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Electrocardiography (ECG) and electroencephalography (EEG) are among the
most important methods of functional diagnostics. Both methods are based on
recording the bioelectrical activity of the heart and the brain. The aim of this study is
to review the physical and biophysical foundations of ECG and EEG and evaluate
their role in medical diagnostics. The article presents an overview of modern
literature describing mechanisms of signal generation, principles of recording, and
data interpretation. The analysis confirms that ECG is essential for detecting cardiac
arrhythmias, ischemic and conduction disorders, while EEG is widely applied for
diagnosing epilepsy, encephalopathies, and sleep disorders. The conclusions
emphasize the importance of understanding the physical foundations to improve
diagnostic efficiency and to integrate digital technologies.
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Introduction.

Functional diagnostics occupies a special place in modern clinical medicine,
allowing for the objective assessment of the condition of organs and systems based
on their physiological activity. Among the most widespread and important methods
are electrocardiography (ECG) and electroencephalography (EEG), which have long
been considered the 'gold standard' in cardiology and neurology [1][2]. The relevance
of these methods is determined by the high prevalence of cardiovascular and
neurological diseases. According to the World Health Organization, cardiovascular
diseases remain the leading cause of mortality worldwide, accounting for nearly 18
million deaths per year [3]. At the same time, neurological conditions such as
epilepsy, dementia, and stroke affect more than one billion people globally,
representing a massive social and economic burden [4]. In this context, ECG and
EEG play a key role in early detection of pathological changes, monitoring disease
progression, and providing the foundation for timely and effective treatment.

Aim of the Study

To review the physical and biophysical foundations of electrocardiography and
electroencephalography and evaluate their significance in medical diagnostics.
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Objectives of the Study
1. To study the biophysical mechanisms underlying the generation of
bioelectrical activity in the heart and brain.

2. To review the physical principles of signal registration in ECG and EEG.
3. To analyze the diagnostic value of ECG in cardiology and EEG in neurology.
4. To  compare the biophysical principles of both  methods.
5. To outline the prospects for the development of diagnostics using ECG and EEG in
the era of digital medicine.

Methods

This study was conducted as a literature review. Data sources included
international databases such as PubMed, Scopus, Web of Science, and Google
Scholar, as well as regional sources, including eLIBRARY and journals of
Kazakhstan and CIS countries [1]-[4]. Inclusion criteria: publications describing the
physical and biophysical mechanisms of bioelectrical activity, methods of ECG and
EEG registration, and their clinical applications. Exclusion criteria: low-quality
reviews without references to original studies, and works unrelated to cardiovascular
or neurological diagnostics. The search strategy included keywords such as 'ECG
biophysics', 'EEG signal analysis', and 'bioelectrical activity diagnostics'. A total of
65 articles were initially retrieved, of which 32 met the inclusion criteria after
abstract screening and full-text evaluation.

Results and Discussion

All living cells possess a transmembrane potential, formed by unequal ion
distribution and activity of ion channels and pumps. When threshold depolarization is
reached, an action potential occurs, serving as the universal signal in excitable tissues
[5][6]. In cardiac tissue, specialized pacemaker cells in the sinoatrial node initiate
rhythmic impulses that propagate through the conduction system. This results in the
coordinated contraction of the atria and ventricles. The ECG reflects the summated
electrical activity of the heart: the P wave corresponds to atrial depolarization, the
QRS complex to ventricular depolarization, and the T wave to ventricular
repolarization [7]. It is based on recording potential differences between body surface
points, classically represented by Einthoven’s triangle [3].

Similarly, EEG registers summed post-synaptic potentials of cortical neurons. It
reflects different brain rhythms: alpha (8—13 Hz), beta (14-30 Hz), theta (4-7 Hz),
and delta (0.5-3 Hz). These rhythms are associated with functional brain states such
as wakefulness, relaxation, and sleep [8]. EEG is widely used for diagnosing
epilepsy, brain injuries, encephalopathies, and sleep disorders. In clinical neurology,
EEG serves as a cornerstone for differential diagnosis, monitoring disease
progression, and assessing the effects of treatment.

From a biophysical perspective, both ECG and EEG represent examples of
volume conduction, where bioelectrical signals generated by excitable cells propagate
through tissues and can be detected non-invasively at the body surface. The
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amplitude and frequency characteristics of these signals depend on tissue
conductivity, electrode placement, and the underlying physiological processes. Noise
reduction, signal amplification, and digital filtering remain essential steps in ensuring
accurate registration and interpretation of data [6][7].

In recent years, the integration of digital technologies and artificial intelligence
has significantly advanced the diagnostic potential of ECG and EEG. For example,
machine learning algorithms can automatically detect arrhythmias on ECGs or
classify seizure patterns on EEGs with high accuracy. Wearable devices, such as
smartwatches and portable EEG headsets, provide continuous monitoring outside
hospital settings, increasing accessibility and enabling preventive healthcare [2][4].
However, challenges remain in standardizing data formats, ensuring interoperability,
and maintaining patient privacy.

