notion of the reflective practi-
tioner, where the teacher models metacognitive behav-
iors through open dialogue, feedback, and modeling of
self-questioning techniques.

In Uzbekistan’s teacher education programs, this
shift entails systematic professional development fo-
cusing on reflective teaching, diagnostic assessment,
and learner autonomy. Courses on metacognitive peda-
gogy should train teachers to design activities that stim-
ulate awareness rather than passive repetition. The in-
clusion of reflective portfolios, lesson debriefings, and
collaborative peer observation in teacher training can
institutionalize reflective culture within universities.

The 21st-century classroom increasingly inte-
grates digital tools that extend metacognitive engage-
ment beyond physical spaces. Online writing platforms,
self-assessment applications, and collaborative discus-
sion forums facilitate continuous reflection and feed-
back. Anderson[9] and Teng[21] highlight that digital
environments provide authentic opportunities for learn-
ers to plan, monitor, and evaluate their linguistic output
in real time.

In Uzbekistan, the gradual digitalization of higher
education under national strategies offers fertile ground
for digital metacognition. Tools such as Google Docs,
Padlet, or Edmodo can be used to document metacog-
nitive cycles-students plan their writing, receive asyn-
chronous peer comments, and reflect through revision
histories. Similarly, video-conferencing platforms ena-
ble reflective speaking practices where learners record,
replay, and analyze their interactions.

The challenge lies in ensuring that technology
serves as a medium for reflection rather than distrac-
tion. To achieve this, instructors must explicitly guide
students in using digital platforms for cognitive self-
regulation-setting learning goals, tracking progress,
and assessing outcomes. Integration of digital portfo-
lios, where students compile written and oral artifacts
alongside reflective annotations, has proven particu-
larly effective in fostering metacognitive literacy.

Metacognition, though universal in principle,
manifests differently across cultural and educational
contexts. In Uzbek culture, where collectivism and re-
spect for authority traditionally shape classroom inter-
action, the introduction of self-regulated learning must
be approached sensitively. Rather than positioning au-
tonomy as independence from teachers, educators
should frame it as responsible self-reflection within
collaboration.

As Yuldasheva[34] observes, students in Uzbeki-
stan often equate success with conformity to teacher ex-
pectations. Metacognitive instruction thus needs to rec-
oncile reflective independence with social interdepend-
ence. The use of kolaborativ yondashuv (collaborative
approach) supports this balance by linking personal re-
flection with peer dialogue. Group-based reflective ac-
tivities-such as “double-entry journals” or “team reflec-
tion maps”-allow learners to share perspectives and co-
construct understanding.
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This collectivist-compatible metacognitive peda-
gogy also draws on indigenous concepts such as tafak-
kur (deep thought) and ma’rifat (self-knowledge), rein-
forcing the cultural continuity between traditional edu-
cational values and modern reflective practice. By
aligning global theories with local epistemologies, Uz-
bek educators can indigenize metacognitive learning
while maintaining scientific rigor.

Evaluating metacognitive development remains a
complex yet essential component of effective peda-
gogy. Quantitative instruments such as the Metacogni-
tive Awareness Inventory Schraw and Dennison[8], of-
fer structured measurement, while qualitative tools cap-
ture nuanced reflections. In writing and speaking
instruction, triangulating multiple sources-reflective
journals, self-evaluation sheets, peer assessments, and
teacher observations-yields a more comprehensive pic-
ture of progress.

The findings have important implications for cur-
riculum design and educational policy in Uzbekistan.
Embedding metacognitive instruction across disci-
plines can enhance not only linguistic proficiency but
also general learning competence. Curriculum frame-
works should therefore include explicit outcomes re-
lated to metacognitive skills-planning, monitoring,
evaluating, and reflecting-as integral elements of com-
municative competence.

Teacher education institutions must develop mod-
ules on reflective teaching, cognitive psychology, and
self-regulated learning. Moreover, policy directives
should encourage universities to establish Centers for
Reflective Pedagogy, providing methodological sup-
port and research resources. Such institutional struc-
tures would ensure the sustainability and scalability of
metacognitive innovations.

In Uzbek universities, where the balance between
tradition and modernization remains delicate, metacog-
nitive pedagogy offers a bridge between inherited aca-
demic discipline and global innovation. By embedding
cycles of reflection, prediction, and self-evaluation in
language instruction, educators prepare students for
lifelong learning in multilingual and multicultural envi-
ronments. Thus, the theoretical and methodological
foundations of metacognitive instruction reaffirm the
central pedagogical truth articulated by Dewey[25]:
“We do not learn from experience... we learn from re-
flecting on experience.” In this light, reflection be-
comes not a final stage of learning but the very medium
through which intellectual and communicative growth
unfolds.

CONCLUSION

The comprehensive analysis conducted in this
study substantiates the metacognitive approach as one
of the most intellectually robust and pedagogically ef-
fective paradigms in modern language education. By
uniting cognitive psychology, socio-constructivist the-
ory, and reflective pedagogy, metacognition redefines
the process of developing writing and speaking skills
from mechanical reproduction to self-regulated intel-
lectual performance. Learners consciously plan, moni-
tor, and evaluate their communicative actions, thereby
transforming language use into a domain of purposeful,
reflective activity. This theoretical integration provides

the philosophical coherence necessary for modernizing
foreign and second language teaching in Uzbekistan’s
higher education institutions.

Methodologically, the research highlights that
metacognitive instruction facilitates a process-oriented
and reflective approach to both writing and speaking.
Writing becomes a recursive act of planning, drafting,
revising, and reflecting, while speaking transforms into
a consciously monitored interaction guided by self-as-
sessment and peer collaboration. Instructors adopting
this framework shift from the role of transmitters of
knowledge to that of facilitators of metacognitive
awareness, enabling learners to internalize strategies
for autonomous learning and self-correction.

Empirical findings discussed in prior literature and
local Uzbek research further validate that the imple-
mentation of reflective journals, self-assessment tools,
and collaborative feedback mechanisms leads to meas-
urable improvements in linguistic competence, coher-
ence, and critical thinking. The Triadic Learning
Framework[Ommnoka! McTOYHHK  CCBLIKH — He
Haiigen.], integrating the phases of analysis, prediction,
and reflection, serves as a culturally adaptive model
that harmonizes Western cognitive theory with Uzbek
pedagogical traditions emphasizing collective reason-
ing (tafakkur) and moral-educational reflection
(ma’rifat).

In conclusion, the metacognitive approach pro-
vides a powerful theoretical and methodological foun-
dation for transforming language education in Uzbeki-
stan. Its integration into curricula for writing and speak-
ing ensures the formation of self-regulated, critically
aware learners capable of navigating complex commu-
nicative and cognitive challenges. The pedagogical
shift toward reflection, autonomy, and collaborative
reasoning ultimately represents a transition from teach-
ing languages to educating minds through language.
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YUQORI SINF O‘QUVCHILARIDA CEFRGA MOS YOZMA VA OG‘ZAKINUTQ
KO‘NIKMALARINI RIVOJLANTIRISHDA DISCOURSE MARKERS VA CLAUSE
CONNECTORSLARNI O‘QITISH METODIKASI
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METHOD OF TEACHING DISCOURSE MARKERS AND CLAUSE CONNECTORS IN
DEVELOPING CEFR-COMPLIANT WRITING AND ORAL SPEECH SKILLS IN HIGHER-GRADE
STUDENTS

Annotatsiya.

Ushbu magolada O zbekiston umumta’lim maktablari yuqori sinf o ‘quvchilarining ingliz tilida yozma va
og ‘zaki nutq ko ‘mikmalarini rivojlantirishda discourse markers hamda clause connectorslarni o ‘qitishning
metodik asoslari tadgiq etiladi. Tadgiqotning asosiy magsadi CEFR B1-B2 talablari asosida o ‘quvchilarning co-
herence, cohesion, fluency va logical sequencing ko ‘nikmalarini rivojlantirishda bog ‘lovchi vositalarning rolini
aniglashdan iborat. Tadgigotda sifat va migdoriy yondashuvlar, tajriba-sinov darslari, pre-test/post-test, yozma
ish va speaking performance tahlili qo ‘llanildi. Natijalar discourse markersni eksplicit o ‘gitish o ‘quvchilarning
IELTS tipidagi writing va speaking topshiriglarida fikrlarni izchil bayon qilish ko ‘rsatkichlarini sezilarli
oshirishini ko ‘rsatdi. Discourse markers text coherence va oral fluency uchun markaziy vosita ekanligi aniglandi.

Abstract.

This article investigates the methodological foundations of teaching discourse markers and clause connectors
to improve CEFR-aligned writing and speaking skills among senior secondary school learners in Uzbekistan. The
primary objective is to determine the role of cohesive devices in developing learners’ coherence, cohesion, fluency,
and logical sequencing within B1-B2 CEFR descriptors. The study employs mixed-method research, including
quasi-experimental lessons, pre-test/post-test design, essay analysis, and oral performance assessment. Findings
demonstrate that explicit instruction of discourse markers significantly improves learners’ ability to organize ideas
coherently in IELTS-style writing and speaking tasks. The study confirms that discourse markers function as cen-

tral tools in improving textual cohesion and oral discourse fluency in EFL classrooms.

Kalit so“zlar: discourse markers, clause connectors, CEFR, writing coherence, speaking fluency, senior sec-

ondary school, EFL, cohesive devices

Keywords: discourse markers, clause connectors, CEFR, IELTS, cohesion, coherence, speaking fluency, sec-

ondary education

KIRISH

Bugungi global ta’lim makonida ingliz tilini kom-
munikativ va akademik magsadlarda o‘qitishda gram-
matik kompetensiyadan discourse competencega
o‘tish muhim metodik tamoyilga aylandi. Aynigsa
O‘zbekiston  maktablarining  yuqori  sinflarida
o‘quvchilarni xalgaro baholash tizimlariga tayyor-
lashda fikrlarni mantiqiy bog‘lash vositalari alohida
ahamiyatga ega.

Discourse markers hamda clause connectors ingliz
tilini chet tili sifatida o‘rganayotgan yuqori sinf
o‘quvchilarining yozma va og‘zaki nutq kompe-
tensiyasini  rivojlantirishda muhim lingvodidaktik
vositalardan biri hisoblanadi. Xususan, however, there-
fore, moreover, in addition, on the other hand, as a re-
sult kabi discourse markers hamda because, although,
while, if, unless, since kabi clause connectors
o‘quvchilarga fikrlar o‘rtasidagi mantiqiy munosaba-
tlarni aniq ifodalash, sabab-ogibat, garama-garshilik,
qo‘shimcha ma’lumot, misol keltirish va xulosa
chigarish kabi nutq funksiyalarini bajarishda yordam
beradi. Ushbu birliklar nafaqat grammatik to‘g‘rilikni,
balki matnning yaxlitligi va mantiqiy izchilligini ham
ta’minlaydi.

Yozma nutqda ular o‘quvchilarning essay writing
coherence va cohesion ko‘rsatkichlarini sezilarli dara-
jada oshiradi, paragraf ichidagi hamda paragraf
oralig‘idagi fikrlarning uzviy bog‘lanishini ta’min-
laydi. Og‘zaki nutqda esa speaking fluency, idea se-
quencing, argument development va turn extension
kabi ko‘nikmalarni rivojlantirishda markaziy rol
o‘ynaydi. Aynigsa, munozara, fikr bildirish, tagqoslash
va sabablarni tushuntirishga asoslangan speaking top-
shiriglarida discourse markerlar javobning tabiiyligi va
davomiyligini kuchaytiradi.

CEFR B1-B2 deskriptorlariga ko‘ra o‘quvchi
“connected speech” va “connected writing” yaratish,
ya’ni fikrlarini mantiqan bog‘langan holda yozma va
og‘zaki shaklda ifodalash qobiliyatiga ega bo‘lishi lo-
zim. Shu nuqtai nazardan, bog‘lovchi diskurs birlikla-
rini tizimli va bosgichma-bosqich o‘qitish yuqori sinf
ingliz tili metodikasining muhim tarkibiy gismi sifatida
garaladi.

TADQIQOT METODOLOGIYASI

Mazkur tadgigqot quasi-experimental mixed-
method design asosida tashkil etildi. Tadgigot Naman-
gan viloyatidagi ikki umumta’lim maktabining 10-11-
sinf o‘quvchilari ishtirokida olib borildi. Jami 60 nafar
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o‘quvchi tadgiqotga jalb qilinib, ular teng ravishda ek-
sperimental va nazorat guruhlariga ajratildi. Har bir
guruhda 30 nafardan o‘quvchi bo‘lib, ularning til bilish
darajasi CEFR mezonlari asosida B1-B2 oralig‘ida deb
belgilandit.

Tadqiqot jarayonida o‘quvchilarning dastlabki
ko‘rsatkichlarini aniqlash uchun diagnostik pre-test,
IELTS uslubidagi essay writing topshiriglari hamda
speaking interviewlar qo‘llanildi. Eksperimental
guruhda discourse markers va clause connectorslarni
eksplicit tarzda o‘qitishga qaratilgan maxsus darslar
tashkil etildi, nazorat guruhida esa an’anaviy grammat-
ika o‘qitish usullari davom ettirildi. Intervensiya yaku-
nida post-test, classroom observation, error analysis va
frequency analysis metodlari orgali natijalar qayta
baholandi.

Ocqitish intervensiyasi 6 haftalik maxsus modul
asosida ishlab chigildi. Modul davomida additive
markers, contrastive markers, result markers, exempli-
fication markers, cause-effect clauses, concession
clauses, speaking fillers hamda turn organizers bos-
gichma-bosqich o‘rgatildi. Mashg‘ulotlarda firstly, sec-
ondly, finally; however, nevertheless; because, since,
therefore; although, even though; as a result; for exam-
ple kabi birliklardan yozma va og‘zaki vazifalarda faol
foydalanish mashq gilindi.

ADABIYOTLAR TAHLILI

Discourse markers bo‘yicha olib borilgan zamo-
naviy ilmiy tadgigotlar ularning textual cohesion va
pragmatic organizationdagi o‘rnini alohida ta’kidlaydi.
Xususan, Deborah Schiffrin discourse markersni “dis-
course segmentsni chegaralovchi va ular orasidagi se-
mantik-pragmatik munosabatlarni ko‘rsatuvchi
birliklar” sifatida tavsiflaydi. Ushbu ta’rif discourse
markerlarning nafagat grammatik, balki diskursiv
funksiya bajarishini ko ‘rsatadi?.

Kapranov tadgiqotlarida discourse markerlarning
speaking fluency va classroom interactionga ijobiy
ta’siri aniqlangan bo‘lib, ular aynigsa o‘quvchilarning
javobni davom ettirish, fikrni kengaytirish va suhbat
navbatini ushlab turish ko‘nikmalarini rivojlantirishi
gayd etiladi. Feng esa yozma ishlarda discourse mark-
erlarning noto‘g‘ri yoki yetarli bo‘lmagan qo‘llanilishi
coherence darajasining pasayishiga olib kelishini
ta’kidlaydi®. Grade 12 o‘quvchilari ustida olib borilgan
empirik tadgiqotlar ham discourse marker proficiency
academic writing sifatiga bevosita ta’sir ko‘rsatishini
isbotlagan.

CEFR frameworkga ko‘ra B2 darajadagi o‘quvchi
turli linking words va cohesive deviceslardan samarali
foydalanib, fikrlar orasidagi mantiqiy bog‘liglikni
ko‘rsatishi kerak. Mazkur talab aynan discourse marker
competence bilan uzviy bog‘liq bo‘lib, yuqori sinf
o‘quvchilarida ushbu ko‘nikmani shakllantirish dol-
zarb metodik vazifa hisoblanadi‘.

MUHOKAMA VA NATIJALAR

! Deborah Schiffrin (1987). Discourse Markers. Cambridge:
Cambridge University Press

2 Fraser, B. (1999). What are discourse markers? Journal of
Pragmatics, 31(7), 931-952

8 Hyland, K. (2004). Genre and Second Language Writing.
Michigan: University of Michigan Press

Tajriba yakunlari discourse markers va clause
connectorslarni eksplicit o‘qitish sezilarli ijobiy na-
tijalar berganini ko ‘rsatdi. Eksperimental guruh yozma
ishlarida coherence ko‘rsatkichi 31 foizga, cohesion 28
foizga, paragraph logic 35 foizga va idea progression
33 foizga oshgani kuzatildi. O‘quvchilar, aynigsa, how-
ever, therefore, in contrast, as a result, for instance, alt-
hough, despite this kabi birliklarni fikrlarni bog‘lashda
faol qo‘llay boshladilar®. Bu esa essaylarning mantiqiy
tuzilishi, dalillarning izchilligi va xulosa gismlarining
ravshanligiga ijobiy ta’sir ko‘rsatdi.

Speaking topshiriglarida ham sezilarli rivojlanish
qayd etildi. O‘quvchilarda hesitation kamaydi, re-
sponse length uzaydi, idea extension yaxshilandi va flu-
ency descriptor darajasi oshdi. Masalan, tajribadan
oldin o‘quvchi “I /ike online learning. It is easy. Teach-
ers help.” kabi gisga va uzilgan gaplardan foydalangan
bo‘lsa, intervensiyadan so‘ng “I like online learning
because it is flexible. Moreover, it allows students to
access additional resources. However, it may reduce
face-to-face communication.” kabi mantigan bog‘lan-
gan, kengaytirilgan javoblar bera boshladi. Mazkur na-
tija CEFR B2 darajasidagi connected speech de-
scriptorlariga to‘liq mos keladi.

XULOSA

Tadqiqot natijalari shuni ko‘rsatdiki, discourse
markers va clause connectorsni eksplicit, CEFR-
oriented yondashuv asosida o‘qitish yuqori sinf
o‘quvchilarining writing va speaking ko‘nikmalarini
sezilarli rivojlantiradi.

Aynigsa:

% |ELTS Writing Task 2
% opinion essays
«¢ discussion essays
% extended speaking responses
% classroom debates

uchun ushbu yondashuv juda samarali.

Magqola natijalari O‘zbekiston maktablari ingliz
tili darsliklarida cohesive devices progression sylla-
bus yaratish zarurligini ko‘rsatadi.
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THE FUNCTIONAL-COMMUNICATIVE ROLE OF FUNCTION WORDS IN ENGLISH SENTENCE
STRUCTURE: A CORPUS-BASED AND CONTRASTIVE ANALYSIS

Abstract.

This article examines the role of function words in English sentence structure and explains why these gram-
matical units should be treated as an essential part of both sentence formation and communicative meaning. The
study pays special attention to four major groups of function words—auxiliary verbs, modal verbs, prepositions,
and conjunctions—because these elements occur regularly in natural English and play a more significant role in
sentence construction than they are sometimes assumed to. Although function words usually do not carry strong
independent lexical meaning, they are indispensable in forming grammatically complete, logically connected, and
contextually appropriate utterances. In actual language use, they do more than simply support grammar in the
background; in many cases, they directly influence how an idea is shaped, linked, and understood.

The research is based on the analysis of 2,500 sentence examples selected from the British National Corpus
(BNC) and the Corpus of Contemporary American English (COCA). To examine the selected material, the study
combines descriptive, functional-semantic, contrastive, and statistical methods. The results show that function
words appear with high regularity in different types of authentic English discourse and should therefore be re-
garded not as secondary grammatical details, but as one of the central components of sentence organization. The
findings also indicate that Uzbek learners of English often experience repeated difficulties in this area, mainly
because English and Uzbek rely on different grammatical mechanisms to express similar meanings. For this rea-
son, the article argues that function words should be taught not only through isolated grammar rules, but also
through contextualized examples, authentic usage patterns, and contrastive explanation. Overall, the study sup-
ports a more communicative and practically oriented approach to grammar teaching in contexts where structural

differences between the native language and English strongly affect learner performance.

Keywords: function words, English sentence structure, auxiliary verbs, modal verbs, prepositions, conjunc-
tions, corpus analysis, contrastive analysis, communicative role, English language teaching

INTRODUCTION

In English sentence structure, function words play
a much more important role than they are often given
in ordinary grammar explanation. When students first
learn English, most of their attention usually goes to
content words such as nouns, main verbs, adjectives,
and adverbs because these words seem to carry the
main meaning of the sentence. However, real commu-
nication shows that lexical meaning alone is not
enough. A sentence may contain the right vocabulary,
but if the function words are missing, misused, or
placed incorrectly, the utterance can become incom-
plete, unclear, unnatural, or even grammatically unac-
ceptable. This is why function words deserve to be
studied not as minor supporting elements, but as one of
the central mechanisms of English sentence organiza-
tion.

The relevance of this topic becomes even clearer
when English is considered from a typological point of
view. English is generally described as an analytic lan-
guage, which means that many grammatical meanings
are expressed through separate words rather than
through rich inflectional endings. Because of this, func-
tion words become one of the main tools through which
grammatical relations are built inside the sentence.
Auxiliary verbs help form tense, aspect, negation, and

interrogation; modal verbs express possibility, neces-
sity, probability, advice, and speaker attitude; preposi-
tions establish spatial, temporal, causal, and abstract re-
lations; conjunctions connect clauses and make logical
links between ideas explicit. In this sense, function
words are not simply technical grammatical markers.
They directly affect how the speaker structures infor-
mation and how the listener or reader interprets it.

From the perspective of language teaching, this is-
sue is especially important. In many classrooms, learn-
ers often focus on vocabulary growth and pay less at-
tention to grammatical words because such items may
seem small, repetitive, or less meaningful at first sight.
Yet classroom experience shows the opposite: many
learner errors that make English sound unnatural are
caused not by vocabulary shortage, but by inaccurate
use of function words. This is particularly noticeable
among Uzbek learners of English. Since Uzbek and
English belong to different typological systems, similar
meanings are often expressed in very different ways.
English frequently depends on separate grammatical
words, while Uzbek often uses suffixes or other struc-
tural devices. As a result, Uzbek-speaking learners may
omit auxiliary verbs, overuse or confuse modal forms,
choose unsuitable prepositions, or connect clauses in
ways that reflect native-language patterns rather than
natural English usage.
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The present article aims to examine the role of
function words in English sentence structure from both
structural and communicative perspectives. Special at-
tention is given to four major groups—auxiliary verbs,
modal verbs, prepositions, and conjunctions—because
these categories are especially frequent and function-
ally significant in authentic English. The study seeks to
clarify how these units contribute to sentence for-
mation, semantic interpretation, and discourse coher-
ence. It also attempts to show why they should receive
greater attention in English language teaching, espe-
cially in Uzbek-speaking learning environments. The
research is based on sentence samples drawn from the
British National Corpus (BNC) and the Corpus of Con-
temporary American English (COCA), and it combines
descriptive, functional-semantic, contrastive, and sta-
tistical methods. The main argument of the article is
that function words are not peripheral grammatical de-
tails, but active and indispensable components of Eng-
lish sentence structure and communicative expression.

LITERATURE REVIEW

The study of function words has long held an im-
portant place in English linguistics, although the degree
of attention given to these units has changed from one
theoretical tradition to another. In traditional grammar,
function words are usually described as grammatical el-
ements that help organize sentence structure rather than
carry full lexical meaning. At first sight, this may make
them seem less important than nouns, main verbs, ad-
jectives, or adverbs. However, many linguistic studies
show that this impression is incomplete. In actual Eng-
lish usage, function words are deeply involved in sen-
tence formation, clause connection, and meaning con-
struction, which makes them far more significant than
a simple “supporting” label might suggest.

