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Physical and Mathematical Sciences

DOSIMETRIC ASSESSMENT AND BIOHEAT
ANALYSIS OF ELECTROMAGNETIC
EXPOSURE IN PEDIATRIC TISSUES

Tamar Nozadze

Ivane Javakhishvili Thilisi State University, Thilisi, Georgia
Giorgi Ghvedashvili

Ivane Javakhishvili Thilisi State University, Tbilisi, Georgia

Abstract- Widespread deployment of Wi-Fi and cellular networks has significantly increased
human-made electromagnetic (EM) pollution, disrupting natural background levels and spurring
debate over the long-term health risks of continuous high-frequency exposure. Quantifying how
radiofrequency radiation interacts with biological tissue is complex and frequency-dependent,
making accurate assessment essential for public health and biomedical engineering. This research
presents a numerical analysis of thermal effects across relevant communication bands using a
child anatomical model, reflecting the heightened vulnerability of developing systems and higher
tissue water content in children. Simulations carried out in FDTDLab using the finite-difference
time-domain (FDTD) method modeled wave propagation and dielectric heating based on real-
world field measurements. We quantified energy deposition using whole-body and localized (1g
and 10g) Specific Absorption Rates (SAR), alongside thermal modeling for localized hotspots and
systemic stress. Comparing these results with IEEE and ICNIRP guidelines offers crucial evidence
regarding EM safety in pediatric populations.

Keywords: FDTD simulation, Pennes' bio-heat equation, Heterogeneous anatomical model,
Numerical dosimetry, Maxwell's equations

INTRODUCTION

The rapid proliferation of wireless communication infrastructure over recent decades has
drastically altered modern urban environments, giving rise to continuous, human-made
radiofrequency electromagnetic field (RF-EMF) exposure. The dense deployment of cellular base
stations accelerated by fourth- and fifth-generation (4G/5G) systems alongside household Wi-Fi
technology has significantly elevated background electromagnetic radiation in populated areas
[1]-[4]. Because higher frequencies, multi-antenna configurations, and denser networks modify
energy deposition patterns, public and scientific concern regarding the long-term biological
consequences of chronic RF exposure has intensified [5]-[9].

Electromagnetic radiation interacts with biological systems through both thermal and non-
thermal pathways. Thermal effects stem from dielectric energy absorption causing tissue
temperature elevation, whereas non-thermal mechanisms involve potential physiological or
cellular alterations (e.g., oxidative stress, shifts in cell membrane permeability, or altered
intracellular signaling) occurring without significant heating. Because these mechanisms can take
place concurrently, isolating their distinct biological impact remains challenging. To evaluate
energy absorption quantitatively, the Specific Absorption Rate (SAR), measured in W/kg, serves as
the primary dosimetric metric [10]-[15].
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Exposure assessment relies on a combination of empirical field measurements, analytical
techniques, and computational electromagnetic simulations [13]-[17]. Numerical modeling, such
as the finite-difference time-domain (FDTD) method, is particularly valuable for mapping wave
propagation and energy deposition across complex biological geometries. International health and
regulatory organizations, including the World Health Organization (WHQO), the International
Commission on Non-lonizing Radiation Protection (ICNIRP), and the Institute of Electrical and
Electronics Engineers (IEEE) have established guidelines defining basic restrictions and reference
levels to protect against established thermal hazards [18]-[21]. Additionally, the International
Agency for Research on Cancer (IARC) designated RF-EMFs as "possibly carcinogenic to humans"
(Group 2B) [22].

Pediatric populations represent a critical focus in dosimetric research due to their ongoing
physiological development, thinner cranial bones, higher tissue hydration levels, and longer
cumulative lifetime exposure [23]-[24]. While several dosimetric studies report higher SAR values
in child models compared to adults under equivalent exposure conditions [25]-[26], [12], others
note variations based on anatomical parameters and frequency bands [12]. Furthermore, current
regulatory standards are largely human-centric, leaving potential impacts on wildlife and broader
ecosystems insufficiently addressed, while long-term non-thermal effects remain scientifically
inconclusive.

To address these ongoing uncertainties, this study utilizes numerical computational modeling to
perform a rigorous assessment of EM wave propagation, SAR distribution, and induced thermal
responses within a heterogeneous pediatric anatomical model subjected to common
communication and Wi-Fi frequency bands.

RESEARCH DESIGN AND METHODS

Numerical simulations were conducted using the high-resolution "Thelonious" child anatomical
model from the IT'IS Foundation Virtual Population dataset [27]. Representing a six-year-old male,
the model incorporates approximately 80 segmented tissue classifications including detailed
neural, visceral, cutaneous, and osseous tissues. Children exhibit distinct radiofrequency (RF)
absorption characteristics compared to adults due to elevated tissue hydration, thinner
anatomical shielding, and a developing central nervous system [23]-[28]. Frequency-dependent
electrical conductivity, relative permittivity, density, and thermal parameters were drawn directly
from the IT'IS tissue property repository [29].

Given the complex geometry and tissue heterogeneity of the human body, analytical solutions for
electromagnetic wave propagation are intractable [12], [30]. We employed the finite-difference
time-domain (FDTD) technique via the FDTDLab software suite developed at the Laboratory of
Applied Electrodynamics and Radio Engineering (LAE) of Ivane Javakhishvili Thilisi State University
to model electromagnetic wave propagation and dielectric heating [13]-[17]. Maxwell’s curl
equations were discretized using Yee’s finite-difference scheme in both spatial and temporal
domains [31]-[32].

A uniform spatial grid resolution of 2 mm was selected to resolve fine anatomical structures while
maintaining computational stability. Incident RF exposure was modeled as continuous sinusoidal
plane waves across key communication and Wi-Fi frequency bands. Wave orientations spanned
three incident directions (frontal, rear, and lateral) under two orthogonal electric field
polarizations.

The rate of absorbed electromagnetic energy per unit mass was quantified using the Specific
Absorption Rate (SAR), which evaluates internal electric field intensity relative to tissue electrical
conductivity and mass density.

To evaluate localized temperature elevation, the computed SAR distribution was coupled as an
external heat source into Pennes' bio-heat transfer equation [33]. This formulation models
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dynamic heat transfer across living tissues by accounting for metabolic heat production, tissue
thermal conduction, and blood perfusion.

Thermal boundary conditions were established with an initial baseline tissue temperature of 37°C
and an ambient air temperature of 22°C. Convective surface heat dissipation at the skin-air
interface was governed by a convective heat transfer coefficient of 8 W/m?2K.

The temperature elevation induced by RF absorption was evaluated relative to the unexposed
baseline state. Temperature increases exceeding 1.0°C were marked as biologically critical.
Localized SAR values were benchmarked against basic restrictions defined by ICNIRP (2.0 W/kg
averaged over 10g mass) and the FCC (1.6 W/kg averaged over 1g mass) [34].

NUMERICAL SIMULATION RESULTS AND DISCUSSION

Electromagnetic Dosimetric Assessment

To systematically evaluate the spatial dependence of wave coupling within pediatric anatomy, full-
wave electromagnetic computations were carried out on the child model across three operating
frequencies (2.1 GHz, 5 GHz, and 6 GHz) under six orthogonal plane wave polarizations. These
polarization scenarios were designed to characterize how the directional alignment of incoming
wave propagation and electric field vectors influences energy absorption throughout the child's
body.

The physical and structural parameters of the six-year-old child model reflect representative
pediatric dimensions, including body height, mass, body mass index, and average cranial skull
thickness [35]. The model incorporates dozens of anatomically differentiated tissue types
discretized on a fine isotropic grid, enabling high-resolution dosimetric and thermal evaluation
[27].

EM energy deposition was quantified using 1g-averaged SAR, 10g-averaged SAR, and whole-body
averaged Specific Absorption Rate (WBA-SAR). These dosimetric quantities were computed
directly from internal electric field distributions based on tissue electrical conductivity, root-mean-
square electric field intensity, and tissue mass density [12]. All absorption metrics were normalized
to a standardized incident power density.

A clear frequency-dependent transition in wave penetration behavior occurs across the evaluated
spectrum. At lower frequencies around 2.1 GHz, the incident field exhibits deeper penetration into
internal anatomical structures. This behavior is governed by the longer free-space wavelength,
which closely matches characteristic physical dimensions of the pediatric frame. This alignment
enhances resonant coupling mechanisms, promoting deeper volumetric energy absorption
throughout internal organs and tissues.

Conversely, at higher frequencies (5 GHz and 6 GHz), wave penetration depth decreases
substantially. Higher-frequency fields encounter elevated tissue conductivity and dielectric losses,
causing rapid attenuation near the body boundary. As a result, energy deposition shifts outward
toward superficial layers, producing localized absorption maxima within the skin, scalp, facial
tissues, and extremities. This transition from deep volumetric absorption to surface-dominated
deposition aligns with classical skin-depth behavior in lossy biological media, effectively shielding
inner visceral organs from direct core field exposure.

Tissue specific comparisons of peak localized energy deposition across the whole body, head, and
brain indicate that localized absorption remains highest in peripheral boundaries, muscles, and
cranial surfaces rather than central neural structures. Nevertheless, 2.1 GHz exposure induces
notable electromagnetic energy coupling within peripheral brain tissues.

This elevated neural absorption in pediatric models stems from key physiological characteristics:
Thinner skull structures in young children afford less attenuation prior to wave entry into neural
tissue. Higher water content in pediatric neural tissue increases dielectric permittivity and
electrical conductivity [36], enhancing local electromagnetic field interaction.
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Consequently, peak localized brain SAR at 2.1 GHz remains noticeably higher than at 5 GHz or 6
GHz. At higher frequencies, superficial tissue layers absorb the majority of incident power before
it can propagate into deeper cranial regions. While this protects deep cerebral structures, it
simultaneously amplifies energy deposition within surface tissues. Under high incident power flux
conditions, localized peak SAR values in the skin and extremities can exceed internationally
recommended public exposure limits across several polarization states [12], [37].

The cumulative exposure burden was further evaluated through whole-body averaged SAR. Due
to the smaller overall volume and lower body mass of the pediatric frame, simulated whole-body
SAR values regularly approach or exceed established public basic restriction thresholds under high
exposure conditions.

Furthermore, whole-body absorption exhibits a strong dependence on wave orientation. Exposure
configurations where the electric field vector aligns parallel to the major longitudinal axis of the
body produce substantially stronger coupling than orthogonal orientations. In these vertical
alignments, the child's body acts as a more efficient receiving structure, maximizing overall
absorbed power and elevating whole-body SAR metrics.

Bio-Heat Transfer Analysis

Thermal distribution profiles resulting from absorbed electromagnetic energy were evaluated
using steady-state bio-heat transfer modeling, which accounts for tissue thermal conduction,
metabolic heat generation, and capillary blood perfusion relative to core arterial temperature [33].
The calculated thermal distributions closely mirror the absorption patterns observed in the
electromagnetic simulations. The most pronounced thermal stress occurs within shallow tissues
primarily the skin, scalp, hands, and facial regions. At 5 GHz and 6 GHz, rapid field attenuation near
the boundary concentrates dielectric heating within outer layers [37]. Under elevated exposure
scenarios, localized temperature increases in these surface layers frequently exceed the standard
1.0°C thermal safety reference threshold, as local surface blood perfusion and convective cooling
cannot fully dissipate the rapid heat input.

Current international exposure standards are largely derived from adult anatomical data designed
to prevent acute thermal injury. They do not fully incorporate pediatric anatomical variations,
developmental tissue composition, or age-dependent dielectric properties. Because children
feature thinner cranial structures, smaller anatomical dimensions, developing neural networks,
and higher tissue hydration, these heterogeneous simulations demonstrate that pediatric subjects
can experience heightened localized energy absorption and steeper thermal gradients under
equivalent external exposure conditions. These findings underscore the importance of
conservative safety approaches when evaluating wireless technologies in environments
frequented by children.

CONCLUSION

This study presented a detailed numerical investigation into the dosimetric and thermal impacts
of radiofrequency EM fields across communication and Wi-Fi frequency bands on a heterogeneous
child anatomical model. By coupling full-wave finite-difference time-domain (FDTD)
electromagnetic simulations with Pennes' bio-heat transfer modeling, we characterized energy
deposition and localized temperature distributions across multiple incident wave orientations and
polarization configurations.

Thermal evaluations indicate that while deep cerebral structures are protected from direct heating
at higher frequencies due to shallow field attenuation and strong vascular perfusion, peripheral
tissues experience substantial thermal loading. Under elevated incident exposure conditions,
localized temperature increases and mass-averaged SAR metrics in surface tissues and along
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cranial interfaces frequently approach or exceed international safety thresholds established by
ICNIRP and the FCC.

Given the rapid evolution of wireless technologies and the increasing presence of electromagnetic
fields (EMFs) in everyday environments, current safety standards, which are primarily based on
short-term exposure assessments using human models, may not fully reflect the complexity of
real-world exposure scenarios. It is important to emphasize that electromagnetic fields interact
not only with humans but also with living organisms across a wide range of biological systems.
Therefore, our recent research, together with findings reported in [39]-[42], highlights the need
for continued investigation of both thermal and potential non-thermal effects of electromagnetic
field exposure. Such research is essential for developing evidence-based safety recommendations
that provide comprehensive protection of public health and, more broadly, the health of living
organisms and ecosystems.
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OKy canacblH AepeKkTep HerisiHae
bacKkapyaafbl AMPEKTOPAbIH, OKY XKYMbICb
WOHIHAEer opblHOACapbIHbIH, PO

Cmawnnosa lN'ynbmupa TynebekoBHa
«Abain aTbiHAaFbl N231 xannbl 6inim 6epeTiH mekTen» KMM, anpeKkTopabiH OKY *KYMbICbI
OHiHaeri opbiHbacapbl

AHHOTauuA. Makanaga MekTeniwinik 6Oaranay JOepeKkTepiH OKbITyAbl KeTiagipyre
nanaanaHyaarbl AMPEKTOPAbIH, OKY KYMbICbl }KOHiHAeri opblHOAcapbIHbIH, POAI KapacTbipbliabl.
OKy MaKkcaTTapbl HoMbIHLIA KMbIHABIKTAPAbl aHbIKTay, 6afanay enwemaepiH Kenicy, neparorrepre
24icTeMENIK KONAAY KepCeTy KaHe KabblnaaHfaH LWeLliMHIH, HOTUKeCIH KailTa TeKcepy Konaapsl
yCbIHbINaabl. [epekTi Tanaayasl cabakTarbl HaKTbl 9peKkeTneH BannaHbICTbipaTbiH Backapy moaeni
MEH Ceri3 anTafblK CbIHAK *Kocnapbl OepinreH. ¥CbIHbICTAP MyFfaniMHIH ecenTiK *KYKTeMeCiH
KebelTnen, OKylbIHbIH inrepineyiH 6alkayrfa KoHe MeKTenilinik Kacibn bIHTbIMAKTACTbIKTbI
HblfalTyfa HBarbITTanfFaH.

KinT cespep: OKy camacbl, mekTeniwinik 6afanay, AepekTep HerisiHae Hackapy, OKy
ONIKbINbIKTAPbI, 34icTeMENiK KoNAay, KanbinTacTblpylbl baranay, negarornmkanbik KelbacLibibiK,.

OKy canacblH 6acKapyablH 63eKTi MiHAETI

OVpeKTopabiH OKY *KYMbICbI *KOHiHAEr opblHO6acapbl YLiH OKY canacbiH 6ackapyablH Heri3ri
MiHAeTi — 6aranay HITUKeCIHEH HaKTbl MeAarornkablK LWelliMmre eTy. TOKCaHAbIK yarepim, benim
HoMbIHLIA XUbIHTbIK DaFanay aHe cabaKTafbl KYHAEMIKTI *KYMbICTAp OKYLbIHbIH, OKY *KaFaalblH ap
KblpblHaH KepceTeai. Onapabl bipnece Tanaay Kam oKy MakcaTbliHa KaliTa opany KepPeKTiriH, KaHaam
DAICTI ©3repTy KaXKeTTiriH KoHe KiMre KOCbIMLIA KOA4AY YCbIHyFa 60MaTbiHbIH aHbIKTayFa
KemekTeceai. Ocbl 6alNNaHbICTbl YMbIMAACTbIPY MeKTen Oacllbl/blFbIHbIH, KYHAENIKTI *KYMbICbIHA
anHanybl KaxeT.

MaceneHiH 63eKTiNiriH XxanblKapablk 3epTTey AepPeKTepi Ae alKbIHAAMAbl. DIKOHOMUKANbIK
bIHTbIMAKTACTbIK, KaHe Aamy YiMbiMblHbIH, Ka3akcTaH 6onbiHwa PISA 2022 ecebiHge 15 »kacTafbl
OKylWblNapAablH 36 Nanbi3bl OKY CayaTTbiAbIFbIHAH KEMIHAE eKiHLII AeHrenre XeTKkeHi KepceTiireH
[1]. Byn KepceTKiWTi KekenereH MeKTenTiH HaTUXKeciMeH TeHecTipyre 6boamanapl. JereHmeH on
MOTIHAI TYCiHY, aknapaTTbl ipikTey KaHe b6iniMmai KoagaHy AafabliapblHa MeKkTenilwinik Tanaayaa
apHaMbl Ha3ap ayaapy KaxKeTTiriH kepceTteai. YATTbIK AeHrenaeri ManiMeT MeKTENTiH 63 XKafaanblH
3epTTeyiHe Heri3 6onaTbiH CypakK yCbiHAAbI.

MaKanaHblH MaKcaTbl — JAMPEKTOP opblHOacapbliHbiH, Oafanay AepeKkTepiH Tanaay,
neparortepaid, GipneckeH MXYMbICbIH YWNECTIpY KoHe OKy KMblHAbIKTapbiHa ayan 6epy
opeKeTTepiH 6HalnaHbICTbIPaTbiH MNPAKTUKAAbIK MOAENb YCbiHY. Tanzay HbiCaHbl peTiHAe
OKYLbIHbIH, OKY MaKCaTblHa KaTbICTbl OPbIHAAFAH YKYMbICbl ajblHaAbl. DAICTEMENIK Herisi —
LepeKkTepai KoNAaHy »KaHe Kepi OannaHbIC KeHiHAeri HyCKaynblKTapAbl Tanaay, onapasbl
MeKTeniwinik 6ackapy miHaeTTepiHe benimaey. ¥CbIHbINFAH MOAENbAI EHTi3y HITUMKECI HaKTbl
MeKTEN KafaanblHaa KalTa 6aranayabl KaxKeT eTes;.
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Tanpayra Kapamapbl AepeKkTepai ipikTey

Hamilton KeHe opinTecTepiHiH, HyCcKaynblfbiHAa 6afanay AepeKkTepiH  OKbITyApbl
KEeTINAipyAiH, Y34iKCi3 UMKAIHE eHri3y »KaHe MeKTenTe ofapabl KoNAaHyAblH OpTaK, OafblTbliH
Ka/bINTacTblpy YCbIHbAAAbl [2]. MyHAQM KYMbICTbl YMbIMAACTbIPYAA AEPEK KUHAYAbIH, MaKCcaTbl
neparorrepre TYCiHIKTI 60aybl KaXkeT. Op KepceTKilwke «Ocbl aknapaTka CyMeHin KaHaam wewim
KabblNaambI3?» AereH cypak KoMblnaapl. Erep ofaH HaKTbl *kayan 60/1maca, KepceTKilTi TYPaKTbl
ecenke KOoCyAblH KaXKeTTiniri KalTa Kapanaabl.

Tanpay yLliH TancblpMaHblH OKY MaKcaTblHa COMKeCTIri, baranay enwemaepiHiH TyCiHiKTiir
YKOHE KYMbICTapAblH CaNnbICTbIPyFa KeneTiHAiri Tekcepinedi. bip CbiHbINTa HEri3iHEH ecTe CaKTayabl,
eKiHWIi CbiHbINTa KypAeni Asnenaeyni Tanan eTKeH »KYMbICTap/bliH opTalla b6angapbiH Tikenen
CanbICTbIPY AYPLIC KOPbITbIHALI Hepmendi. Myfanimaep OKYLUbIHbIH, aTbl-*KeHi KepceTiimereH
BipHeLLe XyMbICTbl Bip enlemmeH 6afanan, Nikip anbipMallbliblFbiHbIH, cebebiH TanKblAal anap.
Bafanay KenicinreHHeH KeliH faHa HaTUXKeNepai *KMHaKTay opbIHAbI.

Bip KepceTKillke CyMeHIn OKylublfa Hemece nedarorke KoOpbITbiHAbI Oafa GepyaeH
CaKTaHfaH X6H. TemMeH HaTWXKe TancbipMa TifliHiH, KypAeninirimeH, andblHfbl TaKblPbINTafbl
O/IKbINbIKMNEH Hemece cabakKa KaTbicmaymeH 6GainaHbiCTbl 60/ybl MyMKiH. MyHaan 6onkam
KYMbIC yAricimeH, cabakTasbl HaKblNayMeH KaHe OKYLbIMEH KbICKa aHFNIMeMeH HaKTblnaHabl. 1-
KecTefe AepeKTepai nefarornkanblk wWelimmeH 6annaHbICTbIPYAblH, YATICi YCbIHbIAFAH.
1-kecTe. baranay AepeKTepiHeH negarornkablik WeLlimre ety

BalikanraH benri HakTblnay Tacini blkTMMan speket
Bip oKy MaKcaTbl 6oMbiHIWa  KaTe »ayanTapabl TypiHe KMbIHAbIKKA COMKEC KbICKa KanTa
KaTe Wi KanTanaHaabl Kapan TonTay OKbITY
Mayan aypeblic, TyciHgipme  OKyLWbIHbIH, WeLly *0o/blH Hanengey yariciH Tangay »aHe
KeTKINiKci3 TbiHAAY KON4aHy
CbIHbINTap HITUXKECI Tanceipma meH baranay Bnwemaepai Kenicy, opTak,
anuak, e/lemaepiH canbICTbipy yArinepai kapay
KonaayaaH KeniH ae KaTbicyabl aHe Konaay KMbIHAbIKTbI KalTa aHbIKTaM, Tacinaj
inrepiney 6alnkanmanabl Ma3MYHbIH TeKkcepy e3repty

OupekTop opblHbacapbl YUNECTIPETIH *KYMbIC LKA

MeKTeniwinik »KymbiCTbl 6ec e3apa HalnaHbICTbl KaZaMMeH yMbiMAacTbipyfa Honagpl.
BipiHWIi Kagamaa HakTbl macene TaHAdanagbl. «binim canacbiH KeTepy» CUAKTbl KeH MiHAETTIH
OpPHbIHA «OKYLWWbINAapAbIH, M3TIHHEH 63 TYXKbIPbIMbIHA COMKeC A2/1eN TaHAay AafAbICbIH XKETINAIpy»
Topi3ai H6akblNaHaTbiH MakcaT benrineHeqi. bip keseHae b6ip Hemece eki HaCcbIMAbIKMEH KYMbIC
icTey Tangayabl TepeHaeTyre MyMKiHa ik 6epeai. TaHaanfaH 6acbiMAbiK, MEKTENTIH, J4aMy XOcCnapsbl
MEH MaHAK KaXKeTTiNiKTepiHe cat 6onybl THiIC.

EkiHWi Kagamaa 6acTankbl *afaar aHbikTanaabl. Myfanim con AafablHbl TEKCEPETIH WafbiH
TancbipmMa YCbIHaZbl aHe XayanTapAbl andblH ana KeniciireH enwemaepMeH Kapalabl.
9aicTemenik OipnecTik »KeTeKLici Wi KesaeceTiH KUbIHAbIKTapAbl sKUHakTanabl. AupekTop
opblHBacapbl KOPbITbIHAbIHBIH, HAKTbI YKYMbIC YAriNepiHe cyMeHyiH Kaaafananabl. JuarHocTMKara
KaTbICNafaH OKYLUbIHbIH H3TUMKECI HOe/IMEH a/fMacTblpblIMalabl; OHbIH, KaTblcnNafaHbl benek
BenrineHin, KeniH Tekcepy MyMKIHAIM KapacTbipblaagb!.

YWiHWi Kagamaa Konaay Tacini kocnapnaHagbl. Myfanim makcaTKa ComKec TyciHAipyai,
WafblH TOMTAFbl XYMbICTbl HEMECE AEeHrenneHreH TipeK Tancblpmanapabl TaHdanabl. AnpekTop
opblHBacapbl By KYMbICKA YaKbIT benyre, Taxipnbeni spinTecTiH KOMeriH yMbIMAaCTbIpyFa KaHe
KaxeT maTepuanapl KO/KeTiMAl eTyre Katbicaabl. ocnapaa apeKeT, *KayanTbl agam, opbiHAany
MepP3iMi KaHEe HITUXKe Kanal TeKcepineTiHi KbicKa KepceTineai. Ken TapmakTbl ecenTiH, OpHbIHA

KeniH KaiTa Kapayfa 60naTbiH TYCIHIKTI WeLim KaxeT.



I Proceedings of the 14th International Scientific Conference

TepTiHWI KaJamda KocnapfiaHfaH Tacin cabaKkka eHrisinin, OoHblH  OpbiHAAAYbI
HakblnaHaabl. MyHAa TeK TancbipMaHbiH BepinreHi XeTKiNIKCi3: OKYLWbIHbIH, KaHA4al TipeK anfaHbl,
OHbl Kanan nanganaHfaHbl XaHe Kan TyCcTa ani KMHanfaHbl Kapanagpl. Cabakka KaTbicy KesiHae
anapiH ana Kkenicinrexn 6ip macenere Hasap aygapyra 6onaabl. MaceneH, oKyLWbINap MyFaniMHiH
TYCiHAipMecCiHeH KeliH ©3 »ayabblH Ty3eTe andbl Ma, a14e COM KaTeHi KalTanaabl ma? bakpblnay
»a3bacbl OCbl CypakKa wayan bepeTiH HaKTbl MblCanaapabl KaMTUIbI.

BeciHWwi Kagamaa inrepiney Tekcepinin, Keneci wewwim KabbingaHaabl. Kata Tancelpma
HbacTankbl OKYy MakcaTbl MeH Tajan JAeHreniH cakTahgpl, Gipak OypbliHFbl KayanTbl »KaTKa
KanTanayra MYMKiHAIK OepmenTiHaoen e3repTinedi. HaTuke Kakcapca, TacCini »KanfacTbipy
Hemece 6acka ToMTa CblHAy KapacTbipblnadbl. ©3repic 60AMaca, KMbiHAbIK Typanbl HacTankbl
Honxkam, Kongaay Mma3myHbl }KaHe OHbIH OpPbIHAANY XKaFdalbl KarTa TangaHaapl. LUMkngin aaktanys
aHa OKy MiHAETiH aHbIKTayFa Heri3 6onaapl.

Meparorrepain, 6ipaecKeH *KyMbICbIH YbIMOACTbIPY

Byn moaenbae AMpeKkTop opbiHOacapbl OPTaK MaKcaT NeH KYMbIC bipFafblH yaecTipeai, an
MaH MYFaJliMi TancbiPMaHblH, Ma3MyHbl MEH OKbITY TacifliHe ayan bepegi. 9aictemenik b6ipaecTik
}eTeKuwici baranay enwemaepiH Kenicyre »aHe Taxipube anmacyra kemekteceai. Kaxet 6oafaH
Kafaamaa CbliHbIN XeTeKLWici OKyLWbIHbIH cabaKKa KaTblCyblHa KaTbICTbl M3AIMETTI HaKTblAanabl.
MiHaeTTep ocbinat 6eniHce, ap KbI3METKep 63 Ky3blpeTiHe cail apeKeT eTeai XKaHe Hip aknapaTTbl
bipHelle peT KMHay a3anpl.

DAicTeMenik OTbIpbICTa KecTenepai Ke3ekneH OKyAblH OpHbIHA andblH ana TaH4a/ifaH OKyY
MaCeneciH TaNKplnayapl yCbiHambl3. Mbicanbl, OTbI3 MUHYTTbIK Ke3aecyAiH, anfalikbl 6eniriHae
HipHelle OKyLUbl KYMbICbl Kapanadbl, KEWiH KaTenepaiH bIkTMMan cebentepi canbiCTbipbliaabl,
COHbIHAA Bip OpTak apeKeT NeH KanTa TeKcepy KyHi Kenicineai. Tankpliayaasbl NiKip OKYLWbIHbIH
YMbICbIHa Hemece cabaKTarbl HaKTbl DakbliayFa cyeHedi. KopbITbiHAbIAE KIMHIH, He iCTEeNTiHI
aHbIK *a3blaaabl.

OKy cayaTTblNbIfbIHA KATbICTbl KOAAAHY YATIC

Mogenbai TyCiHAIPY YWiH MITIHAEr TYyXblpbiMAbl Ad/1enney OAfAbICblH KeTinagipy
afdalblH KapacTbipanblk. OKyLblNapFa KbICKa MaTIH XaHe aBTOPAblH, HEri3ri OMbIH TYCiHAIpiN,
OHbl M3TIHHEH afblHfaH JA31e/MeH Heridgey Tanceblpmacel bepineai. bafanay KesiHae
TYKbIPbIMHbIH, AYPbICTbIFbI, ASAEAAIH CONKECTIr KaHe eKeyiHiH BalnaHbICbIH TYCIHAIPY Kapanabl.
Katenepai ocbl enwemaep 6onbiHWa 6eny Mmyranimre KaHaan apekeTke KebipeK yakbIT KaxeT
€KeHiH aHblKTayfa KemeKTeces,.

Erep OKylbl M3TIHHIH Ma3MyHbIH KaWTanan, e3 TYKblpbIMblHa A31e1 KenTipe anmaca,
MYFanimMm AarblH »KayanTblH, KypblabiMbiH Bipre Tangayabl ycbiHa anadbl. OgaH KeliH oKyl bliap
bepinreH bipHelle y3iHAIHIH ilWiHEH TYXbIPbIMFa COMKEC KeNleTiHiH TaH4an, TaHAaybiH TyciHAaipea,.
Keneci Tancblpmaga Tipek 6ipTiHAen azanTbiabin, AaAenai e3airiHeH Taby Tanan etineai. JarabiHbl
MEHrepreH OKyllblAapFa eKi bIKTUMan ZA21efiH KAUCbICbl CEHIMIIPEK €eKeHiH CanbICTbipy
Tancelpmachl bepineai.

Kepi ©GalnaHbiC OKyWbIHbIH Keneci apeKkeTiH KepceTyi Tuic. Education Endowment
Foundation (EEF) KopbIHbIH HYCKay/bIFbl Kepi bainnaHbICTbIH *Ka3balla Hemece aybi3ila bepinyiHeH
BypblH, OHbIH, OKyfa Kajall KemeKTeceTiHiHe Hasap ayaapagpl [3]. Ocbl yarige «gsneniu,
METKINIKCI3»  aereH benrineyai  «TYKbIPbIMbIHAbI  PacTalTbiH  COMMEMAI Tam 3HEe OHbIH,
HaliNaHbICbIH TYCIHAIP» AereH HYCKayMeH HaKTblnayfa 6onaabl. CabakTa »KayanTbl Ty3eTyre yakblT
bepineni. KeriH MyfFanim OKyLWbIHbIH Ty3eTyAi TYCiHIN OpblHAAfFaHbIH aHA MITIH apKplbl
Tekcepes,.

OnpekTop opbiHOacapbl aTanfaH *KYMbICTbl Ka3ak TifNi, Tapux HEMece »KapaTblabICTaHy
NaHAEepiHiH, aaicTemenik bipnecTikTepimeH Keficin yMbimaacTeipa anagbl. OpTak Hasap Asnengi
)ayan Kypyfa bafblTTanfaHbIMeH, 9p NaHAeri AdNeNAiH cunaTbl cakTanaabl. TapuxTa AepeKKesre,



«Progress in Science» (September 24-25, 2026). Brussels, Belgium I

apaTbl/ibiCTaHyAa DakblNay MeH MajliMeTKe CcymeHy Tanan eTinyi MymkiH. COHAbIKTaH OpTaK
Aafabl YWiH 6apablK NaHre Hipaen Tancbipma eHriszy MiHAeTTI eMec.
Mogaenbaji Ke3eHMEH EHri3y XoHe HOTUXKeHi baranay

HymbicTbl BipaeH 6apablK CbIHbINKA TapaTyfa acbiKNaW, LWafblH TOMTA CbIHAKTAH OTKI3y
OpbIHAbI. EEF-TiH, eHri3y *KeHiHAeri HYCKay/iblFbl MacesieHi 3epTTey, AanblHAANY, iCKe acbIpy KaHe
KYMbICTbl KanfacTblpy KeseHaepiH akblpaTadbl [4]. Ocbl Kafupgafa cyneHe oOTbipbin, 6ip
aaictemenik BipnecTikke Hemece CbiHbINTap TOObliHA apHaAFaH Ceri3 anTajblK Xocnap yCbiHaAMbI3.
OHblH, Mep3iMiH MEKTeNTiH OKYy KecTecCiHe XoHe TaHJanfaH AafAblHblH, KypAeniniriHe Kapam
e3repTyre 6onagabl.
2-kecTe. Ceri3 anTanblK CbIHAK XYMbICbIHbIH, YCbIHbINATbIH XOCnapbl

Mep3im Heri3ri »xymbIC Yinectipy KapanaTblH HaTUXe
MaceneHi TaHA4a
.H'q y OpblHbacap »kaHe BacTanKpl *XymMbICTap MeH
1-2-anta enwemaepai Kenicy, : . . L
BipnecTik KeTeKLici KMbIHAbIKTAP Ti3IMi

BacTankbl Tekcepy

Konpay TaciniH cabakka OKyLbl »KayanTapbl *KaHe

3—-4-anTa . [aH myfanimaepi .
eHrizy KON4aHblNFaH TipeKkTep
ApanbiK TasnKblnay, TaCinai . . - Ty3eTinreH )ymbICTap XaHe

5-6-anTa P K TA/KbLEY) A BipnecTik xeTeKuwici ¥ . ¥ P
HaKTblnay Keneci apeket

_8-anta KainTa Tekcepy, HaTUNKEHI Myfanimaep *kaHe lnrepiney Typanbl KOPbITbIHAbI
CanbICTbIpY opbiHbacap KoHe weLim

HatmxkeHi Oaranayga OipHelle KepceTKill KeTKiNiKTi: KeniciireH ewemre KeTKeH
OKYLLblNAp caHbl, 6acTanKkpla KMHaAFaH OKYLLIbINAPAbIH irepineyi *aHe yMpeHreH Tacingi *xaHa
Tancblpmaaa KonJaHybl. Op KePCEeTKIWTIH Kanan ecenTeneTiHi anablH ana aHbikTanaabl. Mbicansl,
narbI3AbIK YAEC e/illeM/i OpbIHAAFaH OKYLLbINAP CaHbIH *KYMbICTbl OPbIHAAFaH OKYLLblAAP CaHbIHA
benin, »y3re KebeWlTy apKbiabl Tabbinadbl. CanbiCTbIPblIATbIH €Ki TeKcepyde KaTbiCyliblaap
KypaMbl @3repce, opTak, KaTbICKaH OKYLbINapAblH, HOTUXKeCi benek Kapanagbl.

Mannbl CbiHbIN KEPCETKIWIMEeH KaTap XeKe inrepineyai Kapay MaHbi3abl. CbiHbINTbIH,
opTalla HaTUMKEeCi apTKaHbIMeH, bacTankblaa KeMeK KaxeT boaraH oKkyLbliapaa e3repic 6omaybl
MYMKiH. COHAbIKTAH KO/4ay anfaH TOMTbIH, YKYMbIC VATiNEpi KalTa Kapanbin, KiMHiH KaHaal
eNlIeMAe anfa XKblKblFaHbl 6enrineHeni. OKy MaKkcaTbl CakTa/iFaH »Kafaanaa epekie 6inim bepy
Ka*KeTTinikTepiHe 6ainaHbICTbl KOAAAHbIAFAH KONJAy MEH OpblHAAY LWapTTapbl Aa Tipkeneai. byn
HaTMXKenepai TyCiHAipy e »afdal anblpMallbl/iblFbiH eCKepyre MyMKiHAIK bepeai.

BacTankbl »KoHE KeWMiHr HOTUMKEHiH alblpMacbiH TOMbIFbIMEH Oip 84icTiH, acepi aen
TyCiHaipyre 6onmanapl. OfaH TaKblpbINTbiH, KaWTanaHybl, TancblpMameH TaHbICTbIK Hemece
cabakKka KaTbicydafbl e3repic Te biknaa eTyi MymKiH. COHAbIKTAH KOPbITbIHAbIAA «OCbl TACI/A]
KONJaHy Ke3eHiHae inrepiney 6aiikangbl» AereH TYKbIPbIM  HaKTbl KYMbIC V/TinepimeH
Herizgeneai. TypakTbl Welim Kabblngay ywiH AafablHbIH KeriHri cabakTap4a CakTa lybl XaHe KaHa
Kafdanaa KonaaHblaybl Tekcepinea;.

[epeKkTepmeH KyMbIC icTeyajiH Kacibn mageHuerTi

YCbIHbINIFAH KYMbICTbIH, TyPaKTbIAblFbl MeaarorrepiH, ceHimiHe ©GannaHbICTbl. Kannsbl
Ta/Kbl/layfa OKYLIbl aTbl-*KBHI KepCeTiIMEreH XyMbIC YAriAepiH KONAAHyAbl, an XeKke Koagay
Typasbl MINIMETKE TeK MYMbICKA KaTblCaTblH KbI3METKePAepAiH, KON eTKi3yiH YCbIHaMbI3.
CbIHbINTAp MeH MyFaniMAEPAiH, allblK PENTUHIIH XKacay TanaayablH, MakcaTbiHa altHaAMaybl THiC.
Herisri Ha3ap aHbIKTaNfaH KMbIHAbIKKA *KaHEe OHbI Lellyre bafbiTTafaH speKeTKe ayaapbliaabl.

DNEeKTPOHAbBIK KecTeHi nanganaHfaHaa ofaH TeK LWewim Kabblngayra KaxkeTTi epicTep
EHTI3INTeHi XeH: OKy MaKcaTbl, baranay esnwemi, Kate Typi, KOAa4ay SpPEKETI KaHe KalTa Tekcepy
HaTuKeci. JanblH KypHanaarbl aknapaTTbl KaHa eCcenKke KOAMEH KOLipy KaxkeTTiniri 6ap-»ofbl
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andplH ana Kapanadbl. ABTOMaTTbl ecenTey NeaaroryKaiblk TYCiHAIPYAI anmacTblpmanipl.
Mbicanbl, nNaMbi3 AypbiC ecenTenreHimeH, TancblpMa OKYy MakcaTblH 421  esllemMece,
HacKkapyLbINbIK KOPbITbIHAbI A3 *KaHCcaK 601ybl MYMKIH.

OKylbl MeH aTa-aHara bepineTiH aknapaT Ta TYCiHIKTI apeKeTKe KeTeneyi Kepek. OKyLLbl
©3iHiH, Kall enuwemai opblHAaFaHblH »KoHe Keneci »oJbl HeHi Ty3eTeTiHiH bOineni. Arta-aHafa
HanaHblH, HOTUMKECIH CbIHbINTACTapPbIMEH CafbICTbIPYAAH repi, yiae KaHaam Konday KarKeT eKeHi
TyCiHAipineni. MeKkten neH otbach! KeniceTiH apeKeT HaKTbl 3pi OpblHAaNATbIHAAN BONFAHbI XKOH:
MbICasbl, OKYLLUbIHbIH, KbICKa M3TiH DOMbIHLIA ©3 NiKipiH Adnenaen auTybiH ToiHAaY.

KopbITbIHAbI

OKy canacblH AepeKkTep HerisiHae Oackapyna AMPEKTOPAblH OKY YKYMbICbl KeHiHaeri
opblHbacapbl 6afanay MeH aicTemMenik KongayabiH apacblH  6annaHbicTbipagbl. OHbIH
YMbIMAACTbIPYLWbINbIK, WeLWiMi HaKTbl OKYy MacefeciH TaHndaydaH 6acTtanbin, myranimaepmiH,
bipneckeH TangaybIMeH, KO/4ay SPEKeTIMEH M3HEe HOTUMEHI KalTa TeKCepyMeH Kajfacagbl.
MyH/AaM *KYMbICTbIH, MaHi *KMHaAKTa/IfaH eCenTiH, KenemMiMeH eMeC, OKYLLIbIFA YCbIHbIIFAH KBMEKTIH,
KaHLLIANbIKTbl OPbIHAbI OO/IfaHbIMEH KaHEe Kefeci WeliMHIH, KaHaan aanenre cyMeHreHimeH
alKblHAaNaabl.

MekTen aeHreniHae anfallkbl KaZdam peTiHae 6ip oKy AafAbiCbiH TaHAaM, opTak 6aranay
oNeMAepiH Kenicin, ceri3 anTafblK CbIHAK KYMbICbIH yMbiMaacTbipyfa 60nagbl. OHbIH
KOPbITbIHABICHI BOMbIHLLIA TUIMA] OONFaH SpPEKeTTep CaKTa lbiM, OPbIHAANYbI KMbIH HEMece Nalaachl
banKanmafaH Tacingep KanTta Kapanagbl. Ocbliallia MekTeniwinik Hafanay nenarortepain,
KYHAENIKTI WeliMm KabbinaayblHa KbI3MeT eTin, ap OKYLIbIHbIH, OKyblHA Aep KesiHae Konaay
KepceTyre Heri3 bonazbl.
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MEKTEMTEN BI/1IM CAMACHIH
EACKAPYAFbI IEPEKTEPIE HETI3AE/ITEH
SIICTEMESIK KOMIAY

Mammnpaunmosa Hypcyny MNepHebekosHa
«Abain aTbiHAafbl No31 xannbl 6inim 6epeTiH mekTen» KMM, aMpeKkTopabiH OKY *KYMbICbI
OHiHaeri opbiHOacapbl

AHHOTauMA. MaKanaaa aAMpeKTopAbiH OKY YMbICbl }KeHiHAer opblHOacapbIHbIH, 6iniM canacblH
Hackapydarbl KbI3METi KapacTbipblaadbl. OKy HITUKENEPiH Taaaay, MyFaniMHiIH Kacibn gamybiH
YMbIMAACTbIPY KaHEe KabblnaaHFaH LelliMHIH opbliHAaNybiH Bafanay e3apa 6anaHbICTbl yaepic
peTiHAe yCbiHblNaAbl. bafanay aepekTepiH cabakTarbl 6aKblayMeH KaHe OKYLbIHbIH,
KYMbICbIMEH YLITACTbIPYAbIH *KONAapbl KepceTineai. MekTen TaxipubeciHe belimaeyre
apHasifaH Tangay Kecteci MeH anTbl anTasblK aA4iCTeMEeNiK *Kymblic yarici bepinreH. Herisri
TYXKbIPbIM: MOHUTOPUHITIH KYHAbIAbIFbI }XMHAAFAH aKkNapaTTbiH KeaeMimeH emMec, CoN aknapaTka
CYMEHIN OKbITyFa eHri3iNreH e3repicTiH HerisginirimeH aHblkTanagp!.

KinTt cesaep: 6inim canacol, MeKTeniwinik 6ackapy, AepeKkTepai Tanaay, sgicteMenik Konaay,
KanbINTacTblipyLbl 6afanay, neaarorMkanblk KewbaclblbIK.

Binim canacblH 6ackapyablH NeaarornkanbiK 6afbiTbl

MekKkTtenTteri 6iniMm canacblH apTTbipy VIWIiH AMPEKTOPAbIH, OKY KYMbICbl OHiHAETI
opblHOacapbl OKy HaTWMXKecCi Typanbl aKknapaTTbl MyFaniMHIH  KyHOENKTI  TaxipnbecimeH
HbannaHbicTbipa Binyi KarkeT. TOKCaHAbIK Bafa OKyLLbI }KETICTiriHiH *annbl KepiHiciH bepeai. Ananaa
Keneci cabaKkTbl Kanan e3repTy KepeKTiriH aHblKTay VYLWiH OKyLWbIHbIH Kai Tancbipmaaa
KMHaNFaHbIH, KaHAal Tacinai KongaHfaHblH KaHe KaTenecy cebebiH KapacTbipy Kepek. Ocbl
TannayaaH KeniH faHa KalTa TyCiHAipy, KOCbIMLLA XaTTblfy HEMECEe OKbITY TaCi/liH 83repTy Typasl
Heri3ai welim Kabblingayfa bonaap!.

MaKanaHblH, MaKkcaTbl — OKy H3TUXKesepiHe CyMeHeTiH aicTeMenik Konaayabl MekTen
iwiHAe YWbIMAACTbIPYAbIH, bIKIWAM YATICIH yCbiHy. MaTepuan xanblkapanblk aaicTeMenik
eHOeKTepai Tandayfa KoHe coa uaeanapApl Kannbl 6inim OepeTiH MeKTenTiH MKYMbICbIHA
benimaeyre HerizgenreH. YCbiHbIFaH KecTe MEeH YMbIC peTi agictemenik moaens 60/bin
Tabblaabl; 0NapAbiH TUIMAIITIH HAKTbl MeKTenTe KoaaHy bapbiCbiHAa TEKCEPY KayKeT.

OHECKO-HbIH, 2024/5 Xbinfbl 6inim 6epy MOHWUTOPUHI KeHiHderi HasHaamacbiHAa
KewwbacLWbINbIKTbIH TOPT BafbiTbl aTanaapl: KYTINETIH HOTUKenepai benriney, okyfa Hasap ayaapy,
bIHTbIMAKTACTbIKTbl  AAMbITy »KaHE afJaMaapAblH Kacibu ecyiHe afpal kacay [1]. byn
baroapnapabl OKY JKYMbICbIHA KOJiAaHfaHAa [AMPEKTOP OpblHOACapbIHbIH, HEerisri  MiHAEeTI
anKblHAANaAbl: NeJarorrepre opTaK OKY MaCeseCiH aHbIKTayFfa, OHbl LeLWyAiH TaCiniH TaHaayFa
YKoHe HaTMKeciH bipre Hafanayfa »Karaan »Kacay.

Ocbl MaKcaTTa MeKTeniwinik 6akblnay »KocnapblHa HaKTbl 3epTTey CypafblH eHrisyre
6onaabl. Mbicanbl, «OKyLIbIAAPAbIH, OKYy CayaTTbl/blFbl KaHAAM?» [ereH ayKblMZAbl CypPaKTbl
«OKYLLblNAap MaTiHAEr TY)KblpbIMFa CaiKec Aanenai Kanan TaHaanapl?» Aen HaKTblaay Tanaayap
XeHingeteni. MyHZalM cypak MyfaniMHIH Kall apekeTiH OaKbllay KEePEeKTIriH KaHe OKyLUbl
XYMbICbIHAH KaHgal Oenri i3geneTiHiH KepceTeai. Mocnapaafbl ap OafbiT YWiH  Wewim
KabblNOanTbiH MeP3iM MeH »KayanTbl Neaarortep anaAblH ana Kenicineai.




I Proceedings of the 14th International Scientific Conference

OKy AepeKTepiH TyCiHAipY aHe CeHimAi KOpbITblHAbI Xacay

JepekTepre HerisgenreH Hackapydbl TeK MNalbl3JapMeH XYMbIC icTey Aen TycCiHyre
bonmarnapl. OKyLbIHbIH a36ala »kayabbl, ecen WblFapy *KO/bl, aybl3wa TYCIHAIPYi KaHe Kepi
HannaHbICTaH KeliHri Ty3eTyi Ae wewimre Heriz 6onaTbiH aknapaT 6epeai. baranap 6inimaeri
e3repicTi 6aMKaTca, OCbl YMbIC YAriAepi OHbIH MasmyHbiH awaabl. AKLL Binim fbiabimaapsi
MHCTUTYTbIHbIH, 9AIiCTEMENIK HYCKAYNblFbl AEPEKTePAi OKbITyAbl MeTinaipydiH TypaKTbl UMKAIIHE
EHTi3yAi *KaHe OKYLLbIHbI ©3 HRTUMKECIHE CYMEHIN MaKcaT KotoFa yipeTyai yebiHaabl [2].

AnabiMeH 6afanay KypasblHbiH, canacblH TeKcepy KaykeT. Tancbipma TaHAanfaH OKy
MaKcaTblHa COMKeC Kene Me, HYCKaybl TYCIHIKTI Me, baranay enwemaepi 6ipisai kongaHbina ma?
Erep oKylwblnapapiH, 6acbim Geniri 6ip TancbipmagaH KaTesecce, OHblH, cebebi TaKblpbINTbl
MeHrepMeymMeH Katap TancblpMaHblH, TYKblpbIMbiHAA Aa 60aybl MyMKiH. bipHelle myfanimHiH
Bipaen KymbiC yArinepiH opTak enwem 6oMbiHLIA TanKblaaybl BaFanaynafbl alblpmallbliabIKTapabl
aHbIKTayfa KeMeKTece,.

CanbICTblpy Ke3iHAe TancblpMaHblH KypAeniniriH, opblHAAYy YaKbITbiH X3He KaTbICKaH
OKYLLbIAAP KYPaMblH eCKepreH »eH. KaTbicnafaH OKYLbIHbIH HOTUMKECIH aBTOMATTbl TYpAe HeA Aen
Benriney cbiHbIN KepceTKilliH bypmananabl. LLarbiH TonTa 6ip OKYLUbIHbIH, HITUMKECI MalbI3AbIK,
MaHAI efayip e3repTyi MyMKiH, COHAbIKTaH Nanbi3beH bipre OKylWblNap caHbl Aa KepceTinemq,.
OPTYPAI AaFAblHbl ©WENTIH eKi *KYMbICTbIH, opTalla basbliH Tikesen canbiCTblpy OKY inrepineyi
02/ cunaTTan bepmeina,.

Tanpayaarbl Keneci Kagam — 6actankbl 60nKamabl KOCbIMLLIA AepekneH Tekcepy. OKyLbl
MOTIiHre cyMeHin kayan bepmece, ofaH CO3/iK KOp, TancblpMaHbl TYCiHy Hemece Aanen TaHaayablH
TOCIIi KMbIH BOAYbl MYMKIH. KbiCKa SHriMesecy MeH MKYMbIC VATICIH Kapay ocbl cebentep
aXkblpaTyFa MYMKIHAIK Oepedi. HoaTukeciHae aaictemenik HipnecTik »aanbl «canaHbl KeTepy»
TancblpMacbiHbIH OpHbIHA OpblHAANATblIH HaKTbl SPEKeTTi Keniceai. 1-kecTeae OCbIHAAN
WwewiMmaepain, bIkTUMan HycKanapbl bepinren.
1-kecTe. OKy AepeKTepiH agicTeMenik WwelwimmeH bainnaHbICTbIPY YAriC

BaKkanraH L . .
TeKkcepineTiH Aepek 0/103ay SPEKETI anTa 6aranay 6enrici
KUBIHABIK p AEP Konaay ap K V4
Kasbawa kaya anen TaHaa MaHa Tanc aja
ayanma panen KoHe amb|;K|_u;/ ! ﬂnr}:ng T>:‘aA aylfT‘l; bipre T )Hl_ll;l Tbu\n/wzlirﬁfec anen
WeTKINIKCI3 . .y Y ¥, may P v .p A
TyCiHAipy Tangay KenTipy
EcenTiH, WeLw ApasiblK Kagamaa
iR Y PAJIBIK Kafamaap Wewy KagamaapbiH YKcac ecente aman
KO HKOHE OKYLLIB! aybICTan TYCiHAPY YAriCi  TaHAayblH Herizaey
TYCiHAipinmena; TYCiHAipMECi A3y
Kepi 6bannaHbicTaH . . S
KeliiH KaTe ANFalLKbl XKaHe Ty3eTyre yakpIT 6epy, 6ip  KaTeciH TyciHAipin,
. 3€TiNIreH *XyMbIC HaKTbl KaZam YCbIH e34irHeH Ty3e
KalTanaHazpl TY3€TIT ym KTbl KaZlaM yCbIHY Alr TY3€eTy

ToNTbIK *XYMbICTa Penaepai anmacTtbl )
ITBIK KYMBICT Bakplnay »ka3bacsl NASPAI aAMACTBIPRY, 9P

aTbicy BipKenki OKYLUbIFa eKe Tancbipma
" yoIp YKOHE KeKe XKayan Ky P
emec bepy

Op OKYLUbIHbIH, }KeKe
»ayabblHbIH 60/ybI

EckepTy. KecTe HaKTbl MEKTENTiH, HITUXKENEepiH emMec, AepeKKe CyMeHin wewim Kabbingayably,
ABTOP/IbIK 94icTeMeniK YAriCiH KkepceTei.
Myfanimre Kongay KepceTtyaiH Ma3mMyHbl

daicTemenik Kongay Tanaay OapbiCbiHAa aHbIKTaNfaH cypakKa Kayan bepyi Tuic. Erep
KMbIHOBIK OKYLWbIHbIH, ©3 ’KayabblH JAanengeyiHe KaTtbiCTbl 60/cCa, Kannbl TaKblpbINTafbl
CEMUHAPMEH LUEKTeNy XKeTKINIKCi3. Myfanimaepre HakTbl Tancblpma KypacTblpy, »Kayan yAarinepin
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CanbICTblpy XaHe cabaKTa KoAJaHaTblH CcypakTapdbl TanKplnay nanvganbipak. [upektop
opblHOacapbl MyHAAM KYMbICTbIH, YaKbITblH Kesicin, KaxKeTTi maTepuansa KOMKETIMANIKTI
KaMTamacbli3 eTei *KaHe apablk TanKblnayabl YbiMaacTbipabl.

KonaayapiH bikwam dopmaTtbl peTiHae bipneckeH Kocnapsayabl ycbiHyfa 6onaabl. MaH
MyFanimaepi 6ip oKy MmakcaTbliH, CON MaKCaTKa CIMKeC TancbiPMaHbl }aHe MKEeTICTIKTI KepceTeTiH
benrinepai TaHAaNAbl. OP Nedaror TancblpmaHbl ©3 CbiHbIObIHA berimaen KonaaHaabl, Keneci
Kesgecyre bipHelle aHOHUMAEHAIPIATEH XYMbIC VAriCiH aKkeneai. Tankblnayaa Kan TyCiHAipy Tacini
OKYLLbIFa KOMEKTECKEHI aHEe Kal »Kepae KOCbIMLIA KOMAay KaxeT BonfaHbl KapacTbipblaaapbi.
Ocblnaniua aficTemenik oTblpbIC HaKTbl cabaKTblH Ma3MyHbIMeH BannaHbicaapl.

CabakTbl OaKblnay Aa anfblH ana KeanicinreH cypakka Kypblaybl opblHAbl. Mbicasnbl,
HaKblnayllbl OKYLbINAPAbIH, KaHLWAachkl Xayan 6epreHiH faHa emec, onapAblH Asnenai KanaaH
a/ifaHblH KoHe MYFafliMHIH, HaKTblAay cypaFfbiHa Kanaw kayan bepreHiH Tipkel anagbl. CabakTaH
KeniHri aHrimege anabiMeH 6alikanfaH apeKkeT cunaTTanabl, CoAaH COH MyFaniMHiH TyCiHAipMeci
TbiHAANaAb!l. bipneckeH Wwelim keneci cabakTa cbiHayfa 60NaTbIH WafblH ©3repicneH aakTanabl.

Okyuwbifa bepineTiH Kepi OalnaHbICTbIH, MasMyHbiHa [Aa Hasap ayaapy Kaxert. EEF
HYCKay/nblfblHAA@ Kepi 6alnaHbICTbIH, TUIMAINIT OHbIH, »Ka36alla He aybi3wa bepinyiHeH repi okyapl
KaKcapTyfa Kanan kemekteceTiHiMeH HalnanbicTbipbinaapbl [3]. COHAbIKTAH «TOMbIKTbIP» AereH
annbl ecKepTydiH OpPHbIHA «TYMKbIPbIMbIHAbI PAcTanTbiH Oip AepeKkTi TaHda KaHe OHbIH,
COMKECTIriH TYCiHAip» AereH HycKay vcbiHyFa 6onaabl. OKYLUbIFa OCbl 9PEKETTi OpbliHAAYFa YaKbIT
6epinin, KeniH OHbIH, TY3eTiNTeH »Kayabbl Kapanaabl.

Kongay ¢opmaTtblH TaHdaraHda nedarorTiH, KaxeTTifiri eckepineni. *ac mamaHfa
Tancbipma MeH bafanay enwemiH bipre ganbiHaay KarkeT DoMybl MYMKiH; Taxipubeni myfanimre
OKYLLUbLNAPAbIH, KYPAENi XayanTapbliH apinTecimeH Taakblnay nangansl. Kacibu gamyabl eTKisinren
iC-Llapa CaHbIMEH faHa ecenTey *KeTKifiKci3. OHbIH Ma3MyHbIH MYfaniM KONJaHFaH KaHa apeKeT
NeH OKyLLbl *KYMbICbIHA@ BanKanfaH e3repic apKbl/bl Ta/lKblNaFaH XKeH.

ANTbl aNTaNbIK SAICTEMENIK XKYMbICTbl YUbIMAACTLIPY YAFIC

©3repicTi eHri3y YLWiH OHbIH KBAEMi MEH MepP3iMiH MEKTENTIH, MYMKIHAIriHe cakecTeHaipy
KarkeT. EEF-TiH eHri3y »KeHiHAEeri HyCKay/IbIFbIHAA MACeNeHi 3epTTey, AalbiHAANY, iICKE acbIpy KaHe
OPHbIKTbIPY Ke3zeHaepi YycbiHblAFaH [4]. Ocbl NorMKaHbl eckepe oOTbipbin, Oip aaictemenik
HipnecTikke apHanfaH anTbl anTanblk OacTanKbl *KYMbIC YATICIH yCbiHamMbI3. byn mepsim —
YMbIMAACTbIPY HYCKACbI; OKY HOTUMECIHIH TYPaKTbI/bIFbIH KENiH Ae BaKbliay KaxeT.

bipiHWi anTaga macene HaKkTbinaHaabl. [Meparortep Hip AafAblHbI TaHAAMN, OKYLbIAAPAbIH,
HacTankbl *KYMbICbIH KapacTbipagbl. Mblicanbl, 3epTTey Ccypafbl «OKyLbl MITIHAEr TYKblPbIMbIH
CoMKec AdnenmeH Herisgen ana ma?» aen Komnbinagsl. OpbiHbacap TaHAa faH MaCeIeHiH MeKTen
YOCMapblHa COMKECTITiH KaHe MyFaniMaepAiH, OCbl XKYMbICKa BONeTiH yaKkbITbiH Kenicei.

EKiHWIi anTaga opTak Kypan AarblHAanaabl. Myfanimaep KbiCKa Tancbipma MeH TYCiHiKTI
baranay enwemaepiH Kacanabl, bipHele »KymbiC yAriciH Oipre 6afananabl. bakblnay yuwiH
TYXKbIPbIMHbIH, aHbIKTbIFbI, A2NE/iH CIMKECTIr XaHe onapabiH, 6alnaHbICbiH TYCIHAIPY CUAKTbI
benrinep TaHganybl MyMkiH. Op benri 6oibiHWA OacTankbl *Kafaak TipKenin, KaHaal esrepic
KYTINEeTiHi anblH ana *Ka3sbliagbl.

YWiHwWi »koHe TepTiHWI anTanapaa KenicinreH Tacin cabakTa KonaaHblnaasl. Myfanim ganen
TaHJay XKOAbIH VATINEN KepceTedi, OKylUblIapFa *aTTblFy MEH »KayanTbl Ty3eTyre MYMKiHAiK
bepeni. OpinTecTik bakblnay Ke3iHae OCbl 9PEKETTiH OpbiHAANYbI Kapaiaabl. KaxeTTifliK TybliHAaca,
aaictemenik BipnecTik TancblpMaHbIH, TiJTiIH Hemece Tipek Y/TICiH e3repTe/); »acaafaH e3repicTiH,
cebebi KbicKalla Tipkenea,.

BeciHwi anTaga apanblk Tangay Kyprisineqi. Megarortep Kah okywblnapabiH, Aepbec
OpblHAAYFa KOLIKEHIH XXaHe KiMre KON4ay 911 KaxKeT eKeHiH aHbIKTanabl. Erep KMbIHAbIK CakTanca,
OHbIH, cebebi TacinaiH opblHAANYbIHAA Ma, TancblpMaHblH, AeHreniHae me, anae 6acTankbl
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bonkamaa Mma fdereH cypak Kapanadbl. OKyllblfa KaTbICTbl KOPbITbIHAbI OHbIH OipHelle
YKYMbICbIMEH 3He TYCiHAIpMeCiMeH TeKkcepineai.

ANTbIHLWbI anTafda bacTankbl MakcaTKa calt, bipak Ma3myHbl *KaHa Tancblpma opblHAANAAbI.
Hatmkenep bipaen enwemaepmeH canbiCTbipblaagpl. daicTemenik 6ipnecTik Tacinai »anrfacrbipy,
benimaey Hemece TOKTATY KOHiHAE Wellim ycbiHaabl. OpblHOAcap OCbl WeLimre KaskeTTi yaKkbIT
NeH PecypcTbl HaKTblAaM, Keneci Tekcepy mepsimiH benrinenai. Hymbic HaTUxKeciH Bip beTke
bIKLIamaan pacimaeyre 6oiaabl: Macese, KoNAaHblIFaH apeKeT, balKanraH e3repic KaHe Keneci
Kadam.

HKymbICTbl OYKi MeKTenke TapaTy Typasbl WeLWiM anfallikbl XafbiMabl HITUXEre faHa
cyreHbeyi kepek. TacingiH 6acKka cbiHbINTa OPbIHAANY MYMKIHAIM, Neaarorke TyCipeTiH KyKTemeci
OHEe KOCbIMLIA MaTepuanipblH, KaxkeTTiniri kapacTtoipblnagpl. Erep aaic 6enrini 6ip kafganra
Toyenai 6onca, con KaFdanabl Aa cunaTray KaxkeT. byn esre myfanimre OanMbiH 9pPEKeTTi
MeXaHWKaNbIK KeLipyaeH repi OHbl 3 CbiHbliObIHA CaHaNbl bellimaeyre kKemekTecei.

HaTukeHi 6aranay *oHe KyMbIC }KYKTEMECIH peTTey

daicTeMenik KyMbiCTbl Gafanayaa eKki TypAai CypaKTbl aKblpaTKaH KeH. bipiHwici —
KenicinreH apekeT opblHAanabl Ma? OfaH cabaKkTafbl BaKbliay, MyFaniMHiH, KbiCKa *a3bacbl KaHe
YCbIHbI/IFAH Tancbipma xayan bepeg,i. EKiHLWICi — OKYLUbIHbIH, OKYbIHAA KaHaal e3repic 6alikanasl?
OHbl »KaHa Tancbipmagarbl Aepbec »ayan, KaTeciH Ty3eTyi }KaHe TYCiHAipYiHiH canacbl KepceTea,.
|c-LuapaHblH, 8TKI3iYi MEH OKY HRTUMKECIHIH, }KaKcapybl 6ip KepceTKil peTiHae ecenTesimeyi TUicC.

HaTuxeHi TyciHAipy KesiHae ceben neH Katap OalKanfaH e3repicTi wwaTtacTbipmay
MaHbI3bl. BacTanKbl }KaHe KeMiHTi }YMbICTbIH, aliblpMaLlblblfbiHAa KOCbIMLLIA AalbIHABIK, CabaKkKa
KaTbICy HemMece TaMncCblpMaHblIH XeHingdiri acep eTyi MyMmKiH. COHAbIKTAH LWafblH MEeKTenilWinik
CblHAKTaH KeWiH «aic TWimainiri asnenaeHAai» AereH TYKbIPbIMHbIH, OPHbIHA KaHaal esrepic,
Kimaepae skaHe KaHaal skafaanga banKkanraHbiH KepceTy AanipeK. KeniHri Tekcepy cos e3repicTin,
CaKTa/faHblH Dafanayfa MyMKiHA K bepes;.

OpTalla HaTUXKe ecKeHimeH, Kelbip oKylUblNapAbliH, KMbIHAbIKTAPbl CaKTanybl bIKTUMAan.
Con cebenTi Kannbl KepceTKiwneH KaTap 6OacTankblga KebipeK Kongay KaxkeT 6HonfaH
OKYLWbIApAblH, inrepineyi Kapactbipblaagbl. KOMKETIMAINIK YWiH MITIHAI KypblabiMAay, HYCKaydbl
KeseHre 6oy HeMece KayanTbl TYCiHAIpyAiH 6anama TaciniH ycbiHyfa bonaasl. MyHaam beimaey
HafanaHaTblH Heri3ri AafdblHbl CaKTaybl KepeK; OHbl aHblKTay MaH Myfanimi MeH THICTI
MamaHAapAblH BipnecKkeH }KymbiCbiHa cyieHeai.

LepeKTepmeH »KYMbIC MYFaNiIMHIH YaKbITblH Ja eCKepyi KaxeT. DNeKTPOoHAbIK XKypHanga
Hbap manimeTTi OipHelle ecenke KaWTa KewipyAdiH OpHbIHA, TeK Wewim Kabbingayra KaxeT
epicTepdi KangblpfaH opbiHAbl. MeKTenke KOJ/IKETIMAI 3/EeKTPOHAbIK KecTede OKy MaKcaThl,
Tancblpma, GanKanfaH KMbIHAbIK, KOA[ay OPEKEeTi »KaHe KalTa Kapay Mepsimi KepceTince
EeTKINIKTI. MNaganaHblAManTbiH KEepCeTKiWTepai KebenTy TanaayabiH MasmMmyHbIH XKaKkcapTnanabl.

OKYLWbIHbIH aTbl-*K6HiI MEH }KeKe HITUMKECIHE KOMKETIMAINIK XYMbICKA KaTbICaTbIH XayanTbl
KbI3METKeP/AePMEH LUEKTENreHi »KeH. daicTeMenik TasKblnayfa YCbIHbIAATbIH XYMbIC YAriaepi
aHoHMMAeHAipineai. Myfanimaepai 6ip faHa CbiHbINTbIH, OpTawa 6anbl OOMbIHLWIA Kapus
CaNbICTbIPYAaH CaKTaHy KaKeT: CbIHbIM Kypambl MeH BacTankpl AeHreni apTypai 60aybl MyMKIH.
Kacibn Tankplnay ceHimre cyhMeHreHge neaaror KMbIHAbIKTbI $KaCbiPpMal, OHbl LUeLlyre KaTbiCTbl
KeMekK cypan anafsbl.

KopbITbIHAbI

ONpeKTopablH, OKY »KYMbICbl KOHIHAEr opblHOacapbl AepeKTepAi KWMHay, aaicTeMenik
KONOay »KaHe HaTMXKeHi KalTa ©Oafanay apacbiHAafbl 6alnaHbICTbl yMbIMAACTbIpadbl. byn
YMbICTbIH, 6acTanKkbl HYKTECi — HaKTbl OKy maceneci. MyfanimmeH bipre TaHganfaH apekeT
cabaKTa TeKcepinin, oKyllbl *KYMbICbIHAAFbl ©3repic apKbl/ibl Ta/lKblNaHFaHAA GacKapyLWbINbIK,
WeLiMHIH Neaarormkanblk Ma3myHbl aliKblHAAAAabI.
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MeKTen yLWiH Konanbl anfallikpl Kagam — 6ip aaictemenik bipnecTikte 6ip AafapbiFa
KaTbICTbl XXyMbICTbl HacTay. OpTak enwemai Kenicy, Konaayabl *Kocnapiay *KaHe HITUKeHI KainTa
Kapay mep3imiH benriney ocbl Kagamabl opblHAaNATbIH MIHAETKE alHandplpadbl. MMHaKTaAFaH
Toxipmnbe KeniHri wewimaepai HakTblnayra Heriz 6onaabl. binim canacbiH BackapyabiH MaHi aAe
OCbIHAA: apbip Tanaay OKyLUbIFa KAXeT KOAay bl aHbIKTamn, MyFaniMHIH Keneci apeKkeTiH Herizgeyi
THiC.
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Kepkem eHbek cabafblHaa 3THOAM3AMH
aPKblbl SKOIOTUANbIK, MAEHUETTI
KaNbINTacTbIpy

CepukbaeBa TypcbiHalt HannbaesHa
«Aban atbiHaasbl Ne31 xkannbl 6inim 6epeTiH mekten» KMM-HiH, KBpKeM eHDEeK NaHi
MYFaliMi

AHHOTaumMA. Makanana kepkem eHbeK cabafblHAa YNTTbIK KONOHEP 31eMEHTTepPiH MaTepuanabl
KaTa  nanaanaHymeH  yWTacTblpyAblH — d4iCTEMENIK  MYMKIHAIKTEpi  KapacTbipbliadbl.
DTHOAM3aMHFa HerisaenreH LWafrblH K00a apKbiabl OKYLIbIHbIH, KOPKEMAIK LeLWiMiH, maTepuan
TaHAAYbIH KaHe OyMbIMHbIH, KONAAHbINYbIH 63apa 6alnaHbICTbIPy KOAAAPb! YCbiHbINAALI. MaTa
KMbIHABICbIHAH KanTallanbl MAHHO Kacay MblCanblHAa 3epTTey, 3CKM3 a3ipaey, AanbiHAay, CbiHay
KoHe pedneKkcua KeseHaepi cunatTanafbl. KyMbICKA KOMKETIMAINIK NeH KanbiNTacTbipyLbl
bafanayfa apHanfaH enwemaep Oepineani. YCbIHbINFAH VAT MyFaniMHIH CbiHbIN YKafaalblHa
benimaeyiHe apHanfaH.

KinT ce3pep: Kepkem eHOeK, 3THOAM3AMH, YATTbIK KOJMIOHEP, 3KONOTMANbIK MIAEHMUET,
mMmaTepuanpl KanTa nanganaHy, *KobanblK KymMbic.

KepKkemaiK LeLlim MeH KayanTbl TYTbIHYAblH, 6ainaHbICbl

Kepkem eHbek cabafrblHaarbl BYMbIMHbIH KYHAbIbIFbl OHbIH, CbIPTKbl KepiHicimeH bBipre
KaHZal KaxKeTTiNiKTi eTenTiHiHe, Kanan KacanfaHblHa XaHe KaHlWa YyaKblT KO/4aHblAaTbiHbIHA
H6annaHbicTbl. OKylbl JAEMI MYMbIC AalblHAAyFa YMTblAFaHAa MaTepuanablH, KacueTiH,
KanablKTblH, Me/epPiH »KaHe OyMbiMAabl eHaey MYMKIHAINH Ae onnacTbipybl KaxkeT. Ocbl
HbannaHblic cabakTafrbl LIbIFAPMALLbINbIK SPEKETTI KyHAENKTI emipaeri caHanbl TaHAaymeH
yLITacTblpyfa MyMKiHAIK 6epeni. COHAbIKTAH 3THOAM3aMHFa HerisgenreH »obaHbl 3KONOTUANbIK
M3AEHMETTI KaNbINTaCTbIPyAblH NPAKTUKabIK BafbITbl PeTiHAE KapacTbipyra 6onaap.

FOHECKO-HbIH, 2024 *binbl KabblngaHFaH MaAeHMET NeH eHep canacbiHAafbl binim Hepy
YOHIHAEri Herisgemeci »Keprinikti mageHneT neH mypara cabakTa Kebipek opbiH bepyai ycbiHaab!
[1]. Byn ycTaHbiMabl Kepkem eHbekke benimaey YATTbIK OYMbIMHbIH, MilliHi MeH epHeriH
3epTTey[eH, OHbl Kasipri KondaHy afdalibiMeH OalnaHbiCTbipyaaH KepiHedi. An BYY-HbiH,
TypaKTbl Aamy MakcaTTapbiHAafbl 12.5-MiHAeT KanablKTbiH, naga 6onybiH 60aablpMay, a3anTy,
KalTa eHJey KaHe KaWTa nanganaHy OafbiTTapbiH KamTtuabl [2]. Mekten »obacbiHZa OCbl
BarbITTapAbiH iLliHAE OKYLLbl ©3i OPbIHAAN anaTbiH SPEKeTTi TaHA4ay MaHbI3/bl.

MaKanaHblH, MakcaTbl — 3THOAM3AaNH MeH maTepuanabl KalTa nanganaHyabl OipikTipeTiH,
Kepkem eHbeK cabafrblHAa KoAdaHyFa 6o0naTblH S4iCTEMENiK VAM YCbiHy. Heri3ri TyXbipbim
MbIHa4al: 3KONOrMANbIK Ma3MyH DylibiMFa bepineTiH atayaa faHa Kanmal, maTepuanapl ipikteyae,
niwiMmai »ocnapnayga, benwektepi bipikTipyae »KaHe AalbiH XKYMbICTbl NanaanaHyna KepiHyi
THic. MBaTiHAEe YCbiHbIIFaH »Koba Taxipubenik 3epTTey HaTMXeci emec, CbiHbINTa Oerimaen
KO/ daHyFa apHaifaH aficTemenik wewim peTiHae bepinai.
3THoAM3anHAbl cabaK Ma3MyHbIHa eHri3y

Ocbl MaKanaja sTHOAM3aMH YFbIMbl ASCTYPAI KONOHepAEeri NilliH, 8pHEK, TYC YUAeciMmi MeH
)acay TacinaepiH Kasipri OyMbIMHbIH, KbI3METiHe call KonaaHy MafblHacbiHAA NanaanaHbinaapl.
OKylbl YATTbIK HaKbIWTbl AalblH OeliHe peTiHAe Koewipin anymMeH LWeKTenMen, TaHaanfaH
31eMEHTTIH, KOMNO3MLMAAAFbI OPHbIH TYCiHAipeai. MaceneH, epHeK KanTaHbIH XUEriH alKkblHaaM
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Ma, benikTepaiH, KanTanaHybliH ybiMAACTbipa Ma, an4e OyMbIMHbIH, OpTa/blfbiHA Ha3ap ayaapTa
Ma AereH cypakTap KepKeMaiKk Wewimai HaKTblayfa KemekTeces,.

3epTTeyre My3el  KOANeKUMACbIHAafFbl  OyibiMHbIH, - dOTOCypeTiH, ©eHep  Typansbl
HacbinbiMAarbl  YATIHI Hemece KeprinikTi webepaiH pyKcaTbIMeH anblHFAH MaTepuanipl
nanpaanaHyfa bonaabl. Myranim aepekkesaeri OyibiMm ataybliH, maTepuanbl MEeH acany TaciiH
anaplH ana Tekcepedi. OKyLWbIIap eKi YAriHi CanbICTbIPbIN, ONapAblH, MNilliHiH, TYCTepiH, epHeK
bIpFafblH KOHE KbI3METiH cunatTanabl. OPHEKTIH MafblHAaCbl AEPeEKKe3/e KOPCETi/IMece, OHbl
OMAaH TONbIKTbIPMAl, Ke3re KOPIiHETIH KOMMO3MLUMA/bIK epeKLWenikTi TanaaraH gypbic.

MaTa KMbIHAbICbIH BipiKTipy Tancbipmacs! TycTepaiH, YaeciMmiH, benlektTepaid meswepi
oHe maTepuanibl YHEMAI OPHANACTbIpydbl KaTap KapacTblpyfa biHFaMAbl. bip OKyLUbl KOHTPACT
TyCTepai, ekiHwici 6ip TYCTiH peHKTepPiH TaHAaybl MyMKiH. Myfanim wwelliMmHiH 6ip faHa HYCKacbIH
yCbiHOalM, TaHaay cebebiH cypaiabl. Mbicanbl, OKyllbl yCaK ©pPHEKTI GenweKkrepai TbiM Ken
OpHaNacTbipFaHaa KOMMO3MLUMAHbBIH, KabbladaHyblH ©3 3CKM3i apKblabl Tekcepin, KenbipiH anbin
TacTayfa Hemece ipineHaipyre wewim Kabbingan anaabl.

DKONOrMANbIK MaAEHNETTI BaFanay yWiH «TabuFaTTbl KOpPFay KepeKk» AereH Xanmbl nikip
XeTKinikci3. OKyWbl MaTepuanabiH KaaaH anblHFaHbIH, HEre XapamMabl eKeHiH, KecyaeH KaafaH
benikTepai Kanan nanganaHaTbiHbIH TyCiHAIpYi KakeT. KOHECKO-HbIH, TypaKTbl Aamy MakcaTTapsl
YOHIHAEr OKYy HYCKay/blfblHAA TaHbIMAbBIK, 91EYMETTIK-3MOUMAbIK XIHE MiHEe3-KY/IbIKTbIK OKY
HaTMXenepi axkbipatblnagbl [3]. Ocbl XikTeyai cabakka belimaereHae matepuan Typansl biny,
OpTaK pecypcKa KayanKepllinikneH Kapay »aHe yHemzi apeKkeT eTy e3apa 6alnaHbicTa
KapacTblpblaadbl.

KanTawanbl naHHO *o6acbIH yibiMAaCTbIpy

YCbIHbINATbIH 00a — OKY KypanaapblH CakTayfa apHaAfaH YATTbIK HaKbILWTafbl KanTallanbl
naHHO. OHbl 5—7-CbIHbIMN OKYLUIbIAAPbIHbIH, AaMbIHAbIFbIHA Kapain benimaeyre 6onaapl. Myfanim
»00aHbl CbIHbINTA MEHrepineTiH HaKTbl OKY MakKcaTblHa COMKeCTeHAIpin, KYpAeninik AeHreniH
TaHdanabl. Mobafa eki Hemece yw cabak 0eny — KyYMbIC KenemiHe, KypandapabiH,
KOJIXKETIMAINITIHE KaHe OKyLbINapAbiH Tiry AafabliCbiHa BannaHbICTbl 34icTeMeNiK yCbiHbIC. MaHa
Tiric TYpiH MeHrepy KaxeTt 6o/ca, ofaH 6e/ekK *KaTTblfy yaKblTbl KapacTblpblaabl.

Okylwblfa MblHaaan »obanblk Tancelipma bepineai: «Konaa 6ap Tasa mata KMbIHAbICHIH
nanaanaHbin, e3iHe KarKeTTi OKy KypandapblHa apHanfaH KanTawanbl NaHHO Kaca. YATTbIK
KONIBHep YAriCiHeH TaHA4afaH KePKeMAIK 31eMeHTTI KOMNO3nuUMAFa eHris. MaTepuanabl, enwema,i
oHe bekiTy TaciniH Here TaHdaraHbIHAbLI TyCiHAIP. JanbiH ByMbiMabl Kayinci3 Kafganaa cbiHan,
KarkeT b6onca »eTingip». HobaHblH agpecaTbl HaKTbl 60AFaHbI AYPbLIC: OKYLIbl 83 *KYMbIC OPHbIH
HeMece CbIHbINTafbl WafblH WbIFapMallbl/iblK OYPbILWTbI HEri3re ana anasbl.

Heri3 peTiHAe niWiHiH cakTalTbIH Ta3a maTa, KaaTanapfa o/lemi KeTKINIKTI KMbIHAbI, XKin,
MHEe, KaWllbl, CbI3fblll »KaHe HOp KondaHblnadbl. TbiM KYKa Heri3 Kantafa cajblHFaH 3aTTblH,
Ca/ZIMafblHaH CO3blaybl MYMKIH, COHAbIKTAH MaTepman TaHaaybl LWafblH CbIHAKMEH TeKcepineaq,.
MaganaHyfa »Kapambl KMimai Tek koba YWiH KMo YCbiHbIAMaAbl; TiINIHHEH KanfaH Hemece
HacTankbl KbI3METIHE XKapamalTblH, bipak Ta3a api bepik benwekTepai anfaH »eH. CbiHbINTa OPTaK
MaTepman KopblHbIH 60Ybl OKYLLbIAAPAbIH MYMKIHAIKTEPIH TEHECTIpYre KemeKTece.
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1-kecTe. Moba KeseHaepi oHe OKyAblH KepiHETIH aaneni

KeseH, OKYLWbIHbIH, 9peKeTi YCbIHbINATbIH A2/1€N
KarKeTTiNiKTi CaKTanaTtbiH 3aTTapabl *KaHe KbICKa cMnaTTama *KaHe Ka*KkeTTi
aHbIKTay BYMbIMHbIH, OPHbIH aHbIKTANAbI. enuwemaep.

Varii seprrey EKi KoNeHep yAriciH canbicTbipbin, Bip  [lepekkes aTaybl KaHe TaHaay

KOPKEMAIK 31eMeHTTi TaHaanab!. TYCiHAIpMECi.
Wobana EKi 3CKM3 Xacan, KaaTa MeH epHeKTIH,  TaHAasifaH 3CKM3, MilliM KaHe
Y OpHANACYbIH CanbICTbipabl. mMmaTepuran Tisimi.
Naiibingay BenwekTepai yHemAai opHanacTbipbin,  [iWiMHIH OpHanacybl *KaHe AanbIH
Kayinci3 bipikTipeai. ByMbIM.
CblHay KaHe ©3i )ocnapnafaH eHin 3aTTapmeH CbIHaK, »Ka3bacbl XXaHe eHrisinreH
KeTingipy TeKcepin, KaxeT TYCbIH Ty3eTeai. esrepic.

BipiHWi cabakTa Ka*KeTTiNiK TanKblAaHbIM, YAriAep 3epTTese/i *KaHe 3CK13 JalbliHaanaabl.
Myfanim eki ackmaai canbiCTbipy KesiHae «Kal Hyckada maTepuan a3 Kublaaabl?y», «KanTaHblH,
ONLEeMi casblHaTbiH 3aTKa call Ma?», «OpHeK DyMbiMabl NanaanaHyra Keaepri KentTipmen me?»
AereH cypakTapapl KondaaHa anaapl. OKyLbl Heri3ri mataHbl KMmac OypbliH Kafas nilwimai ycTiHe
OpHanacTbipbin Kepedi. byn KeseHaeri e3repic maTepuanipliH apTblK KyMcafyblH a3anTyfa
HbarblTTanagbl.

Keneci cabakta okyuwbinap benwektepai AanbiHaan, OypbiH MeHrepreH Kon TiricimeH
HipikTipeai. Myranim Tekcepyai garbiH OYMbIMMEH LIEKTEMEN, KaNTaHbl OPHANACTbIPY KaHe DekiTy
KesiHde KbiCKa Kepi 6alnaHbic bepeai. Mbicanbl, KanTta aysbl TbiM Tap 60Aca, OHbI TiKNen Typbin
KocnapnaHfaH 3aTneH canbicTbipyfa Bonaabl. HKymbic Kypaeni 6onfaH »Karaanaa ywiHwi cabak
CblHay, TY3eTy *aHe TaHbICTbIPyFa apHanaabl. oba KeseHaepiHiH, OCbliai BeiHyi YKbINTbIbIKTbI
CaKTan, aCblfbIC aAKTay KaXKeTTiNiriH TemeHaeTeal.

CblHay YyWiH MaHHO anablMeH YCTenre KOWbIbIM, KanTafa KocCnapfiaHfaH KeHil oKy
Kypanaapbl canbiHadbl. OKyLbl 3aTTblH, CblMbIMAbINbIFbIH, TIFICTiH OEPIKTIriH aHe OyMbIMHaH 3aT
anyablH, bIHFAWALINbIFBIH OakblNalabl. 1nin Tekcepy KaxkeT 6onca, OeKiTy OpHbIH Myfanim
ybiMaacTblpadbl. balKkanfaH KemLUifik KbICKA Kasblnadpl: Mbicanbl, Kanta canbbipaca, OHbIH,
OLEMIH KilipehTy Hemece BeKiTyiH KYLIEeNTY yCbiHbIAaAbl. bafanayaa ocbiHAAM caHabl Ty3eTy
OKYLLbIHbIH, }K0baiay sapeKeTiHiH, MaHbI3abl 6eniri peTiHae eckepineai.

Kayincisaik »aHe oKyLwblnapablH KaTbiCyblHa Xafaaw xacay

HyMbICKa Tasa, KypfaK, KafbIMCbI3 MiCi »KOK MaTepuan KabbinaaHadpl. JlacTaHfaH,
KerepreH Hemece OypbIH XMMUWANbIK 3aT CaKTayfa KOAAaHbIAFaH KanTama nanaanaHblaimanap.
Kanwbl abblK Kyinae cabbiMeH yCbiHbINaAbl, MHE apHalbl KOpanTa He MHEKANTa CaKTa lbiM, *KYMbIC
COHbIHAA TyrenaeHeai. Myfanim Kypanaapdbl KOAAAHY TICINIH KOPCETIN, XKYMbIC OPHbIH peTTeyai
H6akplnanapl. Ocbl yariaeri })kobafa bICTbIK KeniM, 6TKIP Nblllak HeMece KYpAeni INeKTP Kabablfbl
KaXKeT eMec; KO/ TiriCi *KeTKIiKTi.

TancblpmaHbiH, KypAeninirii 6entek caHbl MEH KOMMNO3ULMA apKblibl ©3repTyre 6onaap.
Konpayabl KaxKeT eTeTiH OKylbl bip KanTa MeH ipi epHeK 3/1eMeHTiH KoadaHagbl; Taskipubeci
METKINIKTI OKyLWbl BipHeLlle KaaTaHblH, YIeCiMiH aHe anbiHbanbl CoHAik benwekTi obananabl.
Kafa3 nilwim, sapekeTTepaiH KbiCKa PEeTTIiAir, KOHTPACT TYCTi XKin Hemece MyfaniMHiH KalTanan
KOpCeTyi »YMbICTbl KO/KETIMAI eTei. Tiry apekeTiH opblHAayFa Keaepri 6ap Xafaanga OKyLbl
KOMMO3ULMA MeH Nilimai a3ipaen, BipikTipyai KongayMeH opbiHAal anabl; OHbIH Aepbec wellimi
benek Tipkenea,.

TONTbIK, XYMbICTa MIHAETTEPAI OKYLWbINAPAbIH, KbI3bIFYLbI/IbIFbl MEH KaXKeTTi KondayblHa
Kapaw 6enin, apKarncbiCbiHa *KobabIK LeLliMm Kabblngayra MyMKIHAIK OepreH KeH. bip oKyLLbIHbIH,
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TEeK MaTepuan Tacbin, eKiHWiCiHiH BapablK KepKkeMAiK Wewimai Kabblnaaybl oKy MYMKIHAIMH TeH,
benmenai. COHAbIKTAH 3p KaTbiCyllbl KemiHae 6ip 3CKM3 HYCKacblH Hemece MmaTepuangp
YHemeyre KaTbICTbl YCbIHbICbIH TyCiHAipeai. TaHbICTbIPYabl KbiCKa *Ka3ba, aybl3lla TYCiHApY He
doTocypeTKe BepinreH TyciHikTemMe TypiHAe ybiMmaacTbipyFa 6onaapl.
YnepicTi 6aranay XaHe Kepi 6annaHbIC

bafranay enwemaepi *Kymbic bacTanraHaa TyciHaipinin, cabak 6oMbl KaTa KoigaHblnaap!.
Kepkem eHOeK HaTMKeciH Tek beseHaipyAdiH KypaeninirimeH 6aranay matepuangbl YKbINTb
TaHJayabl, COTTI ©3repicTi XaHe OyMbIMHbIH KbI3METiH HasapAaH TbiC Kaadblpybl MYMKIH.
CoHAbIKTaH YCbIHbIFAH AeMAEp AalblH OHIMAI Ae, OHbl Kacay DapbICbiHAAFbI LWeWiMmaepai ae
KamMTuabl. byn Kecte KanbinTacTbipylbl 6afanayra apHaafaH; OHbl MiHAETTI 6anablK WKana Hemece
pecmum baranay Hopmacsl peTiHAe KapacTblipyfa 6oimanabl.
2-kecte. KanbinTactolpywsl Hafanayfa apHanfaH enwemaep

Bnuem BaKplnaHaTbIH apeKeT Kepi 6alinaHbic cyparbl

TaHaanFaH 3N1eMeHTTi BYMbIMHbIH,

. . o . Kal a1eMeHT KOMNO3ULUMAHDI
Kepkemgik wewim  niWwiHiMeH KaHe TycimeH

TYTacTbIpbIN TYp?

ynnecTipea,.

Matepuangpl Konaa bap matepuanabl TaHAaan, Kai KMbIHOBIHBI KENEC *KYMbICKA

YKbINTbl Naaanany  niwimAai yHemai opHanacTblipadp!. CaKTal anacbiH?

Kbi3meTi meH KanTta enwemiH Tekcepedi, Kai 6enikTi e3repTy KoadaHyabl

canacsl benwektepai 6epik bipikTipeai. KeHingeteni?

. anabl bIC MaganaHbin, Keneci apekeTke AeriH HeHi Tekce

Kayincis »kymoic Rypanap! Avp EL . P a Py

YKYMbIC OpPHbIH peTTeni. KarkeT?
L L TaHAaaybIH Herizgen, cbiHayaaH ANFalLKbl 3CKM3AEH He e3repdi XaHe

Wewimai TyciHaipy tﬂﬂ. y . ﬂ' vyﬂ . A a PA

KeMiHri e3repicTi cMnaTtranabl. HeniKTeH?

Kepi GalnaHbiC HaKTbl 2peKeTKe CyMeHreHae OKyllbl Kesieci KadamblH TycCiHea,.
«KYMbICbIHAbI 34emine» AereH HycKayablH OpHblHA «KanTta »ueriHaeri epHek 3aT anyfa Kkegepri
KenTipin Typ; OHbIH, OPHbIH ©3repTin Kep» Aeyre Oonaabl. KypaactapabiH nikipiHoe ae 6ip
banKanraH epekLwenik neH 6ip cypak, »KeTkinikTi. CoOHfbI WeLliMmai aBTopAblH 63i Kabblnaan, KaHaam
YCbIHbICTbI HE YLWIH KONAaHFaHbIH TyCiHAipea,.

PedneKkcmana okyLLbl MaTepunanapl TaHadayadasbl Oip LWeLiMiH, *)KyMbiC BapbICbiHAA TY3ETKEH
6ip TYCbIH aHe OyMbIMAbl api Kapal Kanal KondaHaTbiHbIH Ka3adbl. MyFanim acku3ai, AanbiH
OHIMAi KoHe TYCIHAIPMEHI CanbICTbipy apKbiabl OKYy OapbicbiH 6akblnal anaabl. Ananga b6ip
)obaaafbl YKbINTbl 9PEKET OKYLIbIHbIH, 3KONOMMANbLIK M3AEHMEeTi TOAbIK KanbliNTacTbl AereH
KOPbITbIHAbBIFA Heri3z 6oamanapl. TypaKkTbl 94eTTi bafanay yWiH Keneci s)ymbicTapaafbl matepuan
TaHAAYybl MEH 9PEKETIH KalTa BaKblnay KaxeT.