Conclusion

Electrocardiography and electroencephalography are fundamental diagnostic
methods based on recording the bioelectrical activity of the heart and brain. While
ECG 1i1s essential for diagnosing cardiac arrhythmias, ischemia, and conduction
abnormalities, EEG plays a critical role in detecting epilepsy, encephalopathies, and
sleep disorders. Understanding their physical and biophysical foundations is crucial
for improving diagnostic accuracy and fostering the integration of digital
technologies in clinical practice. The future of functional diagnostics lies in the
interdisciplinary combination of physics, medicine, and data science. Advances in
artificial intelligence, big data analytics, and wearable biosensors are expected to
expand the role of ECG and EEG in personalized and preventive medicine. For
medical students and young researchers, mastering these biophysical principles
provides not only theoretical knowledge but also practical skills vital for modern
clinical practice.
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OU3NYECKUE U BUOPU3NYECKHUE OCHOBBI 3KT' M1 39I' B
MEJAUIWHCKOU JTUATHOCTHUKE

banscan beiioimkubizol

Anexmpokapouoepagusa (IKI) u snexkmposnyepanoepagua (33I) asnaromcs
OOHUMU U3 BANCHEUWUX Memo008 (DYHKYUOHANbHOU OuacHocmuku. Oba memoda
OCHOBAHLL HA pecucmpayuu OUOIIEKMPULEeCKOU AKMUBHOCMU Cepoyad U 20108HO20
mo3ea. Llenv 0annozo uccredosanus — paccmompems huzudeckue u buoguzuyeckue
ocHosvl KT u D3I u oyenums ux ponrv 8 MeOUYUHCKoUu ouasHocmuke. B cmamuve
npeocmasieH 0030p COBPEMEHHOU JIUmMepamypsl, ONUCLIBAIOWell  MeXaHU3Mbl
2eHepayuy CUsHAaN08, NPUHYUNLL Pe2UCMpPayuy U UHmepnpemayuu OaHHuwvix. Ananu3z
noomeepoicoaem, umo IKI' uepaem «kntouesyro ponv 6 6blagleHUU aApUMMUL,
UMeMUYeCKUX U NPoBo0AWUX Hapyulenuti cepoya, 6 mo epems kax I3 wupoxo
ucnonv3yemcs 01 OUASHOCMUKU dNUNencul, Hyeganonamuil u Hapyulenuii cha. B
3AKIOYeHUU NOOYEPKUBAEMC S  BANCHOCb NOHUMAHUAL  (uU3UUecKUx OCHO8 OJis
nO8blUEeHUS IPHexmUSHOCMU OUASHOCIMUKY U UHMeSPayuu YU@DPOBbIX MeXHOI02UIL.

KarwueBsbie cioa: DKI', D30I, 6uodusuka, quarHocTuka, OMOIIEKTPUUECCKHC
MIPOIIECCHI.

MEJINIAHAJBIK JMATHOCTUKAJAFBI DKT MEH DOT-HIH
®OU3UKAJBIK )KOHE BUO®W3UKAJIBIK HETT3EPI

bansican beiioimkbizol

Inexmporapouoepagus  (IKI) men anekmposuyeganocpagus (331) —
@DYHKYUOHAOBIK OUACHOCMUKAHBIY eH MaHbl30bl adicmepiniy 0Oipi. Exki 20ic me
JdHCypex neH Muobly OuodIeKmpaik Oencenoinicin mipkeyee HezizoenzeH. byn
3epmmeyoiy  maxcamvi — OKI' men OII" a20icmepiniy ¢usuxanviy owcane
ouogusukanvly  He2iz0epiH  KApacmulpy — JCoHe  OAApOblY  MEOUYUHATBIK
OUacHOCMUKAablK ponin bazanray. Maxanaoa cuenanoapoviy mysiny mexawuzmoepi,
mipkey Ka2uoaiapvl JHCoHe aublHEaH OepeKmepoi manoay macindepi mypaivl
3amanayu a0ebuemmepee wiony Oepineen. Tanoay namudwcenepi IOKI-wiy ncypex
bIP2ALIHGLIY — OY3bLILICIAPLIH,  UWMEMUSIbIK — JHCOHe — OMKI32IUMIK — aKaynapowl
AHLIKMAyO0a Manvi30vl eKkelin, an D3I -Hiy snunencus, sHyegharonamus HcoHe YiiKbl
OY3bLIbICMAPLIH  OUACHOCMUKANLAYOA — KeHIHEH  KOAOAHbLIAMbIHbIH — Kepcemeol.
Kopvimvinovioa  ouacnocmuxa  muimoiniein ~— apmmolpy — JCoHe  YUPDPILIK
MEXHON02UANAPObl  UHMe2PAYUALAY — YWiH  QU3UKATLIK — He2i30epdi  myCiHyOiH
MAHbI30bLIbIELL AMAN OMIineoi.

KinT ce3aepi: OKI', O3I", 6uodusuka, TMarHoCTUKa, OMOIJIEKTPIIIK ITPOIIECTED.
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