One of the most influential foundations for the
study of English function words can be found in the
work of Quirk, Greenbaum, Leech, and Svartvik. In
their comprehensive description of English grammar,
these scholars treat grammatical words as an essential
part of the structural system of the language. Their
work shows that such units are necessary for clause
building, grammatical relations, and syntactic linkage.
A similar view is presented by Greenbaum and Quirk,
who describe function words as part of the closed gram-
matical system of English and explain that they are not
optional additions, but fixed and necessary components
of acceptable sentence patterns. These works remain
highly useful because they clearly demonstrate that
grammatical meaning in English is often distributed
through relatively small but structurally indispensable
words.

A more detailed modern account appears in Hud-
dleston and Pullum, who analyze auxiliaries, preposi-
tions, determiners, and conjunctions as integral parts of
clause architecture. Their approach is particularly valu-
able because it moves beyond simplified school-style
grammar and offers a more realistic explanation of how
grammatical categories function in actual syntax.
Carter and McCarthy, drawing on spoken and written
corpus evidence, also show that grammar cannot be
fully understood through isolated rule statements alone.
Their work makes it clear that grammatical words need

to be observed in authentic language use, not only in
artificially constructed examples. This point is espe-
cially relevant for the present study, since one of its
main assumptions is that function words should be ex-
amined not only as formal units, but also as part of real
communicative practice.

Functional linguistics offers another important
perspective on the issue. Halliday and Matthiessen ar-
gue that grammar should be understood through the
meanings it helps construct in discourse. From this
viewpoint, function words are not empty structural fill-
ers. They actively participate in the organization of ex-
periential, interpersonal, and textual meaning. Auxil-
iary verbs help express tense, aspect, polarity, and
clause type; modal verbs convey speaker stance, degree
of certainty, and interpersonal attitude; prepositions de-
fine relations between events, participants, and circum-
stances; conjunctions organize logical and textual rela-
tions between clauses and larger stretches of discourse.
Thompson supports this position by showing that gram-
mar in real communication is inseparable from the
communicative purposes it serves. This functional view
is especially important for the present article because it
helps explain why function words should be studied not
only structurally, but also communicatively.

Corpus linguistics has made a particularly strong
contribution to the study of function words. Sinclair
notes that repeated patterns in authentic language use
often reveal grammatical behavior more clearly than in-
vented examples. This observation is highly relevant
because function words are among the most frequent
and structurally recurrent elements in English. Corpus-
based studies show that such words appear in stable
phraseological and grammatical patterns that learners
need repeated exposure to in order to internalize them.
Biber, Johansson, Leech, Conrad, and Finegan also
demonstrate that grammatical words occur with high
frequency across both spoken and written English, even
though their exact distribution may vary from one reg-
ister to another. These findings support the view that
function words are not marginal details of grammar;
they belong to the most regularly used resources in the
language.

From a pedagogical point of view, the issue be-
comes even more practical. Swan notes that many
learner problems in English arise not from vocabulary
itself, but from the correct use of grammatical words
and constructions. This observation is particularly rele-
vant in contexts where the learner’s first language is
structurally different from English. In Uzbek-speaking
classrooms, many difficulties with auxiliary verbs,
modal distinctions, prepositions, and clause connectors
can be explained through typological contrast. Learners
often understand the lexical meaning of a sentence, but
still struggle with the smaller grammatical units that
make the sentence sound correct and natural in English.
This shows that function words are not only a theoreti-
cal issue in grammar; they are also a major practical is-
sue in language teaching and learner performance.

Despite the significant amount of previous re-
search, an important gap still remains. Many studies de-
scribe function words either as formal grammatical cat-
egories or as isolated learner difficulties, but fewer
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works consider them as a unified structural and com-
municative system within English sentence organiza-
tion. There is still a need for a more integrated explana-
tion of how auxiliary verbs, modal verbs, prepositions,
and conjunctions work together in authentic English,
and how this knowledge can be applied in contrastive
teaching contexts such as English and Uzbek. The pre-
sent article attempts to respond to this need by combin-
ing grammatical description, corpus-based observation,
contrastive analysis, and pedagogical interpretation
within a single analytical framework.
CORPUS BASIS AND RESEARCH
METHODS

The empirical basis of this study consists of au-
thentic English-language material taken from two
widely recognized corpora: the British National Corpus
(BNC) and the Corpus of Contemporary American
English (COCA). These corpora were selected because
they provide a broad and reliable representation of nat-
urally occurring English across different communica-
tive domains, including spoken interaction, academic
writing, journalistic texts, fiction, and everyday usage.
Since the purpose of the research is to investigate how
function words operate in real sentence structure rather
than only in textbook examples, corpus material offers
a more convincing and practical foundation for analy-
sis.

For the purposes of the study, 2,500 English sen-
tences were selected from the corpus data. The sample
was limited to sentences containing the four function-
word categories chosen for closer examination: auxil-
iary verbs, modal verbs, prepositions, and conjunctions.
These categories were selected because they are highly
frequent in English and because they play a direct role
in grammatical organization, clause connection, and
communicative interpretation. The collected material
included both relatively simple and more structurally
developed sentence types in order to reflect a broader
range of authentic usage. Care was also taken not to
limit the sample to only one register or one narrow dis-
course type, since function words perform differently
across contexts.

Several complementary methods were used in the
research so that the selected material could be exam-
ined from both linguistic and pedagogical perspectives.
The first was the descriptive method, which made it
possible to identify, classify, and group the selected
function-word categories within the corpus sample.
This stage was necessary in order to observe where
these units occur in sentence structure and what kinds
of grammatical patterns they help create. The second
was the functional-semantic method, which was used to
interpret how these forms contribute to meaning in con-
text. This was especially important because function
words often perform more than one function depending
on the syntactic environment and the communicative
purpose of the utterance.

The study also applies a contrastive method, since
one of its practical aims is to explain why Uzbek learn-
ers of English often experience difficulty in the use of
function words. Through comparison, it becomes easier
to see that English frequently expresses grammatical
meanings through separate function words, whereas

Uzbek often relies more heavily on suffixes or other
structural devices. These differences help explain re-
current learner errors, especially in the use of auxiliary
verbs, modal constructions, prepositions, and conjunc-
tions.

In addition, the statistical method was employed
in order to observe the relative frequency and distribu-
tion of the selected categories within the corpus sample.
Although the overall orientation of the study is mainly
qualitative, quantitative support increases the reliability
of the analysis and helps demonstrate that the selected
function words are not occasional or peripheral features
of English. On the contrary, their high frequency con-
firms that they belong to the regular grammatical
framework through which English sentences are built
and interpreted.

It should also be noted that the scope of the study
is intentionally limited to four categories of function
words. Other grammatical classes such as articles, de-
terminers, pronouns, and particles were not included in
the main empirical discussion, not because they are un-
important, but because the study required a manageable
and focused analytical range. The research procedure
therefore moved through several stages: first, relevant
examples were identified and grouped according to the
selected categories; second, the examples were classi-
fied according to their grammatical function; third,
their semantic and communicative contribution was ex-
amined in context; and finally, English structures were
compared with approximate Uzbek equivalents in order
to highlight typological differences and pedagogical
implications.

Such a methodological design makes it possible to
approach function words not merely as formal gram-
matical items, but as active components of sentence or-
ganization and communicative meaning. By combining
corpus evidence with structural description, contextual
interpretation, contrastive observation, and frequency-
based support, the study aims to provide a more bal-
anced and practically useful account of how these units
function in authentic English.

ANALYSIS OF FUNCTION WORDS IN
ENGLISH SENTENCE STRUCTURE

The analysis of the selected corpus material
clearly shows that function words occupy a highly vis-
ible and structurally important place in authentic Eng-
lish sentence formation. In the sample of 2,500 sen-
tences taken from the British National Corpus (BNC)
and the Corpus of Contemporary American English
(COCA), the four categories selected for this study—
auxiliary verbs, modal verbs, prepositions, and con-
junctions—appeared with considerable regularity
across different types of discourse. This repeated occur-
rence supports the main argument of the article: func-
tion words should not be treated as minor grammatical
accessories, but as central elements that help shape sen-
tence organization, grammatical completeness, and
communicative clarity.

One of the most noticeable findings of the corpus
analysis is the overall frequency of the selected catego-
ries. Among the four groups, prepositions occurred
most often, which is not surprising considering the an-
alytic nature of English and the wide range of semantic
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relations that prepositional structures express. They
were followed by conjunctions, which play a major role
in clause connection and textual flow. Auxiliary verbs
and modal verbs also appeared frequently, which con-
firms their importance in verbal structure, clause type,
and speaker meaning. This distributional pattern shows

that function words are deeply embedded in the gram-
matical system of English and appear not as occasional
forms, but as highly recurrent structural resources.
Frequency and Distribution of Major Func-
tion-Word Categories

Table 1.

Frequency of Major Function-Word Categories in the Corpus
|Function—Word Category ||Number of Occurrences (in 2,500 Sentences) ||Percentage |
|Auxi|iary verbs ||1,857 ||74.3% |
[Modal verbs 1,634 |165.4% |
|Prepositions 2,187 |187.5% |
[Conjunctions 11,923 [[76.9% |

Source: Compiled by the author on the basis of BNC and COCA corpus samples.

The figures in Table 1 show that prepositions were
the most frequent category in the analyzed sample, ap-
pearing in 87.5% of the sentences. This high frequency
reflects the fact that English relies heavily on preposi-
tional constructions to express spatial, temporal, direc-
tional, causal, and abstract relations. Conjunctions also
appeared in a large proportion of the corpus material,
which highlights the importance of explicit clause link-
ing and logical sequencing in English discourse. Aux-
iliary verbs were found in 74.3% of the sentences, while
modal verbs occurred in 65.4%. Although modal verbs
were the least frequent of the four selected categories,
their presence remained substantial and confirms their
important role in expressing speaker attitude, modality,
and interpersonal meaning.

Auxiliary Verbs and Modal Verbs in Sentence

Formation

The corpus analysis shows that auxiliary verbs are
among the most structurally important elements in Eng-
lish sentence formation. In the selected material, auxil-
iary verbs most frequently appeared in progressive and
perfect constructions, passive voice patterns, negative
clauses, and interrogative forms. The verbs be, have,
and do repeatedly functioned as grammatical operators
rather than as lexical carriers of independent meaning.
Their role was especially clear in sentences where
tense, aspect, polarity, or clause type depended entirely
on their presence. Without these elements, many of the
examined sentences would have become incomplete,
ungrammatical, or semantically distorted.

At the same time, the analysis suggests that auxil-
iary verbs should not be seen only as formal markers.
They also influence how an event is presented and un-
derstood in discourse. For example, the difference be-
tween He writes, He is writing, and He has written is
not simply a matter of grammar form. Each construc-
tion presents the same event from a different temporal
or aspectual perspective, which changes how the mes-
sage is interpreted. This observation supports the idea
that auxiliary verbs participate directly in the shaping
of meaning, not only in the formation of acceptable
grammatical patterns.

Modal verbs reveal a somewhat different but
equally important pattern. In the corpus material, forms
such as can, could, may, might, must, should, will, and
would were regularly used to express possibility, neces-
sity, obligation, advice, prediction, and varying degrees

of certainty. Unlike auxiliary verbs, which mainly or-
ganize grammatical structure, modal verbs are espe-
cially important in the interpersonal dimension of lan-
guage. They allow speakers and writers to position
themselves in relation to the message and to signal atti-
tude, confidence, politeness, or evaluation. In many
cases, the presence of a modal verb changes not only
the literal meaning of the sentence, but also its tone and
pragmatic force. This makes modal verbs especially
significant in both grammatical analysis and language
teaching.

Prepositions and Conjunctions as Structural
and Cohesive Devices

Among all the selected categories, prepositions
showed the highest frequency in the corpus, which
clearly confirms their central role in English. They were
found in a wide range of functions, including the ex-
pression of place, time, direction, cause, purpose,
means, and more abstract relational meanings. Exam-
ples such as in the classroom, on Monday, by train, for
learning, and with confidence illustrate how preposi-
tions help define the relationship between actions, par-
ticipants, and circumstances. Their high frequency also
confirms that English depends strongly on separate
grammatical markers to express relational meaning.

The analysis further shows that prepositions are
highly sensitive to context and usage. In many cases,
the choice of preposition cannot be predicted by simple
logic alone. Small changes in prepositional selection
may alter the meaning of the phrase or make the sen-
tence sound unnatural. This is one of the main reasons
why prepositions are often difficult for learners. Their
use is closely tied to conventional patterns, colloca-
tional behavior, and exposure to authentic language ra-
ther than to rule memorization alone.

Conjunctions also played a major role in the ana-
lyzed material. They were used to connect words,
phrases, and clauses, and to make logical relations be-
tween ideas more explicit. Coordinating conjunctions
such as and, but, and or linked units of equal status,
while subordinating conjunctions such as because, alt-
hough, if, when, and while introduced dependent
clauses and expressed more specific semantic relations.
These forms helped signal addition, contrast, reason,
condition, sequence, and result. From a discourse per-
spective, conjunctions are especially important because
they guide readers and listeners through the internal
logic of the text. In this sense, they function not only as
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syntactic connectors, but also as devices of cohesion
and interpretation.

Typical Difficulties for Uzbek Learners of Eng-
lish

One of the most practically important findings of
the study concerns the difficulties that Uzbek learners
of English often face when using function words. The
contrastive analysis suggests that many of these prob-
lems are closely connected with typological differences
between English and Uzbek. Since English is largely
analytic and Uzbek is agglutinative, similar meanings
are often expressed through very different grammatical
mechanisms. As a result, learners may unconsciously
transfer native-language patterns into English and pro-
duce errors that affect grammaticality, clarity, or natu-
ralness.

Auxiliary verbs are a frequent source of difficulty.
Because Uzbek does not use equivalent auxiliary struc-
tures in the same way as English, learners may omit
auxiliaries in progressive forms, negative sentences, or
interrogative patterns. Errors such as She going to
school or You like tea? clearly show how omission or
incorrect formation can disturb the grammatical struc-

ture of the sentence. These patterns suggest that learn-
ers often understand the main lexical meaning, but fail
to supply the structural element required in English.

Modal verbs create a somewhat different chal-
lenge. Learners may confuse forms that seem close in
meaning but differ in force, politeness, or context. For
example, can may be overused in situations where
should, may, or must would be more appropriate. This
is particularly important in formal, academic, or so-
cially sensitive communication, where modal choice
can affect not only meaning, but also tone.

Prepositions are perhaps the most difficult cate-
gory in practical classroom experience. Since Uzbek
often expresses similar relations through suffixes or al-
ternative grammatical structures, learners may not al-
ways find a direct one-to-one equivalent for English
prepositions. This can lead to incorrect choice, omis-
sion, or overgeneralization. Conjunctions may also be
used awkwardly when clause-linking patterns from Uz-
bek are transferred directly into English. Such cases
show that function-word errors are not random; they of-
ten reflect deeper structural differences between the
two languages.

Table 2.

Common Difficulties Observed in Uzbek Learners’ Use of Function Words

|Category ||Typica| Difficulty ||Examp|e of Incorrect Use ||Correct Form

Auxiliary Omission in  progressive She going to school She is going to school

verbs forms

Auxiliary Incorrect question You like tea? Do you like tea?

verbs formation

Modal verbs Conqumn of modal You can submit it tomorrow You should / must submit it to-
meaning morrow

Prepositions  |\Wrong preposition choice |[Interested on English |[Interested in English

Conjunctions |[Unnatural clause linking Evziig;e he was tired but he Although he was tired, he worked

The examples in Table 2 show that many learner
errors are directly linked to structural transfer and in-
complete awareness of how function words operate in
English. For this reason, the teaching of these forms
should move beyond isolated grammar rules. Better re-
sults are more likely when learners meet function words
in context, work with authentic examples, compare
English structures with Uzbek equivalents, and practice
them in meaningful communicative tasks.

Pedagogical Significance of the Findings

From a pedagogical point of view, the findings of
the study suggest that function words deserve much
more focused attention in English language teaching
than they often receive. In many classrooms, learners
spend more time memorizing lexical vocabulary, while
grammatical words are treated as small technical de-
tails. However, the corpus evidence and contrastive ob-
servations presented in this study show that errors in
function-word usage often have a greater effect on
grammatical accuracy and communicative naturalness
than lexical gaps alone.

This means that function words should be taught
as part of a broader communicative grammar approach.
Corpus-based examples can help learners see how these
forms appear in authentic English. Contextualized

grammar practice can show how they behave in real
sentences rather than only in isolated exercises. Con-
trastive English-Uzbek explanation can reduce nega-
tive transfer by making structural differences more vis-
ible. When function words are taught in this way, learn-
ers are more likely to understand not only where these
forms appear, but also why they matter for meaning,
clarity, and coherence.

Taken together, the analysis confirms that function
words are central to both the structural and communi-
cative dimensions of English. Their frequency, flexibil-
ity, and functional range make them indispensable in
authentic language use. For this reason, they should be
treated as an important area of both linguistic research
and practical pedagogy.

CONCLUSION

The present study has shown that function words
occupy a central place in English sentence structure and
should be understood as both structural and communi-
cative elements of the language. Although these units
are often described as secondary grammatical items be-
cause they usually carry limited independent lexical
meaning, the analysis makes it clear that their role is
much broader than simple grammatical support. Auxil-
iary verbs, modal verbs, prepositions, and conjunctions
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contribute directly to sentence formation, clause con-
nection, semantic interpretation, and discourse cohe-
sion. In this sense, they are not peripheral features of
English grammar, but part of the core system through
which meaning is organized and expressed.

The corpus-based analysis of 2,500 sentences
drawn from the British National Corpus (BNC) and the
Corpus of Contemporary American English (COCA)
confirms that the selected categories of function words
appear with high frequency in authentic English. Their
repeated presence across different types of discourse
shows that they function as stable and indispensable
components of sentence construction. The especially
high frequency of prepositions and conjunctions high-
lights the extent to which English relies on explicit
grammatical markers to express relational and logical
meanings. The findings also show that auxiliary and
modal verbs play an important role not only in gram-
matical structure, but also in the way actions, events,
attitudes, and speaker intentions are presented.

An equally important outcome of the study is its
pedagogical relevance. The contrastive observations
suggest that Uzbek learners of English often face recur-
ring difficulties in the use of function words because
English and Uzbek rely on different grammatical strat-
egies. Since English commonly uses separate grammat-
ical words to express meanings that Uzbek may encode
through suffixes or alternative structures, learners may
omit auxiliaries, misuse modal forms, choose unsuita-
ble prepositions, or connect clauses in ways that sound
less natural in English. These difficulties are not iso-
lated mistakes; they reflect deeper typological differ-
ences that should be taken seriously in classroom prac-
tice.

From a teaching perspective, the study supports a
more integrated and context-sensitive approach to
grammar instruction. Function words should not be pre-
sented only through isolated rules or mechanical drills.
More effective learning can be achieved when these
forms are taught through authentic examples, corpus-
based observation, contextualized usage, and contras-
tive English-Uzbek explanation. Such an approach
helps learners understand not only the formal position
of function words in sentence structure, but also their
practical role in creating clarity, coherence, and com-
municative effectiveness.

In summary, the article shows that function words
deserve more focused consideration in both linguistic
description and English language pedagogy. Their con-
tribution extends beyond formal grammatical correct-
ness and directly affects how ideas are connected, how
meanings are specified, and how messages are under-
stood in real communication. For this reason, the study
of function words remains an important area for further
research, especially in relation to learner corpora, class-
room methodology, and the analysis of other grammat-
ical categories such as articles, determiners, pronouns,
and particles.
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Abstract

The fulminant advance of artificial intelligence (Al) into higher education is fundamentally altering how
medical students acquire and process clinical knowledge, particularly in how students search for information,
organize learning materials, generate ideas, and complete academic tasks. This exploratory study investigates the
perceptions and usage habits of 65 students at the Nicolae Testemitanu State University of Medicine and Pharmacy
regarding Al tools within EMP (English for Medical Purposes) classrooms. The study involved a cross-sectional
survey design across five medical faculties, whereas the findings revealed a high rate of Al usage among medical
students who use large language models (LLMs) like ChatGPT on a daily or weekly basis. In the context of EMP,
students opt for Al-tools mainly for searching for information, summarizing texts, and translating complex medical
terminology, etc. This article discusses the implications of these empirical findings for medical English education,
highlighting both the advantages of Al in saving time and clarifying content, as well as the need for structured

institutional guidelines.

Keywords: artificial intelligence, medical education, EMP, ChatGPT, medical students

1. Introduction

The increasing advance of artificial intelligence
(Al) into social, economic, and personal life, especially
in university settings, represents an important paradigm
shift, opening new opportunities to improve teaching
practices and student engagement. This technological
evolution is particularly critical in the context of glob-
alized medical education, where English proficiency
serves as the dominant lingua franca for international
research, clinical collaboration, and professional
worldwide communication. This issue is particularly
relevant for non-native English students from different
medicine-related specialties, who also require exten-
sive theoretical background, specialized terminology,
and demanding academic workloads. In such contexts,
Al tools may support learning by facilitating infor-
mation search, summarizing difficult material, explain-
ing concepts more clearly, and assisting with written
assignments. At the same time, the growing accessibil-
ity of these tools raises important pedagogical issues re-
garding their educational value, their practical useful-
ness, and their possible role in the development of aca-
demic skills [1, 7].

The Nicolae Testemitanu State University of Med-
icine and Pharmacy (USMF), established in 1945, is the
premier medical higher education institution in the Re-
public of Moldova. Operating as a highly international-
ized academic hub, SUMPh hosts a diverse student
body of over 6,000 individuals originating from more
than 50 countries. To accommodate this demographic
diversity, the university provides a variety of training
programs in four languages: Romanian, English,
French, and Russian. However, for international stu-
dents, as well as local students aiming for global mo-
bility, Medical English acquisition is both an academic
precondition and a clinical requirement [2, 3].

Despite the widespread use of Al tools in language
learning, there remains a critical gap in empirical data
regarding how medical students actually use these tools
in real-world or career-oriented settings. Therefore, this
exploratory study aims to investigate the perceptions,
usage frequencies, and platform preferences of SUMPh
students across various medical faculties. By analyzing
the survey data, we tried to understand how generative
Al supports the educational experience of future
healthcare professionals [4, 5].

2. Methods

This study was designed as a short descriptive,
cross-sectional, exploratory survey aimed at obtaining
preliminary data on students’ perceptions and uses of
artificial intelligence in academic learning. It was con-
ceived as an initial stage of a broader prospective inves-
tigation into the role of Al in university education, with
particular relevance for English language learning in a
medical academic context.

The survey was conducted among 65 students
from several faculties of Nicolaec Testemitanu State
University of Medicine and Pharmacy, including Med-
icine, Dentistry, Radiology, Pharmacy, and Nursing.
Data were collected through Google Forms using a
brief questionnaire consisting of five multiple-choice
questions focused on Al use in study-related contexts.

Data was collected utilizing a structured, five-
question digital survey administered via Google Forms.
The questionnaire was deliberately concise to maxim-
ize response rates among medical students with de-
manding schedules. The survey evaluated 5 core com-
ponents, including: (1) which Al platforms students use
most often; (2) how often they use Al tools for study-
related purposes; (3) what they mainly use Al tools for;
(4) which Al platform they consider the most useful for
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their studies; and (5) what they regard as the main ad-
vantage of using Al in education.

The questionnaire was intentionally brief and ex-
planatory in nature. Its purpose was not to provide an
exhaustive evaluation of Al use, but rather to identify
general tendencies in student behavior and attitudes.

3. Results

The empirical data collected from the 65 respond-
ents provides an overall picture of how Al tools are cur-
rently implemented into the academic experiences of

SUMPh students. The results are categorized according
to the dimensions evaluated in the survey.