KopbITbIHAbI

DTHOAM3aMHFa HeridaenreH xoba kepkem eHbek cabarblHAA YATTbIK KONBHEPAi 3epTTeyai,
byHKUMOHaNAbl By MbIM XKacayAbl *KaHe MaTepuasnfa KayankepLuinikneH Kapayasl 6ip Tancelpmaaa
HarnaHbICTbipaabl. MyFfanim YIWiH wWeLyLi saaicTeMenik Kagam — OKYLIbIHbIH TaHAaYybl MEeH OHbl
HerizaeyiH KepiHeTiH eTy. KaXKeTTiNiKTi aHbIKTay, €Ki HYCKaHbl CanbICTbipy, MilliMmAai anablH ana
OpPHaNACTbIPY XKaHe ByMbIMAbl CbiHAY OCbl MaKCaTKa KbI3MET eTed.

YCbIHbINfaH KanTawanbl NaHHO *KObacbiHbIH, KYHAbIbIFbl KbiIMbOAT maTepuansa Hemece
KypAaeni »kabablkka Tayenai emec. OHbIH Ma3MyHbl Koaaa 6ap pecypcrneH oMnacTbipblAfaH LWeLlim
acayfa Herizgeneqi. OKylbl YATTbIK HaKbIWTbl OPbIHAbI KOAAAHbLIMN, XapamAbl maTepuanabl
cakTan, OyMbIMbIH KyHAENKTI NandanaHyra benimaece, cabaKTblH KOpKeMAiK »KaHe Tapbuenik
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MIHOETTEPI HaKTbl SPEKEeT apKblibl 6alnaHbicaabl. An MyfFafiMHIH, Kyeni 6akplnaybl Oyn
opeKeTTepai KeniHri x)obanapaa AambiTyra b6afbiT Gepes;.
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Abstract

The convergence of voice, video and data services onto a single packet-switched
infrastructure has turned the network layer of multiservice communication networks into a single
point of failure: a successful attack on Layer 3 degrades every converged service simultaneously.
This paper proposes a protection methodology built on the explicit separation of the data plane
from the security plane. Transit traffic remains untouched on the hardware forwarding path, while
a mirrored copy delivered through a SPAN port is examined by an out-of-band software sensor, so
that analysis latency cannot propagate into transit latency by construction. The methodology
covers four threat vectors specific to converged environments — source address spoofing,
overlapping-fragment attacks, volumetric Layer 3 floods, and manipulation of Differentiated
Services markings — the last of which receives comparatively little attention in the literature
despite being characteristic of multiservice networks. A prototype sensor was implemented in Go
and evaluated on a virtual testbed. Benchmarking places per-packet processing cost between 34.6
ns and 1850 ns depending on detector complexity, three to four orders of magnitude below the
end-to-end delay budget for voice traffic defined by ITU-T G.114. Functional testing against a
synthetic traffic capture confirmed correct classification of all four attack classes with no false
positives on legitimate traffic.

Keywords: multiservice communication network, network-layer security, anomaly
detection, quality of service protection, next generation networks, out-of-band monitoring

Xulasa

Sas rabitasi, video yayimi va malumat oOtlridlmasinin  vahid paket sabakasinda
birlasdirilmasi multiservisli rabita sabakalarinin sabaka saviyyasini kritik zaiflik négtasina gevirir:
bu saviyyaya edilon ugurlu hicum bltin konvergentlasdirilmis xidmatlarin eyni vaxtda
pozulmasina sabab olur. Magalada malumat &tlirma mustavisinin tahlikasizlik mistavisindan
ayrilmasina asaslanan muhafiza metodologiyasi taklif edilir. Tranzit trafik aparat saviyyasinda
toxunulmaz qgalir, SPAN portu vasitasila alda edilan glizgilanmis nisxa isa xarici program sensoru
tarafindan tahlil olunur; belalikls, tahlil gecikmasi tranzit gecikmasina struktur olaraqg tasir eda
bilmir. Metodologiya dord hiicum vektorunu ahata edir: Gnvan saxtakarligi, fragmentlarin Ust-lsta
dismasi hlcumlari, hacmli sabaka saviyyasi dasqginlari va xidmat keyfiyyati nisanlarinin
manipulyasiyasl. Go dilinda hazirlanmis prototip sensorun benchmark naticalari paket emalinin
detektordan asili olarag 34,6 ns ila 1850 ns arasinda oldugunu gostarir ki, bu da ITU-T G.114
tovsiyasinda sas trafiki G¢clin misyyan edilmis gecikma haddindan U¢-dord tartib asagidir.
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Acar sézlar: multiservisli  rabita sabakasi, sabaka tahliikasizliyi, anomaliyalarin
askarlanmasi, xidmat keyfiyyatinin miihafizasi, névbati nasil sabakalar
AHHOTauuA

KoHBepreHuma ronocosoro Tpaduka, BMAEOMNOTOKOB M MNepefayn AaHHbIX B eAMHOM
NakeTHOM MHPPACTPYKTYpe NpeBpallaeT CeTeBOM YPOBEHb MY/IbTUCEPBUCHbLIX CETel CBA3M B
KPUTUYECKYHO TOUKY OTKa3a: ycrneluHasa aTaka Ha ypoBeHb L3 o4HOBPEMEHHO BbIBOAWT M3 CTPOA BCE
KOHBEPrMpOBaHHblE CepBUCHI. B cTaTbe npeasaraeTca MeToAo0/10rMa 3allMTbl, MOCTPOEHHAA Ha
pasfeneHun MAOCKOCTM Mnepeaayn AaHHbIX M MAOCKOCTM aHanu3a H6e3onacHoCTU. TpaH3UTHbIN
TpaduK NPOXOAUT NO annapaTHOMY TPaKTy 6e3 NPorpaMMHOro BMeLLaTebCTBa, @ ero 3epKabHas
Konuna, nonydyeHHasa vepe3 SPAN-MopT, aHa/M3MPYETCA BHELWHMM MPOrpammMHbIM CEHCOPOM B
pexxume Out-of-Band, BcreacTBMe 4ero 3afeprkka aHaimM3a KOHCTPYKTMBHO He crnocobHa
NOBAMATb Ha 3a4epPrKKy nepesayn. MeToo0N0rMA OXBaTbIBAET YETbIpe BEKTOPA Yrpo3, BKAOYaAs
MaHunyasumio metkamm DiffServ — BeKktop, cneumduyHbIin ANa MyIbTUCEPBUCHOM cpedpbl U
CPaBHUTENbHO Pe/IKo PacCMaTPMBAEMbIN B iMTepaType. [1poToTMN CeHCopa peann3oBaH Ha A3blKke
Go; Bpema 0bpaboTkmn nakeTa coctasnaeT oT 34,6 Hc 40 1850 HC B 3aBUCMMOCTM OT C/TIOXKHOCTU
[EeTeKTOpa, YTO Ha TPU-YEeTbIpe NOPAAKA HUKE HOPMATUBHOM 3a1€PKKM A5 rON0COBOro TpadmKa
no ITU-T G.114.

Kntodesble cnosa: MysnemucepsucHaa ceme c8A3U, cemesas bezonacHocme, 0bHapy#eHue
aHomanud, 3auwuma Kayecmeaa obCayHusaHUA, cemu cnedyrowe2o NoKo1eHuA
1. Introduction

Modern telecommunication networks are increasingly built on the principle of
convergence: voice traffic, video streams and data transfer are consolidated within a single IP
infrastructure. This approach, which underpins the Next Generation Networks (NGN) concept
formalised in ITU-T Recommendations Y.2001 and Y.2011, allows operators to reduce operating
expenditure substantially and to scale services with considerable flexibility. At the same time, the
consolidation of heterogeneous services introduces a structurally new problem. All critical data
flows now traverse a single point — the network layer of the TCP/IP stack — which means that
compromising this layer alone causes degradation or complete failure across the entire set of
delivered services.

The conventional arsenal of network security instruments — IPsec, VPN tunnelling and
access control lists — was designed for homogeneous networks with a predictable traffic profile.
Transplanted into a multiservice environment, these tools reveal a common limitation: each
addresses a local task without forming a coherent system of protection. Composite attacks such
as source address spoofing, interference with dynamic routing protocols, or distributed denial of
service require a coordinated response combining cryptographic protection with real-time
behavioural analysis of packets. Existing studies generally treat these aspects in isolation and do
not offer a unified methodological basis for high-load converged networks.

The objective of this work is to develop a coherent methodology for protecting information
at the network layer of multiservice communication networks and to implement a software
prototype capable of detecting network anomalies without compromising quality of service (QoS).
The study is deliberately confined to Layer 3 of the OSI reference model; the data link and
application layers are addressed only insofar as they influence processes occurring at L3.
Experimental verification was carried out in a software-emulated network environment, without
carrier-class hardware.

The contribution of the paper is twofold. First, it formulates an adaptive protection
methodology founded on the separation of the data plane from the security plane, which resolves
the structural conflict between analytical depth and forwarding latency. Second, it presents and
evaluates a working prototype that implements this methodology as four specialised detectors,
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including one targeting DiffServ marking abuse — a vector specific to multiservice environments
that has received limited attention in the existing literature.
2. Network-layer threats in multiservice environments

The architectural origin of network-layer vulnerabilities lies in the design of the IP protocol
itself. When IP was specified, routing resilience was prioritised while verification of the packet
source was deliberately omitted (Postel, 1981). In homogeneous corporate networks this
limitation was compensated for by perimeter defences. In a multiservice environment the same
property acquires a qualitatively different dimension: a single transport plane means that a threat
realised at L3 automatically affects every converged service at once.

From a practical standpoint, network-layer threats can be classified according to the
resource they target rather than the mechanism by which they are delivered. Table 1 presents this
classification.

Table 1. Classification of network-layer threats by targeted resource

Threat Underlying weakness Consequence for the Targeted resource
multiservice network
IP spoofing No source verification | ACL bypass, concealment of | Filtering policies
in IP DDoS sources
Teardrop / Defects in fragment Buffer exhaustion, failure of | Router memory
fragmentation reassembly logic QoS queues
flood
ICMP/UDP flood, |Stateless nature of IP, | Exhaustion of CPU and link Computational
Smurf broadcast capacity resources

amplification

DSCP abuse No verification of Voice and video degradation, | Prioritisation
priority markings loss of legitimate packets mechanisms

The fourth row merits particular attention. Unlike the classical threats aimed at disrupting
availability, DSCP abuse is specific to multiservice networks. An adversary positioned inside the
network perimeter can mark its own packets with the Expedited Forwarding class reserved for
voice traffic (Jacobson et al., 2002), thereby occupying the high-priority queue and displacing
legitimate VolIP flows. The consequence is degradation of call quality with none of the signatures
of a conventional attack: there is no traffic surge and no anomaly in the routing tables. The analysis
leads to a central observation — threats at L3 in a multiservice environment differ not only in their
delivery mechanism but in the resource they consume, and a methodology oriented exclusively
towards address-space filtering leaves attacks on routing and prioritisation mechanisms entirely
uncontrolled.

3. Limitations of established protection technologies

Existing protection technologies are best assessed not in terms of their general capabilities
but against the two constraints specific to multiservice networks: strict latency requirements for
real-time traffic, and the need to counter the threats enumerated in Section 2.

Access control lists exhibit the best latency characteristics, since hardware implementation
on TCAM matrices permits processing at line rate. Their stateless nature, however, makes an ACL
effective precisely to the extent that the administrator can anticipate the shape of the threat at
the moment the rules are written. IP spoofing, in which malicious traffic carries a formally
admissible source address, is invisible to an ACL. DSCP manipulation, which uses legitimate
addresses and ports, passes equally unnoticed.
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IPsec and VPN tunnelling address confidentiality and integrity (Kent & Seo, 2005), but
introduce into multiservice traffic exactly those characteristics that are most critical to it.
Encapsulation and cryptographic transformation increase both packet size — an overhead of 20
to 60 bytes in tunnel mode — and processing delay. For VolP, where the permissible end-to-end
delay does not exceed 150 ms under ITU-T G.114, additional delay from a software cryptographic
implementation may become critical on loaded nodes. A more fundamental limitation is that IPsec
offers no protection against volumetric denial-of-service attacks: the border router will expend
computational resources decrypting junk traffic on equal terms with legitimate traffic.

The contradiction can therefore be stated succinctly: instruments with zero latency cost
(ACL) possess no analytical capability, while instruments with analytical capability (stateful
firewalls, inline IPS) impose delay that a multiservice network cannot absorb.

4. Proposed methodology

The proposed methodology removes the cause of the contradiction rather than attempting
to balance its terms. Its founding principle is the separation of the data plane from the security
plane. All transit traffic continues to pass through the hardware interfaces of the router without
any software intervention. A copy of that traffic, obtained through port mirroring (SPAN), is
directed to an external software sensor operating out-of-band. Analysis latency is thereby
rendered structurally incapable of influencing forwarding latency — not reduced to an acceptable
level, but excluded by construction.

The functional architecture comprises four sequential stages.

At the first stage the sensor performs selective parsing of the headers of incoming mirrored
traffic. The fields subject to analysis are those of the IPv4/IPv6 header — addresses, DSCP/ToS,
fragmentation flags and offset — together with ICMP and UDP headers and packet arrival
timestamps used to compute flow intensity. Deep packet inspection of the payload is deliberately
excluded, which preserves sensor throughput on high-load interfaces.

At the second stage the extracted metadata enters an analytical core implementing four
detection modules, each corresponding to one of the threats classified in Section 2. The RPF
verification module reproduces the logic of Unicast Reverse Path Forwarding in software (Baker &
Savola, 2004), identifying packets whose source addresses are incompatible with the receiving
interface. The fragmentation control module verifies the mathematical consistency of fragment
offset fields, detecting overlapping fragments before they reach their destination. The flow
statistics module tracks per-source packet rates and signals when thresholds characteristic of
volumetric flooding are exceeded. The DSCP audit module analyses the correspondence between
the priority marking, the packet size and the transport protocol, exposing illegitimate assignment
of the EF class.

At the third stage, once an anomaly is confirmed, the sensor issues a control action to the
router: it dynamically installs a deny rule in the hardware ACL, or initiates Remote Triggered Black
Hole filtering to isolate the source. Because the command travels over a separate management
channel, it does not compete with transit traffic for computational resources.

At the fourth stage, after a configured blocking timeout expires, the sensor automatically
withdraws the restrictive rule and returns the router to its standard mode. This prevents the
accumulation of stale rules and the long-term degradation of ACL table capacity.

The methodology does not claim to replace existing protection mechanisms; ACL and IPsec
retain their functions within the baseline security tier. Its value lies in filling the analytical gap —
behavioural monitoring of threats that static mechanisms are structurally incapable of detecting,
without compromising the QoS requirements of the multiservice environment.

5. Prototype implementation

The prototype sensor was implemented in Go. The choice of technology stack was

governed by three concrete requirements: minimisation of deployment dependencies, since the
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resulting statically linked binary requires no runtime environment on the monitoring host; high
concurrent throughput, provided by the goroutine scheduling model; and resilience of the
defensive code itself to the classes of attack it processes, since automatic bounds checking
eliminates the buffer overflow conditions that malformed fragments are designed to trigger.
Packet capture is performed through libpcap bindings, with capture filters applied at kernel level
so that irrelevant traffic is discarded before it reaches user space.

The analytical core comprises four detectors sharing a unified packet metadata abstraction
and a common alert channel with deduplication. Each detector corresponds to one row of the
threat classification in Table 1. Table 2 summarises their operating principles: the header fields
each module reads, the rule by which it reaches a verdict, and the state it retains between packets.
Table 2. Operating principles of the four detection modules

Header fields
inspected

Detector Decision rule Retained state

Static set of
trusted prefixes

Source address;
interface role

SpoofingDetector Source address belongs to a
trusted internal prefix yet
arrived on an external interface

(URPF strict mode)

offset, flags, length

FloodDetector Source address; Instantaneous rate exceeds the | Per-source
arrival timestamp pps threshold, or the smoothed | counter and
EWMA rate exceeds the EWMA value,
threshold scaled by an alert reset each
factor second
QoSDetector DSCP/ToS; total Packet marked EF or AF41 None; stateless
length; IP version exceeds the size envelope O(1) evaluation
admissible for the
corresponding codec class
TeardropDetector | Fragment identifier, Arriving fragment overlaps Per-datagram

arithmetically with a fragment
already recorded for the same

fragment map
with timeout

eviction

datagram

Two of these modules warrant closer examination in code, for different reasons. The flood
detector illustrates the concurrency discipline that governs the entire core and explains the timing
results reported in Section 6. The QoS detector implements the DSCP abuse check, which
constitutes the principal novel element of this work and cannot be conveyed adequately in prose.
The remaining two modules — spoofing and fragmentation — follow directly from the rules stated
in Table 2 and reproduce well-documented algorithms, so their source is omitted here for reasons
of space.

Listing 1 shows the essential structure of the flood detector, which maintains per-source
state and applies an exponentially weighted moving average to distinguish sustained pressure
from transient bursts.
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Listing 1. Core state and inspection path of the EWMA-based flood detector
type ipState struct {

packets uint64 // packet counter for the current second

ewmaRate float64 // exponentially weighted moving average, pps

}
type FloodDetector struct {
mu sync.Mutex
states map|string]*ipState

threshold  uint64 //instantaneous pps threshold
ewmaAlpha  float64 // smoothing coefficient alpha
ewmaAlertFactor float64 // threshold multiplier for EWMA
rawAlerts  chan<- *Alert

}

// Inspect stays on the hot path: it only increments a counter.
// Alert generation is deferred to the asynchronous tick loop.
func (fd *FloodDetector) Inspect(pkt *PacketInfo) *Alert {
key := pkt.SrcIP.String()
fd.mu.Lock()
s, ok := fd.states[key]
if 1ok {
s = &ipState{}
fd.states[key] = s
}
s.packets++
fd.mu.Unlock()
return nil

The design principle visible in Listing 1 applies throughout the core: the per-packet path
performs the minimum work required to record an observation, while statistical evaluation,
threshold comparison and alert emission are relegated to a once-per-second tick executed on a
separate goroutine. This is what keeps the inspection cost of the simpler detectors within tens of
nanoseconds, as Section 6 shows.

Listing 2 presents the behavioural analysis of DiffServ fields. The check rests on an
observation that requires no payload inspection: a legitimate voice frame carrying the EF marking
is bounded in size by the codec that produced it — a G.711 frame at 20 ms packetisation amounts
to roughly 200 bytes — whereas an adversary seeking to occupy the priority queue has every
incentive to mark large payload-bearing packets. A mismatch between the declared service class
and the observed packet size is therefore sufficient evidence of marking abuse.
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Listing 2. Behavioural analysis of DiffServ markings in the QoS detector
// Inspect correlates the DSCP class against the observed packet size.
func (q *QoSDetector) Inspect(pkt *PacketInfo) *Alert {

switch pkt.DSCP {

case q.dscpEF: // voice class: reject oversized EF-marked packets
if pkt.TotalLen > g.maxVoiceSize {
return &Alert{
Type: AlertTypeQoS,
SourcelP: pkt.SrclP.String(),
Detail: fmt.Sprintf(
"QoS manipulation [EF/voice]: IPv%d packet with "+
"DSCP=%d exceeds the admissible size: %d > %d bytes.",
pkt.Version, pkt.DSCP, pkt.TotalLen, g.maxVoiceSize,
),
Timestamp: time.Now(),
}
}

case g.dscpAF41: // video class: reject packets above the MTU envelope
if pkt.TotalLen > g.maxStreamSize {
return &Alert{
Type: AlertTypeQoS,
SourcelP: pkt.SrclP.String(),
Detail: fmt.Sprintf(
"QoS manipulation [AF41/video]: IPv%d packet with "+
"DSCP=%d exceeds the admissible size: %d > %d bytes.",
pkt.Version, pkt.DSCP, pkt.TotalLen, g.maxStreamSize,
),
Timestamp: time.Now(),
}
}
}

return nil

The algorithmic complexity of this method is O(1), since the switch statement compiles to
a jump table; the detector holds no state between packets, which accounts for its modest
allocation profile in Table 3. The threshold values are deliberately externalised to a configuration
file rather than hard-coded, because operators deploy different codecs and different MTU
policies, and fixed constants would render the detector inapplicable outside the specific
environment in which they were chosen.

Alerts are emitted as structured JSON records containing the anomaly class, source
address, timestamp and a human-readable technical description, in a form suitable both for
manual incident review and for automated correlation by a SIEM platform.

6. Experimental evaluation

Testing was conducted on a virtual laboratory testbed running Linux on a laptop-class Intel

Core i7 processor (13th generation, x86-64), using the standard Go benchmarking facility. Table 3

reports per-operation cost for each detector.
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Table 3. Comparative performance of the analytical modules

Detector module Processing time, Memory, B/op Allocations, per op
ns/op
SpoofingDetector 34.64 0 0
FloodDetector 44.51 16 1
QoSDetector 754.2 376 9
TeardropDetector 1850 1518 13

Source: benchmarking results obtained by the author.

The figures confirm a direct relationship between the architectural complexity of a
detector and its computational cost. SpoofingDetector and FloodDetector exhibit zero or single
allocations on the critical path, a consequence of pre-allocated hash tables and the avoidance of
object creation during per-packet inspection. A cost of 34—44 ns per packet corresponds to a
theoretical throughput of roughly 22-29 million packets per second on a single core, which
substantially exceeds the real load observed at access-layer provider edge nodes.

QoSDetector and TeardropDetector incur higher costs, at 754 ns and 1850 ns respectively.
For the latter this is expected, since the detector must allocate state records for each unique
datagram under reassembly. A cost of 1.85 us per operation is not a limiting constraint: even at
this figure a single goroutine can inspect on the order of 540,000 fragmented packets per second,
whereas genuinely fragmented traffic constitutes a small fraction of the total flow. Measured
against the ITU-T G.114 requirement of no more than 150 ms end-to-end delay for voice, the
aggregate latency of the analytical core — even for the most resource-intensive detector —
remains four orders of magnitude below the permissible value, and does so within an out-of-band
architecture in which analysis delay does not affect transit traffic at all.

Functional correctness was verified against a synthetic traffic capture. Table 4 summarises
the four response scenarios exercised during the run.

Table 4. Detection and mitigation scenarios verified on the test capture

Anomaly class Observed event Automated response

QoS manipulation Packet marked DSCP=46 (EF) with

a size of 478 bytes against a 300-

RPC command applied a remark-
to-best-effort policy, preventing

byte limit displacement of legitimate voice
traffic
IP spoofing Packet bearing an internal subnet | Inbound ACL activated to block
address (10.5.5.100) received on | the source; notification
the external interface dispatched to the SIEM platform
Teardrop Fragment overlap detected for Fragmented traffic from the
datagram ID 0x00001337 originating host blocked at the
next-generation firewall
L3 flood Sustained burst of 1200 pps Remote Triggered Black Hole

against a 1000 pps threshold
(EWMA detector)

invoked via BGP community
65535:666 at the provider edge

All four scenarios were detected correctly and no false positives were recorded against the
legitimate traffic in the capture, confirming that the threshold values selected for the test
environment were appropriate. It must be stressed, however, that calibration of the EWMA



«Progress in Science» (September 24-25, 2026). Brussels, Belgium I

parameters and of the maximum voice packet size requires adaptation to the characteristics of a
specific production network; the results obtained on the test capture demonstrate algorithmic
correctness rather than universal configuration values.

7. Discussion and limitations

Compared with widely deployed solutions such as Snort, Suricata and Zeek, the sensor
described here occupies a deliberately narrow niche. It is inferior to general-purpose intrusion
detection systems in application-layer inspection, which it does not attempt, but it offers native
support for threats specific to multiservice networks — DSCP abuse in particular — and imposes
no latency on transit traffic whatsoever.

Three limitations should be acknowledged. First, evaluation was performed in a software-
emulated environment; verification on carrier-class hardware at 40-100 Gbit/s loads remains
outstanding. Second, the detection thresholds are static, and a production deployment would
require an initial calibration period — 30 to 60 days of passive observation is a reasonable estimate
— before transitioning to active prevention. Third, the current detector set does not cover attacks
on routing protocols themselves, such as BGP prefix hijacking or OSPF route injection, which
constitute the most natural direction for extension.

8. Conclusion

The transition from specialised networks to a converged IP architecture, while delivering
substantial economic benefit, has produced a qualitatively new threat profile in which the network
layer functions as a single point of failure. Comparative assessment shows that ACL, IPsec and
behavioural IDS/IPS close complementary but non-overlapping subsets of the threat space, and
that none of them individually provides full coverage of network-layer threats while
simultaneously satisfying QoS requirements for voice and video services.

The methodology proposed in this paper addresses that gap through the separation of the
data plane from the security plane, with out-of-band monitoring as its central architectural
decision. The prototype implementation demonstrates that the approach is practicable:
processing costs between 34.6 ns and 1850 ns per packet leave a margin of three to four orders
of magnitude against the delay budget for real-time traffic, and all four classes of anomaly were
detected without false positives on legitimate traffic.

For operators of multiservice networks, the practical recommendation is to deploy such a
sensor at border nodes in passive monitoring mode, calibrate the EWMA thresholds against the
individual traffic profile, and only then transition to active prevention with integration through
NETCONF/YANG and BGP RTBH. Priority directions for further development are adaptive
baselining to replace static thresholds with dynamic ones, extension of the detector set to routing
protocol anomalies, and performance verification on carrier-class equipment.
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XIX 9SR AMERIKA 9D3BIYYATINDA QADIN
XARAKTERININ TRANSFORMASIYASI:
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XUlasa. Maqgalada XIX asr Amerika adabiyyatinda gadin xarakterinin dayisma xatti asrin
muxtalif marhalalarini tamsil edan dérd badii obraz — Hester Prynne, Ruth Hall, Jo March va Edna
Pontellier asasinda arasdirilir. Tadgigatin magsadi gadin gahramanin yalniz maisat va ails
minasibatlarinin istirakcisi kimi taqdim edilmasindan fardi secim, iqgtisadi mustaqillik, yaradici
ozlnuifada ve saxsi azadlig talab edan subyekts cevrilmasini izlomakdir. Tahlilda XIX asr Amerika
comiyyatinda gadinlig hagginda formalasmis “true womanhood” modeli, maisat sferasinin ideoloji
funksiyasi, gadin musalliflarin adabi bazarda gorinlrliglinin artmasi va asrin sonuna dogru fardi
ozlinudark movzusunun darinlasmasi nazara alinir. Hester Prynne sosial mihakima saraitinds
daxili mohkamliyi, Ruth Hall amayin va pesakar faaliyyatin gadin hayatinda yaratdigi yeni
imkanlari, Jo March yaradici ambisiya ila aile modeli arasindaki garginliyi, Edna Pontellier isa
ananavi rollardan daha radikal uzaglasma cahdini tamsil edir. Mlqayisa gostarir ki, XIX asr Amerika
adabiyyatinda gadin xarakterinin inkisafi dlzxatli ve ziddiyyatsiz proses deyil; har yeni marhala
avvalki modeli ham davam etdirir, ham da onun sarhadlarini genislandirir.

Acar sozlar: XIX asr Amerika adabiyyati, gadin xarakteri, gadin kimliyi, 6zinudark, igtisadi
mustaqillik, yaradici fardiyyat.

THE TRANSFORMATION OF THE FEMALE CHARACTER IN NINETEENTH-CENTURY AMERICAN
LITERATURE: FROM THE TRADITIONAL MODEL OF WOMANHOOD TO INDIVIDUAL SELF-
AWARENESS

Abstract. This article examines the transformation of the female character in nineteenth-
century American literature through four figures representing different stages of the century:
Hester Prynne, Ruth Hall, Jo March, and Edna Pontellier. The study traces the movement from a
woman defined mainly by domestic, moral, and familial expectations toward a literary subject who
increasingly claims personal choice, economic independence, creative self-expression, and
individual autonomy. The discussion considers the cultural model commonly described as “true
womanhood,” the ideological significance of the domestic sphere, the growing public presence of
women writers, and the increasing importance of self-awareness in late-century fiction. Hester
Prynne represents moral endurance and inward resistance under social judgment; Ruth Hall
connects female development with paid work and professional authorship; Jo March embodies
the tension between creative ambition and socially accepted domestic fulfillment; and Edna
Pontellier brings the conflict between social role and individual desire to its most acute form. The
comparative reading demonstrates that the development of the female character was not a simple
linear progression. Each stage preserves elements of earlier conventions while also challenging
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their limits, revealing a gradual but uneven redefinition of womanhood in American literary
culture.

Keywords: nineteenth-century American literature, female character, female identity,
self-awareness, economic independence, creative individuality.

GIRIS

XIX asr Amerika adabiyyati gadin obrazinin badii funksiyasinda mihim dayisikliklarin
misahida olundugu doévrdir. 9srin avvallarinda va ortalarinda gadin gahraman cox vaxt ails,
manavi borc, dini axlag, fadakarlig va maisat masuliyyati ila alagalandirilan ¢arcivads tagdim
olunurdu. Lakin hamin model asr boyunca eyni sakilds galmadi. ictimai miinasibatlarin dayismasi,
cap madaniyyatinin genislanmasi, gadin musalliflarin oxucu auditoriyasina daha faal cixisi ve
gadinin amak, tahsil, muslliflik, saxsi secim kimi sahalarda gorlUnirliginin artmasi adabi
xarakterin da tadrican murakkablasmasina sabab oldu. XIX asr Amerika gadin yazigiliginin
sonradan adabi tarixde yenidan giymatlandirilmasi gdstardi ki, sentimental va maisat movzulu
sayildigl Ggcln uzun middat ikinci daracali hesab edilan bir sira matnlar aslinds gadinin sosial
movqgeyi, manavi agentliyi va fardi iradasi hagqginda ciddi muzakiralar aparirdi [2, s. 1-16]. Buna
gora gadin xarakterinin inkisafini yalniz “itastkar gadindan azad gadina” kegid kimi sadalasdirmak
mimkidn deyil. Daha dogru yanasma onun muxtalif tarixi marhalalarda hansi se¢cim imkanlarina
malik oldugunu, hansi manealarla garsilasdigini va 6zin( hansi vasitalarla ifads etdiyini migayisali
sokilda arasdirmaqdir.

XIX asrin gadinlig modeli barads tadgigatlarda Barbara Welterin “true womanhood”
anlayisi mihim baslangic nogtalarindan biri hesab edilir. Welter dovrin gadin jurnallari, dini
matnlari va normativ diskursunda gadindan asasan dindarlig, saflig, itast va maisata bagllig
gbzlanildiyini gdstarir [12, s. 151-174]. Bu model adabi gahramanin davranisini da miayyan edan
madani fon yaradirdi. Bununla bels, adabiyyat hamin normalar yalniz tasdiglemirdi. Qadin
xarakterinin konfliktli vaziyyatlarda secimi, onun manavi gararlari, amak faaliyyati va sosial
muihakima ile minasibati movcud normalarin  daxilinds alternativ hayat formalarinin
muUmkinlUyldna gostarirdi. Nancy Cottun gadin “sferasi” ila bagli arasdirmalari da maisat va ictimai
makanlarin sada sakilda bir-birindan ayrilmadigini, gadinlarin aila va dini birlikler vasitasila sosial
alagalar va tasir imkanlari yaratdigini gdstaran tarixi konteksti dna ¢ixarir [5]. Bu baximdan XIX asr
Amerika adabiyyatinda gadin gahramanin dayismasi ham sosial mahdudiyyatlarin, ham da hamin
mahdudiyyatlar daxilinda yaranan yeni 6zinUifada imkanlarinin badii tarixidir.

Magalada gadin xarakterinin inkisaf xatti Nathaniel Hawthornenin “The Scarlet Letter”
romanindaki Hester Prynne, Fanny Fernin “Ruth Hall” asarindaki Ruth Hall, Louisa May Alcottun
“Little Women” romanindaki Jo March va Kate Chopinin “The Awakening” asarindaki Edna
Pontellier obrazlarinin mlgayisasi asasinda izlanilir. Bu dord obraz secilmisdir, ¢clinki onlar asrin
mixtalif nogtalarinda gadinin camiyyatle minasibatini fargli mistavilarda ifads edirlar. Hester
Uclin asas masala sosial mihakima qarsisinda manavi bitévltyin gorunmasidir; Ruth Ggln igtisadi
yasama qabiliyyati ve pesakar faaliyyat; Jo Gcln yaradici ambisiya ve 6z hayatini segcmak istayi;
Edna Ucln isa fardi arzu ila sosial rol arasindaki kaskin ziddiyyatdir. Belalikls, tahlilin markazinda
gadin obrazinin xarici tasvirindan daha ¢ox onun gararverma gabiliyyati, daxili sasi, 6zUnl tamin
etma cahdi va camiyyatin ona taqdim etdiyi rollarla minasibati dayanir.

XIX SRIN SOSIAL-M3DaNi FONUNDA QADIN XARAKTERININ FORMALASMASI

XIX asr Amerika nasrinda gadin obrazinin genis yayillmasi takca adabi zovgla bagli deyildi.
Qadinlarin oxucu va muallif kimi kitab bazarinda gordndrliginidn artmasi maisat, aile
minasibatlari, tarbiys, axlag va fardi secim maovzularini adabi istehsalin mihim hissasina cevirdi.
Nina Baym gadinlar tarafinden vyazilan va gadin gahramanlarin hayatina ydnalan c¢oxsayli
romanlari arasdiraraq bu matnlarda gahramanin ¢atinlik garsisinda tam passiv deyil, aksina agll,
doziim ve manavi garar vasitasile 6z vaziyyatini dayisdirmaya calisan bir fiqur kimi tagdim
olundugunu gostarir [3]. Bu misahida gadin xarakterinin inkisaf xattinin erkan marhalasini
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anlamagq Ggln vacibdir. Qadin gahraman hals ictimai sistemin agiqg tangidgisi olmaya bilardi, lakin
onun daxili segimlari, zahmati va 6zinl goruma bacarigl passivlik stereotipini zaifladirdi. Bu
xarakter tipi sonraki onilliklards daha aciq igtisadi va yaradici mustaqillik formalarina gevrilacak
xUsusiyyatlarin ilkin badii zaminini yaradirdi.

Mary Kelley XIX asr Amerika gadin muslliflarinin “6zal” sayilan maisat makanindan
“ictimai” adabi bazara cixmasini ziddiyyatli proses kimi tahlil edir. Qadin muallif bir tarafdan
dovriin gadinlig normalarini nazara almali, digar tarafdan yazicihq vasitasile galir, ntfuz va ictimai
sas gazanmali idi [10]. Bu ziddiyyat gadin gahramanlarin qurulusuna da tasir gdstarirdi. 9dabi
matnda gadin ham aila lzvl, ana, baci va hayat yoldasi kimi snanavi miinasibatlar sabakasinda
galir, ham da hamin minasibatlaerden kanarda saxsi magsad formalasdirmaga baslayir. Buna gora
XIX asr gadin xarakterinin dayismasi yalniz ideoloji stiarlarin adabiyyata daxil olmasi ila izah edils
bilmaz. Dayisma daha ¢ox gindalik hayatin konkret problemlarinds — maddi taminat, is secimi,
tahsil, yazmag hiququ, sevgi va evlilik hagginda garar, sosial ginaga minasibat — gdrindr. Bu
maovzularin ardicil sakilda genislanmasi asrin sonunda gadin gahramanin daxili dinyasini mustaqil
badii problemsa cevirir.

Jane Tompkins XIX asrin populyar Amerika nasrinin yalniz estetik “asagiliq” meyarlari ila
dayarlandiriimasinin yanhs oldugunu vurgulayarag sentimental matnlarin sosial ve madani is
gordiyidnd gostarmisdir [11]. Qadin xarakteri baximindan bu yanasma xUsusi ahamiyyat daslyir.
9gar maisat romanindaki ails, ana, ev, xastalik, amak va manavi secim motivleri sadaca
takrarlanan sentimental elementlar kimi deyil, sosial davranis modellarinin quruldugu saha kimi
oxunarsa, gadin gahramanin dayismasi daha aydin gérinir. 9srin avvallarinda gahramanin glicl
dozimlildk ve manavi Ustlnlikds yerlasa bilirdiss, asrin ortalarinda bu giics igtisadi faaliyyat va
musalliflik, sonraki marhalada isa yaradici fardiyyat va saxsi azadlig talabi alava olunur. Bu dayisma
birdan-bira bas vermir; yeni gadin xarakteri avvalki modelin bazi dayarlarini saxlayarag onun
sarhadlarini genislandirir.

HESTER PRYNNE: SOSIAL MUHAKIM3 QARSISINDA DAXILi MUQAVIMOT

Nathaniel Hawthornenin 1850-ciilda nasr olunan “The Scarlet Letter” romani Puritan Yeni
ingiltarasinda bas veran hadisalari tasvir etsa ds, asarin gadin obrazi XIX asr Amerika
madaniyyatinin gender, axlaq va fardi vicdan barada narahatliglarini da aks etdirir [9]. Hester
Prynne camiyyat tarafindan damgalanmis gadindir; onun geyiminda dasimaga macbur oldugu
girmizi “A” harfi ictimai cazanin gdrinan isarasina cevrilir. Lakin Hesterin xarakterinin asas
xUsusiyyati onun bu caza ila tam mahv olmamasidir. O, sosial tacridi gabul etss da, 6z daxili
hagigatini bltévlikda camiyyatin hokmina taslim etmir. Hesterin manavi mdhkamliyi gadin
xarakterinin inkisafinda ilk mthim marhalani tamsil edir: gadin hala ictimai strukturu dayismak
glclna malik deyil, lakin hamin strukturun ona verdiyi manani daxilen yenidan qurur.

Hesterin amak faaliyyati do onun xarakterinin formalasmasinda shamiyyatlidir. Tikis ve
naxis sanati ona maddi yasamagq imkani verir va onu tam asili vaziyyatdan qoruyur. @mak burada
muasir manada genis iqtisadi azadlig yaratmasa da, gahramanin 6z hayatini davam etdirmak
gabiliyyatinin gostaricisidir. Hester kenardan gabul edilmayan gadin kimi yasasa da, camiyyatin
ehtiyac duydugu isleri yerina vyetirir voa zaman kecdikca onun hagginda ilkin sart hdkm
mirakkablasir. Bu proses xarakterin sosial statusunun dayismasindan daha ¢ox onun manavi
movgeyinin davamliligini gdstarir. Hesterin giicl acig Usyanda deyil, susdurulmasina baxmayaraq
saxsiyyatini itirmamasindadir. Sonraki gadin gahramanlarla mugayisada onun sec¢im sahasi
mahduddur, amma mahz bu daxili migavimat sonraki marhalalards daha gérinan mustaqillik
formalarinin baslangici kimi giymatlandirils bilar.

Hester Prynne obrazinin basga bir mihim cahati gadinin yalniz “glinah” kateqoriyasi ila
muayyanlasdirilmasina garsi matn daxilinde yaranan muigavimatdir. Camiyyat onu bir harfls
isaralayarak saxsiyyatini vahid axlagi hokma endirmak istayir, lakin romanin gedisinda Hesterin
ana, amakgi, gaygl gdstaran insan va disidnan fard kimi coxgath xarakteri hamin sadalasdirmani
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dagidir. Qadin xarakterinin inkisaf xatti Gicln bu, prinsipial magamdir: gadin bir sosial rola va ya bir
axlagi giymata sigmayan muirakkab subyekt kimi gérinmaya baslayir. Gilbert va Gubarin XIX asr
adabiyyatinda gadin musalliflik va qadinliqg stereotiplari ila bagl irali strdiklari nazari yanasma da
gadin obrazlarinin “ideal” va “pozucu” qutblar arasinda sixisdiriimasini diggata catdirir [7]. Hester
bu ikiliyi pozan xarakterdir; o ne sadaca itastkar ideal gadin, na da yalniz camiyyatin manfi
isaraladiyi fiqurdur.

RUTH HALL: iQTiSADI MUSTOQILLIK VO ICTIMAI SBSIN FORMALASMASI

Fanny Fernin “Ruth Hall” asarinda gadin xarakterinin inkisafi Hesterla migayisada daha
aciqg sosial va igtisadi mUstaviya kecir. Ruth aila taminatini itirdikdan sonra 6ztUnin va usaglarinin
yasayisini tamin etmak Uc¢clin amak bazarina daxil olmaga macbur olur. 9sarin asas yeniliyi gadinin
maddi mustaqilliyinin yalniz arzu kimi deyil, konkret glindalik ehtiyac kimi gdstarilmasidir [6].
Ruthun yazicilig va jurnalistika vasitasile gazanc alde etmasi gadin xarakterini ev daxilinde manavi
dozim gostaran fiqurdan ictimai makanda 6z bacarigini tasdiq edan subyekta cevirir. Susan K.
Harris “Ruth Hall”da sentimental va sart, satirik dil gatlarinin birlikda isladiyini va bu Uslubun
gadinin igtisadi mustagillik haggini midafis etmasina xidmat etdiyini vurgulayir [8, s. 263-279]. Bu
baximdan Ruthun mubarizasi yalniz saxsi xilas hekayasi deyil, gadinin pesakar faaliyyata ¢ixisinin
badii modelidir.

Ruthun inkisafinda shamiyyatli cahat ondan ibaratdir ki, onun mustaqilliyi ailaya garsi
goyulmur. O, évladlarina bagliligini saxlayir va mahz onlarin rifahini tamin etmak ehtiyaci onu
faaliyyata sovqg edir. Lakin ananavi maisat ideali burada yeni mana gazanir: yaxsi ana olmag Ucin
gadinin igtisadi cahatdan bacarigl, garar vers bilan va ictimai aloamda harakat eda bilan saxs
olmasi talab olunur. Bu, “true womanhood” modelinin daxilinde mihim dayisiklikdir. @gar avvalki
normativ tasavvir gadinin tahltkasizliyini ailanin kisi taminatcisi ils alagalandirirdisa, Ruth Hall 6z
amak gabiliyyati ils alternativ teminat formasi yaradir. Belslikls, gadin xarakterinin manavi
agentliyina igtisadi agentlik alava olunur. Bu marhalada gadin yalniz 6z dayarlarini goruyan deyil,
sosial va maddi sartlarini dayismak Ugln faaliyyat gdstaran obrazdir.

Ruthun yaziciligla ugur gazanmasi XIX asr Amerika adabi bazarinda gadin muslliflarin
movaeyi il do birbasa saslasir. Kelley gadin yazigilarin ev va ictimaiyyat arasinda qurduglari
minasibatin ziddiyyatli xarakterini gostararak musllifliyi gadin Ggln ham sosial gabul problemi,
ham da yeni mustaqillik sahasi kimi izah edir [10]. “Ruth Hall” bu ziddiyyati gahramanin taleyina
daxil edir: yazi avvalca carasizlikdan dogan galir manbayidir, sonra isa saxsiyyatin taninmasi
vasitasina cevrilir. Burada gadin xarakterinin “sasi” artiq metaforik anlayis deyil; o, cap olunan,
oxunan va maddi dayar gazanan s6z vasitasila ictimai tasira cevrilir. Bu xisusiyyat gadin
gahramanin sonraki inkisafi Ggln vacibdir, clnki Jo Marchin yazi ambisiyasi va Edna Pontellierin
sanata yonalmasi mahz gadinin fardi yaradiciligini hayat secimi kimi distinan daha genis bir xattin
davamidir.

JO MARCH: YARADICI FORDIYYST V3 SOSIAL KOMPROMIS

Louisa May Alcottun “Little Women” romaninda Jo March XIX asr Amerika adabiyyatinda
gadin xarakterinin an canli kecid fiqurlarindan biridir. Jo ailasini sevir va bacilari ila glicli emosional
baglara malikdir, lakin onun 6zin( yalniz ailadaxili rollarla miayyanlasdirmak istamadiyi aydindir
[1]. Yazmaq arzusu, maddi gazanc alda etmak cahdi, sarbast davranisi va ananavi gadin zarifliyi
standartlarina tam uygunlasmamasi onu avvalki gahramanlardan farglandirir. Jo tc¢lin asas masala
comiyyatin hokmu garsisinda dézmakdan va ya hayatini tamin etmak Ugln isloamakdan daha
genisdir: o, neca bir insan olmagq istadiyini 6z mUayyanlasdirmaya calisir. Bu baximdan Jo March
gadin xarakterinin yaradici fardiyyat marhalasini tamsil edir.

Jo Marchin fardiliyi yalniz xarakter xUsusiyyatlarinda deyil, onun galacak barada
tasavvlrlarinds da goértntr. O, vyazigihgin tasadifi masguliyyat deyil, soxsi gabiliyyatinin
reallasmasi oldugunu duslnUr. Eyni zamanda roman onun ambisiyasini aila mUnasibatlari ila
garsidurmanin sada sxemina gevirmir. Jo ham aile masuliyyatina baglidir, ham da 6z yaradiciliqg
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istayini goruyur. Mahz bu ikili mdvge XIX asrin ortalarindan sonraki gadin xarakterinin
murakkabliyini gdstarir. Baymin gadin nasri hagqginda arasdirmasinda vurgulandigl kimi, gadin
gahramanin 6z hayatini idara etmasi cox vaxt mdvcud sosial qurulusu tam tark etmak deyil, onun
daxilinda bacariq va irada vasitasila mévge gazanmag formasinda taqdim olunur [3]. Jo bu modelin
daha fardiyyatci variantidir.

Romanin Jo obrazi ile yaratdigl yenilik onun gadinligin vahid davranis formasina
endirilmasini gabul etmamasidir. Meg, Beth, Amy va Jo eyni ailanin Uzvleri olsalar da, fargli
xarakter, arzu va hayat istigamatlarina malikdirlar. Bu coxsaslilik gadin tacribasinin bir modela
sigmadigini gostarir. Jo 6zUnlU basgalarinin qadinlig gozlantilari ile migayise etdikde tez-tez
narahatliq yasayir, lakin matn onun enerjisini va yaradiciligini manfi xtsusiyyata ¢evirmir. 9ksina,
bu xUsusiyyatlar onun saxsiyyatinin asas manbayi kimi tagdim olunur. Qadin xarakterinin inkisaf
xattinda bu marhala mihumddr: farglilik artig yalniz sosial ginaga garsi dozllssi yik deyil, fardi
dayarin hissasidir.

Bununla bels, Jo March tam radikal azadlig modeli deyil. @sarin sonunda onun hayatinin
aila va ictimai fayda ila yenidan baglanmasi gostarir ki, roman fardi ambisiya ila sosial gabul
arasinda muayyan kompromis qurur. Bu kompromisi sadaca musallifin gadin azadligindan geri
¢oakilmasi kimi giymatlandirmak masalani sadalasdirardi. 9slinda Jo obrazinin glici onun bir nega
mimkin gadinlig formasini eyni xarakterda birlasdirmasindadir: baci, qiz, muasllif, muallim, dost
va hayat yoldas! kimi rollar bir-birini tam lagv etmir. Qadin xarakterinin inkisafi burada “ailadan
gacis” deyil, gadinin ailadan kanar manlik sahasina da sahib olmasi kimi formalasir. Bu model asrin
sonundaki daha sart konfliktlarin anlasilmasi G¢ln kecid négtasi yaradir.

EDNA PONTELLIER: OZUNUDSRK V3 SNSNaVi ROLLARIN BOHRANI

Kate Chopinin 1899-cu ilda nasr olunan “The Awakening” romaninda gadin xarakterinin
fordi 6zlinlUdark xatti daha kaskin saviyyays catir. Edna Pontellier aila va camiyyat tarafindan ona
tagdim edilan hayatin miayyan elementlarini gabul etss da, tadrican bu hayatin onun daxili
istaklarini ifada etmadiyini anlayir [4]. 9sarda “oyanis” yalniz romantik hisslarla bagl deyil; Ednanin
0z badaning, vaxtina, makanina, sanat faaliyystine va gararlarina sahib olmagq istayini da ahata
edir. 9vvalki gahremanlarla mugayisada burada gadinin problemi daha c¢ox xarici maddi
tahlikadan deyil, sosial rol ila daxili manlik arasindaki uygunsuzlugdan dogur. Bu sababdan Edna
gadin xarakterinin inkisafinda psixoloji 6zintdarkin 6n plana kecdiyi marhalani tamsil edir.

Ednanin sanata maragi qadin yaradicihgl mévzusunu Jo Marchin yazicilig ambisiyasindan
farqgli sakilda davam etdirir. Jo yaradicilhigini aila va amak hayatina daxil etmaya ¢alisirsa, Edna Ggln
sanat daha ¢ox 6zUni ayrica fard kimi hiss etmayin vasitasina cevrilir. O, maisat 6hdaliklarinin
batdn vaxtini va kimliyini miayyan etmasina garsi ¢ixir. Bu garsidurmada roman gadinin azadligina
sada va rahat hall tagdim etmir. 9ksina, fardi istayin sosial realligla toggqusmasinin na gadar agir
naticalar yarada bilacayini gostarir. Bu xUsusiyyst “The Awakening”i asrin sonundaki gadin
xarakterinin an murakkab nUmunalarindan birina cevirir. Qahramanin inkisafi galaba ilo
tamamlanan azadlasma sxemina uygun galmir; asar azadliq istayinin mdvcud sosial ¢arcivada
hansi sarhadlarla garsilasdigini aciq saxlayir.

Ednanin xarakteri “true womanhood” modelindan uzaglasmanin daha acig formasini
nUmayis etdirir. Welterin tasvir etdiyi maisata bagliliq va itast ideallari asrin avvali va ortasinda
gadin davranisini normallasdiran mihim madani kodlar idi [12, s. 151-174]. Edna isa aila rolunun
onun bitln saxsiyyatini miayyan etmasini gabul etmir. O, ana va hayat yoldas! statusu ila fardi
manliyi arasinda sarhad ¢akmak istayir. Bu cahdin problemli naticasi gadin azadhginin adabi
tasvirinda yeni marhala yaradir: masala artiq gadinin “yaxsi” va ya “pis” davranmasi deyil, onun 6z
hayatinin manasini hansi 6lciida 6z4 miayyan eds bilmasidir. Belalikls, gadin xarakteri axlaqi
giymatlandirmanin obyektindan ekzistensial va psixoloji suallarin markazina kegir.

Kate Chopinin romani gadin xarakterinin daxili sasini badii strukturun asas harakatverici
gUvvasina gevirir. Ednanin gararlari bazan ziddiyyastli va sosial baximdan problemli goriina bilar,
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lakin matn onun daxili naraziigini sadaca kapriz kimi tagdim etmir. Oxucu onun tadrican 6z
fardiliyini dark etmasini, avvalki hayat modelina yadlasmasini va yeni secimlar axtarmasini izlayir.
Bu psixoloji fokus XIX asr gadin xarakterinin avvalki marhalalarindan mihim fargdir. Hesterin
daxili méhkamliyi sosial cazaya cavab, Ruthun faaliyyati maddi zarurata cavab, Jonun yaradicilig
fordi ambisiyanin ifadasidirsa, Ednada 6ztnidark 6zU ayrica problemsa cevrilir. Bu sababdan asrin
sonuna dogru gadin xarakterinin inkisaf xatti daha ¢ox “man kimam?” va “6z hayatim Uzarinds
hansi hiquga malikem?” suallarinda camlanir.
DOYiSM XOTTININ MUQAYIiSaLI XUSUSIYYSTLORI

Hester Prynne, Ruth Hall, Jo March va Edna Pontellier obrazlarini ardicil miigayiss etdikda
XIX asr Amerika adabiyyatinda gadin xarakterinin inkisafinda bir neca asas dayisma istigamati
gbrinUr. Birinci istigamat gadinin xarici sosial hokm garsisindaki mévgeyindan 6z hayatinin aktiv
taskilatgisina  cevrilmasidir. Hesterin  asas glcl camiyyatin  damgasini  daxilen qgabul
etmamasindadirsa, Ruth artig maddi saraitini dayisir, Jo pesa va yaradicilig se¢cimini formalasdirir,
Edna isa hayat tarzinin 6zinU sorgulayir. Burada passivlikdan aktivliya sada kecid yoxdur; Hester
da passiv deyil. Farg ondadir ki, har ndvbati marhalada gadinin tasir gdstara bildiyi saha genislanir:
avvalca manavi 6zUnUtayin, sonra iqtisadi faaliyyat, ardinca yaradici 6zlintifads va sonda saxsi
hayat modelini se¢mak talabi.

Ikinci dayisma istigamati gadin xarakterinin “aila daxilindaki rol”dan “coxqath saxsiyyat”a
dogru genislanmasidir. Hester ana olmagla yanasi amakgi va manavi garar veran saxsdir; Ruth ana
va pesakar yazigcidir; Jo aila Uzvl va yaradici farddir; Edna iss mahz ails rolunun saxsiyyatin bitin
gatlarini savaz etmasina etiraz edir. Bu ardicillig gostarir ki, XIX asr Amerika adabiyyatinda gadinliqg
anlayisi getdikca daha cox daxili farglar gabul etmayas baslayir. Bauer va Gouldun redakts etdiklari
“The Cambridge Companion to Nineteenth-Century American Women's Writing” gadin
vazicihgiin yenidan giymatlandirilmasinin Amerika adabi kanonunun tasavvirini dayisdirdiyini
vurgulayir [2, s. 1-16]. Qadin gahramanlarin bu clr migayisasi hamin dayismanin yalniz muslliflar
saviyyasinda deyil, xarakter quruculugu saviyyasinda da izlana bildiyini gdstarir.

Uctinci istigamat amak va yaradiciligin gadin xarakterinds tutdugu yerin dayismasidir.
Hesterin tikisi yasamaqg va camiyyat icinde muayyan funksiya gazanmaq vasitasidir. Ruthun
yazicihgl artig galir va ictimai taninma yaradir. Jo Ucln yazmaqg daxili ehtiyac va galacak
identikliyinin mihdm hissasidir. Ednanin rassamliga yonalmasi isa yaradiciigl daha ¢ox saxsi
ozdnudarkin dili kimi taqdim edir. Bu ardicillig gadinin amayinin iqtisadi funksiyadan yaradici-
subyektiv funksiyaya dogru genislandiyini gostarir. dlbatts, bu inkisaf xatti blutlin XIX asr Amerika
adabiyyatini eyni sxema salmir; mixtalif sinif, irq va regional tacribalar gadin xarakterlarini fargli
sokilda formalasdirirdi. Lakin secilmis matnlar asas adabi tendensiyanin bir istigamatini — gadinin
0z bacarigi va istayi ila sosial manlik gazanmasini — aydin sakilda gostarir.

Dordlncu istigamat evlilik va sevgi minasibatlarinin xarakter inkisafindaki funksiyasi ila
baghdir. Erkan va orta asr matnlarinda gadin taleyinin evlilikla six bagliligi gorunsa da, sonraki
ndmunalarda evlilik gadin xarakterinin son ve yegana magsadi kimi gabul edilmir. Ruth Hallin asas
mistaqgillik xatti dul galdigdan sonra baslayir va onun galacak sabitliyi yeni evlilikdan deyil, 6z
amayindan asili olur. Jo March evlilik masalasinda 6z gararina malik olan gahramandir va onun
yaradici ambisiyasi romantik xattdan ayrica inkisaf edir. Edna Pontellier isa artig mdvcud evliliyin
onun fardi manliyi ils ziddiyyatini problema cevirir. Bu dayisma gadin xarakterinin romantik
minasibatin alavasi olmaqgdan ¢ixib ayrica psixoloji va sosial taleya malik gahramana gevrildiyini
gostarir.

Besinci istigamat gadinin nitqi ve sasi ile alagadardir. Hesterin glicl cox vaxt susqunlug,
baxis va davranis vasitasile ifada olunur. Ruth yazi vasitasila s6zinl ictimai makana ¢ixarir. Jo
yazmagq va danismag istayini aciqg sakilds hayatinin bir hissasi kimi midafia edir. Ednada isa daxili
sas ila xarici sosial dil arasinda garginlik darinlasir. Bu ardicillig gadin xarakterinin ifads imkanlarinin
genislanmasi kimi oxuna bilar. Lakin adabi inkisafin asas naticasi gadinin sadaca “daha ¢ox
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danismas!” deyil. ©sas dayisiklik onun danisdigl moévzularin ve 6zinld miayyan etdiyi anlayislarin
artmasidir. 9xlaq, aile va fadakarligla yanasi pul, pess, yaradicilig, arzu, badan, makan va saxsi
secim da gadin xarakterinin badii dinyasina daxil olur.

Bu prosesda gadin mualliflarin 6zlarinin adabi tarixde mdvgeyi xtsusi shamiyyat daslyir.
Baym, Kelley va Tompkins kimi tadqigatcilarin islari XIX asrda gadinlar tarafindan yazilmis populyar
matnlarin adabi va madani dayarinin yenidan giymatlendiriimasinds mihim rol oynamisdir [3;
10; 11]. Bu tadgigatlardan goérinir ki, gadin nasrinin maisat va sentimental mdvzulari sirf
konservativ mazmun dasimirdi; hamin mdvzular daxilinds gadinin bacarigi, sosial minasibatlari,
manavi gqarari va 6z hayatini taskil etmak imkanlari mizakirs edilirdi. Buna goéra gadin xarakterinin
transformasiyasi yalniz asrin sonundaki aciq azadliq talablari il baslanmir. Onun kdklari asrin
avvalki marhalalerinda gadinin dézimlaltk, amak, manavi secim ve yazi vasitasila 6zlina saha
yaratmasinda gorindr.

Eyni zamanda inkisaf xattinin ziddiyystli xarakterini nazars almaq vacibdir. Hesterin
manavi glcl onun sosial tacridini aradan qgaldirmir; Ruthun igtisadi uguru gadinlarin Gmumi
hlqugi va sosial vaziyyatini avtomatik dayismir; Jo Marchin yaradicilig ambisiyasi kompromislarla
misayiat olunur; Ednanin fardi azadliq talabi ise davamli va tahliikasiz hayat modelina gevrilmir.
Bu ziddiyyatlar gadin xarakterinin inkisafini daha inandirici edir. 9dabiyyat sosial dayismani bitmis
natica kimi deyil, imkan ve manealarin yanasi movcud oldugu proses kimi gdstarir. Mahz buna
gbra XIX asr gadin gahramanlarinin tahlilinda yalniz “azad” va “asili” kimi iki kateqoriya kifayat
etmir. Xarakterin real inkisafi secim imkanlarinin daracasinda, daxili sasin glictinda va sosial rollarin
yenidan manalandiriimasinda gorinr.

NITIC3

XIX asr Amerika adabiyyatinda gadin xarakterinin inkisaf xatti gadinin badii tasvirds
getdikca daha ¢ox manavi, igtisadi, yaradici va psixoloji agentlik gazanmasi ila saciyyalanir. Hester
Prynne sosial damgalanma garsisinda saxsiyystini goruyan, daxili migavimati ila secilan
gahramandir. Ruth Hall bu migavimati ictimai va iqtisadi faaliyyat saviyyasina ¢ixarir; onun amak
va yazl vasitasila 6zUnd tamin etmasi qadin xarakterinin yeni sosial imkanini gdstarir. Jo March
fordi yaradicilig va hayat secimi mdvzusunu on plana gatirarak gadinlig modelinin daxilinda
fargliliyin mimkdnlGydni ndmayis etdirir. Edna Pontellier isa asrin sonunda gadin xarakterinin an
kaskin daxili sualini formalasdirir: sosial rol ila fardi manlik bir-birina uygun galmadikda insan hansi
hayat formasini seca bilar?

Aparilan muiqayisa gostarir ki, bu inkisaf xatti na dizxatli, na da tamamila marhalali
sakilda bir-birini avaz edan modellardan ibaratdir. 9ksina, avvalki marhalalarin xtsusiyyatlari
sonraki obrazlarda yeni formada davam edir. Hesterin dozUmlUliyU Ruthda faaliyyata, Ruthun
pesakar sasi Joda yaradici ambisiyaya, Jonun fardiyyati Ednada daha radikal 6zintdark talabina
cevrilir. Bununla yanasi, ails, sevgi, masuliyyat va manavi secim bitlin marhalalards shamiyyatini
saxlayir. Dayisan asas masala gadinin bu anlayislara minasibatinin passiv gabuldan saxsi garara
dogru harakat etmasidir.

Belalikla, XIX asr Amerika adabiyyatinda gadin xarakterinin transformasiyasi ananavi
gadin modelinin tam yox olmasi deyil, onun daxilinds yeni manlik formalarinin meydana ¢ixmasi
kimi giymatlandirila bilar. 9srin ortalarinda gadin gahramanin manavi dayanighgl ve amayina
verilan ahamiyyat sonraki onilliklards pesakar faaliyyat, yaradiciliq va sexsi azadlig problemlarina
cevrilir. Bu proses Amerika adabiyyatinda gadin obrazini sijetin kémakgi elementi saviyyasindan
mirakkab daxili dinyaya va fardi maqgsadlera malik asas xarakter saviyyasine yuksaldir.
Dissertasiya movzusu baximindan bels marhalalandirma gadin xarakterinin dayismasini yalniz
ayri-ayri asarlarin tasviri kimi deyil, XIX asr boyunca formalasan genis adabi-madani dinamika kimi
oyranmaya imkan verir.
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AZORBAYCAN 9DOBI-BaDI
PUBLISISTIKASININ INKISAF DOVRL®RI

dliyeva Aynur Nazim qizi
Baki Dovlat Universiteti, Yeni media va kommunikasiya nazariyyasi kafedrasinin Il kurs
magistranti

XULAS®

Publisistika elace do adabi-badii publisistikanin 6tan illardaki faaliyyati, kecdiyi inkisaf
dovrlari zamanla bir sira tadgigatcilarin arasdirma moévzusu olmusdur.

Magalada adabi-badii publisistikamizin formalasma prosesi, tasakkiill,inkisaf dévrlarindan
sohbat acilir. Mashur yazigl-publisist ziyalilarimizin publisistik faaliyyati, adabi yaradiciligin bu
goluna aid yaratdiglari nimunalar tahlil edilir. Publisistikanin diinani va bu giinl arasindaki inkisak
dinamikasina nazar yetirilir.

Acar sozlar: ©9dabi-badii publisistika,matbuat,inkisaf ddvrlari, ictimai stur, asas movzular

9dabi-badii publisistika badii tasvir vasitalarinin glcl ila ictimai-siyasi problemlari
isiglandiran adabi vyaradicilig névidir. Azarbaycan adabiyyati ananalalarina asaslanan
publisitikanin bu novl hayatin idrakini va real tasvirini hadaflayarak,comiyyati kamillasdirmak
funksiyasini yerina yetirir. 9dabi-badii publisistika yalniz informativ matnlarla deyil,ham da badii
obrazliliq vasitasila adabi-estetik zdvgin formalasmasinda boyik rol oynayir. Bir név adabiyyatla
jurnalistikani birlasdiran bu janr milli matbuatin ve adabi yaradiciligin sintezinden dogan nazari
konsepsiyalara asaslanir.

Publisistikanin bu novi XIX-cu asrin sonu XX-ci asrin avvallarinda matbuatin inkisafi ila
formalasma prosesi kecmisdir.

Azarbaycan adabi-badii publisistikasinin kecdiyi yola va inkisaf dovrlarina nazar saldigda
acig-aydin goririk ki ictimai stiurun inkisafinda mihim rol oynayib. Umumiyyatls publisistika
movcud oldugu bitin dovrlarda ictimai sturun glzgist olmus,milli ideyanin galacak nasillara
asllanmasina, madaniyyatin tabligi va inkisafina xidmat etmisdir.

Azarbaycan publisistlari va ziyalilari mixtalif dovrlards adabi yaradiciligin bu ndévina
muraciat edarak dovrin ictimai-siyasi proseslarini darin obrazhligla oxucuya ¢atdirmis, camiyyatin
kamillasmasi yolunda dayarli nidmunaler ortaya gqoymuslar. Dovrin boydk ziyalilart milli
Ozunldark,azarbaycanciliq ideyalarini ideyalarini tablig etmak lglin adabi yaradicihgin bir sira
novlarindan istifada etdiyi kimi publisistika hamcinin adabi-badii publisistikadan da maharatloe
istifade edib. “Matbuatin yaranmas! va genis arenaya c¢ixmasi,bununla da sanatkar s6zlinln
tirajlanma imkaninin genislanmasi publisistikanin islak, funksional xarakterini glindema gatirdi.
Amma publisistika na gadar boylk giice malik olsa bels, glnin-mahz bu glnin aktual
problemlarini glindema gatirmasi xarakteri uzun muddat bir cox sanatkarin yena da ona deyil, badii
sOza Uz tutmasini sartlandirdi. Matbuat va onun kutlavilik imkani diinya dizaninin bu magamini
xeyli dayismaya sabab olmusdu. Matbuatin 6zinG tasdigi ils, bir ictimai institut olaraq
formalasmasi ila an giicli badii s6z ustalari da bu ictimai institutun bel sGtununu taskil edan
publisistikadan-ginin aktual problemlarinin hallina yonalan bu yaradicilig névindan kanarda qala
bilmazdilar”.

Diinya publisistika tarixina da nazar saldigda goririk ki, an mashur publisistlar 6z dévrinin
mashur yazigi va sairlari olmuslar.

odabi-badii publisistikanin inkisafi bir cox amillarla bagh olmusdur. O amillar ki, dévrinin
aktual proseslarini 6ziinda aks etdirib. Publsistikanin bu golunun inkisaf dinamikasi birbasa olaraq
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comiyyatin siyasi,sosial voa madani vaziyyati ila bagli olub. Kecdiyi har bir inkisaf marhalasinda
dovrin talablarina uygun olarag yeni mazmun, forma va funksiyalar gazanmisdir.

Biz Cahangir Mammadlinin “Klassik Publisistikamiz:Dinanin, Bu glnln,Sabahin Sanat
Ornayi” sarlévhali yazisina nazar saldigda publisistikamizin diinani,bu giinii ve sabahi ila bagl
maraql fikirlara rast galirik. Bu yazida publisistikanin kecdiyi mixtalif dovrlars diggat yetirlir.
Publisistikanin mahiyysti,6neami va nalera gadir oldugu vurgulanir. Yazida hamginin XX-ci asrin
avvallarinda Azarbaycan ziyallarinin publisistikaya glcli meyli ve bunun migabilinds
publisistikanin adabi maktab saviyyasina ylksalmasindan bahs edilir. “Publisistika 6zinil xalga s6z
demayin,milli ideyalari gergaklasdirmayin an glicll vasitasi kimi gdstaran bir zamanda klassiklasir
va onun problema, movzuya senatkarlig baxisi bdyik maktaba cevrilir”.

Otan dovrlara nazar yetrirdikda dayarli publisistlarin galsmindan cixan esse,ocerk,felyeton,
publisistik hekayalar va.s kimi janr nimunalari ila garsilasirig. Bu nidmunalar publisistikamizin
dayarli incilaridir. Tadgigatgl Famil Mehdi “Badii publisistika” adli nazari tadgigat asarinda “obrazli
tabligatin  an gozal nUmunasi” olan publisistikanin  bir c¢ox janrlarindan bahs edir.
Ocerk,felyeton,pamflet,sayahatnama,badii glindalik,maktub,sanadli novella va.s janrlari aid edir.

ictimai fikrin badii ifadasi olan adabi-badii publisistika XIX-cu asrda ézinun ilkin tasakkdil
marhalasini yasayir. Umumiyyatla XIX-cu asr maarifcilik ideyalarinin aparici oldugu bir dévrdir. Bu
dovrda adabi-badii publisistika mévhumata,geriliys,sosial adalatsizliya garsi maarifcilik ideyalarinin
9sas silahina gevrilmisdir. XIX-cu asrin sonu Avropada gazet,jurnal diinyasinin yaratdigl imkanlar
Azarbaycanda da gabagqcil yaradici ziyalilarin soz{ birbasa (invana catdiran publisistikaya meylini
glclandirdi. XIX-XX-ci asrlar publisistikanin
M.F.Axundzads,C.Mammadquluzads,M.9.Rasulzads,0.F.Nemanzadas,d.Agaoglu,d.Hiiseynzads, U.
Hacibayli,C.Hacibayli... kimi dayarli nlimayandalari yetisdi. Ancaq publisistikanin kecdiyi inkisaf
yoluna nazar saldigda (¢ saxsiyyatin-M.F.Axundzads,H.B.Zardabi,C.Mammadquluzads adini
xUsusila geyd etmak lazimdir.

Tongidi publisistikanin dayarli nimunalarini yaratmis M.F.Axundzadanin “Kemallddovla
maktublarl” asari publisistikamizin incilari sirasindadir.H.B.Zardabinin publisistikanin inkisafinda
xidmatlari danilmaz haqigatdir. Zardabinin publisistik faaliyyatinin ana xattini xalgi cahalatdan
gurtarmag,elmin,tahsilin 6namini vurgulamaqg,gadin hiquglarini midafia etmak kimi movzular
taskil edir. O, 6z elmi-dinyavi fikirlarini publisistika yolu ile maharatla yayirdi. Publisistikasinin
Uslubu isa bir o gadar sada,xalqin anlaya bilacayi dilda idi. ©n bdylk xidmatlarindan biri da mahz
“9kingi” nin yaradilmasi oldu. 1875-ci il “9kingi” gazetinin capi,milli matbuatin yaradilmasi
publisistikaya da glcli takan verdi. Publisistikanin tatqiginda xUsusi xidmatlari olan Samil Valiyev
“9kingi” gazeti haqqginda yazirdi: “Okinci” sadacs, ilk pesakar praktik isin baslangici, Azarbaycan
milli matbuatinin banisi kimi saciyyalanmir, o ham da jurnalistikaya dair elmi-nazari fikrin va milli
tacribanin tarixi abidasi kimi mihim ahamiyyat dasiyir”.

“9kinci”dan sonra yeni-yeni yaradilan gazet va jurnallar da 6z arafina glicli galem sahiblari
olan dayarli publisistlari toplayirdi. Xtsusila XX-ci asrin avvallari publisistikanin elaca da adabi-badii
publisistikanin inkisafinin alamatdar dovri olaraq yadda galir. Yeni yaradillan gazetlar 6z sahifalarini
dayarli ziyalilarin publisistik nUmunalari ila bazayirdi. XX-ci asrin avvallarini publisistikanin intibah
dovri adlandirsaqg yanilmariq.

“Hayat”, “Sarqi-rus” gazetlarinin, “Fiyuzat”, “Molla Nasraddin” kimi jurnallarin yaradilmasi
publisistika tarixgamizin zanginlasmasina xidmat edirdi.

Bu dovr yeni yaradilan matbu organlardan “Molla Nasraddin” jurnali xtsusila segilir. Milli
maraqlar, 6zinldark,azarbaycanciliq ideyalarinin tabligi “Molla Nasraddin” jurnalinda 6z pik
haddina catdi. Mollanasraddingilar publisistikanin onlara yaratdigl imkanlardan istifade edarak
xalqi maariflandirmayi garsilarina magsad qoymus, satirik publisistikanin da maragli nimunalarini
yvaratmislar. 9trafinda boyik publisistlari toplamis, 6z ideyalarini xalga catdirmag yolunda maktab
saviyyasina yUksalmis “Molla Nasraddin” adabi maktabinin publisistikamizin inkisafinda boyuk
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xidmatlari olub. Bu adabi maktabin nidmayandalarinin vyaratdigi publisistik nimunalar
publisistikamizin sah asarlari sirasindadir. Tabii, bu olmaz incilar publisistikanin inkisafini gacilmaz
edirdi. Cahangir Meammadli bu dévr publisistikasini haqgli olaraqg bela xarakteriza edir: “Azarbaycan
publisistikasi XX-ci asrin avvalarindaki saviyyasi ila heyrat dogurur. Homin dévrda Azarbaycanda
bas vermis ictimai-siyasi hadisalar, milli 6zinlUdark prosesinin gliclanmasis, azarbaycancilig
ideyasinin gabardilmasi publisistikanin ham movzu dairasini, ham da sanatkarlig keyfiyyatini
ylksaklara galdirdr”.

Mollanasraddingilar camiyyatda bas veran hecg bir hadisaya bihana galmir,publisistikanin
imkanlarindan oldugca gozal bahralanirdilar. Calil Memmadquluzada “Molla Nasraddin” jurnalini
yaratmasi ila istar publisistikada , istarse da azarbaycancilig ideologiyasinin banilarindan birina
cevrildi. C.Mammadquluzada va silahdaslarinin faaliyyati adabi-badii publisistikanin inkisafini
gacllmaz  etdi. C.Mammadquluzads,0O.FNemanzads,9.Agaoglu, M.9.Sabir va.s  kimi
mollanasraddingilarin  faaliyyati publisistikamizin  tasakkdll prosesinds 6namli yer tutdu.
“Mollanasarddingilar dovrini Azarbaycan adabiyyatinin ve milli matbuatimizin qizil dévrd,
comiyyatimizin glizglsli va haqgigatin an darin gatlarina kimi bdtln ictimaiyyata catdiriimasi
marhalasi kimi saciyyalandirmak daha dogru ve adalatli olardi”.

Publisistikanin kecdiyi har bir dévr mixtslif calarlari ile nazara ¢arpir. Eynilan sovet
publisistikasi da fardi xUsusiyyatlori ilo secilir Sovet publisistikasi Umumiyyatle bolsevik
ideologiyasinin tasirlarina maruz galmis, ciddi senzura nazarati altinda faaliyyst géstarmisdir. 70 il
arzinda avtoritar modeli tasiri ilo faaliyyat gostaran Azarbaycan publisistikasi va matbuat
comiyyati malumatlandirmag funksiyasindan daha cox, hakimiyyatin digta etdiyi informasiyani
tablig etmisdir. Tadgigatci Aynura Pasayeva “ Azarbaycan” jurnalinda publisistika masalalari” adli
monografiyasinda sovet dovri publisistikasina da nazar salmis, bu dovrin publisistika manzarasini
incaliklari ila gostarmisdir. 0,6z monografiyasinda sovet dovri publisistikasini bels tasvir edirdi:
“Sovet dovri publisistikasinda kohnalik ila yeniliyin mibarizasi,yeni insan obrazi-zahmatkes
gahraman obrazinin tasviri zamani gergakliyin konfliktina diggat ylksak saviyyada deyildi. Sovet
dovrinda movcud rejim milli sturun oyanmasina imkan vermirdi. Bunun arxasinda da asas maqgsad
milli glcU zaifladarak passiv saxlamagq, vatanparvarlik ideallarini saxsi siyasi movgedan istifada
etmak idi”.[2]Sovet dovri publisistikasi va matbuatinda movcud rerjimin tabligat materiallarindan
alava yeni hayatin qurulmasi,sanayelasms,igtisadi inkisaf mdévzularina aid materiallara da rast
galinir.

Publisistikanin kecdiyi dovrlardan danisarkan muhacirat publisistikasina da nazar salmaq
lazimdir. MUhacirat publisistikasinin asasini Azarbaycan Xalg Cimhuriyyatinin siqutundan sonra
mihaciratde olan ziyalilarin publisistik faaliyyati teskil edir. Muhacirat publsistikasinda milli
istiglal,sovet rejimina etiraz movzulu publisistik asarlar hamin dévriin manzarasini, mihaciratin
agrili tarafini biza publisistika yolu ila catdirir. M.©.Rasulzads,d.Hlseynzada,9.Agaoglu kimi ziyalilar
muhacirat publisistikasi nimayandalaridir. Abid Tahirli mihacirat matbuatinda publisistika adl
tadgigat isinda deyirdi: “ MUhacirat matbuatinda publisistika tamamila yeni keyfiyyat va yeni
mahiyyat,mana kasb edir. Mihacirlarin ideoloji mibarizasindsa kaskinliyi,son daracs sartliyi ila
secilan publisistik nimunalar, ham da mihacirat hayatinin salnamasidir.[1]

Azarbaycanin mustaqillik alds etmasi ila publisistika mazmun forma cahatdan yeni dovra
gadem goydu. Senzuranin lagvi publisistikanin tasiretma imkanlarini da artirdi. I-ci Qarabag
miharibasinin, Qarabag hagigatlarinin isiglandiriimasi muasir dovr publisistikasinin asasd 6zayina
cevrilmisdi. Istsr I|-ci Qarabag, isterss da Il-ci Qarabag miharibasinin  dolgun
isiglandiriimasi,vatanparvarlik, milli birlik hissinin ganclara asilanmasi, migaddas sahidlarimiz
hagqginda materiallarin hazirlanmasi milli matbuatin va publisistikanin asas prioriteti olmusdur.

Muasir dovrds isa publisistika deya bilarik ki, daha cox operativ va interaktiv xarakter dasiyir.
Qlobal problemlarin publisistik Gslubda isiglandiriimasi genis visat almisdir.
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Periods of devolopment of Azerbaijani literary and artistic journalism

Summary

Literary and artistic journalism is a type of literary creativity that illuminates socio-political
problems with the power of artistic means of depiction. This type of journalism, based on the
traditions of Azerbaijani literature, aims at understanding and realistic depiction of life and
fulfills the function of perfecting society. Literary and artistic journalism plays a major role in
the formation of literary and aesthetic taste not only through informative texts, but also
through artistic imagery. This genre, which combines a kind of literature with journalism, is
based on theoretical concepts arising from the synthesis of the national press and literary
creativity.

AHyp Anvesa
Tanbl pa3BuTUA azepbaliayKaHCKON UTEPATYPHO-XYA0MKECTBEHHOM NYBANUMCTUKM

Pe3tome
MybAnMUMCTMKA, a TaKXKe AUTepaTypPHO-XYAOXKECTBEHHAs NybAuUMCTUKE B NOCAeAHME TOAbl, UX
NEeATeNbHOCTb U MNPOMAEHHbIE 3Tamnbl Pa3BUTUS CO BPEMEHEM CTAHOBWAUCL MPeaMEeTOM
nccnefoBaHMa paaa y4eHbIX.
B cratbe paccmaTpuBaloTca  npouecc  GOPMMPOBAHWUA  AMTepPaTyPHO-XYA0KECTBEHHOMN
nybAnMUMCTMKM, €€ CTaHOBAEHME W 3Tamnbl pPasBuTMA. AHanmMampyetca nybamumcTuyeckas
NEeATENbHOCTb M3BECTHbLIX NUcAaTeNen-nyoanuUmMCcTOB U UHTENAUTEHLMN, @ TaKKe CO3Z4aHHbIE UMM
obpaslbl, OTHOCAWMECS K AAaHHOMY HanpaBAeHWIO NUTepaTypHoro TBopyecTBa. OcBellaeTcs
AMHAMMKa Pa3BUTMA NYOANLMCTUKM, MPOBOAUTCA COMOCTaBAEHME eé NPOL/IOro U HacTOALLEro.
KntoueBble CNoBa: J/IUTEPATYPHO-XYAO0KECTBEHHAA NyOAMUMCTMKA, MedaTb, 3Tanbl Pa3BUTUSA,
0OLWEeCcTBEHHOE CO3HaHWe, TEMb.
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Abstract

This paper explores three core paradigmatic principles that define the self-development of higher
education in the 21st century — innovation, competitiveness and forecasting — and systematically
analyzes their connotations, values and implementation paths in the system of higher medical
education, with a special integration of the content of immunology. It explains how these
principles respond to the evolving demands of modern medicine and healthcare, drive the reform
of educational content, methods and technologies, and help cultivate high-quality medical talents
capable of meeting both current and future needs. Combined with the characteristics of
immunology — an interdisciplinary, rapidly developing and clinically fundamental discipline — this
paper discusses the specific strategies, practical measures and application effects of embedding
these principles into teaching, learning and research activities. The research aims to provide
theoretical support and practical reference for optimizing the training system of medical
professionals, improving the quality of immunology education, and enhancing the overall
competitiveness and sustainable development capability of medical universities.

Keywords: higher education; self-development; innovation; competitiveness; forecasting; medical
education; immunology; educational reform; talent cultivation

Main Text

Introduction

The 21st century is characterized by rapid advancements in science and technology, profound
changes in social demands, and continuous updates of knowledge systems. Higher education, as
the core carrier of knowledge inheritance, innovation and talent cultivation, has transformed from
a static knowledge-transfer system into a dynamic, self-improving system that must constantly
adapt to external changes and internal development needs. Among the core paradigms guiding
this transformation, innovation, competitiveness and forecasting have become three fundamental
principles, running through all aspects of educational philosophy, curriculum design, teaching
practice and institutional governance.

Medical education, as a specialized branch of higher education, undertakes a unique mission: to
train medical professionals who safeguard human life and health. It is highly professional, practice-
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oriented and closely linked to cutting-edge scientific progress. Immunology, as a core basic and
clinical medical discipline, is particularly representative — it evolves rapidly, connects basic
theories with clinical applications, and serves as a cornerstone for understanding disease
mechanisms, diagnosis, treatment and prevention. Integrating the three principles of self-
development with immunology education is not only a requirement for the modernization of
medical education, but also an inevitable path to improve the quality of talent training and the
international influence of medical universities. This paper analyzes the connotation of each
principle, explores their specific manifestations and implementation strategies in immunology
education, and puts forward suggestions to promote the sustainable development of medical
education.

1. Connotation and Value of Paradigmatic Principles of Self-Development in Higher Education

1.1 Innovation: The Core Driving Force of Educational Modernization

Innovation in higher education refers to the continuous updating, optimization and re-creation of
educational concepts, content, methods, technologies, management models and evaluation
systems. It is the primary driving force for breaking through traditional educational frameworks,
adapting to new scientific and technological developments, and improving educational quality.
Innovation is not limited to adding new knowledge; it also includes reconstructing knowledge
systems, transforming teaching logic and creating new learning scenarios.

In medical education, and especially in immunology, innovation is indispensable. Immunology is
one of the fastest-growing disciplines in life sciences: new discoveries about the structure and
function of the immune system, immune regulation mechanisms, immune-related diseases, and
technologies such as immunotherapy and vaccine development are emerging every year. For
example, breakthroughs in immune checkpoint therapy, CAR-T cell technology and molecular
immunodiagnostics have completely changed the landscape of clinical medicine. If immunology
education remains unchanged, it will inevitably lag behind clinical practice and scientific progress,
making the knowledge students acquire outdated upon graduation.

Innovation in immunology education is reflected in multiple dimensions:

. Content innovation: Timely integrating cutting-edge research achievements, international
standards and clinical hotspots into teaching materials and syllabi; breaking the boundaries
between basic immunology, clinical immunology and translational medicine.

. Method innovation: Adopting problem-based learning (PBL), case-based learning (CBL),
virtual simulation experiments, online interactive courses and interdisciplinary seminars to
transform passive knowledge memorization into active exploration and ability cultivation.

. Technological innovation: Using digital teaching platforms, big data, artificial intelligence
and visualized teaching tools to turn complex and abstract immune mechanisms into intuitive and
understandable content, enhancing learning efficiency and interest.

Innovation ensures that immunology education keeps pace with the times, maintains its scientific
nature and advanced level, and lays a solid foundation for students to engage in clinical work or
scientific research in the future.

1.2 Competitiveness: The Core Standard for Educational Quality and Talent Value
Competitiveness means that the higher education system, universities and the talents it cultivates
can maintain advantages in resource allocation, quality evaluation, social recognition and market
demand, both domestically and internationally. It is a comprehensive reflection of educational
quality, research strength, social service capability and international influence. Competitiveness is
not only a requirement for universities, but also the core value that students should form during
their studies.

In the field of medicine, where standards are high and competition is global, competitiveness is
particularly critical. The competitiveness of medical graduates depends on their knowledge depth,
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clinical ability, scientific literacy, innovative thinking and lifelong learning ability. Immunology, as
a foundational discipline, constitutes an important part of core competence:

. Knowledge competence: Mastery of systematic immunology theories, familiarity with
common immune diseases, and understanding of modern immunological technologies are basic
requirements for clinicians, laboratory physicians and researchers.

] Applied competence: The ability to use immunological knowledge to analyze clinical
problems, design diagnostic plans and judge treatment effects directly determines the level of
medical services.

. Development competence: Understanding the development trend of immunology and
having the potential to learn and master new technologies are key to maintaining professional
competitiveness throughout one's career.

For medical universities, the competitiveness of immunology education is reflected in: the
advanced nature of the curriculum system, the academic level of teachers, the quality of teaching
resources, the output of scientific research, and the recognition of graduates by society and the
industry. Building high-level immunology courses, carrying out high-level scientific research and
establishing international cooperation are effective ways to enhance competitiveness.

1.3 Forecasting: Strategic Orientation for Sustainable Development

Forecasting refers to the ability of higher education to predict the development trends of science,
technology, society, industry and the discipline itself, and to adjust educational goals, content and
models in advance to meet future needs. It embodies the strategic thinking and forward-looking
layout of the education system, ensuring that talent cultivation is not only oriented to the present
but also prepared for the future.

Medical science is highly forward-looking — today’s basic research determines tomorrow’s clinical
technology. Immunology is a typical example:

. Discipline development trend: Immunology is moving toward precision, personalization
and integration; it is deeply integrated with genetics, molecular biology, bioinformatics and
artificial intelligence, giving rise to new directions such as immunomics and systems immunology.
. Clinical development trend: Immune-related diseases (infections, tumors, autoimmune
diseases, allergies, transplant rejection) have become major health threats; immunotherapy and
precision medicine will become mainstream medical models in the future.

. Talent demand trend: The demand for medical talents with immunology expertise is
expanding from hospitals to research institutes, pharmaceutical companies, diagnostic enterprises
and public health institutions.

Forecasting in immunology education means:

1. Forward-looking curriculum design: Adding content related to emerging fields and future
technologies, guiding students to pay attention to the forefront of the discipline.

2. Forward-looking ability cultivation: Focusing on training students” ability to acquire new
knowledge, think critically and innovate, enabling them to adapt to changes in the discipline and
industry.

3. Forward-looking research layout: Universities should arrange scientific research directions
in advance, build disciplinary advantages and lead the development of the field.

Forecasting transforms education from "following development" to "leading development”,
ensuring the long-term vitality and sustainable development of medical education.

2. Integration and Practice: Implementation of the Three Principles in Immunology Education

2.1 Innovation: Reconstructing the Content and Form of Immunology Education

Combining the principle of innovation with immunology education requires breaking the
traditional "textbook-centered, theory-first" model and building an open, dynamic and practice-
oriented teaching system.
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. Curriculum System Innovation: Construct a three-level curriculum system: Basic
Immunology (foundation), Clinical Immunology (application), Frontier Inmunology (development).
Set up interdisciplinary modules such as Immunology and Precision Medicine, Immunotherapy
Technology and Application, connecting basic theories with clinical practice and industrial
development.

. Teaching Method Innovation: Promote student-centered teaching models. For example,
use clinical cases (e.g., Diagnosis and Treatment of Systemic Lupus Erythematosus, Mechanism and
Application of Tumor Immunotherapy) as the starting point, guide students to learn immune
mechanisms through problem analysis, and cultivate clinical thinking. Introduce virtual simulation
experiments to solve the problems of high risk, high cost and difficulty in observation in
immunology experiments.

. Teaching Resource Innovation: Develop digital teaching platforms, online open courses
and international sharing resources; invite clinical experts and scientific researchers to give
lectures, and build a multi-dimensional teaching resource system.

2.2 Competitiveness: Building Core Advantages of Talents and Disciplines

To implement the principle of competitiveness, immunology education must focus on improving
the quality of talent cultivation and the level of discipline construction, forming distinctive
advantages.

. Strengthen Core Knowledge and Ability: Clarify the core knowledge points and ability
requirements of immunology for different majors; establish a multi-dimensional evaluation
system including theory, experiments, clinical case analysis and scientific research training, to
ensure that students have solid basic knowledge and strong application ability.

. Improve Teaching and Research Strength: Attract high-level talents, support teachers to
carry out scientific research and international exchanges, and improve the academic level of the
teaching team. Integrate scientific research achievements into teaching content, and transform
research advantages into teaching quality advantages.

. Enhance Internationalization: Introduce advanced international teaching materials and
standards, carry out joint training and student exchange programs, and cultivate students with
international perspectives and global competitiveness.

. Strengthen School-Enterprise and School-Hospital Cooperation: Establish a collaborative
education mechanism with hospitals, research institutes and biomedical enterprises, provide
students with practical platforms, and enhance the adaptability of talent cultivation to industry
needs.

2.3 Forecasting: Grasping the Future Direction of Disciplines and Talent Demand

The principle of forecasting requires immunology education to stand at the forefront of
disciplinary development and social demand, and make strategic layouts.

. Track Discipline Development: Establish a mechanism to track the progress of international
immunology research, regularly update teaching content, and reserve teaching resources for
emerging fields. For example, increase teaching content about new vaccine technology, immune
cell therapy, immunological big data analysis.

. Predict Social Demand: Analyze the changes in disease spectrum and medical model;
predict the demand for immunology talents in prevention, diagnosis, treatment, and health
management; adjust the training direction and ability requirements in a targeted manner.

. Cultivate Future-Oriented Abilities: Focus on cultivating students’ scientific thinking,
innovative ability, cross-border integration ability, and lifelong learning ability, so that they can
cope with unknown challenges and lead future development.
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3. Challenges and Optimization Strategies in Practice

3.1 Main Challenges

. Conflict between content update and teaching cycle: Immunology knowledge updates
rapidly, but curriculum and textbook revision cycles are long, making it difficult to maintain
timeliness.

. Balance between theory and practice: Immunology theory is abstract and complex; it is
difficult to effectively connect it with clinical practice and future applications within limited
teaching hours.

. Gap between resource supply and demand: High-level teachers, advanced experimental
conditions, and cutting-edge teaching resources are insufficient, especially in regional medical
universities.

. Difficulty in ability evaluation: It is easier to evaluate knowledge mastery, but harder to
evaluate innovative ability, forecasting thinking, and comprehensive competitiveness.

3.2 Optimization Strategies

1. Establish a dynamic update mechanism: Set up a regular review and update system for the
curriculum; use modular teaching and online resources to achieve rapid iteration of content.
2. Deepen integration of industry, education and research: Promote the deep integration of

teaching, scientific research, and clinical practice; let students contact cutting-edge science and
clinical needs from the beginning, and cultivate practical ability and innovative awareness.

3. Strengthen resource construction and sharing: Increase investment in immunology
teaching and research; build shared teaching platforms and virtual experiment centers; carry out
inter-university and international resource sharing.

4. Improve the comprehensive evaluation system: Adopt diversified evaluation methods
including process evaluation, ability evaluation, and result evaluation; pay attention to examining
students’ ability to analyze problems, solve problems, and predict development trends.

