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Abstract. This article presents an analytical review of existing mathematical models used
in cardiovascular research. The study examines the main approaches to modeling
cardiovascular system dynamics, including lumped-parameter models, computational fluid
dynamics models, electrophysiological models, and multiscale models. The review highlights
how mathematical modeling helps describe blood flow, pressure changes, heart function,
vascular resistance, and interactions between different components of the cardiovascular
system. Special attention is given to the role of models in disease prediction, diagnosis
support, treatment planning, and evaluation of therapeutic interventions. The analysis shows
that existing cardiovascular mathematical models provide valuable tools for understanding
complex physiological processes; however, their accuracy depends on the quality of input
data, model assumptions, and validation against clinical or experimental results. The article
concludes that the further development of personalized and data-driven cardiovascular
models can improve the practical application of mathematical modeling in modern medicine.
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AHHOTAUMA.B 1aHHOW cTaThe TMpEACTaBICH aHAIUTUYECKHU 0030p 3apyOeKHBIX
WCCIICIOBAaHUM,  TOCBSIIEHHBIX  pa3pabOTKe W NPUMCHCHHIO  MaTeMaTHYECKOTO
MOJICTTUPOBAHMSI B HAyYHBIX HCCIICOBAHMSIX. AHAJIN3 TOKA3bIBACT, YTO MATEMaTHYECKOE
MOJICTUPOBAHHUE IIUPOKO HCIONB3yeTCsl Kak 3(PQPEKTUBHBIA WHCTPYMEHT [JIsl OIHMCAHUS
CJIOXHBIX TIPOIIECCOB, MPOTHO3WPOBAHMS TMOBEJICHUS CHUCTEM M ONTHMHU3AIMH MPUHATHS
pemieHnid. 3apyOexHble UCCIeNIOoBaTENM MOAYEPKUBAIOT BaXXHOCTh IMPAaBUIIBHOIO BbIOOpa
MaTEMaTUYECKUX METOJIOB, TPOBEPKH JIOCTOBEPHOCTH MOJEIU U  COMOCTaBIICHUS
TEOPETUUYCCKUX PE3yJbTATOB C AMIUPHUYCCKUMH JaHHBIMU. B paboTe oTmeuaercs, 4TO
MaTEMaTUYECKOE MOJICIIMPOBAHUE TO3BOJIIET YIPOCTUTH PEalbHBIE MPOIECCHI, BBISBUTH
OCHOBHBIE (DAKTOpBI, BIMSIONIME HA CHCTEMY, a TaKXe IPOTHO3UPOBATh BO3MOXKHBIC
PE3YNBTATHI PU PA3IMYHBIX YCIOBUAX. Ha OCHOBE M3yUeHHBIX HICTOYHUKOB MOKHO CJIeIaTh
BBIBOJI, UYTO HWHTErpalds MaTEeMaTHYEeCKOT0 MOJCTUPOBAHUS C  COBPEMEHHBIMH
BBIYHMCIIUTEIIBHBIMA TEXHOJIOTUSIMA TIOBBIIIAET TOYHOCTh, THMOKOCTh M TPAKTHUECKYIO
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KiroueBbie cioBa: MaTtemarudeckoe MOJAEIUPOBAaHHUE, 3apyOexHbIE HCCIEIOBAHMUSA,
AHAINTUYECKUNA 0030p, NPOrHO3MPOBAHUE, ONTHUMU3ALMS, BBIYUCIUTEIBHBIE METOMbI,
IIPOBEPKA MOJENN, HAYYHBIN aHAJIN3.

A detailed study of various mathematical models used to describe blood circulation was
conducted. Both analytical and numerical methods for simulating blood flow dynamics were
examined. Specifically, models based on differential equations were examined, as well as
more complex multivariate and multicomponent systems that include various parameters,
such as blood viscosity, vascular resistance, and flow turbulence. The application of
numerical methods, such as the finite difference method and the finite element method, to
solving these equations was considered.

1. Study of International Experience:

The state of international research in the field of mathematical modeling of blood
circulation was analyzed. Examples from leading scientific centers and medical institutions
in Europe, the United States, and other countries were considered, where more complex
approaches are actively used, including multiphysics modeling, which integrates various
physiological processes. Advanced technologies and software used to create highly accurate
blood circulation models were examined, as well as methods used to predict diseases and
develop therapeutic strategies. 2. Analysis of Research in Uzbekistan:

This study examined domestic developments in the field of mathematical modeling of
blood circulation. Work conducted at leading educational and scientific institutions, such as
the Tashkent University of Information Technology and the Institute of the Republican Blood
Transfusion Center, was reviewed. Key achievements and limitations in this field were
identified, including the use of standard models and software, as well as the level of
integration of domestic research with the international scientific community.

3. Analysis of Software Applications:

This study conducted a detailed examination of existing software for modeling blood
circulation. Both commercial and open-source software solutions were considered, including
their functionality, modeling accuracy, and usability. This analysis of the software allowed
us to identify its advantages and disadvantages and assess its compliance with modern
medical practice and scientific research requirements.

4. Comparative Analysis with International Standards:

Existing domestic and international mathematical modeling methods were compared with
international standards and best practices in this field. This allowed us to identify key areas
in which modeling methods need to be developed and refined, as well as to strengthen the
scientific and technical base to keep pace with global advances.

5. Recommendations and Suggestions:

The study provided recommendations for improving mathematical models and software
for studying cardiovascular circulation. Thus, a significant amount of research and analysis
was conducted during the course of this work, aimed at examining the current s(&f / '
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mathematical modeling of cardiovascular circulation, both in Uzbekistan and internationally.
These studies allow us to identify the strengths and weaknesses of existing methods and
propose ways to improve them and implement them in practical medicine.

Parameter Uzbekistan Foreign countries
Type of Simple 0D/1D, Multi-scale 3D-1D-0D CFD models
models educational or clinical
Use of patient Limited  (empirical Active (CT, MRI, ultrasound,
data observations) catheterization)
Software Local prototypes Open-source platforms ( SimVascular ,
OpenFOAM , ANSYS, COMSOL)
Verification Partial Standardized (experiment + clinic)
Publication Abstracts, local International journals Q1-Q2
level journals
Main focus Practical monitoring Mathematical modeling and
forecasting

Table 1. Comparison with cardiovascular mathematical models
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