3.1 Frequency of Al Tool Usage

The survey results indicate a considerable high
rate of Al usage among the student cohort. As illus-
trated in Figure 1, Al tools have shifted from occasional
assistance to daily routines.

How often do you use Al tools for study-related purposes?

65 responses

Daily

Several times a week

Once a week

4(6.2%)

Rarely 3 (4.6%)

Never 0 (0%)

32 (49.2%)

33 (50.8%)

20 30 40

Figure 1: How often do you use Al tools for study-related purposes?

The data shows that 49.2% (n=32) of the surveyed
students use Al tools on a "daily" basis. Furthermore,
50.8% (n=33) reported using these tools "several times
a week." (Note: Due to the multiple-choice configura-
tion of this specific survey parameter, overlapping re-
sponse may occur). Just a few students 6.2% (n=4)
mentioned using Al "once a week," 4.6% (n=3) using it

Which Al platforms do you use most often?

65 responses

ChatGPT
Google Gemini

Canva Al 1(1.5%)
NotebookLM 2(3.1%)
Perplexity
DeepSeek 4 (6.2%)

Claude

Copilot 1(1.5%)
Grok Ai 3 (4.6%)
gamma ai 1(1.5%)
0 20

"rarely,” and 0% reporting "never" using Al tools. This
almost confirms the total integration of Al technology
into the students' study practice.

3.2 Dominant Al Platforms

Although many Al tools are available, students
tend to prefer mainstream conversational LLMs.

53 (81.5%)
24 (36.9%)

40 60

Figure 2: Which Al platforms do you use most often?

When asked which platforms students use most
frequently, Figure 2 reveals a significant predominance
of OpenAl's ChatGPT, which was selected by an over-
whelming 81.5% (n=53) of respondents. Google Gem-
ini emerged as the second most popular platform, in
36.9% (n=24) of the students. Other platforms had a
significantly lower rate of use: DeepSeek (6.2%, n=4),
Grok Al (4.6%, n=3), NotebookLM (3.1%, n=2),

Canva Al (1.5%, n=1), Copilot (1.5%, n=1), and
gamma ai (1.5%, n=1). Notably, tools like Claude and
Perplexity (which are valuable academic tools for re-
search and source discovery) received 0% in this cate-
gory.

3.3 Primary Applications in Medical and Lin-
guistic Studies
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To understand how AI functions in students’
learning, participants were asked to identify their main

What do you mainly use Al tools for?

65 responses

Searching for information
Summarizing texts
Translating

Grammar correction
Writing assignments
Generating ideas
Creating presentations
Solving exercises
Studying for exams

Other: 5(7.7%)

25 (38.5%)

uses of these tools, revealing how Al supports both cog-
nitive and linguistic tasks.

61 (93.8%)
41 (63.1%)
33 (50.8%)

36 (55.4%)

37 (56.9%)

40 60 80

Figure 3: What do you mainly use Al tools for?

As shown in Figure 3, the most common response
is “searching for information," selected by 93.8%
(n=61) of the cohort. However, linguistic and text-pro-
cessing applications are also highly significant. *Sum-
marizing texts" is used by 63.1% (n=41) of students,
indicating that Al serves as an important tool for pro-
cessing complex medical literature. Directly related to
English language acquisition, 50.8% (n=33) use Al for
"translating," and 30.8% (n=20) rely on it for "grammar

correction." Other notable academic uses include "stud-
ying for exams” (56.9%, n=37), "generating ideas"
(55.4%, n=36), "solving exercises" (38.5%, n=25), and
"writing assignments” (23.1%, n=15).

3.4 Main Advantages of Al in Education

Finally, the survey investigated the perceived ed-
ucational benefits of Al, showing how students assess
its value in the learning process

In your opinion, what is the main advantage of using Al in education?

65 responses

Saves time

Explains difficult content more...
Improves writing and language
Helps generate ideas

Makes studying more interactive
Gives quick answers

Other: 2 (3.1%)

54 (83.1%)

57 (87.7%)

20 (30.8%)

31 (47.7%)
32 (49.2%)

38 (58.5%)

40 60

Figure 4: In your opinion, what is the main advantage of using Al in education?

According to Figure 4, the primary advantage per-
ceived by SUMPh students is explaining difficult con-
tent more clearly, with 87.7% (n=57). This was fol-
lowed by saving time, with 83.1% (n=54) and 58.5%
(n=38) valuing that it "gives quick answers." Im-
portantly for international students navigating an Eng-
lish-heavy curriculum, 30.8% (n=20) explicitly identi-
fied that Al "Improves writing and language.” Nearly
half of the students also reported that Al "makes study-
ing more interactive" (49.2%, n=32) and "helps gener-
ate ideas" (47.7%, n=31). Overall, these findings sug-
gest that students value Al primarily for efficiency,
clarity, and immediacy rather than exclusively for lan-
guage-related support.

4. Discussion

The findings of this preliminary survey show that
Al tools have already become part of students’ aca-
demic routines at Nicolae Testemitanu State University
of Medicine and Pharmacy. The results suggest that
students do not perceive Al primarily as a novelty, but
rather as a practical study aid that supports everyday
academic tasks. The fact that zero students reported
"never" using Al, and over 90% exploit it multiple
times a week or daily (Figure 1), corresponds to the
emerging global literature on the widespread integra-
tion of generative Al into medical education [6].
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A particularly important finding is that students
use Al above all for searching for information, summa-
rizing texts, studying for exams, generating ideas, and
translating. This pattern shows that Al is mainly asso-
ciated with cognitive support and academic efficiency.
In other words, students seem to use these tools not only
to obtain answers, but also to process large volumes of
information in a faster way. This is especially under-
standable in a medical university context, where stu-
dents work with extensive theoretical material and dif-
ficult concepts. Therefore, the data in Figure 3 reveals
that over 63% of students use Al for summarizing texts,
and over 50% use it for translation. In this context,
LLMs such as ChatGPT, selected by 81.5% of respond-
ents as the platform they use most often (Figure 2), ap-
pear to function as effective tools for selecting, simpli-
fying, and organizing information [1].

However, the heavy reliance on Al for searching
for information (93.8%) and explaining difficult con-
tent (87.7%) raises important pedagogical concerns.
While LLMs are often quite convincing, they are prob-
abilistic language models rather than validated medical
knowledge systems. Their use as primary sources of
medical information therefore may lead to the risk of
clinically inaccurate content. This risk may be particu-
larly significant for non-native English-speaking stu-
dents who rely on Al to translate or explain complex
information. Subsequently this might further result in
misunderstanding, serious academic or even clinical
consequences [6].

This point is equaly relevant for English language
teaching. Even though the survey did not examine Eng-
lish learning directly as a separate category, several of
the reported uses of Al are clearly connected with lan-
guage-related tasks. Translation, grammar correction,
summarizing, idea generation, and writing support are
all functions that can be productively integrated into
English for Medical Purposes classes. Thus, the data do
not show that students use Al mainly for communica-
tion in English; rather, they suggest that students ap-
proach Al primarily as a study tool, while its language-
learning potential remains secondary. This is an im-
portant pedagogical observation. It means that the edu-
cational value of Al for English may depend not only
on student initiative, but also on the teacher’s ability to
structure and direct its use [2, 3, 4, 5].

From this perspective, the role of the teacher be-
comes essential. If students already use Al spontane-
ously for academic purposes, English teachers in med-
ical universities should transform it into guided teach-
ing -learning process. For example, Al can be used for
vocabulary expansion, grammar awareness, paraphras-
ing medical texts, generating discussion prompts, prac-
ticing written responses, or creating a variety of Al-
assisted authentic materials [2, 3].

At the same time, the present findings should be
interpreted with caution. This was a short exploratory
survey involving a relatively small sample of 65 stu-
dents from several faculties, and the questionnaire con-
sisted of only 4 multiple-choice items. Its purpose was
to identify general tendencies rather than provide deep
explanatory analysis. In addition, the study explored Al
use for academic purposes in general, not exclusively
for English language learning. For this reason, any con-
clusions about English must remain preliminary. A

broader study is required, including a larger student
sample, more detailed questions, and qualitative com-
ponents such as open-ended responses or interviews in
order to examine how students perceive the role of Al
in learning English.

Overall, the findings support the idea that Al
should not be ignored in English teaching, but rather
explored as a pedagogical resource within a structured
and academically guided framework.

5. Conclusion

This empirical study demonstrates that students
across various faculties at USMF Nicolae Testemitanu
have rapidly and comprehensively adopted artificial in-
telligence into their academic workflows. Driven by the
need to save time, decode difficult content, and navi-
gate the linguistic complexities of Medical English, stu-
dents rely heavily on conversational platforms like
ChatGPT and Google Gemini for translation, text sum-
marization, and grammar correction. While these tools
offer profound benefits for personalized English lan-
guage acquisition and cognitive offloading, their ubig-
uitous use necessitates formal guidance. Future longi-
tudinal research is required to evaluate the long-term
impact of Al on clinical competence and to establish
robust institutional frameworks that teach students how
to critically and ethically interact with Al-generated
medical content.
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Abstract:

This study examines the evolving requirements for university teachers in the context of mass higher education,
digital transformation, and the expansion of lifelong learning. Particular attention is given to the concept of image
competence as an essential component of professional effectiveness. The paper analyzes the structure of a
teacher’s professional image and proposes a model describing the key elements of image competence in higher

education.
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In contemporary conditions, higher education is
increasingly viewed as a service sector, where students
act as consumers who actively choose their educational
trajectories. At the same time, the socio-psychological
characteristics of students are changing significantly.
Research shows that modern students tend to focus on
rapid outcomes with minimal effort, demonstrate inde-
pendence from traditional authorities, and exhibit prag-
matic and flexible thinking. However, they are often
characterized by a lack of mature decision-making and
reduced social engagement. The expansion of access to
higher education has also led to a decline in the selec-
tivity of student admission, which has affected overall
academic expectations [1].

The rapid development of information technolo-
gies and the accessibility of educational resources have
fundamentally transformed the role of the teacher. The
modern instructor is no longer the sole source of
knowledge; instead, their role increasingly involves
managing the learning process, organizing information
flows, and facilitating communication. This shift re-
quires a high level of digital literacy, communicative
competence, and the ability to work effectively with di-
verse types of information.

The implementation of lifelong learning systems
has broadened the age range of learners, making it nec-
essary for teachers to consider age-related differences
in cognitive, emotional, and communicative needs.
Since teachers cannot select their audience, they must
adapt to various student groups, taking into account dif-
ferences in perception, motivation, and learning styles.
This requires flexibility in communication strategies
and the ability to create a psychologically comfortable
learning environment.

The criteria for evaluating teaching effectiveness
are also changing. Greater emphasis is now placed on
communication skills, emotional intelligence, and the
ability to establish productive interaction with students.
The success of the educational process depends largely
on how well the teacher understands the characteristics
of the audience and how effectively they are perceived
by students.

However, many university teachers, despite pos-
sessing strong subject knowledge, often lack sufficient
pedagogical training and do not fully recognize the im-
portance of managing their professional image. This
limits their ability to effectively influence students’
learning and development. Addressing this issue re-
quires the development of image competence, which
enables teachers to consciously shape and adjust their
professional image depending on the context of inter-
action.

A positive professional image — characterized by
openness, friendliness, and credibility — creates a sup-
portive learning environment, fosters trust, and en-
hances students’ motivation. It also contributes to the
coordination of interactions within the educational pro-
cess, forming a unified intellectual and emotional
space.

The concept of “image” has been interpreted dif-
ferently across disciplines, but most definitions empha-
size its role as a structured representation that combines
both external and internal characteristics and influences
perception and behavior. The image performs both cog-
nitive and emotional functions and is shaped by social
expectations and cultural stereotypes.

From a pedagogical perspective, image serves as a
powerful tool of influence, affecting students’ emo-
tional states, attitudes, and behavior. The development
of pedagogical imageology as a field of study high-
lights the importance of image in professional teaching
activity and its role in building effective educational re-
lationships.

The professional image of a university teacher is
complex, as it combines two distinct dimensions: the
image of a researcher and the image of an educator. The
researcher image is associated with analytical thinking,
scientific productivity, and academic achievements,
while the educator image emphasizes communication
skills, clarity, accessibility, and emotional engagement.
These components are not always equally developed,
and institutional support often prioritizes scientific
achievements over pedagogical qualities.
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Image competence can be defined as the ability
and readiness of a teacher to consciously manage their
professional image in various pedagogical situations. It
includes understanding how an image is formed, per-
ceived, and adjusted, as well as the ability to design and
refine it to achieve specific educational goals [2].

The structure of image competence can be de-
scribed as an integrative system consisting of several
components. The cognitive component includes
knowledge of image formation mechanisms and com-
munication strategies. The motivational component re-
flects the teacher’s interest in developing their image
and mastering relevant techniques. The reflective com-
ponent involves self-analysis and the ability to evaluate
one’s image from the perspective of others. The behav-
ioral component encompasses practical skills necessary
for effective interaction, such as maintaining attention,
creating a positive atmosphere, and ensuring feedback
[3-6].

The integration of imageology into teacher train-
ing is becoming increasingly important. At Yessenov
University, significant experience has been accumu-
lated in studying and applying image competence in

pedagogical practice, which confirms its relevance and
effectiveness in improving the quality of education.
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RENEWABLE ENERGY SECTOR OF KAZAKHSTAN: ACHIEVEMENTS, CHALLENGES, AND
PROSPECTS

Annomauusn

CeKmop 60300HO6IAEMbIX UCTOYHUKOS oHepeuu Kaszaxcmana 3a nocneonee oecamunemue npO()eMOHcmpu—
poeai 3HAYUMETbHbLU pocm, 05nyl06]leHHblﬁ noédepofcuemou;ww 3aKOH0()am€]leMGOM, yeeiuyenuem uneecmu-
YUOHHOU AKMUBHOCMU U 8bICOKUM NPUPOOHBIM NOMEHYUALOM cmpaHbl. B dannoii pabome ananusupyemcs mexy-
ujee cocmosHue paseumus 680300H061eMO SHepeemuxku 6 Kaszaxcmane ¢ AKyenmom Ha pocm ycmanoeﬂeHHoﬁ
MowiHOCmMU, CMpPYKmypy dHepcemudecKux ucCmo4HuKos U Kirdeeble MEXAHU3IMbL eocy()apcmseﬂﬂoﬁ noJauUmuKu,
cnocobemesyrowue pazeumuio ompaciu. 1o cocmosinuio na 2022 200 cymmapHas ycmaHo81eHHAsi MOWHOCMb 603-
00HOBIsIeMbIX UCTOYHUKO8 dHepeuu npesvicuia 2000 MBm, npu 3mom Hauboasuyo 00a0 cOCMAsIsion COJIHeY-
Has u 6emposas duepeemura. Hecmomps na oocmucHymule pe3yibmamal, OalbHeluee pasgumue cexmopa coep-
AHCUBACMCSL PSOOM CYUWECBEHHBIX (PAKMOPOS, GKIIOUASL YCMAPESULYI0 HOPMAMUSHO-NPABOSYI0 6A3Y, 02PAHUYEH-
Hble 6anchupyf0u4ue MOWHOCMU IHep2oCcUcCmembvl, 3a6UCUMOCMb OmM UHOCMPAHHbLX uneecmuuuﬁ, mapudmbze
02PAHUYEHUs U HeOOCMAMOYHO PA36UMyI0 ungpacmpykmypy oas unmezpayuu BHUD 6 snepeocucmemy. Ocoboe
BHUMAHUE y()eﬂﬂemc;l Heobxooumocmu Modepnusauuu 3aKOHOO0AMenbHOU 5a3bl, paseumuro cucmem HaKonjaenus
9HepauU U HEOPeHUr0 COANAHCUPOBAHHOU MAPUDHOU NOIUMUKY Ol 0becnedeHuss 00120CPOYHOU KOHKYPEHmMOo-
cnocobrocmu 60300H061eMOU OHepcemuKu. Bpa60me makoice pacemampuearonmci nepcnekmuesbl pa3euniusl cex-
mopa 8 konmexcme cmpamezudeckoli yeau Kazaxcmarna no oocmudicenuto yenepoonou netimpansnocmu K 2060
200y. Iloouepxusaemcs 6axcHoCmyb paspabomKu OMpAciesblx OOPONHCHBIX KAPM, YKPenIeHUs UHCMUMYYUOHATb-
HbIX MEXAHUZMO8 U GHEOPEHUsL IPDEKMUBHBIX UHCMPYMEHMOG VeNePOOHO20 Pe2yIUPOSAHUsl, CHUMYIUDYIOUWUX
npoyeccosi ()eKap60Hu3az4uu. HOﬂyquHbl€p€3yﬂbman’Ibl nokaswleairom, 4mo, HeCmomps Ha 3HAYUMENbHBIL NOMEH-
yuan, ycmouuugoe pazsumue 60300Hos1s1emMou sHepeemuru 6 Kazaxcmane mpebyem KOMNIEKCHbIX peghopm, pasz-
sumusl qu)pacmpmeypbz U noevluieHuA uneecmuuuoynoﬁ npuesjiekamejlibHocmu ompaciu.

Abstract

The renewable energy sector of Kazakhstan has experienced significant growth over the past decade, driven
by supportive legislation, increasing investment activity, and the country’s substantial natural resource potential.
This study analyzes the current state of renewable energy development in Kazakhstan, focusing on installed ca-
pacity expansion, structural composition of energy sources, and key policy mechanisms that have facilitated sec-
toral progress. As of 2022, the total installed capacity of renewable energy sources exceeded 2000 MW, with solar
and wind energy accounting for the largest shares. Despite these achievements, several critical challenges hinder
further development, including outdated regulatory frameworks, limited balancing capacity within the power sys-
tem, dependence on foreign investment, tariff-related constraints, and insufficient infrastructure for grid integra-
tion. Particular attention is given to the need for modernization of the legislative base, expansion of energy storage
systems, and implementation of balanced tariff policies to ensure long-term competitiveness of renewable energy.
The study also evaluates future prospects of the sector in the context of Kazakhstan’s strategic goal to achieve
carbon neutrality by 2060. It highlights the importance of developing sector-specific roadmaps, strengthening
institutional mechanisms, and introducing effective carbon pricing tools to stimulate decarbonization. The findings
suggest that, while Kazakhstan possesses strong potential for renewable energy expansion, achieving sustainable
growth will require coordinated policy reforms, infrastructure development, and increased investment attractive-
ness.

KJIIO'IEBble cnuoea: 60306H06Jl}l€/l/lbl€ UCMOYHUKU IHEPCUU, Kasaxcmaﬂ, I9HepeemuvecKas noaumuKa, ycmoﬁ—
yusoe pazeumiue, 0eKapOOHU3aYUsl, IHePeemuUYecKull nepexoo.

Keywords: renewable energy, Kazakhstan, energy policy, sustainable development, decarbonization, energy
transition.

The total number of renewable energy (RES) fa-  led to an increase in the share of RES in the electricity
cilities in Kazakhstan has increased from 23 to 136  generation structure to 3.7% [1,2]. Currently, the total
Ministry of Energy of the Republic of Kazakhstan [1].  number of operating RES-based power plants is as fol-
The installed capacity of RES grew from 94 MW (in  lows (as of June 2022) [1]:

2011) to more than 2065 MW (as of June 2022), which
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Table-1

Operating RES Power Plants and Their Capacity
| RES Type || Number of Operating Plants || Installed Capacity, MW |
[Hydropower Plants I 40 | 229.04 |
|So|ar Power Plants || 51 || 1093 |
\Wind Power Plants I 40 | 684 |
Bio Power Plants | 5 | 7.82 |

By the end of 2022, an additional 10 RES-based
power plants with a total capacity of 290 MW are
planned to be commissioned [1]. By 2025, the total in-
stalled capacity of RES is expected to reach at least
3000 MW [3,4].

The key factors behind this growth include:

Legislative support for RES (since 2009 and its
further development): establishment of responsible in-
stitutions (Financial Settlement Center for RES sup-
port), development of market mechanisms (introduc-
tion of auctions and investment preferences, guaranteed
“green” tariffs, and electricity purchase guarantees)
[2.4];

Investments in alternative energy, which have also
played a significant role. Currently, the main investors
in RES projects (in terms of capacity) are development
banks and foreign companies such as Total Open SA,
Solarnet, Hevel, and China Power International Hold-
ing [3,5].

Despite the achieved results, there are several fac-
tors that significantly hinder further dynamic develop-
ment of the RES sector. The following aspects should
be highlighted:

Legislative framework: With the increasing
share of RES in the country’s energy balance and the
overall development of the sector, the legislative base
developed in 20092014 has become outdated and re-
quires revision in specific areas. A hew, more compre-
hensive strategy for RES development is needed [2].

Limited balancing capacity: Energy security is a
key issue for any energy system. Therefore, it is neces-
sary to create conditions for the development of flexible
capacities to stabilize the power system, such as energy
storage systems and other flexible sources [6,5].

Investments: As noted, most RES projects in Ka-
zakhstan are financed by foreign investments, mainly
in US dollars, which introduces currency risks for in-
vestors. Long payback periods and the limited volume
of capacity offered in auctions (only 250 MW last year)
also discourage many investors [3,7].

Tariff policy: Compared to conventional electric-
ity tariffs, the current higher tariffs for RES make them
uncompetitive without state support. A balanced tariff
policy is required to ensure competitiveness [8,9].

Underdeveloped infrastructure for RES inte-
gration: The aging infrastructure and limited transmis-
sion capacity do not allow full integration of existing
RES capacity into the power system. Infrastructure de-
velopment, particularly in remote and isolated areas,
with certain state support, could attract potential inves-
tors and designate such areas for RES projects [7,10].

The RES sector in Kazakhstan is on the verge of
significant transformation, and much depends on the
future actions and decisions of the Government. Ka-
zakhstan possesses strong natural potential and a foun-
dational mechanism for RES development, which has

already ensured a 3% share in electricity generation
[1,11]. The renewable energy sector must remain dy-
namic and responsive to new challenges.

The goal of achieving carbon neutrality by 2060 is
highly ambitious but inspired by similar targets set by
major economies such as the EU and China [11,12].
Achieving this goal requires roadmaps for each sector,
as well as strong incentives such as effective carbon
pricing and the development of a private carbon mar-
ket, encouraging economically justified decarboniza-
tion decisions [13].

Considering the inevitable decline in demand for
fossil fuels, Kazakhstan must analyze and assess how
effectively it can create attractive conditions for inves-
tors amid growing international competition for new in-
vestments in the oil and gas sector [13,14].
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HYDROGEN: TECHNOLOGY AND ITS ROLE IN THE ENERGY SYSTEM

Abstract

Hydrogen is increasingly recognized as a key element in the transition toward sustainable and low-carbon
energy systems. This study examines the technological aspects of hydrogen production, its role as an energy car-
rier, and its integration into modern energy systems. Particular attention is given to different hydrogen production
pathways, including gray, blue, and green hydrogen, with emphasis on renewable-based electrolysis as a pathway
to achieving zero-emission energy systems. The analysis highlights the strategic importance of hydrogen in sectors
where direct electrification is limited, such as aviation, maritime transport, steel production, and the petrochemi-
cal industry. In addition, hydrogen is considered a promising solution for energy storage and grid stabilization,
especially in systems with a high share of variable renewable energy sources. The multifunctional role of hydrogen
in electricity systems, including its use in power generation and as a flexible load through electrolyzers, is also
discussed. The study further explores the economic and infrastructural challenges associated with hydrogen de-
ployment, including high production costs, logistics complexity, and the need for large-scale renewable electricity
supply. A case study of Kazakhstan demonstrates the country’s significant potential for green hydrogen produc-
tion, supported by large-scale projects in the Mangystau region and international cooperation initiatives. These
projects aim to develop industrial-scale hydrogen production and establish Kazakhstan as a key player in the
global hydrogen market. The findings indicate that despite existing challenges, hydrogen has strong potential to
support decarbonization and energy system transformation. However, its large-scale implementation requires co-
ordinated policy frameworks, technological advancements, infrastructure development, and investment support.