5. Strengthen teacher development: Support teachers to carry out scientific research,
participate in international conferences, and update their knowledge systems; encourage teaching
reform and innovation, and improve teaching ability.

Conclusion

Innovation, competitiveness and forecasting are not only the core paradigms of self-development
in higher education in the 21st century but also the fundamental guidelines for the modernization
of medical education. Immunology, as a discipline that connects basic science and clinical practice
and is at the forefront of life science development, is an important carrier for implementing these
principles.

. Innovation provides power for the development of immunology education, ensuring it
always maintains its advanced nature and scientificity.

] Competitiveness establishes standards for quality, ensuring that the talents cultivated
have core value and social recognition.

] Forecasting determines the direction of development, ensuring that education can adapt
to and lead future changes.

For S.D. Asfendiyarov Kazakh National Medical University, integrating these three principles with
immunology education is of great significance for improving the quality of medical talent
cultivation, enhancing the overall strength and international influence of the university, and
promoting the development of national medical and health undertakings. In the future, it is
necessary to further deepen teaching reform, strengthen discipline construction, and
continuously explore new models of medical education that meet national needs and align with
international standards, to cultivate more high-quality medical talents with innovative spirit,
competitive ability, and forward-looking vision, and make greater contributions to human health.
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Abstract.

The article explores the theoretical foundations and practical implementation of the
family-centered approach in the comprehensive rehabilitation of children diagnosed with Autism
Spectrum Disorder (ASD). Moving away from traditional clinical models, this paradigm recognizes
that active parental involvement is critical, as the home environment serves as the primary
foundation for a child's progress. The study analyzes how collaborative care - characterized by
shared decision-making between specialists and families - enhances the long-term effectiveness
of therapeutic interventions. Key outcomes indicate that integrating these strategies not only
accelerates the child's development but also significantly improves the overall family quality of life
by mitigating caregiver stress. Ultimately, the paper argues for a systematic shift toward family-
oriented strategies within modern medical and educational frameworks to ensure sustainable
outcomes.

Keywords: Autism Spectrum Disorder (ASD), rehabilitation, family-centered approach,
parental involvement, family quality of life, collaborative care.

Autism Spectrum Disorder (ASD) represents a complex, highly heterogeneous
neurodevelopmental condition that manifests as persistent challenges in reciprocal social
communication, paired with stereotyped behavior patterns and highly restricted focal interests.
As the global diagnosed prevalence of neurodevelopmental disorders escalates, modern
healthcare systems face unprecedented pressure. This surge underscores an immediate and
critical demand for scalable, high-efficiency clinical interventions capable of overcoming systemic
barriers such as high costs, uneven geographic distribution of specialists, and prolonged diagnostic
waiting times [1]. The alarming magnitude of this public health issue is heavily substantiated by
the latest epidemiological data gathered from around the world. Specifically, comprehensive
surveillance reports published by the CDC’s Autism and Developmental Disabilities Monitoring
(ADDM) Network reveal that the prevalence of ASD has experienced a notable increase, now
estimated to affect approximately 3.2% of the pediatric population, which translates to 1 in every
31 children. When looking at the situation from a broader, international perspective, statistical
models indicate that roughly 61.8 million individuals worldwide are currently living with this
condition. Consequently, medical authorities now recognize the disorder as one of the top ten
leading contributors to the non-fatal health and disability burdens observed among children,
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adolescents, and young adults under the age of 20. This systemic shift is further driven by an
ongoing, upward trajectory in global diagnostic and identification rates; for instance, a
comprehensive study published in The Lancet Psychiatry highlighted that as of 2021, the global
prevalence was estimated to encompass 1 in every 127 individuals across the general worldwide
population [2]. Driven by the necessity to accommodate this expanding demand and to guarantee
that treatments possess maximum ecological validity, modern approaches to pediatric
rehabilitation are being profoundly redefined. Traditionally, pediatric rehabilitation paradigms
were predominantly centered on clinician-led, isolated therapeutic models, wherein specialists
engaged with the child within artificial laboratory or controlled clinical environments.
Nevertheless, recent empirical data demonstrate that these traditional frameworks are
insufficient for ensuring that therapeutic gains are successfully transferred and maintained outside
the clinic room. Beyond the issue of skill generalization, relying solely on clinical specialists
exacerbates systemic barriers, including prolonged waiting lists, high financial costs, and severe
strain on household resources. As clinical literature increasingly demonstrates, ignoring the
domestic ecosystem not only limits the child's progress but also erodes overall family self-efficacy
and well-being [3].

Consequently, modern healthcare models are progressively expanding beyond these rigid,
clinic-bound limitations. To overcome these barriers, the paradigm has shifted toward family-
centered approaches, which recognize the family unit as the primary, most influential
environment for a child’s neurological and social development. The clinical validity of this shift is
heavily supported by contemporary literature; a recent systematic review focusing on
neurodevelopmental and intellectual challenges reveals that family-centered care serves as a key
driver for both pediatric health optimization and enhanced family well-being. By fostering shared
decision-making and addressing the emotional and social needs of the household, this model
systematically elevates family functionality. Within this context, active parental involvement
ensures that therapeutic interventions are seamlessly extended into daily routines, making
continuous, naturalistic reinforcement practical and realistic [4].

To fully operationalize this family-centered framework, its architectural design must be
firmly grounded in contemporary developmental and behavioral sciences. From a behavioral
perspective, the mechanism of change relies on learning intensity and continuous environmental
reinforcement, which cannot be replicated in a clinic. Quantitative evidence confirms that children
whose intervention plans prioritize structured, parent-led training demonstrate accelerated
acquisition of vital communication skills, receptive and expressive language, as well as fine and
gross motor skills compared to control groups receiving standard isolated clinic sessions. Empirical
findings indicate that when parents apply these therapeutic techniques intensively, exceeding one
hour per day and maintain high-quality behavioral engagement within natural routines, the
developmental trajectory and clinical progress of the child scale dramatically [5]. A core
operational element of this family-centric model is collaborative care, which actively relies on
shared decision-making and transparent communication channels between primary healthcare
providers and caregivers. This collaborative dynamic transforms the traditional, top-down medical
hierarchy into a supportive alliance, directly combating the sense of isolation often experienced
by caregivers. Empirical metrics demonstrate that when parents report that their healthcare
providers systematically practice family-centered principles and respect parental expertise, their
individual parenting stress scores decrease substantially [6]. Furthermore, structured education
programs focusing on parent-implemented Applied Behavior Analysis (ABA) or relational
methodologies do not merely transfer technical skills; they significantly enhance parental self-
efficacy and real-life behavior management capabilities. By equipping caregivers with these
validated clinical tools, the framework actively fosters cognitive and emotional resilience.
Consequently, this empowerment effectively mitigates the chronic anxiety and systemic
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psychological distress typically associated with navigating unpredictable behavioral meltdowns in
naturalistic settings [7]. Emphasizing this holistic impact, current research highlights that family-
centric care yields profound psychosocial benefits, effectively empowering the family as an
integrated unit. Contemporary clinical models that seamlessly combine professional guidance with
digital health solutions, such as telehealth frameworks or remote feedback networks, prove highly
successful in optimizing the domestic ecosystem. By facilitating continuous clinical coaching
without forcing families to leave their natural environment, these remote interventions
systematically improve the global family quality of life by boosting positive family interactions,
enhancing communication, and elevating overall emotional well-being [8].

Despite the documented advantages of the family-centered paradigm, translating this
theoretical framework into sustainable clinical practice introduces distinct operational challenges
and systemic barriers. A recent comprehensive systematic review analyzing empirical evidence
highlights that these obstacles span multiple dimensions, ranging from organizational working
conditions and service coordination to deep-seated professional beliefs. A primary challenge
stems from the structural non-uniformity of households. Variations in socio-economic status,
educational backgrounds, and baseline health literacy frequently create practical friction points
during parent-coaching sessions, complicating the uniform application of family-centered models.
Furthermore, contemporary literature underscores the severe impact of parental cognitive
overload and acute emotional exhaustion, identifying caregiver burnout as a critical disruptor that
directly threatens intervention fidelity. When parents are forced to balance intricate behavioral
tracking protocols alongside demanding professional and domestic responsibilities, the systemic
strain frequently escalates the risk of intervention abandonment.

Additionally, deeply ingrained professional dynamics and institutional limitations
compound these household burdens. Clinical practitioners often report a sense of insecurity when
transitioning from working directly with a child to coaching adults, sometimes showing resistance
due to a perceived loss of their traditional role as the absolute "expert". These individual anxieties
are further exacerbated by systemic constraints within early intervention services, including rigid
appointment time limits, a lack of specialized training in participatory practices, and high daily
workloads among staff. When family-centered care is reduced to a standard set of high-demand
tasks without flexible institutional support, the expectation for active parental involvement can
inadvertently transform into a major source of internal distress. Consequently, to prevent
caregiver fatigue from compromising therapeutic outcomes, modern frameworks must move
away from rigid mandates. Future implementation strategies must integrate adaptive, tiered
instruction models paired with accessible, low-effort psychological support networks designed
specifically to protect parental mental health and foster systemic family resilience [9,10].

In conclusion, the rising global prevalence of Autism Spectrum Disorder is a clear call to
action: rehabilitation care must be fundamentally rethought. The long-standing model of treating
a child in the isolation of a clinical room has proven insufficient. It often fails the most critical test
- helping children transfer and maintain new skills in the messy, dynamic reality of their daily lives.
Moreover, forcing families to rely solely on rigid clinical schedules places an immense, often
unsustainable emotional and financial strain on the entire household. Transitioning to a family-
centered approach is not just a theoretical alternative; it is a compassionate and realistic path
forward. This model respects the home as the true foundation for a child's long-term growth. By
empowering parents and turning ordinary, everyday moments into rich opportunities for learning,
the model unlocks the continuous, natural reinforcement that children need to build essential
communication and motor skills. However, the success of this shift relies entirely on genuine
partnership. When specialists and caregivers make decisions as equals, they build a supportive
ecosystem that can dramatically reduce the profound isolation and chronic stress parents so often
endure. Yet, as recent evidence warns, this framework cannot be implemented blindly. Asking
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parents to act as therapists without proper scaffolding is a recipe for severe burnout and
intervention abandonment. Systemic barriers - such as a lack of professional training for clinicians
in family coaching and the physical exhaustion of caregivers - must be addressed first. Ultimately,
securing sustainable outcomes for these children requires a structural evolution in how healthcare
systems operate. Policymakers must move away from rigid, institutional metrics and invest deeply
in parent training, remote feedback networks, and accessible telehealth solutions. Future research
must focus on leveraging digital technologies to make these family-centered programs highly
scalable. Only by doing so can compassionate, high-quality, and collaborative care become a
practical reality for every family, regardless of their circumstances.
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ABSTRACT

The contemporary transformation of drug safety science necessitates a paradigmatic integration
of  pharmacovigilance, molecular and clinical pharmacology, pharmacotherapy,
pharmacoepidemiology, regulatory science, and population health within an increasingly complex
therapeutic ecosystem. This scientific discourse critically examines the evolutionary advancement
of drug-safety paradigms from predominantly spontaneous adverse drug reaction reporting
toward multidimensional, evidence-integrated, analytically sophisticated, and prevention-
oriented pharmacovigilance architectures capable of identifying, characterizing, validating,
contextualizing, and mitigating medication-related risks throughout the medicinal-product
lifecycle. Particular emphasis is placed on the conceptual convergence of mechanistic
pharmacology with clinical pharmacology and pharmacotherapeutic decision-making, whereby
pharmacodynamic, pharmacokinetic, pharmacogenomic, immunological, and molecular
determinants of therapeutic response and adverse drug reactions become increasingly relevant
to individualized safety characterization. Within this framework, pharmacovigilance is
conceptualized not merely as post-marketing surveillance, but as an integrative safety science
encompassing adverse drug reaction detection, signal generation, signal prioritization,
disproportionality analysis, signal validation, causality assessment, risk stratification, exposure—
outcome characterization, and longitudinal benefit—risk evaluation. The discourse further
examines the expanding contribution of pharmacoepidemiological methodologies and real-world
evidence to the detection of rare, delayed, population-specific, interaction-mediated, and
context-dependent medication harms that may remain insufficiently characterized within
conventional clinical-development paradigms. Multisource evidence derived from spontaneous
reporting systems, electronic health records, administrative claims databases, clinical registries,
observational cohorts, prescription and dispensing datasets, patient-generated information, and
other real-world data environments can enhance the analytical resolution of drug-safety
surveillance when appropriately harmonized, validated, and interpreted. Particular attention is
directed toward the methodological challenges of confounding, channeling bias, indication bias,
exposure misclassification, outcome misclassification, underreporting, stimulated reporting,
missingness, heterogeneity, and temporal ambiguity, all of which may influence the validity and
generalizability of pharmacovigilance inferences. The analysis also situates contemporary safety-
signal intelligence within emerging computational and quantitative methodologies, including
disproportionality-based signal detection, Bayesian approaches, data-mining algorithms, causal
inference frameworks, machine-learning-assisted surveillance, artificial-intelligence-enabled
pattern recognition, network-based pharmacological analysis, and integrated pharmacogenomic
and pharmacoproteomic approaches. These methodologies offer opportunities to move from
retrospective recognition of adverse events toward earlier identification of clinically meaningful
safety signals and more proactive risk prediction. Nevertheless, computational sophistication does
not eliminate the necessity for biological plausibility, clinical adjudication, epidemiological
validation, transparent methodological governance, and regulatory interpretation. Accordingly,
pharmacovigilance is presented as an epistemically pluralistic discipline in which computational
signals require triangulation across mechanistic, clinical, epidemiological, and regulatory evidence
streams before therapeutic or policy implications can be established. A central dimension of the
discourse concerns the reciprocal relationship between pharmacology and pharmacotherapy.
Pharmacological knowledge provides the mechanistic foundation for understanding receptor-
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mediated effects, dose-response relationships, pharmacokinetic variability, drug—drug
interactions, drug—disease interactions, off-target effects, and susceptibility determinants,
whereas pharmacotherapy translates such knowledge into therapeutic decision-making across
heterogeneous patient populations. Drug safety therefore cannot be dissociated from therapeutic
appropriateness, medication optimization, adherence, polypharmacy, deprescribing, dosing
individualization, therapeutic drug monitoring, and clinical risk communication. Benefit—risk
assessment consequently requires dynamic consideration of therapeutic efficacy, treatment
necessity, adverse-event probability, severity, preventability, patient characteristics, treatment
alternatives, and uncertainty across different stages of clinical use. Medication-harm mitigation is
further examined as a multidimensional process encompassing risk minimization, medication
reconciliation, prescribing optimization, interaction prevention, monitoring strategies,
pharmacotherapeutic stewardship, patient and professional education, active surveillance,
regulatory interventions, and post-authorization safety evaluation. Within this architecture,
regulatory pharmacovigilance assumes a pivotal role in transforming safety evidence into
proportionate risk-management actions, including labeling modifications, safety communications,
restricted-use strategies, monitoring requirements, additional post-marketing studies, and other
measures designed to preserve therapeutic benefit while reducing preventable harm. Effective
regulatory risk governance therefore depends upon continuous evidence generation and iterative
reassessment rather than static preauthorization determinations. The discourse extends drug-
safety considerations from individual-level clinical protection to population-level health
consequences. Variability in medication exposure, prescribing practices, healthcare access,
pharmacogenetic composition, comorbidity burden, socioeconomic determinants, and health-
system infrastructure can generate heterogeneous patterns of therapeutic benefit and
medication-related harm across populations. Public health pharmacovigilance consequently
requires integration of individual clinical signals with population-level epidemiological
surveillance, health-system intelligence, regulatory coordination, and equitable risk
communication. The resulting framework positions contemporary drug safety as a dynamic
translational continuum connecting molecular pharmacological mechanisms, clinical
pharmacotherapy, real-world evidence, pharmacoepidemiological inference, pharmacovigilance
intelligence, regulatory risk governance, and population health protection. Such an integrated
paradigm may strengthen the capacity of healthcare and regulatory systems to anticipate
emerging medication risks, refine therapeutic benefit—risk characterization and reduce
preventable medication-related morbidity, and support safer, more rational, evidence-informed
pharmacotherapy throughout the medicinal-product lifecycle.

Keywords: Pharmacovigilance; Drug Safety; Clinical Pharmacology;, Pharmacotherapy; Public
Health.

INTRODUCTION

The contemporary pharmacological landscape is undergoing a profound epistemological,
methodological, technological, and clinical advancement within the conventional boundaries
separating pharmacology, pharmacotherapy, pharmacovigilance, pharmacoepidemiology, drug
safety, regulatory science, and public health are progressively dissolving. Medicinal products are
no longer conceptualized exclusively as discrete therapeutic interventions evaluated through
predefined efficacy and safety parameters under controlled experimental conditions; rather, they
constitute dynamic components of complex biological, clinical, technological, behavioral,
socioeconomic, and health-system environments in which therapeutic benefits and medication-
related risks continuously interact. This transformation has fundamentally expanded the
intellectual scope of drug-safety science. Contemporary safety assessment increasingly
encompasses the entire medicinal-product lifecycle, from molecular target identification and



I Proceedings of the 14th International Scientific Conference

preclinical pharmacology through clinical development, authorization, prescribing, dispensing,
administration, long-term exposure, post-marketing surveillance, therapeutic optimization, and
eventual reassessment or withdrawal. Within this evolving architecture, pharmacovigilance has
become an essential translational discipline connecting mechanistic pharmacological knowledge
with real-world clinical experience and population-level health protection.

The classical conceptualization of pharmacovigilance was largely constructed around the
detection, assessment, understanding, and prevention of adverse effects or other drug-related
problems. However, the increasing complexity of modern therapeutics has rendered a narrowly
reactive model of adverse-event reporting insufficient for comprehensive drug-safety governance.
Contemporary pharmacotherapy involves increasingly sophisticated biologics, advanced
therapeutic medicinal products, targeted molecular therapies, immunomodulatory agents, gene-
and cell-based interventions, polypharmacy regimens, precision-medicine approaches, and
therapeutics administered to populations characterized by substantial multimorbidity and
physiological heterogeneity. These developments have generated therapeutic opportunities of
unprecedented complexity while simultaneously introducing new categories of uncertainty
concerning delayed toxicities, immunologically mediated reactions, drug—drug interactions, drug—
gene interactions, drug—disease interactions, cumulative exposure, treatment sequencing, off-
target pharmacology, medication-use errors, and population-specific susceptibility. Consequently,
the scientific evaluation of drug safety requires methodological architectures capable of
integrating heterogeneous evidence across molecular, cellular, clinical, epidemiological,
computational, and regulatory domains.

Pharmacology provides the foundational scientific language through which therapeutic and
adverse drug effects can be mechanistically interpreted. Pharmacodynamics elucidates the
relationships among molecular targets, receptor occupancy, intracellular signaling, physiological
responses, and dose-dependent effects, whereas pharmacokinetics characterizes absorption,
distribution, metabolism, and excretion and thereby establishes the temporal and quantitative
determinants of systemic drug exposure. Yet neither pharmacodynamic nor pharmacokinetic
characterization, considered in isolation, can fully explain the complexity of clinical medication
safety. Genetic variation, epigenetic regulation, age, sex, organ function, comorbidity, nutritional
status, concomitant medication, microbiome composition, immune status, environmental
exposure, adherence, and health-system factors can substantially modify pharmacological
response. The clinical manifestation of an adverse drug reaction therefore frequently represents
the emergent consequence of multiple interacting determinants rather than a simple linear
relationship between drug administration and biological harm. This complexity necessitates an
integrative pharmacological perspective capable of connecting molecular mechanisms with
individual susceptibility and clinically observable outcomes.

Clinical pharmacology occupies a particularly important position within this continuum because it
translates fundamental pharmacological principles into human therapeutic contexts. Through
dose optimization, therapeutic drug monitoring, pharmacokinetic and pharmacodynamic
modeling, interaction assessment, pharmacogenomic interpretation, individualized treatment
selection, and evaluation of special populations, clinical pharmacology provides essential
methodological foundations for rational pharmacotherapy. The safety profile of a medicine cannot
be separated from the manner in which it is prescribed, dosed, combined with other medicines,
administered, monitored, and discontinued. A pharmacological agent may demonstrate an
acceptable safety profile under controlled conditions while exhibiting substantially different
patterns of benefit and harm when implemented among patients with multimorbidity, extensive
polypharmacy, variable adherence, or limited monitoring capacity. Accordingly, drug safety must
be understood not merely as an intrinsic characteristic of a molecule but as a dynamic property
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emerging from the interaction among the medicinal product, patient, treatment regimen, clinical
environment, healthcare system, and population.

Pharmacotherapy constitutes the clinical expression of this pharmacological knowledge. The
ultimate purpose of pharmacotherapy is not simply to administer medicines but to achieve
clinically meaningful therapeutic outcomes while minimizing unnecessary exposure and
preventable harm. This objective places benefit—risk optimization at the center of rational
therapeutic decision-making. Every pharmacotherapeutic intervention involves some degree of
uncertainty because therapeutic efficacy and adverse effects are frequently inseparable
consequences of pharmacological action. The same biological pathway responsible for therapeutic
benefit may contribute to toxicity when excessively activated, insufficiently controlled, prolonged,
or expressed within a susceptible biological context. Consequently, therapeutic optimization
requires continuous evaluation of whether the expected clinical benefit remains proportionate to
the probability and severity of potential harm. This relationship is dynamic rather than static and
may change as new evidence emerges, treatment duration increases, patient characteristics
evolve, competing therapies become available, or previously unrecognized safety signals are
identified.

The emergence of pharmacovigilance as a mature scientific discipline reflects recognition that
many clinically consequential medication risks cannot be fully characterized before regulatory
authorization. Clinical trials are indispensable for establishing efficacy, dose-response
relationships, common adverse events, and selected safety parameters, but their population size,
duration, eligibility criteria, monitoring intensity, and experimental conditions necessarily
constrain the breadth of safety knowledge generated before widespread clinical use. Rare adverse
events may remain undetected until exposure reaches millions of patients. Delayed toxicities may
become apparent only after prolonged treatment. Interactions may emerge when medicines are
prescribed across diverse therapeutic contexts. Vulnerable populations may be underrepresented
in development programs. Furthermore, real-world adherence, prescribing patterns, treatment
combinations, comorbidity structures, and healthcare utilization may differ substantially from
controlled trial conditions. Post-authorization pharmacovigilance therefore represents an
indispensable extension of the evidence-generation process rather than a secondary or optional
activity.

Spontaneous adverse-event reporting systems remain an important component of this post-
authorization infrastructure. Individual case safety reports can provide early indications of
previously unrecognized adverse drug reactions and may facilitate the identification of rare,
unexpected, serious, or clinically distinctive events. Nevertheless, spontaneous reporting is
inherently affected by underreporting, stimulated reporting, reporting heterogeneity, missing
information, notoriety effects, duplicate reports, incomplete exposure denominators, and variable
clinical documentation. These limitations mean that individual reports rarely establish causality
independently. Instead, they constitute elements within a broader signal-detection architecture
in which patterns across multiple reports may indicate disproportionate associations warranting
further investigation. The intellectual evolution of pharmacovigilance has therefore involved a
transition from isolated case interpretation toward systematic signal detection, prioritization,
validation, and assessment using increasingly sophisticated analytical methodologies.
Safety-signal detection represents one of the principal methodological domains within modern
pharmacovigilance. A safety signal may arise when available information suggests a new
potentially causal association, or a new aspect of a known association, between a medicinal
product and an event that warrants further investigation. Disproportionality analysis has become
an important approach for identifying reporting patterns that occur more frequently than
expected within large spontaneous-reporting databases. Frequentist and Bayesian methods,
including proportional reporting ratios, reporting odds ratios, information components, and



I Proceedings of the 14th International Scientific Conference

empirical Bayes approaches, have expanded the capacity to screen vast numbers of drug—event
combinations. However, statistical disproportionality does not equate to causal confirmation. A
signal can reflect confounding, reporting artifacts, co-medication, indication-related effects,
changes in prescribing, differential surveillance, or other sources of systematic distortion. Thus,
computational signal detection should be regarded as an evidence-generation mechanism that
initiates rather than completes scientific evaluation.

The increasing availability of large-scale real-world data has transformed the methodological
possibilities of pharmacovigilance. Electronic health records, insurance claims, prescription
databases, pharmacy-dispensing systems, disease registries, laboratory information systems,
patient-generated data, digital health platforms, and longitudinal observational cohorts can
provide information about medication exposure and outcomes across populations that are often
more heterogeneous than traditional trial cohorts. Such resources enable investigators to examine
treatment patterns, comparative safety, utilization trajectories, temporal associations, risk factors,
and outcomes under routine clinical conditions. Real-world evidence can therefore complement
conventional clinical-trial evidence by providing information about effectiveness and safety across
broader patient populations and longer periods of observation. Nevertheless, the analytical value
of real-world data depends fundamentally on data quality, completeness, interoperability,
outcome validity, exposure ascertainment, temporal alignment, appropriate study design, and
transparent statistical methodology.

The expansion of real-world evidence has simultaneously intensified interest in
pharmacoepidemiology. Pharmacoepidemiology provides methodological frameworks for
studying the use and effects of medicines in large human populations, thereby connecting
pharmacology with epidemiological reasoning. Its contribution to drug safety encompasses cohort
studies, case—control studies, self-controlled designs, interrupted time-series analyses, active-
comparator studies, new-user designs, target-trial emulation, comparative safety studies, and
other approaches capable of investigating medication-related outcomes under nonexperimental
conditions. These designs can help estimate relative and absolute risks, identify vulnerable
subgroups, evaluate comparative safety, and investigate the clinical consequences of exposure.
However, observational pharmacovigilance is inherently vulnerable to confounding by indication,
channeling bias, selection bias, immortal-time bias, exposure misclassification and outcome
misclassification, residual confounding, informative censoring, and time-dependent treatment
changes. Consequently, sophisticated study design and causal inference are indispensable for
converting observational associations into scientifically interpretable evidence.

Causal inference has consequently assumed increasing importance in contemporary drug-safety
research. Establishing whether an observed association between a medicinal product and an
adverse outcome reflects a causal relationship requires consideration of temporality, biological
plausibility, dose—response relationships, consistency, specificity where applicable, alternative
explanations, dechallenge and rechallenge evidence, experimental and observational evidence,
and the broader pharmacological context. Modern causal-inference methodologies further
provide formal frameworks for defining estimands, constructing appropriate comparator groups,
controlling measured confounding, addressing time-varying exposure, and estimating
counterfactual treatment effects. Nevertheless, causal inference cannot eliminate uncertainty
when important determinants remain unmeasured or poorly characterized. Consequently, causal
interpretation in pharmacovigilance requires methodological triangulation and integration of
epidemiological, clinical, mechanistic, and regulatory evidence rather than dependence on a single
analytical result.

The mechanistic dimension of pharmacovigilance remains equally important. Statistical
associations become substantially more informative when interpreted within established or
plausible pharmacological pathways. Molecular pharmacology can clarify receptor interactions,
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enzyme inhibition or induction, transporter effects, ion-channel modulation, immune activation,
metabolic perturbation, mitochondrial dysfunction, oxidative stress, genomic instability, and other
mechanisms potentially associated with toxicity. Pharmacogenomics further demonstrates that
genetic variation can modify drug exposure, pharmacodynamic response, susceptibility to adverse
effects, and therapeutic efficacy. Consequently, contemporary drug-safety science increasingly
seeks to integrate mechanistic biomarkers, genomic information, molecular phenotyping, and
clinical outcomes. This integration may contribute to the development of more precise safety
profiles and facilitate the identification of individuals or populations at elevated risk.

Precision medicine introduces additional complexity to this framework. Therapeutic
personalization traditionally emphasizes selection of treatments according to patient-specific
disease characteristics, biomarkers, genetic profiles, or expected therapeutic response. However,
precision pharmacotherapy must also incorporate individualized risk of medication-related harm.
A treatment selected because of a favorable expected efficacy profile may nonetheless be
inappropriate if a patient possesses a pharmacogenetic variant, organ dysfunction, interacting
medication, comorbidity, or physiological characteristic that substantially increases toxicity risk.
Thus, precision pharmacotherapy and precision pharmacovigilance should increasingly be
considered complementary dimensions of individualized therapeutic optimization. The objective
is not merely to identify which medicine is likely to work, but also to characterize for whom, under
what conditions, at what dose, for how long, and with which monitoring strategy the treatment
can be administered with an acceptable benefit-risk profile.

Polypharmacy provides an especially important context for this challenge. The simultaneous use
of multiple medications can generate pharmacokinetic and pharmacodynamic interactions,
therapeutic duplication and cumulative toxicity, adherence complexity, prescribing cascades, and
increased potential for medication errors. Older adults and patients with multimorbidity are
particularly likely to experience complex medication regimens, although medication-related risks
associated with polypharmacy extend across numerous clinical populations. Pharmacovigilance in
this context cannot focus exclusively on individual drug—event pairs. It must increasingly consider
regimen-level exposure, interaction networks, cumulative pharmacological burden, treatment
sequencing, and the clinical context in which multiple agents are administered. Network
pharmacology and computational interaction modeling may contribute to this emerging analytical
perspective, but clinical interpretation remains essential because theoretical interaction potential
does not invariably translate into clinically meaningful harm.

Medication safety also extends beyond adverse drug reactions arising from pharmacological
mechanisms. Medication errors, inappropriate prescribing, inadequate monitoring,
administration errors, adherence problems, incorrect dosing, contraindicated combinations,
transitions-of-care failures, and communication deficiencies can all contribute to medication-
related harm. This distinction between adverse drug reactions and broader medication-related
problems is essential because preventive strategies differ according to underlying mechanisms.
Pharmacological toxicity may require dose adjustment or treatment substitution, whereas
administration errors may require system redesign, education, technological safeguards, or
workflow interventions. Modern drug-safety science therefore increasingly intersects with
medication safety, clinical pharmacy, pharmacotherapeutic stewardship, human factors,
healthcare quality improvement, and patient-safety science.

Clinical pharmacists occupy an important position within this multidisciplinary architecture
because they frequently operate at the interface between pharmacological evidence and
medication use. Medication review, reconciliation, interaction assessment, therapeutic
monitoring, adverse-event identification, patient counseling, adherence support, and
pharmacotherapy optimization can contribute to the early recognition and prevention of
medication-related harm. Pharmacist-led interventions may therefore function as practical
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components of pharmacovigilance implementation, particularly in healthcare environments
where systematic medication monitoring is required. Integration of clinical pharmacy activities
with institutional pharmacovigilance systems can strengthen bidirectional information flow
between individual patient care and population-level safety surveillance.

The concept of medication-harm mitigation has consequently evolved from passive recognition
toward proactive risk management. Risk minimization involves identifying clinically meaningful
hazards and implementing interventions designed to reduce their occurrence or severity while
preserving therapeutic benefits. Such interventions may include prescribing restrictions,
contraindication updates, dose adjustments, monitoring recommendations, educational
programs, medication guides, clinical decision-support tools, treatment protocols, targeted
communication, and post-authorization studies. Their effectiveness must itself be evaluated,
because the existence of a risk-minimization measure does not guarantee appropriate
implementation or meaningful reduction in harm. Contemporary pharmacovigilance therefore
increasingly encompasses the full cycle of risk identification, intervention, implementation,
monitoring, evaluation, and iterative modification.

Regulatory science provides the institutional framework through which pharmacovigilance
evidence is translated into decisions concerning medicinal-product safety. Regulatory authorities
must continuously balance therapeutic innovation against uncertainty and potential harm. This
process requires evaluation of cumulative evidence rather than isolated signals. Regulatory
decision-making may incorporate clinical-trial findings, spontaneous reports, epidemiological
analyses, mechanistic evidence, pharmacological plausibility, utilization data, comparative safety
evidence, and patient perspectives. The resulting actions may include changes to prescribing
information, additional warnings, contraindications, restrictions, enhanced monitoring, post-
authorization safety studies, risk-management measures, or, where justified by the evidence,
substantial modifications to the conditions of use. Regulatory pharmacovigilance is therefore
fundamentally an evidence-governance process characterized by uncertainty, iterative
reassessment, proportionality, and continuing surveillance.

Benefit—risk assessment represents the conceptual foundation linking these activities. A medicinal
product cannot be classified as simply “safe” or “unsafe” independently of its therapeutic context.
The clinically meaningful question concerns the balance between anticipated benefits and
potential risks for defined populations, indications, treatment durations, and alternatives. The
magnitude of an adverse event must therefore be interpreted in relation to disease severity,
therapeutic efficacy, treatment necessity and availability of alternatives, baseline risk, reversibility,
preventability, and patient preferences. A severe but extremely rare adverse event may have a
different clinical significance from a frequent but manageable adverse effect, and the same event
may have different implications in populations with different therapeutic needs. Dynamic benefit—
risk assessment consequently requires continual incorporation of emerging evidence rather than
reliance on a fixed assessment established at authorization.

Public health considerations further broaden the scope of drug-safety science. Medication
exposure occurs at population scale, and relatively uncommon risks can become important public
health concerns when a medicine is widely used. Conversely, restricting access to an effective
therapy because of poorly characterized or disproportionately interpreted safety concerns may
generate unintended health consequences. Public health pharmacovigilance therefore requires
assessment of both the harms associated with medication exposure and the harms potentially
associated with inadequate treatment. This perspective reinforces the need for proportionality,
evidence quality, transparent uncertainty communication, and contextualized risk interpretation.
Public health protection depends not merely on minimizing medication use but on optimizing the
safe and effective use of medicines within populations.
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Health inequities add another layer of complexity. Drug safety profiles may differ across
populations because of variations in genetics, age structure, comorbidity patterns, healthcare
access, prescribing practices, environmental exposures, socioeconomic conditions, health literacy,
and monitoring infrastructure. Populations inadequately represented in clinical development may
subsequently generate safety evidence only after widespread exposure. Pharmacovigilance
systems must therefore consider representativeness and equity in both data generation and signal
interpretation. The expansion of global pharmacovigilance networks provides opportunities for
broader safety surveillance, but differences in reporting infrastructure, regulatory capacity, clinical
documentation, coding systems, and healthcare access can complicate cross-national
comparisons. International harmonization of terminology, data standards, reporting practices, and
analytical methodologies is consequently central to the development of globally responsive drug-
safety systems.

The digital transformation of healthcare is simultaneously creating new opportunities and new
methodological challenges. Artificial intelligence, machine learning, natural-language processing,
automated clinical-record analysis, deep-learning approaches, and large-scale computational
pharmacology may enable identification of safety patterns that are difficult to recognize through
conventional manual surveillance. Automated extraction of adverse-event information from
clinical narratives, integration of heterogeneous datasets, and predictive modeling of patient-
specific risk could substantially expand pharmacovigilance capacity. However, algorithmic systems
introduce concerns involving data representativeness, model calibration, explainability, bias,
privacy, reproducibility, validation, and automation-induced errors. Computational efficiency
should therefore not be equated with scientific validity. Artificial intelligence can augment
pharmacovigilance, but clinical and epidemiological expertise remains essential for contextual
interpretation and regulatory decision-making.

The increasing integration of artificial intelligence with pharmacology also creates opportunities
for mechanistic and predictive safety science. Computational drug—target interaction modeling,
molecular docking, systems pharmacology, toxicity prediction, network-based analyses, and
machine-learning models can contribute to the early identification of potentially hazardous
pharmacological characteristics. Such approaches may facilitate earlier prioritization of
compounds for further investigation and potentially reduce the time required to identify specific
toxicity risks. Nevertheless, predictive models depend on the quality and representativeness of
their training data and require rigorous external validation. Their outputs should therefore be
interpreted as probabilistic evidence rather than definitive clinical conclusions. Integration of
computational prediction with experimental pharmacology, clinical observation, epidemiological
evidence, and regulatory assessment is likely to represent a more scientifically defensible
trajectory than technological substitution of one evidence stream for another.

Another critical transformation concerns the temporal dimension of pharmacovigilance. Drug
safety is not a single endpoint measured at a particular stage but a continuously evolving property
of therapeutic exposure. New indications, new populations, treatment combinations, longer
exposure durations, manufacturing changes, emerging pathogens, changing prescribing behavior,
and new diagnostic capabilities can alter the observed benefit—risk profile of an established
medicine. Similarly, the recognition of previously unappreciated adverse events may modify
clinical understanding years after authorization. Longitudinal surveillance is therefore essential for
maintaining an up-to-date safety characterization. The medicinal-product lifecycle should
consequently be understood as a continuous evidence-generating process in which
pharmacovigilance informs subsequent pharmacological research, clinical practice, regulatory
action, and further safety surveillance.

Patient participation is increasingly relevant within this evolving architecture. Patients experience
medication benefits and harms directly and may identify symptoms or functional changes that are
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not immediately captured through conventional clinical documentation. Patient-reported
outcomes, patient-generated health data, direct adverse-event reporting, and patient
engagement in risk communication can contribute additional dimensions to safety assessment.
Meaningful patient involvement may improve recognition of treatment burdens, enhance
understanding of tolerability, and support communication of uncertainties in ways that are
clinically relevant to therapeutic decision-making. Nevertheless, patient-generated information
requires appropriate validation and contextual interpretation, particularly when symptoms are
nonspecific or when attribution to a medicine is uncertain.

Communication represents a further essential dimension of pharmacovigilance. Identification of
a safety signal has limited public health value if its implications cannot be communicated
accurately to clinicians, pharmacists, patients, regulators, and other stakeholders. Risk
communication must distinguish established causal relationships from preliminary signals and
uncertainty from confirmed evidence. Poorly calibrated communication may lead to inappropriate
discontinuation of beneficial therapies, unnecessary anxiety, underrecognition of genuine risks, or
inappropriate substitution of alternative treatments. Transparent communication should
therefore provide sufficient information to support rational therapeutic decisions while avoiding
both minimization and exaggeration of uncertainty. This is particularly important when safety
signals attract public attention through digital media and rapidly disseminated health information.
The conceptual convergence of pharmacology, pharmacotherapy, pharmacovigilance, and public
health therefore represents more than an expansion of disciplinary terminology. It reflects a
fundamental change in the epistemology of medication safety. The central scientific question has
moved progressively from whether a medicinal product demonstrates efficacy and acceptable
safety under controlled conditions toward how therapeutic effects and risks evolve across
heterogeneous populations, treatment contexts, exposure durations, healthcare systems, and
real-world environments. Answering this question requires integration of mechanistic knowledge,
clinical observation, epidemiological analysis, computational intelligence, patient experience, and
regulatory judgment. Such integration must preserve methodological rigor while acknowledging
that no individual evidence source can adequately characterize the totality of medication-related
risk.

The resulting paradigm can be conceptualized as a multiscalar safety continuum extending from
molecular pharmacology to population health. At the molecular level, pharmacodynamic and
pharmacokinetic mechanisms establish potential therapeutic and toxicological pathways. At the
individual level, clinical pharmacology and pharmacotherapy determine how these pathways
interact with patient-specific characteristics and treatment regimens. At the clinical-system level,
medication-use processes influence adherence, monitoring, interactions, prescribing
appropriateness, and preventable harm. At the epidemiological level, pharmacoepidemiology and
real-world evidence characterize risks across populations and comparative treatment strategies.
At the regulatory level, pharmacovigilance converts accumulated evidence into risk-management
decisions. At the public health level, these processes ultimately influence population morbidity,
mortality, healthcare utilization, therapeutic access, and health-system resilience. The scientific
value of contemporary drug-safety research therefore lies increasingly in its capacity to connect
these scales without reducing one level of evidence to another.

Within this framework, pharmacovigilance should be regarded as an iterative knowledge-
generating discipline rather than a passive reporting mechanism. Each newly identified adverse
event can stimulate mechanistic investigation; mechanistic hypotheses can guide epidemiological
studies; epidemiological findings can refine clinical risk stratification; clinical observations can
generate new safety signals; regulatory interventions can produce additional real-world evidence;
and subsequent evidence can modify therapeutic recommendations. This cyclical process creates
a continuously evolving safety knowledge ecosystem. lIts effectiveness depends upon the
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interoperability of data, methodological transparency, multidisciplinary expertise, international
collaboration, and the capacity to distinguish genuine pharmacological signals from statistical or
reporting artifacts.

The evolutionary advancement of drug safety is therefore inseparable from the broader
transformation of pharmacological science itself. As therapeutics become more targeted,
individualized, biologically complex, and digitally supported, safety assessment must become
correspondingly more mechanistic, longitudinal, computationally informed, clinically
contextualized, and population-oriented. The integration of molecular and clinical pharmacology
with pharmacotherapy provides the mechanistic and therapeutic foundation; pharmacovigilance
supplies systematic safety surveillance; pharmacoepidemiology provides population-level
inference; real-world evidence extends observation beyond controlled research environments;
causal inference strengthens interpretation of observational associations; regulatory science
translates evidence into governance; and public health frameworks contextualize medication-
related risks within broader population consequences.

The present scientific discourse examines the evolutionary advancement of drug safety,
pharmacovigilance, pharmacology, and pharmacotherapy through a multidimensional and
multiscalar framework. Particular attention is directed toward the integration of molecular and
clinical pharmacology, adverse drug reaction surveillance, safety-signal detection and validation,
causal inference, pharmacoepidemiological risk stratification, real-world safety evidence,
therapeutic benefit—risk optimization, medication-harm mitigation, regulatory risk governance,
and population health protection. The overarching premise is that contemporary drug safety
requires a transition from fragmented and predominantly reactive surveillance toward an
integrated, evidence-generating, analytically rigorous, clinically actionable, and prevention-
oriented ecosystem. Such a framework recognizes that the ultimate objective of
pharmacovigilance is not merely to detect adverse events, but to transform heterogeneous safety
information into scientifically defensible knowledge that improves therapeutic decision-making,
strengthens medication-use systems, supports proportionate regulatory action, reduces
preventable harm, and protects population health throughout the medicinal-product lifecycle.

Background

The intellectual development of drug safety has paralleled the transformation of pharmacology
from a predominantly descriptive discipline into an increasingly quantitative, molecularly
informed, clinically embedded, and population-oriented science. Early pharmacological
investigation concentrated primarily on identifying biologically active substances, characterizing
their therapeutic actions, establishing dose—response relationships, and describing observable
toxicities. The subsequent emergence of clinical pharmacology, therapeutic drug monitoring,
pharmacokinetics, pharmacodynamics, pharmacoepidemiology, and regulatory science
progressively expanded the scientific understanding of how medicines behave across individuals
and populations. Pharmacovigilance emerged within this historical trajectory as a systematic
response to the recognition that clinically important medication-related harms may remain
incompletely characterized during preauthorization development and may only become apparent
when medicinal products are used extensively under heterogeneous real-world conditions. The
contemporary discipline consequently represents the cumulative product of several intellectual
transitions: from toxicity description to risk characterization, from individual case recognition to
population surveillance, from passive reporting to active signal generation, and from retrospective
identification of harm toward anticipatory and preventive safety management.

The contemporary concept of a medicinal product's safety profile is inherently dynamic. Safety
cannot be reduced to the frequency of adverse events observed in randomized clinical trials or to
a binary designation of “safe” versus “unsafe.” Rather, it represents a multidimensional
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relationship among pharmacological exposure, biological susceptibility, therapeutic indication,
dose, duration, concomitant treatments, disease state, patient characteristics, healthcare
processes, and competing therapeutic alternatives. The same pharmacological property may
produce benefit in one clinical context and harm in another. A mechanism responsible for
therapeutic efficacy may simultaneously generate dose-limiting toxicity; inhibition of a
physiological pathway may be therapeutically desirable in one disease while clinically hazardous
in another; and an otherwise acceptable exposure may become problematic in the presence of
renal impairment, hepatic dysfunction, pharmacogenetic variation, interacting medicines, or
altered physiological reserve. Drug safety therefore requires contextual interpretation rather than
simple enumeration of adverse events.

Molecular pharmacology provides an essential foundation for such contextualization.
Contemporary understanding of drug action extends beyond classical receptor—ligand interactions
to encompass complex signaling networks, allosteric modulation, biased agonism, intracellular
pathways, ion-channel regulation, transporter biology, enzyme activity, protein degradation,
epigenetic mechanisms, immune signaling, mitochondrial function, and systems-level biological
responses. Therapeutic and adverse effects may emerge from intended target engagement,
secondary target interactions, active metabolites, altered endogenous signaling, immune-
mediated processes, or downstream network perturbations. This mechanistic complexity creates
both opportunities and challenges for pharmacovigilance. Mechanistic knowledge can strengthen
the biological plausibility of suspected adverse reactions and assist in distinguishing potentially
meaningful safety signals from spurious associations. Conversely, incomplete mechanistic
understanding can delay recognition of unexpected toxicities, particularly when adverse outcomes
arise through previously unrecognized pathways.

Pharmacokinetics adds another essential dimension by determining the relationship between
administered dose and systemic or tissue exposure. Variability in absorption, distribution,
metabolism, and excretion can generate substantial interindividual differences in drug
concentrations and consequently in therapeutic and toxic effects. Genetic polymorphisms
affecting drug-metabolizing enzymes and transporters, age-related physiological changes, renal
and hepatic impairment, nutritional status, concomitant medicines, inflammatory states, and
organ-support interventions can modify pharmacokinetic parameters. Pharmacodynamic
variability further complicates this relationship because equivalent concentrations do not
necessarily generate equivalent biological responses among individuals. Consequently,
pharmacological exposure should not be interpreted as a uniform determinant of clinical effect.
The emerging field of pharmacometrics, through population pharmacokinetic and
pharmacodynamic modeling, exposure—response analysis, and model-informed precision dosing,
contributes increasingly sophisticated tools for understanding and managing this variability.
Clinical pharmacology transforms these mechanistic principles into therapeutic knowledge
applicable to human populations. Its contribution to drug safety extends from first-in-human
investigation to postmarketing therapeutic optimization. Dose selection, therapeutic drug
monitoring, interaction assessment, pharmacogenomic interpretation, special-population
pharmacology, exposure—response modeling, and individualized treatment strategies all influence
the safety of pharmacotherapy. Clinical pharmacology also provides an important bridge between
preclinical toxicology and clinical pharmacovigilance by interpreting whether observed adverse
events are pharmacologically plausible and by identifying patient or treatment characteristics that
may increase susceptibility. As therapeutic regimens become increasingly individualized, clinical
pharmacology is progressively integrated with precision medicine, thereby creating opportunities
to move beyond population-average safety estimates toward individualized predictions of
treatment-related benefit and harm.
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Pharmacotherapy represents the operational domain in which these pharmacological principles
become therapeutic decisions. Rational pharmacotherapy requires simultaneous consideration of
indication, expected efficacy, patient characteristics, dose, duration, route of administration,
concomitant medications, contraindications, monitoring requirements, and alternative treatment
options. The safety of pharmacotherapy is therefore dependent not only on the intrinsic
properties of a medicinal product but also on the quality of the therapeutic decision and its
implementation. Inappropriate prescribing, excessive dosing, therapeutic duplication,
unrecognized interactions, inadequate monitoring, medication reconciliation failures, and poor
communication can convert a potentially appropriate therapy into a source of preventable harm.
This recognition has encouraged closer integration between pharmacovigilance and clinical
pharmacy, medication safety, pharmacotherapeutic stewardship, and healthcare quality
improvement.

The distinction between adverse drug reactions and medication-related harm is particularly
important in this context. An adverse drug reaction generally concerns a harmful and unintended
response associated with medicinal-product use, whereas medication-related harm encompasses
a broader spectrum that may include adverse reactions, medication errors, administration
problems, nonadherence, inappropriate prescribing, monitoring failures, and system-level
vulnerabilities. The scientific management of these phenomena requires different but
interconnected approaches. Mechanistically mediated toxicity may require dose modification or
treatment substitution, whereas a prescribing error may require decision-support intervention,
clinician education, workflow redesign, or organizational safeguards. Pharmacovigilance therefore
increasingly operates within a broader patient-safety ecosystem in which pharmacological,
clinical, behavioral, and organizational determinants of harm are jointly considered.

The expansion of pharmacovigilance has been strongly influenced by recognition of the limitations
inherent in premarketing evidence. Randomized clinical trials provide the strongest framework for
controlled evaluation of many therapeutic effects, but their capacity to identify rare or delayed
adverse events is inherently constrained by sample size, observation period, inclusion criteria,
treatment protocols, and monitoring intensity. Participants may differ from routine clinical
populations with respect to age, comorbidity, concomitant medication, adherence, disease
severity, socioeconomic circumstances, and healthcare utilization. Consequently, authorization
represents an important regulatory milestone but not the endpoint of safety knowledge
generation. Postauthorization evidence is necessary to determine whether observed risks change
when medicinal products are used at scale, in diverse populations, over longer periods, and under
less controlled circumstances.

Spontaneous reporting systems have historically provided a principal infrastructure for
postmarketing safety surveillance. Their major scientific value lies in the capacity to generate early
hypotheses concerning previously unrecognized adverse reactions. A single well-documented
case may occasionally identify a clinically important phenomenon, while accumulation of multiple
reports may reveal unusual patterns that justify systematic investigation. However, spontaneous
reporting systems lack complete exposure denominators and are affected by underreporting,
selective reporting, reporting stimulated by publicity, variable clinical documentation, differential
reporting behavior, duplicate reports, missing data, and temporal changes in awareness. These
characteristics make spontaneous reporting particularly valuable for hypothesis generation but
insufficient as an independent basis for most causal conclusions.

The development of quantitative signal-detection methodologies has substantially transformed
the interpretation of large pharmacovigilance databases. Disproportionality analysis enables
systematic screening for drug—event combinations whose reporting frequency differs from a
predefined background expectation. Proportional reporting ratios, reporting odds ratios, Bayesian
confidence propagation neural networks, empirical Bayes methods, and related approaches have
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enabled pharmacovigilance organizations to process large quantities of safety information more
efficiently. Yet statistical disproportionality remains conceptually distinct from causality. A
disproportionately reported event may result from confounding by indication, co-medication,
disease-related risk, reporting bias, stimulated reporting, differential surveillance, or other
artifacts. Signal detection should therefore initiate a structured process of signal assessment
rather than terminate it.

Signal validation represents the transition from statistical observation to scientific interpretation.
Validation may involve clinical case review, examination of temporal relationships, assessment of
dechallenge and rechallenge information, evaluation of alternative explanations, mechanistic
plausibility, examination of dose—response relationships, comparison with previous literature, and
targeted epidemiological investigation. The quality of this process depends upon multidisciplinary
expertise because pharmacological interpretation alone may be insufficient to establish
population-level relevance, while epidemiological association may remain difficult to interpret
without mechanistic understanding. Modern pharmacovigilance consequently increasingly
emphasizes triangulation, whereby independent evidence streams are evaluated collectively
rather than relying on a single analytical method.

Pharmacoepidemiology provides a critical methodological bridge between pharmacotherapy and
population-level drug safety. It examines medication utilization, therapeutic effects, adverse
outcomes, comparative safety, and determinants of treatment-related events across populations.
Pharmacoepidemiological designs enable researchers to estimate relative and absolute risks and
to identify populations with differential susceptibility. Cohort studies, case—control studies, self-
controlled designs, case-crossover approaches, interrupted time-series analyses, active-
comparator studies, new-user designs, and target-trial emulation have expanded the
methodological repertoire available for medication-safety research. Each design offers distinct
advantages and limitations, and appropriate selection depends on the research question,
exposure characteristics, outcome frequency, available data, and anticipated sources of bias.

The increasing emphasis on causal inference reflects the recognition that association alone is
insufficient for robust drug-safety decision-making. Observational data are vulnerable to
confounding because treatment allocation in routine care is not random. Patients receiving
different medicines may differ systematically in disease severity, comorbidity, socioeconomic
circumstances, healthcare utilization, or baseline risk. Confounding by indication is particularly
consequential because the disease prompting treatment may itself increase the probability of the
adverse outcome under investigation. Advanced causal-inference methods, including propensity-
score approaches, inverse probability weighting, marginal structural models, instrumental-
variable strategies, and target-trial frameworks, can strengthen observational analyses when
appropriately designed and implemented. Nevertheless, these methods cannot fully compensate
for unmeasured or poorly measured determinants, and their validity remains dependent on
assumptions that must be explicitly considered.

Real-world data have further expanded the evidentiary infrastructure of pharmacovigilance.
Electronic health records can provide longitudinal clinical information, laboratory results,
diagnoses, procedures, prescribing data, and clinical narratives. Claims databases can facilitate
large-scale analysis of treatment exposure and healthcare outcomes. Pharmacy-dispensing
databases provide additional information concerning medication acquisition and utilization
patterns. Registries may offer disease-specific clinical detail, while patient-generated data can
capture symptoms, functional outcomes, and treatment experiences not routinely documented
in conventional healthcare systems. The integration of these sources can increase the temporal
resolution and population coverage of drug-safety research, although differences in coding
practices, data completeness, interoperability, exposure definitions, and outcome ascertainment
create substantial methodological challenges.
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The concept of real-world evidence has therefore evolved beyond simply analyzing large datasets.
The scientific value of real-world evidence depends upon whether the underlying data are
sufficiently valid and appropriately analyzed to address a clearly defined clinical or regulatory
guestion. Large datasets do not automatically produce reliable evidence. Misclassification,
missingness, selection effects, inconsistent exposure measurement, incomplete clinical
documentation, and systematic differences between data sources can substantially influence
estimates. Consequently, high-quality real-world pharmacovigilance requires rigorous data
curation, prespecified analytical strategies, appropriate comparator selection, transparent
definitions, sensitivity analyses, and validation of key variables.

The growing importance of longitudinal evidence is particularly relevant for chronic
pharmacotherapy. Many adverse outcomes are cumulative, delayed, or dependent on treatment
duration. Long-term exposure mavy alter risk in ways that cannot be detected during short-duration
clinical trials. Conversely, some adverse events may occur primarily during treatment initiation
and then decline as susceptibility or exposure patterns change. Temporal heterogeneity therefore
represents a central component of pharmacovigilance. Time-varying exposure, treatment
discontinuation, switching, dose escalation, adherence changes, and competing risks must be
considered when evaluating longitudinal safety outcomes. This has encouraged the development
of increasingly sophisticated analytical strategies capable of modeling changing exposure and risk
over time.

Polypharmacy intensifies these methodological challenges. The simultaneous use of multiple
medicinal products creates an extensive interaction network in which individual agents may
modify the pharmacokinetics, pharmacodynamics, or toxicity of other agents. Polypharmacy may
also increase therapeutic complexity, reduce adherence, complicate attribution of adverse events,
and generate cumulative physiological burden. Conventional pharmacovigilance approaches
based on isolated drug—event pairs may consequently overlook important regimen-level
interactions. Network-based pharmacology, interaction databases, systems pharmacology, and
computational modeling provide emerging tools for investigating multidrug exposure.
Nevertheless, clinical interpretation remains essential because a theoretical pharmacological
interaction may not necessarily produce a clinically significant outcome under every exposure
condition.

Pharmacogenomics further demonstrates why population-average safety estimates may be
insufficient for individualized pharmacotherapy. Genetic variation can influence drug metabolism,
transporter activity, receptor sensitivity, immune responses, and susceptibility to severe adverse
reactions. Certain drug—gene relationships are sufficiently established to inform prescribing or
dosing decisions, whereas others remain investigational. The incorporation of genomic
information into pharmacovigilance offers opportunities to identify genetically defined risk groups
and explain heterogeneity in treatment response. At the same time, genomic data introduce
considerations involving ancestry representation, population transferability, analytical validity,
ethical governance, and equitable access to precision therapeutics. Precision pharmacovigilance
therefore requires integration of genomic evidence with clinical and epidemiological information
rather than isolated reliance on genetic markers.

The immune system represents another increasingly important dimension of drug safety.
Biological medicines, immune-modulating agents, vaccines, and other advanced therapeutics can
produce adverse events through mechanisms that differ substantially from those associated with
conventional  small-molecule  drugs. Immunogenicity, cytokine-mediated responses,
hypersensitivity, autoimmunity, and immune-mediated organ injury may require specialized
approaches to signal identification and clinical characterization. The complexity of these events
illustrates the growing need for pharmacovigilance systems capable of integrating laboratory
biomarkers, clinical phenotypes, treatment timing, immune status, and mechanistic evidence.
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Advanced therapies have also expanded the conceptual boundaries of pharmacovigilance. Cell
therapies, gene therapies, tissue-engineered products, and other complex biological interventions
may involve long latency periods, individualized manufacturing processes, novel biological
mechanisms, and specialized administration pathways. Their safety surveillance may therefore
require extended follow-up, traceability, specialized registries, and integration of product-specific
characteristics with clinical outcomes. The traditional distinction between pharmacovigilance and
broader biomedical surveillance becomes increasingly blurred as therapeutic products become
more biologically sophisticated.

Artificial intelligence and machine learning are increasingly incorporated into these emerging
pharmacovigilance architectures. Natural-language processing can facilitate extraction of adverse-
event information from clinical narratives, while machine-learning algorithms can identify complex
associations across large heterogeneous datasets. Predictive models may assist in patient-level
risk stratification, while network-based computational approaches can explore relationships
among drugs, targets, diseases, phenotypes, and adverse outcomes. Nevertheless, algorithmic
pharmacovigilance raises concerns regarding data drift, model interpretability, algorithmic bias,
false-positive signals, false-negative detection, external validity, and reproducibility. An
algorithmic association should therefore be regarded as a candidate signal requiring appropriate
clinical, epidemiological, and mechanistic assessment rather than as definitive evidence of
causality.

The emergence of computational pharmacovigilance also reinforces the importance of data
governance. Safety databases may contain sensitive clinical information, and integration across
systems creates challenges concerning privacy, security, data ownership, interoperability, and
ethical use. International pharmacovigilance increasingly depends on standardized terminologies,
coding frameworks, data models, and reporting structures that permit information exchange while
preserving appropriate safeguards. Harmonization is especially important for multinational
surveillance because differences in healthcare systems, regulatory frameworks, prescribing
patterns, reporting practices, and population characteristics can otherwise produce misleading
comparisons.

Regulatory science provides the framework through which these heterogeneous forms of
evidence are translated into risk-management decisions. Regulatory assessment must operate
under uncertainty because safety evidence is rarely complete. Authorities must determine
whether available evidence justifies changes in labeling, additional monitoring, restrictions of use,
postauthorization studies, educational interventions, or other risk-minimization strategies. Such
decisions require proportional interpretation of evidence and consideration of therapeutic
alternatives, disease burden, exposed population size, severity of potential harm, and feasibility
of risk mitigation. Regulatory pharmacovigilance is consequently neither purely statistical nor
purely clinical; it is an interdisciplinary process of evidence synthesis and risk governance.
Risk-management planning has progressively shifted from reactive responses toward proactive
strategies. Identification of potential risks can be followed by targeted monitoring, additional
studies, enhanced surveillance, educational interventions, controlled-access programs, laboratory
monitoring, dose restrictions, or other measures. The effectiveness of these interventions must
subsequently be assessed. A risk-minimization measure that exists formally but is poorly
implemented may have little practical effect. Thus, pharmacovigilance increasingly encompasses
not only detection of risks but also evaluation of whether regulatory and clinical interventions
actually reduce medication-related harm.

Benefit—risk assessment remains the central integrating principle within this framework. The
existence of adverse effects does not automatically imply that a medicinal product has an
unfavorable therapeutic profile. Many effective therapies involve predictable and manageable
risks that must be evaluated against disease severity and therapeutic alternatives. Conversely, a
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rare but catastrophic adverse event may become highly consequential when exposure is
widespread or when susceptible populations are difficult to identify. Benefit—risk characterization
must therefore incorporate event frequency, severity, reversibility, preventability, therapeutic
efficacy, treatment alternatives, patient characteristics, exposure duration, and uncertainty.
Modern benefit—risk assessment is consequently dynamic and context-specific rather than a fixed
property established at authorization.

Public health pharmacovigilance expands this reasoning from individual patients to populations.
The consequences of medication-related harm depend not only on individual risk but also on the
scale of exposure. A rare adverse event affecting millions of users can represent a substantial
public health burden, whereas a more common adverse effect associated with a narrowly
indicated therapy may have a different population impact. Public health surveillance must
therefore integrate incidence, prevalence, exposure volume, severity, preventability, healthcare
utilization, mortality, and distribution of risk across demographic and clinical groups. This
population-level perspective is essential for prioritizing safety interventions and allocating
surveillance resources.

Population heterogeneity is particularly important in global pharmacovigilance. Differences in
genetic architecture, disease epidemiology, prescribing behavior, nutritional status, healthcare
infrastructure, regulatory systems, medication availability, and cultural practices can influence
both drug exposure and observed adverse outcomes. Underrepresentation of particular
populations in clinical trials may generate uncertainty when treatments are subsequently
introduced into those populations. Global pharmacovigilance systems therefore require strategies
that can accommodate heterogeneous data while preserving methodological comparability.
International collaboration, standardized terminology, interoperable data systems, and
harmonized analytical principles are important components of this infrastructure.

Health-system organization itself can function as a determinant of drug safety. Medication
reconciliation processes, prescribing technologies, pharmacist involvement, clinical decision
support, laboratory monitoring, continuity of care, and communication across healthcare settings
influence the probability that medication-related problems will be identified and addressed.
Transitions between inpatient and outpatient care are particularly important because changes in
medication lists, incomplete communication, and therapeutic duplication can generate
preventable risk. Consequently, drug safety cannot be understood exclusively at the molecular or
pharmacological level; it also requires analysis of the systems within which medicines are
prescribed and used.

Patient and caregiver engagement increasingly contributes to this systems perspective. Individuals
receiving pharmacotherapy possess experiential knowledge concerning tolerability, treatment
burden, adherence barriers, and functional effects that may not be fully captured through
traditional clinical documentation. Patient-reported outcomes and direct safety reporting can
supplement clinician-generated information. Effective engagement can also improve
understanding of risk communication and shared therapeutic decision-making. Nevertheless,
patient-reported observations require appropriate contextualization because symptoms may be
nonspecific and causal attribution may remain uncertain. Their value is greatest when integrated
systematically with clinical and pharmacological evidence.

The communication of uncertainty is therefore central to contemporary pharmacovigilance.
Safety evidence frequently evolves incrementally, and early signals may be insufficient to establish
causal relationships. Communicating preliminary findings as definitive can generate inappropriate
treatment discontinuation, whereas minimizing uncertain but potentially important risks can delay
protective action. Scientifically rigorous communication should distinguish signal detection from
signal confirmation, association from causation, and uncertainty from absence of evidence. Such
distinctions are particularly important in an environment characterized by rapid digital information
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dissemination, where incomplete or decontextualized safety information can influence
medication behavior at population scale.

The increasing complexity of medication safety has also reinforced the need for interdisciplinary
collaboration. Pharmacologists contribute mechanistic interpretation; clinical pharmacologists
provide exposure—response and therapeutic expertise; pharmacists contribute medication-use
and stewardship perspectives; epidemiologists contribute population-level methodological
frameworks; statisticians contribute quantitative inference; clinicians contextualize outcomes;
data scientists develop computational approaches; regulatory scientists translate evidence into
governance; and patients provide experiential perspectives. No single discipline can adequately
characterize the full multidimensionality of contemporary drug safety. The future of
pharmacovigilance therefore depends on collaborative epistemologies capable of integrating
evidence across disciplinary boundaries while preserving methodological specificity.

A particularly important conceptual transition is the movement from “adverse-event surveillance”
toward “therapeutic safety intelligence.” The former emphasizes detection of harmful outcomes
after they occur, whereas the latter incorporates mechanistic prediction, risk stratification,
continuous evidence synthesis, contextual interpretation, and proactive prevention. Therapeutic
safety intelligence is not simply a technological concept. It represents a broader organizational
capacity to convert dispersed medication-related information into actionable knowledge. Such
capacity requires interoperable data, validated analytical methods, skilled interpretation,
responsive clinical systems, and regulatory mechanisms capable of acting upon emerging
evidence.

Within this emerging paradigm, the relationship between pharmacovigilance and
pharmacotherapy becomes reciprocal. Pharmacovigilance identifies safety patterns that can
modify prescribing recommendations, while pharmacotherapeutic practice generates new
observations that subsequently inform surveillance. Clinical pharmacists and clinicians may
recognize unusual adverse events, treatment failures, interaction patterns, or unexpected
therapeutic responses that become hypotheses for broader investigation. Conversely, validated
safety signals may result in changes in dosing, monitoring, contraindications, treatment selection,
or patient counseling. The clinical and surveillance domains therefore form a continuous feedback
system.

The same reciprocal relationship exists between pharmacology and pharmacovigilance. Emerging
safety signals may reveal previously unrecognized pharmacological mechanisms, while advances
in molecular pharmacology can predict potential safety liabilities before widespread clinical
exposure. Mechanistic toxicology, systems pharmacology, pharmacogenomics, and translational
pharmacology can therefore contribute to earlier risk identification. This bidirectional relationship
suggests that future drug-safety science should not treat pharmacovigilance as a post hoc
regulatory function but as an integrated component of the broader pharmacological knowledge-
production process.

The public health implications of this integration are substantial. Preventable medication-related
harm contributes to morbidity, mortality, healthcare utilization, treatment discontinuation, loss of
therapeutic benefit, and economic burden. At the same time, fear or misinterpretation of
medication risks can reduce adherence to effective therapies and generate avoidable disease
burden. Public health protection therefore requires a balanced evidence-based approach that
seeks to minimize preventable harm while preserving access to beneficial pharmacotherapy. This
balance cannot be achieved through isolated surveillance measures; it requires integrated
assessment of pharmacological mechanisms, clinical outcomes, population exposure, therapeutic
alternatives, and health-system consequences.

The background to contemporary drug safety thus reflects a convergence of scientific disciplines
and methodological paradigms. Molecular pharmacology explains biological mechanisms; clinical
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pharmacology characterizes therapeutic exposure and response; pharmacotherapy
operationalizes treatment decisions; pharmacovigilance detects and investigates medication-
related safety signals; pharmacoepidemiology estimates risks across populations; real-world
evidence extends surveillance into routine clinical practice; causal inference strengthens
interpretation; computational science increases analytical capacity; regulatory science converts
evidence into risk governance; and public health contextualizes the ultimate consequences of
therapeutic decisions. These domains are increasingly interdependent, and their integration
provides the conceptual basis for a modern safety ecosystem.

The evolutionary advancement of drug safety should be understood as a transition from
fragmented, predominantly reactive approaches toward an integrated, longitudinal, multiscale,
evidence-generating framework. Such a framework recognizes that safety is produced through
interactions among molecular properties, patient characteristics, treatment regimens, clinical
environments, healthcare systems, regulatory structures, and population contexts. It also
recognizes that uncertainty is an intrinsic characteristic of medicine and that responsible
pharmacovigilance does not require elimination of uncertainty but rather its systematic
characterization, communication, and management.

The contemporary challenge is therefore not simply to increase the volume of pharmacovigilance
data but to improve the scientific quality, interpretability, interoperability, and clinical utility of
safety information. More data do not automatically produce better evidence. The central objective
is to establish analytical architectures capable of distinguishing clinically meaningful signals from
statistical artifacts, integrating mechanistic and epidemiological evidence, identifying vulnerable
populations, evaluating interventions, and continuously updating benefit—risk assessments. Such
architectures should be sufficiently sensitive to detect emerging hazards while sufficiently specific
to avoid unnecessary disruption of effective pharmacotherapy.

The drug safety becomes an iterative translational enterprise extending from molecular discovery
to population health protection. The medicinal product is understood not as an isolated chemical
or biological entity but as a component of a dynamic therapeutic system. Its safety profile evolves
as knowledge accumulates, clinical use expands, patient populations diversify, treatment
combinations change, and analytical technologies improve. Pharmacovigilance consequently
functions as an essential mechanism for maintaining alignment between pharmacological
innovation and responsible therapeutic implementation.

The conceptual foundation for examining drug safety through an integrated framework
encompassing pharmacology, pharmacotherapy, pharmacovigilance, pharmacoepidemiology,
real-world evidence, causal inference, regulatory science, medication-harm prevention, and public
health. The central scientific premise is that effective protection from medication-related harm
requires continuous integration of mechanistic knowledge, clinical evidence, population
surveillance, computational analysis, regulatory governance, and therapeutic practice. Within
such a framework, the ultimate objective of drug-safety science is not merely to identify adverse
events after their occurrence, but to develop increasingly anticipatory systems capable of
recognizing vulnerability, detecting emerging signals and clarifying causality, optimizing benefit—
risk relationships, guiding rational pharmacotherapy, mitigating preventable harm, and protecting
population health across the complete medicinal-product lifecycle.

GOAL

The overarching goal of this scientific discourse is to develop a comprehensive, multiscalar and
translational conceptual framework for the contemporary advancement of drug safety,
pharmacovigilance, pharmacology, and pharmacotherapy, integrating mechanistic, clinical,
epidemiological, computational, regulatory, and public-health dimensions of medication-related
risk. Specifically, the discourse seeks to elucidate the interconnected relationships among
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molecular and clinical pharmacology, therapeutic decision-making, adverse drug reaction
surveillance, safety-signal detection and validation, causal inference, pharmacoepidemiological
risk stratification, real-world evidence generation, pharmacotherapeutic optimization, and
benefit—risk characterization. It further aims to examine emerging approaches for medication-
harm prevention and mitigation, including precision pharmacotherapy, pharmacogenomic risk
assessment, computational pharmacovigilance, longitudinal safety monitoring, and evidence-
informed regulatory risk governance. An additional objective is to conceptualize
pharmacovigilance as a proactive and continuously evolving scientific infrastructure capable of
translating heterogeneous safety information into clinically actionable knowledge. The framework
seeks to strengthen the scientific basis for rational pharmacotherapy, improve individualized and
population-level medication safety, support proportionate regulatory decision-making, identify
vulnerable populations, reduce preventable medication-related morbidity, and advance
sustainable public health protection throughout the medicinal-product lifecycle.

METHODOLOGY

This scientific discourse employed an integrative, multiscalar, and translational methodological
framework designed to synthesize contemporary knowledge concerning the evolutionary
advancement of drug safety, pharmacovigilance, pharmacology, and pharmacotherapy across
molecular, mechanistic, clinical, epidemiological, computational, regulatory, and population-
health domains. The methodological architecture was conceptualized as a structured narrative
synthesis incorporating principles of pharmacological reasoning, clinical pharmacology,
pharmacoepidemiology, pharmacovigilance science, medication-safety research, causal
inference, real-world evidence generation, and regulatory risk governance. Rather than restricting
the analysis to a single methodological paradigm, the approach sought to establish an
interdisciplinary evidence architecture capable of integrating heterogeneous forms of scientific
knowledge generated throughout the medicinal-product lifecycle.

The evidentiary domain encompassed peer-reviewed biomedical and pharmaceutical literature
addressing adverse drug reactions, adverse events, medication-related harm, pharmacokinetic
and pharmacodynamic determinants of toxicity, pharmacogenomic susceptibility, drug—drug and
drug—disease interactions, safety-signal detection, signal validation, causality assessment,
pharmacoepidemiological risk estimation, real-world safety evidence, pharmacotherapeutic
optimization, risk-minimization strategies, benefit-risk assessment, and regulatory
pharmacovigilance. Particular analytical emphasis was placed on contemporary developments
involving spontaneous reporting systems, electronic health records, administrative claims
databases, disease and product registries, prescription and dispensing datasets, patient-
generated information, longitudinal observational cohorts, and other real-world data
infrastructures capable of supporting post-authorisation safety surveillance.

The synthesis incorporated a multilevel analytical perspective linking molecular mechanisms with
clinical phenotypes and population-level outcomes. At the mechanistic level, pharmacodynamic
pathways, pharmacokinetic variability, receptor and transporter biology, metabolic pathways,
immune-mediated mechanisms, pharmacogenomic determinants, and biological susceptibility
factors were considered as potential substrates of heterogeneous medication response. At the
clinical level, therapeutic indication, dosing intensity, treatment duration, comorbidity,
polypharmacy, patient vulnerability, adherence, monitoring intensity, and concomitant
pharmacotherapy were examined as determinants of benefit—risk heterogeneity. At the
epidemiological level, exposure—outcome relationships, confounding, indication bias, channeling
bias, selection effects, exposure and outcome misclassification, underreporting, stimulated
reporting, missing data, and temporal ambiguity were incorporated into the interpretive
framework.
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Contemporary computational approaches to pharmacovigilance were additionally examined,
including disproportionality analysis, Bayesian signal-detection methodologies, statistical learning,
machine-learning-assisted pattern recognition, network-based pharmacological analysis, and
artificial-intelligence-enabled safety-signal prioritization. However, computational outputs were
conceptually treated as hypothesis-generating rather than intrinsically causal, requiring
contextualization through biological plausibility, clinical adjudication, epidemiological validation,
and regulatory interpretation. The methodological framework therefore emphasized triangulation
across complementary evidence streams rather than reliance upon isolated analytical signals.
The synthesized evidence was interpreted through a translational benefit—risk perspective,
connecting pharmacological mechanisms, therapeutic decision-making, medication-harm
mitigation, regulatory risk-management interventions, and population-health consequences. This
integrative methodology enabled the discourse to conceptualize pharmacovigilance not as a
passive reporting activity, but as a continuously evolving scientific infrastructure for generating
actionable therapeutic-safety intelligence throughout the complete medicinal-product lifecycle.

RESEARCH FINDINGS, RESULTS AND DISCUSSION

The present research synthesis identifies a profound epistemological and methodological
advancement of contemporary drug-safety science, demonstrating that pharmacovigilance can no
longer be conceptualized exclusively as a post-marketing surveillance mechanism centered on
spontaneous adverse-event reporting. The findings indicate that drug safety has progressively
evolved into a multiscalar, longitudinal, evidence-integrative scientific domain encompassing
molecular pharmacology, clinical pharmacology, pharmacotherapy, pharmacoepidemiology, real-
world evidence, computational analytics, causal inference, regulatory science, medication-safety
engineering, and population health. This transformation reflects the increasing complexity of
therapeutic systems in which medicinal products interact simultaneously with molecular targets,
biological substrates, patient characteristics, disease processes, concomitant therapies,
healthcare environments, and societal determinants of health.

The principal research finding is that drug safety is dynamically constituted rather than intrinsically
fixed. A medicinal product possesses identifiable pharmacological properties, but the clinical
expression of risk depends upon dose, exposure duration, pharmacokinetic disposition,
pharmacodynamic sensitivity, indication, patient susceptibility, comorbidity, polypharmacy,
treatment adherence, monitoring intensity, healthcare-system organization, and availability of
alternative therapies. Consequently, a pharmacological hazard and an observed clinical risk should
not be regarded as synonymous constructs. Hazard represents the capacity to produce harm
under specified conditions, whereas clinical risk incorporates the probability, magnitude, timing,
context, and consequences of that harm within an exposed population.

This distinction provides a fundamental conceptual foundation for contemporary
pharmacovigilance. The same pharmacological mechanism may produce substantially different
clinical outcomes across patient populations because biological susceptibility and exposure
conditions vary. Genetic polymorphisms affecting drug metabolism or transport may modify
systemic exposure; renal or hepatic dysfunction may alter elimination; inflammatory states may
influence pharmacokinetics and pharmacodynamics; concomitant medicines may generate
pharmacokinetic or pharmacodynamic interactions; and disease severity may modify both
baseline outcome risk and treatment intensity. The observed safety phenotype is therefore an
emergent property of the medicine—patient—disease—treatment system.

The synthesis further demonstrates that the historical distinction between pharmacology and
pharmacovigilance has become increasingly porous. Pharmacology establishes the mechanistic
basis through which medicines exert therapeutic and adverse effects, whereas pharmacovigilance
observes how those effects manifest across heterogeneous real-world populations.
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Pharmacotherapy translates pharmacological knowledge into therapeutic decisions, while
pharmacoepidemiology examines treatment effects and risks at the population level. These
domains are therefore complementary components of a broader therapeutic-safety knowledge
architecture.

A particularly important finding is the emergence of bidirectional translationality. Traditionally,
scientific translation has been conceptualized as movement from laboratory discovery toward
clinical application. Contemporary drug-safety science requires a reciprocal process. Molecular
findings generate hypotheses for clinical surveillance, while clinical and epidemiological signals
can stimulate mechanistic investigation. An unexpected clinical association may identify a
biological pathway not previously appreciated, whereas knowledge of a receptor, transporter,
metabolic enzyme, or immune pathway can generate anticipatory hypotheses concerning
potential toxicity. This bidirectionality transforms pharmacovigilance into an active generator of
pharmacological knowledge rather than a passive recipient of adverse-event information.

The research synthesis identifies three major epistemic layers of drug safety: mechanistic
evidence, observational evidence, and decision evidence. Mechanistic evidence addresses
biological plausibility and pharmacological causation; observational evidence characterizes
exposure—outcome relationships under real-world conditions; and decision evidence integrates
uncertainty, therapeutic benefit, comparative risk, clinical relevance, and possible intervention.
None of these layers is sufficient independently. Their scientific value increases when they
converge while retaining their methodological distinctions.

Mechanistic evidence may explain how a medicine could cause an adverse effect but cannot alone
establish its frequency in clinical populations. Observational evidence may demonstrate an
association but can remain vulnerable to confounding and measurement error. Regulatory or
clinical decision-making requires an additional interpretive layer that considers the magnitude and
severity of risk relative to therapeutic benefit and alternatives. The research therefore supports a
triangulated evidence paradigm in which pharmacological, epidemiological, clinical, and
regulatory knowledge are integrated without collapsing one form of evidence into another.

A major finding concerns the transformation from passive surveillance toward intelligent
surveillance. Traditional spontaneous-reporting systems remain foundational because they can
identify unexpected and rare safety concerns. However, contemporary pharmacovigilance
increasingly combines spontaneous reports with electronic health records, administrative claims,
disease registries, prescription and dispensing databases, literature surveillance, patient-reported
information, digital health technologies, and other real-world data. WHO explicitly identifies
pharmacovigilance as encompassing detection, assessment, understanding, and prevention of
adverse effects and other medicine-related problems, while its recent global strategy emphasizes
risk-based and adaptive strengthening of national systems. This transition does not imply that
passive reporting has become obsolete. Rather, the findings demonstrate that spontaneous
reports occupy a distinctive epistemological position. They provide an early-warning mechanism
capable of identifying unexpected medicine—event combinations without requiring investigators
to prespecify every potential outcome. Their limitations—including underreporting, stimulated
reporting, selective reporting, incomplete denominators, variable documentation, and reporting
heterogeneity—mean that they are particularly powerful for signal generation but generally
insufficient for estimating population incidence or establishing causality independently.

The research consequently identifies signal intelligence as a central intermediate stage between
raw safety information and validated safety knowledge. Signal intelligence encompasses the
detection, characterization, prioritization, contextualization, validation, and longitudinal
evaluation of potential safety signals. Current European regulatory practice explicitly distinguishes
detection from validation and subsequent assessment, emphasizing that a safety signal does not
itself establish that a medicinal product caused the reported event.
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A statistical
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disproportionality, or computational anomaly should be treated as a hypothesis requiring
structured investigation rather than as an established adverse drug reaction. Signal validation
must therefore consider the quality of individual case reports, consistency across reports,
temporal relationships, alternative explanations, biological plausibility, previous knowledge,
clinical seriousness, and the potential implications for the benefit—risk profile. (See Table-1).
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A third major finding is that causal inference constitutes the central methodological bridge
between pharmacovigilance and evidence-based safety. Modern safety surveillance generates
enormous quantities of association data, but the scientific question is ultimately causal: whether
exposure to a medicinal product contributes to an observed outcome under specified conditions.
The distinction between association and causation is particularly important because real-world
medication use is non-randomized. Treatment assignment is influenced by disease severity,
prognosis, clinician preference, previous treatment failure, socioeconomic factors, healthcare
access, and other variables.

The resulting confounding structure can be extensive. Patients receiving one therapy may
systematically differ from those receiving another before treatment begins. Consequently, a
higher event rate among treated patients may reflect underlying disease risk rather than
pharmacological toxicity. Similarly, a medicine may be preferentially prescribed to patients already
considered high risk, generating channeling effects that can distort comparative safety analyses.
The research findings support increasingly explicit causal frameworks incorporating active-
comparator designs, propensity-score methods, inverse-probability weighting, self-controlled
designs, target-trial emulation, sensitivity analysis, negative controls, and other approaches where
scientifically appropriate. These methods do not eliminate uncertainty but can make assumptions
explicit and reduce avoidable bias.

The emergence of ICH M14 further reflects this methodological evolution. The 2026 final guidance
establishes general principles for planning, designing, analyzing, and reporting non-interventional
studies using real-world data for safety assessment of medicines. This development is important
because it formalizes the movement toward higher methodological rigor in observational safety
research.

The findings further indicate that real-world data and real-world evidence should be conceptually
distinguished. Real-world data represent routinely collected information concerning health status
or healthcare delivery, including electronic health records, claims, registries, and digital health
sources. Real-world evidence represents the clinical evidence generated through appropriate
analysis of such data. FDA explicitly distinguishes these concepts and recognizes the expanding
potential of fit-for-purpose real-world data to support regulatory oversight across the therapeutic
lifecycle.

The scientific transformation therefore does not arise simply from possessing larger databases. It
depends upon whether those data can answer clearly defined clinical and causal questions with
adequate validity. Data provenance, completeness, coding practices, exposure ascertainment,
outcome validation, temporal structure, representativeness, and confounding control become
essential determinants of evidence quality.

A major finding is consequently the emergence of the principle of fit-for-purpose evidence. No
single database is universally optimal for every pharmacovigilance question. Spontaneous
reporting may be highly suitable for rare unexpected signals; claims databases may be valuable
for utilization and comparative outcomes; electronic health records may provide greater clinical
granularity; disease registries may provide disease-specific follow-up; and prospective cohorts
may offer detailed exposure and phenotype characterization. Methodological appropriateness
therefore depends upon the causal question and the characteristics of the outcome.

The synthesis identifies evidence-source complementarity as superior to evidence-source
competition. A pharmacovigilance system should not ask whether spontaneous reporting,
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electronic health records, registries, or claims are the “best” source in isolation. Rather, it should
determine how each source contributes distinct information to an integrated causal assessment.
Another important finding concerns temporal pharmacovigilance. The safety profile of a medicine
may change over time because exposure accumulates, populations expand, treatment patterns
evolve, new combinations become common, and previously underrepresented groups receive
therapy. Accordingly, safety should be monitored longitudinally rather than interpreted as a static
attribute established at authorization.

The temporal dimension also affects causality. Different adverse outcomes have different latency
structures. Immediate hypersensitivity reactions, acute hemodynamic effects, cumulative organ
toxicity, withdrawal phenomena, and delayed immune or neoplastic outcomes require different
exposure windows. Failure to align analytic risk windows with plausible biological latency can
create both false associations and missed associations.

The research therefore supports the development of mechanism-informed temporal windows.
Pharmacological knowledge should inform the design of epidemiological exposure periods rather
than treating time windows as purely statistical choices.

Another finding is that dose is not equivalent to exposure. Prescribed dose may differ from actual
intake, absorbed dose, systemic concentration, tissue concentration, or biologically active
exposure. Pharmacokinetic variability can produce substantial interindividual differences even
when prescribed regimens are identical. This reinforces the importance of pharmacokinetic and
pharmacodynamic integration in safety research.

Drug—drug interactions further complicate exposure assessment. One medicine may inhibit
metabolism of another, alter transporter activity, modify renal elimination, or produce additive
pharmacodynamic effects. In polypharmacy, therefore, the relevant exposure unit may be the
entire regimen rather than an individual medicine.

The synthesis identifies regimen-level pharmacovigilance as an important extension of
conventional medicine—event surveillance. Instead of evaluating each medicine independently,
future research should increasingly characterize combinations, treatment sequences, cumulative
medication burden, and interaction networks. This is particularly relevant to multimorbidity and
aging populations.

The findings also demonstrate that pharmacological vulnerability is heterogeneous. Genetic
variation, age, organ function, immune status, body composition, nutritional state, comorbidity,
prior treatment history, and concomitant medications can all influence susceptibility. A
population-level average risk may consequently obscure clinically meaningful high-risk subgroups.
Precision pharmacovigilance seeks to address this limitation by identifying patient characteristics
associated with differential risk. Pharmacogenomic information may contribute to this process,
but it should be integrated with clinical phenotype rather than treated as a standalone
determinant. Genotype modifies probability; it rarely determines outcome independently of
environmental and clinical context.

The research further identifies pharmacovigilance as an instrument of precision pharmacotherapy.
Safety surveillance can inform individualized treatment decisions when evidence identifies specific
patient characteristics associated with increased risk. Conversely, individualized pharmacotherapy
generates more detailed safety information that can improve population-level surveillance.

The convergence of pharmacovigilance and precision medicine therefore creates a reciprocal
learning system. Another major finding concerns the expansion from adverse drug reaction
surveillance to medication-harm surveillance. An adverse drug reaction is only one component of
the broader medication-safety domain. Medication-related harm may arise through prescribing
errors, dispensing errors, administration errors, contraindicated use, inadequate monitoring,
interaction-related toxicity, inappropriate duration, adherence problems, therapeutic duplication,

and transitions-of-care failures.
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WHO has specifically emphasized the relationship between pharmacovigilance centers and
medication-error reporting and learning systems, underscoring the importance of integrating
pharmacovigilance evidence with broader patient-safety structures.This finding has substantial
implications for clinical pharmacy. Pharmacists can contribute to medication reconciliation,
interaction screening, dose optimization, therapeutic monitoring, adverse-effect recognition,
adherence  assessment, patient counseling, and interdisciplinary = communication.
Pharmacovigilance is therefore not solely a regulatory function; it is also a clinical practice
infrastructure.

The research synthesis identifies clinical pharmacy as a translational safety interface.
Pharmacologists may characterize mechanisms, epidemiologists may estimate population
associations, and regulators may evaluate benefit—risk implications, but clinical pharmacists
operate directly within medication-use processes. Their observations can therefore provide high-
value information concerning practical tolerability, regimen complexity, interactions, medication
discrepancies, and preventable harm.

Another finding concerns benefit—risk optimization rather than risk elimination. No
pharmacologically active medicine is completely devoid of potential adverse effects. The relevant
scientific objective is therefore not absolute elimination of risk but optimization of therapeutic
benefit relative to potential harm. This requires consideration of disease severity, treatment
effectiveness, alternative therapies, patient preferences, risk modifiers, and the magnitude and
preventability of potential adverse outcomes.

Benefit—risk assessment must consequently remain dynamic. New evidence may alter estimates
of treatment benefit, adverse-event frequency, severity, or subgroup susceptibility. The balance
can also change when new therapeutic alternatives enter clinical practice. WHO' current
pharmacovigilance strategy explicitly places ongoing benefit—risk assessment within the lifecycle
of medicinal products, while the European regulatory framework connects signal assessment to
potential changes in the benefit-risk balance.

The synthesis further identifies risk-minimization effectiveness as a critical research endpoint.
Detecting a risk and communicating it does not necessarily ensure that harm will decrease. A
warning may fail because clinicians do not recognize it, patients do not understand it, monitoring
is inaccessible, or prescribing behavior does not change. Consequently, pharmacovigilance should
increasingly evaluate whether safety interventions produce measurable changes in clinical
practice and outcomes.

This supports a closed-loop model of safety governance: Signal detection - validation - causal
assessment —> risk characterization - intervention - implementation - outcome monitoring -
reassessment. The European regulatory framework similarly describes signal management as a
sequence involving detection, validation, confirmation, analysis and prioritization, assessment,
and recommendation for action.

The research therefore indicates that the ultimate value of pharmacovigilance cannot be
measured solely by reporting volume or the number of detected signals. A mature system should
demonstrate the capacity to transform signals into validated knowledge, appropriate
interventions, and measurable improvements in medication safety.

A finding concerns computational pharmacovigilance. Artificial intelligence, machine learning,
natural-language processing, network analysis, and advanced statistical methods can substantially
increase the capacity to analyze high-dimensional safety information. Such technologies can
identify patterns that are difficult to recognize manually, prioritize large numbers of potential
signals, extract information from unstructured clinical narratives, and integrate heterogeneous
variables. However, computational detection remains fundamentally hypothesis-generating. A
machine-learning model can identify an association without demonstrating that the medicine
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caused the event. Algorithmic performance may also be affected by data quality, coding artifacts,
confounding, selection bias, class imbalance, and changes in clinical practice.

The appropriate conceptual model is therefore human-Al
analytical

computational

systems

increase

capacity

while

pharmacovigilance, in which
pharmacological,

clinical,

epidemiological, and regulatory expertise determines interpretation. The research further
identifies explainability and auditability as essential properties of computational safety systems. A
model used to influence safety decisions should provide sufficient information concerning its
inputs, validation, uncertainty, and limitations to permit expert assessment. Predictive accuracy
alone is insufficient when decisions may affect treatment access, regulatory restrictions, or clinical
practice. (See Table-2).

Table 2. Integrated Evidence-to-Action Architecture for Contemporary Drug Safety
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The findings additionally demonstrate the importance of regulatory intelligence. Regulatory
pharmacovigilance is not simply the administrative endpoint of safety research. It represents a
structured process through which heterogeneous evidence is converted into proportionate
actions, including additional surveillance, postauthorization studies, product-information
modifications, risk-management measures, or other interventions where justified.

EMA's current signal-management framework explicitly permits outcomes ranging from no
immediate action to requests for additional analyses or studies and regulatory changes, including
product-information or risk-management modifications. This illustrates the graduated nature of
safety governance.

The synthesis therefore rejects a binary model in which every validated signal must result in
withdrawal or, alternatively, every uncertain signal must be ignored. Evidence-based safety
governance requires proportionality.

A further finding is the importance of uncertainty quantification. Scientific uncertainty should not
be treated as a weakness to be concealed but as a property of evidence that can be characterized.
Confidence intervals, sensitivity analyses, replication, biological plausibility, data completeness,
and consistency across evidence sources can all contribute to a structured description of
uncertainty.

This is especially important when communicating emerging safety concerns. A suspected signal
may warrant monitoring even when causality is unresolved. Conversely, a statistically significant
association may have limited clinical importance if it is small, poorly reproducible, or attributable
to residual confounding.

The research synthesis therefore supports a graded epistemology of safety evidence: established
risk, strongly supported association, probable association, emerging signal, unresolved
association, and insufficient evidence. These categories should be used descriptively rather than
as substitutes for formal causal assessment.

Another major finding concerns population health protection. Pharmacovigilance has implications
beyond individual clinical encounters because medication-related harm can contribute to
hospitalization, disability, healthcare utilization, productivity loss, treatment discontinuation, and
mortality. Conversely, effective pharmacotherapy prevents substantial disease burden. Public-
health pharmacovigilance must therefore balance both sides of the therapeutic equation.
Population-level safety assessment should consequently consider absolute event burden,
preventability, affected population size, treatment prevalence, alternative therapies, and health-
system consequences. A rare adverse event may have limited population impact if exposure is
uncommon, whereas a modest risk associated with a highly prevalent medicine may generate
substantial aggregate burden. This reinforces the importance of distinguishing individual risk from
population impact. The findings also reveal the increasing importance of equity-sensitive
pharmacovigilance. Safety evidence may be unevenly generated across populations because some
groups are underrepresented in clinical research, have lower access to healthcare, or interact
differently with health systems. Consequently, the absence of evidence concerning a population
should not automatically be interpreted as evidence of equivalent safety.

Equity-sensitive surveillance should examine whether evidence generation, adverse-event
recognition, monitoring, and risk mitigation are distributed appropriately across clinically relevant
populations. This does not require assuming biological differences; rather, it requires identifying
where evidence or healthcare processes may be systematically incomplete.
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The synthesis further identifies global pharmacovigilance capacity as an essential determinant of
population protection. WHO's recent strategy emphasizes strengthening national systems,
integrating pharmacovigilance into regulatory and health-system infrastructures, applying risk-
based prioritization, and developing sustainable and adaptive capacity. This is particularly
important in health systems where spontaneous reporting infrastructure, electronic health
records, pharmacovigilance expertise, regulatory resources, or clinical pharmacy services are
developing. A global safety architecture depends not only on large international databases but
also on the quality and representativeness of local safety information.

The research therefore supports a model of distributed pharmacovigilance, in which national,
regional, institutional, clinical, and patient-generated information streams contribute to a larger
safety ecosystem. Another significant finding concerns data interoperability and evidence
harmonization. Contemporary safety science increasingly depends on combining datasets
generated for different purposes. However, differences in coding, terminology, outcome
definitions, exposure definitions, and data structures can compromise comparability.
Standardized data models and semantic interoperability can therefore facilitate cross-system
analysis.

Nevertheless, harmonization must preserve clinically relevant distinctions. Overstandardization
can conceal meaningful heterogeneity, whereas insufficient harmonization prevents reliable
integration. The optimal strategy is therefore controlled interoperability with explicit
documentation of variable definitions and provenance.

The research further identifies phenotype validation as an indispensable component of real-world
safety studies. A coded diagnosis does not necessarily represent a confirmed clinical event. Robust
safety outcomes may require combinations of diagnostic codes, laboratory results, procedures,
medication patterns, and clinical documentation. Where possible, outcome algorithms should be
validated against appropriate reference standards. This is particularly relevant to serious but
clinically heterogeneous outcomes such as hepatic injury, renal injury, bleeding, hypersensitivity,
arrhythmia, neurological toxicity, and immune-mediated syndromes.

Another finding concerns negative evidence and surveillance sensitivity. Failure to detect a safety
signal cannot be interpreted independently of the sensitivity of the surveillance system. Rare
events, limited exposure, short follow-up, incomplete reporting, and poor outcome ascertainment
can all produce false reassurance.

Consequently, the absence of evidence should be interpreted according to the strength and
sensitivity of the underlying surveillance infrastructure. Repeated absence of an association across
large, well-designed, adequately powered studies provides stronger reassurance than a single
negative analysis based on limited data.

The synthesis also identifies evidence discordance as an informative phenomenon. If spontaneous
reporting indicates a potential signal but epidemiological studies do not reproduce it, the
discrepancy may reflect reporting bias, insufficient power, population differences, or confounding.
Conversely, an epidemiological association without substantial spontaneous-report evidence may
reflect underrecognition, limited reporting, or a clinical phenotype that is difficult to recognize as
medicine-related.

Discordance should therefore stimulate methodological investigation rather than immediate
selection of one evidence stream as inherently correct. Another important finding concerns
intervention-induced changes in the data-generating process. Regulatory warnings, media
attention, professional education, and clinical alerts can alter prescribing, monitoring, and
reporting. Consequently, post-intervention safety data may not be directly comparable with pre-
intervention data without accounting for these changes. This creates an important methodological
paradox: successful pharmacovigilance can make a safety problem appear more visible initially
because awareness and reporting increase, while actual severe harm may subsequently decline.
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Therefore, evaluation of interventions requires multiple complementary indicators rather than
crude report counts.

The research further identifies medication-use complexity as a fundamental determinant of
safety. As therapeutic regimens become more individualized and multimorbidity becomes more
prevalent, simple one-drug/one-disease models increasingly fail to capture clinical reality.
Treatment sequences, combination therapy, switching, dose titration, and deprescribing must be
incorporated into contemporary safety analyses.

This leads to the concept of therapeutic trajectory analysis, in which patient medication histories
are treated as dynamic sequences rather than static exposure categories. Such approaches can
identify risk associated with initiation, escalation, combination, switching, discontinuation, and re-
exposure.

The synthesis also highlights treatment sustainability as an important safety outcome. An adverse
effect that does not result in hospitalization may nevertheless cause treatment discontinuation,
nonadherence, reduced quality of life, or therapeutic failure. Therefore, safety assessment should
incorporate outcomes reflecting whether patients can safely and sustainably remain on clinically
beneficial therapy. This perspective is particularly relevant to chronic pharmacotherapy, where
tolerability is a prerequisite for long-term effectiveness.

The research further establishes a strong relationship between pharmacovigilance and evidence-
based medicine. Evidence-based safety requires not simply accumulation of safety information
but critical appraisal of evidence quality, applicability, consistency, and uncertainty. The same
principles used in evidence-based therapeutic decision-making—explicit clinical questions,
appropriate comparators, valid outcomes, systematic assessment of bias, and transparent
uncertainty—should be applied to safety questions. Consequently, pharmacovigilance should be
viewed as an essential component of evidence-based pharmacotherapy rather than a separate
regulatory activity.

The final synthesis of the research findings establishes that contemporary drug safety is best
represented as an adaptive, multiscalar, evidence-generating system. At the molecular level, it
investigates mechanisms of therapeutic and adverse effects; at the clinical level, it evaluates
exposure, response, interactions, and vulnerability; at the population level, it estimates
comparative and absolute risks; at the computational level, it identifies patterns across high-
dimensional datasets; at the regulatory level, it translates evidence into proportionate action; and
at the public-health level, it evaluates population burden, preventability, equity, and health-
system consequences.

The resulting scientific architecture can be summarized as: Mechanistic pharmacology —>
exposure characterization = clinical pharmacotherapy - adverse-event observation - safety-
signal intelligence — causal inference - pharmacoepidemiological stratification - real-world
evidence integration - benefit-risk optimization - medication-harm mitigation - regulatory
adaptation - population-health protection - continuous evidence generation.

This sequence should not be interpreted as a rigid linear pathway. Rather, it represents a recursive
learning architecture in which evidence can enter at multiple points and generate feedback across
scales. A clinical observation can stimulate molecular research; a molecular mechanism can
generate a pharmacovigilance hypothesis; an epidemiological signal can initiate targeted clinical
investigation; and a regulatory intervention can generate new real-world evidence.

The principal research conclusion emerging from this synthesis is therefore that the advancement
of drug safety represents a transformation in scientific architecture, not merely an expansion of
surveillance technology. Pharmacovigilance is increasingly becoming a translational discipline that
connects pharmacological mechanism with real-world therapeutic experience and connects
clinical observations with population-level risk governance.
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Its future effectiveness will depend upon the capacity to integrate heterogeneous evidence
without confusing association with causation, computational prediction with biological
explanation, statistical significance with clinical importance, or regulatory action with evidence
certainty. The most scientifically robust framework is one that combines mechanistic plausibility,
high-quality clinical observation, rigorous epidemiological methodology, computational
intelligence, transparent uncertainty characterization, patient-centered evidence, and continuous
benefit—risk reassessment.

Within this framework, evidence-based safety becomes the organizing principle linking
pharmacology and pharmacotherapy to population health. The ultimate objective is not simply to
identify adverse effects but to understand their determinants, quantify their clinical significance,
identify susceptible populations, prevent avoidable medication harm, preserve therapeutic
benefit, and continuously refine the conditions under which medicines can be used safely and
rationally throughout their entire lifecycle.

The integrative research synthesis shows that the contemporary scientific architecture of drug
safety can no longer be adequately represented by a linear sequence extending from preclinical
pharmacology through clinical development and, subsequently, post-marketing adverse-event
reporting. The principal finding emerging from the present multiscalar analysis is that drug safety
constitutes a dynamic, context-dependent, evidence-generating continuum in which
pharmacological mechanism, therapeutic exposure, patient susceptibility, clinical decision-
making, healthcare-system organization, epidemiological context, computational surveillance,
regulatory intervention, and population-level consequences are reciprocally interconnected. The
conceptual separation traditionally maintained among pharmacology, pharmacotherapy,
pharmacovigilance, pharmacoepidemiology, and medication-safety science therefore becomes
progressively less tenable as therapeutic environments become increasingly complex, data-
intensive, biologically stratified, and longitudinally monitored. Drug-related risk is not an
immutable characteristic of a medicinal product; rather, it emerges through interactions among
pharmacological properties, dose and exposure, biological vulnerability, treatment context,
concomitant therapies, disease state, adherence, monitoring, healthcare delivery, and duration of
exposure.

A central research finding concerns the progressive transformation of drug safety from a
predominantly reactive surveillance discipline toward an anticipatory and continuously adaptive
scientific enterprise. Classical pharmacovigilance has historically relied substantially upon
spontaneous adverse-event reporting, aggregate case evaluation, signal detection, and
subsequent regulatory assessment. These functions remain indispensable because spontaneous
reporting can identify rare, unexpected, serious, or previously unrecognized safety phenomena
that may not be adequately represented within controlled clinical-development populations.
Nevertheless, contemporary therapeutic environments generate safety information through
substantially broader channels. Electronic health records, insurance and administrative claims,
disease registries, prescription and dispensing databases, laboratory information systems,
genomic datasets, longitudinal cohort studies, patient-reported outcomes, mobile-health
platforms, and other real-world data sources collectively enable a more multidimensional
representation of medication exposure and outcome. The resulting methodological transition is
not simply an expansion in data volume. It constitutes a transformation in the epistemology of
drug safety because the object of investigation shifts from isolated reports toward longitudinal
exposure—outcome trajectories.

The synthesis further indicates that spontaneous reports and real-world observational data should
not be conceptualized as competing evidence infrastructures. Their scientific value is
complementary. Spontaneous reporting systems are particularly informative for hypothesis
generation and the recognition of unusual patterns, whereas longitudinal healthcare databases
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can provide denominators, comparative exposure groups, temporal information, and estimates of
relative or absolute risk. Clinical trials contribute controlled experimental evidence concerning
efficacy and common adverse events, while mechanistic pharmacology can establish biological
plausibility and illuminate pathways through which adverse outcomes may arise.
Pharmacogenomics can identify genetically mediated heterogeneity, and clinical pharmacology
can contextualize these findings through pharmacokinetic and pharmacodynamic principles.
Regulatory science integrates these heterogeneous evidence streams into decisions concerning
product information, monitoring requirements, risk-minimization measures, and, where
warranted, restrictions or other interventions. The resulting architecture is therefore best
characterized as evidence triangulation rather than evidentiary substitution.

The multiscalar relationship between pharmacological mechanism and clinical safety represents
another major finding. At the molecular level, adverse effects may arise from intended
pharmacological activity, exaggerated target engagement, off-target interactions, metabolite
formation, receptor promiscuity, transporter modulation, enzyme inhibition or induction,
mitochondrial disturbance, oxidative stress, immune activation, altered cellular signaling, or
disruption of physiological homeostasis. However, molecular toxicity does not translate
automatically into clinically meaningful harm. The probability and severity of an adverse outcome
depend upon exposure magnitude, tissue distribution, treatment duration, host susceptibility,
comorbid disease, concomitant medicines, physiological reserve, and the effectiveness of
monitoring and intervention. Consequently, molecular pharmacology provides mechanistic
explanation, whereas clinical pharmacology provides exposure—response contextualization and
pharmacovigilance establishes population-level surveillance.

This distinction is particularly important when interpreting pharmacodynamic adverse reactions.
An adverse effect may represent an extension of the desired therapeutic mechanism, an
exaggerated response, an off-target pharmacological phenomenon, or a mechanistically
independent toxicological process. The same medicinal product can therefore produce beneficial
and harmful effects through partially overlapping biological pathways. Therapeutic optimization
requires neither the elimination of all pharmacological effects nor an unrealistic assumption that
adverse events can be completely prevented. Instead, the objective is to maximize therapeutic
benefit while reducing clinically consequential and preventable harm through appropriate patient
selection, dose individualization, monitoring, interaction management, and timely therapeutic
modification.

The analysis identifies a fundamental distinction between adverse drug reactions, adverse events,
medication errors, and broader medication-related harm. These concepts cannot be used
interchangeably without compromising analytical precision. An adverse event occurring during
treatment does not necessarily establish pharmacological causality. Conversely, medication-
related harm may arise from prescribing errors, dispensing errors, administration failures,
inappropriate duration, inadequate monitoring, nonadherence, drug—drug interactions,
contraindicated use, or failures of care coordination even when the intrinsic pharmacology of the
medicinal product is well characterized. Pharmacovigilance therefore intersects with, but does not
completely encompass, the broader patient-safety ecosystem.

This conceptual differentiation has important implications for research methodology. If all
unfavorable clinical outcomes temporally associated with medication exposure are interpreted as
pharmacologically caused adverse reactions, causality will be systematically overestimated. If only
spontaneous reports judged highly likely to represent adverse drug reactions are considered,
important system-level medication harms may be overlooked. The appropriate analytical
framework therefore requires explicit classification of the event, exposure, temporal relationship,
competing explanations, biological plausibility, dechallenge/rechallenge information where
available, and contextual determinants. (See Table-3).
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Table 3. Multiscalar Architecture of Contemporary Drug-Safety Research
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The synthesis indicates that these scales should not be treated as isolated analytical
compartments. Rather, safety evidence gains explanatory strength when information is
propagated bidirectionally across scales. A molecular mechanism may generate a mechanistic
hypothesis requiring epidemiological validation; conversely, an epidemiological signal may
stimulate mechanistic investigation. A pharmacogenomic association can explain heterogeneity
initially observed in clinical practice, while a clinical safety pattern can identify biological
mechanisms not previously recognized. This reciprocal translation is one of the defining
characteristics of contemporary drug-safety science.

A further major finding concerns the role of exposure characterization. Drug safety cannot be
meaningfully evaluated without accurate representation of who received the medicine, why it was
prescribed, at what dose, for what duration, with which concomitant therapies, and under what
clinical circumstances. Exposure is therefore multidimensional. Binary classifications such as
“treated” versus “untreated” can conceal substantial variation in cumulative dose, treatment
intensity, adherence, persistence, switching, discontinuation, dose escalation, intermittent
exposure, and combination therapy. Such distinctions become particularly consequential for
adverse outcomes characterized by cumulative toxicity, delayed latency, withdrawal phenomena,
or dose-dependent risk.

The temporal dimension of exposure is similarly important. A medication-associated outcome may
occur within minutes, days, months, or years depending on the underlying mechanism. Immediate
hypersensitivity reactions have markedly different temporal characteristics from cumulative organ
toxicity, metabolic complications, malignancy-related outcomes, or withdrawal syndromes.
Consequently, surveillance systems and epidemiological analyses must align exposure windows
with plausible biological latency periods. Failure to establish appropriate risk windows may
generate exposure misclassification, dilute associations, or create spurious temporal relationships.
The research synthesis further identifies polypharmacy as a critical transitional domain between
pharmacology and clinical medication safety. Increasing numbers of patients receive multiple
medicines simultaneously because of multimorbidity, aging populations, chronic disease burden,
and expanding therapeutic options. Polypharmacy modifies pharmacological risk through additive
toxicity, synergistic pharmacodynamic effects, pharmacokinetic interactions, competition for
metabolic pathways, altered adherence, regimen complexity, and cumulative treatment burden.
The clinically relevant unit of analysis therefore frequently shifts from an individual medicine
toward the medication regimen as a pharmacological system.

This has significant implications for pharmacovigilance. Conventional signal detection often
evaluates medicine—event pairs, whereas clinically important harm may arise from medicine—
medicine—patient—disease interactions. For example, an individual medicine may exhibit an
acceptable safety profile in isolation but contribute to clinically significant harm when combined
with another treatment in a susceptible patient. Consequently, future pharmacovigilance
methodologies require greater capacity for multidrug interaction analysis, regimen-level risk
modeling, and patient-specific vulnerability assessment.

The synthesis also identifies medication indication as a central determinant of observed safety.
The same pharmacological exposure can carry different apparent risks depending upon the
underlying disease population. Patients receiving a drug for severe disease may have higher
baseline mortality, inflammation, hospitalization, organ dysfunction, or thrombotic risk
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independent of treatment. This produces substantial potential for confounding by indication.
Similarly, treatment channeling may result in higher-risk patients preferentially receiving
particular therapies, generating apparent associations that partly reflect prescribing selection
rather than direct drug effects. (See Table-4).

Table 4. Principal Sources of Bias and Uncertainty in Drug-Safety Research
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The discussion of bias is not merely methodological formalism. It directly determines whether a
safety signal can be translated into clinically meaningful action. A computationally strong
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association may remain epidemiologically ambiguous if exposure and outcome are poorly
characterized. Conversely, a modest statistical association may become highly compelling when
supported by consistent temporal relationships, dose-response patterns, biological plausibility
and replication across independent databases, and mechanistic evidence. The interpretation of
safety evidence therefore requires proportionality between statistical strength and evidentiary
context.

A major finding concerns the increasing importance of causality assessment as a bridge between
signal generation and clinical interpretation. Signal detection identifies patterns that merit
investigation; it does not by itself establish causation. Disproportional reporting may indicate that
an event occurs more frequently with a particular medicine than expected within a reporting
database, but reporting disproportionality can be influenced by stimulated reporting, indication,
publicity, reporting behavior, differential surveillance, and database structure. Similarly, machine-
learning models can detect complex associations without necessarily establishing mechanistic or
causal relationships.

The contemporary pharmacovigilance workflow must therefore be understood as a sequence of
increasingly discriminating analytical operations: detection, prioritization, characterization,
validation, causal assessment, clinical contextualization, epidemiological confirmation, benefit—
risk interpretation, and regulatory or therapeutic response. The value of artificial intelligence and
computational analytics is greatest when these systems augment rather than replace scientific
judgment.

The analysis demonstrates that Bayesian and disproportionality approaches have particular utility
within large spontaneous-reporting systems because they can identify unexpected medicine—
event combinations and prioritize signals according to statistical characteristics. Yet signal scores
should not be interpreted as estimates of absolute clinical risk unless their underlying
denominators and methodological assumptions permit such interpretation. A high reporting ratio
does not necessarily mean that an event is common among exposed patients, just as a low
reporting frequency does not necessarily indicate clinical insignificance. Signal strength and clinical
importance are distinct constructs.

This distinction becomes especially important for rare but serious adverse outcomes. A rare event
may generate limited numbers of reports while carrying substantial clinical importance because
of severity, preventability, reversibility, or mortality. Conversely, a frequently reported but mild
event may have high reporting volume without requiring the same regulatory response.
Contemporary pharmacovigilance must therefore integrate frequency, severity, preventability,
reversibility, affected population, biological plausibility, exposure prevalence, and therapeutic
necessity into a multidimensional prioritization framework.

The research synthesis further demonstrates that real-world evidence has become increasingly
important in resolving uncertainties that remain aftermarket authorization. Clinical trials are
indispensable for estimating efficacy and characterizing common adverse events under controlled
conditions, but their eligibility criteria, sample sizes, follow-up periods, treatment adherence, and
monitoring intensity may differ substantially from routine clinical practice. Post-authorisation real-
world evidence therefore provides an essential complement by representing heterogeneous
patients, multimorbidity, polypharmacy, variable adherence, off-label use, treatment switching,
and longer-term exposure. However, the mere presence of real-world data does not automatically
produce valid real-world evidence. Data provenance, completeness, representativeness, coding
practices, missingness, linkage quality, exposure ascertainment, outcome validation, confounding,
and analytic specification all influence evidentiary reliability. The transformation from real-world
data to decision-grade evidence requires explicit causal questions, target-population definition,
appropriate study design, validated variables, prespecified analytical strategies, sensitivity
analyses, and transparent interpretation.
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The synthesis therefore identifies an important epistemological distinction: data abundance is not
equivalent to evidentiary certainty. Contemporary pharmacovigilance increasingly possesses
enormous quantities of observational information, but the principal methodological challenge is
transforming heterogeneous data into reliable causal and clinical knowledge. This requires
methodological sophistication rather than merely larger datasets.

The relationship between pharmacology and pharmacovigilance becomes particularly evident in
precision medicine. Genetic variability in drug-metabolizing enzymes, transporters, receptors,
immune pathways, and disease-associated molecular targets can modify pharmacokinetics,
pharmacodynamics, therapeutic response, and adverse-event susceptibility. Pharmacogenomics
can therefore provide a mechanistic basis for individualized risk stratification. Nevertheless,
genetic information should not be interpreted independently of environmental, clinical,
behavioral, and treatment-related determinants. A genotype may alter probability rather than
determine outcome, and clinical implementation requires integration with phenotype,
concomitant medicines, disease state, and exposure.

Precision pharmacotherapy consequently represents more than genotype-guided prescribing. It
encompasses individualized selection of medicines, dose optimization, therapeutic monitoring,
interaction assessment, risk prediction, and longitudinal reassessment. Pharmacovigilance
becomes an essential feedback mechanism within this model because treatment-related
outcomes observed after implementation can refine individual and population-level
understanding of therapeutic heterogeneity.

The research synthesis also reveals a transformation in the meaning of “risk.” Traditional risk
characterization frequently emphasizes the probability of an adverse outcome attributable to a
medicine. Contemporary medication safety requires broader consideration of the counterfactual
risks associated with withholding effective treatment, substituting an alternative therapy, delaying
treatment, undertreating disease, or interrupting therapy. Benefit—risk assessment is therefore
intrinsically comparative. A medicine with a known adverse-event profile may remain clinically
appropriate when its expected therapeutic benefits exceed those of available alternatives under
a particular clinical circumstance. Conversely, a relatively infrequent adverse outcome can
become highly consequential when effective alternatives exist or when affected populations are
particularly vulnerable. (See Table-5).

Table 5. Evidence Triangulation Across the Drug-Safety Continuum
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Another major finding is the emergence of therapeutic safety intelligence as a useful conceptual
bridge between conventional pharmacovigilance and contemporary data-driven medicine.
Therapeutic safety intelligence may be conceptualized as the organized capacity to transform
heterogeneous pharmacological, clinical, epidemiological, computational, and patient-generated
information into actionable knowledge concerning medication-related risk. Within this
framework, intelligence does not imply automated decision-making. Instead, it represents an
iterative process of information acquisition, signal detection, contextual interpretation, evidence
integration, uncertainty characterization, and therapeutic or regulatory response.

This conceptualization has particular relevance to clinical pharmacy and pharmacotherapy. Clinical
pharmacists operate at a critical interface between pharmacological knowledge and patient-level
medication use. Medication reconciliation, interaction assessment, dose optimization, therapeutic
monitoring, adverse-event recognition, patient counseling, adherence support, and
interdisciplinary communication can all function as proximal medication-safety interventions.
Pharmacovigilance therefore should not be confined to regulatory institutions or specialized
surveillance centers. It should also be embedded within clinical workflows.

The integration of pharmacovigilance into pharmacotherapy can transform medication safety
from a retrospective reporting obligation into a prospective therapeutic practice. Before
treatment initiation, clinicians can evaluate contraindications, patient-specific risk factors,
interaction potential, and pharmacogenomic information where clinically appropriate. During
therapy, they can monitor laboratory parameters, symptoms, treatment response, adherence,
and emerging adverse effects. Following treatment modification or discontinuation, they can
assess dechallenge outcomes and document clinically relevant safety information. This
longitudinal cycle produces clinically meaningful information that can feed back into institutional
and population-level pharmacovigilance.

The synthesis further identifies the medication-use process itself as an important determinant of
safety. Prescribing, transcription, dispensing, administration, monitoring, and follow-up represent
interconnected stages. A pharmacologically safe medicine can nevertheless contribute to
preventable harm if used incorrectly, while a medicine with substantial intrinsic risk may be used
safely through appropriate patient selection and intensive monitoring. Accordingly, drug safety
and medication safety should be regarded as overlapping but analytically distinct constructs.

The results also emphasize the importance of vulnerable populations. Older adults, pediatric
populations, pregnant patients, individuals with renal or hepatic impairment, patients with
multiple chronic diseases, immunologically vulnerable populations, and persons receiving complex
polypharmacy may experience substantially different benefit—risk profiles from those represented
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in conventional trial populations. Underrepresentation of such populations can generate
uncertainty that becomes visible only after broader clinical use. Post-authorisation surveillance
therefore serves not merely as a mechanism for identifying unexpected toxicity but also as a
mechanism for evaluating therapeutic generalizability.

Age-related physiological changes illustrate the importance of pharmacokinetic and
pharmacodynamic integration. Changes in renal clearance, hepatic metabolism, body
composition, protein binding, receptor sensitivity, and homeostatic reserve may alter both
exposure and response. When multiple medicines are administered simultaneously, these effects
may interact. Consequently, age cannot simply be treated as a demographic adjustment variable;
in many clinical contexts it represents a complex biological modifier of pharmacological response.
Renal and hepatic dysfunction provide another example of the necessity of integrated
pharmacology. Altered clearance can increase systemic exposure, while changes in protein binding
or metabolic capacity may modify free concentrations. Pharmacodynamic vulnerability may
simultaneously increase, meaning that toxicity can arise from both altered exposure and altered
tissue sensitivity. Therapeutic drug monitoring, dose adjustment, laboratory surveillance, and
careful evaluation of concomitant medicines therefore become components of
pharmacovigilance-informed pharmacotherapy.

The analysis additionally identifies immune-mediated adverse drug reactions as an area where
molecular, clinical, and pharmacovigilance evidence must be tightly integrated. Such reactions can
exhibit complex latency, heterogeneous clinical presentation, and variable recurrence patterns.
Mechanistic investigation can provide explanatory hypotheses, whereas clinical recognition and
structured reporting facilitate signal generation. Epidemiological studies can establish population-
level associations, and pharmacogenomic research may identify susceptibility markers. The
resulting evidence architecture illustrates how contemporary pharmacovigilance increasingly
operates as a translational science rather than an isolated reporting discipline.

Another important finding concerns the safety evaluation of advanced therapeutic modalities.
Biological medicines, gene therapies, cell-based products, immunomodulatory therapies, and
other advanced interventions may generate safety profiles characterized by delayed effects,
immune-mediated phenomena, complex biological mechanisms, manufacturing-related variables,
or limited preauthorization population sizes. Conventional medicine—event surveillance remains
necessary but may require augmentation through product-specific registries, long-term follow-up,
specialized clinical adjudication, and mechanistically informed monitoring.

For advanced therapies, the concept of lifecycle surveillance becomes especially important. Safety
monitoring cannot necessarily terminate when the initial authorization decision is made because
some clinically important outcomes may emerge only after prolonged exposure or treatment of
larger and more diverse populations. The appropriate surveillance duration must therefore
correspond to plausible biological latency, persistence of therapeutic effects, and potential long-
term consequences. (See Table-6).
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Table 6. Evolutionary Advancement of Pharmacovigilance
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The computational transformation of pharmacovigilance constitutes another major component of
the findings. Large-scale databases can contain millions of records that exceed the practical
capacity of conventional manual review. Machine learning, natural-language processing, graph-
based analysis, temporal pattern recognition, and other computational approaches can facilitate
prioritization, classification, information extraction, and association discovery. Such technologies
may be particularly valuable for identifying nonlinear interactions, multidimensional patterns, and
weak signals distributed across heterogeneous data structures.

Nevertheless, algorithmic sophistication introduces new forms of uncertainty. Training-data bias,
class imbalance, incomplete labels, coding artifacts, temporal drift, dataset shift, opague model
architecture, and inappropriate validation can undermine model reliability. An algorithm may
accurately reproduce patterns embedded within a database while failing to distinguish causal
pharmacological relationships from prescribing behavior or healthcare utilization patterns.
Therefore, computational pharmacovigilance requires model validation, calibration, external
replication, explainability where feasible, and continuous monitoring of model performance.
Artificial intelligence should consequently be regarded as an augmentation technology within
pharmacovigilance rather than an autonomous substitute for pharmacological and clinical
reasoning. Human experts remain necessary for determining whether an association is biologically
plausible, clinically meaningful, epidemiologically credible, and proportionate to the potential
therapeutic consequences of regulatory or clinical intervention.

The synthesis further indicates that natural-language processing may have particular importance
because clinically meaningful safety information frequently exists in unstructured narratives,
discharge summaries, clinical notes, spontaneous-report descriptions, and patient
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communications. Automated extraction can potentially identify symptoms, temporal
relationships, suspected medicines, dose information, dechallenge/rechallenge information, and
relevant comorbidities. However, language ambiguity, negation, abbreviations, incomplete
documentation, and contextual dependence require sophisticated validation.

Network pharmacology provides another emerging analytical perspective. Instead of evaluating
drug—event relationships independently, network-based approaches can model relationships
among drugs, targets, pathways, diseases, phenotypes, and adverse outcomes. This may reveal
mechanistic clusters or shared biological pathways associated with toxicity. Such methods may be
particularly useful in polypharmacy and multimorbidity research, where conventional pairwise
analysis may inadequately represent complex pharmacological systems.

The research synthesis also identifies the increasing significance of patient participation. Patients
are not merely passive recipients of pharmacovigilance interventions; they represent direct
sources of information concerning symptoms, functional impairment, treatment experience,
adherence, quality of life, and perceived medication-related harm. Patient-generated data may
identify outcomes that are incompletely captured through conventional clinical documentation.
However, patient-reported information requires appropriate contextualization and validation
rather than dismissal or uncritical acceptance.

Patient engagement also has a risk-communication dimension. Safety information can influence
adherence and trust, particularly when communicated without adequate explanation of absolute
risk, baseline risk, uncertainty, or therapeutic alternatives. Excessive emphasis on isolated adverse
events can produce disproportionate perceptions of danger, whereas inadequate communication
can undermine informed decision-making. Effective safety communication should therefore
present risk in clinically interpretable terms and distinguish established evidence from emerging
signals and unresolved hypotheses.

The findings further demonstrate that regulatory risk governance must operate under uncertainty.
Regulatory decisions frequently occur before all scientifically relevant questions can be definitively
resolved. Waiting for complete certainty may delay interventions that could prevent serious harm,
whereas acting prematurely on weak or unvalidated signals may unnecessarily restrict beneficial
therapy. Regulatory pharmacovigilance therefore requires proportionality, iterative reassessment,
transparency concerning uncertainty, and consideration of both therapeutic benefits and
potential harms.

Benefit—risk assessment should consequently be understood as a dynamic process rather than a
one-time calculation. The balance may change as additional safety information becomes available,
alternative treatments emerge, patient populations change, or new evidence modifies estimates
of treatment benefit. A medicinal product's clinical value may therefore vary according to
indication, patient subgroup, disease severity, treatment alternatives, and healthcare setting.
This dynamic character of benefit—risk assessment reinforces the importance of lifecycle
pharmacovigilance. Preauthorization evidence establishes an initial knowledge base;
postauthorization surveillance tests its generalizability; new epidemiological evidence refines risk
estimates; mechanistic studies clarify causality; and regulatory or clinical interventions generate
further evidence. Drug safety therefore represents a learning system in which decisions become
inputs into subsequent evidence generation.

A particularly important finding concerns the reciprocal relationship between pharmacovigilance
and pharmacotherapy. Pharmacovigilance informs clinicians about emerging risks, while
pharmacotherapeutic practice generates the observations from which many safety signals
originate. The relationship is therefore bidirectional. Clinical prescribing influences exposure
patterns, which influence the detectability and interpretation of adverse outcomes; surveillance
findings then modify prescribing, monitoring, contraindications, warnings, and treatment
strategies.
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This feedback relationship becomes especially important in antimicrobial therapy, oncology,
immunomodulatory treatment, cardiovascular pharmacotherapy, neurological medicine,
psychiatry, endocrinology, and complex chronic-disease management, where treatment benefits
can be substantial but safety profiles may be context dependent. The objective is not simply to
minimize exposure to medicines but to optimize therapeutic decisions within the constraints of
disease severity, patient vulnerability, available alternatives, and monitoring capacity.

The synthesis identifies clinical pharmacology as a central translational discipline linking these
domains. Pharmacokinetics explains exposure; pharmacodynamics explains response;
pharmacogenomics explains certain dimensions of interindividual variability; therapeutic drug
monitoring provides individualized exposure information; and pharmacotherapy integrates these
dimensions into treatment decisions. Pharmacovigilance extends this framework by systematically
observing outcomes across broader populations and longer periods.

Consequently, contemporary drug-safety science should not be organized around disciplinary
silos. The pharmacologist investigating a molecular pathway, the clinical pharmacologist
evaluating dose—response relationships, the pharmacist reviewing medication regimens, the
epidemiologist estimating population-level associations, the data scientist detecting
computational signals, the clinician adjudicating clinical relevance, the regulator evaluating
benefit-risk implications, and the patient reporting treatment experiences participate in a
distributed knowledge system. (See Table-7).

Table 7. Integrated Framework for Therapeutic Safety Optimization
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The integrated findings therefore support a conceptual model in which drug safety is generated
through the interaction of intrinsic pharmacology and extrinsic therapeutic context. Intrinsic
determinants include molecular target activity, receptor selectivity, metabolism, transport,
formulation, physicochemical characteristics, immunogenicity, and dose-dependent
pharmacological effects. Extrinsic determinants include patient characteristics, disease state,
concomitant medicines, prescribing behavior, healthcare-system structures, adherence,
monitoring, environmental exposures, socioeconomic circumstances, and access to care. The
observed clinical outcome emerges from their interaction.

This model has implications for how safety signals should be interpreted. A signal may reflect an
intrinsic pharmacological hazard, a population-specific susceptibility, an interaction effect, a
healthcare-system failure, a reporting artifact, or a combination of these factors. Consequently,
signal investigation should seek not merely to determine whether an association exists but to
identify the causal architecture underlying the association.

The research synthesis further identifies causal inference as a central methodological requirement
for contemporary pharmacovigilance. Observational data are indispensable, but associations can
arise from confounding, selection, measurement error, time-related biases, or chance. Advanced
analytical methods, including propensity-score approaches, inverse probability weighting, target-
trial emulation, instrumental-variable approaches where defensible, negative-control strategies,
self-controlled designs, and sensitivity analyses, can strengthen causal interpretation.
Nevertheless, no statistical method can automatically eliminate all unmeasured bias.
Methodological rigor therefore requires explicit causal assumptions and transparent discussion of
residual uncertainty.

The target-trial perspective is particularly valuable because it encourages investigators to specify
the hypothetical intervention, eligibility criteria, treatment strategies, assignment time, follow-up
period, outcomes, causal contrast, and analytical approach before interpreting observational
associations. Such explicitness can reduce ambiguity and improve comparability across studies.
However, the applicability of any causal framework depends upon data quality and the plausibility
of underlying assumptions.

The synthesis also identifies the importance of absolute rather than exclusively relative measures
of risk. A large relative increase in a rare event may correspond to a small absolute excess, whereas
a modest relative increase in a common event can produce substantial population-level burden.
Clinical interpretation therefore requires baseline risk, absolute risk difference, and number-
needed-to-harm where appropriate, event severity, and treatment benefit to be considered
together.

This issue becomes particularly important in regulatory and clinical communication. Relative
measures can exaggerate perceived risk when baseline incidence is low, whereas absolute
measures may underemphasize clinical importance when the outcome is severe. Presenting
multiple complementary measures provides a more scientifically balanced representation of
uncertainty and magnitude.

The findings additionally demonstrate that medication safety is inseparable from health-system
organization. Fragmented care, incomplete medication reconciliation and inadequate
communication between providers, insufficient monitoring, and limited access to laboratory
testing, poor documentation, and transitions between healthcare settings can increase
medication-related harm independently of intrinsic drug toxicity. Pharmacovigilance should
therefore interact with patient-safety programs, clinical governance, antimicrobial stewardship,
medication-reconciliation systems, and quality-improvement infrastructures.

Transitions of care are particularly important because medication discrepancies frequently
emerge when patients move among outpatient, emergency, inpatient, rehabilitation, and long-
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term-care settings. A robust drug-safety framework must therefore consider not only whether a
medicine is pharmacologically appropriate but whether medication information is accurately
transferred across the healthcare system.

Another major finding concerns preventability. Not every adverse drug reaction is preventable,
particularly when idiosyncratic or biologically unpredictable mechanisms are involved.
Nevertheless, a substantial proportion of medication-related harm may be reduced through
appropriate prescribing, contraindication recognition, interaction screening, dose adjustment,
monitoring, adherence support, patient education, and timely recognition of early warning signs.
Distinguishing unavoidable pharmacological reactions from preventable medication-system
failures is therefore essential for designing effective interventions.

The synthesis also supports a broader conception of risk minimization. Traditional risk-
minimization interventions may include prescribing restrictions, contraindications, warnings, and
educational materials, monitoring programs, and controlled distribution mechanisms.
Contemporary approaches increasingly emphasize integration with electronic prescribing, clinical
decision support, automated alerts, pharmacist review, laboratory monitoring, and patient-facing
technologies. However, excessive alert generation can produce alert fatigue, reducing attention
to genuinely important signals. Safety systems must therefore optimize sensitivity without
creating unsustainable cognitive burden.

The concept of proportionality is consequently central. A risk-management intervention should
correspond to the strength and seriousness of the evidence, the magnitude and reversibility of
potential harm, the therapeutic value of the medicine, the availability of alternatives, and the
feasibility of implementation. Overly burdensome interventions may compromise access to
beneficial therapies, whereas insufficient interventions may fail to prevent avoidable harm.

The analysis further indicates that global pharmacovigilance requires attention to geographic
heterogeneity. Medication utilization, genetic diversity, healthcare infrastructure, reporting
behavior, disease epidemiology, regulatory capacity, and access to medicines differ substantially
across countries. A safety signal identified in one population may not translate directly into
another population without consideration of differences in exposure, comorbidity, co-medication,
healthcare practice, and background risk.

This creates an important distinction between global evidence and globally generalizable
evidence. International datasets increase statistical power and can identify broad safety patterns,
but heterogeneity among populations must be explicitly evaluated. Local pharmacovigilance
systems remain essential because they provide context-specific information that may be obscured
within aggregated international databases.

The findings therefore support strengthening pharmacovigilance capacity in health systems where
reporting infrastructure, electronic records, regulatory resources, or clinical pharmacy services
remain comparatively limited. Capacity building should encompass standardized reporting,
professional education, data interoperability, signal-detection expertise, causality assessment,
regulatory communication, and integration of medication-safety activities into routine clinical
practice.

Educational transformation represents another consequential implication. Pharmacology and
pharmacotherapy education traditionally emphasizes mechanisms, indications, adverse effects,
contraindications, and interactions. Contemporary curricula should additionally develop
competencies in signal interpretation, evidence appraisal, pharmacovigilance reporting, causal
reasoning, pharmacoepidemiology, real-world evidence, medication reconciliation, patient
communication, and digital safety analytics. This would better prepare future clinicians and
pharmacists for an increasingly data-intensive therapeutic environment.

The role of the pharmacist is particularly important within this educational and clinical
transformation. Pharmacists possess specialized knowledge concerning pharmacokinetics,
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pharmacodynamics, drug interactions, dosing, formulation, medication-use systems, and patient
counseling. Their integration into multidisciplinary safety surveillance can enhance early
identification of medication-related problems and facilitate intervention before preventable harm
progresses to serious clinical outcomes.

The synthesis also demonstrates the importance of continuous professional development because
pharmacological knowledge changes rapidly. Newly approved medicines, emerging adverse
reactions, updated safety warnings, new interaction mechanisms, pharmacogenomic discoveries,
and evolving evidence concerning established therapies require healthcare professionals to
maintain current safety knowledge.

Another major research finding is that uncertainty itself should be treated as an explicit object of
pharmacovigilance. Traditional safety communication may implicitly divide evidence into “safe”
and “unsafe,” but contemporary science rarely permits such binary categorization. More
meaningful classifications distinguish established risks, suspected risks, emerging signals,
unresolved associations, biologically plausible hypotheses, and areas with insufficient evidence.
Such distinctions permit more proportionate interpretation and reduce the risk of either
complacency or unwarranted alarm.

The concept of uncertainty is particularly relevant during the early postauthorization period.
Newly introduced medicines may have limited exposure denominators and relatively small
cumulative patient-years. Rare adverse outcomes may therefore remain undetected until wider
utilization occurs. Early surveillance should consequently combine spontaneous reporting with
active epidemiological approaches and mechanistic assessment.

Long-term surveillance is equally important for medicines associated with delayed outcomes. The
appropriate duration and intensity of monitoring should correspond to the pharmacological
characteristics of the product and plausible latency of potential adverse outcomes. This reinforces
the principle that pharmacovigilance is inherently longitudinal.

The research synthesis additionally identifies a transition from product-centric safety surveillance
to patient-centric safety surveillance. Product-centric approaches ask whether a medicine is
associated with a particular adverse event. Patient-centric approaches additionally ask which
patients are susceptible, under what circumstances, at what exposure, with which concomitant
treatments, and whether the event can be predicted or prevented. This transition aligns
pharmacovigilance more closely with precision medicine and individualized pharmacotherapy.

A patient-centric framework also changes the meaning of prevention. Rather than simply
identifying hazards after they occur, the objective becomes risk anticipation. If a subgroup can be
identified as disproportionately susceptible, surveillance can be intensified, therapy modified, or
an alternative selected where clinically appropriate. This represents the movement from reactive
pharmacovigilance toward predictive medication safety. The synthesis suggests that this
predictive capacity will increasingly depend upon integration of multiple data types. Clinical
variables, laboratory measurements, medication histories, genomic information, imaging,
physiological measurements, and patient-reported outcomes may collectively improve risk
stratification. However, increased data dimensionality also raises concerns regarding privacy,
interoperability, algorithmic bias, governance, and interpretability.

Data governance is therefore an integral component of contemporary drug safety. High-quality
surveillance requires secure data infrastructures, appropriate access controls, standardized
terminology, transparent provenance, reproducible analytical workflows, and responsible
secondary use of health information. Ethical governance is not external to pharmacovigilance; it
is part of the scientific infrastructure required to generate trustworthy evidence.

The results also highlight the importance of interoperability. Different healthcare and regulatory
databases often use heterogeneous coding systems, terminologies, definitions, and temporal
structures. Harmonization can facilitate cross-database analyses, replication, and international
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signal validation. However, standardization should not eliminate clinically meaningful local
information. Interoperability should therefore be understood as semantic and methodological
compatibility rather than simple technical data exchange.

The synthesis further demonstrates that signal detection should be regarded as an iterative
learning process. A signal may initially appear weak because of limited exposure, incomplete
reporting, or rare event frequency. As additional information accumulates, the signal may
strengthen, weaken, become mechanistically clarified, or be disproven. The appropriate response
is therefore not necessarily immediate confirmation or dismissal but structured iterative
evaluation.

This principle has particular relevance to emerging technologies. Novel medicines, new
formulations, combination products, digital therapeutics, and advanced biological interventions
may produce safety patterns that existing surveillance systems were not designed to recognize.
Adaptive methodologies are therefore required.

The relationship between innovation and pharmacovigilance is consequently bidirectional. New
therapeutic technologies create new safety questions, while improved surveillance methodologies
enable safer adoption of therapeutic innovation. Effective pharmacovigilance should not function
as an obstacle to innovation but as an evidence infrastructure that permits innovation to be
evaluated and implemented responsibly.

The research synthesis further emphasizes that pharmacovigilance has an important role in
antimicrobial stewardship and other areas where population-level treatment effects intersect with
individual safety. Antimicrobial therapy illustrates the need to balance immediate therapeutic
benefit, adverse-event risk, drug interactions, microbiological outcomes, and broader
consequences associated with antimicrobial exposure. Although antimicrobial resistance is not
itself an adverse drug reaction, it demonstrates how pharmacotherapy can generate
consequences extending beyond the individual patient.

Oncology provides an environment in which high therapeutic benefit may coexist with substantial
toxicity. Pharmacovigilance in oncology must therefore incorporate treatment intensity,
combination regimens, delayed toxicity, immunological effects, cumulative exposure, and patient-
reported outcomes. The relevant question is not whether toxicity exists but how it can be
characterized, predicted, monitored, mitigated, and weighed against therapeutic benefit.
Neurological and psychiatric pharmacotherapy further illustrate the importance of individualized
risk assessment because treatment response and adverse effects can vary considerably among
individuals. Sedation, cognitive effects, metabolic changes, movement disorders, withdrawal
phenomena, and interactions may influence both clinical outcomes and quality of life. Longitudinal
surveillance and patient-centered assessment are therefore particularly valuable.

The results additionally demonstrate that the concept of “medication harm” should extend
beyond traditionally coded adverse reactions to include treatment discontinuation, nonadherence
caused by adverse effects, therapeutic failure secondary to interactions, inappropriate medication
cascades, avoidable hospitalization, functional decline, and reduced quality of life where evidence
supports medication contribution. This broader perspective enhances the public-health relevance
of pharmacovigilance.

Medication cascades are particularly important because an adverse drug effect may be
misinterpreted as a new disease, resulting in additional prescribing and subsequent adverse
effects. Pharmacological literacy and medication review can interrupt such cascades.
Pharmacovigilance can contribute by identifying recurring patterns in which one treatment
generates downstream prescribing.

The synthesis also identifies the importance of deprescribing as a medication-safety intervention.
In patients with polypharmacy, the safest therapeutic strategy may sometimes involve
discontinuation or simplification rather than addition of another medicine. Deprescribing requires
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individualized assessment of indication, benefit, duration, prognosis, withdrawal risk, and patient
preference. Pharmacovigilance-informed deprescribing can reduce cumulative medication burden
while preserving necessary therapeutic benefit.

The some finding concerns the need for stronger integration between preauthorization and
postauthorization evidence. Historically, development programs and postmarketing surveillance
have sometimes functioned as partially separate knowledge systems. A lifecycle model instead
treats evidence generated before and after authorization as components of one continuous
learning process. Early signals from development studies can guide postauthorization monitoring,
while real-world findings can refine future trial design and development strategies. This approach
can also improve the design of pragmatic clinical studies. If postmarketing evidence identifies
particular subgroups, interactions, or safety uncertainties, subsequent studies can specifically
investigate those questions. Pharmacovigilance therefore becomes not only a surveillance activity
but a generator of research priorities.

The synthesis demonstrates that regulatory labeling should similarly be regarded as a dynamic
knowledge interface. Product information communicates identified risks, precautions,
contraindications, interactions, and monitoring requirements. Changes in labeling can therefore
represent formal translations of accumulated pharmacovigilance knowledge into clinical practice.
The effectiveness of such communication depends upon clarity, accessibility, professional
interpretation, and implementation.

Risk communication must additionally recognize that clinicians and patients interpret uncertainty
differently. Numerical risk estimates, confidence intervals, relative and absolute measures, and
descriptions of evidence quality should be translated into clinically meaningful information
without sacrificing scientific accuracy. Shared decision-making becomes especially important
when multiple therapeutic alternatives carry different and incompletely characterized risks.

The results therefore support a model of pharmacovigilance that is evidence-generating, clinically
embedded, computationally augmented, causally oriented, patient-centered, and regulatorily
responsive. Such a model differs substantially from a narrow system based exclusively on passive
adverse-event collection.

A further implication is that pharmacovigilance performance should not be judged solely by the
number of reports received or signals generated. High reporting volume may reflect strong
surveillance, but it may also reflect stimulated reporting, duplicate submissions, or changes in
awareness. Conversely, low reporting volume can reflect underreporting rather than low risk.
Performance assessment should therefore include signal timeliness, validation quality, data
completeness, clinical relevance, epidemiological confirmation, intervention effectiveness, and
reduction of preventable harm where measurable.

This shifts evaluation from activity metrics toward outcome-oriented metrics. The ultimate
objective of surveillance is not to generate more signals; it is to generate useful knowledge that
contributes to safer and more rational therapeutic decisions.

The research findings further support the concept of pharmacovigilance maturity. A mature
system possesses not merely reporting infrastructure but interconnected capabilities for case
processing, signal detection, epidemiological research, mechanistic investigation, clinical
integration, risk communication, regulatory action, and outcome evaluation. Maturity therefore
represents a systems property rather than a single technological capability.

Within this framework, human expertise remains indispensable. Pharmacological reasoning
cannot be reduced entirely too statistical association, because biological mechanisms are complex
and clinical contexts are heterogeneous. Similarly, clinical judgment cannot substitute for rigorous
epidemiological methods when population-level causal questions are being addressed. The most
robust model is therefore interdisciplinary rather than algorithmically or professionally isolated.
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The analysis ultimately identifies a convergence among pharmacology, pharmacotherapy,
pharmacovigilance, pharmacoepidemiology, clinical pharmacy, regulatory science, and public
health. This convergence is not merely organizational. It reflects a substantive transformation in
the scientific question being asked. Contemporary medication safety increasingly asks not simply
whether a medicine can cause harm, but under which biological, clinical, epidemiological,
therapeutic, temporal, and health-system conditions harm becomes more probable, how that
probability can be detected and quantified, whether the association is causal, how the risk
compares with therapeutic benefit and alternatives, which patients are most vulnerable, and
which interventions can reduce preventable harm without compromising access to beneficial
treatment.

The cumulative findings therefore support a multiscalar safety paradigm in which molecular
pharmacology provides mechanistic foundations, clinical pharmacology characterizes exposure
and response, pharmacotherapy translates these principles into therapeutic decisions,
pharmacovigilance detects and evaluates emerging safety information, pharmacoepidemiology
estimates population-level associations, computational methods expand surveillance capacity,
clinical pharmacy facilitates medication-harm prevention, regulatory science governs evidence-
informed intervention, and public health evaluates the broader consequences.

The resulting conceptual architecture can be represented as a continuous feedback system:
Molecular mechanism — pharmacological exposure —> clinical response — adverse-event
observation = signal generation = causal evaluation - epidemiological validation = benefit—risk
characterization - risk minimization - therapeutic adaptation - population outcomes - new
evidence generation.

Importantly, this pathway is not strictly linear. Information may enter the system at any point and
propagate in multiple directions. An epidemiological observation may stimulate molecular
investigation; a molecular discovery may trigger targeted surveillance; a clinical pharmacist may
identify an interaction before it becomes a population-level signal; patient-reported outcomes
may reveal clinically meaningful toxicity not captured in conventional datasets; and regulatory
interventions may themselves generate new evidence concerning effectiveness and unintended
consequences.

The ultimate research finding is therefore that contemporary drug safety should be understood
as a dynamic knowledge ecosystem rather than a discrete surveillance procedure. Its scientific
strength depends on the integration of heterogeneous evidence, explicit recognition of
uncertainty, causal reasoning, mechanistic interpretation, longitudinal observation,
computational augmentation, clinical expertise, patient participation, and proportionate risk
governance. Pharmacovigilance becomes most valuable when it functions as a translational bridge
between what is known about medicines, what occurs during their use, and what can be learned
to improve future therapeutic decisions.

From a clinical perspective, this integrated framework supports a transition from generalized
safety precautions toward risk-stratified pharmacotherapy. From an epidemiological perspective,
it supports more explicit causal designs and triangulation across data sources. From a
pharmacological perspective, it reinforces the importance of understanding mechanisms
underlying heterogeneity in drug response. From a regulatory perspective, it supports iterative
benefit—risk assessment and lifecycle governance. From a public-health perspective, it emphasizes
preventable medication-related morbidity, equitable access to effective treatment, and
protection of populations exposed to medicinal products.

The convergence of these domains provides the conceptual foundation for an increasingly
proactive model of therapeutic safety. The future trajectory of pharmacovigilance is therefore
likely to depend less on the isolated expansion of reporting volume and more on the capacity to
integrate mechanistic pharmacology, clinical observation, longitudinal real-world evidence,
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computational analytics, causal inference, individualized risk stratification, and regulatory learning
into a coherent safety-intelligence infrastructure. In this configuration, the fundamental objective
remains scientifically and clinically grounded: to ensure that medicines are used according to the
strongest available evidence, that emerging risks are recognized as early and accurately as
possible, that uncertainty is transparently characterized, that vulnerable populations are
appropriately considered, and that pharmacotherapeutic benefit is continuously optimized
relative to potential harm. The evolutionary advancement of drug safety thus represents not
merely technological modernization but a deeper transformation in the epistemological,
methodological, clinical, and regulatory foundations through which therapeutic risk is understood
and governed.

ANALYSIS

The analytical synthesis of the present scientific discourse indicates that the contemporary
architecture of drug safety is undergoing a fundamental epistemological, methodological, and
translational reconfiguration. Rather than representing pharmacovigilance as an isolated post-
marketing surveillance discipline concerned principally with the collection of spontaneous adverse
drug reaction reports, the emerging scientific configuration positions drug safety within a
multidimensional evidence ecosystem encompassing molecular pharmacology, clinical
pharmacology, pharmacotherapy, pharmacoepidemiology, causal inference, real-world evidence,
computational analytics, regulatory science, clinical pharmacy, and population health. This
transformation reflects a recognition that medication-related risk is neither static nor exclusively
product-dependent, but is dynamically produced through interactions among medicinal-product
characteristics, exposure intensity and duration, patient susceptibility, disease biology,
therapeutic context, concomitant treatment, healthcare-system organization, and patterns of
medication utilization. Consequently, the analytical unit of contemporary safety science
increasingly moves from the isolated adverse event toward the interconnected medicine—patient—
disease—system configuration.

A central analytical implication is that pharmacological knowledge constitutes the mechanistic
substrate upon which meaningful pharmacovigilance interpretation depends. Pharmacodynamics
establishes the biological consequences of receptor activation, inhibition, modulation, ion-channel
effects, enzymatic interactions, transporter activity, immunological activation, and downstream
cellular signaling, whereas pharmacokinetics determines the temporal and quantitative
relationship between administration and systemic or tissue exposure. These dimensions become
particularly consequential when adverse outcomes are mediated by excessive exposure, active
metabolites, accumulation, impaired clearance, altered distribution, drug—drug interactions,
pharmacogenomic variation, or disease-associated changes in physiological function. Accordingly,
the analytical interpretation of a safety signal should not be disconnected from the
pharmacological plausibility of the observed event. A statistical association may identify an
anomaly, but pharmacological reasoning can establish whether that anomaly is biologically
coherent, temporally credible, and compatible with established or emerging mechanisms of
toxicity.

This relationship becomes more complex when pharmacological exposure is understood as
realized exposure rather than prescribed dose alone. The nominal dose recorded in a prescription
does not necessarily correspond to the biologically relevant exposure experienced by an
individual. Absorption, bioavailability, adherence, metabolism, renal and hepatic function,
transporter activity, interacting medicines, formulation characteristics, treatment interruptions,
dose titration, and changes in disease state can produce substantial interindividual and
intraindividual variability. Consequently, contemporary safety analysis should distinguish
prescribed exposure, dispensed exposure, administered exposure, and biologically realized
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exposure. This distinction has major implications for both pharmacovigilance and
pharmacoepidemiology because inaccurate exposure classification can attenuate associations,
generate spurious associations, or obscure dose—response relationships.

The analysis further demonstrates that adverse drug reactions, adverse events, medication errors,
and broader medication-related harm represent analytically related but non-identical constructs.
Pharmacovigilance traditionally concentrates on adverse reactions associated with medicinal
products, while medication-safety science encompasses a broader spectrum of preventable and
non-preventable harm arising from prescribing, dispensing, administration, monitoring,
adherence, interactions, transitions of care, and healthcare-system processes. The analytical
expansion from adverse drug reactions toward medication-related harm therefore increases the
sensitivity of safety science to sociotechnical determinants of therapeutic outcomes. This
perspective recognizes that an unfavorable medication outcome may result not from intrinsic
pharmacological toxicity alone but from inappropriate selection, incorrect dosing, inadequate
monitoring, communication failures, therapeutic duplication, contraindicated combinations, or
failure to respond to emerging toxicity.

An important analytical consequence is the need to maintain conceptual separation between
signal detection and causal inference. Contemporary pharmacovigilance systems can identify
disproportionate reporting patterns rapidly, but statistical disproportionality does not
independently establish causality. The distinction is critical because spontaneous reporting
databases are affected by underreporting, stimulated reporting, reporting notoriety, duplicate
reports, differential reporting behavior and changes in prescribing volume, publicity effects, and
incomplete clinical information. A signal should therefore be interpreted as an evidence-
generating observation that initiates structured scientific evaluation rather than as a definitive
declaration of drug-induced harm. Recent pharmacovigilance scholarship emphasizes precisely
this complementary relationship between spontaneous reports and longitudinal healthcare
databases, with the latter offering contextual exposure and outcome information that can help
address some limitations of passive surveillance.

The analytical architecture therefore requires triangulation. Spontaneous reporting systems
possess important sensitivity for unusual, rare, unexpected, or newly emerging adverse-event
patterns, while longitudinal healthcare databases provide denominators, exposure histories,
comparator groups, temporal information, and outcome ascertainment that can facilitate
epidemiological assessment. Neither source should be conceptualized as universally superior.
Instead, their analytical value depends on the research question, data completeness, outcome
specificity, exposure ascertainment, population representativeness, latency structure, and
methodological assumptions. The emerging literature specifically supports greater
interoperability between spontaneous reporting databases and longitudinal healthcare databases
throughout signal management, while emphasizing that such integration requires attention to
methodological heterogeneity and data limitations.

Real-world evidence consequently occupies an increasingly important position within the
analytical hierarchy of drug safety. However, real-world data should not be equated automatically
with real-world evidence. Data become evidence only when they are transformed through a
scientifically justified design, explicit causal or descriptive question, appropriate population
definition, valid exposure and outcome measurement, adequate comparator construction,
transparent analytical methods, and interpretation proportional to the underlying uncertainty.
The final ICH M14 guideline formalizes this methodological direction by providing general
principles for planning, designing, analyzing, and reporting non-interventional studies using real-
world data for medicines safety assessment.

A particularly important analytical development is the increasing application of causal-inference
principles to pharmacovigilance. Observational medication-safety studies are vulnerable to
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confounding by indication, channeling bias, disease severity differences and treatment-selection
mechanisms, time-dependent confounding, immortal-time bias, informative censoring, and
outcome-detection differences. The causal interpretation of an observed association therefore
depends not merely upon the magnitude of an estimated effect but upon the credibility of the
underlying counterfactual comparison. Active-comparator designs, new-user cohorts, self-
controlled approaches, target-trial emulation, propensity-score methods, marginal structural
models, and sensitivity analyses can strengthen causal interpretation when their assumptions are
appropriately satisfied.

The analysis also indicates that estimand specification should precede statistical estimation. Drug-
safety questions may differ substantially depending on whether the scientific objective concerns
treatment initiation, treatment continuation, cumulative exposure, treatment switching,
discontinuation, or a particular duration of therapy. Likewise, the relevant outcome may be any
adverse event, a clinically severe endpoint, hospitalization, treatment discontinuation, mortality,
or a composite measure. Without explicit definition of the target population, treatment strategies,
outcome, follow-up period, intercurrent events, and summary measure, apparently precise
statistical estimates may answer ambiguous scientific questions. The integration of estimand
thinking into pharmacovigilance therefore represents an important methodological advancement.
Another major analytical dimension concerns time. Drug safety cannot be adequately represented
by a single static risk estimate when biological mechanisms, treatment exposure, disease status,
and monitoring intensity change longitudinally. Early treatment periods may involve initiation-
related adverse effects; intermediate periods may reveal cumulative toxicity or adaptive
physiological responses; and prolonged exposure may generate risks associated with chronic
pharmacological perturbation. Conversely, some adverse events may occur only after treatment
discontinuation or following interactions between treatment modification and disease rebound.
Consequently, temporal pharmacovigilance should consider risk windows, latency periods,
cumulative exposure, treatment transitions, and changing clinical states.

This temporal perspective is particularly important in polypharmacy. A medication regimen is not
merely the arithmetic sum of individual drugs; it constitutes a pharmacological network in which
medicines may interact pharmacokinetically, pharmacodynamically, behaviorally, and clinically.
The addition of each medicine may alter the exposure or effect of others, while the overall regimen
may influence adherence, monitoring complexity, treatment burden, and therapeutic
competition. Therefore, regimen-level pharmacovigilance may provide greater clinical relevance
than isolated drug-event associations in populations characterized by multimorbidity and
extensive medication use.

Patient heterogeneity constitutes another major analytical axis. Population-average effects may
conceal clinically meaningful subgroups characterized by age, frailty, renal or hepatic dysfunction,
genetic variation, immune phenotype, disease severity, socioeconomic circumstances, pregnancy,
concomitant therapies, or healthcare access. Precision pharmacovigilance therefore extends the
principles of precision medicine into safety science by asking not simply whether a medicine is
associated with harm, but in whom, under which circumstances, at what exposure level, during
which treatment period, and relative to which therapeutic alternative the risk becomes clinically
meaningful.

Pharmacogenomics provides one important mechanism through which this heterogeneity can be
investigated. Genetic variation affecting drug-metabolizing enzymes, transporters, receptors,
immune pathways, or pharmacodynamic targets can modify both therapeutic response and
adverse-event susceptibility. However, pharmacogenomic information should not be interpreted
independently of environmental, clinical, and treatment-contextual variables. The analytical
challenge is therefore to integrate genetic susceptibility with phenotype, exposure, comorbidity,
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concomitant medication, and disease trajectory rather than treating genotype as an isolated
deterministic predictor.

The increasing application of artificial intelligence and machine learning introduces another
analytical transformation. Natural-language processing can facilitate extraction of adverse-event
information from clinical documentation; machine-learning systems can support classification,
duplicate detection, case prioritization, and pattern recognition; Bayesian models can integrate
heterogeneous evidence; and computational approaches can potentially identify complex
relationships that conventional rule-based methods may overlook. Recent reviews characterize Al
as increasingly relevant to signal detection, surveillance, automated adverse-event reporting, real-
world evidence analysis, and predictive safety assessment. At the same time, implementation
remains constrained by data quality, transparency, validation, regulatory requirements, and
interpretability.

The analytical implication is that computational pharmacovigilance should be conceptualized as
human—machine complementarity rather than technological substitution. Algorithms may process
information at scales inaccessible to individual investigators, but they cannot independently
resolve all questions of clinical relevance, biological plausibility, causal interpretation, or
regulatory proportionality. Black-box predictions can be particularly problematic when they
influence high-consequence safety decisions. Therefore, model validation, calibration, external
testing, provenance documentation, explainability, algorithmic-drift monitoring, and human
adjudication should constitute integral components of computational safety governance.

The emerging use of standardized real-world evidence frameworks further reinforces this
principle. The ASSURE implementation framework, for example, incorporates database
diagnostics, phenotype development, query specification, analytic implementation, objective
study-validity diagnostics, and standardized reporting before evidence is incorporated into safety
decision-making. Its reported implementation demonstrates why methodological quality control
is not an administrative supplement but an epistemic safeguard: a substantial proportion of
evaluated analyses did not proceed to effect estimation because database, phenotype, or validity
diagnostics were not sufficiently satisfactory. Such findings support a broader analytical
proposition that the absence of a statistically estimable result can itself represent scientifically
informative evidence about data fitness, phenotype validity, or study feasibility.

This perspective changes the interpretation of negative evidence. Failure to detect an association
does not necessarily establish absence of risk. A null result may reflect inadequate statistical
power, insufficient exposure duration, outcome misclassification, inappropriate comparator
selection, residual confounding, low event frequency, or limited population coverage. Conversely,
repeated absence of an association across methodologically robust, adequately powered, and
appropriately designed studies can progressively reduce uncertainty. Thus, negative evidence
should be interpreted cumulatively and in relation to study validity rather than through a binary
significant/non-significant framework.

The analysis also reveals that uncertainty should be quantified and communicated rather than
obscured. Every pharmacovigilance conclusion contains some degree of epistemic uncertainty
arising from incomplete information, stochastic variation, methodological assumptions, data
limitations, biological complexity, or conflicting evidence. A scientifically mature safety system
therefore distinguishes between known risk, probable risk, suspected risk, unresolved signal,
insufficient evidence, and evidence suggesting attenuation or absence of association. Such
distinctions facilitate proportional decision-making and prevent both inappropriate reassurance
and unnecessary alarm.

Risk—benefit assessment represents the logical culmination of this analytical process. A safety
signal acquires clinical significance only within the context of therapeutic benefit, disease severity,
available alternatives, treatment effectiveness, baseline risk, patient characteristics, and the
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consequences of treatment modification. A relatively frequent adverse effect may be acceptable
when a medicine provides substantial benefit for a serious disease, whereas a comparatively
uncommon adverse event may acquire greater regulatory or clinical importance when safer
alternatives exist. Benefit—risk assessment must therefore remain dynamic, indication-specific,
population-specific, and responsive to emerging evidence.

The analysis further identifies risk minimization as an intervention rather than an endpoint.
Regulatory communication, prescribing restrictions, monitoring requirements, educational
interventions, contraindications, dose adjustments, clinical decision support, and targeted patient
information are intended to alter clinical behavior and thereby reduce harm. Their
implementation should consequently be evaluated empirically. If a risk-minimization measure fails
to change prescribing, monitoring, recognition, or patient behavior, its existence does not
establish its effectiveness. Pharmacovigilance should therefore progress from signal recognition
toward closed-loop evaluation in which intervention, implementation, outcome, and residual risk
are continuously reassessed.

Clinical pharmacy represents an important operational interface within this closed-loop
architecture. Pharmacists can translate pharmacological and pharmacovigilance knowledge into
medication reconciliation, interaction assessment, dose optimization, adherence support,
monitoring recommendations, patient counseling, adverse-event identification, and
communication with prescribers. Their position at the intersection of medicinal-product
knowledge and patient-level medication use provides an opportunity to transform abstract safety
signals into practical medication-harm prevention strategies.

A further analytical consideration is health equity. Safety signals generated predominantly from
healthcare systems with strong reporting infrastructures may not adequately represent
populations with limited access to healthcare, weak reporting systems, underdiagnosis, or limited
digital connectivity. Consequently, apparent differences in adverse-event incidence may reflect
differences in exposure, ascertainment, reporting intensity, diagnostic capacity, or healthcare
utilization rather than biological susceptibility alone. Global pharmacovigilance must therefore
account for structural determinants of evidence generation. Contemporary international
approaches increasingly emphasize strengthening pharmacovigilance capacity and integrating
safety surveillance into health-system infrastructures rather than treating pharmacovigilance as
an isolated regulatory function.

Data interoperability represents another prerequisite for analytical maturity. Heterogeneous
coding systems, incompatible terminologies, inconsistent phenotype definitions, incomplete
linkage, variable data provenance, and differences in healthcare utilization can impede cross-
database synthesis. Standardized data models, reproducible analytical workflows, transparent
phenotype definitions, and common methodological specifications can reduce these barriers. The
2025 recommendations for broader RWE utilization in pharmacovigilance specifically emphasize
streamlined data access, harmonization, reproducible analytical workflows, interdisciplinary
collaboration, and organizational adaptation.

The cumulative analytical evidence therefore supports a transition from a linear
pharmacovigilance paradigm to a recursive evidence-generation architecture. In a linear model,
adverse-event reporting leads to signal detection, followed by assessment and regulatory action.
In the emerging model, every stage informs the next while simultaneously generating new
guestions. Molecular pharmacology informs signal plausibility; signals stimulate epidemiological
investigation; epidemiological findings modify clinical risk characterization; clinical interventions
generate new observational data; those data reassess risk-minimization effectiveness; and
regulatory decisions alter patterns of exposure that subsequently influence the evidence base.
Pharmacovigilance thereby becomes an adaptive learning system.
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The conceptual significance of this transformation extends beyond methodology. It changes the
definition of scientific rigor in drug safety. Rigor is no longer represented exclusively by statistical
sophistication or database size. Instead, it emerges from the coherence among research question,
causal structure, data-generating process, pharmacological mechanism, analytical design,
uncertainty characterization, clinical interpretation, and regulatory consequence. Large datasets
cannot compensate for poor phenotype definitions, inappropriate comparators, systematic
measurement error, or unrecognized confounding. Similarly, sophisticated algorithms cannot
substitute for clinically meaningful endpoints or valid exposure characterization.

The analysis consequently supports a multiscalar model in which molecular mechanisms,
individual pharmacology, therapeutic regimens, clinical outcomes, healthcare systems, and
population-level effects are analytically interconnected. At the molecular level, mechanisms
explain potential toxicity; at the patient level, pharmacokinetic and pharmacodynamic
heterogeneity determines realized exposure and response; at the therapeutic level, prescribing
and regimen configuration determine the clinical context; at the epidemiological level,
comparative outcomes quantify population risk; at the regulatory level, evidence is translated into
risk-management decisions; and at the public-health level, the aggregate consequences of those
decisions determine medication safety across populations.

The ultimate analytical conclusion is therefore that contemporary drug safety should be
understood as an adaptive evidence-generating discipline rather than a passive documentation
system. Its scientific maturity depends on the capacity to integrate heterogeneous evidence
without erasing methodological distinctions, to use computational technologies without
abandoning clinical judgment, to generate real-world evidence without confusing data abundance
with certainty, and to translate pharmacological knowledge into clinically and regulatorily
actionable risk characterization. Recent developments in the field increasingly support precisely
this integrated model, in which spontaneous reporting, longitudinal healthcare data, structured
epidemiological methods, standardized real-world evidence frameworks, and computational tools
operate as complementary components of pharmacovigilance rather than isolated
methodologies.

Thus, the analytical architecture emerging from this scientific discourse can be represented as a
continuous sequence of mechanistic explanation, exposure characterization, clinical
contextualization, signal generation, signal validation, causal investigation, population-level risk
estimation, uncertainty quantification, benefit—risk interpretation, intervention, effectiveness
evaluation, regulatory adaptation, and iterative evidence regeneration. This sequence establishes
a scientifically coherent bridge between pharmacology and pharmacovigilance, between
pharmacovigilance and pharmacotherapy, and between individual medication decisions and
population-health protection. The future trajectory of drug safety will consequently depend not
simply on generating more safety information, but on developing increasingly rigorous
mechanisms for transforming heterogeneous information into validated evidence, validated
evidence into proportionate action, and action into measurable reductions in preventable
medication-related harm.

CONCLUSION

The present scientific discourse demonstrates that the contemporary advancement of drug safety,
pharmacovigilance, pharmacology, and pharmacotherapy necessitates a transition from
fragmented, predominantly reactive surveillance toward an integrated, multiscalar, longitudinal,
evidence-generating, and clinically actionable safety architecture. Drug safety can no longer be
conceptualized as an intrinsic and immutable characteristic of an individual medicinal product;
rather, it emerges dynamically from the interaction among pharmacological properties, dose and
realized exposure, treatment duration, patient-specific biological susceptibility, comorbidities,
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concomitant therapies, disease trajectories, healthcare-system characteristics, and patterns of
therapeutic utilization. Consequently, meaningful safety evaluation requires continuous
integration of molecular, mechanistic, clinical, epidemiological, computational, regulatory, and
population-health evidence across the entire medicinal-product lifecycle.

The analysis further establishes that pharmacovigilance and pharmacology constitute mutually
reinforcing scientific domains. Molecular and clinical pharmacology provide mechanistic
explanations for adverse reactions, pharmacokinetic variability, pharmacodynamic interactions,
exposure—response  relationships, pharmacogenomic  susceptibility, and therapeutic
vulnerabilities, whereas pharmacovigilance generates real-world observations capable of
identifying previously unrecognized or incompletely characterized safety phenomena.
Pharmacotherapy provides the clinical decision-making context in which these signals acquire
therapeutic significance, particularly when clinicians must balance efficacy, toxicity, competing
risks, polypharmacy, patient preferences, and disease-specific therapeutic objectives.
Contemporary signal management accordingly requires structured detection, validation,
prioritization, assessment, and translation into proportionate action rather than equating
statistical signals with established causality.

The synthesis also indicates that spontaneous reporting systems, electronic health records, claims
databases, registries, prescription and dispensing datasets, clinical studies, literature surveillance,
and patient-generated information should be regarded as complementary components of an
evidence ecosystem rather than interchangeable sources. Their integration permits triangulation
of signal strength, temporal relationships, biological plausibility, exposure patterns, absolute and
relative risks, vulnerable subpopulations, and clinical consequences. Nevertheless, evidence
abundance does not inherently establish evidence certainty; confounding, selection bias,
exposure and outcome misclassification, underreporting, stimulated reporting, missingness,
indication bias, channeling, monitoring intensity, and residual uncertainty must remain explicit
components of pharmacovigilance interpretation.

The future of drug safety depends on the development of intelligent and adaptive
pharmacovigilance systems capable of combining quantitative signal detection, causal inference,
real-world evidence, computational analytics, artificial intelligence, precision pharmacology,
clinical expertise, and regulatory judgment. Current international pharmacovigilance strategies
increasingly emphasize risk-based prioritization, integration with health and regulatory systemes,
digital tools, real-world data, workforce development, and equitable access to safe medical
products.

The therapeutic safety should be understood as a continuous evidence-to-action process:
mechanistic pharmacology - exposure characterization - clinical pharmacotherapy - adverse-
event observation - safety-signal intelligence - causal inference - pharmacoepidemiological
risk stratification - real-world evidence integration - benefit-risk optimization - medication-
harm mitigation - regulatory adaptation - population-health protection - continuous evidence
generation. Such an architecture transforms pharmacovigilance from a predominantly post hoc
monitoring activity into an adaptive scientific infrastructure for rational therapeutics,
individualized risk management, prevention of avoidable medication-related harm, and sustained
protection of public health throughout the medicinal-product lifecycle.

RECOMMENDATIONS

> The contemporary advancement of drug safety, pharmacovigilance, pharmacology, and
pharmacotherapy warrants a coordinated set of scientific, clinical, technological, regulatory,
educational, and public-health recommendations. First, pharmacovigilance systems should be
progressively transformed from predominantly reactive adverse-event reporting structures into
integrated, lifecycle-oriented safety intelligence systems capable of continuously combining
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spontaneous reports, active surveillance, electronic health records, registries, claims databases,
prescription and dispensing information, clinical studies, scientific literature, and appropriately
governed patient-generated data. Such integration should remain risk-based and proportionate
to the seriousness, uncertainty, exposure characteristics, and potential population-health
consequences of identified safety concerns.

> National and institutional pharmacovigilance infrastructures should strengthen
standardized procedures for signal detection, validation, confirmation, analysis, prioritization,
causal assessment, regulatory interpretation, and follow-up. Statistical disproportionality signals
should be treated as hypothesis-generating evidence rather than automatically interpreted as
causal relationships. Clinical judgment, pharmacological plausibility, epidemiological assessment,
temporal relationships, alternative explanations, and independent evidence triangulation should
remain integral to signal evaluation.

> Pharmacological characterization should become more systematically connected with
pharmacovigilance and pharmacotherapeutic decision-making. Pharmacokinetic and
pharmacodynamic determinants, dose—exposure relationships, drug—drug and drug—disease
interactions, pharmacogenomic variability, immunological mechanisms, organ-function
impairment, and patient-specific susceptibility should be incorporated into safety-risk
characterization whenever scientifically justified. This approach can facilitate more precise
identification of vulnerable populations and support individualized therapeutic risk management.
> The real-world data should be used through explicit fit-for-purpose methodological
frameworks rather than through simple data aggregation. Study designs should prespecify target
populations, exposures, comparators, outcomes, estimands, observation periods, confounding-
control strategies, missing-data procedures, and sensitivity analyses. Particular attention should
be directed toward indication bias, channeling, immortal-time bias, exposure misclassification,
outcome misclassification, surveillance bias, residual confounding, and informative missingness.
> The artificial intelligence, machine learning, natural-language processing, and other
computational pharmacovigilance technologies should be incorporated under rigorous human
oversight. Algorithms should undergo validation, calibration, external testing, drift monitoring,
documentation, reproducibility assessment, and appropriate explainability procedures.
Computational outputs should augment rather than replace clinical pharmacological and
regulatory expertise.

> Medication-safety programmes should expand beyond narrowly defined adverse drug
reactions to encompass preventable medication-related harm, prescribing errors, administration
errors, monitoring failures, contraindicated combinations, therapeutic duplication, adherence-
related problems, and system-level contributors to unsafe medication use. Clinical pharmacists,
physicians, nurses, epidemiologists, pharmacologists, data scientists, regulators, and patients
should participate in multidisciplinary safety governance.

> Risk-minimization interventions should be evaluated for effectiveness rather than
assumed to be effective following implementation. Safety communication, prescribing
restrictions, monitoring requirements, educational interventions, clinical decision-support
systems, and other measures should be assessed through measurable outcomes and subsequently
modified according to observed performance. This aligns with contemporary good-
pharmacovigilance practice, in which risk-minimization and safety-management activities are
integral components of lifecycle surveillance.

> National pharmacovigilance capacity should be strengthened through sustained workforce
development, standardized education, interoperable information systems, international
collaboration, transparent safety communication, and equitable access to safety information.
Particular emphasis should be placed on strengthening systems in resource-constrained settings
and integrating pharmacovigilance into broader healthcare and regulatory infrastructures.
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Continuous evaluation should ensure that emerging evidence is translated into proportionate
clinical, regulatory, and public-health action, thereby establishing pharmacovigilance as a durable
component of rational pharmacotherapy and population-health protection.
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Historical Sciences

Ka3aKTblH Naanwahbl Kacka *onapl
KacbIM XaH

Bucembaitynbl Mupac

on-®apabu atbiHaarbl Ka3¥yY PhD-goKkTopaHTbl, AimaTsl, Ka3akcTaH

KalcapoBa AKHYp ANTKA/IMKbI3bl

No73 meKTen-AuLeniHiH afbIALWbIH Tii NaHi MyFanimi, Meaaror-capanubl, ACTaHa,
KasaKkcTaH

Ceppaanbl Aiiryn Knikbankpisbl

No73 meKTen-nnuemniHiH MaTemaTrKa NaHi MyfFanimi, Meaaror-aepTreyLui, AcTaHa,
KasakcTaH

Maman 'ynsumpa

No73 meKTen-nnuemniHiH maTemaThKa NaHiHiH MyFanimi, lNeaaror-moaepaTtop, ACTaHa,
KasaKkcTaH

AHAaaTtna. Makanaga Kacbim XaHHbIH, Ka3aK xaHablFblH Vbl AeprkaBafa alHaAdblpyFa KOCKaH
YAeci, WekKapanac enaepmMeH XKyprisreH cofbicTapbl MeH [dewTi-KbinwaKTafbl CaAacK OKUFanapfa
biknanbl 6aramaanazbl. KacbiM XaH »KaHEe OHbIH, YpnaKTapbl XKypri3reH cascaT canaapblHaH
anmMakTa Xuya xaHApblfFbl, Mofon xaHApblfbl, ¥abl Mofon mmnepuacbl, byxap XaHAblFbl MeH
CedeBnarep MemMIEKETTEPIHIH, KYPbIIYbl KaHe Kylei opbiH anabl. Kacbim XaHHbIH, LLalbaHu
ypraKkTapbiIMeH KypAesi KapbiM-KaTblHacblHa Oafa 6epingi. Ocipece Kasak XaHAbIFbIHbIH,
cedeBnaTEPMEH KapbIM-KATbIHACbl ¥aHa KblpblHAH TandaHAbl. OPTYPAI MEMNEKETTEPAiH, cadcu
KYPbIIbIMAAPbIH Tanaay YWiH Tapuxmn-canbiCTbipmans! Tangay, ap OKUfFaHbl peT BoMbiHWa Tisin
a3y YLWiH Maceneni XpoHONOrMANbIK S/iC *KaHe TaKblPbIiN MAa3MYHbIH KyHeni Typae *KeTKi3y yLiH
KYMeNiNik-KypblabIMAbIK Tanaay KoadaHblAabl.

Tipek ce3gep: HewTti Kpinwak, Kacbim xaH, 96inkarbip xaH, WanbaHn xaH, Cedesmarep,
TypKicTaH

KasaK xaHAblFblH HerisiH KanaywblnapabliH, 6ipi MaHibek xaHHbiH, 9 yagapbl 6onabl. Onap:
Kacbim, Maaik, 9aik, MupeHwe, TaHbiw, MaxmyT, ¥cHak, Kambap kaHe MaHbliw. BapiHiH,
apacbiHAa KacbIMHbIH, LWOKTbIFbl OMiK OONAbl. OCKepU eHepaeri epeklle AapblHbIMEH KaHe
BinikTiNirimeH Kesre Tycin, Tafal laMKacTapfa KaTbICbiN, AaHKbl WapTapanka Kanbingbl. On
bunikke 1511 *Kbinbl Kengj. bypbiHAbIK XaH OUAIK eTKEH Ke3de eH, Heri3ri ackepun Konbaclibl Aa
Kacbim xaH 6onaTbiH. On 6UNik eTKeH Ke3ae XanblKTbiH caHbl 1 maH-fa xeTin, 300 MbIH, acKep
bonfaH eni. Engid aaHkbl OpTa A3ns meH LUbisbic Eyponafa Tapangpbl. KacbiMm xaH TyCcblHAa acTaHa
Ui aybicbin TypAabl. Anfawkblda opTanblk CbhifaHakTaH TypKicTaHfa, KeliH TypkicTaHHaH
Capanwblkka aybickaH [1]. On Xuya xaHabifbl, LlanbaHu ayneti, Mofon xaHAplfbl, Mackey
KiHa3giri, Horah Oppaacsl, Cibip xaHablfbl aHe CedeBua ayneTiMeH CasacK KapbiM-KaTbliHAC
opHaTKaH. babbip «babbipHama» eHberiHae: «byn xanbikTbl KacbiM XaH CUAKTbI ByFaH AeliH elKim
HbarbiHAbIPMaFraH. OHbIH, KapamMafbiHAafbl ackep caHbl 300 MbIHFa KETKEH», — Aen Ka3faH [2]. M.
X. Aynatn «Tapux-n Pawman» enberinae: «On 6unik etkeH kesge 1 maH agam 60nbin, 300 MbiH
ackep 6onapbl. KouwbiaaH Kenidri JewTi KbinwaKkTbiH, YAbl XaHbl aTaHab», — Aen manimaereH [3].
Kaabiprann Manarblpu: «KoHibek xaHAapblHbIH YA43pbiHbIH, apacbiHAa eH 6enrinici Kacbim
6onabl. On Typanbl aHbi34ap ap XKepae Ken TaparaH», — AereH aepekned benicti. Kacbim xaH

126



«Progress in Science» (September 24-25, 2026). Brussels, Belgium I

KesiHde aTaKTbl «KacKa Kon» 3aH4ap *KMHafbl LWblFadbl. 3aHAap *KUHafbl bec BenimHeH Typabl:
MVAIK 3aHbl, KbI/IMbIC 3aHbl, 9CKEPW 3aH, E/LWINIK KOHE KYPTWbIAbIK. OJIKEN XaKaHy/bl
MapfynaHHbIH OMbIHLLA, By 3aHAaP *KMHAFbl eH KMbIH anacanblpaH KeseHae nainaa 6onraH. Engin,
iWiHAe ipiTKi TyablpMal, ilWKi aHEe CbIPTKbl CascaTTbl PeTTen, XaablKTbl OIp LWaHbIpaK, acTbiHA
UHay YUWiH 3aHaa pedopmanapapl eHrisy yLiH onaan TabblafaH.

Kacbim xaH enai Kepelr, 'MoHibeKk xoHe bypbiHAbIK XaHaap 6unereH Kesge [e aCKepM
KaKTbIfbiCTapablH, 6en opTacbiHAa Xypai. HKeke casacu Kyw peTiHae on 16 facbipAblH, anfallKbl
blNOapbiHAa KepiHe HacTanabl. Kacbim xaHAabl aTafaHaa oHbiH, 6eneci Myxammes LLanbannai
anTnam Koto KubiH. Myxammen, LLlanbaHn aTakTbl 96inKalblp XaHHbIH Hemepeci, LLax-byaakTbiH,
yibl eni. 1469 Kbinbl O6iNKalbip emipaeH eTKeH coH, bunikke KenreH Llanx-Xangapapl Kasak,
Horal koHe Cibip XxaHAblfbiHbIH, OipikKKeH Kywi Tankanganabl. Ocbl KeHinicteH KeliH HdewTi
KblnwakTafbl OUANIK AaFAapbICKa yUlblpan, KenTereH cyNTaHAap *KaHa oAaKTacTap i3aer bactaabl.

Hofah Mmblip3anapbl Myxammepn LWanbaHn meH Maxmya-CyntaHapl AcTpaxaHbra(Kaxbi-
TapxaHfa) keHenTin, oHaa onap b6ipas yakplT onapabiH 6akbinaybiHAa 6onaabl. Onap AcTpaxaHbfa
weHenTinedi [4]. AcTpaxaHb buneyuwici Kacbim xaH onapdblH Tapbueneywi etin TemipbekTi
bekiteni ne, 6ipa3 yakbiTTaH KeniH onapabl MayepeHHaxpfa Kibepeni. AcTpaxaHbHaH Kallblm
WwbIkkaH Myxammeg, LLlanbaHn MayepeHHaxpfa Kenin, oHAa 9CKep *KMHaMabI.

BacTankbl yaKplTTa OHbl HOFalnap Kongaca, keniH WanbaHn MofonctaHmeH ofak Kypanasl. On
OypbliHFbl AKcaK Temip MmnepusacbiHa TWecini Kananapapl 6asblHAbIPFbICH Kenai [5]. Cbip
bolblHAafFbl Kananap VWwiH RrRypec 1470-1500 »Kblngapbl V3A4iKCI3 cO3blabin, Oya  almak
MayepeHHaxp buneyuwinepi, Kasak xaHablfbl, MofonctaH meH Hofalt Opaacs! apacbiHAafbl 6acTbl
KaKTbIfbIC anaHplHa alHanAabl. TypKiCTaH 6Hipi canack, 3KOHOMMKaNbIK dpi AiHWM opTanbiK,
H6onfaHAbIKTaH, ofaH nenik ety OpTa A3nsaasbl YCTEMAIKTI alKbiHAaYLWbl GaKToOpFa alHanabl.

Myxammep, LlanbaHn TypkicTaH alMafblH ©3iHe KapaTyfa TannbiHAbl. On yuwiH Kacbim
cynTaHHaH 1499 Kbinbl KEMEK cypanapl. AKcak Temip yprnaKkTapblH KyaaTbin, Tepenepaid, ounirid
OpHaTnak eAaj. KacbiMfa KasfaH xaTblHAQ 0n AKcCak Temip ypnakTapbiHbiH MayepeHHaxpaia
ycTemaik eTyi LUbIHFbIC XaH KypfaH MeMEKeTTiNiriHe Kalllbl eKeHAiri, OypbliHfbl 3amaHfa cai
9AINETTIK canTaHaT eTyi TMIC AereH cascu yax ycbiHAabl [6, 252 6.].

byn yakbiTTa WanbaHu ayneTi MeH Ka3ak XaHAblIfFbl apacbiHAafbl KapblM-KaTblHAC KaKcapfaHFa
yKcanabl. [lereHMeH eki akTblH, Aa Ke3gdereHi CbipAapusa e3eHi 6oMblHAafFbl Kananapabl
bakblnayga ycray efi. AKkplpbl Wanbanm 1500-1501 »kbingapbl Temip ayneTiHiH acTaHacsl
CamapKaHaTbl anaabl. Myxammea LlanbaHu OpTanbik A3uagasbl eH, biknanabl buneywinepain,
HipiHe anHanapl.

1500-1508 bingapbl Myxammeq, LanbaHn OypbiHFbl AKcak Temip MMNepPUACbIHbIH, XepaepiH
KOCbIN a/blM, Ka3aK *epiH KocbIn anyabl makcaT eTeai. On byxapa, Xopesm, CamapKaHg, CUAKTbI ipi
OpTaNbIKTapAbl MEMAEHIN KaHa KOMMai, Ka3ak danacbiHa Aa Ke3 TiKTi. Kaszak xaHablfbl by yakbITTa
BypblHAbIK XaH MeH KacbiM cynTaHHbIH, 6aclbinblFbIMEH KYLIEMin Kefie »KaTkaH 00saTbiH.
WarnbaHmnaiH, KasaK »epiH KOCbIN any »ocnapbl eKki MemIeKeTTiH apacbiHAarbl KaHa acKepwu
KaKTbIFbICTapFa a/ibin Kenaj.

1503, 1505, 1506 xbingapsl LanbaHu Kasak xaHablFblHA *KOPbIKTAP YMbIMAACTbIPFAHbIH aTan
eTy KepeK. bipak on Kesae KasaK XaHAblFblHbIH, TypKicTaHZafbl biKkMaabiH 24CipeTyai Ke3aen,
wabybingafaH eai. Ocbl yakpiTTa ©3iH OpTanbik A3uaHbIH amMipuici caHafaH Myxammeq, LLlanbaHm
OewTi-KbinwakTbl KOCbIN anybl XeH Kepdi.

Byn yakbiTTa Kasak xaHAblfblH BypbIHAbIK XaH 6ackapca Aa, XaNblKTblH Oylperi Kacbim xaHfa
bypbinfaH eai. EH Heri3ri wankactapabl Kacbim xaH 6actanTbiH. 1508 xbiibl Kacbim xaH Horal
OpaacbiH barbiHAbIpaabl. by XopbIK KasakTapablH, Efin-HKanbik 60MbIHAAFbI bIKNaAblH KYLLIENTIM,
onapAblH, cascu beneniH apTTbipabl. AwynaHfaH LWanbaHm TypkicTaHaa Kalak cayaarepaepimen
cayaa Kacayfa TbibIM canafpl. byn TbiMbiM eKi e apacbiHAafbl SKOHOMMKAbIK KaTblHACTapFa
COKKbl 6epin, Xa/bIKTbIH, TYPMbIC-TipLLiAiriHE e acep eTTi.
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1509 xbinbl Wanbann MaHibeKTiH yabl aHwa cynTaHfa Wwabyblngan, oHbl KeHedi. Con *Kbibl
MoHibekTiH, Hacka yabl TaHbIW CyATaH »KacafblHaH caTKblH nanaa bHonbin, on LWanbaHure
BypbIHAbIK XaHAbl Kanai »keHyre 6onaTbiHbiH KepceTedi. KeHinreH bypbIHAbIKTbIH Beaeni Tyceai.
Ka3aKTblH pybacbinapbl meH cynTaHaapbl bypblHAbIKTaH Tepic aiHanbin, Kacbimapl Konaayfsa 6et
bypaabl.