Keywords: hydrogen energy, green hydrogen, energy systems, decarbonization, renewable energy, Kazakh-

stan

Hydrogen is a universal element that is an integral
component of almost all organic substances, fossil hy-
drocarbons, and, most importantly, water [1]. In its mo-
lecular form, hydrogen has been an essential raw mate-
rial for the petrochemical industry and fertilizer pro-
duction for many decades [2]. In addition to its use as a
feedstock, hydrogen and its derivatives are increasingly
being considered as energy carriers, becoming one of
the key directions in the development of future energy
systems [1,3]. In the context of the global climate crisis,
hydrogen — especially when produced using renewable
electricity — can become one of the main pillars of a
successful transition to a zero-emission energy system
[3.,4].

Although improving energy efficiency and direct
electrification are well-known and fundamental tools
for reducing greenhouse gas emissions, hydrogen com-
plements the overall system where these measures are
insufficient [4]. This is particularly relevant for sectors
that currently rely on fossil hydrocarbons, such as avi-
ation, fertilizer production, the petrochemical industry,
steel production, and maritime transport [5,6]. Another
important aspect is the use of hydrogen to stabilize
power grids with a high share of renewable electricity
generation [3].

While gray, blue, and turquoise hydrogen are pro-
duced based on fossil resources, green hydrogen is gen-
erated through water electrolysis powered by renewa-
ble electricity [3,7].

Historically, hydrogen has been produced near the
point of consumption using fossil resources; however,

hydrogen logistics becomes increasingly important, es-
pecially when production sites (particularly for green
hydrogen) are located far from consumption centers
[7].

Hydrogen has potential applications across vari-
ous industries. Although it has been used in the chemi-
cal industry for several decades, significant growth in
its use is now observed in other sectors, such as
transport, where hydrogen and its derivatives — such as
synthetic hydrocarbon fuels, ammonia, or pure hydro-
gen — are gaining increasing importance [5,6].

In the electric power sector, hydrogen performs
several functions. It can be used to stabilize the electri-
cal system by operating electrolyzers as flexible con-
sumers and by storing and transporting energy in the
form of hydrogen [3,8].

Environmentally friendly hydrogen production re-
quires large amounts of renewable electricity. When
connected to the grid, such variable loads can help sta-
bilize it. In addition, hydrogen can be used as fuel for
power plants, enabling electricity generation during pe-
riods of low renewable energy production [8].

Despite all potential use cases in future energy
systems, hydrogen remains more expensive than fossil
energy sources [2,7]. Moreover, direct use of renewable
electricity is generally more efficient and cost-effective
whenever possible [3].

Currently, in Kazakhstan, one of the most promis-
ing areas of energy development is the implementation
of projects aimed at developing climate-neutral hydro-
gen production and storage technologies [9]. Many of
these projects are being carried out in cooperation with
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the German-Swedish flagship company Svevind En-
ergy Group [9].

In October 2022, an agreement was signed to build
one of the world’s largest environmentally friendly hy-
drogen production facilities in the Mangystau region,
with a capacity of 20 GW [9]. The project is being im-
plemented within the framework of an investment
agreement between the Government of the Republic of
Kazakhstan and representatives of the company "Hy-
rasia One," with the participation of President Kassym-
Jomart Tokayev and President of the European Council
Charles Michel [9].

Wind and solar power plants with a total capacity
of 40 GW will be constructed along the Caspian Sea
coast. This will supply power to an industrial-scale
electrolysis complex capable of producing up to 2 mil-
lion tons of green hydrogen annually. The project is
scheduled to begin in 2030, with full capacity expected
by 2032. The estimated cost of the project is approxi-
mately $50 billion [9].

Kazakhstan is interested not only in new technol-
ogies but also in the high-quality training of engineer-
ing specialists [10]. This aligns with the needs of the
modern economy and is supported by strengthening
professional and cultural cooperation between univer-
sities of different countries [10].

In Aktau, starting from the new academic year, the
Kazakhstan-German Engineering Institute will begin
admitting students with the aim of training highly qual-
ified specialists. This initiative is being implemented in
cooperation with Sh. Yessenov Caspian University of
Technology and Engineering (Yessenov University)
[10].

Experts in logistics and energy from leading Ger-
man universities, representatives of government bod-
ies, and international organizations participated in a
round table titled “Kazakhstan-German Partnership in
Engineering for Sustainable Development of the Man-
gystau Region” [10].

As a result, opportunities for students to receive
high-quality education in both Kazakhstan and Ger-
many have been identified. Students also gain access to

the latest developments and best practices of European
scientists, as well as the opportunity to obtain dual de-
grees recognized internationally [10].

At the Kazakhstan-German Engineering Institute,
bachelor’s and master’s degree programs in “Logistics”
and “Energy and Environmental Engineering” will be
taught in English and German. By 2030, it is planned to
train up to one thousand specialists in the hydrogen in-
dustry, enabling the effective implementation of green
energy projects in the Mangystau region [10].
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DESIGN OF AN ADAPTIVE VIBRATION CHAIR WITH A CRANK MECHANISM FOR PEOPLE
WITH REDUCED MOBILITY

Anomauin

Cuosuuii cnocid socumms cmas OOHIEN 3 OCHOBHUX NPUYUH DI3UUHO20 3aHenady He MilbKi 300P080I TF0OUHU,
68 OinbuiUll MIpi ye 8NIUBAE HA MALOPYXOMUL NPOWapok aodell. Tpugane cudinHA He2amueHo eNIUBAE Ha pizuune
300pP08'51, MPasmye M si3u, GUKIUKAIOUU ampogito i 3acmiil Kposoobiey, npuzsoosyu 00 (QizutHo20 OUCKOMPOpMY,
Hagimb 00 cmepmi. Tomy po3podKa 3pyuHO20 a8MOMAMUYHO20 BIOPAYIHO20 KPICAA OJisi MANOPYXOMUX SPYR HA-
CeNeHHsl, IMEHUUMb Yeti OUCKOMPOpm. B 0CHOBI MexaHizmy Kpicia RPONOHYEMbCSL BUKOPUCIAMU eKCYEHMPUKO-
BULL MeXaHI3M, KUl 6yde cmeoprosamu 6i6payito 0Jisi NOAe2UleHHS Qi3UUHUX NPOOIEM.

Abstract

A sedentary lifestyle has become one of the main causes of physical decline, not only among healthy individ-
uals, but particularly among those who lead a sedentary lifestyle. Prolonged sitting has a negative impact on
physical health, injuring muscles, causing atrophy and poor blood circulation, leading to physical discomfort and
even death. Therefore, the development of a comfortable automatic vibrating chair for sedentary groups of the
population will reduce this discomfort. It is proposed that the chair’s mechanism be based on an eccentric mech-

anism, which will generate vibrations to alleviate physical problems.

Kniouogi cnosa: xoncmpyiosanns, adanmueHi meoui, epeoHomira, 8iopayis
Key words: design; adaptive furniture; ergonomics; vibration

IHocTanoBka npo6aemu. OcHOBHA ITpobJIeMa 1o-
JIsSira€ y BiJICYTHOCTI JAi€BUX HPUHIUITIB MOJIETIOBAHHS
Ta KOHCTPYIOBaHHS aJallTUBHUX MeOJIiB Ha PiBHI COIIi-
OTEXHIYHOI CUCTEMH JUISI MaJOMOOUIBHUX Jroneil. Ha-
pasi iCHye BenHMKa KUIBKICTh METOJIB MPOEKTYBAHHS,
SKi BUPILIYIOTh CBOI 331adi TIJIbKK B MeXax CBOTO pi-
BHSI, 3a3BUYail HA piBHI MikpoeproHomiku. Lle npusso-
JITB JTO TOTO, IO PO3POOKHU aTaNTUBHUX MEOJIIB HE Ma-
IOTh CHCTEMHOTO MiAXOIYy Y CTBOPEHHI iHKIIO3ii st
JoJIeH 3 BaJlaMu pyXy, & CKOHIICHTPOBAaHI JIUIIE Ha TT0-
JIMIIEHH]I eprOHOMIYHHAX XapaKTEPHUCTHUK, 3aTHIIAI0YN
11032 yBaru KOMIUIEKCHI aCIIeKTH iHTerparii, KoMyHika-
i1 Ta coIliaJbHOI B3a€MOJIIT.

AHaJii3 ocTaHHiX AocaiKeHb i myOaikauiii. Ic-
HY€ O4YEBUIHHUH 3B'SI30K MK CHJITIOFO ITOBEIHKOIO JII0-
JVHU Ta TpobjeMaMu 3i 370pOB'IM: AUCKOMOOPT y
Tiji, OUTh B 00JACTi IIHi, TIeUed 1 HUKHBOI YaCTHHH
cnrHA Too. KpiM mboro, nesKi JOCIiTHHKH BHSBHIN
npoOaeMy 3i 3I0pOB'SIM MAJIOMOOUTPHHUX JIFOACH, sIKa
MOJIATAE B TOMY, 1[0 CHIsTYa MOBEAIHKA OCTAaHHIX MOXE
TIOTIPIIATH B)K€ HAsSBHI 3aXBOPIOBAHHS JIIOIUHU [5].

dizuuHa 0e3isUTbHICTD JTFOIUHH 3aTUIIAETHCS YETBEP-
THM TPOBIAHMM (DAaKTOPOM PH3MKY CMEPTHOCTI, Ha
sikuil ipunagae 6% Bija rao6anpHOi cMepTHOCTI [6].
Bibpamis Bcroro tina (WBV) Oyna mpencraBnena
me HanpukiHmi 1990-x pokiB. Ase JOCIIKSHHS
BIUIMBY IHTEHCUBHOCTI BiOpallii MpoBOJATECS 0 BOTO
yacy. Bigomo, 110 JIIOACHKHI OpraHi3M IO pi3HOMY
crnipuiiMae pi3Hi BiOpawii Ta ii iHTeHcHBHICTH. [HTEHCH-
BHICTh BiOpamii 3a/Ie)XuTh BiJ 9acTOTH ab0 KITBKOCTI
KOJIMBaHb 332 CEKyHIy, BUMIpIOEThCs B reprax (I'm). ¥V
0araThboX IOCIHiPKEHHSAX OyJo BHUSBIEHO, IO BiOpa-
iitHe Kpicio 3 gacrororo 5 I'l Ta ammumitynoro 7,5 MM
J0TIOMarae TOJIIMIINATH COH Ta NMpuopaTé BToMy. Ta-
KO JTOCITiZIMIIH, 10 BILTUB BiOpartii Bchoro Tina 4-7 ['q
npotsiroM 60 XBUIIMH, sIKa MEPEAAETHCS Yepe3 aBTOMO-
OinbHE CH/IHHS, JIOIOMAra€ BOJISAM IiABUIIUTUH CHM-
MIAaTHYHY aKTHBALil0, Ta YHUKATH COHJMBOCTI. Kpicro-
dep [7] y 2009 poui nocmikyBaB BIUTHB BiOpawiitHOTO
Kpicia 1u1s marieHTiB 3 xBopoOoto [Tapkincona Ha BiO-
pariiiHy Tepamito, Mami€HTH, SKi MIOAHS MPOBOIMIN
30-XBUIIMHHI CeaHCH B aBTOMAaTH30BaHOMY BiOpartiii-
HOMY Kpicii, BiggyBamu cebe OuTbIm KoM(OPTHO i
Kpallle craiy micis TpeHyBanb. [1inq vac WBYV cy0'exr
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MO)KE BHKOHYBaTH BIIPaBH, a YacTOTH BiOpamiiHHX
TpEHAKEPiB MPAIIOI0Th B 0OMEXEHOMY Jliana3oHi, 3a-
3Buuaii Bix 15 mo 70 'y, Ta aMIutiTy1or0, 3a3Bu4aii BiJ
1 mo 10 MM [7, 12, 13]. OcHoBHa wacToTa BiOparlii mo-
BUHHA MIATPUMYBATHUCSI HAa HU3BKOMY piBHI, a 3011b-
IICHHS IHTEHCHBHOCTI BiOpamii MOXJIMBE JIUIIE ITPOTSI-
roM 0OMeXeHOTro yacy. PekoMeH/10BaHMId 4ac BUKOPH-
cTaHHs BiOpawuiifHOro npucTporo i Gpi3HYHUX BIIPaB
cTaHOBUTH Bix 15 mo 30 xBuimH Ha ceaHc. PesynbraTn
eKCIIepUMCHTIB TOKAa3ali, 10 KOHCTPYKIIis BiOpariii-
HOTO Kpiclla TIOBUHHA MaTH PeryibOBaHe (QYHKIIIOHA-
JhHE HaNAIITyBaHHA BiOparii B oOMexeHOMY Iiarma-
3oHi [7, 12, 13]. Bibpamiiini HOpMH TOKJIAIA0THCS Ha
KOHCTPYKIIiF0 MEXaHITHOTO IPUCTPOF0. ToMy qyxe Ba-
JKJIMBO JUISl TIPAaBHIIBHOI TNepesadi BiOpauii cripoekTy-
BaTH KOHCTPYKIIIO JIe MOXKYTh OyTH 3aCTOCOBaHI pi3Hi
THUIIU KOJIUBaHb, TAKU SK: 1. IOBOPOTHI KOJMBAHHS; 2.
OiyHI KONMMBaHHS (JlaTepajibHa OCLMJIALIA); 3. JiHINHHI
KOJIMBaHHsI; 4. CKIaIHI pyXH; 5. eNIEeKTPOMAarHiTHi Ko-
TuBaHHA. Bel Tk BUAIB BiOpaIiifHAX THIIIB KOJIHBAaHb
MOJKYTh T€HEPYBATH IIEBHY BiOpaIlito BiAIOBITHO:

1. IToBOpOTHE KOJIMBAHHS, B IKOMY BEPXHS ILIAT-
(hopma KonMBa€eThCS HABKOJIO (PiKCOBAHOI IEHTPAIBHOT
oci obepTaHHS.

2. JlatepanpHa OCIIIIALS - IPUCTPIit 3 4-Ma mmiTa-
HIraMH, SIKUM [IPU3HAYECHUU JUUIS1 CTBOPEHHS KOJIUBaHb
BIEpeI-Ha3al.

3. JliniitHa BiOparlisi, BOHA PYXa€ThCs MEPEBAXKHO
y TOPU3OHTAIbHOMY HANpsMKY, 3 HE3HAUHHM PyXOM
10 BEPTHKAII.

4. Cxyagauil pyx, 10 BKJIIOYA€E €KCIEHTPUKOBUN
MPUBIJ, SKUH MOenHye B cOOi TUTOCKUH 4-0amovyHuit
TPUCTPill (TIPUCTPOi) Ta €KCIEHTPUKOBE KOJECO I
CTBOPEHHS CKJIQIHOI CXEMH PYXY.

5. EnexTpoMartiTHi KOJMBAaHHS - 1€ IPHUBIJI, IPH-
JaTHUH JUIS CTBOPEHHS 3BOPOTHO-TIOCTYNAIBEHOTO
PYXy IUIsl HE3HAYHOTO PO3TATYBAHHS.

BiOpariss HeoOXiHa A 310POB'S CHASYHUX JIIO-
neii. Tomy, aBToMaTH4He BiOpalliiiHe Kpicio 3 onTuma-
JbHO BU3HAYEHUMH MapaMeTpaMiy MOBHHHO 3abe3re-
YUTH PO3CTA0ICHHS M’SI31B Tijla MaJTOPYXOMHUX JIFOICH
Ta MOJICTIIUTH X QI3UYHUIA AUCKOMOOPT.

AHaJii3 OCTaHHIX po3podOK AXANTUBHUX MeO-
JdiB 3 ¢pynkniecro Biopamii. /11 ManoMoOUTEHAX TPYIT
HaceJICHHS aJanTuBHI MeOmi 3 QyHKuUieo BiOpamii y
2025-2026 poxkax mepernum 3 KaTeropii «koMpopTy»
y KaTeropiro >KUTTEBO HEOOXiHOT aCHCTHBHOI Tepartii.
OcHoBHUIT (OKyC po3p0OOOK CIIPSIMOBAHO HA ONTUMI3a-
[iI0 TEOMETPHYHUX IapaMeTpiB Ta KiHEMATHIHHUX
cxeM, 100 3am00irTH MOsIBi MPOJICKHIB Ta MOKPAIIUTH
JiMQoapeHaxk Ta CEHCOPHI CTUMYJIALIT IS JTIOJUHHA 3
imBamigmictio [1, 2, 3, 4].

3ano6iraHHas MPOJICKHSAM Ta TOKPAIICHHS MiKpO-
MUPKYJAIIT 32 JOMOMOTOI0 aJaNTUBHOI BiOparii — jae-
MOHCTpYE€ TIepexiJ] BiJl MeXaHIqHOT /1ii 10 «pO3yMHOTO»
(iziorepaneBTHYHOTO MOHITOpUHTY. P0o3poOHMKH 30-
cepeuIIiCs Ha BUPILIEHHI TOJIOBHOI MpobiaeMu Majio-
MOOUTLHUX JIFOIeH: TKAHUHHIH ToKcii (KHCHEBOTO T0-
JIOAyBaHHS KJIITHH uyepe3 mocTiinuii tuck) [8, 9, 10,
11].

Texnonozis Active Vibration Therapy (AVT). Jli-
JIEPOM Y LIbOMY CErMeHTi € komianis Permobil y crmis-

npari 3 VibeTech. Ha Bigminy Bix 3Buuaiinoro BiGpo-
macaxy, AVT BHKOPUCTOBYE HU3bKOYACTOTHI KOJIH-
BanHs (20-50 T'ir) 3 masioro ammuiTyj0r0. Taka yactora
PE30HYE 3 M'SI30BUMH BOJIOKHAMH, BUKJIMKAIOYHN 1X Mi-
KpPOCKOpOYeHHsI 0e3 3MiHM monokeHHs Tina. Lle mpa-
LIIOE SIK «ITacHBHE TPEHYBaHH» cyanuH. KpoB He 3acTo-
I0€THCS B Kamijspax, mo Ha 40-60% 3HIKye pU3UK BH-
HUKHEHHsS HEKpo3y TKaHWH (mpojexHiB). Cucrema
Permobil Connect 3uurye gac nmepeGyBaHHs JTOANHA B
OIHIHM mo3i. SIKImo KOpUCTYyBad HE 3MiHIOBAaB KyT Ha-
XmTy Kpicna monan 30 XBHWIMH, BiOpariitHi Momymi B
CHUIIiIHHI aKTHUBYIOTHCS aBTOMAaTHYHO. Po3poOHMKN iH-
TerpyBaji BiOpalliifHi akTyaTopu 0e3mocepeIHbo B CH-
IYIIKH, B IKUX BOYJJOBaHI JECATKA JaTYNKiB THCKY. Bi-
Opallisi BMHKA€ThCS TIIBKH il THMH JUISHKAMH, JIC
THUCK KpUTHYHMH. Takuil miaxin 03BOJISIE CTUMYIIIO-
BaTH KPOBOOOIr JIOKAJILHO, HE TypOYIOYU BCE TIJIO KO-
pHCTyBaya, 10 BXJIMBO INPU MiIBUILECHIA CEHCOPHIN
qyTIuBOCTI [14].

Texnonoeis netipom'sa3060i cmumynayii. Jns mnro-
JIei 3 maparieriero abo MOBHOK BTPATOIO YYTIMBOCTI
po3pobku Restorative Therapies npomnoHyoTh moea-
HaHHA BiOpamii 3 (YHKIIIOHAIEHOIO E€IEKTPOCTUMYIIS-
miero. Bibparist B Kpicili TOTye M'sSI3H 10 €NEKTPUIHOTO
IMIYJIbCY, 3HIKYIOUH OTIip IIKipH Ta TOKPAIIyIOUYH Bi-
JTyK HEpPBOBUX 3aKiH4YeHb. PeryisipHi ceaHcu Takoi
aJlanTUBHOI BiOparii JonoMaraoTh MiATpUMYBaTH M'si-
30BHMI TOHYC HaBiTh 3a BiJICyTHOCTI JOBUIBHHX PYXIiB,
1[0 TIOJIETTIY€ TOaJIbIINy peabiliTallito KOpUCTyBaya.

Cucmema Sens8™ 4D, po3po0sicHa IHKECHEpAMU
komnanii OHCO (Smonis/CHIA), € oxanieo 3 Haid-
OLUTBIII TEXHOJIOTIYHHX BiJIIIOBI/ICH HA BUKIUKY aTpodil
M'sI31B Ta MiIBUIICHOI KPUXKOCTI TKAHUH y MaJoMOOi-
JMBHUX Jogel. MexaHika 4D-anropuTMy BH3HAYA€E pyX
POTHKIB y TphoX IuromuHax (X, Y, Z) mIoc BapiaTh-
BHY IIBHIKICTh. ¥ KOHTEKCTi Sens8™, geTBepTHil BU-
Mip — IIe AMHAMIYHUH TEeMT, IO IMITY€E JFOAChKE JOTO-
pkanHsi. CucTeMa OCHalleHA JAaTYMKaMHU 3BOPOTHOTO
3B'S3KY, SIKI BUMIPIOIOTh CHIIy ONOpy noBepxHi. Ocki-
JIBKY KiCTKa YHHUTH OUTBIINN OTip, HIJK M'IKa TKAHUHA,
QITOPUTM MHUTTEBO 3MEHILYE INIMOMHY HATHUCKAHHS Ta
IHTEHCUBHICTh BiOpallii MpY KOHTAKTI 3 )KOPCTKOIO 30-
HO0. 3aMICTh PIi3KHX MOIITOBXIB, BiOpalis MOJaeThCs
3a MPUHIMIIOM CHHYCOi/IH, 110 BKPail BAsKJINBO JUIS JIIO-
Jel 3 HU3BKOIO M'SI30BOI0 Macolo, JI¢ HEpBOBI 3aKiH-
YeHHsI po3TalloBaHi 0JM3bKO /10 ToBepxHi mikipu. Kpi-
cllo Mae BOynOBaHMH ckaHep Ta cTBoproe 3D-Monens
crinHU. BoHO i1eHTH]IKYE MONI0XKEeHHs XpeOliB Ta BU-
cTymiB Ta3y. CrcTemMa CTBOPIOE "30HH BUKIIOYCHHS" Ta
MPOrpaMHO 0OMEXye aMILTITYy Ly BiOparlii B pamiyci 2—
3 cM HaBKOJO iIeHTHU(IKOBAHNX KICTKOBHUX BUCTYIIB.
BiOparist cipsIMOBY€ETHCS Ha 3aJIMIIKH M S30BHX BOJIO-
KOH B3/I0BX Xpe0Ta, CTUMYJIOI0YH iX 0€3 MpsIMOro TH-
CKy Ha caMi BigpocTku xpe6iiB. Kpicio Bukonye GpyH-
KIiI0 AaCHBHOI TIMHACTHKH, & caMe PO3IIUPEHHS Cy-
JIVH, IO J03BOJISIE JOCTAaBUTH TOKUBHI PEYOBUHU JI0
aTpo(oBaHMX M'A3iB, CHOBUILHIOIOUH TIpoliec iX mona-
neIoi gerpagamii. s Toro mo6 3ano0irté MexaHiu-
HUM TIOIIKOJDKEHHSM KamuIsipiB, CHCTEMa BUKOPHCTO-
BY€ «IOBITPSHY NMOYIIKY» SIKA CTBOPIOE M'SIKHH Kap-
Kac HaBKOJIO KiHIIIBKM a00 CITMHU, a BiOpallis TpaIfoe
BCEpeANHI IFOTO 0e3MeYHOT0 «KOKOHa» [15].
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Texnonociss Smooth Ride Suspension (SRS), sxy
aKTHBHO BIPOBA/DKYIOTH sMTOHChKa kommanis WHILL
Ta mBeacska Permobil, € pyHaamenTansHuM popu-
BOM Yy 3a0e3redeHHi MoOIbHOCTI nanieHTa. it mano-
MOOiTbHOT JfoaMHKM OyIb-sika BiOpamis BiJ HepiBHOI
JIOPOTH — II¢ HE MPOCTO AUCKOMPOPT, a (PakTop, Mo
MPOBOKYE M'SI30BY CIIACTHKY, XPOHIYHUH 0116 y XpeOTi
Ta IIBUJKY BTOMJIFOBAHICTb.