1510 kbinbl LWanbaHu ColiraHakTaH ¥abiTayFfa Wabybin »kacanabl. Kackim xaH MolbIHCbI3 gereH
atak anfaH XacaH 6aTbipAplH, apkacbiHaa LanbaHuapbl »keHeni [4]. Kas3ak XasKblHbIH aCKepM
AanbiHAbIFLI MeH yilbimaacybl LLlanbaHm ackepiHeH 6acbim Tyced.

ATanfaH okuranapgaH bypbiH Wanbann Kacbim xaHfa Tayenainirin 6ingipy ywiH TypkicTtaH
OHipiHAe KacbiM XaHHbIH, aTblHa TEHTe COKTbIpyFa Aa yaae bepreH eai. bipak cesiHae Typmaapi.
TeHre cory — OUANIKTIH 3aHAbl TaHbINYbIH BinAipeTiH aca MaHbI3abl caacu Kagam edi. LanbaHmnabiy,
yaeciHae TYpMaybl Ka3ak neH e30eK apacbiHAarbl ceHimai ogaH api ancipeTTi. Con ywiH Kacbim
xaH banacbl Ob6inkanbipabl TawKkeHTKe, KeniH CamapKaHaka kibepeai. 80 MblH, aCKepiMeH o
WarnbaHmnasl CamapkaHAaTaH ThiKcbipaabl [6, 286 6.].

KawkaH WarnbaHn MayepeHHaxp »epiHae CedeBua waxsiMeH XopacaH »Kepi yWiH Tanacaap.
On Kasipri MpaH »kepiHaeri neniktepre tTepenik eTyre nanbikTbl ekeHiH 6inaipin, Cedesna waxbi
blcmanbingaH con epnepai bepyai Tanan eteai. bipHelwe peT enWinik afAMacKkaH COH, eKi Xak,
apacbiHAa WwakKkac eteqi. WanbaHm akbipbl WaxmHwax blcmarbingad 1510 skbinbl Ka3a Tabaabl. byn
WaMKACTbIH HaTUXKeciHAe BypbiHFbl LLabaHm bunereH eHipiepae KacbiM XaHHbIH, biIKNaibl apTa
Tyceai »aHe cepemarep ayneTi Ae TypKiCTaH eHipiHe Ke3 anapTta bactangp!.

byn skepae LWWanbaHn ayneTiHiH bikNaabl a3alfaH coH, KacbiM XaHHbIH KodaybiMeH 1511 sKbibl
Enbapbic xaH XWya XaHAbIFbIH Kypahabl. KacbiM XaHHbIH byxap XaHAblfbiHa KapcCbl OAaKTachl
6onazabl. LabaHnabl XeHreH CoH, Xanblk KacbiMabl aK KMisre KkeTepin, xaH cananapl. byn Kacbim
XaHHbIH, BUAIriH 3aH4aCTbIpbIN, OHbIH, BUAiriH OyKin Aanafa TapanaybiHa Heri3 6bonaab!.

Byn yakbiTTa LWanbaHnabl entipreH blcmanbin wax MayepeHHaxp *KepiH TONbIFbIMEH KOCbIMN
anyapl onnanabl. byxap xaHaplfbl 6Te anci3 enre anHangpl. CoHbl kepreH Kacbim xaH 1512 »Kbinbl
©3 y/blH 96inKkalblipabl CedeBna waxbl blcmanbinFa Kapcbl cofbicyFa Kibepeai. On LanbaHun
ypnaKkTapbimeH Oipirin, blcmalbinFa  Kapcbl  cofbicadbl.  bipikkeH Ka3ak-e3bek  ackepi
Kbl3blnbacTapabl en WweKapacbiHaH Kya angpl [7, 117 6.].

1513 kbinbl CaripaMHblH, amipi, Omip TemMipaiH ypnafbl KaTTbibek Kacbim XaHfa KanaHbl e3
epkimeH bepegi. Kacbim xaH TypKicTaH eHipiHAe Kyl XuWHal bacTtanabl. bipak 1513 »Kbiabl Kacbim
xaH TawkeHT TY6iHAe WanbaHn ayneTiHiH buneywinepiHin, CyniHwi-Koxa xaHHaH xeHineqi [8, 132
6.]. Byn »eHinic Kacbim XxaHHbIH aiMaKTarbl biIKNasblH a34an a/1ICipeTKeHIMEH, OHbIH, CTPATErMANbIK,
OocnapblHa alnTap/bIKTal COKKbl Hona KoMFaH oK. On ocbl yakbiTTa 6ap KywTi TYpKicTaH alimarblH
barblHAbIPYFa »Kymcanabl. TYpPKiCTaH KanacblH OPTafblK €TiM, ackepwu icTepai o3i Hackapsbin
OTblpaabl.

1514 »Kbinbl blcmalibin WwaxTaH KawKkaH 96inKalrblp ypnakTapbl KasakTapdbl Masanangp.
MofoncTaHHbIH XaHbl Cama, KacbimfFa aCKepu ofaK ycbiHadbl. Kacbim ogakTaH 6ac TapTbin, o3i
96inKarblp ypnakTapbiH TallKeHTTe KeHei.

1514 »Kbinbl KeHinreH 96inkanblip ypnakTapbl Omip TemipaiH, webepeci babblp xaHabl Kyaabl.
CoHgbicbl ConTycTik YHAicTaHaa Yabl Mofon umnepusacbiH 1526 »biabl KypFaH 6onaTbiH. by okmFa
KasaKk-e3beK apacbiHAarbl TeKeTipecTiH Tek dewTi KbinwakneH wektenmen, Oykia aimakTbiH caacu
KapTacblH ©3repTKeHiH kepceTei. 90inKalbip ypnakTapbl OHAiXKaHHaH Cana, XaHHbIH, ©3iH Kya/bl.
CoHfbicbl Kawkapusga Mofon xaHablFbiH Kypanabl [4]. OcblgaH e36eKk-Kasak TeKeTipeciHiH,
cangapbiHaH backa buneyuwinep xankpIMeH Xep ayaapbin, dewTi KbinwaKTaH Tbic 6HipAe Y/bl
MeM/IEKeTTeP KypFaHblH aHFapyFfa bonazbl.

1514 xbinbl Kacbim xaH Myxammenq, LanbanuabiH, iHici Maxmya-cyaTaHHbiH, bl ¥6anaonna
CY/NITaHFfa ©3 KbI3blH Hepin, CofFbICTbl TOKTATaAbl. byn HeKke eki »aKTbl TaTyNacTbipyFa bafbiTTanFaH
nananslk annnomaTua eai. CofbiC TOKTafaH coH, LanbaHu ypnakTapbl KacbiIMHaH blcmalibin Wwaxka
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Kapcbl LWbIfbiN, Kemek bOepreHiH Kananapl. Kacbim ©3 yablH 96inKalbipabl xibepeai. Kasak,
9CKepiHiH, OH KaHaTbiH balipam aTanblK, con KaHaTbiH Capbl ©4in, 0N opTanblifblH D6iNKaNbIPAbIH
e3i backapabl. Myxammeg, LanbaHnabiH, yabl Myxammeq, TemipaiH aCKepi o KaHaTTblH, apTbliHA
anractbl. An ¥baaonna cynTaH ackepaepaiH, CoHplHAa opHanacTbl. LLalkacTta balipam atanbik
neH 96inKarnblp Kasa TanTbl. bipikkeH 96inKanbIp KaHe Myxammes LLanbaHnabiH yabl Myxammes,
Temip xaHHbIH, 160 MbIHFa *KYbIK 9CKepi blcMmalibln WaxKa Kapcbl WbIFbIM, }eHinicke ylbipanabl.
By walkacka atakTbl KobblnaHabl Aa KaTbICKaH ef;.

“Anam-apa-nn wax Mcmann” aTtel eHbekTe blcmanbingbiH, O6inKanbipapiH, Haccynerid
HaM3aHbIH YlIblHA Kadan, macaTTaHa »KeHiCTi TonnafaHbl cunatranagpl [7, 118 6.]. ¥b6anponna
cynTaH bactaraH 30 MbiHFa XKYbIK 9CKep cedeBMATEPAiH, KepiHae Kanbin Kosaabl. Ocbl acKepiH,
yprnaKkTapbl KeriH Kasipri 93ipbankaH kepiHae Kasak aydaHblH Kypbin, baTbic a3ipbalxaH
AVANeKTiCiHAe COMNENTIH 3THWKANbIK TOMKa ahHangbl. 1747-1801 Kblngap apanblfbiHA@ OChbI
)epae Kasak cynTaHablfbl Kypbingbl. byn weTtenae Kasak AMacnopacbiHbiH, KaibiNTacyblHbIH 6ip
faHa mbicasbl.

Byn Kasak-e30eK acKepiHiH, y/IKeH keHinici eai. Kacbim xaH 96ifKanblip CynTaHfa erep skayapl
eHreH xafaanaa TypkicTaHaarbl 6UikTi ofaH bepeTiHiHe yaae bepreH eai. eHinicteH coH, byn
ya/e opblHAaAMan Kanabl. “Anam-apa-ium wax Mecmann” eHberinge Kacbim xaHaa 700 MbiHFa KYbIK,
acKkep Hap ekeHi anTbinaabl. byn Kacbim xaH TycbiHAa enge 300 mblH, ackep bonabl AereH 6acka
LepeKTepre Kanlibl KeneTiH aepek. Kanait 6onca aa, byn Kacbim xaH KesiHae Kasak OpaacbiHbIH,
YLIbI-KMbIPbI XKOK, Y/IKEH alMaKTapabl 6aFblHAIPbIN, ipi MEMAEKET KyPFaHAbIFbIHbIH aliKbiH Benrici.
KacbiMm XaH Kes3iHAe Ka3aKTblH, *Kepi LWblFbicTaH 0OaTbiCka Kapah AntaiaaH Epinre newid,
CONTYCTIKTEH OHTYCTiKKe Kapan Cibip opmaHaapbiHaH 6acTtan TypKicTaH eHipiHe AeniH COo3blbin
KaTTbl.

Kacbim xaH CedeBnarepai TankaHaam anmaabl. bipak on en Kasak xaHAblFbIHbIH, TYTaCTblfblHA
Kayin TeHaipbereHaikTeH, 6y oM OHbl Masanan KonraH oK. byn yakbiTTa LWanbaHn ayneTiHin,
OKTa-TeKTe WabyblNbIMeH KOoca, HOfamnapablH, AYPKiH-AYPKIH XOpbIKTapbl Kuinen ketTi. 1516-
1517 kbinaapsl LanbaHn ypnakTapbl Kasak xaHablFbiHa Wabybinaaabl. HoFal mblp3achk! Anasbip
COHbI NanaanaHbIin, Hofal xaHaplfbiHa TUeciNi 6onfaH baTbic KazakcTaHaafbl epaepai Kantapap!.
Kblpfbl3aapablH, KemerimeH KacbiM XxaH OyxapablKTapAblH Tac-TasKaHbIH WbiFapabl. Kacbim xaH
Horaln OpaacbiHa Kapcbl aTTaHfaH Ke3ae, Mofon xaHbl Cana Kblpfbidgapabl bafbiHAbIpaabl. by
Kblpfbl3aapablH, 6Oipa3 yaKkblT 60Mbl MOFONAAPAbIH KO acTblHAa KanyblHa Heris 6onagpbl.
Kblpfbl3aap aTanfaH oKMFanapaaH KeriH Tek Taxmp xaH TycblHAa Ka3ak XxaHablfblHa Kapanabl.

Horain OpaacbiHblH, 6ipa3 KywenreHiHe KapamacTaH, 1519 xbinbl Kacbim Hofa XxaHAbIFbIHbIH,
6ipa3 »kepiH KalTa Kasak xaHablFbiHa KOCTbl. Hofannap KpeipbiM XaHbimeH 6Gipirin, Kasak
XaHZblFblHA COFbIC alWKbICbl Kengi. bipak AcTpaxaHb XaHbl MKaHiBGeK TOCKaybla KOMbIMN, COFbICTbI
bonablpTnaabl. ACTpaxaHb XaHbl COFbICTA KEHETiHIHe ceHbereHAiKTeH, COFbICTbI KeMiHre werepa;.
BipaK yaKpIT TbiM Kel efi. ACTpaxaHb XaHbIHbIH CaACU Macenenepdi wewyaeri CONKbINAAKTbIFbI
KacbIMHbIH, Ke3dereH maKcaTTapbiHa KON eTkizbeyiHe anbin Kengi. 1521 xbiabl AcTpaxaHb
XaHMeH Oipirin, Hofain meH KbipbiM XaHAblFbIHA Kapcbl COFbiC HacTafbicbl KeareH KacbiM XaH
emipaeH eteai [4].

KacbiM XaHHaH KeMiH OHTYCTiK-wWbIFbiCc Ka3aKkcTaHabl SAiK CYNTaHHbIH, yabl Taxup 1523-1532
Xblngapbl 6uneai. 1525 xbiibl on Lanbanu ypnakTapbiHa wabybingansl. bipak keHinicke
ylblpafaH COH, Xa/blK TapanblHaH KyFblHfa yLblpabl. Taxmp KaTiresairimeH Ke3re KepiHreHaiKTeH,
Hapasbl/blK OingipreHgep TofbIM XaHHbIH, MENiKTepiHe Kapah Kewin kKeTTi. bipak ececiHe
KblpFbidaap Taxmp XxaHfa bGafblHa 6acTanapl. 1528 xbinbl Taxup CedeBma eniHe Kapcbl LWbIFbIM,
YKeHinicke ywbipanasbl.

OpTanbik KaszarkctaHabl HKaaikTiH yabl Tofbim buneni. Con ke3ge eH, benengi xaH TofbiM
6onaabl. 1537 xbiabl MayepeHHaxp, Horat Opaackl, MoFon xaHbl A ap-Pawmg, Gipirin, Tofbim
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XaHAbl XeHedi. batbic Ka3akcTaHabl Kacbim xaHHbIH yabl Mamaw xaH 6uneai. [lepektep OHbIH
KacbiMHaH KeliH bipaeH bunikke KenreHin, bipak ByKin Kasak »epiH bipikTipe anmaraHbiH Ka3abl.

HKoHIBEeKTIH ToFfbI3 yAblHbIH, Bipi Koka-AxmeT baTtbic KasakcTaHabl buneai. XakHazap Kacbim
XaHHbIH, 6acka yabl XakHasap Hofalt OpgacbiHbiH, CON KaHaTbiHbIH, Bacuwbickl Lenx-Mamaira
Kbi3meT eTTi [1]. KacbiMm XaH enimiHEH KenliH enge ObITbipaHKblbIK OpHalabl. Ka3ak xaHablfbiHa
Kapcbl HOfalnap, OyxXap/biIKTap XoHEe MOFONAap TY3aK Kypbil, MEMJIEKETTINIKKE Y/IKeH Kayin
TeHAipeni. Tek Kacbim XaHHbIH Y/ibl XakHa3ap XaH Ke3iHae faHa Kayin oynTbl ceninin, Kasak,
XaH/AbIFbl MEMAEKETTINIMH HblFalTa anabl.

KopbITbiHAbINaN Kene, Kacbim XaH enai BOipikTipin, Kasak *KepiHiH TyTacTbifbl YLIiH KypecKeH
aTblWybl XaH eKeHiH ic Xy3iHae KepceTe anabl. On Xuya, byxap xaHAablfbl, MOFON XaHAbIFbI,
Kbi3blnbactap eni »kaHe Horalh OppacbimeH GainaHbiC OpHaTbIM, OCbl eNAepAiH, XaablKapasbiK,
apeHaga casdcu bepeniH apTTbipa angpl. Kacbim XaH KesiHae Kasipri Kasak, eniHiH, Wwekapacsl
KanbinTacTtbl. On Xnya xaHAaplfbl, Mofon xaHAplfbl, ¥Abl MOFON XaHAbIFbl MeH Byxap XaHAbIFbIHbIH,
KYPblNyblHA TiKenen »KaHe iwiHapa cenTiriH Turizai. OHblH, XanblKkapanblK KaTblHaCTapAafbl
bIKManblH, Cipa, acblipa Hafanay MyMKiH emec.
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BANKLARDA RiSK ISTAHASI VO STRES TEST
NOTICOLORININ STRATEJI QORARLARDA
ISTIFADDSI

Akiyev Camil Azar oglu
Azarbaycan Dévlat igtisad Universiteti (UNEC), Maliyya ixtisasi, Bank isi ixtisaslasmasi Gizra
magistrant

Annotasiya. Maqgalada bankin risk istahasi, erkan xabardarliq gostaricilari va stres-test
naticalarinin strateji gararlara cevrilmasi arasdirilir. Metod kimi Azarbaycan Markazi Bankinin
2025-ci il Gzra sektor malumatlarinin tasviri tahlili, glivvada olan normativ sanadlarin migayisasi
va garar mexanizminin mantiqgi modellasdirilmasi secilmisdir. Sektorun kapital va likvidlik
gostaricilari butovlikds dayanigliliga isara etsa da, kredit keyfiyyatindaki dayisikliklar va ssenari
Uzra mUmkin kapital azalmasi ayri-ayri banklarda daha erkan tadbir gérmayi talab eda bilar.
Magalada gdstarici, d6zUmlulik zonasl, masul saxs va cavab tadbiri arasinda alagani muiayyan
edan tatbiqi cargiva taklif olunur. Sektor Uzra naticalarin fardi banklara avtomatik samil edila
bilmamasi tahlilin asas mahdudiyyatidir.

Acgar sozlar: bank riski, risk istahasi, stres-test, kapital planlasdiriimasi, likvidlik, erkan xabardarlig.

Giris

Bankin inkisaf plani kredit portfelinin bdylimasini, yeni mustari gruplarina cixisi va
galirliliyin artirilmasini nazards tuta bilar. Homin planin davamliligiisa bankin mimkun itkilari hansi
hadds gadar dasiya bilmasindan asilidir. Kapital va likvidlik gostaricilari yalniz hesabat dévrinin
naticasini tasvir etdikds idarsetmaya mahdud kdmak edir; garar gabul edan saxslar planlasdirilan
artimin hamin gostaricilari alverissiz saraitda neca dayisdiracayini da bilmalidirlar. Risk istahasi bu
suall bankin magsadlari ila Gzlasdiyi risklar arasinda olclls bilan alagaya cevirir. Stres-test isa
minasibatin daha agir seraitds quvvada galib-galmadigini yoxlamaga imkan verir.

Magalanin magsadi Azarbaycan bank sektorunun son musahids olunan gostaricilarini
nazara alaraq risk istahasi ila stres-test arasindaki alaganin strateji garar gaydasina neca cevrila
bilacayini izah etmakdir. Tahlil fardi banklarin daxili malumatlarina séykenan empirik
giymatlandirma iddiasli dasimir. Magalanin tdéhfasi rasmi sektor gdstaricilarini bank saviyyasinda
tatbig edila bilacak garar ardicilligl ila alagalandiran va bu iki malumat saviyyasini aydin ayiran
¢argivanin qurulmasidir.

Tadgiqat materiali va yanasmasi

Tadgigatin asas malumat bazasini Azarbaycan Respublikasinin Markazi Bankinin 2025-ci
ilin sonuna aid Maliyya Sabitliyi Hesabati taskil edir. Hiqugi vea taskilati talablar 2023-ci ilds gabul
edilmis, sonraki dayisikliklari aks etdiran “Banklarda korporativ idarsetma Standartlari” va 2026-ci
ilda tasdiglanmis “Banklarda stres-testlarin aparilmasi Qaydasi” ssasinda arasdirilmisdir. MUgayisa
G¢ln Maliyya Sabitliyi Surasinin risk istahasi prinsiplari va Bazel Komitasinin bank idarsetmasi Gizra
prinsiplari gotiridlmusddr. Bu sanadlarin PDF matnlari istinad siyahisinda tagdim edilir (AMB,
2023; AMB, 2026a; AMB, 2026b; FSB, 2013; BCBS, 2015).

Ilk marhalads risk istahasi, riskgdtirma qabiliyysti va limit anlayislar farglandirilmisdir.
Daha sonra sektorun kredit, kapital va likvidlik Uzra musahida edilan gostaricilari secilmis, 2026—
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2027-ci illar Ggln stres ssenarisinin naticalari isa ayrica qrupda gostarilmisdir. Son marhalada
gostaricidaki dayisiklikdan idaraetma gararina aparan ardicillig gurulmusdur. Taklif olunan hadlar
regamla doldurulmur: konkret saviyya yalniz bankin portfeli, daxili kapital plani, 6hdaliklarinin
strukturu va prudensial talablar asasinda muayyan edils bilar.

Risk istahasi va gararlarin sarhadlari

Markazi Bankin korporativ idareetma standartlarinda riskgdtlirma gabiliyysti bankin
kapital, likvidlik va digar prudensial talablari pozmadan dasiya bilacayi maksimum risk, risk istahasi
iso strateji hadaflar namina hamin qabiliyyat daxilinda gabul etmak istadiyi risk kimi miayyan
edilir. Risk limiti ayri-ayri faaliyyat novlari Gzra maksimal haddi konkretlasdirir (AMB, 2023, s. 3).
Demali, risk istahasi bankin imkanlarinin hamisindan istifade etmak ohdaliyi deyil. Prudensial
minimumla daxili limit arasinda masafa saxlanmasi bazar seraitinda dayisikliklara cavab vermak
Ggln yer yaradir.

Risk istahasi bayannamasinin tasdiqgi 6zU-6zIUylnda gararlarin intizamini tamin etmir.
Bayannamsa kredit, likvidlik va kapital kimi sahalar Uzra gdstaricilari, onlarin dézimlilik zonalarini
va kanarlasmaya verilacak cavabi gostarmalidir. Qlvvada olan standartlar shamiyyatli risklarin
tam ahatasini, biznes strategiyasi ila uygunlugu va gdstaricilarin zonalara uygunlugunun aylig
monitoringini nazards tutur (AMB, 2023, s. 17-18). Bu talablarin amali manasi odur ki, artim
hadafi tasdiglenarkan onun yaratdigi mimkin risk da eyni gararda nazara alinmalidir.

Maliyya Sabitliyi Surasinin prinsiplari risk istahasinin Gmumi bank saviyyssindan biznes
xatlarina va uygun hallarda hlqugi saxslara 6tlrtlmasini vurgulayir (FSB, 2013, s. 7-9). Masalan,
Umumi kredit artimi hadafi ayri-ayri portfellar tizrs eyni risk haddini asaslandirmir. istehlak krediti
Gzra gecikmalar siratlandikda, bu segmentin artim limiti yenidan giymatlandirila bilar, halbuki
basga segmentda keyfiyyat gostaricilari daha sabit gala bilar. Limitlerin bolUsdirtlmasi bir
gbstaricinin yaxsilasmasi ila basga sahada toplanan riskin gizlanmasinin garsisini almaga xidmat
edir.

Bazel Komitasinin prinsiplarina gora riske nazarat idarsetma organlarinin masuliyyati,
mustaqil risk funksiyasi ve daxili nazarstle slagali qurulmahdir (BCBS, 2015, s. 8-10, 25).
Azarbaycan standartlarinda da birinci mudafia xatti risk yaradan faaliyyat bélmalarindan, ikinci
xatt risk va komplayens funksiyalarindan, Gclncl xatt daxili auditdan ibaratdir (AMB, 2023, s. 17).
Bu bdlgl garar mexanizminda ahamiyyatlidir: mahsulu satan bélma gostaricini izlayir, mustaqil
risk funksiyasl kanarlasmani giymatlandirir, idaresetma organi isa faaliyyatin dayismasi barada
garar verir. Daxili audit prosesin islayib-isloamadiyini ayrica yoxlayir.

Azarbaycan bank sektorundan musahida edilan signallar

Markazi Bankin hesabatina asasan 2025-ci ilin sonunda bank sektorunun aktivleri 57,1
milyard manata catmisdir. Sektor zra kapital adekvatligi emsali 17,6 faiz olmus, macmu likvidliyin
ortilma amsali 154 faiza, milli valyutada hamin amsal 127 faiza yUksalmisdir. Bununla yanasi,
geyri-islak kreditlarin hacmi il arzinda artarag 763 milyon manat, onlarin imumi kredit portfelinda
paylisa 2,5 faiz olmusdur (AMB, 2026b, s. 12, 17, 23, 37). Bir tarafds kapital va likvidlik ehtiyatinin,
digar tarafda kredit keyfiyyatina dair dayisan signalin gérinmasi risk istahasinin bir amsala
endirilmamsali oldugunu gostarir.
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Cadval 1. Azarbaycan bank sektorunda segilmis gdstaricilar, 2025-ci ilin sonu

GOostarici Saviyya Tahlil Giglin manasi

57,1 mird. Balansin miqgyasini gostarir; fardi bankin

Sektor aktivlari manat risk haddi deyil.

Sektor Uzra misahids edilmis kapital

Kapital adekvathgi smsali 17,6% . .
movageyidir.

Macmu likvidliyin ortilma 154% Qisamiddatli likvidlik movgeyina dair
amsall ° sektor gdstaricisidir.

Kredit keyfiyyatinda izlanmali dayismani

i-islok kreditlari 2,59
Qeyri-islak kreditlarin payi ,5% gostarir.

Manba: Azarbaycan Respublikasinin Markazi Banki, Maliyya Sabitliyi Hesabati 2025 (2026, s. 12,
17, 23, 37).

Cadvaldaki gostaricilar muxtalif funksiyani yerina vyetirir. Kapital adekvathgr smsali
muimkdn itkilarin garsilanmasina, likvidliyin ortilma amsal gisamutddstli pul cixislarina, geyri-islak
kreditlarin payi isa aktiv keyfiyyatina dair signal verir. Bank tzra daxili hadd bu sektor ragamlarini
mexaniki takrarlamamalidir. Masalan, bir bankda depozitlerin az sayda iri mustarids comlanmasi
sektor Uzra alverisli LCR gostaricisina baxmayaraq alava likvidlik ehtiyatini asaslandira bilar. Eyni
gayda portfelin konkret sahada camlanmasina va taminatin keyfiyyatina da aiddir.

Rasmi hesabatda 2025-ci il arzinda geyri-islak istehlak kreditlarinin 58 milyon manat
artaraq 305 milyon manata catdigl va hamin segment lzra amsalin 3,3 faiza ylksaldiyi gostarilir
(AMB, 2026b, s. 24). Bu malumat bitin banklarda eyni riskin yarandigi anlamina galmir. Bununla
bels, portfel artimini planlasdiran bank Gglin gostaricinin Gmumi kredit portfeli ila yanasi mahsul
va mistari grupu saviyyasinda izleanmasinin sababini izah edir. Vaxti ke¢mis kreditlarin hacmi,
ehtiyatlarin yetarliliyi va yeni verilan kreditlarin keyfiyyati birlikda giymatlendiriimadikds tak amsal
gecikmis xabardarlig vera bilar.

Stres ssenarisindan faaliyyat gararina

Stres-test agir saraitin bankin kapitalina, likvidliyina va galirine mimkdin tasirini olclr; o,
hamin saraitin mitlaqg bas veracayini bildirmir. Markazi Bankin 2026-ci il gaydasi bankdan likvidlik,
kredit, bazar va amsaliyyat risklori Uzra stres-test aparmagi, naticalar asasinda tadbirlar plani
hazirlamagi va naticalari strateji planla, risk istahasi va limitlarla alagalandirmayi talab edir (AMB,
202643, s. 3, 6=7). Qayda hamginin malumatin keyfiyyatini, modelin mustagil yoxlanmasini va tars
stres-test imkanini nazarda tutur (AMB, 202643, s. 3—4).

Sektor Gzra 2025-ci il hesabatinin pessimist ssenarisinda kapital adekvatligi smsali 2026-ci
il Gglin 14,8 faiz, 2027-ciil Gglin 13,6 faiz hesablanmisdir. Hoamin hesabat pessimist ssenarinin rasmi
igtisadi prognoz olmadigini agiq bildirir. Hesablamada banklarin dividend 6damadiyi farziyyasi da
tatbig edilmisdir (AMB, 2026b, s. 45-46). Bu ragemlar 2025-ci ilin misahida edilmis 17,6 faizlik
sektor gostaricisi il eyni tip malumat deyil: biri faktiki hesabat gdstaricisi, digarlari sarti ssenarinin
naticasidir. Buradaki fikir sektor amsalinin hansi saviyyada galacagini avvalcadan séylamak deyil,
kapital ehtiyatinin planlasdiriimasinda sokun mimkin tasirini nazara almaqdir.

Idarsetma baximindan stres-test naticasi U¢ suali cavablandirmalidir. Birincisi, manfi
dayisiklik an cox hansi portfel va ya maliyyalasma manbayindan yaranir? ikincisi, tasir bas verdikda
daxili d6zimliliik zonasina va prudensial talablara gadar na gadar ehtiyat galir? Uctinciisi, hansi
tadbir risk profilini 6lctla bilan vaxt arzinds gabul olunan zonaya gaytara bilar? Cavabin yalniz
prognoz amsalindan ibarst olmasi bldcas, kredit siyasati va maliyyalasma plani hagginda garar
vermak Ugln kifayat etmir.

Qarar mexanizmi Ugln avvalca har gostarici zre normal zona, xabardarlig zonasli va limit
pozuntusu zonasi muayyanlasdirilir. Daxili hadlar riskgdtirma qabiliyystindan asagi secilir va
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bankin balansina uygun sanadlasdirilir. Xabardarlig zonasinda yeni kreditlerin keyfiyyati va
depozitlarin davranisi daha six yoxlanir; limit pozuntusunda isa avvalcadan tasdiglanmis salahiyyat
gaydasina uygun portfel artimi, giymat siyasati va likvidlik ehtiyati nazardan kegirilir. Ssenari
naticasi bankin mévcud limiti pozmasa bels, galacak dovrda pozuntu gostarands bidcs va kapital
planina duzalis edilmasi asaslidir. Bu taklif standartlarda nazards tutulan dézimlilik zonasi va
kanarlasmaya cavab mantiginin amali tatbigidir (AMB, 2023, s. 18; AMB, 20264, s. 3—4).

Cadval 2. Risk gostaricisindan garara kegid Ggin taklif olunan sxem

izlonan signal Yoxlanacaq alags MUmkin idarsetma addimi
Kredit keyfiyyatinin Yeni kreditlarin keyﬂyyati, R.iskli seqment.d.a art|.m planini va
) . sektor comlasmasi, giymat sartlarini yenidan
pislasmasi . . .
ehtiyatlar giymatlandirmak

Likvidlik ehtiyatinin Depozit axinlari, iri mustari  Maliyyalasma manbalarini

asihhigi, yuksak keyfiyyatli genislandirmak va ehtiyat
azalmasi o . . .

likvid aktivlar saviyyasini artirmag

. Zarar kanallari, risk Gzra Kapital planina va dividend

Stres altinda kapitalin e . . . .

Olcilmis aktivlar, kapital barada farziyyalara yenidan
azalmasi .

buferi baxmaqg

Sabab, davamlilig ve masul  Komitaya catdirmaq va tadbirin

Limitin pozulmasi - . :
bolma icrasini izlamak

Manba: MUsallifin AMB-nin korporativ idareetma standartlari va stres-test qaydasi asasinda
hazirladigl tatbigi sxem (AMB, 2023, s. 17-18; AMB, 20263, s. 3—4). Cadvalda gostarilan addimlar
bitin banklar Gglin eyni macburi limitlari ifadse etmir.

Bu sxemin islamasi Uc¢ln bankda risk idarsetma bodlmasinin ¢ixardigl natice garar veran
organa vaxtinda catmahdir. Risk gostaricisi dayisdikdan bir neca ay sonra hazirlanan genis hesabat
erkan xabardarlig funksiyasiniitira bilar. Ona gora qisa aylig monitoring, ayrica darin ssenari tahlili
va qorarin icrasl Uzre sonraki yoxlama bir-birini tamamlamalidir. Moévcud standartlarda
bayannamanin gdstaricilari Uzra aylig monitoring talabi va risk limitlarinin davamli izleanmasi bu
alagsa Ggln normativ asas yaradir (AMB, 2023, s. 18).

Qarar mexanizminin tatbiq nUimunasi

Tatbig ardicilligini istehlak kreditleri Gzra artim plani nimunasinda izlemak olar. Bank
novbati il Ggln yeni kredit hacmini muayyanlasdirarkan avvalca 6z portfelinda ilkin gecikma
alamatlarini, kredit alanlarin borc yukint va miayyan mahsullarda camlasmani tahlil etmalidir.
Sektor Gzra 2025-ciilda istehlak kreditlarinin geyri-islak hissasinin artmasi ayrica yoxlama aparmaq
Uglin sababdir; bunun konkret bankda eyni tendensiyanin moévcud oldugunu gostardiyi iddia
edilmir. Bankin daxili malumatlari riskin artdigini tasdiglayirss, artim hadafinin hesablanmasi yalniz
kecmis galirliliya asaslana bilmaz. Taxmini itkilar, ehtiyatlara ehtiyac ve hamin portfelin kapital
istifadasi da garara daxil edilir.

Novbati addimda bank 6z portfelina uygun slverissiz ssenari qurur: galirlarin zaiflamasi
borcalanlarin 6danis intizamina, gecikmalarin artmasi iss mUmkun itkilars va kapitala tasir edir.
Eyni vaxtda depozitlerin azalmasi farz edilarss, kredit artimi ila likvidlik ehtiyati arasinda ziddiyyat
yarana bilar. Bu alagalar modellasdirildikdan sonra rahbarlik baslangic plani, daha yavas artim va
kredit sartlarinin dayisdirilmasi kimi variantlari migayisa edir. Variantlarin har biri Gzra risk istahasi
zonasina uygunluq ayrica gostarilir. Secilmis addimin icra middsti ve yenidan baxilma sarti
avvalcadan geyda alindigda stres-test real gararin yoxlanila bilan hissasina gevrilir.
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Bu ndmunada gararin naticasi barada ragam verilmamasi gasdandir: bankin daxili
malumatlari olmadigda konkret itki, hadd va ya galirlilik gostaricisi hesablamaqg asasli olmazdi.
NUmuna metodun mantiqgini gostarir. Onun faydasi ssenarida nazarda tutulan sokun hamin bank
Gcln muUmkanldyld, malumatlarin keyfiyyati va sonradan gorilmis tadbirin dlgcilmasi ils
yoxlanmalidir.

Malumat keyfiyyati va tahlilin sarhadlari

Dizgln garar yalniz giris malumatlari etibarl oldugda mimkindir. Bank bir mistarinin
mixtalif mahsullar Gzra o6hdaliklarini birlesdira bilmadikda, kreditin teminati vaxtinda
yenilanmadikda va ya ohdaliklarin muddat strukturu natamam oldugda stres-test naticasinin
daqgiqliyi azalir. Merkazi Bankin vyeni gaydasi malumat manbsalarinin uzlasdiriimasini,
uygunsuzluglarin tahlilini, geyri-dagiq musahidalarin askar edilmasini va manbalarin etibarliliginin
sanadlasdirilmasini nazardsa tutur (AMB, 2026a, s. 4). Bu talablar ragamsal infrastrukturun
keyfiyyati ile maliyya gararinin keyfiyyati arasindaki birbasa alagani gostarir.

Malumatlarin c¢oxlugu 06zIlylinds daha yaxsi prognoz yaratmir. Ke¢misda miusahida
edilmamis soklari yalniz tarixi itkilara asaslanan model zaif ahata eda bilar. Modelin qurulmasina
calb olunmayan saxslar tarafinden validasiya va ssenarilarin mintazam yenilsnmasi bu zaifliyi
azaltmaga yonslir (AMB, 2026a, s. 3—4, 6). Eyni zamanda kredit, bazar va likvidlik soklarini
tamamila ayri giymatlandirmak Umumi tasiri asagl gdstars bilar: kredit itkisi kapitali azaldarkan,
etimadin zaiflamasi likvidliys da tazyig gdstara bilar. Qayda likvidlik stres-testinda digar risklar Uzra
naticalarin nazara alinmasini da talab edir (AMB, 20263, s. 6).

Bu tadgigatin baslica mahdudiyyati banklar Gzre mikro malumatlarin, daxili limitlarin va
fardi stres-test modellarinin agig olmamasidir. Buna gora taqdim olunan garar sxeminin miayyan
bir bankda maliyys itkisini na gadar azaltdigl hesablanmamisdir. Sektor Uzra kapital va likvidlik
gbstaricilari banklar arasindaki farglari gizlada bilar; makro ssenarinin naticasi de konkret bankin
balansina kogirlls bilmaz. Carcivanin sonraki tatbigi Ucln bank saviyyasinda portfel va pul axini
malumatlari ila 6lcllan naticalari migayisa edan ayrica empirik tadgigat talab olunur.

Natico

Tahlil gostarir ki, risk istahasi bankin strateji magsadlarini 6lgtla bilan risk sarhadlarina
baglayanda idaraetma alatina cevrilir. Stres-test hamin sarhadlarin alverissiz saraitda na gadar
davamli galacagini yoxlayir. Rasmi sektor malumatlarinda 2025-ci ilin sonunda kapital va likvidlik
movgeyi glcll gorlnsa da, geyri-islak kreditlarin artimi bitln gdstaricilara eyni istigamatda
baxmagin dogru olmadigini gdstarir. Sektorun dayanigligl barads Umumi natica fardi bankin risk
profilini avaz etmir.

Taklif edilan tatbig ardicilligl bankin risk istahasi Uzra gdstaricilari va dézimlilik zonalarini
miayyan etmasi, portfel saviyyasinda erkan signallari izloamasi, stres-testdan sonra kapital va
likvidlik ehtiyatini yenidan hesablamasi, limita yaxinlasmani salahiyyatli organa ¢ixarmasi va gabul
edilmis tadbirin naticasini yoxlamasidir. Bu ardicilhg normativ talablari bankin real bldcs ve
mahsul goararlari ila alagalandirir. Mixtalif 6lcllt  banklar UGcgln konkret hadlar ayrica
asaslandiriimalidir; magalada gostarilan sektor ragamlari bels hadlarin hazir normasi kimi istifada
edila bilmaz.
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MAPKETWHTOBAA JIOTUCTVIKA B
CUCTEME NMPOLABNAREHNA
PACIMTPELAENEHWVA MPOLYRLUNN
[TPOMBbBILUERHOTO MPEATNPUATINA

MarkntoBa Cayne KanvesHa

KaHAMAAT SKOHOMMYECKMX HayK, acCoUMMpPOBaHHbIM Nnpodeccop, KaparaHanMHCKMA
yHuBepcuTeT KasnoTpebcotosa, r. KaparaHaa, KasaxctaH

KpacHouekoBa EneHa AnekcaHapoBHa

CT.npenoaasaTesb , MarucTp 3KOHOMUYECKMUX HayK KaparaHAMHCKMIA YHUBEPCUTET
KasnoTpebcotosa, r. KaparaHaa, KazaxctaH

*ekceHban Hypcepumk aHysaKkynsbl

coTpyaHuk TOO QazTehna, obyyatowminca Ol Jlornctuka, KaparaHaAMHCKUA YHUBEPCUTET
KasnoTtpebcotosa, r. KaparaHaa, KasaxcraH

AHHOTaUUA

B craTbe paccmaTpmMBaeTCA POJb MAPKETUHIOBOM NOTUCTUKM B MNPOABMMKEHUN W
pacnpegeneHnn NpoayKuMmM NpombllAEHHOro NpeanpmatTia Ha npumepe TOO «QazTehna» —
Ka3axCTaHCKOro MpPOM3BOAMTENA aBTODYCHOM UM KOMMEPYECKOM TeXHWKMW. AKTyalbHOCTb
nccnenosaHuA obycnosneHa Tem, YTO B MPOMbIWAIEHHOM MApPKETUHIe KOHKYPEeHTOCNOCOOHOCTb
onpeaenaeTca He TONbKO XapaKTepUCTMKAMW MNPOAYKUMW W LLEHOM, HO M CNOCOBHOCTbIO
npeanpuATMA CBOEBPEMEHHO [A0BOAMTL MNPOAYKUMIO [0 KOPMOPATMBHOIO notpebutens,
obecneynBaTb HEOOXOAMMBI YPOBEHb CEPBMCA M NOAAEPHKMBATL YCTONUYMBbIE MHOOPMALIMOHHbIE
cBA3n. CUCTeMaTM3MpoBaHbl TeopeTuyeckne noaxoabl K MAPKETMHIOBOM NOTUCTUKE  Kak
pe3ynbTaTy MHTErpaLLmMmnm MapKETUHIOBbLIX M NTOTUCTUYECKMX PYHKLMIA. Ha OCHOBE OTKPbLITHIX AaHHbIX
QazTehna n matepunanos NpeanpuATUA NPOAHAIN3NPOBAHBI AaCCOPTUMEHT, NMPOW3BOACTBEHHbIE
BO3MOXHOCTW, pPa3BUTME JIOKANM3aUMKM, KaHanbl B3aMMOAEWCTBMA C  KOPMOPaTUBHbIMM
3aKa3uMKammM W 0COBeHHOCTW pacnpedeneHua npoaykumun. [lpeanoxeHbl HanpaBneHua
COBEPLUEHCTBOBAHMA MAPKETUHIOBO-10MMCTUYECKOrO B3aMMOAENCTBUA U CUCTEMa NoKasaTenem
€ro OLEHKM.

Kntoyesble cnosa

MapkemuHao8aa  s10eUCMUKA,  NPOMbIWAEHHbIU — MapKemuHe,  pacnpeoesneHue,
npoodsuxeHue, KaHanel cbeima, so2ucmu4veckuli cepsuc, Kommep4veckul mpaHcnopm, B2B-
mapkemuHe, gaztehna, Kazaxcmar.

BesegeHue

CoBpemMeHHaa  AeATeNbHOCTb NPOMbILLIEHHOrO npeanpuAaTmus npeanonaraer
O[IHOBPEMEHHOE  pelleHMe HEeCKOMbKMX B3aMMOCBA3AHHbIX 3aJa4y: W3y4YeHWe  PbIHKa,
dopmmpoBaHmMe BOCTPEOOBAHHOTO MNPOAYKTOBOrO MNPEeASIOKEHUA, NPOABUNKEHME NPOAYKLUM,
opraHuMsaumsa ee pacnpefeneHus u obecneyeHne HeoOXOAMMOro YPOBHSA 06CNYKMBaAHMA
notpebutenen. OcobeHHO APKO AaHHAA B3aMMOCBA3b MPOABAAETCA Ha PbIHKE TPAHCMOPTHOrO
MaLIMHOCTPOEHMA, FAe NPOAYKLMA OTIMYAETCA BbICOKON CTOMMOCTbIO, TEXHUYECKOM COXHOCTLHO,
ONUTENbHBIM CPOKOM 3KCMAyaTauMM W 3aBUMCMMOCTblO NOTpebutena oT CBOEBPEMEHHOCTU
MOCTaBKM TEXHMKM, 3aMaCHbIX YACTEM M CEPBUCHbIX YCAYT.
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B TpaguUMOHHOM MNOAXOAE MAPKETUMHI W NOTMCTMKA HEepeaKO PacCMaTPMBAOTCA KakK
camocToATeNbHble PyHKUMOHANbHble obnacTn. OgHAaKo MCCnefoBaHMA MOKA3blBAlOT, YTO WX
KoopaMHaUMA HenocpeACTBEHHO CBA3aHAa C  KayecTBOM  OBCNY»KMBaAHMA  KAMEHTOB U
abPeKTMBHOCTbIO pacnpegeneHma. MHTerpauma MapKeTUMHIOBbIX M NIOTUCTUYECKUX DYHKLMIA
NO3BO/IAET COMNACOBbIBATb PbIHOYHbLIA CMPOC C MPOM3BOACTBEHHBIMM M pPacnpeaeNTeNbHbIMM
BO3MOXKHOCTAMM NpeanpuaTma [1; 2].

[nA NpOMbILINEHHOTO NPeAnpUATUA HEAOCTAaTOYHO ONPEAENUTL, KaKOoM TOBap HEObXoAMM
notpebutento. Heobxoammo obecneynTb €ro Haauume B HyKHOE BPemsA U B HYXKHOM MECTE,
COrNlacoBaTb XAaPaKTEPUCTMKM 3aKasa C MPOW3BOACTBEHHbIMM BO3MOMKHOCTAMM, OPraHM30BaTb
NOCTaBKy M nocneaytouiee obcayRmBaHme. 03TOMY MAPKETMHIOBaA /IOTMCTMKA CTAaHOBUTCA
CBA3YOWMM 3BEHOM MeXAY PbIHKOM M MPON3BOACTBOM.

MpaKTUYecknin nHTepec NnpeactasaseT geatenbHocTb TOO «QazTehna», pacnonoKeHHoro
B MHAYCTPMaNbHOM 30He ropoaa CapaHu KaparaHamHckon obnactu. Mpeanpustue npousBoamT
aBTOOYCHYIO M KOMMEPYECKYIO TEXHUWKY; ero noptdenb BKAoYaeT aBTobOycbl Yutong, a Takxke
KOMMepYeCKyto TexHMKy Sinotruk n Scania [3; 4].

Llenb ctatb — 0606WNTb TEOPETUYECKME NOAXOAbI K MAPKETUHIOBOM IOTUCTUKE U Ha MX
OCHOBE MNpOaHanM3npPoBaTb OCOOEHHOCTM NPOABUMMKEHMA WM pacnpeaeneHns npoaykumm TOO
«QazTehna», a TakXe onpeaennTb HamnpaBAeHMA COBEPLIEHCTBOBAHMA MapPKETMHIOBO-
NOTUCTUYECKOTrO B3aMMOAENCTBUA NPeanpUATHA.

MapKeTMHIroBaa N0rncTnKa cHopmmpoBanacb Ha NepeceyeHmm MapKeTUHIa U NOTUCTUKMW.
MapKeTUHI OpWEeHTMPOBAH Ha BbIABAEHME W YAOBNETBOPeHMe noTpebHOCTEN pPbIHKa,
dopmmnpoBaHMe LEHHOCTHOrO MPEeANONKEHNA W ynpasieHMe OTHOWEHUAMMK C NoTpebutenamu.
JNloructmka obecneymnsaeT ynpaBneHne matepuanbHbiMK, MHGOPMALMOHHBIMW U CBA3AHHBIMM C
HUMW NOTOKaMM, HeobXoaMMbIMUK ANA GU3NYECKOTO A0BEAEHMA NPOAYKLUMM A0 NOTpebutens.

B y4yebHOM M Hay4yHOW NUTepaType MAPKETMHIOBAA /OTMCTMKA PAaCCMaTPMBAETCA KakK
NNAHNMPOBAHWE, peanusauma M KOHTPONb GU3NYECKOTOo ABWMMKEHMA MaTepuanoB M FOTOBOM
NPOAYKLMM OT MeCTa MPOUCXOXKAEHNA K MECTY MCNONb30BAHNA C y4eTOM TpeboBaHWI KIMEHTOB U
3aTpaT npeanpumatna [5]. B cMCTEMHOM MNOHWMMAHWM OHa OXBaTblBAeT TaKXe KOOPAMHaLMIO
MaTepuanbHblX, WHOOPMALMOHHBIX U GUHAHCOBbLIX MOTOKOB  MEMKAY  MOCTaBLUMKAMM,
npeanpuATMEM, NOCPEAHNKAMM N KOHEYHBIMM NONb30BATENAMM.

MccnenoBaHMA MHTErpaummM MapKeTUMHra M IOTUCTMKM MOKasblBalOT, YTO 0be GyHKUMK
nmetoT 0bLLyto OpUEHTAUMIO Ha NOTpebutenscknin cepsuc. MapKeTuHr GopMUpyeT NOHMMaHKe
TOro, 4YTO HeobXxoAMMO KAMEHTY, a /0rMMCTUKa onpefenseT, Kakmm obpasom obecneunTb
BbIMO/IHEHME 3TOro TPeboBaHMA C NPUEeMIeMbIMK 3aTpaTamm. [103TOMY Ka4ecTBO 0OCNYKMBAHUA
CTAHOBMTCA OAHUM M3 KNHOYEBbIX 31EMEHTOB MX MHTErpaumm [1; 2].

BakeH nepexos OT YHKUMOHANBHOTO K MHTErpMpOBaHHOMY MOHUMAHMIO MapKETUHIOBOW
NnorucTnkn. Mpn GYHKUMOHANbHOM MOoAXo4e TPaHCMOPTMPOBKA, CKNAAAMPOBaHWE, ynpaBneHue
3anacamMu, NpoaaxkKM M NpPoABMMKEHME MOTyT OLEeHMBATbCA OTAENbHO. [pU MHTErpMpoBaHHOM
noaxoae aHaM3npyeTca BCA LLeNOYKa CO3A4aHMA LLEHHOCTU: OT BO3HMKHOBEHMA NOTpebHOCTHN A0
MCNOJIHEHWA 3aKa3a M NOCNEeNPOAAXKHOro 0BCAYKMBAHMA.

[Ona NpoMbIWNEHHOro NpeanpuATMA 3Ta LLENOYKa MOMKeT ObiTb npeacTaBneHa Tak:
nccnefoBaHWeE PbiHKA — CerMeHTauuMA KAMEHTOB — GOPMMPOBaHME NPOAYKTOBOro NpeaoxXeHums
- MNPOABWMMKEHME —> MNoayvyeHMe W obpaboTka 3akasa —» NNAHMPOBAHME NPOM3BOACTBA M
KOMMNNeKTauun — pacnpefeneHume 1 4oCTaBka — CEPBUCHOE CONPOBOXAeHME — 0bpaTHaA CBA3b
— NMOBTOPHOE B3aMMOAENCTBME C KIMEHTOM.

MoTpebUTeNbCKUIA CEPBUC MOMXKET BbICTYMaTb 0ObeANHAIOWMM S3NEMEHTOM MApPKETUHIA U
NOTUCTUKK [2]. N5 NPOMBILWNEHHOTO KMEHTA OH BKAKOYAET AOCTYNMHOCTb NPOAYKLMM, KAYeCTBO M
TOYHOCTb MOCTaBKM, COOTBETCTBME KO/NMYECTBA WM KOMMIEKTaUMWM 3aKasy, WMHPOpMaLMOHHOe
CONPOBOXAEHME N CNOCODOHOCTL MOCTaBLLMKA pearnposaTb Ha Npobaembl.
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CnepnoBatenbHO, MAPKETMHIOBasA NOTMMCTMKA AO/KHA OUEHMBATbCA He TO/NbKO 4epes
NOTUCTUYECKME 3aTpaTbl. CHUXKEHME 3aTpaT He ABNAETCA NONOKUTEIbHbIM Pe3ybTaTOM, ECIN OHO
NPMBOAMT K YXYALIEHWIO YPOBHA 0OCAYKMBaHMA. LleneBbiM ABNAETCA TaKoe COOTHOLWEHMe 3aTpaT
M CcepBMCa, MPW KOTOPOM MNpeanpuaTMEe BbINONHAET TpeboBaHMA CermMeHTa M COXpaHAeT
9KOHOMUYECKYIO 3PPEKTUBHOCTD.

CoBpeMeHHble  MCCNeAoBaHWA  pPasBMBAlOT  AaHHbIM  MOAXOA,  pacCcMaTpmBas
MapKETMHIOBYHO IOTUCTUKY KaK MHTENPUPOBAHHYHO CUCTEMY YMNPaBAEHWUA, OPUEHTMPOBAHHYIO Ha
co3gaHne noTpebuTenbCKOM LEHHOCTM, YCTOMUYMBOCTb LEMnen MnocTaBok U uudposuM3aumio
npoueccos [6; 7].

MapKeTUHI M NOTUCTMKA B CUCTEME MNPOMbIWAeHHOro B2B-pbiHKa. Ha B2B-pbiHKax
pelleHne 0 NPUobpeTeHNM NPOMBbILLIEHHON NPOAYKLMN 0BbIYHO NPUHUMAETCA OpraHmM3aUmen n
MOMeT BKAOYaTb GOPMMPOBAHME TEXHUYECKOTO 3aAaHWA, CPAaBHEHWE NPeasOXKEeHWUM, OLLEHKY
CTOMMOCTM BAAZEHWA, COT1aCOBaHME YC/AO0BMIA MOCTaBKM, 3aK/AtOYEHWE A0roBOpa M KOHTPO/b
NCNONHEHMA.

MosToMy NPOABMKEHME NMPOMbILWIEHHOM NPOAYKLUMM HE OrpaHMYMBaETCA peknamon. Jns
MOTEHLMA/IbHOTO 3aKa34MKa BaXKHbl TEXHUYECKAA AOKYMEHTALLMA, XapaKTEPUCTUKN MOAENN, CPOKM
M3rOTOBNEHMA W MOCTaBKM, BO3MOMHOCTb afanTaumy MPOAYKUMMU, CEpPBMCHAA MOALEPNKKA W
3anacHble 4actu. Jlormctuyeckaa MHOOpPMALMA  CTAHOBMTCA  4YacTbld  MApPKETMHIOBOro
npeanoXeHunA.

MoTpebHOCTM  Pa3MYHbLIX KaTeropuin NokynaTene HeoAMHAKOBbl. TpaHCMOPTHaA
OpraHM3aumMa MOXKeT yaenAtTb ocoboe BHMMaHME MNACCAXKMPOBMECTUMOCTU, IKOHOMUYHOCTMH,
HaZEeXHOCTU 1 CepBUICY, TOTAA Kak MPOMbIW/IEHHOE UK ropHOA400bIBaOWEE NPeanpUuATUE MOXET
OblTb 3aMHTEPECOBAHO B CMELMaNM3MPOBAHHOM KOMMEPYECKOM TeXHUKE, rpy30Mo4beMHOCTHN 1
3KCMNYaTaLMOHHOM NPMCNOCOBNEHHOCTH.

CnepoBaTenbHO, eAMHaA MOAeNb pacnpefeneHma He Bcerga obecnevmBaeT 04 MHAKOBYHO
LLEeHHOCTb ANA BCEX KNMEHTOB. CermeHTauma A0/KHA PACNPOCTPaHATLCA HE TONbKO Ha PeKNamHble
COObULEeHMA, HO M Ha YCN0BMA 3aKasa, IOTMCTUYECKMIA CEPBUC, CPOKM MOCTAaBKM M nocaeaytollee
obcnyxkmBaHue. Pasanuma B TpeboBaHMAX K CEPBMCY MOryT MCMOAb30BATbCA KaK OCHOBA
CErMeHTaUMM NPOMbILLNEHHbBIX KNMEHTOB [8].

[na noporocToallen TeXHMKM MOMEHT NPOAAXKM He 3aBepluaeT B3anmoaencteme. Mocne
MNOCTaBKM BO3HMKAKOT CEPBUCHbIE, FAPaHTUMHbIE, PEMOHTHbIE W CHabXKeHYecKkMe npoLeccsl.
[03TOMY YCTOMUYMBOCTb KNMEHTCKMX OTHOLWEHMM 3aBUCUT OT COBOKYMHOTO OMbITa B3aMMOAENCTBUA
C NOCTaBLMKOM.

MPOM3BOACTBEHHbIN M PbIHOYHbLIM noTeHuman TOO «QazTehna». TOO «QazTehna»
PacrnosioXeHo B MHAYCTPUanbHOM 30He ropoga CapaHu  KaparaHguHcKkon — obnactu.
CTpouTenbCcTBO NpeanpuaTma Hadanocb B 2019 roay; 66111 BOCCTAaHOBAEHbI U MOAEPHN3MPOBAHDI
40,5 TbIC. KB. M MPON3BOACTBEHHbIX U CKNAACKUX NOomelleHnin. B nekabpe 2020 roaa 3anyLieH uex
KpynHoy3n0BoM cbopkmM aBTobyCOB, a B utoHe 2021 roga — MenKoy3/oBoe NpPoun3BoACTBO [3; 4].

CornacHo odpuumansHomy canty QazTehna, nnowaab npeanpusatia coctasnseT 40 500 KB..
M, YNCNEHHOCTb NepcoHana — 840 4yenoBek, 3aABAeHHaA pbiHOYHAA 404 3a 2024 rog — 68%.
MNpon3BOACTBEHHAA MOLWIHOCTb YKasaHa Ha yposHe 1 200 aBtobycos u 10 000 eauHuy,
KOMMepYecKomn TexHUKK B rog [3].

MpOM3BOACTBEHHbIM NOPThENb BKAOYAET ropoacKMe, TYPUCTMYECKME, MEXAYTOPOAHNE U
cneuyansHble aBTobychl Yutong, a TaK¥e KOMMepYecKyto TexHuKy Sinotruk u Scania. Ha caite
OTAeNbHO NpeACcTaBAeHbl 31eKTpuYeckme aBTobychl [4].

JHammKa BbINyCKa MOKa3bIBAET paclumMpeHme AeATeibHOCTU: 165 eamnHuML, TexHukn B 2021
roay, 568 — 8 2022 roay, 1 579 — 8 2023 roay n 1 576 — B 2024 roay. Ha caliTe Takxe yKka3aH
nnaH Ha 2025 roa;: 1 560 egnHML, aBTOOYCHOM TEXHUKM U 2 139 eAMHUL, KOMMEPYECKON TEXHUKM
(3].

139




Proceedings of the 14th International Scientific Conference

PasBMTMe NpoM3BOACTBA COMPOBOXKAAETCA N0Kanm3aumein. Mo AaHHbIM NpeanpuaTma,
baKTUYeCcKnIM ypoBeHb 10Kann3aLmm coctasnaet 36,08%, Npy STOM NOCTaBNeHa 3a4a4a YBE/IMYNUTb
[0/t0 KazaxcTaHckoro cogepykanna no 50% [3]. B 2025 roay peann3oBbiBaACA MHBECTULIMOHHbBIN
NPOEKT CTOMMOCTbIO 4 MApA TEHre MO CO34aHWMI0 LEexa WM3roTOBAEHMA WM LITAaMMNOBKW AeTanen
0BWNBKM aBTOBYCOB M KOMMEPYECKOM TEXHUKM [9].

[OnAa MapKeTUHroBOM NOTMCTUKM NOKANM3aUMA MMeeT ABOMHOE 3HAYeHMe: OHa MOXKeT
BbICTYNaTb XapaKTEPUCTUKOM OTEeYeCTBEHHOrO MNPOAYKTa M OAHOBPEMEHHO CnocobcTBOBaATb
6onbluen ynpaBAAeMOCTM OTAE/bHbIX Y4aCTKOB Lienu NOCTaBOK.

MpoABM»KEHNE MPOMBILWAEHHON TEXHUKM MMeeT MHPOPMAUNOHHO-KOHCYAbTALMOHHbIN
xapaktep. Ha odmumanbHom carite QazTehna npeactaBaeHbl MOAENN aBTODYCOB U KOMMEPYECKOM
TEXHWUKN, TEXHUYECKME XaPaKTEPUCTUKM, KaTErOpMM NPOAYKLMM M KOHTAKTbl OTAena npoaax [4].
Lindposoit KaHan BbINOAHAET GYHKUMIO HE TONIbKO MOBbIWEHWA Y3HABAEMOCTM, HO U NEPBUYHOIO
KOHTAKTa NOTEHLUMANBHOIO K/IMEHTa C NPOAYKTOBbIM NPEea/IOKEHNEM.

[na npombIWNEHHOro MokynaTena BaXHa WMHboOpMauma, HeobxoaMmas ANA NPUHATUSA
peweHua. MNMoatomy umMdpoBOoe NpeacTaBAeHNE MPOAYKUMM CAeflyeT pacCMaTpMBaTb KaK YacTb
MapPKETUHIOBOM NOTUCTUKM: AaHHble O MOAESM, TEXHUMYECKMX MapameTpax M BO3MOMKHOCTAX
NPeanpuATMA CHMXKAKOT HeEONPeAeNEeHHOCTb Ha CTaamMm GOPMMPOBAHMA 3aKa3a.

PaclwmpeHne NpoayKTOBOro NpesioXKeHMA No3BOAAET OPUEHTUPOBATb KOMMYHMKALMKN HA
Pa3/nyHbIe CUEeHapuu 3KcnayaTaumu. Ha caWTe BblAeNeHbl TOPOACKME, TypUCTUYECKMeE,
MEeXAYropoAHME, SNEKTPUYECKME U CNelmaibHble aBTODYCbI, @ TaKKe KOMMepYecKas TexHMKa [4].

B maTepuanax npeanpuATMA  OTMe4YaeTcA Haaumume B aBTobOycax HaBuraumu,
BUAEOHabNAeHMA, BECKOHTAKTHOM OonnaTbl Npoe3aa, KOHAMUMOHWPOBaAHMA M 0HopyaoBaHMA
ANA NOCAZKM M BbICAAKM MAanoOMOBUAbHbLIX Naccaxkmpos [3]. 1A MapKeTMHra 3To BO3MOXKHOCTb
dopmmnpoBaTb NpeaoKeHNE BOKPYT KOHKPETHbIX BbIFOA A1A SKCNAyaTUPYIOLLEN OpraHn3aumn.

dbPeKTUBHOCTL NpoABMMKEHMA LenecoobpasHo CBA3bIBAaTb C KOMMEPYECKUMU WU
NOTUCTUYECKMMM pe3ynbTaTaMm: KOAMYECTBO 0OPaLLEHMIA - C KOMMEPYECKMMWN NPeaOKEHNAMM,
[,0roBOpamm, NOCTaBKaMM 1 NOBTOPHbLIMUM 3aKa3amu.

Onsa  QazTehna xapaKTepeH npeumyllecTBeEHHO B2B-xapaKtep pacnpeaeneHms.
OCHOBHbIMK MNOTPebUTENAMM NPOAYKLUMKW, COrNAaCHO NPeaoCTaBNEeHHOM CnpaBke, ABAAKOTCA
TPAHCNOPTHbIE, MPOMbILWAEHHbIE M ropHOAOObIBatOWMe NpeanpmATMA KasaxcTaHa; asTobychl
NPOM3BOACTBA NPeANPUATUA SKCNNYATUPYIOTCA BO BCEX PernoHax ctpaHbl [10]. 3To npeanonaraet
NPAMbIE LOrOBOPHbIE OTHOLWEHWA U MHCTUTYLLMOHAIbHbIE KaHasbl 3aKyMNOK.

PeanbHbIM NOATBEPKAEHMEM Y4YaCcTMA NPEANPUATMA B KPYMHbIX 3aKyMNKax ABAAKOTCA
naHHble [lopTana rocyJapcTBeHHbIX 3akynok Pecnybamkm  KasaxctaH. B oaHom  u3
onyb/MKOBaHHbIX AOrOBOPOB MOCTABLIMKOM aBTobycoB ykaszaHo TOO «QazTehna»; nnaHoBas
cymMma noTa coctasuna 14,994 mnpa TeHre, cymma npeameta gorosopa 6e3 HAC — 14,943 mnpa
TeHre [11].

[pyron npumep OTHOCKUTCA K KOPMOPaTMBHOMY CEKTOPY. B AOKYMEHTax 3/1eKTPOHHOro
noptana 3akynok AO «Campyk-KasbiHa» QazTehna yKaszaHo nocTaswmkom aBTobyca ana TOO
«OMN1 TPAHCMOPT KOPMOPEMLWISH»; TexHuyeckaa cneuuduKauma npeaycmatpusaer
NPUropoAHbIN aBTobyC Knacca 3 BmecTumocTbio A0 40 mect [12].

Taknum obpasom, pacnpenenutenbHyto cuctemy QazTehna MOXKHO paccmaTpuBaTb Kak
COYeTaHWe TrOCYZaAPCTBEHHbIX 3aKyMoK, KOPMOPATUBHbLIX 3aKYNOK W MNPAMbIX A0OrOBOPOB C
opraHmsaumammn. Kaxapih KaHan npeabasnaeT cobcTBeHHble TPeboBaHMA K AOKYMEHTAaNbHOMY
COMPOBOXAEHWNIO, TEXHMYECKOMY COOTBETCTBMIO, CPOKaM M Npoueaype CoracoBaHuA.

B ycnoBmAx paclimpeHma acCopTMMeEHTa KOMMEPYECKOM TEXHMKM 3HavYeHne B2B-KaHanos
BO3pacTaeT. [na rpy3oBbix aBTOMOOMAEN U CNEUMANU3UPOBAHHOM TEXHUMKMU BaXKHbl HE TObKO
XapaKTEPUCTUKM MalUMHbI, HO U BO3MOXHOCTb 0HecneynTb NOCTaBKY, KOMNAEKTHOCTb, CEPBUC U
3aMacHble YacTu.
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B NpOMbIWNEHHOM  MapKeTUHre  JIOTUCTUYECKUMIA  CepBUC  ABNAETCA  YacCTblo
NoTPebuTenbCcKom LEeHHOCTU. A KNMeHTa BaXKeH He TONbKO GaKT NpnobpeTeHNsa TEXHUKN, HO U
BO3MOHOCTb 3KCM/yaTMPOBATb €€ C MMHWUMANbHBbIMW MPOCTOAMM. [103TOMY MapKeTMHroBas
NOTUCTMKA AONXKHA BKAKOYATb NPOLLECChl NOCae nepeadm NPOAYKLMN 3aKa34vmKy.

K HMM OTHOCATCA rapaHTUIMHOE N cepBUCHOE 0BC/YKMBAHME, MOCTaBKa 3aMacHbIX YacTel,
KOHCY/IbTaUMOHHAA noAJeprkka, obpaboTka obpauweHuin n obpatHas cBA3b. C no3uumm
MapKeTMHra OHM GOPMUPYIOT OMbIT B3aMMOAENCTBUA KNMEHTa C BpeHA0M, a C MO3ULMKU NOTUCTUKM
TpebyloT ynpasieHma 3anacamm, nHGopmaumen 1 CepBUCHbLIMM pecypcamm.

Ons QazTehna aTo ocobeHHO akTyasbHO M3-3a TEPPUTOPMANBHOrO OXBaTa PbiHKA. Ecau
TEXHWKA 3KCMIyaTUPYeTCA B pa3HbIX perMoHax KasaxcraHa, opraHm3aums cepsuca TpebyeT yyeTa
reorpaduu KNMEHTOB, BPEMEHM AOCTaBKM 3aMaCHbIX YacTel U AOCTYNHOCTM CNeLMaancToB.

LlenecoobpasHo  cermeHTMpoBaTb  CEPBMCHOE  NPeAsioKeHWe:  ANA  KPYnHbIX
KOPNOpaTMBHbIX KAMEHTOB MOTYT MCNO/Nb30BaTbCA MHAMBUAYANbHbBIE YCNOBMA CONPOBOXKAEHMS,
ONA PErMOHaNbHbIX 3aKa34MKOB — CTaHAAPTU3MPOBAHHbIE CEPBUCHbIE MAKETbI, @ A8 KPYMHbIX
aBTOMNAPKOB — M/aHMPOBaHME TEXHNYECKOTO 06CNYKMBAHMA C y4ETOM 3KCMNyaTaumm.

Mpn aTomM cneayeT pasnmMyaTb NOKasaTenn GU3MYECKOro MCMOAHEHWS NOrMCTUYECKOTO
npouecca WM MapKeTUHIOBble pe3ynbTaTbl. [locTaBKa B COrMlacoOBaHHbIM CPOK  ABAAETCA
NOTUCTUYECKMM  MOKasaTeNemM, a [OTOBHOCTb K/AMEHTa NPOAO/IKUTb COTPYAHMYECTBO —
MapKEeTMHIOBbIM pe3ynbTaToOM. VX COBMECTHbIW aHa M3 NO3BONAET OLLEHMBATbL BAUAHME CEPBUCA
Ha OTHOLUEHMA C KIMEHTOM.

NloKanu3auma Kak GakTop MapKeTUHIOBO-N0TUCTMYECKOW 3ddeKTMBHOCTU. Pa3suTue
nokanmsaumm QazTehna MmeeT 3Ha4YeHWe He TONbKO ANA MPOMbIWAEHHON NOANTUKK, HO U ONA
MapKETUHIOBON NOrUCTUKM. DaKTUUECKMIN ypOBEHb N0KANM3aLMKW, MO AaHHbIM NpeanpuATKA,
coctaBnsaeT 36,08%, a Lenbto ABAAETCA yBEAMYEHNE A0AM Ka3axXxCTaHCKOro coaepaHma ao 50%
(3].

B unioHe 2025 roga QazTehna coobumn o peannsaumm MHBECTULMOHHOIO MPOEKTa
CTOMMOCTbO 4 MApA TeHre No CO34aHMI0 Lexa WU3roTOBNEHMA U WTAaMNOBKN AeTanen 0bWwnsKku
aBTOOYCOB M KOMMEPYECKOM TEeXHWKM; MPOEKT HanpaBAeH Ha yBe/WYEeHWe [A0M MECTHOro
cofeprkaHma [9].

Jlokannsauma MOXKeT BAMATb Ha MAPKETUHIOBOE NpeaNoXeHue: OTeyecTBeHHOoe
NPOM3BOACTBO MOXET ObITb 3HAaYMMO ANA OPraHM3aumii, OPUEHTUPOBAHHbLIX Ha NpuobpeTeHne
Ka3axCTaHCKOM NPOAYKLMK, @ Pa3BUTME MECTHOM KOMMNOHEHTHOM 6a3bl MOTEHLMANbHO NOBbILWAET
yNpaBAAeMOoCTb Lenn NOCTaBOK.

OAHOBPEMEHHO POCT JIOKanu3auum TpebyeT pas3BuUTMA 3aKynmouyHOM W CKAaACcKoM
NOTUCTUKKN. PacluMpeHne CeTM OTeYeCcTBEHHbIX MOCTABLIMKOB O3HA4YaeT HeobxoAMMOCTb
KoopAMHaUMM Ka4yecTBa, CPOKOB, 06 bEMOB NAPTUIM U HAAEKHOCTM KOHTPAreHTOB.

OTMeTMM HanpaBAeHUsA COBEPLUEHCTBOBAHNA MAapKeTMHIOBOM noructikmn QazTehna.

MepBoe HanpaBneHwe - yraybneHue CermeHTaumm KOPMopaTMBHBLIX KamMeHToB. [nA
TPAHCMOPTHbIX NPEANPUATAN, NPOMbILIEHHbLIX KOMMNaHWN, TOPHOA06bLIBAIOWMX OpraHM3aumnii un
rocy4apCTBEHHbIX 3aKa34MKOB MOryT GOpPMMPOBATLCA OTAE/IbHblE MPOAYKTOBblE U CEPBUCHbLIE
npeanoXeHus.

BTopoe HanpaBieHue - MHTerpauma AaHHbIX MapKeTMHra U Npon3BoAcTBa. MHbopmauma o
cnpoce, ObpalleHMAX M MepCcrneKTUBHbLIX 3aKasax JO0/KHA COMOCTaBAATbCA C MOLLHOCTAMM,
[OCTYMHOCTbIO KOMMAEKTYOWMX U rpadmrKamm BbIMycKa.

TpeTbe HanpasneHue - UMbPOBM3aAUMA KANEHTCKOrO B3anmoaemnctama. Cant npeanpuaTma
yXKe BbINOMHAET GYHKLUMIO Npe3eHTaummn NpPoayKLMM M NEPBUYHOrO KOHTaKTa. Ero ganbHenwee
Pa3BUTUE MOXKET BKIOYATb 3/1EKTPOHHbIN 3aNpPOC KOMMEPYECKOTO NPeaNoXKeHNA, GUAbTPaUMIO
MoZener no Ha3HayYeHUto, OTCAEXMBaAHME CcTaTyca OOpaLLleHWA W 3N1eKTPOHHOe CepBMCHOE
obpalleHune.
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YeTBEpTOe HanpaBnAeHWe - Pa3BUTME CEPBUCHOM NOTUCTUKKM. [NA KNKOYEeBbIX CErMEHTOB
uenecoobpasHo onpenennTb HOPMaTMBbI BPEMEHM peaKkLmy Ha obpalleHue, CPOKM MOCTaBKM
OCHOBHbIX 3aMacHbIX YacTel 1 Nopsaa0oK 06paboTKM rapaHTUNHbLIX CYyYaEesB.

[aToe HanpassieHe — eamHasa cuctema KPl mapKkeTuHra u forucTnkn. lNoapasgeneHma
OO/KHbI OLEHMBATLCA He TO/NbKO MO CODCTBEHHbIM MOKas3aTendAm, HO M MO COBMECTHOMY
pe3ynbTaTy - KA4eCTBY BbIMONHEHWA 3aKa3a N COXPAHEHMIO KMEHTA.

PaccMOTpMM cUCTEMY TMOKas3aTeseln MapPKETUMHIOBOM JIOTUCTUKKU. [lna npakTuyeckom
OLEHKM npeanaraemor CUCTEMbI MOXHO MCMNOAb30BaTb Cleytlolwme nokasaTenn: KOAM4ecTBo
KBaNIMOUUMPOBAHHbBIX 0OpPaWEHN  KOPNOPATUBHbLIX KAMEHTOB; KOHBEPCUA KOMMEPYECKMX
NpeanoXeHnn B J0rOBOPbI; CPeAHMIN CPOK BbIMOHEHWA 3aKa3a; 4014 NOCTABOK B COM/1aCOBAHHbIM
CPOK; cpefiHee BpemA peaKkuMu Ha cepBMCHOe obpalleHue; AOCTYMHOCTb KAKYEBbIX 3amacHbIX
YyacTel; [0NA NOBTOPHbIX 3aKa30B; A01A8 o0bpalleHnn 4epe3 UMPPOBbIE KaHaNbl, O0NA
OTeYeCTBEHHbIX KOMMOHEHTOB.

Takaa cuctema NoO3BOJIAET OLLEHMBATb MAaPKETUHIOBYHO IOTUCTUKY Kak eAuHY0 LLEMOYKY.
PocT KonmyecTtBa obpalleHnit cam no cebe He CBMAETENLCTBYET O NOBbIWEHUN 3GDEKTUBHOCTH,
€C/IN OH He COMPOBOXAAETCA POCTOM 3aK/AO4YEHHbIX A4OTOBOPOB M Ka4yeCTBEHHbIM MCMOIHEHNEM
MOCTaBOK. AHA/MIOMTMYHO CHUMXKEHWE NOTUCTMYECKMX 3aTpaT He AO/IKHO OLEHMBATLCA OTAE/IbHO OT
CPOKOB M KayecTBa 0OCAYKMBAHMSA.

Ha ocHOBe TeopeTUYecKMX NONOKEHUIM N aHaM3a NPAKTUKKM NpeanpuaTUA NpegaaraeTca
paccmaTpMBaTb MapPKeTUHroBYtO NorMcTUKY QazTehna Kak nocnenoBaTeNbHOCTb: WM3yyeHue
noTpebHoCTEN LENeBoro cermeHta —» GOpMMpPOBaHME MNPOAYKTOBOrO NPEA/IOKEHNA —>
NPOABUXKEHME M KOMMYHUKALMA = NOJyYEHWNE 3aKa3a — COraCoBaHWe TEXHUYECKMX NapaMeTpoB
—> NAaHWPOBaHWE NPOU3BOACTBA MU KOMMIEKTALMKM — AOCTaBKa —» BBO/ TEXHUKM B SKCMNIyaTaLMto
—> CepBUCHOE CONPOBOXKAEHNE — 0bpaTHaA CBA3b — NMOBTOPHOE B3aMMOAENCTBME.

Takasa moZenb OTANYAETCA OT Y3KOro NOHMMaHMA PacnpeaenMTeNbHON NOTUCTUKN TeM, YTO
Ha4yMHaeTca Ha 3Tane GOPMMPOBAHMA PbIHOYHOrO MNPEeANOKeHMA. ITO MO3BONAET YYUTbIBATbL
BANAHME TPeDOOBAHMI KAMEHTOB Ha aCCOPTUMEHT M XapPaKTEPUCTUKM NPOAYKLUN.

Ona QazTehna obpaTHada CcBA3b OT KAMEHTOB MMEET 3HaYeHWe B CBA3M C pacluMpeHnem
NPOAYKTOBOrO nopTdena u pasBuTMEM NOKanmsaumm. MHPopmauma o6 3sKcnayaTaLMOHHbIX
npobnemax, BoCTpebOBaHHbIX XapaKTepUCTUKAxX, TPeboBaHMAX K CEePBUCY M 3amacCHbIM 4acTaAM
MOXET MCNOAb30BaATLCA NPU NAAHMPOBAHMM NPOM3BOACTBA M PA3BUTUN NPOAYKTOBON NTUHEMKN.

Takum 06pas3om, MapKeTUMHroBaA JIOTUCTMKA BbICTYMAET MEXaHWU3MOM [BYCTOPOHHEMN
CBA3W: MAPKETMHI nepefaeT B MNPOW3BOACTBEHHO-IOTUCTUMYECKYKD CUCTEMY WMHGOPMALMIO O
Cnpoce, a /NOTUCTMKA obecneynmBaeT MAPKETUHI [AaHHbIMM O pPeanbHbIX BO3MOXKHOCTAX
NpPOM3BOACTBA, 3anacax, CPOKax M MCNONHEHMM 3aKa30B.

3akntoueHmne

TeopeTUyeckMii aHan3 NoKasbiBaeT, YTO MAPKETMHIOBAs I0TMCTUKA NpeacTaBaseT coboin
CUCTEMY KOOPAMHALMM MapKETMHIa U IOTUCTUKM BOKPYT NOTPeObUTENbCKOM LLEHHOCTM M KayecTBa
obcnykmaHmAa. Ana NpombIWNEHHOrO NPeAnpuATMA 3TO 0COHEHHO BaXKHO, MOCKO/IbKY pelleHne
O MOKYMKe onpeaenAaetca He TONbKO XapaKTepUCTMKAMM TOBapa, HO WM YCAOBMAMM MOCTABKM,
HaJEeXHOCTbtO MOCTaBLUMKA, CEPBMCHbIM COMPOBOXAEHMEM W COBOKYMHbIMM  3aTpaTaMu
3KCAyaTaumm.

Ha npumepe TOO «QazTehna» ycTaHOBNEHO, 4YTO MNpeanpuATME pacnonaraet
3HaYMTENbHbIM MPOW3BOACTBEHHBIM M aCCOPTUMEHTHbIM MOTEHUMAAOM: pPa3BMBAET BbIMYCK
aBTOOYCHOM W KOMMEPYECKOW TEXHWKM, paclumMpsaeT NpoAayKTOBbIM nopTdenb, pa3BMBaeT
NIOKanun3aumo M paboTaeT ¢ PasIMYHbIMK KaTeropusamm KopnopaTMBHbBIX 3aKa3unmKkoB. OTKPbITbIE
AaHHble NpeanpuATUA yKa3blBatOT Ha BbiNyCcKk 1 576 eamHuy, TexHnkn B 2024 roay, 3aABAEHHYIO
PbIHOYHYIO A01t0 68% 3a 2024 rof, v dakTUYECKUM ypoBeHb fIoKkanmsaummn 36,08% [3].
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MpaKTMYeCKMN aHanM3 MOKasbiBaeT, 4TO pacnpegeneHve npoaykumm QazTehna
OCYLLEeCTBNAETCA NpenmyLlecTseHHO B B2B-cpese. PeanbHble OOKYMEHTbI FOCYAapCTBEHHbIX U
KOPMOPaTMBHbIX 3aKyMoK MNOATBEPKAAKT y4vacTMe npeanpuaTMA B MNOCTaBKax aBTobycos
Pa3nMYHbIM opraHm3aumam [11; 12]. Mo3aTomy akTyaslbHbl BOMNPOCHI TOYHOCTM KOMMEPYECKMX
NPeaNoXeHUn, CPOKOB MOCTAaBKM, TEXHMYECKOrOo COOTBETCTBMA MPOAYKUMM U MOCNeaytoLLero
cepBsuca.

B KauecTBe OCHOBHbIX HaMpaB/NEeHWI COBEPLIEHCTBOBAHMA MPEeAoKeHbl CermeHTauma
KOPNOPaTMBHbIX KNMEHTOB, MHTErpaumMa MapKeTMHIOBOM WM MPOWM3BOACTBEHHOM MHbOPMaLMK,
LundbpoBM3aLMSA B3aUMOAENCTBMA, PAa3BUTUE CEPBMCHOMN OTUCTUKM 1 BHEAPEHME €AMHON CUCTEMBI
KPI.

[anbHellwee unccnefoBaHWe MOXKET BKAYATb SMMMPUYECKMI  aHANM3  KIMEHTOB
QazTehna: wu3yyeHne KputepmesB BblOOpa MNOCTaBLIMKA, 3HAYMMOCTM LEHbl, TEXHWUYECKMX
XapaKTEPUCTUK, CPOKOB MOCTaBKM, OKAAM3aLMK, CEPBUCHOrO OBCAYKMBaHMA U ULUOPOBOM
KOMMYHUKaLUMKU. ITO NO3BOUT KOAMYECTBEHHO OoNpeaennTb GaKTopbl, Hanbonee 3Ha4YMMble ANA
KOPNOpPaTMBHbIX 3aKa3yMKoB, W MNepenTM K O0DOCHOBAHMIO KOHKPETHOro MexaHM3Ma
COBEpPLIEHCTBOBAHMA MAapPKETUHIOBOM NOTUCTUKM MPeanpUaTmHA.
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Abstract

The combined administration of therapeutic agents is a foundational strategy of modern
pharmacology, yet the distinction between a clinically successful drug combination and a harmful
or ineffective one rests on complex molecular and cellular phenomena. This review synthesizes
current understanding of drug synergy and antagonism, beginning with the quantitative
frameworks, including Loewe additivity, Bliss independence, the combination index method, and
isobolographic analysis, that allow synergism and antagonism to be defined and measured in a
scientifically rigorous manner. The molecular and cellular mechanisms that generate supra-
additive or sub-additive effects are then examined across therapeutic domains. In oncology,
synergy arises from parallel pathway blockade, synthetic lethality, DNA damage response
manipulation, apoptotic priming, and reversal of multidrug resistance; in infectious disease, it
emerges from sequential blockade of biosynthetic pathways, enhanced intracellular drug
accumulation, and drug-induced sensitization. Pharmacokinetic mechanisms, including
cytochrome P450 inhibition and induction, transporter-mediated interactions, and altered
distribution, are distinguished from true pharmacodynamic interactions at target level.
Antagonism, long considered a purely undesirable outcome, is analyzed mechanistically and
reinterpreted in light of evolutionary studies showing that antagonistic interactions can restrain
the emergence of resistance. Systems-level perspectives, including network pharmacology and
higher-order interaction analysis, are integrated throughout. Finally, the methodological pitfalls
that afflict combination studies, the challenges of clinical translation, and emerging strategies for
rational combination design are critically appraised. A central conclusion is that synergy is not a
property of two molecules alone but of a drug pair acting within a defined biological, genetic, and
physiological context.
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Introduction: The Rationale for Drug Combination Therapy

Monotherapy with a single pharmacological agent is rarely sufficient to cure complex,
heterogeneous, or adaptable diseases. Infectious pathogens mutate under drug pressure, tumors
rewire their signaling networks, and chronic diseases such as hypertension involve multiple,
partially redundant physiological control systems. Combination therapy addresses these
limitations simultaneously: it widens the spectrum of vulnerable targets, retards the evolution of
resistance, permits dose reduction of toxic individual components, and can produce therapeutic
effects that no constituent drug achieves alone (Mokhtari et al., 2017). The clinical record of
combination chemotherapy in testicular cancer and childhood leukemia, triple antiretroviral
therapy in HIV infection, and multi-drug regimens in tuberculosis testifies to the transformative
power of well-designed combinations.

At the same time, combining drugs is far from universally beneficial. Combinations add toxicity,
complicate dosing, and can interact in ways that reduce the efficacy of each agent. An interaction
that appears synergistic in one cellular background may be antagonistic in another, and several
widely used combinations owe their clinical benefit not to true synergy but to simpler properties
such as independent drug action or passive additivity (Plana et al., 2022). Understanding when
and why two drugs synergize or antagonize therefore requires both rigorous quantitative
definitions and a mechanistic account of what happens inside cells and organisms when two
perturbations co-occur.

The aim of this review is to provide such an integrated account. The first sections define the
guantitative frameworks on which all claims of synergy or antagonism must rest, since without a
reference model of no interaction the very concepts are meaningless (Foucquier & Guedj, 2015).
The middle sections examine molecular and cellular mechanisms, first pharmacokinetic and then
pharmacodynamic, that produce synergy in oncology, microbiology, and chronic disease
management. Subsequent sections analyze the mechanisms and consequences of antagonism,
including the counterintuitive evolutionary advantages that antagonistic interactions can confer.
The review closes with systems-level perspectives, translational challenges, and methodological
recommendations (Fig. 1).
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Figure 1. Context-dependent framework for drug combination effects. Drug A and Drug B act
within a defined biological context that includes the cell type or pathogen, genetic background,
microenvironment, and dosing schedule. Their combined effect may arise through
pharmacokinetic mechanisms, pharmacodynamic interactions at receptors and signaling
pathways, altered cellular drug uptake or efflux, and broader network, immune, or evolutionary
processes. These mechanisms converge to produce the observed combined biological effect.
Quantitative approaches—including Loewe additivity, Bliss independence, the combination index,
and isobolographic analysis—classify the interaction as synergistic, additive or independent, or
antagonistic. The therapeutic meaning of the interaction must then be evaluated in relation to
efficacy, toxicity, resistance, and clinical benefit. Thus, synergy or antagonism is not an intrinsic
property of two molecules alone, but an emergent feature of their action within a specific
biological and treatment context.

Historical and Conceptual Foundations of Drug Interaction Analysis

The formal study of drug interactions predates modern molecular pharmacology by more than a
century. In the nineteenth century, Fraser observed that the mydriatic effects of atropine and
calabar bean were not additive, initiating a debate about how combined drug effects should be
interpreted. The central conceptual problem, articulated repeatedly since then, is that observed
combined effects must be compared against an expected effect calculated under some null
hypothesis of no interaction. Different null hypotheses are defensible, and this plurality of
reference models remains the single largest source of confusion and contradiction in the synergy
literature (Foucquier & Guedj, 2015).

Two null hypotheses dominate. The first, Loewe additivity, asks what effect two drugs would
produce if they were, in effect, two doses of the same drug scaled to their individual potencies.
The second, Bliss independence, asks what effect two drugs would produce if they acted through
entirely independent probabilistic mechanisms, so that the probability of the combined response
equals one minus the probability that neither drug achieves its individual effect. Loewe additivity
is the more stringent model and is generally preferred when both agents act on the same target
or pathway, whereas Bliss independence is more natural when agents act through distinct
mechanisms (Tallarida, 2012). Because the two reference surfaces differ, the same data set can
be judged synergistic under Bliss independence and approximately additive under Loewe
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additivity; accordingly, any claim of synergy is incomplete without a statement of the reference
model, the effect level, and the dose ratio at which it was demonstrated (Foucquier & Guedj,
2015).

A third tradition, the method of isoboles, approaches the problem geometrically. An isobole is a
contour of constant effect, typically the fifty percent effective dose, plotted in a dose space whose
axes are the doses of the two constituent drugs. For strictly additive interactions, the isobole is a
straight line connecting the individual doses that produce the chosen effect alone; observed dose
pairs falling below this line indicate synergy, while dose pairs above it indicate sub-additivity or
antagonism (Tallarida, 2012). The isobologram remains one of the most transparent and widely
used tools in interaction analysis, and its statistical machinery for confidence intervals and variable
slope relationships has been progressively refined (Huang et al, 2019). The practical
consequences of choosing an appropriate analytical framework are considerable. In cell culture
studies of cytotoxic drugs, analyses that ignore the steepness of individual dose-response curves,
the choice of the fixed-dose ratio, or the effect level at which interaction is assessed can invert the
gualitative conclusion of an experiment entirely (Chou, 2010). For this reason, contemporary
reviews emphasize that synergy quantification requires standardized experimental design,
including full dose-response matrices for each drug alone and in constant or varying ratios, and
transparent reporting of the reference model used (Bijnsdorp et al., 2011).

Quantitative Frameworks |: Loewe Additivity and the Dose-Effect Basis of Interaction

Loewe additivity derives from the concept of dose equivalence. If drug A produces a given effect
at concentration a and drug B produces the same effect at concentration b, then the combination
of dose a' of A plus dose b' of B is additive when the fractional contributions sum to one: a'/a plus
b'/b equals unity. Values below one indicate that less of each drug is needed than predicted, that
is, synergy; values above one indicate antagonism. This formulation, sometimes called the
similarity principle, presupposes that the two drugs act on the same biological target or produce
their effects through congruent dose-response relationships. When the assumption holds, Loewe
additivity is the most defensible reference model, because two preparations of the same drug in
different concentrations must, trivially, combine additively in this manner (Tallarida, 2012).
Mathematical treatment of additivity has continued to mature. Explicit formulations of additive
dose-response models have been developed that satisfy formal consistency conditions, clarifying
when Loewe additivity yields well-defined predictions and when, for example, dissimilar dose-
response slopes make the additive surface ambiguous (Lederer et al., 2018). Mechanistic multi-hit
models have provided a biological justification for these statistical reference models in
microbiology. If two antibiotics each kill bacteria through independent stochastic hits, Bliss
independence follows naturally; if the antibiotics act on the same target and their doses are
interchangeable, Loewe additivity follows. Simulations of multi-hit models reproduce both
reference surfaces and clarify the intermediate conditions under which observed interactions lie
between the two references (Baeder et al., 2016). This mechanistic grounding is valuable because
it converts a purely statistical dispute into an empirical question about the underlying mode of
action of each agent.

In experimental practice, Loewe additivity underlies the most widely applied quantitative method
in pharmacology, the combination index method described below, and it also anchors modern
high-throughput synergy scoring. Experimental design deserves particular emphasis, because the
same pair of drugs can display different interaction strengths at different dose ratios and at
different effect levels. Full dose matrix designs, in which every combination of several
concentrations of each drug is tested, are now considered the standard for preclinical combination
studies, since they allow the interaction to be mapped across the entire exposure space rather
than at a single arbitrary point (Bijnsdorp et al., 2011). Fixed-ratio designs, in which the two drugs
are combined in constant proportions based on their individual potencies, remain popular
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because they mirror the fixed-dose formulations used in clinical practice, but they capture only
one slice of the interaction surface and can miss ratio-dependent synergy or antagonism (Chou,
2010). The central lesson from six decades of refinement is that additivity is model-dependent,
and that the choice among additivity models should be dictated by knowledge of mechanism
wherever such knowledge exists (Foucquier & Guedj, 2015).

Quantitative Frameworks II: Bliss Independence, Higher-Order Additivity, and Software Tools

The Bliss independence model treats the fractional effect of each drug as an independent
probability and defines the expected combined effect as the sum of the individual effects minus
their product. Bliss independence is the natural reference when drugs act through genuinely
separate mechanisms, and it is especially convenient for quantal endpoints such as cell death,
infection, or cure, where probabilities combine naturally (Foucquier & Guedj, 2015). A revised Bliss
model that accounts for the curvature of individual dose-response relationships has been shown
to reduce false positive synergy calls in high-throughput screening, an important correction
because naive Bliss scoring of raw viability percentages systematically overstates synergy for
potent drugs (Di Veroli et al., 2016).

The extension of interaction analysis beyond two drugs raises further conceptual issues. For
combinations of three or more agents, the intuitive reference models of pairwise analysis must be
generalized, and the expected effect of the full combination can be computed in more than one
way from the pairwise and single-drug responses. Comparative analyses of increasingly large drug
mixtures in bacteria demonstrated that the two canonical reference models, Bliss independence
and Loewe additivity, agree remarkably well for large numbers of constituents even though they
diverge for pairs, supporting their joint use as convergent null hypotheses in multidrug studies
(Russ & Kishony, 2018).

Practical implementation of these frameworks depends on open and standardized software.
Interactive platforms that fit individual dose-response curves, compute expected additive
surfaces, and visualize interaction maps across full dose matrices have made quantitative analysis
accessible to non-specialist laboratories and have improved comparability between studies (Di
Veroli et al.,, 2016). Nonetheless, software cannot resolve the interpretive choices described
above; the reference model, the effect level, and the experimental desigh must be specified by
the investigator, and divergent synergy calls for the same data across tools almost always trace to
differing default assumptions rather than to computational error (Foucquier & Guedj, 2015) (Fig.
2).
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Figure 2. Quantitative frameworks for evaluating drug interactions.
The figure compares complementary approaches used to classify drug combinations as synergistic,
additive or independent, or antagonistic. (A) Loewe additivity and isobolographic analysis compare
the observed combination dose with an additive reference line; combinations below the reference
indicate synergy, whereas combinations above it indicate antagonism. (B) Bliss independence
estimates the expected combined effect from the individual effects of Drug A and Drug B using
the relationship (E_{\mathrm{expected}} = E_A + E_B - E_AE_B). Differences between the
observed and expected effects identify synergy, independence, or antagonism. (C) The
combination-index approach compares dose—effect relationships for individual drugs and their
combination; a combination index below 1 indicates synergy, a value equal to 1 indicates
additivity, and a value above 1 indicates antagonism. (D) Response-surface analysis evaluates
interaction patterns across multiple dose pairs, illustrating that a single combination may contain
synergistic, additive, and antagonistic regions. The interpretation pathway emphasizes that
model-based classifications must ultimately be related to biological mechanisms and therapeutic
outcomes, including efficacy, toxicity, resistance, and clinical benefit. Conclusions depend on the
selected dose range, effect level, assay design, treatment schedule, and biological context.
Quantitative Frameworks lll: The Combination Index Method and Isobolographic Analysis

The method of Chou and Talalay unified the mass-action analysis of enzyme inhibition with the
median-effect equation, deriving a general expression for the combination index that quantifies
the degree of interaction at any effect level. A combination index below one indicates synergism,
one indicates additivity, and above one indicates antagonism, with the magnitude of deviation
providing a graded, interpretable measure of interaction strength (Chou & Talalay, 1984). Because
the method incorporates the slopes of individual dose-response curves through the median-effect
plot, it remains valid for agents whose dose-response relationships are shallow or steep, and it
supports the analysis of combinations at fixed dose ratios, the design most relevant to clinical
formulations. The combination index method rapidly became the dominant quantitative approach
in cancer pharmacology and has since accumulated tens of thousands of applications across
pharmacology (Chou, 2010).

Applications of the method illustrate its utility in protocol design. Computerized quantitation of
interactions among cytotoxic agents has repeatedly identified synergistic sequences and ratios
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that informed clinical combination schedules, demonstrating how quantitative interaction analysis
can move directly from in vitro dose matrices to treatment design (Chou, 2008). Comparative
analyses of preclinical and clinical combination studies have emphasized, however, that synergy
demonstrated in cell culture does not guarantee clinical benefit, and that translational studies
must consider drug exposure, scheduling, and toxicity when extrapolating from combination
indices to patients (Chou, 2008).

Isobolographic analysis remains the principal graphical alternative and complement to the
combination index. Modern treatments of the isobole provide rigorous statistical confidence
regions for additive predictions, handle drugs with dissimilar dose-response slopes, and extend to
combinations of three agents through isobolar surfaces (Tallarida, 2012). Comprehensive
methodological reviews summarize the conditions under which isoboles and combination indices
agree, and both converge on the same qualitative conclusions when individual dose-response
curves are well characterized (Huang et al., 2019). In practice, contemporary studies increasingly
report both: combination indices across a range of effect levels and isobolograms at fixed effect
levels, providing complementary quantitative and visual evidence (Chou, 2010; Huang et al,,
2019).

Pharmacokinetic Mechanisms of Interaction: Absorption, Metabolism, and Distribution

Not all drug interactions arise at the level of molecular targets. A large class of interactions
operates on the movement of drugs through the body, changing the concentration that reaches
the target tissue. Because the magnitude of any pharmacodynamic interaction is assessed on the
observed dose-response relationship, unrecognized pharmacokinetic interaction can masquerade
as synergy or antagonism at the target level. Distinguishing the two is essential for correct
mechanistic interpretation (Bibi, 2008).

The cytochrome P450 enzyme system is the principal site of pharmacokinetic interaction.
Inhibition of a metabolic enzyme by one drug increases the exposure of another drug that depends
on that enzyme for clearance, effectively raising the dose of the victim drug; induction of the same
enzyme lowers exposure and can abolish therapeutic activity. Classic and clinically consequential
examples include the inhibition of CYP3A4 by macrolide antibiotics or azole antifungals, which
elevates concentrations of statins, calcineurin inhibitors, and many targeted anticancer agents,
and the induction of CYP enzymes by rifampicin, phenytoin, and St John's wort, which accelerates
the clearance of co-administered drugs (Hakkola et al., 2020). Mechanistically, inhibition may be
competitive, reversible, or mechanism-based and irreversible, the latter producing prolonged
effects that persist until new enzyme is synthesized. Systematic compilations of human CYP
inhibitors and inducers now permit prospective prediction of many such interactions before they
are encountered clinically (Hakkola et al., 2020). Historically, the recognition that P450 inhibition
and induction underlie the majority of clinically significant interactions dates to the earliest
systematic characterizations of the enzyme family in drug metabolism (Bibi, 2008).

The same pharmacokinetic logic can be exploited deliberately. Ritonavir, a potent CYP3A4
inhibitor, is co-formulated with other antiretrovirals and with newer anticancer agents not to act
at a viral or tumor target but to boost exposure of the active partner, a pharmacokinetic enhancer
in the strict sense. Similarly, the combination of a non-steroidal anti-inflammatory drug with a
proton pump inhibitor is not synergistic at any molecular target but is mechanistically
complementary at the organ level, preventing the gastric toxicity that anti-inflammatory drugs
would otherwise produce. Whether such interactions are labeled synergistic depends on the
endpoint chosen; at the level of the therapeutic index, they are genuinely beneficial combinations
(Bibi, 2008).

Drug transporters constitute the second major locus of pharmacokinetic interaction. P-
glycoprotein, the product of the ABCB1 gene, is expressed at the apical surface of intestinal
enterocytes, the blood-brain barrier, hepatocytes, and renal tubular cells, where it actively exports
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an enormous range of structurally diverse substrates back into the lumen, blood, or urine.
Inhibition of P-glycoprotein by one drug increases the absorption and tissue penetration of
another, while induction decreases both. Clinically important examples include the elevation of
digoxin concentrations by P-glycoprotein inhibitors such as verapamil, quinidine, and
clarithromycin, and the reduction of oral anticoagulant exposure by strong P-glycoprotein
inducers (Finch & Pillans, 2014). Because P-glycoprotein also determines central nervous system
penetration, transporter-mediated interactions can change drug distribution in a compartment-
specific manner, increasing systemic exposure without increasing brain exposure, or the reverse
(Finch & Pillans, 2014). The ABCB1 transporter has been implicated in interactions involving
hundreds of drug pairs, and review of its clinical relevance concludes that transporter-mediated
interactions are among the most frequent and most predictable classes of pharmacokinetic
interaction (Marchetti et al., 2007). Protein binding displacement, once considered a major
mechanism, is now understood to be clinically important only for drugs with narrow therapeutic
indices, high extraction ratios, or both, since the increased free fraction is rapidly cleared in most
cases.

A further layer of pharmacokinetic interaction operates below the level of systemic exposure,
within the microenvironment of the target tissue. Solid tumors characteristically exhibit regions of
low extracellular pH, elevated interstitial pressure, and abnormal vascularization, all of which alter
the intracellular partitioning of weakly basic and weakly acidic drugs. Agents that raise lysosomal
pH, such as the antimalarial chloroquine and related lysosomotropic compounds, can release
weakly basic cytotoxics that had been sequestered in acidic organelles, thereby restoring nuclear
drug access and converting an apparently resistant cell into a sensitive one. Conversely, co-
administration of drugs that compete for the same intracellular compartment can produce
antagonism of distribution without any change in plasma concentrations. Such compartment-level
interactions are invisible to conventional plasma pharmacokinetic monitoring and are increasingly
recognized as a source of the discrepancy between measured exposure and observed response,
particularly in oncology where intratumoral heterogeneity of perfusion and acidity is the rule
rather than the exception (Bibi, 2008; Hakkola et al., 2020).

Pharmacokinetic interactions therefore generate genuine, clinically meaningful synergy and
antagonism, but of a fundamentally different kind from pharmacodynamic interactions. The
distinction matters practically: pharmacokinetic synergy is generally dose-form independent,
predictable from enzyme and transporter phenotyping, and manageable through dose
adjustment, whereas pharmacodynamic interactions require mechanistic knowledge of target
biology (Hakkola et al., 2020).

Pharmacodynamic Mechanisms I: Receptor-Level and Signaling Pathway Interactions
Pharmacodynamic interactions arise when two drugs influence one another's downstream
biological response, either at the level of the same molecular target or through the architecture
of cellular signaling networks. The simplest form is direct target-level interaction: two ligands
acting on the same receptor, two inhibitors acting on the same enzyme, or two drugs whose
binding to distinct sites on a single protein alters one another's affinity or efficacy. Such
interactions are predictable from receptor theory and generally produce Loewe-additive or mildly
non-additive effects, with the direction of deviation determined by the type of binding
competition and the presence or absence of spare receptors (Tallarida, 2012).

More interesting are interactions that arise from the topology of cellular signaling networks.
Physiological signaling pathways are organized into cascades and feedback loops in which
inhibition of one node produces compensatory activation of parallel nodes, a phenomenon
observed across cancer, inflammation, and metabolism. When two drugs inhibit two nodes that
lie in parallel but converge on a shared downstream effector, their combination produces greater
suppression than either alone, a mechanism exemplified by the combination of BRAF and MEK
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inhibitors in melanoma. Inhibition of mutant BRAF produces near-complete initial tumor
regression but the pathway rapidly reactivates through upstream signaling, receptor tyrosine
kinase activation, and bypass signaling, effects that a downstream MEK inhibitor suppresses,
producing deeper and more durable responses in combination than either drug achieves alone
(Eroglu & Ribas, 2016). The combination delays the emergence of resistance, reduces paradoxical
MAPK activation in normal tissues, and has now become a standard of care in BRAF-mutant
melanoma, illustrating how rational pathway-level understanding translates directly into clinical
synergy (Subbiah et al., 2020).

The concept of pathway crosstalk generalizes this example. Jia and colleagues classified drug
combinations by the relationship between their targets and identified that combinations of agents
acting on different but functionally connected pathways, rather than on the same target, are most
often synergistic in cancer models (Jia et al., 2009). Their analysis of a large number of
characterized combinations showed that synergistic pairs frequently target separate proteins
within the same pathway or in parallel pathways converging on a shared phenotype, whereas pairs
that target the same protein tend to be simply additive. Subsequent systems pharmacology
analyses confirmed this pattern broadly, framing drug action at the level of network perturbation
rather than single-target binding and predicting synergistic pairs from the position of their targets
in protein interaction networks (Van Hasselt & lyengar, 2019). This network perspective has
practical consequences: rather than searching blindly among all possible drug pairs, one can
prioritize combinations whose targets occupy complementary or convergent positions in the
disease-relevant interaction network (Hopkins, 2008).

Signaling network interactions also explain a large fraction of antagonism. Two drugs whose target
nodes feed into a shared signaling module in a non-convergent manner may trigger compensatory
feedback that partially negates the effect of the other. Similarly, one drug that reduces the
transcriptional activity of a pathway may blunt the expression of the target that the second drug
inhibits, producing apparent antagonism. Such network-mediated antagonism has been
documented across antimicrobial combinations and is reviewed below in the context of bacterial
physiology. Beyond oncology and infection, pharmacodynamic synergy is routinely exploited in
chronic disease management. Fixed-dose antihypertensive combinations act on distinct control
axes of blood pressure, and fixed-dose triple regimens achieve control rates that exceed the
simple sum of monotherapy effects, consistent with genuine interaction at the level of integrated
cardiovascular regulation. In analgesia and anesthesia, combinations of opioids with non-opioid
agents, or of hypnotics with neuromuscular blockers, are designed around additive or synergistic
pharmacodynamic interactions that permit dose reduction of each component and a
corresponding reduction in dose-dependent toxicity. These examples illustrate that supra-additive
benefit at the level of a physiological endpoint does not always require interaction at a single
molecular target; convergence at the level of an organ system or a regulatory axis can suffice (Fig.
3).
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Molecular and cellular mechanisms of drug synergy and antagonism
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Figure 3. Molecular and cellular mechanisms of drug synergy and antagonism. The central
schematic emphasizes that the effect of a drug combination is determined by its biological context,
including dose and treatment schedule, cell or pathogen state, genotype, and microenvironment.
Mechanisms producing synergy (left) include parallel pathway blockade, synthetic lethality,
apoptotic priming, DNA damage-response targeting, reversal of drug efflux or enhanced
intracellular accumulation, and sequential or complementary pathway blockade. These
mechanisms increase target vulnerability, cell killing, or pathogen suppression, resulting in a
greater-than-expected combined effect. In contrast, antagonism (right) may arise through
competition for a shared target, pathway bypass or reactivation, induction of a protective or
guiescent state, reduced pharmacokinetic exposure, drug sequestration or efflux, and schedule-
dependent suppression. These mechanisms decrease target engagement, survival signaling, or
effective drug exposure, producing a less-than-expected effect. The lower panel shows that the
observed interaction—synergy, additivity, or antagonism—should be interpreted together with its
underlying mechanism and biological context to anticipate therapeutic consequences for efficacy,
toxicity, resistance, and clinical benefit. Thus, the same drug pair may shift from synergy to
antagonism when the biological context, dose, or treatment sequence changes.
Pharmacodynamic Mechanisms II: Synthetic Lethality and DNA Damage Response Targeting
Among the most biologically elegant mechanisms of drug synergy is synthetic lethality, the
situation in which a loss of function in either of two genes is tolerated but simultaneous
inactivation of both is lethal. Synthetic lethal interactions arise from the organization of cellular
processes into parallel, partially redundant systems; when one branch is disabled, the other
compensates, but simultaneous loss of both branches collapses an essential cellular function.
Synthetic lethality provides a theoretical framework for designing combinations that exploit
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tumor-specific vulnerabilities: a drug inhibiting one branch of a redundant pair is selectively lethal
in cells already carrying an inactivating mutation in the other branch (Lord & Ashworth, 2017).
The paradigmatic example is the clinical success of PARP inhibitors in BRCA1- and BRCA2-mutated
breast, ovarian, and prostate cancer. PARP enzymes are central to single-strand break repair and
base excision repair; their inhibition leads to the accumulation of single-strand lesions that
collapse replication forks and convert into double-strand breaks. Homologous recombination, the
pathway that repairs double-strand breaks, is already non-functional in BRCA-mutated tumors, so
the two lesions are individually tolerable but jointly lethal. Because normal cells retain one intact
repair pathway, the therapeutic index is unusually wide. Preclinical and clinical studies have
confirmed the synthetic lethal interaction between PARP inhibition and BRCA deficiency in a
variety of contexts and have extended the concept to combinations of PARP inhibitors with
platinum chemotherapy, which itself generates lesions repaired by homologous recombination,
further widening the range of tumors in which the strategy can be applied (Lord & Ashworth,
2017).

The synthetic lethal framework has also been refined conceptually. Some combinations produce
synthetic lethality that does not depend on the underlying genetics of the tumor, the so-called
drug-driven synthetic lethality, in which two drugs jointly disable a process that either drug alone
only partially inhibits. For example, combination of a DNA-PK inhibitor with a PARP inhibitor can
produce tumor-selective lethality across a range of genetic backgrounds, effectively
manufacturing a synthetic lethal interaction pharmacologically rather than relying on the prior
genetic lesion (Jdey et al.,, 2017). This expansion of the concept substantially widens the
applicability of synthetic lethal strategies beyond the relatively small set of tumors carrying
homologous recombination deficiency.

Importantly, synthetic lethality is not limited to DNA repair. Synthetic lethal interactions have been
documented in RNA splicing, proteasomal degradation, metabolic flux, chromatin regulation, and
RAS pathway signaling, and genome-wide CRISPR screens now permit systematic discovery of such
interactions at scale. The clinical development of synthetic lethal combinations nonetheless faces
significant obstacles, including acquired resistance, bone marrow toxicity when both branches of
a redundant pair operate in normal hematopoietic cells, and the difficulty of identifying patient
populations whose tumors carry the relevant sensitizing lesion (Lord & Ashworth, 2017).
Pharmacodynamic Mechanisms lll: Apoptotic Pathway Sensitization and Mitochondrial Priming

A mechanistically distinct form of synergy arises at the level of the apoptosis machinery. Many
cytotoxic therapies ultimately converge on the activation of caspases, the proteolytic enzymes
that execute cell death, but tumor cells often resist this step through overexpression of anti-
apoptotic Bcl-2 family proteins or through defects in death receptor signaling. Combining a drug
that increases the damage signal, for example a DNA-damaging agent, with a drug that lowers the
threshold for apoptosis, for example a BH3 mimetic that neutralizes anti-apoptotic proteins,
produces more complete cell killing than either agent alone, a phenomenon sometimes called
apoptotic priming (Mokhtari et al., 2017).

An especially well-characterized example involves TRAIL, a death receptor ligand that selectively
induces apoptosis in transformed cells. While TRAIL alone can trigger apoptosis in sensitive cells,
many tumor cell lines are resistant, and this resistance can be overcome by concurrent or
sequential chemotherapy. Studies in breast cancer cell lines demonstrated that doxorubicin and
5-fluorouracil synergize with TRAIL to induce apoptosis through caspase-8 recruitment to the
death-inducing signaling complex and mitochondrial amplification of the signal (Keane et al.,
1999). Similar mechanisms of death-inducing signaling complex potentiation and mitochondrial
amplification have been documented for TRAIL combined with a broad range of chemotherapeutic
drugs across tumor types, establishing apoptotic sensitization as a general rather than agent-
specific phenomenon (Keane et al., 1999; Sullivan et al., 2020).
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The general principle of apoptotic sensitization extends well beyond TRAIL. The intrinsic and
extrinsic apoptotic pathways converge on mitochondrial outer membrane permeabilization, and
the relative activation of pro-apoptotic and anti-apoptotic Bcl-2 family members, sometimes
summarized as mitochondrial priming, determines whether a given damage signal succeeds in
committing the cell to death. Agents that increase priming, including BH3 mimetics,
glucocorticoids in lymphoid malignancies, and myeloid differentiation therapies, therefore
synergize broadly with DNA-damaging agents, kinase inhibitors, and immunotherapies whose
lethal signals would otherwise be buffered by anti-apoptotic reserve. Conversely, tumors that
overexpress anti-apoptotic proteins convert what would be synergistic pairs into antagonistic
ones, since the second drug fails to lower the apoptotic threshold and may instead induce
protective cell cycle arrest. This dependence of the interaction sign on the apoptotic state of the
cell illustrates a broader theme of this review: drug interaction is a property of the cellular context
as much as of the molecules involved (Mokhtari et al., 2017) (Fig. 4).

Figure 4. Synthetic lethality and DNA damage response targeting in combination therapy
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Figure 4. Synthetic lethality and DNA damage response targeting in combination therapy. The
upper panel illustrates the complementary relationship between PARP1-dependent repair of
single-strand DNA breaks and BRCA1/2-mediated homologous recombination repair of double-
strand breaks. In normal cells, loss of one repair route can be partially tolerated because the
alternative pathway remains functional. In contrast, PARP inhibition in BRCA1/2-deficient tumor
cells promotes the accumulation of unrepaired single-strand lesions, replication stress, and
replication-fork collapse, generating double-strand breaks that cannot be effectively repaired by
homologous recombination. The resulting repair failure produces a synthetic lethal interaction
and selective tumor-cell death, whereas normal cells with intact homologous recombination
remain viable. The lower mechanistic panel depicts drug-driven synthetic lethality, in which
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combined inhibition of PARP-dependent repair and DNA-PK-mediated double-strand-break repair
produces pharmacologically induced repair collapse without requiring a pre-existing genetic
defect. The translational sequence summarizes how complementary DNA-repair vulnerabilities
can produce selective tumor killing and therapeutic benefit, while also highlighting acquired
resistance, bone-marrow toxicity, and the need for appropriate patient selection as major
limitations. Overall, the figure emphasizes that combination efficacy depends on repair capacity,
genetic context, and treatment design.

Pharmacodynamic Mechanisms IV: Transporters, Metabolism, and Drug Efflux as Drivers of
Interaction

Cellular drug handling, including uptake, sequestration, and efflux, is a major determinant of
apparent pharmacodynamic interaction. Overexpression of ATP-binding cassette transporters,
particularly P-glycoprotein, confers multidrug resistance by actively exporting a broad range of
structurally unrelated cytotoxic agents from tumor cells, and this single alteration can convert a
synergistic drug pair into a weak or antagonistic one by lowering intracellular concentrations
below the threshold for interaction (Sharom, 2008). Conversely, combining a cytotoxic agent with
an inhibitor of its efflux transporter can restore or enhance intracellular exposure and generate
clinically useful synergy.

The concept of chemosensitization, in which a non-cytotoxic or weakly cytotoxic agent reverses
resistance and thereby potentiates the effect of a second drug, has a long history in cancer
pharmacology. Chemosensitizers have been developed against several ABC transporters, including
P-glycoprotein, multidrug resistance-associated protein, and breast cancer resistance protein, and
systematic surveys have catalogued their potential to reverse multidrug resistance in cell culture
(Choi & Yu, 2014). Early first-generation inhibitors failed in clinical trials largely because of systemic
toxicity at the concentrations required for effective transporter blockade, reflecting the
physiological role of these pumps in protecting normal tissues; subsequent generations with
improved selectivity, together with mechanistically novel approaches such as transcriptional
silencing of transporter genes, continue to be evaluated. More recent summaries of ABC
transporter pharmacology have emphasized the central role these proteins play not only in
multidrug resistance but also in normal pharmacokinetics, and have argued that transporter-
targeted combination therapy requires careful consideration of tissue-specific expression and
physiological function (Choi & Yu, 2014).

Transporter-mediated interactions extend far beyond cancer. In bacteria, efflux pumps of the
resistance-nodulation-division family expel multiple antibiotic classes, and inhibition of these
pumps can synergize with antibiotics to which the bacteria would otherwise be resistant. In
parasitic disease, reversal of chloroquine resistance by agents that block parasite digestive vacuole
function or drug export has been explored for decades. In all these cases, the underlying
mechanism is shared: lowering the rate of drug export raises the steady-state intracellular
concentration of the partner drug, effectively increasing its dose without increasing its
administered dose. At the whole-organism level, the same principle underlies the deliberate use
of transporter inhibition to enhance oral bioavailability or central nervous system penetration, so
that a single transporter interaction can be either a hazardous adverse interaction or a designed
therapeutic strategy depending on intent and context (Sharom, 2008; Marchetti et al., 2007).
Drug delivery technology has added a further dimension to transporter- and distribution-mediated
interaction. Nanoparticulate co-formulation allows two drugs with incompatible pharmacokinetic
profiles to be delivered in a fixed stoichiometric ratio, synchronizing their pharmacokinetics so
that the intracellular concentration ratio required for a synergistic interaction is maintained over
time rather than achieved only transiently. Co-encapsulation of a cytotoxic agent with a
transporter inhibitor, or of two agents whose synergy is ratio-dependent, can convert an
interaction that is weak or variable with free drug administration into a reproducible one, and
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preclinical studies have demonstrated that the synergistic ratio identified in vitro can be preserved
in vivo by appropriate carrier design. This synchronization of exposure is a pharmacokinetic
strategy for preserving a pharmacodynamic interaction, and it illustrates how formulation science
can be used to enforce the conditions under which a molecular mechanism of synergy can actually
operate in a living organism (Sharom, 2008; Marchetti et al., 2007).

Pharmacodynamic Mechanisms V: Antimicrobial Combinations, Sequential Pathway Blockade,
and Resistance Evolution

Infectious disease offers some of the clearest examples of molecularly defined drug synergy,
largely because bacterial targets are biochemically discrete and their pathways well mapped. The
classic paradigm is sequential blockade, in which two drugs inhibit successive steps of a single
biosynthetic pathway. Sulfonamides and trimethoprim, which act on dihydropteroate synthase
and dihydrofolate reductase respectively, synergize because the depletion of tetrahydrofolate
produced by the second drug cannot be compensated once the first drug has blocked the
upstream step, an example of genuine mechanism-based synergy that underlies a widely used
fixed-dose combination.

Beyond this classic example, systematic functional screens in bacteria have revealed patterns of
antibiotic interaction that correlate with target pathway. A foundational study categorized
antibiotic pairs in Escherichia coli on the basis of the growth properties of strains lacking individual
drug targets, showing that drugs acting on the same pathway tend to be synergistic while drugs
acting on different pathways more often produce additive or antagonistic interactions (Yeh et al,,
2006). This observation has since been generalized: large-scale studies of pairwise antibiotic
interactions confirm that a large fraction of strongly synergistic pairs act on the same pathway or
on convergent pathways, whereas strongly antagonistic pairs frequently act on pathways that
counteract one another.

The mechanism of synergy in antibiotic combinations is not limited to target level interaction.
Some combinations exploit drug-induced physiological changes that sensitize the bacterium to a
second drug: for example, inhibition of cell wall synthesis can increase the permeability of the
bacterial envelope to a second drug whose target lies in the cytoplasm, producing a positive
feedback on drug accumulation. The synergy between cell wall active beta-lactams and
aminoglycosides in enterococcal endocarditis is conventionally explained in this way, as is the
cooperation between membrane-disrupting agents and intracellularly targeted antibiotics. Other
combinations exploit the differential growth rates that one drug imposes on the population,
effectively shifting the bacterium into a physiological state in which the second drug is more
potent. A comprehensive review of such mechanisms in molecular detail concludes that antibiotic
synergy is generally explainable by reference to three broad classes, namely direct target-level
interaction, drug-induced sensitization, and passive additivity of independent killing mechanisms
(Sullivan et al., 2020). The same review emphasizes that most antibiotic combinations in clinical
use were discovered empirically rather than by design, and that a molecular understanding of
synergy is only now catching up with clinical practice.

Analogous logic applies beyond antibacterial therapy. In antifungal treatment, azoles that inhibit
ergosterol biosynthesis synergize with polyenes that bind the resulting sterol-depleted
membrane, and with echinocandins that weaken the cell wall, so that membrane and wall damage
compound one another. In antiviral therapy, the combination of agents acting at different stages
of the viral life cycle, from entry through reverse transcription to proteolytic maturation, produces
suppression of viral replication that exceeds the sum of monotherapy effects and, critically,
suppresses the emergence of resistant quasispecies by reducing the population of replicating
virus. In antitubercular therapy, multidrug regimens are built on the same principles of sequential
pathway blockade and independent mutation prevention, with each additional agent reducing the
probability that a doubly resistant mutant arises during treatment. Across all these domains, the
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interaction of the drugs at the level of the pathogen population, suppressing the expansion of
resistant lineages, is as important therapeutically as the interaction at the level of the individual
cell, and the two are not always congruent (Sullivan et al., 2020; Yeh et al., 2009).

Biofilms, which are aggregated bacterial communities embedded in a self-produced matrix,
represent a separate biological context in which drug synergy and antagonism can emerge. The
biofilm matrix physically limits drug penetration, and bacteria within biofilms exhibit metabolic
heterogeneity that confers tolerance to a wide range of antibiotics. Combinations that address
distinct aspects of biofilm physiology, for example by disrupting the matrix while killing
metabolically active cells, often succeed where single agents fail, and the interaction type
observed in planktonic culture is frequently altered, in either direction, when the same drug pair
is tested against biofilm-grown bacteria.

Pharmacodynamic Mechanisms VI: Antagonism and Its Mechanistic Basis

Antagonism, defined quantitatively as a combined effect smaller than expected from a chosen
reference model, is as mechanistically diverse as synergy. At the molecular level, antagonism
arises when two drugs bind to the same receptor in a manner that reduces the effect of the
combination below that achievable by either alone, when two drugs produce opposite
downstream effects on a shared second messenger, or when two drugs target pathways whose
joint inhibition is biochemically impossible or cytostatic rather than cytotoxic. The systematic
analysis of drug interaction mechanisms has documented such patterns across many therapeutic
areas and provides a useful taxonomy of negative interactions (Jia et al., 2009).

In bacteria, a particularly interesting class of antagonism involves suppressive interactions, in
which one drug partially or completely negates the growth inhibitory effect of another so that the
combination produces less inhibition than one of the constituents alone. Suppressive interactions
were first systematically characterized in E. coli, where they arise when two drugs that inhibit the
same essential process through different mechanisms reduce one another's effective target
engagement, and they have since been documented across multiple bacterial species (Singh &
Yeh, 2017). Mechanistically, suppression often reflects drugs acting on opposing arms of a
homeostatic system, so that joint inhibition partially restores rather than further disrupts the
regulated process. Suppressive interactions also influence the evolution of resistance: in a classic
experiment, the combination of trimethoprim and a beta-lactam antibiotic produced a fitness
landscape in which resistance to one drug was selected against because the resistant strain grew
more poorly in the presence of the combination than the wild type did, suggesting that
appropriately chosen antagonistic combinations can retard resistance evolution (Chait et al.,,
2007).

The evolutionary consequences of drug interaction have been explored systematically in microbial
systems. A theoretical and experimental review of the effect of drug interaction on the evolution
of resistance concluded that antagonistic combinations can slow the evolution of resistance by
narrowing the selective advantage of resistance mutations and by generating fitness trade-offs in
which resistance to one drug imposes a cost in the presence of the other (Yeh et al.,, 2009).
Conversely, synergistic combinations, while more efficacious in the short term, can generate a
larger selective differential for resistance and therefore accelerate resistance evolution once
resistance appears. The net effect of a combination on resistance evolution therefore depends on
both its interaction type and the frequency of resistance mechanisms that alter interaction
strength, a nuance that is increasingly relevant as combination therapies are used more widely.
In cancer, antagonistic interactions are usually unwanted, but their mechanistic basis is
nevertheless important to understand. Two drugs that target the same pathway at different levels
can produce mutual antagonism if the upstream inhibitor blunts expression of the downstream
target, or if compensatory feedback loops are activated by one drug and inhibit the effect of the
other. A second mechanism involves scheduling: two cytotoxic drugs whose cytotoxicity depends
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on cell cycle phase may antagonize one another if the first drug arrests cells in a phase in which
they are insensitive to the second. Such antagonism is schedule-dependent and disappears when
the drugs are given in sequence rather than concurrently. Finally, pharmacodynamic antagonism
can arise from toxicity-directed protective interactions, in which one drug protects normal tissues
from the toxicity of another but in doing so reduces the exposure of tumor tissue to the active
drug. Understanding these mechanisms is essential for the correct interpretation of clinical
interaction data.

Antagonism as a Therapeutic Opportunity: Reversing the Negative Perspective

The view of antagonism as inherently undesirable has been significantly revised in the last two
decades, particularly in the context of antimicrobial therapy. Because the efficacy of a drug
combination over time depends on whether it selects for or against resistant mutants, an
interaction that is mildly antagonistic in terms of immediate efficacy may nevertheless be strongly
advantageous in terms of long-term resistance management. The systematic analysis of
suppressive interactions in bacteria showed that antagonistic combinations can generate negative
cross-resistance in which resistance to one drug increases sensitivity to the other, and can thereby
be used to channel bacterial evolution in directions that are clinically useful (Singh & Yeh, 2017).
In the context of antibiotic resistance, where the pace of resistance emergence continues to
outstrip the introduction of new agents, such evolutionary considerations are of great practical
importance.

Theoretical models have explored the conditions under which antagonistic combinations are
therapeutically optimal. A study of optimal drug synergy in antimicrobial treatment concluded that
the most effective combination depends on the timescale of treatment, the genetic background
of the pathogen, and the cross-resistance profile of the population, and that the interaction type
that maximizes short-term efficacy does not necessarily maximize long-term success (Torella et
al., 2010). Related experimental work has shown that the evolutionary trajectory of a bacterial
population under drug treatment is shaped by the interaction type of the drug combination, with
antagonistic combinations generally imposing weaker selection for resistance and thereby slowing
its spread (Baym et al., 2016).

In oncology, a similarly counterintuitive strategy is embodied in sequential rather than concurrent
combinations, in which a first drug is used to select for or induce a vulnerability that a second drug
exploits. This is not antagonism in the strict pharmacodynamic sense, but it is a related strategy of
shaping the biological system rather than simply combining two independent attacks. Such
strategies, broadly termed adaptive therapy or evolutionary herding, are being explored in both
cancer and infectious disease and represent an important future direction for combination design
(Baym et al., 2016).

Systems-Level and Network Pharmacology Perspectives

The molecular mechanisms described above can be organized into a broader framework in which
drug combinations are understood as perturbations of disease-relevant molecular networks. In
this view, the interaction of two drugs is determined by the relationship between their targets and
by the topology of the network that connects those targets to the disease phenotype. Network
pharmacology, a term popularized by Hopkins, proposes that drugs do not act on single targets
but on networks, and that rational combination design should therefore take account of network
structure rather than target identity alone (Hopkins, 2008).

Computational systems biology has developed a range of approaches to exploit this perspective.
Mathematical models of signaling networks have been used to predict synergy from network
topology, identifying combinations that target pathways in a convergent or parallel manner.
Bayesian and machine learning models trained on existing combination data have been used to
predict new synergistic pairs from drug structural features, target profiles, and gene expression
signatures, achieving useful accuracy in prospective validation studies. Comprehensive reviews of
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such systems biology approaches summarize the methodology and highlight both the strengths
and limitations of computational prediction, in particular the dependence of predictive
performance on the quality and coverage of the underlying training data (Van Hasselt & lyengar,
2019).

Network-based reasoning also clarifies why the same combination can produce opposite
interaction signs in different cellular contexts. Because the position of a drug target in a signaling
network varies with the mutation profile of a cell, two drugs whose targets converge on a shared
effector in one genetic background may occupy disconnected modules in another, so that the
interaction sign follows the network state rather than the drug pair itself. This context dependence
is increasingly visible in large pan-cancer combination screens and argues for interaction
assessment as an integral part of molecular tumor characterization rather than a one-time
preclinical determination (Jia et al., 2009; Van Hasselt & lyengar, 2019).

An additional layer of complexity arises from the fact that drug combinations in vivo operate in a
multi-scale environment involving tissues, organs, and the whole organism, rather than in isolated
cell culture. Systems pharmacology, which integrates pharmacokinetic and pharmacodynamic
models at multiple scales, has been applied to combination therapy in order to predict how
interactions observed at the cellular level translate into therapeutic effects at the organismal level.
This integrated approach is still maturing, but it represents a natural convergence of
pharmacokinetic and pharmacodynamic interaction analysis (Hopkins, 2008; Van Hasselt &
lyengar, 2019).

Higher-Order Interactions and Multi-Drug Combinations

Most combination studies analyze drug pairs, but therapeutic regimens frequently comprise three
or more agents. The interaction of three drugs cannot in general be predicted from pairwise
interactions alone, since the combined effect depends on the way in which all three perturbations
jointly influence the biological system. Empirical studies in bacteria have shown that higher-order
interactions are common, that they increase in frequency and magnitude with the number of
drugs in the combination, and that they are biased toward antagonism on average. Emergent
suppressive interactions, in which a three-drug combination produces greater bacterial growth
than one of the constituent drugs alone, have been documented in pathogenic isolates and
represent a biologically counterintuitive outcome that cannot be anticipated from pairwise data
(Tekin et al., 2016).

On the other hand, the systematic exploration of higher-order combinations has also revealed
unexpected opportunities. An analysis of all possible combinations of ten antibiotics concluded
that, based on the properties of the pairwise interaction landscape, ultra-high-order combinations
containing many drugs can be predicted to be highly effective, and that the fraction of drug pairs
that are antagonistic is a useful predictor of the performance of the full combination (Katzir et al.,
2019). The mechanistic basis of such high-order interactions is not yet well understood, but it is
thought to reflect the combined effects of pairwise interactions propagating through biological
networks and to involve shared, pathway-level downstream effects. As more therapeutic regimens
move beyond three drugs, understanding higher-order interactions will become increasingly
important for the rational design of polypharmacy (Russ & Kishony, 2018).

Immunological Mechanisms of Combination Synergy

The success of immune checkpoint inhibitors has added a new dimension to drug combination
therapy, in which the interacting agents modulate host immunity rather than acting directly on
tumor cells. The combination of CTLA-4 and PD-1 blockade, which is now standard in metastatic
melanoma, was designed on the basis of complementary immunological mechanisms: CTLA-4
regulates the priming phase of T cell activation in lymphoid organs, whereas PD-1 regulates
effector function in peripheral tissues, so the two inhibitors act on distinct regulatory circuits
rather than on the same target. Mechanistic dissection in murine models demonstrated that anti-
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CTLA-4 and anti-PD-1 operate through distinct cellular mechanisms, with anti-CTLA-4 expanding a
broadly reactive T cell population and anti-PD-1 reinvigorating exhausted effector cells, and that
combination therapy recruits additional T cell clonotypes not expanded by either monotherapy
(Weietal., 2017). Clinical reviews of the combined CTLA-4 and PD-1 blockade approach document
the greater durability of response relative to either monotherapy, together with greater toxicity,
and discuss the mechanistic basis of both (Buchbinder & Desai, 2016).

A complementary immunological mechanism underlies the synergy between cytotoxic
chemotherapy and checkpoint blockade. Certain chemotherapeutic agents, notably
anthracyclines, oxaliplatin, and cyclophosphamide, induce immunogenic cell death, a form of
tumor cell death that releases damage-associated molecular patterns and thereby recruits and
activates dendritic cells, leading to cross-presentation of tumor antigens and expansion of a T cell
response (Galluzzi et al., 2015). In the context of checkpoint blockade, such immunogenic cell
death converts a tumor that is immunologically silent into one that is immunologically active, so
that the T cell response expanded by checkpoint inhibitors has a target to act upon. In general,
immunological synergy is a good example of a mechanism in which the two drugs do not act on
the same cell or the same pathway at all, so that a purely cell-autonomous analysis of synergy is
inadequate. It also illustrates a recurring trade-off in combination therapy: the same
immunological mechanisms that deepen and prolong tumor control, namely broader T cell
expansion and breakdown of peripheral tolerance, also account for the increased immune-related
toxicity of combined checkpoint blockade, so that the therapeutic index of the combination must
be established clinically rather than assumed from efficacy alone (Buchbinder & Desai, 2016; Wei
et al., 2017).

Beyond checkpoint blockade, the immunological dimension of combination therapy extends to
the modulation of myeloid and stromal cells within the tumor microenvironment. Agents that
deplete immunosuppressive myeloid cells, inhibit transforming growth factor beta signaling, or
repolarize tumor-associated macrophages can convert a tumor that rejects T cell infiltration into
one that supports it, thereby multiplying the effect of a T cell directed therapy given concurrently.
Radiotherapy and some targeted agents contribute to the same endpoint by increasing antigen
release and upregulating major histocompatibility complex expression on tumor cells. Conversely,
some cytotoxic and targeted agents deplete effector lymphocytes or induce compensatory
upregulation of alternative checkpoint receptors, producing immunological antagonism in which
each agent undermines the other. These observations reinforce the central point that the sign of
a drug interaction in immunotherapy is determined by the configuration of the host immune
system as much as by the tumor, and that the same combination can behave very differently in
immunologically hot and cold tumors (Galluzzi et al., 2015; Buchbinder & Desai, 2016).

The Mechanistic Basis of Combination Efficacy Beyond True Synergy

A growing body of clinical and preclinical evidence suggests that many drug combinations in
successful clinical use are not in fact synergistic by any strict quantitative definition. An analysis of
combination therapies in precision oncology concluded that a large fraction of approved
combinations owe their clinical benefit to independent drug action, in which two drugs each
achieve partial tumor control in different subpopulations of tumor cells, rather than to a
synergistic interaction at the level of individual cells (Plana et al., 2022). Independent drug action
is a conceptually important alternative to true pharmacodynamic synergy, because it does not
require any special molecular interaction between the two agents and is therefore much more
likely to be observed in randomized clinical trials. The distinction matters clinically because
independent drug action predicts that the combination will be effective as long as each drug is
effective in some tumor cells, whereas true synergy predicts that the combination will be effective
only in tumors whose molecular profile matches the mechanism of interaction.
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Clinical experience with some combinations suggests that the same apparent clinical outcome,
namely a greater therapeutic effect than either drug alone, can arise from several mechanisms
that are conceptually distinct. Clarifying which mechanism underlies the observed clinical benefit
matters because the different mechanisms carry different predictions about patient selection,
scheduling, and the likelihood of success in different tumor types. A further review of
combinatorial drug therapy in the post-genomic era emphasizes that understanding the molecular
basis of each combination is essential for the rational selection of patients and for the design of
second-generation combinations that overcome resistance (Al-Lazikani et al., 2012).

The implication for translational research is that demonstrating true pharmacodynamic synergy in
cell culture is neither necessary nor sufficient for clinical success, and that combination strategies
based on independent action, pathway complementarity, pharmacokinetic boosting, or
immunological recruitment may be at least as important. Indeed, some of the most successful
combinations in clinical oncology appear to combine elements of all of these mechanisms (Subbiah
et al., 2020; Plana et al., 2022).

Clinical Translation: From In Vitro Interaction to Therapeutic Benefit

The translation of preclinical synergy into clinical benefit is fraught with difficulty. Combination
clinical trials face logistic and regulatory challenges that monotherapy trials do not, including the
need to establish the safety and pharmacokinetics of each agent individually before combining
them, the difficulty of attributing toxicity to one agent or the other, and the intellectual property
constraints that discourage collaboration between the pharmaceutical companies that own the
individual agents. Combination trials have historically been slow to enroll, difficult to design, and
vulnerable to attrition at higher failure rates than monotherapy trials. Regulatory considerations
are particularly complex when two investigational agents are combined, since each agent requires
its own safety database and the combined regimen requires evidence of benefit over either
monotherapy (Al-Lazikani et al., 2012).

Methodological standards in combination trial design have nevertheless advanced. Novel designs,
including adaptive platform trials and Bayesian model-based designs, have been proposed to
accelerate the evaluation of combinations and to allow multiple agents to be tested in multiple
combinations simultaneously. Seamless phase I/Il designs have the potential to shorten the
development path for combinations and to make better use of the large number of mechanistically
plausible pairs generated by preclinical screening. In the specific context of drug-radiotherapy
combinations, dedicated methodological and regulatory frameworks have been developed that
may generalize to other modalities of combined treatment.

The single greatest obstacle to clinical translation remains the discordance between preclinical
and clinical measures of interaction. A combination that produces a combination index of one half
in cell culture may produce no clinical benefit, either because the preclinical effect reflects a
mechanism absent in the patient, because the scheduling and pharmacokinetics of the clinical
regimen do not reproduce the preclinical exposure, or because the tumor microenvironment
modifies the interaction. Systematic analysis of preclinical and clinical combination studies has
shown that concordance between preclinical synergy and clinical efficacy is modest at best (Chou,
2008). Addressing this discordance will require better preclinical models, including patient-derived
organoids and xenografts, careful attention to drug exposure and scheduling in the design of
preclinical studies, and clinical trial designs that incorporate biomarkers of the mechanism of
interaction (Al-Lazikani et al., 2012; Plana et al., 2022).

The translational problem is compounded in practice by polypharmacy outside the trial setting.
Patients receiving combination anticancer or antimicrobial therapy are frequently elderly and
receive multiple drugs for comorbid conditions, so that the pharmacokinetic and
pharmacodynamic interactions studied in a controlled trial are superimposed on an uncontrolled
background of interacting comedications. Drug interaction screening tools and comprehensive
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interaction checkers have improved the detection of high-risk pairs in routine care, but their
predictive value is limited by context dependence and by the paucity of pharmacodynamic
interaction data for most drug pairs. Regulatory frameworks for fixed-dose combinations, which
require demonstration of the contribution of each component to the claimed effect, have in effect
institutionalized the demand for interaction evidence at the population level, and the same
standards are progressively being applied to combination regimens in oncology and infectious
disease (Hakkola et al., 2020; Al-Lazikani et al., 2012).

Methodologically, the field is also moving from pairwise, static assessment toward dynamic and
adaptive characterization of interactions. Machine learning models trained on large pan-cancer
combination screens can now predict interaction sign and magnitude from genomic and
pharmacological features with useful accuracy, and can be interrogated to identify the molecular
features that drive predicted synergy, closing the loop between prediction and mechanism.
Patient-derived organoids and microphysiological systems offer preclinical platforms in which drug
exposure, metabolism, and multicellular architecture are reproduced more faithfully than in
conventional two-dimensional culture, addressing at least part of the discordance that has
historically separated in vitro interaction analysis from clinical outcome. Prospective testing of
model-predicted combinations in such systems, followed by biomarker-stratified clinical
evaluation, represents the most credible path from computational prediction to therapeutic
practice (Plana et al., 2022; Van Hasselt & lyengar, 2019).

Methodological Limitations and Future Directions

The second structural direction concerns the formal integration of interaction analysis with
pharmacokinetics. Classical combination indices are computed on nominal concentrations, yet the
concentration actually experienced by the target tissue is shaped by absorption, distribution,
metabolism, and elimination, all of which can differ between the combination and monotherapy
conditions. Dose-response matrices measured in the presence of realistic pharmacokinetic
profiles, or analyzed with pharmacokinetic-pharmacodynamic linking models, would allow
interaction to be attributed to its true locus rather than to the administered dose. Similarly, the
development of sensitive assays for unbound intracellular drug concentration promises to
separate transporter- and metabolism-driven effects from genuine target-level interactions, a
separation that most current studies cannot achieve. Until such methods are routine, the
combination index and its graphical analogs remain the best available summary of interaction,
provided that their model dependence and their insensitivity to exposure dynamics are kept
clearly in view (Chou, 2010; Foucquier & Guedj, 2015).

Several methodological limitations affect current practice in combination research. First, as
discussed above, the definition of synergy is model-dependent, and different reference models
produce different conclusions from the same data. Second, synergy is context-dependent: the
same combination may be synergistic in one cell line, antagonistic in another, and inert in a third,
so that extrapolation from a single model system is rarely justified. Third, many combination
studies report only a single dose pair or a single effect level, which is insufficient to characterize
the interaction surface and may produce misleading conclusions. Fourth, the intracellular
concentrations of the two drugs are rarely measured, so that pharmacokinetic interactions at the
cellular level, including competition for uptake transporters or efflux pumps, may be
misinterpreted as pharmacodynamic interactions. Finally, most preclinical studies are conducted
under cell culture conditions that do not reproduce the tumor microenvironment, the immune
system, or the pharmacokinetics of intact organisms, all of which can profoundly modify the
interaction of two drugs.

Future progress will depend on several developments. Quantitative systems pharmacology
models that integrate drug pharmacokinetics, target engagement, network dynamics, and host
physiology are needed to predict how cellular interactions translate into organismal effects.
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Single-cell technologies and spatially resolved transcriptomics will allow interaction to be mapped
at the level of individual cells within a heterogeneous population, providing a much more complete
picture than population-averaged assays. Genome-wide perturbation screens will identify the
genetic determinants of synergy and antagonism for each drug pair, enabling rational patient
stratification. Evolutionary models that integrate drug interaction with resistance evolution will
guide the design of combinations that are not only efficacious at the outset but remain efficacious
over time (Baym et al., 2016; Yeh et al., 2009). Finally, the network pharmacology paradigm will
continue to mature into a predictive framework that identifies new combinations from the
topological and dynamic properties of disease-relevant molecular networks (Hopkins, 2008).
Conclusion

Drug synergy and antagonism are not unitary phenomena but the emergent consequences of
multiple molecular and cellular mechanisms acting at the level of targets, pathways, transporters,
metabolism, and the broader biological system in which the drugs act. Quantitative frameworks
built on Loewe additivity, Bliss independence, the combination index, and isobolographic analysis
provide the essential foundation on which claims of interaction must rest, while the mechanistic
interpretation of interaction requires an understanding of everything from cytochrome P450
metabolism to apoptotic signaling to immunological recruitment. The distinction between
pharmacokinetic and pharmacodynamic interaction is fundamental to correct interpretation, and
the recent recognition that many clinically successful combinations are not synergistic by strict
definitions has clarified the relationship between preclinical interaction analysis and therapeutic
benefit. Antagonism, long regarded as an unwanted outcome, is now understood in some contexts
to offer therapeutic opportunities through its effects on resistance evolution. The future of
combination therapy lies in the integration of quantitative interaction analysis with systems-level
models, evolutionary principles, and mechanistic biomarkers, so that combinations are designed
from first principles rather than discovered empirically and translated rationally rather than
opportunistically.

In practical terms, the lessons of this synthesis can be summarized as a set of working principles
for combination research. Define the interaction against an explicit reference model and report
the model, the effect level, and the dose ratio, because synergy claimed without these parameters
is not interpretable. Separate pharmacokinetic from pharmacodynamic mechanisms before
attributing an effect to target biology, since the two demand entirely different interventions.
Characterize the interaction across the full dose matrix and in more than one cellular background
before drawing conclusions about the drug pair, because context dependence is the norm rather
than the exception. Consider resistance evolution from the outset, since a combination that
selects strongly for resistance may be inferior in the long run to a mildly antagonistic one that
constrains it. Test higher-order interactions empirically whenever a regimen contains more than
two agents, because pairwise data do not predict them. Finally, remember that the clinical
objective is the therapeutic index rather than the combination index, and that a regimen wins not
by maximizing interaction in a cell culture dish but by integrating efficacy, toxicity,
pharmacokinetic feasibility, and resistance management in the patient. These principles do not
diminish the excitement of the molecular mechanisms described in this review; on the contrary,
they are the conditions under which those mechanisms can be converted reliably into clinical
benefit.
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CbIPAAPUA ©3EHI OCIMAIKTEPIHIH
TAPAJTY EPEKLLIIT]

EcumberoB Ackap AHAaLLOBWUY
KasakcTtaH, TypkictaH obnbickl. «Cbipaapua-TypkictaH MOTIM» KMM

AHOamna. byn maKanada TypkicmaH o06sbicbl aymarbiHOQ OpHAAACKaH Ceipdapusa—
TypKicmaH memaekemmik eHipaik mabufru napKiHiH Coipdapusa e3eHi #aliblAMacsiHOaFbl 6CIMOIK
HAMBIFBICLIHbIH Mapasny epekuwenikmepi Kapacmelpelnodsl. 3epmmey 6apbiCbiHOG NAPKMBbIH
pecmu mMamepuanodapsl, GA0PUCMUKGSbLIK 3epmmeynep, folabiMu MAPUAAGHLIMOAP MHoHe
CbipOapusa e3eHi AHFapbIHbIH 6CIMOIK HAMbIAF6ICLIHA KAMbICMbl 20ebu 0epekmep MandaHObI.

OcimOikmepdiH mMapasnyblHa 63€H CYbIHbIH PeXUMi, MonbipaKmMelH blaFaa0bIAbIF6I MEH
my30binelfel, xep bedepi, epyHM CynapbiHbIH OPHGAACYbI HIHE AHMPONO2EeHOIK acep Heeisel
akmopnap pemiHoe biKknaa emeodi. ©3eHee MAKbIH blAFan0bl y4yackesnepoe KamelC, mar,
MopaHFbl, #uoe ¥aHe mypsi uWanfeiHObIK 6cimoikmep baceim 60sca, 63eHHEH anblcMaraH calibiH
HCbIHFbIA, WEH2es, HYCAH, COpaH *aHe 6acka 0a KYprakWwsolablk neH my30aHyfa me3imoi
ecimOikmepOiH yneci apmaodsl. Epekuie Hazap mopaHFel 0pMaHOapsIHA ayoapslaadsl, cebebionap
CbipO0apusa aHfFapbiHbIH Mabufru sKoxcylenepiH mypakmaHobipyoa xoHe 6uoanyaHmMypainikmi
cakmayoa MaHbI30bl pesa amkapaodsl. 3epmmey Hamuxcenepi ColpOapusa aliblAMACb6IHOAFbI
eCciMOiKmepOiH KeHicmikmik mapanysi euodposioeuansiK wardalinapmeH meoifbi3 6alinaHsicmel
eKeHIH Kepcemmi.

TyliiH ce30ep: Cbipdapus 63eHi, eciMOiK Hamblarbicel, aopa, xalvlama, amelpay,
MOPAHFbI, KAMBbIC, MbIHFbIA, CblpOapua—TypKiCmaH memaekemmik eHipAiK mabufu napki,
buoanyaHmypninik, ecimoikmepoiH mapasysil.

Kipicne. ©c¢cimaik *KamMblnfbiCbl Ke3 KenreH Tabus ayMaKTbiH 9KONOMMANbIK TYPAKTbINbIFbIH
KaMTamacbl3 eTeTiH MaHbli34bl KOMNOHEHTTepAiH, Oipi 60abin Tabbinaabl. ©ciMmaikTep TOMbIPak,
TY3iNy NPOLECiHe, CY aliHaNbIMbIHA, YKaHyapaap AYHUECIHIH, TIPLWINiK eTy OpTacbiH KaabiNTacTbipyFa
oHe aTMocdepanblk KOMIPKbILIKbIA ra3blH CiHipyre KaTbicaapl. Ocipece e3eH aHfap/aapblHAAFbI
BCiMAIK KaybIMAACTbIKTapbIHbIH, MaHbl3bl ofapbl. Cebebi ©3eH aHfapbl KopllafaH LWen KaHe
Wenent naHAwadTTapbiIMeH CanbICTbipFaHaa blAfan  MeJlepi  *Kofapbl, MWKPOKAMMATHI
CanbICTbIPMasbl TYPAE KYMCAK KaHe OCIMAiK »aMblafbiCbl TYPAIK »KafblHaH ©ail 3KONOrMANbIK
0213 KbI3METIH aTKapaabl.

KasaKCcTaHHbIH OHTYCTIK GeniriHaeri ipi e3eHaepAaiH, 6ipi — Cbipaapma. OHbIH, aHFfapbl
WONAIK KaHe WeNenTTiK Tabusn KafaannapaplH, apacbiHAa OpHaNacKaH epeklle 3KONOTUANbIK,
yre 60bIN caHanaapbl. ©3eHHiH Cybl MEH FPYHT Cy1apblHbIH, 9CEPIHEH MYH/a TOFal/ibl OpMaHAaap,
WaNfbIHAAP, KAMbICTbI KaybIMAACTbIKTAP, OyTanbl eCiMAiKTep *KaHe ranoduTTiK ecimaik TonTapsl
KaNbINTaCKaH.

Cbipaapunsa—TypKiCTaH MeEMAEKETTIK OHipAiK Tabufn napki TypKicTaH 061bICbIHbIH, MaHbI3bl
epeklle KopfanatblH Tabusn aymakTapbiHbiH,  6ipi  60nbin  Tabblnaabl. [MapKTbiH,  HEri3ri
MiHOeTTepiHiH,  bipi — Cbipgapus KoHe Apbic e3eHaepiHiH KafanaynapbiHOafbl Tabueu
KeweHaepai, eCimaikTep MeH »KaHyapaap AyHWeCiH cakTay. [TapKTblH Kasipri pecmn manimeTTepi
HoMblHLIA OHbIH, *annbl xep Kenemi 119 978,418 ra, oHbIH, iwiHae TypkictaH dunmansl — 37 656
ra, Coipgapus ¢punmansl —46 068 ra, bopangan duananbl — 36 255 ra aymakTbl KaMTUab!.

3eptTeyaiH, makcaTbl — Cbipaapua—TypKiCTaH MEeMIEKeTTIK OHIpaiK Tabusn napki
aymafblHAafbl CbipAapma e3eHi aHFapbl 6CIMAIKTEPIHIH TYPAIK KYPAaMbIH *KaHE 01apAblH KEHICTIKTIK
Tapany epekuenikTepiH aaebu aepekTep HerisiHae Tanaay.
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3epmmey miHOemmepi:

1. Cblpaapua—TypKicTaH MeMANeKeTTiIK eHipAiKk Tabufn napkiHiH, Tabufn-reorpadmansik,
epeklwenikTepiH cmnaTtray;

2. Cblpaapua aHfapbl GaopacbiHbIH TYPAIK KypamblHa Tanaay xacay;

3. BciMAiKkTepaiH, ©3eH apHacbiHa KaTbICTbl Tapasy 3aH4bl/IbIKTapPbliH aHbIKTAY;

4. Herisri eCciMAiK KayblMAaCTbIKTapblH CMMaTTay;

5. CnpekK kaHe Kopfayabl KaXKeT eTeTiH eCiMAIiK TYPAEpPiH aHbIKTay;

6. OciMAjiK *KamMblNFbICbiHA 9Cep €TEeTiH HEeri3ri 3KONOTUAMbIK KaHe aHTponoreHAik dakTopnapabl
baranay.

1. 3epTTey HbiCaHbl XaHe aaicTepi

3epTTey HbicaHbl peTiHae Cbipdapua—TypKiCTaH MeMIEKeTTIK eHipaiKk Tabusn napkiHiH,
Cblpaapua ©3eHi XKalblIMacbl MeH OfaH iprenec Tabusn KelleHaepi anblHAbI.

Cblpaapua—TypKicTaH MeMNEKeTTIK eHipnik Tabufu napki  TypkicTaH 0b6AbICbIHAA
opHanackaH. Mapk 2012 xbiabl Apbic, Bopangal »kaHe TypKiCTaH OpMaH KaHe XKaHyap/ap anemMiH
KOPFay *KeHIHAET MeMaeKeTTiK Mekemenepai 0ipikTipy apKblabl KypblifaH. An Cbipaapua 63eHiHiH,
aMbI/IMACbIHAAFbI KepriflikTi MaHbI3bl bap Tabuin KeweHai kayman 2010 Kbiabl KYPbIbIM, OHbIH
Heri3ri makcaTTapbiHbiH, 6ipi Cbipdapua aHFapbl SKOXKYMENEepiH CaKTay »KoHe KaninbliHa KenTipy
H6onFaH.

3epTTey OapbiCbiHAA CanbICTbipManbl-reorpadmanbik, GAOPUCTUKANBIK, IKONOTUANbIK-
reorpaduAnbiK *KaHe aaebun-Tanmamansik aaicTep nanaanaHbinabl. NMapKTbiH PECMM CaNTbIHAAFbI
dnopa KeHiHaeri ManiMeTTep, FbibIMU-3ePTTEY HKYMbICTAPbIHbIH, HaTUKenepi *KaHe Cbipaapus
aHFapPbIHbIH, 6CIMAIK *KaMbIAFbICbIHA apHAFaH FbIJIbIMK }KapMANAHbIMAAP CaNbICTbIPbIAAbI.

OCIMAIKTEPAiH, Tapany epeKLlIenikTePiH aHbIKTay KesiHAe 0/apAdblH, Cyfa *KaHe Tonblpak,
bIIFa/IbiH@ KATbIHAChI, Ty34aHyfa TO3IMAINIM, TIPWIiNIK GOpPMachl XaHe ©3eH apHacbiHa KaTbICTbl
OpHanacy *afaanbl eckepingi.

Byn makana »aHa Aananblk 3KCneauumanblik maTepuangapabl ycbiHO6amabl, COHAbIKTaH
KenTipinreH caHAOblK KepCeTKILTepP XKapuAnaHfFaH KoHe MapKTblH PECMKW AepeKTepiHeH ajblHfFaH
MaNliMeTTep peTiHAe KapacTblpbliadbl.

2. Coipnapua—TypKiCTaH MeMNIEKETTIK BHipAiK TabuFn NnapkiHiH Tabuen Xaraambl

Cbipaapuna—TypKiCTaH MeMNEKETTIK BHipAiK TabuUFX NapkiHiH Tabufn KelleHaepi bipkenki
emec. [TapK aymafblHAa eKi Heri3ri Tabusn TN epekeneHeni: Coipaapua meH ApbiC ©3eHAEePIHIH
KanblIManblK-aHFapAbIK NaHAWwadTTapsl KaHe bopanaal KoTacklHbIH Tayabl TabUFK KelleHaepi.

Cbipaapusa duananbl HerisiHeH »asblK, *KaMblAMaiblK XoHE ©3eH aHFfapblHbliH Tabusn
KeweHaepiH Kamtuabl. COHAbIKTAH Oy aliMakTa eciMaikTepaiH, TapasyblH aHbIKTalTbiH 6acTbl
baKkTop — cy peKmmi.

Cbipaapusa e3eHi aHFapbl LWOJAIK KAMMAT KafaanblHAa OpHaNacKaHAbIKTaH, ©3eHre XKaKblH
aymaKkTapda eciMAiKTepiH ecyiHe Kofalbl }Kafaan Kanbintacagbl. ©3eH Cybl MEH TPYHT Cyapbl
TOMbIpaKTafbl blAFaA MeAWeEPIH apTTbipadbl. COHbIH HITUMKECIHAE ©3eH KafanayblHAa afallTap
MeH byTanapaaH KypanfaH Tofaliap, KamMbIC }KaHe LaNFbIHAbIK ©CiMAiKkTep Tapanabl.

©3eHHeH KallblKTafaH calblH TOMbIPaK blafanbl a3aibin, Ty34aHy AeHreni Xorapbliaybl
MYMKIH. MyHAal Kafganga rmapodutrep MeH Me30odUTTepaiH, OpHbiHA KCepOoDUTTIK KaHe
ranoduTTiK ecimaikTep bacbiMablK ana bacTtanabl.

Ocblnanwa CbipAapua aHFapbiHAaFbl 6CIMAIKTEPAIH TapaayblH LWAPTTbl TYPAE «CY alAblHbI
— )KaFanay — »KaWblMa — XKalblMa YCTi Teppaca — Wenaik naHawadT» bafbiTbiHAA KapacTbipyFa
bonaapl.
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3. Cblpaapwua e3eHi ¥alblIMacblHAAFbl GOPAHbIH, TYPAIK KypaMmbl
@ opaHblIH, KeTeKLWi TYKbIMAACTaPbIHbIH, iWiHAE:

TyKbimAaac TypAnik Kypamaassl yaeci
Anabytanap 18 %

Kypaenirynginep 16 %

ACTbIK TYKbIMAACTap 12%

byplak TyKbiMmAacTap 6%

KpecTtrynainep 4%

TapaHgap 3%

bacKa TyKbimAaacTap KanfaH 6eniri

Anabytanap TyKbIMAACbIHbIH Ofapbl yaeci Cblpaapus aHFapbiHbIH,  WOAAIK KaHe
copTaHAaHfaH  opTanapbiMeH  OalnaHbICTbl.  byn  TyKbIMAACTbIH — KenTereH  ekingepi
KYPFaKLIbIMbIKKA *KaHe TOMblpaKTarbl Ty3 MeJIWIEPiHiH Xofapbl 601ybiHa benimaenreH.

ACTbIK ~ TYKbIMAAcCTapblHblH, efayip VyAecCi ©e3eH KafanayjapblHAafbl  blAfandbl
WaNFbIHABIKTAP MEH KaMbICTbl KaybiMAacTbikTapfa HannanbicTbl. OnapaplH, KypambiHa Kambic,
HMaaMbIK, aXKblpbIK XaHe 6acKa WenTeciH ecimaikTep Kipedai.

Bypwak TyKbIMOacTapblHbIH, BKifaepi Ae e3eH aHfapblHAa Kesaeceadi. OnapablH iwiHae
MWA CUAKTBI TYPAEP WANFbIHABIK *KOHE KalMbl/IMablK 3KOXKYMenep ywiH MaHpbi3bl.

Coipaapusa aHFapbl GOPaCbIHbIH, Tafbl Bip epekLeniri — OHbIH, SKOJOMUA/bIK TONTapFra
XIKTeNyiHiH, ankbiH 6alKkanybl. Cy MaHblHAA bIAFan CYMrilL TypAep, *KalblIMaHbiH, KypFakTay
benikTepiHAe WanfblHABIK XaHe OyTanbl ©CIMAIKTEp, an Ty3AaHfaH yyackenepae ranoputrep
Tapanagpl.

4. OcimaikTepaiH 63eH apHacblHa KATbICTbl Tapanysbl

Cbipaapusa e3eHi 6oMbIHAaFbl 6CIMAIKTEPAiH TapaayblH ONapAblH, CyFa KaXKeTTiniriHe Kapam
bipHelle aKkonormanbik benaeyre 6enyre 6onaabl.

4.1 Cy maHbl #aHe xaranay benoeyi

©3eH apHacblHA eH *aKblH y4Yackenepae cy AeHreniHiH, MaycbiMapblK e3repyiHe Te3imai
BeCiMAiKTep KanbinTacagbl. MyHAa KambiC, SpTYPAi KUAKeneHAep, WONTEeCiH eCIMAIKTEP MKaHe
)afanblk byTanap Kesaecen;.

Kambic — Cbipaapus aHfFapbiHbIH, eH, ToH eciMaikTepiHin, 6ipi. On e3eH »KafanaynapbiHaa,
ecki apHanapaa, KentabaHabl OMbICTapZa KoHe bIAFaNAbINbIFbl KOFapbl Xepiepae KaiblH,
KaybIMAACTbIK Ty3edi.

KaMbICTbl afnKanTap TeK 6CIMAIK ¥aMbINFbICbIHbIH, 3/1IEMEHTI emec, KenTereH »KaHyapaap
YWiH MeKeH eTy »KaHe KopeKkTeHy opTacbl 6onbin Tabblnaabl. COHAbIKTAH OHbIH 3KOXYMENiK
MaHblI3bl XXOFapbl.

4.2 Toralinsl bendey

CbipAapusa aHFapblHbIH, MaHbI34bl 6CIMAIK KaybIMAACTbIKTapbIHbIH, Oipi — ToFannap. Tofai
KypamMblHAa Tanaap, TEPEKTep, XKuae, TopaHFbl *kaHe BacKa Aa araw-byTa Typnepi kesgecea,.
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%

Cypem 1. ColpOapus ¢unuansl, ApbiC OPMAHWbIAbIFbI

Cbipaapunsa e3eHi KafanayblHAafbl TOfal/bl ©CIMAIKTEPAIH Tapanybl FPYHT CyNapblHbIH,
TepeHAirimeH Tbifbl3 6alnaHbICTbl. [PYHT cynapbl ep HeTiHe KaKplH OpHaNacKaH yvackenepae
afall »kaHe byTa ecimaikTepi *aKcbl Aammapi.

Cblpaapua  aHfapblHAQ KUAe, TaN KoHe TOopaHFblAaH TypaTblH TOfalnap epekle
SKONOTUANMBIK MaHbl3fa Me. FblbIMKM KaHEe pecMn maTepuangapna TopaHFbl OpMaHaapbiH CakTay
MacesieciHe apHaibl KeHin BeniHeTiHi KepceTinreH.

MapkTbiH, 2024-2028 »Kblngapfa apHanfaH fblAbiMU-3epTTey OafbITTapbiHbIH - Oipi —
Cblpaapua e3eHi cafacblHAafFbl TOPAHFbl OPMaHAAPbIH CaKTay, 0napAblH GN0PACbIH TYreHaey KaHe
MOHUTOPUHT XYPri3y.

4.3 lUlanfeiHObIK bendey

KalblAMaHbIH,  CanbICTbipManbl Typae OMWiKTey (KoHe yaKbITwa faHa cy 6HacaTblH
OenikTepiHAe WanfbliHAbIK eciMaikTep Tapanaib.

Byn kepae 6uaanbiK, aKblpblK, 9PTYPAI aCTblK TyKbIMAACTap, MUA KaHe BacKa WenTeciH
TYpAep Keszeces,.

LanfblHAbIK ©CIMAIKTEPAIH, AaMyblHa KOKTEMTI CY TaCybl MEH TPYHT Cy/NapblHbIH, AEHreNi
acep eTedi. Cy TacKblHbl KesiHAe biAFangaHfFaH TOMblpak KeliH OipTiHAen KypfafaH Kesge
WANFbIHABIK O©CIMAIKTEPAIH, 6CYiHe KONalNbl Kafaaln KanbinTacaabl.

4.4 bymarnei 6endey

©3eHHeH anbICTafaH CaMblH biNFan Meawepi azaaabl. MyHAaM Kafaanaa *KblHFbIA, LWeHren
oHe 6acKa KypfaKLUbINbIKKa Te3imai byTanap Tapanaasbl.

MbiHFbIn (Tamarix) Ty34bl ToNbipakTapra belimaenreHd ecimaiktepain, 6ipi. OHbIH TambIp
MYMeCi TPYHT Cy/lapblHa KeTin, KypfaKk KAMMaT XafdalbiHaa emip cypyre MymKiHAK 6epegi.

Lenren Topisai OyTanap [Aa ©3eH KaWblIMACbiHbIH, KypfakTay XoHe Ty3/[aHfaH
benikTepiHae Ke3aecea,.

4.5 Manogpummik ecimoikmep 6endeyi

ColpZapmnAa aHfapblHO4A TOMbIPAKTbIH, Ty34aHybl ©CIMAIKTEPAIH TapasyblHa eneyni acep
eteni. CopTaH, *KaHe Cop ToMblpaKkTapAa Ty3fa Te3imai ecimaiktep — ranodutrep bacbim 6onaapi.

Onapfa anabytanap TYKbIMOACbIHbIH, KenTereH ekingepi »katadbl. byn TONTbIH, Xofapbl
TYpAiK yneci CbipAapua KalblIMACbIHbIH 3KONOTUANBIK KafAalblH CMMNATTANTbIH  MaHbI3abl
KepceTkiwTepaiH, bipi 6onbin Tabblnagp!.
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5. TopaH#fbl TOFaliNapbiHbIH, 3KONOTUANbIK, MaHbI3bl

Cypem 2. ColpOapus ¢punuansl, balibipKym 0pMaHUWbIbIFbI

Cblpgapua  aHfapblHAAfbl  epeKklwe  Hasap  aydapydbl  KaxeT eTeTiH  eciMaik
KaybIMOACTbIKTaPbIHbIH, 6ipi — TOpaHFbl TOFaNapbI.

TopaHfbl — WOeAAIK ©3eH aHFapaapbiHAa KanbiNTacaTblH TOFAN IKOXKYMENepiHe ToH afalll.
OHblIH, TaMbIp »KYMECi »ep acTbl CybiIMeH OalnaHbICTbl OoNfaHAbIKTaH, ©3eH aHfapbliHAAfbI
TMAPONOTUANBIK PEXMMIE Tayena,.
TopaHfbl ToFannapbl bipHelle MaHbi3Abl SKONOTUANbIK KbI3MET aTKapabi:

* @3eH KafanayblH bekiten;

* TOnbIpaK 3pO3NACHIH a3anTasbl;

* }enaiH acepiH ancipeten;

* MUKPOKAMMAT KanbIiNTacTbipabl;

* JKaHyap/aiapfa MeKeH XaHe Kopek bepeni;

* BnoanyaHTYPAINIKTI cakTanabl;

* @3eH aHfapbIHbIH TabWFN NaHAWAdTLIK KeNbeTiH KanbiNTacTbipabl.

CblpAapua ©3eHiHiH *anblIMacbiHAa TOPAHFbIHbIH, €Ki Typi — TypAiXKanblpaKTbl TOPAHFbIN
KOHEe TOopaHfbl KesaeceTiHi kepceTinreH. COHbIMEH KaTap TOPaHfblHbIH, Ka3aKcTaHHbIH, Kbi3blj
KiTabblHa eHri3inreH Typnepi bap ekeHi atan kepceTineai.

CoHAbIKTaH TOPaHFbl NONYAALMANAPbIHBIH, XKaFAablH TYpakTbl 6akblnay CoipAapma aHFapbl
3KOXKYMEeCiH KopFayablH Heri3ri 6arbiTTapbiHbIH, Hipi 601ybI THIC.

6. CpeK KaHe KopFfayabl KaXeT eTeTiH ecimiikTep

Cbipaapua—TypKiCTaH MeMNEKETTIK eHipiK TaBUFM NapKiHiH G10PanbIK MaHbI3bl OHbIH, TEK
TYP CaHbIHbIH KONTINIMEH EMEC, CUPEK KaHEe KopFaydbl KaxKeT eTeTiH eciMaikTepaiH 6onybiMeH ae
aHbIKTanaapl.

MapKTbiH aymafrblHAa Ka3akcTaHHbIH, Kbi3bla KiTabblHa eHrisinreH 52 actam ecimaik Typi
kesneceni. OnapAablH, KaTapbliHAa 3epaBluaH aplackl, [pelr Kbi3fangasbl, Kaaimri nicte, Cnusepc
anMachbl XaHe 6acka cupek ecimaiktep 6ap.

BynapabiH, 6acbim 6Geniri bopangalt Taynbl alMMarbiMeH 6GalinaHbICTbl OOAFaHbIMEH,
CbipAapua duananbiHbiH 4a 63iHAIK KOpFayAbl KaskeT eTeTiH diopackl bap.
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CbipAapunsa aHfapblHAa CUMPEK eciMAaiK TypaepiH cakTayda Tabufn cy pexumiH cakTay
epeKlle MaHbl3abl. ONTKEHI ©3eH CyblHbIH, a3atobl XaHEe TPYHT Cynapbl AeHTeniHiH, TomeHaeyi
BipiHLWIi Ke3eKTe biAFanfa Tayenai ecimaikTepiH *KafaabiHa acep eTed,.

7. ©CiMAIK *aMblFbICbIHbIH, TapanyblHa acep eTeTiH ¢aKkTopnap

Cbipaapusa  aHfapblHAafFbl  ©CIMAIKTEPAIH Tapanybl TabWfu KaHE aHTPOMNOreHAik
dakTopnapabiH bipneckeH acepimeH aHbIKTanaabl.

7.1 ludponoauanelik pakmop

Cy — Cbipaapus »alblAMachl eCiMiKTEPiHIH, TapanyblH aHbIKTaNTbIH Heri3ri dakTop. ©3eH
AeHreMiHiH, MaycbiMabIK ©3repyi KalblaMmaHbiH benrini benikTepid cy bacybiHa akenes;.

Cy peunMmiHiH e3repyi eciMAik KaybIMAACTbIKTapbIiHbIH KypambiHa Tikenen acep eted.
blnfanabiH a3atobl KamblC NeH 6acka rmMaApPoPUTTEPAIH Tapany aymarblH KbICKAPTYbl MYMKIH.

7.2 Tonsbipak chakmopei

CblpAapua  »KalblAMacbiHAA — aNAlOBUANAbI-WIANFbIHABI,  WANFbIHABI-6ATNaKTbl  KaHe
Ty3/laHfaH TOMblpaKTap Ke3sgecefi. Op Tonbipak TuniHe 6Genrini 6ip ecimaik KaybiMaacTbifbl
benimaeneai.

Mbicanbl, blAFandbl annoBMaNAbl TOMbIPAKTapPAa KaMbIC MeH LWafblHAbIK ecimaikTep
*KaKCbl AaMblca, Ty3AaHFaH TOMbIpaKTapaa ranopuTTik Typaep Hacbim 6onasbl.

7.3 Knumammelk hakmop

TYPKiCTaH BHipiHIH KAMMATbl KYPFaK KaHe bICTbIK. *Ka3fbl TeMNepaTypaHbIH, Kofapbl 60Ybl
OynaHyapl Kywenteni. COHAbIKTAH ©3eHHeH anbiCTafaH CaWblH TabWFW  biNFanapliH  as3atobl
BCIMAIKTEPAiH TapaayblHa WeKTeY KoAabl.

7.4 AHmponoeeHOiK pakmop

Cbipfapuna aHFapblHbIH, 6CIMAIK KaMbl/IFbICbIHA Man ato, aybl/l Wapyallblnblfbl, Cyapy
KYMenepi, *Kon *aHe eni MekeHaepaiH KeHetoi acep eTea,.

CbipAapua aHFapblHbIH 6acka benikTepiHe XyprisinreH 3epTreynepae KapKblHAbl Man Xato,
ayblN LWAPYaLWbINbIFbl, KONIK KaHe TEXHOTEHAIK acep eCiMAIK aMbIAFbICbIHbIH, AerpafaLmMACbIHa
SKeneTiHi KepceTinreH. by3binfaH yyackenepae TypAik Oannblk TOMeHAen, apamLlenTiK KaHe
9KOJIOTUANIK, KYHAbI/bIFbl TEMEH TYP/IePAiH YAeci apTybl MYMKIH.

Byn 3aHAabinbiK CbipaapusaHbiH, TypkicTaH obabicbl aymafbiHAafbl 6enikTepi ywiH Aae
MOHUTOPUHT XYPri3y KaxKeTTirH KepceTtea,.

8. BcimaikTepai Kopray KoHe MOHUTOPUHT

Cbipaapuna—TypKiCTaH MEMAEKETTIK BHipAiK Tabufn NapkiHiH, 6acTbl MiHAETTepiHIH Bipi —
Tabusn KelleHAEPAi *KaHe epeKlle KYHAbIbIFbl Bap ecimaikTep AyHMECIH caKTay.

OcimaikTepai KopfayabiH TMiMA XKyeci bipHele 6afbITTaH TYPYbl KaKeT:

1. ®nopaHbl TYypaKTbl TYreHaey.

TypnepAiH, kasipri Tapany alMaKkTapblH aHbIKTamn, bOypblHFbl AEPEKTEPMEH CaNbICTbIPY KaXKeT.

2. TypaKTbl MOHWUTOPWHI aNaH4apbiH YMbIMAACTbIPY.

TopaH#Fbl, }KMAe, Tan KIHE KaMbIC KaybIMAACTbIKTAPbIHbIH AMHAMMKACLIH HaKblnay MaHbI3Aabl.

3. Cy pexkunmiH bakblnay.

©3eH AeHreMiHiH KaHe TPYHT Ccy/napblHbIH, ©3repyi eciMmaikTepaiH, KafgabimeH bipre
KapacTblpbl/ybl THIC.
4. CupeK TypaepAain, nonyaaumanbik MOHUTOPUHTI.
KbI3bl/1 KiTanKa eHTi3i/IreH }KaHe KeprinikTi Cupek TYPAepiH caHbl, Tapaay aymarbl XKaHe Tabuem
YKaHapPYbl aHbIKTaNybl KaXeT.
5. AHTPONOreHAiK XYKTEMEHI peTTey.
Man »Kato, afall Kecy, 6CIMAIKTEPA] KMHAY KoHe peKpeaumnanblK KbiCbIM LUEKTENYI THIC.

6. KalWbIKTaH 30HATAY KaHe [AX TeXHONOrMANapbiH NanaanaHy.

CNYyTHUKTIK CypeTTep apKblabl TOFaMAapAblH, KaMbICTbl aAKaNTapAblH KaHe AerpagaunanaHfaH
ayMaKTapAblH e3repiciH 6aKblnayfa 6onagpl.
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7. DKOIOTUANBIK aFapTy *KYMbICTaPbIH XYPTi3y.
eprinikTi TypFblHAAP MEH TYPUCTEP apacbiHAa CUPEK 6CIMAIKTEPAI KOpFay Typasbl aknapaTTblIK,
KYMBbICTap *KYPri3ydiH, MaHbl3bl 30p.

KopbIToiHabl.  CbipAapua—TypKiCTaH MeMNEeKeTTIK  eHipAiKk  Tabufu napki  aymafbl
KasaKCcTaHHbIH OHTYCTiriHAeri $opanblk IPTYPAINIT »KOFapbl epeklle KopfanaTblH Tabuin
aymaKkTapablH 6ipi 6onbin Tabbinaabl.

OCIMAIKTEPAiH, KeHICTIKTIK TapanyblHA4A HETi3ri 3aH4blbIK — 0N1aPAblH, Cyfa KaHe ToMnblpaK,
blAFaNbIHA Tayenainiri. ©3eH apHacblHA aKblH aliMaKTap4a KambIC KoHe DacKa blifan Ccymriw
OCIMAIKTEP, *KalblAMaHbIH, afallTbl OenikTepiHAe Tan, XUAe KoHe TopaHFbl Tofalnapbl, an
KYPFaKTay »KoHe Ty3JaHfaH ydyacKenepae KblHFbl, WEHren XaHe ranoduUTTIK ecimaikrep
Tapanagpl.

TopaHfbl ToFamnapbl CbipAapua aHFapPbIHbIH TaOWUFN 3KOXKYMECIH CaKTayAa epeKlle OpbiH
anaapl. Onap TonbipakTbl OEKITIN, MUKPOKAMMATTbI KaabiNTacTblpabl, aHyapaap YWiH MeKeH eTy
OpTacblH KaMTamacbl3 eTefi »aHe BWoanyaHTYpAiNiKTiH cakTanybliHa biknan eteai. COHAbIKTAH
TOPaHFfbl OPMaHAaPbIH KOPFay, 0NapAblH Tabufm XKaHapybliH OaKblNay KaHe TypaKTbl MOHUTOPUHT
KYPri3y Kaxer.

Kasipri »afoahga Cbipaapua aHfapbiHAafbl ©CIMAIKTEPAiH, CakTa/ybl ©3eHHIH, Tabufu
TMAPONOTUANBIK PEXUMIH, TOMbIPAKTbIH, bINFANAbIIbIFbl MEH TY3/bINbIFbIH XOHE aHTPONOreHaiK
KYKTEMeHI BaKpblnaymeH Tbifbi3 6aNaHbICTbI.

Anparbl yakbiTTa Cohipaapua—TypKicTaH eHipAiK Tabufn NapkiHiH, 6CiMAiK KaMbl/FbICbIH
3epTTey HapbiCbiHAA TypPaKTbl MOHUTOPWUHI anaHAapbiH yMbIMAACTbIPbIN, TAX KoHe KallublKTaH
30H/ATAy 2AiCTepiH NanaanaHy, CMpeK TypaepadiH NoNyAAUMANBIK KaFdalblH aHbIKTaY KaHe eciMajiK
KaybIMAACTbIKTAPbIHbIH, MayCbIMAbIK AMHAMWKACBLIH 3epTTeY YCbliHbIAAAbI.

Ocbl wapanap CbipAapuns aHFapblHbIH TaBUFM BCIMAIK *KaMblFbICbIH CaKTan KaHa KoMmam,
OHIPAiH, 3KONOTUANBIK TYPaKTbIbIFbIH KAMTaMachI3 eTyre MyMKiHAIK bepeai.

MapanaHblNFaH aaebueTrep Tisimi:
1. Coipaapua—TypKicTaH MEMNEKETTIK 8HipAiK Tabufn NapkKi. 10 XKblnablFbiHA apHaaFaH.
2. Cbipgapua—TypKicTaH MeMEKETTIK eHipAik Taburu napki. Pnropanbik apTypriniri. Coipaapus
©3eHiHiH, *Kalbl/IMacbl MeH aTblpayblHbliH GAOpackl XKeHiHAeri mManimeTTep.
3. Cbipaapusa—TypKiCTaH MeMAEKeTTIK eHipnik Tabusn napki. 2020-2025 Kbingapaarbl fbi/ibiM,
aKnapart *KaHe MOHUTOPUHT BeNIMIHIH aTKapFaH *KYMbICTapb.
4. Tenemic E.X. Cbipaapua-TypKicTaH MeMNEKETTIK BHipAiK Tabufn NapkiHiH Tabufn KeweHaepi
KaHe dnopacsl. buonornanbik 6afbITTafFbl FblAbIMK MaTepPUANap.
5. Coblpaapus—TypKicTaH eHipnik Tabusn napki aymasbiHgarbl bopangai TaybiHbIH, afallThl
ecimaikTepiH 3epTTey. bykeToB aTbiHAafbl KapafaHabl YyHUBEPCUTETIHIH, PENO3UTOPUNI.
6. Becenosa [.B., Kynabaesa M., Abanngaros A.LU., YceH C. Cbipaapua e3eHi aHfapblHbIH,
Wenent benirinaeri eciMmaikTepaiH Kypambl MeH KypblabiMbiHa Oy3blay GakToOpAapbiHbIH, acepi.
Ka3YY Xabapubicbl. Bruonorusa cepuscsl. 2025. Ne3. 125-138. DOI: 10.26577/bb2025104310.
7. KazakcTtaH PecnybanKacblHbiH, epeKlie KopfanaTblH TabUFM aymakTapbl Typasibl HOPMATUBTIK
MaTepunangap. Coipaapua—TypKiCTaH MEMIEKETTIK OHip/iK TabuFn NapKiHiH, KopFfay aliMarblHbIH
PEXMMI.
8. Cblpfapua ©e3eHiHiH, aHfapbl MeH XaWblIMa ecCiMAiKTepi Typaibl MaTepuangap. ©O3eH
aHFapbIHAAFbl TOFaM, WafFbIH XaHe ranoUTTIK 8CIMAIKTEPAiH Tapany epeKkwenikrepi.
9. KbI3blnopaa o06AbICbIHbIH, Tabufu-reorpaduAnbiK  KaHe OCIMAIK  KaMblAfbICbl  Typasibl
MmaTepunangap. Coeipaapua  KaMblAMacbiHAafFbl  TOFalAbl  KoHe  Wengik  eciMmaikTep
KayblMAACTbIKTapbl.
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Artificial intelligence is being sold to schools, parents, and students as a near-universal good
— a tool that personalizes learning, saves teachers time, and helps struggling students catch up.
The marketing is confident. The evidence, so far, is not. That gap between promise and proof is the
real story here, and it matters more than a simple "Al good" or "Al bad" verdict.

A 2026 case study examining Al tool use in an asynchronous university course found no
statistically significant difference in final grades between students who used Al tools and those
who didn't [1]. What did predict performance, across both groups, was active engagement with
the course, not which tools students used [1]. In other words, the technology itself was not the
variable that mattered, which is an uncomfortable finding for an industry whose pitch rests almost
entirely on the technology being the variable that matters. This is not an isolated result; it is a
symptom of a wider pattern that researchers inside the field of educational technology, not outside
critics, have been naming for several years. Neil Selwyn, a leading scholar of education technology,
has spent much of the last few years cataloguing the ways Al's educational benefits get overstated.
In 2022 he outlined several concerns with the trajectory of Al in schools, warning against uncritical
acceptance of industry claims and pointing to the social harms, ideological assumptions, and
environmental costs that tend to be left out of the pitch [2]. In a 2024 follow-up, Selwyn argued
that the sheer volume of hyperbole surrounding Al has made it harder to think clearly about its
actual, lasting educational implications, and cautioned that uncontrolled reliance on these tools
risks reducing authentic learning experiences and genuine cognitive engagement [3]. A separate
2024 study built and validated a model of Al's underdiscussed downsides in education, drawing on
56 reviewed studies and a survey of 260 university participants; it confirmed concerns spanning
reduced human connection, data privacy and security risks, algorithmic bias, weakened critical
thinking, and unequal access, and found these problems tend to compound each other rather than
occur in isolation [4]. None of this is fringe skepticism. It is coming from the people who study
education technology for a living.

If one wants to see what happens when screen-based engagement scales without dosage
limits, autism research offers one of the clearest, and most concerning, data sets available,
precisely because autistic children are already documented to spend more time on screens than
their neurotypical peers. A study of Iranian toddlers with autism spectrum disorder found a clear
dose-response relationship: every additional hour of foreground screen media was associated with
a measurable increase in ASD symptom severity scores, while every additional hour of social
interaction was associated with a decrease [5]. A separate longitudinal study following children at
high familial likelihood for autism found that greater screen exposure at 18 months predicted both
higher rates of autism and ADHD symptoms and lower developmental achievement by preschool
age, and that children who went on to receive an autism or ADHD diagnosis had already been
exposed to significantly more screen time earlier in development than their peers [6]. This tracks
with the American Academy of Pediatrics' existing recommendation to avoid screens entirely under
age two and cap them at one hour daily between ages two and five, guidance that most children
in the relevant studies already exceed [7]. The term researchers have started using for this pattern
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is "virtual autism," first proposed by psychologist Marius Zamfir in 2018 to describe autism-like
symptoms, including delayed language, reduced social engagement, and sensory difficulties,
appearing in children under three after prolonged screen exposure (8, pg. 447). It is a useful term
for naming a real correlation, but it deserves a caveat: a comprehensive 2026 review of this
literature notes that the association between screen exposure and autism-related outcomes is
generally small in magnitude and marked by considerable heterogeneity across studies, and
stresses that virtual autism is not a formal diagnosis recognized in the DSM-5 or ICD-11, remaining
a proposed descriptive concept rather than an established clinical category [9]. The risk is real
enough to take seriously. It is not yet settled science, and an article, or an industry, that treats it as
either nonexistent or definitively proven would be overstating its case in opposite directions.