KirrouoBoro ocoonmsicTio Texuonorii SRS e 3mar-
HICTh HeliTpauizanii BiOpamiil. [lormmHaHHS HU3bKOYA-
CTOTHHX KOJHMBAHb BiMOYBA€THCS ONIpa3y KOIHM Bi30K
HaDKpkae Ha BHOOiHy, SRS axTmBye mpotmmito. Ko-
JIeco MiTHIMAETBCS Bropy, ale CHAIHHS 3 KOPHCTYBa-
YeM 3aIHIIAE€THCS Ha Til caMilf TOPH30HTANBHIH JiHii.
TexHouorist 3a0e3neuye «eQeKT MOIBOTY», A€ KOJIH-
BaHHS BiJl KOJIIC HE NEpelaloThCsl Ha paMy Ta XpeOerT.
Cra0Oinizalris BifOyBa€eThCs aBTOMATHYHO, 3aB/ISIKU 30i-
JIBIICHHIO JKOPCTKOCTI 30BHIIIHIX amopTtu3aTopis. Lle
JIO3BOJISIE Bi3KY IIABHO JIOJIATH MEPEIIKOIH BUCOTOIO
1o 5—7 cM (boparopu, moporu) 6e3 pi3Koro MOIITOBXY,
KW 3a3BUYail BiTdyBae KopucTyBad. HaBiTh Komm cu-
IiHHA migHATe abo HaxmieHe, cucreMa SRS mpomos-
JKye CTaOUII3yBaTH MOJIOKEHHS Ta HE JO3BOJISE BTPaA-
TUTHU piBHOBary [16, 17].

ini Ta 3aBAaHHA CTATTI NOJSTalOTh Y TEOPETH-
YHOMY OOIDYHTYBaHHI Ta ONTHMIi3allii COLIOTEXHiU-
HOTO MIIX0/y A0 MPOEKTYBAaHHS aJaNnTHBHUX MEOJIB

JUTST MaJIOMOOUTBHUX TPYN HaceNeHHs. TaKwid ITiaXin
CIIUPAETHCS HA BUKOPUCTAHHS IIPUHIMIIB AU3alHY, 110
JIO3BOJISIFOTE  PO3POOHUKAM MEOJIB CBOJIOI[IOHYBATH
Pa3oM 3 pO3BUTKOM aCHCTHBHHUX TEXHOJIOTIH, Ta J03BO-
JISIFOTH MIATPUMYBATH NpodeciiiHy aBTOHOMIIO Ta Tif-
HICTH 0C00aM 3 IHBANIAHICTIO.

OcHoBHa 4yactuHa. Po3poOka amzaiiHy Kpiciia
Benacsl B JIEKUIBKOX acrekrax. J[M3ailH 30BHIIIHBOTO
BHTIISIAY 3poOJieHWMH Ha  OCHOBI  0iOMIMETHKH
(biomimetics), mo € MOJANBIIAM PO3IBUTKOM OiOHIKH.
HaTxHEHHAM MMOCTYXIIN caMe IPUPOAHI GOPMH OKpe-
MUX TePTiTiB, CKIICPOTH30BaHHX YACTHH CETMEHTAPHUX
KiJenpb YJIE€HUCTOHOTUX. bioMiMeTHKa, SIK MI>KIUCIIHII-
JiHApHA HAyKOBa Taly3b BHUBYAE MPHUPOIHI CHCTEMH,
SIKI MUTBHOHH POKIB BiITOYYBaIH CBOJIOIIIO, 33 IS
CTBOPEHHSI HOBHMX TEXHOJIOTiH, MaTepiaiiB Ta iHHOBa-
uiitHux pimeHb. Takok, CTPYKTypa HPOEKTHOTO pi-
LIEHHsI BUpOOY 111010 00paHHs qu3aliHy Kpiciia JOMOB-
HEHa JaHWMU 3 ePrOHOMIYHOI aHTpomnoJjorii (puc. 1), a
came, B OCHOBY PO3POOKH IOKJIaJCHO METO aHTPOIIO-
METPUYHOTO aHaNi3y HEBIAMOBIIHOCTI, TPOMICIOBOTO
IU3aifHy Ta MamIMHOOYIIBHOTO TPOEKTYBAaHHS, MO0
3MIACHATH pO3YMHUM MiA0ip KOMIIOHEHTIB Ta MEXaHi3-
MiB, a TaKOXX 3aCTOCYBaHHS KOHCTPYKIIIITHHUX Ta 03100~
JOBAJBEHUX MaTepiaib.

270-300

1305

790

Puc. 1. Epeonomiuna cxema nocmagu 100CbK020 mina nio 4ac cuOiHHs

Jiis 3amo0iraHHs M'I30BO-CKEJIETHUM PO3JIajaM
NP TPUBAJIiH pOOOTI B CHITIOMY TIOJIOKEHH] JIFOIMHH,
3 TOYKH 30Py aHTPOIIOMETPil, KOHCTPYIOBAHHS aIallTH-
BHHUX MeOJIiB 0a3yeThcs HAa aHai3l HEBiAMOBIAHOCTI
(Mismatch Analysis). leii eproHoMiuHMii aHAJI3 € KpHU-
TAYHUM IS 3a0€3TeUeHHS BilMOBIAHOCTI TPUCTPOIO
1o Tinma. Bin B ocHOBI aHami3y JIeXHUTh BUKOPHCTOBYE

CHCTEMa BHUTHHIB TiJia JUIS BU3HAYCHHS JOIYCTHMUX
rapameTpiB MeOJIiB:

Bucora cuminms (SH):

(PH +2.5) cos 30° < SH < (PH +2.5) cos 5° (D)

ne PH - BucoTa migkoninHoi 3anaguuu. Le 3a0es3-
negye KyT Big 5° mo 30° y TOMUJTKOBOCTOITHOMY CYT-
71001, 10 TATPUMYE KPOBOOOIT.
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I'nmubuna cupinas (SD):
(0.80 x BPL) < SD <0.95 x BPL 2
e BPL — noByxuHa Bijg cigHMLI 10 HMiAKOIIHHOT 3a-
naguHy. SIkio riauouHa Oinbiia 3a 0.95 BPL, BuHnkae
TUCK Ha CYJMHH MiJ KoniHamu; sikino menrre 0.80 BPL
— HEJTOCTATHS MiATPUMKA CTCTOH.
lupuna cupinns (SW):
1.10x HB <SW<1.30 x HB 3
ne HB — mmpuna creron. lle mae mpoctip mis
PyXy Ta BpaxoBY€ TOBIIHHY OJISTY.
Bucora nikTiB B monoxxensi cuasan (SEH):
SEH <TH < (0.95 + 50) 4
ne TH — Bucota crimpaMmi. Po3poOka BiamosimgHOT
BucotH croiy (TH) BuMarae perensHOTO BpaxyBaHHSI
OioMeXaHIKH IUIeUCH, BKIIFOYAI0YN KYTH 3THHAHHS TIe-
yeit Bix 0° no 25° ta xyru BigsenenHs Big 0° go 20°%
TPUMaHHS PYK Ha CTOJII 3HAYHO 3MCHIIYE HaBaHTa-
JKCHHS Ha XpeOerT.
Bucora crimaku (BH):
(0.60 x SSH) <BH < (0.80 x SSH) 5)
PexomennyeThes, mob 3HadeHHs BH ve Oyno Bu-
MM 32 3HAYCHHS JIOMIATKH, TOMY BUCOTa CIIMHKH CTa-
HOBHTS Big 60% 10 80% Brcotu mredeii cuastau (SSH).
BincTaHp Bif CHAIHHS 10 CTOTY
(STC): (TT + 20) < STC (6)
ne TT — ToBiuHa cTerHa. OMHaK ineaabHUNA PO3-
mip STC nmoBuHeH Oyt Ha 20 MM BHIIMM 32 BHCOTY
KOJIiHA.
IMonoxenus wir (UTH) 3 ypaxysauuswm (1)-(6):
(SH+TT+30)<UTH<(SHE+[(PH+ (7)
30) cos 5°] + 0.1483 AL — 30)
KopucryBau moBHHEH MaTH JIETKUI TOCTYII JI0 CH-
ninss 3-mig crinmpaAn (UTH). KpiM Toro, KoHCTpyKIis
BIACTaHb BI JTIKTS

J10 KIHYIIKIB IANBIIB
i (EFL)

— ‘I som Y
TOBIIITHA
crersa (TT)

- Losoa

|

|

|

i

) - o

BIJCTAaHb BI CIIHIII J0

. . - !

:/ II1IKOJIIHHO1 IMKII |

(BPL) 1

'

i
__________________ S AN .|

BIJICTAHb Bi CLIHIII
1o komiHa (BKL)

|
|
|
k

BIICOTa

CILASYIT

Riocooa

TIIKOTIHHA

[TOBMHHA BKJIFOYATH MK BUCOTOIO cuainas (SH) Ta mu-
punoto crerna (TT) momatkoBi 20 MM TpocTopy, o0
3a0e3MeunTH PyXJIUBICTD HIT.
HlIupuna criuaky (BW):
BW=>HB (8)
ne HB — mmpuna creron. KitouoBuii nokasHUK y
MIpOLEC] MPOEKTYBAaHHS IIUPUHH CTIMHKH.
Bucora crinaku (UEB):
UEB < SCH 9)
ne SCH — mimmonarkosa BrcoTa. BaxkimBum aH-
TPOIIOMETPUYHAM KPHUTEPiEM Ui OLIHKA BEPXHBOTO
Kparo CIIMHKH € MiJIONaTKOBa BUCOTA.
I'nubuna migerimis (TL):
TL > BKL (10)
ne BKL — noBxuHy CiHHI Ta KOiH. 3a0e3nedye
JOCTaTHIN MPOCTIp Ul 3MiHH 1103 200 PyXiB HIXKHBOT
YaCTHHHU TiNa.
I'mubuna crony (TD):
(0.5SEB + 0.342 AL +20)<TD <EFL (11)
ne SEB — mmpuna 1o miktax cugsan, AL — noB-
KUHA pykd. s cromy moTpiOeH mocTaTHiH mpocTip,
rIOMHA CTOJTy TIOBHHHA JO3BOJIITH BiZBEJCHHS JIIKTS
mig kytoM 20° 3 3amacom 20 MM.
Bucora po6ouoi nosepxHi (DH) 3 ypaxyBanusm
(1), (4) BU3HAUAETHCS BITHOCHO BUCOTH JIKTS CHISIOT
nroauan (SEH):
SEH +SH <DH<SHE + SH+5cm (12)
Yci napamerpu (1) — (12) BUKOPUCTOBYIOTBCSI IS
AQHTPOIIOMETPUYHHUX BHMIPIOBaHb JIFOJACHKOIO Tijia B
HOJIOKEHHI CHJISYM, IO € BAXJIMBUM JUJIS TPOEKTY-
BaHHS ePrOHOMIYHUX MeOIIiB 200 poOOUYHX MicIb (pHC.
2).
HIIpHHA 110 JIKTAX
ciagun (SEB)

BIICOTA
ieva
CILISTII
(SSH)

ihuikie
KOBa
BIICOTA

(SCH)

TIKTA

(SEH)

BIICOTa

(PH)

1
I
[
1
I
1
|

IIIpHHA CTErOH

(HB)
>

Puc. 2. Aumponomempuyna cxema 1o0CbK020 Mind 8 NOJONCEHHT CUOAUU.

Ha puc. 3 nokasana jiHis ciUpaHHs TiJ1a JIOJMHHY,
Jie BUTMH CIIMHKY BiJnoBinae Gopmu xpeodra.
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Puc. 3. Boxosa npoekyis ninii cnupanuts mina 100Uty Ha Kpicio

[IponoHyeThCsl KapKac CTiNbIS BUTOTOBICHUH 13
HepkaBirouoi craneBoi Tpyou. ExemenTn kopirycy Oy-
IyTb opMyBaTHCS i3 OKPEMHX THYTHX YacTHH 3a J0-
MOMOTOI0 3TMHAIBHOTO OONIQHAHHS Ta 3BapeHi Mik
c000¥0, 10 BEpXHBOI HOBEPXHI SKUX MPHUKPITUICHI M'sIKi
eJIeMEeHTH TS miABHIeHHsS koMbopTy. Kpicio ckinama-
THUMEThCS 3 30BHILIHBOT HECYYOT Ta BHYTPIIIHBOT PyX0-
MOi 4acTHHH. 30BHILIHS KOHCTPYKIS, Ha SIKY CIIUpa-
€TBhCS TUIO KOPHUCTyBaua, Oyae KPIMHUTHUCS Yepe3 ras-
QT O XPECTOBHHHU 3 CUCTEMOIO POJIMKIB 4epe3 siKi
PO3NOAUIATUMETCS HABAaHTaKEHHS Ha Mimiory. Bay-

TPIIIHS PyXOMa YacTHHA CKJIQJATUMETHCS 3 MOCHTiTO0-
BHO PO3TAIlIOBAaHHX BiOpaIlifHUX MPHUCTPOIB, 5IKi 3’€1I-
HaHi 3 OJIOKOM XHBJICHHS Ta OJIOKOM KepyBaHHS.

[IpoexTyBaHHS KOHCTPYKIIi Kpicia 3 BiOpariii-
HUM MEXaHi3MOM Ha OCHOBI poOOTH KPUBOIIHIA 3 TT0-
CTIHHHMM pa/liycOM PO3TALIYBaHHS LIHIIA TPOBOAMIOCS
3a JJOMOMOT OO mporpamHoro 3adesnedenns AUutoCAD
(puc. 6). [Ticast cTBOpEeHHS KpeceHHs: KOHCTPYKIIT CTi-
nbLis 3a gornomororo AUtoCAD (puc. 4), aist 1o0y 1081
3D 300paxeHHst BUpoOy 0yJI0 BUKOPHCTAHO MPOTpaM-
uuii npoaykt Google Nano Banana (puc. 5).
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Puc. 5. Bisyanizayis éibpayiiinoeo kpicia
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Puc. 6. Koncmpykyis agmomamuunoeo 8iopayitinozo kpicia.

(1. Bininop. 2. Hecyua xoncmpykyis. 3. [lepedasanvruii cmpudicens. 4. Jlinitnuii niowunuux. 5. Cninena yma.
6. Pyxomuii enemenm gibpayiiinozo mexanizmy. 7. Kpugowun. 8. Enexmpodsueyn. 9. Ocnoea «Ilagyxy onst oghic-
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Cepen ycix BHYTPIIIHIX MEXaHi3MiB — EKCIICHTPH-
KOBO-TBUHTOBMH NPHBIZ € OCHOBHUM CTPYKTYPHHM
KOMITOHEHTOM, 1110 peattizye QyHKIIio akTHBalii BiOpa-
LIHHUX pYyXiB AJsl po3cyiabiIeHHs M's31B 1 3HATTS JTUC-
KoMdOopTY B TiJIi.

MexaHi3M Iepenadi Ma€ KpUBOIINI 3 MOCTIHHUM
paniycoM po3TallyBaHHs MMM, NepeJaBaIbHUN CTPH-
JKEHb 1 TPYXMHU Uil HaOyTTs BiOpariiHOi (yHKIIl

Oe3LiTKoBUIM ABUrYH
NOCTINHOrO CTPYMY

BiHINOp

CTPYyCHa nnacTtuHa

npyxuHa

(puc. 7). Bibpariro kpicia MOXHa peryaoBaTH BUOip-
KOBO, B 3aJIS)KHOCTI Bif] TOTpeO KOpHCTyBaya, 3a OO~
MOTOI0 IIBHIKOCTI eJeKTpoABUryHiB. CriHeHa ryma
CEPEIHBOI JKOPCTKOCTI MOXKE MOCHUITIOBATUH C()CKTHUB-
HICTB BIOpalii M0 OKpEeMHX 30HAX, 3aBJSKH PO3TaIly-
BaHHIO Ha0OpIB NMPHUCTPOiB BiOpaLiHUX MeXaHi3MiB
Y370BXK BCi€l TUIOIUHY CIIMPAHHS TiJIa, @ CaMe 30HH Ci-
JHUIIb Ta CIUHU KOpUCTyBaua (puc. 4 ta puc. 6).

CniHeHa ryma

nepegasanbHUN

LUTOK

CTPVKEHb

I

I

| EKCLIEHTPUKOBUI BOK:

NiHINHWIA
MigLWnUnHUK

Hepyxoma 4actuHa
BibpauinHoro 6noky

| KPMBOLLIMM 3 MOCTIAHUM
pagiycom poaTallyBaHHS

amnnityaa
pyxy wuna
wurna

Puc. 7. Hanognenns iopayitinoco 010Ky

Hpunyun sibpayii kpicra. Bibpamiiina miura, y
dhopmi kopoba, 3'eHaAHA 3 OCHOBOIO, HEPYXOMOIO Yac-
THUHOIO, JIBOMA NPYXKHUHAMHM, Yepe3 HalpSIMHHUN JIiHIH-
HUH MAMAITHEK 1 ToK. Bibpartis BinOyBaeThes 3a pa-
XYHOK KPUBOIINIIA HA SKUH Mepeaae obepTaabHuil MO-

MEHT OC3MIITKOBUI  ENeKTPOABHTYH TOCTIHHOTO
CTpyMY, 3a JUIS CTBOPEHHS BUCOKOIIBUIKICHOT BiOpartiii
amnnityaa

OyB oOpanuii nBUryH motyxHictio 105 Br. 3ycumis
€JISKTPOJBUIYHA Ha BiOpaliliHy IUIMTY BiOYBaeThCs
3aBJISIKM TNepellaBalIbHOMY CTPHXKHIO, SIKUH 3 OJHOTO
00Ky 3’€IHAHWH i3 KPUBOIIUIIOM 3 TIOCTIHHUM paiy-
COM pO3TallyBaHH IIWMA, a 3 iHIOTo 00Ky 10 BiOpa-
miffHOrO KOpoOy Yepe3 MAapUKOBi i AIIUITHAKH, 32 JIJIs
3MEHILICHHS TePTS B YCIX PYXOMHX BY3Jax.

100
140

Puc. 7. Ilonooicenns nepedasanrbHo20 cmpudiCHsa NPpU pisHUXx NOJI0HCEHHAX WUNA eKCYEHMIK08020 OIIOKY

Ii yacTHHH CKJIAJAIOTh KPUBOIIUITHO-INATYHHUN
MEXaHi3M, 3a JIOTIOMOTOI0 SIKOTO BiOpaIliifHa MinTa py-
Xa€eThesl Bropy 1 BHH3. Bibpartiitni crpycn B KiHIIeBOMY

MiACYMKY TIepeIaloThCs Ha TiJo JIFOAWHU. Bibpariitanit
0JIOK B po3pi3i MoKa3aHuii Ha puc. 8.
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Puc. 8. Bibpayitinuii 610k 6 po3pizi

Pospaxynok excyenmpuxogozo 610ky. Ilponec Bi-
Opauii BUMarae BiJl MeXaHi3My Nepesiadi BeJIMKOT HaBa-
HTa)XyBaJIbHOI 30aTHOCTI. MexaHi3M MPUBOLY PO3IIIs-
JA€THCS IK OCHOBHA CTPYKTYypa Iepenadi Juis TeHepaii
BEPTUKAIbHUX KOJMBaHb 3aJaHOI aMIUNTyIH (ZOCAT-

HeHHs BiOpauii Bropy i BHu3). [IpuHImmnoBa cxema me-
XaHi3My Iepesadi JJAHOK MOKa3ye, 10 MEXaHi3M B OC-
HOBHOMY CKJIQJIA€ThCSl 3 KPUBOILUMIA, MIATYHA, BiOpa-
LiffHOT pyXOMoOi YaCTHHH i HepyXoMoi yacTuHu. Bei ma-
pameTpu mpeacTaBIeHO B TaOmuIi 1.

Taomums 1
[TapameTp 3HaueHHs 3miHHA Onuc
Excuentpucuret 5 MM L1 [TonoBuHA aMITiTY AN PYXY
(pagiyc mmra)
JoBxuHa mnepenaBajgbHOro crpu- | 65.5 Mm L2 JoBxnHa maryHa
KHS
Paniyc mToka 3 MM Rrod JlopkuHa mroka 9 MM
30BHINIHIN pajiilyc eKCIEHTPHKA 70.5 MM R1 Paniyc Benmukoro miBkoJia 0JIOKY
Paniyc Bany (ummrmna) 3 MM R2 BuyrpimHiii pagiyc nocaiaku (miamerp 6
MM)
IupuHa (TOBIIMHA) €KCIIEHTPHKA 5 MM L OchOBa TOBKHMHA EKCIIEHTPUKOBOTO OJIOKY
BucoTa HepyxoMoi yaCTUHU 72 MM H I"abaput kopmycy
HomiHaspHi 00epTH JIBUTyHA 4000 06/xB nrpm HowminasnbHa noryxsicts 105 Bt

Ilepesipka 2abapumnoi ymosu sucomu

CyMa JOBXKHMH KPHBOIIMIA Ta IIAaTyHa MMOBHHHA
OyTH MEHIIIOIO 32 BUCOTY HEPYXOMOI YaCTHHU:

L1+L2<H
[TincTaBuMoO 3HAYECHHS:
5Mm+65.5 MM =70.5 Mm

Ockinbku 70.5 MM < 72 MM, YMOBa BUKOHYETHCSI.
Mexani3M Mae 3amac y 1.5 MM 17151 BUTEHOTO 00epTaHHS
B MEKaxX HEPYXOMOI YaCTHHU OJIOKY.

Amnaimyoa pyxy

AwmmutiTyna (HOBHUH Xi) BU3HAYa€eThes 5K 2 X L1:

A=2x5Mum=10 MM

Ile moBHICTIO 30ira€ThCs 3 HATMMH JaHUMU: MIPH
HIDKHBOMY IIOJIO’KEHHI BHCOTa OJ0Ka CTaHOBUTH 135
MM, a Ipu BepxHboMY — 145 MM (145 — 135 =10 mm).

Pospaxynox mexanizmy 6ibpayii excyenmpuxo-
8020 KoJleca

st epexruBHOI Oe3nepepBHOI BiOparlil BiALeHT-
poBa cuma F Mae mOA0JIaTH PO3PaxyHKOBY Bary CHC-
temu G = 1500 H.

Busnauenns weuoxocmi ma wiioHocmi

Hust GesuritkoBoro asuryna Cloudray Nemal7?
(105 BT) HOMiHanbHAa MMBHIKICTE cTaHOBUTH 4000
00/xB.

(13)

Iepesememo B 06epTH Ha cekyHIy (N):
n =4000/60 = 66.67 rps
[inpHicTh cTam u = 7850 kr/m>.
Pospaxynok sioyenmpogoi cunu
BukopuctoByemo (opmynny Ans HamiBKpYTIoro
€KCLICHTPHKA:

8 (14)

F =§7z2(Rf’—R§’)L,u n’

ne F — Bimuenrposa cuna, H; R, R, — paziycu
30BHIIHIN 1 BHYTPIlIHIN, BiMOBIAHO, M; L — 1oBX)HHA
eJIeMeHTa, M; L — KoedilieHT, 0 XapaKTepu3ye ce-
penoBuire abo matepiar; N — gacTota 0OepHEHHS 200
KUIBKICTh 00€pTiB.

1. Teomerpuunmii akTOp, SKHH BpPaXOBYE
00eMHUI pO3MOIiNT Mach KOpUCTyBaJa:

R1=10.0705 m, R2 =0.003 m

(0.0705° - 0.003%) = 0.0003501 — 0.000000027 =

0.00035 m*

[TinctaHoBka 3HaueHb Yy

OTpUMATH BiJIIEHTPOBY CHITY:

(14)  nos3BonMTH
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F = %x (3141592 x 0,00035x 0,005x 7850x (66,67)% =

F =26.219 x 0.00035 x 0.005 x 7850 x 4444.89
F=0.3614 x 4444.89 ~ 1606.4 H

Bepudikauis cuau. IIpoBememo mepeBipKy
TOYHOCTI ~ BHKOHAHUX  pO3PaxyHKiB  IIUIAXOM
TOPIBHSIHHA 3 OTPUMAaHUX PE3yJbTaTiB 3 €TAIOHHUMHU
(TeopeTHUHNMHU) 3HAUCHHSIMH.

Otpumana cunra F = 16064 H mnepesumiye
HeoOximne 3Hauenus G = 1500 H. Ile o3nauae, 1o mo-
TIPY KOMIAKTHI pO3MipH eKCIEHTPHKA (5 MM), BETUKHI
paniyc (Ry = 70.5 MmM) Ta BuCOKi 00epTH IBUTYHA 3a-
0e3MeuyoTh TOCTAaTHIO iHepUilfHy CHWily IS BiOparii
Kpiciia 3 KOpHCTyBadeM.

Yacrora Bibpamnii mpu 4000 06/XB CTAaHOBHTH:

f=4000/60 ~ 66.67 I'n

Ile BiamoBigae BepxHiii Mexi miamazony Whole-
Body Vibration (15 — 70 I'm), o xapakTepHo JUis iHTe-
HCHBHUX BiOpoTpeHaxepiB. [loryxHicts aBuryna 105
BT € 10cTaTHBO0, OCKIJIBKH Cepe/IHE CIIOKUBAHHS MO~
nionux cucteM y SolidWorks cumymsmisx ckiaaae
6mu3pko 70-90 Br.

Bucnosxu

[epeBipoyHnii po3paxyHOK IiATBEPAMB, IO 00-
paHa reomMeTpruYHa KOH(DIryparis Ta mapamMeTpy CHIN
3a0e3MmeuyroTh CTadlIbHy poO0TY MeXaHi3My BiOparlii-
HOTO Kpiciia B MEXax 33JlaHiX eKCIUTyaTalliiHNX HaBa-
HTaXeHb. TakoX, CTBOPEHa MOJIENb alallTUBHOTO Kpi-
CJia MiATBEPHKYE:

1. TeoMeTpuuHy CYMICHICTH IBOX MEXaHI3MIB.
MexaHi3M 3 maryHoM 65.5 MM Ta KPUBOLIMIIOM 5 MM
iZIeaJIbHO BIIMCYETHCS Y KOPITYC BUCOTOIO 72 MM.

2. lunamiyHy epeKTUBHICTH PUKIAICHOT CHIIH, a
caMe, HaCKUIBKM Pe3yJIbTaTUBHO NPHKIIAJICHE 3YCHILISA
(abo MpOCTO KOMMBAHHS) BUKOHYE CBOIO IIUTHOBY (PYH-
K0 MPH MIHIMAJIFHUX CHEPreTUYHUX BHUTpaTaX, a
came: BianeHTpoBa cwia 1606 H € nocTatHbO¥O 17151 TIO-
JTOJIaHHS 1HEPIlil CHCTEMU.

3. JloBeneHO BiANOBIOHICTH MPUBOAY TEXHIYHUM,
eproHOMIYHMM Ta (PYHKIIOHAILHUM acleKTaM, a came
3JIaTHICTB 3aIPOIIOHOBAHOI0 BIOPaLiiHOTO By3J1a TeHe-
pyBaTH aMILTITYly Ta 4aCTOTY KOJMBaHb, IKi CyMICHI 13
¢izionoriyHUMH MOTpedaMu KOpHCTyBada. besIiTko-
BUH IBUTYH MOTYXHicTio 105 BT 3a6e3meuye HeoOXin-
HUH KpYTHHA MOMEHT JJ1s1 00epTaHHs eKCIEHTPHKA 3a-
JIAaHOTO pajiiyca Ha BUCOKHUX 00epTax.

BucHOBKM Ta mepCcleKTHBH J0CJHiTxkeHb. Po3-
pobneHo nu3aiiH BiOpamiiiHOTO Kpicia, sike 3a0e3re-
YUTh IHTCHCHBHHUI BIUIMB Yy peKHMi BiOparii BChOro
tina. Poboua gactora 66,7 I'ni 3 ammiityzoro 10 M 1o-
3BOJISIFOTH HE JIMIIE 3HIMAaTH BTOMY 1 M'I30BY Harpyry
JUT MaJIOMOOITTFHUX JIIOACH, a i CTUMYJIIOBAaTH METa-
0OJivHI MpoIecH y M’s3aX, 0 € KPUTUIHO BAKIMBUM
IUTSL TFOZIEH 13 CHIASYUM CIIOCOOOM KUTTS Ta 1€ MAIOTh
TeparneBTHYHHUI BILIHB.

IMonpu kommnakTHI rabaputu OJIOKY, BiH TeHEpYE
BifneHTpoBy cmty 1606 H, 110 103Bos1s€ BIIEBHEHO J10-
JaTH IHEpIiI0 Macu KOpUCTyBaya (CTaHIapT po3paxy-
HKY — 65 Kr Ha oiuH 010K, y Hac 4 6moka — 260 kr!) Ta
€JIEMEHTIB KOHCTPYKUII Kpicia. Lle 3abe3neuye Biguy-

THY BiOpaIlito, HaBiTh Yepe3 TOBCTi mapu 0OOMBKH, Ta-
PaHTYIOUH JMHAMIYHY cTabinbHICTh. [loeHaHHS Mexa-
HI3MY 3 AeMI(YIOUYUMH [IapaMH BIHINOPY Ta CIiHEHOT
TYMH JIO3BOJIUTH KpICIly MpAIfoBaTH M'AKO, IOTJIMHA-
10YH 3aiiBUH MEXaHIYHMH LIyM 1 3armo0iraodu pizkum
yllapaMm IITOKa, 1110 3p00UTh eKCILTyaTalilo BUpoOy Ko-
M(OPTHOIO JUIS TPUBAJIOTO BUKOPUCTAHHS.

OTxe, KpICIIO MO>Ke TIOMOBHUTH BXKE iICHYIOUH aB-
TOMAaTHU30BaHi 3aco0u peabiniTarii, AKi MOeTHYIOTh (Y-
HKIIi MeOxiB Ta (¢i3ioTeparneBTHIHOrO OO0IaTHaHHS.
[omanpmmii poO3BUTOK [TAaHOTO BiOpamiiHOTO ™pHU-
CTPOIO Ta Kpiclia B LIIOMY Ma€ JEKiJIbKa MepCIeKTHB-
HUX HalpsIMKIB, HANPHUKIIAJ, IHTErpalis «PO3yMHHX»
TEXHOJIOTIH Ta MITyYHOTO IHTEIEKTY B CUCTEMY Kepy-
BaHHS. 3aCTOCYBaHHS [aT4YMKIB THUCKY 3a0e3MeYHuTh
MOXIIUBICTh JUHAMIYHOTO MOHITOPHHI'Y aHTPOIIOMET-
puuHOT KOH]Irypauii Tija KOpucTyBaua B pexxuMi pea-
JILHOTO 4acy, a caMe BiJICTE)XKyBaTH 103y KOPHCTYBayua
Ta Ha/IaBaTH BiOpOCHUTHAJH-HATraayBaHHs PO HEOOXia-
HICTh 3MIHHUTH TTOJIOKCHHS.

Y nopanbuioMy A0CHiIKEHHS MOXYTh OyTH CIIpsi-
MOBaHi Ha 3aMiHy CTaHAapTHOI 'yMH Ha BHCOKOe(eK-
TUBHI IOJIiypETAHOBI €1aCTOMEPH Ta KOMIIO3UTH. Bu-
KOPHUCTaHHS CIEIialli30BaHUX MaTepiajiB, TaKUX SK
Sylomer a6o Sylodamp, mo3BoiuTh Ie eheKTHBHIIE
130JIF0BaTH MEXaHIUHI IMyMH Ta BiOparlii BiJ Kapkaca
Kpiciia, CpsSIMOBYIOUYH BECh IMITYJIbC BUKJIFOYHO Ha KO-
pucryBada.
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HOW TO APPLY OPTIMIZATION METHODS OF VARIATIONAL CALCULUS TO CLASSICAL
PROBLEMS FROM LINEAR ALGEBRA

Summary.

The given paper presents basic results of analysis of well-known classical Gaussian elimination method of
successive elimination of unknowns in solving some set of linear equations and «moderny optimization methods,
realized via programming in «Visual Basic for Applicationsy». It is shown that some mathematical problems can
be solved with the help of optimization apparatus.

Key words: linear algebra, systems of linear algebraic equations, Gaussian elimination method, Kronecker-
Capelli theorem, variational methods, optimization methods, gradient descent method, gradient, minimizer, «Vis-
ual Basic for Applicationsy.

Introduction. Roughly speaking, optimization in mathematical sense is difficult process of finding the best
decision, with regard to some criterion, from some set of available alternatives. More precisely, mathematical
optimization is one branch of applied mathematics, focused on finding the best solution to a problem from a set of
possible choices, feasible alternatives, considering specific constraints and objectives. Optimization problems of
various types arise in all quantitative disciplines, ranging from computer science, engineering, operations research,
and data science to economics, finance, and logistics. For example, by optimizing resource allocation, production
processes or logistics, mathematical optimization modeling can reduce costs and improve operational efficiency
across workflows.

Active computerization of our intensive life forces mathematical apparatus of optimization to improve and
generates new optimization problems. Optimization modeling is rather powerful tool, used, including, in classical
mathematics. Today, with active use of computer technologies in our life, we have to admit that computer methods
give us innovative way to look at various problems from classical mathematics. Even the simplest problems of
linear algebra are not just routine tasks for students and can be considered from a different angle via modern
techniques. Linear algebra is, probably, the most fundamental tool for machine learning, providing indeed power-
ful and versatile framework for representing, analyzing, and manipulating data. Its broad applicability to wide
spectrum of machine learning tasks makes it indeed indispensable skill for professionals in the corresponding field.
Applied linear algebra allows us to take some different look at many classical problems of mathematics [2], that
is demonstrated in this paper.

It presents some results of comparison between well-known traditional method and optimization gradient
methods, as well as their variations ([1], [3] — [13]), for solving arbitrary systems of linear algebraic equations.
These results have been obtained after testing our own program, written in «Visual Basic for Applicationsy.
Namely, we have combined well-known methods from classical algebra and the next two optimization methods:
gradient descent method with adapted step selection and gradient descent method with adapted step correction.

Main part. Gradient descent is iterative optimization algorithm for finding one minimum local value of some
differentiable function. This is well-known mathematical technique that reaches this minimum by iteratively
moving in the direction of the steepest descent, towards minimum value of the function’s gradient. The idea behind
gradient descent is based on the fact that local minimum of function occurs where its gradient is zero. With the
help of this technique, solving an arbitrary system of the form

A11X1 + Q13X + a3x3+... Fa,x, = by,
Ay1X1 + AppXy + Ayz3X5 + -+ AypXy = by,
A31X1 + Ag2X, + A33%5 + -+ azpx, = by,
Am1X1 + QaXy + ApzXs+... FApnXn = by,
or, equivalently, of the next matrix form
A% = b,
where
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reduces to finding minimizer, i.e. such vector ¥* € R™, for which

min f(X) = f(x),

w

nxis

for the next residual function
F@) = (A% —b,AZ—b) = |AX — B||', A€ R™" b e R™ , m < n,

where || - || denotes the Euclidean norm, (-,-) — the Cartesian product. This minimum is reached at the
solution X* € R™ of the system under consideration.

Formally, we take one random starting point x” € R™ and iteratively improve it. More precisely, we iteratively
generate some sequence of such points {X; }| s (i.e. Some descent trajectory, that is sometimes called a relaxation
trajectory, that converges to our solution X*), that

f(£k+1) < f(')_c)k)l k= 0!

according to some iterated scheme.

We have written the program that combines «classical» and «moderny methods for solving arbitrary systems
of linear algebraic equations. It consists of two parts: the first is based on the Gaussian elimination method and the
second — on using two gradient methods. Screenshots of the program’s results, specifically, visual demonstrations
of implementation of two gradient methods: gradient descent method with adapted step selection and gradient
descent method with adapted step correction, — for the system

X1 + 3x, + 2x3 = 10,
{4x1 + 3x, + 2x3 = 20,

are shown below. Namely, necessary «traditional» result of the Gaussian elimination method: the obtained
triangular form of the system, — and «innovative» results of two variational methods: the obtained solution, accu-
racy of all calculations, and running time of the corresponding method.

The obtained triangular form of the system under consideration has been got with the help of traditional
Gaussian elimination method. According to it, the proposed system can be rewritten in the next matrix form

e T o0 DE) - ()

where A = (1 g g) is the corresponding to the system coefficient matrix,
- (1 3 2710y, . .
A= (4 3 9 20) is the corresponding to the system augmented matrix, and

X . . . . ..
X = (x;) With the help of elementary operations for transforming this matrix into row-echelon form, we get

the next result
1 3 210 1 3 2110\ ! 1 3 2(110 I
( ) (4 3 220)11_)(4 3 220)11—4><I=

(1 )I=(1 3 2 10)1_>
4—4 3—12 2—820 40/ 11 0 -9 -61-20/11
_)(1 3 2 10) 1 =(1 3 210)
0 -9 —-6l-20/1I%x(-1) \0o 9 620/
The last matrix represents the next equivalent system to the given one
{xl + 3x, + 2x3 = 10, o {xl + 3x, + 2x3 = 10, 5 {xl + 3x, + 2x3 = 10,
4x; + 3x, + 2x53 = 20, 0+ 9x, + 6x3 = 20, 9x, + 6x3 = 20.
As far as we see,
1 3 2 1 3 2110
rang (0 9 6) - rang (o 9 6 20) =2
thus the system is solvable. Since the obtained rang (two) is less than the given quantity of the arguments

(three), there exist infinitely many solutions. Back-substitution yields

{x1 + 3%, + 25, = 10, {xl + 3x, + 2x3 = 10,
N

9x, + 615 = 20, 20-6x -

X2= 9 ,
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3(20 — 6x3) 20 — 6x3
A=+ 203 =10, |m o+ 205 = 10,
- 20 — 62 - 20 — 62 -
zxg _6 o zoxz_ o

X
x1+?—73+2x3=10, x5 = 205 + 225 = 10,
- 20 — 62 20 — 62 -
x2_ 9 ) x2_ 9 )
20 20 10
x1+?=10, xlzlo—?, xlz?,
- 20— 6x3 20— 6x5 20 — 6x5
.xz: 9 » x2= 9 ’ xZ_ 9 ’

X2

x1=_
- 20 — 6x;
R - —

10
3 )

9 1]

X3 = x3,

where x; € Ris free.

According to the proposed optimization methods, we have obtained the next results, demonstrated on the

pictures below (fig. 1, fig. 2).

x1=3,332449
x2=1,538976
x3=1,025584

7,7578358502554E-03

0,015625 cek.

Fig. 1. The obtained results of gradient method with adapted step selection

x1=3,331985
x2=1,539338
x3=1,026225

9,98847237550768E-03

0,46875 cek,

Fig. 2. The obtained results of gradient method with adapted step correction
Conclusions. Gradient descent is perspective optimization algorithm used to minimize some function by iter-
atively moving in the direction of the steepest descent. Optimization modeling is rather powerful tool and is widely
applied not only in engineering problems, but is also ideally suited to classical linear algebra. In order to demon-
strate it, we have written our own program in «Visual Basic for Applicationsy. It combines well-known traditional
method and optimization gradient methods, as well as their variations, for solving arbitrary systems of linear alge-

braic equations.
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SEMANTIC DEVIATIONS AND ADEQUACY IN LITERARY TRANSLATION

Abstract

This article provides a comprehensive analysis of the issues related to ensuring adequacy and preventing
semantic deviations in the process of literary translation, examined both within a theoretical framework and
through practical translation examples. The main objective of the study is to determine to what extent and by which
means the semantic structures, authorial intent, stylistic features, and cultural codes of the original text are pre-
served in translation.

One of the central challenges in translation practice—semantic deviation, that is, the partial or complete
alteration, loss, or transformation of meaning—is explored both theoretically and through specific examples
drawn from Azerbaijani and world literature. The article reviews both classical and contemporary approaches to
translation theory. In this context, conceptual frameworks such as Eugene Nida’s “dynamic equivalence,” Peter
Newmark’s “semantic and communicative translation,” and Lawrence Venuti’s notions of “invisibility,” “domes-
tication,” and “‘foreignization” are analyzed, with particular attention to the semantic choices and cultural adap-
tation strategies faced by translators.

It is emphasized that adequacy in literary translation must be achieved not only at the lexical level but also
within contextual and cultural depth. From this perspective, the role of the translator extends beyond the mere
transfer of linguistic units and encompasses the function of an intercultural mediator.

The study conducts a comparative analysis between examples from Azerbaijani literature and selected works
from world literature, examining the level of adequacy in translations and identifying instances of semantic devi-
ation. Special attention is given to how the internal rhythm, cultural specificity, and stylistic features of the original
texts are preserved in their translated forms.

In conclusion, the article demonstrates that while semantic deviations are an inherent component of the lit-
erary translation process, their proper management in accordance with the source text and the target audience
depends directly on the translator’s professional competence and theoretical background. A well-developed trans-
lation strategy facilitates both the preservation of semantic adequacy and the comprehension of the deeper cultural
and stylistic layers of the text for the target audience. In this regard, translation is viewed not only as a transfer

of language but also as a transfer of culture.

Keywords: adequacy, semantic deviation, literary translation, text transformation, cultural code, context,

equivalence

Introduction

Translation activity is a complex, multifaceted,
and multi-layered process that functions as a bridge be-
tween languages and cultures. It is not limited to per-
forming a communicative transfer at the linguistic
level; it also entails the transmission of social, cultural,
and ideological content from one context to another. In
this sense, translation practice goes beyond merely
finding semantic correspondences; rather, it is a dy-
namic creative process accompanied by the interpreta-
tion, editing, and, at times, reconstruction of meaning.

Literary translation, in particular, represents the
most sensitive and nuanced form of this process. Here,
the translator’s task is not only to convey the semantic
load of the text but also to preserve, as faithfully as pos-
sible, its aesthetic and emotional layers, style, rhythm,
intonation, and cultural values. This task also aims to
evoke in the reader an experience analogous to that of
the original text. However, intercultural differences, the
specificity of linguistic systems, and shifts in context
make the fulfillment of this task highly challenging.

Literary texts typically possess multilayered se-
mantic structures that extend beyond the surface level

of language, encompassing intertextual, psychological,
historical, and cultural codes. Under such complex con-
ditions, the translator bears responsibility not only for
transferring units of meaning but also for adequately
conveying the symbols, metaphors, cultural references,
and connotations that constitute the text. This demon-
strates that adequacy cannot be reduced to mere lexical
equivalence; rather, it should be understood as a
broader concept encompassing functional and cultural
adequacy.

Within this framework, adequacy and semantic
deviation emerge as central theoretical and practical
categories in the translation process. Adequacy gener-
ally reflects the extent to which the translated text cor-
responds to the source text and preserves its functional
purposes and meanings. Most translation theorists (e.g.,
Nida, 1964; Newmark, 1988; Reiss, 2000; Toury, 1995;
Venuti, 1995) regard adequacy as a key criterion of
translation quality, while also emphasizing its contex-
tual variability and relativity. In many cases, complete
adequacy is practically unattainable, requiring the
translator to reconsider and reestablish priorities.
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Some semantic deviations arise from structural
differences between languages—for instance, the need
to explicate dense metaphorical expressions in English
when translating into Azerbaijani, or the absence of
equivalent cultural connotations in the target language.
Others may result from the translator’s ideological or
poetic intentions, the need to adapt to the target audi-
ence, issues of censorship, or the demands of aesthetic
transformation (Jakobson, 1959; Bassnett & Lefevere,
1990).

The translator’s worldview, translation strategy,
level of professionalism, and theoretical stance play a
crucial role in this process. For example, Venuti’s
model of the “invisible translator” advocates for the
translator’s transparency within the text, whereas post-
structuralist approaches regard the translator as a sub-
ject who rewrites the text. These differing perspectives
lead to contrasting positions on whether semantic devi-
ations should be minimized or accepted.

In literary translation practice, semantic deviations
are sometimes regarded as a form of creative transfor-
mation. For instance, a translator may introduce seman-
tic changes in order to preserve the poetic structure. In
certain cases, such transformations can endow the
translated text with new aesthetic value, allowing it to
function as a “second original.” From this perspective,
adequacy does not always imply strict lexical or seman-
tic equivalence but may also involve functional and
aesthetic adaptation.

Taking all these factors into account, it becomes
evident that adequacy and semantic deviation in trans-
lation are not merely technical issues but also epistemo-
logical and ethical concerns (Baker, 2011; Venulti,
1995). The translator’s responsibility lies not only in
rendering the text accurately but also in preserving and
enriching the reader’s cultural and emotional experi-
ence. This requires viewing translation not as a static
technology but as an interdisciplinary and creative field
of activity (Berman, 1985, p. 194).

In addition to shedding new light on the theoretical
and practical aspects of literary translation, this study
emphasizes the relevance and significance of transla-
tion activity within the context of Azerbaijani literature.
It aims to demonstrate that literary translation is not
merely a mechanism of linguistic transfer but also a
form of cultural dialogue and creative practice.

Degree of Problem Development

The issues of adequacy and semantic deviation in
the translation process have been extensively studied in
global scholarly literature for many years through vari-
ous methodological approaches. However, a compre-
hensive and systematic examination of these problems
within the context of Azerbaijani literature, particularly
in comparison with world literature, remains relatively
underexplored.

Eugene Nida expanded the concept of adequacy
through the notion of “dynamic equivalence,” empha-
sizing that an ideal translation should produce the same
emotional and contextual effect on the target audience
as the original text does on its readers (Nida, 1964, p.
159; 2001, p. 24). Hans Vermeer’s Skopos theory, on
the other hand, foregrounds the purpose-oriented nature
of translation, interpreting semantic deviations in some

cases as functionally justified adaptations (Vermeer,
1989, p. 178). This approach, developed in collabora-
tion with Katharina Reiss, highlights the importance of
genre-functional equivalence in literary translation
(Reiss & Vermeer, 1984, p. 45).