This is not a story about one population, however. It is what tends to happen whenever
engagement-optimized technology scales without limits, across children generally. A broader
review of the cognitive effects of digital technology found that every additional hour of daily
television at ages one and three increased the risk of measurable attentional problems at age seven
by 9%, and that preschoolers watching more than two hours of screens daily were nearly eight
times more likely to meet criteria for ADHD, though notably, entertainment content, not
educational content, drove these effects [10]. That distinction matters for any Al-education pitch
built on "educational" screen time, since it suggests the content type, not just the presence of a
screen, does real work in these outcomes. The backlash is visible in sentiment data too. A 2026
survey found Gen Z's enthusiasm for Al dropped 14 percentage points in a single year, with
reported anger toward the technology rising nine points, even among people who use it daily [11].
The same reporting found a majority of educators now believe ed-tech is actively hindering
students' social and emotional development, behavior, mental health, and overall well-being [11].
Whatever Al in education eventually becomes, the people currently living through its rollout are
growing less convinced by the pitch, not more.

None of this means Al has no place in education, and a fair account has to give real weight
to where it works. Assistive applications aimed at neurodivergent students show genuine, practical
value: digital calendars, task reminders, and structured routines that support independence and
daily functioning, tools that are narrow in scope and do not ask a child to simply spend more time
looking at a screen for its own sake [12]. The same 2026 survey cited above found 71% of teachers
believe Al specifically helps students learn in ways suited to them, and 90% of respondents agreed
digital tools, Al included, have a legitimate place in education [11]. The earlier finding that active
engagement, not tool use, predicted academic outcomes cuts both ways: it suggests Al can support
learning when it is paired with genuine engagement rather than substituted for it [1]. The pattern
that emerges is consistent. Scoped, purposeful tools with a clear function tend to hold up under
scrutiny, while open-ended, engagement-maximizing tools marketed as general-purpose learning
solutions tend not to.

Taken together, this evidence points toward regulation, not rejection. It suggests a need for
dosage limits by age, modeled on existing screen-time guidance, rather than open-ended use
marketed as inherently beneficial [7]. It also suggests a need for outcome verification before
marketing claims are allowed to shape purchasing decisions or parental expectations. An
investigative teardown of a 2019 New York Times feature on the ed-tech product Bakpax found the
article was sourced almost entirely from company spokespeople and borrowed heavily from the
company's own PR material to inflate Al's actual role, while downplaying the teacher labor that
kept the system running; the product shut down in 2022 [13]. Beyond verification, there is a case
for drawing a clear line between scoped assistive tools and general-purpose engagement tools,
since reminder systems and structured routines are a fundamentally different category of product
from Al systems designed to maximize time-on-screen, and arguably warrant different regulation.
Finally, the risks researchers have already identified, including data privacy, algorithmic bias, and
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reliability, point toward a need for genuine transparency requirements rather than voluntary
disclosure [4].

It is worth ending with a caveat aimed at critics as much as advocates. Some scholars have
warned that backlash against digital technology in education can be hijacked by a broader "back
to basics" political movement, one that opposes progressive, socially oriented pedagogy for
reasons that have little to do with the actual evidence on Al or screens, and everything to do with
reframing learning as a narrowly individual, cognitive activity [14]. That is a real risk too. The goal
of this article is not to romanticize a screen-free classroom or to treat every skeptical voice as
automatically correct; it is to insist that claims in either direction be held to the same evidentiary
standard the technology itself is supposedly built on.
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Annotation. The article is devoted to understanding the digital transformation of higher education
in the context of the rapid spread of artificial intelligence technologies. It examines changes in the
organization of the educational process, the role of the teacher, the nature of learning tasks,
approaches to assessment, and the development of academic integrity. Special attention is paid
to students’ language training, since it is working with text, argumentation, translation, and oral
and written speech that simultaneously unlocks the productive potential of generative artificial
intelligence and fosters a critical attitude towards its results. The article analyses UNESCQO’s
international guidelines and the regulatory documents of the Republic of Kazakhstan in the field
of artificial intelligence development. A pedagogical model “Al as a tool — human as an author” is
proposed, based on step-by-step interaction: task definition, generation, verification, editing,
argumentation, and reflection. It has been shown that digital transformation should not be limited
to the technical equipment of the educational environment: it involves changing the content of
competencies, teaching methods, and the culture of scientific and educational activities.

Keywords: digital transformation, artificial intelligence, generative artificial intelligence, higher
education, language competence, academic integrity, digital literacy, critical thinking, Kazakhstan,
educational technologies.

Introduction.

In recent years, the digital transformation of education has moved from the realm of
individual innovative projects to the sphere of systemic changes. The emergence of generative
artificial intelligence models capable of creating coherent texts, images, presentations, software
code, and other products has significantly expanded the understanding of what operations can be
delegated to digital tools. For higher education, this means a change not only in the set of
technologies used but also in the very logic of organizing educational activities. If previously
digitalization was primarily associated with electronic educational platforms, distance learning
courses, digital libraries, and the automation of individual procedures, today the central issue is
the distribution of intellectual work between a person and an algorithmic system.
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UNESCO views generative artificial intelligence as a technology that simultaneously creates
new opportunities and raises issues for education regarding regulation, data protection,
pedagogical appropriateness, equality of access, and the preservation of human subjectivity [1,
pp. 8-12]. The document emphasizes the need for a human-centered approach, in which artificial
intelligence does not replace educational goals but is used to achieve them. This position is
particularly important for universities, since higher education is responsible not only for
transmitting knowledge but also for developing independent thinking, research skills, professional
communication, and the ability to make informed decisions.

For Kazakhstan, the issue takes on additional significance in connection with the
development of national policy in the field of artificial intelligence. The concept for the
development of artificial intelligence for 2024-2029 establishes the need to develop human
capital, digital competencies, and the conditions for the implementation of Al in various spheres
of public life [2, pp. 6-15]. In 2026, the digital agenda was further developed in the nationwide
strategy “Digital Qazagstan” until 2029, which is focused on systemic digitalization and large-scale
implementation of artificial intelligence technologies [3]. Consequently, the university becomes
one of the spaces where professionals are formed who are not only capable of using Al but also
of critically evaluating its results.

The aim of this article is to identify the main pedagogical changes associated with the use
of artificial intelligence in higher education and to substantiate the possibilities of its use in
developing students’ language competence. To achieve this aim, the following tasks are
considered: to identify the main directions for transforming the educational process; to determine
the role of the teacher in the environment of generative Al; to analyze the possibilities of using Al
in language training; to identify risks and limitations; to propose a practical model for organizing
learning activities.

Artificial intelligence as a factor changing the educational paradigm.

However, the system’s ability to quickly generate text does not automatically mean that
the result will be of high quality. Generative models can reproduce factual errors, inaccurate
references, oversimplified explanations, and stylistic inconsistencies. Therefore, the nature of the
learning competence fundamentally changes. It is not enough for a student to know how to get
an answer; they must be able to verify the answer, compare it with reliable sources, determine
the limits of applicability, and rework the material they have obtained. In this sense, digital
transformation enhances the importance of critical thinking.

In the traditional model, a learning task is often structured according to the “read —
understand — reproduce” scheme. Given the availability of generative Al, the scheme “define the
task — get options — check — compare — justify — create your own product” becomes more
productive. This sequence shifts the focus from reproducing a ready-made result to managing the
intellectual process. The student must demonstrate not only the final text but also the ability to
explain why they chose a particular solution.

This approach aligns with the modern understanding of digital competence. It
encompasses not only technical skills but also information literacy, security, responsible behavior,
and the ability to use digital resources meaningfully. For the university environment, these are
supplemented by a research culture, academic integrity, and professional responsibility.

The new role of the teacher in the generative Al environment

Consequently, the pedagogical design is also changing. Instead of focusing on a single final
product, it is more appropriate to evaluate the process: the initial task formulation, the request to
the Al, the selection of the result, the fact-checking, the editing, and the final authorial position.
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This format makes learning activities more transparent and at the same time fosters metacognitive
skills.

For language teachers, this opens up broad opportunities. Al can act as a dialogue partner,
a draft editor, a language example generator, a professional situation simulator, or a comparative
analysis tool. However, the final decision regarding the normativity, accuracy, and appropriateness
of a linguistic variant should be made by the student, based on the rules they have studied and
reference sources.

Thus, the professional competence of a teacher in a digital environment includes two
interrelated components: subject-methodological and digital. The first allows you to determine
what the student needs to be taught; the second enables you to choose a technology and integrate
it into the learning process in such a way that it enhances, rather than replaces, the educational
goal.

Language training as a space for productive interaction with Al.

Language education has its own specific features: its outcome is manifested not only in
knowledge of the rules but also in the ability to independently create and understand texts,
participate in dialogue, argue a position, and take into account the communicative situation.
Therefore, generative Al can be particularly useful as a training environment.

The first area is working with written speech. A student can prepare their own text and
then request comments from the Al regarding its structure, logic, and language. At the same time,
it is important that the system does not rewrite the text completely. From a pedagogical
perspective, it is more valuable to receive a list of problems and correct them independently. After
that, the student can compare the original and edited versions and explain each significant change.

The second area of focus is the development of dialogic speech. Generative Al makes it
possible to model professional situations: telephone conversations, tourist service, hotel check-
in, conflict resolution, customer consultation, and business correspondence. A student can engage
in a dialogue in a given role and then analyze the speech formulas used, the level of politeness,
the accuracy of the vocabulary, and the relevance to the professional situation.

The third area of focus is working with the level of difficulty. For students with different
levels of language proficiency, the same material can be adapted into several versions: B1, B2, or
C1. However, the result must undergo pedagogical review. Simplifying the text may lead to a loss
of semantic nuances, while artificially complicating it may result in unnatural vocabulary.
Therefore, the teacher uses Al as a tool for preparing options, not as a final editor.

The model “Al as a tool — human as the author.”

For the practical organization of classes, it is advisable to use a model in which generative
Al is considered not as the author of the educational product, but as a tool at certain stages of its
creation. The model includes six sequential stages.

The first stage is task definition. The student independently determines the goal, the
audience, the genre, and the main requirements for the product. For example: “Prepare a brief
informational message for a foreign tourist about the rules of conduct at the historical and cultural
site in Turkestan.” Already at this stage, independent thinking work is being formed.

The second stage is generating options. The student contacts the Al with a request and
receives one or more options. It is important to save the request itself, as it becomes part of the
learning portfolio. The student learns to clarify instructions and set limits on the scope, style, and
level of language.

The third stage is verification. The obtained text is compared with a textbook, a regulatory
reference book, an official website, or another reliable source. Special attention is paid to facts,
dates, names, terms, and references. It is at this stage that information literacy is formed.
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The fourth stage is editing. The student corrects the identified errors, rearranges the
sentences, replaces imprecise wording, and adapts the text to the actual addressee. It is important
that the final version is not a mechanical copy of the Al’s response.

The fifth stage is argumentation. The student explains why they changed certain elements
of the text. For example: why a specific lexeme was replaced, why one fact was omitted, why a
certain form of address was chosen. This stage transforms editing into a meaningful linguistic
activity.

The sixth stage is reflection. The student answers the following questions: what did the Al
do; what did | do; what errors were detected; what sources were used for verification; what did |
learn in the process.

This reflection allows us to assess not only the product but also the level of independence.

Academic integrity and changes to the grading system

One of the most challenging issues in digital transformation is academic integrity. A simple
attempt to ban the use of Al does not solve the problem, as technologies continue to evolve, and
the boundaries of permissible use vary across different educational contexts. It seems more
productive to establish transparent rules: a student should know when the use of Al is permitted,
to what extent, how it is recorded, and what responsibility they bear for the final result.

In the context of generative Al, process-based assessment becomes particularly important.
If a teacher evaluates only the final text, it is difficult for them to determine the student’s
contribution. However, if the assessment includes drafts, versions of the text, comments, oral
defense, and reflection, it becomes possible to see the dynamics of the work.

For example, a written assignment can be divided into four components: an independent
initial version; a request to the Al; a critical analysis of the response; and the final author’s version.
Content, linguistic accuracy, the quality of information verification, argumentation, and
independence can be assessed. This format does not exclude Al, but it does not reduce academic
work to mere copying.

The issue of the reliability of references requires special attention. Generative models are
capable of creating plausible but non-existent bibliographic data. Therefore, students need to be
systematically taught the rule: a reference is considered used only after verifying the existence of
the source, the correspondence of the author, title, year, and content. In a scientific paper, the
author is responsible for bibliographic accuracy.

Risks of digital transformation

Despite the significant pedagogical potential, the use of Al is accompanied by risks. The
first of these is a decline in independence due to the uncritical use of ready-made answers. If a
student systematically submits the formulation of their thoughts to the system, they may reduce
their own practice of writing and argumentation. Therefore, the technology should be used in such
a way that the person’s intellectual work does not disappear.

The second risk is related to the accuracy of the information. Al is not a universal reference
and can generate convincing but incorrect data. The higher the academic and professional cost of
an error, the more important independent verification becomes. For students in the tourism field,
this is especially relevant when working with historical information, geographical data, regulatory
requirements, descriptions of facilities, and information for tourists.

The fourth risk is digital inequality. Access to modern tools may vary depending on the
device, the quality of the internet connection, the language of the interface, and the functionality
of specific services. Therefore, the mandatory use of a single commercial tool may create
additional barriers. University practice should provide alternative ways to complete the
assignment.
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The fifth risk is linguistic and cultural homogeneity. For Kazakh and other languages with
fewer digital resources, the quality of generation may be less stable, especially when working with
culturally specific vocabulary, proper names, and historical realities. Consequently, language
training becomes not only a field for the application of Al but also a field where verification and
preservation of cultural specificity are particularly necessary.

Prospects for higher education in Kazakhstan

The National Concept for the Development of Artificial Intelligence for 2024-2029
considers the development of human resources and competencies as a necessary condition for
the formation of an Al ecosystem [2, pp. 24-29]. In this context, universities perform a dual
function. On the one hand, they train specialists for the digital economy. On the other hand, they
must themselves transform educational processes and become platforms for the responsible
implementation of Al.

For humanities and language disciplines, a promising direction could be the development
of local teaching scenarios that take into account the national, professional, and regional context.
For example, students in tourism-related fields could be given assignments to create multilingual
informational materials about tourist sites in Kazakhstan, prepare dialogues with foreign visitors,
edit machine translations, and analyze professional terminology.

Another direction is the development of research competencies. Al can assist students at
the stages of identifying key concepts, structuring material, language editing, and generating
research questions. However, the search for scientific sources, verification of their reliability,
interpretation of the results, and formulation of scientific conclusions should remain human-
controlled stages. This approach aligns with the human-centered logic promoted by UNESCO [1,
pp. 28—34].

1. A practical scenario for a Russian language lesson using Al.

Let’s consider an example of a lesson for students of the tourism profile at the B1-B2 level
on the topic “Telephone conversations”. The goal of the lesson is to develop skills in concise,
informative, and polite professional communication. In a digital model, the lesson can be
structured so that Al is used as a tool for creating and subsequently verifying language material.

At the first stage, students are asked to independently compose five key formulas:
greeting, clarification of information, request, apology, and ending the conversation. In the second
stage, they formulate a request to the Al: to create a dialogue between an employee of a travel
company and a client who wants to change the booking terms. In the third stage, the groups
analyze the response: they note successful formulas, identify overly long lines, and check for
politeness and suitability for a professional situation. In the fourth stage, students rewrite the
dialogue. They must shorten unnecessary phrases, replace unnatural expressions, add necessary
clarifications, and maintain a businesslike tone. In the fifth stage, a role-playing game is conducted
without showing the text: one student is an employee of the company, the other is a client. After
completing the task, the participants compare the spoken language with the written version and
discuss which formulas turned out to be the most useful.

In the final stage, the student fills out a short reflective form: “What did the Al suggest?”,
“What did | change?”, “What error did | find in the Al’s response?”, “What language formula was
new to me?”. Thus, a single digital task combines grammar, vocabulary, speaking, writing, critical
thinking, and reflection.

Conclusion

The digital transformation of higher education in the era of artificial intelligence primarily
involves a change in educational logic. It is not enough for a university to provide students with
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access to modern digital services. It is necessary to foster a culture of their meaningful, safe, and
responsible use.

Generative Al can expand teaching opportunities: personalize learning materials, simulate
professional situations, provide language practice, assist in editing, and create additional
assignment options. At the same time, it raises the requirements for critical thinking, information
literacy, academic integrity, and the ability to make independent decisions.

For language training, the “Al as a tool — human as an author” model is particularly
productive. Its key principle is that the student retains responsibility for setting the task, verifying
the information, selecting language tools, editing, and the final result. In this model, digital
technology does not replace the traditional goals of language education but creates additional
conditions for achieving them.

In the long term, the development of Al competencies among teachers and students
should be considered as part of the overall culture of a modern university. Kazakhstani universities,
by implementing national digital development guidelines, can simultaneously develop their own
pedagogical practices that take into account the country’s linguistic and cultural diversity. Local
educational scenarios, professionally oriented tasks, and methodologies that combine
technological innovation with human agency are becoming especially important.

Thus, the new educational paradigm is defined not by the question “can artificial
intelligence complete a learning task,” but by the question “what intellectual work should a person
do and how can technology help them do it more effectively.” It is precisely this understanding
that allows us to view artificial intelligence not as a replacement for a teacher or a student, but as
a new tool for the development of education, science, and professional communication.
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Xllasa. Maqalada muiasir kommunikasiya vasitalarinin basqalarinin emosional vaziyyatini
anlamaq va hiss etmak qabiliyyatinin (empatiyanin) formalasmasina neca tasir etdiyi arasdirilir.
Maqalada onlayn (nsiyyat muhitinin insanlarin, xdsusila ganclarin empatik bacariqlarina tasiri
haqgqinda mévcud elmi manbalarda yer alan ziddiyyatli yanasmalar tadgiq edilarak
Umumilasdirilmisdir. Tadgiqgatlarda iddia edilir ki, sosial darketmanin saglam inkisafi tglin onlayn
Unsiyyat formalari ila canli miinasibatlar arasinda diizgin tarazlig qorunmalidir. Tadgigat
cargivasinda ganclarin va humanitar sahada tahsil alan talabalarin Ustinlik verdiklari lnsiyyat
vasitalarindan (lizbaliz gortslar, sosial platformalar, telefon zanglari, videozanglar va internet
resurslari) asili olarag empatik goéstaricilarinin neca dayisdiyi tahlil olunmusdur.

Acar sézlar: ragamsal mihit, internet, virtual (insiyyat, empatiya, sosial sabaka, virtual bacariq
VIRTUAL COMMUNICATIONIN MODERN SOCIETY AND EMPATHY
Salatin Hajiyeva

Abstract. This article examines how modern communication tools influence the development of the
ability to understand and sense the emotional states of others (empathy). It explores and
synthesizes conflicting perspectives found in existing scientific literature regarding the impact of
online communication environments on people's—particularly young people's—empathic skills.
Research suggests that a proper balance between online communication and face-to-face
interaction must be maintained for the healthy development of social cognition. The study analyzes
how empathy levels vary among young people and students in the humanities based on their
preferred communication methods (face-to-face meetings, social platforms, phone calls, video
calls, and internet resources). The primary objective of the research is to investigate the
manifestations of empathy within the digital environment.

Keywords: digital environment, internet, virtual communication, empathy, social network, virtual
skill

Girig

Insan faaliyyatinin bitin sahalsrins dsrindan niifuz edsn ragamsal texnologiyalar- asuda vaxtin
taskili, tahsil prosesi, amak faaliyyati va sosial insiyyat kimi sahalarini stratli kompyuterlasdirilir
va ragamsal makana integrasiya edir. Ragamsal mihit fardlarin vaxtinin boyik hissasini sarf etdiyi
tabii sosiallasma ve Unsiyyat meydanina c¢evrilmisdir. Bu baximdan virtual Unsiyyatin
spesifikasiyasinin va onun dogurdugu psixoloji fasadlarin elmi tahlilina kaskin zarurat yaranir.
Sebaka texnologiyalarinin va yeni Unsiyyat platformalarinin sirstli inkisafi muasir ganclarin
sosiallasma seraitini da kokli sakilde dayismisdir. Bu dayisikliklar iri migyash sosio-madani
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amillarin fardin psixi inkisafina, xUsusan da basgalarinin emosional halini gavramaq va nazara
almag bacarigl olan sosial darketma proseslarina tasirini dyrenmayi aktual edir. Texnoloji
vasitalarin sosial darketmanin inkisafina tasiri yalniz son doévrda faal arasdiriimaga baslanmisdir.
Halbuki hala ragamsal dovrin avvallarinds irali sirilan ilk nazariyyalar canli gdrislarin azalmasinin
Unsiyyat kanallarini zaifladacayini va insanlarin bir-birini anlamasi ile hamdard olmasi imkanlarini
mahdudlasdiracagini ehtimal edirdi. Bu yanasmalar elmi adabiyyatda sosial ipuclarinin siizgacdan
kecirilmasi nazariyyalari (cues-filtered out theories) kimi taninir. 9ksina, ragamsal Unsiyyatin
misbat taraflarini vurgulayan konsepsiyalar isa hipersaxslasdirilmis Unsiyyat nazariyyalari
(hyperpersonal communication theories) adlandiriimisdir. Bu ikinci grup yanasmalara gora, onlayn
muhit insanin 6zUnd daha samimi ifads etmasina va garsiligh minasibatloarde mahramlik
saviyyasinin artmasina imkan yaradir. \

Ragamsal texnologiyalarin siratls inkisaf edarak insana 6z magsadlarini reallasdirmaqg va
ehtiyaclarini 6damak Ugln getdikca daha yeni imkanlar taklif edir. Bu ehtiyaclardan biri da Unsiyyat
talabatidir. Unsiyyat prosesinds mithiim yerlardan birini basgasinin hiss va hayacanlarina sarik
olmag, onun halina acimag — empatiya tutur. Empatiya (Empatiya), genis manada Unsiyyatin bir
komponenti va falsafa va estetika kontekstinda sanat asarlarinin gavraniimasinin bir xisusiyyati
olarag, insan gavrayisinin batin kanallarini eyni vaxtda birbasa shata edan dinamik bir prosesdir.
Kiberontologiya saraitinda bir sira dayisikliklara maruz qalir. Bu, kibermakanda va xlsusan da
internet mihitinda realliq obyektlarinin regamsal analoglarla - fotolar, videolar va matnlarla avaz
olunmasiila izah olunur [BonHosa O.U., Mnewakos B .A 2012].

Toplanmis azsayli empirik malumatlar da birmanali deyildir. Masalan, amerikal talabalar
arasinda aparilan 10 illik davamli musahidslar zamani empatik bacariglarin asagl dusdiyu
miayyan edilmisdir. Bu uzunmiddstli tadgigatlarin meta-analizini aparan mitaxassislar hamin
manfi dinamikani canli Unsiyyati getdikca sixisdiran internet istifadssinin artmasi ila
alagalandirirlar. Analizin aparici miallifi sonraki magalalarinda bildirir ki, bu gerilemays asas sabab
hamsohbatlar arasindaki psixoloji-fiziki masafanin artmasi va virtual alamda anonimlik va ya
saxsiyyatin yalniz gisman Uza ¢ixmasi kimi saxssizlasma amillaridir.

Bununla bels, onlayn Unsiyyatla empatik keyfiyyatlar arasindaki asihhigl arasdiran hartarafli
empirik islarin sayi kifayat gadar azdir. Masalan, aparilan tadgigatlarin birinds internet faalligi ila
empatiya arasinda har hansi ciddi asililig tapilmamisdir. Lakin burada tadgigatcilar takca Unsiyyati
deyil, Umumilikda internet faaliyyatlarini nazara almisdilar. Digar bir arasdirmada isa Facebook
platformasindan istifada ile empatik bacariglar arasinda asasan miusbat alaganin oldugu geyd
edilir. N.A. Nosov bunun tasadifi olmadigini "virtuallig ideyasinin insan varliginin an darin gatlarina
toxunmasinda" gorir [Nosov A, 2000].

Amsterdam Kommunikasiya Tadgigatlari Markazinin mitaxassislari miayyan etmislar ki,
virtual Unsiyyst vardislari sonradan real hayata kecirile bilan sosial bacariglarin tacriibadan
kecirilmasina xidmat edir. Tadgigatcilar bunu onunla izah edirlar ki, mdasir onlayn muhitda
anonimlik daracasi getdikca azalir va yeniyetmalar internetds asasan real hayatda tanidiglari
dostlari il alags saxlayirlar

Niderland alimlari tarafinden 10-14 yas araliginda iki usagl olan 516 ailanin istiraki ila
aparilmis genismigyasl uzunmiiddatli tadgigatda internet (nsiyyatinin yeniyetmalarin empatik
inkisafina tasiri 0yranilmisdir. Tadgigatda ham idraki, ham da emosional empatiyanin dinamikasi
nazardan kegirilmisdir. Malliflar vurgulayirlar ki, empatiyanin bu iki tarafi davranisa fargli yollarla
tasir edir. Movzunun aktualligi ondan ibaratdir ki, empatik gostaricilar ganclarda camiyyats faydal
davranislarin asas gostaricisi va saglam saxslararasi minasibatlarin tamalidir. Belalikls, arasdirma
rogemsal asrda psixi inkisafin prognozlasdiriimasina va valideynlarle pedaqgoglara praktik
tovsiyalarin hazirlanmasina xidmat edir.

Mahz bu tadgigatda onlayn Unsiyyatin "hipersaxsi" xarakter dasidigini va sosial sabaka
istifadacilarinde ham emosional, ham da idraki empatiyani giclandirdiyini irali siran "nikbin
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konsepsiyalara" asaslaniimisdir. Alimlar ehtimal edirdilar ki, onlayn muhitds badan dili va Uz
ifadalarini gormak mimkin olmadigi G¢lin emosional empatiya ¢atinlasir va bu sababdan 6n plana
idraki  empatiya kecacakdir. Tadgigat alsati kimi muitaxassislerin islayib hazirladigl
6zinugiymatlandirma sorgusu secilmisdir. Bu skala U¢ parametri giymatlandirir:

1.Emosional empatiya (basgasinin hissini bolismak);

2. idraki empatiya (hadisalars basgasinin mévgeyindan baxa bilmak);

3.Simpatiya (empatik gaygi ve kdmak etmaya hazir olmaq).

Bir il fasila ile aparilan iki marhalali miayina gdstarmisdir ki, yas artdigca ham har Uc¢
parametr Gzra naticaler, ham da onlayn Unsiyyata ayrilan vaxt (haftads orta hesabla 6 saat)
yUksalir. Bununla yanasi, emosional va idraki empatiyanin internetds keciriloan vaxtla diz
mitanasib oldugu, simpatiya gostaricisinin isa bundan asili olmadigi miayyan edilmisdir. Yekunda
mualliflar virtual Unsiyyatin sosial darketmanin bazi taraflarine musbat tasir etdiyi ganastina
galmislar.

Reallig obyektlarinin  ragamsal analoglarla avazlenmasi empatiya prosesini da
transformasiyaya ugradir. Yuxarida geyd edildiyi kimi, mUasir dinyanin fargli informasiya va
kommunikasiya xUsusiyyati vardir. Sexsi hayatin kiberontoloji konsepsiyasinin va insanin
kibersosiallagsmasi nazariyyasinin musallifi V.A. Plesakova gors, "insan faaliyyatinin modeli muasir
dlnyaya paralel bir realligin - kibermakanin moévcudlugu nazara alinmagla qurulur". Kibermakan
mdasir insan varliginin realligini tamamlayir, onun faaliyyat va lnsiyyat sahalarini genislandirmak
Gcln kdmakgi muhit kimi xidmat edir. [BonHosa O.U., Mnaewakos B., 2012]. Kibermakanda lnsiyyat
xUsusi ahamiyyat kasb edir. Kibermakan saraitine daxilolma kontekstinds o, "kibermakanda
insanlar arasinda alagalarin qurulmasi va inkisaf etdirilmasi prosesi, o climladan informasiya
mibadilasi, onun garsiligli semantik va ifadali gavraniimasi, elaca da bir-birina tasir etmak cahdi"
kimi mUayyan edilir.

Genis manada Unsiyyatin bir komponenti ve falsafe ve estetika kontekstinda sanat
asarlarinin gavraniimasinin bir xUsusiyyati kimi muayyan edilan empatiya (Empatiya) insan
gavrayisinin bitin kanallarini eyni vaxtda birbasa shata edan dinamik bir prosesdirvwa o
kiberontologiya saraitinda bir sira dayisikliklara maruz qalir. Bu, kibermakanda va xUsusan da
internet mihitinda realliq obyektlarinin ragamsal analoglarla - fotosakillar, videolar va matnlarls
avaz olunmasi ila izah olunur. 9n yiksak empatiya daracasi insanda gavranilan obyekt minimal
statik oldugda va bir sira makan xlsusiyyatlarina malik oldugda yaranir.Maksimal empatiya Ugln
obyektin dinamikliyi va makan dolgunlugu vacibdir. V.Vundtun geyd etdiyi kimi, ford muUstavi
tasvirlardaki darinlik ¢atismazhigini 6z daxili assosiasiyalari vasitasile barpa edir [Xonmoroposa,
A.B., KnumeHkosa, E.H., 2016]. Tasvirin "canliigl" empatik rezonansin giclini muayyan edir.

internetds iss incassnat nimunalari va ya insan obrazlari ekranin texniki gdstaricilari
(ekran keyfiyyati, fayl parametrlari) vasitasiloe reduksiyaya (mahdudlasmaya) ugrayir.
Obyektivlasdirma prosesi tamiz, vasitasiz tamasdan deyil, texniki filterlardan ke¢mis ragamsal
tasvirdan baslandigl Gglin tam daxili rezonans dogura bilmir. Eynils, sabakada garsi tarafin profili,
mesajlari va fotolari vasitasile qurulan intersubyektivlik de natamamdir. E. Husserlin nazarda
tutdugu kinestetik tacriiba va badan faalliginin misahidasi sabakada mahdudlasdigi tgiin, garsi
tarafs transsendental £Ego samil edilmasi yalniz fardin 6z daxili tasavvirlari ve kegmis tacriibasi
hesabina tamamlana bilir.

Qeyri-verbal signallarin  (mimika, gest, intonasiya) olmamasi internetds emosional
rezonansi shamiyyatli deracads zaifladir. Yazili nitg mantiqi tafakkiri inkisaf etdirse da, emosional
vaziyyatlarin daqiq 6tlrilmasine va obyektivlesmasine mane olur. Bu durum empatiyanin etik
tarkib hissasina da tasir edir. A. Smit, Q. Spenser va A. Sopenhauerin vurguladigi manavi duygularin
tamali olan "daxili nifuzetma" va "hamdardlik", ragamsal muhitds kognitiv (idraki) aspektin
emosional aspekti Ustaleamasi sababindan zaiflayir. Diggat informasiyanin mazmununa yonalir,
onun arxasindaki emosional dinamika isa kolgads qalir. Sebakadaki bu rasional-soyuqgganli
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yanasmanin real hayata transformasiya olunmasi fardlarin manavi-emosional inkisafi Ggln risk
yarada bilar.

M. Seler nazariyyasina sdykanarak demak olar ki, internet muhitinin gatirdiyi distantliq
fardlari asiri eynilasmadan qoruyaraq onlari daha rasional empatiya mustavisinda saxlayir. Bu
xUsusiyyat patoloji empatiyadan aziyyat ¢akan saxslar Gg¢lin goruyucu bufer rolunu oynaya bilar.
K. Rocers, H. Kohut, T. P. Qavrlova va basqgalarinin yanasmasinda empatiya basqa bir insanin
yasantilarini hiss etmaya imkan veran proses kimi basa dustlir. Klassik nazeariyyslords
empatiyanin formalasmasi va tazahlrlinda iki subyektin vasitasiz (birbasa) kontaktina xUsusi yer
ayrilirdi. Bu sababdan, insanlarin internetds (nsiyysta getdikca daha cox vaxt ayirdigi miasir
comiyyatda empatiya qabiliyyatinin formalasmasi va inkisafinda ragamsal muhitin imkanlar
masalasi kaskin sakilda garsida durur. Bela ki, regamsallasma Unsiyyat Gcln alava imkanlar yaradir.
Masalan, sosial sabakalar ve tematik internet-forumlar insana, balkse da, yaxin atrafinda hec vaxt
alda eda bilmayacayi emosional tacriibani gazanmaq imkani verir. Tak bir klikla yer kiirasinin digar
basinda olan insanlarla alaga saxlamaq, 6z yasantilarini onlarla bolismak va ya yalniz yazili nitgdan
deyil, ham da fotolardan, sasli mesajlardan, smayliklardan va s. istifads edarak onlarin hissalarina
reaksiya vermak, elace da onlara real kdmaklik géstarmak mimkindir. Bundan alava, internet
muhiti ¢atin hayat seraitinds olan va ya saglamlig problemlari yasayan insanlara 6z ahvalatlarini
danismaq va buna cavab reaksiya (aks-slags) almaq imkani yaradir. istirakcilar arasinda
amakdasliga, elaca da virtual personaja komak va gaygiya yonalmis kompyuter oyunlari usaglara
basqgasini anlamagin va ona garsi humanist minasibatin vacibliyini nimayis etdira bilar. Belalikls,
boylimakda olan naslin cox vaxt kecirdiyi virtual muhitdan saxsiyyatin inkisafi G¢lin istifads etmak
muimkdndar.Virtual reallig texnologiyasi alava imkanlar tamin edir. VR dabilgasini taxarag va
virtual mihits tam garqg olarag, muayyan insanlarin shats olundugu saraita dismak va onlarin
garsilasmali olduglari problemlari 6z Gzarinda hiss etmak olar ki, bu da onlari anlamaga va onlara
regbat (safgat) gbstarmayas komak eda bilar. Masalan, K. Milk Suriyadan olan gagginlar hagginda
bir sira filmlar ¢akarak bu imkanlari nimayis etdirmisdir. Digar tarafdan, emosiya va hissalarin
ragamsallagsmasi bir cox suallar dogurur: reqgeamsal mihitda 6z hissalarini neca nimayis etdirmak
olar? Onlari na daracadsa dagiq O6tirmak mumkindir? Ns daracada daqgig anlamaqg olar?
Ragamsal mafhumda (mafhumlar alominda / makanda) empatiya gostarmak miumkindirma?
Onun samimiyyatini neca farglandirmak olar? Sebakadaki va real hayatdaki empatiya bir-birindan
na ila farglanir? internet mihitinds manavi istilik hissiyyati yaranirmi va bu hiss nays asaslanir?
Umumiyyatla, (z-Uze kontakt olmadan sexsiyyatin emosional sferasini inkisaf etdirmak
mUamkinddrmu?.

"Unsiyyat" fenomeni psixologiya va sosiologiyada miixtalif nazsri yanasmalarla izah olunur.
onanavi manada Unsiyyat "iki va ya daha cox insanin koqgnitiv va ya affektiv-giymatlandirma
malumatlarinin mibadilssindan ibarat qarsiligh slagssi" kimi basa dusilir. Unsiyyst adstan
insanlar arasinda praktik garsiligl slagalards (emakdasliq isi, 6yranma, komanda oyunu va s.) yer
alir va onlarin faaliyyatlarinin planlasdirilmasini, hayata kecirilmasini va nazaratini asanlasdirir.
Eyni zamanda, Unsiyyat basqalari ila tamasda olmagq Gglin xtsusi bir insanin ehtiyacini 6dayir" [5].
A.A. Bodalyov Unsiyyati sosial subyektlarin 6zUniifadasina, camiyyatin davamliligina yonalmis
sturlu ve maqgsadyonll qarsiligh tasiri kimi xarakterize edir [BonckyHckui, A. E., 2008]. A.N.
Leontyevin ganaatina gora isa saxsiyyatlararasi davamli alagalar va garsiligh masuliyyat hissi yalniz
fardi cohatdan shamiyyatli malumatlarin mibadilasi zamani formalasir.

"Kibermakan" anlayisi ilk dafa U. Qibsonun badii asarinda isladilsa da, muasir elmi
mazmununu global sabakanin tasakkill ile gazanmisdir. Bu giin kibermakan masafadan tahsil,
onlayn kommersiya, virtual amak faaliyyati kimi sahalari ahata edarak ananavi hayat tarzins
alternativa cevrilmisdir. Lakin ragamsal muhitin dayari fardlarin subyektiv gavrayisindan va
psixoloji vaziyyatindan bilavasits asilidir. Bir sira tadgigatcilar geyd edirlar ki, bazi istifadacilar Ggiin
virtual minasibatlar artig micarrad xarakter dasimir. Komputer arxasinda oturan fardin kegirdiyi
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hisslar va dlstncalar regamsal mesajlarin real emosional mazmununu formalasdirir. Buna
baxmayaraq, sabaka kommunikasiyasinin tangidgilari onlayn minasibatlarin ssmimiliyini slibha
altina alirlar. Anonimlik faktoru istifadacilara real hayatda catismayan xususiyyatlari 6zlarina aid
etmaya va uydurma obrazlar ("persona") yaratmaga imkan verir. Qeyd olundugu kimi, non-verbal
signallarin va fiziki tamasin yoxlugu hamsohbatin obrazini ideallasdirmaga va ya tahrif etmaya
sorait yaradir. Xarici gorinusdaki qUsurlar, utancaqlig ve ya nitg ¢atinlikleri virtual mihitds 6z
ahamiyyatini itirir, malumat catismazligl isa texayyil hesabina doldurulur.

Bu faktorlar fardlara 6z real kimliklarindan farqgli davranis nimayis etdirmaya sarait yaradir:
cokingan fardlar agressiv, emosional baximdan gapali fardlar isa asiri hassas ola bilirlar. Onlayn
Unsiyyatdaki sarbastlik emosional yaxinlasmani stratlendirsa da, bu muinasibatlarin davamlilig
zaif olur. ©laganin asanligla qurulmasi kimi, onun kasilmasi da bir diyma ila hayata kegcirilir. Virtual
Unsiyyat fordin dastaklanma, taninma va gabul olunma kimi psixoloji talabatlarini mivaqgati
tamin etsa da, real hayatdan uzaglasmaya gatirib ¢ixara bilir. Bu paradoks xUsusila sosiallasma
marhalasinda olan yeniyetmalar (¢ln ciddi psixoloji risklar yaradir.

Metodlar.

Ragamsal muhitds empatiyanin formalasmasi va inkisafi imkanlari barada ekspertlarle musahibs,
respondentlarle M. Devisin "Coxfaktorlu empatiya sorgu varagasi'nin kegirilmasi va
respondentlarin sosial sabakalardaki aciq sahifalarinin kontent-analizi

Tadgigat prosesina Naxcivandaki mixtalif tahsil ocaglarini (maktab, kollec va ali maktab) tamsil
edan 150 istirakcl calb edilmisdir. istirakcilara onlarin Ustiin tutduglar Gnsiyyst vasitalarini
miayyan edan anket va M. Devis tarafinden hazirlanmis "Sexslararasi reaktivlik indeksi"
metodikasi tatbiq olunmusdur. 9lda edilan naticalar gostarir ki, yeniyetma va ganclarin boyik
oksariyyati digar vasitalarle miqayisada birbasa canli Gnsiyyata Ustlnlik verirlar. Eyni zamanda,
canl tamaslara meyilli olan fardlarin empatik géstaricilari sosial sebakalari secanlars nazaran daha
yUksakdir.

Natico.

Natica etibarils, internet vasitasila insiyyat real tamaslari tam avaz etmamsali, yalniz onlari
tamamlayan komakci vasites kimi cixis etmalidir. internetds insan obrazinin statikliyi ve
empatiyanin zaiflamasi camiyyat qarsisinda yeni sosial-pedaqoji vapsixoloji vazifalar qoyur:
1.Sebaka daxilinds Umumi kommunikativ va etik madaniyyatin ylksaldilmasi;

2.Statik vizual kontentdan emosional manani oxumaq (perseptiv-empatik) gabiliyyatinin
formalasdiriimasi;

3.Emosional vaziyyatlarin matn vasitasile adekvat ifada olunmasi bacariglarinin inkisafl.

Lakin yalniz virtual bacariglarin artiriimasi problemi kéktndan hall etmir. 9sas masala real
sosiallasma muhitinde empatik potensiali inkisaf etdirmak va bu bacariglari kibersosiallasma
prosesina dlzgln inteqrasiya etmakdir. Real va virtual alemdaki Unsiyyat tacrlibasinin
balanslasdiriimasi fardlarin regemsal cagda daha tam ve saglam empatiya qurmasina sarait
yaradacaqdir.
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Abstract:  Self-regulation deficits, including problems with impulse control, self-soothing,
assertiveness, persistence, patience, and inhibition, are the most prominent features of ADHD. It
has been suggested that the roots of the self-regulation disorder seen in children with ADHD may
stem from tense early interactions between caregiver and child and impaired primary attachment.
Studies have shown that individuals with insecure attachment are more susceptible to problems
with affective and behavioral regulation. The prominence of social deficits in ADHD provides
evidence of a compelling similarity between the developmental consequences of insecure
attachment and the difficulties seen in children with ADHD. In one study, it was predicted that
parental over-involvement in children at 6 months of age had a stronger influence on distractibility
in early childhood and hyperactivity in middle childhood than biological and temperament-related
factors. Additionally, it points to the fact that early relationship histories of children with ADHD are
similar to those of children with insecure attachment.

Keywords: ADHD, cognitive problem, family, parental attitude, attachment

According to literature review, it has been found that mothers of children with ADHD initiate
less interaction with their children, respond less to positive and neutral interactions initiated by
their children, and use more negative, more reactive, more domineering, more controlling, but
less positive parenting strategies (compared to the control group).

Another study found no relationship between infant disorganized attachment and later
childhood ADHD cases. The probability of ADHD in these children was the same as in the general
population.

When looking at the average scores our subjects received from the Relationship Scales
Questionnaire, there was no statistically significant difference between the patient and control
groups in terms of all attachment types. In the patient group, the highest average was seen in the
avoidant attachment subtype, while in the control group, the highest average was seen in the
secure attachment subtype. In one study, children with combined and dominant hyperactivity
types scored higher on anxious and avoidant attachment compared to those with dominant
attention deficit.

In contrast, another study found more obsessive attachment in children with attention deficit
hyperactivity disorder.

Another study supported the hypothesis that ADHD is related to insecure attachment. Yet
another study found high insecure attachment scores in the ADHD group. These results are similar
to our findings.

In a study conducted in Turkey with a group of healthy adolescents, the highest average score
obtained by adolescents from the subscales of the ADHD was found to belong to the secure
attachment subscale. In our study, it was also found that the control group obtained the highest
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average from the secure attachment subscale. When examining the average scores obtained by
the subjects from the Family Life, Child Rearing and Attitude Scale, no statistically significant
difference was found between the patient and control groups in all parental attitude subscales.
The most frequently encountered parental attitude style in both patient and control groups was
found to be democratic attitude and recognition of equality.

A study investigated the effects of temperament and parenting style on attachment patterns
in children with ADHD. Children with combined and predominantly hyperactive types scored
higher in anxious and avoidant attachment compared to those with predominantly attention
deficit. Their families also showed a higher level of control over these children. Allowing children
with variable emotionality to move freely led to anxious attachment, while restricting children with
variable activity led to avoidant attachment. It has been shown that inadequate parenting of
children with ADHD can increase their difficulties in self-regulation and lead to insecure attachment
patterns. It has been suggested that overly controlling or permissive parenting styles in parents of
children with ADHD can contribute to the development of insecure attachment patterns. In the
study by Keskin and Camin, it was determined that boys scored higher than girls on the secure
attachment and obsessive attachment subscales of the Relationship Scales Questionnaire and
developed more secure and obsessive attachments.

In a different study, it was stated that Japanese adolescent girls formed more secure
attachments to their parents than adolescent boys.

In yet another study, hyperactivity and conduct disorders, which can be observed together
with attachment disorders, were observed more frequently in boys, and genetic factors were found
to be importantin this group. In our study, when the average scores obtained from the Relationship
Scales Questionnaire according to gender in the patient group were examined, no statistically
significant difference was found between any attachment types. It was determined that both girls
and boys received the highest average score from the avoidant attachment subscale. When
examining the average scores obtained by the control group from the Relationship Scales
Questionnaire according to gender, no statistically significant difference was found between the
two genders in any attachment type. In the control group, both girls and boys received the highest
average score from the secure attachment subscale. In another study, a difference was found
between genders regarding secure attachment, with the average score of boys being higher than
the average score of girls, and the difference was found to be statistically significant. No difference
was found between genders regarding fearful attachment, preoccupied attachment, and avoidant
attachment.

Although mother-infant attachment disorder cannot be fully explained by mental illnesses,
attachment disorder is seen at a higher rate in mothers with depression. In a study demonstrating
the severity of this condition, it was found that in severe postpartum depression, the mother's
aggressive feelings, anger, thoughts of killing, and/or behaviors towards her baby were increased.
Similarly, it has been reported that in these disorders, the baby experiences attachment disorder
or insecure attachment to the mother. In a similar study, it was shown that psychiatric illnesses
negatively affect mother-infant attachment in the long term, and that in postpartum depression,
mother-infant attachment examined one year after birth was insecure.

Insecure attachment is a risk factor for expressive disorder in children who are predisposed
due to difficult temperaments or their environment. Insecure attachment style is common in the
clinical population and may not be a predisposition specific to ADHD. Attachment style may be part
of the clinical presentation of ADHD. In cases of significant early emotional deficits, symptoms of
ADHD and attachment disorder (although the nature of the relationship is not clearly defined) are
prominent.
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Xulasa

Qadinlar genis yayllmis psixi pozuntularin diinya Gzra yikinUin boytk hissasini daslyirlar. Bu icmal
gadinlarda psixi pozuntularin géstaricilari barada elmda gabul olunmus biliklari bir yera toplayir.
"Gostaricilar" dedikda Uc¢ sey nazards tutulur: statistik gostericiloar — bu xastaliklar na gadar
yayilib, hansi yasda baslayir va na gadar ziyan vurur; klinik slamatlar — xastalik gadinlarda 6zuni
neca gostarir; va risk alamatlari ile yoxlama vasitalari — hansi hadisalar riski artirir va hansi sada
anketlarla riskli gadinlari erkan tapmagq olar. Bitiin madaniyyatlarda depressiya va narahatliqg
(anksiyete) pozuntulari gadinlarda kisilara nisbatan texminan iki dafe coxdur; farg yetkinlik
dovriinda yaranir va gadin hayatinin xtsusi dovrlari ila formalasir: aybasidan avvalki agir ahval
pozuntusu (PMDP) reproduktiv yasda olan gadinlarin tagriban 1,6-8 faizinda olur; hamilalik va
dogusla bagli depressiya diinyada gadinlarin 10 faizindan ¢oxuna tasir edir; menopauza arafasi isa
depressiya riskini iki-dord dafa artirir. Eksperimentlar gostarir ki, asas bioloji sabab hormon
pozgunlugu deyil, bazi gadinlarin beyninin normal hormon dayisikliklarina xlsusi hassashgidir; bu
hassasliq stress sistemi va sosial tasirlarle — ilk névbada aile va cinsi zorakiligla — birlikda faaliyyat
gostarir. Praktik naticalar: har gadindan qisa reproduktiv-psixiatrik tarixca sorusmag, alverigli
magamlarda sada anketlarla (PHQ-9, GAD-7, EPDS, PSST) miintazam yoxlama aparmagq va yliksak
riskli gruplarda intihar riskini matlaq giymatlandirmak. Kasib 6lkalar Gzra malumat azlgl, bioloji
testlarin yoxlugu va yoxlamadan mualicaya gedan yolun problemlari de mizakirs olunur.

Acar sozlar: gadinlarin psixi saglamligi; depressiya, anksiyete; premenstrual disforik pozuntu,
perinatal depressiya; perimenopauza; cins farqlari; skrining; risk géstaricilari

Giris

insanin gadin va ya kisi olmasi psixi saglamliq riskina an cox tasir edsn amillardan biridir. Diinyanin
mixtalif 6lkslarinda aparilan tadgigatlar eyni naticeni gostarir: gadinlarda depressiya va
narahatliq (anksiyete) pozuntulari kisilara nisbatan texminan iki dafa cox rast galinir va bu
xastaliklarin yaratdigr tmumi yikin boéyik hissasi gadinlarin Gzarina disir. Umumdiinya Sahiyya
Taskilatinin (UST) malumatina gors, diinya ahalisinin tagriban 4 faizi depressiya ils yasayir; yetkin
gadinlar arasinda bu gdstarici taxminan 6,9 faiz, kisilar arasinda isa 4,6 faizdir. Basga sozls,
dinyadaki bitln depressiya va narahatliq pozuntusu hallarinin taxminan Ucda ikisi gadinlarin
payina dusur.

Bu icmalda “gdstaricilar” s6zU genis manada isladilir va Ug¢ seyi ahata edir. Birincisi, statistik
gostaricilar: bu xastaliklar gadinlar arasinda na gadar yayilib, hansi yasda baslayir ve na gadar ziyan
vurur. ikincisi, klinik slamatlar: xastalik gadinlarda 6zinl neca biiruza verir, hansi simptomlar daha
cox gérundr. Uclincusy, risk slamatlari ve yoxlama vasitalari: hansi hadisalar va sarait riski artirir
va hansi sada sorgu-anketlarls riskli gadinlari erkan tapmagq olar.
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Qadinlarin psixi saglamligini basa dismak Gglin bltdv hayat yoluna baxmaq lazimdir. Usagligda
gizlarla oglanlar arasinda depressiya farqgi yoxdur; farg yetkinlik dévrinin baslangicinda
(pubertatda) yaranir, reproduktiv illar boyu davam edir va gadin organizminin xisusi dovrlarinda
— aybasi siklinda, hamilalikda, dogusdan sonra va menopauza arafasinda — risk daha da artir. Bu
dovrlarin hamisinda hormonlar kaskin dayisir vo eyni zamanda gadinin hayat saraiti da dayisir;
buna gora alimlar hesab edirlar ki, asas sabab hormon dayisikliyi, fordi hassaslig va sosial mihitin
birga tasiridir.

Bu icmalin magsadi gadinlarda psixi pozuntularin gostaricileri barads elmda gabul olunmus
biliklari bir yera toplamaqdir. icmal boyik shali sorgularina, coxsayli tadgigatlari birlasdiran
tahlillara (meta-analizlara) va Qlobal Xastalik Yiki tadqgigat, Umumdiinya Psixi Saglamlig Sorgulari
va psixiatriyanin asas diagnostik talimati olan DSM-5-TR kimi niifuzlu manbalara asaslanir. 9sas
diggat ya yalniz gadinlarda olan xastaliklora — aybasidan avval yaranan agir shval pozuntusu
(premenstrual disforik pozuntu) ve hamilalik-dogus dovrinin psixi pozuntulari kimi, ya da
gadinlarda xeyli cox rast galinan xastaliklara — depressiya, narahatlig pozuntulari, agir sarsintidan
sonra yaranan stress pozuntusu (PTSP) va yemak davranisi pozuntulari kimi — yodnalib. Sonda
erkan askarlama Usullari, hakimlar Ugln praktik naticaler va goalacak tadqgigat istigamatlari
muzakira olunur.

Yayilma gostaricilari: gadinlarla kisilar arasindaki farq

Na gadar yayilib va na gadar yik yaradir? Depressiyanin gadinlarda kisilara nisbatan taxminan

iki dafa cox olmasi psixiatriya elminin an ¢ox tasdiglanmis faktlarindan biridir. Bu farq ABS-in béy ik
milli sorgularinda, on 6lkani shats edan miigayisalards va on bes 6lkada apariimis Umumdiinya
Psixi Saglamlig Sorgularinda dafalarla tasdiglanib; farg ham varli, ham kasib, ham Qarb, ham Sarg
olkalarinda mévcuddur. Bugiinkl global regamlara gors, har hansi bir anda depressiya gadinlarda
kisilarden taxminan 1,5 dafa coxdur: bitln depressiya hallarinin taxminan 65 faizi, narahatlig
pozuntusu hallarinin iss 63 faizi gadinlardadir.
Xastaliyin yaratdigl ziyani 0Olgan gdstaricilar da eyni manzarani verir. Qlobal Xastalik YUkd
Tadgigatina gora, depressiya va narahatlig pozuntulari dinyada insanlari amak gabiliyyatindan
mahrum edan asas sabablar sirasindadir va depressiyanin gadinlardan aldigl saglam omdar illari
kisilardakindan 1,5 dafadan cox artigdir. COVID-19 pandemiyasi bu fargi daha da boyutdi: takca
2020-ci ilds dinyada alava 53 milyon depressiya va 76 milyon narahatlig pozuntusu halinin
yarandigl hesablanib va bu artimin boytk hissasi gadinlara aiddir.

Hansl yasda baslayir? Qadin-kisi fargi yasla bagli misyyan ganunauygunlugla yaranir. Yetkinlik
dovrindan avval gizlarda va oglanlarda depressiya taxminan eyni saviyyadadir; taqriban 11-15 yas
arasinda qizlarda gostaricilar stratla artir ve orta yeniyetmalik dovrinda farq artig tam formalasir.
Narahatlig pozuntulari iss daha erkan ayrilir: gizlarda muxtslif gorxular ve narahatlig hallari
usagligdan etibaran daha coxdur. Statistika hamcinin gostarir ki, gadinlarda narahatlig pozuntulari
an ¢ox ganclik illarinde — 20-24 yasda tagriban 7 faiz saviyyasinda — pik hadda catir, depressiya
iso orta yasda zirvaya catir va 50-69 yash gadinlarin taxminan 6-7 faizina tasir edir. Bu
ganunauygunlugun praktik manasi var: ganc gadinlarda ilk névbads narahatliq pozuntularina, orta
vash gadinlarda isa depressiyaya diggatli olmaq lazimdir.

Zamanla dayisikliklar. Daha bir mihim musahida son illars aiddir. Bir sira inkisaf etmis 6lkalarin
sorgulari gostarir ki, 2010-cu illarin avvallarindan yeniyetma qizlar ve ganc gadinlar arasinda
depressiya, 6zina zarar verma va psixoloji garginlik hallari artir; bu artim pandemiyadan avval
baslamisdi, lakin pandemiya onu kaskin sdratlandirdi. Artim mahz gadin-kisi farginin ilk yarandigi
yas grupunda bas verdiyi G¢ln ganc gadinlarin vaziyyatini izlomak butovlikds comiyyatin psixi
saglamligi Gcln erkan xabardarlig signali rolunu oynayir. Sosial sabakalarin tasiri, yuxu azligi, dars
yUukd ve simptomlari daha acig bildirmak — bunlarin hansinin asas sabab oldugu hala
mubahisalidir.
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Fargin aks oldugu va daha da boylk oldugu xastaliklar. Qadin Ustlnliyld batdn psixi xastaliklara
aid deyil. Alkogol va narkotik asililigl, antisosial saxsiyyat pozuntusu va diggat catismazlig
sindromu kisilarda daha goxdur; sizofreniya isa har iki cinsda taxminan barabar rast galinir, sadaca
gadinlarda daha gec baslayir. Digar tarafdan, bazi xastaliklarda gadin Ustlnliyld daha da boyikdir:
anoreksiya va bulimiya (yemak davranisi pozuntulari) gadinlarda kisilardan 3-10 dafs coxdur. Agir
sarsintidan sonraki stress pozuntusu (PTSP) da gadinlarda taxminan iki defa coxdur — halbuki
kisilor tmumilikda daha cox travmatik hadisa yasayirlar. Aybasidan avvalki agir shval pozuntusu,
dogusdan sonraki depressiya ve menopauza arafasi depressiyasi isa tabisti etibarile yalniz
gadinlarda olur. Bu muxtaliflik gdstarir ki, fargin tak bir sababi yoxdur: bioloji cins, gadinlarin
hayatda Uzlasdiyi fargli tasirlar va yardim axtarma vardislari har xastalikda fargli nisbatda rol
oynayir.

Klinik alamatlar: xastalik gadinlarda 6ziinl neca gdstarir

Depressiya. Qadinlarda depressiya takca daha tez-tez deyil, ham da bir gadar fargli formada olur.
Depressiyali gadinlar kisilarle mligayisada orta hesabla daha agir imumi vaziyyat, daha cox “atipik”
alamatlar (haddindan artig yuxu, istahanin artmasi, ¢aki artimi, badanda agirliq hissi), daha ¢ox
yanas! narahatlig va daha c¢ox badan sikaystlari — yorgunluqg, istaha pozgunlugu, agrilar —
bildirirlar. Qadinlarda daha bir xarakterik cahat — eyni manfi fikirlarin daim beyinda firlanmasidir
(elmda buna “ruminasiya” deyilir): bu vardis depressiyanin baslamasini va uzanmasini gabagcadan
xabar veran an etibarli psixoloji alamatlerden biridir. Qadinlarda mévsimi pislasma va
takrarlanma da bir gadar ¢oxdur, lakin xastaliyin davamiyyati ve mialicays cavab har iki cinsda
oxsardir.

Bir mihUm magam: gadin Ustinllyd asasan hisslarin “daxila yonalmis” ifadasina aiddir. Kisilarda
iso depressiya ¢ox vaxt basqa clr — gazab, asabilik, icki, riskli davranis saklinda Uza cixir; bu
formalar da nazars alinanda cinslar arasi farq xeyli azalir. Hakim {cglin natica budur: klassik
depressiya slamatlari gadinlarda xastaliyi daha yaxsi gostarir, kisilards iss gozdan gacira bilsr;
gadinlarda isa qabariq asabilik altda yatan depressiyadan diggati yayindirmamalidir.

Narahatlig pozuntulari. Narahatlig pozuntulari diinyada an genis yayillmis psixi xastalik qrupudur:
har an dlinya ahalisinin tagriban 4,4 faizinde moévcuddur va gadinlar har yasda kisilardan daha ¢ox
tasirlanir. Bu, daimi narahatlig (generaliza olunmus anksiyete), panik tutmalari, agig yerlardan
gorxu, muxtalif fobiyalar va gisman sosial gorxu dcln kegarlidir. Qadinlarda bu pozuntular daha
erkan baslayir, daha uzun ¢akir, daha tez-tez bir-biri ila va depressiya ila birga gedir va daha ¢ox
badan alamsatlari ile musayiat olunur: panik tutmalarinda nafas darligl va evdan ¢ixmagdan
gacinma, daimi narahatligda isa azala garginliyi, yorgunlug va yuxu pozgunlugu gadinlarda daha
cox gorundar.

Travma ila bagli pozuntular. Burada maraqh ziddiyyat var: kisilar tmumilikda daha ¢cox travmatik
hadisa (gaza, doyus, hiicum) yasayirlar, amma PTSP gadinlarda iki dafs ¢ox yaranir. Tadgigatlarin
amumi tahlili gdstarir ki, bunun bir sababi gadinlarin an agir naticalar veran travmalara — cinsi
zorakiliga ve usaqligda cinsi istismara — daha c¢cox maruz galmasidir; lakin hatta eyni nov
travmadan sonra da gadinlarda PTSP ehtimali ylksakdir. Qadinlarda bu pozuntunun alamatlari
arasinda hadisani takrar-takrar yasamag, daimi garginlik, glcli utanc va 6zUniqinama hissi,
realligdan gopma epizodlari, sonradan ise depressiya, xroniki agrilar va alkogol problemina
meyillik var. Zorakilig gadinlarin travma ytkinda o gadar boyUk yer tutur ki, kecmisda va ya hazirda
zorakiliga maruz galma barads har hansi malumat gadin pasiyentda psixi saglamliq riskinin an
glclu tak alamatlarindan biri sayilmalidir.

Yemak davranisi pozuntulari. Anoreksiya (yemakdan imtina), bulimiya (yema-qusma tsikllari) va
kompulsiv yema gadinlarda xeyli ¢oxdur. 9hali arasinda gadinlarda anoreksiyaya hayat boyu
tagriban 0,9-2 faiz, bulimiyaya 1-2 faiz, kompulsiv yemaya isa taxminan 3,5 faiz hallarda rast
galinir. Diggat edilmali alamatlar: kaskin pahriz mahdudiyyati, yedikdan sonra qusdurma va ya
haddindan artig idman, aybasinin kasilmasi va ya pozulmasi, analizlards izahsiz duz-mineral
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pozgunlugu, dis minasinin yeyilmasi. Bu alamatlar xastaliyin an cox basladigl qrupda — yeniyetma
gizlarda va ganc gadinlarda — mutlaqg sorusulmalidir. Yemak davranisi pozuntulari ham badan
agirlasmalari, ham da intihar sababindan bitin psixi xastaliklor arasinda an yiksak o6lim
gostaricilarindan birina malikdir; buna géra erkan taninma xisusila vacibdir.

Badan sikayatlari arxasinda gizlanan pozuntular. Depressiya va ya narahatlig pozuntusu olan
gadinlar hakima c¢ox vaxt “shvalim pisdir” deys yox, badan sikayatlari ilo galirler: yorgunlug,
yuxusuzlug, bas agrisi, mada-bagirsaq narahatlgl, canaq va ya azala agrilari. MUayinalarda sababi
tapilmayan sikayatlar, hakima cox tez-tez muraciat va fibromialgiya, giciglanmis bagirsaq
sindromu kimi xroniki agri hallari (bunlar da gadinlarda Ustlnlik taskil edir vo cox vaxt psixi
pozuntularla yanasi gedir) — bitin bunlar praktikada dolayi signaldir: bels hallarda ahval va
narahatliq Uzra qisa sorgu-anket mitlaqg aparilmalidir.

Bipolyar pozuntu va psixozlar. Bipolyar pozuntu (shvalin kaskin ytksalis va enis dovrlariila gedan
xastalik) har iki cinsda taxminan eyni tezlikds olsa da, gadinlarda fargli gedir: depressiya dovrlari
Ustlnltk tagkil edir, xastaliyin daha ylngul gériinan, amma ¢ox depressiyall formasi (bipolyar Il),
tez-tez dovr dayismasi va garisiq vaziyyatlar daha coxdur; galxanabanzar vazi xastaliklari, migren
va yemak davranisi pozuntulari daha ¢ox yanasi gedir. on vacibi: dogusdan sonra residiv (xastaliyin
gayitmasi) riski mistasna daracads yuksakdir — tahlillar gostarir ki, bipolyar pozuntusu olan
gadinlarin  texminan Uc¢da biri dogusdan sonra residiv yasayir, hamilalikde darmanlar
dayandirilibsa, risk daha da artir. Sizofreniyada gadinlarda xastalik daha gec baslayir va menopauza
arafasinda ikinci baslangic dalgasi misahida olunur ki, bu da estrogen hormonunun goruyucu rolu
farziyyasi ila uzlasir. Praktik natica: bipolyar pozuntusu va ya avvallar dogusdan sonraki psixozu
olmus har gadinda hamilalik va dogus dovri Uclin gabagcadan plan qurulmali, menopauza
vasindaki gadinlarda ilk dafs yaranan psixoz ve ya manik hallara isa xUsusi digqgat yetiriimalidir
Qadin hayatinin xisusi dovrleri ilo bagh gostaricilar
Qadinlarda psixi pozuntularin an saciyyavi cahati odur ki, xastaliyin baslangici ve gayitmasi cox vaxt
reproduktiv kecid dovrlarina duslir. Bu ddvrlarin har birinda hormonlar kaskin dayisir, eyni
zamanda gadinin hayati da kdkld dayisir — va har dovriin 6zinamaxsus xabardarliq alamatlari var.

Yetkinlik dovri. Quzlarda depressiyanin artmasi taqvim yasindan c¢ox badanin yetkinlasma
marhalasi ila baghdir: fiziki yetkinlasmanin miayyan marhalasina ¢catmis qizlarda depressiya artir,
erkan yetkinlasan qizlarda isa risk daha da yiksakdir. Yeniyetma qizlarda risk alamatlari: erkan
aybasi baslangici, 6z badanindan narazilig, hamyasidlar tarafindan cinsi mazmunlu tazyig, manfi
fikirlar Gzarinda ilisib galma vardisi va avvalcadan movcud narahatlig pozuntusu — sonuncu gox
vaxt ilk depressiyadan avval galir va onu xabar verir.

Aybasidan avvalki pozuntular. Qadinlarin 90 faize gadari aybasidan avval an azi bir narahatedici

alamat hiss edir; beynalxalg hesablamalara gora, aybasioni sindrom (PMS) gadinlarin tagriban 30-
48 faizinda olur. Bunun agir formasi — premenstrual disforik pozuntu (PMDP) — artiq xastalik
sayilir va DSM-5 talimatina depressiv pozuntu kimi daxil edilib: aybasidan avvalki glinlarda kaskin
ahval dayiskanliyi, asabilik, kadar va narahatlig yaranir, aybasi baslayandan bir nega giin sonra isa
kecib gedir va bu, har ay takrarlanaraq gadinin hayatini ciddi pozur. Ciddi meyarlarla tasdiglanmis
PMDP gadinlarin tagriban 1,6 faizinds, daha genis meyarlarla 3-8 faizinds olur.
PMDP-nin shamiyyati takca 6z aziyyati ila bitmir. Bu pozuntu ¢ox vaxt digar ahval xastaliklari ila
birga gedir — tahlillara gora, PMDP/PMS olan gadinlarin 42-49 faizinda eyni zamanda shval
pozuntusu da var. Ustalik, PMDP olan gadinlarda intihar riski nazaracarpacaq daracada yiiksakdir:
intihar fikirlari tagriban 4 dafs, intihar cahdlari isa 7-ya yaxin dafs coxdur. Buna gora diggatls
sorusulmus aybasi tarixgasi — ideal halda iki ay arzinds gindalik simptom geydlari ila
tasdiglanmakla — ham diagnoz tisulu, ham da Gmumi risk giymatlandirmasidir. ilkin yoxlama ti¢iin
sada PSST sorgu-anketi moévcuddur.

Hamilalik va dogusdan sonraki dovr. Psixi pozuntular hamilaliyin an c¢ox rast galinan
agirlasmalarindandir. Umumi hesablamalara gora, gadinlarin tagribsn 10-13 faizi hamilalik
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dovriinda va ya dogusdan sonraki ilk il arzinda depressiya yasayir; hamilaliyin son Ug¢ ayinda va
dogusdan sonraki ilk aylarda gdstaricilar an yiksak olur. UST-nin giymatlandirmasina gérs,
dinyada hamila va yeni dogmus gadinlarin 10 faizindan ¢oxu depressiya yasayir; kasib va orta
galirli 6lkalarda gostaricilar daha yuksakdir — hamilalikda 16 faiza, dogusdan sonra 20 faiza yaxin.
Son tahlillar hamcinin gostarir ki, bu dovrda gadinlarin tagriban 8-10 faizinda depressiya ila
narahatlig eyni vaxtda olur, usag salma hallarindan sonraki alti hafta arzinds isa gadinlarin
taxminan Ucda biri ciddi narahatliq ve ya depressiya alamatlari yasayir.

Dogusla bagl depressiyanin asas risk alamatlari bunlardir: kecmisda depressiya va ya narahatliq
pozuntusu (an giclt tak amil), avvalki dogusdan sonra depressiya, hamilalik dovrinda ahval pisliyi
va narahatlig, arin/partnyorun dastayinin azlig, ailada zorakilig, agir hayat hadisalari, arzuolunmaz
hamilalik, dogus agirlasmalari va hamilalik itkisi, maddi ¢atinliklar. Dogusdan sonraki ilk haftada
gadinlarin yarisinda va daha ¢oxunda gorinan kegici kdvraklik (“dogus kadari”) adatan 6z-6zlina
kecir, lakin agir formada oldugda depressiyanin xabargisi ola bilar. ©n agir hal — dogusdan sonraki
psixoz — tagriban har 1000 dogusdan 1-2-da bas verir va tacili psixiatrik yardim talab edir; asas
xabardarlig alamatlari: gadinda va ya ailasinda bipolyar pozuntu, avvalki dogusdan sonra psixoz,
dogusdan sonraki ilk iki haftada gaflatan yaranan casqinlqg, kaskin ahval dalgalanmasi ve gariba
inanclar. Bu doévrds yoxlama Ggln xisusi hazirlanmis Edinburg skalasi (EPDS) bir ¢ox 6lkalarda
dogus xidmatinin standart hissasidir.

Hamilalik dovrinin psixi problemlari depressiya ila bitmir. Narahatliq pozuntulari hamilalikda an
azl depressiya gadar vayilib, dogusun 6zU iss bazi gadinlar Ucln agir sarsintiya cevrila bilar:
tahlillara gors, gadinlarin tagriban 3-4 faizinde dogusdan sonra PTSP yaranir, tacili (geysariyya)
dogus, agir fasadlar, 6li dogus va ya kecmis travma olan gadinlarda iss bu gdstarici 15 faizi kegir.
dlamatlar: dogus sahnalarinin gozlar dnlinds takrar canlanmasi, xastaxana va hakimlardan, hatta
ndvbati hamilalikdan gaginma, aldig qullug baradas agir xatiralar, kdrpa ile bagllig ¢atinliklari. Bels
gadinlar 6zlari kdmak Uclin az mlraciat etdiklarindan, xisusila ¢atin dogusdan sonra gadinin dogus
tacribasini 6ziindan sorusmagq faydahdir.

Menopauza arafasi. Uzunmiddatli misahidalar gostarir ki, menopauzadan avvalki kecid illari
(perimenopauza) depressiya Gcln yuksak risk dovridir. Bir tadgigatda bu doévra daxil olan
gadinlarda agir depressiv alamatlar dord dafadan ¢ox, diagnoz qoyulan depressiya isa taqriban 2,5
dafa cox rast galinmisdir. Basqga bir tadgigatda heg vaxt depressiya kecirmamis gadinlar arasinda
bu kecid dévrina daxil olanlarin ilk dafa depressiyaya disma ehtimali iki dafs ylksak olmus, istilik
basmalari olan qgadinlarda isa risk daha da artmisdir. Bu doévrda riskin alamatlari: kegmisda
depressiya (dogusdan sonraki depressiya va PMDP daxil olmagla), gtcli ve uzunmiddatli istilik
basmalari va geca tarlamalari, yuxu pozulmasi, carrahi yolla menopauza, agir hayat hadisalari va
hormon saviyyasinin 6zinln deyil, kaskin dalgalanmasinin olmasi. Menopauza sikayatlari ila
depressiya alamatlari cox oxsadigindan, bu ikisini farglandirmak Ucln xUsusi diggat lazimdir.
Bioloji gostaricilar va mexanizmlar

Cinsi hormonlar va fardi hassaslig. Risk dovrlarinin hormon dayisikliyi dovrlari ilo Ust-Usta
dismasi alimlarin diggatini estrogen, progesteron va progesterondan yaranan, beyni sakitlasdiran
tasira malik allopregnanolon maddasina yonaldib. 9n vacib tapinti budur: xasta va saglam
gadinlarda hormonlarin saviyyasi eynidir — farg beynin normal hormon dayisikliyina neca reaksiya
vermasindadir. Mashur bir eksperimentda gadinlarda hormonlar avval darmanla dayandirilib,
sonra sini sakilde geri qaytarihb: eyni prosedura baxmayaraqg, simptomlar yalniz avvaller
aybasioni sikayatlari olmus gadinlarda yaranib, saglam gadinlarda yox. Dogusdan sonraki hormon
enisini siini yaradan oxsar eksperimentds da depressiya alamatlari yalniz kegcmisda dogusdan
sonraki depressiya kecirmis gadinlarda meydana c¢ixib. Demali, asas bioloji amil hormon
pozgunlugu deyil, bazi gadinlarin hormon dayisikliklarina xisusi hassasligidir. Bu ham da izah edir
ki, na Gg¢ln hormonla bagl bir problem yasamis gadinda (PMDP, dogusdan sonraki depressiya,
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hormonal kontrasepsiya fonunda ahval pislasmasi) hayatin sonraki dévrlarinda digar problemlarin
ehtimali da artir.

Stress sistemi. Ikinci mexanizm organizmin stress sistemidir (elmda “hipotalamus-hipofiz-
boyrakustl vazi oxu” adlanir). Depressiyall gadinlarda bu sistemin isinda kisilardakindan fargli
pozulmalar musahida olunur va gadin cinsi hormonlari stress hormonu olan kortizolun
tanzimlanmasina birbasa tasir edir. Stress zamani kortizolun haddindan az va ya cox ifrazi, gln
arzinda kortizol ritminin pozulmasi ve organizmda iltihabi reaksiyalarin artmasi — bunlarin hamisi
gadinlarda depressiya riski ile alagalandirilib, lakin hec biri hala ayrica diagnostik test kimi istifads
edils bilacak dagigliya catmayib; halalik bunlar tadgigat marhalasindadir.

Irsiyyat. Skizlar (izarinds aparilan tadgigatlara gora, depressiya riskinin tagriban 35-40 faizi
irsiyyatla baglidir va gadinlarda irsi payin bir gadar yiksak olmasi barads malumatlar var. Buna
gbra ailada depressiya va ya bipolyar pozuntunun olmasi an praktik risk alamatlarindan biridir.
Beyin goruntilama tadgigatlart hormonlarin beynin emosiya markazlarina tasirini tasdiq edir, lakin
bu Usullar da hala fardi prognoz Ggin yararli deyil.

Qalxanabanzar vazi. Qadinlarda bir neca dafa ¢ox rast galinan va xlsusile dogusdan sonra tez-
tez pozulan galxanabanzar vazi funksiyasi depressiya va narahatliq alamatlarini taglid eds va ya
glclandira bilar. Buna gora gadinda yeni yaranan ahval pozgunlugunda tiroid hormonunun (TSH)
yoxlanmasi standart addimdir, dogusdan sonraki shval pozgunlugunda issa dogusdan sonraki
tiroidit da nazara alinmahdir.

Mexanizmdan mualicaysa. Hormon hassasligl nazariyyssi artig real mdualice verib.
Allopregnanolonun darman formasi olan breksanolon dogusdan sonraki depressiyada aparilan
ciddi klinik sinaglarda simptomlari siratle azaltmis va bu xastalik Uc¢ln xUsusi tasdiglanan ilk
darman olmusdur; ardinca hab saklinds gabul edilan oxsar darman — zuranolon galib. Bunun iki
mUhUm manasi var. Birincisi, hormonla bagli psixi problemlarin real bioloji asasi oldugu bilavasita
stbut olunub — demali, gadinin hormonla bagh psixiatrik kecmisini sorusmag sadaca formallig
deyil, mexanizmi aks etdiran malumatdir. ikincisi, gadin organizminin dévrlari ils bagh xastaliklar
hadafli mUalica Ugln alverisli sahadir — bu da onlarin didzglin taninmasinin dayarini artirir.

Sosial amillar risk alamatlari kimi

6.1 Qadinlara garsi zorakilig. @r/partnyor zorakiligi va cinsi zorakilig gadinlarin psixi saglamligini
pozan an gicli va an yaxsl Oyranilmis amillardandir. Qlobal hesablamalara gors, na vaxtsa
partnyoru olmus gadinlarin tagriban 27-30 faizi hayati boyu fiziki va ya cinsi partnyor zorakilgi
yasayir. Uzunmiddatli tadgiqatlarin tahlili ikitarafli slags gostarir: zorakilig depressiya riskini
taxminan iki dafa artirir va intihar cahdlari ila baglidir; digar tarafdan, depressiyada olan gadin
zorakiliga garsl daha muidafissiz olur. Eyni alaga narahatlig pozuntulari ve PTSP dclin ds
movcuddur. Usagligda cinsiistismar — buna daha ¢ox qizlar maruz galir — boyiiklikda depressiya,
PTSP, yemak davranisi pozuntulari va 6zlna zarar verma riskini artirir. Praktik natica: zorakilig
barada istanilan malumat tam psixi saglamlig giymatlandirmasi, tahllkssizlik plani va hassas
yanasma talab edan c¢ox ciddi signaldir; aksina, mUalicaya tabe olmayan depressiya, xroniki canaq
agrisi va ya takrarlanan izahsiz zadalar géranda zorakilig barada ehtiyatla sorusmagq lazimdir.

6.2 Maddi vaziyyat, rollar va qullug yiki. Yoxsullug, geyri-sabit galir, asagi tahsil va usagi takbasina
boyitmak — bunlarin hamisi gadinlarda psixi pozuntularin ylksak gostaricilari ila bagldir va maddi
vaziyyatin tasiri gadinlarda ¢ox vaxt kisilardakindan kaskindir. Dliinyada 6danissiz qullug isinin —
usaq, xasta, yasl qullugunun — boylk hissasini gadinlar gorir; haddindan artiq yiklanma va xasta
gohuma uzunmuiiddatli qullug depressiya va narahatligin tasdiglanmis ssbablarindandir. isda ayri-
seckilik, maas fargi va cinsi tazyiq alave ylk yaradir. COVID-19 dévriinda gadinlarda xastalanmanin
daha cox artmasl gisman onunla izah olunur ki, gadinlar ham is itkisina daha ¢ox maruz galdilar,
ham da ev va qullug yuklari artdi.

6.3 Farq slni ola bilarmi? Uzun middat bels fikir olub ki, gadin-kisi fargi gadinlarin hisslarini daha
acig demasi va hakima daha cox getmasi ila baglidir. Arasdirmalar gdstarir ki, bels farglar var,
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amma onlar asas fargi izah etmir: gadin GstlUnlUyd mUxtalif lgma Usullarinda — anketlards, Uz-
(za musahibalards, yaxinlarin malumatlarinda — eyni daracada gorunur. Bununla bels, miraciat
vardislarinin 6z da faydali malumatdir: gadinlar hakima daha tez-tez getdiyindan onlari yoxlamagq
Ggln imkan coxdur, kisilarda isa depressiya ¢ox vaxt icki va ya is problemlari saklinda Gza gixir.
Migrasiya ve madaniyyat. Risk alamatlari bltlin gadinlarda eyni islamir. Migrant va gacgqin
gadinlarda dogusdan sonraki depressiya xUsusila coxdur: tahlillara gors, tagriban 20 faiz — yerli
gadinlardakindan texminan iki dafa ¢ox; sabablar arasinda taklik, dil maneasi, sanad problemlari,
ailo dastayindan uzaqgliq ve kéc¢dan avval yasanmis travmalar var. Umumiyyatla, hamilslik-dogus
dovrindn psixi pozuntulari kasib 6lkalarda varli 6lkalars nisbatan xeyli coxdur, har 6lkenin
daxilinda isa azliq statusu, ayri-seckilik vo maddi ¢atinliklar riski daha da artirir. Nazara almagq
lazimdir ki, mixtalif madaniyyatlerds insanlar sixintini fargli ifade edirlar — bir cox yerlarda
sikayatlar asasan badan dili il (“Grayim sixir”, “basim agriyir”) deyilir; buna goéra vyerli dile
uygunlasdirilmis anketlar va lazim oldugda tarciimaci dastayi vacibdir
Erkan agkarlama Uglin sorgu-anketlar
Risk barada biliklari praktikaya ¢evirmak Ggin gisa, yoxlaniimis sorgu-anketlar lazimdir. Asagidaki
alatlar gadinlarda an ¢ox istifada olunanlardir va poliklinika, gadin maslahatxanasi va dogum evi
saraitina uygundur.
Cadval 1. Qadinlarda genis yayilmis psixi pozuntular iciin an ¢cox istifada olunan skrining alatlari.

Alat Nayi ol¢ir Madda | Genis istifads olunan kasim
sayl néqgtasi
PHQ-9 Depressiya (agirliqg 0-27 bal) 9 >10
GAD-7 Narahatlig (anksiyete) 7 >10
EPDS Hamilalik va dogusdan sonraki 10 > 10-13 (saraitdan asili)
depressiya
PSST Aybasionl sikayatlar 19 Simptom meyarlarina asasan
(PMS/PMDP)
PCL-5 Travmadan sonraki stress (PTSP) | 20 >31-33
SCOFF Yemak davranisi pozuntulari 5 >2
PHQ-9 — depressiya Ucgin dogquz sualdan ibarat anketdir, natice 0-27 bal arasinda

giymatlandirilir; 10 va yuxari bal depressiyani tagriban 88 faiz dagiqglikle gostarir. GAD-7 narahatliq
Ucln oxsar anketdir, kasim noqtasi yena 10 baldir. Edinburqg skalasi (EPDS) hamilalik va dogus
dovrl Ggln xUsusi hazirlanib: hamilaliyin 6z tabii alamatlari (yorgunlug, istaha dayisikliyi) naticani
pozmasin deya badanls bagli suallar ¢ixarilib; saraitdan asili olarag 10-13 bal haddi istifada olunur,
10-cu sual isa birbasa 6zlna zarar verma fikirlarini sorusur. PSST anketi aybasiont sikayatlarin ilkin
yoxlanmasi Uclndir; rasmi diagnoz Ucln alave olarag iki ay gindalik simptom qeydlari
aparilmalidir. Travma Uc¢ln PC-PTSD-5 va PCL-5 anketlari, yemak davranisi pozuntulari tgln isa
comi bes sualdan ibarat SCOFF anketi istifade olunur — sonuncu ganc gadinlarda ilkin yoxlama
ucun yaxsi natica verir.

Dinyada mumi meyl bu yoxlamalari gadinlarin onsuz da oldugu yerlarda hamiya tatbig etmakdir.
ABS-in profilaktika Uzra rasmi qurumu bitin yetkinlards — hamila va yeni dogmus gadinlar da
daxil olmagla — depressiya yoxlamasini, 64 yasa gadar isa narahatlig yoxlamasini tovsiya edir;
mamaliq qurumlari hamilalikds an azi bir defa va dogusdan sonra yenidan yoxlama tdvsiys edir.
iki vacib geyd: birincisi, anketda yliksak bal hals diagnoz deyil — yalniz hakim giymatlandirmasina
gbndaris Ucln asasdir; ikincisi, yoxlama yalniz o halda manalidir ki, misbat natica ¢ixanda gadini
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gabul edib muialica eda bilacak xidmat mdvcud olsun — bu, xUsusila xidmatlarin az oldugu kasib
Olkalar Ggln ciddi adalat masalasidir.

Xastaliklarin birga getmasi va intihar riski

Qadinlarda psixi pozuntular cox vaxt tak galmir. Narahatliq pozuntusu adatan depressiyadan avval
baslayir va sonradan depressiya, icki-narkotik problemi va intihar fikirlarinin riskini mistaqil sakilda
artirir. Depressiya ila narahatliq birgs olanda xastalik daha agir, daha uzun ve mialicaya daha ¢atin
tabe olur. Qadin hayatinin dévrlari ile bagl pozuntular da bir-biri ila zancirvari baghdir: PMDP olan
gadinda Umumi depressiya va dogusdan sonraki depressiya ehtimali ylksakdir, dogusdan sonraki
depressiya isa 0z ndvbasinda ham sonraki PMDP-ni, ham da menopauza arafasi depressiyasini
xabar verir — bunlarin hamisinin kékinda eyni hormon hassashgi durur.

intiharla bagli vaziyyat “gender paradoksu” adlanan xarakterik manzara gdstarir: intihar fikirlari va
intihar cahdlari gadinlarda xeyli coxdur, lakin intihar naticasinds 6lim kisilarda iki-dérd dafa
coxdur — bunun asas sababi secilan tsullarin fargidir. Oziina zarar verma hallari an cox yeniyetma
gizlarda va ganc gadinlarda camlanib. Qadinlarda intihar riskini xUsusile artiran hallar: PMDP
(yuxarida gostarilan risk artimlari ila), dogusla bagl depressiya — bir sira inkisaf etmis 6lkalards
intihar dogusdan sonraki ilk ilde ana o6lUmindn asas sabablarindendir — yemak davranisi
pozuntulari, cinsi zorakiligdan sonraki PTSP va saxsiyyat pozuntulari. Bu hallar askar edilanda
intihar riski matlaq ve mintazam giymatlandirilmali, intihar fikirlarinin aybasidan avval gliclanmasi
isa geyd edilmalidir.

Gedisla bagl daha bir slamat icki va narkotik masalasidir. Bu problemlar kisilarda hala da ¢ox olsa
da, farg son nasillards azalib va gadinlarda xastalik “teleskop” kimi gedir: daha gec baslayir, amma
ilk istifadedan asililiga gadar yol daha gisa olur va gadin hakima catanda vaziyyst adsatan daha
agirdir. Qadinlarda icki problemi cox vaxt depressiya, narahatliq va ya travmanin Gstinda yaranir
va hamilalikda alave tahlika dasiyir. Buna gora narahatlig va ya travma kecmisi olan gadinda
yaranan alkogol problemi sadaca asililig kimi deyil, mlalica olunmamis psixi pozuntunun alamati
kimi giymatlandirilmali va har ikisi birlikda mualica edilmalidir..

Movcud biliklarin mahdudiyyatlari ve galacak istigamatlor

Bu icmalda taqgdim olunan biliklari bir neca mahdudiyyat sartlandirir. Yayllma ragamlari istifada
olunan anketdan, bal haddindan va se¢cma Usulundan asili olaraq dayisir — buna gdra muxtalif
tadgigatlarda fargli regamlar goérmak mumkidndir. Elmi malumatlarin bdylk hissasi varli
olkalardan galir; gadinlarin yikinin an boylik oldugu kasib va orta galirli 6lkalar isa hala da az
oyranilib. Bioloji cinsla sosial gender amillarini bir-birindan ayirmaq ¢atindir va transgender
insanlar Uzra tadgigatlar yenica baslayir. Bioloji gdstaricilar mexanizmi yaxsl izah etsa da, hala
konkret insanin riskini gabagcadan demaya imkan vermir; hansi gadinin PMDP va ya dogusdan
sonraki depressiya yasayacagini gostaracak bioloji testlarin tapilmasi aktual magsaddir. Nahayat,
askarlama tadgiqatlari mualica tadgigatlarini gabaglayib: yoxlama artiq genis tévsiya olunur,
amma onun faydasi yalniz mialicanin real algatan oldugu yerlarda 6zinU gostarir.

Goalacak tadgigatlarin prioritetlari: gadinlari ilk aybasidan menopauzadan sonraki dévra gadar
izlayan, hormonlari, hayat seraitini va simptomlari mintazam o6lgcan uzunmiddstli tadqgigatlar;
reproduktiv tarixca ile sosial amillari birlasdiran gisa risk giymatlandirma alatlarinin yoxlanmasi;
ginekoloji va dogus xidmatlarinda “yoxlamadan mialicaya” yolunun real saraitds qurulmasi; va
dogusdan sonraki depressiya UGcin ilk xdsusi dermanlari artig vermis hormon-beyin
mexanizmlarinin daha darindan dyranilmasi.

Natica

Qadinlarda psixi pozuntularin aydin va praktikada istifade edils bilan alamatlar sistemi var.
Ragamlar baximindan gadinlar depressiya, narahatlig, travma va yemak davranisi pozuntularinin
taxminan iki gat yukind daslyir; bu farq yetkinlik dévrinds yaranir va gadin hayatinin dovrlari
boyunca formalasir. Klinik baximdan gadinlarda xastalik daha ¢ox daxili sixinti va badan sikayatlari
soklinda gorinlr, xastaliklor tez-tez birgs gedir va intiharla bagl 6zinamaxsus manzara
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movcuddur. Mexanizm baximindan an yaxs! stbut olunmus izah budur: bazi gadinlarin beyni
normal hormon dayisikliklarina xUsusi hassasdir va bu hassaslig stress sistemi va agir sosial
tasirlarle — ilk ndvbada zorakilig ve maddi ¢atinliklarle — birlasanda xastalik yaranir. Praktik
baximdan bir ne¢a sada anket, gadinlarin onsuz da hakima galdiyi magamlarda tatbiqg edilmakls,
riskli gadinlari erkan tapmaga imkan verir. Qadinin reproduktiv-psixiatrik tarixgasini sorusmagq
gadin saglamhgi xidmatinda hamilalik tarixcasi gadar adi hala cevrilmalidir: bu, gisa, xarcsiz va
psixiatriyada movcud olan an malumatverici risk giymatlandirmalarindan biridir. EIm sayasinda
artig bilinanlarla sahiyya sistemlarinin real askarlayib mualica etdiklari arasindaki boslugun aradan
galdirilmasi gadinlarin psixi saglamligi sahasinda asas vazifa olaraqg galir.
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Art History

JINMHRHOCTb AXMETA KYBAHOBA B
BOCNOMWHAHWNAX BAIbIBEKA
KYHOAKBAEBA: STUYECKME ACNEKTbI?

Omaposa Akinma KampaeHosHa

npodeccop Kazaxckoi HaLUMOHaNbHOM KOHCepBaTOPUM MMeHM KypmaHrasbl, BeAy LM
Hay4YHbIN COTPYAHMK oTAeNa «My3blkoBeaeHMe» NHCTUTyTa AnTepaTypbl M UCKYCCTBA
nmenHn M.O. Aya308Ba, KaHAMAAT UCKYCCTBOBeAEHMA, npodeccop, AamaTsl, KazaxcTaH
KasTyraHoBa AitHyp acaHbepreHOBHa

3ageaytollaa oraenom « MysbikosegeHme» MIHCTUTYTa aMTepaTypbl M MCKYCCTBA MMEHM
M.O.Ay330Ba, KaHAMAAT UCKYCCTBOBEAEHMA, aCCOLUMMPOBAHHbIM Npodeccop, AmaThl,
KasaxcraH

AHHOTaumA. CTaTbAa MOCBAWEHA /IMYHOCTM  aKkagemMumka Axmeta MybaHosa B
BOCMOMMHAHMAX TeaTpoBeda, [JOKTOpa WCKyccTBoBedeHMs barbibeka KyHpaakbaesa «[Hu,
nposeAeHHble BMecTe ¢ AxmeTom HKybaHoBbIM». Ha OCHOBE MeMyapHbIX CBUAETENLCTB NOKa3aHbl
TPW B3aMMOCBSA3aHHbIX acrneKkTa SIMYHOCTU YY4EeHOro: 4e/10BeYHOCTb, Mepa UHTENNUIEHTHOCTU ©
HayyHaa 3TuMKa. Ocoboe BHMMaHMe yaenseTca noaaepskke A.XybaHOBbIM  MOAOAbIX
uccnegosaTenei, €ero  HacCTaBHMYECKOM  AeATeNbHOCTM,  KyAbType Hay4yHOW  AMCKYCCUM,
NPUHLMMMANLHOCTM B BOMPOCAX M3YYEHMA HALMOHANAbHOMO MCKYCCTBa M MPOGeCccCHoHaNbHbIM
B3aMMOOTHOLLIEHUSAM C Ko/l/eramu. BbisiBaseTca 3HayeHMe BocnoMWHaHWi b.KyHaakbaesa Kak
MCTOYHMKA, JononHawouero 6uorpadmio A XMybaHoBa M MNO3BOANOLWErO PACKPbITh  €ro
yesioBeYyeckMe W aHaauTMYeckme Kadvectsa. Onpedensercs MNPeemcTBEeHHOCTb  Hay4yHo-
HaCTaBHWYECKOM TpaAMLMM, CBA3YIOLLEN AeAaTeNbHOCTb A.XKybaHoBa 1 b.KyHaakb6aeBa B pa3sButnm
OTEeYEeCTBEHHOrO UCKYCCTBOBEAEHMSA.