Lawrence Venuti (1995, p. 56), in The Transla-
tor’s Invisibility, argues that semantic deviations often
serve to maintain the translator’s invisibility and are
regulated by the ideological demands of the target cul-
ture. Similarly, Antoine Berman (1985, p. 120), in
Translation and the Trials of the Foreign, suggests that
semantic deviations frequently arise from ethnocultural
deformation tendencies within the translation process.

Post-structuralist translation studies, particularly
those conducted by Susan Bassnett and André Lefevere
(1990, p. 33), demonstrate that translation is not merely
a transfer of language but a process of cultural rewrit-
ing. Jeremy Munday (2001, p. 76), in Introducing
Translation Studies, classifies different types of ade-
quacy and semantic equivalence, distinguishing be-
tween contextual, stylistic, and functional deviations.
Peter Newmark (1988, p. 67), in A Textbook of Trans-
lation, associates adequacy with the transmission of in-
formation while also emphasizing the importance of
preserving emotive and connotative elements in literary
translation.

Within Azerbaijani literary scholarship, this issue
has been addressed by researchers such as Abulfat Vali-
yev, Ramiz Asgar, and Ekber Aghayev; however, these
studies are largely limited to the linguistic analysis of
specific translation examples (Valiyev, 2011, p. 245).
Rashid Efandiyev (2008, p. 52) has focused on seman-
tic losses and additions in Azerbaijani translations, par-
ticularly highlighting the influence of ideological filters
in translations from Western literature.

Scott (2000, p. 88), in Translating Baudelaire,
demonstrates that semantic deviations related to the
transformation of metaphorical structures are inevitable
in poetry translation. Roman Jakobson, in his seminal
article On Linguistic Aspects of Translation (1959, p.
232), asserts that semantic deviations arise as a result
of code-switching and cannot be entirely eliminated.
More recently, Mona Baker (2011, p. 143), in In Other
Words, provides a detailed account of how semantic
equivalence shifts across syntactic, lexical, pragmatic,
and ideological levels.

Research conducted on this theoretical basis
shows that the problem of semantic deviation is not
merely a technical aspect of translation but a complex
phenomenon operating at ideological, cultural, and dis-
cursive levels. Deviations in translation arise not only
from structural differences between languages but also
from the influence of diverse cultural contexts, social
relations, ideological tendencies, and the expectations
of the target audience. These factors allow translation
to be understood not simply as the transfer of texts
through language, but as a process of dialogue and in-
teraction between cultures.

Nevertheless, despite this rich theoretical frame-
work, the study of adequacy and semantic deviation in
relation to the unique poetics of Azerbaijani literature,
its national-cultural codes, and the specific stylistic and
aesthetic features of the language remains insufficiently
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developed. The lexical-semantic and contextual char-
acteristics of the Azerbaijani language, along with its
symbolic and metaphorical cultural system, introduce
additional complexities into the translation process.
Therefore, the nature and forms of deviations arising in
the translation of Azerbaijani literature, as well as their
ideological and aesthetic implications, require more ex-
tensive and contextually grounded investigation.

Thus, the application of existing theoretical mod-
els to Azerbaijani literary texts, their adaptation to local
linguistic and cultural specificities, and the develop-
ment of new research in this field are essential not only
for the advancement of translation studies but also for
ensuring the accurate and comprehensive international
recognition of Azerbaijan’s literary heritage. In this re-
gard, the study of adequacy and semantic deviation
within the context of Azerbaijani literature is both the-
oretically significant and practically relevant.

Aim and Objectives

The primary aim of this article is to provide a com-
prehensive and in-depth analysis of the nature, causes,
and consequences of adequacy issues and semantic de-
viations arising in the translation process, based on ex-
amples from Azerbaijani and world literature. Taking
into account that literary translation is not only a lin-
guistic activity but also a complex communicative pro-
cess operating across cultural, ideological, and aes-
thetic dimensions, the study seeks to evaluate the chal-
lenges encountered in this process on a scientific basis
and to propose methodological approaches to address
them.

One of the key objectives of the research is to in-
vestigate how the concepts of “adequacy” and “seman-
tic deviation” have been conceptualized within transla-
tion theory and the theoretical contexts in which they
are employed. To this end, the approaches of leading
translation theorists such as Nida, Newmark, Venuti,
Bassnett, and Berman are comparatively examined, and
the practical implications of these concepts in the con-
text of literary translation are demonstrated. The article
also empirically analyzes how these notions manifest
across different languages and intercultural translation
contexts, drawing on selected examples from Azerbai-
jani and world literature.

Another important objective is to identify the na-
ture of semantic deviations occurring in the translation
process—such as loss of meaning, addition, and trans-
formation—determine the linguistic and cultural struc-
tural differences that give rise to them, and examine
their impact on the functionality and aesthetic integrity
of the translated text. For this purpose, metaphorical
systems, cultural symbols, syntactic structures, and
contextual codes in translated texts are analyzed.

Furthermore, through comparative analysis of spe-
cific literary examples, the article demonstrates the
conditions under which adequacy is preserved or vio-
lated in translation, while also examining the causes
and consequences of such deviations. The aim is to ad-
dress the central dilemma of translation—the tension
between fidelity to the source text and adaptation to the
target audience—and to propose ways in which this di-
lemma can be resolved.

In addition, the article aims to propose a theoreti-
cally grounded and practically relevant methodological
model for contemporary translation practice. This in-
cludes developing a typology of adequacy and devia-
tion, evaluating the effectiveness of various translation
strategies (such as literal translation, adaptation, do-
mestication, and foreignization), and analyzing the role
and responsibility of the literary translator.

Finally, as a scientific contribution, this study of-
fers, for the first time within the Azerbaijani translation
context, such a broad and comparative approach to the
issues of adequacy and semantic deviation. It seeks to
promote a more flexible and context-sensitive under-
standing of these concepts and to contribute to the ad-
vancement of translation theory. The article is intended
to provide a valuable theoretical and analytical frame-
work for researchers, educators, students, and profes-
sional translators working in the field of literary trans-
lation.

Methodology

The methodology of the article is based on an in-
terdisciplinary approach grounded in the principles of
modern translation studies and comparative literary
analysis. Both theoretical and empirical methods are
employed, allowing for a multi-layered examination of
the concepts of adequacy and semantic deviation.

At the initial stage, a theoretical and methodolog-
ical framework is established through the review of key
concepts in translation theory. These include Eugene
Nida’s model of dynamic equivalence, Peter New-
mark’s distinction between semantic and communica-
tive translation, Lawrence Venuti’s strategies of do-
mestication and foreignization, Susan Bassnett’s inter-
cultural approach, and Antoine Berman’s notion of
deformation tendencies. Based on these approaches, the
terminological contours and practical significance of
adequacy and deviation are defined.

At the next stage, an empirical analysis is con-
ducted through the comparative examination of se-
lected original and translated texts from Azerbaijani
and world literature. The analysis includes works by
both classical and modern authors, such as Ulysses by
James Joyce, The Metamorphosis by Franz Kafka,
Anna Karenina by Leo Tolstoy, as well as translations
of works by Chingiz Abdullayev and Anar, and Azer-
baijani literary texts translated into English and Rus-
sian. Specific instances of semantic deviation—such as
loss of meaning, additions, shifts in connotation, and
transformations of symbolic codes—are identified and
analyzed in terms of their underlying causes.

Linguistic and structural-semantic methods are
employed to examine how lexical units, syntactic con-
structions, and contextual elements change during the
translation process. This approach enables the deriva-
tion of objective conclusions regarding structural dif-
ferences and their impact on meaning.

In addition, hermeneutic and intercultural ap-
proaches are applied to analyze how the translator in-
terprets the original text, transforms its cultural codes,
and employs various strategies to adapt it for the target
audience. This allows for an assessment of the transla-
tor’s subjectivity and ideological positioning in shaping
translation quality.
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The study also utilizes discourse analysis to inves-
tigate the transformation of speech acts, metaphors, and
socio-cultural markers within translated texts, evaluat-
ing their alignment with the poetics and functional con-
text of the source text.

Finally, a typological classification is developed,
identifying categories and levels of adequacy and devi-
ation (lexical-semantic, syntactic, stylistic, and contex-
tual). Based on this classification, the findings are sys-
tematized and generalized.

Thus, the methodology of the article integrates
theoretical, analytical, and comparative approaches, en-
abling a comprehensive exploration of the multilayered
nature of the translation process. This approach demon-
strates clearly how adequacy and semantic deviation
emerge not only at the theoretical level but also within
the context of real translation practice.

Main Part

Translation activity, as a complex process that
ensures the transfer of meaning between languages and
cultures, has generated extensive discussion in both
theoretical and practical domains. One of the most
essential categories determining the quality of
translation is adequacy. At the same time, semantic
differences and changes arising in the translation
process are evaluated as semantic deviation. The
precise definition and analysis of these concepts are
important for understanding the nature of translation
and the complexity of translation at different levels.

In translation theory, the term adequacy primarily
refers to the principle of preserving, as accurately and
closely as possible, the meaning, function, intention,
and style of the source text in the translated text. In
other words, adequacy is a criterion that measures the
degree of correspondence between the translation and
the source text. When first widely analyzed, this
category was considered a subjective and multilayered
phenomenon that varies depending on the purpose and
context of the translation.

American linguist and translator Eugene Nida
expanded the concept of adequacy with the term
“dynamic equivalence,” emphasizing that an ideal
translation should produce the same emotional and
contextual impact on the reader as the source text does
(Nida, 1964, 159; 2001, 45). This approach prioritizes
conveying meaning and function to the reader rather
than maintaining word-for-word correspondence.

On the other hand, Peter Newmark divided the
translation process into communicative and semantic
translation, distinguishing communicative translation
as conveying the social function of the text clearly to
the reader, while semantic translation aims to preserve
the linguistic and cultural-literary features of the
original as much as possible (Newmark, 1988, 261).
According to Newmark’s theory, adequacy depends on
the balance between these two approaches and the
purpose of translation. These approaches demonstrate
the multilayered and dynamic nature of adequacy and
deviation in translation (Nida, 1964, 159; Newmark,
1988, 261).

Moreover, adequacy has been examined from
various perspectives by other scholars in translation
studies. For instance, Mona Baker presents adequacy as

a multifaceted category adapted to the communicative
purpose of translation, the genre of the text, and the
target audience. This approach emphasizes that the
translator’s decisions are context- and function-
dependent.

Consequently, adequacy in translation theory is
considered an ideal state, namely the highest level of
semantic, functional, and stylistic correspondence
between the translation and the source text. However,
in translation practice, especially in literary texts,
achieving this ideal state is often impossible, since
there are differences and contradictions at various
levels between the specific features of both languages
and cultures.

Meaning loss and changes in the translation
process—namely semantic deviations—are inevitable.
These may arise both from structural differences
between languages and from the interpreter’s choices.
Various types of semantic deviation have been
identified in translation theory, and these types serve as
key tools for analyzing variability at the textual level
and the content of translator decisions.

The most commonly accepted types of semantic
deviation are as follows:

a) Loss: This type of deviation is characterized by
the complete or partial omission of certain information,
meaning, or stylistic features present in the source text.
Loss may occur both at the literal level and in the
emotional and aesthetic layers of the text. For example,
the failure to convey a specific metaphor or cultural
context in translation can be considered loss. Loss
sometimes occurs due to technical constraints faced by
the translator or the limited expressive possibilities of
the target language.

b) Addition: In this case, the translator introduces
information, explanations, or comments that are not
present in the source text but are intended to facilitate
comprehension or clarify context for the reader.
Addition may be applied to ensure syntactic
compatibility or to resolve cultural mismatches.
However, this may alter the simplicity of the original
and the message intended for the reader.

¢) Shift (Transformation): The term shift refers to
changes at the semantic or syntactic level. It involves
restructuring the meaning of the original text in
translation along with structural modifications.
Syntactic transformations may include changes in
sentence structure or word order. Semantic
transformations, on the other hand, involve changes in
layers of meaning or the reinterpretation of certain
expressions. Transformations may be necessary both to
adapt to structural differences between languages and
to bridge intercultural distinctions.

d) Compensation: Compensation refers to the
technique of replacing losses and deviations that arise
in the translation process by other means, such as
additional explanations, synonyms, or stylistic devices.
It represents a strategic approach used by the translator
to preserve the adequacy of the text. Compensation
depends on the translator’s creativity in balancing both
meaning loss and stylistic changes.

These types of semantic deviation not only alter
the meaning of the translation but also determine how
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the cultural and aesthetic values of the text are
preserved or transformed. Therefore, a complex and
dynamic relationship exists between adequacy and
deviation. In order to ensure adequacy, the translator
sometimes has to accept deviations and, at other times,
use additional methods to minimize them. This balance
determines the quality of the translation and the impact
of the message conveyed to the reader.

Anar’s novella “White Ram, Black Ram” is one of
the works of Azerbaijani literature distinguished by its
symbolic richness and deep philosophical and cultural
layers. The metaphorical language and fatalistic
worldview in the work reflect the aesthetic and
ideological elements of national culture. During the
translation process, conveying such culturally and
semantically loaded expressions adequately into other
languages creates significant difficulties. For this
reason, the following short phrase taken from Anar’s
work is particularly important from the perspective of
translation practice.

The original sentence in Azerbaijani reads: “Bu
diinyada ag qog da var, gara qog da... Hans1 saninkidir
— son bilirson.”

In this expression, “white ram” and “black ram”
function as symbolic images representing different
choices in life, dualism, and sometimes the inevitability
of fate. The fatalistic approach—*“you know which is
yours”—emphasizes the predetermined nature of life to
a certain extent and suggests that human beings have
limited control over their choices and will. This
sentence evokes deep moral and existential reflections
in the reader and carries Azerbaijani worldview as a
cultural code.

From a translation perspective, different levels of
adequacy and deviation can be observed in the Russian
and English versions of the phrase.

The Russian translation is: “B saTom mMupe ects u
OembIit OapaH, u 4epHsIii... Kakoil TBO# — pemaii cam.”

Although the expressions “Oenbrit G6apan” and
“gepublit” are close to the symbolism of “ag qog¢” and
“gara qog,” some important nuances are lost. The word
“Oapan” in Russian simply denotes the animal and does
not convey the metaphorical load with the same
strength. In Azerbaijani, “qog” is also associated with
attributes such as strength, struggle, and leadership,
which are less expressive in “bapan.” Moreover, the
phrase “Kakoii TBo#f — pemaii cam” does not fully
reflect the fatalistic idea. The emphasis here is on
“decide yourself,” which suggests freedom of choice
rather than fatalism. Thus, in the Russian translation,
the emotional and philosophical weight of the fatalistic
worldview weakens, and the cultural context of the text
changes to a certain extent.

The English translation reads: “There are white
rams and black rams in this world... You know which
is yours.”

In the English version, the expressions “white
rams” and “black rams” reflect the symbolism of “ag
qo¢” and “qara qo¢” more accurately, since the word
“ram” corresponds directly to “qo¢” and carries a closer
symbolic meaning than the Russian “Oapan.”
Nevertheless, the phrase “You know which is yours”
only partially conveys the fatalistic element. While it

preserves the meaning of “you know,” the emotional
and philosophical depth is somewhat weakened. The
sentence appears to give the reader a sense of choice
and does not fully encompass the fatalistic concept of
destiny. Additionally, fatalism functions differently in
English contexts, and extra linguistic means would be
required to reinforce the fatalistic tone of this phrase.

The comparative analysis of all three versions
demonstrates that the issue of adequacy is not limited
to lexical and syntactic correspondence but is also
closely related to the transmission of cultural context
and the philosophical-aesthetic weight of the text. The
original Azerbaijani phrase conveys the metaphorical
mode of thinking and fatalistic worldview of national
culture not only through symbolic expressions but also
through emotional layers. The loss or weakening of
these layers reduces the adequacy of the translation.

In the Russian translation, the main shortcoming
in reflecting the fatalistic worldview is evident in the
expression “pemraii cam.” This phrase emphasizes
freedom of will rather than fatalism and offers the
reader a sense of choice. However, in the Azerbaijani
original, the outcome of the choice is framed more
within the boundaries of fate and inevitability. Here, the
cultural-contextual difference alters the translation
outcome and weakens the original philosophical
meaning of the text.

The English translation preserves the symbolic
expressions more successfully but still weakens the
fatalistic aspect. The phrase “You know which is
yours” suggests that the choice belongs to the reader
and diminishes the sense of fatalism. Since the concepts
of fatalism and destiny are expressed with different
semantic nuances in English, additional contextual
elements would be required to preserve the depth of this
phrase.

Overall, this analysis shows that adequate literary
translation is not limited to word equivalence but also
requires the transfer of cultural context, symbolism,
and philosophical layers of meaning. For the translator,
this involves maintaining a delicate balance among
multilayered and sometimes contradictory meanings
and presenting the reader with an experience close to
the original. In such cases, semantic deviations are
inevitable, and finding the balance between adequacy
and deviation becomes the primary objective of
translation.

Franz Kafka’s 1915 work Die Verwandlung (“The
Metamorphosis™) is a fundamental example in world
literature that expresses themes of modernism and
existentialism through deeply metaphorical language.
The famous opening sentence—“Als Gregor Samsa
eines Morgens aus unruhigen Trdumen erwachte, fand
er sich in seinem Bett zu einem ungeheueren
Ungeziefer verwandelt.”—carries the core
philosophical and existential significance of the work
(Kafka, 1915/1996).

The expression “ungeheures Ungeziefer” in the
original German, although it can be translated literally
as “gigantic insect,” carries not only a biological
meaning but also a profound metaphorical and
symbolic significance in Kafka’s literature. In classical
German, the word “Ungeziefer” generally refers to



96 PHILOLOGICAL SCIENCES /7 «COLLOQUIUM=JOURNAL» #9 (27%), 2026

EEINT3

“vermin,” “repulsive creature,” or “noxious pest,” and
functions here as a symbol of Gregor Samsa’s inner
degradation, social isolation, and alienation from
humanity. This image embodies the existential
transformation of the individual within Kafka’s
aesthetic of fear and absurdity.

In the Azerbaijani translation by Asad Cahangir,
the expression is rendered as follows: “Qreqor Samsa
bir sohor narahatedici yuxulardan ayilanda gordii ki,
yataginda nahoang bir hogorata ¢evrilmisdir.”

Here, the phrase “nohong bir hogarat” foregrounds
the biological meaning and presents a narrower and
more concrete interpretation of Kafka’s ambiguous and
metaphorical concept of “Ungeziefer.” This represents
an example of semantic deviation in the form of
transformation.

Loss of symbolic and metaphorical meaning: In
German, the word “Ungeziefer” is not understood as a
specific type of insect but rather as any repulsive,
socially and existentially isolated creature rejected by
its environment. It symbolizes Gregor’s position within
society and family, his internal conflicts, and his
alienation from humanity. In the Azerbaijani
translation, however, the phrase “giant insect” creates a
more limited and realistic image. This weakens the
Kafkaesque atmosphere of ambiguity, loneliness, and
absurdity, reducing the symbolic layers in the reader’s
imagination.

Reduction of metaphysical and existential layers:
In Kafka’s work, Gregor Samsa’s transformation is not
only physical but also psychological and philosophical.
The image of “Ungeziefer” conveys meanings of
existential isolation, moral decay, and social alienation.
Emphasizing the biological image in translation
simplifies this multilayered meaning and leads to a
weakening of Kafka’s metaphysical dimension.

The role of language and culture in translation: In
Azerbaijani, the word ‘“hogorat” directly refers to
insects in general and, although it may carry negative
or repulsive connotations, it does not possess the
symbolic and moral resonance embedded in Kafka’s
use of “Ungeziefer.” Thus, due to linguistic and cultural
differences as well as terminological limitations, the
translation struggles to fully convey the philosophical
depth of the original work.

Semantic deviation and transformation: In this
example, the semantic deviation in translation is not
limited to lexical choice but also leads to changes in the
semantic, cultural, and philosophical structure of the
text. Rendering “Ungeziefer” as “giant insect” reduces
the ambiguity, absurdity, and existential fear present in
the original. This represents a transformation-type
semantic deviation—where certain meanings of the
original text manifest differently within another
linguistic and cultural framework.

The translation of the expression “ungeheures
Ungeziefer” in the Azerbaijani version of Kafka’s The
Metamorphosis is a significant example illustrating
translation difficulties between language and culture as
well as the nature of semantic deviations. The loss of
symbolic and metaphorical layers in translation results
in a weakening of the philosophical and existential
weight of the original work. This clearly reveals the

central dilemma faced by translators—the losses and
changes that occur when conveying multilayered
meanings from one language and culture into another.
In such cases, the translation process requires finding a
delicate balance between adequacy and deviation so
that the spirit of the original is preserved while adapting
to the cultural context of the target language.

When semantic deviation and adequacy in literary
translation are examined through specific examples, the
multilayered nature of interlingual and intercultural
transformation becomes more evident. In this respect,
analysis based on examples translated into different
languages demonstrates how the translation process
seeks a balance between semantic fidelity and poetic
value.

In the famous opening sentence of Franz Kafka’s
The Metamorphosis—“Als Gregor Samsa eines
Morgens aus unruhigen Trdumen erwachte, fand er sich
in seinem Bett zu einem ungeheueren Ungeziefer
verwandelt”—the expression “ungeheures Ungeziefer”
symbolizes not only physical transformation but also
ontological and social degradation in German (Kafka,
1915, 1). In Azerbaijani, this phrase is often translated
as “giant insect.” Although this translation appears
adequate in a literal sense, it does not sufficiently
convey the metaphysical dread and existential isolation
created by the original, particularly the religious and
cultural associations of “Ungeziefer.” This can be
considered a case of connotative semantic deviation
(Venuti, 1995, 127).

Similarly, the famous expression in James Joyce’s
Ulysses—“History is a nightmare from which | am
trying to awake”—has been translated into Azerbaijani
as “Tarix, ayillmaga caligdigim bir kabusdur” (Joyce,
1922/1992, 78). Here, the multilayered semantics of the
word ‘“nightmare”—»both individual trauma and the
burden of collective historical consciousness—are
preserved to some extent. However, Joyce’s irony and
tone of subjective denial are weakened. This case may
be classified as explicatory transformation (Berman,
1985, 84).

An interesting example from Azerbaijani
literature appears in Chingiz Abdullayev’s novel The
Last Verdict, in the sentence: “He felt the breath of
death behind him and knew that this time fate had no
desire to joke.” In the Russian translation, this is
rendered as “OH MOYYBCTBOBaJ JBIXaHHE CMEPTHU 3a
CBOEH CIIMHOM W MOHSI — Cy,HI)6€ HBIHYE OBLIO HE a0
mytok” (Abdullayev, 2005, 101). Here, the poetic-
ironic structure of the original (“no desire to joke”) is
replaced by the more standard Russian phrase “He mo
mryTok,” which carries less semantic weight. This
represents an example of metaphorical and stylistic
deviation (Nida, 1964, 45; Reiss & Vermeer, 1984, 52).

In Anar’s The Sixth Floor of the Five-Storey
Building, the sentence “If a person’s dreams die, he dies
too” has been translated into English as “When a man’s
dreams die, he dies too.” This is a successful translation
preserving both semantic and syntactic adequacy, as the
philosophical depth and stylistic simplicity of the
original are fully maintained (Munday, 2001, 74).

The opening line of Leo Tolstoy’s Anna
Karenina—“Bce cuacTiMBbIe CEMBH MOXO0KH IPYr Ha
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Apyra, Kaxaas HECHAaCTIIMBasA CEMbs HECHACTIIMBA I10-
csoemy”—has been translated into many languages as
“All happy families are alike; each unhappy family is
unhappy in its own way,” demonstrating maximum
fidelity to the syntactic and semantic structure of the
original (Tolstoy, 1877/2000, 5).

This can be considered an example of adequate
translation (Newmark, 1988, 54). The generalized
philosophical conclusion presented is adequately
rendered into Azerbaijani as: “Biitiin xosbaxt ailolor
bir-birino bonzayir, hor badboxt ailo iso 6ziinomoxsus
sokilda badboxtdir.” In this case, neither syntactic nor
semantic deviation is observed. Tolstoy’s idea is
preserved fully and accurately, which serves as an
example of a successful translation strategy.

The analysis conducted on these examples
demonstrates that it is impossible to completely avoid
semantic deviations in the translation process. Such
deviations may arise either from the translator’s
aesthetic choices or from code differences existing
between languages and cultures. However, a high level
of adequacy or the presence of deliberate strategic
deviation can help maintain the quality of the translated
text. Thus, literary translation continues to maintain its
relevance as a creative and analytical activity that
considers the multilayered nuances of both language
and culture.

Translation activity is more complex and
multifaceted than merely transferring words between
languages; it is a cornerstone of intercultural dialogue
and mutual understanding. The translator, therefore, is
not only a language expert but also a mediator acting as
a bridge between cultures. In this context, the
translator’s responsibilities extend beyond linguistic
accuracy to preserving the functional and aesthetic
values of the original text while maintaining the
integrity of cultural associations and context.

Conclusion

The main objective of the translator is to preserve
the communicative function of the original text as much
as possible without altering it. This involves not only
the correct translation of words but also consideration
of the impact, intention, and tone created for the reader.
For instance, in literary texts, preserving the author’s
style, tone, and emotional load constitutes an essential
component of functional adequacy. Each language and
culture possesses its own symbols, metaphors, idioms,
and contextual nuances. The translator must properly
interpret these cultural codes and adapt them to the new
linguistic and cultural environment. When direct
translation is not possible, the translator may rely on the
principle of cultural equivalence and select alternative
expressions that preserve the meaning and function of
the original text.

Literary translation is one of the most delicate and
complex types of translation. It requires the transfer not
only of meaning but also of rhythm, poetic structure,
and the emotional and aesthetic layers embedded in
imagery. The translator’s aesthetic sensitivity and
linguistic competence play a crucial role in preserving
the artistic value of the text. Translation theorist
Lawrence Venuti introduced the concept of the
“invisibility of the translator.” According to this thesis,

the most successful translation is one in which the
translator remains invisible—meaning that the reader
experiences the text as if communicating directly with
the original. This idea is considered a key principle for
avoiding artificiality or incompleteness in translation.
However, Venuti also emphasizes the necessity of
translator visibility in certain cases; that is, the
translator may need to openly reveal intercultural
differences and ideological contexts, intervening as a
commentator. This paradoxical situation highlights the
importance of the translator functioning both as a
passive mediator and an active creator.

Literary translation aims for adequacy as an ideal,
yet full and complete realization of this goal is often
unattainable. Due to differences in language, culture,
and context, semantic deviations become an inevitable
part of the translation process. These deviations may
sometimes represent unavoidable losses, but they can
also serve as productive mechanisms, enriching new
interpretations, creative approaches, and intercultural
dialogue.

Examples from both Azerbaijani and world
literature demonstrate that the higher the translator’s
cultural awareness and sensitivity to linguistic and
contextual nuances, the greater the level of adequacy
achieved. In addition to linguistic competence, the
translator’s philosophical and cultural knowledge,
ability to analyze and reconstruct the original text, and
skill in recreating nuanced meaning are critical factors
determining the quality of literary translation. Each
translator must carefully consider the layers of
meaning, aesthetic elements, and cultural contexts in a
text, preserving the spirit of the original while
producing a new text suitable for the target culture’s
readers.

The findings show that adequacy and semantic
deviation in literary translation arise not only from
technical linguistic differences but also on deeper
levels—lexico-semantic, syntactic, stylistic, and
contextual. Typological classifications at these levels
demonstrate that translation is not merely a direct
linguistic transfer; rather, it is a reconstruction of the
text in a new cultural setting while preserving its
functional and aesthetic essence.

Based on the results:

a. Lexico-semantic level: Meaning losses or added
nuances primarily occur when translating culturally
specific words or expressions. These may result from
simplifications aimed at clarity or from the translator’s
unfamiliarity with the source culture.

b. Syntactic level: Transformations can disrupt the
structural rhythm of the original text, potentially
diverting from the author’s intent. However, some
syntactic changes may be necessary compromises to
align with the norms of the target language.

c. Stylistic level: The translator’s greatest
challenge is preserving the author’s aesthetic strategy,
emotional tone, and writing style. Loss of these
components diminishes stylistic adequacy and weakens
the poetic power of the text.

d. Contextual level: Failure to accurately render
cultural or historical realities may create incomplete or
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misleading impressions for the reader, disrupting
functional equivalence and obscuring cultural codes
embedded in the text.

Thus, this research not only describes the concepts
of adequacy and deviation but also systematizes their
theoretical, practical, and methodological dimensions.
The typological classification based on analyzed
examples helps fill conceptual gaps in literary
translation theory and supports more precise and
purposeful decision-making in translation practice.

Overall, the findings indicate that the translation
process is complex, filled with compromises,
interpretive choices, and multilayered decisions.
Analyzing the forms and levels of adequacy and
deviations provides a solid foundation for the scientific
study and management of this complexity. This study
theoretically and empirically confirms the relativity of
adequacy and the inevitability of semantic deviations in
literary translation.

In conclusion, adequacy and deviation are
complementary and mutually balanced elements in the
translation process. By achieving this balance, the
translator facilitates effective communication between
two cultures and expands the boundaries of literature.
Therefore, the success of literary translation depends
directly on the translator’s  professionalism,
intercultural awareness, and mastery of the language’s
poetic possibilities.
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Abstract

The article considers the possibility of a quantitative assessment of bank losses using fuzzy set theory while
taking into account statistical data on risks associated with their information systems.
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Pe3yabTaTu 10CTiAKEHD.

IlepenymoBu

OyHKIIIT HANEKHOCTI BioOpakatoTh, HACKUIEKY IIEBHUN PU3UK HAJICKUTH 10 KOKHOI Kateropii. Hampukia:
0, Xx<a
X—a

Bucokuit pusuk: 4(X) = b—, a<x<b (1)
1, X>Db

Jie X — OLIiHKa PU3HKY, a, b — Mexi kaTeropiit

Pu3uk kibeparaky MOXHa OMUCATH SIK: UMOBIpHICTh: cepeanst (0.5), Bucoka (0.7). Brums: kpurnanwmii (0.8).
BucHOBOK: pu3WK 3HAXOIUTHCS B 30HI BUCOKOI HEOE3MEKH (3a HEUITKMMHU MTPABUIIAMU).

Meroau Tparnelii Ta TPUKYTHHKA IIUPOKO BUKOPHCTOBYIOTHCS B TE€OPil HEUITKUX MHOXKHH JUIS BU3HAUCHHS
(hyHKIiHA HaNe)KHOCTI pU3KKiB. OCh MPUKIIATH:

MeToa TPUKYTHHKA

OyHKIIiS HaJeKHOCT Y POpMi TPUKYTHHKA BU3HAYAETHCS TpbOMa mapameTpamis: (a,b,c)(a, b, c)(a,b,c), ne:

e a:miBa Mexa (MiHIMaJbHE 3HAYCHHS, JIe HANEXKHICTh = 0),

e b: mik TpUKYTHHKA (MaKCHUMallbHA HAJEXKHICTh = 1),

e c:mpaBa Mexa (3HaYEHHsI, /Ie HaJIeXKHICTb 3HOBY = 0).

0, X<aabox=c
X_
®opmyaa: y(X) = b—:, a<x<b 2
C7X bhex<c
c—b
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Mpuxnan:
PosrnsHeMo HMOBIpHICTE PH3UKY BTPATH JTAHUX, KA OIIHIOETHCS 3a mikanoro 0—10. Hexa

Mae TpUKyTHY popmy 3 mapamerpami (3,5,7) (puc. 1).
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3HaYeHHA PHIHKY

Puc. 1. Tpuxymna ¢popma cepeonvozo pusuxy

e x=4x i X=6X HaJeXaTh 10 "cepenHbOro pu3uky" Ha 50%.
X=5X - Hanexuth Ha 100%, 60 1e mK

Meton Tpaneuii

OyHKIIIS HAJIEKHOCTI Y POpMi Tparelii BU3HaYae€ThCS YOTHPMa TTapameTpamu: (a,b,c,d) me:

e a:jiBa Mexa (HalexHIcTh = 0),

e b: mouarok ruiaTo (HaJeXHICTh MoYrHae = 1),
e C: KiHeub Mmiaro (HalexHIcTh = 1),
e d: mpaBa Mexa (HalexXHICTh 3HOBY = 0).
0, X<aabox=d
X—a
—, a<x<b
—a
®opmyaa: 1(X) =
1, b<x<c
d—x
—, C<x<d
—C

Hpuxkaan:

®)

OuinnMo piBeHb BIUIMBY KiOeparaku Ha iHpopMaliiHy cucteMy. «KpUTHUHHI BIUIMBY» OIHCYETHCS Tparie-
wieto 3 mapamerpami (6,8,10,12) (puc. 2).

u(@=1=%_0s
Sxmio x=7 8-6
Sko x=9 1(9) =1, 608p x<10
12-11
u(ll1) = -
Mo x=11 12-10

Takum 9arHOM: X=7 HAJIE)KHUTH 10 KpUTHUHOTO cTaHy Ha 50%, x=11 HanmexuTh 10 KpUTUIHOTO cTany Ha 50%,
Xx=9 HaleXUTb 10 KpUTHYHOrO cTany Ha 100%

Komo6inamis MmeroaiB

ITpu ananisi pu3uKiB YacTo KOMOIHYIOTH TPUKYTHI Ta Tpamnenienoaioni ¢pynkuii. Hanpukian:

VIMOBIpHICTh pU3UKY MOJICIIOETHCS] TPUKYTHUKOM, 00 BOHA Ma€ IIKOBY OLIHKY.
BB pusuKy MOJIEIIOETHCS Tpaneuiero, 60 BiH cTablIbHO BUCOKHH Y IIEBHOMY Jlianaso

Hi.



«COLLOQUIUM=JOURNAL» #9 (274), 2026 / ECONOMIC SCIENCES 101
Bizyaumizarist
TpUKYTHUK BUKOPUCTOBYETHCS, KOJIU TIOTPIOHO aKIIEHTYBATH Ha €UHOMY TIKOBOMY 3HAYCHHI.

o o
& ©
i L

=
B
5

Dvuruia HanexHoCT

0.0 t T T t T T r T
8] 2 4 [ 8 10 12 14

3uadeHHd EILNTHEY

Puc. 2. Pigenv eniuey xibepamaku na ingpopmayiiiny cucmemy

Tpaneuist miAXOAUTH ISl OIKUCY CTAOIIBHOTO PiBHS PU3HMKY B ME)Kax IEBHOTO iHTEPBAIY.

L1i MeToM NO3BOJISIIOTH aJJaITUBHO MOJIEIIOBATH PU3UKHU 3 YpaxyBaHHSM HEUITKHX MEX 1 MOJErmyoTh iX
IHTEpIIpeTaLilo.

Hpuxaan pasudikaunii Ta nepasndikanii Ha ocHoOBI oninkN pu3KKiB iIHPopmaniiiHoi cucTeMu

IMocranoBka 3apaui

OmiHnMO pHU3HK KibepaTakd Ha OCHOBI IBOX 3MiHHHX:

Mmosipricts ataku (P) y Bincotkax (0-100%).

Brums atakw (1) 3a mkamoro 0—10.

Buxinna 3minHa: PiBeHs pmsuky (R) 3a mxamoro 0—10. BHKOpPHCTOBYIOTBCS TPH JTIHTBICTHYHI 3MiHHI IS
KO>KHOTO IapaMeTpa:

MmoipHicTs ataku: Husbka (Low), cepens (Medium), Bucoxa (High).

Brum araxu: Hesnaunuit (Low), nomipuuii (Medium), kputuunuii (High).

PiBenb pusuky: Hu3bkuii (Low), cepenniit (Medium), Bucokuii (High).

Dazudikauis

dazwudikaririss — 11e IPOIEC NEPETBOPSHHS YUCIOBUX JaHUX HA HEUITKI MHOXKHHH.

IIpuknan nanux:

P=65%, 1=7.

DyHKUII HAJIEIKHOCTI:

- 4,,,(65)=0

Hus #imoBipHocTi P: Low: tpukytHuK (0,20,40), ; Medium: tpareris (30,50,70,90),

90-65 . 65— 60
- - (65) = ———— = 0.25; High: Tpuxyrank (60,80,100), — 4., (65) = —— =0.25
Hiveain (99) = 56 76 on: rpmiyme ( » = Haign (65) = 5540
JAns sumasy I Low: tpukyrank  (0,2,4), = Mg, (7) =0 ; Medium: Tpameuis  (3,5,7,9),
= i (7) = 0.5 High: spmeyrine (5:8.10), = 5, (7) = £ =2 =05

®azudikoBaHi 3HAYCHHS:

e P: Medium = 0.25, High = 0.25.

e |: Medium = 0.5, High = 0.5.

IIpaBuna HeuiTkoi gorikn. Ha ocHOBI (a3udikoBaHnX 3HAUCHb BUKOPUCTOBYEMO 0a3y MpaBHIL:

1. ko - PLow I ILow - RLoW
2. Skuo - PMediUm I IMedium - RMedium
= Fligh Hign = Rusign

3. SIkmo
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4. sTo = Plign ! Nvegium = Riign

... (iHmIi ipaBMIIa)

3Ha4YeHHS CTYICHIB HAJIICKHOCTI:

s mpasuna 2: min(0.25, 9.5) = 0.25

s mpasuna 4: min(0.25, 9.5) = 0.25

Arperauis

Arperatist 00'eTHy€ BUXIJHI CTyIEHI HaJISKHOCTI TSI PI3HUX MPaBU y HEYITKY MHOXKHMHY BHXI1THOT 3MIHHOT

Pesynbrar:

RMedium==0.25.

RHigh=0.25.

Hedazudikanis

Hedasudikamis mepeTBoproe HEUITKY MHOKHHY R Ha KOHKpeTHE 4ncIIoBe 3HaUeHHs. Bukopucraemo MeTon
HeHTpy Baru (centroid).

I Xt (X)dX
®opmyna: R=*——— 4

J s (X)elx
Po3paxyHok:

di . I:aHi h
Ipunyctumo, MM sanano Tpanewiero (4,5,6,7). 9 . rpukyrHEKOM (6,8,10)
o e (0 =0.25 14,() =025
OG6uncieHHs IEHTpPyY Bary gae: R = 5520.25+8¢0.25 =6.75
0.25+0.25

BucHoBok: PiBeHb pu3uky craHOBUTH 6.75 3a mikanoro 0—10. Ile Bka3ye Ha MOMipHO BUCOKU piBEHb PU3HKY.
Hpuxnan

e [lizpaxyHOK MOXJIHMBHX 30MTKIB 3a piKk 0aHKY, KoM HMOBIpHICTh 24 aTak BIUIUB aTaKW KPUTHIHUH,
piBenb pusuky Hu3bknit (Low); MiMoBipHicTs 250 aTak BIUIMB aTaku cepeHiil. piBeHb pusuky cepeniit (Medium;
MmoBipricTs 3250 aTak BIUIMB aTAKH HU3bKHI

e PiBenb pusuky Bucokuii (High).

Kpuruunuii piBeHb — 30MTKH BiJ ojHieT ataku Bix 1 MiH. 1o 10 500 MIIH. 1031

CepenHiii piBeHb - 30utku Bix oxuiel ataku Bix 50 tuc mon 1o 500 Tuc. 1071.

Hwusbkwuii piBeHb. 30uTKH Big onHiel ataku Big 200 mon mo 10 tuc.. nom.

[MpoueHT HelTpanizalii aTak 3a paXyHOK 3aXUCTy 99BiCOTKIB.

e Imoipuicts ataku (P) y Bincotkax (0-100%).

e Bmms artaku (I) 3a mkanoro 0-10.

it po3paxyHKy MOKIIHBOTO 30UTKY 3a pik 0aHKY HEOOXiqHO BUKOHATH TaKi KPOKH:

Po3zpaxysaTu 30uTKH 1t KO>kHOTO piBHS pr3uKy (Low, Medium, High):

BpaxoByeTbes: MmoBipHicTs ataku (P). OCKilbKH KilbKiCTh aTak 3aaHa B aOCOMIOTHHX BETHUMHAX,
HMOBipHICcTh aTaky MoxHa BBaxkath 100% a71st po3paxyHKiB 3araJbHOTO 30UTKY.

Brue ataku (I) 11 BU3HAUCHHS [[iaria3oHy 30UTKIB.

e TIIporenT HeiiTpanizanii atak (99%), ToOTO ycmimHO peani3yerbes numie 1% arax.

Po3paxyHkoBi popMynu:

J1J1s1 KOX)KHOTO PIBHS PU3HKY:

3aranbHuM 30MTOK 00UNCITIOETHCS

= Kinorxicmo amax x P x I x cepeoniu 36umok x (1— Ipoyenm netiimpanizayii /100)
Jiana3oH 30HUTKiB:

Kputnuaanii piBeHs: cepenHiii 30UTOK = 1000000 +§00 000000 = 250500000 nomapis
CepenHiii piBeHb: cepeaHiil 30MTOK = 50000 +2500 000 = 275000 nomapis
Hwuspknit piBeHb: cepenHiii 30MTOK = w = 5100 nmonapis

ITlincTaBUMO 3HAYEHHS:

Kputnunwii piBeHs:

KinmbkicTs atak — 24. Cepenniii 30utok — 250 500 000 monapis
[Mpouent HeliTpanizauii 99% (TobTo peanizyerbest 1% arax)

30urok kputnunuii =24 x1 x250 500 000 %0.01=60 120 000 nonapis
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CepenHiii piBeb:

Kinekicts atak — 250. Cepenniii 30utok — 275 000 gomapis

IMpouent HeliTpanizanii 99% (To6T0 peanizyersest 1% atax)

36uTok cepemniii=250 x1 %275 000 x0.01=687 500 momapis
Hwusbkuit piBes:

KimbkicTs atak — 3250. Cepenniit 30utok —5 100 gonapis

Iponent HewTpanizarii 99% (Todto peanizyetsest 1% arak)

30utok HU3bKUIH=3 250 x1 x687 500 x0.01=165 750 nonapis
3araipHUN MOKIIUBUN 30MTOK 3a PiK:

3aranpHuil 30MTOK = 30MTOK KpUTHYHHUHN + 30UTOK cepeaHiil + 30uTok HU3bKKH = 60 973 250 nonapis
[IponeHT HeWTpamizalii atak 3a paxyHOK 3aXucTy 99 - 99.9 BigcoTkiB.
Po3paxyHOK cepeHbOTO 30UTKY IS KOKHOTO PiBHA

Kpurnananii pisens: 36utku Big 1 000 000 zo 500 000 000 momapis,
1000000 +5000000000 — 250500000 fonapis

cepenHii =
2

MmoBipricTs aTaku P — 24

Bruus [ 3a mkanoro 0-10, npuiimaemo 10

1. Cepenniii piBens: 36utku Big 50 000 1o 500 000 nonapie , cepeaniit =275000 monapis
MmoBipricTs aTaku P — 250

Bruus [ 3a mikanoro 0-10, npuiimaemo 5

2. Husbkwuii pienb: 30utku Big 200 qo 10 000 monapis , cepenniit =5100 nonapis
WmoBipricTs aTaku P — 3250

Bruus [ 3a mwkanoro 0-10, npuiimaemo 1

e VYcmimHo peamizyersest 1 % arak, mpomeHT HeWTpaizalii aTak 3a paXyHOK 3axucty 99%.
e Po3paxyHOK MOKJINBOTO 30UTKY

= Kinorxicmo amax x P x I x cepeoniti 36umox x (L— Ipoyenm netimpanizayii / 100)

Jliama3oH 30UTKiB:

Kpurnunuii pisens: P=24, 1=10 cepenniii 36utok =250 500 000 nonapis, HelTpanizaris atak =99%
30uTok kputHaHHd =24 x 1 x 10x 250 500 000x 0,01=600 120 000 nonapis

CepenHiii piBeHb: cepeaniii 30utok P=250, I=5 cepeaniii 36utok =275 000, Heitrpanizaiis atak =99%
30uTok cepenniil =250 x 1x 5% 275 000x 0,01=3 437 000 nonapis

Husbkwuii piBens: cepenniit 30utok P=3250, I=1 cepenniii 36utok =5 100, HelTpanizarmis atak =99,9%
30uTok HU3BKUH =3250x 1x 1x5 100x0,001=16 575 nonapis

e 3arambHu 30MTOK= 30MTOK KpUTUIHUI+ 30UTOK cepenHiii+ 30MTOK HU3bKUH=

600 120 000+3 437 000+16 575=603 574 075 nonapis

BucHoBOKI0 MoskiinBHii 30UTOK OaHKY 3a pik ctaHoBUTH 603 574 075 nomnapis CIIA, BpaxoByroun 99-99,9%
- e(heKTUBHICTh 3aXHCTY.

7.BHCHOBKH.

VY po6oTi po3po0IIeHO MiaXia A0 KUTHKICHOT OIIHKK 30MTKIB OaHKY Ha OCHOBI TEOPIi HEUITKUX MHOXKHH, 110
JIO3BOJISIE BPaXxOBYBaTH HEBU3HAYCHICTh Ta HEYITKICTh MapaMeTpiB PU3MKY iHPOpMaliiHUX cucteM. Buxopu-
CTaHHsI JIIHTBICTUYHUX 3MIHHUX, (DYHKLIH HaJleXHOCTI (TPUKYTHHX 1 TpaneuienoaiOHUX) Ta MpaBHI HEUYiTKOI
JIOTiKH 3a0e3Meuye THyYKe MOJICITIOBaHHS PU3UKIB KibepaTak.

3acrocyBanHs mponenyp daszudikamii, arperarmii Ta nedasudikamnii (MeToq NEHTPY Baru) Jajio 3MOTY Tie-
PEHUTH BiJ SKICHUX OI[IHOK JO KOHKPETHUX KUTBKICHUX 3HAYCHD PIBHS PH3HUKY. 3aIPOIIOHOBAHUH MiAXII JO3BOJISIE
3[IMCHIOBATH paHXyBaHHS PU3HKIB 1 OOIPYHTOBaHO NPUHMAaTH YHPaBJIiHCHKI PILIEHHS MO0 MiHIMi3allii MOXKIIH-
BUX 30UTKIB.

[TpoBeneHi po3paxyHKH [TOKA3aJIH, 1110 HABITH TPH BUCOKiK eeKTUBHOCTI 3aXUCTy (99-99,9%) cymapHi piuHi
30UTKH MOXYTh AOCATaTH 3HAYHUX BEJIINYUH, 1O MiATBEPKYE KPUTUUHY BaXKIMBICTh KOMIUIEKCHOTO YIPaBIiHHS
pu3uKaMu iHQOpMaLiiftHIX cucteM O0aHKy. Po3poGenuii mporpaMumii iHcTpyMeHT Ha Python 3abe3neuye npak-
TUYHY peai3alilo 3alpOIOHOBAHOTO METOJY Ta MOXXE€ OyTH BHKOPHCTAaHHWH AJIS aBTOMAaTH3allii OIiHIOBAaHHS
30UTKIB.
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