K/toueBble coBa: MemMyapbl, Ye/I0BEYHOCTb, KY/1bTypa, MHTE/IMTEHTHOCTb, Hay4Hasa 3TUKa,
MCKYCCTBOBEAEHME.

AHpatna. MaKana eHepTaHy fblibIMAAPbIHbIH, - AOKTOPbLI, TeaTpTaHylwbl barbibek
KyHaakbaeBTblH, «AxmeT HKybaHoBneH bipre eTKeH KyHAEepP» aTTbl ecTeniriHaeri akageMmnk Axmet
HKybaHOBTbIH, TyAFanbik 60NAMbICbIHA apHanFaH. EcTenik agepekTepi Heri3iHAe FanbiM TYAFacbliHbIH
@3apa 6alNaHbICTbl YW Kblpbl KOPCeTiNeai: OHbIH aJamMrepLliniri, 3ManbiabiK MIAEHUETI KaHe
FbINbIMM 3TUKACkI. AXMeT HKybaHOBTbIH, *Kac 3epTTeyLlifiepre KepceTKeH KoaaayblHa, TaAIMIepik
KbI3MeTiHe, fblIbIMM TiKip anmacy MaLeHMeTiHe, YATTbIK eHepai 3epTTey macesiefiepiHaeri
YCTaHbIMAbI/IbIFbIHA ~ X2HE apinTecTepiMeH KacibuM KapbiM-KaTblHACbiHA epeklle Hasap
ayaapbinaabl. barbibek KyHaakbaes ecteniktepiHin, AxmeT *ybaHoB emipbaaHbIH TONbIKTbIPATbIH
9pi OHbIH Tanday webepniri MeH alaMn KacMeTTepiH alaTbiH MaHbl3Abl AEPEKKO3 peTiHAeri MaHi
anKkblHaanaapl. OTaHAbIK eHepTaHyAbl AambiTydasbl A.XKybaHoB neH b.KyHaakbaeB Kbl3meTiH
YKaNFACTbIPbIN KAaTKAH FblAbIMU-TINIMIEPAIK ADCTYPAiH cabaKTacTbiFbl benrineHen.

! PaGoTa BHITIOJNIHEHA B paMKax peaiuszanuy npoekta Komurera Haykd MUHHMCTEPCTBA HAYKU M BBICIIETO
obpazoBanus PecmyOomuku  Kaszaxcram BR27101897 «ludpoBast TpaHcopMaiuss 3IKOCHCTEMEI
JHUTEPATYpOBECHUS, (QONBKIOPUCTUKM M HCKyCCTBOBeINeHHA KazaxcraHa: MeXIUCHHUIUIMHAPHBIC
HCCIICIOBAHUS.
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TyWiH ce3pep: ectenikTep, agaMmrepwinik, MOAEHWET, 3UANLINbIK, FbIbIMK 3TUKA, BHEPTaHY.

Abstract. The article is devoted to the personality of Academician Akhmet Zhubanov in the
memoirs of theater critic, Doctor of Art History Bagybek Kundakbayev “Days Spent Together with
Akhmet Zhubanov”. On the basis of memoir evidence, three interconnected aspects of the
scientist’s personality are shown: humanity, the measure of intellectuality, and scientific ethics.
Particular attention is paid to A.Zhubanov’'s support for young researchers, his mentoring
activities, the culture of scientific discussion, integrity in matters of studying national art, and
professional relationships with colleagues. The significance of B.Kundakbayev’'s memoirs as a
source complementing the biography of A.Zhubanov and revealing his human and analytical
gualities is identified. The continuity of the scientific and mentoring tradition connecting the
activities of A.Zhubanov and B.Kundakbayev in the development of domestic art history is
determined.

Keywords: memoirs, humanity, culture, intellectuality, scientific ethics, art history.

B 3TOM roay KasaxcTaHCKoe obLlecTBO OTMeyaeT tobunenHble AaTbl pAAa BblAAKOWMXCA
neAtenemn, BHeCWMX HEOUEHWUMbIN BKAaZ B CTaHOBNEHME U pa3BuTMe 0OPa30oBaHMA, HAYKU U
MCKYCCTBA, @ TaKXe B COXPaHeHWe W JajbHelllee pa3BUTME HAUMOHANBHOIO Ky/IbTYPHOrO
Hacneamns. Cpean HUX HEMaNo NpeAcTaBUTENeN KyAbTypbl, YbM CTONETHME 0OMAEN OTMEYAOTCA B
TeKyLlem roay.

B uyumcne obUNApOB — aKTep KMHO M TeaTpa, 3ac/ysKeHHbl apTucT Kasaxckon CCP
Makunnbkoxa Kynanbaes; Bbligatowancs KobbiancTka, HapoaHasa aptuctka CCCP ®aTtnma banraesa,
NOAHABLUAA MCKYCCTBO WCMNOMHEHMA Ha Kobblze Ha NpodeccMoHanbHbI  YPOBEHb U
CPOPMMPOBABLLIAA MCMNONHUTENbCKYIO LWKOANY; AOMOPUCT, neaaror, 3aciyXKeHHbl AesTesnb
ncryccts Kasaxckoin CCP Xabuaonna TacTaHOB; BblAAOLWMNCA NpeacTaBUTelb n306pasnTeIbHOTO
McKyccTBa KasaxcTaHa, HapoAHbI XYAOMHWK, XYAOXMKHWK KMHO M rpadumk Caxm PomaHos;
M3BECTHbIN pexnccep Abaynna Kapcakbaes, BHECLIMI 3HAYMTENbHbIN BKAA4, B dopmMpoBaHMe
3010TOr0 GoHAa KaszaxCcKoro KuMHo; HapoaHbin aptuct CCCP mn KasaxctaHa Epmek Cepkebaes,
NPOCNaBUBLLMI KAa3aXxCKOE OMNEePHOE MCKYCCTBO Ha MMPOBOM YPOBHE.

Makunbko | ®atuma banraesa Xabugonna Epmek

XKa TacraHoB PomaHoB Kapcakbaes CepKkebaes
KynaHbaes

Kaskablil M3 HUX BHEC CBOM 0Ccobblii BKAaA, B NPOpeCccMoHaibHoe CTaHOBEHWE M pa3BuTme
onpeaeneHHOro Hanpas/ieHMsA HalMOHANbHOTO MCKYCCTBA. B uncne 1obunsapos — u TeaTpoBes,
[IOKTOP MCKyccTBOBeAeHMs barbibek KyHaakbaes.

CtonetHuin tobunelr barbibeka KyHaakbaeBa — y4yeHOro, BHecCLIEro ocobbili BK/Aagd, B
CTQHOB/IEHME N Pa3BMTUE Ka3axCTaHCKOrO MCKYCCTBOBEAEHMA (Mpesae Bcero, TeaTpoBeaeHms) —
npeaocTaBaseT BO3MOXHOCTb BHOBb 06PaTUTHLCA K 1o Hay4HOMY Hac/1eamto, MCCeA0BaTeIbCKUM
NpUHUMNAM W TPyAaM, MOCBALLEHHBIM W3YYEHUIO WUCTOPUM HALMOHANLHOTO TeaTpasibHOro
MCKyCCTBa.

Mpy M3y4eHUM TBOPYECKOTO M HaydyHoro Hacneausa barbibeka KyHaakbaesa ocoboe
3HaYeHMEe MMET M BOCMIOMMHAHMA O COBPEMEHHMKAX U yumtenax. Cpeam HUMx ocoboe MecTo
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3aHMMaeT ero o4epk 06 akasemuke AxmeTe HybaHose?. BocnomuHaHus «[lHKM, NpoBeaeHHble
Bmecte ¢ Axmetom KybaHoBbiM» KyHaakbaes nocsatnn 100-neTHemy tobuneto akagemuka. B
3Ton paboTe aBTOP NUWeET He TO/AbKO O BKAALE BbIAAMOLLErocA YYeHOro B pas3BuTUE
My3blKOBEeAEHMA, HO M NOAPOOHO PACKPbIBAaeT ero OPraHm3aTOPCKyt POb B CTAHOBAEHWM
Ka3axCTaHCKOro WCKYCCTBO3HAHMA, 3abOTy O MONOAbIX YYEHbIX, ParKAAHCKYD MNO3NUMIO B
BOMPOCax HaLMOHAbHOIO MCKYCCTBA M BbICOKYH MHTEN/IMTEHTHOCTD.

C 3TOM TOYKM 3peHMA BOCNOMUHAHKSA barbibeka KyHaakbaeBa npeacTaBasoT MHTEPEC He
TONIbKO KaK MeMyapHbI UCTOYHMK, OONOAHAKOWMA buorpaduio Axmerta HKybaHoBa, HO M Kak
LUEHHOe CBMAETEeNbCTBO, MO3BOAAKOWEE FNyOXKe MOHATb YenOoBevecKMe W MHTeNNeKTyasbHble
KayecTBa y4eHoro. BmecTte ¢ Tem KOHKpPETHble COObITUA M aBTOPCKME OLLEHKM, NPeACTaB/NeHHble B
TeKCTe, NO3BONAIOT YBMAETb OCOOEHHOCTU B3aMMOOTHOLWEHNN akageMnka AxmeTa KybaHoBa B
Hay4YHOW cpefe, ero No3nLMI0 B BONPOCAX 3alMTbl HALMOHANbHOMO MCKYCCTBA, @ TaK¥Ke Ky/abTypy
Hay4YHOW AMCKYCCUW. DTU OCODEHHOCTU MMEIOT CyLLEeCTBEHHOe 3HayeHue ana 6onee rnybokoro
OCMbICNIEHMA 3TUYECKMX aCMeKTOB, C OAHOM CTOPOHbI, M, C APYron — MNO3BOAAKT PACKPbITb
OTHOLLEHME aBTOPA K NPeACTaBUTENO CTapLLIEro MOKOJEHUA YYeHbIX, OCHOBAaHHOE Ha UCKPEHHEM
YyBaXeHUU U NPU3HATENBbHOCTM, @ TaKXKe MOKa3aTb KA4YeCTBO MX MPOPECCHMOHANbHbBIX U NUYHBIX
B3aVMMOOTHOLEHW.

Axmet HKybaHoB

AHanus ceeleHNI, CoOAePKALLMXCA B BOCMOMMHAHUAX, C TOYKM 3PEHNA STUYECKMX aCNEKTOB
NO3BONAET PACKPbITb HECKO/IbKO TPaHel AMYHOCTM akageMuka A.HKybaHoBa B MHTepnpeTauum
b.KyHpoakbaesa. B gaHHOW cTatbe ero obpas BOCCO34aH CKBO3b MPU3MY IMYHOCTHBIX KayecTs,
NOA/IMHHOW UHTENIUTEHTHOCTN U MOPaIN.

1. YenoseyHocTb. K [aHHOM rpaHW OTHOCATCA /MYHAA NOAAEPXKKA M BHUMaHWe
A.’ybaHoBa K b.KyHaakbaesy, ero npoctoTa B 0OLLEHNN, YYBCTBO FOMOPA, @ TaKKe CNocobHOCTb
0CO3HaBaTb BeC COOCTBEHHbIX C/I0B M BNOCNEACTBUMN CMATYaTb MX BO3AENCTBUE.

B BocnomuHaHuax barbibeka KyHaakbaeBa yenoBedveckuit ob6amk AxmeTa KybaHoBato,
npexae BCero, packpbiBaeTca 4yepe3 ero 3aboTy O MONOAbIX CNeUManncTax U NoAAEPHKKY MX
NpodeccMoHaNbHOro CTaHOBNEHWUA. MIMEHHO COBeT akaZeMuKa nobyamn asTopa OTNPaBUTLCA B
Mocksy ana obyyeHua B acnupaHType. MHybaHOB, OLEHWMB TBOPYECKME BO3MOMKHOCTU
KyHOakbaeBa, Oan emy KOHKPeTHOe HanpasieHue ANA [aNbHEeNWero HayyHoro noucKa:
«barblbeK, Tbl MHOrO NULWeLb CTaTeN B ra3eTbl U KypPHabl, M 3TO NPaBUAbHO — A1A TeaTPaibHOro

2 HammoMHMM, 9TO B 3TOM Trofly orMedaercs 120-neTue akagemuka AxMera XKy6aHosa. B JaHHOM KOHTEKCTE CIEMYET
OTMETHTB, YTO PacCMaTpUBAEMbIC BOCIIOMHHAHUS ObLTH HanucaHbl K 100-neTHeMy ro0miero Axmera JKybOaHoBa.
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KPUTMKA O4eHb MOAe3HO MOCTOAHHO My6AMKOBATLCA. A UMTalo TBOM MaTepuansl, y Teba yxke
OTANYHO HabwuTa pyKa. Ecnm nocnywaellb Moero coBeTa: bpocal ceiyac BCE 1 noeskar B Mockay,
NOCTynar B acnMpaHTypy. Tbl YenoBeK NUWYLMIA, NOSTOMY KaHAMAATCKYO AMCCepTaLmio
3aBepwunLWb ByKBaNbHO 3a roa-aAsa. Cynpyre, KOHEYHO, NPUAETCA HEMHOIO HENErKo, 3aTO B UTOre
Tbl CTaHELb HACTOAWMM y4EHbIMY [1, 16].

N3 3Tux cnos BUAHO, 4To A.HKybaHOB He TO/NbKO pacno3Has cnocobHOCTM MOoJs1040ro
uccnenoBaTens, HO M OTBETCTBEHHO OTHeccA K ero npodeccMoHanbHoMy byayuiemy. OH He
orpaHnYMBanCcs coBeTaMu, a cneamn 3a ydebon b.KyHaakbaera B MocKkBe, OpUEHTUPOBAA €ro Ha
3aBeplueHne auccepTalMoHHOM paboTbl B Hosee KOPOTKME CPOKW, a TaKxKe mnocelleHune
TeaTpasibHbIX MOCTAHOBOK M 3HAKOMCTBO C NPOPECCUOHANBHON INTEPATYPON.

3aboTa aKagemuKa He oOorpaHWM4MBanacb Hay4YHbIMM COBeTamMM. B BOCMOMWMHaAHMAX
5.KyHOoakbaeBa yNnoMMHAETCA TaKKe ero NoMoLb B PELIeHUM XKUANLLHOrO BoNpoca. ITOT 3nNn304,
noKasbiBaeT, 4To A.)KybaHOB He ocTaBancA 6e3yyaCcTHbIM M K ObITOBbIM OOCTOATENBCTBAM
MO/I0[10TO CNeLumanncTa. Xapaktep sTMx OTHOWEHWN ACHO NepeaatoT creyolme cnoBa aBTopa:
«fl noNy4Yna ABYXKOMHATHYIO KBapTUpy M biarocnoseHue...» [1, 18].

Eule oagHa 0cobeHHOCTb, pacKpblBatoLaa Yenoseveckumin 06amnk ybaHoBa, — ero npoctoTa
B 0OLIEHMM, CKNOHHOCTb K LIYTKE WU HEMPUHYXKAEHHOCTb B OTHOWEHMAX C NtoabMKW. BcnommHas
HoBOrogHM Bedyep 1965 roga, KyHaakbaeB nuweT: «AxmeT KyaHoBMY ntobun obuiatbes C
MONOAENKBIO N KONNEramu, a Npu caydae Bbln He Npoyb 1 nosecennTbea» [1, 17].

OJTa XapaKTepuCT1Ka NO3BONAET YBUAETb OA4HOBPEMEHHO BbICOKMIM aBTOPUTET aKaeMMKa
B 0dUUMANbHON Hay4YHOWM Ccpeae M ero NPoCTOTy B NOBCEAHEBHOM 0bLLeHMW. Vrpa Ha NMaHWHO,
aKKOMNAHWMPOBAHWE MEHMIO, LWYTKM C KOA/NEeramm M COBMECTHOE BPEMANPEenpOBOXAEHMNE
CBMAETENbCTBYIOT O ero CNOCOHBHOCTU YCTaHaBAMBaTb BIM3KME M pacnonaratoLime OTHOLEHMA C
OKPYKaoLWMMMU.

LleHHOCTb BOCMOMWMHAHMI 3aKAOHAETCA TaKXKe B TOM, YTO aBTOP HE OrpaHMYMBaeTcA
MCKNOUYNTENBHO MONOKUTENbHBIMM XapakTepucTnukamm A.XKybaHOBa, @ MOKa3blBaeT M CNOXKHbIE
CTOPOHbI ero xapakrepa. b.KyHaakbaes oOTKpbITO nuwer o Tom, 4Yto B 1967 roay nocne
KPUTMYECKOro o0T3blBa O cnekTakne A.MambetoBa «Kapakpinwak KobblnaHabl» MybaHoBs
OKasancAa 3a4eT cnoxuslenca cuTyaumenn. OAHaAKO  BMNOCNEACTBMM  aKafeMMK  CaM
NOWMHTEPECOBANCA, HE PAHWMAM NMN aBTOPA PaHee CKasaHHble MM C/A0Ba, M MOMbITAACA CMATYUTL
cuTyaumto: «doporot mon barbibek, Tbl He obuaenca Ha Te HedaBHWME CNOBaA TBOErO CTapllero
6paTa?» [1, 19].

B BOCMOMMHaHMAX coBpeMeHHMKoB A.)KybaHOBa MOXHO BCTPETUTb CBUAETENLCTBA TOrO,
YTO 3TW YeNOBEeYeCKMe KayecTBa NPOABAAANCE HE TONbKO B MOBCEAHEBHOM KWM3HW, HO U B €ro
Hay4yHOM aeATenbHocTM. Tak, baybiprkaH MoOMbIWYAbl B BOCMOMMHAHMAX «AKageMuK AxmeT
ybaHoB» oTmeuyaeT: «TakMm 06pa3om, AOCTOMHO BbIMOAHMA TPAXKAAHCKMA AONAT nepen
KypmaHrasbl. 1 cumTato 3TOT TPYA BENUKOM T'YMaHUTAPHOM M rpaxaaHCKoM 3acayroi AxaHa» [2,
106]. MoaobHble NPUMEPbLI MOXKHO MPUBECTU U 13 TPYAO0B APYrMX NccaeaoBaTe e, NoCBALLEHHbIX
TBOpYeCTBY M AeATenbHocTn AxmeTa KybaHoBa. B cpaBHUTENbHO-MCCNEA0BATE/ILCKOM acnekTe
[aHHbIN Bonpoc TpebyeT AanbHENLWEro naydyeHus.

3TOT anM30/4, HaNOMMHAET O HEODXOAMMOCTMN BOCMPUMHUMATL MYHOCTb HKybaHoBa He KaK
be3ynpeyHblt 00pas, a KaK CNOXHYH YeN0BeYEeCKytd WHAMBUAYaAbHOCTb, 061a4atolLyto
COOCTBEHHbIMW 4YyBCTBAaMM M OCOBEHHOCTAMW XapakTepa. Ero cTpemneHwe Bnocneactsmm
NepeoCcMbIC/IUTb BEC CKa3aHHbIX MM C/IOB M BOCCTAHOBWUTb FAPMOHMIO B OTHOLLIEHMAX NPeACTaeT Kak
BaXKHaA COCTaBNAOLLAA €r0 Ye0BEYECKOWN KYNbTYpbl.

2. UHTennvredtHoctb. Obpa3 AxmeTta MybaHOBa Kak MHTEAINIEHTa PAaCKpPbIBaeTCa Yyepes
ero TaKTUYHOCTb, MaHepy pPeyYn, YMeHWe BblparkaTb CBOK MO3MLMIO NOCPEeACTBOM tOmMopa W
MPOHUM, TNyBOKOoe 3HaHWe Pa3/IMYHbLIX BWMAOB MCKYCCTBA, a TaKXe CTUAb ODWEHMA C Nt04bMMU
CTapLUero 1 MaaaLlero NoOKoAeHnA.
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B BocnomuHaHuax barbibeka KyHaakbaeBa WHTENNUreHTHOCTb AxmeTa HybaHoBa
PaCKpbIBAaeTCA 4Yepes LWKPOTY ero Ky/AbTYpPHOro Kpyrosopa, WMHTEepec K pPas/iMyHbIM BMAAM
MCKYCCTBA M TAKTUYHOCTb B OTHOLWIEHMAX C NtoabMu. ABTop 0cobo noayepkmsaeT, 4to HKybaHos
rnyboKo 3HaN 1 TeaTpasbHOE UCKYCCTBO: « MbIC/1b, KOTOPaA TOr4a y MeHA BO3HWKAA, 3aKNt0o4anachb
B TOM, 4TO AXxMeT KyaHOBMY TaKKe BCECTOPOHHe pa3bupasnca B Teatpe» [1, 17].

3T0 MHeHMWe npeacTaBnAaeT cobol He NPOCTO OLEHOYHOE CyXKAEHWe MeMyapHOro
xapakTtepa. b.KyHaakbaes, ysnaes A.XybaHoBa B KaYecTBe CBOEro NepBOro ONMnoHeHTa Ha 3alWmTe
amcceptaumm, ybeamnca B TOM, YTO OH Obln roToB NPOodeccMoHanbHO aHaANM3MPOBATbL BOMPOCHI
TeaTpoBeAeHMA: «BbICTyNMB B Ka4ecTBe NepBOro ONMNOHeHTa AMccepTaumm, AxaH —c ogobpeHmnem,
rnyboOKMM Hay4HbIM aHANM30M WM OAMHAKOBbIM MACTEPCTBOM BNAAEA KaK Ka3axCKMM, TaK U
PYCCKMM S3bIKOM, — FTOBOPWA C HACTOALLMM BAOXHOBEHMEeM» [1, 17].

B A4aHHOM KOHTEKCTe MOHATME MHTENIMITEHTHOCTM He OrPaHMYMBAETCA LWMPOTON 3HAHWM
nnn spyanumen. OHO NPOABNAETCA TaKKe B CNOCOBHOCTM YMECTHO MPUMEHATb MOyYeHHble
3HaHMA, NOHWMMaTb npobnemaTuky Apyro 06NacTM MCKYCCTBA WM KOPPEKTHO, ybeauTenbHo
Bblpa*kaTb COOCTBEHHYHO NO3ULMIO.

KynbTypa obuieHma MybaHoBa npossnanace M B ocobeHHoCTAX peun. KyHaakbaes
XapaKkTepuayeT ero caeaytoumm obpasom: «AxmeT KyaHOBUY Obll YENOBEKOM NMPUHLMMMANBbHbBIM
M CaMoNtobMBbIM — OH HMKOrA4a@ M HMKOMY He No3BonAn bpaTb Haz cobol Bepx B cnope. byayun
MaCTepOM TOHKOM WMPOHMM M CapKasma, OH, He MOBbIWAA FON0Ca, MATKO WU CMOKOMHO ymen
NocTaBUTb Nt0HOro onnoHeHTa Ha mecto» [1, 17].

34ecb aBTOP NOKa3blBaeT He TO/IbKO YyBCTBO COOCTBEHHOrO A0CTOMHCTBA A. HKybaHOoBa, HO
M ero cnocobHOCTb paspellaTb CMOPHblE CUTYaUMM He MOCPeACTBOM MOBbIWEHHONO TOHA UK
KOHOPOHTaLUMKN, @ C MOMOLLbIO CN0BA, MPOHUU W UHTEANEKTyaZlbHOW aprymeHTauum. B atom
CMbICNIE Mepa MHTENNUTEHTHOCTM HKybaHOBa HenocpeACTBEHHO CBA3aHA C YPOBHEM HAy4YHOM U
MEXMYHOCTHOM ANCKYCCUN.

Cnenytollan xapakTepuCTUKa, NPUBEAEHHAA B 3aKNOUYMTENbHOM YAaCTWM BOCMOMWMHAHWMA,
0606LL1aeT ecTeCTBEHHOE EAMHCTBO BHELLHEN BOCMUTAHHOCTW M BHYTPEHHEM KyNbTypbl KybaHoBa:
«BcTpeyada cTapwmx No BO3PACTy UAM CBEPCTHUKOB, OH 3[,0POBa/CA, NPUNOAHMMAA OAHON PyKOM
WAANy 1 cnerka ynbibaacob» [1, 19].

ABTOp BOCNPUHMMAET 3TOT XKECT He MPOCTO KaK SN1eMEHT NOAYEPKHYTOMN BEXANBOCTM, @ KaK
NPoABAEHWE NPUPOAbI IMYHOCTU. TTOSTOMY UTOrOBasA XapaKTEPUCTMKA B BOCMOMMUHAHMAX TaKKe
NOATBEPKAAET 3TY MbIC/Ab: « IHTENNUTEHTHOCTb, BbICOKAA Ky/abTypa M MyApOCTb BbIAM NpUcyLLm
AxaHy OT Npupo/bl, COCTaBNAS OCHOBY ero rnybokom yenoseyHoctm» [1, 19].

B nHTepnpeTtaumnmn barbibeka KyHaakbaeBa MHTeNAMreHTHOCTb A.HKybaHoBa nNpoasBaseTcs
He TONbKO B ero 06pa3soBaHHOCTM M WKMPOTE 3HAHUIM, HO U B MaHepe peyun, ypoBHE BeAeHMs
OMCKYCCUK, YBAXKUTENbBHOM OTHOLUEHMM K CTaPLIMM M TaKTUYHOCTM B ODLLLEHWN C OKPYKAOLLMMMU.

3. HayyHaa 3TMKa. Ocoboe 3HayeHWe MWMeloT TaKMe acneKTbl, KaK BbICTyNaeHWe
A.ybaHoBa B KayecTBe MepBOro OMMOHEHTa, ero yyacTue B 3aliMTe AuccepTaumin Monoapbix
yYeHbIX, a TaKXe MPUHUMNMAaNbHaa NO3MUMA B BOMPOCAX UCTOPUKO-TEOPETUYECKOTrO M3y4YeHUs
HALLMOHANbHOIO UCKyCCTBA. IMEHHO OHUW COCTAaBAAKOT OCHOBHbIE apryMeHTbl CTaTbM, CBA3AHHbIE C
npobaemaTnKon Hay4YHOM STUKMN.

B BocnomuHaHMAx barbibeka KyHaakbaesa HaydHaa 3TMKa AxmeTa HybaHoBa, npexae
BCEro, MPOABAAETCA B MNOAJEPMKKE MOJIOAbIX MCCAedoBaTenel, Co3aaHMW YCA0BUM ANA UX
CTAaHOBNEHMA M NPUHLUMNNANBHOM OTHOLWEHMW K Hay4YHbIM Npobnemam. O6CTOATENbCTBA 3aWMTbI
ancceptaumm camoro b.KyHaakbaeBa ABNAKOTCA KOHKPETHbIM TOMy npumepom. A.XKybaHos
3apaHee coobuwmn emy, 4to HByaeT NepBbiIM OMMOHEHTOM, M AaN PeKOMeHAALUMU OTHOCUMTENbHO
NOArOTOBKM K 3awimTe: « MHCTUTYT A3bIKO3HAHMA 1 MHCTUTYT AnTepaTypbl M MCKYCCTBA OPraHu3ytoT
0ObeAVHEHHbIV YYEHbIN COBET, TaK YTO rOTOBLCA K HEMy. Mbl NPUIAACUAN yYeHbIX-TeaTPoBEAOB
3 MockBbl M TalKeHTa, @ A — TBOW NEPBbI OMNMOHEHT, Tbl BeAb He MNpoTMB? TONLKO BOT
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3alMWATLCA Ha 3TOM coBeTe OyaeT MocnoxHee, 4yem B MoOCKBe: 3aZaTb MOMYT O4eHb MHOrO
Bonpocos» [1, 17].

B [4aHHOM CAy4ae MOXHO YBMAETb COYEeTaHMe Hay4yHOro HacCTaBHM4YeCTBa M
npodeccMoHaNbHOM OTBETCTBEHHOCTM CTapwero Koanern. MybaHOB CTpemMMACA He MnpocTo
obecneynTtb ycnewHyto 3awmty KyHaakbaesa, HO 1 TpeboBas OT HEro roTOBHOCTU K CEPbE3HOM
amckyccnn. Takmm  0Bpasom, NoAAepsKKy MOAOA0r0 Yy4eHOro OH He MNPOTMBOMOCTABAAN
NpeabaABAEHUIO K HEMY CTPOrMX TPeboBaHMN.

b.KyHpakbaes ocobo oTMeyaeT ypoBeHb Hay4yHOM akcnepTusbl A.XKybaHoBa B obHaactu
TeaTpoBeAeHuA. [1OBTOPMM BasKHbIM Te3nc: «BbICTyNMB B KadyecTBe MNEepBOro OMNMOHEeHTa
anccepTaumm, AxaH —c ogobpeHnem, rnyboKMM Hay4YHbIM aHaIM30M M OAMHAKOBbIM MAacTEPCTBOM
BNAZEA KaK Ka3axCKMM, TaK M PyCCKMM A3bIKOM, — TOBOPM/ C HACTOALLMM BAOXHOBeHWeM» [1, 17].

Cyaa no npuBeAeHHbIM aBTOPOM CBeAeHMAM, BAnaHme A.)KybaHOBa B Hay4HOWN cpeage He
OrpaHMYMBaNOCh NOAAEPIKKOM OTAENbHbIX MccneaoBaTenei. b.KyHaakbaeB xapakTepusyeT ero
KaK y4YeHOro, OKa3aBLIero CyuleCTBEHHOE BAMAHWE HA CTAHOBJEHWE MEePBbIX Ka3aXCTaHCKMX
TeaTpoBeAOB WM My3blKOBeAOB: «TakMm 00OpPa3oM, MPUCBOEHME YYeHbIX CTeneHen nepBbiM
OTeYeCTBEHHbIM TeaTpoBeaaMm, 3alUTUBLUMMCA Yy HAc B pecnybanke, 66110 MHMLMATUBOM AXmeTa
*ybaHosa» [1, 17].

B 3TOM CBA3M MOXKHO OTMETUTb CO3BYYME AAHHOW MbICAK C BbiCKa3sbiBaHMeM C.Kysembait:
«A.K.)KybaHoB oKa3an 60/bloe BO3AENCTBME TAKKE HA PA3BUTUE CMEXKHbIX 'YMaHUTaPHbIX HayK
— Ha nuTepaTtyposeaeHue, GONbKAOPUCTURY, 3THOrpaduio» [3, 490].

Kpome Toro, aBTop HasbiBaeT [adypy buceHoBsy, bucenranm Nisatosa, 3erMHypa Kocnakosa,
AnTblH KeTereHoBy, 3alUMTUBLUMX KaHAMAATCKME AMCCepTauum Noa pyKoBoACTBOM HybaHoBa, a
Takke Mapuam AxmetoBy K Aamy TemupbekoBy, MCMbITaBLIMX €ro BAWAHWE, «MNEepPBbIMM
HaLMOHANbHbIMX My3blKOBEAaMM». ITU CBEAEHWMA CBUAETENbCTBYIOT O 3HAYMTENbHOW pPOAu
aKkagemuka B GOPMMPOBaHMM HaYYHOM LLKOAbI [4].

Elle oaMH BaXKHbIM 3TUYECKMIN acNeKT NpoABaAeTca B No3mummn KybaHoBa OTHOCUTENBHO
0OBEKTMBHOM  OUEHKM HALMOHANBbHOTO MCKycCTBa. Bo Bpema obcyxaeHna B Mockse
MHOFOTOMHOIO M34aHMA MO UCTOPUM COBETCKOM MY3bIKM OH MPUHUMNMAABHO BbICTYNWA NPOTMB
BCTYMUTENIbHOM 4acTM, B KOTOPOM My3blKa/lbHOMY WCKYCCTBY HALMOHANbHbLIX pecnybamnk
yAENAN0Cb HeAOCTAaTOYHOE BHMMaHMe: «HeaocTaToyHOe BHMMaHWE K My3blKe APYrMX Hapoa0B —
ABNEHME Henenoe n HeobOCHOBAHHOE Kak C HAaYYHOM, TaK M C KybTypHOM TOYKK 3peHns» [1, 18].

JTO BbICKa3blBaHMe MO3BONAET MNOHATb nNpeacTasneHne A.KybaHoBa O Hay4HOW
0ObEKTUBHOCTU. M3yyeHWe KasaxCKow (M Apyroi) mysblKM OH PacCMaTPMBaN U C TOYKMU 3pEHUS
HaUMOHa/NbHbIX MHTEPECOB, W B KOHTEKCTe obuleHay4yHblX TpeboBaHUN U Ky/bTYPHOM
OTBETCTBEHHOCTM. [10 ero MHEeHWIO, OrpaHMYMBaTbLCA /NIMWb NEepedyncieHMeM HasBaHui
Npou3BeAEHNN NPU PACCMOTPEHMM My3bIKaNbHOrO Hacneama pecnybanMK 03Ha4ano OTCTynaTb OT
npuHuMna Tpebyemon NoAHOTHI.

B gaHHOM 3MM304€e OTYETAIMBO NPOsBAseTcA M no3uuma AKybaHoBa B BO3HUKLLEN
amckyccnm. OH He TONTbKO OTKPBITO BbICKA3blBAET CBOE MHEHME, HO M 0OOCHOBbIBAET €r0 C HAY4YHOM
N KYyNbTYpPHOM Todek 3peHusa. OueHka KyHaakbaesa — «[MpMHUMNMANBHOCTL M ropaoCcTb AxaHa, C
KOTOPbIMM OH 3allMWan Kak HauMOHa/libHOE WCKYCCTBO, TaK M YeCTb HapoAa, a TaKKe ero
rnyboKoMbIC/IME, BbICOKAA Ky/abTypa M MYAPOCTb B BbICKA3blBaHWM KPUTUKKU MNPOABUIMCH Ha
BbICOYAMLLIEM 3TUYECKOM YPOBHE, CAYXKalLeM WMCTMHHbIM npumepom» [1, 18] — npeactasnaet
cobol aBTOPCKOE OCMbIC/IEHME AAHHOIO 3NM304a.

Takum 06pa3om, MOHATME HAy4yHOM 3TUMKM B [JAHHOM KOHTEKCTE He orpaHM4MBaeTcAa
MCKNOUYMTENBHO NPOdeCcCcMOHaNbHbIMKM 06A3aHHOCTAMKM MUccnenoBaTend. OHO npeacTaeT Kak
bonee WMPOKaAa CMCTEMA MPUHUMMNOB, BKAOYAIOLLAA NPUBEPIKEHHOCTb UCTUHE, OOBEKTUBHYIO
OLEHKY MCKYCCTBA Pa3/IMYHbIX KyAbTyp, MNOALEPMKKY MOAOALIX Y4EHbIX NPU OAHOBPEMEHHOM
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NPeabABNEHNUN K HUM BbICOKMX MPOPeCccHMoHanbHbIX TpeboBaHMIM M YyBCTBO OTBETCTBEHHOCTU
nepes, Hay4HbIM COOBLLECTBOM.

B cBoell HayyHoOW AeaTenbHOCTW barbibek KyHaakbaes rnyboKo 0CO3HaBan 3HayeHue
NOAAEPKKM U HAacTaBHUYECKOro npumepa AxmeTta HybaHoBa, KOTOPbIM TOT OKa3biBa/l MOIOAbIM
yYeHbIM, W caenan sTM  NPUHUMNbI  OAHWMMM U3 BaXKHbIX OPUEHTMPOB COBCTBEHHOW
npodeccnoHanbHoOn AeaTenbHOCTU. [NonydeHHbIn oT AKybaHoBa Hay4YHO-HPABCTBEHHbIA OMbIT
b.KyHaoakbaes BnocieacTBUM NPOAOIKMA CaM, OKa3biBasd NOAAEPMKKY MOMCKAM MHOTMX MOIOAbIX
nccnenoBatenei, paboTtasLlimx B 061aCTM My3blKM, TeaTpa, KMHO 1 M300pa3nTeIbHOro MCKYCCTBa,
M CNOCOBCTBYA 3aLMTe UX AMCCEPTaLMOHHBIX PaboT.

.

3a TpubyHol barbibek Kpr,aK6ae (2007 - TyHroiwban MamaHkynos, Laxbim Mynnbies,

MNpeacepatens JuccepTayMOHHOIO COBETA Aknmnma OmapoBa, barbibek KyHaakb6aes,
MHCTUTYTa IuTepaTypbl N UCKYCCTBA UM. TyxtacuH MNadpypbekos, AnHyp KasTyraHoBa
M.O.Ay3308Ba (2007)

OcobeHHO NoKasaTesibHa B 3TOM OTHOLWEHMM ero AeATe/IbHOCTb B Ka4ecTse npeaceatens
[nccepTtaumoHHoro coseta W/1M, koTopaa no3sonAeT Honee OTHETANBO ONpeaennTb MacwTab ero
BK/JaZa B Pa3BUTUE MCKYCCTBOBEAEHWNA N GOPMMPOBAHME HAYYHbIX KaAPOB. MIMEHHO C 3TOM TOYKM
3peHMA  Hay4yHO-OpraHM3aumMoHHaa  aeATenbHoCTb  b.KyHaakbaeBa  cBMAETENbCTBYET O
NPeemCcTBEHHOCTM Hay4YHOM TpaamLUmm, chopmmpoBaHHoM A KybaHOBbIM.

CerogHAa Hay4HbIM NyTb uMcCnegoBaTeneir, NNOAOTBOPHO paboTatowmx B PasAMYHbIX
061acTAX MCKYCCTBOBEAEHMA, MO3BONAET MNPOCAeAWUTb MNPEeeMCTBEHHOCTb 3TOM Tpaauuum wu
CBMAETENbCTBYET O }KM3HECNOCOOHOCTN HAay4YHOro M HaCTaBHUYECKOro Hacneama A.KyHaakbaesa.

Cyntaem HeobXoAMMbIM B Ja/ibHENLLEM PACLUMPUTD PAMKM M3YYeHWUS AaHHOM Npobaembl.
Bo-nepBbIx, BaXKHO COMOCTaBUTb OLEHKWN, COAEPIKALLMECA B BOCMOMMHAHUAX APYTMX yYeHbIX 00
AxmeTe HybaHoBe, M BbIABUTb WX OOLWHOCTb M OTAMYUTENbHblE OCOBEeHHOCTWU. BO-BTOPBLIX,
HeobXoAMMO  YTOYHMTb CBeAEeHMA, MNpeacTaBAeHHble B BOCMOMMHAHWMAX, Ha OCHOBe
AOMNONHUTENbHbIX MaTepuanos, bonee NoAPOOHO PAcKPbITb X0 Hay4HbIX 06CyKaeHnn B Mockse,
0cobeHHOCTM  NPOdECCMOHANbHbLIX  B3aMMOOTHOLWIEHUI  MeXAy YYEeHbIMM W BOMPOCHI,
nogHMMaBLIMECA B XO4€e AMCKYCCUI. B-TpeTbux, aKTyanbHbIM NpeacTaBndeTca bonee Wmpokoe
pPaccMOTpeHMe MmacliTaboB Hay4yHO-OPraHM3auUMOHHOM AeATeNbHOCTU, OCYLLECTBAABLIENCA B
cTeHax WMHcTUTyTa AuTepatypbl M uckycctBa mmerHn M.O.AyazoBa. B-yeTBepTbix, HEOHXOAMMO
0603HaYNTb Ha OCHOBE KOHKPETHbIX MaTepuanos NPUHUMNMANbHOCTL A.XKybaHoBa B Hay4HbIX
BOMPOCAX M €ro rpa*kAaHCKy NO3MLMIO B OTHOLWEHWM HalMOHAIbHOTO MCKYCCTBA. B-NATbIX, Ba*KHO
OLEHNTb BAMAHME YYEHbIX CTapLIero NoKoseHna Ha GopMmnpoBaHMe Hay4HOro MMPOBO33PEHMA U
npodeccMoHanbHOe CTaHOBNEHME MOAOAbIX MccnenoBaTenei. MccnenoBaHMAa B 3TUX
HamnpaBNEHWUAX MO3BONAT [NyDXKe OCMbICAUTL CBEAEHMA, COAEp)Kalimeca B BOCMOMMHAHMAX
Barbibeka KyHaakbaeBa, M B MOAHON Mepe BOCMPUHATL UX HAay4YHO-NO3HABaTENbHYIO LLEHHOCTb.
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BocnomunHaHua barbibeka KyHaakbaeBa npeacTatoT BarKHbIM MEMyapHbIM MCTOYHMKOM,
MNO3BO/AIOLLMM PACKPbITb HAy4YHYKO AeATenbHOCTb AxmeTta KybaHOBa, ero 4enoBeveckuit U
MHTEeNNeKTyanbHblh  06aMK. CoyeTas /NMYHOe yBaKeHme asTopa K A.K.KybaHosBy cC
NpodeccnoHaNbHOM OLLEHKOM ero AeATeIbHOCTM, BOCMOMMHAHWA PACKPbIBAIOT HAYYHO-3TUYECKME
NPUHUMMbI YY4EHOrO Yepes ero NoaaepKy MONOAbIX UccnegoBaTenen, 3aWmMTy HaUMOHAAbHOro
MCKYCCTBA, Ky/NbTypy HAay4YHOW AMCKYCCUM M XapaKTep npodecCcMOoHaNbHbIX B3aMMOOTHOLWEHWI C
Konaeramu.
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ARTIFICIAL INTELLIGENCE AS A DIGITAL
INTERLOCUTOR: TRANSFORMING
INTERPERSONAL INTERACTION IN
CONTEMPORARY KAZAKHSTAN

Kangtarbayeva Sh.
Narxoz University, Almaty, Kazakhstan

Abstract

The rapid integration of generative artificial intelligence into everyday life is transforming
not only information-seeking and professional practices but also interpersonal communication,
advice-seeking, self-disclosure, and emotional support. This study examines how generative Al
functions as an adviser, conversational partner, and communicative resource among adults in
Almaty, Kazakhstan, focusing on two potentially coexisting processes: interaction substitution,
whereby Al partially replaces human interaction in selected communicative and supportive
functions, and interaction augmentation, whereby Al facilitates subsequent communication with
other people. A quantitative cross-sectional survey was conducted among 427 adults aged 18
years and older. The analysis included descriptive statistics, reliability analysis, Spearman
correlations, group comparisons, and multiple regression modelling. The findings showed that
interaction augmentation was more prevalent than interaction substitution. Personal Al use was
strongly associated with both substitution and augmentation, while substitution was additionally
associated with greater Al self-disclosure and loneliness and with lower perceived social support.
Al trust emerged as the strongest independent correlate of interaction augmentation. Significant
age differences were also identified, with younger respondents and students reporting
substantially higher levels of both forms of Al-mediated interaction. Importantly, substitution and
augmentation were positively correlated, indicating that they represent coexisting rather than
mutually exclusive patterns of human—Al interaction. The findings suggest that generative Al does
not simply replace interpersonal communication but contributes to a broader redistribution of
communicative functions between human and technological actors. By providing evidence from
Almaty, the study extends the emerging literature on human-Al interaction to a Central Asian
urban context and highlights the need to conceptualise generative Al as an increasingly embedded
component of contemporary social interaction.

Keywords: generative artificial intelligence; human Al interaction; interpersonal
communication; interaction substitution; interaction augmentation; Al-mediated communication;
self-disclosure; social support; loneliness; Kazakhstan.

Introduction

The rapid development of generative artificial intelligence (Al) is reshaping not only
technological and professional practices but also the ways in which individuals communicate, seek
advice, disclose personal experiences, and obtain social and emotional support. Earlier stages of
digitalisation primarily changed the channels through which interpersonal communication
occurred, allowing individuals to maintain social relationships across spatial and temporal
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boundaries. Generative Al introduces a qualitatively different form of mediation. Rather than
functioning solely as a channel connecting human actors, Al systems can participate in the
communicative process by generating messages, interpreting users’ requests, offering
recommendations, and sustaining extended dialogue. This development challenges conventional
distinctions between interpersonal and technologically mediated communication and raises
broader sociological questions concerning agency, trust, social presence, and the changing
boundaries of social interaction. The concept of artificial intelligence-mediated communication
(AI-MC) provides an important starting point for understanding this transformation. Hancock et
al. (2020) define Al-mediated communication as interpersonal communication in which an
intelligent agent modifies, augments, or generates messages in pursuit of communicative goals.
The increasing sophistication of large language models, however, extends the role of Al beyond
mediation between human communicators. Contemporary conversational systems can
themselves become objects of interaction: users may ask them for advice, discuss personal
difficulties, seek assistance in decision-making, prepare for conversations with other people, or
use them as sources of informational and emotional support. Consequently, the sociological
significance of generative Al lies not only in the automation of communication but also in its
gradual incorporation into practices that have traditionally depended on interaction with other
human beings.

Recent research provides growing evidence that human Al interaction may acquire
relational characteristics that go beyond instrumental technology use. Zhang et al. (2024), for
example, demonstrate that users may conceptualise their relationship with Al assistants in
different ways, including partnership-oriented forms of interaction, and show that perceived social
support mediates the relationship between human—Al relationship type and subjective well-being.
More recent studies have similarly examined the emergence of emotional attachment to social
companion Al. Hu et al. (2025) found that interpersonal circumstances, perceptions of Al
personification, and evaluations of the benefits and costs of interaction contribute to the
formation of attachment to Al companions. Experimental research further suggests that
interaction with Al can generate perceptions of interpersonal closeness under particular
conditions, demonstrating that the social consequences of conversational Al cannot be reduced
to its technical functionality alone (Qian & Wan, 2025). One particularly important dimension of
this emerging relationship concerns emotional support and loneliness. Al companions have been
discussed as accessible conversational partners capable of providing users with a sense of being
heard and supported. De Freitas et al. (2024) found evidence that interaction with Al companions
can reduce momentary feelings of loneliness and that the perception of being heard plays an
important role in this effect. Jacobs (2024), however, approaches Al companionship from a more
critical perspective, drawing attention to the ways in which technologically mediated
companionship may alter experiences of recognition, meaningful relatedness, and loneliness.
Recent large-scale evidence also indicates that the relationship is unlikely to be uniform:
associations between Al companionship and subjective well-being can vary according to users’
existing social connectedness and levels of loneliness (Takahashi et al., 2026). These findings
suggest that interaction with Al should not be conceptualised as inherently socially beneficial or
inherently isolating; rather, its consequences may depend on the social circumstances in which Al
becomes incorporated into everyday life. This ambiguity points to a central issue for the sociology
of contemporary human—Al relations: whether conversational Al substitutes for or augments
interpersonal interaction. The substitution perspective suggests that readily available, responsive,
and non-judgmental Al systems may reduce users’ reliance on friends, relatives, colleagues, or
other significant persons for advice, discussion, and emotional support. If individuals increasingly
turn to Al before approaching another person, some communicative and supportive functions
previously embedded in interpersonal networks may become partially transferred to technological
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systems. Concerns about such displacement have become particularly relevant in discussions of
companion Al, where prolonged reliance on artificial conversational partners may potentially
affect users’ engagement with human relationships (Malfacini, 2025).

An augmentation perspective leads to a different expectation. Al may support rather than
displace interpersonal relations by helping individuals clarify their thoughts, formulate messages,
consider alternative perspectives, or prepare for difficult conversations. In this case, interaction
with Al becomes an intermediate stage within a broader human-to-human communicative
process. Such a perspective is consistent with the original conception of Al-mediated
communication as technology capable of modifying or augmenting communicative behaviour
(Hancock et al., 2020). It also reflects the broader possibility that relationships with Al may produce
informational or emotional support without necessarily replacing existing human social ties (Zhang
et al., 2024). The distinction between substitution and augmentation is therefore analytically
important because similar levels of Al use may correspond to substantially different
transformations of social interaction. These questions are especially relevant in Kazakhstan, where
Al is becoming increasingly embedded in the country's broader process of digital transformation.
The Government of Kazakhstan approved the Concept for the Development of Artificial
Intelligence for 2024-2029, establishing the development of an Al ecosystem, human capital,
research capacity, infrastructure, data governance, and regulation among national priorities
(Government of the Republic of Kazakhstan, 2024). This institutional development reflects a wider
digital environment in which technology is increasingly incorporated into citizens’ interactions
with education, employment, services, and information. Kazakhstan has consequently become an
important Central Asian context in which to examine not only the economic and institutional
adoption of Al but also its emerging social consequences.

Yet the social implications of Al adoption remain considerably less understood than its
technological, educational, and economic dimensions. In particular, limited empirical attention
has been devoted to how residents of Kazakhstan integrate generative Al into personal
communication, advice-seeking, emotional disclosure, and everyday decision-making. This gap is
significant because the consequences of Al cannot be inferred solely from technological adoption
rates. The same conversational system may function for one user primarily as a productivity tool,
for another as a source of information, and for another as a confidential conversational partner.
Understanding the transformation of social interaction therefore requires examining not simply
whether individuals use Al, but how Al is positioned in relation to existing interpersonal ties.
Almaty provides a particularly relevant urban setting for examining these emerging practices. As
Kazakhstan’s largest metropolitan and major educational, professional, cultural, and technological
centre, the city brings together populations differing substantially in age, education, employment
status, family circumstances, and patterns of digital engagement. Examining adults across
different age groups is particularly important because the social incorporation of generative Al is
unlikely to be generationally uniform. Younger adults may encounter Al through education, digital
communication, and emerging professional practices, whereas middle-aged and older residents
may integrate these technologies into different configurations of work, family life, information
seeking, and interpersonal support. A city-level study therefore makes it possible to investigate
variation in human Al interaction without assuming that a single pattern characterises Kazakhstan
as a whole. Against this background, the present study examines the role of generative Al in the
transformation of interpersonal interaction among adult residents of Almaty, Kazakhstan. Rather
than treating Al use solely as an indicator of technological adoption, the study conceptualises it as
a potentially relational social practice encompassing advice-seeking, emotional support, self-
disclosure, perceived understanding, communication preparation, and reliance on Al relative to
human contacts. Particular attention is given to two competing but potentially coexisting
processes: interaction substitution, whereby Al reduces reliance on other people for certain
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communicative or supportive functions, and interaction augmentation, whereby Al facilitates
subsequent interpersonal communication. Accordingly, the study addresses the following
research question: How is the use of generative artificial intelligence as an adviser, conversational
partner, and source of support associated with the transformation of interpersonal interaction
among adults in Almaty, Kazakhstan? More specifically, it examines whether greater engagement
with Al for personal purposes is associated with the partial substitution of human advice and
communication, whether Al is used to facilitate and improve subsequent interpersonal
interaction, and how these patterns vary according to respondents’ socio-demographic
characteristics, loneliness, perceived social support, trust in Al, and willingness to disclose personal
information. By shifting the analytical focus from Al adoption to the relational practices
surrounding its use, the study seeks to contribute to the emerging sociology of human-Al
interaction and to provide empirical evidence from a Central Asian urban context that remains
underrepresented in the international literature.

The aim of this study is to examine how the growing use of generative artificial intelligence
as an adviser, conversational partner, and source of informational and emotional support is
associated with the transformation of interpersonal interaction among adult residents of Almaty,
Kazakhstan, with particular attention to whether Al-mediated practices substitute for or augment
traditional forms of human-to-human communication.

The object of the study is interpersonal social interaction among adult residents of Almaty in
the context of the increasing integration of generative artificial intelligence into everyday life. The
subject of the study comprises patterns of interaction with generative Al, including its use for
personal advice, emotional support, self-disclosure, decision-making and communication
assistance, as well as the relationship of these practices with trust in Al, perceived social support,
loneliness, and the substitution or augmentation of interpersonal interaction.

Research Hypotheses

H1. Higher levels of personal and emotionally oriented Al use are associated with a greater
tendency to substitute Al interaction for traditional interpersonal practices, including seeking
advice, discussing personal problems, and turning to other people for support.

H2. Higher levels of Al use for communication-related purposes are associated with greater
augmentation of interpersonal interaction, expressed in using Al to prepare for difficult
conversations, formulate thoughts and emotions more clearly, and facilitate subsequent
communication with other people.

The two hypotheses are not treated as mutually exclusive. Generative Al may simultaneously
substitute for some forms of interpersonal interaction while augmenting others. The study
therefore conceptualises the social consequences of Al use as a continuum between interaction
substitution and interaction augmentation, rather than assuming an exclusively positive or
negative effect of Al on human relationships.

Theoretical Framework

The theoretical framework of this study integrates the CASA paradigm, Human—Machine
Communication HMC, Al-mediated communication, relational-agent research, and studies of self-
disclosure and Al companionship. The CASA perspective demonstrates that individuals may apply
social rules and expectations to technological agents even when they understand that they are
interacting with machines, which helps explain why generative Al can be perceived as a socially
meaningful interlocutor (Nass et al., 1994). Building on this, Human—Machine Communication
conceptualises Al as an increasingly active participant in communicative exchanges rather than
merely a technical channel (Guzman & Lewis, 2020), while Al-mediated communication theory
highlights its role in modifying, generating, and augmenting interpersonal communication
(Hancock et al., 2020). Research on relational agents further shows that repeated interaction with
computational systems can generate trust, familiarity, engagement, and friendship-like
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perceptions (Bickmore & Picard, 2005; Bickmore et al., 2005). Recent studies extend these ideas
to contemporary Al systems, demonstrating associations between human—Al relationships,
perceived social support, companionship, and subjective well-being (Zhang et al., 2024). Self-
disclosure is particularly important in this context: Social Penetration Theory emphasises the role
of increasing breadth and depth of disclosure in relational development (Altman & Taylor, 1973),
and empirical research shows that users may disclose personal and emotional information to
conversational agents and develop changing disclosure patterns over time (Croes & Antheunis,
2023; Warren-Smith et al.,, 2025). Al may also be perceived as relatively non-judgmental,
encouraging users to discuss sensitive issues and seek advice or emotional reassurance (Warren-
Smith et al., 2025). At the same time, Al companionship has been associated with temporary
reductions in loneliness, especially when users feel heard and supported (De Freitas et al., 2024).
On this basis, the present study conceptualises the transformation of interpersonal interaction
through two complementary mechanisms: interaction substitution, in which Al partially replaces
human advice, emotional support, or problem discussion, and interaction augmentation, in which
Al helps users clarify thoughts, prepare for conversations, and improve subsequent
communication with others. These mechanisms are not mutually exclusive and together capture
the broader reconfiguration of communicative resources and relational practices associated with
the growing integration of generative Al into everyday social life.

Literature Review

From computer-mediated communication to human—Al interaction. The digital
transformation of social interaction predates the emergence of generative artificial intelligence.
Research on computer-mediated communication has long demonstrated that communication
technologies alter the conditions under which interpersonal relationships are initiated,
maintained, and experienced. Early CMC research frequently emphasised the limitations created
by the reduced availability of non-verbal and contextual cues in technologically mediated
environments (Walther, 1992). Subsequent scholarship, however, challenged the assumption that
mediated communication is necessarily socially impoverished. Walther’s (1996) hyperpersonal
model demonstrated that under particular conditions computer-mediated interaction may
become highly selective, intimate, and relationally meaningful. This shift was theoretically
important because it established that the social quality of interaction depends not simply on the
physical presence of another person but on the ways users interpret and adapt to technological
environments. Generative Al introduces a further transformation. Whereas conventional
communication technologies predominantly connect human actors, conversational Al can
generate content, interpret requests, provide feedback, and sustain dialogue. Guzman and Lewis
(2020) argue that such systems challenge traditional communication models because Al can no
longer be understood exclusively as a neutral channel through which human communication
occurs. Human—Machine Communication (HMC) therefore treats communication between
humans and computational agents as a legitimate object of communication research. Similarly,
Hancock et al. (2020) conceptualise Al-mediated communication as a process in which intelligent
systems modify, augment, or generate messages in pursuit of interpersonal and communicative
goals. These perspectives point to an important conceptual transition.

The social character of human—Al interaction. The possibility that humans respond socially
to technological agents is not entirely new. The Computers Are Social Actors (CASA) paradigm
demonstrated that individuals can apply interpersonal conventions to computers even when they
know that the systems are non-human (Nass et al., 1994). Such responses may include politeness,
attribution of personality, reciprocity, and other social expectations. Contemporary conversational
Al substantially extends these possibilities because natural-language interaction creates a stronger
appearance of responsiveness and conversational continuity than earlier computer interfaces.
Research on relational agents anticipated some of these developments. Bickmore and Picard
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(2005) demonstrated that computational systems could be designed to establish and maintain
longer-term social-emotional relationships with users. In research involving older adults, Bickmore
et al. (2005) found that interaction with relational agents could be interpreted through familiar
interpersonal categories, including friendship-like communication.

Al as an adviser and conversational partner. Advice-seeking represents one of the clearest
examples of this shift. Generative Al provides immediate, personalised-looking responses without
requiring coordination with another person's time or availability. The absence of conventional
interpersonal costsincluding fear of embarrassment, concern about burdening another person, or
anticipation of negative judgementmay make Al particularly attractive for questions that users
perceive as sensitive. This characteristic distinguishes conversational Al from traditional online
information retrieval. Searching for information through a search engine does not ordinarily
constitute a sustained conversational relationship. Generative Al, by contrast, allows users to
describe circumstances, provide additional context, challenge responses, ask follow-up questions,
and iteratively refine advice. Consequently, information seeking can gradually acquire
characteristics of interpersonal consultation. The role attributed to Al is therefore important.
Users may approach the same system as a search tool in one situation, a writing assistant in
another, and an adviser or conversational partner in another. Zhang et al. (2024) demonstrate that
different perceived types of user—Al relationships are associated with different outcomes and that
perceived social support represents an important mechanism linking relationships with Al
assistants to subjective well-being. This suggests that frequency of use alone is insufficient for
understanding the social consequences of generative Al. The purpose and relational meaning of
use must also be considered. This distinction is particularly relevant for general-purpose
generative Al systems. Much existing research on emotionally meaningful human—Al interaction
has focused on applications explicitly designed for companionship.

Self-disclosure, trust, and perceived non-judgement. Self-disclosure constitutes another
major theme in the literature on human—Al relationships. In interpersonal relationships, disclosure
of personal information, thoughts, and emotions contributes to the development of intimacy and
trust (Altman & Taylor, 1973). Conversational Al complicates this traditionally human process by
providing a non-human recipient capable of producing responses that can be interpreted as
attentive, supportive, or empathetic. Research on human—chatbot interaction indicates that users
may disclose personal experiences to conversational systems and that patterns of disclosure can
develop over repeated interactions. Croes and Antheunis (2023), for example, examined self-
disclosure longitudinally in human—chatbot relationships and demonstrated that communication
with a chatbot can encompass a wide range of personal topics. Such findings suggest that
disclosure to Al is not necessarily limited to isolated experimental interactions but can become
embedded in continuing communicative practices. Several mechanisms may explain why users
disclose personal information to Al.

Emotional support, companionship, and loneliness. The relationship between Al interaction
and loneliness has become one of the most rapidly developing areas of human—Al research.
Conversational agents are particularly relevant in this context because loneliness is not simply
physical isolation; it concerns perceived deficiencies in desired social relationships. An artificial
conversational partner capable of responding immediately and maintaining dialogue may
therefore provide at least some of the subjective characteristics associated with social contact. De
Freitas et al. (2025) provide particularly important evidence in this area. Across multiple studies,
they found that interaction with Al companions can reduce momentary loneliness, with the
perception of being heard playing an especially important role. Their findings are theoretically
significant because they suggest that the effects of conversational Al may depend less on whether
the interaction partner is objectively human and more on whether the interaction generates
particular subjective social experiences. Nevertheless, short-term alleviation of loneliness and
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long-term transformation of social relationships are not equivalent outcomes. An Al system may
provide immediate comfort while simultaneously changing the ways in which users activate
human support networks. Jacobs (2024) therefore approaches Al companionship through the
broader concept of digital loneliness and social recognition, questioning whether artificial forms
of recognition can reproduce the relational qualities associated with meaningful human
relationships. This tension is also reflected in discussions of companion Al more broadly. Malfacini
(2025) argues that Al companionship may generate both benefits and risks for human
relationships. Potential benefits include availability, accessibility, and support for individuals who
experience difficulties establishing or maintaining social connections.

Substitution of human interaction. One of the most consequential but still insufficiently
resolved questions concerns whether Al-based interaction substitutes for human contact. A
substitution mechanism can occur when individuals transfer communicative or supportive
functions from their interpersonal networks to Al. For example, rather than asking a friend for
advice, an individual may consult Al; rather than discussing a difficult personal situation with a
relative, the individual may describe it to a chatbot; rather than approaching another person for
reassurance, the individual may repeatedly seek feedback from an artificial system. Such
substitution need not involve complete withdrawal from human relationships. It can occur
incrementally and at the level of specific social functions. A person may maintain an active social
network while increasingly outsourcing particular forms of advice, emotional processing, or
decision preparation to Al. For this reason, measuring only the amount of social contact may fail
to capture changes in the functional composition of social interaction. The availability of Al makes
this possibility particularly important. Human support involves reciprocity and social obligations:
friends and family members have their own needs, schedules, emotions, and expectations. Al
interaction appears to remove many of these constraints. The user does not have to wait for an
appropriate moment, reciprocate emotional labour, or worry about tiring the conversational
partner. These affordances may make Al attractive precisely in situations in which interpersonal
support is perceived as difficult to access. However, existing evidence does not justify assuming
that greater Al use necessarily produces social withdrawal. Much of the current literature focuses
either on users already engaging with companion systems or on relatively short-term experimental
outcomes. Consequently, the direction of the relationship remains theoretically open. Individuals
experiencing limited social support or loneliness may turn to Al more frequently, meaning that
social conditions can predict Al use rather than simply result from it.

Augmentation of interpersonal interaction. An alternative perspective conceptualises Al as
an augmentation mechanism. Instead of replacing interpersonal communication, generative Al
may help individuals participate in it more effectively. Users can ask Al to help formulate a sensitive
message, organise their thoughts before discussing a conflict, consider another person's
perspective, or find appropriate language for expressing emotions. This process corresponds
closely to Hancock et al.'s (2020) concept of Al-mediated communication, in which intelligent
systems can augment communicative behaviour. Generative Al may therefore become part of an
extended communicative sequence: personal problem - interaction with Al -
reflection/reformulation = interaction with another person. Under this configuration, Al does not
represent the endpoint of social interaction. It functions as a preparatory or interpretive resource
embedded within human-to-human communication. The augmentation perspective is important
because much public discussion implicitly assumes a zero-sum relationship between human and
artificial interaction: more communication with Al is presumed to mean less communication with
people. Empirically, however, the two may coexist. Individuals who frequently interact with other
people may also use Al extensively as a communication aid. Similarly, a person may use Al as a
substitute in one domain but as an augmentation tool in another. The distinction between
substitution and augmentation consequently offers a more nuanced framework for analysing the
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social consequences of generative Al than simple measures of frequency or attitudes towards
technology. It shifts attention from how much Al is used to what happens to interpersonal
interaction when Al is incorporated into everyday communicative practices.

Kazakhstan and the underrepresentation of Central Asian contexts. Despite the rapidly
expanding international literature on generative Al, the geographical distribution of research
remains uneven. Much of the empirical literature on human—Al relationships has been generated
in North American, Western European, and East Asian settings or through samples recruited from
global online platforms. Central Asian societies remain considerably less visible in research
examining the interpersonal consequences of conversational Al. This limitation is important
because human—Al interaction does not occur independently of social and cultural context.
Expectations concerning interpersonal support, family relations, privacy, advice-seeking, trust,
and appropriate self-disclosure can influence the social functions assigned to Al. Findings obtained
from users of dedicated companion applications in other national contexts cannot therefore
automatically be generalised to adults using multipurpose generative Al in Kazakhstan. Kazakhstan
represents a particularly relevant case because rapid digitalisation and increasing institutional
attention to artificial intelligence coexist with social relationships shaped by family networks,
educational transformations, linguistic diversity, and generational differences in technology use.
Within this context, Almaty offers a valuable urban case for investigating emerging human—Al
practices. As a major educational, professional, cultural, and technological centre, the city contains
heterogeneous groups whose engagement with generative Al may differ considerably across the
life course.

Materials and Methods

This study employed a quantitative cross-sectional survey design to examine how the use of
generative artificial intelligence is associated with changes in interpersonal interaction among
adult residents of Almaty, Kazakhstan. The target sample comprised 427 respondents aged 18
years and older. Age quotas were established in advance to ensure representation across six age
groups: 18-24, 25-34, 35-44, 45-54, 55-64, and 65 years and older. The questionnaire was
available in Kazakh and Russian and included socio-demographic characteristics, frequency and
purposes of Al use, trust in Al, self-disclosure, emotional support, loneliness, perceived social
support, and indicators of interaction substitution and interaction augmentation. The analytical
framework distinguished between two key dimensions of Al-mediated social interaction.
Interaction substitution reflected the extent to which respondents relied on Al instead of other
people for advice, discussion of personal problems, or support, whereas interaction augmentation
captured the use of Al to prepare for conversations, formulate thoughts and emotions, and
facilitate subsequent communication with others. Most attitudinal items were measured using
five-point Likert-type scales. Descriptive statistics, reliability analysis, correlation analysis, group
comparisons, and regression modelling were planned to assess the relationships between Al-
related practices and interpersonal interaction. The socio-demographic composition of the sample
is presented in Table 1.
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Table 1. Socio-demographic characteristics of the sample

Characteristic Category n %
Age group 18-24 years 124 | 29.0
25-34 years 109 | 25.5
35-44 years 97 |22.7
45-54 years 63 | 14.8
55-64 years 27 6.3
65+ years 7 1.6
Sex Female 224 | 52.5
Male 203 | 47.5
Education Secondary 45 | 10.5
TVET/College 79 |18.5
Bachelor’s degree 242 | 56.7
Master’s degree or higher | 61 | 14.3
Employment status | Student 81 |19.0
Employed 247 | 57.8
Self-employed 47 | 11.0
Unemployed 38 |89
Retired 14 | 3.3
Marital status Single 169 | 39.6
Married/partnered 217 | 50.8
Divorced/widowed 41 |96
Survey language Kazakh 127 | 29.7
Russian 127 | 29.7
Kazakh and Russian equally | 173 | 40.5
Total 427 | 100.0

The sample was dominated by respondents aged 18—44 years, while older age groups were
represented to a lesser extent. At the same time, the distribution by sex, education, employment,
marital status, and language provided sufficient socio-demographic variation for examining
differences in patterns of Al use and interpersonal interaction.

Results

The analysis first examined the descriptive characteristics and internal consistency of the
main study constructs (Table 2). Among the Al-related dimensions, interaction augmentation
showed a higher mean score (M = 2.50, SD = 1.22) than interaction substitution (M = 1.66, SD =
0.74), suggesting that Al was more strongly represented as a complementary resource for
interpersonal communication than as a direct replacement for human interaction. Personal Al use
was moderate-to-low (M =2.32, SD = 1.16), while the mean Al disclosure score was comparatively
low (M =1.96, SD = 0.95). Perceived social support (M =2.98, SD = 0.79) exceeded the mean level
of loneliness (M = 2.56, SD = 0.85). All multi-item measures demonstrated acceptable to excellent
internal consistency, with Cronbach’s a ranging from .756 to .931. The highest reliability was
observed for the Al Trust Index (a=.931), Interaction Augmentation Index (a =.917), and Personal
Al Use Index (a = .905), while the Interaction Substitution Index also demonstrated good internal
consistency (a = .824). These results support the use of the composite indices in subsequent
analyses.
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Table 2. Descriptive statistics and internal consistency of the study constructs

Construct No. ofitems M SD Min—Max Cronbach’s a

Personal Al Use 2.32 1.16 1.00-5.00 .905
Al Trust 250 1.23 1.00-5.00 .931
Al Disclosure 196 095 1.00-4.50 .756

1.66 0.74 1.00-4.67 .824
250 1.22 1.00-5.00 .917
2.56 0.85 1.00-5.00 .774
298 0.79 1.00-5.00 .763

Interaction Substitution
Interaction Augmentation
Loneliness

Social Support

WwWwww N wlw

Note. All constructs were measured on scales ranging from 1 to 5; higher scores indicate higher
levels of the respective construct. N = 427.

Spearman correlation analysis revealed strong positive associations between personal Al

use and both dimensions of interpersonal transformation. Personal Al use was positively
associated with interaction substitution (p =.763, p <.001) and interaction augmentation (p =.764,
p < .001). Al trust was also strongly related to augmentation (p =.793, p < .001) and substitution
(p=.684, p <.001), while Al disclosure was positively associated with both substitution (p = .687,
p < .001) and augmentation (p = .698, p < .001). Importantly, substitution and augmentation
themselves were positively correlated (p = .658, p < .001), indicating that these processes were
not mutually exclusive.
The social-context variables showed a different pattern. Loneliness was positively, although more
weakly, associated with interaction substitution (p = .176, p < .001), whereas perceived social
support was negatively associated with substitution (p = -.152, p = .002). Loneliness and social
support were moderately negatively correlated (p = -.393, p < .001). Thus, stronger reliance on Al
as an alternative to human interaction tended to coexist with greater loneliness and lower
perceived interpersonal support (Figure 1). Group comparisons revealed statistically significant
age differences in both dimensions of interpersonal transformation. The Interaction Substitution
Index differed significantly across age groups, Kruskal-Wallis H(5) = 46.83, p < .001. The highest
mean level of substitution was observed among respondents aged 18-24 years (M = 1.94, SD =
0.84), followed by those aged 25-34 (M = 1.70, SD = 0.69) and 35-44 years (M = 1.60, SD = 0.67).
Lower scores were recorded among respondents aged 45-54 (M = 1.35, SD = 0.63), 65 years and
older (M = 1.33, SD = 0.64), and 55—-64 years (M = 1.22, SD = 0.41). Age differences were even
more pronounced for interaction augmentation, H(5) = 89.67, p <.001. Respondents aged 18-24
reported the highest level of Al-assisted augmentation of interpersonal communication (M = 3.13,
SD =1.11), followed by those aged 25-34 (M = 2.65, SD = 1.14) and 35-44 years (M =2.41, SD =
1.18).
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Figure 1. Heatmap of Spearman Correlations Between the Principal Study Variables
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The corresponding means declined to 1.73 (SD = 1.00) among respondents aged 45-54,
1.40 (SD = 0.65) among those aged 55-64, and 1.43 (SD = 0.74) among respondents aged 65 years
and older. The results therefore indicate substantial age differentiation in the incorporation of
generative Al into interpersonal practices, particularly in its use as a resource for facilitating
communication with other people. Employment status was also significantly associated with both
interaction substitution, H(4) = 36.52, p < .001, and interaction augmentation, H(4) = 49.71, p
<.001. Students demonstrated the highest mean scores for both substitution (M =2.06, SD =0.81)
and augmentation (M =3.26, SD =1.01). Among employed respondents, the corresponding means
were 1.63 (SD = 0.73) and 2.37 (SD = 1.20), respectively. Retired respondents demonstrated
particularly low augmentation scores (M = 1.38, SD = 0.64). Educational differences were not
statistically significant for interaction substitution, H(3) = 7.76, p = .051, but were significant for
interaction augmentation, H(3) = 9.99, p = .019. Respondents with a master’s degree or higher
reported the highest augmentation score (M = 2.70, SD = 1.17), followed by respondents with a
bachelor’s degree (M = 2.59, SD = 1.24), secondary education (M = 2.28, SD = 1.11), and technical
or vocational education (M = 2.19, SD = 1.20). Differences according to marital status were
statistically significant for both substitution, H(2) = 7.60, p =.022, and augmentation, H(2) = 11.06,
p = .004. Single respondents reported higher mean levels of substitution (M =1.79, SD = 0.82) and
augmentation (M = 2.71, SD = 1.23) than married or partnered respondents (M = 1.57, SD = 0.66
and M = 2.41, SD = 1.21, respectively). Respondents who were divorced or widowed reported
mean scores of 1.56 (SD = 0.77) for substitution and 2.11 (5D = 1.08) for augmentation. In contrast,
no statistically significant sex differences were identified. Male and female respondents reported
comparable levels of interaction substitution (M = 1.67 vs. 1.65, p = .972) and interaction
augmentation (M = 2.51 vs. 2.49, p = .966). Survey language was similarly unrelated to either
substitution, H(2) = 1.82, p = .403, or augmentation, H(2) = 1.79, p = .409. The relationship
between specific forms of Al use and interpersonal transformation was examined further using
Spearman correlations. Al use for message drafting demonstrated a particularly strong positive
association with interaction augmentation (p = .857, p < .001). Augmentation was also strongly
associated with Al use for information searching (p = .829, p < .001), work or study purposes (p
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=.821, p <.001), personal advice (p =.729, p <.001), emotional support (p =.722, p <.001), and
decision-making (p = .714, p < .001). Personal and emotionally oriented uses were simultaneously
related to substitution: emotional-support use showed the strongest association with the
Interaction Substitution Index (p = .745, p < .001), followed by decision-making (p = .699, p <.001)
and personal advice (p =.699, p <.001).

Multiple linear regression analysis was subsequently conducted to identify the
independent associations of personal Al use, Al trust, Al disclosure, loneliness, and perceived social
support with interaction substitution and augmentation (Table 3). The model predicting
interaction substitution was statistically significant, F(5, 421) = 87.42, p < .001, and explained
50.9% of the variance in the dependent variable (R? = .509; adjusted R? = .504). Personal Al use
emerged as the strongest independent correlate of substitution (B =.513, p <.001). Al disclosure
was also positively associated with substitution (B =.144, p = .007), as was loneliness (B =.121, p
=.001). By contrast, perceived social support showed a significant negative association (f =-.092,
p = .014). Al trust did not retain an independent association with substitution after the other
variables were included in the model (B =.047, p = .492).

Table 3. Multiple regression models predicting interaction substitution and interaction
augmentation

Predictor Interaction Substitution 3 p Interaction Augmentationp p
Personal Al Use .513 <.001 .235 <.001
Al Trust .047 492 .597 <.001
Al Disclosure 144 .007 .069 .081
Loneliness 121 .001 -.052 .064
Social Support  -.092 014  .014 .601
R2 .509 728

Adjusted R? .504 724

F 87.42* 225.00*

Note. Standardised regression coefficients () are reported. N = 427. **p < .001.

The regression model predicting interaction augmentation demonstrated substantially
greater explanatory power, F(5, 421) = 225.00, p < .001, accounting for 72.8% of the variance in
augmentation (R* = .728; adjusted R? = .724). Al trust emerged as the strongest independent
correlate (B =.597, p <.001), followed by personal Al use (f =.235, p <.001). Al disclosure did not
reach the conventional threshold for statistical significance after adjustment for the other
predictors (B =.069, p =.081). Neither loneliness (B = -.052, p = .064) nor perceived social support
(B =.014, p = .601) was independently associated with augmentation in the multivariable model.
Multicollinearity diagnostics indicated variance inflation factors ranging from 1.19 to 4.07 across
the five predictors. The highest values were observed for Al Trust (VIF = 4.07) and Personal Al Use
(VIF = 3.73), followed by Al Disclosure (VIF = 2.38), Loneliness (VIF = 1.20), and Social Support (VIF
=1.19).

Taken together, the analyses supported both research hypotheses. Consistent with H1, higher
levels of personal and emotionally oriented Al use were associated with greater interaction
substitution. Personal Al use remained the strongest independent correlate of substitution in the
multivariable model, while greater Al disclosure and loneliness were also positively associated with
this outcome and perceived social support was negatively associated with it. Consistent with H2,
communication-related Al use was strongly associated with interaction augmentation. The
particularly strong association between Al use for message drafting and augmentation (p = .857,
p < .001), together with the independent effects of Al trust and personal Al use in the regression
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model, indicated that generative Al was frequently incorporated into practices oriented toward
preparing, formulating, and facilitating subsequent interpersonal communication. The positive
association between the Interaction Substitution and Interaction Augmentation indices (p = .658,
p < .001) further demonstrated that the two processes coexisted rather than forming opposite
ends of a single behavioural pattern. Respondents reporting greater substitution of selected
interpersonal functions by Al also tended to report greater use of Al to facilitate communication
with other people. Within the analysed data, generative Al was therefore incorporated into
interpersonal practices through both substitutional and augmentative patterns, with the relative
prominence of these patterns varying according to age, employment status, marital status, Al-
related practices, loneliness, perceived social support, and trust in Al.

Discussion

The present study examined how generative artificial intelligence is becoming
incorporated into interpersonal interaction among adults in Almaty, with particular attention to
two analytically distinct processes: interaction substitution and interaction augmentation. The
findings provide support for both mechanisms and, importantly, demonstrate that they should not
be understood as mutually exclusive. Rather than indicating a straightforward displacement of
human communication by artificial systems, the results suggest a more complex reconfiguration
of communicative practices in which Al can simultaneously assume selected functions previously
performed within interpersonal relationships and facilitate subsequent communication with other
people. One of the most important findings is the substantially higher mean level of interaction
augmentation compared with interaction substitution. This pattern suggests that, within the
studied sample, generative Al was more commonly incorporated into interpersonal life as a
supplementary communicative resource than as a direct alternative to human interaction. Such a
finding is consistent with the concept of Al-mediated communication proposed by Hancock et al.
(2020), according to which intelligent systems can modify, generate, and augment communication
in pursuit of interpersonal goals. The present findings extend this perspective by demonstrating
that augmentation may occur before direct human-to-human interaction. Individuals may use Al
to formulate messages, clarify their thoughts, organise emotional experiences, or prepare for
difficult conversations before communicating with another person. Generative Al can therefore
occupy an intermediate position within a broader communicative sequence rather than
functioning exclusively as the final recipient of communication. This interpretation is particularly
supported by the strong association between Al use for message drafting and interaction
augmentation. The relationship indicates that one of the important social functions of generative
Al may lie in reducing the cognitive and communicative demands associated with interpersonal
expression. Al can provide users with a space in which language is rehearsed, reformulated, and
evaluated before being introduced into an interpersonal setting. In this respect, the findings
expand the conventional understanding of technologically mediated communication. Whereas
earlier forms of computer-mediated communication primarily altered the channel through which
people interacted, generative Al can participate in the construction of the communication itself.
This development corresponds to the broader Human—Machine Communication perspective,
which conceptualises computational agents as increasingly active participants in communicative
processes rather than passive technological intermediaries (Guzman & Lewis, 2020).

At the same time, the results provide clear evidence of interaction substitution. Personal
Al use was strongly associated with the tendency to rely on Al instead of other people for selected
communicative and supportive functions and remained the strongest independent correlate of
substitution in the multivariable model. Particularly notable were the relationships between
substitution and the use of Al for emotional support, personal advice, and decision-making. These
patterns indicate that generative Al is entering domains that have traditionally been embedded
within interpersonal networks. Seeking reassurance, discussing a personal difficulty, or asking for
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advice are not merely informational activities; they are social practices through which
relationships are activated and maintained. When some of these functions are transferred to an
artificial interlocutor, the structure of support-seeking may change even when the individual's
broader interpersonal network remains intact. This finding is consistent with emerging research
suggesting that conversational Al can acquire relational significance for users. Zhang et al. (2024)
showed that relationships with Al assistants can be conceptualised in different relational terms
and that perceived social support represents an important mechanism linking human Al
relationships with subjective well-being. Research on social companion Al similarly indicates that
users can develop attachment to artificial conversational partners and that this process is
associated with perceived personification as well as the perceived benefits and costs of interaction
(Hu et al., 2025). The present findings suggest that such relational processes are relevant not only
to specialised companion applications but also to the broader incorporation of generative Al into
everyday advice-seeking and personal communication. The association between Al disclosure and
interaction substitution provides further evidence of this development. Self-disclosure is
traditionally understood as an important mechanism through which interpersonal intimacy and
relational closeness develop (Altman & Taylor, 1973). Previous research has demonstrated that
disclosure can also occur in sustained interaction with conversational agents (Croes & Antheunis,
2023) and that characteristics attributed to Al may affect users' willingness to communicate
personal information (Warren-Smith et al., 2025). The positive relationship identified in the
present study suggests that greater willingness to disclose personal experiences to Al is associated
with a greater tendency to transfer certain communicative functions away from human
interlocutors. Importantly, this does not establish that Al disclosure causes withdrawal from
interpersonal relationships. Given the cross-sectional design, the relationship may also operate in
the opposite direction: individuals who experience barriers to interpersonal disclosure may be
more inclined to use Al as an alternative conversational space. The findings concerning loneliness
and perceived social support reinforce the importance of distinguishing association from
causation. Loneliness was positively associated with interaction substitution, while perceived
social support showed a negative association. Moreover, both variables retained independent
relationships with substitution when other Al-related characteristics were taken into account.
These results indicate that substitution is embedded not only in patterns of technology use but
also in respondents' broader social circumstances. Individuals reporting greater loneliness and
weaker perceived interpersonal support were more likely to use Al in ways that replaced selected
forms of human interaction.

This pattern is consistent with research demonstrating that Al companions can provide
users with an immediate subjective sense of being heard and can temporarily reduce feelings of
loneliness (De Freitas et al., 2024). At the same time, it supports the caution expressed in more
critical accounts of Al companionship. Jacobs (2024) distinguishes technologically mediated
experiences of recognition from the broader relational structures through which meaningful social
connectedness is produced, while Malfacini (2025) highlights both the potential benefits and risks
associated with Al companionship for human relationships. The present results do not establish
that Al use increases loneliness or weakens social support. Instead, they indicate that individuals
experiencing lower levels of interpersonal resources may be especially likely to incorporate Al into
functions otherwise associated with human support. This distinction is theoretically important
because the observed association may reflect social selection into Al use as much as any effect of
Al use itself. A particularly significant finding is the strong positive relationship between interaction
substitution and interaction augmentation. Rather than representing opposite behavioural
tendencies, the two processes frequently occurred together. Individuals who relied more heavily
on Al as an alternative source of advice or support were also more likely to use it to facilitate
communication with other people. This finding challenges a simple zero-sum model in which
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increasing human Al interaction necessarily corresponds to decreasing human-to-human
interaction. The same technological system may perform different social functions depending on
the communicative situation. A user may disclose an issue to Al rather than to another person,
subsequently use Al to clarify how the issue should be discussed, and finally engage in a human
conversation informed by that prior interaction. This coexistence of substitution and
augmentation also provides empirical support for treating generative Al as a new form of
communicative resource rather than categorising it exclusively as either a social threat or a social
benefit. The CASA perspective established that people may apply social conventions to
computational systems even when they recognise their non-human character (Nass et al., 1994).
Research on relational agents subsequently demonstrated that repeated interaction with
computational agents can produce trust, familiarity, engagement, and friendship-like perceptions
(Bickmore & Picard, 2005; Bickmore et al., 2005). Contemporary generative Al considerably
extends these earlier dynamics because interaction is open-ended, linguistically flexible, and
capable of moving across informational, practical, and emotional domains within the same
conversation. The present findings suggest that this flexibility enables Al to occupy multiple
positions within users' communicative environments simultaneously.

Al trust appears particularly important in understanding this process. Although trust was
strongly correlated with both substitution and augmentation, it remained a strong independent
correlate primarily of augmentation when the other variables were controlled. This distinction
suggests that trust may play different roles across the two forms of interpersonal transformation.
Substitution appears more closely connected with actual patterns of personal Al use, disclosure,
loneliness, and available social support, whereas augmentation is particularly closely related to
confidence in Al as a useful communicative resource. Users may therefore need to regard Al
output as sufficiently reliable or useful before incorporating it into the preparation of
communication with other people. The pronounced age differences provide an additional
sociological dimension to these findings. Younger respondents reported substantially higher levels
of both substitution and augmentation, with the strongest augmentation observed among those
aged 18-24. Scores generally declined across older age groups. Employment differences followed
a related pattern, with students reporting the highest levels of both outcomes. These findings
point to a generationally differentiated incorporation of generative Al into everyday social
practices. Younger adults are likely to encounter generative Al within a wider range of educational,
informational, professional, and communicative activities, making movement between
instrumental and relational uses comparatively fluid. The results should not, however, be
interpreted as evidence that age itself directly determines human—Al relationships. Age is
intertwined with educational environments, occupational position, digital experience, and
exposure to emerging technologies, all of which may contribute to the observed differences. The
absence of statistically significant sex differences is also noteworthy. Men and women reported
highly similar levels of both interaction substitution and augmentation. In the context of this study,
therefore, the social incorporation of generative Al appears to be differentiated more strongly by
age, life-course position, and patterns of Al engagement than by sex. Educational differences were
comparatively limited, although higher levels of education were associated with greater
augmentation. This may reflect greater exposure to contexts in which generative Al is used for
writing, professional communication, information processing, and other cognitively demanding
activities, although this interpretation requires further investigation.

The Kazakhstan context adds an important geographical dimension to these findings.
Existing research on relational Al and Al companionship has disproportionately concentrated on
North American, Western European, East Asian, or global online populations. The present study
demonstrates that relational forms of generative Al use are also observable in a Central Asian
urban context. In Almaty, Al is not limited to instrumental applications associated with information
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retrieval, education, or productivity; it is also becoming incorporated into advice-seeking,
emotional processing, self-disclosure, decision-making, and preparation for interpersonal
communication. These findings broaden the geographical scope of research on human-Al
relationships and demonstrate the importance of examining how global technological systems
become embedded within locally situated patterns of social interaction.
Several limitations should be considered when interpreting the findings. First, the cross-sectional
design does not permit causal conclusions. Associations between loneliness, social support, and
Al substitution may reflect multiple causal directions. Greater reliance on Al could potentially
affect interpersonal practices, but individuals who already experience loneliness or limited social
support may also be more likely to seek interaction with Al. Longitudinal research is therefore
necessary to determine how these relationships develop over time. Second, the study relies on
self-reported behaviour and perceptions. Respondents' accounts of Al use may differ from their
actual frequency and patterns of interaction, particularly for practices involving emotional
disclosure or substitution of human support. Future studies could combine survey measures with
digital diaries, qualitative interviews, or longitudinal records of Al-use practices to capture the
contextual circumstances under which individuals choose Al rather than human interlocutors.
Third, the study was conducted among residents of Almaty and should not be interpreted as
representative of Kazakhstan as a whole. Almaty is characterised by relatively high levels of
educational, professional, technological, and digital activity, and patterns of Al adoption may differ
in smaller cities and rural areas. Comparative research across regions of Kazakhstan would
therefore provide a stronger basis for identifying the extent to which the patterns observed here
reflect broader national transformations. Finally, the relatively small number of respondents in
the oldest age groups limits the precision with which patterns among older adults can be
estimated. Future research should deliberately oversample older populations and examine
whether lower levels of relational Al use reflect differences in access, digital skills, perceived
usefulness, trust, or preferences for interpersonal forms of support. Despite these limitations, the
study contributes to the emerging sociology of human—Al interaction by demonstrating that the
social consequences of generative Al cannot be adequately described through a simple opposition
between technological use and human interaction. Generative Al can become simultaneously an
alternative interlocutor and an instrument through which interpersonal communication is
organised. The distinction between substitution and augmentation therefore provides a useful
analytical framework for examining how conversational Al redistributes communicative functions
across human and technological actors.

Conclusion

This study examined the relationship between generative artificial intelligence and
changing patterns of interpersonal interaction among adults in Almaty, Kazakhstan. By
distinguishing interaction substitution from interaction augmentation, the analysis moved beyond
conventional measures of Al adoption and focused instead on the social functions that generative
Al increasingly performs within everyday communication. The findings supported both proposed
hypotheses. Higher levels of personal and emotionally oriented Al use were associated with a
greater tendency to substitute Al for selected interpersonal practices, particularly advice-seeking,
discussion of personal concerns, emotional support, and decision-making. At the same time, Al
was extensively used as an augmentative communicative resource, helping respondents formulate
messages, clarify thoughts and emotions, prepare for difficult conversations, and facilitate
subsequent interaction with other people. Interaction augmentation was more prevalent overall
than direct substitution, indicating that Al was more commonly incorporated as a complement to
interpersonal communication than as its replacement. The simultaneous occurrence of
substitution and augmentation represents the central empirical finding of the study. These
processes were positively rather than negatively related, demonstrating that increased reliance
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on Al in one area of social interaction does not necessarily imply withdrawal from human
communication in another. Generative Al can replace a human interlocutor at one stage of a
communicative process while facilitating human-to-human interaction at another. This pattern
suggests that the emergence of conversational Al is producing a redistribution of communicative
functions rather than a uniform displacement of interpersonal relationships. The results also
demonstrate that this transformation is socially differentiated. Interaction substitution was
associated with greater personal Al use and disclosure, higher loneliness, and lower perceived
social support, whereas augmentation was particularly strongly associated with trust in Al and
personal Al use. Younger adults and students reported substantially higher levels of both forms of
interaction than older respondents, pointing to important generational differences in the
integration of Al into everyday communicative practices. From a theoretical perspective, the
findings support an understanding of generative Al as an emerging social and communicative actor
whose significance cannot be reduced to technological functionality. The results extend the
insights of CASA, Human—Machine Communication, Al-mediated communication, relational-agent
research, and studies of self-disclosure by showing how conversational Al can occupy several
relational positions simultaneously: tool, adviser, preparatory communication resource, source of
support, and alternative interlocutor. The boundary between interpersonal and technologically
mediated communication consequently becomes increasingly permeable as Al is incorporated
into processes previously organised primarily through human relationships. The study also
contributes empirical evidence from Kazakhstan to a literature in which Central Asian contexts
remain underrepresented. The findings from Almaty demonstrate that the relational
incorporation of generative Al is not confined to societies or applications previously examined in
research on companion Al. As generative Al becomes embedded in everyday life, understanding
its social consequences requires attention not only to adoption and frequency of use but also to
the particular interpersonal functions that individuals delegate to, share with, or perform through
artificial systems. Future research should therefore examine human—Al interaction longitudinally
and across different social and geographical contexts, paying particular attention to the conditions
under which augmentation develops into substitution and, conversely, the circumstances in which
Al-mediated reflection strengthens subsequent human interaction. Such research will be essential
for understanding whether the growing presence of artificial interlocutors ultimately changes the
guantity of interpersonal contact, the quality of social relationships, or, more fundamentally, the
distribution of communicative and supportive functions between human and technological actors.
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